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ɺʉʊʋʇ 
 

ʋ ʤʝʪʘʣʫʨʛʽʾ ʽ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʦʜʥʠʤ ʟ ʙʘʛʘʪʴʦʭ ʚʠʜʽʚ ʦʙʣʘʜʥʘʥʥʷ ʻ 

ʧʝʯ̔-ʘʛʨʝʛʘʪʠ, ʚ ʷʢʠʭ ʚʠʢʦʥʫʻʪʴʩʷ ʪʝʧʣʦʚʘ ʦʙʨʦʙʢʘ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. ʗʢʽʩʪʴ ʨʦʙʦʪʠ ʧʝʯʝʡ ʚʠʟʥʘʯʘʻ ʷʢʽʩʪʴ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. ʇʝʯʽ 

ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʜʦʩʪʘʪʥʴʦ ʝʥʝʨʛʦʻʤʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʩʧʦʞʠʚʘʻ ʟʥʘʯʥʫ 

ʢʽʣʴʢʽʩʪʴ ʪʚʝʨʜʦʛʦ, ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʪʘ ʨʽʜʢʦʛʦ ʧʘʣʠʚʘ, ʘ ʪʘʢʦʞ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʇʨʦʮʝʩʠ ʧʝʨʝʥʦʩʫ ʪʝʧʣʦʪʠ ʚ ʧʝʯʘʭ ʟʘʡʤʘʶʪʴ ʦʜʥʝ ʟ 

ʮʝʥʪʨʘʣʴʥʠʭ ʤʽʩʮʴ ʧʨʠ ʾʭ ʧʨʦʝʢʪʫʚʘʥʥʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

ʉʫʯʘʩʥʠʡ ʩʧʝʮʽʘʣʽʩʪ ʧʦʚʠʥʝʥ ʚʤʠʪʠ ʧʨʘʚʠʣʴʥʦ ʬʦʨʤʫʣʶʚʘʪʠ ʠ 

ʨʦʟʚôʷʟʫʚʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʧʨʠʢʣʘʜʥʽ ʟʘʚʜʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʩʥʦʚʥʠʭ 

ʟʘʢʦʥʽʚ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʽ ʪʝʧʣʦʤʘʩʦʦʙʤʽʥʫ. 

ɼʘʥʠʡ ʢʫʨʩ ʣʝʢʮʽʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʯʘʩʪʠʥ. ʇʝʨʰʘ ʯʘʩʪʠʥʘ 

çʊʝʧʣʦʪʝʭʥʽʢʘè ʤʽʩʪʠʪʴ 3 ʨʦʟʜʽʣʠ: 

1) ʦʩʥʦʚʠ ʪʝʭʥʽʯʥʦʾ ʪʝʨʤʦʜʠʥʘʤʽʢʠ; 

2) ʪʝʦʨʽʷ ʪʝʧʣʦʦʙʤʽʥʫ; 

3) ʧʨʠʢʣʘʜʥʘ ʪʝʨʤʦʜʠʥʘʤʽʢʘ. 

ʊʝʨʤʦʜʠʥʘʤʽʢʘ ʚʠʚʯʘʻ ʟʘʢʦʥʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʚ ʨʽʟʥʠʭ ʬʟ̔ʠʢʦ-

ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʘʭ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʩʠʩʪʝʤʘʭ ʽ 

ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʪʝʧʣʦʚʠʤʠ ʝʬʝʢʪʘʤʠ. ʋ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʘʜʘʯ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʟʥʘʯʘʶʪʴ ʟʘʛʘʣʴʥʫ, ʭʽʤʽʯʥʫ, ʪʝʭʥʽʯʥʫ ʪʝʨʤʦʜʠʥʘʤʽʢʫ, 

ʪʝʨʤʦʜʠʥʘʤʽʢʫ ʙʽʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ ʽ ʪ.ʥ̔. ʊʝʭʥʽʯʥʘ ʪʝʨʤʦʜʠʥʘʤʽʢʘ 

ʨʦʟʛʣʷʜʘʻ ʧʨʦʮʝʩʠ ʚʟʘʻʤʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʝʧʣʦʪʠ ʽ ʨʦʙʦʪʠ. ɺʦʥʘ 

ʚʩʪʘʥʦʚʣʶʻ ʟʚ'ʷʟʦʢ ʤʽʞ ʪʝʧʣʦʚʠʤʠ, ʤʝʭʘʥʽʯʥʠʤʠ ʽ ʭʽʤʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, 

ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʪʝʧʣʦʚʠʭ ʽ ʭʦʣʦʜʠʣʴʥʠʭ ʤʘʰʠʥʘʭ, ʚʠʚʯʘʻ ʧʨʦʮʝʩʠ, ʱʦ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʛʘʟʘʭ ʽ ʧʘʨʘʭ, ʘ ʪʘʢʦʞ ʚʣʘʩʪʠʚʦʩʪʽ ʮʠʭ ʪʽʣ ʧʨʠ ʨʽʟʥʠʭ 

ʬʽʟʠʯʥʠʭ ʫʤʦʚʘʭ. 

ʊʝʦʨʽʷ ʪʝʧʣʦʦʙʤʽʥʫ ʨʦʟʛʣʷʜʘʻ ʧʨʦʮʝʩʠ ʧʦʰʠʨʝʥʥʷ ʪʝʧʣʦʪʠ ʚ 

ʪʚʝʨʜʠʭ, ʨʽʜʢʠʭ ʽ ʛʘʟʦʧʦʜʽʙʥʠʭ ʪʽʣʘʭ.  

ʊʝʭʥʽʯʥʘ ʪʝʨʤʦʜʠʥʘʤʽʢʘ ʽ ʪʝʦʨʽʷ ʪʝʧʣʦʦʙʤʽʥʫ ʻ ʪʝʦʨʝʪʠʯʥʠʤ 

ʬʫʥʜʘʤʝʥʪʦʤ ʧʨʠʢʣʘʜʥʦʾ ʪʝʧʣʦʪʝʭʥʽʢʠ. ɺʦʥʘ ʨʦʟʛʣʷʜʘʻ ʨʽʟʥʦʤʘʥʽʪʥʽ 

ʫʩʪʘʥʦʚʢʠ, ʦʩʥʦʚʦʶ ʨʦʙʦʪʠ ʷʢʠʭ ʷʚʣʷʶʪʴʩʷ ʦʩʥʦʚʥʽ ʟʘʢʦʥʠ ʪʝʭʥʽʯʥʦʾ 

ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʽ ʪʝʦʨʽʾ ʪʝʧʣʦʦʙʤʽʥʫ. 
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ʋʤʦʚʥʽ   ʧʦʟʥʘʯʘʥʥʷ 
 

ɹʝʟʨʦʟʤʽʨʥʘ ʢʦʦʨʜʠʥʘʪʘ ŭ/l ï 

ɺʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ j % 

ɺʥʫʪʨʽʰʥʷ ʝʥʝʨʛʽʷ u ɼʞ/ʢʛ 

ɺʦʣʦʛʦʚʤʽʩʪ d ʛ/ʢʛ 

ɻʘʟʦʚʘ ʧʦʩʪʽʡʥʘ R ɼʞ/(ʢʛÖʂ) 

ɻʨʘʜʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʠ grad t 
ʦ
ʉ/ʤ 

ɻʫʩʪʠʥʘ r ʢʛ/ ʤ
3
 

ɻʫʩʪʠʥʘ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʪʦʢʫ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 
E ɺʪ/ʤ

2
 

ɻʫʩʪʠʥʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ q ɺʪ/ʤ
2
 

ɼʠʥʘʤʽʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚôʷʟʢʦʩʪʽ m ʇʘÖʩ 

ɼʠʥʘʤʽʯʥʠʡ ʪʠʩʢ Pʜ ʇʘ 

ɼʦʚʞʠʥʘ  l ʤ 

ɼʦʚʞʠʥʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ l ʤ 

ɽʥʪʘʣʴʧʽʷ h ɼʞ/ʢʛ 

ɽʥʪʨʦʧʽʷ s ɼʞ/(ʢʛÖʂ) 

ɯʥʪʝʛʨʘʣʴʥʽʡ ʧʦʪʽʢ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ Q ɺʪ 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ I  ɺʪ/ʤ
3
 

ʂʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ ʟʘ ʯʘʩ t Qt ɼʞ 

ʂʽʣʴʢʽʩʪʴ ʨʝʯʦʚʠʥʠ m ʤʦʣʴ 

ʂʽʥʝʤʘʪʠʯʥʘ ʚ'ʷʟʢʽʩʪʴ ɜ ʤ/ʩ
2
 

ʂʦʝʬʽʮʽʻʥʪ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʘʙʩʦʣʶʪʥʦ 

ʯʦʨʥʦʛʦ ʪʽʣʘ 
Cs ɺʪ/(ʤ

2
Öʂ

4
) 

ʂʦʝʬʽʮʽʻʥʪ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʽʨʦʛʦ ʪʽʣʘ C ɺʪ/(ʤ
2
Öʂ

4
) 

ʂʦʝʬʽʮʽʻʥʪ ʚʽʜʙʠʚʘʥʥʷ ʪʝʧʣʦʪʠ D ï 

ʂʦʝʬʽʮʽʻʥʪ ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ b 1/ʂ 

ʂʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ ʪʝʧʣʦʪʠ A ï 

ʂʦʝʬʽʮʽʻʥʪ ʧʨʦʧʫʩʢʘʥʥʷ ʪʝʧʣʦʪʠ R ï 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ a ɺʪ/(ʤ
2
Ȫʉ) 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʛʘʟʽʚ b 1/ʂ 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ k ɺʪ/(ʤ
2
Ȫʉ) 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ (ʣʽʥʽʡʥʠʡ) kl ɺʪ/(ʤȪʉ) 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ l ɺʪ/(ʤȪʉ) 

ʉʪʫʧʽʥʴ ʯʦʨʥʦʪʠ e ï 

ʂʨʠʪʝʨʽʡ ɹʽʦ Bi ï 



 8 

ʂʨʠʪʝʨʽʡ ʌʫʨ'ʻ Fʦ ï 

ʄʘʩʘ m ʢʛ 

ʆʙôʻʤʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ 

ʢʦʤʧʨʝʩʦʨʫ 
hʦʙ % 

ʉʪʘʪʠʯʥʠʡ ʪʠʩʢ Pʩʪ ʇʘ 

ʇʘʨʮʽʘʣʴʥʠʡ ʪʠʩʢ Pi ʇʘ 

ʇʠʪʦʤʠʡ ʦʙôʻʤ v ʤ
3
/ʢʛ 

ʇʣʦʱʘ F ʤ
2
 

ʇʦʪʫʞʥʽʩʪʴ N ɺʪ 

ʇʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ  g ʤ/ʩ
2
 

ʊʦʚʱʠʥʘ ŭ ʤ 

ʉʝʨʝʜʥʷ ʪʦʚʱʠʥʘ ʛʘʟʦʚʦʛʦ ʰʘʨʫ ŭʝʬ ʤ 

ʉʠʣʘ N ʅ 

ʉʪʫʧʽʥʴ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʫ ɻʊʋ, ɼɺɿ l - 

ʉʪʫʧʽʥʴ ʨʦʟʰʠʨʝʥʥʷ ʛʘʟʽʚ ʫ ɻʊʋ, ɼɺɿ r - 

ʉʪʫʧʽʥʴ ʩʪʠʩʥʝʥʥʷ ʛʘʟʽʚ ʫ ɼɺɿ e - 

ʊʝʤʧʝʨʘʪʫʨʘ (ʟʘ ʰʢʘʣʦʶ ʂʝʣʴʚʽʥʘ) T ʂ 

ʊʝʤʧʝʨʘʪʫʨʘ (ʟʘ ʰʢʘʣʦʶ ʎʝʣʴʩʽʷ) t ʉ̄ 

ʊʝʤʧʝʨʘʪʫʨʥʠʡ ʢʨʠʪʝʨʽʡ ɗ ï 

ʊʝʤʧʝʨʘʪʫʨʥʠʡ ʥʘʧʽʨ Dt ʉ̄ 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʽ a ʤ/ʩ
2
 

ʊʝʧʣʦʚʠʡ ʧʦʪʽʢ Q ɺʪ 

ʊʝʧʣʦʻʤʥʽʩʪʴ Cv,Cʨ ɼʞ/(ʢʛÖʂ) 

ʊʝʨʤʽʯʥʠʡ ʂʂɼ ʮʠʢʣʫ ht % 

ʊʝʨʤʽʯʥʠʡ ʦʧʽʨ (ʚʥʫʪʨʽʰʥʽʡ) Rl (ʤȪʉ)/ɺʪ 

ʊʝʨʤʽʯʥʠʡ ʦʧʽʨ (ʟʦʚʥʽʰʥʽʡ) RŬ (ʤ
2
Ȫʉ)/ɺʪ 

ʈʦʙʦʪʘ ʩʪʠʩʢʫ (ʨʦʟʰʠʨʝʥʥʷ) l ɼʞ/ʢʛ 

ʊʠʩʢ P ʇʘ 

ʍʦʣʦʜʠʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʮʠʢʣʫ e - 

ʏʘʩ t ʩ 

ʏʠʩʣʦ ɻʨʘʩʛʦʬʘ Gr ï 

ʏʠʩʣʦ ʅʫʩʩʝʣʴʪʘ Nu ï 

ʏʠʩʣʦ ʇʨʘʥʜʪʣʷ Pr ï 

ʏʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ Re ï 

ʐʚʠʜʢʽʩʪʴ w ʤ/ʩ 

ʐʢʽʜʣʠʚʠʡ ʧʨʦʩʪʽʨ ʢʦʤʧʨʝʩʦʨʫ Vʰʢ ʤ
3
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1 ʆʉʅʆɺʀ ʊɽʍʅɯʏʅʆɰ ʊɽʈʄʆɼʀʅɸʄɯʂʀ 
 

1.1 ɺʣʘʩʪʠʚʦʩʪʽ ʨʦʙʦʯʠʭ ʪʽʣ 
 

1.1.1 ʈʦʙʦʯʝ ʪʽʣʦ ʪʘ ʡʦʛʦ ʧʘʨʘʤʝʪʨʠ 
 

ʊʝʭʥʽʯʥʘ ʪʝʨʤʦʜʠʥʘʤʽʢʘ, ʟʘʩʪʦʩʦʚʫʶʯʠ ʦʩʥʦʚʥʽ ʟʘʢʦʥʠ ʜʦ ʧʨʦʮʝʩʽʚ 

ʚʟʘʻʤʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʝʧʣʦʪʠ ʽ ʨʦʙʦʪʠ, ʜʦʧʦʤʘʛʘʻ ʨʦʟʨʦʙʣʷʪʠ ʪʝʧʣʦʚʽ 

ʜʚʠʛʫʥʠ, ʜʦʩʣʽʜʞʫʚʘʪʠ ʧʨʦʮʝʩʠ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʫ ʥʠʭ ʽ ʪ.ʧ. 

ʆʙ'ʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʭʥʽʯʥʦʾ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʻ ʪʝʨʤʦʜʠʥʘʤʽʯʥʘ 

ʩʠʩʪʝʤʘ, ʷʢʦ  ʁʤʦʞʫʪʴ ʙʫʪʠ ʛʨʫʧʘ ʪʽʣ, ʪʽʣʦ ʯʠ ʯʘʩʪʠʥʘ ʪʽʣʘ. 

ʊʝʨʤʦʜʠʥʘʤʽʯʥʘ ʩʠʩʪʝʤʘ ʷʚʣʷʻ ʩʦʙʦʶ ʩʫʢʫʧʥʽʩʪʴ ʤʘʪʝʨʽʘʣʴʥʠʭ ʪʽʣ, 

ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʭʘʥʽʯʥʽʡ ʽ ʪʝʧʣʦʚʽʡ ʚʟʘʻʤʦʜʽʾ ʦʜʠʥ ʟ ʦʜʥʠʤ ʽ ʟ 

ʦʪʦʯʫʶʯʠʤʠ ʩʠʩʪʝʤʫ ʟʦʚʥʽʰʥʽʤʠ ʪʽʣʘʤʠ. ʋʩʝ, ʱʦ ʥʝ ʚʭʦʜʠʪʴ ʜʦ ʩʠʩʪʝʤʠ, 

ʥʘʟʠʚʘʻʪʴʩʷ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ. ʊʝʨʤʦʜʠʥʘʤʽʯʥʽ ʩʠʩʪʝʤʠ ʤʦʞʫʪʴ 

ʙʫʪʠ: 

¶ ʚʽʜʢʨʠʪʽ (ʻ ʦʙʤʽʥ ʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ ʽ ʨʝʯʦʚʠʥʦʶ, ʽ 

ʝʥʝʨʛʽ̒ ʶ);  

¶ ʟʘʢʨʠʪʽ (ʻ ʦʙʤʽʥ ʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ ʪʽʣʴʢʠ ʝʥʝʨʛʽʻʶ); 

¶ ʽʟʦʣʴʦʚʘʥʽ (ʙʝʟ ʙʫʜʴ-ʷʢʦʛʦ ʦʙʤʽʥʫ ʟ ʥʘʚʢʦʣʠʰʥʽʤ 

ʩʝʨʝʜʦʚʠʱʝʤ). 

ʇʨʝʜʤʝʪʦʤ ʪʝʭʥʽʯʥʦʾ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʻ ʚʠʚʯʝʥʥʷ ʧʨʦʮʝʩʽʚ  ʚʟʘʻʤʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʝʧʣʦʪʠ ʽ ʨʦʙʦʪʠ ʚ ʨʽʟʥʠʭ ʪʝʧʣʦʚʠʭ ʤʘʰʠʥʘʭ. ʎʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʜʽʡʩʥʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʙʦʯʦʛʦ ʪʽʣʘ. ʈʦʙʦʯʠʤ ʪʽʣʦʤ 

ʤʦʞʫʪʴ ʙʫʪʠ ʪʚʝʨʜʽ ʪʽʣʘ, ʨʽʜʠʥʠ ʽ ʛʘʟʠ. ʅʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʛʘʟʠ ʽ 

ʧʘʨʠ, ʪʦʤʫ ʱʦ  ʚʦʥʠ ʟʥʘʯʥʦ ʟʤʽʥʶʶʪʴ ʩʚʽʡ ʦʙôʻʤ ʧʨʠ ʟʤʽʥʽ ʪʝʤʧʝʨʘʪʫʨʠ 

ʘʙʦ ʪʠʩʢʫ. 

ʌʽʟʠʯʥʠʡ ʩʪʘʥ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʝʷʢʠʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʷʢʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʜʘʥʠʡ ʩʪʘʥ ʽ ʥʘʟʠʚʘʶʪʴʩʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ. ʆʩʥʦʚʥʠʤʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʛʘʟʽʚ ʻ: 

ʘʙʩʦʣʶʪʥʠʡ ʪʠʩʢ, ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʧʠʪʦʤʠʡ ʦʙôʻʤ.  

ʊʠʩʢ ʽʟ ʧʦʛʣʷʜʫ ʤʦʣʝʢʫʣʷʨʥʦ-ʢʽʥʝʪʠʯʥʦʾ ʪʝʦʨʽʾ ʻ ʩʝʨʝʜʥʽʡ ʨʝʟʫʣʴʪʘʪ 

ʫʜʘʨʽʚ ʤʦʣʝʢʫʣ ʛʘʟʫ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʙʝʟʫʧʠʥʥʦʤʫ ʭʘʦʪʠʯʥʦʤʫ ʨʫʩʽ, ʧʦ 

ʩʪʽʥʢʘʭ ʩʫʜʠʥʠ, ʫ ʷʢʽʡ ʫʪʨʠʤʫʻʪʴʩʷ ʛʘʟ. ʊʠʩʢ ʚʠʤʽʨʷʻʪʴʩʷ ʩʠʣʦʶ, ʷʢʘ 

ʨʽʚʥʦʤʽʨʥʦ ʜʽʻ ʥʘ ʦʜʠʥʠʮʶ ʧʦʚʝʨʭʥʽ, ʽ ʷʚʣʷʻ ʩʦʙʦʶ ʚʽʜʥʦʰʝʥʥʷ ʥʦʨʤʘʣʴʥʦʾ 

ʩʢʣʘʜʦʚʦʾ ʩʠʣʠ ʜʦ ʧʦʚʝʨʭʥʽ, ʥʘ ʢʦʪʨʫ ʩʠʣʘ ʜʽʻ  
 

ʈ = N /F,                                                  (1.1) 
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ʜʝ N ï ʩʠʣʘ, ʅ;  

F ï ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ, ʤ2
. 

ʋ ʄʽʞʥʘʨʦʜʥʽʡ ʩʠʩʪʝʤʽ ʦʜʠʥʠʮʴ ʉɯ ʪʠʩʢ ʚʠʤʽʨʶʻʪʴʩʷ ʫ ʧʘʩʢʘʣʷʭ: 

1 ʇʘ = 1 ʅ/ʤ
2
. ʆʩʢʽʣʴʢʠ ʪʠʩʢ ʚ 1 ʧʘʩʢʘʣʴ ʻ ʚʝʣʠʯʠʥʘ ʤʘʣʦʶ (1 ʘʪ = 

98066,5 ʇʘ), ʟʨʫʯʥʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʽʣʴʰ ʚʝʣʠʢʽ ʟʥʘʯʝʥʥʷ ʪʠʩʢʫ: 

1 ʢʇʘ = 10
3
 ʇʘ; 1 ʄʇʘ = 10

6
 ʇʘ; 1 ɻʇʘ = 10

9
 ʇʘ. 

ʅʘ ʧʨʘʢʪʠʮʽ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʟʘʩʠʩʪʝʤʥʽ ʦʜʠʥʠʮʽ: 

1 ʢʛʩ/ʤ
2
 = 1 ʤʤ.ʚʦʜ.ʩʪ. = 9,8066 ʇʘ å 10 ʇʘ; 1 ʤʤ.ʨʪ.ʩʪ. = 133,3 ʇʘ; 

1 ʘʪʤ = 760 ʤʤ.ʨʪ.ʩʪ. = 101325 ʇʘ;  1 ʙʘʨ = 10
5
 ʇʘ;  

ʈʦʟʨʽʟʥʷʶʪʴ ʪʠʩʢ: ʘʪʤʦʩʬʝʨʥʠʡ, ʥʘʜʣʠʰʢʦʚʠʡ, ʨʦʟʨʷʜʞʝʥʥʷ 

(ʚʘʢʫʫʤ). ɸʪʤʦʩʬʝʨʥʠʡ ʪʠʩʢ ʈʘʪʤ ï ʮʝ ʪʠʩʢ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠɦ ʘ, 

ʷʢʽʡ ʚʠʤʽʨʶʶʪʴ ʙʘʨʦʤʝʪʨʘʤʠ. ʅʘʜʣʠʰʢʦʚʠʡ ʪʠʩʢ ʈʥʘʜ ï ʨʽʟʥʠʮʷ ʤʽʞ 

ʪʠʩʢʦʤ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʪʠʩʢʦʤ ʨʽʜʠʥʠ ʯʠ ʛʘʟʫ ʟʘ ʫʤʦʚʦʶ, ʱʦ 

ʚʽʥ ʧʝʨʝʚʠʱʫʻ ʘʪʤʦʩʬʝʨʥʠʡ ʪʠʩʢ. ɺʠʤʽʨʶʶʪʴ ʥʘʜʣʠʰʢʦʚʠʡ ʪʠʩʢ 

ʤʘʥʦʤʝʪʨʘʤʠ. ɺʘʢʫʫʤ (ʨʦʟʨʷʜʞʝʥʥʷ) ʈʚʘʢ ï ʨʽʟʥʠʮʷ ʤʽʞ ʪʠʩʢʦʤ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʪʠʩʢʦʤ ʨʽʜʠʥʠ ʯʠ ʛʘʟʫ ʫ ʜʘʥʦʤʫ ʦʙôʻʤʽ ʟʘ 

ʫʤʦʚʦʶ, ʱʦ ʚʽʥ ʤʝʥʰʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʪʠʩʢʫ. ɺʠʤʽʨʶʁ ʪʴ ʨʦʟʨʷʜʞʝʥʥʷ 

ʚʘʢʫʫʤʤʝʪʨʘʤʠ. 

ʊʠʩʢ ʛʘʟʫ ʤʦʞʥʘ ʪʘʢʦʞ ʚʠʤʽʨʶʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʩʦʪʠ ʩʪʦʚʧʯʠʢʘ 

ʨʽʜʠʥʠ, ʷʢʘ ʩʪʠʢʘʻʪʴʩʷ ʟ ʜʘʥʠʤ ʛʘʟʦʤ, ʪʦʙʪʦ ʟʘ ʜʦʧʦʤʦʛʦʶ U-ʧʦʜʽʙʥʦʛʦ 

ʤʘʥʦʤʝʪʨʘ. ʉʝʨʝʜʦʚʠʱʝ ʟ ʪʠʩʢʦʤ ʛʘʟʫ ʈʘ ʟ'ʻʜʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʝʪʘʣʝʚʦʾ ʯʠ ʛʫʤʦʚʦʾ ʪʨʫʙʢʠ ʟ ʦʜʥʠʤ ʢʦʣʽʥʦʤ U-ʧʦʜʽʙʥʦʛʦ ʤʘʥʦʤʝʪʨʘ. 

ɼʨʫʛʝ ʢʦʣʽʥʦ ʤʘʥʦʤʝʪʨʘ ʟ'ʻʜʥʫʻʪʴʩʷ ʟ ʘʪʤʦʩʬʝʨʦʶ, ʱʦ ʤʘʻ ʙʘʨʦʤʝʪʨʠʯʥʠʡ 

ʪʠʩʢ ʈʙ (ʨʠʩ. 1.1).  

ʋ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʛʦ, ʚ ʷʢʦʤʫ ʢʦʣʽʥʽ ʤʘʥʦʤʝʪʨʘ ʤʠ ʤʘʻʤʦ ʙʽʣʴʰ 

ʚʠʩʦʢʠʡ ʩʪʦʚʧʯʠʢ ʨʽʜʠʥʠ, ʤʠ ʦʪʨʠʤʫʻʤʦ ʥʘʜʣʠʰʢʦʚʠʡ ʪʠʩʢ ʯʠ 

ʨʦʟʨʷʜʞʝʥʥʷ. ʈʽʟʥʠʮʷ ʚʠʩʦʪ ʨʽʜʠʥʠ h ʚ ʦʙʦʭ ʢʦʣʽʥʘʭ ʜʦʨʽʚʥʶʻ ʪʠʩʢʫ 

ʩʝʨʝʜʦʚʠʱʘ. ʋ ʚʠʧʘʜʢʫ ʥʘʜʣʠʰʢʦʚʦʛʦ ʪʠʩʢʫ ʚʠʩʦʪʘ ʨʽʜʠʥʠ ʟ ʙʦʢʫ 

ʘʪʤʦʩʬʝʨʠ ʙʫʜʝ ʙʽʣʴʰʝ (ʨʠʩ 1.1). ʇʨʠ ʮʴʦʤʫ 
 

ʈʥʘʜ = h ɟ g,                                       (1.2) 
 

ʜʝ ɟ ï ʛʫʩʪʠʥʘ ʨʽʜʠʥʠ, ʢʛ/ʤ
3
; 

g ï ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ, ʤ/ʩ
2
. 
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ʈʠʩʫʥʦʢ 1.1 ï ɺʠʤʽʨʶʚʘʥʥʷ ʪʠʩʢʫ U-ʧʦʜʽʙʥʠʤ  ʤʘʥʦʤʝʪʨʦʤ 
 

ʗʢ ʨʦʙʦʯʫ ʨʽʜʠʥʫ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʦʜʫ ʯʠ ʩʧʠʨʪ.  

ɿ ʨʽʚʥʷʥʥʷ (1.2) ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʱʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʦʜʠ, ʜʣʷ ʷʢʦʾ 

ʛʫʩʪʠʥʘ ʜʦʨʽʚʥʶʻ 1000 ʢʛ/ʤ
3
, ʚʠʩʦʪʘ ʩʪʦʚʧʯʠʢʘ ʚʦʜʠ h U-ʧʦʜʽʙʥʦʛʦ 

ʤʘʥʦʤʝʪʨʘ ʚ ʤʽʣʽʤʝʪʨʘʭ ʜʦʨʽʚʥʶʻ ʪʠʩʢʫ ʈʥʘʜ ʚ ʤʽʣʽʤʝʪʨʘʭ ʚʦʜʥʦʛʦ ʩʪʦʚʧʘ. 

ʗʢʱʦ ʮʝ ʟʥʘʯʝʥʥʷ ʧʦʤʥʦʞʠʪʠ ʥʘ g = 9,8 ʤ/ʩ
2
, ʪʦ ʤʠ ʦʪʨʠʤʘʻʤʦ ʟʥʘʯʝʥʥʷ 

ʪʠʩʢʫ ʈʥʘʜ ʚ ʧʘʩʢʘʣʷʭ. 

ʊʦʯʥʽʩʪʴ ʚʠʤʽʨʫ ʪʠʩʢʫ U-ʧʦʜʽʙʥʠʤ ʤʘʥʦʤʝʪʨʦʤ ʧʨʠ ʧʨʘʚʠʣʴʥʦʤʫ 

ʚʽʜʣʽʢʫ ʨʽʚʥʽʚ ʨʽʜʠʥʠ ʚ ʪʨʫʙʢʘʭ ʻ ʜʦʩʠʪʴ ʚʠʩʦʢʦʶ. ʋ ʟʚôʷʟʢʫ ʟ ʪʠʤ, ʱʦ 

ʨʽʜʠʥʘ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʰʠʨʶʻʪʴʩʷ, ʚʠʩʦʪʘ ʩʪʦʚʧʯʠʢʘ 

ʨʽʜʠʥʠ, ʚʽʜʧʦʚʽʜʥʘ ʜʘʥʦʤʫ ʪʠʩʢʫ, ʪʝʞ ʟʙʽʣʴʰʫʻʪʴʩʷ. ʎʝ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ 

ʧʨʠ ʧʝʨʝʚʦʜʽ ʚ ʧʘʩʢʘʣʽ ʧʦʢʘʟʘʥʴ ʨʪʫʪʥʠʭ ʙʘʨʦʤʝʪʨʽʚ. ɿʚʠʯʘʡʥʦ ʧʦʢʘʟʘʥʥʷ 

ʙʘʨʦʤʝʪʨʽʚ ʟʚʦʜʷʪʴ ʜʦ 0 
ʦ
ʉ ʟʘ ʬʦʨʤʫʣʦʶ  

 

P0 oC = Pt oC (1 - ɓ t),                                   (1.3) 
 

ʜʝ P0 oC ï ʙʘʨʦʤʝʪʨʠʯʥʠʡ ʪʠʩʢ ʧʨʠ 0 
ʦ
ʉ, ʤʤ.ʨʪ.ʩʪ; 

Pt oC ï ʙʘʨʦʤʝʪʨʠʯʥʠʡ ʪʠʩʢ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨ̔  t ʦʉ, ʤʤ.ʨʪ.ʩʪ; 

ɓ ï ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʦʙôʻʤʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʨʽʜʠʥʠ (ʜʣʷ 

ʨʪʫʪʽ ɓ = 0,000172). 

ʊʝʨʤʦʜʠʥʘʤʽʯʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʩʪʘʥʫ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʻ ʪʽʣʴʢʠ 

ʘʙʩʦʣʶʪʥʠʡ ʪʠʩʢ ʈʘʙʩ, ʪʦʙʪʦ ʪʠʩʢ, ʷʢʽʡ ʚʠʤʽʨʶʻʪʴʩʷ ʚʽʜ ʘʙʩʦʣʶʪʥʦʛʦ ʥʫʣʷ 

ʈʘʈʙ

h
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ʪʠʩʢʫ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʘʪʤʦʩʬʝʨʥʠʡ ʪʠʩʢ ʧʦʩʪʽʡʥʦ ʟʤʽʥʶʻʪʴʩʷ, 

ʦʪʞʝ, ʟʤʽʥʶʻʪʴʩʷ ʚʝʣʠʯʠʥʘ ʚʘʢʫʫʤʫ ʯʠ ʥʘʜʣʠʰʢʦʚʦʛʦ ʪʠʩʢʫ. ʇʨʠ 

ʚʠʟʥʘʯʝʥʥʽ ʘʙʩʦʣʶʪʥʦʛʦ ʪʠʩʢʫ ʫ ʙʫʜʴ-ʷʢʦʾ ʩʫʜʠʥʽ ʨʦʟʨʽʟʥʷʶʪʴ ʜʚʘ ʚʠʧʘʜʢʠ: 

¶ ʪʠʩʢ ʫ ʩʫʜʠʥʽ ʙʽʣʴʰʝ ʘʪʤʦʩʬʝʨʥʦʛʦ: 
 

ʈʘʙʩ = ʈʘʪʤ + ʈʥʘʜ ;                                              (1.4) 
 

¶ ʪʠʩʢ ʫ ʩʫʜʠʥʽ ʤʝʥʰʝ ʘʪʤʦʩʬʝʨʥʦʛʦ: 
 

ʈʘʙʩ = ʈʘʪʤ ï ʈʚʘʢ .                                         (1.5) 
 

ɼʫʞʝ ʥʘʦʯʥʦ ʤʦʞʥʘ ʧʦʜʘʪʠ ʚʠʧʘʜʢʠ ʚʠʤʽʨʫ ʪʠʩʢʫ, ʷʢʱʦ ʚʽʜʢʣʘʜʘʪʠ 

ʟʥʘʯʝʥʥʷ ʘʙʩʦʣʶʪʥʦʛʦ ʪʠʩʢʫ ʫ ʚʠʜʽ ʚʽʜʨʽʟʢʽʚ ʚʽʜ ʣʽʥʽʾ, ʧʨʠʡʥʷʪʦʾ ʟʘ ʥʫʣʴ 

ʪʠʩʢʫ (ʨʠʩ. 1.2).  

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1.2 ï ɻʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʘʙʩʦʣʶʪʥʦʛʦ ʪʠʩʢʫ ʪʘ ʡʦʛʦ ʩʢʣʘʜʦʚʠʭ 
 

ɺʽʜʨʽʟʢʠ ɸɺ ʽ ʉD ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʠʩʢʫ ʚ ʩʫʜʠʥʽ, ʷʢʠʡ ʚʠʤʽʨʷʣʠ ʚʽʜ 

ʥʫʣʷ ʪʠʩʢʽʚ, ʪʦʙʪʦ ʘʙʩʦʣʶʪʥʦʤʫ ʪʠʩʢʫ: ʧʝʨʰʠʡ ï ʜʣʷ ʚʠʧʘʜʢʫ 

ʥʘʜʣʠʰʢʦʚʦʛʦ ʪʠʩʢʫ, ʜʨʫʛʠʡ ï ʜʣʷ ʚʠʧʘʜʢʫ ʚʘʢʫʫʤʫ. ɺʽʜʨʽʟʦʢ ɽɺ 

ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʝʚʠʱʝʥʥʶ ʪʠʩʢʫ ʛʘʟʫ ʥʘʜ ʪʠʩʢʦʤ ʘʪʤʦʩʬʝʨʠ ï ʮʝ 

ʥʘʜʣʠʰʢʦʚʠʡ ʪʠʩʢ; ʚʽʜʨʽʟʦʢ FD ʚʽʜʧʦʚʽʜʘʻ ʚʘʢʫʫʤʫ, ʪʦʙʪʦ ʨʦʟʨʽʜʞʝʥʥʶ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʟ ʷʢʽʩʥʦʾ ʩʪʦʨʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʪʫʧʽʥʴ ʥʘʛʨʽʚʫ ʪʽʣʘ, ʟ 

ʢʽʣʴʢʽʩʥʦʾ ʩʪʦʨʦʥʠ ʪʝʤʧʝʨʘʪʫʨʘ ʻ ʤʽʨʦʶ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʝʧʣʦʚʦʛʦ ʨʫʭʫ 

ʤʦʣʝʢʫʣ. ʋ ʪʝʨʤʦʜʠʥʘʤʽʮʽ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʙʩʦʣʶʪʥʫ 

ʪʝʤʧʝʨʘʪʫʨʫ. ʋ ʩʠʩʪʝʤʽ ʉI ʦʜʠʥʠʮʝʶ ʚʠʤʽʨʫ ʘʙʩʦʣʶʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʊ ʻ 

ʢʝʣʴʚʽʥ (K). ɸʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʚʞʜʠ ʧʦʟʠʪʠʚʥʘ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

ʘʙʩʦʣʶʪʥʦʛʦ ʥʫʣʷ ʧʨʠʧʠʥʷʻʪʴʩʷ ʪʝʧʣʦʚʠʡ ʨʫʭ ʤʦʣʝʢʫʣ. ʎʝ ʛʨʘʥʠʯʥʘ 

ʤʽʥʽʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʽ ʻ ʧʦʯʘʪʢʦʤ ʜʣʷ ʚʽʜʣʽʢʫ ʘʙʩʦʣʶʪʥʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

ɼʣʷ ʚʠʤʽʨʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʽʣ: 

ʈ
ʘ
ʙ
ʩ ʈ
ʥ
ʘ
ʜ
ʣ

A

ɸʪʤʦʩʬʝʨʥʠʡ 
ʪʠʩʢ

ʃʽʥʽʷ ʘʙʩʦʣʶʪʥʦʛʦ

ʥʫʣʷ ʪʠʩʢʫ
C

D

F

B

E

ʈʘʙʩ

   ʈʚʘʢ
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ʨʦʟʰʠʨʝʥʥʷ ʪʽʣ ʚʽʜ ʥʘʛʨʽʚʘʥʥʷ (ʨʽʜʠʥʥʽ ʪʝʨʤʦʤʝʪʨʠ), ʟʤʽʥʘ ʦʙôʤ̒ʫ ʧʨʠ 

ʧʦʩʪʽʡʥʦʤʫ ʪʠʩʢʫ ʯʠ ʟʤʽʥʘ ʪʠʩʢʫ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʦʙôʻʤʽ (ʫ ʛʘʟʦʚʠʭ 

ʪʝʨʤʦʤʝʪʨʘʭ), ʟʤʽʥʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʧʨʦʚʽʜʥʠʢʘ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ 

(ʪʝʨʤʦʤʝʪʨʠ ʦʧʦʨʫ), ʟʤʽʥʘ ʝʣʝʢʪʨʦʨʫʰʽʡʥʦʾ ʩʠʣʠ ʚ ʣʘʥʮʶʟʽ ʪʝʨʤʦʧʘʨʠ ʧʨʠ 

ʟʤʽʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʩʧʘʶ, ʟʘʢʦʥʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʚʝʨʜʠʭ ʪʽʣ (ʚ ʦʧʪʠʯʥʠʭ 

ʧ̔ʨʦʤʝʪʨʘʭ). 

ʋ ʪʝʨʤʦʜʠʥʘʤʽʮʽ ʢʨʽʤ ʰʢʘʣʠ ʂʝʣʴʚʽʥʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʘʢʦʞ 

ʰʢʘʣʘ ʎʝʣʩɹʽʷ, ʫ ʷʢʽʡ ʪʦʯʢʦʶ ʚʽʜʣʽʢʫ ʻ ʧʦʪʨʽʡʥʘ ʪʦʯʢʘ ʚʦʜʠ (ʪʦʯʢʘ, ʜʝ 

ʨʽʜʢʘ, ʧʘʨʦʧʦʜʽʙʥʘ ʽ ʪʚʝʨʜʘ ʬʘʟʠ ʚʦʜʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʨʽʚʥʦʚʘʟʽ). ʄʽʞ 

ʪʝʤʧʝʨʘʪʫʨʦ  ʁʚ ʢʝʣʴʚʽʥʘʭ (ʊ) ʽ ʪʝʤʧʝʨʘʪʫʨʦʶ ʫ ʛʨʘʜʫʩʘʭ ʎʝʣʴʩʽʷ (t) ï 

ʽʩʥʫʻ ʥʘʩʪʫʧʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 
 

ʊ = t + 273,15.                                              (1.6) 
 

ɻʨʘʜʫʩ ʘʙʩʦʣʶʪʥʦʾ ʰʢʘʣʠ ʂʝʣʴʚʽʥʘ ʯʠʩʝʣʴʥʦ ʜʦʨʽʚʥʶʻ ʛʨʘʜʫʩʫ 

ʰʢʘʣʠ ʎʝʣʩɹʽʷ.  

ʇʠʪʦʤʠʡ ʦʙô̒ ʤ (v) ï ʮʝ ʦʙô̒ ʤ ʦʜʠʥʠʮʽ ʤʘʩʠ ʨʝʯʦʚʠʥʠ, ʤ
3
/ʢʛ, ʘʙʦ 

ʚʝʣʠʯʠʥʘ, ʟʚʦʨʦʪʥʘ ʛʫʩʪʠʥʽ ʨʝʯʦʚʠʥʠ:  
 

v = V / m = 1 / ɟ ,                                            (1.7) 
 

ʜʝ V ï ʧʦʚʥʠʡ ʦʙô̒ ʤ ʨʝʯʦʚʠʥʠ, ʤ
3
;  

m ï ʤʘʩʘ ʨʝʯʦʚʠʥʠ, ʢʛ; 

ɟ ï ʛʫʩʪʠʥʘ  ʨʝʯʦʚʠʥʠ, ʢʛ/ʤ
3
. 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʧʠʪʦʤʠʭ ʦʙôʻʤʽʚ ʨʽʟʥʠʭ ʛʘʟʽʚ ʾʭ ʧʨʠʚʦʜʷʪʴ ʜʦ 

ʦʜʥʘʢʦʚʠʭ, ʪʘʢ ʟʚʘʥʠʭ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ, ʘ ʩʘʤʝ, ʜʦ ʪʠʩʢʫ, ʷʢʠʡ ʜʦʨʽʚʥʶ ̒

ʦʜʥʽʡ ʬʽʟʠʯʥʽʡ ʘʪʤʦʩʬʝʨʽ (760 ʤʤ.ʨʪ.ʩʪ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 0 
ʦ
ʉ. 

 

 

1.1.2 ʈʽʚʥʷʥʥʷ ʩʪʘʥʫ ʽʜʝʘʣʴʥʦʛʦ ʛʘʟʫ 
 

ʋ ʪʝʭʥʽʯʥʽʡ ʪʝʨʤʦʜʠʥʘʤʽʮʽ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʦʥʷʪʪʷ ʧʨʦ 

ʽʜʝʘʣʥɹʠʡ ʛʘʟ. ʇʽʜ ʽʜʝʘʣʴʥʠʤ ʛʘʟʦʤ ʨʦʟʫʤʽʶʪʴ ʛʘʟ, ʚ ʷʢʦʛʦ ʚʽʜʩʫʪʥʽ ʩʠʣʠ 

ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʤʦʣʝʢʫʣʘʤʠ, ʘ ʤʦʣʝʢʫʣʠ ʥʝ ʤʘʶʪʴ ʦʙôʻʤʫ, ʪʦʙʪʦ ʷʚʣʷʶʪʴ 

ʩʦʙʦʶ ʤʘʪʝʨʽʘʣʴʥʽ ʪʦʯʢʠ. ʈʝʘʣʴʥʦ ʪʘʢʦʛʦ ʛʘʟʫ ʥʝ ʽʩʥʫʻ, ʘʣʝ ʚʚʝʜʝʥʥʷ 

ʧʦʥʷʪʪʷ çʽʜʝʘʣʴʥʠʡ ʛʘʟè ʜʦʟʚʦʣʠʣʦ ʩʢʣʘʩʪʠ ʧʨʦʩʪʽ ʤʘʪʝʤʘʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʤʽʞ ʚʝʣʠʯʠʥʘʤʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʩʪʘʥ ʪʽʣʘ, ʽ ʥʘ ʦʩʥʦʚʽ ʟʘʢʦʥʽʚ ʜʣʷ 

ʽʜʝʘʣʴʥʠʭ ʛʘʟʽʚ ʩʪʚʦʨʠʪʠ ʩʪʨʫʥʢʫ ʪʝʦʨʽʶ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. 
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ʋʩʽ ʨʝʘʣʴʥʽ ʛʘʟʠ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʽ ʤʘʣʠʭ ʪʠʩʢʘʭ ʤʘʡʞʝ 

ʮʽʣʢʦʤ ʧʽʜʭʦʜʷʪʴ ʧʽʜ ʧʦʥʷʪʪʷ çʽʜʝʘʣʴʥʠʡ ʛʘʟè ʽ ʧʨʘʢʪʠʯʥʦ ʟʘ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʥʝ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʥʴʦʛʦ. ʉʪʘʥ ʽʜʝʘʣʴʥʦʛʦ ʛʘʟʫ ï ʮʝ 

ʛʨʘʥʠʯʥʠʡ ʩʪʘʥ ʨʝʘʣʴʥʦʛʦ ʛʘʟʫ, ʢʦʣʠ ʪʠʩʢ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʥʫʣʷ. 

ʇʘʨʘʤʝʪʨʠ ʽʜʝʘʣʴʥʦʛʦ ʛʘʟʫ ʟʚ'ʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʨʽʚʥʷʥʥʷʤ 

ʂʣʘʧʝʡʨʦʥʘ 
 

P v = R T.                                                      (1.8) 
 

ɼʣʷ ʜʦʚʽʣʴʥʦʾ ʤʘʩʠ ʛʘʟʫ m ʨʽʚʥʷʥʥʷ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʜ 
 

P V = m R T,                                            (1.9) 
 

ʜʝ V ï ʧʦʚʥʠʡ ʦʙôʻʤ, ʤ
3
; 

R ï ʛʘʟʦʚʘ ʩʪʘʣʘ, ɼʞ/(ʢʛ K). 

ɺʠʨʘʟʠʤʦ ʛʘʟʦʚʫ ʩʪʘʣʫ ʟ ʨʽʚʥʷʥʥʷ ʂʣʘʧʝʡʨʦʥʘ (1.8): 
 

R = P v / T                                                   (1.10) 
 

ʊʘʢʠʤ ʯʠʥʦʤ, ʛʘʟʦʚʫ ʩʪʘʣʫ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʜʣʷ ʢʦʞʥʦʛʦ ʛʘʟʫ ʟʘ 

ʧʘʨʘʤʝʪʨʘʤʠ ʡʦʛʦ ʩʪʘʥʫ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʽʜʥʦʰʝʥʥʷ Pv/T, ʘ 

ʚʽʜʧʦʚʽʜʥʦ, ʡ ʛʘʟʦʚʘ ʩʪʘʣʘ R ʻ ʚʝʣʠʯʠʥʦʶ ʧʦʩʪʽʡʥʦʶ, ʚʦʥʘ ʥʝ ʟʘʣʝʞʽʪʴ ʚʽʜ 

ʩʪʘʥʫ ʘʙʦ ʧʘʨʘʤʝʪʨʽʚ ʛʘʟʫ, ʘ ʪʽʣʴʢʠ ʚʽʜ ʡʦʛʦ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʪʦʙʪʦ ʚʽʜ ʡʦʛʦ 

ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʽ ʩʪʨʫʢʪʫʨʠ. ɻʘʟʦʚʘ ʩʪʘʣʘ ʯʠʩʝʣʴʥʦ ʜʦʨʽʚʥʶʻ ʨʦʙʦʪʽ, ʱʦ 

ʚʠʢʦʥʫʻ 1 ʢʛ ʛʘʟʫ, ʷʢʱʦ ʧʽʜʚʠʱʠʪʠ ʡʦʛʦ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ 1 
ʦ
C. ɿʥʘʯʝʥʥʷ 

ʛʘʟʦʚʦʾ ʩʪʘʣʦʾ R ʜʣʷ ʨʽʟʥʠʭ ʛʘʟʽʚ ʥʘʚʦʜ̫ ʪʴʩʷ ʫ ʜʦʚʽʜʥʠʢʘʭ. ɻʘʟʦʚʽ ʩʪʘʣʽ ʜʣʷ 

ʜʝʷʢʠʭ ʛʘʟʽʚ ʥʘʚʝʜʝʥʦ ʚ ʜʦʜʘʪʢʫ ɸ. 

ʈ̔ ʚʥʷʥʥʷ (1.9) ʜʣʷ 1 ʢʤʦʣʷ ʛʘʟʫ ʥʘʟʠʚʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ʄʝʥʜʝʣʻʻʚʘ-

ʂʣʘʧʝʡʨʦʥʘ 
 

PVm = m R T,                                        (1.11) 
 

ʜʝ Vm ï ʦʙôʻʤ 1 ʢʤʦʣʷ ʛʘʟʘ, ʤ
3
/ʢʤʦʣʴ; 

m ï ʤʘʩʘ 1 ʢʤʦʣʷ (ʤʦʣʴʥʘ ʤʘʩʘ), ʚʠʨʘʞʝʥʘ ʚ ʢʽʣʦʛʨʘʤʘʭ, ʯʠʩʝʣʴʥʦ 

ʜʦʨʽʚʥʶʻ ʘʪʦʤʥʽʡ ʤʘʩʽ, ʢʛ/ʢʤʦʣʴ. 

ɿʛʽʜʥʦ ʟ̔ ʟʘʢʦʥʦʤ ɸʚʦʛʘʜʨʦ ʧʨʠ ʦʜʥʘʢʦʚʠʭ ʪʝʤʧʝʨʘʪʫʨʽ ʽ ʪʠʩʢʫ ʚ 

ʨʽʚʥʠʭ ʦʙôʻʤʘʭ ʛʘʟʫ ʤʽʩʪʠʪʴʩʷ ʦʜʥʘ ʡ ʪʘ ʩʘʤʘ ʢʽʣʴʢʽʩʪʴ ʤʦʣʝʢʫʣ, ʘʙʦ 1 ʤʦʣʴ 

ʙʫʜʴ-ʷʢʦʛʦ ʛʘʟʫ ʧʨʠ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʟʘʡʤʘʻ ʪʦʡ ʩʘʤʠʡ ʦʙô̒ ʤ. ʊʦʤʫ 

ʤʦʣʴʥʠʡ ʦʙôʻʤ ʽʜʝʘʣʴʥʦʛʦ ʛʘʟʫ ʟʘ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ ʜʦʨʽʚʥʶʻ 
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Vm = 22,4 ʣ/ʤʦʣʴ = 22,4 ʤ
3
/ʢʤʦʣʴ.                     (1.12) 

 

ɿʛʽʜʥʦ ʟ ʨʽʚʥʷʥʥʷʤ (1.11) ʧʨʠ ʥʦʨʤʘʣʥɹʠʭ ʫʤʦʚʘʭ 
 

m R = PVm /ʊ = 101325 Ā 22,4 / 273 = 8314   ɼʞ/(ʢʤʦʣʴ ʂ). 
 

ɼʦʙʫʪʦʢ m R ʻ ʚʝʣʠʯʠʥʘ ʧʦʩʪʽʡʥʘ ʜʣʷ ʚʩʽʭ ʛʘʟʽʚ ʧʨʠ ʥʦʨʤʘʣʴʥʠʭ 

ʬʽʟʠʯʥʠʭ ʫʤʦʚʘʭ. ɰʾ ʥʘʟʠʚʘʶʪʴ ʫʥʽʚʝʨʩʘʣʴʥʦʶ ʛʘʟʦʚʦʶ ʩʪʘʣʦ  ʁ

[R = 8314 ɼʞ/(ʢʤʦʣʴ K)], ʚʦʥʘ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʛʘʟʫ, ʘʣʝ 

ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʛʘʟʦʚʦʾ ʩʪʘʣʦʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʛʘʟʫ. ʇʨʠ ʧʽʜʩʪʘʥʦʚʮʽ 

ʦʪʨʠʤʘʥʦʾ ʚʝʣʠʯʠʥʠ ʚ ʨʽʚʥʷʥʥʷ (1.11) ʦʜʝʨʞʠʤʦ ʜʨʫʛʝ ʬʦʨʤʫʣʚʁʘʥʥʷ 

ʨʽʚʥʷʥʥʷ ʄʝʥʜʝʣʻʻʚʘ-ʂʣʘʧʝʡʨʦʥʘ: 
 

PVm = 8314 T.                                            (1.13) 

 

 

1.1.3 ʉʫʤʽʰʽ ʽʜʝʘʣʴʥʠʭ ʛʘʟʽʚ 
 

ʅʘ ʚʠʨʦʙʥʠʮʪʚʽ ʨʽʜʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʢʨʝʤʽ ʛʘʟʠ, ʯʘʩʪʽʰʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʫʤʽʰʽ ʛʘʟʽʚ. ʉʫʤʽʰʽ ʽʜʝʘʣʴʥʠʭ ʛʘʟʽʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʪʠʤ, ʱʦ ʚ ʥʠʭ ʢʦʞʝʥ ʛʘʟ ʧʦʚʦʜʠʪʴʩʷ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʽʥʰʠʭ ʛʘʟʽʚ. ʎʝ 

ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʟʘʢʦʥʦʤ ɼʘʣʴʪʦʥʘ ï ʟʘʛʘʣʴʥʠʡ ʪʠʩʢ ʩʫʤʽʰʽ ʛʘʟʽʚ 

ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʧʘʨʮʽʘʣʴʥʠʭ ʪʠʩʢʽʚ ʮʠʭ ʛʘʟʽʚ 
 

ʈ = ʈ1 + ʈ2 + é + ʈi ,                                 (1.14) 
 

ʇʘʨʮʽʘʣʴʥʠʡ ʪʠʩʢ ʈi ʦʢʨʝʤʦʛʦ ʛʘʟʫ ʛʘʟʦʚʦʾ ʩʫʤʽʰʽ ï ʮʝ ʪʘʢʠʡ ʪʠʩʢ, 

ʷʢʠʡ ʤʘʚ ʙʠ ʮʝʡ ʛʘʟ, ʟʥʘʭʦʜʷʯʠʩʴ ʦʜʠʥ ʫ ʪʽʡ ʞʝ ʢʽʣʴʢʦʩʪʽ, ʫ ʪʦʤʫ ʞ ʦʙôʻʤʽ ʽ 

ʧʨʠ ʪʽʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʽ, ʱʦ ʡ ʫ ʩʫʤʽʰʽ.  

ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʤʽʰʽ ʛʘʟʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʘʩʦʚʽ ʡ ʦʙ'ʻʤʥʽ 

ʯʘʩʪʢʠ.  

ʄʘʩʦʚʘ ʯʘʩʪʢʘ ï ʚʽʜʥʦʰʝʥʥʷ ʤʘʩʠ ʜʘʥʦʛʦ ʛʘʟʫ m  ̔ʜʦ ʟʘʛʘʣʴʥʦʾ ʤʘʩʠ 

ʩʫʤh̔ʽ m: 

gi = mi / m.                                                  (1.15) 
 

ʆʙ'ʻʤʥʘ ʯʘʩʪʢʘ ï ʚʽʜʥʦʰʝʥʥʷ ʦʙô̒ ʤʫ ʦʢʨʝʤʦ ʚʟʷʪʦʛʦ ʛʘʟʫ V ,̔ ʱʦ 

ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʩʫʤʽʰʽ, ʜʦ ʟʘʛʘʣʴʥʦʛʦ ʦʙô̒ ʤʫ ʩʫʤʽʰʽ V: 
 

r i = Vi / V.                                                    (1.16) 
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ʉʫʤʘ ʫʩʽʭ ʦʙôʻʤʥʠʭ ʘʙʦ ʤʘʩʦʚʠʭ ʯʘʩʪʦʢ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ: 
 

S gi = 1,   S r i = 1.                                            (1.17) 
 

ɿʘʣʝʞʥʦʩʪʽ ʤʽʞ ʤʘʩʦʚʠʤʠ ʡ ʦʙ'ʻʤʥʠʤʠ ʯʘʩʪʢʘʤʠ, ʦʪʨʠʤʘʥʽ ʥʘ ʦʩʥʦʚʽ 

ʟʘʢʦʥʫ ɸʚʦʛʘʜʨʦ ʽ ʨʽʚʥʷʥʥʷ ʄʝʥʜʝʣʻʻʚʘ-ʂʣʘʧʝʡʨʦʥʘ (1.11), ʤʘʶʪʴ 

ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 
 

gi = ri Rʩʫʤ / Ri ;    gi = r i ɛi / ɛʩʫʤ ,    r i = gi Ri / Rʩʫʤ ,        (1.18) 
 

ʜʝ ɛʩʫʤ ï ʤʦʣʷʨʥʘ ʤʘʩʘ ʩʫʤʽʰʽ ʛʘʟʽʚ, ʢʛ/ʢʤʦʣʴ; 

ɛ̔  ï ʤʦʣʷʨʥʘ ʤʘʩʘ ʦʢʨʝʤʦʛʦ ʛʘʟʫ, ʢʛ/ʢʤʦʣʴ. 

ʄʦʣʷʨʥʘ ʤʘʩʘ ʩʫʤʽʰʽ ʛʘʟʽʚ ʜʦʨʽʚʥʶʻ ʘʣʛʝʙʨʘʾʯʥʽʡ ʩʫʤʽ ʜʦʙʫʪʢʽʚ 

ʦʙ'ʻʤʥʠʭ ʯʘʩʪʦʢ ʦʢʨʝʤʠʭ ʛʘʟʽʚ r ,̔ ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʫʤʽʰ,̔ ʥʘ ʾʭ ʤʦʣʝʢʫʣʷʨʥʽ 

ʤʘʩʠ ɛ̔: 
 

mʩʫʤ = S (r i  mi )= 8314 / S (giRi)= 1 / S (gi /m )̔.                (1.19) 
 

ɻʫʩʪʠʥʘ ʩʫʤʽʰʽ ʛʘʟʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʠʤ ʨʽʚʥʷʥʥʷʤ 
 

rʩʫʤ = S (r i ri )= 1 / S (gi/ri),                                 (1.20) 
 

ʜʝ rʩʫʤ ï ʛʫʩʪʠʥʘ ʩʫʤʽʰʽ ʛʘʟʽʚ, ʢʛ/ʤ
3
; 

r̔  ï ʛʫʩʪʠʥʘ ʦʢʨʝʤʦʛʦ ʛʘʟʫ, ʢʛ/ʤ
3
. 

ʇʘʨʮʽʘʣʴʥʠʡ ʪʠʩʢ ʢʦʞʥʦʛʦ ʛʘʟʫ, ʱʦ ʩʢʣʘʜʘʻ ʩʫʤʽʰ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ, 

ʟʥʘʶʯʠ ʦʙ'ʻʤʥʫ ʯʘʩʪʢʫ ʛʘʟʫ r :̔ 
 

Pi  = ri  P .                                                (1.21) 
 

ʋʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʫʤʽʰʽ ʽʜʝʘʣʴʥʠʭ ʛʘʟʽʚ ʮʽʣʢʦʤ ʧʽʜʢʦʨʷʶʪʴʩʷ 

ʟʘʢʦʥʘʤ ʽʜʝʘʣʴʥʠʭ ʛʘʟʽʚ. ɰʭ ʩʪʘʥ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ʂʣʘʧʝʡʨʦʥʘ 

(1.9) 
 

P Vʩʫʤ = m Rʩʫʤ T ,                                 (1.22) 
 

ʜʝ Rʩʫʤ ï ʛʘʟʦʚʘ ʩʪʘʣʘ ʩʫʤʽʰʽ ʽʜʝʘʣʴʥʠʭ ʛʘʟʽʚ, ɼʞ/(ʢʛ ʂ). 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʥʷ Rʩʫʤ ʟʘʧʠʰʝʤʦ ʨʽʚʥʷʥʥʷ ʂʣʘʧʝʡʨʦʥʘ ʜʣʷ  

-̔ʛʦ ʛʘʟʫ: 
 

Pi Vi = mi Ri T .                                          (1.23) 
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ɺʠʨʘʟʠʤʦ ʤʘʩʫ ʢʦʞʥʦʛʦ ʛʘʟʫ ʯʝʨʝʟ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ʛʘʟʫ g  ̔ʽ ʟʘʛʘʣʴʥʫ 

ʤʘʩʫ m  (mi = m gi) ʽ ʧʽʜʩʪʘʚʠʤʦ ʜʦ ʨʽʚʥʷʥʥʷ (1.23): 
 

Pi Vi = m gi Ri T.                                          (1.24) 
 

ʇʽʩʣʷ ʜʦʜʘʚʘʥʥʷ ʨʽʚʥʷʥʥʷ (1.24) ʜʣʷ ʚʩʽʭ ʢʦʤʧʦʥʝʥʪʽʚ ʩʫʤʽʰʽ 

ʦʜʝʨʞʠʤʦ: 
 

(S Pi )Vʩʫʤ = m T S (gi Ri)    ʯʠ   P Vʩʫʤ= m ʊ S (giRi) .       (1.25) 
 

ʇʨʠ ʧʦʨʽʚʥʷʥʥʽ ʨʽʚʥʷʥʴ (1.22) ʽ (1.25) ʦʜʝʨʞʠʤʦ ʨʽʚʥʷʥʥʷ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʛʘʟʦʚʦʾ ʩʪʘʣʦʾ ʩʫʤʽʰʽ: 
 

Rʩʫʤ = S (gi Ri)= 1 / S (r i / Ri)=8314 /S (r i  ɛ̔).             (1.26) 
 

ɻʘʟʦʚʘ ʩʪʘʣʘ ʩʫʤʽʰʽ ʜʦʨʽʚʥʶʻ ʘʣʛʝʙʨʘʾʯʥʽʡ ʩʫʤʽ ʜʦʙʫʪʢʽʚ ʤʘʩʦʚʠʭ 

ʯʘʩʪʦʢ ʛʘʟʽʚ, ʱʦ ʩʢʣʘʜʘʶʪʴ ʩʫʤʽʰ, ʥʘ ʾʭ ʛʘʟʦʚʽ ʩʪʘʣʽ. 

ɻʘʟʦʚʫ ʩʪʘʣʫ ʩʫʤʽʰʽ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʡ ʯʝʨʝʟ ʫʥʽʚʝʨʩʘʣʴʥʫ ʛʘʟʦʚʫ 

ʩʪʘʣʫ: 

Rʩʫʤ = 8314 /ɛʩʫʤ ;   Rʩʫʤ = 8314 S (gi /m )̔,             (1.27) 
 

ʜʝ ɛʩʫʤ ï ʤʦʣʷʨʥʘ ʤʘʩʘ ʩʫʤʽʰʽ ʛʘʟʽʚ, ʢʛ/ʢʤʦʣʴ; 

ɛ̔  ï ʤʦʣʷʨʥʘ ʤʘʩʘ ʦʢʨʝʤʦʛʦ ʛʘʟʫ, ʢʛ/ʢʤʦʣʴ. 

 

 

1.1.4 ʊʝʧʣʦʻʤʥʽʩʪʴ ʽʜʝʘʣʴʥʦʛʦ ʛʘʟʫ 
 

ʇʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ï ʮʝ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʥʝʦʙʭʽʜʥʘ ʜʣʷ 

ʥʘʛʨʽʚʘʥʥʷ ̫ʢʦ-ʾʥʝʙʫʜʴ ʢʽʣʴʢʽʩʥʦʾ ʦʜʠʥʠʮʽ ʨʝʯʦʚʠʥʠ ʚ ʜʘʥʦʤʫ ʧʨʦʮʝʩʽ ʥʘ 

ʦʜʠʥ ʛʨʘʜʫʩ. ʋ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʜʠʥʠʮ ̔ ʚʠʤʽʨʫ, ʜʦ ʷʢʦʾ ʚʽʜʥʦʩʷʪʴ 

ʪʝʧʣʦʻʤʥʽʩʪʴ, ʨʦʟʨʽʟʥʷʶʪʴ: 

¶ ʤʘʩʦʚʫ ʪʝʧʣʦʻʤʥʽʩʪʴ ï ʉ, ɼʞ/(ʢʛ ʂ); 

¶ ʦʙ'ʻʤʥʫ ʪʝʧʣʦʻʤʥʽʩʪʴ ï ʉ', ɼʞ/(ʤ3
 ʂ); 

¶ ʤʦʣʴʥʫ ʪʝʧʣʦʻʤʥʽʩʪʴ ï ʉm, ɼʞ/(ʢʤʦʣʴ ʂ). 

ɯʥʦʜʽ ʪʝʧʣʦʻʤʥʽʩʪʴ ʚʠʤʽʨʶʶʪʴ ʫ ʢʢʘʣ/(ʢʛĀÁʉ), ʢʢʘʣ/(ʤ
3
ĀÁʉ), 

ʢʢʘʣ/(ʢʤʦʣʴĀÁʉ). ʇʨʠ ʮʴʦʤʫ 1 ʢʘʣ = 4,1868 ɼʞ º 4,19 ɼʞ. 

ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʪʘʢ ʷʢ 1 ʤ
3
 ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʩʪʘʥʫ 

ʛʘʟʫ ʤʦʞʝ ʤʽʩʪʠʪʴ ʨʽʟʥʫ ʢʽʣʴʢʽʩʪʴ ʨʝʯʦʚʠʥʠ, ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʦʙôʻʤʥʦʾ 

ʪʝʧʣʦʻʤʥʦʩʪʽ ʛʘʟʫ 1 ʤ
3
 ʧʨʠʡʥʷʪʦ ʚʽʜʥʦʩʠʪʠ ʜʦ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ. 



 18 

ʄʽʞ ʨʽʟʥʠʤʠ ʚʠʜʘʤʠ ʪʝʧʣʦʻʤʥʦʩʪʝʡ ʽʩʥʫʻ ʥʘʩʪʫʧʥʘ ʟʘʣʝʞʥʽʩʪʴ: 
 

ʉô = ʉm / 22.4 ;    ʉ = ʉm / m ;    ʉ = ʉô / rʥ,             (1.28) 
 

ʜʝ rʥ ï ʛʫʩʪʠʥʘ ʛʘʟʫ ʟʘ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ. 

ʊʝʧʣʦʻʤʥʽʩʪʴ ʛʘʟʽʚ ʟʘʣʝʞʽʪʴ ʚʽʜ ʫʤʦʚ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ ʧʽʜʚʦʜʫ 

ʘʙʦ ʚʽʜʚʦʜʫ ʪʝʧʣʦʪʠ. ʅʘʡʙʽʣʴʰʠʡ ʽʥʪʝʨʝʩ ʤʘʶʪʴ 2 ʧʨʦʮʝʩʠ:  

1) ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʦʙôʻʤʽ,  

2) ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʪʠʩʢʫ.  

ɺʽʜʧʦʚʽʜʥʦ, ʨʦʟʨʽʟʥʷʶʪʴ ʪʝʧʣʦʻʤʥʦʩʪʽ: 

1) ʪʝʧʣʦʻʤʥʽʩʪʴ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʦʙôʻʤʽ ï ʉv, ʉôv, ʉɛv; 

2) ʪʝʧʣʦʻʤʥʽʩʪʴ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʪʠʩʢʫ ï ʉp, ʉôp, ʉɛp. 

ʊʝʧʣʦʻʤʥʦʩʪʽ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʪʠʩʢʫ ʽ ʧʦʩʪʽʡʥʦʤʫ ʦʙôʻʤʽ ʟʚ'ʷʟʘʥʽ ʤʽʞ 

ʩʦʙʦʶ ʥʘʩʪʫʧʥʠʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ: 
 

ʉʨ = Cv + R ;     ʉʨ / Cv = k ,                        (1.29) 
 

ʜʝ R ï ʛʘʟʦʚʘ ʩʪʘʣʘ, ɼʞ /(ʢʛ ʂ); 

k ï ʧʦʢʘʟʥʠʢ ʘʜʽʘʙʘʪʠ.  

ɼʣʷ ʨʝʘʣʴʥʠʭ ʛʘʟʽʚ ʧʦʢʘʟʥʠʢ ʘʜʽʘʙʘʪʠ k ʻ ʚʝʣʠʯʠʥʦʶ ʧʝʨʝʤʽʥʥʦʶ ʽ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ (1.29). 

ɼʣʷ ʽʜʝʘʣʴʥʠʭ ʛʘʟʽʚ ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʧʦʢʘʟʥʠʢ ʘʜʽʘʙʘʪʠ k 

ʟʘʣʝʞʠʪʴ ʣʠʰʝ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʘʪʦʤʽʚ ʫ ʤʦʣʝʢʫʣʽ ʛʘʟʫ. ʗʢʱʦ ʧʨʠʡʥʷʪʠ, ʱʦ 

ʪʝʧʣʦʻʤʥʦʩʪʽ ʉʨ ʪʘ Cv ʻ ʧʦʩʪʽʡʥʠʤʠ ʽ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ, ʪʦ 

ʧʦʢʘʟʥʠʢ ʘʜʽʘʙʘʪʠ k ʽʜʝʘʣʴʥʦʛʦ ʛʘʟʫ ʜʦʨʽʚʥʶʻ 

1) ʜʣʷ ʦʜʥʦʘʪʦʤʥʠʭ ʛʘʟʽʚ k = 1,67;  

2) ʜʣʷ ʜʚʦʘʪʦʤʥʠʭ ʛʘʟʽʚ k = 1,4;  

3) ʜʣʷ ʪʨʠ- ʽ ʙʘʛʘʪʦʘʪʦʤʥʠʭ k = 1,33. 

ɸʥʘʣʽʟ ʨʽʚʥʷʥʴ (1.29) ʧʦʢʘʟʫʻ, ʱʦ ʧʽʜ ʯʘʩ ʥʘʛʨʽʚʘʥʥʷ ʛʘʟʫ ʧʨʠ P=const 

ʚʠʪʨʘʯʘʻʪʩɹʷ ʪʝʧʣʘ ʙʽʣʴʰʝ, ʥʽʞ ʧʨʠ V=const, ʪʦʤʫ ʱʦ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ 

ʪʠʩʢʫ ʯʘʩʪʠʥʘ ʪʝʧʣʦʪʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘ ʟʜʽʡʩʥʝʥʥʷ ʨʦʙʦʪʠ, ʷʢʘ 

ʦʙʫʤʦʚʣʝʥʘ ʨʦʟʰʠʨʝʥʥʷʤ ʛʘʟʫ. 

ʊʝʦʨʝʪʠʯʥʽ ʨʦʟʨʦʙʢʠ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ 

ʪʝʧʣʦʻʤʥʽʩʪʴ ʽʜʝʘʣʴʥʠʭ ʛʘʟʽʚ ʥʝ ʟʘʣʝʞʽʪʴ ʚʽʜ ʪʠʩʢʫ, ʘ ʟʘʣʝʞʽʪʴ ʣʠʰʝ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ. ʇʨʠ ʚʠʢʦʥʘʥʥ ̔ ʪʦʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʮʶ ʟʘʣʝʞʥʽʩʪʴ 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ. ɯʾ ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʥʷ 
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ʉ = ʘ + bt + dt
2
 + kt

3
 + é,                               (1.30) 

 

ʜʝ a, b, d, k é ï ʩʪʘʣʽ ʜʣʷ ʢʦʞʥʦʛʦ ʛʘʟʫ ʚʝʣʠʯʠʥʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʥʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʘʙʦ ʪʝʦʨʝʪʠʯʥʠʭ ʜʘʥʠʭ. 

ʅʘ ʨʠʩʫʥʢʫ 1.3, ʘ ʥʘʚʝʜʝʥʦ ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʪʝʧʣʦʻʤʥʦʩʪʽ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʩ=f(t) ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʜʽ. 

 

 

 

 

 

 

 

 

 

 

 

 ʘ ʙ 

ʈʠʩʫʥʦʢ 1.3 ï ɿʘʣʝʞʥʽʩʪʴ ʽʩʪʠʥʥʦʾ ʪʝʧʣʦʻʤʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 
 

ʗʢʱʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ t ʧʽʜʚʝʩʪʠ ʜʦ 1 ʢʛ ʛʘʟʫ ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʫ 

ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ dq, ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʫ ʟʤʽʥʠʪʴʩʷ ʪʘʢʦʞ ʥʘ ʥʝʩʢʽʥʯʝʥʥʦ 

ʤʘʣʫ ʚʝʣʠʯʠʥʫ dt, ʪʦʜʽ ʚʽʜʥʦʰʝʥʥʷ dq ʜʦ dt ʽ ʻ ʽʩʪʠʥʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʛʘʟʫ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ t. ʊʦʙʪʦ ʽʩʪʠʥʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʜʦʨʽʚʥʶʻ 
 

ʉ = 
0t

lim
­D

 (Dq / Dt) = dq / dt = dq / dT.                  (1.31) 

 

ʂʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ q, ʷʢʘ ʧʽʜʚʝʜʝʥʘ ʜʦ 1 ʢʛ ʛʘʟʫ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʡʦʛʦ 

ʚʽʜ ʧʦʯʘʪʢʦʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ t1 ʜʦ ʢʽʥʮʝʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ t2, ʚʠʟʥʘʯʘʶʪʴ ʷʢ 
 

ñ=
2

1

t

t
dt Cq .                                                    (1.32) 

 

ʎʝʡ ʽʥʪʝʛʨʘʣ ʛʨʘʬʽʯʥʦ ʚʠʤʽʨʶʻʪʴʩʷ ʧʣʦʱʝʶ ʧʽʜ ʢʨʠʚʦʶ ʬʫʥʢʮʽʾ 

ʉ=f(t) (ʨʠʩ. 1.3, ʘ), ʪʦʙʪʦ ʧʣʦʱʝʶ ʬʽʛʫʨʠ BEHD. ʗʢʱʦ ʧʣʦʱʫ ʮʽʻʾ ʬʽʛʫʨʠ 

ʟʘʤʽʥʠʪʠ ʨʽʚʥʦʶ ʾʡ ʧʣʦʱʝʶ ʧʨʷʤʦʢʫʪʥʠʢʘ BGFD, ʷʢʠʡ ʧʦʙʫʜʦʚʘʥʦ ʥʘ ʪʽʡ 

ʞʝ ʦʩʥʦʚʽ BD, ʪʦ ʚʠʩʦʪʘ ʮʴʦʛʦ ʧʨʷʤʦʢʫʪʥʠʢʘ BE ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ ʩʝʨʝʜʥʽʡ 

ï

C
=f

(t)

C

t, C
o

A

O
t1 t2

E

F

G H

B D

C|
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C
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ʪʝʧʣʦʻʤʥʦʩʪʽ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ t1 ʜʦ t2. ʊʘʢʠʤ ʯʠʥʦʤ, ʪʝʧʣʦʪʫ 

ʧʨʦʮʝʩʫ ʥʘʛʨʽʚʘʥʥʷ ʛʘʟʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ t1 ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ t2 ʤʦʞʥʘ 

ʨʦʟʨʘʭʫʚʘʪʠ ʟʘ ʨʽʚʥʷʥʥʷʤ 
 

 C )t  -(t q
2

1

t

t122-1
= ,                                         (1.33) 

 

ʜʝ  C 
2

1

t

t

 ï ʩʝʨʝʜʥʷ ʪʝʧʣʦʻʤʥʽʩʪʴ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ t1 ʜʦ t2. 

ɺʨʘʭʦʚʫʶʯʠ ʨʽʚʥʷʥʥʷ (1.33) ʪʘ ʨʠʩʫʥʦʢ 1.3, ʘ ʩʝʨʝʜʥʶ ʪʝʧʣʦʻʤʥʽʩʪʴ 

ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʨʽʚʥʷʥʥʷʤ 
 

12

2-1

t  -t

q
 C 

2

1

t 

t 
= ,                                             (1.34) 

 

ɺʝʣʠʯʠʥʘ ʩʝʨʝʜʥʴʦʾ ʪʝʧʣʦʻʤʥʦʩʪʽ ʟʘʣʝʞʽʪʴ ʚʽʜ ʟʥʘʯʝʥʴ ʪʝʤʧʝʨʘʪʫʨ t1 

ʽ t2. ʅʘʚʦʜʠʪʠ ʟʥʘʯʝʥʥʷ ʪʝʧʣʦʻʤʥʦʩʪʽ ʜʣʷ ʢʦʞʥʦʛʦ ʚʽʣʴʥʦʛʦ ʽʥʪʝʨʚʘʣʫ 

ʪʝʤʧʝʨʘʪʫʨ ʜʫʞʝ ʥʝʟʨʫʯʥʦ. ʊʦʤʫ ʥʘ ʧʨʘʢʪʠʮʽ ʧʣʦʱʫ BEHD, ʷʢʘ ʛʨʘʬʽʯʥʦ 

ʚʽʜʧʦʚʽʜʘʻ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʪʠ q ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʛʘʟʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ t1 ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʠ t2, ʚʠʟʥʘʯʘʶʪʴ ʷʢ ʨʽʟʥʠʮʶ ʧʣʦʱ OAHD  ̔OAEB (ʨʠʩ.1.3, ʙ). 

ʇʣʦʱʘ OAHD ʚʽʜʧʦʚʽʜʘʻ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʪʠ, ʷʢʘ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʥʘʛʨʽʚʘʥʥʷ 

ʛʘʟʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 0 
ʦ
ʉ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ t2, ʘ ʧʣʦʱʘ OAEB ï ʢʽʣʴʢʦʩʪʽ 

ʪʝʧʣʦʪʠ, ʷʢʘ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʥʘʛʨʽʚʘʥʥʷ ʛʘʟʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 0 
ʦ
ʉ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʠ t1. ʂʦʞʥʘ ʟ ʮʠʭ ʧʣʦʱ ʫ ʩʚʦʶ ʯʝʨʛʫ ʤʦʞʝ ʙʫʪʠ ʧʦʜʘʥʘ ʫ 

ʚʠʛʣʷʜʽ ʨʽʚʥʠʭ ʟʘ ʧʣʦʱʝʶ ʧʨʷʤʦʢʫʪʥʠʢʽʚ OKLD i OMNB, ʚʠʩʦʪʠ ʷʢʠʭ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ ʪʝʧʣʦʻʤʥʦʩʪʝʡ ʚ ʜʘʥʦʤʫ ʽʥʪʝʨʚʘʣʽ 

ʪʝʤʧʝʨʘʪʫʨ: ʜʣʷ ʧʣʦʱʽ OKLD ï ʚʽʜ 0 
ʦ
ʉ ʜʦ t2 (  C 

2

o

t 

C0  

), ʜʣʷ ʧʣʦʱʽ OMNB ï 

ʚʽʜ 0 
ʦ
ʉ ʜʦ t1 (  C 

1t 

C0 o 

). ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʠʭ ʟʥʘʯʝʥʴ ʪʝʧʣʦʻʤʥʦʩʪʝʡ ʤʦʞʥʘ 

ʟʥʘʡʪʠ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʪʝʧʣʦʻʤʥʦʩʪʽ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ t1 ʜʦ t2 

ʟʘ ʬʦʨʤʫʣʦʶ 
 

12
t  -t

t C  -t C
 C 

1

t 

Co0 2

t 

Co0 
t 

t 

  
12

2

1

= .                        (1.35) 

 

ɿʥʘʯʝʥʥʷ ʩʝʨʝʜʥʽʭ ʪʝʧʣʦʻʤʥʦʩʪʝʡ ʚ ʽʥʪʝʨʚʘʣʽ ʚʽʜ 0 
ʦ
ʉ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʠ t ʥʘʚʦʜʷʪʴ ʫ ʪʘʙʣʠʮʷʭ ʫ ʜʦʚʽʜʥʠʢʘʭ (ʜʦʜʘʪʦʢ ɹ). ʇʦʙʫʜʦʚʘʥʽ 
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ʟʘ ʟʥʘʯʝʥʥʷʤʠ ʩʝʨʝʜʥʽʭ ʪʝʧʣʦʻʤʥʦʩʪʝʡ ʢʨʠʚʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʥʝʣʽʥʽʡʥʠʡ 

ʭʘʨʘʢʪʝʨ ʟʘʣʝʞʥʦʩʪʽ ʪʝʧʣʦʻʤʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. 

ɼʣʷ ʙʘʛʘʪʴʦʭ ʪʝʧʣʦʪʝʭʥʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ, ʱʦ 

ʟʘʣʝʞʥʽʩʪʴ ʪʝʧʣʦʻʤʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʤʘʻ ʣʽʥʽʡʥʠʡ ʭʘʨʘʢʪʝʨ, ʽ ʾʾ 

ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʟʘ ʨʽʚʥʷʥʥʷʤ 
 

C  = a + b t,                                          (1.36) 
 

ʜʝ a, b, ï ʢʦʝʬʽʮʽʻʥʪʠ, ʱʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʨʠʨʦʜʠ ʛʘʟʫ, ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʽ ʥʘʚʦʜʷʪʴʩʷ ʚ ʜʦʚʽʜʢʦʚʠʭ ʪʘʙʣʠʮʷʭ (ʜʦʜʘʪʦʢ ɺ); 

t ï ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʮʝʩʫ, t = (t1+t2)/2. 

ʇʽʩʣʷ ʽʥʪʝʛʨʫʚʘʥʥʷ ʨʽʚʥʷʥʥʷ (1.32) ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʪʴ 

ʪʝʧʣʦʪʠ, ʥʝʦʙʭʽʜʥʦʾ ʥʘ ʥʘʛʨʽʚʘʥʥʷ ʪʽʣʘ, ʯʝʨʝʟ ʩʝʨʝʜʥʶ ʪʝʧʣʦʻʤʥʽʩʪʴ: 
 

Q = m C  (t2 - t1).                                    (1.37) 
 

ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʧʨʠʙʣʠʟʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʦʩʦʙʣʠʚʦ ʚ ʥʝʚʝʣʠʢʦʤʫ 

ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ ʟʘʣʝʞʥʽʩʪʴ ʪʝʧʣʦʻʤʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʥʝ 

ʚʨʘʭʦʚʫʶʪʴ ʽ ʚʚʘʞʘʶʪʴ, ʱʦ ʉ=const. ɿʥʘʯʝʥʥʷ ʪʝʧʣʦʻʤʥʦʩʪʽ ʧʨʠ ʮʴʦʤʫ 

ʧʨʠʙʣʠʟʥʦ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ  ʟʘ ʬʦʨʤʫʣʘʤʠ: 
 

Cv = R / (k - 1) ;   CP = k R / (k - 1),                            (1.38) 
 

ʄʘʩʦʚʫ ʉʩʫʤ  ̔ ʦʙôʻʤʥʫ ʉôʩʫʤ  ʪʝʧʣʦʻʤʥʦʩʪ̔ ʛʘʟʦʚʠʭ ʩʫʤʽʰʝʡ 

ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʬʦʨʤʫʣʘʤʠ: 
 

Cʩʫʤ = Ɇ (Ci  gi ) ;      Côʩʫʤ= Ɇ (Côi  r i ),                 (1.39) 
 

ʜʝ Ci ï ʤʘʩʦʚʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʦʢʨʝʤʦʛʦ ʛʘʟʫ, ɼʞ / (ʢʛ ʂ); 

gi ï ʤʘʩʦʚʽ ʯʘʩʪʢʠ ʦʢʨʝʤʠʭ ʛʘʟʽʚ, ʱʦ ʩʢʣʘʜʘʶʪʴ ʩʫʤʽʰ; 

Côiï ʦʙ'ʻʤʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʦʢʨʝʤʦʛʦ ʛʘʟʫ, ɼʞ / (ʤ
3
 ʂ); 

r i ï ʦʙ'ʻʤʥʽ ʯʘʩʪʢʠ ʦʢʨʝʤʠʭ ʛʘʟʽʚ, ʱʦ ʩʢʣʘʜʘʶʪʴ ʩʫʤʽʰ. 

 

 

1.1.5 ʇʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʶ 
 

1 ʗʢʽ ʚʝʣʠʯʠʥʠ ʥʘʟʠʚʘʶʪʴ ʦʩʥʦʚʥʠʤʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʩʪʘʥʫ ʽʜʝʘʣʴʥʦʛʦ ʛʘʟʫ, ʷʢʽ ʚʦʥʠ ʤʘʶʪʴ ʨʦʟʤʽʨʥʦʩʪ?̔ 

2 ɿ ʷʢʦʶ ʤʝʪʦʶ ʚʚʝʜʝʥʝ ʧʦʥʷʪʪʷ ç̔ ʜʝʘʣʴʥʠʡ ʛʘʟè? 
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3 ʗʢʽ ʚʠʜʠ ʪʠʩʢʽʚ ʚʠ ʟʥʘʻʪʝ ʽ ʷʢʠʡ ʟ ʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʡ ʧʘʨʘʤʝʪʨ? 

4 ʗʢʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʥʘʟʠʚʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ʩʪʘʥʫ ʽʜʝʘʣʴʥʦʛʦ ʛʘʟʫ? 

5 ʑʦ ʥʘʟʠʚʘʻʪʴʩʷ ʛʘʟʦʚʦʶ ʩʪʘʣʦʶ? ʆʜʠʥʠʮʷ ʾʾ ʚʠʤʽʨʫ ʚ ʩʠʩʪʝʤʽ ʉɯ. 

ʏʠʤ ʚʦʥʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʫʥʽʚʝʨʩʘʣʴʥʦʾ ʛʘʟʦʚʦʾ ʩʪʘʣʦ?ʾ 

6 ʗʢ ʟʚ'ʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʫʥʽʚʝʨʩʘʣʴʥʘ ʛʘʟʦʚʘ ʩʪʘʣʘ ʽ ʛʘʟʦʚʘ ʩʪʘʣʘ 

ʢʦʥʢʨʝʪʥʦʛʦ ʛʘʟʫ? 

7 ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʬʽʟʠʯʥʘ ʩʫʪʴ ʛʘʟʦʚʦʾ ʩʪʘʣʦ?ʾ 

8 ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʦʩʦʙʣʠʚʦʩʪʽ ʩʫʤʽʰʝʡ ʽʜʝʘʣʴʥʠʭ ʛʘʟʽʚ ʽ ʾʭ ʦʩʥʦʚʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

9 ʑʦ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʤʘʩʦʚʘ, ʦʙ'ʻʤʥʘ ʽ ʤʦʣʴʥʘ ʪʝʧʣʦʻʤʥʦʩʪʽ. ʗʢʽ 

ʦʜʠʥʠʮʽ ʾʭ ʚʠʤʽʨʫ ʚ ʩʠʩʪʝʤʽ ʉɯ. ʗʢʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ ʫʢʘʟʘʥʠʤʠ 

ʪʝʧʣʦʻʤʥʦʩʪʷʤʠ? 

10 ʋ ʯʦʤʫ ʧʨʠʯʠʥʘ ʨʽʟʥʦʤʘʥʽʪʪʷ ʚʠʜʽʚ ʪʝʧʣʦʻʤʥʦʩʪʝʡ? ʗʢʽ ʬʘʢʪʦʨʠ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʝʣʠʯʠʥʫ ʪʝʧʣʦʻʤʥʦʩʪʽ? 

 

 

1.2 ʇʝʨʰʠʡ ʟʘʢʦʥ ʪʝʨʤʦʜʠʥʘʤʽʢʠ 
 

1.2.1 ʆʩʥʦʚʥʽ ʚʠʜʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 
 

ʉʫʢʫʧʥʽʩʪʴ ʟʤʽʥ ʩʪʘʥʫ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʧʨʠ ʧʝʨʝʭʦʜʽ ʟ 

ʦʜʥʦʛʦ ʩʪʘʥʫ ʚ ʽʥʰʠʡ ʧʽʜ ʚʧʣʠʚʦʤ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘʟʠʚʘʶʪʴ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʤ ʧʨʦʮʝʩʦʤ.  

ʉʪʘʥ ʛʘʟʫ, ʧʨʠ ʷʢʦʤʫ ʢʦʞʝʥ ʟ ʡʦʛʦ ʧʘʨʘʤʝʪʨʽʚ ʧʦ ʚʩʡ̔ ʤʘʩ̔ ʤʘʻ 

ʦʜʥʘʢʦʚʦ ʟʥʘʯʝʥʥʷ, ʥʘʟʠʚʘʻʪʴʩʷ ʨʽʚʥʦʚʘʞʥʠʤ ʩʪʘʥʦʤ. 

ʊʝʨʤʦʜʠʥʘʤʽʯʥʽ ʧʨʦʮʝʩʠ ʤʦʞʫʪʴ ʙʫʪʠ ʨʽʚʥʦʚʘʞʥʠʤʠ ʽ 

ʥʝʨʽʚʥʦʚʘʞʥʠʤʠ. 

ʈʽʚʥʦʚʘʞʥʠʡ ʧʨʦʮʝʩ ï ʮʝ ʧʨʦʮʝʩ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʨʽʚʥʦʚʘʞʥʽ 

ʩʪʘʥʠ, ʪʦʙʪʦ ʢʦʣʠ ʧʘʨʘʤʝʪʨʠ ʛʘʟʫ (ʧʠʪʦʤʠʡ ʦʙôʻʤ, ʪʠʩʢ ʽ ʪʝʤʧʝʨʘʪʫʨʘ) 

ʦʜʥʘʢʦʚʽ ʫ ʚʩʽʭ ʪʦʯʢʘʭ ʦʙô̒ ʤʫ. ʈʽʚʥʦʚʘʞʥʽ ʧʨʦʮʝʩʠ ʧʨʦʪʽʢʘʶʪʴ ʥʝʩʢʽʥʯʝʥʥʦ 

ʧʦʚʽʣʴʥʦ ʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʥʝʩʢʽʥʯʝʥʥʦ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʨʽʚʥʦʚʘʞʥʠʭ 

ʩʪʘʥʽʚ, ʧʨʠʯʦʤʫ ʚ ʙʫʜʴ-ʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʤʽʞ ʨʦʙʦʯʠʤ ʪʽʣʦʤ ʽ 

ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʨʽʚʥʦʚʘʛʘ, ʪʦʙʪʦ ʤʽʞ 

ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ ʽ ʨʦʙʦʯʠʤ ʪʽʣʦʤ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʪʠʩʢʫ ʻ 

ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʠʤʠ. ʈʽʚʥʦʚʘʞʥʽ ʧʨʦʮʝʩʠ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʤʦʤʝʥʪʫ ʯʘʩʫ 

ʤʘʶʪɹ ʬʽʢʩʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʪʦʤʫ ʾʭ ʤʦʞʥʘ ʟʦʙʨʘʞʘʪʠ 

ʛʨʘʬʽʯʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʽʘʛʨʘʤ (PV, TS-ʜʽʘʛʨʘʤʠ). 
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ʈʝʘʣʴʥʽ ʧʨʦʮʝʩʠ ʥʝʨʽʚʥʦʚʘʞʥʽ. ʅʝʨʽʚʥʦʚʘʞʝʥʽʩʪʴ ʨʝʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ 

ʚʠʟʥʘʯʘʻʪʴʩʷ, ʥʘʩʘʤʧʝʨʝʜ, ʪʠʤ, ʱʦ ʧʽʜ ʚʧʣʠʚʦʤ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ ʚʦʥʠ 

ʧʨʦʪʽʢʘʶʪʴ ʟ ʢʽʥʮʝʚʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ ʽ ʫ ʨʦʙʦʯʦʤʫ ʪʽʣʽ ʥʝ ʚʩʪʠʛʘʻ 

ʚʩʪʘʥʦʚʣʶʚʘʪʠʩʷ ʨʽʚʥʦʚʘʞʥʠʡ ʩʪʘʥ (ʧʘʨʘʤʝʪʨʠ ʩʪʘʥʫ ʧʦ ʚʩʽʻʾ ʤʘʩʽ ʛʘʟʫ ʻ 

ʥʝʦʜʥʘʢʦʚʠʤʠ).  

ʊʝʨʤʦʜʠʥʘʤʽʢʘ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʨʦʟʛʣʷʜʘʻ ʨʽʚʥʦʚʘʞʥʽ ʩʪʘʥʠ ʽ 

ʨʽʚʥʦʚʘʞʥʽ ʧʨʦʮʝʩʠ ʟʤʽʥʠ ʩʪʘʥʫ ʛʘʟʫ. ʈʽʚʥʦʚʘʞʥ ̔ ʧʨʦʮʝʩʠ ʤʘʁʪʴ 

ʚʣʘʩʪʠʚʽʩʪʴ ʦʙʦʨʦʪʥʦʩʪʽ, ʷʢʝ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʧʨʦʡʜʝʥʽ ʫ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ ʯʝʨʝʟ ʫʩʽ ʩʪʘʥʠ ʧʨʷʤʦʛʦ ʧʨʦʮʝʩʫ. 

ʆʙʦʨʦʪʥʽ ʧʨʦʮʝʩʠ ï ʮʝ ʧʨʦʮʝʩʠ, ʷʢʽ ʧʨʦʪʽʢʘʶʪʴ ʷʢ ʫ ʧʨʷʤʦʤʫ, ʪʘʢ ʽ ʚ 

ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ ʯʝʨʝʟ ʦʜʥʽ ʡ ʪ̔ʞ ʩʘʤʽ ʨʽʚʥʦʚʘʞʥʽ ʩʪʘʥʠ. ʇʨʠ ʮʴʦʤʫ 

ʧʦ ʾʭ ʟʘʢʽʥʯʝʥʥʽ ʥʽ ʚ ʩʘʤʽʡ ʩʠʩʪʝʤʽ, ʥʽ ʚ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʥʝ 

ʟʘʣʠʰʘʻʪʴʩʷ ʥʽʷʢʠʭ ʟʤʽʥ. 

ʆʩʥʦʚʥʠʤʠ ʫʤʦʚʘʤʠ ʦʙʦʨʦʪʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʻ: 

- ʫʤʦʚʘ ʟʦʚʥʽʰʥʴʦʾ ʦʙʦʨʦʪʥʦʩʪʽ ï ʥʘʷʚʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦ ʾ ʽ 

ʤʝʭʘʥʽʯʥʦ ʾʨʽʚʥʦʚʘʛ, ʪʦʙʪʦ ʨʽʚʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʽ ʪʠʩʢʽʚ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʽ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; 

- ʫʤʦʚʘ ʚʥʫʪʨʽʰʥʴʦʾ ʦʙʦʨʦʪʥʦʩʪʽ ï ʚʽʜʩʫʪʥʽʩʪʴ ʪʝʨʪʷ, ʜʠʬʫʟʽʾ ʽ 

ʽʥʰʠʭ ʦʜʥʦʩʪʦʨʦʥʥʴʦ ʩʧʨʷʤʦʚʘʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʋ ʪʝʧʣʦʚʠʭ ʜʚʠʛʫʥʘʭ ʽ ʘʧʘʨʘʪʘʭ ʧʨʦʮʝʩʠ ʧʨʦʪʽʢʘʶʪʴ ʧʨʠ ʢʽʥʮʝʚʽʡ 

ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ ʤʽʞ ʜʞʝʨʝʣʦʤ ʽ ʨʦʙʦʯʠʤ ʪʽʣʦʤ, ʪʦʤʫ ʪʘʢʽ ʧʨʦʮʝʩʠ ʻ 

ʥʝʦʙʦʨʦʪʥʠʤʠ. ʋʩʽ ʨʝʘʣʴʥʽ ʧʨʦʮʝʩʠ ʚ ʟʝʤʥʠʭ ʫʤʦʚʘʭ ʻ ʥʝʦʙʦʨʦʪʥʠʤʠ. 

ʋʩʽ ʘʥʘʣʽʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʫ ʪʝʨʤʦʜʠʥʘʤʽʮʽ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ 

ʧʨʦʮʝʩʠ ʟʤʽʥʠ ʩʪʘʥʫ, ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʦʙʦʨʦʪʥʠʭ ʧʨʦʮʝʩʽʚ. ʇʝʨʝʭʽʜ ʚʽʜ 

ʦʙʦʨʦʪʥʠʭ ʧʨʦʮʝʩʽʚ ʜʦ ʨʝʘʣʴʥʠʭ, ʥʝʦʙʦʨʦʪʥʠʭ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ 

ʚʚʝʜʝʥʥʷ ʝʤʧʽʨʠʯʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʚʽʜʭʠʣʝʥʥʷ ʨʝʘʣʴʥʠʭ 

ʧʨʦʮʝʩʽʚ ʚʽʜ ʦʙʦʨʦʪʥʠʭ. 

 

 

1.2.2 ʈʦʙʦʪʘ ʨʦʟʰʠʨʝʥʥʷ ʛʘʟʫ 
 

ʈʦʙʦʪʘ ʻ ʢʽʣʴʢʽʩʥʦʶ ʤʽʨʦʶ ʧʝʨʝʜʘʯʽ ʝʥʝʨʛʽʾ ʦʜʥʦʛʦ ʪʽʣʘ ʽʥʰʦʤʫ 

ʰʣʷʭʦʤ ʤʝʭʘʥʽʯʥʦʛʦ (ʨʦʟʰʠʨʝʥʥʷ, ʩʪʠʩʢ) ʯʠ ʪʝʧʣʦʚʦʛʦ (ʦʭʦʣʦʜʞʝʥʥʷ, 

ʥʘʛʨʽʚ) ʚʧʣʠʚʫ. ʋ ʪʝʭʥʽʯʥʽʡ ʪʝʨʤʦʜʠʥʘʤʽʮʽ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʨʦʙʦʪʘ, ʷʢʫ 

ʚʠʢʦʥʫʻ ʩʠʩʪʝʤʘ ʧʨʠ ʟʤʽʥʽ ʦʙôʻʤʫ.  

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʨʦʙʦʯʝ ʪʽʣʦ ʚʘʛʦʶ 1 ʢʛ ʽ ʦʙôʻʤʦʤ v ʤ
3
/ʢʛ 

ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʨʽʚʥʦʚʘʞʥʦʤʫ ʩʪʘʥʽ ʧʽʜ ʪʠʩʢʦʤ ʈ ʟ ʙʦʢʫ ʟʦʚʥʽʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ (ʨʠʩ.1.4). 
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ʈʠʩʫʥʦʢ 1.4 ï ɺʠʟʥʘʯʝʥʥʷ ʨʦʙʦʪʠ ʨʦʟʰʠʨʝʥʥʷ 
 

ʅʘʜʘʣʽ ʧʨʠʧʫʩʪʠʤʦ, ʱʦ ʮʴʦʤʫ ʪʽʣʫ ʥʘʜʘʻʪʴʩʷ ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʘ 

ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ dq, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʟʰʠʨʝʥʥʷ ʪʽʣʘ ʜʦ ʦʙôʻʤʫ 

v=v+dv. ʇʨʠ ʮʴʦʤʫ ʝʣʝʤʝʥʪʠ ʧʦʚʝʨʭʥʽ df ʧʝʨʝʤʽʩʪʷʪʴʩʷ ʫ ʥʦʨʤʘʣʴʥʠʭ 

ʥʘʧʨʷʤʢʘʭ ʥʘ ʚʝʣʠʯʠʥʫ dn. ɽʣʝʤʝʥʪʘʨʥʘ ʨʦʙʦʪʘ dl, ʷʢʫ ʚʠʢʦʥʫʻ ʪʽʣʦ ʧʨʠ 

ʮʴʦʤʫ, ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ ʩʫʤʽ ʜʦʙʫʪʢʽʚ ʧʨʠʢʣʘʜʝʥʠʭ ʩʠʣ Pdf (ʟ ʨʽʚʥʷʥʥʷ 

(1.1) dN=Pdf) ʥʘ ʥʦʨʤʘʣʴʥʝ ʧʝʨʝʤʽʱʝʥʥʷ dn ʫʩʽʭ ʧʣʦʱʘʜʦʢ, ʥʘ ʷʢʽ ʚʢʘʟʘʥʽ 

ʩʠʣʠ ʜʽʶʪʴ: 
 

ññ Ö=Ö=
ff

dndfPdnPdfdl .                                    (1.40) 

 

ɼʦʙʫʪʦʢ dfĀdn ʚʠʟʥʘʯʘʻ ʤʘʣʠʡ ʦʙôʻʤ, ʷʢʠʡ ʦʧʠʩʫʻ ʝʣʝʤʝʥʪʘʨʥʘ 

ʧʣʦʱʘʜʢʘ df, ʽʥʜʝʢʩ ʽʥʪʝʛʨʘʣʘ ʦʟʥʘʯʘʻ ʽʥʪʝʛʨʫʚʘʥʥʷ ʟʘ ʚʩʽʻʶ ʧʦʚʝʨʭʥʝʶ 

ʪʽʣʘ. ʋ ʪʘʢʦʤʫ ʨʘʟʽ ʽʥʪʝʛʨʘʣ ñ Ö
f

dndf  ʜʦʨʽʚʥʶʻ ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʦʤʫ 

ʧʨʠʨʦʱʝʥʥʶ ʦʙôʻʤʘ ʪʽʣʘ dv, ʪʦʜʽ 

 

Pdvdl= ,                                                    (1.41) 

 

ñ==ñ
2

1

v

v

Pdvdll
2

1

2-1 .                                            (1.42) 

 

ɼʣʷ ʜʦʚʽʣʴʥʦʾ ʤʘʩʠ m ʢʛ ʛʘʟʫ 
 

mlPdvmPd(vm)PdVL
2

1

2
V

1
V

2
V

1
V

v

v
2-1 ñññ ==== .                          (1.43) 

d
f

dn

P

P

v

v+dv
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ʆʙʯʠʩʣʝʥʥʷ ʽʥʪʝʛʨʘʣʫ ʤʦʞʣʠʚʦ ʣʠʰʝ ʪʦʜʽ, ʢʦʣʠ ʚʠʟʥʘʯʝʥʠʡ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʟʚôʷʟʦʢ ʤʽʞ ʪʠʩʢʦʤ ʽ ʦʙôʻʤʦʤ. ʊʦʙʪʦ ʨʦʙʦʪʘ ʛʘʟʫ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʫʩʽʭ ʧʨʦʤʽʞʥʠʭ ʩʪʘʥʽʚ ʩʠʩʪʝʤʠ ʘʙʦ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʧʨʦʮʝʩʫ. 

ɿ ʨʽʚʥʷʥʥʷ (1.42) ʤʠ ʙʘʯʠʤʦ, ʱʦ ʧʨʠ ʨʦʟʰʠʨʝʥʥʽ ʛʘʟʫ (dv>0) ʨʦʙʦʪʘ ʻ 

ʧʦʟʠʪʠʚʥʦʶ, ʘ ʧʨʠ ʩʪʠʩʥʝʥʥʽ (dv<0) ï ʥʝʛʘʪʠʚʥʦʶ. 

ʆʜʠʥʠʮʝʶ ʚʠʤʽʨʫ ʨʦʙʦʪʠ L ʻ ʜʞʦʫʣʽ (ɼʞ), ʧʠʪʦʤʦʾ ʨʦʙʦʪʠ l ï ʜʞʦʫʣ ̔

ʥʘ ʢʽʣʦʛʨʘʤ (ɼʞ/ʢʛ). 

ʅʘ ʨʠʩʫʥʢʫ 1.5 ʧʦʢʘʟʘʥʦ ʟʚôʷʟʦʢ ʤʽʞ ʪʠʩʢʦʤ ʈ ʽ ʧʠʪʦʤʠʤ ʦʙôʻʤʦʤ v 

ʜʣʷ ʜʝʷʢʦʛʦ ʧʨʦʮʝʩʫ 1ï2. 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1.5 ï Pv-ɼʽʘʛʨʘʤʘ 

 

ɽʣʝʤʝʥʪʘʨʥʘ ʨʦʙʦʪʘ dl=Pdv ʟʦʙʨʘʞʝʥʘ ʥʘ ʜʽʘʛʨʘʤʽ ʟʘʰʪʨʠʭʦʚʘʥʦʶ 

ʧʣʦʱʘʜʢʦʶ, ʘ ʚʩʷ ʨʦʙʦʪʘ l1-2 ʜʦʨʽʚʥʶʻ ʧʣʦʱʽ 1-2-3-4. ʅʘ ʦʩʥʦʚʽ ʫʩʴʦʛʦ 

ʥʘʚʝʜʝʥʦʛʦ ʚʠʱʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ: 

1) ʥʘ Pv-ʜʽʘʛʨʘʤʽ ʨʦʙʦʪʘ, ʷʢʫ ʟʨʦʙʠʚ ʛʘʟ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʧʣʦʱʘ, ʱʦ 

ʟʥʘʭʦʜʠʪʴʩʷ ʥʠʞʯʝ ʣʽʥʽʾ ʧʨʦʮʝʩʫ (ʣʽʥʽʷ 1ï2) ʽ ʦʙʤʝʞʝʥʘ ʦʨʜʠʥʘʪʘʤʠ 

ʧʠʪʦʤʠʭ ʦʙô̒ ʤ̔ʚ v1 ʽ v2; 

2) ʨʦʙʦʪʘ ʛʘʟʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʧʨʦʮʝʩʫ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʟʘʣʝʞʥʽʩʪʶ P=f(v). 

 

 

1.2.3 ɺʥʫʪʨʽʰʥʷ ʝʥʝʨʛʽʷ ʛʘʟʫ 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʚʥʫʪʨʽʰʥʴʦʶ ʝʥʝʨʛʽʻʶ ʥʘʟʠʚʘʻʪʴʩʷ ʩʫʢʫʧʥʽʩʪʴ 

ʫʩʽʭ ʚʠʜʽʚ ʝʥʝʨʛʽʡ, ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ ʪʽʣʘ ʯʠ ʩʠʩʪʝʤʠ ʪ̔ʣ. ʎʶ ʝʥʝʨʛʽʶ ʤʦʞʥʘ 

ʧʦʜʘʪʠ ʷʢ ʩʫʤʫ ʦʢʨʝʤʠʭ ʚʠʜʽʚ ʝʥʝʨʛʽʡ: 

P

v

P

O
v1 v2

2

P=f(v)
1

dv

dl

34

P1

P2
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- ʢʽʥʝʪʠʯʥʦ ʾ ʝʥʝʨʛʽ ʾ ʧʦʩʪʫʧʘʣʴʥʦʛʦ, ʦʙʝʨʪʘʣʴʥʦʛʦ ʽ ʢʦʣʠʚʘʣʴʥʦʛʦ 

ʨʫʭʫ ʯʘʩʪʦʢ; 

- ʧʦʪʝʥʮʽʡʥʦ ʾʝʥʝʨʛʽ ʾʚʟʘʻʤʦʜʽʾ ʤʦʣʝʢʫʣ ʯʠ ʘʪʦʤʽʚ; 

- ʝʥʝʨʛʽʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʷʜʨʘʤʠ ʘʪʦʤʽʚ ʡ ʝʣʝʢʪʨʦʥʘʤʠ; 

-  ʚʥʫʪʨʽʰʥʴʦʷʜʝʨʥʦ ʾʝʥʝʨʛʽ.ʾ 

ʋ ʪʝʭʥʽʯʥʽʡ ʪʝʨʤʦʜʠʥʘʤʽʮʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʪʽʣʴʢʠ ʪʘʢʽ ʧʨʦʮʝʩʠ, ʫ 

ʷʢʠʭ ʟʤʽʥʶʶʪʴʩʷ ʢʽʥʝʪʠʯʥʘ ʽ ʧʦʪʝʥʮʽʡʥʘ ʩʢʣʘʜʦʚʽ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ, 

ʪʦʙʪʦ 2 ʧʝʨʰʠʭ ʚʠʜʠ ʽʟ ʧʝʨʝʣʽʯʝʥʠʭ ʚʠʱʝ. ʇʨʠ ʮʴʦʤʫ ʟʥʘʥʥʷ ʘʙʩʦʣʶʪʥʠʭ 

ʟʥʘʯʝʥʴ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʥʝ ʧʦʪʨʽʙʥʦ. ɼʚʽ ʦʩʪʘʥʥʽ ʩʢʣʘʜʦʚʽ ʚʥʫʪʨʽʰʥʴʦʾ 

ʝʥʝʨʛʽʾ ʫ ʙʽʣʴʰʦʩʪʽ ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʟʤʽʥʥʠʤʠ.  

ɺʥʫʪʨʽʰʥʴʦʶ ʝʥʝʨʛʽʻʶ ʽʜʝʘʣʴʥʠʭ ʛʘʟʽʚ ʥʘʟʠʚʘʶʪʴ ʪʽʣʴʢʠ 

ʢʽʥʝʪʠʯʥʫ ʝʥʝʨʛʽʶ ʨʫʭʫ ʤʦʣʝʢʫʣ ʽ ʝʥʝʨʛʽʶ ʢʦʣʠʚʘʣʴʥʠʭ ʨʫʭʽʚ ʘʪʦʤʽʚ ʫ 

ʤʦʣʝʢʫʣʽ, ʪʦʤʫ ʱʦ ʚ ʽʜʝʘʣʴʥʠʭ ʛʘʟʽʚ ʚʟʘʻʤʦʜʽʷ ʤʽʞ ʡʦʛʦ ʯʘʩʪʢʘʤʠ ʚʽʜʩʫʪʥʷ. 

ʊʦʙʪʦ ʚʥʫʪʨʽʰʥʷ ʝʥʝʨʛʽʷ ʽʜʝʘʣʴʥʦʛʦ ʛʘʟʫ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʙô̒ ʤʫ ʛʘʟʫ 

ʯʠ ʡʦʛʦ ʪʠʩʢʫ, ʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʽʣʴʢʠ ʡʦʛʦ ʪʝʤʧʝʨʘʪʫʨʦʶ.  

ɼʣʷ ʨʝʘʣʴʥʠʭ ʛʘʟʽʚ ʢʨʽʤ ʢʽʥʝʪʠʯʥʦ ʾʝʥʝʨʛʽ ʾʨʫʭʫ ʚʥʫʪʨʽʰʥ ̫ʝʥʝʨʛʽ ̫

ʜʦʜʘʪʢʦʚʦ ʚʢʣʶʯʘ ̒ʧʦʪʝʥʮʽʡʥʫ ʝʥʝʨʛʽʶ ʚʟʘʻʤʦʜʽʾ ʤʦʣʝʢʫʣ, ʟʥʘʯʝʥʥʷ ʷʢʦʾ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʝʨʝʜʥʴʦʾ ʚʽʜʩʪʘʥʽ ʤʽʞ ʤʦʣʝʢʫʣʘʤʠ, ʦʪʞʝ, ʚʽʜ ʟʘʡʤʘʥʦʛʦ ʛʘʟʦʤ 

ʦʙôʻʤʫ. ʊʦʤʫ ʚʥʫʪʨʽʰʥʷ ʝʥʝʨʛʽʷ ʨʝʘʣʴʥʠʭ ʛʘʟʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʽ 

ʦʙôʻʤʫ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʥʫʪʨʽʰʥʷ ʝʥʝʨʛʽʷ ʟʘʣʝʞʠʪʴ ʪʽʣʴʢʠ ʚʽʜ ʦʩʥʦʚʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʛʘʟʫ, ʪʦʤʫ ʻ 4-ʤ ʧʘʨʘʤʝʪʨʦʤ ʩʪʘʥʫ ʛʘʟʫ. ʊʦʙʪʦ ʚʥʫʪʨʽʰʥʷ 

ʝʥʝʨʛʽʷ U ʻ ʬʫʥʢʮʽʻʶ ʩʪʘʥʫ ʛʘʟʫ, ʘ ʨʽʟʥʠʮʷ ʚʥʫʪʨʽʰʥʽʭ ʝʥʝʨʛʽʡ ʜʣʷ ʜʚʦʭ 

ʙʫʜʴ-ʷʢʠʭ ʩʪʘʥʽʚ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʯʠ ʩʠʩʪʝʤʠ ʪʽʣ ʥʝ ʙʫʜʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʣʷʭʫ 

ʧʝʨʝʭʦʜʫ ʚʽʜ ʧʝʨʰʦʛʦ ʩʪʘʥʫ ʜʦ ʜʨʫʛʦʛʦ. 

ʆʜʠʥʠʮʝʶ ʚʠʤʽʨʫ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ U ʻ ʜʞʦʫʣʴ (ɼʞ), ʧʠʪʦʤʦʾ 

ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ u ï ʜʞʦʫʣʴ ʥʘ ʢʽʣʦʛʨʘʤ (ɼʞ/ʢʛ). 

ʋ ʪʝʨʤʦʜʠʥʘʤʽʮʽ ʚʠʟʥʘʯʘʶʪʴ ʥʝ ʘʙʩʦʣʶʪʥʝ ʟʥʘʯʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ 

ʝʥʝʨʛʽʾ, ʘ ʾʾ ʟʤʽʥʫ: 
 

æu = u2 ï u1,                                          (1.44) 
 

ʜʝ u1 ï ʚʥʫʪʨʽʰʥʷ ʝʥʝʨʛʽʷ ʚ ʧʦʯʘʪʢʦʚʦʤʫ ʩʪʘʥʽ, ɼʞ/ʢʛ; 

u2 ï ʚʥʫʪʨʽʰʥʷ ʝʥʝʨʛʽʷ ʚ ʢʽʥʮʝʚʦʤʫ ʩʪʘʥʽ, ɼʞ/ʢʛ. 

ɼʣʷ ʛʘʟʽʚ ʟʘ ʫʤʦʚʥʠʡ ʥʫʣʴ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʟʚʠʯʘʡʥʦ ʧʨʠʡʤʘʶʪʴ 

uʦ=0 ʧʨʠ 0
ʦ
ʉ ʽ ʪʠʩʢʫ ʈ=1 ʘʪʤ, ʜʣʷ ʧʘʨʽʚ ï ʩʪʘʥ ʨʽʜʠʥʠ ʧʨʠ ʪʠʭ ʞʝ ʫʤʦʚʘʭ. 

ɿʘʣʝʞʥʽʩʪʴ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʽʜʝʘʣʴʥʠʭ ʛʘʟʽʚ ʪʽʣʴʢʠ ʚʽʜ 
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ʪʝʤʧʝʨʘʪʫʨʠ ʜʦʟʚʦʣʷʻ ʚʠʚʝʩʪʠ ʟʘʛʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʟʤʽʥʠ 

ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʚ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʘʭ. 

ɿ ʢʫʨʩʫ ʬʽʟʠʢʠ ʚʽʜʦʤʦ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʦʙʫʪʢʦʤ 

ʪʝʧʣʦʻʤʥʦʩʪʽ ʥʘ ʨʽʟʥʠʮʶ ʪʝʤʧʝʨʘʪʫʨ. ɼʣʷ ʧʨʦʮʝʩʫ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʦʙôʻʤʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʝʧʣʦʻʤʥʽʩʪʴ ʉv. ʊʦʜʽ ʝʣʝʤʝʥʪʘʨʥʘ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ ʫ 

ʧʨʦʮʝʩʽ ʧʨʠ v=const ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 
 

dqv=CvdT.                                             (1.45) 
 

ʊʘʢ ʷʢ ʦʙôʻʤ ʚ ʜʘʥʦʤʫ ʧʨʦʮʝʩʽ ʥʝ ʟʤʽʥʶʻʪʴʩʷ, ʪʦʙʪʦ dl=0, ʪʦ dqv=du. 

ɿʚʽʜʩʠ 
 

du = CvdT.                                        (1.46) 
 

ɼʣʷ ʢʽʥʮʝʚʦʛʦ ʧʨʦʮʝʩʫ 
 

æu = C v (ʊ2-ʊ1).                                     (1.47) 
 

ɼʣʷ ʜʦʚʽʣʴʥʦʾ ʤʘʩʠ m ʢʛ ʛʘʟʫ ʨʽʚʥʷʥʥʷ (1.47) ʥʘʙʫʚʘʻ ʚʠʜʫ 
 

æU = m C v (ʊ2-ʊ1).                                   (1.48) 
 

ʈʽʚʥʷʥʥʷ (1.47), (1.48) ʻ ʟʘʛʘʣʴʥʠʤʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʥʠ 

ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʽʜʝʘʣʴʥʦʛʦ ʛʘʟʫ ʜʣʷ ʚʩʽʭ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ. 

 

 

1.2.4 ɸʥʘʣʽʪʠʯʥʝ ʚʠʨʘʞʝʥʥʷ ʧʝʨʰʦʛʦ ʟʘʢʦʥʫ ʪʝʨʤʦʜʠʥʘʤʽʢʠ 
 

ʇʝʨʰʠʡ ʟʘʢʦʥ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʷʚʣʷʻ ʩʦʙʦʶ ʦʢʨʝʤʠʡ ʚʠʧʘʜʦʢ 

ʟʘʛʘʣʴʥʦʛʦ ʟʘʢʦʥʫ ʟʙʝʨʝʞʝʥʥʷ ʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ. ʋʧʝʨʰʝ ʟʘʢʦʥ 

ʟʙʝʨʝʞʝʥʥʷ ʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʚ ʯʽʪʢ̔ʡ ʬʦʨʤʽ ʙʫʚ ʚʩʪʘʥʦʚʣʝʥʠʡ 

ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʠʤ. ʉʫʪʴ ʮʴʦʛʦ ʟʘʢʦʥʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʝʥʝʨʛʽʷ ʥʝ 

ʚʠʥʠʢʘʻ ʽ ʥʝ ʟʥʠʢʘʻ, ʨʽʟʥʠ ʬʦʨʤʠ ʝʥʝʨʛʽʾ ʤʦʞʫʪʴ ʧʝʨʝʪʚʦʨʶʚʘʪʠʩʷ ʦʜʥʘ ʥʘ 

ʦʜʥʫ ʫ ʩʪʨʦʛʦ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ. 

ʈʦʟʛʣʷʥʝʤʦ ʜʝʷʢʝ ʨʦʙʦʯʝ ʪʽʣʦ (ʛʘʟ) ʟ ʦʙôʻʤʦʤ V ʽ ʤʘʩʦʶ m, ʱʦ ʤʘʻ 

ʪʝʤʧʝʨʘʪʫʨʫ ʊ  ̔ʪʠʩʢ ʈ. ɼʦ ʛʘʟʫ ʟʟʦʚʥʽ ʧʽʜʚʦʜʠʪʴʩʷ ʧʝʚʥʘ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ 

Q. ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʽʜʚʝʜʝʥʥʷ ʪʝʧʣʦʪʠ ʛʘʟ ʙʫʜʝ ʥʘʛʨʽʚʘʪʠʩʷ ʽ ʨʦʟʰʠʨʶʚʘʪʠʩʷ. 

ɿ ʝʥʝʨʛʝʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʽʣʘ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʟʙʽʣʴʰʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ. ʆʩʢʽʣʴʢʠ ʨʦʙʦʯʝ ʪʽʣʦ ʦʪʦʯʝʥʝ 
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ʩʝʨʝʜʦʚʠʱʝʤ, ʢʦʪʨʝ ʨʦʙʠʪʴ ʥʘ ʥʴʦʛʦ ʪʠʩʢ, ʪʦ ʧʨʠ ʩʚʦʻʤʫ ʨʦʟʰʠʨʝʥʥʽ ʚʦʥʦ 

ʨʦʙʠʪʴ ʢʦʨʠʩʥʫ ʨʦʙʦʪʫ ʧʨʦʪʠ ʡʦʛʦ ʟʦʚʥʽʰʥʴʦʛʦ ʪʠʩʢʫ. ʊʘʢ ʷʢ ʥʽʷʢʠʭ ʽʥʰʠʭ 

ʟʤʽʥ ʫ ʩʠʩʪʝʤʽ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʪʦ ʟʘ ʟʘʢʦʥʦʤ ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ ʤʦʞʥʘ 

ʟʘʧʠʩʘʪʠ, ʱʦ 
 

dQ = dU + dL.                                         (1.49) 
 

ʗʢʱʦ ʤʘʩʘ ʛʘʟʫ ʜʦʨʽʚʥʶʻ 1ʢʛ, ʪʦ ʦʪʨʠʤʫʻʤʦ:  
 

dq = du + dl = du + ʈdv.                                 (1.50) 
 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʝʨʰʠʡ ʟʘʢʦʥ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʤʦʞʥʘ ʩʬʦʨʤʫʣʶʚʘʪʠ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʪʝʧʣʦʪʘ, ʱʦ ʥʘʜʘʻʪʴʩʷ ʩʠʩʪʝʤʽ, ʡʜʝ ʥʘ ʟʙʽʣʴʰʝʥʥʷ ʾʾ 

ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʽ ʥʘ ʟʜʽʡʩʥʝʥʥʷ ʢʦʨʠʩʥʦʾ ʨʦʙʦʪʠ. 

ʈ̔ ʚʥʷʥʥʷ (1.49), (1.50) ̒  ʤʘʪʝʤʘʪʠʯʥʠʤ ʚʠʨʘʞʝʥʥʷʤ ʧʝʨʰʦʛʦ ʟʘʢʦʥʫ 

ʪʝʨʤʦʜʠʥʘʤʽʢʠ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ du ʻ ʧʦʚʥʠʤ ʜʠʬʝʨʝʥʮʽʘʣʦʤ, ʪʘʢ ʷʢ u ï ʬʫʥʢʮʽʷ 

ʩʪʘʥʫ, ʘʣʝ dl =ʈdv, ʘ ʚʽʜʧʦʚʽʜʥʦ, ʡ dq ʥʝ ʻ ʧʦʚʥʠʤ ʜʠʬʝʨʝʥʮʽʘʣʦʤ, ʪʦʤʫ 

ʱʦ ʨʦʙʦʪʘ ʛʘʟʫ ʥʝ ʻ ʬʫʥʢʮʽʻʶ ʩʪʘʥʫ ʛʘʟʫ, ʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʣʷʭʫ ʧʨʦʮʝʩʫ. 

ʊʦʤʫ ʨʽʚʥʷʥʥʷ (1.50) ʚʽʜʥʦʩʠʪʴʩʷ ʪʽʣʴʢʠ ʜʦ ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʦʾ ʟʤʽʥʠ ʩʪʘʥʫ. 

ɼʣʷ ʢʽʥʮʝʚʦʛʦ ʧʨʦʮʝʩʫ ʚʦʥʦ ʥʘʙʫʚʘʻ ʚʠʜʫ 
 

q = Du + l.                                         (1.51) 
 

ɼʣʷ ʜʦʚʽʣʴʥʦʾ ʤʘʩʠ m 
 

Q = DU + L.                                       (1.52) 

 

 

1.2.5 ɽʥʪʘʣʴʧʽʷ 
 

ɿ ʤʝʪʦʶ ʩʧʨʦʱʝʥʥʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʨʽʚʥʷʥʥʷ ʧʝʨʰʦʛʦ 

ʟʘʢʦʥʫ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʤʦʞʝ ʙʫʪʠ ʚʠʨʘʞʝʥʦ ʯʝʨʝʟ ʦʜʥʦʟʥʘʯʥʫ ʬʫʥʢʮʽʶ 

ʩʪʘʥʫ, ʷʢʫ ʥʘʟʠʚʘʶʪʴ ʝʥʪʘʣʴʧʽʻʶ ʘʙʦ ʪʝʧʣʦʚʤʽʩʪʦʤ. 

ɼʦ ʨʽʚʥʷʥʥʷ (1.50) ʜʦʜʘʤʦ ʽ ʚʽʜʥʽʤʝʤʦ ʚʝʣʠʯʠʥʫ vdP: 
 

dq=du+Pdv+vdP-vdP=du+d(Pv)-vdP=d(u+Pv)-vdP.           (1.53) 
 

ʇʦʟʥʘʯʠʤʦ ʚʝʣʠʯʠʥʫ u+pv ʙʫʢʚʦʶ h (ʝʥʪʘʣʴʧʽʷ) ʽ ʦʜʝʨʞʠʤʦ: 
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dq = dh - v dP,                                              (1.54) 
 

ʘʙʦ 

ññ +D=--=
1

2

2

1

P

P

P

P

12 vdPh vdPhhq )( .                           (1.55) 

 

ɺʝʣʠʯʠʥʫ Pv, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʝʥʪʘʣʴʧʽʾ, ʥʘʟʠʚʘʶʪʴ 

ʧʦʪʝʥʮʽʡʥʦʶ ʝʥʝʨʛʽʻʶ ʪʠʩʢʫ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʚʥʷʥʥ ̫(1.54) ʝʥʪʘʣʴʧʽʷ ʻ 

ʬʫʥʢʮʽʻʶ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʛʘʟʫ (u, P, v) ʽ ʧʨʠʡʥʷʪʘ ʟʘ 5-ʡ ʦʩʥʦʚʥʠʡ 

ʧʘʨʘʤʝʪʨ ʩʪʘʥʫ ʨʦʙʦʯʦʛʦ ʪʽʣʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʝʥʪʘʣʴʧʽʷ ʷʚʣʷʻ ʩʦʙʦʶ ʧʦʚʥʫ ʝʥʝʨʛʽʶ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ 

ʩʠʩʪʝʤʠ ʽ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʪʠʩʢʫ, ʷʢʘ ʦʙʫʤʦʚʣʝʥʘ ʪʠʤ, ʱʦ ʛʘʟ 

ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʪʠʩʢʦʤ.  

ʆʜʠʥʠʮʝ  ʁʚʠʤʽʨʫ ʝʥʪʘʣʴʧʽʾ ʅ ʻ ʜʞʦʫʣʴ (ɼʞ), ʧʠʪʦʤʦʾ ʝʥʪʘʣʴʧʽʾ h ï 

ʜʞʦʫʣʴ ʥʘ ʢʽʣʦʛʨʘʤ (ɼʞ/ʢʛ). 

ʇʨʠ ʈ=const ʨʽʚʥʷʥʥʷ (1.55) ʥʘʙʫʜʝ ʚʠʜʫ  
 

hhhq 12 =̀-= .                                           (1.56) 

 

ʈʦʟʛʣʷʥʝʤʦ ʝʣʝʤʝʥʪʘʨʥʫ ʟʤʽʥʫ ʝʥʪʘʣʴʧʽʾ: 
 

dh = du + d(Pv).                                          (1.57) 
 

ʇʽʜʩʪʘʚʠʤʦ ʚ ʮʝ ʨʽʚʥʷʥʥʷ ʟʥʘʯʝʥʥʷ du=CvdT (ʜʠʚ. ʬʦʨʤʫʣʫ (1.46)) ʽ 

ʈv=RT (ʜʠʚ. ʨʽʚʥʷʥʥʷ (1.8)): 
 

dh = CvdT + RdT = (Cv + R) dT = Cp dT.                   (1.58) 
 

ɼʣʷ ʢʽʥʮʝʚʦʛʦ ʧʨʦʮʝʩʫ ʽ ʜʣʷ ʜʦʚʽʣʴʥʦ ʾʤʘʩʽ m ʛʘʟʫ ʦʪʨʠʤʘʻʤʦ: 
 

DH = m C p (T2 - T1).                                     (1.59) 
 

ɽʥʪʘʣʴʧʽʷ ï ʮʝ ʪʝʧʣʦʪʘ, ʧʽʜʚʝʜʝʥʘ ʜʦ ʪʽʣʘ ʫ ʧʨʦʮʝʩʽ ʡʦʛʦ 

ʥʘʛʨʽʚʘʥʥʷ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʪʠʩʢʫ. 

 

 

1.2.6 ɽʥʪʨʦʧʽʷ 
 

ɼʣʷ ʚʠʚʯʝʥʥʷ ʧʨʦʮʝʩʽʚ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʝʧʣʦʪʠ ʥʘ ʨʦʙʦʪʫ ʚ ʪʝʧʣʦʚʠʭ 
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ʜʚʠʛʫʥʘʭ ʢʨʽʤ ʧ'ʷʪʠ ʧʘʨʘʤʝʪʨʽʚ ʈ, v, ʊ, u ʡ h ʚʚʝʜʝʥʦ ʱʝ ʦʜʠʥ, 6-ʡ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʡ ʧʘʨʘʤʝʪʨ, ï ʮʝ ʝʥʪʨʦʧʽ ̫ s. ʅʘʟʚʘ ʝʥʪʨʦʧʽʷ ʡʜʝ ʚʽʜ 

ʛʨʝʮʴʢʦʛʦ ʩʣʦʚʘ tropos (ʧʝʨʝʪʚʦʨʝʥʥʷ). 

ʈʦʟʛʣʷʥʝʤʦ ʦʙʦʨʦʪʥʠʡ ʧʨʦʮʝʩ, ʧʨʠ ʷʢʦʤʫ ʛʘʟ ʧʝʨʝʭʦʜʠʪʴ ʽʟ ʩʪʘʥʫ 1 

ʜʦ ʩʪʘʥʫ 2. ʇʨʠ ʧʽʜʚʦʜʽ ʪʝʧʣʦʪʠ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʫ ʟʤʽʥʶʻʪʴʩʷ. ʗʢʱʦ 

ʨʦʟʙʠʪʠ ʚʝʩʴ ʧʨʦʮʝʩ ʥʘ ʝʣʝʤʝʥʪʘʨʥʽ ʜʽʣʷʥʢʠ ʟ ʧʽʜʚʦʜʦʤ ʥʘ ʢʦʞʥʦʤʫ ʟ ʥʠʭ 

ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʪʠ dq, ʪʦ ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʢʦʞʥʽʡ ʟ ʮʠʭ 

ʜʣ̔ʷʥʦʢ ʻ ʧʦʩʪʽʡʥʦʶ. ʊʘʢ ʷʢ ʧʨʦʮʝʩ ʻ ʦʙʦʨʦʪʥʠʤ, ʪʦ ʮʷ ʪʝʤʧʝʨʘʪʫʨʘ ʻ 

ʪʘʢʦʞ ʪʝʤʧʝʨʘʪʫʨʦʶ ʜʞʝʨʝʣʘ ʪʝʧʣʦʪʠ. ɼʣʷ ʢʦʞʥʦʾ ʜʽʣʷʥʢʠ ʯʘʩʪʢʫ ʚʽʜ 

ʜʽʣʝʥʥʷ ʧʽʜʚʝʜʝʥʦʾ ʜʦ ʛʘʟʫ ʪʝʧʣʦʪʠ dq ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʊ, ʧʨʠ ʢʦʪʨʽʡ ʚʦʥʦ 

ʚʠʟʥʘʯʘʣʦʩʷ, ʧʦʟʥʘʯʠʤʦ ds: 
 

T

dq
ds= , ʘʙʦ dq= ʊ ds.                                     (1.60) 

 

ʊʦʜʽ ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʱʦ ʧʽʜʚʝʜʝʥʘ ʜʦ ʛʘʟʫ ʤʽʞ ʩʪʘʥʘʤʠ 1 

ʽ 2, ʜʦʨʽʚʥʶʻ 

dsTq
2

1

ñ= .                                                    (1.61) 

 

ɽʥʪʨʦʧʽʶ ʯʘʩʪʦ ʥʘʟʠʚʘʶʪʴ ʧʨʠʚʝʜʝʥʦʶ ʪʝʧʣʦʪʦʶ, ʪʦʤʫ ʱʦ ʚʦʥʘ 

ʧʦʢʘʟʫʻ ʚʽʜʥʦʰʝʥʥʷ ʪʝʧʣʦʪʠ ʜʦ ʘʙʩʦʣʶʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʟʫ. ɿʥʘʡʜʝʤʦ 

ʟʥʘʯʝʥʥʷ ʟʤʽʥʠ ʝʥʪʨʦʧʽʾ ʽʜʝʘʣʴʥʦʛʦ ʛʘʟʫ. ʋ ʨʽʚʥʷʥʥʷ (1.60) ʧʽʜʩʪʘʚʠʤʦ 

ʟʥʘʯʝʥʥʷ dq ʟ ʨʽʚʥʷʥʥʷ (1.50): 
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= .                  (1.62) 

 

ʗʢʱʦ ʉv=const, ʪʦ ʦʪʨʠʤʫʻʤʦ:  
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Cs-s .                                    (1.63) 

 

ʇʽʩʣʷ ʽʥʪʝʛʨʫʚʘʥʥʷ ʦʪʨʠʤʫʻʤʦ ʟʤʽʥʫ ʝʥʪʨʦʧʽʾ ʧʨʠ ʟʤʽʥʽ ʩʪʘʥʫ 

ʽʜʝʘʣʴʥʦʛʦ ʛʘʟʫ: 
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ɼʣʷ ʜʦʚʽʣʴʥʦʾ ʤʘʩʠ ʛʘʟʫ m 
 

DS=m Ds.                                               (1.65) 
 

ɿ ʨʽʚʥʷʥʥʷ (1.64) ʚʠʜʥʦ, ʱʦ ʟʤʽʥʘ ʚʝʣʠʯʠʥʠ ʝʥʪʨʦʧʽʾ s ʧʨʠ ʧʝʨʝʭʦʜʽ 

ʽʜʝʘʣʴʥʦʛʦ ʛʘʟʫ ʟʽ ʩʪʘʥʫ 1 ʜʦ ʩʪʘʥʫ 2 ʟʘʣʝʞʠʪʴ ʪʽʣʴʢʠ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ 

ʧʦʯʘʪʢʦʚʦʛʦ ʽ ʢʽʥʮʝʚʦʛʦ ʩʪʘʥʽʚ ʽ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʣʷʭʫ ʧʨʦʮʝʩʫ. ʊʦʤʫ 

ʝʥʪʨʦʧʽʷ ʻ ʰʦʩʪʠʤ ʧʘʨʘʤʝʪʨʦʤ ʩʪʘʥʫ ʽʜʝʘʣʴʥʦʛʦ ʛʘʟʫ. 

ʆʜʠʥʠʮʝ  ʁʚʠʤʽʨʫ ʝʥʪʨʦʧʽʾ S ʻ ʜʞʦʫʣʴ, ʧʦʜʽʣʝʥʠʡ ʥʘ ʢʝʣʴʚʽʥ (ɼʞ/K), 

ʧʠʪʦʤʦʾ ʝʥʪʨʦʧʽʾ s ï ʜʞʦʫʣʴ, ʧʦʜʽʣʝʥʠʡ ʥʘ ʢʽʣʦʛʨʘʤ-ʢʝʣʴʚʽʥ (ɼʞ/ʢʛ ʂ). 

ɿʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʟʤʽʥʠ ʝʥʪʨʦʧʽʾ ʜʣʷ ʦʙʦʨʦʪʥʦʛʦ ʧʨʦʮʝʩʫ ʜʦʟʚʦʣʷʻ 

ʩʫʜʠʪʠ ʧʨʦ ʥʘʧʨʷʤʦʢ ʧʦʪʦʢʫ ʪʝʧʣʦʪʠ ʤʽʞ ʨʦʙʦʯʠʤ ʪʽʣʦʤ ʪʘ ʟʦʚʥʽʰʥʽʤ 

ʩʝʨʝʜʦʚʠʱʝʤ, ʱʦ ʙʫʣʦ ʥʝʤʦʞʣʠʚʝ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʜʨʫʛʦʛʦ ʨʘʥʽʰʝ 

ʚʠʚʝʜʝʥʦʛʦ ʧʘʨʘʤʝʪʨʫ. ʊʦʙʪʦ ʧʽʜʚʽʜ ʪʝʧʣʦʪʠ ʚ ʦʙʦʨʦʪʥʦʤʫ ʧʨʦʮʝʩʽ (dq>0) 

ʟʘʚʞʜʠ ʻ ʧʦʚôʷʟʘʥʠʤ ʟ ̔ʟʙʽʣʴʰʝʥʥʷʤ ʝʥʪʨʦʧʽʾ (ds>0), ʘ ʚʽʜʚʽʜ (dq<0) ï ʟ ʽʾ 

ʟʤʝʥʰʝʥʥʷʤ (ds<0). 

ɼʣʷ ʩʫʤʽʰʝʡ ʛʘʟʽʚ ʝʥʪʨʦʧʽʷ ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʝʥʪʨʦʧʽʡ ʾʾ  ʢʦʤʧʦʥʝʥʪʽʚ, 

ʷʢʽ ʚʟʷʪʦ ʧʨʠ ʪʠʭ ʞʝ ʪʝʤʧʝʨʘʪʫʨʽ ʽ ʧʘʨʮʽʘʣʴʥʠʭ ʪʠʩʢʘʭ. 

ʇʦʥʷʪʪʷ ʝʥʪʨʦʧʽʾ ʜʦʟʚʦʣʷʻ ʚʚʝʩʪʠ ʟʨʫʯʥʫ ʜʣʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ Ts-ʜʽʘʛʨʘʤʫ, ʥʘ ʷʢʽʡ ʩʪʘʥ ʩʠʩʪʝʤʠ ʟʦʙʨʘʞʫʻʪʴʩʷ ʪʦʯʢʦʶ, ʘ 

ʨʽʚʥʦʚʘʞʥʠʡ ʧʨʦʮʝʩ ï ʣʽʥʽʻʶ (ʨʠʩ.1.6). 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1.6 ï Ts - ɼʽʘʛʨʘʤʘ 

 

ʅʘ ʣʽʥʽʾ ʧʨʦʮʝʩʫ 1-2 ʥʘ Ts-ʜʽʘʛʨʘʤʽ ʚʠʜʽʣʠʤʦ ʝʣʝʤʝʥʪʘʨʥʫ ʟʤʽʥʫ 

ʝʥʪʨʦʧʽʾ ds, ʪʝʤʧʝʨʘʪʫʨʫ ʊ ʧʨʠ ʮʴʦʤʫ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʧʦʩʪʽʡʥʦʶ. ɼʦʙʫʪʦʢ 
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Tds ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʣʦʱʫ ʧʨʷʤʦʢʫʪʥʠʢʘ ʽ ʟʛʽʜʥʦ ʟ ʨʽʚʥʷʥʥʷʤ (1.60) 

ʜʦʨʽʚʥʶʻ ʝʣʝʤʝʥʪʘʨʥʽʡ ʟʤʽʥʽ ʪʝʧʣʦʪʠ dq. ɿʛʽʜʥʦ ʟ ʨʽʚʥʷʥʥʷʤ (1.61) 

ʽʥʪʝʛʨʫʚʘʥʥʷ ʜʦʙʫʪʢʫ Tds ʚ ʽʥʪʝʨʚʘʣʽ ʤʽʞ ʩʪʘʥʘʤʠ 1 ʽ 2 ʜʦʨʽʚʥʶʻ ʪʝʧʣʦʪʽ 

ʧʨʦʮʝʩʫ. ɻʝʦʤʝʪʨʠʯʥʠʡ ʟʤʽʩʪ ʽʥʪʝʛʨʘʣʘ ï ʮʝ ʩʫʤʘ ʝʣʝʤʝʥʪʘʨʥʠʭ ʧʣʦʱ Tds, 

ʪʦʙʪʦ ʮʝ ʧʣʦʘɦ 1234, ʦʙʤʝʞʝʥʘ ʣʽʥʽʷʤʠ s2=const, s1=const ʽ ʣʽʥʽʻʶ 

ʧʨʦʮʝʩʫ 1-2 (ʜʠʚ. ʨʠʩ. 1.6). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ Ts-ʜʽʘʛʨʘʤʽ ʧʣʦʱʘ, ʦʙʤʝʞʝʥʘ ʣʽʥʽʻʶ ʧʨʦʮʝʩʫ, 

ʢʨʘʡʥʽʤʠ ʦʨʜʠʥʘʪʘʤʠ ʽ ʚʽʩʩʶ ʘʙʩʮʠʩ, ʝʢʚʽʚʘʣʝʥʪʥʘ ʪʝʧʣʦʪʽ ʧʨʦʮʝʩʫ. 

 

 

1.2.7 ʊʝʨʤʦʜʠʥʘʤʽʯʥʽ ʧʨʦʮʝʩʠ ʽʜʝʘʣʴʥʠʭ ʛʘʟʽʚ 
 

ʇʝʨʰʠʡ ʟʘʢʦʥ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʚʩʪʘʥʦʚʣʶʻ ʟʚ'ʷʟʦʢ ʤʽʞ ʪʝʧʣʦʪʦʶ, 

ʟʤʽʥʦʶ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʽ ʤʝʭʘʥʽʯʥʦʶ ʨʦʙʦʪʦʶ. ʇʨʠ ʮʴʦʤʫ ʢʽʣʴʢʽʩʪʴ 

ʪʝʧʣʦʪʠ, ʧʽʜʚʝʜʝʥʦʾ ʜʦ ʨʦʙʦʯʦʛʦ ʪʽʣʘ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʦʩʦʙʫ ʧʽʜʚʦʜʫ 

ʪʝʧʣʦʪʠ ʯʠ ʭʘʨʘʢʪʝʨʫ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. ɿʘʟʥʘʯʘʶʪʴ ʥʘʩʪʫʧʥʽ 

ʤʝʪʦʜʠ ʧʽʜʚʦʜʫ ʪʝʧʣʦʪʠ ʜʦ ʨʦʙʦʯʦʛʦ ʪʽʣʘ: 

- ʽʟʦʭʦʨʥʠʡ V = const; 

- ʽʟʦʙʘʨʥʠʡ P = const; 

- ʽʟʦʪʝʨʤʽʯʥʠʡ T = const; 

- ʘʜʽʘʙʘʪʥʠʡ Q = 0; 

- ʧʦʣʽʪʨʦʧʥʠʡ ʉ = const. 

ɼʦʩʣʽʜʞʝʥʥʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʦʚʦʜʷʪʴ ʟʘ ʜʚʦʤʘ 

ʥʘʧʨʷʤʢʘʤʠ: 

- ʚʩʪʘʥʦʚʣʶʶʪʴ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥ ʩʪʘʥʫ ʛʘʟʫ; 

- ʚʠʷʚʣʷʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ. 

ʇʨʠ ʚʠʚʯʝʥʥʽ ʟʤʽʥ ʩʪʘʥʫ ʛʘʟʫ ʚʠʚʦʜʷʪʴ ʨʽʚʥʷʥʥʷ ʧʨʦʮʝʩʫ ʽ 

ʚʩʪʘʥʦʚʣʶʶʪʴ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ ʩʪʘʥʫ ʛʘʟʫ. ʂʨʽʤ ʪʦʛʦ, 

ʚʠʟʥʘʯʘʶʪʴ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʧʽʜʚʝʜʝʥʦʾ ʜʦ ʛʘʟʫ, ʟʤʽʥʫ ʡʦʛʦ ʚʥʫʪʨʽʰʥʴʦʾ 

ʝʥʝʨʛʽʾ ʽ ʨʦʙʦʪʠ, ʷʢʫ ʨʦʙʠʪʴ ʛʘʟ. 

ɯʟʦʭʦʨʥʠʡ ʧʨʦʮʝʩ 

ɯʟʦʭʦʨʥʠʤ ʥʘʟʠʚʘʶʪʴ ʧʨʦʮʝʩ, ʱʦ ʧʨʦʪʽʢʘʻ ʧʨʠ ʥʝʟʤʽʥʥʦʤʫ ʦʙôʻʤʽ 

ʨʦʙʦʯʦʛʦ ʪʽʣʘ, ʪʦʙʪʦ V=const. ʇʨʠʢʣʘʜʦʤ ʽʟʦʭʦʨʥʦʛʦ ʧʨʦʮʝʩʫ ʤʦʞʝ 

ʩʣʫʞʠʪʠ ʥʘʛʨʽʚ ʯʠ ʦʭʦʣʦʜʞʝʥʥʷ ʛʘʟʫ ʚ ʟʘʢʨʠʪʽʡ ʩʫʜʠʥʽ. ʗʢʱʦ ʟʦʙʨʘʟʠʪʠ 

ʮʝʡ ʧʨʦʮʝʩ ʥʘ Pv-ʜʽʘʛʨʘʤʽ, ʪʦ ʤʠ ʦʪʨʠʤʘʻʤʦ ʚʝʨʪʠʢʘʣʴʥʫ ʧʨʷʤʫ 

(ʨʠʩ. 1.7, ʘ).  
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ʊʦʯʢʘ 1 ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ ʛʘʟʫ. ʂʽʥʮʝʚʠʡ ʩʪʘʥ ʫ ʚʠʧʘʜʢʫ 

ʥʘʛʨʽʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʦʯʢʦʶ 2, ʫ ʚʠʧʘʜʢʫ ʦʭʦʣʦʜʞʝʥʥʷ ï ʪʦʯʢʦʶ 

2ô. 

ɿʚ'ʷʟʦʢ ʤʽʞ ʢʽʥʮʝʚʠʤʠ ʽ ʧʦʯʘʪʢʦʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʽʜʝʘʣʴʥʦʛʦ ʛʘʟʫ ʚ 

ʮʴʦʤʫ ʧʨʦʮʝʩʽ ʚʠʨʘʞʘʻʪʴʩʷ ʟʘʢʦʥʦʤ ʐʘʨʣʷ: ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʦʙôʻʤʽ ʪʠʩʢ 

ʛʘʟʫ ʻ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʠʤ ʡʦʛʦ ʘʙʩʦʣʶʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 
 

1

2

1

2

T

T

P

P
= .                                                  (1.66) 

 

 

 

 

 

 

 

 

 

 

 

 ʘ  ʙ 

ʈʠʩʫʥʦʢ 1.7 ï ɯʟʦʭʦʨʥʠʡ ʧʨʦʮʝʩ ʟʤʽʥʠ ʩʪʘʥʫ ʛʘʟʫ ʚ  Pv- (ʘ) ʽ Ts- (ʙ) 

ʜʽʘʛʨʘʤʘʭ  
 

 

ʈʦʙʦʪʘ ʨʦʟʰʠʨʝʥʥʷ ʚ ʽʟʦʭʦʨʥʦʤʫ ʧʨʦʮʝʩʽ ʜʦʨʽʚʥʶʻ  ʥʫʣʶ, ʪʦʤʫ ʱʦ 

ʟʤʽʥʘ ʦʙôʻʤʫ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʪʦʙʪʦ L=0. 

ɿʛʽʜʥʦ ʟ ʧʝʨʠhʤ ʟʘʢʦʥʦʤ ʪʝʨʤʦʜʠʥʘʤʽʢʠ (1.50) ʽ ʨʽʚʥʷʥʥʷʤ (1.46) 

ʪʝʧʣʦʪʫ ʽʟʦʭʦʨʥʦʛʦ ʧʨʦʮʝʩʫ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 
 

dq = du +0= Cv dʊ                                        (1.67) 
 

ɼʣʷ ʢʽʥʮʝʚʦʾ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʜʦʚʽʣʴʥʦʾ ʤʘʩʠ m ʛʘʟʫ: 
 

Q=DU = m ʉv (T2 - T1).                                  (1.68) 
 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʽʟʦʭʦʨʥʦʤʫ ʧʨʦʮʝʩʽ ʚʩ̫ ʪʝʧʣʦʪʘ, ʱʦ ʧʽʜʚʦʜʠʪʴʩʷ ʜʦ 

ʛʘʟʫ, ʚʠʪʨʘʯʘʻʪʴʩʷ ʪʽʣʴʢʠ ʥʘ ʟʙʽʣʴʰʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʛʘʟʫ. 

ɿʤʽʥʫ ʝʥʪʨʦʧʽʾ ʚ ʽʟʦʭʦʨʥʦʤʫ ʧʨʦʮʝʩʽ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʚ ʪʘʢʠʡ 

ʩʧʦʩʽʙ: 
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S2 ï S1 = m Cv ln (ʈ2/ʈ1) = m Cv ln (T2/T1).                  (1.69) 
 

ʅʘ Ts-ʜʽʘʛʨʘʤʽ ʮʝ ʨʽʚʥʷʥʥʷ ʟʦʙʨʘʞʫʻʪʴʩʷ ʣʦʛʘʨʠʬʤʽʯʥʦʶ ʢʨʠʚʦʶ, 

ʷʢʘ ʥʘʧʨʘʚʣʝʥʘ ʚʠʧʫʢʣʽʩʪʶ ʜʦ ʦʩʽ ʘʙʩʮʠʩ (ʨʠʩ. 1.7, ʙ). ʋ ʧʨʦʮʝʩʽ 1ï2 

ʝʥʪʨʦʧʽʷ ʟʨʦʩʪʘʻ, ʚʽʜʧʦʚʽʜʥʦ, ʪʝʧʣʦʪʘ ʥʘʜʘʻʪʴʩʷ ʛʘʟʫ, ʽ ʚʽʥ ʥʘʛʨʽʚʘʻʪʴʩʷ, ʚ 

ʧʨʦʮʝʩʽ 1ï2ô ï ʥʘʚʧʘʢʠ. ʇʣʦʱʘ ʧʽʜ ʢʨʠʚʦʶ ʧʨʦʮʝʩʫ ʛʨʘʬʽʯʥʦ ʚʽʜʦʙʨʘʞʘʻ 

ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ q. 

 

ɯʟʦʙʘʨʥʠʡ ʧʨʦʮʝʩ 

ɯʟʦʙʘʨʥʠʤ ʥʘʟʠʚʘʶʪʴ ʧʨʦʮʝʩ, ʱʦ ʧʨʦʪʽʢʘʻ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʪʠʩʢʫ, 

P=const. ʁʦʛʦ ʛʨʘʬʽʢ ʥʘ Pv-ʜʽʘʛʨʘʤʽ ʷʚʣʷʻ ʩʦʙʦʶ ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʣʽʥʽʶ 

(ʨʠʩ. 1.8, ʘ). ʊʦʯʢʘ 1 ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ ʛʘʟʫ, ʧʨʦʮʝʩ ʽʟʦʙʘʨʥʦʛʦ 

ʨʦʟʰʠʨʝʥʥʷ ʟʦʙʨʘʞʝʥʦ ʣʽʥʽʻʶ 1ï2, ʽʟʦʙʘʨʥʦʛʦ ʩʪʠʩʢʫ ï ʣʽʥʽʻʶ 1ï2ô. 

 

 

 

 

 

 

 

 

 

 

 ʘ  ʙ 

ʈʠʩʫʥʦʢ 1.8 ï ɯʟʦʙʘʨʥʠʡ ʧʨʦʮʝʩ ʟʤʽʥʠ ʩʪʘʥʫ ʛʘʟʫ ʚ  Pv- (ʘ) ʽ Ts- (ʙ) 

ʜʽʘʛʨʘʤʘʭ  
 

ɿʚ'ʷʟʦʢ ʤʽʞ ʢʽʥʮʝʚʠʤʠ ʽ ʧʦʯʘʪʢʦʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚ ʽʟʦʙʘʨʥʦʤʫ 

ʧʨʦʮʝʩʽ ʚʠʨʘʞʘʻʪʴʩʷ ʟʘʢʦʥʦʤ ɻʝʡ-ʃʶʩʩʘʢʘ: ʦʙô̒ ʤ ʛʘʟʫ ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʽʡʥʠʡ ʡʦʛʦ ʘʙʩʦʣʶʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ: 
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V

V
= .                                               (1.70) 

 

ɿʤʽʥʘ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʽʜʝʘʣʴʥʦʛʦ ʛʘʟʫ ʚ ʽʟʦʙʘʨʥʦʤʫ ʧʨʦʮʝʩʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ (1.48) 

æU = m Cv (ʊ2-ʊ1). 
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ʈʦʙʦʪʘ ʚ ʽʟʦʙʘʨʥʦʤʫ ʧʨʦʮʝʩʽ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʟʘʛʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʜʣʷ ʨʦʙʦʪʠ ʨʦʟʰʠʨʝʥʥʷ ʛʘʟʫ (1.43): 
 

)T-mR(T)VP(VPdVL
12122-1

2
V

1
V

=-==ñ .                 (1.71) 

 

ʊʝʧʣʦʪʘ, ʷʢʘ ʥʘʜʘʻʪʴʩʷ ʛʘʟʫ ʚ ʽʟʦʙʘʨʥʦʤʫ ʧʨʦʮʝʩʽ, ʜʦʨʽʚʥʶʻ ʟʤʽʥʽ 

ʝʥʪʘʣʴʧʽʾ ʛʘʟʫ ʽ ʤʦʞʝ ʙʫʪʠ ʚʠʨʘʞʝʥʘ ʯʝʨʝʟ ʪʝʧʣʦʻʤʥʽʩʪʴ Cp ʟʘ ʨʽʚʥʷʥʥʷʤ 
 

Q =D H= m Cp (T2-T1).                                 (1.72) 
 

ɿʤʽʥʫ ʝʥʪʨʦʧʽʾ ʚ ʽʟʦʙʘʨʥʦʤʫ ʧʨʦʮʝʩʽ ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ ʨʽʚʥʷʥʥʷʤ 
 

S2 ï S1 = m Cʨ ln (V2 /V1) = m Cʨ ln (T2 /T1).              (1.73) 
 

ʅʘ Ts-ʜʽʘʛʨʘʤʽ ʮʝ ʨʽʚʥʷʥʥʷ ʟʦʙʨʘʞʫʻʪʴʩʷ ʣʦʛʘʨʠʬʤʽʯʥʦʶ ʢʨʠʚʦʶ, 

ʷʢʘ ʥʘʧʨʘʚʣʝʥʘ ʚʠʧʫʢʣʽʩʪʶ ʜʦ ʚʽʩʽ ʘʙʩʮʠʩ (ʨʠʩ. 1.8, ʙ). ʋ ʧʨʦʮʝʩʽ 1ï2 

ʝʥʪʨʦʧʽʷ ʟʨʦʩʪʘʻ, ʚʽʜʧʦʚʽʜʥʦ, ʪʝʧʣʦʪʘ ʥʘʜʘʻʪʴʩʷ ʛʘʟʫ ʽ ʚʽʥ ʥʘʛʨʽʚʘʻʪʴʩʷ, ʫ 

ʧʨʦʮʝʩʽ 1ï2ô ï ʥʘʚʧʘʢʠ. ʇʣʦʱʘ ʧʽʜ ʢʨʠʚʦʶ ʧʨʦʮʝʩʫ ʛʨʘʬʽʯʥʦ ʚʽʜʦʙʨʘʞʘʻ 

ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ q. 

ʇʦʨʽʚʥʷʥʥʷ ʨʽʚʥʷʥʴ (1.69) ʪʘ (1.73) ʧʦʢʘʟʫʻ, ʱʦ ʜʣʷ ʦʜʥʘʢʦʚʦʾ ʟʤʽʥʠ 

ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ ʊ1 ʜʦ ʊ2 ʟʤʽʥʘ ʝʥʪʨʦʧʽʾ ʚ ʽʟʦʙʘʨʥʦʤʫ ʧʨʦʮʝʩʽ ʙʫʜʝ ʙʽʣʴʰʝ, 

ʥʽʞ ʚ ʽʟʦʭʦʨʥʦʤʫ, ʪʘʢ ʷʢ Cʨ > Cv. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʽʟʦʭʦʨʘ ʟʘʚʞʜʠ ʢʨʫʪʽʝh 

ʥʞ̔ ʽʟʦʙʘʨʘ (ʨʠʩ. 1.9), ʪʦʙʪʦ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʛʘʟʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʊ1 ʜʦ ʊ2 

ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʧʨʦʮʝʩʫ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʪʠʩʢʫ ʥʝʦʙʭʽʜʥʦ ʚʠʪʨʘʪʠʪʠ ʙʽʣʴʰʝ 

ʪʝʧʣʘ (ʧʣʦʱʘ ʧʽʜ ʢʨʠʚʦʶ ʧʨʦʮʝʩʫ), ʥʽʞ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʦʙôʻʤʽ. 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1.9 ï ɯʟʦʭʦʨʥʠʡ ʪʘ ʟ̔ʦʙʘʨʥʠʡ ʧʨʦʮʝʩʠ ʚ Ts-ʜʽʘʛʨʘʤ ̔ 
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ɯʟʦʪʝʨʤʽʯʥʠʡ ʧʨʦʮʝʩ 

ɯʟʦʪʝʨʤʽʯʥʠʤ ʥʘʟʠʚʘʶʪʴ ʧʨʦʮʝʩ, ʱʦ ʧʨʦʪʽʢʘʻ ʧʨʠ ʧʦʩʪʽʡʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʊ=const. 

ɿʚ'ʷʟʦʢ ʤʽʞ ʧʦʯʘʪʢʦʚʠʤʠ ʽ ʢʽʥʮʝʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚʠʨʘʞʘʻʪʴʩʷ 

ʟʘʢʦʥʦʤ ɹʦʡʣʷ-ʄʘʨʽʦʪʪʘ: ʧʨʠ ʽʟʦʪʝʨʤʽʯʥʦʤʫ ʩʪʠʩʢʘʥʥʽ ʪʠʩʢ ʛʘʟʫ ʟʨʦʩʪʘʻ, 

ʘ ʧʨʠ ʨʦʟʰʠʨʝʥʥʽ ï ʟʥʠʞʫʻʪʴʩʷ: 
 

2

1

1

2

V

V

P

P
=    ʘʙʦ    ʈV = const.                           (1.74) 

 

ɻʨʘʬʽʢ ʽʟʦʪʝʨʤʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚ Pv-ʜʽʘʛʨʘʤʽ, ʷʢ ʧʦʢʘʟʫʻ ʡʦʛʦ 

ʨʽʚʥʷʥʥʷ, ʟʦʙʨʘʞʫʻʪʴʩʷ ʨʽʚʥʦʙʦʢʦʶ ʛʽʧʝʨʙʦʣʦʶ ï ʽʟʦʪʝʨʤʦʶ (ʨʠʩ. 1.10, ʘ). 

 

 

 

 

 

 

 

 

 

 

 ʘ  ʙ 

ʈʠʩʫʥʦʢ 1.10 ï ɯʟʦʪʝʨʤʽʯʥʠʡ ʧʨʦʮʝʩ ʟʤʽʥʠ ʩʪʘʥʫ ʛʘʟʫ ʚ  Pv- (ʘ) ʽ Ts- (ʙ) 

ʜʽʘʛʨʘʤʘʭ  
 

ʋ Ts-ʜʽʘʛʨʘʤʽ ʽʟʦʪʝʨʤʘ ʷʚʣʷʻ ʩʦʙʦʶ ʧʨʷʤʫ ʣʽʥʽʶ, ʷʢʘ ʧʘʨʘʣʝʣʴʥʘ ʦʩʽ 

ʘʙʩʮʠʩ (ʨʠʩ. 1.10, ʙ). ʇʨʦʮʝʩ ʨʦʟʰʠʨʝʥʥʷ 1ï2 ʚ Ts-ʜʽʘʛʨʘʤʽ ʟʦʙʨʘʞʫʻʪʴʩʷ 

ʧʨʷʤʦʶ ʣʽʥʽʻʶ, ʱʦ ʥʘʧʨʘʚʣʝʥʘ ʚʧʨʘʚʦ, ʦʩʢʽʣʴʢʠ ʨʦʟʰʠʨʝʥʥʷ ʛʘʟʫ ʧʨʠ 

ʧʦʩʪʽʡʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʤʦʞʣʠʚʝ ʣʠʰʝ ʧʨʠ ʧʽʜʚʦʜʽ ʪʝʧʣʦʪʠ ʜʦ ʛʘʟʫ. 

ɿʤʽʥʘ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ (1.48). ɺ 

ʽʟʦʪʝʨʤʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʚʦʥʘ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʪʦʤʫ ʱʦ ʊ=const ʽ ʚʽʜʧʦʚʽʜʥʦ 

DT=0. 

ʈʦʙʦʪʘ ʧʨʦʮʝʩʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ̔ ʟʘʛʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʜʣʷ ʨʦʙʦʪʠ 

(1.43). ɿʛʽʜʥʦ ʟ ʨʽʚʥʷʥʥʷʤ ʩʪʘʥʫ ʽʜʝʘʣʴʥʦʛʦ ʛʘʟʫ P=mRT/V. ɺʽʜʧʦʚʽʜʥʦ, 

ʨʦʙʦʪʫ ʽʟʦʪʝʨʤʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʟʘ ʨʽʚʥʷʥʥʷʤ 
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===ñ .                       (1.75) 

 

ɿʛʽʜʥʦ ʟ ʧʝʨʠhʤ ʟʘʢʦʥʦʤ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʪʝʧʣʦʪʘ, ʱʦ ʥʘʜʘʻʪʴʩʷ 

ʩʠʩʪʝʤʽ, ʡʜʝ ʥʘ ʟʙʽʣʴʰʝʥʥʷ ʾʾ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʪʘ ʥʘ ʟʜʽʡʩʥʝʥʥʷ ʢʦʨʠʩʥʦʾ 

ʨʦʙʦʪʠ. ʊʘʢ ʷʢ ʚ ʽʟʦʪʝʨʤʽʯʥʦʤʫ ʧʨʦʮʝʩʽ DU=0, ʪʝʧʣʦʪʘ ʜʦʨʽʚʥʶʻ ʨʦʙʦʪʽ 

ʧʨʦʮʝʩʫ Q=L. ɿ ʽʥʰʦʛʦ ʙʦʢʫ ʪʝʧʣʦʪʘ ʥʘ Ts-ʜʽʘʛʨʘʤʽ (ʨʠʩ 1.10, ʙ) ʜʦʨʽʚʥʶʻ 

ʧʣʦʱ̔ ʧʨʷʤʦʢʫʪʥʠʢʘ ʟ ʚʠʩʦʪʦʶ ʊ ʽ ʦʩʥʦʚʦʶ Ds, ʪʦʙʪʦ q=TDs, ʜʝ ʟʤʽʥʘ 

ʝʥʪʨʦʧʽʾ ʤʦʞʝ ʙʫʪʠ ʟʥʘʡʜʝʥʘ ʟ ʨʽʚʥʷʥʴ 
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ln mRS ==D .    (1.76) 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʱʝ ʦʜʥʝ ʨʽʚʥʷʥʥʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʪʠ 

ʽʟʦʪʝʨʤʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʥʘʩʪʫʧʥʠʤ ʰʣʷʭʦʤ: 
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P
ln mRT

V

V
ln mRTSTQ ===̈́ .                             (1.77) 

 

ɸʜʽʘʙʘʪʥʠʡ ʧʨʦʮʝʩ 

ɸʜʽʘʙʘʪʥʠʤ ʥʘʟʠʚʘʶʪʴ ʧʨʦʮʝʩ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʝʟ ʪʝʧʣʦʦʙʤʽʥʫ ʟ 

ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʪʦʙʪʦ Q=0. ɸʣʝ ʥʝ ʚʩʷʢʠʡ ʧʨʦʮʝʩ, ʜʣʷ ʷʢʦʛʦ 

Q=0, ʙʫʜʝ ʘʜʽʘʙʘʪʥʠʤ. ʄʦʞʣʠʚʽ ʧʨʦʮʝʩʠ, ʥʘ ʦʜʥʽʡ ʩʪʘʜʽʾ ʷʢʠʭ ʪʝʧʣʦʪʘ 

ʧʽʜʚʦʜʠʪʴʩʷ, ʘ ʥʘ ʜʨʫʛʽʡ ʚ ʪʘʢʽʡ ʞʝ ʢʽʣʴʢʦʩʪʽ ʚʽʜʚʦʜʠʪʴʩʷ. ʊʦʤʫ ʥʝʦʙʭʽʜʥʦʶ 

ʽ ʜʦʩʪʘʪʥʴʦʶ ʫʤʦʚʦʶ ʘʜʽʘʙʘʪʥʦʛʦ ʧʨʦʮʝʩʫ ʻ dq=0. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʚ ʪʘʢʦʤʫ 

ʧʨʦʮʝʩʽ ʥʝʤʘʻ ʪʝʧʣʦʦʙʤʽʥʫ. ʗʢʱʦ dq=0, ʪʦ ʟ ʨʽʚʥʷʥʥʷ (1.60) ʚʠʪʽʢʘʻ, ʱʦ 

ʜʣʷ ʦʙʦʨʦʪʥʠʭ ʧʨʦʮʝʩʽʚ Tds=0, ʪʦʙʪʦ ds=0 ʘʙʦ s=const. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʦʙʦʨʦʪʥʠʡ ʘʜʽʘʙʘʪʥʠʡ ʧʨʦʮʝʩ ʷʚʣʷʻʪʴʩʷ ʪʘʢʦʞ ʽʟʦʝʥʪʨʦʧʥʠʤ ʧʨʦʮʝʩʦʤ ʽ ʚ 

Ts-ʜʽʘʛʨʘʤʽ ʚʽʥ ʟʦʙʨʘʞʫʻʪʴʩʷ ʧʨʷʤʦʶ ʣʽʥʽʻʶ, ʷʢʘ ʧʘʨʘʣʝʣʴʥʘ ʚʽʩʽ 

ʪʝʤʧʝʨʘʪʫʨ (ʨʠʩ. 1.11, ʘ). 

ɼʣʷ ʟʜʽʡʩʥʝʥʥʷ ʘʜʽʘʙʘʪʥʦʛʦ ʧʨʦʮʝʩʫ, ʪʦʙʪʦ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚʠ dq=0, 

ʧʦʪʨʽʙʥʦ ʘʙʦ ʪʝʧʣʦʽʟʦʣʶʚʘʪʠ ʛʘʟ, ʘʙʦ ʧʨʦʚʝʩʪʠ ʧʨʦʮʝʩ ʥʘʩʪʽʣʴʢʠ ʰʚʠʜʢʦ, 

ʱʦʙ ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʟʫ, ʷʢʘ ʦʙʫʤʦʚʣʝʥʘ ʪʝʧʣʦʦʙʤʽʥʦʤ, ʙʫʣʘ 

ʟʥʝʚʘʞʣʠʚʦ ʤʘʣʦʶ ʫ ʧʦʨʽʚʥʷʥʥ ̔ʟʽ ʟʤʽʥʦʶ ʪʝʤʧʝʨʘʪʫʨʠ, ʷʢʘ ʦʙʫʤʦʚʣʝʥʘ 

ʨʦʟʰʠʨʝʥʥʷʤ ʯʠ ʩʪʠʩʢʘʥʥʷʤ ʛʘʟʫ. 

ɿʘʣʝʞʥʽʩʪʴ ʤʽʞ P ʽ v ʚ ʘʜʽʘʙʘʪʥʦʤʫ ʧʨʦʮʝʩʽ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʜ: 
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PV
k
 = const   ʘʙʦ  P1V1

k
 =P2 V2

k
,                           (1.78) 

 

ʜʝ k ï ʧʦʢʘʟʥʠʢ ʘʜʽʘʙʘʪʠ (ʜʠʚ. ʧʫʥʢʪ 1.1.4). 
 

 

 

 

 

 

 

 

 

 

 

 ʘ  ʙ 

ʈʠʩʫʥʦʢ 1.11 ï ɸʜʽʘʙʘʪʥʠʡ ʧʨʦʮʝʩ ʟʤʽʥʠ ʩʪʘʥʫ ʛʘʟʫ ʚ  Ts- (ʘ) ʽ Pv- (ʙ) 

ʜʽʘʛʨʘʤʘʭ  
 

ɻʨʘʬʽʢʦʤ ʘʜʽʘʙʘʪʥʦʛʦ ʧʨʦʮʝʩʫ ʚ Pv-ʜʽʘʛʨʘʤʽ ʻ ʣʦʛʘʨʠʬʤʽʯʥʘ ʢʨʠʚʘ 

1ï2 ʘʙʦ 1ï2ô ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʥʘʧʨʷʤʢʫ ʧʨʦʮʝʩʫ (ʨʠʩ. 1.11, ʙ). ʋ ʧʨʦʮʝʩʽ 

1ï2 ʦʙôʻʤ ʛʘʟʫ ʟʤʝʥʰʫʻʪʴʩʷ, ʘ ʪʠʩʢ ʟʨʦʩʪʘʻ, ʫ ʧʨʦʮʝʩʽ 1ï2ô ï ʥʘʚʧʘʢʠ. 

ʇʣʦʱʘ ʧʽʜ ʢʨʠʚʦʶ ʧʨʦʮʝʩʫ ʛʨʘʬʽʯʥʦ ʚʽʜʦʙʨʘʞʘʻ ʨʦʙʦʪʫ ʧʨʦʮʝʩʫ l. 

ʇʦʨʽʚʥʷʻʤʦ ʽʟʦʪʝʨʤʽʯʥʠʡ ʽ ʘʜʽʘʙʘʪʥʠʡ ʧʨʦʮʝʩʠ ʥʘ Pv-ʜʽʘʛʨʘʤʽ. ʅʘ 

ʨʠʩʫʥʢʫ 1.12 ʧʦʢʘʟʘʥʦ ʚʟʘʻʤʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʽʟʦʪʝʨʤʠ (PV=const) ʽ 

ʘʜʽʘʙʘʪʠ (PV
k
=const) ʨʦʟʰʠʨʝʥʥʷ, ʷʢʽ ʧʨʦʚʝʜʝʥʽ ʽʟ ʦʜʥʽʻʾ ʪʦʯʢʠ. ʇʦʢʘʟʥʠʢ 

ʘʜʽʘʙʘʪʠ k ʤʦʞʝ ʥʘʙʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʚʽʜ 1,33 ʜʦ 1,67, ʪʦʙʪʦ ʚʽʥ ʟʘʚʞʜʠ 

ʙʽʣʴʰʝ ʦʜʠʥʠʮʽ, ʪʦʤʫ ʘʜʽʘʙʘʪʘ ʟʘʚʞʜʠ ʙʫʜʝ ʢʨʫʪʽʰʝ, ʥʽʞ ʽʟʦʪʝʨʤʘ. 

ɺʽʜʧʦʚʽʜʥʦ, ʨʦʙʦʪʘ ʧʨʠ ʨʽʚʥʠʭ ʟʥʘʯʝʥʥʷʭ ʧʦʯʘʪʢʦʚʦʛʦ ʪʠʩʢʫ ʚ 

ʽʟʦʪʝʨʤʽʯʥʦʤʫ ʽ ʘʜʽʘʙʘʪʥʦʤʫ ʧʨʦʮʝʩʘʭ ʽ ʨʽʚʥʠʭ ʟʥʘʯʝʥʥʷʭ ʢʽʥʮʝʚʦʛʦ ʦʙôʻʤʫ 

ʙʫʜʝ ʟʘʚʞʜʠ ʙʽʣʴʰʝ ʚ ʽʟʦʪʝʨʤʽʯʥʦʤʫ ʧʨʦʮʝʩʽ. 

ɿ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʟʚ'ʷʟʢʫ ʤʽʞ ʦʩʥʦʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʘʜʽʘʙʘʪʥʦʛʦ 

ʧʨʦʮʝʩʫ ʚʠʨʽʰʠʤʦ ʩʧʽʣʴʥʦ ʨʽʚʥʷʥʥʷ ʂʣʘʧʝʡʨʦʥʘ (1.8) ʡ ʨʽʚʥʷʥʥʷ ʘʜʽʘʙʘʪʠ 

(1.78) ʜʣʷ ʧʦʯʘʪʢʦʚʦʛʦ ʽ ʢʽʥʮʝʚʦʛʦ ʩʪʘʥʽʚ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʦʜʝʨʞʠʤʦ: 
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ʈʦʙʦʪʫ ʨʦʟʰʠʨʝʥʥʷ ʚ ʘʜʽʘʙʘʪʥʦʤʫ ʧʨʦʮʝʩʽ ʤʦʞʥʘ ʟʥʘʡʪʠ ʟ ʨʽʚʥʷʥʥʷ 

ʧʝʨʰʦʛʦ ʟʘʢʦʥʫ ʪʝʨʤʦʜʠʥʘʤʽʢʠ (1.51) 
 

q=Du+l=0,     l=-Du=Cv(T1-T2),                           (1.80) 

 

ʘʙʦ 

( )2211
v vPvP

R

C
l -= .                                       (1.81) 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1.12 ï ɯʟʦʪʝʨʤʽʯʥʠʡ ʽ ʘʜʽʘʙʘʪʥʠʡ ʧʨʦʮʝʩʠ ʚ Pv-ʜʽʘʛʨʘʤ ̔ 
 

ʗʢʱʦ ʚʚʘʞʘʪʠ, ʱʦ ʪʝʧʣʦʻʤʥʽʩʪʴ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ, ʪʦ, 

ʚʨʘʭʦʚʫʶʯʠ ʨʽʚʥʷʥʥʷ (1.38), ʤʠ ʦʪʨʠʤʫʻʤʦ ʥʘʩʪʫʧʥʝ ʨʽʚʥʷʥʥʷ 
 

( )21 TT
1-k

R
l -=  ʘʙʦ ( )

1k

VPVP
TT

1-k

mR
L 2211

21
-

-
=-= .  (1.82) 

 

ʗʢʱʦ ʜʦʙʫʪʦʢ P1V1 ʚʠʥʝʩʪʠ ʟʘ ʜʫʞʢʠ, ʪʦ ʦʪʨʠʤʫʻʤʦ:  
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ʇʦʣʽʪʨʦʧʥʽ ʧʨʦʮʝʩʠ 

ʇʦʣʽʪʨʦʧʥʠʤʠ ʥʘʟʠʚʘʶʪʴ ʧʨʦʮʝʩʠ, ʚ ʷʢʠʭ ʪʝʧʣʦʻʤʥʽʩʪʴ ʤʘʻ ʙʫʜʴ-ʷʢʝ 

ʟʥʘʯʝʥʥʷ, ʘʣʝ ʚʦʥʦ ʧʦʩʪʽʡʥʝ ʧʨʦʪʷʛʦʤ ʚʩʴʦʛʦ ʧʨʦʮʝʩʫ. ʈʽʚʥʷʥʥʷ ʟʤʽʥʠ 

ʩʪʘʥʫ ʛʘʟʫ ʜʣʷ ʧʦʣʽʪʨʦʧʥʦʛʦ ʧʨʦʮʝʩʫ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʜ 
 

PV
n
=const,                                          (1.85) 

 

ʜʝ n ï ʧʦʢʘʟʥʠʢ ʧʦʣʽʪʨʦʧʠ, ʷʢʠʡ ʤʦʞʝ ʥʘʙʫʪʠ ʙʫʜʴ-ʷʢʦʛʦ ʟʥʘʯʝʥʥʷ 

ʚʽʜ ï Ð ʜʦ +Ð ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ 
 

vn

pn

C-C

C-C
n= ,                                                 (1.86) 

 

ʜʝ ʉn ï ʪʝʧʣʦʻʤʥʽʩʪʴ ʫ ʧʦʣʽʪʨʦʧʥʦʤʫ ʧʨʦʮʝʩʽ. 

ɿʚ'ʷʟʦʢ ʤʽʞ ʧʦʯʘʪʢʦʚʠʤʠ ʪʘ ʢʽʥʮʝʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʫ 

ʧʦʣʽʪʨʦʧʥʦʤʫ ʧʨʦʮʝʩ ̔ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ 
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ʈʦʙʦʪʫ ʧʦʣʽʪʨʦʧʥʦʛʦ ʧʨʦʮʝʩʫ ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ ʨʽʚʥʷʥʥʷʤ 
 

( )21 TT
1-n

R
l -=  ʘʙʦ ( )
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VPVP
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21
-

-
=-= .       (1.88) 

 

ɿʘ ʘʥʘʣʦʛʽʻ  ʁʟ ʨʽʚʥʷʥʥʷʤ (1.84) ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ 
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ʂʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ ʫ ʧʦʣʽʪʦʧʥʦʤʫ ʧʨʦʮʝʩʽ ʟʤʽʥʠ ʩʪʘʥʫ ʛʘʟʫ ʤʦʞʝ ʙʫʪʠ 

ʚʠʟʥʘʯʝʥʘ ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 
 

( )12n TTCq -=  ʘʙʦ ( )12v TT
1-n

k-n
mCQ -= ,               (1.90) 

 

ʜʝ ʉn ï ʪʝʧʣʦʻʤʥʽʩʪʴ ʫ ʧʦʣʽʪʨʦʧʥʦʤʫ ʧʨʦʮʝʩʽ, ʨʦʟʨʘʭʦʚʘʥʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʥʷ (1.86). 
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ɿʤʽʥʫ ʝʥʪʨʦʧʽʾ ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ ʨʽʚʥʷʥʥʷʤ 
 

1

2
n

T

T
lnCs=D  ʘʙʦ 

1

2
v

T

T
ln

1-n

k-n
mCS=D .                  (1.91) 

 

ʇʦʣʽʪʨʦʧʥʠʡ ʧʨʦʮʝʩ ʻ ʫʟʘʛʘʣʴʥʶʶʯʠʤ ʧʨʦʮʝʩʦʤ. ʈʦʟʛʣʷʥʝʤʦ ʚʩʽ 

ʧʦʧʝʨʝʜʥʽ ʧʨʦʮʝʩʠ ʷʢ ʦʢʨʝʤʽ ʚʠʧʘʜʢʠ ʧʦʣʽʪʨʦʧʥʦʛʦ ʧʨʦʮʝʩʫ PV
n
=const. 

ʊʝʧʣʦʻʤʥʽʩʪʴ ʫ ʢʦʞʥʦʤʫ ʚʠʧʘʜʢʫ ʨʦʟʨʘʭʦʚʫʻʤʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʥʷ 

(1.86), ʪʦʙʪʦ 
 

1-n

k-n
CC vn = .                                          (1.92) 

 

ɼʣʷ ʟ̔ʦʭʦʨʥʦʛʦ ʧʨʦʮʝʩʫ n= ÑÐ, Cn=Cv. ʅʘ Pv- ʽ Ts-ʜʽʘʛʨʘʤʘʭ ʮʝʡ 

ʧʨʦʮʝʩ ʧʦʟʥʘʯʝʥʦ ʣʽʥʽʷʤʠ n= ÑÐ (ʨʠʩ. 1.13). 

ɼʣʷ ʟ̔ʦʙʘʨʥʦʛʦ ʧʨʦʮʝʩʫ n=0, Cn=kCv=Cp. ʅʘ Pv- ʽ Ts-ʜʽʘʛʨʘʤʘʭ ʮʝʡ 

ʧʨʦʮʝʩ ʧʦʟʥʘʯʝʥʦ ʣʽʥʽʷʤʠ n=0 (ʨʠʩ. 1.13). 

ɼʣ ̫ ʟ̔ʦʪʝʨʤʽʯʥʦʛʦ ʧʨʦʮʝʩʫ n=1, Cn=Ð. ʅʘ Pv- ʽ Ts-ʜʽʘʛʨʘʤʘʭ ʮʝʡ 

ʧʨʦʮʝʩ ʧʦʟʥʘʯʝʥʦ ʣʽʥʽʷʤʠ n=1 (ʨʠʩ. 1.13). 

ɼʣʷ ʘʜʽʘʙʘʪʥʦʛʦ ʧʨʦʮʝʩʫ n=k, Cn=0. ʅʘ Pv- ʽ Ts-ʜʽʘʛʨʘʤʘʭ ʮʝʡ 

ʧʨʦʮʝʩ ʧʦʟʥʘʯʝʥʦ ʣʽʥʽʷʤʠ n=k (ʨʠʩ. 1.13). 

 

 

 

 

 

 

 

 

 

 

 ʘ ʙ 

ʈʠʩʫʥʦʢ 1.13 ï ɻʨʘʬʽʢʠ  ʧʨʦʮʝʩʽʚ ʟʤʽʥʠ ʩʪʘʥʫ ʛʘʟʫ ʚ Pv- (ʘ) ʽ Ts- (ʙ) 

ʜʽʘʛʨʘʤʘʭ  
 

ʆʢʨʝʤʦ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ ʧʨʦʮʝʩʠ, ʚ ʷʢʠʭ 1<n<k. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʟʥʘʢʠ ʯʠʩʝʣʴʥʠʢʘ ʽ ʟʥʘʤʝʥʥʠʢʘ ʚ ʨʽʚʥʷʥʥʽ (1.92) ʙʫʜʫʪʴ ʨʽʟʥʠʤʠ ʽ 

ʪʝʧʣʦʻʤʥʽʩʪʴ Cn ʩʪʘʥʝ ʥʝʛʘʪʠʚʥʦʶ, ʘʣʝ ʪʘʢ ʷʢ ʩ=dq/dT, ʪʦ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ 
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dq ʽ dT ʤʘʶʪʴ ʨʽʟʥʽ ʟʥʘʢʠ. ʇʨʠ ʮʴʦʤʫ ʤʦʞʣʠʚʽ ʜʚʘ ʚʠʧʘʜʢʠ: 

1) dq>0, ʪʦʙʪʦ ʛʘʟʫ ʜʦʜʘʻʪʴʩʷ ʪʝʧʣʦʪʘ, ʘ dT<0, ʱʦ ʦʟʥʘʯʘʻ, ʱʦ 

ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʫ ʟʥʠʞʫʻʪʴʩʷ; 

2) dq<0, ʪʦʙʪʦ ʪʝʧʣʦʪʘ ʚʽʜʚʦʜʠʪʴʩʷ ʚʽʜ ʛʘʟʫ, ʘ dT>0, ʱʦ ʦʟʥʘʯʘʻ, ʱʦ 

ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʫ ʟʙʽʣʴʰʫʻʪʴʩʷ. 

ʅʘ ʧʝʨʰʠʡ ʧʦʛʣʷʜ ʮʽ ʦʙʠʜʚʘ ʚʠʧʘʜʢʠ ʻ ʥʝʟʚʠʯʘʡʥʠʤʠ, ʘʣʝ ʚʦʥʠ ʣʝʛʢʦ 

ʧʦʷʩʥʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʥʷ ʧʝʨʰʦʛʦ ʟʘʢʦʥʫ ʪʝʨʤʦʜʠʥʘʤʽʢʠ 

(1.51): ʪʝʧʣʦʻʤʥʽʩʪʴ ʙʫʜʝ ʥʝʛʘʪʠʚʥʦʶ ʜʣʷ ʪʠʭ ʧʨʦʮʝʩʽʚ, ʚ ʷʢʠʭ l>q (ʟʘ 

ʘʙʩʦʣʶʪʥʦ  ʁʚʝʣʠʯʠʥʦ )ʁ.  

ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ dq>0, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʛʘʟʫ ʧʽʜʚʦʜʠʪʴʩʷ ʪʝʧʣʦʪʘ q, 

ʘ ʟʦʚʥʽʰʥʷ ʨʦʙʦʪʘ, ʷʢʫ ʚʠʢʦʥʫʻ ʛʘʟ, ʚʠʷʚʣʷʻʪʴʩʷ ʙʽʣʴʰʘ ʟʘ q, ʪʦʜʽ, 

ʚʦʯʝʚʠʜʴ, ʯʘʩʪʠʥʘ ʨʦʙʦʪʠ (lïq) ʙʫʜʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ 

ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ, ʚʽʜʧʦʚʽʜʥʦ, ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʫ ʙʫʜʝ ʟʤʝʥʰʫʚʘʪʠʩʷ.  

ʋ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ dq<0, ʪʦʙʪʦ ʧʨʠ ʩʪʠʩʥʝʥʥʽ ʛʘʟʫ, ʨʦʙʦʪʘ l 

ʧʝʨʝʭʦʜʠʪʴ ʫ ʝʢʚʽʚʘʣʝʥʪʥʫ ʾʡ ʪʝʧʣʦʪʫ, ʘ ʪʘʢ ʷʢ ʚʽʜ ʛʘʟʫ ʚʽʜʚʦʜʠʪʴʩʷ 

ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ q<l, ʪʦ ʟʘʣʠʰʦʢ ʨʦʙʦʪʠ (lïq) ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʟʙʽʣʴʰʝʥʥʷ 

ʡʦʛʦ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʚʽʜʧʦʚʽʜʥʦ, ʟʙʽʣʴʰʫʻʪʴʩʷ dT>0. 

 

 

1.2.8 ʇʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʶ 
 

1 ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʨʽʚʥʦʚʘʞʥʽ ʽ ʥʝʨʽʚʥʦʚʘʞʥʽ, ʦʙʦʨʦʪʥʽ ʽ 

ʥʝʦʙʦʨʦʪʥʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʧʨʦʮʝʩʠ. 

2 ʗʢʠʤ ʯʠʥʦʤ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʨʦʙʦʪʫ ʨʦʟʰʠʨʝʥʥʷ? 

3 ʗʢʠʤ ʯʠʥʦʤ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʨʦʙʦʪʫ ʟʘ ʜʦʧʦʤʦʛʦʶ PV-

ʜʽʘʛʨʘʤʠ ʧʨʦʮʝʩʫ? 

4 ʑʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʥʫʪʨʽʰʥʷ ʝʥʝʨʛʽʷ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʽ ʷʢ ʾʾ ʤʦʞʥʘ 

ʨʦʟʨʘʭʫʚʘʪʠ? 

5 ɺʽʜ ʷʢʠʭ ʧʘʨʘʤʝʪʨʽʚ ʛʘʟʫ ʟʘʣʝʞʠʪʴ ʡʦʛʦ ʚʥʫʪʨʽʰʥʷ ʝʥʝʨʛʽʷ? 

6 ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʩʫʪʥʽʩʪʴ 1-ʛʦ ʟʘʢʦʥʫ ʪʝʨʤʦʜʠʥʘʤʽʢʠ? 

7 ʑʦ ʪʘʢʝ ʝʥʪʘʣʴʧʽʷ? 

8 ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʬʽʟʠʯʥʘ ʩʫʪʥʽʩʪʴ ʝʥʪʘʣʴʧʽʾ? 

9 ʑʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʝʥʪʨʦʧʽʷ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʽ ʷʢʠʤ ʯʠʥʦʤ ʾʾ ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ?  

10 ɺʢʘʞʽʪʴ ʚʣʘʩʪʠʚʦʩʪʽ Ts-ʜʽʘʛʨʘʤʠ. 

11 ʑʦ ʟʦʙʨʘʞʫʻ ʧʣʦʱʘ ʧʽʜ ʢʨʠʚʦʶ ʧʨʦʮʝʩʫ ʥʘ Ts-ʜʽʘʛʨʘʤʽ? 
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12 ʗʢ ʛʨʘʬʽʯʥʦ ʟʦʙʨʘʞʫʻʪʴʩʷ ʥʘ Pv-ʜʽʘʛʨʘʤʽ ʽʟʦʭʦʨʘ, ʽʟʦʙʘʨʘ, 

ʽʟʦʪʝʨʤʘ ʪʘ ʘʜʽʘʙʘʪʘ? 

13 ɺʢʘʞʽʪʴ ʦʩʥʦʚʥʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʧʨʦʮʝʩʠ. 

14 ʋ ʯʦʤʫ ʧʦʣʷʛʘʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʽʟʦʭʦʨʥʦʛʦ ʪʘ ̔ʟʦʙʘʨʥʦʛʦ 

ʧʨʦʮʝʩʽʚ? ʇʦʨʽʚʥʷʡʪʝ ʮʽ ʧʨʦʮʝʩʠ ʥʘ Ts-ʜʽʘʛʨʘʤʽ. 

15 ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʽʟʦʪʝʨʤʽʯʥʠʡ ʧʨʦʮʝʩ. 

16 ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʦʩʦʙʣʠʚʽʩʪʴ ʘʜʽʘʙʘʪʥʦʛʦ ʧʨʦʮʝʩʫ?  

17 ʇʦʨʽʚʥʷʻʪʝ ʽʟʦʪʝʨʤʽʯʥʠʡ ʪʘ ʘʜʽʘʙʘʪʥʠʡ ʧʨʦʮʝʩʠ ʥʘ Pv-ʜʽʘʛʨʘʤʽ. 

18 ʇʦʢʘʞʽʪʴ ʥʘ Pv- ʪʘ Ts-ʜʽʘʛʨʘʤʘʭ ʫʟʘʛʘʣʴʥʶʶʯʝ ʟʥʘʯʝʥʥʷ ʧʦʣ-̔

ʪʨʦʧʥʦʛʦ ʧʨʦʮʝʩʫ. 

 

 

1.3 ɼʨʫʛʠʡ ʟʘʢʦʥ ʪʝʨʤʦʜʠʥʘʤʽʢʠ 
 

1.3.1 ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʜʨʫʛʦʛʦ ʟʘʢʦʥʫ ʪʝʨʤʦʜʠʥʘʤʽʢʠ 
 

ʇʝʨʠhʡ ʟʘʢʦʥ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʚʩʪʘʥʦʚʣʶʻ ʝʢʚʽʚʘʣʝʥʪʥʽʩʪʴ ʨʽʟʥʠʭ 

ʬʦʨʤ ʝʥʝʨʛʽʾ, ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʟʤʽʥʦʶ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʩʠʩʪʝʤʠ, 

ʢʽʣʴʢʽʩʪʶ ʧʽʜʚʝʜʝʥʦʾ ʪʝʧʣʦʪʠ ʽ ʨʦʙʦʪʦʶ ʧʨʦʮʝʩʫ, ʘʣʝ ʚʽʥ ʥʝ ʜʦʟʚʦʣʷʻ 

ʚʠʨʽʰʠʪʠ ʧʠʪʘʥʥʷ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʪʽʢʘʥʥʷ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʧʨʦʮʝʩʫ, 

ʥʘʧʨʘʚʣʝʥʥʷ ʡʦʛʦ ʨʦʟʚʠʪʢʫ ʽ ʛʣʠʙʠʥʠ ʧʨʦʪʽʢʘʥʥʷ. 

ʉʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʷʚʠʱʘʤʠ ʧʨʠʨʦʜʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʨʦʙʦʪʠ ʥʘ ʪʝʧʣʦʪʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʮʽʣʢʦʤ ʽ ʙʝʟʫʤʦʚʥʦ. ɿʚʦʨʦʪʥʡ̔ ʧʨʦʮʝʩ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʝʧʣʦʪʠ ʥʘ ʨʦʙʦʪʫ ʧʨʠ ʙʝʟʫʧʠʥʥʦʤʫ ʾʾ ʧʝʨʝʭʦʜʽ ʤʦʞʣʠʚʠʡ 

ʪʽʣʴʢʠ ʟʘ ʧʝʚʥʠʭ ʫʤʦʚ ʽ ʚʩʷ ʪʝʧʣʦʪʘ ʮʽʣʢʦʤ ʥʝ ʤʦʞʝ ʧʝʨʝʪʚʦʨʠʪʠʩʷ ʥʘ 

ʨʦʙʦʪʫ. ʊʝʧʣʦʪʘ ʩʘʤʘ ʩʦʙʦʶ ʤʦʞʝ ʧʝʨʝʭʦʜʠʪʠ ʚʽʜ ʙʽʣʴʰ ʥʘʛʨʽʪʠʭ ʪʽʣ ʜʦ 

ʭʦʣʦʜʥʠʭ, ʘʣʝ ʧʝʨʝʭʽʜ ʪʝʧʣʦʪʠ ʚʽʜ ʭʦʣʦʜʥʠʭ ʪʽʣ ʜʦ ʥʘʛʨʽʪʠʭ ʩʘʤ ʩʦʙʦʶ ʥʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ. ɼʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʟʘʪʨʘʪʠʪʠ ʜʦʜʘʪʢʦʚʫ ʝʥʝʨʛʽʶ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʧʦʚʥʦʛʦ ʘʥʘʣʽʟʫ ʷʚʠʱ ʽ ʧʨʦʮʝʩʽʚ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ 

ʢʨʽʤ ʧʝʨʰʦʛʦ ʟʘʢʦʥʫ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʱʝ ʦʜʥʫ ʜʦʜʘʪʢʦʚʫ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ, 

ʷʢʦʶ ʽ ʻ ʜʨʫʛʠʡ ʟʘʢʦʥ ʪʝʨʤʦʜʠʥʘʤʽʢʠ. ɺʽʥ ʚʩʪʘʥʦʚʣʶʻ, ʤʦʞʣʠʚʠʡ ʯʠ 

ʥʝʤʦʞʣʠʚʠʡ ʪʦʡ ʯʠ ʽʥʰʠʡ ʧʨʦʮʝʩ, ʫ ʷʢʦʤʫ ʥʘʧʨʷʤʢʫ ʧʨʦʪʽʢʘʻ ʧʨʦʮʝʩ, ʢʦʣʠ 

ʜʦʩʷʛʘʻʪʴʩʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʘ ʨʽʚʥʦʚʘʛʘ, ʽ ʧʨʠ ʷʢʠʭ ʫʤʦʚʘʭ ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ 

ʤʘʢʩʠʤʘʣʴʥʫ ʨʦʙʦʪʫ. 

ɺʧʝʨʰʝ ʩʫʪʥʽʩʪʴ ʜʨʫʛʦʛʦ ʟʘʢʦʥʫ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʚʠʨʘʟʠʚ 

ʬʨʘʥʮʫʟʴʢʠʡ ʽʥʞʝʥʝʨ ʽ ʚʯʝʥʠʡ ʉʘʜʽ ʂʘʨʥʦ ʫ 1824 ʨʦʮʽ. ʁʦʛʦ 

ʬʦʨʤʫʣʶʚʘʥʥʷ ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʫʤʦʚʠ, ʧʨʠ ʷʢʠʭ ʚ ʪʝʧʣʦʚʠʭ ʜʚʠʛʫʥʘʭ 



 44 

ʤʦʞʣʠʚʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʝʧʣʦʪʠ ʥʘ ʨʦʙʦʪʫ, ʧʦʢʘʟʫʚʘʣʠ, ʚʽʜ ʯʦʛʦ ʟʘʣʝʞʠʪʴ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʮʴʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ. 

ʋ 1850 ʨʦʮʽ ʥʽʤʝʮʴʢʠʡ ʬʽʟʠʢ ʈ. ʂʣʘʫʟʽʫʩ ʜʘʚ ʧʝʨʰʝ ʟʘʛʘʣʴʥʝ 

ʬʦʨʤʫʣʶʚʘʥʥʷ ʜʨʫʛʦʛʦ ʟʘʢʦʥʫ ʪʝʨʤʦʜʠʥʘʤʽʢʠ: çʊʝʧʣʦʪʘ ʥʝ ʤʦʞʝ 

ʩʘʤʦʚʽʣʴʥʦ ʧʝʨʝʭʦʜʠʪʠ ʚʽʜ ʙʽʣʴʰ ʭʦʣʦʜʥʦʛʦ ʪʽʣʘ ʜʦ ʙʽʣʴʰ ʥʘʛʨʽʪʦʛʦè. 

ɻʣʠʙʦʢʝ ʚʠʚʯʝʥʥʷ ʩʘʤʦʚʽʣʴʥʠʭ ʧʨʦʮʝʩʽʚ (ʜʠʬʫʟʽʷ, ʨʦʟʯʠʥʝʥʥʷ) 

ʧʦʢʘʟʫʻ, ʱʦ ʚʩʽ ʚʦʥʠ ʷʚʣʷʶʪʴʩʷ ʥʝʦʙʦʨʦʪʥʠʤʠ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʚ ʥʘʡʙʽʣʴʰ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʜʽ ʩʬʦʨʤʫʣʶʚʘʪʠ ʜʨʫʛʠʡ ʟʘʢʦʥ ʪʝʨʤʦʜʠʥʘʤʽʢʠ: çɹʫʜʴ-ʷʢʠʡ 

ʨʝʘʣʴʥʠʡ ʩʘʤʦʚʽʣʴʥʠʡ ʧʨʦʮʝʩ ʻ ʥʝʦʙʦʨʦʪʥʠʤè. 

ʋʩʽ ʨʦʙʦʯʽ ʬʦʨʤʫʣʶʚʘʥʥʷ ʜʨʫʛʦʛʦ ʟʘʢʦʥʫ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʷʚʣʷʶʪʴʩʷ 

ʦʢʨʝʤʠʤʠ ʚʠʧʘʜʢʘʤʠ ʮʴʦʛʦ ʥʘʡʙʽʣʴʰ ʟʘʛʘʣʴʥʦʛʦ ʬʦʨʤʫʣʶʚʘʥʥʷ. 

ʥʘʧʨʠʢʣʘʜ: 

1) ʪʝʧʣʦʪʘ, ʷʢʫ ʦʜʝʨʞʘʚ ʪʝʧʣʦʧʨʠʡʤʘʯ, ʥʝ ʚʩʷ ʤʦʞʝ ʙʫʪʠ 

ʧʝʨʝʪʚʦʨʝʥʘ ʥʘ ʨʦʙʦʪʫ, ʘ ʪʽʣʴʢʠ ʾʾ ʯʘʩʪʠʥʘ (ʈ. ʂʣʘʫʟʽʫʩ); 

2) ʥʝʤʦʞʣʠʚʦ ʟʙʫʜʫʚʘʪʠ ʧʝʨʽʦʜʠʯʥʦ ʜʽʶʯʫ ʤʘʰʠʥʫ, ʚʩʽ ʜʽʾ ʷʢʦʾ 

ʟʚʦʜʠʣʠʩʷ ʜʦ ʧʽʜʥʷʪʪʷ ʜʝʷʢʦʛʦ ʚʘʥʪʘʞʫ ʽ ʦʭʦʣʦʜʞʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʜʞʝʨʝʣʘ 

(ʄ. ʇʣʘʥʢ); 

3) ʪʘʤ, ʜʝ ʻ ʨʽʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨ, ʤʦʞʣʠʚʝ ʟʜʽʡʩʥʝʥʥʷ ʨʦʙʦʪʠ  

(ʉ. ʂʘʨʥʦ); 

4) ʚ̔ ʯʥʠʡ ʜʚʠʛʫʥ ʜʨʫʛʦʛʦ ʨʦʜʫ ʥʝʤʦʞʣʠʚʠʡ (ɺ. ʆʩʚʘʣʴʜ). 

ɼʣʷ ʽʩʥʫʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʜʚʠʛʫʥʘ ʥʝʦʙʭʽʜʥʽ 2 ʜʞʝʨʝʣʘ ï ʛʘʨʷʯʝ 

ʜʞʝʨʝʣʦ ʽ ʭʦʣʦʜʥʝ ʜʞʝʨʝʣʦ (ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ). ʗʢʱʦ ʪʝʧʣʦʚʠʡ 

ʜʚʠʛʫʥ ʧʨʘʮʶʻ ʪʽʣʴʢʠ ʚʽʜ ʦʜʥʦʛʦ ʜʞʝʨʝʣʘ, ʪʦʙʪʦ ʮʽʣʢʦʤ ʧʝʨʝʪʚʦʨʶʻ ʥʘ 

ʨʦʙʦʪʫ ʚʩʶ ʪʝʧʣʦʪʫ, ʷʢʫ ʦʪʨʠʤʫʻ ʚʽʜ ʛʘʨʷʯʦʛʦ ʜʞʝʨʝʣʘ, ʪʦ ʚʽʥ ʥʘʟʠʚʘʻʪʴʩʷ 

ʚʽʯʥʠʤ ʜʚʠʛʫʥʦʤ ʜʨʫʛʦʛʦ ʨʦʜʫ. ɺʽʯʥʠʡ ʜʚʠʛʫʥ ʧʝʨʰʦʛʦ ʨʦʜʫ ï ʮʝ ʪʝʧʣʦʚʠʡ 

ʜʚʠʛʫʥ, ʚ ʷʢʦʛʦ ʨʦʙʦʪʘ ʙʽʣʴʰʝ, ʥʽʞ ʧʽʜʚʝʜʝʥʘ ʪʝʧʣʦʪʘ (L>Q1).  

ʇʝʨʰʠʡ ʟʘʢʦʥ ʪʝʨʤʦʜʠʥʘʤʽʢʠ çʜʘ̒è ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʠʪʠ ʪʝʧʣʦʚʠʡ 

ʜʚʠʛʫʥ, ʷʢʠʡ ʮʽʣʢʦʤ ʧʝʨʝʪʚʦʨʶ ̒ʧʽʜʚʝʜʝʥʫ ʪʝʧʣʦʪʫ ʥʘ ʨʦʙʦʪʫ, ʪʦʙʪʦ L=Q1. 

ɼʨʫʛʠʡ ʟʘʢʦʥ ʥʘʢʣʘʜʘʻ ʙʽʣʴʰ ʪʚʝʨʜʽ ʦʙʤʝʞʝʥʥʷ ʽ ʩʪʚʝʨʜʞʫʻ, ʱʦ ʨʦʙʦʪʘ 

ʧʦʚʠʥʥʘ ʙʫʪʠ ʤʝʥʰʝ ʧʽʜʚʝʜʝʥʦʾ ʪʝʧʣʦʪʠ (L<Q1) ʥʘ ʚʝʣʠʯʠʥʫ ʚʽʜʚʝʜʝʥʦʾ 

ʪʝʧʣʦʪʠ ï Q2, ʪʦʙʪʦ L = Q1 ï Q2. ɺʽʯʥʠʡ ʜʚʠʛʫʥ ʜʨʫʛʦʛʦ ʨʦʜʫ ʤʦʞʥʘ 

ʟʜʽʡʩʥʠʪʠ, ʷʢʱʦ ʪʝʧʣʦʪʫ Q2 ʧʝʨʝʜʘʚʘʪʠ ʚʽʜ ʭʦʣʦʜʥʦʛʦ ʜʞʝʨʝʣʘ ʜʦ 

ʛʘʨʷʯʦʛʦ. ɸʣʝ ʜʣʷ ʮʴʦʛʦ ʪʝʧʣʦʪʘ ʩʘʤʦʚʽʣʴʥʦ ʧʦʚʠʥʥʘ ʧʝʨʝʡʪʠ ʚʽʜ 

ʭʦʣʦʜʥʦʛʦ ʪʽʣʘ ʜʦ ʛʘʨʷʯʦʛʦ, ʱʦ ʥʝʤʦʞʣʠʚʦ.  

ʋʩʽ ʬʦʨʤʫʣʶʚʘʥʥʷ ʜʨʫʛʦʛʦ ʟʘʢʦʥʫ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʚʟʘʻʤʦʟʘʣʝʞʥʽ, ʟ 

ʦʜʥʦʛʦ ʬʦʨʤʫʣʶʚʘʥʥʷ ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ ʽʥʰʝ. 
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1.3.2 ʂʨʫʛʦʚʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʧʨʦʮʝʩʠ 
 

ʈʦʟʛʣʷʥʝʤʦ ʨʦʙʦʪʫ ʪʝʧʣʦʚʦʛʦ ʧʦʨʰʥʝʚʦʛʦ ʜʚʠʛʫʥʘ. ʋ ʮʠʣʽʥʜʨʽ ʟ 

ʨʫʭʣʠʚʠʤ ʧʦʨʰʥʝʤ ʟʥʘʭʦʜʠʪʴʩʷ ʨʦʙʦʯʝ ʪʽʣʦ ï ʛʘʟ. ɺʽʜ ʜʞʝʨʝʣʘ ʪʝʧʣʘ, ʱʦ 

ʤʘʻ ʪʝʤʧʝʨʘʪʫʨʫ ʊ1 ʚʠʱʝ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʮʝ 

ʜʞʝʨʝʣʦ ʥʘʟʠʚʘʶʪʴ ʚʝʨʭʥʽʤ, ʛʘʨʷʯʠʤ ʜʞʝʨʝʣʦʤ ʘʙʦ ʥʘʛʨʽʚʘʯʝʤ), ʜʦ 

ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʧʽʜʚʦʜʠʪʴʩʷ ʪʝʧʣʦ, ʧʨʠ ʮʴʦʤʫ ʨʦʙʦʯʝ ʪʽʣʦ ʨʦʟʰʠʨʶʻʪʴʩʷ ʽ 

ʧʝʨʝʙʦʨʶʻ ʩʠʣʫ, ʧʨʠʢʣʘʜʝʥʫ ʜʦ ʧʦʨʰʥʷ; ʦʪʞʝ, ʨʦʙʦʯʝ ʪʽʣʦ ʨʦʙʠʪʴ ʨʦʙʦʪʫ 

ʜʣʷ ʥʘʜʘʥʥʷ ʨʫʭʫ ʤʝʭʘʥʽʟʤʘʤ, ʤʘʰʠʥʘʤ ʯʠ ʝʣʝʢʪʨʠʯʥʦʤʫ ʛʝʥʝʨʘʪʦʨʫ, ʷʢʽ 

ʟ'ʻʜʥʘʥ ̔ʟ ʧʦʨʰʥʝʤ. ʈʦʟʛʣʷʥʝʤʦ ʮʝʡ ʧʨʦʮʝʩ ʥʘ Pv-ʜʽʘʛʨʘʤʽ (ʨʠʩ. 1.14). 

ɿʦʙʨʘʟʠʤʦ ʧʨʦʮʝʩ ʨʦʟʰʠʨʝʥʥʷ ʛʘʟʫ ʫ ʚʠʛʣʷʜʽ ʢʨʠʚʦ ʾ 1ï3ï2, ʪʦʜʽ 

ʧʣʦʘɦ ʙʘʛʘʪʦʢʫʪʥʠʢʘ 1ï3ï2ï5ï4 ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ ʨʦʙʦʪ ̔ʨʦʟʰʠʨʝʥʥʷ l1. 

ɿ ʧʝʨʝʭʦʜʦʤ ʧʦʨʰʥʷ ʫ ʢʨʘʡʥʻ ʧʦʣʦʞʝʥʥʷ ʨʦʟʰʠʨʝʥʥʷ ʟʘʢʽʥʯʫʻʪʴʩʷ. ʑʦʙ 

ʜʚʠʛʫʥ ʧʨʦʜʦʚʞʠʚ ʨʦʙʦʪʫ, ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʧʦʨʰʝʥʴ ʧʦʚʝʨʥʫʚʩʷ ʚ 

ʧʦʯʘʪʢʦʚʝ ʧʦʣʦʞʝʥʥʷ, ʘ ʛʘʟ ï ʫ ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ. ɼʣʷ ʮʴʦʛʦ ʧʨʠ ʟʚʦʨʦʪʥʦʤʫ 

ʭʦʜʽ ʧʦʨʰʥʷ ʛʘʟ ʫ ʮʠʣʽʥʜʨʽ ʧʦʪʨʽʙʥʦ ʩʪʠʩʥʫʪʠ, ʪʦʙʪʦ ʥʘʜ ʥʠʤ ʧʦʪʨʽʙʥʦ 

ʟʨʦʙʠʪʠ ʨʦʙʦʪʫ l2. ɼʣʷ ʮʴʦʛʦ ʢʨʽʤ ʜʞʝʨʝʣʘ ʪʝʧʣʘ T1 ʧʦʪʨʽʙʥʦ ʤʘʪʠ ʱʝ ʦʜʥʝ 

ʜʞʝʨʝʣʦ ʪʝʧʣʘ T2, ʷʢʦʤʫ ʨʦʙʦʯʝ ʪʽʣʦ ʤʦʛʣʦ ʙ ʚʽʜʜʘʚʘʪʠ ʪʝʧʣʦ. ʎʝ ʜʨʫʛʝ 

ʜʞʝʨʝʣʦ ʪʝʧʣʘ ʥʘʟʠʚʘʶʪʴ ʥʠʞʯʠʤ ʘʙʦ ʭʦʣʦʜʥʠʤ ʜʞʝʨʝʣʦʤ, ʘ ʪʘʢʦʞ 

ʭʦʣʦʜʠʣʴʥʠʢʦʤ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʽʩʣʷ ʧʦʚʝʨʥʝʥʥʷ ʧʦʨʰʥʷ ʚ ʧʦʯʘʪʢʦʚʝ 

ʧʦʣʦʞʝʥʥʷ, ʘ ʛʘʟʫ ʚ ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʨʫʛʦʚʠʡ ʧʨʦʮʝʩ 

ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ; ʽʥʘʢʰʝ ʡʦʛʦ ʥʘʟʠʚʘʶʪʴ ʮʠʢʣʦʤ. 

 

 

 

 

 

 

 

 

 

 
 

ʈʠʩʫʥʦʢ 1.14 ï ʂʨʫʛʦʚʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʧʨʦʮʝʩʠ 
 

ʂʨʫʛʦʚʠʡ ʧʨʦʮʝʩ ʤʦʞʝ ʧʦʚʪʦʨʶʚʘʪʠʩʷ ʽ ʧʨʦʜʦʚʞʫʚʘʪʠʩʷ ʥʘʩʪʽʣʴʢʠ 

ʜʦʚʛʦ, ʥʘʩʢʽʣʴʢʠ ʧʦʪʨʽʙʥʦ. ʊʘʢʠʡ ʜʚʠʛʫʥ, ʱʦ ʧʨʘʮʶʻ ʟʘ ʦʧʠʩʘʥʠʤʠ 

ʢʨʫʛʦʚʠʤʠ ʧʨʦʮʝʩʘʤʠ ï ʧʝʨʽʦʜʘʤʠ, ʥʘʟʠʚʘʻʪʴʩʷ ʧʝʨʽʦʜʠʯʥʦ ʜʽʶʯʠʤ. 
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ʍʘʨʘʢʪʝʨʥʠʤ ʫ ʨʦʙʦʪʽ ʪʘʢʦʛʦ ʜʚʠʛʫʥʘ ʚʠʷʚʣʷʻʪʴʩʷ ʪʝ, ʱʦ ʥʘ ʜʝʷʢʽʡ ʯʘʩʪʠʥʽ 

ʟʤʽʥ ʩʪʘʥʫ ʨʦʙʦʯʦʛʦ ʪʽʣʘ (ʮʠʢʣʫ) ʜʦ ʥʴʦʛʦ ʚʽʜ ʛʘʨʷʯʦʛʦ ʜʞʝʨʝʣʘ 

ʧʽʜʚʦʜʠʪʴʩʷ ʜʝʷʢʘ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ q1, ʘ ʥʘ ʽʥʰʽʡ ʯʘʩʪʠʥʽ ʜʝʷʢʘ ʢʽʣʴʢʽʩʪʴ 

ʪʝʧʣʦʪʠ q2 ʚ̔ ʜʚʦʜʠʪʴʩʷ ʜʦ ʭʦʣʦʜʥʦʛʦ ʜʞʝʨʝʣʘ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʘʛʘʣʴʥʘ ʨʦʙʦʪʘ ʮʠʢʣʫ, ʷʢʫ ʥʘʟʠʚʘʶʪʴ ʢʦʨʠʩʥʦʶ, 

ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ ʨʽʟʥʠʮʽ ʨʦʙʽʪ l1 ʪʘ l2 (l=l1 ï l2), ʘ ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ 

ʪʝʧʣʦʪʠ ʮʠʢʣʫ, ʷʢʫ ʥʘʟʠʚʘʶʪʴ ʢʦʨʠʩʥʦʶ ʪʝʧʣʦʪʦʶ, ï ʨʽʟʥʠʮʽ ʪʝʧʣʦʪʠ q1 ʪʘ 

q2 (q=q1 ï q2). 

ʇʦʚʝʨʥʝʥʥʷ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʫ ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ ʤʦʞʣʠʚʦ ʪʨʴʦʤʘ 

ʰʣʷʭʘʤʠ: 

1) ʧʨʦʮʝʩ ʩʪʠʩʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʣʽʥʽʻ  ʁ2ï3ï1. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʨʦʙʦʪʘ ʩʪʠʩʢʫ ʜʦʨʽʚʥʶʻ ʨʦʙʦʪʽ ʨʦʟʰʠʨʝʥʥʷ (l2=l1), ʪʦʙʪʦ ʤʠ ʥʝ ʦʜʝʨʞʫʤ̒ʦ 

ʢʦʨʠʩʥʦʾ ʨʦʙʦʪʠ, ʟʘʛʘʣʴʥʘ ʨʦʙʦʪʘ ʮʠʢʣʫ ʜʦʨʽʚʥʶʻ ʥʫʣʶ; 

2) ʧʨʦʮʝʩ ʩʪʠʩʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʱʝ ʣʽʥʽʾ 1ï3ï2 ʯʝʨʝʟ ʪʦʯʢʫ 6. ʋ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʦʙʦʪʘ ʩʪʠʩʢʫ, ʷʢʘ ʜʦʨʽʚʥʶʻ ʧʣʦʱʽ 1ï6ï2ï5ï4, ʙʫʜʝ 

ʙʽʣʴʰʝ ʨʦʙʦʪʠ ʨʦʟʰʠʨʝʥʥʷ (l2 > l1). ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʪʘʢʦʛʦ ʮʠʢʣʫ ʤʠ ʤʘʤ̒ʦ 

ʟʘʪʨʘʪʠʪʠ ʜʦʜʘʪʢʦʚʫ ʝʥʝʨʛʽʶ, ʪʦʙʪʦ ʟʘʛʘʣʴʥʘ ʨʦʙʦʪʘ ʮʠʢʣʫ ʙʫʜʝ 

ʥʝʛʘʪʠʚʥʦʶ. ʎʠʢʣʠ, ʫ ʷʢʠʭ ʨʦʙʦʪʘ ʩʪʠʩʢʫ ʙʽʣʴʰʝ ʨʦʙʦʪʠ ʨʦʟʠhʨʝʥʥʷ, 

ʥʘʟʠʚʘʶʪʴ ʟʚʦʨʦʪʥʠʤʠ ʮʠʢʣʘʤʠ; ʟʘ ʪʘʢʦʶ ʩʭʝʤʦʶ ʧʨʘʮʶʶʪʴ ʭʦʣʦʜʠʣʴʥʽ 

ʫʩʪʘʥʦʚʢʠ; 

3) ʧʨʦʮʝʩ ʩʪʠʩʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʠʞʯʝ ʣʽʥʽʾ 1ï3ï2, ʯʝʨʝʟ ʪʦʯʢʫ 7. ʋ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʦʙʦʪʘ ʩʪʠʩʢʫ, ʷʢʘ ʜʦʨʽʚʥʶʻ ʧʣʦʱʽ 1ï7ï2ï5ï4, ʙʫʜʝ 

ʤʝʥʰʝ ʨʦʙʦʪʠ ʨʦʟʰʠʨʝʥʥʷ (l2 < l1). ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʪʘʢʦʛʦ ʮʠʢʣʫ ʤʠ 

ʦʪʨʠʤʫʻʤʦ ʧʦʟʠʪʠʚʥʫ ʨʦʙʦʪʫ. ʎʠʢʣʠ, ʫ ʷʢʠʭ ʨʦʙʦʪʘ ʨʦʟʰʠʨʝʥʥʷ ʙʽʣʴʰʝ 

ʨʦʙʦʪʠ ʩʪʠʩʢʫ, ʥʘʟʠʚʘʶʪʴ ʧʨʷʤʠʤʠ ʮʠʢʣʘʤʠ; ʟʘ ʪʘʢʦʶ ʩʭʝʤʦʶ ʧʨʘʮʶʶʪʴ 

ʪʝʧʣʦʚʽ ʜʚʠʛʫʥʠ (ɼɺɿ, ɻʊʋ ʪʘ ʽʥ.). 

ʈʦʟʛʣʷʥʝʤʦ ʙʽʣʴʰ ʜʦʢʣʘʜʥʦ ʧʨʷʤʠʡ ʮʠʢʣ. ɿʛʽʜʥʦ ʟ ʧʝʨʰʠʤ ʟʘʢʦʥʦʤ 

ʪʝʨʤʦʜʠʥʘʤʽʢʠ (1.51) q=l+Du. ʊʘʢ ʷʢ ʨʦʙʦʯʝ ʪʽʣʦ ʧʦʚʝʨʪʘʻʪʴʩʷ ʚ 

ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ, ʟʤʽʥʘ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. ɿʚʽʜʩʠ ʜʣʷ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʮʠʢʣʫ q=l. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ 
 

l = l1 ï l2 = q =q1 ï q2.                                     (1.93) 
 

ʊʦʙʪʦ ʯʘʩʪʠʥʘ ʧʽʜʚʝʜʝʥʦʾ ʪʝʧʣʦʪʠ (q1 ï q2) ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ 

ʢʦʨʠʩʥʫ ʨʦʙʦʪʫ. ʏʠʤ ʙʽʣʴʰʝ ʮʷ ʨʦʙʦʪʘ, ʪʠʤ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʽ 

ʝʢʦʥʦʤʽʯʥʠʤ ʻ ʪʝʧʣʦʚʠʡ ʜʚʠʛʫʥ. ʂʨʠʪʝʨʽʻʤ ʦʮʽʥʢʠ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʮʠʢʣʫ 
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ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʥʘ ʤʝʭʘʥʽʯʥʫ  ̒ʚʽʜʥʦʰʝʥʥʷ, ʷʢʝ ʥʘʟʠʚʘʶʪʴ 

ʪʝʨʤʽʯʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʢʦʨʠʩʥʦʾ ʜʽʾ (ʂʂɼ) ʽ ʧʦʟʥʘʯʘʶʪʴ ht 
 

11

21

1
t

q

l

q

qq

q

q
ο =

-
==                                          (1.94) 

 

ʊʝʨʤʽʯʥʠʡ ʂʂɼ ʧʦʢʘʟʫʻ ʚʽʜʥʦʰʝʥʥʷ ʨʦʙʦʪʠ, ʷʢʫ ʚʠʢʦʥʫʻ ʜʚʠʛʫʥ ʟʘ 

ʮʠʢʣ, ʜʦ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʪʠ, ʧʽʜʚʝʜʝʥʦʾ ʟʘ ʮʝʡ ʮʠʢʣ ʚʽʜ ʛʘʨʷʯʦʛʦ ʜʞʝʨʝʣʘ. 

ɺʽʥ ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʪʫʧʽʥʴ ʜʦʩʢʦʥʘʣʦʩʪʽ ʮʠʢʣʫ ʪʝʧʣʦʚʦʛʦ ʜʚʠʛʫʥʘ. ʏʠʤ 

ʙʽʣʴʰʝ ʂʂɼ, ʪʠʤ ʙʽʣʴʰʘ ʯʘʩʪʠʥʘ ʧʽʜʚʝʜʝʥʦʾ ʪʝʧʣʦʪʠ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ 

ʨʦʙʦʪʫ. 

ʊʝʨʤʽʯʥʠʡ ʂʂɼ ʧʨʷʤʦʛʦ ʦʙʦʨʦʪʥʦʛʦ ʮʠʢʣʫ ʟʘʚʞʜʠ ʤʝʥʰʝ ʦʜʠʥʠʮʽ. 

ʎʝ ʛʦʚʦʨʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʥʝ ʚʩʶ ʪʝʧʣʦʪʫ ʤʦʞʥʘ ʧʝʨʝʪʚʦʨʠʪʠ ʥʘ ʨʦʙʦʪʫ ʙʝʟ 

ʚʽʜʚʦʜʫ ʯʘʩʪʠʥʠ ʪʝʧʣʦʪʠ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

 

 

1.3.3 ʎʠʢʣ ʂʘʨʥʦ 
 

ɿ ʚʠʟʥʘʯʝʥʥʷ ʪʝʨʤʽʯʥʦʛʦ ʂʂɼ ʚʠʧʣʠʚʘʻ, ʱʦ ʧʦʥʷʪʪʷ ʧʨʦ ʮʶ 

ʚʝʣʠʯʠʥʫ ʪʽʩʥʦ ʧʦʚôʷʟʘʥʝ ʽʟ ʩʫʪʥʽʩʪʶ ʜʨʫʛʦʛʦ ʟʘʢʦʥʫ ʪʝʨʤʦʜʠʥʘʤʽʢʠ. 

ʇʠʪʘʥʥʷ ʱʦʜʦ ʤʘʢʩʠʤʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʪʝʧʣʦʪʠ, ʢʦʪʨʘ ʤʦʞʝ ʙʫʪʠ 

ʧʝʨʝʪʚʦʨʝʥʘ ʥʘ ʤʝʭʘʥʽʯʥʫ ʨʦʙʦʪʫ, ʤʦʞʥʘ ʚʠʨʽʰʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʠʢʣʫ 

ʂʘʨʥʦ. ʌʨʘʥʮʫʟʴʢʠʡ ʬʽʟʠʢ ʪʘ ʽʥʞʝʥʝʨ ʉʘʜ ̔ʂʘʨʥʦ ʧʦʢʘʟʘʚ, ʷʢʠʤ ʯʠʥʦʤ 

ʥʝʦʙʭʽʜʥʦ ʙʫʜʫʚʘʪʠ ʮʠʢʣ ʟʤʽʥʠ ʩʪʘʥʫ ʨʦʙʦʯʦʛʦ ʪʽʣʘ, ʱʦʙ ʜʣʷ ʟʘʜʘʥʠʭ ʫʤʦʚ 

ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ ʪʝʨʤʽʯʥʠʡ ʂʂɼ ʤʘʚ ʥʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ.  

ʋ ʮʠʢʣʽ ʂʘʨʥʦ ʨʦʟʰʠʨʝʥʥʷ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʜʚʦʤʘ 

ʧʦʩʣʽʜʦʚʥʠʤʠ ʧʨʦʮʝʩʘʤʠ: ʽʟʦʪʝʨʤʽʯʥʠʤ 1ï2 ʽ ʘʜʽʘʙʘʪʥʠʤ 2ï3 (ʨʠʩ. 1.15, ʘ). 

ʇʨʦʪʷʛʦʤ ʧʝʨʰʦʛʦ ʧʨʦʮʝʩʫ ʨʦʙʦʯʝ ʪʽʣʦ ʩʪʠʢʘʻʪʴʩʷ ʟ ʛʘʨʷʯʠʤ ʜʞʝʨʝʣʦʤ 

ʪʝʧʣʦʪʠ, ʷʢʠʡ ʤʘʻ ʪʝʤʧʝʨʘʪʫʨʫ ʊ1, ʡ ʦʜʝʨʞʫʻ ʚʽʜ ʥʴʦʛʦ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ 

q1. ʋ Ts-ʜʽʘʛʨʘʤʽ ʮʝʡ ʧʨʦʮʝʩ ʟʦʙʨʘʞʫʻʪʴʩʷ ʧʨʷʤʦʶ 1ï2 (ʨʠʩ. 1.15, ʙ). ɺʽʜ 

ʪʦʯʢʠ 2 ʧʨʦʮʝʩ ʨʦʟʰʠʨʝʥʥʷ ʧʨʦʪʽʢʘʻ ʘʜʽʘʙʘʪʥʦ, ʧʨʠ ʮʴʦʤʫ ʩʪʠʢʘʥʥʷ 

ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʽ ʜʞʝʨʝʣʘ ʪʝʧʣʘ ʚʠʢʣʶʯʘʻʪʴʩʷ. ʊʦʯʢʘ 3 ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʢʽʥʮʝʚʠʡ ʩʪʘʥ ʨʦʙʦʯʦʛʦ ʪʽʣʘ. 
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ʈʠʩʫʥʦʢ 1.15 ï ʇʨʷʤʠʡ ʮʠʢʣ ʂʘʨʥʦ 
 

ɼʣʷ ʧʦʚʝʨʥʝʥʥʷ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʜʦ ʧʦʯʘʪʢʦʚʦʛʦ ʩʪʘʥʫ ʂʘʨʥʦ 

ʟʘʧʨʦʧʦʥʫʚʘʚ ʧʨʦʚʦʜʠʪʠ ʩʪʠʩʢʘʥʥʷ ʛʘʟʫ ʟʘ ʽʟʦʪʝʨʤʦʶ 3ï4, ʧʨʠ ʮʴʦʤʫ 

ʨʦʙʦʯʝ ʪʽʣʦ ʩʪʠʢʘʻʪʴʩʷ ʟ ʭʦʣʦʜʥʠʤ ʜʞʝʨʝʣʦʤ ʪʝʧʣʦʪʠ, ʷʢʠʡ ʤʘʻ 

ʪʝʤʧʝʨʘʪʫʨʫ ʊ2, ʽ ʚʽʜʜʘʻ ʡʦʤʫ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ q2. ʊʝʤʧʝʨʘʪʫʨʘ ʛʘʟʫ ʚ 

ʮʴʦʤʫ ʧʨʦʮʝʩʽ ʪʘʢʦʞ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ ʊ2. ʋ Ts-ʜʽʘʛʨʘʤʽ ʮʝʡ ʧʨʦʮʝʩ 

ʟʦʙʨʘʞʫʻʪʴʩʷ ʽʟʦʪʝʨʤʦʶ ʊ2, ʧʝʨʝʪʠʥʘʥʥʷ ʷʢʦʾ ʟ ʘʜʽʘʙʘʪʦʶ, ʱʦ ʚʠʭʦʜʠʪʴ ʟ 

ʪʦʯʢʠ 2, ʡ ʜʘʻ ʪʦʯʢʫ 3 (ʨʠʩ. 1.15, ʙ). ʂʽʥʝʮʴ ʽʟʦʪʝʨʤʽʯʥʦʛʦ ʩʪʠʩʢʫ (ʪʦʯʢʘ 4) 

ʚʠʟʥʘʯʘʶʪʴ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʛʘʟ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʘʜʽʘʙʘʪʥʦʤʫ ʩʪʠʩʢʫ 

ʧʦʚʝʨʥʫʚʩʷ ʜʦ ʧʦʯʘʪʢʦʚʦʛʦ ʩʪʘʥʫ (ʪʦʯʢʘ 1). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʝʩʴ ʮʠʢʣ ʂʘʨʥʦ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ 4 ʝʪʘʧʠ: 

1) ʽʟʦʪʝʨʤʽʯʥʝ ʨʦʟʰʠʨʝʥʥʷ 1ï2; 

2) ʘʜʽʘʙʘʪʥʝ ʨʦʟʰʠʨʝʥʥʷ 2ï3; 

3) ʽʟʦʪʝʨʤʽʯʥʝ ʩʪʠʩʢʘʥʥʷ 3ï4; 

4) ʘʜʽʘʙʘʪʥʝ ʩʪʠʩʢʘʥʥʷ 4ï1. 

ɺʦʯʝʚʠʜʴ, ʱʦ ʨʦʙʦʪʘ ʮʠʢʣʫ ʂʘʨʥʦ l ʚ Pv-ʜʽʘʛʨʘʤʽ ʜʦʨʽʚʥʶʻ ʧʣʦʱʽ 1ï

2ï3ï4, ʢʦʨʠʩʥʘ ʪʝʧʣʦʪʘ q ʚ Ts-ʜʽʘʛʨʘʤʽ ʜʦʨʽʚʥʶʻ ʧʣʦʱʽ 1ï2ï3ï4. ɿʘ 

ʜʦʧʦʤʦʛʦʶ Ts-ʜʽʘʛʨʘʤʠ (ʨʠʩ. 1.15, ʙ) ʤʦʞʥʘ ʪʘʢʦʞ ʨʦʟʨʘʭʫʚʘʪʠ ʧʽʜʚʝʜʝʥʫ ʽ 

ʚʽʜʚʝʜʝʥʫ ʪʝʧʣʦʪʫ 
 

q1 = T1(s2ïs1),     q2 = T2(s2ïs1).                              (1.95) 
 

ʊʦʜʽ ʪʝʨʤʽʯʥʠʡ ʂʂɼ ʜʣʷ ʨʦʟʛʣʷʥʫʪʦʛʦ ʮʠʢʣʫ ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 
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ʈʦʟʛʣʷʥʫʪʠʡ ʮʠʢʣ ʂʘʨʥʦ ʜʦʟʚʦʣʷʻ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʪʝʨʤʽʯʥʦʛʦ ʂʂɼ 

ʧʝʨʝʡʪʠ ʚʽʜ ʪʝʧʣʦʪʠ, ʱʦ ʜʦʩʠʪʴ ʚʘʞʢʦ ʚʠʤʽʨʠʪʠ, ʜʦ ʘʙʩʦʣʶʪʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʫʞʝ ʣʝʛʢʦ. 

ɸʥʘʣʽʟ ʨʽʚʥʷʥʥʷ (1.97) ʧʦʢʘʟʫʻ: 

1) ʪʝʨʤʽʯʥʠʡ ʂʂɼ ʟʘʣʝʞʠʪʴ ʚʠʢʣʶʯʥʦ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʜʞʝʨʝʣʘ 

ʪʝʧʣʦʪʠ ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʭʦʣʦʜʠʣʴʥʠʢʘ; 

2) ʪʝʨʤʽʯʥʠʡ ʂʂɼ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ 

ʜʞʝʨʝʣʘ ʊ1 ʽ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʭʦʣʦʜʠʣʴʥʠʢʘ ʊ2; 

3) ʪʝʨʤʽʯʥʠʡ ʂʂɼ ʟʘʚʞʜʠ ʤʝʥʰʝ 1, ʡ ʥʝ ʤʦʞʝ ʜʦʨʽʚʥʶʚʘʪʠ ʾʡ, ʪʘʢ 

ʷʢ ʮʝ ʤʦʞʝ ʙʫʪʠ ʪʽʣʴʢʠ ʧʨʠ ʊ2 / ʊ1 =0, ʪʦʙʪʦ ʧʨʠ ʊ2=0 ʘʙʦ ʊ1=Ð, ʱʦ ʚ 

ʟʝʤʥʠʭ ʫʤʦʚʘʭ ʥʝʤʦʞʣʠʚʦ; 

4) ʪʝʨʤʽʯʥʠʡ ʂʂɼ ʜʦʨʽʚʥʶʻ ʥʫʣʶ ʧʨʠ ʊ2=ʊ1, ʪʦʙʪʦ ʧʨʠ ʪʝʧʣʦʚʽʡ 

ʨʽʚʥʦʚʘʟʽ, ʧʨʠ ʷʢʦʤʫ ʥʝʤʦʞʣʠʚʦ ʧʝʨʝʪʚʦʨʠʪʠ ʪʝʧʣʦʪʫ ʥʘ ʨʦʙʦʪʫ; 

ʍʘʨʘʢʪʝʨʥʘ ʦʩʦʙʣʠʚʽʩʪʴ ʮʠʢʣʫ ʂʘʨʥʦ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʡʦʛʦ ʂʂɼ 

ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʠʨʦʜʠ ʪʽʣʘ, ʷʢʝ ʧʨʘʮʶʻ, ʪʦʙʪʦ ʧʨʠ ʜʘʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʊ1  ̔ʊ2 ʚʽʥ ʙʫʜʝ ʦʜʥʘʢʦʚʠʤ ʥʝ ʪʽʣʴʢʠ ʜʣʷ ʽʜʝʘʣʴʥʠʭ, ʘʣʝ ʽ ʜʣʷ ʨʝʘʣʴʥʠʭ 

ʛʘʟʽʚ. 

ʗʢʱʦ ʟʜʽʡʩʥʠʪʠ ʟʚʦʨʦʪʥʠʡ ʮʠʢʣ ʂʘʨʥʦ, ʪʦ ʮʝ ʙʫʜʝ ʽʜʝʘʣʴʥʠʡ ʮʠʢʣ 

ʜʣʷ ʭʦʣʦʜʠʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ (ʨʠʩ. 1.16). ɺʽʥ ʤʽʩʪʠʪʴ ʫ ʩʦʙʽ ʥʘʩʪʫʧʥʽ 4 ʝʪʘʧʠ: 

1) ʘʜʽʘʙʘʪʥʝ ʨʦʟʰʠʨʝʥʥʷ 1ï2; 

2) ʽʟʦʪʝʨʤʽʯʥʝ ʨʦʟʰʠʨʝʥʥʷ 2ï3 ʟ ʚʽʜʙʦʨʦʤ ʪʝʧʣʦʪʠ ʚʽʜ ʭʦʣʦʜʥʦʛʦ 

ʜʞʝʨʝʣʘ; 

3) ʘʜʽʘʙʘʪʥʝ ʩʪʠʩʥʝʥʥʷ 3ï4; 

4) ʽʟʦʪʝʨʤʽʯʥʝ ʩʪʠʩʥʝʥʥʷ 4ï1 ʟ ʚʽʜʜʘʯʝʶ ʪʝʧʣʦʪʠ ʛʘʨʷʯʦʤʫ ʜʞʝʨʝʣʫ, 

ʥʘ ʱʦ ʧʦʪʨʽʙʥʘ ʟʘʪʨʘʪʘ ʝʥʝʨʛʽʾ ʟʟʦʚʥʽ. 
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ʈʠʩʫʥʦʢ 1.16 ï ɿʚʦʨʦʪʥʠʡ ʮʠʢʣ ʂʘʨʥʦ 

 

ɿʽʩʪʘʚʠʤʦ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʘ q1 ʽ q2, ʱʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʮʠʢʣʽ, ʽ ʨʦʙʦʪʫ, 

ʷʢʫ ʚʠʢʦʥʫʻ ʟʦʚʥʽʰʥ ̒ʩʝʨʝʜʦʚʠʱʝ. ʇʨʠ ʧʨʦʪʽʢʘʥʥʽ ʧʨʦʮʝʩʫ ʟʘ ʣʽʥʽʻʶ 2-3 

ʜʦ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʧʽʜʚʦʜʷʪʴ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ q2. ʇʨʠ ʧʨʦʭʦʜʞʝʥʥʽ  ʰʣʷʭʦʤ  

4-1, ʥʘʚʧʘʢʠ, ʨʦʙʦʯʝ ʪʽʣʦ ʧʝʨʝʜʘʻ ʚʠʱʦʤʫ ʜʞʝʨʝʣʫ ʪʝʧʣʦʪʫ q1.  

ʋ ʟʚʦʨʦʪʥʠʭ ʮʠʢʣʘʭ ʟʘʚʞʜʠ q1>q2. ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʩʴʦʛʦ ʮʠʢʣʫ ʟʟʦʚʥʽ 

ʚʠʪʨʘʯʘʻʪʴʩʷ ʤʝʭʘʥʽʯʥʘ ʝʥʝʨʛʽʷ l, ʱʦ ʧʝʨʝʭʦʜʠʪʴ ʫ ʪʝʧʣʦʪʫ q, ʧʨʠʯʦʤʫ l=q 

ʽ q= q1ïq2. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʪʨʘʪʠʚʰʠ ʤʝʭʘʥʽʯʥʫ ʝʥʝʨʛʽʶ l, ʚʜʘʻʪʴʩʷ ʧʝʨʝʚʝʩʪʠ 

ʚʽʜ ʥʠʞʥʴʦʛʦ ʜʞʝʨʝʣʘ ʜʦ ʚʝʨʭʥʴʦʛʦ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ q2, ʧʨʠ ʮʴʦʤʫ ʚʝʨʭʥʻ 

ʜʞʝʨʝʣʦ ʦʜʝʨʞʫʻ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ q1=q2+l. 

ʆʧʠʩʘʥʠʡ ʧʨʦʮʝʩ ʧʝʨʝʭʦʜʫ ʪʝʧʣʘ ʚʽʜ ʥʠʞʥʴʦʛʦ ʜʞʝʨʝʣʘ ʜʦ ʚʝʨʭʥʴʦʛʦ  

ʥʝ ʩʫʧʝʨʝʯʠʪʴ ʜʨʫʛʦʤʫ ʟʘʢʦʥʫ ʪʝʨʤʦʜʠʥʘʤʽʢʠ (ʫ ʬʦʨʤʫʣʶʚʘʥʥ ̔ʂʣʘʫʟʽʫʩʘ), 

ʪʦʤʫ ʱʦ ʚʽʥ ʧʨʦʪʽʢʘʻ ʥʝ ʩʘʤ ʧʦ ʩʦʙʽ, ʘ ʚ ʩʫʧʨʦʚʦʜʽ ʜʦʜʘʪʢʦʚʦʛʦ ʧʨʦʮʝʩʫ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ ʥʘ ʪʝʧʣʦʚʫ, ʪʦʙʪʦ ʟ ʚʠʪʨʘʪʘʤʠ ʤʝʭʘʥʽʯʥʦʾ 

ʝʥʝʨʛʽʾ ʟʟʦʚʥʽ. ʅʘ ʥʝʤʦʞʣʠʚʽʩʪʴ ʪʘʢʦʛʦ ʧʝʨʝʭʦʜʫ ʧʨʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦʤʫ 

ʩʪʠʢʘʥʥʽ, ʪʦʙʪʦ ʙʝʟ ʚʠʪʨʘʪʠ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ, ʚʢʘʟʫʚʘʚ ʱʝ 

ʄ. ɺ. ʃʦʤʦʥʦʩʦʚ. ʋ ʃʦʤʦʥʦʩʦʚʘ ʮʝ ʧʦʣʦʞʝʥʥʷ ʚʠʧʣʠʚʘʣʦ ʟ ʨʦʟʨʦʙʣʝʥʠʭ 

ʥʠʤ ʤʦʣʝʢʫʣʷʨʣʦ-ʢʠʥʝʪʠʯʥʠʭ ʫʷʚʣʝʥʴ ʧʨʦ ʙʫʜʦʚʫ ʪʽʣ ʽ ʩʫʪʥʽʩʪʴ ʪʝʧʣʦʚʦʾ 

ʝʥʝʨʛʽʾ. 

ʄʘʰʠʥʘ, ʱʦ ʧʨʘʮʶʻ ʟʘ ʚʠʢʣʘʜʝʥʠʤ ʧʨʠʥʮʠʧʦʤ, ʤʦʞʝ ʩʣʫʞʠʪʠ ʜʣʷ 

ʦʭʦʣʦʜʞʝʥʥʷ ʪʽʣ. ɼʽʡʩʥʦ, ʷʢʱʦ ʫʷʚʠʪʠ ʩʦʙʽ, ʱʦ ʜʞʝʨʝʣʦ ʪʝʧʣʘ ʊ2 ï ʮʝ ʪʽʣʘ, 

ʚ ʷʢʠʭ ʥʝʦʙʭʽʜʥʦ ʧʽʜʪʨʠʤʫʚʘʪʠ ʥʠʟʴʢʫ ʪʝʤʧʝʨʘʪʫʨʫ, ʪʦ ʪʝʧʣʦʪʘ, ʷʢʫ ʚʦʥʠ 

ʧʨʠʡʤʘʁʪʴ ʚʽʜ ʥʘʚʢʦʣʠʰʥʴʦʾ ʩʝʨʝʜʦʚʠʱʘ, ʤʦʞʝ ʙʫʪʠ ʚʽʜʚʝʜʝʥʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʦʧʠʩʘʥʦʾ ʤʘʰʠʥʠ. ʊʘʢʽ ʤʘʰʠʥʠ ʥʘʟʠʚʘʶʪʴʩʷ ʭʦʣʦʜʠʣʴʥʠʤʠ 

ʤʘʰʠʥʘʤʠ. 
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ʍʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʟʚʦʨʦʪʥʦʛʦ ʢʨʫʛʦʚʦʛʦ ʧʨʦʮʝʩʫ ʤʦʞʝ ʩʣʫʞʠʪʠ 

ʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʪʠ, ʚʽʜʥʷʪʦʾ ʚʽʜ ʥʠʞʥʴʦʛʦ ʜʞʝʨʝʣʘ, ʜʦ 

ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ, ʷʢʫ ʥʘ ʮʝ ʚʠʪʨʘʯʝʥʦ. ʎʝ ʚʽʜʥʦʰʝʥʥʷ ʥʘʟʠʚʘʶʪʴ 

ʭʦʣʦʜʠʣʴʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʽ ʧʦʟʥʘʯʘʶʪʴ  
 

l

q

qq

q 2

21

2 =
-

=e .                                         (1.98) 

 

ʇʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʴ, ʘʥʘʣʦʛʽʯʥʠʭ ʜʣʷ ʧʨʷʤʦʛʦ ʮʠʢʣʫ, ʦʪʨʠʤʘʻʤʦ: 
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.                                         (1.99) 

 

ɸʥʘʣʽʟ ʨʽʚʥʷʥʥʷ (1.99) ʧʦʢʘʟʫʻ, ʱʦ ʯʠʤ ʚʠʱʝ ʊ2, ʪʠʤ ʙʽʣʴʰʝ e, ʘ ʧʨʠ 

ʦʜʥʘʢʦʚʠʭ ʟʥʘʯʝʥʥʷʭ ʊ2 ʧʨʦʮʝʩ ʻ ʙʽʣʴʰ ʝʢʦʥʦʤʽʯʥʠʤ ʧʨʠ ʙʽʣʴʰ ʥʠʟʴʢʽʡ 

ʊ1. 

 

 

1.3.4 ʄʘʪʝʤʘʪʠʯʥʝ ʚʠʨʘʞʝʥʥʷ ʜʨʫʛʦʛʦ ʟʘʢʦʥʫ ʪʝʨʤʦʜʠʥʘʤʽʢʠ 

 

ʇʦʨʽʚʥʷʻʤʦ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʂʂɼ ʧʨʷʤʦʛʦ ʮʠʢʣʫ ʂʘʨʥʦ:  
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ɿʚʽʜʩʠ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ, ʱʦ 
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ʗʢʱʦ ʧʽʜ q2 ʨʦʟʫʤʽʪʠ ʥʝ ʘʙʩʦʣʶʪʥʝ ʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʪʠ, 

ʚʽʜʜʘʥʦʾ ʨʦʙʦʯʠʤ ʪʽʣʦʤ ʭʦʣʦʜʠʣʴʥʠʢʫ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʊ2, ʘ ʡʦʛʦ 

ʘʣʛʝʙʨʘʾʯʥʝ ʟʥʘʯʝʥʥʷ, ʢʦʪʨʝ ʟʘ ʟʤʽʩʪʦʤ ʥʝʛʘʪʠʚʥʝ, ʪʦ ʧʝʨʝʜ q2 ʤʘʻ ʙʫʪʠ 

ʟʥʘʢ çʤʽʥʫʩè, ʪʦʙʪʦ 
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ʆʩʪʘʥʥʻ ʨʽʚʥʷʥʥʷ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʜʽ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ: 
 

0=ä
T

q
,                                               (1.102) 

 

ʘ ʜʣʷ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʦʙʦʨʦʪʥʦʛʦ ʮʠʢʣʫ ʂʘʨʥʦ 
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µ
ä

T

q
.                                               (1.103) 

 

ɺʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʪʠ ʜʦ ʘʙʩʦʣʶʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʧʨʠ 

ʢʦʪʨʽʡ ʮʷ ʪʝʧʣʦʪʘ ʧʽʜʚʦʜʠʪʴʩʷ ʘʙʦ ʚʽʜʚʦʜʠʪʴʩʷ, ʥʘʟʠʚʘʶʪʴ ʧʨʠʚʝʜʝʥʦʶ 

ʪʝʧʣʦʪʦʶ. ʆʪʞʝ ʜʣʷ ʦʙʦʨʦʪʥʦʛʦ ʮʠʢʣʫ ʂʘʨʥʦ ʘʣʛʝʙʨʘʾʯʥʘ ʩʫʤʘ 

ʧʨʠʚʝʜʝʥʠʭ ʪʝʧʣʦʪ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. ɺʠʨʘʟ (1.102) ʥʘʟʠʚʘʶʪʴ ʪʝʧʣʦʚʦʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʦʙʦʨʦʪʥʦʛʦ ʮʠʢʣʫ ʂʘʨʥʦ.  

ʆʪʨʠʤʘʥʠʡ ʚʠʩʥʦʚʦʢ ʻ ʩʧʨʘʚʝʜʣʠʚʠʤ ʥʝ ʪʽʣʴʢʠ ʜʣʷ ʮʠʢʣʫ ʂʘʨʥʦ, ʘ ʡ 

ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʦʙʦʨʦʪʥʦʛʦ ʮʠʢʣʫ. ʋ ʜʦʚʽʣʴʥʦʤʫ ʦʙʦʨʦʪʥʦʤʫ ʮʠʢʣʽ ʤʦʞʥʘ 

ʟʘʟʥʘʯʠʪʠ ʝʣʝʤʝʥʪʘʨʥʽ ʮʠʢʣʠ ʂʘʨʥʦ, ʜʣʷ ʢʦʞʥʦʛʦ ʽʟ ʢʦʪʨʠʭ ʚʠʢʦʥʫʻʪʴʩʷ 

ʨʽʚʥʷʥʥʷ (1.103). ʊʦʜʽ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʮʠʢʣʫ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʫ ʩʦʙʽ 

ʥʝʩʢʽʥʯʝʥʥʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʮʠʭ ʝʣʝʤʝʥʪʘʨʥʠʭ ʮʠʢʣʽʚ, ʧʽʩʣʷ ʽʥʪʝʛʨʫʚʘʥʥʷ 

ʟʘ ʟʘʤʢʥʫʪʠʤ ʢʦʥʪʫʨʦʤ ʤʠ ʦʪʨʠʤʘʻʤʦ 
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.                                               (1.104) 

 

ʈʽʚʥʷʥʥʷ (1.104) ʙʫʣʦ ʚʠʚʝʜʝʥʝ ʂʣʘʫʟʫ̔ʩʦʤ ʫ 1854ʨ. ɺʦʥʦ ʷʚʣʷʻ 

ʩʦʙʦʶ ʤʘʪʝʤʘʪʠʯʥʝ ʚʠʨʘʞʝʥʥʷ 2-ʛʦ ʟʘʢʦʥʫ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʜʣʷ ʜʦʚʽʣʴʥʦʛʦ 

ʦʙʦʨʦʪʥʦʛʦ ʮʠʢʣʫ ʽ ʥʘʟʠʚʘʻʪʴʩʷ ʧʝʨʰʠʤ ʽʥʪʝʛʨʘʣʦʤ ʂʣʘʫʟʫ̔ʩʘ. ʊʦʙʪʦ 

ʽʥʪʝʛʨʘʣʴʥʘ ʩʫʤʘ ʧʨʠʚʝʜʝʥʠʭ ʪʝʧʣʦʪ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʦʙʦʨʦʪʥʦʛʦ ʮʠʢʣʫ 

ʜʦʨʽʚʥʶʻ ʥʫʣʶ. 

ɼʣʷ ʥʝʦʙʦʨʦʪʥʠʭ ʮʠʢʣʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʨʝʘʣʴʥʠʭ ʪʝʧʣʦʚʠʭ 

ʜʚʠʛʫʥʽʚ, ʪʝʨʤʽʯʥʠʡ ʂʂɼ ʙʫʜʝ ʤʝʥʰʝ, ʥʽʞ ʜʣʷ ʦʙʦʨʦʪʥʦʛʦ ʮʠʢʣʫ: 
 

îáîðíåîáîð tt h<h . 

 

ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʪʝʨʪʷ, ʜʠʬʫʟʽʾ ʡ ʽʥʰʠʭ ʦʜʥʦʩʪʦʨʦʥʥʴʦ 

ʩʧʨʷʤʦʚʘʥʠʭ ʧʨʦʮʝʩʽʚ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ 
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ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʜʽ ʪʝʧʣʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʝʦʙʦʨʦʪʥʦʛʦ ʮʠʢʣʫ 

ʂʘʨʥʦ  
 

0<ä
T

q
,                                                (1.105) 

 

ʘ ʜʣʷ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʥʝʦʙʦʨʦʪʥʦʛʦ ʮʠʢʣʫ ʂʘʨʥʦ 
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q
.                                               (1.106) 

 

ʗʢʱʦ ʚʟʷʪʠ ʙʫʜʴ-ʷʢʠʡ ʥʝʦʙʦʨʦʪʥʠʡ ʮʠʢʣ, ʪʦ ʘʥʘʣʦʛʽʯʥʦ ʘʥʘʣʽʟʫ 

ʦʙʦʨʦʪʥʦʛʦ ʮʠʢʣʫ ʦʪʨʠʤʘʻʤʦ  
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ʅʝʨʽʚʥʽʩʪʴ (1.107) ʷʚʣʷʻ ʩʦʙʦʶ ʤʘʪʝʤʘʪʠʯʥʝ ʚʠʨʘʞʝʥʥʷ 2-ʛʦ ʟʘʢʦʥʫ 

ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʜʣʷ ʜʦʚʽʣʴʥʦʛʦ ʥʝʦʙʦʨʦʪʥʦʛʦ ʮʠʢʣʫ ʽ ʥʘʟʠʚʘʻʪʴʩʷ ʜʨʫʛʠʤ 

ʽʥʪʝʛʨʘʣʦʤ ʂʣʘʫʟʫ̔ʩʘ. 

ʇʦʻʜʥʫʶʯʠ ʦʙʠʜʚʘ ʨʽʚʥʷʥʥʷ (1.104) ʽ (1.107), ʤʦʞʥʘ ʤʘʪʝʤʘʪʠʯʥʝ 

ʚʠʨʘʞʝʥʥʷ 2-ʛʦ ʟʘʢʦʥʫ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʧʦʜʘʪʠ ʫ ʥʘʩʪʫʧʥʦʤʫ ʚʠʜʽ: 
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q
.                                             (1.108) 

 

ɿʥʘʢ ʨʽʚʥʦʩʪʽ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʦʙʦʨʦʪʥʠʭ, ʘ ʟʥʘʢ ʥʝʨʽʚʥʦʩʪʽ ï ʜʦ 

ʥʝʦʙʦʨʦʪʥʠʭ ʮʠʢʣʽʚ. ɺʠʨʘʞʝʥʥʷ (1.108) ʥʘʟʠʚʘʶʪʴ ʦʙ'ʻʜʥʘʥʠʤ 

ʽʥʪʝʛʨʘʣʦʤ ʂʣʘʫʟʫ̔ʩʘ. 

 

 

1.3.5 ʇʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʶ 

 

1 ʗʢʽ ʬʦʨʤʫʣʶʚʘʥʥʷ ʜʨʫʛʦʛʦ ʟʘʢʦʥʫ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʚʠ ʟʥʘʻʪʝ? 

2 ʑʦ ʥʘʟʠʚʘʶʪʴ ʪʝʨʤʽʯʥʠʤ ʂʂɼ? 

3 ʑʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʪʝʨʤʽʯʥʠʤ ʂʂɼ? 

4 ʆʧʠʰʽʪʴ ʧʨʷʤʠʡ ʮʠʢʣ ʂʘʨʥʦ. 

5 ɿ ʷʢʠʭ ʝʪʘʧʽʚ ʩʢʣʘʜʘʻʪʴʩʷ ʧʨʷʤʠʡ ʦʙʦʨʦʪʥʠʡ ʮʠʢʣ ʂʘʨʥʦ? 
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6 ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʮʠʢʣʫ ʂʘʨʥʦ? 

7 ʗʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʭʦʣʦʜʠʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ? 

8 ʅʘʚʝʜʽʪʴ ʬʦʨʤʫʣʶʚʘʥʥʷ ʧʝʨʰʦʛʦ ʽʥʪʝʛʨʘʣʫ ʂʣʘʫʟʽʫʩʘ. 

9 ʅʘʚʝʜʽʪʴ ʬʦʨʤʫʣʶʚʘʥʥʷ ʜʨʫʛʦʛʦ ʽʥʪʝʛʨʘʣʫ ʂʣʘʫʟʽʫʩʘ. 

10 ʅʘʚʝʜʽʪʴ ʬʦʨʤʫʣʶʚʘʥʥʷ ʦʙôʻʜʥʘʥʦʛʦ ʽʥʪʝʛʨʘʣʫ ʂʣʘʫʟʽʫʩʘ. 

 

 

1.4 ʈʝʘʣʴʥʽ ʛʘʟʠ 
 

1.4.1 ɺʣʘʩʪʠʚʦʩʪʽ ʨʝʘʣʴʥʠʭ ʛʘʟʽʚ 
 

ʈʝʘʣʴʥʽ ʛʘʟʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʽʜʝʘʣʴʥʠʭ ʪʠʤ, ʱʦ ʫ ʤʦʣʝʢʫʣ ʮʠʭ ʛʘʟʽʚ 

 ̒ ʦʙôʻʤ ʽ ʚʦʥʠ ʟʚ'ʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʩʠʣʘʤʠ ʚʟʘʻʤʦʜʽʾ, ʱʦ ʤʘʶʪʴ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʫ ʽ ʢʚʘʥʪʦʚʫ ʧʨʠʨʦʜʫ. ɺʽʜʤʽʥʥʽʩʪʴ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʝʘʣʴʥʠʭ 

ʛʘʟʽʚ ʚʽʜ ʽʜʝʘʣʴʥʠʭ ʚʠʢʣʶʯʠʣʦ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦ ʥʠʭ ʫ ʯʠʩʪʦʤʫ 

ʚʠʜ̔ ʟʘʢʦʥʽʚ ʽʜʝʘʣʴʥʦʛʦ ʛʘʟʫ. ʇʨʠ ʧʨʘʢʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʨʝʘʣʴʥʠʭ ʛʘʟʽʚ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʥʘʭʦʜʠʪʴ ʚʽʜʥʦʰʝʥʥʷ  

ʩ =P v / R T  .                                                (1.109) 

ɺʝʣʠʯʠʥʫ ʩ ʥʘʟʠʚʘʶʪʴ ʢʦʝʬʽʮʽʻʥʪʦʤ ʩʪʠʩʢʘʣʴʥʦʩʪʽ.. 

ɼʣʷ ʽʜʝʘʣʴʥʠʭ ʛʘʟʽʚ ʧʨʠ ʙʫʜʴ-ʷʢʠʭ ʫʤʦʚʘʭ ʩ=1. ɼʣʷ ʨʝʘʣʴʥʠʭ ʛʘʟʽʚ 

ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʩʪʠʩʢʘʣʴʥʦʩʪʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʩʢʫ ʽ ʪʝʤʧʝʨʘʪʫʨʠ 

ʤʦʞʝ ʙʫʪʠ ʙʽʣʴʰʝ ʯʠ ʤʝʥʰʝ 1, ʽ ʪʽʣʴʢʠ ʧʨʠ ʜʫʞʝ ʤʘʣʠʭ ʪʠʩʢʘʭ ʽ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʦʥʦ ʧʨʘʢʪʠʯʥʦ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ, ʪʦʜʽ ʨʝʘʣʴʥʽ ʛʘʟʠ ʤʦʞʥʘ 

ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʽʜʝʘʣʴʥʽ. ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʢʦʝʬʽʮʽʻʥʪ ʩʪʠʩʢʘʣʴʥʦʩʪʽ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʽʜʭʠʣʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʝʘʣʴʥʦʛʦ ʛʘʟʫ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʽʜʝʘʣʴʥʦʛʦ. 

ʋ ʟʚ'ʷʟʢʫ ʟ ʚʽʜʤʽʥʥʽʩʪʶ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʝʘʣʴʥʦʛʦ ʛʘʟʫ ʚʽʜ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʽʜʝʘʣʴʥʦʛʦ ʧʦʪʨʽʙʥʦ ʤʘʪʠ ʽʥʰʽ ʨʽʚʥʷʥʥʷ ʩʪʘʥʫ, ʱʦ ʟʚ'ʷʟʫʚʘʣʠ 

ʙ ʟʥʘʯʝʥʥʷ P, v, T ʽ ʜʘʚʘʣʠ ʙʠ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ 

ʨʝʘʣʴʥʠʭ ʛʘʟʽʚ ʜʣʷ ʨʽʟʥʠʭ ʫʤʦʚ. ɹʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʙʘʛʘʪʦ ʨʽʟʥʠʭ ʨʽʚʥʷʥʴ 

ʩʪʘʥʫ ʨʝʘʣʴʥʠʭ ʛʘʟʽʚ, ʘʣʝ ʞʦʜʥʝ ʟ ʥʠʭ ʥʝ ʚʠʨʽʰʫʻ ʧʨʦʙʣʝʤʫ ʜʣʷ ʟʘʛʘʣʴʥʦʛʦ 

ʚʠʧʘʜʢʫ.  

ʈʦʟʚʠʪʦʢ ʢʽʥʝʪʠʯʥʦʾ ʪʝʦʨʽʾ ʛʘʟʽʚ ʜʦʟʚʦʣʠʚ ʚʩʪʘʥʦʚʠʪʠ ʪʦʯʥʝ ʨʽʚʥʷʥʥʷ 

ʩʪʘʥʫ ʨʝʘʣʴʥʠʭ ʛʘʟʽʚ ʫ ʬʦʨʤʽ ʪʘʢ ʥʘʟʚʘʥʦʛʦ ʚʽʨʽʘʣʴʥʦʛʦ ʨʷʜʫ 
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332210 ++++= ,                     (1.110) 
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ʜʝ ɺ0, ɺ1, ɺ2, ɺ3 ... ï ʚʽʨʽʘʣʴʥʽ ʢʦʝʬʽʮʽʻʥʪʠ.  

ʈʽʚʥʷʥʥʷ ʧʦʜʽʙʥʦʛʦ ʚʠʜʫ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʫ 1937ï1946 ʨʦʢʘʭ 

ʘʤʝʨʠʢʘʥʩʴʢʠʤ ʬʽʟʠʢʦʤ ɼʞ. ʄʘʡʦʨʦʤ ʽ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʥʴʦʛʦ ʨʘʜʷʥʩʴʢʠʤ 

ʤʘʪʝʤʘʪʠʢʦʤ ʅ.ʅ. ɹʦʛʦʣʶʙʦʚʠʤ. ɺʦʥʦ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʜ 
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1RTPv .                                   (1.111) 

 

ɺʽʨʽʘʣʴʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʚʠʨʘʞʘʶʪʴʩʷ ʯʝʨʝʟ ʧʦʪʝʥʮʽʡʥʫ ʝʥʝʨʛʽʶ 

ʚʟʘʻʤʦʜʽʾ ʤʦʣʝʢʫʣ ʜʘʥʦʛʦ ʛʘʟʫ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʊ. ɼʣʷ ʛʘʟʽʚ ʟ ʥʫʣʝʚʦʶ 

ʛʫʩʪʠʥʦʶ (ʽʜʝʘʣʴʥʠʡ ʛʘʟ) ʨʽʚʥʷʥʥʷ (1.111) ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʨʽʚʥʷʥʥʷ 

ʂʣʘʧʝʡʨʦʥʘ. 

ʆʜʥʘʢ ʨʽʚʥʷʥʥʷ (1.110), (1.111) ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʜʽ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʙʝʟʧʦʩʝʨʝʜʥʽʭ ʨʦʟʨʘʭʫʥʢʽʚ ʨʝʘʣʴʥʠʭ ʛʘʟʽʚ. ʊʦʤʫ ʜʣʷ 

ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʽʚ ʦʪʨʠʤʘʥʦ ʨʦʟʨʘʭʫʥʢʦʚʽ ʨʽʚʥʷʥʥʷ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ 

ʨʝʘʣʴʥʦʛʦ ʛʘʟʫ. ʏʝʨʝʟ ʩʢʣʘʜʥʽʩʪʴ ʦʙʯʠʩʣʝʥʥʷ ʚʽʨʽʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʟʚʠʯʘʡʥʦ ʦʙʤʝʞʫʶʪʴʩʷ ʨʦʟʨʘʭʫʥʢʦʤ ʧʝʨʰʠʭ ʜʚʦʭ ʢʦʝʬʽʮʽʻʥʪʽʚ. ʊʦʜʽ 

ʨʦʟʨʘʭʫʥʢʦʚʝ ʨʽʚʥʷʥʥʷ ʥʘʙʫʜʝ ʚʠʜʫ 
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1RTPv ,                                      (1.112) 

 

ʜʝ ɸ  ̔ɺ ï ʧʝʨʰʠʡ ʽ ʜʨʫʛʠʡ ʚʽʨʽʘʣʴʥʽ ʢʦʝʬʽʮʽʻʥʪʠ, ʷʢʽ ʻ ʬʫʥʢʮʽʻʶ 

ʪʽʣʴʢʠ ʪʝʤʧʝʨʘʪʫʨʠ.  

ʇʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʘʛʘʪʴʦʭ ʨʝʘʣʴʥʠʭ ʛʘʟʽʚ ʨʽʚʥʷʥʥʷ 

ʪʘʢʦʛʦ ʪʠʧʫ ʦʜʝʨʞʘʣʠ ʚʝʣʠʢʝ ʧʦʰʠʨʝʥʥʷ. ʅʘʡʙʽʣʴʰ ʧʨʦʩʪʠʤ ʨʽʚʥʷʥʥʷʤ, 

ʷʢʝ ʷʢʽʩʥʦ ʽ ʚʽʨʥʦ ʚʽʜʦʙʨʘʞʘʻ ʧʦʚʝʜʽʥʢʫ ʨʝʘʣʴʥʦʛʦ ʛʘʟʫ, ʻ ʨʽʚʥʷʥʥʷ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʝ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʤ ʫ 1873 ʨʦʮʽ. ʅʠʤ ʙʫʣʦ ʚʚʝʜʝʥʦ ʜʚʽ 

ʧʦʧʨʘʚʢʠ ʜʦ ʨʽʚʥʷʥʥʷ ʂʣʘʧʝʡʨʦʥʘ: 
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+ ,                              (1.113) 

 

ʜʝ a ʽ b ï ʩʪʘʣʽ ʜʣʷ ʜʘʥʦʛʦ ʛʘʟʫ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ, ʚʽʜʧʦʚʽʜʥʦ, ʩʠʣʠ 

ʚʟʘʻʤʦʜʽʾ ʪʘ ʨʦʟʤʽʨ ʤʦʣʝʢʫʣ. 

ɺʽʜʥʦʰʝʥʥʷ ʘ/v
2
 ʫ ʧʝʨʰʦʤʫ ʤʥʦʞʥʠʢʫ ʭʘʨʘʢʪʝʨʠʟʫʻ ʜʦʜʘʪʢʦʚʠʡ 

ʪʠʩʢ, ʧʽʜ ʷʢʠʤ ʟʥʘʭʦʜʠʪʴʩʷ ʨʝʘʣʴʥʠʡ ʛʘʟ ʚʥʘʩʣʽʜʦʢ ʩʠʣ ʟʮʽʧʣʝʥʥʷ ʤʽʞ 

ʤʦʣʝʢʫʣʘʤʠ. ʋ ʜʨʫʛʦʤʫ ʤʥʦʞʥʠʢʫ b ʚʨʘʭʦʚʫʻ ʟʤʝʥʰʝʥʥʷ ʦʙôʻʤʫ, ʚ ʷʢʦʤʫ 

ʨʫʭʘʶʪʴʩʷ ʤʦʣʝʢʫʣʠ ʨʝʘʣʴʥʦʛʦ ʛʘʟʫ, ʚʥʘʩʣʽʜʦʢ ʪʦʛʦ, ʱʦ ʚʦʥʠ ʩʘʤʽ ʤʘʶʪʴ 
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ʦʙôʻʤ. ʃʝʛʢʦ ʧʦʙʘʯʠʪʠ, ʱʦ ʩʪʦʩʦʚʥʦ ʜʦ ʽʜʝʘʣʴʥʦʛʦ ʛʘʟʫ ʮʝ ʨʽʚʥʷʥʥʷ 

ʥʘʙʫʚʘʻ ʚʠʜʫ ʨʽʚʥʷʥʥʷ ʩʪʘʥʫ ʂʣʘʧʝʡʨʦʥʘ. 

ʋ 1939 ʨʦʮʽ ʨʘʜʷʥʩʴʢʠʤʠ ʚʯʝʥʠʤʠ ʄ.ʇ. ɺʫʢʘʣʦʚʠʯʝʤ ʽ 

ʄ.I. ʅʦʚ̔ʢʦʚʠʤ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʨʽʚʥʷʥʥʷ ʩʪʘʥʫ ʨʝʘʣʴʥʠʭ ʛʘʟʽʚ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʘʩʦʮʽʘʮʽʾ ʽ ʜʠʩʦʮʽʘʮʽʾ ʤʦʣʝʢʫʣ ʮʠʭ ʛʘʟʽʚ: 
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ʜʝ a, b ï ʩʪʘʣʽ ʨʽʚʥʷʥʥʷ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ, ʷʢʽ ʥʘʚʦʜʷʪʴʩʷ ʫ 

ʜʦʚʽʜʥʠʢʘʭ; 

c, m ï ʢʦʝʬʽʮʽʻʥʪʠ, ʱʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʨʠʨʦʜʠ ʛʘʟʫ, ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʽ ʥʘʚʦʜʷʪʴʩʷ ʚ ʜʦʚʽʜʢʦʚʠʭ ʪʘʙʣʠʮʷʭ. 

ɼʣʷ ʧʨʘʢʪʠʯʥʠʭ ʮʽʣʝʡ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʥʘʚʝʜʝʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ ʩʪʘʥʫ 

ʨʝʘʣʴʥʦʛʦ ʛʘʟʫ ʥʝʟʨʫʯʥʦ ʚʥʘʩʣʽʜʦʢ ʾʭ ʩʢʣʘʜʥʦʩʪʽ ʽ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ 

ʪʨʫʜʦʤʽʩʪʢʠʭ ʨʦʟʨʘʭʫʥʢʽʚ. ʅʘ ʧʨʘʢʪʠʮʽ ʜʣʷ ʦʧʠʩʫ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʝʘʣʴʥʠʭ ʪʝʭʥʽʯʥʦ ʚʘʞʣʠʚʠʭ ʨʝʯʦʚʠʥ ʚ ʰʠʨʦʢʽʡ ʦʙʣʘʩʪʽ 

ʧʘʨʘʤʝʪʨʽʚ ʩʪʘʥʫ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʾʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ. ʉʝʨʝʜ ʚʩʽʭ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʚʠʤʽʨʫ ʧʽʜʣʷʛʘʶʪʴ ʪʠʩʢ ʈ, ʪʝʤʧʝʨʘʪʫʨʘ ʊ  ̔ʧʠʪʦʤʠʡ ʦʙôʻʤ v. ɼʨʫʛʘ ʯʘʩʪʠʥʘ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʘʪʝʤʘʪʠʯʥʠʤ ʰʣʷʭʦʤ.  

ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʙʫʜʫʶʪʴ ʪʘʙʣʠʮʽ ʽ ʜʽʘʛʨʘʤʠ, ʷʢʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʚʦʜʷʥʦʾ ʧʘʨʠ ʽʩʥʫʶʪʴ ʪʘʙʣʠʮʽ ʚʦʜʷʥʦʾ 

ʧʘʨʠ ʽ ʝʥʪʘʣʴʧiʡʥʦ-ʝʥʪʨʦʧiʡʥi ʜʽʘʛʨʘʤʠ ʚʦʜʥ̫ʦʾ ʧʘʨʠ. 

ʋ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ ʥʘʨʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʚ ʷʢʦʩʪʽ ʨʦʙʦʯʦʛʦ ʪʽʣʘ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʘʨʠ ʨʽʟʥʠʭ ʨʝʯʦʚʠʥ (ʚʦʜʠ, ʘʤʽʘʢʫ, ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ, 

ʬʨʝʦʥʽʚ ʡ ʽʥ.) ʪʘ ʘʪʤʦʩʬʝʨʥʝ ʧʦʚʽʪʨʷ. ʅʘʡʙʽʣʴʰ ʜʝʰʝʚʠʤʠ ʽ 

ʣʝʛʢʦʜʦʩʪʫʧʥʠʤʠ ʛʘʟʘʤʠ, ʷʢʽ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʻ ʚʦʜʷʥʘ ʧʘʨʘ 

ʪʘ ʘʪʤʦʩʬʝʨʥʝ ʧʦʚʽʪʨʷ. 

 

 

1.4.2 ɺʦʜʷʥʘ ʧʘʨʘ 
 

ɺʦʜʷʥʘ ʧʘʨʘ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʛʘʣʫʟʷʭ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʦʩʥʦʚʥʠʤ ʯʠʥʦʤ ʚ ʷʢʦʩʪʽ ʪʝʧʣʦʥʦʩʽʷ ʚ ʪʝʧʣʦʦʙʤʽʥʥʠʭ 

ʘʧʘʨʘʪʘʭ ʽ ʷʢ ʨʦʙʦʯʝ ʪʽʣʦ ʚ ʧʘʨʦʩʠʣʦʚʠʭ ʫʩʪʘʥʦʚʢʘʭ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ 

ʰʠʨʦʢʠʤ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷʤ ʚʦʜʠ, ʾʾ ʜʝʰʝʚʠʟʥʦʶ ʽ ʥʝʰʢʽʜʣʠʚʽʩʪʶ ʜʣʷ 
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ʟʜʦʨʦʚôʷ ʣʶʜʠʥʠ. ɺʦʥʘ ʪʘʢʦʞ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʨʦʟʧʠʣʫ ʤʘʟʫʪʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʬʦʨʩʫʥʦʢ ʧʨʠ ʡʦʛʦ ʩʧʘʣʝʥʥʽ, ʫ ʧʘʨʦʚʠʭ ʩʫʰʠʣʘʭ ʜʣʷ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʪʦʨʬôʷʥʽ ʧʣʠʪʠ ʽ ʪ.ʽʥ.). 

ʇʨʠ ʚʠʩʦʢʦʤʫ ʪʠʩʢʫ ʽ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢsq ʪʝʤʧʝʨʘʪʫʨʽ ʧʘʨʘ, ʷʢʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʥʘʟʚʘʥʠʭ ʘʛʨʝʛʘʪʘʭ, ʙʣʠʟʴʢʘ ʜʦ ʩʪʘʥʫ ʨʽʜʠʥʠ, ʪʦʤʫ 

ʟʥʝʭʪʫʚʘʪʠ ʩʠʣʘʤʠ ʟʮʽʧʣʝʥʥʷ ʤʽʞ ʾʾ ʤʦʣʝʢʫʣʘʤʠ ʽ ʾʭ ʦʙôʻʤʦʤ, ʷʢ ʫ 

ʽʜʝʘʣʴʥʠʭ ʛʘʟʘʭ, ʥʝ ʤʦʞʥʘ. ʆʪʞʝ, ʨʽʚʥʷʥʥʷ ʩʪʘʥʫ ʽʜʝʘʣʴʥʠʭ ʛʘʟʽʚ ʥʝ 

ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʪʘʥʫ ʚʦʜʷʥʦʾ ʧʘʨʠ. ʅʘ ʧʨʘʢʪʠʮʽ ʜʣʷ 

ʮʽʻʾ ʮʽʣʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʪʘʙʣʠʮʽ 

ʚʦʜʷʥʦʾ ʧʘʨʠ ʽ ʝʥʪʘʣʴʧiʡʥʦ-ʝʥʪʨʦʧiʡʥʫ ʜ̔ ʘʛʨʘʤʫ ʚʦʜ̫ʥʦʾ ʧʘʨʠ. 

ʉʧʦʯʘʪʢʫ, ʧʝʨʝʜ ʪʠʤ, ʷʢ ʤʠ ʧʝʨʝʡʜʝʤʦ ʜʦ ʨʦʟʛʣʷʜʫ ʮʠʭ ʪʘʙʣʠʮʴ ʽ 

ʜʽʘʛʨʘʤ, ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʜʝʷʢʽ ʧʦʥʷʪʪʷ. 

ʇʨʦʮʝʩ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʝʯʦʚʠʥʠ ʟ ʨʽʜʢʦʛʦ ʩʪʘʥʫ ʥʘ ʛʘʟʦʧʦʜʽʙʥʠʡ 

ʥʘʟʠʚʘʶʪʴ ʧʘʨʦʫʪʚʦʨʝʥʥʷʤ. ʇʘʨʦʫʪʚʦʨʝʥʥʷ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʚʞʜʠ ʧʨʠ 

ʙʫʜʴ-ʷʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʟ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʠ ʯʠ ʪʚʝʨʜʦʛʦ ʪʽʣʘ 

ʥʘʟʠʚʘʶʪʴ ʚʠʧʘʨʦʤ. ʉʫʪʥʽʩʪʴ ʧʨʦʮʝʩʫ ʚʠʧʘʨʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʦʢʨʝʤʽ 

ʤʦʣʝʢʫʣʠ, ʷʢʽ ʤʘʶʪʴ ʚʝʣʠʢʽ ʰʚʠʜʢʦʩʪʽ, ʧʝʨʝʙʦʨʶʶʪʴ ʧʨʠʪʛ̫ʘʥʥʷ ʩʫʩʽʜʥʽʭ 

ʤʦʣʝʢʫʣ ʽ ʚʠʣʽʪʘʶʪʴ ʫ ʥʘʚʢʦʣʠʰʥʡ̔ ʧʨʦʩʪʽʨ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʚʠʧʘʨʫ ʟʨʦʩʪʘʻ 

ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʇʨʦʮʝʩ ʢʠʧʽʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʷʢʱʦ ʜʦ ʨʽʜʠʥʠ ʧʽʜʚʦʜʠʪʠ 

ʪʝʧʣʦʪʫ, ʪʦ ʧʨʠ ʜʝʷʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʽ ʪʠʩʢʫ, ʥʘʩʪʘʻ ʧʨʦʮʝʩ ʧʘʨʦʫʪʚʦʨʝʥʥʷ ʷʢ ʥʘ 

ʚʽʣʴʥʽʡ ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʠ, ʪʘʢ ʽ ʫ ʾʾ ʩʝʨʝʜʠʥʽ. 

ʇʝʨʝʭʽʜ ʨʝʯʦʚʠʥʠ ʟ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʩʪʘʥʫ ʚ ʨʽʜʢʠʡ, ʪʦʙʪʦ ʧʨʦʮʝʩ, 

ʦʙʦʨʦʪʥʠʡ ʧʘʨʦʫʪʚʦʨʝʥʥʶ, ʥʘʟʠʚʘʻʪʴʩʷ ʢʦʥʜʝʥʩʘʮʽʻʶ. ʇʨʦʮʝʩ 

ʢʦʥʜʝʥʩʘʮʽʾ, ʪʘʢ ʩʘʤʦ ʷʢ ʽ ʧʨʦʮʝʩ ʧʘʨʦʫʪʚʦʨʝʥʥʷ, ʧʨʦʪʽʢʘʻ ʧʨʠ ʧʦʩʪʽʡʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ, ʷʢʱʦ ʧʨʠ ʮʴʦʤʫ ʪʠʩʢ ʥʝ ʟʤʽʥʁ̒ʪʴʩʷ.  

ʗʢʱʦ ʧʦʤʽʩʪʠʪʠ ʚʦʜʫ ʚ ʟʘʢʨʠʪʫ ʩʫʜʠʥʫ, ʪʦ ʤʦʣʝʢʫʣʠ, ʱʦ 

ʚʠʧʘʨʦʚʫʶʪʴʩʷ ʟ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ, ʙʫʜʫʪʴ ʟʘʧʦʚʥʶʚʘʪʠ ʧʨʦʩʪʽʨ ʥʘʜ 

ʨʽʜʠʥʦʶ. ʆʜʥʦʯʘʩʥʦ ʯʘʩʪʠʥʘ ʤʦʣʝʢʫʣ ʙʫʜʝ ʟʥʦʚʫ ʧʦʚʝʨʪʘʪʠʩʷ ʜʦ ʨʽʜʠʥʠ. ʋ 

ʜʝʷʢʠʡ ʤʦʤʝʥʪ ʢʽʣʴʢʽʩʪʴ ʤʦʣʝʢʫʣ, ʱʦ ʚʠʣʽʪʘʶʪʴ ʟ ʨʽʜʠʥʠ, ʙʫʜʝ 

ʜʦʨʽʚʥʶʚʘʪʠ ʢʽʣʴʢʦʩʪʽ ʤʦʣʝʢʫʣ, ʱʦ ʧʦʚʝʨʪʘʶʪʴʩʷ. ʋ ʮʝʡ ʤʦʤʝʥʪ ʫ ʧʨʦʩʪʦʨʽ 

ʥʘʜ ʨʽʜʠʥʦʶ ʙʫʜʝ ʟʥʘʭʦʜʠʪʠʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʘ ʢʣ̔ʴʢʽʩʪʴ ʤʦʣʝʢʫʣ. 

ʇʘʨʘ ʚ ʮʴʦʤʫ ʩʪʘʥʽ ʤʘʻ ʤʘʢʩʠʤʘʣʴʥʫ ʛʫʩʪʠʥʫ ʧʨʠ ʜʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʽ 

ʥʘʟʠʚʘʻʪʴʩʷ ʥʘʩʠʯʝʥʦʶ ʚʦʜʷʥʦʶ ʧʘʨʦʶ, ʪʦʙʪʦ ʧʘʨʦʶ, ʱʦ ʩʪʠʢʘʻʪʴʩʷ ʟ 

ʨʽʜʠʥʦʶ ʽ ʟʥʘʭʦʜʠʪʴʩʷ ʟ ʥʝʶ ʚ ʪʝʨʤʽʯʥʽʡ ʨʽʚʥʦʚʘʟʽ. ɿʽ ʟʤʽʥʦʶ ʪʝʤʧʝʨʘʪʫʨʠ 

ʨʽʜʠʥʠ ʨʽʚʥʦʚʘʛʘ ʧʦʨʫʰʫʻʪʴʩʷ, ʚʠʢʣʠʢʘʶʯʠ ʚʽʜʧʦʚʽʜʥʫ ʟʤʽʥʫ ʛʫʩʪʠʥʠ ʽ 
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ʪʠʩʢʫ ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ. ʆʩʥʦʚʥʘ ʚʣʘʩʪʠʚʽʩʪʴ ʥʘʩʠʯʝʥʦʾ ʚʦʜʷʥʦʾ ʧʘʨʠ ʧʦʣʷʛʘʻ 

ʚ ʪʦʤʫ, ʱʦ ʾʾ ʪʝʤʧʝʨʘʪʫʨʘ ʻ ʬʫʥʢʮʽʻʶ ʾʾ ʪʠʩʢʫ, ʷʢʠʡ ʻ ʦʜʥʘʢʦʚʠʤ ʟ ʪʠʩʢʦʤ 

ʩʝʨʝʜʦʚʠʱʘ, ʚ ʷʢʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ ʢʠʧʽʥʥʷ. ʊʦʤʫ ʪʝʤʧʝʨʘʪʫʨʘ 

ʢʠʧʽʥʥʷ ʥʘʟʠʚʘʻʪʴʩʷ ʪʘʢʦʞ ʪʝʤʧʝʨʘʪʫʨʦʶ ʥʘʩʠʯʝʥʥʷ  ̔ ʧʦʟʥʘʯʘʻʪʴʩʷ tʥ 

(ʊʥ). ʊʠʩʢ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ tʥ, ʥʘʟʠʚʘʻʪʴʩʷ ʪʠʩʢʦʤ ʥʘʩʠʯʝʥʥʷ (ʧʦʟʥʘʯʘʻʪʴʩʷ 

ʈʥ ʘʙʦ ʈ). 

ʇʨʠ ʢʠʧʽʥʥ ̔ ʧʘʨʘ ʫʪʚʦʨʶʻʪʴʩʷ ʜʦ ʪʠʭ ʧʽʨ, ʜʦʢʠ ʥʝ ʚʠʧʘʨʠʪʴʩʷ 

ʦʩʪʘʥʥʷ ʢʘʧʣʷ ʨʽʜʠʥʠ. ʎʴʦʤʫ ʤʦʤʝʥʪʫ ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ ʥʘʩʠʯʝʥʘ ʚʦʜʷʥʘ 

ʧʘʨʘ, ʫ ʷʢiʡ ʚʽʜʩʫʪʥʽ ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʽ ʯʘʩʪʠʥʢʠ ʨʽʜʢʦʾ ʬʘʟʠ ʫ ʟʘʚʠʩʣʦʤʫ 

ʩʪʘʥʽ, ʽ ʷʢʘ ʥʘʟʠʚʘʻʪʴʩʷ ʩʫʭʦʶ ʥʘʩʠʯʝʥʦʶ ʧʘʨʦʶ. ʉʪʘʥ ʩʫʭʦ ʾʥʘʩʠʯʝʥʦʾ 

ʧʘʨʠ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʪʽʣʴʢʠ ʦʜʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ï ʘʙʦ ʪʠʩʢʦʤ, ʘʙʦ 

ʧʠʪʦʤʠʤ ʦʙô̒ ʤʦʤ, ʘʙʦ ʪʝʤʧʝʨʘʪʫʨʦʶ. 

ɺʦʜʷʥʘ ʧʘʨʘ, ʷʢʫ ʦʪʨʠʤʘʥʦ ʧʨʠ ʥʝʧʦʚʥʦʤʫ ʚʠʧʘʨʽ ʚʦʜʠ, ʽ ʫ ʷʢʘ ʤʽʩʪʪ̔ʴ 

ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʽ ʯʘʩʪʠʥʢʠ ʨʽʜʢʦʾ ʬʘʟʠ ʫ ʟʘʚʠʩʣʦʤʫ ʩʪʘʥ,̔ ʨʽʚʥʦʤʽʨʥʦ 

ʨʦʟʧʦʜʽʣʝʥʽ ʧʦ ʚʩʽʡ ʤʘʩʽ ʧʘʨʠ, ʥʘʟʠʚʘʻʪʴʩʷ ʚʦʣʦʛʦʶ ʥʘʩʠʯʝʥʦʶ ʧʘʨʦʶ.  

ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʣʦʛʦʾ ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʥʷʪʪʷ 

ʩʪʫʧʝʥʷ ʩʫʭʦʩʪʽ ʭ, ʷʢʠʡ ʜʦʨʽʚʥʶʻ ʚʽʜʥʦʰʝʥʥ ʁʤʘʩʠ ʩʫʭʦ ʾʥʘʩʠʯʝʥʦʾ ʧʘʨʠ 

ʜʦ ʩʫʤʘʨʥʦʾ ʤʘʩʠ ʚʦʣʦʛʦ ʾʥʘʩʠʯʝʥʦʾ ʧʘʨʠ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ: 

- ʜʣʷ ʢʠʧʣʷʯʦʾ ʨʽʜʠʥʠ  ï ʭ = 0; 

- ʜʣʷ ʩʫʭʦ ʾʥʘʩʠʯʝʥʦʾ ʧʘʨʠ  ï ʭ = 1; 

- ʜʣʷ ʚʦʣʦʛʦ ʾʥʘʩʠʯʝʥʦʾ ʧʘʨʠ  ï 0 < x < 1. 

ʄʘʩʦʚʘ ʯʘʩʪʢʘ ʢʠʧʣʷʯʦʾ ʨʽʜʠʥʠ ʫ ʚʦʣʦʛʽʡ ʧʘʨʽ, ʷʢʘ ʜʦʨʽʚʥʶʻ ű=1-ʭ, 

ʥʘʟʠʚʘʻʪʴʩʷ ʩʪʫʧʝʥʝʤ ʚʦʣʦʛʦʩʪʽ ʧʘʨʠ. ʉʪʫʧʝʥʴ ʩʫʭʦʩʪʽ ʽ ʩʪʫʧʝʥʴ ʚʦʣʦʛʦʩʪʽ 

ʚʠʨʘʞʘʶʪʴʩʷ ʚ ʜʦʣʷʭ ʦʜʠʥʠʮʽ, ʘʙʦ ʫ ʚʽʜʩʦʪʢʘʭ. ʅʘʧʨʠʢʣʘʜ, ʩʪʫʧʝʥʴ ʩʫʭʦʩʪʽ 

ʭ=0,85 ʧʦʢʘʟʫʻ, ʱʦ ʩʫʤʽʰ ʤʽʩʪʠʪʴ 85% ʩʫʭʦʾ ʧʘʨʠ ʽ 15% ʢʠʧʣʷʯʦʾ ʨʽʜʠʥʠ. 

ʉʪʘʥ ʚʦʣʦʛʦʾ ʧʘʨʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʚʦʤʘ ʧʘʨʘʤʝʪʨʘʤʠ: ʪʝʤʧʝʨʘʪʫʨʦʶ 

(ʯʠ ʪʠʩʢʦʤ) ʽ ʩʪʫʧʝʥʝʤ ʩʫʭʦʩʪʽ ʧʘʨʠ. 

ʗʢʱʦ ʩʫʭʽʡ ʥʘʩʠʯʝʥʽʡ ʧʘʨʽ ʥʘʜʘʪʠ ʜʝʷʢʫ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ ʧʨʠ 

ʧʦʩʪʽʡʥʦʤʫ ʪʠʩʢʫ, ʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʾʾ ʙʫʜʝ ʟʨʦʩʪʘʪʠ. ʊʦʙʪʦ ʷʢʱʦ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʘʨʠ ʙʽʣʴʰʝ ʪʝʤʧʝʨʘʪʫʨʠ ʩʫʭʦʾ ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ ʧʨʠ ʪʦʤʫ ʞ 

ʪʠʩʢʫ, ʪʦ ʪʘʢʫ ʧʘʨʫ ʥʘʟʠʚʘʶʪʴ ʧʝʨʝʛʨʽʪʦʶ. ʈʽʟʥʠʮʶ ʤʽʞ ʪʝʤʧʝʨʘʪʫʨʦʶ 

ʧʝʨʝʛʨʽʪʦʾ ʧʘʨʠ ʽ ʪʝʤʧʝʨʘʪʫʨʦʶ ʩʫʭʦʾ ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ ʧʨʠ ʪʦʤʫ ʞ ʪʠʩʢʫ 

ʥʘʟʠʚʘʶʪʴ ʩʪʫʧʝʥʝʤ ʧʝʨʝʛʨʽʚʫ. 

ʆʩʢʽʣʴʢʠ ʧʠʪʦʤʠʡ ʦʙôʻʤ ʧʝʨʝʛʨʽʪʦʾ ʧʘʨʠ ʙʽʣʴʰʝ ʧʠʪʦʤʦʛʦ ʦʙôʻʤʫ 

ʩʫʭʦʾ ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ (ʪʘʢ ʷʢ ʈ=const, tʧʝʨ>tʥ), ʪʦ ʛʫʩʪʠʥʘ ʧʝʨʝʛʨʽʪʦʾ ʧʘʨʠ 

ʙʫʜʝ ʤʝʥʰʝ ʛʫʩʪʠʥʠ ʩʫʭʦʾ ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ. ʊʦʤʫ ʧʝʨʝʛʨʽʪʘ ʧʘʨʘ ʻ 
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ʥʝʥʘʩʠʯʝʥʦʶ. ɿʘ ʩʚʦʾʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʧʝʨʝʛʨʽʪʘ ʧʘʨʘ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ 

ʛʘʟʽʚ ʽ ʪʠʤ ʙʽʣʴʰʝ, ʯʠʤ ʙʽʣʴʰʝ ʩʪʫʧʽʥʴ ʾʾ  ʧʝʨʝʛʨʽʚʫ. 

ʋ ʧʘʨʦʚʠʭ ʢʦʪʣʘʭ ʧʘʨ ʟ ʚʦʜʠ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʪʠʩʢʫ, 

ʪʦʤʫ ʨʦʟʛʣʷʥʝʤʦ ʧʨʦʮʝʩ ʧʘʨʦʫʪʚʦʨʝʥʥʷ ʧʨʠ ʈ=const. ʋʩʽ ʟʤʽʥʠ ʩʪʘʥʫ 

ʨʽʜʠʥʠ ʽ ʧʘʨʠ ʙʫʜʝʤʦ ʚʽʜʤʽʯʘʪʠ ʥʘ Pv-ʜʽʘʛʨʘʤ̔ (ʨʠʩ. 1.17). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1.17 ï ʇʨʦʮʝʩ ʧʘʨʦʫʪʚʦʨʝʥʥʷ ʚ Pv-ʜʽʘʛʨʘʤʽ 
 

ʋʚʝʩʴ ʧʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ ʧʝʨʝʛʨʽʪʦʾ ʧʘʨʠ ʧʨʠ P =const ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʪʨʴʦʭ ʧʦʩʣʽʜʦʚʥʠʭ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ: 

1) ʧʽʜʽʛʨʽʚ ʨʽʜʠʥʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʩʠʯʝʥʥʷ tʥ; 

2) ʧʘʨʦʫʪʚʦʨʝʥʥʷ ʧʨʠ tʥ = const; 

3) ʧʝʨʝʛʨʽʚ ʧʘʨʠ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʅʝʭʘʡ ʮʠʣʽʥʜʨ ʤʽʩʪʠʪʴ 1 ʢʛ ʚʦʜʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 0 
ʦ
ʉ, ʥʘ ʧʦʚʝʨʭʥʶ 

ʷʢʦʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʨʰʥʷ ʜʽʻ ʧʦʩʪʽʡʥʠʡ ʪʠʩʢ P1. ʆʙôʻʤ ʚʦʜʠ, ʱʦ 

ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʧʦʨʰʥʝʤ, ʜʦʨʽʚʥʶʻ ʧʠʪʦʤʦʤʫ ʦʙôʻʤʫ vʦ ʧʨʠ 0 
ʦ
ʉ. ɹʫʜʝʤʦ 

ʚʚʘʞʘʪʠ ʜʣʷ ʩʧʨʦʱʝʥʥʷ, ʱʦ ʚʦʜʘ ʻ ʧʨʘʢʪʠʯʥʦ ʥʝʩʪʠʩʣʠʚʦʶ ʨʽʜʠʥʦʶ ʽ ʤʘʻ 

ʥʘʡʙʽʣʴʰʫ ʛʫʩʪʠʥʫ ʧʨʠ 0 
ʦ
ʉ, ʘ ʥʝ ʧʨʠ 4 

ʦ
ʉ. ʅʘ ʨʠʩʫʥʢʫ 1.17 ʮʝʡ ʩʪʘʥ 

ʟʦʙʨʘʞʝʥʦ ʪʦʯʢʦʶ S1. ʇʨʠ ʥʘʛʨʽʚʘʥʥʽ ʮʠʣʽʥʜʨʘ ʽ ʧʝʨʝʜʘʯʽ ʪʝʧʣʦʪʠ ʜʦ ʚʦʜʠ 

ʪʝʤʧʝʨʘʪʫʨʘ ʾʾ ʙʫʜʝ ʧʽʜʚʠʱʫʚʘʪʠʩʷ, ʦʙôʻʤ ʟʨʦʩʪʘʪʠ. ʇʨʠ ʜʦʩʷʛʥʝʥʥʽ t=tʥ 

ʨʽʜʠʥʘ ʟʘʢʠʧʠʪʴ ʽ ʧʦʯʥʝʪʴʩʷ ʧʨʦʮʝʩ ʧʘʨʦʫʪʚʦʨʝʥʥʷ (ʪʦʯʢʘ F1). ʇʠʪʦʤʠʡ 

ʦʙô̒ʤ ʚʦʜʠ ʫ ʪʦʯʮʽ F1 ʧʦʟʥʘʯʠʤʦ ʷʢ vô. ɺʽʥ ʚʽʜʧʦʚʽʜʘʻ ʢʠʧʣʷʯʽʡ ʚʦʜʽ ʽ 

ʜʦʩʷʛʘ ̒ʧʨʠ ʜʘʥʦʤʫ ʪʠʩʢʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ. 
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ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʥʘʛʨʽʚʘʥʥʽ ʟʘ ʨʘʭʫʥʦʢ ʧʘʨʦʫʪʚʦʨʝʥʥʷ ʢʽʣʴʢʽʩʪʴ ʚʦʜʠ 

ʟʤʝʥʰʫʻʪʩɹʷ, ʘ ʢʽʣʴʢʽʩʪʴ ʧʘʨʠ ʟʨʦʩʪʝ. ʋ ʤʦʤʝʥʪ ʟʘʢʽʥʯʝʥʥʷ ʧʘʨʦʫʪʚʦʨʝʥʥʷ 

ʚ ʪʦʯʮʽ ɺ1 ʚ ʮʠʣʽʥʜʨʽ ʟʥʘʭʦʜʠʪʴʩʷ ʪʽʣʴʢʠ ʧʘʨʘ, ʷʢʘ ʻ ʩʫʭʦʶ ʥʘʩʠʯʝʥʦʶ. 

ʇʠʪʦʤʠʡ ʦʙôʻʤ ʮʽʻʾ ʧʘʨʠ ʧʦʟʥʘʯʘʻʪʴʩʷ ʷʢ vôô. ʊʘʢ ʷʢ ʧʨʦʮʝʩ ʧʘʨʦʫʪʚʦʨʝʥʥʷ 

ʧʨʦʪʽʢʘʻ ʧʨʠ P=const, ʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠ ʽ ʧʘʨʠ ʥʝ ʟʤʽʥʶʶʪʴʩʷ ʽ ʧʨʦʮʝʩ 

F1ïB1 ʻ ʦʜʥʦʯʘʩʥʦ ʽʟʦʙʘʨʥʠʤ ʡ ʽʟʦʪʝʨʤʽʯʥʠʤ. 

ʗʢʱʦ ʥʘʜʘʣʽ ʜʦ ʩʫʭʦʾ ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ ʧʽʜʚʦʜʠʪʠ ʪʝʧʣʦʪʫ, ʪʦ ʾʾ 

ʪʝʤʧʝʨʘʪʫʨʘ ʡ ʦʙô̒ʤ ʙʫʜʫʪʴ ʟʨʦʩʪʘʪʠ, ʘ ʧʘʨʘ ʽʟ ʩʫʭʦ ʾʥʘʩʠʯʝʥʦ ʾʧʝʨʝʡʜʝ ʚ 

ʧʝʨʝʛʨʽʪʫ (ʪʦʯʢʘ D1). 

ɼʣʷ ʧʦʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥ, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʨʽʟʥʠʭ ʩʪʘʥʽʚ ʚʦʜʠ ʽ ʧʘʨʠ, 

ʚʩʪʘʥʦʚʣʝʥʦ ʥʘʩʪʫʧʥʫ ʽʥʜʝʢʩʘʮʽʶ: 

- ʚʝʣʠʯʠʥʘ ʟ ʽʥʜʝʢʩʦʤ ç0è ï ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʧʦʯʘʪʢʦʚʦʛʦ ʩʪʘʥʫ ʚʦʜʠ; 

- ʚʝʣʠʯʠʥʘ ʟ ʽʥʜʝʢʩʦʤ çôè ï ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʚʦʜʠ, ʥʘʛʨʽʪʦʾ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʠ ʢʠʧʽʥʥʷ; 

- ʚʝʣʠʯʠʥʘ ʟ ʽʥʜʝʢʩʦʤ çôôè ï ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʩʫʭʦʾ ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ; 

- ʚʝʣʠʯʠʥʘ ʟ ʽʥʜʝʢʩʦʤ çʭè ï ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʚʦʣʦʛʦʾ ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ. 

ʇʨʦʚʝʜʝʤʦ ʧʨʦʮʝʩ ʧʘʨʦʫʪʚʦʨʝʥʥʷ ʧʨʠ ʙʫʜʴ-ʷʢʦʤʫ ʽʥʰʦʤʫ ʪʠʩʢʫ ʈ2. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʤʠ ʦʪʨʠʤʫʻʤʦ ʚʽʜʧʦʚʽʜʥʽ ʪʦʯʢʠ ʥʘ ʜʽʘʛʨʘʤʽ S2, F2 ʽ B2 

(ʨʠʩ. 1.17). ɼʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʪʠʩʢʫ ʈn ʤʠ ʦʪʨʠʤʫʻʤʦ ʚʽʜʧʦʚʽʜʥʠʡ ʥʘʙʽʨ 

ʪʦʯʦʢ Sn, Fn ʽ Bn. ʇʽʩʣʷ ʟ'ʻʜʥʘʥʥʷ ʚʩʽ ʮʠʭ ʪʦʯʦʢ ʧʣʘʚʥʦʶ ʢʨʠʚʦʶ ʤʠ 

ʦʪʨʠʤʫʻʤʦ ʢʨʠʚʫ ɽɸʂɺ, ʟʦʙʨʘʞʝʥʫ ʥʘ ʨʠʩʫʥʢʫ 1.17.  

ʂʨʠʚʘ ɽɸ ʚʠʨʘʞʘʻ ʟʘʣʝʞʥʽʩʪʴ ʧʠʪʦʤʦʛʦ ʦʙô̒ʤʫ ʚʦʜʠ ʚʽʜ ʪʠʩʢʫ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 0
0
ʉ. ʂʨʠʚʘ ɽɸ ʧʨʘʢʪʠʯʥʦ ʨʽʚʥʦʙʽʞʥʘ ʦʩʽ ʦʨʜʠʥʘʪ, ʪʦʤʫ ʱʦ 

ʚʦʜʘ ï ʨʝʯʦʚʠʥʘ ʧʨʘʢʪʠʯʥʦ ʥʝʩʪʠʩʣʠʚʘ. 

ʂʨʠʚʘ ɸʂ ʧʦʢʘʟʫʻ ʟʘʣʝʞʥʽʩʪʴ ʧʠʪʦʤʦʛʦ ʦʙô̒ʤʫ ʢʠʧʣʷʯʦʾ ʚʦʜʠ ʚʽʜ 

ʪʠʩʢʫ, ʾʾ ʥʘʟʠʚʘʶʪʴ ʛʨʘʥʠʯʥʦʶ ʢʨʠʚʦʶ ʨʽʜʠʥʠ (ʥʠʞʥʷ ʛʨʘʥʠʯʥʘ ʢʨʠʚʘ). 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʢʨʠʚʦʾ ɸʂ ʻ ʩʪʫʧʽʥʴ ʩʫʭʦʩʪʽ ʭ=0. 

ʂʨʠʚʘ ʂɺ ʚʠʨʘʞʘʻ ʟʘʣʝʞʥʽʩʪʴ ʧʠʪʦʤʦʛʦ ʦʙô̒ʤʫ ʩʫʭʦʾ ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ 

ʚʽʜ ʪʠʩʢʫ, ʚʦʥʘ ʥʘʟʠʚʘʻʪʴʩʷ ʛʨʘʥʠʯʥʦʶ ʢʨʠʚʦ ʁʧʘʨʠ (ʚʝʨʭʥʷ ʛʨʘʥʠʯʥʘ 

ʢʨʠʚʘ). ʍʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʢʨʠʚʦʾ ʂɺ ʻ ʩʪʫʧʽʥʴ ʩʫʭʦʩʪʽ ʭ=1. 

ʊʦʯʢʫ ɸ (ʚʦʜʘ ʟʥʘʭʦʜʠʪʴʩʷ ʦʜʥʦʯʘʩʥʦ ʚ ʨʽʜʢʦʤʫ, ʪʚʝʨʜʦʤʫ ʽ 

ʛʘʟʦʧʦʜʽʙʥʦʤʫ ʩʪʘʥʘʭ) ʥʘʟʠʚʘʶʪʴ ʧʦʪʨʽʡʥʦʶ ʪʦʯʢʦʶ ʚʦʜʠ, ʾʾ ʧʘʨʘʤʝʪʨʠ: 

ʈ0 = 0,00611 ʙʘʨ, ʊ0 = 273,16 ʂ, v0 = 0,001 ʤ
3
/ʢʛ. ɯʟʦʙʘʨʘ ɸɺ ʚʽʜʧʦʚʜ̔ʘʻ 
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ʩʪʘʥʘʤ ʨʽʚʥʦʚʘʛʠ ʚʩʽʭ ʪʨʴʦʭ ʬʘʟ, ʚʦʥʘ ʧʨʘʢʪʠʯʥʦ ʩʧʽʚʧʘʜʘʻ ʟ ʚʽʩʩʶ ʘʙʩʮʠʩ 

(ʈ0=0,00611 ʙʘʨ). 

ʊʦʯʢʘ ʟʫʩʪʨʽʯʽ ʛʨʘʥʠʯʥʠʭ ʢʨʠʚʠʭ ʂ ʥʘʟʠʚʘʻʪʴʩʷ ʢʨʠʪʠʯʥʦʶ ʪʦʯʢʦʶ. 

ʂʨʠʪʠʯʥʘ ʪʦʯʢʘ ʻ ʢʽʥʮʝʚʦʶ ʪʦʯʢʦʶ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ çʚʦʜʘ ï ʧʘʨʘè, ʱʦ 

ʧʦʯʠʥʘʻʪʴʩʷ ʚ ʧʦʪʨʽʡʥʽʡ ʪʦʯʮʽ ʚʦʜʠ ɸ. ɺʠʱʝ ʪʦʯʢʠ ʂ ʽʩʥʫʚʘʥʥʷ ʚʦʜʠ ʚ 

ʜʚʦʬʘʟʥʦʤʫ ʩʪʘʥʽ ʥʝʤʦʞʣʠʚʝ. ʇʘʨʘʤʝʪʨʠ ʢʨʠʪʠʯʥʦʾ ʪʦʯʢʠ ʜʣʷ ʚʦʜʠ: Tʢ 

=647,266 ʂ; vʢ= 0,003147 ʤ
3
/ʢʛ; ʈʢ = 22,1145 ʄʇʘ. ʂʨʠʪʠʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʻ 

ʤʘʢʩʠʤʘʣʴʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʥʘʩʠʯʝʥʦʶ ʧʘʨʠ. ʇʨʠ ʙʽʣʴʰ ʚʠʩʦʢʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʤʦʞʫʪʴ ʟʥʘʭʦʜʠʪʠʩʷ ʣʠʰʝ ʧʝʨʝʛʨʽʪʽ ʧʘʨʠ ʪʘ ʛʘʟʠ. 

ʈʦʟʛʣʷʥʫʪʽ ʢʨʠʚʽ ʨʦʟʧʦʜʽʣʷʶʪʴ ʢʦʦʨʜʠʥʘʪʥʫ ʧʣʦʱʠʥʫ ʥʘ ʦʢʨʝʤʽ ʟʦʥʠ: 

- ʤʽʞ ʚʽʩʩʶ ʦʨʜʠʥʘʪ ʽ ʢʨʠʚʦʶ ɽɸ ï çʣʽʜè; 

- ʤʽʞ ʢʨʠʚʦʶ ɽɸ ʽ ʥʠʞʥʴʦ ʁʛʨʘʥʠʯʥʦʶ ʢʨʠʚʦ ʁɸʂ ï çʚʦʜʘè; 

- ʤʽʞ ʥʠʞʥʴʦʶ ʽ ʚʝʨʭʥʴʦʶ ʛʨʘʥʠʯʥʠʤʠ ʢʨʠʚʠʤʠ ɸʂ ʽ ʂɺ ï 

çʚʦʜʘ+ʧʘʨʘè; 

- ʚʧʨʘʚʦ ʽ ʜʦʛʦʨʠ ʚʽʜ ʂɺ ï çʧʝʨʝʛʨʽʪʘ ʧʘʨʘè. 

ʊʝʧʝʨ ʨʦʟʛʣʷʥʝʤʦ Ts-ʜʽʘʛʨʘʤʫ ʧʨʦʮʝʩʫ ʧʘʨʦʫʪʚʦʨʝʥʥʷ ʧʨʠ ʟʘʜʘʥʦʤʫ 

ʪʠʩʢʫ ʈ1 (ʨʠʩ 1.18). ʎʽʥʥʽʩʪʴ ʮʽʻʾ ʜʽʘʛʨʘʤʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʣʦʱʘ ʧʽʜ 

ʢʨʠʚʦʶ ʧʨʦʮʝʩʫ ʚʽʜʧʦʚʽʜʘʻ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʪʠ, ʷʢʫ ʧʽʜʚʝʜʝʥʦ ʘʙʦ ʚʽʜʚʝʜʝʥʦ 

ʚʽʜ ʨʦʙʦʯʦʛʦ ʪʽʣʘ. ɺ Pv- ʽ Ts-ʜʽʘʛʨʘʤʘʭ ʢʦʞʥʘ ʪʦʯʢʘ ʟʦʙʨʘʞʫʻ ʚʽʜʧʦʚʽʜʥʠʡ 

ʩʪʘʥ ʪʽʣʘ, ʪʦʤʫ ʢʦʞʥʽʡ ʪʦʯʮʽ ʦʜʥʽʻʾ ʜʽʘʛʨʘʤʠ ʚʽʜʧʦʚʽʜʘʻ ʪʦʯʢʘ ʜʨʫʛʽʡ. 

ʇʝʨʝʥʝʩʝʤʦ ʧʦ ʪʦʯʢʘʭ ʧʨʦʮʝʩ ʧʘʨʦʫʪʚʦʨʝʥʥʷ ʽʟ Pv-ʜʽʘʛʨʘʤʠ ʧʨʠ ʈ=const ʚ 

TS-ʜʽʘʛʨʘʤʫ. ʆʩʢʽʣʴʢʠ ʝʥʪʨʦʧʽʷ ʨʽʜʠʥʠ ʧʨʠ 0 
ʦ
ʉ ʧʨʠʡʤʘʻʪʴʩʷ ʫʤʦʚʥʦ ʟʘ 

ʥʫʣɹ, ʪʦ ʪʦʯʢʘ S1 ʚ Ts-ʜʽʘʛʨʘʤʽ ʙʫʜʝ ʟʥʘʭʦʜʠʪʠʩʷ ʥʘ ʦʩʽ ʦʨʜʠʥʘʪ ʥʘ 

213,15 ʂ ʚʠʱʝ ʘʙʩʦʣʶʪʥʦʛʦ ʥʫʣʷ. ʅʘʛʨʽʚʘʥʥʷ ʚʦʜʠ ʚʽʜ 0 
ʦ
ʉ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 

ʥʘʩʠʯʝʥʥʷ Tʥ ʧʨʦʪʽʢʘʻ ʟʘ ʟʘʢʦʥʦʤ ʣʦʛʘʨʠʬʤʽʯʥʦʾ ʢʨʠʚʦʾ S1F1. ʇʨʦʮʝʩ 

ʧʘʨʦʫʪʚʦʨʝʥʥʷ ʧʨʠ Tʥ=const ʟʦʙʨʘʞʫʻʪʴʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ ʧʨʷʤʦʶ F1B1. 

ʇʝʨʝʛʨʽʚ ʧʘʨʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʣʦʛʘʨʠʬʤʽʯʥʦʶ ʢʨʠʚʦʶ ɺ1D1. ʇʨʠ ʮʴʦʤʫ 

ʽʟʦʙʘʨʘ ʧʝʨʝʛʨʽʚʫ ʧʘʨʠ ʻ ʙʽʣʴʰ ʢʨʫʪʦʶ ʥʽʞ ʽʟʦʙʘʨʘ ʥʘʛʨʽʚʫ ʨʽʜʠʥʠ.  

ʇʣʦʱʘ ʧʽʜ ʢʨʠʚʦʶ ʧʨʦʮʝʩʫ ʥʘ Ts-ʜʽʘʛʨʘʤ ̔ ʚʽʜʧʦʚʽʜʘʻ ʢʽʣʴʢʦʩʪʽ 

ʪʝʧʣʦʪʠ, ʷʢʫ ʧʽʜʚʝʜʝʥʦ ʘʙʦ ʚʽʜʚʝʜʝʥʦ ʚʽʜ ʨʦʙʦʯʦʛʦ ʪʽʣʘ. ʊʦʤʫ ʢʽʣʴʢʽʩʪʴ 

ʪʝʧʣʦʪʠ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʟʘʪʨʘʪʠʪʠ ʥʘ ʥʘʛʨʽʚ ʚʦʜʠ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 0 
ʦ
ʉ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʩʠʯʝʥʥʷ Tʥ ʜʦʨʽʚʥʶʻ ʧʣʦʱʽ ʧʽʜ ʢʨʠʚʦʶ S1F1. ɿ ʜʝʷʢʠʤ 

ʜʦʧʫʱʝʥʥʷʤ ʚʦʥʘ ʜʦʨʽʚʥʶʻ ʧʠʪʦʤʽʡ ʝʥʪʘʣʴʧʽʾ ʢʠʧʣʷʯʦʾ ʚʦʜʠ h' .  

ʊʦʯʢʘ ɺ1 ʥʘ Ts-ʜʽʘʛʨʘʤ ̔ʭʘʨʘʢʪʝʨʠʟʫʻ ʢʽʥʝʮʴ ʧʘʨʦʫʪʚʦʨʝʥʥʷ ï ʩʪʘʥ 
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ʩʫʭʦʾ ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ. ʂʽʣɹʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʦʚʥʝ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʦʜʠ ʥʘ ʧʘʨʫ ʜʦʨʽʚʥʶʻ ʧʣʦʱʽ ʧʨʷʤʦʢʫʪʥʠʢʘ ʧʽʜ ʧʨʷʤʦʶ 

F1B1 (ʨʠʩ. 1.18), ʪʦʙʪʦ  

r=Tʥ(sôôïsô).                                          (1.115) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1.18 ï ʇʨʦʮʝʩ ʧʘʨʦʫʪʚʦʨʝʥʥʷ ʚ Ts-ʜ̔ ʘʛʨʘʤ ̔ 
 

ʂʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʷʢʫ ʚʠʪʨʘʯʝʥʦ ʥʘ ʧʘʨʦʫʪʚʦʨʝʥʥʷ 1 ʢʛ ʚʦʜʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ ʢʠʧʽʥʥʷ ʜʦ ʩʫʭʦʾ ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ, ʥʘʟʠʚʘʻʪʴʩʷ ʧʠʪʦʤʦʶ 

ʪʝʧʣʦʪʦʶ ʧʘʨʦʫʪʚʦʨʝʥʥʷ ʽ ʧʦʟʥʘʯʘʻʪʴʩʷ r, ʢɼʞ/ʢʛ. 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʪʝʧʣʦʪʫ ʧʘʨʦʫʪʚʦʨʝʥʥʷ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʷʢ ʨʽʟʥʠʮʶ 

ʝʥʪʘʣʴʧʽʡ ʩʫʭʦʾ ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ ʽ ʢʠʧʣʷʯʦʾ ʨʽʜʠʥʠ (ʨʠʩ. 1.18), ʪʦʤʫ ʱʦ ʧʨʠ 

ʽʟʦʙʘʨʥʦʤʫ ʧʨʦʮʝʩʽ ʪʝʧʣʦʪʘ ʧʨʦʮʝʩʫ ʜʦʨʽʚʥʶʻ ʟʤʽʥʽ ʝʥʪʘʣʴʧʽʾ ʚ ʮʴʦʤʫ 

ʧʨʦʮʝʩʽ.  

ʗʢɦ ʦ ʥʘʧʨʠʢʽʥʮʽ ʚʠʧʘʨʫ ʤʠ ʦʜʝʨʞʫʻʤʦ ʚʦʣʦʛʫ ʧʘʨʫ (ʥʘʧʨʠʢʣʘʜ, 

ʪʦʯʢʘ ʄ) ʟʽ ʩʪʫʧʝʥʝʤ ʩʫʭʦʩʪʽ ʭ, ʪʦ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʷʢʫ ʚʠʪʨʘʯʝʥʦ ʥʘ ʮʝʡ 

ʧʨʦʮʝʩ ʚʠʧʘʨʫ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʣʦʱʝʶ ʧʽʜ ʣʽʥʽʻʶ F1ʄ:  
 

(sxïsô) Tʥ=r x.                                          (1.116) 
 

ʊʦʜʽ ʩʪʫʧʽʥʴ ʩʫʭʦʩʪʽ ʤʦʞʥʘ ʟʥʘʡʪʠ ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 
 

x = F1ʄ / ʄɺ1 = (sxïsô) / (sôôïsô).                  (1.117) 
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ʃʽʥʽʷ B1D1 ʭʘʨʘʢʪʝʨʠʟʫʻ ʥʘʛʨʽʚʘʥʥʷ ʩʫʭʦ ʾ ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ, ʪʦʙʪʦ 

ʦʜʝʨʞʘʥʥʷ ʧʝʨʝʛʨʽʪʦʾ ʧʘʨʠ. ʊʝʧʣʦʪʘ, ʱʦ ʧʨʠ ʮʴʦʤʫ ʚʠʪʨʘʯʘʻʪʴʩʷ, ʜʦʨʽʚʥʶʻ 

ʧʣʦʱʽ ʧʽʜ ʢʨʠʚʦʶ B1D1 ʘʙʦ qʧ= hïhôô (ʜʠʚ. ʨʠʩ. 1.18). 

ʗʢʱʦ ʧʨʦʮʝʩ ʧʘʨʦʫʪʚʦʨʝʥʥʷ ʟʦʙʨʘʟʠʪʠ ʥʘ Ts-ʜʽʘʛʨʘʤʽ ʜʣʷ ʨʽʟʥʠʭ 

ʪʠʩʢʽʚ ʈn, ʪʦ ʤʠ ʦʪʨʠʤʫʻʤʦ ʜʽʘʛʨʘʤʫ ʥʘʩʪʫʧʥʦʛʦ ʚʠʜʫ (ʨʠʩ. 1.19). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1.19 ï ʊs-ɼ̔ʘʛʨʘʤʘ ʚʦʜʷʥʦʾ ʧʘʨʠ 
 

ʅʘ Ts-ʜʽʘʛʨʘʤʽ (ʨʠʩ. 1.19) ʚʦʜʷʥʦʾ ʧʘʨʠ: 

- ʪʦʯʢʘ ɸ ʚʽʜʧʦʚʽʜʘʻ ʧʦʪʨʽʡʥʽʡ ʪʦʯʮʽ ʚʦʜʠ (s0=0, T0=273,16 ʂ); 

- ʣʽʥ̫̔  ɸʂ ʻ ʥʠʞʥʴʦʶ ʛʨʘʥʠʯʥʦʶ ʢʨʠʚʦʶ, ʚʦʥʘ ʚʽʜʧʦʚʽʜʘʻ ʢʠʧʣʷʯʽʡ 

ʚʦʜʽ; 

- ʣʽʥʽʷ ʂɺ ï ʮʝ ʚʝʨʭʥʷ ʛʨʘʥʠʯʥʘ ʢʨʠʚʘ, ʚʦʥʘ ʚʽʜʧʦʚʽʜʘʻ ʩʫʭʽʡ 

ʥʘʩʠʯʝʥʽʡ ʧʘʨʽ; 

- ʣʽʚʽʰʝ ʣʽʥʽʾ ɸʂ ʟʥʘʭʦʜʠʪʴʩʷ ʦʙʣʘʩʪʴ ʚʦʜʠ; 

- ʤʽʞ ʣʽʥʽʷʤʠ ɸʂ ʽ ʂɺ ï ʜʚʦʬʘʟʥʘ ʦʙʣʘʩʪʴ ʚʦʣʦʛʦʾ ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ; 

- ʚʧʨʘʚʦ ʽ ʜʦʛʦʨʠ ʚʽʜ ʣʽʥʽʾ ʂɺ ï ʦʙʣʘʩʪʴ ʧʝʨʝʛʨʽʪʦʾ ʧʘʨʠ; 

- ʪʦʯʢʘ ʂ ï ʢʨʠʪʠʯʥʘ ʪʦʯʢʘ. 

ɺ ʦʙʣʘʩʪʽ ʚʦʣʦʛʦʾ ʧʘʨʠ ʙʫʜʫʶʪʴ ʢʨʠʚʽ ʧʦʩʪʽʡʥʦʛʦ ʩʪʫʧʝʥʷ ʩʫʭʦʩʪʽ 

x=const (ʜʠʚ. ʨʠʩ. 1.19). ʅʘ ʜʽʘʛʨʘʤʫ ʥʘʥʦʩʷʪʴ ʪʘʢʦʞ iʟʦʭʦʨʠ (v=const), ʷʢʽ 

ʚ ʦʙʣʘʩʪʽ ʚʦʣʦʛʦʾ ʧʘʨʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʢʨʠʚʽ, ʱʦ ʥʘʧʨʘʚʣʝʥʽ ʚʠʧʫʢʣʽʩʪʶ 

ʜʦʛʦʨʠ, ʘ ʚ ʦʙʣʘʩʪʽ ʧʝʨʝʛʨʽʪʦʾ ʧʘʨʠ ʽʟʦʭʦʨʠ ʤʘʶʪʴ ʭʘʨʘʢʪʝʨ, ʘʥʘʣʦʛʽʯʥʠʡ 

ʽʟʦʙʘʨʘʤ, ʘʣʝ ʚʦʥʠ ʢʨʫʪʽʰʝ, ʥʽʞ ʦʩʪʘʥʥʽ. 
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ʊʘʙʣʠʮʽ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʦʜʠ ʽ ʚʦʜʷʥʦʾ ʧʘʨʠ 

ɼʣʷ ʧʨʘʢʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʚ ʷʢʠʭ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʦʜʷʥʘ ʧʘʨʘ, ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʢʠʧʣʷʯʦʾ ʚʦʜʠ ʽ ʩʫʭʦʾ ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ. ɸʥʘʣʽʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ 

ʧʘʨʘʤʝʪʨʘʤʠ ʚʦʜʷʥʦʾ ʧʘʨʠ ʟʘʥʘʜʪʦ ʩʢʣʘʜʥʽ; ʱʦʙ ʾʭ ʤʦʞʥʘ ʙʫʣʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʧʦʚʩʷʢʜʝʥʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ. ʊʦʤʫ ʥʘ ʦʩʥʦʚʽ ʮʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʩʢʣʘʜʝʥʦ ʪʘʙʣʠʮʽ ʽ ʜʽʘʛʨʘʤʠ, ʷʢʠʤʠ ʢʦʨʠʩʪʫʁ ʪʴʩʷ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʪʘʥʫ ʚʦʜʷʥʦʾ ʧʘʨʠ.  

ʎʝ ʪʨʠ ʦʩʥʦʚʥʽ ʪʘʙʣʠʮ ̔é. ʚʦʜʷʥʦʾ ʧʘʨʠ: ʜʚʽ ʪʘʙʣʠʮʽ ʩʫʭʦʾ ʥʘʩʠʯʝʥʦʾ 

ʧʘʨʠ ʽ ʚʦʜʘ ʥʘ ʢʨʠʚʽʡ ʥʘʩʠʯʝʥʥʷ (ʜʦʜʘʪʦʢ ɻ) ʽ ʪʘʙʣʠʮʷ é ʜʣʷ ʚʦʜʠ ʽ 

ʧʝʨʝʛʨʽʪʦʾ ʧʘʨʠ. ʉʪʘʥ ʢʠʧʣʷʯʦʾ ʚʦʜʠ ʽ ʩʫʭʦʛʦ ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʪʽʣʴʢʠ ʦʜʥʠʤ ʧʘʨʘʤʝʪʨʦʤ, ʪʦʤʫ ʟʘ ʚʽʜʦʤʠʤ ʪʠʩʢʦʤ ʯʠ ʪʝʤʧʝʨʘʪʫʨʦʶ ʟʘ 

ʜʘʥʠʤʠ ʪʘʙʣʠʮʽ é ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʥʝʦʙʭʽʜʥʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ. 

ʊʦʤʫ ʪʘʙʣʠʮʶ ɻ.1 ʜʦʜʘʪʢʘ ɻ ʧʦʙʫʜʦʚʘʥʦ ʟʘ ʘʨʛʫʤʝʥʪʦʤ ʪʝʤʧʝʨʘʪʫʨʘ, 

ʟʥʘʯʝʥʥʷ ʷʢʦʾ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʧʝʨʰʽʡ ʚʝʨʪʠʢʘʣʴʥʽʡ ʛʨʘʬʽ; ʫ ʧʦʜʘʣʴʰʠʭ 

ʚʝʨʪʠʢʘʣʴʥʠʭ ʛʨʘʬʘʭ ʨʦʟʤʽʱʝʥʽ ʚʽʜʧʦʚʽʜʥʽ ʮʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʈʥ, v', v" , h' , h" , r. ʆʜʠʥ ʰʪʨʠʭ ʧʨʠ ʧʦʟʥʘʯʝʥʥʽ ʧʘʨʘʤʝʪʨʽʚ 

ʚʜ̔ʥʦʩʠʪʴʩʷ ʜʦ ʚʦʜʠ, ʜʚʘ ʰʪʨʠʭʠ ï ʜʦ ʩʫʭʦʾ ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ. ɿʥʘʯʝʥʥʷ v' ʽ 

h'  ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʠʧʣʷʯʽʡ ʚʦʜʽ ʧʨʠ ʟʘʟʥʘʯʝʥʦʤʫ ʪʠʩʢʫ ʥʘʩʠʯʝʥʥʷ ʈʥ, ʦʜʥʘʢ 

ʷʢʱʦ ʚʦʜʫ ʚʚʘʞʘʪʠ ʥʝʩʪʠʩʣʠʚʦ,ʁ ʪʦ ʮʽ ʟʥʘʯʝʥʥʷ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʽ ʜʦ 

ʪʠʩʢʽʚ, ʙʽʣʴʰ ʚʠʩʦʢʠʭ, ʥʽʞ ʪʽ, ʱʦ  ̒ʫ ʜʨʫʛʽʡ ʛʨʘʬʽ (ʧʨʠ ʙʽʣʴʰ ʥʠʟʴʢʦʤʫ 

ʪʠʩʢʫ ʨʦʙʦʯʝ ʪʽʣʦ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʩʪʘʥʽ ʧʝʨʝʛʨʽʪʦʾ ʧʘʨʠ). 

ɿʥʘʯʝʥʥʷ ʝʥʪʘʣʴʧʡ̔ h'  ʽ h"  ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʘ, 

ʧʽʜʚʝʜʝʥʫ ʜʦ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʜʣʷ ʥʘʛʨʽʚʫ ʚʽʜ 0 Áʉ ʜʦ ʜʘʥʦʛʦ ʩʪʘʥʫ ʫ ʧʨʦʮʝʩʽ 

P=const. ɿʘ ʥʫʣʴʦʚʠʡ ʩʪʘʥ, ʚʽʜ ʷʢʦʛʦ ʚʽʜʨʘʭʦʚʫʶʪʴʩʷ ʚʝʣʠʯʠʥʠ ʝʥʪʘʣʴʧʽʾ i 

ʝʥʪʨʦʧʽʾ, ʫʤʦʚʥʦ ʧʨʠʡʥʷʣʠ ʩʪʘʥ ʚʦʜʠ ʚ ʧʦʪʨʽʡʥʽʡ ʪʦʯʮʽ.  

ʊʽ ʞ ʜʘʥʽ, ʱʦ  ̔ʚ ʪʘʙʣʠʮʽ ɻ.1 ʜʦʜʘʪʢʘ ɻ, ʥʘʚʝʜʝʥʦ ʡ ʫ ʪʘʙʣʠʮʽ ɻ.2 

ʜʦʜʘʪʢʘ ɻ, ʘʣʝ ʪʫʪ ʚ ʷʢʦʩʪʽ ʘʨʛʫʤʝʥʪ ʫʟʷʪʦ ʪʠʩʢ, ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʧʝʨʰʽʡ ʚʝʨʪʠʢʘʣʴʥʽʡ ʛʨʘʬʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʷʢʱʦ ʩʪʘʥ 

ʥʘʩʠʯʝʥʦʾ ʚʦʜʷʥʦʾ ʧʘʨʠ ʘʙʦ ʚʦʜʠ ʟʘʜʘʥʦ ʪʝʤʧʝʨʘʪʫʨʦʶ, ʪʨʝʙʘ ʟʚʝʨʪʘʪʠʩʷ ʜʦ 

ʪʘʙʣʠʮʽ ɻ.1 ʜʦʜʘʪʢʘ ɻ, ʷʢʱʦ ʪʠʩʢʦʤ ï ʜʦ ʪʘʙʣʠʮʽ ɻ.2 ʜʦʜʘʪʢʘ ɻ. 

ʇʠʪʦʤʘ ʚʥʫʪʨʽʰʥʷ ʝʥʝʨʛʽʷ ʚʦʜʷʥʦʾ ʧʘʨʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʟ ʟʘʛʘʣʴʥʦʾ 

ʬʦʨʤʫʣʠ ʜʣʷ ʝʥʪʘʣʴʧʽʾ (ʜʠʚ. ʧʫʥʢʪ 1.2.5): 
 

u = h ï P v.                                           (1.118) 
 

ʊʝʨʤʦʜʠʥʘʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʚʦʣʦʛʦʾ ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ 

ʧʨʘʚʠʣʦʤ ʘʜʠʪʠʚʥʦʩʪʽ: 
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vx = x vôô + (1 ï x) vô = vô + x (vôô ï vô);              (1.119) 
 

hx = hô + x (hôô ï hô) = hô + r x;                     (1.120) 
 

sx = sô + x (sôô ï sô) = sô + r x/ Tʥ;                   (1.121) 
 

ux = hx ï P vx.                                     (1.122) 
 

ʊʘʙʣʠʮʷ é ʜʣʷ ʚʦʜʠ ʽ ʧʝʨʝʛʨʽʪʦʾ ʧʘʨʠ ʤʽʩʪʠʪʴ ʜʘʥʽ ʧʨʦ ʚʦʜʫ (ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʾʾ ʩʪʠʩʢʘʣʴʥʦʩʪʽ) ʽ ʧʝʨʝʛʨʽʪʫ ʧʘʨʫ [2, ʜʦʜʘʪʦʢ IV]: ʮʽ ʟʥʘʯʝʥʥʷ 

ʚʽʜʦʢʨʝʤʣʝʥʽ ʦʜʠʥ  ʚʽʜ ʦʜʥʦʛʦ ʞʠʨʥʦʶ ʩʭʽʜʯʘʩʪʦʶ ʣʽʥʽʻʶ (ʣʽʚʦʨʫʯ ʜʣʷ 

ʚʦʜʠ, ʧʨʘʚʦʨʫʯ ï ʜʣʷ ʧʝʨʝʛʨʽʪʦʾ ʧʘʨʠ). ɼʣʷ ʢʦʞʥʦʛʦ ʩʪʘʥʫ ʧʝʨʝʛʨʽʪʦʾ ʧʘʨʠ, 

ʟʘʜʘʥʦʛʦ ʟʥʘʯʝʥʥʷʤʠ ʪʠʩʢʫ ʈ (ʚʝʨʪʠʢʘʣʴʥʘ ʛʨʘʬʘ), ʽ ʪʝʤʧʝʨʘʪʫʨʠ t 

(ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʛʨʘʬʘ), ʥʘʚʦʜʷʪʴʩʷ ʟʚʠʯʘʡʥʦ ʪʨʠ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ:  

v, h, s.  

ɽʥʪʘʣʴʧiʡʥʦ-ʝʥʪʨʦʧiʡʥʘ ʜʽʘʛʨʘʤʘ ʚʦʜʷʥʦʾ ʧʘʨʠ 

ʏʝʨʝʟ ʩʢʣʘʜʥʽʩʪʴ ʘʥʘʣʽʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʜʣʷ ʨʝʘʣʴʥʠʭ ʛʘʟʽʚ ʨʘʟʦʤ 

ʟ̔ ʪʘʙʣʠʯʥʠʤʠ ʜʘʥʠʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʛʨʘʬʽʯʥʽ ʤʝʪʦʜʠ ʨʦʟʚôʷʟʘʥʥʷ  

ʪʝʧʣʦʪʝʭʥʽʯʥʠʭ ʟʘʜʘʯ. ʉʝʨʝʜ ʜʽʘʛʨʘʤ ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʝ ʧʦʰʠʨʝʥʥʷ 

ʦʪʨʠʤʘʣʘ hs-ʜʽʘʛʨʘʤʘ ʚʦʜʷʥʦʾ ʧʘʨʠ (ʜʦʜʘʪʦʢ ɼ). ɼʦʩʪʦʾʥʩʪʚʦʤ ʮʽʻʾ 

ʜʽʘʛʨʘʤʠ ʻ ʪʝ, ʱʦ ʪʝʭʥʽʯʥʘ ʨʦʙʦʪʘ ʽ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ ʥʘ ʥʽʡ ʟʦʙʨʘʞʫʶʪʴʩʷ 

ʚʽʜʨʽʟʢʘʤʠ ʣʽʥʽʡ, ʘ ʥʝ ʧʣʦʱʘʤʠ, ʷʢ ʫ Ts-ʜʽʘʛʨʘʤʽ. ɼʽʘʛʨʘʤʘ ʙʫʜʫʻʪʴʩʷ 

ʰʣʷʭʦʤ ʧʝʨʝʥʦʩʫ ʯʠʩʣʦʚʠʭ ʜʘʥʠʭ ʪʘʙʣʠʮʴ ʚʦʜʷʥʦʾ ʧʘʨʠ ʚ hs-ʢʦʦʨʜʠʥʘʪʠ 

(ʨʠʩ. 1.20). 

ɿʘ ʧʦʯʘʪʦʢ ʢʦʦʨʜʠʥʘʪ ʧʨʠʡʥʷʪʦ ʩʪʘʥ ʚʦʜʠ ʚ ʧʦʪʨʽʡʥʽʡ ʪʦʯʮʽ (s0=0; 

h0=0). ʇʨʠ ʙʫʜʦʚʽ ʮʽʻʾ ʜʽʘʛʨʘʤʠ ʧʝʨʰ ʟʘ ʚʩʝ ʥʘ ʥʽʡ ʟʘ ʪʘʙʣʠʯʥʠʤʠ 

ʜʘʥʠʤʠé ʥʘʥʦʩʷʪʴ ʦʙʠʜʚʽ ʛʨʘʥʠʯʥʽ ʢʨʠʚʽ, ʪʦʙʪʦ ʜʣʷ ʨʽʟʥʠʭ ʩʪʘʥʽʚ ʢʠʧʣʷʯʦʾ 

ʚʦʜʠ ʽ ʩʫʭʦʾ ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ ʥʘʥʦʩʷʪʴ ʟʥʘʯʝʥʥʷ ʝʥʪʘʣʴʧʽʾ  ̔ʝʥʪʨʦʧʽʾ ʜʣʷ ʚʦʜʠ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʢʠʧʽʥʥʷ ʽ ʜʣʷ ʩʫʭʦʾ ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ. ʇʦʪʽʤ ʙʫʜʫʶʪʴ 

ʽʟʦʙʘʨʠ ʡ ʽʟʦʪʝʨʤʠ, ʷʢʽ ʚ ʦʙʣʘʩʪʽ ʚʦʣʦʛʦʾ ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ ʩʧʽʚʧʘʜʘʶʪʴ. ʃʽʥʽʾ 

ʽʟʦʙʘʨ-ʽʟʦʪʝʨʤ ʚ ʦʙʣʘʩʪʽ ʚʦʣʦʛʦʾ ʧʘʨʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʚʽʷʣʦ ʧʨʷʤʠʭ ʧʦʭʠʣʠʭ 

ʣʽʥʽʡ, ʪʘʥʛʝʥʩ ʢʫʪʘ ʥʘʭʠʣʫ ʷʢʠʭ ʜʦʨʽʚʥʶʻ ʘʙʩʦʣʶʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʜʘʥʦʛʦ 

ʩʪʘʥʫ. ʂʨʘʡʥʷ ʽʟʦʙʘʨʘ ʢʨʠʪʠʯʥʦʛʦ ʪʠʩʢʫ ʡʜʝ ʥʘʡʙʽʣʴʰ ʢʨʫʪʦ. ɿʚʽʜʩʠ 

ʚʠʧʣʠʚʘʻ, ʱʦ ʪʦʯʢʘ ʂ ʣʝʞʠʪʴ ʥʝ ʥʘ ʚʝʨʰʠʥʽ, ʷʢ ʫ Ts-ʜʽʘʛʨʘʤʽ, ʘ ʥʘ ʣʽʚʦʤʫ 

ʩʭʠʣʽ ʛʨʘʥʠʯʥʽʡ ʢʨʠʚʽʡ. 

ɺ ʦʙʣʘʩʪʽ ʧʝʨʝʛʨʽʪʦʾ ʧʘʨʠ ʽʟʦʙʘʨʠ ʡ ʽʟʦʪʝʨʤʠ ʨʦʟʭʦʜʷʪʴʩʷ, ʽʟʦʙʘʨʠ 

ʤʘʶʪʴ ʣʦʛʘʨʠʬʤʽʯʥʫ ʟʘʣʝʞʥʽʩʪʴ, ʘ ʽʟʦʪʝʨʤʠ ʧʦʩʪʫʧʦʚʦ ʧʝʨʝʭʦʜʷʪʴ ʫ 



 66 

ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʧʨʷʤʽ. ʅʘ ʜʽʘʛʨʘʤʫ ʥʘʥʦʩʷʪʴ ʣʽʥʽʾ ʧʦʩʪʽʡʥʦʛʦ ʧʠʪʦʤʦʛʦ 

ʦʙôʻʤʫ, ʱʦ ʡʜʫʪʴ ʢʨʫʪʽʰʝ ʽʟʦʙʘʨ. ɺ ʦʙʣʘʩʪʽ ʚʦʣʦʛʦʾ ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ ʪʘʢʦʞ 

ʥʘʥʦʩʷʪʴ ʣʽʥʽʾ ʧʦʩʪʽʡʥʦʛʦ ʩʪʫʧʝʥʷ ʩʫʭʦʩʪʽ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

ʈʠʩʫʥʦʢ 1.20 ï hs-ʜ̔ ʘʛʨʘʤʘ ʚʦʜʷʥʦʾ ʧʘʨʠ 
 

ʗʢ ʽ ʥʘ Ts-ʜʽʘʛʨʘʤʽ ʥʘ hs-ʜʽʘʛʨʘʤʽ ʚʦʜʷʥʦʾ ʧʘʨʠ (ʨʠʩ. 1.20) 

- ʪʦʯʢʘ ɸ ʚʽʜʧʦʚʽʜʘʻ ʧʦʪʨʽʡʥʽʡ ʪʦʯʮʽ ʚʦʜʠ; 

- ʣʽʥʽʷ ɸʂ ʻ ʥʠʞʥʴʦʶ ʛʨʘʥʠʯʥʦʶ ʢʨʠʚʦʶ ʽ ʚʽʜʧʦʚʽʜʘʻ ʢʠʧʣʷʯʽʡ ʚʦʜʽ; 

- ʣʽʥʽʷ ʂɺ ï ʚʝʨʭʥʷ ʛʨʘʥʠʯʥʘ ʢʨʠʚʘ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʩʫʭʽʡ ʥʘʩʠʯʝʥʽʡ 

ʧʘʨʽ; 

- ʣʽʚʽʰʝ ʣʽʥʽʾ ɸʂ ʟʥʘʭʦʜʠʪʴʩʷ ʦʙʣʘʩʪʴ ʚʦʜʠ; 

- ʤʽʞ ʣʽʥʽʷʤʠ ɸʂ ʽ ʂɺ ï ʜʚʦʬʘʟʥʘ ʦʙʣʘʩʪʴ ʚʦʣʦʛʦʾ ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ; 

- ʚʧʨʘʚʦ ʽ ʜʦʛʦʨʠ ʚʽʜ ʣʽʥʽʾ ʂɺ ï ʦʙʣʘʩʪʴ ʧʝʨʝʛʨʽʪʦʾ ʧʘʨʠ; 

- ʪʦʯʢʘ ʂ ï ʢʨʠʪʠʯʥʘ ʪʦʯʢʘ. 

hs-ʜ̔ ʘʛʨʘʤʘ ʜʫʞʝ ʟʨʫʯʥʘ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʚʦʜʷʥʦʾ ʧʘʨʠ ʥʝʦʙʭʽʜʥʦ ʧʨʦʩʪʦ ʟʥʘʡʪʠ ʥʘ ʜʽʘʛʨʘʤʽ ʪʦʯʢʫ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ 

ʜʘʥʦʤʫ ʩʪʘʥʫ. ʇʨʠ ʟʥʘʭʦʜʞʝʥʥʽ ʪʦʯʢʠ ʥʘ hs-ʜʽʘʛʨʘʤʽ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ: 

- ʚ ʦʙʣʘʩʪʽ ʚʦʣʦʛʦʾ ʧʘʨʠ ï 2 ʧʘʨʘʤʝʪʨʠ: ʭ ʽ ʈ (ʊ, v) ; 

- ʢʠʧʣʷʯʘ ʚʦʜʘ (ʣʽʥʽʷ ɸʂ) ï 1 ʧʘʨʘʤʝʪʨ: ʈ (ʊ, v) ; 

- ʩʫʭʘ ʥʘʩʠʯʝʥʘ ʧʘʨʘ (ʣʽʥʽʷ ʂɺ) ï 1 ʧʘʨʘʤʝʪʨ: ʈ (ʊ, v); 
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- ʧʝʨʝʛʨʽʪʘ ʧʘʨʘ ï 2 ʧʘʨʘʤʝʪʨʠ: ʈ ʠ ʊ. 

ɿʚʠʯʘʡʥʦ ʚʩʶ ʜʽʘʛʨʘʤʫ ʥʝ ʚʠʢʦʥʫʶʪʴ, ʘ ʙʫʜʫʶʪʴ ʪʽʣʴʢʠ ʾʾ ʚʝʨʭʥʶ 

ʯʘʩʪʠʥʫ, ʷʢʘ ʥʘʡʙʽʣʴʰ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʧʨʘʢʪʠʮʽ ʨʦʟʨʘʭʫʥʢʽʚ 

(ʜʠʚ. ʨʠʩ. 1.20). ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʦʙʨʘʞʫʚʘʪʠ ʾʾ ʚ ʙʽʣʴʰ ʚʝʣʠʢʦʤʫ 

ʤʘʩʰʪʘʙʽ. 

ɼʣʷ ʘʥʘʣʽʟʫ ʨʦʙʦʪʠ ʧʘʨʦʩʠʣʦʚʠʭ ʫʩʪʘʥʦʚʦʢ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʤʘʶʪʴ 

ʽʟʦʭʦʨʥʠʡ, ʽʟʦʙʘʨʥʠʡ, ʽʟʦʪʝʨʤʽʯʥʠʡ ʽ ʘʜʽʘʙʘʪʥʠʡ ʧʨʦʮʝʩʠ. ʈʦʟʨʘʭʫʥʢʠ ʮʠʭ 

ʧʨʦʮʝʩʽʚ ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ ʘʙʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʘʙʣʠʮʴ é ʚʦʜʠ ʽ ʚʦʜʷʥʦʾ 

ʧʘʨʠ, ʘʙʦ ʟʘ ʜʦʧʦʤʦʛʦʶ hs-ʜʽʘʛʨʘʤʠ. ʇʝʨʰʠʡ ʩʧʦʩʽʙ ʙʽʣʴʰ ʪʦʯʥʠʡ, ʘʣʝ 

ʜʨʫʛʠʡ ʙʽʣʴʰ ʧʨʦʩʪʠʡ ʽ ʥʘʦʯʥʠʡ.  

ɿʘʛʘʣʴʥʠʡ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʜʽʘʛʨʘʤʦ  ʁʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ. ɿʘ 

ʚʽʜʦʤʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʥʘʥʦʩʠʪʴʩʷ ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ ʨʦʙʦʯʦʛʦ ʪʽʣʘ, ʧʦʪʽʤ 

ʧʨʦʚʦʜʠʪʴʩʷ ʣʽʥʽʷ ʧʨʦʮʝʩʫ ʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʡʦʛʦ ʧʘʨʘʤʝʪʨʠ ʚ ʢʽʥʮʝʚʦʤʫ 

ʩʪʘʥʽ. ɼʘʣʽ ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʤʽʥʫ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ, ʚʠʟʥʘʯʘʪʁʴ ʢʽʣʴʢʽʩʪʴ 

ʪʝʧʣʦʪʠ ʽ ʨʦʙʦʪʫ ʚ ʜʘʥʦʤʫ ʧʨʦʮʝʩʽ. ʈʦʟʛʣʷʥʝʤʦ ʦʩʥʦʚʥʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ 

ʧʨʦʮʝʩʠ ʥʘ hs-ʜʽʘʛʨʘʤʽ. 

ɯʟʦʭʦʨʥʠʡ ʧʨʦʮʝʩ (v=const). ʅʘ ʨʠʩʫʥʢʫ 1.21, ʘ ʟʦʙʨʘʞʝʥʦ ʽʟʦʭʦʨʥʠʡ 

ʧʨʦʮʝʩ ʥʘ hs-ʜʽʘʛʨʘʤʽ. ʊʘʢ ʷʢ ʨʦʙʦʪʘ ʽʟʦʭʦʨʥʦʛʦ ʧʨʦʮʝʩʫ ʜʦʨʽʚʥʶʻ ʥʫʣʶ 

l=0, ʪʦ ʟʛʽʜʥʦ ʟ ʧʝʨʠhʤ ʟʘʢʦʥʦʤ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ ʫ 

ʜʘʥʦʤʫ ʧʨʦʮʝʩʽ ʜʦʨʽʚʥʶʻ ʟʤʽʥ ̔ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ, ʷʢʫ ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ 

ʨʽʚʥʷʥʥʷʤ  
 

Du=u2ïu1=(h2 ï P2 v2) ï (h1 ï P1 v1).                (1.123) 
 

ʇʘʨʘʤʝʪʨʠ ʧʦʯʘʪʢʦʚʦʛʦ ʽ ʢʽʥʮʝʚʦʛʦ ʩʪʘʥʽʚ ʚʦʜʷʥʦʾ ʧʘʨʠ, ʱʦ ʚʭʦʜʷʪʴ 

ʜʦ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ (ʈ, h, v), ʚʠʟʥʘʯʘʶʪʴ ʟʘ hs-ʜʽʘʛʨʘʤʦʶ. ɿʤʽʥʫ ʝʥʪʨʦʧʽʾ Ds 

ʷʢ ʽ ʟʤʽʥʫ ʝʥʪʘʣʴʧʽʾ Dh ʚʠʟʥʘʯʘʶʪʴ ʟʘ hs-ʜʽʘʛʨʘʤʦʶ. 

ɯʟʦʙʘʨʥʠʡ ʧʨʦʮʝʩ (ʈ=const). ʅʘ ʨʠʩʫʥʢʫ 1.21,ʙ ʧʦʜʘʥʦ ʽʟʦʙʘʨʥʠʡ 

ʧʨʦʮʝʩ ʚ hs-ʜʽʘʛʨʘʤʽ. ʂʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʱʦ ʙʝʨʝ ʫʯʘʩʪʴ ʫ ʧʨʦʮʝʩʽ, 

ʟʥʘʭʦʜʪ̫ʴ ʯʝʨʝʟ ʨʽʟʥʠʮʁ  ʝʥʪʘʣʴʧʡ̔ Dh ï ʨʽʚʥʷʥʥʷ (1.72). ɿʤʽʥʫ 

ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʨʽʚʥʷʥʥʷʤ (1.123). ʈʦʙʦʪʫ ʽʟʦʙʘʨʥʦʛʦ 

ʧʨʦʮʝʩʫ ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ ʨʽʚʥʷʥʥʷʤ (1.71) ʘʙʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʰʦʛʦ 

ʟʘʢʦʥʫ ʪʝʨʤʦʜʠʥʘʤʽʢʠ (1.51), (1.52). ʋʩʽ ʧʘʨʘʤʝʪʨʠ ʧʦʯʘʪʢʦʚʦʛʦ ʽ ʢʽʥʮʝʚʦʛʦ 

ʩʪʘʥʽʚ ʚʦʜʷʥʦʾ ʧʘʨʠ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʨʽʚʥʷʥʥʷ, ʚʠʟʥʘʯʘʶʪʴ ʟʘ 

hs-ʜʽʘʛʨʘʤʦʶ. 
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ʈʠʩʫʥʦʢ 1.21 ï ɯʟʦʭʦʨʥʠʡ (ʘ) ʡ  ʽʟʦʙʘʨʥʠʡ (ʙ) ʧʨʦʮʝʩʠ  

ʚ hs-ʜ̔ ʘʛʨʘʤ ̔ʚʦʜʷʥʦʾ ʧʘʨʠ 
 

ɯʟʦʪʝʨʤʽʯʥʠʡ ʧʨʦʮʝʩ (ʊ=const). ʅʘ ʨʠʩʫʥʢʫ 1.22, ʘ ʟʦʙʨʘʞʝʥʦ 

ʽʟʦʪʝʨʤʽʯʥʠʡ ʧʨʦʮʝʩ ʚ hs-ʜʽʘʛʨʘʤʽ. ɿʤʽʥʘ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʚ 

ʽʟʦʪʝʨʤʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʚʦʜʷʥʦʾ ʧʘʨʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʾʾ 

ʧʦʪʝʥʮʽʡʥʦʾ ʯʘʩʪʠʥʠ, ʧʨʠʯʦʤʫ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʦʙôʻʤʫ ʧʘʨʠ ʚʥʫʪʨʽʰʥʷ 

ʝʥʝʨʛʽʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʽ ʥʘʚʧʘʢʠ, ʪʦʤʫ ʚʦʥʘ ʥʝ ʜʦʨʽʚʥʶʻ ʥʫʣʶ Du 0̧ ʽ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ (1.123). ʊʝʧʣʦʪʘ ʧʨʦʮʝʩʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʨʽʚʥʷʥʥʷʤ  
 

q=T(s2ïs1).                                          (1.124) 
 

ʈʦʙʦʪʫ ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʰʦʛʦ ʟʘʢʦʥʫ ʪʝʨʤʦʜʠʥʘʤʽʢʠ 

(1.51), (1.52). ɿʤʽʥʫ ʝʥʪʨʦʧʽʾ Ds ʽ ʟʤʽʥʫ ʝʥʪʘʣʴʧʽʾ Dh ʚʠʟʥʘʯʘʶʪʴ ʟʘ hs-

ʜʽʘʛʨʘʤʦʶ. 

ɸʜʽʘʙʘʪʥʠʡ ʧʨʦʮʝʩ (q=0). ʅʘ ʨʠʩʫʥʢʫ 1.22,ʙ ʧʦʜʘʥʦ ʘʜʽʘʙʘʪʥʠʡ 

ʧʨʦʮʝʩ, ʱʦ ʧʨʦʪʽʢʘʻ ʙʝʟ ʫʯʘʩʪʽ ʪʝʧʣʘ, ʘ ʟʥʘʯʠʪʴ ʽ ʙʝʟ ʟʤʽʥʠ ʝʥʪʨʦʧʽʾ 

(Ds=0.). ʊʦʤʫ ʥʘ hs-ʜʽʘʛʨʘʤʽ ʛʨʘʬʽʢ ʧʨʦʮʝʩʫ ʷʚʣʷʻ ʩʦʙʦʶ ʚʝʨʪʠʢʘʣʴʥʫ 

ʧʨʷʤʫ. ɿʤʽʥʫ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʜʣʷ ʘʜʽʘʙʘʪʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʟʥʘʯʘʶʪʴ, ʷʢ ʽ 

ʜʣʷ ʽʥʰʠʭ ʧʨʦʮʝʩʽʚ, ʟʘ ʨʽʚʥʷʥʥʷʤ (1.123). ɿʛʽʜʥʦ ʟ ʧʝʨʠhʤ ʟʘʢʦʥʦʤ 

ʪʝʨʤʦʜʠʥʘʤʽʢʠ (1.51) ʨʦʙʦʪʘ ʧʨʦʮʝʩʫ ʯʠʩʝʣʴʥʦ ʜʦʨʽʚʥʶʻ ʟʤʽʥʽ ʚʥʫʪʨʽʰʥʴʦʾ 

ʝʥʝʨʛʽʾ l=ïDu. 
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ʈʠʩʫʥʦʢ 1.22 ï ɯʟʦʪʝʨʤʽʯʥʠʡ (ʘ) ʪʘ ʘʜʘ̔ʙʘʪʥʠʡ (ʙ) ʧʨʦʮʝʩʠ  

ʚ hs-ʜ̔ ʘʛʨʘʤ ̔ʚʦʜʷʥʦʾ ʧʘʨʠ 
 

ʇʨʦʮʝʩ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʩʪʫʧʝʥʽ ʩʫʭʦʩʪʽ (ʭ=const) (ʨʠʩ. 1.23). 

 
 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1.23 ï ʇʨʦʮʝʩ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʩʪʫʧʝʥʽ ʩʫʭʦʩʪʽ  

ʚ hs-ʜ̔ ʘʛʨʘʤ ̔ʚʦʜʷʥʦʾ ʧʘʨʠ 

 

ʂʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ ʚ ʮʴʦʤʫ ʧʨʦʮʝʩʽ ʧʨʠʙʣʠʟʥʦ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʟʘ 

ʨʽʚʥʷʥʥʷʤ 
 

( )12
21 ss

2

TT
q -

+
= ,                                        (1.125) 

 

B

x
=0

x=1

v=const

P=const

K

x=constx=const

t=const

h

s

B

x
=0

x=1

v=const

P=const

K

x=const
x=const

t=const

h

s

1

2

1

2

h2

h1

s1 s2

h2

h1

B

x=
0

x=1

v=const

P=const

K

x=const
x=const

t=const

h

s

1

2

h2

h1

s1 s2



 70 

ʪʦʤʫ ʱʦ ʣʽʥʽʾ x=const ʚ Ts-ʜʽʘʛʨʘʤʽ ʤʘʡʞʝ ʧʨʷʤ.̔ ɿʤʽʥʫ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ 

ʚʠʟʥʘʯʘʶʪʴ, ʷʢ ʽ ʜʣʷ ʽʥʰʠʭ ʧʨʦʮʝʩʽʚ, ʟʘ ʨʽʚʥʷʥʥʷʤ (1.123). ʈʦʙʦʪʫ 

ʚʠʟʥʘʯʘʶʪʴ ʟ ʧʝʨʰʦʛʦ ʟʘʢʦʥʫ ʪʝʨʤʦʜʠʥʘʤʽʢʠ (1.51): l=qïDu. 

 

 

1.4.3 ɺʦʣʦʛʝ ʧʦʚʽʪʨʷ 

 

ɸʪʤʦʩʬʝʨʥʝ ʧʦʚʽʪʨʷ, ʷʢʝ ʚ ʦʩʥʦʚʥʦʤʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʠʩʥʶ, ʘʟʦʪʫ, 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ, ʟʘʚʞʜʠ ʤʽʩʪʠʪʴ ʜʝʷʢʫ ʢʽʣʴʢʽʩʪʴ ʚʦʜʷʥʦʾ ʧʘʨʠ. ʉʫʤʽʰ 

ʩʫʭʦʛʦ ʧʦʚʽʪʨʷ ʽ ʚʦʜʷʥʦʾ ʧʘʨʠ ʥʘʟʠʚʘʻʪʴʩʷ ʚʦʣʦʛʠʤ ʧʦʚʽʪʨʷʤ. 

ʇʨʠʥʮʠʧʦʚʦʶ ʚʽʜʤʽʥʥʽʩʪʶ ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ ʚʽʜ ʽʥʰʠʭ ʛʘʟʦʚʠʭ ʩʫʤʽʰʝʡ ʻ 

ʪʝ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʚʦʜʷʥʦʾ ʧʘʨʠ ʚ ʩʫʤʽʰʽ ʟ ʧʦʚʽʪʨʷʤ ʥʝ ʤʦʞʝ ʧʝʨʝʚʠʱʫʚʘʪʠ 

ʧʝʚʥʦʾ ʚʝʣʠʯʠʥʠ. 

ɺʦʣʦʛʝ ʧʦʚʽʪʨʷ ʧʨʠ ʜʘʥʦʤʫ ʪʠʩʢʫ ʽ ʪʝʤʧʝʨʘʪʫʨʽ ʤʦʞʝ ʤʽʩʪʠʪʠ ʨʽʟʥʫ 

ʢʽʣʴʢʽʩʪʴ ʚʦʜʷʥʦʾ ʧʘʨʠ. ɺʦʜʷʥʘ ʧʘʨʘ ʫ ʚʦʣʦʛʦʤʫ ʧʦʚʽʪʨʽ ʤʦʞʝ ʟʥʘʭʦʜʠʪʠʩʷ 

ʚ ʪʨʴʦʭ ʩʪʘʥʘʭ: 1) ï ʧʝʨʝʛʨʽʪʘ ʧʘʨʘ, 2) ï ʩʫʭʘ ʥʘʩʠʯʝʥʘ ʧʘʨʘ, 3 ï ʚʦʣʦʛʘ 

ʥʘʩʠʯʝʥʘ ʧʘʨʘ (ʩʫʭʘ ʥʘʩʠʯʝʥʘ ʧʘʨʘ ʧʣʶʩ ʢʨʘʧʝʣʴʢʠ ʨʽʜʠʥʠ ʫ ʩʪʘʥʽ 

ʥʘʩʠʯʝʥʥʷ).  

ʗʢʱʦ ʚʦʣʦʛʝ ʧʦʚʽʪʨʷ ʤʽʩʪʠʪʴ ʧʨʠ ʜʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʚʦʜʷʥʫ ʧʘʨʫ ʚ 

ʧʝʨʝʛʨʽʪʦʤʫ ʩʪʘʥʽ, ʪʦ ʚʦʥʦ ʙʫʜʝ ʥʘʟʠʚʘʪʠʩʷ ʥʝʥʘʩʠʯʝʥʠʤ. ʊʦʤʫ ʱʦ ʚ 

ʥʴʦʤʫ ʟʥʘʭʦʜʠʪʴʩʷ ʥʝ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʘ ʜʣʷ ʜʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʢʽʣʴʢʽʩʪʴ ʚʦʜʷʥʦʾ ʧʘʨʠ, ʽ ʚʦʥʦ ʟʜʘʪʥʝ ʜʦ ʧʦʜʘʣʴʰʦʛʦ ʟʚʦʣʦʞʝʥʥʷ. ʊʦʤʫ ʪʘʢʝ 

ʧʦʚʽʪʨʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʷʢʦʩʪʽ ʩʫʰʠʣʴʥʦʛʦ ʘʛʝʥʪʘ ʚ ʨʽʟʥʠʭ ʩʫʰʠʣʴʥʠʭ 

ʫʩʪʘʥʦʚʢʘʭ. 

ʗʢʱʦ ʩʫʤʽʰ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʩʫʭʦʛʦ ʧʦʚʽʪʨʷ ʽ ʥʘʩʠʯʝʥʦʾ ʚʦʜʷʥʦʾ ʧʘʨʠ, 

ʪʦ ʡʦʛʦ ʥʘʟʠʚʘʶʪʴ ʥʘʩʠʯʝʥʠʤ ʚʦʣʦʛʠʤ ʧʦʚʽʪʨʷʤ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʫ 

ʚʦʣʦʛʦʤʫ ʧʦʚʽʪʨʽ ʟʥʘʭʦʜʠʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʘ ʤʦʞʣʠʚʘ ʜʣʷ ʜʘʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʢʽʣʴʢʽʩʪʴ ʚʦʜʷʥʦʾ ʧʘʨʠ. ʇʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʮʴʦʛʦ ʧʦʚʽʪʨʷ, ʙʫʜʝ 

ʚʽʜʙʫʚʘʪʠʩʷ ʢʦʥʜʝʥʩʘʮʽʷ ʚʦʜʷʥʦʾ ʧʘʨʠ. ʇʘʨʮʽʘʣʴʥʠʡ ʪʠʩʢ ʚʦʜʷʥʦʾ ʧʘʨʠ ʚ 

ʮʽʡ ʩʫʤʽʰʽ ʜʦʨʽʚʥʶʻ ʪʠʩʢʫ ʥʘʩʠʯʝʥʥʷ ʧʨʠ ʜʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. 

ʗʢʱʦ ʚʦʣʦʛʝ ʧʦʚʽʪʨʷ ʤʽʩʪʠʪʴ ʧʨʠ ʜʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʚʦʜʷʥʫ ʧʘʨʫ, ʷʢʘ 

ʢʨʽʤ ʩʫʭʦ ʾʥʘʩʠʯʝʥʦʾ ʧʘʨʠ ʤʩ̔ʪʠʪʴ ʢʨʘʧʝʣʴʢʠ ʚʦʜʠ ʫ ʩʪʘʥʽ ʥʘʩʠʯʝʥʥʷ ʘʙʦ 

ʣ̔ʜ ʯʠ ʩʥʽʛ, ʪʦ ʪʘʢʝ ʧʦʚʽʪʨʷ ʥʘʟʠʚʘʶʪʴ ʧʝʨʝʩʠʯʝʥʠʤ ʚʦʣʦʛʠʤ ʧʦʚʽʪʨʷʤ. 

ɺ ʷʢʦʩʪʽ ʚʠʟʥʘʯʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʦʜʷʥʦʾ ʧʘʨʠ ʫ ʚʦʣʦʛʦʤʫ ʧʦʚʽʪʨʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʽʪʨʷ t ʽ ʧʘʨʮʽʘʣʴʥʠʡ ʪʠʩʢ ʚʦʜʷʥʦʾ ʧʘʨʠ 

ʈʧʘʨ. ɺʠʱʦʶ ʤʝʞʝʁ  ʧʘʨʮʽʘʣʴʥʦʛʦ ʪʠʩʢʫ ʚʦʜʷʥʦ ʾ ʧʘʨʠ ʧʨʠ ʜʘʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʧʦʚʽʪʨʷ t ʻ ʪʠʩʢ ʥʘʩʠʯʝʥʥʷ ʧʘʨʠ ʈʧʘʨ max = ʈʥ. 
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ɿʘʛʘʣʴʥʠʡ ʪʠʩʢ ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ ʟʘ ʟʘʢʦʥʦʤ ɼʘʣʴʪʦʥʘ ʜʦʨʽʚʥʶʻ 

ʩʫʤʽ ʧʘʨʮʽʘʣʴʥʠʭ ʪʠʩʢʽʚ ʩʫʭʦʛʦ ʧʦʚʽʪʨʷ ʽ ʚʦʜʷʥʦʾ ʧʘʨʠ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʡʦʛʦ 

ʩʢʣʘʜʫ: 
 

ʈ = ʈʧʦʚ + ʈʧʘʨ,                                               (1.126) 
 

ʜʝ ʈʧʦʚ ï ʧʘʨʮʽʘʣʴʥʠʡ ʪʠʩʢ ʩʫʭʦʛʦ ʧʦʚʽʪʨʷ; 

ʈʧʘʨ ï ʧʘʨʮʽʘʣʴʥʠʡ ʪʠʩʢ ʚʦʜʷʥʦʾ ʧʘʨʠ. 

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʧʘʨʮʽʘʣʴʥʦʛʦ ʪʠʩʢʫ ʧʘʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʩʧʝʮʽʘʣʴʥʠʡ ʧʨʠʣʘʜ ï ʛʽʛʨʦʤʝʪʨ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʴʦʛʦ ʧʨʠʣʘʜʫ ʚʠʟʥʘʯʘʶʪʴ 

ʪʦʯʢʫ ʨʦʩʠ, ʪʦʙʪʦ ʪʝʤʧʝʨʘʪʫʨʫ (tp), ʜʦ ʷʢʦʾ ʧʦʪʨʽʙʥʦ ʦʩʪʫʜʠʪʠ ʧʨʠ 

ʧʦʩʪʽʡʥʦʤʫ ʪʠʩʢʫ ʧʦʚʽʪʨʷ, ʱʦʙ ʚʦʥʦ ʩʪʘʣʦ ʥʘʩʠʯʝʥʠʤ. ɿʥʘʶʯʠ ʪʦʯʢʫ ʨʦʩʠ, 

ʤʦʞʥʘ ʟʘ ʪʘʙʣʠʮʷʤʠ é ʚʠʟʥʘʯʠʪʠ ʧʘʨʮʽʘʣʴʥʠʡ ʪʠʩʢ ʧʘʨʠ ʚ ʧʦʚʽʪʨʽ ʷʢ ʪʠʩʢ 

ʥʘʩʠʯʝʥʥʷ (ʈʥ), ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʪʦʯʮʽ ʨʦʩʠ tp. ʇʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʥʠʞʯʝ ʜʘʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ tp ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʦʥʜʝʥʩʘʮʽʷ ʚʦʜʷʥʦʾ ʧʘʨʠ. 

ɸʙʩʦʣʶʪʥʦʶ ʚʦʣʦʛʽʩʪʶ ʧʦʚʽʪʨʷ ʥʘʟʠʚʘʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʚʦʜʷʥʠʭ ʧʘʨ, 

ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʦʜʥʦʤʫ ʢʫʙʽʯʥʦʤʫ ʤʝʪʨʽ ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ. ɸʙʩʦʣʶʪʥʘ 

ʚʦʣʦʛʽʩʪʴ ʜʦʨʽʚʥʶʻ ʛʫʩʪʠʥ ̔ ʧʘʨʠ ʧʨʠ ʡʦʛʦ ʧʘʨʮʽʘʣʴʥʦʤʫ ʪʠʩʢʫ ʈʧʘʨ ʽ 

ʪʝʤʧʝʨʘʪʫʨʽ ʧʦʚʽʪʨʷ t. ɼʽʡʩʥʦ, ʟʘ ʟʘʢʦʥʦʤ ɼʘʣʴʪʦʥʘ ʚʦʜʷʥʘ ʧʘʨʘ ʟʘʡʤʘʻ 

ʚʝʩʴ ʦʙôʻʤ ʩʫʤʽʰʽ, ʘ ʾʾ ʛʫʩʪʠʥʘ ʚʽʜʧʦʚʽʜʘʻ ʤʘʩʽ ʚʦʜʷʥʦʾ ʧʘʨʠ ʚ ʦʜʥʦʤʫ 

ʢʫʙʽʯʥʦʤʫ ʤʝʪʨʽ ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ. ʅʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʘʙʩʦʣʶʪʥʘ 

ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ ʭʘʨʘʢʪʝʨʠʟʫ ̒ʟʤʽʩʪ ʫ ʧʦʚʽʪʨʽ ʪʽʣʴʢʠ ʦʜʥʽʻʾ ï ʧʘʨʦʚʦʾ ʬʘʟʠ 

ʚʦʜʠ. 

ɺʽʜʥʦʰʝʥʥʷ ʘʙʩʦʣʶʪʥʦʾ ʚʦʣʦʛʦʩʪʽ ʥʝʥʘʩʠʯʝʥʦʛʦ ʧʦʚʽʪʨʷ ʧʨʠ ʜʘʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʜʦ ʘʙʩʦʣʶʪʥʦʾ ʚʦʣʦʛʦʩʪʽ ʥʘʩʠʯʝʥʦʛʦ ʧʦʚʽʪʨʷ ʧʨʠ ʪʽʡ ʞʝ 

ʪʝʤʧʝʨʘʪʫʨʽ ʥʘʟʠʚʘʻʪʴʩʷ ʚʽʜʥʦʩʥʦʶ ʚʦʣʦʛʽʩʪʶ ʧʦʚʽʪʨʷ  
 

j = ɟʧʦʚ / ɟʧʦʚ ʥ  ʘʙʦ  j = ɟʧʦʚ / ɟʧʦʚ ʥ Ā100%,               (1.127) 
 

ɼʣʷ ʩʫʭʦʛʦ ʧʦʚʽʪʨʷ  j = 0, ʜʣʷ ʥʝʥʘʩʠʯʝʥʦʛʦ  j < 1, ʜʣʷ ʥʘʩʠʯʝʥʦʛʦ  

j =1 (100%). ɺʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʦʪʝʥʮʽʡʥʫ 

ʤʦʞʣʠʚʽʩʪʴ ʧʦʚʽʪʨʷ ʚʠʧʘʨʦʚʫʚʘʪʠ ʚʦʣʦʛʫ ʽ ʟʘʙʠʨʘʪʠ ʚ ʩʝʙʝ ʧʘʨʫ ʟ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʨʠ ʜʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. 

ɻʫʩʪʠʥʘ ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʘʩ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʚ ʦʜʥʦʤʫ 

ʢʫʙʽʯʥʦʤʫ ʤʝʪʨʽ ʩʫʭʦʛʦ ʧʦʚʽʪʨʷ, ʽ ʚʦʜʷʥʦ ʾʧʘʨʠ: 
 

r = rʧʦʚ + rʧʘʨ = Pʧʦʚ/(RʧʦʚĀT) + j /n''
,                (1.128) 
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ʜʝ Pʧʦʚ ï ʧʘʨʮʽʘʣʴʥʠʡ ʪʠʩʢ ʧʦʚʽʪʨʷ, 

Rʧʦʚ ï ʛʘʟʦʚʘ ʩʪʘʣʘ ʩʫʭʦʛʦ ʧʦʚʽʪʨʷ, 

T ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ, 

n''
 ï ʧʠʪʦʤʠʡ ʦʙôʻʤ ʩʫʭʦʾ ʥʘʩʽʯʝʥʦʾ ʚʦʜʷʥʦʾ ʧʘʨʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

ʧʦʚʽʪʨʷ, ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʜʘʥʠʤʠ ʪʘʙʣʠʮʽ ɻ1 ʜʦʜʘʪʢʘ ɻ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

ʧʦʚʽʪʨʷ. 

ʄʦʣʝʢʫʣʷʨʥʫ ʤʘʩʫ ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʨʽʚʥʷʥʥʷʤ ʜʣʷ 

ʩʫʤʽʰʽ ʛʘʟʽʚ 
 

m = rʧʦʚmʧʦʚ + rʧʘʨmʧʘʨ,                                        (1.129) 
 

ʜʝ mʧʦʚ, mʧʘʨ ï ʤʦʣʝʢʫʣʷʨʥʽ ʤʘʩʠ ʩʫʭʦʛʦ ʧʦʚʽʪʨʷ ʽ ʚʦʜʷʥʦʾ ʧʘʨʠ, 

mʧʦʚ=28,96 ʢʛ/ʢʤʦʣʴ, mʧʘʨ=18,016 ʢʛ/ʢʤʦʣʴ, 

rʧʦʚ, rʧʘʨ ï ʦʙ'ʻʤʥʽ ʯʘʩʪʢʠ ʩʫʭʦʛʦ ʧʦʚʽʪʨʷ ʽ ʚʦʜʷʥʦʾ ʧʘʨʠ, ʷʢʽ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤʠ: 
 

rʧʦʚ = ʈʧʦʚ/ʈ=(ʈ ï ʈʧʘʨ)/ʈ,    rʧʘʨ= ʈʧʘʨ/ʈ, 
 

ʜʝ ʈ, ʈʧʦʚ  ʽ  ʈʧʘʨ ï ʘʪʤʦʩʬʝʨʥʠʡ ʽ ʧʘʨʮʽʘʣʴʥ ̔ʪʠʩʢʠ ʩʫʭʦʛʦ ʧʦʚʽʪʨʷ ʽ 

ʚʦʜʷʥʦʾ ʧʘʨʠ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʽʜʩʪʘʥʦʚʢʠ ʯʠʩʝʣʴʥʠʭ ʟʥʘʯʝʥʴ ʤʦʣʝʢʫʣʷʨʥʠʭ ʤʘʩ 

ʩʫʭʦʛʦ ʧʦʚʽʪʨʷ ʽ ʚʦʜʷʥʦʾ ʧʘʨʠ ʜʦ ʨʽʚʥʷʥʥʷ (1.129) ʦʜʝʨʞʫʻʤʦ ʨʦʟʨʘʭʫʥʢʦʚʝ 

ʚʠʨʘʞʝʥʥʷ ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ ʫ ʚʠʜʽ 
 

m = 28,95 ï 10,944 Pʧʘʨ/P.                              (1.130) 
 

ɻʘʟʦʚʘ ʩʪʘʣʘ ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ 
 

P

P
10,94428,96

83148314
R

ïàð
-

=
m

= ,                             (1.131) 

 

ʚʦʥʘ ʙʽʣʴʰʝ ʟʘ ʛʘʟʦʚʫ ʩʪʘʣʫ ʩʫʭʦʛʦ ʧʦʚʽʪʨʷ. 

ɺʦʣʦʛʦʚʤʽʩʪ ʷʚʣʷʻ ʩʦʙʦʶ ʚʽʜʥʦʰʝʥʥʷ ʤʘʩʠ ʚʦʜʷʥʦʾ ʧʘʨʠ, ʷʢʘ 

ʤʽʩʪʠʪʴʩʷ ʫ ʚʦʣʦʛʦʤʫ ʧʦʚʽʪʨʽ, ʜʦ ʤʘʩʠ ʩʫʭʦʛʦ ʧʦʚʽʪʨʷ: 
 

d = mʧʘʨ / mʧʦʚ  ,                                          (1.132) 
 

ʜʝ mʧʘʨ, mʧʦʚ ï ʤʘʩʠ ʚʦʜʷʥʦʾ ʧʘʨʠ ʽ ʩʫʭʦʛʦ ʧʦʚʽʪʨʷ ʫ ʚʦʣʦʛʦʤʫ 

ʧʦʚʽʪʨʽ. 
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ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʧʦʥʷʪʪʷ çʚʦʣʦʛʦʚʤʽʩʪè ʚʽʜʥʦʩʠʪʴʩʷ ʥʝ ʪʽʣʴʢʠ 

ʜʦ ʧʘʨʦʚʦʾ ʬʘʟʠ ʚʦʜʠ, ʘʣʝ ʽ ʜʦ ʨʽʜʢʦ,ʾ ʽ ʜʦ ʪʚʝʨʜʦ ʾʾʾ ʬʘʟʠ. ʇʽʩʣʷ ʟʘʤʽʥʠ 

ʚʽʜʥʦʰʝʥʥʷ ʤʘʩ ʫ ʨʽʚʥʷʥʥʽ (1.132) ʥʘ ʤʘʩʦʚʽ ʯʘʩʪʢʠ ʽ ʚʠʨʘʞʝʥʥʷ ʦʩʪʘʥʥʽʭ 

ʯʝʨʝʟ ʦʙ'ʻʤʥʽ ʯʘʩʪʢʠ, ʱʦ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʚʽʜʥʦʰʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ 

ʧʘʨʮʽʘʣʴʥʠʭ ʪʠʩʢʽʚ ʜʦ ʪʠʩʢʫ ʚʩʽʻʾ ʩʫʤʽʰʽ, ʤʠ ʦʪʨʠʤʫʻʤʦ ʨʽʚʥʷʥʥʷ, ʷʢʝ 

ʚʩʪʘʥʦʚʣʶʻ ʟʚ'ʷʟʦʢ ʤʽʞ ʚʦʣʦʛʦʚʤʽʩʪʦʤ  ̔ʚʽʜʥʦʩʥʦʶ ʚʦʣʦʛʽʩʪʶ: 
 

ïàð

ïàð3

ïîâ

ïàð3

ïîâïîâ

ïàðïàð3

ïîâ

ïàð

ÐÐ

Ð
62210

28,96

18,016

Ð

Ð
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r

r
10

g

g
d

-
====

̧

̧
,     (1.133) 

 

ʘʙʦ 
 

í

í

ÐÐ

Ð
622d

j-

j
= .                                    (1.134) 

 

ʜʝ gʧʘʨ, gʧʦʚ ï ʤʘʩʦʚʽ ʯʘʩʪʢʠ ʚʦʜʷʥʦʾ ʧʘʨʠ ʽ ʩʫʭʦʛʦ ʧʦʚʽʪʨʷ, 

    rʧʘʨ, rʧʦʚ ï ʦʙ'ʻʤʥʽ ʯʘʩʪʢʠ ʚʦʜʷʥʦʾ ʧʘʨʠ ʽ ʩʫʭʦʛʦ ʧʦʚʽʪʨʷ. 

ʆʜʠʥʠʮʽ ʚʠʤʽʨʶʚʘʥʥʷ ʚʦʣʦʛʦʚʤʽʩʪʫ ï ʢʽʣʦʛʨʘʤ ʥʘ ʢʽʣʦʛʨʘʤ ʯʠ ʛʨʘʤ 

ʥʘ ʢʽʣʦʛʨʘʤ. ɿ ʨʽʚʥʷʥʥʷ (1.133) ʚʠʜʥʦ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʧʘʨʮʽʘʣʴʥʦʛʦ 

ʪʠʩʢʫ ʧʘʨʠ ʚʦʣʦʛʦʚʤʽʩʪ ʟʙʽʣʴʰʫʻʪʴʩʷ. ʄʘʢʩʠʤʘʣʴʥʠʡ ʚʦʣʦʛʦʚʤʽʩʪ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʪʠʩʢʫ ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ. 

ʗʢʱʦ ʧʘʨʮʽʘʣʴʥʠʡ ʪʠʩʢ ʚʦʜʷʥʦʾ ʧʘʨʠ ʈʧʘʨ ʜʦʨʽʚʥʶʻ ʪʠʩʢʫ ʥʘʩʠʯʝʥʥʷ 

ʈʥ ʧʨʠ ʜʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʪʦ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʠʡ ʚʦʣʦʛʦʚʤʽʩʪ dmax ʧʨʠ 

ʜʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʜʦʨʽʚʥʶʻ 
 

í

í
max

PP

P
622d

-
= ,                                 (1.135) 

 

ʪʦʜʽ 
 

max

max
í

d622

d
PP

+
= .                                 (1.136) 

 

ʉʪʫʧʝʥʝʤ ʥʘʩʠʯʝʥʥʷ ʥʘʟʠʚʘʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷ ʚʦʣʦʛʦʚʤʽʩʪʫ ʜʦ 

ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʛʦ ʚʦʣʦʛʦʚʤʽʩʪʫ ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ ʧʨʠ ʜʘʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʽ ʪʠʩʢʫ: 
 

maxd

d
=y .                                       (1.137) 
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ʄʞ̔ ɣ  ̔ű ʽʩʥʫʶʪʴ ʥʘʩʪʫʧʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 
 

maxd622

d622

+

+
j=y   ̔   

ïàð

í

PP

PP

-

-
j=y  .                (1.138) 

 

ɼʣʷ ʥʝʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʢʦʣʠ ʈʥ ʜʦʩʠʪʴ ʤʘʣʦ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʟʘʛʘʣʴʥʠʤ ʪʠʩʢʦʤ ʈ, ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ɣ=ű. 

ɽʥʪʘʣʴʧʽ̫  ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ h ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʥʘ 1 ʢʽʣʦʛʨʘʤ ʩʫʭʦʛʦ 

ʧʦʚʽʪʨʷ (ʢɼʞ/ʢʛ ʩ.ʧ.) ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʩʫʤʘ ʝʥʪʘʣʴʧʡ̔ ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ 1 ʢʽʣʦʛʨʘʤʽ ʩʫʭʦʛʦ ʧʦʚʽʪʨʷ: 
 

òâòâð³äð³äïàðïàðïîâ hdhdhdhh +++= ,                   (1.139) 

 

ʜʝ dʧʘʨ, dʨʽʜ, dʪʚ ï ʢʽʣʴʢʽʩʪʴ ʧʘʨʠ, ʨʽʜʠʥʠ ʽ ʪʚʝʨʜʦʾ ʬʘʟʠ ʚʦʜʠ (ʣʽʜ, 

ʩʥʽʛ) ʫ ʛʨʘʤʘʭ ʥʘ ʢʽʣʦʛʨʘʤ ʩʫʭʦʛʦ ʧʦʚʽʪʨʷ (ʚʦʣʦʛʦʚʤʽʩʪ); 

    hʧʦʚ, hʧʘʨ, hʨʽʜ, hʪʚ ï ʧʠʪʦʤʽ ʝʥʪʘʣʴʧʽʾ ʩʫʭʦʛʦ ʧʦʚʽʪʨʷ, ʧʘʨʠ, 

ʨʽʜʠʥʠ ʽ ʪʚʝʨʜʦʾ ʬʘʟʠ ʚʦʜʠ, ʢɼʞ/ʢʛ. 

ʋ ʚʠʨʘʞʝʥʥʽ (1.139) ʝʥʪʘʣʴʧʽʾ ʚʩʽʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ 

ʥʝʦʙʭʽʜʥʦ ʧʽʜʩʪʘʚʣʷʪʠ ʧʨʠ ʦʜʥʘʢʦʚʠʭ ʪʠʩʢʘʭ ʽ ʪʝʤʧʝʨʘʪʫʨʘʭ ʟʘ ʫʤʦʚʠ, ʱʦ 

ʧʦʯʘʪʢʦʚʘ ʪʦʯʢʘ ʚʽʜʣʽʢʫ ʝʥʪʘʣʴʧʽʾ ʢʦʞʥʦʛʦ ʟ ʢʦʤʧʦʥʝʥʪʽʚ ʤʘʻ ʙʫʪʠ 

ʦʜʥʘʢʦʚʦʶ. ʗʢʱʦ ʚʚʘʞʘʪʠ, ʱʦ ʚʦʣʦʛʝ ʧʦʚʽʪʨʷ ʥʝ ʤʽʩʪʠʪʴ ʪʚʝʨʜʦʾ ʬʘʟʠ, ʘ 

ʝʥʪʘʣʴʧʽʷ ï ʚʦʜʠ, ʪʦʙʪʦ ʨʽʜʠʥʠ, ʧʨʠ 0
ʦ
ʉ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʪʦ ʨʽʚʥʷʥʥʷ (1.139) 

ʥʘʙʫʜʝ  ʚʠʜʫ 
 

ïàðïàðïîâ dhhh += ,                                    (1.140) 

 

ʜʝ dʧʘʨ ʚʠʨʘʞʝʥʦ ʚ ʢʽʣʦʛʨʘʤʘʭ ʥʘ ʢʽʣʦʛʨʘʤ, ʘ h, hʧʦʚ, hʧʘʨ ï ʚ 

ʢʽʣʦʜʞʦʫʣʷʭ ʥʘ ʢʽʣʦʛʨʘʤ. 

ʊʦʜʽ ʝʥʪʘʣʴʧʽʶ ʩʫʭʦʛʦ ʧʦʚʽʪʨʷ ʪʘʢʦʞ ʪʨʝʙʘ ʚʽʜʨʘʭʦʚʫʚʘʪʠ ʚʽʜ 0
ʦ
ʉ, 

ʪʦʙʪʦ  
 

hʧʦʚ =ʉʧʦʚ t = 1,0048 t.                           (1.141) 
 

ɽʥʪʘʣʴʧ̫̔  ʚʦʜʷʥʦ ʾ ʧʘʨʠ hʧʦʚ, ʷʢʘ ʤʽʩʪʠʪʴʩʷ ʫ ʚʦʣʦʛʦʤʫ ʧʦʚʽʪʨʽ, 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ 
 

hʧʘʨ =ʉʨ ʚʦʜʠ tʥ + r + ʉʨ ʧʘʨ (tïtʥ),               (1.142) 
 

ʜʝ ʉʨ ʚʦʜʠ =4,19 ʢɼʞ/ʢʛ ʂ, 
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ʉʨ ʧʘʨ =1,96 ʢɼʞ/ʢʛ ʂ, 

r ï ʧʠʪʦʤʘ ʪʝʧʣʦʪʘ ʧʘʨʦʫʪʚʦʨʝʥʥʷ, ʜʣʷ tʥ ʚʽʜ 0 ʜʦ 100
ʦ
ʉ ʟ 

ʜʦʩʪʘʪʥʽʤ ʩʪʫʧʝʥʝʤ ʪʦʯʥʦʩʪʽ ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ, ʱʦ r =2500ï2,23 tʥ. 
ʊʦʜʽ  
 

hʧʘʨ =4,19 tʥ + 2500 ï 2,23 tʥ + 1,96 t ï 1,96 tʥ, 
 

ʘʙʦ 

hʧʘʨ = 2500 + 1,96 t.                                   (1.143) 
 

ʇʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ ʟʥʘʯʝʥʴ hʧʦʚ (1.141) ʽ hʧʘʨ (1.143) ʜʦ ʨʽʚʥʷʥʥʷ 

(1.140), ʦʪʨʠʤʘʻʤʦ: 
 

h =1,0048 t + (2500 + 1,96 t) d.                         (1.144) 
 

ʈʷʜ ʧʨʘʢʪʠʯʥʠʭ ʟʘʜʘʯ ʚ ʦʙʣʘʩʪʽ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ, ʩʫʰʽʥʥʷ 

ʤʘʪʝʨʽʘʣʽʚ, ʚʝʥʪʠʣʷʮʽʾ ʪʘ ʦʧʘʣʝʥʥʷ ʜʦʩʠʪʴ ʧʨʦʩʪʦ ʚʠʨʽʰʫʪʁʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ hd-ʜʽʘʛʨʘʤʠ, ̫ ʢʫ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʈʘʤʟiʥʠʤ ʫ 1918 ʨʦʮʽ. 

hd-ʜ̔ ʘʛʨʘʤʘ ʙʫʜʫʻʪʴʩʷ ʜʣʷ ʧʝʚʥʦʛʦ ʪʠʩʢʫ, ʥʘ ʨʠʩʫʥʢʫ ɽ.1 ʜʦʜʘʪʢʘ ɽ 

ʟʦʙʨʘʞʝʥʦ ʜʽʘʛʨʘʤʫ ʜʣʷ ʪʠʩʢʫ 98 ʢʇʘ, ʷʢʠʡ ʻ ʩʝʨʝʜʥʴʦʨʽʯʥʠʤ ʜʣʷ 

ʮʝʥʪʨʘʣʴʥʠʭ ʨʘʡʦʥʽʚ ʢʦʣʠʰʥʴʦʛʦ ʉʈʉʈ. ʇʨʘʢʪʠʯʥʦ ʮʶ ʜʽʘʛʨʘʤʫ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʚʩʽʭ ʚʠʧʘʜʢʽʚ ʩʫʰʽʥʥʷ, ʪʘʢ ʷʢ ʧʨʠ ʟʚʠʯʘʡʥʠʭ 

ʢʦʣʠʚʘʥʥʷʭ ʘʪʤʦʩʬʝʨʥʦʛʦ ʪʠʩʢʫ ʟʥʘʯʝʥʥʷ h ʽ d ʟʤʽʥʶʶʪʴʩʷ ʤʘʣʦ. 

ʇʦʙʫʜʦʚʘ h,d-ʜʽʘʛʨʘʤʠ ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ ʟʘʩʥʦʚʘʥʘ ʥʘ ʨʦʟʨʘʭʫʥʢʦʚʦʤʫ 

ʚʠʨʘʞʝʥʥʽ ʝʥʪʘʣʴʧʽʾ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ (1.140). ʇʨʠʥʮʠʧ 

ʙʫʜʦʚʠ hd-ʜʽʘʛʨʘʤʠ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 1.24. 

ʅʘ ʦʩʽ ʘʙʩʮʠʩ ʜʽʘʛʨʘʤʠ ʚʽʜʢʣʘʜʘʶʪʴ ʚʦʣʦʛʦʚʤʽʩʪ ʧʦʚʽʪʨʷ d, ʘ ʥʘ ʦʩʽ 

ʦʨʜʠʥʘʪ ï ʝʥʪʘʣʴʧʽʶ h (ʨʠʩ. 1.24, ʘ). ɯʟʦʪʝʨʤʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʧʨʷʤʽ ʣʽʥʽʾ, ʘ 

ʪʘʥʛʝʥʩ ʾʭ ʢʫʪʘ ʥʘʭʠʣʫ ʜʦ ʦʩʽ d ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʞʝʥʥʷʤ 

(h/d)=2500+1,96t, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʢʫʪʫ, ʙʣʠʟʢɹʦʤʫ ʜʦ 90
ʦ
 (ʨʠʩ. 1.24, ʘ).  

ʋ ʪʘʢʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʚʩʽ ʽʟʦʪʝʨʤʠ ʚ ʦʙʣʘʩʪʽ ʥʝʥʘʩʠʯʝʥʦʛʦ ʚʦʣʦʛʦʛʦ 

ʧʦʚʽʪʨʷ ʙʫʜʫʪʴ ʨʦʟʪʘʰʦʚʫʚʘʪʠʩʷ ʜʫʞʝ ʙʣʠʟʴʢʦ ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ ʽ ʜʦ ʦʩʽ h. 

ʈʦʙʦʪʘ ʟ ʪʘʢʦʶ ʜʽʘʛʨʘʤʦʶ ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʘ, ʪʦʤʫ ʧʦʙʫʜʦʚʘ  

h,d-ʜʽʘʛʨʘʤʠ ʫ ʧʨʷʤʦʢʫʪʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ.  
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ʈʠʩʫʥʦʢ 1.24 ï ɹʫʜʦʚʘ hd-ʜ̔ ʘʛʨʘʤʠ ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ 
 

h,d-ʜ̔ ʘʛʨʘʤʫ ʚʠʢʦʥʫʶʪʴ ʫ ʢʦʩʦʢʫʪʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ, ʷʢ ʧʨʘʚʠʣʦ, 

ʟ ʢʫʪʦʤ ʤʽʞ ʦʩʷʤʠ h ʽ d ʫ 135
ʦ
 (ʨʠʩ. 1.24, ʙ). ʇʨʠ ʮʴʦʤʫ ʽʟʦʪʝʨʤʘ 0

ʦ
ʉ ʚ 

ʥʝʥʘʩʠʯʝʥʽʡ ʦʙʣʘʩʪʽ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʧʦʯʪʽ ʛʦʨʠʟʦʥʪʘʣʴʥʦ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʟʙʽʣʴʰʠʪʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʨʷʤʦʢʫʪʥʦʶ ʩʠʩʪʝʤʦʶ ʢʦʦʨʜʠʥʘʪ ʚʽʜʩʪʘʥʴ ʤʽʞ 

ʽʟʦʪʝʨʤʘʤʠ ʽ ʣʽʥʽʷʤʠ ʽʥʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝʥʘʩʠʯʝʥʦʛʦ ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ ʚ 

h,d-ʜʽʘʛʨʘʤʽ. ʄʘʩʰʪʘʙ ʜʣʷ ʚʽʜʣʽʢʫ ʚʦʣʦʛʦʚʤʽʩʪʫ d ʜʣʷ ʟʨʫʯʥʦʩʪʽ ʥʘʥʦʩʷʪʴ 

ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʧʨʷʤʫ, ʷʢʘ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʧʦʯʘʪʦʢ ʢʦʦʨʜʠʥʘʪ. 

ʈʦʟʛʣʷʥʝʤʦ ʧʨʠʥʮʠʧ ʧʦʙʫʜʦʚʠ ʣʽʥʽʡ, ʟʦʙʨʘʞʝʥʠʭ ʥʘ h,d-ʜ̔ʘʛʨʘʤ ̔

ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ (ʨʠʩ. 1.25). ɺʽʩʴ ʢʦʦʨʜʠʥʘʪ ʚʦʣʦʛʦʚʤʽʩʪʫ d ʤʘʻ ʥʫʣʴʦʚʠʡ 

ʧʦʯʘʪʦʢ. ɺʝʨʪʠʢʘʣʴʥʽ ʣʽʥʽʾ ʚ h,d-ʜʽʘʛʨʘʤʽ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʣʽʥʽʾ ʧʦʩʪʽʡʥʠʭ 

ʚʦʣʦʛʦʚʤʽʩʪʽʚ. ʃʽʥʽʾ ʧʦʩʪʽʡʥʠʭ ʝʥʪʘʣʴʧʡ̔ ʨʽʚʥʦʙʽʞʥʽ ʦʩʽ d ʽ ʡʜʫʪʴ ʧʽʜ ʢʫʪʦʤ 

135
ʦ
 ʜʦ ʦʩʽ h. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʜʽʘʛʨʘʤʽ ʨʦʟʤʽʱʝʥʦ 4 ʛʨʫʧʠ ʣʽʥʽʡ: 

- ʣʽʥʽʾ ʨʽʚʥʦʛʦ ʚʦʣʦʛʦʚʤʽʩʪʫ d=const ï ʚʝʨʪʠʢʘʣʴʥʽ ʣʽʥʽʾ; 

- ʣʽʥʽʾ ʨʽʚʥʦʾ ʝʥʪʘʣʴʧʽʾ h=const (ʪʝʧʣʦʤʽʩʪʢʦʩʪʽ) ʡʜʫʪʴ ʧʽʜ ʢʫʪʦʤ 

135
ʦ
 ʜʦ ʦʩʽ h; 
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ʈʠʩʫʥʦʢ 1.25 ï hd-ʜ̔ ʘʛʨʘʤʘ ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ 
 

- ʣʽʥʽʾ ʨʽʚʥʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʽʟʦʪʝʨʤʠ) ï ʧʨʷʤʽ ʣʽʥʽʾ, ʧʽʜ ʢʫʪʦʤ ʚʽʜ 3 ʜʦ 

50 ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ (ʯʠʤ ʙʽʣʴʰʝ ʪʝʤʧʝʨʘʪʫʨʘ, ʪʠʤ ʙʽʣʴʰʝ ʢʫʪ 

ʥʘʭʠʣʫ); 

- ʛʨʫʧʘ ʢʨʠʚʠʭ ï ʣʽʥʽʾ ʨʽʚʥʦʾ ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ, ʱʦ ʧʨʠ t=100
0
ʉ 

ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʥʘ ʚʝʨʪʠʢʘʣʴʥʽ ʧʨʷʤʽ; 

- ʣʽʥʽʷ j=100% ʚʽʜʧʦʚʽʜʘʻ ʩʪʘʥʫ ʥʘʩʠʯʝʥʦʛʦ ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ. 

ʅʘ h,d-ʜʽʘʛʨʘʤʽ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʪʘʢʦʞ ʜʚʽ ʦʙʣʘʩʪʽ ï ʦʙʣʘʩʪʴ 

ʥʝʥʘʩʠʯʝʥʦʛʦ ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ ʽ ʦʙʣʘʩʪʴ ʧʝʨʝʥʘʩʠʯʝʥʦʛʦ ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ. 
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ʆʙʣʘʩʪʴ ʥʝʥʘʩʠʯʝʥʦʛʦ ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ 

ɼʣʷ ʥʝʥʘʩʠʯʝʥʦʛʦ ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ ʚ h,d-ʜʽʘʛʨʘʤʽ (ʦʙʣʘʩʪʴ ʚʠʱʝ 

ʣʽʥʽʾ ű=100%) ʽʟʦʪʝʨʤʠ t=const ʟʦʙʨʘʞʘʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʚʥʷʥʥ ̫

ʝʥʪʘʣʴʧʽʾ ʜʣʷ ʮʽʻʾ ʦʙʣʘʩʪʽ (1.144), ʢʦʣʠ ʚ ʧʦʚʽʪʨʽ ʤʦʞʝ ʙʫʪʠ ʧʨʠʩʫʪʥʽʡ 

ʪʽʣʴʢʠ ʧʘʨʦʚʘ ʬʘʟʘ ʚʦʜʠ. 

ɯʟʦʪʝʨʤʠ ʚ ʮʽʡ ʦʙʣʘʩʪʽ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʙʣʠʟʴʢʽ ʜʦ ʧʘʨʘʣʝʣʴʥʠʭ ʧʨʷʤʽ 

ʣʽʥʽʾ ʟ ʢʫʪʦʚʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ, ʦʙʫʤʦʚʣʝʥʠʤ ʨʽʚʥʷʥʥʷʤ (dh/dd)t=2500+1,96t. 

ʅʝʟʥʘʯʥʘ ʚʽʷʣʥʘ ʨʦʟʙʽʞʥʽʩʪʴ ʟ̔ʦʪʝʨʤ ʚʠʢʣʠʢʘʥʘ ʜʦʙʫʪʢʦʤ 1,96t. ɯʟʦʪʝʨʤʘ 

0
ʦ
ʉ ʫ ʮʽʡ ʦʙʣʘʩʪʽ, ʷʢ ʧʨʘʚʠʣʦ, ʷʚʣʷʻ ʩʦʙʦʶ ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʧʨʷʤʫ. ɺ̔ ʩʴ 

ʝʥʪʘʣʴʧʡ̔ ʦʜʥʦʯʘʩʥʦ ʚʠʢʦʥʫʻ ʽ ʨʦʣʴ ʦʩʽ ʪʝʤʧʝʨʘʪʫʨ. 

ʂʦʞʥʽʡ ʪʦʯʮʽ ʽʟʦʪʝʨʤʠ ʚʽʜʧʦʚʽʜʘʻ ʧʝʚʥʝ ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ 

ʧʦʚʽʪʨʷ ű. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʪʠʩʢʫ ʽ ʧʦʩʪʽʡʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʧʘʨʮʽʘʣʴʥʠʡ ʪʠʩʢ ʥʘʩʠʯʝʥʥʷ ʚʦʜʷʥʦʾ ʧʘʨʠ ʈʥ ʻ ʧʦʩʪʽʡʥʠʤ 

ʈʥ=f(t)=const. ʆʪʞʝ, ʥʘ ʽʟʦʪʝʨʤʽ h,d-ʜʽʘʛʨʘʤʠ ʚʦʣʦʛʦʚʤʽʩʪ ʧʘʨʠ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ (1.134) ʽ ʦʜʥʦʟʥʘʯʥʦ ʚʠʟʥʘʯʘʻ ʚʽʜʥʦʩʥʫ 

ʚʦʣʦʛʽʩʪʴ, ʷʢʫ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʟʘ ʨʽʚʥʷʥʥʷʤ 
 

íïàð

ïàð

622)P(d

Ðd

+
=j .                                        (1.145) 

 

ɿ'ʻʜʥʘʚʰʠ ʥʘ ʽʟʦʪʝʨʤʘʭ ʪʦʯʢʠ ʟ ʦʜʥʘʢʦʚʠʤʠ ű, ʦʜʝʨʞʫʶʪʴ ʣʽʥʽʾ 

ʧʦʩʪʽʡʥʠʭ ʚʽʜʥʦʩʥʠʭ ʚʦʣʦʛʦʩʪʝʡ ʧʦʚʽʪʨʷ ű=const. ʇʨʠ ʮʴʦʤʫ ű=0 

ʚʽʜʧʦʚʽʜʘʻ d=0, ʪʦʙʪʦ ʣʽʥʽʷ ű=0 ʟʙʽʛʘʻʪʴʩʷ ʟ ʚʽʩʩʶ ʝʥʪʘʣʴʧʡ̔ h. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʚʽʩʴ ʝʥʪʘʣʴʧʡ̔ h ʫ h,d-ʜʽʘʛʨʘʤʽ ʚʠʢʦʥʫʻ ʪʨʠ ʬʫʥʢʮʽ:ʾ ʻ ʚʽʩʩʶ 

ʝʥʪʘʣʴʧʡ̔, ʚʽʩʩʶ ʪʝʤʧʝʨʘʪʫʨ, ʣʽʥʽʻʶ ʧʦʩʪʽʡʥʦʾ ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ 

ű=0. ʃʽʥʽʷ ʧʦʩʪʽʡʥʦʾ ʤʘʢʩʠʤʘʣʴʥʦ ʾ ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ ű=100 %, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʚʦʣʦʛʦʤʫ ʥʘʩʠʯʝʥʦʤʫ ʧʦʚʽʪʨʶ, ʫ h,d-ʜʽʘʛʨʘʤʽ ʧʨʠ d=¤ ʧʨʘʛʥʝ 

ʜʦ ̔ʟʦʪʝʨʤʠ 100
ʦ
ʉ, ʪʦʤʫ ʱʦ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʈʥ ʧʨʘʛʥʝ ʜʦ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʪʠʩʢʫ ʈ, ʘ ʧʨʠ d=¤  ű=100 %. 

ʇʨʠ ű<100% ʣʽʥʽʾ ű=const, ʜʦʩʷʛʘʶʯʠ ʽʟʦʪʝʨʤʠ 100
ʦ
ʉ, 

ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʥʘ ʚʝʨʪʠʢʘʣʴʥʽ ʧʨʷʤʽ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʪʠʩʢ ʥʘʩʠʯʝʥʥʷ 

ʚʦʜʷʥʦ ʾ ʧʘʨʠ ʜʦʨʽʚʥʶ  ̒ ʘʪʤʦʩʬʝʨʥʦʤʫ ʪʠʩʢʫ (ʙʣʠʟʴʢʦ 1 ʙʘʨ) ʽ ʧʨʠ 

ʧʦʜʘʣʴʰʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʙʽʣʴʰʝ ʟʤʽʥʶʚʘʪʠʩʷ ʥʝ ʤʦʞʝ 

(ʈʥ=ʈ=const). ɺʽʜʧʦʚʽʜʥʦ, ʥʝ ʟʤʽʥʁ̒ʪʴʩʷ ʧʨʠ ű=const ʫ ʮʽʡ ʦʙʣʘʩʪʽ ʽ 

ʚʦʣʦʛʦʚʤʽʩʪ ʧʦʚʽʪʨʷ d=const (ʜʠʚ. ʨʽʚʥʷʥʥʷ (1.134)), ʪʦʙʪʦ ʣʽʥʽʾ ű=const, 
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ʱʦ ʡʜʫʪʴ ʚʠʱʝ ʽʟʦʪʝʨʤʠ t=100
o
ʉ, ʫ h,d-ʜʽʘʛʨʘʤʽ ʷʚʣʷʶʪʴ ʩʦʙʦʶ 

ʚʝʨʪʠʢʘʣʴʥʽ ʧʨʷʤʽ. 

ʆʩʢʽʣʴʢʠ ʪʠʩʢ ʥʘʩʠʯʝʥʥʷ ʚʦʜʷʥʦʾ ʧʘʨʠ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ 

ʟʤʝʥʰʫʻʪʴʩʷ, ʪʦ ʽ ʚʦʣʦʛʦʚʤʽʩʪ ʧʘʨʠ ʜʣʷ ʥʝʥʘʩʠʯʝʥʦʛʦ ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ 

(ʜʠʚ. ʨʽʚʥʷʥʥʷ (1.135)) ʥʘ ʣʽʥʽʾ ű=const ʚ ʦʙʣʘʩʪʽ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʙʫʜʝ 

ʤʝʥʰʝ, ʥʽʞ ʚʦʣʦʛʦʚʤʽʩʪ ʧʘʨʠ ʥʘ ʮʠʭ ʞʝ ʣʽʥʽʷʭ ʚ ʦʙʣʘʩʪʽ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ. ʊʦʤʫ ʣʽʥʽʾ ű=const ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʚʦʣʦʛʦʚʤʽʩʪʫ ʧʦʚʽʪʨʷ 

ʧʝʨʝʤʽʱʘʶʪʴʩʷ ʚ ʦʙʣʘʩʪʴ ʙʽʣʴʰ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʽ ʥʘʙʣʠʞʘʶʪʴʩʷ ʜʦ ʦʩʽ 

h. ɺ ʦʙʣʘʩʪʽ ʥʝʛʘʪʠʚʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʣʽʥʽʾ ű=const ʫ h,d-ʜʽʘʛʨʘʤʽ 

ʨʦʟʪʘʰʦʚʘʥ ̔ʜʫʞʝ ʙʣʠʟʴʢʦ ʦʜʥʘ ʜʦ ʦʜʥʦʾ ʽ ʥʘʙʣʠʞʘʶʪʴʩʷ ʜʦ ʦʩʽ ʥ ʤʘʡʞʝ 

ʚʧʨʠʪʫʣ. 

ɼʣʷ ʧʦʚʥʦʪʠ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʚʦʣʦʛʝ ʧʦʚʽʪʨʷ ʥʘ h,d-ʜʽʘʛʨʘʤʫ 

ʥʘʢʣʘʜʘʻʪʴʩʷ ʧʨʷʤʦʢʫʪʥʘ ʜʽʘʛʨʘʤʘ ʈʧʘʨ=f(d), ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʟʘʣʝʞʥʽʩʪʴ 

ʧʘʨʮʽʘʣʴʥʦʛʦ ʪʠʩʢʫ ʚʦʜʷʥʦʾ ʧʘʨʠ ʚʽʜ ʚʦʣʦʛʦʚʤʽʩʪʫ ʚʦʜʷʥʦʾ ʧʘʨʠ ʚ ʧʦʚʽʪʨʽ 

(ʜʠʚ. ʨʽʚʥʷʥʥʷ (1.133)). ʆʩʢʽʣʴʢʠ ʧʦʚʥʠʡ ʪʠʩʢ ʧʦʚʽʪʨʷ ʈ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʝ 

ʧʘʨʮʽʘʣʴʥʦʛʦ ʪʠʩʢʫ ʧʘʨʠ ʈʧʘʨ, ʟʘʣʝʞʥʽʩʪʴ ʈʧʘʨ=f(d) ʷʚʣʷʻ ʩʦʙʦʶ 

ʧʨʘʢʪʠʯʥʦ ʧʨʷʤʫ ʣʽʥʽʶ. ʇʨʘʚʦʨʫʯ ʟʘ ʚʽʩʩʶ ʦʨʜʠʥʘʪ ʚʽʜʢʣʘʜʝʥʽ ʟʥʘʯʝʥʥʷ 

ʈʧʘʨ ʫ ʤʽʣʽʤʝʪʨʘʭ ʨʪʫʪʥʦʛʦ ʩʪʦʚʧʘ. 

ʆʙʣʘʩʪʴ ʧʝʨʝʥʘʩʠʯʝʥʦʛʦ ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ 

ɺ ʦʙʣʘʩʪʽ ʧʝʨʝʥʘʩʠʯʝʥʦʛʦ ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ (ʾʾ ʥʘʟʠʚʘʶʪʴ ʦʙʣʘʩʪʶ 

ʪʫʤʘʥʘ, ʚʦʥʘ ʨʦʟʪʘʰʦʚʘʥʘ ʚ h,d-ʜʽʘʛʨʘʤʽ ʥʠʞʯʝ ʣʽʥʽʾ j=100 %) ʢʨʽʤ 

ʧʘʨʦʚʦʾ ʬʘʟʠ ʚ ʧʦʚʽʪʨʽ ʤʦʞʝ ʙʫʪʠ ʧʨʠʩʫʪʥʴʦʶ ʨʽʜʢʘ ʯʠ ʪʚʝʨʜʘ ʬʘʟʘ ʚʦʜʠ. 

ʇʨʠ ʘʪʤʦʩʬʝʨʥʦʤʫ ʪʠʩʢʫ ʧʦʚʽʪʨʷ ʽ ʪʝʤʧʝʨʘʪʫʨʽ ʚʠʱʝ 0
ʦ
ʉ ʤʦʞʫʪʴ 

ʦʜʥʦʯʘʩʥʦ ʽʩʥʫʚʘʪʠ ʪʽʣʴʢʠ ʧʘʨʦʚʘ ʽ ʨʽʜʢʘ ʬʘʟʠ ʚʦʜʠ, ʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʥʠʞʯʝ 0
ʦ
ʉ ï ʪʽʣʴʢʠ ʧʘʨʦʚʘ ʽ ʪʚʝʨʜʘ (ʣʽʜ, ʩʥʽʛ) ʬʘʟʠ ʚʦʜʠ, ʽ ʪʽʣʴʢʠ ʧʨʠ 0

ʦ
ʉ 

ʤʦʞʫʪʴ ʦʜʥʦʯʘʩʥʦ ʽʩʥʫʚʘʪʠ ʚʩʽ ʪʨʠ ʬʘʟʠ ʚʦʜʠ. ʊʘʢʘ ʧʦʚʝʜʽʥʢʘ ʚʦʜʠ ʚ 

ʘʪʤʦʩʬʝʨʥʦʤʫ ʧʦʚʽʪʨʽ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʨʽʜʢʘ ʬʘʟʘ ʚʦʜʠ ʧʨʠ 

ʥʝʛʘʪʠʚʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʤʦʞʝ ʽʩʥʫʚʘʪʠ ʪʽʣʴʢʠ ʧʨʠ ʪʠʩʢʘʭ ʚʠʱʝ ʪʠʩʢʫ 

ʧʦʪʨʽʡʥʦʾ ʢʨʘʧʢʠ ʚʦʜʠ ʈʦ, ʘ ʤʘʢʩʠʤʘʣʴʥʠʡ ʧʘʨʮʽʘʣʴʥʠʡ ʪʠʩʢ ʚʦʜʷʥʦ ʾʧʘʨʠ 

ʚ ʘʪʤʦʩʬʝʨʥʦʤʫ ʧʦʚʽʪʨʽ ʧʨʠ ʮʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʝ ʤʦʞʝ ʙʫʪʠ ʙʽʣʴʰʝ ʮʴʦʛʦ 

ʪʠʩʢʫ.  

ʈʦʟʛʣʷʥʝʤʦ ʩʧʦʯʘʪʢʫ ʭʘʨʘʢʪʝʨ ʽʟʦʪʝʨʤ ʚ ʦʙʣʘʩʪʽ ʧʝʨʝʥʘʩʠʯʝʥʦʛʦ 

ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ (ʦʙʣʘʩʪʴ ʪʫʤʘʥʘ) h,d-ʜʽʘʛʨʘʤʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʙʽʣʴʰʝ 

0
ʦ
ʉ. ʎʽʻʾ ʦʙʣʘʩʪʽ ʚʽʜʧʦʚʽʜʘʻ ʨʽʚʥʷʥʥʷ ʝʥʪʘʣʴʧʽʾ ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ ʫ ʚʠʜʽ 

 

4,19td1,96t)(2500d1,0048th ð³äïàð +++= .                (1.146) 
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ʂʽʣʴʢʽʩʪʴ ʚʦʜʷʥʦʾ ʧʘʨʠ ʚ ʦʙʣʘʩʪʽ ʪʫʤʘʥʘ ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ ʧʨʠ 

ʧʦʩʪʽʡʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʥʝ ʟʤʽʥʁ̒ʪʴʩʷ. ɺʦʥʘ ʚʽʜʧʦʚʽʜʘʻ ʤʘʢʩʠʤʘʣʴʥʦ 

ʤʦʞʣʠʚʦʤʫ ʚʦʣʦʛʦʚʤʽʩʪʫ ʧʘʨʠ ʚ ʧʦʚʽʪʨʽ ʧʨʠ ʜʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ h,d-ʜʽʘʛʨʘʤʽ ʥʘ ʣʽʥʽʾ j=100 %, ʷʢ ʚʦʣʦʛʦʚʤʽʩʪ ʥʘʩʠʯʝʥʦʛʦ 

ʧʦʚʽʪʨʷ dʧʘʨ1=dʥ1 (ʨʠʩ. 1,25, ʪʦʯʢʘ ɸ). ɿʙʽʣʴʰʝʥʥʷ ʚʦʣʦʛʦʚʤʽʩʪʫ ʧʦʚʽʪʨʷ ʥʘ 

ʽʟʦʪʝʨʤʽ ʚ ʦʙʣʘʩʪʽ ʪʫʤʘʥʘ ʦʙʫʤʦʚʣʝʥʦ ʟʙʽʣʴʰʝʥʥʷʤ ʨʽʜʢʦʾ ʬʘʟʠ ʚʦʜʠ ʚ 

ʧʦʚʽʪʨʽ. ʇʘʨʮʽʘʣʴʥʠʡ ʪʠʩʢ ʚʦʜʷʥʠʭ ʧʘʨ ʥʘ ʽʟʦʪʝʨʤʽ ʚ ʦʙʣʘʩʪʽ ʪʫʤʘʥʘ ʧʨʠ 

ʮʴʦʤʫ ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʩʪʽʡʥʠʤ ʽ ʨʽʚʥʠʤ ʪʠʩʢʫ ʥʘʩʠʯʝʥʥʷ ʈʧʘʨ1=ʈʥ1. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʫ ʚʠʨʘʞʝʥʥʽ ʝʥʪʘʣʴʧʽʾ ʧʝʨʝʥʘʩʠʯʝʥʦʛʦ ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ ʧʨʠ t=const 

ʟʤʽʥʥʦʶ ʙʫʜʝ ʪʽʣʴʢʠ ʪʨʝʪʽʡ ʜʦʜʘʥʦʢ, ʱʦ ʚʠʟʥʘʯʘʻ ʢʫʪ ʥʘʭʠʣʫ ʽʟʦʪʝʨʤʠ ʚ 

ʦʙʣʘʩʪʽ ʪʫʤʘʥʘ h,d-ʜʽʘʛʨʘʤʠ, ʷʢʠʡ ʜʦʨʽʚʥʶʻ (dh/dd)t=4,19t. ʎʝ ʟʥʘʯʝʥʥʷ 

ʥʘʙʘʛʘʪʦ ʤʝʥʰʝ ʚʽʜʧʦʚʽʜʥʦʛʦ ʚʠʨʘʞʝʥʥʷ ʜʣʷ ʽʟʦʪʝʨʤʠ ʥʝʥʘʩʠʯʝʥʦʛʦ 

ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ, ʷʢʠʡ ʜʦʨʽʚʥʶ  ̒ (dh/dd)t=2500+1,96t, ʪʦʙʪʦ ʥʘ ʣʽʥʽʾ 

j=100% ʧʨʷʤʘ ʽʟʦʪʝʨʤʠ ʧʝʨʝʪʝʨʧʣʶʻ ʟʣʘʤ, ʟʤʝʥʰʫʶʯʠ ʢʫʪ ʥʘʭʠʣʫ ʜʦ ʦʩʽ 

d ʚ ʦʙʣʘʩʪʽ ʪʫʤʘʥʘ. 

ʄʝʥʰʠʡ ʢʫʪ ʥʘʭʠʣʫ ʽʟʦʪʝʨʤ ʚ ʦʙʣʘʩʪʽ ʪʫʤʘʥʘ ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ 

ʤʝʥʰʦʤʫ ʟʥʘʯʝʥʥʶ ʪʝʤʧʝʨʘʪʫʨʠ, ʘ ʽʟʦʪʝʨʤʘ 0
ʦ
ʉ ʫ ʮʽʡ ʦʙʣʘʩʪʽ ʧʨʠ 

ʥʘʷʚʥʦʩʪʽ ʚ ʧʦʚʽʪʨʽ ʪʽʣʴʢʠ ʧʘʨʦʚʦʾ ʽ ʨʽʜʢʦʾ ʬʘʟʠ ʚʦʜʠ ʟʙʽʛʘʻʪʴʩʷ ʟ ʣʽʥʽʻʶ 

ʧʦʩʪʽʡʥʠʭ ʝʥʪʘʣʴʧʡ̔ ï ʨʽʚʥʦʙʽʞʥʘ ʦʩʽ d (ʜʠʚ. ʨʠʩ. 1.25). ɿʙʽʛ ʽʟʦʪʝʨʤʠ 0
ʦ
ʉ ʟ 

h=const ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʦʷʩʥʶʻ ʾʾ ʢʫʪʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ (dh/dd)t=0 = 0. 

ɺʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʚʤʽʩʪʫ ʨʽʜʢʦʾ ʬʘʟʠ ʚʦʜʠ ʚ ʧʦʚʽʪʨʽ ʚ ʦʙʣʘʩʪ ̔ʪʫʤʘʥʘ 

ʚʠʢʦʥʫʻʪʴʩʷ ʟʥʘʭʦʜʞʝʥʥʷʤ ʨʽʟʥʠʮʽ ʟʘʛʘʣʴʥʦʛʦ ʚʦʣʦʛʦʚʤʽʩʪʫ ʽ ʚʦʣʦʛʦʚʤʽʩʪʫ 

ʧʘʨʦʚʦʾ ʬʘʟʠ ʚʦʜʠ dʨʽʜ1=d1-dʥ1. 

ʆʩʢʽʣʴʢʠ ʥʘ ʧʨʘʢʪʠʮʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ 

ʚʠʢʦʨʠʩʪʦʚʫʪʁʴ ʧʩʠʭʨʦʤʝʪʨ, ʪʦ ʽʟʦʪʝʨʤʠ ʧʝʨʝʥʘʩʠʯʝʥʦʛʦ ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ 

ʚ h,d-ʜʽʘʛʨʘʤʽ ʧʨʦʜʦʚʞʫʶʪʴ ʟ ʦʙʣʘʩʪʽ ʪʫʤʘʥʘ ʚ ʦʙʣʘʩʪʴ ʥʝʥʘʩʠʯʝʥʦʛʦ 

ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ (ʚʠʱʝ ʣʽʥʽʾ j=100%) ʫ ʚʠʜʽ ʧʨʷʤʠʭ ʧʫʥʢʪʠʨʥʠʭ 

(ʫʤʦʚʥʠʭ) ʣʽʥʽʡ. ʇʦʢʘʟʘʥʥʷ ʤʦʢʨʦʛʦ ʪʝʨʤʦʤʝʪʨʘ ʧʩʠʭʨʦʤʝʪʨʘ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʪʝʤʧʝʨʘʪʫʨʘʤ ʥʘʩʠʯʝʥʦʛʦ (ʧʝʨʝʥʘʩʠʯʝʥʦʛʦ) ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʟʘ h,d-ʜʽʘʛʨʘʤʤʦ ʁ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ʩʫʭʦʛʦ ʽ ʤʦʢʨʦʛʦ ʪʝʨʤʦʤʝʪʨʽʚ 

ʚʠʟʥʘʯʠʪʠ ʚʩʽ ʽʥʰʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʥʘʩʠʯʝʥʦʛʦ ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ.  

ʅʘ ʨʠʩʫʥʢʫ 1.26 ʚʩʽ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ  

h,d-ʜʽʘʛʨʘʤʠ ʟʘ ʜʘʥʠʤʠ ʧʩʠʭʨʦʤʝʪʨʘ ʜʣʷ ʪʦʯʢʠ 1 ʧʦʟʥʘʯʝʥʽ ʽʥʜʝʢʩʦʤ ç1è. 

ʉʧʦʯʘʪʢʫ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ʩʫʭʦʛʦ ʽ ʤʦʢʨʦʛʦ ʪʝʨʤʦʤʝʪʨʽʚ ʥʘ ʧʝʨʝʪʠʥʘʥʥʽ 

ʽʟʦʪʝʨʤ t1ʩʫʭ  ̔ t1ʤʦʢʨ ʟʥʘʭʦʜʠʪʴʩʷ ʪʦʯʢʘ 1. ɸ ʚʞʝ ʧʦʪʽʤ ʚʠʟʥʘʯʘʶʪʴʩʷ h1, 

t1ʨʦʩʠ, ʈʧʘʨ. 
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ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʦʯʢʠ ʚ ʦʙʣʘʩʪʽ ʪʫʤʘʥʘ  

ʚ h,d-ʜʽʘʛʨʘʤʽ ʧʦʢʘʟʘʥʴ ʧʩʠʭʨʦʤʝʪʨʘ ʥʝʜʦʩʪʘʪʥʴʦ, ʪʦʤʫ ʱʦ ʪʝʤʧʝʨʘʪʫʨʠ 

ʩʫʭʦʛʦ ʽ ʤʦʢʨʦʛʦ ʪʝʨʤʦʤʝʪʨʽʚ ʦʜʥʘʢʦʚʽ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʝʦʙʭʽʜʥʦ 

ʜʦʩʚʽʜʯʝʥʠʤ ʰʣʷʭʦʤ ʚʠʟʥʘʯʠʪʠ ʧʦʚʥʠʡ ʚʦʣʦʛʦʚʤʽʩʪ ʧʦʚʽʪʨʷ (ʜʠʚ. ʨʠʩ. 1.26, 

ʪʦʯʢʘ ɸ), ʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 0
ʦ
ʉ ʽʥʦʜʽ ʧʦʪʨʽʙʥʦ ʜʦʜʘʪʢʦʚʦ ʚʠʟʥʘʯʠʪʠ 

ʚʦʣʦʛʦʚʤʽʩʪ ʨʽʜʢʦʾ ʯʠ ʪʚʝʨʜʦʾ ʬʘʟ ʚʦʜʠ. 

ʂʨʽʤ ʪʦʛʦ, ʱʦ h,d-ʜʽʘʛʨʘʤʘ ʜʦʟʚʦʣʷʻ ʧʨʦʩʪʦ ʽ ʟʨʫʯʥʦ ʚʠʟʥʘʯʘʪʠ 

ʧʘʨʘʤʝʪʨʠ ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ, ʟʘ ʾʾ  ʜʦʧʦʤʦʛʦʶ ʤʦʞʥʘ ʣʝʛʢʦ ʽ ʥʘʦʯʥʦ 

ʟʦʙʨʘʞʫʚʘʪʠ ʧʨʦʮʝʩʠ ʟʤʽʥʠ ʩʪʘʥʫ ʧʦʚʽʪʨʷ. ʅʘʡʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʽ ʟ ʮʠʭ 

ʧʨʦʮʝʩʽʚ ï ʥʘʛʨʽʚʘʥʥʷ ʽ ʦʭʦʣʦʜʞʝʥʥʷ ʧʦʚʽʪʨʷ ʚ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘʭ, ʚʠʧʘʨ ʫ 

ʧʦʚʽʪʨʽ ʚʦʣʦʛʠ, ʟʤʽʰʫʚʘʥʥʷ ʧʦʚʽʪʨʷ ʨʽʟʥʠʭ ʩʪʘʥʽʚ. 

ʅʘʛʨʽʚʘʥʥʷ ʽ ʦʭʦʣʦʜʞʝʥʥʷ ʧʦʚʽʪʨʷ ʚ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʧʨʠʩʪʨʦʷʭ, ʷʢʝ 

ʟʜʽʡʩʥʶʶʪʴʩʷ ʟʽʪʢʥʝʥʥʷʤ ʧʦʚʽʪʨʷ ʟ ʛʘʨʷʯʦʶ ʯʠ ʭʦʣʦʜʥʦʶ ʩʫʭʦʶ 

ʧʦʚʝʨʭʥʝʶ, ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʦʩʪʽʡʥʠʤ ʚʦʣʦʛʦʚʤʽʩʪʦʤ. 
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ɿʤʽʥʘ ʩʪʘʥʫ ʧʦʚʽʪʨʷ ʟ ʧʦʯʘʪʢʦʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ɸ ʧʨʠ ʡʦʛʦ 

ʥʘʛʨʽʚʘʥʥʽ ʟʦʙʨʘʞʫʻʪʴʩʷ ʥʘ hd-ʜ̔ʘʛʨʘʤ ̔ʚʝʨʪʠʢʘʣʴʥʦ ʁʧʨʤ̫ʦʶ ɸɹ, ʷʢʘ ʻ 

ʨʽʚʥʦʙʽʞʥʦ ʁ ʣʽʥʽʾ d=const (ʨʠʩ. 1.27). ʇʨʠ ʮʴʦʤʫ ʪʝʤʧʝʨʘʪʫʨʘ ʽ 

ʪʝʧʣʦʤʽʩʪʢʽʩʪʴ ʧʦʚʽʪʨʷ ʟʨʦʩʪʘʶʪʴ, ʘ ʩʪʫʧʽʥʴ ʥʘʩʠʯʝʥʥ ̫ ʟʤʝʥʰʫʻʪʴʩʷ. 

ʂʽʣʴʢʽʩʪʴ ʪʝʧʣʘ, ʷʢʘ ʙʫʜʝ ʧʦʪʨʽʙʥʘ ʜʣʷ ʥʘʛʨʽʚʘʥʥʷ ʧʦʚʽʪʨʷ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 

ʨʽʟʥʠʮʷ ʝʥʪʘʣʴʧʡ̔ ʢʽʥʮʝʚʦʛʦ ʽ ʧʦʯʘʪʢʦʚʦʛʦ ʩʪʘʥʽʚ h=hɹïhɸ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1.27 ï ʇʨʦʮʝʩʠ ʥʘʛʨʽʚʘʥʥʷ, ʦʭʦʣʦʜʞʝʥʥʷ, ʚʠʧʘʨʫ 

 ʽ ʟʤʽʰʫʚʘʥʥʷ ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ ʚ hd-ʜ̔ ʘʛʨʘʤ ̔ 
 

ʇʨʦʮʝʩ ʦʭʦʣʦʜʞʝʥʥʷ ʧʦʚʽʪʨʷ (ʧʨʷʤʘ ɸɺ), ʥʘʚʧʘʢʠ, ʟʚ'ʷʟʘʥʠʡ ʟʽ 

ʟʥʠʞʝʥʥʷʤ ʡʦʛʦ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʧʽʜʚʠʱʝʥʥʷʤ ʩʪʫʧʝʥʷ ʥʘʩʠʯʝʥʥʷ. ɺʽʜʥʦʩʥʘ 

ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ ʚ ʮʴʦʤʫ ʧʨʦʮʝʩʽ ʟʨʦʩʪʘʻ. ʇʨʠ ʜʦʩʠʪʴ ʚʝʣʠʢʦʤʫ 

ʦʭʦʣʦʜʞʝʥʥʽ ʧʦʚʽʪʨʷ ʤʦʞʝ ʜʦʩʷʛʪʠ ʩʪʘʥʫ ʥʘʩʠʯʝʥʥʷ (ʪʦʯʢʘ ɻ). ʇʦʜʘʣʴʰʝ 

ʦʭʦʣʦʜʞʝʥʥʷ ʡʦʛʦ ʚ ʮʴʦʤʫ ʩʪʘʥʽ (ʚʽʜʨʽʟʦʢ ɻɼ) ʙʫʜʝ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʷ 

ʢʦʥʜʝʥʩʘʮʽʻʶ ʧʘʨʠ ʽ ʟʤʝʥʰʝʥʥʷʤ ʚʦʣʦʛʦʚʤʽʩʪʫ. ʊʝʤʧʝʨʘʪʫʨʘ, ʧʨʠ ʷʢʽʡ 

ʧʦʚʽʪʨʷ, ʱʦ ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʚʽʜ ʟʽʪʢʥʝʥʥʷ ʽʟ ʩʫʭʦʶ ʧʦʚʝʨʭʥʝʶ, ʜʦʩʷʛʘʻ 

ʩʪʘʥʫ ʥʘʩʠʯʝʥʥʷ,  ̒ ʪʝʤʧʝʨʘʪʫʨʦʶ ʪʦʯʢʠ ʨʦʩʠ. ʋ ʚʠʧʘʜʢʫ ʦʭʦʣʦʜʞʝʥʥʷ 
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ʧʦʚʽʪʨʷ ʥʠʞʯʝ ʪʝʤʧʝʨʘʪʫʨʠ ʪʦʯʢʠ ʨʦʩʠ ʟʘ h,d-ʜʽʘʛʨʘʤʦ  ʁʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ 

ʢʽʣʴʢʽʩʪʴ ʚʦʣʦʛʠ, ʱʦ ʚʠʧʘʣʘ ʫ ʚʠʜʽ ʢʨʘʧʝʣʴʦʢ ʨʽʜʠʥʠ ʟ ʧʦʚʽʪʨʷ dʨʽʜ=dɸïdɼ. 

ʅʘʧʨʠʢʽʥʮʽ  ʪʘʢʦʛʦ ʧʨʦʮʝʩʫ ʩʪʫʧʽʥʴ ʩʫʭʦʩʪʽ ʚʦʜʷʥʦʾ ʧʘʨʠ ʟʽ ʟʥʠʞʝʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʠ ʙʫʜʝ ʟʤʝʥʰʫʚʘʪʠʩʷ. 

ɺʠʧʘʨ ʚʦʣʦʛʠ ʜʦ ʧʦʚʽʪʨʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʦʜʽ, ʢʦʣʠ ʚʦʥʦ ʥʝ ʥʘʩʠʯʝʥʦ 

ʧʘʨʦʁ ʽ ʩʪʠʢʘʻʪʴʩʷ ʟ ʧʦʚʝʨʭʥʝʶ ʚʦʜʠ ʯʠ ʚʦʣʦʛʦʛʦ ʪʽʣʘ. ʇʨʠ ʚʠʧʘʨʽ 

ʪʝʧʣʦʤʽʩʪʢʽʩʪʴ h ʧʦʚʽʪʨʷ ʙʫʜʝ ʧʦʩʪʽʡʥʦ ,ʁ ʪʦʤʫ ʱʦ ʪʝʧʣʦ, ʷʢʝ ʚʠʪʨʘʯʝʥʦ ʥʘ 

ʚʠʧʘʨ, ʟʘʣʠʰʘʪ̒ʩɹʷ ʫ ʧʦʚʽʪʨʽ ʫ ʚʠʜʽ ʩʭʦʚʘʥʦʾ ʪʝʧʣʦʪʠ ʧʘʨʦʫʪʚʦʨʝʥʥʷ. ɿʤʽʥʘ 

ʩʪʘʥʫ ʧʦʚʽʪʨʷ ʧʨʠ ʮʴʦʤʫ ʟʦʙʨʘʞʫʻʪʴʩʷ ʥʘ hd-ʜ̔ʘʛʨʘʤ ̔ ʧʨʷʤʦ ʁ ɸɽ, 

ʨʽʚʥʦʙʽʞʥʦ ʁʣʽʥʽʾ h=const. 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʫ ʧʨʦʮʝʩʽ ʚʠʧʘʨʫ ʚʦʣʦʛʠ ʟʥʠʞʫʻʪʴʩʷ, ʘ 

ʚʦʣʦʛʦʚʤʽʩʪ ʽ ʩʪʫʧʽʥʴ ʥʘʩʠʯʝʥʥ ̫ʟʙʽʣʴʰʫʶʪʴʩʷ. ʇʨʠ ʜʦʩʪʘʪʥʽʡ ʪʨʠʚʘʣʦʩʪʽ 

ʧʨʦʮʝʩʫ ʧʦʚʽʪʨʷ ʤʦʞʝ ʩʪʘʪʠ ʥʘʩʠʯʝʥʠʤ ʧʘʨʦʁ (ʪʦʯʢʘ ɽ), ʪʦʜʽ ʚʠʧʘʨ 

ʧʨʠʧʠʥʠʪʴʩʷ. ʊʝʤʧʝʨʘʪʫʨʫ, ʧʨʠ ʷʢʽʡ ʧʦʚʽʪʨʷ, ʚʠʧʘʨʦʚʫʶʯʠ ʚʦʣʦʛʫ, ʜʦʩʷʛʘʻ 

ʩʪʘʥʫ ʥʘʩʠʯʝʥʥʷ, ʥʘʟʠʚʘʶʪʴ ʪʝʤʧʝʨʘʪʫʨʦʶ ʤʝʞʽ ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʠ ʚʠʧʘʨʽ 

ʯʠ ʪʝʤʧʝʨʘʪʫʨʦʶ ʤʦʢʨʦʛʦ ʪʝʨʤʦʤʝʪʨʘ. 

ʇʨʦʮʝʩʠ ʟʤʽʰʫʚʘʥʥʷ ʧʦʚʽʪʨʷ ʨʽʟʥʠʭ ʩʪʘʥʽʚ ʜʫʞʝ ʚʘʞʣʠʚʽ ʜʣʷ 

ʩʫʰʠʣʴʥʦʾ ʪʝʭʥʽʢʠ. ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʟʤʽʰʫʻʪʴʩʷ m1 ʢʛ ʧʦʚʽʪʨʷ ʫ ʩʪʘʥʽ h1, 

d1 ʽ m2 ʢʛ ʧʦʚʽʪʨʷ ʫ ʩʪʘʥʽ h2, d2. ʉʪʘʥ ʩʫʤʽʰʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʘʥʫ ʾʾ 

ʢʦʤʧʦʥʝʥʪʽʚ ʽ ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʤʘʩ ʯʘʩʪʠʥ, ʱʦ ʟʤʽʰʫʶʪʴʩʷ, ʱʦ ʧʨʠʡʥʷʪʦ 

ʥʘʟʠʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʨʦʧʦʨʮʽʾ ʩʫʤʽʰʽ G=m1/m2. ɿ'ʷʩʫʻʤʦ, ʷʢ 

ʟʦʙʨʘʞʫʻʪʴʩʷ ʧʨʦʮʝʩ ʟʤʽʰʫʚʘʥʥʷ ʥʘ hd-ʜ̔ ʘʛʨʘʤʽ. 

ʊʦʯʢʘ ʉ, ʱʦ ʚʠʟʥʘʯʘʻ ʩʪʘʥ ʩʫʤʽʰʽ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ 

ʧʨʦʧʦʨʮʽʾ ʩʫʤʽʰʽ ʣʝʞʠʪʴ ʥʘ ʧʨʷʤʽʡ, ʱʦ ʟ'ʻʜʥʫʻ ʥʘ hd-ʜ̔ ʘʛʨʘʤʽ ʪʦʯʢʠ, ʷʢ̔ 

ʧʦʢʘʟʫʶʪʴ ʩʪʘʥʠ ʢʦʤʧʦʥʝʥʪʽʚ ʩʫʤʽʰʽ (ʨʠʩ. 1.27). ʇʨʠʯʦʤʫ, ʮʷ ʪʦʯʢʘ 

ʧʦʜʽʣʷʻ ʧʨʷʤʫ ʥʘ ʯʘʩʪʠʥʠ, ʚʽʜʥʦʰʝʥʥʷ ʷʢʠʭ ʜʦʨʽʚʥʶʻ ʢʦʝʬʽʮʽʻʥʪʫ 

ʧʨʦʧʦʨʮʽʾ ʩʫʤʽʰʽ. ɺʦʥʘ ʣʝʞʠʪʴ ʙʣʠʞʯʝ ʜʦ ʪʦʯʢʠ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʪʘʥ 

ʧʝʨʝʚʘʞʥʦʛʦ ʚ ʩʫʤʽʰʽ ʢʦʤʧʦʥʝʥʪʘ. ʈʦʟʛʣʷʥʫʪʘ ʧʨʷʤʘ ʤʦʞʝ ʧʝʨʝʪʥʫʪʠ 

ʢʨʠʚʫ j=100%, ʽ ʪʦʜʽ ʪʦʯʢʘ ʩʪʘʥʫ ʩʫʤʽʰʽ ʤʦʞʝ ʙʫʪʠ ʥʠʞʯʝ ʮʽʻʾ ʢʨʠʚʦʾ 

(ʪʦʯʢʘ ʉ1). ʎʝ ʩʣʫʞʠʪʴ ʦʟʥʘʢʦʶ ʢʦʥʜʝʥʩʘʮʽʾ ʯʘʩʪʠʥʠ ʚʦʜʷʥʦʾ ʧʘʨʠ ʚ 

ʧʨʦʮʝʩʽ ʟʤʽʰʫʚʘʥʥʷ. ɼʽʡʩʥʠʡ ʩʪʘʥ ʩʫʤʽʰʽ (ʧʽʩʣʷ ʦʩʘʜʞʝʥʥʷ ʢʦʥʜʝʥʩʘʪʫ) 

ʚʠʟʥʘʯʠʪʴʩʷ ʪʦʯʢʦʶ ʉ2, ʨʦʟʪʘʰʦʚʘʥʦ ʁʥʘ ʧʝʨʝʪʠʥʘʥʥʽ ʢʨʠʚʦʾ j=100% ʽ 

ʧʨʷʤʦʾ h=const, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʪʦʯʢʫ ʉ. 
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1.4.4 ʇʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʶ 

 

1 ʑʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʢʦʝʬʽʮʽʻʥʪ ʩʪʠʩʢʘʣʴʥʦʩʪʽ ʛʘʟʽʚ? 

2 ʗʢʽ ʨʽʚʥʷʥʥʷ ʦʧʠʩʫʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʨʝʘʣʴʥʠʭ ʛʘʟʽʚ? 

3 ʆʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʧʨʦʮʝʩʠ ʧʘʨʦʫʪʚʦʨʝʥʥʷ, ʚʠʧʘʨʫ ʽ ʢʠʧʽʥʥʷ. ʏʠʤ 

ʚʦʥʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ? 

4 ʑʦ ʪʘʢʝ ʥʘʩʠʯʝʥʘ ʚʦʜʷʥʘ ʧʘʨʘ? 

5 ʑʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʪʫʧʽʥʴ ʩʫʭʦʩʪʽ ʚʦʜʷʥʦʾ ʧʘʨʠ? 

6 ʇʝʨʝʣʽʯʪʝ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʦʜʷʥʦʾ ʧʘʨʠ. 

7 ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʦʩʥʦʚʥʽ ʣʽʥʽʾ  ̔ʦʙʣʘʩʪʽ ʥʘ Pv- ʽ ʊs-ʜ̔ʘʛʨʘʤʘʭ 

ʚʦʜʷʥʦʾ ʧʘʨʠ. 

8 ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʦʩʥʦʚʥʘ ʧʝʨʝʚʘʛʘ hs-ʜʽʘʛʨʘʤʠ ʚʦʜʷʥʦʾ ʧʘʨʠ? 

9 ʇʝʨʝʣʽʯʪʝ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ. 

10 ʗʢʽ ʦʩʦʙʣʠʚʦʩʪʽ ʤʘʻ hd-ʜʽʘʛʨʘʤʘ ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ? ʅʘʚʝʜʽʪʴ 

ʧʨʠʢʣʘʜʠ ʾʾ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

 

 

1.5 ʊʝʨʤʦʜʠʥʘʤʽʢʘ ʧʦʪʦʢʫ 

 

1.5.1 ʆʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʘʟʽʚ ʽ ʨʽʜʠʥ 
 

ʋ ʨʽʟʥʠʭ ʪʝʧʣʦʚʠʭ ʤʘʰʠʥʘʭ, ʧʨʠʩʪʨʦʷʭ, ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʧʝʯʘʭ 

ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚʠʧʘʜʢʠ, ʢʦʣʠ ʛʘʟ ʟʘʧʦʚʥʶʻ ʚʝʩʴ ʦʙôʻʤ, ʱʦ ʡʦʤʫ ʥʘʜʘʻʪʴʩʷ, 

ʧʨʠ ʮʴʦʤʫ ʚʽʥ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʧʦʢʦʾ. ɼʦ ʮʠʭ ʚʠʧʘʜʢʽʚ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʩʪʘʪʠʢʠ ʛʘʟʽʚ ʽ ʟʘʛʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʛʘʟʽʚ (ʜʠʚ ʧʽʜʨʦʟʜʽʣʠ 1.2é1.4). ʆʜʥʘʢ, ʫ ʧʨʦʮʝʩʘʭ, ʷʢʽ 

ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʚ ʪʝʧʣʦʪʝʭʥʽʮ,̔ ʜʦʩʠʪʴ ʯʘʩʪʦ ʨʦʙʦʯʝ ʪʽʣʦ (ʛʘʟ ʘʙʦ ʨʽʜʠʥʘ) 

ʧʝʨʝʤʽʱʫ̒ ʪʴʩʷ ʟ ʚʝʣʠʢʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ, ʽ ʡʦʛʦ ʨʫʭ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʟʤʽʥʦʶ ʩʪʘʥʫ. ʎʽ ʧʨʦʮʝʩʠ ʨʦʟʛʣʷʜʘʻ ʜʠʥʘʤʽʢʘ ʛʘʟʽʚ.   

ʋ ʨʦʙʦʯʦʤʫ ʧʨʦʩʪʦʨʽ ʧʝʯʝʡ ʽ ʜʠʤʦʚʠʭ ʢʘʥʘʣʽʚ ʛʘʟ ʟʚʠʯʘʡʥʦ ʨʫʭʘʻʪʴʩʷ 

ʧʨʠ ʚʽʜʥʦʩʥʦ ʥʝʚʠʩʦʢʠʭ ʰʚʠʜʢʦʩʪʷʭ (ʜʦ 70é80 ʤ/ʩ) ʽ ʥʝʚʝʣʠʢʠʭ ʧʝʨʝʧʘʜʘʭ 

ʪʠʩʢʫ (ʜʦ 100 ʇʘ). ɿʤʽʥʘ ʪʠʩʢʫ ʪʘʢʦʛʦ ʧʦʨʷʜʢʫ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʧʣʠʚʘʻ ʥʘ 

ʛʫʩʪʠʥʫ ʛʘʟʫ, ʪʦʤʫ ʚ ʮʠʭ ʚʠʧʘʜʢʘʭ ʫʩʽ ʨʦʟʨʘʭʫʥʢʠ ʚʝʜʫʪʴʩʷ ʧʨʠ ʧʦʩʪʽʡʥʽʡ 

ʛʫʩʪʠʥʽ. ʉʝʨʝʜʦʚʠʱʘ ʟ ʧʦʩʪʽʡʥʦʶ ʛʫʩʪʠʥʦʶ ʥʘʟʠʚʘʶʪʴʩʷ ʥʝʩʪʠʩʣʠʚʠʤʠ. 

ɺ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʘʭ ʧʝʯʝʡ (ʫ ʬʦʨʩʫʥʢʘʭ, ʧʘʣʴʥʠʢʘʭ) ʟʫʩʪʨʽʯʘʻʪʴʩʷ 

ʨʫʭ ʛʘʟʽʚ ʟ ʚʠʩʦʢʦʶ ʰʚʠʜʢʽʩʪʶ, ʧʨʠʯʦʤʫ ʤʦʞʣʠʚʘ ʚʝʣʠʯʠʥʘ ʰʚʠʜʢʦʩʪʽ 

ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʚ ʜʫʞʝ ʰʠʨʦʢʠʭ ʤʝʞʘʭ: ʚʽʜ 150é200 ʤ/ʩ ʜʦ ʰʚʠʜʢʦʩʪʽ 

ʟʚʫʢʫ ʽ ʚʠʱʝ. ʇʨʠ ʪʘʢʠʭ ʰʚʠʜʢʦʩʪʷʭ, ʟʚ'ʷʟʘʥʠʭ ʟ ʚʝʣʠʢʠʤʠ ʧʝʨʝʧʘʜʘʤʠ 
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ʪʠʩʢʫ, ʧʨʠʡʤʘʪʠ ʛʫʩʪʠʥʫ ʛʘʟʫ ʧʦʩʪʽʡʥʦ ʁʥʝʧʨʠʧʫʩʪʠʤʦ. ʉʝʨʝʜʦʚʠʱʘ, ʜʣʷ 

ʷʢʠʭ ɟ̧ʩʦnst, ʥʘʟʠʚʘʶʪʴʩʷ ʩʪʠʩʣʠʚʠʤʠ. 

ʊʦʤʫ ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʥʫʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʨʫʭʫ ʛʘʟʽʚ ʷʢ ʟ ʥʠʟʢɹʦʶ 

(ɟ=ʩʦnst, ʥʝʩʪʠʩʣʠʚʽ ʛʘʟʠ), ʪʘʢ ʽ ʟ ʚʠʩʦʢʦʶ ʰʚʠʜʢʽʩʪʶ (ɟ̧ʩʦnst, ʩʪʠʩʣʠʚʽ 

ʛʘʟʠ). ɸʣʝ ʩʧʦʯʘʪʢʫ ʪʨʝʙʘ ʧʨʠʜʽʣʠʪʠ ʫʚʘʛʫ ʨʦʟʛʣʷʜʫ ʦʩʥʦʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʛʘʟʽʚ ʽ ʨʽʜʠʥ. 

ʋ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʪʠʩʢʫ ʛʘʟʠ ʤʦʞʫʪʴ ʟʥʘʭʦʜʠʪʠʩʷ ʚ 

ʨʽʟʥʠʭ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʩʪʘʥʘʭ. ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʮʽ ʩʪʘʥʠ, 

ʥʘʚʝʜʝʥʦ ʫ ʧʽʜʨʦʟʜʽʣʽ 1.1.  

ʇʨʠ ʚʠʚʯʝʥʥʽ ʧʨʦʮʝʩʽʚ ʨʫʭʫ ʩʝʨʝʜʦʚʠʱ, ʪʘʢʠʭ ʷʢ ʨʽʜʠʥʠ ʽ ʛʘʟʠ, ʾʭ 

ʨʦʟʛʣʷʜʘʶʪʴ ʷʢ ʢʦʥʪʠʥʫʫʤ, ʩʫʮʽʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʪʦʙʪʦ ʾʭ ʜʠʩʢʨʝʪʥʦʶ, 

ʤʦʣʝʢʫʣʷʨʥʦʶ ʙʫʜʦʚʦʶ ʟʥʝʚʘʞʘʶʪʴ. ʊʦʤʫ ʧʨʠ ʨʦʟʛʣʷʜʽ ʧʨʦʮʝʩʽʚ ʨʫʭʫ 

ʨʽʜʠʥ ʽ ʛʘʟʽʚ ʚʨʘʭʦʚʫʶʪʴ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʩʘʤʝ ʩʝʨʝʜʦʚʠʱʝ, 

ʪʦʙʪʦ ʩʪʠʩʢʘʣʴʥʽʩʪʴ, ʚôʷʟʢʽʩʪʴ, ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʡ ʽʥ. 

ʉʪʠʩʣʠʚʽʩʪʴ 

ʋʩʽ ʨʝʘʣʴʥʽ ʨʽʜʠʥʠ ʚ ʪʦʤʫ ʯʠ ʽʥʰʦʤʫ ʩʪʫʧʝʥʽ ʩʪʠʩʣʠʚʽ, ʪʦʙʪʦ ʧʽʜ 

ʜʽʻʶ ʟʦʚʥʽʰʥʴʦʛʦ ʪʠʩʢʫ ʚʦʥʠ ʟʤʝʥʰʫʶʪʴ ʩʚʽʡ ʦʙôʻʤ. ʉʪʠʩʣʠʚʽʩʪʴ ʨʽʜʠʥʠ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ʩʪʘʥʫ ʽ, ʷʢ ʧʨʘʚʠʣʦ, ʤʘʣʘ ʟʘ ʩʚʦʻʶ ʚʝʣʠʯʠʥʦ .ʁ 

ʄʘʣʘ ʩʪʠʩʢʘʣʴʥʽʩʪʴ ʨʽʜʠʥʠ ʦʙʫʤʦʚʣʝʥʘ ʪʠʤ, ʱʦ ʨʽʜʠʥʘ ʧʽʜʜʘʻʪʴʩʷ ʩʠʣʴʥʽʡ 

ʤʦʣʝʢʫʣʷʨʥʽʡ ʚʟʘʻʤʦʜʽʾ, ʘ ʟʤʽʥʠ ʚʝʣʠʯʠʥ ʪʠʩʢʫ ʚ ʪʝʭʥʽʯʥʠʭ ʧʨʦʮʝʩʘʭ 

ʧʦʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʽ. ʂʨʘʧʣʠʥʥʽ ʨʽʜʠʥʠ ʩʪʠʩʣʠʚʽ ʣʠʰʝ ʚ ʥʝʚʝʣʠʢʦʤʫ 

ʩʪʫʧʝʥʽ. ʋʩʽ ʛʘʟʠ ʽ ʧʘʨʠ ʻ ʩʠʣʴʥʦ ʩʪʠʩʣʠʚʠʤʠ. ɸʣʝ ʷʢʱʦ ʧʘʨʘʤʝʪʨʠ ʩʪʘʥʫ 

ʛʘʟʫ ʥʝ ʟʤʽʥʶʶʪʴʩʷ, ʡʦʛʦ ʧʦʚʝʜʽʥʢʘ ʧʨʠ ʨʫʩʽ ʥʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʧʦʚʝʜʽʥʢʠ 

ʢʨʘʧʣʠʥʥʦʾ ʨʽʜʠʥʠ. ʋ ʮʠʭ ʫʤʦʚʘʭ ʛʘʟ, ʷʢ ʽ ʨʽʜʠʥʫ, ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠ ʷʢ 

ʥʝʩʪʠʩʣʠʚʝ ʩʝʨʝʜʦʚʠʱʝ, ʪʦʙʪʦ ʚʚʘʞʘʪʠ, ʱʦ ʡʦʛʦ ʛʫʩʪʠʥʘ ʻ ʧʦʩʪʽʡʥʦʶ. 

ʉʪʠʩʣʠʚʽʩʪʴ ʧʨʠʡʥʷʪʦ ʦʮʽʥʶʚʘʪʠ ʚʝʣʠʯʠʥʦʶ, ʷʢʘ ʥʘʟʠʚʘʻʪʴʩʷ 

ʢʦʝʬʽʮʽʻʥʪ ʦʙ'ʻʤʥʦʛʦ ʩʪʠʩʢʫ, ʷʢʠʡ ʜʦʨʽʚʥʶʻ ʚʽʜʥʦʰʝʥʥ ʁ ʟʤʽʥʠ 

ʧʦʯʘʪʢʦʚʦʛʦ ʦʙôʻʤʫ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʪʠʩʢʫ ʥʘ Dʈ: 
 

PV

V
v

̈́

̀
̝ -= ,                                           (1.147) 

 

ʜʝ V ï ʧʦʯʘʪʢʦʚʠʡ ʦʙôʻʤ, 

DV ï ʟʤʽʥʘ ʦʙôʻʤʫ, 

Dʈ ï ʟʤʽʥʘ ʪʠʩʢʫ. 

ɿʥʘʢ çïè ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʤʝʥʰʝʥʥʷ ʦʙôʻʤʫ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʪʠʩʢʫ. 

ɺʠʤʽʨʶʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ ʦʙ'ʻʤʥʦʛʦ ʩʪʠʩʢʫ ʫ ʢʚʘʜʨʘʪʥʠʭ ʤʝʪʨʘʭ ʥʘ ʥʴʶʪʦʥ 
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ï ʤ
2
/ʅ=ʇʘ

-1
. 

ɺʝʣʠʯʠʥʘ, ʟʚʦʨʦʪʥʘ ʢʦʝʬʽʮʽʻʥʪʘ ʦʙ'ʻʤʥʦʛʦ ʩʪʠʩʢʫ, ʥʘʟʠʚʘʻʪʴʩʷ 

ʤʦʜʫʣʝʤ ʧʨʫʞʥʦʩʪʽ ɽv: 
 

v
v

1
E

̝
= .                                           (1.148) 

 

ʌʘʢʪʠʯʥʦ ʚʽʥ ʧʦʢʘʟʫʻ, ʷʢ ʨʽʜʠʥʘ ʯʠ ʛʘʟ ʧʨʦʪʠʩʪʦʪ̫ʴ ʩʪʠʩʢʫ, ʪʦʙʪʦ 

ʷʢʠʡ ʪʠʩʢ ʚʦʥʠ ʤʦʞʫʪʴ ʚʠʪʨʠʤʘʪʠ. ɺʠʤʽʨʶʻʪʴʩʷ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʫ ʧʘʩʢʘ 

ʣʷʭ. 

ɼʣʷ ʢʨʘʧʣʠʥʥʠʭ ʨʽʜʠʥ ʚʝʣʠʯʠʥʘ ɓv ʷʚʣʷʻʪʴʩʷ ʜʦʩʠʪʴ ʥʝʟʥʘʯʥʦʶ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʟʥʝʭʪʫʚʘʪʠ ʥʝʶ ʚ ʨʷʜʽ ʽʥʞʝʥʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ. ʇʦ-ʽʥʰʦʤʫ ʚʝʜʫʪʴ 

ʩʝʙʝ ʛʘʟʠ. ɰʭ ʩʪʠʩʣʠʚʽʩʪʴ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʧʨʦʮʝʩʫ ʟʤʽʥʠ ʩʪʘʥʫ. ɼʣʷ 

ʟʚʠʯʘʡʥʠʭ ʛʘʟʽʚ, ʷʢ ʥʘʧʨʠʢʣʘʜ, ʢʠʩʝʥʴ, ʧʨʠ ʽʟʦʪʝʨʤʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ɽv=Pʘʙʩ, 

ʘ ʧʨʠ ʘʜʽʘʙʘʪʥʦʤʫ ɽv=kPʘʙʩ. 

ʅʘʛʨʽʚ ʢʨʘʧʣʠʥʥʠʭ ʨʽʜʠʥ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʾʭ ʨʦʟʰʠʨʝʥʥʷ, ʷʢʝ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ ʦʙ'ʻʤʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ɓt. ɺʽʥ ʜʦʨʽʚʥʶʻ 

ʚʽʜʥʦʩʥʦʤʫ ʟʙʽʣʴʰʝʥʥʶ ʦʙôʻʤʫ ʛʘʟʫ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ 1
ʦ
ʉ: 

 

TV

V
t
̈́

̀
=b                                              (1.149) 

 

ɼʣʷ ʛʘʟʽʚ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʧʽʜ ʧʦʩʪʽʡʥʠʤ ʪʠʩʢʦʤ, ʢʦʝʬʽʮʽʻʥʪ 

ʦʙ'ʻʤʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʦʩʪʘʚʫ ʛʘʟʫ ʽ ʤʘʻ ʟʥʘʯʝʥʥʷ ʚ 

ʜʝʩʷʪʢʠ ʽ ʩʦʪʥʽ ʨʘʟʽʚ ʙʽʣʴʰʝ, ʥʽʞ ʜʣʷ ʨʽʜʠʥ. 

ʊʠʩʢ 

ɼʝʷʢʽ ʚʠʜʠ ʪʠʩʢʽʚ ʛʘʟʽʚ ʤʠ ʚʞʝ ʨʦʟʛʣʷʥʫʣʠ ʫ ʧʽʜʨʦʟʜʽʣʽ 1.1.1. ʇʨʠ 

ʨʫʩʽ ʛʘʟʽʚ ʟʘʟʥʘʯʘʶʪʴ ʱʝ ʪʨʠ ʚʠʜʠ ʪʠʩʢʽʚ. ʎʝ ʛʝʦʤʝʪʨʠʯʥʠʡ, ʩʪʘʪʠʯʥʠʡ ʽ 

ʜʠʥʘʤʽʯʥʠʡ ʪʠʩʢ.  

ɻʝʦʤʝʪʨʠʯʥʠʡ ʪʠʩʢ ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʛʦʨʷʯ ̔ ʛʘʟʠ ʧʨʘʛʥʫʪʴ 

ʧʽʜʥʷʪʠʩʷ ʚʚʝʨʭ. ʗʢʱʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʽʟʥʠʮʽ ʛʫʩʪʠʥ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʽ 

ʛʘʟʫ ʦʩʪʘʥʥʽʡ ʧʝʨʝʤʽʩʪʠʪʴʩʷ ʥʘ ʚʠʩʦʪʫ h, ʪʦ ʛʝʦʤʝʪʨʠʯʥʠʡ ʪʠʩʢ ʜʦʨʽʚʥʶʻ 
 

ʈ = h g (ɟʧʦʚïɟʛ),                          (1.150) 
 

ʜʝ ɟʧʦʚ, ɟʛ ï ʛʫʩʪʠʥʘ ʧʦʚʽʪʨʷ ʽ ʛʘʟʫ, ʢʛ/ʤ
3
; 

g ï ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ, ʤ/ʩ
2
. 
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ʉʪʘʪʠʯʥʠʡ ʪʠʩʢ ï ʮʝ ʨʽʟʥʠʮʷ ʪʠʩʢʽʚ ʛʘʟʫ ʚ ʩʫʜʠʥʽ ʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. ɺʽʥ ʤʦʞʝ ʙʫʪʠ ʷʢ ʧʦʟʠʪʠʚʥʠʤ, ʪʘʢ ʽ ʥʝʛʘʪʠʚʥʠʤ. ʁʦʛʦ 

ʚʝʣʠʯʠʥʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʜʦʩʣʽʜʫ ʟʘ ʜʦʧʦʤʦʛʦʶ U-ʧʦʜʽʙʥʦʛʦ 

ʤʘʥʦʤʝʪʨʘ. ʇʨʠ ʮʴʦʤʫ ʦʜʠʥ ʢʽʥʝʮʴ ʤʘʥʦʤʝʪʨʘ ʩʪʠʢʘʻʪʴʩʷ ʟ ʘʪʤʦʩʬʝʨʦʶ, ʘ 

ʚʠʭʽʜʥʠʡ ʦʪʚʽʨ ʽʥʰʦʛʦ ʢʽʥʮʷ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʧʨʷʤʢʫ 

ʧʦʪʦʢʫ ʛʘʟʫ ʚ ʢʘʥʘʣʽ (ʨʠʩ. 1.28, ʘ). 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1.28 ï ʉʭʝʤʘ ʚʠʤʽʨʫ ʩʪʘʪʠʯʥʦʛʦ (ʘ) ʽ ʜʠʥʘʤʽʯʥʦʛʦ (ʙ) ʪʠʩʢʽʚ 
 

ɼʠʥʘʤʽʯʥʠʡ ʪʠʩʢ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʽʣʴʢʠ ʧʨʠ ʨʫʩʽ ʛʘʟʫ ʽ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʡʦʛʦ ʰʚʠʜʢʦʩʪʽ ʽ ʛʫʩʪʠʥʠ: 
 

2
P

2

äèí

w
r= ,                                              (1.151) 

 

ʜʝ ɟ ï ʛʫʩʪʠʥʘ ʛʘʟʘ, ʢʛ/ʤ
3
; 

ɤ ï ʰʚʠʜʢʽʩʪʴ ʛʘʟʘ, ʤ/ʩ. 

ɼʠʥʘʤʽʯʥʠʡ ʪʠʩʢ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʠʤ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ 

ʜʦʩʣʽʜʫ. ɼʣʷ ʮʴʦʛʦ ʦʜʠʥ ʢʽʥʝʮʴ ʤʘʥʦʤʝʪʨʘ ʧʨʠʻʜʥʫʶʪʴ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ, ʘ 

ʽʥʠhʡ ï ʥʘʟʫʩʪʨʽʯ ʥʘʧʨʷʤʢʫ ʧʦʪʦʢʫ (ʜʠʚ. ʨʠʩ 1.28, ʙ). 

ʉʫʤʘ ʩʪʘʪʠʯʥʦʛʦ ʽ ʜʠʥʘʤʽʯʥʦʛʦ ʪʠʩʢʽʚ ʩʢʣʘʜʘʻ ʧʦʚʥʠʡ ʪʠʩʢ.  

ʉʪʘʪʠʯʥʠʡ ʪʠʩʢ ʭʘʨʘʢʪʝʨʠʟʫʻ ʪʦʡ ʟʘʧʘʩ ʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ, ʷʢʠʡ ʤʘʻ 

ʦʜʠʥ ʢʫʙʽʯʥʠʡ ʤʝʪʨ ʛʘʟʦʚʦʾ ʩʠʩʪʝʤʠ. ɼʠʥʘʤʽʯʥʠʡ ʪʠʩʢ ï ʮʝ ʢʽʥʝʪʠʯʥʘ 

ʝʥʝʨʛʽʷ ʧʦʪʦʢʫ. ʋ ʧʨʦʮʝʩʽ ʨʫʭʫ ʛʘʟʫ ʥʘ ʧʦʜʦʣʘʥʥʷ ʚʩʽʣʷʢʠʭ ʦʧʦʨʽʚ 

ʟʘʪʨʘʯʘʻʪʴʩʷ ʯʘʩʪʠʥʘ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʚʪʨʘʪʠ ʷʢʦʾ ʚʽʜʥʦʚʣʶʻʪʴʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʟʘʧʘʩʫ ʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ. ʎʽ ʧʨʦʮʝʩʠ ʧʨʦʪʽʢʘʶʪʴ ʦʜʥʦʯʘʩʥʦ, ʫ 

ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʧʨʠʣʘʜʘʤʠ ʬʽʢʩʫʻʪʴʩʷ ʣʠʰʝ ʢʽʥʮʝʚʠʡ ʨʝʟʫʣʴʪʘʪ, ʪʦʙʪʦ 

ʟʤʽʥʘ ʝʥʝʨʛʽʾ ʛʘʟʫ (ʟʤʽʥʘ ʩʪʘʪʠʯʥʦʛʦ ʪʠʩʢʫ). 

ʇʣʠʥʥʽʩʪʴ ʽ ʚôʷʟʢʽʩʪʴ 

ʋ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʪʠʩʢʫ ʨʝʯʦʚʠʥʘ ʤʦʞʝ ʟʥʘʭʦʜʠʪʠʩʷ ʫ 

ʪʨʴʦʭ ʘʛʨʝʛʘʪʥʠʭ ʩʪʘʥʘʭ: ʪʚʝʨʜʦʤʫ, ʨʽʜʢʦʤʫ ʽ ʛʘʟʦʧʦʜʽʙʥʦʤʫ. ʋ ʪʚʝʨʜʠʭ 

ʘ ʙ

ʈʩʪ ʈʜʠʥ
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ʪʽʣʘʭ ʤʦʣʝʢʫʣʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʩʠʣʴʥʦʤʫ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ, ʨʦʟʪʘʰʦʚʘʥʽ ʫ 

ʚʠʟʥʘʯʝʥʦʤʫ ʧʦʨʷʜʢʫ ʽ ʨʦʙʣʷʪʴ ʪʽʣʴʢʠ ʪʝʧʣʦʚʠʡ ʢʦʣʠʚʘʣʴʥʠʡ ʨʫʭ. 

ɯʤʦʚʽʨʥʽʩʪʴ ʟʘʣʠʰʠʪʠ ʟʘʡʥʷʪʝ ʤʦʣʝʢʫʣʦʶ (ʘʪʦʤʦʤ) ʤʽʩʮʝ ʻ ʜʫʞʝ ʤʘʣʦ .ʁ 

ʊʦʤʫ ʪʚʝʨʜʽ ʪʽʣʘ ʟʙʝʨʽʛʘʶʪʴ ʟʘʜʘʥʫ ʬʦʨʤʫ ʡ ʦʙôʻʤ. 

ʋ ʨʽʜʠʥʘʭ ʪʝʧʣʦʚʠʡ ʨʫʭ ʽʩʪʦʪʥʦ ʚʠʱʝ, ʯʘʩʪʠʥʘ ʤʦʣʝʢʫʣ ʦʜʝʨʞʫʶʪʴ 

ʜʦʩʪʘʪʥʶ ʝʥʝʨʛʽʶ ʽ ʟʘʣʠʰʘʶʪʴ ʩʚʦʾ ʤʽʩʮʷ. ʊʦʤʫ ʚ ʨʽʜʠʥʽ ʯʘʩʪʠʥʘ ʤʦʣʝʢʫʣ 

ʧʝʨʝʤʽʱʫ̒ ʪʴʩʷ ʧʦ ʚʩʴʦʤʫ ʦʙôʻʤʫ, ʘʣʝ ʾʭ ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʟʘʣʠʰʘʻʪʴʩʷ 

ʥʝʜʦʩʪʘʪʥʴʦʾ ʜʣʷ ʚʠʭʦʜʫ ʟʘ ʤʝʞʽ ʨʽʜʠʥʠ. ʊʦʤʫ ʨʽʜʠʥʠ ʟʙʝʨʽʛʘʶʪʴ ʩʚʽʡ 

ʦʙôʻʤ. ʋ ʛʘʟʘʭ ʪʝʧʣʦʚʠʡ ʨʫʭ ʱʝ ʙʽʣʴʰʝ, ʘ ʤʦʣʝʢʫʣʠ ʚʽʜʜʘʣʝʥʽ ʥʘʩʪʽʣʴʢʠ, ʱʦ 

ʚʟʘʻʤʦʜʽʷ ʤʽʞ ʥʠʤʠ ʩʪʘʻ ʥʝʜʦʩʪʘʪʥʴʦʶ ʜʣʷ ʫʪʨʠʤʘʥʥʷ ʥʘ ʚʠʟʥʘʯʝʥʦʤʫ 

ʚ̔ ʜʜʘʣʝʥʥʽ, ʛʘʟ ʦʜʝʨʞʫʻ ʤʦʞʣʠʚʽʩʪʴ ʙʝʟʤʝʞʥʦ ʨʦʟʰʠʨʶʚʘʪʠʩʷ. ɺʽʣʴʥʝ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʤʦʣʝʢʫʣ ʫ ʨʽʜʠʥʘʭ ʽ ʛʘʟʘʭ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʚʦʥʠ 

ʟʤʽʥʶʶʪʴ ʩʚʦʶ ʬʦʨʤʫ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʙʫʜʴ-ʷʢʦʾ ʤʘʣʦʾ ʩʠʣʦʚʦʾ ʜʽʾ. ʎʝ ʷʚʠʱʝ 

ʥʘʟʠʚʘʶʪʴ ʧʣʠʥʥʽʩʪʶ. ʈʽʜʠʥʠ ʽ ʛʘʟʠ ʥʘʙʫʚʘʶʪʴ ʬʦʨʤʠ ʪʽʻʾ ʩʫʜʠʥʠ, ʫ ʷʢʽʡ 

ʚʦʥʠ ʤʽʩʪʷʪʴʩʷ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʭʘʦʪʠʯʥʦʛʦ ʨʫʭʫ ʤʦʣʝʢʫʣ ʫ ʛʘʟʽ ʚʦʥʠ ʧʝʨʝʪʝʨʧʣʶʶʪʴ 

ʟʽʪʢʥʝʥʥʷ. ʇʨʦʮʝʩ ʟʽʪʢʥʝʥʥʷ ʤʦʣʝʢʫʣ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʝʬʝʢʪʠʚʥʠʤ 

ʜʽʘʤʝʪʨʦʤ ʤʦʣʝʢʫʣ, ʧʽʜ ʷʢʠʤ ʨʦʟʫʤʽʻʪʴʩʷ ʤʽʥʽʤʘʣʴʥʘ ʚʽʜʩʪʘʥʴ ʤʽʞ 

ʮʝʥʪʨʘʤʠ ʤʦʣʝʢʫʣ ʧʨʠ ʾʭ ʟʙʣʠʞʝʥʥʽ. ɺʽʜʩʪʘʥʴ, ʱʦ ʤʦʣʝʢʫʣʘ ʧʨʦʭʦʜʠʪʴ ʤʽʞ 

ʟʽʪʢʥʝʥʥʷʤʠ, ʥʘʟʠʚʘʻʪʴʩʷ ʚʽʣʴʥʠʤ ʧʨʦʙʽʛʦʤ ʤʦʣʝʢʫʣʠ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʥʦʩʫ ʤʦʣʝʢʫʣʘʤʠ ʢʽʣʴʢʦʩʪʽ ʨʫʭʫ ʧʨʠ ʧʝʨʝʭʦʜʽ ʾʭ ʽʟ 

ʰʘʨʫ ʚ ʰʘʨ, ʱʦ ʨʫʭʘʶʪʴʩʷ ʟ ʨʽʟʥʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ, ʚʠʥʠʢʘʻ ʜʦʪʠʯʥʘ ʩʠʣʘ 

ʤʽʞ ʰʘʨʘʤʠ. ɺʣʘʩʪʠʚʽʩʪʴ ʨʽʜʠʥʠ ʽ ʛʘʟʫ ʧʨʦʪʠʜʽʷʪʠ ʨʫʰʽʡʥʠʤ ʟʫʩʠʣʣʷʤ 

ʥʘʟʠʚʘʶʪʴ ʚ'ʷʟʢʽʩʪʶ. 

ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚôʷʟʢʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʦʝʬʽʮʽʻʥʪ 

ʜʠʥʘʤʽʯʥʦʾ ʚôʷʟʢʦʩʪʽ h, ʷʢʠʡ ʤʘʻ ʨʦʟʤʽʨʥʽʩʪʴ ï ʇʘ Ā ʩ, ʽ ʢʦʝʬʽʮʽʻʥʪ 

ʢʽʥʝʤʘʪʠʯʥʦʾ ʚôʷʟʢʦʩʪʽ n, ʨʦʟʤʽʨʥʽʩʪʴ ʷʢʦʛʦ ʚʢʣʶʯʘʻ ʣʠʰʝ ʢʽʥʝʤʘʪʠʯʥʽ 

ʦʜʠʥʠʮʽ, ʪʦʙʪʦ ʤ
2
/ʩ. ʎʽ ʜʚʘ ʢʦʝʬʽʮʽʻʥʪʠ ʧʦʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ: 

 

r

h
=n .                                               (1.152) 

 

 

1.5.2 ʉʪʘʪʠʢʘ ʛʘʟʽʚ 

 

ʉʪʘʪʠʢʘ ʛʘʟʽʚ ʚʠʚʯʘʻ ʨʽʚʥʦʚʘʛʫ (ʩʪʘʥ ʩʧʦʢʦʶ) ʨʽʜʠʥ ʽ ʛʘʟʽʚ. 

ʊʝʦʨʝʪʠʯʥʦʶ ʙʘʟʦʶ ʮʴʦʛʦ ʨʦʟʜʽʣʫ ʤʝʭʘʥʽʢʠ ʩʫʮʽʣʴʥʠʭ ʩʝʨʝʜʦʚʠʱ ʻ 

ʨʽʚʥʷʥʥʷ ɽʡʣʝʨʘ, ʦʪʨʠʤʘʥʽ ʧʨʠ ʩʢʣʘʜʘʥʥʽ ʙʘʣʘʥʩʫ ʩʠʣ, ʱʦ ʜʽʶʪʴ ʥʘ ʢʦʞʝʥ 
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ʝʣʝʤʝʥʪʘʨʥʠʡ ʦʙôʻʤ ʨʽʜʠʥʠ ʯʠ ʛʘʟʫ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʩʧʦʢʦʾ. ʋʩʽ ʩʠʣʠ, ʱʦ 

ʜʽʶʪʴ ʥʘ ʦʙôʻʤ ʛʘʟʫ (ʨʽʜʠʥʠ), ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʦʙ'ʻʤʥʽ ʽ ʧʦʚʝʨʭʥʝʚʽ. ɼʦ 

ʦʙôʻʤʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʩʠʣʠ, ʱʦ ʜʽʶʪʴ ʥʘ ʢʦʞʥʫ ʯʘʩʪʢʫ ʦʙô̒ ʤʫ: ʩʠʣʠ ʚʘʛʠ ʽ 

ʩʠʣʠ ʽʥʝʨʮʽʾ. ʇʦʚʝʨʭʥʝʚʽ ʩʠʣʠ ʜʽʶʪʴ ʥʘ ʦʜʠʥʠʮʶ ʧʦʚʝʨʭʥʽ ʷʢʦʛʦʩʴ ʦʙôʤ̒ʫ. 

ʊʘʢʠʤʠ ʩʠʣʘʤʠ ʻ ʩʠʣʠ ʪʠʩʢʫ ʽ ʪʝʨʪʷ. ʅʘ ʙʫʜʴ-ʷʢʠʡ ʦʙôʻʤ ʨʽʜʠʥʠ ʯʠ ʛʘʟʫ, ʷʢʽ 

ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʩʧʦʢʦʾ, ʜʽʶʪʴ ʪʽʣʴʢʠ ʩʠʣʠ ʚʘʛʠ ʽ ʪʠʩʢʫ. ʉʠʣʠ ʽʥʝʨʮʽʾ ʽ ʪʝʨʪʷ 

ʚʠʷʚʣʷʶʪʴʩʷ ʣʠʰʝ ʧʨʠ ʨʫʩʽ ʩʝʨʝʜʦʚʠʱʘ. ʊʦʤʫ ʨʽʚʥʷʥʥʷ ɽʡʣʝʨʘ ʜʣʷ ʩʪʘʪʠʢʠ 

ʩʧʨʘʚʝʜʣʠʚʽ ʜʣʷ ʽʜʝʘʣʴʥʦʾ ʽ ʨʝʘʣʴʥʦʾ ʨʽʜʠʥʠ (ʛʘʟʫ), ʪʦʤʫ ʱʦ ʚʣʘʩʪʠʚʽʩʪʴ 

ʚ'ʷʟʢʦʩʪʽ, ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʨʝʘʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʚʠʷʚʣʷʻʪʴʩʷ ʪʽʣʴʢʠ ʧʨʠ ʾʾ 

ʨʫʩʽ. ʋ ʥʝʨʫʭʦʤʦʤʫ ʦʙô̒ʤ ̔ ʛʘʟʫ ʦʙô̒ ʤʥ ̔ ʩʠʣʠ (ʩʠʣʠ ʚʘʛʠ) ʜʽʶʪʴ ʟʘ 

ʚʝʨʪʠʢʘʣʣ ,ʁ ʪʦʙʪʦ ʫ ʥʘʧʨʷʤʢʫ ʢʦʦʨʜʠʥʘʪʥʦʾ ʦʩʽ Z, ʽ ʚʠʢʣʠʢʘʶʪʴ 

ʚʽʜʧʦʚʽʜʥʫ ʟʤʽʥʫ ʪʠʩʢʫ. 

ʈ̔ ʚʥʷʥʥʷ ɽʡʣʝʨʘ ʜʣʷ ʩʪʘʪʠʢʠ ʨʽʜʠʥ ʽ ʛʘʟʽʚ, ʦʪʨʠʤʘʥʝ ʥʘ ʦʩʥʦʚʽ 

ʙʘʣʘʥʩʫ ʟʤʽʥʠ ʝʥʝʨʛʽʾ 1ʤ
3
 ʛʘʟʫ ʟʘ ʥʘʧʨʷʤʢʦʤ ʢʦʦʨʜʠʥʘʪʥʦʾ ʦʩʽ Z, ʤʘʻ ʚʠʜ  

 

dZ

dP
g=ʹ ,                                              (1.153) 

 

ʜʝ ɟ ï ʛʫʩʪʠʥʘ ʨʽʜʠʥʠ ʯʠ ʛʘʟʫ, ʢʛ/ʤ
3
; 

g ï ʧʨʠʩʢʦʨʝʥʥʷ ʩʠʣʠ ʚʘʛʠ, ʤ/ʩ
2
; 

dP ï ʟʤʽʥʘ (ʧʨʠʨʽʩʪ) ʪʠʩʢʫ ʧʨʠ ʟʤʽʥʽ ʚʠʩʦʪʠ ʩʪʦʚʧʘ ʨʽʜʠʥʠ ʯʠ 

ʛʘʟʫ ʥʘ ʚʝʣʠʯʠʥʫ dZ; 

dP/dZ ï ʛʨʘʜʽʻʥʪ ʪʠʩʢʫ. 

ʗʢ ʚʠʧʣʠʚʘʻ ʟ ʥʘʚʝʜʝʥʦʛʦ ʚʠʱʝ, ʨʽʚʥʷʥʥʷ (1.153) ʷʚʣʷʻ ʩʦʙʦʶ ʙʘʣʘʥʩ 

ʝʥʝʨʛʽʾ, ʧʨʠ ʷʢʦʤʫ ʟʤʽʥʘ ʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ 1 ʤ
3
 ʛʘʟʫ ʥʘ ʚʽʜʨʽʟʢʫ dZ (ʣʽʚʘ 

ʯʘʩʪʠʥʘ ʨʽʚʥʷʥʥʷ) ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʽʜʧʦʚʽʜʥʦʾ ʟʤʽʥʠ ʪʠʩʢʫ (ʧʨʘʚʘ ʯʘʩʪʠʥʘ 

ʨʽʚʥʷʥʥʷ). 

ʗʢʱʦ ʨʽʚʥʷʥʥʷ ɽʡʣʝʨʘ (1.153) ʨʦʟʚôʷʟʫʚʘʪʠ ʜʣʷ ʙʫʜʴ-ʷʢʠʭ ʜʚʦʭ 

ʧʝʨʝʨʽʟʽʚ Z1 ʽ Z2 (ʨʠʩ. 1.29), ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʚʽʜʩʪʘʥʽ h ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ, ʟʘ 

ʫʤʦʚʠ ɟ=const (ʛʘʟ ʷʢ ʥʝʩʪʠʩʣʠʚʘ ʨʽʜʠʥʘ), ʪʦ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʦʩʥʦʚʥʝ 

ʨʽʚʥʷʥʥʷ ʩʪʘʪʠʢʠ ʨʽʜʠʥ (ʛʘʟʽʚ) 
 

ghP)Zg(ZPP 12112 r+=-r+= ,                     (1.154) 

 

ʜʝ P1,P2 ï ʘʙʩʦʣʶʪʥʽ ʪʠʩʢʠ ʫ ʧʝʨʝʨʽʟʘʭ I  ʽ II, ʇʘ; 

ɟgh ï ʛʝʦʤʝʪʨʠʯʥʠʡ ʪʠʩʢ, ʦʙʫʤʦʚʣʝʥʠʡ ʩʠʣʦʶ ʚʘʛʠ, ʽ ʟʘʣʝʞʥʠʡ 

ʚʽʜ ʛʫʩʪʠʥʠ ɟ ʽ ʚʠʩʦʪʠ ʩʪʦʚʧʘ h ʛʘʟʫ, ʇʘ; 
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g ï ʧʨʠʩʢʦʨʝʥʥʷ ʩʠʣʠ ʚʘʛʠ, ʤ/ʩ
2
; 

Z1  ̔Z2 ï ʚʽʜʩʪʘʥʽ ʚʽʜ ʜʦʚʽʣʴʥʦ ʧʨʠʡʥʷʪʦʛʦ ʨʽʚʥʷ ʚʽʜʣʽʢʫ 0ï0 ʜʦ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʝʨʝʨʽʟʫ I  ʽ II, ʤ. 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1.29 ï ɿʤʽʥʘ ʪʠʩʢʫ ʧʦ ʚʠʩʦʪʽ ʩʪʦʚʧʘ ʛʘʟʫ 

 

 

1.5.3 ɼʠʥʘʤʽʢʘ ʛʘʟʽʚ 

 

ʇʨʠ ʨʫʩʽ ʛʘʟʫ ʥʘ ʢʦʞʝʥ ʡʦʛʦ ʦʙôʻʤ ʙʫʜʫʪʴ ʜʽʷʪʠ ʥʝ ʪʽʣʴʢʠ ʪʽ ʩʠʣʠ, ʱʦ 

ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʩʪʘʪʠʢʠ, ʘʣʝ ʡ ʽʥʰʽ, ʱʦ ʩʠʣʴʥʦ ʫʩʢʣʘʜʥʶʶʪʴ ʷʢ ʷʚʠʱʝ ʨʫʭʫ 

ʚ ʮʽʣʦʤʫ, ʪʘʢ ʽ ʡʦʛʦ ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ. ɼʣʷ ʨʫʭʫ ʽʜʝʘʣʴʥʦʛʦ ʛʘʟʫ ʮʠʤʠ 

ʜʦʜʘʪʢʦʚʠʤʠ ʩʠʣʘʤʠ ʙʫʜʫʪʴ ʩʠʣʠ ʽʥʝʨʮʽʾ, ʘ ʜʣʷ ʨʝʘʣʴʥʦʛʦ ʛʘʟʫ ï ʩʠʣʠ 

ʽʥʝʨʮʽʾ ʽ ʪʝʨʪʷ (ʚ'ʷʟʢʦʩʪʽ). ʋ ʤʝʭʘʥʽʮ ̔ʩʫʮʽʣʴʥʠʭ ʩʝʨʝʜʦʚʠʱ ʚʝʣʠʢʘ ʫʚʘʛʘ 

ʧʨʠʜʽʣʷʻʪʴʩʷ ʚʠʚʦʜʫ ʽ ʚʠʢʦʨʠʩʪʘʥʥʶ ʚʽʜʧʦʚʽʜʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʨʽʚʥʷʥʴ, 

ʱʦ ʦʧʠʩʫʶʪʴ ʨʫʭ ʽʜʝʘʣʴʥʠʭ (ʨʽʚʥʷʥʥʷ ɽʡʣʝʨʘ) ʽ ʨʝʘʣʴʥʠʭ ʩʝʨʝʜʦʚʠʱ 

(ʨʽʚʥʷʥʥʷ ʅʘʚʴʻ-ʉʪʦʢʩʘ). ʈʽʚʥʷʥʥʷ ʅʘʚô-̒ʉʪʦʢʩʘ ʥʘʩʪʽʣʴʢʠ ʩʢʣʘʜʥʽ, ʱʦ ʜʦ 

ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ ʨʦʟʚôʷʟʘʥʽ  ʣʠʰʝ ʜʣʷ ʚʢʨʘʡ ʦʙʤʝʞʝʥʦ ʾ ʢʽʣʴʢʦʩʪʽ 

ʚʠʧʘʜʢʽʚ. ʎʷ ʩʢʣʘʜʥʽʩʪʴ ʚʠʢʣʠʢʘʥʘ ʩʠʣʴʥʠʤ ʚʧʣʠʚʦʤ ʚ'ʷʟʢʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ 

ʥʘ ʨʽʟʥʽ ʘʩʧʝʢʪʠ ʧʨʦʮʝʩʫ ʨʫʭʫ. ʏʝʨʝʟ ʮʝ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʫʜʘʶʪʴʩʷ ʜʦ 

ʨʦʟʚôʷʟʘʥʥʷ  ʨʽʚʥʷʥʴ ɽʡʣʝʨʘ ʜʣʷ ʨʫʭʫ ʽʜʝʘʣʴʥʠʭ ʩʝʨʝʜʦʚʠʱ ʟ ʫʚʝʜʝʥʥʷʤ 

ʥʝʦʙʭʽʜʥʠʭ ʧʦʧʨʘʚʦʢ ʽ ʫʪʦʯʥʝʥʴ. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʪʨʠʤʘʥʦ ʦʜʥʝ ʟ 

ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʨʽʚʥʷʥʴ ʛʜ̔ʨʦ- ʽ ʘʝʨʦʜʠʥʘʤʽʢʠ ï ʨʽʚʥʷʥʥʷ (ʟʘʢʦʥ) ɹʝʨʥʫʣʣʽ. 

ʈʽʚʥʷʥʥʷ ɹʝʨʥʫʣʣʽ 

ʋ ʧʨʘʢʪʠʯʥʠʭ ʫʤʦʚʘʭ ʚʢʨʘʡ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʻ ʨʫʭ ʫ ʪʨʫʙʘʭ ʽ 

ʢʘʥʘʣʘʭ, ʢʦʣʠ ʛʘʟ ʯʝʨʝʟ ʙʽʯʥʽ ʩʪʽʥʢʠ ʥʝ ʚʠʪʨʘʯʘʻʪʴʩʷ. ʋ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʽʚ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷ ɹʝʨʥʫʣʣʽ, ʦʪʨʠʤʘʥʝ ʜʣʷ ʧʦʪʦʢʫ ʪʝʯʽʾ 

(ʪʨʫʙʢʘ ʪʝʯ̔ʾ), ʭʘʨʘʢʪʝʨʥʦʾ ʪʠʤ, ʱʦ ʚʠʪʨʘʪʠ ʛʘʟʫ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʾʾ ʧʝʨʝʨʽʟʽ 

ʟʘʣʠʰʘʪʁʴʩʷ ʥʝʟʤʽʥʥʠʤʠ (ʦʙʤʽʥ ʛʘʟʦʤ ʤʽʞ ʫʩʽʤ ʧʦʪʦʢʦʤ ʽ ʧʦʪʦʢʦʤ ʪʝʯʽʾ 

ʯʝʨʝʟ ʾʾ ʙʽʯʥʽ ʤʝʞʽ ʚʽʜʩʫʪʥʽʡ). 

Z

xO

B ,Z1 1

B ,Z2 2

I

II

h
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ʈʦʟʛʣʷʥʝʤʦ ʧʝʨʝʤʽʱʝʥʥʷ ʨʽʜʠʥʠ (ʢʨʘʧʣʠʥʥʽʡ ʯʠ ʧʨʫʞʥʽʡ)  

ʪʨʫʙʦʧʨʦʚʦʜʦʤ ʟ ʧʝʨʝʨʽʟʦʤ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ, ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʪʝʧʣʦʦʙʤʽʥʫ ʟ 

ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ (ʨʠʩ. 1.30). ʇʨʠ ʮʴʦʤʫ: 

- ʨʫʭ ʛʘʟʫ ʧʦ ʢʘʥʘʣʫ ʻ ʥʝʟʤʽʥʥʠʤ ʽ ʥʝʨʦʟʨʠʚʥʠʤ; 

- ʰʚʠʜʢʦʩʪʽ ʧʦ ʧʝʨʝʨʽʟʫ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʦʩʽ ʢʘʥʘʣʫ, ʻ 

ʧʦʩʪʽʡʥʠʤʠ; 

- ʟʥʝʚʘʞʘʻʪʴʩʷ ʪʝʨʪʷ ʯʘʩʪʦʢ ʛʘʟʫ ʦʜʥʘ ʦʙ ʦʜʥʫ ʡ ʦʙ ʩʪʽʥʢʠ ʢʘʥʘʣʫ; 

- ʟʤʽʥʘ ʧʘʨʘʤʝʪʨʽʚ ʟʘ ʧʝʨʝʨʽʟʦʤ ʢʘʥʘʣʫ ʻ ʤʘʣʦ  ʁʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʾʭ 

ʘʙʩʦʣʶʪʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ. 

ʈʽʜʠʥʘ, ʪʘʢ ʷʢ ʚʦʥʘ ʨʫʭʘʻʪʴʩʷ, ʤʘʻ ʢʽʥʝʪʠʯʥʫ ʝʥʝʨʛʽʶ, ʱʦ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʾʾ ʤʘʩʠ ʽ ʢʚʘʜʨʘʪʘ ʰʚʠʜʢʦʩʪʽ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʞʝʥʥʷʤ mɤ
2
/2, ʜʝ ɤ ï 

ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ. ɿʚʠʯʘʡʥʦ ʢʽʥʝʪʠʯʥʫ ʝʥʝʨʛʽʶ ʚʽʜʥʦʩʷʪʴ ʜʦ ʤʘʩʠ 1 ʢʛ ʯʠ ʜʦ 

ʦʙôʻʤʫ 1 ʤ
3
. ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʚʦʥʘ ʜʦʨʽʚʥʶʻ ɤ

2
/2, ʫ ʜʨʫʛʦʤʫ ï (ɤ

2
/2)ɟ, 

ʜʝ ɟ ï ʤʘʩʘ ʨʽʜʠʥʠ ʚ 1 ʤ
3
, ʪʦʙʪʦ ʾʾ ʛʫʩʪʠʥʘ. ʅʘ ʰʣʷʭʫ ʤʽʞ ʜʚʦʤʘ ʧʝʨʝʨʽʟʘʤʠ 

A ʽ ɺ ʟʤʽʥʫ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ h1 ʜʣʷ 1 ʢʛ ʨʽʜʠʥʠ ʚʠʟʥʘʯʘʶʪʴ ʷʢ 
 

22
h

2
1

2
2

1

w
-

w
= ,                                              (1.155) 

 

ʜʝ ɤ2 ï ʰʚʠʜʢʽʩʪʴ ʫ ʧʝʨʝʨʽʟʽ ɺ, 

ɤ1 ï ʰʚʠʜʢʽʩʪʴ ʫ ʧʝʨʝʨʽʟʽ A. 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1.30 ï ɸʜʽʘʙʘʪʥʘ ʪʝʯʽʷ ʨʽʜʠʥʠ ʫ ʪʨʫʙʽ ʜʦʚʽʣʴʥʦʛʦ ʧʝʨʝʨʽʟʫ 
 

ʗʢ ʽ ʚʩʷʢʝ ʪʽʣʦ, ʨʦʟʛʣʷʥʫʪʘ ʨʽʜʠʥʘ ʤʘ̒ ʚʥʫʪʨʽʰʥʶ (ʪʝʧʣʦʚʫ) ʝʥʝʨʛʽʶ, 

ʷʢʘ ʦʙʫʤʦʚʣʝʥʘ ʝʥʝʨʛʽʻʶ ʾʾ ʤʦʣʝʢʫʣ. ʗʢʱʦ ʧʦʟʥʘʯʠʪʠ ʚʥʫʪʨʽʰʥʶ ʝʥʝʨʛʽʶ 

ʨʽʜʠʥʠ ʚ ʧʝʨʝʨʽʟʘʭ ɺ  ̔ɸ ʚʽʜʧʦʚʽʜʥʦ u2 ʽ u1, ʪʦ ʟʤʽʥʘ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʥʘ 

B B

A

A
Z1

T1

P1

s1 Z2
Z

s2

P2T2
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ʰʣʷʭʫ ɸɺ ʜʣʷ 1 ʢʛ ʩʢʣʘʜʝ: 
 

h2 = u2 ï u1.                                              (1.156) 
 

ʈʽʜʠʥʘ ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʪʠʩʢʦʤ ʽ ʤʘʻ ʪʘʢ ʥʘʟʚʘʥʫ ʝʥʝʨʛʽʶ ʪʠʩʢʫ, ʱʦ 

ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʦʜʦʣʘʥʥʷ ʪʠʩʢʫ ʚ ʪʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʢʫʜʠ ʥʘʜʭʦʜʠʪʴ 

ʨʽʜʠʥʘ. ʈʦʙʦʪʘ, ʱʦ ʧʨʠ ʮʴʦʤʫ ʚʠʢʦʥʫʻʪʴʩʷ, ʥʘʟʠʚʘʻʪʴʩʷ ʨʦʙʦʪʦʶ ʧʨʦʪʠ 

ʟʦʚʥʽʰʥʽʭ ʩʠʣ. ɺʠʟʥʘʯʠʤʦ ʮʶ ʨʦʙʦʪʫ ʥʘ ʜʽʣʷʥʮʽ ʤʽʞ ʧʝʨʝʨʽʟʘʤʠ A ʽ ɺ. 

ʅʝʭʘʡ ʈ1 ï ʪʠʩʢ ʨʽʜʠʥʠ ʚ ʧʝʨʝʨʽʟ̔ A, ʘ ʈ2 ï ʫ ʧʝʨʝʨʽʟ̔ ɺ. ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʚ 

ʧʝʨʝʨʽʟʘʭ ɸ  ̔ɺ ʟʥʘʭʦʜʷʪʴʩʷ ʥʝʚʘʛʦʤʽ ʧʦʨʰʥʽ, ʜʦ ʷʢʠʭ ʧʨʠʢʣʘʜʝʤʦ ʩʠʣʠ, 

ʱʦ ʩʪʚʦʨʶʶʪʴ ʪʠʩʢʠ ʈ1 ʽ ʈ2; ʥʝʭʘʡ ʧʦʨʰʝʥʴ, ʨʦʟʪʘʰʦʚʘʥʠʡ ʫ ʧʝʨʝʨʽʟ̔ A, 

ʧʨʦʡʜʝ ʰʣʷʭ s1 ʟʘ ʪʦʡ ʯʘʩ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʧʦʨʰʝʥʴ ʫ ʧʝʨʝʨʽʟ̔ ɺ ʧʨʦʡʜʝ 

ʰʣʷʭ s2. ʗʢʱʦ ʧʣʦʱʽ ʧʦʨʰʥʽʚ ʫ ʧʝʨʝʨʽʟʘʭ A ʽ ɺ ʨʽʚʥʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ f1 ʽ f2, 

ʪʦ ʨʦʙʦʪʘ ʥʘ ʧʨʦʡʜʝʥʦʤʫ ʥʠʤʠ ʰʣʷʭʫ ʩʢʣʘʜʝ ʈ1f1s1 ʽ ʈ2f2s2; ʷʢʱʦ ʧʨʠ 

ʮʴʦʤʫ ʧʝʨʝʤʽʩʪʠʚʩʷ 1 ʢʛ ʨʽʜʠʥʠ, ʪʦ f1s1=v1, ʘ f2s2=v2, ʽ ʢʽʥʮʝʚʘ ʨʦʙʦʪʘ ʙʫʜʝ 

ʜʦʨʽʚʥʶʚʘʪʠ 
 

h3 = P2v2 ï P1v1.                                        (1.157) 
 

ʎʷ ʨʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʟʘ ʨʘʭʫʥʦʢ ʝʥʝʨʛʽʾ ʪʠʩʢʫ ʥʘ ʨʦʟʛʣʷʥʫʪʦʤʫ ʰʣʷʭʫ. 

ʅʘ ʰʣʷʭʫ ɸɺ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʙʦʪʘ ʽ ʧʨʦʪʠ ʩʠʣ ʚʘʛʠ. ɽʥʝʨʛʽʷ, ʱʦ 

ʚʠʪʨʘʯʝʥʘ ʥʘ ʧʦʜʦʣʘʥʥʷ ʮʠʭ ʩʠʣ, ʥʘʟʠʚʘʻʪʴʩʷ ʝʥʝʨʛʽʻʶ ʧʦʣʦʞʝʥʥʷ ʽ 

ʚʠʤʽʨʶ̒ ʪʴʩʷ ʚʽʜʥʦʩʥʦ ʷʢʦʛʦ-ʥʝʙʫʜʴ ʬʽʢʩʦʚʘʥʦʛʦ ʨʽʚʥʷ. ʅʝʭʘʡ ʚʽʜʩʪʘʥʴ ʚʽʜ 

ʧʝʨʝʨʽʟʫ ɸɸ ʜʦ ʮʴʦʛʦ ʨʽʚʥʷ ʩʢʣʘʜʘʻ Z1, ʘ ʜʦ ʧʝʨʝʨʽʟʫ ɺɺ ï Z2. ʊʦʜʽ ʝʥʝʨʛʽʷ 

ʧʦʣʦʞʝʥʥʷ 1 ʢʛ (ʘʙʦ ʡʦʛʦ ʧʦʪʝʥʮʽʡʥʘ ʝʥʝʨʛʽʷ) ʫ ʧʝʨʝʨʽʟ̔ ɸɸ ʩʢʣʘʜʘʻ Z1g, ʘ 

ʚ ʧʝʨʝʨʽʟʽ ɺɺ ï Z2g, ʜʝ g ï ʤʽʩʮʝʚʝ ʧʨʠʩʢʦʨʝʥʥʷ ʩʠʣʠ ʚʘʛʠ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʝʥʝʨʛʽʷ ʧʦʣʦʞʝʥʥʷ, ʷʢʫ ʚʠʪʨʘʯʝʥʦ ʥʘ ʧʦʜʦʣʘʥʥʷ ʩʠʣ ʚʘʛʠ, ʩʢʣʘʜʘʻ: 
 

h4 = (Z2 ï Z1)g.                                        (1.158) 
 

ʆʪʞʝ, ʟʤʽʥʘ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʽ ʨʦʙʦʪʘ ʥʘ ʰʣʷʭʫ ʤʽʞ ʧʝʨʝʨʽʟʘʤʠ A 

ʽ ɺ ʩʢʣʘʜʘʶʪʴ ʩʫʤʫ h1+h2+h3+h4. ɿʛʽʜʥʦ ʧʝʨʰʦʛʦ ʟʘʢʦʥʫ ʪʝʨʤʦʜʠʥʘʤʽʢʠ 

(1.51) ʮʷ ʩʫʤʘ ʜʦʨʽʚʥʶʻ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʘ q, ʧʽʜʚʝʜʝʥʦ ʾʟʟʦʚʥʽ, ʷʢʘ ʫ ʜʘʥʦʤʫ 

ʚʠʧʘʜʢʫ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʪʦʤʫ ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʥʝʤʘʻ 

ʪʝʧʣʦʦʙʤʽʥʫ ʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ. ʊʘʢʠʤ ʯʠʥʦʤ 
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ɿʚʽʜʢʠ 
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w
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w
,                     (1.160) 

 

ʘ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʜʦʚʽʣʴʥʦʛʦ ʧʝʨʝʨʽʟʫ ʤʦʞʥʘ ʥʘʧʠʩʘʪʠ (ʜʣʷ 1 ʢʛ ʨʽʜʠʥʠ) 
 

constHZgPvu
2

2

==+++
w

.                                (1.161) 

 

ʈʽʚʥʷʥʥʷ (1.161) ʥʘʟʠʚʘʻʪʴʩʷ ʫʟʘʛʘʣʴʥʝʥʠʤ ʨʽʚʥʷʥʥʷʤ ɹʝʨʥʫʣʣʽ, ʯʠ 

ʨʽʚʥʷʥʥʷʤ ʝʥʝʨʛʽʾ, ʘ ʅ ï ʥʘʧʦʨʦʤ 1 ʢʛ ʨʽʜʠʥʠ. ɺʦʥʦ ʧʦʢʘʟʫʻ, ʱʦ ʝʥʝʨʛʽʷ 

ʧʦʪʦʢʫ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʧʝʨʝʨʽʟ̔ ï ʚʝʣʠʯʠʥʘ ʧʦʩʪʽʡʥʘ. ʗʢ ʚʠʜʥʦ, ʨʽʚʥʷʥʥʷ 

ɹʝʨʥʫʣʣʽ ʷʚʣʷʻ ʩʦʙʦʶ ʤʘʪʝʤʘʪʠʯʥʝ ʚʠʨʘʞʝʥʥʷ ʧʝʨʰʦʛʦ ʟʘʢʦʥʫ 

ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʜʣʷ ʧʦʪʦʢʫ ʨʽʜʠʥʠ. 

ʇʨʠ ʚʠʚʦʜʽ ʨʽʚʥʷʥʥʷ (1.161) ʨʫʭ ʨʽʜʠʥʠ ʨʦʟʛʣʷʜʘʚʩʷ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ 

ʪʝʨʪʷ. ɸʣʝ ʧʨʠʡʥʷʪʪʷ ʚ ʨʦʟʨʘʭʫʥʦʢ ʪʝʨʪʷ ʥʝ ʟʤʽʥʶʻ ʟʘʛʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʥʷ 

ʧʨʦ ʧʦʩʪʽʡʥʽʩʪʴ ʝʥʝʨʛʽʾ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʧʝʨʝʨʽʟ̔. 

ʈʽʚʥʷʥʥʷ ʥʝʨʦʟʨʠʚʥʦʩʪʽ 

ʅʘ ʧʨʘʢʪʠʮʽ ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤʠ ʻ ʪʘʢʽ ʧʨʦʮʝʩʠ, ʧʨʠ ʷʢʠʭ 

ʤʘʩʘ ʛʘʟʫ, ʱʦ ʧʨʦʪʽʢʘʻ ʧʦ ʷʢʦʤʫʩʴ ʦʙôʻʤʫ, ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʦ.ʁ ʇʨʠ 

ʮʴʦʤʫ, ʧʨʠʨʦʜʥʦ, ʤʘʩʘ ʛʘʟʫ, ʱʦ ʚʪʽʢʘʻ ʚ ʦʙôʻʤ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ, ʧʦʚʠʥʥʘ 

ʙʫʪʠ ʜʦʨʽʚʥʶʚʘʪʠ ʤʘʩʽ  ʛʘʟʫ, ʱʦ ʚʠʪʽʢʘʻ. 

ʆʪʞʝ, ʤʦʞʥʘ ʥʘʧʠʩʘʪʠ, ʱʦ m1=m2 ʯʠ, ʟ ʦʛʣʷʜʫ ʥʘ ʪʝ, ʱʦ ʤʘʩʘ ʻ 

ʜʦʙʫʪʦʢ ʰʚʠʜʢʦʩʪʽ, ʧʝʨʝʨʽʟʫ ʧʦʪʦʢʫ ʽ ʛʫʩʪʠʥʠ 
 

ɤ1f1ɟ1=ɤ2f2ɟ2.                                     (1.162) 
 

ɿʘ ʫʤʦʚʠ ʧʦʩʪʽʡʥʦʩʪʽ ʛʫʩʪʠʥʠ (ʜʣʷ ʥʝʩʪʠʩʣʠʚʠʭ ʩʝʨʝʜʦʚʠʱ, ʜʣʷ 

ʷʢʠʭ ɟ1=ɟ2) ʦʩʪʘʥʥʻ ʨʽʚʥʷʥʥʷ ʥʘʙʫʜʝ ʚʠʜʫ 
 

ɤ1f1=ɤ2f2, ʘʙʦ  ɤ1/ɤ2 =f2/f1.                         (1.163) 
 

ʊʦʙʪʦ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʘ ʧʣʦʱʽ ʧʝʨʝʨʽʟʫ 

ʢʘʥʘʣʫ. ʗʢʱʦ ʢʘʥʘʣ ʟʚʫʞʫʻʪʴʩʷ, ʪʦ ʰʚʠʜʢʽʩʪʴ ʙʫʜʝ ʟʙʽʣʴʰʫʚʘʪʠʩʷ; ʷʢʱʦ 

ʢʘʥʘʣ ʨʦʟʰʠʨʶʻʪʴʩʷ, ʪʦ ʰʚʠʜʢʽʩʪʴ ʙʫʜʝ ʟʤʝʥʰʫʚʘʪʠʩʷ. 

ʈʦʟʛʣʷʥʝʤʦ ʪʝʧʝʨ ʚʠʪʽʢʘʥʥʷ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʪʽʣʘ, ʫ ʷʢʦʛʦ ʟʽ ʟʤʽʥʦʶ 

ʪʠʩʢʫ ʟʤʽʥʶʻʪʴʩʷ ʧʠʪʦʤʠʡ ʦʙôʻʤ, ʪʦʙʪʦ ʟʤʽʥʶʻʪʴʩʷ ʛʫʩʪʠʥʘ, ʽ ʛʘʟ 

ʷʚʣʷʻʪʴʩʷ ʩʪʠʩʣʠʚʠʤ, ʱʦ ʚʽʜʨʽʟʥʷʻ ʡʦʛʦ ʚʽʜ ʢʨʘʧʣʠʥʥʦʾ ʨʽʜʠʥʠ, ʫ ʷʢʦʾ ʟʽ 

ʟʤʽʥʦʶ ʪʠʩʢʫ ʧʠʪʦʤʠʡ ʦʙôʻʤ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʁ̒ʪʴʩʷ. ʆʙôʻʤ V ʛʘʟʫ, ʱʦ 
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ʚʠʪʽʢʘʻ ʟʘ 1 ʩʝʢʫʥʜʫ ʫ ʩʝʨʝʜʦʚʠʱʝ ʟ ʧʦʩʪʽʡʥʠʤ ʪʠʩʢʦʤ ʈ2 ʷʚʣʷʻ ʩʦʙʦʶ 

ʮʠʣʽʥʜʨ ʟ ʦʩʥʦʚʦʶ, ʨʽʚʥʦʶ ʧʝʨʝʨʽʟʫ f ʚ ʫʩʪʽ ʥʘʩʘʜʢʠ, ʽ ʚʠʩʦʪʦʶ, ʨʽʚʥʦʶ 

ʰʚʠʜʢʦʩʪʽ ɤ, ʪʘʢ ʱʦ ʦʙôʻʤ V ʛʘʟʫ, ʷʢʠʡ ʚʠʪʽʢʘʻ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ, ʩʢʣʘʜʘʻ 
 

V = fɤ.                                               (1.164) 
 

ʗʢʱʦ ʤʘʩʦʚʘ ʚʠʪʨʘʪʘ ʛʘʟʫ ʜʦʨʽʚʥʶʻ M, ʪʦ V = Mv2  ̔
 

Mv2= fɤ,                                               (1.165) 
 

ʜʝ v2 ï ʧʠʪʦʤʠʡ ʦʙôʻʤ ʛʘʟʫ ʥʘ ʚʠʭʦʜʽ ʽʟ ʩʦʧʣʘ. 

ʗʢʱʦ ʚ ʷʢʦʩʪʽ ʰʚʠʜʢʦʩʪʽ ʧʨʠʡʥʪ̫ʠ ʩʝʨʝʜʥʶ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ɤ, ʪʦ 

ʨʽʚʥʷʥʥʷ (1.164) ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʧʨʘʢʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʠ 

ʪʝʯʽʾ ʚ ʪʨʫʙʘʭ ʽ ʢʘʥʘʣʘʭ, ʧʨʠʯʦʤʫ ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʩʝʢʫʥʜʥʦ ʾʦʙôʻʤʥʦʾ ʚʠʪʨʘʪʠ ʩʝʨʝʜʦʚʠʱʘ V, ʱʦ ʧʨʦʭʦʜʠʪʴ 

ʯʝʨʝʟ ʜʘʥʠʡ ʧʝʨʝʨʽʟ, ʜʦ ʚʝʣʠʯʠʥʠ ʧʣʦʱʽ ʧʝʨʝʨʽʟʫ, ʪʦʙʪʦ 
 

ɤ=V/f.                                                  (1.166) 
 

ʈʽʚʥʷʥʥʷ (1.166) ʥʘʟʠʚʘʶʪʴ ʨʽʚʥʷʥʥʷʤ ʥʝʨʦʟʨʠʚʥʦʩʪʽ. ɺʦʥʦ 

ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʘ ʢʘʥʘʣʫ. ɿ ʥʴʦʛʦ 

ʦʜʝʨʞʫʻʤʦ ʨʽʚʥʷʥʥʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʣʦʱʽ ʧʝʨʝʨʽʟʫ 
 

w
=
w
= 2MvV

f .                                          (1.167) 

 

ʗʢ ʚʠʜʥʦ, ʨʦʟʤʽʨ ʧʝʨʝʨʽʟʫ ʫ ʧʨʦʪʠʣʝʞʥʠʭ ʥʘʧʨʷʤʢʘʭ ʚʧʣʠʚʘʻ ʥʘ 

ʧʠʪʦʤʠʡ ʦʙôʻʤ ʽ ʰʚʠʜʢʽʩʪʴ, ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʧʽʜ ʯʘʩ ʨʫʭʫ ʛʘʟʫ ʟʤʽʥʶʶʪʴʩʷ. 

ʈʦʟʛʣʷʥʝʤʦ ʟʘʣʝʞʥʽʩʪʴ ʩʪʘʪʠʯʥʦʛʦ ʪʠʩʢʫ ʛʘʟʫ ʚʽʜ ʰʚʠʜʢʦʩʪʽ. 

ʈʽʚʥʷʥʥʷ (1.159) ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʚ ʥʘʩʪʫʧʥʦʤʫ ʚʠʜʽ 
 

 

( )( )gZZhh
2

0 1212

2
1

2
2 -+-+
w-w

= ,                  (1.168) 

 

 

ʜʝ h=u+Pv. 

ʗʢʱʦ ʚʚʘʞʘʪʠ, ʱʦ ʛʘʟ ʨʫʭʘʻʪʴʩʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʘʙʦ 

ʨʽʚʥʽ Z1 ʽ Z2 ʤʘʡʞʝ ʥʝ ʟʤʽʥʶʶʪʴʩʷ, ʪʦ ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ Z1=Z2. ʊʦʜʽ ʤʠ 

ʦʪʨʠʤʫʻʤʦ ʨʽʚʥʷʥʥʷ ʧʝʨʰʦʛʦ ʟʘʢʦʥʫ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʜʣʷ ʘʜʽʘʙʘʪʥʦʾ ʪʝʯʽʾ 

ʧʦʪʦʢʫ ʛʘʟʫ ʥʘʩʪʫʧʥʦʛʦ ʚʠʜʫ 
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= ,                               (1.169) 

 

ʘʙʦ ʚ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʤʫ ʚʠʜʽ 
 

0 = dh + ɤdɤ.                                   (1.170) 
 

ʈʽʚʥʷʥʥʷ ʧʝʨʰʦʛʦ ʟʘʢʦʥʫ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʚ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʤʫ ʚʠʜʽ 

ʜʣʷ ʟʘʛʘʣʴʥʦʛʦ ʚʠʧʘʜʢʫ ʘʜʽʘʙʘʪʥʦʛʦ ʧʨʦʮʝʩʫ  
 

0 = dh ï v dP.                                    (1.171) 
 

ʇʨʠʨʽʚʥʷʻʤʦ ʧʨʘʚʽ ʯʘʩʪʠʥʠ ʨʽʚʥʷʥʴ (1.168) ʽ (1.169). ʊʦʜʽ ʦʪʨʠʤʫʻʤʦ 

ʥʘʩʪʫʧʥʝ ʨʽʚʥʷʥʥʷ 
 

ï v dP = ɤdɤ.                                   (1.172) 
 

ɿ ʨʽʚʥʷʥʥ ̫(1.172) ʚʠʜʥʦ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʽ ʩʪʘʪʠʯʥʠʡ ʪʠʩʢ ʤʘʶʪʴ ʨʽʟʥʽ 

ʟʥʘʢʠ, ʪʦʙʪʦ ʟ ̔ʟʨʦʩʪʘʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʛʘʟʫ ʪʠʩʢ ʙʫʜʝ ʟʤʝʥʰʫʚʘʪʠʩʷ. ʎʝʡ 

ʧʨʠʥʮʠʧ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʝʞʝʢʪʦʨʘʭ, ʽʥʞʝʢʪʦʨʘʭ, ʝʨʣʽʬʪʘʭ, ʪʦʙʪʦ 

ʫʩʪʘʥʦʚʢʘʭ, ʱʦ ʧʝʨʝʤʽʱʘʶʪʴ ʛʘʟ ʯʠ ʨʽʜʠʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʪʦʢʫ 

ʩʪʠʩʥʫʪʦʛʦ ʛʘʟʫ. 

 

 

1.5.4 ɺʠʪʽʢʘʥʥʷ ʧʘʨʽʚ ʪʘ ʛʘʟʽʚ 

 

ɺʽʜʦʤʦ, ʱʦ ʛʘʟʦʧʦʜʽʙʥʝ ʪʽʣʦ ʧʨʠ ʪʠʩʢʫ ʽ ʪʝʤʧʝʨʘʪʫʨʽ ʙʽʣʴʰ ʚʠʩʦʢʠʭ, 

ʯʠʤ ʪʽ ʞ ʧʘʨʘʤʝʪʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʤʘʻ ʧʦʪʝʥʮʽʡʥʫ ʝʥʝʨʛʽʶ. 

ʅʘʡʙʽʣʴʰ ʯʘʩʪʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʽʻʾ ʝʥʝʨʛʽʾ ʚ ʪʝʧʣʦʚʠʭ ʜʚʠʛʫʥʘʭ ʧʦʣʷʛʘʻ ʚ 

ʪʦʤʫ, ʱʦ ʾʾ ʧʝʨʝʪʚʦʨʶʶʪʴ ʥʘ ʢʽʥʝʪʠʯʥʫ ʚ ʦʩʦʙʣʠʚʠʭ ʧʨʠʩʪʨʦʷʭ ï ʥʘʩʘʜʢʘʭ 

(ʩʦʧʣʘʭ) ʽ ʚ ʢʘʥʘʣʘʭ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʚʠʛʥʫʪʠʤʠ ʧʣʘʩʪʠʥʘʤʠ (ʣʦʧʘʪʢʘʤʠ). 

ʇʨʦʮʝʩ ʨʫʭʫ ʯʝʨʝʟ ʪʘʢʽ ʥʘʩʘʜʢʠ ʥʘʟʠʚʘʻʪʴʩʷ ʚʠʪʽʢʘʥʥʷʤ. ʋ ʪʝʭʥʽʮʽ ʯʘʩʪʦ 

ʜʦʚʦʜʠʪʴʩʷ ʤʘʪʠ ʩʧʨʘʚʫ ʟ ʧʨʦʮʝʩʘʤʠ ʚʠʪʽʢʘʥʥʷ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʚʝʣʠʢʦʶ ʢʽʥʝʪʠʯʥʦʶ ʝʥʝʨʛʽʻʶ ʨʦʙʦʯʦʛʦ ʪʽʣʘ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʪʝʦʨʽʾ 

ʚʠʪʽʢʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʨʽʟʥʠʭ ʢʘʥʘʣʽʚ 

ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ: ʩʦʧʣʦʚʠʭ ʽ ʨʦʙʦʯʠʭ ʣʦʧʘʪʦʢ ʪʫʨʙʽʥ, 

ʨʝʛʫʣʶʚʘʣʴʥʠʭ ʢʣʘʧʘʥʽʚ, ʚʠʪʨʘʪʦʤʽʨʥʠʭ ʩʦʧʝʣ, ʝʞʝʢʪʦʨʽʚ, ʨʝʘʢʪʠʚʥʠʭ 

ʜʚʠʛʫʥʽʚ, ʨʘʢʝʪ ʡ ʽʥ. 

ɿʘ ʧʨʠʥʮʠʧʦʤ ʨʦʙʦʪʠ ʥʘʩʘʜʢʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ: 
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- ʪʘʢʽ, ʱʦ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ï ʢʦʥʬʫʟʦʨ 

ʯʠ ʩʦʧʣʦ (ʨʽʚʥʦʤʽʨʥʦ ʟʚʫʞʫʶʪʴʩʷ ʜʦ ʚʠʭʦʜʫ); 

- ʪʘʢʽ, ʱʦ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ï ʜʠʬʫʟʦʨ 

(ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʰʠʨʶʶʪʴʩʷ ʜʦ ʚʠʭʦʜʫ); 

- ʥʘʩʘʜʢʠ ʢʦʥʬʫʟʦʨʥʦ-ʜʠʬʫʟʦʨʥʦʛʦ ʪʠʧʫ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ 2 

ʯʘʩʪʠʥ: ʧʝʨʰʘ ʨʽʚʥʦʤʽʨʥʦ ʟʚʫʞʫʻʪʴʩʷ, ʘ ʜʨʫʛʘ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʰʠʨʶʻʪʴʩʷ; 

ʧʝʨʝʭʽʜ ʟ ʦʜʥʽʻʾ ʯʘʩʪʠʥʠ ʚ ʽʥʰʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ ʤʽʥʽʤʘʣʴʥʠʡ ʜʽʘʤʝʪʨ 

(dmʽn); ʪʘʢʠʡ ʢʘʥʘʣ ʦʜʝʨʞʘʚ ʥʘʟʚʫ ʨʝʘʢʪʠʚʥʝ ʩʦʧʣʦ ʃʘʚʘʣʷ. 

ʈʦʟʛʣʷʥʝʤʦ ʨʫʭ ʧʦʪʦʢʫ ʛʘʟʫ ʤʘʩʦʶ 1 ʢʛ ʯʝʨʝʟ ʥʘʩʘʜʢʫ ʟʤʽʥʥʦʛʦ 

ʧʝʨʝʨʽʟʫ (ʨʠʩ. 1.31). ɹʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʤʠ ʤʘʻʤʦ ʩʪʘʣʠʡ, ʩʪʘʮʽʦʥʘʨʥʠʡ 

ʨʝʞʠʤ ʚʠʪʽʢʘʥʥʷ. ʋ ʪʘʢʦʤʫ ʨʝʞʠʤʽ ʚʩʽ ʪʝʨʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʽ ʰʚʠʜʢʽʩʪʴ 

ʚʠʪʽʢʘʥʥʷ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʟʤʽʥʥʠʤʠ ʟ ʯʘʩʦʤ ʚ ʙʫʜʴ-ʷʢʽʡ ʪʦʯʮʽ ʢʘʥʘʣʫ. 

ɿʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚʠʪʽʢʘʥʥʷ ʚ ʝʣʝʤʝʥʪʘʨʥʦʤʫ ʩʪʨʫʤʢʫ ʧʦʪʦʢʫ ʧʝʨʝʥʦʩʷʪʴʩʷ 

ʥʘ ʚʝʩʴ ʧʝʨʝʨʽʟ ʢʘʥʘʣʫ. ʇʨʠ ʮʴʦʤʫ ʜʣʷ ʢʦʞʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ 

ʢʘʥʘʣʫ ʧʨʠʡʤʘʻʤʦ ʩʝʨʝʜʥʽ ʟʘ ʧʝʨʝʨ̔ ʟʦʤ ʟʥʘʯʝʥʥʷ ʪʝʨʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ 

ʰʚʠʜʢʦʩʪʽ, ʪʦʙʪʦ ʧʦʪʽʢ ʨʦʟʛʣʷʜʘʻʤʦ ʷʢ ʦʜʥʦʤʽʨʥʠʡ. ʂʨʽʤ ʪʦʛʦ, ʨʽʟʥʠʮʷ 

ʪʠʩʢʽʚ ʛʘʟʫ ʽ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʻ ʥʝʚʝʣʠʢʦʶ, ʘ ʰʚʠʜʢʽʩʪʴ ʪʝʯʽʾ 

ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʜʦʩʠʪʴ ʚʝʣʠʢʘ, ʜʦʚʞʠʥʘ ʢʘʥʘʣʫ ʥʝʚʝʣʠʢʘ, ʽ ʧʨʦʮʝʩ 

ʪʝʧʣʦʦʙʤʽʥʫ ʤʽʞ ʩʪʽʥʢʦʶ ʽ ʛʘʟʦʤ ʥʝʟʥʘʯʥʠʡ, ʪʦʤʫ ʧʨʦʮʝʩ ʚʠʪʽʢʘʥʥʷ ʛʘʟʫ 

ʚʚʘʞʘʻʤʦ ʘʜʽʘʙʘʪʥʠʤ. 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1.31 ï ɺʠʪʽʢʘʥʥʷ ʛʘʟʫ ʯʝʨʝʟ ʩʦʧʣʦ 
 

ɻʘʟ ʚʠʪʽʢʘʻ ʯʝʨʝʟ ʥʘʩʘʜʢʫ ɺ ʽʟ ʩʝʨʝʜʦʚʠʱʘ ɸ, ʫ ʷʢʦʤʫ ʧʽʜʪʨʠʤʫʶʪʴʩʷ 

ʧʘʨʘʤʝʪʨʠ ʈ1, ʊ1, ʫ ʩʝʨʝʜʦʚʠʱʝ ʉ ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʈ2, ʊ2. ʇʦʯʘʪʢʦʚʘ 

ʰʚʠʜʢʽʩʪʴ ï ɤ1, ʢʽʥʮʝʚʘ ï ɤ2. ʉʢʣʘʜʝʤʦ ʨʽʚʥʷʥʥʷ ɹʝʨʥʫʣʣʽ ʜʣʷ ʧʝʨʝʨʽʟ̔ʚ ɯ-

ɯ  ̔ɯɯ-ɯɯ. ɿʛʽʜʥʦ (1.160) ʜʣʷ 1 ʢʛ  ʛʘʟʫ, ʱʦ ʚʠʪʽʢʘʻ, ʦʜʝʨʞʠʤʦ: 
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ʚhʠʜʢʦʩʪʽ ɤ1, ʪʦʤʫ ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ, ʱʦ ɤ1 = 0. ʊʦʜʽ ʰʚʠʜʢʽʩʪʴ ʚʠʪʽʢʘʥʥʷ 

ʤʦʞʥʘ ʧʦʟʥʘʯʠʪʠ ɤ2 = ɤ. ʂʨʽʤ ʪʦʛʦ, ʧʨʠʡʤʘʻʤʦ Z2 = Z1 ʪʦʤʫ ʱʦ ʨʽʚʥʽ 

ʟʤʽʥʶʶʪʴʩʷ ʥʝʟʥʘʯʥʦ. ʇʽʩʣʷ ʮʠʭ ʩʧʨʦʱʝʥʴ ʦʜʝʨʞʫʻʤʦ: 
 

( )( )222111 vPuvPu
2

+-+=
w2

.                                   (1.174) 

 

ʗʢʱʦ ʧʨʠʡʥʷʪʠ, ʱʦ ʠ+Pv=h (ʜʠʚ. ʧʽʜʨʦʟʜʽʣ 1.2.5), ʪʦ ʤʠ 

ʦʪʨʠʤʘʻʤʦ: 
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.                                          (1.175) 

 

ɿʚʽʜʢʠ 
 

( ) 2121 hh1,41hh2 -=-=w .                         (1.176) 

 

ʗʢʱʦ ʰʚʠʜʢʽʩʪʴ ʚʠʨʘʟʠʪʠ ʟ ʨʽʚʥʷʥʥʷ (1.174), ʪʦ ʦʪʨʠʤʘʻʤʦ: 
 

( )( )( ) ( )( )( )221121222111 vPvPuu2vPuvPu2 -+-=+-+=w . (1.177) 

 

ɺ ʘʜʽʘʙʘʪʥʦʤʫ ʧʨʦʮʝʩʽ u1ïu2=l, ʘ ʨʦʙʦʪʘ ʚ ʘʜʽʘʙʘʪʥʦʤʫ ʧʨʦʮʝʩʽ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ (1.82). ʊʦʜʽ 
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ɺʽʜʧʦʚʽʜʥʦ (1.79) 
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ʄʘʩʦʚʽ ʚʠʪʨʘʪʠ ʛʘʟʫ M ʯʝʨʝʟ ʩʦʧʣʦ ʟʚʠʯʘʡʥʦ ʚʠʨʘʞʘʶʪʴʩʷ ʫ 

ʢʽʣʦʛʨʘʤʘʭ ʟʘ ʩʝʢʫʥʜʫ ʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʥʷ (1.165) 
 

M= fɤ/ v2.                                              (1.182) 
 

ɺʠʢʦʨʠʩʪʘʚ ʨʽʚʥʷʥʥʷ (1.182) ʽ (1.181), ʦʪʨʠʤʘʻʤʦ 
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ɿʛʽʜʥʦ ʟ ʨʽʚʥʷʥʥʷʤ (1.183) ʤʘʩʦʚʘ ʩʝʢʫʥʜʥʘ ʚʠʪʨʘʪʘ ʛʘʟʫ ʧʨʠ 

ʚʠʪʽʢʘʥʥʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʣʦʱʽ ʚʠʭʽʜʥʦʛʦ ʧʝʨʝʨʽʟʫ ʩʦʧʣʘ, ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʘʟʫ, 

ʧʦʯʘʪʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʛʘʟʫ k, ʈ1, v1 ʽ ʩʪʫʧʝʥʷ ʡʦʛʦ ʨʦʟʰʠʨʝʥʥʷ, ʪʦʙʪʦ 

ʪʠʩʢʫ ʈ2 ʛʘʟʫ ʥʘ ʚʠʭʦʜʽ. ʈ̔ ʚʥʷʥʥʶ (1.183) ʚʽʜʧʦʚʽʜʘʻ ʢʨʠʚʘ, ʷʢʫ ʧʦʙʫʜʦʚʘʥʦ 

ʥʘ ʨʠʩʫʥʢʫ 1.32. 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1.32 ï ɿʘʣʝʞʥʽʩʪʴ ʤʘʩʦʚʦʾ ʚʠʪʨʘʪʠ ʛʘʟʫ ʯʝʨʝʟ ʩʦʧʣʦ 

 ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʈ2/ʈ1 
 

ʇʨʠʡʤʝʤʦ, ʱʦ ʚʽʜʥʦʰʝʥʥʷ ʪʠʩʢʽʚ ʜʦʨʽʚʥʶʻ ɓ, ʪʦʙʪʦ ɓ=ʈ2/ʈ ʇʨʠ 

ʈ2=ʈ ʚʠʪʨʘʪʘ, ʧʨʠʨʦʜʥʦ, ʜʦʨʽʚʥʶʻ ʥʫʣʶ. ɿʽ ʟʤʝʥʰʝʥʥʷʤ ʪʠʩʢʫ ʩʝʨʝʜʦʚʠʱʘ 

ʈ2 ʚʠʪʨʘʪʘ ʛʘʟʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʽ ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʨʠ 

ʈ2/ʈ=ɓʢʨ. ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʟʤʝʥʰʝʥʥʽ ʚʽʜʥʦʰʝʥʥʷ ʈ2/ʈ ʟʥʘʯʝʥʥʷ ʄ, ʷʢʝ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ (1.183), ʟʤʝʥʰʫʻʪʴʩʷ ʽ ʧʨʠ ʈ2/ʈ=0 ʜʦʨʽʚʥʶ ̒

ʥʫʣʶ. 

ʇʦʨʽʚʥʷʥʥʷ ʦʧʠʩʘʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ 

ʧʦʢʘʟʘʣʦ, ʱʦ ʜʣʷ ɓʢʨ<ʈ2/ʈ<1 ʨʝʟʫʣʴʪʘʪʠ ʮʽʣʢʦʤ ʩʧʽʚʧʘʜʘʶʪʴ, ʘ ʜʣʷ 
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0<ʈ2/ʈ<ɓʢʨ ʚʦʥʠ ʨʦʟʭʦʜʷʪʴʩʷ ï ʜʽʡʩʥʘ ʤʘʩʦʚʘ ʚʠʪʨʘʪʘ ʥʘ ʮʽʡ ʜʽʣʷʥʮʽ 

ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʩʪʽʡʥʦ  ʁ(ʧʨʷʤʘ KD). 

ɸʥʘʣʦʛʽʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʣʷ ʟʤʽʥʠ ʧʠʪʦʤʦʛʦ ʦʙôʻʤʫ v 

(ʨʠʩ. 1.33, ʘ) ʽ ʰʚʠʜʢʦʩʪʽ ʚʠʪʽʢʘʥʥʷ ɤ (ʨʠʩ. 1.33, ʙ). 

 

 

 

 

 

 

 

 

 

 

 

 ʘ ʙ 

ʈʠʩʫʥʦʢ 1.33 ï ɿʘʣʝʞʥʽʩʪʴ ʧʠʪʦʤʦʛʦ ʦʙôʻʤʫ (ʘ) ʽ ʰʚʠʜʢʦʩʪʽ (ʙ) 

ʚʠʪʽʢʘʥʥʷ ʛʘʟʫ ʯʝʨʝʟ ʩʦʧʣʦ ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʈ2/ʈ1 
 

ɿ ʤʝʪʦʶ ʧʦʷʩʥʝʥʥʷ ʮ̔ ʻʾ ʨʦʟʙʽʞʥʦʩʪʽ ʪʝʦʨʽʾ ʟ ʝʢʩʧʝʨʠʤʝʥʪʦʤ, ɸ. ʉʝʥ-

ɺʝʥʘʥ ʫ 1839 ʨʦʮʽ ʚʠʩʫʥʫʚ ʛʽʧʦʪʝʟʫ ʧʨʦ ʪʝ, ʱʦ ʚ ʩʦʧʣʽ, ʷʢʝ ʟʚʫʞʫʻʪʴʩʷ, 

ʥʝʤʦʞʣʠʚʦ ʦʜʝʨʞʘʪʠ ʪʠʩʢ ʛʘʟʫ ʥʠʞʯʝ ʜʝʷʢʦʛʦ ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʈʢʨ, 

ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʤʘʢʩʠʤʘʣʴʥʽʡ ʚʠʪʨʘʪʽ ʛʘʟʫ ʯʝʨʝʟ ʩʦʧʣʦ ɤʤʘʢʩ. ʗʢ ʙʠ ʤʠ ʥʝ 

ʟʥʠʞʫʚʘʣʠ ʪʠʩʢ ʈ2 ʩʝʨʝʜʦʚʠʱʘ, ʚ ʷʢʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʪʽʢʘʥʥʷ, ʪʠʩʢ ʥʘ 

ʚʠʭʦʜʽ ʽʟ ʩʦʧʣʘ ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʩʪʽʡʥʠʤ  ̔ʨʽʚʥʠʤ ʈʢʨ. 

ɿ ʤʝʪʦʶ ʧʦʰʫʢʫ ʤʘʢʩʠʤʫʤʫ ʬʫʥʢʮʽʾ ʄ=f(ʈ2/ʈ1)=f(ɓ) (1/183) ʧʨʠ 

ʈ1=const, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʥʘʯʝʥʥʶ ɓʢʨ, ʚʽʟʴʤʝʤʦ ʧʝʨʰʫ ʧʦʭʽʜʥʫ ʚʽʜ 

ʚʠʨʘʞʝʥʥʷ ʚ ʢʚʘʜʨʘʪʥʠʭ ʜʫʞʢʘʭ ʽ ʜʦʨʽʚʥʷʻʤʦ ʾʾ ʜʦ ʥʫʣ̫: 
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ʊʦʜʽ ʦʪʨʠʤʘʻʤʦ 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʚʽʜʥʦʰʝʥʥʷ ʢʨʠʪʠʯʥʦʛʦ ʪʠʩʢʫ ʥʘ ʚʠʭʦʜʽ ʈʢʨ ʜʦ ʪʠʩʢʫ 

ʧʝʨʝʜ ʩʦʧʣʦʤ ʈ1 ʻ ʚʝʣʠʯʠʥʘ ʧʦʩʪʽʡʥʘ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʪʽʣʴʢʠ ʚʽʜ ʧʦʢʘʟʥʠʢʘ 

ʘʜʽʘʙʘʪʠ k, ʪʦʙʪʦ ʚʽʜ ʧʨʠʨʦʜʠ ʨʦʙʦʯʦʛʦ ʪʽʣʘ. 

ɼʣʷ ʦʜʥʦʘʪʦʤʥʠʭ ʛʘʟ̔ʚ k=1,66, ɓʢʨ=0,49; 

ʜʣʷ ʜʚʦʘʪʦʤʥʠʭ ʛʘʟʽʚ ï k=1,4, ɓʢʨ=0,528 

ʜʣʷ 3- ʽ ʙʘʛʘʪʦʘʪʦʤʥʠʭ ʛʘʟʽʚ ʽ ʧʝʨʝʛʨʽʪʦʾ ʧʘʨʠ ï k=1,33, ɓʢʨ=0,546. 

ʂʨʠʪʠʯʥʘ ʰʚʠʜʢʽʩʪʴ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚ ʫʩʪ ̔ʩʦʧʣʘ ʧʨʠ ʚʠʪʽʢʘʥʥʽ ʚ 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʟ ʪʠʩʢʦʤ, ʨʽʚʥʠʤ ʯʠ ʥʠʞʯʝ ʢʨʠʪʠʯʥʦʛʦ. ɰʾ ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʟ ʨʽʚʥʷʥʥʷ (1.181), ʷʢʦɦ ʧʽʜʩʪʘʚʠʪʠ ʚ ʥʴʦʛʦ ʟʘʤʽʩʪʴ ʚʽʜʥʦʰʝʥʥʷ 

ʈ2/ʈ1 ʟʥʘʯʝʥʥʷ ʈʢʨ: 
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ɺʝʣʠʯʠʥʘ ʢʨʠʪʠʯʥʦʾ ʰʚʠʜʢʦʩʪʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʽʟʠʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʽ ʧʦʯʘʪʢʦʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʛʘʟʫ. ɿ ʨʽʚʥʷʥʥʷ ʘʜʽʘʙʘʪʠ 

(1.180) ʚʠʧʣʠʚʘʻ, ʱʦ  
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ɺ̔ ʜʧʦʚʽʜʥʦ ʜʦ ʨʽʚʥʷʥʥʷ (1.185) ʟʘʤʽʥʠʤʦ ʚʽʜʥʦʰʝʥʥʷ ʈʢʨ/ʈ1 ʥʘ ɓʢʨ. 

ʊʦʜʽ ʦʜʝʨʞʫʻʤʦ 
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ʗʢʱʦ ʜʦ ʨʽʚʥʷʥʥʷ (1.186) ʧʽʜʩʪʘʚʠʪʠ ʟʥʘʯʝʥʥʷ v1 ʟ (1.188), ʘ 

ʟʥʘʯʝʥʥʷ ʈ1 ʟ ʨʽʚʥʷʥʥʷ (1.185), ʪʦ ʦʪʨʠʤʘʻʤʦ ʥʘʩʪʫʧʥʝ ʚʠʨʘʞʝʥʥʷ 
 

avkP êðêðêð ==w .                                     (1.189) 

 

ɿ ʢʫʨʩʫ ʬʽʟʠʢʠ ʚʽʜʦʤʦ, ʱʦ ʮʝ ʽ ʻ ʰʚʠʜʢʽʩʪʴ ʧʦʰʠʨʝʥʥʷ ʟʚʫʢʫ ʘ ʚ 

ʩʝʨʝʜʦʚʠʱʝ ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʈ=ʈʢʨ ʽ v=vʢʨ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʢʨʠʪʠʯʥʘ ʰʚʠʜʢʽʩʪʴ ʛʘʟʫ ʧʨʠ ʚʠʪʽʢʘʥʥʽ ʜʦʨʽʚʥʶʻ 

ʤʽʩʮʝʚʽʡ ʰʚʠʜʢʦʩʪʽ ʟʚʫʢʫ ʫ ʚʠʭʽʜʥʦʤʫ ʧʝʨʝʨʽʟʽ ʩʦʧʣʘ. ʉʘʤʝ ʮʝ ʧʦʷʩʥʶʻ, 
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ʯʦʤʫ ʚ ʩʦʧʣʽ, ʱʦ ʟʚʫʞʫʻʪʴʩʷ, ʛʘʟ ʥʝ ʤʦʞʝ ʨʦʟʰʠʨʶʚʘʪʠʩʷ ʜʦ ʪʠʩʢʫ ʤʝʥʰʝ 

ʢʨʠʪʠʯʥʦʛʦ, ʘ ʰʚʠʜʢʽʩʪʴ ʥʝ ʤʦʞʝ ʧʝʨʝʚʠʱʫʚʘʪʠ ʢʨʠʪʠʯʥʫ. ʌʽʟʠʯʥʝ 

ʧʦʷʩʥʝʥʥʷ ʮʴʦʛʦ ʷʚʠʱʘ ʤʦʞʝ ʙʫʪʠ ʥʘʩʪʫʧʥʠʤ. ɿʥʠʞʝʥʥʷ ʪʠʩʢʫ ʙʫʜʴ-ʷʢʦʛʦ 

ʛʘʟʫ ʧʦʰʠʨʶʻʪʴʩʷ ʚ ʫʩʽ ʩʪʦʨʦʥʠ ʟʽ ʰʚʠʜʢʽʩʪʶ, ʨʽʚʥʦ ʁʰʚʠʜʢʦʩʪʽ ʟʚʫʢʫ ʘ. 

ʋ ʮʠʣʽʥʜʨʠʯʥʦʤʫ ʢʘʥʘʣʽ ʜʦʢʠ ʰʚʠʜʢʽʩʪʴ ʪʝʯʽʾ ʤʝʥʰʝ ʘ, ʟʥʠʞʝʥʥʷ ʪʠʩʢʫ 

ʫʟʜʦʚʞ ʧʦʪʦʢʫ ʛʘʟʫ ʧʝʨʝʜʘʻʪʴʩʷ ʟʽ ʰʚʠʜʢʽʩʪʶ ʘïɤ. ʇʨʠ ɤ=ʘ ʟʥʠʞʝʥʥʷ 

ʪʠʩʢʫ  ʧʦʪʦʢʦʤ ʚʞʝ ʧʝʨʝʜʘʪʠʩʷ ʥʝ ʤʦʞʝ, ʽ ʪʠʩʢ ʚ ʫʩʪʽ ʟʘʣʠʰʘʻʪʴʩʷ ʨʽʚʥʠʤ 

ʈʢʨ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʱʦ ʪʠʩʢ ʩʝʨʝʜʦʚʠʱʘ, ʢʫʜʠ ʚʠʪʽʢʘʻ ʽʟ ʩʦʧʣʘ ʛʘʟ, 

ʩʪʘʥʝ ʟʥʘʯʥʦ ʤʝʥʰʝ ʈʢʨ. ʇʦʜʘʣʴʰʝ ʟʥʠʞʝʥʥʷ ʪʠʩʢʫ ʛʘʟʫ ʫʟʜʦʚʞ ʢʘʥʘʣʫ ʽ 

ʚʽʜʧʦʚʽʜʥʝ ʟʙʽʣʴʰʝʥʥʷ ʡʦʛʦ ʰʚʠʜʢʦʩʪʽ ʤʦʛʣʦ ʙ ʚʽʜʙʫʪʠʩʷ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, 

ʷʢʱʦ ʛʘʟ ʟʤʽʛ ʨʦʟʰʠʨʠʪʠʩʷ, ʥʘʧʨʠʢʣʘʜ, ʚʽʜ ʟʙʽʣʴʰʝʥʥʷ ʧʝʨʝʨʽʟʫ ʢʘʥʘʣʫ. 

ʄʘʢʩʠʤʘʣʴʥʫ ʩʝʢʫʥʜʥʫ ʚʠʪʨʘʪʫ ʛʘʟʫ ʧʨʠ ʢʨʠʪʠʯʥʦʤʫ ʟʥʘʯʝʥʥʽ ɓʢʨ 

ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟ ʨʽʚʥʷʥʥʷ (1.183) 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʤʘʢʩʠʤʘʣʴʥʘ ʩʝʢʫʥʜʥʘ ʚʠʪʨʘʪʘ ʛʘʟʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʘʥʫ 

ʛʘʟʫ ʥʘ ʚʭʦʜʽ ʜʦ ʩʦʧʣʘ, ʚʝʣʠʯʠʥʠ ʚʠʭʽʜʥʦʛʦ ʧʝʨʝʨʽʟʫ ʩʦʧʣʘ fʤʽʥ ʽ ʧʦʢʘʟʥʠʢʘ 

ʘʜʽʘʙʘʪʠ ʛʘʟʫ, ʪʦʙʪʦ ʡʦʛʦ ʧʨʠʨʦʜʠ. 

ɿʥʘʯʝʥʥʷ ʚʩʽʭ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ ʛʘʟʫ ʧʨʠ ʢʨʠʪʠʯʥʦʤʫ ʪʠʩʢʫ, ʷʢʽ 

ʪʘʢʦʞ ʥʘʟʠʚʘʶʪʴʩʷ ʢʨʠʪʠʯʥʠʤʠ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟ ʨʽʚʥʷʥʥʷ ʘʜʽʘʙʘʪʠ 

(1.79). 

 

 

1.5.5 ɺʠʙʽʨ ʬʦʨʤʠ ʩʦʧʣʘ 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʬʦʨʤʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʘ ʢʘʥʘʣʫ 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʰʚʠʜʢʽʩʪʴ ʚʠʪʽʢʘʥʥʷ. ʆʩʥʦʚʥʫ ʨʦʣʴ ʛʨʘʻ ʧʨʦʬʽʣʴ 

ʢʘʥʘʣʫ, ʪʦʙʪʦ ʟʤʽʥʘ ʧʝʨʝʨʽʟʫ ʫʟʜʦʚʞ ʧʦʪʦʢʫ. ʊʦʤʫ ʜʣʷ ʦʜʝʨʞʘʥʥʷ 

ʚʠʟʥʘʯʝʥʦʾ ʰʚʠʜʢʦʩʪʽ ʚʠʪʽʢʘʥʥʷ ʧʦʪʨʽʙʥʦ ʚʠʙʨʘʪʠ ʚʽʜʧʦʚʽʜʥʠʡ ʧʨʦʬʽʣʴ 

ʢʘʥʘʣʫ. 

ɿʘʣʝʞʥʽʩʪʴ ʤʽʞ ʟʤʽʥʦʶ ʧʣʦʱʽ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʩʦʧʣʘ, 

ʰʚʠʜʢʽʩʪʶ ʪʝʯʽʾ  ̔ʟʤʽʥʦʶ ʧʘʨʘʤʝʪʨʽʚ ʛʘʟʫ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʜʽ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʨʽʚʥʷʥʥʷʤʠ (1.191) ʽ (1.192), ʷʢʽ ʥʘʟʠʚʘʶʪʴ ʨʽʚʥʷʥʥʷʤʠ ʧʨʦʬʽʣʶ ʢʘʥʘʣʫ 
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ʜʝ ʄ ï ʯʠʩʣʦ ʄʘʭʘ, ʷʢʝ ʜʦʨʽʚʥʶʻ ʚʽʜʥʦʰʝʥʥʶ ʜʽʡʩʥʦʾ ʰʚʠʜʢʦʩʪʽ 

ʪʝʯʽʾ ʛʘʟʫ ʜʦ ʰʚʠʜʢʦʩʪʽ ʟʚʫʢʫ ʚ ʜʘʥʠʭ ʫʤʦʚʘʭ, 
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= .                                                 (1.193) 

 

ʈʽʚʥʷʥʥʷ (1.191) ʽ (1.192) ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʨʠ ʜʦʟʚʫʢʦʚʠʭ ʰʚʠʜʢʦʩʪʷʭ 

ʦʙʦʨʦʪʥʦʾ ʪʝʯʽʾ (ʄ<1, ɓʢʨ<ʈ2/ʈ<1) ʽʜʝʘʣʴʥʠʡ ʛʘʟ ʧʦʚʦʜʠʪʴʩʷ ʧʦʜʽʙʥʦ 

ʨʽʜʠʥʽ: ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʪʝʯʽʾ (dɤ>0) ʧʝʨʝʨʽʟ ʢʘʥʘʣʫ ʧʦʚʠʥʝʥ 

ʟʤʝʥʰʫʚʘʪʠʩʷ (df<0). ʇʨʠ ʰʚʠʜʢʦʩʪʷʭ ʪʝʯʽʾ ʙʽʣʴʰʝ ʢʨʠʪʠʯʥʠʭ (ʄ>1, 

0<ʈ2/ʈ<ɓʢʨ) ʧʝʨʝʨʽʟ ʢʘʥʘʣʫ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʰʚʠʜʢʦʩʪʽ ʧʦʚʠʥʝʥ 

ʟʙʽʣʴʰʫʚʘʪʠʩʷ (df>0). ʋ ʪʦʤʫ ʤʽʩʮʽ ʢʘʥʘʣʫ, ʜʝ ʜʦʩʷʛʘʻʪʴʩʷ ʢʨʠʪʠʯʥʘ 

ʰʚʠʜʢʽʩʪʴ (ʄ=1), ʧʦʚʠʥʥʝ ʙʫʪʠ df=0. 

ʅʘ ʨʠʩʫʥʢʫ 1.34 ʧʦʜʘʥʽ ʪʨʠ ʤʦʞʣʠʚʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ 

ʰʚʠʜʢʽʩʪʶ ʚʠʪʽʢʘʥʥʷ ɤ ʽ ʰʚʠʜʢʽʩʪʶ ʟʚʫʢʫ ʘ ʥʘ ʚʠʭʦʜʽ ʽʟ ʩʦʧʣʘ. 

1) ʇʨʠ ʚʽʜʥʦʰʝʥʥʽ ʪʠʩʢʽʚ 0<ʈ2/ʈ1<ɓʢʨ. (ʨʠʩ. 1.34, ʘ) ʰʚʠʜʢʽʩʪʴ 

ʚʠʪʽʢʘʥʥʷ ʤʝʥʰʝ ʰʚʠʜʢʦʩʪʽ ʟʚʫʢʫ ʚ ʩʝʨʝʜʦʚʠʱʽ, ʱʦ ʚʠʪʽʢʘʻ ï ɤ<ɤʢʨ. 

ʋʩʝʨʝʜʠʥʽ ʩʦʧʣʘ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʪʘʢʦʞ ʚʩʶʜʠ ʤʝʥʰʝ ʰʚʠʜʢʦʩʪʽ ʟʚʫʢʫ. 

ʆʪʞʝ, ʩʦʧʣʦ ʧʦʚʠʥʥʝ ʟʚʫʞʫʚʘʪʠʩʷ ʥʘ ʚʩʽʡ ʜʦʚʞʠʥʽ.  

2) ʇʨʠ ʙʽʣʴʰ ʥʠʟʴʢʦʤʫ ʪʠʩʢʫ ʟʘ ʩʦʧʣʦʤ ʈ2 ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ ʨʝʞʠʤ, 

ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩʫʥʢʫ 1.34, ʙ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʰʚʠʜʢʽʩʪʴ ʥʘ ʚʠʭʦʜʽ ʽʟ 

ʩʦʧʣʘ ɤ ʜʦʨʽʚʥʶʻ ʰʚʠʜʢʦʩʪʽ ʟʚʫʢʫ ʚ ʩʝʨʝʜʦʚʠʱʽ, ʱʦ ʚʠʪʽʢʘʻ, ʪʦʙʪʦ ʤʠ 

ʦʜʝʨʞʠʤʦ ʢʨʠʪʠʯʥʫ ʰʚʠʜʢʽʩʪʴ ʚʠʪʽʢʘʥʥʷ ɤ=ɤʢʨ. ʋʩʝʨʝʜʠʥʽ ʩʦʧʣʦ ʷʢ ʽ 

ʨʘʥʽʰʝ ʧʦʚʠʥʥʝ ʟʚʫʞʫʚʘʪʠʩʷ (df<0), ʘ ʧʦʪʽʤ ʤʘʪʠ ʜʽʣʷʥʢʫ ʨʽʚʥʦʛʦ 

ʧʝʨʝʨʽʟʫ, ʫ ʷʢʦʤʫ df=0. 
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ʈʠʩʫʥʦʢ 1.34 ï ɿʘʣʝʞʥʽʩʪʴ ʬʦʨʤʠ ʩʦʧʣʘ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʚʠʪʽʢʘʥʥʷ 
 

ʑʦʙ ʦʜʝʨʞʘʪʠ ʟʘ ʩʦʧʣʦʤ ʥʘʜʟʚʫʢʦʚʫ ʰʚʠʜʢʽʩʪʴ ɤ>ɤʢʨ, ʧʦʪʨʽʙʥʦ 

ʤʘʪʠ ʟʘ ʥʠʤ ʪʠʩʢ ʤʝʥʰʝ ʢʨʠʪʠʯʥʦʛʦ (ʨʠʩ. 1.34, ʚ). ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʦʧʣʦ 

ʥʝʦʙʭʽʜʥʝ ʩʢʣʘʜʘʪʠ ʟ ʜʚʦʭ ʯʘʩʪʠʥ: ʪʽʻʾ, ʱʦ ʟʚʫʞʫʻʪʴʩʷ, ʜʝ ɤ<ʘ, ʽ ʪ̔ ʻʾ, ʱʦ 

ʨʦʟʰʠʨʶʻʪʴʩʷ, ʜʝ ɤ>ʘ. ʆʪʞʝ, ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʥʘʨʦʩʪʘʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʪʝʯʽʾ ʚʽʜ ɤ1<ɤʢʨ ʜʦ ʥʘʜʟʚʫʢʦʚʦ ʾ ʧʝʨʝʨʽʟ ʢʘʥʘʣʫ ʟʘ ʜʦʚʞʠʥʦ  ʁ ʧʦʚʠʥʝʥ 

ʤʽʥʷʪʠʩʷ: ʩʧʦʯʘʪʢʫ ʟʤʝʥʰʫʚʘʪʠʩʷ ʚʽʜ f1 ʜʦ ʤʽʥʽʤʘʣʴʥʦʛʦ fʤʽʥ, ʘ ʧʦʪʽʤ 

ʨʦʟʰʠʨʶʚʘʪʠʩʷ ʜʦ ʚʝʣʠʯʠʥʠ ʚʠʭʽʜʥʦʛʦ ʧʝʨʝʨʽʟʫ f2. ʋ ʩʘʤʦʤʫ ʚʫʟʴʢʦʤʫ 

ʧʝʨʝʨʽʟʽ ʩʦʧʣʘ, ʜʝ df=0, ʜʦʩʷʛʘʻʪʴʩʷ ʨʽʚʥʽʩʪʴ ʜʽʡʩʥʦʾ ʰʚʠʜʢʦʩʪʽ ʪʝʯʽʾ ɤ ʽ 

ʤʽʩʮʝʚʦʾ ʰʚʠʜʢʦʩʪʽ ʟʚʫʢʫ ʘ, ʷʢʘ ʪʘʢʦʞ ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʜʦʚʞʠʥʦ  ʁʢʘʥʘʣʫ. 

ʊʘʢʝ ʢʦʤʙʽʥʦʚʘʥʝ ʩʦʧʣʦ ʚʧʝʨʰʝ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʰʚʝʜʩʴʢʠʤ ʽʥʞʝʥʝʨʦʤ  

ʂ. ɻ. ʃʘʚʘʣʝʤ ʫ 80-ʭ ʨʦʢʘʭ ʤʠʥʫʣʦʛʦ ʩʪʦʨʽʯʯʷ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʥʘʜʟʚʫʢʦʚʠʭ 

ʰʚʠʜʢʦʩʪʝʡ ʧʘʨʠ. ɿʘʨʘʟ ʩʦʧʣʘ ʃʘʚʘʣʷ ʟʘʩʪʦʩʦʚʫʶʪʴ ʫ ʨʝʘʢʪʠʚʥʠʭ ʜʚʠʛʫʥʘʭ 

ʣʽʪʘʢʽʚ ʽ ʨʘʢʝʪ. ʂʫʪ ʨʦʟʰʠʨʝʥʥʷ ʥʝ ʧʦʚʠʥʝʥ ʧʝʨʝʚʠʱʫʚʘʪʠ 10é12Á, ʱʦʙ ʥʝ 

ʙʫʣʦ ʚʽʜʨʠʚʫ ʧʦʪʦʢʫ ʚʽʜ ʩʪʽʥ. ʇʨʠ ʚʠʪʽʢʘʥʥʽ ʛʘʟʫ ʟ ʪʘʢʦʛʦ ʩʦʧʣʘ ʚ 

ʩʝʨʝʜʦʚʠʱʝ ʟ ʪʠʩʢʦʤ ʤʝʥʰʝ ʢʨʠʪʠʯʥʦʛʦ ʚ ʩʘʤʦʤʫ ʚʫʟʴʢʦʤʫ ʧʝʨʝʨʽʟ̔ ʩʦʧʣʘ 

ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʢʨʠʪʠʯʥʽ ʪʠʩʢ ʽ ʰʚʠʜʢʽʩʪʴ. ʋ ʥʘʩʘʜʮʽ, ʱʦ ʨʦʟʰʠʨʶʻʪʴʩʷ, 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʧʘʜʽʥʥʷ ʪʠʩʢʫ 

ʛʘʟʫ, ʱʦ ʚʠʪʽʢʘʻ, ʜʦ ʪʠʩʢʫ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 
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ʈʦʟʛʣʷʥʝʤʦ ʪʝʧʝʨ ʨʫʭ ʛʘʟʫ ʯʝʨʝʟ ʜʠʬʫʟʦʨ ï ʢʘʥʘʣ, ʫ ʷʢʦʤʫ ʪʠʩʢ 

ʧʽʜʚʠʱʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʰʚʠʜʢʽʩʥʦʛʦ ʥʘʧʦʨʫ (dɤ<0). ɿ 

ʨʽʚʥʷʥʥʷ (1.192) ʚʠʧʣʠʚʘʻ, ʱʦ ʷʢʱʦ ʄ<1, ʪʦ df>0, ʪʦʙʪʦ, ʷʢʱʦ ʰʚʠʜʢʽʩʪʴ 

ʛʘʟʫ ʧʨʠ ʚʭʦʜʽ ʚ ʢʘʥʘʣ ʤʝʥʰʝ ʰʚʠʜʢʦʩʪʽ ʟʚʫʢʫ, ʪʦ ʜʠʬʫʟʦʨ ʧʦʚʠʥʝʥ 

ʨʦʟʰʠʨʶʚʘʪʠʩʷ ʟʘ ʥʘʧʨʷʤʢʦʤ ʨʫʭʫ ʛʘʟʫ ʪʘʢ ʩʘʤʦ, ʷʢ ʧʨʠ ʪʝʯʽʾ ʥʝʩʪʠʩʣʠʚʦʾ 

ʨʽʜʠʥʠ. ʗʢʱʦ ʞ ʰʚʠʜʢʽʩʪʴ ʛʘʟʫ ʥʘ ʚʭʦʜʽ ʚ ʢʘʥʘʣ ʙʽʣʴʰʝ ʰʚʠʜʢʦʩʪʽ ʟʚʫʢʫ 

(ʄ>1), ʪʦ ʜʠʬʫʟʦʨ ʧʦʚʠʥʝʥ ʩʧʦʯʘʪʢʫ ʟʚʫʞʫʚʘʪʠʩʷ (df<0), ʘ ʧʦʪʽʤ, 

ʜʦʩ̫ʛʥʫʚʰʠ fʤʽʥ, ʨʦʟʰʠʨʶʚʘʪʠʩʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʠʬʫʟʦʨ, ʪʦʙʪʦ ʢʘʥʘʣ, 

ʷʢʠʡ ʧʨʠʟʥʘʯʝʥʦ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʪʠʩʢʫ ʛʘʟʫ, ʫ ʚʠʧʘʜʢʫ ʥʘʜʟʚʫʢʦʚʦʾ 

ʰʚʠʜʢʦʩʪʽ ʥʘ ʚʭʦʜʽ ʜʦ ʩʦʧʣʘ ʧʦʚʠʥʝʥ ʙʫʪʠ ʧʦʜʽʙʥʠʤ ʩʦʧʣʫ ʃʘʚʘʣʷ. 

 

 

1.5.6 ʈʦʟʨʘʭʫʥʦʢ ʧʨʦʮʝʩʫ ʚʠʪʽʢʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ h,s-ʜʽʘʛʨʘʤʠ 

 

ʊʘʢ ʷʢ ʚʦʜʷʥʘ ʧʘʨʘ ʥʝ ʻ ʽʜʝʘʣʴʥʠʤ ʛʘʟʦʤ, ʪʦ ʨʦʟʨʘʭʫʥʦʢ ʾʾ ʚʠʪʽʢʘʥʥʷ 

ʢʨʘʱʝ ʚʠʢʦʥʫʚʘʪʠ ʥʝ ʟʘ ʘʥʘʣʽʪʠʯʥʠʤʠ ʬʦʨʤʫʣʘʤʠ, ʘ ʟʘ ʜʦʧʦʤʦʛʦʶ h,s-

ʜʽʘʛʨʘʤʠ. 

ʇʘʨʘ ʟ ʧʦʯʘʪʢʦʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʈ1, T1 ʚʠʪʽʢʘʻ ʜʦ ʩʝʨʝʜʦʚʠʱʘ ʟ 

ʪʠʩʢʦʤ ʈ2. ʗʢʱʦ ʤʠ ʟʥʝʚʘʞʘʻʤʦ ʚʪʨʘʪʘʤʠ ʝʥʝʨʛʽʾ ʥʘ ʪʝʨʪʷ ʧʨʠ ʨʫʩʽ ʚʦʜʷʥʦʾ 

ʧʘʨʠ  ʢʘʥʘʣʦʤ ʽ ʪʝʧʣʦʚʽʜʜʘʯʝ  ʁʜʦ ʩʪʽʥʦʢ ʩʦʧʣʘ, ʪʦ ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ 

ʧʨʦʮʝʩ ʚʠʪʽʢʘʥʥʷ ʧʨʦʪʽʢʘʻ ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʝʥʪʨʦʧʽʾ ʽ ʟʦʙʨʘʞʫʻʪʴʩʷ  

ʥʘ h,s-ʜʽʘʛʨʘʤʽ ʚʝʨʪʠʢʘʣʴʥʦ ʁʧʨʷʤʦ ʁ1ï2 (ʨʠʩ. 1.35). 

 

 

 

 

 

 

 

 
 

 

 

 

ʈʠʩʫʥʦʢ 1.35 ï ɺʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚʠʪʽʢʘʥʥʷ ʚʦʜʷʥʦʾ ʧʘʨʠ  

ʟʘ ʜʦʧʦʤʦʛʦʶ hs-ʜ̔ ʘʛʨʘʤʠ  
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ʐʚʠʜʢʽʩʪʴ ʚʠʪʽʢʘʥʥʷ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ (1.176) 
 

21 hh1,41 -=w , 

 

ʜʝ h1 ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʧʝʨʝʪʠʥʘʥʥʽ ʽʟʦʙʘʨʠ ʈ1 ʡ ʽʟʦʪʝʨʤʠ t1, ʘ h2 

ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʧʝʨʝʪʠʥʘʥʥʽ ʚʝʨʪʠʢʘʣʽ, ʧʨʦʚʝʜʝʥʦʾ ʟ ʪʦʯʢʠ 1, ʟ ʟ̔ʦʙʘʨʦ ʁʈ2 

(ʪʦʯʢʘ 2). ʗʢʱʦ ʟʥʘʯʝʥʥʷ ʝʥʪʘʣʴʧʡ̔ ʧʽʜʩʪʘʚʣʷʪʠ ʚ ʬʦʨʤʫʣʫ (1.176) ʚ 

ʢʽʣʦʜʞʦʫʣʷʭ ʥʘ ʢʽʣʦʛʨʘʤ, ʪʦ ʰʚʠʜʢʽʩʪʴ ʚʠʪʽʢʘʥʥʷ ʚ ʤʝʪʨʘʭ ʟʘ ʩʝʢʫʥʜʫ ʙʫʜʝ 

ʨʦʟʨʘʭʦʚʫʚʘʪʠʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ 
 

21 hh44,7 -=w .                                      (1.194) 

 

ʈʽʚʥʷʥʥʷ (1.176) ʽ (1.194) ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʜʦʟʚʫʢʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʦʜʷʥʦʾ ʧʘʨʠ, ʪʘʢ ʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʜʟʚʫʢʦʚʦʾ 

ʰʚʠʜʢʦʩʪʽ, ʪʦʙʪʦ ʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʦʧʣʘ ʃʘʚʘʣʷ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʰʚʠʜʢʦʩʪʽ ʚʠʪʽʢʘʥʥʷ ʚʦʜʷʥʦʾ ʧʘʨʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ h,s-ʜ̔ ʘʛʨʘʤʠ ʪʨʝʙʘ ʟʘʤʽʩʪʴ h2 ʫ ʨʽʚʥʷʥʥʽ (1.176) ʧʽʜʩʪʘʚʠʪʠ 

ʟʥʘʯʝʥʥʷ h2ʢʨ, ʷʢʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ h,s-ʜʽʘʛʨʘʤʦ  ʁʷʢ ʪʦʯʢʘ ʧʝʨʝʪʠʥʘʥʥʷ 

ʘʜʽʘʙʘʪʠ ʟ ʢʨʠʪʠʯʥʦʶ ʽʟʦʙʘʨʦʶ ʈ2ʢʨ (ʜʠʚ. ʨʠʩ. 1.35): 
 

2êð1êð hh1,41 -=w .                                      (1.195) 

 

ɺʦʯʝʚʠʜʴ, ʱʦ ʥʘ ʩʪʚʦʨʝʥʥʷ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʩʪʨʫʤʝʥʷ ʨʦʙʦʯʦʛʦ 

ʪʽʣʘ, ʱʦ ʚʠʪʽʢʘʻ, ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʝ ʚʩʝ ʪʝʧʣʦʧʘʜʽʥʥʷ, ʘ ʣʠʰʝ ʡʦʛʦ ʯʘʩʪʠʥʘ 

Dhʢʨ=h1ïh2ʢʨ. ʏʘʩʪʠʥʘ Dhï Dhʢʨ=h2ʢʨïh2, ʱʦ ʟʘʣʠʰʘʻʪʴʩʷ, ʷʚʣʷʻ ʩʦʙʦʶ 

ʚʪʨʘʪʠ ʥʘ ʚʠʭʨʦʚʽ ʨʫʭʠ ʧʨʠ ʚʠʭʦʜʽ ʩʪʨʫʤʝʥʷ ʟ ʫʩʪʷ ʩʦʧʣʘ. 

ʋ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʫʥʘʩʣʽʜʦʢ ʪʝʨʪʷ ʧʦʪʦʢʫ ʦʙ ʩʪʽʥʢʠ ʢʘʥʘʣʫ ʧʨʦʮʝʩ 

ʚʠʪʽʢʘʥʥʷ ʚʠʷʚʣʷʻʪʴʩʷ ʥʝʨʽʚʥʦʚʘʞʥʠʤ, ʪʦʙʪʦ ʧʨʠ ʪʝʯʽʾ ʛʘʟʫ ʚʠʜʽʣʷʻʪʴʩʷ 

ʪʝʧʣʦʪʘ ʪʝʨʪʷ ʽ ʪʦʤʫ ʝʥʪʨʦʧʽʷ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʟʨʦʩʪʘʻ. ʅʘ ʨʠʩʫʥʢʫ 1.35 ʮʝʡ 

ʥʝʨʽʚʥʦʚʘʞʥʠʡ ʧʨʦʮʝʩ ʘʜʽʘʙʘʪʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʧʘʨʠ ʫʤʦʚʥʦ ʟʦʙʨʘʞʝʥʦ 

ʰʪʨʠʭʦʚʦʶ ʣʽʥʽʻʶ 1-2'. ʇʨʠ ʪʦʤʫ ʞ ʧʝʨʝʧʘʜʽ ʪʠʩʢʽʚ ʈ1ïʈ2 ʨʽʟʥʠʮʷ 

ʝʥʪʘʣʴʧʡ̔ h1-h2=Dh ʚʠʭʦʜʠʪʴ ʤʝʥʰʝ, ʥʽʞ Dh0, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ 

ʰʚʠʜʢʽʩʪʴ ʚʠʪʽʢʘʥʥʷ h2ô ʟʤʝʥʰʫʻʪʴʩʷ. ʌʽʟʠʯʥʦ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʯʘʩʪʠʥʘ 

ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʧʦʪʦʢʫ ʯʝʨʝʟ ʪʝʨʪʷ ʧʝʨʝʭʦʜʠʪʴ ʫ ʪʝʧʣʦʪʫ, ʰʚʠʜʢʽʩʥʠʡ 

ʥʘʧʽʨ ɤ2ô/2 ʥʘ ʚʠʭʦʜʽ ʽʟ ʩʦʧʣʘ ʚʠʭʦʜʠʪʴ ʤʝʥʰʝ, ʥʽʞ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʪʝʨʪʷ. 

ɺʪʨʘʪʘ ʚ ʩʦʧʣʦʚʦʤʫ ʘʧʘʨʘʪʽ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚʥʘʩʣʽʜʦʢ ʪʝʨʪʷ ʚʠʨʘʞʘʻʪʴʩʷ 

ʨʽʟʥʠʮʝʶ Dh0ïDh=h2ô-h2. ɺʽʜʥʦhʝʥʥʷ ʚʪʨʘʪ ʫ ʩʦʧʣʽ ʜʦ ʪʝʧʣʦʧʘʜʽʥʥʷ 
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ʥʘʟʠʚʘʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ ʚ ʩʦʧʣʽ ɝɤ: 
 

00

0

h

h
1

h

hh

D

D
-=

D

D-D
=xw .                                 (1.196) 

 

ʗʢʱʦ ʟ ʨʽʚʥʷʥʥʷ (1.196) ʚʠʨʘʟʠʪʠ ʜʽʡʩʥʝ ʪʝʧʣʦ ʧʘʜʽʥʥʷ Dh=Dh0(1-

ɝɤ) ʽ ʧʽʜʩʪʘʚʠʪʠ ʡʦʛʦ ʜʦ ʨʽʚʥʷʥʥʷ (1.194), ʪʦ ʤʠ ʦʪʨʠʤʘʻʤʦ ʨʽʚʥʷʥʥʷ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʜʽʡʩʥʦʾ ʰʚʠʜʢʦʩʪʽ ʘʜʽʘʙʘʪʥʦʛʦ ʥʝʦʙʦʨʦʪʥʦʛʦ ʚʠʪʽʢʘʥʥʷ:  
 

)) 2121 h(h 44,7h(h )-(144,7 -j=-x=w ww .             (1.197) 

 

ʂʦʝʬʽʮʽʻʥʪ űɤ ʥʘʟʠʚʘʻʪʴʩʷ ʰʚʠʜʢʽʩʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʩʦʧʣʘ. ʉʫʯʘʩʥʘ 

ʪʝʭʥʽʢʘ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʜʦʙʨʝ ʩʧʨʦʬʣ̔ɹ ʦʚʘʥ̔ ʡ ʦʙʨʦʙʣʝʥʽ ʩʦʧʣʘ, ʫ 

ʷʢʠʭ űɤ=0,95·0,98. 

 

 

1.5.7 ɼʨʦʩʝʣʶʚʘʥʥʷ ʧʘʨʽʚ ʪʘ ʛʘʟʽʚ 

 

ʗʢʱʦ ʚ ʪʨʫʙʦʧʨʦʚʦʜʽ ʥʘ ʰʣʷʭʫ ʨʫʭʫ ʛʘʟʫ ʘʙʦ ʧʘʨʠ ʚ ʢʘʥʘʣʽ 

ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʧʝʨʝʰʢʦʜʘ (ʤʽʩʮʝʚʠʡ ʦʧʽʨ), ʱʦ ʯʘʩʪʢʦʚʦ ʟʘʭʘʨʘʱʫʻ 

ʧʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ ʧʦʪʦʢʫ, ʪʦ ʪʠʩʢ ʈ2 ʟʘ ʧʝʨʝʰʢʦʜʦ  ʁʟʘʚʞʜʠ ʚʠʷʚʣʷʻʪʴʩʷ 

ʤʝʥʰʝ, ʥʽʞ ʧʝʨʝʜ ʥʝ  ʁ ʈ1 (ʨʠʩ. 1.36). ʎʝʡ ʧʨʦʮʝʩ ʟʤʝʥʰʝʥʥʷ ʪʠʩʢʫ, ʫ 

ʧʽʜʩʫʤʢʫ ʷʢʦʛʦ ʥʝʤʘʻ ʥʽ ʟʙʽʣʴʰʝʥʥʷ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʥʽ ʟʜʽʡʩʥʝʥʥʷ 

ʪʝʭʥʽʯʥʦʾ ʨʦʙʦʪʠ, ʥʘʟʠʚʘʻʪʴʩʷ ʜʨʦʩʝʣʶʚʘʥʥʷʤ ʯʠ ʤʥʫʪʪʷʤ, ʘ ʪʘʢʦʞ 

ʨʝʜʫʢʫʚʘʥʥʷʤ ʘʙʦ ʛʘʣʴʤʫʚʘʥʥʷʤ. 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1.36 ï ɼʨʦʩʝʣʶʚʘʥʥʷ ʛʘʟʽʚ 
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ɹʫʜʴ-ʷʢʠʡ ʢʨʘʥ, ʚʝʥʪʠʣʴ, ʟʘʩʫʚʢʘ, ʢʣʘʧʘʥ ʪʘ ʽʥʰʽ ʤʽʩʮʝʚʽ ʦʧʦʨʠ, ʱʦ 

ʟʤʝʥʰʫʶʪʴ ʧʨʦʭʽʜʥʠʡ ʧʝʨʝʨʽʟ ʪʨʫʙʦʧʨʦʚʦʜʫ, ʚʠʢʣʠʢʘʶʪʴ ʜʨʦʩʝʣʶʚʘʥʥʷ  

ʛʘʟʫ ʯʠ ʧʘʨʠ ʽ, ʦʪʞʝ, ʧʘʜʽʥʥʷ ʪʠʩʢʫ. ɯʥʦʜʽ ʜʨʦʩʝʣʶʚʘʥʥʷ ʩʧʝʮʽʘʣʴʥʝ 

ʚʚʦʜʠʪʴʩʷ ʚ ʮʠʢʣ ʨʦʙʦʪʠ ʪʽʻʾ ʯʠ ʽʥʰʦʾ ʤʘʰʠʥʠ: ʥʘʧʨʠʢʣʘʜ, ʰʣʷʭʦʤ 

ʜʨʦʩʝʣʶʚʘʥʥʷ ʧʘʨʠ ʧʝʨʝʜ ʚʭʦʜʦʤ ʫ ʧʘʨʦʚʽ ʪʫʨʙʽʥʠ ʨʝʛʫʣʶʶʪʴ ʾʭ 

ʧʦʪʫʞʥʽʩʪʴ. ɸʥʘʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʟʜʽʡʩʥʶʻʪʴʩʷ ʡ ʫ ʢʘʨʙʶʨʘʪʦʨʥʠʭ 

ʜʚʠʛʫʥʘʭ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷ, ʜʝ ʧʦʪʫʞʥʽʩʪʴ ʨʝʛʫʣʶʻʪʴʩʷ ʟʤʽʥʦʶ 

ʧʦʣʦʞʝʥʥʷ ʜʨʦʩʝʣʴʥʦʾ ʟʘʩʣʽʥʢʠ ʢʘʨʙʶʨʘʪʦʨʘ. ɼʨʦʩʝʣʶʚʘʥʥʷ ʛʘʟʽʚ ʽ ʧʘʨ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʟʥʠʞʝʥʥʷ ʾʭ ʪʠʩʢʫ ʫ ʩʧʝʮʽʘʣʴʥʠʭ ʨʝʜʫʢʮʽʡʥʠʭ 

ʢʣʘʧʘʥʘʭ, ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʩʠʩʪʝʤʘʭ ʪʝʧʣʦ- ʽ ʧʘʨʦʧʦʩʪʘʯʘʥʥʷ 

ʨʽʟʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʘ ʪʘʢʦʞ ʚ ʭʦʣʦʜʠʣʴʥʽʡ ʪʝʭʥʽʮʽ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʥʠʟʴʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʽ ʩʢʨʘʧʣʝʥʥʷ ʛʘʟʽʚ ʰʣʷʭʦʤ ʾʭ ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ ʜʨʦʩʝʣʶʚʘʥʥʷ. 

ʌʽʟʠʯʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʧʘʜʽʥʥʷ ʪʠʩʢʫ ʟʘ ʤʽʩʮʝʚʠʤ ʦʧʦʨʦʤ ʦʙʫʤʦʚʣʝʥʦ 

ʜʠʩʠʧʘʮ̔̒ ʶ (ʨʦʟʩʽʶʚʘʥʥʷʤ) ʝʥʝʨʛʽʾ ʧʦʪʦʢʫ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʦʜʦʣʘʥʥʷ 

ʮʴʦʛʦ ʤʽʩʮʝʚʦʛʦ ʦʧʦʨʫ. 

ʈʦʟʛʣʷʥʝʤʦ ʪʝʯʽʶ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʢʘʥʘʣʦʤ ʜʽʘʤʝʪʨʦʤ D, ʷʢʠʡ ʤʘʻ 

ʤʽʩʮʝʚʝ ʟʚʫʞʝʥʥʷ ʜʽʘʤʝʪʨʦʤ d (ʜʠʚ. ʨʠʩ. 1.36). ʇʨʠʡʥʷʚʰʠ, ʱʦ 

ʜʨʦʩʝʣʶʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʝʟ ʪʝʧʣʦʦʙʤʽʥʫ ʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ, 

ʨʦʟʛʣʷʥʝʤʦ ʟʤʽʥʫ ʩʪʘʥʫ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʧʨʠ ʧʝʨʝʭʦʜʽ ʟ ʧʝʨʝʨʽʟʫ I  ʜʦ ʧʝʨʝʨʽʟʫ 

II . ʇʨʠ ʜʨʦʩʝʣʶʚʘʥʥʽ ʚʪʨʘʪʘ ʪʠʩʢʫ ʈ1ïʈ2 ʪʠʤ ʙʽʣʴʰʝ, ʯʠʤ ʤʝʥʰʝ ʚʽʜʥʦʩʥʘ 

ʧʣʦʱʘ ʟʚʫʞʝʥʥʷ. ʇʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʪʝʧʣʦʦʙʤʽʥʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʚʥʷʥʥʷ 

(1.169) ʙʫʜʝʤʦ ʤʘʪʠ 
 

( )212
221

2

1
hh w-w=- ,                                  (1.198) 

 

ʜʝ h1  ̔h2 ï ʝʥʪʘʣʴʧʽʷ ʛʘʟʫ ʚ ʧʝʨʝʨʽʟʘʭ IïI   ̔II ïII . 

ʗʢʱʦ ʟʥʝʭʪʫʚʘʪʠ ʟʤʽʥʦʶ ʰʚʠʜʢʦʩʪʽ, ʪʦʙʪʦ ʚʚʘʞʘʪʠ, ʱʦ ɤ1ºɤ2, ʪʦ 

h1=h2. ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʨʦʩʝʣʶʚʘʥʥʷ ʝʥʪʘʣʴʧʽʷ ʛʘʟʫ ʜʦ 

ʧʝʨʝʨʽʟʫ, ʱʦ ʟʚʫʞʫʻʪʴʩʷ, ʽ ʧʽʩʣʷ ʥʴʦʛʦ ʤʘʻ ʦʜʥʝ ʽ ʪʝʞ ʟʥʘʯʝʥʥʷ, ʪʦʙʪʦ 

ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʩʪʽʡʥʦʶ. ɽʥʪʨʦʧʽʷ ʽ ʦʙôʻʤ ʧʨʠ ʮʴʦʤʫ ʟʙʽʣʴʰʫʶʪʴʩʷ, ʘ ʪʠʩʢ 

ʧʘʜʘʻ. ʅʝ ʩʣʽʜ ʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʜʨʦʩʝʣʶʚʘʥʥʷ ʛʘʟʫ ʧʨʦʪʽʢʘʻ ʧʨʠ 

ʥʝʟʤʽʥʥʽʡ ʝʥʪʘʣʴʧʽʾ. ʊʨʝʙʘ ʨʦʟʫʤʽʪʠ ʪʘʢ, ʱʦ ʣʠʰʝ ʧʨʠ ʟʘʚʝʨʰʝʥʥʽ ʧʨʦʮʝʩʫ 

ʜʨʦʩʝʣʶʚʘʥʥʷ ʽ ʩʪʘʙʽʣʽʟʘʮʽʾ ʩʪʘʥʫ ʛʘʟʫ (ʪʦʙʪʦ ʚʠʨʽʚʥʶʚʘʥʥ ̫ʧʦʪʦʢʫ) ʡʦʛʦ 

ʝʥʪʘʣʴʧʽʷ ʚʠʷʚʣʷʻʪʴʩʷ ʪʘʢʦʶ ʞ, ʱʦ ʽ ʜʦ ʧʦʯʘʪʢʫ ʧʨʦʮʝʩʫ. 

ɼʣʷ ̔ʜʝʘʣʴʥʠʭ ʛʘʟʽʚ, ʚʠʭʦʜʷʯʠ ʟ ʨʽʚʥʦʩʪʽ ʝʥʪʘʣʴʧʽʡ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

(1.72), ʪʝʤʧʝʨʘʪʫʨʘ ʪʘʢʦʞ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʦʶ. ɸʣʝ ʷʢʱʦ ʊ1=ʊ2, ʪʦ 

P2v2=P1v1, ʘ ʪʘʢ ʷʢ P2<P1, ʪʦ, ʚʽʜʧʦʚʽʜʥʦ, v2>v1. 
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ʇʨʠ ʜʨʦʩʝʣʶʚʘʥʥʽ ʨʝʘʣʴʥʠʭ ʛʘʟʽʚ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʫ ʟʤʽʥʶʻʪʴʩʷ. ʋ 

ʨʝʘʣʴʥʠʭ ʛʘʟʘʭ ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ ʩʠʣ ʧʨʠʪʷʛʘʥʥʷ ʤʽʞ ʤʦʣʝʢʫʣʘʤʠ ʥʘ 

ʨʦʟʰʠʨʝʥʥʷ ʛʘʟʫ ʟʘ ʟʚʫʞʝʥʥʷʤ ʧʦʚʠʥʥʘ ʚʠʪʨʘʯʘʪʠʩʷ ʜʝʷʢʘ ʝʥʝʨʛʽʷ. ɼʦ 

ʤʽʩʮʷ ʜʨʦʩʝʣʶʚʘʥʥʷ ʟʟʦʚʥʽ ʥʝ ʧʽʜʚʦʜʠʪʴʩʷ ʥʽ ʪʝʧʣʦʪʘ, ʥʽ ʨʦʙʦʪʘ, ʪʦʤʫ 

ʨʦʟʰʠʨʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʛʘʟʫ. ʎʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʪʦʢʫ. ɿʤʽʥʘ  ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠ 

ʜʨʦʩʝʣʶʚʘʥʥʽ ʥʘʟʠʚʘʻʪʴʩʷ ʝʬʝʢʪʦʤ ɼʞʦʫʣʷ-ʊʦʤʩʦʥʘ. ɼʣʷ ʽʜʝʘʣʴʥʠʭ ʛʘʟʽʚ 

ʝʬʝʢʪ ɼʞʦʫʣʷ-ʊʦʤʩʦʥʘ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʜʣʷ ʨʝʘʣʴʥʠʭ ʛʘʟʽʚ ʚʽʥ ʤʦʞʝ ʙʫʪʠ 

ʧʦʟʠʪʠʚʥʠʤ ʯʠ ʥʝʛʘʪʠʚʥʠʤ. ʎʝʡ ʝʬʝʢʪ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʦʜʝʨʞʘʥʥʷ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʥʘʧʨʠʢʣʘʜ, ʫ ʧʦʙʫʪʦʚʦʤʫ ʭʦʣʦʜʠʣʴʥʠʢʫ. 

ɼʣʷ ʚʦʜʷʥʦʾ ʧʘʨʠ ʧʨʦʮʝʩ ʜʨʦʩʝʣʶʚʘʥʥʷ ʟʨʫʯʥʦ ʚʠʚʯʘʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ h,s-ʜʽʘʛʨʘʤʠ (ʨʠʩ. 1.37).  

 

 

 

 

 

 

 

 

 

 
 

 

ʈʠʩʫʥʦʢ 1.37 ï ʇʨʦʮʝʩ ʜʨʦʩʝʣʶʚʘʥʥʷ ʚ hs-ʜ̔ ʘʛʨʘʤ ̔ 
 

ʇʨʦʮʝʩ ʜʨʦʩʝʣʶʚʘʥʥʷ ʥʘ h,s-ʜʽʘʛʨʘʤʽ ʟʦʙʨʘʞʫʻʪʴʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ 

ʣʽʥʽʻʶ ï ʣʽʥʽʷ 1-1ô ʥʘ ʨʠʩʫʥʢʫ 1.37.  

ɼʨʦʩʝʣʶʚʘʥʥʷ ʻ ʪʠʧʦʚʠʤ ʥʝʦʙʦʨʦʪʥʠʤ ʧʨʦʮʝʩʦʤ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʛʦ 

ʝʥʪʨʦʧʽʷ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʟʨʦʩʪʘʻ ʙʝʟ ʧʽʜʚʝʜʝʥʥʷ ʪʝʧʣʦʪʠ. ʗʢ ʽ ʚʩʷʢʠʡ 

ʥʝʦʙʦʨʦʪʥʠʡ ʧʨʦʮʝʩ, ʜʨʦʩʝʣʶʚʘʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʪʨʘʪʠ ʨʦʙʦʪʠ. ʎʝ ʣʝʛʢʦ 

ʤʦʞʥʘ ʧʦʢʘʟʘʪʠ ʥʘ ʧʨʠʢʣʘʜʽ ʚʦʜʷʥʦʾ ʧʘʨʠ ʥʘ hs-ʜʽʘʛʨʘʤʽ (ʜʠʚ. ʨʠʩ. 1.37). 

ʊʦʯʢʘ 1 ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʝʨʝʛʨʽʪʫ ʧʘʨʫ. ʅʘʧʨʘʚʠʤʦ ʮʶ ʧʘʨʫ ʥʘ ʣʦʧʘʪʢʠ 

ʧʘʨʦʚʦʾ ʪʫʨʙʽʥʠ, ʜʝ ʚʦʥʘ ʙʫʜʝ ʨʦʟʰʠʨʶʚʘʪʠʩʷ ʜʦ ʪʠʩʢʫ ʈ2. ʇʨʦʮʝʩ 

ʨʦʟʰʠʨʝʥʥʷ ʘʜʽʘʙʘʪʥʠʡ, ʪʦʤʫ ʥʘ hs-ʜʽʘʛʨʘʤʽ ʚʽʥ ʟʦʙʨʘʞʫʻʪʴʩʷ 

ʚʝʨʪʠʢʘʣʴʥʦʶ ʧʨʷʤʦʶ 12. ʇʨʠ ʮʴʦʤʫ ʧʘʨʘ ʚʠʢʦʥʫʻ ʨʦʙʦʪʫ l12=Dh=h1-h2. 

B

v=const
ʈ=const

K

x=const

t=const

h

s

1

h2

h2ô

h1

D
h
ô

D
h

2

1ô

2ô
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ʗʢʱʦ ʩʧʦʯʘʪʢʫ ʧʨʦʚʝʩʪʠ ʧʨʦʮʝʩ ʜʨʦʩʝʣʶʚʘʥʥʷ ʜʦ ʪʠʩʢʫ ʈ1ô (ʧʨʦʮʝʩ 

ʟʦʙʨʘʞʫʻʪʴʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʁʧʨʷʤʦ ʁ 1-1ô, ʘ ʧʦʪʽʤ ʧʘʨʫ ʥʘʧʨʘʚʠʪʠ ʥʘ 

ʣʦʧʘʪʢʠ ʪʫʨʙʽʥʠ (ʣʽʥʽʷ 1ô-2ô), ʪʦ ʨʦʙʦʪʘ, ʷʢʫ ʧʘʨʘ ʧʨʠ ʮʴʦʤʫ ʚʠʢʦʥʘʻ, ʙʫʜʝ 

ʚʞʝ ʜʦʨʽʚʥʶʚʘʪʠ l1ô2ô=h1ïh2ô. ʅʘ ʜʽʘʛʨʘʤʽ ʯʽʪʢʦ ʚʠʜʥʦ, ʱʦ ʚ ʜʨʫʛʦʤʫ 

ʚʠʧʘʜʢʫ, ʪʦʙʪʦ ʧʽʩʣʷ ʜʨʦʩʝʣʶʚʘʥʥʷ, ʤʠ ʦʜʝʨʞʫʻʤʦ ʤʝʥʰʫ ʢʽʣʴʢʽʩʪʴ 

ʨʦʙʦʪʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʜʨʦʩʝʣʶʚʘʥʥʽ ʛʘʟʽʚ ʽ ʧʘʨʽʚ ʤʠ ʚʪʨʘʯʘʻʤʦ ʯʘʩʪʠʥʫ 

ʢʦʨʠʩʥʦʾ ʝʥʝʨʛʽʾ. 

ɼʨʦʩʝʣʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ (ʟʤʝʥʰʝʥʥʷ) 

ʧʦʪʫʞʥʦʩʪʽ ʪʝʧʣʦʚʠʭ ʜʚʠʛʫʥʽʚ. ʊʘʢʝ ʨʝʛʫʣʶʚʘʥʥʷ, ʟʚʠʯʘʡʥʦ, ʥʝ 

ʝʢʦʥʦʤʽʯʥʝ, ʪʦʤʫ ʱʦ ʯʘʩʪʠʥʘ ʨʦʙʦʪʠ ʙʝʟʧʦʚʦʨʦʪʥʦ ʚʠʪʨʘʯʘʻʪʴʩʷ, ʘʣʝ 

ʚʥʘʩʣʽʜʦʢ ʩʚʦʻʾ ʧʨʦʩʪʦʪʠ ʚʦʥʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʦʩʠʪʴ ʰʠʨʦʢʦ. 

 

 

1.5.8 ʇʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʶ 

 

1 ɺʢʘʞʽʪʴ ʦʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʘʟʽʚ ʧʨʠ ʨʫʩʽ. 

2 ʇʝʨʰʠʡ ʟʘʢʦʥ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʜʣʷ ʧʦʪʦʢʫ ʛʘʟʫ. 

3 ɿʘʧʠʰʽʪʴ ʨʽʚʥʷʥʥʷ ʥʝʨʦʟʨʠʚʥʦʩʪʽ ʜʣʷ ʧʦʪʦʢʫ ʛʘʟʫ. 

4 ɺʢʘʞʽʪʴ ʚʠʜʠ ʥʘʩʘʜʦʢ, ʧʨʠʢʣʘʜʠ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

5 ʗʢʽ ʢʘʥʘʣʠ ʥʘʟʠʚʘʶʪʴ ʜʠʬʫʟʦʨʘʤʠ? 

6 ʗʢ̔ ʢʘʥʘʣʠ ʥʘʟʠʚʘʶʪʴ ʢʦʥʬʫʟʦʨʘʤʠ? 

7 ʑʦ ʪʘʢʝ ʩʦʧʣʦ ʃʘʚʘʣʷ? 

8 ʋ ʯʦʤʫ ʧʦʣʷʛʘʶʪʴ ʦʩʥʦʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʪʽʢʘʥʥʷ ʛʘʟʽʚ ʯʝʨʝʟ 

ʥʘʩʘʜʢʠ? 

9 ɿʘʧʠʰʽʪʴ ʦʩʥʦʚʥʽ ʨʽʚʥʷʥʥʷ ʚʠʪʽʢʘʥʥʷ ʛʘʟʽʚ. 

10 ʑʦ ʪʘʢʝ ʢʨʠʪʠʯʥʘ ʰʚʠʜʢʽʩʪʴ ʚʠʪʽʢʘʥʥʷ? 

11 ʗʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʘʩʦʚʘ ʚʠʪʨʘʪʘ ʛʘʟʫ ʧʨʠ ʚʠʪʽʢʘʥʥʽ? 

12 ʗʢ ʚʧʣʠʚʘ ̒ʧʨʦʬʽʣ ɹʢʘʥʘʣʫ ʥʘ ʰʚʠʜʢʽʩʪʴ ʚʠʪʽʢʘʥʥʷ ʛʘʟʽʚ? 

13 ʗʢ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʰʚʠʜʢʽʩʪʴ ʚʠʪʽʢʘʥʥʷ ʚʦʜʷʥʦʾ ʧʘʨʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ hs-ʜʽʘʛʨʘʤʠ? 

14 ɺʢʘʞʽʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʜʨʦʩʝʣʶʚʘʥʥʷ ʛʘʟʽʚ. 

 

 

1.6 ʇʨʠʢʣʘʜʠ ʨʽʰʝʥʥʷ ʟʘʜʘʯ 
 

ʇʨʠʢʣʘʜ 1.1. ʄʘʩʘ ʛʘʟʫ ʚ ʙʘʣʦʥʽ ʩʢʣʘʜʘʻ 20 ʢʛ, ʦʙôʻʤ ï 0,25 ʤ
3
. 

ɺʠʟʥʘʯʠʪʠ ʛʫʩʪʠʥʫ ʽ ʧʠʪʦʤʠʡ ʦʙôʻʤ ʛʘʟʫ.  
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ʈʦʟʚôʷʟʘʥʥʷ. ɿʘ ʨʽʚʥʷʥʥʷʤ (1.7) 
 

3
êã/ì80  

0,25

20

V

m
ω === . 

 

ʊʦʜʽ 
 

/êãì0,0125  
80

11
v

3===
̬

. 

 

ʇʨʠʢʣʘʜ 1.2. ʅʘʜʣʠʰʢʦʚʠʡ ʪʠʩʢ ʫ ʧʘʨʦʚʦʤʫ ʢʦʪʣʽ 0,3 ʄʇʘ. 

ɹʘʨʦʤʝʪʨʠʯʥʠʡ ʪʠʩʢ ʈʘʪʤ=101,3 ʢʇʘ (760 ʤʤ ʨʪ.ʩʪ.). ɺʠʟʥʘʯʠʪʠ 

ʘʙʩʦʣʶʪʥʠʡ ʪʠʩʢ ʫ ʧʘʨʦʚʦʤʫ ʢʦʪʣʽ. 

ʈʦʟʚôʷʟʘʥʥʷ. ɿʘ ʨʽʚʥʷʥʥʷʤ (1.4) ʟʥʘʭʦʜʠʤʦ: 
 

ʈʘʙʩ = 0,3+0,101 =0,401 ʄʇʘ. 
 

ʇʨʠʢʣʘʜ 1.3. ɹʘʨʦʤʝʪʨʠʯʥʠʡ ʪʠʩʢ ʜʦʨʽʚʥʶʻ ʈʘʪʤ=103,6 ʢʇʘ  

(780 ʤʤ ʨʪ.ʩʪ.); ʨʦʟʨʷʜʞʝʥʥʷ ʫ ʢʦʥʜʝʥʩʘʪʦʨʽ ʈʚʘʢ=700 ʤʤ ʨʪ.ʩʪ. ɺʠʟʥʘʯʠʪʠ 

ʘʙʩʦʣʶʪʥʠʡ ʪʠʩʢ ʧʘʨʠ ʫ ʢʦʥʜʝʥʩʘʪʦʨʽ. 

ʈʦʟʚôʷʟʘʥʥʷ. ʉʧʦʯʘʪʢʫ ʚʠʟʥʘʯʘʻʤʦ ʨʦʟʨʷʜʞʝʥʥʷ ʫ ʧʘʩʢʘʣʷʭ: 
 

ʈʚʘʢ = 700Ā133,3 = 93,1  ʢʇʘ. 
 

ʊʦʜʽ ʟʘ ʨʽʚʥʷʥʥʷʤ (1.5) 
 

ʈʘʙʩ = 103,6 ï 93,1 = 10,5 ʢʇʘ. 
 

ʇʨʠʢʣʘʜ 1.4. ʈʪʫʪʥʠʡ ʚʘʢʫʫʤʤʝʪʨ, ʧʨʠʻʜʥʘʥʠʡ ʜʦ ʩʫʜʠʥʠ, ʧʦʢʘʟʫʻ 

ʨʦʟʨʷʜʞʝʥʥʷ 420 ʤʤ ʨʪ.ʩʪ. ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʨʪʫʪʽ ʫ ʚʘʢʫʫʤʤʝʪʨʽ t=20 Áʉ. 

ʊʠʩʢ ʘʪʤʦʩʬʝʨʠ ʟʘ ʨʪʫʪʥʠʤ ʙʘʨʦʤʝʪʨʦʤ ʜʦʨʽʚʥʶʻ 768 ʤʤ ʨʪ.ʩʪ. ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ t = 18 Áʉ. ɺʠʟʥʘʯʠʪʠ ʘʙʩʦʣʶʪʥʠʡ ʪʠʩʢ ʫ ʩʫʜʠʥʽ. 

ʈʦʟʚôʷʟʘʥʥʷ. ʅʘʚʦʜʠʤʦ ʧʦʢʘʟʘʥʥʷ ʚʘʢʫʫʤʤʝʪʨʘ ʽ ʙʘʨʦʤʝʪʨʘ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʠ ʨʪʫʪʽ 0 Áʉ ʟʘ ʨʽʚʥʷʥʥʷʤ (1.3):  
 

ʈʚʘʢ = 420 (1-0,000172Ā20) = 418,5 ʤʤ ʨʪ.ʩʪ. 

ʈʘʪʤ = 768 (1-0,000172Ā18) = 765,6 ʤʤ ʨʪ.ʩʪ. 
 

ɸʙʩʦʣʶʪʥʠʡ ʪʠʩʢ ʫ ʩʫʜʠʥʽ  
 

ʈʘʙʩ = 765,6 - 418,5 = 347,1 ʤʤ ʨʪ.ʩʪ. = 46,3 ʢʇʘ. 
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ʇʨʠʢʣʘʜ 1.5. ʆʙôʻʤ ʛʘʟʫ V=5 ʤ3
 ʧʨʠ ʈʥʘʜ=0,8 ʄʇʘ  ̔ T=300 ʂ 

ʧʨʠʚʝʩʪʠ ʜʦ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ. ʇʨʠʡʥʷʪʠ, ʱʦ ʙʘʨʦʤʝʪʨʠʯʥʠʡ ʪʠʩʢ 

ʜʦʨʽʚʥʶʻ ʈʙʘʨ å 0,1 ʄʇʘ     ééé.. 

ʈʦʟʚôʷʟʘʥʥʷ.. ɿʥʘʭʦʜʠʤʦ ʈʘʙʩ: 
 

ʈʘʙʩ = 0,8+0,1=0,9 ʄʇʘ. 
 

ɿʘ ʨʽʚʥʷʥʥʷʤ ʂʣʘʧʝʡʨʦʥʘ (1.9) ʚʠʟʥʘʯʘʻʤʦ ʤʘʩʫ ʛʘʟʫ ʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʾʾ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʦʙôʻʤʫ ʟʘ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ 

(ʈʥ=101,325 ʢʇʘ  ̔ʊʥ = 273ʂ): 
 

3

í

í
í

í

í
í ì  40,3

101,325300

2735900

ÒP

PVÒ
V

P

mRT
V;

RT

PV
m =

Ö

ÖÖ
==Ý== . 

 

ʇʨʠʢʣʘʜ 1.6. ʋ ʙʘʣʦʥʽ ʟʥʘʭʦʜʠʪʩɹʷ ʢʠʩʝʥʴ ʧʨʠ ʘʙʩʦʣʶʪʥʦʤʫ ʪʠʩʢʫ 

4,0 ʄʇʘ ʽ ʪʝʤʧʝʨʘʪʫʨ ̔ 315 ʂ.ɺʠʟʥʘʯʠʪʠ ʛʫʩʪʠʥʫ ʢʠʩʥ  ʁ ʚ ʙʘʣʦʥ.̔ ɿʘ 

ʨʽʚʥʷʥʥʷʤʠ (1.7), (1.8) ʚʠʟʥʘʯʘʻʤʦ ʛʫʩʪʠʥʫ 
???? 

RT

P
ω= , 

 

ʜʝ ʈ = 4 ʄʇʘ = 4 000 000 ʇʘ;  

R =  259,8 ɼʞ/(ʢʛĀʂ) (ʜʠʚ. ʪʘʙʣ. ɸ.1 ʜʦʜʘʪʢʘ ɸ). 

ʊʦʜʽ 
 

3
êã/ì  48,6

315259,8

4000000
ω =

Ö
= . 

 

ʇʨʠʢʣʘʜ 1.7. ɻʘʟʛʦʣʴʜʝʨ ʜʽʘʤʝʪʨʦʤ d = 600 ʤʤ ʽ ʚʠʩʦʪʦʶ h = 2 ʤ 

ʤʽʩʪʠʪʴ ʤʝʪʘʥ ʉH4 ʧʨʠ ʪʠʩʢʫ ʈʥʘʜ = 0,2 ʄʇʘ. ʊʝʤʧʝʨʘʪʫʨʘ ʛʘʟʫ 27 Áʉ. 

ɺʠʟʥʘʯʠʪʠ ʤʘʩʫ ʤʝʪʘʥʫ ʚ ʛʘʟʛʦʣʴʜʝʨʽ, ʷʢʱʦ ʙʘʨʦʤʝʪʨʠʯʥʠʡ ʪʠʩʢ ʜʦʨʽʚʥʶʻ 

0,1 ʄʇʘ. 

ʈʦʟʚôʷʟʘʥʥʷ. ɿʥʘʭʦʜʠʤʦ ʦʙôʻʤ ʛʘʟʛʦʣʴʜʝʨʘ: 
 

3
22

ì0,565  2
4

0,63,14
h

4

d 
V =

Ö
==

̫
. 

 

ʊʦʜʽ ʤʘʩʘ ʛʘʟʫ ʚ ʛʘʟʛʦʣʴʜʝʨʽ ʟʘ ʨʽʚʥʷʥʥʷʤ ʂʣʘʧʝʡʨʦʥʘ (1.9) ʜʦʨʽʚʥʶʻ 
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êã  1,09
300519

0,565300000

RT

PV
m =

Ö

Ö
== , 

 

ʜʝ R(CH4)=519 ɼʞ/(ʢʛ ʂ) (ʜʠʚ. ʪʘʙʣ. ɸ.1 ʜʦʜʘʪʢʘ ɸ); 

ʈʥʘʜ=(0,2 + 0,1)Ā10
6
 = 300 000 ʇʘ, 

ʊ=27+273=300 ʂ. 

ʇʨʠʢʣʘʜ 1.8. ɺʠʟʥʘʯʠʪʠ ʤʦʣʷʨʥʫ ʤʘʩʫ, ʛʘʟʦʚʫ ʩʪʘʣʫ, ʛʫʩʪʠʥʫ  ̔

ʧʠʪʦʤʠʡ ʦʙô̒ ʤ ʩʫʭʦʛʦ ʧʦʚʽʪʨʷ ʟʘ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ, ʷʢʱʦ ʡʦʛʦ ʦʙô̒ ʤʥʠʡ 

ʩʢʣʘʜ ʜʦʨʽʚʥʶʻ 0,79r  0,21,r
22 NO == . 

ʈʦʟʚôʷʟʘʥʥ.̫ ʄʦʣʷʨʥʘ ʤʘʩʘ ʩʫʤʽʰʽ ʛʘʟʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

(1.19): 
 

28,90,79280,2132rτrττ
2222 NNOOïîâ =Ö+Ö=+=  ʢʛ/ʢʤʦʣʴ. 

 

ɻʘʟʦʚʘ ʩʪʘʣʘ ʩʫʤʽʰʽ ʛʘʟʽʚ ʟʘ ʬʦʨʤʫʣʦʶ (1.27) ʜʦʨʽʚʥʶʻ  
 

Êêã

Äæ
278

28,9

8314
Rïîâ

Ö
== . 

 

ʇʠʪʦʤʠʡ ʦʙô̒ ʤ ʟʘ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ ʜʦʨʽʚʥʶʻ 
 

/êãì0,775  
28,9

22,4

τ

V
v 3

ïîâ

τ
ïîâ === , 

 

ʜʝ Vɛ=22,4 ʤ
3
/ʢʤʦʣʴ ï ʦʙôʻʤ 1 ʢʽʣʦʤʦʣʶ ʛʘʟʫ ʟʘ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ. 

ɻʫʩʪʠʥʘ ʧʦʚʽʪʨʷ ʜʦʨʽʚʥʶʻ 
 

3

ïîâ
ïîâ êã/ì  1,29

0,775

1

v

1
ω === . 

 

ʇʨʠʢʣʘʜ 1.9. ʋʭʪʠʥʩʢɹʠʡ ʧʨʠʨʦʜʥʠʡ ʛʘʟ ʤʽʩʪʠʪʴ ʤʝʪʘʥ ʉʅ4 ʟ 

ʦʙô̒ ʤʥʦ  ʁ ʜʦʣʝ  ʁ
4CHr =0,88, ʘʟʦʪ 0,10r

2N =   ̔ ʙʝʥʟʦʣ 0,02r
66HC = . 

ɺʠʟʥʘʯʠʪʠ ʤʘʩʫ ʮʴʦʛʦ ʛʘʟʫ ʚ ʙʘʣʦʥ̔, ʦʙô̒ ʤ ʢʦʪʨʦʛʦ ʜʦʨʽʚʥʶʻ 0,2 ʤ
3
, ʪʠʩʢ ʟʘ 

ʤʘʥʦʤʝʪʨʦʤ ʈʥʘʜ = 3,0 ʄʇʘ, ʪʝʤʧʝʨʘʪʫʨʘ ï 300 ʂ. ʊʠʩʢ ʟʘ ʙʘʨʦʤʝʪʨʦʤ ï 

0,1 ʄʇʘ. 

ʈʦʟʚôʷʟʘʥʥʷ. ɿʘ ʨʽʚʥʷʥʥʷʤ ʂʣʘʧʝʡʨʦʥʘ (1.9) ʚʠʟʥʘʯʘʻʤʦ ʤʘʩʫ ʛʘʟʫ 
 

ÒR

PV
m

ñóì

= . 
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ɿʥʘʭʦʜʠʤʦ Rʩʫʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣ (1.19)  ̔(1.27): 
 

Êêã

Äæ
49,0  

16,96

8314

0,2300,1280,8816

8314

τ

8314
R

ñóì
ñóì

Ö
==

Ö+Ö+Ö
== . 

 

ɿʥʘʭʦʜʠʤʦ ʤʘʩʫ ʛʘʟʫ: 
 

êã  42,2
30049

0,2300000
mñóì =

Ö

Ö
= , 

 

ʜʝ ʈ=(3,0+0,1)Ā106
=300000 ʇʘ. 

ʇʨʠʢʣʘʜ 1.10. ɺʠʟʥʘʯʠʪʠ ʩʝʨʝʜʥʶ ʪʝʧʣʦʤ̒ʥʩ̔ʪʴ 1 ʤ
3
 ʛʘʟʦʚʦ ʾʩʫʤʽʰʽ 

ʟʘ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ ʜʣʷ ʧʨʦʮʝʩʫ P=const ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ 0Áʉ ʜʦ 

1400Áʉ, ʷʢʱʦ ʚʦʥʘ ʥʝʣʽʥʽʡʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. ʉʢʣʘʜ ʩʫʤʽʰʽ ʟʘ 

ʦʙôʻʤʦʤ 74%r  8%,r  6%,r  12%,r
2222 NOHOCO ==== . 

ʈʦʟʚôʷʟʘʥʥʷ. ɿʘ ʬʦʨʤʫʣʦʶ (1.39) ʽ ʜʘʥʠʤʠ ʪʘʙʣʠʮʽ ɹ.5 ʜʦʜʘʪʢʘ ɹ 

ʟʥʘʭʦʜʠʤʦ: 
 

ä +++==
n

1
NpNOHOpHOpOCOpCOipip 22222222

rc'rc'rc'rc'rc'c'  

 

.êÄæ/ì1,575   0,741,43480,081,8280,061,52020,122,3136c'
3

p =Ö+Ö+Ö+Ö=  

 

ʇʨʠʢʣʘʜ 1.11. ʇʦʚʽʪʨʷ ʦʙôʻʤʦʤ V1 =3 ʤ
3
 ʥʘʛʨʽʚʘʻʪʴʩʷ ʚʽʜ t1 =17

ʦ
ʉ ʜʦ 

t2 =117Áʉ ʧʨʠ ʈ=ʩʦnst. ʊʠʩʢ ʟʘ ʤʘʥʦʤʝʪʨʦʤ ʈ=200 ʢʇʘ, ʙʘʨʦʤʝʪʨʠʯʥʠʡ 

ʪʠʩʢ ʜʦʨʽʚʥʶʻ 100 ʢʇʘ. ɺʚʘʞʘʶʯʠ ʉ=const, ʚʠʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, 

ʷʢʫ ʟʘʪʨʘʯʝʥʦ ʥʘ ʥʘʛʨʽʚʘʥʥʷ. 

ʈʦʟʚôʷʟʘʥʥʷ. ɿʘ ʬʦʨʤʫʣʦʶ (1.72) 
 

Q= m Cp (T2-T1). 
 

ʄʘʩʫ ʛʘʟʫ ʟʥʘʭʦʜʠʤʦ ʟʘ ʨʽʚʥʷʥʥʷʤ ʂʣʘʧʝʡʨʦʥʘ (1.9)  
 

RT

PV
m= , 

ʜʝ ʈ ï ʘʙʩʦʣʶʪʥʠʡ ʪʠʩʢ, ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ (1.4): 
 

Pʘʙʩ = Pʥʘʜ + ʈʘʪʤ = 200 + 100 = 300 ʢʇʘ. 
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ɿʥʘʯʝʥʥʷ ʛʘʟʦʚʦ ʾ ʩʪʘʣʦʾ ʽ ʤʦʣʴʥʦʾ ʤʘʩʠ ʧʦʚʽʪʨʷ ʚʠʟʥʘʯʘʻʤʦ ʟʘ 

ʜʦʜʘʪʢʦʤ ɸ: R = 287 ɼʞ/(ʢʛĀʂ); ɛ = 28,96 ʢʛ/ʢʤʦʣʴ. 

ʄʘʩʘ ʛʘʟʫ ʪʦʜʽ ʜʦʨʽʚʥʶʻ 
 

 10,8
290287

3300000

RT

PV
m =

Ö

Ö
==  ʢʛ. 

 

ʊʝʧʣʦʻʤʥʽʩʪʴ ʚʠʟʥʘʯʘʻʤʦ ʟʘ ʨʽʚʥʷʥʥʷʤ (1.38) 
 

CP = k R / (k - 1). 
 

ʇʦʚʽʪʨʷ ï ʮʝ ʩʫʤʽʰ ʜʚʦʘʪʦʤʥʠʭ ʛʘʟʽʚ, ʪʦʤʫ k=1,4 (ʜʠʚ. ʩʪʦʨ. 15): 
 

CP = 1,4Ā287 / (1,4 - 1) = 1004,5 ɼʞ/(ʢʛĀʂ) 
 

ɺʠʟʥʘʯʘʻʤʦ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ: 
 

Q = 10,8Ā1004,5Ā(390 ï 290) = 1085 ʢɼʞ. 
 

ʇʨʠʢʣʘʜ 1.12. ɺʠʟʥʘʯʠʪʠ Q ʟʘ ʫʤʦʚʘʤʠ ʧʨʠʢʣʘʜʫ 1.11, ʨʦʟʨʘʭʫʚʘʚ 

ʢʽʣʴʢʽʩʪʴ ʛʘʟʫ ʟʘ ʡʦʛʦ ʦʙôʻʤʦʤ ʧʨʠ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ. 

ʈʦʟʚôʷʟʘʥʥʷ. ʇʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʯʝʨʝʟ ʦʙôʻʤ ʨʽʚʥʷʥʥʷ (1.72) ʥʘʙʫʚʘʻ  

ʥʘʩʪʫʧʥʦʛʦ ʚʠʜʫ 

Q = VʥC'ʨ(ʊ2 ï ʊ1). 
 

ɿʥʘʭʦʜʠʤʦ Vʥ: 
 

8,4
133760290

273310300

PÒ

TVP
V

3

í1

í11
í =

ÖÖ

ÖÖÖ
==  ʤ

3
. 

 

ʆʙôʻʤʥʘ ʪʝʧʣʦʤ̒ʥʩ̔ʪʴ ʜʣʷ 1 ʤ
3
 ʧʨʠ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʚʠʟʥʘʯʘʻʤʦ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʘʙʣʠʮʽ ɹ.5 ʜʦʜʘʪʢʘ ɹ: ʉ'ʨ = 1,2971 ʢɼʞ/(ʤ
3
Āʂ). 

ʈʦʟʨʘʭʦʚʫʻʤʦ Q: 
 

Q = 8,4Ā1,2971Ā(390 ï 290) = 1090 ʢɼʞ. 
 

ʇʨʠʢʣʘʜ 1.13. ɺʫʛʣʝʢʠʩʣʠʡ ʛʘʟ ʥʘʛʨʽʚʘʶʪʴ ʚʽʜ t1=200Áʉ ʜʦ 

t2=1500Áʉ. ɺʠʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ ʥʘ 1 ʤ
3
 ʧʨʠ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ, 

ʷʢʱʦ ʧʨʦʮʝʩ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʠ ʈ=const. 
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ʈʦʟʚôʷʟʘʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʽʥʪʝʨʚʘʣʫ ʪʝʤʧʝʨʘʪʫʨ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ 

ʥʝʣʽʥʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ c=f(t). ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʚʥʷʥʴ (1.35) ʪʘ (1.37) 

ʟʥʘʭʦʜʠʤʦ Q (ʟʥʘʯʝʥʥʷ ʪʝʧʣʦʻʤʥʦʩʪʝʡ ʚʠʟʥʘʯʘʻʤʦ ʟʘ ʪʘʙʣʠʮʝʶ ɹ.5 

ʜʦʜʘʪʢʘ ɹ): 

3142,62001,787315002,3354tCtCQ 1

t

0

'
p2

t

0

'
p

12
=Ö-Ö=-=  ʢɼʞ/ʤ

3
. 

 

ʇʨʠʢʣʘʜ 1.14. ʇʦʚʽʪʨʷ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʟʘʤʢʥʫʪʽʡ ʩʫʜʠʥʽ ʻʤʥʽʩʪʶ 90 ʣ 

ʧʨʠ ʪʠʩʢʫ 8 ʙʘʨ ʽ ʪʝʤʧʝʨʘʪʫʨʽ 30Áʉ. ɿʘ ʨʘʭʫʥʦʢ ʧʽʜʚʝʜʝʥʥʷ ʪʝʧʣʦʪʠ ʪʠʩʢ 

ʟʙʽʣʴʰʠʚʩʷ ʜʦ 16 ʙʘʨ. ɺʠʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʪʴ ʧʽʜʚʝʜʝʥʦʾ ʪʝʧʣʦʪʠ. ʈʦʟʨʘʭʫʥʢʠ 

ʧʨʦʚʝʩʪʠ ʜʣʷ ʜʚʦʭ ʚʠʧʘʜʢʽʚ: ʘ) ʪʝʧʣʦʻʤʥʽʩʪʴ ʧʦʚʽʪʨʷ ʚʨʘʭʦʚʫʚʘʪʠ ʥʝʣʽʥʽʡʥʦ 

ʟʘʣʝʞʥʦʶ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ; ʙ) ʪʝʧʣʦʻʤʥʽʩʪʴ ʧʦʚʽʪʨʷ ʚʨʘʭʦʚʫʚʘʪʠ 

ʥʝʟʘʣʝʞʥʦʶ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ.  

ʈʦʟʚôʷʟʘʥʥʷ. ɿʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʽʟʦʭʦʨʥʦʛʦ ʧʨʦʮʝʩʫ (1.66) 

(ʛʘʟ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʟʘʤʢʥʫʪʽʡ ʩʫʜʠʥʽ) ʚʠʟʥʘʯʘʻʤʦ ʢʽʥʮʝʚʫ ʪʝʤʧʝʨʘʪʫʨʫ 

ʧʦʚʽʪʨʷ: 
 

.; CK o333273606t606
8

16
303

P

P
TT 2

1

2
12 =-==Ö=Ö=  

 

ʄʘʩʫ ʧʦʚʽʪʨʷ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʩʫʜʠʥʽ, ʚʠʟʥʘʯʘʻʤʦ ʟ ʨʽʚʥʷʥʥʷ 

ʂʣʘʧʝʡʨʦʥʘ (1.9) (ʛʘʟʦʚʫ ʩʪʘʣʫ R ʚʠʟʥʘʯʘʻʤʦ ʟʘ ʜʦʜʘʪʢʦʤ ɸ): 
 

.ʢʛ0,8278
303287

0,09108

TR

VP
m

5

=
Ö

ÖÖ
=

Ö

Ö
=  

 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʻʤʥʦʩʪʽ ʟʘ ʧʝʨʰʠʤ ʤʝʪʦʜʦʤ (ʥʝʣʽʥʽʡʥʘ 

ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ) ʟʥʘʭʦʜʠʤʦ ʪʝʧʣʦʻʤʥʽʩʪʴ ʧʦʚʽʪʨʷ ʚ ʽʥʪʝʨʚʘʣʽ 

ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ 0
ʦ
ʉ ʜʦ 30

ʦ
ʉ ʪʘ ʚʽʜ 0

ʦ
ʉ ʜʦ 333

ʦ
ʉ (ʜʦʜʘʪʦʢ ɹ, ʪʘʙʣ. ɹ.2):  

 

.Ê)êÄæ/(êãÊ);êÄæ/(êã Ö=Ö= 0,735Ñ0,717Ñ
C333

C0v

C30

C0v

o

o

o

o  

 

ɺʠʟʥʘʯʘʻʤʦ ʩʝʨʝʜʥʶ ʤʘʩʦʚʫ ʪʝʧʣʦʻʤʥʽʩʪʴ ʧʦʚʽʪʨʷ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ 

ʦʙô̒ ʤʽ ʜʣʷ ʽʥʪʝʨʚʘʣʫ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ 30 ʜʦ 333
ʦ
ʉ ʟʘ ʨʽʚʥʷʥʥʷʤ (1.35):  

 

.ʢɼʞ0,7368
30333

300,7173330,735
C

Co333

Co30v =
-

Ö-Ö
=  
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ɿʛʽʜʥʦ ʟ ʨʽʚʥʷʥʥʷʤ (1.68) ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʷʢʘ ʧʽʜʚʝʜʝʥʘ ʜʦ ʧʦʚʽʪʨʷ, 

ʜʦʨʽʚʥʶʻ: 
 

ʢɼʞ.184,830)0,7368(3330,8278Q =-Ö=  

 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʻʤʥʦʩʪʽ ʟʘ ʜʨʫʛʠʤ ʤʝʪʦʜʦʤ (ʪʝʧʣʦʻʤʥʽʩʪʴ ʥʝ 

ʟʘʣʝʞʽʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ) ʪʝʧʣʦʻʤʥʽʩʪʴ ʧʦʚʽʪʨʷ ʨʦʟʨʘʭʦʚʫʻʤʦ ʟʘ ʨʽʚʥʷʥʥʷʤ 

(1.39) 

1k

R
Cv

-
= . 

 

ɻʘʟʦʚʫ ʩʪʘʣʫ ʟʥʘʭʦʜʠʤʦ ʟʘ ʜʦʜʘʪʢʦʤ ɸ. ʇʦʢʘʟʥʠʢ ʘʜʽʘʙʘʪʠ ʜʦʨʽʚʥʶʻ 

1,4 (ʧʦʚʽʪʨʷ ï ʜʚʦʭʘʪʦʤʥʠʡ ʛʘʟ) (ʜʠʚ. ʩʪʦʨ. 16). ʈʦʟʨʘʭʦʚʫʻʤʦ ʪʝʧʣʦʻʤʥʽʩʪʴ: 
 

ʂ)ɼʞ/(ʢʛÖ=
-

= 717,5
11,4

287
Cv . 

 

ʂʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʧʽʜʚʝʜʝʥʘ ʜʦ ʧʦʚʽʪʨʷ, ʜʦʨʽʚʥʶʻ 
 

ɼʞ.17996630)(333717,50,8278Q =-Ö=  

 

ʇʨʠʢʣʘʜ 1.15. ʇʦʚʽʪʨʷ ʦʙô̒ ʤʦʤ 0,01 ʤ
3
 ʧʨʠ ʪʠʩʢʫ 2 ʙʘʨ ʽ ʪʝʤʧʝʨʘʪʫʨʽ 

25Áʉ ʨʦʟʰʠʨʶʻʪʴʩʷ ʜʦ ʪʠʩʢʫ 1 ʙʘʨ. ɺʠʟʥʘʯʠʪʠ ʢʽʥʮʝʚʠʡ ʦʙôʻʤ, ʢʽʥʮʝʚʫ 

ʪʝʤʧʝʨʘʪʫʨʫ, ʨʦʙʦʪʫ, ʷʢʫ ʚʠʢʦʥʫʻ ʛʘʟ, ʧʽʜʚʝʜʝʥʝ ʪʝʧʣʦ, ʷʢʱʦ ʨʦʟʰʠʨʝʥʥʷ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ: 1) ʽʟʦʪʝʨʤʦʶ, 2) ʘʜʽʘʙʘʪʦʶ, 3) ʧʦʣʽʪʨʦʧʦʶ ʟ ʧʦʢʘʟʥʠʢʦʤ 

ʧʦʣʽʪʨʦʧʠ n = 1,3. 

ʈʦʟʚôʷʟʘʥʥʷ. 1) ɯʟʦʪʝʨʤʽʯʥʝ ʨʦʟʰʠʨʝʥʥʷ. 

ɿʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʽʟʦʪʝʨʤʽʯʥʦʛʦ ʧʨʦʮʝʩʫ (1.74) 

ʚʠʟʥʘʯʘʻʤʦ ʢʥ̔ʮʝʚʠʡ ʦʙôʻʤ: 
 

.3ʤ0,02
1

2
0,01

ʈ

ʈ
VV

2

1
12 =Ö=Ö=  

 

ʇʨʦʮʝʩ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʠ ʊ=const, ʪʦʤʫ ʢʽʥʮʝʚʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʜʦʨʽʚʥʶʻ ʧʦʯʘʪʢʦʚʽʡ  t2=t1=25
o
C. 

ɿʘ ʨʽʚʥʷʥʥʷʤ (1.75) ʚʠʟʥʘʯʘʻʤʦ ʨʦʙʦʪʫ ʽʟʦʪʝʨʤʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʨʦʟʰʠʨʝʥʥʷ: 
 

.ɼʞ1386ln20,01102
ʈ

ʈ
lnVʈL 5

2

1
11 =ÖÖÖ==  
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ʂʽʣʴʢʽʩʪʴ ʧʽʜʚʝʜʝʥʦʾ ʪʝʧʣʦʪʠ ʟʛʽʜʥʦ ʟ ʧʝʨʰʠʤ ʟʘʢʦʥʦʤ 

ʪʝʨʤʦʜʠʥʘʤʢ̔ʠ ʜʦʨʽʚʥʶʻ ʨʦʙʦʪʽ, ʪʦʤʫ ʱʦ ʚʥʫʪʨʽʰʥʷ ʝʥʝʨʛʽʷ ʥʝ ʟʤʽʥʶʻʪʴʩʷ. 

2) ɸʜʽʘʙʘʪʥʝ ʨʦʟʰʠʨʝʥʥʷ. 

ɸʜʽʘʙʘʪʥʠʤ ʥʘʟʠʚʘʶʪʴ ʧʨʦʮʝʩ, ʷʢʠʡ ʟʜʽʡʩʥʶʻʪʴʩʷ ʙʝʟ ʪʝʧʣʦʦʙʤʽʥʫ ʟ 

ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʪʦʙʪʦ Q=0. 

ʂʽʥʮʝʚʠʡ ʦʙôʻʤ ʚʠʟʥʘʯʘʻʤʦ ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ 

(1.79) (ʧʦʢʘʟʥʠʢ ʘʜʽʘʙʘʪʠ k ʜʣʷ ʜʚʦʘʪʦʤʥʦʛʦ ʛʘʟʫ ʜʦʨʚ̔ʥʶʻ 1,4): 
 

.3ʤ0,01620,01
ʈ

ʈ
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ʂʽʥʮʝʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ 

(1.79): 
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ɿʘ ʨʽʚʥʷʥʥʷʤ (1.81) ʚʠʟʥʘʯʘʻʤʦ ʨʦʙʦʪʫ ʘʜʽʘʙʘʪʥʦʛʦ ʧʨʦʮʝʩʫ 

ʨʦʟʰʠʨʝʥʥʷ: 
 

.ɼʞ460000,016)100,0110(2
11,44

1
L

55 =Ö-ÖÖÖ
-

=  

 

3) ʇʦʣʽʪʨʦʧʥʝ ʨʦʟʰʠʨʝʥʥʷ. 

ʂʽʥʮʝʚʠʡ ʦʙôʻʤ ʚʠʟʥʘʯʘʻʤʦ ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ 

(1.87): 
 

.3ʤ0,01720,01
ʈ

ʈ
VV 1,3

1
n

1

2

1
12 =Ö=öö

÷

õ
ææ
ç

å
Ö=  

 

ʈʦʟʨʘʭʦʚʫʻʤʦ ʪʘʢʦʞ ʢʽʥʮʝʚʫ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʽʪʨʷ: 
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ɺʠʟʥʘʯʘʻʤʦ ʨʦʙʦʪʫ ʧʦʣʽʪʨʦʧʥʦʛʦ ʧʨʦʮʝʩʫ ʨʦʟʰʠʨʝʥʥʷ (ʜʠʚ. ʨʽʚʥʷʥʥʷ 

(1.88)): 
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.ɼʞ609390,017)100,0110(2
11,3

1
L

55 =Ö-ÖÖÖ
-

=  

 

ɿʘ ʨʽʚʥʷʥʥʷʤ (1.90) ʚʠʟʥʘʯʘʻʤʦ ʢʽʣʴʢʽʩʪʴ ʧʽʜʚʝʜʝʥʦʾ ʪʝʧʣʦʪʠ: 
 

.ɼʞQ 10645298)(253
11,3

1,41,3

11,4
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)T(T

1n
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R
12 =-
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-
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ʇʨʠʢʣʘʜ 1.16. ʗʢʫ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ ʧʦʪʨʽʙʥʦ ʚʠʪʨʘʪʠʪʠ ʜʣʷ ʥʘʛʨʽʚʫ 

ʩʫʤʽʰʽ ʛʘʟʽʚ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʥʘʜʣʠʰʢʦʚʦʤʫ ʪʠʩʢʫ 2 ʙʘʨ ʚʽʜ 100Áʉ ʜʦ 

500Áʉ? ʉʫʤʽʰ ʛʘʟʽʚ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 3 ʢʽʣʦʤʦʣʝʡ ʘʟʦʪʫ ʪʘ 2 ʢʣ̔ʦʤʦʣʝʡ ʢʠʩʥʶ. 

ʗʢʫ ʨʦʙʦʪʫ ʧʨʠ ʮʴʦʤʫ ʚʠʢʦʥʫʻ ʛʘʟ? ʊʠʩʢ ʘʪʤʦʩʬʝʨʠ ʧʨʠʡʥʷʪʠ ʨʽʚʥʠʤ 

760 ʤʤ ʨʪ. ʩʪ. ʇʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʚʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʥʝ 

ʚʨʘʭʦʚʫʚʘʪʠ. 

ʈʦʟʚôʷʟʘʥʥʷ. ʉʧʦʯʘʪʢʫ ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ ʛʘʟʦʚʫ ʧʦʩʪʽʡʥʫ ʩʫʤʽʰʽ 

ʛʘʟʽʚ. ɼʣʷ ʮʴʦʛʦ ʚʠʟʥʘʯʘʻʤʦ ʤʘʩʫ ʘʟʦʪʫ ʪʘ ʢʠʩʥʶ: 
 

.ʢʛ      ʢʛ; 64322m84283m
2O2N =Ö==Ö=  

ɺʠʟʥʘʯʘʻʤʦ ʤʘʩʫ ʩʫʤʽʰʽ ʛʘʟʽʚ:  
 

m= 84 + 64 = 148 ʢʛ. 
 

ʊʝʧʝʨ ʟʘ ʨʽʚʥʷʥʥʷʤ (1.26) ʚʠʟʥʘʯʘʻʤʦ ʛʘʟʦʚʫ ʧʦʩʪʽʡʥʫ ʩʫʤʽʰʽ ʛʘʟʽʚ: 
 

Ê)Äæ/(êãÖ=Ö+Ö= 281
148

64
259,8

148

84
296,8R . 

 

ʊʝʧʣʦʻʤʥʽʩʪʴ ʩʫʤʽʰʽ ʛʘʟʽʚ ʟʘ ʫʤʦʚʠ ʥʝʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʠʟʥʘʯʘʻʤʦ ʟʘ ʨʽʚʥʷʥʥʷʤ (1.38) (ʩʫʤʽʰ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʘʪʦʤʥʠʭ ʛʘʟʽʚ, 

ʪʦʤʫ k=1,4): 

.ʂ)ɼʞ/(ʢʛÖ=
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Ö
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ɺʠʟʥʘʯʘʻʤʦ ʘʙʩʦʣʶʪʥʠʡ ʪʠʩʢ, ʧʽʜ ʷʢʠʤ ʟʥʘʭʦʜʠʪʴʩʷ ʩʫʤʽʰ ʛʘʟʽʚ: 
 

.ʇʘ301308133,3760102ʈ 5
ʘʙʩ =Ö+Ö=  

 

ɺʠʟʥʘʯʘʻʤʦ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʷʢʫ ʧʦʪʨʽʙʥʦ ʚʠʪʨʘʪʠʪʠ ʜʣʷ ʥʘʛʨʽʚʫ 

ʩʫʤʽʰʽ ʛʘʟʽʚ ʚʽʜ 100Áʉ ʜʦ 500Áʉ (ʨʽʚʥʷʥʥʷ (1.72)): 
 

.Äæ58223200100)(500983,5148)T(TÑmQ 12p =-ÖÖ=-ÖÖ=  
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ʈʦʙʦʪʫ, ʷʢʫ ʚʠʢʦʥʫʻ ʩʫʤʽʰ ʛʘʟʽʚ ʚʠʟʥʘʯʘʻʤʦ ʟʘ ʨʽʚʥʷʥʥʷʤ (1.71): 
 

Äæ.16635200100)(500281148)T(TRmL 12 =-ÖÖ=-ÖÖ=  

 

ʇʨʠʢʣʘʜ 1.17. ʋ ʮʠʢʣʽ ʂʘʨʥʦ ʦʪʨʠʤʘʥʦ ʢʦʨʠʩʥʫ ʨʦʙʦʪʫ 100 ʢɼʞ/ʢʛ, 

ʘ ʭʦʣʦʜʠʣʴʥʠʢʫ ʧʝʨʝʜʘʥʦ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ 80 ʢɼʞ/ʢʛ. ɿʥʘʡʪʠ ʪʝʤʧʝʨʘʪʫʨʫ 

ʥʘʛʨʽʚʘʯʘ, ʷʢʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʭʦʣʦʜʠʣʴʥʠʢʘ 290 ʂ. 

ʈʦʟʚôʷʟʘʥʥʷ. ɿʘ ʬʦʨʤʫʣʦʶ (1.93) q1 ï q2 = l; ʪʦʜʽ 
 

q1 = q2 + l = 80 + 100 = 180 ʢɼʞ/ʢʛ. 
 

ɿʛʽʜʥʦ ʟ ʨʽʚʥʷʥʥʷʤ (1.94) ʪʘ (1.97) ʜʣʷ ʮʠʢʣʫ ʂʘʨʥʦ  
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ο -== . 

 

ɿʚʽʜʩʠ ʤʠ ʤʦʞʝʤʦ ʚʠʨʘʟʠʪʠ ʊ1: 

 

ʊ1=ʊ2/(1-l/q1). 
 

ʈʦʟʨʘʭʦʚʫʻʤʦ ʊ1: 

ʊ1=290/(1-100/180)=652 ʂ. 

 

ʇʨʠʢʣʘʜ 1.18. ʎʠʢʣ ʂʘʨʥʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʤʽʞ ʪʝʤʧʝʨʘʪʫʨʘʤʠ 

ʊ1=700 ʂ ̔ ʊ2=290 ʂ. ɺʽʜ ʛʘʨʷʯʦʛʦ ʜʞʝʨʝʣʘ ʧʽʜʚʦʜʠʪʴʩʷ 2000 ʢɼʞ/ʢʛ. 

ɺʠʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʷʢʫ ʧʝʨʝʜʘʥʦ ʭʦʣʦʜʥʦʤʫ ʜʞʝʨʝʣʫ. 

ʈʦʟʚôʷʟʘʥʥʷ. ɿʛʽʜʥʦ ʟ ʨʽʚʥʷʥʥʷʤʠ (1.94) ʪʘ (1.97)  
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ʇʨʠʢʣʘʜ 1.19. ɺʠʟʥʘʯʠʪʠ ʧʘʨʘʤʝʪʨʠ ʚʦʜʷʥʦʾ ʧʘʨʠ, ʷʢʱʦ ʪʠʩʢ 

ʈ=10 ʙʘʨ, ʩʪʫʧʽʥʴ ʩʫʭʦʩʪʽ ʭ=0,95. 

ʈʦʟʚôʷʟʘʥʥʷ. ʂʦʨʠʩʪʘʶʯʠʩʴ hs-ʜʽʘʛʨʘʤʦʶ, ʟʥʘʭʦʜʠʤʦ ʪʦʯʢʫ 1, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʜʘʥʠʡ ʩʪʘʥ ʧʘʨʠ (ʨʠʩ. 1.38). ʇʨʦʝʢʪʫʶʯʠ ʾʾ ʥʘ ʚʽʩʴ ʦʨʜʠʥʘʪ, 
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ʟʥʘʭʦʜʠʤʦ ʟʥʘʯʝʥʥʷ ʝʥʪʘʣʴʧʽʾ h1=2675 ʢɼʞ/ʢʛ. ʇʨʦʝʢʪʫʶʯʠ ʮʶ ʞ ʪʦʯʢʫ ʥʘ 

ʚʽʩʴ ʘʙʩʮʠʩ, ʟʥʘʭʦʜʠʤʦ ʟʥʘʯʝʥʥʷ ʝʥʪʨʦʧʽʾ s1=6,38 ʢɼʞ/ʢʛ ʂ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʘʨʠ ʟʥʘʭʦʜʠʤʦ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʩʠʯʝʥʥʷ 

ʧʘʨʠ ʧʨʠ ʟʘʜʘʥʦʤʫ ʪʠʩʢʫ. ɼʣʷ ʮʴʦʛʦ ʰʫʢʘʻʤʦ ʪʦʯʢʫ 2 ʧʝʨʝʪʠʥʘʥʥʷ ʽʟʦʙʘʨʠ 

10 ʙʘʨ ʟ ʚʝʨʭʥʴʦʶ ʛʨʘʥʠʯʥʦʶ ʢʨʠʚʦʶ. ʏʝʨʝʟ ʮʶ ʪʦʯʢʫ ʧʨʦʭʦʜʠʪʴ ʽʟʦʪʝʨʤʘ 

180 Áʉ; ʮʝ ʽ ʻ ʪʝʤʧʝʨʘʪʫʨʘ ʧʘʨʠ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʙʫʜʴ-ʷʢʫ ʪʦʯʢʫ ʚ ʦʙʣʘʩʪʽ 

ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ, ʱʦ ʥʘʣʝʞʠʪʴ ʮʽʡ ʽʟʦʙʘʨ̔. 

ɿʥʘʯʝʥʥʷ ʧʠʪʦʤʦʛʦ ʦʙôʻʤʫ ʟʥʘʭʦʜʠʤʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʫʥʢʪʠʨʥʠʭ 

ʣʽʥʽʡ ʧʦʩʪʽʡʥʦʛʦ ʦʙôʻʤʫ v1=0,2 ʤ
3
/ʢʛ (ʨʠʩ. 1.38). ɿʥʘʯʝʥʥʷ u ʟʥʘʭʦʜʠʤʦ ʟʘ 

ʬʦʨʤʫʣʦʶ 

u=h-Pv=2675000-1000000 Ā 0,2=2475000 ɼʞ/ʢʛ. 
 

ʇʨʠʢʣʘʜ 1.20. ɺʠʟʥʘʯʠʪʠ ʧʘʨʘʤʝʪʨʠ ʚʦʜʷʥʦʾ ʧʘʨʠ ʽ ʩʪʫʧʽʥʴ ʾʾ  

ʧʝʨʝʛʨʽʚʫ, ʷʢʱʦ ʈ=20 ʙʘʨ, t=350 
o
C. 

ʈʦʟʚôʷʟʘʥʥʷ. ʂʦʨʠʩʪʘʶʯʠʩʴ hs-ʜʽʘʛʨʘʤʦʶ, ʟʥʘʭʦʜʠʤʦ ʪʦʯʢʫ 3, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʜʘʥʠʡ ʩʪʘʥ ʧʘʨʠ, ʥʘ ʧʝʨʝʪʠʥʘʥʥʽ ʽʟʦʙʘʨʠ 20 ʙʘʨ ʪʘ ʽʟʦʪʝʨʤʠ 

350
ʦ
ʉ (ʨʠʩ. 1.38). ʇʨʦʝʢʪʫʶʯʠ ʾʾ ʥʘ ʚʽʩʴ ʦʨʜʠʥʘʪ, ʟʥʘʭʦʜʠʤʦ ʟʥʘʯʝʥʥʷ 

ʝʥʪʘʣʴʧʽʾ h3=3140 ʢɼʞ/ʢʛ. ʇʨʦʝʢʪʫʶʯʠ ʮʶ ʞ ʪʦʯʢʫ ʥʘ ʚʽʩʴ ʘʙʩʮʠʩ, 

ʟʥʘʭʦʜʠʤʦ ʟʥʘʯʝʥʥʷ ʝʥʪʨʦʧʽʾ s3=6,95 ʢɼʞ/ʢʛ 
ʦ
ʉ. 

ɿʥʘʯʝʥʥʷ ʧʠʪʦʤʦʛʦ ʦʙôʻʤʫ ʟʥʘʭʦʜʠʤʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʽʥʽʡ ʧʦʩʪʽʡʥʦʛʦ 

ʦʙôʻʤʫ v3=0,14 ʤ
3
/ʢʛ. ɿʥʘʯʝʥʥʷ u3 ʟʥʘʭʦʜʠʤʦ ʟʘ ʨʽʚʥʷʥʥʷʤ 

 

u=h-Pv=3140000-2000000 Ā 0,14=2860000 ɼʞ/ʢʛ. 
 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʷ ʧʝʨʝʛʨʽʚʫ ʟʥʘʭʦʜʠʤʦ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʩʠʯʝʥʥʷ 

ʧʨʠ ʟʘʜʘʥʦʤʫ ʪʠʩʢʫ. ʎʝ ʟʥʘʯʝʥʥʷ ʽʟʦʪʝʨʤʠ, ʷʢʘ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʪʦʯʢʫ 4 ï 

ʪʦʯʢʫ ʧʝʨʝʪʠʥʘʥʥʷ ʽʟʦʙʘʨʠ 20 ʙʘʨ ʟ ʢʨʠʚʦʶ ʥʘʩʠʯʝʥʥʷ, ʪʦʙʪʦ ʢʨʠʚʦʶ ʩʫʭʦʾ 

ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ. ɿʥʘʯʝʥʥʷ ʮʽʻʾ ʽʟʦʪʝʨʤʠ ï 215 
ʦ
ʉ. ɿʚʽʜʩʠ ʩʪʫʧʽʥʴ ʧʝʨʝʛʨʽʚʫ 

ʜʦʨʽʚʥʶʻ 

Dt=350-215=135 
o
C. 
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ʈʠʩʫʥʦʢ 1.38 ï hs-ɼʽʘʛʨʘʤʘ ʚʦʜʷʥʦʾ ʧʘʨʠ 

 

ʇʨʠʢʣʘʜ 1.21. 2 ʤ
3
 ʧʘʨʠ ʨʦʟʰʠʨʶʶʪʴʩʷ ʟʘ ʘʜʽʘʙʘʪʦʶ ʚʽʜ ʧʦʯʘʪʢʦʚʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʩʪʘʥʫ ʈʧ=5 ʙʘʨ ʽ tʧ=450Á ʉ ʜʦ ʈʢ=0,01 ʄʇʘ. ɿʥʘʡʪʠ ʟʥʘʯʝʥʥʷ 

ʝʥʪʘʣʴʧʽʾ ʽ ʧʠʪʦʤʦʛʦ ʦʙôʻʤʫ ʚ ʧʦʯʘʪʢʦʚʦʤʫ ʽ ʢʽʥʮʝʚʦʤʫ ʩʪʘʥʘʭ, ʩʪʫʧʽʥʴ 

ʩʫʭʦʩʪʽ ʚ ʢʽʥʮʝʚʽʡ ʪʦʯʮʽ ʽ ʨʦʙʦʪʫ ʧʘʨʠ ʫ ʧʨʦʮʝʩʽ. 

ʈʦʟʚôʷʟʘʥʥʷ. ɿʘ ʜʦʧʦʤʦʛʦʶ hs-ʜʽʘʛʨʘʤʠ ʟʥʘʭʦʜʠʤʦ ʪʦʯʢʫ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ ʧʘʨʠ, ï ʪʦʯʢʘ 5 ʥʘ ʨʠʩʫʥʢʫ 1.28. 
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ʇʨʦʝʢʪʫʶʯʠ ʾʾ ʥʘ ʚʽʩʴ ʦʨʜʠʥʘʪ, ʟʥʘʭʦʜʠʤʦ ʟʥʘʯʝʥʥʷ ʝʥʪʘʣʴʧʽʾ  

h5=3375 ʢɼʞ/ʢʛ.  

ɿʥʘʯʝʥʥʷ ʧʠʪʦʤʦʛʦ ʦʙôʻʤʫ ʟʥʘʭʦʜʠʤʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʽʥʽʡ ʧʦʩʪʽʡʥʦʛʦ 

ʦʙôʻʤʫ v5=0,65 ʤ
3
/ʢʛ. 

ɸʜʽʘʙʘʪʥʠʡ ʧʨʦʮʝʩ ʥʘ hs-ʜʽʘʛʨʘʤʽ ʟʦʙʨʘʞʫʻʪʴʩʷ ʚʝʨʪʠʢʘʣʴʥʦʶ 

ʣʽʥ̒ʁ̔ . ʊʦʤʫ ʢʽʥʮʝʚʫ ʪʦʯʢʫ ʧʨʦʮʝʩʫ 6 ʟʥʘʭʦʜʠʤʦ ʥʘ ʧʝʨʝʪʠʥʘʥʥʽ 

ʚʝʨʪʠʢʘʣʴʥʦʾ ʣʽʥʽʾ, ʷʢʫ ʧʨʦʚʝʜʝʥʦ ʽʟ ʪʦʯʢʠ 5, ʟ ʽʟʦʙʘʨʦʶ ʈ=0,1 ʙʘʨ. 

ʇʨʦʝʢʪʫʶʯʠ ʪʦʯʢʫ 6 ʥʘ ʚʽʩʴ ʦʨʜʠʥʘʪ, ʟʥʘʭʦʜʠʤʦ ʟʥʘʯʝʥʥʷ ʝʥʪʘʣʴʧʽʾ ʚ 

ʢʽʥʮʝʚʽʡ ʪʦʯʮʽ h6=2520 ʢɼʞ/ʢʛ.  

ʉʪʫʧʽʥʴ ʩʫʭʦʩʪʽ ʫ ʢʽʥʮʝʚʦʤʫ ʩʪʘʥʽ ʟʥʘʭʦʜʠʤʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʽʥʽʡ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʫʧʝʥʷ ʩʫʭʦʩʪʽ ʭ6=0,97. 

ɿʥʘʯʝʥʥʷ ʢʽʥʮʝʚʦʛʦ ʧʠʪʦʤʦʛʦ ʦʙôʻʤʫ ʟʥʘʭʦʜʠʤʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʽʥʽʡ 

ʧʦʩʪʽʡʥʦʛʦ ʦʙôʻʤʫ v6=15 ʤ
3
/ʢʛ ʽ ʩʪʫʧʝʥʷ ʩʫʭʦʩʪʽ:  

 

vʢ= v6 ʭ6=15Ț0,97=14,55 ʤ
3
/ʢʛ. 

 

ɺʥʫʪʨʽʰʥʶ ʝʥʝʨʛʽʶ ʨʦʟʨʘʭʦʚʫʻʤʦ ʘʥʘʣʽʪʠʯʥʦ: 
 

uʧ=3375000-500000Ā0,65=3050000 ɼʞ/ʢʛ. 

uʢ=2525000-10000Ā14,55=2379000 ɼʞ/ʢʛ. 
 

ʈʦʙʦʪʘ ʧʘʨʠ ʫ ʘʜʽʘʙʘʪʥʦʤʫ ʧʨʦʮʝʩʽ ʜʦʨʽʚʥʶʻ ʟʤʽʥʽ ʚʥʫʪʨʽʰʥʴʦʾ 

ʝʥʝʨʛʽʾ ʟ ʦʙʦʨʦʪʥʠʤ ʟʥʘʢʦʤ. ʊʦʤʫ ʨʦʟʨʘʭʦʚʫʻʤʦ ʾʾ  ʟʘ ʬʦʨʤʫʣʦʶ: 
 

( ) ( )ʢʧ
ʧ

ʧʢ
ʧ

uu
v

V
uu

v

V
-u-mmlL -=-=D== ; 

 

( ) ɼʞ. 207692323790003050000
0,65

2
L =-=  

 

ʇʨʠʢʣʘʜ 1.22. ʅʘ ʦʜʝʨʞʘʥʥʷ ʧʘʨʠ ʟ ʪʠʩʢʦʤ ʈ=75 aʪ ʚʠʪʨʘʯʝʥʦ 

ʪʝʧʣʦʪʫ ʢʽʣʴʢʽʩʪʶ 480 ʢʢʘʣ/ʢʛ. ɺʠʟʥʘʯʠʪʠ ʩʪʘʥ ʧʘʨʠ ʽ ʾʾ ʛʫʩʪʠʥʫ, ʷʢʱʦ ʧʘʨʘ 

ʦʪʨʠʤʘʥʘ ʟ ʚʦʜʠ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ 150Áʉ. 

ʈʦʟʚôʷʟʘʥʥʷ. ɽʥʪʘʣʴʧʽʷ ʢʠʧʣʷʯʦʾ ʚʦʜʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 150 
ʦ
ʉ  

(ʪʘʙʣ. ɻ.1 ʜʦʜʘʪʢʘ ɻ) ʩʢʣʘʜʘʻ hô=632,2 ʢɼʞ/ʢʛ. 

ɽʥʪʘʣʴʧʽʷ ʧʘʨʠ 
 

h=hô+q=632,2+480Ā4,186=2641,5 ʢɼʞ/ʢʛ. 
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ɺʦʜʷʥʘ ʧʘʨʘ ʧʨʠ ʪʠʩʢʫ 75 aʪ (7,5 ʄʇʘ) ʤʘʻ ʥʘʩʪʫʧʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

(ʪʘʙʣ. ɻ.2 ʜʦʜʘʪʢʘ ɻ):  

hô=1231ʢɼʞ/ʢʛ; hôô=2758,6 ʢɼʞ/ʢʛ; r=1492 ʢɼʞ/ʢʛ; ɟôô=38,6 ʢʛ/ʤ3
. 

ʇʦʨʽʚʥʶʶʯʠ ʝʥʪʘʣʴʧʽʶ ʦʪʨʠʤʘʥʦʾ ʧʘʨʠ h ʟ ʝʥʪʘʣʴʧʽʻʶ ʩʫʭʦʾ ʧʘʨʠ 

hôô, ʚʩʪʘʥʦʚʣʶʻʤʦ, ʱʦ ʮʝ ʚʦʣʦʛʘ ʧʘʨʘ.  

ʉʪʫʧʽʥʴ ʩʫʭʦʩʪʽ ʧʘʨʠ ʚʠʟʥʘʯʘʻʤʦ ʟʘ ʨʽʚʥʷʥʥʷʤ 
 

0,94
1492

12312641,5

r

hh
x x =

-
=
¡-

= . 

 

ɻʫʩʪʠʥʘ ʦʪʨʠʤʘʥʦʾ ʧʘʨʠ 
 

3̬
̬ ìêã/41,06

0,94

38,6

x

"
x === . 

 

ʇʨʠʢʣʘʜ 1.23. ʋ ʩʫʜʠʥʽ ʦʙôʻʤʦʤ 0,75 ʤ
3
 ʟʥʘʭʦʜʠʪʴʩʷ ʩʫʭʘ ʥʘʩʠʯʝʥʘ 

ʧʘʨʘ ʧʽʜ ʪʠʩʢʦʤ 1 ʄʇʘ. ʇʘʨʘ ʧʽʜʽʛʨʽʚʘʻʪʴʩʷ ʧʨʠ ʥʝʟʤʽʥʥʦʤʫ ʦʙôʻʤʽ, ʽ 

ʥʘʧʨʠʢʽʥʮʽ ʥʘʛʨʽʚʘʥʥʷ ʾʾ ʪʠʩʢ ʧʽʜʚʠʱʫʻʪʴʩʷ ʜʦ 1,4 ʄʇʘ. ɺʠʟʥʘʯʠʪʠ 

ʢʽʣʴʢʽʩʪʴ ʚʠʪʨʘʯʝʥʦʛʦ ʥʘ ʥʘʛʨʽʚʘʥʥʷ ʪʝʧʣʘ. 

ʈʦʟʚôʷʟʘʥʥʷ. ʉʫʭʘ ʥʘʩʠʯʝʥʘ ʧʘʨʘ ʧʨʠ ʈ=1 ʄʇʘ ʤʘʻ ʧʠʪʦʤʠʡ ʦʙôʻʤ 

v"=0,1945 ʤ3
/ʢʛ ʽ ʝʥʪʘʣʴʧʽʶ h"=2777,8 ʢɼʞ/ʢʛ (ʪʘʙʣ. ɻ.2 ʜʦʜʘʪʢʘ ɻ). ʆʪʞʝ, 

ʾʾ ʚʥʫʪʨʽʰʥʷ ʝʥʝʨʛʽʷ 
 

ʢʛʢɼʞ/2583,30,194510102777,8v"Ph"u" 63
1 =Ö-Ö=-= . 

 

ʅʘʧʨʠʢʽʥʮʽ ʥʘʛʨʽʚʘʥʥʷ ʧʘʨʘ ʙʫʜʝ ʧʝʨʝʛʨʽʪʦʶ, ʧʨʠʯʦʤʫ ʾʾ ʝʥʪʘʣʴʧʽʷ 

ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ 3190 ʢɼʞ/ʢʛ (ʚʠʟʥʘʯʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ hs-ʜʽʘʛʨʘʤʠ 

(ʜʦʜʘʪʦʢ ɼ) ʜʣʷ ʪʦʯʢʠ ʧʝʨʝʪʠʥʘʥʥʷ ʽʟʦʭʦʨʠ v=0,19 ʤ
3
/ʢʛ ʟ ʽʟʦʙʘʨʦʶ  

ʈ=14 ʙʘʨ). 

ɺʥʫʪʨʽʰʥʷ ʝʥʝʨʛʽʷ ʧʝʨʝʛʨʽʪʦʾ ʧʘʨʠ 
 

ʢʛʢɼʞ/2906,30,1945101,4103190vPhu 63
2 =ÖÖ-Ö=-= . 

 

ʄʘʩʘ ʧʘʨʠ ʚ ʧʦʩʫʜʠʥʽ 
 

ʢʛ3,85
0,1945

0,75

v"

V
m === . 

 

ɺʠʟʥʘʯʘʻʤʦ ʪʝʧʣʦʪʫ, ʷʢʫ ʙʫʣʦ ʚʠʪʨʘʯʝʥʦ ʥʘ ʥʘʛʨʽʚʘʥʥʷ: 
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.ʢɼʞ12442583,3)(2906,33,85)u"(umQ =-Ö=-=  

 

ʇʨʠʢʣʘʜ 1.24. ɺʠʟʥʘʯʠʪʠ ʧʘʨʘʤʝʪʨʠ ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ, ʷʢʱʦ ʟʘ 

ʧʦʢʘʟʥʠʢʘʤʠ ʧʩʠʭʨʦʤʝʪʨʘ tcʫʭ = 45 ʠ tʤʦʢʨ = 32Üʉ. 

ʈʦʟʚôʷʟʘʥʥʷ. ʉʧʦʯʘʪʢʫ ʥʘ ʜʽʘʛʨʘʤʽ ʚʠʟʥʘʯʘʶʪʴ ʪʦʯʢʫ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʥʘʩʠʯʝʥʝ ʧʦʚʽʪʨʷ ʚ ʪʦʥʢʦʤʫ ʰʘʨʽ, ʱʦ ʧʨʠʣʷʛʘʻ ʜʦ ʧʦʚʝʨʭʥʽ 

ʚʦʜʠ ʽ ʤʦʢʨʦʾ ʪʢʘʥʠʥʠ ʧʩʠʭʨʦʤʝʪʨʘ. ɺʦʥʘ ʣʝʞʠʪʴ ʥʘ ʧʝʨʝʪʠʥʘʥʥʽ ʽʟʦʪʝʨʤʠ 

ʤʦʢʨʦʛʦ ʪʝʨʤʦʤʝʪʨʘ ʽ ʣʽʥʽʾ ʥʘʩʠʯʝʥʦʛʦ ʧʦʚʽʪʨʷ, ʜʣʷ ʷʢʦʛʦ ű = 100%. ɼʣʷ 

tʤʦʢʨ=32Üʉ. ʎʝ ʙʫʜʝ ʪʦʯʢʘ 1 (ʜʠʚ. ʨʠʩ. ɽ.1 ʜʦʜʘʪʢʘ ɽ). ɼʦʢʣʘʜʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪ,ɹ ʱʦ ʟʥʘʯʝʥʥʷ ʝʥʪʘʣʴʧʽʾ ʥʘʩʠʯʝʥʦʛʦ ʧʦʚʽʪʨʷ ʽ 

ʧʦʚʽʪʨʷ ʫ ʧʨʠʤʽʱʝʥʥʽ (ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʚʦʥʦ ʥʝʥʘʩʠʯʝʥʝ) ʤʘʡʞʝ 

ʦʜʥʘʢʦʚʽ. ʗʢʱʦ ʧʨʠʡʥʷʪʠ ʮʝ ʜʦʧʫʱʝʥʥʷ, ʪʦ ʟʘ ʜʦʧʦʤʦʛʦʶ hd-ʜʽʘʛʨʘʤʠ 

ʤʦʞʥʘ ʟʥʘʡʪʠ ʪʦʯʢʫ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʦʚʽʪʨʷ ʫ ʧʨʠʤʽʱʝʥʥʽ. ɼʣʷ ʮʴʦʛʦ 

ʯʝʨʝʟ ʪʦʯʢʫ 1 ʧʨʦʚʦʜʷʪʴ ʣʽʥʽʶ h=const. ɺʦʯʝʚʠʜʴ, ʪʦʯʢʘ 2 ʣʝʞʠʪʴ ʥʘ 

ʧʝʨʝʪʠʥʘʥʥʽ ʽʟʦʪʝʨʤʠ tcʫʭ=45Áʉ ʟ ʣʽʥʽʻʶ h=const, ʪʦʤʫ ʱʦ ʤʠ ʧʨʠʡʥʷʣʠ, ʱʦ 

ʝʥʪʘʣʴʧʽʷ ʧʦʚʽʪʨʷ ʫ ʧʨʠʤʽʱʝʥʥʽ ʜʦʨʽʚʥʶʻ ʝʥʪʘʣʴʧʽʾ ʥʘʩʠʯʝʥʦʛʦ ʧʦʚʽʪʨʷ, ʷʢʝ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʦʯʢʦʶ 1. ɿʥʘʭʦʜʠʤʦ ʧʘʨʘʤʝʪʨʠ ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ: 

ű=37%, d=21 ʛ/ʢʛ; h=104,5 ʢɼʞ/ʢʛ (25 ʢʢʘʣ/ʢʛ), ʈʧ=3 ʢʇʘ (22,5 ʤʤ ʨʪ. ʩʪ.). 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʟʥʘʡʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʪʦʯʢʠ ʨʦʩʠ tʨʦʩʠ, ʧʨʦʚʦʜʠʤʦ ʟ 

ʪʦʯʢʠ 2 ʚʝʨʪʠʢʘʣʴ, ʪʦʙʪʦ ʣʽʥʽʶ d=const. ʅʘ ʧʝʨʝʪʠʥʘʥʥʽ ʚʝʨʪʠʢʘʣʽ ʟ ʣʽʥʽʻʶ 

ű=100% ʟʥʘʭʦʜʠʤʦ tʨʦʩʠ=28Áʉ. ʆʪʞʝ, ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʧʦʚʽʪʨʷ ʚ 

ʧʨʠʤʽʱʝʥʥʽ ʧʨʠ ʈʧ=const ʜʦ 28 Áʉ ʚʽʥ ʩʪʘʥʝ ʥʘʩʠʯʝʥʠʤ. 

ʇʨʠʢʣʘʜ 1.25. ɼʣʷ ʩʫʰʽʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʚʽʪʨʷ ʧʨʠ t1=20Áʉ  ̔

ű=60%. ʋ ʢʘʣʦʨʠʬʝʨʽ ʡʦʛʦ ʧʽʜʽʛʨʽʚʘʶʪʴ (ʧʨʠ d=const) ʜʦ t2=95Áʉ  ̔

ʥʘʧʨʘʚʣʷʶʪʴ ʜʦ ʽʜʝʘʣʴʥʦʾ (ʙʝʟ ʚʠʪʨʘʪ) ʩʫʰʘʨʢʠ, ʜʝ ʚʦʥʦ ʫ ʧʨʦʮʝʩʽ ʩʫʰʽʥʥʷ 

ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʧʨʠ h=const ʜʦ t3=35Áʉ. ɺʠʟʥʘʯʠʪʠ ʢʽʥʮʝʚʠʡ ʚʦʣʦʛʦʚʤʽʩʪ 

ʧʦʚʽʪʨʷ, ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ ʽ ʪʝʧʣʘ ʥʘ 1 ʢʛ ʚʦʣʦʛʠ, ʱʦ ʚʠʧʘʨʦʚʫʻʪʴʩʷ.  

ʈʦʟʚôʷʟʘʥʥʷ. ʋ hd-ʜ̔ʘʛʨʘʤ ̔(ʜʠʚ. ʨʠʩ. ɽ.1 ʜʦʜʘʪʢʘ ɽ) ʜʣʷ ʧʦʯʘʪʢʦʚʦʛʦ 

ʩʪʘʥʫ ʧʦʚʽʪʨʷ ʟʥʘʭʦʜʠʤʦ ʪʦʯʢʫ 4 ʥʘ ʧʝʨʝʪʠʥʘʥʥʽ ʣʽʥʽʡ t1=20Áʉ  ̔ű=60%, ʽ 

ʜʣʷ ʥʝʾ ʚʠʟʥʘʯʘʻʤʦ d1 =9 ʛ/ʢʛ ʽ h1=42,0 ʢɼʞ/ʢʛ. ʏʝʨʝʟ ʪʦʯʢʫ 4 ʧʨʦʚʦʜʠʤʦ 

ʣʽʥʽʶ d=const ʜʦ ʧʝʨʝʪʠʥʘʥʥʷ ʟ t2=95Áʉ, ʟʥʘʭʦʜʠʤʦ ʪʦʯʢʫ 5, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʦʚʽʪʨʷ ʧʨʠ ʚʠʭʦʜ ̔ʟ ʢʘʣʦʨʠʬʝʨʘ. ɿ ʪʦʯʢʠ 5 ʧʨʦʚʦʜʠʤʦ ʣʽʥʽʶ 

h=const (ʚʦʥʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʨʦʮʝʩ ʫ ʩʫʰʘʨʮʽ) ʜʦ ʧʝʨʝʪʠʥʘʥʥʷ ʟ t3=35Áʉ, ʜʝ 
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ʟʥʘʭʦʜʠʤʦ ʪʦʯʢʫ 6, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʪʘʥ ʧʦʚʽʪʨʷ ʧʨʠ ʚʠʭʦʜ ̔ʽʟ ʩʫʰʘʨʢʠ. 

ɼʣʷ ʢʽʥʮʝʚʦʛʦ ʩʪʘʥʫ (ʪʦʯʢʘ 6) ʟʥʘʭʦʜʠʤʦ d2 = 33,0 ʛ/ʢʛ ʽ h2 = 120 ʢɼʞ/ʢʛ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ 1 ʢʛ ʩʫʭʦʛʦ ʧʦʚʽʪʨʷ (ʡʦʛʦ ʢʽʣʴʢʽʩʪʴ ʫ ʚʦʣʦʛʦʤʫ 

ʧʦʚʽʪʨʽ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʯʝʨʝʟ ʢʘʣʦʨʠʬʝʨ ʽ ʩʫʰʘʨʢʫ ʟʘʣʠʰʠʣʦʩ ɹ ʙʝʟ 

ʟʤʽʥʠ), ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʚʦʣʦʛʦʤʫ ʧʦʚʽʪʨʽ, ʟʤʽʥʘ ʚʦʣʦʛʦʚʤʽʩʪʫ ʩʢʣʘʜʘʻ: 
 

ȹd = 33 ï 9 = 24 ʛ/ʢʛ. 
 

ɼʣʷ ʚʠʧʘʨʫ 1 ʢʛ ʚʦʣʦʛʠ ʧʦʪʨʽʙʥʦ, ʱʦʙ ʫ ʚʦʣʦʛʦʤʫ ʧʦʚʽʪʨʽ 

ʟʥʘʭʦʜʠʣʦʩʷ 
 

41,6
24

1000
=  ʢʛ ʩʫʭʦʛʦ ʧʦʚʽʪʨʷ. 

 

ɺʠʪʨʘʪʠ ʪʝʧʣʘ ʚ ʢʘʣʦʨʠʬʝʨʽ ʩʢʣʘʜʘʶʪʴ: 
 

ȹh = h2 ï h1 = 120 ï 42 = 78 ʢɼʞ/ʢʛ. 
 

ɺʠʪʨʘʪʠ ʪʝʧʣʘ ʥʘ 1 ʢʛ ʚʦʣʦʛʠ, ʱʦ ʚʠʧʘʨʦʚʫʻʪʴʩʷ, ʪʦʙʪʦ ʥʘ 41,6 ʢʛ 

ʩʫʭʦʛʦ ʧʦʚʽʪʨʷ, ʩʢʣʘʜʘʻ 

q = 78 Ā 41,6 = 3250 ʢɼʞ/ʢʛ. 
 

ʇʨʠʢʣʘʜ 1.26. ɺʦʜʷʥʘ ʧʘʨʘ ʚʠʪʽʢʘʻ ʟ ʥʘʩʘʜʢʠ, ʱʦ ʟʚʫʞʫʻʪʴʩʷ. 

ʇʦʯʘʪʢʦʚʽ ʧʘʨʘʤʝʪʨʠ: ʪʠʩʢ ʈ1 1 ʄʇʘ, t1=300
ʦ
C; ʪʠʩʢ ʩʝʨʝʜʦʚʠʱʘ, ʜʦ ʷʢʦʛʦ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʪʽʢʘʥʥʷ, ʚ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ï 0,6 ʄʇʘ, ʚ ʜʨʫʛʦʤʫ ï  

0,2 ʄʇʘ. ɺʠʟʥʘʯʠʪʠ ʰʚʠʜʢʽʩʪʴ ʚʠʪʽʢʘʥʥʷ ʽ ʩʝʢʫʥʜʥʫ ʚʠʪʨʘʪʫ, ʷʢʱʦ ʧʣʦʱʘ 

ʚʠʭʽʜʥʦʛʦ ʧʝʨʝʨʽʟʫ fʤʽʥ=30 ʩʤ
2
. 

ʈʦʟʚôʷʟʘʥʥʷ. ɼʣʷ ʧʝʨʰʦʛʦ ʚʠʧʘʜʢʫ ʚʠʪʽʢʘʥʥʷ 
 

0,5460,6
10

6

P

P
êð

1

2 =b>== . 

 

ʉʧʦʯʘʪʢʫ ʥʘ hs-ʜʽʘʛʨʘʤʽ ʟʥʘʭʦʜʠʤʦ ʪʦʯʢʫ 1 ʥʘ ʧʝʨʝʪʠʥʘʥʥʽ ʽʟʦʙʘʨʠ 

10 ʙʘʨ ʡ ʽʟʦʪʝʨʤʠ 300
ʦ
ʉ (ʨʠʩ. 1.39).  

ʅʘ ʧʝʨʝʪʠʥʘʥʥʽ ʚʝʨʪʠʢʘʣʽ ʟ ʪʦʯʢʠ 1 ʡ ʽʟʦʙʘʨʠ 6 ʙʘʨ ʟʥʘʭʦʜʠʤʦ  

ʪʦʯʢʫ 2. ɿʥʘʯʝʥʥʷ h1 ʽ h2 ʜʣʷ ʨʽʚʥʷʥʥʷ (1.176) h2 ʟʥʘʭʦʜʠʤʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ  

ʨʠʩʫʥʢʘ 1.39: h1 = 3050 ʢɼʞ/ʢʛ, h2 = 2920 ʢɼʞ/ʢʛ.  

ʊʦʜʽ ʟʘ ʨʽʚʥʷʥʥʷʤ (1.176): 
 

( ) 51410292030501,41 3 =-=w  ʤ/ʩ. 
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ʈʠʩʫʥʦʢ 1.39 ï ɺʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚʠʪʽʢʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

 hs-ʜ̔ ʘʛʨʘʤʠ  
 

 

ʉʝʢʫʥʜʥʫ ʚʠʪʨʘʪʫ ʚʠʟʥʘʯʘʻʤʦ ʟʘ ʨʽʚʥʷʥʥʷʤ (1.182). ʋ ʜʘʥʦʤʫ 

ʚʠʧʘʜʢʫ ʚʠʪʽʢʘʥʥʷ ʧʘʨʘ, ʱʦ ʚʠʭʦʜʠʪʴ ʽʟ ʩʦʧʣʘ, ʻ ʧʝʨʝʛʨʽʪʦ .ʁ ʇʠʪʦʤʠʡ 

ʦʙôʻʤ v2 ʟʥʘʭʦʜʠʤʦ ʟʘ ʜʦʧʦʤʦʛʦʶ hs-ʜʽʘʛʨʘʤʠ ʜʣʷ ʪʦʯʢʠ 2: v2=0,38 ʤ
3
/ʢʛ. 

ʇʽʜʩʪʘʚʣʷʻʤʦ ʦʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʜʦ ʨʽʚʥʷʥʥʷ (1.182): 
 

4,03
0,38

5140,003

v

f
M

2

=
Ö

=
w

=  ʢʛ/ʩ. 

 

ɼʣʷ ʜʨʫʛʦʛʦ ʚʠʧʘʜʢʫ ʚʠʪʽʢʘʥʥʷ 
 

0,5460,2
10

2

P

P
êð

1

2 =b<== , 

 

ʪʦʤʫ ʚ ʧʝʨʝʨʽʟʽ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʢʨʠʪʠʯʥʘ ʰʚʠʜʢʽʩʪʴ, ʟʥʘʯʝʥʥʷ ʷʢʦʾ 

ʚʠʟʥʘʯʘʻʤʦ ʟʘ ʨʽʚʥʷʥʥʷʤ (1.186), ʧʨʠʯʦʤʫ ʦʙôʻʤ v1 ʟʥʘʭʦʜʠʤʦ  

ʟʘ hs-ʜ̔ʘʛʨʘʤʦ  ʁʜʣʷ ʈ1=1 ʄʇʘ ʠ t1=300Áʉ: v1=0,26 ʤ
3
/ʢʛ. 

ɿʛʽʜʥʦ ʟ ʨʽʚʥʷʥʥʷʤ (1.186) ʟʥʘʭʦʜʠʤʦ: 
 

5500,2610
11,33

1,33
2 6

êð ºÖ
+

=w  ʤ/ʩ. 

 

ʉʝʢʫʥʜʥʫ ʚʠʪʨʘʪʫ ʚʠʟʥʘʯʘʻʤʦ ʟʘ ʨʽʚʥʷʥʥʷʤ (1.190): 
 

B

ʈ=1 ʄʇʘ=10 ʙʘʨ
1

K

x=const

t =300 C
1

o

h

s

1

h2

h1

2

ʈ=6 ʙʘʨ
2

t =235 C
2

o
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0,386
11,33

2

0,26

10

11,33

1,332
0,003M

11,33

2
6

ìàêñ =ö
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õ
æ
ç

å

+
Ö

+

Ö
=

-
 ʢʛ/ʩ. 

 

ɿʥʘʯʝʥʥʷ ɤʢʨ ʤʦʞʥʦ ʚʠʟʥʘʯʠʪʠ ʪʘʢʦʞ ʟʘ ʨʽʚʥʷʥʥʷʤʠ (1.195), ʧʨʠ 

ʮʴʦʤʫ ʚ ʨʽʚʥʷʥʥʷ (1.190) ʥʝʦʙʭʽʜʥʦ ʧʽʜʩʪʘʚʣʷʪʠ ʟʥʘʯʝʥʥʷ hʢʨ, ʷʢʝ ʪʘʢʦʞ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ hs-ʜ̔ʘʛʨʘʤʠ ʜʣʷ ʈʢʨ=ɓʢʨʈ1. 

ʇʨʠʢʣʘʜ 1.27. ɺʠʟʥʘʯʠʪʠ ʰʚʠʜʢʽʩʪʴ ʚʠʪʽʢʘʥʥʷ, ʩʝʢʫʥʜʥʫ ʚʠʪʨʘʪʫ  ̔

fʤʘʢʩ ʧʨʠ ʚʠʪʽʢʘʥʥʽ ʧʘʨʠ ʯʝʨʝʟ ʩʦʧʣʦ ʃʘʚʘʣʷ ʜʣʷ ʥʘʩʪʫʧʥʠʭ ʜʘʥʠʭ:  

ʈ1=1,6 ʄʇʘ; t1=300ÜC; P2=0,1 ʄʇʘ; fʤʽʥ=6 ʩʤ
2
. 

ʈʦʟʚôʷʟʘʥʥʷ. ɿʘ hs-ʜ̔ʘʛʨʘʤʦ  ʁ (ʨʠʩ. ɼ.1 ʜʦʜʘʪʢʘ ɼ) ʟʥʘʭʦʜʠʤʦ 

h1=3040 ʢɼʞ/ʢʛ, h2=2490 ʢɼʞ/ʢʛ, ʭ2=0,92. ʊʦʜʽ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʚʠʪʽʢʘʥʥʷ ʟʛʽʜʥʦ ʟ ʬʦʨʤʫʣʦʶ (1.176): 
 

( ) 1080105501,4110249030401,41 33 =Ö=Ö-=w  ʤ/ʩ. 

 

ɿʥʘʯʝʥʥʷ ʄʤʘʢʩ ʟʥʘʭʦʜʠʤʦ ʟʘ ʨʽʚʥʷʥʥʷʤ (1.190), ʪʘʢ ʷʢ 

(ʈ2/ʈ1)=0,1/1,6=0,062 < ɓʢʨ=0,546. 

ɿʘ hs-ʜ̔ʘʛʨʘʤʦ  ʁ ʟʥʘʭʦʜʠʤʦ ʜʣʷ ʈ1=1,6 ʄʇʘ  ̔ t1=300Áʉ:  

v1=0,16 ʤ
3
/ʢʛ. ʊʦʜʽ 
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ɿʥʘʯʝʥʥʷ fʤʘʢʩ ʟʥʘʭʦʜʠʤʦ ʟ ʨʽʚʥʷʥʥʷ ʥʝʨʦʟʨʠʚʥʦʩʪʽ ʜʣʷ ʚʠʭʽʜʥʦʛʦ 

ʧʝʨʝʨʽʟʫ (1.165): 

Mʤʘʢʩv2= fʤʘʢʩɤ. 
 

ɿʥʘʯʝʥʥʷ v2 ʚʦʣʦʛʦʾ ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ ʟʥʘʭʦʜʠʤʦ ʟʘ ʟʘʣʝʞʥʩ̔ʪʁ (1.119): 

v2=v"ʭ2 + (1 ï x) vô. ɸʣʝ ʪʘʢ ʷʢ ʜʦʜʘʥʦʢ  (1 ï x) vô ʻ ʜʫʞʝ ʤʘʣʠʤ, ʪʦ ʥʠʤ 

ʟʥʝʭʪʫʻʤʦ. ɿʘ ʪʘʙʣʠʮʝʶ ɻ.1 ʜʦʜʘʪʢʘ ɻ v"=1,695 ʤ3
/ʢʛ (ʜʣʷ ʈ1=0,1 ʄʇʘ); 

ʟʥʘʯʝʥʥʷ ʭ2 ʟʥʘʭʦʜʠʤʦ ʟʘ hs-ʜʽʘʛʨʘʤʦʶ: ʭ2=0,92. ʊʦʜʽ ʟʘ ʨʽʚʥʷʥʥʷʤ (1.119) 

ʟʥʘʭʦʜʠʤʦ:  
 

v2=v"ʭ2=1,695Ā0,92=1,56 ʤ
3
/ʢʛ. 

 

ʊʘʢʠʤ ʯʠʥʦʤ ʟʛʽʜʥʦ ʟ ʨʽʚʥʷʥʥʷʤ (1.165) ʦʪʨʠʤʘʻʤʦ: 
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0,00184
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1,561,27vÌ
f 2ìàêñ
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ʇʨʠʢʣʘʜ 1.28. ɺʠʟʥʘʯʠʪʠ ʰʚʠʜʢʽʩʪʴ ʚʠʪʽʢʘʥʥʷ ʘʟʦʪʫ, ʷʢʱʦ 

ʈ1 = 70 ʘʪʤ., ʈ2=45 ʘʪʤ., t1=50Áʉ. 

ʈʦʟʚôʷʟʘʥʥʷ. ɿʥʘʭʦʜʠʤʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʽʥʮʝʚʦʛʦ ʽ ʧʦʯʘʪʢʦʚʦʛʦ 

ʪʠʩʢʽʚ: 
 

0,64
70

45

P

P
κ

1

2 === . 

 

ʇʦʨʽʚʥʷ̒ ʤʦ ʡʦʛʦ ʟ ɓʢʨ, ʷʢʝ ʜʦʨʽʚʥʶʻ 0,528, ʪʦʤʫ ʱʦ ʘʟʦʪ ʻ 

ʜʚʦʘʪʦʤʥʠʤ ʛʘʟʦʤ. ʊʘʢ ʷʢ ɓ>ɓʢʨ, ʪʦ ʰʚʠʜʢʽʩʪʴ ʚʠʟʥʘʯʘʻʤʦ ʟʘ ʨʽʚʥʷʥʥʷʤ 

(1.181): 
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ʇʠʪʦʤʠʡ ʦʙôʻʤ ʚʠʟʥʘʯʘʻʤʦ ʟ ʨʽʚʥʷʥʥʷ ʂʣʘʧʝʡʨʦʥʘ: 
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ʈʦʟʨʘʭʦʚʫʻʤʦ ʰʚʠʜʢʽʩʪʴ: 
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ʇʨʠʢʣʘʜ 1.29. ʇʝʨʝʛʨʽʪʘ ʚʦʜʷʥʘ ʧʘʨʘ ʧʨʠ ʪʠʩʢʫ ʈ1=100 ʘʪʤ. ʽ 

t1=500ÁC ʚʠʪʽʢʘʻ ʜʦ ʩʝʨʝʜʦʚʠʱʘ ʟ ʈ2=2 ʘʪʤ. ɺʠʪʨʘʪʘ ʧʘʨʠ ʄ=3 ʢʛ/ʩ. 

ɺʠʟʥʘʯʠʪʠ ʰʚʠʜʢʽʩʪʴ ʚʠʪʽʢʘʥʥʷ ʽ ʧʣʦʱʫ ʧʝʨʝʨʽʟʫ ʥʘʩʘʜʢʠ. 

ʈʦʟʚôʷʟʘʥʥʷ. ɺʠʟʥʘʯʘʻʤʦ, ʷʢʝ ʩʦʧʣʦ ʪʨʝʙʘ ʚʟʷʪʠ ʜʣʷ ʜʘʥʦʛʦ ʚʠʧʘʜʢʫ 

ʚʠʪʽʢʘʥʥʷ. ʏʝʨʝʟ ʪʝ, ʱʦ  
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ʜʣʷ ʧʦʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ ʧʘʨʠ ʪʨʝʙʘ ʚʟʷʪʠ ʩʦʧʣʦ 

ʃʘʚʘʣʷ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ hs-ʜʽʘʛʨʘʤʠ ʜʣʷ ʚʠʪʽʢʘʥʥʷ ʟʘ ʘʜʽʘʙʘʪʦʶ ʚʠʟʥʘʯʘʻʤʦ 

ʝʥʪʘʣʴʧʽʾ ʧʘʨʠ ʫ ʧʦʯʘʪʢʦʚʦʤʫ ʽ ʢʽʥʮʝʚʦʤʫ ʩʪʘʥʘʭ: 
 

./;/ ʢʛʢɼʞʢʛʢɼʞ 2500 h   3375 h 21 ==  

 

ɿʥʘʭʦʜʠʤʦ ʰʚʠʜʢʽʩʪʴ ʚʠʪʽʢʘʥʥʷ: 
 

./ñì1324  2500337544,76 =-=w . 
 

ɼʣʷ ʚʠʭʽʜʥʦʛʦ ʧʝʨʝʨʽʟʫ ʟʥʘʭʦʜʠʤʦ: 
 

./ʢʛʤ30,724  0,9050,8ʭ'v'v 222 =Ö==  

 

ʇʣʦʫɦ ʚʠʭʽʜʥʦʛʦ ʧʝʨʝʨʽʟʫ ʚʠʟʥʘʯʘʻʤʦ ʟʘ ʨʽʚʥʷʥʥʷʤ 
 

.2ì0,00164  
1324

0,7243Mv
f 2 =

Ö
=

w
=  

 

ɿʘʜʘʥʘ ʚʠʪʨʘʪʘ ʧʘʨʠ ʄ ï ʤʘʢʩʠʤʘʣʴʥʘ. ɺʝʣʠʯʠʥʘ fʤʽʥ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʨʽʚʥʷʥʥʷʤ 

ʄvʢʨ=fʤʽʥɤʢʨ, 
 

ʜʦ ʷʢʦʛʦ ʧʽʜʩʪʘʚʣʝʥʦ ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʛʦ ʧʝʨʝʨʽʟʫ, ʘʙʦ ʟʘ ʨʽʚʥʷʥʥʷʤ 
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ʫ ʷʢʦʤʫ f=fʤʽʥ, ʘ ʄ=ʄʤʘx. 

ʈʦʟʨʘʭʦʚʫʻʤʦ fʤʽʥ: 
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ʇʨʠʢʣʘʜ 1.30. ʇʝʨʝʛʨʽʪʘ ʧʘʨʘ ʟ ʪʠʩʢʦʤ ʈʧ=100 ʙʘʨ ʽ ʪʝʤʧʝʨʘʪʫʨʦʶ 

600Áʉ ʜʨʦʩʝʣʶʻʪʴʩʷ ʜʦ ʈʢ=5 ʙʘʨ. ɺʠʟʥʘʯʠʪʠ, ʷʢ ʟʤʽʥʷʪʴʩʷ ʝʥʪʘʣʴʧʽʷ, 
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ʝʥʪʨʦʧʽʷ ʽ ʧʠʪʦʤʠʡ ʦʙôʻʤ ʧʘʨʠ ʚ ʮʴʦʤʫ ʧʨʦʮʝʩʽ. 

ʈʦʟʚôʷʟʘʥʥʷ. ʇʨʦʮʝʩ ʜʨʦʩʝʣʶʚʘʥʥʷ ʟʦʙʨʘʞʫʻʪʴʩʷ ʥʘ hs-ʜʽʘʛʨʘʤʽ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ ʣʽʥʽʻʶ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʽʥʮʝʚʦʾ ʪʦʯʢʠ ʧʨʦʮʝʩʫ ʧʨʦʚʦʜʠʤʦ 

ʛʦʨʠʟʦʥʪʘʣʴ ʟ ʪʦʯʢʠ 7 ʜʦ ʧʝʨʝʪʠʥʘʥʥʷ ʟ ʽʟʦʙʘʨʦʶ ʈ=5 ʙʘʨ (ʜʠʚ. ʨʠʩ. 1.28). 

ɿʤʽʥʘ ʝʥʪʘʣʴʧʽʾ ʧʨʠ ʜʨʦʩʝʣʶʚʘʥʥʽ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. ɽʥʪʨʦʧʽʶ 

ʧʦʯʘʪʢʦʚʦʛʦ ʽ ʢʽʥʮʝʚʦʛʦ ʩʪʘʥʽʚ ʚʠʟʥʘʯʘʻʤʦ, ʧʨʦʝʢʪʫʶʯʠ ʪʦʯʢʠ 7 ʽ 8 ʥʘ ʚʽʩʴ 

ʘʙʩʮʠʩ sʧ=6,90 ʢɼʞ/ʢʛʂ, sʢ=8,28 ʢɼʞ/ʢʛʂ. 
 

Ds=8,28 ï 6,9=1,38 ʢɼʞ/ʢʛʂ. 
 

ɿʥʘʯʝʥʥʷ ʧʠʪʦʤʦʛʦ ʦʙôʻʤʫ ʟʥʘʭʦʜʠʤʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʽʥʽʡ ʧʦʩʪʽʡʥʦʛʦ 

ʦʙôʻʤʫ vʧ=0,038 ʤ
3
/ʢʛ, vʢ=0,8 ʤ

3
/ʢʛ. 

 

Dv=0,8 ï 0,038=0,762 ʤ
3
/ʢʛ. 

 

ʇʨʠʢʣʘʜ 1.31. ʇʦʚʽʪʨʷ ʟ ʨʝʟʝʨʚʫʘʨʫ ʟ ʧʦʩʪʽʡʥʠʤ ʪʠʩʢʦʤ 100 ʙʘʨ ʽ 

ʪʝʤʧʝʨʘʪʫʨʦʶ 15
o
ʉ ʚʠʪʽʢʘʻ ʜʦ ʘʪʤʦʩʬʝʨʠ ʯʝʨʝʟ ʪʨʫʙʢʫ ʟ ʚʥʫʪʨʽʰʥʽʤ 

ʜʽʘʤʝʪʨʦʤ 10 ʤʤ. ɺʠʟʥʘʯʠʪʠ ʰʚʠʜʢʽʩʪʴ ʚʠʪʽʢʘʥʥʷ ʧʦʚʽʪʨʷ ʽ ʡʦʛʦ ʩʝʢʫʥʜʥʫ 

ʚʠʪʨʘʪʫ. ɿʦʚʥʽʰʥʽʡ ʪʠʩʢ ʜʦʨʽʚʥʶʻ 1 ʙʘʨ. ʇʨʦʮʝʩ ʨʦʟʰʠʨʝʥʥʷ ʧʦʚʽʪʨʷ 

ʚʚʘʞʘʪʠ ʘʜʽʘʙʘʪʥʠʤ. 

ʈʦʟʚôʷʟʘʥʥʷ. ɺʠʟʥʘʯʘʻʤʦ ʚʝʣʠʯʠʥʫ ɓ ʽ ʧʦʨʽʚʥʶʻʤʦ ʾʾ ʟ ʢʨʠʪʠʯʥʠʤ 

ʟʥʘʯʝʥʥʷʤ ʜʣʷ ʧʦʚʽʪʨʷ: 
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ʐʚʠʜʢʽʩʪʴ ʚʠʪʽʢʘʥʥʷ ʙʫʜʝ ʢʨʠʪʠʯʥʦʶ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ 
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ɺʠʟʥʘʯʠʚʰʠ ʧʣʦʱʫ ʧʝʨʝʨʽʟʫ ʩʦʧʣʘ ʽ ʧʦʯʘʪʢʦʚʠʡ ʧʠʪʦʤʠʡ ʦʙôʻʤ 

ʧʦʚʽʪʨʷ, ʨʦʟʨʘʭʦʚʫʻʤʦ ʩʝʢʫʥʜʥʫ ʚʠʪʨʘʪʫ: 
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1.7  ɿʘʚʜʘʥʥʷ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ 
 

ɿʘʜʘʯʘ 1.1. ɺʠʟʥʘʯʠʪʠ ʧʠʪʦʤʠʡ ʦʙôʻʤ ʽ ʛʫʩʪʠʥʫ ʘʟʦʪʫ, ʷʢʱʦ 

ʥʘʜʣʠʰʢʦʚʠʡ ʪʠʩʢ ʈʥʘʜ=0,2 ʘʪ, ʪʝʤʧʝʨʘʪʫʨʘ t=127Á ʉ, ʘ ʙʘʨʦʤʝʪʨʠʯʥʠʡ 

ʪʠʩʢ ʈʘʪʤ=780 ʤʤ ʨʪ.ʩʪ. 

ʈʦʟʚôʷʟʦʢ: v=0,96 ʤ3
/ʢʛ, r=1,04 ʢʛ/ʤ3

. 

ɿʘʜʘʯʘ 1.2. ʆʙôʻʤ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʧʨʠ ʈ=5 ʘʪ ʠ t=120Áʉ ʩʢʣʘʜʘʻ 

V=3 ʤį. ʇʨʠʚʝʩʪʠ ʦʙôʻʤ ʛʘʟʫ ʜʦ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ. 

ʈʦʟʚôʷʟʦʢ: Vʥ=10,1 ʤ
3
. 

ɿʘʜʘʯʘ 1.3. ʇʨʠ ʷʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʛʫʩʪʠʥʘ ʘʟʦʪʫ (ʪʠʩʢ 1,5 ʄʇʘ) ʙʫʜʝ 

ʜʦʨʽʚʥʶʚʘʪʠ 3 ʢʛ/ʤ
3
? 

ʈʦʟʚôʷʟʦʢ: t = 1422Áʉ. 

ɿʘʜʘʯʘ 1.4. ʄʘʩʘ ʧʦʨʦʞʥʴʦʛʦ ʙʘʣʦʥʘ ʜʣʷ ʢʠʩʥʶ ʻʤʥʽʩʪʶ 50 ʣ 

ʜʦʨʽʚʥʶʻ 80 ʢʛ. ɺʠʟʥʘʯʠʪʠ ʤʘʩʫ ʙʘʣʦʥʘ ʧʽʩʣʷ ʟʘʧʦʚʥʝʥʥʷ ʡʦʛʦ ʢʠʩʥʝʤ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ t = 20Áʉ ʜʦ ʪʠʩʢʫ 100 ʙʘʨ. 

ʈʦʟʚôʷʟʦʢ:  m = 86,57 ʢʛ. 

ɿʘʜʘʯʘ 1.5. ʋ ʙʘʣʦʥʽ ʻʤʥʽʩʪʶ 80 ʣ ʟʥʘʭʦʜʠʪʴʩʷ ʧʦʚʽʪʨʷ ʧʽʜ ʪʠʩʢʦʤ 

10000 ʢʇʘ ʪʘ ʪʝʤʧʝʨʘʪʫʨʽ 27
¯
C. ʇʽʩʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʘʩʪʠʥʠ ʧʦʚʽʪʨʷ ʜʣʷ 

ʧʫʩʢʫ ʜʚʠʛʫʥʘ ʪʠʩʢ ʟʤʝʥʰʠʚʩʷ ʜʦ 5000 ʢʇʘ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʫʧʘʣʘ ʜʦ 17
¯
C. 

ɺʠʟʥʘʯʠʪʠ ʤʘʩʫ ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʧʦʚʽʪʨʷ. 

ʈʦʟʚôʷʟʦʢ: m = 4,5 ʢʛ 

ɿʘʜʘʯʘ 1.6. ɺʠʟʥʘʯʠʪʠ ʘʙʩʦʣʶʪʥʠʡ ʪʠʩʢ ʫ ʧʘʨʦʚʦʤʫ ʢʦʪʣʽ, ʷʢʱʦ 

ʤʘʥʦʤʝʪʨ ʧʦʢʘʟʫʻ 2,45 ʙʘʨ, ʘ ʘʪʤʦʩʬʝʨʥʠʡ ʪʠʩʢ ʟʘ ʨʪʫʪʥʠʤ ʙʘʨʦʤʝʪʨʦʤ 

ʜʦʨʽʚʥʶʻ 700 ʤʤ ʨʪ.ʩʪ. ʧʨʠ t = 20
ʦ
ʉ. 

ʈʦʟʚôʷʟʦʢ:  ʈ = 3,38 ʙʘʨ. 

ɿʘʜʘʯʘ 1.7. ʇʨʠʻʜʥʘʥʠʡ ʜʦ ʛʘʟʦʭʦʜʫ ʧʘʨʦʚʦʛʦ ʢʦʪʣʘ ʪʷʛʦʤʽʨ ʧʦʢʘʟʫʻ 

ʨʦʟʨʜ̫ʞʝʥʥʷ, ʨʽʚʥʝ 80 ʤʤ ʚʦʜ.ʩʪ. ɺʠʟʥʘʯʠʪʠ ʘʙʩʦʣʶʪʥʠʡ ʪʠʩʢ ʜʠʤʦʚʠʭ 

ʛʘʟʽʚ, ʷʢʱʦ ʧʦʢʘʟʘʥʥʷ ʙʘʨʦʤʝʪʨʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 0Áʉ ʜʦʨʽʚʥʶʻ 

770 ʤʤ ʨʪ.ʩʪ. 

ʈʦʟʚôʷʟʦʢ: ʈ = 764,1 ʤʤ ʨʪ. ʩʪ. 
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ɿʘʜʘʯʘ 1.8. ɺʠʟʥʘʯʠʪʠ ʤʘʩʫ ʢʠʩʥʶ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ ʙʘʣʦʥʽ ʻʤʥʽʩʪʶ 

60 ʣ, ʷʢʱʦ ʪʠʩʢ ʢʠʩʥʶ ʟʘ ʤʘʥʦʤʝʪʨʦʤ ʜʦʨʽʚʥʶʻ 10,8 ʙʘʨ, ʘ ʧʦʢʘʟʘʥʥʷ 

ʨʪʫʪʥʦʛʦ ʙʘʨʦʤʝʪʨʘ ï 745 ʤʤ ʨʪ.ʩʪ. ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 25Áʉ. 

ʈʦʟʚôʷʟʦʢ:  m = 0,91  ʢʛ. 

ɿʘʜʘʯʘ 1.9. ɼʦ ̫ʢʦʛʦ ʪʠʩʢʫ ʟʘ ʤʘʥʦʤʝʪʨʦʤ ʥʝʦʙʭʽʜʥʦ ʩʪʠʩʥʫʪʠ ʩʫʤʽʰ, 

ʷʢʘ ʤʽʩʪʠʪʴ ʟʘ ʦʙôʻʤʦʤ 18% 2ÑÎ , 12% 2Î , 70%, 2N , ʱʦʙ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

t=180Áʉ 8 ʢʛ ʮʽʻʾ ʩʫʤʽʰʽ ʟʘʡʤʘʣʠ V=4 ʤį? ɸʪʤʦʩʬʝʨʥʠʡ ʪʠʩʢ ʧʨʠʡʥʷʪʠ 

ʈʘʪʤ=760 ʤʤ ʨʪ.ʩʪ. 

ʈʦʟʚôʷʟʦʢ: ʈʥʘʜ=142 ʢʇʘ. 

ɿʘʜʘʯʘ 1.10. ɿʥʘʡʪʠ ʩʝʨʝʜʥʶ ʪʝʧʣʦʤ̒ʥʩ̔ʪʴ ʉʨ  ̔ʉvô ʚ ʽʥʪʝʨʚʘʣʽ 

ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ t1=200Áʉ ʜʦ t2=800Áʉ ʜʣʷ ʘʟʦʪʫ, ʚʚʘʞʘʶʯʠ, ʱʦ ʟʘʣʝʞʥʽʩʪʴ 

ʉ=f(t) ʻ ʣ̔ʥ̔ʡʥʦʁ. 

ʈʦʟʚôʷʟʦʢ:  ʉʨ=1,11 ʢɼʞ/(ʢʛ ʂ), ʉvô=1,02 ʢɼʞ/(ʤ
3
 ʂ). 

ɿʘʜʘʯʘ 1.11. ɼʣʷ ʛʘʟʦʚʦʾ ʩʫʤʽʰʽ ʩʢʣʘʜʫ 
2ÑOr =12,3%, 

2Îr =7,2%, 

2Nr =80,5%. ɿʥʘʡʪʠ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ 1 ʤį (ʟʘ ʥʦʨʤʘʣʴʥʠʭ 

ʫʤʦʚ) ʚʽʜ 200 ʜʦ 1000Áʉ ʧʨʠ ʈ=const ʡ ʥʝʣ̔ʥ̔ʡʥ̔ʡ ʟʘʣʝʞʥʦʩʪʽ ʩ = f (t). 

ʈʦʟʚôʷʟʦʢ:  q=1228 ʢɼʞ/ʤ
3
. 

ɿʘʜʘʯʘ 1.12. ɻʝʥʝʨʘʪʦʨʥʠʡ ʛʘʟ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʦʙ'ʻʤʥʠʡ ʩʢʣʘʜ: ʅ2=7%, 

ʉʅ4=2%, ʉʆ=27,6%, ʉʆ2=4,85%, N2=58,6%. ɺʠʟʥʘʯʠʪʠ ʤʘʩʦʚʽ ʯʘʩʪʢʠ, 

ʤʦʣʷʨʥʫ ʤʘʩʫ, ʛʘʟʦʚʫ ʩʪʘʣʫ  ̔ʛʫʩʪʠʥʫ ʧʨʠ 15
ʦ
ʉ ʽ 0,1 ʄʇʘ. 

ʈʦʟʚôʷʟʦʢ: g(H2)=0,005, g(CH4)=0,012, g(CO)=0,289, g(CO2)=0,079? 

g(N2)=0,615, ɛʩʫʤ=26,72 ʢʛ/ʢʤʦʣʴ, Rʩʫʤ=310,8 ɼʞ/(ʢʛĀK), rʩʫʤ=1,095 ʢʛ/ʤ
3
. 

ɿʘʜʘʯʘ 1.13. ɻʘʟʦʚʘ ʩʫʤʽʰ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʤʘʩʦʚʠʡ ʩʢʣʘʜ: Cʆ2=12%; 

ʆ2=8% ʽ N2=80%. ɼʦ ʷʢʦʛʦ ʪʠʩʢʫ ʧʦʪʨʽʙʥʦ ʩʪʠʩʥʫʪʠ ʮʶ ʩʫʤʽʰ, ʱʦ 

ʟʥʘʭʦʜʠʪʴʩʷ ʧʨʠ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ, ʱʦʙ ʾʾ ʛʫʩʪʠʥʘ ʜʦʨʽʚʥʶʚʘʣʘ 1,6 ʢʛ/ʤ
3
? 

ʈʦʟʚôʷʟʦʢ:  ʜʦ ʈ=0,213 ʄʇʘ. 

ɿʘʜʘʯʘ 1.14. ʋ ʢʘʣʦʨʠʤʝʪʨʠʯʥʽʡ ʙʦʤʙʽ ʻʤʥʽʩʪʶ 300 ʩʤ
3 
ʟʥʘʭʦʜʠʪʴʩʷ 

ʢʠʩʝʥʴ ʧʽʜ ʪʠʩʢʦʤ 26 ʙʘʨ ʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 22Áʉ. ɺʠʟʥʘʯʠʪʠ ʪʝʤʧʝʨʘʪʫʨʫ 

ʢʠʩʥʶ ʧʽʩʣʷ ʧʽʜʚʝʜʝʥʥʷ ʜʦ ʥʴʦʛʦ ʪʝʧʣʘ ʚ ʢʽʣʴʢʦʩʪʽ 1 ʢʢʘʣ, ʚʚʘʞʘʶʯʠ 

ʟʘʣʝʞʥʽʩʪʴ ʪʝʧʣʦʻʤʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʣʽʥʽʡʥʦʶ. 

ʈʦʟʚôʷʟʦʢ:  t2 = 593Áʉ. 

ɿʘʜʘʯʘ 1.15. ʇʦʚʽʪʨʷ ʚ ʢʽʣʴʢʦʩʪʽ 0,5 ʢʛ ʧʨʠ ʈ1 = 5 ʙʘʨ ʽ t1 =  30Áʉ 

ʨʦʟh ʠʨʶʻʪʴʩʷ ʽʟʦʪʝʨʤʽʯʥʦ ʜʦ ʧôʷʪʠʢʨʘʪʥʦʛʦ ʦʙôʻʤʫ. ɺʠʟʥʘʯʠʪʠ ʨʦʙʦʪʫ, 

ʷʢʫ ʚʠʢʦʥʫʻ ʛʘʟ, ʢʽʥʮʝʚʠʡ ʪʠʩʢ ʽ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʘ, ʷʢʘ ʧʝʨʝʜʘʻʪʴʩʷ ʛʘʟʫ. 

ʈʦʟʚôʷʟʦʢ:  ʈ2 =1 ʙʘʨ; L = Q = 70 ʢɼʞ. 
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ɿʘʜʘʯʘ 1.16. ʈʦʙʦʪʘ, ʷʢʫ ʟʘʪʨʘʯʝʥʦ ʥʘ ʘʜʽʘʙʘʪʥʠʡ ʩʪʠʩʢ 3 ʢʛ ʧʦʚʽʪʨʷ, 

ʜʦʨʽʚʥʶʻ 471 ʢɼʞ. ʇʦʯʘʪʢʦʚʠʡ ʩʪʘʥ ʧʦʚʽʪʨʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʧʘʨʘʤʝʪʨʘʤʠ: t1= 15Áʉ; ʈ1 = 1 ʙʘʨ. ɺʠʟʥʘʯʠʪʠ ʢʽʥʮʝʚʫ ʪʝʤʧʝʨʘʪʫʨʫ ʽ ʟʤʽʥʫ 

ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ. 

ʈʦʟʚôʷʟʦʢ: t2 =  234
o
ʉ; DU = - 471 ʢɼʞ. 

ɿʘʜʘʯʘ 1.17. ʋ ʧʨʦʮʝʩʽ ʧʦʣʽʪʨʦʧʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʜʦ ʧʦʚʽʪʨʷ 

ʧʽʜʚʦʜʠʪʴʩʷ 83,7 ʢɼʞ ʪʝʧʣʘ. ɺʠʟʥʘʯʠʪʠ ʟʤʽʥʫ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʧʦʚʽʪʨʷ ʽ 

ʚʠʢʦʥʘʥʫ ʨʦʙʦʪʫ, ʷʢʱʦ ʦʙôʻʤ ʧʦʚʽʪʨʷ ʟʙʽʣʴʰʠʚʩʷ ʫ 10 ʨʘʟʽʚ, ʘ ʡʦʛʦ ʪʠʩʢ 

ʟʤʝʥʠhʚʩʷ ʫ 8 ʨʘʟʽʚ.  

ʈʦʟʚôʷʟʦʢ: ȹU = 16,7 ʢɼʞ; L =  6702 ɼʞ. 

ɿʘʜʘʯʘ 1.17. ʉʫʜʠʥʘ ʻʤʥʽʩʪʶ V1=200 ʣ ʤʽʩʪʠʪʴ ʢʠʩʝʥʴ ʧʨʠ 

ʘʙʩʦʣʶʪʥʦʤʫ ʪʠʩʢʫ ʈ1=1000 ʢʇʘ ʪʘ ʪʝʤʧʝʨʘʪʫʨʽ t1=47̄ ʉ. ɺʠʟʥʘʯʠʪʠ ʤʘʩʫ 

ʢʠʩʥʶ, ʢʽʥʮʝʚʫ ʪʝʤʧʝʨʘʪʫʨʫ, ʟʤʽʥʫ ʝʥʪʨʦʧʽʾ ʪʘ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʷʢʫ 

ʥʝʦʙʭʽʜʥʦ ʧʽʜʚʝʩʪʠ, ʱʦʙ ʧʽʜʥʷʪʠ ʪʠʩʢ ʚ ʧʨʦʮʝʩʽ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʦʙôʻʤʽ ʜʦ 

ʈ2=2000 ʢʇʘ. ʇʠʪʦʤʫ ʪʝʧʣʦʻʤʥʽʩʪʴ ʚʚʘʞʘʪʠ ʥʝʣʽʥʽʡʥʦ ʟʘʣʝʞʥʦʶ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ. 

ʈʦʟʚôʷʟʦʢ: m=2,4 ʢʛ, ʊ2=640 ʂ, DS=1,12 ʢɼʞ/ʂ, Q=543 ʢɼʞ. 

ɿʘʜʘʯʘ 1.18. 2 ʢʛ ʧʦʚʽʪʨʷ ʟʜʽʡʩʥʶʶʪʴ ʮʠʢʣ ʂʘʨʥʦ ʚ ʥʘʩʪʫʧʥʠʭ 

ʤʝʞʘʭ: ʈ1=40 ʘʪʤ, ʊ1=700 ʂ, ʈ3=1,1 ʘʪʤ, ʊ3=300 ʂ. ʈʦʟʨʘʭʫʚʘʪʠ ʮʠʢʣ. 

ʈʦʟʚôʷʟʦʢ: V1=0,142 ʤ
3
, V3=3,05 ʤ

3
, ʈ4=632 ʢʇʘ, ht=0,415. 

ɿʘʜʘʯʘ 1.19. ʎʠʢʣ ʂʘʨʥʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʥʘʩʪʫʧʥʠʭ ʤʝʞʘʭ: t1=150
o
C, 

t2=5
o
C. ɺʠʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʱʦ ʙʫʣʦ ʚʽʜʜʘʥʦ ʭʦʣʦʜʠʣʴʥʠʢʫ, ʷʢʱʦ 

ʚʽʜ ʛʘʨʷʯʦʛʦ ʜʞʝʨʝʣʘ ʪʝʧʣʦʪʠ ʦʪʨʠʤʘʥʦ q1=418 ʢɼʞ. 

ʈʦʟʚôʷʟʦʢ: q2=143 ʢɼʞ. 

ɿʘʜʘʯʘ 1.20. ʋ ʮʠʢʣʽ ʂʘʨʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 418 ʢɼʞ ʪʝʧʣʦʪʠ, 

ʧʨʠʯʦʤʫ ʜʦ ʥʠʞʥʴʦʛʦ ʜʞʝʨʝʣʘ ʚʽʜʚʦʜʠʪʴʩʷ q2=167,2 ʢɼʞ ʪʝʧʣʦʪʠ. 

ɺʠʟʥʘʯʠʪʠ ʪʝʨʤʽʯʥʠʡ ʂʂɼ ʽ ʚʝʨʭʥʶ ʤʝʞʫ ʪʝʤʧʝʨʘʪʫʨ, ʷʢʱʦ ʥʠʞʥʷ ʤʝʞʘ 

ʜʦʨʽʚʥʶʻ T2=300 ʂ. 

ʈʦʟʚôʷʟʦʢ: : ht=0,715, T1=1050 ʂ. 

ɿʘʜʘʯʘ 1.21. ʇʝʨʝʛʨʽʪʘ ʚʦʜʷʥʘ ʧʘʨʘ ʟ ʧʦʯʘʪʢʦʚʠʤ ʪʠʩʢʦʤ P1=0,1 ʄʇʘ 

ʽ ʧʦʯʘʪʢʦʚʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ t1=230Áʉ ʩʪʠʩʢʘ̒ ʪʴʩʷ ʽʟʦʪʝʨʤʽʯʥʦ ʜʦ ʩʪʫʧʝʥʷ 

ʩʫʭʦʩʪʽ ʭ2=0,85. ɺʠʟʥʘʯʠʪʠ ʧʘʨʘʤʝʪʨʠ ʧʘʨʠ ʚ ʧʦʯʘʪʢʦʚʦʤʫ ʽ ʢʽʥʮʝʚʦʤʫ 

ʩʪʘʥʘʭ, ʢʽʣʴʢʽʩʪʴ ʚʽʜʚʝʜʝʥʦʾ ʪʝʧʣʦʪʠ ʚʽʜ ʧʘʨʠ, ʟʤʽʥʫ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʽ 

ʨʦʙʦʪʫ ʩʪʠʩʢʫ. ɿʦʙʨʘʟʠʪʠ ʪʝʧʣʦʚʠʡ ʧʨʦʮʝʩ ʥʘ hs-ʜ̔ʘʛʨʘʤ.̔ 
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ʈʦʟʚôʷʟʦʢ: P2=0,28 ʄʇʘ; v1=0,23 ʤ
3
/ʢʛ; v2=0,06 ʤ

3
/ʢʛ;  

h1=2900 ʢɼʞ/ʢʛ; h2=2530 ʢɼʞ/ʢʛ; q=370 ʢɼʞ/ʢʛ; Du=-364 ʢɼʞ/ʢʛ;  

l=594 ʢɼʞ/ʢʛ. 

ɿʘʜʘʯʘ 1.22. ɼʦ ʷʢʦʛʦ ʪʠʩʢʫ ʤʘʻ ʙʫʪʠ ʟʨʦʙʣʝʥʝ ʜʨʦʩʝʣʶʚʘʥʥʷ 

ʧʝʨʝʛʨʽʪʦʾ ʚʦʜʷʥʦʾ ʧʘʨʠ ʟ ʧʦʯʘʪʢʦʚʠʤ ʪʠʩʢʦʤ P1=10 ʄʇʘ ʽ ʧʦʯʘʪʢʦʚʦʶ 

ʪʝʤʧʝʨʘʪʫʨʦʶ t1=400Áʉ, ʱʦʙ ʧʠʪʦʤʠʡ ʦʙôʻʤ ʧʘʨʠ ʟʙʽʣʴʰʠʚʩʷ ʫ 1,5 ʨʘʟʠ. 

ɺʠʟʥʘʯʠʪʠ ʟʤʝʥʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠ ʜʨʦʩʝʣʚʁʘʥʥ̔ , ʟʤʽʥʫ ʧʠʪʦʤʦʾ 

ʝʥʪʨʦʧʽʾ 1 ʢʛ ʧʘʨʠ. ɿʦʙʨʘʟʠʪʠ ʪʝʧʣʦʚʠʡ ʧʨʦʮʝʩ ʥʘ hs-ʜ̔ ʘʛʨʘʤʽ. 

ʈʦʟʚôʷʟʦʢ: P2=7 ʄʇʘ; Dt=25 Áʉ; Ds=0,15 ʢɼʞ/ʢʛK. 

ɿʘʜʘʯʘ 1.23. ʊʠʩʢ ʧʘʨʠ ʜʦʨʽʚʥʶʻ 4 ʘʪ, ʧʠʪʦʤʠʡ ʦʙôʻʤ 0,421 ʤ
3
/ʢʛ. 

ʗʢʠʤ ʙʫʜʝ ʧʠʪʦʤʠʡ ʦʙôʻʤ ʧʨʠ ʪʦʤʫ ʞ ʪʠʩʢʫ, ʷʢʱʦ ʧʘʨʘ ʙʫʜʝ ʩʫʭʦʶ 

ʥʘʩʠʯʝʥʦʶ? ʗʢʠʤ ʙʫʜʝ ʪʠʩʢ ʧʘʨʠ ʧʨʠ ʪʦʤʫ ʞʝ ʧʠʪʦʤʦʤʫ ʦʙôʻʤʽ, ʷʢʱʦ ʧʘʨʘ 

ʙʫʜʝ ʩʫʭʦʶ ʥʘʩʠʯʝʥʦʶ? 

ʈʦʟʚôʷʟʦʢ: v=0,4708 ʤ
3
/ʢʛ; P=0,45 ʄʇʘ. 

ɿʘʜʘʯʘ 1.24. ɿʘʜʘʥʦ ʧʘʨʘʤʝʪʨʠ ʚʦʜʷʥʦʾ ʧʘʨʠ P=6 ʘʪ, s=6 ʢɼʞ/ʢʛK. 

ɺʠʟʥʘʯʠʪʠ ʩʪʘʥ ʧʘʨʠ ʽ ʟʘ ʜʦʧʦʤʦʛʦʶ hs-ʜʽʘʛʨʘʤʠ ʟʥʘʡʪʠ ʾʾ ʧʘʨʘʤʝʪʨʠ. 

ʈʦʟʚôʷʟʦʢ: v=0,3 ʤ3
/ʢʛ; t=155 Áʉ; h=2425 ʢɼʞ/ʢʛ. 

ɿʘʜʘʯʘ 1.25. ɼʣʷ ʚʦʜʷʥʦʾ ʧʘʨʠ ʟ ʧʘʨʘʤʝʪʨʘʤʠ P=10 ʘʪ  ̔ t=220 Áʉ 

ʚʠʟʥʘʯʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ hs-ʜʽʘʛʨʘʤʠ ʝʥʪʘʣʴʧʽʶ, ʝʥʪʨʦʧʽʶ, ʧʠʪʦʤʠʡ ʦʙôʻʤ, 

ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʩʠʯʝʥʥʷ ʽ ʩʪʫʧʽʥʴ ʧʝʨʝʛʨʽʚʫ. 

ʈʦʟʚôʷʟʦʢ: v=0,22 ʤ
3
/ʢʛ; h=2980 ʢɼʞ/ʢʛ; s=7 ʢɼʞ/ʢʛK; tʥ=180 Áʉ; 

Dt=40 Áʉ. 

ɿʘʜʘʯʘ 1.26. 1 ʢʛ ʚʦʜʷʥʦʾ ʧʘʨʠ ʥʘʛʨʽʚʘʻʪʴʩʷ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʪʠʩʢʫ. 

ʇʦʯʘʪʢʦʚʽ ʧʘʨʘʤʝʪʨʠ ʧʘʨʠ P=10 ʘʪ, ʭ=0,95. ʂʽʥʮʝʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʘʨʠ 

t=250 Áʉ. ɺʠʟʥʘʯʠʪʠ h1, u1, v1, t1, h2,v2, q, Du.  

ʈʦʟʚôʷʟʦʢ: h1=2680 ʢɼʞ/ʢʛ; u1=2490 ʢɼʞ/ʢʛ; v1=0,19 ʤ
3
/ʢʛ; t1=180 Áʉ; 

h2=2945 ʢɼʞ/ʢʛ; v2=0,23 ʤ
3
/ʢʛ; q=265 ʢɼʞ/ʢʛ; Du=225 ʢɼʞ/ʢʛ. 

ɿʘʜʘʯʘ 1.27. ɺʠʟʥʘʯʠʪʠ ʪʝʧʣʦ, ʱʦ ʡʜʝ ʥʘ ʧʝʨʝʛʨʽʚ ʧʘʨʠ ʚ 

ʧʘʨʦʧʝʨʝʛʨʽʚʘʯʝʚ̔ ʢʦʪʣʘ, ʷʢʱʦ ʜʦ ʥʘʜʭʦʜʞʝʥʥʷ ʜʦ ʥʴʦʛʦ ʧʘʨʘ ʤʘʻ ʪʠʩʢ  

60 ʙʘʨ ʽ ʚʦʣʦʛʽʩʪʴ 0,5%, ʘ ʢʽʥʮʝʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʘʨʠ 500Áʉ. ɿʥʘʡʪʠ ʪʘʢʦʞ 

ʨʦʙʦʪʫ ʧʘʨʠ, ʟʚ'ʷʟʘʥʫ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʾʾ ʦʙôʻʤʫ ʫ ʧʨʦʮʝʩʽ ʧʝʨʝʛʨʽʚʘʥʥʷ, ʱʦ 

ʧʨʦʪʽʢʘʻ ʧʨʠ ʈ=const. 

ʈʦʟʚôʷʟʦʢ: q=647,5 ʢɼʞ/ʢʛ; l=146000 ʢɼʞ/ʢʛ. 
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ɿʘʜʘʯʘ 1.28. ʇʨʦʮʝʩ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʥʝʟʤʽʥʥʽʡ 20%-ʥʽʡ ʚʦʣʦʛʦʩʪʽ 

ʧʘʨʠ ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ ʪʠʩʢʫ 1 ʙʘʨ ʜʦ ʢʽʥʮʝʚʦʛʦ 20 ʙʘʨ. ɿʥʘʡʪʠ ʟʘ ʚʝʣʠʯʠʥʦ  ʁ

ʽ ʟʥʘʢʦʤ ʪʝʧʣʦʪʫ, ʟʤʽʥʫ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʽ ʨʦʙʦʪʫ ʧʨʦʮʝʩʫ. 

ʈʦʟʚôʷʟʦʢ: q=-250,1 ʢɼʞ/ʢʛ; Du=173,5 ʢɼʞ/ʢʛ; l=-424000 ʢɼʞ/ʢʛ. 

ɿʘʜʘʯʘ 1.29. ʇʦʨʽʚʥʷʪʠ ʟʥʘʯʝʥʥʷ ʝʥʪʨʦʧʽʾ ʽ ʝʥʪʘʣʴʧʽʾ ʩʫʭʦ ʾʥʘʩʠʯʝʥʦʾ 

ʧʘʨʠ ʟ ʪʠʩʢʦʤ ʈ=50 ʙʘʨ ʟʘ hs-ʜʽʘʛʨʘʤʦ  ʁʽ ʪʘʙʣʠʮʤ̫ʠ ʚʦʜʷʥʦʾ ʧʘʨʠ. 

ʈʦʟʚôʷʟʦʢ: ʟʘ hs-ʜʽʘʛʨʘʤʦ  ʁï h"=2800 ʢɼʞ/ʢʛ; s''=5,97 ʢɼʞ/(ʢʛĀʂ); 

ʟʘ ʪʘʙʣʠʮʷʤʠ ï h"=2795 ʢɼʞ/ʢʛ; s''=5,980 ʢɼʞ/(ʢʛĀʂ). 

ɿʘʜʘʯʘ 1.30. ɺʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ ʧʨʠ 60
ʦ
ʉ ʩʢʣʘʜʘʻ 30%. 

ɺʠʟʥʘʯʠʪʠ ʧʘʨʮʽʘʣʴʥʠʡ ʪʠʩʢ ʚʦʜʷʥʠʭ ʧʘʨʽʚ ʫ ʚʦʣʦʛʦʤʫ ʧʦʚʽʪʨʽ, ʷʢʱʦ ʧʨʠ 

ʮʡ̔ ʩʘʤʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʡʦʛʦ ʚʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ ʟʙʽʣʴʰʠʪʴʩʷ ʜʦ 90%. 

ʈʦʟʚôʷʟʦʢ: ʈʧ=18 ʢʇʘ. 

ɿʘʜʘʯʘ 1.31. ɺʠʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʪʴ ʚʦʜʷʥʠʭ ʧʘʨʽʚ, ʷʢʽ ʤʽʩʪʷʪʴʩʷ ʚ 

ʧʨʠʤʽʱʝʥʥʽ, ʦʙôʻʤ ʢʦʪʨʦʛʦ ʩʢʣʘʜʘʻ 300 ʤ
3
. ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʚ 

ʧʨʠʤʽʱʝʥʥʽ 20
ʦ
ʉ, ʙʘʨʦʤʝʪʨʠʯʥʠʡ ʪʠʩʢ 98 ʢʇʘ, ʚʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ 60%. 

ʈʦʟʚôʷʟʦʢ: m=3,124 ʢʛ. 

ɿʘʜʘʯʘ 1.32. ʋ ʧʦʩʫʜʠʥʽ ʟʥʘʭʦʜʠʪʴʩʷ ʢʠʩʝʥʴ ʧʽʜ ʪʠʩʢʦʤ 50 ʘʪʤ. ɻʘʟ 

ʚʠʪʽʢʘʻ ʯʝʨʝʟ ʟʚʫʞʫʚʘʣʴʥʝ ʩʦʧʣʦ ʜʦ ʩʝʨʝʜʦʚʠʱʘ ʟ ʪʠʩʢʦʤ 40 ʘʪʤ. 

ɺʠʟʥʘʯʠʪʠ ʰʚʠʜʢʽʩʪʴ ʚʠʪʽʢʘʥʥʷ ʽ ʚʠʪʨʘʪʠ ʛʘʟʫ, ʷʢʱʦ ʧʣʦʱʘ ʚʠʭʽʜʥʦʛʦ 

ʧʝʨʝʨʽʟʫ ʜʦʨʽʚʥʶʻ 20 ʤʤ
2
. ʇʦʯʘʪʢʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʩʥʶ 100 

ʦ
ʉ. 

ʈʦʟʚôʷʟʦʢ: ɤ=205 ʤ/ʩ; G=0,175 ʢʛ/ʩ. 

ɿʘʜʘʯʘ 1.33. ɺʠʟʥʘʯʠʪʠ ʰʚʠʜʢʽʩʪʴ ʚʠʪʽʢʘʥʥʷ ʽ ʚʠʪʨʘʪʫ ʧʘʨʠ ʯʝʨʝʟ 

ʩʦʧʣʦ ʃʘʚʘʣʷ ʜʣʷ ʧʘʨʘʤʝʪʨʽʚ: ʈ1=16 ʘʪʤ., ʈ2=1 ʘʪʤ., t1=300 
ʦ
ʉ, fʤʽʥ=6 ʩʤ

2
. 

ɿʥʘʡʪʠ ʤʘʢʩʠʤʘʣʴʥʫ ʧʣʦʱʫ ʧʝʨʝʨʽʟʫ fʤʘʢʩ. 

ʈʦʟʚôʷʟʦʢ: ɤ=1040 ʤ/ʩ; G=1,25 ʢʛ/ʩ; fʤʘʢʩ=19,1 ʩʤ
2
. 

ɿʘʜʘʯʘ 1.34. ʇʦʚʽʪʨʷ ʧʨʠ ʪʠʩʢʫ P1=1 ʙʘʨ ʽ ʪʝʤʧʝʨʘʪʫʨʽ t1 = 15
o
ʉ 

ʚʠʪ̔ʢʘʻ ʟ ʨʝʟʝʨʚʫʘʨʫ. ɿʥʘʡʪʠ ʟʥʘʯʝʥʥʷ P2, ʧʨʠ ʷʢʦʤʫ ʪʝʦʨʝʪʠʯʥʘ ʰʚʠʜʢʽʩʪʴ 

ʘʜʽʘʙʘʪʥʦʛʦ ʚʠʪʽʢʘʥʥʷ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ ʢʨʠʪʠʯʥʽʡ, ʽ ʚʝʣʠʯʠʥʫ ʮʽʻʾ 

ʰʚʠʜʢʦʩʪʽ. 

ʈʦʟʚôʷʟʦʢ: ʈ2 ʢʨ = 0,528 ʙʘʨ; ɤʢʨ = 310 ʤ/ʩ. 

ɿʘʜʘʯʘ 1.35. ɺʦʣʦʛʘ ʧʘʨʘ ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʈ1=18 ʙʘʨ ʽ x=0,92 ʚʠʪʽʢʘʻ 

ʜʦ ʩʝʨʝʜʦʚʠʱʘ ʟ ʪʠʩʢʦʤ ʈ2=12 ʙʘʨ, ʧʣʦʱʘ ʚʠʭʽʜʥʦʛʦ ʧʝʨʝʨʽʟʫ ʩʦʧʣʘ 20 ʤʤ
2
. 

ɺʠʟʥʘʯʠʪʠ ʪʝʦʨʝʪʠʯʥʫ ʰʚʠʜʢʽʩʪʴ ʧʨʠ ʘʜʽʘʙʘʪʥʦʤʫ ʚʠʪʽʢʘʥʥʽ ʧʘʨʠ ʽ ʡʦʛʦ 

ʩʝʢʫʥʜʥʫ ʚʠʪʨʘʪʫ. 

ʈʦʟʚôʷʟʦʢ: ɤ=380 ʤ/ʩ; G=0,05 ʢʛ/ʩ. 
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ɿʘʜʘʯʘ 1.36. ʇʘʨʦʛʝʥʝʨʘʪʦʨ ʚʠʨʦʙʣʷʻ 1800 ʢʛ/ʛʦʜ. ʧʘʨʠ ʟ ʪʠʩʢʦʤ 

10,8 ʙʘʨ. ʗʢʠʤ ʧʦʚʠʥʝʥ ʙʫʪʠ ʧʝʨʝʨʽʟ ʟʘʧʦʙʽʞʥʦʛʦ ʢʣʘʧʘʥʘ, ʱʦʙ ʧʨʠ 

ʨʘʧʪʦʚʦʤʫ ʧʨʠʧʠʥʝʥʥʽ ʜʦʙʦʨʫ ʧʘʨʠ ʪʠʩʢ ʥʝ ʧʝʨʝʚʠʱʠʚ 10,8 ʙʘʨ? 

ʈʦʟʚôʷʟʦʢ: Fmʽn=321 ʤʤ
2
. 

ɿʘʜʘʯʘ 1.37 ɺʠʟʥʘʯʠʪʠ ʜʽʘʤʝʪʨʠ ʤʽʥʽʤʘʣʴʥʦʛʦ ʽ ʚʠʭʽʜʥʦʛʦ ʧʝʨʝʨʽʟʫ 

ʩʦʧʣʘ ʜʣʷ ʛʦʜʠʥʥʦʾ ʚʠʪʨʘʪʠ 1000 ʢʛ ʩʫʭʦʾ ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ, ʷʢʱʦ ʧʦʯʘʪʢʦʚʠʡ 

ʪʠʩʢ ʡʦʛʦ ʈ1=20,6 ʙʘʨ, ʘ ʢʽʥʮʝʚʠʡ ʈ2=1,0 ʙʘʨ. ʇʨʦʮʝʩ ʨʦʟʰʠʨʝʥʥʷ ʧʘʨʠ 

ʧʨʠʡʥʷʪʠ ʘʜʽʘʙʘʪʥʠʤ. ɺʠʟʥʘʯʠʪʠ ʪʘʢʦʞ ʪʝʦʨʝʪʠʯʥʫ ʰʚʠʜʢʽʩʪʴ ʚʠʪʽʢʘʥʥʷ 

ʧʘʨʠ ʽʟ ʩʦʧʣʘ. 

ʈʦʟʚôʷʟʦʢ: dmʽn=11,2 ʤʤ; d=22,4 ʤʤ; ɤ=1000 ʤ/ʩ. 

 

 

2 ʆʉʅʆɺʀ  ʊɽʆʈɯɰ  ʊɽʇʃʆʆɹʄɯʅʋ 

 

ɿʛʽʜʥʦ ʟ 2-ʤ ʟʘʢʦʥʦʤ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʤʠʤʦʚʽʣʴʥʠʡ ʧʨʦʮʝʩ ʧʝʨʝʥʦʩʫ 

ʪʝʧʣʦʪʠ ʫ ʧʨʦʩʪʦʨʽ ʚʠʥʠʢʘʻ ʧʽʜ ʜʽʻʶ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ ʽ ʩʧʨʷʤʦʚʘʥʠʡ ʫʙʽʢ 

ʟʤʝʥʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ. ɿʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʝʨʝʥʦʩʫ ʪʝʧʣʦʪʠ ʽ ʢʽʣʴʢʽʩʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʻ ʧʨʝʜʤʝʪʦʤ ʜʦʩʣʜ̔ʞʝʥʥʷ ʪʝʦʨʽʾ 

ʪʝʧʣʦʦʙʤʽʥʫ, ʷʢʘ ʨʦʟʛʣʷʜʘʻ ʧʨʦʮʝʩʠ ʧʝʨʝʥʦʩʫ ʪʝʧʣʦʪʠ ʫ ʪʚʝʨʜʠʭ, ʨʽʜʢʠʭ ʽ 

ʛʘʟʦʧʦʜʽʙʥʠʭ ʪʽʣʘʭ. ɺʽʜʦʤʦ 3 ʩʧʦʩʦʙʠ ʧʝʨʝʥʦʩʫ ʪʝʧʣʦʪʠ: ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪ,ɹ 

ʢʦʥʚʝʢʮʽ,̫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ʇʨʠ ʧʝʨʝʥʦʩʽ ʪʝʧʣʦʪʠ ʨʦʟʨʽʟʥʷʶʪʴ ʪʘʢʦʞ ʜʚʘ ʦʩʥʦʚʥʠʭ ʚʠʧʘʜʢʠ: 

ʧʦʰʠʨʝʥʥʷ ʪʝʧʣʘ ʚ ʩʘʤʦʤʫ ʪʽʣʽ ʽ ʪʝʧʣʦʦʙʤʽʥ ʤʽʞ ʪʽʣʘʤʠ. 

ʗʢʱʦ ʥʘʛʨʽʚʘʪʠ ʪʚʝʨʜʝ ʪʽʣʦ ʟ ʦʜʥʦʛʦ ʢʽʥʮʷ, ʘʪʦʤʠ ʮʴʦʛʦ ʪʽʣʘ ʚ ʤʽʩʮʽ 

ʥʘʛʨʽʚʘʥʥʷ ʧʦʯʠʥʘʶʪʴ ʢʦʣʠʚʘʪʠʩʷ ʙʽʣʴʰ ʝʥʝʨʛʽʡʥʦ; ʩʚʦʶ ʝʥʝʨʛʽʶ, ʷʢʘ 

ʟʙʽʣʴʰʠʣʘʩʷ ʟʘ ʨʘʭʫʥʦʢ ʥʘʛʨʽʚʘʥʥʷ, ʚʦʥʠ ʧʝʨʝʜʘʶʪʴ ʩʫʩʽʜʥʽʤ ʘʪʦʤʘʤ; ʪʘʢ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʰʠʨʝʥʥʷ ʪʝʧʣʦʪʠ ʚ ʪʽʣʽ, ʷʢʝ ʥʘʟʠʚʘʻʪʴʩʷ 

ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ. ʎʝʡ ʩʧʦʩʽʙ ʧʦʰʠʨʝʥʥʷ ʪʝʧʣʘ ʤʦʞʣʠʚʠʡ ʽ ʚ ʨʽʜʠʥʘʭ ï 

ʢʨʘʧʣʠʥʥʠʭ ʽ ʧʨʫʞʥʠʭ (ʛʘʟʘʭ), ʷʢʱʦ ʥʘʛʨʽʚʘʪʠ ʾʭ ʟʚʝʨʭʫ. ʇʨʠ ʪʘʢʦʤʫ 

ʥʘʛʨʽʚʘʥʥʽ ʝʥʝʨʛʽʷ ʙʫʜʝ ʧʦʰʠʨʶʚʘʪʠʩʷ ʚʥʘʩʣʽʜʦʢ ʟʙʽʣʴʰʝʥʥʷ ʢʦʣʠʚʘʣʴʥʦʛʦ 

ʨʫʭʫ ʘʪʦʤʽʚ ʽ ʤʦʣʝʢʫʣ ʨʽʜʠʥʠ. ʈʫʭ  ʦʢʨʝʤʠʭ ʩʪʨʫʤʢʽʚ ʨʽʜʠʥʠ (ʢʽʥʮʝʚʠʭ ʤʘʩ 

ʨʽʜʠʥʠ) ʥʝ ʙʫʜʝ ʚʽʜʙʫʚʘʪʠʩʷ.  

ʗʢʱʦ ʞ ʨʽʜʠʥʫ ʥʘʛʨʽʚʘʪʠ ʟʥʠʟʫ, ʾʾ ʛʫʩʪʠʥʘ ʚ ʤʽʩʮʽ ʥʘʛʨʽʚʘʥʥʷ 

ʚʥʘʩʣʽʜʦʢ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʩʪʘʥʝ ʟʤʝʥʰʫʚʘʪʠʩʷ, ʽ ʥʘʛʨʽʪʽ ʩʪʨʫʤʢʠ 

ʨʽʜʠʥʠ ʙʫʜʫʪʴ ʧʽʜʥʽʤʘʪʠʩʷ ʜʦʛʦʨʠ, ʘ ʥʘ ʾʭ ʤʽʩʮʝ ʧʦʯʥʫʪʴ ʥʘʜʭʦʜʠʪʠ ʟʚʝʨʭʫ 

ʙʽʣʴʰ ʭʦʣʦʜʥʽ ʩʪʨʫʤʢʠ. ʊʘʢ ʚʠʥʠʢʘʻ ʨʫʭ ʪʝʧʣʠʭ ʽ ʭʦʣʦʜʥʠʭ ʩʪʨʫʤʢʽʚ, ʧʨʠ 

ʷʢʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʾʭ ʧʝʨʝʤʽʰʫʚʘʥʥʷ, ʘ, ʦʪʞʝ, ʽ ʧʝʨʝʥʦʩ ʪʝʧʣʦʪʠ. ʎʝʡ ʨʫʭ 
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ʨʽʜʠʥʠ ʽ ʧʦʰʠʨʝʥʥʷ ʪʝʧʣʘ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʮʴʦʤʫ, ʥʘʟʠʚʘʻʪʴʩʷ 

ʢʦʥʚʝʢʮʽʻʶ. ʗʢ ʚʠʜʥʦ, ʧʦʰʠʨʝʥʥʷ ʪʝʧʣʘ ʢʦʥʚʝʢʮʽʻʶ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ 

ʪʽʣʴʢʠ ʚ ʨʽʜʢʠʭ ʪʽʣʘʭ (ʢʨʘʧʣʠʥʥʠʭ ʽ ʧʨʫʞʥʠʭ) ʘʙʦ ʛʘʟʘʭ, ʪʦʤʫ ʱʦ ʫ ʪʚʝʨʜʠʭ 

ʪʽʣʘʭ ʚʽʜʩʫʪʥʽʡ ʨʫʭ ʩʪʨʫʤʢʽʚ ʪʽʣʘ. ʇʨʠ ʧʦʰʠʨʝʥʥʽ ʪʝʧʣʘ ʢʦʥʚʝʢʮʽʻʶ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʘʢʦʞ ʽ ʧʝʨʝʜʘʯʘ ʝʥʝʨʛʽʾ ʚʽʜ ʤʦʣʝʢʫʣʠ ʜʦ ʤʦʣʝʢʫʣʠ 

(ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ), ʘʣʝ ʚʦʥʘ ʥʝʟʥʘʯʥʘ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʝʨʝʜʘʯʝʶ ʪʝʧʣʦʪʠ 

ʢʦʥʚʝʢʮʽʻʶ ʽ ʟʚʠʯʘʡʥʦ ʦʢʨʝʤʦ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ.  

ʇʝʨʝʤʽʰʫʚʘʥʥʷ ʦʢʨʝʤʠʭ ʭʦʣʦʜʥʠʭ ʽ ʥʘʛʨʽʪʠʭ ʩʪʨʫʤʢʽʚ, ʪʦʙʪʦ 

ʧʦʰʠʨʝʥʥʷ ʪʝʧʣʘ ʢʦʥʚʝʢʮʽʻʶ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʡ ʫ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʨʫʭ 

ʨʽʜʠʥʠ ʩʪʚʦʨʶʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʽʾ ʷʢʦʾ-ʥʝʙʫʜʴ ʩʧʦʥʫʢʘʣʴʥʦʾ ʩʠʣʠ (ʥʘʩʦʩ, 

ʚʝʥʪʠʣʷʪʦʨ, ʤʽʰʘʣʢʘ). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʝʨʝʥʦʩ ʪʝʧʣʦʪʠ ʫʩʝʨʝʜʠʥʽ ʩʘʤʦʛʦ ʪʽʣʘ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʽ ʢʦʥʚʝʢʮʽʾ. ʇʨʠʯʦʤʫ 

ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʪʚʝʨʜʠʭ, ʨʽʜʢʠʭ ʽ ʛʘʟʦʧʦʜʽʙʥʠʭ ʪʽʣʘʭ, ʘ 

ʢʦʥʚʝʢʮʽʷ ʪʽʣʴʢʠ ʚ ʨʽʜʢʠʭ ʽ ʛʘʟʦʧʦʜʽʙʥʠʭ ʪʽʣʘʭ. 

ʊʝʧʣʦʦʙʤʽʥ ʤʽʞ ʪʽʣʘʤʠ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʥʘʩʪʫʧʥʠʤʠ ʩʧʦʩʦʙʘʤʠ. 

ʗʢʱʦ ʙʽʣʷ ʧʦʚʝʨʭʥʽ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʧʨʦʪʽʢʘʻ ʷʢʘ-ʥʝʙʫʜʴ ʨʽʜʠʥʘ ʘʙʦ ʛʘʟ ʟ 

ʪʝʤʧʝʨʘʪʫʨʦʶ, ʱʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʮʽʻʾ ʧʦʚʝʨʭʥʽ, ʤʽʞ 

ʧʦʚʝʨʭʥʝʶ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʽ ʮʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʙʫʜʝ ʚʽʜʙʫʚʘʪʠʩʷ ʪʝʧʣʦʦʙʤʽʥ. 

ʎʝʡ ʩʧʦʩʽʙ ʪʝʧʣʦʦʙʤʽʥʫ ʤʽʞ ʪʽʣʘʤʠ ʥʘʟʠʚʘʻʪʴʩʷ ʪʝʧʣʦʦʙʤʽʥʦʤ 

ʟʽʪʢʥʝʥʥʷʤ. ʇʨʠ ʮʴʦʤʫ ʙʽʣʷ ʩʘʤʦʾ ʧʦʚʝʨʭʥʽ ʩʪʽʥʢʠ ʪʝʧʣʦʪʘ ʧʝʨʝʜʘʻʪʴʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ʚ ʨʽʜʠʥʽ ʚʦʥʘ ʧʦʰʠʨʶʻʪʴʩʷ ʟʜʝʙʽʣʴʰʦʛʦ 

ʚʥʘʩʣʽʜʦʢ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʩʪʨʫʤʢʽʚ ʟ ʨʽʟʥʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ, ʪʦʙʪʦ ʟʘ 

ʨʘʭʫʥʦʢ ʢʦʥʚʝʢʮʽ,ʾ ʪʦʤʫ ʩʧʦʩʽʙ ʧʝʨʝʥʦʩʫ ʪʝʧʣʘ ʤʽʞ ʨʽʜʠʥʦʶ ʽ ʪʚʝʨʜʠʤ 

ʪʽʣʦʤ ʯʘʩʪʦ ʥʘʟʠʚʘʶʪʴ ʪʘʢʦʞ ʢʦʥʚʝʢʪʠʚʥʠʤ ʪʝʧʣʦʦʙʤʽʥʦʤ. 

ʆʜʥʘʢ ʜʣʷ ʧʝʨʝʥʦʩʫ ʪʝʧʣʘ ʚʽʜ ʦʜʥʦʛʦ ʪʽʣʘ ʜʦ ʽʥʰʦʛʦ ʥʝ ʦʙʦʚ'ʷʟʢʦʚʦ 

ʾʭ ʟʽʪʢʥʝʥʥʷ. ɿ ʢʫʨʩʫ ʬʽʟʠʢʠ ʚʽʜʦʤʦ, ʱʦ ʚʩʽ ʪʽʣʘ ʫ ʧʨʠʨʦʜʽ ʻ ʜʞʝʨʝʣʘʤʠ 

ʧʨʦʤʝʥʠʩʪʦʾ ʝʥʝʨʛʽʾ. ɺʦʥʘ ʚʠʥʠʢʘʻ ʥʘ ʧʦʚʝʨʭʥʽ ʪʽʣʘ ʟʘ ʨʘʭʫʥʦʢ ʡʦʛʦ 

ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚ ʨʝʟʫʣʴʪʘʪʽ ʩʢʣʘʜʥʠʭ ʚʥʫʪʨʽʰʥʴʦʘʪʦʤʥʠʭ 

ʧʨʦʮʝʩʽʚ. ʊʝʧʣʦʚʽ ʧʨʦʤʝʥʽ ʚʠʥʠʢʘʶʪʴ ʥʘ ʧʦʚʝʨʭʥʽ ʪʽʣʘ, ʧʦʰʠʨʶʶʪʴʩʷ ʫ  

ʧʨʦʩʪʦʨʽ, ʜʦʩʷʛʘʶʪʴ ʽʥʰʦʛʦ ʪʽʣʘ, ʽ ʟʥʦʚʫ ʧʝʨʝʪʚʦʨʶ ʪʁʴʩʷ ʥʘ ʪʝʧʣʦʚʫ 

ʝʥʝʨʛʽʶ, ʱʦ ʡ ʟʘʩʚʦʶʻʪʴʩʷ ʮʠʤ ʪʽʣʦʤ, ʟʙʽʣʴʰʫʶʯʠ ʡʦʛʦ ʚʥʫʪʨʽʰʥʶ 

ʝʥʝʨʛʽʶ. ʎʝʡ ʪʝʧʣʦʦʙʤʽʥ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʚʦʨʘʟʦʚʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ, ʥʘʟʠʚʘʻʪʴʩʷ ʪʝʧʣʦʦʙʤʽʥʦʤ ʨʘʜʽʘʮʽʻʶ ʯʠ 

ʪʝʧʣʦʦʙʤʽʥʦʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ. 

ʇʝʨʝʥʦʩ ʪʝʧʣʦʪʠ ʚʽʜ ʦʜʥʽʻʾ ʨʽʜʠʥʠ (ʪʽʣʦ, ʱʦ ʛʨʽʻ) ʜʦ ʽʥʰʦʾ (ʪʽʣʦ, ʱʦ 

ʥʘʛʨʽʚʘʻʪʴʩʷ) ʫ ʪʘʢ ʟʚʘʥʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʘʧʘʨʘʪʘʭ ʥʘʡʯʘʩʪʽʰʝ 
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ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ ʧʦʜʽʣʷʶʯʫ ʾʭ ʩʪʽʥʢʫ. ɯʥʰʠʡ ʚʠʧʘʜʦʢ, ʷʢʠʡ ʯʘʩʪʦ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ï ʧʝʨʝʥʦʩ ʪʝʧʣʦʪʠ ʚʽʜ ʧʦʚʽʪʨʷ ʫʩʝʨʝʜʠʥʽ ʧʨʠʤʽʱʝʥʥʷ ʜʦ 

ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʧʦʜʽʣʷʶʯʫ ʾʭ ʩʪʽʥʢʫ (ʟ ʮʝʛʣʠ ʯʠ ʽʥʰʦʛʦ ʷʢʦʛʦ-

ʥʝʙʫʜʴ ʤʘʪʝʨʽʘʣʫ). ʇʝʨʝʥʦʩ ʪʝʧʣʦʪʠ ʚʽʜ ʦʜʥʽʻʾ ʨʽʜʠʥʠ ʜʦ ʽʥʰʦʾ ʯʝʨʝʟ ʩʪʽʥʢʫ 

ʥʘʟʠʚʘʶʪʴ ʪʝʧʣʦʧʝʨʝʜʘʯʝʶ, ʘ ʧʝʨʝʥʦʩ ʪʝʧʣʘ ʤʽʞ ʨʽʜʠʥʦʶ ʽ ʧʦʚʝʨʭʥʝʶ 

ʩʪʽʥʢʠ (ʥʝ ʚʨʘʭʦʚʫʶʯʠ ʟʘʣʝʞʥʽʩʪ ɹʚʽʜ ʥʘʧʨʷʤʢʫ) ï ʪʝʧʣʦʚʽʜʜʘʯʝʶ. 

ɼʦʩʠʪʴ ʯʘʩʪʦ ʧʝʨʝʥʦʩ ʪʝʧʣʦʪʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʜʥʦʯʘʩʥʦ ʨʽʟʥʠʤʠ 

ʩʧʦʩʦʙʘʤʠ ï ʮʝʡ ʚʠʧʘʜʦʢ ʥʘʟʠʚʘʻʪʴʩʷ ʩʢʣʘʜʥʠʤ ʪʝʧʣʦʦʙʤʽʥʦʤ. 

ʅʘʧʨʠʢʣʘʜ, ʢʦʥʚʝʢʪʠʚʥʘ ʪʝʧʣʦʚʽʜʜʘʯʘ ʚʽʜ ʛʘʟʫ ʜʦ ʩʪʽʥʢʠ ʧʨʘʢʪʠʯʥʦ ʟʘʚʞʜʠ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʨʽʚʥʦʙʽʞʥʠʤ ʧʝʨʝʥʦʩʦʤ ʪʝʧʣʦʪʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ. 

 

 

2.1 ʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ 
 

2.1.1 ʆʩʥʦʚʥʽ ʧʦʥʷʪʪʷ ʽ ʚʠʟʥʘʯʝʥʥʷ 
 

ʈʘʥʽʰʝ ʤʠ ʚʞʝ ʚʩʪʘʥʦʚʠʣʠ, ʱʦ ʚ ʫʩ̔ʭ ʨʝʯʦʚʠʥʘʭ ʪʝʧʣʦʪʘ ʤʦʞʝ 

ʧʝʨʝʜʘʚʘʪʠʩʷ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʥʦʩʫ ʝʥʝʨʛʽʾ 

ʤʽʢʨʦʯʘʩʪʠʥʢʘʤʠ. ʊʦʙʪʦ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ï ʮʝ ʧʨʦʮʝʩ ʧʦh ʠʨʝʥʥʷ ʪʝʧʣʦʪʠ 

ʤʽʞ ʪʽʣʘʤʠ, ʱʦ ʪʦʨʢʘʶʪʴʩʷ ʦʜʠʥ ʦʜʥʦʛʦ, ʯʠ ʯʘʩʪʠʥʘʤʠ ʦʜʥʦʛʦ ʪʽʣʘ ʟ 

ʨʽʟʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ. ɼʣʷ ʟʜʽʡʩʥʝʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʥʝʦʙʭʽʜʥʽ ʜʚʽ 

ʫʤʦʚʠ: ʢʦʥʪʘʢʪ ʽ ʨʽʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨ. 

ɺʽʜʦʤʦ, ʱʦ ʧʨʦʮʝʩ ʧʦʰʠʨʝʥʥʷ ʪʝʧʣʦʪʠ ʫ ʧʨʦʩʪʦʨʽ ʥʝʨʦʟʨʠʚʥʦ 

ʧʦʚ'ʷʟʘʥʠʡ ʟ ʨʦʟʧʦʜʽʣʦʤ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʥʴʦʤʫ. ʉʫʢʫʧʥʽʩʪʴ ʟʥʘʯʝʥʴ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʢʦʞʝʥ ʤʦʤʝʥʪ ʯʘʩʫ ʜʣʷ ʚʩʽʭ ʪʦʯʦʢ ʨʦʟʛʣʷʥʫʪʦʛʦ ʧʨʦʩʪʦʨʫ 

ʥʘʟʠʚʘʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʧʦʣʝʤ. ʄʘʪʝʤʘʪʠʯʥʦ ʚʦʥʦ ʚʠʨʘʞʘʻʪʴʩʷ 

ʨʽʚʥʷʥʥʷʤ  
 

t = f(x, y, z, Ű),                                          (2.1) 
 

ʜʝ t ï ʪʝʤʧʝʨʘʪʫʨʘ ʪʽʣʘ, 
0
ʉ; 

 x, y, z ï ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʢʠ, ʤ; 

 Ű ï ʯʘʩ, ʩ. 

ʗʢʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʥʝ ʟʤʽʥʁ̒ʪʴʩʷ ʟʘ ʯʘʩʦʤ, ʪʦ ʧʦʣʝ ʥʘʟʠʚʘʻʪʴʩʷ 

ʩʪʘʣʠʤ ʯʠ ʩʪʘʮʽʦʥʘʨʥʠʤ. ʇʨʠ ʮʴʦʤʫ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʨʽʟʥʠʭ ʪʦʯʢʘʭ ʪʽʣʘ 

ʤʦʞʝ ʙʫʪʠ ʨʽʟʥʦ,ʁ ʘʣʝ ʧʦʩʪʽʡʥʦ ʁʧʨʦʪʷʛʦʤ ʚʠʟʥʘʯʝʥʦʛʦ ʯʘʩʫ: 

0
d

dt
    z),y,f(x,t =
t

=
.                                  (2.2) 
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ʇʨʠʢʣʘʜʦʤ ʤʦʞʝ ʙʫʪʠ ʚʠʪʨʠʤʢʘ ʟʘʛʦʪʽʚʢʠ ʚ ʧʝʯʽ ʧʨʠ ʧʦʩʪʽʡʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ, ʧʨʦʮʝʩ ʢʠʧʽʥʥʷ ʚʦʜʠ ʪʘ ʽʥ. 

ʗʢʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʫ, ʧʦʣʝ ʥʘʟʠʚʘʻʪʴʩʷ ʥʝʩʪʘʣʠʤ, ʘ 

ʪʝʧʣʦʚʽ ʧʨʦʮʝʩʠ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʫ ʪʘʢʠʭ ʫʤʦʚʘʭ, ʥʝʩʪʘʮʽʦʥʘʨʥʠʤʠ, 

ʥʘʧʨʠʢʣʘʜ ʥʘʛʨʽʚʘʥʥʷ ʯʠ ʦʭʦʣʦʜʞʝʥʥʷ ʪʽʣ. 

ʊʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ ʤʦʞʝ ʙʫʪʠ ʬʫʥʢʮʽʻʶ ʦʜʥʦʯʘʩʥʦ ʪʨʴʦʭ, ʜʚʦʭ ʘʙʦ 

ʦʜʥʽʻʾ ʢʦʦʨʜʠʥʘʪʠ. ɺʽʜʧʦʚʽʜʥʦ, ʚʦʥʦ ʥʘʟʠʚʘʻʪʴʩʷ ʪʨʠ, ʜʚʦ- ʡ ʦʜʥʦʤʽʨʥʠʤ. 

ʅʘʡʙʽʣʴʰ ʧʨʦʩʪʠʡ ʚʠʜ ʤʘʻ ʨʽʚʥʷʥʥʷ ʦʜʥʦʤʽʨʥʦʛʦ ʩʪʘʮʽʦʥʘʨʥʦʛʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʶ t=f(ʭ).  

ʋʩʽ ʪʦʯʢʠ ʧʨʦʩʪʦʨʫ, ʱʦ ʤʘʶʪʴ ʦʜʥʘʢʦʚʫ ʪʝʤʧʝʨʘʪʫʨʫ, ʫʪʚʦʨʶʶʪʴ 

ʽʟʦʪʝʨʤʽʯʥʫ ʧʦʚʝʨʭʥʶ. ʇʨʠʨʦʜʥʦ, ʱʦ ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪʽʣʽ ʤʦʞʝ 

ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʣʠʰʝ ʚ ʥʘʧʨʷʤʢʘʭ, ʱʦ ʧʝʨʝʪʠʥʘʶʪʴ ʽʟʦʪʝʨʤʽʯʥʽ ʧʦʚʝʨʭʥʽ 

(ʥʘʧʨʠʢʣʘʜ, ʥʘʧʨʷʤʦʢ S, ʨʠʩ. 2.1). ʇʨʠ ʮʴʦʤʫ ʥʘʡʙʽʣʴʰ ʨʽʟʢʘ ʟʤʽʥʘ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʥʘʧʨʷʤʢʫ ʥʦʨʤʘʣʽ n ʜʦ ʽʟʦʪʝʨʤʽʯʥʠʭ ʧʦʚʝʨʭʦʥʴ. 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2.1 ï ʉʭʝʤʘ ʧʦʰʠʨʝʥʥʷ ʪʝʧʣʦʪʠ 
 

ʄʝʞʘ ʚʽʜʥʦʰʝʥʥʷ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ Dt ʜʦ ʚʽʜʩʪʘʥʽ ʤʽʞ ʽʟʦʪʝʨʤʘʤʠ 

ʟʘ ʥʦʨʤʘʣʣ  ʁ Dn ʟʘ ʫʤʦʚʠ, ʱʦ Dn­0, ʥʘʟʠʚʘʻʪʴʩʷ ʛʨʘʜʽʻʥʪʦʤ 

ʪʝʤʧʝʨʘʪʫʨʠ: 
 

dn

dt

n

t
limt grad

0n
=

D

D
=

­D
.                                  (2.3) 

 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʞʝ 

ʟʤʽʥʶʚʘʪʠʩʷ ʥʝ ʪʽʣʴʢʠ ʫ ʧʨʦʩʪʦʨʽ, ʘʣʝ ʽ ʚ ʯʘʩʽ (ʧʨʠ ʥʝʩʪʘʮʽʦʥʘʨʥʦʤʫ 

ʨʝʞʠʤʽ). 

ɻʨʘʜʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʠ ï ʮʝ ʚʝʢʪʦʨ ʟ ʧʦʟʠʪʠʚʥʠʤ ʟʥʘʢʦʤ ʧʨʠ 

ʟʨʦʩʪʘʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʟ ʥʝʛʘʪʠʚʥʠʤ ʧʨʠ ʾʾ ʧʘʜʽʥʥʽ, ʪʦʤʫ ʱʦ ʚʽʥ 

ʩʧʨʷʤʦʚʘʥʠʡ ʫʙʽʢ ʟʨʦʩʪʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ  ̔ ʯʠʩʝʣʴʥʦ ʜʦʨʽʚʥʶʻ ʧʝʨʰʽʡ 

ʧʦʭʽʜʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʟʘ ʥʦʨʤʘʣʣ  ʁ ʜʦ ʽʟʦʪʝʨʤʽʯʥʦ ʾ ʧʦʚʝʨʭʥʽ. ʌʽʟʠʯʥʠʡ 

D
n

t

t+ tD

n S

A
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ʟʤʽʩʪ ʛʨʘʜʽʻʥʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ï ʮʝ ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʥʘʨʦʩʪʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ ʚʽʜʩʪʘʥʥ .ʁ  

ɺʠʤʽʨʶ̒ ʪʴʩʷ ʛʨʘʜʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʛʨʘʜʫʩʘʭ ʥʘ ʤʝʪʨ. ɻʨʘʜʽʻʥʪ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʤʽʥʥʠʡ ʚʽʜ ʥʫʣʷ, ʷʢʱʦ ʻ ʨʽʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨ. ʊʘʢ, 

ʥʘʧʨʠʢʣʘʜ, ʫ ʢʣʘʜʮʽ ʧʝʯʽ ʧʨʠ ʾʾ ʨʦʙʦʪʽ ʻ ʛʨʘʜʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨ ʟʘ ʪʦʚʱʠʥʦ  ʁ

ʢʣʘʜʢʠ, ʩʧʨʷʤʦʚʘʥʠʡ ʚʽʜ ʟʦʚʥʽʰʥʴʦʾ (ʙʽʣʴʰ ʭʦʣʦʜʥʦʾ) ʜʦ ʚʥʫʪʨʽʰʥʴʦ ʾ

(ʙʽʣʴʰ ʛʘʨʷʯʦʾ) ʧʦʚʝʨʭʥʽ ʢʣʘʜʢʠ, ʱʦ ʧʦʢʘʟʫʻ, ʥʘ ʩʢʽʣʴʢʠ ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʢʦʞʝʥ ʤʽʣʽʤʝʪʨ ʪʦʚʱʠʥʠ ʢʣʘʜʢʠ ʧʨʠ ʨʫʩʽ ʚʽʜ ʟʦʚʥʽʰʥʴʦʾ ʜʦ 

ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ. 

ʂʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʱʦ ʧʝʨʝʥʦʩʠʪʴʩʷ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ ʯʝʨʝʟ ʚʩʶ 

ʧʦʚʝʨʭʥʶ ʪʽʣʘ, ʥʘʟʠʚʘʶʪʴ ʪʝʧʣʦʚʠʤ ʧʦʪʦʢʦʤ Q. ʊʝʧʣʦʚʠʡ ʧʦʪʽʢ 

ʚʠʤʽʨʶ̒ ʪʴʩʷ ʫ ʜʞʦʫʣʷʭ ʟʘ ʩʝʢʫʥʜʫ ʘʙʦ ʚʘʪʘʭ (ɼʞ/ʩ=ɺʪ). 

ʊʝʧʣʦʚʠʡ ʧʦʪʽʢ, ʷʢʠʡ ʚʽʜʥʝʩʝʥʦ ʜʦ ʦʜʠʥʠʮʽ ʧʦʚʝʨʭʥʽ ʪʽʣʘ, ʥʘʟʠʚʘʶʪʴ 

ʧʦʚʝʨʭʥʝʚʦʶ ʛʫʩʪʠʥʦʶ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ q (ʯʠ ʧʨʦʩʪʦ ʛʫʩʪʠʥʦʶ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ): 
 

F
Q

q= .                                                 (2.4) 

 

ɻʫʩʪʠʥʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚʠʤʽʨʶʻʪʴʩʷ ʫ ʚʘʪʘʭ ʥʘ ʤʝʪʨ ʫ ʢʚʘʜʨʘʪʽ 

(ɺʪ/ʤ
2
). ɺʝʣʠʯʠʥʘ q ʻ ʚʝʢʪʦʨʦʤ, ʥʘʧʨʷʤʦʢ ʷʢʦʛʦ ʻ ʧʨʦʪʠʣʝʞʥʠʤ ʥʘʧʨʷʤʢʫ 

ʛʨʘʜʽʻʥʪʘ ʪʝʤʧʝʨʘʪʫʨʠ, ʪʦʤʫ ʱʦ ʪʝʧʣʦʚʘ ʝʥʝʨʛʽʷ ʩʘʤʦʩʪʽʡʥʦ ʧʦʰʠʨʶʻʪʴʩʷ 

ʟʘʚʞʜʠ ʪʽʣʴʢʠ ʫʙʽʢ ʫʙʫʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ. 

ɼʦʩʣʽʜʞʫʶʯʠ ʷʚʠʱʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʫ ʪʚʝʨʜʠʭ ʪʽʣʘʭ, ʌʫʨ'ʻ 

ʫʩʪʘʥʦʚʠʚ, ʱʦ ʪʝʧʣʦʚʘ ʧʦʪʫʞʥʽʩʪʴ, ʷʢʘ ʧʝʨʝʜʘʻʪʴʩʷ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ, 

ʧʨʦʧʦʨʮʽʡʥʘ ʛʨʘʜʽʻʥʪʫ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʧʣʦʱʽ ʧʝʨʝʨʽʟʫ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʛʦ 

ʥʘʧʨʷʤʢʫ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʪʦʙʪʦ 
 

dQ=-ɚ dF dŰ grad t,                                        (2.5) 
 

ʘʙʦ 

q=-ɚ grad t.                                             (2.6) 
 

ʈʽʚʥʷʥʥʷ (2.6) ʥʘʟʠʚʘʻʪʴʩʷ ʦʩʥʦʚʥʠʤ ʨʽʚʥʷʥʥʷʤ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 

ʘʙʦ ʟʘʢʦʥʦʤ ʌʫʨ'ʻ. ʄʽʥʫʩ ʫ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ ʨʽʚʥʷʥʥʷ ʧʦʢʘʟʫʻ, ʱʦ ʚ 

ʥʘʧʨʷʤʢʫ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʪʝʤʧʝʨʘʪʫʨʘ ʫʙʫʚʘʻ, ʘ ʛʨʘʜʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʠ 

ʩʧʨʷʤʦʚʘʥʠʡ ʫ ʧʨʦʪʠʣʝʞʥʫ ʩʪʦʨʦʥʫ ï ʚʙʽʢ ʟʨʦʩʪʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʂʦʝʬʽʮʽʻʥʪ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ ɚ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʨʽʚʥʷʥʥʷ (2.5) ʽ (2.6), 

ʥʘʟʠʚʘʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. ɺʽʥ ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʜʘʪʥʽʩʪʴ 
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ʨʝʯʦʚʠʥʠ, ʟ ʷʢʦ ʾ ʩʢʣʘʜʘʻʪʴʩʷ ʨʦʟʛʣʷʥʫʪʝ ʪʽʣʦ, ʧʨʦʚʦʜʠʪʠ ʪʝʧʣʦʪʫ,  ̔

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʽ ʚʠʙʦʨʫ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ 

ʪʝʧʣʦʚʠʭ ʘʧʘʨʘʪʽʚ. ɿ ʨʽʚʥʷʥʥʷ (2.6) ʚʠʧʣʠʚʘʻ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ɚ, ʷʢʠʡ ʚʠʤʽʨʶʻʪʴʩʷ ʫ ʚʘʪʘʭ ʥʘ ʢʚʘʜʨʘʪʥʠʡ ʤʝʪʨ-ʛʨʘʜʫʩ 

ʎʝʣʴʩʽʷ, ʚʠʟʥʘʯʘʻ ʧʦʪʫʞʥʽʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʦʜʠʥ 

ʢʚʘʜʨʘʪʥʠʡ ʤʝʪʨ ʧʦʚʝʨʭʥʽ ʟʘ ʫʤʦʚʠ, ʱʦ ʛʨʘʜʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦʨʽʚʥʶʻ 

ʦʜʠʥʠʮʽ: 
 

t grad d dF

dQ

t
-=l

.                                       (2.7) 

 

ɼʣʷ ʨʽʟʥʠʭ ʪʽʣ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʤʘʻ ʧʝʚʥʽ ʟʥʘʯʝʥʥʷ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʩʪʨʫʢʪʫʨʠ, ʛʫʩʪʠʥʠ, ʚʦʣʦʛʦʩʪʽ, ʪʠʩʢʫ ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʨʝʯʦʚʠʥ ʮʠʭ ʪʝʣ. ʊʦʯʥʽ 

ʟʥʘʯʝʥʥʷ ɚ ʚʠʟʥʘʯʘʶʪʴ ʥʘ ʦʩʥʦʚʽ ʩʧʝʮʽʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʇʨʠ ʪʝʭʥʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʟʚʠʯʘʡʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʨʽʻʥʪʦʚʘʥʽ 

ʟʥʘʯʝʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ɚ. 

ɼʣʷ ʙʽʣʴʰʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʟ ʜʦʩʪʘʪʥʴʦʾ ʜʣʷ ʧʨʘʢʪʠʢʠ ʪʦʯʥʽʩʪʶ 

ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬ̔ʮ̔ ʥ̒ʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ 

ʣʽʥʽʡʥʦ ʁ
 

l=l0[1+b(tït0)],                                  (2.8) 
 

ʜʝ  l0 ïʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ t0; 

b ï ʩʪʘʣʘ, ʷʢʫ ʚʠʟʥʘʯʘʶʪʴ ʧʨʘʢʪʠʯʥʠʤ ʰʣʷʭʦʤ. 

ʅʘʡʙʽʣʴʰ ʚʠʩʦʢʫ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʤʘʶʪʴ ʤʝʪʘʣʠ. ʋ ʤʝʪʘʣʘʭ 

ʦʩʥʦʚʥʠʤ ʧʝʨʝʜʘʚʘʯʝʤ ʪʝʧʣʘ ʷʚʣʷʶʪʩɹʷ ʚʽʣʴʥʽ ʝʣʝʢʪʨʦʥʠ, ʷʢʽ ʤʦʞʥʘ 

ʫʷʚʠʪʠ ʷʢ ʽʜʝʘʣʴʥʠʡ ʦʜʥʦʘʪʦʤʥʠʡ ʛʘʟ. ʇʝʨʝʜʘʯʘ ʪʝʧʣʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʣʠʚʘʣʴʥʠʭ ʨʫʭʽʚ ʘʪʦʤʽʚ ʘʙʦ ʫ ʚʠʜʽ ʧʨʫʞʥʠʭ ʟʚʫʢʦʚʠʭ ʭʚʠʣʴ ʥʝ 

ʚʠʢʣʶʯʘʻʪʴʩʷ, ʘʣʝ ʾʾ ʯʘʩʪʢʘ ʥʝʟʥʘʯʥʘ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʝʨʝʥʦʩʦʤ ʝʥʝʨʛʽʾ 

ʝʣʝʢʪʨʦʥʥʠʤ ʛʘʟʦʤ. ʋʥʘʩʣʽʜʦʢ ʨʫʭʫ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʚʠʨʽʚʥʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʚʩʽʭ ʪʦʯʢʘʭ ʤʝʪʘʣʫ, ʷʢʠʡ ʥʘʛʨʽʚʘʻʪʴʩʷ ʘʙʦ 

ʦʭʦʣʦʜʞʫʻʪʴʩʷ. ɺʽʣʴʥʽ ʝʣʝʢʪʨʦʥʠ ʨʫʭʘʶʪʴʩʷ ʷʢ ʟ ʦʙʣʘʩʪʝʡ ʙʽʣʴʰ ʥʘʛʨʽʪʠʭ ʚ 

ʦʙʣʘʩʪʽ ʤʝʥʰ ʥʘʛʨʽʪʽ, ʪʘʢ ʽ ʫ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ. ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ 

ʚʦʥʠ ʚʽʜʜʘʶʪʴ ʝʥʝʨʛʽʶ ʘʪʦʤʘʤ, ʫ ʜʨʫʛʦʤʫ ʚʽʜʙʠʨʘʶʪʴ. ʊʘʢ ʷʢ ʚ ʤʝʪʘʣʘʭ 

ʥʦʩʽʻʤ ʪʝʧʣʦʚʦʾ ʡ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʷʚʣʷʶʪɹʩ ̫ʝʣʝʢʪʨʦʥʠ, ʪʦ ʢʦʝʬʽʮʽʻʥʪʠ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ  ̔ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʧʨʦʧʦʨʮʽʡʥʽ ʦʜʠʥ ʦʜʥʦʤʫ. ʇʨʠ 

ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʫʥʘʩʣʽʜʦʢ ʧʦʩʠʣʝʥʥʷ ʪʝʧʣʦʚʠʭ ʥʝʦʜʥʦʨʜ̔ʥʦʩʪʝʡ 
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ʨʦʟʩʽʶʚʘʥʥʷ ʝʣʝʢʪʨʦʥʽʚ ʟʙʽʣʴʰʫʻʪʴʩʷ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦ- ʽ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʯʠʩʪʠʭ ʤʝʪʘʣʽʚ. 

ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʨʽʟʥʦʛʦ ʨʦʜʫ ʜʦʤʽʰʦʢ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 

ʤʝʪʘʣʽʚ ʨʽʟʢʦ ʫʙʫʚʘʻ. ʆʩʪʘʥʥʻ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʟʙʽʣʴʰʝʥʥʷʤ ʩʪʨʫʢʪʫʨʥʠʭ  

ʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʟʩʽʶʚʘʥʥʷ ʝʣʝʢʪʨʦʥʽʚ. ʅʘʧʨʠʢʣʘʜ, 

ʜʣʷ ʯʠʩʪʦʾ ʤʝʜʽ ɚ=396 ɺʪ/(ʤ ʂ), ʘ ʜʣʷ ʪʽʡ ʞʝ ʤʝʜʽ ʟ ʜʦʤʽʰʢʘʤʠ ʤʠʰôʷʢʫ 

ɚ=142 ɺʪ/(ʤ ʂ). ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʯʠʩʪʠʭ ʤʝʪʘʣʽʚ ʢʦʝʬʽʮʽʻʥʪʠ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʩʧʣʘʚʽʚ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʟʙʽʣʴʰʫʶʪʴʩʷ. 

ʋʤʦʚʥʦʶ ʻ ʚʝʣʠʯʠʥʘ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʧʦʨʠʩʪʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. ʎʷ ʚʝʣʠʯʠʥʘ ʤʘʻ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 

ʜʝʷʢʦʛʦ ʦʜʥʦʨʽʜʥʦʛʦ ʪʽʣʘ, ʯʝʨʝʟ ʷʢʝ ʧʨʠ ʦʜʥʘʢʦʚʽʡ ʬʦʨʤʽ, ʨʦʟʤʽʨʘʭ ʽ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘ ʤʝʞʘʭ ʧʨʦʭʦʜʠʪʴ ʪʘ ʞ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʘ, ʱʦ ʽ ʯʝʨʝʟ ʜʘʥʝ 

ʧʦʨʠʩʪʝ ʪʽʣʦ. ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʧʦʨʦʰʢʦʧʦʜʽʙʥʠʭ ʽ ʧʦʨʠʩʪʠʭ 

ʪʽʣ ʩʠʣʴʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʭ ʦʙ'ʻʤʥʦʾ ʛʫʩʪʠʥʠ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʟʨʦʩʪʘʥʥʽ 

ʛʫʩʪʠʥʠ ɟ ʚʽʜ 400 ʜʦ 800 ʢʛ/ʤ
3
 ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ɚ ʘʟʙʝʩʪʫ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʽʜ 0,105 ʜʦ 0,248 ɺʪ/(ʤ ʂ). ʊʘʢʠʡ ʚʧʣʠʚ ʛʫʩʪʠʥʠ ɟ ʥʘ 

ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ɚ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ɚ 

ʧʦʚʽʪʨʷ, ʱʦ ʟʘʧʦʚʥʶʻ ʧʘʨʠ, ʟʥʘʯʥʦ ʤʝʥʰʝ, ʥʽʞ ɚ ʪʚʝʨʜʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʧʦʨʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ɽʬʝʢʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʧʦʨʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʩʠʣʴʥʦ ʟʘʣʝʞʠʪʴ ʪʘʢʦʞ ʚʽʜ ʚʦʣʦʛʦʩʪʽ. ɼʣʷ ʚʦʣʦʛʦʛʦ ʤʘʪʝʨʽʘʣʫ ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʟʥʘʯʥʦ ʙʽʣʴʰʝ, ʥʽʞ ʜʣʷ ʩʫʭʦʛʦ ʽ ʚʦʜʠ ʦʢʨʝʤʦ. ʅʘʧʨʠʢʣʘʜ, 

ʜʣʷ ʩʫʭʦʾ ʮʝʛʣʠ ɚ=0,35, ʜʣʷ ʚʦʜʠ ɚ=0,60, ʘ ʜʣʷ ʚʦʣʦʛʦʾ ʮʝʛʣʠ 

ɚº1,0 ɺʪ/(ʤ ʂ). ʎʝʡ ʝʬʝʢʪ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʢʦʥʚʝʢʪʠʚʥʠʤ ʧʝʨʝʥʦʩʦʤ 

ʪʝʧʣʘ, ʱʦ ʚʠʥʠʢʘʻ ʟʘʚʜʷʢʠ ʢʘʧʽʣʷʨʥʦʤʫ ʨʫʭʫ ʚʦʜʠ ʫʩʝʨʝʜʠʥʽ ʧʦʨʠʩʪʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʽ ʯʘʩʪʢʦʚʦ ʪʠʤ, ʱʦ ʘʙʩʦʨʙʮʽʡʥʦ ʟʚ'ʷʟʘʥʘ ʚʦʣʦʛʘ ʤʘʻ ʽʥʰʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʽʣʴʥʦʶ ʚʦʜʦʶ. 

ɿʙʽʣʴʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʧʦʨʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʽ 

ʟʤʽʥʦʶ ʪʝʤʧʝʨʘʪʫʨʠ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʪʠʤ, ʱʦ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ 

ʟʨʦʩʪʘʻ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʟʘʧʦʚʥʶʻ ʧʦʨʠ. 

ʂʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʙʫʜʽʚʝʣʴʥʠʭ ʽ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʤʘʶʪʴ ʟʥʘʯʝʥʥʷ, ʱʦ ʣʝʞʘʪʴ ʧʨʠʙʣʠʟʥʦ ʚ ʤʝʞʘʭ ʚʽʜ 0,023 ʜʦ 

2,9 ɺʪ/(ʤ ʂ). ʄʘʪʝʨʽʘʣʠ ʟ ʥʠʟʴʢʠʤ ʟʥʘʯʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 

(ʤʝʥʰʝ 0,25 ɺʪ/(ʤ ʂ)), ʷʢʽ ʟʚʠʯʘʡʥʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʪʝʧʣʦʚʦʾ ʽʟʦʣʷʮʽʾ, 

ʥʘʟʠʚʘʶʪʴʩʷ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʤʠ. 

ʄʝʭʘʥʽʟʤ ʧʦʰʠʨʝʥʥʷ ʪʝʧʣʘ ʫ ʢʨʘʧʣʠʥʥʠʭ ʨʽʜʠʥʘʭ ʤʦʞʥʘ ʧʦʜʘʪʠ ʷʢ 
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ʧʝʨʝʥʦʩ ʝʥʝʨʛʽʾ ʰʣʷʭʦʤ ʧʨʫʞʥʠʭ ʢʦʣʠʚʘʥʴ. ʊʘʢʝ ʬʽʟʠʯʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ 

ʤʝʭʘʥʽʟʤ ʧʝʨʝʜʘʯʽ ʪʝʧʣʘ ʚ ʨʽʜʠʥʘʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʴ ʜʣʷ ʦʧʠʩʫ 

ʧʨʘʢʪʠʯʥʠʡ ʜʘʥʠʭ ʧʨʦ ʪʝʧʣʦʧʨʦʚʽʜʥʩ̔ʪɹ ʨʽʟʥʠʭ ʨʽʜʠʥ. ɼʣʷ ʙʽʣʴʰʦʩʪʽ ʨʽʜʠʥ 

ʪʝʦʨʽʷ ʟʥʘʡʰʣʘ ʛʘʨʥʝ ʧʽʜʪʚʝʨʜʞʝʥʥʷ.  

ʇʨʘʢʪʠʢʘ ʧʽʜʪʚʝʨʜʞʫʻ, ʱʦ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʨʽʜʠʥ ʟ ʧʽʜʚʠʱʝʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʠ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ɚ ʟʤʝʥʰʫʻʪʴʩʷ, ʚʠʢʣʶʯʝʥʥʷʤʠ ʻ 

ʚʦʜʘ ʽ ʛʣʽʮʝʨʠʥ. ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʜ̔ʥʦʩʪ ̔ʢʨʘʧʣʠʥʥʠʭ ʨʽʜʠʥ ʣʝʞʠʪʴ 

ʧʨʠʙʣʠʟʥʦ ʚ ʤʝʞʘʭ ʚʽʜ 0,07 ʜʦ 0,7 ɺʪ/(ʤ ʂ). ʇʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʠʩʢʫ 

ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʨʽʜʠʥ ʟʨʦʩʪʘʶʪʴ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʢʽʥʝʪʠʯʥʦʾ ʪʝʦʨʽʾ ʨʝʯʦʚʠʥʠ ʧʝʨʝʥʦʩ ʪʝʧʣʘ 

ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪ ʁ ʚ ʛʘʟʘʭ ʧʨʠ ʟʚʠʯʘʡʥʠʭ ʪʠʩʢʘʭ ʽ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʝʨʝʥʦʩʦʤ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʨʫʭʫ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʭʘʦʪʠʯʥʦʛʦ ʨʫʭʫ ʽ ʟʽʪʢʥʝʥʥʷ ʦʢʨʝʤʠʭ ʤʦʣʝʢʫʣ ʛʘʟʫ.  

ʊʝʧʣʦʻʤʥʽʩʪʴ ʛʘʟʽʚ ʟʨʦʩʪʘʻ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ, ʪʦʤʫ 

ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʜʣʷ ʛʘʟʽʚ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘʢʦʞ 

ʟʙʽʣʴʰʫʻʪʴʩʷ. ʇʨʠ ʟʤʽʥʽ ʪʠʩʢʫ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʛʘʟʽʚ ʤʘʡʞʝ ʥʝ 

ʟʤʽʥʶʻʪʴʩʷ. ʋ ʜʦʜʘʪʢʫ ɾ ʨʘʟʦʤ ʟ ʽʥʰʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʥʘʚʝʜʝʥʦ ɚ ʧʦʚʽʪʨʷ 

ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʜ̔ʥʦʩʪ ̔ɚ ʛʘʟʽʚ ʣʝʞʠʪʴ ʫ ʤʝʞʘʭ ʟʥʘʯʝʥʴ ʚʽʜ 

0,006 ʜʦ 0,6  ɺʪ/(ʤ ʂ). ʉʝʨʝʜ ʛʘʟʽʚ ʨʽʟʢʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʩʚʦʾʤ ʚʠʩʦʢʠʤ 

ʢʦʝʬʽʮʽʻʥʪʘʤ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʛʝʣʽʡ  ̔ʚʦʜʝʥʴ. ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 

ʚ ʥʠʭ ʫ 5é1,0 ʨʘʟʽʚ ʙʽʣʴʰʝ, ʥʽʞ ʫ ʽʥʰʠʭ ʛʘʟʽʚ. ʄʦʣʝʢʫʣʠ ʛʝʣʽʶ ʽ ʚʦʜʥʶ 

ʤʘʶʪʴ ʤʘʣʫ ʤʘʩʫ, ʘ ʦʪʞʝ, ʤʘʶʪʴ ʚʝʣʠʢʫ ʩʝʨʝʜʥʶ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽɦ ʝʥʥʷ, 

ʯʠʤ ʽ ʧʦʷʩʥʶʻʪʴʩʷ ʚʠʩʦʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʚʦʜʷʥʦʾ ʧʘʨʠ ʡ ʽʥʰʠʭ ʨʝʘʣʴʥʠʭ ʛʘʟʽʚ, ʷʢ̔ 

ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʽʜʝʘʣʴʥʠʭ, ʩʠʣʴʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʩʢʫ. 

ɼʣʷ ʛʘʟʦʚʠʭ ʩʫʤʽʰʝʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʥʝ ʤʦʞʝ ʙʫʪʠ 

ʚʠʟʥʘʯʝʥʠʤ ʟʘ ʟʘʢʦʥʦʤ ʘʜʠʪʠʚʥʦʩʪʽ, ʡʦʛʦ ʪʨʝʙʘ ʚʠʟʥʘʯʘʪʠ ʧʨʘʢʪʠʯʥʠʤ 

ʰʣʷʭʦʤ.  

 

 

2.1.2 ɼʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 

 

ɺʠʚʯʝʥʥʷ ʙʫʜʴ-ʷʢʦʛʦ ʬʽʟʠʯʥʦʛʦ ʷʚʠʱʘ ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʚʝʣʠʯʠʥʘʤʠ, ʱʦ ʡʦʛʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ. ɼʣʷ ʩʢʣʘʜʥʠʭ 

ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʫ ʷʢʠʭ ʚʠʟʥʘʯʘʣʴʥʽ ʚʝʣʠʯʠʥʠ ʤʦʞʫʪʴ ʽʩʪʦʪʥʦ 

ʟʤʽʥʶʚʘʪʠʩʷ ʫ ʧʨʦʩʪʦʨʽ ʽ ʯʘʩʽ, ʚʩʪʘʥʦʚʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʮʠʤʠ 
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ʚʝʣʠʯʠʥʘʤʠ ʜʦʩʠʪʴ ʚʘʞʢʦ. ʋ ʮʠʭ ʚʠʧʘʜʢʘʭ ʥʘ ʜʦʧʦʤʦʛʫ ʧʨʠʭʦʜʠʪʴ ʤʝʪʦʜ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʽʟʠʢʠ, ʱʦ ʚʠʭʦʜʠʪʴ ʟ ʪʦʛʦ, ʱʦ ʦʙʤʝʞʫʻʪʴʩʷ ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʽ 

ʟ ʫʩʴʦʛʦ ʧʨʦʩʪʦʨʫ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʣʠʰʝ ʝʣʝʤʝʥʪʘʨʥʠʡ ʦʙôʻʤ. ʎʝ ʜʦʟʚʦʣʷʻ ʚ 

ʤʝʞʘʭ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʦʙôʤ̒ʫ ̔ ʦʙʨʘʥʦʛʦ ʤʘʣʦʛʦ ʚʽʜʨʽʟʢʘ ʯʘʩʫ ʽʛʥʦʨʫʚʘʪʠ 

ʟʤʽʥʦʶ ʜʝʷʢʠʭ ʚʝʣʠʯʠʥ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʨʦʮʝʩ, ʪʘ ʽʩʪʦʪʥʦ ʩʧʨʦʩʪʠʪʠ 

ʘʥʘʣʽʟ. 

ʆʙʨʘʥʽ ʚ ʪʘʢʠʡ ʩʧʦʩʽʙ ʝʣʝʤʝʥʪʘʨʥʠʡ ʦʙôʻʤ dv  ̔ ʝʣʝʤʝʥʪʘʨʥʠʡ 

ʧʨʦʤʽʞʦʢ ʯʘʩʫ dt, ʚ ʤʝʞʘʭ ʷʢʠʭ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʨʦʮʝʩ, ʟ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʪʦʯʢʠ ʟʦʨʫ ʻ ʚʝʣʠʯʠʥʘʤʠ ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʠʤʠ, ʘ ʟ ʬʽʟʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ï 

ʚʝʣʠʯʠʥʘʤʠ ʱʝ ʜʦʩʠʪʴ ʚʝʣʠʢʠʤʠ, ʱʦʙ ʚ ʾʭ ʤʝʞʘʭ ʤʦʞʥʘ ʙʫʣʦ ʽʛʥʦʨʫʚʘʪʠ 

ʜʠʩʢʨʝʪʥʫ ʙʫʜʽʚʣ ʁʩʝʨʝʜʦʚʠʱʘ ʽ ʨʦʟʛʣʷʜʘʪʠ ʾʾ ʷʢ ʢʦʥʪʠʥʫʫʤ (ʩʫʮʽʣʴʥʫ). 

ʆʪʨʠʤʘʥʘ ʚ ʪʘʢʠʡ ʩʧʦʩʽʙ ʟʘʣʝʞʥʽʩʪʴ ʻ ʟʘʛʘʣʴʥʠʤ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤ 

ʨʽʚʥʷʥʥʷʤ ʧʨʦʮʝʩʫ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ. ʇʽʩʣʷ ʽʥʪʝʛʨʫʚʘʥʥʷ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ ʘʥʘʣʽʪʠʯʥʫ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ 

ʚʝʣʠʯʠʥʘʤʠ ʜʣʷ ʚʩʽʻʾ ʦʙʣʘʩʪʽ ʽʥʪʝʛʨʫʚʘʥʥʷ ʽ ʚʩʴʦʛʦ ʧʨʦʤʽʞʢʫ ʯʘʩʫ. 

ʇʨʠ ʨʽʰʝʥʥʽ ʟʘʜʘʯ, ʟʚ'ʷʟʘʥʠʭ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʶ, 

ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ʷʢʝ 

ʦʜʝʨʞʘʥʦ ʧʨʠ ʥʘʩʪʫʧʥʠʭ ʜʦʧʫʱʝʥʥʷʭ: 

- ʪʽʣʦ ʦʜʥʦʨʽʜʥʝ ʪʘ ʟ̔ʦʪʨʦʧʥʝ; 

- ʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʦʩʪʽʡʥʽ; 

- ʜʝʬʦʨʤʘʮʽʷ ʦʙôʻʤʫ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʦʙʫʤʦʚʣʝʥʘ ʟʤʽʥʦʶ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʽ ̒ ʜʫʞʝ ʤʘʣʦʶ ʚʝʣʠʯʠʥʦʶ ʫ ʧʦʨʽʚʥʷʥʥʽ  ʽʟ ʩʘʤʠʤ ʦʙôʤ̒ʦʤ; 

- ʤʘʢʨʦʩʢʦʧʽʯʥʽ ʯʘʩʪʢʠ ʪʽʣʘ ʥʝʨʫʭʣʠʚʽ ʚʽʜʥʦʩʥʦ ʦʜʠʥ ʦʜʥʦʛʦ; 

- ʚʥʫʪʨʽʰʥʽ ʜʞʝʨʝʣʘ ʪʝʧʣʘ ʚ ʪ̔ ʣ̔, ʱʦ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʫʪʴ 

ʙʫʪʠ ʟʘʜʘʥʽ ʷʢ qv=f(x, ʫ, z, Ű), ʨʦʟʧʦʜʽʣʝʥʽ ʨʽʚʥʦʤʽʨʥʦ. 

ɺ ʦʩʥʦʚ ̔ʚʠʚʦʜʫ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʣʝʞʠʪʴ 

ʟʘʢʦʥ ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ, ʷʢʠʡ ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʝ ʙʫʪʠ 

ʩʬʦʨʤʫʣʴʦʚʘʥʠʡ ʫ ʪʘʢʠʡ ʩʧʦʩʽʙ: ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʷʢʫ ʚʚʝʜʝʥʦ ʚ 

ʝʣʝʤʝʥʪʘʨʥʠʡ ʦʙôʻʤ ʟʟʦʚʥʽ ʟʘ ʜʝʷʢʠʡ ʯʘʩ ʫʥʘʩʣʽʜʦʢ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ʘ 

ʪʘʢʦʞ ʚʽʜ ʚʥʫʪʨʽʰʥʽʭ ʜʞʝʨʝʣ, ʜʦʨʽʚʥʶʻ ʟʤʽʥʽ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʘʙʦ 

ʝʥʪʘʣʴʧʽʾ ʨʝʯʦʚʠʥʠ (ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʦʟʛʣʷʜʫ ʽʟʦʭʦʨʥʦʛʦ ʘʙʦ ʽʟʦʙʘʨʥʦʛʦ 

ʧʨʦʮʝʩʫ), ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ ʝʣʝʤʝʥʪʘʨʥʦʤʫ ʦʙôʻʤʽ. 

ʈʽʚʥʷʥʥʷ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʜ: 
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ʜʝ l ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ɺʪ/(ʤ ʂ); 

r ï ʛʫʩʪʠʥʘ ʤʘʪʝʨʽʘʣʫ, ʢʛ/ʤ
3
; 

ʩ ï ʪʝʧʣʦʻʤʢʽʩʪʴ ʤʘʪʝʨʽʘʣʫ, ɼʞ/(ʢʛ ʂ). 

ʈ̔ ʚʥʷʥʥʷʤ (2.9) ʥʘʟʠʚʘʻʪʴʩʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤ ʨʽʚʥʷʥʥʷʤ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. ɺʦʥʦ ʚʩʪʘʥʦʚʣʶʻ ʟʚ'ʷʟʦʢ ʤʽʞ ʯʘʩʦʚʦʶ ʪʘ ʧʨʦʩʪʦʨʦʚʦʶ 

ʟʤʽʥʦʶ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʙʫʜʴ-ʷʢʽʡ ʪʦʯʮʽ ʪʽʣʘ, ʚ ʷʢʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. 

ʋ ʨʽʚʥʷʥʥʽ (2.9) ʤʦʞʥʘ ʧʦʟʥʘʯʠʪʠ 
 

r

l
=

c
a .                                              (2.10) 

 

ɺʝʣʠʯʠʥʘ ʘ ʥʘʟʠʚʘʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʜ̔ʥʦʩʪ ̔ ʽ ʻ 

ʬʽʟʠʯʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʨʝʯʦʚʠʥʠ. ɺʽʥ ʤʘʻ ʟʥʘʯʝʥʥʷ ʜʣʷ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ 

ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʽ ʭʘʨʘʢʪʝʨʠʟʫʻ ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ. 

ɺʠʤʽʨʶʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʜ̔ʥʦʩʪʽ ʫ ʢʚʘʜʨʘʪʥʠʭ ʤʝʪʨʘʭ ʟʘ 

ʩʝʢʫʥʜʫ (ʤ
2
/ʩ). 

ʗʢʱʦ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʜʘʪʥʽʩʪʴ ʪʽʣ 

ʧʨʦʚʦʜʠʪʠ ʪʝʧʣʦʪʫ, ʪʦ ʢʦʝʬʽʮʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʜ̔ʥʦʩʪʽ ʻ ʤʽʨʦʶ 

ʪʝʧʣʦʽʥʝʨʮʡ̔ʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʽʣʘ. ɿ ʨʽʚʥʷʥʥʷʤ (2.9) ʚʠʧʣʠʚʘʻ, ʱʦ ʟʤʽʥʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʟ ʯʘʩʦʤ tµµ/t  ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʪʦʯʢʠ ʧʨʦʩʪʦʨʫ ʧʨʦʧʦʨʮʽʡʥʘ 

ʚʝʣʠʯʠʥʽ ʘ. ɯʥʘʢʰʝ ʢʘʞʫʯʠ, ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʙʫʜʴ-ʷʢʽʡ ʪʦʯʮʽ 

ʪʽʣʘ ʙʫʜʝ ʪʠʤ ʙʽʣʴʰʝ, ʯʠʤ ʙʽʣʴʰʝ ʢʦʝʬʽʮʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʜ̔ʥʦʩʪ ̔ʘ. 

ʊʦʤʫ ʧʨʠ ʽʥʰʠʭ ʨʽʚʥʠʭ ʫʤʦʚʘʭ ʚʠʨʽʚʥʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨ ʫ ʚʩʽʭ ʪʦʯʢʘʭ 

ʧʨʦʩʪʦʨʫ ʙʫʜʝ ʚʽʜʙʫʚʘʪʠʩʷ ʩʢʦʨʽʰʝ ʚ ʪʦʤʫ ʪʽʣʽ, ʷʢʝ ʤʘʻ ʙʽʣʴʰʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʜ̔ʥʦʩʪʽ. ɺʝʣʠʯʠʥʘ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʜ̔ʥʦʩʪ ̔

ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʠʨʦʜʠ ʨʝʯʦʚʠʥʠ. ʅʘʧʨʠʢʣʘʜ, ʨʽʜʠʥʠ ʽ ʛʘʟʠ ʤʘʁʪʴ ʚʝʣʠʢʫ 

ʪʝʧʣʦʚʫ ʥ̔ʝʨʮʽʡʥʽʩʪʴ ʽ, ʦʪʞʝ, ʤʘʣʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʜ̔ʥʦʩʪ.̔ 

ʄʝʪʘʣʠ ʤʘʁʪʴ ʤʘʣʫ ʪʝʧʣʦʚʫ ʥ̔ʝʨʮʽʡʥʽʩʪʴ, ʪʦʤʫ ʱʦ ʚʦʥʠ ʤʘʶʪʴ ʚʝʣʠʢʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʜ̔ʥʦʩʪ.̔ 

ʗʢʱʦ ʚʚʘʞʘʪʠ, ʱʦ ʩʠʩʪʝʤʘ ʪʽʣ ʥʝ ʤʘʻ ʚʥʫʪʨʽʰʥʽʭ ʜʞʝʨʝʣ ʪʝʧʣʦʪʠ 

(qv=0), ʪʦ ʚʠʨʘʞʝʥʥʷ (2.9) ʟ ʫʨʘʭʫʚʘʥʥʷʤ (2.10) ʥʘʙʫʜʝ  ʚʠʜʫ 
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ʗʢʱʦ ʚʚʘʞʘʪʠ, ʱʦ ʩʠʩʪʝʤʘ ʪʽʣ ʤʘʻ ʚʥʫʪʨʽʰʥʽ ʜʞʝʨʝʣʘ ʪʝʧʣʦʪʠ, ʘʣʝ 
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ʪʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ ʻ ʩʪʘʮʽʦʥʘʨʥʠʤ, ʪʦʙʪʦ t=f(x,y,z), ʪʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ 

ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪ ̔ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʨʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ 
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ʅʘʨʝʰʪʽ ʜʣʷ ʚʠʧʘʜʢʫ ʩʪʘʮʽʦʥʘʨʥʦʾ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʽ ʚʽʜʩʫʪʥʦʩʪʽ 

ʚʥʫʪʨʽʰʥʽʭ ʜʞʝʨʝʣ ʪʝʧʣʦʪʠ ʨʽʚʥʷʥʥʷ (2.9) ʥʘʙʫʜʝ ʚʠʜʫ ʨʽʚʥʷʥʥʷ ʃʘʧʣʘʩʘ 
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ʅʘʭʦʜʞʝʥʥʷ ʯʘʩʪʢʦʚʠʭ ʨʽʰʝʥʴ ʮʠʭ ʨʽʚʥʷʥʴ ʚ ʯʘʩʪʢʦʚʠʭ ʧʦʭʽʜʥʠʭ ʻ 

ʦʩʥʦʚʥʠʤ ʟʤʽʩʪʦʤ ʪʝʦʨʽʾ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. 

 

 

2.1.3 ʋʤʦʚʠ ʦʜʥʦʟʥʘʯʥʦʩʪʽ ʜʣʷ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 
 

ʊʘʢ ʷʢ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʦʪʨʠʤʘʥʦ ʥʘ 

ʦʩʥʦʚʽ ʟʘʛʘʣʴʥʠʭ ʟʘʢʦʥʽʚ ʬʽʟʠʢʠ, ʪʦ ʚʦʥʦ ʦʧʠʩʫʻ ʷʚʠʱʝ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʚ 

ʩʘʤʦʤʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʜʽ. ʊʦʤʫ ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʦʪʨʠʤʘʥʝ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʦʧʠʩʫʻ ʮʽʣʠʡ ʢʣʘʩ ʷʚʠʱ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. ʑʦʙ ʟ 

ʥʝʟʣʽʯʝʥʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʜʽʣʠʪʠ ʢʦʥʢʨʝʪʥʠʡ ʧʨʦʮʝʩ ʽ ʜʘʪʠ ʡʦʛʦ ʧʦʚʥʠʡ 

ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ, ʜʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʥʝʦʙʭʽʜʥʦ ʜʦʜʘʪʠ 

ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʫʩʽʭ ʦʢʨʝʤʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʦʮʝʩʫ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ. 

ʎʽ ʦʢʨʝʤʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʱʦ ʨʘʟʦʤ ʟ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤ ʨʽʚʥʷʥʥʷʤ ʜʘʶʪʴ 

ʧʦʚʥʠʡ ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʦʮʝʩʫ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, 

ʥʘʟʠʚʘʶʪʴʩʷ ʫʤʦʚʘʤʠ ʦʜʥʦʟʥʘʯʥʦʩʪʽ ʘʙʦ ʢʨʘʡʦʚʠʤʠ ʫʤʦʚʘʤʠ. 

ʋʤʦʚʠ ʦʜʥʦʟʥʘʯʥʦʩʪʽ ʚʢʣʶʯʘʶʪʴ: 

- ʛʝʦʤʝʪʨʠʯʥʽ ʫʤʦʚʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʬʦʨʤʫ ʽ ʨʦʟʤʽʨʠ ʪʽʣʘ, ʚ 

ʷʢʦʤʫ ʧʨʦʪʽʢʘʻ ʧʨʦʮʝʩ; 

- ʬʽʟʠʯʥʽ ʫʤʦʚʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʽʣʘ; 

- ʪʠʤʯʘʩʦʚʽ ʯʠ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʨʦʟʧʦʜʽʣ 

ʪʝʤʧʝʨʘʪʫʨ ʫ ʪʽʣʽ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ, ʚ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ; 

- ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʟʘʻʤʦʜʽʶ ʪ̔ ʣʘ, ʱʦ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ. 

ɻʝʦʤʝʪʨʠʯʥʠʤʠ ʫʤʦʚʘʤʠ ʟʘʜʘʶʪʴʩʷ ʬʦʨʤʘ ʽ ʣʽʥʽʡʥʽ ʨʦʟʤʽʨʠ ʪʽʣʘ, ʫ 

ʷʢʦʤʫ ʧʨʦʪʽʢʘʻ ʧʨʦʮʝʩ. 
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ʌʽʟʠʯʥʠʤʠ ʫʤʦʚʘʤʠ ʟʘʜʘʶʪʴʩʷ ʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʪʽʣʘ ɚ, ʩ, ɟ ʪʘ ʽʥ. 

ʽ ʤʦʞʝ ʙʫʪʠ ʟʘʜʘʥʠʡ ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʚʥʫʪʨʽʰʥʽʭ ʜʞʝʨʝʣ ʪʝʧʣʦʪʠ. 

ʇʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʥʝʦʙʭʽʜʥʽ ʧʨʠ ʨʦʟʛʣʷʜʽ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʧʨʦʮʝʩʽʚ ʽ 

ʧʦʣʷʛʘʶʪʴ ʚ ʟʘʚʜʘʥʥʽ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚʩʝʨʝʜʠʥʽ ʪʽʣʘ ʚ 

ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʧʦʯʘʪʢʦʚ ̔ ʫʤʦʚʠ 

ʘʥʘʣʽʪʠʯʥʦ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʧʠʩʘʥ ̔ʚ ʪʘʢʠʡ ʩʧʦʩʽʙ: 

ʧʨʠ Ű=0 
 

t = f (ʭ, ʫ, z).                                            (2.14) 
 

ʋ ʚʠʧʘʜʢʫ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪʽʣʽ ʧʦʯʘʪʢʦʚ ̔

ʫʤʦʚ ̔ʩʧʨʦʱʫʶʪʴʩʷ; 

ʧʨʠ Ű=0 
 

t = t0 = const.                                          (2.15) 
 

ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʜʘʥʽ ʜʝʢʽʣʴʢʦʤʘ ʩʧʦʩʦʙʘʤʠ. 

1) ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʧʝʨʰʦʛʦ ʨʦʜʫ. ʇʨʠ ʮʴʦʤʫ ʟʘʜʘʪ̒ɹʩʷ ʨʦʟʧʦʜʽʣ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʧʦʚʝʨʭʥʽ ʪʽʣʘ ʜʣʷ ʢʦʞʥʦʛʦ ʤʦʤʝʥʪʫ ʯʘʩʫ: 
 

tʩʪ = f (ʭ, ʫ, z).                                            (2.16) 
 

ʜʝ tʩʪ ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʦʚʝʨʭʥʽ ʪʽʣʘ;  

ʭ, ʫ, z ï ʢʦʦʨʜʠʥʘʪʠ ʧʦʚʝʨʭʥʽ ʪ̔ ʣʘ. 

ɺ ʦʢʨʝʤʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʦʚʝʨʭʥʽ ʻ ʧʦʩʪʽʡʥʦ ʁ

ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʯʘʩʫ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦʦʙʤʽʥʫ, ʨʽʚʥʷʥʥʷ (2.16) 

ʩʧʨʦʱʫʻʪʴʩʷ ʽ ʥʘʙʫʚʘʻ ʚʠʜʫ 
 

tʩʪ = const.                                            (2.17) 
 

2) ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʜʨʫʛʦʛʦ ʨʦʜʫ. ʇʨʠ ʮʴʦʤʫ ʟʘʜʘʶʪʴʩʷ ʚʝʣʠʯʠʥʠ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʜʣʷ ʢʦʞʥʦʾ ʪʦʯʢʠ ʧʦʚʝʨʭʥʽ ʪʽʣʘ ʽ ʙʫʜʴ-ʷʢʦʛʦ ʤʦʤʝʥʪʫ 

ʯʘʩʫ. ɸʥʘʣʽʪʠʯʥʦ ʮʝ ʤʦʞʥʘ ʧʦʜʘʪʠ ʚ ʪʘʢʠʡ ʩʧʦʩʽʙ: 
 

qʧ = f (ʭ, ʫ, z, Ű).                                        (2.18) 
 

ʜʝ qʧ ï ʛʫʩʪʠʥʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʥʘ ʧʦʚʝʨʭʥʽ ʪʽʣʘ; 

ʭ, ʫ, z ï ʷʢ ʽ ʫ ʚʠʧʘʜʢʫ (2.16) ï ʢʦʦʨʜʠʥʘʪʠ ʧʦʚʝʨʭʥʽ ʪʽʣʘ. 

ʋ ʥʘʡʧʨʦʩʪʽʰʦʤʫ ʚʠʧʘʜʢʫ ʛʫʩʪʠʥʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʧʦʚʝʨʭʥʝ  ʁ

ʪʽʣʘ ʽ ʟ ʯʘʩʦʤ ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʩʪʽʡʥʦʶ 
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qʧ = q0 = const.                                         (2.19) 
 

ʊʘʢʠʡ ʚʠʧʘʜʦʢ ʪʝʧʣʦʦʙʤʽʥʫ ʤʘʻ ʤʽʩʮʝ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ 

ʨʽʟʥʠʭ ʤʝʪʘʣʝʚʠʭ ʚʠʨʦʙʽʚ ʫ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʝʯʘʭ. 

3) ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʪʨʝʪʴʦʛʦ ʨʦʜʫ. ʇʨʠ ʮʴʦʤʫ ʟʘʜʘʶʪʴʩʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ tʨʽʜ ʽ ʟʘʢʦʥ ʪʝʧʣʦʦʙʤʽʥʫ ʤʽʞ 

ʧʦʚʝʨʭʥʝʶ ʪʽʣʘ ʽ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ. ɻʨʘʥʠʯʥ ̔ʫʤʦʚʠ ʪʨʝʪʴʦʛʦ 

ʨʦʜʫ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʟʘʢʦʥ ʪʝʧʣʦʦʙʤʽʥʫ ʤʽʞ ʧʦʚʝʨʭʥʝʶ ʽ ʥʘʚʢʦʣʠʰʥʽʤ 

ʩʝʨʝʜʦʚʠʱʝʤ ʫ ʧʨʦʮʝʩʽ ʦʭʦʣʦʜʞʝʥʥʷ ʽ ʥʘʛʨʽʚʘʥʥʷ ʪʽʣʘ. ɼʣʷ ʦʧʠʩʫ ʧʨʦʮʝʩʫ 

ʪʝʧʣʦʦʙʤʽʥʫ ʤʽʞ ʧʦʚʝʨʭʥʝʶ ʪʽʣʘ ʽ ʩʝʨʝʜʦʚʠʱʝʤ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʘʢʦʥ 

ʅɹ ʪʁʦʥʘ-ʈ̔ʭʤʘʥʘ. 

ʇʨʦʮʝʩ ʪʝʧʣʦʦʙʤʽʥʫ ʤʽʞ ʧʦʚʝʨʭʥʝʶ ʪʽʣʘ ʽ ʩʝʨʝʜʦʚʠʱʝʤ ʚʽʜʥʦʩʠʪʴʩʷ 

ʜʦ ʜʫʞʝ ʩʢʣʘʜʥʠʭ ʧʨʦʮʝʩʽʚ  ̔ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ. 

ɼʦʢʣʘʜʥʦ ʮʽ ʧʠʪʘʥʥʷ ʙʫʜʫʪʴ ʨʦʟʛʣʷʥʫʪʽ ʧʽʟʥʽʰʝ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʢʦʥʫ ʅʴʪʁʦʥʘ-ʈ̔ʭʤʘʥʘ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʱʦ 

ʚʽʜʜʘʻʪʴʩʷ ʦʜʠʥʠʮʝʶ ʧʦʚʝʨʭʥʽ ʪʽʣʘ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ, ʧʨʦʧʦʨʮʽʡʥʘ ʨʽʟʥʠʮʽ 

ʪʝʤʧʝʨʘʪʫʨ ʧʦʚʝʨʭʥʽ ʪʽʣʘ tʩʪ  ̔ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ tʩʝʨ: 
 

q = a (tcʪ ï tʩʝʨ),                                        (2.20) 
 

ʜʝ a ï ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ, ʷʢʠʡ ʥʘʟʠʚʘʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʚʽʜʜʘʯʽ, ʚʽʥ ʤʘʻ ʨʦʟʤʨ̔ʥʩ̔ʪʴ ï ʚʘʪ ʥʘ ʢʚʘʜʨʘʪʥʠʡ ʤʝʪʨ-ʢʝʣʴʚʽʥ 

(ɺʪ/ʤ
2
 ʂ). 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʭʘʨʘʢʪʝʨʠʟʫʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʝʧʣʦʦʙʤʽʥʫ 

ʤʽʞ ʧʦʚʝʨʭʥʝʶ ʪʽʣʘ ʽ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ. ʏʠʩʝʣʴʥʦ ʚʽʥ ʜʦʨʽʚʥʶʻ 

ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʪʠ, ʦɦ ʚ̔ ʜʜʘʻʪʴʩʷ (ʯʠ ʩʧʨʠʡʤʘʻʪʩɹ)̫ ʦʜʠʥʠʮʝʶ ʧʦʚʝʨʭʥʽ ʟʘ 

ʦʜʠʥʠʮʶ ʯʘʩʫ ʧʨʠ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ ʤʽʞ ʧʦʚʝʨʭʥʝʶ ʪʽʣʘ  ̔ʥʘʚʢʦʣʠʰʥʽʤ 

ʩʝʨʝʜʦʚʠʱʝʤ ʚ ʦʜʠʥ ʛʨʘʜʫʩ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʢʦʥʫ ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʱʦ 

ʚʽʜʚʦʜʠʪʴʩʷ ʟ ʦʜʠʥʠʮʽ ʧʦʚʝʨʭʥʽ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ ʚʥʘʩʣʽʜʦʢ ʪʝʧʣʦʚʽʜʜʘʯʽ 

(2.20), ʧʦʚʠʥʥʘ ʜʦʨʽʚʥʶʚʘʪʠ ʪʝʧʣʦʪʽ, ʷʢʘ ʧʽʜʚʦʜʠʪʴʩʷ ʜʦ ʦʜʠʥʠʮʽ ʧʦʚʝʨʭʥʽ 

ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ ʚʥʘʩʣʽʜʦʢ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʟ ʚʥʫʪʨʽʰʥʽʭ ʦʙôʻʤʽʚ ʪʽʣʘ 

(ʨʽʚʥʷʥʥʷ (2.6)), ʪʦʙʪʦ 
 

a (tcʪ ï tʩʝʨ) = ïɚ drag t,                               (2.21) 
 

ʘʙʦ 
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l-=-a ,                                (2.22) 

 

ʜʝ ʧ ï ʥʦʨʤʘʣʴ ʜʦ ʧʦʚʝʨʭʥʽ ʪʽʣʘ; ʽʥʜʝʢʩ çʩʪè ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ 

ʪʝʤʧʝʨʘʪʫʨʘ  ̔ʛʨʘʜʽʻʥʪ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʧʦʚʝʨʭʥʽ ʪʽʣʘ (ʧʨʠ ʧ=0). 

ʆʩʪʘʪʦʯʥʦ ʛʨʘʥʠʯʥ ̔ ʫʤʦʚʠ ʪʨʝʪʴʦʛʦ ʨʦʜʫ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʚ 

ʥʘʩʪʫʧʥʦʤʫ ʚʠʜʽ 
 

( )ñåðñò
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l
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ç

å

µ

µ
.                                (2.23) 

 

ʈʽʚʥʷʥʥʷ (2.23), ʚʣʘʩʥʦ ʢʘʞʫʯʠ, ʻ ʦʢʨʝʤʠʤ ʚʠʨʘʞʝʥʥʷʤ ʟʘʢʦʥʫ 

ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ ʜʣʷ ʧʦʚʝʨʭʥʽ ʪʽʣʘ. 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʢʦ ʾʢʽʣʴʢʦʩʪʽ ʬʘʢʪʦʨʽʚ. 

ʆʜʥʘʢ ʫ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʤʦʞʥʘ ʚʚʘʞʘʪʠ 

ʥʝʟʤʽʥʥʠʤ, ʪʦʤʫ ʚ ʧʦʜʘʣʴʰʦʤʫ ʧʨʠ ʨʽʰʝʥʥʽ ʟʘʜʘʯ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʤʠ 

ʙʫʜʝʤʦ ʧʨʠʡʤʘʪʠ ʚʝʣʠʯʠʥʫ Ŭ ʧʦʩʪʽʡʥʦʶ. 

3) ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʯʝʪʚʝʨʪʦʛʦ ʨʦʜʫ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʫʤʦʚʠ 

ʪʝʧʣʦʦʙʤʽʥʫ ʩʠʩʪʝʤʠ ʪʽʣ ʯʠ ʪʽʣʘ ʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ ʟʘ ʟʘʢʦʥʦʤ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʤʽʞ ʪʽʣʘʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʽʜʝʘʣʴʥʠʡ 

ʢʦʥʪʘʢʪ (ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʦʥʴ, ʱʦ ʪʦʨʢʘʶʪʴʩʷ ʦʜʥʘ ʦʜʥʦʾ, ʦʜʥʘʢʦʚʽ). 

ʋ ʜʘʥʠʭ ʫʤʦʚʘʭ ʤʘʻ ʤʽʩʮʝ ʨʽʚʥʽʩʪʴ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ, ʱʦ ʧʨʦʭʦʜʷʪʴ 

ʯʝʨʝʟ ʧʦʚʝʨʭʥʶ ʟʽʪʢʥʝʥʥʷ, ʪʦʙʪʦ 
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l .                                (2.24) 

 

ʋ ʟʘʜʘʯʘʭ ʽʟ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ ʯʝʪʚʝʨʪʦʛʦ ʨʦʜʫ ʟʘʜʘʻʪʴʩʷ 

ʚʽʜʥʦʰʝʥʥʷ ʪʘʥʛʝʥʩʽʚ ʢʫʪʘ ʥʘʭʠʣʫ ʜʦʪʠʯʥʠʭ ʧʨʷʤʠʭ ʜʦ ʪʝʤʧʝʨʘʪʫʨʥʠʭ 

ʢʨʠʚʠʭ ʚ ʪʦʯʮʽ ʜʦʪʠʢʫ ʪʽʣ ʘʙʦ ʪʽʣʘ ʽ ʩʝʨʝʜʦʚʠʱʘ: 
 

const
tg

tg

1

2

2

1 =
l

l
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j

j
.                                   (2.25) 

 

ʊʘʢ ̫ʢ ʧʨʠ ʢʦʥʪʘʢʪʽ ʦʙʠʜʚʘ ʪʽʣʘ ʥʘ ʧʦʚʝʨʭʥʽ ʟʽʪʢʥʝʥʥʷ ʤʘʶʪʴ 

ʦʜʥʘʢʦʚʫ ʪʝʤʧʝʨʘʪʫʨʫ, ʪʝ ʜʦʪʠʯʥʽ ʧʨʷʤʽ ʫ ʧʦʚʝʨʭʥʽ ʨʦʟʧʦʜʽʣʫ ʧʨʦʭʦʜʷʪʴ 

ʯʝʨʝʟ ʦʜʥʫ ʽ ʪʫ ʞ ʩʘʤʫ ʪʦʯʢʫ. 
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2.1.4 ʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʧʨʠ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʨʝʞʠʤʽ 
 

ʇʨʠ ʩʪʘʣʦʤʫ ʯʠ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʪʝʧʣʦʚʦʤʫ ʨʝʞʠʤʽ ʪʝʤʧʝʨʘʪʫʨʘ ʪʽʣʘ 

ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʫ, ʪʦʙʪʦ 
 

0
t
=
tµ

µ
.                                              (2.26) 

 

ʗʢʱʦ ʚʥʫʪʨʽʰʥʽ ʜʞʝʨʝʣʘ ʪʝʧʣʘ ʚʽʜʩʫʪʥʽ (qv=0), ʪʦ ʧʨʠ ʮʴʦʤʫ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʥʘʙʫʜʝ ʚʠʜʫ (2.13). 

ʋ ʜʘʥʦʤʫ ʧʽʜʨʦʟʜʽʣʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʫ ʪʽʣʘʭ 

ʥʘʡʧʨʦʩʪʽʰʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ. ʇʝʨʰʠʤ ʦʙôʻʢʪʦʤ ʨʦʟʛʣʷʜʫ ʻ ʧʝʨʝʜʘʯʘ 

ʪʝʧʣʦʪʠ ʯʝʨʝʟ ʧʣʦʩʢʫ ʩʪʽʥʢʫ ʧʨʠ qv=0. 
 

 

2.1.4.1 ʇʝʨʝʜʘʯʘ ʪʝʧʣʦʪʠ ʯʝʨʝʟ ʧʣʦʩʢʫ ʩʪʽʥʢʫ  
 

1) ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʧʝʨʰʦʛʦ ʨʦʜʫ 

ʈʦʟʛʣʷʥʝʤʦ ʦʜʥʦʨʽʜʥʫ ʡ ʟ̔ʦʪʨʦʧʥʫ ʩʪʽʥʢʫ ʪʦʚʱʠʥʦʶ ŭ ʟ ʧʦʩʪʽʡʥʠʤ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ɚ. ʅʘ ʟʦʚʥʽʰʥʽʭ ʧʦʚʝʨʭʥʷʭ ʩʪʽʥʮʽ 

ʧʽʜʪʨʠʤʫʶʪʴʩʷ ʧʦʩʪʽʡʥ ̔ʪʝʤʧʝʨʘʪʫʨʠ tʩʪ1 ʽ tʩʪ2. 

ʇʨʠ ʟʘʜʘʥʠʭ ʫʤʦʚʘʭ ʪʝʤʧʝʨʘʪʫʨʘ ʙʫʜʝ ʟʤʽʥʶʚʘʪʠʩʷ ʪʽʣʴʢʠ ʚ 

ʥʘʧʨʷʤʢʫ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʧʣʦʱʠʥʽ ʩʪʽʥʢʠ (ʨʠʩ. 2.2).  

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2.2 ï ʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʯʝʨʝʟ ʦʜʥʦʨʽʜʥʫ ʧʣʦʩʢʫ ʩʪʽʥʢʫ  
 

ʗʢʱʦ ʚʽʩʴ ʆʭ ʥʘʧʨʘʚʠʪʠ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 2.2, ʪʦ ʪʝʤʧʝʨʘʪʫʨʘ 

ʚ ʥʘʧʨʷʤʢʫ ʦʩʝʡ ʆʫ ʽ ʆz ʙʫʜʝ ʟʘʣʠʰʘʪʠʩʷ ʧʦʩʪʽʡʥʦʶ: 
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.                                         (2.27) 

 

ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʜʣʷ 

ʜʘʥʦʛʦ ʚʠʧʘʜʢʫ ʤʘʻ ʚʠʜ 
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x
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.                                           (2.28) 

 

ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʚ ʜʘʥ̔ʡ ʟʘʜʘʯʽ ʟʘʜʘʶʪʴʩʷ ʚ ʪʘʢʠʡ ʩʧʦʩʽʙ: 
 

ý
ü
û

=d=

==

ñò2

ñò1

tt    x     ïðè

tt0    x     ïðè
.                             (2.29) 

 

ʈ̔ ʚʥʷʥʥʷ (2.28) ʽ ʫʤʦʚʠ (2.29) ʜʘʶʪʴ ʧʦʚʥʝ ʤʘʪʝʤʘʪʠʯʥʝ 

ʬʦʨʤʫʣʶʚʘʥʥʷ ʜʘʥʦʾ ʟʘʜʘʯʽ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʤʘʻ ʙʫʪʠ ʟʥʘʡʜʝʥʦ ʨʦʟʧʦʜʽʣ 

ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʧʣʦʩʢʽʡ ʩʪʽʥʮʽ, ʪʦʙʪʦ  t=f(ʭ), ʽ ʦʪʨʠʤʘʥʦ ʬʦʨʤʫʣʫ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʘ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ ʢʨʽʟʴ ʩʪʽʥʢʫ. 

ɿʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ ʧʦ ʪʦʚʱʠʥʽ ʩʪʽʥʢʠ ʤʦʞʥʘ ʟʥʘʡʪʠ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʧʦʜʚʽʡʥʦʛʦ ʽʥʪʝʛʨʫʚʘʥʥʷ ʨʽʚʥʷʥʥʷ (2.28). 

ʇʝʨʰʝ ʽʥʪʝʛʨʫʚʘʥʥʷ ʜʘʻ 
 

1C
x

t
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µ

µ
.                                              (2.30) 

 

ʇʽʩʣʷ ʜʨʫʛʦʛʦ ʽʥʪʝʛʨʫʚʘʥʥʷ ʦʪʨʠʤʘʻʤʦ 
 

t = ʉ1 ʭ + ʉ2.                                            (2.31) 
 

ɿ ʨʽʚʥʷʥʥʷ (2.31) ʚʠʧʣʠʚʘʻ, ʱʦ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʢʦʝʬʽʮʽʻʥʪʽ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨʘ ʫ ʩʪʽʥʮʽ ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʣʽʥʽʡʥʠʤ ʟʘʢʦʥʦʤ. 

ʉʪʘʣʽ ʉ1 ʽ ʉ2  ʫ ʨʽʚʥʷʥʥʽ (2.31) ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ: 
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tt
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.                    (2.32) 

 

ʇʽʜʩʪʘʚʠʤʦ ʟʥʘʯʝʥʥʷ ʩʪʘʣʠʭ ʉ1 ʽ ʉ2  ʚ ʨʽʚʥʷʥʥʷ (2.31) ʽ ʦʪʨʠʤʘʻʤʦ 

ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʨʦʟʛʣʷʥʫʪʽʡ ʧʣʦʩʢʽʡ ʩʪʽʥʮʽ: 
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d
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= .                                   (2.33) 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʘ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʦʜʠʥʠʮʶ 

ʧʦʚʝʨʭʥʽ ʩʪʽʥʢʠ ʟʘ ʦʜʠʥʠʮʁ  ʯʘʩʫ ʚ ʥʘʧʨʷʤʢʫ ʦʩʽ ʆʭ, ʚʠʢʦʨʠʩʪʘʻʤʦ ʟʘʢʦʥ 

ʌʫʨ'ʻ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʷʢʦʛʦ 
 

x

t
q

µ

µ
l-= .                                              (2.34) 

 

ɺʨʘʭʦʚʫʶʯʠ ʨʽʚʥʷʥʥʷ (2.30) ʽ (2.32) ʧʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ ʟʥʘʯʝʥʥʷ 

xt µµ/  ʜʦ ʚʠʨʘʞʝʥʥʷ ʟʘʢʦʥʫ ʌʫʨ'ʻ ʦʜʝʨʞʠʤʦ: 
 

( )ñò2ñò1 ttq -
d

l
= .                                    (2.35) 

 

ɿ ʨʽʚʥʷʥʥʷ (2.35) ʚʠʧʣʠʚʘʻ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʱʦ ʧʨʦʭʦʜʠʪʴ 

ʯʝʨʝʟ ʦʜʠʥʠʮʶ ʧʦʚʝʨʭʥʽ ʩʪʽʥʢʠ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ, ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʘ 

ʢʦʝʬʽʮʽʻʥʪʫ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ɚ, ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʟʦʚʥʽʰʥʽʭ 

ʧʦʚʝʨʭʥʷʭ ʩʪʽʥʢʠ (tʩʪ1 ï tʩʪ2) ʽ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʘ ʪʦʚʱʠʥʽ ʩʪʽʥʢʠ ŭ. 

ɺʘʨʪʦ ʚʢʘʟʘʪʠ, ʱʦ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʝ ʘʙʩʦʣʶʪʥʠʤ ʟʥʘʯʝʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨ, ʘ ʾʭ ʨʽʟʥʠʮʝʶ tʩʪ1ïtʩʪ2=Dt, ʷʢʫ ʧʨʠʡʥʷʪʦ ʥʘʟʠʚʘʪʠ 

ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʥʘʧʦʨʦʤ. 

ɺʽʜʥʦʰʝʥʥʷ ɚ/ŭ ʥʘʟʠʚʘʻʪʴʩʷ ʪʝʧʣʦʚʦʶ ʧʨʦʚʽʜʥʽʩʪʶ ʩʪʽʥʢʠ, ʘ 

ʟʚʦʨʦʪʥʘ ʚʝʣʠʯʠʥʘ ŭ/ɚ ï ʪʝʧʣʦʚʠʤ ʯʠ ʪʝʨʤʽʯʥʠʤ ʦʧʦʨʦʤ ʩʪʽʥʢʠ. ʆʩʪʘʥʥʻ 

ʷʚʣʷʻ ʩʦʙʦʶ ʧʘʜʽʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʩʪʽʥʮʽ ʥʘ ʦʜʠʥʠʮʶ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʫ. ɿʥʘʶʯʠ ʧʠʪʦʤʠʡ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ, ʣʝʛʢʦ ʚʠʯʠʩʣʠʪʠ ʟʘʛʘʣʴʥʫ 

ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ QŰ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ʯʝʨʝʟ ʧʦʚʝʨʭʥʶ ʩʪʽʥʢʠ ʧʣʦʱʝʶ F ʟʘ 

ʧʨʦʤʽʞʦʢ ʯʘʩʫ Ű 
 

( )t-
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l
=t=t FttqFQ ñò2ñò1 .                              (2.36) 

 

ɿ ʨʽʚʥʷʥʥʷ (2.35) ʟʥʘʡʜʝʤʦ: 
 

l
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d

- qtt ñò2ñò1 .                                          (2.37) 
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ʇ̔ ʩʣʷ ʚʚʝʜʝʥʥʷ ʮʴʦʛʦ ʚʠʨʘʞʝʥʥʷ ʚ ʨʽʚʥʷʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʶ 

(2.33) ʦʜʝʨʞʠʤʦ: 
 

x
q

tt ñò1
l
-= .                                          (2.38) 

 

ɿ ʨʽʚʥʷʥʥʷ (2.38) ʚʠʧʣʠʚʘʻ, ʱʦ ʟʘ ʽʥʰʠʭ ʨʽʚʥʠʭ ʫʤʦʚ ʪʝʤʧʝʨʘʪʫʨʘ ʫ 

ʩʪʽʥʮʽ ʫʙʫʚʘʻ ʪʠʤ ʰʚʠʜʰʝ, ʯʠʤ ʙʽʣʴʰʝ ʛʫʩʪʠʥʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ. 

ɺʠʨʘʞʝʥʥʷ (2.33) ʽ (2.35) ʦʪʨʠʤʘʥʦ ʧʨʠ ʜʦʧʫʱʝʥʥʽ, ʱʦ ɚ=const.  

ʋ ʜʽʡʩʥʦʩʪʽ ɚ ʻ ʟʤʽʥʥʦʶ ʚʝʣʠʯʠʥʦʶ. ʈʦʟʛʣʷʥʝʤʦ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʻ ʪʽʣʴʢʠ ʬʫʥʢʮʽʻʶ ʪʝʤʧʝʨʘʪʫʨʠ ɚ=f(t). 

ʇʨʠ ʮʴʦʤʫ ʛʫʩʪʠʥʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʥʘ ʧʦʚʝʨʭʥʽ ʧʣʘʩʪʠʥʠ ʜʦʨʽʚʥʶʻ 
 

( )ñò2ñò1
ñåð

ttq -
d

l
= .                                    (2.39) 

 

ɿ ʨʽʚʥʷʥʥʷ (2.39) ʚʠʧʣʠʚʘʻ, ʱʦ ʷʢʱʦ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ɚ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ, ʪʦ q ʤʦʞʥʘ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʜʦʧʫʱʝʥʥʽ, ʱʦ 

ɚ=const, ʧʨʠʡʤʘʶʯʠ ʜʣʷ ʥʴʦʛʦ ʩʝʨʝʜʥɹʦ̔ʥʪʝʛʨʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ɚʩʝʨ ʚ 

ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ tʩʪ1 ʜʦ tʩʪ2. 

ʋ ʪʝʧʣʦʚʠʭ ʘʧʘʨʘʪʘʭ ʯʘʩʪʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʩʪʽʥʢʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ 

ʜʝʢʽʣʴʢʦʭ ʧʣʦʩʢʠʭ ʰʘʨʽʚ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʨʠʩ. 2.3).  

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2.3 ï ʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʯʝʨʝʟ ʙʘʛʘʪʦʰʘʨʦʚʫ ʧʣʦʩʢʫ ʩʪʽʥʢʫ  
 

ʈʦʟʛʣʷʥʝʤʦ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʧʣʦʩʢʦ ʾ ʩʪʽʥʢʠ, ʦɦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧ ʦʜʥʦʨʽʜʥʠʭ ʰʘʨʽʚ. ʇʨʠʡʤʝʤʦ, ʱʦ ʢʦʥʪʘʢʪ ʤʽʞ ʰʘʨʘʤʠ 
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ʽʜʝʘʣʴʥʠʡ, ʽ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʜʦʪʠʯʥʠʭ ʧʦʚʝʨʭʥ̫ ʭ ʜʚʦʭ ʰʘʨʽʚ ʦʜʥʘʢʦʚʘ. 

 ʅʘ ʨʠʩʫʥʢʫ 2.3 ʥʘʚʝʜʝʥʦ ʩʪʽʥʢʫ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʦʜʥʦʨʽʜʥʠʭ ʰʘʨʽʚ. 

ʇʨʠ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʨʝʞʠʤʽ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ 

ʙʫʜʴ-ʷʢʫ ʽʟʦʪʝʨʤʽʯʥʫ ʧʦʚʝʨʭʥʶ ʥʝʦʜʥʦʨʽʜʥʦʾ ʩʪʽʥʢʠ ʻ ʦʜʥʘʢʦʚʠʤ 

0xq =µµ / . ɼʣʷ ʦʜʝʨʞʘʥʥʷ ʨʽʚʥʷʥʥʷ ʜʣʷ ʮʴʦʛʦ ʚʠʧʘʜʢʫ ʥʝʦʙʭʽʜʥʦ ʟʘʧʠʩʘʪʠ 

ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʜʣʷ ʢʦʞʥʦʛʦ ʦʢʨʝʤʦʛʦ ʰʘʨʫ ʇʨʠ ʟʘʜʘʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʟʦʚʥʽʰʥʽʭ ʧʦʚʝʨʭʦʥʴ ʪʘʢʦʾ ʩʪʽʥʢʠ, ʨʦʟʤʽʨʘʭ ʰʘʨʽʚ ʽ 

ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʝʬʽʮʽʻʥʪʘʭ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʤʦʞʥʘ ʩʢʣʘʩʪʠ ʨʽʚʥʷʥʥ:̫ 
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                                    (2.40) 

 

ɺʠʟʥʘʯʠʤʦ ʪʝʤʧʝʨʘʪʫʨʥʽ ʥʘʧʦʨʠ ʚ ʢʦʞʥʽʤ ʰʘʨʽ ʟ ʨʽʚʥʷʥʴ (2.40) 
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                                    (2.41) 

 

ʉʢʣʘʜʝʤʦ ʣ̔ʚʽ ʽ ʧʨʘʚʽ ʯʘʩʪʠʥʠ ʨʽʚʥʷʥʴ  ̔ʦʜʝʨʞʠʤʦ: 
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1)ñò(nñò1 qtt ... .                      (2.42) 

 

ʊʦʜʽ ʛʫʩʪʠʥʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʜʦʨʽʚʥʶʻ 
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.                      (2.43) 

 

ɺʝʣʠʯʠʥʘä
=

=

ld
ni

1i
ii / , ʢ̫ʘ ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʪʝʧʣʦʚʠʭ ʦʧʦʨʽʚ ʫʩʽʭ ʧ ʰʘʨʽʚ, 

ʥʘʟʠʚʘʻʪʴʩʷ ʧʦʚʥʠʤ ʪʝʧʣʦʚʠʤ ʘʙʦ ʪʝʨʤʽʯʥʠʤ ʦʧʦʨʦʤ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 

ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʩʪʽʥʢʠ. 
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ʊʝʤʧʝʨʘʪʫʨʠ ʥʘ ʤʝʞʽ ʟʽʪʢʥʝʥʥʷ ʜʚʦʭ ʩʫʩʽʜʥʽʭ ʰʘʨʽʚ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ 

ʟʘ ʥʘʩʪʫʧʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ: 
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                                (2.44) 

 

ʋʩʝʨʝʜʠʥʽ ʢʦʞʥʦʛʦ ʽʟ ʰʘʨʽʚ ʪʝʤʧʝʨʘʪʫʨʘ ʟʤʽʥʶʻʪʴʩʷ ʟʛʽʜʥʦ ʟ (2.44), ʘ 

ʜʣʷ ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʩʪʽʥʢʠ ʚ ʮʽʣʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʘ ʢʨʠʚʘ ʷʚʣʷʻ ʩʦʙʦʶ 

ʣʦʤʘʥʫ ʣʽʥʽʶ (ʜʠʚ. ʨʠʩ. 2.3). 

2) ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʪʨʝʪʴʦʛʦ ʨʦʜʫ (ʪʝʧʣʦʧʝʨʝʜʘʯʘ) 

ʇʝʨʝʜʘʯʘ ʪʝʧʣʘ ʚʽʜ ʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʨʽʜʠʥʠ ʯʠ ʛʘʟʫ), ʱʦ 

ʨʫʭʘʻʪʴʩʷ, ʜʦ ʽʥʰʦʾ ʯʝʨʝʟ ʚʽʜʦʢʨʝʤʣʶʚʘʣʴʥʫ ʾʭ ʦʜʥʦʨʽʜʥʫ ʯʠ ʙʘʛʘʪʦʰʘʨʦʚʫ 

ʪʚʝʨʜʫ ʩʪʽʥʢʫ ʙʫʜʴ-ʷʢʦʾ ʬʦʨʤʠ ʥʘʟʠʚʘʻʪʴʩʷ ʪʝʧʣʦʧʝʨʝʜʘʯʝʶ. 

ɺʽʜʦʢʨʝʤʣʶʚʘʣʴʥʘ ʩʪʽʥʢʘ ʤʦʞʝ ʩʣʫʞʠʪʠ ʧʨʦʚʽʜʥʠʢʦʤ ʪʝʧʣʦʪʠ (ʫ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʚʦʥʘ ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʟ ʤʘʪʝʨʽʘʣʫ ʟ ʚʠʩʦʢʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ) ʡ ʽʟʦʣʷʪʦʨʦʤ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʪʝʧʣʦʪʠ 

(ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʟ ʤʘʪʝʨʽʘʣʫ ʟ ʛʘʨʥʠʤʠ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ). 

ʇʨʠʢʣʘʜʦʤ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʻ ʧʝʨʝʜʘʯʘ ʪʝʧʣʦʪʠ ʟ ʧʨʠʤʽʱʝʥʥʷ ʚ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ. 

ʈʦʟʛʣʷʥʝʤʦ ʪʝʧʣʦʧʝʨʝʜʘʯʫ ʯʝʨʝʟ ʦʜʥʦʨʽʜʥʫ ʧʣʦʩʢʫ ʩʪʽʥʢʫ. ʇʣʦʩʢʘ 

ʦʜʥʦʨʽʜʥʘ ʩʪʽʥʢʘ ʤʘʻ ʪʦʚʱʠʥʫ ŭ (ʨʠʩ. 2.4)  ̔ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ɚ. 

ʅʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʤʘʻ ʪʝʤʧʝʨʘʪʫʨʠ t1 ʽ t2  ̔ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦʚʽʜʜʘʯʽ 

Ŭ1  ̔ Ŭ2 ʚʽʜʧʦʚʽʜʥʦ. ʇʦʚʝʨʭʥʽ ʩʪʽʥʢʠ ʤʘʶʪʴ ʪʝʤʧʝʨʘʪʫʨʠ tʩʪ1 ʽ tʩʪ2. 

ʊʝʧʣʦʧʝʨʝʜʘʯʘ ʷʚʣʷʻ ʩʦʙʦʶ ʩʢʣʘʜʥʠʡ ʧʨʦʮʝʩ, ʷʢʠʡ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ 

ʩʫʤʫ ʪʨʴʦʭ ʝʪʘʧʽʚ. 

ʇʝʨʰʠʡ ʝʪʘʧ ï ʪʝʧʣʦʚʽʜʜʘʯʘ ʚʽʜ ʛʘʨʷʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟ 

ʪʝʤʧʝʨʘʪʫʨʦʶ t1 ʜʦ ʩʪʽʥʢʠ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ tʩʪ1. ʎʝʡ ʧʨʦʮʝʩ ʦʧʠʩʫʻʪʴʩʷ 

ʨʽʚʥʷʥʥʷʤ ʅʴʶʪʦʥʘ-ʈʽʭʤʘʥʘ (ʜʠʚ. ʨʽʚʥʷʥʥʷ (2.20)) 
 

)t(tq
1ñò11 -a= .                                      (2.45) 

 

ɼʨʫʛʠʡ ʝʪʘʧ ï ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʯʝʨʝʟ ʧʣʦʩʢʫ ʩʪʽʥʢʫ ʚʽʜ ʧʦʚʝʨʭʥʽ ʟ 

ʪʝʤʧʝʨʘʪʫʨʦʶ tʩʪ1 ʜʦ ʧʦʚʝʨʭʥʽ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ tʩʪ2  (ʜʠʚ. ʨʽʚʥʷʥʥʷ (2.35)): 
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)t(tq ñò2ñò1 -
d

l
= .                                  (2.46) 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2.4 ï ʊʝʧʣʦʧʝʨʝʜʘʯʘ ʯʝʨʝʟ ʦʜʥʦʨʽʜʥʫ ʧʣʦʩʢʫ ʩʪʽʥʢʫ 
 

ʊʨʝʪʽʡ ʝʪʘʧ ï ʪʝʧʣʦʚʽʜʜʘʯʘ ʚʽʜ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʩʪʽʥʢʠ ʟ 

ʪʝʤʧʝʨʘʪʫʨʦʶ tʩʪ2 ʜʦ ʭʦʣʦʜʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ t2. ʗʢ ʽ ʚ 

ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʮʝʡ ʧʨʦʮʝʩ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ʅʴʶʪʦʥʘ-ʈʽʭʤʘʥʘ 
 

)2ñò22 t(tq -a= .                                  (2.47) 

 

ɹʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʚʝʣʠʯʠʥʠ t1, t2, Ŭ1  ̔Ŭ2  ̒ ʧʦʩʪʽʡʥʠʤʠ ʽ ʥʝ 

ʟʤʽʥʶʶʪɹ ʩʷ ʚʟʜʦʚʞ ʧʦʚʝʨʭʥʽ. ʎʝ ʜʦʟʚʦʣʷʻ ʨʦʟʛʣʷʜʘʪʠ ʟʤʽʥʫ ʪʝʤʧʝʨʘʪʫʨʠ 

ʩʝʨʝʜʦʚʠʱʘ ʽ ʩʪʽʥʢʠ ʪʽʣʴʢʠ ʚ ʥʘʧʨʷʤʢʫ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʧʣʦʱʠʥ ̔

ʩʪʽʥʢʠ. ʊʦʜʽ ʨʽʚʥʷʥʥʷ (2.45)é(2.47) ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 
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ʗʢʱʦ ʩʢʣʘʩʪʠ ʨʽʚʥʷʥʥʷ (2.48), ʪʦ ʦʪʨʠʤʘʻʤʦ: 
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ʊʦʜʽ ʛʫʩʪʠʥʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʜʦʨʽʚʥʶʻ 
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.                                 (2.51) 

 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ (2.51) ʨʽʚʥʷʥʥʷ (2.50) ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ 
 

( )21 ttkq -= .                                    (2.52) 

 

ɺʝʣʠʯʠʥʘ k ʤʘʻ ʪʫ ʞ ʩʘʤʫ ʨʦʟʤʽʨʥʽʩʪʴ, ʱʦ ʡ Ŭ (ɺʪ/ʤ
2
Āʂ), ʽ 

ʥʘʟʠʚʘʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ ʪʝʧʣʦʧʝʨʝʜʘʯʽ. ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʽʥʪʝʥʩʠʚʥʩ̔ʪʴ ʧʝʨʝʜʘʯʽ ʪʝʧʣʦʪʠ ʚʽʜ ʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʦ 

ʽʥʰʦʛʦ ʯʝʨʝʟ ʚʽʜʦʢʨʝʤʣʶʚʘʣʴʥʫ ʾʭ ʩʪʽʥʢʫ ʽ ʯʠʩʝʣʴʥʦ ʜʦʨʽʚʥʶʻ ʢʽʣʴʢʦʩʪʽ 

ʪʝʧʣʦʪʠ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ʯʝʨʝʟ ʦʜʠʥʠʮʶ ʧʦʚʝʨʭʥʽ ʩʪʽʥʢʠ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ 

ʧʨʠ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ ʤʽʞ ʩʝʨʝʜʦʚʠʱʘʤʠ ʚ ʦʜʠʥ ʛʨʘʜʫʩ. 

ɸʥʘʣʽʟ ʨʽʚʥʷʥʥʷ (2.52) ʧʦʢʘʟʫʻ, ʱʦ ʜʣʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʤʦʞʥʘ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʥʘʩʪʫʧʥʽ ʩʧʦʩʦʙʠ: 

- ʧʽʜʚʠʱʠʪʠ ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦʚʽʜʜʘʯʽ Ŭ1 ʽ Ŭ2; 

- ʟʤʝʥʰʠʪʠ ʪʦʚʱʠʥʫ ʩʪʽʥʢʠ ŭ, ʱʦ ʚʽʜʦʢʨʝʤʣʶʻ ʩʝʨʝʜʦʚʠʱʘ; 

- ʟʘʤʽʥʠʪʠ ʤʘʪʝʨʽʘʣ ʩʪʽʥʢʠ ʥʘ ʤʘʪʝʨʽʘʣ ʟ ʙʽʣʴʰʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. 

ɺʝʣʠʯʠʥʘ, ʟʚʦʨʦʪʥʘ ʢʦʝʬʽʮʽʻʥʪʫ ʪʝʧʣʦʧʝʨʝʜʘʯʽ, ʥʘʟʠʚʘʻʪʴʩʷ ʧʦʚʥʠʤ 

ʪʝʨʤʽʯʥʠʤ ʦʧʦʨʦʤ ʪʝʧʣʦʧʝʨʝʜʘʯʽ. 

ʇʦʚʥʠʡ ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ ʦʜʥʦʰʘʨʦʚʦʾ ʩʪʽʥʢʠ ʜʦʨʽʚʥʶʻ 
 

21

11

k
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R

a
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d
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a
== .                                 (2.53) 

 

ɿ ʨʽʚʥʷʥʥʷ (2.53) ʚʠʜʥʦ, ʱʦ ʧʦʚʥʠʡ ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʦʢʨʝʤʠʭ ʪʝʨʤʽʯʥʠʭ ʦʧʦʨʽʚ 1/Ŭ1, ŭ/ɚ ʽ 1/Ŭ2, ʧʨʠʯʦʤʫ 1/Ŭ1=RŬ1 ï 

ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ ʪʝʧʣʦʚʽʜʜʘʯʽ ʚʽʜ ʛʘʨʷʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʦ ʧʦʚʝʨʭʥʽ 

ʩʪʽʥʢʠ; ŭ/ɚ=Rɚ ï ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʩʪʽʥʢʠ ʘʙʦ 

ʚʥʫʪʨʽʰʥʽʡ ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ; 1/Ŭ2=RŬ2 ï ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ ʪʝʧʣʦʚʽʜʜʘʯʽ 



 158 

ʚʽʜ ʧʦʚʝʨʭʥʽ ʩʪʽʥʢʠ ʜʦ ʭʦʣʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʂʨʽʤ ʪʦʛʦ ʩʫʤʫ 1/Ŭ1 + 1/Ŭ2 

ʥʘʟʠʚʘʶʪʴ ʟʦʚʥʽʰʥʽʤ ʪʝʨʤʽʯʥʠʤ ʦʧʦʨʦʤ RŬ. 

ʈʦʟʛʣʷʥʝʤʦ ʪʝʧʣʦʧʝʨʝʜʘʯʫ ʯʝʨʝʟ ʙʘʛʘʪʦʰʘʨʦʚʫ ʩʪʽʥʢʫ (ʨʠʩ. 2.5). 

ɿʘʛʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʙʫʜʝ ʪʘʢʠʤ ʩʘʤʠʤ, ʷʢ ʽ ʜʣʷ ʦʜʥʦʨʽʜʥʦʾ 

ʩʪʽʥʢʠ ï ʨʽʚʥʷʥʥʷ (2.52). ɺʽʜʤʽʥʥʽʩʪʴ ʙʫʜʝ ʪʽʣʴʢʠ ʫ ʚʠʨʘʞʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʘ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ. ɼʣʷ ʪʨʠh ʘʨʦʚʦʾ ʩʪʽʥʢʠ (ʜʠʚ. ʨʠʩ. 2.5) ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʜʦʨʽʚʥʶʻ 
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= .                               (2.54) 

 

ʗʢʱʦ ʩʪʽʥʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧ ʰʘʨʽʚ, ʪʦ ʛʫʩʪʠʥʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ 

ʧʨʠ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʯʝʨʝʟ ʙʘʛʘʪʦʰʘʨʦʚʫ ʩʪʽʥʢʫ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ 

ʨʽʚʥʷʥʥʷʤ 
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ʇʦʨʽʚʥʷʥʥʷ ʨʽʚʥʷʥʴ (2.50) ʽ (2.55) ʧʦʢʘʟʫʻ, ʱʦ ʨʽʚʥʷʥʥʷ (2.51) ʻ 

ʦʢʨʝʤʠʤ ʚʠʧʘʜʢʦʤ ʨʽʚʥʷʥʥʷ (2.55). 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2.5 ï ʊʝʧʣʦʧʝʨʝʜʘʯʘ ʯʝʨʝʟ ʙʘʛʘʪʦʰʘʨʦʚʫ ʧʣʦʩʢʫ ʩʪʽʥʢʫ 
 

ʆʩʢʽʣʴʢʠ ʟʘʛʘʣʴʥʠʡ ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʢʨʝʤʠʭ 

ʪʝʨʤʽʯʥʠʭ ʦʧʦʨʽʚ, ʪʦ ʦʯʝʚʠʜʥʦ, ʱʦ ʫ ʚʠʧʘʜʢʫ ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʩʪʽʥʢʠ 
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ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ ʢʦʞʥʦʛʦ ʰʘʨʫ. ʇʦʚʥʠʡ ʪʝʨʤʽʯʥʠʡ 

ʦʧʽʨ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʯʝʨʝʟ ʙʘʛʘʪʦʰʘʨʦʚʫ ʩʪʽʥʢʫ ʧʨʠ ʮʴʦʤʫ ʜʦʨʽʚʥʶʻ: 
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.                                 (2.56) 

 

ʊʝʧʣʦʚʽʡ ʧʦʪʽʢ Q ʯʝʨʝʟ ʧʦʚʝʨʭʥʶ ʧʣʦʱʝʶ F ʫ ʚʠʧʘʜʢʫ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʯʝʨʝʟ ʧʣʦʩʢʫ ʩʪʽʥʢʫ ʜʦʨʽʚʥʶʻ 
 

tFkqFQ D== .                                        (2.57) 

 

ʊʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʦʥʴ ʦʜʥʦʨʽʜʥʦʾ ʩʪʽʥʢʠ ʤʦʞʥʘ ʟʥʘʡʪʠ ʟ ʨʽʚʥʷʥʴ 

(2.48): 
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ʇʦʨʽʚʥʷʥʥʷ ʨʽʚʥʷʥʴ (2.43) ʽ (2.55) ʧʦʢʘʟʫʻ, ʱʦ ʨʽʚʥʷʥʥʷ (2.43) ʻ 

ʦʢʨʝʤʠʤ ʚʠʧʘʜʢʦʤ ʨʽʚʥʷʥʥʷ (2.55), ʪʦʙʪʦ ʱʦ ʧʝʨʝʜʘʯʘ ʪʝʧʣʦʪʠ ʯʝʨʝʟ 

ʙʘʛʘʪʦʰʘʨʦʚʫ ʩʪʽʥʢʫ ʧʨʠ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚʘʭ ʧʝʨʰʦʛʦ ʨʦʜʫ ʻ ʦʢʨʝʤʠʤ 

ʚʠʧʘʜʢʦʤ ʙʽʣʴʰ ʟʘʛʘʣʴʥʦʛʦ ʚʠʧʘʜʢʫ ʧʝʨʝʜʘʯʽ ʪʝʧʣʦʪʠ ʧʨʠ ʛʨʘʥʠʯʥʠʭ 

ʫʤʦʚʘʭ ʪʨʝʪʴʦʛʦ ʨʦʜʫ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʩʢʘʟʘʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʤʝʞʽ ʙʫʜʴ-ʷʢʠʭ ʜʚʦʭ ʰʘʨʽʚ  ̔ʪʘ 

ʽ+1 ʧʨʠ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚʘʭ ʪʨʝʪʴʦʛʦ ʨʦʜʫ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʟʘ 

ʨʽʚʥʷʥʥʷʤ 
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2.1.4.2 ʇʝʨʝʜʘʯʘ ʪʝʧʣʦʪʠ ʯʝʨʝʟ ʮʠʣʽʥʜʨʠʯʥʫ ʩʪʽʥʢʫ  
 

1) ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʧʝʨʰʦʛʦ ʨʦʜʫ 

ɼʫʞʝ ʯʘʩʪʦ ʪʝʧʣʦʥʦʩʽʾ ʨʫʭʘʶʪʴʩʷ ʪʨʫʙʘʤʠ, ʽ ʧʦʪʨʽʙʥʦ ʨʦʟʨʘʭʫʚʘʪʠ 

ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ, ʷʢʠʡ ʧʝʨʝʜʘʻʪʴʩʷ ʢʨʽʟʴ ʮʠʣʽʥʜʨʠʯʥʫ ʩʪʽʥʢʫ ʪʨʫʙʠ. 

ʈʦʟʛʣʷʥʝʤʦ ʩʪʘʮʽʦʥʘʨʥʠʡ ʧʨʦʮʝʩ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʚ ʮʠʣʽʥʜʨʠʯʥʽʡ 

ʩʪʽʥʮʽ (ʪʨʫʙʽ) ʽʟ ʚʥʫʪʨʽʰʥʽʤ ʜʽʘʤʝʪʨʦʤ d1 ʽ ʟʦʚʥʽʰʥʽʤ ï d2 (ʨʠʩ. 2.6). 
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ʈʠʩʫʥʦʢ 2.6 ï ʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʢʨʽʟʴ ʦʜʥʦʨʽʜʥʫ ʮʠʣʽʥʜʨʠʯʥʫ ʩʪʽʥʢʫ 
 

ʅʘ ʧʦʚʝʨʭʥʷʭ ʩʪʽʥʢʠ ʟʘʜʘʥʽ ʧʦʩʪʽʡʥʽ ʪʝʤʧʝʨʘʪʫʨʠ tcʪ1 ʽ tcʪ2.  

ʋ ʟʘʜʘʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ 

ʩʪʽʥʢʠ ɚ ʻ ʚʝʣʠʯʠʥʦʶ ʧʦʩʪʽʡʥʦʁ. ʊʝʤʧʝʨʘʪʫʨʠ ʥʘ ʟʦʚʥʽʰʥʽʡ ʽ ʚʥʫʪʨʽʰʥʽʡ 

ʧʦʚʝʨʭʥʷʭ ʪʨʫʙʠ ʥʝʟʤʽʥʥʽ, ʽʟʦʪʝʨʤʽʯʥʽ ʧʦʚʝʨʭʥʽ ʻ ʮʠʣʽʥʜʨʠʯʥʠʤʠ, ʱʦ 

ʤʘʶʪʴ ʽʟ ʪʨʫʙʦʶ ʟʘʛʘʣʴʥʫ ʚʽʩʴ, ʪʦʙʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʟʤʽʥʶʻʪʴʩʷ ʪʽʣʴʢʠ ʚ 

ʨʘʜʽʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʽ ʪʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ ʙʫʜʝ  ̒ʦʜʥʦʤʽʨʥʠʤ.  

ɿʛʽʜʥʦ ʽʟ ʟʘʢʦʥʦʤ ʌʫʨôʻ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʢʨʽʟʴ 

ʮʠʣʽʥʜʨʠʯʥʫ ʧʦʚʝʨʭʥʶ ʨʘʜʽʫʩʘ r ʽ ʜʦʚʞʠʥʦʶ l ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ 

ʚʠʨʘʞʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ 
 

dr

dt
rl)(2

dr

dt
FQ pl-=l-= .                              (2.60) 

 

ʇʽʩʣʷ ʨʦʟʜʽʣʝʥʥʷ ʟʤʽʥʥʠʭ ʦʪʨʠʤʘʻʤʦ 
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Q
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-= .                                          (2.61) 

 

ʇʨʦʽʥʪʝʛʨʫʻʤʦ ʦʩʪʘʥʥ ̒ʨʽʚʥʷʥʥʷ ʚ ʤʝʞʘʭ ʚʽʜ r1 ʜʦ r2 ʽ ʚʽʜ t1 ʜʦ t2 ʽ 

ʦʪʨʠʤʘʻʤʦ:  
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ɿ ʨʽʚʥʷʥʥʷ (2.62) ʚʠʜʥʦ, ʱʦ ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ 

ʪʝʧʣʦʪʠ ʢʨʽʟʴ ʮʠʣʽʥʜʨʠʯʥʫ ʩʪʽʥʢʫ ʤʘʻ ʣʦʛʘʨʠʬʤʽʯʥʠʡ ʭʘʨʘʢʪʝʨ. ʎʝ ʤʦʞʥʘ 

ʧʦʷʩʥʠʪʠ ʥʘʩʪʫʧʥʠʤ. 

ʋ ʚʠʧʘʜʢʫ ʧʣʦʩʢʦʾ ʩʪʽʥʢʠ ʧʠʪʦʤʠʡ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ q ʟʘʣʠʰʘʻʪʴʩʷ 

ʦʜʥʘʢʦʚʠʤ ʜʣʷ ʚʩʽʭ ʽʟʦʪʝʨʤʽʯʥʠʭ ʧʦʚʝʨʭʦʥʴ. ʊʦʤʫ ʛʨʘʜʽʥ̒ʪ ʪʝʤʧʝʨʘʪʫʨʠ 

ʤʘʻ ʜʣʷ ʚʩʽʭ ʽʟʦʪʝʨʤʽʯʥʠʭ ʧʦʚʝʨʭʦʥ ɹ ʧʦʩʪʽʡʥʫ ʚʝʣʠʯʠʥʫ. ʋ ʚʠʧʘʜʢʫ 

ʮʠʣʽʥʜʨʠʯʥʦʾ ʩʪʽʥʢʠ ʛʫʩʪʠʥʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʯʝʨʝʟ ʙʫʜʴ-ʷʢʫ ʽʟʦʪʝʨʤʽʯʥʫ 

ʧʦʚʝʨʭʥʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʘʜʽʫʩʘ. ɿʛʽʜʥʦ ʟ ʨʽʚʥʷʥʥʷʤ (2.63) ʛʫʩʪʠʥʘ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ: 

- ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʢʨʽʟʴ ʦʜʠʥʠʮʶ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ, (ɺʪ/ʤ
2
): 
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d
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= ;                             (2.64) 

 

- ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʢʨʽʟʴ ʦʜʠʥʠʮʶ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ, (ɺʪ/ʤ
2
): 

 

( )

1

2
2

ñò2ñò1

2
2

d

d
lnd

tt2

ld

Q
q

-l
=

p
= ;                             (2.65) 

 

- ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʢʨʽʟʴ ʦʜʠʥʠʮʶ ʜʦʚʞʠʥʠ ʪʨʫʙʠ, 

(ɺʪ/ʤ): 
 

( )

1
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ñò2ñò1
l

d

d
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tt

l

Q
q
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== .                             (2.66) 

 

ʊʝʧʣʦʚʠʡ ʧʦʪʽʢ, ʷʢʠʡ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʦʜʠʥʠʮʽ ʜʦʚʞʠʥʠ ʪʨʫʙʠ, ʤʘʻ 

ʨʦʟʤʽʨʥʽʩʪʴ ʚʘʪ ʥʘ ʤʝʪʨ ʽ ʥʘʟʠʚʘʻʪʴʩʷ ʣʽʥʽʡʥʦʶ ʛʫʩʪʠʥʦʶ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʫ. ʗʢ ʚʠʜʥʦ ʟ ʨʽʚʥʷʥʥʷ (2.66), ʧʨʠ ʥʝʟʤʽʥʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ d2/d1 

ʣʽʥʽʡʥʘ ʛʫʩʪʠʥʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʚʝʨʭʥʽ ʮʠʣʽʥʜʨʠʯʥʦʾ 

ʩʪʽʥʢʠ. ɻʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ q1 ʽ q2 (ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʚʥʫʪʨʽʰʥʴʦʾ ʽ 

ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʦʥʴ) ʫ ʚʠʧʘʜʢʫ ʧʝʨʝʜʘʯʽ ʪʝʧʣʘ ʯʝʨʝʟ ʪʨʫʙʫ ʥʝʦʜʥʘʢʦʚʽ, 

ʧʨʠʯʦʤʫ ʟʘʚʞʜʠ q1>q2. ʆʩʪʘʥʥʻ ʷʩʥʦ ʚʠʜʥʦ ʟ ʨʽʚʥʷʥʴ (2.64) ʽ (2.66). 
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ɿ ʨʽʚʥʷʥʴ (2.64), (2.65) ʽ (2.66) ʣʝʛʢʦ ʚʩʪʘʥʦʚʠʪʠ ʟʚ'ʷʟʦʢ ʤʽʞ 

ʚʝʣʠʯʠʥʘʤʠ q1, q2 ʽ ql: 
 

ql=d́1q1=d́2q2.                                    (2.67) 
 

ɺʥʫʪʨʽʰʥʽʡ ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ ʮʠʣʽʥʜʨʠʯʥʦʾ ʩʪʽʥʢʠ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ 

ʥʘʩʪʫʧʥʠʤ ʨʽʚʥʷʥʥʷʤ 
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2

d

d
ln
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1
R

lp
=l .                                    (2.68) 

 

ʈ̔ ʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʜʣʷ ʙʘʛʘʪʦʰʘʨʦʚʦʾ 

ʮʠʣʽʥʜʨʠʯʥʦʾ ʩʪʽʥʢʠ ʥʘʙʫʜʝ ʥʘʩʪʫʧʥʦʛʦ ʚʠʜʫ: 
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ɿ ʨʽʚʥʷʥʥ ̫ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ (2.66) ʣʝʛʢʦ 

ʨʦʟʨʘʭʫʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ ʤʝʞʽ ʣʶʙʠʭ ʜʚʦʭ ʰʘʨʽʚ: 
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ʽ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʰʘʨʫ 
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2) ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʪʨʝʪʴʦʛʦ ʨʦʜʫ (ʪʝʧʣʦʧʝʨʝʜʘʯʘ) 

ʈʦʟʛʣʷʥʝʤʦ ʦʜʥʦʨʽʜʥʫ ʮʠʣʽʥʜʨʠʯʥʫ ʩʪʽʥʢʫ (ʪʨʫʙʫ) ʟ ʧʦʩʪʽʡʥʠʤ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ɚ. ʉʝʨʝʜʦʚʠʱʘ, ʱʦ ʨʫʭʘʶʪʴʩʷ, ʤʘʶʪʴ 

ʪʝʤʧʝʨʘʪʫʨʠ t1 ʽ t2 ʽ ʧʦʩʪʽʡʥʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʽʜʜʘʯʽ ʥʘ 

ʚʥʫʪʨʽʰʥʽʡ ʽ ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʷʭ ʪʨʫʙʠ Ŭ1 ʽ Ŭ2 (ʨʠʩ. 2.7). 
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ʈʠʩʫʥʦʢ 2.7 ï ʊʝʧʣʦʧʝʨʝʜʘʯʘ ʯʝʨʝʟ ʦʜʥʦʨʽʜʥʫ ʮʠʣʽʥʜʨʠʯʥʫ ʩʪʽʥʢʫ 
 

ɹʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʜʦʚʞʠʥʘ ʪʨʫʙʠ ʟʥʘʯʥʦ ʙʽʣʴʰʝ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʪʦʚʱʠʥʦʶ ʩʪʽʥʢʠ. ʊʦʜʽ ʚʪʨʘʪʘʤʠ ʪʝʧʣʘ ʟ ʪʦʨʮʽʚ ʪʨʫʙʠ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ ʽ 

ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʪʝʧʣʦʚʦʤʫ ʨʝʞʠʤʽ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʱʦ ʙʫʜʝ 

ʧʝʨʝʜʘʚʘʪʠʩʷ ʚʽʜ ʛʘʨʷʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʦ ʧʦʚʝʨʭʥ ̔ʩʪʽʥʢʠ, ʧʨʦʭʦʜʠʪʠ ʢʨʽʟʴ 

ʩʪʽʥʢʫ ʽ ʚʽʜʜʘʚʘʪʠʩʷ ʚʽʜ ʩʪʽʥʢʠ ʜʦ ʭʦʣʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʙʫʜʝ ʦʜʥʘʢʦʚʦʶ. 

ʆʪʞʝ, ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ: 

1) ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʚʽʜ ʛʘʨʷʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʦ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ 

ʩʪʽʥʢʠ  
 

)tl(tdQ ñò1111 -pa= ;                             (2.73) 

 

2) ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʯʝʨʝʟ ʩʪʽʥʢʫ ʪʨʫʙʠ ʟʘ ʨʘʭʫʥʦʢ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 

ʜʦʨʽʚʥʶʻ 
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3) ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʚʽʜ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʢʠ ʜʦ ʭʦʣʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʜʦʨʽʚʥʶʻ 
 

)tl(tdQ 2ñò222 -Öpa= .                                (2.75) 

 

ɺʠʨʽʰʠʤʦ ʨʽʚʥʷʥʥʷ (2.73)é(2.75) ʱʦʜʦ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ, ʘ ʧʦʪʽʤ 

ʩʢʣʘʜʝʤʦ ʣʽʚʽ ʽ ʧʨʘʚʽ ʯʘʩʪʠʥʠ: 
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ɺʠʟʥʘʯʠʤʦ ʟʚʽʜʩʠ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ: 
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ɺʚʝʜʝʤʦ ʧʦʟʥʘʯʝʥʥʷ  
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ʜʝ kl ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʜʣʷ ʮʠʣʽʥʜʨʠʯʥʦʾ ʩʪʽʥʢʠ ʯʠ 

ʣʽʥʽʡʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ, (ɺʪ/(ʤ ʂ)). 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʮʠʣʽʥʜʨʠʯʥʦʾ ʩʪʽʥʢʠ, ʱʦ 

ʤʘʻ n ʰʘʨʽʚ, 
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ʏʠʩʣʦʚʝ ʟʥʘʯʝʥʥʷ ʣʽʥʽʡʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ kl ʜʦʨʽʚʥʶʻ 

ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʪʠ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʢʨʽʟʴ 1ʤ ʪʨʫʙʦʧʨʦʚʦʜʫ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ 

ʚʽʜ ʛʘʨʷʯʦʛʦ ʪʝʧʣʦʥʦʩʽʷ ʜʦ ʭʦʣʦʜʥʦʛʦ ʧʨʠ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ ʤʽʞ ʥʠʤʠ ʚ 

1 
ʦ
ʉ. 

ʊʦʜʽ ʜʣʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʥʘʩʪʫʧʥʝ ʨʽʚʥʷʥʥʷ 
 

)tl(tkQ 21l -p= .                                   (2.80) 

 

ɺʝʣʠʯʠʥʫ, ʟʚʦʨʦʪʥʫ ʣʽʥʽʡʥʦʤʫ ʢʦʝʬʽʮʽʻʥʪʫ ʪʝʧʣʦʧʝʨʝʜʘʯʽ, ʥʘʟʠʚʘʶʪʴ 

ʟʘʛʘʣʴʥʠʤ ʪʝʧʣʦʚʠʤ ʦʧʦʨʦʤ ʮʠʣʽʥʜʨʠʯʥʦʾ ʩʪʽʥʢʠ: 
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ʆʢʨʝʤʽ ʩʢʣʘʜʦʚʽ ʧʦʚʥʦʛʦ ʪʝʨʤʽʯʥʦʛʦ ʦʧʦʨʫ ʷʚʣʷʶʪʴ ʩʦʙʦʶ: 

1/Ŭ1d1 i 1/Ŭ2d2 ï ʪʝʧʣʦʚʽ ʦʧʦʨʠ ʪʝʧʣʦʚʽʜʜʘʯʽ ʥʘ ʚʽʜʧʦʚʽʜʥʠʭ 



 165 

ʧʦʚʝʨʭʥʷʭ; ʧʦʟʥʘʯʠʤʦ ʾʭ ʚʽʜʧʦʚʽʜʥʦ RlŬ1 ʽ RlŬ2; 

(1/2ɚ)Āln(d2/d1) ï ʪʝʧʣʦʚʠʡ ʦʧʽʨ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʩʪʽʥʢʠ; ʧʦʟʥʘʯʠʤʦ  

ʡʦʛʦ ʯʝʨʝʟ Rlɚ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʣʽʥʽʡʥʽ ʪʝʨʤʽʯʥʽ ʦʧʦʨʠ ʪʝʧʣʦʚʽʜʜʘʯʽ ʜʣʷ ʪʨʫʙʠ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʪʝʧʣʦʚʽʜʜʘʯʽ Ŭ1 ʽ Ŭ2, ʘ  ̔

ʚʽʜʧʦʚʽʜʥʠʤʠ ʜʽʘʤʝʪʨʘʤʠ. 

ʗʢʱʦ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʯʝʨʝʟ ʮʠʣʽʥʜʨʠʯʥʫ ʩʪʽʥʢʫ ʚʽʜʥʝʩʪʠ ʜʦ 

ʚʥʫʪʨʽʰʥʴʦʾ ʯʠ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʩʪʽʥʢʠ, ʪʦ ʦʜʝʨʞʠʤʦ ʛʫʩʪʠʥʫ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʷʢʘ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʦʜʠʥʠʮʽ ʚʽʜʧʦʚʽʜʥʦʾ ʧʦʚʝʨʭʥʽ ʪʨʫʙʠ: 
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 ̔

( )2111 ttkq -= ,       ( )2122 ttkq -= ,                             (2.83) 

 

ʜʝ k1=kl/d1 i k2=kl/d2. 

ʆʩʪʘʥʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʩʪʘʥʦʚʣʶʶʪʴ ʟʚ'ʷʟʦʢ ʤʽʞ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʧʨʠ ʚʽʜʥʝʩʝʥʥʽ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʜʦ ʦʜʠʥʠʮʽ ʜʦʚʞʠʥʠ 

ʮʠʣʽʥʜʨʠʯʥʦʾ ʩʪʽʥʢʠ ʽ ʜʦ ʦʜʠʥʠʮʽ ʧʦʚʝʨʭʥʽ:  
 

kl=k1d1=k2d2.                                          (2.84) 
 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ kl ʚʠʤʽʨʶʻʪʴʩʷ ʫ ʚʘʪʘʭ ʥʘ ʤʝʪʨ-ʢʝʣʴʚʽʥ 

(ɺʪ/(ʤĀʂ)). 

 

 

2.1.4.3 ʂʨʠʪʠʯʥʠʡ ʜʽʘʤʝʪʨ ʮʠʣʽʥʜʨʠʯʥʦʾ ʩʪʽʥʢʠ  
 

ʈʦʟʛʣʷʥʝʤʦ ʚʧʣʠʚ ʟʤʽʥʠ ʟʦʚʥʽʰʥʴʦʛʦ ʜʽʘʤʝʪʨʘ ʥʘ ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ 

ʦʜʥʦʨʽʜʥʦʾ ʮʠʣʽʥʜʨʠʯʥʦʾ ʩʪʽʥʢʠ. ɿʛʽʜʥʦ ʟ ʨʽʚʥʷʥʥʷʤ (2.81) ʤʘʻʤʦ: 
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ʇʨʠ ʧʦʩʪʽʡʥʠʭ ʟʥʘʯʝʥʥʷʭ Ŭ1, d1, ɚ ʽ Ŭ2 ʧʦʚʥʠʡ ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʮʠʣʽʥʜʨʠʯʥʦʾ ʩʪʽʥʢʠ ʙʫʜʝ ʟʘʣʝʞʘʪʠ ʪʽʣʴʢʠ ʚʽʜ ʟʦʚʥʽʰʥʴʦʛʦ 

ʜʽʘʤʝʪʨʘ d2. ɿ ʨʽʚʥʷʥʥʷ (2.81) ʚʠʧʣʠʚʘʻ, ʱʦ ʧʨʠ ʮʠʭ ʫʤʦʚʘʭ ʤʦʞʥʘ 

ʧʨʠʡʥʷʪʠ, ʱʦ 1/Ŭ1d1=RlŬ1=const. 
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ʊʝʧʣʦʚʠʡ ʦʧʽʨ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ (1/2ɚ)Āln(d2/d1)=Rlɚ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

d2 ʙʫʜʝ ʟʙʽʣʴʰʫʚʘʪʠʩʷ, ʘ ʪʝʧʣʦʚʠʡ ʦʧʽʨ ʪʝʧʣʦʚʽʜʜʘʯʽ 1/Ŭ2d2=RlŬ2 ʙʫʜʝ 

ʟʤʝʥʰʫʚʘʪʠʩʷ. ɺʦʯʝʚʠʜʴ, ʱʦ ʧʦʚʥʠʡ ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ 

ʭʘʨʘʢʪʝʨʦʤ ʟʤʽʥʠ ʩʢʣʘʜʦʚʠʭ Rlɚ  ̔ RlŬ2. ɿʤʽʥʫ ʦʢʨʝʤʠʭ ʪʝʨʤʽʯʥʠʭ ʦʧʦʨʽʚ 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 2.8. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʟ'ʷʩʫʚʘʪʠ, ʷʢ ʙʫʜʝ ʟʤʽʥʶʚʘʪʠʩʷ ʚʝʣʠʯʠʥʘ Rl ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʪʦʚʱʠʥʠ ʮʠʣʽʥʜʨʠʯʥʦʾ ʩʪʽʥʢʠ, ʜʦʩʣʽʜʞʫʻʤʦ Rl  ʷʢ ʬʫʥʢʮʽ ʁd2. 

ɺʽʟʴʤʝʤʦ ʧʦʭʽʜʥʫ ʚʽʜ Rl  ʜʦ d2 ʽ ʜʦʨʽʚʥʷʻʤʦ ʥʫʣʶ: 
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ʈʠʩʫʥʦʢ 2.8 ï ɿʘʣʝʞʥʽʩʪʴ ʪʝʨʤʽʯʥʦʛʦ ʦʧʦʨʫ ʩʪʽʥʢʠ ʚʽʜ d2 
 

ɿʥʘʯʝʥʥʷ d2 ʟ ʦʩʪʘʥʥʴʦʛʦ ʚʠʨʘʞʝʥʥʷ ʚʽʜʧʦʚʽʜʘʻ ʝʢʩʪʨʝʤʘʣʴʥʽʡ ʪʦʯʮʽ 

ʢʨʠʚʦʾ Rl=f(d2). ɼʦʩʣʽʜʞʝʥʥʷ ʮʽʻʾ ʢʨʠʚʦʾ ʢʦʞʥʠʤ ʟ ʚʽʜʦʤʠʭ ʩʧʦʩʦʙʽʚ ʥʘ 

ʟʥʘʭʦʜʞʝʥʥʷ ʤʘʢʩʠʤʫʤʫ ʘʙʦ ʤʽʥʽʤʫʤʫ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚ ʝʢʩʪʨʝʤʘʣʴʥʽʡ 

ʪʦʯʮʽ ʟʥʘʭʦʜʠʪʴʩʷ ʤʽʥʽʤʫʤ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʟʥʘʯʝʥʥʽ ʜʽʘʤʝʪʨʘ d2=2ɚ/Ŭ2 

ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʙʫʜʝ ʤʽʥʽʤʘʣʴʥʠʤ. 

ɿʥʘʯʝʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʜʽʘʤʝʪʨʘ ʪʨʫʙʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʤʽʥʽʤʘʣʴʥʦʤʫ 

ʧʦʚʥʦʤʫ ʪʝʨʤʽʯʥʦʤʫ ʦʧʦʨʫ ʪʝʧʣʦʧʝʨʝʜʘʯʽ, ʥʘʟʠʚʘʻʪʴʩʷ ʢʨʠʪʠʯʥʠʤ 

ʜʽʘʤʝʪʨʦʤ ʽ ʧʦʟʥʘʯʘʻʪʴʩʷ dʢʨ. ʈʦʟʨʘʭʦʚʫʻʪʴʩʷ ʢʨʠʪʠʯʥʠʡ ʜʽʘʤʝʪʨ ʟʘ 

ʨʽʚʥʷʥʥʷʤ 
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ʗʢʱʦ d2<dʢʨ,  ʪʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ d2 ʧʦʚʥʠʡ ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʧʘʜʘʻ, ʪʦʤʫ ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʤʘʻ ʥʘ 

ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ ʙʽʣʴʰʠʡ ʚʧʣʠʚ, ʥʽʞ ʟʙʽʣʴʰʝʥʥʷ ʪʦʚʱʠʥʠ ʩʪʽʥʢʠ. 

ʗʢʱʦ d2>dʢʨ, ʪʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ d2 ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ ʪʝʧʣʦʧʝʨʝʜʘʯʽ 

ʟʙʽʣʴʰʫʻʪʴʩʷ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʜʦʤʽʥʫʶʯʠʡ ʚʧʣʠʚ ʪʦʚʱʠʥʠ ʩʪʽʥʢʠ. 

ʅʘʚʝʜʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʚʠʙʦʨʽ ʪʝʧʣʦʚʦʾ 

ʽʟʦʣʷʮʽʾ ʜʣʷ ʧʦʢʨʠʪʪʷ ʨʽʟʥʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʘʧʘʨʘʪʽʚ ʽ ʪʨʫʙʦʧʨʦʚʦʜʽʚ. 

ʈʦʟʛʣʷʥʝʤʦ ʢʨʠʪʠʯʥʠʡ ʜʽʘʤʝʪʨ ʽʟʦʣʷʮʽʾ ʪʨʫʙʠ (ʨʠʩ. 2.9). ʊʝʨʤʽʯʥʠʡ 

ʦʧʽʨ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʜʣʷ ʪʘʢʦʾ ʪʨʫʙʠ ʜʦʨʽʚʥʶʻ: 
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ʈʠʩʫʥʦʢ 2.9 ï ɼʦ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʛʦ ʜʽʘʤʝʪʨʘ  ʽʟʦʣʷʮʽʾ 
 

ɿ ʨʽʚʥʷʥʥʷ ql=nDt/Rl ʚʠʧʣʠʚʘʻ, ʱʦ ql  ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʟʦʚʥʽʰʥʴʦʛʦ 

ʜʽʘʤʝʪʨʘ ʽʟʦʣʷʮʽʾ d3 ʩʧʦʯʘʪʢʫ ʙʫʜʝ ʟʙʽʣʴʰʫʚʘʪʠʩʷ ʽ ʧʨʠ d3=dʢʨ ʙʫʜʝ ʤʘʪʠ 

ʤʘʢʩʠʤʫʤ ql. ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʟʦʚʥʽʰʥʴʦʛʦ ʜʽʘʤʝʪʨʘ ʽʟʦʣʷʮʽʾ ql 

ʙʫʜʝ ʟʤʝʥʰʫʚʘʪʠʩʷ (ʨʠʩ. 2.10). 

ʇʨʠ ʚʠʙʦʨʽ ʪʝʧʣʦʟ̔ʦʣʷʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʧʦʢʨʠʪʪʷ ʮʠʣʽʥʜʨʠʯʥʦʾ 

ʧʦʚʝʨʭʥʽ, ʥʘʩʘʤʧʝʨʝʜ, ʧʦʪʨʽʙʥʦ ʨʦʟʨʘʭʫʚʘʪʠ ʢʨʠʪʠʯʥʠʡ ʜʽʘʤʝʪʨ ʟʘ 

ʨʽʚʥʷʥʥʷʤ (2.87) ʟʘ ʟʘʜʘʥʠʤʠ ɚ̔ʟ  ̔Ŭ2. 
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ʈʠʩʫʥʦʢ 2.10 ï ɿʘʣʝʞʥʽʩʪʴ ʪʝʧʣʦʚʠʭ ʚʠʪʨʘʪ ʚʽʜ ʪʦʚʱʠʥʠ ʽʟʦʣʷʮʽʾ 

ʮʠʣʽʥʜʨʠʯʥʦʾ ʪʨʫʙʠ 
 

ʗʢʱʦ ʚʠʷʚʠʪʴʩʷ, ʱʦ ʚʝʣʠʯʠʥʘ dʢʨ ʙʽʣʴʰʝ ʟʦʚʥʽʰʥʴʦʛʦ ʜʽʘʤʝʪʨʘ 

ʪʨʫʙʠ d2, ʪʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʙʨʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʷʢʦʩʪʽ ʪʝʧʣʦʚʦ ʾʽʟʦʣʷʮʽ ʾ

ʥʝʜʦʮʽʣʴʥʦ. ɺ ʦʙʣʘʩʪʽ d2<d3<dʢʨ.̔ʟ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʪʦʚʱʠʥʠ ʽʟʦʣʷʮʽʾ ʙʫʜʝ 

ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʟʙʽʣʴʰʝʥʥʷ ʪʝʧʣʦʚʠʪʨʘʪ. ʎʝ ʧʦʣʦʞʝʥʥʷ ʥʘʦʯʥʦ 

ʽʣʶʩʪʨʫʻʪʴʩʷ ʥʘ ʨʠʩʫʥʢʫ 2.10. ʊʽʣʴʢʠ ʧʨʠ d3=d3ʝʬ ʪʝʧʣʦʚʽ ʚʠʪʨʘʪʠ ʟʥʦʚʫ 

ʩʪʘʥʫʪʴ ʪʘʢʠʤʠ ʞ, ʷʢ ʜʣʷ ʥʝʟ̔ʦʣɹʦʚʘʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʫ. ʆʪʞʝ, ʜʝʷʢʠʡ ʰʘʨ 

ʪʝʧʣʦʚʦʾ ʽʟʦʣʷʮʽʾ ʥʝ ʙʫʜʝ ʚʠʧʨʘʚʜʫʚʘʪʠ ʩʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʪʝʧʣʦʚʦʾ ʽʟʦʣʷʮʽʾ ʥʝʦʙʭʽʜʥʦ, 

ʱʦʙ dʢʨ¢d2. 

ʅʘʧʨʠʢʣʘʜ, ʪʨʫʙʫ ʟʦʚʥʽʰʥʽʤ ʜʽʘʤʝʪʨʦʤ d=20 ʤʤ ʥʝʦʙʭʽʜʥʦ ʧʦʢʨʠʪʠ 

ʪʝʧʣʦʚʦʶ ʽʟʦʣʷʮʽʻʶ. ɺ ʷʢʦʩʪʽ ʽʟʦʣʷʮʽ ʾ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʘʟʙʝʩʪ ʟ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ɚ=0,1 ɺʪ/(ʤĀʂ), ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʜʦ 

ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ Ŭ2=5 ɺʪ/(ʤ
2
Āʂ). ʏʠ ʜʦʮʽʣʴʥʦ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʟʙʝʩʪ ʷʢ ʤʘʪʝʨʽʘʣ ʜʣʷ ʪʝʧʣʦʚʦ ʾ ʟ̔ʦʣʷʮʽ?ʾ 

ʂʨʠʪʠʯʥʠʡ ʜʽʘʤʝʪʨ ʽʟʦʣʷʮʽʾ ʜʦʨʽʚʥʶʻ: 
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ʊʘʢ ʷʢ d2<dʢʨ.̔ʟ, ʘʟʙʝʩʪ ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʥʝʜʦʮʽʣʴʥʦ. 
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2.1.5 ʅʝʩʪʘʮʽʦʥʘʨʥʘ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ 

 

2.1.5.1 ɿʘʛʘʣʴʥʽ ʧʦʣʦʞʝʥʥʷ  
 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʨʝʞʠʤʽ ʪʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ ʧʨʠ 

ʥʝʩʪʘʮʽʦʥʘʨʥʦʤʫ ʨʝʞʠʤʽ ʟʤʽʥʁ̒ʪʴʩʷ ʟ ʯʘʩʦʤ. ʂʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʱʦ 

ʧʝʨʝʜʘʻʪɹʩʷ ʧʨʠ ʥʝʩʪʘʮʽʦʥʘʨʥʦʤʫ ʨʝʞʠʤʽ ʪʘʢʦʞ ʟʤʽʥʶʻʪʴʩʷ, ʽ ʪʦʤʫ 

ʥʝʩʪʘʮʽʦʥʘʨʥʠʡ ʪʝʧʣʦʚʠʡ ʧʨʦʮʝʩ ʟʘʚʞʜʠ ʧʦʚôʷʟʘʥʠʡ ʟ ʷʚʠʱʘʤʠ ʥʘʛʨʽʚʘʥʥʷ 

ʯʠ ʦʭʦʣʦʜʞʝʥʥʷ ʪʽʣ. 

ɿ ʨʦʟʨʘʭʫʥʢʘʤʠ ʥʘʛʨʽʚʘʥʥʷ  ̔ʦʭʦʣʦʜʞʝʥʥʷ ʪʽʣ ʯʘʩʪʦ ʜʦʚʦʜʠʪʴʩʷ ʤʘʪʠ 

ʩʧʨʘʚʫ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʪʝʭʥʽʢʠ. ʎʷ ʟʘʜʘʯʘ ʟʫʩʪʨʽʯʘʻʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ 

ʥʘʛʨʽʚʘʥʥʽ ʯʠ ʦʭʦʣʦʜʞʝʥʥʽ ʩʪʽʥ ʧʨʠʤʽʱʝʥʥʷ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ 

ʥʝʨ̔ʚʥʦʤʨ̔ʥʽʩʪʶ ʨʦʙʦʪʠ ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ, ʧʨʠ ʪʝʧʣʦʚʽʡ ʦʙʨʦʙʮʽ ʨʽʟʥʦʛʦ 

ʨʦʜʫ ʤʘʪʝʨʽʘʣʽʚ ʽ ʚʠʨʦʙʽʚ ʫ ʥʘʛʨʽʚʘʣʴʥʠʭ ʧʝʯʘʭ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʦʩʥʦʚʥʠʤ 

ʨʦʙʦʯʠʤ ʨʝʞʠʤʦʤ ʻ ʥʝʩʪʘʮʽʦʥʘʨʥʠʡ, ʧʨʠ ʢʦʪʨʦʤʫ ʚʠʟʥʘʯʘʶʪʴ ʯʘʩ, ʷʢʠʡ 

ʥʝʦʙʭʽʜʥʦ ʟʘʪʨʘʪʠʪʠ ʜʣʷ ʧʨʦʛʨʽʚʫ ʤʘʪʝʨʽʘʣʫ ʜʦ ʥʝʦʙʭʽʜʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʯʠ 

ʪʝʤʧʝʨʘʪʫʨʫ, ʜʦ ʷʢʦʾ ʚʠʨʽʙ ʥʘʛʨʚ̔ʘ̒ʪɹʩʷ ʧʨʦʪʷʛʦʤ ʚʽʜʦʤʦʛʦ ʧʨʦʤʽʞʢʫ ʯʘʩʫ. 

ʋ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʥʝʩʪʘʮʽʦʥʘʨʥʠʡ ʪʝʧʣʦʦʙʤʽʥ ʬʘʢʪʠʯʥʦ ʩʫʧʨʦʚʦʜʞʫʻ ʚʩʽ 

ʧʨʦʮʝʩʠ, ʷʢʠ ʧʦʚ'ʷʟʘʥ ̔ ʟ ʥʘʛʨʽʚʘʥʥʷʤ ʯʠ ʦʭʦʣʦʜʞʝʥʥʷʤ ʤʘʪʝʨʽʘʣʽʚ ʽ 

ʚʠʨʦʙʽʚ, ʘ ʪʘʢʦʞ ʧʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʠ ʧʨʦʛʨʽʚʘʥʥʽ ʦʛʦʨʦʜʞʝʥʴ 

ʧʽʜ ʯʘʩ ʧʫʩʢʫ ʪʝʧʣʦʚʠʭ ʫʩʪʘʥʦʚʦʢ, ʧʨʠ ʘʢʫʤʫʣʶʚʘʥʥʽ ʪʝʧʣʦʪʠ 

ʦʙʤʫʨʦʚʫʚʘʥʥʷʤ ʧʝʨʽʦʜʠʯʥʠʭ ʧʝʯʝʡ, ʧʦʜʘʯʽ ʚʘʛʦʥʝʪʦʢ ʪʫʥʝʣʴʥʠʭ ʧʝʯʝʡ  

ʽ ʪ. ʽʥ. ʋ ʪʫʥʝʣʴʥʠʭ ʧʝʯʘʭ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʤʘʩʦʚʦʾ 

ʧʨʦʜʫʢʮʽʾ, ʚʠʨʦʙʠ, ʷʢ ̔ ʚʠʧʘʣʶʶʪʴʩʷ, ʚʩʪʘʥʦʚʣʶʶʪʴ ʥʘ ʚʘʛʦʥʝʪʢʠ, ʱʦ 

ʧʝʨʝʤʽʱʘʶʪʴʩʷ ʫʟʜʦʚʞ ʧʝʯʽ  ̔ʩʪʠʢʘʶʪʴʩʷ ʟ ʛʘʟʘʤʠ ʨʽʟʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. 

ɿʘʜʘʯʘ ʧʨʦ ʧʦʰʠʨʝʥʥʷ ʪʝʧʣʦʪʠ ʚ ʫʤʦʚʘʭ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʨʝʞʠʤʫ ʚ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʥʝ ʤʦʞʝ ʙʫʪʠ ʚʠʨʽʰʝʥʘ ʘʥʘʣʽʪʠʯʥʠʤ ʰʣʷʭʦʤ 

ʚʥʘʩʣʽʜʦʢ ʾʾ ʚʝʣʠʢʦʾ ʩʢʣʘʜʥʦʩʪʽ. ʊʦʙʪʦ ʥʝʤʦʞʣʠʚʦ ʟʥʘʡʪʠ ʬʫʥʢʮʽʶ 

t=f(ʭ,ʫ,z,Ű), ʱʦ ʦʜʥʦʯʘʩʥʦ ʟʘʜʦʚʦʣʴʥʷʣʘ ʙ ̫ʢ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʤʫ ʨʽʚʥʷʥʥʶ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ʪʘʢ ʽ ʚʽʜʧʦʚʽʜʥʠʤ ʫʤʦʚʘʤ ʦʜʥʦʟʥʘʯʥʦʩʪʽ. ɼʽʡʩʥʦ, ʫ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʨʫʭ ʪʝʧʣʦʪʠ ʚ ʪʽʣʽ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʟʘ ʚʩʽʤʘ ʪʨʴʦʤʘ 

ʢʦʦʨʜʠʥʘʪʥʠʤʠ ʦʩʷʤʠ, ʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ (2.11) 
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ɼʣʷ ʨʽʰʝʥʥʷ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ ʧʦʪʨʽʙʥʦ ʟʥʘʡʪʠ ʧʦʩʪʽʡʥʽ ʽʥʪʝʛʨʫʚʘʥʥʷ, ʘ 

ʜʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʴ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʜʘʥʦʾ ʟʘʜʘʯʽ. ʎʽ ʫʤʦʚʠ 

ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʯʘʩʦʚʽ ʽ ʧʨʦʩʪʦʨʦʚʽ (ʛʨʘʥʠʯʥʽ). ʏʘʩʦʚʽ ʢʨʘʡʦʚʽ ʫʤʦʚʠ 

ʧʝʨʝʜʙʘʯʘʶʪʴ ʧʦʯʘʪʢʦʚʠʡ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪʽʣʽ ʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ 

ʤʦʤʝʥʪʫ ʯʘʩʫ Ű=0. ʇʨʦʩʪʦʨʦʚʽ ʢʨʘʡʦʚʽ ʫʤʦʚʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʧʦʚʝʨʭʦʥʴ, 

ʷʢʽ ʦʙʤʝʞʫʶʪʴ ʩʝʨʝʜʦʚʠʱʝ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ. ʎʽ ʫʤʦʚʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʟʘʜʘʥʽ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

1) ʟʘʜʘʶʪʴʩʷ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʧʦʚʝʨʭʥʽ ʪʽʣʘ ʽ ʾʾ ʟʤʽʥʘ ʚ ʯʘʩʽ. 

ʅʘ ʧʨʘʢʪʠʮʽ ʮʝ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʨʽʜʢʦ; 

2) ʟʘʜʘʶʪʴʩʷ ʚʝʣʠʯʠʥʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʢʨʽʟʴ 

ʧʦʚʝʨʭʥʶ, ʽ ʡʦʛʦ ʟʤʽʥʠ ʚ ʯʘʩʽ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʢʦʥʫ ʌʫʨ'ʻ q=-ɚ dt/dn, ʘ ʮʝ 

ʦʟʥʘʯʘʻ, ʱʦ ʚʽʜʦʤʦ ʢʫʪ ʥʘʭʠʣʫ ʜʦʪʠʯʥʦʾ ʧʨʷʤʦʾ ʜʦ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʢʨʠʚʦʾ ʚ 

ʪʦʯʮʽ ʾʾ ʧʝʨʝʪʠʥʘʥʥʷ ʟ ʧʦʚʝʨʭʥʝʶ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʽ ʪʽʣʘ ʚʠʷʚʣʷʻʪʴʩʷ 

ʥʝʚʽʜʦʤʦʶ; 

3) ʟʘʜʘʶʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʘ tʦ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʦʪʦʯʫʻ ʧʦʚʝʨʭʥʶ ʪʽʣʘ, ʽ 

ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ Ŭ ʤʽʞ ʩʝʨʝʜʦʚʠʱʝʤ ʽ ʧʦʚʝʨʭʥʝʶ. ʎʝʡ ʩʧʦʩʙ̔ ̒ 

ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʡ ʥʘ ʧʨʘʢʪʠʮʽ. ʄʘʪʝʤʘʪʠʯʥʦ ʚʽʥ ʟʘʧʠʩʫʻʪʴʩʷ 

ʬʦʨʤʫʣʦʶ, ʷʢʫ ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ ʟ ʧʦʨʽʚʥʷʥʥʷ ʟʘʢʦʥʽʚ ʌʫʨ'ʻ (2.6) ʽ 

ʅʴʶʪʦʥʘ-ʈʽʭʤʘʥʘ (2.20): 
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ʊʦʜʽ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ 
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ʗʢʱʦ ʨʽʚʥʷʥʥʷ (2.90) ʟʘʧʠʩʘʪʠ ʫ ʬʦʨʤʽ 
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ʪʦ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʱʦ ʪʨʝʪʷ ʫʤʦʚʘ ʚʠʟʥʘʯʘʻ ʤʽʩʮʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʦʯʢʠ, 

ʢʨʽʟʴ ʷʢʫ ʧʦʚʠʥʥʽ ʧʨʦʭʦʜʠʪʠ ʚʩʽ ʜʦʪʠʯʥʽ ʜʦ ʢʨʠʚʠʭ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ 

ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʧʦʚʝʨʭʥʽ ʪʽʣʘ ʚ ʯʘʩʽ. ʎʷ ʪʦʯʢʘ 

ʨʦʟʪʘʰʦʚʘʥʘ ʥʘ ʚʽʜʩʪʘʥʽ ɚʩʪ/Ŭ ʚʽʜ ʧʦʚʝʨʭʥʽ ʪʽʣʘ  ̔ʥʘʟʠʚʘʻʪʴʩʷ ʥʘʧʨ̫ʤʥʦʶ. 
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ʋ ʨʝʟʫʣʴʪʘʪʽ ʨʽʰʝʥʥʷ ʨʽʚʥʷʥʥʷ (2.89) ʧʦʚʠʥʥʘ ʙʫʪʠ ʟʥʘʡʜʝʥʘ ʪʘʢʘ 

ʬʫʥʢʮʽʷ, ʱʦ ʦʜʥʦʯʘʩʥʦ ʟʘʜʦʚʦʣʴʥʷʣʘ ʙ ʮʴʦʤʫ ʨʽʚʥʷʥʥʶ ʽ ʢʨʘʡʦʚʠʤ 

ʫʤʦʚʘʤ. ʈʦʟʚôʷʟʘʥʥʷ ʨʽʚʥʷʥʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʷʜʽʚ ʌʫʨ'ʻ. ɼʣʷ 

ʨʽʟʥʠʭ ʢʨʘʡʦʚʠʭ ʫʤʦʚ ʨʝʟʫʣʴʪʘʪʠ ʚʠʭʦʜʷʪʴ ʨʽʟʥʠʤʠ, ʘʣʝ ʤʝʪʦʜʦʣʦʛʽʷ 

ʨʦʟʚôʷʟʘʥʥʷ  ʚ ʦʩʥʦʚʥʦʤʫ ʦʜʥʘʢʦʚʘ.  

ɸʥʘʣʽʪʠʯʥʝ ʨʦʟʚôʷʟʘʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥ ̫ ʪʝʧʣʦ-

ʧʨʦʚʽʜʥʦʩʪʽ (2.89) ʤʦʞʣʠʚʦ ʣʠʰʝ ʜʣʷ ʜʝʷʢʠʭ ʦʢʨʝʤʠʭ ʟʘʜʘʯ ʧʨʠ ʨʷʜʽ 

ʩʧʨʦʱʝʥʴ. ɿʦʢʨʝʤʘ, ʽʟ ʟʘʜʘʯ, ʱʦ ʤʘʶʪʴ ʥʘʡʙʽʣʴʰʝ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ, ʻ 

ʨʦʟʚôʷʟʘʥʥʷ ʜʣʷ ʥʝʦʙʤʝʞʝʥʦʾ ʧʣʦʩʢʦʾ ʩʪʽʥʢʠ, ʢʨʫʛʣʦʛʦ ʮʠʣʽʥʜʨʘ 

ʥʝʩʢʽʥʯʝʥʥʦʾ ʜʦʚʞʠʥʠ ʽ ʢʫʣʽ. ɼʣʷ ʪʝʭʥʽʯʥʠʭ ʮʽʣʝʡ ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ 

ʤʦʞʥʘ ʦʙʤʝʞʠʪʠʩʷ ʨʦʟʛʣʷʜʦʤ ʧʝʨʝʙʽʛʫ ʧʨʦʮʝʩʫ ʣʠʰʝ ʚ ʦʜʥʦʤʫ 

ʥʘʧʨʷʤʢʫ ʭ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʘʛʘʣʴʥʝ ʨʦʟʚôʷʟʘʥʥʷ  ʪʘʢʝ: 

- ʜʣʷ ʧʣʦʩʢʦʾ ʩʪʽʥʢʠ 
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- ʜʣʷ ʮʠʣʽʥʜʨʠʯʥʦʾ ʩʪʽʥʢʠ 
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ʜʝ Jʦ ʽ Yʦ ï ʬʫʥʢʮʽʾ ɹʝʩʩʝʣʷ ʧʝʨʰʦʛʦ ʽ ʜʨʫʛʦʛʦ ʨʦʜʫ ʥʫʣʴʦʚʦʛʦ 

ʧʦʨʷʜʢʫ. 

ʉʪʘʣʽ b ʽ ʩ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʫʤʦʚ ʩʪʘʮʽʦʥʘʨʥʦʩʪʽ ʨʝʞʠʤʫ (ʧʨʠ Ű = Ð), 

ʨʧ ʽ mʧ ï ʟ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ, ʘ ɸʧ ï ʟ ʧʦʯʘʪʢʦʚʠʭ (ʧʨʠ Ű = 0) ʫʤʦʚ. 

ʊʘʢ ʷʢ ʜʦʢʣʘʜʥʠʡ ʚʠʢʣʘʜ ʨʦʟʚôʷʟʘʥʴ ʻ ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʤ, ʤʠ 

ʦʙʤʝʞʠʤʦʩʷ ʨʦʟʛʣʷʜʦʤ ʣʠʰʝ ʢʽʥʮʝʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʚôʷʟʘʥʥʷ ʜʣʷ ʧʣʠʪʠ  ̔

ʮʠʣʽʥʜʨʘ ʫ ʚʠʧʘʜʢʫ ʨʘʧʪʦʚʦʾ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʩʝʨʝʜʦʚʠʱʘ. ɿ ʨʽʚʥʷʥʴ 

(2.92) ʽ (2.93) ʚʠʧʣʠʚʘʻ, ʱʦ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʢʦ ʾ

ʢʽʣʴʢʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ. ʆʜʥʘʢ ʧʨʠ ʙʽʣʴʰ ʛʣʠʙʦʢʦʤʫ ʘʥʘʣʽʟʽ ʨʽʰʝʥʴ 

ʚʠʷʚʣʷʻʪʴʩʷ, ʱʦ ʮʽ ʚʝʣʠʯʠʥʠ ʤʦʞʥʘ ʟʛʨʫʧʫʚʘʪʠ ʚ ʪʨʠ ʙʝʟʨʦʟʤʽʨʥʽ 

ʚʝʣʠʯʠʥʠ:  
 

ŬŰ/l
2
; Ŭl/ɚʩʪ; ʭ/l, 

 

ʜʝ l ï ʭʘʨʘʢʪʝʨʥʠʡ ʨʦʟʤʽʨ ʪʽʣʘ. ʗʢʱʦ ʧʨʠʡʥʷʪʠ, ʱʦ l ʜʦʨʽʚʥʶʻ 

ʪʦʚʱʠʥʽ ʩʪʽʥʢʠ l=ŭ, ʪʦ ʮ ̔ʚʽʜʥʦʰʝʥʥʷ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʜʽ: 
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ŬŰ/ŭ
2
 = Fo ï ʯʠʩʣʦ ʌʫʨ'ʻ;                                 (2.94) 

 

Ŭŭ/ɚʩʪ = ɺ ̔ï ʯʠʩʣʦ ɹʦ̔;                                 (2.95) 
 

ʭ/ŭ = ʍ.                                               (2.96) 

 

ɺʝʣʠʯʠʥʘ ʍ=ʭ/ŭ ʻ ʙʝʟʨʦʟʤʽʨʥʦʶ ʢʦʦʨʜʠʥʘʪʦʶ. ɺʝʣʠʯʠʥʠ Fo ʽ ɺ ̔ʻ 

ʯʠʩʣʘʤʠ ʘʙʦ ʢʨʠʪʝʨʽʷʤʠ ʧʦʜʦʙʠ, ʚʦʥʠ ʚʠʭʦʜʷʪʴ ʟ ʨʽʚʥʷʥʴ (2.89) ʽ (2.90). 

ʏʠʩʣʦ ʌʫʨ'ʻ ʥʘʟʠʚʘʶʪʴ ʙʝʟʨʦʟʤʽʨʥʠʤ ʯʘʩʦʤ, ʚʦʥʦ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʥʝʩʪʘʮʽʦʥʘʨʥʽʩʪʴ ʨʝʞʠʤʫ. ʏʠʩʣʦ ɹʽʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʽʜʥʦʰʝʥʥʷ ʪʝʨʤʽʯʥʦʛʦ 

ʦʧʦʨʫ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʩʪʽʥʢʠ ŭ/ɚʩʪ (ʜʠʚ. ʧʽʜʨʦʟʜʽʣ 2.1.4.1) ʜʦ ʪʝʨʤʽʯʥʦʛʦ 

ʦʧʦʨʫ ʪʝʧʣʦʚʽʜʜʘʯʽ 1/Ŭ (ʜʠʚ. ʧʽʜʨʦʟʜʽʣ 2.1.4.1).  

ʂʨʠʪʝʨʽʡ ɹʦ̔ ɺ ̔ ʷʚʣʷ̒ʪɹʩʷ ʢʽʣʴʢʽʩʥʦʶ ʤʽʨʦʶ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʪʝʧʣʦʚʽʜʜʘʯʽ ʟ ʧʦʚʝʨʭʥʽ ʪʽʣʘ Ŭ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʧʝʨʝʭʦʜʫ 

ʪʝʧʣʦʪʠ ʟʩʝʨʝʜʠʥʠ ʪʽʣʘ ʜʦ ʡʦʛʦ ʧʦʚʝʨʭʥʽ (ʪʝʧʣʦʚʘ ʧʨʦʚʽʜʥʽʩʪʴ ʩʪʽʥʢʠ ɚ/ŭ).  

ɺʝʣʠʯʠʥʘ ʢʨʠʪʝʨʽʶ ɹʦ̔ ʤʘʻ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʧʨʠ ʨʦʟʚʷʟʘʥʥʽ ʙʫʜʴ-ʷʢʦʾ 

ʟʘʜʘʯʽ ʪʝʦʨʽʾ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. ɼʽʡʩʥʦ, ʷʢʱʦ B<̔<1, ʪʦ ʘʙʦ ʤʘʣʘ 

ʪʝʧʣʦʚʽʜʜʘʯʘ ʟ ʧʦʚʝʨʭʥʽ ʪʽʣʘ, ʘʙʦ ʚʝʣʠʢʘ ʪʝʧʣʦʚʘ ʧʨʦʚʽʜʥʽʩʪʴ ʩʪʽʥʢʠ. ɺ ʦʙʦʭ 

ʚʠʧʘʜʢʘʭ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʧʝʨʝʧʘʜ ʚʩʝʨʝʜʠʥʽ ʩʪʽʥʢʠ ʤʘʣʠʡ, ʽ 

ʧʦ ʚʩʴʦʤʫ ʧʝʨʝʨʽʟʫ ʪʽʣʘ ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʞʝ ʙʫʪʠ ʧʨʠʡʥʷʪʘ ʦʜʥʘʢʦʚʦ.ʁ 

ʇʨʠʨʦʜʥʦ, ʱʦ ʪʘʢʝ ʜʦʧʫʱʝʥʥʷ ʟʥʘʯʥʝ ʩʧʨʦʱʫʻ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ 

ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. ʇʨʠ ʟʥʘʯʝʥʥʽ ʢʨʠʪʝʨʽʶ B>̔>1 ʚʠʥʠʢʘʻ 

ʧʦʣʦʞʝʥʥʷ, ʧʨʦʪʠʣʝʞʥʝ ʧʦʧʝʨʝʜʥʴʦʤʫ, ʽ ʟʛʽʜʥʦ ʟ ʨʽʚʥʷʥʥʷʤ (2.95) ʤʦʞʥʘ 

ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʽ ʪʽʣʘ ʩʪʘʻ ʧʨʘʢʪʠʯʥʦ ʨʽʚʥʦ  ʁ

ʪʝʤʧʝʨʘʪʫʨʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʨʽʟʥʠʮʷ tïtʩʝʨ ʻ ʜʫʞʝ ʤʘʣʦ )ʁ, ʽ 

ʚʝʩʴ ʧʨʦʮʝʩ ʚ ʦʩʥʦʚʥʦʤʫ ʦʙʫʤʦʚʣʝʥʦ ʷʚʠʱʝʤ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. 

ʇʨʦʤʽʞʥʠʡ ʚʠʧʘʜʦʢ, ʢʦʣʠ Bº̔1,  ̒ ʥʘʡʙʽʣʴʰ ʩʢʣʘʜʥʠʤ, ʪʦʤʫ ʩʧʨʦʩʪʠʪʠ 

ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʥʝ ʚʜʘʻʪʴʩʷ. 

ʇʨʠ ʨʦʟʛʣʷʜʽ ʧʨʦʮʝʩʽʚ ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʚʚʦʜʷʪʴ ʪʘʢʝ 

ʧʦʥʷʪʪʷ ʷʢ ʥʘʜʣʠʰʢʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ J, ʷʢʘ ʜʦʨʽʚʥʶʻ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨʠ 

ʪʽʣʘ ʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ:  
 

ʚ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ  Jo= tʦïtʩʝʨ,  

ʯʝʨʝʟ ʜʝʷʢʠʡ ʯʘʩ Ű  J= tïtʩʝʨ,  
 

ʜʝ tʦ ʽ t ï ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʽʥʢʠ ʫ ʧʦʯʘʪʢʦʚʠʡ ʯʘʩ ʽ ʯʝʨʝʟ ʜʝʷʢʠʡ ʯʘʩ Ű,  

tʩʝʨ ï ʪʝʤʧʝʨʘʪʫʨʘ ʩʝʨʝʜʦʚʠʱʘ.  
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ɺʽʜʥʦʰʝʥʥʷ J/Jʦ ʥʘʟʠʚʘʶʪʴ ʙʝʟʨʦʟʤʽʨʥʦ ʁ ʪʝʤʧʝʨʘʪʫʨʦʶ ʽ 

ʧʦʟʥʘʯʘʶʪʴ ɗ, ʪʦʙʪʦ  
 

ɗ=J/Jʦ=(tïtʩʝʨ)/(tʦïtʩʝʨ).                                 (2.97) 
 

ʊʦʜʽ ʨʽʚʥʷʥʥʷ (2.92) ʽ (2.93) ʫ ʚʠʜʽ ʙʝʟʨʦʟʤʽʨʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ɗ ʜʣʷ 

ʜʝʷʢʦʾ ʪʦʯʢʠ ʩʪʽʥʢʠ, ʧʦʣʦʞʝʥʥʷ ʷʢʦʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʙʝʟʨʦʟʤʽʨʥʦʶ 

ʢʦʦʨʜʠʥʘʪʦʶ ʍ, ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʜʘʥʽ ʫ ʚʠʜʽ ʟʘʣʝʞʥʦʩʪʽ 
 

ɗ =ʌ (Bʽ, Fʦ, ʍ).                                      (2.98) 
 

ɼʣʷ ʧʨʠʩʢʦʨʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʟ ʚʠʟʥʘʯʝʥʥ ̫ʪʝʤʧʝʨʘʪʫʨ ʩʪʽʥʢʠ ʧʨʠ ʾʾ 

ʥʘʛʨʽʚʘʥʥʽ ʯʠ ʦʭʦʣʦʜʞʝʥʥʽ ʥʘ ʧʨʘʢʪʠʮʽ ʢʦʨʠʩʪʫʁ ʪʴʩʷ ʟʚʠʯʘʡʥʦ 

ʛʨʘʬʦʘʥʘʣʽʪʠʯʥʠʤ ʤʝʪʦʜʦʤ, ʩʫʪʥʽʩʪʴ ʷʢʦʛʦ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʨʽʚʥʷʥʥʷ (2.98). 

ɿʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ɗ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʨʠʪʝʨʽʾʚ ɺ ̔ʽ Fo ʚʠʟʥʘʯʘʶʪʴ 

ʛʨʘʬʽʯʥʠʤ ʰʣʷʭʦʤ, ʜʣʷ ʯʦʛʦ ʧʦʧʝʨʝʜʥʴʦ ʚʘʨʪʦ ʟʥʘʡʪʠ ʣʠʰʝ ʯʠʩʣʦʚʽ 

ʟʥʘʯʝʥʥʷ ʮʠʭ ʢʨʠʪʝʨʽʾʚ. ɻʨʘʬʽʢʠ ʟʘʟʚʠʯʘʡ ʦʭʦʧʣʶʶʪʴ ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ 

ʟʤʽʥʠ ʢʨʠʪʝʨʽʾʚ ɺ ̔ ʽ Fo, ʪʦʤʫ ʟʘ ʾʭ ʜʦʧʦʤʦʛʦʶ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ 

ʧʨʘʢʪʠʯʥʦ ʚʩʽ ʤʦʞʣʠʚʽ ʚʠʧʘʜʢʠ ʦʭʦʣʦʜʞʝʥʥʷ ʯʠ ʥʘʛʨʽʚʫ. 

 

 

2.1.5.2 ʅʘʛʨʽʚʘʥʥʷ ʽ ʦʭʦʣʦʜʞʝʥʥʷ ʧʣʦʩʢʦʾ ʩʪʽʥʢʠ  
 

ʈʦʟʛʣʷʥʝʤʦ ʧʣʘʩʪʠʥʫ ʪʦʚɦʠʥʦʶ 2ŭ. ʗʢʱʦ ʪʦʚʱʠʥʘ ʧʣʘʩʪʠʥʠ ʤʘʣʘ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʦʚʞʠʥʦʶ ʽ ʰʠʨʠʥʦʶ, ʪʦ ʾʾ  ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʥʝʦʙʤʝʞʝʥʦʶ 

(ʨʠʩ. 2.11).  

ʋ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ (Ű=0) ʪʝʤʧʝʨʘʪʫʨʘ ʫ ʧʣʘʩʪʠʥʽ ʨʦʟʧʦʜʽʣʝʥʘ 

ʨʽʚʥʦʤʽʨʥʦ ʽ ʜʦʨʽʚʥʶʻ t=tʦ=const. ɿʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʽʣʴʢʠ ʚ 

ʦʜʥʦʤʫ ʥʘʧʨʷʤʢʫ ʭ, ʪʦʙʪʦ ʫ ʧʨʦʩʪʦʨʽ ʟʘʜʘʯʘ ʻ ʦʜʥʦʤʽʨʥʦʶ ʽ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ (2.89) ʥʘʙʫʚʘʻ  ʚʠʜʫ 
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ʆʭʦʣʦʜʞʝʥʥʷ ʧʣʘʩʪʠʥʠ ʚ̔ ʜʙʫʚʘʻʪʴʩʷ ʚ ʩʝʨʝʜʦʚʠʱʽ ʟ ʧʦʩʪʽʡʥʦ  ʁ

ʪʝʤʧʝʨʘʪʫʨʦʶ tʩʝʨ=const. ʅʘ ʦʙʦʭ ʧʦʚʝʨʭʥʷʭ ʚʽʜʚʽʜ ʪʝʧʣʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʠ 

ʦʜʥʘʢʦʚʦʤʫ ʢʦʝʬʽʮʽʻʥʪʽ ʪʝʧʣʦʚʽʜʜʘʯʽ Ŭ=const ʫ ʚʩʴʦʤʫ ʧʨʦʤʽʞʢʫ ʯʘʩʫ. 
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ɺʽʜʣʽʢ ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʩʪʠʥʠ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʯʘʩʫ ʙʫʜʝʤʦ ʚʝʩʪʠ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʪʦʙʪʦ ʥʘʜʣʠʰʢʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ 

J = tïtʩʝʨ. 
 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2.11 ï ʆʭʦʣʦʜʞʝʥʥʷ ʧʣʘʩʪʠʥʠ ʧʨʠ ʥʝʩʪʘʮʽʦʥʘʨʥʦʤʫ 

ʨʝʞʠʤʽ 
 

ɼʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ (2.99) ʜʣʷ ʥʘʜʣʠʰʢʦʚʦ ʾ ʪʝʤʧʝʨʘʪʫʨʠ J 

ʥʘʙʫʜʝ ʚʠʜʫ 
 

ö
ö

÷

õ

æ
æ

ç

å

µ

Jµ
=
tµ

Jµ
2

2

x
a .                                          (2.100) 

 

ʇʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ 
 

ʧʨʠ   Ű=0     J=Jo= tʦïtʩʝʨ.                               (2.101) 
 

ʇʨʠ ʟʘʜʘʥʠʭ ʫʤʦʚʘʭ ʦʭʦʣʦʜʞʝʥʥʷ ʟʘʜʘʯʘ ʩʪʘʻ ʩʠʤʝʪʨʠʯʥʦ ʁʽ ʧʦʯʘʪʦʢ 

ʢʦʦʨʜʠʥʘʪ ʟʨʫʯʥʦ ʧʦʤʽʩʪʠʪʠ ʥʘ ʦʩʽ ʧʣʘʩʪʠʥʠ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 2.11. 

ʇʨʠ ʮʴʦʤʫ ʛʨʘʥʠʯʥ̔ ʫʤʦʚʠ ʥʘ ʦʩʽ ʽ ʥʘ ʧʦʚʝʨʭʥʽ ʧʣʘʩʪʠʥʠ ʟʘʧʠʰʫʪʴʩʷ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 
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ʇʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʪʝʭʥʽʯʥʠʭ ʟʘʜʘʯ ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʜʦʩʪʘʪʥʴʦ 
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ʟʥʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ ʧʦʚʝʨʭʥʽ Jʧ  ̔ ʚ ʩʝʨʝʜʥʴʦʾ ʧʣʦʱʠʥʠ ʩʪʽʥʢʠ Jʮ. ʋ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʽʚʥʷʥʥʷ (2.98) ʩʧʨʦʱʫʻʪʴʩʷ, ʪʦʤʫ ʱʦ ʘʨʛʫʤʝʥʪ ʍ ʩʪʘʻ 

ʧʦʩʪʽʡʥʠʤ ʯʠʩʣʦʤ (ʧʨʠ ʭ = 0 ʍ= 0 ʽ ʧʨʠ ʭ = ŭ ʍ = 1). ʆʪʞʝ, ʤʦʞʥʘ 

ʟʘʧʠʩʘʪʠ: 
 

ɗʧ =ʌʧ (Bʽ, Fʦ).                                      (2.103) 
 

ɗʮ =ʌʮ (Bʽ, Fʦ).                                      (2.104) 
 

ʜʝ ɗʧ ï ʙʝʟʨʦʟʤʽʨʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʦʚʝʨʭʥʽ ʩʪʽʥʢʠ ɗʧ=Jʧ/Jʦ; 

ɗʮ ï ʙʝʟʨʦʟʤʽʨʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʩʝʨʝʜʥʴʦʾ ʧʣʦʱʠʥʠ ʩʪʽʥʢʠ 

ɗʮ=Jʮ/Jʦ. 

ʂʨʽʤ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ ʯʘʩʪʦ ʧʦʪʨʽʙʥʦ ʟʥʘʪʠ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, 

ʷʢʘ ʧʝʨʝʜʘʻʪʴʩʷ ʟʘ ʯʘʩ Ű ï QŰ. ɺʽʜʥʦʰʝʥʥʷ QŰ ʜʦ ʪʝʧʣʦʪʠ Qʧʦʚ, ʱʦ ʤʦʞʝ 

ʙʫʪʠ ʚʽʜʜʘʥʘ (ʯʠ ʩʧʨʠʡʥʷʪʘ) ʪʽʣʦʤ ʟʘ ʯʘʩ ʧʦʚʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ 

(ʥʘʛʨʽʚʘʥʥʷ), ʪʘʢʦʞ ʻ ʬʫʥʢʮʽʻʶ ʪʽʣʴʢʠ ʜʚʦʭ ʯʠʩʝʣ ʧʦʜʦʙʠ B ̔ʽ Fo: 
 

QŰ / Qʧʦʚ =ʌʧ (Bʽ, Fʦ).                                      (2.105) 
 

ɿʘʣʝʞʥʦʩʪʽ (2.103), (2.104) ʽ (2.105) ʥʘʚʝʜʝʥʦ ʚʽʜʧʦʚʽʜʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 

ʂ.1, ʂ.2 ʽ ʂ.5 ʜʦʜʘʪʢʘ ʂ ʫ ʚʠʜʽ ʛʨʘʬʽʢ̔ʚ. ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʥʝʦʙʭʽʜʥʠʭ 

ʚʝʣʠʯʠʥ ʥʝʦʙʭʽʜʥʦ ʩʧʦʯʘʪʢʫ ʨʦʟʨʘʭʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʯʠʩʝʣ ʧʦʜʦʙʠ 
 

B=̔Ŭŭ/ɚʩʪ ʽ Fo=ŬŰ/ŭ
2
, 

 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʟ ʛʨʘʬʽʢʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ ɗʧ, ɗʮ ʽ QŰ/Qʧʦʚ.  

ʊʘʢ ʷʢ Jʦ ʽ Qʧʦʚ ʚʽʜʦʤʽ, ʪʦ ʤʦʞʥʘ ʣʝʛʢʦ ʨʦʟʨʘʭʫʚʘʪʠ ʟʥʘʯʝʥʥʷ Jʧ, Jʮ 

ʽ QŰ. Jʧ ʽ Jʮ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʥʷ (2.97), ʘ ʚʝʣʠʯʠʥʘ 

Qʧʦʚ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ 
 

Qʧʦʚ=ʉɟJʦŭF,                                      (2.106) 
 

ʜʝ ʉ ï ʪʝʧʣʦʻʤʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʩʪʽʥʢʠ; 

ɟ ï ʛʫʩʪʠʥʘ ʤʘʪʝʨʽʘʣʫ ʩʪʽʥʢʠ; 

F ï ʧʣʦʱʘ ʙʽʯʥʦʾ ʧʦʚʝʨʭʥʽ ʩʪʽʥʢʠ. ʆʜ. ʚʠʤ.? 

ɿʘ ʮʠʤʠ ʜʘʥʠʤʠ ʤʦʞʥʘ ʧʨʠʙʣʠʟʥʦ ʧʦʙʫʜʫʚʘʪʠ ʚʩʶ ʢʨʠʚʫ ʨʦʟʧʦʜʽʣʫ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪʽʣʽ, ʢʦʨʠʩʪʘʶʯʠʩʴ ʪʠʤ, ʱʦ ʥʘʧʨʷʤʦʢ ʜʦʪʠʯʥʠʭ ʜʦ ʮʽʻʾ 

ʢʨʠʚʦʾ ʚʽʜʦʤʠʡ ʫ ʪʨɹʦʭ ʪʦʯʢʘʭ (ʨʠʩ. 2.12). 
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ɼʽʡʩʥʦ, ʽʟ ʪʦʯʦʢ ʭ = Ñŭ ʜʦʪʠʯʥʽ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʥʘʧʨʷʤʥ̔ ʪʦʯʢʠ ʆ ʽ 

ʆ1, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʚʽʜʩʪʘʥʽ Ñɚʩʪ/Ŭ ʚʽʜ ʩʪʽʥʢʠ. ʋ ʪʦʯʮʽ ʭ = 0 ʜʦʪʠʯʥʘ ʻ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ  ʁʯʝʨʝʟ ʩʠʤʝʪʨʶʾ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʢʨʠʚʦʾ (0x=µJµ / ). ʊʘʢʠʤ 

ʯʠʥʦʤ, ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʢʨʠʚʫ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪʽʣʽ ʜʣʷ ʙʫʜʴ-

ʷʢʦʛʦ ʤʦʤʝʥʪʫ ʯʘʩʫ Ű. 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2.12 ï ɿʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʶ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ 

ʥʝʦʙʤʝʞʝʥʦʾ ʧʣʦʩʢʦʾ ʩʪʽʥʢʠ 
 

ʋʩʝʨʝʜʠʥʽ ʩʪʽʥʢʠ ʣʽʥʽʾ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ 

ʩʠʤʝʪʨʠʯʥʦ. ʍʘʨʘʢʪʝʨ ʮʠʭ ʢʨʠʚʠʭ ʧʦʢʘʟʫʻ, ʱʦ ʥʘʡʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦ 

ʧʨʦʮʝʩ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʩʪʽʥʢʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʧʦʯʘʪʢʦʚʠʡ ʧʝʨʽʦʜ 

ʦʭʦʣʦʜʞʝʥʥʷ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʩʪʽʥʢʘ ʚʪʨʘʯʘʻ ʥʘʡʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʘ 

ʯʝʨʝʟ ʚʝʣʠʢʠʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʥʘʧʽʨ. ɿʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚʩʝʨʝʜʠʥʽ ʩʪʽʥʢʠ 

ʚʽʜʩʪʘʻ ʚʽʜ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʾʾ ʧʦʚʝʨʭʥʽ, ʧʨʠʯʦʤʫ ʮʝ ʚʽʜʩʪʘʚʘʥʥʷ ʪʠʤ 

ʟʥʘʯʥʽʰʝ, ʯʠʤ ʙʽʣʴʰʝ ʢʨʠʪʝʨʽʡ ɹʦ̔ ɺ,̔ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ Ŭ ʽ ʯʠʤ 

ʪʦʚɦʘ ʩʪʽʥʢʘ. 

ɸʙʩʦʣʶʪʥʽ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨ ʪʽʣʘ ʥʘ ʧʦʚʝʨʭʥʽ ʡ ʫ ʧʣʦʱʠʥʠ 

ʩʠʤʝʪʨʽʾ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʤʦʤʝʥʪʫ ʯʘʩʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ: 
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ʜʝ tʦ ï ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʽʥʢʠ ʫ ʧʦʯʘʪʢʦʚʠʡ ʯʘʩ Ű=0; 
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tʩʝʨ ï ʪʝʤʧʝʨʘʪʫʨʘ ʩʝʨʝʜʦʚʠʱʘ; 

tʧ ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʽ ʩʪʽʥʢʠ ʯʝʨʝʟ ʜʝʷʢʠʡ ʯʘʩ Ű; 

tʮ ï ʪʝʤʧʝʨʘʪʫʨʘ ʫ ʧʣʦʱʠʥʠ ʩʠʤʝʪʨʽʾ, ʪʦʙʪʦ ʚʩʝʨʝʜʠʥʽ ʩʪʽʥʢʠ ʯʝʨʝʟ 

ʜʝʷʢʠʡ ʯʘʩ Ű. 

ʅʘʚʝʜʝʥʽ ʜʘʥʽ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʷʢ ʜʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʪʘʢ ʽ 

ʥʘʛʨʽʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʜʣʷ ʜʚʦʩʪʦʨʦʥʥʴʦʛʦ  ̔ ʦʜʥʦʙʽʯʥʦʛʦ ʧʨʦʮʝʩʽʚ. ɺ 

ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ ŭ ʙʫʜʝ ʦʟʥʘʯʘʪʠ ʧʦʚʥʫ ʪʦʚʱʠʥʫ ʩʪʽʥʢʠ. 

ɿʘʜʘʯʘ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʧʨʦʛʨʽʚʫ ʪʽʣʘ ʜʦ ʟʘʜʘʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʪʘʢʦʞ ʧʨʦʩʪʦ ʚʠʨʽʰʫʻʪʴʩʷ ʛʨʘʬʽʯʥʠʤ ʤʝʪʦʜʦʤ. ɼʣʷ ʮʴʦʛʦ 

ʩʧʦʯʘʪʢʫ ʧʦʪʨʽʙʥʦ ʨʦʟʨʘʭʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽ ʁ ɹʽʦ ɺ ̔ ʟʘ ʚʽʜʦʤʦ  ʁ

ʪʝʤʧʝʨʘʪʫʨʦ  ʁʥʘ ʧʦʚʝʨʭʥʽ ʯʠ ʚʩʝʨʝʜʠʥ ̔ʪʽʣʘ, ʟʥʘʡʪʠ ʚʽʜʥʦʰʝʥʥʷ Jʧ/Jʦ ʘʙʦ 

Jʮ/Jʦ  ̔ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʧʦʚʽʜʥʦʛʦ ʛʨʘʬʽʢʘ (ʜʠʚ. ʨʠʩ. ʂ.1, ʂ.2 ʜʦʜʘʪʢʘ ʂ) 

ʚʠʟʥʘʯʠʪʠ ʯʠʩʣʦʚʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʌʫʨ'ʻ Fo, ʘ ʟʘ ʥʠʤ ï ʽ ʥʝʦʙʭʽʜʥʠʡ 

ʯʘʩ Ű. 

 

 

2.1.5.3 ʅʘʛʨʽʚʘʥʥʷ ʽ ʦʭʦʣʦʜʞʝʥʥʷ ʮʠʣʽʥʜʨʘ  
 

ɼʣʷ ʥʝʩʢʽʥʯʝʥʥʦ ʜʦʚʛʦʛʦ ʮʠʣʽʥʜʨʘ (ʩʪʨʠʞʥʷ) ʟ ʨʘʜʽʫʩʦʤ R 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʜ: 
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ʇʦʯʘʪʢʦʚʽ ʫʤʦʚʠ  
 

ʧʨʠ   Ű=0     J=Jo= tʦïtʩʝʨ.                               (2.109) 
 

ɻʨʘʥʠʯʥ̔ ʫʤʦʚʠ ʥʘ ʦʩʽ ʽ ʥʘ ʧʦʚʝʨʭʥʽ ʮʠʣʽʥʜʨʘ: 
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ʈʦʟʚôʷʟʘʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ (2.108) ʚʽʜʥʦʩʥʦ Jʧ/Jʦ, 

Jʮ/Jʦ  ̔ʚʽʜʥʦʰʝʥʥʷ QŰ/Qʧʦʚ ʪʘʢʦʞ ʻ ʬʫʥʢʮʽʷʤʠ ʪʽʣʴʢʠ ʜʚʦʭ ʯʠʩʝʣ ʧʦʜʦʙʠ: 
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B=̔ŬR/ɚʩʪ ʽ Fo=ŬŰ/R
2
. ʎʽ ʟʘʣʝʞʥʦʩʪʽ ʫ ʚʠʜʽ ʛʨʘʬʽʢʽʚ ʥʘʚʝʜʝʥʦ ʚʽʜʧʦʚʽʜʥʦ 

ʥʘ ʨʠʩʫʥʢʘʭ ʂ.3, ʂ.4 ʽ ʂ.6 ʜʦʜʘʪʢʘ ʂ. 

ʊʝʤʧʝʨʘʪʫʨʠ ʮʠʣʽʥʜʨʘ ʥʘ ʧʦʚʝʨʭʥʽ  ̔ʥʘ ʦʩʽ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʤʦʤʝʥʪʫ 

ʯʘʩʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ ʧʣʦʩʢʦʾ ʩʪʽʥʢʠ ʟʘ ʨʽʚʥʷʥʥʷʤʠ (2.107). 

ɺʝʣʠʯʠʥʘ Qʧʦʚ ʜʣʷ ʜʽʣʷʥʢʠ ʮʠʣʽʥʜʨʘ ʜʦʚʞʠʥʦʶ l ʜʦʨʽʚʥʶʻ 
 

Qʧʦʚ=Ŕ
2
ʉɟJʦl,                                      (2.111) 

 

ʜʝ ʉ ï ʪʝʧʣʦʻʤʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʮʠʣʽʥʜʨʫ; 

ɟ ï ʛʫʩʪʠʥʘ ʤʘʪʝʨʽʘʣʫ ʮʠʣʽʥʜʨʫ. 

ɺʠʟʥʘʯʝʥʥʷ ʯʘʩʫ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʧʨʦʛʨʽʚʫ ʪʽʣʘ ʜʦ ʟʘʜʘʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʧʨʦʚʦʜʠʪʴʩʷ ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʜʣʷ ʥʝʦʙʤʝʞʝʥʦʾ ʧʣʦʩʢʦʾ ʩʪʽʥʢʠ. 

 

 

2.1.5.4 ɿʘʣʝʞʥʽʩʪʴ ʧʨʦʮʝʩʫ ʧʦʰʠʨʝʥʥʷ ʪʝʧʣʦʪʠ ʚʽʜ ʬʦʨʤʠ ʽ 

ʨʦʟʤʽʨʽʚ ʪʽʣʘ 
 

ʐʚʠʜʢʽʩʪʴ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʫ ʧʦʰʠʨʝʥʥʷ ʪʝʧʣʦʪʠ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ 

ʪʽʣʘ ʪʠʤ ʙʽʣʴʰʝ, ʯʠʤ ʙʽʣʴʰʝ ʚʽʜʥʦʰʝʥʥʷ ʧʣʦʱʽ ʡʦʛʦ ʧʦʚʝʨʭʥʽ ʜʦ ʦʙôʻʤʫ.  

ʋ ʮʴʦʤʫ ʣʝʛʢʦ ʧʝʨʝʢʦʥʘʪʠʩʷ, ʷʢʱʦ ʜʣʷ ʪʽʣ ʨʽʟʥʦʾ ʬʦʨʤʠ ʧʦʨʽʚʥʷʪʠ 

ʟʥʘʯʝʥʥʷ Jʮ ʧʨʠ ʦʜʥʘʢʦʚʠʭ ʟʥʘʯʝʥʥʷʭ Fo. ʊʘʢʝ ʧʦʨʽʚʥʷʥʥʷ ʥʘʚʝʜʝʥʦ  

ʥʘ ʨʠʩʫʥʢʫ 2.13, ʜʝ ʜʣʷ ʨʽʟʥʠʭ ʪʽʣ ʜʘʥʦ ʟʘʣʝʞʥʦʩʪʽ Jʮ/Jʦ=ʌ(Fo) ʧʨʠ 

BʽŸÐ.  
 

 

 

 

 

 

 

 

 

 

1 - ʧʣʘʩʪʠʥʘ; 2 - ʢʚʘʜʨʘʪʥʘ ʙʘʣʢʘ ʥʝʩʢʽʥʯʝʥʥʦʾ ʜʦʚʞʠʥʠ;  

3 - ʮʠʣʽʥʜʨ ʥʝʩʢʽʥʯʝʥʥʦʾ ʜʦʚʞʠʥʠ; 4 - ʢʫʙ;  

5 - ʮʠʣʽʥʜʨ, ʜʦʚʞʠʥʘ ʷʢʦʛʦ ʜʦʨʽʚʥʶʻ ʜʽʘʤʝʪʨʫ; 6 - ʢʫʣʷ 

ʈʠʩʫʥʦʢ 2.13 ï ɿʘʣʝʞʥʽʩʪʴ Jʮ/Jʦ=ʌ(Fo) ʜʣʷ ʪʽʣ ʨʽʟʥʦʾ ʬʦʨʤʠ  

ʧʨʠ BʽŸÐ 
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ɿ ʨʠʩʫʥʢʘ 2.13 ʚʠʜʥʦ, ʱʦ ʜʣʷ ʢʫʣ ɹʰʚʠʜʢʽʩʪʴ ʧʨʦʮʝʩʫ ʙʽʣʴʰʝ, ʥʽʞ 

ʜʣʷ ʙʫʜʴ-ʷʢʠʭ ʽʥʰʠʭ ʪʽʣ. ɼʣʷ ʮʠʣʽʥʜʨʠʯʥʠʭ ʽ ʧʨʠʟʤʘʪʠʯʥʠʭ ʪʽʣ ʰʚʠʜʢʽʩʪʴ 

ʧʨʦʮʝʩʫ ʚʝʣʠʢʦʶ ʤ̔ ʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʭ ʜʦʚʞʠʥʠ. ʏʠʤ ʤʝʥʰʝ ʜʦʚʞʠʥʘ, 

ʪʠʤ ʙʽʣʴʰʝ ʰʚʠʜʢʽʩʪʴ. 

ʂʦʨʦʪʢʽ ʮʠʣʽʥʜʨʠ, ʧʨʷʤʦʢʫʪʥʽ ʧʨʠʟʤʠ ʽ ʧʘʨʘʣʝʣʝʧʽʧʝʜʠ ʤʦʞʥʘ 

ʨʦʟʛʣʷʜʘʪʠ ʚʽʜʧʦʚʽʜʥʦ ʷʢ ʪʽʣʘ, ʷʢʽ ʫʪʚʦʨʝʥʽ ʧʝʨʝʪʠʥʦʤ ʚʟʘʻʤʥʦ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʮʠʣʽʥʜʨʘ ʽ ʧʣʘʩʪʠʥʠ, ʜʚʦʭ ʧʣʘʩʪʠʥ ʽ ʪʨʴʦʭ ʧʣʘʩʪʠʥ 

ʥʝʦʙʤʝʞʝʥʠʭ ʨʦʟʤʽʨʽʚ, ʘʣʝ ʢʽʥʮʝʚʦʾ ʪʦʚʱʠʥʠ. ɼʣʷ ʮʠʣʽʥʜʨʘ ʢʽʥʮʝʚʦʾ 

ʜʦʚʞʠʥʠ ʪʦʚʱʠʥʘ ʧʣʘʩʪʠʥʠ 2ŭ ʙʝʨʝʪʴʩʷ ʨʽʚʥʦ  ʁ ʜʦʚʞʠʥʽ ʮʠʣʽʥʜʨʘ l. 

ɺʽʜʥʦʩʥʘ (ʙʝʟʨʦʟʤʽʨʥʘ) ʪʝʤʧʝʨʘʪʫʨʘ J/Jʦ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʪʦʯʢʠ ʮʠʣʽʥʜʨʘ 

ʜʦʨʽʚʥʶʻ ʜʦʙʫʪʢʫ ʚʽʜʥʦʩʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʮʽʻʾ ʪʦʯʢʠ, ʦʪʨʠʤʘʥʠʭ ʜʣʷ 

ʥʝʩʢʽʥʯʝʥʥʦ ʜʦʚʛʦʛʦ ʮʠʣʽʥʜʨʘ ʽ ʧʣʘʩʪʠʥʠ ʥʝʦʙʤʝʞʝʥʦʾ ʜʦʚʞʠʥʠ. 

ʎʝʡ ʤʝʪʦʜ ʧʝʨʝʤʥʦʞʫʚʘʥʥʷ ʚʽʜʥʦʩʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʤʦʞʥʘ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʪʘʢʦʞ ʜʣʷ ʧʨʷʤʦʢʫʪʥʠʭ ʧʨʠʟʤ ʽ ʧʘʨʘʣʝʣʝʧʽʧʝʜʽʚ. ʅʘʧʨʠʢʣʘʜ, 

ʚʽʜʥʦʩʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʦʚʝʨʭʥʽ ʩʝʨʝʜʠʥʠ ʜʦʚʞʠʥʠ ʮʠʣʽʥʜʨʘ ʜʦʨʽʚʥʶʻ 

ʜʦʙʫʪʢʫ ʚʽʜʥʦʩʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ ʥʝʩʢʽʥʯʝʥʥʦ ʜʦʚʛʦʛʦ ʮʠʣʽʥʜʨʘ 

Jʧ/Jʦ ʥʘ ʚʽʜʥʦʩʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʚʩʝʨʝʜʠʥʽ ʥʝʦʙʤʝʞʝʥʦʾ ʧʣʘʩʪʠʥʠ Jʮ/Jʦ; 

ʪʘʢ ʩʘʤʦ ʚʽʜʥʦʩʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʦʩʽ ʚʩʝʨʝʜʠʥʽ ʮʠʣʽʥʜʨʘ ʜʦʨʽʚʥʶʻ ʜʦʙʫʪʢʫ 

ʚʽʜʥʦʩʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʦʩʽ Jʮ/Jʦ ʥʝʩʢʽʥʯʝʥʥʦʛʦ ʮʠʣʽʥʜʨʫ ʥʘ ʚʽʜʥʦʩʥʫ 

ʪʝʤʧʝʨʘʪʫʨʫ ʦʩʽ Jʮ/Jʦ ʥʝʦʙʤʝʞʝʥʦʾ ʧʣʘʩʪʠʥʠ. 

 

 

2.1.6 ʇʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʶ 

 

1 ʉʬʦʨʤʫʣʶʡʪʝ ʦʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪ.̔ 

2 ɼʘʡʪʝ ʬʽʟʠʯʥʝ ʽ ʤʘʪʝʤʘʪʠʯʥʝ ʪʣʫʤʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ. 

3 ʑʦ ʪʘʢʝ ʛʨʘʜʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʠ, ʡʦʛʦ ʬʽʟʠʯʥʠʡ ʟʤʽʩʪ? 

4 ʗʢ ʬʦʨʤʫʣʶʻʪʴʩʷ ʦʩʥʦʚʥʠʡ ʟʘʢʦʥ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʌʫʨôʻ? 

5 ʑʦ ʪʘʢʝ ʛʫʩʪʠʥʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ? 

6 ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʬʽʟʠʯʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ ʢʦʝʬʽʮʽʻʥʪʘ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ? 

7 ɿʘʧʠʰʽʪʴ ʬʦʨʤʫʣʫ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. 

8 ʉʬʦʨʤʫʣʶʡʪʝ ʫʤʦʚʠ ʦʜʥʦʟʥʘʯʥʦʩʪʽ ʜʣʷ ʧʨʦʮʝʩʽʚ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. 

9 ɼʘʡʪʝ ʧʦʷʩʥʝʥʥʷ ʬʽʟʠʯʥʦʾ ʩʫʪʽ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʜʣʷ ʧʨʦʮʝʩʽʚ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. 
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10 ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʧʦʥʷʪʪʷ çʪʝʧʣʦʚʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʩʪʽʥʢʠè ʪʘ 

çʪʝʨʤʽʯʥʠʡ ʦʧʽʨ ʩʪʽʥʢʠè. 

11 ɿʘʧʠʰʽʪʴ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʜʣʷ ʧʣʦʩʢʦʾ ʦʜʥʦʰʘʨʦʚʦʾ ʽ 

ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʩʪʽʥʢʠ ʧʨʠ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚʘʭ ʧʝʨʰʦʛʦ ʨʦʜʫ. 

12 ɿʘʧʠʰʽʪʴ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʜʣʷ ʮʠʣʽʥʜʨʠʯʥʦʾ 

ʦʜʥʦʰʘʨʦʚʦʾ ʪʘ ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʩʪʽʥʢʠ ʧʨʠ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚʘʭ ʧʝʨʰʦʛʦ ʨʦʜʫ. 

13 ɿʘʧʠʰʽʪʴ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʜʣʷ ʧʣʦʩʢʦʾ ʦʜʥʦʰʘʨʦʚʦʾ ʽ 

ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʩʪʽʥʢʠ ʧʨʠ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚʘʭ ʪʨʝʪʴʦʛʦ ʨʦʜʫ. 

14 ɿʘʧʠʰʽʪʴ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʜʣʷ ʮʠʣʽʥʜʨʠʯʥʦʾ 

ʦʜʥʦʰʘʨʦʚʦʾ ʪʘ ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʩʪʽʥʢʠ ʧʨʠ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚʘʭ ʪʨʝʪʴʦʛʦ ʨʦʜʫ. 

15 ʉʬʦʨʤʫʣʶʡʪʝ, ʱʦ ʪʘʢʝ ʥʝʩʪʘʮʽʦʥʘʨʥʝ ʪʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ, 

ʥʘʚʝʜʽʪʴ ʧʨʠʢʣʘʜʠ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. 

 

 

2.2 ʂʦʥʚʝʢʪʠʚʥʠʡ ʪʝʧʣʦʦʙʤʽʥ 
 

2.2.1 ɿʘʛʘʣʴʥʽ ʧʦʣʦʞʝʥʥʷ 
 

ʂʦʥʚʝʢʪʠʚʥʠʤ ʪʝʧʣʦʦʙʤʽʥʦʤ ʥʘʟʠʚʘʻʪʴʩʷ ʧʨʦʮʝʩ ʧʝʨʝʥʦʩʫ ʪʝʧʣʦʪʠ 

ʤʽʞ ʧʦʚʝʨʭʥʝʶ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʽ ʨʽʜʢʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʘʙʦ ʛʘʟʦʤ, ʧʨʠ ̫ʢʦʤʫ 

ʧʝʨʝʥʦʩ ʪʝʧʣʦʪʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʜʥʦʯʘʩʥʦʶ ʰʣʷʭʦʤ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʽ 

ʢʦʥʚʝʢʮʽʾ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ ʮʝʡ ʧʨʦʮʝʩ ʪʘʢʦʞ ʥʘʟʠʚʘʶʪʴ ʪʝʧʣʦʚʽʜʜʘʯʝʶ. 

ʂʦʥʚʝʢʪʠʚʥʠʡ ʪʝʧʣʦʦʙʤʽʥ ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʧʨʦʮʝʩʽʚ 

ʪʝʧʣʦʚʦʾ ʦʙʨʦʙʢʠ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʦʤ ʽ ʚʠʨʦʙʽʚ, ʷʢʽ ʧʦʚ'ʷʟʘʥʽ ʟ 

ʧʨʦʭʦʜʞʝʥʥʷʤ ʛʘʟʽʚ ʯʝʨʝʟ ʰʘʨ ʤʘʪʝʨʽʘʣʫ, ʯʝʨʝʟ ʩʘʜʢʫ ʚʠʨʦʙʽʚ, ʥʘʜ ʨʽʚʥʷʤʠ 

ʨʽʜʠʥ ʧʨʠ ʩʫʰʽʥʥʽ ʪʘ ʽʥ. 

ʗʚʠʱʝ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʚ ʨʽʜʠʥʘʭ ʽ ʛʘʟʘʭ, ʪʘʢ ʩʘʤʦ ʷʢ ʽ ʫ ʪʚʝʨʜʠʭ 

ʪʽʣʘʭ, ʮʽʣʢʦʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʽ ʛʨʘʜʽʻʥʪʦʤ 

ʪʝʤʧʝʨʘʪʫʨʠ (ʜʠʚ. ʧʽʜʨʦʟʜʽʣ 2.1). ɯʥʘʢʰʦ  ʁ  ̒ʩʧʨʘʚʘ ʟ ʷʚʠʱʝʤ ʢʦʥʚʝʢʮʽʾ, ʷʢʘ 

ʷʚʣʷʻʪʴʩʷ ʜʨʫʛʠʤ ʝʣʝʤʝʥʪʘʨʥʠʤ ʚʠʜʦʤ ʧʦʰʠʨʝʥʥʷ ʪʝʧʣʦʪʠ. ʎʝʡ ʧʨʦʮʝʩ 

ʧʝʨʝʥʦʩʫ ʪʝʧʣʦʪʠ ʥʝʨʦʟʨʠʚʥʦ ʟʚ'ʷʟʘʥʠʡ ʟ ʧʝʨʝʥʦʩʦʤ ʩʘʤʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʊʦʤʫ ʢʦʥʚʝʢʮʽʷ ʤʦʞʣʠʚʘ ʣʠʰʝ ʚ ʨʽʜʠʥʘʭ ʽ ʛʘʟʘʭ, ʯʘʩʪʢʠ ʷʢʠʭ ʤʦʞʫʪʴ ʣʝʛʢʦ 

ʧʝʨʝʤʽʱʘʪʠʩʷ. 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʢʦʝʬ̔ʮʽʻʥʪʦʤ ʪʝʧʣʦʚʽʜʜʘʯʽ Ŭ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ ʅʴʶʪʦʥʘ-

ʈ̔ʭʤʘʥʘ (2.20) 
 

q = a (tcʪ ï tʩʝʨ). 
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ʜʝ a ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ, ɺʪ/ʤ
2
 ʂ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ ʟʘʢʦʥʫ ʛʫʩʪʠʥʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ q ʧʨʦʧʦʨʮʽʡʥʘ 

ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ ʩʪʽʥʢʠ ʽ ʩʝʨʝʜʦʚʠʱʘ. ʋ ʧʨʦʮʝʩʽ ʪʝʧʣʦʚʽʜʜʘʯʽ, ʥʝʟʘʣʝʞʥʦ 

ʚʽʜ ʥʘʧʨʘʚʣʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ (ʚʽʜ ʩʪʽʥʢʠ ʜʦ ʩʝʨʝʜʦʚʠʱʘ ʘʙʦ ʥʘʚʧʘʢʠ), 

ʡʦʛʦ  ʟʥʘʯʝʥʥʷ ʧʨʠʡʥʷʪʦ ʚʚʘʞʘʪʠ ʧʦʟʠʪʠʚʥʠʤ. ʊʦʤʫ  ʨʽʟʥʠʮʶ ʪʝʤʧʝʨʘʪʫʨ 

tït ʟʘʚʞʜʠ ʙʝʨʫʪʴ ʟʘ ʘʙʩʦʣʶʪʥʦʶ ʚʝʣʠʯʠʥʦʶ, ʪʦʙʪʦ ʧʨʦʩʪʦ ʟ ʙʽʣʴʰʦʛʦ 

ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʥʽʤʘʶʪʴ ʤʝʥʰʝ. 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ a ʜʦʨʽʚʥʶʻ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʱʦ ʚʽʜʜʘʻʪʴʩʷ 

ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ ʦʜʠʥʠʮʝʶ ʧʦʚʝʨʭʥʽ ʧʨʠ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ ʤʽʞ 

ʧʦʚʝʨʭʥʝʶ ʽ ʩʝʨʝʜʦʚʠʱʝʤ ʚ ʦʜʠʥ ʛʨʘʜʫʩ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʚʽʜʜʘʯʽ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩ ̫ ʫʟʜʦʚʞ ʧʦʚʝʨʭʥʽ ʪʝʧʣʦʦʙʤʽʥʫ, ʽ ʪʦʤʫ 

ʨʦʟʨʽʟʥʷʶʪʴ ʩʝʨʝʜʥʽʡ ʟʘ ʧʦʚʝʨʭʥʝ  ʁ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʽ ʤʽʩʮʝʚʠʡ 

(ʣʦʢʘʣʴʥʠʡ) ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʦʜʠʥʠʯʥʦʤʫ ʝʣʝʤʝʥʪʫ 

ʧʦʚʝʨʭʥʽ.  

ʌʘʢʪʦʨʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʮʝʩ ʪʝʧʣʦʚʽʜʜʘʯʽ, ʽ ʚʽʜʧʦʚʽʜʥʦ ʥʘ 

ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʫʤʦʚʥʦ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʥʘʩʪʫʧʥʽ ʛʨʫʧʠ. 

1) ʇʨʠʨʦʜʘ ʚʠʥʠʢʥʝʥʥʷ ʨʫʭʫ ʩʝʨʝʜʦʚʠʱʘ (ʨʽʜʠʥʠ ʯʠ ʛʘʟʫ) ʫʟʜʦʚʞ 

ʩʪʽʥʢʠ. ʋ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʠʯʠʥ, ʷʢ̔ ʩʧʨʠʷʶʪʴ ʨʫʭʫ ʨʽʜʠʥʠ, ʨʦʟʨʽʟʥʷʶʪʴ 

ʜʚʘ ʚʠʜʠ ʨʫʭʫ ï ʚʽʣʴʥʠʡ (ʧʨʠʨʦʜʥʠʡ) ʽ ʚʠʤʫʰʝʥʠʡ. ɺʽʣʴʥʠʡ ʨʫʭ ʚʠʥʠʢʘʻ 

ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʥʽʤʘʣʴʥʦ ʾʩʠʣʠ, ʷʢʘ ʦʙʫʤʦʚʣʝʥʘ ʨʽʟʥʠʮʝʶ ʛʫʩʪʠʥ ʭʦʣʦʜʥʠʭ ʽ 

ʥʘʛʨʽʪʠʭ ʯʘʩʪʦʢ ʨʽʜʠʥʠ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʣʴʥʦʛʦ ʨʫʭʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʜʫ 

ʨʽʜʠʥʠ, ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ ʤʽʞ ʦʢʨʝʤʠʤʠ ʾʾ ʯʘʩʪʢʘʤʠ  ̔ʦʙôʻʤʫ ʧʨʦʩʪʦʨʫ, ʫ 

ʷʢʦʤʫ ʧʨʦʪʽʢʘʻ ʧʨʦʮʝʩ. 

ɺʠʤʫʰʝʥʠʡ ʨʫʭ ʨʽʜʠʥʠ (ʛʘʟʫ), ʯʠ ʚʠʤʫʰʝʥʘ ʢʦʥʚʝʢʮʽʷ, ʦʙʫʤʦʚʣʝʥʘ 

ʨʦʙʦʪʦʶ ʟʦʚʥʽʰʥʽʭ ʘʛʨʝʛʘʪʽʚ (ʥʘʩʦʩʫ, ʚʝʥʪʠʣʷʪʦʨʫ ʪʘ ̔ʥ.). ʉʠʣʘ, ʷʢʘ ʨʫʭʘʻ 

ʧʨʠ ʮʴʦʤʫ ʚʠʜʽ ʢʦʥʚʝʢʮʽʾ, ʚʠʥʠʢʘʻ ʚʥʘʩʣʽʜʦʢ ʨʽʟʥʠʮʽ ʪʠʩʢʽʚ, ʱʦ ʚʠʥʠʢʘʶʪʴ 

ʥʘ ʚʭʦʜʽ ʽ ʚʠʭʦʜʽ ʟ ʢʘʥʘʣʫ, ʷʢʠʤ ʧʝʨʝʤʽʱʫ̒ ʪʴʩʷ ʨʽʜʠʥʘ (ʛʘʟ). ʗʢʱʦ 

ʰʚʠʜʢʽʩʪʴ ʚʠʤʫʰʝʥʦʛʦ ʨʫʭʫ ʥʝʚʝʣʠʢʘ  ̔ ʻ ʨʽʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨ ʤʽʞ 

ʦʢʨʝʤʠʤʠ ʯʘʩʪʢʘʤʠ ʨʽʜʠʥʠ (ʛʘʟʫ), ʪʦ ʧʦʨʷʜ ʟ ʚʠʤʫʰʝʥʠʤ ʨʫʭʦʤ ʤʦʞʝ 

ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʽ ʚʽʣʴʥʠʡ ʨʫʭ. 

2) ʈʝʞʠʤ ʨʫʭʫ ʨʽʜʠʥʠ. ʈʫʭ ʨʽʜʠʥʠ (ʛʘʟʫ) ʤʦʞʝ ʤʘʪʠ ʣʘʤʽʥʘʨʥʠʡ ʯʠ 

ʪʫʨʙʫʣʝʥʪʥʠʡ ʭʘʨʘʢʪʝʨ. ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ (ʣʘʤʽʥʘʨʥʠʡ ʨʫʭ) ʯʘʩʪʢʠ 

ʨʽʜʠʥʠ ʫ ʬʦʨʤʽ ʦʢʨʝʤʠʭ ʩʪʨʫʤʝʥʽʚ, ʱʦ ʥʝ ʟʤʽʰʫʶʪʴʩʷ, ʨʫʭʘʶʪʴʩʷ ʚʟʜʦʚʞ 

ʢʘʥʘʣʫ ʘʙʦ ʩʪʽʥʢʠ, ʽ ʧʨʦʬʽʣʴ ʰʚʠʜʢʦʩʪʝʡ ʥʘ ʜʦʩʪʘʪʥʦɹʤʫ ʚʽʜʜʘʣʝʥʥʽ ʚʽʜ 

ʧʦʯʘʪʢʫ ʪʨʫʙʠ ʤʘʻ ʚʠʜ ʧʨʘʚʠʣʴʥʦʾ ʧʘʨʘʙʦʣʠ. ʇʦʜʽʙʥʠʡ ʨʦʟʧʦʜʽʣ ʧʦʩʪʽʡʥʠʭ 

ʰʚʠʜʢʦʩʪʝʡ ʦʙʫʤʦʚʣʝʥʦ ʥʘʷʚʥʽʩʪʶ ʩʠʣ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ (ʚ'ʷʟʢʦʩʪʽ) ʤʽʞ 

ʯʘʩʪʢʘʤʠ ʨʽʜʠʥʠ (ʛʘʟʫ). ʇʨʠ ʮʴʦʤʫ ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʯʘʩʪʦʢ 



 182 

ʨʽʜʠʥʠ (ʛʘʟʫ), ʱʦ ʧʝʨʝʤʽʱʫ ʪʁʴʩʷ ʚʽʩʩʁ  ʪʨʫʙʠ, ʫ 2 ʨʘʟʠ ʙʽʣʴʰʝ ʩʝʨʝʜʥʴʦʾ 

ʰʚʠʜʢʦʩʪʽ ʾʭ ʨʫʭʫ, ʷʢʫ ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʣ̔ʝʥʥʷ ʩʝʢʫʥʜʥʦʛʦ 

ʦʙôʻʤʫ ʨʽʜʠʥʠ (ʛʘʟʫ) ʥʘ ʧʣʦʱʫ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʪʨʫʙʠ (ʨʠʩ. 2.14, ʘ). 

 

 

 

 

 

 

 ʘ ʙ 

ʈʠʩʫʥʦʢ 2.14 ï ʈʦʟʧʦʜʽʣ ʰʚʠʜʢʦʩʪʝʡ ʟʘ ʧʝʨʝʨʽʟʦʤ  ʪʨʫʙʠ ʧʨʠ ʣʘʤʽʥʘʨʥʦʤʫ 

(ʘ) ʽ ʪʫʨʙʫʣʝʥʪʥʦʤʫ (ʙ) ʨʝʞʠʤʘʭ 
 

ʊʫʨʙʫʣʝʥʪʥʠʡ ʨʝʞʠʤ ʨʫʭʫ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʤʽʥʣʠʚʽʩʪʶ ʰʚʠʜʢʦʩʪʽ 

ʨʫʭʫ ʯʘʩʪʦʢ ʨʽʜʠʥʠ ʚ ʪʦʯʮʽ ʧʨʦʩʪʦʨʫ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ. ʏʝʨʝʟ ʙʝʟʫʧʠʥʥʝ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʽʜʠʥʠ ʚ ʥʽʡ ʥʝ ʤʦʞʥʘ ʟʘʟʥʘʯʠʪʠ ʦʢʨʝʤʽ ʩʪʨʫʤʝʥʽ, ʽ ʪʘʢʠʡ 

ʨʫʭ ʣʠʰʝ ʫʤʦʚʥʦ ʤʦʞʥʘ ʥʘʟʠʚʘʪʠ ʩʪʘʮʽʦʥʘʨʥʠʤ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʨʦʬʽʣʴ 

ʰʚʠʜʢʦʩʪʝʡ ʟʘ ʧʝʨʝʨʽʟʦʤ ʪʨʫʙʠ ʥʘʙʫʜʝ ʚʠʜʫ ʫʩʽʯʝʥʦʾ ʧʘʨʘʙʦʣʠ, ʽ 

ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʙʫʜʝ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʫ ʯʘʩʪʦʢ ʨʽʜʠʥʠ, ʱʦ 

ʨʫʭʘʶʪʴʩʷ ʚʽʩʩʁ  ʪʨʫʙʠ, ʧʨʠ ʮʴʦʤʫ ʚʦʥʘ ʙʫʜʝ ʫʩʴʦʛʦ ʚ 1,2é1,3 ʨʘʟʠ ʙʽʣʴʰʝ 

ʩʝʨʝʜʥʴʦʾ ʰʚʠʜʢʦʩʪʽ. ʍʘʨʘʢʪʝʨʥʦ, ʱʦ ʥʝ ʚʩʽ ʯʘʩʪʢʠ ʨʽʜʠʥʠ ʧʨʠ 

ʪʫʨʙʫʣʝʥʪʥʦʤʫ ʨʝʞʠʤʽ ʤʘʶʪʴ ʥʝʫʧʦʨʷʜʢʦʚʘʥʠʡ ʨʫʭ. ʇʦʙʣʠʟʫ ʩʪʽʥʦʢ, ʱʦ 

ʦʙʤʝʞʫʶʪʴ ʧʦʪʦʢʠ, ʚʥʘʩʣʽʜʦʢ ʚ'ʷʟʢʦʩʪʽ ʨʽʜʠʥʠ ʰʚʠʜʢʽʩʪ ɹʟʤʝʥʰʫʻʪʴʩʷ, ʘ 

ʙʽʣʷ ʩʘʤʦʾ ʩʪʽʥʢʠ ʟʙʝʨʽʛʘʻʪʴʩʷ ʪʦʥʢʠʡ ʛʨʘʥʠʯʥʠʡ ʰʘʨ, ʱʦ ʨʫʭʘʻʪʴʩʷ 

ʣʘʤ̔ʥʘʨʥʦ. ʋ ʤʝʞʘʭ ʮʴʦʛʦ ʰʘʨʫ, ʱʦ ʤʘʻ ʪʦʚʱʠʥʫ ʥʝ ʙʽʣʴʰ ʜʝʢʽʣʴʢʦʭ 

ʪʠʩʷʯʥʠʭ ʯʘʩʪʦʢ ʜʽʘʤʝʪʨʘ ʪʨʫʙʠ, ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʯʘʩʪʦʢ ʨʽʜʠʥʠ ʨʽʟʢʦ 

ʤʽʥʷʻʪʴʩʷ ʚʽʜ ʥʫʣʷ ʥʘ ʩʘʤʽʡ ʩʪʽʥʮʽ ʜʦ 0,4é0,7 ʩʝʨʝʜʥʴʦʾ ʰʚʠʜʢʦʩʪʽ ʥʘ 

ʫʤʦʚʥʽʡ ʤʝʞʽ ʟ ʪʫʨʙʫʣʝʥʪʥʠʤ ʷʜʨʦʤ ʧʦʪʦʢʫ (ʨʠʩ. 2.14, ʙ). 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʪʫʨʙʫʣʝʥʪʥʽ ʧʫʣʴʩʘʮʽʾ ʧʨʦʥʠʢʘʶʪʴ ʽ ʚ ʣʘʤʽʥʘʨʥʠʡ 

ʧʽʜʰʘʨ ʽ ʟʘʛʘʩʘʶʪʴ ʫ ʥʴʦʤʫ ʚʥʘʩʣʽʜʦʢ ʜʽʾ ʩʠʣ ʚ'ʷʟʢʦʩʪʽ. ʊʦʤʫ ʪʝʨʤʽʥ 

çʣʘʤʽʥʘʨʥʠʡ ʧʽʜʰʘʨè ʚʽʨʥʽʰʝ ʟʘʤʽʥʷʪʠ ʪʝʨʤʽʥʦʤ çʚôʷʟʢʠʡ ʧʽʜʰʘʨè. 

ɸʥʛʣʽʡʩʴʢʠʡ ʬʽʟʠʢ ʈʝʡʥʦʣʴʜʩ ʚʩʪʘʥʦʚʠʚ, ʱʦ ʧʨʠ ʨʫʩʽ ʨʽʜʠʥʠ ʫ ʪʨʫʙʘʭ 

ʧʝʨʝʭʽʜ ʟ ʣʘʤʽʥʘʨʥʦʛʦ ʨʝʞʠʤʫ ʚ ʪʫʨʙʫʣʝʥʪʥʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷʤ 

ʙʝʟʨʦʟʤʽʨʥʦʛʦ ʢʦʤʧʣʝʢʩʫ  
 

Rʝ=ɤl/ɜ,                                        (2.112) 
 

ʜʝ ɤ ï ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʨʽʜʠʥʠ (ʛʘʟʫ), ʤ/ʩ; 
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l ï ʭʘʨʘʢʪʝʨʥʠʡ ʨʦʟʤʽʨ, ʤ; 

ɜ ï ʢʦʝʬʽʮʽʻʥʪ ʢʽʥʝʤʘʪʠʯʥʦʾ ʚôʷʟʢʦʩʪʽ ʨʽʜʠʥʠ, ʤ2
/ʩ. 

ʎʝʡ ʢʦʤʧʣʝʢʩ ʥʘʟʠʚʘʶʪʴ ʯʠʩʣʦʤ ʈʝʡʥʦʣʴʜʩʘ ʽ ʧʦʟʥʘʯʘʶʪʴ 

ʩʠʤʚʦʣʦʤ Re. ʇʨʠ Re<2300 ʨʫʭ ʨʽʜʠʥʠ ʫ ʪʨʫʙʘʭ ʤʘ̒ ʣʘʤʽʥʘʨʥʠʡ ʭʘʨʘʢʪʝʨ, 

ʘ ʧʨʠ Re>10000 ï ʪʫʨʙʫʣʝʥʪʥʠʡ, ʪʦʙʪʦ ʢʨʠʪʠʯʥʘ ʰʚʠʜʢʽʩʪʴ, ʷʢʘ ʜʦʟʚʦʣʷʻ 

ʚʠʟʥʘʯʠʪʠ ʧʝʨʝʭʽʜ ʙʫʜʴ-ʷʢʦʾ ʨʽʜʠʥʠ ʟ ʣʘʤʽʥʘʨʥʦʛʦ ʨʝʞʠʤʫ ʚ ʪʫʨʙʫʣʝʥʪʥʠʡ 

ʜʣʷ ʪʨʫʙʠ ʙʫʜʴ-ʷʢʦʛʦ ʜʽʘʤʝʪʨʘ, ʤʦʞʝ ʙʫʪʠ ʟʥʘʡʜʝʥʘ ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ  
 

ɤ=2300 ɜ/l.                                        (2.113) 
 

ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ, ʱʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚ ʪʝʧʣʦʪʝʭʥʽʮ,̔ Re>10000, ʽ 

ʨʫʭ ʨʽʜʠʥʠ ʯʠ ʛʘʟʫ ʷʚʣʷʻʪʴʩʷ ʪʫʨʙʫʣʝʥʪʥʠʤ. ɺ ʦʩʦʙʣʠʚʠʭ ʫʤʦʚʘʭ (ʧʨʠ 

ʚʽʜʩʫʪʥʦʩʪʽ ʰʦʨʩʪʢʦʩʪʝʡ ʥʘ ʩʪʽʥʢʘʭ, ʙʝʟʚʠʭʨʦʚʦʤʫ ʚʭʦʜʽ ʨʽʜʠʥʠ ʫ ʪʨʫʙʫ ʽ 

ʪ.̔ʥ.) ʤʦʞʥʘ ʟʙʝʨʽʛʘʪʠ ʣʘʤʽʥʘʨʥʠʡ ʨʫʭ ʧʨʠ ʯʠʩʣʘʭ Re ʜʦ 10000, ʘʣʝ ʪʘʢʠʡ 

ʨʫʭ ʻ ʜʫʞʝ ʭʠʪʣʠʚʠʤ ʽ ʧʨʠ ʥʝʚʝʣʠʢʦʤʫ ʤʽʩʮʝʚʦʤʫ ʟʙʫʨʶʚʘʥʥʽ ʧʦʪʦʢʫ ʟ 

ʣʘʤʽʥʘʨʥʦʛʦ ʚʽʜʨʘʟʫ ʧʝʨʝʭʦʜʠʪʴ ʜʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ.  

ʈʝʞʠʤ ʨʫʭʫ ʨʽʜʠʥʠ ʚʠʟʥʘʯʘʻ ʤʝʭʘʥʽʟʤ ʧʝʨʝʥʦʩʫ ʪʝʧʣʦʪʠ ʫ ʧʨʦʮʝʩʽ 

ʪʝʧʣʦʚʽʜʜʘʯʽ. ʇʨʠ ʣʘʤʽʥʘʨʥʦʤʫ ʨʫʩʽ ʧʝʨʝʥʦʩ ʪʝʧʣʦʪʠ ʚʽʜ ʨʽʜʠʥʠ ʜʦ ʩʪʽʥʢʠ 

(ʯʠ ʥʘʚʧʘʢʠ) ʟʜʽʡʩʥʶʻʪʴʩʷ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʰʣʷʭʦʤ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. ʇʨʠ 

ʪʫʨʙʫʣʝʥʪʥʦʤʫ ʨʫʩʽ ʪʘʢʠʡ ʩʧʦʩʽʙ ʧʝʨʝʜʘʯʽ ʪʝʧʣʦʪʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʣʠʰʝ ʚ 

ʣʘʤʽʥʘʨʥʦʤʫ ʛʨʘʥʠʯʥʦʤʫ ʰʘʨʽ, ʘ ʚʩʝʨʝʜʠʥʽ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʷʜʨʘ ʪʝʧʣʦʪʘ 

ʧʝʨʝʥʦʩʠʪʴʩʷ ʰʣʷʭʦʤ ʢʦʥʚʝʢʮʽʾ. ʇʨʠ ʮʴʦʤʫ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʝʧʣʦʚʽʜʜʘʯʽ 

ʚ ʦʩʥʦʚʥʦʤʫ ʚʧʣʠʚʘʻ ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ ʛʨʘʥʠʯʥʦʛʦ ʰʘʨʫ. ʆʩʪʘʥʥʻ ʥʘʦʯʥʦ 

ʽʣʶʩʪʨʫʻʪʴʩʷ ʨʠʩʫʥʢʦʤ 2.15, ʥʘ ʷʢʦʤʫ ʟʦʙʨʘʞʝʥʘ ʩʭʝʤʘ ʨʫʭʫ ʨʽʜʠʥʠ ʧʨʠ 

ʦʙʪʽʢʘʥʥ ̔ʧʣʦʩʢʦʾ ʧʦʚʝʨʭʥʽ (ʧʣʘʩʪʠʥʠ). 

ʗʢ ʚʞʝ ʚʽʜʟʥʘʯʘʣʦʩʷ, ʧʨʠ ʨʫʩʽ ʨʽʜʠʥʠ (ʛʘʟʫ) ʚʟʜʦʚʞ ʧʦʚʝʨʭʥʽ 

ʫʪʚʦʨʶʻʪʴʩʷ ʛʨʘʥʠʯʥʠʡ ʰʘʨ, ʚ ʷʢʦʤʫ ʟʘ ʨʘʭʫʥʦʢ ʚôʷʟʢʦʩʪʽ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ 

ʩʝʨʝʜʦʚʠʱʘ ʟʥʘʯʥʦ ʤʝʥʰʝ ʡʦʛʦ ʩʝʨʝʜʥʴʦʾ ʰʚʠʜʢʦʩʪʽ, ʘ ʙʽʣʷ ʩʘʤʦʾ ʧʦʚʝʨʭʥʽ 

ʧʨʘʢʪʠʯʥʦ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. ɿʦʥʘ ʧʦʪʦʢʫ, ʚ ʢʦʪʨʽʡ ʟʘ ʨʘʭʫʥʦʢ ʚʟʘʻʤʦʜʽʾ ʟ 

ʧʦʚʝʨʭʥʝʶ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʧʦʪʦʢʫ ʤʝʥʰʝ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʩʝʨʝʜʦʚʠʱʘ, 

ʥʘʟʠʚʘʻʪʴʩʷ ʜʠʥʘʤʽʯʥʠʤ ʛʨʘʥʠʯʥʠʤ ʰʘʨʦʤ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʠ ʨʫʩʽ 

ʧʦʪʦʢʫ ʫʟʜʦʚʞ ʧʦʚʝʨʭʥʽ ʩʪʽʥʢʠ ʪʦʚʱʠʥʘ ʮʴʦʛʦ ʛʨʘʥʠʯʥʦʛʦ ʰʘʨʫ ʧʦʩʪʫʧʦʚʦ 

ʟʨʦʩʪʘʻ. ʅʘ ʥʝʚʝʣʠʢʠʭ ʚʽʜʩʪʘʥʷʭ ʚʽʜ ʧʝʨʝʜʥʴʦʛʦ ʢʨʘʁ ʩʪʽʥʢʠ ʛʨʘʥʠʯʥʠʡ 

ʰʘʨ ʱʝ ʪʦʥʢʠʡ ʽ ʧʣʠʥ ʨʽʜʠʥʠ ʚ ʥʴʦʤʫ ʥʦʩʠʪʴ ʣʘʤʽʥʘʨʥʠʡ ʭʘʨʘʢʪʝʨ. ɼʘʣʽ ʥʘ 

ʜʝʷʢʽʡ ʚʽʜʩʪʘʥʽ ʭʢʨ ʫ ʛʨʘʥʠʯʥʦʤʫ ʰʘʨʽ ʧʦʯʠʥʘʶʪʴ ʚʠʥʠʢʘʪʠ ʚʠʭʨʠ ʽ 

ʭʘʨʘʢʪʝʨ ʪʝʯʽʾ ʩʪʘʻ ʪʫʨʙʫʣʝʥʪʥʠʤ (ʨʠʩ. 2.15). ʎʽ ʚʠʭʨʠ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʥ̔ʪʝʥʩʠʚʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʽʜʠʥʠ ʫ ʛʨʘʥʠʯʥʦʤʫ ʰʘʨʽ, ʘʣʝ ʚ ʙʝʟʧʦʩʝʨʝʜʥʽʡ 
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ʙʣʠʟɹ ʢʦʩʪ̔ ʚʽʜ ʧʦʚʝʨʭʥʽ ʩʪʽʥʢʠ ʚʦʥʠ ʟʘʛʘʩʘʶʪʴ, ʽ ʪʫʪ ʟʙʝʨʽʛʘʻʪʴʩʷ ʜʫʞʝ 

ʪʦʥʢʠʡ ʚôʷʟʢʠʡ ʧʽʜʰʘʨ. ʊʦʚʱʠʥʘ ʜʠʥʘʤʽʯʥʦʛʦ ʛʨʘʥʠʯʥʦʛʦ ʰʘʨʫ ŭʜʠʥ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʽʜʩʪʘʥʽ ʭ ʚʽʜ ʧʝʨʝʜʥʴʦʛʦ ʢʨʘʁ ʩʪʽʥʢʠ, ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʧʦʪʦʢʫ 

ʽ ʢʽʥʝʤʘʪʠʯʥʦʾ ʚ'ʷʟʢʦʩʪʽ v=Õ/ɟ. ʇʝʨʝʭʽʜ ʜʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʨʝʞʠʤʫ ʧʣʠʥʫ 

ʨʽʜʠʥʠ ʫ ʛʨʘʥʠʯʥʦʤʫ ʰʘʨʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʨʠʪʠʯʥʠʤ ʟʥʘʯʝʥʥʷʤ ʯʠʩʣʘ Reʢʨ. 

Reʢʨ1=2300 ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʝʪʚʦʨʝʥʥʶ ʣʘʤʽʥʘʨʥʦʛʦ ʨʝʞʠʤʫ ʪʝʯʽʾ ʥʘ 

ʧʝʨʝʭʽʜʥʠʡ. ʋ ʮʝʡ ʯʘʩ ʫ ʧʦʛʨʘʥʠʯʥʦʤʫ ʰʘʨʽ ʧʦʯʠʥʘʶʪʴ ʚʠʥʠʢʘʪʠ ʧʝʨʰʽ 

ʚʠʭʨʠ ʽ ʧʫʣʴʩʘʮʽʾ, ʘ Reʢʨ2=10000 ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʝʭʦʜʫ ʜʦ ʨʦʟʚʠʥʫʪʦʛʦ 

ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʨʝʞʠʤʫ ʪʝʯʽʾ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2.15 ï ʍʘʨʘʢʪʝʨ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʰʚʠʜʢʦʩʪʽ  

ʫ ʛʨʘʥʠʯʥʦʤʫ ʰʘʨʽ 
 

ʉʣʽʜ ʪʘʢʦʞ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʦʨʷʜ ʟ ʦʧʠʩʘʥʠʤ ʧʨʦʮʝʩʦʤ ʬʦʨʤʫʚʘʥʥʷ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʛʨʘʥʠʯʥʦʛʦ ʰʘʨʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʥʘʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ 

ʬʦʨʤʫʚʘʥʥʷ ʽ ʪʝʧʣʦʚʦʛʦ ʛʨʘʥʠʯʥʦʛʦ ʰʘʨʫ, ʫ ʤʝʞʘʭ ʷʢʦʛʦ ʪʝʤʧʝʨʘʪʫʨʘ 

ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ tʩʪ ʜʦ tʨʽʜ (ʜʠʚ. ʨʠʩ. 2.15). ʍʘʨʘʢʪʝʨ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚ ʪʝʧʣʦʚʦʤʫ ʛʨʘʥʠʯʥʦʤʫ ʰʘʨʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʝʞʠʤʫ ʪʝʯʽʾ ʨʽʜʠʥʠ (ʛʘʟʫ) ʚ 

ʜʠʥʘʤʽʯʥʦʤʫ ʛʨʘʥʠʯʥʦʤʫ ʰʘʨʽ. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʪʦʚʱʠʥʠ ʪʝʧʣʦʚʦʛʦ ʽ ʜʠʥʘʤʽʯʥʦʛʦ ʰʘʨʽʚ ʥʝ 

ʩʧʽʚʧʘʜʘʶʪʴ, ʘʣʝ ʜʦʩʠʪʴ ʯʘʩʪʦ ʚʦʥʠ ʙʣʠʟʴʢʽ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ, ʦʩʦʙʣʠʚʦ ʚ 

ʛʘʟʘʭ. 

3) ʌʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʽʜʠʥʠ (ʛʘʟʫ). ʅʘ ʧʨʦʮʝʩ ʪʝʧʣʦʚʽʜʜʘʯʽ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʶʪʴ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ɚ (ʜʠʚ. ʧʽʜʨʦʟʜʽʣ 2.1), ʧʠʪʦʤʘ 
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ʪʝʧʣʦʻʤʥʽʩʪʴ ʉ (ʜʠʚ. ʧʽʜʨʦʟʜʽʣ 1.1.4), ʛʫʩʪʠʥʘ ɟ, ʘ ʪʘʢʦʞ ʚôʷʟʢʽʩʪʴ ɜ 

 (ʜʠʚ. ʧʽʜʨʦʟʜʽʣ 1.5.1) ʽ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʜ̔ʥʽʩʪʴ ʘ (ʜʠʚ. ʧʽʜʨʦʟʜʽʣ 2.1.2). 

4) ʌʦʨʤʘ, ʨʦʟʤʽʨʠ ʽ ʩʪʘʥ ʧʦʚʝʨʭʥʽ ʩʪʽʥʢʠ, ʷʢʘ ʦʤʠʚʘʻʪʴʩʷ ʨʽʜʠʥʦʶ 

(ʛʘʟʦʤ). ɿʘʟʚʠʯʘʡ ʧʦʚʝʨʭʥʽ ʩʪʽʥʦʢ ʤʘʶʪʴ ʬʦʨʤʫ ʧʣʠʪʠ ʘʙʦ ʪʨʫʙʠ, ʷʢʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʪʘʰʦʚʫʚʘʥ ̔ʚʝʨʪʠʢʘʣʴʥʦ, ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʯʠ ʧʦʭʠʣʦ. ʂʦʞʥʘ 

ʟ ʮʠʭ ʬʦʨʤ ʧʦʚʝʨʭʦʥʴ ʩʪʚʦʨʶʻ ʩʧʝʮʠʬʽʯʥʽ ʫʤʦʚʠ ʜʣʷ ʪʝʧʣʦʦʙʤʽʥʫ ʤʽʞ 

ʧʦʚʝʨʭʥʝʶ ʩʪʽʥʢʠ ʽ ʨʽʜʠʥʦʶ, ʷʢʘ ʦʤʠʚʘ ̒ ʮʶ ʧʦʚʝʨʭʥʶ. ɼʣʷ ʧʨʦʮʝʩʫ 

ʪʝʧʣʦʚʽʜʜʘʯʽ ʜʫʞʝ ʚʘʞʣʠʚʦ, ʧʝʨʝʤʽʱʘʻʪʴʩʷ ʨʽʜʠʥʘ ʫʩʝʨʝʜʠʥʽ ʟʘʤʢʥʫʪʦʛʦ 

ʧʨʦʩʪʦʨʫ ʯʠ ʧʦʚʝʨʭʥʷ ʩʪʽʥʢʠ ʟ ʫʩʽʭ ʙʦʢʽʚ ʦʤʠʚʘʻʪɹʩʷ ʨʽʜʠʥʦʶ. ɺʝʣʠʢʝ 

ʟʥʘʯʝʥʥʷ ʤʘʻ ʪʘʢʦʞ ʩʪʘʥ ʧʦʚʝʨʭʥʽ ʩʪʽʥʢʠ, ʷʢʠʡ ʦʮʽʥʶʻʪʴʩʷ ʾʾ ʰʦʨʩʪʢʽʩʪʶ. 

ɿ ʨʦʟʛʣʷʜʫ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʮʝʩ ʪʝʧʣʦʚʽʜʜʘʯʽ, ʚʠʜʥʦ, 

ʥʘʩʢʽʣʴʢʠ ʩʢʣʘʜʥʦ ʚʠʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʷʢʘ ʧʝʨʝʜʘʻʪʴʩʷ ʧʨʠ 

ʢʦʥʚʝʢʪʠʚʥʦʤʫ ʪʝʧʣʦʦʙʤʽʥʽ. 

 

 

2.2.2 ʊʝʦʨʽʷ ʧʦʜʦʙʠ 
 

ɺʠʚʯʠʪʠ ʷʢʝ-ʥʝʙʫʜʴ ʷʚʠʱʝ ï ʟʥʘʯʠʪʴ ʫʩʪʘʥʦʚʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ 

ʚʝʣʠʯʠʥʘʤʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʡʦʛʦ. ɼʣʷ ʩʢʣʘʜʥʠʭ ʷʚʠʱ, ʚ ʷʢʠʭ 

ʚʠʟʥʘʯʘʣʴʥʽ ʚʝʣʠʯʠʥʠ ʤʽʥʷʶʪʴʩʷ ʟ ʯʘʩʦʤ ʡ ʫ ʧʨʦʩʪʦʨʽ, ʚʩʪʘʥʦʚʠʪʠ 

ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʧʝʨʝʤʽʥʥʠʤʠ ʜʫʞʝ ʚʘʞʢʦ. ʋ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʟʘʩʪʦʩʦʚʫʶʪ ɹ

ʟʘʛʘʣʴʥʽ ʟʘʢʦʥʠ ʬʽʟʠʢʠ  ̔ʦʙʤʝʞʫʶʪʴʩʷ ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʟʚ'ʷʟʢʫ ʤʽʞ ʟʤʽʥʥʠʤʠ 

(ʢʦʦʨʜʠʥʘʪʘʤʠ, ʯʘʩʦʤ ʽ ʬʽʟʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ), ʷʢʽ ʦʭʦʧʣʶʶʪʴ 

ʥʝʚʝʣʠʢʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʡ ʝʣʝʤʝʥʪʘʨʥʠʡ ʦʙôʻʤ ʧʨʦʩʪʦʨʫ. ʆʪʨʠʤʘʥʘ ʚ 

ʪʘʢʠʡ ʩʧʦʩʽʙ ʟʘʣʝʞʥʽʩʪʴ ʻ ʟʘʛʘʣʴʥʠʤ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤ ʨʽʚʥʷʥʥʷʤ ʧʨʦʮʝʩʫ, 

ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ. ʇʽʩʣʷ ʽʥʪʝʛʨʫʚʘʥʥʷ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ ʦʜʝʨʞʫʶʪʴ 

ʘʥʘʣʽʪʠʯʥʫ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʚʝʣʠʯʠʥʘʤʠ ʜʣʷ ʚʩʽʻʾ ʦʙʣʘʩʪʽ ʽʥʪʝʛʨʫʚʘʥʥʷ ʽ 

ʥʝʦʙʭʽʜʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ. 

ʊʘʢʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʩʢʣʘʜʝʥʽ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ 

ʧʨʦʮʝʩʫ ʽ, ʟʦʢʨʝʤʘ, ʜʣʷ ʧʨʦʮʝʩʫ ʪʝʧʣʦʚʽʜʜʘʯʽ. ɸʣʝ ʮʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ 

ʨʽʚʥʷʥʥʷ ʦʧʠʩʫʶʪʴ ʧʨʦʮʝʩ ʪʝʧʣʦʚʽʜʜʘʯʽ ʚ ʩʘʤʦʤʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʜʽ. ʇʨʠ 

ʨʦʟʚôʷʟʘʥʥʽ ʢʦʥʢʨʝʪʥʠʭ ʟʘʜʘʯ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʜʦ ʩʠʩʪʝʤʠ 

ʟʘʟʥʘʯʝʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʥʝʦʙʭʽʜʥʦ ʜʦʜʘʪʠ ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ 

ʫʩʽʭ ʦʢʨʝʤʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʟʘʜʘʯʽ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ. ʎʝʡ ʜʦʜʘʪʢʦʚʠʡ 

ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʥʘʟʠʚʘʻʪʴʩʷ ʢʨʘʡʦʚʠʤʠ ʫʤʦʚʘʤʠ ʯʠ ʫʤʦʚʘʤʠ 

ʦʜʥʦʟʥʘʯʥʦʩʪʽ. ɺʦʥʠ ʚʢʣʶʯʘʶʪʴ: 

1) ʛʝʦʤʝʪʨʠʯʥʽ ʫʤʦʚʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʨʦʟʤʽʨʠ ʽ ʬʦʨʤʫ ʪʽʣʘ ʯʠ 

ʩʠʩʪʝʤʠ ʪʽʣ, ʜʝ ʧʨʦʪʽʢʘʻ ʧʨʦʮʝʩ; 
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2) ʬʽʟʠʯʥʽ ʫʤʦʚʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʽʣ, ʷʢʽ 

ʤʘʶʪʴ ʽʩʪʦʪʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʷʚʠʱʘ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ;  

3) ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ, ʱʦ ʦʧʠʩʫʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʮʝʩʫ, ʷʢʠʡ ʧʨʦʪʽʢʘʻ 

ʥʘ ʤʝʞʘʭ ʩʠʩʪʝʤʠ ʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ; 

4) ʯʘʩʦʚʽ ʫʤʦʚʠ, ʱʦ ʧʦʢʘʟʫʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʪʽʢʘʥʥʷ ʜʘʥʦʛʦ 

ʧʨʦʮʝʩʫ ʚ ʯʘʩʽ. ɼʣʷ ʩʪʘʮʽʦʥʘʨʥʠʭ ʧʨʦʮʝʩʽʚ ʪʠʤʯʘʩʦʚʽ ʫʤʦʚʠ ʥʝ 

ʚʨʘʭʦʚʫʶʪʴʩʷ. 

ʇʨʦʮʝʩ ʪʝʧʣʦʚʽʜʜʘʯʽ ʻ ʩʢʣʘʜʥʠʤ ʧʨʦʮʝʩʦʤ, ʘ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ 

ʻ ʩʢʣʘʜʥʦʶ ʬʫʥʢʮʽʻʶ ʨʽʟʥʠʭ ʚʝʣʠʯʠʥ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʮʝʡ ʧʨʦʮʝʩ.  

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʻ ʬʫʥʢʮʽʻʶ ʬʦʨʤʠ ʌ, 

ʨʦʟʤʽʨʽʚ l1, 12, ..., ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ ʥʘʛʨʽʚʘʥʥʷ tʩʪ, ʰʚʠʜʢʦʩʪʽ ʨʽʜʠʥʠ 

ɤ, ʾʾ ʪʝʤʧʝʨʘʪʫʨʠ tʨʽʜ, ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʽʜʠʥʠ ï ʢʦʝʬʽʮʽʻʥʪʘ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ɚ, ʧʠʪʦʤʦʾ ʪʝʧʣʦʻʤʥʦʩʪʽ ʉʨ, ʛʫʩʪʠʥʠ ɟ, ʢʦʝʬʽʮʽʻʥʪʘ 

ʚ'ʷʟʢʦʩʪʽ ɛ ʡ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʪʝʧʣʦʚʽʜʜʘʯʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʪʝʧʣʦʚʠʤʠ, ʘʣʝ ʽ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʤʠ ʷʚʠʱʘʤʠ. ʉʫʢʫʧʥʽʩʪʴ ʮʠʭ ʷʚʠʱ ʦʧʠʩʫʻʪʴʩʷ ʩʠʩʪʝʤʦʶ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʜʦ ʢʦʪʨʦ ʾʚʭʦʜʷʪʴ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, 

ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʽ ʨʽʚʥʷʥʥʷ ʩʫʮʽʣʴʥʦʩʪʽ. ɸʥʘʣʽʪʠʯʥʦ ʨʦʟʚôʷʟʘʪʠ ʟʘʜʘʯʫ ʟ 

ʚʠʟʥʘʯʝʥʥ ̫ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʪʠ, ʷʢʘ ʧʝʨʝʜʘʻʪʴʩʷ ʚʽʜ ʩʪʽʥʢʠ ʜʦ ʨʽʜʠʥʠ, 

ʤʝʪʦʜʦʤ ʽʥʪʝʛʨʫʚʘʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʦ 

ʯʝʨʝʟ ʩʢʣʘʜʥʽʩʪʴ ʮʠʭ ʨʽʚʥʷʥʴ. ʎʝʡ ʤʝʪʦʜ ʟʘʩʪʦʩʦʚʫʪ̒ʴʩʷ ʟʘʟʚʠʯʘʡ ʣʠʰʝ ʜʣʷ 

ʦʢʨʝʤʠʭ ʥʘʡʙʽʣʴʰ ʝʣʝʤʝʥʪʘʨʥʠʭ ʟʘʜʘʯ ʧʨʦʮʝʩʫ ʪʝʧʣʦʚʽʜʜʘʯʽ ʪʘ  ʣʠʰʝ ʧʨʠ 

ʮʽʣ̔ʡ ʥʠʟʮʽ ʫʤʦʚ, ʱʦ ʩʧʨʦʱʫʶʪʴ ʾʭ ʨʦʟʚôʷʟʘʥʥʷ.  

ʅʘʡʙʽʣʴʰ ʪʦʯʥʦ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ Ŭ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ 

ʧʨʘʢʪʠʯʥʠʤ ʰʣʷʭʦʤ. ɸʣʝ ʮʝʡ ʩʧʦʩʽʙ ʚʠʟʥʘʯʝʥʥʷ Ŭ ʷʚʣʷʻ ʩʦʙʦʶ ʥʝʣʝʛʢʫ 

ʟʘʜʘʯʫ, ʦʩʦʙʣʠʚʦ ʜʣʷ ʩʢʣʘʜʥʠʭ ʽ ʛʨʦʤʽʟʜʢʠʭ ʪʝʧʣʦʚʠʭ ʧʨʠʩʪʨʦʾʚ, ʥʘʧʨʠʢʣʘʜ 

ʪʘʢʠʭ, ʷʢ ʧʘʨʦʚʠʡ ʢʦʪʝʣ. ɸʣʝ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʝ ʤʦʞʥʘ ʙʫʪʠ 

ʫʧʝʚʥʝʥʠʤ ʫ ʪʦʤʫ, ʱʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ, ʟʥʘʡʜʝʥʽ ʜʣʷ ʜʘʥʦʛʦ ʪʝʧʣʦʚʦʛʦ 

ʘʛʨʝʛʘʪʫ, ʷʚʣʷʪʁʴʩʷ ʩʧʨʘʚʝʜʣʠʚʠʤʠ ʜʣʷ ʽʥʰʦʛʦ, ʷʢʠʡ ʱʝ ʥʝ ʧʦʙʫʜʦʚʘʥʦ ʽ 

ʪʦʤʫ ʻ ʥʝʜʦʩʪʫʧʥʠʤ ʜʣʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʚʠʚʯʝʥʥʷ. 

ʋ ʜʘʥʠʡ ʯʘʩ ʧʨʘʢʪʠʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʽʜʜʘʯʽ 

ʧʨʦʚʦʜʠʪʴʩʷ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝ ʥʘ ʩʘʤʠʭ ʪʝʧʣʦʚʠʭ ʧʨʠʩʪʨʦʷʭ, ʘ ʥʘ ʾʭ 

ʩʧʨʦʱʝʥʠʭ ʤʦʜʝʣʷʭ, ʷʢ̔ ʻ ʙʽʣʴʰ ʟʨʫʯʥʠʤʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʧʨʦʚʝʜʝʥʠʭ ʥʘ ʤʦʜʝʣʷʭ, ʫʟʘʛʘʣʴʥʶʶʪʴ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʝʧʣʦʚʫ ʪʝʦʨʽʶ ʧʦʜʦʙʠ.  

ʊʝʦʨʽʷ ʧʦʜʦʙʠ ï ʮʝ ʥʘʫʢʘ ʧʨʦ ʧʦʜʽʙʥʽ ʷʚʠʱʘ. ʊʝʨʤʽʥ çʧʦʜʦʙʘè ʚʟʷʪʦ 
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ʟ ʛʝʦʤʝʪʨʽʾ. ʅʘʧʨʠʢʣʘʜ, ʜʦʙʨʝ ʚʽʜʦʤʦ, ʱʦ ʜʣʷ ʛʝʦʤʝʪʨʠʯʥʦ ʧʦʜʽʙʥʠʭ ʬʽʛʫʨ 

ʚʽʜʧʦʚʽʜʥʽ ʢʫʪʠ ʨʽʚʥʽ, ʘ ʩʭʦʞ ̔ʩʪʦʨʦʥʠ ʧʨʦʧʦʨʮʽʡʥʽ. ʗʢʱʦ l1ô, l2ô, é, lnô ï 

ʣʽʥʽʡʥʽ ʨʦʟʤʽʨʠ ʦʜʥʽʻʾ ʬʽʛʫʨʠ, ʘ l1ôô, l2ôô, é, lnôô ï ʩʭʦʞ ̔ʣʽʥʽʡʥʽ ʨʦʟʤʽʨʠ 

ʽʥʰʦʾ ʬʽʛʫʨʠ, ʧʦʜʽʙʥʦʾ ʧʝʨʰʠʡ, ʪʦ ʩʧʨʘʚʝʜʣʠʚʘ ʨʽʚʥʽʩʪʴ 
 

l1ôô/ l1ô=l2ôô/ l2ô= é lnôô/ lnô=kl,                        (2.114) 
 

ʜʝ kl ï ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ ʘʙʦ ʢʦʥʩʪʘʥʪʘ ʧʦʜʦʙʠ. 

ɼʣʷ ʚʽʜʥʦʰʝʥʥʷ ʧʣʦʱ ʧʦʚʝʨʭʥʽ S ʘʙʦ ʦʙôʤ̒ʽʚ V ʧʦʜʽʙʥʠʭ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʽʣ ʯʠʩʝʣʴʥʽ ʟʥʘʯʝʥʥʷ ʢʦʥʩʪʘʥʪ ʧʦʜʦʙʠ ʙʫʜʫʪʴ ʽʥʰʠʤʠ, 

ʥʘʧʨʠʢʣʘʜ: 
 

S"/S' =kS= kl
2
 ; V"/ V '=kV = kl

3
.                    (2.115) 

 

ʋʤʦʚʘ (2.114) ʷʚʣʷʻ ʩʦʙʦʶ ʤʘʪʝʤʘʪʠʯʥʝ ʬʦʨʤʫʣʶʚʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʦʾ 

ʧʦʜʦʙʠ. ʇʦʥʷʪʪʷ ʧʦʜʦʙʠ ʤʦʞʝ ʙʫʪʠ ʧʦʰʠʨʝʥʦ ʥʘ ʙʫʜʴ-ʷʢʽ ʬʽʟʠʯʥʽ ʷʚʠʱʘ. 

ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʨʦʟʛʣʷʜʘʪʠ ʧʦʜʦʙʫ ʨʫʭʫ ʜʚʦʭ ʧʦʪʦʢʽʚ ʨʽʜʠʥʠ, ʪʦ ʤʦʚʘ ʡʜʝ 

ʧʨʦ ʢʽʥʝʤʘʪʠʯʥʫ ʧʦʜʦʙʫ; ʷʢʱʦ ʨʦʟʛʣʷʜʘʪʠ ʧʦʜʦʙʫ ʩʠʣ, ʱʦ ʚʠʢʣʠʢʘʶʪʴ 

ʧʦʜʽʙʥʠʡ ʨʫʭ, ï ʪʦ ʧʨʦ ʜʠʥʘʤʽʯʥʫ ʧʦʜʦʙʫ. ʅʘʨʝʰʪʽ, ʷʢʱʦ ʛʦʚʦʨʷʪʴ ʧʨʦ 

ʧʦʜʦʙʫ ʪʝʤʧʝʨʘʪʫʨ ʽ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ, ʪʦ ʤʘʶʪʴ ʥʘ ʫʚʘʟʽ ʪʝʧʣʦʚʫ ʧʦʜʦʙʫ. 

ʇʦʥʷʪʪʷ ʧʦʜʦʙʠ ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʜʦ ʪʘʢʠʭ ʬʽʟʠʯʥʠʭ ʷʚʠʱ, ʢʦʪʨ ̔

ʷʢʽʩʥʦ ʦʜʥʘʢʦʚʽ ʷʢ ʟʘ ʬʦʨʤʦʶ, ʪʘʢ  ̔ʟʘ ʟʤʽʩʪʦʤ, ʪʦʙʪʦ ʤʘʶʪʴ ʦʜʥʫ ʬʽʟʠʯʥʫ 

ʧʨʠʨʦʜʫ, ʨʦʟʚʠʚʘʶʪʴʩʷ ʧʽʜ ʜʽʻʶ ʦʜʥʘʢʦʚʠʭ ʩʠʣ ʽ ʦʧʠʩʫʶʪʴʩʷ ʦʜʥʘʢʦʚʠʤʠ 

ʟʘ ʬʦʨʤʦʶ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ ʽ ʢʨʘʡʦʚʠʤʠ ʫʤʦʚʘʤʠ.  

ʋ ʧʨʦʪʠʚʥʦʤʫ ʚʠʧʘʜʢʫ ʷʚʠʱʘ ʙʫʜʫʪʴ ʥʘʟʠʚʘʪʠʩʷ ʘʥʘʣʦʛʽʯʥʠʤʠ. ɰʭ 

ʧʨʠʢʣʘʜʦʤ ʤʦʞʫʪʴ ʩʣʫʞʠʪʠ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʽ ʜʠʬʫʟʽʷ. ʆʙʦʚ'ʷʟʢʦʚʦʶ 

ʧʝʨʝʜʫʤʦʚʦʶ ʧʦʜʦʙʠ ʬʽʟʠʯʥʠʭ ʷʚʠʱ ʧʦʚʠʥʥʘ ʙʫʪʠ ʛʝʦʤʝʪʨʠʯʥʘ ʧʦʜʦʙʘ 

ʩʠʩʪʝʤ, ʜʝ ʮʽ ʷʚʠʱʘ ʧʨʦʪʽʢʘʶʪʴ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʚʘ ʧʦʪʦʢʠ ʨʽʜʠʥʠ ʙʫʜʫʪʴ ʧʦʜʽʙʥʽ ʚ ʪʝʧʣʦʚʦʤʫ 

ʚʽʜʥʦʰʝʥʥʽ, ʷʢʱʦ ʚʦʥʠ ʦʙʠʜʚʘ ʙʫʜʫʪʴ ʦʙʤʝʞʝʥʽ ʩʪʽʥʢʘʤʠ ʛʝʦʤʝʪʨʠʯʥʦ 

ʧʦʜ̔ʙʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʡ ʚ ʦʙʦʭ ʧʦʪʦʢʘʭ ʨʽʜʠʥʠ ʙʫʜʫʪʴ ʧʦʜʽʙʥʽ ʫʩʽ ʬʽʟʠʯʥʽ 

ʚʝʣʠʯʠʥʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʮʝ ʷʚʠʱʝ, ʪʦʙʪʦ ɤôô=kɤɤô; ɛôô=kÕɛô; ɟ"=kɟɟô ʽ 

ʪ.ʽʥ. 

ɯʥʜʝʢʩ, ʱʦ ʩʪʘʚʠʪʴʩʷ ʫ ʢʦʥʩʪʘʥʪʠ ʧʦʜʦʙʠ, ʧʦʢʘʟʫʻ, ʜʦ ʷʢʦʾ ʚʝʣʠʯʠʥʠ 

ʚʦʥʘ ʚʽʜʥʦʩʠʪʴʩʷ. ʅʽ ʚʽʜ ʢʦʦʨʜʠʥʘʪ, ʥʽ ʚʽʜ ʯʘʩʫ k ʥʝ ʟʘʣʝʞʠʪʴ. ʇʨʠ ʨʦʟʛʣʷʜʽ 

ʩʢʣʘʜʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ, 

ʚʠʙʠʨʘʪʠ ʜʦʚʽʣʴʥʦ ʢʦʥʩʪʘʥʪʠ ʧʦʜʦʙʠ ʮʠʭ ʚʝʣʠʯʠʥ ʥʝ ʤʦʞʥʘ. ɼʣʷ ʪʘʢʠʭ 

ʧʨʦʮʝʩʽʚ ʧʨʠ ʚʠʙʦʨʽ ʢʦʥʩʪʘʥʪ ʧʦʜʦʙʠ ʽʩʥʫʶʪʴ ʦʙʤʝʞʝʥʥʷ, ʷʢʠ ʟʥʘʭʦʜʷʪʴ 

ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʨʽʚʥʷʥʴ, ʱʦ ʦʧʠʩʫʶʪʴ ʮʝʡ ʧʨʦʮʝʩ. 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʚʩʽʭ ʧʦʜʽʙʥʠʭ ʩʠʩʪʝʤ ʽʩʥʫʶʪʴ ʙʝʟʨʦʟʤʽʨʥʽ 

ʢʦʤʧʣʝʢʩʠ ʚʝʣʠʯʠʥ, ʱʦ ʟʙʝʨʽʛʘʶʪʴ ʩʚʦʻ ʯʠʩʣʦʚʝ ʟʥʘʯʝʥʥʷ. ʎʽ ʢʦʤʧʣʝʢʩʠ 

ʥʘʟʠʚʘʶʪʴ ʽʥʚʘʨʽʘʥʪʘʤʠ, ʱʦ ʦʟʥʘʯʘʻ çʥʝʟʤʽʥʥʽè, ʯʠ ʢʨʠʪʝʨʽʷʤʠ ʧʦʜʦʙʠ. 

ɿʚʠʯʘʡʥʦ ʢʨʠʪʝʨʽʾ ʧʦʜʦʙʠ ʧʨʠʡʥʷʪʦ ʧʦʟʥʘʯʘʪʠ ʜʚʦʤʘ ʧʝʨʰʠʤʠ ʙʫʢʚʘʤʠ 

ʧʨʽʟʚʠʱ ʫʯʝʥʠʭ, ʱʦ ʙʘʛʘʪʦ ʟʨʦʙʠʣʠ ʜʣʷ ʨʦʟʚʠʪʢʫ ʚʽʜʧʦʚʽʜʥʠʭ ʛʘʣʫʟʝʡ 

ʟʥʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ Rʝ (Reynolds), Nu (Nusselt) ʽ ʪ. ʥ̔. ʂʨʠʪʝʨʽʾ, ʱʦ ʥʝ 

ʤʘʶʪʴ ʪʘʢʠʭ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʭ ʥʘʟʚ, ʧʦʟʥʘʯʘʶʪʴ ʙʫʢʚʘʤʠ ʂ1, ʂ2 ʪʘ ʥ̔. 

ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʪʝʦʨʽʾ ʧʦʜʦʙʠ ʬʦʨʤʫʣʶʶʪʴ ʫ ʚʠʜʽ ʪʨʴʦʭ ʪʝʦʨʝʤ 

ʧʦʜʦʙʠ. ʇʝʨʰʘ ʪʝʦʨʝʤʘ ʧʦʜʦʙʠ ʜʦʚʦʜʠʪʴ, ʱʦ ʧʦʜʽʙʥʽ ʷʚʠʱʘ ʤʘʶʪʴ 

ʦʜʥʘʢʦʚʽ ʢʨʠʪʝʨʽʾ ʧʦʜʦʙʠ.  

ɼʨʫʛʘ ʪʝʦʨʝʤʘ ʧʦʜʦʙʠ ʩʪʚʝʨʜʞʫʻ, ʱʦ ʙʫʜʴ-ʷʢʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ 

ʟʤʽʥʥʠʤʠ, ʷʢ ̔ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʙʫʜʴ-ʷʢʝ ʷʚʠʱʝ, ʤʦʞʝ ʙʫʪʠ ʧʦʜʘʥʘ ʫ 

ʬʦʨʤʽ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʢʨʠʪʝʨʽʷʤʠ ʧʦʜʦʙʠ, ʷʢ ̔ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʮʠʭ 

ʟʤʽʥʥʠʭ, ʪʦʙʪʦ f(ʂ1,ʂ2,...,ʂʧ)=0. ʇʦʜʽʙʥʽ ʟʘʣʝʞʥʦʩʪʽ ʥʘʟʠʚʘʶʪʴʩʷ 

ʢʨʠʪʝʨʽʘʣʴʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ ʘʙʦ ʨʽʚʥʷʥʥʷʤʠ ʧʦʜʦʙʠ.  

ʊʨʝʪʷ ʪʝʦʨʝʤʘ ʧʦʜʦʙʠ ʪʨʘʢʪʫʻ ʧʨʦ ʪʽ ʫʤʦʚʠ, ʱʦ ʻ ʥʝʦʙʭʽʜʥʠʤʠ ʽ 

ʜʦʩʪʘʪʥʽʤʠ ʜʣʷ ʧʦʜʦʙʠ ʜʚʦʭ ʷʚʠʱ. ʎ ʁ ʪʝʦʨʝʤʫ ʩʬʦʨʤʫʣʴʦʚʘʥʦ 

ʨʘʜʷʥʩʴʢʠʤʠ ʚʯʝʥʠʤʠ ʄ.ɺ. ʂʨ̔ʧ̔ʯʝʚʠʤ ʽ ɸ.ɸ. ɻʫʭʤʘʥʦʤ ʫ 1931 ʨʦʮʽ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʥʝʾ ʜʚʘ ʷʚʠʱʘ ʧʦʜʽʙʥʽ, ʷʢʱʦ ʚʦʥʠ ʤʘʶʪʴ ʧʦʜʽʙʥʽ ʫʤʦʚʠ 

ʦʜʥʦʟʥʘʯʥʦʩʪʽ ʽ ʯʠʩʝʣʴʥʦ ʦʜʥʘʢʦʚʽ ʚʠʟʥʘʯʘʣʴʥʽ ʢʨʠʪʝʨʽʾ ʧʦʜʦʙʠ. 

ɺʠʟʥʘʯʘʣʴʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʧʦʜʦʙʠ ʥʘʟʠʚʘʶʪʴʩʷ ʪʘʢʽ ʢʨʠʪʝʨʽʾ, ʷʢ̔ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʫʤʦʚʠ ʦʜʥʦʟʥʘʯʥʦʩʪʽ. 

ʇʨʠʨʦʜʥʦ, ʱʦ ʨʽʚʥʽʩʪʴ ʚʠʟʥʘʯʘʣʴʥʠʭ ʢʨʠʪʝʨʽʾʚ ʧʦʜʦʙʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʨʽʚʥʦʩʪ̔ ʚʩʽʭ ʽʥʰʠʭ ʢʨʠʪʝʨʽʾʚ, ʜʦ ʩʢʣʘʜʫ ʷʢʠʭ ʚʭʦʜʷʪʴ ʚʝʣʠʯʠʥʠ, ʷʢ̔ ʥʝ 

ʧʝʨʝʜʙʘʯʝʥʽ ʫʤʦʚʘʤʠ ʦʜʥʦʟʥʘʯʥʦʩʪʽ. ʆʩʪʘʥʥʽ ʚʝʣʠʯʠʥʠ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʚʠʟʥʘʯʘʣʴʥʠʭ ʥʘʟʠʚʘʶʪʴʩʷ ʥʝʚʠʟʥʘʯʘʣʴʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʘʙʦ 

ʢʨʠʪʝʨʽʷʤʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʞʥʠʡ ʟ ʥʝʚʠʟʥʘʯʘʣʴʥʠʭ 

ʢʨʠʪʝʨʽʾʚ ʧʦʜʦʙʠ ʷʚʣʷʻ ʩʦʙʦʶ ʦʜʥʦʟʥʘʯʥʫ ʬʫʥʢʮʽʶ ʩʫʢʫʧʥʦʩʪʽ 

ʚʠʟʥʘʯʘʣʴʥʠʭ ʢʨʠʪʝʨʽʾʚ. ʎʝ ʧʦʣʦʞʝʥʥʷ ʤʘʻ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʜʣʷ 

ʫʟʘʛʘʣʴʥʝʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʜʘʥʠʭ ʽ ʷʚʣʷʻ ʩʦʙʦʶ ʮʝʥʪʨʘʣʴʥʫ ʣʘʥʢʫ ʚʩʽʻʾ 

ʪʝʦʨʽʾ ʧʦʜʦʙʠ. 

ʊʝʦʨʝʤʠ ʧʦʜʦʙʠ ʜʦʟʚʦʣʷʶʪʴ ʧʦʚʥʦ ʚʽʜʧʦʚʽʩʪʠ ʥʘ ʧʠʪʘʥʥʷ ʧʨʦ ʪʝ, ʷʢ 

ʪʨʝʙʘ ʩʪʘʚʠʪʠ ʝʢʩʧʝʨʠʤʝʥʪ, ʱʦ ʧʦʪʨʽʙʥʦ ʚʠʤʽʨʶʚʘʪʠ ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʷʢ ʦʙʨʦʙʣʷʪʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʽ ʷʢʽ ʷʚʠʱʘ ʙʫʜʫʪʴ ʧʦʜʽʙʥʽ ʪʦʤʫ, ʱʦ 

ʜʦʩʣʽʜʞʫʻʪʴʩʷ. 

ʇʽʜ ʯʘʩ ʜʦʩʣʽʜʽʚ ʧʦʪʨʽʙʥʦ ʚʠʤʽʨʶʚʘʪʠ ʚʩʽ ʪʽ ʚʝʣʠʯʠʥʠ, ʷʢʠ ʚʭʦʜʷʪʴ ʜʦ 

ʢʨʠʪʝʨʽ ʁ ʧʦʜʦʙʠ. ʎʝ ʚʠʧʣʠʚʘʻ ʟ ʧʝʨʰʦʾ ʪʝʦʨʝʤʠ ʧʦʜʦʙʠ. ʈʝʟʫʣʴʪʘʪʠ 
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ʜʦʩʣʽʜʽʚ ʩʣʽʜ ʦʙʨʦʙʣʷʪʠ ʫ ʬʦʨʤʽ ʢʨʠʪʝʨʘ̔ʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʧʨʠ ʮʴʦʤʫ 

ʚʠʟʥʘʯʘʣʴʥʽ ʢʨʠʪʝʨʽʾ ʻ ʘʨʛʫʤʝʥʪʘʤʠ, ʘ ʥʝʚʠʟʥʘʯʘʣʴʥʽ ï ʬʫʥʢʮʽʷʤʠ (ʮʝ 

ʩʢʣʘʜʘʻ ʟʤʽʩʪ ʜʨʫʛʦʾ ʪʝʦʨʝʤʠ ʧʦʜʦʙʠ), ʪʦʙʪʦ ʷʢʱʦ ʂ1,ʂ2,...,ʂʧ ï 

ʚʠʟʥʘʯʘʣʴʥʽ ʢʨʠʪʝʨʽʾ, ʘ ʂ ï ʥʝʚʠʟʥʘʯʘʣʴʥʠʡ ʢʨʠʪʝʨʽʡ, ʪʦ ʂ=f(ʂ1,ʂ2,...,ʂʧ). 

ʁ, ʥʘʨʝʰʪʽ, ʥʘ ʧʠʪʘʥʥʷ ʧʨʦ ʪʝ, ʷʢʽ ʷʚʠʱʘ ʙʫʜʫʪʴ ʧʦʜʽʙʥʽ ʪʦʤʫ, ʱʦ 

ʜʦʩʣʽʜʞʫʻʪʴʩʷ, ʚʽʜʧʦʚʽʜʘʻ ʪʝʦʨʝʤʘ ʂʨ̔ʧ̔ʯʝʚʘ-ɻʫʭʤʘʥʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʩʥʦʚʥʠʡ ʚʠʩʥʦʚʦʢ, ʱʦ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʥʘ ʦʩʥʦʚʽ ʮʽʻʾ 

ʪʝʦʨʽʾ, ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ 

ʥʝʤʘʻ ʧʦʪʨʝʙʠ ʰʫʢʘʪʠ ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʽʜʜʘʯʽ ʚʽʜ ʢʦʞʥʦʛʦ ʟ 

ʬʘʢʪʦʨʽʚ, ʱʦ ʥʘ ʥʴʦʛʦ ʚʧʣʠʚʘʶʪʴ, ʘ ʜʦʩʠʪʴ ʟʥʘʡʪʠ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʧʝʚʥʠʤʠ 

ʙʝʟʨʦʟʤʽʨʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʚʝʣʠʯʠʥ, ʭʘʨʘʢʪʝʨʥʠʤʠ ʜʣʷ ʦʢʨʝʤʠʭ ʫʤʦʚ 

ʧʨʦʮʝʩʫ ʪʝʧʣʦʚʽʜʜʘʯʽ, ʪʦʙʪʦ ʤʽʞ ʢʨʠʪʝʨʽʷʤʠ ʧʦʜʦʙʠ. ʊʘʢ ʷʢ ʢʨʠʪʝʨʽʾ 

ʧʦʜʦʙʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʨʦʟʤʽʨʥʠʭ ʚʝʣʠʯʠʥ, ʪʦ ʚʦʥʠ ʚʽʜʦʙʨʘʞʘʶʪʴ ʬʽʟʠʯʥʫ 

ʩʫʪʥʽʩʪʴ, ʯʠ, ʷʢ ʛʦʚʦʨʷʪʴ, ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ. ʆʪʞʝ, ʟʘʜʘʯʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, 

ʱʦʙ ʟʥʘʡʪʠ ʚʠʜ ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʢʨʠʪʝʨʽʷʤʠ ʧʦʜʦʙʠ. ʎʽ ʟʘʣʝʞʥʦʩʪʽ 

ʥʘʟʠʚʘʶʪʴʩʷ ʢʨʠʪʝʨʘ̔ʣʴʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ.  

ʇʨʠ ʨʦʟʛʣʷʜʽ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʤʠ ʙʫʜʝʤʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʩʪʫʧʥʽ ʢʨʠʪʝʨʽ ʾ ʧʦʜʦʙʠ: ʯʠʩʣʦ ʅʫʩʩʝʣʴʪʘ, ʯʠʩʣʦ 

ʈʝʡʥʦʣʴʜʩʘ, ʯʠʩʣʦ ʇʨʘʥʜʪʣʷ, ʯʠʩʣʦ ɻʨʘʩʛʦʬʘ. 

ʏʠʩʣʦ ʅʫʩʩʝʣʴʪʘ Nu  
 

l

a
=

l
Nu ,                                              (2.116) 

 

ʜʝ Ŭ ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ, ɺʪ/(ʤ
2
Öʂ); 

l ï ʭʘʨʘʢʪʝʨʥʠʡ ʨʦʟʤʽʨ, ʤ; 

l ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʛʘʟʫ ʯʠ ʨʽʜʠʥʠ, ɺʪ/(ʤÖʂ), 

ʥʘʚʦʜʠʪʴʩʷ ʫ ʜʦʚʽʜʥʠʢʘʭ (ʜʦʜʘʪʢʠ ɾ, ʀ). 

ʏʠʩʣʦ ʅʫʩʩʝʣʴʪʘ ï ʮʝ ʙʝʟʨʦʟʤʽʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ, ʷʢʠʡ 

ʚʠʨʘʞʘʻ ʚʽʜʥʦʰʝʥʥʷ ʪʝʨʤʽʯʥʦʛʦ ʦʧʦʨʫ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ Rɚ ʰʘʨʫ ʨʽʜʠʥʠ 

(ʛʘʟʫ) ʪʦʚʱʠʥʦʶ l ʜʦ ʪʝʨʤʽʯʥʦʛʦ ʦʧʦʨʫ ʪʝʧʣʦʚʽʜʜʘʯʽ RŬ 
 

Nu
l1l

R

R
=

l

a
=
al

=
a

l                           (2.117) 

 

ʽ ʭʘʨʘʢʪʝʨʠʟʫʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʤʽʞ ʨʽʜʠʥʦʶ 

(ʛʘʟʦʤ) ʽ ʧʦʚʝʨʭʥʝʶ ʪʚʝʨʜʦʛʦ ʪʽʣʘ 

 



 190 

ʏʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ Re (ʜʠʚ. ʧʽʜʨʦʟʜʽʣ 2.2.1)  
 

Rʝ=ɤl/ɜ, 
 

ʜʝ ɤ ï ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʨʽʜʠʥʠ (ʛʘʟʫ), ʤ/ʩ; 

l ï ʭʘʨʘʢʪʝʨʥʠʡ ʨʦʟʤʽʨ, ʤ; 

ɜ ï ʢʦʝʬʽʮʽʻʥʪ ʢʽʥʝʤʘʪʠʯʥʦʾ ʚôʷʟʢʦʩʪʽ ʨʽʜʠʥʠ, ʤ2
/ʩ (ʜʦʜʘʪʢʠ ɾ, ʀ). 

ʏʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ Re ʚʠʨʘʞʘʻ ʚʽʜʥʦʰʝʥʥʷ ʩʠʣ ʽʥʝʨʮʽʾ (ʰʚʠʜʢʽʩʥʦʛʦ 

ʥʘʧʦʨʫ) ʜʦ ʩʠʣ ʚôʷʟʢʦʛʦ ʪʝʨʪʷ. ʇʨʠ ʤʘʣʠʭ ʯʠʩʣʘʭ Re ʧʝʨʝʚʘʞʘʶʪʴ ʩʠʣʠ 

ʚôʷʟʢʦʩʪʽ, ʽ ʨʝʞʠʤ ʪʝʯʽʾ ʨʽʜʠʥʠ (ʛʘʟʫ) ʷʚʣʷʻʪʴʩʷ ʣʘʤʽʥʘʨʥʠʤ. ʇʨʠ 

ʪʫʨʙʫʣʝʥʪʥʽʡ ʪʝʯʽʾ ʧʝʨʝʚʘʞʘʶʪʴ ʩʠʣʠ ʽʥʝʨʮʽʾ, ʪʦʤʫ ʽʥʪʝʥʩʠʚʥʦ 

ʨʦʟʚʠʚʘʶʪʴʩʷ ʟʘʚʠʭʨʝʥʥʷ. 

ʏʠʩʣʦ ʇʨʘʥʜʪʣʷ Pr  
 

a
Pr

n
= ,                                              (2.118) 

 

ʜʝ ɜ ï ʢʦʝʬʽʮʽʻʥʪ ʢʽʥʝʤʘʪʠʯʥʦʾ ʚôʷʟʢʦʩʪʽ ʨʽʜʠʥʠ (ʛʘʟʫ), ʤ2
/ʩ; 

a ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʦʩʪʽ, ʤ
2
/ʩ. 

ʏʠʩʣʦ ʇʨʘʥʜʪʣʷ Pr ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʝʣʠʯʠʥ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ 

ʪʝʧʣʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʝʯʦʚʠʥʠ, ʽ ʚʩʪʘʥʦʚʣʶʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ 

ʪʦʚʱʠʥʦʶ ʜʠʥʘʤʽʯʥʦʛʦ ʽ ʪʝʧʣʦʚʦʛʦ ʛʨʘʥʠʯʥʠʭ ʰʘʨʽʚ, ʷʢ ̔ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ 

ʨʫʩʽ ʨʽʜʠʥʠ (ʛʘʟʫ) (ʜʠʚ. ʧʽʜʨʦʟʜʽʣ 2.2.1). ɿʥʘʯʝʥʥʷ ʯʠʩʣʘ ʇʨʘʥʜʪʣʷ 

ʥʘʚʦʜʷʪʴʩʷ ʫ ʜʦʚʽʜʥʠʢʘʭ (ʜʦʜʘʪʢʠ ɾ, ʀ). 

ʏʠʩʣʦ ɻʨʘʩʛʦʬʘ Gr 
 

2

t3lg
Gr

n

Db
= ,                                         (2.119) 

 

ʜʝ g ï ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ, g = 9,81 ʤ/ʩ
2
; 

b ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ, 1/ʂ, ʜʣʷ ʨʽʜʠʥ 

ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʜʦʚʽʜʥʠʢʘʤʠ (ʜʠʚ. ʜʦʜʘʪʦʢ ʀ), ʜʣʷ ʛʘʟʽʚ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ 

ʨʽʚʥʷʥʥʷʤ b=1/ʊ [ʊ ï ʭʘʨʘʢʪʝʨʥʘ (ʚʠʟʥʘʯʘʣʴʥʘ)ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʫ]; 

l ï ʭʘʨʘʢʪʝʨʥʠʡ ʨʦʟʤʽʨ, ʤ; 

Dt ï ʨʽʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨ ʯʘʩʪʦʢ ʨʽʜʠʥʠ (ʛʘʟʫ), 
ʦ
ʉ; 

n ï ʢʦʝʬʽʮʽʻʥʪ ʢʽʥʝʤʘʪʠʯʥʦʾ ʚôʷʟʢʦʩʪʽ ʨʽʜʠʥʠ (ʛʘʟʫ), ʤ2
/ʩ. 
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ʏʠʩʣʦ ɻʨʘʩʛʦʬʘ Gr ʭʘʨʘʢʪʝʨʠʟʫʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʣʴʥʦʛʦ 

ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ, ʷʢʠʡ ʦʙʫʤʦʚʣʝʥʠʡ ʪʠʤ, ʱʦ ʙʽʣʴʰ ʥʘʛʨʽʪʽ 

ʯʘʩʪʢʠ ʨʽʜʠʥʠ (ʛʘʟʫ) ʚʠʰʪʦʚʭʫʶʪʴʩʷ ʭʦʣʦʜʥʠʤʠ ʥʘʚʝʨʭ ʟʘ ʨʘʭʫʥʦʢ ʚʧʣʠʚʫ 

ʩʠʣʠ ʚʘʛʠ, ʪʦʙʪʦ ʯʠʩʣʦ ɻʨʘʩʛʦʬʘ Gr ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʽʜʥʦʰʝʥʥʷ ʧʽʜʥʽʤʘʣʴʥʦʾ 

ʩʠʣʠ, ʱʦ ʚʠʥʠʢʘʻ ʚʥʘʩʣʽʜʦʢ ʪʝʧʣʦʚʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʨʽʜʠʥʠ (ʛʘʟʫ), ʜʦ ʩʠʣ 

ʚ'ʷʟʢʦʩʪʽ. 

ʏʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ, ʇʨʘʥʜʪʣʷ ʽ ɻʨʘʩʛʦʬʘ ʷʚʣʷʶʪʴʩʷ ʙʝʟʨʦʟʤʽʨʥʠʤʠ 

ʚʠʟʥʘʯʘʣʴʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʧʦʜʦʙʠ. ɺʦʥʠ ʮʽʣʢʦʤ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʚʝʣʠʯʠʥ, 

ʷʢ̔ ʟʘʜʘʶʪʴʩʷ ʫʤʦʚʘʤʠ ʦʜʥʦʟʥʘʯʥʦʩʪʽ, ʪʦʙʪʦ ʚʽʜʦʤʽ ʱʝ ʜʦ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ. 

ʏʠʩʣʦ ʅʫʩʩʝʣʴʪʘ ʻ ʥʝʚʠʟʥʘʯʘʣʴʥʠʤ ʢʨʠʪʝʨʽʻʤ ʧʦʜʦʙʠ ʽ ʤʽʩʪʠʪʴ 

ʥʝʚʽʜʦʤʫ ʚʝʣʠʯʠʥʫ Ŭ, ʪʦʙʪʦ ʯʠʩʣʦ ʅʫʩʩʝʣʴʪʘ ʻ ʦʙʫʤʦʚʣʝʥʠʤ ʯʠʩʣʦʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʨʦʟʛʣʷʜʽ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʢʨʠʪʝʨʘ̔ʣʴʥʝ 

ʨʽʚʥʷʥʥʷ ʚ ʩʘʤʦʤʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʜʽ ʥʘʙʫʜʝ ʚʠʜʫ 
 

Nu=f (Re; Gr; Pr).                                      (2.120) 
 

ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʢʨʠʪʝʨʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʚʠʜʫ (2.120) ʟʚʠʯʘʡʥʦ ʧʦʜʘʶʪʴ ʫ 

ʬʦʨʤʽ ʩʪʝʧʝʥʝʚʦʾ ʟʘʣʝʞʥʦʩʪʽ ʚʠʜʫ: 
 

Nu=ʉ Re
ʧ1

 Gr
 ʧ2

 Pr
 ʧ3

.                                 (2.121) 
 

ʂʦʥʢʨʝʪʥʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʉ ʽ ʧʦʢʘʟʥʠʢʽʚ ʩʪʝʧʝʥʽ ʧ1, ʧ2, ʧ3 

ʚʠʟʥʘʯʘʶʪʴ ʟ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʩʪʘʥʦʚʣʶʶʪʴ ʚʩʽ ʚʠʟʥʘʯʘʣʴʥʽ 

ʙʝʟʨʦʟʤʽʨʥʽ ʯʠʩʣʘ ʧʦʜʦʙʠ, ʚʽʜ ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʯʠʩʣʦ ʅʫʩʩʝʣʴʪʘ Nu. ʇʦʪʽʤ 

ʙʫʜʫʶʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʤʦʜʝʣʴ, ʚ ʢʦʪʨʽʡ ʧʝʨʝʜʙʘʯʝʥʦ ʚʠʤʽʨʶʚʘʥʥʷ 

ʚʩʽʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʚʠʟʥʘʯʘʣʴʥʠʭ ʽ ʥʝʚʠʟʥʘʯʘʣʴʥʠʭ ʯʠʩʝʣ 

ʧʦʜʦʙʠ. ʅʘ ʤʦʜʝʣʽ ʧʨʦʚʦʜʷʪʴ ʩʝʨʽʾ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʧʨʠʯʦʤʫ ʟʘʟʚʠʯʘʡ ʚ 

ʦʜʥʽʡ ʩʝʨʽʾ ʫʤʦʚʠ ʦʜʥʦʟʥʘʯʥʦʩʪʽ ʟʤʽʥʶʶʪʴ ʪʘʢ, ʱʦʙ ʟʤʽʥʶʚʘʣʦʩʴ ʪʽʣʴʢʠ 

ʦʜʥʝ ʚʠʟʥʘʯʘʣʴʥʝ ʯʠʩʣʦ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʜʫʶʪʴ ʛʨʘʬʽʯʥʫ 

ʟʘʣʝʞʥʽʩʪʴ ʯʠʩʣʘ ʅʫʩʩʝʣʴʪʘ ʚʽʜ ʚʠʟʥʘʯʘʣʴʥʦʛʦ ʯʠʩʣʘ, ʷʢʝ ʟʤʽʥʶʚʘʣʠ.  

ʋ ʥʘʩʪʫʧʥʠʭ ʩʝʨʽʷʭ ʚʩʪʘʥʦʚʣʶʶʪʴ ʟʘʣʝʞʥʽʩʪʴ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʩʪʫʧʝʥ̫ 

ʫ ʢʨʠʪʝʨʽʘʣʴʥʦʤʫ ʨʽʚʥʷʥʥʽ ʚʽʜ ʽʥʰʠʭ ʚʠʟʥʘʯʘʣʴʥʠʭ ʙʝʟʨʦʟʤʽʨʥʠʭ ʯʠʩʝʣ. 

ʋ ʧʨʦʮʝʩʽ ʪʝʧʣʦʦʙʤʽʥʫ ʪʝʤʧʝʨʘʪʫʨʘ ʨʽʜʠʥʠ (ʛʘʟʫ) ʟʤʽʥʶʻʪʴʩʷ, ʽ ʚʩʪʘʻ 

ʧʠʪʘʥʥʷ, ʧʨʠ ʷʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʚʠʙʠʨʘʪʠ ʪʝʧʣʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʽʜʠʥʠ 

(ʛʘʟʫ), ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʚʠʟʥʘʯʘʣʴʥʠʭ ʯʠʩʝʣ. ʎʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʟʠʚʘʻʪʴʩʷ 

ʚʠʟʥʘʯʘʣʴʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ. ɿʘ ʚʠʟʥʘʯʘʣʴʥʫ ʧʨʠʡʤʘʶʪʴ ʪʝʤʧʝʨʘʪʫʨʫ, 

ʷʢʘ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʩʠʩʪʝʤʠ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ. ɿʘʟʚʠʯʘʡ ʮʝ ʩʝʨʝʜʥʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʨʽʜʠʥʠ (ʛʘʟʫ). 
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ɺʠʙʽʨ ʚʠʟʥʘʯʘʣʴʥʦʛʦ ʨʦʟʤʽʨʫ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʯʠʩʝʣ ʧʦʜʦʙʠ, ʪʘʢʦʞ ʻ 

ʜʦʩʠʪʴ ʫʤʦʚʥʠʤ. ɸʣʝ ʥʘʤʘʛʘʶʪʴʩʷ ʙʨʘʪʠ ʪʘʢʠʡ ʨʦʟʤʽʨ, ʢʦʪʨʠʡ ʦʢʘʟʫʻ 

ʥʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ ʧʨʦʮʝʩ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ. ɺ ʷʢʦʩʪʽ ʚʠʟʥʘʯʘʣʴʥʦʛʦ 

ʨʦʟʤʽʨʫ ʜʣʷ ʢʨʫʛʣʠʭ ʪʨʫʙ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʾʭ ʜʘ̔ʤʝʪʨ, ʜʣʷ ʢʘʥʘʣʽʚ 

ʩʢʣʘʜʥʦʛʦ ʧʝʨʝʨʽʟʫ ï ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʜʽʘʤʝʪʨ, ʘ ʧʨʠ ʦʙʪʽʢʘʥʥʽ ʧʣʠʪ ï ʾʭ 

ʜʦʚʞʠʥʫ ʟʘ ʥʘʧʨʷʤʢʦʤ ʨʫʭʫ. ɽʢʚʽʚʘʣʝʥʪʥʠʡ ʜʽʘʤʝʪʨ ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ 

ʨʽʚʥʷʥʥʷʤ  
 

P

4F
dåêâ= ,                                         (2.122) 

 

ʜʝ F ï ʧʣʦʱʘ ʧʝʨʝʨʽʟʫ ʪʨʫʙʠ; 

ʈ ï ʧʝʨʠʤʝʪʨ ʪʨʫʙʠ, ʷʢʠʡ ʢʦʥʪʘʢʪʫʻ ʟ ʪʝʧʣʦʥʦʩʽʻʤ. 

 

 

2.2.3 ʊʝʧʣʦʚʽʜʜʘʯʘ ʧʨʠ ʚʽʣʴʥʽʡ ʢʦʥʚʝʢʮʽʾ 

 

ʊʝʧʣʦʚʽʜʜʘʯʘ ʧʨʠ ʚʽʣʴʥʦʤʫ ʨʫʩʽ ʪʝʧʣʦʥʦʩʽʷ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʷʢ ʫ ʧʦʙʫʪʽ, ʪʘʢ ʽ ʚ ʪʝʭʥʽʮ.̔ ʅʘʧʨʠʢʣʘʜ, ʢʽʤʥʘʪʥʝ ʧʦʚʽʪʨʷ ʥʘʛʨʽʚʘʻʪʴʩʷ 

ʧʝʯʘʤʠ ʯʠ ʦʧʘʣʶʚʘʣʴʥʠʤʠ ʧʨʠʣʘʜʘʤʠ ʚ ʫʤʦʚʘʭ ʧʨʠʨʦʜʥʦʾ ʢʦʥʚʝʢʮʽʾ. ʋ 

ʪʝʭʥʽʮ ̔ʪʘʢʠʡ ʪʝʧʣʦʦʙʤʽʥ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʚʦʜʠ ʚ ʧʘʨʦʚʠʭ 

ʢʦʪʣʘʭ, ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʧʘʨʦʧʨʦʚʦʜʚ̔, ʦʙʤʫʨʦʚʫʚʘʥʥʷ ʢʦʪʣʽʚ, 

ʧʨʦʤʠʩʣʦʚʠʭ ʧʝʯʝʡ ʪʘ ʽʥʰʠʭ ʪʝʧʣʦʚʠʭ ʧʨʠʩʪʨʦʾʚ. 

ʇʨʠʯʠʥʦʶ ʚʠʥʠʢʥʝʥʥʷ ʚʽʣʴʥʦʾ ʢʦʥʚʝʢʮʽʾ ʻ ʭʠʪʣʠʚʠʡ ʨʦʟʧʦʜʽʣ ʛʫʩʪʠʥ 

ʫ ʨʽʜʠʥʽ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʶ ʾʾ ʥʘʛʨʽʚʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ 

ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʥʘʧʽʨ ʚʠʟʥʘʯʘʻ ʨʽʟʥʠʮ ʁ ʛʫʩʪʠʥ ʽ ʚʝʣʠʯʠʥʫ ʧʽʜʥʽʤʘʶʯʦʾ 

ʩʠʣʠ, ʘ ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ ï ʟʦʥʫ ʧʦʰʠʨʝʥʥʷ ʧʨʦʮʝʩʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʯʠʩʣʝʥʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ ʚʽʣʴʥʽʡ ʢʦʥʚʝʢʮʽʾ 

ʚ ʥʝʦʙʤʝʞʝʥʦʤʫ ʧʨʦʩʪʦʨʽ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʤʘʶʪʴ ʪʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʧʨʦʮʝʩʫ, ʷʢʠ ʦʙʫʤʦʚʣʝʥʽ ʬʽʟʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʩʝʨʝʜʦʚʠʱʘ ʽ 

ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʥʘʧʦʨʦʤ. ʎʝ ʟʥʘʯʠʪʴ, ʱʦ ʢʨʠʪʝʨʽʡ Nu ʜʦʩʠʪʴ ʪʦʯʥʦ ʤʦʞʝ 

ʙʫʪʠ ʬʫʥʢʮʽʻʶ ʪʽʣʴʢʠ ʢʨʠʪʝʨʽʾʚ Gr ʽ Pr ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʦʢʨʝʤʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʦʮʝʩʫ (ʬʦʨʤʘ ʪʽʣʘ, ʚʠʜ ʨʽʜʠʥʠ, ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʽʣʘ ʚ 

ʧʨʦʩʪʦʨʽ). 

ʋʟʘʛʘʣʴʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʙʘʛʘʪʴʦʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ ʪʝʧʣʦʦʙʤʽʥʫ ʫ 

ʚʽʣʴʥʦʤʫ ʧʦʪʦʮʽ ʪʽʣ ʨʽʟʥʠʭ ʬʦʨʤ ʽ ʨʦʟʤʽʨʽʚ (ʜʨʽʪ ʽ ʪʨʫʙʠ ʜʽʘʤʝʪʨʦʤ 

0,015é245 ʤʤ, ʢʫʣʽ ʜʽʘʤʝʪʨʦʤ 30é16 000 ʤʤ, ʧʣʠʪʠ ʽ ʪʨʫʙʠ ʚʠʩʦʪʦʶ 

250é6000 ʤʤ), ʷʢʽ ʦʤʠʚʘʶʪʴʩʷ ʨʽʟʥʠʤʠ ʨʽʜʠʥʘʤʠ (ʧʦʚʽʪʨʷ, ʚʦʜʝʥʴ, 
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ʚʫʛʣʝʢʠʩʣʦʪʘ, ʚʦʜʘ, ʘʥʽʣʽʥ, ʦʣʽ ̫ ʪʘ ʽʥ.), ʜʦʟʚʦʣʠʣʦ ʧʽʜʽʙʨʘʪʠ ʟʘʛʘʣʴʥʫ 

ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʢʨʠʪʝʨʽʷʤʠ ʧʦʜʦʙʠ. ɯʩʥʫʻ 2 ʚʠʜʠ ʢʨʠʪʝʨʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʚʽʣʴʥʦʾ ʢʦʥʚʝʢʮʽʾ, ʘʣʝ ʦʙʠʜʚʘ ʜʘʶʪʴ 

ʦʜʥʘʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ. 

ʇʝʨʰʠʡ ʩʧʦʩʽʙ. ɿʘʣʝʞʥʽʩʪʴ ʤʽʞ ʯʠʩʣʘʤʠ ʧʦʜʦʙʠ ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ 

ʬʦʨʤʽ ʥʘʩʪʫʧʥʠʭ ʨʽʚʥʷʥʴ: 

1) ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʪʨʫʙ (10
3
 < GrĀPr < 10

8
) 

 

Nu=0,5 (GrĀPr)
0,25

 (Pr/Prʩʪ)
0,25

;                       (2.123) 
 

2) ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ (ʪʨʫʙ, ʧʣʘʩʪʠʥ):  

ʘ) ʧʨʠ ʣʘʤʽʥʘʨʥʦʤʫ ʨʝʞʠʤʽ (10
3
 < GrĀPr < 10

9
) 

 

Nu=0,76 (GrĀPr)
0,25

 (Pr/Prʩʪ)
0,25

;                       (2.124) 
 

ʙ) ʧʨʠ ʪʫʨʙʫʣʝʥʪʥʦʤʫ ʨʝʞʠʤʽ (GrĀPr > 10
9
) 

 

Nu=0,15 (GrĀPr)
0,33

 (Pr/Prʩʪ)
0,25

.                       (2.125) 
 

ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʮʠʭ ʨʽʚʥʷʥʴ ʜʣʷ ʽʥʞʝʥʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʩʝʨʝʜʥʽʭ 

ʟʥʘʯʝʥ ɹʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʽʜʜʘʯʽ Ŭ, ʧʦʪʨʽʙʥʦ ʤʘʪʠ ʥʘ ʫʚʘʟʽ ʥʘʩʪʫʧʥʝ. 

1) ʈʽʚʥʷʥʥʷ (2.123)é(2.125) ʩʧʨʘʚʝʜʣʠʚʽ ʜʣʷ ʨʽʜʠʥ, ʫ ʷʢʠʭ Pr >0,7. 

2) ʋʩʽ ʬʽʟʠʯʥʽ ʢʦʥʩʪʘʥʪʠ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʢʨʠʪʝʨʽʾʚ, ʙʝʨʫʪʴʩʷ 

ʧʨʠ ʩʝʨʝʜʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʨʽʜʠʥʠ. 

3) ɺ ʷʢʦʩʪʽ ʚʠʟʥʘʯʘʣʴʥʦʛʦ ʨʦʟʤʽʨʫ ʫ ʢʨʠʪʝʨʽʷʭ ʧʦʜʦʙʠ ʜʣʷ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʪʨʫʙ ʧʨʠʡʤʘʶʪʴ ʾʭ ʜʽʘʤʝʪʨ d, ʘ ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʠʭ 

ʧʦʚʝʨʭʦʥʴ (ʪʨʫʙ, ʧʣʘʩʪʠʥ) ï ʾʭ ʚʠʩʦʪʫ h. 

4) ʄʥʦʞʥʠʢ (Pr/Prʩʪ)
0,25

 ʚʨʘʭʦʚʫʻ ʟʘʣʝʞʥʽʩʪʴ ʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʽʜʠʥʠ (ʚ ʦʩʥʦʚʥʦʤʫ, ʚ'ʷʟʢʦʩʪʽ) ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʽ 

ʥʘʧʨʘʚʣʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ. ʂʨʠʪʝʨʽʡ Pr ʙʝʨʝʪʴʩʷ ʧʨʠ ʩʝʨʝʜʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʨʽʜʠʥʠ, ʘ ʢʨʠʪʝʨʽʡ Prʩʪ ï ʧʨʠ ʩʝʨʝʜʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʩʪʽʥʢʠ. 

ɼʣʷ ʛʘʟʽʚ Pr=const, Pr/Prʩʪ=1, ʪʦʤʫ ʥʘʚʝʜʝʥʽ ʚʠʱʝ ʨʦʟʨʘʭʫʥʢʦʚʽ ʬʦʨʤʫʣʠ 

ʩʧʨʦʱʫʶʪʴʩʷ. 

5) ʇʨʠ ʟʥʘʯʝʥʥʷʭ ʘʨʛʫʤʝʥʪʫ GrĀPr<10
ï3

 ʯʠʩʣʦ Nu ʧʨʘʢʪʠʯʥʦ 

ʧʦʩʪʽʡʥʦ ʽ ʜʦʨʽʚʥʶʻ 0,5, ʪʦʙʪʦ Ŭ=0,5ɚ/l. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʚ ʪʘʢʠʭ 

ʫʤʦʚʘʭ ʧʨʦʮʝʩ ʪʝʧʣʦʦʙʤʽʥʫ ʮʽʣʢʦʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʚʠʱʘʤʠ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. 
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ɼʨʫʛʠʡ ʩʧʦʩʽʙ. ʇʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʪʝʧʣʦʚʽʜʜʘʯʽ ʚ ʫʤʦʚʘʭ ʚʽʣʴʥʦʾ 

ʢʦʥʚʝʢʮʽʾ ʫ ʚʝʣʠʢʠʭ ʦʙôʻʤʘʭ ʪʝʧʣʦʥʦʩʽʷ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʟʘʣʝʞʥʽʩʪʴ ʥʘʩʪʫʧʥʦʛʦ ʚʠʜʫ 
 

Nu=ʉ (GrĀPr)
ʧ
.                                  (2.126) 

 

ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʉ ʽ ʧʦʢʘʟʥʠʢʘ ʩʪʝʧʝʥ̫ ʧ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʚʝʣʠʯʠʥʠ ʜʦʙʫʪʢʫ GrĀPr ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 2.1. 
 

ʊʘʙʣʠʮʷ 2.1 ï ɿʥʘʯʝʥʥʷ ʉ ʽ ʧ ʚ ʨʽʚʥʷʥʥʽ (2.126) 
 

Gr Pr 10
-3
é5 10

2
 5 10

2
é2 10

7
 >2 10

7
 

ʉ 1,18 0,54 0,135 

ʧ 1/8 1/4 1/3 

 

ʋʩʽ ʧʘʨʘʤʝʪʨʠ ʪʝʧʣʦʥʦʩʽʷ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʢʨʠʪʝʨʽʾʚ ʧʦʜʦʙʠ, ʩʣʽʜ 

ʙʨʘʪʠ ʟ ʜʦʚʽʜʥʠʢʽʚ ʜʣʷ ʜʘʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ ʧʨʠ ʩʝʨʝʜʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʤʽʞ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʧʦʚʝʨʭʥʽ ʽ ʪʝʧʣʦʥʦʩʽʷ ʚʽʜʜʘʣʽʢ ʚʽʜ ʥʝʾ tʩʝʨ=0,5(tʩʪ+tʨʽʜ). 

ɿʘ ʨʽʚʥʷʥʥʷʤ (2.126) ʤʦʞʥʘ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʪʝʧʣʦʚʽʜʜʘʯʫ ʚʽʜ ʧʦʚʝʨʭʦʥʴ 

ʧʨʘʢʪʠʯʥʦ ʙʫʜʴ-ʷʢʦʾ ʬʦʨʤʠ: ʚʝʨʪʠʢʘʣʴʥʠʭ ʽ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʪʨʫʙ, ʢʫʣʴ, 

ʚʝʨʪʠʢʘʣʴʥʠʭ ʧʣʘʩʪʠʥ. ɼʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʪʨʫʙ ʽ ʢʫʣʴ ʚʠʟʥʘʯʘʣʴʥʠʤ 

ʣʽʥʽʡʥʠʤ ʨʦʟʤʽʨʦʤ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʯʠʩʝʣ Nu ʽ Gr, ʻ ʜʽʘʤʝʪʨ d, ʜʣʷ 

ʚʝʨʪʠʢʘʣʴʥʠʭ ʪʨʫʙ, ʧʣʘʩʪʠʥ ï ʚʠʩʦʪʘ h. 

ʂʨʽʤ ʪʦʛʦ, ʷʢʱʦ ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʧʣʘʩʪʠʥʘ ʨʦʟʪʘʰʦʚʘʥʘ ʩʪʦʨʦʥʦʶ, ʱʦ 

ʛʨʽʻ, ʥʘʚʝʨʭ, ʪʦ ʢʦʝʬʽʮʽʻʥʪ ʉ ʟʙʽʣʴʰʫʶʪʴ ʥʘ 30%. ʗʢʱʦ ʛʦʨʠʟʦʥʪʘʣʴʥʘ 

ʧʣʘʩʪʠʥʘ ʨʦʟʪʘʰʦʚʘʥʘ ʩʪʦʨʦʥʦʶ, ʱʦ ʛʨʽʻ, ʚʥʠʟ, ʪʦ ʢʦʝʬʽʮʽʻʥʪ ʉ 

ʟʤʝʥʰʫʶʪʴ ʥʘ 30%. ɺ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʚʠʟʥʘʯʘʣʴʥʠʤ ʻ ʥʘʡʤʝʥʰʠʡ ʨʦʟʤʽʨ 

ʧʣʠʪʠ. 

 

 

2.2.4 ʊʝʧʣʦʚʽʜʜʘʯʘ ʧʨʠ ʚʠʤʫʰʝʥʽʡ ʢʦʥʚʝʢʮʽʾ 

 

ʊʝʧʣʦʚʽʜʜʘʯʘ ʧʨʠ ʚʠʤʫhʝʥʦʤʫ ʨʫʩʽ ʪʝʧʣʦʥʦʩʽʷ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʨʽʟʥʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʧʨʠʩʪʨʦʷʭ. ʋ ʮʠʭ ʫʤʦʚʘʭ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʝʧʣʦʦʙʤʽʥʫ ʫ ʟʥʘʯʥʽʡ ʤʽʨʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ 

ʩʝʨʝʜʦʚʠʱʘ. 

ʈʦʟʨʽʟʥʷʶʪʴ ʜʚʘ ʧʨʠʥʮʠʧʦʚʦ ʨʽʟʥʠʭ ʚʠʜʠ ʧʣʠʥʫ ʨʽʜʠʥ: ʙʝʟʚʽʜʨʠʚʥʠʡ 
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ʧʣʠʥ, ʢʦʣʠ ʧʦʪʽʢ ʥʽʜʝ ʥʝ ʚʽʜʦʢʨʝʤʣʶʻʪʴʩʷ ʚʽʜ ʧʦʚʝʨʭʥʽ, ʱʦ ʦʤʠʚʘʻʪʴʩʷ 

ʥʠʤ, ʽ ʚʽʜʨʠʚʥʠʡ ʧʣʠʥ, ʷʢʱʦ ʚ ʩʠʩʪʝʤʽ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʧʦʚʝʨʭʥʽ ʟ ʚʝʣʠʢʦʶ 

ʢʨʠʚʠʟʥʦʶ, ʨʽʟʢʽ ʟʤʽʥʠ ʧʝʨʝʨʽʟʫ, ʧʦʚʦʨʦʪʠ  ʪʘ ̔ʥ. ʇʨʠʢʣʘʜʘʤʠ 

ʙʝʟʚʽʜʨʠʚʥʦʛʦ ʧʣʠʥʫ ʻ ʨʫʭ ʧʦ ʢʘʥʘʣʫ ʧʦʩʪʽʡʥʦʛʦ ʧʝʨʝʨʽʟʫ, ʦʙʪʽʢʘʥʥʷ 

ʪʦʥʢʠʭ ʧʣʘʩʪʠʥ, ʧʦʟʜʦʚʞʥ ̒ʦʙʪʽʢʘʥʥʷ ʪʨʫʙ. ʎʝʡ ʚʠʜ ʧʣʠʥʫ ʚʠʚʯʝʥʦ ʜʦʩʠʪʴ 

ʧʦʚʥʦ, ʽ ʚ ʜʘʥʠʡ ʯʘʩ ʻ ʙʘʛʘʪʦ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʬʦʨʤʫʣ ʜʣʷ ʧʦʚʝʨʭʦʥʴ ʨʽʟʥʠʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʬʦʨʤ. ɼʣʷ ʧʣʠʥʫ ʟ ʚʽʜʨʠʚʦʤ ʧʦʪʦʢʫ ʚʽʜ ʧʦʚʝʨʭʥʽ ʥʝʤʘʻ 

ʟʘʛʘʣʴʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ, ʽ ʪʫʪ ʜʦʩʠʪʴ ʧʦʚʥʦ ʚʠʚʯʝʥʦ ʣʠʰʝ ʥʘʡʧʨʦʩʪʽʰʽ 

ʦʢʨʝʤʽ ʚʠʧʘʜʢʠ ʦʙʪʽʢʘʥʥʷ ʮʠʣʽʥʜʨʘ, ʢʫʣʽ ʽ ʪʨʫʙʥʠʭ ʧʘʢʝʪʽʚ ʪʠʧʦʚʠʭ 

ʢʦʥʬʽʛʫʨʘʮʽʡ. 

ʈʦʟʨʘʭʫʥʢʦʚʽ ʬʦʨʤʫʣʠ, ʟʘʩʪʦʩʦʚʫʚʘʥʽ ʚ ʜʘʥʠʡ ʯʘʩ ʚ ʽʥʞʝʥʝʨʥʽʡ 

ʧʨʘʢʪʠʮʽ, ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʚʽʜʧʦʚʽʜʥʽ ʦʢʨʝʤʽ ʚʠʧʘʜʢʠ ʟʘʛʘʣʴʥʦʛʦ 

ʢʨʠʪʝʨʘ̔ʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ (2.120). ʋʩʽ ʨʽʚʥʷʥʥʷ ʤʦʞʥʘ ʨʦʟʧʦʜʽʣʠʪʠ ʥʘ 

ʜʝʢʽʣʴʢʘ ʛʨʫʧ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʜʫ ʦʙôʻʢʪʘ, ʙʽʣʷ ʷʢʦʛʦ ʧʨʦʪʽʢʘʻ ʧʨʦʮʝʩ 

ʪʝʧʣʦʚʽʜʜʘʯʽ. 

 

 

2.2.4.1 ʊʝʧʣʦʚʽʜʜʘʯʘ ʧʨʠ ʨʫʩʽ ʪʝʧʣʦʥʦʩʽʷ ʚʩʝʨʝʜʠʥʽ ʪʨʫʙʠ 

 

ɺʠʚʯʝʥʥʷ ʧʨʦʮʝʩʫ ʪʝʧʣʦʚʽʜʜʘʯʽ ʚ ʪʨʫʙʘʭ ʚʠʢʣʠʢʘʻ ʚʝʣʠʢʠʡ 

ʧʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ, ʪʦʤʫ ʱʦ ʪʨʫʙʠ ʻ ʝʣʝʤʝʥʪʦʤ ʨʽʟʥʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʭ 

ʘʧʘʨʘʪʽʚ.  

ʇʨʠ ʚʠʤʫʰʝʥʽʡ ʢʦʥʚʝʢʮʽʾ ʨʦʟʨʽʟʥʷʶʪʴ ʣʘʤʽʥʘʨʥʠʡ (Re<2300), 

ʧʝʨʝʭʽʜʥʠʡ (2300<Re<10000) ʽ ʪʫʨʙʫʣʝʥʪʥʠʡ (Re>10000) ʨʝʞʠʤʠ ʨʫʭʫ 

ʩʝʨʝʜʦʚʠʱʘ. ʌʦʨʤʫʚʘʥʥʷ ʭʘʨʘʢʪʝʨʫ ʧʦʪʦʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʧʦʯʘʪʢʦʚʽʡ 

ʜʽʣʷʥʮʽ ʪʨʫʙʠ. ʇʨʠ ʚʭʦʜʽ ʫ ʪʨʫʙʫ ʰʚʠʜʢʦʩʪʽ ʟʘ ʧʝʨʝʨʽʟʦʤ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ 

ʨ̔ʚʥʦʤʨ̔ʥʦ. ʅʘʜʘʣʽ ʧʨʠ ʧʣʠʥʽ ʫʟʜʦʚʞ ʪʨʫʙʠ ʫ ʩʪʽʥʦʢ ʫʪʚʦʨʶʪ̒ʴʩʷ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʡ ʛʨʘʥʠʯʥʠʡ ʰʘʨ, ʪʦʚʱʠʥʘ ʷʢʦʛʦ ʧʦʩʪʫʧʦʚʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʽ 

ʩʪʘʻ ʨʽʚʥʦ ʁʨʘʜʽʫʩʫ ʪʨʫʙʠ, ʘ ʚ ʪʨʫʙʽ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʧʦʩʪʽʡʥʠʡ ʨʦʟʧʦʜʽʣ 

ʰʚʠʜʢʦʩʪʝʡ, ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʜʘʥʦʛʦ ʨʝʞʠʤʫ ʧʣʠʥʫ, ʯʠ ʥʘʩʪʘʻ ʪʘʢ ʟʚʘʥʘ 

ʩʪʘʙʽʣʽʟʦʚʘʥʘ ʪʝʯʽʷ. ʆʩʪʘʥʥʻ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʷʢ ʧʨʠ ʣʘʤʽʥʘʨʥʦʤʫ, ʪʘʢ ʽ 

ʧʨʠ ʪʫʨʙʫʣʝʥʪʥʦʤʫ ʧʣʠʥʽ ʨʽʜʠʥʠ. ɼʦʚʞʠʥʘ ʜʽʣʷʥʢʠ ʩʪʘʙʽʣʽʟʘʮʽʾ ʜʦʨʽʚʥʶʻ 

ʧʨʠʙʣʠʟʥʦ 50d. 

ʊʝʦʨʽʷ ʽ ʝʢʩʧʝʨʠʤʝʥʪ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʪʝʧʣʦʚʽʜʜʘʯʘ ʧʨʠ ʧʣʠʥʽ ʨʽʜʠʥʠ ʚ 

ʪʨʫʙʽ ʥʝʦʜʥʘʢʦʚʘ ʟʘ ʜʦʚʞʠʥʦʶ, ʽ ʪʦʤʫ ʢʨʽʤ ʜʽʣʷʥʢʠ ʩʪʘʙʽʣʽʟʦʚʘʥʦʛʦ ʧʣʠʥʫ 

ʫʪʚʦʨʶʪ̒ʴʩʷ ʜʽʣʷʥʢʘ ʪʝʧʣʦʚʦʾ ʩʪʘʙʽʣʽʟʘʮʽʾ lʜ.ʪ.ʩ. ʇʨʠ ʚʭʦʜʽ ʫ ʪʨʫʙʫ 

ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ Ŭ ʤʘʻ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥ,̫ ʘ ʧʦʪʽʤ ʨʽʟʢʦ 
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ʟʤʝʥʰʫʻʪʴʩʷ ʽ ʧʨʠ ʩʪʘʙʽʣʽʟʦʚʘʥʽʡ ʪʝʯ̔ʾ  lc.ʪ. ʧʨʘʛʥʝ ʜʦ ʥʝʟʤʽʥʥʦʛʦ ʟʥʘʯʝʥʥʷ. 

ʊʝʧʣʦʚʠʡ ʛʨʘʥʠʯʥʠʡ ʰʘʨ, ʱʦ ʫʪʚʦʨʶʪ̒ʴʩʷ ʫ ʧʦʚʝʨʭʥʽ ʪʨʫʙʠ, ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʧʦ ʤʽʨ̔ ʚ̔ʜʜʘʣʝʥʥʷ ʚʽʜ ʚʭʦʜʫ ʽ ʥʘ ʜʽʣʷʥʮʽ ʪʝʧʣʦʚʦʾ ʩʪʘʙʽʣʽʟʘʮʽʾ ʜʦʩʷʛʘʻ 

ʪʦʚʱʠʥʠ, ʷʢʘ ʜʦʨʽʚʥʶ  ̒ʨʘʜʽʫʩʫ ʪʨʫʙʠ. ɼʦʚʞʠʥʘ ʩʪʘʙʽʣʽʟʦʚʘʥʦʾ ʜʽʣʷʥʢʠ ʜʣʷ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʢʨʫʛʣʦʾ ʪʨʫʙʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʚʝʣʠʯʠʥ ï ʢʦʝʬʽʮʽʻʥʪʘ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ʯʠʩʣʘ Re, ʩʪʘʙʣ̔̔ʟʦʚʘʥʦʾ ʪʝʯ̔ʾ ʪʘ ̔ʥ., ʽ ʧʨʠʡʤʘʻʪʴʩʷ 

ʨʽʚʥʦ ʁ50d. 

ʃʘʤʽʥʘʨʥʠʡ ʨʝʞʠʤ ʨʫʭʫ ʪʝʧʣʦʥʦʩʽʷ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʤʫʝhʥʦʾ ʢʦʥʚʝʢʮʽʾ ʧʨʠ ʣʘʤʽʥʘʨʥʦʤʫ ʨʫʩʽ ʪʝʧʣʦʥʦʩʽʾʚ 

ʧʦʢʘʟʘʣʠ, ʱʦ ʤʦʞʣʠʚʦ ʜʚʘ ʨʝʞʠʤʠ ʨʫʭʫ ï ʚôʷʟʢʽʩʥʠʡ ʽ ʚôʷʟʢʽʩʥʦ-

ʛʨʘʚʽʪʘʮʽʡʥʠʡ. 

ʇʝʨʰʠʡ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʚʠʧʘʜʢʫ ʧʝʨʝʚʘʛʠ ʩʠʣ ʚ'ʷʟʢʦʩʪʽ ʥʘʜ 

ʧʽʜʥʽʤʘʶʯʠʤʠ ʩʠʣʘʤʠ, ʽ ʦʩʪʘʥʥʽ ʥʝ ʚʨʘʭʦʚʫʶʪʴ. ɺôʷʟʢʽʩʥʠʡ ʨʝʞʠʤ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʨʽʜʠʥʘʭ ʟ ʚʝʣʠʢʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʚ'ʷʟʢʦʩʪʽ, ʧʨʠ ʮʴʦʤʫ 

ʨʝʞʠʤʽ ʥʝʤʘʻ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʰʘʨʽʚ, ʚʽʣʴʥʘ ʢʦʥʚʝʢʮʽʷ ʥʝ ʚʧʣʠʚʘʻ ʥʘ 

ʪʝʧʣʦʦʙʤʽʥ, ʧʝʨʝʥʦʩ ʪʝʧʣʦʪʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ (ʥʘʧʨʠʢʣʘʜ, 

ʤʘʟʫʪ).  

ʇʨʠ ʜʨʫʛʦʤʫ ʨʝʞʠʤʽ ʧʽʜʥʽʤʘʶʯʽ ʩʠʣʠ ʚʨʘʭʦʚʫʶʪʴ. ʅʘʷʚʥʽʩʪʴ 

ʧʨʠʨʦʜʥʦʾ ʢʦʥʚʝʢʮʽʾ ʪʫʨʙʫʣʽʟʫʻ ʧʦʪʽʢ ʽ ʟʙʽʣʴʰʫʻ ʧʝʨʝʥʦʩ ʪʝʧʣʦʪʠ. 

ɺôʷʟʢʽʩʥʦ-ʛʨʘʚʽʪʘʮʽʡʥʠʡ ʨʝʞʠʤ ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʤʘʣʦʚôʷʟʢʠʭ ʨʽʜʠʥ ʽ ʛʘʟʽʚ; 

ʧʨʠ ʮʴʦʤʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʦʜʘʪʢʦʚʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʰʘʨʽʚ ʟʘ ʨʘʭʫʥʦʢ 

ʚʽʣʴʥʦ ʾʢʦʥʚʝʢʮʽ.ʾ ɺʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʧʨʠ ʮʴʦʤʫ ʤʘʶʪʴ ʥʘʧʨʷʤʢʠ ʚʽʣʴʥʦʾ ʽ 

ʚʠʤʫʰʝʥʦʾ ʢʦʥʚʝʢʮʽʾ. ʄʦʞʣʠʚʽ 3 ʚʠʧʘʜʢʠ: 

- ʥʘʧʨʷʤʢʠ ʟʙʽʛʘʶʪʴʩʷ ï ʪʝʧʣʦʦʙʤʽʥ ʧʦʣʽʧʰʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʽʜʠʥʠ; 

- ʥʘʧʨʷʤʢʠ ʧʨʦʪʠʣʝʞʥʽ ï ʪʝʧʣʦʦʙʤʽʥ ʧʦʛʽʨʰʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʟʤʝʥʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʽʜʠʥʠ; 

- ʥʘʧʨʷʤʢʠ ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ ï ʪʝʧʣʦʦʙʤʽʥ ʧʦʣʽʧʰʫʻʪʴʩʷ 

ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʽʜʠʥʠ. 

ʂʨʠʪʝʨʽʤ̒, ʟʘ ʷʢʠʤ ʨʦʟʨʽʟʥʷʶʪʴ ʚôʷʟʢʽʩʥʠʡ ʽ ʚôʷʟʢʽʩʥʦ-ʛʨʘʚʽʪʘʮʽʡʥʠʡ 

ʨʝʞʠʤʠ, ʻ ʟʥʘʯʝʥʥʷ ʜʦʙʫʪʢʫ GrĀPr. 

ʇʨʠ GrĀPr>8Ā10
5
 ʨʝʞʠʤ ʧʣʠʥʫ ʻ ʚôʷʟʢʽʩʥʦ-ʛʨʘʚʽʪʘʮʽʡʥʠʡ, ʽ ʦʮʽʥʢʫ 

ʩʝʨʝʜʥʴʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʽʜʜʘʯʽ ʧʨʠ ʮʴʦʤʫ ʨʝʞʠʤʽ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ 

ʟʘ ʨʽʚʥʷʥʥʷʤ 
 

Nu=0,15 Re
0,33

 Pr
0,43

 Gr
0,1

 (Pr/Prʩʪ)
0,25

.            (2.127) 
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ʈʽʚʥʷʥʥʷ ʧʦʜʦʙʠ ʜʣʷ ʚô̫ ʟʢʽʩʥʦʛʦ ʨʝʞʠʤʫ, ʪʦʙʪʦ ʧʨʠ GrĀPr<8Ā10
5
, 

ʤʘʻ ʚʠʜ (ʚʽʣʴʥʘ ʢʦʥʚʝʢʮʽʷ ʚʽʜʩʫʪʥʷ ï ʯʠʩʣʦ Gr ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ) 
 

Nu=0,15 Re
0,33 

Pr
0,43 

(Pr/Prʩʪ)
0,25

.                   (2.128) 
 

ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʪʝʧʣʦʥʦʩʽʻʤ ʻ ʥʝ ʨʽʜʠʥʘ, ʘ ʛʘʟ, ʜʣʷ ʷʢʦʛʦ ʚʽʜʥʦʰʝʥʥʷ 

Pr/Prʩʪ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ, ʨʽʚʥʷʥʥʷ (2.127) ʽ (2.128) ʟʥʘʯʥʦ ʩʧʨʦʱʫʶʪʴʩʷ. 

ʋ ʚʠʧʘʜʢʫ ʧʦʚʽʪʨʷ, ʜʣʷ ʷʢʦʛʦ ʯʠʩʣʦ ʇʨʘʥʜʪʣʷ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʽ Pr=0,7, ʨʽʚʥʷʥʥʷ ʧʦʜʦʙʠ ʥʘʙʫʚʘʻ ʚʠʜʫ 
 

Nu=0,13 Re
0,33 

Gr
0,1

.                                 (2.129) 
 

ʋ ʨʽʚʥʷʥʥʷʭ (2.127)é(2.129) ʚ ʷʢʦʩʪʽ ʚʠʟʥʘʯʘʣʴʥʦʛʦ ʨʦʟʤʽʨʫ 

ʧʨʠʡʥʷʪʦ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʜʽʘʤʝʪʨ d, ʘ ʚ ʷʢʦʩʪʽ ʚʠʟʥʘʯʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ï ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʨʽʜʠʥʠ.  

ɼʣʷ ʢʨʘʧʣʠʥʥʠʭ ʨʽʜʠʥ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, 

ʱʦ ʧʨʠ ʾʭ ʥʘʛʨʽʚʘʥʥʽ ʚʽʜ ʩʪʽʥʢʠ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ Ŭʥʘʛʨ ʙʽʣʴʰʝ 

ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʽʜʜʘʯʽ Ŭʦʭʦʣ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ. ʇʨʠ ʮʴʦʤʫ ʨʽʟʥʠʮʷ Ŭʥʘʛʨ ï 

Ŭʦʭʦʣ ʟʨʦʩʪʘʻ ʯʝʨʝʟ ʟʙʽʣʴʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʥʘʧʦʨʫ tʩʪïtʨʽʜ.  

ʎʝ ʧʦʣʦʞʝʥʥʷ ʚʨʘʭʦʚʫʶʪʴ ʚʚʝʜʝʥʥʷʤ ʜʦ ʢʨʠʪʝʨʘ̔ʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ 

ʤʥʦʞʥʠʢʘ (Pr/Prʩʪ)
0,25
. ʗʢ ʚʢʘʟʫʚʘʣʦʩʷ ʚʠʱʝ, ʤʥʦʞʥʠʢ Prʩʪ 

ʨʦʟʨʘʭʦʚʫʶʪʴ ʧʨʠ ʩʝʨʝʜʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʩʪʽʥʢʠ. ɼʣʷ ʚʦʜʠ ʮʝʡ ʤʥʦʞʥʠʢ 

ʟʤʽʥʶʻʪʴʩʷ ʚ ʤʝʞʘʭ 0,5é2, ʘ ʜʣʷ ʛʘʟʽʚ ʚʽʥ ʜʦʨʽʚʥʶʻ 1. ʈʽʚʥʷʥʥʷ (2.127) 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʨʽʜʠʥʠ ʽ ʜʘʻ ʩʝʨʝʜʥʻ ʟʘ ʚʩʽ̒ʁ ʜʦʚʞʠʥʦ  ʁ

ʪʨʫʙʠ l ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʽʜʜʘʯʽ Ŭ ʟʘ ʫʤʦʚʠ, ʱʦ ʜʦʚʞʠʥʘ ʜʽʣʷʥʢʠ 

ʪʝʧʣʦʚʦʾ ʩʪʘʙʽʣʽʟʘʮʽʾ lʩʪʘʙ >50d. 

ɼʣʷ ʢʦʨʦʪʢʠʭ ʪʨʫʙ, ʜʦʚʞʠʥʘ ʷʢʠʭ ʤʝʥʰʝ 50d, ʪʝʧʣʦʚʽʜʜʘʯʘ ʪʨʦʭʠ 

ʚʠʱʝ, ʥʽʞ ʜʣʷ ʜʦʚʛʠʭ, ʽ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʦʪʨʠʤʘʥʝ ʟ ʬʦʨʤʫʣ (2.127), (2.128) 

ʟʥʘʯʝʥʥʷ Ŭ ʧʦʪʨʽʙʥʦ ʧʦʤʥʦʞʠʪʠ ʥʘ ʧʦʧʨʘʚʢʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ Ůl. ɿʘʣʝʞʥʽʩʪʴ 

ʯʠʩʣʦʚʠʭ ʟʥʘʯʝʥ ɹʢʦʝʬʽʮʽʻʥʪʘ Ůl ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ l/d  ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 2.2. 
 

ʊʘʙʣʠʮʷ 2.2 ï ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ Ůl ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ l/d 
 

l/d 1 2 5 10 15 20 30 40 50 

Ůl 1,9 1,7 1,44 1,28 1,18 1,13 1,05 1,02 1 
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ʇʽʩʣʷ ʚʠʟʥʘʯʝʥʥʷ ʯʠʩʣʘ ʅʫʩʩʝʣʴʪʘ Nu ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ Ŭ 

ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ ʨʽʚʥʷʥʥʷʤ (2.116) 
 

l

Nul
=a ,                                              (2.130) 

 

ʜʝ l ï ʭʘʨʘʢʪʝʨʥʠʡ ʨʦʟʤʽʨ, ʤ; 

l ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʛʘʟʫ ʯʠ ʨʽʜʠʥʠ, ɺʪ/(ʤÖʂ). 

ʇʝʨʝʭʽʜʥʠʡ ʨʝʞʠʤ ʨʫʭʫ ʪʝʧʣʦʥʦʩʽʷ. ɼʣʷ ʧʝʨʝʭʽʜʥʦʛʦ ʨʝʞʠʤʫ ʧʣʠʥʫ 

ʪʝʧʣʦʥʦʩ̔ʷ ʫ ʪʨʫʙʘʭ ʽ ʢʘʥʘʣʘʭ, ʷʢʦʤʫ ʚʽʜʧʦʚʽʜʘʻ ʯʠʩʣʦ Re, ʱʦ ʧʝʨʝʚʠʱʫʻ 

2300, ʘʣʝ ʤʝʥʰʝ 10000, ʥʝʤʘʻ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʬʦʨʤʫʣ, ʱʦ ʫʟʘʛʘʣʴʥʶʶʪʴ 

ʨʝʟʫʣʴʪʘʪʠ ʨʽʟʥʠʭ ʜʦʩʚʽʜʽʚ. ʋ ʮʽʡ ʩʬʝʨʽ ʜʣʷ ʧʦʪʦʢʫ ʭʘʨʘʢʪʝʨʥʦ ʥʝʩʪʽʡʢʽʩʪʴ 

ʨʝʞʠʤʫ, ʥʘ ʥʴʦʛʦ ʚʧʣʠʚʘʶʪʴ ʦʢʨʝʤʽ ʤʽʩʮʝʚʽ ʟʙʫʨʶʚʘʥʥʷ, ʷʢʽ ʦʙʫʤʦʚʣʝʥʽ 

ʨʦʟʤʽʨʦʤ ʽ ʬʦʨʤʦʶ ʢʘʥʘʣʽʚ, ʰʦʨʩʪʢʽʩʪʶ ʧʦʚʝʨʭʥʽ ʩʪʽʥʦʢ ʪʘ ̔ʥ. ʊʦʙʪʦ 

ʪʝʧʣʦʚʽʜʜʘʯʘ ʧʨʠ ʮʴʦʤʫ ʨʝʞʠʤʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʫʞʝ ʙʘʛʘʪʴʦʭ ʚʝʣʠʯʠʥ, ʷʢʽ 

ʚʘʞʢʦ ʚʨʘʭʫʚʘʪʠ. ʊʦʤʫ ʪʝʧʣʦʚʽʜʜʘʯʘ ʧʨʠ ʧʝʨʝʭʽʜʥʦʤʫ ʨʝʞʠʤʽ ʨʫʭʫ 

ʪʝʧʣʦʥʦʩʽʷ ʥʝ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʘ ʦʜʥʠʤ ʨʽʚʥʷʥʥʷʤ ʧʦʜʦʙʠ. ʇʨʠ 

ʚʠʟʥʘʯʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʽʜʜʘʯʽ ʧʨʠ ʧʝʨʝʭʽʜʥʦʤʫ ʨʝʞʠʤʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʦʤʧʣʝʢʩ Ko, ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʚʠʟʥʘʯʘʶʪʴ ʛʨʘʬʽʯʥʠʤ 

ʤʝʪʦʜʦʤ (ʨʠʩ. 2.16).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2.16 ï ɿʘʣʝʞʥʽʩʪʴ Ko ʚʽʜ Re 
 

ɺʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʽʜʜʘʯʽ ʤʦʞʝ ʙʫʪʠ ʟʨʦʙʣʝʥʦ ʪʽʣʴʢʠ 

ʧʨʠʙʣʠʟʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʥʷ ʧʦʜʦʙʠ 
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Ko=Nu Pr 
-0,43

(Pr/Prʩʪ)
-0,25

.                      (2.131) 
 

ʅʘ ʨʠʩʫʥʢʫ 2.16 ʧʦʜʘʥʦ ʭʽʜ ʢʨʠʚʠʭ ʢʦʤʧʣʝʢʩʫ Ko ʫ ʧʝʨʝʭʽʜʥʽʡ   

ʦʙʣʘʩʪʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʠʩʣʘ Re. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʘ 2.16, ʚ ʦʙʣʘʩʪʽ 

ʧʝʨʝʭʽʜʥʦʛʦ ʨʝʞʠʤʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʦʯʢʠ ʥʝ ʧʦʻʜʥʫʶʪʴʩʷ ʻʜʠʥʦʶ 

ʟʘʣʝʞʥʽʩʪʶ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ Re ʪʝʧʣʦʚʽʜʜʘʯʘ ʨʽʟʢʦ ʟʨʦʩʪʘʻ, ʧʨʠʯʦʤʫ 

ʽʩʪʦʪʥʠʡ ʚʧʣʠʚ ʥʘ ʪʝʧʣʦʦʙʤʽʥ ʨʦʙʠʪʴ ʧʨʠʨʦʜʥʘ ʢʦʥʚʝʢʮʽʷ, ʚʝʣʠʯʠʥʫ ʢʦʪʨʦʾ  

ʭʘʨʘʢʪʝʨʠʟʫʻ ʯʠʩʣʦ ɻʨʘʩʛʦʬʘ. ʏʠʤ ʙʽʣʴʰʝ ʯʠʩʣʦ ɻʨʘʩʛʦʬʘ, ʪʠʤ ʙʽʣʴʰʝ 

ʚʝʣʠʯʠʥʘ ʢʦʤʧʣʝʢʩʫ Ko ʽ, ʦʪʞʝ, ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʽʜʜʘʯʽ Ŭ. ʇʨʠ ʨʦʟʚʠʪʦʤʫ 

ʪʫʨʙʫʣʝʥʪʥʦʤʫ ʧʣʠʥʽ (Re>10
4
) ʫʩʽ ʢʨʠʚʽ ʟʣʠʚʘʶʪʴʩʷ ʚ ʦʜʥʫ ʣʽʥʽʶ. 

ʊʫʨʙʫʣʝʥʪʥʠʡ ʨʝʞʠʤ ʨʫʭʫ ʪʝʧʣʦʥʦʩʽʷ. ʈʦʟʚʠʥʫʪʠʡ ʪʫʨʙʫʣʝʥʪʥʠʡ 

ʨʫʭ ʫʩʪʘʥʦʚʣʶʻʪʴʩʷ ʣʠʰʝ ʧʨʠ Re>10
4
. ʇʨʠ ʮʴʦʤʫ ʧʨʦʮʝʩ ʧʝʨʝʤʽʰʫʚʘʥʥʷ 

ʯʘʩʪʦʢ ʨʽʜʠʥʠ ʧʨʦʪʢ̔ʘ̒ ʥʘʩʪʽʣʴʢʠ ʽʥʪʝʥʩʠʚʥʦ, ʱʦ ʥʘ ʧʝʨʝʨʽʟ̔ ʪʫʨʙʫʣʝʥʪʥʦʛʦ 

ʷʜʨʘ ʧʦʪʦʢʫ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʘʢʪʠʯʥʦ ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʩʪʽʡʥʦ.ʁ ʈʽʟʢʘ ʟʤʽʥʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʣʠʰʝ ʫʩʝʨʝʜʠʥʽ ʛʨʘʥʠʯʥʦʛʦ ʰʘʨʫ. ʇʨʠʨʦʜʥʦ, 

ʱʦ ʧʨʠ ʧʦʜʽʙʥʦʤʫ ʨʦʟʧʦʜʽʣʽ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʚʠʪʦʢ ʚʽʣʴʥʦʾ ʢʦʥʚʝʢʮʽʾ ʩʪʘʻ 

ʥʝʤʦʞʣʠʚʠʤ ʽ ʧʨʦʮʝʩ ʪʝʧʣʦʚʽʜʜʘʯʽ ʮʽʣʢʦʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʽʣʴʢʠ ʬʘʢʪʦʨʘʤʠ 

ʚʠʤʫʰʝʥʦʛʦ ʨʫʭʫ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʡ ʫʟʘʛʘʣʴʥʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʧʨʦʚʝʜʝʥʠʭ ʟ ʨʽʟʥʠʤʠ ʨʽʜʠʥʘʤʠ (ʢʨʽʤ ʨʽʜʢʠʭ ʤʝʪʘʣʽʚ), ʫ 

ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ ʾʭ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʧʨʷʤʠʭ ʛʣʘʜʢʠʭ ʪʨʫʙ, ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʯʠʩʣʘ Nu ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʥʘʩʪʫʧʥʘ ʬʦʨʤʫʣʘ  
 

Nu=0,021 Re
0,8 

Pr
0,43 

(Pr/Prʩʪ)
0,25

.                   (2.132) 
 

ɼʣʷ ʧʦʚʽʪʨʷ, ʷʢʱʦ ʧʨʠʡʥʷʪʠ Pr=0,7, ʨʽʚʥʷʥʥʷ (2.132) ʥʘʙʫʜʝ ʚʠʜʫ 
 

Nu=0,018 Re
0,8

.                                       (2.133) 
 

ɺ ʷʢʦʩʪʽ ʚʠʟʥʘʯʘʣʴʥʦʛʦ ʨʦʟʤʽʨʫ ʫ ʨʽʚʥʷʥʥʷʭ (2.132), (2.133) ʧʨʠʡʥʷʪʦ 

ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʜʘ̔ʤʝʪʨ, ʘ ʟʘ ʚʠʟʥʘʯʘʣʴʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ï ʩʝʨʝʜʥ ʁ

ʪʝʤʧʝʨʘʪʫʨʫ ʨʽʜʠʥʠ.  

ʌʦʨʤʫʣʠ (2.132), (2.133) ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʨʽʟʥʠʭ 

ʪʝʧʣʦʥʦʩʽʾʚ: ʨʽʜʠʥ, ʛʘʟʽʚ, ʧʝʨʝʛʨʽʪʠʭ ʧʘʨ ʧʨʠ l/dÓ50, Re=10
4
...5Ā10

6
 ʽ 

Pr=0,6...2500. 

ʗʢʱʦ ʜʦʚʞʠʥʘ ʢʘʥʘʣʫ ʙʫʜʝ ʤʝʥʰʝ 50dʝʢʚ, ʪʦ ʦʪʨʠʤʘʥʝ ʟ ʬʦʨʤʫʣʠ 

ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʽʜʜʘʯʽ Ŭ ʧʦʪʨʽʙʥʦ ʧʦʤʥʦʞʠʪʠ ʥʘ ʧʦʧʨʘʚʢʦʚʠʡ  

ʢʦʝʬʽʮʽʻʥʪ Ůl, ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 2.3. 
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ʊʘʙʣʠʮʷ 2.3 ï ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ Ůl ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ l/d 
 

Re 
ɿʥʘʯʝʥʥʷ Ůl ʧʨʠ l/d, ʷʢʝ ʜʦʨʽʚʥʶʻ 

1 2 5 10 15 20 30 40 50 

10
4
 1,65 1,5 1,34 1,23 1,17 1,13 1,07 1,03 1 

2Ĭ10
4
 1,51 1,4 1,27 1,18 1,13 1,10 1,05 1,02 1 

5Ĭ10
4
 1,34 1,27 1,18 1,13 1,10 1,08 1,04 1,02 1 

10
5
 1,28 1,22 1,15 1,10 1,08 1,06 1,03 1,02 1 

10
6
 1,14 1,11 1,08 1,05 1,04 1,03 1,02 1,01 1 

 

ʇʨʠ ʧʣʠʥʽ ʪʝʧʣʦʥʦʩʽʷ ʫ ʚʠʛʥʫʪʠʭ ʪʨʫʙʘʭ ʧʨʦʮʝʩ ʪʝʧʣʦʚʽʜʜʘʯʽ 

ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʯʝʨʝʟ ʜʽʶ ʥʘ ʧʦʪʽʢ ʚʽʜʮʝʥʪʨʦʚʦʾ ʩʠʣʠ. ɰʾ ʚʧʣʠʚ ʚʨʘʭʦʚʫʶʪʴ 

ʧʨʠ ʚʚʝʜʝʥʥʽ ʜʦ ʨʽʚʥʷʥʥʷ (2.132) ʧʦʧʨʘʚʢʦʚʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ŮR, ʱʦ ʜʣʷ 

ʟʤʽʻʚʠʢʦʚʠʭ ʪʨʫʙ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 
 

ŮR=1+1,77 d/R,                                           (2.134) 
 

ʜʝ R ï ʨʘʜʽʫʩ ʟʤʽʡʦʚʠʢʘ, 

d ï ʜʽʘʤʝʪʨ ʪʨʫʙʠ. 

 

 

2.2.4.2 ʊʝʧʣʦʚʽʜʜʘʯʘ ʧʨʠ ʧʦʧʝʨʝʯʥʦʤʫ ʦʤʠʚʘʥʥʽ ʪʨʫʙʠ 
 

ɼʣʷ ʙʘʛʘʪʴʦʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ, ʥʘʧʨʠʢʣʘʜ ʚʦʜʦʪʨʫʙʥʠʭ ʢʦʪʣʽʚ, 

ʧʦʚʽʪʨʧ̫ʽʜʽʛʨʽʚʘʯʽʚ, ʝʢʦʥʦʤʘʡʟʝʨʚ̔ ʡ ʽʥ., ʭʘʨʘʢʪʝʨʥʦ ʧʦʧʝʨʝʯʥʝ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʨʫʙ ʫ ʧʦʪʦʮʽ ʪʝʧʣʦʥʦʩʽʷ. ʇʨʠ ʮʴʦʤʫ, ʷʢ ʫʢʘʟʫʚʘʣʦʩʷ ʚʠʱʝ, 

ʧʦʪʽʢ ʨʽʜʠʥʠ ʚʽʜʨʠʚʘʻʪʴʩʷ ʚʽʜ ʧʦʚʝʨʭʥʽ, ʷʢʫ ʚʽʥ ʦʤʠʚʘʻ, ʽ ʨʫʭ ʪʝʧʣʦʥʦʩʽʷ 

ʤʘʻ ʜʫʞʝ ʩʢʣʘʜʥʠʡ ʭʘʨʘʢʪʝʨ: ʫʪʚʦʨʶ ʪʁʴʩʷ ʟʘʩʪʽʡʥʽ ʦʙʣʘʩʪʽ, ʚʠʥʠʢʘʶʪʴ 

ʟʚʦʨʦʪʥʽ ʧʣʠʥʠ, ʚʝʣʠʢʽ ʚʠʭʨʠ ʡ ʽʥʰʽ ʷʚʠʱʘ, ʷʢʽ ʟʤʽʥʶʶʪʴ ʧʨʠʨʦʜʥʽ ʫʤʦʚʠ 

ʧʣʠʥʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʬʦʨʤʽ ʨʫʩʣʘ ʧʦʪʦʢʫ.  

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʜʘʥʦʛʦ ʚʠʧʘʜʢʫ 

ʧʦʧʝʨʝʯʥʦʛʦ ʦʙʪʽʢʘʥʥʷ ʮʠʣʽʥʜʨʘ ʨʽʜʠʥʦʶ ʧʦʜʘʶʪʴʩʷ ʟʚʠʯʘʡʥʦ ʫ ʚʠʜʽ 

ʟʘʣʝʞʥʦʩʪʽ Nu=f(Re; Pr), ʧʨʠ ʮʴʦʤʫ ʚʠʟʥʘʯʘʣʴʥʠʤ ʨʦʟʤʽʨʦʤ ʚʚʘʞʘʶʪʴ 

ʜʽʘʤʝʪʨ ʮʠʣʽʥʜʨʘ, ʘ ʚ ʷʢʦʩʪʽ ʚʠʟʥʘʯʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʩʝʨʝʜʥʶ ʪʝʤʧʝʨʘʪʫʨʫ ʨʽʜʠʥʠ, ʘ ʰʚʠʜʢʽʩʪʴ ʚʽʜʥʦʩʷʪʴ ʜʦ ʩʘʤʦʛʦ ʚʫʟʴʢʦʛʦ 

ʧʝʨʝʨʽʟʫ ʢʘʥʘʣʫ, ʫ ʷʢʦʤʫ ʨʦʟʪʘʰʦʚʘʥʦ ʮʠʣʽʥʜʨ. ʇʨʠ ʟʘʟʥʘʯʝʥʠʭ ʫʤʦʚʘʭ 
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ʨʦʟʨʘʭʫʥʢʦʚʽ ʬʦʨʤʫʣʠ ʜʣʷ ʙʫʜʴ-ʷʢʠʭ ʨʽʜʠʥ ʧʨʠ ʢʫʪʽ ʘʪʘʢʠ ű=90Á ʤʘʶʪʴ 

ʚʠʜ: 

ʧʨʠ Re=5...10
3
 

 

Nu=0,5 Re
0,5 

Pr
0,38 

(Pr/Prʩʪ)
0,25

,                   (2.135) 
 

ʧʨʠ Re=10
3
...10

5
 

 

Nu=0,25 Re
0,6 

Pr
0,38 

(Pr/Prʩʪ)
0,25

.                   (2.136) 
 

ɼʣʷ ʧʦʚʽʪʨʷ ʥʘʚʝʜʝʥʽ ʬʦʨʤʫʣʠ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʚ ʙʽʣʴʰ ʩʧʨʦʱʝʥʽʡ 

ʬʦʨʤʽ, ʘ ʩʘʤʝ: 

ʧʨʠ Re=5...10
3
 

 

Nu=0,49 Re
0,5

,                                        (2.137) 
 

ʧʨʠ Re=10
3
...10

5
 

 

Nu=0,245 Re
0,6

.                                       (2.138) 
 

ʗʢʱʦ ʢʫʪ ʘʪʘʢʠ ű, ʷʢʠʡ ʫʪʚʦʨʶʻʪʴʩʷ ʥʘʧʨʷʤʢʦʤ ʧʦʪʦʢʫ ʽ ʚʽʩʩʶ 

ʪʨʫʙʠ, ʙʫʜʝ ʤʝʥʰʝ 90Á, ʪʦ ʟʥʘʯʝʥʥʷ Ŭ, ʦʪʨʠʤʘʥʝ ʟ ʨʽʚʥʷʥʴ (2.135)é(2.138), 

ʧʦʪʨʽʙʥʦ ʧʦʤʥʦʞʠʪʠ ʥʘ ʧʦʧʨʘʚʢʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ Ůű, ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ 

ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 2.4. 

ʊʘʙʣʠʮʷ 2.4 ï ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ Ůű ʚʽʜ ʢʫʪʘ ʘʪʘʢʠ ű 

ű 90 80 70 60 50 40 30 20 10 

Ůű 1 1 0,98 0,94 0,88 0,78 0,67 0,52 0,42 

 

ʈʦʟʨʘʭʫʥʦʢ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʚ ʧʫʯʢʘʭ (ʧʘʢʝʪʘʭ) ʪʨʫʙ ʧʨʠ 

ʾʭ ʧʦʧʝʨʝʯʥʦʤʫ ʚʠʤʫʰʝʥʦʤʫ ʦʙʪʽʢʘʥʥʽ ʨʽʜʠʥʦʶ ʷʚʣʷʻ ʩʦʙʦʶ ʙʽʣʴʰ 

ʩʢʣʘʜʥʫ ʟʘʜʘʯʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʦʟʨʘʭʫʥʢʦʤ ʧʨʠ ʦʙʪʽʢʘʥʥʽ ʦʜʠʥʦʯʥʦʾ ʪʨʫʙʠ, 

ʦʩʢʽʣʴʢʠ ʥʘ ʭʘʨʘʢʪʝʨ ʨʫʭʫ ʨʽʜʠʥʠ ʙʫʜʝ ʜʦʜʘʪʢʦʚʦ ʚʧʣʠʚʘʪʠ ʚʟʘʻʤʥʝ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʨʫʙ ʫ ʧʫʯʢʫ. ʅʘ ʧʨʘʢʪʠʮʽ ʥʘʡʯʘʩʪʽʰʝ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʜʚʘ 

ʪʠʧʠ ʧʘʢʝʪʽʚ: ʟ ʢʦʨʠʜʦʨʥʠʤ ʽ ʰʘʭʦʚʠʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ, ʧʨʠ ʮʴʦʤʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʫʯʢʘ ʧʨʠʡʥʷʪʦ ʚʚʘʞʘʪʠ ʜʽʘʤʝʪʨ ʪʨʫʙ d ʽ ʚʽʜʩʪʘʥʽ ʤʽʞ ʾʭ 

ʦʩʷʤʠ ʟʘ ʰʠʨʠʥʦ  ʁʭ1 ʽ ʛʣʠʙʠʥʦ  ʁʭ2 ʧʫʯʢʘ, ʷʢ̔ ʚʠʨʘʞʘʶʪʴʩʷ ʟʚʠʯʘʡʥʦ 

ʯʝʨʝʟ ʢʽʣʴʢʽʩʪʴ ʜʽʘʤʝʪʨʽʚ ʧd. 
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ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʣʷ ʧʫʯʢʘ ʽʟ ʰʘʭʦʚʠʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʪʨʫʙ ʫʤʦʚʠ 

ʾʭ ʦʤʠʚʘʥʥʷ ʫ ʚʩʽʭ ʨʷʜʘʭ ʙʣʠʟʴʢʽ ʜʦ ʫʤʦʚ ʦʤʠʚʘʥʥ̫  ʦʜʠʥʦʯʥʦʛʦ ʮʠʣʽʥʜʨʘ. 

ɼʣʷ ʧʫʯʢʘ ʟ ʢʦʨʠʜʦʨʥʠʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʪʨʫʙ ʮʝ ʥʝ ʭʘʨʘʢʪʝʨʥʦ, ʫ ʥʴʦʤʫ 

ʪʽʣʴʢʠ ʭʘʨʘʢʪʝʨ ʦʤʠʚʘʥʥʷ ʪʨʫʙ ʧʝʨʰʦʛʦ ʨʷʜʫ ʪʘʢʠʡ ʩʘʤʠʡ, ʷʢ ʜʣʷ 

ʦʜʠʥʦʯʥʦʛʦ ʮʠʣʽʥʜʨʘ, ʘ ʪʨʫʙʠ ʫʩʽʭ ʥʘʩʪʫʧʥʠʭ ʨʷʜʽʚ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʚʠʭʨʦʚʽʡ 

ʟʦʥʽ ʪʨʫʙ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ ʧʦʧʝʨʝʜʥʽʭ ʨʷʜʘʭ. ʄʘʢʩʠʤʫʤ ʪʝʧʣʦʚʽʜʜʘʯʽ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʝ ʚ ʣʦʙʦʚʽʡ ʪʦʯʮʽ, ʘ ʧʨʠʙʣʠʟʥʦ ʯʝʨʝʟ 45é50Á ʚʽʜ ʥʝʾ ʚ 

ʤʽʩʮʷʭ ʫʜʘʨʫ ʩʪʨʫʤʝʥʽʚ. ʍʘʨʘʢʪʝʨ ʧʨʦʮʝʩʫ ʪʝʧʣʦʚʽʜʜʘʯʽ ʚ ʧʫʯʢʫ ʽʟ 

ʰʘʭʦʚʠʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʪʨʫʙ ʘʥʘʣʦʛʽʯʥʠʡ ʭʘʨʘʢʪʝʨʫ ʧʨʦʮʝʩʫ ʪʝʧʣʦʚʽʜʜʘʯʽ 

ʧʦ ʦʢʨʫʞʥʦʩʪʽ ʦʜʠʥʦʯʥʦʛʦ ʮʠʣʽʥʜʨʘ. 

ʋʥʘʩʣʽʜʦʢ ʟʙʽʣʴʰʝʥʥʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʧʦʪʦʢʫ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʯʝʨʝʟ 

ʧʫʯʦʢ ʥʘʡʙʽʣʴʰʘ ʪʝʧʣʦʚʽʜʜʘʯʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʪʨʫʙ, ʧʦʯʠʥʘʶʯʠ ʟ 

ʪʨʝʪʴʦʛʦ ʨʷʜʫ (ʧʨʠʙʣʠʟʥʦ ʥʘ 40 % ʙʽʣʴʰʝ, ʥʽʞ ʫ ʪʨʫʙ ʧʝʨʰʦʛʦ ʨʷʜʫ, ʽ ʥʘ 

20é30 % ʙʽʣʴʰʝ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʫʙʘʤʠ ʜʨʫʛʦʛʦ ʨʷʜʫ). ʇʽʩʣʷ ʪʨʝʪʴʦʛʦ 

ʨʷʜʫ ʪʫʨʙʫʣʝʥʪʥʩ̔ʪʴ ʧʦʪʦʢʫ ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʭʘʨʘʢʪʝʨʫ ʧʫʯʢʘ, 

ʧʨʠ ʮʴʦʤʫ ʯʝʨʝʟ ʢʨʘʱʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʯʘʩʪʦʢ ʨʽʜʠʥʠ ʘʙʩʦʣʶʪʥʝ ʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʽʜʜʘʯʽ ʧʨʠ ʰʘʭʦʚʦʤʫ ʨʦʟʪʘʰʫʚʘʥʥʽ ʪʨʫʙ ʚʠʱʝ, ʥʽʞ ʧʨʠ 

ʢʦʨʠʜʦʨʥʦʤʫ. ʇʦʪʨʽʙʥʦ ʤʘʪʠ ʥʘ ʫʚʘʟʽ, ʱʦ ʧʨʠ ʚʠʙʦʨʽ ʢʦʤʧʦʥʫʚʘʥʥʷ ʧʫʯʢʘ 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʪʘʢʦʞ ʡʦʛʦ ʛʘʙʘʨʠʪʠ, ʚʝʣʠʯʠʥʫ ʛʽʜʨʘʚʣʽʯʥʠʭ ʦʧʦʨʽʚ 

ʽ ʟʘʩʤʽʯʝʥʥʷ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʫʟʘʛʘʣʴʥʝʥʥʷ ʙʘʛʘʪʴʦʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘʩʪʫʧʥʽ ʬʦʨʤʫʣʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʩʝʨʝʜʥʴʦʾ ʪʝʧʣʦʚʽʜʜʘʯʽ 

ʪʨʫʙ ʪʨʝʪʴʦʛʦ ʽ ʥʘʩʪʫʧʥʦʛʦ ʨʷʜʽʚ ʫ ʧʫʯʢʫ:  

ʜʣʷ Re=10
3
...10

5
  

ʧʨʠ ʢʦʨʠʜʦʨʥʦʤʫ ʨʦʟʪʘʰʫʚʘʥʥʽ 
 

Nu=0,26 Re
0,65 

Pr
0,33 

(Pr/Prʩʪ)
0,25

,                   (2.139) 
 

ʧʨʠ ʰʘʭʦʚʦʤʫ ʨʦʟʪʘʰʫʚʘʥʥʽ 
 

Nu=0,41 Re
0,6 

Pr
0,33 

(Pr/Prʩʪ)
0,25

.                   (2.140) 
 

ɺ ʷʢʦʩʪʽ ʚʠʟʥʘʯʘʣʴʥʦʛʦ ʨʦʟʤʽʨʫ ʮʠʭ ʬʦʨʤʫʣʘʭ ʧʨʠʡʥʷʪʦ ʟʦʚʥʽʰʥʽʡ 

ʜʽʘʤʝʪʨ ʪʨʫʙ ʧʫʯʢʘ, ʚ ʷʢʦʩʪʽ ʚʠʟʥʘʯʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ï ʩʝʨʝʜʥʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʨʽʜʠʥʠ, ʚʠʟʥʘʯʘʣʴʥʽʡ ʰʚʠʜʢʦʩʪʽ ï ʰʚʠʜʢʽʩʪʴ ʫ ʩʘʤʦʤʫ 

ʚʫʟʴʢʦʤʫ ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʨʽʟʽ ʧʫʯʢʘ. 

ʌʦʨʤʫʣʠ (2.139) ʽ (2.140) ʩʧʨʘʚʝʜʣʠʚʽ ʜʣʷ ʙʫʜʴ-ʷʢʠʭ ʨʽʜʠʥ ʽ 

ʜʦʟʚʦʣʷʶʪʴ ʟʥʘʭʦʜʠʪʠ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ Ŭ ʜʣʷ ʪʨʫʙ ʪʨʝʪʴʦʛʦ ʽ ʚʩʽʭ 

ʥʘʩʪʫʧʥʠʡ ʨʷʜʽʚ ʫ ʧʫʯʢʫ. 



 203 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʥʷ Ŭ ʪʨʫʙ ʧʝʨʰʦʛʦ ʨʷʜʫ ʧʫʯʢʘ ʧʦʪʨʽʙʥʦ 

ʟʥʘʡʜʝʥʝ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʽʜʜʘʯʽ ʜʣʷ ʪʨʫʙ ʪʨʝʪʴʦʛʦ ʨʷʜʫ 

ʧʦʤʥʦʞʠʪʠ ʥʘ ʧʦʧʨʘʚʢʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ Ů̔=0,6, ʜʣʷ ʪʨʫʙ ʜʨʫʛʦʛʦ ʨʷʜʫ ʧʨʠ ʾʭ 

ʢʦʨʠʜʦʨʥʦʤʫ ʨʦʟʪʘʰʫʚʘʥʥ ̔ ï ʥʘ Ů̔=0,9, ʘ ʧʨʠ ʰʘʭʦʚʦʤʫ ï ʥʘ Ů̔=0,7. 

ʉʝʨʝʜʥʽʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʧʫʯʢʘ ʪʨʫʙ ʫ ʮʽʣʦʤʫ ʚʠʟʥʘʯʘʶʪʴ ʰʣʷʭʦʤ 

ʫʩʝʨʝʜʥʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʟʥʘʯʝʥʴ ʧʦ ʨʷʜʘʭ ʪʨʫʙ ʟʘ ʨʽʚʥʷʥʥʷʤ 
 

n21

nn2211
ïó÷êà

SSS

SSS

+++

a++a+a
=a

...

...
,                      (2.141) 

 

ʜʝ Ŭ1, Ŭ2, ... ,Ŭʧ ï ʢʦʝʬ̔ʮʽ̒ʥʪʠ ʪʝʧʣʦʚʽʜʜʘʯʽ ʨʷʜʽʚ ʪʨʫʙ ʧʫʯʢʘ; 

S1, S2, ..., Sʧ ï ʧʣʦʱʽ ʧʦʚʝʨʭʥʽ ʥʘʛʨʽʚʘʥʥʷ ʚʩʽʭ ʪʨʫʙ ʫ ʨʷʜʽ. 

ʗʢʱʦ S1=S2=...=Sʧ, ʪʦ 
 

n

2n 321
ïó÷êà

a-+a+a
=a

)(
.                      (2.142) 

 

ɼʣʷ ʛʘʟʽʚ ʨʽʚʥʷʥʥʷ (2.139) ʽ (2.140) ʩʧʨʦʱʫʶʪʴʩʷ ʽ, ʟʦʢʨʝʤʘ, ʜʣʷ 

ʧʦʚʽʪʨʷ ʥʘʙʫʚʘʶʪʴ ʚʠʜʫ:  

ʧʨʠ ʢʦʨʠʜʦʨʥʦʤʫ ʨʦʟʪʘʰʫʚʘʥʥʽ ʪʨʫʙ 
 

Nu=0,21 Re
0,65

,                                        (2.143) 
 

ʧʨʠ ʰʘʭʦʚʦʤʫ ʨʦʟʪʘʰʫʚʘʥʥʽ 
 

Nu=0,37 Re
0,6

.                                        (2.144) 
 

ʊʝʧʣʦʚʽʜʜʘʯʫ ʧʫʯʢʽʚ ʪʨʫʙ, ʱʦ ʦʤʠʚʘʶʪʴʩʷ ʧʦʧʝʨʝʯʥʦ, ʫ ʧʨʦʤʠʩʣʦʚʠʭ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʘʭ ʫʥʘʩʣʽʜʦʢ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʝʨʭʥʽ ʥʘʛʨʽʚʘʥʥʷ ʧʨʠʡʤʘʶʪʴ ʫ 

ʩʝʨʝʜʥʴʦʤʫ ʥʘ 20 % ʥʠʞʯʝ ʨʦʟʨʘʭʫʥʢʦʚʦʾ, ʷʢʫ ʦʜʝʨʞʫʶʪʴ ʟ ʨʽʚʥʷʥʴ (2.143) 

ʽ (2.144). 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʘʚʝʜʝʥʽ ʢʨʠʪʝʨʘ̔ʣʴʥ ̔ʨʽʚʥʷʥʥʷ (2.139), (2.140) 

(2.143) ʽ (2.144) ʩʧʨʘʚʝʜʣʠʚʽ ʪʽʣʴʢʠ ʜʣʷ ʢʫʪʘ ʘʪʘʢʠ ű=90Á. ʇʨʠ ʟʥʘʯʝʥʥʽ 

ű<90Á ʨʦʟʨʘʭʫʥʢʦʚʘ ʬʦʨʤʫʣʘ ʥʘʙʫʚʘʻ ʚʠʜʫ 
 

Ŭű=ŮűŬű=90ʦ.                                           (2.145) 
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2.2.4.3 ʊʝʧʣʦʚʽʜʜʘʯʘ ʧʨʠ ʨʫʩʽ ʪʝʧʣʦʥʦʩʽʷ ʚʟʜʦʚʞ ʧʣʘʩʪʠʥʠ 
 

ʗʢʱʦ ʧʣʦʩʢʘ ʧʦʚʝʨʭʥʷ ʧʣʘʩʪʠʥʠ ʦʤʠʚʘ̒ʪɹʩʷ ʙʝʟʤʝʞʥʠʤ ʧʦʪʦʢʦʤ ʟ 

ʨʽʚʥʦʤʽʨʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʰʚʠʜʢʦʩʪʝʡ, ʪʦ, ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʧʝʨʝʜʥʴʦʛʦ ʢʨʘʁ 

ʧʣʘʩʪʠʥʠ, ʥʘ ʥʽʡ ʫʪʚʦʨʠʪʴʩʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʡ ʛʨʘʥʠʯʥʠʡ ʰʘʨ.  

ɺ ʦʩʪʘʥʥʴʦʤʫ ʚʥʘʩʣʽʜʦʢ ʪʝʨʪʷ ʰʚʠʜʢʽʩʪʴ ʨʽʜʠʥʠ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ ʰʚʠʜʢʦʩʪʽ, 

ʨʽʚʥʦʾ ʰʚʠʜʢʦʩʪʽ ʩʧʦʢʽʡʥʦʛʦ ʧʦʪʦʢʫ, ʜʦ ʥʫʣʷ. ʇʣʠʥ ʨʽʜʠʥʠ ʫ ʛʨʘʥʠʯʥʦʤʫ 

ʰʘʨʽ ʤʦʞʝ ʙʫʪʠ ʷʢ ʣʘʤʥ̔ʘʨʥʠʤ, ʪʘʢ  ̔ʪʫʨʙʫʣʝʥʪʥʠʤ. 

ʇʨʦ ʨʝʞʠʤ ʪʝʯʽʾ ʫ ʛʨʘʥʠʯʥʦʤʫ ʰʘʨʽ ʚʠʩʥʦʚʫʶʪʴ ʟʘ ʚʝʣʠʯʠʥʦ  ʁʯʠʩʣʘ 

ʈʝʡʥʦʣʴʜʩʘ. ʊʘʢ, ʣʘʤ̔ʥʘʨʥʠʡ ʨʝʞʠʤ ʧʣʠʥʫ ʫ ʛʨʘʥʠʯʥʦʤʫ ʰʘʨʽ ʤʘʻ ʤʽʩʮʝ ʚ 

ʟ̔ʦʪʝʨʤʥʠʭ ʧʦʪʦʢʘʭ ʧʨʠ Re<5Ĭ10
5
, ʘ ʚ ʥʝʟ̔ʦʪʝʨʤʥʠʭ ï ʧʨʠ Re<4Ĭ10

4
, ʽ 

ʨʫʡʥʫʚʘʥʥʷ ʣʘʤʽʥʘʨʥʦʛʦ ʰʘʨʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʫʧʝʥʷ ʪʫʨ6ʫʣʝʥʪʥʦʩʪ̔ 

ʧʦʪʦʢʫ, ʱʦ ʥʘʙʽʛʘʻ. ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ ʤʽʞ ʧʦʪʦʢʦʤ ʨʽʜʠʥʠ 

ʽ ʧʣʘʩʪʠʥʦʶ ʙʽʣʷ ʧʦʚʝʨʭʥʽ ʦʩʪʘʥʥʽʡ, ʢʨʽʤ ʛʜ̔ʨʦʜʠʥʘʤʽʯʥʦʛʦ, ʚʠʥʠʢʘʻ ʪʘʢʦʞ 

ʽ ʪʝʧʣʦʚʠʡ ʛʨʘʥʠʯʥʠʡ ʰʘʨ. ʋ ʤʝʞʘʭ ʪʝʧʣʦʚʦʛʦ ʧʨʠʤʝʞʝʚʦʛʦ ʰʘʨʫ 

ʪʝʤʧʝʨʘʪʫʨʘ ʨʽʜʠʥʠ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʪʦʢʫ ʫʜʘʣʠʥʽ ʚʽʜ 

ʧʣʘʩʪʠʥʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ, ʨʽʚʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʧʦʚʝʨʭʥʽ ʧʣʘʩʪʠʥʠ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʽʜʜʘʯʽ ʧʣʘʩʪʠʥʠ, ʷʢʘ 

ʦʤʠʚʘʻʪʴʩʷ ʧʦʟʜʦʚʞʥʽʤ ʧʦʪʦʢʦʤ ʨʽʜʠʥʠ ʧʨʠ ʣʘʤʽʥʘʨʥʦʤʫ ʨʝʞʠʤʽ ʫ 

ʛʨʘʥʠʯʥʦʤʫ ʰʘʨʽ, ʤʦʞʥʘ ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʥʘʩʪʫʧʥʽ ʥʘʙʣʠʞʝʥʽ ʬʦʨʤʫʣʠ:  

ʧʨʠ Re<4Ĭ10
4
 

 

Nu=0,66 Re
0,5 

Pr
0,33 

(Pr/Prʩʪ)
0,25

.                   (2.146) 
 

ɼʣʷ ʧʦʚʽʪʨʷ ʨʽʚʥʷʥʥʷ (2.146) ʧʨʠ Re<4Ĭ10
4
 ʤʘʻ ʚʠʜ 

 

Nu=0,57 Re
0,5

.                                      (2.147) 
 

ʋ ʨʽʚʥʷʥʥʷʭ (2.146) ʽ (2.147) ʟʘ ʚʠʟʥʘʯʘʣʴʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʠʡʥʷʪʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʪʦʢʫ, ʱʦ ʥʘʙʽʛʘʻ, (Prʩʪ ʙʝʨʝʪʴʩʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨʦʶ ʩʪʽʥʢʠ); 

ʟʘ ʚʠʟʥʘʯʘʣʴʥʫ ʰʚʠʜʢʽʩʪʴ ï ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ, ʱʦ ʥʘʙʽʛʘʻ; ʟʘ 

ʚʠʟʥʘʯʘʣʴʥʠʡ ʨʦʟʤʽʨ ï ʜʦʚʞʠʥʘ ʧʣʘʩʪʠʥʠ ʟʘ ʥʘʧʨʷʤʢʦʤ ʧʦʪʦʢʫ. ɺʧʣʠʚ 

ʚʽʣʴʥʦʾ ʢʦʥʚʝʢʮʽʾ ʥʘ ʪʝʧʣʦʚʽʜʜʘʯʫ ʚ ʮʠʭ ʬʦʨʤʫʣʘʭ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ. 

ʇʨʠ ʪʫʨʙʫʣʝʥʪʥʦʤʫ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʤʫ ʛʨʘʥʠʯʥʦʤʫ ʰʘʨʽ ʙʽʣʷ 

ʧʦʚʝʨʭʥʽ ʧʣʘʩʪʠʥʠ ʫʪʚʦʨʶʪ̒ʴʩʷ ʪʦʥʢʠʡ ʰʘʨ ʨʽʜʠʥʠ ʟ ʣʘʤʽʥʘʨʥʠʤ ʨʝʞʠʤʦʤ 

ʨʫʭʫ, ʷʢʠʡ ʥʘʟʠʚʘʻʪʴʩʷ ʣʘʤ̔ʥʘʨʥʠʤ ʧʽʜʰʘʨʦʤ, ʫ ʷʢʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʦʩʥʦʚʥʘ ʟʤʽʥʘ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ. ʊʘʢʦʞ ʫ ʣʘʤʽʥʘʨʥʦʤʫ ʧʽʜʰʘʨʽ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʤʘʡʞʝ ʚʩʽ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʜʠʥʠ, ʱʦ ʨʫʭʘʻʪʴʩʷ, ʪʦʙʪʦ 
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ʣʘʤʽʥʘʨʥʠʡ ʧʽʜʰʘʨ ʷʚʣʷʻ ʩʦʙʦʶ ʛʦʣʦʚʥʠʡ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʡ ʽ ʪʝʨʤʽʯʥʠʡ 

ʦʧʽʨ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʽʜʜʘʯʽ ʢʨʘʧʣʠʥʥʠʭ 

ʨʽʜʠʥ ʧʨʠ ʪʫʨʙʫʣʝʥʪʥʦʤʫ ʛʨʘʥʠʯʥʦʤʫ ʰʘʨʽ ʙʽʣʷ ʧʦʚʝʨʭʥʽ ʧʣʘʩʪʠʥʠ 

ʨʝʢʦʤʝʥʜʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʨʽʚʥʷʥʥʷ: 

ʧʨʠ Re>4Ĭ10
4
 

 

Nu=0,037 Re
0,8 

Pr
0,43 

(Pr/Prʩʪ)
0,25

.                   (2.148) 
 

ɼʣʷ ʧʦʚʽʪʨʷ ʨʽʚʥʷʥʥʷ (2.148) ʩʧʨʦʱʫʻʪʴʩʷ ʽ ʥʘʙʫʚʘʻ ʚʠʜʫ 
 

Nu=0,032 Re
0,8

.                                      (2.149) 
 

3ʘ ʚʠʟʥʘʯʘʣʴʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʠʡʤʘʶʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʨʽʜʠʥʠ 

ʫʜʘʣʠʥʽ ʚʽʜ ʧʣʘʩʪʠʥʠ, ʟʘ ʚʠʟʥʘʯʘʣʴʥʠʡ ʨʦʟʤʽʨ ʙʝʨʝʪʴʩʷ ʜʦʚʞʠʥʘ ʧʣʘʩʪʠʥʠ 

ʟʘ ʥʘʧʨʷʤʢʦʤ ʧʦʪʦʢʫ. 

ɼʦʩʚʽʜʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʨʠ ʨʦʟʚʠʪʦʤʫ ʪʫʨʙʫʣʝʥʪʥʦʤʫ ʧʣʠʥʽ ʨʽʜʠʥʠ 

ʪʝʧʣʦʚʽʜʜʘʯʘ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʠʩʣʘ Gr ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʫ ʧʝʨʝʜʘʯʽ ʚʩʽ̒ʾ 

ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʪʠ ʙʝʨʝ ʫʯʘʩʪʴ ʪʽʣʴʢʠ ʚʠʤʫʰʝʥʘ ʢʦʥʚʝʢʮʽʷ. 

 

 

2.2.5 ʇʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʶ 

 

1 ʉʬʦʨʤʫʣʶʡʪʝ ʦʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʽ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ. 

2 ʗʢ ʬʦʨʤʫʣʶʻʪʴʩʷ ʦʩʥʦʚʥʠʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ-ʈʽʭʤʘʥʘ? 

3 ʉʬʦʨʤʫʣʶʡʪʝ ʬ̔ ʟʠʯʥʠʡ ʟʤʽʩʪ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʽʜʜʘʯʽ. 

4 ʇʦʷʩʥ̔ʪɹ , ʷʢ ʚʧʣʠʚʘʻ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʽʣʘ ʫ ʧʨʦʩʪʦʨʽ  

ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʝʧʣʦʦʙʤʽʥʫ ʧʨʠ ʚʽʣʴʥʽʡ ʢʦʥʚʝʢʮʽʾ? 

5 ʗʢʽ ʢʨʠʪʝʨʽʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʨʠ ʢʦʥʚʝʢʪʠʚʥʦʤʫ ʪʝʧʣʦʦʙʤʽʥʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʽʣʴʥʠʡ ʨʫʭ ʩʝʨʝʜʦʚʠʱʘ? ʇʦʷʩʥʽʪʴ ʨʽʚʥʷʥʥʷ. 

6 ʗʢʽ ʢʨʠʪʝʨʽʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʨʠ ʢʦʥʚʝʢʪʠʚʥʦʤʫ ʪʝʧʣʦʦʙʤʽʥʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʠʤʫʰʝʥʠʡ ʨʫʭ ʩʝʨʝʜʦʚʠʱ ʫ ʪʨʫʙʘʭ ʽ ʢʘʥʘʣʘʭ? ʇʦʷʩʥʠʪʠ 

ʨʽʚʥʷʥʥʷ. 

7 ɿʘ ʨʘʭʫʥʦʢ ʯʦʛʦ ʤʦʞʥʘ ʽʥʪʝʥʩʠʬʽʢʫʚʘʪʠ ʚʠʤʫʰʝʥʫ ʢʦʥʚʝʢʮʽʶ  

ʫ ʪʨʫʙʘʭ ʽ ʢʘʥʘʣʘʭ? 

8 ɿʘ ʨʘʭʫʥʦʢ ʯʦʛʦ ʤʦʞʥʘ ʽʥʪʝʥʩʠʬʽʢʫʚʘʪʠ ʚʽʣʴʥʫ ʢʦʥʚʝʢʮʽʶ? 

9 ʇʦʨʷʜʦʢ ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʽʜʜʘʯʽ ʧʨʠ ʚʽʣʴʥʽʡ 

ʢʦʥʚʝʢʮʽʾ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ. 
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10 ɺʠʟʥʘʯʠʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʩʪʽʥʢʠ ʚ ʫʤʦʚʘʭ ʢʦʥʚʝʢʪʠʚʥʦʛʦ 

ʪʝʧʣʦʦʙʤʽʥʫ. 

11 ʅʘʟʚʽʪʴ ʦʩʥʦʚʥʽ ʪʝʦʨʝʤʠ ʪʝʦʨʽʾ ʧʦʜʦʙʠ. 

12 ʅʘʟʚʽʪʴ ʦʩʥʦʚʥ ̔ʨʝʞʠʤʠ ʨʫʭʫ ʨʽʜʠʥʠ. 

 

 

2.3  ʊʝʧʣʦʦʙʤʽʥ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ 
 

2.3.1  ɿʘʛʘʣʴʥʽ ʧʦʣʦʞʝʥʥ ̫

 

ʇʨʦʤʝʥʠʩʪʘ ʝʥʝʨʛʽʷ ʚʠʥʠʢʘʻ ʟʘ ʨʘʭʫʥʦʢ ʝʥʝʨʛʽʾ ʽʥʰʠʭ ʚʠʜʽʚ ʫ 

ʨʝʟʫʣʴʪʘʪʽ ʩʢʣʘʜʥʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʽ ʚʥʫʪʨʽʰʥʴʦʘʪʦʤʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʇʨʠʨʦʜʘ ʚʩʽʭ ʧʨʦʤʝʥʽʚ ʦʜʥʘʢʦʚʘ. ɺʦʥʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ 

ʭʚʠʣʽ, ʱʦ ʧʦʰʠʨʶʶʪʴʩʷ ʫ ʧʨʦʩʪʦʨʽ. ɼʞʝʨʝʣʦʤ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʻ ʚʥʫʪʨʽʰʥʷ ʝʥʝʨʛʽʷ ʥʘʛʨʽʪʦʛʦ ʪʽʣʘ. ʂʽʣʴʢʽʩʪʴ ʧʨʦʤʝʥʠʩʪʦʾ ʝʥʝʨʛʽʾ ʚ 

ʦʩʥʦʚʥʦʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʪʽʣʘ, ʷʢʝ 

ʚʠʧʨʦʤʽʥʶ.̒  

ʇʨʠ ʧʝʨʝʥʝʩʝʥʥʽ ʪʝʧʣʦʪʠ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ ʽ ʢʦʥʚʝʢʮʽʻʶ ʥʝʦʙʭʽʜʥʘ 

ʥʘʷʚʥʽʩʪʴ ʬʽʟʠʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʇʝʨʝʥʝʩʝʥʥʷ ʪʝʧʣʦʪʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ 

ʥʝ ʧʦʪʨʝʙʫʻ ʦʙʦʚôʷʟʢʦʚʦʾ ʥʘʷʚʥʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ ʤʽʞ ʦʙôʻʢʪʘʤʠ ʽ ʤʦʞʝ ʙʝʟ 

ʧʝʨʝʰʢʦʜ ʧʨʦʭʦʜʠʪʠ ʯʝʨʝʟ ʜʽʘʪʝʨʤʽʯʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʚʘʢʫʫʤ ʪʘ ʽʥ. 

ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʭʚʠʣʽ ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʟʘ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ. 

ʋ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ɚ ʧʨʦʤʝʥʽ ʤʘʶʪʴ ʨʽʟʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ʅʘʡʤʝʥʰʫ ʜʦʚʞʠʥʫ ʭʚʠʣʽ ʤʘʶʪʴ ʢʦʩʤʽʯʥʽ ʧʨʦʤʝʥʽ ɚ=0,1ï10 ¡ (ʜʝ ¡ ï 

ʘʥʛʩʪʨʝʤ, ʦʜʠʥʠʮʷ ʜʦʚʞʠʥʠ, 1 ¡=10
-10 
ʤ). ɻʘʤʤʘ-ʧʨʦʤʝʥʽ, ʱʦ 

ʚʠʧʨʦʤʽʥʶʶʪʴʩʷ ʨʘʜʽʦʘʢʪʠʚʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ, ʤʘʶʪʴ ʜʦʚʞʠʥʫ ʭʚʠʣʽ ʜʦ 

10 ¡; ʧʨʦʤʝʥʽ ʈʝʥʪʛʝʥʘ ï ɚ=10-200 ¡; ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʽ ʧʨʦʤʝʥʽ ï ɚ=200 ¡ ï 

0,4 ʤʢ (ʜʝ ʤʢ ï ʤʽʢʨʦʥ, 1 ʤʢ=1 ʤʢʤ=0,001 ʤʤ=10
-6
 ʤ), ʩʚʽʪʣʦʚʽ ʧʨʦʤʝʥʽ ï 

ɚ=0,4ï0,8 ʤʢ, ʽʥʬʨʘʯʝʨʚʦʥʽ ʯʠ ʪʝʧʣʦʚʽ ʧʨʦʤʝʥʽ ï ɚ=0,8ï400 ʤʢ, ʨʘʜʽʦ ʯʠ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʧʨʦʤʝʥʽ ï ɚ>400 ʤʢ. ɯʟ ʫʩʽʭ ʧʨʦʤʝʥʽʚ ʥʘʡʙʽʣʴʰʠʡ ʽʥʪʝʨʝʩ 

ʜʣʷ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʚʠʢʣʠʢʘʶʪʴ ʪʝʧʣʦʚʽ ʧʨʦʤʝʥʽ ʟ ɚ=0,8ï40 ʤʢ. 

ɺʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʣʘʩʪʠʚʝ ʚʩʽʤ ʪʽʣʘʤ, ʽ ʢʦʞʥʝ ʟ ʥʠʭ ʚʠʧʨʦʤʽʥʶʻ ʽ 

ʧʦʛʣʠʥʘʻ ʝʥʝʨʛʽʶ ʙʝʟʫʧʠʥʥʦ, ʷʢʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʡʦʛʦ ʥʝ ʜʦʨʽʚʥʶʻ 0 ʂ. ʇʨʠ 

ʦʜʥʘʢʦʚʠʭ ʯʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʤʽʞ ʪʽʣʘʤʠ, ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʷʢ ʟʘʚʛʦʜʥʦ 

ʫ ʧʨʦʩʪʦʨʽ, ʽʩʥʫʻ ʙʝʟʫʧʠʥʥʠʡ ʧʨʦʤʝʥʠʩʪʠʡ ʪʝʧʣʦʦʙʤʽʥ.  

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʥʽʡ ʨʽʚʥʦʚʘʟʽ ʪʽʣ ʢʽʣʴʢʽʩʪʴ ʧʨʦʤʝʥʠʩʪʦʾ ʝʥʝʨʛʽʾ, ʱʦ 

ʚʽʜʜʘʻʪʴʩʷ, ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ ʢʽʣʴʢʦʩʪʽ ʧʨʦʤʝʥʠʩʪʦʾ ʝʥʝʨʛʽʾ, ʱʦ 
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ʧʦʛʣʠʥʘʻʪʴʩʷ. ʉʧʝʢʪʨ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʙʽʣʴʰʦʩʪʽ ʪʚʝʨʜʠʭ ʽ ʨʽʜʢʠʭ ʪʽʣ 

ʙʝʟʫʧʠʥʥʠʡ. ʎʽ ʪʽʣʘ ʚʠʧʫʩʢʘʶʪʴ ʧʨʦʤʝʥʽ ʚʩʽʭ ʜʦʚʞʠʥ ʭʚʠʣʴ ʚʽʜ ʤʘʣʠʭ ʜʦ 

ʚʝʣʠʢʠʭ. 

ʉʧʝʢʪʨ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʛʘʟʽʚ ʤʘʻ ʣʽʥʽʡʯʘʪʠʡ ʭʘʨʘʢʪʝʨ. ɻʘʟʠ 

ʚʠʧʫʩʢʘʶʪʴ ʧʨʦʤʝʥʽ ʥʝ ʚʩʽʭ ʜʦʚʞʠʥ ʭʚʠʣʴ. ʊʘʢʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʥʘʟʠʚʘʻʪʴʩʷ ʩʝʣʝʢʪʠʚʥʠʤ (ʚʠʙ̔ʨʢʦʚʠʤ). ɺʠʧʨʦʤʽʥʶʚʘʥʥʷ ʛʘʟʽʚ ʤʘʻ 

ʦʙ'ʻʤʥʠʡ ʭʘʨʘʢʪʝʨ. 

ʋ ʪʝʧʣʦʪʝʭʥʽʮ ̔ ʚ ʦʩʥʦʚʥʦʤʫ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʣʠʰʝ 

ʪʚʝʨʜʠʭ ʪʽʣ ʽ ʛʘʟʽʚ, ʪʦʤʫ ʱʦ ʨʽʜʠʥʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʷʢʠʤ 

ʚʽʜʧʦʚʽʜʘʻ ʜʦʩʠʪʴ ʚʠʩʦʢʘ ʛʫʩʪʠʥʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʽ ʚʦʥʠ ʧʨʠ ʮʴʦʤʫ 

ʤʦʞʫʪʴ ʟʥʘʭʦʜʠʪʠʩʷ ʪʽʣʴʢʠ ʚ ʛʘʟʦʧʦʜʽʙʥʦʤʫ ʩʪʘʥʽ. 

ʊʝʧʣʦʚʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢ ʧʨʦʮʝʩ ʧʦʰʠʨʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ 

ʭʚʠʣʴ, ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ ɚ (ʫ ʤʝʪʨʘʭ) ʽ ʯʘʩʪʦʪʦʶ ʢʦʣʠʚʘʥʴ 

ɜ (ʫ ʛʝʨʮʘʭ). ʇʨʠ ʮʴʦʤʫ ʭʚʠʣʽ ʧʦʰʠʨʶʶʪʴʩʷ ʟʽ ʰʚʠʜʢʩ̔ʪʶ ʩʚʽʪʣʘ 

ʩ=3Ĭ10
8
 ʤ/ʩ, ʘ ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ ʽ ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʟʚ'ʟ̫ʘʥʽ ʤʽʞ ʩʦʙʦʶ 

ʨʽʚʥʷʥʥʷʤ 
 

l
=n

c
.                                                    (2.150) 

 

ʉʫʤʘʨʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʧʦʚʝʨʭʥʽ ʪʽʣʘ ʚ ʫʩʽʭ ʥʘʧʨʷʤʢʘʭ 

ʥʘʧʽʚʩʬʝʨʠʯʥʦʛʦ ʧʨʦʩʪʦʨʫ ʽ ʟʘ ʚʩʤ̔ʘ ʜʦʚʞʠʥʘʤʠ ʭʚʠʣʴ ʩʧʝʢʪʨʘ ʥʘʟʠʚʘʻʪʴʩʷ 

ʽʥʪʝʛʨʘʣʴʥʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʯʠ ʧʦʚʥʠʤ ʧʨʦʤʝʥʠʩʪʠʤ ʧʦʪʦʢʦʤ, 

ʧʦʟʥʘʯʘʻʪʴʩʷ Q ʽ ʚʠʤʽʨʶʻʪʴʩʷ ʫ ʚʘʪʘʭ (ɺʪ). 

ɯʥʪʝʛʨʘʣʴʥʠʡ ʧʨʦʤʝʥʠʩʪʠʡ ʧʦʪʽʢ, ʷʢʠʡ ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ ʦʜʠʥʠʮʝʶ 

ʧʦʚʝʨʭʥʽ ʚ ʫʩʽʭ ʥʘʧʨʷʤʢʘʭ, ʥʘʟʠʚʘʻʪʴʩʷ ʛʫʩʪʠʥʦʶ ʽʥʪʝʛʨʘʣʴʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽ ʧʦʟʥʘʯʘʻʪʴʩʷ ɽ 
 

ɽ = Q / F,                                                    (2.151) 
 

ʜʝ Q ï ʧʦʚʥʠʡ ʧʨʦʤʝʥʠʩʪʠʡ ʧʦʪ̔ʢ, ɺʪ; 

F ï ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ, ʤ
2
. 

ɻʫʩʪʠʥʘ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ɽ ʚʠʤʽʨʶʻʪʴʩʷ ʫ ʚʘʪʘʭ ʥʘ 

ʤʝʪʨ ʫ ʢʚʘʜʨʘʪʽ (ɺʪ/ʤ
2
). 

ʂʦʞʥʝ ʪʽʣʦ ʟʜʘʪʥʝ ʥʝ ʪʽʣʴʢʠ ʚʠʧʨʦʤʽʥʶʚʘʪʠ, ʘʣʝ ʽ ʚʽʜʙʠʚʘʪʠ, 

ʧʦʛʣʠʥʘʪʠ ʽ ʧʨʦʧʫʩʢʘʪʠ ʯʝʨʝʟ ʩʝʙʝ ʧʨʦʤʝʥʽ, ʱʦ ʧʘʜʘʶʪ ɹʚʽʜ ʽʥʰʦʛʦ ʪʽʣʘ. 

ʇʦʟʥʘʯʠʤʦ ʟʘʛʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʧʨʦʤʝʥʠʩʪʦʾ ʝʥʝʨʛʽʾ, ʱʦ ʧʘʜʘʻ ʥʘ ʪʽʣʦ, ʯʝʨʝʟ 

Q, ʯʘʩʪʠʥʫ ʝʥʝʨʛʽʾ, ʷʢʘ ʧʦʛʣʠʥʘʪ̒ʴʩʷ ʪʽʣʦʤ, ʯʝʨʝʟ ɸ, ʯʘʩʪʠʥʫ, ʷʢʘ 
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ʚʽʜʙʠʚʘʻʪʴʩʷ, ʯʝʨʝʟ R, ʘ ʯʘʩʪʠʥʫ, ̫ ʢʘ ʧʨʦʭʦʜʠʪʴ ʢʨʽʟʴ ʪʽʣʦ, ʯʝʨʝʟ D. ʊʦʜʽ 
 

Q = QA + QR + QD                                         (2.152) 

ʘʙʦ 

A + R + D = 1.                                            (2.153) 
 

ɺʝʣʠʯʠʥʫ ɸ ʥʘʟʠʚʘʶʪʴ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʦʛʣʠʥʘʥʥʷ. ɺʽʥ ʷʚʣʷʻ ʩʦʙʦʶ 

ʚʽʜʥʦʰʝʥʥʷ ʧʨʦʤʝʥʠʩʪʦʾ ʝʥʝʨʛʽʾ, ʱʦ ʧʦʛʣʠʥʘʻʪʴʩʷ, ʜʦ ʚʩʽʻʾ ʧʨʦʤʝʥʠʩʪʦʾ 

ʝʥʝʨʛʽʾ, ʱʦ ʧʘʜʘʻ ʥʘ ʪʽʣʦ.  

ɺʝʣʠʯʠʥʫ R ʥʘʟʠʚʘʶʪʴ ʢʦʝʬʽʮʽʻʥʪʦʤ ʚʽʜʙʠʚʘʥʥʷ. R ʜʦʨʽʚʥʶʻ 

ʚʽʜʥʦʰʝʥʥ ʁʧʨʦʤʝʥʠʩʪʦʾ ʝʥʝʨʛʽʾ, ʷʢʘ ʚʽʜʙʠʚʘʻʪʴʩʷ, ʜʦ ʫʩʽʻ,ʾ ʱʦ ʧʘʜʘʻ ʥʘ 

ʪʽʣʦ.  

ɺʝʣʠʯʠʥʫ D ʥʘʟʠʚʘʶʪʴ ʢʦʝʬ̔ʮʽʻʥʪʦʤ ʧʨʦʧʫʩʢʘʥʥʷ. D ʜʦʨʽʚʥʶʻ 

ʚʽʜʥʦʰʝʥʥ ʁ ʧʨʦʤʝʥʠʩʪʦʾ ʝʥʝʨʛʽʾ, ʷʢʘ ʧʨʦʡʰʣʘ ʢʨʽʟʴ ʪʽʣʦ, ʜʦ ʚʩʽʻʾ 

ʧʨʦʤʝʥʠʩʪʦʾ ʝʥʝʨʛʽʾ, ʱʦ ʧʘʜʘʻ ʥʘ ʪʽʣʦ.  

ɼʣʷ ʙʽʣʴʰʦʩʪʽ ʪʚʝʨʜʠʭ ʪʽʣ, ʱʦ ʧʨʘʢʪʠʯʥʦ ʥʝ ʧʨʦʧʫʩʢʘʶʪʴ ʢʨʽʟʴ ʩʝʙʝ 

ʧʨʦʤʝʥʠʩʪʫ ʝʥʝʨʛʽʶ, ɸ + R = 1. 

ʗʢʱʦ ʧʦʚʝʨʭʥʷ ʧʦʛʣʠʥʘʻ ʚʩʽ ʧʨʦʤʝʥʽ, ʱʦ ʧʘʜʘʶʪ ɹʥʘ ʥʝʾ, ʪʦʙʪʦ ɸ=1, 

R=0 ʽ D=0, ʪʦ ʪʘʢʫ ʧʦʚʝʨʭʥʶ ʥʘʟʠʚʘʶʪʴ ʘʙʩʦʣʶʪʥʦ ʯʦʨʥʦ.ʁ  

ʗʢʱʦ ʧʦʚʝʨʭʥʷ ʚʽʜʙʠʚʘʻ ʮʽʣʢʦʤ ʫʩʽ ʧʨʦʤʝʥʽ, ʱʦ ʧʘʜʘʶʪ ɹʥʘ ʥʝʾ, ʪʦ 

ʪʘʢʫ ʧʦʚʝʨʭʥʶ ʥʘʟʠʚʘʶʪʴ ʘʙʩʦʣʶʪʥʦ ʙʽʣʦʶ. ʇʨʠ ʮʴʦʤʫ R=1, ɸ=0, D=0.  

ʗʢʱʦ ʪʽʣʦ  ̒ʘʙʩʦʣʶʪʥʦ ʧʨʦʟʦʨʠʤ ʜʣʷ ʪʝʧʣʦʚʠʭ ʧʨʦʤʝʥʽʚ, ʪʦ D=1, 

R=0 ʽ A=0. ʊʘʢʝ ʪʽʣʦ ʥʘʟʠʚʘʻʪʴʩʷ ʘʙʩʦʣʶʪʥʦ ʧʨʦʟʦʨʠʤ ʘʙʦ 

ʜʽʘʪʝʨʤʽʯʥʠʤ. 

ʗʢʱʦ ʧʦʚʝʨʭʥʷ ʚʽʜʙʠʚʘʻ ʧʨʦʤʝʥʽ ʧʽʜ ʪʠʤ ʞʝ ʢʫʪʦʤ, ʧʽʜ ʷʢʠʤ ʚʦʥʠ 

ʧʘʜʘʶʪʴ ʥʘ ʥʝʾ, ʪʦ ʪʘʢʫ ʧʦʚʝʨʭʥʶ ʥʘʟʠʚʘʶʪʴ ʜʟʝʨʢʘʣʴʥʦʶ. ʗʢʱʦ ʧʘʜʘʶʯʠʡ 

ʧʨʦʤʽʥʴ ʧʨʠ ʚʽʜʙʠʚʘʥʥʽ ʨʦʟʱʝʧʣʶʻʪʴʩʷ ʥʘ ʙʝʟʣʽʯ ʧʨʦʤʝʥʽʚ, ʱʦ ʡʜʫʪʴ ʟʘ 

ʚʩʽʣʷʢʠʤʠ ʥʘʧʨʷʤʢʘʤʠ, ʪʦ ʪʘʢʝ ʚʽʜʙʠʚʘʥʥʷ ʥʘʟʠʚʘʶʪʴ ʜʠʬʫʟʥʠʤ ʘ 

ʧʦʚʝʨʭʥʶ ï ʤʘʪʦʚʦʶ (ʥʘʧʨʠʢʣʘʜ, ʧʦʚʝʨʭʥʷ ʢʨʝʡʜʠ). 

ʗʢʱʦ ʪʽʣʦ ʚ ʦʜʥʘʢʦʚʦʤʫ ʩʪʫʧʝʥʽ ʧʦʛʣʠʥʘʻ ʧʨʦʤʝʥʽ, ʱʦ ʧʘʜʘʶʪʴ, ʫ 

ʚʩʽʭ ʜʦʚʞʠʥʘʭ ʭʚʠʣʴ ʧʨʠ ʙʫʜ-ɹʷʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʪʦ ʚʦʥʦ ʥʘʟʠʚʘʻʪʴʩʷ 

ʩʽʨʠʤ, ʫ ʧʨʦʪʠʚʥʦʤʫ ʚʠʧʘʜʢʫ ï ʢʦʣʴʦʨʦʚʠʤ.  

ʋ ʧʨʠʨʦʜʽ ʘʙʩʦʣʶʪʥʦ ʯʦʨʥʠʭ, ʙʽʣʠʭ ʽ ʧʨʦʟʦʨʠʭ ʪʽʣ ʥʝ ʽʩʥʫʻ, ʧʨʦʪʝ 

ʧʦʥʷʪʪʷ ʧʨʦ ʥʠʭ ʻ ʜʫʞʝ ʚʘʞʣʠʚʠʤ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʟ ʨʝʘʣʴʥʠʤʠ 

ʧʦʚʝʨʭʥʷʤʠ. ʂʚʘʨʮ ʜʣʷ ʪʝʧʣʦʚʠʭ ʧʨʦʤʝʥʽʚ ʥʝʧʨʦʟʦʨʠʡ, ʘ ʜʣʷ ʩʚʽʪʣʦʚʠʭ ʽ 

ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʠʭ ʧʨʦʤʝʥʽʚ ʧʨʦʟʦʨʠʡ. ʂʘʤ'ʷʥʘ ʩʽʣʴ ʧʨʦʟʦʨʘ ʜʣʷ ʪʝʧʣʦʚʠʭ 

ʧʨʦʤʝʥʽʚ ʽ ʥʝʧʨʦʟʦʨʘ ʜʣʷ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʠʭ ʧʨʦʤʝʥʽʚ. ɺʽʢʦʥʥʝ ʩʢʣʦ 
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ʧʨʦʟʦʨʝ ʜʣʷ ʩʚʽʪʣʦʚʠʭ ʧʨʦʤʝʥʽʚ, ʘ ʜʣʷ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʠʭ ʽ ʪʝʧʣʦʚʠʭ ʤʘʡʞʝ 

ʥʝʧʨʦʟʦʨʝ. ɹʽʣʘ ʧʦʚʝʨʭʥʷ (ʪʢʘʥʠʥʘ, ʬʘʨʙʘ) ʜʦʙʨʝ ʚʽʜʙʠʚʘʻ ʣʠʰʝ ʚʠʜʠʤʽ 

ʧʨʦʤʝʥʽ, ʘ ʪʝʧʣʦʚʽ ʧʨʦʤʝʥʽ ʧʦʛʣʠʥʘʻ ʪʘʢʦʞ ʜʦʙʨʝ, ʷʢ ʽ ʪʝʤʥʘ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʚʣʘʩʪʠʚʽʩʪʴ ʪʽʣ ʧʦʛʣʠʥʘʪʠ ʯʠ ʚʽʜʙʠʚʘʪʠ ʪʝʧʣʦʚʽ ʧʨʦʤʝʥʽ ʟʘʣʝʞʘʪʴ ʚ 

ʦʩʥʦʚʥʦʤʫ ʚʽʜ ʩʪʘʥʫ ʧʦʚʝʨʭʥʽ, ʘ ʥʝ ʚʽʜ ʾʾ ʢʦʣʴʦʨʫ. ʈʝʘʣʴʥʽ ʪʽʣʘ ʧʨʠʙʣʠʟʥʦ 

ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʩʽʨʠʤʠ, ʧʨʠ ʮʴʦʤʫ ʫ ʤʝʪʘʣʽʚ ʢʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ 

(ʩʝʨʝʜʥʽʡ ʟʘ ʜʦʚʞʠʥʘʤʠ ʭʚʠʣʴ) ʟʨʦʩʪʘ ̒ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ, ʘ ʫ 

ʥʝʤʝʪʘʣʽʚ ʟʥʠʞʫʻʪʴʩʷ. 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʦʤʝʥʠʩʪʠʭ ʧʦʪʦʢʽʚ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʨʦʟʧʦʜʽʣ 

ʝʥʝʨʛʽʾ, ʱʦ ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ ʘʙʩʦʣʶʪʥʦ ʯʦʨʥʠʤ ʪʽʣʦʤ, ʟʘ ʦʢʨʝʤʠʤʠ 

ʜʦʚʞʠʥʘʤʠ ʭʚʠʣʴ ʩʧʝʢʪʨʘ. ʂʦʞʥʽʡ ʜʦʚʞʠʥʽ ʭʚʠʣʽ ʧʨʦʤʝʥʽʚ ʧʨʠ ʚʠʟʥʘʯʝʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʚʽʜʧʦʚʽʜʘʻ ʚʠʟʥʘʯʝʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ï ɯsɚ 

(ʽʥʜʝʢʩ çsèʦʟʥʘʯʘʻ, ʱʦ ʜʘʥʘ ʚʝʣʠʯʠʥʘ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʘʙʩʦʣʶʪʥʦ ʯʦʨʥʦʛʦ 

ʪʽʣʘ). ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʯʠ ʩʧʝʢʪʨʘʣʴʥʘ (ʤʦʥʦʭʨʦʤʘʪʠʯʥʘ) 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʘʙʩʦʣʶʪʥʦ ʯʦʨʥʦʛʦ ʪʽʣʘ ʷʚʣʷʻ ʩʦʙʦʶ ʛʫʩʪʠʥʫ ʧʨʦʤʝʥʠʩʪʦʛʦ 

ʧʦʪʦʢʫ ʪʽʣʘ ʜʣʷ ʜʦʚʞʠʥ ʭʚʠʣʴ ʚʽʜ ɚ ʜʦ ɚ+dɚ, ʷʢʫ ʚʽʜʥʝʩʝʥʦ ʜʦ ʽʥʪʝʨʚʘʣʫ 

ʜʦʚʞʠʥ ʭʚʠʣʴ dɚ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʪʦʙʪʦ 
 

l
=l d

sdE

sI .                                             (2.154) 

 

ɯʥʪʝʥʩʠʚʥʽʩʪ ɹ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʙʫʜʴ-ʷʢʦʛʦ ʪʽʣʘ ʚ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʜʦʨʽʚʥʶʻ ʚʽʜʥʦh ʝʥʥʁ ʛʫʩʪʠʥʠ ʽʥʪʝʛʨʘʣʴʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʘʥʦʛʦ ʪʽʣʘ ʜʦ ʜʦʚʞʠʥʠ ʭʚʠʣʽ  
 

l
=l

E
I .                                             (2.155) 

 

ɯʥʪʝʥʩʠʚʥʽʩʪ ɹʽʥʪʝʛʨʘʣʴʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʠʤʽʨʶʻʪʴʩʷ ʫ ʚʘʪʘʭ ʥʘ 

ʤʝʪʨ ʚ ʢʫʙʽ (ɺʪ/ʤ
3
). 

 

 

2.3.2  ʆʩʥʦʚʥʽ ʟʘʢʦʥʠ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

 

ɿʘʢʦʥ ʇʣʘʥʢʘ  

ɯʥʪʝʥʩʠʚʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʘʙʩʦʣʶʪʥʦ ʯʦʨʥʦʛʦ ʪʽʣʘ ɯsɚ ʽ ʙʫʜʴ-

ʷʢʦʛʦ ʨʝʘʣʴʥʦʛʦ ʪʽʣʘ ɯɚ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʜʦʚʞʠʥʠ ʭʚʠʣʽ. 
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ɸʙʩʦʣʶʪʥʦ ʯʦʨʥʝ ʪʽʣʦ ʧʨʠ ʜʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʚʠʧʫʩʢʘʻ ʧʨʦʤʝʥʽ ʚʩʽʭ 

ʜʦʚʞʠʥ ʭʚʠʣʴ ʚʽʜ ɚ=0 ʜʦ ɚ=¤. ʗʢʱʦ ʷʢʠʤ-ʥʝʙʫʜʴ ʯʠʥʦʤ ʚʽʜʦʢʨʝʤʠʪʠ 

ʧʨʦʤʝʥʽ ʟ ʨʽʟʥʠʤʠ ʜʦʚʞʠʥʘʤʠ ʭʚʠʣʴ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʽ ʚʠʤʽʨʠʪʠ ʝʥʝʨʛʽʶ 

ʢʦʞʥʦʛʦ ʧʨʦʤʝʥʷ, ʪʦ ʚʠʷʚʠʪʴʩʷ, ʱʦ ʨʦʟʧʦʜʽʣ ʝʥʝʨʛʽʾ ʫʟʜʦʚʞ ʩʧʝʢʪʨʘ 

ʥʝʧʦʩʪʽʡʥʠʡ. 

ʏʝʨʝʟ ʟʙʽʣʴʰʝʥʥʷ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʝʥʝʨʛʽʷ ʧʨʦʤʝʥʽʚ ʟʨʦʩʪʘʻ, ʧʨʠ 

ʜʝʷʢʽʡ ʜʦʚʞʠʥʽ ʭʚʠʣʽ ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʫʤʫ, ʧʦʪʽʤ ʫʙʫʚʘʻ. ʂʨʽʤ ʪʦʛʦ, ʜʣʷ 

ʧʨʦʤʝʥʷ ʦʜʥʽʻʾ ʽ ʪʽʻʾ ʞ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʡʦʛʦ ʝʥʝʨʛʽʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʽ 

ʟʨʦʩʪʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʪʽʣʘ, ʱʦ ʚʠʧʫʩʢʘʻ ʧʨʦʤʝʥʽ (ʨʠʩ. 2.17). 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2.17 ï ɿʘʣʝʞʥʽʩʪʴ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜ ʜʦʚʞʠʥʠ 

ʭʚʠʣʽ ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 
 

ʇʣʘʥʢ ʚʩʪʘʥʦʚʠʚ ʥʘʩʪʫʧʥʠʡ ʟʘʢʦʥ ʟʤʽʥʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʘʙʩʦʣʶʪʥʦ ʯʦʨʥʦʛʦ ʪʽʣʘ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʽ 

ʜʦʚʞʠʥʠ ʭʚʠʣʽ: 
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l ,                                    (2.156) 

 

ʜʝ ʝ ï ʦʩʥʦʚʘ ʥʘʪʫʨʘʣʴʥʦʛʦ ʣʦʛʘʨʠʬʤʫ;  

ʉ1=3,74Ĭ10
-16

 ɺʪ/ʤ
2
 ï ʧʝʨʰʘ ʧʦʩʪʽʡʥʘ ʇʣʘʥʢʘ; 

ʉ2=1,44Ĭ10
-2
 ʤĀʂ ï ʜʨʫʛʘ ʧʦʩʪʽʡʥʘ ʇʣʘʥʢʘ; 

ɚ ï ʜʦʚʞʠʥʘ ʭʚʠʣʽ, ʤ; 

ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ ʪʽʣʘ, ʷʢʝ ʚʠʧʨʦʤʽʥʶʻ, ʂ. 

ɿ ʨʠʩʫʥʢʫ 2.17 ʚʠʜʥʦ, ʱʦ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ɯsɚ ʟʨʦʩʪʘʻ ʚʽʜ ʥʫʣʷ (ʧʨʠ ɚ=0) ʜʦ ʩʚʦʛʦ ʥʘʡʙʽʣʴʰʦʛʦ 
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ʟʥʘʯʝʥʥʷ, ʘ ʧʦʪʽʤ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ ʥʫʣʷ (ʧʨʠ ɚ=¤). ʇʨʠ ʧʽʜʚʠʱʝʥʥʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʣʷ ʢʦʞʥʦʾ ʜʦʚʞʠʥʠ ʭʚʠʣʽ 

ʟʨʦʩʪʘʻ. 

ɿʘʢʦʥ ʟʩʫʚʫ ɺʽʥʘ  

ɿ ʨʠʩʫʥʢʫ 2.17 ʚʠʧʣʠʚʘʻ, ʱʦ ʤʘʢʩʠʤʫʤʠ ʢʨʠʚʠʭ ʽʥʪʝʥʩʠʚʥʦʩʪ ̔

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ɯsɚ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʟʤʽʱʘʶʪʴʩʷ ʫʙʽʢ ʙʽʣʴʰ 

ʢʦʨʦʪʢʠʭ ʭʚʠʣʴ. ɼʦʚʞʠʥʘ ʭʚʠʣʽ ɚmax s, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʤʘʢʩʠʤʘʣʴʥʦʤʫ 

ʟʥʘʯʝʥʥʶ ɯsɚ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʢʦʥʦʤ ʟʩʫʚʫ ɺ̔ʥʘ: 
 

ɚmax s=2,9/ʊ.                                         (2.157) 
 

ʊʦʙʪʦ ʟʛʽʜʥʦ ʽʟ ʟʘʢʦʥʦʤ ɺ̔ʥʘ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʊ 

ʜʦʚʞʠʥʘ ʭʚʠʣʽ ɚmax s ʟʤʝʥʰʫʻʪʴʩʷ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʜʘʥʦʛʦ ʟʘʢʦʥʫ ʟʩʫʚʫ ɺ̔ʥʘ ʤʦʞʥʘ ʚʠʤʽʨʶʚʘʪʠ ʚʠʩʦʢʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʽʣ ʥʘ ʚʽʜʩʪʘʥʽ, ʥʘʧʨʠʢʣʘʜ, ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʧʣʘʚʣʝʥʠʭ 

ʤʝʪʘʣʽʚ, ʢʦʩʤʽʯʥʠʭ ʪʽʣ ʡ ʽʥ. 

ɿʘʢʦʥ ʉʪʝʬʘʥʘ-ɹʦʣʴʮʤʘʥʘ 

ʇʣʘʥʢ ʚʩʪʘʥʦʚʠʚ, ʱʦ ʢʦʞʥʽʡ ʜʦʚʞʠʥʽ ʭʚʠʣʽ ʚʽʜʧʦʚʽʜʘʻ ʧʝʚʥʘ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʘʙʩʦʣʶʪʥʦ ʯʦʨʥʦʛʦ ʪʽʣʘ (ʜʠʚ. ʨʽʚʥʷʥʥʷ 

(2.156)), ʱʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ. ʊʝʧʣʦʚʠʡ ʧʦʪʽʢ, ʷʢʠʡ 

ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ ʦʜʠʥʠʮʝʶ ʧʦʚʝʨʭʥʽ ʯʦʨʥʦʛʦ ʪʽʣʘ ʚ ʽʥʪʝʨʚʘʣʽ ʜʦʚʞʠʥ ʭʚʠʣʴ 

ʚʽʜ ɚ ʜʦ ɚ+dɚ, ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʠʡ ʟ ʨʽʚʥʷʥʥʷ (2.154) 
 

l= Öl ddE sIs .                                 (2.158) 

 

ʇʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ ʚ ʨʽʚʥʷʥʥʷ (2.158) ʟʘʢʦʥʫ ʇʣʘʥʢʘ ʡ ʽʥʪʝʛʨʫʚʘʥʥʷ ʚ 

ʤʝʞʘʭ ʚʽʜ ɚ=0 ʜʦ ɚ=¤ ʦʪʨʠʤʘʻʤʦ, ʱʦ ʛʫʩʪʠʥʘ ʽʥʪʝʛʨʘʣʴʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʘʙʩʦʣʶʪʥʦ ʯʦʨʥʦʛʦ ʪʽʣʘ Es ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʘ 

ʯʝʪʚʝʨʪʦʤʫ ʩʪʝʧʝʥʶ ʡʦʛʦ ʘʙʩʦʣʶʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ (ʟʘʢʦʥ ʉʪʝʬʘʥʘ-

ɹʦʣʴʮʤʘʥʘ) 
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ʜʝ ʉs=5,67 ɺʪ/(ʤ
2
Āʂ

4
) ï ʢʦʝʬʽʮʽʻʥʪ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʘʙʩʦʣʶʪʥʦ 

ʯʦʨʥʦʛʦ ʪʽʣʘ. 

ʋʩʽ ʨʝʘʣʴʥʽ ʪʽʣʘ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʪʝʭʥʽʮ,̔ ʥʝ ʻ ʘʙʩʦʣʶʪʥʦ 
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ʯʦʨʥʠʤʠ ʽ ʧʨʠ ʦʜʥʽʡ ʽ ʪʽʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʽ ʚʠʧʨʦʤʽʥʶʶʪʴ ʤʝʥʰʝ ʝʥʝʨʛʽʾ, 

ʯʠʤ ʘʙʩʦʣʶʪʥʦ ʯʦʨʥʝ ʪʽʣʦ. ɺʠʧʨʦʤʽʥʶʚʘʥʥʷ ʨʝʘʣʴʥʠʭ ʪʽʣ, ʷʢ ʘʙʩʦʣʶʪʥʦ 

ʯʦʨʥʦʛʦ, ʪʘʢʦʞ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʜʦʚʞʠʥʠ ʭʚʠʣʽ. ʑʦʙ ʟʘʢʦʥʠ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʯʦʨʥʦʛʦ ʪʽʣʘ ʤʦʞʥʘ ʙʫʣʦ ʟʘʩʪʦʩʫʚʘʪʠ ʜʣʷ ʨʝʘʣʴʥʠʭ ʪʽʣ, 

ʚʚʝʜʝʥʦ ʧʦʥʷʪʪʷ ʧʨʦ ʩʽʨʝ ʪʽʣʦ ʽ ʩʽʨʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʇʽʜ ʩʽʨʠʤ 

ʨʦʟʫʤʽʶʪʴ ʪʘʢʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢʝ ʘʥʘʣʦʛʽʯʥʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʶ ʯʦʨʥʦʛʦ 

ʪʽʣʘ ʤʘʻ ʙʝʟʧʝʨʝʨʚʥʠʡ ʩʧʝʢʪʨ, ʘʣʝ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʤʝʥʽʚ ʜʣʷ ʢʦʞʥʦʾ 

ʜʦʚʞʠʥʠ ʭʚʠʣʽ ɯɚ ʧʨʠ ʙʫʜʴ-ʷʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʩʢʣʘʜʘʻ ʥʝʟʤʽʥʥʫ ʯʘʩʪʢʫ ʚʽʜ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʘʙʩʦʣʶʪʥʦ ʯʦʨʥʦʛʦ ʪʽʣʘ ɯsɚ, ʪʦʙʪʦ ʽʩʥʫʻ 

ʚʽʜʥʦʰʝʥʥʷ 
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l .                                  (2.160) 

 

ɺʝʣʠʯʠʥʫ Ů ʥʘʟʠʚʘʶʪʴ ʩʪʫʧʝʥʝʤ ʯʦʨʥʦʪʠ. ʉʪʫʧ̔ʥʴ ʯʦʨʥʦʪʠ ï ʮʝ 

ʚʽʜʥʦʰʝʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʽʨʦʛʦ ʪʽʣʘ ʜʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʘʙʩʦʣʶʪʥʦ ʯʦʨʥʦʛʦ ʪʽʣʘ ʧʨʠ ʪʽʡ ʩʘʤʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. ʉʪʫʧʥ̔ʴ ʯʦʨʥʦʪʠ Ů 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʽʣʘ, ʽ ʜʣʷ ʩʽʨʠʭ ʪʽʣ ʚʽʥ ʟʘʚʞʜʠ ʤʝʥʰʝ 

ʦʜʠʥʠʮʽ. ʋ ʪʘʙʣʠʮʽ ʃ.1 ʜʦʜʘʪʢʘ ʃ ʥʘʚʝʜʝʥʦ ʩʪʫʧʽʥʴ ʯʦʨʥʦʪʠ ʜʝʷʢʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. 

ɹʽʣʴʰʽʩʪʴ ʨʝʘʣʴʥʠʭ ʪʚʝʨʜʠʭ ʪʽʣ ʟ ʧʝʚʥʠʤ ʩʪʫʧʝʥʝʤ ʪʦʯʥʦʩʪʽ ʤʦʞʥʘ 

ʚʚʘʞʘʪʠ ʩʽʨʠʤʠ ʪʽʣʘʤʠ, ʘ ʾʭ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ï ʩʽʨʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ. 

ɽʥʝʨʛʽʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʽʨʦʛʦ ʪʽʣʘ ʜʦʨʽʚʥʶʻ 
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ʊʦʙʪʦ ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʩʽʨʦʛʦ ʪʽʣʘ ʩʢʣʘʜʘʻ ʯʘʩʪʢʫ, ʨʽʚʥʫ Ů 

ʚʽʜ ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʯʦʨʥʦʛʦ ʪʽʣʘ. 

ɺʝʣʠʯʠʥʫ ʉ ʥʘʟʠʚʘʶʪʴ ʢʦʝʬʽʮʽʻʥʪʦʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʽʨʦʛʦ ʪʽʣʘ ʽ 

ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʨʽʚʥʷʥʥʷʤ 
 

ʉ=Ůʉs.                                             (2.162) 
 

ɺʝʣʠʯʠʥʘ ʉ ʨʝʘʣʴʥʠʭ ʪʽʣ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʟʘʣʝʞʠʪʴ ʥʝ ʪʽʣʴʢʠ 

ʚʽʜ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʽʣʘ, ʘʣʝ ʽ ʚʽʜ ʩʪʘʥʫ ʧʦʚʝʨʭʥʽ ʯʠ ʚʽʜ ʾʾ 

ʰʦʨʩʪʢʦʩʪʽ, ʘ ʪʘʢʦʞ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʜʦʚʞʠʥʠ ʭʚʠʣʽ. ʇʨʠ ʨʦʟʨʘʭʫʥʢʘʭ 

ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʉ ʽ ʩʪʫʧʝʥʽʚ ʯʦʨʥʦʪʠ Ů ʪʽʣ ʙʝʨʫʪʴ ʟ 
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ʜʦʚʽʜʢʦʚʠʭ ʪʘʙʣʠʮʴ (ʜʠʚ. ʪʘʙʣ. ʃ.1 ʜʦʜʘʪʢʘ ʃ). 

ɿʘʢʦʥ ʂʨ̔ʭʛʦʬʘ 

ʎʝʡ ʟʘʢʦʥ ʚʩʪʘʥʦʚʣʶʻ ʢʽʣʴʢʽʩʥʠʡ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʝʥʝʨʛʽʷʤʠ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽ ʧʦʛʣʠʥʘʥʥʷ ʜʣʷ ʩʽʨʦʛʦ ʽ ʘʙʩʦʣʶʪʥʦ ʯʦʨʥʦʛʦ ʪʽʣʘ. 

ɼʣʷ ʚʩʷʢʦʛʦ ʪʽʣʘ ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʘ ɽ ̔ ʧʦʛʣʠʥʘʣʴʥʘ ɸ ʟʜʘʪʥʦʩʪʽ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʜʦʚʞʠʥʠ ʭʚʠʣʽ. ʈʽʟʥʽ ʪʽʣʘ ʤʘʶʪʴ ʨʽʟʥʽ ʟʥʘʯʝʥʥʷ 

ɽ  ̔ɸ. ɿʘʣʝʞʥʽʩʪʴ ʤʽʞ ʥʠʤʠ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʟʘʢʦʥʦʤ ʂʨ̔ʭʛʦʬʘ: 
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ɺʽʜʥʦʰʝʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʪʽʣʘ ɽ ʜʦ ʡʦʛʦ 

ʧʦʛʣʠʥʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ɸ ʦʜʥʘʢʦʚʝ ʜʣʷ ʚʩʽʭ ʩʽʨʠʭ ʪʽʣ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ 

ʧʨʠ ʦʜʥʘʢʦʚʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʽ ʜʦʨʽʚʥʶʻ ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʘʙʩʦʣʶʪʥʦ ʯʦʨʥʦʛʦ ʪʽʣʘ ʧʨʠ ʪʽʡ ʩʘʤʽʡ  ʪʝʤʧʝʨʘʪʫʨʽ. 

ɯʟ ʟʘʢʦʥʫ ʂʨ̔ʭʛʦʬʘ ʚʠʧʣʠʚʘʻ, ʱʦ ʷʢʱʦ ʪʽʣʦ ʤʘʻ ʤʘʣʫ ʧʦʛʣʠʥʘʣʴʥʫ 

ʟʜʘʪʥʽʩʪ,ɹ ʪʦ ʚʦʥʦ ʦʜʥʦʯʘʩʥʦ ʤʘʻ ʽ ʤʘʣʫ ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ 

(ʥʘʧʨʠʢʣʘʜ, ʧʦʣʽʨʦʚʘʥʽ ʤʝʪʘʣʠ). ɸʙʩʦʣʶʪʥʦ ʯʦʨʥʝ ʪʽʣʦ, ʷʢʝ ʤʘʢʩʠʤʘʣʴʥʫ 

ʧʦʛʣʠʥʘʣʴʥʫ ʟʜʘʪʥʽʩʪ,ɹ ʤʘʻ ʡ ʥʘʡʙʽʣʴʰʫ ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ. 

ɿʘʢʦʥ ʂʨ̔ʭʛʦʬʘ ʟʘʣʠʰʘʻʪʴʩʷ ʩʧʨʘʚʝʜʣʠʚʠʤ ʽ ʜʣʷ ʤʦʥʦʭʨʦʤʘʪʠʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɺʽʜʥʦʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʽʣʘ ʧʨʠ 

ʧʝʚʥʽʡ ʜʦʚʞʠʥʽ ʭʚʠʣʽ ʜʦ ʡʦʛʦ ʧʦʛʣʠʥʘʣʴʥʽʡ ʟʜʘʪʥʦʩʪʽ ʧʨʠ ʪʽʡ ʞʝ ʜʦʚʞʠʥʽ 

ʭʚʠʣʽ ʜʣʷ ʚʩʽʭ ʪʽʣ ʻ ʦʜʥʘʢʦʚʠʤ, ʷʢʱʦ ʪʽʣʘ ʟʥʘʭʦʜʷʪʴʩʷ ʧʨʠ ʦʜʥʘʢʦʚʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʽ ʯʠʩʝʣʴʥʦ ʜʦʨʽʚʥʶʻ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʘʙʩʦʣʶʪʥʦ ʯʦʨʥʦʛʦ ʪʽʣʘ ʧʨʠ ʪʽʡ ʞʝ ʜʦʚʞʠʥʽ ʭʚʠʣʽ ʽ ʪʝʤʧʝʨʘʪʫʨʽ, ʪʦʙʪʦ ʻ 

ʬʫʥʢʮʽʻʶ ʪʽʣʴʢʠ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʽ ʪʝʤʧʝʨʘʪʫʨʠ: 
 

T),f(I
A

E
 s l== l
l

l .                                   (2.164) 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʪʽʣʦ, ʷʢʝ ʚʠʧʨʦʤʽʥʶʻ ʝʥʝʨʛʽʶ ʧʨʠ ʷʢʽʡ-ʥʝʙʫʜʴ ʜʦʚʞʠʥʽ 

ʭʚʠʣʽ, ʤʘʻ ʟʜʘʪʥʽʩʪʴ ʧʦʛʣʠʥʘʪʠ ʾʾ ʧʨʠ ʮʽʡ ʞʝ ʜʦʚʞʠʥʽ ʭʚʠʣʽ. ʗʢʱʦ ʪʽʣʦ ʥʝ 

ʧʦʛʣʠʥʘʻ ʝʥʝʨʛʽʶ ʚ ʷʢʽʡʩʴ ʯʘʩʪʠʥʽ ʩʧʝʢʪʨʘ, ʪʦ ʚʦʥʦ ʚ ʮʽʡ ʯʘʩʪʠʥʽ ʩʧʝʢʪʨʘ ʽ 

ʥʝ ʚʠʧʨʦʤʽʥʶʻ. 

ɯʟ ʟʘʢʦʥʫ ʂʨ̔ʭʛʦʬʘ ʪʘʢʦʞ ʚʠʧʣʠʚʘʻ, ʱʦ ʩʪʫʧʽʥʴ ʯʦʨʥʦʪʠ ʩʽʨʦʛʦ ʪʽʣʘ Ů 

ʧʨʠ ʦʜʥʽʡ ʽ ʪʽʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʽ ʯʠʩʝʣʴʥʦ ʜʦʨʽʚʥʶʻ ʢʦʝʬʽʮʽʻʥʪʫ ʧʦʛʣʠʥʘʥʥʷ 

ɸ:  
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sss

====e
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l

l

l .                                (2.165) 

 

ɿʘʢʦʥ ʃʘʤʙʝʨʪʘ 

ʇʨʦʤʝʥʠʩʪʘ ʝʥʝʨʛʽʷ, ʷʢʘ ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ ʪʽʣʦʤ, ʧʦʰʠʨʶʻʪʴʩʷ ʫ 

ʧʨʦʩʪʦʨʽ ʟʘ ʨʽʟʥʠʤʠ ʥʘʧʨʷʤʢʘʤʠ ʟ ʨʽʟʥʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ. ɺʦʥʘ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʥʘʧʨʷʤʢʫ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʫʪʦʤ ű, ʷʢʠʡ ʮʝʡ ʥʘʧʨʷʤʦʢ ʫʪʚʦʨʶʻ ʟ 

ʥʦʨʤʘʣʣʶ ʜʦ ʧʦʚʝʨʭʥʽ. ɿʘʢʦʥ, ʱʦ ʚʩʪʘʥʦʚʣʶʻ ʟʘʣʝʞʥʽʩʪʴ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜ ʥʘʧʨʷʤʢʫ, ʥʘʟʠʚʘʻʪʴʩʷ ʟʘʢʦʥʦʤ ʃʘʤʙʝʨʪʘ. ʎʝʡ ʟʘʢʦʥ 

ʚʩʪʘʥʦʚʣʶʻ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ɽʥ ʤʘʻ ʤʽʩʮʝ ʚ ʥʘʧʨʷʤʢʫ 

ʥʦʨʤʘʣʽ ʜʦ ʧʦʚʝʨʭʥʽ. ʂʽʣʴʢʽʩʪʴ ʝʥʝʨʛʽʾ ɽű, ʷʢʘ ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ ʧʽʜ ʢʫʪʦʤ ű 

ʜʦ ʥʦʨʤʘʣʽ, ʧʨʦʧʦʨʮʽʡʥʘ ʢʦʩʠʥʫʩʫ ʢʫʪʘ ű: 
 

ɽű = ɽʥ cos ű.                                        (2.166) 
 

ʆʪʞʝ, ʥʘʡʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʝʥʝʨʛʽʾ ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ ʚ ʥʘʧʨʷʤʢʫ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʜʦ ʧʦʚʝʨʭʥʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʪʦʙʪʦ ʧʨʠ (ű=0). ɿʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ű ʢʽʣʴʢʽʩʪʴ ʧʨʦʤʝʥʠʩʪʦʾ ʝʥʝʨʛʽʾ ʟʤʝʥʰʫʻʪʴʩʷ ʽ ʧʨʠ ű=90Á 

ʜʦʨʽʚʥʶʻ ʥʫʣʶ. ɿʘʢʦʥ ʃʘʤʙʝʨʪʘ ʮʽʣʢʦʤ ʩʧʨʘʚʝʜʣʠʚʠʡ ʜʣʷ ʘʙʩʦʣʶʪʥʦ 

ʯʦʨʥʦʛʦ ʪʽʣʘ ʽ ʜʣʷ ʪʽʣ, ʱʦ ʤʘʁʪʴ ʜʠʬʫʟʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʠ ű=0ï60Á. 

ɼʣʷ ʧʦʣʽʨʦʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟʘʢʦʥ ʃʘʤʙʝʨʪʘ ʥʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ. ɼʣʷ 

ʥʠʭ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʠ ʢʫʪʽ ű>0 ʙʫʜʝ ʙʽʣʴʰʠʤ, ʥʽʞ ʫ ʥʘʧʨʷʤʢʫ, 

ʥʦʨʤʘʣʴʥʦʤʫ ʜʦ ʧʦʚʝʨʭʥʽ. 

 

 

2.3.3  ʊʝʧʣʦʦʙʤʽʥ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʤʽʞ ʪʽʣʘʤʠ 

 

ɺʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʪʠ, ʷʢʘ ʧʝʨʝʜʘʻʪʴʩʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ 

ʤʽʞ ʪʽʣʘʤʠ, ʷʚʣʷʻ ʩʦʙʦʶ ʜʫʞʝ ʩʢʣʘʜʥʫ ʟʘʜʘʯʫ, ʪʦʤʫ ʱʦ ʧʨʠ ʾʾ ʨʦʟʚôʷʟʘʥʥʽ 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʩʪʫʧʝʥʽ ʯʦʨʥʦʪʠ ʪʽʣ, ʷʢ ̔ ʙʝʨʫʪʴ  

ʫʯʘʩʪʴ ʫ ʪʝʧʣʦʦʙʤʽʥʽ, ʬʦʨʤʠ, ʨʦʟʤʽʨʠ, ʚʟʘʻʤʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʽ ʚʽʜʩʪʘʥʴ ʤʽʞ 

ʥʠʤʠ. ɸʥʘʣʽʪʠʯʥʝ ʨʽʰʝʥʥʷ ʜʘʥʦʾ ʟʘʜʘʯʽ ʤʦʞʣʠʚʦ ʣʠʰʝ ʚ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ. 

ʈʦʟʛʣʷʥʝʤʦ ʜʚʘ ʟ ʥʠʭ:  

1) ʪʽʣʘ  ʤʘʶʪʴ ʬʦʨʤʫ ʧʣʘʩʪʠʥ;  

2) ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʪʽʣ ʢʦʥʮʝʥʪʨʠʯʥʝ. 

ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʤʠ ʤʘʻʤʦ ʜʚʘ ʥʝʧʨʦʟʦʨʠʭ ʪʽʣʘ (D=0) ʫ ʬʦʨʤʽ 

ʧʣʘʩʪʠʥ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥ̔ ʧʘʨʘʣʝʣʴʥʦ ʽ ʚʽʜʦʢʨʝʤʣʝʥʽ ʜʽʘʪʝʨʤʽʯʥʠʤ 
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(ʧʨʦʟʦʨʠʤ) ʩʝʨʝʜʦʚʠʱʝʤ. ʇʣʦʱʘ ʧʦʚʝʨʭʥʽ ʧʣʘʩʪʠʥ F ʚʝʣʠʢʘ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʚʽʜʩʪʘʥʥʶ ʤʽʞ ʥʠʤʠ, ʪʦʤʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʫ ʧʨʦʩʪʽʨ ʚʽʜ ʪʦʨʮʝʚʠʭ ʢʨʘʾʚ 

ʧʣʘʩʪʠʥ ʤʦʞʥʘ ʟʥʝʚʘʞʘʪʠ. ʊʝʤʧʝʨʘʪʫʨʘ, ʧʦʚʝʨʭʥʝʚʘ ʛʫʩʪʠʥʘ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʢʦʝʬʽʮʽʻʥʪʠ ʧʦʛʣʠʥʘʥʥʷ ʽ ʩʪʫʧʝʥʽ ʯʦʨʥʦʪʠ, ʚʽʜʧʦʚʽʜʥʦ, 

ʜʦʨʽʚʥʶʶʪʴ ʊ1, ɽ1, ɸ1, Ů1 ʽ ʊ2, ɽ2, ɸ2, Ů2. ʂʦʥʚʝʢʮʽʷ ʤʽʞ ʧʦʚʝʨʭʥʷʤʠ 

ʧʣʘʩʪʠʥ ʚʽʜʩʫʪʥʷ, ʽ ʨʝʞʠʤ ʧʨʦʤʝʥʠʩʪʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʷʚʣʷʻʪʴʩʷ 

ʩʪʘʮʽʦʥʘʨʥʠʤ. ʇʨʠʡʤʝʤʦ, ʱʦ ʊ1>ʊ2.  

ɻʫʩʪʠʥʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʟʘ ʨʘʭʫʥʦʢ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʽʞ 

ʧʘʨʘʣʝʣʴʥʠʤʠ ʧʣʘʩʪʠʥʘʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ 
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CE ,                                 (2.167) 

 

ʜʝ ʉʧʨ ï ʥʘʚʝʜʝʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢʠʡ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ 
 

s21
ïð

1/C1/C1/C

1

-+
=C ,                                 (2.168) 

 

ʜʝ ʉ1, ʉ2, ʉs ï ʢʦʝʬʽʮʽʻʥʪʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 1-, 2-ʛʦ ̔ ʘʙʩʦʣʶʪʥʦ 

ʯʦʨʥʦʛʦ ʪʽʣʘ. 

ɿʘʤʽʩʪʴ ʥʘʚʝʜʝʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʨʦʟʨʘʭʫʥʢʘʭ 

ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʥʘʚʝʜʝʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʯʦʨʥʦʪʠ ʩʠʩʪʝʤʠ ʪʽʣ Ůʧʨ: 
 

ʉʧʨ = Ůʧʨ ʉs.                                           (2.169) 
 

ʂʦʝʬʽʮʽʻʥʪ ʯʦʨʥʦʪʠ ʩʠʩʪʝʤʠ ʪʽʣ Ůʧʨ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ 
 

11/1/

1

21
ïð

-e+e
=e .                                 (2.170) 

 

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʽʚʥʷʥʥʷ (2.167) ʤʘʻ ʚʠʜ: 
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ɿʛʽʜʥʦ ʟ ʨʽʚʥʷʥʥʷʤ (2.151) ʧʦʚʥʝ ʽʥʪʝʛʨʘʣʴʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ Q 

ʜʦʨʽʚʥʶʻ 
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Q=E F.                                            (2.172) 
 

ʇʦʚʥʠʡ ʧʦʪʽʢ ʪʝʧʣʦʪʠ, ʷʢʘ ʧʝʨʝʜʘʻʪʴʩʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʚʽʜ 

ʛʘʨʷʯʦʛʦ ʪʽʣʘ ʙʽʣʴʰ ʭʦʣʦʜʥʦʤʫ, ʧʨʦʧʦʨʮʽʡʥʠʡ ʧʣʦʱʽ ʧʦʚʝʨʭʥʽ ʪʽʣʘ F, 

ʥʘʚʝʜʝʥʦʤʫ ʢʦʝʬʽʮʽʻʥʪʫ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ʪʽʣ Ůʧʨ ̔ 

ʨʽʟʥʠʮʽ ʯʝʪʚʝʨʪʠʭ ʩʪʫʧʝʥʽʚ ʘʙʩʦʣʶʪʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʪʝʣ. 

ʈʦʟʛʣʷʥʝʤʦ ʜʨʫʛʠʡ ʚʠʧʘʜʦʢ, ʪʦʙʪʦ ʪʝʧʣʦʦʙʤʽʥ ʤʽʞ ʪʽʣʘʤʠ, ʢʦʣʠ ʦʜʠʥ 

ʟ ʥʠʭ (ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ F1) ʟʥʘʭʦʜʠʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʽʥʰʦʛʦ (ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ 

F2). ʇʦʚʝʨʭʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʽʣʘ ʦʧʫʢʣʘ, ʘ ʚʥʫʪʨʽʰʥʷ ʧʦʚʝʨʭʥʷ 

ʟʦʚʥʽʰʥʴʦʛʦ ʪʽʣʘ ʫʚʽʛʥʫʪʘ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʯʘʩʪʠʥʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʧʦʚʝʨʭʥʽ, ʚʩʝʨʝʜʠʥʽ ʷʢʦʾ ʟʥʘʭʦʜʠʪʴʩʷ ʤʝʥʰʘ ʧʦʚʝʨʭʥʷ, ʧʦʪʨʘʧʣʷʻ ʥʘ ʧʝʨʰʫ 

ʧʦʚʝʨʭʥ;ʁ ʽʥʰʘ ʝʥʝʨʛʽʷ ʩʧʨʠʡʤʘʻʪʴʩʷ ʩʘʤʦʶ ʞ ʧʦʚʝʨʭʥʝʶ. ʂʽʣʴʢʽʩʪʴ 

ʪʝʧʣʦʪʠ, ʱʦ ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ ʚʥʫʪʨʽʰʥʽʤ ʪʽʣʦʤ ʟʦʚʥʽʰʥʴʦʤʫ ʪʽʣʫ, 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ 
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ʜʝ ʉʧʨ ï ʥʘʚʝʜʝʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʘʥʦʾ ʩʠʩʪʝʤʠ ʪʽʣ, 

ʷʢʠʡ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ 
 

( )s2211
ïð
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1
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=C ,               (2.174) 

 

ʜʝ ʉ1, ʉ2, ʉs ï ʢʦʝʬʽʮʽʻʥʪʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 1-, 2-ʛʦ ̔ ʘʙʩʦʣʶʪʥʦ 

ʯʦʨʥʦʛʦ ʪʽʣʘ. 

ɺʽʜʧʦʚʽʜʥʦ, ʩʪʫʧʽʥʴ ʯʦʨʥʦʪʠ ʜʘʥʦʾ ʩʠʩʪʝʤʠ ʪʽʣ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ 

ʨʽʚʥʷʥʥʷʤ 
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=e .                    (2.175) 

 

ʊʦʜʽ ʧʦʚʥʠʡ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʩʠʩʪʝʤʠ ʪʽʣ, ʢʦʣʠ ʦʜʠʥ ʟ ʥʠʭ 

ʨʦʟʪʘʰʦʚʘʥʠʡ ʚʩʝʨʝʜʠʥʽ ʽʥʰʦʛʦ, ʜʦʨʽʚʥʶʻ 
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ʗʢʱʦ ʧʝʨʰʘ ʧʦʚʝʨʭʥʷ ʤʘʣʘ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʨʫʛʦʶ ʧʦʚʝʨʭʥʝʶ, ʪʦ 

ʚʽʜʥʦʰʝʥʥʷ F1/F2 ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʥʫʣʷ, ʘ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʦʙʤʽʥʫ (2.176) 

ʥʘʙʫʚʘʻ ʚʠʜʫ: 
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ʊʝʧʣʦʦʙʤʽʥ ʤʽʞ ʜʚʦʤʘ ʜʦʚʽʣʴʥʦ ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʪʽʣʘʤʠ ʤʦʞʝ 

ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʠʡ ʟʘ ʨʽʚʥʷʥʥʷʤ 
 

ù
ù

ú

ø

é
é

ê

è
ö
÷

õ
æ
ç

å
-ö

÷

õ
æ
ç

å
ej=

ù
ù

ú

ø

é
é

ê

è
ö
÷

õ
æ
ç

å
-ö

÷

õ
æ
ç

å
j=

4

2

4

1
sïð1,2

4

2

4

1
ïð1,2

100

T

100

T
FC

100

T

100

T
FCQ ,  (2.178) 

 

ʜʝ ű1,2 ï ʢʦʝʬʽʮʽʻʥʪ ʦʧʨʦʤʽʥʝʥʥʷ ʪʽʣʘ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʯʘʩʪʢʫ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʝʨʰʦʛʦ ʪʽʣʘ, ʱʦ ʩʧʨʠʡʤʘʻʪʴʩʷ ʜʨʫʛʠʤ.  

ʂʦʝʬʽʮʽʻʥʪ ʦʧʨʦʤʽʥʝʥʥʷ ʪʽʣʘ ʥʘʟʠʚʘʶʪʴ ʪʘʢʦʞ ʢʫʪʦʚʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʎʝ ʯʠʩʪʦ ʛʝʦʤʝʪʨʠʯʥʠʡ ʬʘʢʪʦʨ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʦʨʤʠ, 

ʨʦʟʤʽʨʽʚ ʪʽʣ ʽ ʾʭ ʚʟʘʻʤʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ. ʈʦʟʨʽʟʥʷʶʪʴ ʢʦʝʬʽʮʽʻʥʪ 

ʦʧʨʦʤʽʥʝʥʥʷ ʧʝʨʰʠʤ ʪʽʣʦʤ ʜʨʫʛʦʛʦ ű1,2 ʽ ʢʦʝʬʽʮʽʻʥʪ ʦʧʨʦʤʽʥʝʥʥʷ ʜʨʫʛʠʤ 

ʪʽʣʦʤ ʧʝʨʰʦʛʦ ű2,1. ʇʨʠ ʮʴʦʤʫ ű1,2F1=ű2,1F2. ʂʦʝʬʽʮʽʻʥʪ ʦʧʨʦʤʽʥʝʥʥʷ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʘʥʘʣʽʪʠʯʥʦ ʘʙʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ɼʣʷ ʙʽʣʴʰʦʩʪʽ ʦʢʨʝʤʠʭ 

ʚʠʧʘʜʢʽʚ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʦʧʨʦʤʽʥʝʥʥʷ ʪʽʣ ʥʘʚʦʜʷʪʴʩʷ ʫ ʜʦʚʽʜʥʠʢʘʭ. 

ʗʢʱʦ ʚʩʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʦʜʥʦʛʦ ʪʽʣʘ ʧʦʪʨʘʧʣʷʻ ʥʘ ʽʥʰʝ, ʪʦ ű1,2=1. 

ʋ ʥʘʙʣʠʞʝʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʪʝʧʣʦʦʙʤʽʥʫ ʤʽʞ ʜʚʦʤʘ ʜʦʚʽʣʴʥʦ 

ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʪʽʣʘʤʠ ʚʝʣʠʯʠʥʫ ʥʘʚʝʜʝʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʩʪʫʧʝʥʷ ʯʦʨʥʦʪʠ 

Ůʧʨ ʤʦʞʥʘ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʟʘ ʨʽʚʥʷʥʥʷʤ 
 

Ůʧʨ = Ů1 Ů2.                                             (2.179) 
 

ɿ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʬʦʨʤʫʣ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ Q ʚʠʧʣʠʚʘʻ, ʱʦ ʜʣʷ 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʪʝʧʣʦʦʙʤʽʥʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʥʝʦʙʭʽʜʥʦ ʟʙʽʣʴʰʫʚʘʪʠ 

ʪʝʤʧʝʨʘʪʫʨʫ ʪʽʣʘ, ʷʢʝ ʚʠʧʨʦʤʽʥʶʻ, ʽ ʟʙʽʣʴʰʫʚʘʪʠ ʩʪʫʧʽʥʴ ʯʦʨʥʦʪʠ ʩʠʩʪʝʤʠ 

ʪʽʣ. 
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ʋ ʪʝʭʥʽʮ ̔ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚʠʧʘʜʢʠ; ʢʦʣʠ ʧʨʘʛʥʫʪʴ ʟʤʝʥʰʠʪʠ ʚʧʣʠʚ 

ʪʝʧʣʦʦʙʤʽʥʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ: ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʦʛʦʨʦʜʞʝʥʥʽ ʚʽʜ ʜʽʾ 

ʪʝʧʣʦʚʠʭ ʧʨʦʤʝʥʽʚ ʣʶʜʝʡ, ʷʢ̔ ʧʨʘʮʶʶʪʴ ʙʽʣʷ ʧʦʚʝʨʭʥʽ ʟ ʚʠʩʦʢʦʶ 

ʪʝʤʧʝʨʘʪʫʨʦʶ, ʧʨʠ ʦʛʦʨʦʜʞʝʥʥʽ ʚʽʜ ʧʨʦʤʝʥʠʩʪʦʾ ʝʥʝʨʛʽʾ ʦʢʨʝʤʠʭ ʯʘʩʪʠʥ 

ʤʘʰʠʥ ʽ ʧʨʠʣʘʜʽʚ, ʟʦʢʨʝʤʘ ʪʝʨʤʦʤʝʪʨʽʚ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʚʠʤʽʨʫ 

ʪʝʤʧʝʨʘʪʫʨ ʭʦʣʦʜʥʠʭ ʛʘʟʽʚ, ʡ ʽʥ. ʗʢʱʦ ʚ ʮʠʭ ʚʠʧʘʜʢʘʭ ʥʝ ʤʦʞʥʘ ʟʥʠʟʠʪʠ 

ʪʝʧʣʦʚʽʜʜʘʯʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʯʠ 

ʩʪʫʧʝʥʷ ʯʦʨʥʦʪʠ ʪʽʣʘ, ʷʢʝ ʚʠʧʨʦʤʽʥʶʻ, ʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʢʨʘʥʠ ï ʪʦʥʢ ̔

ʤʝʪʘʣʝʚ ̔ ʧʣʦʩʢ ̔ ʯʠ ʮʠʣʽʥʜʨʠʯʥ ̔ ʧʣʘʩʪʠʥʠ, ʷʢ̔ ʚʩʪʘʥʦʚʣʶʶʪʴ ʥʘ ʰʣʷʭʫ 

ʧʨʦʤʝʥʽʚ ʤʽʞ ʛʘʨʷʯʠʤʠ ʽ ʭʦʣʦʜʥʠʤ ʪʽʣʘʤʠ. ɽʢʨʘʥʠ ʟʤʝʥʰʫʶʪʴ 

ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʥʘʧʽʨ, ʘ ʚʽʜʧʦʚʽʜʥʦ, ʽ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʷʢʘ ʧʝʨʝʜʘʻʪʴʩʷ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ. 

ɺʠʷʚʣʷʻʪʴʩʷ, ʱʦ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʦʜʥʦʛʦ ʝʢʨʘʥʘ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʱʦ 

ʧʝʨʝʜʘʻʪʴʩʷ ʤʽʞ ʪʽʣʘʤʠ, ʟʤʝʥʰʫʻʪʴʩʷ ʫ 2 ʨʘʟʠ, ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʜʚʦʭ ʝʢʨʘʥʽʚ 

ï ʫ 3 ʨʘʟʠ, ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʧ ʝʢʨʘʥʽʚ ï ʫ (ʧ+1) ʨʘʟʽʚ, ʪʦʙʪʦ 
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ʎʠʤ, ʟʦʢʨʝʤʘ, ʧʦʷʩʥʶʶʪʴʩʷ ʪʘʢʽ ʬʘʢʪʠ, ʱʦ ʜʚʝʨʮʷʪʘ ʪʦʧʢʦʚʠʭ 

ʧʨʠʩʪʨʦʾʚ ʚʠʨʦʙʣʷʶʪʴ ʟʚʠʯʘʡʥʦ ʟ ʜʝʢʽʣʴʢʦʭ ʩʪʘʣʝʚʠʭ ʣʠʩʪʽʚ; ʪʝʨʤʦʧʘʨʠ, 

ʱʦ ʚʠʤʽʨʶʶʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʛʘʟʫ, ʨʦʙʣʷʪʴ ʟ ʝʢʨʘʥʥʠʤʠ ʱʠʪʢʘʤʠ, ʷʢʽ 

ʟʘʭʠʱʘʶʪʴ ʛʘʨʷʯʠʡ ʩʧʘʡ ʚʽʜ ʧʨʦʤʝʥʠʩʪʦʾ ʝʥʝʨʛʽʾ ʟ ʙʦʢʫ ʥʘʛʨʽʪʠʭ 

ʧʦʚʝʨʭʦʥʴ. 

ɯʥʦʜʽ ʪʨʝʙʘ ʚʠʟʥʘʯʠʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʝʨʭʥʽ ʝʢʨʘʥʘ. ɼʣʷ ʮʴʦʛʦ 

ʨʦʟʛʣʷʥʝʤʦ ʟʘʭʠʩʥʫ ʜʽʶ ʝʢʨʘʥʘ ʥʘ ʧʨʠʢʣʘʜʽ. ɼʚʽ ʧʦʚʝʨʭʥʽ ʨʽʚʥʦʙʽʞʥʽ, 

ʧʨʠʯʦʤʫ ʊ1>ʊ2. ʇʣʦʱʽ ʧʦʚʝʨʭʦʥʴ ʽ ʝʢʨʘʥʘ ʚʚʘʞʘʻʤʦ ʦʜʥʘʢʦʚʠʤʠ. 

ɼʦʧʫʩʢʘʻʤʦ, ʱʦ ʢʦʝʬʽʮʽʻʥʪʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʽ ʝʢʨʘʥʘ ʨʽʚʥʽ ʤʽʞ 

ʩʦʙʦʶ. ʊʦʜʽ ʥʘʚʝʜʝʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʽʞ ʧʦʚʝʨʭʥʷʤʠ ʙʝʟ 

ʝʢʨʘʥʘ, ʤʽʞ 1-  ʁʧʦʚʝʨʭʥʝʶ ʡ ʝʢʨʘʥʦʤ ʽ 2-  ʁʧʦʚʝʨʭʥʝʶ ʡ ʝʢʨʘʥʦʤ ʨʽʚʥʽ ʤʽʞ 

ʩʦʙʦʶ, ʪʦʙʪʦ ʉ12=ʉ1ʝʢʨ=ʉʝʢʨ2=ʉʧʨ. 

ɺʠʟʥʘʯʠʤʦ ʛʫʩʪʠʥʫ ʧʨʦʤʝʥʠʩʪʦʛʦ ʧʦʪʦʢʫ, ʷʢʠʡ ʧʝʨʝʜʘʻʪʴʩʷ ʚʽʜ 

ʧʝʨʰʦʾ ʧʦʚʝʨʭʥʽ ʜʦ ʜʨʫʛʦʾ ʙʝʟ ʝʢʨʘʥʘ (ʜʠʚ. ʨʽʚʥʷʥʥʷ ( 2.167)): 
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ʛʫʩʪʠʥʫ ʧʨʦʤʝʥʠʩʪʦʛʦ ʧʦʪʦʢʫ, ʷʢʠʡ ʧʝʨʝʜʘʻʪʴʩʷ ʚʽʜ ʧʝʨʰʦʾ ʧʦʚʝʨʭʥʽ ʜʦ 

ʝʢʨʘʥʘ:  
 

ù
ù

ú

ø

é
é

ê

è

öö
÷

õ
ææ
ç

å
-ö

÷

õ
æ
ç

å
=

4

åêð
4

1
ïð1åêð

100

T

100

T
CE ,                          (2.182) 

 

ʛʫʩʪʠʥʫ ʧʨʦʤʝʥʠʩʪʦʛʦ ʧʦʪʦʢʫ, ʷʢʠʡ ʧʝʨʝʜʘʻʪʴʩʷ ʚʽʜ ʝʢʨʘʥʘ ʜʦ ʜʨʫʛʦ ʾ

ʧʦʚʝʨʭʥʽ: 
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ʇʨʠ ʩʪʘʮʽʦʥʘʨʥʽʡ ʪʝʧʣʦʚʽʡ ʨʽʚʥʦʚʘʟʽ ɽ1ʝʢʨ=ɽʝʢʨ2, ʘ ɽ1ʝʢʨ+ɽʝʢʨ2=ɽ12. 

ʊʦʜʽ ʤʦʞʥʘ ʚʩʪʘʥʦʚʠʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʝʢʨʘʥʘ ʟʘ ʥʘʩʪʫʧʥʠʤ ʨʽʚʥʷʥʥʷʤ 
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2.3.4  ɺʠʧʨʦʤʽʥʶʚʘʥʥʷ ʛʘʟʽʚ 

 

ɺʠʧʨʦʤʽʥʶʚʘʥʥʷ ʛʘʟʦʧʦʜʽʙʥʠʭ ʪʽʣ ʨʽʟʢʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʚʝʨʜʠʭ ʽ ʨʽʜʢʠʭ ʪʝʣ. ɺʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʚʝʨʜʠʭ ʽ ʨʽʜʢʠʭ 

ʪʽʣ ʟʘʣʝʞʠʪʴ, ʫ ʧʝʨʰʫ ʯʝʨʛʫ, ʚʽʜ ʩʪʘʥʫ ʧʦʚʝʨʭʥʽ ʪʽʣʘ, ʘ ʛʘʟʠ ʚʠʧʨʦʤʽʥʶʶʪʴ 

ʝʥʝʨʛʽʶ ʧʦ ʚʩʴʦʤʫ ʦʙôʻʤʫ, ʪʦʙʪʦ ʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫʩʽ 

ʯʘʩʪʢʠ ʛʘʟʫ. 

ʆʜʥʦ- ʽ ʜʚʦʘʪʦʤʥʽ ʛʘʟʠ (ʆ2, N2, Ar, He ʡ ʽʥ.) ʤʘʁʪʴ ʟʦʚʩʽʤ ʤʘʣʫ 

ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪ ɹʽ ʢʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ. ʎʽ ʛʘʟʠ ʚʚʘʞʘʶʪʴʩʷ 

ʧʨʦʟʦʨʠʤʠ ʜʣʷ ʪʝʧʣʦʚʠʭ ʧʨʦʤʝʥʽʚ. ʊʨʠ- ʽ ʙʘʛʘʪʦʘʪʦʤʥʽ ʛʘʟʠ (H2O, CO2, 

NO2, SO2 ʡ ʽʥ.) ʤʘʶʪʴ ʟʥʘʯʥʫ ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪ,ɹ ʘ ʦʪʞʝ, ʽ 

ʢʦʝʬʮ̔ʽ̒ʥʪ ʧʦʛʣʠʥʘʥʥʷ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʚʝʨʜʠʭ ʪʽʣ ʛʘʟʠ ʚʠʧʨʦʤʽʥʶʶʪʴ ʽ ʧʦʛʣʠʥʘʶʪʴ ʝʥʝʨʛʽʶ 

ʪʽʣʴʢʠ ʥʘ ʧʝʚʥʠʭ ʜʦʚʞʠʥʘʭ ʭʚʠʣʴ, ʪʦʙʪʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʘʻ ʩʝʣʝʢʪʠʚʥʠʡ 

ʭʘʨʘʢʪʝʨ, ʽ ʩʧʝʢʪʨ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʝ ʻ ʙʝʟʧʝʨʝʨʚʥʠʤ. ʎʝ ʷʚʠʱʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʫ ʛʘʟʽʚ. 

ʅʘʡʙʽʣʴʰʠʡ ʽʥʪʝʨʝʩ ʚʠʢʣʠʢʘʶʪʴ ʜʘʥʽ ʧʨʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ CO2 ʽ 

ʚʦʜʷʥʦʾ ʧʘʨʠ, ʷʢ ̔ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʧʘʣʠʚʘ. ɯʥʪʝʥʩʠʚʥʽʩʪʶ ʾʭ 
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ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʚ ʦʩʥʦʚʥʦʤʫ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʝʧʣʦʦʙʤʽʥ ʤʽʞ ʨʦʟʧʝʯʝʥʠʤʠ 

ʛʘʟʦʧʦʜʽʙʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ ʟʛʦʨʘʥʥʷ ʽ ʪʽʣʘʤʠ, ʱʦ ʦʙʽʛʨʽʚʘʶʪʴʩʷ, ʚ ʪʦʧʢʘʭ  ̔

ʧʝʯʘʭ. 

ʊʘʢ ʷʢ ʛʘʟʠ ʚʠʧʨʦʤʽʥʶʶʪʴ ʽ ʧʦʛʣʠʥʘʶʪʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʦ ʚʩʴʦʤʫ 

ʦʙôʻʤʫ, ʪʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʛʘʟʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʘʨʮʽʘʣʴʥʦʛʦ 

ʪʠʩʢʫ ʛʘʟʫ ʈ ʽ ʪʦʚʱʠʥʠ ʛʘʟʦʚʦʛʦ ʰʘʨʫ l. ɿʘʟʚʠʯʘʡ ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʛʘʟʽʚ Ů ʥʘʚʦʜʷʪʴ ʫ ʚʠʜʽ ʟʘʣʝʞʥʦʩʪʽ Ů ʚʽʜ ʜʦʙʫʪʢʫ ʈl. 

ɺʝʣʠʯʠʥʘ l ʷʚʣʷʻʪʴʩʷ ʦʜʥʦʯʘʩʥʦ ʽ ʪʦʚʱʠʥʦ  ʁʛʘʟʦʚʦʛʦ ʰʘʨʫ, ʽ ʜʦʚʞʠʥʦʶ 

ʰʣʷʭʫ ʧʨʦʤʝʥʷ, ʷʢʠʡ ʧʨʦʥʠʟʫʻ ʛʘʟʦʚʠʡ ʦʙôʻʤ. ʅʘ ʨʠʩʫʥʢʘʭ ʄ.1 ʽ ʄ.2 

ʜʦʜʘʪʢʘ ʄ ʥʘʚʝʜʝʥʦ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʜʚʦʦʢʩʠʜʫ ʚʫʛʣʝʮʶ Ů(ʉʆ2) ʽ ʚʦʜʷʥʦʾ ʧʘʨʠ Ů(ʅ2ʆ) ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠ 

ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʈl.  

ɼʣʷ ʚʦʜʷʥʦʾ ʧʘʨʠ ʫ ʟʚôʷʟʢʫ ʟʽ ʟʜʘʪʥʽʩʪʶ ʾʾ  ʤʦʣʝʢʫʣ ʜʦ ʘʩʦʮʽʘʮʽʾ ʚʧʣʠʚ 

ʈ(ʅ2ʆ) ̒ ʙʽʣʴʰʠʤ ʥʽʞ l, ʪʦʤʫ ʟʥʘʯʝʥʥʷ Ů(ʅ2ʆ), ʟʥʘʡʜʝʥʝ ʟʘ ʥʦʤʦʛʨʘʤʦʶ 

(ʜʠʚ. ʨʠʩ. ʄ.2 ʜʦʜʘʪʢʘ ʄ), ʩʣʽʜ ʧʦʤʥʦʞʠʪʠ ʥʘ ʧʦʧʨʘʚʢʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ɓ 

(ʨʠʩ. ʄ.3 ʜʦʜʘʪʢʘ ʄ), ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʘʨʮʽʘʣʴʥʦʛʦ ʪʠʩʢʫ ʈ(ʅ2ʆ). 

ɼʚʦʦʢʩʠʜ ʚʫʛʣʝʮʶ ʽ ʚʦʜʷʥʘ ʧʘʨʘ ʟʘʟʚʠʯʘʡ ʤʽʩʪʷʪʴʩʷ ʫ ʪʦʧʢʦʚʠʭ ʛʘʟʘʭ 

ʦʜʥʦʯʘʩʥʦ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʢʦʝʬʽʮʽʻʥʪ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʮʠʭ ʛʘʟʽʚ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ 
 

Ůʛ=Ů(ʉʆ2)+ ɓ Ů(ʅ2ʆ).                              (2.185) 
 

ʋ ʛʘʟʘʭ ʚ ʪʦʧʢʦʚʠʭ ʧʨʠʩʪʨʦʷʭ ʤʦʞʣʠʚʘ ʥʘʷʚʥʽʩʪʴ ʟʦʣʠ ʽ ʩʘʞʽ, ʱʦ 

ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʙʽʣʴʰʫʻ ʢʦʝʬʽʮʽʻʥʪ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʦʙôʻʤʫ, ʽ ʤʘʻ 

ʚʨʘʭʦʚʫʚʘʪʠʩʷ ʦʢʨʝʤʦ. 

ʊʦʚʱʠʥʫ ʰʘʨʠ l ʛʘʟʦʚʦʛʦ ʦʙôʻʤʫ, ʱʦ ʚʠʧʨʦʤʽʥʶʻ, ʚʠʟʥʘʯʘʶʪʴ ʟʘ 

ʩʧʝʮʽʘʣʴʥʠʤʠ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ, ʷʢʠ ʥʘʚʦʜʷʪʴʩʷ ʚ ʜʦʚʽʜʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ. 

ʈʦʟʨʘʭʫʥʦʢ ʪʝʧʣʦʦʙʤʽʥʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʤʽʞ ʛʘʟʦʤ ʽ ʩʪʽʥʢʘʤʠ 

ʢʘʥʘʣʫ ʻ ʜʫʞʝ ʩʢʣʘʜʥʠʤ ʽ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʽʣʦʛʦ ʨʷʜʫ ʛʨʘʬʽʢʽʚ ʽ 

ʪʘʙʣʠʮʴ. ɹʽʣʴʰ ʧʨʦʩʪʠʡ ʽ ʮʽʣʢʦʤ ʥʘʜʽʡʥʠʡ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʙʫʣʦ 

ʨʦʟʨʦʙʣʝʥʦ ʐʘʢʦʤ. ɺʽʥ ʟʘʧʨʦʧʦʥʫʚʘʚ ʨʽʚʥʷʥʥʷ ʜʣʷ ʧʦʚʝʨʭʥʝʚʦʾ ʛʫʩʪʠʥʠ 

ʧʨʦʤʝʥʠʩʪʦʛʦ ʧʦʪʦʢʫ ʛʘʟʽʚ ʫ ʩʝʨʝʜʦʚʠʱʽ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ 0 ʂ: 
 

3,5

3
ÑÎ

100

T
lP8,78E

2
ö
÷

õ
æ
ç

å
= ,                         (2.186) 

 



 221 

3
0,60,8

ÎÍ
100

T
lP87,8E

2
ö
÷

õ
æ
ç

å
= ,                        (2.187) 

 

ʜʝ ʈ ï ʧʘʨʮʽʘʣʴʥʠʡ ʪʠʩʢ, ʄʇʘ; 

l ï ʩʝʨʝʜʥʷ ʪʦʚʱʠʥʘ ʰʘʨʫ ʛʘʟʫ, ʤ; 

ʊ ï ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʽʚ, ʂ. 

ɿʘ ʮʠʤʠ ʞʝ ʨʽʚʥʷʥʥʷʤʠ ʦʙʯʠʩʣʶʻʪʴʩʷ ʧʨʦʤʝʥʠʩʪʠʡ ʧʦʪʽʢ, ʷʢʠʡ 

ʧʦʛʣʠʥʘʻʪʴʩʷ ʛʘʟʘʤʠ ʚʽʜ ʩʪʽʥʦʢ ʢʘʥʘʣʫ, ʘʣʝ ʪʦʜʽ ʧʽʜʩʪʘʚʣʷʻʪʴʩʷ ʩʝʨʝʜʥʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʽʥʦʢ ʢʘʥʘʣʫ. 

ʇʦʚʝʨʭʥʝʚʫ ʛʫʩʪʠʥʘ ʧʨʦʤʝʥʠʩʪʦʛʦ ʧʦʪʦʢʫ, ʷʢʠʡ ʩʧʨʠʡʤʘʻʪʴʩʷ 

ʩʪ̔ʥʢʘʤʠ ʢʘʥʘʣʫ ʚ ʨʝʟʫʣʴʪʘʪʽ ʪʝʧʣʦʦʙʤʽʥʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʤʽʞ ʛʘʟʦʤ ʽ 

ʩʪʽʥʢʦʶ, ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ 
 

ɽʚʠʧʨ = (ɽʛ ï ɽʩʪ),                                (2.188) 
 

ʜʝ ɽʛ ï ʧʦʚʝʨʭʥʝʚʘ ʛʫʩʪʠʥʘ ʧʨʦʤʝʥʝʚʦʛʦ ʧʦʪʦʢʫ, ʷʢʠʡ 

ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ ʚʫʛʣʝʢʠʩʣʠʤ ʛʘʟʦʤ ʽ ʚʦʜʷʥʦʶ ʧʘʨʦʶ ʧʨʠ ʩʝʨʝʜʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʛʘʟʫ; 

ɽʩʪ ï ʧʦʚʝʨʭʥʝʚʘ ʛʫʩʪʠʥʘ ʧʨʦʤʝʥʝʚʦʛʦ ʧʦʪʦʢʫ, ʷʢʠʡ 

ʧʦʛʣʠʥʘʻʪʴʩʷ ʚʫʛʣʝʢʠʩʣʠʤ ʛʘʟʦʤ ʽ ʚʦʜʷʥʦʶ ʧʘʨʦʶ ʧʨʠ ʩʝʨʝʜʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʩʪʽʥʦʢ ʢʘʥʘʣʫ. 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʨʽʚʥʷʥʥʷʤ 
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ʜʝ ʊʛ ʽ ʊʩʪ ï ʘʙʩʦʣʶʪʥ ̔ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʟʫ ʽ ʩʪʽʥʢʠ, ʂ. 

ɼʣʷ ʧʨʘʢʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʪʝʧʣʦʦʙʤʽʥʫ ʤʽʞ 

ʛʘʟʦʤ ʽ ʩʪʽʥʢʘʤʠ ʢʘʥʘʣʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʦʞ ʥʘʩʪʫʧʥʝ ʨʽʚʥʷʥʥʷ 
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ʜʝ Ůôʩʪ ï ʥʘʚʝʜʝʥʘ ʩʪʫʧʽʥʴ ʯʦʨʥʦʪʠ ʩʪʽʥʢʠ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʚʥʫʪʨʽʰʥʻ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʛʘʟʽʚ, ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ 
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1ñò'
ñò

+e
=e ;                                             (2.191) 

 

ʊʛ ï ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʫ, ʂ; 

ʊʩʪ ï ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʽʥʦʢ ʢʘʥʘʣʫ, ʂ; 

Ůôʛ ï ʩʪʫʧʽʥʴ ʯʦʨʥʦʪʠ ʛʘʟʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʩʪʽʥʦʢ ʢʘʥʘʣʫ, 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ (2.185); 

Ůʛ ï ʚʽʜʥʦʰʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʛʫʩʪʠʥʠ ʧʨʦʤʝʥʝʚʦʛʦ ʧʦʪʦʢʫ ʛʘʟʫ ʜʦ 

ʧʦʚʝʨʭʥʝʚʦʾ ʛʫʩʪʠʥʠ ʧʨʦʤʝʥʝʚʦʛʦ ʧʦʪʦʢʫ ʘʙʩʦʣʶʪʥʦ ʯʦʨʥʦʛʦ ʪʽʣʘ, ʪʦʙʪʦ 

Ůʛ=ɽʛ/ɽs, Ůʛ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ 
 

Ůʛ=Ů(ʉʆ2)+ ɓ Ů(ʅ2ʆ)-DŮʛ,                              (2.192) 
 

ʜʝ ʚʝʣʠʯʠʥʠ Ů(ʉʆ2), Ů(ʅ2ʆ) ʽ ɓ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʛʨʘʬʽʢʘʤʠ ʄ.1, 

ʄ.2 ʽ ʄ.3 ʜʦʜʘʪʢʘ ʄ,  

DŮʛ ï ʧʦʧʨʘʚʢʘ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʟʘʻʤʥʝ ʧʦʛʣʠʥʘʥʥʷ ʝʥʝʨʛʽʾ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʛʘʟʘʤʠ, ʜʣʷ ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʚʦʥʘ ʟʘʟʚʠʯʘʡ ʜʦʨʽʚʥʶʻ 2é4%, 

ʪʦʤʫ ʾʾ ʥʝ ʚʨʘʭʦʚʫʶʪʴ. 

ʇʦʪʽʤ ɽʚʠʧʨ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʪʝʧʣʦʚʽʜʜʘʯʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʟʘ ʨʽʚʥʷʥʥʷʤ (2.189). 

 

 

2.3.5  ʉʢʣʘʜʥʠʡ ʪʝʧʣʦʦʙʤʽʥ 

 

ʈʦʟʧʦʜʽʣ ʧʝʨʝʥʦʩʫ ʪʝʧʣʦʪʠ ʥʘ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ, ʢʦʥʚʝʢʮʽʶ ʽ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʫʞʝ ʟʨʫʯʥʦ ʜʣʷ ʚʠʚʯʝʥʥʷ ʮʠʭ ʧʨʦʮʝʩʽʚ. ʋ ʜʽʡʩʥʦʩʪʽ ʜʫʞʝ 

ʯʘʩʪʦ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʩʢʣʘʜʥʠʡ ʪʝʧʣʦʦʙʤʽʥ, ʧʨʠ ʷʢʦʤʫ ʪʝʧʣʦʪʘ ʧʝʨʝʜʘʻʪʴʩʷ 

ʜʚʦʤʘ ʯʠ ʥʘʚʽʪʴ ʫʩʽʤʘ ʪʨʴʦʤʘ ʩʧʦʩʦʙʘʤʠ ʦʜʥʦʯʘʩʥʦ. 

ʅʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʚʠʧʘʜʢʦʤ ʪʝʧʣʦʦʙʤʽʥʫ ʻ ʪʝʧʣʦʚʽʜʜʘʯʘ 

ʚʽʜ ʧʦʚʝʨʭʥʽ ʜʦ ʛʘʟʫ ʯʠ ʚʽʜ ʛʘʟʫ ʜʦ ʧʦʚʝʨʭʥʽ. ʇʨʠ ʮʴʦʤʫ ʪʝʧʣʦʪʘ 

ʧʝʨʝʥʦʩʠʪʴʩʷ ʢʦʥʚʝʢʮʽʻ  ʁʟʘ ʨʘʭʫʥʦʢ ʢʦʥʪʘʢʪʫ ʧʦʚʝʨʭʥʽ ʟ ʛʘʟʦʤ, ʷʢʠʡ ʾʾ  

ʦʤʠʚʘʻ. ʂʨʽʤ ʪʦʛʦ, ʩʘʤʘ ʧʦʚʝʨʭʥʷ ʚʠʧʨʦʤʽʥʶʻ ʽ ʧʦʛʣʠʥʘʻ ʝʥʝʨʛʽʶ, ʧʨʠ 

ʮʴʦʤʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʦʙʤʽʥ ʧʦʪʦʢʘʤʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʛʘʟʦʤ ʽ 

ʥʘʚʢʦʣʠʰʥʽʤʠ ʧʨʝʜʤʝʪʘʤʠ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʫʤʘʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʚʽʜʜʘʯʽ ʜʦʨʽʚʥʶʻ 
 

Ŭʟʘʛ = Ŭʢʦʥʚ. + Ŭʚʠʧʨ..                                   (2.193) 
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ɿʚʠʯʘʡʥʦ ʚʚʘʞʘʶʪʴ, ʱʦ ʢʦʥʚʝʢʮʽʷ ʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʝ ʚʧʣʠʚʘʶʪʴ 

ʦʜʠʥ ʥʘ ʦʜʥʦʛʦ. ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʢʦʥʚʝʢʮʽʻʶ Ŭʢʦʥʚ. ʚʠʟʥʘʯʘʶʪʴ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʝʦʨʽʾ ʧʦʜʦʙʠ (ʜʠʚ. ʧʽʜʨʦʟʜʽʣ 2.2.2), ʘ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʪʝʧʣʦʚʽʜʜʘʯʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ Ŭʚʠʧʨ. ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ ʨʽʚʥʷʥʥʷʤ (2.189). 

ʗʢ ʧʦʢʘʟʫʶʪʴ ʨʦʟʨʘʭʫʥʢʠ, ʥʘʚʽʪʴ ʧʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʥʝʩʦʢ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʦ ʪʝʧʣʦʦʙʤʽʥʫ ʤʽʞ ʧʦʚʝʨʭʥʝʶ ʽ ʛʘʟʦʤ ʤʦʞʝ ʙʫʪʠ 

ʟʥʘʯʥʠʤ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʥʠʟʴʢʡ̔ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʝʧʣʦʚʽʜʜʘʯʽ ʢʦʥʚʝʢʮʽʻʶ. 

ʋ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʦʜʥʽʻʶ ʟ̔  ʩʢʣʘʜʦʚʠʭ ʤʦʞʥʘ ʟʥʝʚʘʞʠʪʠ. ʅʘʧʨʠʢʣʘʜ, ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʢʦ ʟʨʦʩʪʘʻ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ, 

ʪʦʤʫ ʚ ʪʦʧʢʘʭ ʧʘʨʦʚʠʭ ʢʦʪʣʽʚ ʽ ʧʝʯʝʡ, ʜʝ ʰʚʠʜʢʦʩʪʽ ʧʣʠʥʫ ʛʘʟʽʚ ʥʝʚʝʣʠʢʽ, ʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʙʽʣʴʰ 1000
ʦ
ʉ, ʤʦʞʥʘ ʟʥʝʚʘʞʠʪʠ ʢʦʝʬʽʮʽʻʥʪʦʤ ʪʝʧʣʦʚʽʜʜʘʯʽ 

ʢʦʥʚʝʢʮʽʻʶ Ŭʢʦʥʚ.. ɯ, ʥʘʚʧʘʢʠ, ʧʨʠ ʪʝʧʣʦʦʙʤʽʥʽ ʧʦʚʝʨʭʥʽ ʟ ʧʦʪʦʢʦʤ 

ʢʨʘʧʣʠʥʥʦʾ ʨʽʜʠʥʠ, ʜʝ ʧʝʨʝʚʘʞʘʻ ʢʦʥʚʝʢʪʠʚʥʠʡ ʪʝʧʣʦʦʙʤʽʥ, 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʤʦʞʥʘ ʟʥʝʚʘʞʠʪʠ. 

ɯʥʰʠʡ ʜʫʞʝ ʨʦʟʧʦʚʩʶʜʞʝʥʠʡ ʚʠʧʘʜʦʢ ʩʢʣʘʜʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ï 

ʧʝʨʝʥʦʩ ʪʝʧʣʦʪʠ ʚʽʜ ʦʜʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ ʜʦ ʽʥʰʦʛʦ ʯʝʨʝʟ 

ʚʽʜʦʢʨʝʤʣʶʚʘʣʴʥʫ  ʩʪʽʥʢʫ. ʊʘʢʠʡ ʧʨʦʮʝʩ ʥʘʟʠʚʘʻʪʴʩʷ ʪʝʧʣʦʧʝʨʝʜʘʯʝ,ʁ ʚʽʥ 

ʧʦʻʜʥʫʻ ʚʩʽ ʨʦʟʛʣʷʥʫʪʽ ʥʘʤʠ ʝʣʝʤʝʥʪʘʨʥʽ ʧʨʦʮʝʩʠ ʧʝʨʝʜʘʯʽ ʪʝʧʣʦʪʠ. 

ʊʝʧʣʦʧʝʨʝʜʘʯʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʝʪʘʧʽʚ, ʧʨʠʯʦʤʫ ʥʘ ʧʝʨʰʦʤʫ ʽ 

ʪʨʝʪʴʦʤʫ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʝʨʝʜʘʯʽ ʪʝʧʣʦʪʠ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʥʝ ʪʽʣʴʢʠ ʢʦʥʚʝʢʮʽʶ, ʘ ʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɿʘʛʘʣʴʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʥʘ ʮʠʭ ʝʪʘʧʘʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ (2.193). 

ʊʦʜʽ ʟʘʛʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʫ ʚʠʧʘʜʢʫ ʧʣʦʩʢʦʾ ʙʘʛʘʪʦʰʘʨʦʚʦʾ 

ʩʪʽʥʢʠ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ 
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ɺʘʞʣʠʚʦ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʥʽʢʦʣʠ ʥʝ ʤʦʞʝ 

ʙʫʪʠ ʙʽʣʴʰʝ Ŭ1, Ŭ2 ʽ ɚ/ŭ. ʅʘʡʙʽʣʴʰ ʩʠʣʴʥʦ ʚʽʥ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʡʤʝʥʰʦʛʦ ʟ 

ʮʠʭ ʟʥʘʯʝʥʴ. 

 

 

2.3.6 ʇʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʶ 

1 ʅʘʟʚʽʪʴ ʦʩʥʦʚʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʪʝʧʣʦʦʙʤʽʥʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʚʽʜ 

ʢʦʥʚʝʢʮʽʡ ʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. 
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2 ʉʬʦʨʤʫʣʶʡʪʝ ʟʘʢʦʥʠ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ: ʟʘʢʦʥ ʇʣʘʥʢʘ, 

ɺʽʥʘ, ʉʪʝʬʘʥʘ-ɹʦʣʴʮʤʘʥʘ. 

3 ʉʬʦʨʤʫʣʶʡʪʝ ʽ ʟʘʧʠʰʽʪʴ ʟʘʢʦʥʠ ʂʽʨʭʛʦʬʘ, ʃʘʤʙʝʨʪʘ. 

4 ɼʘʡʪʝ ʧʦʥʷʪʪʷ ʚʠʜʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

5 ʇʦʷʩʥʪ̔ɹ ʚʠʟʥʘʯʝʥʥʷ çʘʙʩʦʣʶʪʥʦ ʯʦʨʥʝ ʪʽʣʦè, çʘʙʩʦʣʶʪʥʦ ʙʽʣʝ 

ʪʽʣʦè, ʢʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʘʙʩʦʣʶʪʥʦ ʯʦʨʥʦʛʦ ʪʽʣʘ. 

6 ʇʦʷʩʥʠʪʠ ʬʽʟʠʯʥʠʡ ʟʤʽʩʪ ʧʦʥʷʪʪʷ çʩʽʨʝ ʪʽʣʦè, ʩʝʣʝʢʪʠʚʥʝ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

7 ɿʘʧʠʰʽʪʴ ʬʦʨʤʫʣʫ ʪʝʧʣʦʦʙʤʽʥʫ ʤʽʞ ʪʽʣʘʤʠ, ʷʢ ̔ ʚʽʣʴʥʦ 

ʨʦʟʪʘʰʦʚʘʥ ̔ʫ ʧʨʦʩʪʦʨʽ. 

8 ʋ ʯʦʤʫ ʧʦʣʷʛʘʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʛʘʟʽʚ? 

9 ɺʢʘʞʽʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʩʢʣʘʜʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ. 

 

 

2.4 ʇʨʠʢʣʘʜʠ ʨʦʟʚôʷʟʘʥʥʷ  ʟʘʜʘʯ 
 

ʇʨʠʢʣʘʜ 2.1. ɺʠʟʥʘʯʠʪʠ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ, ʷʢʠʡ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ 

ʦʜʠʥʠʮʶ ʜʦʚʞʠʥʠ ʩʪʽʥʢʠ ʢʘʤʝʨʠ ʟʛʦʨʘʥʥʷ ʜʽʘʤʝʪʨʦʤ 180 ʤʤ, ʷʢʱʦ 

ʪʦʚʱʠʥʘ ʩʪʽʥʢʠ 2,5 ʤʤ, ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʩʪʽʥʢʠ 

34,9 ɺʪ/(ʤĀʂ). ʊʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʦʥʴ ʩʪʽʥʢʠ, ʚʽʜʧʦʚʽʜʥʦ, ʜʦʨʽʚʥʶʶʪʴ 

1200
ʦ
ʉ ʽ 600

ʦ
ʉ. 

ʈʦʟʚôʷʟʘʥʥʷ. ɿʛʽʜʥʦ ʟ ʫʤʦʚʦʶ ʟʘʜʘʯʽ ʧʨʦʮʝʩ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 

ʧʨʦʪʽʢʘʻ ʯʝʨʝʟ ʮʠʣʽʥʜʨʠʯʥʫ ʩʪʽʥʢʫ, ʪʦʤʫ ʨʦʟʨʘʭʦʚʫʻʤʦ ʛʫʩʪʠʥʫ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʫ ʟʘ ʬʦʨʤʫʣʦʶ 
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ʇʨʠʢʣʘʜ 2.2. ɺʠʟʥʘʯʠʪʠ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʧʦʚʝʨʭʥʷʭ ʰʘʨʽʚ ʩʪʽʥʢʠ 

ʢʘʤʝʨʠ ʟʛʦʨʘʥʥʷ ʪʘ ʥʘ ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʽ, ʷʢʱʦ ʜʽʘʤʝʪʨ ʢʘʤʝʨʠ 190 ʤʤ, 

ʪʦʚʱʠʥʘ ʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ 1 ʤʤ, ʡʦʛʦ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 

1,15 ɺʪ/(ʤĀʂ), ʪʦʚʱʠʥʘ ʩʪʽʥʢʠ 2 ʤʤ, ʾʾ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 

372 ɺʪ/(ʤĀʂ). ʊʝʧʣʦʚʠʡ ʧʦʪʽʢ ʥʘ ʦʜʠʥʠʮʶ ʜʦʚʞʠʥʠ ʩʢʣʘʜʘʻ 40 750 ɺʪ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʦʚʝʨʭʥʽ ʧʦʢʨʠʪʪʷ ʟ ʙʦʢʫ ʢʘʤʝʨʠ ï 1200
ʦ
ʉ. 

ʈʦʟʚôʷʟʘʥʥʷ. ɿʘʧʠʰʝʤʦ ʨʽʚʥʷʥʥʷ ʜʣʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʯʝʨʝʟ ʢʦʞʥʠʡ 

ʰʘʨ ʜʚʦʰʘʨʦʚʦʾ ʮʠʣʽʥʜʨʠʯʥʦʾ ʩʪʽʥʢʠ: 
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ɿʥʘʡʜʝʤʦ ʟ ʥʠʭ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʧʦʚʝʨʭʥʽ ʰʘʨʫ ʩʪʽʥʢʠ ʢʘʤʝʨʠ 

ʟʛʦʨʘʥʥʷ ʽ ʥʘ ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʽ: 
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ʇʨʠʢʣʘʜ 2.3. ʅʝʽʟʦʣʴʦʚʘʥʠʤ ʪʨʫʙʦʧʨʦʚʦʜʦʤ ʜʽʘʤʝʪʨʦʤ 170/185 ʤʤ, 

ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʚʽʜʢʨʠʪʦʤʫ ʧʦʚʽʪʨʽ, ʧʨʦʪʽʢʘʻ ʚʦʜʘ ʟ ʩʝʨʝʜʥʴʦʶ 

ʪʝʤʧʝʨʘʪʫʨʦʶ 95
ʦ
ʉ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʩʢʣʘʜʘʻ ï18

ʦ
ʉ. ɺʠʟʥʘʯʠʪʠ ʚʪʨʘʪʠ 

ʪʝʧʣʦʪʠ ʟ 1 ʤ ʪʨʫʙʦʧʨʦʚʦʜʫ ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚʥʫʪʨʽʰʥʴʦʾ ʪʘ ʟʦʚʥʽʰʥʴʦʾ 

ʧʦʚʝʨʭʦʥʴ ʮʴʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʫ, ʷʢʱʦ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 

ʤʘʪʝʨʘ̔ʣʫ ʪʨʫʙʠ ʜʦʨʽʚʥʶʻ 58,15 ɺʪ/(ʤĀʂ), ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʚʽʜ ʚʦʜʠ 

ʜʦ ʩʪʽʥʢʠ ʪʨʫʙʠ ï 1395 ɺʪ/(ʤ
2
Āʂ) ʽ ʚʽʜ ʪʨʫʙʠ ʜʦ ʧʦʚʽʪʨʷ ï 14 ɺʪ/(ʤ

2
Āʂ). 

ʈʦʟʚôʷʟʘʥʥʷ. ʊʝʧʣʦʚʠʡ ʧʦʪʽʢ ʨʦʟʨʘʭʦʚʫʻʤʦ ʟʘ ʨʽʚʥʷʥʥʷʤ 
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ʊʝʤʧʝʨʘʪʫʨʠ ʚʥʫʪʨʽʰʥʴʦʾ ʪʘ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʦʥʴ ʪʨʫʙʦʧʨʦʚʦʜʫ 

ʚʠʟʥʘʯʘʻʤʦ ʟ ʨʽʚʥʷʥʥʷ ʜʣʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʜʣʷ ʢʦʞʥʦʾ ʩʪʘʜʽʾ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ: 
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ʇʨʠʢʣʘʜ 2.4. ʉʪʽʥʘ ʽʟ ʯʝʨʚʦʥʦʾ ʮʝʛʣʠ ʪʦʚʱʠʥʦʶ 300 ʤʤ ʽ 

l=0,75 ɺʪ/(ʤÖʂ) ʤʘʻ ʟ ʦʜʥʦʛʦ ʙʦʢʫ tʩʪ1=22 
ʦ
ʉ, ʘ ʟ ʽʥʰʦʛʦ tʩʪ2=-22 

ʦ
ʉ. 
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ɿʥʘʡʪʠ ʛʫʩʪʠʥʫ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʯʝʨʝʟ ʩʪʽʥʢʫ ʽ ʛʣʠʙʠʥʫ ʾʾ ʧʨʦʤʝʨʟʘʥʥʷ ŭ1 

ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ tŭ=0 
ʦ
ʉ, ʚʨʘʭʦʚʫʶʯʠ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʮʝʛʣʠ ʧʦʩʪʽʡʥʦʶ. 

ʈʦʟʚôʷʟʘʥʥʷ. ɻʫʩʪʠʥʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ: 
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ʇʨʠʢʣʘʜ 2.5. ɺʠʟʥʘʯʠʪʠ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʽ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ 

ʧʽʜ ʯʘʩ ʪʝʯʽʾ ʚʦʜʠ ʫ ʪʨʫʙʽ ʜʽʘʤʝʪʨʦʤ 40 ʤʤ, ʜʦʚʞʠʥʦʶ 3 ʤ ʟʽ ʰʚʠʜʢʽʩʪʶ 

1 ʤ/ʩ, ʷʢɦ ʦ ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠ 80
ʦ
ʉ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʽʥʢʠ 65

ʦ
ʉ. 

ʈʦʟʚôʷʟʘʥʥʷ. ɺʠʟʥʘʯʠʤʦ ʨʝʞʠʤ ʨʫʭʫ ʚʦʜʠ ʫ ʪʨʫʙʽ. ʌʽʟʠʯʥʽ 

ʧʘʨʘʤʝʪʨʠ ʚʦʜʠ ʧʨʠ ʚʠʟʥʘʯʘʣʴʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʷʢʘ ʜʦʨʽʚʥʶʻ 80
ʦ
ʉ 

(ʜʦʜʘʪʦʢ ʀ): 
 

/ñìÊ);Âò/(ì;
262

100,3651067,52,21Pr
-- Ö=nÖÖ=l= . 

 

ʂʨʠʪʝʨʽʡ Prʩʪ ʟʘ ʜʘʥʠʤʠ ʜʦʜʘʪʢʘ ʀ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʩʪʽʥʢʠ (65
ʦ
ʉ) 

ʩʢʣʘʜʘʻ Prʩʪ= 2,74. 

ɿʥʘʭʦʜʠʤʦ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʈʝʡʥʦʣʴʜʩʘ: 
 

.
45

6
10101,095

100,365

0,041
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ʈʝʞʠʤ ʨʫʭʫ ï ʪʫʨʙʫʣʝʥʪʥʠʡ, ʪʦʤʫ ʚʠʙʠʨʘʻʤʦ ʚʽʜʧʦʚʽʜʥʝ 

ʢʨʠʪʝʨʽʘʣʥɹʝ ʨʽʚʥʷʥʥʷ: 
 

616.
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2,21)10(1,0950,021Nu
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÷
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ɺʠʟʥʘʯʘʻʤʦ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ: 
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=
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10400
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d

ɚNu
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ɺʽʜʥʦʰʝʥʥʷ l/d=3/0,04=75, ʪʦʤʫ ʧʦʧʨʘʚʢʘ ʥʘ ʜʦʚʞʠʥʫ ʪʨʫʙʠ 

ʜʦʨʽʚʥʶʻ 1. ɺʠʟʥʘʯʘʻʤʦ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ: 
 

.Âò5880065)(8030,043,1410400Q =-ÖÖÖÖ=  
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ʇʨʠʢʣʘʜ 2.6. ɺʠʟʥʘʯʠʪʠ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʽ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʥʘ 

ʦʜʠʥʠʮʶ ʜʦʚʞʠʥʠ ʪʨʫʙʠ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʧʦʧʝʨʝʯʥʦʤʫ ʧʦʪʦʮʽ ʧʦʚʽʪʨʷ. 

ɼʽʘʤʝʪʨ ʪʨʫʙʠ 30 ʤʤ, ʪʝʤʧʝʨʘʪʫʨʘ ʾʾ ʧʦʚʝʨʭʥʽ 80
ʦ
ʉ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ 

20
ʦ
ʉ, ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ 5 ʤ/ʩ. 

ʈʦʟʚôʷʟʘʥʥʷ. ʌʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʦʚʽʪʨʷ ʧʨʠ ʚʠʟʥʘʯʘʣʴʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ, ʷʢʘ ʜʦʨʽʚʥʶʻ 20
ʦ
ʉ (ʜʦʜʘʪʦʢ ɾ): 

 

/ʩʤʂ);ɺʪ/(ʤ ; 262 1015,06102,59ɚ0,703Pr -- Ö=uÖÖ== . 

 

ɿʥʘʭʦʜʠʤʦ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʈʝʡʥʦʣʴʜʘ: 
 

.
3

6
109,96

1015,06

0,035
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Ö
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ɺʠʙʠʨʘʻʤʦ ʢʨʠʪʝʨʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ï ʪʝʧʣʦʦʙʤʽʥ ʧʨʠ ʧʦʧʝʨʝʯʥʦʤʫ 

ʦʙʪʽʢʘʥʥʽ ʦʜʠʥʦʯʥʦʾ ʪʨʫʙʠ ʧʨʠ Re>10
3
: 

 

.55,2)10(9,960,216Nu
0,63 =ÖÖ=  

 

ɺʠʟʥʘʯʘʻʤʦ  ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ: 
 

.
ʂʤ

ɺʪ

2Ö
=

ÖÖ
=

-

47,7
0,03

102,59355,2
Ŭ

2

 

 

ʊʝʧʣʦʚʠʡ ʧʦʪʽʢ ʥʘ ʦʜʠʥʠʮʶ ʜʦʚʞʠʥʠ ʪʨʫʙʠ: 
 

./ ìÂò27020)(800,033,1447,7q1 =-ÖÖÖ=  

 

ʇʨʠʢʣʘʜ 2.7. ɻʣʘʜʢʘ ʧʣʠʪʘ ʜʦʚʞʠʥʦʶ 1,5 ʤ ʽ ʰʠʨʠʥʦʶ 1 ʤ 

ʦʙʜʫʚʘ̒ ʪʴʩʷ ʧʦʪʦʢʦʤ ʧʦʚʽʪʨʷ ʟʽ ʰʚʠʜʢʽʩʪʶ 5 ʤ/ʩ. ɺʠʟʥʘʯʠʪʠ ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʚʽʜʜʘʯʽ ʽ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ, ʷʢʠʡ ʚʽʜʜʘʻ ʧʣʠʪʘ ʧʦʚʽʪʨʶ, ʷʢʱʦ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʽ ʧʣʠʪʠ 110
ʦ
ʉ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ 20

ʦ
ʉ. 

ʈʦʟʚôʷʟʘʥʥʷ. ɿʥʘʭʦʜʠʤʦ ʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʦʚʽʪʨʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

20
ʦ
ʉ (ʜʦʜʘʪʦʢ ɾ): 

 

/ñìÊ);Âò/(ì;
262

1015,06102,590,703Pr
-- Ö=nÖÖ== ̦ . 

 

ɿʥʘʭʦʜʠʤʦ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʈʝʡʥʦʣʴʜʩʘ: 
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Ö
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ɺʠʙʠʨʘʻʤʦ ʢʨʠʪʝʨʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ï ʪʝʧʣʦʦʙʤʽʥ ʧʨʠ ʧʦʧʝʨʝʯʥʦʤʫ 

ʦʙʪʽʢʘʥʥʽ ʧʦʚʝʨʭʥʽ ʧʨʠ Re>10
5
: 

 

.1155)10(4,980,032Nu
0,85 =ÖÖ=  

 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʪʘ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʨʽʚʥʽ: 
 

.Âò;
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Âò
2

270020)(11011,520Q20
1,5

102,5931155
2

=-ÖÖÖ=
Ö

=
ÖÖ

=a
-

 

 

ʇʨʠʢʣʘʜ 2.8. ɺʠʟʥʘʯʠʪʠ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʚʽʜ ʚʝʨʪʠʢʘʣʴʥʦʾ 

ʩʪʽʥʢʠ ʚʠʩʦʪʦʶ 2 ʤ ʧʦʚʽʪʨʶ, ʷʢʱʦ ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʽʥʢʠ 120
ʦ
ʉ, ʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ 20
ʦ
ʉ. 

ʈʦʟʚôʷʟʘʥʥʷ. ɺʠʟʥʘʯʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʠ ʚʽʣʴʥʽʡ ʢʦʥʚʝʢʮʽʾ 

ʜʦʨʽʚʥʶʻ 
 

.Co70 
2

20120
t =

+
=  

 

ʌʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʦʚʽʪʨʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 70
ʦ
ʉ ʟʥʘʭʦʜʠʤʦ ʟ 

ʜʦʜʘʪʢʘ ɾ: 
 

./ñìÊ);Âò/(ì;
2̦ 62

1020,02102,960,694Pr
-- Ö=nÖÖ==  

 

ɺʠʟʥʘʯʘʻʤʦ ʢʦʝʬʽʮʽʻʥʪ ʦʙôʻʤʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ: 
 

1K-=
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==
343

1

27370

1

T

1
κ  

 

ɺʠʟʥʘʯʘʻʤʦ ʟʥʘʯʝʥʥʷ  ʜʦʙʫʪʢʫ ʢʨʠʪʝʨʽʶ ɻʨʘʩʛʦʬʬʘ ʽ ʇʨʘʥʜʪʣʷ: 
 

.9

26

3

1039,550,694
)10(20,02343

20)(12029,81
PrGr Ö=Ö

ÖÖ

-ÖÖ
=Ö

-
 

 

ɺʠʙʠʨʘʻʤʦ ʢʨʠʪʝʨʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ï ʪʝʧʣʦʦʙʤʽʥ ʧʨʠ ʚʣ̔ʴʥʽʡ ʢʦʥʚʝʢʮʽʾ 

ʧʨʠ GrĀPr>2Ā10
7
: 

 

.
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ɺʪ
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2Ö
=

ÖÖ
==ÖÖ=
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6,82
2

102,96460
Ŭ460)10(39,550,135Nu

2
0,339  

 

ʇʨʠʢʣʘʜ 2.9. ɺʠʟʥʘʯʠʪʠ ʚʣʘʩʥʫ ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʩʪʽʥʢʠ 

ʣʽʪʫʯʦʛʦ ʘʧʘʨʘʪʘ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 4,53 ɺʪ/(ʤ
2
Āʂ

4
), ʷʢʱʦ 
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ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʽ ʩʪʽʥʢʠ 1027
ʦ
ʉ. ɺʠʟʥʘʯʠʪʠ ʪʘʢʦʞ ʩʪʫʧʽʥʴ ʯʦʨʥʦʪʠ 

ʩʪʽʥʢʠ ʽ ʜʦʚʞʠʥʫ ʭʚʠʣʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʤʘʢʩʠʤʫʤʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʚʠʧʨʦʤʥ̔ʶʚʘʥʥʷ. 

ʈʦʟʚôʷʟʘʥʥʷ. ɺʠʧʨʦʤʽʥʶʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʩʪʽʥʢʠ ʣʽʪʫʯʦʛʦ ʘʧʘʨʘʪʘ 

ʚʠʟʥʘʯʘʻʤʦ ʟʘ ʨʽʚʥʷʥʥʷʤ 
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5

101,256
4

100

1300
4,53

4

100

T
CE Ö=ö

÷

õ
æ
ç

å
Ö=ö

÷

õ
æ
ç

å
=  

 

ʉʪʫʧʽʥʴ ʯʦʨʥʦʪʠ ʚʠʟʥʘʯʘʻʤʦ ʟ ʨʽʚʥʷʥʥʷ  ŮCs=C. ʊʦʜʽ 
 

.0,80,785
5,77

4,53

C

C
ν

S

º===  

 

ɼʦʚʞʠʥʫ ʭʚʠʣʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʤʘʢʩʠʤʫʤʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʚʠʧʨʦʤʽʥʚʁʘʥʥʷ, ʚʠʟʥʘʯʘʻʤʦ ʟ̔ ʟʘʢʦʥʫ ɺʥ̔ʘ: 
 

.ʤʢʤʤʤ 2,230,00223
1300

2,9

T

2,9
max ====l  

 

ʇʨʠʢʣʘʜ 2.10. ɺʠʟʥʘʯʠʪʠ ʧʨʦʤʝʥʠʩʪʠʡ ʪʝʧʣʦʦʙʤʽʥ ʤʽʞ ʩʪʽʥʢʘʤʠ 

ʩʫʜʠʥʠ ɼôʁ ʘʨʘ, ʚʩʝʨʝʜʠʥʽ ʷʢʦʾ ʟʙʝʨʽʛʘʻʪʴʩʷ ʨʽʜʢʠʡ ʢʠʩʝʥʴ, ʷʢʱʦ ʥʘ 

ʟʦʚʥʽʥhʽʡ ʧʦʚʝʨʭʥʽ ʚʥʫʪʨʽʰʥʴʦʾ ʩʪʽʥʢʠ ʪʝʤʧʝʨʘʪʫʨʘ t1=ï183
ʦ
ʉ, ʘ ʥʘ 

ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʢʠ t2=17
ʦ
ʉ. ʉʪʽʥʢʠ ʩʫʜʠʥʠ ʧʦʢʨʠʪʽ 

ʰʘʨʦʤ ʩʨʽʙʣʘ, ʩʪʫʧʽʥʴ ʯʦʨʥʦʪʠ ʷʢʦʛʦ ʜʦʨʽʚʥʶʻ 0,02; ʧʣʦʱʽ ʧʦʚʝʨʭʦʥʴ 

ʩʪʽʥʦʢ  F1åF2å0,1 ʤ
2
. 

ʈʦʟʚôʷʟʘʥʥʷ. ʉʧʦʯʘʪʢʫ ʨʦʟʨʘʭʫʻʤʦ ʥʘʚʝʜʝʥʠʡ ʩʪʫʧʽʥʴ ʯʦʨʥʦʪʠ ʜʘʥʦʾ 

ʩʠʩʪʝʤʠ ʪʽʣ: 

.
99

1

11/0,021/0,02

1
Ůʧʨ =

-+
=  

 

ʂʽʣʴʢʽʩʪʴ ʧʨʦʤʝʥʠʩʪʦʾ ʝʥʝʨʛʽʾ ʤʽʞ ʨʽʚʥʦʙʽʞʥʠʤʠ ʧʦʚʝʨʭʥʤ̫ʠ ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʟʘ ʨʽʚʥʷʥʥʷʤ 
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ʇʨʠʢʣʘʜ 2.11. ʋ ʧʨʠʤʽʱʝʥʥʽ ʚʩʪʘʥʦʚʣʝʥʦ ʮʠʣʽʥʜʨʠʯʥʠʡ ʧʽʜʽʛʨʚ̔ʘʯ 

(ʜʦʚʞʠʥʘ 4 ʤ, ʜʽʘʤʝʪʨ 1 ʤ). ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʽ ʧʽʜʽʛʨʽʚʘʯʘ 280
ʦ
ʉ, 

ʢʦʝʬʽʮʽʻʥʪ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 4,9 ɺʪ/(ʤ
2
Āʂ

4
). ʈʦʟʤʽʨʠ ʧʨʠʤʽʱʝʥʥʷ: ʜʦʚʞʠʥʘ  

8 ʤ, ʰʠʨʠʥʘ 4 ʤ, ʚʠʩʦʪʘ 3 ʤ, ʪʝʤʧʝʨʘʪʫʨʘ ʫ ʧʨʠʤʽʱʝʥʥʽ 22
ʦ
ʉ, ʢʦʝʬʽʮʽʻʥʪ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʪʽʥ 3 ɺʪ/(ʤ
2
Āʂ

4
). ɺʠʟʥʘʯʠʪʠ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʤʽʞ 

ʧʽʜʽʛʨʽʚʘʯʝʤ ʽ ʧʦʚʝʨʭʥʷʤʠ ʧʨʠʤʽʱʝʥʥʷ. 

ʈʦʟʚôʷʟʘʥʥʷ. ɺʠʟʥʘʯʘʻʤʦ ʧʣʦʱʽ ʧʦʚʝʨʭʦʥʴ ʧʽʜʽʛʨʽʚʘʯʘ ʽ ʩʪʽʥ ʢʽʤʥʘʪʠ: 

F1=3,14Ā4Ā1+(3,14Ā1
2
/4)Ā2=14,13 ʤ

2
; 

F2=8Ā3Ā2+4Ā3Ā2+8Ā4Ā2=136 ʤ
2
. 

ʊʝʧʣʦʚʠʡ ʧʦʪʽʢ ʚʠʟʥʘʯʘʻʤʦ ʟʘ ʨʽʚʥʷʥʥʷʤ 
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2.5  ɿʘʚʜʘʥʥʷ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ  

 

ɿʘʜʘʯʘ 2.1. ʇʣʦʩʢʘ ʩʪʘʣʝʚʘ ʩʪʽʥʢʘ ʟ ɚ1=50 ɺʪ/(ʤȚʂ) ʽ ʪʦʚʱʠʥʦʶ 

d1=0,02 ʤ ʽʟʦʣʴʦʚʘʥʘ ʚʽʜ ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ ʰʘʨʦʤ ʘʟʙʝʩʪʦʚʦʛʦ ʢʘʨʪʦʥʫ ʟ 

ɚ2=0,15 ɺʪ/(ʤȚʂ) ʽ ʪʦʚʱʠʥʦʶ d2=0,2 ʤ, ʰʘʨʦʤ ʧʨʦʙʢʠ ʟ ɚ3=0,045 ɺʪ/(ʤȚʂ) ʽ 

d3=0,1 ʤ. ɺʠʟʥʘʯʠʪʠ, ʷʢʦʾ ʪʦʚʱʠʥʠ ʥʝʦʙʭʽʜʥʦ ʚʟʷʪʠ ʰʘʨ ʧʽʥʦʙʝʪʦʥʫ ʟ 

ɚ=0,08 ɺʪ/(ʤȚʂ) ʟʘʤʽʩʪʴ ʘʟʙʝʩʪʫ ʽ ʧʨʦʙʢʠ, ʱʦʙ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʩʪʽʥʢʠ ʟʘʣʠʰʠʣʠʩʷ ʙʝʟ ʟʤʽʥ. 

ʈʦʟʚôʷʟʦʢ:  dʧ=0,28 ʤ. 

ɿʘʜʘʯʘ 2.2. ʉʪʘʣʝʚʘ ʪʨʫʙʘ ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʜʽʘʤʝʪʨʽʚ 

d1/d2=200/220 ʤʤ ʽ ʢʦʝʬʽʮʽʻʥʪʦʤ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ɚ=50 ɺʪ/(ʤ Öʂ) ʧʦʢʨʠʪʘ 

ʜʚʦʰʘʨʦʚʦʶ ʽʟʦʣʷʮʽʻʶ. ʊʦʚʱʠʥʘ ʧʝʨʰʦʛʦ ʰʘʨʫ d1=50 ʤʤ, ɚ1=0,2 ɺʪ/(ʤÖʂ), 

ʜʨʫʛʦʛʦ ʰʘʨʫ ï d2=80 ʤʤ, ɚ2=0,1 ɺʪ/(ʤÖʂ). ʊʝʤʧʝʨʘʪʫʨʘ ʚʥʫʪʨʽʰʥʴʦʾ 
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ʧʦʚʝʨʭʥʽ ʪʨʫʙʠ 327
ʦ
ʉ, ʟʦʚʥʽʰʥʴʦʛʦ ʰʘʨʫ ʽʟʦʣʷʮʽʾ ï 47

 ʦ
ʉ. ɺʠʟʥʘʯʠʪʠ 

ʧʦʛʦʥʥʠʡ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ. 

ʈʦʟʚôʷʟʦʢ:  q= 94 ɺʪ/ʤ. 

ɿʘʜʘʯʘ 2.3. ʋ ʩʢʽʣʴʢʠ ʨʘʟʽʚ ʟʙʽʣʴʰʠʪʴʩʷ ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ ʩʪʽʥʢʠ 

ʩʪʘʣʝʚʦʛʦ ʟʤʽʡʦʚʠʢʘ, ʟʛʦʨʥʫʪʦʛʦ ʟ ʪʨʫʙʠ ʜʽʘʤʝʪʨʦʤ 38 ʤʤ, ʪʦʚʱʠʥʦʶ  

2,5 ʤʤ, ʷʢʱʦ ʧʦʢʨʠʪʠ ʾʾ ʰʘʨʦʤ ʝʤʘʣʽ? ɺʚʘʞʘʪʠ ʩʪʽʥʢʫ ʧʣʦʩʢʦʶ. ʂʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʧʨʦʚʜ̔ʥʦʩʪʽ ʝʤʘʣʽ 1,05 ɺʪ/(ʤÖʂ). 

ʈʦʟʚôʷʟʦʢ: ʫ 10 ʨʘʟʽʚ. 

ɿʘʜʘʯʘ 2.4. ʇʣʦʩʢʘ ʩʪʽʥʢʘ ʟ ʮʝʛʣʠ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʘ ʫ ʪʦʧʮʽ, ʟ ʦʜʥʽʻʾ 

ʩʪʦʨʦʥʠ ʦʤʠʚʘʻʪʴʩʷ ʧʨʦʜʫʢʪʘʤʠ ʟʛʦʨʘʥʥʷ ʧʘʣʠʚʘ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ 

t1=1300
ʦ
ʉ, ʘ ʟ ʽʥʰʦʛʦ ʙʦʢʫ ï ʧʦʚʽʪʨʷʤ ʧʨʠʤʽʱʝʥʥʷ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ t2=20

ʦ
ʉ. 

ʂʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦʚʽʜʜʘʯʽ ʢʦʥʚʝʢʮʽʻʶ ʜʦʨʽʚʥʶʶʪʴ, ʚʽʜʧʦʚʽʜʥʦ, 

a1=150 ɺʪ/(ʤ
2
Öʂ), ʽ a2=50 ɺʪ/(ʤ

2
Öʂ). ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʩʪʥ̔ʢʠ 

ɚ=0,6 ɺʪ/(ʤÖʂ), ʪʦʚʱʠʥʘ ʩʪʽʥʢʠ d=755 ʤʤ. ʂʨʽʤ ʪʝʧʣʦʚʽʜʜʘʯʽ ʢʦʥʚʝʢʮʽʻʶ ʟ 

ʙʦʢʫ ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʘʥʥʷ ʥʘ ʩʪʽʥʢʫ ʧʘʜʘʻ ʧʨʦʤʝʥʠʩʪʠʡ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ, 

ʯʘʩʪʠʥʘ ʷʢʦʛʦ qʧʨʦʤ=10
3
 ɺʪ/ʤ

2
 ʧʦʛʣʠʥʘʻʪʴʩʷ ʧʦʚʝʨʭʥʝʶ ʩʪʽʥʢʠ. ɺʠʟʥʘʯʠʪʠ 

ʛʫʩʪʠʥʫ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʩʪʽʥʢʫ. 

ʈʦʟʚôʷʟʦʢ: q=1996 ɺʪ/ʤ
2
. 

ɿʘʜʘʯʘ 2.5. ɻʣʘʜʢʘ ʩʪʘʣʝʚʘ ʪʨʫʙʘ ʧʦʚʽʪʨʦʧʽʜʽʛʨʽʚʘʯʘ ʟ ʚʥʫʪʨʽʰʥʴʦʾ 

ʩʪʦʨʦʥʠ ʦʤʠʚʘʻʪʴʩʷ ʜʠʤʦʚʠʤʠ ʛʘʟʘʤʠ ʽʟ ʩʝʨʝʜʥʴʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ 320Áʉ, ʘ 

ʟʟʦʚʥʽ ï ʧʦʚʽʪʨʷʤ, ʧʨʠʯʦʤʫ ʧʦʚʽʪʨʷ ʥʘʛʨʽʚʘʻʪʴʩʷ ʚʽʜ 25 ʜʦ 250Áʉ. 

ʂʦʝʬʽʮʽ̒ ʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʩʪʘʣʽ 58 ɺʪ/(ʤÖʂ). ɺʠʟʥʘʯʠʪʠ: ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ, ʚʽʜʥʝʩʝʥʠʡ ʜʦ ʦʜʥʦʛʦ ʧʦʛʦʥʥʦʛʦ ʽ ʦʜʥʦʛʦ ʢʚʘʜʨʘʪʥʦʛʦ ʤʝʪʨʘ 

ʟʦʚʥʽʥhʴʦʾ ʧʦʚʝʨʭʥʽ ʪʨʫʙʠ, ʽ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʘ, ʱʦ ʧʝʨʝʜʘʥʘ ʪʨʫʙʦʶ ʟʘ 1 ʛʦʜ., 

ʷʢʱʦ: ʟʦʚʥʽʥhʽʡ ʜʽʘʤʝʪʨ ʪʨʫʙʠ ï 51 ʤʤ; ʚʥʫʪʨʽʰʥʽʡ ʜʽʘʤʝʪʨ ʪʨʫʙʠ ï  

48 ʤʤ; ʜʦʚʞʠʥʘ ʪʨʫʙʠ ï 4 ʤ; ʥʘʣʽʪ ʩʘʞʽ ʚʩʝʨʝʜʠʥʽ ʪʨʫʙʠ d=1 ʤʤ, ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʩʪʘʣʽ ï 0,23 ɺʪ/(ʤÖʂ). 

ʈʦʟʚôʷʟʦʢ: Kʮ=0,232 ɺʪ/(ʤÖʂ); k=9,15 ɺʪ/(ʤ
2
Öʂ); Q=1069 ɺʪ. 

ɿʘʜʘʯʘ 2.6. ɺʠʟʥʘʯʠʪʠ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʽ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʧʽʜ 

ʯʘʩ ʨʫʭʫ ʧʦʚʽʪʨʷ ʫ ʪʨʫʙʽ ʜʽʘʤʝʪʨʦʤ 56 ʤʤ, ʜʦʚʞʠʥʦʶ 2 ʤ ʟʽ ʰʚʠʜʢʽʩʪʶ 

5 ʤ/ʩ, ʷʢʱʦ ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ 120
ʦ
ʉ, ʘ ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʩʪ̔ʥʢʠ ʪʨʫʙʠ 100
ʦ
ʉ. 

ʈʦʟʚôʷʟʦʢ: Ŭ= 9,14 ɺʪ/(ʤ
2
 Ö ʂ); Q = 135 ɺʪ. 

ɿʘʜʘʯʘ 2.7. ɺʠʟʥʘʯʠʪʠ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʚʽʜ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ 

ʧʣʠʪʠ ʰʠʨʠʥʦʶ 1 ʤ, ʜʦʚʞʠʥʦʶ 3 ʤ, ʷʢʱʦ ʧʦʚʝʨʭʥʷ, ʷʢʘ ʚʽʜʜʘʻ ʪʝʧʣʦʪʫ, 

ʧʦʚʝʨʥʫʪʘ ʜʦʥʠʟʫ, ʾʾ ʪʝʤʧʝʨʘʪʫʨʘ 125
ʦ
ʉ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʚʜʘʣʠʥʽ ʚʽʜ 

ʧʣʠʪʠ 15
ʦ
ʉ. 
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ʈʦʟʚôʷʟʦʢ: Ŭ= 4,92 ɺʪ/(ʤ
2
Öʂ). 

ɿʘʜʘʯʘ 2.8. ɺʠʟʥʘʯʠʪʠ ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦʚʽʜʜʘʯʽ ʽ ʧʠʪʦʤ ̔ ʚʪʨʘʪʠ 

ʪʝʧʣʦʪʠ ʟ ʜʚʦʭ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʨʦʟʪʘʰʦʚʘʥʠʭ ʧʘʨʦʧʨʦʚʦʜʽʚ ʟ ʜʽʘʤʝʪʨʘʤʠ 

200 ʽ 100 ʤʤ, ʷʢʱʦ ʪʝʤʧʝʨʘʪʫʨʠ ʾʭ ʩʪʽʥʦʢ ʦʜʥʘʢʦʚʽ ʽ ʜʦʨʽʚʥʶʶʪʴ 310
ʦ
ʉ, ʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʚʜʘʣʠʥʽ ʚʽʜ ʧʘʨʦʧʨʦʚʦʜʫ 26
ʦ
ʉ. 

ʈʦʟʚôʷʟʦʢ: Ŭ1=8,24 ɺʪ/(ʤ
2
Öʂ); q1 = 2340 ɺʪ/ʤ

2
;  

Ŭ2=9,18 ɺʪ/(ʤ
2
Öʂ); q2 = 2610 ɺʪ/ʤ

2
. 

ɿʘʜʘʯʘ 2.9. ʉʪʘʣʝʚʫ ʟʘʛʦʪʽʚʢʫ ʟ ʧʦʯʘʪʢʦʚʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ 27
ʦ
ʉ 

ʧʦʩʪʘʚʠʣʠ ʫ ʤʫʬʝʣʴʥʫ ʧʽʯ, ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʽʥʦʢ ʷʢʦʾ 927
ʦ
ʉ. ɺʠʟʥʘʯʠʪʠ, ʷʢʠʡ 

ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʩʧʨʠʡʤʘʻʪʴʩʷ ʟʘʛʦʪʽʚʢʦʶ (ʫ ʧʦʯʘʪʢʦʚʠʡ ʧʝʨʽʦʜ) ʟʘ ʨʘʭʫʥʦʢ 

ʧʨʦʤʝʥʠʩʪʦʾ ʝʥʝʨʛʽʾ, ʷʢʱʦ ʚʽʜʥʦʰʝʥʥʷ ʧʣʦʱ ʧʦʚʝʨʭʦʥʴ ʟʘʛʦʪʽʚʢʠ ʽ 

ʤʫʬʝʣʴʥʦʾ ʧʝʯʽ F1/F2=1/30, ʘ ʩʪʫʧʝʥ̔ ʯʦʨʥʦʪʠ ʟʘʛʦʪʚ̔ʢʠ ʽ ʩʪʽʥʦʢ ʧʝʯ,̔ 

ʚʽʜʧʦʚʜ̔ʥʦ, ʜʦʨʽʚʥʶʶʪʴ 0,7 ʽ 0,85. 

ʈʦʟʚôʷʟʦʢ: q=81750 ɺʪ/ʤ
2
. 

ɿʘʜʘʯʘ 2.10. ɺʠʟʥʘʯʠʪʠ ʥʘʚʝʜʝʥʠʡ ʩʪʫʧʽʥʴ ʯʦʨʥʦʪʠ ʽ ʧʨʦʤʝʥʠʩʪʠʡ 

ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʤʽʞ ʜʚʦʤʘ ʩʪʘʣʝʚʠʤʠ ʧʘʨʘʣʝʣʴʥʦ ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʜʠʩʢʘʤʠ ʟ 

ʮʝʥʪʨʘʤʠ ʥʘ ʟʘʛʘʣʴʥʽʡ ʥʦʨʤʘʣʽ. ʊʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʦʥʴ ʜʠʩʢʽʚ ï 300 ʽ 

100
ʦ
ʉ, ʜʠʩʢʠ ʤʘʶʪʴ ʦʜʥʘʢʦʚʽ ʜʽʘʤʝʪʨʠ ï 300 ʤʤ, ʚʽʜʩʪʘʥʴ ʤʽʞ ʥʠʤʠ  

h=250 ʤʤ. ʉʪʫʧʽʥʴ ʯʦʨʥʦʪʠ ʜʠʩʢʽʚ Ů1åŮ1å0,24. ʗʢ ʟʤʽʥʷʪʴʩʷ ʮʽ ʚʝʣʠʯʠʥʠ 

ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʚʽʜʩʪʘʥʽ ʤʽʞ ʜʠʩʢʘʤʠ ʫ 5 ʨʘʟʽʚ? 

ʈʦʟʚôʷʟʦʢ: ʘ) Ůʧʨ=0,436; Q=31,6 ɺʪ.  

ʙ) Ůʧʨ=0,234; Q=43,5 ɺʪ.  
 

ɿʘʜʘʯʘ 2.11. ʄʽʞ ʜʚʦʤʘ ʨʽʚʥʦʙʽʞʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ ʚʩʪʘʥʦʚʣʝʥʦ 

ʝʢʨʘʥ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʦʥʴ ï 367 ʽ 32
ʦ
ʉ. ʉʪʫʧʽʥʴ ʯʦʨʥʦʪʠ ʧʦʚʝʨʭʦʥʴ ʽ 

ʝʢʨʘʥʘ ʦʜʥʘʢʦʚʠʡ ʽ ʜʦʨʽʚʥʶʻ 0,83. ɺʠʟʥʘʯʠʪʠ ʛʫʩʪʠʥʫ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ 

ʤʽʞ ʧʦʚʝʨʭʥʷʤʠ ʜʦ ʽ ʧʽʩʣʷ ʫʩʪʘʥʦʚʣʝʥʥʷ ʝʢʨʘʥʘ, ʘ ʪʘʢʦʞ ʪʝʤʧʝʨʘʪʫʨʫ 

ʝʢʨʘʥʘ. 

ʈʦʟʚôʷʟʦʢ: q0= 6510 ɺʪ/ʤ
2
; qʝʢ=3255 ɺʪ/ʤ

2
; ʊʝʢ=545 ʂ. 
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3   ʇʈʀʂʃɸɼʅɸ ʊɽʇʃʆʊɽʍʅɯʂɸ 

 

3.1   ʊʝʧʣʦʦʙʤʽʥʥʽ ʘʧʘʨʘʪʠ 
 

3.1.1 ʂʣʘʩʠʬʽʢʘʮʽʷ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʘʧʘʨʘʪʽʚ 

 

ʊʝʧʣʦʦʙʤʽʥʥʠʡ ʘʧʘʨʘʪ (ʪʝʧʣʦʦʙʤʽʥʥʠʢ) ï ʮʝ ʧʨʠʩʪʨʽʡ, ʧʨʠʟʥʘʯʝʥʠʡ 

ʜʣʷ ʥʘʛʨʽʚʘʥʥʷ ʯʠ ʦʭʦʣʦʜʞʝʥʥʷ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʧʦʪʦʢʫ (ʪʝʧʣʦʥʦʩʽʷ).  

ʊʝʧʣʦʚʽ ʧʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʘʧʘʨʘʪʘʭ, 

ʤʦʞʫʪʴ ʙʫʪʠ ʩʘʤʠʤʠ ʨʽʟʥʠʤʠ: ʥʘʛʨʽʚʘʥʥʷ, ʦʭʦʣʦʜʞʝʥʥʷ, ʚʠʧʘʨ, ʢʠʧʽʥʥʷ, 

ʢʦʥʜʝʥʩʘʮʽʷ, ʧʣʘʚʣʝʥʥʷ, ʟʘʪʚʝʨʜʽʥʥʷ ʽ ʙʽʣʴʰ ʩʢʣʘʜʥʽ ʧʨʦʮʝʩʠ. ʋ ʧʨʦʮʝʩʽ 

ʪʝʧʣʦʦʙʤʽʥʫ ʤʦʞʝ ʙʨʘʪʠ ʫʯʘʩʪʴ ʢʽʣʴʢʘ ʪʝʧʣʦʥʦʩʽʾʚ: ʪʝʧʣʦ ʚʽʜ ʦʜʥʦʛʦ ʟ ʥʠʭ 

ʤʦʞʝ ʧʝʨʝʜʘʚʘʪʠʩʷ ʜʝʢʽʣʴʢʦʤ ʽ ʚʽʜ ʜʝʢʽʣʴʢʦʭ ʦʜʥʦʤʫ.  

ɯʩʥʫʻ ʜʝʢʽʣʴʢʘ ʢʣʘʩʠʬʽʢʘʮʽʡ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʘʧʘʨʘʪʽʚ: 

1) ʟʘ ʧʨʠʟʥʘʯʝʥʥʷʤ:  

- ʧʽʜʽʛʨʽʚʘʯʽ,  

- ʢʦʥʜʝʥʩʘʪʦʨʠ,  

- ʦʭʦʣʦʜʞʫʚʘʯʽ,  

- ʚʠʧʘʨʥʠʢʠ,  

- ʧʘʨʦʧʝʨʝʪʚʦʨʶʚʘʯʽ  ʪʘ ̔ʥ.; 

2) ʟʘ ʧʨʠʥʮʠʧʦʤ ʜʽʾ: 

- ʨʝʛʝʥʝʨʘʪʦʨʠ; 

- ʨʝʢʫʧʝʨʘʪʦʨʠ; 

- ʟʤʽʰʫʚʘʣʴʥʽ ʘʧʘʨʘʪʠ. 

ʆʢʨʝʤʦ ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ ʪʝʧʣʦʦʙʤʽʥʥʠʢʠ ʟ ʚʥʫʪʨʽʰʥʽʤ ʜʞʝʨʝʣʦʤ 

ʝʥʝʨʛʽʾ, ʫ ʷʢʠʭ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʥʝ ʜʚʘ, ʷʢ ʟʚʠʯʘʡʥʦ, ʘ ʦʜʠʥ ʪʝʧʣʦʥʦʩʽʡ, ʱʦ 

ʚʽʜʚʦʜʠʪʴ ʪʝʧʣʦʪʫ, ʷʢʘ ʚʠʜʽʣʷʻʪʴʩʷ ʚ ʩʘʤʦʤʫ ʘʧʘʨʘʪʽ. ʇʨʠʢʣʘʜʦʤ ʤʦʞʫʪʴ 

ʙʫʪʠ ʷʜʝʨʥʽ ʨʝʘʢʪʦʨʠ, ʝʣʝʢʪʨʦʥʘʛʨʽʚʘʯʽ ʪʘ ʽʥʰʽ ʧʨʠʩʪʨʦʾ. 

ʋ ʨʝʛʝʥʝʨʘʪʠʚʥʠʭ ʘʧʘʨʘʪʘʭ ʛʘʨʷʯʠʡ ʪʝʧʣʦʥʦʩʽʡ ʚʽʜʜʘʻ ʩʚʦʶ 

ʪʝʧʣʦʪʫ ʧʨʠʩʪʨʦʶ, ʷʢʠʡ ʘʢʫʤʫʣʶʻ ʾʾ, ʘ ʧʦʪʽʤ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʚʽʜʜʘʻ ʪʝʧʣʦʪʫ 

ʭʦʣʦʜʥʦʤʫ ʪʝʧʣʦʥʦʩʽʶ, ʪʦʙʪʦ ʦʜʥʘ ʽ ʪʘ ʩʘʤʘ ʧʦʚʝʨʭʥʷ ʦʤʠʚʘ̒ʪɹʩʷ ʪʦ 

ʛʘʨʷʯʠʤ, ʪʦ ʭʦʣʦʜʥʠʤ ʪʝʧʣʦʥʦʩʽʻʤ. 

ɹʽʣʴʰʽʩʪʴ ʨʝʛʝʥʝʨʘʪʠʚʥʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ ʧʨʘʮʶʻ ʟʘ ʧʨʠʥʮʠʧʦʤ 

ʧʝʨʽʦʜʠʯʥʦʾ ʜʽʾ. ʊʝʧʣʦʦʙʤʽʥʥʠʢʠ, ʫ ʷʢʠʭ ʧʝʨʽʦʜʠʯʥʦ ʟʤʽʥʶʶʪʴʩʷ ʧʦʜʘʯʘ ʽ 

ʚʽʜʚʽʜ ʪʝʧʣʦʥʦʩʽʾʚ, ʥʘʟʠʚʘʶʪʴʩʷ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘʤʠ ʧʝʨʽʦʜʠʯʥʦʾ ʜʽʾ. ʈʽʟʥʽ 

ʪʝʧʣʦʥʦʩʽʾ ʥʘʜʭʦʜʷʪʴ ʫ ʥʠʭ ʫ ʨʽʟʥʽ ʧʝʨʽʦʜʠ ʯʘʩʫ.  

ʅʘ ʨʠʩʫʥʢʫ 3.1 ʟʦʙʨʘʞʝʥʦ ʨʝʛʝʥʝʨʘʪʠʚʥʠʡ ʧʽʜʽʛʨʽʚʘʯ ʧʦʚʽʪʨʷ 

ʧʝʨʽʦʜʠʯʥʦʾ ʜʽʾ ʟ ʧʝʨʝʢʣʶʯʝʥʥʷʤ ʧʦʪʦʢʽʚ, ʱʦ ʨʫʭʘʶʪʴʩʷ ʯʝʨʝʟ ʥʘʩʘʜʢʫ. 
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ʈʠʩʫʥʦʢ 3.1 ï ʈʝʛʝʥʝʨʘʪʠʚʥʠʡ ʧʽʜʽʛʨʽʚʘʯ ʧʦʚʽʪʨʷ ʧʝʨʽʦʜʠʯʥʦʾ ʜʽʾ 
 

ʋ ʨʝʛʝʥʝʨʘʪʦʨʥʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘʭ ʚ ʷʢʦʩʪʽ ʧʨʦʤʽʞʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʚʝʨʜʠʡ ʜʦʩʠʪʴ ʤʽʮʥʠʡ ʤʘʪʝʨʽʘʣ: ʣʠʩʪʠ ʤʝʪʘʣʫ, ʮʝʛʣʠʥʠ, 

ʨʽʟʥʽ ʟʘʩʠʧʢʠ. ʈʝʛʝʥʝʨʘʪʠʚʥʽ ʪʝʧʣʦʦʙʤʽʥʥʠʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ (ʚʠʱʝ 1000 
ʦ
ʉ) ʧʽʜʽʛʨʽʚʫ ʛʘʟʽʚ, ʪʦʤʫ ʱʦ 

ʞʘʨʦʩʪʽʡʢʽʩʪʴ ʤʝʪʘʣʽʚ ʦʙʤʝʞʝʥʘ, ʘ ʥʘʩʘʜʢʘ ʟ ʚʦʛʥʝʪʨʠʚʢʠʭ ʮʝʛʣʠʥ ʤʦʞʝ 

ʧʨʘʮʶʚʘʪʠ ʧʨʠ ʜʫʞʝ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʈʝʛʝʥʝʨʘʪʦʨʠ ʤʦʞʫʪ ɹ ʧʨʘʮʶʚʘʪʠ ʽ ʙʝʟʫʧʠʥʥʦ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʥʘʩʘʜʢʘ ʯʠ ʩʪʽʥʢʘ, ʱʦ ʦʙʝʨʪʘʻʪʴʩʷ, ʧʦʧʝʨʝʤʽʥʥʦ ʩʪʠʢʘʻʪʴʩʷ ʟ ʧʦʪʦʢʘʤʠ 

ʨʽʟʥʠʭ ʪʝʧʣʦʥʦʩʽʾʚ ʽ ʙʝʟʫʧʠʥʥʦ ʧʝʨʝʥʦʩʠʪʴ ʪʝʧʣʦ ʟ ʦʜʥʦʛʦ ʧʦʪʦʢʫ ʚ ʽʥʰʽʡ. 

ʈʝʛʝʥʝʨʘʪʠʚʥʽ ʪʝʧʣʦʦʙʤʽʥʥʠʢʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʥʘ ʤʝʪʘʣʫʨʛʽʡʥʠʭ, 

ʢʦʢʩʦʚʠʭ ʡ ʽʥʰʠʭ ʟʘʚʦʜʘʭ, ʜʝ ʟʘ ʭʘʨʘʢʪʝʨʦʤ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʥʝʦʙʭʽʜʥʦ ʧʽʜʽʛʨʽʪʝ ʧʦʚʽʪʨʷ ʡ ʫ ʪʦʡ ʞʝ ʯʘʩ ʻ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʛʘʟʽʚ, ʱʦ 

ʚʽʜʭʦʜʷʪʴ ʟ ʚʠʩʦʢʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ. 

ʆʩʦʙʣʠʚʦ ʰʠʨʦʢʦ ʫ ʚʩʽʭ ʛʘʣʫʟʷʭ ʪʝʭʥʽʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʨʝʢʫʧʝʨʘʪʠʚʥʽ ʘʧʘʨʘʪʠ, ʫ ʷʢʠʭ ʪʝʧʣʦʪʘ ʚʽʜ ʛʘʨʷʯʦʛʦ ʜʦ ʭʦʣʦʜʥʦʛʦ 

ʪʝʧʣʦʥʦʩʽʷ ʧʝʨʝʜʘʻʪʴʩʷ ʯʝʨʝʟ ʨʦʟʜʽʣʴʥʫ ʩʪʽʥʢʫ (ʥʘʧʨʠʢʣʘʜ: ʪʨʫʙʯʘʩʪʠʡ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢ). ʋ ʙʽʣʴʰʦʩʪʽ ʨʝʢʫʧʝʨʘʪʠʚʥʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ ʪʝʧʣʦ 

ʧʝʨʝʜʘʻʪʴʩʷ ʙʝʟʫʧʠʥʥʦ, ʪʦʤʫ ʪʘʢʽ ʪʝʧʣʦʦʙʤʽʥʥʠʢʠ ʥʘʟʠʚʘʶʪʴʩʷ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʘʤʠ ʙʝʟʫʧʠʥʥʦʾ ʜʽʾ. 

ʅʘ ʨʠʩʫʥʢʫ 3.2 ʟʦʙʨʘʞʝʥʦ ʨʝʢʫʧʝʨʘʪʠʚʥʠʡ ʪʝʧʣʦʦʙʤʽʥʥʠʢ, ʫ ʷʢʦʤʫ 

ʦʜʠʥ ʟ ʪʝʧʣʦʥʦʩʽʾʚ ʧʨʦʪʽʢʘʻ ʫʩʝʨʝʜʠʥʽ ʪʨʫʙ, ʘ ʜʨʫʛʠʡ ʦʤʠʚʘ̒ ʾʭ ʟʦʚʥʽʰʥʽ 

ʧʦʚʝʨʭʥʽ. 

 

 

 

ɻ ʨʷʯ
ʛʘʟ
ʘ ʽ
ʠ

ʅʘʛʨʝʪʝ
ʧʦʚʽʪʨʷ

ɻʘʟʠ ʧʽʩʣʷ
ʦʭʦʣʦʜʞʝʥʥʷ

ʍʦʣʦʜʥʝ 
ʧʦʚʽʪʨʷ
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ʈʠʩʫʥʦʢ 3.2 ï ʊʨʫʙʯʘʪʠʡ ʪʝʧʣʦʦʙʤʽʥʥʠʢ ʙʝʟʫʧʠʥʥʦʾ ʜʽʾ 
 

ʇʨʠʢʣʘʜʘʤʠ ʨʝʢʫʧʝʨʘʪʦʨʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʧʘʨʦʚʽ ʢʦʪʣʠ, ʢʦʥʜʝʥʩʘʪʦʨʠ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʪʠʧʫ, ʦʧʘʣʶʚʘʣʴʥʽ ʧʨʠʣʘʜʠ. ʋ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʨʝʢʫʧʝʨʘʪʦʨʠ 

ʠhʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʽʜʽʛʨʽʚʫ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ ʽ ʧʦʚʽʪʨʷ 

ʪʝʧʣʦʥʦʩʽʷʤʠ, ʱʦ ʚʠʭʦʜʷʪʴ ʟ ʧʝʯʝʡ. ɼʫʞʝ ʰʠʨʦʢʦ ʨʝʢʫʧʝʨʘʪʦʨʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʽʜʽʛʨʽʚʫ ʚʦʜʠ. 

ʋ ʟʤʽʰʫʚʘʣʴʥʠʭ ʘʧʘʨʘʪʘʭ ʧʝʨʝʜʘʯʘ ʪʝʧʣʦʪʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʤʫ ʟʤʽʰʫʚʘʥʥʽ ʪʝʧʣʦʥʦʩʽʾʚ, ʥʘʧʨʠʢʣʘʜ, ʫ ʢʦʥʜʝʥʩʘʪʦʨʘʭ, ʱʦ 

ʟʤʽʰʫʶʪʴ. ʊʘʢʽ ʪʝʧʣʦʦʙʤʽʥʥʠʢʠ ʽʥʦʜʽ ʥʘʟʠʚʘʶʪʴ ʢʦʥʪʘʢʪʥʠʤʠ. ʅʘʡʙʽʣʴʰ 

ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʫ ʨʦʙʦʯʦʤʫ ʧʨʦʮʝʩʽ ʪʝʧʣʦʦʙʤʽʥʥʦʛʦ ʘʧʘʨʘʪʘ, ʱʦ 

ʟʤʽʰʫʻ, ʻ ʧʦʚʝʨʭʥʷ ʟʽʪʢʥʝʥʥʷ ʪʝʧʣʦʥʦʩʽʾʚ. ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ ʧʦʚʝʨʭʥʽ 

ʪʝʧʣʦʦʙʤʽʥʫ ʥʘ ʰʣʷʭʫ ʨʫʭʫ ʪʝʧʣʦʥʦʩʽʾʚ ʨʦʟʤʽʱʘʶʪʴ ʥʘʩʘʜʢʫ, ʘ ʫ ʚʠʧʘʜʢʫ 

ʪʚʝʨʜʦʾ ʬʘʟʠ  ʾʾ ʧʦʜʨʽʙʥʶʶʪʴ. 

ɿʤʽʰʫʚʘʣʴʥʽ ʪʝʧʣʦʦʙʤʽʥʥʠʢʠ ʥʘʡʙʽʣʴʰ ʧʨʦʩʪʽ ʽ ʢʦʤʧʘʢʪʥʽ. ʋ ʥʠʭ 

ʟʤʽʰʫʶʪʴʩʷ ʪʝʧʣʦʥʦʩʽʾ, ʱʦ ʥʝ ʚʠʤʘʛʘʶʪʴ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʧʦʜʽʣʫ, 

ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʧʽʜʽʛʨʽʚʽ ʚʦʜʠ ʧʘʨʦʁ ʯʠ ʛʘʨʷʯʦʶ ʚʦʜʦʶ. ɼʣʷ ʧʽʜʪʨʠʤʢʠ 

ʟʘʜʘʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʫ ʩʠʩʪʝʤʽ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ (ʚʽʜ 60 ʜʦ 75
ʦ
ʉ) ʽ ʚ 

ʨʘʜʽʘʪʦʨʘʭ ʦʧʘʣʝʥʥʷ (ʜʦ 95
ʦ
ʉ) ʟʤʽʰʫʶʪʴ ʚʦʜʫ, ʱʦ ʡʜʝ ʚʽʜ ʢʦʪʝʣʴʥʽ ʯʠ ʊɽʎ 

ʽ ʤʘʻ ʪʝʤʧʝʨʘʪʫʨʫ ʜʦ 150
ʦ
ʉ, ʟ ʚʦʜʦʶ (ʚʽʜ 20 ʜʦ 70

ʦ
ʉ), ʱʦ ʧʦʚʝʨʪʘʻʪʴʩʷ ʚʽʜ 

ʩʧʦʞʠʚʘʯʘ ʪʝʧʣʘ. ɿʤʽʰʫʚʘʣʴʥʠʡ ʧʨʦʮʝʩ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʟʜʽʡʩʥʶʻʪʴʩʷ, 

ʥʘʧʨʠʢʣʘʜ, ʫ ʛʨʘʜʠʨʥʷʭ, ʜʝ ʛʘʨʷʯʘ ʚʦʜʘ ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʥʘʚʢʦʣʠʰʥʽʤ 

ʧʦʚʽʪʨʷʤ. 

ɺʠʙʽʨ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʪʠʧʫ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʚ ʢʦʞʥʦʤʫ ʢʦʥʢʨʝʪʥʦʤʫ 

ʚʠʧʘʜʢʫ ʤʘʻ ʙʫʪʠ ʦʙˇʨʫʥʪʦʚʘʥʠʤ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ, 

ʦʩʢʽʣʴʢʠ ʢʦʞʥʠʡ ʟ ʥʠʭ ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ. 

ʍʦʣʦʜʥʘ 
ʚʦʜʘ

ʇʽʜʽʛʨʽʪʘ 
ʚʦʜʘ

ɻʘʨʷʯʘ 
ʚʦʜʘ

ɺʦʜʘ ʧʽʩʣʷ
ʦʭʦʣʦʜʞʝʥʥʷ
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3.1.2 ɺʠʤʦʛʠ ʜʦ ʪʝʧʣʦʥʦʩʽʾʚ 

 

ɺ ʷʢʦʩʪʽ ʪʝʧʣʦʥʦʩʽʾʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʠʟʥʘʯʝʥʥʷ ʚʠʨʦʙʥʠʯʠʭ 

ʧʨʦʮʝʩʽʚ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʽ ʛʘʟʦʧʦʜʽʙʥʽ, ʨʽʜʢʽ ʽ 

ʪʚʝʨʜʽ ʨʝʯʦʚʠʥʠ. ɿ ʧʦʛʣʷʜʫ ʪʝʭʥʽʯʥʦʾ  ̔ ʝʢʦʥʦʤʽʯʥʦʾ ʜʦʮʽʣʴʥʦʩʪʽ ʾʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʧʣʦʥʦʩʽʾ ʧʦʚʠʥʥʽ ʤʘʪʠ ʥʘʩʪʫʧʥʽ ʷʢʦʩʪʽ: 

1) ʤʘʪʠ ʜʦʩʠʪʴ ʚʝʣʠʢʫ ʪʝʧʣʦʪʫ ʧʘʨʦʫʪʚʦʨʝʥʥʷ ʽ ʪʝʧʣʦʻʤʥʽʩʪʴ, 

ʚʽʜʧʦʚʽʜʥʫ ʛʫʩʪʠʥʫ, ʤʘʣʫ ʚ'ʷʟʢʽʩʪʴ (ʧʨʠ ʪʘʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʪʝʧʣʦʥʦʩʽʾʚ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʜʦʩʪʘʪʥʷ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʝʧʣʦʦʙʤʽʥʫ ʽ ʟʤʝʥʰʫʁʪʴʩʷ ʾʭ 

ʤʘʩʦʚʽ ʪʘ ʦʙ'ʻʤʥʽ ʢʽʣʴʢʦʩʪʽ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʟʘʜʘʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʪʝʧʣʦʦʙʤʽʥʥʦʛʦ ʘʧʘʨʘʪʘ); 

2) ʤʘʪʠ ʥʝʦʙʭʽʜʥʫ ʪʝʨʤʦʩʪʽʡʢʽʩʪʴ ʽ ʥʝ ʨʦʙʠʪʠ ʥʝʩʧʨʠʷʪʣʠʚʦʛʦ ʚʧʣʠʚʫ 

ʥʘ ʤʘʪʝʨʽʘʣʠ ʘʧʘʨʘʪʫʨʠ (ʪʝʧʣʦʥʦʩʽʾ ʧʦʚʠʥʥʽ ʙʫʪʠ ʭʽʤʽʯʥʦ ʩʪʽʡʢʠʤʠ ʽ 

ʥʝʘʛʨʝʩʠʚʥʠʤʠ ʥʘʚʽʪʴ ʧʨʠ ʜʦʩʠʪʴ ʪʨʠʚʘʣʦʤʫ ʚʧʣʠʚʽ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ); 

3) ʙʫʪʠ ʥʝʜʦʨʦʛʠʤʠ ʽ ʜʦʩʠʪʴ ʜʦʩʪʫʧʥʠʤʠ. 

ʇʨʠ ʚʠʙʦʨʽ ʪʝʧʣʦʥʦʩʽʾʚ ʥʝʦʙʭʽʜʥʦ ʚ ʢʦʞʥʦʤʫ ʦʢʨʝʤʦʤʫ ʚʠʧʘʜʢʫ 

ʜʝʪʘʣʴʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʾʭ ʪʝʨʤʦʜʠʥʘʤʽʯʥ ̔ʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥ ̔ ʚʣʘʩʪʠʚʦʩʪʽ, ʘ 

ʪʘʢʦʞ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ. 

ɺʥʘʩʣʽʜʦʢ ʥʠʟʢʠ ʩʚʦʾʭ ʧʝʨʝʚʘʛ ʚ ʷʢʦʩʪʽ ʪʝʧʣʦʥʦʩʽʷ ʥʘʡʙʽʣʴʰʝ 

ʧʦʰʠʨʝʥʥʷ ʦʜʝʨʞʘʣʘ ʚʦʜʷʥʘ ʧʘʨʘ. ɺʦʥʘ ʤʘʻ: 

- ʚʠʩʦʢʽ ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦʚʽʜʜʘʯʽ ʧʨʠ ʢʦʥʜʝʥʩʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʷ ̒

ʦʜʝʨʞʫʚʘʪʠ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʽ ʧʦʚʝʨʭʥʽ ʪʝʧʣʦʦʙʤʽʥʫ; 

- ʚʝʣʠʢʫ ʟʤʽʥʫ ʝʥʪʘʣʴʧʽʾ ʧʨʠ ʢʦʥʜʝʥʩʘʮʽʾ ʚʦʜʷʥʦʾ ʧʘʨʠ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʠʪʨʘʯʘʪʠ ʾʾ  ʤʘʣʫ ʢʽʣʴʢʽʩʪʴ ʜʣʷ ʧʝʨʝʜʘʯʽ ʧʦʨʽʚʥʷʥʦ ʚʝʣʠʢʠʭ ʢʽʣʴʢʦʩʪʝʡ 

ʪʝʧʣʦʪʠ; 

- ʧʦʩʪʽʡʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʢʦʥʜʝʥʩʘʮʽʾ ʧʨʠ ʟʘʜʘʥʦʤʫ ʪʠʩʢʫ, ʱʦ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʠʪʴ ʧʨʦʩʪʦ ʧʽʜʪʨʠʤʫʚʘʪʠ ʧʦʩʪʽʡʥʠʡ ʨʝʞʠʤ ʽ ʨʝʛʫʣʶʚʘʪʠ 

ʧʨʦʮʝʩ ʚ ʘʧʘʨʘʪʘʭ. 

ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʚʦʜʷʥʦʾ ʧʘʨʠ ʻ ʟʥʘʯʥʝ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʩʠʯʝʥʥʷ.  

ɻʘʨʷʯʘ ʚʦʜʘ ʦʜʝʨʞʘʣʘ ʚʝʣʠʢʝ ʧʦʰʠʨʝʥʥʷ ʷʢ ʪʝʧʣʦʥʦʩʽʡ, ʱʦ ʛʨʽʻ, 

ʦʩʦʙʣʠʚʦ ʚ ʦʧʘʣʶʚʘʣʴʥʠʭ ʚʝʥʪʠʣʷʮʽʡʥʠʭ ʫʩʪʘʥʦʚʢʘʭ. ʇʽʜʽʛʨʽʚ ʚʦʜʠ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʩʧʝʮʽʘʣʴʥʠʭ ʚʦʜʦʛʨʽʡʥʠʭ ʢʦʪʣʘʭ, ʚʠʨʦʙʥʠʯʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʘʛʨʝʛʘʪʘʭ (ʥʘʧʨʠʢʣʘʜ, ʫ ʧʝʯʘʭ) ʯʠ ʚʦʜʦʥʘʛʨʽʚʘʣʴʥʠʭ 

ʫʩʪʘʥʦʚʢʘʭ ʊɽʎ ʽ ʢʦʪʝʣʝʥʴ.  

ɼʠʤʦʚʽ ʽ ʪʦʧʢʦʚʽ ʛʘʟʠ ʚ ʷʢʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʛʨʽʻ, ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʟʚʠʯʘʡʥʦ ʥʘ ʤʽʩʮʽ ʾʭ ʦʜʝʨʞʘʥʥʷ ʜʣʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʦʙʽʛʨʽʚʫ ʧʨʦʤʠʩʣʦʚʠʭ 
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ʚʠʨʦʙʽʚ ʽ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʱʦ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʩʪʘʥʥʽʭ ʥʝ 

ʟʤʽʥʶʶʪʴʩʷ ʧʨʠ ʟʘʙʨʫʜʥʝʥʥʽ ʩʘʞʝʶ ʽ ʟʦʣʦʶ. ʗʢʱʦ ʟʘ ʫʤʦʚʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʟʘʙʨʫʜʥʝʥʥʷ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʥʘʛʨʽʚʘʻʪʴʩʷ, ʥʝʧʨʠʧʫʩʪʠʤʦ, ʜʠʤʦʚʽ ʛʘʟʠ 

ʥʘʧʨʘʚʣʷʶʪʴʩʷ ʚ ʨʝʢʫʧʝʨʘʪʠʚʥʠʡ ʪʝʧʣʦʦʙʤʽʥʥʠʢ, ʜʝ ʚʽʜʜʘʶʪʴ ʩʚʦʻ ʪʝʧʣʦ 

ʧʦʚʽʪʨ,ʁ ʘ ʦʩʪʘʥʥ ̒ʚʞʝ ʥʘʛʨʽʚʘʻ ʤʘʪʝʨʽʘʣ. 

ɼʦʩʪʦʾʥʩʪʚʦʤ ʪʦʧʢʦʚʠʭ ʛʘʟʽʚ ʻ ʤʦʞʣʠʚʽʩʪʴ ʥʘʛʨʽʚʘʥʥʷ ʥʠʤʠ 

ʤʘʪʝʨʽʘʣʫ ʜʦ ʜʫʞʝ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʱʦ ʧʦʪʨʽʙʥʽ ʽʥʦʜʽ ʟʘ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʫʤʦʚʘʤʠ ʚʠʨʦʙʥʠʮʪʚʘ. ɸʣʝ ʮʝ ʜʦʩʪʦʾʥʩʪʚʦ ʥʝ ʟʘʚʞʜʠ ʤʦʞʝ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʦ, ʪʦʤʫ ʱʦ ʚʥʘʩʣʽʜʦʢ ʪʨʫʜʥʦʱʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʩʪʘʥʦʚʠʪʴʩʷ 

ʤʦʞʣʠʚʠʤ ʧʝʨʝʛʨʽʚ ʤʘʪʝʨʽʘʣʫ ʽ ʧʦʛʽʨʰʝʥʥʷ ʡʦʛʦ ʷʢʦʩʪʽ; ʟ ʽʥʰʦʛʦ ʙʦʢʫ, ʟʘ 

ʫʤʦʚʘʤʠ ʪʝʭʥʽʢʠ ʙʝʟʧʝʢʠ ʥʝ ʟʘʚʞʜʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʦʛʥʝʚʠʡ 

ʦʙʽʛʨʽʚ. ɺʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʪʦʧʢʦʚʠʭ ʛʘʟʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʝʣʠʢʠʭ 

ʪʝʧʣʦʚʠʭ ʚʠʪʨʘʪ. ɻʘʟʠ, ʱʦ ʟʘʣʠʰʘʶʪʴ ʪʦʧʢʫ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʚʠʱʝ 1000 Áʉ, 

ʜʦʭʦʜʷʪʴ ʜʦ ʩʧʦʞʠʚʘʯʘ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʥʝ ʚʠʱʝ 700 Áʉ, ʪʦʤʫ ʱʦ ʟʜʽʡʩʥʠʪʠ 

ʟʘʜʦʚʽʣʴʥʫ ʪʝʨʤʦʽʟʦʣʷʮʽʶ ʧʨʠ ʪʘʢʦʤʫ ʚʠʩʦʢʦʤʫ ʨʽʚʥʽ ʪʝʤʧʝʨʘʪʫʨ ʜʦʩʠʪʴ 

ʚʘʞʢʦ. 

ʋ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʘʧʘʨʘʪʘʭ ʨʫʭ ʪʝʧʣʦʥʦʩʽʾʚ ʟʜʽʡʩʥʶʻʪʴʩʷ  

ʟʘ 3 ʦʩʥʦʚʥʠʤʠ ʩʭʝʤʘʤʠ: 

- ʧʨʷʤʦʪʦʢ ï ʥʘʧʨʷʤʢʠ ʨʫʭʫ ʛʘʨʷʯʦʛʦ ʽ ʭʦʣʦʜʥʦʛʦ ʪʝʧʣʦʥʦʩʽʾʚ 

ʟʙʽʛʘʶʪʴʩʷ;  

- ʧʨʦʪʠʪʦʢ ï ʥʘʧʨʷʤʢʠ ʨʫʭʫ ʪʝʧʣʦʥʦʩʽʾʚ ʧʨʦʪʠʣʝʞʥʽ; 

- ʧʦʧʝʨʝʯʥʠʡ ʨʫʭ ï ʥʘʧʨʷʤʦʢ ʧʦʪʦʢʫ ʛʘʨʷʯʦʛʦ ʪʝʧʣʦʥʦʩʽʷ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʡ ʨʫʭʫ ʭʦʣʦʜʥʦʛʦ. 

ʂʨʽʤ ʮʠʭ ʟʘʩʪʦʩʦʚʫʶʪʴ ʽ ʙʽʣʴʰ ʩʢʣʘʜʥʽ ʩʭʝʤʠ ʨʫʭʫ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʫ 

ʩʝʙʝ ʚʩʽ ʪʨʠ ʦʩʥʦʚʥʽ ʩʭʝʤʠ: 

 

 

3.1.3 ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʦʙʤʽʥʥʠʭ 

ʘʧʘʨʘʪʽʚ 

 

ʗʢ ʫʞʝ ʛʦʚʦʨʠʣʦʩʷ, ʪʝʧʣʦʦʙʤʽʥʥʽ ʘʧʘʨʘʪʠ ʤʦʞʫʪʴ ʤʘʪʠ ʩʘʤʽ 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʧʨʠʟʥʘʯʝʥʥʷ ʽ ʤʦʞʫʪʴ ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʜʠʥ  ʚʽʜ ʦʜʥʦʛʦ 

ʟʘ ʬʦʨʤʘʤʠ ʽ ʨʦʟʤʽʨʘʤʠ, ʟʘ ʨʦʙʦʯʠʤʠ ʪʽʣʘʤʠ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʥʠʭ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʝʣʠʢʫ ʨʦʟʤʘʾʪʽʩʪʴ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʘʧʘʨʘʪʽʚ, ʦʩʥʦʚʥʽ 

ʧʦʣʦʞʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʜʣʷ ʥʠʭ ʟʘʣʠʰʘʶʪʴʩʷ ʟʘʛʘʣʴʥʠʤʠ. 

ʆʩʥʦʚʥʠʤʠ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʨʽʚʥʷʥʥʷʤʠ, ʷʢ ̔ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠ 

ʨʦʟʨʘʭʫʥʢʘʭ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʘʧʘʨʘʪʽʚ, ʷʚʣʷʶʪʴʩʷ: 
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1) ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʝʨʝʜʘʯʽ (ʜʠʚ. ʨʽʚʥʷʥʥʷ (2.57), (2.80) ʽ (2.82)) 
 

Q = k F Dt,                                               (3.1) 
 

ʜʝ Q ï ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ, ɺʪ; 

k ï ʩʝʨʝʜʥʽʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ, ɺʪ/(ʤ
2
 ʂ); 

F ï ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ ʪʝʧʣʦʦʙʤʽʥʫ ʚ ʘʧʘʨʘʪʽ, ʤ
2
; 

Dt ï ʨʽʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨ ʛʘʨʷʯʦʛʦ ʽ ʭʦʣʦʜʥʦʛʦ ʪʝʧʣʦʥʦʩʽʾʚ, ʦ
ʉ, 

2) ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ 
 

Q = G1 C1 Dt1 = G2 C2 Dt2,                            (3.2) 
 

ʜʝ G1, G2 ï ʤʘʩʦʚʘ ʚʠʪʨʘʪʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʛʘʨʷʯʦʛʦ ʽ ʭʦʣʦʜʥʦʛʦ 

ʪʝʧʣʦʥʦʩʽʾʚ, ʢʛ/c; 

     ʉ1, ʉ2 ï ʪʝʧʣʦʻʤʥʽʩʪʴ ʧʝʨʰʦʛʦ ʽ ʜʨʫʛʦʛʦ ʪʝʧʣʦʥʦʩʽʾʚ, ɼʞ /(ʢʛ ʂ); 

     Dt1, Dt2 ï ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʝʨʰʦʛʦ ʽ ʜʨʫʛʦʛʦ 

ʪʝʧʣʦʥʦʩʽʾʚ, 
ʦ
ʉ. 

ʅʘ ʧʨʘʢʪʠʮʽ ʧʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʜʘʥʦʤʫ 

ʨʽʚʥʷʥʥʽ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. ʊʦʤʫ ʫ ʧʨʘʢʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʫ 

ʨʽʚʥʷʥʥʷ (3.2) ʧʽʜʩʪʘʚʣʷʶʪʴ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʽʟʦʙʘʨʥʦʾ ʪʝʧʣʦʻʤʥʦʩʪʽ ʚ 

ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ t'  ʜʦ t'', ʜʝ t'   ̔ t''  ï ʮʝ ʧʦʯʘʪʢʦʚʘ ʽ ʢʽʥʮʝʚʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ. 

ʇʨʠ ʚʠʚʦʜʫ ʦʩʥʦʚʥʦʛʦ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʝʨʝʜʘʯʽ (2.52) ʧʨʠʡʤʘʣʦʩʷ, 

ʱʦ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʾʚ ʫ ʪʝʧʣʦʦʙʤʽʥʥʦʤʫ ʘʧʘʨʘʪʽ ʥʝ ʟʤʽʥʶʶʪʴʩʷ, ʘʣʝ 

ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʨʷʯʦʛʦ ʽ ʭʦʣʦʜʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ ʫ 

ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʘʧʘʨʘʪʘʭ ʥʝ ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʩʪʽʡʥʦ,ʁ ʪʦʤʫ ʨʽʚʥʷʥʥʷ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ (3.1) ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʘʧʘʨʘʪʽʚ ʤʦʞʥʘ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʪʽʣʴʢʠ ʚ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʤʫ ʚʠʜʽ ʜʣʷ ʧʣʦʱʽ ʧʦʚʝʨʭʥʽ ʘʧʘʨʘʪʘ 

dF, ʘ ʩʘʤʝ: 
 

dQ=k Dt dF.                                            (3.3) 
 

ʊʦʜʽ ʧʦʚʥʘ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ʚʽʜ ʛʘʨʷʯʦʾ ʪʝʧʣʦʥʦʩʽʷ 

ʜʦ ʭʦʣʦʜʥʦʛʦ ʚʩʽʻʶ ʧʣʦʱʝʶ F, ʚʠʟʥʘʯʠʪʴʩʷ ʨʽʚʥʷʥʥʷʤ 
 

ñåð

F

0

tkFtdFkQ D=D=ñ .                              (3.4) 
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ʋ ʮʴʦʤʫ ʨʽʚʥʷʥʥʽ Dtʩʝʨ ʷʚʣʷʻ ʩʦʙʦʶ ʩʝʨʝʜʥʽʡ ʣʦʛʘʨʠʬʤʽʯʥʠʡ 

ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʥʘʧʽʨ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʭʘʨʘʢʪʝʨʦʤ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨ 

ʨʦʙʦʯʠʭ ʨʽʜʠʥ ʫʟʜʦʚʞ ʧʦʚʝʨʭʥʽ ʥʘʛʨʽʚʘʥʥʷ. ʆʩʪʘʥʥʽʡ ʫ ʩʚʦʶ ʯʝʨʛʫ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʭʝʤʠ ʨʫʭʫ ʪʝʧʣʦʥʦʩʽʾʚ ʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʟʥʘʯʝʥʴ ʾʭ 

ʪʝʤʧʝʨʘʪʫʨ. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʧʝʨʝʧʘʜʫ 

ʪʝʤʧʝʨʘʪʫʨ Dtʩʝʨ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʥʘʩʪʫʧʥʠʤ ʨʽʚʥʷʥʥʷʤ 
 

ì

á

ìá
ñåð

t
t

ln

tt
t

D
D

D-D
=D ,                                    (3.5) 

 

ʜʝ Dtʙ ʽ Dtʤ ï ʚʽʜʧʦʚʽʜʥʦ ʙʽʣʴʰʠʡ ʽ ʤʝʥʰʠʡ ʧʝʨʝʧʘʜʠ ʪʝʤʧʝʨʘʪʫʨ ʤʽʞ 

ʪʝʧʣʦʥʦʩʽʷʤʠ ʥʘ ʢʽʥʮʷʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ. 

ɼʣʷ ʚʠʢʣʶʯʝʥʥʷ ʧʦʤʠʣʦʢ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʥʘʧʦʨʫ 

Dtʩʝʨ ʥʝʦʙʭʽʜʥʦ ʥʘʢʨʝʩʣʠʪʠ ʛʨʘʬʽʢ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ ʜʦʚʞʠʥʦʶ  

ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ, ʧʦʪʽʤ ʨʦʟʨʘʭʫʚʘʪʠ ʨʽʟʥʠʮ ʁ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʢʽʥʮʷʭ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ, ʚʠʷʚʠʪʠ ʙʽʣʴʰʫ ʽ ʤʝʥʰʫ ʨʽʟʥʠʮʶ, ʘ ʧʦʪʽʤ ʨʦʟʨʘʭʦʚʫʚʘʪʠ 

Dtʩʝʨ. 

ʅʘ ʨʠʩʫʥʢʫ 3.3 ʧʦʜʘʥʘ  ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨ ʪʝʧʣʦʥʦʩʽʾʚ ʫ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʪʝʧʣʦʥʦʩʽʾʚ. 

 

 

 

 

 

 

 

 

 

 

 ʘ ʙ 
 

ʈʠʩʫʥʦʢ 3.3 ï ɿʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨ ʪʝʧʣʦʥʦʩʽʾʚ ʜʣʷ ʧʨʷʤʦʪʦʢʫ (ʘ) 

 ʽ ʧʨʦʪʠʪʦʢʫ (ʙ) 
 

ʗʢʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʽʾʚ ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʣʽʥʽʡʥʠʤ ʟʘʢʦʥʦʤ, ʪʦ 

ʩʝʨʝʜʥʽʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʥʘʧʽʨ ʚ ʘʧʘʨʘʪʽ ʜʦʨʽʚʥʶʻ ʨʽʟʥʠʮʽ 

ʩʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʠʭ ʚʝʣʠʯʠʥ: 
 

Dtʙ Dtʤ

ʇʨʷʤʦʪʦʢ
t

F

tô1

tôô1

tôô2

tô2

Dtʤ

Dtʙ

t

F

tô1

tôô1

tôô2

tô2

ʇʨʦʪʠʪʦʢ
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2

''t't

2

''t't
t 2211
ñåð

+
-

+
=D ,                              (3.6) 

 

ʜʝ t1ô, t2ô ï ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʾʚ ʥʘ ʚʭʦʜʽ ʜʦ ʪʝʧʣʦʦʙʤʽʥʥʦʛʦ 

ʘʧʘʨʘʪʫ, 
ʦ
ʉ; 

t1ôô, t2ôô ï ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʾʚ ʥʘ ʚʠʭʦʜʽ ʟ ʪʝʧʣʦʦʙʤʽʥʥʦʛʦ 

ʘʧʘʨʘʪʫ, 
ʦ
ʉ. 

ʈʽʚʥʷʥʥʷ (3.6) ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʣʠʰʝ ʧʨʠ ʥʝʚʝʣʠʢʠʭ ʟʤʽʥʘʭ 

ʪʝʤʧʝʨʘʪʫʨʠ ʦʙʦʭ ʪʝʧʣʦʥʦʩʽʾʚ (ʜʣʷ ʥʘʙʣʠʞʝʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ). 

ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ Dtʙ/Dtʤ<2, ʩʝʨʝʜʥʽʡ ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨ 

ʚʠʟʥʘʯʘʶʪʴ ʷʢ ʩʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ: 
 

)tt0,5(t ìáñåð D+D=D .                             (3.7) 

 

ʅʘ ʧʨʘʢʪʠʮʽ ʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʦʪʠʪʦʢʦʚʽ ʩʭʝʤʠ ʨʫʭʫ, 

ʦʩʢʽʣʴʢʠ ʧʨʠ ʦʜʥʘʢʦʚʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʭʽʜʥʠʭ ʽ ʚʠʭʽʜʥʠʭ ʪʝʧʣʦʥʦʩʽʾʚ 

ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʥʘʧʽʨ ʧʨʠ ʧʨʦʪʠʪʦʮ ̔ʟʘʚʞʜʠ ʙʽʣʴʰʝ, ʥʽʞ ʧʨʠ ʧʨʷʤʦʪʦʮ.̔  

ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʧʨʠ ʧʝʨʝʜʘʯʽ ʪʦʛʦ ʞ ʩʘʤʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʧʨʠ 

ʧʨʦʪʠʪʦʢʦʚʽʡ ʩʭʝʤʽ ʙʫʜʝ ʧʦʪʨʽʙʝʥ ʪʝʧʣʦʦʙʤʽʥʥʠʢ ʟ ʤʝʥʰʦ ʁ ʧʣʦʝɦʶ 

ʪʝʧʣʦʦʙʤʽʥʫ. ʑʝ ʦʜʥʘ ʧʝʨʝʚʘʛʘ ʧʨʦʪʠʪʦʢʦʚʦʛʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʧʦʣʷʛʘʻ ʚ 

ʪʽʤ, ʱʦ ʭʦʣʦʜʥʠʡ ʪʝʧʣʦʥʦʩʽʡ ʫ ʥʴʦʤʫ ʤʦʞʥʘ ʥʘʛʨʽʪʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʙʽʣʴʰ 

ʚʠʩʦʢʦʾ, ʥʽʞ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʽʷ, ʷʢʠʡ ʛʨʽʻ, ʥʘ ʚʠʭʦʜʽ, ʱʦ ʫ 

ʧʨʷʤʦʪʦʢʦʚʦʤʫ ʪʝʧʣʦʦʙʤʽʥʥʠʢʫ ʟʨʦʙʠʪʠ ʥʝʤʦʞʣʠʚʦ. 

ɺʠʜʠ ʪʝʧʣʦʚʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ 

ʊʝʧʣʦʚʽ ʨʦʟʨʘʭʫʥʢʠ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʘʧʘʨʘʪʽʚ ʤʦʞʫʪʴ ʙʫʪʠ 

ʧʨʦʝʢʪʥʠʤʠ ʽ ʧʝʨʝʚʽʨʦʯʥʠʤʠ. 

ʇʨʦʝʢʪʥʽ (ʢʦʥʩʪʨʫʢʪʠʚʥʽ) ʪʝʧʣʦʚʽ ʨʦʟʨʘʭʫʥʢʠ ʚʠʢʦʥʫʶʪʴ ʧʨʠ 

ʧʨʦʝʢʪʫʚʘʥʥʽ ʥʦʚʠʭ ʘʧʘʨʘʪʽʚ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʧʦʚʝʨʭʥʽ ʪʝʧʣʦʦʙʤʽʥʫ, 

ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʝʜʘʯʫ ʟʘʜʘʥʦ ʾʢʽʣʴʢʦʩʪ ̔ʪʝʧʣʦʪʠ ʚʽʜ ʛʘʨʷʯʦʛʦ ʪʝʧʣʦʥʦʩʽʷ 

ʜʦ ʭʦʣʦʜʥʦʛʦ. 

ʅʘʡʙʽʣʴʰ ʧʨʦʩʪʠʤ ʻ ʢʦʥʩʪʨʫʢʪʠʚʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ, 

ʧʨʠ ʷʢʦʤʫ ʚʽʜʦʤʽ ʧʦʯʘʪʢʦʚʽ ʽ ʢʽʥʮʝʚʽ ʧʘʨʘʤʝʪʨʠ ʪʝʧʣʦʥʦʩʽʾʚ ʽ ʥʝʦʙʭʽʜʥʦ 

ʨʦʟʨʘʭʫʚʘʪʠ ʧʦʚʝʨʭʥʶ ʪʝʧʣʦʦʙʤʽʥʫ, ʪʦʙʪʦ ʬʘʢʪʠʯʥʦ ʩʢʦʥʩʪʨʫʶʚʘʪʠ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢ. 

ʇʦʨʷʜʦʢ ʧʨʦʚʝʜʝʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʧʦʣʷʛʘʻ ʚ 

ʥʘʩʪʫʧʥʦʤʫ: 

- ʟ ʙʘʣʘʥʩʦʚʦʛʦ ʨʽʚʥʷʥʥʷ (3.2) ʚʠʟʥʘʯʘʶʪʴ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ Q; 
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- ʟʘ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ ʩʧʝʮʽʘʣʴʥʦʾ ʣʽʪʝʨʘʪʫʨʠ ʚʠʟʥʘʯʘʶʪʴ ʥʝʦʙʭʽʜʥʽ 

ʰʚʠʜʢʦʩʪ ̔ʪʝʯʽʾ ʪʝʧʣʦʥʦʩʽʾʚ ʽ ʢʦʥʩʪʨʫʢʪʠʚʥ ̔ʦʩʦʙʣʠʚʦʩʪ ̔ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ 

(d, ʧʨʦʭʽʜʥʽ ʧʝʨʝʨʽʟʠ); 

- ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʦʨʽʾ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʨʦʟʨʘʭʦʚʫʶʪʴ 

ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦʚʽʜʜʘʯʽ Ŭ, ʘ ʧʦʪʽʤ ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ k; 

- ʟʘ ʨʽʚʥʷʥʥʷʤ (3.5) ʚʠʟʥʘʯʘʶʪʴ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʥʘʧʽʨ Dtʩʝʨ; 

- ʟ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʝʨʝʜʘʯʽ (3.1) ʟʥʘʭʦʜʷʪʴ ʧʣʦʫɦ F 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ; 

- ʟʘ ʚʽʜʦʤʦʶ ʧʣʦʱʝʶ ʨʦʟʨʘʭʦʚʫʶʪʴ ʜʦʚʞʠʥʫ ʪʨʫʙʦʢ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ. 

ʇʨʠ ʧʝʨʝʚʽʨʦʯʥʦʤʫ ʨʦʟʨʘʭʫʥʢʫ ʚʽʜʦʤ ̔ʢʦʥʩʪʨʫʢʮʽʷ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʽ 

ʧʦʯʘʪʢʦʚʽ ʧʘʨʘʤʝʪʨʠ ʪʝʧʣʦʥʦʩʽʾʚ. ʅʝʦʙʭʽʜʥʦ ʨʦʟʨʘʭʫʚʘʪʠ ʢʽʥʮʝʚʽ 

ʧʘʨʘʤʝʪʨʠ, ʪʦʙʪʦ ʧʝʨʝʚʽʨʠʪʠ ʧʨʠʜʘʪʥʽʩʪʴ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʜʣʷ ʥʘʷʚʥʠʭ 

ʫʤʦʚ. ʎʝ ʙʽʣʴʰ ʩʢʣʘʜʥʠʡ ʨʦʟʨʘʭʫʥʦʢ, ʪʦʤʫ ʱʦ ʚ ʩʘʤʦʤʫ ʡʦʛʦ ʧʦʯʘʪʢʫ 

ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʢʽʥʮʝʚʽ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʾʚ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʚʭʦʜʷʪʴ ʜʦ  

ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ  ̔ ʜʦ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʝʨʝʜʘʯʽ. ʏʘʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜ ʧʦʩʣʽʜʦʚʥʠʭ ʥʘʙʣʠʞʝʥʴ, ʧʨʠ ʮʴʦʤʫ ʨʦʟʨʘʭʫʥʢʠ 

ʢʨʘʱʝ ʧʨʦʚʦʜʠʪʠ ʥʘ ɽʆʄ. 

 

 

3.1.4 ʇʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʶ 

 

1 ʑʦ ʥʘʟʠʚʘʶʪʴ ʪʝʧʣʦʦʙʤʽʥʥʠʤ ʘʧʘʨʘʪʦʤ? 

2 ɿʘ ʷʢʠʤʠ ʦʟʥʘʢʘʤʠ ʢʣʘʩʠʬʽʢʫʶʪʴ ʪʝʧʣʦʦʙʤʽʥʥ ̔ʘʧʘʨʘʪʠ? 

3 ʏʠʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʙʽʨ ʪʠʧʫ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ? 

4 ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʦʩʥʦʚʥʽ ʩʭʝʤʠ ʨʫʭʫ ʪʝʧʣʦʥʦʩʽʾʚ  

ʫ ʪʝʧʣʦʦʙʤʽʥʥʠʢʫ. 

5 ʗʢʽ ʨʽʚʥʷʥʥʷ ʣʝʞʘʪʴ ʚ ʦʩʥʦʚʽ ʨʦʟʨʘʭʫʥʢʽʚ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ? 

6 ʑʦ ʪʘʢʝ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʥʘʧʽʨ, ʽ ʷʢ ʡʦʛʦ ʨʦʟʨʘʭʫʚʘʪʠ? 

7 ʗʢʽ ʽʩʥʫʶʪʴ ʚʠʜʠ ʨʦʟʨʘʭʫʥʢʽʚ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʘʧʘʨʘʪʽʚ? 

 

 

3.2   ʂʦʤʧʨʝʩʦʨʠ 
 

3.2.1 ɿʘʛʘʣʴʥʽ ʧʦʣʦʞʝʥʥʷ 

 

ʄʘʰʠʥʠ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʩʪʠʩʢʫ ʽ ʧʝʨʝʤʽʱʝʥʥʷ ʧʨʫʞʥʠʭ (ʩʪʠʩʣʠʚʠʭ) 
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ʨʽʜʠʥ (ʛʘʟʽʚ), ʥʘʟʠʚʘʶʪʴ ʢʦʤʧʨʝʩʦʨʘʤʠ. ʉʪʠʩʥʫʪʝ ʧʦʚʽʪʨʷ ʦʪʨʠʤʫʶʪʴ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʦʛʦ ʪʠʧʫ ʢʦʤʧʨʝʩʦʨʽʚ, ʷʢ ̔ ʜʦʩʠʪʴ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʥʘʨʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, ʥʘʧʨʠʢʣʘʜ, ʚ 

ʤʝʪʘʣʫʨʛʽʡʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ (ʜʦʤʝʥʽ ʧʝʯʠ), ʚ ʥʘʬʪʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

(ʥʘʬʪʦʧʝʨʝʛʦʥʥʽ ʟʘʚʦʜʠ), ʚ ʛʘʟʦʪʫʨʙʽʥʥʠʭ ʫʩʪʘʥʦʚʢʘʭ ʽ ʨʝʘʢʪʠʚʥʠʭ 

ʜʚʠʛʫʥʘʭ. ʉʪʠʩʥʫʪʝ ʧʦʚʽʪʨʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢʦʞ ʚ ʨʽʟʥʠʭ ʧʥʝʚʤʘʪʠʯʥʠʭ 

ʽʥʩʪʨʫʤʝʥʪʘʭ, ʚ ʧʦʨʰʥʝʚʠʭ ʜʚʠʛʫʥʘʭ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷ ʜʣʷ ʨʦʟʧʠʣʫ 

ʧʘʣʠʚʘ, ʟʘʧʫʩʢʫ, ʧʨʦʜʫʚʢʠ ʡ ʽʥ.  

ɺʘʞʣʠʚʦʶ ʷʢʽʩʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʢʦʤʧʨʝʩʦʨʽʚ ʻ ʩʪʫʧʽʥʴ 

ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ e, ʷʢʠʡ ʜʦʨʽʚʥʶʻ ʚʽʜʥʦʰʝʥʥʶ ʪʠʩʢʫ ʛʘʟʫ ʟʘ 

ʢʦʤʧʨʝʩʦʨʦʤ ʈ2 ʜʦ ʪʠʩʢʫ ʛʘʟʫ ʧʝʨʝʜ ʢʦʤʧʨʝʩʦʨʦʤ ʈ1: 
 

Ð

Ð

1

2=e .                                                    (3.8) 

 

ʋ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʝʣʠʯʠʥʠ ʩʪʫʧʝʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ e ʢʦʤʧʨʝʩʦʨʠ 

ʤʘʶʪʴ ʨʽʟʥʝ ʧʨʠʟʥʘʯʝʥʥʷ. ʇʨʠ e = 1,0é1,1 ʢʦʤʧʨʝʩʦʨʠ ʥʘʟʠʚʘʶʪʴ 

ʚʝʥʪʠʣʷʪʦʨʘʤʠ, ʦʩʥʦʚʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ʷʢʠʭ ʧʦʣʷʛʘʻ ʚ ʧʝʨʝʤʽʱʝʥʥʽ ʽ ʧʦʜʘʯʽ 

ʧʦʚʽʪʨʷ ʜʦ ʢʘʣʦʨʠʬʝʨʽʚ ʩʫʰʠʣʴʥʠʭ ʫʩʪʘʥʦʚʦʢ, ʧʦʚʽʪʨʦʧʽʜʽʛʨʽʚʥʠʢʽʚ, ʪʦʧʦʢ; 

ʧʨʠ e = 1,1é4,0 ï ʥʘʛʥʽʪʘʯʘʤʠ ʯʠ ʧʦʚʽʪʨʦʜʫʚʢʘʤʠ, ʷʢʽ ʚʩʪʘʥʦʚʣʶʶʪʴ ʜʣʷ 

ʢʦʪʝʣʴʥʠʭ ʘʛʨʝʛʘʪʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʧʽʜ ʥʘʜʜʫʚʘʥʥʷʤ, ʘ ʧʨʠ e > 4,0 ï ʚʣʘʩʥʝ 

ʢʦʤʧʨʝʩʦʨʘʤʠ. 

ʂʦʤʧʨʝʩʦʨʠ ʢʣʘʩʠʬʽʢʫʶʪʴ ʟʘ ʙʘʛʘʪʴʤʘ ʦʟʥʘʢʘʤʠ, ʷʢ̔ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʫ 

ʩʧʝʮʽʘʣʴʥʽʡ ʣʽʪʝʨʘʪʫʨʽ. ɿʘ ʧʨʠʥʮʠʧʦʤ ʧʨʠʩʪʨʦʶ ʽ ʨʦʙʦʪʠ ʢʦʤʧʨʝʩʦʨʠ 

ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʜʚ ̔ ʛʨʫʧʠ: ʦʙ'ʻʤʥʽ ʽ ʣʦʧʘʪʢʦʚʽ. ʆʙ'ʻʤʥʽ ʢʦʤʧʨʝʩʦʨʠ 

ʧʽʜʨʦʟʜʽʣʷʶʪʴʩʷ ʥʘ ʧʦʨʰʥʝʚʽ ʽ ʨʦʪʘʮʽʡʥʽ, ʘ ʣʦʧʘʪʢʦʚʽ ï ʥʘ ʚʽʜʮʝʥʪʨʦʚʽ ʪʘ 

ʦʩʴʦʚʽ (ʘʢʩʽʘʣʴʥʽ). ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʨʦʟʭʦʜʞʝʥʥʷ,  

ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʧʨʠʥʮʠʧʠ ʾʭ ʨʦʙʦʪʠ ʻ ʘʥʘʣʦʛʽʯʥʠʤʠ.  

 

 

3.2.2 ʆʙ'ʻʤʥʽ ʢʦʤʧʨʝʩʦʨʠ 

 

ʆʙ'ʻʤʥʠʡ ʢʦʤʧʨʝʩʦʨ ï ʮʝ ʢʦʤʧʨʝʩʦʨ ʩʪʘʪʠʯʥʦʛʦ ʩʪʠʩʢʫ, ʷʢʠʡ 

ʩʪʚʦʨʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʦʙôʻʤʫ, ʚ ʷʢʦʤʫ ʟʥʘʭʦʜʠʪʴʩʷ ʛʘʟ.  

ʅʘ ʨʠʩʫʥʢʫ 3.4 ʧʦʢʘʟʘʥʘ ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʦʜʥʦʩʪʫʧʽʥʯʘʪʦʛʦ 

ʧʦʨʰʥʝʚʦʛʦ ʢʦʤʧʨʝʩʦʨʘ.  
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ʈʠʩʫʥʦʢ 3.4 ï ʉʭʝʤʘ ʨʦʙʦʪʠ ʦʜʥʦʩʪʫʧʽʥʯʘʪʦʛʦ ʧʦʨʰʥʝʚʦʛʦ 

ʢʦʤʧʨʝʩʦʨʘ 
 

ʂʦʣʽʥʯʘʪʠʡ ʚʘʣ ʢʦʤʧʨʝʩʦʨʘ ʧʦʯʠʥʘʻ ʦʙʝʨʪʘʪʠʩʷ ʚʽʜ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ 

ʘʙʦ ʚʽʜ ʧʦʨʰʥʝʚʦʛʦ ʜʚʠʛʫʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷ. ʇʨʠ ʨʫʩʽ ʧʦʨʰʥʷ ʚʽʜ 

ʢʨʘʡʥʴʦʛʦ ʚʝʨʭʥʴʦʛʦ ʧʦʣʦʞʝʥʥʷ (ʚʝʨʭʥʷ ʤʝʨʪʚʘ ʪʦʯʢʘ ï ɺʄʊ) ʜʦ ʥʠʞʥʴʦʾ 

ʤʝʨʪʚʦʾ ʪʦʯʢʠ (ʅʄʊ) ʫ ʮʠʣʽʥʜʨ ʟ ʦʙʦʣʦʥʢʦʶ, ʱʦ ʦʭʦʣʦʜʞʫʻʪʴʩʷ, ʯʝʨʝʟ 

ʘʚʪʦʤʘʪʠʯʥʠʡ ʢʣʘʧʘʥ ɸ ʟ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʩʤʦʢʪʫʻʪʴʩʷ ʛʘʟ. 

ʅʘʛʥʽʪʘʣʴʥʠʡ ʢʣʘʧʘʥ ɺ ʧʨʠ ʮʴʦʤʫ ʟʘʢʨʠʪʠʡ ʧʽʜ ʜʽʻʶ ʪʠʩʢʫ ʛʘʟʽʚ ʫ 

ʨʝʟʝʨʚʫʘʨʽ, ʷʢʠʡ ʙʽʣʴʰʝ ʘʪʤʦʩʬʝʨʥʦʛʦ. ʇʨʠ ʟʚʦʨʦʪʥʦʤʫ ʨʫʩʽ ʧʦʨʰʥʷ ʚʽʜ 

ʅʄʊ ʜʦ ɺʄʊ ʛʘʟ ʧʦʯʠʥʘʻ ʩʪʠʩʢʫʚʘʪʠʩʷ, ʪʠʩʢ ʡʦʛʦ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʽ 

ʚʩʤʦʢʪʫʚʘʣʴʥʠʡ ʢʣʘʧʘʥ ʟʘʢʨʠʚʘʻʪʴʩʷ. ʇʨʦʮʝʩ ʩʪʠʩʢʫ ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʜʦ ʪʠʭ 

ʧʽʨ, ʧʦʢʠ ʪʠʩʢ ʫ ʮʠʣʽʥʜʨʽ ʥʝ ʩʪʘʥʝ ʨʽʚʥʠʤ (ʧʨʘʢʪʠʯʥʦ ʪʨʦʭʠ ʙʽʣʴʰʝ) ʪʠʩʢʫ ʚ 

ʨʝʟʝʨʚʫʘʨʽ. ʊʦʜʽ ʢʣʘʧʘʥ ɺ ʚʽʜʢʨʠʚʘʻʪʴʩʷ, ʽ ʧʦʯʠʥʘʻʪʴʩʷ ʧʨʦʮʝʩ ʥʘʛʥʽʪʘʥʥʷ 

ʩʪʠʩʥʫʪʦʛʦ ʛʘʟʫ ʚ ʨʝʟʝʨʚʫʘʨ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʧʦʨʰʝʥʴ ʥʝ ʧʨʠʡʜʝ ʫ ɺʄʊ. 

ʈʦʟʛʣʷʥʝʤʦ ʨʦʙʦʯʠʡ ʧʨʦʮʝʩ ʫ PV-ʢʦʦʨʜʠʥʘʪʘʭ ʜʣʷ ʽʜʝʘʣʴʥʦʛʦ 

ʦʜʥʦʩʪʫʧʽʥʯʘʪʦʛʦ ʢʦʤʧʨʝʩʦʨʘ (ʽʜʝʘʣʴʥʦʛʦ ʚ ʪʽʤ ʩʝʥʩʽ, ʱʦ ʚ ʥʴʦʤʫ ʥʝ 

ʚʨʘʭʦʚʫʶʪʴʩʷ ʚʪʨʘʪʠ ʥʘ ʪʝʨʪʷ, ʘ ʚʠʪʽʢʘʥʥʷ ʛʘʟʫ ʡ ʦʙôʻʤ ʰʢʽʜʣʠʚʦʛʦ 

ʧʨʦʩʪʦʨʫ, ʪʦʙʪʦ ʦʙôʻʤ ʤʽʞ ʢʨʠʰʢʦʶ ʮʠʣʽʥʜʨʘ ʽ ʜʥʠʱʝʤ ʧʦʨʰʥʷ ʧʨʠ ʡʦʛʦ 

ʧʦʣʦʞʝʥʥʽ ʡʦʛʦ ʫ ɺʄʊ, ʧʨʠʡʤʘʶʪʴʩʷ ʨʽʚʥʠʤʠ ʥʫʣʶ). ʅʘ ʨʠʩʫʥʢʫ 3.5, ʘ 

ʧʦʣʦʞʝʥʥʷ ɺʄʊ ʩʧʽʚʧʘʜʘʻ ʟ ʚʽʩʩʶ ʦʨʜʠʥʘʪ. ʇʦʟʥʘʯʠʤʦ: Vh ï ʨʦʙʦʯʠʡ 

(ʢʦʨʠʩʥʠʡ) ʦʙôʻʤ ʮʠʣʽʥʜʨʘ; P1 ï ʪʠʩʢ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; P2 ï 

ʪʠʩʢ ʛʘʟʫ ʚ ʨʝʟʝʨʚʫʘʨʽ; ʧʨʦʮʝʩʠ: Dï1 ï ʚʩʤʦʢʪʫʚʘʥʥʷ; 1ï2 ïʩʪʠʩʢ; 2ïC ï 

ʥʘʛʥʽʪʘʥʥʷ. 
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ʘ ï ʪʝʦʨʝʪʠʯʥʘ ʽʥʜʠʢʘʪʦʨʥʘ ʜʽʘʛʨʘʤʘ, ʙ ï ʧʨʦʮʝʩ ʩʪʠʩʢʫ ʚ Ts-ʜʽʘʛʨʘʤ ̔ 

ʈʠʩʫʥʦʢ 3.5 ï ɼʽʘʛʨʘʤʠ ʽʜʝʘʣʴʥʦʛʦ ʦʜʥʦʩʪʫʧʽʥʯʘʪʦʛʦ ʢʦʤʧʨʝʩʦʨʘ  
 

ɿ ʧʦʯʘʪʢʦʤ ʥʦʚʦʛʦ ʭʦʜʫ ʧʦʨʰʥʷ ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʚʩʤʦʢʪʫʚʘʣʴʥʠʡ 

ʢʣʘʧʘʥ ɸ, ʪʠʩʢ ʫ ʮʠʣʽʥʜʨʽ ʧʘʜʘʻ ʚʽʜ ʈ2 ʜʦ ʈ1 ʪʝʦʨʝʪʠʯʥʦ ʤʠʪʪʻʚʦ, ʪʦʙʪʦ ʟʘ 

ʚʝʨʪʠʢʘʣʣ  ʁ ʉïD (ʜʠʚ. ʨʠʩ. 3.5, ʘ), ʽ ʨʦʙʦʯʠʡ ʧʨʦʮʝʩ ʧʦʚʪʦʨʶʻʪʴʩʷ. 

ɿʘʢʽʥʯʫʻʪʴʩʷ ʚʽʥ ʟʘ ʜʚʘ ʧʦʩʣʽʜʦʚʥʠʭ ʭʦʜʠ ʧʦʨʰʥʷ. ʆʪʞʝ, ʢʦʤʧʨʝʩʦʨ ʷʚʣʷʻ 

ʩʦʙʦʶ ʜʚʦʪʘʢʪʥʫ ʤʘʰʠʥʫ. ʇʣʦʱʘ ʪʝʦʨʝʪʠʯʥʦʾ ʽʥʜʠʢʘʪʦʨʥʦʾ ʜʽʘʛʨʘʤʠ D-1-

2-C, ʱʦ ʛʨʘʬʽʯʥʦ ʟʦʙʨʘʞʫʻ ʢʨʫʛʦʚʠʡ ʧʨʦʮʝʩ, ʜʦʨʽʚʥʶʻ ʨʦʙʦʪ,̔ ʷʢʫ ʚʠʢʦʥʫʻ 

ʢʦʤʧʨʝʩʦʨ ʟʘ ʦʜʠʥ ʦʙʦʨʦʪ ʡʦʛʦ ʚʘʣʘ. ʇʦʪʨʽʙʥʦ ʤʘʪʠ ʥʘ ʫʚʘʟʽ ʫʤʦʚʥʽʩʪʴ 

ʥʘʟʚʠ ʢʨʫʛʦʚʦʛʦ ʧʨʦʮʝʩʫ (ʮʠʢʣʫ) ʢʦʤʧʨʝʩʦʨʘ, ʪʦʤʫ ʱʦ ʚʩʤʦʢʪʫʚʘʥʥʷ ʽ 

ʥʘʛʥʽʪʘʥʥʷ ʥʝ ʻ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʚʽʜʙʫʚʘʶʪʴʩʷ 

ʧʨʠ ʧʝʨʝʤʽʥʥʽʡ ʢʽʣʴʢʦʩʪʽ ʛʘʟʫ. ʋ ʮʴʦʤʫ ʩʢʣʘʜʘʻʪʴʩʷ ʚʽʜʤʽʥʥʽʩʪʴ 

ʽʥʜʠʢʘʪʦʨʥʦʾ ʜʽʘʛʨʘʤʠ ʚʽʜ Pv-ʜ̔ʘʛʨʘʤʠ, ʱʦ ʙʫʜʫʻʪʴʩʷ ʜʣʷ ʧʦʩʪʽʡʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʨʦʙʦʯʦʛʦ ʪʽʣʘ. ɺ ʽʥʜʠʢʘʪʦʨʥʽʡ ʜʽʘʛʨʘʤʽ D-1-2-C ʩʪʠʩʢ ʛʘʟʫ 1-2 ï 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʡ ʧʨʦʮʝʩ, ʪʦʤʫ ʱʦ ʚ ʥʴʦʤʫ ʙʝʨʝ ʫʯʘʩʪʴ ʧʦʩʪʽʡʥʘ ʢʽʣʴʢʽʩʪʴ 

ʛʘʟʫ. ʆʯʝʚʠʜʥʦ, ʱʦ ʧʨʠ ʦʜʥʘʢʦʚʦʤʫ ʢʽʥʮʝʚʦʤʫ ʪʠʩʢʫ P2 ʢʽʥʮʝʚʠʡ ʦʙôʻʤ V2 

ʙʫʜʝ ʨʽʟʥʠʡ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʢʨʠʚʦʾ ʧʨʦʮʝʩʫ ʩʪʠʩʢʫ 1-2, ʪʦʤʫ 

ʙʫʜʝ ʨʽʟʥʘ ʽ ʨʦʙʦʪʘ, ʷʢʘ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʨʠʚʽʜ ʢʦʤʧʨʝʩʦʨʘ. 

ʉʪʠʩʢ ʛʘʟʫ ʤʦʞʝ ʧʝʨʝʙʽʛʘʪʠ ʟʘ ʽʟʦʪʝʨʤʦʶ, ʘʜʽʘʙʘʪʦʶ ʽ ʧʦʣʽʪʨʦʧʦʶ. 

ʗʢ ʚʠʧʣʠʚʘʻ ʟ ʨʠʩʫʥʢʫ 3.5, ʙ, ʥʘʡʙʽʣʴʰ ʚʠʛʽʜʥʠʤ ʧʨʦʮʝʩʦʤ ʩʪʠʩʢʫ ʟʘ  

ʚʠʪʨʘʪʦ  ʁʨʦʙʽʪ ʟʟʦʚʥʽ ʜʣʷ ʧʨʠʚʦʜʫ ʢʦʤʧʨʝʩʦʨʘ ʻ ʽʟʦʪʝʨʤʽʯʥʠʡ ʧʨʦʮʝʩ 1-2' . 

ʆʜʥʘʢ ʽʟʦʪʝʨʤʽʯʥʠʡ ʩʪʠʩʢ ʛʘʟʫ ʚ ʢʦʤʧʨʝʩʦʨʽ ʻ ʧʨʘʢʪʠʯʥʦ ʥʝʟʜʽʡʩʥʝʥʥʠʤ, ʽ 

ʢʨʠʚʘ ʩʪʠʩʢʫ ʟʚʠʯʘʡʥʦ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʤʽʞ ʽʟʦʪʝʨʤʦʶ ʡ ʘʜʽʘʙʘʪʦʶ ʽ ʤʦʞʝ 

ʙʫʪʠ ʧʨʠʡʥʷʪʘ ʟʘ ʧʦʣʽʪʨʦʧʫ ʟ ʧʦʢʘʟʥʠʢʦʤ n=1,2é1,25. ʏʠʤ ʽʥʪʝʥʩʠʚʥʽʰʝ 

ʙʫʜʝ ʦʭʦʣʦʜʞʝʥʥʷ ʛʘʟʫ ʧʨʠ ʩʪʠʩʢʫ (ʥʘʡʯʘʩʪʽʰʝ ʚʦʜʦʶ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ 
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ʦʙʦʣʦʥʢʫ ʢʦʤʧʨʝʩʦʨʘ), ʪʠʤ ʙʽʣʴʰʝ ʙʫʜʝ ʧʦʣʽʪʨʦʧʘ ʩʪʠʩʢʫ 1-2 ʚʽʜʭʠʣʷʪʠʩʷ 

ʚʽʜ ʘʜʽʘʙʘʪʠ 1-2"  ʫʙʽʢ ʽʟʦʪʝʨʤʠ 1-2'. ɿʽ ʟʤʝʥʰʝʥʥʷʤ ʪʝʧʣʦʦʙʤʽʥʫ ʧʦʢʘʟʥʠʢ 

n ʟʙʽʣʴʰʫʻʪʴʩʷ.  

ʋ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʧʨʦʮʝʩʫ ʩʪʠʩʢʫ ʨʦʙʦʪʘ ʤʘʻ ʥʘʩʪʫʧʥʽ 

ʟʥʘʯʝʥʥʷ: 

- ʜʣʷ ʽʟʦʪʝʨʤʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 
 

Lʽʟʦʪ = ʈ1 V1ln(ʈ1/ʈ2);                                       (3.9) 
 

- ʜʣʷ ʘʜʘ̔ʙʘʪʥʦʛʦ ʧʨʦʮʝʩʫ 
 

Lʘʜ = [1/(k ï 1)](P1 V1 ï ʈ2 V2);                            (3.10) 
 

- ʜʣʷ ʧʦʣʪ̔ʨʦʧʥʦʛʦ ʧʨʦʮʝʩʫ 
 

Lʧʦʣ = [1/(n ï 1)](ʈ1 V1 ï ʈ2 V2).                         (3.11) 
 

ʑʦʙ ʥʝ ʤʘʪʠ ʩʧʨʘʚʠ ʟ ʥʝʛʘʪʠʚʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʧʨʠ ʧʽʜʨʘʭʫʥʢʫ 

ʨʦʙʦʪʠ ʩʪʠʩʢʫ, ʾʭ ʧʦʤʥʦʞʘʪʁʴ ʥʘ -1. ʊʦʜʽ ʜʣʷ ʨʦʙʦʪʠ ʩʪʠʩʢʫ ʤʠ ʦʪʨʠʤʘʻʤʦ 

ʥʘʩʪʫʧʥʽ ʨʽʚʥʷʥʥʷ: 

- ʜʣʷ ʽʟʦʪʝʨʤʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 
 

Lʽʟʦʪ = ʈ1 V1ln(ʈ2/ʈ1);                                       (3.12) 
 

- ʜʣʷ ʘʜʘ̔ʙʘʪʥʦʛʦ ʧʨʦʮʝʩʫ 
 

Lʘʜ = [1/(k ï 1)](P2 V2 ï ʈ1 V1);                            (3.13) 
 

- ʜʣʷ ʧʦʣʪ̔ʨʦʧʥʦʛʦ ʧʨʦʮʝʩʫ 
 

Lʧʦʣ = [1/(n ï 1)](ʈ2 V2 ï ʈ1 V1).                         (3.14) 
 

ʊʦʜʽ ʪʝʦʨʝʪʠʯʥʘ ʨʦʙʦʪʘ ʢʦʤʧʨʝʩʦʨʘ, ʷʢʘ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʩʪʠʩʢ ʛʘʟʫ, 

ʚʠʨʘʟʠʪʴʩʷ ʨʽʚʥʷʥʥʷʤʠ: 

- ʧʨʠ ʽʟʦʪʝʨʤʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʩʪʠʩʢʫ 
 

Lʦ
ʽʟʦʪ

 = ʈ1 V1ln(ʈ2/ʈ1);                                 (3.15) 
 

- ʧʨʠ ʘʜʽʘʙʘʪʠʯʥʦʤʫ ʧʨʦʮʝʩʽ ʩʪʠʩʢʫ 
 

Lʦ
ʘʜ

 =[k/(k ï 1)]P1 V1[(ʈ2/ʈ1) 
(k - 1)/k

 ï 1];            (3.16) 
 

- ʧʨʠ ʧʦʣʽʪʨʦʧʥʦʤʫ ʧʨʦʮʝʩʽ ʩʪʠʩʢʫ 



 246 

 

Lo
ʧʦʣ

 = [n/(n ï 1)]ʈ1 V1[(ʈ2/ʈ1) 
(n - 1)/n

 ï 1].           (3.17) 
 

ʇʦʨʽʚʥʷʥʥʷ ʨʽʚʥʷʥʴ (1.89) ʽ (3.17) ʧʦʢʘʟʫʻ, ʱʦ ʪʝʦʨʝʪʠʯʥʘ ʨʦʙʦʪʘ 

ʢʦʤʧʨʝʩʦʨʫ ʧʨʠ ʧʦʣʽʪʨʦʧʥʦʤʫ ʩʪʠʩʢʫ, ʷʢʘ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʩʪʠʩʢ 1 ʢʛ ʛʘʟʫ ʚ 

ʧ ʨʘʟʽʚ ʙʽʣʴʰʝ ʟʘ ʨʦʙʦʪʫ ʩʪʠʩʢʫ ʧʦʣʽʪʨʦʧʥʦʛʦ ʧʨʦʮʝʩʫ. 

ɼʽʡʩʥʘ ʽʥʜʠʢʘʪʦʨʥʘ ʜʽʘʛʨʘʤʘ ʨʝʘʣʴʥʦʛʦ ʦʜʥʦʩʪʫʧʽʥʯʘʪʦʛʦ 

ʢʦʤʧʨʝʩʦʨʘ (ʨʠʩ. 3.6) ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʪʝʦʨʝʪʠʯʥʦʾ (ʨʠʩ. 3.5, ʘ) ʧʝʨʰ ʟʘ ʚʩʝ 

ʥʘʷʚʥʽʩʪʶ ʚʪʨʘʪ ʥʘ ʜʨʦʩʝʣʶʚʘʥʥʷ ʫ ʚʩʤʦʢʪʫʚʘʣʴʥʦʤʫ ʽ ʥʘʛʥʽʪʘʣʴʥʦʤʫ 

ʢʣʘʧʘʥʘʭ. ʋʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʚʩʤʦʢʪʫʚʘʥʥʷ ʧʨʦʪʽʢʘʻ ʧʨʠ ʪʠʩʢʫ ʛʘʟʫ ʚ 

ʮʠʣʽʥʜʨʽ, ʥʘ Dʈʚʩʤʦʢ ʤʝʥʰʦʤʫ ʥʽʞ ʪʠʩʢ ʩʝʨʝʜʦʚʠʱʘ, ʟ ʷʢʦʛʦ ʧʨʦʭʦʜʠʪʴ 

ʚʩʤʦʢʪʫʚʘʥʥʷ, ʘ ʥʘʛʥʽʪʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʪʠʩʢʫ, ʥʘ Dʈʥʘʛʥ ʙ̔ʣʴhʦʤʫ, 

ʥʽʞ ʪʠʩʢ ʫ ʥʘʛʥʽʪʘʣʴʥʦʤʫ ʪʨʫʙʦʧʨʦʚʦʜʽ. ʎʽ ʚʪʨʘʪʠ ʟʨʦʩʪʘʶʪʴ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʦʙʦʨʦʪʽʚ ʢʦʤʧʨʝʩʦʨʘ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 3.6 ï ʈʝʘʣʴʥʘ ʽʥʜʠʢʘʪʦʨʥʘ ʜʽʘʛʨʘʤʘ ʦʜʥʦʩʪʫʧʽʥʯʘʪʦʛʦ 

ʧʦʨʰʥʝʚʦʛʦ ʢʦʤʧʨʝʩʦʨʘ 
 

ʂʨʽʤ ʪʦʛʦ, ʫ ʨʝʘʣʴʥʦʤʫ ʢʦʤʧʨʝʩʦʨʽ ʤʽʞ ʢʨʠʰʢʦʶ ʮʠʣʽʥʜʨʘ ʽ 

ʧʦʨʰʥʝʤ ʫ ʡʦʛʦ ʢʨʘʡʥʴʦʤʫ ʧʦʣʦʞʝʥʥʽ ʧʨʠ ʚʠʰʪʦʚʭʫʚʘʥʥʽ ʩʪʠʩʥʫʪʦʛʦ ʛʘʟʫ 

ʟʘʣʠʰʘʻʪʴʩʷ ʜʝʷʢʠʡ ʚʽʣʴʥʠʡ ʦʙôʻʤ Vʰʢ, ʷʢʠʡ ʥʘʟʠʚʘʻʪʴʩʷ ʰʢʽʜʣʠʚʠʤ 

ʧʨʦʩʪʦʨʦʤ. ʆʙôʻʤ ʰʢʽʜʣʠʚʦʛʦ ʧʨʦʩʪʦʨʫ ʟʚʠʯʘʡʥʦ ʩʢʣʘʜʘʻ 4é10% ʚʽʜ 

ʨʦʙʦʯʦʛʦ ʦʙôʤ̒ʫ ʮʠʣʽʥʜʨʘ ʢʦʤʧʨʝʩʦʨʘ Vh (ʜʠʚ. ʨʠʩ. 3.6). ʇʦ ʟʘʢʽʥʯʝʥʥʽ 

ʥʘʛʥʽʪʘʥʥʷ ʩʪʠʩʥʫʪʦʛʦ ʛʘʟʫ (ʣʽʥʽʷ 2-3) ʜʝʷʢʘ ʡʦʛʦ ʢʽʣʴʢʽʩʪʴ ʟʘʣʠʰʘʻʪʴʩʷ ʫ  

ʰʢʽʜʣʠʚʦʤʫ ʧʨʦʩʪʦʨʽ ʮʠʣʽʥʜʨʘ ʽ ʟʘʡʤʘʻ ʦʙʩʷʛ Vʰʢ. ʇʨʠ ʟʚʦʨʦʪʥʦʤʫ ʭʦʜʽ 

P

V
O

3

0

2

P1

P2

Vh

1

Vʰʢ

DPʥʘʛʥ

DPʚʩʤʦʢ

VVʦ
Vh



 247 

ʧʦʨʰʥʷ ʛʘʟ, ʱʦ ʟʘʣʠʰʠʚʩʷ ʫ ʰʢʽʜʣʠʚʦʤʫ ʧʨʦʩʪʦʨʽ, ʨʦʟʰʠʨʶ̒ʪʴʩʷ, ʽ 

ʚʩʤʦʢʪʫʚʘʥʥʷ ʥʦʚʦʾ ʧʦʨʮʽʾ ʛʘʟʫ ʧʦʯʥʝʪʴʩʷ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʪʠʩʢ ʛʘʟʫ ʚ 

ʮʠʣʽʥʜʨʽ ʫʧʘʜʝ ʜʦ ʪʠʩʢʫ ʫʩʤʦʢʪʫʚʘʥʥʷ ʯʠ ʜʦ ʪʠʩʢʫ ʪʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʟʚʽʜʢʠ 

ʥʘʜʭʦʜʠʪʴ ʛʘʟ. ʇʨʦʮʝʩ ʨʦʟʰʠʨʝʥʥʷ ʟʘʣʠʰʢʦʚʦʛʦ ʩʪʠʩʥʫʪʦʛʦ ʛʘʟʫ ʫ 

ʰʢʽʜʣʠʚʦʤʫ ʧʨʦʩʪʦʨʽ ʮʠʣʽʥʜʨʘ ʚʽʜʦʙʨʘʞʫʪ̒ɹʩʷ ʣʽʥʽʻʶ 3-0. ʇʨʠ ʮʴʦʤʫ 

ʚʩʤʦʢʪʫʚʘʥʥʷ ʛʘʟʫ ʚ ʢʦʤʧʨʝʩʦʨ ʧʦʯʥʝʪʴʩʷ ʪʽʣʴʢʠ ʚ ʪʦʯʮʽ 0, ʽ ʚ ʮʠʣʽʥʜʨ 

ʧʦʯʥʝ ʥʘʜʭʦʜʠʪʠ ʥʦʚʠʡ ʛʘʟ, ʦʙôʻʤ ʷʢʦʛʦ VhïVʦ=V. ʐʢʽʜʣʠʚʠʡ ʧʨʦʩʪʽʨ 

ʟʤʝʥʰʫʻ ʢʽʣʴʢʽʩʪʴ ʛʘʟʫ, ʷʢʠʡ ʚʩʤʦʢʪʫʻʪʴʩʷ, ʽ ʪʠʤ ʩʘʤʠʤ ʟʤʝʥʰʫʻ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʢʦʤʧʨʝʩʦʨʘ. ɺʽʜʥʦʰʝʥʥʷ ʦʙôʤ̒ʫ V ʜʦ Vh ʥʘʟʠʚʘʶʪʴ 

ʦʙôʻʤʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʢʦʨʠʩʥʦʾ ʜʽʾ: 
 

ɖʦʙ = V / Vh.                                              (3.18) 
 

ʆʙ'ʻʤʥʠʡ ʂʂɼ ʟʤʝʥʰʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʰʢʽʜʣʠʚʦʛʦ ʧʨʦʩʪʦʨʫ ʽ 

ʧʨʠ ʧʝʚʥʦʤʫ ʟʥʘʯʝʥʥʽ Vʰʢ ʜʦʨʽʚʥʶʚʘʪʠʤʝ ʥʫʣʶ. ʇʨʠ ʥʝʟʤʽʥʥʦʤʫ Vʰʢ ʟ 

ʧʽʜʚʠʱʝʥʥʷʤ ʪʠʩʢʫ ʩʪʠʩʢʫ ʦʙ'ʻʤʥʠʡ ʂʂɼ ʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʢʦʤʧʨʝʩʦʨʘ 

ʙʫʜʫʪʴ ʟʤʝʥʰʫʚʘʪʠʩʷ, ,̔ ʢʦʣʠ ʣʽʥʽʷ ʩʪʠʩʢʫ ʙʫʜʝ ʧʝʨʝʪʠʥʘʪʠ ʣʽʥʽʶ 

ʰʢʽʜʣʠʚʦʛʦ ʧʨʦʩʪʦʨʫ, ʦʙ'ʻʤʥʠʡ ʂʂɼ ʦʙʝʨʪʘʻʪʴʩʷ ʥʘ ʥʫʣʴ. 

ɿʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥ ̫ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʢʦʤʧʨʝʩʦʨʘ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʪʠʩʢʫ ʩʪʠʩʥʫʪʦʛʦ ʧʦʚʽʪʨʷ ʦʜʥʦʩʪʫʧʽʥʯʘʪʠʡ ʢʦʤʧʨʝʩʦʨ ʩʪʘʻ ʥʝʧʨʠʜʘʪʥʠʤ 

ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʩʪʠʩʥʫʪʦʛʦ ʛʘʟʫ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ. ɿʚʠʯʘʡʥʦ ʦʜʥʦʩʪʫʧʽʥʯʘʪʽ 

ʢʦʤʧʨʝʩʦʨʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʩʪʠʩʥʫʪʦʛʦ ʛʘʟʫ ʪʠʩʢʦʤ ʥʝ ʚʠʱʝ 

0,8é1 ʄʇʘ. ʇʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʤʘʪʠ ʩʪʠʩʥʫʪʠʡ ʛʘʟ ʙʽʣʴʰ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʙʘʛʘʪʦʩʪʫʧʽʥʯʘʩʪʽ ʢʦʤʧʨʝʩʦʨʠ. 

ʋ ʙʘʛʘʪʦʩʪʫʧʽʥʯʘʩʪʠʭ ʢʦʤʧʨʝʩʦʨʘʭ ʩʪʠʩʢ ʛʘʟʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʧʦʩʣʽʜʦʚʥʦ ʚ ʜʝʢʽʣʴʢʦʭ ʮʠʣʽʥʜʨʘʭ (ʜʦ ʩʝʤʠ) ʽʟ ʧʨʦʤʽʞʥʠʤ ʦʭʦʣʦʜʞʝʥʥʷʤ 

ʧʽʩʣʷ ʢʦʞʥʦʛʦ ʮʠʣʽʥʜʨʘ ʫ ʩʧʝʮʽʘʣʴʥʠʭ ʭʦʣʦʜʠʣʴʥʠʢʘʭ. ʇʨʠ ʪʘʢʦʤʫ 

ʧʨʠʥʮʠʧʽ ʨʦʙʦʪʠ ʩʪʠʩʢ ʛʘʟʫ ʚ ʢʦʞʥʽʤ ʮʠʣʽʥʜʨʽ ʤʦʞʣʠʚʦ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʨʝʞʠʤʽ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʩʧʨʠʷʪʣʠʚʽ ʫʤʦʚʠ ʟʤʘʱʝʥʥʷ. ʋ 

ʧʨʦʤʽʞʥʠʭ ʭʦʣʦʜʠʣʴʥʠʢʘʭ ʧʽʩʣʷ ʢʦʞʥʦʛʦ ʮʠʣʽʥʜʨʘ ʛʘʟ ʦʭʦʣʦʜʞʫʶʪʴ ʧʨʠ 

ʧʦʩʪʽʡʥʦʤʫ ʪʠʩʢʫ, ʨʽʚʥʦʤʫ ʪʠʩʢʫ ʢʽʥʮʝʚʦʛʦ ʩʪʠʩʢʫ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʩʪʝʧʝʥʽ. 

ʈʦʙʦʪʫ ʙʘʛʘʪʦʩʪʫʧʽʥʯʘʩʪʦʛʦ ʢʦʤʧʨʝʩʦʨʘ ʧʨʘʛʥʫʪʴ ʦʨʛʘʥʽʟʫʚʘʪʠ ʪʘʢ, 

ʱʦʙ ʟʘʙʝʟʧʝʯʫʚʘʣʠʩʷ ʥʘʩʪʫʧʥʽ ʪʨʠ ʫʤʦʚʠ: 

1) ʧʦʚʥʝ ʦʭʦʣʦʜʞʝʥʥʷ ʛʘʟʫ ʫ ʚʩʽʭ ʭʦʣʦʜʠʣʴʥʠʢʘʭ, ʪʦʙʪʦ ʪʝʤʧʝʨʘʪʫʨʫ 

ʛʘʟʫ ʜʦʚʦʜʷʪʴ ʜʦ ʧʦʯʘʪʢʦʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʊ1, ʷʢʫ ʚʽʥ ʤʘʚ ʧʨʠ ʚʭʦʜʽ ʜʦ 

ʧʝʨʦhʛʦ ʩʪʫʧʝʥ̫ (ʊ1=ʊ3=ʊ5=Tʧʦʯ); 
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2) ʦʜʥʘʢʦʚʘ ʢʽʥʮʝʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʠʩʢʫ ʛʘʟʫ ʥʘ ʚʩʽʭ ʩʪʫʧʝʥʷʭ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʫ ʚʩʽʭ ʮʠʣʽʥʜʨʘʭ ʥʘʜʽʡʥʽ ʫʤʦʚʠ ʟʤʘʱʝʥʥʷ (ʊ2=ʊ4=ʊ6); 

3) ʦʜʥʘʢʦʚʽ ʧʦʢʘʟʥʠʢʠ ʧʦʣʽʪʨʦʧ ʩʪʠʩʢʫ ʫ ʚʩʽʭ ʮʠʣʽʥʜʨʘʭ, ʪʦʙʪʦ 

n1=n2=n3=n. 

ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʮʠʭ ʫʤʦʚ ʧʝʨʝʧʘʜʠ ʪʠʩʢʽʚ (ʚʽʜʥʦʰʝʥʥʷ ʢʽʥʮʝʚʦʛʦ 

ʪʠʩʢʫ ʜʦ ʧʦʯʘʪʢʦʚʦʛʦ) ʥʘ ʚʩʽʭ ʩʪʫʧʝʥʷʭ ʦʜʥʘʢʦʚʽ, ʪʦʙʪʦ 

ʈ2/ʈ1=ʈ4/ʈ3=ʈ6/ʈ5=ʈʢʽʥ/ʈʧʦʯ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʨʦʙʦʪʠ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʨʠʚʽʜ 

ʙʘʛʘʪʦʩʪʫʧʽʥʯʘʪʦʛʦ ʢʦʤʧʨʝʩʦʨʘ, ʥʝʦʙʭʽʜʥʦ ʧʽʜʩʫʤʫʚʘʪʠ ʨʦʙʦʪʠ, ʷʢ̔ 

ʚʠʪʨʘʯʘʶʪʴʩʷ ʥʘ ʩʪʠʩʢ ʛʘʟʫ ʟʘ ʦʢʨʝʤʠʤʠ ʩʪʫʧʝʥʤ̫ʠ. ʊʘʢ ʷʢ ʚʦʥʠ ʙʫʜʫʪʴ 

ʦʜʥʘʢʦʚʽ, ʪʦ ʟʘʛʘʣʴʥʘ ʨʦʙʦʪʘ ʙʘʛʘʪʦʩʪʫʧʽʥʯʘʩʪʦʛʦ ʢʦʤʧʨʝʩʦʨʘ ʜʦʨʽʚʥʶʻ 
 

L=mL =̔m [n/(nï1)]RTʧʦʯ[(ʈʢʽʥ/ʈʧʦʯ)
(nï1)/n

ï1],             (3.19) 
 

ʜʝ m ï ʢʽʣʴʢʽʩʪʴ ʩʪʫʧʝʥ̔ ʚ ʫ ʢʦʤʧʨʝʩʦʨʽ; 

L  ̔ï ʨʦʙʦʪʘ ʩʪʠʩʢʫ ʦʜʥʦʛʦ ʩʪʫʧʝʥʷ. 

ʊʝʦʨʝʪʠʯʥʘ ʧʦʪʫʞʥʽʩʪʴ N (ɺʪ), ʷʢʘ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʨʠʚʽʜ 

ʢʦʤʧʨʝʩʦʨʘ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ 
 

N = MĀm L,                                           (3.20) 
 

ʜʝ M ï ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʢʦʤʧʨʝʩʦʨʘ, ʢʛ/ʩ; 

L ï ʪʝʦʨʝʪʠʯʥʘ ʨʦʙʦʪʘ ʥʘ ʩʪʠʩʢ 1 ʢʛ ʛʘʟʫ ʥʘ ʦʜʥʦʤʫ ʩʪʫʧʝʥʽ, ɼʞ/ʢʛ; 

m ï ʢʽʣʴʢʽʩʪʴ ʩʪʫʧʝʥ̔ ʚ ʢʦʤʧʨʝʩʦʨʘ. 

 

 

3.2.3 ʃʦʧʘʪʢʦʚʽ ʢʦʤʧʨʝʩʦʨʠ 

 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʦʙ'ʻʤʥʠʭ ʣʦʧʘʪʢʦʚ̔ ʢʦʤʧʨʝʩʦʨʠ ï ʮʝ ʢʦʤʧʨʝʩʦʨʠ 

ʜʠʥʘʤʽʯʥʦʛʦ ʩʪʠʩʢʫ. ɺʦʥʠ ʙʫʚʘʶʪʴ ʜʚʦʭ ʚʠʜʽʚ: ʚʽʜʮʝʥʪʨʦʚʽ ʡ ʦʩʴʦʚʽ 

(ʘʢʩʽʘʣʴʥʽ). 

ɺʽʜʮʝʥʪʨʦʚʠʡ ʢʦʤʧʨʝʩʦʨ (ʥʘʛʥʽʪʘʯ) ʨʦʟʨʘʭʦʚʘʥʠʡ ʥʘ ʧʦʜʘʯʫ ʛʘʟʽʚ 

ʪʠʩʢʦʤ ʜʦ 0,8é1 ʄʇʘ. ʈʦʟʛʣʷʥʝʤʦ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʚʽʜʮʝʥʪʨʦʚʠʭ 

ʥʘʛʥʽʪʘʯʽʚ ʥʘ ʧʨʠʢʣʘʜʽ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ. ɺʽʥ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ 1 ʟ ʣʦʧʘʪʢʘʤʠ 2, ʟʘʢʨʽʧʣʝʥʠʤʠ ʥʘ ʚʘʣ ̔3 ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ 

(ʥʘ ʨʠʩʫʥʢʫ ʝʣʝʢʪʨʦʜʚʠʛʫʥ ʥʝ ʧʦʢʘʟʘʥʠʡ), ʚʭʽʜʥʦʛʦ ʯʠ ʚʩʤʦʢʪʫʚʘʣʴʥʦʛʦ 

ʧʘʪʨʫʙʢʘ 4, ʥʘʛʥʽʪʘʣʴʥʦʛʦ ʧʘʪʨʫʙʢʘ 5 ʽ ʢʦʞʫʭʘ ʚʝʥʪʠʣʷʪʦʨʘ 6 (ʨʠʩ. 3.7). 
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ʈʠʩʫʥʦʢ 3.7 ï ʉʭʝʤʘ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ 
 

ʇʨʠʥʮʠʧ ʜʽʾ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ. ʇʨʠ 

ʦʙʝʨʪʘʥʥʽ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ 1 ʯʘʩʪʢʠ ʧʦʚʽʪʨʷ ʟʘʭʦʧʣʶʶʪʴʩʷ ʣʦʧʘʪʢʘʤʠ 2 ʚ 

ʦʙʝʨʪʘʣʴʥʠʡ ʨʫʭ, ʧʨʠ ʮʴʦʤʫ ʥʘ ʯʘʩʪʠʥʢʠ ʧʦʚʽʪʨʷ ʜʽʶʪʴ ʚʽʜʮʝʥʪʨʦʚʽ ʩʠʣʠ, 

ʱʦ ʩʧʨʷʤʦʚʘʥʽ ʚʽʜ ʮʝʥʪʨʘ ʜʦ ʩʪʽʥʦʢ ʢʦʞʫʭʘ 6. ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʞʥʘ ʯʘʩʪʢʘ 

ʧʦʚʽʪʨʷ ʨʦʙʠʪʴ ʩʢʣʘʜʥʠʡ ʨʫʭ: ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʨʫʭʘʻʪʴʩʷ ʫʟʜʦʚʞ ʣʦʧʘʪʢʠ, ʘ ʟ 

ʽʥʰʦʛʦ ʙʦʢʫ ï ʦʙʝʨʪʘʻʪʴʩʷ ʨʘʟʦʤ ʟ ʨʦʙʦʯʠʤ ʢʦʣʝʩʦʤ ʥʘʚʢʦʣʦ ʡʦʛʦ ʦʩʽ. ʊʘʢ 

ʷʢ ʯʘʩʪʠʥʢʠ ʧʦʚʽʪʨʷ ʨʫʭʘʶʪʴʩʷ ʚʽʜ ʮʝʥʪʨʘ ʜʦ ʩʪʽʥʢʠ ʢʦʞʫʭʘ, ʪʦ ʚ ʮʝʥʪʨʽ 

ʦʙʝʨʪʘʥʥʷ ʽ ʚ ʫʩʤʦʢʪʫʚʘʣʴʥʦʤʫ ʧʘʪʨʫʙʢʫ 4 ʩʪʚʦʨʶʻʪʴʩʷ ʨʦʟʨʽʜʞʝʥʥʷ, ʪʦʙʪʦ 

ʪʠʩʢ ʧʦʚʽʪʨʷ ʤʝʥʰʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʪʠʩʢʫ. ʇʽʜ ʜʽʻʶ ʨʽʟʥʠʮʽ ʪʠʩʢʽʚ ʜʦ 

ʚʩʤʦʢʪʫʚʘʣʴʥʦʛʦ ʧʘʪʨʫʙʢʘ ʥʘʜʭʦʜʷʪʴ ʥʦʚʽ ʯʘʩʪʠʥʢʠ ʧʦʚʽʪʨʷ ʟ 

ʥʘʚʢʦʣʠʰʥʴʦʾ ʘʪʤʦʩʬʝʨʠ. ʋ ʤʘʰʠʥʦʙʫʜʽʚʥʠʭ, ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʡ ʽʥʰʠʭ 

ʮʝʭʘʭ ʪʘʢʠʤ ʯʠʥʦʤ ʚʽʜʚʦʜʠʪʴʩʷ ʟʘʙʨʫʜʥʝʥʝ ʧʦʚʽʪʨʷ. 

ʏʘʩʪʢʠ ʧʦʚʽʪʨʷ, ʚʽʜʢʠʥʫʪʽ ʚʽʜ ʮʝʥʪʨʘ ʦʙʝʨʪʘʥʥʷ ʜʦ ʢʦʞʫʭʘ 

ʚʝʥʪʠʣʷʪʦʨʘ, ʨʫʭʘʶʪʴʩʷ ʫʟʜʦʚʞ ʢʦʞʫʭʘ ʽ ʧʦʪʨʘʧʣʷʶʪʴ ʜʦ ʥʘʛʥʽʪʘʣʴʥʦʛʦ 

ʧʘʪʨʫʙʢʘ 5. ʇʨʠ ʮʴʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʪʠʩʢ ʧʦʚʽʪʨʷ, ʡʦʛʦ ʪʠʩʢ ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʽ ʩʪʘʻ ʙʽʣʴʰʝ ʘʪʤʦʩʬʝʨʥʦʛʦ. 

ʇʨʠ ʧʦʩʪʽʡʥʽʡ ʯʘʩʪʦʪʽ ʦʙʝʨʪʘʥʥʷ ʨʦʙʦʪʘ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: 

1) ʦʙ'ʻʤʥʘ ʚʠʪʨʘʪʘ ʛʘʟʫ, ʷʢʠʡ ʧʝʨʝʤʽʱʫʻʪʴʩʷ, ï 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʤ
3
/ʩ; 

2) ʧʝʨʝʧʘʜ ʪʠʩʢʽʚ (çʥʘʧʽʨè), ʷʢʠʡ ʩʪʚʦʨʶʻʪʴʩʷ ʚʝʥʪʠʣʷʪʦʨʦʤ, ï 

ʨʽʟʥʠʮʷ ʧʦʚʥʠʭ ʪʠʩʢʽʚ ʥʘ ʚʭʦʜʽ (ʚ ʫʩʤʦʢʪʫʚʘʣʴʥʦʤʫ ʧʘʪʨʫʙʢʫ) ʽ ʥʘ ʚʠʭʦʜʽ 
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(ʫ ʥʘʛʥʽʪʘʣʴʥʦʤʫ ʧʘʪʨʫʙʢʫ) ʚʝʥʪʠʣʷʪʦʨʘ ȹʈʚ, ʇʘ, 
 

 ÐÐÐ
ïî÷
ï

ê³í
ïâ -=D ,                                              (3.21) 

 

ʜʝ Ð
ê³í
ï  ï ʧʦʚʥʠʡ ʪʠʩʢ ʥʘ ʚʠʭʦʜʽ (ʫ ʥʘʛʥʽʪʘʣʴʥʦʤʫ ʧʘʪʨʫʙʢʫ) 

ʚʝʥʪʠʣʷʪʦʨʘ, ʇʘ; 

 Ð
ïî÷
ï  ï ʧʦʚʥʠʡ ʪʠʩʢ ʥʘ ʚʭʦʜʽ (ʚ ʫʩʤʦʢʪʫʚʘʣʴʥʦʤʫ ʧʘʪʨʫʙʢʫ) 

ʚʝʥʪʠʣʷʪʦʨʘ, ʇʘ; 

3) ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ ɖ ï ʚʽʜʥʦʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ, ʥʝʦʙʭʽʜʥʦʾ 

ʜʣʷ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦʚʽʪʨʷ, ʜʦ ʧʦʪʫʞʥʦʩʪʽ, ʷʢʘ ʚʠʪʨʘʯʘʻʪʴʩʷ ʚ ʜʽʡʩʥʦʩʪʽ 

ʚʝʥʪʠʣʷʪʦʨʦʤ: 
 

 100%

N â

ÐV âÖ̀
=h ;                                        (3.22) 

 

4) ʧʦʪʫʞʥʽʩʪʴ ʚʝʥʪʠʣʷʪʦʨʘ Nʚ, ɺʪ. 

ʋ ʚʽʜʮʝʥʪʨʦʚʠʭ ʚʝʥʪʠʣʷʪʦʨʽʚ ʧʘʨʘʤʝʪʨʠ V, ȹʈʚ  ̔ Nʚ ʟʚ'ʷʟʘʥʽ ʤʽʞ 

ʩʦʙʦʶ, ʽ ʟʤʽʥʘ ʦʜʥʽʻʾ ʟ ʮʠʭ ʚʝʣʠʯʠʥ ʚʠʢʣʠʢʘʻ ʟʤʽʥʫ ʽʥʰʠʭ. ɻʨʘʬʽʯʥʽ 

ʟʘʣʝʞʥʦʩʪʽ ȹʈʚ=f1(V), Nʚ=f2(V), ɖ=f3(V) ʥʘʟʠʚʘʶʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʚʝʥʪʠʣʷʪʦʨʘ. ɺʦʥʠ ʥʘʦʯʥʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʚʝʥʪʠʣʷʪʦʨʘ ʽ 

ʜʦʟʚʦʣʷʶʪʴ ʧʽʜʽʙʨʘʪʠ ʜʣʷ ʜʘʥʦʛʦ ʧʦʚʽʪʨʦʚʦʜʫ ʥʘʡʙʽʣʴʰ ʝʢʦʥʦʤʽʯʥʠʡ 

ʚʝʥʪʠʣʷʪʦʨ. ʅʘ ʧʽʜʩʪʘʚʽ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʮʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟ 

ʜʦʩʪʘʪʥʴʦʶ ʪʦʯʥʽʩʪʶ ʦʜʝʨʞʘʪʠ ʥʝ ʤʦʞʥʘ. ʊʦʤʫ ʥʘ ʧʨʘʢʪʠʮʽ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʝʥʪʠʣʷʪʦʨʽʚ, ʦʪʨʠʤʘʥʽ ʜʦʩʚʽʜʯʝʥʠʤ ʰʣʷʭʦʤ.  

ʅʘ ʨʠʩʫʥʢʫ 3.8 ʧʦʢʘʟʘʥʦ ʪʠʧʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ 

ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʯʘʩʪʦʪʽ ʦʙʝʨʪʘʥʥʷ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ n, ʷʢʘ ʚʠʤʽʨʶʻʪʴʩʷ ʫ 

ʦʙʦʨʦʪʘʭ ʟʘ ʭʚʠʣʠʥʫ. 

ɿʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʂʂɼ ʚʠʟʥʘʯʘʻ ʦʩʥʦʚʥʫ ʷʢʽʩʪʴ ʚʝʥʪʠʣʷʪʦʨʘ 

ï ʝʢʦʥʦʤʽʯʥʽʩʪʴ. ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚʝʥʪʠʣʷʪʦʨʘ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʂʂɼ, ʥʘʟʠʚʘʻʪʴʩʷ ʦʧʪʠʤʘʣʴʥʦʶ, ʘ ʚʽʜʧʦʚʽʜʥʠʡ ʨʝʞʠʤ 

ʨʦʙʦʪʠ ʚʝʥʪʠʣʷʪʦʨʘ ï ʦʧʪʠʤʘʣʴʥʠʤ. 

ʅʘʡʙʽʣʴʰ ʚʘʞʣʠʚʦ ʁ ʻ ʢʨʠʚʘ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʪʠʩʢʦʤ ʽ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ P-V ï ʪʘʢ ʥʘʟʠʚʘʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʠʩʢʫ ʚʝʥʪʠʣʷʪʦʨʘ 

(ʥʘʧʽʨʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ). ɼʣʷ ʾʾ ʚʠʟʥʘʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʟʨʦʙʠʪʠ ʚʠʤʽʨʠ 

ʧʦʚʥʦʛʦ ʪʠʩʢʫ ʥʘ ʚʭʦʜʽ ʽ ʚʠʭʦʜʽ ʚʝʥʪʠʣʷʪʦʨʘ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. 
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ʈʠʩʫʥʦʢ 3.8 ï ʇʦʚʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʝʥʪʠʣʷʪʦʨʘ 

 

ɿʚʠʯʘʡʥʦ ʫ ʚʽʜʮʝʥʪʨʦʚʠʭ ʥʘʛʥʽʪʘʯʘʭ ʚʠʭʽʜʥʠʡ ʧʝʨʝʪʠʥ ʧʽʜʙʠʨʘʶʪʴ 

ʪʘʢ, ʱʦʙ ʰʚʠʜʢʦʩʪʽ ʛʘʟʫ ʥʘ ʚʭʦʜʽ ɤ1 ʽ ʥʘ ʚʠʭʦʜʽ ɤ2 ʙʫʣʠ ʦʜʥʘʢʦʚʽ. ʋ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʪʝʦʨʝʪʠʯʥʘ ʨʦʙʦʪʘ, ʷʢʘ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʩʪʠʩʢ 1 ʢʛ ʛʘʟʫ ʚ 

ʽʜʝʘʣʴʥʦʤʫ ʚʽʜʮʝʥʪʨʦʚʦʤʫ ʢʦʤʧʨʝʩʦʨʽ, ʪʦʙʪʦ ʚ ʪʘʢʦʤʫ, ʜʝ ʚʽʜʩʫʪʥʻ 

ʪʝʧʣʦʦʙʤʽʥ ʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ (ʚʪʨʘʪʠ ʪʝʧʣʦʪʠ ʯʝʨʝʟ ʩʪʽʥʢʠ 

ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ), ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʟʘ ʨʽʚʥʷʥʥʷʤ (3.16). 

ʅʘ ʧʨʘʢʪʠʮʽ ʥʝʦʙʭʽʜʥʦ ʚʠʪʨʘʯʘʪʠ ʙʽʣʴʰʫ ʨʦʙʦʪʫ, ʥʽʞ ʧʨʠ 

ʘʜʽʘʙʘʪʥʦʤʫ ʩʪʠʩʢʫ. ʊʝʤʧʝʨʘʪʫʨʘ ʛʘʟʽʚ ʥʘ ʚʠʭʦʜʽ ʟ ʥʘʛʥʽʪʘʯʘ ʙʫʜʝ ʟʘʚʞʜʠ 

ʙʽʣʴʰʝ, ʥʽʞ ʚ ʘʜʽʘʙʘʪʥʦʤʫ ʧʨʦʮʝʩʽ, ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʭʦʜʫ ʨʦʙʦʪʠ ʪʝʨʪʷ ʚ 

ʪʝʧʣʦʪʫ, ʱʦ ʧʽʜʚʠʱʫʻ ʢʽʥʮʝʚʫ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʽʪʨʷ. 

ʆʩʴʦʚʠʡ ʢʦʤʧʨʝʩʦʨ ʨʦʟʨʘʭʦʚʘʥʠʡ ʥʘ ʧʦʜʘʯʫ ʩʪʠʩʥʫʪʦʛʦ ʛʘʟʫ ʪʠʩʢʦʤ 

ʜʦ 0,4é0,5 ʄʇʘ. ʁʦʛʦ ʂʂɼ ʚʠʱʝ, ʥʽʞ ʫ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʥʘʛʥʽʪʘʯʘ, ʽ ʤʦʞʝ 

ʜʦʩʷʛʘʪʠ 85é90%. ʋ ʪʦʡ ʞʝ ʯʘʩ ʦʩʴʦʚʽ ʢʦʤʧʨʝʩʦʨʠ ʤʘʶʪʴ ʚʝʣʠʢʫ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʤʘʣ ̔ ʨʘʜʽʘʣʴʥ ̔ ʨʦʟʤʽʨʠ ʽ ʤʘʩʫ. ʎʽ ʧʝʨʝʚʘʛʠ ʦʩʴʦʚʠʭ 

ʢʦʤʧʨʝʩʦʨʽʚ ʦʙʫʤʦʚʠʣʠ ʾʭ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʛʘʟʦʪʫʨʙʽʥʥʠʭ 

ʫʩʪʘʥʦʚʢʘʭ, ʽ, ʟʦʢʨʝʤʘ, ʫ ʧʦʚʽʪʨʷʥʦ-ʨʝʘʢʪʠʚʥʠʭ ʜʚʠʛʫʥʘʭ. 

ʇʦʚʽʪʨʷ (ʛʘʟ) ʚ ʦʩʴʦʚʠʭ ʢʦʤʧʨʝʩʦʨʘʭ ʧʨʦʭʦʜʠʪʴ ʫʟʜʦʚʞ ʾʭ ʦʩʽ, ʪʦʤʫ 

ʚʦʥʠ ʡ ʦʜʝʨʞʘʣʠ ʥʘʟʚʫ ʦʩʴʦʚʠʭ ʯʠ ʘʢʩʽʘʣʴʥʠʭ ʢʦʤʧʨʝʩʦʨʽʚ. 

ʅʝʜʦʣʽʢʦʤ ʦʩʴʦʚʠʭ ʢʦʤʧʨʝʩʦʨʽʚ ʻ ʩʢʣʘʜʥʽʩʪʴ ʾʭ ʢʦʥʩʪʨʫʢʮʽʡ, 

ʦʙʫʤʦʚʣʝʥʘ ʥʝʦʙʭʽʜʥʽʩʪʶ ʨʝʪʝʣʴʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʧʨʦʬʽʣʽʚ ʣʦʧʘʪʦʢ ʨʦʙʦʯʠʭ 

ʢʦʣʽʩ ʽ ʥʘʧʨʘʚʣʷʶʯʠʭ ʘʧʘʨʘʪʽʚ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʽʜʮʝʥʪʨʦʚʠʭ ʽ ʦʩʴʦʚʠʭ ʚʝʥʪʠʣʷʪʦʨʽʚ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʷʛʦʜʫʡʥʦʛʦ ʨʝʞʠʤʫ ʚ ʨʽʟʥʠʭ ʫʩʪʘʥʦʚʢʘʭ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʥʘ 
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ʫʚʘʟʽ, ʱʦ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚʝʥʪʠʣʷʪʦʨʽʚ ʟʘʣʝʞʠʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʾʭ ʪʠʧʫ, 

ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ, ʘ ʡ ʚʽʜ ʦʧʦʨʽʚ ʩʝʪʽ, ʚ ʷʢʫ ʚʝʥʪʠʣʷʪʦʨ ʥʘʛʥʽʪʘʻ ʘʙʦ ʟ ʷʢʦʾ 

ʚʽʜʩʤʦʢʪʫʻ ʛʘʟ. 

 

 

3.2.4 ʇʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʶ 

 

1 ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʦʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʧʨʝʩʦʨʽʚ. 

2 ɿʘ ʷʢʠʤʠ ʦʟʥʘʢʘʤʠ ʢʣʘʩʠʬʽʢʫʶʪʴ ʢʦʤʧʨʝʩʦʨʠ? 

3 ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʦʜʥʦʩʪʫʧʽʥʯʘʪʦʛʦ ʧʦʨʰʥʝʚʦʛʦ 

ʢʦʤʧʨʝʩʦʨʘ?  

4 ʗʢʠʡ ʨʝʞʠʤ ʩʪʠʩʢʫ ʙʽʣʴʰ ʝʢʦʥʦʤʽʯʥʠʡ? 

5 ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʚʽʜʤʽʥʥʦʩʪʽ Pv-ʜʽʘʛʨʘʤʠ ʨʝʘʣʴʥʦʛʦ ʡ ʜ̔ʝʘʣʴʥʦʛʦ 

ʢʦʤʧʨʝʩʦʨʽʚ. 

6 ɺʢʘʞʽʪʴ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ, ʷʢ ̔ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʢʦʤʧʨʝʩʦʨ. 

 

 

3.3   ʊʝʨʤʦʜʠʥʘʤʽʯʥʽ ʮʠʢʣʠ 
 

3.3.1 ʎʠʢʣʠ ʧʘʨʦʪʫʨʙʽʥʥʠʭ ʫʩʪʘʥʦʚʦʢ (ʇʊʋ) 

 

ʇʘʨʦʪʫʨʙʽʥʥʘ ʫʩʪʘʥʦʚʢʘ ʻ ʦʩʥʦʚʦʶ ʩʫʯʘʩʥʠʭ ʪʝʧʣʦʚʠʭ ʽ ʘʪʦʤʥʠʭ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ. ʈʦʙʦʯʠʤ ʪʽʣʦʤ ʫ ʪʘʢʠʭ ʫʩʪʘʥʦʚʢʘʭ ʷʚʣʷʻʪʴʩʷ ʧʘʨʘ ʷʢʦʾ-

ʥʝʙʫʜʴ ʨʽʜʠʥʠ (ʥʘʧʨʠʢʣʘʜ, ʚʦʜʷʥʘ ʧʘʨʘ). 

ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʇʊʋ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʫ 3.9 ʽ ʧʨʦʮʝʩ ʦʜʝʨʞʘʥʥʷ 

ʨʦʙʦʪʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʪʘʢʠʡ ʩʧʦʩʽʙ. ʋ ʧʘʨʦʚʦʤʫ ʢʦʪʣʽ 1 ʽ ʚ ʧʝʨʝʛʨʽʚʥʠʢʫ 2 

ʪʝʧʣʦʪʘ ʛʦʨʽʥʥʷ ʧʘʣʠʚʘ ʧʝʨʝʜʘʻʪʴʩʷ ʚʦʜʽ. ʆʪʨʠʤʘʥʘ ʧʘʨʘ ʥʘʜʭʦʜʠʪʴ ʫ 

ʪʫʨʙʽʥʫ 3, ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʝʧʣʦʪʠ ʥʘ ʤʝʭʘʥʽʯʥʫ ʨʦʙʦʪʫ, ʘ 

ʧʦʪʽʤ ʥʘ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ ʚ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʽ 4. ɺʽʜʧʨʘʮʴʦʚʘʥʘ ʧʘʨʘ 

ʥʘʜʭʦʜʠʪʴ ʫ ʢʦʥʜʝʥʩʘʪʦʨ 5, ʜʝ ʚʽʜʜʘʻ ʪʝʧʣʦʪʫ ʦʭʦʣʦʜʞʫʚʘʣʴʥʽʡ ʚʦʜʽ. 

ʆʪʨʠʤʘʥʠʡ ʢʦʥʜʝʥʩʘʪ ʥʘʩʦʩʦʤ 6 ʚʽʜʧʨʘʚʣʷʻʪʴʩʷ ʚ ʞʠʚʠʣʴʥʠʡ ʙʘʢ 7, ʚʽʜʢʽʣʷ 

ʞʠʚʠʣʴʥʠʤ ʥʘʩʦʩʦʤ 8 ʩʪʠʩʢʘ̒ ʪʴʩʷ ʜʦ ʪʠʩʢʫ, ʨʽʚʥʦʛʦ ʪʠʩʢʫ ʚ ʢʦʪʣ̔, ʽ 

ʧʦʜʘʻʪʴʩʷ ʯʝʨʝʟ ʧʽʜʽʛʨʽʚʥʠʢ 10 ʫ ʧʘʨʦʚʠʡ ʢʦʪʝʣ 1. 
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ʈʠʩʫʥʦʢ 3.9 ï ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʧʘʨʦʪʫʨʙʽʥʥʦʾ ʫʩʪʘʥʦʚʢʠ 
 

ʆʩʥʦʚʥʠʤ ʮʠʢʣʦʤ ʫ ʧʘʨʦʪʫʨʙʽʥʥʽʡ ʫʩʪʘʥʦʚʮʽ ʻ ʮʠʢʣ ʈʝʥʢʽʥʘ.  

ʅʘ ʨʠʩʫʥʢʫ 3.10 ʟʦʙʨʘʞʝʥʦ ʽʜʝʘʣʴʥʠʡ ʮʠʢʣ ʈʝʥʢʥ̔ʘ ʥʘ ʧʝʨʝʛʨʽʪʽʡ ʧʘʨʽ ʚ Pv- 

ʽ Ts-ʜʽʘʛʨʘʤʘʭ. ʊʦʯʢʘ 4 ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʪʘʥ ʢʠʧʣʷʯʦʾ ʚʦʜʠ ʚ ʢʦʪʣʽ ʧʨʠ ʪʠʩʢʫ 

ʈ1. ʃʽʥʽʷ 4-5 ʟʦʙʨʘʞʫʻ ʧʨʦʮʝʩ ʧʘʨʦʫʪʚʦʨʝʥʥʷ ʚ ʢʦʪʣ̔; ʧʦʪʽʤ ʧʘʨʘ 

ʧʽʜʩʫʰʫʻʪʴʩʷ ʚ ʧʝʨʝʛʨʽʚʥʠʢʫ ï ʧʨʦʮʝʩ 5-6, 6-1 ï ʧʨʦʮʝʩ ʧʝʨʝʛʨʽʚʫ ʧʘʨʠ ʚ 

ʧʝʨʝʛʨʽʚʥʠʢʫ ʧʨʠ ʪʠʩʢʫ ʈ1, ʆʪʨʠʤʘʥʘ ʧʘʨʘ ʟʘ ʘʜʽʘʙʘʪʦ  ʁ1-2 ʨʦʟʰʠʨʶʻʪʴʩʷ 

ʫ ʮʠʣʽʥʜʨʽ ʧʘʨʦʚʦʛʦ ʜʚʠʛʫʥʘ ʜʦ ʪʠʩʢʫ ʈ2 ʫ ʢʦʥʜʝʥʩʘʪʦʨʽ. ʋ ʧʨʦʮʝʩʽ 2-2' ʧʘʨ 

ʮʽʣʢʦʤ ʢʦʥʜʝʥʩʫʻʪʴʩʷ ʜʦ ʩʪʘʥʫ ʢʠʧʣʷʯʦʾ ʨʽʜʠʥʠ ʧʨʠ ʪʠʩʢʫ ʈ2, ʚʽʜʜʘʶʯʠ 

ʪʝʧʣʦʪʫ ʧʘʨʦʫʪʚʦʨʝʥʥʷ ʦʭʦʣʦʜʞʫʚʘʣʴʥʽʡ ʚʦʜʽ. ʇʨʦʮʝʩ ʩʪʠʩʢʫ ʚʦʜʠ 2'-3 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʥʘʩʦʩʽ; ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʜʠ, ʱʦ ʚʠʭʦʜʠʪʴ ʧʨʠ 

ʮʴʦʤʫ,  ̒ʤʽʟʝʨʥʦ ʤʘʣʠʤ, ʽ ʥʠʤ ʫ ʜʦʩʣʽʜʞʝʥʥʷʭ ʧʨʠ ʪʠʩʢʘʭ ʜʦ 3,0é4,0 ʄʇʘ 

ʟʥʝʚʘʞʘʶʪʴ. ʃʽʥʽʷ 3-4 ʟʦʙʨʘʞʫʻ ʟʤʽʥʫ ʦʙôʤ̒ʫ ʚʦʜʠ ʧʨʠ ʥʘʛʨʚ̔ʘʥʥ̔ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʢʦʥʜʝʥʩʘʪʦʨʽ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʢʠʧʽʥʥʷ. ʈʦʙʦʪʘ ʥʘʩʦʩʘ 

ʟʦʙʨʘʞʫʻʪʴʩʷ ʟʘʰʪʨʠʭʦʚʘʥʦ ʁʧʣʦʱʝʶ ï 032'7. ɽʥʪʘʣʴʧʽ̫  ʧʘʨʠ ʧʨʠ ʚʠʭʦʜʽ ʟ 

ʧʝʨʝʛʨʽʚʥʠʢʘ ʚ ʪʦʯʮʽ 1 ʜʦʨʽʚʥʶʻ h1 ʽ ʥʘ Ts-ʜʽʘʛʨʘʤʽ (ʨʠʩ. 3.10, ʙ) 

ʟʦʙʨʘʞʫʻʪʴʩʷ ʧʣʦʱʝʶ 92'3461709. ɽʥʪʘʣʴʧʽ̫  ʧʘʨʠ ʧʨʠ ʚʭʦʜʽ ʚ ʢʦʥʜʝʥʩʘʪʦʨ 

ʫ ʪʦʯʮʽ 2 ʜʦʨʽʚʥʶʻ h2 ʽ ʥʘ Ts-ʜʽʘʛʨʘʤʽ ʟʦʙʨʘʞʫʻʪʴʩʷ ʧʣʦʱʝʶ 92'2709. 

ɽʥʪʘʣʴʧʽ̫  ʚʦʜʠ ʧʨʠ ʚʠʭʦʜʽ ʟ ʢʦʥʜʝʥʩʘʪʦʨʘ ʚ ʪʦʯʮʽ 2' ʜʦʨʽʚʥʶʻ h2ô ʽ ʥʘ Ts-

ʜʽʘʛʨʘʤʽ ʟʦʙʨʘʞʫʻʪʴʩʷ ʧʣʦʱʝʶ 92'809. ʂʦʨʠʩʥʘ ʨʦʙʦʪʘ ʧʘʨʠ ʚ ʮʠʢʣʽ 

ʈʝʥʢʥ̔ʘ ʟʦʙʨʘʞʫʻʪʴʩʷ ʥʘ ʈv-ʜ̔ʘʛʨʘʤ ̔ʧʣʦʱʝʶ 2'346122' (ʨʠʩ. 3.10, ʘ). 

ʗʢʱʦ ʚ ʮʠʢʣʽ ʈʝʥʢʥ̔ʘ ʚʨʘʭʦʚʫʚʘʪʠ ʨʦʙʦʪʫ ʥʘʩʦʩʘ, ʪʦ ʧʨʦʮʝʩ 

ʘʜʽʘʙʘʪʥʦʛʦ ʩʪʠʩʢʫ ʚʦʜʠ ʚ ʥʴʦʤʫ ʟʦʙʨʘʟʠʪʴʩʷ ʥʘ Ts-ʜʽʘʛʨʘʤʽ (ʨʠʩ. 3.10, ʙ) 

ʘʜʽʘʙʘʪʦʶ 2'-3, ʘ ʽʟʦʙʘʨʘ 3-4 ʚʽʜʧʦʚʽʜʘʻ ʥʘʛʨʽʚʘʥʥʶ ʚʦʜʠ ʚ ʢʦʪʣ̔ ʧʨʠ ʪʠʩʢʫ 

ʈ1 ʜʦ ʚʽʜʧʦʚʽʜʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʢʠʧʽʥʥʷ. 
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ʈʠʩʫʥʦʢ 3.10 ï ʊʝʦʨʝʪʠʯʥʠʡ ʮʠʢʣ ʈʝʥʢʽʥʘ ʚ Pv- (ʘ) ʽ Ts-ʜʽʘʛʨʘʤʘʭ (ʙ) 
 

ʊʝʨʤʽʯʥʠʡ ʂʂɼ ʮʠʢʣʫ ʈʝʥʢʥ̔ʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ (1.94) 
 

1

21
t

q

qq -
=h . 

 

ʊʝʧʣʦʪʘ q1 ʫ ʮʠʢʣʽ ʧʽʜʚʦʜʠʪʴʩʷ ʧʨʠ ʈ=ʩʦnst ʫ ʧʨʦʮʝʩʘʭ 3-4 (ʧʽʜʽʛʨʽʚ 

ʚʦʜʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʢʠʧʽʥʥʷ), 4-6 (ʧʘʨʦʫʪʚʦʨʝʥʥʷ) ʽ 6-1 (ʧʝʨʝʛʨʽʚ ʧʘʨʠ) 

(ʜʠʚ. ʨʠʩ. 3.10) ʽ ʜʦʨʽʚʥʶʻ ʨʽʟʥʠʮʽ ʧʦʯʘʪʢʦʚʦʾ ʽ ʢʽʥʮʝʚʦʾ ʪʦʯʦʢ ʧʨʦʮʝʩʫ: 
 

q1=h1ïh3.                                              (3.23) 
 

ʎ̫  ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ ʟʦʙʨʘʞʫʻʪʴʩʷ ʥʘ ʊs-ʜ̔ʘʛʨʘʤʽ ʧʣʦʱʝʶ 82'346178. 

ɺʽʜʚʽʜ ʪʝʧʣʦʪʠ q2 ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʢʦʥʜʝʥʩʘʪʦʨʽ ʟʘ ʽʟʦʙʘʨʦ  ʁ2-2', ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ 
 

q2=h2ïh2ô.                                              (3.24) 
 

ʊʝʧʣʦʪʘ, ʱʦ ʚʽʜʚʦʜʠʪʴʩʷ, ʟʦʙʨʘʞʫʻʪʴʩʷ ʥʘ ʊs-ʜ̔ʘʛʨʘʤ ̔ ʧʣʦʱʝʶ 

2'2782'. ʊʝʨʤʽʯʥʠʡ ʂʂɼ ʮʠʢʣʫ ʈʝʥʢʥ̔ʘ ʚʠʟʥʘʯʘʻʤʦ ʟʘ ʨʽʚʥʷʥʥʷʤ 
 

( )( )
( )31

2'231
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=h .                             (3.25) 

 

ʅʘ ʨʠʩʫʥʢʫ 3.11 ʟʦʙʨʘʞʝʥʦ ʮʠʢʣ ʈʝʥʢʥ̔ʘ ʚ hs-ʜ̔ʘʛʨʘʤ.̔ ʊʦʯʢʘ 1 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʪʘʥ ʧʝʨʝʛʨʽʪʦʾ ʧʘʨʠ ʧʨʠ ʚʭʦʜʽ ʚ ʧʘʨʦʚʫ ʪʫʨʙ̔ʥʫ, ʪʦʯʢʘ 2 ï

ʩʪʘʥ ʚʦʣʦʛʦʾ ʧʘʨʠ ʧʨʠ ʚʭʦʜʽ ʚ ʢʦʥʜʝʥʩʘʪʦʨ ʘʙʦ ʩʪʘʥ ʩʧʨʘʮʴʦʚʘʥʦʾ ʧʘʨʠ ʧʨʠ 

ʚʠʭʦʜʽ ʪʫʨʙʽʥʠ; ʪʦʯʢʘ 2' ï ʩʪʘʥ ʢʠʧʣʷʯʦʾ ʚʦʜʠ ʥʘ ʚʠʭʦʜʽ ʟ ʢʦʥʜʝʥʩʘʪʦʨʘ; 

P

vAO

E

1

K

P
1

P
2

22ô

3 4 5 6

x=1
x
=
0

T

sO

1K

22ô

3

4 5 60

7
9

8 7



 255 

ʪʦʯʢʘ 3 ï ʩʪʘʥ ʚʦʜʠ ʧʨʠ ʚʠʭʦʜʽ ʟ ʥʘʩʦʩʘ ʧʨʠ ʪʠʩʢʫ ʚ ʢʦʪʣʽ ʈ1; ʪʦʯʢʘ 4 ï ʩʪʘʥ 

ʢʠʧʣʷʯʦʾ ʚʦʜʠ ʧʨʠ ʪʠʩʢʫ ʚ ʢʦʪʣʽ ʈ1; ʪʦʯʢʘ 5 ï ʩʪʘʥ ʚʦʣʦʛʦ ʾʧʘʨʠ ʧʨʠ ʚʠʭʦʜʽ 

ʟ ʢʦʪʣʘ; ʪʦʯʢʘ 6 ï ʩʪʘʥ ʩʫʭʦ ʾʥʘʩʠʯʝʥʦʾ ʧʘʨʠ ʚ ʧʘʨʦʧʝʨʝʛʨʽʚʘʯʽ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 3.11 ï ʎʠʢʣ ʈʝʥʢʽʥʘ ʚ hs-ʜʽʘʛʨʘʤʽ 

 

ʋ ʮʽʡ ʜʽʘʛʨʘʤʽ ʚʽʜʩʪʘʥʴ ʟʘ ʦʨʜʠʥʘʪʦ  ʁʤʽʞ ʪʦʯʢʘʤʠ 1 ʽ 2 ʚʽʜʧʦʚʽʜʘʻ 

ʘʜʽʘʙʘʪʥʦʤʫ ʨʦʟʰʠʨʝʥʥʶ ʧʘʨʠ ʚ ʧʘʨʦʚʡ̔ ʪʫʨʙʽʥʽ. ɺʽʜʩʪʘʥʴ ʟʘ ʦʨʜʠʥʘʪʦ  ʁ

ʤʽʞ ʪʦʯʢʘʤʠ 2 ʽ 2' ʟʦʙʨʘʞʫʻ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʱʦ ʚʽʜʚʦʜʠʪʴʩʷ ʚ 

ʢʦʥʜʝʥʩʘʪʦʨʽ ʧʨʠ P2=const. ɺʽʜʩʪʘʥʴ ʟʘ ʦʨʜʠʥʘʪʦ  ʁʤʽʞ ʪʦʯʢʘʤʠ 2 ʽ 3 ï 

ʢ̔ ʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʷʢʘ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʩʪʠʩʢ ʚʦʜʠ ʚ ʥʘʩʦʩʽ ʜʦ ʪʠʩʢʫ ʈ1 ʫ 

ʢʦʪʣʽ. ɺʽʜʩʪʘʥʴ ʟʘ ʦʨʜʠʥʘʪʦ  ʁʤʽʞ ʪʦʯʢʘʤ 3 ʽ 4 ʚʽʜʧʦʚʽʜʘʻ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʪʠ, 

ʷʢʘ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʽʜʛ̔ʨ̔ʚ ʚʦʜʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʢʦʪʣʘ. ɺʽʜʩʪʘʥʴ ʟʘ 

ʦʨʜʠʥʘʪʦ  ʁʤʽʞ ʪʦʯʢʘʤʠ 4 ʽ 5 ʟʦʙʨʘʞʫʻ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʷʢʘ ʚʠʪʨʘʯʘʻʪʴʩʷ 

ʥʘ ʦʜʝʨʞʘʥʥʷ ʚʦʣʦʛʦʾ ʧʘʨʠ ʚ ʢʦʪʣʽ ʟʽ ʩʪʫʧʝʥʝʤ ʩʫʭʦʩʪʽ xʢ=const. ɺʽʜʩʪʘʥʴ 

ʟʘ ʦʨʜʠʥʘʪʦ  ʁʤʽʞ ʪʦʯʢʘʤʠ 5 ʽ 6, 6  ̔ 1 ʚʠʟʥʘʯʘʻ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʷʢʘ 

ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʽʜʩʫʰʫʚʘʥʥʷ ʚʦʣʦʛʦʾ ʧʘʨʠ ʽ ʧʝʨʝʛʨʽʚ ʩʫʭʦʾ ʧʘʨʠ ʚ 

ʧʘʨʦʧʝʨʝʛʨʽʚʘʯʽ ʧʨʠ ʪʠʩʢʫ ʚ ʢʦʪʣ̔ ʈ1 =const. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʠʪʦʤʘ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ q1, ʱʦ ʧʽʜʚʦʜʠʪʴʩʷ ʜʦ ʚʦʜʠ ʚ 

ʮʴʦʤʫ ʮʠʢʣʽ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʩʪʘʥʥʶ ʟʘ ʦʨʜʠʥʘʪʦ  ʁʤʽʞ ʪʦʯʢʘʤʠ 1 ʽ 3, ʘ 

ʚʽʜʚʝʜʝʥʘ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ q2 ï ʤ̔ʞ ʪʦʯʢʘʤʠ 2 ʽ 2'. 
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ɿʘʩʪʦʩʫʚʘʥʥʷ hs-ʜ̔ʘʛʨʘʤʠ ʟʥʘʯʥʦ ʧʦʣʝʛʰʫʻ ʨʦʟʨʘʭʫʥʢʠ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ  ̔ ʮʠʢʣʽʚ, ʪʦʤʫ ʱʦ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʪʠ ʚ ʮʽʡ 

ʜʽʘʛʨʘʤʽ ʟʦʙʨʘʞʫʶʪʴʩʷ ʚʽʜʨʽʟʢʘʤʠ ʧʨʷʤʠʭ ʣʽʥʽʡ ʟʘ ʦʨʜʠʥʘʪʦ  ʁ ʤʽʞ 

ʧʦʯʘʪʢʦʚʠʤʠ ʽ ʢʽʥʮʝʚʠʤʠ ʪʦʯʢʘʤʠ ʧʨʦʮʝʩʽʚ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʂʂɼ ʇʊʋ ʤʦʞʝ ʜʦʩʷʛʘʪʠ 45 %. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʂʂɼ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘʩʪʫʧʥʽ ʤʝʪʦʜʠ: 

1) ʧʽʜʚʠʱʝʥʥʷ ʧʦʯʘʪʢʦʚʦʛʦ ʪʠʩʢʫ ʧʘʨʠ (ʧʨʠ ʮʴʦʤʫ ʂʂɼ ʇʊʋ 

ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʘ ʧʠʪʦʤʽ ʚʠʪʨʘʪʠ ʧʘʨʠ ʟʤʝʥʰʫʶʪʴʩʷ); 

2) ʧʽʜʚʠʱʝʥʥʷ ʧʦʯʘʪʢʦʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʘʨʠ (ʂʂɼ ʟʙʽʣʴʰʫʻʪʴʩʷ, 

ʪʘʢ ʷʢ ʟʙʽʣʴʰʫʻʪʴʩʷ ʩʝʨʝʜʥʴʦʽʥʪʝʛʨʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʽʜʚʦʜʫ ʪʝʧʣʦʪʠ ʽ 

ʧʨʠ ʮʴʦʤʫ ʟʨʦʩʪʘʻ ʘʜʽʘʙʘʪʥʝ ʪʝʧʣʦʧʘʜʽʥʥʷ); 

3) ʟʤʝʥʰʝʥʥʷ ʢʽʥʮʝʚʦʛʦ ʪʠʩʢʫ ʚ ʢʦʥʜʝʥʩʘʪʦʨʽ (ʧʨʠ ʮʴʦʤʫ 

ʟʤʝʥʰʫʻʪʴʩʷ ʩʝʨʝʜʥʴʦʽʥʪʝʛʨʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʽʜʚʦʜʫ ʪʝʧʣʦʪʠ ʽ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʘʜʽʘʙʘʪʥʝ ʪʝʧʣʦʧʘʜʽʥʥʷ). 

 

 

3.3.2 ʎʠʢʣʠ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷ (ɼɺɿ) 

 

ʄʘʰʠʥʠ, ʚ ʷʢʠʭ ʧʘʣʠʚʦ ʩʧʘʣʶʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʮʠʣʽʥʜʨʽ ʧʽʜ 

ʧʦʨʰʥʝʤ, ʥʘʟʠʚʘʶʪʴʩʷ ʜʚʠʛʫʥʘʤʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷ (ɼɺɿ). ɰʭ ʜʦʩʠʪʴ 

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘ ʪʨʘʥʩʧʦʨʪ,̔ ʥʘ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʭ ʜʣʷ ʧʨʠʚʦʜʫ 

ʥʘʩʦʩʥʠʭ ʫʩʪʘʥʦʚʦʢ, ʥʘ ʥʘʬʪʦ- ʽ ʛʘʟʦʧʝʨʝʨʦʙʥʠʭ ʽ ʙʫʨʦʚʠʭ ʫʩʪʘʥʦʚʢʘʭ, ʫ 

ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ, ʥʘ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʟʘʚʦʜʘʭ. ʎʝ ʧʦʷʩʥʶ̒ʪʴʩʷ 

ʥʘʷʚʥʽʩʪʶ ʧʝʚʥʠʭ ʧʝʨʝʚʘʛ: 

1) ʚʽʜʩʫʪʥʽʩʪʴ ʛʨʦʤʽʟʜʢʦʾ ʢʦʪʝʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ, ʘ ʦʪʞʝ, ʥʝʚʝʣʠʢʽ 

ʨʦʟʤʽʨʠ ʧʨʠʤʽʱʝʥʴ ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ; 

2) ʧʦʩʪʽʡʥʘ ʛʦʪʦʚʥʽʩʪʴ ʜʦ ʧʫʩʢʫ ʽ ʥʝʛʘʡʥʦʛʦ ʧʨʠʡʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘ 

ʪʘʢʦʞ ʚʽʜʩʫʪʥʽʩʪʴ ʚʠʪʨʘʪʠ ʧʘʣʴʥʦʛʦ ʚ ʥʝʨʦʙʦʯʠʡ ʧʝʨʽʦʜ ʜʚʠʛʫʥʘ; 

3) ʤʘʣʘ ʧʦʪʨʝʙʘ ʫ ʚʦʜʽ.  

ɼʦ ʥʝʜʦʣʽʢʽʚ ʚʘʨʪʦ ʚʽʜʥʝʩʪʠ: 

1) ʦʙʤʝʞʝʥʽʩʪʴ ʟʘʧʘʩʽʚ ʨʽʜʢʦʛʦ ʽ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʧʘʣʠʚʘ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʪʚʝʨʜʠʤ ʧʘʣʠʚʦʤ, ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʚ ʧʘʨʦʩʠʣʦʚʠʭ ʫʩʪʘʥʦʚʢʘʭ; 

2) ʪʨʫʜʥʦʱʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʪʠ ʛʘʟʽʚ, ʱʦ ʚʽʜʨʦʙʠʣʠ; 

3) ʥʝʤʦʞʣʠʚʽʩʪʴ ʦʜʝʨʞʘʥʥʷ ʚʠʩʦʢʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚ ʦʜʥʦʤʫ ʘʛʨʝʛʘʪʽ 

ʯʝʨʝʟ ʚʝʣʠʢʽ ʽʥʝʨʮʽʡʥʽ ʟʫʩʠʣʣʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚʽʜ ʜʝʪʘʣʝʡ, ʱʦ ʨʫʭʘʶʪʴʩʷ 

ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʦʚʦ, ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʪʦʛʦ ʚʘʣʘ 

(ʛʨʘʥʠʯʥʘ ʧʦʪʫʞʥʽʩʪʴ ʩʫʯʘʩʥʠʭ ɼɺɿ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝ ʙʽʣʴʰʝ 3500é4000 ʢɺʪ). 
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ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʧʦʨʰʥʝʚʦʛʦ ɼɺɿ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ (ʨʠʩ. 3.12), ʱʦ ʧʽʜ 

ʚʧʣʠʚʦʤ ʪʠʩʢʫ ʛʘʟʽʚ ʨʫʭ ʧʦʨʰʥʷ ʚ ʮʠʣʽʥʜʨʽ ʯʝʨʝʟ ʰʘʪʫʥ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ 

ʢʦʣʽʥʯʘʪʠʡ ʚʘʣ. ʈʦʙʦʯʠʡ ʮʠʣʽʥʜʨ ʽ ʡʦʛʦ ʛʦʣʦʚʢʘ, ʜʝ ʨʦʟʤʽʱʘʶʪʴʩʷ ʢʣʘʧʘʥʠ 

ʽ ʩʚʽʯʘ ʟʘʧʘʣʶʚʘʥʥʷ, ʤʘʶʪʴ ʩʦʨʦʯʢʠ ʧʨʠ ʨʽʜʠʥʥʦʤʫ ʦʭʦʣʦʜʞʝʥʥʽ ʘʙʦ ʨʝʙʨʘ 

ʧʨʠ ʧʦʚʽʪʨʷʥʦʤʫ ʦʭʦʣʦʜʞʝʥʥʽ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʧʝʨʝʛʨʽʚʫ ʽ ʨʫʡʥʫʚʘʥʥʷ 

ʩʪʽʥʦʢ ʧʽʜ ʚʧʣʠʚʦʤ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʽ ʪʠʩʢʫ ʨʦʙʦʯʦʛʦ ʪʽʣʘ. ɼʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʪʦʛʦ ʚʘʣʘ ʽ ʟʤʝʥʰʝʥʥʷ 

ʽʥʝʨʮʽʡʥʠʭ ʟʫʩʠʣʴ, ʘ ʪʘʢʦʞ ʜʣʷ ʤʦʞʣʠʚʦʩʪʽ ʟʜʽʡʩʥʝʥʥʷ ʭʦʣʦʩʪʠʭ ʭʦʜʽʚ 

ʧʦʨʰʥʷ ʚ ʮʠʣʽʥʜʨʽ ʽ ʚʠʚʦʜʫ ʡʦʛʦ ʟ ʢʨʘʡʥʽʭ ʧʦʣʦʞʝʥʴ ʥʘ ʭʚʦʩʪʦʚʠʢʫ 

ʢʦʣʽʥʯʘʪʦʛʦ ʚʘʣʘ ʨʦʟʤʽʱʘʻʪʴʩʷ ʤʘʭʦʚʠʢ, ʘ ʜʚʠʛʫʥ ʤʘʻ ʜʝʢʽʣʴʢʘ ʮʠʣʽʥʜʨʽʚ 

(2, 4, 6, 8, 12, 16 ʮʠʣʽʥʜʨʽʚ ʽ ʙʽʣʴʰ). ɺ ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ ʧʦʨʷʜʦʢ ʨʦʙʦʪʠ 

ʮʠʣʽʥʜʨʽʚ ʚʠʙʠʨʘʻʪʴʩʷ ʪʘʢ, ʱʦʙ ʧʦ ʤʦʞʣʠʚʦʩʪʽ ʫ ʜʚʦʭ ʩʫʩʽʜʥʽʭ ʮʠʣʽʥʜʨʘʭ 

ʥʝ ʚʽʜʙʫʚʘʣʦʩʷ ʦʜʥʘʢʦʚʠʭ ʪʘʢʪʽʚ; ʪʦʜʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʦʣʽʥʯʘʪʠʡ ʚʘʣ 

ʚʠʭʦʜʷʪʴ ʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʠʤʠ ʽ ʤʦʞʣʠʚʦ ʟʜʽʡʩʥʝʥʥʷ ʭʦʣʦʩʪʠʭ ʭʦʜʽʚ 

ʧʦʨʰʥʽʚ ʚ ʦʜʥʠʭ ʮʠʣʽʥʜʨʘʭ ʟʘ ʨʘʭʫʥʦʢ ʨʦʙʦʯʠʭ ʭʦʜʽʚ ʧʦʨʰʥʽʚ ʚ ʽʥʰʠʭ 

ʮʠʣʽʥʜʨʘʭ. ʆʨʛʘʥʠ ʚʧʫʩʢʫ ʽ ʚʠʧʫʩʢʫ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʚ ʧʦʨʰʥʝʚʠʭ ɼɺɿ 

ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʥʫʶʪʴ ʫ ʚʠʜʽ ʪʘʨʽʣʯʘʩʪʠʭ ʢʣʘʧʘʥʽʚ, ʱʦ ʚʽʜʢʨʠʚʘʶʪʴʩʷ ʚ 

ʧʦʪʨʽʙʥʽ ʤʦʤʝʥʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʘʞʝʣʽʚ, ʰʪʘʥʛ ʽ ʰʪʦʚʭʘʯ̔ ʚ, ʱʦ 

ʧʨʠʚʦʜʷʪʴʩʷ ʜʦ ʨʫʭʫ ʚʽʜ ʢʫʣʘʯʢʽʚ. ʂʫʣʘʯʢʠ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʨʦʟʧʦʜʽʣʴʥʦʤʫ 

ʚʘʣʽ, ̫ ʢʠʡ ʤʘʻ ʧʨʠʚʽʜ ʚʽʜ ʢʦʣʽʥʯʘʪʦʛʦ ʚʘʣʘ ʜʚʠʛʫʥʘ. 

ɿ ʦʧʠʩʫ ʧʨʠʥʮʠʧʫ ʨʦʙʦʪʠ ʧʦʨʰʥʝʚʠʭ ɼɺɿ ʚʠʜʥʦ, ʱʦ ʚ ʥʠʭ, ʚʣʘʩʥʝ 

ʢʘʞʫʯʠ, ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʨʫʛʦʚʠʭ ʧʨʦʮʝʩʽʚ, ʪʦʤʫ ʱʦ ʛʘʟʦʧʦʜʽʙʥʽ ʧʨʦʜʫʢʪʠ 

ʛʦʨʽʥʥʷ ʧʽʩʣʷ ʨʦʟʰʠʨʝʥʥʷ ʽ ʚʽʜʜʘʯ ̔ ʝʥʝʨʛʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʨʰʥʷ ʥʘ 

ʢʦʣʽʥʯʘʪʠʡ ʚʘʣ ʚʽʜʜʘʣʷʶʪʴʩʷ ʟ ʮʠʣʽʥʜʨʘ ʜʚʠʛʫʥʘ, ʘ ʥʘ ʾʭ ʤʽʩʮʝ ʥʘʜʭʦʜʠʪʴ 

ʩʚʽʞʘ ʧʦʨʮʽʷ ʧʘʣʴʥʦʾ ʩʫʤʽʰʽ, ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʷʢʦʾ ʚ ʨʝʟʫʣʴʪʘʪʽ ʥʘʩʪʫʧʥʦʛʦ 

ʧʨʦʮʝʩʫ ʟʛʦʨʘʥʥʷ ʟʤʽʥʶʻʪʴʩʷ. ʆʜʥʘʢ ʫʤʦʚʥʦ ʤʦʞʥʘ ʛʦʚʦʨʠʪʠ ʧʨʦ ʢʨʫʛʦʚʠʡ 

ʧʨʦʮʝʩ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷ, ʷʢʱʦ ʥʝ ʙʨʘʪʠ ʜʦ ʫʚʘʛʠ 

ʭʽʤʽʯʥʠʭ ʟʤʽʥ ʽ ʚʠʟʥʘʯʘʪʠ ʡʦʛʦ ʂʂɼ ʟʘ ʨʽʚʥʷʥʥʷʤ (1.94) 
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ʧʽʜʩʪʘʚʣʷʶʯʠ ʨʦʙʦʪʫ lʮ ʽ ʚʠʪʨʘʪʫ ʪʝʧʣʦʪʠ q1, ʷʢ̔ ʜʦʨʽʚʥʶʶʪʴ ʾʭ 

ʪʝʦʨʝʪʠʯʥʠʤ ʟʥʘʯʝʥʥʷʤ ʜʣʷ ʜʚʠʛʫʥʘ. ʅʝʪʦʯʥʽʩʪʴ, ʱʦ ʜʦʧʫʩʢʘʻʪʴʩʷ ʧʨʠ 

ʮʴʦʤʫ, ʤʘʣʘ, ʪʦʤʫ ʱʦ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʟʤʽʥʫ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʨʦʙʦʯʦʛʦ ʪʽʣʘ 

ʧʨʠ ʟʛʦʨʘʥʥʽ, ʛʘʟʦʚʽ ʧʦʩʪʽʡʥʽ ʧʘʣʴʥʦʾ ʩʫʤʽʰʽ ʽ ʧʨʦʜʫʢʪʽʚ ʛʦʨʽʥʥʷ ʥʝʟʥʘʯʥʦ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ. 

 



 258 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 3.12 ï ʉʭʝʤʘ ʙʫʜʦʚʠ ɼɺɿ 

 

 

1 ï ʢʫʣʘʯʢʦʚʠʡ ʚʘʣ; 2 ï ʰʪʦʚʭʘʯ; 3 ï ʢʘʨʙʶʨʘʪʦʨ; 4 ï ʢʣʘʧʘʥ;  

5 ï ʛʦʣʦʚʢʘ ʮʠʣʽʥʜʨʘ; 6 ï ʮʠʣʽʥʜʨ; 7 ï ʩʦʨʦʯʢʘ ʮʠʣʽʥʜʨʘ; 8 ï ʧʦʨʰʝʥʴ; 

9  ï ʰʘʪʫʥ; 10 ï ʤʘʭʦʚʠʢ; 11 ï ʢʦʣʽʥʯʘʪʠʡ ʚʘʣ 

ʈʠʩʫʥʦʢ 3.12 ï éééé.. 
 

ɯʩʥʫʻ ʜʝʢʽʣʴʢʘ ʨʽʟʥʠʭ ʢʣʘʩʠʬʽʢʘʮʽʡ ɼɺɿ: 

1) ʟʘ ʩʧʦʩʦʙʦʤ ʟʘʧʘʣʝʥʥʷ ʧʘʣʴʥʦʾ ʩʫʤʽʰʽ ʜʚʠʛʫʥʠ ʟʽ ʟʤʫʰʝʥʠʤ 

ʟʘʧʘʣʶʚʘʥʥʷʤ ʧʘʣʠʚʘ ʽ ʜʚʠʛʫʥʠ ʟ ʟʘʧʘʣʶʚʘʥʥʷʤ ʧʘʣʴʥʦʾ ʩʫʤʽʰʽ ʚ 

ʘʪʤʦʩʬʝʨʽ ʩʪʠʩʥʫʪʦʛʦ ʧʦʚʽʪʨʷ; 

2) ʟʘ ʩʧʦʩʦʙʦʤ ʧʽʜʛʦʪʦʚʢʠ ʧʘʣʴʥʦʾ ʩʫʤʽʰʽ ʨʦʟʨʽʟʥʷʶʪʴ ʜʚʠʛʫʥʠ ʟ 

ʟʦʚʥʽʰʥʴʦʶ (ʢʘʨʙʶʨʘʪʦʨʠ) ʽ ʟ ʚʥʫʪʨʽʰʥʴʦʶ ʧʽʜʛʦʪʦʚʢʦʶ ʧʘʣʴʥʦʾ ʩʫʤʽʰʽ; 

3) ʟʘ ʢʽʣʴʢʩ̔ʪʁ ʪʘʢʪʽʚ ʨʦʟʨʽʟʥʷʶʪʴ 2 ʪʠʧʠ ʧʦʨʰʥʝʚʠʭ ɼɺɿ: 

ʯʦʪʠʨʠʪʘʢʪʥ̔  ̔ʜʚʦʪʘʢʪʥʽ (ʟʘ ʦʜʠʥ ʪʘʢʪ ʧʨʠʡʤʘʶʪʴ ʭʽʜ ʧʦʨʰʥʷ ʚʽʜ ʚʝʨʭʥʴʦʾ 

ʤʝʨʪʚʦʾ ʪʦʯʢʠ ʜʦ ʥʠʞʥʴʦʾ, ʧʨʠʯʦʤʫ ʚʩʽ ʪʠʧʠ ʜʚʠʛʫʥʽʚ ʤʦʞʫʪʴ 

ʚʠʢʦʥʫʚʘʪʠʩʷ ʷʢ ʯʦʪʠʨʠʪʘʢʪʥʠʤʠ, ʪʘʢ  ̔ʜʚʦʪʘʢʪʥʠʤʠ). 

ʆʩʥʦʚʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʮʠʢʣʫ ʪʝʧʣʦʚʦʛʦ ʜʚʠʛʫʥʘ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʧʦʩʦʙʫ ʧʽʜʚʦʜʫ ʪʝʧʣʦʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʩʪʫʧʥʽ ʙʝʟʨʦʟʤʽʨʥʽ 

ʚʝʣʠʯʠʥʠ: 

1) ʩʪʫʧʽʥʴ ʩʪʠʩʢʫ (ʚʽʜʥʦʰʝʥʥʷ ʧʠʪʦʤʠʭ ʦʙôʻʤʽʚ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʥʘ 

ʧʦʯʘʪʢʫ v1 ʽ ʥʘʧʨʠʢʽʥʮʽ v2 ʩʪʠʩʢʫ): 
 

e = v1 / v2 ;                                                 (3.26) 
 

2) ʩʪʫʧʽʥʴ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ (ʚʽʜʥʦʰʝʥʥʷ ʪʠʩʢʽʚ ʥʘʧʨʠʢʽʥʮʽ ʈ3 ʽ ʥʘ 

ʧʦʯʘʪʢʫ ʈ2 ʽʟʦʭʦʨʥʦʛʦ ʧʨʦʮʝʩʫ ʧʽʜʚʝʜʝʥʥʷ ʪʝʧʣʦʪʠ): 
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l = ʈ3 / ʈ2;                                                 (3.27) 
 

3) ʩʪʫʧʽʥʴ ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʯʠ ʩʪʫʧʽʥʴ ʽʟʦʙʘʨʥʦʛʦ 

ʨʦʟʰʠʨʝʥʥʷ (ʚʽʜʥʦʰʝʥʥʷ ʧʠʪʦʤʠʭ ʦʙôʻʤʽʚ ʥʘʧʨʠʢʽʥʮʽ v3 ʽ ʥʘ ʧʦʯʘʪʢʫ v2 

ʽʟʦʭʦʨʥʦʛʦ ʧʨʦʮʝʩʫ ʧʽʜʚʝʜʝʥʥʷ ʪʝʧʣʦʪʠ): 
 

r = v3 / v2.                                                 (3.28)  
 

ʋʩʽ ʩʫʯʘʩʥʽ ʧʦʨʰʥʝʚ ̔ʜʚʠʛʫʥʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷ ʧʽʜʨʦʟʜʽʣʷʶʪʴ 

ʥʘ ʪʨʠ ʛʨʫʧʠ: 

1) ʟ̔ ʰʚʠʜʢʠʤ ʟʛʦʨʘʥʥʷʤ ʧʘʣʠʚʘ ʟ ʧʽʜʚʦʜʦʤ ʪʝʧʣʦʪʠ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ 

ʦʙôʤ̒ʽ (ʢʘʨʙʶʨʘʪʦʨʥʽ ɼɺɿ); 

2) ʟ ʧʦʩʪʫʧʦʚʠʤ ʟʛʦʨʘʥʥʷʤ ʧʘʣʠʚʘ ʟ ʧʽʜʚʦʜʦʤ ʪʝʧʣʦʪʠ ʧʨʠ 

ʧʦʩʪʽʡʥʦʤʫ ʪʠʩʢʫ (ʢʦʤʧʨʝʩʦʨʥʽ ʜʠʟʝʣʽ); 

3) ʟʽ ʟʤ̔ ʘhʥʠʤ ʟʛʦʨʘʥʥʷʤ ʧʘʣʠʚʘ ʟ ʧʽʜʚʦʜʦʤ ʪʝʧʣʦʪʠ ʯʘʩʪʢʦʚʦ ʧʨʠ 

ʧʦʩʪʽʡʥʦʤʫ ʦʙôʤ̒ʽ ̔ ʯʘʩʪʢʦʚʦ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʪʠʩʢʫ (ʙʝʟʢʦʤʧʨʝʩʦʨʥʽ 

ʜʠʟʝʣʽ). 

ɺʽʜʜʘʯʘ ʪʝʧʣʦʪʠ ʭʦʣʦʜʥʦʤʫ ʜʞʝʨʝʣʫ q2 ʫ ʚʩʽʭ ʮʠʭ ʮʠʢʣʘʭ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʪʽʣʴʢʠ ʚ ʽʟʦʭʦʨʥʦʤʫ ʧʨʦʮʝʩʽ.  

ʎʽ ʪʨʠ ʚʠʜʠ ʮʠʢʣʽʚ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʦʙʦʨʦʪʥʠʭ 

ʧʨʦʮʝʩʽʚ. ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʮʠʭ ʮʠʢʣʽʚ ʧʨʘʛʥʫʪʴ ʚʠʟʥʘʯʠʪʠ ʫʤʦʚʠ ʜʣʷ 

ʦʜʝʨʞʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʂʂɼ. 

ʈʦʟʛʣʷʥʝʤʦ ʮʠʢʣ ɼɺɿ ʟ ʧʽʜʚʦʜʦʤ ʪʝʧʣʦʪʠ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʦʙôʤ̒ ̔

ʥʘ ʧʨʠʢʣʘʜʽ ʯʦʪʠʨʠʪʘʢʪʥʦʛʦ ʜʚʠʛʫʥʘ. ɼʽʘʛʨʘʤʫ ʽʜʝʘʣʴʥʦʛʦ ʮʠʢʣʫ ʜʚʠʛʫʥʘ ʟ 

ʧʽʜʚʦʜʦʤ ʪʝʧʣʦʪʠ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʦʙôʻʤʽ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 3.13. 
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ʈʠʩʫʥʦʢ 3.13 ï ʎʠʢʣ ɼɺɿ ʟ ʧʽʜʚʦʜʦʤ ʪʝʧʣʦʪʠ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʦʙôʻʤʽ 
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ɯʜʝʘʣʴʥʠʡ ʛʘʟ ʟ ʧʦʯʘʪʢʦʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʈ1, v1 ʽ ʊ1 ʩʪʠʩʢʫʻʪʴʩʷ ʟʘ 

ʘʜʽʘʙʘʪʦ  ʁ1-2 ʜʦ ʪʦʯʢʠ 2. ɿʘ ʟ̔ʦʭʦʨʦ  ʁ 2-3 ʜʦ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʧʽʜʚʦʜʠʪʴʩʷ 

ʧʝʚʥʘ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ q1. ɺʽʜ ʪʦʯʢʠ 3 ʨʦʙʦʯʝ ʪʽʣʦ ʨʦʟʰʠʨʶʻʪʴʩʷ ʟʘ  

ʘʜʽʘʙʘʪʦ  ʁ 3-4. ɯ ʥʘʨʝʰʪʽ, ʟʘ ʟ̔ʦʭʦʨʦ  ʁ 4-1 ʨʦʙʦʯʝ ʪʽʣʦ ʧʦʚʝʨʪʘʻʪʴʩʷ ʚ 

ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ, ʧʨʠ ʮʴʦʤʫ ʚʽʜʚʦʜʠʪʴʩʷ ʪʝʧʣʦʪʘ q2 ʫ ʪʝʧʣʦʧʨʠʡʤʘʯ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʮʴʦʛʦ ʮʠʢʣʫ ʻ ʩʪʫʧʽʥʴ ʩʪʠʩʢʫ Ů (ʜʠʚ. ʨʽʚʥʷʥʥʷ 

(3.26)) ʽ ʩʪʫʧʽʥʴ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ɚ (ʜʠʚ. ʨʽʚʥʷʥʥʷ (3.27)).  

ʗʢʱʦ ʚʚʘʞʘʪʠ, ʱʦ ʪʝʧʣʦʻʤʥʽʩʪʴ ʉv ʽ ʚʝʣʠʯʠʥʘ k ʻ ʧʦʩʪʽʡʥʠʤʠ, ʪʦ 

ʪʝʨʤʽʯʥʠʡ ʂʂɼ ʮʴʦʛʦ ʮʠʢʣʫ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʨʽʚʥʷʥʥʷʤ (1.94) 
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ʂʽʣʴʢʽʩʪʴ ʧʽʜʚʝʜʝʥʦʾ ʪʝʧʣʦʪʠ ʟʛʽʜʥʦ ʟ ʨʽʚʥʷʥʥʷʤ (1.68) ʜʦʨʽʚʥʶʻ 
 

q1=Cv(T3ïT2),                                            (3.29) 
 

ʘ ʢʽʣʴʢʽʩʪʴ ʚʽʜʚʝʜʝʥʦʾ ʪʝʧʣʦʪʠ  
 

q2=Cv(T4ïT1).                                            (3.30) 
 

ʊʦʜʽ ʪʝʨʤʽʯʥʠʡ ʂʂɼ ʮʠʢʣʫ ʜʦʨʽʚʥʶʻ 
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ʗʢʱʦ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨ ʚʠʨʘʟʠʪʠ ʯʝʨʝʟ Ů, ʪʦ ʨʽʚʥʷʥʥʷ (3.31) 

ʥʘʙʫʜʝ ʚʠʜʫ 
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ɿ ʨʽʚʥʷʥʥʷ (3.32) ʚʠʧʣʠʚʘʻ, ʱʦ ʪʝʨʤʽʯʥʠʡ ʂʂɼ ʪʘʢʦʛʦ ʮʠʢʣʫ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʫʧʝʥʷ ʩʪʠʩʢʫ Ů ʽ ʧʦʢʘʟʥʠʢʘ ʘʜʽʘʙʘʪʠ k ʘʙʦ ʚʽʜ ʧʨʠʨʦʜʠ 

ʨʦʙʦʯʦʛʦ ʪʽʣʘ. ʂʂɼ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʽ ʟʨʦʩʪʘʥʥʷʤ Ů ʽ ʧʦʢʘʟʥʠʢʘ ʘʜʽʘʙʘʪʠ k. 

ɺʽʜ ʩʪʫʧʝʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ɚ ʪʝʨʤʯ̔ʥʠʡ ʂʂɼ ʥʝ ʟʘʣʝʞʠʪʴ. 

ʈʦʟʛʣʷʥʝʤʦ ʪʝʧʝʨ ʮʠʢʣ ɼɺɿ ʟ ʧʽʜʚʦʜʦʤ ʪʝʧʣʦʪʠ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ 

ʪʠʩʢʫ. ɺʠʚʯʝʥʥʷ ʮʠʢʣʽʚ ʟ ʧʽʜʚʦʜʦʤ ʪʝʧʣʦʪʠ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʦʙôʤ̒ʽ 

ʧʦʢʘʟʘʣʦ, ʱʦ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʜʚʠʛʫʥʘ, ʱʦ ʧʨʘʮʶʻ ʟʘ ʮʠʤ 
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ʮʠʢʣʦʤ, ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʚʠʩʦʢʽ ʩʪʫʧʝʥʽ ʩʪʠʩʢʫ Ů. ɸʣʝ ʮʝ 

ʟʙʽʣʴʰʝʥʥʷ ʦʙʤʝʞʫʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʦʶ ʩʘʤʦʟʘʧʘʣʶʚʘʥʥʷ ʛʦʨʁʯʦʾ ʩʫʤʽʰʽ. 

ʗʢʱʦ ʞ ʨʦʙʠʪʠ ʨʦʟʜʽʣʴʥʠʡ ʩʪʠʩʢ ʧʦʚʽʪʨʷ ʽ ʧʘʣʠʚʘ, ʪʦ ʮʝ ʦʙʤʝʞʝʥʥʷ 

ʚʽʜʧʘʜʘʻ. ʇʦʚʽʪʨʷ ʧʨʠ ʚʝʣʠʢʦʤʫ ʩʪʠʩʢʫ ʤʘʻ ʥʘʩʪʽʣʴʢʠ ʚʠʩʦʢʫ ʪʝʤʧʝʨʘʪʫʨʫ, 

ʱʦ ʧʘʣʠʚʦ, ʷʢʝ ʧʦʜʘʻʪʴʩʷ ʚ ʮʠʣʽʥʜʨ, ʩʘʤʦʟʘʧʘʣʶʻʪʴʩʷ ʙʝʟ ʫʩʷʢʠʭ 

ʩʧʝʮʽʘʣʴʥʠʭ ʟʘʧʘʣʴʥʠʭ ʧʨʠʩʪʦʩʫʚʘʥʴ. ɯ ʥʘʨʝʰʪʽ, ʨʦʟʜʽʣʴʥʠʡ ʩʪʠʩʢ ʧʦʚʽʪʨʷ ʽ 

ʧʘʣʠʚʘ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʫʜʴ-ʷʢʝ ʨʽʜʢʝ ʚʘʞʢʝ ʽ ʜʝʰʝʚʝ ʧʘʣʠʚʦ:  

ʥʘʬʪʫ, ʤʘʟʫʪ, ʩʤʦʣʠ, ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʽ ʦʣʽʾ ʡ ʽʥ. 

ʊʘʢ̔ ʚʠʩʦʢ ̔ʜʦʩʪʦʾʥʩʪʚʘ ʤʘʁʪɹ ʜʚʠʛʫʥʠ, ʱʦ ʧʨʘʮʶʶʪʴ ʟ ʧʦʩʪʫʧʦʚʠʤ 

ʟʛʦʨʘʥʥʷʤ ʧʘʣʠʚʘ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʪʠʩʢʫ. ʋ ʥʠʭ ʧʦʚʽʪʨʷ ʩʪʠʩʢʫʻʪʴʩʷ ʚ 

ʮʠʣʽʥʜʨʽ ʜʚʠʛʫʥʘ, ʘ ʨʽʜʢʝ ʧʘʣʠʚʦ ʨʦʟʧʦʨʦʰʫʻʪʩɹʷ ʩʪʠʩʥʝʥʠʤ ʧʦʚʽʪʨʷʤ ʚʽʜ 

ʢʦʤʧʨʝʩʦʨʘ. ʈʦʟʜʽʣʴʥʠʡ ʩʪʠʩʢ ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʚʠʩʦʢʽ ʩʪʫʧʝʥʽ 

ʩʪʠʩʢʫ (ʜʦ Ů = 20) ʽ ʚʠʢʣʶʯʘʻ ʧʝʨʝʜʯʘʩʥʝ ʩʘʤʦʟʘʧʘʣʶʚʘʥʥʷ ʧʘʣʠʚʘ. ʇʨʦʮʝʩ 

ʛʦʨʽʥʥʷ ʧʘʣʠʚʘ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʪʠʩʢʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤ 

ʨʝʛʫʣʶʚʘʥʥʷʤ ʧʘʣʠʚʥʦʾ ʬʦʨʩʫʥʢʠ. ʉʪʚʦʨʝʥʥʷ ʪʘʢʦʛʦ ʜʚʠʛʫʥʘ ʟʚ'ʷʟʫʶʪʴ ʟ 

ʽʤ'ʷʤ ʥʽʤʝʮʴʢʦʛʦ ʽʥʞʝʥʝʨʘ ɼʠʟʝʣʷ, ʷʢʠʡ ʚʧʝʨʰʝ ʨʦʟʨʦʙʠʚ ʢʦʥʩʪʨʫʢʮʽʁ  

ʧʦʜʽʙʥʦʛʦ ʜʚʠʛʫʥʘ. 

ʈʦʟʛʣʷʥʝʤʦ ʽʜʝʘʣʴʥʠʡ ʮʠʢʣ ʜʚʠʛʫʥʘ ʟ ʧʦʩʪʫʧʦʚʠʤ ʟʛʦʨʘʥʥʤ̫ ʧʘʣʠʚʘ 

ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʪʠʩʢʫ, ʪʦʙʪʦ ʮʠʢʣ ʽʟ ʧʽʜʚʦʜʦʤ ʪʝʧʣʦʪʠ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ 

ʪʠʩʢʫ. ʅʘ ʨʠʩʫʥʢʫ 3.14 ʟʦʙʨʘʞʝʥʦ ʮʝʡ ʮʠʢʣ ʫ ʈv- ʽ Ts-ʜʽʘʛʨʘʤʘʭ. 

ɿʜʽʡʩʥʶʻʪʴʩʷ ʚʽʥ ʫ ʪʘʢʠʡ ʩʧʦʩʽʙ. ɻʘʟʦʧʦʜʽʙʥʝ ʨʦʙʦʯʝ ʪʽʣʦ ʟ ʧʦʯʘʪʢʦʚʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʈ1, v1 ʽ ʊ1 ʩʪʠʩʢʫʻʪʴʩʷ ʟʘ ʘʜʽʘʙʘʪʦ  ʁ 1-2; ʧʦʪʽʤ ʜʦ ʪʽʣʘ ʟʘ 

ʽʟʦʙʘʨʦ  ʁ2-3 ʧʽʜʚʦʜʠʪʴʩʷ ʜʝʷʢʘ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ q1. ɺʽʜ ʪʦʯʢʠ 3 ʨʦʙʦʯʝ 

ʪʽʣʦ ʨʦʟʰʠʨʶʻʪʴʩʷ ʟʘ ʘʜʽʘʙʘʪʦ  ʁ3-4. ɯ ʥʘʨʝʰʪʽ, ʟʘ ʟ̔ʦʭʦʨʦ  ʁ4-1 ʨʦʙʦʯʝ ʪʽʣʦ 

ʧʦʚʝʨʪʘʻʪʴʩʷ ʚ ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ, ʧʨʠ ʮʴʦʤʫ ʚ ʪʝʧʣʦʧʨʠʡʤʘʯ ʚʽʜʚʦʜʠʪʴʩʷ 

ʪʝʧʣʦʪʘ q2. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʮʠʢʣʫ  ̒ʩʪʫʧʽʥʴ ʩʪʠʩʢʫ Ů (ʜʠʚ. ʨʽʚʥʷʥʥʷ (3.26)) ʽ 

ʩʪʫʧʽʥʴ ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ɟ (ʜʠʚ. ʨʽʚʥʷʥʥʷ (3.28)). 

ʗʢʱʦ ʚʚʘʞʘʪʠ, ʱʦ ʪʝʧʣʦʻʤʥʦʩʪ̔ ʉv, ʉʨ ʽ ʚʝʣʠʯʠʥʘ k ʻ ʧʦʩʪʽʡʥʠʤʠ, ʪʦ 

ʪʝʨʤʽʯʥʠʡ ʂʂɼ ʮʴʦʛʦ ʮʠʢʣʫ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʨʽʚʥʷʥʥʷʤ (1.94) 
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ʈʠʩʫʥʦʢ 3.14 ï ʎʠʢʣ ɼɺɿ ʟ ʧʽʜʚʦʜʦʤ ʪʝʧʣʦʪʠ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʪʠʩʢʫ 

ʚ Pv- (ʘ)  ̔ʊs- (ʙ) ʜʽʘʛʨʘʤʘʭ 
 

ʂʽʣʴʢʽʩʪʴ ʧʽʜʚʝʜʝʥʦʾ ʪʝʧʣʦʪʠ ʟʛʽʜʥʦ ʟ ʨʽʚʥʷʥʥʷʤ (1.72) ʜʦʨʽʚʥʶʻ 
 

q1=Cʨ(T3ïT2),                                            (3.33) 
 

ʘ ʢʽʣʴʢʽʩʪʴ ʚʽʜʚʝʜʝʥʦʾ ʪʝʧʣʦʪʠ ʟʛʽʜʥʦ ʟ ʨʽʚʥʷʥʥʷʤ (1.68) 
 

q2=Cv(T4ïT1).                                            (3.34) 
 

ʊʦʜʽ ʪʝʨʤʽʯʥʠʡ ʂʂɼ ʮʠʢʣʫ ʜʦʨʽʚʥʶʻ 
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ʗʢʱʦ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨ ʚʠʨʘʟʠʪʠ ʯʝʨʝʟ Ů ʽ ɟ, ʪʦ ʨʽʚʥʷʥʥʷ (3.35) 

ʥʘʙʫʜʝ ʚʠʜʫ 
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ɿ ʨʽʚʥʷʥʥʷ (3.36) ʚʠʧʣʠʚʘʻ, ʱʦ ʪʝʨʤʽʯʥʠʡ ʂʂɼ ʮʴʦʛʦ ʮʠʢʣʫ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʩʪʫʧʝʥʷ ʩʪʠʩʢʫ Ů, ʚʝʣʠʯʠʥʠ ʧʦʢʘʟʥʠʢʘ k ʽ ʩʪʫʧʝʥʷ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʨʦʟʰʠʨʝʥʥʷ ɟ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ Ů  ̔k ʂʂɼ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʘ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ɟ 

ï ʟʤʝʥʰʫʻʪʴʩʷ. 

ʈʦʟʛʣʷʥʝʤʦ ʮʠʢʣ ɼɺɿ ʟʽ ʟʤʽʰʘʥʠʤ ʟʛʦʨʘʥʥʷʤ ʧʘʣʠʚʘ ʟ ʧʽʜʚʦʜʦʤ 

ʪʝʧʣʦʪʠ ʯʘʩʪʢʦʚʦ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʦʙôʻʤʽ ʽ ʯʘʩʪʢʦʚʦ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ 

ʪʠʩʢʫ. ɼʚʠʛʫʥʠ ʟ ʧʦʩʪʫʧʦʚʠʤ ʟʛʦʨʘʥʥʷʤ ʧʘʣʠʚʘ ʧʨʠ ʈ=const ʤʘʶʪʴ ʜʝʷʢʽ 
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ʥʝʜʦʣʽʢʠ. ʆʜʥʠʤ ʟ ʥʠʭ ʻ ʥʘʷʚʥʽʩʪʴ ʢʦʤʧʨʝʩʦʨʘ, ʷʢʠʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ 

ʧʦʜʘʯʽ ʧʘʣʠʚʘ, ʥʘ ʨʦʙʦʪʫ ʷʢʦʛʦ ʚʠʪʨʘʯʘʻʪʴʩʷ 6é10% ʚʽʜ ʟʘʛʘʣʴʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʜʚʠʛʫʥʘ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʢʦʥʩʪʨʫʢʮʽʶ ʽ ʟʤʝʥʰʫʻ ʝʢʦʥʦʤʽʯʥʽʩʪʴ 

ʜʚʠʛʫʥʘ. ʂʨʽʤ ʪʦʛʦ, ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʩʢʣʘʜʥʽ ʧʨʠʩʪʨʦʾ ʥʘʩʦʩʘ, ʬʦʨʩʫʥʢʠ  

ʡ ʽʥ. ʋʩʪʘʥʦʚʢʘ ʤʘʻ ʚʝʣʠʢʫ ʚʘʛʫ. 

ʇʨʘʛʥʝʥʥʷ ʩʧʨʦʩʪʠʪʠ ʽ ʧʦʣʽʧʰʠʪʠ ʨʦʙʦʪʫ ʪʘʢʠʭ ʜʚʠʛʫʥʽʚ ʚʠʢʣʠʢʘʣʦ  

ʩʪʚʦʨʝʥʥʷ ʙʝʟʢʦʤʧʨʝʩʦʨʥʠʭ ʜʚʠʛʫʥʽʚ, ʫ ʷʢʠʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʤʝʭʘʥʽʯʥʝ 

ʨʦʟʧʠʣʶʚʘʥʥʷ ʧʘʣʠʚʘ ʧʨʠ ʪʠʩʢʘʭ 50é70 ʄʇʘ. ʇʨʦʝʢʪ ʙʝʟʢʦʤʧʨʝʩʦʨʥʦʛʦ 

ʜʚʠʛʫʥʘ ʚʠʩʦʢʦʛʦ ʩʪʠʩʢʫ ʟʽ ʟʤʽʰʘʥʠʤ ʧʽʜʚʦʜʦʤ ʪʝʧʣʦʪʠ ʨʦʟʨʦʙʠʚ 

ʨʦʩʽʡʩʴʢʠʡ ʽʥʞʝʥʝʨ ɻ.ɺ.ʊʨʠʥʢʣʝʨ. ʎʝʡ ʜʚʠʛʫʥ ʧʦʟʙʘʚʣʝʥʠʡ ʥʝʜʦʣʽʢʽʚ ʦʙʦʭ 

ʧʦʧʝʨʝʜʥʴʦ ʨʦʟʽʙʨʘʥʠʭ ʪʠʧʽʚ ʜʚʠʛʫʥʽʚ.  

ʋ ʮʴʦʤʫ ʜʚʠʛʫʥʽ ʨʽʜʢʝ ʧʘʣʠʚʦ ʧʘʣʠʚʥʠʤ ʥʘʩʦʩʘʤ ʧʦʜʘʻʪʴʩʷ ʯʝʨʝʟ 

ʧʘʣʠʚʥʫ ʬʦʨʩʫʥʢʫ ʚ ʛʦʣʦʚʢʫ ʮʠʣʽʥʜʨʘ ʫ ʚʠʜʽ ʜʨʽʙʥʠʭ ʢʨʘʧʝʣʴʦʢ. 

ʇʦʪʨʘʧʣʷʶʯʠ ʚ ʥʘʛʨʽʪʝ ʧʦʚʽʪʨʷ, ʧʘʣʠʚʦ ʩʘʤʦʟʘʡʤʘʻʪʴʩʷ ʽ ʛʦʨʠʪʴ ʧʨʦʪʷʛʦʤ  

ʫʩʴʦʛʦ ʧʝʨʽʦʜʫ, ʧʦʢʠ ʚʽʜʢʨʠʪʘ ʬʦʨʩʫʥʢʘ: ʥʘ ʧʦʯʘʪʢʫ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ 

ʦʙôʤ̒ʽ, ʘ ʧʦʪʽʤ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʪʠʩʢʫ. 

ɯʜʝʘʣʴʥʠʡ ʮʠʢʣ ʜʚʠʛʫʥʘ ʟʽ ʟʤʽʰʘʥʠʤ ʧʽʜʚʦʜʦʤ ʪʝʧʣʦʪʠ ʟʦʙʨʘʞʝʥʦ ʥʘ 

ʈv- ʽ Ts-ʜʽʘʛʨʘʤʘʭ ʥʘ ʨʠʩʫʥʢʫ 3.15. ʈʦʙʦʯʝ ʪʽʣʦ ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʈ1, v1 ʽ ʊ1 

ʩʪʠʩʢʫʻʪʴʩʷ ʟʘ ʘʜʽʘʙʘʪʦ  ʁ1-2 ʜʦ ʪʦʯʢʠ 2. ɿʘ ʟ̔ʦʭʦʨʦ  ʁ2-3 ʜʦ ʨʦʙʦʯʦʛʦ ʪʽʣʘ 

ʧʽʜʚʦʜʠʪʴʩʷ ʧʝʨʰʘ ʯʘʩʪʢʘ ʪʝʧʣʦʪʠ q1ô. ɿʘ ʽʟʦʙʘʨʦ  ʁ3-4 ʧʽʜʚʦʜʠʪʴʩʷ ʜʨʫʛʘ 

ʯʘʩʪʢʘ ʪʝʧʣʦʪʠ q1ò. ɺʽʜ ʪʦʯʢʠ 4 ʨʦʙʦʯʝ ʪʽʣʦ ʨʦʟʰʠʨʶʻʪʴʩʷ ʟʘ ʘʜʽʘʙʘʪʦ  ʁ4-

5. ɯ ʥʘʨʝʰʪʽ, ʟʘ ʟ̔ʦʭʦʨʦ  ʁ5-1 ʨʦʙʦʯʝ ʪʽʣʦ ʧʦʚʝʨʪʘʻʪʴʩʷ ʚ ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ ï 

ʚ ʪʦʯʢʫ 1, ʧʨʠ ʮʴʦʤʫ ʚʽʜʚʦʜʠʪʴʩʷ ʪʝʧʣʦʪʘ q2 ʫ ʪʝʧʣʦʧʨʠʡʤʘʯ.  

 

 

 

 

 

 

 

 

 

 

 ʘ ʙ 

ʈʠʩʫʥʦʢ 3.15 ï ʎʠʢʣ ɼɺɿ ʟ ʧʽʜʚʦʜʦʤ ʪʝʧʣʦʪʠ ʯʘʩʪʢʦʚʦ 

 ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʦʙôʻʤʽ ʽ ʯʘʩʪʢʦʚʦ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʪʠʩʢʫ  
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ʍʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʮʠʢʣʫ ʻ: ʩʪʫʧʽʥʴ ʩʪʠʩʢʫ ʚ = v1/v2ʽ ʩʪʫʧʽʥʴ 

ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ 2 = ʨʘ/ʈ2 ʀ ʩʪʫʧʽʥʴ ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʨ = v4/v3. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʮʠʢʣʫ  ̒ʩʪʫʧʽʥʴ ʩʪʠʩʢʫ Ů (ʜʠʚ. ʨʽʚʥʷʥʥʷ (3.26)), 

ʩʪʫʧʽʥʴ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ɚ (ʜʠʚ. ʨʽʚʥʷʥʥʷ (3.27)) ʽ ʩʪʫʧʽʥʴ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʨʦʟʰʠʨʝʥʥʷ ɟ = v4 / v3. 

ʗʢʱʦ ʚʚʘʞʘʪʠ, ʱʦ ʪʝʧʣʦʻʤʥʦʩʪ̔ ʉv, ʉʨ ʽ ʚʝʣʠʯʠʥʘ k ʻ ʧʦʩʪʽʡʥʠʤʠ, ʪʦ 

ʪʝʨʤʽʯʥʠʡ ʂʂɼ ʮʴʦʛʦ ʮʠʢʣʫ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʨʽʚʥʷʥʥʷʤ (1.94) 
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ʂʽʣʴʢʽʩʪʴ ʧʽʜʚʝʜʝʥʦʾ ʪʝʧʣʦʪʠ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʦʙôʻʤʽ ʟʛʽʜʥʦ ʟ 

ʨʽʚʥʷʥʥʷʤ (1.68) ʜʦʨʽʚʥʶʻ 
 

q1ô=Cv(T3ïT2),                                            (3.37) 
 

ʢʽʣʴʢʽʩʪʴ ʧʽʜʚʝʜʝʥʦʾ ʪʝʧʣʦʪʠ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʪʠʩʢʫ ʟʛʽʜʥʦ ʟ ʨʽʚʥʷʥʥʷʤ 

(1.72) ʜʦʨʽʚʥʶʻ 
 

q1ò=Cp(T4ïT3),                                            (3.38) 
 

ʘ ʢʽʣʴʢʽʩʪʴ ʚʽʜʚʝʜʝʥʦʾ ʪʝʧʣʦʪʠ ʟʛʽʜʥʦ ʟ ʨʽʚʥʷʥʥ̫ʤ (1.68) 
 

q2=Cv(T5ïT1).                                            (3.39) 
 

ʊʦʜʽ ʪʝʨʤʽʯʥʠʡ ʂʂɼ ʮʠʢʣʫ ʜʦʨʽʚʥʶʻ 
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ʗʢʱʦ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨ ʚʠʨʘʟʠʪʠ ʯʝʨʝʟ Ů, ɚ ʽ ɟ, ʪʦ ʨʽʚʥʷʥʥʷ (3.40) 

ʥʘʙʫʜʝ  ʚʠʜʫ 
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ɿ ʨʽʚʥʷʥʥʷ (3.41) ʚʠʧʣʠʚʘʻ, ʱʦ ʪʝʨʤʽʯʥʠʡ ʂʂɼ ʮʴʦʛʦ ʮʠʢʣʫ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʩʪʫʧʝʥʷ ʩʪʠʩʢʫ Ů, ʚʝʣʠʯʠʥʠ ʧʦʢʘʟʥʠʢʘ k, ʩʪʫʧʝʥʷ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʨʦʟʰʠʨʝʥʥʷ ɟ ʽ ʩʪʫʧʽʥʴ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ɚ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ Ů, k ʽ ɚ ʂʂɼ 

ʮʠʢʣʫ ʟʨʦʩʪʘʻ, ʘ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ɟ ï ʂʂɼ ʟʤʝʥʰʫʻʪʴʩʷ. 
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3.3.3 ʎʠʢʣʠ ʛʘʟʦʪʫʨʙʽʥʥʠʭ ʫʩʪʘʥʦʚʦʢ (ɻʊʋ) 

 

ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʧʦʨʰʥʝʚʠʭ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷ ʻ 

ʦʙʤʝʞʝʥʽʩʪʴ ʾʭ ʧʦʪʫʞʥʦʩʪʽ ʽ ʥʝʤʦʞʣʠʚʽʩʪʴ ʘʜʽʘʙʘʪʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ 

ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʜʦ ʘʪʤʦʩʬʝʨʥʦʛʦ ʪʠʩʢʫ. ʎʽ ʥʝʜʦʣʽʢʠ ʚʽʜʩʫʪʥʽ ʚ ʛʘʟʦʪʫʨʙʽʥʥʠʭ 

ʫʩʪʘʥʦʚʢʘʭ, ʜʝ ʨʦʙʦʯʠʤ ʪʽʣʦʤ ʻ ʧʨʦʜʫʢʪʠ ʟʛʦʨʘʥʥʷ ʨʽʜʢʦʛʦ ʯʠ 

ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʧʘʣʠʚʘ. ʈʦʙʦʯʝ ʪʽʣʦ, ʱʦ ʤʘʻ ʚʠʩʦʢʽ ʪʝʤʧʝʨʘʪʫʨʫ ʽ ʪʠʩʢ, ʟ 

ʢʘʤʝʨʠ ʟʛʦʨʘʥʥʷ ʥʘʧʨʘʚʣʷʻʪʴʩʷ ʜʦ ʩʦʧʣʘ, ʫ ʷʢʦʤʫ ʚʦʥʦ ʨʦʟʰʠʨʶʻʪʴʩʷ ʽ ʟ 

ʚʝʣʠʢʦʶ ʰʚʠʜʢʽʩʪʶ ʥʘʜʭʦʜʠʪʴ ʥʘ ʣʦʧʘʪʢʠ ʛʘʟʦʚʦʾ ʪʫʨʙʽʥʠ, ʜʝ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʡʦʛʦ ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʤʝʭʘʥʽʯʥʦʾ 

ʨʦʙʦʪʠ. 

ɻʊʋ ʤʘʶʪʴ ʙʘʛʘʪʦ ʚʘʞʣʠʚʠʭ ʧʝʨʝʚʘʛ ʧʝʨʝʜ ʧʦʨʰʥʝʚʠʤʠ ʜʚʠʛʫʥʘʤʠ. 

ɻʘʟʦʚʽ ʪʫʨʙʽʥʠ ʤʘʶʪʴ ʚʽʜʥʦʩʥʦ ʤʘʣʫ ʚʘʛʫ ʽ ʥʝʚʝʣʠʢʽ ʛʘʙʘʨʠʪʠ, ʫ ʥʠʭ ʥʝʤʘʻ 

ʜʝʪʘʣʝʡ ʟʽ ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʘʣʴʥʠʤ ʨʫʭʦʤ, ʚʦʥʠ ʤʦʞʫʪʴ ʚʠʨʦʙʣʷʪʴʩʷ ʟ 

ʚʠʩʦʢʦ  ʁʢʳʣʴʢʳʩʪʶ ʦʙʦʨʦʪʽʚ ʽ ʟ ʚʝʣʠʢʠʤʠ ʦʜʠʥʠʯʥʠʤʠ ʧʦʪʫʞʥʦʩʪʷʤʠ. 

ʆʜʥʘʢ ʧʨʠ ʩʪʚʦʨʝʥʥ ̔ʚʝʣʠʢʠʭ ʩʪʘʮʽʦʥʘʨʥʠʭ ɻʊʋ ʱʝ ʧʦʪʨʽʙʥʦ ʚʠʨ̔-

ʰʠʪʠ ʥʠʟʢʫ ʚʘʞʣʠʚʠʭ ʟʘʜʘʯ. ʅʘʩʘʤʧʝʨʝʜ, ʥʝʦʙʭʽʜʥʦ ʽʩʪʦʪʥʦ ʧʽʜʚʠʱʠʪʠ 

ʧʦʯʘʪʢʦʚʫ ʪʝʤʧʝʨʘʪʫʨʫ ʛʘʟʫ ʧʝʨʝʜ ʪʫʨʙʽʥʦʶ, ʱʦʙ ʟʙʽʣʴʰʠʪʠ ʪʝʨʤʽʯʥʠʡ 

ʂʂɼ ʮʠʢʣʫ ʫʩʪʘʥʦʚʢʠ. ʎʝ ʚʠʤʘʛʘʻ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʞʘʨʦʤʽʮʥʠʭ ʩʪʘʣʝʡ, 

ʟʜʘʪʥʠʭ ʩʪʽʡʢʦ  ̔ ʜʦʚʛʦʩʪʨʦʢʦʚʦ ʧʨʘʮʶʚʘʪʠ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. ɿʘʩʪʦʩʦʚʫʚʘʥʝ ʚ ʜʘʥʠʡ ʯʘʩ ʚʦʜʷʥʝ ʯʠ ʛʘʟʦʚʝ ʦʭʦʣʦʜʞʝʥʥʷ 

ʝʣʝʤʝʥʪʽʚ ʛʘʟʦʚʦʾ ʪʫʨʙʽʥʠ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʦʙʣʘʩʪʽ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʻ 

ʥʝʜʦʩʪʘʪʥʴʦ ʥʘʜʽʡʥʠʤ ʽ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʩʢʣʘʜʥʠʤ. 

ʅʝʦʙʭʽʜʥʦ ʪʘʢʦʞ ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʫ ʩʪʚʦʨʝʥʥʷ ʢʦʤʧʘʢʪʥʦʛʦ 

ʨʝʛʝʥʝʨʘʪʠʚʥʦʛʦ ʛʘʟʦʧʦʚʽʪʨʷʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ, ʷʢʠʡ ʧʦʚʠʥʝʥ ʙʫʪʠ 

ʥʝʚʽʜ'ʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʩʫʯʘʩʥʦʾ ʝʢʦʥʦʤʽʯʥʦ ʾɻʊʋ. 

ɺʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ɻʊʋ ʤʘʻ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʛʦ ʂʂɼ ʢʦʤʧʨʝʩʦʨʘ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʩʭʝʤʠ ʫʩʪʘʥʦʚʢʠ. ʉʧʨʘʚʘ ʚ 

ʪʽʤ, ʱʦ ʧʨʠʙʣʠʟʥʦ 75%  ʧʦʪʫʞʥʦʩʪʽ ʛʘʟʦʚʦʾ ʪʫʨʙʽʥʠ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʨʠʚʽʜ 

ʢʦʤʧʨʝʩʦʨʘ,  ̔ ʪʦʤʫ ʟʘʛʘʣʴʥʠʡ ʝʬʝʢʪʠʚʥʠʡ ʂʂɼ ɻʊʋ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʦʩʢʦʥʘʣʽʩʪʶ ʨʦʙʦʪʠ ʢʦʤʧʨʝʩʦʨʘ.  

ɻʊʋ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʟʽ ʟʛʦʨʘʥʥʷʤ ʧʘʣʠʚʘ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʪʠʩʢʫ ʽ 

ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʦʙôʤ̒ʽ. ɺʽʜʧʦʚʽʜʥʽ ʡʦʤʫ ʽʜʝʘʣʴʥʽ ʮʠʢʣʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ 

ʮʠʢʣʠ ʟ ʧʽʜʚʝʜʝʥʥʷʤ ʪʝʧʣʦʪʠ ʫ ʧʨʦʮʝʩʽ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʪʠʩʢʫ ʽ ʧʦʩʪʽʡʥʦʤʫ 

ʦʙôʤ̒ʽ. 

ʎʠʢʣ ɻʊʋ ʟ ʧʽʜʚʝʜʝʥʥʷʤ ʪʝʧʣʦʪʠ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʪʠʩʢʫ 

ʅʘ ʨʠʩʫʥʢʫ 3.16 ʥʘʚʝʜʝʥʦ ʩʭʝʤʫ ʥʘʡʧʨʦʩʪʽʰʦʾ ɻʊʋ ʟʽ ʟʛʦʨʘʥʥʷʤ 
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ʧʘʣʠʚʘ ʧʨʠ ʈ=const. ɼʦ ʢʘʤʝʨʠ ʟʛʦʨʘʥʥʷ 1 ʯʝʨʝʟ ʬʦʨʩʫʥʢʠ 6 ʽ 7 ʙʝʟʫʧʠʥʥʦ 

ʥʘʜʭʦʜʠʪʴ ʧʦʚʽʪʨʷ ʟ ʪʫʨʙʦʢʦʤʧʨʝʩʦʨʘ 4 ʽ ʧʘʣʠʚʦ ʟ ʧʘʣʠʚʥʦʛʦ ʥʘʩʦʩʘ 5.  

ɿ ʢʘʤʝʨʠ ʧʨʦʜʫʢʪʠ ʟʛʦʨʘʥʥʷ ʥʘʧʨʘʚʣʷʶʪʴʩʷ ʜʦ ʢʦʤʙʽʥʦʚʘʥʠʭ ʩʦʧʝʣ 2, ʚ 

ʢʦʪʨʠʭ ʨʦʙʦʯʝ ʪʽʣʦ ʨʦʟʰʠʨʶʻʪʴʩʷ ʜʦ ʪʠʩʢʫ, ʙʣʠʟʴʢʦʛʦ ʜʦ ʘʪʤʦʩʬʝʨʥʦʛʦ.  

ɯʟ ʩʦʧʝʣ ʧʨʦʜʫʢʪʠ ʟʛʦʨʘʥʥʷ ʥʘʜʭʦʜʷʪʴ ʥʘ ʣʦʧʘʪʢʠ ʛʘʟʦʚʦ ʾʪʫʨʙʽʥʠ 3, ʘ ʧʦʪʽʤ 

ʚʠʢʠʜʘʶʪʴʩʷ ʚ ʘʪʤʦʩʬʝʨʫ ʯʝʨʝʟ ʚʠʭʣʦʧʥʠʡ ʧʘʪʨʫʙʦʢ. 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 3.16 ï ʉʭʝʤʘ ɻʊʋ ʟ ʧʽʜʚʦʜʦʤ ʪʝʧʣʦʪʠ ʧʨʠ ʈ=const 
 

ʅʘ ʨʠʩʫʥʢʫ 3.17 ʧʦʜʘʥʦ ʜ̔ʝʘʣʴʥʠʡ ʮʠʢʣ ɻʊʋ ʚ Pv-ʠ Ts-ʜʽʘʛʨʘʤʘʭ ʟ 

ʧʽʜʚʝʜʝʥʥʷʤ ʪʝʧʣʦʪʠ ʧʨʠ ʈ=const. ʋ ʮʴʦʤʫ ʮʠʢʣʽ ʚʽʜʚʽʜ ʪʝʧʣʦʪʠ ʚʽʜ 

ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʚʠʢʦʥʫʻʪʴʩʷ ʥʝ ʟʘ ʟ̔ʦʭʦʨʦ ,ʁ ʷʢ ʮʝ ʤʘʻ ʤʽʩʮʝ ʚ ʜʚʠʛʫʥʘʭ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷ, ʘ ʟʘ ʽʟʦʙʘʨʦ .ʁ ʋ ʧʦʨʰʥʝʚʠʭ ʜʚʠʛʫʥʘʭ ʦʙôʻʤ ʛʘʟʽʚ 

ʧʨʠ ʨʦʟʰʠʨʝʥʥʽ ʦʙʤʝʞʝʥʠʡ ʦʙôʤ̒ʦʤ ʮʠʣʽʥʜʨʘ. ʋ ʛʘʟʦʚʠʭ ʪʫʨʙʽʥʘʭ ʪʘʢʦʛʦ 

ʦʙʤʝʞʝʥʥʷ ʥʝʤʘʻ ʽ ʛʘʟʠ ʤʦʞʫʪʴ ʨʦʟʰʠʨʶʚʘʪʠʩʷ ʜʦ ʘʪʤʦʩʬʝʨʥʦʛʦ ʪʠʩʢʫ. 

 

 

 

 

 

 

 

 

 
 

 ʘ ʙ 

ʈʠʩʫʥʦʢ 3.17 ï ʎʠʢʣ ɻʊʋ ʟ ʧʽʜʚʦʜʦʤ ʪʝʧʣʦʪʠ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʪʠʩʢʫ 

ʚ Pv- (ʘ)  ̔ʊs- (ʙ) ʜʽʘʛʨʘʤʘʭ 
 

ʈʦʙʦʯʝ ʪʽʣʦ ʟ ʧʦʯʘʪʢʦʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʈ1, v1, ʊ1 ʩʪʠʩʢʫʻʪʴʩʷ ʟʘ 

ʘʜʽʘʙʘʪʦ  ʁ1-2 ʜʦ ʪʦʯʢʠ 2. ɺʽʜ ʪʦʯʢʠ 2 ʜʦ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʧʽʜʚʦʜʠʪʴʩʷ ʜʝʷʢʘ 
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ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ q1 ʟʘ ʽʟʦʙʘʨʦ  ʁ2-3. ʇʦʪʽʤ ʨʦʙʦʯʝ ʪʽʣʦ ʨʦʟʰʠʨʶʻʪʴʩʷ ʟʘ  

ʘʜʽʘʙʘʪʦ  ʁ 3-4 ʜʦ ʧʦʯʘʪʢʦʚʦʛʦ ʪʠʩʢʫ ʽ ʧʦʚʝʨʪʘʻʪʴʩʷ ʟʘ ʽʟʦʙʘʨʦ  ʁ 4-1 ʫ 

ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ, ʧʨʠ ʮʴʦʤʫ ʚʽʜʚʦʜʠʪʴʩʷ ʪʝʧʣʦʪʘ q2. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʮʠʢʣʫ  ̒ʩʪʫʧʽʥʴ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʚ ʢʦʤʧʨʝʩʦʨʽ  
 

ɓ=ʈ2/ʈ1,                                            (3.42) 
 

ʽ ʩʪʫʧʽʥʴ ʽʟʦʙʘʨʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ 
 

ɟ = v3 / v2.                                          (3.43) 
 

ʗʢʱʦ ʚʚʘʞʘʪʠ, ʱʦ ʪʝʧʣʦʻʤʥʩ̔ʪɹ ʉʨ ʽ ʚʝʣʠʯʠʥʘ k ʻ ʧʦʩʪʽʡʥʠʤʠ, ʪʦ 

ʪʝʨʤʽʯʥʠʡ ʂʂɼ ʮʴʦʛʦ ʮʠʢʣʫ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʨʽʚʥʷʥʥʷʤ (1.94) 
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ʂʽʣʴʢʽʩʪʴ ʧʽʜʚʝʜʝʥʦʾ ʪʝʧʣʦʪʠ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʪʠʩʢʫ ʟʛʽʜʥʦ  

ʟ ʨʽʚʥʷʥʥʷʤ (1.72) ʜʦʨʽʚʥʶʻ 
 

q1=Cp(T3ïT2),                                            (3.44) 
 

ʘ ʢʽʣʴʢʽʩʪʴ ʚʽʜʚʝʜʝʥʦʾ ʪʝʧʣʦʪʠ  
 

q2=Cʨ(T4ïT1).                                            (3.45) 
 

ʊʦʜʽ ʪʝʨʤʽʯʥʠʡ ʂʂɼ ʮʠʢʣʫ ʜʦʨʽʚʥʶʻ 
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ʗʢʱʦ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨ ʚʠʨʘʟʠʪʠ ʯʝʨʝʟ ɓ ʽ k, ʪʦ ʨʽʚʥʷʥʥʷ (3.46) 

ʥʘʙʫʜʝ ʚʠʜʫ 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʪʝʨʤʽʯʥʠʡ ʂʂɼ ʛʘʟʦʪʫʨʙʽʥʥʦʾ ʫʩʪʘʥʦʚʢʠ ʟ 

ʧʽʜʚʝʜʝʥʥʷʤ ʪʝʧʣʦʪʠ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʪʠʩʢʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʫʧʝʥʷ 

ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ɓ ʽ ʧʦʢʘʟʥʠʢʘ ʘʜʽʘʙʘʪʠ k  ̔ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʮʠʭ ʚʝʣʠʯʠʥ 

ʚʽʥ ʟʨʦʩʪʘʻ. 
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ʎʠʢʣ ɻʊʋ ʟ ʧʽʜʚʝʜʝʥʥʷʤ ʪʝʧʣʦʪʠ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʦʙôʻʤʽ 

ʅʘ ʨʠʩʫʥʢʫ 3.18 ʥʘʚʝʜʝʥʦ ʩʭʝʤʫ ɻʊʋ ʟʽ ʟʛʦʨʘʥʥʷʤ ʧʘʣʠʚʘ ʧʨʠ 

ʧʦʩʪʽʡʥʦʤʫ ʦʙôʤ̒ʽ. ʋ ʮʽʡ ʫʩʪʘʥʦʚʮʽ ʩʪʠʩʥʫʪʝ ʫ ʪʫʨʙʦʢʦʤʧʨʝʩʦʨ̔ 6 ʧʦʚʽʪʨʷ 

ʥʘʜʭʦʜʠʪʴ ʟ ʨʝʩʠʚʝʨʘ (ʩʫʜʠʥʠ ʚʝʣʠʢʦ ʾʻʤʥʦʩʪ̔ ʜʣʷ ʚʠʨʽʚʥʶʚʘʥʥʷ ʪʠʩʢʫ) 7 

ʯʝʨʝʟ ʧʦʚʽʪʨʷʥʠʡ ʢʣʘʧʘʥ 8 ʫ ʢʘʤʝʨʫ ʟʛʦʨʘʥʥʷ 1. ʉʶʜʠ ʞ ʧʘʣʠʚʥʠʤ ʥʘʩʦʩʦʤ 

5 ʯʝʨʝʟ ʧʘʣʠʚʥʠʡ ʢʣʘʧʘʥ 9 ʧʦʜʘʻʪʴʩʷ ʨʽʜʢʝ ʧʘʣʠʚʦ. ʇʨʦʜʫʢʪʠ ʟʛʦʨʘʥʥʷ 

ʧʽʩʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʯʝʨʝʟ ʩʦʧʣʦʚʠʡ ʢʣʘʧʘʥ 2 ʨʦʟʰʠʨʶʶʪʴʩʷ ʚ ʩʦʧʣʽ 3 ʽ 

ʧʨʠʚʦʜʷʪʴ ʚ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨ ʛʘʟʦʚʦʾ ʪʫʨʙʽʥʠ 4. 

ɼʣʷ ʟʜʽʡʩʥʝʥʥʷ ʧʝʨʽʦʜʠʯʥʦʛʦ ʧʨʦʮʝʩʫ ʛʦʨʽʥʥʷ ʥʝʦʙʭʽʜʥʦ ʧʦʜʘʚʘʪʠ 

ʧʦʚʽʪʨʷ ʽ ʧʘʣʠʚʦ ʯʝʨʝʟ ʢʝʨʦʚʘʥʽ ʢʣʘʧʘʥʠ 8 ʽ 9 ʫ ʚʠʟʥʘʯʝʥʽ ʧʝʨʽʦʜʠ ʯʘʩʫ. 

ʇʨʦʮʝʩ ʛʦʨʽʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʧʨʠ ʟʘʢʨʠʪʠʭ ʢʣʘʧʘʥʘʭ 2 ʽ 8. ɿʘʧʘʣʝʥʥʷ ʧʘʣʠʚʘ 

ʧʦʭʦʜʠʪʴ ʚʽʜ ʝʣʝʢʪʨʠʯʥʦʾ ʽʩʢʨʠ. ʇʽʩʣʷ ʟʛʦʨʘʥʥʷ ʧʘʣʠʚʘ ʪʠʩʢ ʫ ʢʘʤʝʨʽ 1 

ʧʽʜʚʠʱʫʻʪʴʩʷ, ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʩʦʧʣʦʚʠʡ ʢʣʘʧʘʥ 2 ʽ ʧʨʦʜʫʢʪʠ ʛʦʨʽʥʥʷ 

ʥʘʧʨʘʚʣʷʶʪʴʩʷ ʚ ʩʦʧʣʦ 3, ʜʝ ʽ ʨʦʟʰʠʨʶʶʪʴʩʷ ʜʦ ʢʽʥʮʝʚʦʛʦ ʪʠʩʢʫ. 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 3.18 ï ʉʭʝʤʘ ɻʊʋ ʟ ʧʽʜʚʦʜʦʤ ʪʝʧʣʦʪʠ ʧʨʠ v=const 
 

ʅʘ ʨʠʩʫʥʢʫ 3.19 ʥʘ Pv-  ̔ʊs-ʜʽʘʛʨʘʤʘʭ ʟʦʙʨʘʞʝʥʦ ʽʜʝʘʣʴʥʠʡ ʮʠʢʣ 

ɻʊʋ ʟ ʧʜ̔ʚʦʜʦʤ ʪʝʧʣʦʪʠ ʧʨʠ v=const. ʈʦʙʦʯʝ ʪʽʣʦ ʟ ʧʦʯʘʪʢʦʚʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʈ1, v1  ̔ʊ1 ʩʪʠʩʢʫʻʪʴʩʷ ʟʘ ʘʜʽʘʙʘʪʦ  ʁ1-2 ʜʦ ʪʦʯʢʠ 2, ʪʠʩʢ ʫ 

ʷʢʡ̔ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʪʫʧʝʥʝʤ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ. ɼʘʣʽ ʟʘ ʟ̔ʦʭʦʨʦ  ʁ 2-3 ʜʦ 

ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʧʽʜʚʦʜʠʪʴʩʷ ʜʝʷʢʘ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ q1, ʧʦʪʽʤ ʨʦʙʦʯʝ ʪʽʣʦ 

ʨʦʟʰʠʨʶʻʪʴʩʷ ʟʘ ʘʜʽʘʙʘʪʦ  ʁ 3-4 ʜʦ ʧʦʯʘʪʢʦʚʦʛʦ ʪʠʩʢʫ (ʪʦʯʢʘ 4) ʽ 

ʧʦʚʝʨʪʘʻʪʴʩʷ ʚ ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ ʟʘ ʽʟʦʙʘʨʦ  ʁ 4-1, ʧʨʠ ʮʴʦʤʫ ʚʜ̔ʚʦʜʠʪʴʩʷ 

ʪʝʧʣʦʪʘ q2. 
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 ʘ ʙ 

ʈʠʩʫʥʦʢ 3.19 ï ʎʠʢʣ ɻʊʋ ʟ ʧʽʜʚʦʜʦʤ ʪʝʧʣʦʪʠ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʦʙôʻʤʽ 

ʚ Pv- (ʘ)  ̔ʊs- (ʙ) ʜʽʘʛʨʘʤʘʭ 
 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʮʠʢʣʫ  ̒ʩʪʫʧʽʥʴ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʚ ʢʦʤʧʨʝʩʦʨʽ 

(ʜʠʚ. ʨʽʚʥʷʥʥʷ (3.42)) 
 

ɓ=ʈ2/ʈ1, 
 

ʽ ʩʪʫʧʽʥʴ ʜʦʜʘʪʢʦʚʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ 
 

ɚ = ʈ3 / ʈ2.                                          (3.48) 
 

ʗʢʱʦ ʚʚʘʞʘʪʠ, ʱʦ ʪʝʧʣʦʻʤʥʦʩʪ̔ ʉʨ, ʉv ʽ ʚʝʣʠʯʠʥʘ k ʻ ʧʦʩʪʽʡʥʠʤʠ, ʪʦ 

ʪʝʨʤʽʯʥʠʡ ʂʂɼ ʮʴʦʛʦ ʮʠʢʣʫ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʨʽʚʥʷʥʥʷʤ (1.94) 
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ʂʽʣʴʢʽʩʪʴ ʧʽʜʚʝʜʝʥʦʾ ʪʝʧʣʦʪʠ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʦʙôʻʤʽ ʟʛʽʜʥʦ  

ʟ ʨʽʚʥʷʥʥʷʤ (1.68) ʜʦʨʽʚʥʶʻ 
 

q1=Cv(T3ïT2),                                            (3.49) 
 

ʘ ʢʽʣʴʢʽʩʪʴ ʚʽʜʚʝʜʝʥʦʾ ʪʝʧʣʦʪʠ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʪʠʩʢʫ ʟʛʽʜʥʦ ʟ ʨʽʚʥʷʥʥʷʤ 

(1.72) 
 

q2=Cʨ(T4ïT1).                                            (3.50) 
 

ʊʦʜʽ ʪʝʨʤʽʯʥʠʡ ʂʂɼ ʮʠʢʣʫ ʜʦʨʽʚʥʶʻ 
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ʗʢʱʦ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨ ʚʠʨʘʟʠʪʠ ʯʝʨʝʟ ɓ, ɚ ʽ k, ʪʦ ʨʽʚʥʷʥʥʷ (3.51) 

ʥʘʙʫʜʝ ʚʠʜʫ 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʪʝʨʤʽʯʥʠʡ ʂʂɼ ʛʘʟʦʪʫʨʙʽʥʥʦʾ ʫʩʪʘʥʦʚʢʠ ʟ 

ʧʽʜʚʝʜʝʥʥʷʤ ʪʝʧʣʦʪʠ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʦʙôʻʤʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʫʧʝʥʷ 

ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ɓ, ʩʪʫʧʽʥʴ ʜʦʜʘʪʢʦʚʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ɚ ʽ ʧʦʢʘʟʥʠʢʘ 

ʘʜʽʘʙʘʪʠ k, ̔  ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʮʠʭ ʚʝʣʠʯʠʥ ʚʽʥ ʟʨʦʩʪʘʻ. 

ɼʽʡʩʥʠʡ ʮʠʢʣ ɻʊʋ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʪʝʦʨʝʪʠʯʥʦʛʦ ʥʘʷʚʥʽʩʪʶ ʚʪʨʘʪ 

ʥʘ ʪʝʨʪʷ ʽ ʚʠʭʨʦʫʪʚʦʨʝʥʥʷ ʚ ʪʫʨʙʽʥʽ ʽ ʢʦʤʧʨʝʩʦʨʽ. ɽʬʝʢʪʠʚʥʠʤʠ ʤʝʪʦʜʘʤʠ 

ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʛʘʟʦʪʫʨʙʽʥʥʠʭ ʫʩʪʘʥʦʚʦʢ ʻ ʨʝʛʝʥʝʨʘʮʽʷ 

ʪʝʧʣʦʪʠ, ʩʪʫʧʽʥʯʘʩʪʠʡ ʩʪʠʩʢ ʽ ʨʦʟʰʠʨʝʥʥʷ ʨʦʙʦʯʦʛʦ ʪʽʣʘ. 

 

 

3.3.4 ʇʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʶ 

 

1 ʏʠʤ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʧʘʨʦʪʫʨʙʽʥʥʘ ʫʩʪʘʥʦʚʢʘ ʚʽʜ ʜʚʠʛʫʥʽʚ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷ? 

2 ɿʦʙʨʘʟʴʪʝ ʮʠʢʣ ʈʝʥʢʥ̔ʘ ʚ ʈv- ʽ Ts-ʜʽʘʛʨʘʤʘʭ. 

3 ʗʢ ʚʠʟʥʘʯʠʪʠ ʪʝʨʤʽʯʥʠʡ ʂʂɼ ʚ ʮʠʢʣʽ ʈʝʥʢʥ̔ʘ? 

4 ʗʢʠʤ ʯʠʥʦʤ ʚʧʣʠʚʘ ̒ʧʦʯʘʪʢʦʚʠʡ ʪʠʩʢ ʧʘʨʠ ʥʘ ʪʝʨʤʽʯʥʠʡ ʂʂɼ 

ʮʠʢʣʫ ʈʝʥʢʥ̔ʘ? 

5 ʗʢʠʤ ʯʠʥʦʤ ʚʧʣʠʚʘ ̒ʧʦʯʘʪʢʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʘʨʠ ʥʘ ʪʝʨʤʽʯʥʠʡ 

ʂʂɼ ʮʠʢʣʫ ʈʝʥʢʥ̔ʘ? 

6 ʗʢʠʤ ʯʠʥʦʤ ʚʧʣʠʚʘ ̒ʢʽʥʮʝʚʠʡ ʪʠʩʢ ʧʘʨʠ ʥʘ ʪʝʨʤʽʯʥʠʡ ʂʂɼ 

ʮʠʢʣʫ ʈʝʥʢʥ̔ʘ? 

7 ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʦʩʥʦʚʥʽ ʪʠʧʠ ɼɺɿ. 

8 ʇʝʨʝʣʽʯʪʝ ʧʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ ɼɺɿ. 

9 ɼʘʡʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʮʠʢʣʫ ɼɺɿ ʟ ʧʽʜʚʦʜʦʤ ʪʝʧʣʦʪʠ ʧʨʠ 

ʧʦʩʪʽʡʥʦʤʫ ʪʠʩʢʫ. 

10 ɿʦʙʨʘʟʴʪʝ ʮʠʢʣ ɼɺɿ ʟ ʧʽʜʚʦʜʦʤ ʪʝʧʣʦʪʠ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʪʠʩʢʫ 
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ʚ ʈv- ʽ Ts-ʜʽʘʛʨʘʤʘʭ. 

11 ɼʘʡʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʮʠʢʣʫ ɼɺɿ ʟ ʧʽʜʚʦʜʦʤ ʪʝʧʣʦʪʠ ʧʨʠ 

ʧʦʩʪʽʡʥʦʤʫ ʦʙôʻʤʽ. 

12 ɿʦʙʨʘʟʪɹʝ ʮʠʢʣ ɼɺɿ ʟ ʧʽʜʚʦʜʦʤ ʪʝʧʣʦʪʠ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʦʙôʻʤʽ 

ʚ ʈv- ʽ Ts-ʜʽʘʛʨʘʤʘʭ. 

13 ɼʘʡʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʮʠʢʣʫ ɼɺɿ ʟ ̔ ʟʤʽʰʘʥʠʤ ʧʽʜʚʦʜʦʤ 

ʪʝʧʣʦʪʠ. 

14 ɿʦʙʨʘʟʴʪʝ ʮʠʢʣ ɼɺɿ ʟʽ ʟʤʽʰʘʥʠʤ ʧʽʜʚʦʜʦʤ ʪʝʧʣʦʪʠ ʚ ʈv- ʽ Ts-

ʜʽʘʛʨʘʤʘʭ. 

15 ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ɻʊʋ? 

16 ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʦʩʦʙʣʠʚʦʩʪʽ ʮʠʢʣʽʚ ɻʊʋ ʟ ʧʽʜʚʦʜʦʤ ʪʝʧʣʦʪʠ 

ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʪʠʩʢʫ ʽ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʦʙôʻʤʽ. 

17 ɿʦʙʨʘʟʴʪʝ ʮʠʢʣ ɻʊʋ ʟ ʧʽʜʚʦʜʦʤ ʪʝʧʣʦʪʠ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʦʙôʻʤʽ 

ʚ ʈv- ʽ Ts-ʜʽʘʛʨʘʤʘʭ. 

18 ɿʦʙʨʘʟʪɹʝ ʮʠʢʣ ɼɺɿ ʟ ʧʽʜʚʦʜʦʤ ʪʝʧʣʦʪʠ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʪʠʩʢʫ 

ʚ ʈv- ʽ Ts-ʜʽʘʛʨʘʤʘʭ. 

19 ʋʢʘʞʽʪʴ ʤʝʪʦʜʠ ʧʽʜʚʠʱʝʥʥʷ ʂʂɼ ʇʊʋ, ɼɺɿ ʽ ɻʊʋ. 

 

 

3.4 ʇʨʠʢʣʘʜʠ ʨʽʰʝʥʥʷ ʟʘʜʘʯ 

 

ʇʨʠʢʣʘʜ 3.1. ɺʠʟʥʘʯʠʪʠ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʥʘʧʽʨ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ, ʚ 

ʷʢʦʤʫ ʛʘʟʠ ʦʭʦʣʦʜʞʫʶʪʴʩʷ ʚʦʜʦʶ. ɻʘʟʠ ʦʭʦʣʦʜʞʫʶʪʴʩʷ ʚʽʜ 500 ʜʦ 200Áʉ, 

ʚʦʜʘ ʥʘʛʨʽʚʘʻʪʴʩʷ ʚʽʜ 20 ʜʦ 80Áʉ. ɺʠʨʽʰʠʪʠ ʟʘʜʘʯʫ ʜʣʷ ʧʨʷʤʦʪʦʯʥʦʾ ʪʘ 

ʧʨʦʪʠʪʦʯʥʦʾ ʩʭʝʤ ʨʫʭʫ ʪʝʧʣʦʥʦʩʽʾʚ. 

ʈʦʟʚôʷʟʘʥʥʷ. ʈʦʟʨʘʭʫʻʤʦ ʚʝʣʠʯʠʥʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʥʘʧʦʨʫ. 

ɼʣʷ ʧʨʷʤʦʪʦʯʥʦʾ ʩʭʝʤʠ ʨʫʭʫ  
 

C80     C20

C   200  C500

Âîäà

Ãàç

¯­¯

¯­¯
 

 

ʚʠʟʥʘʯʘʻʤʦ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʢʽʥʮʷʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ: 
 

.; ÑÑ
oî

120t480t ìá =D=D  

 

ʊʦʜʽ ʩʝʨʝʜʥʽʡ ʣʦʛʘʨʠʬʤʽʯʥʠʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʥʘʧʽʨ ʜʦʨʽʚʥʶʻ: 
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.C̄=
-

=D 260

120

480
ln

120480
tñåð

 

 

ɼʣʷ ʧʨʦʪʠʪʦʯʥʦʾ ʩʭʝʤʠ ʨʫʭʫ 
 

C  20  C80

C;  200  C500

Âîäà

Ãàç

¯«¯

¯­¯
 

 

ʚʠʟʥʘʯʘʻʤʦ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʢʽʥʮʷʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ: 
 

.; ʉʉ oʦ 180t420t ʤʙ =D=D  

 

ʉʝʨʝʜʥʻ ʣʦʛʘʨʠʬʤʽʯʥʠʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʥʘʧʽʨ ʜʦʨʽʚʥʶʻ:  
 

.C̄=
-

=D 283

180

420
ln

180420
tñåð

 

 

ʇʨʠʢʣʘʜ 3.2.  ɺʠʟʥʘʯʠʪʠ ʥʝʦʙʭʽʜʥʫ ʧʣʦʱʫ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʜʣʷ 

ʦʭʦʣʦʜʞʝʥʥʷ 3000 ʤ
3
/ʛʦʜ. ʧʦʚʽʪʨʷ ʚʽʜ 220

ʦ
ʉ ʜʦ 20

ʦ
ʉ. ʂʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʩʢʣʘʜʘʻ 25 ɺʪ/(ʤ
2
Āʂ). ʊʝʤʧʝʨʘʪʫʨʥʠʡ ʥʘʧʽʨ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ 

ʜʦʨʽʚʥʶʻ 390 ʂ.  

ʈʦʟʚôʷʟʘʥʥʷ. ɿʥʘʭʦʜʠʤʦ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʽʪʨʷ ʧʨʠ ʡʦʛʦ 

ʩʝʨʝʜʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʷʢʘ ʜʦʨʽʚʥʶʻ 120
ʦ
ʉ: 

 

Ê)êÄæ/(êã;êã/ì
3 Ö==r 1,009Ñ0,898 p . 

 

ɺʠʟʥʘʯʘʻʤʦ ʤʘʩʦʚʫ ʚʠʪʨʘʪʫ ʧʦʚʽʪʨʷ: 
 

êã/ñêã/ãîä 0,7426940,8983000VG ==Ö=rÖ= . 

 

ɺʠʟʥʘʯʘʻʤʦ ʚʝʣʠʯʠʥʫ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ: 
 

êÂò149,320)(2201,0090,74)t(tCGQ ê³íïî÷p =-ÖÖ=-ÖÖ= . 

 

ʅʝʦʙʭʽʜʥʘ ʧʣʦʱʘ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʜʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʧʦʚʽʪʨʷ ʩʢʣʘʜʘʻ 
 

2ì15
39025

149300

tK

Q
F

ñåð

=
Ö

=
DÖ

= . 
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ʇʨʠʢʣʘʜ 3.3.  ɼʣʷ ʽʜʝʘʣʴʥʦʛʦ ʮʠʢʣʫ ʧʦʨʰʥʝʚʦʛʦ ɼɺɿ ʟ ʧʽʜʚʦʜʦʤ 

ʪʝʧʣʘ ʧʨʠ V=const ʚʠʟʥʘʯʠʪʠ ʧʘʨʘʤʝʪʨʠ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʚ ʭʘʨʘʢʪʝʨʥʠʭ 

ʪʦʯʢʘʭ, ʚʝʣʠʯʠʥʫ ʨʦʙʦʪʠ, ʪʝʨʤʽʯʥʠʡ ʂʂɼ ʮʠʢʣʫ, ʢʽʣʴʢʽʩʪʴ ʧʽʜʚʝʜʝʥʦʾ ʪʘ 

ʚʽʜʚʝʜʝʥʦʾ ʪʝʧʣʦʪʠ. ʈʦʙʦʯʝ ʪʽʣʦ ï ʧʦʚʽʪʨʷ, ʧʦʯʘʪʢʦʚʽ ʧʘʨʘʤʝʪʨʠ: ʈ1=1 ʙʘʨ; 

t1=20
ʦ
C. ʉʪʫʧʽʥʴ ʩʪʠʩʥʝʥʥʷ ʩʢʣʘʜʘʻ 3,6. ʉʪʫʧʽʥʴ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʩʢʣʘʜʘʻ 

3,33. ʊʝʧʣʦʻʤʥʽʩʪʴ ʧʦʚʽʪʨʷ ʧʨʠʡʥʷʪʠ ʧʦʩʪʽʡʥʦʶ, ʥʝʟʘʣʝʞʥʦʶ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ. 

ʈʦʟʚôʷʟʘʥʥʷ. ʈʦʟʨʘʭʫʥʢʠ ʧʨʦʚʦʜʠʤʦ ʜʣʷ I ʢʛ ʧʦʚʽʪʨʷ. 

ʊʦʯʢʘ 1. P1=1ʙʘʨ; t1=20
o
ʉ. ʇʠʪʦʤʠʡ ʦʙô̒ ʤ ʚʠʟʥʘʯʘʻʤʦ ʟ ʨʽʚʥʷʥʥʷ 

ʂʣʘʧʝʡʨʦʥʘ (ʛʘʟʦʚʫ ʧʦʩʪʽʡʥʫ ʚʠʟʥʘʯʘʻʤʦ ʟʘ ʜʦʜʘʪʢʦʤ ɸ): 
 

./ʢʛʤ30,84
101

293287

P

TR
v

5
1

1
1 =

Ö

Ö
=

Ö
=  

 

ʊʦʯʢʘ 2. ʇʠʪʦʤʠʡ ʦʙô̒ ʤ ʚʠʟʥʘʯʘʻʤʦ ʟʽ ʩʪʫʧʝʥʷ ʩʪʠʩʥʝʥʥʷ: 
 

./êãì
3

0,233
3,6

0,84v
v 1

2 ==
e

=  

 

ʇʝʨʰʘ ʩʪʘʜʽʷ ʮʠʢʣʫ ï ʘʜʽʘʙʘʪʥʝ ʩʪʠʩʥʝʥʥʷ. ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʧʨʠʢʽʥʮʽ 

ʘʜʽʘʙʘʪʥʦʛʦ ʩʪʠʩʥʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

(ʧʦʢʘʟʥʠʢ ʘʜʽʘʙʘʪʠ ʜʣʷ ʧʦʚʽʪʨʷ ʜʦʨʽʚʥʶʻ 1,4): 
 

.; CK o216t4893,6293
v

v
TT 2
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1k

2
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ʊʠʩʢ ʚ ʢʽʥʮʽ ʘʜʽʘʙʘʪʥʦʛʦ ʩʪʠʩʥʝʥʥʷ ʚʠʟʥʘʯʘʻʤʦ ʟ ʨʽʚʥʷʥʥʷ 

ʂʣʘʧʝʡʨʦʥʘ 

.ʇʘ602330 
0,233

489287

v

TR
ʈ

2

2
2 =
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ʊʦʯʢʘ 3. ɼʨʫʛʘ ʩʪʘʜʽʷ ʮʠʢʣʫ ï ʽʟʦʭʦʨʥʝ ʧʽʜʚʝʜʝʥʥʷ ʪʝʧʣʦʪʠ, ʧʠʪʦʤʠʡ 

ʦʙô̒ ʤ v3=v2=0,233 ʤ
3
/ʢʛ. ʉʪʫʧʽʥʴ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʧʨʠ ʮʴʦʤʫ ʩʢʣʘʜʘʻ 

3,33. ɿʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʽʟʦʭʦʨʥʦʛʦ ʧʨʦʮʝʩʫ ʦʜʝʨʞʫ̒ ʤʦ: 
 

.3,33
T

T

P

P

2

3

2

3 =l==  

 

ɺʠʟʥʘʯʘʻʤʦ ʪʠʩʢ ʪʘ ʪʝʤʧʝʨʘʪʫʨʫ: 
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ʇʘ;20057593,33602330PP 23 =Ö=lÖ=  

 

.CK;
o

1355t16283,33489TT 323 ==Ö=lÖ=  

 

ʊʦʯʢʘ 4. ʊʨʝʪʷ ʩʪʘʜʽʷ ï ʘʜʽʘʙʘʪʥʝ ʨʦʟʰʠʨʝʥʥʷ. ʇʠʪʦʤʠʡ ʦʙô̒ ʤ 

v4=v1=0,84 ʤ
3
/ʢʛ (ʪʦʤʫ ʱʦ ʯʝʪʚʝʨʪʘ ʩʪʘʜʽʷ ʮʠʢʣʫ ï ʽʟʦʭʦʨʥʝ ʚʽʜʚʝʜʝʥʥʷ 

ʪʝʧʣʦʪʠ). ʊʝʤʧʝʨʘʪʫʨʫ ʚ ʢʽʥʮʽ ʘʜʽʘʙʘʪʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʚʠʟʥʘʯʘʻʤʦ ʟʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʘʜʽʘʙʘʪʥʦʛʦ ʧʨʦʮʝʩʫ: 
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ʊʠʩʢ ʚ ʢʽʥʮʽ ʘʜʽʘʙʘʪʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʚʠʟʥʘʯʘʻʤʦ ʟ ʨʽʚʥʷʥʥʷ 

ʂʣʘʧʝʡʨʦʥʘ  

ʇʘ.  333467
0,84
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4
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ʊʠʩʢ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʪʘʢʦʞ ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʽʟʦʭʦʨʥʦʛʦ ʧʨʦʮʝʩʫ: 

.ʇʘ333467
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10

T

T
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1

2
14 =Ö==  

 

ɺʠʟʥʘʯʘʻʤʦ ʢʽʣʴʢʽʩʪʴ ʧʽʜʚʝʜʝʥʦʾ ʪʘ ʚʽʜʚʝʜʝʥʦʾ ʪʝʧʣʦʪʠ (ʪʝʧʣʦ̒ ʤʥʽʩʪʴ 

ʧʦʚʽʪʨʷ ʧʨʠʡʥʷʣʠ ʧʦʩʪʽʡʥʦʶ, ʥʝʟʘʣʝʞʥʦʶ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ): 
 

;/êãêÄæ825489)(1628
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)T(TCq 23v1

=-
-

=-=  

 

;/êãêÄæ495293)(976
11,4

287
)T(TCq 14v2

=-
-

=-=  

 

ɺʠʟʥʘʯʘʻʤʦ ʪʝʨʤʽʯʥʠʡ ʂʂɼ ʮʠʢʣʫ: 
 

.0,4
825

495825
t =

-
=̢  

 

ɺʠʟʥʘʯʘʻʤʦ ʨʦʙʦʪʫ ʮʠʢʣʫ: 
 

êÄæ/êã.330qql
21ö =-=  

 

 



 275 

3.5 ɿʘʚʜʘʥʥʷ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ 

 

ɿʘʜʘʯʘ 3.1. ɻʘʨʷʯʠʡ ʨʦʟʯʠʥ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ 106
ʦ
ʉ ʚʠʢʦʨʠʩʪʦʚʫ̒ ʪʴʩʷ 

ʜʣʷ ʧʽʜʽʛʨʽʚʫ ʭʦʣʦʜʥʦʛʦ ʨʦʟʚʝʜʝʥʦʛʦ ʨʦʟʯʠʥʫ ʚʽʜ 15 ʜʦ 50
ʦ
ʉ. 

ʂʦʥʮʝʥʪʨʦʚʘʥʠʡ ʨʦʟʯʠʥ ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʜʦ 60
ʦ
ʉ. ɺʠʟʥʘʯʠʪʠ ʪʝʤʧʝʨʘʪʫʨʥʠʡ 

ʥʘʧʽʨ ʜʣʷ: ʘ) ʧʨʷʤʦʪʦʯʥʦʾ ʽ ʙ) ʧʨʦʪʠʪʦʯʥʦ ʾʩʭʝʤ ʨʫʭʫ. 

ʈʦʟʚôʷʟʦʢ: ʘ) Dt=50,5
ʦ
ʉ; ʙ) Dt=36,8

ʦ
ʉ. 

ɿʘʜʘʯʘ 3.2. ʋ ʪʨʫʙʯʘʩʪʦʤʫ ʧʽʜʽʛʨʽʚʥʠʢʫ ʧʦʪʨʽʙʥʦ ʥʘʛʨʽʪʠ ʟʘ 1 ʛʦʜʠʥʫ 

1000 ʢʛ ʨʦʟʯʠʥʫ ʟ ʪʝʧʣʦʻʤʥʽʩʪʶ 3,3 ʢɼʞ/(ʢʛÖʂ). ʅʘʛʨʽʚʘʥʥʷ ʚʝʜʝʪʴʩʷ ʚʽʜ 20 

ʜʦ 80Áʉ ʢʦʥʜʝʥʩʘʪʦʤ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʫ ʧʽʜʽʛʨʽʚʥʠʢ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 120Áʉ. 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʜʦʨʽʚʥʶʻ 558 ɺʪ/(ʤ
2
Öʂ). ʇʦʨʽʚʥʷʪʠ ʥʝʦʙʭʽʜʥʽ 

ʧʦʚʝʨʭʥʽ ʥʘʛʨʽʚʘʥʥʷ ʽ ʟʥʘʡʪʠ ʛʦʜʠʥʥ ̔ ʚʠʪʨʘʪʠ ʢʦʥʜʝʥʩʘʪʫ ʧʨʠ ʫʩʪʨʦʾ 

ʧʽʜʽʛʨʽʚʥʠʢʘ ʟʘ ʧʨʷʤʦʪʦʯʥʦ  ʁ ʽ ʧʨʦʪʠʪʦʯʥʦ  ʁ ʩʭʝʤʘʤʠ, ʚʚʘʞʘʶʯʠ, ʱʦ 

ʪʝʧʣʦʚʽ ʚʠʪʨʘʪʠ ʚʽʜʩʫʪʥʽ. ʂʽʥʮʝʚʘ ʨʽʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨ ʫ ʧʽʜʽʛʨʽʚʥʠʢʫ ʚ ʦʙʦʭ 

ʚʠʧʘʜʢʘʭ ʧʦʚʠʥʥʘ ʙʫʪʠ 20Á ʉ. 

ʈʦʟʚôʷʟʦʢ: ʧʨʷʤʦʪʦʯʥʘ ʩʭʝʤʘ: F = 2,01 ʤ2
, G = 2400 ʢʛ/ʛʦʜ;  

ʧʨʦʪʠʪʦʯʥʘ ʩʭʝʤʘ: F = 3,46 ʤ
2
, G=600 ʢʛ/ʛʦʜ. 

ɿʘʜʘʯʘ 3.3. ɺʠʟʥʘʯʠʪʠ ʧʘʨʘʤʝʪʨʠ ʪʦʯʦʢ ʮʠʢʣʫ ɼɺɿ ʟ̔ ʧʽʜʚʝʜʝʥʥʷʤ 

ʪʝʧʣʦʪʠ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʦʙôʻʤʽ, ʷʢʱʦ ʚʽʜʦʤʦ, ʱʦ ʈ1=0,78 ʙʘʨ, t1=87 
ʦ
ʉ, 

ʩʪʫʧʽʥʴ ʩʪʠʩʥʝʥʥʷ Ů =7,0 ʽ ʩʪʫʧʽʥʴ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ɚ=3,2, ʨʦʙʦʯʠʤ ʪ̔ʣʦʤ 

ʻ 1 ʢʛ ʩʫʭʦʛʦ ʧʦʚʽʪʨʷ, ʧʦʢʘʟʥʠʢ ʘʜʽʘʙʘʪʠ k=1,4. 

ʈʦʟʚôʷʟʦʢ: v1=1,32 ʤ
3
/ʢʛ; ʊ1=360 ʂ; ʈ2=11,9 ʙʘʨ; v2=0,189 ʤ

3
/ʢʛ; 

ʊ2=780 ʂ; ʈ3=37,8 ʙʘʨ; v3=0,189 ʤ
3
/ʢʛ; ʊ3=2496 ʂ; 

ʈ4=2,5 ʙʘʨ; v4=1,32 ʤ
3
/ʢʛ; ʊ4=1155 ʂ. 

ɿʘʜʘʯʘ 3.4. ɺʠʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʪʴ ʧʽʜʚʝʜʝʥʦʛʦ ʽ ʚʽʜʚʝʜʝʥʦʛʦ ʪʝʧʣʘ, 

ʨʦʙʦʪʫ ʩʪʠʩʥʝʥʥʷ, ʨʦʙʦʪʫ ʨʦʟʰʠʨʝʥʥʷ, ʢʦʨʠʩʥʫ ʨʦʙʦʪʫ ʽ ʂʂɼ ʮʠʢʣʫ 

ʧʦʧʝʨʝʜʥʴʦʾ ʟʘʜʘʯʽ. ʇʦʨʽʚʥʷʪʠ ʂʂɼ ʜʘʥʦʛʦ ʮʠʢʣʫ ʟ ʂʂɼ ʮʠʢʣʫ ʂʘʨʥʦ, ʱʦ 

ʧʨʦʪʢ̔ʘʻ ʚ ʪʽʤ ʞʝ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ. ɺʠʟʥʘʯʠʪʠ ʪʘʢʦʞ ʧʦʪʫʞʥʽʩʪʴ, ʷʢʱʦ 

ʚʠʪʨʘʪʠ ʧʦʚ̔ʪʨʷ 10 ʢʛ/ʛʦʜ. ʇʨʠʡʥʷʪʠ, ʱʦ ʪʝʧʣʦʻʤʥʽʩʪʴ ʻ ʧʦʩʪʽʡʥʦ .ʁ 

ʈʦʟʚôʷʟʦʢ: q1=1230 ʢɼʞ/ʢʛ; q2=570 ʢɼʞ/ʢʛ; ʨʦʙʦʪʘ ʩʪʠʩʥʝʥʥʷ 

l=301 ʢɼʞ/ʢʛ; ʨʦʙʦʪʘ ʨʦʟʰʠʨʝʥʥʷ l=962 ʢɼʞ/ʢʛ; 

lʮ=282000 ʢɼʞ/ʢʛ; N=110 ʢɺʪ; ɖt=0,538; ʜʣʷ ʮʠʢʣʫ ʂʘʨʥʦ  

ɖt=0,856; D=37%. 
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ɿʘʜʘʯʘ 3.5. ɺʠʟʥʘʯʠʪʠ ʧʘʨʘʤʝʪʨʠ ʪʦʯʦʢ, ʢʽʣʴʢʽʩʪʴ ʧʽʜʚʝʜʝʥʦʛʦ ʽ 

ʚʽʜʚʝʜʝʥʦʛʦ ʪʝʧʣʘ, ʂʂɼ, ʨʦʙʦʪʫ ʮʠʢʣʫ ʽ ʧʦʪʫʞʥʽʩʪʴ ʧʨʠ ʚʠʪʨʘʪʽ ʧʦʚʽʪʨʷ  

5 ʢʛ/ʩ ʪʝʨʤʯ̔ʥʦʛʦ ʮʠʢʣʫ ɻʊʋ ʟ ʧʽʜʚʝʜʝʥʥʷʤ ʪʝʧʣʦʪʠ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʪʠʩʢʫ, 

ʷʢʱʦ ʈ1=0,93 ʙʘʨ, t1=27ÁC, v3/v2=1,5, ʈ2/ʈ1=4, ʨʦʙʦʯʝ ʪʽʣʦ ï ʩʫʭʝ ʧʦʚʽʪʨʷ, 

ʪʝʧʣʦ̒ ʤʥʦʩʪʽ ʉʨ ʽ ʉv ʧʨʠʡʥʷʪʠ ʧʦʩʪʽʡʥʠʤʠ. 

ʈʦʟʚôʷʟʦʢ: v1=0,923 ʤ
3
/ʢʛ; ʈ1=0,93 ʙʘʨ; ʊ1=300 ʂ; v2=0,342 ʤ

3
/ʢʛ; 

ʈ2=3,73 ʙʘʨ; ʊ2=444 ʂ; v3=0,513 ʤ
3
/ʢʛ; ʈ3=3,73 ʙʘʨ; 

ʊ3=666 ʂ; v4=1,385 ʤ
3
/ʢʛ; ʈ4=0,95 ʙʘʨ; ʊ4=450 ʂ; 

q1=223 ʢɼʞ/ʢʛ; q2=151 ʢɼʞ/ʢʛ; lʮ=72 ʢɼʞ/ʢʛ; N=360 ʢɺʪ. 

ɿʘʜʘʯʘ 3.6. ɼʣʷ ʮʠʢʣʫ ɻʊʋ ʟ ʧʽʜʚʝʜʝʥʥʷʤ ʪʝʧʣʦʪʠ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ 

ʦʙô̒ ʤʽ ʚʠʟʥʘʯʠʪʠ ʧʘʨʘʤʝʪʨʠ ʪʦʯʦʢ, ʢʽʣʴʢʽʩʪʴ ʧʽʜʚʝʜʝʥʦʛʦ ʪʝʧʣʘ, ʂʂɼ ʽ 

ʧʦʪʫʞʥʽʩʪʴ ʧʨʠ ʚʠʪʨʘʪʽ ʧʦʚʽʪʨʷ 3 ʢʛ/ʩ, ʷʢʱʦ ʈ1=0,98 ʙʘʨ, t1= 20
ʦ
C, 

ʈ1=0,98 ʙʘʨ, t1= 20̄ C, ʈ2/ʈ1=3, ʨʦʙʦʯʝ ʪʽʣʦ ï ʩʫʭʝ ʧʦʚʽʪʨʷ, ʪʝʧʣʦ̒ ʤʥʦʩʪʽ 

ʉʨ ʽ ʉv ʧʨʠʡʥʪ̫ʠ ʧʦʩʪʽʡʥʠʤʠ, ʧʦʢʘʟʥʠʢ ʘʜʽʘʙʘʪʠ k=1,4. 

ʈʦʟʚôʷʟʦʢ: ʈ1=0,98 ʙʘʨ; ʊ1=293 ʂ; v1=0,857 ʤ
3
/ʢʛ; ʈ2=2,94 ʙʘʨ; 

ʊ2=401 ʂ; v2=0,392 ʤ
3
/ʢʛ; ʈ3=2,94 ʙʘʨ; ʊ3=682 ʂ; 

v3=0,392 ʤ
3
/ʢʛ; ʈ4=0,98 ʙʘʨ; ʊ4=426 ʂ; v4=1,2 ʤ

3
/ʢʛ; 

q1=201 ʢɼʞ/ʢʛ; ht=0,333; N=200 ʢɺʪ. 
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ʂʨʘʤʘʪʦʨʩʴʢ : ɼɻʄɸ, 2000.ï 168 ʩ.ï ISBN 5-7763-2051-0. 
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ɼʆɼɸʊʂʀ 

ɼʦʜʘʪʦʢ  ɸ 

 

ʊʘʙʣʠʮʷ ɸ.1 ï ʌʽʟʠʯʥʽ ʩʪʘʣ̔  ʜʝʷʢʠʭ ʛʘʟʽʚ 

ɻʘʟ 
ʍʽʤʽʯʥʘ 

ʬʦʨʤʫʣʘ 

ɺʽʜʥʦʩʥʘ 

ʤʦʣʷʨʥʘ ʤʘʩʘ, 

ʢʛ/ʢʤʦʣʴ 

ɻʘʟʦʚʘ 

ʩʪʘʣʘ, 

ɼʞ/ʢʛ ʂ 

ɻʫʩʪʠʥʘ 

ʛʘʟʫ ʧʨʠ 

ʥ.ʫ., ʢʛ/ʤ
3
 

ʂʠʩʝʥʴ ʆ2 32 259,8 1,429 

ɺʦʜʝʥʴ ʅ2 2 4124,3 0,090 

ɸʟʦʪ N2 28 296,8 1,250 

ʆʢʩʠʜ ʚʫʛʣʝʮʶ ʉʆ 28 296,8 1,250 

ʇʦʚʽʪʨʷ ð 28,96 287 1,293 

ɺʫʛʣʝʢʠʩʣʠʡ ʛʘʟ ʉʆ2 44 189 1,977 

ɺʦʜʷʥʘ ʧʘʨʘ ʅ2ʆ 18 481,6 0,804 

ɻʝʣʽʡ ʅʝ 4 2077,2 0,178 

ɸʨʛʦʥ ɸr 40 208,2 1,784 

ɸʤʽʘʢ Nʅ3 17 488,2 0,771 

ɸʮʝʪʠʣʝʥ ʉ2ʅ2 26 320 1,171 

ɹʝʥʟʦʣ ʉ6ʅ6 78,1 106 - 

ɹʫʪʘʥ ʉ4ʅ10 58,1 143 2,673 

ʆʢʩʠʜ ʘʟʦʪʫ NO2 46 181 - 

ʆʢʩʠʜ ʩʨ̔ʢʠ SO2 64,1 130 2,93 

ʄʝʪʘʥ ʉʅ4 16 519 0,72 

ʇʨʦʧʘʥ ʉ3ʅ8 44,1 189 2,02 

ʇʨʦʧʠʣʝʥ ʉ3ʅ6 42,1 198 1,91 

ʉʽʨʢʦʚʦʜʝʥʴ H2S 34,1 244 1,54 

ʍʣʦʨ Cl2 70,9 117 3,22 

ɽʪʠʣʝʥ ʉ2ʅ4 28,1 297 1,26 

ɽʪʘʥ ʉ2ʅ6 30,1 277 1,36 
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ɼʦʜʘʪʦʢ  ɹ 

ʉʝʨʝʜʥʷ ʪʝʧʣʦʻʤʥʽʩʪʴ ʛʘʟʽʚ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ 0 ʜʦ t 

ʊʘʙʣʠʮʷ ɹ.1 ï ʉʝʨʝʜʥʷ ʤʦʣʷʨʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʛʘʟʽʚ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ 

ʪʠʩʢʫ, ʢɼʞ/(ʢʤʦʣʴĀʂ) 

t, ęC O2 N2 ʉʆ CO2 H2O SO2 ʇʦʚʽʪʨʷ 

0 29,274 29,019 29,123 35,86 33,499 38,85 29,073 

100 29,538 29,048 29,178 38,112 33,741 40,65 29,152 

200 29,931 29,132 29,303 40,059 34,118 42,33 29,299 

300 30,4 29,287 29,517 41,755 34,575 43,88 29,521 

400 30,878 29,5 29,789 43,25 35,09 45,22 29,789 

500 31,334 29,764 30,099 44,573 35,63 46,39 30,095 

600 31,761 30,044 30,425 45,453 36,195 47,35 30,405 

700 32,15 30,341 30,752 46,813 36,789 48,23 30,723 

800 32,502 30,635 31,07 47,763 37,392 48,94 31,028 

900 32,825 30,924 31,376 48,617 38,008 49,61 31,321 

1000 33,118 31,196 31,665 49,392 38,619 50,16 31,598 

1100 33,386 31,455 31,937 50,099 39,226 50,66 31,862 

1200 33,633 31,707 32,192 50,74 39,825 51,08 32,109 

1300 33,863 31,941 32,427 51,322 40,407 - 32,343 

1400 34,076 32,163 32,653 51,858 40,976 - 32,575 

1500 34,282 32,372 32,858 52,348 41,525 - 32,774 

1600 34,474 32,565 33,051 52,8 42,056 - 32,967 

1700 34,67 32,93 33,27 53,50 42,20 - 33,17 

1800 34,834 33,10 33,44 53,91 42,67 - 33,35 

1900 35,02 33,26 33,69 54,29 43,12 - 33,51 

2000 35,17 33,42 33,75 54,64 43,56 - 33,66 

2200 35,50 33,70 34,02 55,27 44,37 - 33,95 

2400 35,80 33,95 34,26 55,85 45,13 - 34,21 

2600 36,09 34,18 34,48 56,35 45,81 - 34,45 

2800 36,36 34,39 34,68 56,82 - - 34,67 

3000 36,61 34,58 34,86 57,23 - - 34,87 
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ʊʘʙʣʠʮʷ ɹ.2 ï ʉʝʨʝʜʥʷ ʤʦʣʷʨʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʛʘʟʽʚ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ  

ʦʙôʻʤʽ,  ʢɼʞ/(ʢʤʦʣʴĀʂ) 

t, ęC O2 N2 CO CO2 H2O SO2 ʇʦʚʽʪʨ ̫

0 20,959 20,704 20,808 27,545 25,184 30,52 20,758 

100 21,223 20,733 20,863 29,797 25,426 32,52 20,838 

200 21,616 20,8 20,988 31,744 25,803 34 20,984 

300 22,085 20,972 21,202 33,44 26,26 35,55 21,206 

400 22,563 21,185 21,474 34,935 26,775 36,89 21,474 

500 23,019 21,449 21,784 36,258 27,315 38,06 21,78 

600 23,446 21,729 22,11 37,438 27,88 39,02 22,09 

700 23,835 22,027 22,437 38,498 28,474 39,9 22,408 

800 24,187 22,32 22,755 39,448 29,077 40,61 22,713 

900 24,51 22,609 23,061 40,302 29,693 42,28 23,006 

1000 24,803 22,881 23,35 41,077 30,304 41,83 23,283 

1100 25,071 23,14 23,622 41,784 30,911 42,33 23,547 

1200 25,318 23,322 23,877 42,425 31,51 42,75 23,794 

1300 25,548 23,626 24,112 43,007 32,092 - 24,028 

1400 25,761 23,848 24,338 43,543 32,661 - 24,25 

1500 25,967 24,057 24,543 44,033 33,21 - 24,459 

1600 26,159 24,25 24,736 44,485 33,741 - 24,652 

1700 26,343 24,434 24,916 44,903 34,261 - 24,836 

1800 26,519 24,602 25,087 45,289 34,755 - 25,004 

1900 26,691 24,765 25,246 45,644 35,224 - 25,167 

2000 26,854 24,916 25,393 45,975 35,68 - 25,326 
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ʊʘʙʣʠʮʷ ɹ.3 ï ʉʝʨʝʜʥʷ ʤʘʩʦʚʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʛʘʟʽʚ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ 

ʪʠʩʢʫ, ʢɼʞ/(ʢʛĀʂ) 

t, ęC O2 N2 CO CO2 H2O SO2 ʇʦʚʽʪʨʷ 

0 0,9148 1,0304 1,0396 0,8148 1,8594 0,607 1,0036 

100 0,9282 1,0316 1,0417 0,8658 1,8728 0,636 1,0061 

200 0,9353 1,0346 1,0463 0,9102 1,8937 0,662 1,0115 

300 0,95 1,04 1,0538 0,9487 1,9192 0,687 1,0191 

400 0,9651 1,0475 1,0634 0,9826 1,9477 0,708 1,0283 

500 0,9793 1,0567 1,0748 1,0128 1,9778 0,724 1,0387 

600 0,9927 1,0668 1,0861 1,0396 2,0092 0,737 1,0496 

700 1,0048 1,0777 1,0978 1,0639 2,0419 0,754 1,0605 

800 1,0157 1,0881 1,1091 1,0852 2,0754 0,762 1,071 

900 1,0258 1,0982 1,12 1,1045 2,1097 0,775 1,0815 

1000 1,035 1,1078 1,1304 1,1225 2,1436 0,783 1,0907 

1100 1,0434 1,117 1,1401 1,1384 2,1771 0,791 1,0999 

1200 1,0509 1,1258 1,1493 1,153 2,2106 0,795 1,1082 

1300 1,058 1,1342 1,1577 1,166 2,2429 - 1,1166 

1400 1,0647 1,1422 1,1656 1,1782 2,2743 - 1,1242 

1500 1,0714 1,1497 1,1731 1,1895 2,3048 - 1,1313 

1600 1,0773 1,1564 1,1798 1,1995 2,3346 - 1,138 

1700 1,0831 1,1631 1,1865 1,2091 2,363 - 1,1443 

1800 1,0886 1,169 1,1924 1,2179 2,3907 - 1,1501 

1900 1,094 1,1748 1,1983 1,2259 2,4166 - 1,156 

2000 1,099 1,191 1,2033 1,2334 2,4422 - 1,161 

2100 1,104 1,197 1,208 1,240 2,466 - 1,166 

2200 1,109 1,201 1,213 1,247 2,490 - 1,171 

2300 1,114 1,206 1,218 1,253 2,512 - 1,176 

2400 1,118 1,210 1,222 1,259 2,533 - 1,180 

2500 1,123 1,214 1,226 1,264 2,554 - 1,185 

2600 1,127 1,216 1,231 1,271 2,574 - 1,189 

2700 1,131 1,222 1,235 1,275 2,594 - 1,103 

2800 1,135 1,226 1,238 1,284 2,612 - 1,197 

2900 1,139 1,231 1,242 1,288 2,630 - 1,201 

3000 1,143 1,235 1,245 1,292 - - 1,206 
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ʊʘʙʣʠʮʷ ɹ.4 ï ʉʝʨʝʜʥʷ ʤʘʩʦʚʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʛʘʟʽʚ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ 

ʦʙôʻʤʽ, ʢɼʞ/(ʢʛĀʂ) 

t, ęC O2 N2 CO CO2 H2O SO2 ʇʦʚʽʪʨ ̫

0 0,6548 0,7352 0,7427 0,6259 1,398 0,477 0,7164 

100 0,6632 0,7365 0,7448 0,677 1,4114 0,507 0,7193 

200 0,6753 0,7394 0,7494 0,7214 1,4323 0.532 0,7243 

300 0,69 0,7448 0,757 0,7599 1,4574 0,557 0,7319 

400 0,7051 0,7524 0,7666 0,7938 1,4863 0,578 0,7415 

500 0,7193 0,7616 0,7775 0,824 1,516 0,595 0,7519 

600 0,7827 0,7716 0,7892 0,8508 1,5474 0,607 0,7624 

700 0,7448 0,7821 0,8009 0,8746 1,5805 0,624 0,7733 

800 0,7557 0,7926 0,8122 0.8964 1,614 0,632 0,7842 

900 0,7658 0,803 0,8231 0.9157 1,6483 0,645 0,7942 

1000 0,775 0,8127 0,8336 0,9332 1,6823 0,653 0,8039 

1100 0,7834 0,8219 0,8432 0,9496 1,7158 0,662 0,8127 

1200 0,7913 0,8307 0,8566 0,9638 1,7488 0,666 0,8215 

1300 0,7984 0,839 0,8608 0,9772 1,7815 - 0,8294 

1400 0,8051 0,847 0,8688 0,9893 1,8129 - 0,8369 

1500 0,8114 0,8541 0,8763 1,0006 1,8434 - 0,8441 

1600 0,8173 0,8612 0,883 1,0107 1,8728 - 0,8508 

1700 0,8231 0,8675 0,8893 1,0203 1,9016 - 0,857 

1800 0,8286 0,8738 0,8956 1,0291 1,9293 - 0,8633 

1900 0,834 0,8792 0,9014 1,0371 1,9552 - 0,8688 

2000 0,839 0,894 0,9064 1,0446 1,9804 - 0,8742 

2100 0,844 0,900 0,912 1,052 2,005 - 0,879 

2200 0,849 0,905 0,916 1,058 2,028 - 0,884 

2300 0,854 0,909 0,921 1,064 2,050 - 0,889 

2400 0,858 0,914 0,925 1,070 2,072 - 0,893 

2500 0,863 0,918 0,929 1,075 2,093 - 0,897 

2600 0,868 0,920 0,931 1,080 2,113 - 0,900 

2700 0,872 0,923 0,934 1,084 2,132 - 0,903 

2800 0,875 0,926 0,936 1,089 2,151 - 0,906 

2900 0,878 0,929 0,939 1,093 2,168 - 0,908 

3000 0,881 0,931 0,941 1,097 - - 0,911 
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ʊʘʙʣʠʮʷ ɹ.5 ï ʉʝʨʝʜʥʷ ʦʙ'ʻʤʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʛʘʟʽʚ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ 

ʪʠʩʢʫ, ʢɼʞ/(ʤ
3
Āʂ) 

t, ęC O2 N2 CO CO2 H2O SO2 ʇʦʚʽʪʨʷ 

0 1,3059 1,2946 1,2992 1,5998 1,493 1,733 1,2971 

100 1,3176 1,2958 1,3017 1,7003 1,502 1,813 1,3004 

200 1,3352 1,2996 1,3071 1,7873 1,5223 1,888 1,3071 

300 1,3561 1,3067 1,3167 1,8627 1,5424 1,955 1,3172 

400 1,3775 1,3163 1,3289 1,9297 1,5654 2,018 1,3289 

500 1,398 1,3276 1,3427 1,9887 1,5897 2,068 1,3427 

600 1,4168 1,3402 1,3574 2,0411 1,6148 2,114 1,3565 

700 1,4344 1,3536 1,372 2,0884 1,6412 2,152 1,3708 

800 1,4499 1,367 1,3862 2,1311 1,668 2,181 1,3842 

900 1,4645 1,3796 1,3396 2,1692 1,6957 2,215 1,3976 

1000 1,4775 1,3917 1,4126 2,2035 1,7229 2,236 1,4097 

1100 1,4892 1,4034 1,4248 2,2349 1,7501 2,261 1,4214 

1200 1,5005 1,4143 1,4361 2,2638 1,7769 2,278 1,4327 

1300 1,5106 1,4252 1,4465 2,2898 1,8028 - 1,4432 

1400 1,5202 1,4348 1,4566 2,3136 1,828 - 1,4528 

1500 1,5294 1,444 1,4658 2,3354 1,8527 - 1,462 

1600 1,5378 1,4528 1,4746 2,3555 1,8761 - 1,4708 

1700 1,5462 1,4612 1,4825 2,3743 1,8996 - 1,4867 

1800 1,5541 1,4687 1,4901 2,3915 1,9213 - 1,4867 

1900 1,5617 1,4758 1,4972 2,4074 1,9423 - 1,4939 

2000 1,5692 1,4825 1,5039 2,4221 1,9628 - 1,501 
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ʊʘʙʣʠʮʷ ɹ.6 ï ʉʝʨʝʜʥʷ ʦʙ'ʻʤʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʛʘʟʽʚ  ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ  

ʦʙôʻʤʽ , ʢɼʞ/(ʤ
3
Āʂ) 

t, ęC O2 N2 CO CO2 H2O SO2 ʇʦʚʽʪʨʷ 

0 0,9349 0,9236 0,9282 1,2288 1,1237 1,361 0,9261 

100 0,9466 0,9249 0,9307 1,3293 1,1342 1,44 0,9295 

200 0,9642 0,9286 0,9362 1,4164 1,1514 1,516 0,9362 

300 0,9852 0,9357 0,9458 1,4918 1,1715 1,587 0,9462 

400 1,0065 0,9454 0,9579 1,5587 1,1945 1,645 0,9579 

500 1,027 0,9567 0,9718 1,6178 1,2188 1,7 0,9718 

600 1,0459 0,9692 0,9864 1,6701 1,2439 1,742 0,9856 

700 1,0634 0,9826 1,0011 1,7174 1,2703 1,779 0,9998 

800 1,0789 0,996 1,0153 1,7601 1,2971 1,813 1,0132 

900 1,0936 1,0086 1,0287 1,7982 1,3247 1,842 1,0262 

1000 1,1066 1,0207 1,0417 1,8326 1,3519 1,867 1,0387 

1100 1,1183 1,0325 1,0538 1,864 1,3791 1,888 1,0505 

1200 1,1296 1,0434 1,0651 1,8929 1,4059 1,905 1,0618 

1300 1,1396 1,0542 1,0756 1,9188 1,4319 - 1,0722 

1400 1,1493 1,0639 1,0856 1,9427 1,457 - 1,0819 

1500 1,1585 1,0731 1,0948 1,9644 1,4817 - 1,0911 

1600 1,1669 1,0819 1,1036 1,9845 1,5052 - 1,0999 

1700 1,1752 1,0902 1,1116 2,0034 1,5286 - 1,1078 

1800 1,1832 1,0978 1,1191 2,0205 1,5504 - 1,1158 

1900 1,1907 1,1049 1,1262 2,0365 1,5713 - 1,1229 

2000 1,1978 1,1116 1,1329 2,0511 1,5918 - 1,1296 
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ɼʦʜʘʪʦʢ  ɺ 

ʉʝʨʝʜʥʷ ʪʝʧʣʦʻʤʥʽʩʪʴ ʛʘʟʽʚ (ʣʽʥʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ) 

ʊʘʙʣʠʮʷ ɺ.1 ï ɯʥʪʝʨʧʦʣʷʮʽʡʥʽ ʬʦʨʤʫʣʠ ʜʣʷ ʩʝʨʝʜʥʽʭ ʤʘʩʦʚʠʭ 

 ʽ ʦʙ'ʻʤʥʠʭ ʪʝʧʣʦʻʤʥʦʩʪʝʡ ʛʘʟʽʚ  

ɻʘʟ 
ʄʘʩʦʚʘ ʪʝʧʣʦʻʤʥʽʩʪʴ, 

ʢɼʞ/(ʢʛĀʂ) 

ʆʙôʻʤʥʘ  ʪʝʧʣʦʻʤʥʽʩʪʴ, 

ʢɼʞ/(ʤ
3
Āʂ) 

ʋ ʤʝʞʘʭ ʚʽʜ 0 ʜʦ 1000
ʦ
ʉ 

ʆ2 
ʉʨ = 0,9127 + 0,00012724 tʩʝʨ ʉôʨ = 1.3046 + 0,00018183 tʩʝʨ 

ʉv = 0,6527 + 0,00012724 tʩʝʨ ʉôv = 0,9337 + 0,00018183 tʩʝʨ 

N2 
ʉʨ = 1,0258 + 0,00008382 tʩʝʨ ʉôʨ = 1,2833 + 0,00010492 tʩʝʨ 

ʉv = 0,7289 + 0,00008382 tʩʝʨ ʉôv = 0,9123 + 0,00010492 tʩʝʨ 

CO 
ʉʨ = 1,0304 + 0,00009575 tʩʝʨ ʉôʨ = 1,2883 + 0,00011966 tʩʝʨ 

ʉv = 0,7335 + 0,00009575 tʩʝʨ ʉôv = 0,9173 + 0,00011966 tʩʝʨ 

ʇʦʚʽʪʨʷ 
ʉʨ = 0,9952 + 0,00009349 tʩʝʨ ʉôʨ = 1,2870 + 0,00012091 tʩʝʨ 

ʉv = 0,7084 + 0,00009349 tʩʝʨ ʉôv = 0,9161 + 0,00012091 tʩʝʨ 

ʅ2ʆ 
ʉʨ = 1,8401 + 0,00029278 tʩʝʨ ʉôʨ = 1,4800 + 0,00023551 tʩʝʨ 

ʉv = 1,3783 + 0,00029278 tʩʝʨ ʉôv = 1,1091 + 0,00023551 tʩʝʨ 

SO2 
ʉʨ = 0,6314 + 0,00015541 tʩʝʨ ʉôʨ = 1,1091 + 0,00004547 tʩʝʨ 

ʉv = 0,5016 + 0,00015541 tʩʝʨ ʉôv = 1,4763 + 0,00004547 tʩʝʨ 

ʋ ʤʝʞʘʭ ʚʽʜ 0 ʜʦ 1500
ʦ
ʉ 

H2 
ʉʨ = 14,2494 + 0,00059574 tʩʝʨ ʉôʨ = 1,2803 + 0,00005355 tʩʝʨ 

ʉv = 10,1241 + 0,00059574 tʩʝʨ  ʉôv = 0,9094 + 0,00005355 tʩʝʨ 

CO2 
ʉʨ = 0,8725 + 0,00024053 tʩʝʨ ʉôʨ = 1,7250 + 0,00004756 tʩʝʨ 

ʉv = 0,6837 + 0,00024053 tʩʝʨ  ʉôv = 1,2540 + 0,00004756 tʩʝʨ 
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ʊʘʙʣʠʮʷ ɺ.2 ï ɯʥʪʝʨʧʦʣʷʮʽʡʥʽ ʬʦʨʤʫʣʠ ʜʣʷ ʽʩʪʠʥʥʠʭ ʽ ʩʝʨʝʜʥʽʭ 

ʤʦʣʴʥʠʭ ʪʝʧʣʦʻʤʥʦʩʪʝʡ ʛʘʟʽʚ 

ɻʘʟ 
ɯʩʪʠʥʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ, 

ʢɼʞ/(ʢʤʦʣʴĀʂ) 

ʉʝʨʝʜʥʷ ʪʝʧʣʦʻʤʥʽʩʪʴ, 

ʢɼʞ/(ʢʤʦʣʴĀʂ) 

ʋ ʤʝʞʘʭ ʚʽʜ 0 ʜʦ 1000
ʦ
ʉ 

ʆ2 ʉɛʨ = 29,5802 + 0,0069706 t ʉɛʨ = 29,2080 + 0,0040717 tʩʝʨ 

N2 ʉɛʨ = 29,5372 + 0,0053905 t ʉɛʨ = 28,7340 + 0,0023488 tʩʝʨ 

CO ʉɛʨ = 28,7395 + 0,0058862 t ʉɛʨ = 28,8563 + 0,0026808 tʩʝʨ 

ʇʦʚʽʪʨʷ ʉɛʨ = 28,7558 + 0,0057208 t ʉɛʨ = 28,8270 + 0,0027080 tʩʝʨ 

ʅ2ʆ ʉɛʨ = 32,8367 + 0,0116611 t ʉɛʨ = 33,1494 + 0,0052749 tʩʝʨ 

SO2 ʉɛʨ = 42,8728 + 0,0132043 t ʉɛʨ = 40,4386 + 0,0099562 tʩʝʨ 

ʋ ʤʝʞʘʭ ʚʽʜ 0 ʜʦ 1500
ʦ
ʉ 

H2 ʉɛʨ = 28,3446 + 0,0031518 t  ʉɛʨ = 28,7210 + 0,0012008 tʩʝʨ  

CO2 ʉɛʨ = 41,3597 + 0,0144985 t  ʉɛʨ = 38,3955 + 0,0105838 tʩʝʨ  

ʋ ʤʝʞʘʭ ʚʽʜ 1000 ʜʦ 2700
ʦ
ʉ 

ʆ2 ʉɛʨ = 33,8603 + 0,021951 t  ʉɛʨ = 31,5731 + 0,0017572 tʩʝʨ  

N2 ʉɛʨ = 32,7466 + 0,0016517 t  ʉɛʨ = 29,7815 + 0,0016835 tʩʝʨ  

CO ʉɛʨ = 33,6991 + 0,0013406 t  ʉɛʨ = 30,4242 + 0,0015579 tʩʝʨ  

ʇʦʚʽʪʨʷ ʉɛʨ = 32,9564 + 0,0017800 t  ʉɛʨ = 30,1533 + 0,0016973 tʩʝʨ  

ʅ2ʆ ʉɛʨ = 40,2393 + 0,0059854 t  ʉɛʨ = 34,5118 + 0,0045979 tʩʝʨ  
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ɼʦʜʘʪʦʢ  ɻ 

ʊʘʙʣʠʮ ̫ɻ.1 - ʉʫʭʘ ʥʘʩʠʯʝʥʘ ʧʘʨʘ ʽ ʚʦʜʘ ʥʘ ʢʨʠʚʡ̔ ʥʘʩʠʯʝʥʥʷ  

(ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ) 

t,ÁC Pʥ, ʄʇʘ vô,ʤ
3
/ʢʛ v

ò
,ʤ

3
/ʢʛ ɟ,ʢʛ/ʤ

3 hô, 

ʢɼʞ/ʢʛ 

h
ò
, 

ʢɼʞ/ʢʛ 

r, 

ʢɼʞ/ʢʛ 

sô, 

ʢɼʞ/ʢʛK 

sò, 

ʢɼʞ/ʢʛ

K 

0 0,000610

8 
0,0010002 206,3 0,004847 0 2500,8 2500,8 0 9,1644 

10 0,001227

1 
0,0010004 106,42 0,009398 42,04 2519,2 2477,3 0,1511 8,8995 

20 0,002337 0,0010018 57,84 0,01729 83,9 2537,2 2453,4 0,2964 8,6663 

30 0,004241 0,0010044 32,93 0,03036 125,69 2555,6 2430 0,4367 8,4523 

40 0,007375 0,0010079 19,55 0,05115 167,51 2573,6 2406,1 0,5723 8,256 

50 0,012335 0,0010121 12,05 0,08302 209,3 2591,6 2382,3 0,7038 8,0751 

60 0,01992 0,0010171 7,678 0.1302 251,12 2609,2 2358 0,8311 7,9084 

70 0,03116 0,0010228 5,045 0,1982 292,99 2626,4 2333,3 0,955 7,7544 

80 0,4736 0,001029 3,409 0,2933 334,94 2643,1 2308,2 1,0752 7,6116 

90 0,07011 0,0010359 2,361 0,4235 376,98 2659,5 2282,5 1,1924 7,4785 

100 0,10132 0,0010435 1,673 0,5977 419,1 2675,8 2256,7 1,3071 7,3545 

120 0,19854 0,0010603 0,8917 1,122 503,7 2706,3 2202,7 1,5278 7,1289 

140 0,3614 0,0010798 0,5087 1,966 589,1 2734 2144,9 1,7392 6,9304 

160 0,618 0,0011021 0,3068 3,259 675,3 2757,8 2082,5 1,9427 6,7508 

180 1,0027 0,0011275 0,1939 5,157 763,3 2778,4 2015,1 2,1395 6,5858 

200 1,555 0,0011565 0,1272 7,863 852,4 2793 1940,6 2,3308 6,4318 

220 2,3202 0,0011900 0,08606 11,62 943,7 2801,4 1857,7 2,5179 6,2848 

240 3,348 0,0012291 0,05967 16,76 1037,5 2803,1 1765,6 2,7022 6,1425 

260 4,694 0,0012755 0,04215 23,72 1135 2796,4 1661,3 2,8851 6,0014 

280 6,419 0,0013321 0,03013 33,19 1236,8 2779,6 1542,8 3,0685 5,8573 

300 8,592 0,0014036 0,02164 46,21 1344,8 2749,1 1404,3 3,2548 5,7049 

320 11,28 0,001499 0,01545 64,74 1462 2699,6 1237,6 3,4495 5,5354 

330 12,864 0,001562 0,01297 77,09 1526,1 2665,7 1139,6 3,5521 5,4412 

340 14,608 0,001639 0,01078 92,77 1594,8 2621,8 1027 3,6605 5,3361 

350 16,537 0,001741 0,008805 113,6 1671,4 2564,6 893 3,7786 5,2117 

360 18,674 0,001894 0,006943 144,1 1761,4 2481,1 719,7 3,9163 5,053 

370 21,053 0,00222 0,00493 202,4 1892,4 2330,8 438,4 4,1135 4,7951 

474 22,087 0,0028 0,00347 288 2031,9 2147 114,7 4,3258 4,5029 
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ʊʘʙʣʠʮ̫ ɻ.2 - ʉʫʭʘ ʥʘʩʠʯʝʥʘ ʧʘʨʘ ʽ ʚʦʜʘ ʥʘ ʢʨʠʚʡ̔ ʥʘʩʠʯʝʥʥʷ  

(ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʩʢʫ) 

P,  

ʄʇʘ 
tʥ, ęʉ 

vô, 

ʤ
3
/ʢʛ 

vò, 

ʤ
3
/ʢʛ 

ɟ, 

ʢʛ/ʤ
3
 

hô, 

ʢɼʞ/ʢʛ 

hò, 

ʢɼʞ/ʢʛ 

r, 

ʢɼʞ/ʢʛ 

sô, 

ʢɼʞ/ʢʛK 

sò, 

ʢɼʞ/ʢʛK 

0,002 17,486 0,001 67,24 0,0149 73,4 2533,1 2459,7 0,2603 8,7227 

0,004 29,95 0,001 34,93 0,0286 121,33 2553,7 2432,3 0,4225 8,4737 

0,006 36,17 0,001 23,77 0,0421 151,49 2567,1 2415,6 0,5209 8,3297 

0,008 41,53 0,001 18,13 0,0552 173,89 2576,4 2402,5 0,5919 8,2273 

0,010 45,82 0,001 14,7 0,0681 191,84 2583,9 2392,1 0,6496 8,1494 

0,020 60,08 0,001 7,652 0,1307 251,48 2609,2 2357,7 0,8324 7,9075 

0,03 69,12 0,001 5,232 0,1911 289,3 2624,6 2335,3 0,9441 7,7673 

0,04 75,87 0,001 3,999 0,2501 317,62 2636,3 2318,7 1,0261 7,671 

0,05 81,33 0,001 3,243 0,3083 340,53 2645,2 2304,7 1,0912 7,5923 

0,06 85,94 0,001 2,734 0,3658 359,9 2653,1 2293,2 1,1453 7,5313 

0,08 93,5 0,001 2,089 0,4787 391,75 2665,3 2273,5 1,2331 7,4342 

0,10 99,62 0,001 1,696 0,5896 417,47 2674,9 2257,5 1,3026 7,3579 

0,12 104,8 0,001 1,43 0,6992 439,34 2683 2243,6 1,361 7,2972 

0,16 113,31 0,0011 1,092 0,916 475,41 2696,3 2220,8 1,455 7,2017 

0,2 120,23 0,0011 0,886 1,129 504,74 2706,8 2202 1,5306 7,1279 

0,3 133,54 0,0011 0,6055 1,652 561,7 2725,5 2163,8 1,6716 6,9922 

0,4 143,62 0,0011 0,4623 2,163 604,3 2738,7 2134,1 1,7766 6,8969 

0,5 151,84 0,0011 0,3749 2,667 640,1 2748,9 2108,7 1,8605 6,8221 

0,6 158,84 0,0011 0,3156 3,169 670,6 2756,9 2086,3 1,9311 6,7609 

1 179,88 0,0011 0,1945 5,143 762,4 2777,8 2015,3 2,1383 6,5867 

2 212,36 0,0012 0,0996 10,04 908,6 2799,2 1890,7 2,4471 6,3411 

3 233,83 0,0012 0,0666 15,01 1009,4 2803,1 1794,7 2,6455 6,1859 

4 250,33 0,0013 0,0498 20,09 1087,5 2800,6 1713,2 2,7965 6,0689 

5 263,91 0,0013 0,0394 25,39 1154,2 2793,9 1639,6 2,921 5,9739 

6 275,56 0,0013 0,0324 30,84 1213,9 2784,4 1570,5 3,0276 5,8894 

7 285,8 0,0014 0,0274 36,53 1267,6 2772,3 1504,7 3,1221 5,8143 

8 294,98 0,0014 0,0235 42,52 1317,3 2758,6 1441,2 3,2079 5,7448 

9 303,31 0,0014 0,0205 48,8 1363,9 2742,6 1378,8 3,2866 5,6783 

10 310,96 0,0015 0,018 55,47 1407,9 2724,8 1316,9 3,3601 5,6147 

11 318,04 0,0015 0,016 62,62 1450,2 2705,2 1255 3,4297 5,5528 

12 324,64 0,0015 0,0143 70,15 1491,1 2684,6 1193,5 3,4966 5,493 

13 330,81 0,0016 0,0128 78,22 1531,3 2662,3 1131,1 3,5606 5,4333 

14 330,63 0,0016 0,0115 87,04 1570,8 2637,9 1067 3,6233 5,3731 

16 347,32 0,0017 0,0093 107,3 1649,6 2581,7 932,1 3,7456 5,2478 

18 356,96 0,0018 0,0075 133,2 1732,2 2510,6 778,4 3,8708 5,1054 

20 365,71 0,002 0,0059 170,5 1826,8 2410,3 583,4 4,0147 4,928 
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ɼʦʜʘʪʦʢ  ɼ 
hs-ʜ̔ ʘʛʨʘʤʘ ʚʦʜʷʥʦʾ ʧʘʨʠ 

 
ʈʠʩʫʥʦʢ ɼ.1 ï hs-ʜ̔ ʘʛʨʘʤʘ ʚʦʜʷʥʦʾ ʧʘʨʠ 
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ɼʦʜʘʪʦʢ  ɽ 
hd-ʜ̔ ʘʛʨʘʤʘ ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ ɽ.1 ï hd-ɼ̔ ʘʛʨʘʤʘ ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ 

1
2

h, ʢʢʘʣ/ʢʛ

P
, 
ʧ
ʤ
ʤ
 
ʨ
ʪ
.
 
ʩ
ʪ

d, ʛ/ʢʛ

3

4

5

6
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ɼʦʜʘʪʦʢ  ɾ 

 

ʊʘʙʣʠʮʷ ɾ.1 ï ʌʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʩʫʭʦʛʦ ʧʦʚʽʪʨʷ ʧʨʠ ʪʠʩʢʫ  

101325 ʇʘ 

ʊ, ʂ r, ʢʛ/ʤ
3
 

ʉʨ, 

ʢɼʞ/(ʢʛĀʂ)  

l, 10
-2
, 

ɺʪ/(ʤĀʂ) 

n, 10
-6

, 

ʤ
2
/ʩ 

Pr 

263 1,342 1,009 2,361 12,43 0,712 

273 1,293 1,005 2,442 13,28 0,707 

283 1,247 1,005 2,512 14,16 0,705 

293 1,205 1,005 2,593 15,06 0,703 

303 1,165 1,005 2,675 16,00 0,701 

313 1,128 1,005 2,756 16,96 0,699 

323 1,093 1,005 2,826 17,95 0,698 

333 1,060 1,005 2,896 18,97 0,696 

343 1,029 1,009 2,966 20,02 0,694 

353 1,000 1,009 3,047 21,09 0,692 

373 0,946 1,009 3,210 23,13 0,688 

393 0,898 1,009 3,338 25,45 0,686 

413 0,854 1,013 3,489 27,80 0,684 

433 0,815 1,017 3,640 30,09 0,682 

453 0,779 1,021 3,780 32,49 0,681 

473 0,746 1,026 3,931 34,85 0,680 

573 0,615 1,047 4,606 48,33 0,674 

673 0,524 1,068 5,21 63,09 0,678 

773 0,456 1,093 5,74 79,38 0,687 

873 0,404 1,114 6,22 96,89 0,699 

973 0,362 1,135 6,71 115,4 0,706 

1073 0,329 1,156 7,18 134,8 0,713 

1173 0,301 1,172 7,63 155,1 0,717 

1373 0,257 1,198 8,50 199,3 0,722 

1473 0,239 1,210 9,15 223,7 0,724 
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ɼʦʜʘʪʦʢ  ʀ 

 

ʊʘʙʣʠʮʷ ʀ.1 ï ʌʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʦʜʠ ʥʘ ʣʽʥʽʾ ʥʘʩʠʯʝʥʥʷ 

ʊ, 

ʂ 
r, ʢʛ/ʤ3

 
ʉʨ, 

ʢɼʞ/(ʢʛĀʂ)  

l, 10
-2
, 

ɺʪ/(ʤĀʂ) 

n, 10
-6

, 

ʤ
2
/ʩ 

Pr 
b, 10

-4
,  

ʂ
-1
 

273 999,9 4,212 0,551 1,789 13,67 -0,63 

283 999,7 4,191 0,575 1,306 9,52 +0,70 

293 998,2 4,183 0,599 1,006 7,02 1,82 

303 995,7 4,174 0,618 0,805 5,42 3,21 

313 992,2 4,174 0,634 0,659 4,31 3,87 

323 988,1 4,174 0,648 0,556 3,54 4,49 

333 983,2 4,178 0,659 0,478 2,98 5,11 

343 977,8 4,187 0,668 0,415 2,55 5,70 

353 971,8 4,195 0,675 0,365 2,21 6,32 

363 965,3 4,208 0,680 0,326 1,95 6,95 

373 958,4 4,220 0,683 0,295 1,75 7,52 

383 951,0 4,233 0,685 0,272 1,60 8,08 

393 943,1 4,250 0,686 0,252 1,47 8,64 

403 934,8 4,266 0,686 0,233 1,36 9,19 

413 926,1 4,287 0,685 0,217 1,26 9,72 

433 90740 4,346 0,683 0,191 1,10 10,7 

453 886,9 4,417 0,675 0,173 1,00 11,9 

473 863,0 4,505 0,663 0,158 0,93 13,3 

493 840,3 4,614 0,645 0,148 0,89 14,8 

513 813,6 4,756 0,628 0,141 0,87 16,8 

533 784,0 4,949 0,605 0,135 0,87 19,6 

553 750,7 5,229 0,575 0,131 0,90 23,7 

573 712,5 5,736 0,540 0,128 0,97 29,2 

593 667,1 6,473 0,506 0,128 1,11 38,2 

613 610,1 8,163 0,457 0,127 1,39 53,4 

633 528,0 13,984 0,395 0,126 2,35 109 
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ɼʦʜʘʪʦʢ  ʂ 

ʅʝʩʪʘʮʽʦʥʘʨʥʘ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ ʂ.1 ï ɿʘʣʝʞʥʽʩʪʴ ɗʧ=ʌ (Bi, Fo) ʜʣʷ ʧʦʚʝʨʭʥʽ ʥʝʦʙʤʝʞʝʥʦʾ 

ʧʣʦʩʢʦʾ ʩʪʽʥʢʠ 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ ʂ.2 ï ɿʘʣʝʞʥʽʩʪʴ ɗʮ=ʌ (Bi, Fo) ʜʣʷ ʩʝʨʝʜʠʥʠ  ʥʝʦʙʤʝʞʝʥʦʾ 

ʧʣʦʩʢʦʾ ʩʪʽʥʢʠ 

q
ʧ

ʧ
ʩ
ʝ
ʨ
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ʩ
ʝ
ʨ

=
(t
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-t

)

F = /o atd
2

q
ʮ

ʮ
ʩ
ʝ
ʨ

o
ʩ
ʝ
ʨ

=
(t

-t
)/

(t
-t

)

F = /o atd
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ʈʠʩʫʥʦʢ ʂ.3 ï ɿʘʣʝʞʥʽʩʪʴ ɗʧ=ʌ (Bi, Fo) ʜʣʷ ʧʦʚʝʨʭʥʽ ʥʝʩʢʽʥʯʝʥʦʛʦ 

ʮʠʣʽʥʜʨʘ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ ʂ.4 ï ɿʘʣʝʞʥʽʩʪʴ ɗʮ=ʌ (Bi, Fo) ʜʣʷ ʦʩʽ ʥʝʩʢʽʥʯʝʥʦʛʦ ʮʠʣʽʥʜʨʘ 

q
ʧ

ʧ
ʩ
ʝ
ʨ

o
ʩ
ʝ
ʨ
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)

F = /o atd
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