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ɺɺɽɼɽʅʀɽ 

ʋʩʪʦʡʯʠʚʘʷ, ʵʬʬʝʢʪʠʚʥʘʷ ʨʘʙʦʪʘ ʪʝʧʣʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʙʘʟʠʨʫʝʪʩʷ ʥʘ 

ʟʥʘʥʠʷʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʟʘʢʦʥʦʚ ʧʨʠʨʦʜʳ, ʥʘ ʫʤʝʥʠʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʜʣʷ ʨʝʰʝʥʠʷ 

ʪʝʭ ʠʣʠ ʠʥʳʭ ʟʘʜʘʯ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʘʧʧʘʨʘʪʝ, ʧʦʟʚʦʣʷʶʱʝʤ ʚʳʧʦʣʥʠʪʴ 

ʪʦʯʥʳʝ ʨʘʩʯʝʪʳ ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʩʘʤʠʭ ʫʩʪʨʦʡʩʪʚ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦ-

ʟʚʦʣʷʝʪ ʥʘʨʷʜʫ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʙʳʯʠ ʪʦʧʣʠʚʘ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʝʨʛʠʠ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʘʢʪʠʚʥʫ  ʁʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʫ  ʁʧʦʣʠʪʠʢʫ ʚʦ ʚʩʝʭ ʦʪʨʘʩʣʷʭ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ. ɹʦʣʴ-

ʰʠʥʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʪʝʧʣʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩ-

ʩʘʤʠ, ʦʪ ʧʨʘʚʠʣʴʥʦʛʦ ʚʝʜʝʥʠʷ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʚʳʧʫʩ-

ʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʘ ʪʘʢʞʝ ʩ ʧʨʦʙʣʝʤʘʤʠ ʩʦʟʜʘʥʠʷ ʙʝʟʦʪʭʦʜʥʦʡ ʪʝʭʥʦ-

ʣʦʛʠʠ ʠ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʦʩʣʘ ʨʦʣʴ ʪʝʧʣʦʪʝʭʥʠʢʠ ʢʘʢ ʥʘʫ-

ʢʠ, ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʙʘʟʫ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʷʝʪ ʪʝʧʣʦʧʝʨʝʜʘʯʘ. 

ʊʝʧʣʦʧʝʨʝʜʘʯʘ ʠʟʫʯʘʝʪ ʟʘʢʦʥʳ ʧʝʨʝʥʦʩʘ ʪʝʧʣʦʪʳ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʪʝʧʣʦʧʝʨʝʜʘʯʘ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ ʧʨʦʮʝʩʩʦʤ. ʇʨʠ ʠʟʫʯʝʥʠʠ ʝʛʦ ʨʘʩʯʣʝʥʷʶʪ ʥʘ ʧʨʦʩʪʳʝ 

ʷʚʣʝʥʠʷ. ɿʘʜʘʯʘ ʢʫʨʩʘ ð ʠʟʫʯʝʥʠʝ ʧʨʦʩʪʳʭ ʠ ʩʣʦʞʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʥʦʩʘ ʪʝʧʣʦʪʳ ʚ 

ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʘʭ. 
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1. ʆʉʅʆɺʅʓɽ ʇʆʅʗʊʀʗ ʀ ʆʇʈɽɼɽʃɽʅʀʗ 

1.1. ʉʧʦʩʦʙʳ ʧʝʨʝʥʦʩʘ ʪʝʧʣʦʪʳ 

ʈʘʟʣʠʯʘʶʪ ʪʨʠ ʩʧʦʩʦʙʘ ʧʝʨʝʥʦʩʘ ʪʝʧʣʦʪʳ: ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʢʦʥʚʝʢʮʠʶ ʠ ʪʝʧʣʦʚʦʝ 
ʠʟʣʫʯʝʥʠʝ. 
ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ð ʧʨʦʮʝʩʩ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʪʝʧʣʦʪʳ ʦʪ ʪʦʯʝʢ ʫʯʘ-

ʩʪʢʦʚ ʪʝʣʘ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʢ ʪʦʯʢʘʤ ʫʯʘʩʪʢʦʚ ʪʝʣʘ ʩ ʙʦʣʝʝ ʥʠʟʢʦʡ. ʊʝʧ-
ʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʪʝʧʣʦ ʧʝʨʝʜʘʝʪʩʷ ʧʦ ʪʚʝʨʜʳʤ ʪʝʣʘʤ, ʚ ʞʠʜʢʦʩʪʷʭ ʠ ʛʘʟʘʭ. 
ʂʦʥʚʝʢʮʠʷ ð ʧʝʨʝʤʝʱʝʥʠʝ ʤʘʩʩʳ ʞʠʜʢʦʩʪʠ ʠʣʠ ʛʘʟʘ ʠʟ ʩʨʝʜʳ ʩ ʦʜʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʚ ʩʨʝʜʫ ʩ ʜʨʫʛʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ. ɽʩʣʠ ʜʚʠʞʝʥʠʝ ʚʳʟʚʘʥʦ ʨʘʟʥʦʩʪʴʶ ʧʣʦʪʥʦʩʪʝʡ ʥʘʛʨʝ-
ʪʳʭ ʠ ʭʦʣʦʜʥʳʭ ʯʘʩʪʠʮ ð ʵʪʦ ʝʩʪʝʩʪʚʝʥʥʘʷ ʢʦʥʚʝʢʮʠʷ, ʝʩʣʠ ʨʘʟʥʦʩʪʴʶ ʜʘʚʣʝʥʠʡ ð 
ʚʳʥʫʞʜʝʥʥʘʷ ʢʦʥʚʝʢʮʠʷ. ʂʦʥʚʝʢʮʠʝʡ ʪʝʧʣʦʪʘ ʧʝʨʝʜʘʝʪʩʷ ʚ ʞʠʜʢʦʩʪʷʭ ʠ ʛʘʟʘʭ. 
ʊʝʧʣʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ð ʧʨʦʮʝʩʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʝʧʣʦʪʳ ʦʪ ʠʟʣʫʯʘʶʱʝʛʦ ʪʝʣʘ ʩ 

ʧʦʤʦɦɹʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ. ʆʥ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʦʧʪʠʯʝʩʢʠʤʠ ʩʚʦʡ-
ʩʪʚʘʤʠ ʠʟʣʫʯʘʶʱʝʛʦ ʪʝʣʘ (ʪʚʝʨʜʳʭ ʪʝʣ, ʪʨʝʭ- ʠ ʤʥʦʛʦʘʪʦʤʥʳʭ ʛʘʟʦʚ). 
ɺ ʪʚʝʨʜʳʭ ʪʝʣʘʭ ʪʝʧʣʦʪʘ ʧʝʨʝʜʘʝʪʩʷ ʪʦʣʴʢʦ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ. ʀʟʣʫʯʝʥʠʝʤ ʪʝʧʣʦ-

ʪʘ ʧʝʨʝʜʘʝʪʩʷ ʤʝʞʜʫ ʪʝʣʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚ ʚʘʢʫʫʤʝ. ʂʦʥʚʝʢʮʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʦ-
ʪʝʢʘʝʪ ʩʦʚʤʝʩʪʥʦ ʩ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ .ʁ 
ʉʦʚʤʝʩʪʥʳʡ ʧʝʨʝʥʦʩ ʪʝʧʣʦʪʳ ʢʦʥʚʝʢʮʠʝʡ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʥʘʟʳʚʘʝʪʩʷ ʢʦʥʚʝʢ-

ʪʠʚʥʳʤ ʪʝʧʣʦʦʙʤʝʥʦʤ. 
ʂʦʥʚʝʢʪʠʚʥʳʡ ʪʝʧʣʦʦʙʤʝʥ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʦʤʳʚʘʶʱʝʡ ʝʝ ʩʨʝʜʦʡ ʥʘʟʳʚʘʝʪʩʷ 

ʪʝʧʣʦʦʪʜʘʯʝʡ. 
ʇʝʨʝʜʘʯʘ ʪʝʧʣʦʪʳ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʚʫʤʷ ʠʣʠ ʪʨʝʤʷ ʩʧʦʩʦʙʘʤʠ ʥʘʟʳʚʘʝʪʩʷ ʩʣʦʞʥʳʤ 

ʪʝʧʣʦʦʙʤʝʥʦʤ. 
ʇʝʨʝʜʘʯʘ ʪʝʧʣʦʪʳ ʦʪ ʦʜʥʦʡ ʩʨʝʜʳ ʢ ʜʨʫʛʦʡ ʯʝʨʝʟ ʨʘʟʜʝʣʷʶʱʫʶ ʠʭ ʩʪʝʥʢʫ ʥʘʟʳʚʘʝʪ-

ʩʷ ʪʝʧʣʦʧʝʨʝʜʘʯʝʡ. 

1.2. ʊʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ. ɻʨʘʜʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʳ. ʊʝʧʣʦʚʦʡ ʧʦʪʦʢ 

ʊʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʪʝʣʘ ʠʣʠ ʩʠʩʪʝʤʳ ʪʝʣ ð ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʤʛʥʦʚʝʥʥʳʭ ʟʥʘʯʝ-
ʥʠʡ ʪʝʤʧʝʨʘʪʫʨ ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʫʨʘʚ-
ʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʠʤʝʝʪ ʚʠʜ: 

t = f (x, y, z, t),   (1.1) 

ʛʜʝ t ð ʪʝʤʧʝʨʘʪʫʨʘ; ʭ, ʫ, z, ð ʢʦʦʨʜʠʥʘʪʳ; tð ʚʨʝʤʷ. 
ʊʘʢʦʝ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʥʘʟʳʚʘʝʪʩʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʤ. ɽʩʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʩ ʪʝʯʝ-

ʥʠʝʤ ʚʨʝʤʝʥʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʪʦ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʥʘʟʳʚʘʝʪʩʷ ʩʪʘʮʠʦʥʘʨʥʳʤ. ʊʦʛʜʘ: 

t = f (x, y, z), 
tµ

µt
 = 0. 

ʊʝʤʧʝʨʘʪʫʨʘ ʤʦʞʝʪ ʙʳʪʴ ʬʫʥʢʮʠʝʡ ʦʜʥʦʡ, ʜʚʫʭ ʠ ʪʨʝʭ ʢʦʦʨʜʠʥʘʪ; ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 
ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʙʫʜʝʪ ʦʜʥʦ-, ʜʚʫʭ- ʠ ʪʨʝʭʤʝʨʥʳʤ. ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʚʠʜ ʠʤʝʝʪ 
ʫʨʘʚʥʝʥʠʝ ʦʜʥʦʤʝʨʥʦʛʦ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ: t = f (x). 

ʇʦʚʝʨʭʥʦʩʪʴ, ʦʙʲʝʜʠʥʷʶʱʘʷ ʪʦʯʢʠ ʪʝʣʘ ʩ ʦʜʠʥʘʢʦʚʦʡ ʪʝʤʧʝ-
ʨʘʪʫʨʦʡ, ʥʘʟʳʚʘʝʪʩʷ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ. ʀʟʦʪʝʨʤʠʯʝʩʢʠʝ ʧʦʚʝʨʭ-
ʥʦʩʪʠ ʥʝ ʧʝʨʝʩʝʢʘʶʪʩʷ, ʦʥʠ ʣʠʙʦ ʟʘʤʳʢʘʶʪʩʷ ʥʘ ʩʝʙʷ, ʣʠʙʦ ʟʘ-
ʢʘʥʯʠʚʘʶʪʩʷ ʥʘ ʛʨʘʥʠʮʝ ʪʝʣʘ. ʇʝʨʝʩʝʯʝʥʠʝ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʧʦ-
ʚʝʨʭʥʦʩʪʝʡ ʩ ʧʣʦʩʢʦʩʪʴʶ ʜʘʝʪ ʥʘ ʥʝʡ ʩʝʤʝʡʩʪʚʦ ʠʟʦʪʝʨʤ:  

t; t ï ȹt, t + ȹt (ʨʠʩ. 1.1). 
 

ʈʠʩ. 1.1 
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ʅʘʧʨʘʚʣʝʥʠʝ, ʧʦ ʢʦʪʦʨʦʤʫ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʠʟʦʪʝʨʤʠʯʝʩʢʠʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʤʠ-

ʥʠʤʘʣʴʥʦʝ, ʥʘʟʳʚʘʝʪʩʷ ʥʦʨʤʘʣʴʶ (n) ʢ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʨʦʠʟʚʦʜʥʘʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʥʦʨʤʘʣʠ ʢ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʟʳʚʘʝʪʩ ̫

ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʛʨʘʜʠʝʥʪʦʤ: 

n

t

µ

µ
 = grad t. (1.2) 

ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʛʨʘʜʠʝʥʪ ð ʚʝʢʪʦʨ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʧʦ ʥʦʨʤʘʣʠ ʢ ʠʟʦʪʝʨʤʝ ʚ ʩʪʦʨʦʥʫ 

ʫʚʝʣʠʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʧʝʨʝʜʘʥʥʦʝ ʚ ʧʨʦʮʝʩʩʝ ʪʝʧʣʦʦʙʤʝʥʘ ʯʝʨʝʟ ʠʟʦʪʝʨʤʠʯʝ-

ʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʦʱʘʜʴʶ F ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ t, ʦʙʦʟʥʘʯʠʤ Qt, ɼʞ. 

ʂʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʧʝʨʝʜʘʥʥʦʝ ʯʝʨʝʟ ʠʟʦʪʝʨʤʠʯʝʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʦʱʘʜʴʶ F ʚ 

ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ, ʥʘʟʳʚʘʝʪʩʷ ʪʝʧʣʦʚʳʤ ʧʦʪʦʢʦʤ Q, ɺʪ. 

ʊʝʧʣʦʚʦʡ ʧʦʪʦʢ, ʧʝʨʝʜʘʥʥʳʡ ʯʝʨʝʟ ʝʜʠʥʠʮʫ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘʟʳʚʘʝʪʩʷ ʧʣʦʪʥʦʩʪʴʶ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ: 

,
F

Q
q=  

ʛʜʝ q ð [
2ʤ

ɺʪ
]. 

ɺʝʢʪʦʨ ʧʣʦʪʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʥʘʧʨʘʚʣʝʥ ʧʦ ʥʦʨʤʘʣʠ ʢ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʚ ʩʪʦʨʦʥʫ ʫʤʝʥʴʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ (ʨʠʩ. 1.1). 

1.3. ɿʘʢʦʥʳ ʧʝʨʝʥʦʩʘ ʪʝʧʣʦʪʳ 

ʊʝʧʣʦʪʘ, ʧʝʨʝʜʘʚʘʝʤʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʦʧʠʩʳʚʘʝʪʩʷ ʟʘʢʦʥʦʤ ʌʫʨʴʝ, ʩʦʛʣʘʩʥʦ ʢʦ-

ʪʦʨʦʤʫ ʚʝʢʪʦʨ ʧʣʦʪʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʛʨʘʜʠʝʥʪʫ: 

.
n

t
q

µ

µ
-= l      (1.3) 

ʊʝʧʣʦʚʦʡ ʧʦʪʦʢ, ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ ʠ ʧʣʦʪʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʩʚʷʟʘʥʳ ʩʦʦʪʥʦ-

ʰʝʥʠʷʤʠ: 

Q = qF      (1.4) 

Qt= qFȹt,     (1.5) 

ʛʜʝ F ð ʧʣʦʱʘʜʴ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʤ
2
; ȹtð ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, ʩ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ɚ ʚ ʫʨʘʚʥʝʥʠʠ (1.3) ʥʘʟʳʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʪʝʣ ʧʝʨʝʜʘʚʘʪʴ ʪʝʧʣʦʪʫ. ʈʘʟʤʝʨʥʦʩʪʴ 

ʜʘʥʥʦʡ ʚʝʣʠʯʠʥʳ ð ɺʪ/(ʤȚʂ). ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʟʘʚʠʩʠʪ ʦʪ ʩʪʨʫʢʪʫʨʳ, 

ʧʣʦʪʥʦʩʪʠ, ʚʣʘʞʥʦʩʪʠ, ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʣ. ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦ-

ʧʨʦʚʦʜʥʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠ ʜʣʷ ʚʩʝʭ ʪʝʣ (ʤʝʪʘʣʣʦʚ, ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʠ ʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʞʠʜʢʦʩʪʝʡ, ʛʘʟʦʚ), ʩʦʜʝʨʞʘʪʩʷ ʚ ʩʧʨʘʚʦʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ. 

ʅʘʠʙʦʣʴʰʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠʤʝʶʪ ʤʝʪʘʣʣʳ, ʥʘʠʤʝʥʴʰʠʝ ð ʪʝʧʣʦ-

ʠʟʦʣʷʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʛʘʟʳ. 

ʊʘʢ ʢʘʢ ʪʝʣʘ ʤʦʛʫʪ ʠʤʝʪʴ ʨʘʟʣʠʯʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ, ʥʘʧʨʠʤʝʨ ʦʪ t1 ʜʦ t2, ʪʦ ʨʘʩʯʝʪʳ 

ʚʝʜʫʪʩʷ ʧʨʠ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ (ɚʩʨ) ʜʣʷ ʜʘʥʥʦʛʦ ʠʥ-

ʪʝʨʚʘʣʘ ʪʝʤʧʝʨʘʪʫʨ. ɽʩʣʠ ʚ ʩʧʨʘʚʦʯʥʠʢʝ ʟʥʘʯʝʥʠʷ ɚ = f(t) ʜʘʶʪʩʷ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ, ʪʦ 

ʧʦʣʫʯʠʪʴ ɚʩʨ ʜʣʷ ʜʘʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʪʝʤʧʝʨʘʪʫʨ ʥʝʩʣʦʞʥʦ. ɼʣʷ ʤʥʦʛʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʩʧʨʘʚʦʯʥʠʢʝ ʧʨʠʚʦʜʠʪʩʷ ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ɚ = f(t): 

ɚ(t) = ɚʦ(aÑbt), (1.6) 

ʛʜʝ ʘ, b ð ʧʦʩʪʦʷʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʧʨʠʩʫʱʠʝ ʢʦʥʢʨʝʪʥʦʤʫ ʤʘʪʝʨʠʘʣʫ.  
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ʌʦʨʤʫʣʫ ʜʣʷ ʨʘʩʯʝʪʘ ɚʩʨ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ t1 ï t2, ʥʝʪʨʫʜʥʦ ʧʦʣʫʯʠʪʴ, ʝʩʣʠ ʨʝ-
ʰʠʪʴ ʩʦʚʤʝʩʪʥʦ (1.6) ʠ (1.7): 

.
)(

12

2

1

tt

dtt
ʩʨ

-

ñ
=
l

l      (1.7) 

ʊʦʛʜʘ 

.
2

21 tt
bʘʩʨ

+
°=l      (1.8) 

ʊʘʢʦʡ ʧʨʠʝʤ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʬʦʨʤʫʣ ɚʩʨ ʧʨʠ ʣʶʙʦʡ ʥʝ-
ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ɚ(t). 
ʂʦʥʚʝʢʪʠʚʥʫʶ ʪʝʧʣʦʦʪʜʘʯʫ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ tc ʠ ʦʤʳʚʘʶʱʝʡ 

ʝʝ ʩʨʝʜʦʡ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ tʞ ʦʧʠʩʳʚʘʝʪ ʟʘʢʦʥ ʅʴʶʪʦʥʘ-ʈʠʭʤʘʥʘ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ 
ʧʣʦʪʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ q ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʩʪʝʥʢʠ ʠ ʩʨʝʜʳ: 

).( ʞc ttq -=a      (1.9)
 

ʇʦ ʬʦʨʤʫʣʘʤ (1.4) ʠ (1.5) ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ Q ʠ Qt. 
ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ Ŭ ʚ ʫʨʘʚʥʝʥʠʠ (1.9) ʥʘʟʳʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʪʝʧʣʦʦʪʜʘʯʠ
Kʤ

ɺʪ

Ö2
ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝ-

ʥʘ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʦʤʳʚʘʶʱʝʡ ʝʝ ʩʨʝʜʦʡ. ʇʨʠʥʷʪʦ ʦʤʳʚʘʶʱʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 
ʩʨʝʜʫ (ʛʘʟ, ʚʦʜʫ, ʣʶʙʦʡ ʪʝʧʣʦʥʦʩʠʪʝʣʴ) ʠʤʝʥʦʚʘʪʴ ð çʞʠʜʢʦʩʪʴè ʠ ʦʙʦʟʥʘʯʘʪʴ ʪʝʤʧʝ-
ʨʘʪʫʨʫ ʩʨʝʜʳ ð tʞ. 
ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨ tc ʠ tʞ, ʦʪ ʩʢʦʨʦʩʪʠ ʠ ʦʪ ʩʚʦʡʩʪʚ 

ʞʠʜʢʦʩʪʠ, ʦʪ ʬʦʨʤʳ, ʨʘʟʤʝʨʦʚ, ʦʨʠʝʥʪʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʪ.ʜ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʪʝʧʣʦʦʪ-
ʜʘʯʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʡ ʪʝʧʣʦʦʙʤʝʥʘ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʩʧʝʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʷʤ. 
ʀʥʪʝʛʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʧʨʠ ʧʝʨʝʥʦʩʝ ʪʝʧʣʦʪʳ ʠʟʣʫʯʝʥʠʝʤ ʨʘʩ-

ʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

.
100

4

00 ö
÷

õ
æ
ç

å
==

T
cqq ee      (1.10)

 

ɺ ʫʨʘʚʥʝʥʠʠ (1.10) ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʩʪʝʧʝʥʴ ʯʝʨʥʦʪʳ 
ʠʟʣʫʯʘʶʱʝʛʦ ʪʝʣʘ (Ů), ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʠʟʣʫʯʘʪʴ ʠ ʧʦʛʣʦʱʘʪʴ 
ʵʥʝʨʛʠʶ. ɼʣʷ ʪʚʝʨʜʳʭ ʪʝʣ ʟʥʘʯʝʥʠʷ Ů ʧʨʠʚʦʜʷʪʩʷ ʚ ʩʧʨʘʚʦʯʥʠʢʘʭ, ʜʣʷ ʠʟʣʫʯʘʶʱʠʭ ʛʘ-
ʟʦʚ ð ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʥʦʤʦʛʨʘʤʤ. 
ɺʳʨʘʞʝʥʠʝ 

4

00
100
ö
÷

õ
æ
ç

å
=

T
cq      (1.11)

 

ʠʟʚʝʩʪʥʦ ʢʘʢ ʟʘʢʦʥ ʉʪʝʬʘʥʘ ð ɹʦʣʴʮʤʘʥʘ, ʦʧʠʩʳʚʘʶʱʠʡ ʩʚʷʟʴ ʧʣʦʪʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ 
ʧʦʪʦʢʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ. ʂʦʵʬʬʠʮʠʝʥʪ ʠʟʣʫʯʝʥʠʷ ʘʙʩʦʣʶʪʥʦ 
ʯʝʨʥʦʛʦ ʪʝʣʘ cʦ = 5,67 ɺʪ/(ʤ

2
 ʂ

4
). 

1.4. ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ɺ ʫʯʝʙʥʠʢʘʭ ʧʦ ʪʝʧʣʦʧʝʨʝʜʘʯʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ [1], ʧʨʠʚʦʜʠʪʩʷ ʚʳʚʦʜ ʜʠʬʬʝʨʝʥʮʠ-
ʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʜʚʠʞʫʱʝʡʩʷ ʞʠʜʢʦʩʪʠ, ʫʨʘʚʥʝʥʠʝ ʵʥʝʨʛʠʠ 

,
2

2

2

2

2

2

vzyxp q
z

t

y

t

x

t

z

t

y

t

x

tt
c +öö

÷

õ
ææ
ç

å

µ

µ
+

µ

µ
+

µ

µ
=öö
÷

õ
ææ
ç

å

µ

µ
+

µ

µ
+

µ

µ
+

µ

µ
lwww

t
r   (1.12)

 

ʛʜʝ ʩʨ ð ʠʟʦʙʘʨʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ, ɼʞ/(ʢʛȚʂ); ɟ ð ʧʣʦʪʥʦʩʪʴ, ʢʛ/ʤ
3
; ɚ ð ʢʦʵʬʬʠʮʠʝʥʪ ʪʝ-

ʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ɺʪ/(ʤȚʂ); ɤx, ɤʫ, ɤz ð ʧʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦ-
ʩʪʠ; qv ð ʦʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚʥʫʪʨʝʥʥʝʛʦ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʞʠʜʢʦʩʪʠ, ɺʪ/ʤ

3
. 
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ʋʨʘʚʥʝʥʠʝ (1.12) ʟʘʧʠʩʘʥʦ ʜʣʷ ʩʣʫʯʘʷ ɚ = const. 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʜʣʷ ʪʚʝʨʜʳʭ ʪʝʣ ʥʘʟʳʚʘʝʪʩʷ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʠʟ (1.12) 

ʧʨʠ ʫʩʣʦʚʠʠ ɤx = ɤy = ɤz = 0, cp = cv = c: 
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ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʝʣʝ. ɿʥʘʯʝʥʠʷ ʘ = f(t) ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʝʣ ʧʨʠʚʦʜʷʪʩʷ ʚ ʩʧʨʘ-

ʚʦʯʥʠʢʘʭ. 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. 
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ʦʧʠʩʳʚʘʝʪ ʥʝʩʪʘʮʠʦʥʘʨʥʦʝ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʪʚʝʨʜʳʭ ʪʝʣ ʩ ʚʥʫʪʨʝʥʥʠʤ ʪʝʧʣʦʚʳʜʝ-

ʣʝʥʠʝʤ (ʩ ʚʥʫʪʨʝʥʥʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʪʝʧʣʘ). ʊʘʢʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʪʝʧʣʘ ʤʦʛʫʪ ʙʳʪʴ: 

ʜʞʦʫʣʝʚʘ ʪʝʧʣʦʪʘ, ʚʳʜʝʣʷʝʤʘʷ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʧʦ ʧʨʦʚʦʜʥʠʢʘʤ; 

ʪʝʧʣʦʪʘ, ʚʳʜʝʣʷʝʤʘʷ ʊɺʕʃʘʤʠ ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ, ʪʝʧʣʦʪʘ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʠ ʪ.ʜ. 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ (1.13), ʟʘʧʠʩʘʥʥʦʝ ʚ ʜʝʢʘʨʪʦʚʳʭ 

ʢʦʦʨʜʠʥʘʪʘʭ, ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ (r, z, ű) ʠ ʩʬʝʨʠʯʝʩʢʠʭ (r, ű, ɣ) ʢʦ-

ʦʨʜʠʥʘʪʘʭ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ (r ð ʨʘʜʠʫʩ; ű ð ʧʦʣʷʨʥʳʡ ʫʛʦʣ; z ð 

ʘʧʧʣʠʢʘʪʘ) ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠʤʝʝʪ ʚʠʜ 

.
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1.5. ʋʩʣʦʚʠʷ ʦʜʥʦʟʥʘʯʥʦʩʪʠ 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʦʧʠʩʳʚʘʝʪ ʤʥʦʞʝʩʪʚʦ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. 

ʏʪʦʙʳ ʚʳʜʝʣʠʪʴ ʠʟ ʵʪʦʛʦ ʤʥʦʞʝʩʪʚʘ ʢʦʥʢʨʝʪʥʳʡ ʧʨʦʮʝʩʩ, ʥʝʦʙʭʦʜʠʤʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ 

ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ, ʢʦʪʦʨʳʝ ʥʘʟʳʚʘʶʪʩʷ ʫʩʣʦʚʠʷʤʠ ʦʜʥʦʟʥʘʯʥʦʩʪʠ ʠ ʚʢʣʶ-

ʯʘʶʪ ʚ ʩʝʙʷ: 

- ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʬʦʨʤʫ ʠ ʨʘʟʤʝʨʳ ʪʝʣʘ; 

- ʬʠʟʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʪʝʧʣʦʦʙʤʝʥʝ 

ʪʝʣ; 

- ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʫʩʣʦʚʠʷ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʥʘ ʛʨʘʥʠʮʝ 

ʪʝʣʘ; 

- ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʥʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ ʧʨʠ ʥʝʩʪʘ-

ʮʠʦʥʘʨʥʳʭ ʧʨʦʮʝʩʩʘʭ. 

ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʨʘʟʣʠʯʘʶʪ: 

- ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʧʝʨʚʦʛʦ ʨʦʜʘ, ʟʘʜʘʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʪʝʣʘ: 

tc
 
= f(x, ʫ, z, Ű) ʠʣʠ tc = const; 

- ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʚʪʦʨʦʛʦ ʨʦʜʘ, ʟʘʜʘʝʪʩʷ ʧʣʦʪʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʪʝʣʘ: 

qc = f(x, ʫ, z, Ű) ʠʣʠ qc = const; 
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- ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʪʨʝʪʴʝʛʦ ʨʦʜʘ, ʟʘʜʘʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʨʝʜʳ tʞ ʠ ʢʦʵʬʬʠʮʠ-

ʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʩʨʝʜʦʡ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ʅʴʶʪʦʥʘ ð ʈʠʭʤʘʥʘ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ, ʧʝʨʝʜʘʚʘʝʤʳʡ ʩ 1 ʤ
2
 

ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʩʨʝʜʫ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ tʞ: 

q = Ŭ(tc ï tʞ). 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʵʪʦʪ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʧʦʜʚʦʜʠʪʩʷ ʢ 1 ʤ
2
 ʧʦʚʝʨʭʥʦʩʪʠ ʠʟ ʛʣʫʙʠʥʥʳʭ 

ʩʣʦʝʚ ʪʝʣʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ 

.
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(1.15) 

ʋʨʘʚʥʝʥʠʝ (1.15) ʷʚʣʷʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʦʨʤʫʣʠʨʦʚʢʦʡ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ 

ʪʨʝʪʴʝʛʦ ʨʦʜʘ. 

ʉʠʩʪʝʤʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩʦʚʤʝʩʪʥʦ ʩ ʫʩʣʦʚʠʷʤʠ ʦʜʥʦʟʥʘʯʥʦʩʪʠ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʬʦʨʤʫʣʠʨʦʚʢʫ ʟʘʜʘʯʠ. ʈʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʩʦʜʝʨʞʘʪ ʢʦʥʩʪʘʥʪʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʫʩ-

ʣʦʚʠʡ ʦʜʥʦʟʥʘʯʥʦʩʪʠ. 

ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ ʠ ʟʘʜʘʥʠʷ 

1. ʂʘʢʠʤʠ ʩʧʦʩʦʙʘʤʠ ʧʝʨʝʜʘʝʪʩʷ ʪʝʧʣʦʪʘ ʦʪ ʛʦʨʷʯʝʡ ʚʦʜʳ ʢ ʚʦʟʜʫʭʫ ʯʝʨʝʟ ʩʪʝʥʢʫ ʨʘʜʠʘʪʦʨʘ ʦʪʦ-

ʧʣʝʥʠʷ: ʦʪ ʚʦʜʳ ʢ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʝʨʝʟ ʩʪʝʥʢʫ, ʦʪ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢ ʚʦʟʜʫʭʫ? 

2. ʇʦ̫ʩʥʠʪʝ ʤʠʥʫʩ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ (1.3). 

3. ʇʨʦʘʥʘʣʠʟʠʨʫʡʪʝ ʩ ʧʦʤʦʱʴʶ ʩʧʨʘʚʦʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʟʘʚʠʩʠʤʦʩʪʴ ɚ(t) ʜʣʷ ʤʝʪʘʣʣʦʚ, ʩʧʣʘ-

ʚʦʚ, ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʛʘʟʦʚ, ʞʠʜʢʦʩʪʝʡ ʠ ʦʪʚʝʪʴʪʝ ʥʘ ʚʦʧʨʦʩ: ʢʘʢ ʠʟʤʝʥʷʝʪʩʷ 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ? 

4. ʂʘʢ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ (Q, ɺʪ) ʧʨʠ ʢʦʥʚʝʢʪʠʚʥʦʡ ʪʝʧʣʦʦʪʜʘʯʝ, ʪʝʧʣʦʧʨʦʚʦʜʥʦ-

ʩʪʠ, ʪʝʧʣʦʚʦʤ ʠʟʣʫʯʝʥʠʠ? 

5. ɿʘʧʠʰʠʪʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʜʝʢʘʨʪʦʚʳʭ ʢʦʦʨʜʠʥʘʪʘʭ, ʦʧʠ-

ʩʳʚʘʶʱʝʝ ʜʚʫʤʝʨʥʦʝ ʩʪʘʮʠʦʥʘʨʥʦʝ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʙʝʟ ʚʥʫʪʨʝʥʥʠʭ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʦʪʳ. 

6. ɿʘʧʠʰʠʪʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʜʣʷ ʧʨʦʚʦʣʦʢʠ, ʢʦʪʦʨʘʷ ʥʘ-

ʭʦʜʠʪʩʷ ʧʦʜ ʥʘʧʨʷʞʝʥʠʝʤ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʝ. 
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2. ʊɽʇʃʆʇʈʆɺʆɼʅʆʉʊʔ ʀ ʊɽʇʃʆʇɽʈɽɼɸʏɸ  

ʇʈʀ ʉʊɸʎʀʆʅɸʈʅʆʄ ʈɽɾʀʄɽ 

2.1. ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʧʣʦʩʢʦʡ ʩʪʝʥʢʠ  

ʧʨʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʧʝʨʚʦʛʦ ʨʦʜʘ 

ɼʘʥʦ: ʧʣʦʩʢʘʷ ʦʜʥʦʨʦʜʥʘʷ ʩʪʝʥʢʘ ʪʦʣʱʠʥʦʡ ŭ (ʨʠʩ. 2.1) ʩ ʧʦʩʪʦʷʥʥʳʤ ʢʦʵʬʬʠʮʠʝʥ-

ʪʦʤ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ɚ ʠ ʧʦʩʪʦʷʥʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ t1 ʠ t2 ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ. 

ʆʧʨʝʜʝʣʠʪʴ: ʫʨʘʚʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ t = f(x) ʠ ʧʣʦʪʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ q, 

ɺʪ/ʤ
2
. 

ʊʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʩʪʝʥʢʠ ʦʧʠʩʳʚʘʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʪʝʧʣʦʧʨʦ-

ʚʦʜʥʦʩʪʠ (1.3) ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʷʭ: 

0=
µ

µ

t

t
 ð ʨʝʞʠʤ ʩʪʘʮʠʦʥʘʨʥʳʡ; 

qv = 0, ʪ.ʢ. ʦʪʩʫʪʩʪʚʫʶʪ ʚʥʫʪʨʝʥʥʠʝ ʠʩʪʦʯʥʠʢʠ ʪʝʧʣʦʪʳ; 

,0
z

t

y

t
=

µ

µ
=

µ

µ
 ʪ.ʢ. ʪʝʤʧʝʨʘʪʫʨʳ t1 ʠ t2 ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʩʪʝʥʢʠ ʧʦ-

ʩʪʦʷʥʥʳ. 
 

 
ʈʠʩ. 2.1 

ʊʝʤʧʝʨʘʪʫʨʘ ʩʪʝʥʢʠ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʪʦʣʴʢʦ ʦʜʥʦʡ ʢʦʦʨʜʠʥʘʪʳ ʭ ʠ ʫʨʘʚʥʝʥʠʝ 

(1.13) ʧʨʠʥʠʤʘʝʪ ʚʠʜ 

,0
2

2

=
dx

td

      
(2.1) 

ʪ.ʢ. ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ ʩʪʝʥʢʠ ʘ Í 0. ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʧʝʨʚʦʛʦ 

ʨʦʜʘ: 

ʧʨʠ ʭ = 0   t = t1,     (2.2) 

ʧʨʠ ʭ = ŭ   t = t2.     (2.3) 

ɺʳʨʘʞʝʥʠʷ (2.1), (2.2), (2.3) ʷʚʣʷʶʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʧʦʩʪʘʥʦʚʢʦʡ ʟʘʜʘʯʠ, ʨʝʰʝʥʠʝ 

ʢʦʪʦʨʦʡ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ ʠʩʢʦʤʦʝ ʫʨʘʚʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ t = f(x). 

ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ ʫʨʘʚʥʝʥʠʷ (2.1) ʜʘʝʪ 

.1c
dx

dt
=  

ʇʨʠ ʧʦʚʪʦʨʥʦʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ ʧʦʣʫʯʠʤ ʨʝʰʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚ 

ʚʠʜʝ 

t = c1x + c2.     (2.4) 

ʀʟ ʫʨʘʚʥʝʥʠʷ (2.4) ʧʨʠ ʫʩʣʦʚʠʠ (2.2) ʧʦʣʫʯʠʤ t1 = c2, ʘ ʧʨʠ ʫʩʣʦʚʠʠ (2.3) t2 = c1ŭ + t1, 

ʦʪʢʫʜʘ 

.12
1

d

tt
ʩ

-
=  

ʇʦʜʩʪʘʥʦʚʢʘ ʢʦʥʩʪʘʥʪ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʩ1 ʠ c2 ʚ ʫʨʘʚʥʝʥʠʝ (2.4) ʜʘʝʪ ʫʨʘʚʥʝʥʠʝ ʪʝʤ-

ʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ: 

,21
1 x

tt
tt

d

-
-=      (2.5) 



12 

ʧʦ ʢʦʪʦʨʦʤʫ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦ ʪʦʣʱʠʥʝ ʩʪʝʥʢʠ ʥʘ ʣʶʙʦʡ ʢʦʦʨʜʠʥʘʪʝ 

0<ʭ<ŭ. 

ɿʘʚʠʩʠʤʦʩʪʴ t = f(x), ʩʦʛʣʘʩʥʦ (2.5) ð ʧʨʷʤʘʷ ʣʠʥʠʷ (ʨʠʩ. 2.1), ʯʪʦ ʩʧʨʘʚʝʜʣʠʚʦ ʧʨʠ 

ɚ = const. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʩʪʝʥʢʫ, ʚʦʩʧʦʣʴ-

ʟʫʝʤʩʷ ʟʘʢʦʥʦʤ ʌʫʨʴʝ: 

.
dx

dt
q l-=  

ʉ ʫʯʝʪʦʤ 
d

12
1

tt
c

dx

dt -
==

 
ʧʦʣʫʯʠʤ ʨʘʩʯʝʪʥʫʶ ʬʦʨʤʫʣʫ ʜʣʷ ʧʣʦʪʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʧʦ-

ʪʦʢʘ, ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʯʝʨʝʟ ʧʣʦʩʢʫʶ ʩʪʝʥʢʫ, 

)( 21 ttq -=
d

l
.     (2.6) 

ʇʦʪʦʢ ʪʝʧʣʦʪʳ, ʧʝʨʝʜʘʚʘʝʤʳʡ ʯʝʨʝʟ ʧʦʚʝʨʭʥʦʩʪʴ ʩʪʝʥʢʠ ʧʣʦʱʘʜʴʶ F, ʚʳʯʠʩʣʷʝʪʩʷ 

ʧʦ ʬʦʨʤʫʣʝ )( 21 ttq -=
d

l
. 

ʌʦʨʤʫʣʫ (2.6) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ 

)( 21 tt
F

q -=
d

l
.     (2.7) 

ʌʦʨʤʫʣʫ (2.6) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ 

,21

R

tt
q

-
=  

ʛʜʝ .,
2

ɺʪ

ʂʤ
R

Ö
=
l

d
 

ɺʝʣʠʯʠʥʘ 
l

d
=R

 
ʥʘʟʳʚʘʝʪʩʷ ʪʝʨʤʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ʧʣʦʩʢʦʡ ʩʪʝʥʢʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʫʨʘʚʥʝʥʠʷ qR = t1 ï t2 ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʪʝʨʤʠʯʝʩʢʦʝ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʝ ʩʪʝʥʢʠ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʧʝʨʝʧʘʜʫ ʪʝʤʧʝʨʘʪʫʨ ʧʦ ʪʦʣʱʠʥʝ ʩʪʝʥʢʠ. 

ʋʯʝʩʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ɚ(t), ʤʦʞʥʦ, 

ʝʩʣʠ ʚ ʫʨʘʚʥʝʥʠʷ (2.6) ʠ (2.7) ʧʦʜʩʪʘʚʠʪʴ ʟʥʘʯʝʥʠʷ ɚʩʨ ʜʣʷ ʠʥʪʝʨʚʘʣʘ ʪʝʤʧʝʨʘʪʫʨ t1ït2. 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʤʥʦʛʦʩʣʦʡʥʦʡ ʧʣʦʩʢʦʡ ʩʪʝʥʢʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʪʨʝʭ 

ʩʣʦʝʚ (ʨʠʩ. 2.2). 

 

ɼʘʥʦ: ŭ1, ŭ2, ŭ3, ɚ1, ɚ2, ɚ3, t1 = const, t4 = const.  

ʆʧʨʝʜʝʣʠʪʴ: q, ɺʪ/ʤ2; t2, t3. 

 

 

 

 

 

 

 

 
 

ʈʠʩ. 2.2 
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ʇʨʠ ʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ ʠ ʧʦʩʪʦʷʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʪʝʥʢʠ ʪʝʧʣʦ-

ʚʦʡ ʧʦʪʦʢ, ʧʝʨʝʜʘʚʘʝʤʳʡ ʯʝʨʝʟ ʪʨʝʭʩʣʦʡʥʫʶ ʩʪʝʥʢʫ, ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʠʩʪʝʤʦʡ 

ʫʨʘʚʥʝʥʠʡ: 

î
î
î
î

í

î
î
î
î

ì

ë

-=

-=

-=

)(

)(

)(

1

1

32

2

2

32

2

2

21

ttq

ttq

ttq

d

l

d

l

d

l

     

(2.8)
 

ʠʣʠ 

.

3

3
43

2

2
32

1

1
21

î
î
î

í

î
î
î

ì

ë

=-

=-

=-

l

d

l

d

l

d

q
tt

q
tt

q
tt

     (2.9) 

ʉʣʦʞʠʚ ʣʝʚʳʝ ʠ ʧʨʘʚʳʝ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʡ (2.9), ʧʦʣʫʯʠʤ ʨʘʩʯʝʪʥʫʶ ʬʦʨʤʫʣʫ ʜʣʷ 

ʧʣʦʪʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ, ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʯʝʨʝʟ ʪʨʝʭʩʣʦʡʥʫʶ ʩʪʝʥʢʫ: 

.

3

3

2

2

1

1

41

l

d

l

d

l

d
++

-
=

tt
q      (2.10) 

ʊʝʤʧʝʨʘʪʫʨʳ ʥʘ ʛʨʘʥʠʮʘʭ ʩʣʦʝʚ t2 ʠ t3 ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʫʨʘʚʥʝʥʠʷʤ (2.8) ʧʦʩʣʝ 

ʪʦʛʦ, ʢʘʢ ʥʘʡʜʝʥʘ ʧʣʦʪʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ (q) ʧʦ (2.10). 

ʆʙʱʠʡ ʚʠʜ ʫʨʘʚʥʝʥʠʷ (2.10) ʜʣʷ ʤʥʦʛʦʩʣʦʡʥʦʡ ʧʣʦʩʢʦʡ ʩʪʝʥʢʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ n ʦʜ-

ʥʦʨʦʜʥʳʭ ʩʣʦʝʚ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʥʘ ʥʘʨʫʞʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ 
1ct  ʠ 

2ct , 

ʠʤʝʝʪ ʚʠʜ 

.

1

21

ä

-
=

=

n

i
i

i

cc tt
q

l

d
 (2.11)

 

ʉʨʝʜʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʪʝʥʢʠ ʥʘʟʳʚʘʶʪ ʵʬʬʝʢ-

ʪʠʚʥʳʤ (ɚɻʬ). ʆʥ ʨʘʚʝʥ ʢʦʵʬʬʠʮʠʝʥʪʫ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʦʜʥʦʨʦʜʥʦʡ ʩʪʝʥʢʠ, ʪʦʣʱʠʥʘ 

ʠ ʪʝʨʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʪʦʨʦʡ ʨʘʚʥʳ ʪʦʣʱʠʥʝ ʠ ʪʝʨʤʠʯʝʩʢʦʤʫ ʩʦʧʨʦʪʠʚʣʝʥʠʶ 

ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʪʝʥʢʠ 

,
1

1
ä=

ä

=

=
n

i
i

i

ʵʬ

n

i
i

l

d

l

d
 

ʦʪʢʫʜʘ 

.

1

1
'

ä

ä
=

=

=

n

i
i

i

n

i
i

ʵʬ

l

d

d
l      (2.12)
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2.2. ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʪʝʥʢʠ  

ʧʨʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʧʝʨʚʦʛʦ ʨʦʜʘ 

ɼʘʥʦ: ʆʜʥʦʨʦʜʥʘʷ ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʩʪʝʥʢʘ (ʩʪʝʥʢʘ ʪʨʫʙʳ) 

ʩ ʚʥʫʪʨʝʥʥʠʤ ʨʘʜʠʫʩʦʤ r1, ʥʘʨʫʞʥʳʤ ð r2, ʜʣʠʥʦʡ l, ʩ ʧʦʩʪʦ-

ʷʥʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ɚ, ʩ ʧʦʩʪʦ̫ ʥʥʳʤʠ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ t1 ʠ t2. (ʨʠʩ. 2.3). 

ʆʧʨʝʜʝʣʠʪʴ: ʫʨʘʚʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ t = f (r), ʪʝʧ-

ʣʦʚʦʡ ʧʦʪʦʢ, ʧʝʨʝʜʘʚʘʝʤʳʡ ʯʝʨʝʟ ʩʪʝʥʢʫ Q, ɺʪ. 

 

 

 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ 

(ʩʤ.: 1.14) ʜʣʷ ʫʩʣʦʚʠʡ ʜʘʥʥʦʡ ʟʘʜʘʯʠ: 

0
1

2

2

=öö
÷

õ
ææ
ç

å

µ

µ
+

µ

µ

r

t

rr

t
     (2.13)

 

.0  ,0  ,0  ,0
2

2

2

2

=
µ

µ
=

µ

µ
==

µ

µ

z

tt
q

t
v

jt     

(2.14) 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʧʝʨʚʦʛʦ ʨʦʜʘ:  

ʧʨʠ r = r1      t = t1,     (2.15) 

ʧʨʠ r = r2      t = t2.     (2.16) 

ʇʦʨʷʜʦʢ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (2.13) ð (2.14) ʪʦʪ ʞʝ, ʯʪʦ ʠ ʚ ʩʣʫʯʘʝ ʧʣʦʩʢʦʡ 

ʩʪʝʥʢʠ: ʥʘʭʦʜʠʪʩʷ ʦʙʱʠʡ ʠʥʪʝʛʨʘʣ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ 

(2.15), ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʜʚʝ ʢʦʥʩʪʘʥʪʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʩ1 ʠ ʩ2. ʇʦʩʣʝʜʥʠʝ ʦʧʨʝʜʝʣʷ-

ʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ (2.15) ʠ (2.16), ʠ ʧʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʠʭ ʟʥʘʯʝʥʠʡ ʚ 

ʨʝʰʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (ʦʙʱʠʡ ʠʥʪʝʛʨʘʣ) ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʝ ʪʝʤ-

ʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʪʝʥʢʠ t = t(f) ʚ ʚʠʜʝ 

,ln

ln 1

1

2

21
1

r

r

r

r

tt
tt

-
-=

    

(2.18) 

ʛʜʝ r1 Ò r Ò r2 ð ʪʝʢʫʱʠʡ ʨʘʜʠʫʩ. 

ʅʝʪʨʫʜʥʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʧʨʠ ʧʦʜʩʪʘʥʦʚʢʝ ʚ (2.18) r = r1 ʧʦʣʫʯʠʤ t = t1, ʧʨʠ r = r2 ʧʦ-

ʣʫʯʠʤ t = t2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʪʦʣʱʠʥʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʪʝʥʢʠ ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ (2.18) ʧʦʜʯʠʥʷʝʪʩʷ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ (ʨʠʩ. 2.3). 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʟʘʢʦʥʦʤ ʌʫʨʴʝ: 

.2 rl
dr

dt
F

dr

dt
Q pll -=-=

    
(2.19) 

ɽʩʣʠ ʚʟʷʪʴ ʧʨʦʠʟʚʦʜʥʫʶ 
dr

dt
 ʦʪ ʧʨʘʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ (2.18) ʠ ʧʦʜʩʪʘʚʠʪʴ ʚ (2.19), 

ʧʦʣʫʯʠʤ ʨʘʩʯʝʪʥʫʶ ʬʦʨʤʫʣʫ ʜʣʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʪʝʥʢʠ: 

.

ln

)(2

1

2

21

r

r

ttl
Q

-
=

lp

     

(2.20) 
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ɺ ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ ʯʘʩʪʦ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʚʳʯʠʩʣʷʝʪʩʷ ʜʣʷ 1 ʤ ʜʣʠʥʳ ʪʨʫʙʳ: 

1

2

21

ln

)(2

r

r

tt

l

Q
Qt

-
==
pl

 

ʠ ʥʘʟʳʚʘʝʪʩʷ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ. 

ɿʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ (2.20) ʚ ʚʠʜʝ 

,
R

tt
Q 21 -=  

ʛʜʝ 
ɺʪ

ʂ

r

r

l
R ,ln

2

1

1

2

lp
=  ð ʪʝʨʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʮʠʣʠʥʜ-

ʨʠʯʝʩʢʦʡ ʩʪʝʥʢʠ. 
ɼʣʷ ʪʨʝʭʩʣʦʡʥʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʪʝʥʢʠ (ʪʨʫʙʳ, ʧʦʢʨʳʪʦʡ ʜʚʫʤʷ ʩʣʦʷʤʠ ʪʝʧʣʦʚʦʡ 

ʠʟʦʣʷʮʠʠ) ʩ ʠʟʚʝʩʪʥʳʤʠ ʧʦʩʪʦʷʥʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʧʦʚʝʨʭʥʦʩʪʝʡ (t1 ʠ t4), ʩ ʠʟʚʝʩʪʥʳ-

ʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʨʘʟʤʝʨʘʤʠ (r1, r2, r3, r4, l) ʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩʣʦʝʚ 

(ɚ1, ɚ2, ɚ3) (ʨʠʩ. 2.4) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ Q: 

.

ln

)(2

ln

)(2

ln

)(2

3

4

433

1

2

211

1

2

211

î
î
î
î
î
î

í

î
î
î
î
î
î

ì

ë

-
=

-
=

-
=

r

r

ttl
Q

r

r

ttl
Q

r

r

ttl
Q

lp

lp

lp

    

(2.21) 

ʉʦʚʤʝʩʪʥʦʝ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (2.21) ʜʘʝʪ ʨʘʩʯʝʪ-

ʥʫʶ ʬʦʨʤʫʣʫ ʜʣʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ, ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʯʝʨʝʟ ʪʨʝʭ-

ʩʣʦʡʥʫʶ ʩʪʝʥʢʫ ʧʨʠ ʟʘʜʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ, 

.

ln
2

1
ln

2

1
ln

2

1

3

4

32

3

21

2

1

41

r

r

lr

r

lr

r

l

tt
Q

lplplp
++

-
=

  

(2.22) 

ʊʝʤʧʝʨʘʪʫʨʳ ʥʘ ʛʨʘʥʠʮʘʭ ʩʣʦʝʚ (t2, t3) ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ 

ʫʨʘʚʥʝʥʠʷʤ (2.21). 
 

 

ʈʠʩ. 2.4

 

ɼʣʷ ʤʥʦʛʦʩʣʦʡʥʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʪʝʥʢʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ n ʩʣʦʝʚ, ʬʦʨʤʫʣʫ (2.22) 

ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʦʙʱʝʤ ʚʠʜʝ 

.

ln
2

1

1

1

21

ä

-
=

=

+
n

i
i

i

i

cc

r

r

l

tt
Q

lp
    

(2.23) 

ʕʬʬʝʢʪʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʜʣʷ ʤʥʦʛʦʩʣʦʡʥʦʡ ʮʠʣʠʥʜʨʠʯʝ-

ʩʢʦʡ ʩʪʝʥʢʠ, ʢʘʢ ʠ ʜʣʷ ʤʥʦʛʦʩʣʦʡʥʦʡ ʧʣʦʩʢʦʡ ʩʪʝʥʢʠ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʨʘʚʝʥʩʪʚʘ ʩʫʤʤʳ 

ʪʝʨʤʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʪʝʥʢʠ ʪʝʨʤʠʯʝʩʢʦʤʫ ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʦʜʥʦ-
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ʨʦʜʥʦʡ ʩʪʝʥʢʠ ʪʦʡ ʞʝ ʪʦʣʱʠʥʳ, ʯʪʦ ʠ ʤʥʦʛʦʩʣʦʡʥʘʷ. ʊʘʢ, ʜʣʷ ʜʚʫʭʩʣʦʡʥʦʡ ʪʝʧʣʦʚʦʡ 

ʠʟʦʣʷʮʠʠ ʪʨʫʙʳ (ʨʠʩ. 2.4) ʵʬʬʝʢʪʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ (ɚʵʬ) ʦʧʨʝʜʝ-

ʣʠʪʩʷ ʠʟ ʨʘʚʝʥʩʪʚʘ 

.ln
2

1
ln

2

1
ln

2

1

2

4

3

4

32

3

2 r

r

lr

r

lr

r

l ʵʬlplplp
=+

 

2.3. ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʧʣʦʩʢʦʡ ʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʪʝʥʦʢ  

ʧʨʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʪʨʝʪʴʝʛʦ ʨʦʜʘ (ʪʝʧʣʦʧʝʨʝʜʘʯʘ) 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʪʨʝʪʴʝʛʦ ʨʦʜʘ ʩʦʩʪʦʷʪ ʚ ʟʘʜʘʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʞʠʜʢʦʩʪʠ (tʞ) 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ (Ŭ) ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʪʝʥʢʠ ʠ ʞʠʜʢʦʩʪʴʶ. 

ʇʝʨʝʜʘʯʘ ʪʝʧʣʘ ʦʪ ʦʜʥʦʡ ʞʠʜʢʦʩʪʠ ʢ ʜʨʫʛʦʡ ʯʝʨʝʟ ʨʘʟʜʝʣʷʶʱʫʶ ʠʭ ʩʪʝʥʢʫ ʥʘʟʳʚʘ-

ʝʪʩʷ ʪʝʧʣʦʧʝʨʝʜʘʯʝʡ. 

ʇʨʠʤʝʨʘʤʠ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʩʣʫʞʠʪ ʧʝʨʝʥʦʩ ʪʝʧʣʦʪʳ ʦʪ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʢ ʚʦʜʝ ʯʝʨʝʟ 

ʩʪʝʥʢʫ ʪʨʫʙʳ ʧʘʨʦʚʦʛʦ ʢʦʪʣʘ, ʧʝʨʝʥʦʩ ʪʝʧʣʘ ʦʪ ʛʦʨʷʯʝʡ ʚʦʜʳ ʢ ʦʢʨʫʞʘʶʱʝʤʫ ʚʦʟʜʫʭʫ 

ʯʝʨʝʟ ʩʪʝʥʢʫ ʙʘʪʘʨʝʠ ʦʪʦʧʣʝʥʠʷ ʠ ʪ.ʜ. 

ʊʝʧʣʦʦʙʤʝʥ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʩʨʝʜʦʡ (ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ) ʤʦʞʝʪ ʙʳʪʴ ʢʦʥʚʝʢ-

ʪʠʚʥʳʤ, ʝʩʣʠ ʪʝʧʣʦʥʦʩʠʪʝʣʴ ð ʞʠʜʢʦʩʪʴ (ʚʦʜʘ, ʥʝʬʪʴ ʠ ʪ.ʜ.) ʠʣʠ ʨʘʜʠʘʮʠʦʥʥʦ-

ʢʦʥʚʝʢʪʠʚʥʳʤ, ʢʦʛʜʘ ʪʝʧʣʦʪʘ ʧʝʨʝʜʘʝʪʩʷ ʧʫʪʝʤ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʠ ʠʟʣʫʯʝ-

ʥʠʝʤ, ʝʩʣʠ ʪʝʧʣʦʥʦʩʠʪʝʣʴ ð ʛʘʟ (ʜʳʤʦʚʳʝ ʛʘʟʳ, ʚʦʟʜʫʭ ʠ ʪ.ʜ.). 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʣʦʧʝʨʝʜʘʯʫ ʯʝʨʝʟ ʧʣʦʩʢʫʶ ʠ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʩʪʝʥʢʠ ʧʨʠ ʫʩʣʦʚʠʠ 

ʪʦʣʴʢʦ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ. ʊʝʧʣʦʧʝʨʝʜʘʯʘ ʩ ʨʘʜʠʘʮʠʦʥʥʦ-

ʢʦʥʚʝʢʪʠʚʥʳʤ ʪʝʧʣʦʦʙʤʝʥʦʤ (ʩʣʦʞʥʳʤ ʪʝʧʣʦʦʙʤʝʥʦʤ) ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʙʫʜʝʪ ʨʘʩʩʤʦʪ-

ʨʝʥʘ ʧʦʟʞʝ. 

ʇʣʦʩʢʘʷ ʩʪʝʥʢʘ (ʨʠʩ. 2.5). 

 

ɼʘʥʦ: tʞ1
, tʞ2

, Ŭ1, Ŭ2, ŭ, ɚ. 

ʆʧʨʝʜʝʣʠʪʴ: q, t1, t2. 

 

 

 

 

 

 
 

ʈʠʩ. 2.5 

ʇʣʦʪʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ q ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʚ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʧʝʨʝʜʘʯʠ ʪʝʧʣʦʪʳ: 

- ʦʪ ʛʦʨʷʯʝʡ ʞʠʜʢʦʩʪʠ ʢ ʩʪʝʥʢʝ 

),( 11 1
ttq ʞ -=a

     
(2.24) 

- ʯʝʨʝʟ ʩʪʝʥʢʫ 

),( 21 ttq -=
d

l

     
(2.25) 

- ʦʪ ʩʪʝʥʢʠ ʢ ʭʦʣʦʜʥʦʡ ʞʠʜʢʦʩʪʠ 

).(
222 ʞttq -=a      (2.26)
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ɿʘʧʠʩʘʚ ʫʨʘʚʥʝʥʠʷ (2.24) ð (2.26) ʚ ʚʠʜʝ 

î
î
î

í

î
î
î

ì

ë

=-

=-

=-

2

2

21

1

1

2

1

a

l

d

a

q
tt

q
tt

q
tt

ʞ

ʞ

     

(2.27) 

ʠ ʩʣʦʞʠʚ ʧʦʯʣʝʥʥʦ ʧʨʘʚʳʝ ʠ ʣʝʚʳʝ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʡ (2.27), ʧʦʣʫʯʠʤ ʬʦʨʤʫʣʫ ʜʣʷ 

ʨʘʩʯʝʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʠ (q, ɺʪ/ʤ
2
) ʯʝʨʝʟ ʧʣʦʩʢʫʶ ʩʪʝʥʢʫ ʚ ʚʠʜʝ 

.
11

321

21

2121

RRR

tttt
q

ʞʞʞʞ

++

-
=

++

-
=

al

d

a
    

(2.28) 

ɺʝʣʠʯʠʥʳ 
3

3

1

1

1
,

1

aa
== RR  ʥʘʟʳʚʘʶʪʩʷ ʪʝʨʤʠʯʝʩʢʠʤʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷʤʠ ʪʝʧʣʦʦʪ-

ʜʘʯʠ. ʆʥʠ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʧʝʨʝʧʘʜʘʤ ʪʝʤʧʝʨʘʪʫʨ ( )11
ttʞ - ʠ ( )

22 ʞtt - . 

ʊʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʩʪʝʥʢʠ t1 ʠ t2 ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʫʨʘʚʥʝʥʠʷʤ 

(2.24) ð (2.26) ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʦʧʨʝʜʝʣʝʥʘ ʧʣʦʪʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ (q) ʧʦ ʫʨʘʚʥʝʥʠʶ 

(2.28). 

ʌʦʨʤʫʣʫ (2.28) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ 

),(
21 ʞʞ ttKq -=

     
(2.29) 

ʛʜʝ 
Kʤ

ɺʪ
k

Ö
++

=
2

21

,
11

1

al

d

a

 ð ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʧʣʦʩʢʦʡ ʩʪʝʥʢʠ ð ʭʘ-

ʨʘʢʪʝʨʠʟʫʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʧʝʨʝʜʘʯʠ. 

ʊʝʧʣʦʧʝʨʝʜʘʯʘ ʯʝʨʝʟ ʤʥʦʛʦʩʣʦʡʥʫʶ ʧʣʦʩʢʫʶ ʩʪʝʥʢʫ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

.
11

2
1

1

21

al

d

a
+ä+

-
=

=
i

i
n

i

ʞʞ tt
q

    

(2.30) 

ʎʠʣʠʥʜʨʠʯʝʩʢʘʷ ʩʪʝʥʢʘ (ʨʠʩ. 2.6). 

 

ɼʘʥʦ: tʞ1
, tʞ2

, Ŭ1, Ŭ2, r1, r2, l. 

ʆʧʨʝʜʝʣʠʪʴ: Q, ɺʪ; t1, t2. 

 

 

 

 
 

 
 

ʈʠʩ. 2.6 
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ɼʣʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʪʝʥʢʠ, ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʧʣʦʩʢʦʡ ʩʪʝʥʢʦʡ, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝ-

ʜʫʶʱʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ: 

,

)(

ln

)(2

)(

2

1

222

1

2

21

111

î
î
î

í

î
î
î

ì

ë

-=

-
=

-=

ʞ

ʞ

ttFQ

r

r

ttl
Q

ttFQ

a

lp

a

     

(2.31) 

ʛʜʝ F1 = ˊd1l, F2 = ˊd2l ð ʧʣʦʱʘʜʠ ʚʥʫʪʨʝʥʥʝʡ ʠ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʨʫʙʳ. 

ɿʘʧʠʩʘʚ ʫʨʘʚʥʝʥʠʝ (2.31) ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʟʥʦʩʪʝʡ ʪʝʤʧʝʨʘʪʫʨ, ʘ ʟʘʪʝʤ, ʩʣʦʞʠʚ ʧʨʘ-

ʚʳʝ ʠ ʣʝʚʳʝ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʡ, ʧʦʣʫʯʠʤ ʬʦʨʤʫʣʫ ʜʣʷ ʨʘʩʯʝʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʠ (Q, ɺʪ) 

ʯʝʨʝʟ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʩʪʝʥʢʫ ʚ ʚʠʜʝ 
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(2.32) 

ʊʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʩʪʝʥʢʠ t1 ʠ t2 ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʫʨʘʚʥʝʥʠʷʤ (2.31). 

ʌʦʨʤʫʣʫ (2.32) ʪʘʢʞʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

),(
21 ʞʞ ttkQ -=  

ʛʜʝ 
ʂ

ɺʪ
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221
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11 alpa
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ð ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʮʠʣʠʥʜʨʠʯʝ-

ʩʢʦʡ ʩʪʝʥʢʠ. 

ɼʣʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʪʨʫʙ >
1

2

d

d
c 1,8 ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ ʢʨʠʚʠʟʥʦʡ ʩʪʝʥʢʠ ʠ ʪʝʧʣʦʧʝ-

ʨʝʜʘʯʫ ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʬʦʨʤʫʣʘʤ ʜʣʷ ʧʣʦʩʢʦʡ ʩʪʝʥʢʠ: 

)()(
2121 ʞʞxʞʞ ttldkttkFQ -=-= p , ɺʪ, 
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ɼʠʘʤʝʪʨ dx = d1, ʝʩʣʠ Ŭ1<<Ŭ2; dx = d2, ʝʩʣʠ ʠ Ŭ2<<Ŭ1. 

,
2

21 dd
dx

+
=  ʝʩʣʠ Ŭ1 ʠ Ŭ2 ʩʦʠʟʤʝʨʠʤʳ. 

ʊʝʧʣʦʧʝʨʝʜʘʯʘ ʯʝʨʝʟ ʤʥʦʛʦʩʣʦʡʥʫʶ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʩʪʝʥʢʫ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ 
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(2.33) 

ʛʜʝ F1 ʠ F2 ð ʧʣʦʱʘʜʠ ʚʥʫʪʨʝʥʥʝʡ ʠ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʝʡ ʤʥʦʛʦʩʣʦʡʥʦʡ ʮʠʣʠʥʜʨʠ-

ʯʝʩʢʦʡ ʩʪʝʥʢʠ. 
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2.4. ʂʨʠʪʠʯʝʩʢʠʡ ʜʠʘʤʝʪʨ ʪʝʧʣʦʚʦʡ ʠʟʦʣʷʮʠʠ 

ʊʝʧʣʦʚʦʡ ʠʟʦʣʷʮʠʝʡ ʷʚʣʷʝʪʩʷ ʧʦʢʨʳʪʠʝ ʠʟ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʦʝ 
ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʧʦʪʝʨʴ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ.  
ʇʫʩʪʴ ʪʨʫʙʘ ʧʦʢʨʳʪʘ ʩʣʦʝʤ ʪʝʧʣʦʚʦʡ ʠʟʦʣʷʮʠʠ (ʨʠʩ. 2.7 (ʘ)). 
ʊʝʧʣʦʧʦʪʝʨʠ (Q, ɺʪ) ʯʝʨʝʟ ʪʝʧʣʦʠʟʦʣʠʨʦʚʘʥʥʫʶ ʩʪʝʥʢʫ ʪʨʫʙʳ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ 

ʬʦʨʤʫʣʦʡ 

,21

R

tt
Q

ʞʞ -
=

     
(2.34) 
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(2.35) 

ɻʨʘʬʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ R = f(dʠʟ) ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.7 (ʙ), ʦʪʢʫʜʘ ʩʣʝʜʫʝʪ, 
ʯʪʦ ʪʝʨʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʟʦʣʷʮʠʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʠʘʤʝʪʨʘ ʠʟʦʣʷʮʠʠ ʤʦʞʝʪ 
ʫʤʝʥʴʰʘʪʴʩʷ ʜʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʘ ʟʘʪʝʤ ʫʚʝʣʠʯʠʚʘʪʴʩʷ. ʊʘʢ ʢʘʢ ʪʝʧʣʦʧʦʪʝʨʠ 
(Q) ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʪʝʨʤʠʯʝʩʢʦʤʫ ʩʦʧʨʦʪʠʚʣʝʥʠʶ (R) ʩʦʛʣʘʩʥʦ (2.36), ʪʦ ʟʘ-
ʚʠʩʠʤʦʩʪʴ Q = f(dʠʟ) ʷʚʣʷʝʪʩʷ ʟʝʨʢʘʣʴʥʳʤ ʦʪʦʙʨʘʞʝʥʠʝʤ ʢʨʠʚʦʡ R = f(dʠʟ). 
ɿʥʘʯʝʥʠʝ dʠʟ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʤʠʥʠʤʫʤʫ ʢʨʠʚʦʡ R = f(dʠʟ), ʥʘʟʳʚʘʝʪʩʷ ʢʨʠʪʠʯʝ-

ʩʢʠʤ ʜʠʘʤʝʪʨʦʤ dʢʨ ʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ ʠʟ ʫʩʣʦʚʠʷ ʤʠʥʠʤʫʤʘ ʬʫʥʢʮʠʠ 
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(2.36) 

ʉʦʚʤʝʩʪʥʦʝ ʨʝʰʝʥʠʝ (2.35) ʠ (2.36) ʜʘʝʪ 
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  (2.37) 

ʂʨʠʪʠʯʝʩʢʦʤʫ ʜʠʘʤʝʪʨʫ ʠʟʦʣʷʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʠʥʠʤʘʣʴʥʦʝ ʪʝʨʤʠʯʝʩʢʦʝ ʩʦʧʨʦ-
ʪʠʚʣʝʥʠʝ ʠ ʤʘʢʩʠʤʘʣʴʥʳʡ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ. 
ɸʥʘʣʠʟ ʫʨʘʚʥʝʥʠʷ (2.35) ʧʦʢʘʟʳʚʘʝʪ: 

ʘ) ʧʨʠ ʥʘʣʦʞʝʥʠʠ ʪʝʧʣʦʚʦʡ ʠʟʦʣʷʮʠʠ ʪʦʣʱʠʥʦʡ ŭʠʟ 
ʥʘ ʪʨʫʙʫ ʩ d2 < dʢp (ʨʠʩ. 2.7 (ʙ)) ʪʝʨʤʠʯʝʩʢʦʝ ʩʦʧʨʦ-
ʪʠʚʣʝʥʠʝ ʫʤʝʥʴʰʘʝʪʩʷ, ʪʝʧʣʦʧʦʪʝʨʠ ʫʚʝʣʠʯʠʚʘʶʪʩʷ, 
ʪ.ʢ. ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʣʦʱʘʜʴ ʪʝʧʣʦʦʪʜʘʶʱʝʡ ʧʦʚʝʨʭ-
ʥʦʩʪʠ ʠʟʦʣʷʮʠʠ (ˊdʠʟl); 
ʙ) ʝʩʣʠ d2 > dkp, ʪʝʨʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʫʚʝʣʠ-

ʯʠʚʘʝʪʩʷ, ʪʝʧʣʦʧʦʪʝʨʠ ʫʤʝʥʴʰʘʶʪʩʷ, ʪʝʧʣʦʚʘʷ ʠʟʦʣʷ-
ʮʠʷ ʦʧʨʘʚʜʳʚʘʝʪ ʩʚʦʝ ʥʘʟʥʘʯʝʥʠʝ, ʪ.ʢ. ʪʨʝʪʴʝ ʩʣʘʛʘʝʤʦʝ 
ʚ ʫʨʘʚʥʝʥʠʠ (2.35) ʩʪʘʥʦʚʠʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝ, 
ʯʝʤ ʯʝʪʚʝʨʪʦʝ. 

ʈʠʩ. 2.7 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʧʣʦʚʘʷ ʠʟʦʣʷʮʠʷ ʫʤʝʥʴʰʘʝʪ ʪʝʧʣʦʧʦʪʝʨʠ, ʝʩʣʠ d2 Ó dʢʨ, 

,
2

2
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a
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ʇʨʘʚʠʣʴʥʦ ʧʦʜʦʙʨʘʥʥʳʡ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ ʜʦʣʞʝʥ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʩʣʦ-

ʚʠʶ (2.38). 

ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ ʠ ʟʘʜʘʥʠʷ 

1. ʂʘʢ ʠʟʤʝʥʷʝʪʩʷ ʪʝʨʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʣʦʩʢʦʡ ʩʪʝʥʢʠ: ʘ) ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʣʱʠʥʳ 

ʩʪʝʥʢʠ (ŭ); ʙ) ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ (ɚ)? ʉʨʘʚʥʠʪʝ ʪʝʨʤʠʯʝʩʢʦʝ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʝ ʧʣʘʩʪʠʥ ʦʜʠʥʘʢʦʚʦʡ ʪʦʣʱʠʥʳ ʠʟ ʪʝʢʩʪʦʣʠʪʘ ʠ ʩʪʘʣʠ. 

2. ʂʘʢ ʨʘʩʩʯʠʪʘʪʴ ʧʝʨʝʜʘʚʘʝʤʫʶ ʪʝʧʣʦʪʫ ʯʝʨʝʟ ʧʣʦʩʢʫʶ ʩʪʝʥʢʫ ʟʘ ʦʜʥʠ ʩʫʪʢʠ, ʝʩʣʠ ʠʟʚʝʩʪʥʳ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʩʪʝʥʢʠ (t1 ʠ t2), ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ (ŭ), ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜ-

ʥʦʩʪʠ (ɚ), ʧʣʦʱʘʜʴ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (F)? 

3. ʈʘʩʩʯʠʪʘʡʪʝ ʵʬʬʝʢʪʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ (ɚʵʬ) ʜʣʷ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʥʘ-

ʙʨʘʥʥʦʛʦ ʠʟ 7 ʜʶʨʘʣʝʚʳʭ ʣʠʩʪʦʚ ʪʦʣʱʠʥʦʡ ŭ1 = 1,5 ʤʤ ʩ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ɚ1 = 174 ɺʪ/ʤĿʂ, 

ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʥʘʭʦʜʠʪʩʷ ʧʨʦʧʠʪʦʯʥʘʷ ʙʫʤʘʛʘ ʩ ʪʦʣʱʠʥʦʡ ʩʣʦʝʚ ŭ2 = 3 ʤʤ, ɚ2 = 0,116 ɺʪ/ʤĿʂ. 

ʆʪʚʝʪ: ɚʵʬ = 0,184 ɺʪ/ʤĿʂ. 

4. ʊʝʧʣʦʚʦʡ ʧʦʪʦʢ, ʧʝʨʝʜʘʚʘʝʤʳʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʯʝʨʝʟ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʠʣʠ ʧʣʦʩʢʫʶ 

ʩʪʝʥʢʫ, ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ ,21

R

tt
Q

cc -
=  ɺʪ. ɿʘʧʠʰʠʪʝ ʬʦʨʤʫʣʳ ʜʣʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʷ (R) ʧʣʦʩʢʦʡ ʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʪʝʥʦʢ. 

5. ʊʝʤʧʝʨʘʪʫʨʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʮʝʤʝʥʪʥʦʡ ʪʨʫʙʳ t1 = 50 Áʉ, ʥʘʨʫʞʥʦʡ ð t2 = -20 Áʉ. 

ɿʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʝ, ʧʦ ʢʦʪʦʨʦʤʫ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʨʘʜʠʫʩ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ t = 0 Áʉ. 

6. ʏʪʦ ʤʦʞʥʦ ʩʢʘʟʘʪʴ ʦ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʨʝʜʳ (tʞ) ʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥʢʠ (tʩ) ʧʨʠ ʫʩʣʦʚʠʠ ŬŸÐ? 

7. ɿʘʧʠʰʠʪʝ ʬʦʨʤʫʣʫ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʤʥʦʛʦʩʣʦʡʥʦʡ ʧʣʦʩʢʦʡ ʩʪʝʥʢʠ. 

8. ɿʘʧʠʰʠʪʝ ʪʝʨʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʪʝʨʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʪʝʧʣʦʦʪʜʘʯʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʪʝʥʢʠ. ʂʘʢʠʝ ʧʝʨʝʧʘʜʳ ʪʝʤʧʝʨʘʪʫʨ ʦʥʠ ʦʧʨʝʜʝʣʷʶʪ? 

9. ʅʘʣʦʞʝʥʠʝ ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʠ ʥʘ ʢʘʙʝʣʠ ʠ ʧʨʦʚʦʜʘ ʩ d2 < dʢʨ ʫʣʫʯʰʘʝʪ ʠʭ ʦʭʣʘʞʜʝʥʠʝ, ʩʥʠ-

ʞʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ. ʇʨʠ ʢʘʢʦʤ ʜʠʘʤʝʪʨʝ ʠʟʦʣʷʮʠʠ ʦʭʣʘʞʜʝʥʠʝ ʙʫʜʝʪ ʤʘʢʩʠʤʘʣʴʥʳʤ, ʘ ʪʝʤʧʝʨʘ-

ʪʫʨʘ ʤʠʥʠʤʘʣʴʥʦʡ? ʂʘʢʦʤʫ ʫʩʣʦʚʠʶ ʧʦ ɚʠʟ ʜʦʣʞʝʥ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʧʨʘʚʠʣʴʥʦ ʧʦʜʦʙʨʘʥʥʳʡ 

ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ? 

ɿʘʜʘʯʠ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ 

ɿʘʜʘʯʘ ˉ 1. ʉʪʝʥʳ ʩʫʰʠʣʴʥʦʡ ʢʘʤʝʨʳ ʚʳʧʦʣʥʝʥʳ ʠʟ ʢʨʘʩʥʦʛʦ ʢʠʨʧʠʯʘ ʪʦʣʱʠʥʦʡ ŭ1 = 250 ʤʤ 

ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ɚ1 = 0,7 ɺʪ/ʤĿʂ ʠ ʩʣʦʷ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʚʦʡʣʦʢʘ ʩ ʢʦʵʬʬʠʮʠ-

ʝʥʪʦʤ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ɚ2 = 0,0405 ɺʪ/ʤ ʂ. ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʠʨʧʠʯʥʦʛʦ 

ʩʣʦʷ t1 = 110 Áʉ, ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʡʣʦʯʥʦʛʦ ʩʣʦʷ t3 = 25 ÁC. 

ʆʧʨʝʜʝʣʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʦʩʢʦʩʪʠ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʩʣʦʝʚ t2 ʠ ʪʦʣʱʠʥʫ ʚʦʡʣʦʯʥʦʛʦ ʩʣʦʷ ŭ2 

ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʪʝʧʣʦʚʳʝ ʧʦʪʝʨʠ ʢʘʤʝʨʳ ʥʝ ʧʨʝʚʳʰʘʶʪ q = 110 ɺʪ/ʤ
2
. 

ʂʘʢʦʚ ʵʬʬʝʢʪʠʚʥʳʡ (ʩʨʝʜʥʠʡ) ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʜʚʫʭʩʣʦʡʥʦʡ ʩʪʝʥʢʠ? 

ʇʨʠʤʝʯʘʥʠʝ. ʈʘʩʯʝʪʥʳʝ ʬʦʨʤʫʣʳ ʜʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʩʦʜʝʨʞʘʪʩʷ ʚ ʨʘʟʜʝʣʝ 2.1 ʥʘ-

ʩʪʦʷʱʝʛʦ ʧʦʩʦʙʠʷ. 

ʆʪʚʝʪʳ: t2 = 70,7 ÁC; ŭ2 = 16,8 ʤʤ; ɚʵʬ = 0,326 ɺʪ/ʤĿʂ. 

ɿʘʜʘʯʘ ˉ 2. ʇʘʨʦʧʨʦʚʦʜ ʜʠʘʤʝʪʨʦʤ d2/d1 = 160/150 ʤʤ ʧʦʢʨʳʪ ʩʣʦʝʤ ʪʝʧʣʦʚʦʡ ʠʟʦʣʷʮʠʠ 

ʪʦʣʱʠʥʦʡ ŭ = 100 ʤʤ; ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩʪʝʥʢʠ ʪʨʫʙʳ ɚ1 = 50 ɺʪ/ʤĿʂ, ʠʟʦʣʷʮʠʠ 

ɚ2 = 0,08 ɺʪ/ʤĿʂ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜʘ t1 = 400 Áʉ, ʥʘʨʫʞʥʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʠʟʦʣʷʮʠʠ t3 = 50 Áʉ. 

ʅʘʡʪʠ ʪʝʧʣʦʚʳʝ ʧʦʪʝʨʠ ʥʘ 1 ʤ ʜʣʠʥʳ ʧʘʨʦʧʨʦʚʦʜʘ (Ql, ɺʪ/ʤ) ʠ ʧʝʨʝʧʘʜʳ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʪʨʫ-

ʙʝ (t1ït2) ʠ ʥʘ ʩʣʦʝ ʠʟʦʣʷʮʠʠ (t2ït3). 

ʇʨʠʤʝʯʘʥʠʝ. ʈʘʩʯʝʪʥʳʝ ʬʦʨʤʫʣʳ ʩʦʜʝʨʞʘʪʩʷ ʚ ʨʘʟʜʝʣʝ 2.2. 

ʆʪʚʝʪʳ: Ql = 216,8 ɺʪ/ʤ; t1ït2 = 0,045 Áʉ; t2ït3 = 349,95 Áʉ. 

ɿʘʜʘʯʘ ˉ 3. ʆʧʨʝʜʝʣʠʪʴ ʧʦʪʝʨʶ ʪʝʧʣʦʪʳ ʩ 1 ʤ ʜʣʠʥʳ ʪʨʫʙʦʧʨʦʚʦʜʘ (Ql, ɺʪ/ʤ) ʜʠʘʤʝʪʨʦʤ 

d2/d1 = 165/150 ʤʤ, ʧʦʢʨʳʪʦʛʦ ʩʣʦʝʤ ʠʟʦʣʷʮʠʠ ʪʦʣʱʠʥʦʡ ŭ = 60 ʤʤ. ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦ-

ʚʦʜʥʦʩʪʠ ʪʨʫʙʳ ɚ1 = 50 ɺʪ/ʤĿʂ, ʠʟʦʣʷʮʠʠ ɚ2 = 0,15 ɺʪ/ʤĿʂ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ 
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tʞ
1
 = 90 Áʉ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʦʪ ʚʦʜʳ ʢ ʩʪʝʥʢʝ ʪʨʫʙʳ Ŭ1 = 1 000 ɺʪ/ʤ2Ŀʂ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ tʞ2
= -15 Áʉ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʦʣʷʮʠʠ ʢ ʚʦʟ-

ʜʫʭʫ Ŭ2 = 8 ɺʪ/ʤ2Ŀʂ. 

ʈʘʩʩʯʠʪʘʪʴ ʪʘʢʞʝ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʦʣʷʮʠʠ (tʠʟ).  

ʉʨʘʚʥʠʪʴ Ql ʪʝʧʣʦʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩ ʧʦʪʝʨʷʤʠ ʪʝʧʣʦʪʳ ʦʪ ʦʛʦʣʝʥʥʦʛʦ ʪʨʫʙʦʧʨʦ-

ʚʦʜʘ(Ql) ʧʨʠ ʫʩʣʦʚʠʠ ʦʜʠʥʘʢʦʚʦʛʦ Ŭ2. 

ʈʘʩʩʯʠʪʘʪʴ ʧʦʪʝʨʠ ʪʝʧʣʦʪʳ ʦʪ ʦʛʦʣʝʥʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ (Ql

"
) ʧʦ ʧʨʠʙʣʠʞʝʥʥʦʡ ʬʦʨʤʫʣʝ 

(ʜʣʷ ʧʣʦʩʢʦʡ ʩʪʝʥʢʠ ʪʦʣʱʠʥʦʡ )
2

12 dd -
=d  ʠ ʦʧʨʝʜʝʣʠʪʴ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʨʘʩʯʝʪʘ 

Ö

±
-
¡

=
l

ll

Q

QQ
d 100%. 

ʇʨʠʤʝʯʘʥʠʝ. ɺʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʨʘʩʯʝʪʥʳʝ ʬʦʨʤʫʣʳ ʩʦʜʝʨʞʘʪʩʷ ʚ ʨʘʟʜʝʣʝ 2.3. 

ʆʪʚʝʪʳ: Ql = 145,4 ɺʪ/ʤ; tʠʟ = 5,3 Áʉ; Ql

'
 = 430,9 ɺʪ/ʤ; Ql

"
 = 431,2 ɺʪ/ʤ; ŭ = 0,07%. 

ɿʘʜʘʯʘ ˉ 4. ʄʦʞʥʦ ʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʩʙʝʩʪ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ɚ = 0,11 ɺʪ/ʤĿʂ 

ʜʣʷ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩ d2 = 20 ʤʤ, ʝʩʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ Ŭ2 = 8 ɺʪ/ʤ2Ŀʂ? 

ʂʘʢʠʤ ʜʦʣʞʝʥ ʙʳʪʴ ʤʘʢʩʠʤʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠʟʦʣʷʮʠʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ 

ʜʣʷ ʵʪʦʡ ʮʝʣʠ? 

ʇʨʠʤʝʯʘʥʠʝ. ʈʘʩʯʝʪʥʳʝ ʬʦʨʤʫʣʳ ʩʦʜʝʨʞʘʪʩʷ ʚ ʨʘʟʜʝʣʝ 2.4. 

ʆʪʚʝʪʳ: ʥʝʣʴʟʷ, ʪ.ʢ. d2 < dʢp = 21,5 ʤʤ; ɚ .08,0max

ʂʤ

ɺʪ
ʠʟ

Ö
=  
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3. ʊɽʇʃʆʇʈʆɺʆɼʅʆʉʊʔ ʊɽʃʉ  

ɺʅʋʊʈɽʅʅʀʄʀ ʀʉʊʆʏʅʀʂɸʄʀ ʊɽʇʃɸ  

ʇʈʀ ʉʊɸʎʀʆʅɸʈʅʆʄ ʈɽɾʀʄɽ 

ʇʨʠʤʝʨʳ ʧʨʦʮʝʩʩʦʚ ʩ ʚʥʫʪʨʝʥʥʠʤ ʪʝʧʣʦʚʳʜʝʣʝʥʠʝʤ: ʚʳʜʝʣʝʥʠʝ ʜʞʦʫʣʝʚʦʡ ʪʝʧʣʦʪʳ 

ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʧʦ ʧʨʦʚʦʜʥʠʢʘʤ; ʦʙʲʝʤʥʦʝ ʚʳʜʝʣʝʥʠʝ ʪʝʧʣʦʪʳ ʚ 

ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʭ ʵʣʝʤʝʥʪʘʭ ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ; ʚʳʜʝʣʝʥʠʝ ʪʝʧʣʦʪʳ ʧʨʠ ʧʨʦʪʝʢʘʥʠʠ 

ʨʷʜʘ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʠ ʪ.ʜ. 

ɺʘʞʥʦʡ ʠʩʭʦʜʥʦʡ ʚʝʣʠʯʠʥʦʡ ʜʣʷ ʨʘʩʯʝʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʪʝʣʘʭ ʩ ʚʥʫʪʨʝʥʥʠʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʪʝʧʣʦʪʳ ʷʚʣʷʝʪʩʷ ʧʣʦʪʥʦʩʪʴ ʦʙʲʝʤʥʦʛʦ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ 

,
V

Q
qv =  

ʛʜʝ Q, ɺʪ ð ʪʝʧʣʦʪʘ, ʚʳʜʝʣʷʝʤʘʷ ʟʘ 1 ʩ; V, ʤ
3
 ð ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʡ ʦʙʲʝʤ. 

ɼʣʷ ʧʨʦʚʦʜʥʠʢʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʚʳʜʝʣʷʝʤʘʷ ʜʞʦʫʣʝʚʘʷ ʪʝʧʣʦʪʘ ʨʘʚʥʘ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ (Q = N), ʘ ʧʣʦʪʥʦʩʪʴ ʦʙʲʝʤʥʦʛʦ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ 

.
V

N
qv =  

3.1. ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʦʜʥʦʨʦʜʥʦʡ ʧʣʘʩʪʠʥʳ.  

(ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʪʨʝʪʴʝʛʦ ʨʦʜʘ) 

ɼʘʥʦ: ʪʦʥʢʘʷ ʧʣʘʩʪʠʥʘ ʪʦʣʱʠʥʦʡ 2ŭ, ʧʣʦʱʘʜʴʶ ʧʦ-

ʚʝʨʭʥʦʩʪʠ F, ʤ
2
 ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ɚ = const, ʩ ʦʙʲʝʤʥʳʤ ʪʝʧʣʦʚʳʜʝʣʝʥʠʝʤ qy ʥʘʭʦʜʠʪʩʷ ʚ 

ʩʨʝʜʝ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ tʞ = const (ʨʠʩ. 3.1). ɿʘʜʘʥ ʢʦʵʬ-

ʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ Ŭ = const. ʋʩʣʦʚʠʝ çʪʦʥʢʦʡè ʧʣʘ-

ʩʪʠʥʳ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʳʡ ʦʪʪʦʢ ʪʝʧʣʘ 

ʚ ʩʨʝʜʫ ʩ ʪʦʨʮʦʚ, ʪʝʧʣʦʪʘ ʧʝʨʝʜʘʝʪʩʷ ʚ ʩʨʝʜʫ ʪʦʣʴʢʦ ʩ 

ʙʦʢʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʣʘʩʪʠʥʳ. 

ʆʧʨʝʜʝʣʠʪʴ: ʫʨʘʚʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ t = f(x), 

ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ Q, ʦʪʚʦʜʠʤʳʡ ʩ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʣʘʩʪʠʥʳ. 
ʈʠʩ. 3.1 

ʊʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʧʣʘʩʪʠʥʳ ʦʧʠʩʳʚʘʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʪʝʧʣʦ-

ʧʨʦʚʦʜʥʦʩʪʠ (ʩʤ. (1.13)). ɼʣʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʞʠʤʘ ö
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ʦʥʦ ʟʘʧʠʰʝʪʩʷ ʚ ʚʠʜʝ  

.0
2

2

=+
µ

l
vq

dx

t
     (3.1) 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʪʨʝʙʫʝʪ ʜʚʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷ 

ʦʜʥʦʟʥʘʯʥʦʩʪʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʩʪʘʥʪ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. ʊʘʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʷʚʣʷʶʪʩʷ 

ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʪʨʝʪʴʝʛʦ ʨʦʜʘ (ʟʘʜʘʥʳ tʞ, Ŭ), ʢʦʪʦʨʦʝ ʥʘ ʦʩʥʦʚʘʥʠʠ (1.15) ʜʣʷ ʜʘʥʥʦʡ 

ʟʘʜʘʯʠ ʟʘʧʠʰʝʪʩʷ ʚ ʚʠʜʝ 
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ʠ ʫʩʣʦʚʠʝ ʤʘʢʩʠʤʫʤʘ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʮʝʥʪʨʝ ʧʣʘʩʪʠʥʳ 

.0
0

=ö
÷

õ
æ
ç

å

=xdx

dt
     (3.3) 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (3.1) ð (3.3) ʷʚʣʷʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʧʦʩʪʘʥʦʚʢʦʡ ʟʘʜʘʯʠ. 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʧʣʘʩʪʠʥʳ ʦʜʠʥʘʢʦʚʳ, ʪʝʧʣʦʚʳʝ ʧʦʪʦʢʠ, ʦʪʚʦ-

ʜʠʤʳʝ ʩ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʦʜʠʥʘʢʦʚʳ, ʧʦʵʪʦʤʫ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʣʠʰʴ ʦʜʥʫ ʧʦʣʦʚʠʥʫ 

ʧʣʘʩʪʠʥʳ, ʥʘʧʨʠʤʝʨ, ʧʨʘʚʫʶ, ʜʣʷ ʢʦʪʦʨʦʡ ʟʘʧʠʩʘʥʦ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ (3.2). 

ʇʦʩʣʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ (3.1) ʧʦʣʫʯʠʤ 

,1c
x

q
dx

dt
v +-=
l      

(3.4) 

.
2

21

2

cxc
x

qt v ++-=
l      

(3.5) 

ʋʨʘʚʥʝʥʠʝ (3.5) ð ʦʙʱʠʡ ʠʥʪʝʛʨʘʣ ʫʨʘʚʥʝʥʠʷ (3.1). ʇʦʩʪʦʷʥʥʳʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʩ1 

ʠ ʩ2 ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ (3.2) ʠ (3.3). ʀʟ ʫʨʘʚʥʝʥʠʷ (3.4) ʩ 

ʫʯʝʪʦʤ (3.3) ʧʦʣʫʯʠʤ 

.01

0

==ö
÷

õ
æ
ç

å

=

c
dx

dt

x

 

ʀʟ ʫʨʘʚʥʝʥʠʷ (3.4) ʧʨʠ x = ŭ ʠʤʝʝʤ  

,d
ld

v

x

q

dx

dt
-=ö
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õ
æ
ç

å

=

 

ʘ ʠʟ (3,5) ʧʨʠ ʭ = ŭ 

.
2

1c
q

t v
c +-=

l

d
 

ɿʥʘʯʝʥʠʷ 
d=

ö
÷

õ
æ
ç

å

xdx

dt

 

ʠ tc ʧʦʜʩʪʘʚʠʤ ʚ (3.2) ʠ ʥʘʡʜʝʤ ʧʦʩʪʦʷʥʥʫʶ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 

.
2

2

2 ʞ
vv t

qq
ʩ ++=

l

d

a

d
 

ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʟʥʘʯʝʥʠʡ ʩ1 ʠ ʩ2 ʚ (3.5) ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦ-

ʣʷ t = f(x) ʧʨʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʪʨʝʪʴʝʛʦ ʨʦʜʘ 

ù
ù
ú

ø

é
é
ê

è
ö
÷

õ
æ
ç

å
-++=
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1
2 dl

d

a

d xqq
tt vv
ʞ ,    (3.6) 

ʛʜʝ ʭ ð ʪʝʢʫʱʘʷ ʢʦʦʨʜʠʥʘʪʘ. 

ʋʨʘʚʥʝʥʠʝ (3.6) ð ʩʠʤʤʝʪʨʠʯʥʘʷ ʧʘʨʘʙʦʣʘ (ʩʤ. ʨʠʩ. 3.1). ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

(tmax) ð ʚ ʮʝʥʪʨʝ ʧʣʘʩʪʠʥʳ (ʭ = 0), ʤʠʥʠʤʘʣʴʥʘʷ (tc) ð ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʩʪʠʥʳ (x = ŭ). 

ʇʨʠ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʠʟ (3.6) ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʨʘʩʯʝʪʥʳʝ ʬʦʨʤʫʣʳ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʩʪʠʥʳ 

,
2

2

max
l

d

a

d vv
ʞ

qq
tt ++=

    
(3.7) 

.
a

dv
ʞc

q
tt +=

     
(3.8) 
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ɽʩʣʠ ʚ ʫʨʘʚʥʝʥʠʝ (3.6) ʧʦʜʩʪʘʚʠʪʴ ʟʥʘʯʝʥʠʝ tc ʩʦʛʣʘʩʥʦ (3.8), ʪʦ ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʧʣʘʩʪʠʥʳ t = f(x) ʧʨʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʧʝʨʚʦʛʦ ʨʦʜʘ 
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é
é
ê

è
ö
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õ
æ
ç

å
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dl

d xq
tt v
c

    

(3.9) 

ʊʝʧʣʦʚʦʡ ʧʦʪʦʢ, ʨʘʩʩʝʠʚʘʝʤʳʡ ʧʦʚʝʨʭʥʦʩʪʴʶ F, ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ: 

Q = Ŭ(tc ï tʞ)F, (3.10) 

,
2

V
qQ vÖ=

     
(3.11) 

ʛʜʝ V, ʤ
3
 ð ʦʙʲʝʤ ʧʣʘʩʪʠʥʳ. 

ʉʫʤʤʘʨʥʳʡ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ, ʨʘʩʩʝʠʚʘʝʤʳʡ ʜʚʫʤʷ ʙʦʢʦʚʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ, ʚʜʚʦʝ 

ʙʦʣʴʰʝ, ʪ.ʢ. ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ Foʭʣ = 2F, ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʡ ʦʙʲʝʤ ð 

V, ʤ
3
. 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʪʨʝʪʴʝʛʦ ʨʦʜʘ. 
 

 

ɼʘʥʦ: ʪʦʥʢʘʷ ʧʣʘʩʪʠʥʘ ʪʦʣʱʠʥʦʡ ŭ. ʀʟʚʝʩʪʥʳ: qv, 

ɚ = const, tʞ1
, tʞ2

, 21,aa  (ʨʠʩ. 3.2). 

ʆʧʨʝʜʝʣʠʪʴ: ʫʨʘʚʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ t = f(x), 

ʧʦʪʦʢʠ ʪʝʧʣʦʪʳ (Q1, Q2), ʢʦʦʨʜʠʥʘʪʫ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤ-

ʧʝʨʘʪʫʨʳ (xʦ). 

 

 

 

 
ʈʠʩ. 3.2 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ʟʘʜʘʯʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝ-

ʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʧʣʘʩʪʠʥʳ (3.1), ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʪʨʝʪʴʝʛʦ ʨʦʜʘ ʜʣʷ ʧʦʚʝʨʭ-

ʥʦʩʪʝʡ ʧʣʘʩʪʠʥʳ(3.12), (3.13) ʠ ʫʩʣʦʚʠʝ ʤʘʢʩʠʤʫʤʘ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ x = x0 (3.14) 
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õ
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ç

å

µ

µ

=xxx

t
.     (3.14) 

ʊʨʠ ʫʨʘʚʥʝʥʠʷ (3.12) ð (3.14) ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʩʪʦʷʥʥʳʭ ʠʥʪʝʛʨʠʨʦ-

ʚʘʥʠʷ c1 ʠ c2 ʠ ʢʦʦʨʜʠʥʘʪʳ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ xʦ. 

ʉʦʚʤʝʩʪʥʦʝ ʨʝʰʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (3.1), (3.12) ð (3.14) ʜʘʝʪ ʫʨʘʚ-

ʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʧʣʘʩʪʠʥʳ t = f(x) ʧʨʠ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʦʭ-

ʣʘʞʜʝʥʠʷ 
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(3.15) 



25 

ʛʜʝ 
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ʠ ʬʦʨʤʫʣʫ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʦʨʜʠʥʘʪʳ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

M
q

x
v

l
=0

.     (3.16) 

ʋʨʘʚʥʝʥʠʝ (3.15) ð ʥʝʩʠʤʤʝʪʨʠʯʥʘʷ ʧʘʨʘʙʦʣʘ (ʩʤ. ʨʠʩ. 3.2). ʌʦʨʤʫʣʳ ʜʣʷ ʚʳʯʠʩʣʝ-

ʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʧʣʘʩʪʠʥʳ (tc1
ʠ
 2ct ) ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ (tmax) 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʝʩʣʠ ʚ (3.15) ʧʦʜʩʪʘʚʠʪʴ ʟʥʘʯʝʥʠʷ ʭ = 0, x = ŭ, x = xo ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʦʪʦʢʠ ʪʝʧʣʘ, ʨʘʩʩʝʠʚʘʝʤʳʝ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʧʣʘʩʪʠʥʳ, ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ 

Q1=qvĿV l=qvx0F, (3.17) 

Q2=qvĿV2=qv(ŭ ï xo)F, (3.18) 

ʛʜʝ F, ʤ
2
 ð ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʩʪʠʥʳ; V1, V2, ʤ

3
 ð ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʝ ʦʙʲʝʤʳ. 

ʅʝʩʠʤʤʝʪʨʠʯʥʳʝ ʫʩʣʦʚʠʷ ʦʭʣʘʞʜʝʥʠʷ (ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʧʝʨʚʦʛʦ ʨʦʜʘ). 

ɼʘʥʦ: ʪʦʥʢʘʷ ʧʣʘʩʪʠʥʘ ʪʦʣʱʠʥʦʡ ŭ. ʀʟʚʝʩʪʥʳ: qn, ɚ=const, t
1ʩ
, t

2ʩ
 (ʨʠʩ. 3.2). 

ʆʧʨʝʜʝʣʠʪʴ: ʫʨʘʚʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ t = f(x), ʢʦʦʨʜʠʥʘʪʫ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ (ʭ0). 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ʟʘʜʘʯʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝ-

ʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʧʣʘʩʪʠʥʳ (3.1), ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʧʝʨʚʦʛʦ ʨʦʜʘ ʜʣʷ ʧʦʚʝʨʭ-

ʥʦʩʪʝʡ ʧʣʘʩʪʠʥʳ: 

ʧʨʠ x = 0         t = t
1ʩ
,
 
    (3.19) 

ʧʨʠ ʭ = ŭ         t = t
2ʩ
     (3.20) 

ʠ ʫʩʣʦʚʠʝ ʤʘʢʩʠʤʫʤʘ ʪʝʤʧʝʨʘʪʫʨʳ (3.14). 

ʈʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (3.1), (3.19), (3.20), (3.14) ʜʘʝʪ ʫʨʘʚʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ-

ʥʦʛʦ ʧʦʣʷ t~f(x) ʚ ʚʠʜʝ 
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(3.21) 

ʠ ʬʦʨʤʫʣʫ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʦʨʜʠʥʘʪʳ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

.
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ld
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cc
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tt
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(3.22) 

ʇʦʪʦʢʠ ʪʝʧʣʘ, ʨʘʩʩʝʠʚʘʝʤʳʝ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʧʣʘʩʪʠʥʳ, ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʫʨʘʚʥʝ-

ʥʠʷʤ (3.17), (3.18). 

3.2. ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʦʜʥʦʨʦʜʥʦʛʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʩʪʝʨʞʥʷ 

ɼʘʥʦ: ʜʣʠʥʥʳʡ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʩʪʝʨʞʝʥʴ ʨʘʜʠʫʩʦʤ r0 ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʝʧʣʦʧʨʦ-

ʚʦʜʥʦʩʪʠ ɚ = const, ʩ ʦʙʲʝʤʥʳʤ ʪʝʧʣʦʚʳʜʝʣʝʥʠʝʤ qv ʥʘʭʦʜʠʪʩʷ ʚ ʩʨʝʜʝ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 

tɾ, ʟʘʜʘʥ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ Ŭ = const (ʨʠʩ. 3.3). ʋʩʣʦʚʠʝ ʙʝʩʢʦʥʝʯʥʦʛʦ ʩʪʝʨʞʥʷ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʳʡ ʦʪʪʦʢ ʪʝʧʣʘ ʚ ʩʨʝʜʫ ʩ ʪʦʨʮʦʚ ʩʪʝʨʞʥʷ. ɺʩʷ ʪʝʧʣʦʪʘ 

ʦʪʜʘʝʪʩʷ ʚ ʩʨʝʜʫ ʪʦʣʴʢʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʪʝʨʞʥʷ. ʇʨʠ ʵʪʦʤ ʪʝʤʧʝʨʘʪʫʨʘ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʙʫʜʝʪ ʦʜʠʥʘʢʦʚʦʡ (tc) ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʩʪʝʨʞʥʝ ʙʫʜʝʪ 

ʠʟʤʝʥʷʪʴʩʷ ʪʦʣʴʢʦ ʧʦ ʨʘʜʠʫʩʫ. 
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ʆʧʨʝʜʝʣʠʪʴ: ʫʨʘʚʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ t = f(ʭ); 

ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ (Q, ɺʪ), ʨʘʩʩʝʠʚʘʝʤʳʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʴʶ ʩʪʝʨʞʥʷ. 
ʊʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʩʪʝʨʞʥʷ ʦʧʠʩr -

ʚʘʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 
ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ (1.14). ʇʨʠ ʫʩʣʦʚʠʷʭ ʩʪʘ-

ʮʠʦʥʘʨʥʦʛʦ ʨʝʞʠʤʘ ö
÷

õ
æ
ç

å
=

µ

µ
0

t

t
 ʠ ʧʦʩʪʦʷʥʩʪʚʘ ʪʝʤʧʝʨʘʪʫʨ tʩ 

ʠ tʞ ʫʨʘʚʥʝʥʠʝ (1.14) ʟʘʧʠʰʝʪʩʷ ʚ ʚʠʜʝ 

0
1

2

2

=++
l

vq

dr

dt

rdr

td
.  (3.23) 

ʈʠʩ 3.3 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʪʨʝʪʴʝʛʦ ʨʦʜʘ ʜʣʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʨʞʥʷ 
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(3.24) 

ʋʩʣʦʚʠʝ ʤʘʢʩʠʤʫʤʘ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʮʝʥʪʨʝ ʩʪʝʨʞʥʷ 

.0
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ç

å

=rdr

dt

     

(3.25) 

ʈʝʰʝʥʠʝʤ ʫʨʘʚʥʝʥʠʷ (3.23) ʷʚʣʷʝʪʩʷ ʦʙʱʠʡ ʠʥʪʝʛʨʘʣ 

.ln
4

21

2

crc
rq

t v ++-=
l     

(3.26) 

ʇʦʩʣʝ ʥʘʭʦʞʜʝʥʠʷ ʧʦʩʪʦʷʥʥʳʭ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʩ1 ʠ ʩ2 ʩ ʧʦʤʦʱʴʶ ʫʩʣʦʚʠʡ (3.24) ʠ 

(3.25) ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʩʪʝʨʞʥʷ t = f(r ) ʚ 

ʚʠʜʝ 
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(3.27) 

ʛʜʝ r ð ʪʝʢʫʱʠʡ ʨʘʜʠʫʩ. 

ʋʨʘʚʥʝʥʠʝ (3.27) ð ʩʠʤʤʝʪʨʠʯʥʘʷ ʧʘʨʘʙʦʣʘ (ʨʠʩ. 3.3). 

ʇʦʜʩʪʘʥʦʚʢʘ ʚ (3.27) r = 0, r = r0 ʜʘʝʪ ʨʘʩʯʝʪʥʳʝ ʬʦʨʤʫʣʳ ʜʣʷ tmax, tc: 

la 42

2

00
max

rqrq
tt vv
ʞ ++= ,    (3.28) 

.
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a

rq
tt v
ʞc +=

     
(3.29) 

ʇʨʠ ʧʦʜʩʪʘʥʦʚʢʝ (3.29) ʚ (3.27) ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʮʠʣʠʥʜ-

ʨʠʯʝʩʢʦʛʦ ʩʪʝʨʞʥʷ ʧʨʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʧʝʨʚʦʛʦ ʨʦʜʘ 
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(3.30) 

ʊʝʧʣʦʚʦʡ ʧʦʪʦʢ, ʨʘʩʩʝʠʚʘʝʤʳʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 
ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: 

Q = Ŭ (tc ï tʞ)F, ɺʪ, 
Q = qvV, ɺʪ,  

ʛʜʝ F = 2ŕʦ l, ʤ
2
 ð ʧʣʦʱʘʜʴ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʨʞʥʷ; V = ŕ 2

0
l, ʤ

3
 ð 

ʦʙʲʝʤ ʩʪʝʨʞʥʷ; l, ʤ ð ʜʣʠʥʘ ʩʪʝʨʞʥʷ. 
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3.3. ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʪʝʥʢʠ 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʩʪʝʥʢʘ ʩ ʚʥʫʪʨʝʥʥʠʤ ʪʝʧʣʦʚʳʜʝʣʝʥʠʝʤ qv ʧʨʠ ʦʪ-

ʩʫʪʩʪʚʠʠ ʪʝʧʣʦʦʪʜʘʯʠ ʩ ʪʦʨʮʦʚ. ʊʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʪʘʢʦʡ ʩʪʝʥʢʠ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝ-

ʥʠʝʤ (3.23) ʩ ʦʙʱʠʤ ʠʥʪʝʛʨʘʣʦʤ (3.26). 

ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʪʝʧʣʦʦʪʜʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʷʚʣʷʶʪʩʷ: 

1)  ʥʘʨʫʞʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ; 

2)  ʚʥʫʪʨʝʥʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ; 

3)  ʦʙʝ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʆʭʣʘʞʜʝʥʠʝ ʪʦʣʴʢʦ ʧʦ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩ. 3.4). 

 

ɼʘʥʦ: r1, r2, l, qv, ɚ, tʞ2, Ŭ2. 

ʆʧʨʝʜʝʣʠʪʴ: ʫʨʘʚʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ t = f(r), ʪʝ-

ʧʣʦʚʦʡ ʧʦʪʦʢ (Q2, ɺʪ), ʨʘʩʩʝʠʚʘʝʤʳʡ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦ-

ʩʪʴʶ. 

 

 

 

 

 

 

 
ʈʠʩ. 3.4 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʧʦʩʪʦʷʥʥʳʭ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʩ1 ʠ ʩ2 ʚ ʫʨʘʚʥʝʥʠʠ (3.26) ʧʦʪʨʝʙʫʝʪʩʷ 

ʜʚʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷ: ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʪʨʝʪʴʝʛʦ ʨʦʜʘ ʜʣʷ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʩʪʝʥʢʠ 
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(3.31) 

ʠ ʫʩʣʦʚʠʝ ʤʘʢʩʠʤʫʤʘ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥʢʠ 
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=rrdr

dt

     

(3.32) 

ʈʝʰʝʥʠʝʤ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (3.23), (3.31), (3.32) ʷʚʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ-

ʥʦʛʦ ʧʦʣʷ t = f(r ) ʚ ʚʠʜʝ 
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(3.33) 

ʛʜʝ r ð ʪʝʢʫʱʠʡ ʨʘʜʠʫʩ. 

ʈʘʩʯʝʪʥʳʝ ʬʦʨʤʫʣʳ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ (tmax), ʥʘʨʫʞʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥʢʠ (tʩ2
) ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʝʩʣʠ ʚ (3.33) ʧʦʜʩʪʘʚʠʪʴ r = r1, r = r2 ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ. 

ʊʝʧʣʦʚʦʡ ʧʦʪʦʢ, ʨʘʩʩʝʠʚʘʝʤʳʡ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʪʝʥʢʠ, 

Q2 = qvĿV,     (3.34) 

ʛʜʝ 
32

1

2

2 ,)( ʤlrrV -=p  ð ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʡ ʦʙʲʝʤ. 
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ʆʭʣʘʞʜʝʥʠʝ ʪʦʣʴʢʦ ʧʦ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩ. 3.5). 
 

 

ɼʘʥʦ: r1, r2, l, qv, 1,,
1
al ʞt . 

ʆʧʨʝʜʝʣʠʪʴ: t = f(r), Q1, ɺʪ. 

ɻʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʪʨʝʪʴʝʛʦ ʨʦʜʘ ʜʣʷ ʚʥʫʪʨʝʥʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥʢʠ ʟʘʧʠʰʝʪʩʷ ʚ ʚʠʜʝ 
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ʋʩʣʦʚʠʝ ʤʘʢʩʠʤʫʤʘ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʥʘʨʫʞʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥʢʠ 
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=rrdr

dt
   (3.36) 

ʈʠʩ. 3.5 

ʈʝʰʝʥʠʝʤ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (3.23), (3.35), (3.36) ʷʚʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ-

ʥʦʛʦ ʧʦʣʷ t = f(r ) 
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(3.37) 

ʈʘʩʯʝʪʥʳʝ ʬʦʨʤʫʣʳ ʜʣʷ tmax ʠ 
1ct  ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʝʩʣʠ ʚ (3.37) ʧʦʜʩʪʘʚʠʪʴ r = r2 ʠ 

r = r1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʊʝʧʣʦʚʦʡ ʧʦʪʦʢ Q1, ʨʘʩʩʝʠʚʘʝʤʳʡ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʪʝʥʢʠ, ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 

ʧʦ ʫʨʘʚʥʝʥʠʶ (3.34). 

ʆʭʣʘʞʜʝʥʠʝ ʧʦ ʚʥʫʪʨʝʥʥʝʡ ʠ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʷʤ (ʨʠʩ. 3.6). 
 

 

ɼʘʥʦ: r1, r2, l, qv, ɚ, tʩ1
, tʩ2

. 

ʆʧʨʝʜʝʣʠʪʴ: t = f(r), ʨʘʜʠʫʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫ-

ʨʳ rʦ, ʪʝʧʣʦʚʳʝ ʧʦʪʦʢʠ Q1, Q2. 

 

 

 

 

 

 
ʈʠʩ. 3.6 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʧʦʩʪʦʷʥʥʳʭ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʩ1 ʠ ʩ2 ʚ ʫʨʘʚʥʝʥʠʠ (3.26) ʠ ʨʘʜʠʫʩʘ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ rʦ ʧʦʪʨʝʙʫʝʪʩʷ ʪʨʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷ: ʛʨʘʥʠʯʥʳʝ 

ʫʩʣʦʚʠʷ ʧʝʨʚʦʛʦ ʨʦʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʩʪʝʥʢʠ 

ʧʨʠ r = r1         t = tʩ1
,    (3.38) 

ʧʨʠ r = r2         t = tʩ2     (3.39) 

ʠ ʫʩʣʦʚʠʝ ʤʘʢʩʠʤʫʤʘ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ r = rʦ 
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=rrdr

dt
     (3.40) 
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ʈʝʰʝʥʠʝʤ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (3.23), (3.38) ð (3.40) ʷʚʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝ ʪʝʤʧʝʨʘ-

ʪʫʨʥʦʛʦ ʧʦʣʷ ʩʪʝʥʢʠ t = f(r ) 
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  (3.41) 

ʛʜʝ r ð ʪʝʢʫʱʠʡ ʨʘʜʠʫʩ, ʠ ʬʦʨʤʫʣʘ ʜʣʷ ʨʘʩʯʝʪʘ ʨʘʜʠʫʩʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 
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(3.42) 

ʌʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʧʝʨʝʧʘʜʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʪʝʥʢʝ ʧʦʣʫʯʝʥʳ ʥʘ ʦʩʥʦʚʘʥʠʠ (3.41): 
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(3.44)  

ʇʦʪʦʢʠ ʪʝʧʣʦʪʳ Q1 ʠ Q2, ʨʘʩʩʝʠʚʘʝʤʳʝ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʩʪʝʥʢʠ, ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ 

ʬʦʨʤʫʣʘʤ 

,)( 2

1

2

011 lrrqVqQ vv -=Ö= p     
(3. 45) 

.)( 2

0

2

222 lrrqVqQ vv -=Ö= p
    

(3.46) 

ʉʫʤʤʘʨʥʳʡ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ 

.)( 2

1

2

221 lrrqQQQ v -=+= p     
(3.47) 

ʂʦʥʪʨʦʣʴʥʳʝ ʟʘʜʘʥʠʷ 

1. ʈʘʩʩʯʠʪʘʡʪʝ ʦʙʲʝʤʥʫʶ ʧʣʦʪʥʦʩʪʴ ʚʥʫʪʨʝʥʥʝʛʦ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ (qv, ɺʪ/ʤ
3
) ʩʪʘʣʴʥʦʡ ʰʠʥʳ 

ʩ ʨʘʟʤʝʨʘʤʠ 3Ĭ100Ĭ1 000 ʤʤ ʧʨʠ ʜʦʧʫʩʪʠʤʦʡ ʥʘʛʨʫʟʢʝ l = 300 ɸ. ʋʜʝʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʰʠʥʳ ɟ = 0,13 
ʤ

ʤʤOʤ 2Ö
. 

ʆʪʚʝʪ: qv = 1,310
5
 Bʪ/ʤ

3
. 

2. ʉʜʝʣʘʡʪʝ ʧʦʜʩʪʘʥʦʚʢʫ ʟʥʘʯʝʥʠʷ tc ʚ ʫʨʘʚʥʝʥʠʝ (3.10) ʠ ʫʙʝʜʠʪʝʩʴ, ʯʪʦ ʧʨʘʚʳʝ ʯʘʩʪʠ ʫʨʘʚ-

ʥʝʥʠʡ (3.10) ʠ (3.11) ʦʜʠʥʘʢʦʚʳ. 

3. ɿʘʧʠʰʠʪʝ ʬʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʪʝʤʧʝʨʘʪʫʨ 
1ct , ʠ t

2c
 ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʧʣʘʩʪʠʥʳ ʧʨʠ ʥʝ-

ʩʠʤʤʝʪʨʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʝʝ ʦʭʣʘʞʜʝʥʠʷ ʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʪʨʝʪʴʝʛʦ ʨʦʜʘ, ʠʩʧʦʣʴʟʫʷ ʫʨʘʚ-

ʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ (3.15). 

4. ɿʘʧʠʰʠʪʝ ʬʦʨʤʫʣʫ ʜʣʷ ʨʘʩʯʝʪʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ (tmax) ʧʣʘʩʪʠʥʳ ʧʨʠ ʥʝʩʠʤʤʝʪ-

ʨʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʦʭʣʘʞʜʝʥʠʷ ʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʧʝʨʚʦʛʦ ʨʦʜʘ, ʠʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʝ ʪʝʤʧʝ-

ʨʘʪʫʨʥʦʛʦ ʧʦʣʷ (3.21). 

5. ʈʘʩʩʯʠʪʘʡʪʝ ʧʣʦʪʥʦʩʪʴ ʚʥʫʪʨʝʥʥʝʛʦ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ (qv, ɺʪ/ʤ
3
), ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ (Q, ɺʪ), 

ʨʘʩʩʝʠʚʘʝʤʳʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʥʠʭʨʦʤʦʚʦʛʦ ʩʪʝʨʞʥʷ ʜʠʘʤʝʪʨʦʤ d = 5 ʤʤ, ʜʣʠ-

ʥʦʡ l = 420 ʤʤ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ U = 10 ɺ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ R = 0,025 ʆʤ. 

ʆʪʚʝʪʳ: qv = 4,83 ï 10
8
 ɺʪ/ʤ

3
; Q = N = 4 000 ɺʪ. 

6. ɼʣʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʪʝʥʢʠ ʩ ʦʭʣʘʞʜʝʥʠʝʤ ʪʦʣʴʢʦ ʧʦ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʠʩʧʦʣʴʟʫʷ 

ʫʨʘʚʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ (3.33), ʧʦʣʫʯʠʪʝ ʨʘʩʯʝʪʥʳʝ ʬʦʨʤʫʣʳ ʜʣʷ tmax, 
2ct , tmax ï t

2c
. 

7. ɼʣʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʪʝʥʢʠ ʩ ʦʭʣʘʞʜʝʥʠʝʤ ʪʦʣʴʢʦ ʧʦ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʠʩʧʦʣʴʟʫʷ 
ʫʨʘʚʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ (3.37), ʧʦʣʫʯʠʪʝ ʨʘʩʯʝʪʥʳʝ ʬʦʨʤʫʣʳ ʜʣʷ tmax, t

1c
, tmax ï t

1c
. 

8. ʉʜʝʣʘʡʪʝ ʚʳʚʦʜ ʬʦʨʤʫʣ (3.43) ʠ (3.44) ʠ ʫʙʝʜʠʪʝʩʴ ʚ ʠʭ ʧʨʘʚʠʣʴʥʦʩʪʠ. 
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ɿʘʜʘʯʠ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ 

ɿʘʜʘʯʘ ˉ 1. ʇʦ ʵʣʝʢʪʨʠʯʝʩʢʦʤʫ ʥʘʛʨʝʚʘʪʝʣʶ, ʚʳʧʦʣʥʝʥʥʦʤʫ ʠʟ ʢʦʥʩʪʘʥʪʘʥʦʚʦʡ ʣʝʥʪʳ ʩʝ-

ʯʝʥʠʝʤ 1Ĭ6 ʤʤ
2
 ʠ ʜʣʠʥʦʡ 1 ʤ, ʧʨʦʪʝʢʘʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ l = 20 ɸ, U = 200 ɺ. 

ʆʧʨʝʜʝʣʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʝʨʭʥʦʩʪʠ ʣʝʥʪʳ (tc ʠ ʩʝʨʝʜʠʥʳ ʩʝʯʝʥʠʷ ʧʦ ʪʦʣʱʠʥʝ (tmax)), ʝʩʣʠ 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʛʨʝʚʘʪʝʣʷ Ŭ = 1 000 ɺʪ/ʤ
2
Ŀʂ, ʪʝʤʧʝʨʘʪʫʨʘ ʩʨʝʜʳ 

tʞ = 100 Áʉ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʢʦʥʩʪʘʥʪʘ ɚ = 20 ɺʪ/ʤĿʂ. 

ʈʘʩʩʯʠʪʘʪʴ ʧʣʦʪʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ (q, ɺʪ/ʤ
2
), ʦʪʚʦʜʠʤʦʛʦ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʛʨʝʚʘʪʝʣʷ. 

ʇʨʠʤʝʯʘʥʠʝ. ʅʝʦʙʭʦʜʠʤʳʝ ʬʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʩʦʜʝʨʞʘʪʩʷ ʚ ʨʘʟʜʝʣʝ 3.1. 

ʆʪʚʝʪʳ: tʩ = 433,4 
ʦ
ʉ; tmax = 437 

ʦ
C; q = 3,34Ŀ10

5
 ɺʪ/ʤ

2
. 

ɿʘʜʘʯʘ ˉ 2. ʊʝʧʣʦʚʳʜʝʣʷʶʱʠʡ ʵʣʝʤʝʥʪ ʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ ʚʳʧʦʣʥʝʥ ʠʟ ʩʤʝʩʠ ʢʘʨʙʠʜʘ ʫʨʘ-

ʥʘ ʠ ʛʨʘʬʠʪʘ ʚ ʚʠʜʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʩʪʝʨʞʥʷ ʜʠʘʤʝʪʨʦʤ d = 10 ʤʤ. ʇʣʦʪʥʦʩʪʴ ʚʥʫʪʨʝʥʥʝʛʦ 

ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ qv = 3,88Ŀ10
8
 ɺʪ/ʤ

3
. ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʩʪʝʨʞʥʷ ɚ = 58 ɺʪ/ʤĿʂ. 

ʆʧʨʝʜʝʣʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ (tc) ʠ ʧʣʦʪʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ (q, ɺʪ/ʤ
2
) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʨʞ-

ʥʷ, ʝʩʣʠ ʝʛʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 2 000 Áʉ. 

ʇʨʠʤʝʯʘʥʠʝ. ʌʦʨʤʫʣʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʘʩʯʝʪʘ, ʩʦʜʝʨʞʘʪʩʷ ʚ ʨʘʟʜʝʣʝ 3.2. 

ʆʪʚʝʪʳ: tc = 1 939,8 ÁC; q = 1,164Ŀ10
6
 ɺʪ/ʤ

2
. 

ʇʨʠʤʝʨ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʊʝʧʣʦʚʳʜʝʣʷʶʱʠʡ ʵʣʝʤʝʥʪ ʚʳʧʦʣʥʝʥ ʠʟ ʫʨʘʥʘ (ɚ = 31 ɺʪ/ʤĿʂ) ʚ ʬʦʨʤʝ ʪʨʫʙʳ (ʨʠʩ. 3.7) ʩ 

ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ d1 = 14 ʤʤ, ʥʘʨʫʞʥʳʤ d2 = 24 ʤʤ. 

ʆʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ qv = 5Ŀ10
7
 ɺʪ/ʤ

3
. ʇʦʚʝʨʭʥʦʩʪʠ ʊɺʕʃʘ ʧʦʢʨʳʪʳ ʧʣʦʪʥʦ 

ʧʨʠʣʝʛʘʶʱʠʤʠ ʦʙʦʣʦʯʢʘʤʠ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ (ɚʩ = 20 ɺʪ/ʤĿʂ) ʪʦʣʱʠʥʦʡ ŭ = 0,5 ʤʤ. 

ʊɺʕʃ ʦʭʣʘʞʜʘʝʪʩʷ ʜʚʫʦʢʠʩʴʶ ʫʛʣʝʨʦʜʘ (ʉʆ2) ʧʦ ʚʥʫʪʨʝʥʥʝʡ ʠ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʷʤ ʦʙʦʣʦ-

ʯʝʢ ʩ t
1ʞ
 = 200 ÁC ʠ t

2
ʞ = 240 

ʦ
ʉ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʪʝʧʣʦʦʪʜʘʯʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʙʦʣʦʯʝʢ ʢ ʛʘʟʫ 

Ŭ1 = 520 ɺʪ/ʤ
2
Ŀʂ, Ŭ2 = 560 ɺʪ/ʤ

2
Ŀʂ.  

ʆʧʨʝʜʝʣʠʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʊɺʕʃʘ (tmax) ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʦʙʦʣʦ-

ʯʝʢ (
1ct  ʠ t

2c
) ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʫʨʘʥʘ (t1 ʠ t2), ʘ ʪʘʢʞʝ ʧʦʪʦʢʠ ʪʝʧʣʘ (Q1 ʠ Q2), ʦʪʚʦʜʠʤʳʝ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ ʊɺʕʃʘ ʚ ʨʘʩʯʝʪʝ ʥʘ ʜʣʠʥʫ l = 1 ʤ. 

ʈʝʰʝʥʠʝ 

ʊʝʧʣʦʚʳʜʝʣʷʶʱʠʡ ʵʣʝʤʝʥʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʩʪʝʥʢʫ ʩ ʚʥʫʪʨʝʥʥʠʤ ʪʝʧ-

ʣʦʚʳʜʝʣʝʥʠʝʤ, ʦʭʣʘʞʜʘʝʤʫʶ ʧʦ ʥʘʨʫʞʥʦʡ ʠ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʷʤ (ʨʘʟʜʝʣ 3.3). ʇʨʠ ʥʘʣʠ-

ʯʠʠ ʩʪʘʣʴʥʳʭ ʦʙʦʣʦʯʝʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʊɺʕʃʘ ʠ ʩ ʫʯʝʪʦʤ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ 

ʩʣʝʜʫʶʱʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ: 
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ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (3.48) ð (3.52) ʩʦʜʝʨʞʠʪ ʧʷʪʴ ʥʝʠʟʚʝʩʪʥʳʭ: Q1, Q2, t1, t2, r0 ʠ ʨʝʰʘʝʪʩʷ 

ʤʝʪʦʜʦʤ ʚʟʘʠʤʥʳʭ ʧʦʜʩʪʘʥʦʚʦʢ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʩʢʦʤʳʝ ʚʝʣʠʯʠʥʳ: 

Q1 = 6 286 ɺʪ; Q2 = 10 199 ɺʪ; t1 = 459 Áʉ; t2 = 458 Áʉ; rʦ = 10,2 ʤʤ. 

ʊʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʩʪʘʣʴʥʳʭ ʦʙʦʣʦʯʝʢ (
21

, cc tt ), ʘ ʪʘʢʞʝ ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘ-

ʪʫʨʘ ʊɺʕʃʘ (tmax) ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ  

),()2(
11111 ʞc ttldQ --= dpa  

),()2(
22222 ʞc ttldQ -+= dpa  
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+= 1ln2

4 1

0
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0

1
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0
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r

r

r

rrq
tt v

l
 

ʠ ʨʘʚʥʳ 
1ct  = 457 ÁC, 

2ct  = 455 ÁC, tmax = 463 
ʦ
ʉ. 

ʆʪʚʝʪʳ: Q1 = 6 286 ɺʪ; Q2 = 10 199 ɺʪ; t1 = 459 ÁC; t2 = 458 ÁC; rʦ = 10,2 ʤʤ; 
1ct  = 457 ÁC; 

2ct  = 455 Áʉ; tmax = 463 Áʉ. 
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4. ʊɽʇʃʆʆɹʄɽʅ ʀɿʃʋʏɽʅʀɽʄ 

4.1. ʊʝʧʣʦʦʙʤʝʥ ʠʟʣʫʯʝʥʠʝʤ ʤʝʞʜʫ ʪʚʝʨʜʳʤʠ ʪʝʣʘʤʠ,  

ʨʘʟʜʝʣʝʥʥʤrʠ ʜʠʘʪʝʨʤʠʯʥʦʡ ʩʨʝʜʦʡ 

ɼʠʘʪʝʨʤʠʯʥʦʡ ʥʘʟʳʚʘʝʪʩʷ ʩʨʝʜʘ, ʢʦʪʦʨʘʷ ʩʘʤʘ ʥʝ ʠʟʣʫʯʘʝʪ ʠ ʥʝ ʧʦʛʣʦʱʘʝʪ ʵʥʝʨʛʠʶ 

ʠʟʣʫʯʝʥʠʷ, ʥʦ ʧʨʦʧʫʩʢʘʝʪ ʚʩʝ ʣʫʯʠ (ʧʨʦʟʨʘʯʥʘ). ɼʠʘʪʝʨʤʠʯʥʳʤʠ ʷʚʣʷʶʪʩʷ ʦʜʥʦ- ʠ 

ʜʚʫʭʘʪʦʤʥʳʝ ʛʘʟʳ. ʊʨʝʭ- ʠ ʤʥʦʛʦʘʪʦʤʥʳʝ ʛʘʟʳ ʠʟʣʫʯʘʶʪ ʠ ʧʦʛʣʦʱʘʶʪ ʵʥʝʨʛʠʶ. ʊʘʢ 

ʢʘʢ ʚ ʚʦʟʜʫʭʝ ʩʦʜʝʨʞʘʥʠʝ ʪʘʢʠʭ ʛʘʟʦʚ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʦ (ʩʦʩʪʘʚ ʚʦʟʜʫʭʘ: å 21% ʆ2 

ʠ å 79% N2), ʪʦ ʝʛʦ ʩʯʠʪʘʶʪ ʜʠʘʪʝʨʤʠʯʥʦʡ ʩʨʝʜʦʡ. 

4.1.1. ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʠ ʟʘʢʦʥʳ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʊʝʧʣʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ð ʵʪʦ ʧʨʦʮʝʩʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʪʝʣʘ ʧʫ-

ʪʝʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ. ʂ ʪʝʧʣʦʚʦʤʫ ʠʟʣʫʯʝʥʠʶ ʦʪʥʦʩʷʪ ʠʥʬʨʘʢʨʘʩʥʦʝ ʠ ʚʠʜʠʤʦʝ 

ʠʟʣʫʯʝʥʠ,̫ ʜʠʘʧʘʟʦʥ ʜʣʠʥ ʚʦʣʥ ʢʦʪʦʨʳʭ ɚ = 0,4ð800 ʤʢʤ. ʊʚʝʨʜʳʝ ʪʝʣʘ ʠʟʣʫʯʘʶʪ 

ʵʥʝʨʛʠʶ ʚʩʝʭ ʜʣʠʥ ʚʦʣʥ ʚ ʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʪ.ʝ. ʠʤʝʶʪ ʩʧʣʦʰʥʦʡ ʩʧʝʢʪʨ ʠʟʣʫʯʝʥʠʷ. 

ʊʚʝʨʜʳʝ ʪʝʣʘ ʠʟʣʫʯʘʶʪ ʠ ʧʦʛʣʦʱʘʶʪ ʵʥʝʨʛʠʶ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʩʣʦʝʤ, ʧʦʵʪʦʤʫ ʠʥ-

ʪʝʥʩʠʚʥʦʩʪʴ ʠʭ ʠʟʣʫʯʝʥʠʷ (ʧʦʛʣʦʱʝʥʠʷ) ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭ-

ʥʦʩʪʠ (ʛʣʘʜʢʘʷ, ʰʝʨʦʭʦʚʘʪʘʷ, ʯʝʨʥʘʷ, ʙʝʣʘʷ ʠ ʪ.ʜ.). 

ʂʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ ʠʟʣʫʯʝʥʠʷ, ʧʝʨʝʥʦʩʠʤʦʡ ʟʘ 1 ʩ ʯʝʨʝʟ ʧʨʦʠʟʚʦʣʴʥʫʶ ʧʦʚʝʨʭ-

ʥʦʩʪʴ F, ʥʘʟʳʚʘʝʪʩʷ ʧʦʪʦʢʦʤ ʠʟʣʫʯʝʥʠʷ ʠ ʦʙʦʟʥʘʯʘʝʪʩʷ Q, ɺʪ. 

ʇʦʪʦʢ ʠʟʣʫʯʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʚʩʝʤʫ ʩʧʝʢʪʨʫ ʠʟʣʫʯʝʥʠʷ, ʥʘʟʳʚʘʝʪʩʷ ʠʥʪʝ-

ʛʨʘʣʴʥʳʤ. 

ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʙʦʟʥʘʯʘʝʪʩʷ q = Q/F, 

ɺʪ/ʤ
2
. 

ʂʘʞʜʦʝ ʪʝʣʦ ʥʝ ʪʦʣʴʢʦ ʠʟʣʫʯʘʝʪ, ʥʦ ʠ ʧʦʛʣʦʱʘʝʪ ʣʫʯʠʩʪʫʶ ʵʥʝʨʛʠʶ. ʈʘʟʥʦʩʪʴ ʤʝʞʜʫ 

ʧʦʛʣʦʱʝʥʥʦʡ ʠ ʩʦʙʩʪʚʝʥʥʦʡ ʣʫʯʠʩʪʦʡ ʵʥʝʨʛʠʝʡ ʥʘʟʳʚʘʝʪʩʷ ʨʝʟʫʣʴʪʠʨʫʶʱʠʤ ʠʟʣʫʯʝ-

ʥʠʝʤ: 

.ʩʦʙʧʦʛʣʨʝʟ QQQ -=  

ʇʨʠ Qʨʝʟ > 0 ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʣʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʠ ʥʘʦʙʦʨʦʪ.  

ʇʨʠ Qʨʝʟ = 0 ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʣʘ ʥʝ ʠʟʤʝʥʷʝʪʩʷ (ʩʦʩʪʦʷʥʠʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ). 

ʀʟ ʚʩʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʘʜʘʶʱʝʡ ʥʘ ʪʝʣʦ ʣʫʯʠʩʪʦʡ ʵʥʝʨʛʠʠ (Qʧʘʜ) ʯʘʩʪʴ ʝʝ ʧʦʛʣʦʱʘʝʪ-

ʩʷ (Qʧʦʛʣ), ʯʘʩʪʴ ʦʪʨʘʞʘʝʪʩʷ (Qʦʪʨ) ʠ ʯʘʩʪʴ ʧʨʦʭʦʜʠʪ ʩʢʚʦʟʴ ʪʝʣʦ (Qʧʨʦʧ). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʧʨʦʧʦʪʨʧʦʛʣʧʦʜ QQQQ ++=  

ʠʣʠ 

1= ,
ʧʦʜ

ʧʨʦʧ

ʧʦʜ

ʦʪʨ

ʧʦʜ

ʧʦʛʣ

Q

Q

Q

Q

Q

Q
++  

ʛʜʝ ɸ
Q

Q

ʧʘʜ

ʧʦʛʣ= ð ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ;
 

R
Q

Q

ʧʘʜ

ʦʪʨ
= ð ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ;

 

D
Q

Q

ʧʘʜ

ʧʨʦʧ
= ð ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. 

ʊʦʛʜʘ 

A+R+D = l. 
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ʇʨʠ A = 1, R = 0, D = 0 ʪʝʣʦ ʥʘʟʳʚʘʝʪʩʷ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʳʤ; ʧʨʠ R = 1, A = 0, D = 0 ð 

ʘʙʩʦʣʶʪʥʦ ʙʝʣʳʤ; ʧʨʠ D = 1, ɸ = 0, R = 0 ð ʜʠʘʪʝʨʤʠʯʥʳʤ (ʧʨʦʟʨʘʯʥʳʤ). 

ɺ ʧʨʠʨʦʜʝ ʪʘʢʠʭ ʪʝʣ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ɼʣʷ ʧʦʜʘʚʣʷʶʱʝʛʦ ʙʦʣʴʰʠʥʩʪʚʘ ʪʚʝʨʜʳʭ ʪʝʣ 

ʩʧʨʘʚʝʜʣʠʚʦ ʨʘʚʝʥʩʪʚʦ 

A+R = 1. 

ɿʘʢʦʥ ʉʪʝʬʘʥʘ ð ɹʦʣʴʮʤʘʥʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʩʚʷʟʴ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦ-

ʢʘ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ ʩ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʦʡ 

,,
100 2
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ʤ

ɺʪT
cq ö

÷

õ
æ
ç

å
=

     
(4.1) 

ʛʜʝ )/(67,5 42

0 ʂʤɺʪʩ Ö= ð ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʣʫʯʝʥʠʷ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ. ʀʥʜʝʢʩ 

ç0è ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʟʣʫʯʝʥʠʝ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ. 

ʇʦʪʦʢ ʠʟʣʫʯʝʥʠʷ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

.,
100

4

00 ɺʪ
T

FcQ ö
÷

õ
æ
ç

å
=

    
(4.2) 

ʉʪʝʧʝʥʴ ʯʝʨʥʦʪʳ. ɹʦʣʴʰʠʥʩʪʚʦ ʨʝʘʣʴʥʳʭ ʪʝʣ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʝʨʳʤʠ. ʉʪʝʧʝʥʴ ʯʝʨ-

ʥʦʪʳ ʩʝʨʳʭ ʪʝʣ (Ů) ð ʵʪʦ ʦʪʥʦʰʝʥʠʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʝʨʦʛʦ ʪʝʣʘ ʢ ʠʟʣʫʯʝʥʠʶ 

ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʨʘʚʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʝʨʦʛʦ ʪʝʣʘ 

.
0Q

Qʩʦʙ=e
     

(4.3) 

ʉʪʝʧʝʥʴ ʯʝʨʥʦʪʳ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 0 Ò Ů Ò 1 ʠ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʣʘ ʠ ʝʛʦ 

ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɿʥʘʯʝʥʠʷ Ů ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠʚʦʜʷʪʩʷ ʚ ʩʧʨʘʚʦʯʥʠʢʘʭ. 

ʋ ʤʝʪʘʣʣʦʚ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ Ů ʨʘʩʪʝʪ. ʇʨʠ ʰʝʨʦʭʦʚʘʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʟʘ-

ʛʨʷʟʥʝʥʠʠ ʠʣʠ ʝʝ ʦʢʠʩʣʝʥʠʠ Ů ʤʦʞʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. ʊʘʢ, ʜʣʷ ʧʦʣʠʨʦ-

ʚʘʥʥʦʛʦ ʘʣʶʤʠʥʠʷ Ů = 0,04 õ 0,06, ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʥʘ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʦʡ 

0,2 õ 0,3. ʉʪʝʧʝʥʴ ʯʝʨʥʦʪʳ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 0,7 õ 

0,95. 

ʉʦʛʣʘʩʥʦ (4.3) ʠ (4.2) ʩʦʙʩʪʚʝʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʩʝʨʳʭ ʪʝʣ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 
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ɿʘʢʦʥ ʂʠʨʭʛʦʬʘ. ʈʘʩʩʤʦʪʨʠʤ ʜʚʝ ʧʘʨʘʣʣʝʣʴʥʳʝ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʩ ʦʜʠʥʘʢʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ (ʊ), ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ʘʙʩʦʣʶʪʥʦ 

ʯʝʨʥʘʷ (ɸ = 1), ʜʨʫʛʘʷ ʩʝʨʘʷ (ɸ < 1) (ʨʠʩ. 4.1). 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʤʘʣʦ, ʪʘʢ ʯʪʦ ʚʩʝ ʠʟʣʫʯʝ-

ʥʠʝ ʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʧʘʜʘʝʪ ʥʘ ʜʨʫʛʫʶ.  

ʀʟʣʫʯʝʥʠʝ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (Q0) ʯʘʩʪʠʯʥʦ ʧʦ-

ʛʣʦʱʘʝʪʩʷ ʩʝʨʦʡ: 

0AQQʧʦʛʣ= . 
ʈʠʩ. 4.1 

ʊʘʢ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʜʠʥʘʢʦʚʳ, ʪʦ ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ ʠʟʣʫʯʝʥʠʝ ʩʝʨʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ 

Qʨʝʟ = Qʧʦʛʣ Ŀ Qʩʦʙ = 0, 

ʦʪʢʫʜʘ 

Qʧʦʛʣ = Qʩʦʙ, 

AQ0 = Qʩʦʙ,     (4.5) 
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ʉʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ʂʠʨʭʛʦʬʘ (4.7) ʦʪʥʦʰʝʥʠʝ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʪʝʣʘ ʢ ʧʦ-

ʛʣʦʱʘʪʝʣʴʥʦʡ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʣʘ ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʩʚʦʡʩʪʚ. ʀʟʣʫ-

ʯʘʪʝʣʴʥʘʷ ʠ ʧʦʛʣʦʱʘʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʠ ʪʝʣʘ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʜʨʫʛ ʜʨʫʛʫ. ɽʩ-

ʣʠ ʪʝʣʦ ʥʝ ʠʟʣʫʯʘʝʪ, ʪʦ ʦʥʦ ʠ ʥʝ ʧʦʛʣʦʱʘʝʪ (ʘʙʩʦʣʶʪʥʦ ʙʝʣʦʝ ʪʝʣʦ). 

ʅʘ ʦʩʥʦʚʘʥʠʠ (4.6) ʠʤʝʝʤ 

,/ 0 AQQʩʦʙ =  

ʩ ʫʯʝʪʦʤ (4.3) ʧʦʣʫʯʠʤ  

ɸ = Ů.     (4.8) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʟʘʢʦʥʘ ʂʠʨʭʛʦʬʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʩʝʨʳʭ 

ʪʝʣ ʯʠʩʣʝʥʥʦ ʨʘʚʝʥ ʠʭ ʩʪʝʧʝʥʠ ʯʝʨʥʦʪʳ. 

4.1.2. ʉʚʷʟʴ ʣʫʯʠʩʪʳʭ ʧʦʪʦʢʦʚ 

ʇʝʨʝʯʠʩʣʠʤ ʚʠʜʳ ʣʫʯʠʩʪʳʭ ʧʦʪʦʢʦʚ: ʧʘʜʘʶʱʠʡ (Qʧʘʜ), ʦʪʨʘʞʝʥʥʳʡ (Qʦʪʨ), ʧʦʛʣʦ-

ʱʝʥʥʳʡ (Qʧʦʛʣ), ʧʨʦʧʫʱʝʥʥʳʡ (Qnpoʧ), ʩʦʙʩʪʚʝʥʥʳʡ (Qʩʦʙ), ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ (Qʨʝʟ). 

ʉʫʤʤʘ ʩʦʙʩʪʚʝʥʥʦʛʦ ʠ ʦʪʨʘʞʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʡ ʥʘʟʳʚʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠʟʣʫʯʝʥʠ-

ʝʤ ʪʝʣʘ: 

.ʦʪʨʩʦʙʵʬ QQQ +=
     

(4.9) 

ʈʘʥʝʝ ʙʳʣʦ ʚʚʝʜʝʥʦ ʧʦʥʷʪʠʝ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ 

.ʩʦʙʧʦʛʣʨʝʟ QQQ +=      (4.10) 

ʇʦʣʫʯʠʤ ʩʚʷʟʠ ʣʫʯʠʩʪʳʭ ʧʦʪʦʢʦʚ ʥʘ ʧʨʠʤʝʨʝ: ʧʫʩʪʴ ʥʘ ʪʝʣʦ ʩ ʠʟʚʝʩʪʥʳʤʠ ʪʝʤʧʝʨʘ-

ʪʫʨʦʡ (T), ʩʪʝʧʝʥʴʶ ʯʝʨʥʦʪʳ (Ů) ʠ ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ (F) ʧʘʜʘʝʪ ʧʦʪʦʢ ʠʟʣʫʯʝʥʠʷ 

Qʧʘʜ (ʨʠʩ. 4.2). 

 
ʏʘʩʪʴ ʵʪʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦʛʣʦʱʘʝʪʩʷ (Qʧʦʛʣ), ʯʘʩʪʴ 

ʦʪʨʘʞʘʝʪʩʷ (Qomp). ʉʫʤʤʫ ʩʦʙʩʪʚʝʥʥʦʛʦ (Qʩʦʙ) ʠ ʦʪ-

ʨʘʞʝʥʥʦʛʦ (Qomp) ʠʟʣʫʯʝʥʠʡ ʥʘʟʳʚʘʶʪ ʵʬʬʝʢʪʠʚʥʳʤ 

ʠʟʣʫʯʝʥʠʝʤ (Qʵʬ). ʈʝʟʫʣʴʪʠʨʫʶʱʝʝ ʠʟʣʫʯʝʥʠʝ ʩʦ-

ʛʣʘʩʥʦ (4.10) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʟʥʦʩʪʴʶ ʧʦʛʣʦʱʝʥ-

ʥʦʛʦ (Qʧʦʛʣ) ʠ ʩʦʙʩʪʚʝʥʥʦʛʦ (Qʩʦʙ) ʠʟʣʫʯʝʥʠʡ ʠʣʠ ʧʘ-

ʜʘʶʱʝʛʦ (Qʧʘʜ) ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ (Qʵʬ): 

.ʵʬʧʘʜʨʝʟ QQQ -=    (4.11) 

 
ʈʠʩ. 4.2 

ɽʩʣʠ ʧʦʛʣʦʱʝʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʪʝʣʘ Qʧʦʛʣ = AQʧʘʜ ʧʦʜʩʪʘʚʠʪʴ ʚ (4.10), ʨʘʟʨʝʰʠʪʴ ʬʦʨ-

ʤʫʣʫ ʦʪʥʦʩʠʪʝʣʴʥʦ Qʧʘʜ ʠ ʧʦʜʩʪʘʚʠʪʴ ʚ (4.11), ʪʦ ʧʦʣʫʯʠʤ 
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ʘ ʩ ʫʯʝʪʦʤ (4.6) ʠ (4.8) ʩʚʷʟʴ ʤʝʞʜʫ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʨʝʟʫʣʴʪʠʨʫʶʱʠʤ ʧʦʪʦʢʘʤʠ ʟʘʧʠ-
ʰʝʪʩʷ ʚ ʚʠʜʝ 
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(4.12) 
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(4.13) 

ʋʨʘʚʥʝʥʠʷ (4.12), (4.13) ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʨʘʩʯʝʪʘʭ ʣʫʯʠʩʪʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ 
ʤʝʞʜʫ ʪʝʣʘʤʠ. 

4.1.3. ʊʝʧʣʦʦʙʤʝʥ ʠʟʣʫʯʝʥʠʝʤ ʤʝʞʜʫ ʜʚʫʤʷ ʪʝʣʘʤʠ,  

ʧʨʦʠʟʚʦʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʇʫʩʪʴ ʠʤʝʝʤ ʜʚʘ ʪʝʣʘ, ʜʣʷ ʢʦʪʦʨʳʭ ʜʘʥʳ ʧʣʦʱʘʜʠ 
ʠʟʣʫʯʘʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ (F1, F2), ʪʝʤʧʝʨʘʪʫʨʳ (T1, 
T2, ʧʨʠʯʝʤ ʊ1>ʊ2), ʩʪʝʧʝʥʠ ʯʝʨʥʦʪʳ (Ů1, Ů2) (ʨʠʩ. 4.3). 
ʀʟʣʫʯʝʥʠʝ, ʧʦʩʳʣʘʝʤʦʝ ʧʝʨʚʳʤ ʪʝʣʦʤ ʧʦ ʚʩʝʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ ʧʦʣʫʩʬʝʨʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ð 
ʵʬʬʝʢʪʠʚʥʦʝ ʠʟʣʫʯʝʥʠʝ (Qʵʬ). ʏʘʩʪʴ ʵʪʦʛʦ ʠʟʣʫʯʝ-

ʥʠʷ, 
21 FFQ 
, ʧʦʧʘʜʘʝʪ ʥʘ ʚʪʦʨʦʝ ʪʝʣʦ.  

 

ʈʠʩ. 4.3 

ʆʪʥʦʰʝʥʠʝ 

21
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FF
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Q
     (4.14) 

ʥʘʟʳʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʦʙʣʫʯʝʥʥʦʩʪʠ ʚʪʦʨʦʛʦ ʪʝʣʘ ʧʝʨʚʳʤ ʠʣʠ ʫʛʣʦʚʳʤ ʢʦʵʬ-

ʬʠʮʠʝʥʪʦʤ. ʋʛʣʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ, O Ò ű Ò 1, ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʚʦʡʩʪʚ ʠ ʪʝʤʧʝʨʘʪʫʨʳ 
ʪʝʣ, ʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʬʦʨʤʦʡ, ʨʘʟʤʝʨʘʤʠ ʪʝʣ, ʨʘʩ-
ʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʪʝʣʘʤʠ ʠ ʚʟʘʠʤʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʠʭ. ɸʥʘʣʦʛʠʯʥʦ ʜʣʷ ʚʪʦʨʦʛʦ ʪʝʣʘ 
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(4.15) 

ʉʫʱʝʩʪʚʫʶʪ ʘʥʘʣʠʪʠʯʝʩʢʠʝ, ʛʨʘʬʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ 
ʫʛʣʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤʘʭ ʪʝʣ. ɼʣʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 
ʩʠʩʪʝʤ ʠʟʣʫʯʘʶʱʠʭ ʪʝʣ ʧʨʠʚʦʜʷʪʩʷ ʬʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʫʛʣʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ 
ʩʧʨʘʚʦʯʥʠʢʘʭ.  
ʅʘ ʦʩʥʦʚʘʥʠʠ (4.14) ʠ (4.15) ʠʤʝʝʤ 

.,
1221221121 --

==  jj ʵʬFFʵʬFF QQQQ    (4.16) 

ʈʘʟʥʦʩʪʴ 
21 FFQ 
ï

12 FFQ 
= Q ð ʵʪʦ ʠ ʝʩʪʴ ʣʫʯʠʩʪʳʡ ʧʦʪʦʢ, ʧʝʨʝʜʘʚʘʝʤʳʡ ʦʪ ʧʝʨʚʦʛʦ 

ʪʝʣʘ ʢʦ ʚʪʦʨʦʤʫ, ʛʜʝ 
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(4.17) 
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,QQʨʝʟ-=      
(4.19) 

.
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QQʨʝʟ=      
(4.20) 



36 

ʈʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (4.16) ð (4.20) ʜʘʝʪ ʩʣʝʜʫʶʱʠʝ ʬʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ 

ʪʝʧʣʦʦʙʤʝʥʘ ʠʟʣʫʯʝʥʠʝʤ ʤʝʞʜʫ ʜʚʫʤʷ ʪʝʣʘʤʠ, ʧʨʦʠʟʚʦʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʜʨʫʛ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ: 
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ʧʨʠʚʝʜʝʥʥʘʷ ʩʪʝʧʝʥʴ ʯʝʨʥʦʪʳ. 

4.1.4. ʊʝʧʣʦʦʙʤʝʥ ʠʟʣʫʯʝʥʠʝʤ ʤʝʞʜʫ ʜʚʫʤʷ ʙʝʩʢʦʥʝʯʥʳʤʠ  

ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʧʣʘʩʪʠʥʘʤʠ 

ɼʣʷ ʜʚʫʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʥʝʦʛʨʘʥʠʯʝʥʥʳʭ ʧʣʘʩʪʠʥ ʧʣʦʱʘʜʴʶ F, ʩ ʪʝʤʧʝʨʘʪʫʨʘʤʠ T1 

ʠ ʊ2 ʠ ʩʪʝʧʝʥʷʤʠ ʯʝʨʥʦʪʳ (Ů1 ʠ Ů2) (ʨʠʩ. 4.4) ʩʧʨʘʚʝʜʣʠʚʳ ʨʘʚʝʥʩʪʚʘ 

ű1-2 = ű2-1 = 1, F1 = F2 = F. 

ʇʦʜʩʪʘʥʦʚʢʘ ʠʭ ʚ (4.21) ʠ (4.22) ʜʘʝʪ ʬʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʪʝ-

ʧʣʦʦʙʤʝʥʘ ʠʟʣʫʯʝʥʠʝʤ ʚ ʚʠʜʝ 
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(4.23) 
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(4.24) 

ʈʠʩ. 4.4 

ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʧʦʣʫʯʝʥʥʳʝ ʬʦʨʤʫʣʳ. 

1. ɽʩʣʠ ʦʙʝ ʧʣʘʩʪʠʥʳ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʳʝ (Ů1Ÿ1, Ů2Ÿ1), ʪʦ Ůʧʨ = 1, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦ-

ʪʦʢ ʪʝʧʣʦʪʳ, ʧʝʨʝʜʘʚʘʝʤʡr ʠʟʣʫʯʝʥʠʝʤ, ʤʘʢʩʠʤʘʣʴʥʳʡ. 

2. ɽʩʣʠ ʦʜʥʘ ʧʣʘʩʪʠʥʘ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʘʷ (Ů1Ÿ1), ʪʦ Ůʧʨ = Ů2, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʪʦʢ ʠʟ-

ʣʫʯʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʝʧʝʥʴʶ ʯʝʨʥʦʪʳ ʩʝʨʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

3. ɽʩʣʠ ʦʜʥʘ ʠʟ ʧʣʘʩʪʠʥ ʘʙʩʦʣʶʪʥʦ ʙʝʣʘʷ (Ů1Ÿ0), ʪʦ Ůʧʨ = 0, ʪ.ʝ., ʯʪʦʙʳ ʫʤʝʥʴʰʠʪʴ 

ʧʦʪʦʢ ʠʟʣʫʯʝʥʠʷ, ʜʦʩʪʘʪʦʯʥʦ ʫʤʝʥʴʰʠʪʴ ʩʪʝʧʝʥʴ ʯʝʨʥʦʪʳ ʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʕʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʫʤʝʥʴʰʝʥʠʷ ʪʝʧʣʦʦʙʤʝʥʘ ʠʟʣʫʯʝʥʠʝʤ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʷ-

ʤʠ ʷʚʣʷʝʪʩʷ ʧʦʩʪʘʥʦʚʢʘ ʤʝʞʜʫ ʥʠʤʠ ʵʢʨʘʥʦʚ (ʪʦʥʢʠʭ ʧʣʘʩʪʠʥ ʪʠʧʘ ʬʦʣʴʛʠ ʩ ʚʳʩʦʢʦʡ 

ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ (ʨʠʩ. 4.5)). 

ʇʨʠ ʥʘʣʠʯʠʠ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ n ʵʢʨʘʥʦʚ ʩʦ ʩʪʝʧʝʥʷʤʠ 

ʯʝʨʥʦʪʳ
nɻʵʵ eee ...,

,2,1
 ʧʝʨʝʜʘʚʘʝʤʳʡ ʦʪ ʦʜʥʦʡ ʧʣʘʩʪʠʥʳ ʢ ʜʨʫʛʦʡ 

ʧʦʪʦʢ ʠʟʣʫʯʝʥʠʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (4.23), ʘ ʧʨʠʚʝ-

ʜʝʥʥʘʷ ʩʪʝʧʝʥʴ ʯʝʨʥʦʪʳ ʧʦ ʬʦʨʤʫʣʝ (4.25) 
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(4.25) 

21-ʧʨ
e  ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ (4.24). 

ʈʠʩ. 4.5 
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4.1.5.ʊʝʧʣʦʦʙʤʝʥ ʠʟʣʫʯʝʥʠʝʤ ʤʝʞʜʫ ʜʚʫʤʷ ʪʝʣʘʤʠ,  

ʦʜʥʦ ʠʟ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʦʞʝʥʦ ʚʥʫʪʨʠ ʜʨʫʛʦʛʦ 

ʉʠʩʪʝʤʘ ʪʘʢʠʭ ʪʝʣ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.6. 

ɼʘʥʦ: .,,,,,, 21222111 TTFTFT >ee  

ʆʧʨʝʜʝʣʠʪʴ: ʧʦʪʦʢ ʠʟʣʫʯʝʥʠʷ Q, ɺʪ. 
ɺʥʫʪʨʝʥʥʝʝ ʪʝʣʦ 1 ʚʩʝ ʩʚʦʝ ʠʟʣʫʯʝʥʠʝ ʧʦʩʳʣʘʝʪ ʥʘ ʪʝʣʦ 2. 

ʊʝʣʦ 2 ʯʘʩʪʴ ʩʚʦʝʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦʩʳʣʘʝʪ ʥʘ ʪʝʣʦ 1, ʘ ʦʩ-
ʪʘʣʴʥʦʝ ð ʥʘ ʩʝʙʷ. ʋʛʣʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

.F/F,1 211221 =j=j --  

ʇʦʜʩʪʘʚʠʚ ʟʥʘʯʝʥʠʷ 21-j ʠ 12-j  ʚ (4.21) ʠ (4.22), ʧʦʣʫʯʠʤ 

ʨʘʩʯʝʪʥʳʝ ʬʦʨʤʫʣʳ ʜʣʷ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ Q ʚ ʚʠʜʝ 
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(4.27) 

ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʧʦʣʫʯʝʥʥʳʝ ʬʦʨʤʫʣʳ.  

1. ɽʩʣʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʝʣʘʤʠ ʤʘʣʦ (F1/F2Ÿ1), ʪʦ 

,

1
11

1

21

-+

=

ee

eʧʨ  

ʪ.ʝ. ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ ʢʨʠʚʠʟʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣ ʠ ʨʘʩʩʯʠʪʳʚʘʪʴ ʣʫʯʠ-

ʩʪʳʡ ʧʦʪʦʢ ʧʦ ʬʦʨʤʫʣʘʤ ʜʣʷ ʜʚʫʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʣʘʩʪʠʥ. 

2. ɽʩʣʠ ʧʦʚʝʨʭʥʦʩʪʴ ʚʥʫʪʨʝʥʥʝʛʦ ʪʝʣʘ ʤʘʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʙʦʣʦʯʢʠ 

(F1/F2Ÿ0), ʪʦ Ůʧʨ = Ů1, ʘ ʧʦʪʦʢ ʠʟʣʫʯʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʝʧʝʥʴʶ ʯʝʨʥʦʪʳ ʚʥʫʪʨʝʥʥʝʛʦ 
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(4.28) 

3. ɽʩʣʠ ʦʙʦʣʦʯʢʘ ʫʜʘʣʝʥʘ ʦʪ ʠʟʣʫʯʘʶʱʝʛʦ ʪʝʣʘ ʠ ʠʤʝʝʪ ʪʝʤʧʝʨʘʪʫʨʫ, ʨʘʚʥʫʶ ʪʝʤʧʝ-

ʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (T2 = ʊʞ), ʪʦ (4.28) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ 
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ʇʦ ʬʦʨʤʫʣʝ (4.29) ʨʘʩʩʯʠʪʳʚʘʶʪ ʣʫʯʠʩʪʳʡ ʧʦʪʦʢ, ʧʝʨʝʜʘʚʘʝʤʳʡ ʦʪ ʣʶʙʳʭ ʥʘʛʨʝʪʳʭ 

ʪʝʣ ʚ ʦʢʨʫʞʘʶʱʫʶ ʜʠʘʪʝʨʤʠʯʥʫʶ ʩʨʝʜʫ. 

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʪʝʧʣʦʦʙʤʝʥʘ ʠʟʣʫʯʝʥʠʝʤ ʤʝʞʜʫ ʪʝʣʘʤʠ ʩʪʘʚʷʪ ʵʢʨʘʥʳ (ʩʤ. ʨʠʩ. 4.5). 

ʇʨʠ ʥʘʣʠʯʠʠ ʤʝʞʜʫ ʪʝʣʘʤʠ, ʦʜʥʦ ʠʟ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʦʞʝʥʦ ʚʥʫʪʨʠ ʜʨʫʛʦʛʦ, n ʵʢʨʘ-

ʥʦʚ ʣʫʯʠʩʪʳʡ ʧʦʪʦʢ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ (4.26), ʘ ʧʨʠʚʝʜʝʥʥʫʶ ʩʪʝʧʝʥʴ ʯʝʨʥʦʪʳ 

ʧʦ ʬʦʨʤʫʣʝ (4.30) 
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(4.30) 

21-ʧʨ
e ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ (4.27). ʉʦʛʣʘʩʥʦ (4.30) ʧʨʠʚʝʜʝʥʥʘʷ ʩʪʝʧʝʥʴ ʯʝʨʥʦʪʳ, ʘ, ʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʠ ʧʦʪʦʢ ʠʟʣʫʯʝʥʠʷ Q ʟʘʚʠʩʷʪ ʦʪ F1 ʠ F iɻ, ʪ.ʝ. ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʪʝʣʦʤ ʠ ʵʢʨʘʥʘʤʠ. 
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4.2. ʆʩʦʙʝʥʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʛʘʟʦʚ 

ʆʜʥʦ- ʠ ʜʚʫʭʘʪʦʤʥʳʝ ʛʘʟʳ ʧʨʦʟʨʘʯʥʳ ʜʣʷ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʀʟʣʫʯʘʶʱʝʡ ʠ ʧʦ-

ʛʣʦʱʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʦʙʣʘʜʘʶʪ ʪʨʝʭ- ʠ ʤʥʦʛʦʘʪʦʤʥʳʝ ʛʘʟʳ. 

ɺ ʧʨʘʢʪʠʢʝ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʪʨʝʭʘʪʦʤʥʳʤʠ 

ʛʘʟʘʤʠ ʷʚʣʷʶʪʩʷ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ (ʉʆ2) ʠ ʚʦʜʷʥʳʝ ʧʘʨʳ (ʅ2ʆ). 

ɻʘʟʳ ʠʟʣʫʯʘʶʪ ʠ ʧʦʛʣʦʱʘʶʪ ʵʥʝʨʛʠʶ ʢʘʞʜʦʡ ʤʦʣʝʢʫʣʦʡ, ʯʠʩʣʦ ʢʦʪʦʨʳʭ ʧʨʷʤʦ ʧʨʦ-

ʧʦʨʮʠʦʥʘʣʴʥʦ ʜʘʚʣʝʥʠʶ ʛʘʟʘ ʠ ʪʦʣʱʠʥʝ ʛʘʟʦʚʦʛʦ ʩʣʦʷ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʚʝʨʜʳʭ ʪʝʣ, ʛʜʝ 

ʠʟʣʫʯʘʝʪ ʠ ʧʦʛʣʦʱʘʝʪ ʪʦʣʴʢʦ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʤʦʣʝʢʫʣ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʣʫʯʝʥʠʝ 

ʠ ʧʦʛʣʦʱʝʥʠʝ ʛʘʟʦʚ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ (T), ʜʘʚʣʝʥʠʷ (ʨ) ʠ ʪʦʣʱʠʥʳ ʛʘʟʦʚʦʛʦ 

ʩʣʦʷ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʦʛʦ ʜʣʠʥʦʡ ʧʫʪʠ ʣʫʯʘ (l). 

ɻʘʟʳ ʠʟʣʫʯʘʶʪ ʠ ʧʦʛʣʦʱʘʶʪ ʵʥʝʨʛʠʶ ʪʦʣʴʢʦ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʠʥʪʝʨʚʘʣʘʭ ʜʣʠʥ ʚʦʣʥ (ɚ), 

ʥʘʟʳʚʘʝʤʳʭ ʧʦʣʦʩʘʤʠ ʠʟʣʫʯʝʥʠʷ. ɼʣʷ ʣʫʯʝʡ ʜʨʫʛʠʭ ʜʣʠʥ ʚʦʣʥ, ʚʥʝ ʵʪʠʭ ʧʦʣʦʩ, ʛʘʟʳ 

ʧʨʦʟʨʘʯʥʳ. 

ɺ ʪʘʙʣʠʮʝ 4.1 ʧʨʠʚʝʜʝʥʳ ʧʦʣʦʩʳ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʉʆ2 ʠ ʅ2ʆ. 
ʊʘʙʣʠʮʘ 4.1 

CO2 H2O 

ɚ, ʤʢʤ 
ʐʠʨʠʥʘ 

ʠʥʪʝʨʚʘʣʘ 
ɚ, ʤʢʤ 

ʐʠʨʠʥʘ 

ʠʥʪʝʨʚʘʣʘ 

2,4ï3,0 0,6 1,7ï2,0 0,3 

4,0ï4,8 0,8 2,2ï3,0 0,8 

12,5ï16,5 4,0 4,8ï8,5 3,7 

  12ï13 18 

ʀʟ ʪʘʙʣʠʮʳ 4.1 ʚʠʜʥʦ, ʯʪʦ ʧʦʣʦʩ ʜʣʷ ʅ2ʆ ʙʦʣʴʰʝ ʠ ʦʥʠ ʰʠʨʝ. ʉ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠʟʣʫʯʝʥʠʝ ʛʘʟʦʚ ʩʤʝʱʘʝʪʩʷ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ, ʛʜʝ ʰʠʨʠʥʘ ʧʦʣʦʩ ʤʝʥʴʰʝ. ʉʣʝ-

ʜʦʚʘʪʝʣʴʥʦ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʛʘʟʦʚ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʫʤʝʥʴʰʘʝʪʩʷ. 

ʉʪʝʧʝʥʴ ʯʝʨʥʦʪʳ ʛʘʟʘ (Ůʛ) ð ʵʪʦ ʦʪʥʦʰʝʥʠʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʛʘʟʦʚ ʢ ʠʟʣʫ-

ʯʝʥʠʶ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʛʘʟʘ: 
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ʉʪʝʧʝʥʠ ʯʝʨʥʦʪʳ ʜʣʷ ʉʆ2 ʠ ʅ2ʆ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʥʦʤʦʛʨʘʤʤʘʤ 
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ʛʜʝ 
OHCO pp

22
,  ð ʧʘʨʮʠʘʣʴʥʳʝ ʜʘʚʣʝʥʠʷ. 

ʉʪʝʧʝʥʴ ʯʝʨʥʦʪʳ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʉʆ2 ʠ H2ʆ ʥʘʭʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

,
22 ʆʅʉʆʛ beee +=     (4.34) 

ʛʜʝ ),(
22

lppf
OHOH Ö=b  ð ʧʦʧʨʘʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʠʟ ʥʦʤʦʛʨʘʤʤʳ. 

ɼʣʠʥʘ ʧʫʪʠ ʣʫʯʘ ʜʣʷ ʛʘʟʦʚʳʭ ʦʙʲʝʤʦʚ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʫʨʘʚʥʝʥʠʶ 

,
4

9,0
F

V
l =      (4.35) 

ʛʜʝ V, ʤ
3
 ð ʦʙʲʝʤ ʛʘʟʘ; F, ʤ

2
 ð ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʤʳʚʘʝʤʦʡ ʛʘʟʦʤ. 
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ɼʣʷ ʧʫʯʢʦʚ ʪʨʫʙ, ʦʤʳʚʘʝʤʳʭ ʠʟʣʫʯʘʶʱʠʤʠ ʛʘʟʘʤʠ, ʜʣʠʥʘ ʧʫʪʠ ʣʫʯʘ ʨʘʩʩʯʠʪʳʚʘʝʪ-
ʩʷ ʧʦ ʬʦʨʤʫʣʝ 

l = 1,08d2 ,785,0
3
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    (4.36) 

ʛʜʝ d2 ð ʥʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ ʪʨʫʙʳ; s1, s2, ð ʧʦʧʝʨʝʯʥʳʡ ʠ ʧʨʦʜʦʣʴʥʳʡ ʰʘʛʠ ʪʨʫʙ. 

ʅʦʤʦʛʨʘʤʤʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ bee ,,
22 ʆʅʉʆ  ʠʤʝʶʪʩʷ ʚ [5], [7]. 

ʋʨʘʚʥʝʥʠʷ ʜʣʷ ʨʘʩʯʝʪʘ ʩʦʙʩʪʚʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʛʘʟʦʚ ʠ ʠʭ ʩʤʝʩʠ ʩʦʛʣʘʩʥʦ (4.31) ð 
(4.33) ʟʘʧʠʰʫʪʩʷ ʚ ʚʠʜʝ 
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ʊʝʧʣʦʦʙʤʝʥ ʠʟʣʫʯʝʥʠʝʤ ʤʝʞʜʫ ʛʘʟʦʤ ʠ ʧʦʚʝʨʭʥʦʩʪɹʶ (ʩʪʝʥʢʦʡ) (ʨʠʩ. 4.7) ʠʣʠ ʧʦ-

ʚʝʨʭʥʦʩʪʴʶ ʪʨʫʙʥʦʛʦ ʧʫʯʢʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 
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ʛʜʝ Ůc, Fc ð ʩʪʝʧʝʥʴ ʯʝʨʥʦʪʳ ʠ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥʢʠ, ʦʤʳʚʘʝʤʦʡ ʛʘʟʦʤ; ɸʛ ð 

ʧʦʛʣʦʱʘʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʛʘʟʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʚʝʨʭʥʦʩʪʠ (Tʩ), ʢʦʪʦʨʘʷ ʨʘʩʩʯʠ-

ʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

,
22

65,0
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(4.40) 

ʛʜʝ ),(),,(
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lpTflpTf OHcOHCOcʉʆ Ö=¡Ö=¡ ee  ʠ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʪʝʤ ʞʝ ʥʦʤʦʛʨʘʤʤʘʤ, ʯʪʦ ʠ 

).,(),,(
2222

lpTflpTf OHʛOHCOʛʉʆ Ö=Ö= ee  
 

ʈʠʩ. 4.7 

4.3. ʊʝʧʣʦʦʙʤʝʥ ʠʟʣʫʯʝʥʠʝʤ ʧʨʠ ʠʟʣʫʯʘʶʱʝʤ ʠ ʧʦʛʣʦʱʘʶʱʝʤ ʛʘʟʘʭ 

4.3.1. ʈʘʩʯʝʪ ʠʟʣʫʯʝʥʠʷ ʠ ʧʦʛʣʦʱʝʥʠʷ ʛʘʟʦʚ 

ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʪʦʢʦʚ ʠʟʣʫʯʝʥʠʷ ʚ ʛʘʟʦʚʦʤ ʦʙʲʝʤʝ ʠʩʧʦʣʴʟʫ-

ʝʪʩʷ ʚʝʣʠʯʠʥʘ ʩʧʝʢʪʨʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ: 

w
l

l
ddF

Qd
I

n

2

¹ , ɺʪ/(ʤ
2
ʤ).    (4.41) 

ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ ʩʧʝʢʪʨʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʝʩʪʴ ʧʦʪʦʢ ʠʟʣʫʯʝʥʠʷ ʚ 
ʝʜʠʥʠʯʥʦʤ ʠʥʪʝʨʚʘʣʝ ʜʣʠʥ ʚʦʣʥ, ʦʪʥʝʩʝʥʥʳʡ ʢ ʝʜʠʥʠʮʝ ʢʦʥʪʨʦʣʴʥʦʡ ʧʣʦʱʘʜʢʠ, ʥʦʨ-
ʤʘʣʴʥʦʡ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʠʟʣʫʯʝʥʠʷ, ʠ ʝʜʠʥʠʮʝ ʪʝʣʝʩʥʦʛʦ ʫʛʣʘ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ ʨʘʩʧʨʦ-
ʩʪʨʘʥʷʝʪʩʷ ʠʟʣʫʯʝʥʠʝ (ʨʠʩ. 4.8). 
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ʈʠʩ. 4.8. ʇʦʛʣʦʱʝʥʠʝ ʠʟʣʫʯʝʥʠʷ ʚ ʛʘʟʝ 

ʇʦʛʣʦʱʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʚ ʛʘʟʝ. ʇʨʦʩʣʝʜʠʤ ʟʘ ʪʝʤ, ʢʘʢ ʠʟʤʝʥʷʝʪʩʷ ʚʝʣʠʯʠʥʘ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʚʜʦʣʴ ʜʣʠʥʳ ʧʫʪʠ ʣʫʯʘ ʚʩʣʝʜʩʪʚʠʝ ʧʦʛʣʦʱʝʥʠʷ ʬʦʪʦʥʦʚ ʥʘ ʤʦʣʝ-

ʢʫʣʘʭ ʛʘʟʘ. ʇʫʩʪʴ s ð ʨʘʩʩʪʦʷʥʠʝ, ʦʪʩʯʠʪʳʚʘʝʤʦʝ ʦʪ ʩʝʯʝʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʟʘʜʘʥʦ ʥʘʯʘʣʴ-

ʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʪʦʢʘ. ɺʳʜʝʣʠʤ ʵʣʝʤʝʥʪʘʨʥʳʡ ʢʦʥʪʨʦʣʴʥʳʡ ʦʙʲʝʤ ʪʦʣʱʠʥʦʡ ds ʠ ʚr-

ʧʠʰʝʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʧʦʛʣʦʱʝʥʥʦʛʦ ʚ ʵʪʦʤ ʦʙʲʝʤʝ ʠʟʣʫʯʝʥʠʷ: 

.
)(

ds
sI

dI
Ö-= l

l

l k
     

(4.42) 

ʇʨʦʱʝ ʚʩʝʛʦ ʦʙʲʷʩʥʠʪʴ ʵʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʢʘʢ ʦʮʝʥʢʫ ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʧʘʜʘʥʠʡ ʧʨʠ 

ʩʪʨʝʣʴʙʝ ʥʘʫʛʘʜ: ʯʝʤ ʙʦʣʴʰʝ ʯʠʩʣʦ ʤʠʰʝʥʝʡ (ʤʦʣʝʢʫʣ), ʪʝʤ ʙʦʣʴʰʝ ʧʦʧʘʜʘʥʠʡ (ʘʢʪʦʚ 

ʧʦʛʣʦʱʝʥʠʷ ʬʦʪʦʥʦʚ). ɺʝʨʦʷʪʥʦʩʪʴ ʧʦʧʘʜʘʥʠʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʪʦʣʱʠʥʝ ds, ʪ.ʢ. ʯʝʤ 

ʪʦʣʱʝ ʧʦʛʣʦʱʘʶʱʠʡ ʩʣʦʡ, ʪʝʤ ʙʦʣʴʰʝ ʤʦʣʝʢʫʣ ʚʩʪʨʝʪʠʪʩʷ ʥʘ ʧʫʪʠ ʬʦʪʦʥʘ.  

ʂʦʵʬʬʠʮʠʝʥʪ kl, 1/ʤ ʥʘʟʳʚʘʶʪ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʦʩʣʘʙʣʝʥʠʷ ʣʫʯʘ. ɽʛʦ ʚʝʣʠʯʠʥʘ ʟʘ-

ʚʠʩʠʪ ʦʪ ʨʦʜʘ ʛʘʟʘ, ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ (ʚ ʦʢʥʘʭ ʧʨʦʟʨʘʯʥʦʩʪʠ kl ʚʦʦʙʱʝ ʦʙʨʘʱʘʝʪʩʷ ʚ 

ʥʦʣʴ), ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ɺʝʣʠʯʠʥʘ kl ʧʨʠʤʝʨʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʜʘʚʣʝʥʠʶ ʛʘʟʘ p, ʪ.ʢ. 

ʩ ʨʦʩʪʦʤ ʜʘʚʣʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʠʰʝʥʝʡ-ʤʦʣʝʢʫʣ. ʇʦʵʪʦʤʫ ʦʙʳʯʥʦ 

ʧʨʝʜʩʪʘʚʣʷʶʪ kl ʢʘʢ ʧʨʦʠʟʚʝʜʝʥʠʝ: pk Ö= llk . 

ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ (4.42) ʜʘʝʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʟʘʢʦʥ ʦʩʣʘʙʣʝʥʠʷ ʠʥ-

ʪʝʥʩʠʚʥʦʩʪʠ ʧʦ ʭʦʜʫ ʣʫʯʘ ʟʘ ʩʯʝʪ ʧʦʛʣʦʱʝʥʠʷ (ʟʘʢʦʥ ɹʫʛʝʨʘ): 

).exp()0()( pskIsI lll -=
    

(4.43) 

ɺʝʣʠʯʠʥʫ 1/kl, ʠʤʝʶʱʫʶ ʨʘʟʤʝʨʥʦʩʪʴ ʜʣʠʥʳ, ʠʥʪʝʨʧʨʝʪʠʨʫʶʪ ʢʘʢ ʜʣʠʥʫ ʩʚʦʙʦʜ-

ʥʦʛʦ ʧʨʦʙʝʛʘ ʬʦʪʦʥʘ. ɽʩʣʠ ʪʦʣʱʠʥʘ ʩʣʦʷ ʛʘʟʘ s ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ 1/kl, ʪʦ ʠʟʣʫʯʝ-

ʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʦʛʣʦʱʘʝʪʩʷ (ʩʤ. ʬʦʨʤʫʣʫ (4.43)). ɺ ʧʨʦʜʫʢʪʘʭ ʩʛʦʨʘʥʠʷ ʜʣʠʥʘ 

ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ ʧʦ ʧʦʨʷʜʢʫ ʩʦʩʪʘʚʣʷʝʪ 10
-1

 ʤ. 

ʀʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ (4.43), ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʛʣʦʱʝʥʠʷ ʠ ʧʨʦʧʫʩ-

ʢʘʥʠʷ ʩʣʦʷ ʛʘʟʘ ʢʦʥʝʯʥʦʡ ʪʦʣʱʠʥʳ: 

),exp(1
)0(

)()0(
psk

I

sII
Aɻ l

l

ll
l --=

-
¹

   

(4.44) 

).exp(1 pskAD ɻɻ lll -=-¹
    

(4.45) 

ɿʘʢʦʥ ʂʠʨʭʛʦʬʘ ʜʣʷ ʠʟʣʫʯʝʥʠʷ ʠ ʧʦʛʣʦʱʝʥʠʷ ʚ ʛʘʟʝ. ɼʘʣʝʝ ʤʳ ʭʦʪʝʣʠ ʙʳ ʩʚʷʟʘʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʛʣʦʱʝʥʠʷ ʠ ʠʟʣʫʯʝʥʠʷ ʛʘʟʘ, ʧʦʜʦʙʥʦ ʪʦʤʫ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʩʜʝʣʘʥʦ ʜʣʷ 
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ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʛʣʦʱʝʥʠʷ ʠ ʩʪʝʧʝʥʠ ʯʝʨʥʦʪʳ ʪʚʝʨʜʳʭ ʪʝʣ. ʈʘʩʩʤʦʪʨʠʤ ʩʣʦʡ ʛʘʟʘ ʠ ʧʦ-

ʚʝʨʭʥʦʩʪʴ ʯʝʨʥʦʛʦ ʪʝʣʘ, ʚʟʷʪʳʝ ʧʨʠ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʪʝʨ-

ʤʦʜʠʥʘʤʠʯʝʩʢʦʤ ʨʘʚʥʦʚʝʩʠʠ (ʨʠʩ. 4.8). ʇʦʩʢʦʣʴʢʫ ʥʠʢʘʢʦʛʦ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʦʙʤʝʥʘ 

ʵʥʝʨʛʠʝʡ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʩʣʦʝʤ ʛʘʟʘ ʙʳʪʴ ʥʝ ʜʦʣʞʥʦ, ʛʘʟ ʠʩʧʫʩʢʘʝʪ ʚ ʥʘʧʨʘʚʣʝ-

ʥʠʠ ʯʝʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʦʣʴʢʦ ʞʝ ʵʥʝʨʛʠʠ, ʩʢʦʣʴʢʦ ʠʤ ʧʦʛʣʦʱʝʥʦ. 
ʇʦʛʣʦʱʝʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʝʩʪʴ  

),,(0 lll TIAɻ      (4.46) 

ʧʦʩʢʦʣʴʢʫ ʧʘʜʘʶʱʝʝ ʠʟʣʫʯʝʥʠʝ ʝʩʪʴ ʠʟʣʫʯʝʥʠʝ ʯʝʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʥʘ ʨʠʩ. 4.8 ʚʳ ʜʦʣʞ-

ʥʳ ʪʝʧʝʨʴ ʧʦʜ Il( )0  ʧʦʥʠʤʘʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷI T0l l( , )  ʯʝʨʥʦʡ ʧʣʦʱʘʜʢʠ dF). 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʠʟʣʫʯʝʥʠʝ ʛʘʟʘ ʤʳ ʦʧʨʝʜʝʣʷʝʤ, ʚʚʦʜʷ ʧʦʥʷʪʠʝ ʩʪʝʧʝʥʠ ʯʝʨʥʦʪʳ 

ʢʘʢ ʜʦʣʠ ʦʪ ʠʟʣʫʯʝʥʠʷ ʯʝʨʥʦʛʦ ʪʝʣʘ: 

).,(),( 0 lel lll TITI ɻɻ ¹
    

(4.47) 

ʉʨʘʚʥʠʚʘʷ ʜʚʘ ʧʦʩʣʝʜʥʠʭ ʚʳʨʘʞʝʥʠʷ, ʧʦʣʫʯʘʝʤ: 

).exp(1 pskAɻɻ llle --==
    

(4.48) 

ʌʦʨʤʫʣʳ (4.46)ð(4.48) ʩʧʨʘʚʝʜʣʠʚʳ ʜʣʷ ʣʶʙʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

(ʨʠʩ. 4.8). ɽʩʣʠ ʜʣʠʥʘ ʧʫʪʠ ʣʫʯʘ s ʧʦʩʪʦʷʥʥʘ ʚʦ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʠʣʠ ʝʩʣʠ ʤʳ ʧʨʠ-

ʙʣʠʞʝʥʥʦ ʟʘʤʝʥʠʤ ʝʝ ʥʝʢʠʤ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ, ʪʦ ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʵʪʠ ʩʦʦʪʥʦʰʝ-

ʥʠʷ ʚ ʪʝʨʤʠʥʘʭ ʧʦʣʫʩʬʝʨʠʯʝʩʢʠʭ ʧʣʦʪʥʦʩʪʝʡ ʧʦʪʦʢʦʚ ʠʟʣʫʯʝʥʠʷ E. ʀʪʘʢ, ʧʦʩʢʦʣʴʢʫ 

ʯʝʨʥʦʝ ʪʝʣʦ ð ʜʠʬʬʫʟʥʳʡ ʠʟʣʫʯʘʪʝʣʴ  

p

l
l l

l

),(
),( 0

0

TE
TI =     (4.49)

 

ʠ s ð ʧʦʩʪʦʷʥʥʦʝ ʧʦ ʚʩʝʤ ʥʘʧʨʘʚʣʝʥʠʤ̫ ʟʥʘʯʝʥʠʝ, ʪʦ ʧʦʣʫʩʬʝʨʠʯʝʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʛʘʟʦʚʦʛʦ ʦʙʲʝʤʘ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʢʘʢ 

),(),( 0 lel lll TETE ɻɻ =
 

),exp(1 pskɻ lle --=
    

(4.50) 

ʛʜʝ E T0l l( , ), ɺʪ/(ʤ
2
ʤ) ð ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ ʯʝʨʥʦʛʦ ʪʝʣʘ, ʦʧ-

ʨʝʜʝʣʷʝʤʘʷ ʟʘʢʦʥʦʤ ʇʣʘʥʢʘ; E Tɻl l( , ), ɺʪ/(ʤ
2
ʤ) ð ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʠʟ-

ʣʫʯʝʥʠʷ ʛʘʟʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʘʟʦʚʦʛʦ ʦʙʲʝʤʘ. 

ʉʨʝʜʥʷʷ ʜʣʠʥʘ ʧʫʪʠ ʣʫʯʘ. ɺ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ ʪʨʝʙʫʝʪʩʷ ʟʥʘʪʴ ʩʪʝʧʝʥʴ ʯʝʨʥʦ-

ʪʳ ʥʝʢʦʪʦʨʦʛʦ ʦʙʲʝʤʘ ʛʘʟʘ, ʦʛʨʘʥʠʯʝʥʥʦʛʦ, ʥʘʧʨʠʤʝʨ, ʩʪʝʥʢʘʤʠ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ. ɼʣʠ-

ʥʘ ʧʫʪʠ ʣʫʯʘ ʙʫʜʝʪ ʨʘʟʣʠʯʥʦʡ ʧʦ ʨʘʟʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʘ ʦʧʝʨʘʮʠʷ 

ʦʩʨʝʜʥʝʥʠʷ. ʍʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʘʶʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʜʝʠ, ʧʦʭʦʞʝʡ ʥʘ 

ʩʧʦʩʦʙ ʚʳʯʠʩʣʝʥʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʜʠʘʤʝʪʨʘ, ʢʦʛʜʘ ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ ʢʘʥʘʣʘ ʩʣʦʞ-

ʥʦʡ ʬʦʨʤʳ ʚʳʯʠʩʣʷʶʪ ʢʘʢ ʫʯʝʪʚʝʨʝʥʥʫʶ ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ, ʜʝʣʝʥʥʫʶ ʥʘ 

ʧʝʨʠʤʝʪʨ. ɼʣʷ ʦʙʲʝʤʘ (ʪʨʝʭʤʝʨʥʦʛʦ ʦʙʲʝʢʪʘ) ʵʪʦ ʚʳʛʣʷʜʠʪ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʚʝʣʠʯʠʥʳ 

ʦʙʲʝʤʘ ʢ ʧʣʦʱʘʜʠ ʦʛʨʘʥʠʯʠʚʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ: 

.
F

V
Cs=

     
(4.51) 

ʅʝʜʦʩʪʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʉ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʘʢ, ʯʪʦʙʳ ʵʪʦ ʚʳʨʘʞʝʥʠʝ ʙʳ-

ʣʦ ʩʧʨʘʚʝʜʣʠʚʳʤ ʜʣʷ ʧʨʦʩʪʝʡʰʝʛʦ ʪʨʝʭʤʝʨʥʦʛʦ ʦʙʲʝʢʪʘ ð ʩʬʝʨʳ.  
ʅʘʡʜʝʤ ʩʨʝʜʥʶʶ ʜʣʠʥʫ ʧʫʪʠ ʣʫʯʘ ʜʣʷ ʩʬʝʨʳ. ʇʨʷʤʦʡ ʩʧʦʩʦʙ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ: 

ʥʝʦʙʭʦʜʠʤʦ ʚʟʷʪʴ ʤʘʣʫʶ ʧʣʦʱʘʜʢʫ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʬʝʨʳ ʠ ʫʩʨʝʜʥʠʪʴ ʨʘʩʩʪʦʷʥʠʝ ʜʦ 
ʛʨʘʥʠʮʳ, ʜʚʠʛʘʷʩʴ ʚ ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʆʜʥʘʢʦ ʧʨʦʱʝ ʧʦʩʪʫʧʠʪʴ ʧʦ-ʜʨʫʛʦʤʫ. ʈʘʩ-
ʩʤʦʪʨʠʤ ʧʘʨʘʣʣʝʣʴʥʳʡ ʧʫʯʦʢ ʣʫʯʝʡ, ʠʩʭʦʜʷʱʠʭ ʩ ʵʣʝʤʝʥʪʦʚ ʥʠʞʥʝʡ ʧʦʣʫʩʬʝʨʳ ʠ ʜʦʩ-
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ʪʠʛʘʶʱʠʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚʝʨʭʥʝʡ ʧʦʣʫʩʬʝʨʳ (ʨʠʩ. 4.9), ʠ ʫʩʨʝʜʥʠʤ ʩʦʦʪ-
ʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ s: 

.
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(4.52) 

 

ʈʠʩ. 4.9. ɺʳʯʠʩʣʝʥʠʝ ʩʨʝʜʥʝʡ ʜʣʠʥʳ ʧʫʪʠ ʣʫʯʘ 

ʗʩʥʦ, ʯʪʦ ʙʣʘʛʦʜʘʨʷ ʧʦʣʥʦʡ ʩʠʤʤʝʪʨʠʠ ʨʝʟʫʣʴʪʘʪ ʦʩʨʝʜʥʝʥʠʷ ʜʣʷ ʜʨʫʛʦʛʦ ʥʘʧʨʘʚʣʝ-

ʥʠʷ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʫʯʢʘ ʙʫʜʝʪ ʪʘʢʠʤ ʞʝ. ʏʪʦʙʳ ʩʦʛʣʘʩʦʚʘʪʴ ʦʧʨʝʜʝʣʝʥʠʝ ʩ ʧʨʷʤʳʤ 

ʚʳʯʠʩʣʝʥʠʝʤ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʦʞʠʪʴ ʉ = 4. ʇʦʧʨʘʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 0,9 ʫʣʫʯʰʘʝʪ 

ʩʦʛʣʘʩʦʚʘʥʠʝ ʩ ʪʦʯʥʳʤʠ ʨʘʩʯʝʪʘʤʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ, ʧʦʵʪʦʤʫ ʦʢʦʥʯʘʪʝʣʴʥʘʷ ʨʝʢʦ-

ʤʝʥʜʘʮʠʷ ʪʘʢʦʚʘ: 

.6,3
F

V
s=      (4.53)

 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʤʳ ʙʫʜʝʤ ʚʩʝʛʜʘ ʧʦʜ s ʧʦʥʠʤʘʪʴ ʩʨʝʜʥʶʶ ʜʣʠʥʫ ʧʫʪʠ ʣʫʯʘ, ʦʧʨʝʜʝ-

ʣʷʝʤʫʶ ʬʦʨʤʫʣʦʡ (4.53). 

ʄʦʜʝʣʴ ʩʝʨʦʛʦ ʛʘʟʘ. ɺʩʝ ʧʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʩʦʦʪʥʦʰʝʥʠʷ ʦʪʥʦʩʠʣʠʩʴ ʢ ʤʦʥʦʭʨʦʤʘ-

ʪʠʯʝʩʢʦʤʫ ʠʟʣʫʯʝʥʠʶ, ʪ.ʝ. ʠʟʣʫʯʝʥʠʶ ʥʘ ʜʘʥʥʦʡ ʜʣʠʥʝ ʚʦʣʥʳ. ʕʪʦ ʝʩʪʝʩʪʚʝʥʥʳʡ ʧʦʜ-

ʭʦʜ ʢ ʘʥʘʣʠʟʫ ʠʟʣʫʯʝʥʠʷ ʠ ʧʦʛʣʦʱʝʥʠʷ ʚ ʛʘʟʘʭ, ʧʦʩʢʦʣʴʢʫ ʩʧʝʢʪʨ ʛʘʟʘ ʧʦʣʦʩʦʚʦʡ, ʘ 

ʥʝ ʥʝʧʨʝʨʳʚʥʳʡ, ʢʘʢ ʫ ʪʚʝʨʜʳʭ ʪʝʣ. ʆʜʥʘʢʦ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʪʨʝʙʫʝʪʩʷ ʙʦʣʝʝ 

ʧʨʦʩʪʦʝ ʦʧʠʩʘʥʠʝ. ʏʘʱʝ ʚʩʝʛʦ ʧʨʠʤʝʥʷʝʪʩʷ ʤʦʜʝʣʴ ʩʝʨʦʛʦ ʛʘʟʘ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʡ ʦʧʝ-

ʨʠʨʫʶʪ ʩ ʩʫʤʤʘʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʛʘʟʘ Eɻ, ɺʪ/ʤ
2
, ʢʘʢ ʩ ʠʟʣʫʯʝʥʠʝʤ ʩʝʨʦʛʦ ʪʝʣʘ: 

.4

0 ɻɻɻɻ TEE see ==
    (4.54) 

ʀʥʪʝʛʨʘʣʴʥʘʷ ʩʪʝʧʝʥʴ ʯʝʨʥʦʪʳ eɻ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʛʣʦ-

ʱʘʶʱʠʭ ʛʘʟʦʚ (ʪʘʢʠʭ ʢʘʢ ʚʦʜʷʥʦʡ ʧʘʨ ʠ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ), ʨʘʟʤʝʨʦʚ ʛʘʟʦʚʦʛʦ ʦʙʲʝʤʘ. 

ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʭʘʨʘʢʪʝʨ ʵʪʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ. 

ʅʘʯʥʝʤ ʩ ʘʥʘʣʠʟʘ ʠʟʣʫʯʝʥʠʷ ʦʜʥʦʛʦ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ð ʫʛʣʝʢʠ-

ʩʣʦʛʦ ʛʘʟʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1 400 ʂ. ʆʩʥʦʚʥʳʝ ʪʨʠ ʧʦʣʦʩʳ ʠʟʣʫʯʝʥʠʷ-ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʩʣʝʜʫʶʱʠʭ ʠʥʪʝʨʚʘʣʘʭ ʜʣʠʥ ʚʦʣʥ (ʨʠʩ. 4.10):  
1)  2,56ð2.88 ʤʢʤ;  
2)  4.15ð4.76 ʤʢʤ; 
3)  9ð20 ʤʢʤ. 
ʇʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ ʨʘʩʩʯʠʪʳʚʘʶʪ ʦʪʜʝʣʴʥʦ ʜʣʷ ʢʘʞʜʦʡ ʧʦʣʦʩʳ ʩʧʝʢʪʨʘ, 

ʠʥʪʝʛʨʠʨʫʷ (4.50) ʚ ʫʢʘʟʘʥʥʳʭ ʠʥʪʝʨʚʘʣʘʭ ʜʣʠʥ ʚʦʣʥ ʠ ʧʨʠʥʠʤʘʷ ʢʦʵʬʬʠʮʠʝʥʪ kl ʧʨʠ-

ʤʝʨʥʦ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʦʡ ʚʥʫʪʨʠ ʢʘʞʜʦʛʦ ʠʥʪʝʨʚʘʣʘ (k k
il l= ): 

)()1(

6

6

1

1088.2

1056.2
01 ñÖ-=D

-

-

Ö

Ö

-
ll

l dEeE
psk

ɻ , ɺʪ/ʤ
2
,   (4.55) 

S

dFn



43 

)()1(

6

6

2

1076.4

1015.4
02 ñÖ-=D

-

-

Ö

Ö

-
ll

l dEeE
psk

ɻ , ɺʪ/ʤ
2
,   (4.56) 

)()1(

6

6

3

1020

109
03 ñÖ-=D

-

-

Ö

Ö

-
ll

l dEeE
psk

ɻ , ɺʪ/ʤ
2
,   (4.57) 

ʛʜʝ ʧʝʨʚʳʝ ʤʥʦʞʠʪʝʣʠ ʚ ʩʣʘʛʘʝʤʳʭ ʧʨʘʚʦʡ ʯʘʩʪʠ ʝʩʪʴ ʩʧʝʢʪʨʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʩʪʝʧʝʥʠ 

ʯʝʨʥʦʪʳ ʛʘʟʘ:( )1- =
-

e
k ps

i
il

le . 

ʀʥʪʝʛʨʘʣʳ ʚ ʧʨʘʚʳʭ ʯʘʩʪʷʭ ʧʦʢʘʟʳʚʘʶʪ, ʩʢʦʣʴʢʦ ʵʥʝʨʛʠʠ ʠʟʣʫʯʘʝʪ ʯʝʨʥʦʝ ʪʝʣʦ ʚ ʢʘʞ-

ʜʦʡ ʧʦʣʦʩʝ. ʕʢʩʧʦʥʝʥʮʠʘʣʴʥʳʝ ʤʥʦʞʠʪʝʣʠ ʫʯʠʪʳʚʘʶʪ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʜʣʠʥʳ ʧʫʪʠ ʣʫʯʘ 

ʠ ʠʟʤʝʥʷʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0 ʜʦ 1. ɽʩʣʠ s ʚʝʣʠʢʦ, ʪʦ ʛʘʟ ʚ ʩʚʦʠʭ ʧʦʣʦʩʘʭ ʠʟʣʫʯʘʝʪ ʢʘʢ 

ʯʝʨʥʦʝ ʪʝʣʦ (ʨʠʩ. 4.10).  

 

ʈʠʩ. 4.10. ʉʧʝʢʪʨʳ ʠʟʣʫʯʝʥʠʷ ʯʝʨʥʦʛʦ ʪʝʣʘ  

ʠ ʙʝʩʢʦʥʝʯʥʦ ʪʦʣʩʪʦʛʦ ʩʣʦʷ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʧʨʠ ʊ = 1 400 ʂ 

ʇʨʠ ʟʘʜʘʥʥʦʤ s ʤʦʞʝʪ ʧʦʣʫʯʠʪʴʩʷ ʪʘʢ, ʯʪʦ, ʩʢʘʞʝʤ, ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʩʝ ʠʟ-ʟʘ ʙʦʣʴʰʦʡ 

ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʩʣʘʙʣʝʥʠʷ kl2  ʛʘʟ ʠʟʣʫʯʘʝʪ ʫʞʝ ʢʘʢ ʯʝʨʥʦʝ ʪʝʣʦ ð ʝʛʦ ʩʧʝʢ-

ʪʨʘʣʴʥʘʷ ʩʪʝʧʝʥʴ ʯʝʨʥʦʪʳ ʜʦʩʪʠʛʘʝʪ ʝʜʠʥʠʮʳ, ʘ ʚ ʜʨʫʛʠʭ ʧʦʣʦʩʘʭ ʟʥʘʯʝʥʠʷ ʩʧʝʢʪʨʘʣʴ-
ʥʦʡ ʩʪʝʧʝʥʠ ʯʝʨʥʦʪʳ ʝʱʝ ʜʘʣʝʢʠ ʦʪ ʵʪʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ (ʨʠʩ. 4.11).  

 

ʈʠʩ. 4.11. ʀʟʣʫʯʝʥʠʝ ʩʣʦʷ ʛʘʟʘ ʢʦʥʝʯʥʦʡ ʪʦʣʱʠʥʳ ʚ ʧʦʣʦʩʘʭ ʩʧʝʢʪʨʘ  

ʠ ʧʦ ʤʦʜʝʣʠ ʩʝʨʦʛʦ ʛʘʟʘ 
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ʈʘʩʩʯʠʪʘʝʤ ʪʝʧʝʨʴ ʠʥʪʝʛʨʘʣʴʥʫʶ ʩʪʝʧʝʥʴ ʯʝʨʥʦʪʳ, ʜʣʷ ʯʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʩʫʤʤʠ-

ʨʦʚʘʪʴ ʠʟʣʫʯʝʥʠʝ ʛʘʟʘ ʚʦ ʚʩʝʭ ʧʦʣʦʩʘʭ ʠ ʨʘʟʜʝʣʠʪʴ ʨʝʟʫʣʴʪʘʪ ʥʘ ʠʥʪʝʛʨʘʣʴʥʦʝ ʠʟʣʫʯʝ-

ʥʠʝ ʯʝʨʥʦʛʦ ʪʝʣʘ ʧʨʠ ʪʦʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʝ: 
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(4.58) 

ʏʠʩʣʦʚʳʝ ʤʥʦʞʠʪʝʣʠ ʧʦʢʘʟʳʚʘʶʪ ʜʦʣʠ ʠʟʣʫʯʝʥʠʷ ʯʝʨʥʦʛʦ ʪʝʣʘ ʚ ʧʦʣʦʩʘʭ ʩʧʝʢʪʨʘ 

ʛʘʟʘ. ʇʨʠ s¤, ʪ.ʝ. ʜʣʷ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʛʘʟʘ, ʚʩʝ ʩʦʤʥʦʞʠʪʝʣʠ ʚ ʩʢʦʙʢʘʭ, ʘ ʵʪʦ 

ʩʧʝʢʪʨʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʩʪʝʧʝʥʠ ʯʝʨʥʦʪʳ, ʦʙʨʘʱʘʶʪʩʷ ʚ ʝʜʠʥʠʮʫ, ʧʦʵʪʦʤʫ: 
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93401445218799
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=¤ɻe     (4.59)

 

ʕʪʦ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʧʨʠ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘ-

ʪʫʨʝ (1 400 ʂ). ʆʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ ʝʜʠʥʠʮʳ, ʪ.ʢ. ʛʘʟ ʠʟʣʫʯʘʝʪ ʪʦʣʴʢʦ ʚ ʦʪʜʝʣʴʥʳʭ 

ʧʦʣʦʩʘʭ ʩʧʝʢʪʨʘ.  

ʀʟʣʫʯʝʥʠʝ ʛʘʟʘ ʢʘʢ ʩʝʨʦʛʦ ʪʝʣʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 4.11 ʚ ʚʠʜʝ ʥʠʞʥʝʡ ʥʝʧʨʝ-

ʨʳʚʥʦʡ ʢʨʠʚʦʡ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʚʝʜʝʥʥʳʤʠ ʚʳʰʝ ʦʧʝʨʘʮʠʷʤʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 

ʧʣʦʱʘʜʴ ʧʦʜ ʵʪʦʡ ʢʨʠʚʦʡ ʪʘʢʘʷ ʞʝ, ʢʘʢ ʧʣʦʱʘʜʴ ʚ ʧʦʣʦʩʘʭ ʠʟʣʫʯʝʥʠʷ ʛʘʟʘ  

ʌʦʨʤʫʣʘ (4.58) ʦʙʲʷʩʥʷʝʪ ʚʣʠʷʥʠʝ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʩʪʝʧʝʥʴ ʯʝʨʥʦʪʳ ʛʘʟʘ. 

ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʯʝʨʝʟ eɻ¤. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʩʧʝʢʪʨ ʯʝʨʥʦʛʦ ʪʝʣʘ ʩʤʝʱʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʢʦʨʦʪʢʠʭ ʚʦʣʥ, ʘ ʧʦʣʦʩʳ ʠʟʣʫʯʝʥʠʷ 

ʛʘʟʘ ʦʩʪʘʶʪʩʷ ʧʨʠʤʝʨʥʦ ʥʘ ʧʨʝʞʥʝʤ ʤʝʩʪʝ. ʇʦʵʪʦʤʫ ʜʦʣʷ ʠʟʣʫʯʝʥʠʷ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ 

ʦʪ ʠʟʣʫʯʝʥʠʷ ʯʝʨʥʦʛʦ ʪʝʣʘ ʠʟʤʝʥʷʝʪʩʷ: ʦʥʘ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ ʧʨʠ ʪʘʢʦʡ ʪʝʤʧʝʨʘʪʫ-

ʨʝ (ʧʨʠʤʝʨʥʦ 1 000 ʂ), ʢʦʛʜʘ ʧʦʣʦʩʳ ʛʘʟʘ ʨʘʩʧʦʣʦʞʝʥʳ ʚʙʣʠʟʠ ʤʘʢʩʠʤʫʤʘ ʠʟʣʫʯʝʥʠʷ 

ʯʝʨʥʦʛʦ ʪʝʣʘ. 

ʆʙʲʝʤʥʳʡ ʭʘʨʘʢʪʝʨ ʠʟʣʫʯʝʥʠʷ ʛʘʟʘ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʭ ʩʦʤʥʦʞʠʪʝ-

ʣʷʭ (4.58), ʪ.ʝ. ʚ ʚʳʨʘʞʝʥʠʷʭ ʜʣʷ ʩʧʝʢʪʨʘʣʴʥʦʡ ʩʪʝʧʝʥʠ ʯʝʨʥʦʪʳ. ʏʝʤ ʙʦʣʴʰʝ ʨʘʟʤʝ-

ʨʳ ʦʙʲʝʤʘ (ʪ.ʝ. ʯʝʤ ʙʦʣʴʰʝ ʜʣʠʥʘ ʧʫʪʠ ʣʫʯʘ) ʠ ʯʝʤ ʙʦʣʴʰʝ ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʧʦ-

ʛʣʦʱʘʶʱʝʛʦ ʛʘʟʘ, ʪʝʤ ʙʦʣʴʰʝ ʩʪʝʧʝʥʴ ʯʝʨʥʦʪʳ ʛʘʟʘ, ʧʦʢʘ ʥʝ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʝʜʝʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ eɻ¤. 

ʌʦʨʤʫʣʘ (4.58) ʜʘʝʪ ʭʦʨʦʰʫʶ ʦʩʥʦʚʫ ʜʣʷ ʨʘʩʯʝʪʘ ʩʪʝʧʝʥʠ ʯʝʨʥʦʪʳ ʛʘʟʘ. ʆʜʥʘʢʦ ʧʨʠ 

ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʘ ʧʦʜʨʦʙʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʠʟʣʫʯʝʥʠʷ 

ʛʘʟʘ, ʪʘʢʠʭ ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʩʣʘʙʣʝʥʠʷ ʣʫʯʘ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʣʦʩʘʭ ʩʧʝʢʪʨʘ, ʰʠʨʠʥʘ 

ʧʦʣʦʩ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ʦʙʱʝʤ, ʩʣʝʜʫʝʪ ʧʨʠʟʥʘʪʴ, ʯʪʦ ʪʘʢʘʷ ʤʝʪʦʜʠʢʘ 

ʧʦʢʘ ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʨʠʩʧʦʩʦʙʣʝʥʘ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ. 

ʇʦʵʪʦʤʫ ʥʘ ʧʨʘʢʪʠʢʝ ʧʨʝʜʧʦʯʠʪʘʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʙʨʘʱʘʪʴʩʷ ʢ ʩʧʝʮʠʘʣʴʥʳʤ 

ʥʦʤʦʛʨʘʤʤʘʤ, ʧʦʩʪʨʦʝʥʥʳʤ ʥʘ ʦʩʥʦʚʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʟʤʝʨʝʥʠʶ 

ʠʥʪʝʛʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʣʫʯʝʥʠʷ ʛʘʟʦʚ. ɼʣʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʛʘʟʦʚ, ʪʘʢʠʭ ʢʘʢ 

H2O, CO2, CO, SO2, ʥʦʤʦʛʨʘʤʤʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʟʘʚʠʩʠʤʦʩʪʠ:eɻ f ps T= ( , ). ɼʣʷ ʩʤʝʩʠ 

ʧʦʛʣʦʱʘʶʱʠʭ ʠʟʣʫʯʝʥʠʝ ʛʘʟʦʚ, ʥʘʧʨʠʤʝʨ, ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠ ʚʦʜʷʥʦʛʦ ʧʘʨʘ, ʥʝʦʙʭʦ-

ʜʠʤʦ ʩʣʦʞʠʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʩʪʝʧʝʥʝʡ ʯʝʨʥʦʪʳ. 
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ʈʠʩ. 4.12. ʉʪʝʧʝʥʴ ʯʝʨʥʦʪʳ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ  

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (p H2O = 0,18 ʙʘʨ, p CO2 = 0,09 ʙʘʨ) 

ʇʨʠ ʤʘʰʠʥʥʳʭ ʨʘʩʯʝʪʘʭ ʙʦʣʝʝ ʫʜʦʙʥʘ ʩʣʝʜʫʶʱʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʜʣʷ ʩʤʝʩʠ ʫʛʣʝʢʠ-

ʩʣʦʛʦ ʛʘʟʘ ʠ ʧʘʨʦʚ ʚʦʜʳ (ʨʠʩ. 4.12): 

),exp(1 Kpsɻ --=e  
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(4.60) 

ʛʜʝ
2COO2H ppp +=  ð ʩʫʤʤʘ ʧʘʨʮʠʘʣʴʥʳʭ ʜʘʚʣʝʥʠʡ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, 

ʙʘʨ (1 ʙʘʨ = 10
5
 ʇʘ). 

ʂʘʢ ʚʩʝʛʜʘ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʤʧʠʨʠʯʝʩʢʠʭ ʬʦʨʤʫʣ ʩʣʝʜʫʝʪ ʩʦʙʣʶʜʘʪʴ ʦʛʨʘʥʠʯʝ-

ʥʠʷ ʥʘ ʦʙʣʘʩʪʴ ʠʭ ʧʨʠʤʝʥʠʤʦʩʪʠ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʥʠ ʪʘʢʦʚʳ:
  

6,1108 3

2CO ·Ö= -sp  ʤ Ŀ ʙʘʨ,    (4.61) 

3,1104 3

ʆ2ʅ
·Ö= -sp  ʤ Ŀ ʙʘʨ,    (4.62) 

,22,0/
2COO2H ·=pp

     
(4.63)

 
K.1950750·=ɻʊ      (4.64) 

ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʜʦʧʫʩʪʠʪʴ ʩʫʱʝʩʪʚʝʥʥʫʶ ʦʰʠʙʢʫ ʧʨʠ ʩʣʠʰʢʦʤ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠ-

ʷʭ ps, ʛʜʝ ʬʦʨʤʫʣʘ (4.60) ʜʘʝʪ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ, ʨʘʚʥʦʝ ʝʜʠʥʠʮʝ. ʄʳ ʚʠʜʝʣʠ 

ʚʳʰʝ, ʯʪʦ ʵʪʦ ʥʝ ʪʘʢ: ʚ ʥʘʰʝʤ ʯʠʩʣʦʚʦʤ ʧʨʠʤʝʨʝ ʧʨʝʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʫʛʣʝʢʠʩʣʦʛʦ 

ʛʘʟʘ ʩʦʩʪʘʚʠʣʦ ʚʩʝʛʦ 0,2.  

ʇʨʠ ʘʥʘʣʠʟʝ ʪʝʧʣʦʦʙʤʝʥʘ ʠʟʣʫʯʝʥʠʝʤ ʚ ʢʘʤʝʨʘʭ ʩʛʦʨʘʥʠʷ (ʩʤ. ʩʣʝʜʫʶʱʠʡ ʨʘʟʜʝʣ) ʥʝ-

ʦʙʭʦʜʠʤʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʦʩʣʘʙʣʝʥʠʝ ʠʟʣʫʯʝʥʠʷ ʩʪʝʥʦʢ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʦʙʲʝʤ ʛʘ-

ʟʘ. ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʩʝʨʦʛʦ ʛʘʟʘ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ: 

.11 ɻɻɻ AD e-=-=     (4.65) 

ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʛʘʟʘ ʟʘʚʠʩʠʪ ʦʪ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ 

ʧʘʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʠʟʣʫʯʝʥʠʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʪʝʥʢʠ (ʥʘ ʢʦʨʦʪ-

ʢʠʭ ʚʦʣʥʘʭ) ʙʫʜʝʪ ʩʣʘʙʦ ʧʦʛʣʦʱʘʪʴʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʭʦʣʦʜʥʳʤ ʛʘʟʦʤ (ʩ ʧʦʣʦʩʘʤʠ ʧʦ-

ʛʣʦʱʝʥʠʷ ʥʘ ʜʣʠʥʥʳʭ ʚʦʣʥʘʭ). ʏʪʦʙʳ ʧʨʠʙʣʠʞʝʥʥʦ ʫʯʝʩʪʴ ʵʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʨʝʢʦ-

ʤʝʥʜʫʝʪʩʷ (ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʩʪʝʥʢʠ, ʙʦʣʴʰʝʡ, ʯʝʤ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ) ʦʧʨʝʜʝʣʷʪʴ ʢʦʵʬ-

ʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʛʘʟʘ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʩʪʝʥʢʠ. ɺʳ ʯʫʚʩʪʚʫʝʪʝ ʥʝʢʦʪʦʨʫʶ ʨʘʩʧʣʳʚ-

ʯʘʪʦʩʪʴ ʵʪʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ, ʠ ʵʪʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʪʘʢ, ʧʦʩʢʦʣʴʢʫ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʩʝʨʦʛʦ 

ʛʘʟʘ ʨʘʜʠʢʘʣʴʥʦ ʧʨʦʙʣʝʤʫ ʨʝʰʠʪʴ ʥʝʣʴʟʷ. ʃʫʯʰʠʤ ʚʳʭʦʜʦʤ ʙʳʣʦ ʙʳ ʨʘʩʩʯʠʪʳʚʘʪʴ ʷʚ-

ʣʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʠ ʧʦʛʣʦʱʝʥʠʷ, ʚ ʮʝʣʦʤ ʨʘʜʠʘʮʠʦʥʥʳʡ ʪʝʧʣʦʦʙʤʝʥ ʩ ʫʯʘʩʪʠʝʤ ʛʘʟʘ, 
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ʦʪʜʝʣʴʥʦ ʚ ʧʦʣʦʩʘʭ ʠʟʣʫʯʝʥʠʷ-ʧʦʛʣʦʱʝʥʠʷ ʠ ʚ ʦʢʥʘʭ ʧʨʦʟʨʘʯʥʦʩʪʠ. ʆʜʥʘʢʦ, ʧʦ-ʚʠ-

ʜʠʤʦʤʫ, ʜʦʣʞʥʦ ʧʨʦʡʪʠ ʚʨʝʤʷ, ʧʨʝʞʜʝ ʯʝʤ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʦʜʛʦʪʦʚʷʪ ʜʣʷ ʧʨʘʢʪʠʯʝ-

ʩʢʠʭ ʠʥʞʝʥʝʨʦʚ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʳʝ ʠ ʥʘʜʝʞʥʳʝ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ ʛʘʟʦʚ ʠ ʠʭ ʩʤʝʩʝʡ.  

4.3.2. ʋʨʘʚʥʝʥʠʝ ʧʝʨʝʥʦʩʘ ʠʟʣʫʯʝʥʠʷ.  

ʈʘʜʠʘʮʠʦʥʥʦ-ʢʦʥʚʝʢʪʠʚʥʳʡ ʪʝʧʣʦʦʙʤʝʥ ʚ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ 

ʇʨʦʜʫʢʪʳ ʩʛʦʨʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʪʦʧʣʠʚʘ, ʥʘʧʨʠʤʝʨ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ, ʩʦʜʝʨʞʘʪ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ ʠ ʚʦʜʷʥʦʡ ʧʘʨ. ʀʟʣʫʯʝʥʠʝ ʠ ʧʦʛʣʦʱʝʥʠʝ ʚ 

ʪʘʢʦʡ ʩʨʝʜʝ ð ʵʪʦ ʩʫʱʝʩʪʚʝʥʥʳʝ ʵʬʬʝʢʪʳ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ ʧʨʠ ʨʘʩʯʝʪʝ ʪʝ-

ʧʣʦʦʙʤʝʥʘ ʚ ʢʘʤʝʨʘʭ ʩʛʦʨʘʥʠʷ, ʪʘʢʠʭ ʢʘʢ ʪʦʧʢʠ ʧʘʨʦʛʝʥʝʨʘʪʦʨʦʚ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʢʦʪ-

ʣ -rʫʪʠʣʠʟʘʪʦʨʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʧʣʦʪʳ ʫʭʦʜʷʱʠʭ ʛʘʟʦʚ ʨʘʟʣʠʯʥʳʭ ʪʝʧʣʦʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʠ ʪ.ʧ. ʋʨʦʚʝʥʴ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ ʚ ʦʙʲʝʤʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʙʘʣʘʥʩʦʤ 

ʤʝʞʜʫ ʪʝʧʣʦʪʦʡ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ ʠ ʪʝʧʣʦʦʪʚʦʜʦʤ ʢ ʪʝʧʣʦʚʦʩʧʨʠʥʠʤʘʶʱʠʤ ʧʦʚʝʨʭʥʦ-

ʩʪʷʤ, ʪʘʢʠʤ ʢʘʢ ʵʢʨʘʥʳ ʪʨʫʙ, ʚʥʫʪʨʠ ʢʦʪʦʨʳʭ ʧʨʦʪʝʢʘʝʪ ʨʘʙʦʯʝʝ ʪʝʣʦ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʫʨʦʚʥʷ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ ʠʟʤʝʥʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʧʝʨʝʥʦʩʦʤ ʪʝʧʣʦʪʳ ʠʟʣʫʯʝ-

ʥʠʝʤ ʠ ʢʦʥʚʝʢʮʠʝʡ.  

 

ʈʠʩ. 4.13. ʈʘʜʠʘʮʠʦʥʥʦ-ʢʦʥʚʝʢʪʠʚʥʳʡ ʪʝʧʣʦʦʙʤʝʥ ʚ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ 

ʅʘʯʥʝʤ ʩ ʘʥʘʣʠʟʘ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʠ ʨʘʩʩʤʦʪʨʠʤ ʟʘʤʢʥʫʪʫʶ ʩʠʩʪʝʤʫ N 

ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʦʙʲʝʤ, ʟʘʧʦʣʥʝʥʥʳʡ ʠʟʣʫʯʘʶʱʠʤ ʠ 

ʧʦʛʣʦʱʘʶʱʠʤ ʛʘʟʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʊɻ (ʨʠʩ. 4.13). ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʛʘʟ ʚ ʢʘʤʝʨʝ 

ʩʛʦʨʘʥʠʷ ʭʦʨʦʰʦ ʧʝʨʝʤʝʰʘʥ, ʪʘʢ, ʯʪʦ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʘ ʊɻ ʧʨʠʤʝʨʥʦ ʧʦʩʪʦʷʥʥʘ ʧʦ ʦʙʲʝʤʫ. 

ʊʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʝʡ Ti ʪʘʢʞʝ ʧʨʝʜʧʦʣʘʛʘʶʪʩʷ ʠʟʚʝʩʪʥʳʤʠ. ʊʨʝʙʫʝʪʩʷ ʨʘʩʩʯʠ-

ʪʘʪʴ ʨʘʜʠʘʮʠʦʥʥʳʡ ʪʝʧʣʦʦʙʤʝʥ ʚ ʪʘʢʦʡ ʩʠʩʪʝʤʝ, ʪ.ʝ. ʥʘʡʪʠ ʧʣʦʪʥʦʩʪʠ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ 

ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ Eʨʝʟi ʥʘ ʢʘʞʜʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɺ ʮʝʣʦʤ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʚʳʯʠʩʣʝʥʠʷʭ ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ: 

1)  ʠʟʣʫʯʝʥʠʝ ʛʘʟʘ ʥʘ ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʧʦʚʝʨʭʥʦʩʪʠ; 

2)  ʯʘʩʪʠʯʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʚ ʛʘʟʦʚʦʤ ʦʙʲʝʤʝ ʨʘʜʠʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ, ʦʪʧʨʘʚʣʷʶʱʠʭʩʷ 

ʩ ʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʜʨʫʛʫʶ. 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʧʨʠ ʟʘʜʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʛʘʟʘ ʠ ʧʦʚʝʨʭʥʦʩʪʝʡ.  

ʧʘʜ,ʩoʙʵʬ EREE +=
    

(4.66)
 

ʧʘʜ.ʵʬʨʝʟ EEE -=     (4.67) 

ʅʘʯʥʝʤ ʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʠʢʩʠʨʦʚʘʥʥʦʡ i-ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʢʘʢʦʡ-ʣʠʙʦ j-ʧʦʚʝʨʭ-

ʥʦʩʪʴʶ. ɺʩʝ ʠʟʣʫʯʝʥʠʝ j-ʧʦʚʝʨʭʥʦʩʪʠ ʝʩʪʴ 

jj FEʵʬ , ɺʪ.     (4.68) 

q i

Eʨʝʟi

ai (T -Tʛ)

Gʛ ɻʊʋ

Gʪʦʧʣ

Gʚʦʟʜ

DH Gʪʦʧʣ
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ʅʘ i-ʧʦʚʝʨʭʥʦʩʪʴ ʦʪʧʨʘʚʣʷʝʪʩʷ ʯʘʩʪʴ ʵʪʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʫʛʣʦʚʳʤ ʢʦʵʬ-

ʬʠʮʠʝʥʪʦʤ j-ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ i-ʧʦʚʝʨʭʥʦʩʪʴ:
 
 

jijj FE jʵʬ , ɺʪ,     (4.69) 

ʥʦ ʜʦʭʦʜʠʪ ʪʦʣʴʢʦ  

ɻjijj DFE )ʵʬ( j , ɺʪ,    (4.70) 

ʛʜʝ Dɻ ð ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʫʩʢʘʥʠʷ ʛʘʟʘ: Dɻ = 1 ï ɸɻ. ɿʜʝʩʴ ʤʳ ʫʯʣʠ ʵʬʬʝʢʪ ʯʘʩʪʠʯʥʦ-

ʛʦ ʧʦʛʣʦʱʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʧʦʪʦʢʘ ʦʪ ʩʪʝʥʦʢ ʚ ʛʘʟʦʚʦʡ ʩʨʝʜʝ, ʨʘʟʜʝʣʷʶʱʝʡ ʧʦʚʝʨʭ-

ʥʦʩʪʠ. 

ʇʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʧʘʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʦʜʥʦʡ j-ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʩʪʘʚʠʪ: 

ɻ

i

jijj
D

F

FE jʵʬ
, ɺʪ/ʤ

2
,    (4.71) 

ʠʣʠ ʩ ʫʯʝʪʦʤ ʩʚʦʡʩʪʚʘ ʚʟʘʠʤʥʦʩʪʠ (
ijijij FF jj = ), 

.)ʵʬ( ɻijj DE j
     

(4.72) 

ʊʝʧʝʨʴ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʩʫʤʤʠʨʦʚʘʪʴ ʧʣʦʪʥʦʩʪʠ ʧʘʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʚʩʝʭ j-ʧʦʚʝʨʭ-

ʥʦʩʪʝʡ (j = 1 ... N ) ʠ ʜʦʙʘʚʠʪʴ ʠʟʣʫʯʝʥʠʝ ʛʘʟʦʚʦʛʦ ʦʙʲʝʤʘ ɽɻ: 

,ʵʬʧʘʜ ɻ
j

ijjɻi DEEE Öä Ö+= j     (4.73)

 

ʛʜʝ .4

ɻɻɻ TE se=  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʢʘʞʜʦʡ i-ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ (4.66) ʤʦʞʥʦ 

ʟʘʧʠʩʘʪʴ ʫʨʘʚʥʝʥʠʝ:

  ä Ö++=+=
j

ɻijjɻiiiiii DEEREEREE ),ʵʬ(ʩʦʙʧʘʜʩʦʙʵʬ j   (4.74)

 

ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʵʬʬʝʢʪʠʚʥʦʝ ʠʟʣʫʯʝʥʠʝ i-ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʠ ʦʪʨʘʞʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʠʯʝʤ ʧʦʩʣʝʜʥʝʝ ʝʩʪʴ Ri  ð ʜʦʣʷ ʦʪ ʧʘ-

ʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ, ʚʦ-ʧʝʨʚʳʭ, ʠʟʣʫʯʝʥʠʝʤ ʛʘʟʘ ʠ, ʚʦ-ʚʪʦʨʳʭ, ʵʬʬʝʢ-

ʪʠʚʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʚʩʝʭ j-ʧʦʚʝʨʭʥʦʩʪʝʡ, ʦʩʣʘʙʣʝʥʥʳʤ ʧʦʛʣʦʱʝʥʠʝʤ ʚ ʛʘʟʦʚʦʡ ʩʨʝʜʝ. 

ʄʳ ʧʦʣʫʯʠʣʠ ʩʠʩʪʝʤʫ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʬʬʝʢʪʠʚʥʳʭ ʧʦʪʦʢʦʚ ʠʟ-

ʣʫʯʝʥʠʷ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʨʝʰʠʪʴ, ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜʦʤ ʠʩʢʣʶʯʝʥʠʷ ɻʘʫʩʩʘ. 

ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʚʝʣʠʯʠʥʳ E iʵʬ ʦʧʨʝʜʝʣʝʥʳ ʜʣʷ ʚʩʝʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʨʘʩʩʯʠʪʳʚʘʶʪʩ ̫

ʧʣʦʪʥʦʩʪʠ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʧʦʪʦʢ ʠʟʣʫʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʬʦʨʤʫʣʦʡ (4.67) ʢʘʢ ʨʘʟʥʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠ ʧʘʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʡ: 

.)ʵʬ(ʵʬʧʘʜʵʬʨʝʟ ä Ö+-=-=
j

ɻijjɻiiii DEEEEEE j   (4.75)

 

ɺ ʧʨʠʥʮʠʧʝ, ʟʘʜʘʯʘ ʨʝʰʝʥʘ, ʥʦ ʧʦʣʝʟʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (4.74) ʠ ʩʦ-

ʦʪʥʦʰʝʥʠʝ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʘʩʯʝʪʘ ʨʝʟʫʣʴʪʠʨʫʶʱʠʭ ʧʦʪʦʢʦʚ (4.75) ʚ ʤʘʪʨʠʯʥʦʡ 

ʬʦʨʤʝ, ʫʜʦʙʥʦʡ ʜʣʷ ʚʳʯʠʩʣʝʥʠʡ ʥʘ ʢʦʤʧʴʶʪʝʨʝ. 

ʀʩʧʦʣʴʟʫʷ ʜʣʷ ʦʪʜʝʣʴʥʦ ʩʪʦʷʱʝʡ ʚʝʣʠʯʠʥʳ 
iEʵʬ ʚ ʫʨʘʚʥʝʥʠʷʭ (4.74) ʠ (4.75) ʪʦʞʜʝ-

ʩʪʚʦ 

,ʵʬʵʬ ä¹
j

ijji EE d      (4.76)

 

ʛʜʝ 
ijdð ʩʠʤʚʦʣ ʂʨʦʥʝʢʝʨʘ, ʠ ʧʨʠʚʦʜʷ ʧʦʜʦʙʥʳʝ ʯʣʝʥʳ, ʧʦʣʫʯʠʤ: 

,ʩʦʙ)(ʵʬ ɻii
j

ɻijiijj EREDRE +=ä -Ö jd    (4.77)

 

.)(ʵʬʨʝʟ ɻ
j

ɻijijji EDEE -ä -= jd     (4.78) 
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ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʤʘʪʨʠʯʥʘʷ ʟʘʧʠʩʴ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 
,ʵʬɺɽɸ =Ö      (4.79) 

.ʵʬʨʝʟ ɻEEDɽ -Ö=     (4.80) 

ʕʣʝʤʝʥʪʳ ʤʘʪʨʠʮ ʠ ʚʝʢʪʦʨʘ ʧʨʘʚʦʡ ʯʘʩʪʠ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ:
  

;ɻijiijij DRa jd-=    ;ʩʦʙ ɻiii EREb +=    (4.81) 

;ɻijijij Dd jd-=     (4.82) 

;ʩʦʙ 4TE ii se=    .4

ɻɻɻ TE se=     (4.83) 

ʂʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʜʣʷ ʩʝʨʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʳʯʠʩʣʷʝʪʩʷ ʢʘʢ  

.1 iiR e-=      (4.84) 

ʉʪʝʧʝʥʴ ʯʝʨʥʦʪʳ ʛʘʟʘ ɻeʨʘʩʩʯʠʪʳʚʘʶʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʧʨʝʜʳʜʫ-

ʱʝʛʦ ʨʘʟʜʝʣʘ, ʥʘʧʨʠʤʝʨ, ʧʦ ʬʦʨʤʫʣʝ (4.60). 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʫʩʢʘʥʠʷ ʛʘʟʘ, ʩʦʛʣʘʩʥʦ ʦʧʨʝʜʝʣʝʥʠʶ, ʝʩʪʴ: 

Dɻ = 1 ï ɸɻ,     (4.85) 

ʛʜʝ ɸɻ ð ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʛʘʟʘ. ɺ ʨʘʤʢʘʭ ʩʝʨʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʧʦʩʣʝʜʥʠʡ ʦʧ-

ʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ:  
),()( TTA ɻɻ e=      (4.86) 

ʠ ʟʜʝʩʴ ʤʳ ʩʪʘʣʢʠʚʘʝʤʩʷ ʩ ʥʝʢʦʪʦʨʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴʶ ʧʨʠ ʚʳʙʦʨʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ-

ʥʝʩʝʥʠʷ ʊ, ʧʦʩʢʦʣʴʢʫ ʛʘʟ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʥʝ ʷʚʣʷʝʪʩʷ ʩʝʨʳʤ ʪʝʣʦʤ. ʅʘ ʦʩʥʦʚʝ ʧʨʘʚ-

ʜʦʧʦʜʦʙʥʳʭ ʢʘʯʝʩʪʚʝʥʥʳʭ ʨʘʩʩʫʞʜʝʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ. ɽʩ-

ʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʛʨʘʞʜʘʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ (ʢʘʢ ʚ ʢʘʤʝʨʘʭ 

ʩʛʦʨʘʥʠʷ), ʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ)( ɻɻɻ TA e= , ʧʦʩʢʦʣʴʢʫ ʩʧʝʢʪʨ ʧʦʪʦʢʦʚ ʠʟʣʫʯʝ-

ʥʠʷ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʛʘʟʘ. ɽʩʣʠ ʞʝ 

ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ ʤʝʥʴʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʥʦʢ 
jT , ʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ  

).( jɻɻ TA e=      (4.87)
 

ʄʳ ʟʘʢʦʥʯʠʣʠ ʬʦʨʤʫʣʠʨʦʚʢʫ ʟʘʜʘʯʠ ʜʣʷ ʨʘʩʯʝʪʘ ʨʝʟʫʣʴʪʠʨʫʶʱʠʭ ʧʦʪʦʢʦʚ ʠʟʣʫʯʝ-

ʥʠʷ ʧʨʠ ʟʘʜʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʪʘʢʦʡ ʧʦʩʪʘʥʦʚʢʠ ʩʦ-

ʩʪʦʷʪ ʚ ʪʦʤ, ʯʪʦ, ʚʦ-ʧʝʨʚʳʭ, ʨʘʜʠʘʮʠʦʥʥʳʝ ʧʦʪʦʢʠ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, 

ʠʤʝʶʪ ʤʝʩʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʦʥʚʝʢʪʠʚʥʳʝ ʧʦʪʦʢʠ ʠʣʠ ʥʝʪ, ʠ, ʚʦ-ʚʪʦʨʳʭ, ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʳʝ ʧʨʦʮʝʜʫʨʳ ʦʢʘʟʳʚʘʶʪʩʷ ʙʦʣʝʝ ʧʨʦʩʪʳʤʠ ʠ ʙʳʩʪʨʳʤʠ ʙʣʘʛʦʜʘʨʷ ʣʠʥʝʡʥʦʩʪʠ 

ʟʘʜʘʯʠ. ʊʝʧʝʨʴ ʤʳ ʧʝʨʝʭʦʜʠʤ ʢ ʙʦʣʝʝ ʨʝʘʣʠʩʪʠʯʥʦʡ ʧʦʩʪʘʥʦʚʢʝ, ʢʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦ-

ʛʫʪ ʙʳʪʴ ʟʘʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳ, ʠ ʪʨʝʙʫʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʠʭ 

ʦʧʨʝʜʝʣʝʥʠʷ. ʄʳ ʧʦʧʳʪʘʝʤʩʷ ʪʘʢʞʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʦʙʱʝʛʦ ʘʣʛʦʨʠʪʤʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʩʦʭʨʘʥʠʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ ʬʦʨʤʫʣʠʨʦʚʢʠ, ʜʘʥʥʦʡ ʚ ʵʪʦʤ ʧʫʥʢʪʝ. 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ. ʇʦʩʪʘʥʦʚʢʘ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ: ʧʣʦʪʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ, 

ʧʦʜʚʦʜʠʤʦʛʦ ʠʟʚʥʝ ʚ ʩʠʩʪʝʤʫ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ: 

),(ʨʝʟi ɻiii TTEq -+= a     (4.88) 

ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʪʝʧʣʦʪʘ, ʧʦʜʚʦʜʠʤʘʷ ʠʟʚʥʝ (ʣʝʚʘʷ ʯʘʩʪʴ), ʦʪʚʦʜʠʪʩʷ ʦʪ i-ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʩʨʝʜʩʪʚʦʤ ʠʟʣʫʯʝʥʠʷ (ʧʝʨʚʦʝ ʩʣʘʛʘʝʤʦʝ ʩʧʨʘʚʘ) ʠ ʢʦʥʚʝʢʮʠʝʡ (ʚʪʦʨʦʝ ʩʣʘʛʘʝʤʦʝ 

ʩʧʨʘʚʘ). ɿʘ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʪʦʢʦʚ ʚ (4.88) ʚʳʙʨʘʥʦ ʥʘʧʨʘʚʣʝʥʠʝ çʚʥʫʪʨʴ 

ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷè. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ ʧʦʣʫʯʠʣʦʩʴ ɽʨʝʟ > 0, ʪʦ ʨʝ-

ʟʫʣʴʪʠʨʫʶʱʠʡ ʧʦʪʦʢ ʠʟʣʫʯʝʥʠʷ ʥʘʧʨʘʚʣʝʥ ʦʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʥʫʪʨʴ 

ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ. ʅʝ ʧʫʛʘʡʪʝʩʴ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʪʦʢʦʚ ð ʟʥʘʢ ʧʨʦʩʪʦ ʫʢʘʟʳ-

ʚʘʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʪʦʢʘ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʪʥʦʰʝ-



49 

ʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʨʘʟʥʳʭ ʩʪʝʥʢʘʭ ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʛʘʟʘ ʠ ʩʪʝʥʢʠ. ʉʦʛʣʘʰʝ-

ʥʠʝ ʦ ʟʥʘʢʘʭ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʩʦʦʪʥʦʰʝʥʠʡ ʜʣʷ ʩʘʤʳʭ ʨʘʟʥʳʭ ʩʠʪʫʘʮʠʡ. 

ʏʘʱʝ ʚʩʝʛʦ ʥʘ ʧʨʘʢʪʠʢʝ ʙʳʚʘʝʪ ʟʘʜʘʥʘ (ʩʨʝʜʥʷʷ) ʪʝʤʧʝʨʘʪʫʨʘ Tʥʘʨ,i ʚʥʝʰʥʝʛʦ ʪʝʧʣʦ-

ʥʦʩʠʪʝʣʷ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ aʥʘʨ,i ʩ ʚʥʝʰʥʝʡ ʩʪʦʨʦʥʳ i-ʧʦʚʝʨʭʥʦʩʪʠ, ʪʘʢ ʯʪʦ 

)( iiʥʘʨ,iʥʘʨ, Tʊqi -=a . ʊʦʛʜʘ ʫʨʘʚʥʝʥʠʝ (4.88) ʧʝʨʝʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ 

).(ʨʝʟ)( ɻiiʥʘʨ,iʥʘʨ, TTETT iii -+=- aa    (4.89)
 

ʅʘʧʨʠʤʝʨ, ʊʥʘʨ ð ʵʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ ʚʦʜʳ ʚ ʪʨʫʙʘʭ ʵʢʨʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʘ-

ʨʦʛʝʥʝʨʘʪʦʨʘ, ʘ aʥʘʨ ð ʵʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʧʨʠ ʢʠʧʝʥʠʠ ʚ ʪʨʫʙʘʭ. ʀʣʠ, ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ, ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʝʨʝʛʨʝʪʦʛʦ ʧʘʨʘ ʚ ʧʘʨʦʧʝʨʝʛʨʝʚʘʪʝʣʝ ʠ ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʦʪʜʘʯʠ ʧʨʠ ʪʝʯʝʥʠʠ ʧʝʨʝʛʨʝʪʦʛʦ ʧʘʨʘ ʚ ʪʨʫʙʝ. 

ɸʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯ. ʆʙʩʫʜʠʤ ʪʝʧʝʨʴ ʩʠʪʫʘʮʠʶ ʚ ʮʝʣʦʤ. ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ 

(4.77) ʠʣʠ (4.79) ʜʣʷ ʵʬʬʝʢʪʠʚʥʳʭ ʧʦʪʦʢʦʚ ʠʟʣʫʯʝʥʠʷ ʩʦʜʝʨʞʠʪ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʧʦ-

ʚʝʨʭʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʩʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʥʝʠʟʚʝʩʪʥʳʤʠ. ʈʝʰʝʥʠʝ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʚ ʧʨʠʥʮʠʧʝ 

ʤʳ ʥʘʰʣʠ: ʩʣʝʜʫʝʪ ʟʘʧʠʩʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ð ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʚʠʜʘ 

(4.89) ʜʣʷ ʪʝʭ i-ʧʦʚʝʨʭʥʦʩʪʝʡ, ʥʘ ʢʦʪʦʨʳʭ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝ ʟʘʜʘʥʳ ʞʝʩʪʢʦ. ʕʪʦ ʩʦʟʜʘʝʪ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ ʜʚʦʷʢʦʛʦ ʭʘʨʘʢʪʝʨʘ. ɺʦ-ʧʝʨʚʳʭ, ʯʠʩʣʦ ʫʨʘʚʥʝʥʠʡ ʚʦʟʨʘʩʪʝʪ, 

ʚʦ-ʚʪʦʨʳʭ, ʵʪʘ ʨʘʩʰʠʨʝʥʥʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʩʪʘʥʦʚʠʪʩʷ ʥʝʣʠʥʝʡʥʦʡ. ɼʝʡʩʪʚʠʪʝʣɹ-

ʥʦ, ʚ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (4.77) ʪʝʤʧʝʨʘʪʫʨʘ ʚʭʦʜʠʪ ʚ ʯʝʪʚʝʨʪʦʡ ʩʪʝʧʝʥʠ, ʘ ʚ ʛʨʘʥʠʯʥʳʝ 

ʫʩʣʦʚʠʷ (4.89) ð ʚ ʧʝʨʚʦʡ. ʄʳ ʜʦʣʞʥʳ ʩʧʦʢʦʡʥʦ ʦʪʥʦʩʠʪʴʩʷ ʢ ʪʘʢʠʤ ʦʩʣʦʞʥʝʥʠʷʤ, 

ʩʚʷʟʘʥʥʳʤ ʩ ʧʝʨʝʭʦʜʦʤ ʦʪ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʦʡ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʢ ʨʝʘʣʠʩʪʠʯʥʦʡ. ʇʨʦ-

ʩʪʦ ʩʣʝʜʫʝʪ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʨʫʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʠ ʨʝʰʘʪʴ ʟʘʜʘʯʫ ʥʘ ʢʦʤʧʴʶʪʝʨʝ, ʩʦʩʪʘʚʠʚ 

ʥʫʞʥʫʶ ʧʨʦʛʨʘʤʤʫ. ɸʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʤʦʞʝʪ ʙʳʪʴ ʪʘʢʠʤ. ʇʫʩʪʴ ʜʣʷ ʢʘʢʦʡ-ʣʠʙʦ 

i-ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʘ ʥʝʠʟʚʝʩʪʥʘ. ɺʳ ʟʘʜʘʝʪʝ ʥʝʢʦʪʦʨʦʝ ʧʨʦʙʥʦʝ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝ-

ʨʘʪʫʨʳ, ʨʝʰʘʝʪʝ ʩʠʩʪʝʤʫ (4.77) ʜʣʷ ʵʬʬʝʢʪʠʚʥʳʭ ʧʦʪʦʢʦʚ ɽɻ ʬi ʙʳʩʪʨʳʤ ʤʝʪʦʜʦʤ ɻʘʫʩ-

ʩʘ, ʥʘʭʦʜʠʪʝ ɽʨʝʟi ʠ ʧʦʜʩʪʘʚʣʷʝʪʝ ʚ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ (4.89). ɺʨʷʜ ʣʠ ʚʦʟʤʦʞʥʦ ʫʛʘ-

ʜʘʪɹ ʧʨʘʚʠʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʥʢʠ ʩ ʧʝʨʚʦʛʦ ʨʘʟʘ, ʧʦʵʪʦʤʫ ʚ ʛʨʘʥʠʯʥʦʤ ʫʩ-

ʣʦʚʠʠ ʚʦʟʥʠʢʥʝʪ ʥʝʚʷʟʢʘ, ʢʦʪʦʨʫʶ ʧʨʠ ʜʘʣʴʥʝʡʰʠʭ ʧʦʧʳʪʢʘʭ ʩʣʝʜʫʝʪ ʫʤʝʥʴʰʠʪʴ ʜʦ 

ʥʫʣʷ (ʩ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʴʶ). 

ʉʫʱʝʩʪʚʫʶʪ ʵʬʬʝʢʪʠʚʥʳʝ ʩʪʘʥʜʘʨʪʥʳʝ ʧʨʦʛʨʘʤʤʳ (ʧʨʦʛʨʘʤʤʳ ʦʧʪʠʤʠʟʘʮʠʠ ʜʣʷ ʦʜ-

ʥʦʡ ʠ ʤʥʦʛʠʭ ʧʝʨʝʤʝʥʥʳʭ), ʢʦʪʦʨʳʝ ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʦʠʩʢ ʥʝ ʚʩʣʝʧʫʶ, ʘ ʨʘʟʫʤʥʦ, ʜʚʠʛʘ-

ʷʩʴ ʚ ʩʪʦʨʦʥʫ ʥʘʠʩʢʦʨʝʡʰʝʛʦ ʫʤʝʥʴʰʝʥʠʷ ʥʝʚʷʟʢʠ. ʊʘʢʠʝ ʧʨʦʛʨʘʤʤʳ çʟʘʰʠʪʳè ʚ ʩʠʩʪʝ-

ʤʘʭ ʠʥʞʝʥʝʨʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʠʤʝʶʪʩʷ, ʥʘʧʨʠʤʝʨ, ʚ ʟʥʘʢʦʤʦʡ ʚʩʝʤ ʩʪʫʜʝʥʪʘʤ ʩʠʩʪʝʤʝ 

çMathcadè. ʊʘʢ ʯʪʦ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʩʘʤʦʤʫ ʩʦʩʪʘʚʣʷʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʧʨʦʛʨʘʤʤʳ. ʅʘ 

ʧʝʨʚʦʤ ʧʣʘʥʝ ʜʦʣʞʥʘ ʙʳʪʴ ʬʦʨʤʫʣʠʨʦʚʢʘ ʚʘʰʝʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʟʘʜʘʯʠ, ʢʘʢ ʚ ʨʘʩ-

ʩʤʦʪʨʝʥʥʦʤ ʧʨʠʤʝʨʝ ʩ ʨʘʜʠʘʮʠʦʥʥʳʤ ʪʝʧʣʦʦʙʤʝʥʦʤ ʚ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ.  

ʀʪʘʢ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩʪʘʥʦʚʷʪʩʷ ʠʟʚʝʩʪʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʪʝʭ ʧʦ-

ʚʝʨʭʥʦʩʪʝʡ, ʥʘ ʢʦʪʦʨʳʭ ʙʳʣʠ ʟʘʜʘʥʳ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʚʠʜʘ (4.88) ʠʣʠ (4.89). ʉʣʝʜʦ-

ʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʢʦʥʚʝʢʪʠʚʥʳʝ ʧʦʪʦʢʠ ʪʝʧʣʘ ʥʘ ʢʘʞʜʦʡ ʠʟ ʧʦʚʝʨʭʥʦʩʪʝʡ 

)( ɻTTii -a ʠ ʧʦʣʥʳʝ ʧʦʪʦʢʠ ʪʝʧʣʘ qi, ʚʢʣʶʯʘʷ ʨʘʜʠʘʮʠʦʥʥʫʶ ʠ ʢʦʥʚʝʢʪʠʚʥʫʶ ʩʦʩʪʘʚ-

ʣʷʶʱʠʝ, ʧʦ ʬʦʨʤʫʣʝ (4.88). ʊʝʧʝʨʴ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ, ʩʢʦʣʴʢʦ ʪʦʧʣʠʚʘ ʥʝʦʙʭʦʜʠ-

ʤʦ ʩʞʠʛʘʪʴ, ʯʪʦʙʳ ʧʦʜʜʝʨʞʠʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ ʥʘ ʟʘʜʘʥʥʦʤ ʫʨʦʚʥʝ ʊɻ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ. ʅʝʩʢʦʣʴʢʦ ʢʦʥʢʨʝʪʠʟʠʨʫʝʤ ʥʘʰʫ ʟʘʜʘʯʫ. ʇʫʩʪʴ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʪʩʷ ʢʦʪʝʣ-ʫʪʠʣʠʟʘʪʦʨ ð ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʦʛʦ 

ʪʝʧʣʘ ʥʘ ʚʳʭʦʜʝ ʨʘʟʣʠʯʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʯʘʩʪʦ ʧʨʦʩʪʦ ʩʙʨʘʩʳʚʘʝʤʦʛʦ ʚ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ. ʅʘʧʨʠʤʝʨ, ʛʘʟʦʚʘʷ ʪʫʨʙʠʥʘ ʧʨʠʤʝʥʷʝʪʩʷ ʢʘʢ ʧʨʠʚʦʜ ʜʣʷ ʢʦʤʧʨʝʩʩʦʨʘ, ʧʝʨʝʢʘʯʠ-

ʚʘʶʱʝʛʦ ʛʘʟ ʧʦ ʤʘʛʠʩʪʨʘʣʴʥʦʤʫ ʛʘʟʦʧʨʦʚʦʜʫ, ʘ ʚʳʭʣʦʧ ʛʘʟʘ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʨʠʤʝʨʥʦ 

ʧʷʪʴʩʦʪ ʛʨʘʜʫʩʦʚ ʤʦʞʥʦ ʥʘʧʨʘʚʠʪʴ ʚ ʢʦʪʝʣ-ʫʪʠʣʠʟʘʪʦʨ (ʨʠʩ. 4.13) ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʪʝʧ-

ʣʦʩʥʘʙʞʝʥʠʷ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʀʥʦʛʜʘ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ 
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ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʩʞʠʛʘʥʠʝ ʛʘʟʘ ʚ ʢʦʪʣʝ-ʫʪʠʣʠʟʘʪʦʨʝ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʧʦʜʥʷʪʴ ʫʨʦʚʝʥʴ ʪʝʤʧʝʨʘʪʫʨ. 
ɼʘʣʴʥʝʡʰʠʝ ʨʘʩʯʝʪʳ ʧʨʦʚʝʜʝʤ ʥʘ ʦʩʥʦʚʝ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʩʫʤ-

ʤʘʨʥʳʡ (ʨʘʜʠʘʮʠʦʥʥʦ-ʢʦʥʚʝʢʪʠʚʥʳʡ) ʪʝʧʣʦʦʪʚʦʜ ʢ ʩʪʝʥʢʘʤ ʨʘʚʝʥ ʠʟʤʝʥʝʥʠʶ ʵʥʪʘʣʴ-
ʧʠʠ ʧʦʪʦʢʦʚ, ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʢʘʤʝʨʫ ʩʛʦʨʘʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʦʙʦʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ 
ʩʥʘʙʞʝʥʳ ʰʪʨʠʭʦʤ, ʠ ʜʘʣʝʝ ʧʨʠ ʩʛʦʨʘʥʠʠ ʭʦʨʦʰʦ ʧʝʨʝʤʝʰʘʥʥʳʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʊɻ: 

( ){ }
( ){ }ɻɻpɻʚʦʟʜʪʦʧʣ
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'
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(4.91) 

ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʵʥʪʘʣʴʧʠʷ ʪʦʧʣʠʚʘ ʥʘ ʚʭʦʜʝ ʩʦʜʝʨʞʠʪ ʪʝʧʣʦʪʫ ʩʛʦʨʘʥʠʷ DH , 

ɼʞ/(ʢʛ ʪʦʧʣʠʚʘ)! ɺ ʬʦʨʤʫʣʝ ʬʠʛʫʨʠʨʫʶʪ ʪʘʢʞʝ ʨʘʩʭʦʜʳ ʠ ʫʜʝʣʴʥʳʝ ʪʝʧʣʦʝʤʢʦʩʪʠ ʚʳ-

ʭʣʦʧʘ ʛʘʟʦʚʦʡ ʪʫʨʙʠʥʳ, ʛʘʟʦʚʦʛʦ ʪʦʧʣʠʚʘ ʠ ʚʦʟʜʫʭʘ ʢʘʢ ʦʢʠʩʣʠʪʝʣʷ (ʨʠʩ. 4.13). 

ʊʝʧʣʦʦʪʚʦʜ ʦʪ ʛʘʟʘ ʢ ʩʪʝʥʢʘʤ ( ʧʦʚQ ʚ ʬʦʨʤʫʣʝ (4.91)) ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ ʩʫʤʤʘ ʪʝʧ-

ʣʦʚʳʭ ʧʦʪʦʢʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʩ ʦʙʨʘʪʥʳʤ ʟʥʘʢʦʤ (ʪʘʢ ʢʘʢ ʧʦ ʧʨʠʥʷʪʦʤʫ ʨʘʥʝʝ ʩʦʛʣʘ-
ʰʝʥʠʶ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ ð ʚʥʫʪʨʴ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ):

  ,ä-=
N

iiʧʦʚ FqQ  ɺʪ,     (4.92) 

ʛʜʝ Fi, ʤ
2
 ð ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʢʘʤʝʨʫ ʩʛʦʨʘʥʠʷ. 

ʀʪʘʢ, ʯʪʦʙʳ ʧʦʜʜʝʨʞʠʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ ʥʘ ʟʘʜʘʥʥʦʤ ʫʨʦʚʥʝ ʊɻ ʚ 

ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʪʝʧʣʦʪʘ ʦʪ ʛʘʟʘ ʦʪʜʘʝʪʩʷ ʪʝʧʣʦʚʦʩʧʨʠʥʠʤʘʶʱʠʤ ʧʦʚʝʨʭʥʦʩʪʷʤ, ʥʝʦʙ-

ʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʦʧʨʝʜʝʣʝʥʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 

ʧʦ ʫʨʘʚʥʝʥʠʶ ʙʘʣʘʥʩʘ (4.91).  

ʄʳ ʟʘʚʝʨʰʠʣʠ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʬʦʨʤʫʣʠʨʦʚʢʫ ʟʘʜʘʯʠ ʦ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ. ʀʩʧʦʣʴʟʦ-

ʚʘʥʥʳʝ ʠʜʝʠ ʠ ʤʝʪʦʜʳ ʙʳʣʠ ʧʨʦʩʪʳʤʠ:  

ü ʤʳ ʫʯʣʠ ʠʟʣʫʯʝʥʠʝ ʛʦʨʷʯʠʭ ʛʘʟʦʚ ʥʘ ʩʪʝʥʢʠ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʠ ʦʩʣʘʙʣʝʥʠʝ ʧʦʪʦ-

ʢʦʚ ʠʟʣʫʯʝʥʠʷ ʦʪ ʦʜʥʦʡ ʩʪʝʥʢʠ ʢ ʜʨʫʛʦʡ ʟʘ ʩʯʝʪ ʧʦʛʣʦʱʝʥʠʷ ʚ ʛʘʟʦʚʦʤ ʦʙʲʝʤʝ (ʩʤ. ʬʦʨ-

ʤʫʣʫ (4.34)); 

ü ʟʘʧʠʩʘʣʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ (ʩʤ. ʬʦʨʤʫʣʳ (4.88) ʠʣʠ (4.89)), ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʪʝ-

ʧʣʦʚʳʝ ʧʦʪʦʢʠ, ʦʪʚʦʜʠʤʳʝ ʢ ʪʝʧʣʦʚʦʩʧʨʠʥʠʤʘʶʱʠʤ ʧʦʚʝʨʭʥʦʩʪʷʭ, ʦʙʫʩʣʦʚʣʝʥʳ ʥʝ ʪʦʣʴ-

ʢʦ ʠʟʣʫʯʝʥʠʝʤ, ʥʦ ʠ ʢʦʥʚʝʢʮʠʝʡ ʦʪ ʛʦʨʷʯʠʭ ʛʘʟʦʚ ʢ ʩʪʝʥʢʘʤ; 

ü ʧʨʠʚʣʝʢʣʠ ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ (4.91), ʧʦʥʠʤʘʷ, ʯʪʦ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʚʳ-

ʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ ʥʝʦʙʭʦʜʠʤʦ ʩʞʠʛʘʪʴ ʪʦʧʣʠʚʦ.  

ʅʦ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʬʦʨʤʫʣʠʨʦʚʢʘ ʟʘʜʘʯʠ ʦʢʘʟʳʚʘʝʪʩʷ ʜʦʚʦʣʴʥʦ ʛʨʦʤʦʟʜʢʦʡ. ʈʘʟʫʤʝ-

ʝʪʩʷ, ʪʘʢʠʝ ʨʘʩʯʝʪʳ ʥʫʞʥʦ ʧʨʦʚʦʜʠʪʴ ʥʘ ʢʦʤʧʴʶʪʝʨʝ.  

ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ, ʟʘʜʘʥʠʷ ʠ ʟʘʜʘʯʠ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ 

1. ʉʨʘʚʥʠʪʝ ʩʪʝʧʝʥʠ ʯʝʨʥʦʪʳ ʩʥʝʛʘ ʠ ʩʘʞʠ. ʇʦʷʩʥʠʪʝ ʨʝʟʫʣʴʪʘʪ ʩʨʘʚʥʝʥʠʷ. 
2. ʈʘʩʩʯʠʪʘʡʪʝ ʧʣʦʪʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ, ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʠʟʣʫʯʝʥʠʝʤ (q, ɺʪ/ʤ

2
) ʦʪ ʙʘʪʘʨʝʠ 

ʦʪʦʧʣʝʥʠʷ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʦʚʝʨʭʥʦʩʪʠ tʩ = 60 Áʉ ʠ ʩʪʝʧʝʥʴʶ ʯʝʨʥʦʪʳ Ůc = 0,9. ʊʝʤʧʝʨʘʪʫʨʘ ʦʢ-
ʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ tʞ = 20 Áʉ. 
ʆʪʚʝʪ: q = 251,3 ɺʪ/ʤ

2
. 

3. ʈʘʩʩʯʠʪʘʡʪʝ ʧʣʦʪʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ (q, ɺʪ/ʤ
2
), ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʯʝʨʝʟ ʚʘʢʫʫʤʠʨʦʚʘʥ-

ʥʳʡ ʟʘʟʦʨ ʜʚʦʡʥʦʡ ʩʪʝʥʢʠ ʢʦʣʙʳ ʪʝʨʤʦʩʘ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʪʝʥʦʢ 
t1 = 100 

o
C, t2 = 20 

o
ʉ, ʘ ʩʪʝʧʝʥʠ ʯʝʨʥʦʪʳ ʧʦʚʝʨʭʥʦʩʪʝʡ Ů1 = Ů2 = 0,05. 

ʂʘʢʦʡ ʪʦʣʱʠʥʳ ʜʦʣʞʝʥ ʙʳʪʴ ʩʣʦʡ ʪʝʧʣʦʚʦʡ ʠʟʦʣʷʮʠʠ ʠʟ ʚʦʡʣʦʢʘ (ɚʚ = 0,0524 ɺʪ/ʤĿʂ), ʯʪʦ-
ʙʳ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʧʦʪʝʨʠ ʪʝʧʣʘ ʠʟʣʫʯʝʥʠʝʤ?  
ʆʪʚʝʪʳ: q = 17,42 ɺʪ/ʤ

2
; ŭʠʟ = 240 ʤʤ. 
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4. ʇʨʦʘʥʘʣʠʟʠʨʫʡʪʝ ʬʦʨʤʫʣʳ ʜʣʷ Ůʧʨ (4.25) ʠ (4.30) ʧʨʠ ʥʘʣʠʯʠʠ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʦʜ-

ʥʦʛʦ ʵʢʨʘʥʘ ʠ ʦʪʚʝʪʴʪʝ ʥʘ ʚʦʧʨʦʩ: ʢʘʢ ʟʘʚʠʩʠʪ ʣʫʯʠʩʪʳʡ ʧʦʪʦʢ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʘʛʨʝʪʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʵʢʨʘʥʦʤ: 

ʘ) ʜʣʷ ʜʚʫʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʣʦʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ; 

ʙ) ʜʣʷ ʩʠʩʪʝʤʳ ʪʝʣ, ʦʜʥʦ ʠʟ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʦʞʝʥʦ ʚʥʫʪʨʠ ʜʨʫʛʦʛʦ? 

5. ʏʝʨʝʟ ʩʪʝʥʢʫ ʪʦʣʱʠʥʦʡ ŭ (ʨʠʩ. 4.14) ʪʝʧʣʦʪʘ ʧʝʨʝʜʘʝʪʩʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ (qʪ, ɺʪ/ʤ
2
), ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥʢʠ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ð ʧʫʪʝʤ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ (qʢ) ʠ ʠʟʣʫʯʝ-

ʥʠʝʤ (qʣ). 

 

ʀʟʚʝʩʪʥʳ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩʪʝʥʢʠ (ɚ), ʩʪʝʧʝʥʴ 

ʯʝʨʥʦʪʳ ʧʦʚʝʨʭʥʦʩʪʠ (Ů), ʪʝʤʧʝʨʘʪʫʨʳ t1, t2, tʞ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧ-

ʣʦʦʪʜʘʯʠ (Ŭ). 

ɿʘʧʠʰʠʪʝ ʬʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ qʪ ,qʢ, qʣ ʧʨʠ 

.ʣʢʪ qqqq +==
 

 
 

ʈʠʩ. 4.14 

6. ʆʪ ʢʘʢʠʭ ʬʘʢʪʦʨʦʚ ʟʘʚʠʩʠʪ ʠʟʣʫʯʝʥʠʝ (ʧʦʛʣʦʱʝʥʠʝ): 

ʘ) ʪʚʝʨʜʳʭ ʪʝʣ; 

ʙ) ʛʘʟʦʚ? 

ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ɿʘʜʘʯʘ ˉ 1. ʆʧʨʝʜʝʣʠʪʴ ʧʦʪʝʨʠ ʪʝʧʣʦʪʳ ʠʟʣʫʯʝʥʠʝʤ ʩ 1 ʤ ʜʣʠʥʳ ʧʘʨʦʧʨʦʚʦʜʘ (Q, ɺʪ/ʤ), ʝʩʣʠ 

ʝʛʦ ʥʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ d = 0,3 ʤ, ʩʪʝʧʝʥʴ ʯʝʨʥʦʪʳ Ů = 0,9, ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ tc = 450 
o
C, 

ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ tʞ = 20 Áʉ. 

ʂʘʢʠʤʠ ʙʫʜʫʪ ʧʦʪʝʨʠ ʪʝʧʣʦʪʳ ʠʟʣʫʯʝʥʠʝʤ (Q', ɺʪ/ʤ), ʝʩʣʠ ʧʘʨʦʧʨʦʚʦʜ ʧʦʤʝʩʪʠʪʴ ʚ ʦʙʦʣʦʯʢʫ 

ʠʟ ʞʝʩʪʠ ʜʠʘʤʝʪʨʦʤ dʦʙ = 0,4 ʤ, ʩʪʝʧʝʥʴʶ ʯʝʨʥʦʪʳ Ůʦʙ = 0,6? 

ʈʝʰʝʥʠʝ 

ʇʨʠ ʠʟʣʫʯʝʥʠʠ ʧʘʨʦʧʨʦʚʦʜʘ ʚ ʥʝʦʛʨʘʥʠʯʝʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʦʪʝʨʠ ʪʝʧʣʦʪʳ ʩʦʛʣʘʩʥʦ ʫʨʘʚ-

ʥʝʥʠʶ (4.29) ʩʦʩʪʘʚʷʪ 
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ʇʦ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʤ ʫʨʘʚʥʝʥʠʷʤ ʥʘʭʦʜʠʤ Ůʧʨ = 0,621, ʧʦ ʫʨʘʚʥʝʥʠʶ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʨʘʩ-

ʩʯʠʪʳʚʘʝʤ ʪʝʤʧʝʨʘʪʫʨʫ ʦʙʦʣʦʯʢʠ tʦ6 = 320 Áʉ ʠ ʜʘʣʝʝ ʥʘʭʦʜʠʤ ʧʦʪʝʨʠ ʪʝʧʣʘ ʦʪ ʵʢʨʘʥʠʨʦʚʘʥʥʦʛʦ 

ʧʘʨʦʧʨʦʚʦʜʘ Q' = 4 962 ɺʪ/ʤ. ʇʦʪʝʨʠ ʪʝʧʣʘ ʠʟʣʫʯʝʥʠʝʤ ʫʤʝʥʴʰʠʣʠʩʴ ʚ Q/Q' = 12 781/4 962 = 

2,58 ʨʘʟ. 
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ɿʘʜʘʯʘ ˉ 2. ʆʧʨʝʜʝʣʠʪʴ ʩʪʝʧʝʥʴ ʯʝʨʥʦʪʳ ʠ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ ʩʤʝʩʠ ʛʘʟʦʚ (ʆ2, N2, 

CO2), ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʳʭ ʧʦ ʪʨʫʙʝ ʜʠʘʤʝʪʨʦʤ d1 = 200 ʤʤ. ʊʝʤʧʝʨʘʪʫʨʘ ʛʘʟʦʚ tʛ = 800 
o
C, ʧʘʨʮʠ-

ʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ 
2COp = 0,09 ʙʘʨ. 

ʈʝʰʝʥʠʝ 

ʀʟ ʪʨʝʭ ʛʘʟʦʚ ʠʟʣʫʯʘʶʱʠʤ (ʠ ʧʦʛʣʦʱʘʶʱʠʤ) ʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ (ʉʆ2). 

ʉʪʝʧʝʥʴ ʯʝʨʥʦʪʳ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, ),,(
22

lptf COɻCO Ö=e  ʦʧʨʝʜʝʣʠʤ ʠʟ ʥʦʤʦʛʨʘʤʤʳ, ʧʨʠʚʝ-

ʜʝʥʥʦʡ ʚ [5, ʩ. 211]. ɼʣʠʥʫ ʧʫʪʠ ʣʫʯʘ ʜʣʷ ʪʨʫʙʳ ʥʘʡʜʝʤ ʧʦ ʬʦʨʤʫʣʝ 

. 18,02,09,09,0
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ʇʨʦʠʟʚʝʜʝʥʠʝ 1802,19,0
2

ÖÖ=ÖlpCO
= 1,65 ʩʤĿ(ʢʛ/ʩʤ

2
).  

ʀʟ ʥʦʤʦʛʨʘʤʤʳ ʥʘʭʦʜʠʤ 
2ʉOe = 0,062. 

ʇʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʩʦʙʩʪʚʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 
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5. ʊɽʇʃʆʇɽʈɽɼɸʏɸ ʉʆ ʉʃʆɾʅʓʄ ʊɽʇʃʆʆɹʄɽʅʆʄ  

ʅɸ ʇʆɺɽʈʍʅʆʉʊʗʍ ʉʊɽʅʂʀ ʇʈʀ ʉʊɸʎʀʆʅɸʈʅʆʄ ʈɽɾʀʄɽ. 

ʀʅʊɽʅʉʀʌʀʂɸʎʀʗ ʊɽʇʃʆʇɽʈɽɼɸʏʀ 

5.1. ʊʝʧʣʦʧʝʨʝʜʘʯʘ ʯʝʨʝʟ ʧʣʦʩʢʫʶ ʩʪʝʥʢʫ ʩʦ ʩʣʦʞʥʳʤ ʪʝʧʣʦʦʙʤʝʥʦʤ 

ʉʣʦʞʥʳʡ ʪʝʧʣʦʦʙʤʝʥ ð ʵʪʦ ʦʜʥʦʚʨʝʤʝʥʥʘʷ ʧʝʨʝʜʘʯʘ ʪʝʧʣʦʪʳ ʜʚʫʤʷ ʠʣʠ ʪʨʝʤʷ ʩʧʦ-

ʩʦʙʘʤʠ (ʢʦʥʚʝʢʮʠʝʡ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʠʟʣʫʯʝʥʠʝʤ). 

ʇʫʩʪʴ ʪʝʧʣʦʪʘ ʧʝʨʝʜʘʝʪʩʷ ʦʪ ʛʦʨʷʯʝʡ ʚʦʜʳ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ tʞ1
 ʯʝʨʝʟ ʧʣʦʩʢʫʶ ʩʪʝʥʢʫ 

ʪʦʣʱʠʥʦʡ ŭ ʢ ʦʢʨʫʞʘʶʱʝʤʫ ʩʧʦʢʦʡʥʦʤʫ ʚʦʟʜʫʭʫ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ tʞ2
(ʨʠʩ. 5.1). 

ɼʘʥʦ: ;;;
21 ʞʞ ttd ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ʩʪʝʥʢʠ ɚ; ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʥʚʝʢʪʠʚʥʦʡ ʪʝʧʣʦʦʪʜʘʯʠ 

,, 21 aa  ʩʪʝʧʝʥʴ ʯʝʨʥʦʪʳ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥʢʠ ʩe. 

ʆʧʨʝʜʝʣʠʪʴ: ʧʣʦʪʥʦʩʪʴ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦ-

ʪʦʢʘ (q, ɺʪ/ʤ
2
) ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʩʪʝʥʢʠ 

t1 ʠ t2. 

ʆʪ ʚʦʜʳ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʪʘ ʧʝʨʝʜʘʝʪʩʷ ʧʫʪʝʤ 

ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ (
1k

q ), ʯʝʨʝʟ ʩʪʝʥʢʫ ð ʪʝʧ-

ʣʦʧʨʦʚʦʜʥʦʩʪʴʶ (qT), ʦʪ ʩʪʝʥʢʠ ʢ ʚʦʟʜʫʭʫ ð ʢʦʥʚʝʢʮʠ-

ʝʡ (
2kq ) ʠ ʠʟʣʫʯʝʥʠʝʤ (ʣq ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

,
21 ʣkʪk qqqqq +===      (5.1) 

),( 11 11
ttq ʞk -=a      (5.2)

 

),( 21 ttqʪ -=
d

l
     (5.3) 

),(
22 22 ʞk ttq -=a      (5.4)
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TT
ʩq e     (5.5) 

ʇʨʠ ʨʘʩʯʝʪʘʭ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʩʦ ʩʣʦʞʥʳʤ ʪʝʧʣʦʦʙʤʝʥʦʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʩʫʤʤʘʨʥʫʶ 

ʪʝʧʣʦʦʪʜʘʯʫ ʟʘʤʝʥʷʶʪ ʵʢʚʠʚʘʣʝʥʪʥʳʤ ʪʝʧʣʦʚʳʤ ʧʦʪʦʢʦʤ, ʥʘʧʨʠʤʝʨ ʢʦʥʚʝʢʪʠʚʥʳʤ: 

).(
22 2 ʞʵʢʚʵʢʚʣk ttqqq -==+ a     (5.6)

 

ʇʨʠ ʧʦʜʩʪʘʥʦʚʢʝ (5.4) ʚ (5.6) ʧʦʣʫʯʠʤ ʬʦʨʤʫʣʫ ʜʣʷ ʨʘʩʯʝʪʘ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʢʦʵʬʬʠ-

ʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ 

.2

2

2

2

ʣ

ʞ

ʣ
ʵʢʚ

tt

q
aaaa +=

-
+=     (5.7)

 

ʉʣʘʛʘʝʤʦʝ ʣ
ʞ

ʣ

tt

q
a=

-
22  

ʫʯʠʪʳʚʘʝʪ ʧʝʨʝʜʘʯʫ ʪʝʧʣʦʪʳ ʠʟʣʫʯʝʥʠʝʤ ʠ ʥʘʟʳʚʘʝʪʩʷ ʣʫʯʠ-

ʩʪʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʝʧʣʦʦʪʜʘʯʠ. 

ɺ ʥʘʠʙʦʣʝʝ ʦʙʱʝʤ ʚʠʜʝ ʬʦʨʤʫʣʫ ʜʣʷ ʨʘʩʯʝʪʘ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧ-

ʣʦʦʪʜʘʯʠ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʪʘʢ: 

,
ʞʩ

ʣ
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tt

q
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+=aa

     

(5.8) 
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ʛʜʝ ʞc tt -  ð ʘʙʩʦʣʶʪʥʘʷ ʚʝʣʠʯʠʥʘ ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʨʝʜʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʩʪʝʤʫ ʯʝʪʳʨʝʭ ʫʨʘʚʥʝʥʠʡ (5.2)ð(5.5) ʟʘʤʝʥʷʝʤ ʩʠʩʪʝʤʦʡ ʪʨʝʭ 

ʫʨʘʚʥʝʥʠʡ: 

),( 11 1
ttq ʞ -=a      (5.9) 

),( 21 ttq -=
d

l
     (5.10)

 

),(
2

2 ʞʵʢʚ ttq -=a      (5.11) 

ʩʦʚʤʝʩʪʥʦʝ ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ ʜʘʝʪ ʨʘʩʯʝʪʥʫʶ ʬʦʨʤʫʣʫ ʜʣʷ ʧʣʦʪʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ 

.
11

'1

21

ʵʢʚ

ʞʞ tt
q

al

d

a
++

-
=     (5.12) 

ʌʦʨʤʫʣʘ (5.12) ʚʢʣʶʯʘʝʪ ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ (aʵʢʚ), ʢʦʪʦʨʳʡ 

ʪʨʝʙʫʝʪ ʟʥʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦ ʩʣʦʞʥʳʤ ʪʝʧʣʦʦʙʤʝʥʦʤ (t2). ʊʘʢ ʢʘʢ ʵʪʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʝʠʟʚʝʩʪʥʘ, ʪʦ ʝʝ ʟʘʜʘʶʪ; ʧʦ (5.7) ʩ ʫʯʝʪʦʤ (5.5) ʨʘʩʩʯʠʪʳʚʘʶʪ Ŭʵʢʚ, ʟʘʪʝʤ ʧʦ 

(5.12) ʨʘʩʩʯʠʪʳʚʘʶʪ q. ʇʨʘʚʠʣʴʥʦʩʪʴ ʟʘʜʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ t2 ʧʨʦʚʝʨʷʶʪ ʫʨʘʚʥʝʥʠʝʤ 

(5.11). ɽʩʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ t2, ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦ (5.11), ʩʦʚʧʘʜʘʝʪ ʩ ʟʘʜʘʥʥʦʡ, ð 

ʨʘʩʯʝʪ ʟʘʢʦʥʯʝʥ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʨʘʩʯʝʪ ʧʦʚʪʦʨʷʶʪ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ t2, ʚʳʯʠʩʣʝʥʥʦʡ 

ʧʦ (5.11), ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʧʨʦʚʝʨʢʘ ʥʝ ʧʦʜʪʚʝʨʜʠʪ ʟʘʜʘʥʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ. ʊʘʢʦʡ ʤʝʪʦʜ 

ʨʘʩʯʝʪʘ ʥʘʟʳʚʘʝʪʩʷ ʤʝʪʦʜʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ, ʠ ʝʛʦ ʥʝ ʠʟʙʝʞʘʪʴ ʧʨʠ 

ʨʘʩʯʝʪʘʭ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʩʦ ʩʣʦʞʥʳʤ ʪʝʧʣʦʦʙʤʝʥʦʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ. 

ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʥʘʡʜʝʥʳ q ʠ t2, ʨʘʩʩʯʠʪʳʚʘʶʪ ʪʝʤʧʝʨʘʪʫʨʫ t1 ʧʦ ʫʨʘʚʥʝʥʠʷʤ (5.9) ʠʣʠ 

(5.10). 

5.2. ʊʝʧʣʦʧʝʨʝʜʘʯʘ ʯʝʨʝʟ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʩʪʝʥʢʫ  

ʩʦ ʩʣʦʞʥʳʤ ʪʝʧʣʦʦʙʤʝʥʦʤ 

ʈʘʩʩʤʦʪʨʠʤ ʧʝʨʝʜʘʯʫ ʪʝʧʣʦʪʳ ʯʝʨʝʟ ʩʪʝʥʢʫ ʪʨʫʙʳ ʚʦʜʷʥʦʛʦ ʵʢʦ-

ʥʦʤʘʡʟʝʨʘ ʧʘʨʦʚʦʛʦ ʢʦʪʣʘ ʦʪ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʩʦ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫ-

ʨʦʡ t
1ʞ
, ʦʤʳʚʘʶʱʠʭ ʥʘʨʫʞʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʪʨʫʙʳ, ʢ ʥʘʛʨʝʚʘʝʤʦʡ 

ʚʦʜʝ ʩʦ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʦʡ t
2ʞ
, ʜʚʠʞʫʱʝʡʩʷ ʧʦ ʪʨʫʙʝ (ʨʠʩ. 5.2). 

ɼʘʥʦ: ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʪʨʫʙʳ (d1,d2, l), ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʪʨʫʙʳ (ɚ), ʪʝʤʧʝʨʘʪʫʨʘ ʜʳʤʦʚʳʭ 

ʛʘʟʦʚ (t
1ʞ
) ʠ ʚʦʜʳ (t

2ʞ
), ʢʦʥʚʝʢʪʠʚʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʧʣʦʦʪʜʘ-

ʯʠ (Ŭ1, Ŭ2), ʩʪʝʧʝʥʴ ʯʝʨʥʦʪʳ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʳ (Ůʩ). 

ʆʧʨʝʜʝʣʠʪʴ: ʧʝʨʝʜʘʚʘʝʤʳʡ ʯʝʨʝʟ ʩʪʝʥʢʫ ʪʨʫʙʳ ʪʝʧʣʦʚʦʡ ʧʦ-

ʪʦʢ (Q, ɺʪ) ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʪʨʫʙʳ(t1 ʠ t2). 

ʈʠʩ. 5.2 

ʊʝʧʣʦʪʘ ʦʪ ʜʳʤʦʚʳʭ ʛʘʟʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʠʟʣʫʯʘʶʱʠʝ ʛʘʟʳ (ʉʆ2 ʠ 

ʅ2ʆ), ʢ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʳ ʧʝʨʝʜʘʝʪʩʷ ʢʦʥʚʝʢʮʠʝʡ (Qʢ1
) ʠ ʠʟʣʫʯʝʥʠʝʤ (Qʣ), 

ʯʝʨʝʟ ʩʪʝʥʢʫ ʪʨʫʙʳ ð ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ (Qʪ), ʦʪ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʳ ʢ 

ʚʦʜʝ ð ʧʫʪʝʤ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ (Q
2k
).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʝʜʘʚʘʝʤʳʡ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ 

,
21 kʪʣk QQQQQ ==+=     (5.13) 

),( 11 11
ttFQ ʞʥk -=a      (5.14)
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,

ln
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1
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21
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lp
     (5.16)

 

),(
22 22 ʞʚk ttFQ -=a     (5.17) 

ʛʜʝ ldFldF ʚʥ 12 , pp ==  ð ʧʣʦʱʘʜʠ ʥʘʨʫʞʥʦʡ ʠ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʨʫʙʳ; ʛʛɸ,e  ð 

ʩʪʝʧʝʥʴ ʯʝʨʥʦʪʳ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʛʘʟʦʚ (ʩʤ. ʬʦʨʤʫʣʫ (4.40)). 

ɿʘʤʝʥʷʷ ʩʫʤʤʘʨʥʫʶ ʪʝʧʣʦʦʪʜʘʯʫ ʦʪ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʳ ʵʢʚʠʚʘ-

ʣʝʥʪʥʳʤ ʢʦʥʚʝʢʪʠʚʥʳʤ ʪʝʧʣʦʚʳʤ ʧʦʪʦʢʦʤ 

),( 111
ttFQQQ ʞʥʵʢʚʵʢʚʣk -==+ a     (5.18) 

ʧʦʣʫʯʠʤ ʬʦʨʤʫʣʫ ʜʣʷ ʨʘʩʯʝʪʘ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ 

,
1

1'

1
tt

q

ʞ

ʣ
ʵʢʚ

-
+=aa      (5.19) 

ʛʜʝ ,
ʥ

ʣ
ʣ

F

Q
q =  ɺʪ/ʤ

2
 ð ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʭʦʜʠʤ ʢ ʩʠʩʪʝʤʝ ʪʨʝʭ ʫʨʘʚʥʝʥʠʡ: 

),( 1' 1
ttFQ ʞʥʵʢʚ -=a      (5.20)
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     (5.21)

 

),(
222' ʞʚ ttFQ -=a     (5.22) 

ʩʦʚʤʝʩʪʥʦʝ ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ ʜʘʝʪ ʨʘʩʯʝʪʥʫʶ ʬʦʨʤʫʣʫ ʜʣʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ 

.
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d
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tt
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-
=     (5.23)

 

ɸ ʜʘʣʝʝ ʨʘʩʯʝʪ ʧʨʦʠʟʚʦʜʷʪ ʧʦ ʪʦʡ ʞʝ ʩʭʝʤʝ: ʟʘʜʘʶʪ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦ 

ʩʣʦʞʥʳʤ ʪʝʧʣʦʦʙʤʝʥʦʤ t1, ʨʘʩʩʯʠʪʳʚʘʶʪ ʵʢʚa , ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʧʦ ʬʦʨʤʫʣʝ (5.23), ʩʨʘʚ-

ʥʠʚʘʶʪ ʟʘʜʘʥʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ t1 ʩ ʥʘʡʜʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ t1 ʠʟ ʫʨʘʚʥʝʥʠʷ (5.20). ʇʦ-

ʚʪʦʨʷʶʪ ʨʘʩʯʝʪ ʜʦ ʠʭ ʩʦʚʧʘʜʝʥʠʷ. ɿʘʪʝʤ ʨʘʩʩʯʠʪʳʚʘʶʪ ʪʝʤʧʝʨʘʪʫʨʫ t2 ʫʨʘʚʥʝʥʠʝʤ 

(5.21) ʠʣʠ (5.22). 

5.3. ʀʥʪʝʥʩʠʬʠʢʘʮʠʷ ʪʝʧʣʦʧʝʨʝʜʘʯʠ 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʥʘʟʥʘʯʝʥʠʝ ʪʝʧʣʦʚʦʡ ʠʟʦʣʷʮʠʠ ð ʫʤʝʥʴʰʠʪʴ ʧʝʨʝʜʘʚʘʝʤʫʶ ʪʝʧʣʦʪʫ. 

ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʚ ʪʝʭʥʠʢʝ ʧʨʠʭʦʜʠʪʩʷ ʨʝʰʘʪʴ ʦʙʨʘʪʥʫʶ ʟʘʜʘʯʫ ð ʫʚʝʣʠʯʠʪʴ ʪʝʧʣʦ-

ʧʝʨʝʜʘʯʫ. ʇʨʠʤʝʨʘʤʠ ʪʘʢʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʷʚʣʷʶʪʩʷ ʪʝʧʣʦʦʙʤʝʥʥʠʢʠ, ʪʦʢʦʚʝ-

ʜʫʱʠʝ ʯʘʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʠ ʪ.ʜ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʝʨʝʜʘʯʫ ʪʝʧʣʦʪʳ ʦʪ ʛʦʨʷʯʝʡ ʚʦʜʳ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ t
1ʞ
 ʢ ʚʦʟʜʫʭʫ ʩ ʪʝʤʧʝ-

ʨʘʪʫʨʦʡ t
2ʞ
 ʯʝʨʝʟ ʧʣʦʩʢʫʶ ʩʪʝʥʢʫ ʪʦʣʱʠʥʦʡ ŭ ʩ ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ F (ʨʠʩ. 5.3). 

1

ʞ

1 

ʘ

, 
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ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʢʦʵʬʬʠʮʠʝʥʪʫ ʪʝʧʣʦʧʝʨʝʜʘʯʠ 
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=k  

ʠ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʩʫʤʤʝ ʪʝʨʤʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ 

.
11

21 a
+
l

d
+

a  
ʈʠʩ. 5.3 

ʋʤʝʥʴʰʠʪʴ ʪʝʨʤʠʯʝʩʢʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʦʞʥʦ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʪʝʧʣʦʦʪʜʘʯʠ Ŭ1 ʠ Ŭ2, ʫʤʝʥʴʰʝʥʠʷ ʪʦʣʱʠʥʳ ʩʪʝʥʢʠ ŭ ʠ ʫʚʝʣʠʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦ-

ʧʨʦʚʦʜʥʦʩʪʠ ʩʪʝʥʢʠ ɚ. 

ɽʩʣʠ ʬʦʨʤʫʣʫ (5.24) ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ 

,
11
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-
=     (5.25) 

ʪʦ ʧʦʷʚʠʪʩʷ ʝʱʝ ʦʜʠʥ ʩʧʦʩʦʙ ʫʤʝʥʴʰʝʥʠʷ ʪʝʨʤʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ð ʫʚʝʣʠʯʝʥʠʝ 

ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʘ F ʟʘ ʩʯʝʪ ʦʨʝʙʨʝʥʠʷ ʩʪʝʥʢʠ. 
ʀʤʝʥʥʦ ʵʪʦʪ ʩʧʦʩʦʙ ʯʘʱʝ ʚʩʝʛʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʪʝʧʣʦʧʝʨʝʜʘʯʠ. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʪʝʨʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʪʝʥʢʠ ʤʘʣʦ ( 0
Fl

d
), ʫʚʝʣʠʯʠʚʘʪʴ 

ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʘ ʩʣʝʜʫʝʪ ʩʦ ʩʪʦʨʦʥʳ ʤʝʥʴʰʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦ-
ʦʪʜʘʯʠ. ʇʨʠ Ŭ1 è Ŭ2 ((ʨʠʩ. 5.3) ʪʝʧʣʦʦʪʜʘʯʘ ʦʪ ʚʦʜʳ ʢ ʩʪʝʥʢʝ ʥʘ 2 ʧʦʨʷʜʢʘ ʙʦʣʴʰʝ, ʯʝʤ 

ʦʪ ʩʪʝʥʢʠ ʢ ʚʦʟʜʫʭʫ) ʪʝʨʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 0
F

1

1


a

, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʝʧʣʦʧʝʨʝʜʘ-

ʯʫ (Q) ʦʧʨʝʜʝʣʷʝʪ ʪʝʨʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ.
F

1

2a
  

ɽʩʣʠ ʦʨʝʙʨʠʪʴ ʧʦʚʝʨʭʥʦʩʪʴ ʩʪʝʥʢʠ ʩʦ ʩʪʦʨʦʥʳ ʚʦʟ-

ʜʫʭʘ (ʨʠʩ. 5.4), ʪʦ ʪʝʨʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʫʤʝʥʴ-

ʰʠʪʩʷ: 

,
11

22 FFʨʩ aa
<  

ʘ ʪʝʧʣʦʧʝʨʝʜʘʯʘ 

ʨʩ

ʞʞ

FFF

tt
Q

21

11
21

al

d

a
++

-
=   (5.26) 

ʫʚʝʣʠʯʠʪʩʷ. 

ʆʪʥʦʰʝʥʠʝ
F

Fʨʩ
 ʥʘʟʳʚʘʶʪ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʦʨʝʙʨʝʥʠʷ. ʋʚʝʣʠʯʠʚʘʪʴ Fpc ʤʦʞʥʦ ʜʦ 

ʪʝʭ ʧʦʨ, ʧʦʢʘ ʪʝʨʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 
ʨʩF2

1

a  

ʥʝ ʩʨʘʚʥʷʝʪʩʷ ʩ ʣʶʙʳʤ ʠʟ ʜʚʫʭ ʜʨʫʛʠʭ 

(
F1

1

a
 ʠʣʠ 

Fl

d
). ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ Fpʩ ʤʘʣʦʵʬʬʝʢʪʠʚʥʦ. 
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ʌʦʨʤʫʣʘ (5.26) ʜʣʷ ʨʘʩʯʝʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʯʝʨʝʟ ʦʨʝʙʨʝʥʥʫʶ ʩʪʝʥʢʫ ʷʚʣʷʝʪʩʷ ʧʨʠ-

ʙʣʠʞʝʥʥʦʡ, ʪ.ʢ. ʥʝ ʫʯʠʪʳʚʘʝʪ ʬʦʨʤʫ, ʨʘʟʤʝʨʳ, ʦʨʠʝʥʪʘʮʠʶ ʨʝʙʝʨ.  

ʈʘʩʯʝʪʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʦʨʝʙʨʝʥʥʳʭ ʩʪʝʥʦʢ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʝʩʣʠ ʨʘʩʩʤʦʪʨʝʪʴ ʟʘ-

ʜʘʯʫ ʦ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩʪʝʨʞʥʷ (ʨʝʙʨʘ) ʧʦʩʪʦʷʥʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ, ʥʘ-

ʛʨʝʚʘʝʤʦʛʦ ʩ ʦʜʥʦʛʦ ʢʦʥʮʘ (ʨʠʩ. 5.5). 
 

ʊʦʥʢʠʡ ʩʪʝʨʞʝʥʴ ʩ ʚʳʩʦʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ɚ, 

ʜʣʠʥʦʡ l, ʧʦʧʝʨʝʯʥʳʤ ʩʝʯʝʥʠʝʤ f (ʨ ð ʧʝʨʠʤʝʪʨ ʩʝʯʝ-

ʥʠʷ f), ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚ ʥʘʯʘʣʴʥʦʤ ʩʝʯʝʥʠʠ t1 ʥʘʭʦʜʠʪ-

ʩ ̫ʚ ʩʨʝʜʝ ʩ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ tʞ. ʂʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʦʪʜʘʯʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʨʞʥʷ ʢ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʝ ð a. 

ɺʚʠʜʫ ʚʳʩʦʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ʩʪʝʨʞʥʷ ʠ ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ ʩʝʯʝʥʠʷ f ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʣʠʥʦʡ ʩʪʝʨʞʥʷ l, ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ ʠʟʤʝʥʝʥʠʝʤ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʧʦ ʩʝʯʝʥʠʶ ʠ ʫʯʠʪʳʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʪʦʣʴʢʦ ʧʦ ʜʣʠʥʝ ʩʪʝʨʞʥʷ. 

 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ʟʘʜʘʯʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝ-

ʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʩʪʝʨʞʥʷ (5.27) ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʚ ʥʘʯʘʣʴʥʦʤ ʩʝʯʝʥʠʠ 

(5.28) ʠ ʚ ʪʦʨʮʝ ʩʪʝʨʞʥʷ (5.29): 

,02

2

2

=- J
J

m
dx

d
     (5.27) 

ʧʨʠ ʭ = 0
       

,1JJ=     (5.28) 

.0=ö
÷

õ
æ
ç

å

=lxdx

dJ
     (5.29)

 

ɿʜʝʩʴ J = tïtʞ ð ʠʟʙʳʪʦʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʝʨʞʥʷ; 1J = t1ïtʞ ð ʠʟʙʳʪʦʯʥʘʷ ʪʝʤʧʝ-

ʨʘʪʫʨʘ ʥʘʯʘʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʩʪʝʨʞʥʷ; m= ,
f

p

Ö

Ö

l

a
1/ʤ; f, ʤ

2
 ð ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝ-

ʥʠʷ ʩʪʝʨʞʥʷ; ʨ, ʤ ð ʧʝʨʠʤʝʪʨ ʵʪʦʛʦ ʩʝʯʝʥʠʷ. 

ʈʝʰʝʥʠʝʤ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (5.27) ð (5.29) ʷʚʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʧʦʣʷ ʩʪʝʨʞʥʷ 

[ ]
,

)(

)(
1

mlch

xlmʩh -
=JJ      (5.30) 

ʧʦ ʢʦʪʦʨʦʤʫ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʣʶʙʦʡ ʢʦʦʨʜʠʥʘʪʝ ʭ ʧʦ ʜʣʠʥʝ ʩʪʝʨʞʥʷ 

(ʨʠʩ. 5.5). ɿʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʜʣʠʥʝ ʩʪʝʨʞʥʷ J = f(x) ð ʩʪʝʧʝʥʥʦʡ, 

ʪ.ʢ. ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ 

,
2

xx ee
chx

-+
=      (5.31)

 

,
2

xx ee
shx

--
=      (5.32) 

,
xx

xx

ee

ee
thx

-

-

+

-
=      (5.33) 

ʦʧʠʩʳʚʘʶʪʩʷ ʩʪʝʧʝʥʥʳʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ. 
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ʅʘ ʦʩʥʦʚʘʥʠʠ (5.30) ʧʨʠ ʭ = l ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʬʦʨʤʫʣʫ ʜʣʷ ʨʘʩʯʝʪʘ ʠʟʙʳʪʦʯʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʪʦʨʮʘ ʩʪʝʨʞʥʷ ʞTT tt -=J : 

.
)(

1

mlch
T

J
J =      (5.34)

 

ʂʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʦʪʜʘʚʘʝʤʦʝ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʪʝʨʞʥʷ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʨʘʚ-

ʥʦ ʢʦʣʠʯʝʩʪʚʫ ʪʝʧʣʦʪʳ, ʧʦʜʚʦʜʠʤʦʤʫ ʢ ʦʩʥʦʚʘʥʠʶ ʩʪʝʨʞʥʷ, 

Q = .
0

f
dx

d

x=

ö
÷

õ
æ
ç

å
-

J
l     (5.35)

 

ʉʦʚʤʝʩʪʥʦʝ ʨʝʰʝʥʠʝ (5.35) ʠ (5.30) ʜʘʝʪ ʨʘʩʯʝʪʥʫʶ ʬʦʨʤʫʣʫ ʜʣʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ, 

ʨʘʩʩʝʠʚʘʝʤʦʛʦ ʩʪʝʨʞʥʝʤ 

)(1 mlthmfQ Ö=lJ , ɺʪ.    (5.36) 

ʌʦʨʤʫʣʳ (5.30), (5.34), (5.36) ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʨʘʩʯʝʪʘ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʪʝʧʣʘ, ʨʘʩ-

ʩʝʠʚʘʝʤʦʛʦ ʨʝʙʨʘʤʠ. 

5.3.1. ʊʝʧʣʦʦʪʜʘʯʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʧʨʷʤʳʤʠ ʨʝʙʨʘʤʠ 

ʅʘ ʨʠʩʫʥʢʝ 5.6 ʧʦʢʘʟʘʥʘ ʩʪʝʥʢʘ ʩ ʧʨʷʤʳʤʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʨʝʙʨʘʤʠ.  

ʊʝʧʣʦʚʦʡ ʧʦʪʦʢ, ʨʘʩʩʝʠʚʘʝʤʳʡ ʦʨʝʙʨʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨ-

ʤʫʣʝ 

,cp QnQQ +=      (5.37)
 

ʛʜʝ Qp, Qc ð ʪʝʧʣʦʚʳʝ ʧʦʪʦʢʠ, ʨʘʩʩʝʠʚʘʝʤʳʝ ʦʜʥʠʤ ʨʝʙʨʦʤ ʠ ʤʝʞʨʝʙʝʨʥʦʡ ʧʦʚʝʨʭʥʦ-

ʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 

thmfQp Ö= 1lJ  (ml),    (5.38) 

.1Ja ccc FQ =
     (5.39) 

 

ʆʙʦʟʥʘʯʝʥʠʷ: Ŭʨ, Ŭʩ ð ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʧʣʦʦʪʜʘʯʠ ʦʪ 

ʨʝʙʝʨ ʠ ʤʝʞʨʝʙʝʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; tʞ ð 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʨʝʜʳ; t1 ð ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʞʨʝʙʝʨʥʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʠ ʦʩʥʦʚʘʥʠʷ ʨʝʙʝʨ; ŭp ð ʪʦʣʱʠʥʘ ʨʝʙʨʘ; l ð 

ʜʣʠʥʘ ʨʝʙʨʘ; b ð ʰʠʨʠʥʘ ʨʝʙʨʘ; Fc ð ʧʣʦʱʘʜʴ ʤʝʞʨʝ-

ʙʝʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ; n ð ʯʠʩʣʦ ʨʝʙʝʨ. ʇʨʠ ʵʪʦʤ ʪʝʤʧ 

ʦʭʣʘʞʜʝʥʠʷ (m) 

.
f

p
m

p

l

a
=

   
(5.40) 

ʈʠʩ. 5.6. ʄʝʞʨʝʙʝʨʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 

ʋʯʠʪʳʚʘʷ ʤʘʣʫʶ ʪʦʣʱʠʥʫ ʨʝʙʝʨ, ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʨ = 2b ʠ ʪʦʛʜʘ ʟʥʘʯʝʥʠʝ m, ʥʘʨʷʜʫ ʩ 

(5.40), ʤʦʞʥʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ 

.
2

p

p
m

ld

a
=      (5.41)

 

ʆʪʥʦʰʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ, ʨʘʩʩʝʠʚʘʝʤʦʛʦ ʨʝʙʨʦʤ, (Qp) ʢ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʤʫ 

ʪʝʧʣʦʚʦʤʫ ʧʦʪʦʢʫ (Q
max

p ), ʧʨʠ ʫʩʣʦʚʠʠ ʧʦʩʪʦʷʥʥʦʡ ʠʟʙʳʪʦʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʜʣʠʥʝ 

ʨʝʙʨʘ (1J = const), ʥʘʟʳʚʘʶʪ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʙʨʘ ʠ ʦʙʦʟʥʘʯʘʶʪ ɽ: 

,
)(

1

1

max Ja

Jl

ppp

p

F

mlthmf

Q

Q
E

Ö
==     (5.42)

 

ʛʜʝ Fp = 2bl, ʤ
2
 ð ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʙʨʘ. 
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ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʚ (5.42) ʟʥʘʯʝʥʠʡ m, f, Fp ʠ ʧʦʩʣʝʜʫʶʱʠʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʧʨʝʦʙ-

ʨʘʟʦʚʘʥʠʡ ʧʦʣʫʯʠʤ ʬʦʨʤʫʣʫ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʙʨʘ ʚ ʚʠʜʝ 

.
)(

ml

mlth
E=      (5.43)  

ɸʥʘʣʠʟ (5.43) ʜʘʝʪ, ʯʪʦ ɽŸ1 ʧʨʠ mŸ0, ʪ.ʝ. ʯʝʤ ʤʝʥʴʰʝ ʜʣʠʥʘ ʨʝʙʨʘ (l) ʠ ʯʝʤ ʙʦʣʴʰʝ 

ʝʛʦ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ (ɚ), ʪʝʤ ʙʦʣʴʰʝ ʢʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʙʨʘ (ɽ). 

ʅʘ ʦʩʥʦʚʘʥʠʠ (5.42) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʬʦʨʤʫʣʫ ʜʣʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ, ʨʘʩʩʝʠʚʘʝʤʦʛʦ 

ʨʝʙʨʦʤ, ʚ ʚʠʜʝ 

.1EFQ ppp Ja=      (5.44)
 

ʀʟʙʳʪʦʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʦʨʮʘ ʧʨʷʤʦʛʦ ʨʝʙʨʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (5.34). 

5.3.2. ʊʝʧʣʦʦʪʜʘʯʘ ʦʨʝʙʨʝʥʥʳʭ ʪʨʫʙ 

ʊʨʫʙʘ ʩ ʧʨʷʤʳʤʠ ʧʨʦʜʦʣʴʥʳʤʠ ʨʝʙʨʘʤʠ ʧʦʩʪʦʷʥʥʦʛʦ 

ʩʝʯʝʥʠʷ (ʨʠʩ. 5.7).  
 

ɺʩʝ ʨʘʩʯʝʪʳ ʧʨʦʠʟʚʦʜʷʪʩʷ ʧʦ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʤ ʬʦʨʤʫ-

ʣʘʤ ʜʣʷ ʧʨʷʤʳʭ ʨʝʙʝʨ. 

ʆʙʦʟʥʘʯʝʥʠʷ: ŭp ð ʪʦʣʱʠʥʘ ʨʝʙʨʘ; ʜʣʠʥʘ ʨʝʙʨʘ; d ð ʜʠʘ-

ʤʝʪʨ ʪʨʫʙʳ; Dð ʜʠʘʤʝʪʨ ʨʝʙʨʘ.  
 

ʈʠʩ. 5.7 

ʊʨʫʙʘ ʩ ʢʨʫʛʣʳʤʠ ʧʦʧʝʨʝʯʥʳʤʠ ʨʝʙʨʘʤʠ (ʨʠʩ. 5.8). 

ʊʝʧʣʦʚʳʝ ʧʦʪʦʢʠ, ʨʘʩʩʝʠʚʘʝʤʳʝ ʦʨʝʙʨʝʥʥʦʡ ʪʨʫʙʦʡ (Q), ʤʝʞʨʝʙʝʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 

(Qc) ʠ ʢʨʫʛʣʳʤ ʨʝʙʨʦʤ (Qp), ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ (5.37), (5.39), (5.44), ʟʥʘʯʝ-

ʥʠʝ m ð ʧʦ ʬʦʨʤʫʣʝ (5.41). 

ʂʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʨʫʛʣʦʛʦ ʨʝʙʨʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʫʨʘʚʥʝʥʠʶ 
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ð ʜʣʠʥʘ ʢʨʫʛʣʦʛʦ ʨʝʙʨʘ.  

ʇʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʫʛʣʦʛʦ ʨʝʙʨʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ  

ʬʦʨʤʫʣʝ 
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ʈʠʩ. 5.8   

ʊʨʫʙʘ ʩ ʧʦʧʝʨʝʯʥʳʤʠ ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ ʨʝʙʨʘʤʠ (ʨʠʩ. 5.9). 

 

ʊʝʧʣʦʚʳʝ ʧʦʪʦʢʠ Q, Qc, Qp ʠ ʚʝʣʠʯʠʥʘ m ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ 

ʧʦ ʪʝʤ ʞʝ ʬʦʨʤʫʣʘʤ, ʯʪʦ ʠ ʜʣʷ ʪʨʫʙʳ ʩ ʢʨʫʛʣʳʤʠ ʨʝʙʨʘʤʠ.  

ʂʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʨʝʙʨʘ ʨʘʩ-

ʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

,
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.2,028,1 -=
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B
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ʇʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʨʝʙʨʘ ʦʧʨʝʜʝʣʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

S = 2bl. 

5.3.3. ʊʝʧʣʦʧʝʨʝʜʘʯʘ ʯʝʨʝʟ ʦʨʝʙʨʝʥʥʳʝ ʩʪʝʥʢʠ 

ʊʝʧʣʦʧʝʨʝʜʘʯʘ ʦʪ ʦʜʥʦʡ ʞʠʜʢʦʩʪʠ ʩ t
1ʞ
ʢ ʜʨʫʛʦʡ ʩ t

2ʞ
 ʯʝʨʝʟ ʦʨʝʙʨʝʥʥʫʶ ʩʪʝʥʢʫ ʨʘʩ-

ʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ: 

ï ʜʣʷ ʧʣʦʩʢʦʡ ʩʪʝʥʢʠ (ʨʠʩ. 5.10) 
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ï ʜʣʷ ʦʨʝʙʨʝʥʥʦʡ ʩʪʝʥʢʠ ʪʨʫʙʳ 
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ʈʠʩ. 5.10 

ɺ ʬʦʨʤʫʣʘʭ (5.45) ʠ (5.46) ʧʨʠʚʝʜʝʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ (Ŭʧʨ) ʠ ʧʣʦʱʘʜʴ 

ʦʨʝʙʨʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (Fʨʩ) ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ 
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,cppc FnFF +=
     

(5.48) 

ʛʜʝ Fp ð ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʙʨʘ; n ð ʯʠʩʣʦ ʨʝʙʝʨ. 
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(5.47), ʤʦʞʥʦ ʧʨʠʥʷʪʴ .pc aa=  

ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ ʠ ʟʘʜʘʥʠʷ 

1. ɼʘʡʪʝ ʦʧʨʝʜʝʣʝʥʠʝ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ (ʬʦʨʤʫʣʘ (5.8)): çʕʢʚʠʚʘ-

ʣʝʥʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ð ʵʪʦ...è. ɿʘʢʦʥʯʠʪʝ ʬʨʘʟʫ. 

2. ʆʪ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʳ ʜʠʘʤʝʪʨʦʤ d = 50 ʤʤ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ tc = 90 Áʉ ʪʝʧʣʦʪʘ 

ʧʝʨʝʜʘʝʪʩʷ ʢ ʦʢʨʫʞʘʶʱʝʤʫ ʩʧʦʢʦʡʥʦʤʫ ʚʦʟʜʫʭʫ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ tʞ = 10 Áʉ. ʂʦʥʚʝʢʪʠʚʥʳʡ ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ Ŭ = 8 ɺʪ/ʤ
2
ʂ. ʉʪʝʧʝʥʴ ʯʝʨʥʦʪʳ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʳ ec = 0,9. 

ʈʘʩʩʯʠʪʘʡʪʝ ʣʫʯʠʩʪʳʡ (Ŭʣ) ʠ ʵʢʚʠʚʘʣʝʥʪʥʳʡ (aʵʢʚ) ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʧʣʦʦʪʜʘʯʠ. 

3.ɼʣʷ ʫʩʣʦʚʠʷ ʧʨʝʜʳʜʫʱʝʡ ʟʘʜʘʯʠ ʩʨʘʚʥʠʪʝ ʢʦʥʚʝʢʪʠʚʥʳʡ (Ŭ) ʠ ʣʫʯʠʩʪʳʡ (Ŭʣ) ʢʦʵʬʬʠʮʠʝʥ-

ʪʳ ʪʝʧʣʦʦʪʜʘʯʠ. ʂʘʢ ʠʟʤʝʥʠʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʥʠʤʠ: 

ʘ) ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʳ ʜʦ tc = 40 Áʉ; 

ʙ) ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ tc = 120 Áʉ? 

ʉʜʝʣʘʡʪʝ ʚʳʚʦʜʳ. 

4. ʇʦ ʚʠʜʫ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ ʨʘʟʣʠʯʘʶʪ ʪʝʧʣʦʦʙʤʝʥʥʠʢʠ ʚʦʜʦ-ʚʦʜʷʥʳʝ, ʛʘʟʦ-ʚʦʜʷʥʳʝ, ʛʘʟʦ-

ʛʘʟʦʚʳʝ. ɺ ʢʘʢʠʭ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘʭ ʠ ʩʦ ʩʪʦʨʦʥʳ ʢʘʢʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚʳʧʦʣʥʷʝʪʩʷ ʦʨʝʙʨʝʥʠʝ? 

5. ʇʦʷʩʥʠʪʝ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʙʨʘ. ʇʨʠ ʢʘʢʠʭ ʫʩʣʦʚʠʷʭ ʦʥ 

ʨʘʩʪʝʪ? 

6. ɹʘʪʘʨʝʷ ʦʪʦʧʣʝʥʠʷ ð ʯʫʛʫʥʥʘʷ ʪʨʫʙʘ ʩ ʧʦʧʝʨʝʯʥʳʤʠ ʢʨʫʛʣʳʤʠ ʨʝʙʨʘʤʠ. ɼʣʠʥʘ ʪʨʫʙʳ 

lʪʨ = 1 ʤ, ʥʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ ʪʨʫʙʳ d = 60 ʤʤ, ʯʠʩʣʦ ʨʝʙʝʨ n = 50, ʜʠʘʤʝʪʨ ʨʝʙʝʨ D = 120 ʤʤ, 

ʪʦʣʱʠʥʘ ʨʝʙʝʨ ŭ = 2 ʤʤ. 

ʈʘʩʩʯʠʪʘʡʪʝ ʧʣʦʱʘʜʴ ʦʨʝʙʨʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (Fpc). 
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7. ɹʘʪʘʨʝʷ ʦʪʦʧʣʝʥʠʷ ð ʯʫʛʫʥʥʘʷ ʪʨʫʙʘ ʩ ʧʦʧʝʨʝʯʥʳʤʠ ʢʨʫʛʣʳʤʠ ʨʝʙʨʘʤʠ. ɼʘʥʦ: ʜʣʠʥʘ ʪʨʫʙʳ 

(lʪʨ), ʥʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ ʪʨʫʙʳ (d), ʪʦʣʱʠʥʘ ʨʝʙʝʨ ʠ ʠʭ ʢʦʣʠʯʝʩʪʚʦ (nʨ,d ), ʜʠʘʤʝʪʨ ʨʝʙʝʨ (D), ʪʝʧ-

ʣʦʧʨʦʚʦʜʥʦʩʪʴ ʯʫʛʫʥʘ (ɚ), ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʳ (tc), ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ (tʞ), ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʧʣʦʦʪʜʘʯʠ ʦʪ ʤʝʞʨʝʙʝʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (Ŭʩ) ʠ ʦʪ ʨʝʙʝʨ (Ŭʨ). 
ɿʘʧʠʰʠʪʝ ʚʩʝ ʬʦʨʤʫʣʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʥʚʝʢʪʠʚʥʦʡ ʪʝʧʣʦʦʪʜʘʯʠ (Q, ɺʪ) ʦʪ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʦʨʝʙʨʝʥʥʦʡ ʪʨʫʙʳ. 

ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ɿʘʜʘʯʘ ˉ 1. ʈʘʩʩʯʠʪʘʪʴ ʧʣʦʪʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ (q, ɺʪ/ʤ
2
), ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʯʝʨʝʟ ʯʫʛʫʥʥʫʶ 

ʩʪʝʥʢʫ ʪʨʫʙʳ ʙʘʪʘʨʝʠ ʦʪʦʧʣʝʥʠʷ ʦʪ ʛʦʨʷʯʝʡ ʚʦʜʳ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ t
1

ʞ  = 70 Áʉ ʢ ʩʧʦʢʦʡʥʦʤʫ ʦʢ-

ʨʫʞʘʶʱʝʤʫ ʚʦʟʜʫʭʫ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ t
2ʞ
 = 20 Áʉ, ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʩʪʝʥʢʠ (t1 ʠ t2). 

ʊʦʣʱʠʥʘ ʩʪʝʥʢʠ ʪʨʫʙʳ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʯʫʛʫʥʘ ʠ ʩʪʝʧʝʥʴ ʯʝʨʥʦʪʳ ʧʦʚʝʨʭʥʦʩʪʠ 

ʪʨʫʙʳ ʨʘʚʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ŭʩ = 3 ʤʤ, ɚ = 63 ɺʪ/ʤ ʂ, ec = 0,9. ʂʦʥʚʝʢʪʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦ-

ʦʪʜʘʯʠ ʦʪ ʚʦʜʳ ʢ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ Ŭ1 = 3500 ɺʪ/ʤ
2
 ʂ, ʦʪ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥʢʠ ʪʨʫ-

ʙʳ ʢ ʚʦʟʜʫʭʫ Ŭ2 = 6,5 ɺʪ/ʤ
2
 ʂ. 

ʈʝʰʝʥʠʝ 

ɼʣʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʪʨʫʙ, ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʚʳʩʦʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʧʨʝʥʝʙʨʝʛʘʶʪ ʢʨʠʚʠʟ-
ʥʦʡ ʩʪʝʥʢʠ ʠ ʨʘʩʯʝʪ ʧʨʦʠʟʚʦʜʷʪ ʧʦ ʬʦʨʤʫʣʘʤ ʜʣʷ ʧʣʦʩʢʦʡ ʩʪʝʥʢʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʩʯʝʪʥʳʝ 

ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʦʙʦʟʥʘʯʝʥʳ ʥʦʤʝʨʘʤʠ (5.5), (5.7), (5.9) ð (5.12). 
ʅʘ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʳ ð ʩʣʦʞʥʳʡ ʪʝʧʣʦʦʙʤʝʥ. ɿʘʜʘʝʤʩʷ ʪʝʤʧʝʨʘʪʫʨʦʡ ʵʪʦʡ ʧʦʚʝʨʭ-

ʥʦʩʪʠ. ʇʫʩʪʴ t2 = 69 Áʉ. 
ʈʘʩʩʯʠʪʳʚʘʝʤ 
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ʀʟ ʫʨʘʚʥʝʥʠʷ (5.11) ʥʘʭʦʜʠʤ ʪʝʤʧʝʨʘʪʫʨʫ t2: 

 

ʆʪʣʠʯʠʝ ʥʘʡʜʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ t2 ʦʪ ʟʘʜʘʥʥʦʡ ʩʦʩʪʘʚʣʷʝʪ 0,77 Áʉ, ʪ.ʝ. ʤʝʥʴʰʝ ʦʜʥʦʛʦ ʛʨʘ-

ʜʫʩʘ, ʠ ʧʦʚʪʦʨʝʥʠʝ ʨʘʩʯʝʪʘ ʧʨʠ t2 = 69,77 ÁC ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʠʪ ʚʝʣʠʯʠʥʫ q = 652 ɺʪ/ʤ
2
. 

ʆʧʨʝʜʝʣʠʤ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʳ ʧʦ ʬʦʨʤʫʣʝ (5.10): 

 

ʆʪʚʝʪʳ: q = 652 ɺʪ/ʤ
2
, t1 = 69,8 Áʉ, t2 = 69,77 Áʉ. 

ɿʘʜʘʯʘ ˉ 2. ɺʦʜʷʥʦʡ ʵʢʦʥʦʤʘʡʟʝʨ ʚʳʧʦʣʥʝʥ ʠʟ ʢʨʫʛʣʳʭ ʨʝʙʨʠʩʪʳʭ ʯʫʛʫʥʥʳʭ ʪʨʫʙ ʥʘʨʫʞ-
ʥʳʤ ʜʠʘʤʝʪʨʦʤ d = 76 ʤʤ. ɼʠʘʤʝʪʨ ʨʝʙʝʨ D = 200 ʤʤ, ʪʦʣʱʠʥʘ ʨʝʙʝʨ ŭʨ = 5 ʤʤ. 

ʆʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʧʝʨʝʜʘʚʘʪʴʩʷ ʦʪ ʛʦʨʷʯʠʭ ʛʘʟʦʚ ʢ ʥʘʨʫʞʥʦʡ 
ʧʦʚʝʨʭʥʦʩʪʠ ʦʜʥʦʡ ʪʨʫʙʳ, ʠ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ ʪʦʨʮʝ ʨʝʙʨʘ, ʝʩʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʦʚ tʞ = 400 Áʉ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʫ ʦʩʥʦʚʘʥʠʷ ʨʝʙʝʨ t1 = 180 Áʉ, ʜʣʠʥʘ ʦʙʦʛʨʝʚʘʝʤʦʡ ʯʘʩʪʠ ʪʨʫʙʳ lʪʨ = 3 ʤ, ʢʦʣʠʯʝʩʪ-
ʚʦ ʨʝʙʝʨ n = 150. ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʦʪ ʛʘʟʦʚ ʢ ʦʨʝʙʨʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ Ŭ = 46,5 ɺʪ/ʤ

2
 ʂ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʯʫʛʫʥʘ ɚ =52,4 ɺʪ/ʤ ʂ. 

ʈʝʰʝʥʠʝ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ, ʚʦʩʧʨʠʥʠʤʘʝʤʦʛʦ ʢʨʫʛʣʳʤ ʨʝʙʨʦʤ (Qp) ʥʝʦʙʭʦʜʠʤʳ 

ʩʣʝʜʫʶʱʠʝ ʚʝʣʠʯʠʥʳ: 

 


