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ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ 

 

ʘ  ï  ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ 

ʩ  ï  ʪʝʧʣʦʝʤʢʦʩʪʴ 

F  ï  ʧʦʚʝʨʭʥʦʩʪʴ ʩʪʝʥʢʠ 

g  ï  ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ 

h  ï  ʚʳʩʦʪʘ  

ʢ  ï  ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ 

L, P, T  ï  ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʠʥʳ, ʚʨʝʤʝʥʠ, 

ʪʝʤʧʝʨʘʪʫʨʳ 

n  ï  ʥʘʧʨʘʚʣʝʥʠʝ ʥʦʨʤʘʣʠ 

N, P, M  ï  ʢʦʵʬʬʠʮʠʝʥʪʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʢʨʠʪʝʨʠʷ Bi 

m  ï  ʢʦʵʬʬʠʮʠʝʥʪ  

Q  ï  ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ 

q  ï  ʫʜʝʣʴʥʳʡ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ 

R  ï  ʧʦʣʥʦʝ ʪʝʨʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

R, d  ï  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʜʠʫʩ ʠ ʜʠʘʤʝʪʨ ʩʪʝʥʢʠ 

S  ï  ʪʦʣʱʠʥʘ ʧʣʘʩʪʠʥʳ 

t, T  ï  ʪʝʤʧʝʨʘʪʫʨʘ  

U  ï  ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ ʪʝʣʘ 

W  ï  ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ 

x, y, z  ï  ʢʦʦʨʜʠʥʘʪʳ ʪʝʣʘ 

Z  ï  ʯʠʩʣʦ ʪʨʫʙ ʚ ʨʷʜʫ 

Ŭ  ï  ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ 

b  ï  ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʲʝʤʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ 

d  ï  ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ 

ŭi   ï  ʢʦʨʥʠ ʫʨʘʚʥʝʥʠʷ 

ʧ.ʧŭ   ï  ʪʦʣʱʠʥʘ ʧʦʛʨʘʥʠʯʥʦʛʦ ʧʦʜʩʣʦʷ 

ʛŭ  ï  ʪʦʣʱʠʥʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʜʩʣʦʷ 

ʢŮ  ï  ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʚʝʢʮʠʠ 

lŮ  ï  ʧʦʧʨʘʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ɖ ï ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʩʠʤʤʝʪʨʠʯʥʦʩʪʠ ʥʘʛʨʝʚʘ 

Q  ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

J ï ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ 

l  ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 
m ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ 

n  ï  ʢʦʵʬʬʠʮʠʝʥʪ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ 
r  ï ʧʣʦʪʥʦʩʪʴ 

t ï ʚʨʝʤʷ 
j  ï ʫʛʦʣ ʘʪʘʢʠ 
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ɺɺɽɼɽʅʀɽ 
  

ʇʨʝʜʤʝʪʦʤ ʦʙʱʝʛʦ ʫʯʝʥʠʷ ʦ ʪʝʧʣʦʪʝ ʷʚʣʷʝʪʩʷ ʪʝʧʣʦʧʝʨʝʜʘʯʘ: 

ʧʨʦʮʝʩʩʳ ʧʝʨʝʜʘʯʠ ʪʝʧʣʦʪʳ ʦʪ ʦʜʥʦʛʦ ʪʝʣʘ ʢ ʜʨʫʛʠʤ ʪʝʣʘʤ ʠʣʠ ʚʥʫʪʨʠ 

ʦʜʥʦʛʦ ʪʝʣʘ ʦʪ ʦʜʥʦʡ ʝʛʦ ʯʘʩʪʠ ʢ ʜʨʫʛʠʤ ʯʘʩʪʷʤ.  

 ʗʚʣʝʥʠ ̫ ʪʝʧʣʦʦʙʤʝʥʘ ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʚ ʪʝʦʨʠʠ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘʛʨʝʚʘʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʪ. ʢ. 

ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʠ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʝ ʤʘʪʝʨʠʘʣʦʚ 

(ʩʫʰʢʝ, ʥʘʛʨʝʚʝ, ʧʣʘʚʣʝʥʠʠ, ʦʭʣʘʞʜʝʥʠʠ), ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʙʦʯʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ʇʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʨʘʩʯʝʪʦʤ, ʦʩʥʦʚʘʥʥʳʤ ʥʘ 

ʟʘʢʦʥʘʭ ʪʝʧʣʦʦʙʤʝʥʘ, ʦʧʨʝʜʝʣʷʶʪ ʨʘʩʭʦʜ ʵʥʝʨʛʦʥʦʩʠʪʝʣʷ (ʪʦʧʣʠʚʘ ʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ). ɿʥʘʥʠʝ ʟʘʢʦʥʦʚ ʪʝʧʣʦʦʙʤʝʥʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʝʢʪʘʥʪʫ 

ʦʧʨʝʜʝʣʷʪʴ ʦʩʥʦʚʥʳʝ ʨʘʟʤʝʨʳ ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ ʦʪʜʝʣʴʥʳʭ 

ʝʛʦ ʵʣʝʤʝʥʪʦʚ. 

 ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʝʧʣʦʧʝʨʝʜʘʯʘ ʚʤʝʩʪʝ ʩ ʪʝʭʥʠʯʝʩʢʦʡ 

ʪʝʨʤʦʜʠʥʘʤʠʢʦʡ ʩʦʩʪʘʚʣʷʶʪ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʪʝʧʣʦʪʝʭʥʠʢʠ. 

 ʊʝʧʣʦʧʝʨʝʜʘʯʘ ï ʫʯʝʥʠʝ ʦ ʧʨʦʮʝʩʩʘʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʝʧʣʦʪʳ. 

ʊʝʧʣʦʪʘ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʪʨʝʤʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ: 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʢʦʥʚʝʢʮʠʝʡ ʠ ʪʝʧʣʦʚʳʤ ʠʟʣʫʯʝʥʠʝʤ. 

 ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʮʝʩʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʠ ʦʪʜʝʣʴʥʳʭ ʪʝʣ 

ʠʣʠ ʯʘʩʪʠʮ ʦʜʥʦʛʦ ʪʝʣʘ, ʠʤʝʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʙʫʩʣʦʚʣʝʥʘ 

ʜʚʠʞʝʥʠʝʤ ʤʠʢʨʦʯʘʩʪʠʮ ʪʝʣʘ. 

 ʂʦʥʚʝʢʮʠʷ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʚ ʪʝʢʫʯʝʡ ʩʨʝʜʝ ï ʞʠʜʢʦʡ ʠʣʠ 

ʛʘʟʦʦʙʨʘʟʥʦʡ. ʇʦʜ ʢʦʥʚʝʢʮʠʝʡ ʪʝʧʣʦʪʳ ʧʦʥʠʤʘʶʪ ʧʨʦʮʝʩʩ ʧʝʨʝʥʦʩʘ 

ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʦʙʲʝʤʦʚ ʞʠʜʢʦʩʪʠ ʠʣʠ ʛʘʟʘ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʠʟ ʦʙʣʘʩʪʠ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚ ʦʙʣʘʩʪʴ ʩ 

ʧʦʥʠʞʝʥʥʳʤ ʝʝ ʟʥʘʯʝʥʠʝʤ. ʇʝʨʝʥʦʩ ʪʝʧʣʦʪʳ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥ ʩ 

ʧʝʨʝʥʦʩʦʤ ʩʘʤʦʡ ʩʨʝʜʳ. 

 ʊʝʧʣʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ï ʵʪʦ ʧʨʦʮʝʩʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠ ̫ ʪʝʧʣʦʚʦʡ 

ʵʥʝʨʛʠʠ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ. ʉʦʧʨʦʚʦʞʜʘʝʪʩʷ ʜʚʦʡʥʳʤ 

ʧʨʝʚʨʘʱʝʥʠʝʤ ʵʥʝʨʛʠʠ: ʪʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ ʠʟʣʫʯʘʶʱʝʛʦ ʪʝʣʘ ʧʝʨʝʭʦʜʠʪ ʚ 

ʣʫʯʠʩʪʫʶ ʠ ʦʙʨʘʪʥʦ ï ʣʫʯʠʩʪʘʷ ʵʥʝʨʛʠʷ, ʧʦʛʣʦʱʘʷʩʴ ʪʝʣʦʤ, ʧʝʨʝʭʦʜʠʪ ʚ 

ʪʝʧʣʦʚʫʶ. 

 ʋʩʣʦʚʠʷ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʚʣʝʥʠʡ 

ʨʘʟʣʠʯʥʳ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʜʠʥ ʚʠʜ ʪʝʧʣʦʦʙʤʝʥʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʜʨʫʛʠʤ. ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ ʠʤʝʝʪ ʤʝʩʪʦ 

ʣʠʰʴ ʚ ʪʚʝʨʜʳʭ ʦʜʥʦʨʦʜʥʳʭ ʪʝʣʘʭ. ʂʦʥʚʝʢʮʠʷ ʪʝʧʣʦʪʳ ʚʩʝʛʜʘ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʪ. ʢ. ʧʨʠ ʜʚʠʞʝʥʠʠ ʞʠʜʢʦʩʪʠ ʠʣʠ ʛʘʟʘ 

ʥʝʠʟʙʝʞʥʦ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʠʮ, ʠʤʝʶʱʫʶ ʨʘʟʣʠʯʥʫ  ʁ
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ʪʝʤʧʝʨʘʪʫʨʫ. ʉʦʚʤʝʩʪʥʳʡ ʧʨʦʮʝʩʩ ʢʦʥʚʝʢʮʠʠ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ʥʘʟʳʚʘʶʪ ʢʦʥʚʝʢʪʠʚʥʳʤ ʪʝʧʣʦʦʙʤʝʥʦʤ. 

 ʇʨʠ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʘʭ ʦʧʨʝʜʝʣʷʶʪ ʢʦʥʚʝʢʪʠʚʥʳʡ ʪʝʧʣʦʦʙʤʝʥ 

ʤʝʞʜʫ ʧʦʪʦʢʦʤ ʞʠʜʢʦʩʪʠ ʠʣʠ ʛʘʟʘ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. ʕʪʦʪ 

ʧʨʦʮʝʩʩ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ  ʥʘʟʳʚʘʶʪ ʢʦʥʚʝʢʪʠʚʥʦʡ 

ʪʝʧʣʦʦʪʜʘʯʝʡ. ʂʦʥʚʝʢʪʠʚʥʘʷ ʪʝʧʣʦʦʪʜʘʯʘ ʯʘʩʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʪʝʧʣʦʦʪʜʘʯʝʡ ʠʟʣʫʯʝʥʠʝʤ. 

 ɺ ʮʝʣʦʤ ʧʝʨʝʥʦʩ ʪʝʧʣʦʪʳ ʦʪ ʛʦʨʷʯʠʭ ʛʘʟʦʚ ʢ ʭʦʣʦʜʥʦʤʫ ʚʦʟʜʫʭʫ 

ʯʝʨʝʟ ʨʘʟʜʝʣʷʶʱʫʶ ʠʭ ʩʪʝʥʢʫ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʳʡ ʧʨʦʮʝʩʩ, 

ʢʦʪʦʨʳʡ ʥʘʟʳʚʘʶʪ ʪʝʧʣʦʦʙʤʝʥʦʤ ʠʣʠ ʪʝʧʣʦʧʝʨʝʜʘʯʝʡ. ɺ ʨʘʙʦʯʝʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʝʨʝʜʘʯʘ ʪʝʧʣʦʪʳ ʦʪ ʥʘʛʨʝʪʳʭ 

ʛʘʟʦʚ ʢ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥʢʠ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʦʩʥʦʚʥʦʤ 

ʧʫʪʝʤ ʠʟʣʫʯʝʥʠʷ ʠ ʢʦʥʚʝʢʮʠʠ, ʯʝʨʝʟ ʩʘʤʫ ʩʪʝʥʢʫ ï ʧʫʪʝʤ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʦʪ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥʢʠ ʚ ʦʢʨʫʞʘʶʱʝʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ï ʧʫʪʝʤ ʢʦʥʚʝʢʮʠʠ ʠ ʠʟʣʫʯʝʥʠʷ. 

  ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʦʪʜʝʣʴʥʳʭ ʵʪʘʧʘʭ ʧʨʦʭʦʞʜʝʥʠʷ ʪʝʧʣʦʪʳ 

ʵʣʝʤʝʥʪʘʨʥʳʝ ʚʠʜʳ ʪʝʧʣʦʦʙʤʝʥʘ ʤʦʛʫʪ ʥʘʭʦʜʠʪʩɹʷ ʚ ʩʘʤʦʤ ʨʘʟʣʠʯʥʦʤ 

ʩʦʯʝʪʘʥʠʠ. 

 ʇʨʦʮʝʩʩʳ ʪʝʧʣʦʦʙʤʝʥʘ ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʘʭ: ʚ 

ʯʠʩʪr ʭ ʚʝʱʝʩʪʚʘʭ ʠ ʨʘʟʥʳʭ ʩʤʝʩʷʭ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʠ ʙʝʟ ʠʟʤʝʥʝʥʠʷ 

ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ. ʏʘʩʪʦ ʧʨʦʮʝʩʩʳ ʧʝʨʝʥʦʩʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ 

ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʧʝʨʝʥʦʩʦʤ ʚʝʱʝʩʪʚʘ (ʧʨʦʮʝʩʩʳ ʦʢʠʩʣʝʥʠʷ, 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʨʘʟʣʦʞʝʥʠʷ). ʇʨʠ ʥʘʣʠʯʠʠ ʤʘʩʩʦʦʙʤʝʥʘ ʧʨʦʮʝʩʩ r

ʪʝʧʣʦʦʙʤʝʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʣʦʞʥʷʶʪʩʷ ʠ ʙʫʜʫʪ ʦʧʠʩʳʚʘʪʴʩʷ ʙʦʣʝʝ 

ʩʣʦʞʥʳʤʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ. 

ʇʨʦʮʝʩʩʳ ʣʫʯʠʩʪʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʚ ʪʝʧʣʦʪʝʭʥʠʢʝ, ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʝ, ʤʝʪʘʣʣʫʨʛʠʠ, ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʠ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. 

 ʊʨʫʜʥʦ ʧʝʨʝʦʮʝʥʠʪʴ ʨʦʣʴ ʪʝʧʣʦʦʙʤʝʥʘ ʠʟʣʫʯʝʥʠʝʤ ʚ ʦʨʛʘʥʠʟʘʮʠʠ 

ʪʝʧʣʦʚʦʡ ʨʘʙʦʪʳ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʝʯʝʡ ʠ ʜʨʫʛʠʭ ʪʝʧʣʦʚʳʭ 

ʘʛʨʝʛʘʪʦʚ, ʪ. ʢ. ʜʦʣʷ ʪʝʧʣʦʪʳ, ʧʝʨʝʜʘʚʘʝʤʦʡ ʵʪʠʤ ʩʧʦʩʦʙʦʤ, ʩʦʩʪʘʚʣʷʝʪ 

60é100 %. ɿʥʘʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʪʝʧʣʦʦʙʤʝʥʘ ʠʟʣʫʯʝʥʠʝʤ ʥʝʦʙʭʦʜʠʤʦ 

ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʚ ʨʘʙʦʯʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʝʯʝʡ ʨʘʮʠʦʥʘʣʴʥʳʭ ʪʝʧʣʦʚʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʫʝʤʦʝ ʢʘʯʝʩʪʚʦ ʪʝʧʣʦʚʦʡ 

ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʷʭ. 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʜʠʩʮʠʧʣʠʥ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʥʘʧʨʘʚʣʝʥʠʷ 550550 ʠ 651300 ʷʚʣʷʝʪʩʷ çʄʝʭʘʥʠʢʘ ʞʠʜʢʦʩʪʝʡ ʠ ʛʘʟʦʚè, ʙʝʟ 

ʟʥʘʥʠʷ ʢʦʪʦʨʦʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʨʘʙʦʪʫ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʝʯʝʡ, ʷʚʣʷʶʱʠʭʩʷ ʚʘʞʥʝʡʰʠʤʠ ʘʛʨʝʛʘʪʘʤʠ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʯʝʪʢʦ ʨʘʟʣʠʯʘʪʴ 

ʢʣʘʩʩʠʯʝʩʢʫʶ ʤʝʭʘʥʠʢʫ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʣʝʞʘʪ ʟʘʢʦʥʳ ʅʴʶʪʦʥʘ ʠ 

ɻʘʣʠʣʝʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʨʘʩʯʝʪʦʚ ʤʘʰʠʥ, ʤʝʭʘʥʠʟʤʦʚ, ʩʪʨʦʠʪʝʣʴʥʳʭ 
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ʩʦʦʨʫʞʝʥʠʡ, ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʠ ʪ. ʧ., ʠ ʧʨʠʢʣʘʜʥʫʶ ʤʝʭʘʥʠʢʫ, 

ʟʘʥʠʤʘʶʱʫʶʩʷ ʚʦʧʨʦʩʘʤʠ ʧʨʠʤʝʥʝʥʠʷ ʫʯʝʥʠʷ ʦ ʜʚʠʞʝʥʠʠ ʪʝʣʘ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʩʠʣʘʭ, ʚʳʟʳʚʘʶʱʠʭ ʵʪʦ ʜʚʠʞʝʥʠʝ, ʢ ʨʝʰʝʥʠʶ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ. ʆʜʥʠʤ ʠʟ ʨʘʟʜʝʣʦʚ ʧʨʠʢʣʘʜʥʦʡ ʤʝʭʘʥʠʢʠ ʷʚʣʷʝʪʩʷ 

ʤʝʭʘʥʠʢʘ ʩʧʣʦʰʥʳʭ ʩʨʝʜ, ʠʟʫʯʘʶʱʘʷ ʜʚʠʞʝʥʠʝ ʛʘʟʦʚ ʠ ʞʠʜʢʦʩʪʝʡ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʝ ʠ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʝ 

ʧʨʝʜʧʨʠʷʪʠʷ ʠʤʝʶʪ ʦʙʰʠʨʥʳʡ ʧʘʨʢ ʧʣʘʚʠʣʴʥʳʭ, ʥʘʛʨʝʚʘʪʝʣʴʥʳʭ ʠ 

ʩʫʰʠʣʴʥʳʭ ʧʝʯʝʡ, ʚʢʣʶʯʘʶʱʠʭ ʚ ʩʝʙʷ ʨʘʟʚʝʪʚʣʝʥʥʫʶ ʩʝʪʴ ʧʦʩʪʦʷʥʥʦ 

ʜʝʡʩʪʚʫʶʱʠʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ ʢʘʥʘʣʦʚ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʧʦʜʚʦʜʷʪ 

ʪʦʧʣʠʚʦ, ʚʦʟʜʫʭ, ʢʠʩʣʦʨʦʜ ʠ ʦʪʚʦʜʷʪ ʧʨʦʜʫʢʪʳ ʛʦʨʝʥʠʷ. ɼʣʷ ʧʝʨʝʤʝʱʝʥʠʷ 

ʛʘʟʦʚ ʠ ʞʠʜʢʦʩʪʝʡ (ʥʘʧʨʠʤʝʨ, ʤʘʟʫʪʘ) ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʘʤ ʠ ʢʘʥʘʣʘʤ 

ʪʨʝʙʫʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʷʛʦʜʫʪʴʝʚʳʭ ʫʩʪʨʦʡʩʪʚ: ʜʳʤʦʚʳʭ 

ʪʨʫʙ, ʵʞʝʢʪʦʨʦʚ, ʜʳʤʦʩʦʩʦʚ, ʚʝʥʪʠʣʷʪʦʨʦʚ ʠ ʪ. ʜ. 

ɺ ʫʩʣʦʚʠʷʭ ʜʝʡʩʪʚʫʶʱʠʭ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʟʘʚʦʜʦʚ ʧʨʠʭʦʜʠʪʩʷ 

ʨʝʰʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʝ ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʩʯʝʪʦʤ, 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝʤ ʠ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʜʫʪʴʝʚʳʭ ʬʫʨʤ, ʪʦʧʣʠʚʦʩʞʠʛʘʶʱʠʭ 

ʫʩʪʨʦʡʩʪʚ, ʜʳʤʦʚʳʭ ʠ ʚʦʟʜʫʰʥʳʭ ʪʨʘʩʩ. ɺʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʪʝʧʣʦʚʳʭ ʘʛʨʝʛʘʪʦʚ ʠ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʠʭ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʨʘʟʥʳʭ 

ʟʘʚʦʜʘʭ ʤʦʞʝʪ ʙʳʪʴ ʩʘʤʳʤ ʨʘʟʣʠʯʥʳʤ, ʧʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʘʪʴ ʪʠʧʦʚʳʝ 

ʨʘʟʚʦʜʢʠ ʚʦʟʜʫʰʥʳʭ ʠ ʜʳʤʦʚʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ. 

ɼʘʥʥʦʝ ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʧʨʠʟʚʘʥʦ ʧʦʤʦʯʴ ʙʫʜʫʱʠʤ ʠʥʞʝʥʝʨʥʦ-

ʪʝʭʥʠʯʝʩʢʠʤ ʨʘʙʦʪʥʠʢʘʤ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʠ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʨʘʟʦʙʨʘʪʴʩʷ ʚ ʩʠʪʫʘʮʠʷʭ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʚ 

ʧʦʚʩʝʜʥʝʚʥʦʡ ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʧʝʮʠʘʣʠʩʪʦʚ. ʇʨʠʚʝʜʝʤ 

ʥʝʩʢʦʣʴʢʦ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʭ ʧʨʠʤʝʨʦʚ. ʅʘ ʦʜʥʦʤ ʠʟ ʫʨʘʣʴʩʢʠʭ 

ʟʘʚʦʜʦʚ ʚ ʧʨʦʮʝʩʩʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʣʘʚʠʣʴʥʦʡ ʧʝʯʠ ʩ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʝʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʠʤʝʶʱʠʡʩʷ ʚ ʥʘʣʠʯʠʠ ʚʝʥʪʠʣʷʪʦʨ 

ʤʦʞʝʪ ʧʦʜʘʪʴ ʚ ʥʝʝ ʣʠʰʴ 30 ʪʳʩ. ʤ3 ʚʦʟʜʫʭʘ ʚʤʝʩʪʦ ʪʨʝʙʫʝʤʳʭ 35 ʪʳʩ. ʤ3. 

ʈʫʢʦʚʦʜʠʪʝʣʠ ʮʝʭʘ ʩʨʦʯʥʦ ʧʨʠʦʙʨʝʣʠ ʝʱʝ ʦʜʠʥ ʚʝʥʪʠʣʷʪʦʨ, 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʦʛʦ (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ) 

ʩʦʩʪʘʚʣʷʣʘ 10 ʪʳʩ. ʤ3. ʆʙʘ ʚʝʥʪʠʣʷʪʦʨʘ ʧʨʠʩʦʝʜʠʥʠʣʠ ʢ ʦʜʥʦʤʫ 

ʚʦʟʜʫʭʦʧʨʦʚʦʜʫ ʚ ʥʘʜʝʞʜʝ ʧʦʣʫʯʠʪʴ ʥʫʞʥʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. ʆʜʥʘʢʦ 

ʥʘ ʜʝʣʝ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʜʚʘ ʧʘʨʘʣʣʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʚʝʥʪʠʣʷʪʦʨʘ ʩʪʘʣʠ 

ʧʦʜʘʚʘʪʴ ʚ ʧʝʯʴ ʚʦʟʜʫʭʘ ʤʝʥʴʰʝ, ʯʝʤ ʦʜʠʥ, ʨʘʙʦʪʘʚʰʠʡ ʨʘʥʝʝ. ʆʯʝʚʠʜʥʦ, 

ʯʪʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʠʢʠ ʧʨʦʩʪʦ ʟʘʙʳʣʠ ʪʝ ʪʨʝʙʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ 

ʩʦʙʣʶʜʘʪʴ ʧʨʠ ʧʘʨʘʣʣʝʣʴʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʜʚʫʭ ʚʝʥʪʠʣʷʪʦʨʦʚ. ɼʨʫʛʦʡ 

ʧʨʠʤʝʨ. ʇʨʦʚʦʜʷ ʨʝʢʦʥʩʪʨʫʢʮʠʶ ʮʝʭʘ, ʟʘʚʦʜʩʢʠʝ ʨʘʙʦʪʥʠʢʠ ʨʝʰʠʣʠ 

ʧʝʨʝʩʪʘʚʠʪʴ ʜʦ ʵʪʦʛʦ ʧʨʝʢʨʘʩʥʦ ʨʘʙʦʪʘʚʰʠʡ ʚʝʥʪʠʣʷʪʦʨ ʥʘ ʜʨʫʛʫʶ ʪʦʯʥʦ 

ʪʘʢʫʶ ʞʝ ʧʝʯʴ, ʥʦ ʧʨʠ ʵʪʦʤ ʦʥʠ ʥʝ ʫʯʣʠ, ʯʪʦ ʚʦʟʜʫʭʦʧʨʦʚʦʜ, ʩʦʝʜʠʥʷʶʱʠʡ 

ʚʝʥʪʠʣʷʪʦʨ ʩ ʥʦʚʦʡ ʧʝʯʴʶ, ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʫʶ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʠ 

ʙʦʣʝʝ ʩʣʦʞʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʢʘʟʘʣʦʩʴ ʙʳ, çʧʨʦʚʝʨʝʥʥʳʡè 

ʚʝʥʪʠʣʷʪʦʨ ʧʝʨʝʩʪʘʣ ʦʙʝʩʧʝʯʠʚʘʪʴ ʦʞʠʜʘʚʰʠʝʩʷ ʦʪ ʥʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 



11 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʳ ʛʦʨʝʣʦʯʥʳʭ ʫʩʪʨʦʡʩʪʚ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ çʟʘʙʳʣʠè, ʯʪʦ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʚʝʥʪʠʣʷʪʦʨ, ʧʨʠʩʦʝʜʠʥʝʥʥʳʡ ʢ 

ʨʘʟʣʠʯʥʳʤ ʚʦʟʜʫʰʥʳʤ ʩʝʪʷʤ, ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʧʦ-ʨʘʟʥʦʤʫ. 

ʍʦʪʝʣʦʩʴ ʙʳ ʥʘʧʦʤʥʠʪʴ ʠ ʦ ʧʦʩʪʦʷʥʥʦ ʚʦʟʥʠʢʘʶʱʠʭ ʥʘ ʟʘʚʦʜʘʭ 

ʩʠʪʫʘʮʠʷʭ, ʢʦʛʜʘ ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚʝʥʪʠʣʷʪʦʨʘ, 

ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʝʯʠ, ʦʢʘʟʳʚʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ 

ʪʦʡ, ʢʦʪʦʨʘʷ ʫʢʘʟʘʥʘ ʥʘ ʪʘʙʣʠʯʢʝ, ʫʢʨʝʧʣʝʥʥʦʡ ʥʘ ʢʦʨʧʫʩʝ ʚʝʥʪʠʣʷʪʦʨʘ, 

ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴʶ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʙʦʪʳ ʚʝʥʪʠʣʷʪʦʨʘ ʦʪ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʪʠ. ɺʦʪ ʧʦʯʝʤʫ, ʨʝʰʘʷ ʚʦʧʨʦʩ ʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʝʯʠ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʠʟʚʝʩʪʠ ʨʘʩʯʝʪʳ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʦʧʨʝʜʝʣʠʪʴ ʩʫʤʤʘʨʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʨʘʩʩʳ, ʢʦʪʦʨʫʶ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʧʨʦʝʢʪʠʨʫʶʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʥʢʨʝʪʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʮʝʭʘ. 

ɺ ʜʘʥʥʦʤ ʫʯʝʙʥʦʤ ʧʦʩʦʙʠʠ ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʨʘʩʯʝʪʦʚ ʨʘʟʣʠʯʥʳʭ 

ʪʷʛʦʜʫʪʴʝʚʳʭ ʫʩʪʨʦʡʩʪʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʙʝʩʧʝʯʠʪʴ ʵʬʬʝʢʪʠʚʥʫʶ ʨʘʙʦʪʫ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʧʣʦʚʳʭ ʘʛʨʝʛʘʪʦʚ. ɸʚʪʦʨʳ ʥʘʜʝʶʪʩʷ, ʯʪʦ ʥʘʧʠʩʘʥʥʦʝ ʠʤʠ 

ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʙʫʜʝʪ ʧʦʣʝʟʥʦ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʩʪʫʜʝʥʪʦʚ, ʠʟʫʯʘʶʱʠʭ 

ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʠʝ ʢʫʨʩʳ, ʥʦ ʠ ʜʣʷ ʟʘʚʦʜʩʢʠʭ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ 

ʨʘʙʦʪʥʠʢʦʚ. 
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1. ʊɽʇʃʆʇʈʆɺʆɼʅʆʉʊʔ 

 

1.1. ʆʙʱʠʝ ʧʦʣʦʞʝʥʠʷ 

 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʝʧʣʦʪʳ 

ʧʫʪʝʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʩ ʨʘʟʣʠʯʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ. ɺ ʯʠʩʪʦʤ ʚʠʜʝ ʵʪʦʪ ʧʨʦʮʝʩʩ ʚʦʟʤʦʞʝʥ ʣʠʰʴ ʚ ʦʜʥʦʨʦʜʥʳʭ 

ʪʚʝʨʜʳʭ ʪʝʣʘʭ. 

ʄʝʭʘʥʠʟʤ ʪʝʧʣʦʦʙʤʝʥʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʦʙʫʩʣʦʚʣʝʥ ʜʚʠʞʝʥʠʝʤ 

ʤʠʢʨʦʯʘʩʪʠʮ ʚʝʱʝʩʪʚʘ. ɺ ʛʘʟʘʭ ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ 

ʜʠʬʬʫʟʠʠ ʤʦʣʝʢʫʣ ʠ ʘʪʦʤʦʚ, ʚ ʞʠʜʢʦʩʪʷʭ ʠ ʪʚʝʨʜʳʭ ʪʝʣʘʭ (ʜʠʵʣʝʢʪʨʠʢʘʭ) 

ï ʟʘ ʩʯʝʪ ʫʧʨʫʛʠʭ ʚʦʣʥ, ʚ ʤʝʪʘʣʣʘʭ ï ʧʫʪʝʤ ʜʠʬʬʫʟʠʠ ʩʚʦʙʦʜʥʳʭ 

ʵʣʝʢʪʨʦʥʦʚ ʠ ʫʧʨʫʛʠʭ ʢʦʣʝʙʘʥʠʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ. 

 ʇʨʦʮʝʩʩ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʠ ʪʝʣʘ. ʇʦʵʪʦʤʫ ʧʨʠ ʠʟʫʯʝʥʠʠ ʧʨʦʮʝʩʩʘ ʧʨʝʞʜʝ ʚʩʝʛʦ 

ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʧʦʥʷʪʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʠ ʛʨʘʜʠʝʥʪʘ 

ʪʝʤʧʝʨʘʪʫʨʳ.  

 

1.1.1. ʊʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ 

 

ʊʝʤʧʝʨʘʪʫʨʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʪʝʧʣʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʪʝʣʘ ʠ ʦʧʨʝʜʝʣʷʝʪ 

ʩʪʝʧʝʥʴ ʝʛʦ ʥʘʛʨʝʪʦʩʪʠ. ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʤʦʞʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʪʦʣʴʢʦ ʧʨʠ 

ʫʩʣʦʚʠʠ, ʯʪʦ ʚ ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ ʪʝʣʘ (ʠʣʠ ʩʠʩʪʝʤʳ ʪʝʣ) ʪʝʤʧʝʨʘʪʫʨʘ 

ʥʝʦʜʠʥʘʢʦʚʘ. ɺ ʦʙʱʝʤ cʣʫʯʘʝ ʧʨʦʮʝʩʩ ʧʝʨʝʜʘʯʠ ʪʝʧʣʦʪʳ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʢʘʢ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʪʘʢ ʠ ʚʦ ʚʨʝʤʝʥʠ. ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ 

ʪʝʦʨʠʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʚʨʝʤʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ,  

ʪ. ʝ. ʥʘʭʦʞʜʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚʠʜʘ 

 

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

 

ʛʜʝ zyx ,, ï ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʪʝʣʘ; t ï ʚʨʝʤʝʥʥʘʷ ʢʦʦʨʜʠʥʘʪʘ. 

 ʋʨʘʚʥʝʥʠʝ (1.1) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʧʦʣʝʤ ʥʘʟʳʚʘʝʪʩʷ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʟʘʥʷʪʦʛʦ 

ʪʝʣʦʤ, ʜʣʷ ʢʘʞʜʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ. 

 ʈʘʟʣʠʯʘʶʪ ʩʪʘʮʠʦʥʘʨʥʦʝ ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʝ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ. 

ʋʨʘʚʥʝʥʠʝ (1.1) ʦʧʠʩʳʚʘʝʪ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʥʘʠʙʦʣʝʝ ʦʙʱʝʛʦ ʚʠʜʘ, 

ʢʦʛʜʘ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʪʝʤʧʝʨʘʪʫʨʘ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʦʜʥʦʡ ʪʦʯʢʠ ʢ 

ʜʨʫʛʦʡ. ʊʘʢʦʝ ʧʦʣʝ ʦʪʚʝʯʘʝʪ ʥʝʫʩʪʘʥʦʚʠʚʰʝʤʫʩʷ ʪʝʧʣʦʚʦʤʫ ʨʝʞʠʤʫ 
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ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʧʦʣʷ. 

 ɽʩʣʠ ʪʝʧʣʦʚʦʡ ʨʝʞʠʤ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʠʚʰʠʤʩʷ, ʪʦ ʪʝʤʧʝʨʘʪʫʨʘ 

ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʪʝʣʘ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ, ʠ ʪʘʢʦʝ 

ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʥʘʟʳʚʘʶʪ ʩʪʘʮʠʦʥʘʨʥʳʤ.  

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʪʝʤʧʝʨʘʪʫʨʘ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʪʦʣʴʢʦ ʢʦʦʨʜʠʥʘʪ: 

 

1t f= ( )x, y, z ; 0ʜt/ʜt=.          (1.2) 

  

ʊʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʫʨʘʚʥʝʥʠʷʤ (1.1) ʠ (1.2), 

ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ, ʪ. ʢ. ʪʝʤʧʝʨʘʪʫʨʘ ï ʵʪʦ ʬʫʥʢʮʠ ̫ ʪʨʝʭ 

ʢʦʦʨʜʠʥʘʪ. ɽʩʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʝʩʪʴ ʬʫʥʢʮʠʷ ʜʚʫʭ ʢʦʦʨʜʠʥʘʪ, ʪʦ ʧʦʣʝ 

ʥʘʟʳʚʘʶʪ ʜʚʫʭʤʝʨʥʳʤ: 

 

2
ft= ( , , )x y t; 0/ =ʜzʜt .         (1.3) 

  

ɽʩʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʦʜʥʦʡ ʢʦʦʨʜʠʥʘʪʳ, ʪʦ ʧʦʣʝ 

ʥʘʟʳʚʘʶʪ ʦʜʥʦʤʝʨʥʳʤ: 

    
3

ft= ( , )x t; 0// == ʜzʜtʜyʜt .         (1.4) 

 

ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʚʠʜ ʠʤʝʝʪ ʫʨʘʚʥʝʥʠʝ ʦʜʥʦʤʝʨʥʦʛʦ ʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ: 

          
4

ft= ( )x ; / 0ʜt ʜt= ʠ .0// == ʜzʜtʜyʜt       (1.5) 

  

ʆʜʥʦʤʝʨʥʦʡ, ʥʘʧʨʠʤʝʨ, ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʦ ʧʝʨʝʥʦʩʝ ʪʝʧʣʦʪʳ ʚ ʩʪʝʥʢʝ, 

ʫ ʢʦʪʦʨʦʡ ʜʣʠʥʫ ʠ ʰʠʨʠʥʫ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʙʝʩʢʦʥʝʯʥʦ ʙʦʣʴʰʠʤʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʦʣʱʠʥʦʡ. 

 

 

1.1.2. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʛʨʘʜʠʝʥʪ 

 

ʇʨʠ ʣʶʙʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʧʦʣʝ ʚ ʪʝʣʝ ʚʩʝʛʜʘ ʠʤʝʶʪʩʷ ʪʦʯʢʠ ʩ 

ʦʜʠʥʘʢʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ. ɽʩʣʠ ʵʪʠ ʪʦʯʢʠ ʤʳʩʣʝʥʥʦ ʩʦʝʜʠʥʠʪʴ, ʪʦ ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʠʟʦʪʝʨʤʠʯʝʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʘʢ ʢʘʢ ʦʜʥʘ ʠ ʪʘ ʞʝ ʪʦʯʢʘ ʪʝʣʘ 

ʥʝ ʤʦʞʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʤʝʪʴ ʨʘʟʣʠʯʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʪʦ ʠʟʦʪʝʨʤʠʯʝʩʢʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʧʝʨʝʩʝʢʘʶʪʩʷ. ʆʥʠ ʣʠʙʦ ʦʢʘʥʯʠʚʘʶʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʪʝʣʘ, ʣʠʙʦ ʮʝʣʠʢʦʤ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʥʫʪʨʠ ʩʘʤʦʛʦ ʪʝʣʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʪʝʣʝ ʠʟʤʝʥʷʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʝʨʝʩʝʢʘʶʱʝʤ ʠʟʦʪʝʨʤʳ. 

ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʴʰʠʡ ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʝʜʠʥʠʮʫ ʜʣʠʥʳ ʧʨʦʠʩʭʦʜʠʪ 

ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʦʨʤʘʣʠ ʢ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩ. 1.1).  
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ʈʠʩ. 1.1. ʂ ʦʧʨʝʜʝʣʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ 

 

 ʇʨʝʜʝʣ ʦʪʥʦʰʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ tD  ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ 

ʠʟʦʪʝʨʤʘʤʠ ʢ ʨʘʩʩʪʦʷʥʠʶ ʤʝʞʜʫ ʥʠʤʠ ʧʦ ʥʦʨʤʘʣʠ nD  ʥʘʟʳʚʘʝʪʩʷ 

ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʛʨʘʜʠʝʥʪʦʤ ʠ ʦʙʦʟʥʘʯʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʣʝʜʫʶʱʠʭ 

ʩʠʤʚʦʣʦʚ: 

 

             
0

lim ( ) grad
n

t / n ʜt / ʜn t.
D ­

D D = =                  (1.6) 

 

ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʛʨʘʜʠʝʥʪ ʷʚʣʷʝʪʩʷ ʚʝʢʪʦʨʦʤ, ʥʘʧʨʘʚʣʝʥʥʳʤ ʧʦ 

ʥʦʨʤʘʣʠ ʢ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʩʪʦʨʦʥʫ ʚʦʟʨʘʩʪʘʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʝʛʦ ʨʘʟʤʝʨʥʦʩʪʴ ï [ʦʉ/ʤ]. ɺʝʣʠʯʠʥʘ ʜnʜt/  ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʫʙʳʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʨʠʮʘʪʝʣʴʥʘ.  

 

  

 1.1.3. ʊʝʧʣʦʚʦʡ ʧʦʪʦʢ. ɿʘʢʦʥ ʌʫʨʴʝ 

  

ʊʝʧʣʦʪʘ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʧʝʨʝʥʦʩʠʪʩʷ ʪʦʣʴʢʦ ʚ ʩʪʦʨʦʥʫ ʫʙʳʚʘʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʂʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʧʝʨʝʥʦʩʠʤʦʡ ʯʝʨʝʟ ʢʘʢʫʶ-ʣʠʙʦ 

ʧʦʚʝʨʭʥʦʩʪʴ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ, ʥʘʟʳʚʘʝʪʩʷ ʪʝʧʣʦʚʳʤ ʧʦʪʦʢʦʤ Q [Bʪ]. 

ʊʝʧʣʦʚʦʡ ʧʦʪʦʢ, ʦʪʥʝʩʝʥʥʳʡ ʢ ʝʜʠʥʠʮʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘʟʳʚʘʝʪʩʷ 

ʧʣʦʪʥʦʩʪʴʶ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ, ʠʣʠ ʞʝ ʫʜʝʣʴʥʳʤ ʪʝʧʣʦʚʳʤ ʧʦʪʦʢʦʤ, ʠʣʠ 

ʞʝ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʛʨʝʚʘ, ʪ. ʝ. 

 

     .F/Qq=                               (1.7) 

 

ɽʩʣʠ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʦʪʥʝʩʝʥ ʢ ʝʜʠʥʠʮʝ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʪʦ ʚʝʣʠʯʠʥʘ q  ʷʚʣʷʝʪʩʷ ʚʝʢʪʦʨʦʤ, ʥʘʧʨʘʚʣʝʥʠʝ ʢʦʪʦʨʦʛʦ 

ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʝʧʣʦʪʳ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ ʠ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʠʶ ʚʝʢʪʦʨʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ (ʨʠʩ. 

1.2). 
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ʈʠʩ. 1.2. ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʝʧʣʦʪʳ ʚ ʪʝʣʘʭ 

 

ʀʟʫʯʘʷ ʧʨʦʮʝʩʩ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʪʚʝʨʜʳʭ ʪʝʣʘʭ, ʌʫʨʴʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʠʣ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʜʘʥʥʦʡ ʪʝʧʣʦʪʳ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʠʟʤʝʥʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʨʝʤʝʥʠ ʠ ʧʣʦʱʘʜʠ ʩʝʯʝʥʠʷ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʝʧʣʦʪʳ. ɽʩʣʠ 

ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʜʘʥʥʦʡ ʪʝʧʣʦʪʳ ʦʪʥʝʩʪʠ ʢ ʝʜʠʥʠʮʝ ʩʝʯʝʥʠʷ ʠ ʝʜʠʥʠʮʝ 

ʚʨʝʤʝʥʠ, ʪʦ ʫʩʪʘʥʦʚʣʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ 
­

q= -lgradt .      (1.8) 

  

ʋʨʘʚʥʝʥʠʝ (1.8) ʷʚʣʷʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʚʳʨʘʞʝʥʠʝʤ ʦʩʥʦʚʥʦʛʦ 

ʟʘʢʦʥʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ï ʟʘʢʦʥʘ ʌʫʨʴʝ. ʕʪʦʪ ʟʘʢʦʥ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʚʩʝʭ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʮʝʩʩʦʚ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. 

  

 1.1.4. ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ  

  

ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ l ʚ ʫʨʘʚʥʝʥʠʠ (1.8) ʷʚʣʷʝʪʩʷ 

ʬʠʟʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʦʤ ʚʝʱʝʩʪʚʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʩʧʦʩʦʙʥʦʩʪʴ ʪʝʣ 

ʧʨʦʚʦʜʠʪʴ ʪʝʧʣʦʪʫ ʠ ʥʘʟʳʚʘʝʤʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. ɽʛʦ 

ʨʘʟʤʝʨʥʦʩʪʴ ï ɺʪ/(ʤ ʦʉ). 

ɺʝʣʠʯʠʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʢʦʪʦʨʦʝ ʧʨʦʭʦʜʠʪ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʯʝʨʝʟ ʦʜʠʥ 

ʢʚʘʜʨʘʪʥʳʡ ʤʝʪʨ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʛʨʘʜʠʝʥʪʝ, ʨʘʚʥʦʤ ʝʜʠʥʠʮʝ. ʅʘ ʚʝʣʠʯʠʥʫ ʢʦʵʬʬʠʮʠʝʥʪʘ l ʚʣʠʷʝʪ ʤʥʦʛʦ 

ʬʘʢʪʦʨʦʚ: ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ, ʩʪʨʫʢʪʫʨʘ, ʚʣʘʞʥʦʩʪʴ, ʘʛʨʝʛʘʪʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʪʝʣʘ, ʤʝʭʘʥʠʟʤ ʧʝʨʝʥʦʩʘ ʪʝʧʣʦʪʳ ʠ ʪ. ʜ. ʕʪʦ ʩʠʣʴʥʦ ʟʘʪʨʫʜʥʷʝʪ 

ʚʳʙʦʨ ʧʨʘʚʠʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʧʦʵʪʦʤʫ 

ʧʨʠ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʨʘʩʯʝʪʘʭ ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʷʪʴ ʝʛʦ ʧʫʪʝʤ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʠʟʫʯʝʥʠʷ ʧʨʠʤʝʥʷʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɺ ʪʝʭʥʠʯʝʩʢʠʭ ʞʝ ʨʘʩʯʝʪʘʭ ʟʥʘʯʝʥʠʷ 
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ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʦʙʳʯʥʦ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʧʦ ʩʧʨʘʚʦʯʥʳʤ 

ʪʘʙʣʠʮʘʤ. ʇʨʠ ʵʪʦʤ ʥʘʜʦ ʩʣʝʜʠʪʴ ʟʘ ʪʝʤ, ʯʪʦʙʳ ʬʠʟʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  ʤʘʪʝʨʠʘʣʘ (ʩʪʨʫʢʪʫʨʘ, ʧʣʦʪʥʦʩʪʴ, ʚʣʘʞʥʦʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʘ, 

ʜʘʚʣʝʥʠʝ) ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʚʳʙʨʘʥʥʳʤ ʫʩʣʦʚʠʷʤ. ʊʘʢ ʢʘʢ ʧʨʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʪʝʧʣʦʪʳ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ ʪʝʣʘ ʥʝʦʜʠʥʘʢʦʚʘ, 

ʪʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚʘʞʥʦ ʟʥʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ɼʣʷ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʤʘʪʝʨʠʘʣʦʚ ʵʪʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʢʘʟʳʚʘʝʪʩʷ ʧʦʯʪʠ ʣʠʥʝʡʥʦʡ, ʪ. ʝ.  

l= [ ]1 ( ) ,o ob t tl + -  

ʛʜʝ ol  ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ot , ɺʪ/(ʤĀʦʉ); 

t- ʪʝʤʧʝʨʘʪʫʨʘ, ʦʉ; b ï ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʦʧʨʝʜʝʣʷʝʤʳʡ 

ʦʧʳʪʥʳʤ ʧʫʪʝʤ.  

ʃʫʯʰʠʤʠ ʧʨʦʚʦʜʥʠʢʘʤʠ ʪʝʧʣʦʪʳ ʷʚʣʷʶʪʩʷ ʤʝʪʘʣʣʳ, ʫ ʢʦʪʦʨʳʭ l 

ʠʟʤʝʥʷʝʪʩʷ ʦʪ 3 ʜʦ 458 ɺʪ/(ʤῊʦʉ). ʂʦʵʬʬʠʮʠʝʥʪʳ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ʯʠʩʪʳʭ ʤʝʪʘʣʣʦʚ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʘʣʶʤʠʥʠʷ, ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʫʙʳʚʘʶʪ. ʊʝʧʣʦʪʫ ʚ ʤʝʪʘʣʣʘʭ ʧʝʨʝʥʦʩʷʪ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ 

ʩʚʦʙʦʜʥʳʝ ʵʣʝʢʪʨʦʥʳ. ʉʘʤʳʤ ʪʝʧʣʦʧʨʦʚʦʜʥʳʤ ʤʝʪʘʣʣʦʤ ʷʚʣʷʝʪʩʷ 

ʯʠʩʪʦʝ ʩʝʨʝʙʨʦ (ɚ = 458 ɺʪ/(ʤῊʦʉ)). ʋʤʝʥʴʰʝʥʠʝ l ʯʠʩʪʳʭ ʤʝʪʘʣʣʦʚ ʩ 

ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʲʷʩʥʷʶʪ ʫʩʠʣʝʥʠʝʤ ʪʝʧʣʦʚʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ, 

ʧʨʠʚʦʜʷʱʠʭ ʢ ʨʘʩʩʝʠʚʘʥʠʶ ʵʣʝʢʪʨʦʥʦʚ. ʇʨʠ ʥʘʣʠʯʠʠ ʨʘʟʥʦʛʦ ʨʦʜʘ 

ʧʨʠʤʝʩʝʡ l ʤʝʪʘʣʣʦʚ ʨʝʟʢʦ ʫʙʳʚʘʝʪ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʩʪʨʫʢʪʫʨʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʧʨʠʚʦʜʷʪ ʢ ʨʘʩʩʝʠʚʘʥʠʶ 

ʵʣʝʢʪʨʦʥʦʚ. 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʠ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʤʝʶʱʠʭ ʧʦʨʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ, ʧʨʠ ʧʦʚʳʰʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʨʘʩʪʘʶʪ ʧʦ ʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ ʠ ʠʟʤʝʥʷʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 

0,02 ʜʦ 3,0 ɺʪ/(ʤῊʦʉ). ɿʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʢʘʟʳʚʘʶʪ ʛʘʟʳ, ʟʘʧʦʣʥʷʶʱʠʝ 

ʧʦʨʳ ʠ ʦʙʣʘʜʘʶʱʠʝ ʚʝʩʴʤʘ ʤʘʣʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ l ʪʚʝʨʜʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʋʚʝʣʠʯʝʥʠʝ l ʧʦʨʠʩʪʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʲʷʩʥʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʚʦʟʨʘʩʪʘʥʠʝʤ ʣʫʯʠʩʪʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʪʚʝʨʜʦʛʦ 

çʩʢʝʣʝʪʘè ʧʦʨ ʯʝʨʝʟ ʨʘʟʜʝʣʷʶʱʠʝ ʠʭ ʚʦʟʜʫʰʥʳʝ ʷʯʝʡʢʠ. ʈʦʣʴ ʢʦʥʚʝʢʮʠʠ ʚ 

ʨʦʩʪʝ l ʧʦʚʳʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʚʦʟʜʫʰʥʳʭ ʚʢʣʶʯʝʥʠʡ 

ʚ ʤʘʪʝʨʠʘʣ, ʧʦʵʪʦʤʫ ʵʬʬʝʢʪʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ʧʦʨʠʩʪʳʭ ʪʝʣ ʠʤʝʝʪ ʩʣʦʞʥʫʶ ʧʨʠʨʦʜʫ ʠ ʷʚʣʷʝʪʩʷ ʫʩʣʦʚʥʦʡ ʚʝʣʠʯʠʥʦʡ. ʕʪʘ 

ʫʩʣʦʚʥʘʷ ʚʝʣʠʯʠʥʘ ʠʤʝʝʪ ʩʤʳʩʣ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ʥʝʢʦʪʦʨʦʛʦ ʦʜʥʦʨʦʜʥʦʛʦ ʪʝʣʘ, ʯʝʨʝʟ ʢʦʪʦʨʦʝ ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʬʦʨʤʝ, 

ʨʘʟʤʝʨʘʭ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʛʨʘʥʠʮʘʭ ʧʨʦʭʦʜʠʪ ʪʦ ʞʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, 

ʯʪʦ ʠ ʯʝʨʝʟ ʜʘʥʥʦʝ ʧʦʨʠʩʪʦʝ ʪʝʣʦ. 
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ɹʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ l ʦʢʘʟʳʚʘʝʪ ʚʣʘʞʥʦʩʪʴ ʚʝʱʝʩʪʚʘ. ʆʧʳʪʳ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʣʘʞʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ. ʕʪʦʪ ʵʬʬʝʢʪ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʲʷʩʥʝʥ ʢʦʥʚʝʢʪʠʚʥʳʤ ʧʝʨʝʥʦʩʦʤ ʪʝʧʣʦʪʳ, ʚʦʟʥʠʢʘʶʱʠʤ ʙʣʘʛʦʜʘʨʷ 

ʢʘʧʠʣʣʷʨʥʦʤʫ ʜʚʠʞʝʥʠʶ ʚʦʜʳ ʚʥʫʪʨʠ ʧʦʨʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʠ ʯʘʩʪʠʯʥʦ 

ʪʝʤ, ʯʪʦ ʘʙʩʦʨʙʮʠʦʥʥʦ ʩʚʷʟʘʥʥʘʷ ʚʣʘʛʘ ʠʤʝʝʪ ʜʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʚʦʙʦʜʥʦʡ ʚʦʜʦʡ. ʂʨʦʤʝ ʪʦʛʦ, ʯʝʤ ʚʳʰʝ ʦʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ 

ʤʘʪʝʨʠʘʣʘ, ʪʝʤ ʤʝʥʴʰʝ ʦʥ ʠʤʝʝʪ ʧʦʨ ʠ ʪʝʤ ʚʳʰʝ ʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. 

ʇʦ ʬʠʟʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ ʞʠʜʢʦʩʪʠ ʟʘʥʠʤʘʶʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ 

ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ ʛʘʟʘʤʠ ʠ ʪʚʝʨʜʳʤʠ ʪʝʣʘʤʠ. ʇʦʵʪʦʤʫ ʪʝʧʣʦʪʘ 

ʧʝʨʝʥʦʩʠʪʩʷ ʚ ʥʠʭ ʢʘʢ ʟʘ ʩʯʝʪ ʢʦʣʝʙʘʥʠʡ ʤʦʣʝʢʫʣ ʧʫʪʝʤ ʦʙʤʝʥʘ ʵʥʝʨʛʠʠ 

ʧʨʠ ʩʦʫʜʘʨʝʥʠʷʭ, ʪʘʢ ʠ ʜʠʬʬʫʥʜʠʨʫʶʱʠʤʠ ʤʦʣʝʢʫʣʘʤʠ. ʂʦʵʬʬʠʮʠʝʥʪʳ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʙʦʣʴʰʠʥʩʪʚʘ ʢʘʧʝʣʴʥʳʭ ʞʠʜʢʦʩʪʝʡ ʩ ʧʦʚʳʰʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʫʙʳʚʘʶʪ. ʀʭ ʟʥʘʯʝʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0,08 ʜʦ 0,65 

ɺʪ/(ʤʦʉ). ɺʦʜʘ ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʝʥʠʝʤ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 0 ʜʦ 

127 ʦʉ ʝʝ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʦʚʳʰʘʝʪʩʷ, ʘ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ 

ʚʦʟʨʘʩʪʘʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʫʤʝʥʴʰʘʝʪʩʷ. ʆʪ ʜʘʚʣʝʥʠʷ l ʢʘʧʝʣʴʥʳʭ 

ʞʠʜʢʦʩʪʝʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ.  

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʚ ʛʘʟʘʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʜʠʬʬʫʟʠʠ 

ʤʦʣʝʢʫʣ. ʊʘʢ ʢʘʢ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʜʠʬʬʫʟʠʷ ʚʦʟʨʘʩʪʘʝʪ, ʙʫʜʝʪ 

ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. ʆʪ ʜʘʚʣʝʥʠʷ l 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ. ɼʣʷ ʛʘʟʦʚ l ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0,006 ʜʦ 0,6 

ɺʪ/(ʤῊʦʉ). 

ʏʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʚʢʣʶʯʘʷ ʠ ʦʩʪʘʣʴʥʳʝ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʧʨʠʚʝʜʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʣʠʪʝʨʘʪʫʨʝ. 

 

 

1.1.5. ʆʙʱʝʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

 

 ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʝʨʝʜʘʥʥʦʡ ʪʝʧʣʦʪʳ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʠ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʛʨʘʜʠʝʥʪʘ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ. ʇʦʩʣʝʜʥʝʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʦ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʪʦʣʴʢʦ ʜʣʷ ʪʝʣ ʧʨʦʩʪʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ: ʧʣʘʩʪʠʥʳ, ʮʠʣʠʥʜʨʘ, ʰʘʨʘ, ʢʫʙʘ ʠ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ. ɺ 

ʦʙʱʝʤ ʞʝ ʩʣʫʯʘʝ ʵʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʣʠʰʴ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʝʰʝʥʠʷ ʩʧʝʮʠʘʣʴʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. 

ɼʣʷ ʦʙʣʝʛʯʝʥʠʷ ʚʳʚʦʜʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʨʠʤʝʤ ʩʣʝʜʫʶʱʠʝ 

ʜʦʧʫʱʝʥʠʷ: 

 - ʪʝʣʦ ʦʜʥʦʨʦʜʥʦ ʠ ʠʟʦʪʨʦʧʥʦ; 

 - ʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʚʝʱʝʩʪʚʘ ʧʦʩʪʦʷʥʥʳ; 
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 - ʜʝʬʦʨʤʘʮʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʦʙʲʝʤʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʤʘʣʦʡ ʚʝʣʠʯʠʥʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʘʤʠʤ 

ʦʙʲʝʤʦʤ; 

 - ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ ʪʝʣʘ ʥʝʧʦʜʚʠʞʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ 

ʜʨʫʛʘ;  

 - ʚʥʫʪʨʝʥʥʠʝ ʠʩʪʦʯʥʠʢʠ ʪʝʧʣʦʪʳ ʚ ʪʝʣʝ ʨʘʩʧʨʝʜʝʣʝʥʳ ʨʘʚʥʦʤʝʨʥʦ. 

 ʕʪʦ ʫʨʘʚʥʝʥʠʝ ʚʳʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ, 

ʩʦʯʝʪʘʝʤʦʛʦ ʩ ʟʘʢʦʥʦʤ ʌʫʨʴʝ. 

 ʉ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʚʝʣʠʯʠʥʘʤʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʨʦʮʝʩʩ, ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʤʝʪʦʜʦʤ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ, ʢʦʪʦʨʳʡ ʠʩʭʦʜʠʪ ʠʟ ʪʦʛʦ, ʯʪʦ ʚʳʙʠʨʘʝʪʩʷ 

ʦʛʨʘʥʠʯʝʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʠ ʠʟ ʚʩʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʣʠʰʴ ʵʣʝʤʝʥʪʘʨʥʳʡ ʦʙʲʝʤ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʚ ʧʨʝʜʝʣʘʭ 

ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʦʙʲʝʤʘ ʠ ʚʳʙʨʘʥʥʦʛʦ ʤʘʣʦʛʦ ʦʪʨʝʟʢʘ ʚʨʝʤʝʥʠ ʧʨʝʥʝʙʨʝʯʴ 

ʠʟʤʝʥʝʥʠʝʤ ʥʝʢʦʪʦʨʳʭ ʚʝʣʠʯʠʥ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʧʨʦʮʝʩʩ, 

ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʩʪʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ. 

 ʉʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ, ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ ʠʩʪdQ , 

ʚʳʜʝʣʝʥʥʦʝ ʚʥʫʪʨʝʥʥʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ, ʟʘ ʚʳʯʝʪʦʤ ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʦʪʳ 

ʚʳʪ,dQ  ʚʳʪʝʢʰʝʛʦ ʩʢʚʦʟʴ ʧʦʚʝʨʭʥʦʩʪʴ ʥʘʨʫʞʫ, ʠʜʝʪ ʥʘ ʧʨʠʨʘʱʝʥʠʝ 

ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʚʝʱʝʩʪʚʘ ʚ ʚʳʜʝʣʝʥʥʦʤ ʦʙʲʝʤʝ: 

   =dU ʠʩʪdQ ï ʚʳʪdQ .                          (1.9) 

  

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʫʨʘʚʥʝʥʠʷ (1.9) ʚʳʜʝʣʠʤ ʚ ʪʝʣʝ 

ʵʣʝʤʝʥʪʘʨʥʳʡ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜ ʩʦ ʩʪʦʨʦʥʘʤʠ  dzdydx ,,  (ʨʠʩ. 1.3). 

ʇʘʨʘʣʣʝʣʝʧʠʧʝʜ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʪʘʢ, ʯʪʦʙʳ ʝʛʦ ʛʨʘʥʠ ʙʳʣʠ ʧʘʨʘʣʣʝʣʴʥʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʢʦʦʨʜʠʥʘʪʥʳʤ ʧʣʦʩʢʦʩʪʷʤ. ɽʩʣʠ ʦʙʲʝʤʥʫʶ ʤʦʱʥʦʩʪʴ 

ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ, ʪ. ʝ. ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ ʥʘ ʝʜʠʥʠʮʫ ʦʙʲʝʤʘ ʚʝʱʝʩʪʚʘ ʟʘ 

ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ, ʦʙʦʟʥʘʯʠʪʴ ʯʝʨʝʟ uq , ɺʪ/ʤ
3, ʪʦ ʟʘ ʚʨʝʤʷ dt ʧʦʣʫʯʠʤ 

 

    ʠʩʪdQ = uq dx dy dz Űd .                     (1.10) 
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ʈʠʩ. 1.3. ɹʘʣʘʥʩ ʪʝʧʣʦʪʳ ʥʘʛʨʝʚʘ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ 

ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʚʳʪdQ  ʨʘʩʩʤʦʪʨʠʤ ʩʥʘʯʘʣʘ ʥʘʧʨʘʚʣʝʥʠʝ, 

ʦʧʨʝʜʝʣʷʝʤʦʝ ʦʩʴʶ x. ʉʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ (1.8), ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʯʝʨʝʟ 

ʣʝʚʫʶ ʛʨʘʥʴ ʧʦʩʪʫʧʘʝʪ ʚʥʫʪʨʴ ʚʳʜʝʣʝʥʥʦʛʦ ʦʙʲʝʤʘ ʩʣʝʜʫʶʱʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʪʝʧʣʦʪʳ: 

 

xdQ = 
ʜt

dy dz
ʜx

-l .dt 

 

ʏʝʨʝʟ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʛʨʘʥʴ ʟʘ ʪʦʪ ʞʝ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ 

ʠʟ ʦʙʲʝʤʘ ʚʳʪʝʢʘʝʪ ʩʣʝʜʫʶʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ: 

 

x dxdQ + = 
ʜt ʜ ʜt

dx dy dz
ʜx ʜx ʜx

è øå õ
-l +æ öé ù

ç ÷ê ú
dt=  

= 
2

2

ʜt ʜ t
dx dy dz

ʜxʜx

å õ
-l +æ ö
ç ÷

.dt 

  

ʈʝʟʫʣʴʪʘʪʠʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʳʪʝʢʘʶʱʝʡ ʪʝʧʣʦʪʳ:  

x dxdQ + ï xdQ = 
2

2

ʜ t
dx dy dz

ʜx
-l dt. 

 

 ʇʦʣʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʳʪʝʢʘʶʱʝʡ ʠʟ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ ʪʝʧʣʦʪʳ ʚʦ ʚʩʝʭ 

ʪʨʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʩʦʩʪʘʚʠʪ 
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ʚʳʪdQ = 
2 2 2

2 2 2

ʜ t ʜ t ʜ t
dx dy dz

ʜx ʜy ʜz

å õ
-l + +æ ö
ç ÷

dt.                        (1.11) 

 ʇʨʠʨʘʱʝʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʚʳʯʠʩʣʷʝʪʩʷ ʯʝʨʝʟ ʪʝʧʣʦʝʤʢʦʩʪʴ 

ʠ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ: 

=dU
ʜt

c
ʜ
r
t

.dx dy dz dt                                  (1.12) 

 

ɿʜʝʩʴ c  ʚ ɼʞ/(ʢʛ ʦʉ), ʘ r ʚ ʢʛ/ʤ3. 

 ʇʦʜʩʪʘʚʠʚ ʚʳʨʘʞʝʥʠʷ (1.10)é(1.12) ʚ (1.9) ʠ ʧʨʦʠʟʚʝʜʷ ʩʦʢʨʘʱʝʥʠʷ, 

ʧʦʣʫʯʠʤ 

 

          
ʜt

c
ʜ
r
t

= uq +
2 2 2

2 2 2

ʜ t ʜ t ʜ t

ʜx ʜy ʜz

å õ
l + +æ ö
ç ÷

.      (1.13) 

 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ (1.13) ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʩʦʟʜʘʥʥʦʡ ʌʫʨʴʝ ʚ ʧʝʨʚʦʤ 

ʜʝʩʷʪʠʣʝʪʠʠ XIX  ʚ. 

ɼʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʩʫʤʤʳ ʚʪʦʨʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʤʚʦʣ 2Ð, ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʣʘʧʣʘʩʠʘʥ. ʊʦʛʜʘ ʫʨʘʚʥʝʥʠʝ 

(1.13) ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ 

ʜt
c
ʜ
r
t

= 
u

q + 2tlÐ . 

 

ɺʚʝʜʝʤ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ ʥʦʚʫʶ ʬʠʟʠʯʝʩʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʚʝʱʝʩʪʚʘ 

ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʤ2/ʩ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʠʟ 

ʚʳʨʘʞʝʥʠʷ 

 

a
c

l
=
r

. 

 

ʆʥ ʩʫʱʝʩʪʚʝʥ ʜʣʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. ɽʩʣʠ ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʪʝʣ ʧʨʦʚʦʜʠʪʴ ʪʝʧʣʦʪʫ, ʪʦ 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʤʝʨʦʡ ʪʝʧʣʦʠʥʝʨʮʠʦʥʥʳʭ 

ʩʚʦʡʩʪʚ ʪʝʣʘ. ʉʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʪʝʣʘ ʙʫʜʝʪ 

ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʢʦɻ ʬʬʠʮʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ. ʇʨʠ 

ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʚʳʨʘʚʥʠʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʝʝ ʚ 

ʪʦʤ ʪʝʣʝ, ʢʦʪʦʨʦʝ ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ. 
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ʋʨʘʚʥʝʥʠʶ (1.13) ʤʦʞʥʦ ʧʨʠʜʘʪʴ ʚʠʜ 

 

ʜt

ʜt
= 

2 2 2

2 2 2

ʜ t ʜ t ʜ t q
a

cʜx ʜy ʜz

u
å õ

+ + +æ ö
rç ÷

.     (1.14) 

  

ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʫʨʘʚʥʝʥʠʷ ʌʫʨʴʝ, ʷʚʣʷʶʱʝʛʦʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ 

ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʠʤ ʩʚʷʟʳʚʘʝʪʩʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʠʟʤʝʥʝʥʠʝʤ ʝʝ ʚʦ 

ʚʨʝʤʝʥʠ. ɿʥʘʷ ʚʙʣʠʟʠ ʪʦʡ ʠʣʠ ʠʥʦʡ ʪʦʯʢʠ ʪʝʣʘ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʪ ʢʦʦʨʜʠʥʘʪ, ʤʦʞʥʦ ʧʨʝʜʩʢʘʟʘʪʴ, ʢʘʢ ʙʳʩʪʨʦ ʙʫʜʝʪ ʚʦʟʨʘʩʪʘʪʴ (ʠʣʠ 

ʩʧʘʜʘʪʴ) ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʵʪʦʡ ʪʦʯʢʝ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʩʣʝʜʫʶʱʝʤʫ ʤʦʤʝʥʪʫ 

ʚʨʝʤʝʥʠ. ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʧʦʣʫʯʘʝʪʩʷ ʪʦʛʜʘ, ʢʦʛʜʘ qu= 0, ʪ. 

ʝ. ʢʦʛʜʘ ʚʥʫʪʨʝʥʥʝʝ ʪʝʧʣʦʚʳʜʝʣʝʥʠʝ ʦʪʩʫʪʩʪʚʫʝʪ. ʇʨʠ ɻʪʦʤ ʯʝʤ ʙʦʣʴʰʝ 

ʢʦʵʬʬʠʮʠʝʥʪ ʘ, ʪʝʤ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʙʳʩʪʨʝʝ ʤʝʥʷʝʪʩʷ ʚʦ ʚʨʝʤʝʥʠ 

ʪʝʤʧʝʨʘʪʫʨʘ. 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʟʘʜʘʯʘʤ ʩʪʘʮʠʦʥʘʨʥʦʡ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 0
tµ
=

µt
ʠ ʧʨʠ uq = 0 ʫʨʘʚʥʝʥʠʝ ʌʫʨʴʝ ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʜ 

    
2 2 2

2 2 2
0

ʜ t ʜ t ʜ t

ʜx ʜy ʜz
+ + =;  

2tÐ = 0. 

 ʕʪʦ ʫʨʘʚʥʝʥʠʝ ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʢʘʪʝʛʦʨʠʠ ʫʨʘʚʥʝʥʠʡ ʃʘʧʣʘʩʘ. 

 ɺ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʫʨʘʚʥʝʥʠʝ (1.14) ʟʘʧʠʩʳʚʘʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

    
ʜt

ʜt
= 

2 2 2

2 2 2 2

1 1ʜ t ʜt ʜ t ʜ t q
a

r ʜr cʜr r ʜ ʜz

u
å õ

+ + + +æ ö
rjç ÷

,   (1.15) 

 

ʛʜʝ r  ï ʨʘʜʠʫʩ ʚʝʢʪʦʨʘ; j-ʧʦʣʷʨʥʳʡ ʫʛʦʣ; -z  ʘʧʧʣʠʢʘʪʘ. 

 

 

1.1.6. ʋʩʣʦʚʠʝ ʦʜʥʦʟʥʘʯʥʦʩʪʠ ʨʝʰʝʥʠʷ 

 

ʇʦʣʫʯʝʥʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʌʫʨʴʝ ʦʧʠʩʳʚʘʝʪ ʷʚʣʝʥʠʝ 

ʧʝʨʝʜʘʯʠ ʪʝʧʣʦʪʳ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʚ ʩʘʤʦʤ ʦʙʱʝʤ ʚʠʜʝ. ɼʣʷ ʪʦʛʦ 

ʯʪʦʙʳ ʧʨʠʤʝʥʠʪ ɹ ʝʛʦ ʢ ʢʦʥʢʨʝʪʥʦʤʫ ʩʣʫʯʘʶ, ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʚ ʪʝʣʝ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ (ʥʘʯʘʣʴʥʳʝ 

ʫʩʣʦʚʠʷ). ʂʨʦʤʝ ʪʦʛʦ, ʜʦʣʞʥʳ ʙʳʪʴ ʠʟʚʝʩʪʥʳ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʬʦʨʤʘ ʠ 

ʨʘʟʤʝʨʳ ʪʝʣʘ, ʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʨʝʜʳ ʠ ʪʝʣʘ, ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ, ʠʣʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʟʫʯʘʝʤʦʛʦ ʪʝʣʘ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ. ɺʩʝ ʵʪʠ ʯʘʩʪʥʳʝ 
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ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʚʤʝʩʪʥʦ ʩ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʜʘʶʪ ʧʦʣʥʦʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ 

ʥʘʟʳʚʘʶʪʩʷ ʫʩʣʦʚʠʷʤʠ ʦʜʥʦʟʥʘʯʥʦʩʪʠ ʠʣʠ ʢʨʘʝʚʳʤʠ ʫʩʣʦʚʠʷʤʠ. 

ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʥʝʦʙʭʦʜʠʤʳ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʠ ʩʦʩʪʦʷʪ ʚ ʟʘʜʘʥʠʠ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʠ 

ʪʝʣʘ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʘʯʘʣʴʥʦʝ ʫʩʣʦʚʠʝ 

ʘʥʘʣʠʪʠʯʝʩʢʠ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʦ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ ʧʨʠ 0t=: 

      

( , , ).t f x y z=                                       (1.16) 

ʅʘ ʧʨʘʢʪʠʢʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʟʘʜʘʯʠ ʩ ʧʨʦʩʪʳʤ ʥʘʯʘʣʴʥʳʤ 

ʫʩʣʦʚʠʝʤ ʧʨʠ 0:t=    

const.ot t= =       (1.17) 

 ʊʘʢʦʚʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʚʳʚʦʜʘ ʩʠʩʪʝʤʳ ʠʟ 

ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʨʝʞʠʤʘ (ʨʘʟʦʛʨʝʚ ʠʟ çʭʦʣʦʜʥʦʛʦè ʩʦʩʪʦʷʥʠʷ, ʦʭʣʘʞʜʝʥʠʝ 

ʧʦʩʣʝ ʨʘʙʦʪʳ ʧʨʠ ʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ ʠ ʪ. ʜ.). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʝʰʝʥʠʝ 

ʫʨʘʚʥʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪʩʷ. 

ɺʦʟʤʦʞʥʳ ʧʨʝʜʝʣʴʥʳʝ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ ʪʦʯʥʳʤ 

ʫʯʝʪʦʤ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʪʝʧʣʦʪʳ ʚ ʩʪʝʨʞʥʝ. ɽʩʣʠ ʨʘʩʯʝʪʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

ʜʦʩʪʘʪʦʯʥʦ ʫʜʘʣʝʥ ʦʪ ʥʘʯʘʣʴʥʦʛʦ, ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʪʦʣʴʢʦ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ: ʚʣʠʷʥʠʝ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ 

ʦʩʣʘʙʝʚʘʝʪ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʦʧʳʪ 

ʜʣʠʪʩʷ ʙʝʩʢʦʥʝʯʥʦ ʜʦʣʛʦ ʠ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʦʪʧʘʜʘʶʪ. ʂ ʪʘʢʦʤʫ ʞʝ 

ʩʣʫʯʘʶ ʩʚʦʜʠʪʩʷ ʟʘʜʘʯʘ ʦ ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʢʦʣʝʙʘʥʠʠ ʪʝʤʧʝʨʘʪʫʨ: ʥʘ 

ʛʨʘʥʠʮʝ ʧʦ ʠʩʪʝʯʝʥʠʠ ʙʦʣʴʰʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ ʪʝʤʧʝʨʘʪʫʨʘ ʪʦʯʝʢ 

ʩʠʩʪʝʤʳ ʤʝʥʷʝʪʩʷ ʧʦ ʧʝʨʠʦʜʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ ʩ ʯʘʩʪʦʪʦʡ, ʩʦʚʧʘʜʘʶʱʝʡ 

ʩ ʯʘʩʪʦʪʦʡ ʢʦʣʝʙʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʛʨʘʥʠʮʝ. 

ɼʣʷ ʪʝʣ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ 

ʣʠʰʴ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʧʨʦʮʝʩʩʘ: ʥʘʯʠʥʘʷ ʩ ʥʝʢʦʪʦʨʦʛʦ 

ʤʦʤʝʥʪʘ ʥʘʩʪʫʧʘʝʪ ʨʝʞʠʤ, ʥʘʟʳʚʘʝʤʳʡ ʨʝʛʫʣʷʨʥʳʤ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ r ʚ ʪʝʣʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʛʨʘʥʠʯʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʥʘʯʘʣʴʥʳʭ. 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʤʦʛʫʪ ʙʳʪʴ ʟʘʜʘʥʳ ʥʝʩʢʦʣʴʢʠʤʠ ʩʧʦʩʦʙʘʤʠ: 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʧʝʨʚʦʛʦ ʨʦʜʘ.  ɿʘʜʘʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ ʜʣʷ ʢʘʞʜʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ: 
 

   ʧʦʚ ( , , , ),t f x y z= t                (1.18) 
 

ʛʜʝ ʧʦʚt ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ; zyx ,,  ï ʢʦʦʨʜʠʥʘʪʳ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ. 
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ɺ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʧʦʩʪʦʷʥʥʦʡ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʚʨʝʤʝʥʠ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ 

ʪʝʧʣʦʦʙʤʝʥʘ, ʫʨʘʚʥʝʥʠʝ (1.18) ʫʧʨʦʱʘʝʪʩʷ ʠ ʧʨʠʥʠʤʘʝʪ ʚʠʜ 
 

ʧʦʚt = const. 
  

ʂ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ ʧʝʨʚʦʛʦ ʨʦʜʘ ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʟʘʜʘʯʠ 

ʨʘʟʦʛʨʝʚʘ ʠ ʦʭʣʘʞʜʝʥʠʷ ʩʠʩʪʝʤʳ ʧʨʠ ʟʘʜʘʥʥʦʤ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʘ ʛʨʘʥʠʮʝ ʠʣʠ ʚʝʩʴʤʘ ʠʥʪʝʥʩʠʚʥʦʤ ʪʝʧʣʦʦʙʤʝʥʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

(ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʝʥʦʢ ʙʣʠʟʢʘ ʢ ʪʝʤʧʝʨʘʪʫʨʝ ʩʨʝʜʳ). ʆʜʥʘʢʦ ʢʨʫʛ ʪʘʢʠʭ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʦʛʨʘʥʠʯʝʥ, ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʳʝ ʛʨʘʥʠʯʥʳʝ 

ʫʩʣʦʚʠʷ ʧʝʨʚʦʛʦ ʨʦʜʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ ʦʮʝʥʦʯʥʳʭ ʨʘʩʯʝʪʦʚ. 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʚʪʦʨʦʛʦ ʨʦʜʘ. ɿʘʜʘʶʪʩʷ ʚʝʣʠʯʠʥʳ ʧʣʦʪʥʦʩʪʠ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ ʠ ʣʶʙʦʛʦ ʤʦʤʝʥʪʘ 

ʚʨʝʤʝʥʠ. 

ɸʥʘʣʠʪʠʯʝʩʢʠ ʵʪʦ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 
 

   ʧʦʚ ( , , , ),q f x y z= t      (1.19) 
 

ʛʜʝ ʧʦʚq ï ʧʣʦʪʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ. 

ɺ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ ʧʣʦʪʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠ ʚʦ ʚʨʝʤʝʥʠ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ: 

     ʧʦʚq oq= = const. 
 

ʂ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ ʚʪʦʨʦʛʦ ʨʦʜʘ ʦʪʥʦʩʷʪʩʷ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʝʩʷ 

ʥʘ ʧʨʘʢʪʠʢʝ ʟʘʜʘʯʠ ʥʘʛʨʝʚʘ ʩʠʩʪʝʤʳ ʚʥʝʰʥʠʤ ʠʩʪʦʯʥʠʢʦʤ ï ʥʘʛʨʝʚʘʪʝʣʝʤ, 

ʧʨʠʯʝʤ ʩʦʙʩʪʚʝʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʩʣʝʜʥʝʛʦ, ʩʚʦʡʩʪʚʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʘ ʪʘʢʞʝ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʩʚʦʡʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʛʨʝʚʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʤʦʛʫʪ 

ʤʝʥʷʪʴʩʷ ʚʦ ʚʨʝʤʝʥʠ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟ-ʟʘ ʚʟʘʠʤʥʦʛʦ ʧʝʨʝʠʟʣʫʯʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʝʚʘʪʝʣʷ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʩʪʘʥʦʚʷʪʩʷ 

ʟʘʚʠʩʠʤʳʤʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʲʝʢʪʘ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʨʘʩʯʝʪ ʧʘʜʘʶʱʝʛʦ ʥʘ 

ʠʩʩʣʝʜʫʝʤʫʶ ʩʠʩʪʝʤʫ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ. 

ʂ ʯʘʩʪʥʦʤʫ ʩʣʫʯʘʶ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʚʪʦʨʦʛʦ ʨʦʜʘ ï ʦʪʩʫʪʩʪʚʠʶ 

ʧʦʪʦʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ (ʪʝʧʣʦʚʦʡ ʠʟʦʣʷʮʠʠ) ï ʩʚʦʜʠʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ 

ʩʠʤʤʝʪʨʠʯʥʘʷ ʟʘʜʘʯʘ, ʢʦʛʜʘ ʩʠʩʪʝʤʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʪʝʣʦ ʩ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʝʡ, ʦʙʦʛʨʝʚʘʝʪʩʷ ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʨʘʚʥʦʤʝʨʥʦ (ʥʘʛʨʝʚ ʧʣʘʩʪʠʥʳ ʚ ʩʨʝʜʝ ʩ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ). 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʪʨʝʪʴʝʛʦ ʨʦʜʘ. ʀʭ ʟʘʜʘʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʟʥʘʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨ r ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʩt  ʠ ʟʘʢʦʥʘ ʪʝʧʣʦʦʙʤʝʥʘ ʤʝʞʜʫ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʪʝʣʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʘ 

ʪʝʧʣʦʦʙʤʝʥʘ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ ʪʝʣʘ ʠ ʩʨʝʜʦʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʟʘʢʦʥ 

ʅʴʶʪʦʥʘ ï ʈʠʭʤʘʥʘ. ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʟʘʢʦʥʫ, ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, 

ʦʪʚʦʜʠʤʦʝ ʝʜʠʥʠʮʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ, 
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ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ ʧʦʚt  ʠ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʩt ( ʧʦʚt > ʩt ): 

 

    ʧʦʚq =a( ʧʦʚt ï ʩt ),        (1.20) 

 

ʛʜʝ a ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ, ʥʘʟʳʚʘʝʤʳʡ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʪʝʧʣʦʦʪʜʘʯʠ, ɺʪ/(ʤ2 ʦʉ). 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʪʝʧʣʦʦʙʤʝʥʘ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ ʪʝʣʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ. ʏʠʩʣʝʥʥʦ 

ʦʥ ʨʘʚʝʥ ʢʦʣʠʯʝʩʪʚʫ ʪʝʧʣʦʪʳ, ʦʪʜʘʚʘʝʤʦʡ (ʠʣʠ ʚʦʩʧʨʠʥʠʤʘʝʤʦʡ) ʝʜʠʥʠʮʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʧʨʠ ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʪʝʣʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʚ 1 ʦʉ. 

ʉʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ, ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʢʦʪʦʨʘʷ 

ʦʪʚʦʜʠʪʩʷ ʩ ʝʜʠʥʠʮʳ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʚʩʣʝʜʩʪʚʠʝ 

ʪʝʧʣʦʦʪʜʘʯʠ (1.20), ʜʦʣʞʥʦ ʨʘʚʥʷʪʴʩʷ ʢʦʣʠʯʝʩʪʚʫ ʪʝʧʣʦʪʳ, ʧʦʜʚʦʜʠʤʦʡ ʢ 

ʝʜʠʥʠʮʝ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʚʩʣʝʜʩʪʚʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠʟ 

ʚʥʫʪʨʝʥʥʠʭ ʦʙʲʝʤʦʚ ʪʝʣʘ (1.8), ʪ. ʝ.  

a( ʧʦʚt ï ʩt )= 
ʧʦʚ

ʜt

ʜn

å õ
-læ ö
ç ÷

, 

ʛʜʝ ʧ ï ʥʦʨʤʘʣʴ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ, ʘ ʠʥʜʝʢʩ çʧʦʚè ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ 

ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʨʘʜʠʝʥʪ ʦʪʥʦʩʷʪʩʷ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ ʧʨʠ 

ʧ = 0. 

ʆʢʦʥʯʘʪʝʣʴʥʦ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʪʨʝʪʴʝʛʦ ʨʦʜʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ 

ʚ ʚʠʜʝ 

ʧʦʚ

ʜt

ʜn

å õ
æ ö
ç ÷

= 
a
-
l

( ʧʦʚt  ï ʩt ).                              (1.21) 

 

ʋʨʘʚʥʝʥʠʝ (1.21) ʷʚʣʷʝʪʩʷ ʧʦ ʩʫʱʝʩʪʚʫ ʯʘʩʪʥʳʤ ʚʳʨʘʞʝʥʠʝʤ ʟʘʢʦʥʘ 

ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ. ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ a 

ʚ ʵʪʦʤ ʫʨʘʚʥʝʥʠʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ l, ʥʝ 

ʷʚʣʷʝʪʩʷ ʬʠʟʠʯʝʩʢʦʡ ʧʦʩʪʦʷʥʥʦʡ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ 

ʚʝʱʝʩʪʚʘ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʦʥ ʦʪʨʘʞʘʝʪ ʩʦʚʤʝʩʪʥʦʝ ʜʝʡʩʪʚʠʝ ʢʦʥʚʝʢʮʠʠ ʠ 

ʠʟʣʫʯʝʥʠʷ, ʠ ʧʦʵʪʦʤʫ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ. ɼʦʩʪʘʪʦʯʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʜʥʘ ʪʦʣʴʢʦ ʢʦʥʚʝʢʪʠʚʥʘʷ ʯʘʩʪʴ a ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʦʡ ʠ ʨʘʟʤʝʨʘʤʠ ʪʝʣʘ, ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʦʤʳʚʘʶʱʝʡ ʝʛʦ ʩʨʝʜʳ, ʥʘʧʨʘʚʣʝʥʠʝʤ ʠ ʩʢʦʨʦʩʪʴʶ ʦʤʳʚʘʥʠʷ, 

ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʠ ʜʨʫʛʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʷʚʣʝʥʠʷ, 

ʧʦʵʪʦʤʫ ʚʩʷ ʩʣʦʞʥʦʩʪʴ ʚʦʧʨʦʩʘ ʦ ʪʝʧʣʦʦʙʤʝʥʝ ʤʝʞʜʫ ʪʝʣʦʤ ʠ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʩʦʩʨʝʜʦʪʦʯʠʚʘʝʪʩʷ ʥʘ ʤʝʪʦʜʠʢʝ ʦʧʨʝʜʝʣʝʥʠʷ 

ʚʝʣʠʯʠʥʳ a ʧʨʠ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʷʭ ʟʘʜʘʯʠ. 
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ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʪʨʝʪʴʝʛʦ ʨʦʜʘ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʥʘ ʧʨʘʢʪʠʢʝ 

(ʥʘʧʨʠʤʝʨ, ʢʦʥʚʝʢʪʠʚʥʳʡ ʪʝʧʣʦʦʙʤʝʥ ʥʘ ʛʨʘʥʠʮʝ), ʧʦʵʪʦʤʫ ʤʥʦʛʠʝ 

ʨʝʰʝʥʠʷ ʧʨʠʚʦʜʷʪʩʷ ʚ ʨʫʢʦʚʦʜʩʪʚʘʭ ʚ ʚʠʜʝ ʪʘʙʣʠʮ ʠ ʛʨʘʬʠʢʦʚ. 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʯʝʪʚʝʨʪʦʛʦ ʨʦʜʘ. ʀʭ ʟʘʜʘʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʫʩʣʦʚʠʷʤʠ ʪʝʧʣʦʦʙʤʝʥʘ ʩʠʩʪʝʤʳ ʪʝʣ ʠʣʠ ʪʝʣʘ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʧʦ 

ʟʘʢʦʥʫ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʤʝʞʜʫ ʪʝʣʘʤʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʜʝʘʣʴʥʳʡ ʢʦʥʪʘʢʪ (ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʧʨʠʢʘʩʘʶʱʠʭʩʷ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʜʠʥʘʢʦʚʳ). 

ʇʨʠ ʵʪʦʤ ʠʤʝʝʪ ʤʝʩʪʦ ʨʘʚʝʥʩʪʚʦ ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ, ʧʨʦʭʦʜʷʱʠʭ 

ʯʝʨʝʟ ʧʦʚʝʨʭʥʦʩʪʴ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ, ʪ. ʝ. 

 

1l
1

ʧʦʚ

ʜt

ʜn

å õ
æ ö
ç ÷

= 2ɚ
2

ʧʦʚ

ʜt

ʜn

å õ
æ ö
ç ÷

.                      (1.22) 

  

ɺ ʟʘʜʘʯʘʭ ʩ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʯʝʪʚʝʨʪʦʛʦ ʨʦʜʘ ʟʘʜʘʝʪʩʷ 

ʦʪʥʦʰʝʥʠʝ ʪʘʥʛʝʥʩʦʚ ʫʛʣʘ ʥʘʢʣʦʥʘ ʢʘʩʘʪʝʣʴʥʳʭ ʢ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʢʨʠʚʳʤ 

ʚ ʪʦʯʢʝ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʪʝʣ ʠʣʠ ʪʝʣʘ ʠ ʩʨʝʜʳ (ʨʠʩ. 1.4): 

 

   1 2

2 1

tg
const.

tg

j l
= =

j l
       (1.23) 

 
 

ʈʠʩ. 1.4. ʉʧʦʩʦʙ ʟʘʜʘʥʠʷ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʯʝʪʚʝʨʪʦʛʦ ʨʦʜʘ 

 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʯʝʪʚʝʨʪʦʛʦ ʨʦʜʘ ʧʦ ʩʫʱʝʩʪʚʫ ʜʘʶʪ ʧʨʘʚʠʣʦ 

ʩʦʧʨʷʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʚʥʝʰʥʝʛʦ ʪʝʣʘ, 

ʚ ʢʦʪʦʨʦʤ ʪʝʧʣʦʪʘ ʧʝʨʝʜʘʝʪʩʷ ʧʫʪʝʤ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. ɼʣʷ ʦʜʥʦʟʥʘʯʥʦʡ 
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ʬʦʨʤʫʣʠʨʦʚʢʠ ʟʘʜʘʯʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ, ʝʩʪʝʩʪʚʝʥʥʦ, ʥʝʦʙʭʦʜʠʤʳ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʧʨʦʪʝʢʘʥʠʠ ʧʨʦʮʝʩʩʘ ʚʦ ʚʥʝʰʥʝʤ ʪʝʣʝ.  

ɺ ʩʚʷʟʠ ʩ ʨʘʟʚʠʪʠʝʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʪʝʧʣʦʬʠʟʠʢʠ ʟʘʜʘʯʠ 

ʩ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʯʝʪʚʝʨʪʦʛʦ ʨʦʜʘ ʧʨʠʦʙʨʝʣʠ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʩʯʝʪʘ ʤʥʦʛʦʩʣʦʡʥʳʭ ʧʦʢʨʳʪʠʡ ʛʦʣʦʚʦʢ ʨʘʢʝʪ, ʵʣʝʤʝʥʪʦʚ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʵʥʝʨʛʠʠ ʠ ʪ. ʜ. 

 

 

1.2. ʉʪʘʮʠʦʥʘʨʥʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ 

 

1.2.1. ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʧʣʦʩʢʦʡ ʩʪʝʥʢʠ  

ʧʨʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʧʝʨʚʦʛʦ ʨʦʜʘ 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ʀʤʝʝʪʩʷ ʦʜʥʦʨʦʜʥʘʷ ʠʟʦʪʨʦʧʥʘʷ ʩʪʝʥʢʘ 

ʪʦʣʱʠʥʦʡ d. ɺ ʧʨʦʜʦʣʴʥʦʤ ʠ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʨʘʟʤʝʨ ʩʪʝʥʢʠ 

ʙʝʩʢʦʥʝʯʥʦ ʚʝʣʠʢ. ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʩʪʝʥʢʠ ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ: l= const (ʨʠʩ. 1.5). ʀʩʪʦʯʥʠʢ ʪʝʧʣʦʪʳ ʚ 

ʤʘʪʝʨʠʘʣʝ ʩʪʝʥʢʠ ʦʪʩʫʪʩʪʚʫʝʪ: ï 0vq = .  

 
 

ʈʠʩ. 1.5. ʆʜʥʦʨʦʜʥʘʷ ʧʣʦʩʢʘʷ ʩʪʝʥʢʘ 

 

ɿʘʜʘʥʳ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʧʝʨʚʦʛʦ ʨʦʜʘ, ʪ. ʝ. ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ 

ʚʥʫʪʨʝʥʥʝʡ ʠ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʷʭ ʩʪʝʥʢʠ: ʧʨʠ 
1

0 const;cx t t= = =  ʧʨʠ

2
const.cx t t=d = =  ʇʨʠ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʩʪʝʥʢʝ ʙʫʜʝʪ 

ʠʟʤʝʥʷʪʴʩʷ ʣʠʰʴ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ ʭ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʜʣʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʫʩʣʦʚʠʡ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʚ ʩʪʝʥʢʝ ʙʫʜʝʪ 

ʦʜʥʦʤʝʨʥʳʤ. ʊʨʝʙʫʝʪʩʷ ʥʘʡʪʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʫʩʣʦʚʠʷʭ ʩʪʘʮʠʦʥʘʨʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʦ ʪʦʣʱʠʥʝ 

ʩʪʝʥʢʠ ( )t f x=  ʠ ʧʦʣʫʯʠʪʴ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ (q) ʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ (Q). 
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ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʪʦʣʱʠʥʝ 

ʩʪʝʥʢʠ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

(1.14).  

ʉ ʫʯʝʪʦʤ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ 0
tµ
=

µt
 ʠ ʦʜʥʦʤʝʨʥʦʩʪʠ ï t = f(x) 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ, ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʷ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʘ ï 0vq =  

ʫʨʘʚʥʝʥʠʝ (1.14) ʫʧʨʦʱʘʝʪʩʷ:  

  
2

2
0

ʜ t

ʜx
= , ʠʣʠ 

2

2
0

d t

dx
= ,     (1.24) 

 

ʪ. ʢ. ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʯʘʩʪʥʳʝ ʠ ʧʦʣʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʩʦʚʧʘʜʘʶʪ. ʈʝʰʘʷ 

ʫʨʘʚʥʝʥʠʝ (1.24), ʧʦʣʫʯʘʝʤ 

   1 2,t ʉ x ʉ= +      (1.25) 

 

ʛʜʝ ʧʦʩʪʦʷʥʥʳʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʥʘʭʦʜʷʪʩʷ ʠʟ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ: ʧʨʠ 

1
0 ;cx t t= =  ʧʨʠ 

2
.cx t t=d = ʇʦʜʩʪʘʚʣʷʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʵʪʠ ʫʩʣʦʚʠʷ 

ʚ (1.25), ʥʘʭʦʜʠʤ ʧʦʩʪʦʷʥʥʳʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 1 2

1

ʧʦʚ ʧʦʚ

1 2, c

t t
C C t

-
= =

d
.  

ɺ ʠʪʦʛʝ ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʪʦʣʱʠʥʝ ʧʣʦʩʢʦʡ 

ʩʪʝʥʢʠ ʙʫʜʝʪ 

  1 2

1

ʧʦʚ ʧʦʚ

ʧʦʚ .
t t

t t x
-

= -
d

      (1.26) 

 

ɺʳʨʘʞʝʥʠʝ (1.26) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦ ʪʦʣʱʠʥʝ 

ʙʝʩʢʦʥʝʯʥʦʡ ʩʪʝʥʢʠ ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ. 

ʇʣʦʪʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʫʨʘʚʥʝʥʠʶ (1.8). 

ɻʨʘʜʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʳ /dt dx ʥʘʭʦʜʠʪʩʷ ʠʟ ʫʨʘʚʥʝʥʠʷ (1.26): 

1 2ʧʦʚ ʧʦʚ
.

t tdt

dx

-
=-

d
 ʇʦʜʩʪʘʚʣʷʷ ʵʪʦ ʚʳʨʘʞʝʥʠʝ ʚ (1.8), ʧʦʣʫʯʘʝʤ ʬʦʨʤʫʣʳ 

ʜʣʷ ʧʣʦʪʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ q  ʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ Q : 

 

     
1 2ʧʦʚ ʧʦʚ( );

dt
q t t

dx

l
=-l = -

d
     (1.27) 

  
1 2ʧʦʚ ʧʦʚ( ) .Q qF t t F

l
= = -

d
                     (1.28) 
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ʈʠʩ. 1.6. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʚ ʤʥʦʛʦʩʣʦʡʥʦʡ ʧʣʦʩʢʦʡ ʩʪʝʥʢʝ 

 

  

ɺ ʩʣʫʯʘʝ ʧʣʦʩʢʦʡ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʪʝʥʢʠ (ʨʠʩ. 1.6) ʚ ʫʩʣʦʚʠʷʭ 

ʩʪʘʮʠʦʥʘʨʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʩ ʠʜʝʘʣʴʥʳʤ ʢʦʥʪʘʢʪʦʤ ʤʝʞʜʫ 

ʩʦʧʨʠʢʘʩʘʶʱʠʤʠʩʷ ʩʣʦʷʤʠ (ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʯʝʪʚʝʨʪʦʛʦ ʨʦʜʘ) 

ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʢʦʪʦʨʦʝ ʧʨʦʡʜʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʯʝʨʝʟ 

ʧʝʨʚʳʡ ʩʣʦʡ, ʙʫʜʝʪ ʨʘʚʥʦ ʪʝʧʣʦʪʝ, ʧʨʦʰʝʜʰʝʡ ʯʝʨʝʟ ʢʘʞʜʳʡ 

ʧʦʩʣʝʜʫʶʱʠʡ ʩʣʦʡ. ɿʘʧʠʩʳʚʘʷ ʬʦʨʤʫʣʫ (1.27) ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʧ ʩʣʦʝʚ 

ʩʪʝʥʢʠ, ʘ ʟʘʪʝʤ, ʚʳʨʘʞʘʷ ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʠ ʩʫʤʤʠʨʫʷ ʠʭ,  

 

1 1

1 2 1 2
1 1

2 2

2 3 2 3
2 2

1 1

( )

( )

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

( ) ,n n

n n n n
n n

q t t t t q

q t t t t q

q t t t t q
+ +

l d û
= - ­ - = îd l

î
l d î
= - ­ - = î
d l +ü

î
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l dî
= - ­ - = îd lý

 

ʧʦʣʫʯʘʝʤ 

1 2

1 1
1 2

... .n

n
n

t t q
+

å õd d d
- = + + +æ ö

l l lç ÷
 

 ʆʪʩʶʜʘ 

    1 1

1

,n
i n

i

i i

t t
q +

=

=

-
=

d

l
ä

            (1.29) 

ʛʜʝ /d l, (ʤ2Ὴʦʉ)/ɺʪ, ʥʘʟʳʚʘʝʪʩʷ ʪʝʨʤʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʦʪ ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʚʝʣʠʯʠʥʘ ʛʨʘʜʠʝʥʪʘ 

(ʧʝʨʝʧʘʜʘ) ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʣʦʝ. 
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ʈʝʰʘʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʜʣʷ ʫʩʣʦʚʠʡ 

ʩʪʘʮʠʦʥʘʨʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʪʝʥʢʠ 

    
2

2

1
0

d t dt

r drdr
+ =           (1.30) 

ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚʳʨʘʞʝʥʠʝ 

ʜʣʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ,Q  ɺʪ: 

  1 2 1 2

2 2

1 1

2 ( ) ( )
.

1
ln ln

2

c c c cl t t t t l
Q

r d

r d

pl - p -
= =

l

   (1.31) 

ɼʣʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʪʝʥʢʠ ʚʝʣʠʯʠʥʫ ʧʣʦʪʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ 

ʫʜʦʙʥʝʝ ʦʪʥʦʩʠʪʴ ʢ ʝʜʠʥʠʮʝ ʜʣʠʥʳ ʪʘʢʦʡ ʩʪʝʥʢʠ. ʊʦʛʜʘ ʵʪʘ ʚʝʣʠʯʠʥʘ ï ql, 

ʨʘʚʥʘ 

  1 2 1 2

2 2

1 1

( ) ( )

1 1
ln ln

2 2

c c c c

l

t t t tQ
q

r dl

r d

- - p
= = =

l l

, ɺʪ/ʤ.      (1.32) 

 ɿʜʝʩʴ 1 2,r r  ʠ 1 2,d d  ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʥʫʪʨʝʥʥʠʡ ʠ ʥʘʨʫʞʥʳʡ 

ʨʘʜʠʫʩʳ ʠ ʜʠʘʤʝʪʨʳ ʮʠʣʠʥʜʨʘ, ʤ. 

ʀʥʦʛʜʘ ʧʣʦʪʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʪʝʥʢʠ ʦʪʥʦʩʷʪ 

ʣʠʙʦ ʢ ʚʥʫʪʨʝʥʥʝʡ  qʚʥ, ʣʠʙʦ ʢ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ qʥ. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ql 

ʩʣʝʜʫʝʪ ʨʘʟʜʝʣʠʪʴ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʚʥʫʪʨʝʥʥʶʶ ʚʥdp  ʠʣʠ ʥʘʨʫʞʥʫʶ ʥdp

ʧʦʚʝʨʭʥʦʩʪʴ, ʦʪʥʝʩʝʥʥʫʶ ʢ ʝʜʠʥʠʮʝ ʜʣʠʥʳ ʮʠʣʠʥʜʨʘ. ɺ ʠʪʦʛʝ 

 

l ʧʦʚ.1 ʧʦʚ.2
ʚʥ

1 21

1

2
ln

q t t
q

r rr

x r

-
= =
p

, ɺʪ/ʤ2;                                   (1.32ô) 

l ʧʦʚ.1 ʧʦʚ.2
ʥ

2 22

1

2
ln

q t t
q

r rr

x r

-
= =
p

, ɺʪ/ʤ2.                                (1.32ôô) 

 

 ɼʣʷ ʤʥʦʛʦʩʣʦʡʥʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʪʝʥʢʠ ʣʠʥʝʡʥʫʶ ʧʣʦʪʥʦʩʪʴ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩ ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʷ 

 

   1 1 1 1

1 1

1 1

( ) ( )
,

1 1
ln ln

2 2

n nc c c c

l i n i n
i i

i ii i i i

t t t t
q

r d

r d

+ +

= =
+ +

= =

- p - p
= =

l l
ä ä

 ɺʪ/ʤ,        (1.33) 
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ʛʜʝ 11
ln

2

i

i i

d

d

+

l
 ʥʘʟʳʚʘʝʪʩʷ ʪʝʨʤʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ i -ʛʦ ʩʣʦʷ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʪʝʥʢʠ. 

 

 

1.2.2. ʊʝʧʣʦʧʝʨʝʜʘʯʘ ʯʝʨʝʟ ʧʣʦʩʢʫʶ ʩʪʝʥʢʫ  

ʧʨʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʪʨʝʪʴʝʛʦ ʨʦʜʘ 

 

 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ʇʫʩʪʴ ʦʜʥʘ ʠʟ ʩʪʦʨʦʥ ʧʣʦʩʢʦʡ ʩʪʝʥʢʠ ʦʤʳʚʘʝʪʩʷ 

ʞʠʜʢʦʩʪʴʶ (ʛʘʟʦʤ) ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 
1ʉ

t = const ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʪʝʧʣʦʦʪʜʘʯʠ 1a, ʘ ʜʨʫʛʘʷ ï ʞʠʜʢʦʩʪʴʶ (ʛʘʟʦʤ) ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 
2ʉ

t = const (

1ʉ
t >

2ʉ
t ) ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʝʧʣʦʦʪʜʘʯʠ2a  (ʨʠʩ. 1.7). ʂʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʩʪʝʥʢʠ constl= . ʊʨʝʙʫʝʪʩʷ ʥʘʡʪʠ ʧʣʦʪʥʦʩʪʴ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ, ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʦʪ ʦʜʥʦʡ ʞʠʜʢʦʩʪʠ ʢ ʜʨʫʛʦʡ ʯʝʨʝʟ 

ʨʘʟʜʝʣʷʶʱʫʶ ʠʭ ʩʪʝʥʢʫ. 

ʇʣʦʪʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʦʪ ʞʠʜʢʦʩʪʠ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 
1ʉ

t  ʢ ʩʪʝʥʢʝ 

ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ (1.20) ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 1(q=a
1ʉ

t ï
1ʧʦʚ)t . ʕʪʦʪ ʞʝ 

ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʧʨʦʡʜʝʪ ʯʝʨʝʟ ʩʪʝʥʢʫ ʧʫʪʝʤ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩʦʛʣʘʩʥʦ 

(1.27), ʘ ʜʘʣʴʰʝ ʵʪʘ ʪʝʧʣʦʪʘ ʙʫʜʝʪ ʦʪʜʘʥʘ ʞʠʜʢʦʩʪʠ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 
2ʉ

t  

ʚ ʧʨʦʮʝʩʩʝ ʪʝʧʣʦʦʪʜʘʯʠ 2(q=a
2ʧʦʚt ï 

2
)ʉt . 

 
 

ʈʠʩ. 1.7. ʊʝʧʣʦʧʝʨʝʜʘʯʘ ʯʝʨʝʟ ʧʣʦʩʢʫʶ ʦʜʥʦʨʦʜʥʫʶ ʩʪʝʥʢʫ 

 

ʆʧʨʝʜʝʣʷʷ ʠʟ ʢʘʞʜʦʛʦ ʫʨʘʚʥʝʥʠʷ ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʠ ʩʫʤʤʠʨʫʷ ʠʭ, 

ʯʪʦʙʳ ʥʝʠʟʚʝʩʪʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ 
1ʉ

t ʠ 
2ʉ

t  ʩʦʢʨʘʪʠʣʠʩʴ,  
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ʧʦʣʫʯʘʝʤ  
1 2

1 2

1 1
.ʩ ʩt t q

å õd
- = + +æ ö

a l aç ÷
    

ʊʦʛʜʘ 

              1 2

1 2

.
1 1

ʩ ʩt t
q

-
=

d
+ +

a l a

         (1.34) 

  

ʌʦʨʤʫʣʫ (1.34) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʦʤʧʘʢʪʥʝʝ: 

 
1 2

( ),ʩ ʩq k t t= -   
1 2

( ) ,ʩ ʩQ k t t F= -     (1.35) 

ʛʜʝ 

1 2

1

1 1
k=

d
+ +

a l a

 ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ, ɺʪ/(ʤ2 Āʦʉ), 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʪʝʧʣʦʪʳ ʦʪ ʦʜʥʦʡ ʞʠʜʢʦʩʪʠ ʢ 

ʜʨʫʛʦʡ ʯʝʨʝʟ ʨʘʟʜʝʣʷʶʱʫʶ ʠʭ ʩʪʝʥʢʫ, ʘ 1/k ï ʪʝʨʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʪʝʧʣʦʧʝʨʝʜʘʯʝ, (ʤ2Āʦʉ)/ɺʪ, =
k

1

1 2

1 1d
+ +

a l a
, ʘ 1/a ï ʪʝʨʤʠʯʝʩʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʝʧʣʦʦʪʜʘʯʝ, (ʤ2 ʦʉ)/ɺʪ. 

 ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʥʦʛʦʩʣʦʡʥʘʷ ʧʣʦʩʢʘʷ ʩʪʝʥʢʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʧ 

ʩʣʦʝʚ, ʪʦ ʭʦʜ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʙʫʜʝʪ ʪʘʢʠʤ ʞʝ, ʪʦʣʴʢʦ ʚʤʝʩʪʦ ʦʜʥʦʛʦ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ /d l ʧʦʷʚʠʪʩʷ ʩʫʤʤʘʨʥʦʝ 

ʪʝʨʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʪʝʥʢʠ 
1

.
i n

i

i i

=

=

d

l
ä  ʌʦʨʤʫʣʘ ʜʣʷ ʨʘʩʯʝʪʘ 

ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʧʨʠʤʝʪ ʚʠʜ 

  1 2
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1 1
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d
+ +
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, .Q qF=                  (1.36) 

  

ʌʦʨʤʫʣʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ, 

ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʩʪʝʥʢʫ, ʥʘʭʦʜʠʪʩʷ ʧʦ ʪʦʡ ʞʝ ʩʭʝʤʝ, 

ʯʪʦ ʠ ʜʣʷ ʧʣʦʩʢʦʡ ʩʪʝʥʢʠ ʠʤʝʝʪ ʚʠʜ 



32 

    1 2
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,                            (1.37) 

 

ʛʜʝ ʚʝʣʠʯʠʥʫ 
2

1 1 1 2 2

1

1 1 1
ln

2

d

d d d
+ +

a l a

= lk , ɺʪ/(ʤ ʦʉ), ʥʘʟʳʚʘʶʪ ʣʠʥʝʡʥʳʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʜʣʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʪʝʥʢʠ. 

 ɼʣʷ ʤʥʦʛʦʩʣʦʡʥʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʪʝʥʢʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʧ ʩʣʦʝʚ, 

ʧʦʣʫʯʠʤ  

 1 2

1

11 1 2 1

( )

1 1 1
ln

2

ʩ ʩ

l i n
i

i i i n

t t
q

d

d d d

=
+

= +

p -
=

+ +
a l a
ä

, .lQ q l=    (1.38) 

 

 

1.2.3. ʂʨʠʪʠʯʝʩʢʠʡ ʜʠʘʤʝʪʨ ʪʝʧʣʦʚʦʡ ʠʟʦʣʷʮʠʠ 

 

ʅʘʟʥʘʯʝʥʠʝ ʪʝʧʣʦʚʦʡ ʠʟʦʣʷʮʠʠ ï ʫʤʝʥʴʰʘʪʴ ʧʦʪʝʨʠ ʪʝʧʣʦʪʳ 

ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʈʘʩʩʤʦʪʨʠʤ ʪʨʫʙʦʧʨʦʚʦʜ, ʧʦ ʢʦʪʦʨʦʤʫ ʪʝʯʝʪ 

ʞʠʜʢʦʩʪʴ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 
1ʩ

t = const, ʘ ʩʥʘʨʫʞʠ ʪʨʫʙʳ ʥʘʭʦʜʠʪʩʷ ʞʠʜʢʦʩʪʴ 

ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 
2ʩ

t = const, ʧʨʠʯʝʤ 
1ʩ

t >
2ʩ

t . ʂʦʵʬʬʠʮʠʝʥʪʳ ʪʝʧʣʦʦʪʜʘʯʠ 1a 

ʠ 2a  ʟʘʜʘʥʳ. 

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ ʥʘʥʝʩʝʤ ʩʣʦʡ ʪʝʧʣʦʚʦʡ ʠʟʦʣʷʮʠʠ ʥʘ 

ʚʥʝʰʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ ʪʨʫʙʳ (ʨʠʩ. 1.8). ʅʝʦʙʭʦʜʠʤʦ ʚʳʷʩʥʠʪʴ, ʢʘʢ ʚʣʠʷʝʪ 

ʪʦʣʱʠʥʘ (ʜʠʘʤʝʪʨ) ʪʝʧʣʦʚʦʡ ʠʟʦʣʷʮʠʠ ʥʘ ʚʝʣʠʯʠʥʫ ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ lq .  

ʇʣʦʪʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ, ʧʝʨʝʜʘʚʘʝʤʘʷ ʚ ʧʨʦʮʝʩʩʝ 

ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʯʝʨʝʟ ʜʚʫʭʩʣʦʡʥʫʶ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʩʪʝʥʢʫ, ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʦ ʬʦʨʤʫʣʝ (1.38) ʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ 

 

   1 2

ʇ

( )
,

ʩ ʩ

l

t t
q

R

p -
=       (1.39) 

ʛʜʝ ʇR  ï ʧʦʣʥʦʝ ʪʝʨʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʚʫʭʩʣʦʡʥʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʩʪʝʥʢʠ; ʇR 2 ʠʟ

1 1 1 ʠʟ 2 2 ʠʟ

1 1 1 1
ln ln .

2 2

d d

d d d d
= + + +
a l l a
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ʈʠʩ. 1.8. ʆʧʨʝʜʝʣʝʥʠʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʜʠʘʤʝʪʨʘ ʪʝʧʣʦʚʦʡ ʠʟʦʣʷʮʠʠ 

 

ʆʙʦʟʥʘʯʠʤ ʩʣʘʛʘʝʤʳʝ, ʩʪʦʷʱʠʝ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʇR  

ʯʝʨʝʟ 1R , 2,R  3R , 4.R  ʊʦʛʜʘ ʇR  =  1R + 2R + 3R + 4.R  ɺʝʣʠʯʠʥʳ 1R  ʠ 2R  ʥʝ 

ʟʘʚʠʩʷʪ ʦʪ ʪʦʣʱʠʥʳ ʠʟʦʣʷʮʠʠ (ʠʟd ), ʘ 3R  ʠ 4R  ʟʘʚʠʩʷʪ, ʧʨʠʯʝʤ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʠʟd  ʚʝʣʠʯʠʥʘ 3R  ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ 4R  ʫʤʝʥʴʰʘʝʪʩʷ. 

 ʇʦʣʥʦʝ ʪʝʨʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʇR , ʦʧʨʝʜʝʣʷʝʤʦʝ ʭʘʨʘʢʪʝʨʦʤ 

ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ 3R  ʠ 4R , ʠʤʝʝʪ ʤʠʥʠʤʫʤ. ɿʥʘʯʝʥʠʝ ʜʠʘʤʝʪʨʘ 

ʠʟʦʣʷʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʤʠʥʠʤʘʣʴʥʦʤʫ ʪʝʨʤʠʯʝʩʢʦʤʫ ʩʦʧʨʦʪʠʚʣʝʥʠʶ 

ʪʝʧʣʦʧʝʨʝʜʘʯʠ, ʥʘʟʳʚʘʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤ ʜʠʘʤʝʪʨʦʤ ʠʟʦʣʷʮʠʠ ʠ 

ʦʙʦʟʥʘʯʘʝʪʩʷ ʠʟ(ʢʨ)d . ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʝʛʦ ʟʥʘʯʝʥʠʷ ʚʦʟʴʤʝʤ ʧʨʦʠʟʚʦʜʥʫʶ 

ʦʪ ʇR  ʧʦ ʠʟd  ʠ ʧʨʠʨʘʚʥʷʝʤ ʝʝ ʢ ʥʫʣʶ: 

ʇ
2

ʠʟ ʠʟ ʠʟ(ʢʨ)2 ʠʟ(ʢʨ)

1 1
0.

( ) 2

dR

d d d d
= - =
l a

 

 ʆʪʩʶʜʘ 

  ʠʟ(ʢʨ)d  ʠʟ 22 / .= l a    (1.40) 

 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʠʟ(ʢʨ)d > 2d  ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʣʱʠʥʳ ʠʟʦʣʷʮʠʠ ʇR  

ʫʤʝʥʴʰʘʝʪʩʷ, ʘ lq , ʩʦʛʣʘʩʥʦ (1.39), ʚʦʟʨʘʩʪʘʝʪ. ʇʨʠ 2d = ʠʟ(ʢʨ)d  ʚʝʣʠʯʠʥʘ 

ʇR  ʙʫʜʝʪ ʤʠʥʠʤʘʣʴʥʦʡ, ʘ ʣʠʥʝʡʥʘʷ ʧʣʦʪʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ lq  

ʤʘʢʩʠʤʘʣʴʥʦʡ. ʀ ʪʦʣʴʢʦ ʧʨʠ ʠʟ(ʢʨ)d < 2d  ʪʝʧʣʦʚʳʝ ʧʦʪʝʨʠ ʙʫʜʫʪ 

ʫʤʝʥʴʰʘʪʴʩʷ. 

ʇʦʵʪʦʤʫ, ʚʳʙʨʘʚ ʢʘʢʦʡ-ʣʠʙʦ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ 

ʧʦʢʨʳʪʠʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʥʫʞʥʦ ʨʘʩʩʯʠʪʘʪʴ 
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ʢʨʠʪʠʯʝʩʢʠʡ ʜʠʘʤʝʪʨ ʪʝʧʣʦʚʦʡ ʠʟʦʣʷʮʠʠ ʧʦ ʬʦʨʤʫʣʝ (1.40). ɽʩʣʠ 

ʦʢʘʞʝʪʩʷ, ʯʪʦ ʠʟ(ʢʨ)d > 2d , ʪʦ ʧʨʠʤʝʥʝʥʠʝ ʚʳʙʨʘʥʥʦʛʦ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʚ ʢʘʯʝʩʪʚʝ ʪʝʧʣʦʚʦʡ ʠʟʦʣʷʮʠʠ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ. 

 

 

1.2.4. ʉʧʦʩʦʙʳ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʪʝʧʣʦʧʝʨʝʜʘʯʠ 

 

ʀʟ ʬʦʨʤʫʣʳ (1.35) ʩʣʝʜʫʝʪ, ʯʪʦ .Q qF k tF= = D ʀʥʪʝʥʩʠʬʠʮʠʨʦʚʘʪʴ 

ʧʨʦʮʝʩʩ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʤʦʞʥʦ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʝʧʣʦʧʝʨʝʜʘʯʠ k, ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʞʠʜʢʦʩʪʝʡ tD =
1 2ʩ ʩt t-  ʠʣʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʘ F. ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ, ʥʘʧʨʠʤʝʨ, ʜʣʷ 

ʧʣʦʩʢʦʡ ʩʪʝʥʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 

1 2

1
.

1 1
k=

d
+ +

a l a

  

ɺʳʷʩʥʠʤ, ʢʘʢʦʝ ʠʟ ʩʣʘʛʘʝʤʳʭ ʥʫʞʥʦ ʚʟʷʪʴ, ʯʪʦʙʳ ʫʚʝʣʠʯʠʪʴ k . 

ɿʥʘʯʝʥʠʝ /d l ʦʙʳʯʥʦ ʜʣʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʪʝʥʦʢ ʦʯʝʥʴ ʤʘʣʦ, ʧʦʵʪʦʤʫ  

1 2

1 2

1 2 2 1

1

1 1
1 1

k
a a

= º º
a a

+ + +
a a a a

. 

ɽʩʣʠ ʧʨʠʥʷʪʴ 1a<< 2a, ʪʦ ʚʝʣʠʯʠʥʘ  k­ 1a. ʇʨʠ 1a ¤­  ʚʝʣʠʯʠʥʘ 

2k­a. ʇʦʵʪʦʤʫ ʫʚʝʣʠʯʝʥʠʝ ʙʦʣʴʰʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʧʦʚʳʰʝʥʠʝ k. ʅʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʟʤʝʥʷʪʴ 
ʚʝʣʠʯʠʥʫ ʤʝʥʴʰʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

.k   
ɼʣʷ ʚʳʨʘʚʥʠʚʘʥʠʷ ʪʝʨʤʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʪʝʧʣʦʦʪʜʘʯʠ ʩ ʦʙʝʠʭ 

ʩʪʦʨʦʥ ʩʪʝʥʢʠ, ʢʦʛʜʘ ʦʜʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʩʪʝʥʢʠ ʦʤʳʚʘʝʪʩʷ ʞʠʜʢʦʩʪʴʶ 

ʩ ʙʦʣʴʰʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʝʧʣʦʦʪʜʘʯʠ, ʘ ʜʨʫʛʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʦʤʳʚʘʝʪʩʷ 

ʛʘʟʦʤ ʩ ʤʘʣʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʝʧʣʦʦʪʜʘʯʠ, ʩʦʟʜʘʶʱʠʤ ʙʦʣʴʰʦʝ 

ʪʝʨʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʥʘ ʧʨʘʢʪʠʢʝ ʧʨʠʤʝʥʷʶʪ ʨʝʙʨʠʩʪʳʝ 

ʧʦʚʝʨʭʥʦʩʪʠ. 

ʆʨʝʙʨʝʥʠʝ ʩʪʝʥʢʠ ʩ ʙʦʣʴʰʠʤ ʪʝʨʤʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 

ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʝʝ ʧʦʚʝʨʭʥʦʩʪʴ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʩ ʛʦʨʷʯʠʤ (ʠʣʠ 

ʭʦʣʦʜʥʳʤ) ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ, ʫʤʝʥʴʰʠʪʴ ʦʙʱʝʝ ʪʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʠ ʫʚʝʣʠʯʠʪʴ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ. 

 

 

1.3. ʅʝʩʪʘʮʠʦʥʘʨʥʳʝ ʧʨʦʮʝʩʩʳ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

 

1.3.1. ʌʠʟʠʯʝʩʢʘʷ ʩʫʱʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ 
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ʇʨʦʮʝʩʩʳ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʢʦʛʜʘ ʧʦʣʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʝʣʝ 

ʠʟʤʝʥʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʥʦ ʠ ʚʦ ʚʨʝʤʝʥʠ, ʠʤʝʶʪ ʤʝʩʪʦ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʠ ʦʭʣʘʞʜʝʥʠʠ ʟʘʛʦʪʦʚʦʢ, ʧʫʩʢʝ ʠ ʦʩʪʘʥʦʚʢʝ ʨʘʟʣʠʯʥʳʭ 

ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʪ. ʜ. 

ʉʨʝʜʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ʚʘʞʥʝʡʰʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʜʚʝ ʛʨʫʧʧʳ ʧʨʦʮʝʩʩʦʚ: 

 ï ʪʝʣʦ ʩʪʨʝʤʠʪʩʷ ʢ ʪʝʧʣʦʚʦʤʫ ʨʘʚʥʦʚʝʩʠʶ; 

 ï ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʣʘ ʧʨʝʪʝʨʧʝʚʘʝʪ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ. 

ʂ ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ ʧʨʦʮʝʩʩʳ ʥʘʛʨʝʚʘ ʠʣʠ ʦʭʣʘʞʜʝʥʠʷ ʪʝʣ, 

ʧʦʤʝʱʝʥʥʳʭ ʚ ʩʨʝʜʫ ʩ ʟʘʜʘʥʥʳʤ ʪʝʧʣʦʚʳʤ ʩʦʩʪʦʷʥʠʝʤ. ʅʘʧʨʠʤʝʨ, ʪʝʣʦ 

ʚʥʝʩʝʥʦ ʚ ʩʨʝʜʫ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ. ʉʨʘʟʫ ʞʝ ʤʝʞʜʫ ʪʝʣʦʤ 

ʠ ʩʨʝʜʦʡ ʚʦʟʥʠʢʘʝʪ ʧʨʦʮʝʩʩ ʪʝʧʣʦʦʙʤʝʥʘ, ʪʝʣʦ ʥʘʯʠʥʘʝʪ ʧʨʦʛʨʝʚʘʪʴʩʷ, 

ʘ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʳʰʘʝʪʩʷ. 

ʂʦ ʚʪʦʨʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ ʧʨʦʮʝʩʩʳ ʚ ʧʝʨʠʦʜʠʯʝʩʢʠ ʜʝʡʩʪʚʫʶʱʠʭ 

ʧʦʜʦʛʨʝʚʘʪʝʣʷʭ, ʥʘʧʨʠʤʝʨ, ʪʝʧʣʦʚʦʡ ʧʨʦʮʝʩʩ ʨʝʛʝʥʝʨʘʪʦʨʦʚ, ʥʘʩʘʜʢʘ 

ʢʦʪʦʨʳʭ ʧʝʨʠʦʜʠʯʝʩʢʠ ʪʦ ʥʘʛʨʝʚʘʝʪʩʷ ʜʳʤʦʚʳʤʠ ʛʘʟʘʤʠ, ʪʦ ʦʭʣʘʞʜʘʝʪʩʷ. 

ʂʦʣʠʯʝʩʪʚʦ ʧʝʨʝʜʘʚʘʝʤʦʡ ʪʝʧʣʦʪʳ ʧʨʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ 

ʚʦ ʚʨʝʤʝʥʠ ʪʘʢʞʝ ʥʝʧʦʩʪʦʷʥʥʦ. ʇʦ ʤʝʨʝ ʧʨʦʛʨʝʚʘ ʪʝʣʘ ʢʦʣʠʯʝʩʪʚʦ 

ʚʦʩʧʨʠʥʠʤʘʝʤʦʡ ʪʝʧʣʦʪʳ ʩʥʘʯʘʣʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ, 

ʟʘʪʝʤ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʚ ʧʨʝʜʝʣʝ ʧʨʠ ʪʝʧʣʦʚʦʤ ʨʘʚʥʦʚʝʩʠʠ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʳʤ 

ʥʫʣʶ. 

ʅʘʛʨʝʚʘʥʠʝ ʠʣʠ ʦʭʣʘʞʜʝʥʠʝ ʪʝʣ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʝʧʨʝʨʳʚʥʳʤ 

ʠʟʤʝʥʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʠ ʵʪʠʭ ʪʝʣ ʠ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ, ʠ ʧʦ ʩʚʦʝʡ 

ʬʠʟʠʯʝʩʢʦʡ ʩʫʱʥʦʩʪʠ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʪʝʧʣʦʩʦʜʝʨʞʘʥʠʷ. ʊʘʢ ʢʘʢ 

ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʪʝʧʣʦʩʦʜʝʨʞʘʥʠʷ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʩʧʦʩʦʙʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʧʨʦʚʦʜʠʪʴ ʪʝʧʣʦʪʫ, ʪ. ʝ. ʢʦʵʬʬʠʮʠʝʥʪʫ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ l, ʠ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʝʛʦ ʘʢʢʫʤʫʣʠʨʫʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ, ʪ. ʝ. ʦʙʲʝʤʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ cr, ʪʦ ʚ ʮʝʣʦʤ ʩʢʦʨʦʩʪʴ 

ʥʘʛʨʝʚʘʥʠʷ ʠʣʠ ʦʭʣʘʞʜʝʥʠʷ ʪʝʣʘ ʧʨʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ:  
2/ ( ),ʤ /c.a c=l r  

 

 

1.3.2. ʈʝʰʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ  

ʚ ʢʨʠʪʝʨʠʘʣʴʥʦʤ ʚʠʜʝ 

 

ʉʣʦʞʥʦʩʪʴ ʨʘʩʯʝʪʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʩʚʷʟʘʥʘ ʩ ʥʘʣʠʯʠʝʤ 

ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʨʦʮʝʩʩʳ ʥʘʛʨʝʚʘ ʠʣʠ ʦʭʣʘʞʜʝʥʠʷ 

ʪʝʣ. ʇʦʣʴʟʫʷʩʴ ʤʝʪʦʜʘʤʠ ʪʝʦʨʠʠ ʧʦʜʦʙʠʷ, ʫʨʘʚʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʢʨʠʪʝʨʠʘʣʴʥʦʤ ʚʠʜʝ ʠ ʪʝʤ ʩʘʤʳʤ ʟʥʘʯʠʪʝʣʴʥʦ 
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ʩʦʢʨʘʪʠʪʴ ʯʠʩʣʦ ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ 

ʨʘʩʯʝʪʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʥʘʛʨʝʚ ʧʣʘʩʪʠʥʳ ʪʦʣʱʠʥʦʡ 2S, 

ʠʤʝʶʱʝʡ ʦʜʠʥʘʢʦʚʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦ ʩʝʯʝʥʠʶ ʥʘʯt  (ʨʠʩ. 1.9).   

 

 
ʈʠʩ. 1.9. ʋʩʣʦʚʠʷ ʥʘʛʨʝʚʘ ʧʣʦʩʢʦʡ ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ ʩʪʝʥʢʠ 

 

 

ʇʣʘʩʪʠʥʘ ʧʦʤʝʱʝʥʘ ʚ ʧʝʯʴ, ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʪʦʨʦʡ const.ʩt =  ʆʥʘ 

ʦʙʦʛʨʝʚʘʝʪʩʷ ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ ʦʜʠʥʘʢʦʚʦ, ʧʨʠʯʝʤ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ 

const.a=  ʂʦʵʬʬʠʮʠʝʥʪʳ l ʠ ʘ ʪʘʢʞʝ ʧʦʩʪʦʷʥʥʳ. ɼʣʷ ʜʘʥʥʳʭ ʫʩʣʦʚʠʡ 

ʩʣʝʜʫʝʪ ʚʳʙʠʨʘʪʴ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʩʴ 

ʦʨʜʠʥʘʪ (ʪʝʤʧʝʨʘʪʫʨ) ʩʦʚʧʘʜʘʣʘ ʩ ʦʩʴʶ ʧʣʘʩʪʠʥʳ (ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ 

ʥʘʛʨʝʚʘ), ʘ ʦʩʴ ʘʙʩʮʠʩʩ (ʢʦʦʨʜʠʥʘʪʘ ʧʦ ʪʦʣʱʠʥʝ ʧʣʘʩʪʠʥʳ) ʠʟʤʝʥʷʣʘʩʴ ʦʪ ï

S ʜʦ +S. ʊʦʛʜʘ ʚ ʫʩʣʦʚʠʷʭ ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ ʥʘʛʨʝʚʘ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ t =  f(x, t) ʪʦʣʴʢʦ ʜʣʷ ʧʨʘʚʦʡ ʧʦʣʦʚʠʥʳ 
ʧʣʘʩʪʠʥʳ. ɼʣʷ ʣʝʚʦʡ ʧʦʣʦʚʠʥʳ ʩʦʭʨʘʥʷʝʪʩʷ ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ. 

ɺ ʠʪʦʛʝ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ 

              
2

2
.

ʜ ʜ
a

ʜ ʜx

J J
=
t

                                     (1.41) 

ʇʨʠ 0t= ʠ S x S- < <+ 
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 ʥʘʯ ʥʘʯ( ,0) ʩonst.ʩx t tJ = - =J =                               (1.42). 

ʇʨʠ 0t> 

 0.
ʜ

x S
ʜx

a J
=° J° =

l
        (1.43) 

 

ʋʨʘʚʥʝʥʠʷ (1.42) ʠ (1.43) ʦʧʨʝʜʝʣʷʶʪ ʢʨʘʝʚʳʝ ʫʩʣʦʚʠʷ ʟʘʜʘʯʠ 

ʪʨʝʪʴʝʛʦ ʨʦʜʘ. ɺʦ ʚʩʝʭ ʫʨʘʚʥʝʥʠʷʭ J ʦʟʥʘʯʘʝʪ ʠʟʙʳʪʦʯʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ. 

ʊʘʢ, ʥʘʯ ʥʘʯ,ʩ ct t t tJ= - J = -, ʛʜʝ t  ï ʪʝʤʧʝʨʘʪʫʨʘ ʢʘʢʦʡ-ʣʠʙʦ ʪʦʯʢʠ 

ʧʣʘʩʪʠʥʳ ʚ ʢʘʢʦʡ-ʪʦ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. 

ʀʟ ʫʨʘʚʥʝʥʠʡ (1.41)é(1.43) ʩʣʝʜʫʝʪ, ʯʪʦ 

   ʥʘʯ( , , , , , ).f x S a
a

J= t J
l

         (1.44) 

ɺ ʵʪʦʤ ʫʨʘʚʥʝʥʠʠ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʤʝʨʥʳʭ ʚʝʣʠʯʠʥ N = 7, ʘ ʯʠʩʣʦ 

ʝʜʠʥʠʮ ʠʟʤʝʨʝʥʠʷ (ʤ, ʩ, ʦʉ) k = 3. ʅʘ ʦʩʥʦʚʘʥʠʠ p-ʪʝʦʨʝʤʳ ʪʝʦʨʠʠ ʧʦʜʦʙʠʷ 

ʢʨʠʪʝʨʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʦʣʞʥʦ ʩʦʜʝʨʞʘʪʴ ʯʝʪʳʨʝ ʢʨʠʪʝʨʠʷ, ʠʣʠ 

ʩʠʤʧʣʝʢʩʘ, ʪ. ʢ. N ï k = 4. 

ʇʨʠ ʣʶʙʦʡ ʩʠʩʪʝʤʝ ʝʜʠʥʠʮ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ 

ʬʠʟʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʜʦʣʞʥʘ ʦʩʪʘʚʘʪʴʩʷ ʩʧʨʘʚʝʜʣʠʚʦʡ. ʇʦʵʪʦʤʫ ʠʟʤʝʥʠʤ 

ʤʘʩʰʪʘʙʳ ʝʜʠʥʠʮ ʠʟʤʝʨʝʥʠʷ. ʀʟʤʝʥʠʤ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʜʣʠʥʳ ʚ L, 

ʚʨʝʤʝʥʠ ʚ P, ʘ ʪʝʤʧʝʨʘʪʫʨʳ ʚ T ʨʘʟ. 

ʊʦʛʜʘ ʫʨʘʚʥʝʥʠʝ (1.44) ʧʨʠʤʝʪ ʚʠʜ 

  
2

( , , , , , ).
L

T f xL SL P a T
P L

a
J= t

l
    (1.44') 

ʇʦʣʘʛʘʷ, ʯʪʦ 1,SL= ʥʘʯ1, 1P Tt= J =, ʧʦʣʫʯʠʤ 

 

ʥʘʯ

1 1 1
, , .L P T

S
= = =

t J
 

 

ʇʦʜʩʪʘʚʣʷʷ ʟʥʘʯʝʥʠʷ TPL ,,  ʚ ʫʨʘʚʥʝʥʠʝ (1.44'), ʙʫʜʝʤ ʠʤʝʪʴ 

2
ʥʘʯ

,1,1, , ,1
x a S

f
S S

J t aå õ
= æ ö

J lç ÷
, 

ʠʣʠ 

           q= ,Fʦ,Bi ,
x

f
S

å õ
æ ö
ç ÷

                            (1.45) 

ʛʜʝ 
ʥʘʯ

ʩ

ʩ

t t

t t

-
J=

-
 ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ; 

S

x
 ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʣʠʥʘ; 

2
Fo

a

S

t
=  ï ʢʨʠʪʝʨʠʡ ʌʫʨʴʝ; Bi

Sa
=
l

 ï ʢʨʠʪʝʨʠʡ ɹʠʦ. 
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ʂʨʠʪʝʨʠʡ ɹʠʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʤʘʩʩʠʚʥʦʩʪʴ ʪʝʣ ʠ ʦʧʨʝʜʝʣʷʝʪ 

ʦʪʥʦʰʝʥʠʝ ʚʥʫʪʨʝʥʥʝʛʦ ʪʝʧʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʝʣʘ 
S

l
 ʢ ʚʥʝʰʥʝʤʫ 

ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʪʝʧʣʦʦʪʜʘʯʠ 
1

a
, ʪ. ʝ. 

S

l
/

1

a
= Bi . 

ʋʨʘʚʥʝʥʠʝ (1.45) ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʩʣʫʯʘʷ ʥʘʛʨʝʚʘʥʠʷ ʠʣʠ 

ʦʭʣʘʞʜʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʧʣʘʩʪʠʥʳ, ʥʦ ʠ ʮʠʣʠʥʜʨʘ, ʠ ʰʘʨʘ ʧʨʠ ʛʨʘʥʠʯʥʳʭ 

ʫʩʣʦʚʠʷʭ ʪʨʝʪʴʝʛʦ ʨʦʜʘ. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʪʝʣ ʧʦʩʪʦʷʥʥʳʤ ʪʝʧʣʦʚʳʤ 

ʧʦʪʦʢʦʤ q  (ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʚʪʦʨʦʛʦ ʨʦʜʘ) ʢʨʠʪʝʨʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ 

(1.45) ʧʨʠʤʝʪ ʚʠʜ 

 

          q=
ʥʘʯ

,Fo, ,
( )ʩ

x qS
f

S t t

å õ
æ ö

- lç ÷
      (1.46) 

ʠ ʧʨʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʧʝʨʚʦʛʦ ʨʦʜʘ 

 

q= ,Fo .
x

f
S

å õ
æ ö
ç ÷

                    1.47) 

 

 

1.3.3. ʇʦʥʷʪʠʝ ʪʝʨʤʠʯʝʩʢʠ ʪʦʥʢʦʛʦ ʠ ʤʘʩʩʠʚʥʦʛʦ ʪʝʣʘ 

 

 ʉ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʩʝ ʪʝʣʘ, ʧʦʜʚʝʨʛʘʝʤʳʝ ʥʘʛʨʝʚʫ, 

ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʪʝʨʤʠʯʝʩʢʠ ʪʦʥʢʠʝ ʠ ʤʘʩʩʠʚʥʳʝ. ɺ ʪʝʨʤʠʯʝʩʢʠ ʪʦʥʢʠʭ 

ʪʝʣʘʭ (Bi 0,25< ) ʧʝʨʝʧʘʜʦʤ ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ ʮʝʥʪʨʦʤ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʠʟʜʝʣʠʷ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ, ʪ. ʝ. ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʩʝʯʝʥʠʶ ʠʟʜʝʣʠʷ ʨʘʚʥʦʤʝʨʥʳʤ. ɺ ʪʝʨʤʠʯʝʩʢʠ ʤʘʩʩʠʚʥʳʭ 

ʪʝʣʘʭ ( )Bi 0,50>  ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨ ʩʦʩʪʘʚʣʷʝʪ ʟʘʤʝʪʥʫʶ ʚʝʣʠʯʠʥʫ ʠ 

ʧʨʝʥʝʙʨʝʯʴ ʠʤ ʥʝʣʴʟʷ. ʇʦʩʢʦʣʴʢʫ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʥʘʛʨʝʚʘ ʪʝʨʤʠʯʝʩʢʠ 

ʪʦʥʢʠʭ ʠ ʘʩʩʠʚʥʳʭ ʪʝʣ ʨʘʟʣʠʯʥʳ, ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ 

ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʠʟʜʝʣʠʷ ʢ ʢʣʘʩʩʫ ʪʦʥʢʠʭ ʠʣʠ ʤʘʩʩʠʚʥʳʭ ʪʝʣ, 

ʪ. ʝ. ʦʧʨʝʜʝʣʝʥʠʝ ʢʨʠʪʝʨʠʷ ɹʠʦ (Bi /S=a l). 

 ɺ ʦʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʷ Bi  ʚʭʦʜʠʪ ʚʝʣʠʯʠʥʘ S ï ʪʦʣʱʠʥʘ ʠʟʜʝʣʠʷ, 

ʚ ʨʝʜʝʣʘʭ ʢʦʪʦʨʦʡ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʠʙʦʣʴʰʘʷ ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, S ʷʚʣʷʝʪʩʷ ʨʘʩʯʝʪʥʦʡ ʧʨʦʛʨʝʚʘʝʤʦʡ ʪʦʣʱʠʥʦʡ. ʆʪʥʦʰʝʥʠʝ S 

ʢ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʪʦʣʱʠʥʝ l ʥʘʟʳʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʥʝʩʠʤʤʝʪʨʠʯʥʦʩʪʠ ʥʘʛʨʝʚʘ: 

.
l

S
m=  
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 ɼʣʷ ʦʜʥʦʩʪʦʨʦʥʥʝʛʦ ʥʘʛʨʝʚʘ 1,0m=  ʠ ;S l=  ʜʣʷ ʜʚʫʭʩʪʦʨʦʥʥʝʛʦ 

ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʥʘʛʨʝʚʘ ʠʟʜʝʣʠʷ 0,5m=  ʠ 0,5 .S l=  ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ 

ʨʘʟʣʠʯʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʠʟʜʝʣʠʡ ʚ ʧʝʯʘʭ ʚʝʣʠʯʠʥʘ m ʢʦʣʝʙʣʝʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ 0,5é1,0. ʈʝʰʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʨʠ ʢʨʘʝʚʳʭ ʫʩʣʦʚʠʷʭ ʪʨʝʪʴʝʛʦ ʨʦʜʘ ʚʳʧʦʣʥʝʥʦ ʜʣʷ 

ʜʚʫʭ ʬʦʨʤ ʪʝʣ: ʧʣʘʩʪʠʥʳ ʙʝʩʢʦʥʝʯʥʳʭ ʨʘʟʤʝʨʦʚ ʠ ʮʠʣʠʥʜʨʘ ʙʝʩʢʦʥʝʯʥʦʡ 

ʜʣʠʥʳ. ʕʪʠ ʬʦʨʤʳ ʪʝʣ ʩʯʠʪʘʶʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʤʠ. ʇʦʣʴʟʫʷʩʴ ʧʦʥʷʪʠʝʤ ʦ 

ʢʦʵʬʬʠʮʠʝʥʪʝ ʥʝʩʠʤʤʝʪʨʠʯʥʦʩʪʠ ʥʘʛʨʝʚʘ m, ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʢ 

ʢʣʘʩʩʠʯʝʩʢʠʤ ʨʝʘʣʴʥʳʝ ʬʦʨʤʳ ʨʘʩʧʦʣʦʞʝʥʠ ̫ ʠʟʜʝʣʠʡ ʚ ʧʝʯʘʭ ʠ 

ʦʧʨʝʜʝʣʠʪʴ S ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʨʝʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʪʦʣʱʠʥʳ l. 

 ʇʨʠ ʥʘʛʨʝʚʝ ʪʝʨʤʠʯʝʩʢʠ ʪʦʥʢʠʭ ʪʝʣ ʚʦʟʥʠʢʘʶʱʠʤʠ ʚ ʥʠʭ 

ʧʝʨʝʧʘʜʘʤʠ ʪʝʤʧʝʨʘʪʫʨ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ, ʧʦʵʪʦʤʫ ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ ʥʝ 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʥʠʢʘʢʠʤʠ ʚʥʫʪʨʝʥʥʠʤʠ ʬʘʢʪʦʨʘʤʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʝʯʠ ʠ ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ 

ʦʙʨʘʟʫʶʱʝʡʩʷ ʦʢʘʣʠʥʳ ʨʝʞʠʤ ʥʘʛʨʝʚʘ ʪʦʥʢʠʭ ʪʝʣ ʥʘʜʦ ʚʳʙʠʨʘʪʴ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚʨʝʤʷ ʥʘʛʨʝʚʘ ʜʦ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʙʳʣʦ 

ʤʠʥʠʤʘʣʴʥʳʤ. 

 ʏʝʤ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʘ ʛʨʝʶʱʝʡ ʩʨʝʜʳ, ʪʝʤ ʙʦʣʴʰʝ ʚʝʣʠʯʠʥʘ 

ʢʦʬɻʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʛʨʝʚʘʝʤʦʛʦ ʪʝʣʘ ʠ ʪʝʤ ʤʝʥʴʰʝ 

ʚʨʝʤʷ ʥʘʛʨʝʚʘ. ʉʣʝʜʫʝʪ, ʦʜʥʘʢʦ, ʧʦʤʥʠʪʴ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʝʧʣʦʦʪʜʘʯʠ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʫʚʝʣʠʯʝʥʠʝ ʢʨʠʪʝʨʠʷ ɹʠʦ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ 

ʚʳʡʪʠ ʟʘ ʨʘʤʢʠ ʦʙʣʘʩʪʠ ʪʝʨʤʠʯʝʩʢʠ ʪʦʥʢʠʭ ʪʝʣ, ʠ ʪʦʛʜʘ ʪʦ ʞʝ ʩʘʤʦʝ ʪʝʣʦ 

ʥʘʜʦ ʙʫʜʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʪʝʨʤʠʯʝʩʢʠ ʤʘʩʩʠʚʥʦʝ. 

 ɺ ʦʪʣʠʯʠʝ ʦʪ ʥʘʛʨʝʚʘ ʪʦʥʢʠʭ ʪʝʣ ʧʨʠ ʥʘʛʨʝʚʝ ʤʘʩʩʠʚʥʳʭ ʚʦʟʥʠʢʘʶʪ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ, ʟʘʩʪʘʚʣʷʶʱʠʝ ʫʚʝʣʠʯʠʚʘʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʧʨʝʙʳʚʘʥʠʷ ʩʣʠʪʢʦʚ ʠ ʟʘʛʦʪʦʚʦʢ ʚ ʧʝʯʘʭ. ʂ ʵʪʠʤ ʬʘʢʪʦʨʘʤ ʦʪʥʦʩʷʪʩ ̫ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʥʘʛʨʝʚʘ ʧʦ ʪʦʣʱʠʥʝ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʡ 

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʨʝʞʠʤ ʥʘʛʨʝʚʘ 

ʜʣʷ ʪʦʥʢʠʭ ʪʝʣ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʘʣʠʯʠʝ ʩʫʱʝʩʪʚʝʥʥʦʡ ʨʘʟʥʦʩʪʠ 

ʪʝʤʧʝʨʘʪʫʨ ʧʦ ʩʝʯʝʥʠʶ ʩʣʠʪʢʘ ʠʣʠ ʟʘʛʦʪʦʚʢʠ ʚ ʢʦʥʮʝ ʥʘʛʨʝʚʘ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʦʥʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʚʳʜʘʥʳ ʠʟ ʧʝʯʠ, ʟʘʩʪʘʚʣʷʝʪ ʣʠʙʦ ʩʥʠʞʘʪʴ ʩʢʦʨʦʩʪʴ 

ʥʘʛʨʝʚʘ ʚʦ ʚʩʝʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ, ʣʠʙʦ ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ ʧʝʨʠʦʜ 

(ʠʣʠ ʟʦʥʫ) ʚʳʜʝʨʞʢʠ ʤʝʪʘʣʣʘ ʚ ʧʝʯʠ. ɽʜʠʥʩʪʚʝʥʥʳʤ ʥʘʟʥʘʯʝʥʠʝʤ ʧʝʨʠʦʜʘ 

ʚʳʜʝʨʞʢʠ ʷʚʣʷʝʪʩʷ ʫʩʪʨʘʥʝʥʠʝ ʯʨʝʟʤʝʨʥʦʡ ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ 

ʧʦ ʩʝʯʝʥʠʶ ʧʨʠ ʥʝʠʟʤʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ 

ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʝʩʣʠ ʧʦʥʠʞʝʥʥʘʷ ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ ʚ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ 

(ʜʦ 500 ʦʉ) ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʦʢʘʣʠʥʦʦʙʨʘʟʦʚʘʥʠʷ, ʪʦ 

ʜʘʞʝ ʥʝʙʦʣʴʰʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʧʨʝʙʳʚʘʥʠʷ ʤʝʪʘʣʣʘ ʚ ʧʝʯʠ ʧʨʠ 

ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʧʨʷʞʝʥʦ ʩ ʩʫʱʝʩʪʚʝʥʥʳʤ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʝʛʦ ʫʛʘʨʦʤ. 
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 ɺʩʝ ʵʪʦ ʚʳʟʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳʙʦʨʘ ʠ ʨʘʩʯʝʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʨʝʞʠʤʘ ʥʘʛʨʝʚʘ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ. ʈʝʞʠʤ ʥʘʛʨʝʚʘ ʜʦʣʞʝʥ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʤʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ ʤʝʪʘʣʣʘ ʚ ʧʝʯʠ ʧʨʠ 

ʙʝʟʦʧʘʩʥʦʡ (ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʥʘʧʨʷʞʝʥʠʡ) ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ 

ʠ ʧʨʠ ʜʦʧʫʩʪʠʤʦʡ (ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ) ʢʦʥʝʯʥʦʡ ʨʘʟʥʦʩʪʠ 

ʪʝʤʧʝʨʘʪʫʨ ʧʦ ʩʝʯʝʥʠʶ. ʈʘʟʣʠʯʠʝ ʨʘʟʤʝʨʦʚ ʠ ʬʦʨʤ ʩʣʠʪʢʦʚ ʠ ʟʘʛʦʪʦʚʦʢ, ʘ 

ʪʘʢʞʝ ʢʦʥʩʪʨʫʢʮʠʠ ʧʝʯʝʡ, ʚ ʢʦʪʦʨʳʭ ʦʥʠ ʥʘʛʨʝʚʘʶʪʩʷ, ʦʙʫʩʣʦʚʣʠʚʘʝʪ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʢʦʥʢʨʝʪʥʳʭ ʨʝʞʠʤʦʚ ʥʘʛʨʝʚʘ ʤʘʩʩʠʚʥʳʭ ʪʝʣ. ʆʜʥʘʢʦ ʚʩʝ 

ʤʥʦʛʦʦʙʨʘʟʠʝ ʬʘʢʪʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʤʦʞʥʦ ʩʚʝʩʪʠ ʢ ʦʩʥʦʚʥʳʤ 

ʧʨʠʥʮʠʧʠʘʣʴʥʳʤ ʩʭʝʤʘʤ: ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ ʠ ʪʨʝʭʩʪʫʧʝʥʯʘʪʦʛʦ ʨʝʞʠʤʦʚ 

ʥʘʛʨʝʚʘ ʤʘʩʩʠʚʥʳʭ ʪʝʣ ʩ ʤʦʜʠʬʠʢʘʮʠʷʤʠ ʚ ʧʨʝʜʝʣʘʭ ʢʘʞʜʦʡ ʩʭʝʤʳ. 

 

 

1.3.4. ʅʘʛʨʝʚ ʪʝʣ ʧʨʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʪʨʝʪʴʝʛʦ ʨʦʜʘ 

 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʩʪʝʡʰʠʡ ʩʣʫʯʘʡ ʥʘʛʨʝʚʘ ʧʣʦʩʢʦʡ ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ 

ʩʪʝʥʢʠ, ʪʦʣʱʠʥʘ ʢʦʪʦʨʦʡ 2S  ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʜʚʫʭ ʜʨʫʛʠʭ ʝʝ 

ʨʘʟʤʝʨʦʚ. ʉʪʝʥʢʘ, ʠʤʝʶʱʘʷ ʧʦ ʩʝʯʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʯʩonst,t =  ʚʥʝʟʘʧʥʦ 

ʥʘʛʨʝʚʘʝʪʩʷ ʩʨʝʜʦʡ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩonstʩt =  (ʩʤ. ʨʠʩ. 1.9). 

ɺʳʚʝʜʝʤ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʧʨʝʜʝʣʷʪʴ 

ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʧʣʘʩʪʠʥʳ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ʀʩʧʦʣʴʟʫʝʤ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʌʫʨʴʝ: 

     
2

2

ʜ ʜ
a

ʜ ʜx

J J
=
t

     (1.48) 

 ʥʘʯʘʣʴʥʳʝ  

  ʥʘʯ( ,0) constxJ =J =           (1.49) 

ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ 

    ,
x S

ʜ

ʜx=

J aå õ
=- Jæ ö
lç ÷

      (1.50) 

ʛʜʝ ʥʘʯ ʥʘʯ, .ʩ ʩt t t tJ= - J = - 

ʋʨʘʚʥʝʥʠʷ (1.49) ʠ (1.50) ʦʧʨʝʜʝʣʷʶʪ ʢʨʘʝʚʳʝ ʫʩʣʦʚʠʷ ʟʘʜʘʯʠ. 

  



41 

ʈʝʰʘʷ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (1.48)é(1.50), ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ 

 

  
2Fo

1

cos ,i

i

i i

i

x
A e
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=¤
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å õ
J= dæ ö

ç ÷
ä     (1.51) 

 

ʛʜʝ id ï ʢʦʨʥʠ ʫʨʘʚʥʝʥʠʷ tg Bii id d =, ʧʨʠʯʝʤ ʪʘʢʠʭ ʢʦʨʥʝʡ ʙʝʩʢʦʥʝʯʥʦʝ 

ʤʥʦʞʝʩʪʚʦ. 

 ʇʦʩʢʦʣʴʢʫ ʥʘʯ

2sin
,

sin cos

i
i

i i i

A
d

=J
d + d d

 ʫʨʘʚʥʝʥʠʝ (1.51) ʧʨʠʤʝʪ ʚʠʜ 

 

        q=
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ʛʜʝ ʞ

ʥʘʯ ʞ ʥʘʯ

.
t t

t t

J -
q= =
J -

 

 ɼʣʷ ʩʨʝʜʥʝʡ ʧʣʦʩʢʦʩʪʠ ʧʣʘʩʪʠʥʳ ʧʨʠ 0=x  ʠʤʝʝʤ 

 

        cʨ.ʧʣq =
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2sin

sin cos
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i
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d + d d
ä     (1.53) 

ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʩʪʠʥʳ ʧʨʠ :x S=  

 

   ʧʦʚq =
2Fo
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2sin cos
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d d

d + d d
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 (1.54) 

 ɺʳʨʘʞʝʥʠʝ ʩʨʝʜʥʝʡ ʧʦ ʤʘʩʩʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʩʪʠʥʳ ʧʨʠʚʦʜʠʪʩʷ ʙʝʟ 

ʚʳʚʦʜʘ. ʕʪʦ ʫʨʘʚʥʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, 

ʚʦʩʧʨʠʥʷʪʦʡ ʧʣʘʩʪʠʥʦʡ ʚ ʧʨʦʮʝʩʩʝ ʥʘʛʨʝʚʘ: 

   ʤʘʩq =
2Fo

1

2sin cos sin
.

sin cos
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i
i i i

i i i i i

e
=¤

-d

=

d d d

d + d d d
ä                  (1.55) 

 ʋʨʘʚʥʝʥʠʷ (1.53)é(1.55) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʯʝʥʴ ʙʳʩʪʨʦ 

ʩʭʦʜʷʱʠʝʩʷ ʨʷʜʳ. ʉʭʦʜʠʤʦʩʪʴ ʠʭ ʚʦʟʨʘʩʪʘʝʪ ʚʤʝʩʪʝ ʩ ʫʚʝʣʠʯʝʥʠʝʤ Fo. 

ɼʘʞʝ ʧʨʠ 
2

Fo 0,3
a

S

t
= ²  ʨʷʜ ʤʦʞʝʪ ʙʳʪʴ ʟʘʤʝʥʝʥ ʧʝʨʚʳʤ ʯʣʝʥʦʤ. ʊʘʢʦʡ 

ʨʝʞʠʤ ʥʘʛʨʝʚʘ ʥʘʟʳʚʘʝʪʩʷ ʨʝʛʫʣʷʨʥʳʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʷ ʧʣʘʩʪʠʥʳ  

cʨ.ʧʣq =
2ŭ FoNe- ;                 (1.53') 

ʧʦʚq =
2ŭ FoPe ;-        (1.54') 

ʤʘʩq =
2ŭ FoMe .-

                (1.55') 
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ɿʥʘʯʝʥʠʷ , ,N P M  ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʪʘʙʣ. 1.1, ʩʦʩʪʘʚʣʝʥʥʦʡ 

ɼ. ɺ. ɹʫʜʨʠʥʳʤ. ɺ ʵʪʦʡ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ 2d ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

Bi. ʇʦ ʜʘʥʥʳʤ ʪʘʙʣ. 1.1 ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ ʨʘʩʯʝʪʘ ʥʘʛʨʝʚʘ ʠʣʠ 

ʦʭʣʘʞʜʝʥʠʷ ʩʨʝʜʥʝʡ ʧʣʦʩʢʦʩʪʠ, ʤʘʩʩʳ ʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʩʪʠʥʳ (ʨʠʩ. 

1.10é1.12). 
 

ʊʘʙʣʠʮʘ 1.1 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʜʣʷ ʨʘʩʯʝʪʘ ʥʘʛʨʝʚʘ  

ʠʣʠ ʦʭʣʘʞʜʝʥʠʷ ʧʣʘʩʪʠʥʳ ʪʦʣʱʠʥʦʡ S2  

Bi  2d ʈ ʄ N Bi  2d ʈ ʄ N 

0,00 

0,01 

0,02 

0,04 

0,06 

0,08 

0,10 

0,12 

0,14 

0,16 

0,18 

0,20 

0,22 

0,24 

0,26 

0,28 

0,30 

0,35 

0,40 

0,45 

0,50 

0,55 

0,60 

0,70 

0,80 

0,90 

1,00 

1,20 

1,40 

1,60 

1,80 

2,00 

0,000 

0,0100 

0,0199 

0,0397 

0,0584 

0,0778 

0,0968 

0,1154 

0,1337 

0,1518 

0,1697 

0,1874 

0,2048 

0,2220 

0,2390 

0,2558 

0,2723 

0,3125 

0,3516 

0,3894 

0,4264 

0,4624 

0,4970 

0,5640 

0,626 

0,684 

0,740 

0,841 

0,931 

1,016 

1,090 

1,162 

1,000 

0,997 

0,993 

0,987 

0,981 

0,974 

0,967 

0,960 

0,954 

0,948 

0,942 

0,936 

0,930 

0,924 

0,918 

0,912 

0,906 

0,891 

0,877 

0,863 

0,849 

0,836 

0,823 

0,798 

0,774 

0,751 

0,729 

0,689 

0,653 

0,619 

0,587 

0,559 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

0,999 

0,999 

0,999 

0,999 

0,998 

0,998 

0,997 

0,996 

0,995 

0,994 

0,992 

0,990 

0,998 

0,986 

0,981 

0,977 

0,972 

0,968 

0,964 

1,000 

1,002 

1,003 

1,006 

1,010 

1,013 

1,016 

1,020 

1,023 

1,026 

1,029 

1,031 

1,034 

1,037 

1,040 

1,042 

1,045 

1,052 

1,058 

1,064 

1,070 

1,076 

1,081 

1,092 

1,102 

1,111 

1,119 

1,134 

1,148 

1,159 

1,169 

1,179 

2,0 

2,2 

2,4 

2,6 

2,8 

3,0 

3,5 

4,0 

4,5 

5,0 

5,5 

6,0 

7,0 

8,0 

9,0 

10,0 

12,0 

14,0 

16,0 

18,0 

20,0 

25,0 

30,0 

35,0 

40,0 

50,0 

60,0 

70,0 

80,0 

90,0 

100,0 

ï 

1,162 

1,222 

1,277 

1,332 

1,380 

1,420 

1,52 

1,59 

1,66 

1,73 

1,78 

1,82 

1,90 

1,95 

2,00 

2,04 

2,08 

2,12 

2,16 

2,20 

2,24 

2,27 

2,30 

2,33 

2,35 

2,37 

2,39 

2,40 

2,41 

2,41 

2,42 

2,47 

0,559 

0,535 

0,510 

0,488 

0,468 

0,448 

0,406 

0,370 

0,338 

0,314 

0,293 

0,273 

0,241 

0,216 

0,196 

0,180 

0,152 

0,132 

0,116 

0,104 

0,094 

0,076 

0,065 

0,056 

0,050 

0,0400 

0,0333 

0,0286 

0,0250 

0,0222 

0,0200 

0,0000 

0,964 

0,960 

0,956 

0,952 

0,948 

0,944 

0,935 

0,926 

0,919 

0,912 

0,906 

0,901 

0,892 

0,885 

0,879 

0,874 

0,866 

0,859 

0,855 

0,851 

0,847 

0,841 

0,836 

0,832 

0,829 

0,826 

0,824 

0,822 

0,820 

0,819 

0,818 

0,810 

1,179 

1,186 

1,193 

1,200 

1,205 

1,210 

1,221 

1,229 

1,235 

1,240 

1,244 

1,248 

1,254 

1,257 

1,260 

1,262 

1,265 

1,267 

1,268 

1,269 

1,270 

1,271 

1,271 

1,272 

1,272 

1,272 

1,273 

1,273 

1,273 

1,273 

1,273 

1,273 
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1.3.5. ɸʥʘʣʠʟ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʌʫʨʴʝ 

 

 ʈʘʩʩʤʦʪʨʠʤ ʦʙʱʝʝ ʫʨʘʚʥʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʧʨʠʤʝʨʝ 

ʥʘʛʨʝʚʘ ʧʣʘʩʪʠʥʳ ʧʨʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ɯɯɯ-ʛʦ ʨʦʜʘ Bi 0­  ʠ Bi .­¤ 

ɼʘʥʥʳʝ ʪʘʙʣ. 1.1 ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʧʨʠ Bi 0­  ʟʥʘʯʝʥʠʷ , ,N P M  

ʥʝʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʠ ʙʣʠʟʢʠ ʢ ʝʜʠʥʠʮʝ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ,  

    ʧʦʚq ºcʨ.ʧʣq º ʤʘʩq =
2Fo.e-d       (1.56) 

  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ Bi  ʪʝʤʧʝʨʘʪʫʨʘ ʚʥʫʪʨʠ ʪʝʣʘ 

ʠ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʛʨʝʚ ʪʝʣʘ 

ʵʢʚʠʚʘʣʝʥʪʝʥ ʥʘʛʨʝʚʫ ʪʝʣʘ, ʦʙʣʘʜʘʶʱʝʛʦ ʙʝʩʢʦʥʝʯʥʦ ʙʦʣʴʰʦʡ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ. 

 ɺʳʚʝʜʝʤ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʥʘʛʨʝʚʘ ʪʝʨʤʠʯʝʩʢʠ 

ʪʦʥʢʦʡ ʧʣʘʩʪʠʥʳ. ɼʣʷ ʵʪʦʛʦ ʧʨʝʦʙʨʘʟʫʝʤ ʫʨʘʚʥʝʥʠʝ (1.56). ʉʦʛʣʘʩʥʦ 

ʪʘʙʣ. 1.1, ʧʨʠ Bi 0­  2d= Bi. ʇʦʣʫʯʘʝʤ 

 

    M
ʤʘʩ ,ie-q =                        (1.57) 

 

ʛʜʝ Mi  ï ʢʨʠʪʝʨʠʡ ʄʠʭʝʝʚʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʧʨʦʠʟʚʝʜʝʥʠʝ Bi FoÖ . 

ʇʨʝʦʙʨʘʟʦʚʘʚ ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʚ ʦʪʥʦʰʝʥʠʠ ʚʨʝʤʝʥʠ ʥʘʛʨʝʚʘ, ʧʦʣʫʯʠʤ 

 

   
ʤʘʩ

1
ln .

Sc å õr
t= æ ö
a qç ÷

                         (1.57') 
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ɺʳʚʦʜ ʧʦʩʣʝʜʥʝʛʦ ʫʨʘʚʥʝʥʠʷ ʣʝʛʢʦ ʧʦʢʘʟʘʪʴ ʥʘ ʧʨʠʤʝʨʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʨrʘʞʝʥʠʷ (1.56): 

 

    2Fod

2

ʤʘʩ ʤʘʩ2
ln ; ln ;

a

S

d t
=- q =- q 

2 2 2

2
ʤʘʩ ʤʘʩ ʤʘʩ

1 1 1
ln ln ln

Bi

S S S

a a Sa

å õ å õ å õl
t= = =æ ö æ ö æ ö

q q a qd ç ÷ ç ÷ ç ÷ ʤʘʩ

1
ln .

Sc å õr
= æ ö
a qç ÷

 

 

ʀʟ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚʠʜʥʦ, ʯʪʦ ʚʨʝʤʷ ʥʘʛʨʝʚʘ ʠʣʠ ʦʭʣʘʞʜʝʥʠʷ 

ʪʝʨʤʠʯʝʩʢʠ ʪʦʥʢʦʛʦ ʪʝʣʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʣʠʥʝʡʥʦʤʫ ʨʘʟʤʝʨʫ ʚ ʧʝʨʚʦʡ 

ʩʪʝʧʝʥʠ. 

ɽʩʣʠ ʧʨʦʠʟʚʝʩʪʠ ʘʥʘʣʦʛʠʯʥʳʝ ʚʳʚʦʜʳ ʜʣʷ ʮʠʣʠʥʜʨʘ ʠ ʰʘʨʘ, ʪʦ 

ʦʢʘʞʝʪʩʷ, ʯʪʦ ʧʨʠ S R=  ʮʠʣʠʥʜʨ ʥʘʛʨʝʚʘʝʪʩʷ ʠʣʠ ʦʭʣʘʞʜʘʝʪʩʷ ʚ ʜʚʘ ʨʘʟʘ, 

ʘ ʰʘʨ ʚ ʪʨʠ ʨʘʟʘ ʙʳʩʪʨʝʝ ʧʣʘʩʪʠʥʳ. 

ɸʥʘʣʠʟ ʪʘʙʣ. 1.1 ʠ ʬʦʨʤʫʣʳ (1.54') ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ Bi­¤ 

ʢʦʵʬʬʠʮʠʝʥʪ P ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʚ 0.q ­  ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ Bi  ʧʦʚʝʨʭʥʦʩʪʴ ʪʝʣʘ ʦʯʝʥʴ ʙʳʩʪʨʦ 

ʧʨʠʦʙʨʝʪʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ, ʨʘʚʥʫʶ ʪʝʤʧʝʨʘʪʫʨʝ ʩʨʝʜʳ. 

ʕʪʦʪ ʩʣʫʯʘʡ ʚʦʟʤʦʞʝʥ, ʝʩʣʠ ʪʝʣʦ ʠʤʝʝʪ ʦʯʝʥʴ ʙʦʣʴʰʠʝ ʨʘʟʤʝʨʳ ʠʣʠ 

ʙʦʣʴʰʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ (ʦʭʣʘʞʜʝʥʠʝ ʠʣʠ ʥʘʛʨʝʚ ʚ ʞʠʜʢʠʭ 

ʩʨʝʜʘʭ) ʠ ʤʘʣʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. 

 ʈʘʩʯʝʪʳ ʥʘʛʨʝʚʘ ʠʣʠ ʦʭʣʘʞʜʝʥʠʷ ʤʘʩʩʠʚʥʦʡ ʧʣʘʩʪʠʥʳ ʩʣʝʜʫʝʪ 

ʧʨʦʠʟʚʦʜʠʪʴ ʧʦ ʫʨʘʚʥʝʥʠʷʤ (1.53)é(1.55) ʠʣʠ ʧʦ ʛʨʘʬʠʢʘʤ (ʨʠʩ. 

1.10é1.12). 

 

 

1.4. ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʦ ʨʘʟʜʝʣʫ çʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴè 

 

ʇʨʠʤʝʨ 1.4.1. ʇʦ ʪʨʫʙʝ ʥʘʨʫʞʥʳʤ ʜʠʘʤʝʪʨʦʤ 2d = 22 ʤʤ ʜʚʠʞʝʪʩʷ 

ʚʦʜʷʥʦʡ ʧʘʨ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ 

ʪʨʫʙʦʧʨʦʚʦʜ ʥʝʦʙʭʦʜʠʤʦ ʪʝʧʣʦʠʟʦʣʠʨʦʚʘʪʴ. ʎʝʣʝʩʦʦʙʨʘʟʥʦ ʣʠ ʜʣʷ ʵʪʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʩʙʝʩʪ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ 

0,12l= ɺʪ/(ʤĀʦʉ). ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʩ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʟʦʣʷʮʠʠ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ 8a= ɺʪ/(ʤ2Āʦʉ). 

ʈʝʰʝʥʠʝ:  

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʪʚʝʪʠʪʴ ʥʘ ʧʦʩʪʘʚʣʝʥʥʳʡ ʚʦʧʨʦʩ, ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʯʠʩʣʠʪʴ ʢʨʠʪʠʯʝʩʢʠʡ ʜʠʘʤʝʪʨ ʘʩʙʝʩʪʦʚʦʡ ʠʟʦʣʷʮʠʠ ʧʦ ʬʦʨʤʫʣʝ  

ʠʟ(ʢʨ)

2 2 0,12
0,03ʤ 30

8
d

l Ö
= = = =
a

 ʤʤ. 
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ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʜʠʘʤʝʪʨʘ ʥʝʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ 2d ʠ ʠʟ(ʢʨ)d , 

ʚʠʜʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʠʟ(ʢʨ)d > 2d . ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʪʫ ʠʟʦʣʷʮʠʶ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ. ɼʣʷ ʪʝʧʣʦʠʟʦʣʠʨʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ 

ʥʝʦʙʭʦʜʠʤʘ ʠʟʦʣʷʮʠʷ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʢʦʪʦʨʦʡ  

2
ʠʟ ʠʟ

8 0,022
; 0,088

2 2

da Ö
l ¢ l = =  ɺʪ/(ʤĀʦʉ). 

 

ʇʨʠʤʝʨ 1.4.2. ʆʙʤʫʨʦʚʢʘ ʧʝʯʠ ʚʳʧʦʣʥʝʥʘ ʠʟ ʩʣʦʷ ʰʘʤʦʪʥʦʛʦ 

ʢʠʨʧʠʯʘ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

( )2 ʦ30,84(1 0,695 1 ɺʪ/ ʤC0 ) ;t-l= + Ö Ö  ʪʦʣʱʠʥʘ ʦʙʤʫʨʦʚʢʠ 250l = ʤʤ. 

ʆʧʨʝʜʝʣʠʪʴ ʧʦʪʝʨʠ ʪʝʧʣʦʪʳ ʩ 1 ʤ2 ʧʦʚʝʨʭʥʦʩʪʠ ,q  ɺʪ/ʤ2, ʠ ʪʝʤʧʝʨʘʪʫʨʫ 

ʥʘ ʚʥʝʰʥʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʩʪʝʥʳ, ʝʩʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʦʚ ʚ ʧʝʯʠ 

1

ʦ1200 ʉct =  ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʠ ʦ2 30 ʉ,ct =  ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʦʪʜʘʯʠ ʦʪ ʛʘʟʦʚ ʢ ʩʪʝʥʢʝ 1 30a = ɺʪ/(ʤ2Āʦʉ) ʠ ʦʪ ʦʙʤʫʨʦʚʢʠ ʢ 

ʦʢʨʫʞʘʶʱʝʤʫ ʚʦʟʜʫʭʫ ( )2
2

ʦɺʪ/0 ʤ .1 Ca Ö=  

 ʈʝʰʝʥʠʝ:  

ʇʨʠ ʟʘʜʘʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ʰʘʤʦʪʥʦʛʦ ʢʠʨʧʠʯʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʪʝʨʠ ʪʝʧʣʦʪʳ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʧʦ 

ʫʨʘʚʥʝʥʠ ʁ

     
1 2ʧʦʚ ʧʦʚ( )q t t

l
= -
d

, 

ʠʣʠ ʤʝʪʦʜʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ. 

 ɿʘʜʘʝʤ ʩʨʝʜʥʶʶ ʪʝʤʧʝʨʘʪʫʨʫ ʩʪʝʥʢʠ ʦ
cʪ 650 ʉt = . ʇʨʠ ʵʪʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʰʘʤʦʪʥʦʛʦ ʢʠʨʧʠʯʘ   
3

ʩʨ 0,84(1 0,695 10 650) 1,12-l = + Ö Ö = ɺʪ/(ʤĀʦʉ). 

 ʆʧʨʝʜʝʣʠʤ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ: 

   

1 2

1 1
2,81

1 1 1 0,25 1

30 1,12 10

k= = =
d

+ + + +
a l a

 ɺʪ/(ʤ2Āʦʉ) 

ʠ ʧʣʦʪʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ:  

   kq= (
1 2

) 2,81(1200 30) 3290ʩ ʩt t- = - =  ɺʪ/ʤ2. 

 ʇʨʠ ʧʦʣʫʯʝʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʚʳʯʠʩʣʠʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʩʪʝʥʢʠ: 

1ʧʦʚt = 
1

ʦ

1

1 3290
1200 1091ʉ;

30
ʩt q- = - =

a
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2ʧʦʚt = 
2

ʦ

2

1 3290
30 359 ʉ.

10
ʩt q+ = + =

a
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ɺʳʯʠʩʣʠʤ ʩʨʝʜʥʶʶ ʪʝʤʧʝʨʘʪʫʨʫ ʩʪʝʥʢʠ ʠ ʫʪʦʯʥʠʤ ʟʥʘʯʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ: 

    ʦ
cʪ 0,5(1091 359) 725ʉ.t = + =  

   
3

ʩʨ 0,84(1 0,695 10 725) 1,265-l = + Ö Ö = ɺʪ/(ʤĀʦʉ). 

    
1

3,02
1 0,25 1

30 1,265 10

k= =

+ +

 ɺʪ/(ʤ2Āʦʉ). 

  

ʇʨʠ ʵʪʦʤ ʧʣʦʪʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʩʦʩʪʘʚʠʪ 

 

    =q 3,02(1200 30) 3530- =  ɺʪ/ʤ2. 

 

 ʇʨʠ ʥʦʚʦʤ ʟʥʘʯʝʥʠʠ ʧʣʦʪʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʚʳʯʠʩʣʠʤ 

ʪʝʤʧʝʨʘʪʫʨʳ 
1ʧʦʚt ʠ 

2ʧʦʚt : 

1ʧʦʚt = 
1

1200 3530 1082
30

- = ʦʉ, 

2ʧʦʚt = 
1

30 3530 383
30

+ = ʦʉ. 

 ʆʧʨʝʜʝʣʠʤ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʥʢʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ: 
o

cʪ 0,5(1082 383) 732 C,t = + =  
3

ʩʨ 0,84(1 0,695 10 732) 1,267-l = + Ö Ö = ɺʪ/(ʤĀʦʉ). 

  

ʊʘʢ ʢʘʢ ʧʦʣʫʯʝʥʥʦʝ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ ʩ ʧʨʠʥʷʪʳʤ ʚʳʰʝ ʟʥʘʯʝʥʠʝʤ, ʪʦ 

ʜʘʣʴʥʝʡʰʠʭ ʧʝʨʝʩʯʝʪʦʚ ʜʝʣʘʪʴ ʥʝ ʥʫʞʥʦ. ʄʦʞʥʦ ʧʨʠʥʷʪʴ 

     =q 3530 ɺʪ/ʤ2. 

 

 ʇʨʠʤʝʨ 1.4.3. ʆʧʨʝʜʝʣʠʪʴ ʧʦʪʝʨʠ ʪʝʧʣʦʪʳ ʯʝʨʝʟ 1 ʤ2 (ʫʜʝʣʴʥʳʡ 

ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ) ʧʣʦʩʢʦʡ ʦʜʥʦʨʦʜʥʦʡ ʩʪʝʥʢʠ, ʝʩʣʠ ʥʘ ʝʝ ʧʦʚʝʨʭʥʦʩʪʷʭ 

ʫʩʪʘʥʦʚʠʚʰʘʷʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʩʪʘʚʣʷʝʪ 
1c

t = 800 ʦʉ ʠ 
2ct = 80 ʦʉ. ʉʪʝʥʢʘ 

ʪʦʣʱʠʥʦʡ 500 ʤʤ ʚʳʣʦʞʝʥʘ ʠʟ ʣʝʛʢʦʚʝʩʥʦʛʦ ʰʘʤʦʪʥʦʛʦ ʢʠʨʧʠʯʘ, 

ʠʤʝʶʱʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

 

    cʨ0,5 0,00016tl= +  ɺʪ/(ʤĀʦʉ). 

  

  



51 

ʈʝʰʝʥʠʝ:  

ʅʘʡʜʝʤ ʩʨʝʜʥʶʶ ʪʝʤʧʝʨʘʪʫʨʫ ʩʪʝʥʢʠ: 

cʨt = (
1ʧʦʚt + 

2ʧʦʚt )/2 = (800 + 80)/2 = 440  ʦʉ. 

 

 ɺʳʯʠʩʣʠʤ ʩʨʝʜʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ: 

 

0,5 0,00016 440 0,57l= + Ö = ɺʪ/(ʤĀʦʉ). 

 ʆʧʨʝʜʝʣʠʤ ʫʜʝʣʴʥʳʡ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ: 

q
l
=
d

(
1ʧʦʚt ï 

2ʧʦʚt ) = 
0,57

(800 80) 820
0,50

- =  ɺʪ/ʤ2. 

ʇʨʠʤʝʨ 1.4.4. ʇʘʨʦʧʨʦʚʦʜ ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ 160 ʤʤ ʠ 

ʥʘʨʫʞʥʳʤ 170 ʤʤ ʧʦʢʨʳʪ ʜʚʫʭʩʣʦʡʥʦʡ ʠʟʦʣʷʮʠʝʡ. ʊʦʣʱʠʥʘ ʧʝʨʚʦʛʦ ʩʣʦʷ 

2 30ʤʤd =  ʠ ʚʪʦʨʦʛʦ 3d= 50 ʤʤ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʪʨʫʙʳ 

ʠ ʠʟʦʣʷʮʠʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʳ: 1l= 50, 2l= 0,15 ʠ 3l= 0,08 ɺʪ/(ʤῊʦC). 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʘʨʦʧʨʦʚʦʜʘ 
1ʧʦʚt = 300 ʦC ʠ ʚʥʝʰʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʦʣʷʮʠʠ 
4ʧʦʚt = 50 ʦC. ʆʧʨʝʜʝʣʠʪʴ ʪʝʧʣʦʚʳʝ ʧʦʪʝʨʠ ʤʝʪʨʘ 

ʜʣʠʥʳ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʨʘʟʜʝʣʘ ʦʪʜʝʣʴʥʳʭ 

ʩʣʦʝʚ. 

  ʈʝʰʝʥʠʝ:  

ʉʦʛʣʘʩʥʦ ʫʩʣʦʚʠʷʤ ʟʘʜʘʯʠ, ʠʤʝʝʤ 1d = 0,16 ʤ, 2d = 0,17 ʤ, 3d = 0,23 ʤ 

ʠ 4d =  0,33 ʤ, ln 2d / 1d  = 0,06, ln 3d / 2d = 0,302 ʠ ln 4d / 3d = 0,362. 

 ʊʝʧʣʦʚʳʝ ʧʦʪʝʨʠ ʦʧʨʝʜʝʣʷʝʤ ʠʟ ʚʳʨʘʞʝʥʠʷ (1.31): 

1 4ʧʦʚ ʧʦʚ

2 3 4

1 1 2 2 3 3

2 ( )
.

1 1 1
ln ln ln

l

t t
q

d d d

d d d

p -
=

+ +
l l l

 

2 3,14(300 50)
240

0,06 0,302 0,362

50 0,15 0,08

lq
Ö -

= =

+ +

 ɺʪ/ʤ. 

ɼʘʣʝʝ ʥʘʭʦʜʠʤ ʪʝʤʧʝʨʘʪʫʨʫ 
2ʧʦʚt  ʠ 

3ʧʦʚt : 

 

   
2ʧʦʚt = 

1ʧʦʚ
2

lq
t -

p 1

1

l

2

1

ln
d

d

o240
300 0,0012 300 C

2 3,14
= - º

Ö
; 

   
3ʧʦʚt = 

2ʧʦʚ
2

lq
t -

p 2

1

l

3

2

ln
d

d

o240
300 2,02 223 C

2 3,14
= - =

Ö
. 

 

ʇʨʠʤʝʨ 1.4.5. ʆʧʨʝʜʝʣʠʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʥʘʛʨʝʚʘ ʤʘʩʩʳ 

ʩʪʘʣʴʥʦʡ ʧʣʘʩʪʠʥʳ (ʩʪʘʣʴ ʉʪ3) ʪʦʣʱʠʥʦʡ 0,2S= ʤ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʩʨʝʜʥʝʡ 
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ʧʦ ʤʘʩʩʝ ʦ
ʤʘʩ1200 ʉt =  ʧʨʠ ʦʜʥʦʩʪʦʨʦʥʥʝʤ ʥʘʛʨʝʚʝ ʚ ʧʝʯʠ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 
ʦ

ʧʝʯ1300 ʉ.t =  ʅʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʪʘʣʣʘ ʦ0 ʉ, ʧʣʦʪʥʦʩʪʴ 
3ʢʛ7 00 .6 /ʤr=  ʉʫʤʤʘʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʩʦʩʪʘʚʣʷʝʪ 

( )2 ʦɺʪ/28 ʤ .3 ʉa Ö=  ʊʨʝʙʫʝʪʩʷ ʪʘʢʞʝ ʥʘʡʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʚʝʨʭʥʝʡ ʚ.ʧʦʚt  

ʠ ʥʠʞʥʝʡ ʥ.ʧʦʚt  ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʩʪʠʥʳ, ʢʦʪʦʨʘʷ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ 

ʥʝʦʙʦʛʨʝʚʘʝʤʦʤ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʪʝʧʣʦʧʨʦʚʦʜʥʦʤ ʧʦʜʫ.  

 ɿʘʜʘʯʫ ʨʝʰʘʝʤ ʩ ʧʦʤʦʱʴʶ ʛʨʘʬʠʢʦʚ (ʩʤ. ʨʠʩ. 1.10é1.12). 

 ʈʝʰʝʥʠʝ:  

ʅʘʡʜʝʤ ʩʨʝʜʥʶʶ ʪʝʤʧʝʨʘʪʫʨʫ ʤʘʩʩʳ ʧʣʘʩʪʠʥʳ:  

    
ʦ

cʨ.ʤʘʩ0,5(1200 0) 600ʉ.t = + =  

 ɼʣʷ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʳ  cʪ 46,52l =  ɺʪ/(ʤĀʦʉ) cʪ, 0,70c = ʢɼʞ/(ʢʛĀʯĀʦʉ). 

 ɺʳʯʠʩʣʠʤ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ: 

3

46,52 3600
0,03148

0,70 7600 10
a

c

l Ö
= = =
r Ö Ö

 ʤ2/ʯ. 

 ʆʧʨʝʜʝʣʠʤ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʩʨʝʜʥʶʶ ʧʦ ʤʘʩʩʝ 

ʧʣʘʩʪʠʥʳ: 

ʧʝʯ ʤʘʩ
ʤʘʩ

ʧʝʯ ʥʘʯ

1300 1200
0,0769.

1300 0

t t

t t

- -
Q = = =

- -
 

 ʅʘʡʜʝʤ ʢʨʠʪʝʨʠʡ ɹʠʦ: 

282,61 0,2
Bi 1,215.

46,52

Sa Ö
= = =
l

 

 ʇʦ ʨʠʩ. 1.11 ʧʨʠ ʤʘʩ0,0769q =  ʠ Bi 1,215=  ʥʘʭʦʜʠʤ ʢʨʠʪʝʨʠʡ ʌʫʨʴʝ 

Fo 2,96= . ʇʦ ʵʪʦʤʫ ʟʥʘʯʝʥʠʶ ʢʨʠʪʝʨʠʷ ʌʫʨʴʝ ʦʧʨʝʜʝʣʠʤ ʚʨʝʤʷ ʥʘʛʨʝʚʘ 

:t  
2Fo 2,96 0,04

3,76ʯ.
0,03148

S

a

Ö Ö
t= = =  

 ʀʟ ʨʠʩ. 1.10 ʠ 1.12 ʥʘʡʜʝʤ ʩʨ.ʧʦʚq , ʚ.ʧʦʚq  ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʢʨʠʪʝʨʠʝʚ Bi ʠ Fo ʠ ʦʧʨʝʜʝʣʠʤ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʚ ʩʨʝʜʥʝʡ ʧʣʦʩʢʦʩʪʠ 

ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʩʪʠʥʳ: 

ʧʦʚq = 0,092; ʧʦʚq = 0,054;  
ʦ

cʨ.ʧʦʚ ʩʨ.ʧʣ ʧʝʯ(1 ) (1 0,092)1300 1180ʉ;t t= -q = - =  

   ʚ.ʧʦʚ ʧʦʚ(1 )t = -q ; ʧʝʯt = (1 ï 0,054)1300 = 1230 ʦʉ. 

 

ʀʩʭʦʜʷ ʠʟ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʚʝʣʠʯʠʥʘ ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʠʞʥʝʡ ʩʦʩʪʘʚʠʪ 
ʦ

ʥ.ʧʦʚ ʩʨ.ʧʦʚ ʚ.ʧʦʚ2 2 1180 1230 1130ʉt t t= - = Ö - = . 
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2. ʂʆʅɺɽʂʎʀʗ 

 

2.1. ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʢʦʥʚʝʢʪʠʚʥʦʤ ʪʝʧʣʦʦʙʤʝʥʝ 

 

 ʇʦʜ ʢʦʥʚʝʢʮʠʝʡ ʪʝʧʣʦʪʳ ʧʦʥʠʤʘʶʪ ʧʨʦʮʝʩʩ ʧʝʨʝʥʦʩʘ ʪʝʧʣʦʚʦʡ 

ʵʥʝʨʛʠʠ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʦʙʲʝʤʦʚ ʞʠʜʢʦʩʪʠ ʠʣʠ ʛʘʟʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʠʟ ʦʙʣʘʩʪʠ ʩ ʦʜʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚ ʦʙʣʘʩʪʴ ʩ ʜʨʫʛʦʡ. ʂʦʥʚʝʢʮʠʷ 

ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʚ ʪʝʢʫʯʝʡ ʩʨʝʜʝ ʠ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʘ ʩ ʧʝʨʝʥʦʩʦʤ 

ʩʘʤʦʡ ʩʨʝʜʳ. ʇʣʦʪʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʦʪʦʢʘ ʤʦʛʫʪ ʙʳʪʴ 

ʚʝʩʴʤʘ ʨʘʟʣʠʯʥʳʤʠ (ʦʪ 10 ʜʦ 108 ɺʪ/ʤ2). 

 ʂʦʥʚʝʢʮʠʷ ʪʝʧʣʦʪʳ ʚʩʝʛʜʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʷʚʣʝʥʠʷʤʠ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʪ. ʢ. ʧʨʠ ʜʚʠʞʝʥʠʠ ʞʠʜʢʦʩʪʠ ʠʣʠ ʛʘʟʘ ʥʝʠʟʙʝʞʥʦ 

ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʠʮ, ʠʤʝʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʉʦʚʤʝʩʪʥʳʡ ʧʨʦʮʝʩʩ ʢʦʥʚʝʢʮʠʠ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʥʘʟʳʚʘʶʪ 

ʢʦʥʚʝʢʪʠʚʥʳʤ ʪʝʧʣʦʦʙʤʝʥʦʤ. ʇʨʠ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʘʭ ʦʙʳʯʥʦ 

ʦʧʨʝʜʝʣʷʶʪ ʢʦʥʚʝʢʪʠʚʥʳʡ ʪʝʧʣʦʦʙʤʝʥ ʤʝʞʜʫ ʧʦʪʦʢʦʤ ʞʠʜʢʦʩʪʠ ʠʣʠ ʛʘʟʘ 

ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ 

ʥʘʟʳʚʘʶʪ ʢʦʥʚʝʢʪʠʚʥʦʡ ʪʝʧʣʦʦʪʜʘʯʝʡ. ʂʦʥʚʝʢʪʠʚʥʘʷ ʪʝʧʣʦʦʪʜʘʯʘ ʯʘʩʪʦ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʪʝʧʣʦʦʪʜʘʯʝʡ ʠʟʣʫʯʝʥʠʝʤ. 

ʂʦʥʚʝʢʮʠʷ ʚʩʝʛʜʘ ʩʚʷʟʘʥʘ ʩ ʜʚʠʞʝʥʠʝʤ ʪʝʧʣʦʧʝʨʝʜʘʶʱʝʛʦ ʠʣʠ 

ʪʝʧʣʦʚʦʩʧʨʠʥʠʤʘʶʱʝʛʦ ʚʝʱʝʩʪʚʘ. ɼʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ ʠʣʠ ʛʘʟʘ ʧʨʠ ʵʪʦʤ 

ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʦ ʣʠʙʦ ʚʥʝʰʥʠʤʠ ʩʠʣʘʤʠ, ʥʘʧʨʠʤʝʨ, ʥʘʧʦʨʦʤ, 

ʩʦʟʜʘʚʘʝʤʳʤ ʚʝʥʪʠʣʷʪʦʨʦʤ, ʢʦʤʧʨʝʩʩʦʨʦʤ ʠʣʠ ʥʘʩʦʩʦʤ, ʣʠʙʦ ʥʘʣʠʯʠʝʤ 

ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ, ʚʦʟʥʠʢʘʶʱʝʡ ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʥʦʩʪʠ ʧʣʦʪʥʦʩʪʝʡ ʥʘʛʨʝʪʳʭ 

ʠ ʭʦʣʦʜʥʳʭ ʯʘʩʪʠʮ. 

 ʊʝʧʣʦʦʙʤʝʥ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠ ʜʚʠʞʫʱʠʤʩʷ 

ʧʦʪʦʢʦʤ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʧʦʪʦʢ ʚʥʝʰʥʠʭ ʩʠʣ ʥʘʟʳʚʘʝʪʩʷ ʚʳʥʫʞʜʝʥʥʦʡ 

ʢʦʥʚʝʢʮʠʝʡ. 

 ʊʝʧʣʦʦʙʤʝʥ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠ ʞʠʜʢʦʩʪʴʶ ʠʣʠ 

ʛʘʟʦʤ, ʢʦʪʦʨʳʝ ʧʝʨʝʤʝʱʘʶʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʨʘʟʥʦʩʪʠ ʧʣʦʪʥʦʩʪʝʡ 

ʥʘʛʨʝʪʳʭ ʠ ʭʦʣʦʜʥʳʭ ʯʘʩʪʠʮ, ʥʘʟʳʚʘʝʪʩʷ ʩʚʦʙʦʜʥʦʡ ʠʣʠ ʝʩʪʝʩʪʚʝʥʥʦʡ 

ʢʦʥʚʝʢʮʠʝʡ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʚʳʥʫʞʜʝʥʥʳʤ ʜʚʠʞʝʥʠʝʤ 

ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʝʩʪʝʩʪʚʝʥʥʦʝ (ʩʚʦʙʦʜʥʦʝ). ɺʣʠʷʥʠʝ ʧʦʩʣʝʜʥʝʛʦ ʙʫʜʝʪ 

ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʤʝʥʴʰʝ ʩʢʦʨʦʩʪʴ ʚʳʥʫʞʜʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ. ʂʦʥʚʝʢʪʠʚʥʳʡ 

ʪʝʧʣʦʦʙʤʝʥ, ʧʦʤʠʤʦ ʧʨʠʯʠʥ ʧʝʨʝʤʝʱʝʥʠʷ ʪʝʧʣʦʥʦʩʠʪʝʣʷ (ʩʚʦʙʦʜʥʦʝ ʠʣʠ 

ʚʳʥʫʞʜʝʥʥʦʝ ʜʚʠʞʝʥʠʝ), ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʪʘʢʞʝ ʠ ʧʦ ʨʝʞʠʤʘʤ ʜʚʠʞʝʥʠʷ 

ʧʦʪʦʢʦʚ (ʣʘʤʠʥʘʨʥʳʡ ʠ ʪʫʨʙʫʣʝʥʪʥʳʡ). 

 ʇʝʨʝʥʦʩ ʪʝʧʣʦʪʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʥʘʧʨʘʚʣʝʥʠʶ 

ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʧʨʠ ʣʘʤʠʥʘʨʥʦʤ ʨʝʞʠʤʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʪʦʣʴʢʦ ʧʨʦʮʝʩʩʦʤ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʝʨʝʥʦʩʘ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʞʠʜʢʦʩʪʠ 

ʠʣʠ ʛʘʟʘ. ʇʨʠ ʪʫʨʙʫʣʝʥʪʥʦʤ ʨʝʞʠʤʝ ʧʝʨʝʥʦʩ ʪʝʧʣʦʪʳ ʦʙʫʩʣʦʚʣʝʥ 
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ʧʦʧʝʨʝʯʥʳʤ ʧʝʨʝʤʝʱʝʥʠʝʤ ʤʠʢʨʦ- ʠ ʤʘʢʨʦʦʙʲʝʤʦʚ ʚʝʱʝʩʪʚʘ (ʚʠʭʨʝʡ). 

ʏʝʤ ʚʳʰʝ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʘ, ʪʝʤ ʙʦʣʴʰʝ ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ 

ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʪʝʧʣʦʥʦʩʠʪʝʣʷ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʤʦʣʝʢʫʣʷʨʥʳʡ ʧʝʨʝʥʦʩ ʪʝʧʣʦʪʳ ʚʥʫʪʨʠ ʧʦʪʦʢʘ ʠʤʝʝʪ 

ʚʪʦʨʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. 

  ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʧʦʪʦʢʝ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ, ʦʤʳʚʘʶʱʝʡ ʢʘʢʦʝ-ʣʠʙʦ 

ʪʝʣʦ, ʧʦ ʤʝʨʝ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʦʨʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ 

ʠ ʥʘ ʩʘʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʦʡ ʥʫʣʶ. ɺʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 

ʩʢʦʨʦʩʪʴ ʞʠʜʢʦʩʪʠ, ʣʝʞʘʱʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ, ʨʘʚʥʘ ʥʫʣʶ, ʥʘʟʳʚʘʝʪʩʷ 

ʛʠʧʦʪʝʟʦʡ ʧʨʠʣʠʧʘʥʠʷ. ʆʥʘ ʩʧʨʘʚʝʜʣʠʚʘ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʞʠʜʢʦʩʪʴ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʧʣʦʰʥʫʶ ʩʨʝʜʫ. 

 ʇʨʠ ʦʙʪʝʢʘʥʠʠ ʥʝʦʛʨʘʥʠʯʝʥʥʳʤ ʧʦʪʦʢʦʤ ʞʠʜʢʦʩʪʠ ʧʣʦʩʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʦʨʦʩʪʴ ʞʠʜʢʦʩʪʠ ʚʜʘʣʠ ʦʪ ʥʝʝ ʨʘʚʥʘ ow , ʘ ʥʘ ʩʘʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʛʣʘʩʥʦ ʛʠʧʦʪʝʟʝ ʧʨʠʣʠʧʘʥʠʷ ʨʘʚʥʘ ʥʫʣʶ (ʨʠʩ. 2.1).  

 

   
ʈʠʩ. 2.1. ʉʭʝʤʘ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʧʣʘʩʪʠʥʳ 

  

 ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʢʦʣʦ ʧʦʚʝʨʭʥʦʩʪʠ ʚʩʣʝʜʩʪʚʠʝ ʜʝʡʩʪʚʠʷ ʩʠʣ ʚʷʟʢʦʩʪʠ 

ʦʙʨʘʟʫʝʪʩʷ ʪʦʥʢʠʡ ʩʣʦʡ ʟʘʪʦʨʤʦʞʝʥʥʦʡ ʞʠʜʢʦʩʪʠ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʛʦ 

ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0 ʜʦ ʥʝʢʦʪʦʨʦʛʦ ʟʥʘʯʝʥʠʷ. ʕʪʦʪ ʩʣʦʡ 

ʟʘʪʦʨʤʦʞʝʥʥʦʡ ʞʠʜʢʦʩʪʠ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ. ʇʦʩʢʦʣʴʢʫ ʩʢʦʨʦʩʪʴ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʧʨʠʙʣʠʞʘʝʪʩʷ 

ʢ ow  ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ, ʚʚʦʜʷʪ ʩʣʝʜʫʶʱʝʝ ʦʧʨʝʜʝʣʝʥʠʝ ʝʛʦ ʪʦʣʱʠʥʳ: 

ʪʦʣʱʠʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʣʦʷ ʛd ʥʘʟʳʚʘʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘ ʢʦʪʦʨʦʤ ʩʢʦʨʦʩʪʴ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ow  ʥʘ 1 %. 

ʇʦ ʤʝʨʝ ʜʚʠʞʝʥʠʷ ʚʜʦʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʪʦʣʱʠʥʘ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ɺʥʘʯʘʣʝ ʦʙʨʘʟʫʝʪʩʷ ʣʘʤʠʥʘʨʥʳʡ ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ, 

ʢʦʪʦʨʳʡ ʩ ʨʦʩʪʦʤ ʪʦʣʱʠʥʳ ʩʪʘʥʦʚʠʪʩʷ ʥʝʫʩʪʦʡʯʠʚʳʤ ʠ ʨʘʟʨʫʰʘʝʪʩʷ, 

ʧʨʝʚʨʘʱʘʷʩʴ ʚ ʪʫʨʙʫʣʝʥʪʥʳʡ ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ. ʆʜʥʘʢʦ ʠ ʟʜʝʩʴ ʚʙʣʠʟʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʭʨʘʥʷʝʪʩʷ ʪʦʥʢʠʡ ʣʘʤʠʥʘʨʥʳʡ ʧʦʜʩʣʦʡ (ʃʇd ), ʚ ʢʦʪʦʨʦʤ 

ʞʠʜʢʦʩʪʴ ʜʚʠʞʝʪʩʷ ʣʘʤʠʥʘʨʥʦ. ʅʘ ʨʠʩ. 2.1 ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚ 
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ʧʨʝʜʝʣʘʭ ʣʘʤʠʥʘʨʥʦʛʦ (ʩʝʯʝʥʠʝ 1) ʠ ʪʫʨʙʫʣʝʥʪʥʦʛʦ (ʩʝʯʝʥʠʝ 2) 

ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʝʚ. 

 ɸʥʘʣʦʛʠʯʥʦ ʧʦʥʷʪʠʶ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ɻ. ʅ. 

ʂʨʫʞʠʣʠʥʳʤ ʙʳʣʦ ʚʚʝʜʝʥʦ ʧʦʥʷʪʠʝ ʪʝʧʣʦʚʦʛʦ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ. 

ʊʝʧʣʦʚʦʡ ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ ï ʵʪʦ ʩʣʦʡ ʞʠʜʢʦʩʪʠ ʫ ʩʪʝʥʢʠ, ʚ ʧʨʝʜʝʣʘʭ 

ʢʦʪʦʨʦʛʦ ʪʝʤʧʝʨʘʪʫʨʘ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʟʥʘʯʝʥʠʷ, ʨʘʚʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʝ 

ʩʪʝʥʢʠ, ʜʦ ʟʥʘʯʝʥʠʷ, ʨʘʚʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʝ ʞʠʜʢʦʩʪʠ ʚʜʘʣʠ ʦʪ ʪʝʣʘ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʩʪʝʥʢʘʭ ʢʘʥʘʣʘ ʩʫʱʝʩʪʚʫʝʪ ʜʚʘ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʷ: 

ʜʠʥʘʤʠʯʝʩʢʠʡ ʠ ʪʝʧʣʦʚʦʡ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʦʣʱʠʥʘ ʦʙʦʠʭ ʩʣʦʝʚ 

ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʠ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ. ʊʦʣʱʠʥʘ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʧʦʚʳʰʝʥʠʝʤ ʚʷʟʢʦʩʪʠ, 

ʘ ʪʝʧʣʦʚʦʛʦ ï ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʞʠʜʢʦʩʪʠ 

ʠʣʠ ʛʘʟʘ. ʋʩʪʘʥʦʚʣʝʥʦ ʪʘʢʞʝ, ʯʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʪʦʣʱʠʥ r ʵʪʠʭ ʩʣʦʝʚ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ: ʚʷʟʢʦʩʪʴʶ, 

ʧʣʦʪʥʦʩʪʴʶ, ʪʝʧʣʦʝʤʢʦʩʪʴʶ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. 

ʊʦʣʱʠʥʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʚ ʞʠʜʢʦʩʪʷʭ ʙʦʣʴʰʝ ʪʦʣʱʠʥʳ 

ʪʝʧʣʦʚʦʛʦ ʩʣʦʷ. ɺ ʨʘʩʧʣʘʚʣʝʥʥʳʭ ʤʝʪʘʣʣʘʭ, ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʚʳʩʦʢʦʡ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʪʦʣʱʠʥʘ ʪʝʧʣʦʚʦʛʦ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʙʦʣʴʰʝ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ. ɼʣʷ ʛʘʟʦʚ ʪʦʣʱʠʥʘ ʵʪʠʭ ʩʣʦʝʚ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʘ. 

ʇʦʵʪʦʤʫ ʚ ʛʘʟʦʚʳʭ ʧʦʪʦʢʘʭ ʠʤʝʝʪʩʷ ʧʦʜʦʙʠʝ ʩʢʦʨʦʩʪʥʳʭ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʧʦʣʝʡ. 

ʂʦʥʝʯʥʦʡ ʮʝʣʴʶ ʣʶʙʦʛʦ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʢʦʥʚʝʢʪʠʚʥʦʛʦ 

ʪʝʧʣʦʦʙʤʝʥʘ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʦʪʳ ʚ ʜʞʦʫʣʷʭ, 

ʦʪʜʘʚʘʝʤʦʛʦ ʠʣʠ ʚʦʩʧʨʠʥʠʤʘʝʤʦʛʦ ʧʦʚʝʨʭʥʦʩʪʴʶ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʧʣʦʱʘʜʴʶ 

1 ʤ2 ʚ ʪʝʯʝʥʠʝ 1 ʩ. ʕʪʘ ʚʝʣʠʯʠʥʘ ʦʙʦʟʥʘʯʘʝʪʩʷ ʙʫʢʚʦʡ q  ʠ ʥʘʟʳʚʘʝʪʩʷ 

ʫʜʝʣʴʥʳʤ ʪʝʧʣʦʚʳʤ ʧʦʪʦʢʦʤ ʠʣʠ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʦʡ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʣʝ ʪʝʤʧʝʨʘʪʫʨ ʚ ʪʫʨʙʫʣʝʥʪʥʦʤ ʧʦʪʦʢʝ ʠ ʧʦʢʘʞʝʤ, ʢʘʢ 

ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʚʝʣʠʯʠʥʘ ʫʜʝʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʘ. ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 2.2. ʀʟ ʨʠʩʫʥʢʘ 

ʚʠʜʥʦ, ʯʪʦ ʚ ʣʘʤʠʥʘʨʥʦʤ ʧʦʪʦʢʝ, ʠʤʝʶʱʝʤ ʪʦʣʱʠʥʫ ʇd, ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʦʪʦʢʘ ʨʝʟʢʦ ʤʝʥʷʝʪʩʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʥʢʠ ʧʦʚt  ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʩt¡. ɺ 

ʪʫʨʙʫʣʝʥʪʥʦʤ ʧʦʜʩʣʦʝ ʦʥʘ ʧʘʜʘʝʪ ʦʪ ʩt¡ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʪʦʢʘ ʩt . 
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ʈʠʩ. 2.2. ʇʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ ʪʝʧʣʦʥʦʩʠʪʝʣʷ:  

ʇdï ʚʷʟʢʠʡ ʧʦʜʩʣʦʡ; ʊdï ʪʫʨʙʫʣʝʥʪʥʳʡ ʧʦʜʩʣʦʡ 

 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʯʝʨʝʟ ʚʷʟʢʠʡ ʧʦʜʩʣʦʡ ʪʝʧʣʦʪʘ ʧʝʨʝʜʘʝʪʩʷ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʚʝʣʠʯʠʥʫ ʫʜʝʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ (ɺʪ/ʤ2) ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʣʝʜʫʶʱʝʛʦ ʫʨʘʚʥʝʥʠʷ: 

0

ʇ

grad nq t =
l

=-l =
d

( ʧʦʚt  ï ʩt¡),               (2.1) 

 

ʛʜʝ l ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʦʪʦʢʘ, ɺʪ/(ʤʦʉ); ʇd  ï ʪʦʣʱʠʥʘ 

ʚʷʟʢʦʛʦ ʧʦʜʩʣʦʷ, ʤ. 

 ʊʝʧʣʦʚʦʡ ʧʦʪʦʢ Q, ɺʪ, ʧʝʨʝʜʘʚʘʝʤʳʡ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʪʚʝʨʜʦʛʦ 

ʪʝʣʘ F, ʩʦʩʪʘʚʠʪ 

                   .Q qF=                                   (2.2) 
  

 

ʏʪʦʙʳ ʠʟ ʫʨʘʚʥʝʥʠʷ (2.1) ʦʧʨʝʜʝʣʠʪʴ q, ʥʘʜʦ ʟʥʘʪʴ ʣʠʙʦ gradt, ʣʠʙʦ 

ʇd. ʆʜʥʘʢʦ ʧʨʦʩʪʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʵʪʠ ʚʝʣʠʯʠʥʳ ʠʟʤʝʨʠʪʴ ʪʨʫʜʥʦ, ʪʝʤ ʙʦʣʝʝ 

ʯʪʦ ʦʥʠ ʟʘʚʠʩʷʪ ʦʪ ʨʝʞʠʤʘ ʜʚʠʞʝʥʠʷ, ʦʪ ʨʘʟʤʝʨʦʚ ʠ ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʘʛʨʝʚʘ, ʦʪ ʫʩʣʦʚʠʡ ʚʭʦʜʘ ʠ ʜʨ. ɺ ʩʠʣʫ ʵʪʦʛʦ ʠʟʫʯʝʥʠʝ ʠ ʨʘʩʯʝʪ 
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ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʧʨʦʠʟʚʦʜʪ̫ʩʷ ʥʘ ʦʩʥʦʚʝ ʟʘʢʦʥʘ ʅʴʶʪʦʥʘ ï 

ʈʠʭʤʘʥʘ: 

   Q=a( ʧʦʚt  ï ʩt ) F ,               (2.3) 

ʛʜʝ a ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ, ʥʘʟʳʚʘʝʤʳʡ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʪʝʧʣʦʦʪʜʘʯʠ, ɺʪ/(ʤ2 ʦʉ). 

 ɺʥʝʰʥʠʡ ʚʠʜ ʫʨʘʚʥʝʥʠʷ ʅʴʶʪʦʥʘ ï ʈʠʭʤʘʥʘ ʢʘʞʝʪʩʷ ʧʨʦʱʝ, ʯʝʤ 

ʫʨʘʚʥʝʥʠʷ (2), ʥʦ ʚ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʚʩʷ ʪʷʞʝʩʪʴ ʨʘʩʯʝʪʦʚ ʧʝʨʝʥʦʩʠʪʩʷ 

ʥʘ ʧʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʝʣʠʯʠʥʘ Ŭ ʤʝʥʷʝʪʩʷ ʚ ʦʯʝʥʴ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʦʪ 10 

ʜʦ 106 ɺʪ/(ʤ2Ὴʦʉ), ʯʪʦ ʥʘʣʘʛʘʝʪ ʦʩʦʙʫʶ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʧʨʠ ʝʝ ʚʳʙʦʨʝ. 

 ʇʨʠʨʘʚʥʷʚ ʫʨʘʚʥʝʥʠʷ (2.2) ʠ (2.3), ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʧ.ʧ

.
l

aº
d

 

 ʕʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ 

ʚʣʠʷʥʠʷ ʥʝʢʦʪʦʨʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʚʝʣʠʯʠʥʫ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ 

ʢʦʥʚʝʢʮʠʝʡ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʘ 

ʧʨʠʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʠ ʫʤʝʥʴʰʝʥʠʶ ʪʦʣʱʠʥʳ ʚʷʟʢʦʛʦ 

ʧʦʜʩʣʦʷ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ. 

ʋʚʝʣʠʯʝʥʠʝ ʚʷʟʢʦʩʪʠ ʧʦʪʦʢʘ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʪʦʣʱʠʥʳ ʚʷʟʢʦʛʦ 

ʧʦʜʩʣʦʷ. ʄʝʥʷʷ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʦʪʦʢʘ ʤʦʞʥʦ ʧʨʠ ʧʨʦʯʠʭ 

ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʷʪʴ ʚʝʣʠʯʠʥʫ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ 

ʢʦʥʚʝʢʮʠʝʡ. 

 

 

2.2. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ  

ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ 

 

 ʂʦʥʚʝʢʪʠʚʥʳʡ ʪʝʧʣʦʦʙʤʝʥ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʪʝʧʣʦʚʳʭ 

ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʦʧʠʩʳʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʈʘʩʩʤʦʪʨʠʤ ʵʪʠ ʫʨʘʚʥʝʥʠʷ. 

 ʋʨʘʚʥʝʥʠʝ ʪʝʧʣʦʦʪʜʘʯʠ. ʋ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʘ ʪʝʧʣʦʧʝʨʝʜʘʯʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʪʦʥʢʦʤ ʩʣʦʝ ʞʠʜʢʦʩʪʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʧʦʵʪʦʤʫ ʜʣʷ 

ʩʣʦʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʘʢʦʥ ʌʫʨʴʝ: 

0n

ʜt
q

ʜn=

å õ
=-læ ö
ç ÷

,                         (2.4) 

ʛʜʝ n  ï ʥʦʨʤʘʣʴ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ. 

 ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ʅʴʶʪʦʥʘ ï ʈʠʭʤʘʥʘ, ʠʤʝʝʤ 

q=a( ʧʦʚ t ï ʩt ),                  (2.5) 

ʛʜʝ ʧʦʚt  ï ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʝʥʢʠ, ʩt  ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʧʦʪʦʢʘ. 
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ʇʨʠʨʘʚʥʠʚʘʷ ʧʨʘʚʳʝ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʡ (2.4) ʠ (2.5), ʧʦʣʫʯʘʝʤ 

a=
0nc

ʜ

ʜn=

l Jå õ
- æ ö
Jç ÷

,                                 (2.6) 

ʛʜʝ ʧʦʚJ = ʧʦʚt ï ʩt  ʠ J= tï ʩt . 

 ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʪʦʣʴʢʦ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʜʥʦʡ 

ʢʦʦʨʜʠʥʘʪʳ y  (ʨʠʩ. 2.1), ʥʦʨʤʘʣʴʥʦʡ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ, ʫʨʘʚʥʝʥʠʝ (2.6) 

ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

a=
0c y

ʜ

ʜy
=

å õl J
- æ ö
Jç ÷

.                               (2.6ʘ) 

 ʋʨʘʚʥʝʥʠʝ ʵʥʝʨʛʠʠ. ɺ ʫʨʘʚʥʝʥʠʝ (2.6, ʘ) ʚʭʦʜʠʪ ʪʝʤʧʝʨʘʪʫʨʥʳʡ 

ʛʨʘʜʠʝʥʪ. ʏʪʦʙʳ ʝʛʦ ʥʘʡʪʠ, ʥʫʞʥʦ ʚʳʯʠʩʣʠʪʴ ʧʦʣʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʪʦʨʦʝ 

ʦʧʠʩʳʚʘʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ. ʕʪʦ ʫʨʘʚʥʝʥʠʝ ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ, ʝʩʣʠ ʨʘʩʩʤʦʪʨʝʪʴ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʜʣʷ ʵʣʝʤʝʥʪʘʨʥʦʛʦ 

ʦʙʲʝʤʘ ʩʨʝʜʳ ,d dxdydzu=  ʠʟʤʝʥʝʥʠʝ ʪʝʧʣʦʩʦʜʝʨʞʘʥʠʷ ʢʦʪʦʨʦʛʦ ʚ 

ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʩʦʩʪʘʚʠʪ 

3 ,
Dt

d Q c d
d

= r u
t

                                (2.7) 

ʛʜʝ ʩ ï ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ, r-ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ; Dt /dtï ʧʦʣʥʘʷ 

(ʩʫʙʩʪʘʥʮʠʘʣʴʥʘʷ) ʧʨʦʠʟʚʦʜʥʘʷ ʪʝʤʧʝʨʘʪʫʨʳ. 

 ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʟʤʝʥʝʥʠʝ ʪʝʧʣʦʩʦʜʝʨʞʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʨʘʟʥʦʩʪʴʶ ʢʦʣʠʯʝʩʪʚ ʪʝʧʣʦʪʳ, ʚʥʝʩʝʥʥʦʡ ʚ ʵʪʦʪ ʦʙʲʝʤ ʠ ʚʳʥʝʩʝʥʥʦʡ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʷʤ ʚʩʝʭ ʪʨʝʭ ʦʩʝʡ, ʪ. ʝ. 

    3 .
yx z

ʜqʜq ʜq
d Q d

ʜx ʜy ʜz

å õ
=- + + uæ ö
ç ÷

                            (2.8) 

 ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ʌʫʨʴʝ 

;x

ʜt
q

ʜx
=-l ;y

ʜt
q

ʜy
=-l .z

ʜt
q

ʜz
=-l                            (2.9) 

 ʇʨʠʨʘʚʥʠʚʘʷ ʧʨʘʚʳʝ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʡ (2.7) ʠ (2.8) ʠ ʠʩʧʦʣʴʟʫʷ 

ʫʨʘʚʥʝʥʠʝ (2.9), ʧʦʣʫʯʠʤ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʧʦʩʪʦʷʥʩʪʚʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

Dt

dt
= 

2 2 2

2 2 2
.

ʜ t ʜ t ʜ t
a
ʜx ʜy ʜz

å õ
+ +æ ö

ç ÷
                           (2.10) 

 ʋʯʠʪʳʚʘʷ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʚʨʝʤʝʥʠ ʠ ʢʦʦʨʜʠʥʘʪ, 

ʤʦʞʥʦ ʥʘʧʠʩʘʪʴ 

 

Dt

dt
= ,x y z

ʜt ʜt ʜx ʜt ʜy ʜt ʜz ʜt ʜt ʜt ʜt
w w w

ʜ ʜxʜ ʜyʜ ʜzʜ ʜ ʜx ʜy ʜz
+ + + = + + +
t t t t t

    (2.11) 
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ʪ. ʢ. ʠʟʤʝʥʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʦʦʨʜʠʥʘʪʳ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʝʩʪʴ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʢʦʨʦʩʪʠ ʧʦ ʜʘʥʥʦʡ ʢʦʦʨʜʠʥʘʪʝ. ʆʢʦʥʯʘʪʝʣʴʥʦ ʫʨʘʚʥʝʥʠʝ 

(2.10) ʧʨʠʥʠʤʘʝʪ ʚʠʜ 

 

x y z

ʜt ʜt ʜt ʜt
w w w

ʜ ʜx ʜy ʜz
+ + +
t

= 
2 2 2

2 2 2
.

ʜ t ʜ t ʜ t
a
ʜx ʜy ʜz

å õ
+ +æ ö

ç ÷
      (2.12) 

  

ʋʨʘʚʥʝʥʠʝ (2.12) ʥʘʟʳʚʘʶʪ ʫʨʘʚʥʝʥʠʝʤ ʌʫʨʴʝ ï ʂʠʨʭʛʦʬʘ. 

 ʀʟ ʫʨʘʚʥʝʥʠʷ (2.12) ʚʠʜʥʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʚ ʜʚʠʞʫʱʝʡʩʷ 

ʞʠʜʢʦʩʪʠ ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʢʦʨʦʩʪʠ yx ww ,  ʠ zw . 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʠʭ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʜʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʨʘʚʥʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʦʧʠʩʳʚʘʣʠ ʙ  rʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʊʘʢʠʤʠ 

ʫʨʘʚʥʝʥʠʷʤʠ ʷʚʣʷʶʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ. 

 ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ. ɺʳʚʦʜ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʜʚʠʞʝʥʠʷ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ ʪʨʝʙʫʝʪ ʛʨʦʤʦʟʜʢʠʭ ʚʳʢʣʘʜʦʢ ʠ ʧʨʠʚʦʜʠʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʣʠʪʝʨʘʪʫʨʝ. ʕʪʦʪ ʚʳʚʦʜ ʦʩʥʦʚʘʥ ʥʘ ʚʪʦʨʦʤ ʟʘʢʦʥʝ 

ʅʴʶʪʦʥʘ: ʩʠʣʘ ʨʘʚʥʘ ʤʘʩʩʝ, ʫʤʥʦʞʝʥʥʦʡ ʥʘ ʫʩʢʦʨʝʥʠʝ. 

 ʇʨʠʚʝʜʝʤ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʙʝʟ ʚʳʚʦʜʘ ʚ ʧʨʦʝʢʮʠʠ ʪʦʣʴʢʦ ʥʘ ʦʩʴ 
x : 

x
x

Dw
gq

d
r = -
t

ʜp

ʜx
+m

2 2 2

2 2 2
,x x xʜ w ʜ w ʜ w

ʜx ʜy ʜz

å õ
+ +æ ö

ç ÷
                (2.13) 

 

ʛʜʝ xg ï ʧʨʦʝʢʮʠʷ ʫʩʢʦʨʝʥʠʷ ʩʠʣʳ ʪʷʞʝʩʪʠ ʥʘ ʦʩʴ ʭ; pï ʜʘʚʣʝʥʠʝ 

ʞʠʜʢʦʩʪʠ; mï ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʞʠʜʢʦʩʪʠ. 

 ʋʨʘʚʥʝʥʠʝ ʥʘʧʠʩʘʥʦ ʙʝʟ ʫʯʝʪʘ ʟʘʚʠʩʠʤʦʩʪʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʞʠʜʢʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. 

 ɸʥʘʣʦʛʠʯʥʦ ʫʨʘʚʥʝʥʠʶ (2.13) ʤʦʞʥʦ ʥʘʧʠʩʘʪʴ ʧʨʦʝʢʮʠʠ ʫʨʘʚʥʝʥʠʷ 

ʜʚʠʞʝʥʠʷ ʥʘ ʦʩʠ y  ʠ z. ʉʠʩʪʝʤʘ ʪʘʢʠʭ ʫʨʘʚʥʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʫʨʘʚʥʝʥʠʝ ʅʘʚʴʝ ï ʉʪʦʢʩʘ. 

 ʇʦʩʢʦʣʴʢʫ ʚ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʚʭʦʜʠʪ ʥʝʠʟʚʝʩʪʥʘʷ ʚʝʣʠʯʠʥʘ p , 

ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʝʱʝ ʦʜʥʦ ʫʨʘʚʥʝʥʠʝ. ʊʘʢʠʤ ʫʨʘʚʥʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝ 

ʩʧʣʦʰʥʦʩʪʠ.  

 ʋʨʘʚʥʝʥʠʝ ʩʧʣʦʰʥʦʩʪʠ (ʥʝʨʘʟʨʳʚʥʦʩʪʠ). ʕʪʦ ʫʨʘʚʥʝʥʠʝ ʷʚʣʷʝʪʩʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʚʳʨʘʞʝʥʠʝʤ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ. 

 ɼʣʷ ʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʦʥʦ ʠʤʝʝʪ ʚʠʜ 

 

   
( )( ) ( )
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yx z

ʜ wʜ ʜ w ʜ w
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rr r r
+ + + =
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                           (2.14) 
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ɼʣʷ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ (constr= ) ʧʦʣʫʯʘʝʤ 

 

0
yx x

ʜwʜw ʜw

ʜx ʜy ʜz
+ + =,                  (2.15) 

ʠʣʠ, ʯʪʦ ʪʦ ʞʝ ʩʘʤʦʝ, 

     0di Wu =.       (2.16) 
  

ɺʚʝʜʝʤ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʦʙʦʟʥʘʯʝʥʠʝ 

2

2 2 2
.

ʜ ʜ ʜ

ʜx ʜy ʜz
+ + =Ð 

ʊʦʛʜʘ ʧʨʦʮʝʩʩ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʦʜʥʦʨʦʜʥʦʡ ʩʨʝʜʝ 

ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʝʡ ʩʠʩʪʝʤʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ: 
 

   a=
0ʧʦʚ n

ʜ

ʜn=

l Jå õ
- æ ö
J ç ÷

;            (2.6ʙ) 

              
2 ;

Dt
a t

d
= Ð
t

                 (2.10ʘ) 

2 ; , , ;i
i i

Dw ʜp
q w i x y z

d ʜi
r =r - +mÐ =
t

                     (2.13ʘ) 

0.di Wu =                       (2.16ʘ) 

  

ʉʠʩʪʝʤʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (2.6ʘ), (2.10ʘ), (2.13ʘ) ʠ (2.16) 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪ ɹʙʝʩʯʠʩʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʰʝʥʠʡ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ 

ʧʦʣʫʯʠʪʴ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ, ʥʝʦʙʭʦʜʠʤʦ ʢ ʩʠʩʪʝʤʝ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʨʠʩʦʝʜʠʥʠʪʴ ʫʩʣʦʚʠ ̫ ʦʜʥʦʟʥʘʯʥʦʩʪʠ, 

ʢʦʪʦʨʳʝ ʢʦʥʢʨʝʪʠʟʠʨʫʶʪ ʟʘʜʘʯʫ ʠ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʝʜʠʥʩʪʚʝʥʥʳʝ 

ʨʝʰʝʥʠʷ. ɺ ʫʩʣʦʚʠʷ ʦʜʥʦʟʥʘʯʥʦʩʪʠ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʚʭʦʜʷʪ:  

1) ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʫʩʣʦʚʠ,̫ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʬʦʨʤʫ ʠ ʨʘʟʤʝʨʳ ʪʝʣʘ 

ʠʣʠ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʪʝʢʘʝʪ ʧʨʦʮʝʩʩ;  

2) ʬʠʟʠʯʝʩʢʠʝ ʫʩʣʦʚʠ,̫ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʨʝʜʳ;  

3) ʚʨʝʤʝʥʥʳʝ ʠʣʠ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʧʨʦʮʝʩʩʘ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ; ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʟʘʜʘʯ ʵʪʠ 

ʫʩʣʦʚʠʷ ʦʪʧʘʜʘʶʪ;  

4) ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠ,̫ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ 

ʧʨʦʮʝʩʩʘ ʥʘ ʛʨʘʥʠʮʘʭ ʞʠʜʢʦʡ ʩʨʝʜʳ. 

ɺ ʧʦʩʣʝʜʥʠʭ ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʜʘʥʳ ʛʨʘʥʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʟʘʚʠʩʠʤʳʭ 

(ʠʩʢʦʤʳʭ) ʧʝʨʝʤʝʥʥʳʭ ʠʣʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʣʶʙʦʛʦ 

ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ ʟʘʜʘʶʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʠʣʠ ʪʝʧʣʦʚʳʭ 

ʧʦʪʦʢʦʚ ʠ ʩʢʦʨʦʩʪʝʡ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʠ 

ʩʢʦʨʦʩʪʝʡ ʞʠʜʢʦʩʪʝʡ ʥʘ ʚʭʦʜʝ ʚ ʢʘʥʘʣ ʠʣʠ ʥʘ ʙʦʣʴʰʦʤ ʫʜʘʣʝʥʠʠ ʦʪ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 
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2.3. ʂʨʠʪʝʨʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ  

ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ 

 

 ʈʘʩʩʤʦʪʨʠʤ ʢʦʥʚʝʢʪʠʚʥʳʡ ʪʝʧʣʦʦʙʤʝʥ ʚ ʪʨʫʙʝ. ʀʟ ʫʨʘʚʥʝʥʠʡ (2.6ʘ), 

(2.10ʘ), (2.13ʘ) ʠ (2.16) ʠ ʫʩʣʦʚʠʡ ʦʜʥʦʟʥʘʯʥʦʩʪʠ ʩʣʝʜʫʝʪ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʦʪʜʘʯʠ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʩʣʝʜʫʶʱʠʭ ʚʝʣʠʯʠʥ: ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ w, 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ɚ, ʧʣʦʪʥʦʩʪʠ r, ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ a, ʚʷʟʢʦʩʪʠ m, ʚʨʝʤʝʥʠ t, ʜʣʠʥʳ ʪʨʫʙʳ l ʠ 

ʜʠʘʤʝʪʨʘ ʢʘʥʘʣʘ d. 

 ɺʚʝʜʝʤ ʙʝʟʨʘʟʤʝʨʥʳʝ ʧʝʨʝʤʝʥʥʳʝ: 
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ʇʦʣʫʯʘʝʤ ʠʟ ʫʨʘʚʥʝʥʠʡ (2.6ʘ), (2.10ʘ), (2.13ʘ) ʠ (2.16): 
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ʋʨʘʚʥʝʥʠʝ ʩʧʣʦʰʥʦʩʪʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. ʈʘʟʜʝʣʠʚ ʚʩʝ ʯʣʝʥʳ ʢʘʞʜʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʥʘ ʨʘʟʤʝʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʜʥʦʛʦ ʠʟ ʯʣʝʥʦʚ, ʧʦʣʫʯʘʝʤ 

ʫʨʘʚʥʝʥʠʷ ʚ ʙʝʟʨʘʟʤʝʨʥʦʤ ʚʠʜʝ. 

ɺ ʫʨʘʚʥʝʥʠʠ (2.17) ʨʘʟʜʝʣʠʤ ʚʩʝ ʯʣʝʥʳ ʥʘ 
d
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ʢʨʠʪʝʨʠʡ ʕʡʣʝʨʘ (op ï ʧʦʩʪʦʷʥʥʦʝ ʜʘʚʣʝʥʠʝ, ʦʪ ʢʦʪʦʨʦʛʦ ʚʝʜʝʪʩʷ ʦʪʩʯʝʪ), 

ʧʦʣʫʯʘʝʤ 
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ʀʟ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (2.17ʘ)é(2.19ʘ) ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ 

ʟʥʘʯʝʥʠʝ Nu, Eu, ʠW q, ʪ. ʝ. ʤʦʞʥʦ ʧʦʣʫʯʠʪ ɹ ʟʘʚʠʩʠʤʦʩʪʴ Nu  ʦʪ 

ʩʣʝʜʫʶʱʠʭ ʢʨʠʪʝʨʠʝʚ ʠ ʧʝʨʝʤʝʥʥʳʭ: 

Nu= ( , , ,Fr; Ho;Re).f X Y Z  

  

ʂʨʠʪʝʨʠʡ ʌʫʨʴʝ ʤʦʞʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ:  
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 ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʢʨʠʪʝʨʠʡ Pe ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 
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 ï ʢʨʠʪʝʨʠʡ ʇʨʘʥʜʪʣʷ; n ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ 

ʚʷʟʢʦʩʪʠ ʞʠʜʢʦʩʪʠ. 

ɼʣʷ ʢʨʫʛʣʦʛʦ ʢʘʥʘʣʘ ʜʠʘʤʝʪʨʦʤ d ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʦʪʜʘʯʠ ʧʦʩʪʦʷʥʝʥ ʧʦ ʧʝʨʠʤʝʪʨʫ ʠ ʟʘʚʠʩʠʪ ʣʠʰʴ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʚʜʦʣʴ 

ʪʨʫʙʳ l/d. 

 ʂʦʛʜʘ ʧʣʦʪʥʦʩʪʴ ʠʟʤʝʥʷʝʪʩʷ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʚʤʝʩʪʦ ʢʨʠʪʝʨʠʷ Fr  

ʧʨʦʮʝʩʩ ʢʦʥʚʝʢʪʠʚʥʦʡ ʪʝʧʣʦʦʪʜʘʯʠ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴ ʢʨʠʪʝʨʠʡ, 

ʩʦʜʝʨʞʘʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʲʝʤʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʞʠʜʢʦʩʪʠ ɓ ʠ 
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ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ tD(ʥʘʧʨʠʤʝʨ, ʧʦʚt  ï ʩt ). ʕʪʦ ʢʨʠʪʝʨʠʡ 

ɻʨʘʩʛʦʬʘ: 
3

2
Gr .

gd tb D
=
n

 

 ʆʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʘʝʤ 

    Nu (Re,Pr,Ho, Gr, / ).f l d=                     (2.20) 

 ɿʜʝʩʴ /l d, ʷʚʣʷʷʩʴ ʦʪʥʦʰʝʥʠʝʤ ʜʚʫʭ ʚʝʣʠʯʠʥ ʦʜʠʥʘʢʦʚʦʡ 

ʨʘʟʤʝʨʥʦʩʪʠ, ʥʘʟʳʚʘʝʪʩʷ ʩʠʤʧʣʝʢʩʦʤ. 

 ʈʘʩʩʤʦʪʨʠʤ ʥʝʩʢʦʣʴʢʦ ʧʦʜʨʦʙʥʝʝ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʦʪʜʝʣʴʥʳʭ 

ʢʨʠʪʝʨʠʝʚ. ʆʜʥʘʢʦ ʥʝ ʚʩʝʛʜʘ ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ ʢʨʠʪʝʨʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʪʦʪ ʠʣʠ 

ʠʥʦʡ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʦʙʲʝʜʠʥʝʥʠʝ ʚʝʣʠʯʠʥ ʚ 

ʢʨʠʪʝʨʠʠ ʥʦʩʠʪ ʯʠʩʪʦ ʬʦʨʤʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. 

 ɽʩʣʠ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʦʡ ʞʠʜʢʦʩʪʠ ʠʣʠ ʛʘʟʘ ʪʦʣʱʠʥʦʡ d, ʪʦ ʥʘ 
ʦʩʥʦʚʘʥʠʠ ʪʝʦʨʠʠ ʩʪʘʮʠʦʥʘʨʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚʝʣʠʯʠʥʫ ʫʜʝʣʴʥʦʛʦ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ q  ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟ ʚʳʨʘʞʝʥʠʷ (ɺʪ/ʤ2): q t
d

l
=- D. 

ʕʪʫ ʚʝʣʠʯʠʥʫ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʠ ʪʘʢ: tq D=a . ɺ ʦʙʦʠʭ ʫʨʘʚʥʝʥʠʷʭ 

ʚʝʣʠʯʠʥʘ tD  ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʥʘʧʦʨ. ʇʨʠ ʦʜʥʦʡ ʠ ʪʦʡ 

ʞʝ ʚʝʣʠʯʠʥʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʥʘʧʦʨʘ tD  ʟʥʘʯʝʥʠʷ ʫʜʝʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʘ q , ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʦ ʦʙʦʠʤ ʫʨʘʚʥʝʥʠʷʤ, ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʤʠ. 

ʇʦʵʪʦʤʫ ʢʨʠʪʝʨʠʡ ʅʫʩʩʝʣʴʪʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʫʚʝʣʠʯʝʥʠʝ ʪʝʧʣʦʦʪʜʘʯʠ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʝʜʘʯʝʡ ʪʝʧʣʦʪʳ ʯʠʩʪʦʡ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ. ɽʩʣʠ ʢʨʠʪʝʨʠʡ ʅʫʩʩʝʣʴʪʘ ʨʘʚʝʥ ʝʜʠʥʠʮʝ, ʪʦ ʫʜʝʣʴʥʳʡ 

ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ, ʧʝʨʝʜʘʚʘʝʤʳʡ ʩʪʝʥʢʝ ʢʦʥʚʝʢʮʠʝʡ, ʨʘʚʝʥ ʫʜʝʣʴʥʦʤʫ 

ʪʝʧʣʦʚʦʤʫ ʧʦʪʦʢʫ, ʧʝʨʝʜʘʚʘʝʤʦʤʫ ʟʘ ʩʯʝʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ.  

 ʂʨʠʪʝʨʠʡ ʈʝʡʥʦʣʴʜʩʘ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʩʠʣ 

ʠʥʝʨʮʠʠ ʢ ʩʠʣʘʤ ʪʨʝʥʠʷ: 
2
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wd w

w

d

r
= =
n

m

 

ʪʦ ʯʠʩʣʠʪʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʣʫ ʠʥʝʨʮʠʠ, ʘ ʟʥʘʤʝʥʘʪʝʣʴ ï ʩʠʣʫ ʪʨʝʥʠʷ. 

 ɺ ʚʳʨʘʞʝʥʠʠ ʜʣʷ ʢʨʠʪʝʨʠʷ ʇʨʘʥʜʪʣʷ ʯʠʩʣʠʪʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ n, ʘ ʟʥʘʤʝʥʘʪʝʣʴ ï 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ a. ʇʝʨʚʘʷ ʚʝʣʠʯʠʥʘ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʨʦʮʝʩʩ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʝʨʝʥʦʩʘ ʞʠʜʢʦʩʪʠ ʠʣʠ ʛʘʟʘ ʟʘ ʩʯʝʪ 

ʩʠʣ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ. ʏʝʤ ʙʦʣʴʰʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ, ʪʝʤ ʩʠʣʴʥʝʝ ʪʦʨʤʦʟʠʪʩʷ ʩʣʦʡ ʧʦʪʦʢʘ, 

ʜʚʠʞʫʱʠʡʩʷ ʩ ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʴʶ. ʇʨʠ ʵʪʦʤ ʩʣʦʡ ʩʦʦʙʱʘʝʪ ʙʦʣʴʰʝʝ 

ʫʩʢʦʨʝʥʠʝ ʩʦʩʝʜʥʠʤ ʩʣʦʷʤ, ʜʚʠʞʫʱʠʤʩʷ ʩ ʟʘʤʝʜʣʝʥʥʦʡ ʩʢʦʨʦʩʪʴʶ. 

ʇʦʵʪʦʤʫ ʧʝʨʝʥʦʩ ʠʤʧʫʣʴʩʘ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ ʦʪ ʦʜʥʦʛʦ ʩʣʦʷ ʢ ʜʨʫʛʦʤʫ 
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ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʨʘʟʥʦʩʪʠ ʩʢʦʨʦʩʪʝʡ. ʂʦʵʬʬʠʮʠʝʥʪ 

ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʪʝʣʘ ʧʝʨʝʜʘʚʘʪʴ ʪʝʧʣʦʪʫ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ. ʇʝʨʝʥʦʩ ʞʝ ʪʝʧʣʦʪʳ ʦʪ ʦʜʥʠʭ ʩʣʦʝʚ ʞʠʜʢʦʩʪʠ ʠʣʠ 

ʛʘʟʘ ʢ ʜʨʫʛʠʤ ʦʙʫʩʣʦʚʣʝʥ ʨʘʟʥʦʩʪʴʶ ʪʝʤʧʝʨʘʪʫʨ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʝʣʠʯʠʥʘ 

ʢʨʠʪʝʨʠʷ ʇʨʘʥʜʪʣʷ ʦʧʨʝʜʝʣʷʝʪ ʩʦʙʦʡ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʧʦʣʝʤ ʩʢʦʨʦʩʪʠ 

ʠ ʧʦʣʝʤ ʪʝʤʧʝʨʘʪʫʨ ʜʚʠʞʫʱʝʛʦʩʷ ʧʦʪʦʢʘ. ʇʦʵʪʦʤʫ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, 

ʧʝʨʝʜʘʚʘʝʤʦʡ ʩʪʝʥʢʝ ʠ ʦʧʨʝʜʝʣʷʝʤʦʡ ʚʝʣʠʯʠʥʦʡ (Nu)a , ʟʘʚʠʩʠʪ ʦʪ 

ʭʘʨʘʢʪʝʨʘ ʩʢʦʨʦʩʪʥʳʭ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ. ɼʣʷ ʛʘʟʦʚ ʟʥʘʯʝʥʠʝ 

ʢʨʠʪʝʨʠʷ ʇʨʘʥʜʪʣʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʣʠʰʴ ʘʪʦʤʥʦʩʪʴʶ ʛʘʟʘ. ʊʘʢ, ʜʣʷ ʦʜʥʦʘʪʦʤʥʳʭ ʛʘʟʦʚ Pr 0,67º , ʜʣʷ 

ʜʚʫʭʘʪʦʤʥʳʭ ï ʧʨʠʤʝʨʥʦ 0,73, ʘ ʜʣʷ ʪʨʝʭʘʪʦʤʥʳʭ ï ʧʦʨʷʜʢʘ 0,80. 

 ʉ ʮʝʣʴʶ ʚʳʷʩʥʝʥʠʷ ʩʤʳʩʣʘ ʢʨʠʪʝʨʠʷ ɻʨʘʩʛʦʬʘ ʧʨʝʦʙʨʘʟʫʝʤ ʝʛʦ 

ʚʳʨʘʞʝʥʠʝ:  
3

2
Gr .

g tdb D
=
n

 

 ɼʣʷ ʵʪʦʛʦ ʟʥʘʯʝʥʠʝ n ʧʦʜʩʪʘʚʠʤ ʚ ʚʳʨʘʞʝʥʠʝ, ʦʧʨʝʜʝʣʠʚ ʝʛʦ ʠʟ 

ʢʨʠʪʝʨʠʷ ʈʝʡʥʦʣʴʜʩʘ. ʂʨʦʤʝ ʪʦʛʦ, ʯʠʩʣʠʪʝʣʴ ʠ ʟʥʘʤʝʥʘʪʝʣʴ ʫʤʥʦʞʠʤ ʥʘ r. 

ʊʦʛʜʘ ʧʦʣʫʯʠʤ  

2

2
Gr Re .

g td

w

rb D
=
r

 

 ɺ ʵʪʦʤ ʚʳʨʘʞʝʥʠʠ ʯʠʩʣʠʪʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʜʲʝʤʥʫʶ ʩʠʣʫ, 

ʘ ʟʥʘʤʝʥʘʪʝʣʴ ï ʩʠʣʫ ʠʥʝʨʮʠʠ ʜʚʠʞʫʱʝʛʦʩʷ ʧʦʪʦʢʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʢʨʠʪʝʨʠʡ ɻʨʘʩʛʦʬʘ ʦʧʨʝʜʝʣʷʝʪ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʵʪʠʤʠ ʩʠʣʘʤʠ, 

ʦʪʥʝʩʝʥʥʳʤʠ ʢ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ ʜʚʠʞʫʱʝʛʦʩʷ ʛʘʟʘ ʠʣʠ ʞʠʜʢʦʩʪʠ.  

 ʂʨʠʪʝʨʠʡ ʛʦʤʦʭʨʦʥʥʦʩʪʠ Ho oW

d

t
=  ʤʦʞʝʪ ʪʨʘʢʪʦʚʘʪʴʩʷ ʢʘʢ 

ʦʪʥʦʰʝʥʠʝ ʚʨʝʤʝʥʠ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʢ ʥʝʢʦʪʦʨʦʤʫ ʤʘʩʰʪʘʙʫ, ʨʘʚʥʦʤʫ 

ʚʨʝʤʝʥʠ ʧʝʨʝʤʝʱʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʵʣʝʤʝʥʪʘ ʞʠʜʢʦʩʪʠ ʩʦ ʩʢʦʨʦʩʪʴʶ 

oW  ʥʘ ʧʫʪʠ d.  

 ʇʦʩʣʝ ʚʳʷʩʥʝʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ ʢʨʠʪʝʨʠʝʚ ʥʝʪʨʫʜʥʦ ʩʜʝʣʘʪʴ 

ʩʣʝʜʫʶʱʠʡ ʚʝʩʴʤʘ ʚʘʞʥʳʡ ʚʳʚʦʜ. ʆʯʝʚʠʜʥʦ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʦʦʪʥʦʰʝʥʠʷ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʠʣ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠ ʨʘʟʣʠʯʥʳʝ ʨʘʩʯʝʪʥʳʝ 

ʫʨʘʚʥʝʥʠʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʝʥʷʝʪʩʷ ʠ ʬʦʨʤʘ ʢʨʠʪʝʨʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

(2.20). ʊʘʢ, ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʳʥʫʞʜʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʫʩʣʦʚʠʷʭ ʙʫʜʫʪ ʦʪʩʫʪʩʪʚʦʚʘʪʴ ʢʨʠʪʝʨʠʠ ʈʝʡʥʦʣʴʜʩʘ ʠ ʛʦʤʦʭʨʦʥʥʦʩʪʠ: 

Nu (Gr, Pr)f= . 

 ɺ ʚʳʥʫʞʜʝʥʥʳʭ ʩʪʘʮʠʦʥʘʨʥʳʭ ʪʫʨʙʫʣʝʥʪʥʳʭ ʧʦʪʦʢʘʭ ʚʣʠʷʥʠʝʤ 

ʥʘ ʪʝʧʣʦʦʙʤʝʥ ʧʦʜʲʝʤʥʳʭ ʩʠʣ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ, ʪ. ʝ. ʠʩʢʣʶʯʠʪʴ ʠʟ 

ʢʨʠʪʝʨʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʢʨʠʪʝʨʠʡ Gr , ʪʦʛʜʘ 
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Nu (Re,Pr, / )f l d= . 

 ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʟʜʝʣʝʥʠʝ ʧʦʪʦʢʦʚ ʧʦ ʨʝʞʠʤʫ ʜʚʠʞʝʥʠʷ 

ʥʘ ʣʘʤʠʥʘʨʥʳʝ ʠ ʪʫʨʙʫʣʝʥʪʥʳʝ ʩʧʨʘʚʝʜʣʠʚʦ ʪʦʣʴʢʦ ʜʣʷ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ 

ʪʝʯʝʥʠʡ. ʇʨʠ ʥʝʠʟʦʪʝʨʤʠʯʝʩʢʦʤ ʪʝʯʝʥʠʠ ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ 

ʚʥʫʪʨʠ ʧʦʪʦʢʘ ʦʙʷʟʘʪʝʣʴʥʦ ʚʦʟʥʠʢʘʝʪ ʝʩʪʝʩʪʚʝʥʥʦʝ ʩʚʦʙʦʜʥʦʝ ʜʚʠʞʝʥʠʝ, 

ʪʫʨʙʫʣʠʟʠʨʫʶʱʝʝ ʧʦʪʦʢ. ɺʣʠʷʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʜʚʠʞʝʥʠʷ ʥʘ ʪʝʧʣʦʦʙʤʝʥ 

ʩʠʣʴʥʝʝ ʧʨʠ ʤʝʥʴʰʝʡ ʩʢʦʨʦʩʪʠ ʚʳʥʫʞʜʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʘ, ʦʩʦʙʝʥʥʦ 

ʧʨʠ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʜʚʠʞʝʥʠʷ ʪʝʧʣʦʥʦʩʠʪʝʣʷ. ʇʦʵʪʦʤʫ ʚ 

ʪʝʦʨʠʠ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʢʘʥʘʣʘʭ ʪʫʨʙʫʣʝʥʪʥʳʤ ʩʯʠʪʘʝʪʩʷ 

ʨʝʞʠʤ ʜʚʠʞʝʥʠʷ ʧʨʠ ʯʠʩʣʝ ʈʝʡʥʦʣʴʜʩʘ ʙʦʣʝʝ 104, ʘ ʣʘʤʠʥʘʨʥʳʤ ï ʧʨʠ 

ʚʝʣʠʯʠʥʝ ʢʨʠʪʝʨʠʷ ʈʝʡʥʦʣʴʜʩʘ ʤʝʥʴʰʝ 2 . 103. ɺ ʠʥʪʝʨʚʘʣʝ 2 . 103  < Re < 

104 ʥʘʭʦʜʠʪʩʷ ʟʦʥʘ ʧʝʨʝʭʦʜʥʳʭ ʪʝʯʝʥʠʡ. 

 

 

2.4. ʊʝʧʣʦʦʪʜʘʯʘ ʧʨʠ ʩʚʦʙʦʜʥʦʡ ʢʦʥʚʝʢʮʠʠ 

 

2.4.1. ʍʘʨʘʢʪʝʨ ʩʚʦʙʦʜʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʦʚ  

ʚ ʙʦʣʴʰʦʤ ʦʙʲʝʤʝ 

 

 ʉʚʦʙʦʜʥʦʝ ʜʚʠʞʝʥʠʝ ʛʘʟʦʚ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʚ ʩʫʰʠʣʘʭ, ʘ ʪʘʢʞʝ 

ʚʦʢʨʫʛ ʥʘʨʫʞʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʛʨʘʞʜʝʥʠʷ ʧʝʯʝʡ, ʚʦʟʜʫʭʦ-, ʛʘʟʦʧʨʦʚʦʜʦʚ 

ʠ ʪ. ʜ. ʆʥʦ ʚʳʟʳʚʘʝʪʩʷ ʤʝʩʪʥʳʤ ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʥʘʛʨʝʚʦʤ ʠʣʠ 

ʦʭʣʘʞʜʝʥʠʝʤ ʪʝʧʣʦʥʦʩʠʪʝʣʷ. 

 ʅʘ ʨʠʩ. 2.3 ʧʦʢʘʟʘʥ ʭʘʨʘʢʪʝʨ ʩʚʦʙʦʜʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ ʚʜʦʣʴ 

ʥʘʛʨʝʪʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʪʨʫʙʳ.  

 

 

 
ʈʠʩ. 2.3. ʍʘʨʘʢʪʝʨ ʩʚʦʙʦʜʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩ ʠʟʤʝʥʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ  
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ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʧʦ ʜʣʠʥʝ ʚʝʨʪʠʢʘʣʴʥʦʡ ʥʘʛʨʝʪʦʡ ʪʨʫʙʳ 

ʋ ʥʠʞʥʝʛʦ ʢʦʥʮʘ ʪʨʫʙʳ (1) ʥʘʙʣʶʜʘʝʪʩʷ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʦʝ 

ʣʘʤʠʥʘʨʥʦʝ ʜʚʠʞʝʥʠʝ. ʅʘ ʥʝʢʦʪʦʨʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʥʠʞʥʝʛʦ ʢʦʥʮʘ ʪʨʫʙʳ 

(2) ʣʘʤʠʥʘʨʥʦʝ ʜʚʠʞʝʥʠʝ ʥʘʨʫʰʘʝʪʩʷ. ʇʦʤʠʤʦ ʣʘʤʠʥʘʨʥʦʛʦ ʧʦʜʩʣʦʷ, 

ʧʨʠʤʳʢʘʶʱʝʛʦ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʳ, ʥʘ ʧʝʨʠʬʝʨʠʠ ʜʚʠʞʫʱʝʛʦʩʷ ʧʦʪʦʢʘ 

ʧʦʷʚʣʷʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʠʩʢʨʠʚʣʝʥʥʳʝ ʩʪʨʫʡʢʠ. ɿʘʪʝʤ ʠʩʢʨʠʚʣʝʥʠʝ ʩʪʨʫʝʢ 

ʫʩʠʣʠʚʘʝʪʩʷ, ʠ ʣʘʤʠʥʘʨʥʳʡ ʭʘʨʘʢʪʝʨ ʜʚʠʞʝʥʠʷ ʩʤʝʥʷʝʪʩʷ ʪʫʨʙʫʣʝʥʪʥʳʤ 

(3). ɸʥʘʣʦʛʠʯʥʳʡ ʭʘʨʘʢʪʝʨ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʥʘʛʨʝʪʳʭ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʣʠʪ. ɽʩʣʠ ʞʝ ʨʘʟʤʝʨʳ ʪʝʣʘ ʧʦ ʚʳʩʦʪʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳ, 

ʪʦ ʣʘʤʠʥʘʨʥʳʡ ʭʘʨʘʢʪʝʨ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʘ ʤʦʞʝʪ ʩʦʭʨʘʥʷʪʴʩʷ ʜʦ 

ʥʝʢʦʪʦʨʦʡ ʚʳʩʦʪʳ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʥʘʛʨʝʪʦʛʦ ʪʝʣʘ. ʉʤʝʥʘ ʣʘʤʠʥʘʨʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʪʫʨʙʫʣʝʥʪʥʳʤ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʚʳʩʦʪʝ, ʨʘʚʥʦʡ ʧʨʠʤʝʨʥʦ ʜʚʫʤ 

ʜʠʘʤʝʪʨʘʤ ʪʨʫʙʳ. ʇʨʠ ʙʦʣʴʰʝʤ ʜʠʘʤʝʪʨʝ ʪʨʫʙʳ ʥʘʩʪʫʧʣʝʥʠʝ 

ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʨʝʞʠʤʘ ʥʘʯʠʥʘʝʪʩʷ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʳ. 

ʍʘʨʘʢʪʝʨ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʦʚ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʧʣʠʪ ʟʘʚʠʩʠʪ ʦʪ ʠʭ 

ʨʘʟʤʝʨʦʚ, ʘ ʪʘʢʞʝ ʦʪ ʪʦʛʦ, ʢʫʜʘ ʦʙʨʘʱʝʥʘ ʪʝʧʣʦʦʪʜʘʶʱʘʷ ʧʦʚʝʨʭʥʦʩʪʴ.  

ʅʘ ʨʠʩ. 2.4, ʘ ʧʦʢʘʟʘʥ ʭʘʨʘʢʪʝʨ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ ʫ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʣʠʪʳ, ʠʤʝʶʱʝʡ ʥʝʙʦʣʴʰʠʝ ʨʘʟʤʝʨʳ. ʇʣʠʪʘ ʦʙʨʘʱʝʥʘ ʪʝʧʣʦʦʪʜʘʶʱʝʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʚʝʨʭ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʤʝʝʪʩʷ ʦʜʠʥ ʚʦʩʭʦʜʷʱʠʡ ʧʦʪʦʢ 

ʚʦʟʜʫʭʘ. ʍʦʣʦʜʥʳʡ ʚʦʟʜʫʭ ʧʦʩʪʫʧʘʝʪ ʢ ʦʩʥʦʚʘʥʠʶ ʧʦʪʦʢʘ ʩ ʢʨʘʝʚ 

ʧʣʘʩʪʠʥʳ. ɽʩʣʠ ʨʘʟʤʝʨʳ ʧʣʘʩʪʠʥʳ ʫʚʝʣʠʯʠʪʴ, ʙʫʜʝʪ ʠʥʦʡ ʭʘʨʘʢʪʝʨ 

ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʦʚ. ʊʦʛʜʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʦʚ ʧʣʠʪʳ ʤʦʞʝʪ 

ʚʦʟʥʠʢʥʫʪʴ ʥʝʩʢʦʣʴʢʦ ʚʦʩʭʦʜʷʱʠʭ ʧʦʪʦʢʦʚ. ʋ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʠʪʳ 

ʚʦʟʥʠʢʘʶʪ ʟʦʥʳ ʩ ʧʦʥʠʞʝʥʥʳʤ ʜʘʚʣʝʥʠʝʤ, ʚ ʢʦʪʦʨʳʝ ʫʩʪʨʝʤʣʷʶʪʩʷ ʩʣʦʠ 

ʚʦʟʜʫʭʘ, ʠʤʝʶʱʠʝ ʙʦʣʝʝ ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦʵʪʦʤʫ ʥʘʨʷʜʫ ʩ 

ʚʦʩʭʦʜʷʱʠʤʠ ʧʦʪʦʢʘʤʠ ʚʦʟʥʠʢʘʶʪ ʠ ʥʠʩʭʦʜʷʱʠʝ (ʨʠʩ. 2.4, ʙ). 

 
ʈʠʩ. 2.4. ʍʘʨʘʢʪʝʨ ʩʚʦʙʦʜʥʦʛʦ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ  

ʦʢʦʣʦ ʥʘʛʨʝʪʳʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʧʣʠʪ 
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ɽʩʣʠ ʞʝ ʥʘʛʨʝʪʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʱʝʥʘ ʚʥʠʟ, ʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʜʚʠʞʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʣʠʰʴ ʚ ʪʦʥʢʦʤ ʩʣʦʝ ʧʦʜ ʧʦʚʝʨʭʥʦʩʪʴʶ (ʨʠʩ. 2.4, ʚ), 

ʦʩʪʘʣʴʥʘʷ ʤʘʩʩʘ ʞʠʜʢʦʩʪʠ ʥʠʞʝ ʵʪʦʛʦ ʩʣʦʷ ʦʩʪʘʝʪʩʷ ʥʝʧʦʜʚʠʞʥʦʡ. 

 

 

2.4.2. ʈʘʩʯʝʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ  

ʚ ʙʦʣʴʰʦʤ ʦʙʲʝʤʝ  

 
 ʇʦ ʠʟʫʯʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʫʩʣʦʚʠʷʭ ʩʚʦʙʦʜʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʨʘʟʥʳʤʠ ʪʝʣʘʤʠ ʠ ʨʘʟʣʠʯʥʳʤʠ 

ʞʠʜʢʦʩʪʷʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʦʙʱʝʥʠʷ ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ ʧʦʣʫʯʝʥʳ 

ʢʨʠʪʝʨʠʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʝʧʣʦʦʪʜʘʯʠ. ɺ ʵʪʠʭ ʬʦʨʤʫʣʘʭ ʚ ʢʘʯʝʩʪʚʝ ʦʧʨʝʜʝʣʷʶʱʝʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʠʥʷʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʩt . ɺ ʢʘʯʝʩʪʚʝ ʦʧʨʝʜʝʣʷʶʱʝʛʦ 

ʨʘʟʤʝʨʘ ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʪʨʫʙ ʧʨʠʥʷʪ ʜʠʘʤʝʪʨ d , ʘ ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ï ʚʳʩʦʪʘ h . 

 ɿʘʢʦʥʦʤʝʨʥʦʩʪʴ ʩʨʝʜʥʝʡ ʪʝʧʣʦʦʪʜʘʯʠ ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʪʨʫʙ 

ʜʠʘʤʝʪʨʦʤ d  ʧʨʠ 3 810 Gr Pr 10ʩ ʩ< <  ʠʤʝʝʪ ʚʠʜ 
0,25 0,25

ʧʦʚNu 0,5(Gr Pr ) (Pr / Pr )ʩ ʩ ʩ ʩ= ,                     (2.21) 

 

ʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʩʨʝʜʥʝʡ ʪʝʧʣʦʦʪʜʘʯʠ ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

(ʪʨʫʙʳ, ʧʣʘʩʪʠʥʳ) ʩʣʝʜʫʶʱʘʷ: 

 

ʘ) ʧʨʠ 3 910 Gr Pr 10ʩ ʩ< <  (ʣʘʤʠʥʘʨʥʳʡ ʨʝʞʠʤ) 
0,25 0,25

ʞ ʧʦʚNu 0,76(Gr Pr ) (Pr / Pr )ʩ ʩ ʩ= ;       (2.22) 

ʙ) ʧʨʠ 9Gr Pr 10ʩ ʩ>  (ʪʫʨʙʫʣʝʥʪʥʳʡ ʨʝʞʠʤ) 
0,33 0,25

ʧʦʚNu 0,15(Gr Pr ) (Pr / Pr )ʩ ʩ ʩ ʩ= .              (2.23) 

  

ɼʣʷ ʛʘʟʦʚ Pr const= , ʘ ʩ ʧʦʚPr / Pr = 1, ʠ ʧʦʪʦʤʫ ʚʩʝ ʧʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ 

ʨʘʩʯʝʪʥʳʝ ʬʦʨʤʫʣʳ ʫʧʨʦʱʘʶʪʩʷ. 

ʌʦʨʤʫʣʘ (2.21) ʧʨʠʤʝʥʠʤʘ ʠ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʪʝʧʣʦʦʪʜʘʯʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʧʣʠʪ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘ ʦʧʨʝʜʝʣʷʶʱʠʡ ʨʘʟʤʝʨ 

ʙʝʨʝʪʩʷ ʥʝ ʚʳʩʦʪʘ, ʘ ʤʝʥʴʰʘʷ ʩʪʦʨʦʥʘ ʧʣʠʪʳ. ɽʩʣʠ ʧʨʠ ʵʪʦʤ ʥʘʛʨʝʪʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʱʝʥʘ ʚʚʝʨʭ, ʪʦ ʚʳʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʝʧʣʦʦʪʜʘʯʠ ʩʣʝʜʫʝʪ ʫʚʝʣʠʯʠʪʴ ʥʘ 30 %. ɽʩʣʠ ʞʝ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʱʝʥʘ 

ʚʥʠʟ, ʪʦ ʚʝʣʠʯʠʥʫ a ʩʣʝʜʫʝʪ ʫʤʝʥʴʰʠʪʴ ʥʘ 30 %. 

ɺʝʣʠʯʠʥʳ ,n l ʠ Pr ʥʝʦʙʭʦʜʠʤʳʝ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʨʘʩʯʝʪʦʚ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʧʨʝʜʝʣʷʶʱʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʩ ʧʦʤʦʱʴʶ ʪʘʙʣ. 2.1, 2.2. 
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ʅʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʫʨʘʚʥʝʥʠʷ (2.21)é(2.23) ʧʦʟʚʦʣʷʶʪ 

ʦʧʨʝʜʝʣʷʪʴ ʣʠʰʴ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ. 

 
ʊʘʙʣʠʮʘ 2.1 

ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʧʨʠ ʜʘʚʣʝʥʠʠ 760 ʤʤ ʨʪ.ʩʪ.  

(
2
ʅʆ 0,11;ʈ =  

2
ʉʆ 0,13;ʈ =  

2
N 0,76ʈ = ) 

o, Ct  3

,

ʢʛ/ʤ

r
 

o

,

ʢɼʞ/(ʢʛ C)

Cr

Ö
 

2

o

10 ,

ɺʪ/(ʤ C)

lÖ

Ö
 

6

2

10 ,

ʤ /ʩ

aÖ
 

6

2

10 ,

H c/ʤ

mÖ

Ö
 

6

2

10 ,

ʤ /c

nÖ
 Pr  

0 1,295 1,042 2,28 16,9 15,8 12,20 0,72 

100 0,950 1,068 3,13 30,8 20,4 21,54 0,69 

200 0,748 1,097 4,01 48,9 24,5 32,80 0,67 

300 0,617 1,122 4,84 69,9 28,2 45,81 0,65 

400 0,525 1,151 5,70 94,3 31,7 60,38 0,64 

500 0,457 1,185 6,56 121,1 34,8 76,30 0,63 

600 0,405 1,214 7,42 150,9 37,9 93,61 0,62 

700 0,363 1,239 8,27 183,8 40,7 112,1 0,61 

800 0,330 1,264 9,15 219,7 43,4 131,8 0,60 

900 0,301 1,290 10,00 258,0 45,9 152,5 0,59 

1000 0,275 1,306 10,90 303,4 48,4 174,3 0,58 

1100 0,257 1,323 11,75 345,5 50,7 197,1 0,57 

1200 0,240 1,340 12,62 392,4 53,0 221,0 0,56 

 
ʊʘʙʣʠʮʘ 2.2 

ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʫʭʦʛʦ ʚʦʟʜʫʭʘ ʧʨʠ ʜʘʚʣʝʥʠʠ 760 ʤʤ ʨʪ. ʩʪ. 

o, Ct  3

,

ʢʛ/ʤ

r
 

o

,

ʢɼʞ/(ʢʛ C)

Cr

Ö
 

2

o

10 ,

ɺʪ/(ʤ C)

lÖ

Ö
 

6

2

10 ,

ʤ /ʩ

aÖ
 

6

2

10 ,

H c/ʤ

mÖ

Ö
 

6

2

10 ,

ʤ /c

nÖ
 Pr  

ï50 

ï40 

ï30 

ï20 

ï10 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

120 

140 

160 

1,584 

1,515 

1,453 

1,395 

1,342 

1,293 

1,247 

1,205 

1,165 

1,128 

1,093 

1,060 

1,029 

1,000 

0,972 

0,946 

0,898 

0,854 

0,815 

1,013 

1,013 

1,013 

1,009 

1,009 

1,005 

1,005 

1,005 

1,005 

1,005 

1,005 

1,005 

1,009 

1,009 

1,009 

1,009 

1,009 

1,013 

1,017 

2,04 

2,12 

2,20 

2,28 

2,36 

2,44 

2,51 

2,59 

2,67 

2,76 

2,83 

2,90 

2,96 

3,05 

3,13 

3,21 

3,34 

3,49 

3,64 

12,7 

13,8 

14,9 

16,2 

17,4 

18,8 

20,0 

21,4 

22,9 

24,3 

25,7 

27,2 

28,6 

30,2 

31,9 

33,6 

36,8 

40,3 

43,9 

14,6 

15,2 

15,7 

16,2 

16,7 

17,2 

17,6 

18,1 

18,6 

19,1 

19,6 

20,1 

20,6 

21,1 

21,5 

21,9 

22,8 

23,7 

24,5 

9,23 

10,04 

10,80 

12,79 

12,43 

13,28 

14,16 

15,06 

16,00 

16,96 

17,95 

18,97 

20,02 

21,09 

22,10 

23,13 

25,45 

27,80 

30,09 

0,728 

0,728 

0,723 

0,716 

0,712 

0,707 

0,705 

0,703 

0,701 

0,699 

0,698 

0,696 

0,694 

0,692 

0,690 

0,688 

0,686 

0,684 

0,682 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣ. 2.2 

o, Ct  3

,

ʢʛ/ʤ

r
 

o

,

ʢɼʞ/(ʢʛ C)

Cr

Ö
 

2

o

10 ,

ɺʪ/(ʤ C)

lÖ

Ö
 

6

2

10 ,

ʤ /ʩ

aÖ
 

6

2

10 ,

H c/ʤ

mÖ

Ö
 

6

2

10 ,

ʤ /c

nÖ
 Pr  

180 

200 

250 

300 

350 

400 

500 

600 

700 

800 

900 

1000 

1100 

1200 

0,779 

0,746 

0,674 

0,615 

0,566 

0,524 

0,456 

0,404 

0,362 

0,329 

0,301 

0,277 

0,257 

0,239 

1,022 

1,026 

1,038 

1,047 

1,059 

1,068 

1,093 

1,114 

1,135 

1,156 

1,172 

1,185 

1,197 

1,210 

3,78 

3,93 

4,27 

4,60 

4,91 

5,21 

5,74 

6,22 

6,71 

7,18 

7,63 

8,07 

8,50 

9,15 

47,5 

51,4 

61,0 

71,6 

81,9 

93,1 

115,3 

138,3 

163,4 

188,8 

216,2 

245,9 

276,2 

316,5 

25,3 

26,0 

27,4 

29,7 

31,4 

33,0 

36,2 

39,1 

41,8 

44,3 

46,7 

49,0 

51,2 

53,5 

32,49 

34,85 

40,61 

48,33 

55,46 

63,09 

79,38 

96,89 

115,4 

134,8 

155,1 

177,1 

199,3 

233,7 

0,681 

0,680 

0,677 

0,674 

0,676 

0,678 

0,687 

0,699 

0,706 

0,713 

0,717 

0,719 

0,722 

0,724 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʭʘʨʘʢʪʝʨʘ ʜʚʠʞʝʥʠʷ ʤʝʥʷʝʪʩʷ ʠ ʤʝʩʪʥʳʡ 

(ʣʦʢʘʣʴʥʳʡ) ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ. ʅʦ ʝʩʣʠ ʜʦʧʫʩʪʠʪʴ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ 

ʫʯʘʩʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʛʨʝʪʦʛʦ ʪʝʣʘ ʦʪʜʘʶʪ ʪʝʧʣʦʪʫ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ 

ʩ ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ, ʪʦ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʵʪʠʭ ʫʯʘʩʪʢʦʚ ʙʫʜʝʪ 

ʨʘʟʣʠʯʥʦʡ. 

ɹʦʣʝʝ ʥʘʛʣʷʜʥʦ ʵʪʫ ʤʳʩʣʴ ʤʦʞʥʦ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʪʴ ʨʠʩ. 2.3, ʥʘ 

ʢʦʪʦʨʦʤ ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʦ ʜʣʠʥʝ ʥʘʛʨʝʪʦʛʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʩʪʝʨʞʥʷ. ɿʜʝʩʴ ʦʙʣʘʩʪʴ 1 ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʣʘʤʠʥʘʨʥʦʤʫ ʨʝʞʠʤʫ, ʦʙʣʘʩʪʴ 2 ï ʧʝʨʝʭʦʜʥʦʤʫ ʠ ʦʙʣʘʩʪʴ 3 ï 

ʪʫʨʙʫʣʝʥʪʥʦʤʫ ʨʝʞʠʤʫ. 

 ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʦʪʜʘʯʠ ʧʨʠ ʩʚʦʙʦʜʥʦʤ 

ʜʚʠʞʝʥʠʠ ʱʝʣʦʯʥʳʭ ʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠ ʠʭ ʩʧʣʘʚʦʚ ʤʦʞʥʦ 

ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʣʝʜʫʶʱʠʤ ʫʨʘʚʥʝʥʠʝʤ: 
0,4Nu Gr Pr .nC=                     (2.24) 

  

ɺʝʣʠʯʠʥʳ C  ʠ n  ʚʳʙʠʨʘʶʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʷ 

ɻʨʘʩʛʦʬʘ: ʝʩʣʠ 2 9Gr 10 ...10 ,=  ʪʦ 0,52,C=  ʘ 0,25;n=  ʧʨʠ 9 13Gr 10 ...10 ,=

0,106C=  ʠ 0,33.n=  

 ɿʘ ʦʧʨʝʜʝʣʷʶʱʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʟʜʝʩʴ ʧʨʠʥʷʪʘ ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʆʇ ʧʦʚ0,5( )ʩt t t= + , ʟʘ ʦʧʨʝʜʝʣʷʶʱʠʡ ʨʘʟʤʝʨ ʜʣʷ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʣʠʪ ï ʚʳʩʦʪʘ, ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʪʨʫʙ ï ʚʥʝʰʥʠʡ ʜʠʘʤʝʪʨ. 

  ɼʣʷ ʧʨʠʙʣʠʞʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʪʝʧʣʦʦʙʤʝʥʘ ʩʚʦʙʦʜʥʦʡ ʢʦʥʚʝʢʮʠʝʡ 

ʚ ʥʝʦʛʨʘʥʠʯʝʥʥʦʤ ʦʙʲʝʤʝ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʧʦʨʷʜʢʘ 10 % ʜʣʷ ʨʷʜʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʦʟʤʦʞʥʳʭ ʩʣʫʯʘʝʚ ʤʦʞʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʬʦʨʤʫʣʦʡ 

.mA ta= D                           (2.25) 
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 ɿʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ A ʠ m ʚ ʬʦʨʤʫʣʝ (2.25) ʚʳʙʠʨʘʶʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʬʦʨʤʳ ʠ ʧʦʣʦʞʝʥʠʷ ʪʝʧʣʦʦʪʜʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʪʘʙʣ. 2.3). 

 
ʊʘʙʣʠʮʘ 2.3 

ɿʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ ɸ ʠ m 

ɺʝʣʠʯʠʥʘ 
ʇʣʠʪʘ ʊʨʫʙʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʚʝʨʪʠʢʘʣʴʥʘʷ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʚʝʨʪʠʢʘʣʴʥʘʷ 

A  3,25 2,56 31,12 d  30,72 d  

m 0,25 0,25 0,23 0,23 

 

 

 

2.4.3. ʊʝʧʣʦʦʙʤʝʥ ʩʚʦʙʦʜʥʦʡ ʢʦʥʚʝʢʮʠʝʡ 

 ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ ʦʙʲʝʤʝ  

 

 ɺ ʦʛʨʘʥʠʯʝʥʥʦʤ ʦʙʲʝʤʝ ʪʝʧʣʦʦʙʤʝʥ ʩʚʦʙʦʜʥʦʡ ʢʦʥʚʝʢʮʠʝʡ ʤʝʞʜʫ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠ ʩʨʝʜʦʡ ʠʤʝʝʪ ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ. 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʭʘʨʘʢʪʝʨ ʧʝʨʝʤʝʱʝʥʠʷ ʩʨʝʜʳ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ, ʬʦʨʤʳ 

ʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʥʘʛʨʝʪʳʭ, ʥʦ ʠ ʭʦʣʦʜʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ.  

ʅʘ ʨʠʩ. 2.5 ʧʦʢʘʟʘʥ ʭʘʨʘʢʪʝʨ ʜʚʠʞʝʥʠʷ ʛʘʟʦʚ ʤʝʞʜʫ ʜʚʫʤʷ ʧʘʨʘʤʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʧʣʦʩʢʦʩʪʝʡ ʠ ʢʦʘʢʩʠʘʣʴʥʳʤʠ ʮʠʣʠʥʜʨʘʤʠ. 

 

 

 
 

ʈʠʩ. 2.5. ʉʚʦʙʦʜʥʦʝ ʜʚʠʞʝʥʠʝ ʛʘʟʘ ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ ʦʙʲʝʤʝ  

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʨʦʩʣʦʡʢʠ:  
ʘ ï ʩ ʚʝʨʭʥʝʡ ʥʘʛʨʝʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ; ʙ ï ʩ ʥʠʞʥʝʡ ʥʘʛʨʝʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ;  

ʚ ï ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʧʨʦʩʣʦʡʢʠ ʩ ʚʝʨʭʥʝʡ ʥʘʛʨʝʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ;  

ʛ ï ʩ ʚʥʫʪʨʝʥʥʝʡ ʥʠʞʥʝʡ ʥʘʛʨʝʪʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 
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ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʩʠʩʪʝʤʳ ʪʝʣ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘʛʨʝʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʤʝʥʷʝʪʩʷ ʠ ʭʘʨʘʢʪʝʨ 

ʜʚʠʞʝʥʠʷ ʩʨʝʜʳ. ʂʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʧʝʨʝʥʦʩʠʤʦʝ ʦʪ ʛʦʨʷʯʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢ ʭʦʣʦʜʥʦʡ ʯʝʨʝʟ ʚʝʨʪʠʢʘʣʴʥʳʡ ʩʣʦʡ ʞʠʜʢʦʩʪʠ, ʠʥʦʛʜʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʝʩʣʠ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʩʪʝʥʢʘʤʠ 

ʨʘʟʜʝʣʝʥʦ ʪʦʥʢʠʤʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʧʝʨʝʛʦʨʦʜʢʘʤʠ ʥʘ ʤʝʥʴʰʠʝ ʦʙʲʝʤʳ.  

ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʪʦʣʱʠʥʳ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʝʚ, ʘ ʪʘʢʞʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʨʝʜʳ ʤʝʞʜʫ ʭʦʣʦʜʥʦʡ ʠ ʛʦʨʷʯʝʡ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʩʪʝʥʢʘʤʠ 

ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 2.6. ʊʦʣɦʠʥʘ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʥʘ ʥʘʛʨʝʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩʥʠʟʫ ʚʚʝʨʭ, ʘ ʥʘ ʭʦʣʦʜʥʦʡ ï ʩʚʝʨʭʫ ʚʥʠʟ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʩʨʝʜʳ ʨʝʟʢʦ ʤʝʥʷʝʪʩʷ ʧʦ ʪʦʣʱʠʥʝ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ. ɺ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʝʞʜʫ ʧʦʛʨʘʥʠʯʥʳʤʠ ʩʣʦʷʤʠ ʪʝʤʧʝʨʘʪʫʨʘ ʩʨʝʜʳ ʧʦʯʪʠ ʥʝ 

ʠʟʤʝʥʷʝʪʩʷ. 

  

 

 
ʈʠʩ. 2.6. ʀʟʤʝʥʝʥʠʝ ʪʦʣʱʠʥʳ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʝʚ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʨʝʜʳ  

ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ ʦʙʲʝʤʝ: 
ʘ ï ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ ʥʘ ʛʦʨʷʯʝʡ ʩʪʝʥʢʝ; ʙ ï ʮʝʥʪʨʘʣʴʥʦʝ ʷʜʨʦ; 

 ʚ ï ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ ʥʘ ʭʦʣʦʜʥʦʡ ʩʪʝʥʢʝ 

 

ʅʘ ʨʠʩ. 2.6 ʚʠʜʥʦ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʦʙʲʝʤʘ ʧʝʨʝʜʘʯʘ 

ʪʝʧʣʦʪʳ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʯʝʨʝʟ 

ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ. ʇʦʵʪʦʤʫ ʨʘʩʯʝʪ ʪʝʧʣʦʦʙʤʝʥʘ ʩʚʦʙʦʜʥʦʡ ʢʦʥʚʝʢʮʠʝʡ 

ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ ʦʙʲʝʤʝ ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ, ʧʦʣʫʯʝʥʥʳʤ ʜʣʷ ʨʘʩʯʝʪʦʚ 
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ʧʝʨʝʜʘʯʠ ʪʝʧʣʦʪʳ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʧʦʩʨʝʜʩʪʚʦʤ ʚʚʝʜʝʥʠʷ ʚ ʵʪʠ ʬʦʨʤʫʣʳ 

ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʵʢl . ɽʩʣʠ ʟʥʘʯʝʥʠʝ 

ʧʦʩʣʝʜʥʝʛʦ ʨʘʟʜʝʣʠʪʴ ʥʘ l ʩʨʝʜʳ, ʪʦ ʧʦʣʫʯʠʤ ʙʝʟʨʘʟʤʝʨʥʫʶ ʚʝʣʠʯʠʥʫ            

ʢe= ʵʢl /l, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʦʙʦʡ ʚʣʠʷʥʠʝ ʢʦʥʚʝʢʮʠʠ ʠ ʥʘʟʳʚʘʝʪʩʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʢʦʥʚʝʢʮʠʠ. 

ʊʘʢ ʢʘʢ ʮʠʨʢʫʣʷʮʠʷ ʞʠʜʢʦʩʪʠ ʦʙʫʩʣʦʚʣʝʥʘ ʨʘʟʥʦʩʪʴʶ ʪʝʤʧʝʨʘʪʫʨ 

ʧʣʦʩʢʦʩʪʝʡ ʥʘʛʨʝʪʳʭ ʠ ʭʦʣʦʜʥʳʭ ʯʘʩʪʠʮ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʨʠʪʝʨʠʝʤ Gr Pr, 

ʪʦ ʢe ʜʦʣʞʥʦ ʙʳʪʴ ʬʫʥʢʮʠʝʡ ʪʦʛʦ ʞʝ ʘʨʛʫʤʝʥʪʘ, ʪ. ʝ. ʢe (Gr Pr )ʩ ʩf= . 

 ʇʨʠ ʚʳʯʠʩʣʝʥʠʠ ʢʨʠʪʝʨʠʝʚ ʧʦʜʦʙʠʷ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʬʦʨʤʳ 

ʧʨʦʩʣʦʡʢʠ, ʟʘ ʦʧʨʝʜʝʣʷʶʱʠʡ ʨʘʟʤʝʨ ʧʨʠʥʷʪʘ ʝʝ ʪʦʣʱʠʥʘ d, ʘ ʟʘ 

ʦʧʨʝʜʝʣʷʶʱʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ï ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʞʠʜʢʦʩʪʠ  ʩt =0,5(

21 cc tt + ). 

 ʇʨʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ ʘʨʛʫʤʝʥʪʘ ʞ ʞGr Pr <1000 ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ 

ʢe= 1. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ Gr Prʩ ʩ ʪʝʧʣʦʦʪʜʘʯʘ ʦʪ 

ʛʦʨʷʯʝʡ ʩʪʝʥʢʠ ʢ ʭʦʣʦʜʥʦʡ ʚ ʧʨʦʩʣʦʡʢʘʭ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʪʦʣʴʢʦ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʞʠʜʢʦʩʪʠ. 

 ʇʨʠ ʟʥʘʯeʥʠʠ 3 610 Gr Pr 10ʩ ʩ< <  

ʢe= 0,105(Gr Prʩ ʩ)
3,0
                       (2.26) 

ʠ ʧʨʠ 6 1010 Gr Pr 10ʩ ʩ< <  

ʢe= 0,40(Gr Prʩ ʩ)
2,0
.                   (2.27) 

ʉʥʠʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʧʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ 

ʘʨʛʫʤʝʥʪʘ ʦʙʲʷʩʥʷʝʪʩʷ ʚʟʘʠʤʥʦʡ ʧʦʤʝʭʦʡ ʚ ʜʚʠʞʝʥʠʠ ʧʦʜʥʠʤʘʶʱʠʭʩʷ 

(ʥʘʛʨʝʪʳʭ) ʠ ʦʧʫʩʢʘʶʱʠʭʩʷ (ʦʭʣʘʞʜʝʥʥʳʭ) ʩʪʨʫʝʢ ʞʠʜʢʦʩʪʠ. ɺ 

ʧʨʠʙʣʠʞʝʥʥʳʭ ʨʘʩʯʝʪʘʭ ʚʤʝʩʪʦ (2.26) ʠ (2.27) ʜʣʷ ʚʩʝʡ ʦʙʣʘʩʪʠ ʟʥʘʯʝʥʠʡ 

ʘʨʛʫʤʝʥʪʦʚ 3Gr Pr 10ʩ ʩ>  ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʟʘʚʠʩʠʤʦʩʪʴ  

Ůʢ= 0,18(Gr Prʩ ʩ)
25,0

,                   (2.28) 

 

ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʢ ʚʠʜʫ  

 

ʢe= 
4 3 ,A td D      (2.29) 

 

ʛʜʝ 
0,25

0,5

Pr
0,18 .

g
A

b
=

n
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2.5. ʂʦʥʚʝʢʪʠʚʥʳʡ ʪʝʧʣʦʦʙʤʝʥ  

ʧʨʠ ʚʳʥʫʞʜʝʥʥʦʤ ʜʚʠʞʝʥʠʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 

 

2.5.1. ʌʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʢʦʥʚʝʢʪʠʚʥʳʡ ʪʝʧʣʦʦʙʤʝʥ  

ʧʨʠ ʚʳʥʫʞʜʝʥʥʦʤ ʜʚʠʞʝʥʠʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 

 

 ɺʳʥʫʞʜʝʥʥʳʤ ʥʘʟʳʚʘʝʪʩʷ ʪʘʢʦʝ ʜʚʠʞʝʥʠʝ ʧʦʪʦʢʘ, ʢʦʪʦʨʦʝ 

ʚʳʟʳʚʘʝʪʩʷ ʚʥʝʰʥʠʤʠ ʧʨʠʯʠʥʘʤʠ, ʥʘʧʨʠʤʝʨ, ʨʘʙʦʪʦʡ ʚʝʥʪʠʣʷʪʦʨʘ, ʥʘʩʦʩʘ 

ʠʣʠ ʜʳʤʦʚʦʡ ʪʨʫʙʳ. 

 ʍʘʨʘʢʪʝʨ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʧʦʪʦʢʘ, ʨʘʟʤʝʨʦʚ ʠ ʬʦʨʤʳ ʪʚʝʨʜʳʭ ʛʨʘʥʠʮ ʢʘʥʘʣʘ ʤʦʞʝʪ ʙʳʪʴ 

ʣʘʤʠʥʘʨʥʳʤ ʠ ʪʫʨʙʫʣʝʥʪʥʳʤ. 

 ʇʦʤʠʤʦ ʨʝʞʠʤʘ ʜʚʠʞʝʥʠʷ ʥʘ ʵʪʦʪ ʚʠʜ ʪʝʧʣʦʦʙʤʝʥʘ ʦʢʘʟʳʚʘʶʪ 

ʚʣʠʷʥʠʝ ʫʩʣʦʚʠʷ ʚʭʦʜʘ ʧʦʪʦʢʘ ʚ ʢʘʥʘʣ. ʇʨʠ ʚʭʦʜʝ ʧʦʪʦʢʘ ʠʟ 

ʥʝʦʛʨʘʥʠʯʝʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʪʨʫʙʫ ʥʘ ʩʪʝʥʢʘʭ ʧʦʩʣʝʜʥʝʡ ʙʫʜʝʪ 

ʚʦʟʥʠʢʘʪʴ ʩʠʣʘ ʪʨʝʥʠʷ. ʇʦ ʤʝʨʝ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʘ ʚʜʦʣʴ ʪʨʫʙʳ ʚʩʣʝʜʩʪʚʠʝ 

ʪʦʨʤʦʟʷʱʝʛʦ ʜʝʡʩʪʚʠʷ ʩʪʝʥʦʢ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʪʦʣʱʠʥʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʧʨʝʨʳʚʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʩʢʦʨʦʩʪʝʡ ʚ 

ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʷʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. ʀʟʤʝʥʝʥʠʝ ʪʦʣʱʠʥʳ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʪʦʣʱʠʥʳ 

ʪʝʧʣʦʚʦʛʦ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ. 

 ʅʘʠʙʦʣʴʰʝʝ ʠʟʤʝʥʝʥʠʝ ʧʦʣʝʡ ʩʢʦʨʦʩʪʝʡ ʠ ʪʝʤʧʝʨʘʪʫʨ ʥʘʙʣʶʜʘʝʪʩʷ 

ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʣʠʥʝ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʢʦʪʦʨʘʷ ʥʘʟʳʚʘʝʪʩʷ ʫʯʘʩʪʢʦʤ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʪ.l  ɼʣʠʥʘ ʧʦʩʣʝʜʥʝʛʦ ʟʘʚʠʩʠʪ ʦʪ ʨʝʞʠʤʘ ʜʚʠʞʝʥʠʷ ʠ 

ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʪʦʢʘ, ʥʘʧʨʠʤʝʨ, ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ʠ ʚʷʟʢʦʩʪʠ, ʘ ʪʘʢʞʝ ʦʪ ʨʘʟʤʝʨʦʚ ʠ ʬʦʨʤʳ ʪʨʫʙʳ. ɼʣʷ ʣʘʤʠʥʘʨʥʳʭ ʨʝʞʠʤʦʚ 

ʚʝʣʠʯʠʥʘ ʥʘʯʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʪl = 0,05

Re Pr,d  ʘ ʜʣʷ ʪʫʨʙʫʣʝʥʪʥʳʭ ʩʪl  = 15d, ʛʜʝ d  ï ʜʠʘʤʝʪʨ ʢʘʥʘʣʘ. ʅʘ ʨʠʩ. 2.7 

ʧʦʢʘʟʘʥ ʭʘʨʘʢʪʝʨ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ ʧʨʠ ʜʚʠʞʝʥʠʠ ʞʠʜʢʦʩʪʠ ʚ 

ʢʘʥʘʣʝ ʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ. ʇʦ ʜʣʠʥʝ ʫʯʘʩʪʢʘ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ 

ʫʤʝʥʴʰʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʦ 

ʥʝʢʦʪʦʨʦʡ ʚʧʦʣʥʝ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʝʣʠʯʠʥʳ. ʋʚʝʣʠʯʝʥʠʝ ʪʦʣʱʠʥʳ ʚʷʟʢʦʛʦ 

ʧʦʜʩʣʦʷ d ʦʪ ʥʝʢʦʪʦʨʦʛʦ ʥʝʙʦʣʴʰʦʛʦ ʟʥʘʯʝʥʠʷ ʜʦ ʚʝʣʠʯʠʥʳ, ʨʘʚʥʦʡ 

ʨʘʜʠʫʩʫ ʪʨʫʙʳ, ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʫʤʝʥʴʰʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʝʧʣʦʦʪʜʘʯʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʦʦʪʥʦʰʝʥʠʷ ʧ.ʧ/a=l d ʤʦʞʥʦ ʣʝʛʢʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʥʘ ʫʯʘʩʪʢʝ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʙʫʜʝʪ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʤʝʩʪʝ ʚʭʦʜʘ ʧʦʪʦʢʘ ʚ ʪʨʫʙʦʧʨʦʚʦʜ. 
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ʈʠʩ. 2.7. ʉʪʘʙʠʣʠʟʘʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʝʡ  

ʧʨʠ ʜʚʠʞʝʥʠʠ ʞʠʜʢʦʩʪʠ ʚ ʪʨʫʙʝ 

 

 

 
ʈʠʩ. 2.8. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʧʦ ʩʝʯʝʥʠʶ:  

1 ï ʧʨʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʤ ʜʚʠʞʝʥʠʠ; 2 ï ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ;  

3 ï ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʢʘʧʝʣʴʥʳʭ ʞʠʜʢʦʩʪʝʡ  

 

ʅʘ ʪʝʧʣʦʦʪʜʘʯʫ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʠ ʩʚʦʙʦʜʥʘʷ ʢʦʥʚʝʢʮʠʷ. 

ɺʝʣʠʯʠʥʘ ʵʪʦʛʦ ʚʣʠʷʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʨʘʜʠʝʥʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ 

ʩʝʯʝʥʠʶ ʧʦʪʦʢʘ ʠ ʟʥʘʯʝʥʠʝʤ ʢʨʠʪʝʨʠʷ ʈʝʡʥʦʣʴʜʩʘ. ʅʘʣʠʯʠʝ ʛʨʘʜʠʝʥʪʘ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʩʝʯʝʥʠʶ ʧʦʪʦʢʘ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʩʢʦʨʦʩʪʝʡ ʚ ʩʝʯʝʥʠʠ ʥʝʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ ʚʩʣʝʜʩʪʚʠʝ ʠʟʤʝʥʝʥʠʷ 

ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʝʧʣʦʥʦʩʠʪʝʣʷ (ʥʘʧʨʠʤʝʨ, ʚʷʟʢʦʩʪʠ ʜʣʷ ʢʘʧʝʣʴʥʳʭ 

ʞʠʜʢʦʩʪʝʡ). ʅʘ ʨʠʩ. 2.8 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʚ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʠʟʦʪʝʨʤʠʯʝʩʢʦʤ ʠ ʥʝʠʟʦʪʝʨʤʠʯʝʩʢʦʤ ʧʦʪʦʢʘʭ. 
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ʈʠʩ. 2.9. ʎʠʨʢʫʣʷʮʠʷ ʧʦʪʦʢʦʚ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʪʨʫʙʘʭ  

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʦʜʲʝʤʥʳʭ ʩʠʣ:   
ʘ ï ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʩʪʝʥʦʢ; ʙ ï ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʩʪʝʥʦʢ 

 

 

ʀʟ ʨʠʩ. 2.9 ʚʠʜʥʦ, ʯʪʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʥʘʧʨʘʚʣʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ 

ʦʯʝʥʴ ʩʠʣʴʥʦ ʤʝʥʷʝʪʩʷ ʧʨʦʬʠʣʴ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ ʥʝʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʪʦʢʦʤ ʠʟʦʪʝʨʤʠʯʝʩʢʠʤ. ʅʘ ʨʠʩ. 2.9 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ 

ʧʦʪʦʢʦʚ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʪʨʫʙʘʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʦʜʲʝʤʥʳʭ ʩʠʣ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ (ʦʪ ʩʪʝʥʢʠ ʠʣʠ ʢ ʩʪʝʥʢʝ 

ʢʘʥʘʣʘ) ʤʝʥʷʝʪʩʷ ʭʘʨʘʢʪʝʨ ʮʠʨʢʫʣʷʮʠʠ. ʇʦʜ ʚʣʠʷʥʠʝʤ ʩʚʦʙʦʜʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮʳ ʧʦʪʦʢʘ ʜʚʠʞʫʪʩʷ ʧʦ ʩʣʦʞʥʳʤ ʚʠʥʪʦʚʳʤ ʪʨʘʝʢʪʦʨʠʷʤ. 

 

 

2.5.2. ʈʘʩʯʝʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ  

ʪʝʧʣʦʦʪʜʘʯʠ ʧʨʠ ʚʳʥʫʞʜʝʥʥʦʤ ʜʚʠʞʝʥʠʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ  

ʚ ʢʘʥʘʣʘʭ ʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ  

 

 ʇʨʠ ʣʘʤʠʥʘʨʥʦʤ ʪʝʯʝʥʠʠ ʣʶʙʦʡ ʞʠʜʢʦʩʪʠ (Re < 32 10Ö ) ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʩʣʝʜʫʶʱʘʷ ʨʘʩʯʝʪʥʘʷ ʬʦʨʤʫʣʘ: 

     

0,25

0,33 0,43 0,10 ʩ
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Nu 0,15Re Pr Gr .

Pr
ʩ ʩ ʩ ʩ l

å õ
= eæ ö

ç ÷
               (2.30) 

  

ɿʜʝʩʴ ʪʝʧʣʦʦʪʜʘʯʘ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʦʙʦʜʥʦʡ 

ʢʦʥʚʝʢʮʠʠ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝʤ ʢʨʠʪʝʨʠʷ ɻʨʘʩʛʦʬʘ Gr .ʩ  

 ɿʥʘʯʝʥʠʝ ʧʦʧʨʘʚʦʯʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ le ʟʘʚʠʩʠʪ ʦʪ ʦʪʥʦʰʝʥʠʷ 

ʜʣʠʥʳ ʢʘʥʘʣʘ ʢ ʝʛʦ ʜʠʘʤʝʪʨʫ l/d ʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ ʩ ʧʦʤʦʱʴʶ 

ʪʘʙʣ. 2.4.  
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 ʊʘʙʣʠʮʘ 2.4 

ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʧʨʘʚʦʯʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ le ʦʪ l/d ʠ ʢʨʠʪʝʨʠʷ Re 

ɿʥʘʯʝʥʠʝ 

ʢʨʠʪʝʨʠʷ 

Re 

ʆʪʥʦʰʝʥʠʝ l/d 

1 2 5 10 15 20 30 40 50 

2Ὴ103 1,90 1,70 1,44 1,28 1,18 1,13 1,05 1,03 1 

2Ὴ104 1,51 1,40 1,27 1,18 1,13 1,10 1,04 1,02 1 

2Ὴ105 1,28 1,22 1,15 1,10 1,08 1,06 1,03 1,02 1 

2Ὴ106 1,14 1,11 1,08 1,05 1,04 1,03 1,02 1,01 1 

 

 

ʀʟ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʩʪʘʙʠʣʠʟʘʮʠʷ ʧʦʪʦʢʘ ʥʘʩʪʫʧʘʝʪ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

50 ʜʠʘʤʝʪʨʦʚ ʪʨʫʙʳ ʦʪ ʚʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ. ɿʘ ʦʧʨʝʜʝʣʷʶʱʫʶ ʪʝʤʧʝʨʘʪʫʨʫ 

ʚ ʬʦʨʤʫʣʝ (2.30) ʧʨʠʥʷʪʘ ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʪʦʢʘ, ʟʘ ʦʧʨʝʜʝʣʷʶʱʫʶ 

ʩʢʦʨʦʩʪʴ ï ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ, ʘ ʟʘ ʦʧʨʝʜʝʣʷʶʱʠʡ ʨʘʟʤʝʨ ï 

ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʜʠʘʤʝʪʨ ʢʘʥʘʣʘ.  

ʉʦʤʥʦʞʠʪʝʣʴ (Prʩ/ ʧʦʚPr ) ʫʯʠʪʳʚʘʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ, 

ʧʨʠʯʝʤ Prʩ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʪʦʢʘ, ʘ ʧʦʚPr ï ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ 

ʩʪʝʥʢʠ.  

 ʇʨʠ ʨʘʟʚʠʪʦʤ ʪʫʨʙʫʣʝʥʪʥʦʤ ʨʝʞʠʤʝ 4Re 10>  ʨʘʩʯʝʪʥʘʷ ʬʦʨʤʫʣʘ ʜʣʷ 

ʩʨʝʜʥʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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                 (2.31) 

 ɿʘ ʦʧʨʝʜʝʣʷʶʱʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʟʜʝʩʴ ʧʨʠʥʷʪʘ ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʛʘʟʘ (ʞʠʜʢʦʩʪʠ), ʘ ʟʘ ʦʧʨʝʜʝʣʷʶʱʠʡ ʨʘʟʤʝʨ ï ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʜʠʘʤʝʪʨ ʵʢd .  

 ʉʦʦʪʥʦʰʝʥʠʝ (2.31) ʧʨʠʤʝʥʠʤʦ ʢ ʪʨʫʙʘʤ ʣʶʙʦʡ ʬʦʨʤʳ ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʝʯʝʥʠʷ: ʢʨʫʛʣʦʛʦ, ʢʚʘʜʨʘʪʥʦʛʦ, ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ( / 1...40),a b=  ʢʦʣʴʮʝʚʦʛʦ 

( )2 1/ 1...5,6d d =  ʠ ʜʨ. ʠ ʜʣʷ ʚʩʝʭ ʫʧʨʫʛʠʭ ʠ ʢʘʧʝʣʴʥʳʭ ʞʠʜʢʦʩʪʝʡ ʧʨʠ 

4 6Re 1 10 ...5 10= Ö Ö ʠ Pr 0,6...250.=  ʆʥʦ ʩʧʨʘʚʝʜʣʠʚʦ ʠ ʜʣʷ ʢʘʥʘʣʦʚ 

ʩʣʦʞʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ, ʢʦʛʜʘ ʚ ʪʨʫʙʝ ʙʦʣʴʰʦʛʦ ʜʠʘʤʝʪʨʘ 

ʨʘʩʧʦʣʦʞʝʥʘ ʦʜʥʘ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʪʨʫʙ ʤʝʥʴʰʝʛʦ ʜʠʘʤʝʪʨʘ (ʧʨʦʜʦʣʴʥʦʝ 

ʦʤʳʚʘʥʠʝ).  

 ʄʥʦʞʠʪʝʣʴ (Prʩ/ ʧʦʚPr )
25,0

 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʧʨʘʚʢʫ, 

ʫʯʠʪʳʚʘʶʱʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʝʧʣʦʥʦʩʠʪʝʣʷ (ʚ 

ʦʩʥʦʚʥʦʤ ʚʷʟʢʦʩʪʠ) ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʵʪʘ ʧʦʧʨʘʚʢʘ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʙʦʣʴʰʝ, ʪʘʢ ʠ ʤʝʥʴʰʝ 

ʝʜʠʥʠʮʳ. 

 ʀʟ ʘʥʘʣʠʟʘ (2.31) ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʪʫʨʙʫʣʝʥʪʥʦʤ ʨʝʞʠʤʝ ʪʝʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴ  ʁ



77 

ʜʚʠʞʝʥʠʷ ʪʝʧʣʦʥʦʩʠʪʝʣʷ w ʠ ʝʛʦ ʧʣʦʪʥʦʩʪʴ  ʁ r ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ 

( )
0,8

.wr  ɼʘʣʝʝ ʪʝʧʣʦʦʪʜʘʯʘ ʟʘʚʠʩʠʪ ʦʪ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʨʝʜʳ ʠ 

ʠʟʤʝʥʷʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 0,57 0,43 0,37, ,PC -l m , ʛʜʝ l ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ; PC  ï ʝʛʦ ʪʝʧʣʦʝʤʢʦʩʪʴ; m ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ.  

ɺʣʠʷʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʨʘʟʤʝʨʘ ʢʘʥʘʣʘ ʥʘ ʪʝʧʣʦʦʪʜʘʯʫ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴʶ a~ 0,2
ʵʢd- , ʪ. ʝ. ʵʪʦ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʳʤ. 

ɼʣʷ ʚʦʟʜʫʭʘ (ʠʣʠ ʜʚʫʭʘʪʦʤʥʳʭ ʛʘʟʦʚ) ʩʦʦʪʥʦʰʝʥʠʝ (2.31) 

ʫʧʨʦʱʘʝʪʩʷ (Pr 0,71ʩº  ʠ ʩPr / ʧʦʚPr 1º) ʠ ʧʨʠʥʠʤʘʝʪ ʚʠʜ 
 

0,8Nu 0,018Re .l= e              (2.31ʘ) 

 

ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʤʦʞʥʦ ʩ ʥʝʙʦʣʴʰʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʬʦʨʤʫʣʦʡ 

 
0,8( )

.l
w d

A
d

r
a= e                   (2.32ʘ) 

 

ʂʦʵʬʬʠʮʠʝʥʪ ɸ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʳʙʠʨʘʝʪʩʷ ʧʦ ʪʘʙʣ. 2.5. 

ʇʨʠ ʨʘʩʯʝʪʝ ʪʝʧʣʦʦʪʜʘʯʠ ʟʤʝʝʚʠʢʦʚʳʭ ʪʨʫʙ ʧʨʠ Re> ʢʨRe  ʤʦʞʥʦ 

ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠʚʝʜʝʥʥʳʤʠ ʬʦʨʤʫʣʘʤʠ ʜʣʷ ʧʨʷʤʳʭ ʪʨʫʙ ʩ ʚʚʝʜʝʥʠʝʤ 

ʧʦʧʨʘʚʦʯʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ le, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʨʠʚʠʟʥʦʡ ʪʨʫʙʳ ʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʧʦ ʬʦʨʤʫʣʝ 

 

le= 1 1,77 .
d

R
+        (2.33) 

 

ɽʩʣʠ ʦʪʥʦʰʝʥʠʝ / 30l d< , ʪʦ ʚʳʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʝʧʣʦʦʪʜʘʯʠ a ʫʤʥʦʞʘʝʪʩʷ ʥʘ ʧʦʧʨʘʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ Ůl, ʚʝʣʠʯʠʥʘ 

ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

 

le= 

0,16

1,72 .
d

l

å õ
æ ö
ç ÷

        (2.34) 

 

ɺʩʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʬʦʨʤʫʣʳ ʥʝ ʫʯʠʪʳʚʘʶʪ ʤʝʩʪʥʳʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ, ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʢʘʥʘʣʦʚ ʠ ʫʩʣʦʚʠʡ ʚʭʦʜʘ ʧʦʪʦʢʘ ʚ ʢʘʥʘʣ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 
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ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʪʦʣʴʢʦ ʧʨʠ ʪʫʨʙʫʣʝʥʪʥʦʤ ʨʝʞʠʤʝ ʜʚʠʞʝʥʠʷ. 

ɺʣʠʷʥʠʝ ʝhʨʦʭʦʚʘʪʦʩʪʠ ʥʘ ʪʝʧʣʦʦʙʤʝʥ ʫʩʠʣʠʚʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʟʥʘʯʝʥʠʡ ʢʨʠʪʝʨʠʷ ʈʝʡʥʦʣʴʜʩʘ. 
 ʊʘʙʣʠʮʘ 2.5 

ɿʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ɸ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʩʨʝʜʳ, ʦʉ 

ɺʦʟʜʫʭ ɼʳʤʦʚʳʝ ʛʘʟʳ 

ʅʘʛʨʝʚ ʆʭʣʘʞʜʝʥʠʝ ʅʘʛʨʝʚ ʆʭʣʘʞʜʝʥʠʝ 

0 2,86 3,74 2,89 3,76 

400 3,48 4,55 3,92 5,16 

800 3,98 5,19 4,67 6,14 

1200 4,31 5,65 5,19 6,88 

 

  

ʊʝʧʣʦʦʪʜʘʯʘ ʚ ʧʨʷʤʳʭ ʪʨʫʙʘʭ ʧʨʠ ʧʝʨʝʭʦʜʥʦʤ ʨʝʞʠʤʝ ʜʚʠʞʝʥʠʷ 

ʠʟʫʯʝʥʘ ʩʣʘʙʦ. ʇʦʵʪʦʤʫ ʨʘʩʯʝʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʟʜʝʩʴ ʥʝ ʧʨʠʚʝʜʝʥʳ. 

ʆʧʳʪʘʤʠ ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʠʟʦʛʥʫʪʳʭ ʪʨʫʙʘʭ ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ 

ʫʩʣʦʚʠʷʭ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʚʳʰʝ, ʯʝʤ ʚ ʧʨʷʤʳʭ ʪʨʫʙʘʭ 

ʚʩʣʝʜʩʪʚʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʪʫʨʙʫʣʠʟʘʮʠʠ ʧʦʪʦʢʘ, ʚʳʟʳʚʘʝʤʦʡ 

ʮʝʥʪʨʦʙʝʞʥʳʤʠ ʩʠʣʘʤʠ. ʇʦʵʪʦʤʫ ʪʝʧʣʦʦʪʜʘʯʘ ʚ ʟʤʝʝʚʠʢʘʭ ʚʳʰʝ, ʯʝʤ ʚ 

ʧʨ̫ʤʳʭ ʪʨʫʙʘʭ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʝʨʝʭʦʜ ʣʘʤʠʥʘʨʥʦʛʦ ʨʝʞʠʤʘ 

ʜʚʠʞʝʥʠʷ ʚ ʪʫʨʙʫʣʝʥʪʥʳʡ ʟʘʪʷʛʠʚʘʝʪʩʷ ʜʦ ʟʥʘʯʝʥʠʡ ʢʨʠʪʝʨʠʷ ʈʝʡʥʦʣʴʜʩʘ 

20000é30000. ɺʝʣʠʯʠʥʘ ʢʨʠʪʠʯʝʩʢʦʛʦ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʢʨRe  ʟʘʚʠʩʠʪ ʦʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʢʨʠʚʠʟʥʳ ʢʘʥʘʣʘ, ʧʦʜ ʢʦʪʦʨʦʡ ʧʦʥʠʤʘʝʪʩʷ ʦʪʥʦʰʝʥʠʝ 

ʚʥʫʪʨʝʥʥʝʛʦ ʜʠʘʤʝʪʨʘ ʪʨʫʙʳ d  ʢ ʨʘʜʠʫʩʫ ʟʘʢʨʫʛʣʝʥʠʷ R, ʪ. ʝ. R/d . ɼʣʷ 

ʟʤʝʝʚʠʢʦʚ ʧʨʠ ( )3 / 12d R< <  

ʢʨRe = 0,32300 10500( / ) .d R+                           (2.35) 

 

ʅʝʩʢʦʣʴʢʦ ʠʥʘʯʝ ʚʳʛʣʷʜʷʪ ʨʘʩʯʝʪʥʳʝ ʬʦʨʤʫʣʳ ʢʦʥʚʝʢʪʠʚʥʦʛʦ 

ʪʝʧʣʦʦʙʤʝʥʘ ʧʨʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ ʢʨʠʪʝʨʠʷ ʇʨʘʥʜʪʣʷ (1Pr<<). ʕʪʦʪ 
ʩʣʫʯʘʡ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʪʝʧʣʦʦʪʜʘʯʠ ʞʠʜʢʦʛʦ ʤʝʪʘʣʣʘ. ɼʣʷ ʞʠʜʢʠʭ 

ʤʝʪʘʣʣʦʚ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ 

ʢʦʵʬʬʠʮʠʝʥʪ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʪʦʣʱʠʥʘ ʪʝʧʣʦʚʦʛʦ 

ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʪʦʣʱʠʥʳ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʧʨʦʮʝʩʩ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʝʨʝʥʦʩʘ 

ʪʝʧʣʦʪʳ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʚ 

ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ, ʥʦ ʠ ʚ ʷʜʨʝ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʦʪʦʢʘ. 

 ʈʘʩʯʝʪ ʩʨʝʜʥʝʡ ʪʝʧʣʦʦʪʜʘʯʠ ʚ ʞʠʜʢʠʭ ʤʝʪʘʣʣʘʭ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʦʠʟʚʝʜʝʥ ʧʦ ʬʦʨʤʫʣʝ 

    .,, ,
ʩʩ

80Re014054Nu +=           (2.36) 
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ʌʦʨʤʫʣʘ (2.36) ʧʨʦʚʝʨʝʥʘ ʜʣʷ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʨʝʞʠʤʘ ʜʚʠʞʝʥʠʷ 

ʧʦʪʦʢʘ ʠ ʢʨʫʛʣʳʭ ʧʨʷʤʳʭ ʪʨʫʙ ʧʨʠ 15000Re300 << . ʊʝʧʣʦʬʠʟʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʤʝʪʘʣʣʘ ʚʳʙʠʨʘʶʪʩʷ ʧʦ ʝʛʦ ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

 

2.5.3. ʂʦʥʚʝʢʪʠʚʥʳʡ ʪʝʧʣʦʦʙʤʝʥ ʧʨʠ ʚʥʝʰʥʝʤ ʦʙʪʝʢʘʥʠʠ ʪʝʣ  

ʧʨʠ ʚʳʥʫʞʜʝʥʥʦʤ ʜʚʠʞʝʥʠʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 

 

 ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ, ʥʘʧʨʠʤʝʨ, ʚ ʨʝʢʫʧʝʨʘʪʦʨʘʭ, ʪʨʫʙʳ ʦʤʳʚʘʶʪʩʷ 

ʚʥʝʰʥʠʤ ʧʦʪʦʢʦʤ ʛʘʟʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʝʧʣʦʦʙʤʝʥʘ ʩ ʚʥʝʰʥʝʡ ʛʨʝʶʱʝʡ 

ʩʨʝʜʦʡ ʩʪʝʥʢʠ ʪʨʫʙ ʥʘʛʨʝʚʘʶʪʩʷ ʠ ʧʝʨʝʜʘʶʪ ʪʝʧʣʦʪʫ ʛʘʟʦʚʦʤʫ ʧʦʪʦʢʫ, 

ʧʨʦʪʝʢʘʶʱʝʤʫ ʚʥʫʪʨʠ ʪʨʫʙ.  

 ɺ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʝʯʘʭ ʯʘʩʪʦ ʜʣʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ 

ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʦʨʛʘʥʠʟʫʶʪ ʠʩʢʫʩʩʪʚʝʥʥʫʶ ʮʠʨʢʫʣʷʮʠʶ 

ʛʘʟʦʚʦʡ ʩʨʝʜʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʪʦʪ ʚʠʜ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʚ 

ʪʝʭʥʠʢʝ ʚʩʪʨʝʯʘʝʪʩʷ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ. 

 ʇʨʝʞʜʝ ʯʝʤ ʧʨʠʚʝʩʪʠ ʨʘʩʯʝʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʨʘʩʩʤʦʪʨʠʤ ʬʘʢʪʦʨʳ, 

ʚʣʠʷʶʱʠʝ ʥʘ ʪʝʧʣʦʦʪʜʘʯʫ. ɺʥʘʯʘʣʝ ʨʘʩʩʤʦʪʨʠʤ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʩʣʫʯʘʡ 

ʦʙʪʝʢʘʥʠʷ ʜʣʠʥʥʦʛʦ ʮʠʣʠʥʜʨʘ ʧʦʧʝʨʝʯʥʳʤ ʧʦʪʦʢʦʤ ʪʝʧʣʦʥʦʩʠʪʝʣʷ. ʇʨʠ 

ʧʦʧʝʨʝʯʥʦʤ ʦʙʪʝʢʘʥʠʠ ʢʘʢʦʛʦ-ʣʠʙʦ ʪʝʣʘ, ʥʘʧʨʠʤʝʨ ʮʠʣʠʥʜʨʘ, ʥʘ ʧʝʨʝʜʥʝʡ 

(ʬʨʦʥʪʘʣʴʥʦʡ) ʯʘʩʪʠ ʚʦʟʥʠʢʘʝʪ ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ, ʪʦʣʱʠʥʘ ʢʦʪʦʨʦʛʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʘ.  

 

 
ʈʠʩ. 2.10. ʀʟʤʝʥʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʣʦʢʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʝʧʣʦʦʪʜʘʯʠ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʢ ʝʛʦ ʩʨʝʜʥʝʤʫ ʟʥʘʯʝʥʠʶ ʜʣʷ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ  

ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʮʠʣʠʥʜʨʘ ʚʥʝʰʥʠʤ ʧʦʪʦʢʦʤ: 
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ʇʨʠ ʦʙʪʝʢʘʥʠʠ ʮʠʣʠʥʜʨʘ ʩʢʦʨʦʩʪʴ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʚʝʣʠʯʠʥʳ ʚ ʪʦʯʢʝ ʧʝʨʠʤʝʪʨʘ, ʦʪʚʝʯʘʶʱʝʡ ʫʛʣʫ o90jº  (ʫʛʦʣ 

ʦʪʩʯʠʪʳʚʘʝʪʩʷ ʦʪ ʣʦʙʦʚʦʡ ʪʦʯʢʠ), ʠ ʧʨʠʤʝʨʥʦ ʚ ʵʪʦʤ ʞʝ ʤʝʩʪʝ ʥʘʯʠʥʘʝʪʩʷ 

ʨʘʟʨʫʰʝʥʠʝ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ, ʢʦʪʦʨʳʡ ʢʘʢ ʙʳ ʠʟʦʣʠʨʫʝʪ ʵʪʫ ʯʘʩʪʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʮʠʣʠʥʜʨʘ ʦʪ ʦʩʪʘʣʴʥʦʡ ʤʘʩʩʳ ʧʦʪʦʢʘ. ɿʘ ʟʘʜʥʝʡ (ʢʦʨʤʦʚʦʡ) 

ʯʘʩʪʴʶ ʮʠʣʠʥʜʨʘ ʦʙʨʘʟʫʝʪʩʷ ʟʦʥʘ ʩ ʩʠʣʴʥʦ ʨʘʟʚʠʪʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴʶ (ʨʠʩ. 

2.10). ʏʝʨʝʟ ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ ʪʝʧʣʦʪʘ ʧʝʨʝʜʘʝʪʩʷ ʪʦʣʴʢʦ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ. ʇʦʵʪʦʤʫ ʩ ʨʦʩʪʦʤ ʪʦʣʱʠʥʳ ʩʣʦʷ ʫʤʝʥʴʰʘʝʪʩʷ 

ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʜʘʚʘʝʤʦʡ ʪʝʧʣʦʪʳ, ʯʪʦ ʨʘʚʥʦʩʠʣʴʥʦ ʫʤʝʥʴʰʝʥʠʶ 

ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ, ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʡ 

ʙʫʜʝʪ ʚ ʪʦʯʢʝ, ʛʜʝ ʟʥʘʯʝʥʠʝ ʪʦʣʱʠʥʳ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʤʘʢʩʠʤʘʣʴʥʦ. 

ʇʦʚʳʰʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʚ ʣʦʙʦʚʦʡ ʯʘʩʪʠ 

ʦʙʲʷʩʥʷʝʪʩʷ ʤʘʣʦʡ ʪʦʣʱʠʥʦʡ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ. ʋʩʠʣʝʥʠʝ ʪʫʨʙʫʣʝʥʪʥʳʭ 

ʧʝʨʝʤʝʱʝʥʠʡ ʚ ʢʦʨʤʦʚʦʡ ʯʘʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʝʧʣʦʦʪʜʘʯʠ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʠ ʦʙʦʙʱʠʚ ʩʫʱʝʩʪʚʫʶʱʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʩʨʝʜʥʝʛʦ ʧʦ ʧʝʨʠʤʝʪʨʫ ʪʨʫʙʳ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ, ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴ: 

ʧʨʠ 
31015Re Ö= ...ʩ  

   
3600,50

ʩ PrRe500Nu ,
ʩ ,= ( ʩPr / ʧʦʚPr )

25,0
;    (2.37) 

 ʧʨʠ 
53 102101Re ÖÖ= ...ʩ  

   
36,060,0 PrRe25,0Nu ʩʩʩ= ( ʩPr / ʧʦʚPr )

25,0
.    (2.38) 

  

ʌʦʨʤʫʣʳ (2.37) ʠ (2.38) ʩʧʨʘʚʝʜʣʠʚʳ ʜʣʷ ʣʶʙʳʭ ʞʠʜʢʦʩʪʝʡ. ɺ ʵʪʠʭ 

ʚʳʨʘʞʝʥʠʷʭ ʟʥʘʯʝʥʠʷ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʪʦʢʘ ʧʨʠʥʠʤʘʶʪʩʷ 

ʧʦ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʝ. ʆʧʨʝʜʝʣʷʶʱʠʤ ʨʘʟʤʝʨʦʤ ʚ ʢʨʠʪʝʨʠʷʭ ʅʫʩʩʝʣʴʪʘ 

ʠ ʈʝʡʥʦʣʴʜʩʘ ʷʚʣʷʝʪʩʷ ʜʠʘʤʝʪʨ ʪʨʫʙʳ .d  

 ʉʦʦʪʥʦʰʝʥʠʷ (2.37) ʠ (2.38) ʩʧʨʘʚʝʜʣʠʚʳ ʣʠʰʴ ʪʦʛʜʘ, ʢʦʛʜʘ ʫʛʦʣ j, 

ʩʦʩʪʘʚʣʝʥʥʳʡ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʘ ʠ ʦʩʴʶ ʪʨʫʙʳ, ʨʘʚʝʥ 90ʦ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʦʪʜʘʯʠ ʦʪ ʚʝʣʠʯʠʥʳ ʫʛʣʘ ʘʪʘʢʠ j ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʨʠʩ. 2.11.  

ɿʜʝʩʴ ʧʦ ʦʩʠ ʘʙʩʮʠʩʩ ʦʪʣʦʞʝʥʦ ʟʥʘʯʝʥʠʝ j, ʘ ʧʦ ʦʩʠ ʦʨʜʠʥʘʪ ï 

ʟʥʘʯʝʥʠʝ je, ʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʥʦʰʝʥʠʝ ʪʝʧʣʦʦʪʜʘʯʠ ʧʨʠ ʫʛʣʝ 

ʘʪʘʢʠ j ʢ ʪʝʧʣʦʦʪʜʘʯʝ ʧʨʠ j= 90ʦ, ʪ. ʝ. je= o90
/

=jjaa . ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 

2.11, ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʫʛʣʘ ʘʪʘʢʠ ʟʥʘʯʝʥʠʝ je  ʧʘʜʘʝʪ. 
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ʇʨʠ ʵʪʦʤ ʨʘʩʯʝʪʥʘʷ ʬʦʨʤʫʣʘ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ 

ʧʨʠʥʠʤʘʝʪ ʚʠʜ 

 

=aj je
A90=aj .    (2.39) 
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ɼʣʷ ʧʣʘʩʪʠʥʳ ʣʦʢʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʦ ʚʳʨʘʞʝʥʠʶ 

== 33,050,0
,, Pr66,0Nu ʩlʩlʩ .

ʈr

ʈr
25,0

ʧʦʚ

ʩ
ö
ö

÷

õ

æ
æ

ç

å
                       (2.40) 

 

 

 

 
 

ʈʠʩ. 2.11. ʇʦʧʨʘʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʥʘ ʫʛʦʣ ʘʪʘʢʠ 

     

ʆʧʳʪʳ, ʧʨʦʚʝʜʝʥʥʳʝ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʩʨʝʜʥʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʝʧʣʦʦʪʜʘʯʠ ʦʪ ʚʦʟʜʫʭʘ ʢ ʪʝʣʘʤ ʩʘʤʦʡ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ, ʧʦʟʚʦʣʠʣʠ 

ʩʦʟʜʘʪʴ ʦʙʦʙʱʝʥʥʦʝ ʨʘʩʯʝʪʥʦʝ ʫʨʘʚʥʝʥʠʝ 

    .Re125,0Nu 67,0
ʩʩ=     (2.41) 

  

ʊʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʦʟʜʫʭʘ ʚ ʵʪʦʤ ʫʨʘʚʥʝʥʠʠ ʚʳʙʠʨʘʶʪʩʷ ʧʦ ʝʛʦ 

ʪʝʤʧʝʨʘʪʫʨʝ. ɿʘ ʦʧʨʝʜʝʣʷʶʱʠʡ ʨʘʟʤʝʨ ʧʨʠʥʠʤʘʝʪʩʷ ʦʪʥʦʰʝʥʠʝ ʧʝʨʠʤʝʪʨʘ 

ʩʝʯʝʥʠʷ ʢ .p 

 ʋʨʘʚʥʝʥʠʷ (2.37), (2.38), (2.40) ʠ (2.41) ʥʝ ʫʯʠʪʳʚʘʶʪ ʚʣʠʷʥʠʷ 

ʩʚʦʙʦʜʥʦʡ ʢʦʥʚʝʢʮʠʠ. ʉ ʫʯʝʪʦʤ ʧʦʩʣʝʜʥʝʡ ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʦʪʜʘʯʠ 

ʧʨʠʥʠʤʘʝʪ ʚʠʜ 

  
25,050,0 PrRe5,0NuNu S+= o .PrRe01,0 40,080,0

S+            (2.42) 

  

ɺ ʫʨʘʚʥʝʥʠʠ (2.42) oNu  ʫʯʠʪʳʚʘʝʪʩ ̫ ʧʝʨʝʜʘʯʘ ʪʝʧʣʦʪʳ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ. ʄʦʞʥʦ ʧʨʠʥʷʪʴ ʜʣʷ ʮʠʣʠʥʜʨʘ 50,0...32,0Nu ºo , ʜʣʷ 

ʰʘʨʘ oNu  0,2º , ʜʣʷ ʧʣʠʪʳ oNu 0,1º . ɺʝʣʠʯʠʥʘ SRe  ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʫʤʤʘʨʥʳʡ ʢʨʠʪʝʨʠʡ ʈʝʡʥʦʣʴʜʩʘ, ʪ. ʝ.  
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2ReS= +2Gr 2Re . 

 ɿʘ ʦʧʨʝʜʝʣʷʶʱʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʵʪʦʤ ʫʨʘʚʥʝʥʠʠ ʧʨʠʥʠʤʘʝʪʩʷ 

ʧʦʣʫʩʫʤʤʘ ʪʝʤʧʝʨʘʪʫʨ ʧʦʪʦʢʘ ʠ ʪʚʝʨʜʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

 ʀʟ ʘʥʘʣʠʟʘ ʫʨʘʚʥʝʥʠʡ (2.37), (2.38), (2.40)é(2.42) ʩʣʝʜʫʝʪ ʚʳʚʦʜ 

ʦ ʪʦʤ, ʯʪʦ ʥʘ ʚʝʣʠʯʠʥʫ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʚʣʠʷʶʪ ʨʘʟʤʝʨʳ ʪʝʣʘ, 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ. 

 ʇʦʩʣʝ ʨʘʩʩʤʦʪʨʝʥʠʷ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʪʝʧʣʦʦʪʜʘʯʫ 

ʦʜʠʥʦʯʥʦʛʦ ʮʠʣʠʥʜʨʘ, ʤʦʞʥʦ ʧʝʨʝʡʪʠ ʢ ʚʦʧʨʦʩʘʤ, ʩʚʷʟʘʥʥʳʤ ʩ 

ʪʝʧʣʦʦʪʜʘʯʝʡ ʧʫʯʢʦʚ ʪʨʫʙ. ʀʟʚʝʩʪʥʳ ʜʚʘ ʦʩʥʦʚʥʳʭ ʩʧʦʩʦʙʘ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʪʨʫʙ ʚ ʧʫʯʢʘʭ: ʢʦʨʠʜʦʨʥʦʝ ʠ ʰʘʭʤʘʪʥʦʝ. ʆʪ ʩʧʦʩʦʙʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʨʫʙ ʚ 

ʧʫʯʢʝ ʟʘʚʠʩʠʪ ʭʘʨʘʢʪʝʨ ʠʭ ʦʙʪʝʢʘʥʠʷ ʧʦʪʦʢʦʤ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʚʝʣʠʯʠʥʘ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ. ʐʘʭʤʘʪʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʪʨʫʙ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʙʦʣʴʰʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ, ʯʝʤ ʢʦʨʠʜʦʨʥʦʝ. ʅʦ ʧʨʠ 

ʢʦʨʠʜʦʨʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʪʨʫʙʳ ʤʝʥʴʰʝ ʟʘʥʦʩʷʪʩʷ ʧʳʣʴʶ, ʩʦʜʝʨʞʘʱʝʡʩʷ 

ʚ ʜʳʤʦʚʳʭ ʛʘʟʘʭ. 

 ʍʘʨʘʢʪʝʨ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʦʚ ʠ ʠʟʤʝʥʝʥʠʝ ʣʦʢʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙ ʚ ʧʫʯʢʘʭ ʧʦʢʘʟʘʥʳ 

ʥʘ ʨʠʩ. 2.12.  

ʂʘʞʜʳʡ ʠʟ ʧʫʯʢʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʥʝʰʥʠʤ ʜʠʘʤʝʪʨʦʤ ʪʨʫʙ d , 

ʧʦʧʝʨʝʯʥʳʤ ʰʘʛʦʤ 1S, ʧʨʦʜʦʣʴʥʳʤ ʰʘʛʦʤ 2S  ʠ ʯʠʩʣʦʤ ʨʷʜʦʚ ʪʨʫʙ ʧʦ 

ʭʦʜʫ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ Z . ɺ ʵʪʦʤ ʠ ʜʨʫʛʦʤ ʩʣʫʯʘʝ ʪʨʫʙʳ ʧʝʨʚʦʛʦ ʨʷʜʘ 

ʥʘʭʦʜʷʪʩʷ ʚ ʫʩʣʦʚʠʷʭ, ʤʘʣʦ ʦʪʣʠʯʘʶʱʠʭʩʷ ʦʪ ʦʜʠʥʦʯʥʦʡ ʪʨʫʙʳ. ɺ 

ʧʦʩʣʝʜʫʶʱʠʭ ʨʷʜʘʭ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʩʣʝʜʩʪʚʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʪʫʨʙʫʣʠʟʘʮʠʠ ʧʦʪʦʢʘ ʧʨʠ ʝʛʦ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ 

ʧʨʝʜʳʜʫʱʠʝ ʨʷʜʳ ʪʨʫʙ. ʆʜʥʘʢʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʷʜʦʚ ʪʨʫʙ ʧʦ ʭʦʜʫ ʧʦʪʦʢʘ 

ʜʦ 20 ʠ ʙʦʣʝʝ ʫʚʝʣʠʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. 

 ʇʦ ʠʟʫʯʝʥʠʶ ʪʝʧʣʦʦʪʜʘʯʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʧʫʯʢʘ, ʜʠʘʤʝʪʨʘ 

ʪʨʫʙ, ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʤʠ, ʪʝʤʧʝʨʘʪʫʨʳ ʞʠʜʢʦʩʪʠ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ 

ʧʨʦʚʝʜʝʥʦ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʊʝʧʣʦʦʪʜʘʯʘ 

ʧʝʨʚʦʛʦ ʨʷʜʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʧʫʯʢʘ, ʪ. ʢ. ʫʩʣʦʚʠʷ ʦʙʪʝʢʘʥʠʷ 

ʪʨʫʙ ʤʘʣʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʫʩʣʦʚʠʡ ʦʙʪʝʢʘʥʠʷ ʦʜʠʥʦʯʥʦʡ ʪʨʫʙʳ ʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʯʘʣʴʥʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴʶ ʧʦʪʦʢʘ. ʊʝʧʣʦʦʪʜʘʯʘ ʚʪʦʨʦʛʦ ʠ 

ʪʨʝʪʴʝʛʦ ʨʷʜʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʚʳʤ ʧʦʩʪʝʧʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ.  

 



84 

 
 

ʈʠʩ. 2.12. ʉʭʝʤʘ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʦʚ (ʘ) ʠ ʠʟʤʝʥʝʥʠʝ ʣʦʢʘʣʴʥʦʛʦ  

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙ ʚ ʧʫʯʢʘʭ (ʙ): 
1 ï ʚ ʢʦʨʠʜʦʨʥʳʭ; 2 ï ʚ ʰʘʭʤʘʪʥʳʭ 

 

ɽʩʣʠ ʪʝʧʣʦʦʪʜʘʯʫ ʪʨʝʪʴʝʛʦ ʨʷʜʘ ʧʨʠʥʷʪʴ ʟʘ 100 %, ʪʦ ʚ ʰʘʭʤʘʪʥʳʭ 

ʠ ʢʦʨʠʜʦʨʥʳʭ ʧʫʯʢʘʭ ʪʝʧʣʦʦʪʜʘʯʘ ʧʝʨʚʦʛʦ ʨʷʜʘ ʩʦʩʪʘʚʠʪ ʚʩʝʛʦ ʣʠʰʴ ʦʢʦʣʦ 

60 %, ʚʪʦʨʦʛʦ ʨʷʜʘ ʚ ʢʦʨʠʜʦʨʥʳʭ ʧʫʯʢʘʭ ï ʦʢʦʣʦ 90 % ʠ ʚ ʰʘʭʤʘʪʥʳʭ ï 

ʦʢʦʣʦ 70 %. ʇʨʠʯʠʥʦʡ ʚʦʟʨʘʩʪʘʥʠʷ ʪʝʧʣʦʦʪʜʘʯʠ, ʢʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, 

ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʧʦʪʦʢʘ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʝʛʦ ʯʝʨʝʟ 

ʧʫʯʦʢ. ʅʘʯʠʥʘʷ ʩ ʪʨʝʪʴʝʛʦ ʨʷʜʘ, ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ ʧʦʪʦʢʘ ʧʨʠʥʠʤʘʝʪ 

ʩʪʘʙʠʣʴʥʳʡ  ʭʘʨʘʢʪʝʨ,  ʧʨʠʩʫʱʠʡ  ʜʘʥʥʦʡ ʢʦʤʧʦʥʦʚʢʝ ʧʫʯʢʘ. ʇʦ 

ʘʙʩʦʣʶʪʥʦʤʫ ʟʥʘʯʝʥʠʶ ʪʝʧʣʦʦʪʜʘʯʘ ʚ ʰʘʭʤʘʪʥʳʭ ʧʫʯʢʘʭ ʚʳʰʝ, ʯʝʤ ʚ 
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ʢʦʨʠʜʦʨʥʳʭ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪʩʷ ʣʫʯʰʠʤ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʞʠʜʢʦʩʪʠ, 

ʦʤʳʚʘʶʱʝʡ ʪʨʫʙʳ. 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʠ ʦʙʦʙʱʝʥʠʷ ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʨʘʩʯʝʪʘ 

ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʦʪʜʘʯʠ ʪʨʝʪʴʝʛʦ ʠ ʧʦʩʣʝʜʫʶʱʠʭ 

ʨʷʜʦʚ ʪʨʫʙ ʧʫʯʢʘ ʧʨʠ 53 10...10Reº  ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʩʣʝʜʫʶʱʠʝ 

ʫʨʘʚʥʝʥʠʷ: 

ʧʨʠ ʢʦʦʨʜʠʥʘʪʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʪʨʫʙ ʚ ʧʫʯʢʝ  

   .
Pr

Pr
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= S
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ʩʩʩ        (2.43) 

ʛʜʝ Se

15,0
2
-

ö
÷

õ
æ
ç

å
=

d

S
ï ʧʦʧʨʘʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʚʣʠʷʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʰʘʛʦʚ ʜʣʷ ʛʣʫʙʠʥʥʳʭ ʨʷʜʦʚ; 

ye  ï ʧʦʧʨʘʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʚʣʠʷʥʠʝ ʫʛʣʘ ʘʪʘʢʠ. ʇʨʠ 

ʦ90=j  ye= 1,0. 

      ʇʨʠ ʰʘʭʤʘʪʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʪʨʫʙ ʚ ʧʫʯʢʝ 
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ʩʩʩ            (2.44) 

ʛʜʝ ʧʨʠ 2/ 21 <SS  Se= ( 21 / SS )
6/1
, ʘ ʧʨʠ 21 / SS 2²  Se= 1,12. 

 ɺ ʵʪʠʭ ʬʦʨʤʫʣʘʭ ʚ ʢʘʯʝʩʪʚʝ ʦʧʨʝʜʝʣʷʶʱʠʭ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʢʦʨʦʩʪʠ, 

ʨʘʟʤʝʨʘ ʧʨʠʥʷʪʳ: ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʪʦʢʘ; ʩʢʦʨʦʩʪʴ ʚ ʩʘʤʦʤ ʫʟʢʦʤ 

ʩʝʯʝʥʠʠ ʨʷʜʘ; ʜʠʘʤʝʪʨ ʪʨʫʙʢʠ. 

 ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʜʣʷ ʪʨʫʙʦʢ ʧʝʨʚʦʛʦ ʨʷʜʘ ʧʫʯʢʘ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʫʪʝʤ ʫʤʥʦʞʝʥʠʷ ʥʘʡʜʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʣʷ ʪʨʫʙʦʢ ʪʨʝʪʴʝʛʦ 

ʨʷʜʘ ʥʘ ʧʦʧʨʘʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʇe = 0,60. ɼʣʷ ʪʨʫʙʦʢ ʚʪʦʨʦʛʦ ʨʷʜʘ 

ʚ ʢʦʨʠʜʦʨʥʳʭ ʧʫʯʢʘʭ ʇe = 0,90, ʘ ʚ ʰʘʭʤʘʪʥʳʭ ʧʫʯʢʘʭ ʇe = 0,70. 

 ɽʩʣʠ ʞʝ ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʩʨʝʜʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ 

ʧʫʯʢʘ ʚ ʮʝʣʦʤ, ʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ ʫʩʨʝʜʥʝʥʠʝ ʥʘʡʜʝʥʥʳʭ 

ʟʥʘʯʝʥʠʡ a, ʢʦʪʦʨʦʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

   ,
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...
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2211
ʧʫʯ
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nn
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=a         (2.45) 

ʛʜʝ naaa ...,,, 21  ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʨʷʜʦʚ; 

nFFF ...,,, 21  ï ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʛʨʝʚʘ ʚʩʝʭ ʪʨʫʙʦʢ ʚ ʨʷʜʫ. 

 ʂʦʵʬʬʠʮʠʝʥʪ ʤʦʞʥʦ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ 
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   ,
)2(321

ʧʫʯ
Z

Z-a+a+a
=a     (2.46) 

 

ʛʜʝ Z  ï ʢʦʣʠʯʝʩʪʚʦ ʨʷʜʦʚ ʪʨʫʙ ʧʦ ʭʦʜʫ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ. 

 ʇʨʠ ʦʤʳʚʘʥʠʠ ʧʫʯʢʘ ʧʦʪʦʢʦʤ ʛʘʟʦʚ, ʜʚʠʞʫʱʠʭʩʷ ʧʦʜ ʫʛʣʦʤ ʢ ʦʩʠ 

ʪʨʫʙ j, ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʦʧʝʨʝʯʥʳʤ ʦʙʪʝʢʘʥʠʝʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʝʧʣʦʦʪʜʘʯʠ ʩʣʝʜʫʝʪ ʫʤʥʦʞʠʪʴ ʥʘ ʧʦʧʨʘʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ je , 

ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ ʚʳʙʠʨʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʫʛʣʘ ʘʪʘʢʠ :j 

 
j       90 80 70 60 50 40 30 20 10 

je      1,0 1,0 0,98 0,94 0,88 0,78 0,67 0,52 0,42 

 

ʉʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʠ ʦʧʨʝʜʝʣʷʶʱʠʡ ʨʘʟʤʝʨ ʚʳʙʠʨʘʶʪʩʷ, ʢʘʢ ʠ ʧʨʠ 

ʧʦʧʝʨʝʯʥʦʤ ʦʙʪʝʢʘʥʠʠ. 

 

 

2.6. ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʦ ʨʘʟʜʝʣʫ çʂʦʥʚʝʢʮʠʷè 

 

ʇʨʠʤʝʨ 2.6.1. ʊʨʫʙʳ ʥʘʨʫʞʥʳʤ ʜʠʘʤʝʪʨʦʤ 30 ʤʤ ʨʘʩʧʦʣʦʞʝʥʳ 

ʚ ʧʫʯʢʝ ʩ ʰʘʭʤʘʪʥʦʡ ʢʦʤʧʦʥʦʚʢʦʡ. ʇʨʦʜʦʣʴʥʳʡ ʠ ʧʦʧʝʨʝʯʥʳʡ ʰʘʛʠ ʨʘʚʥʳ 

.ʤʤ6021 ==SS  ʉʥʘʨʫʞʠ ʪʨʫʙʳ ʦʤʳʚʘʶʪʩʷ ʜʳʤʦʚʳʤʠ ʛʘʟʘʤʠ, ʩʨʝʜʥʷʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʪʦʨʳʭ C800o=ʩt  ʠ ʩʢʦʨʦʩʪʴ 20 ʤ/ʩ. ʆʧʨʝʜʝʣʠʪʴ ʩʨʝʜʥʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʦʪ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʢ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʪʨʫʙ, ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʪʦʨʦʡ C500 o
ʧʦʚ=t  ʧʨʠ ʫʛʣʝ ʘʪʘʢʠ =j 90ʦ. 

ʂʦʣʠʯʝʩʪʚʦ ʨʷʜʦʚ ʪʨʫʙ ʧʦ ʭʦʜʫ ʜʚʠʞʝʥʠʷ ʜʳʤʦʚʳʭ ʛʘʟʦʚ .10=Z  

ʈʝʰʝʥʠʝ:  

ɺ ʟʘʜʘʯʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʝʧʣʦʦʙʤʝʥ ʧʨʠ ʚʳʥʫʞʜʝʥʥʦʤ ʧʦʧʝʨʝʯʥʦʤ 

ʦʙʪʝʢʘʥʠʠ ʧʫʯʢʘ ʪʨʫʙ (ʩʤ. ʨʘʟʜ. 2.5.3). ɼʣ ̫ʨʘʩʯʝʪʘ ʩʨʝʜʥʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʝʧʣʦʦʪʜʘʯʠ ʜʣʷ ʪʨʝʪʴʝʛʦ ʠ ʧʦʩʣʝʜʫʶʱʠʭ ʨʷʜʦʚ ʪʨʫʙ ʚʦʩʧʦʣʴʟʫʝʤʩʷ 

ʬʦʨʤʫʣʦʡ (2.43). ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʧʠʰʝʤ ʠʟ ʪʘʙʣ. 2.1 ʬʠʟʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʧʨʠ ʦʧʨʝʜʝʣʷʶʱʝʡ ʪʝʤʧʝʨʘʪʫʨʝ 

.60,0Pr;/cʤ108,131);ʉɺʪ/(ʤ1015,9:C800 26ʦ2o =Ö=nÖÖ=l= --
ʩʩt   

ʉʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ (2.43), ʠʤʝʝʤ 

41,0Nu =ʩ ,Re

25,0

ʧʦʚ

33,06,0
yeeö

ö

÷

õ

æ
æ

ç

å
S

ʩ
ʩʩ

ʈr

ʈr
ʈr  
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Se ,

6/1

2

1
öö
÷

õ
ææ
ç

å
=

S

S
 ʪ. ʢ. .2/ 21 <SS cʈr= 0,63 ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʪʘʙʣ. 2.1 ʧʦ ct . 

ɼʣʷ ʛʘʟʦʚ =ʩʈr ʧʦʚʈr, ʧʦʵʪʦʤʫ .1
ʈr

ʈr
25,0

ʧʦʚ

ʩ º
ö
ö

÷

õ

æ
æ

ç

å
 

 ʅʘʭʦʜʠʤ 

;1055,4
108,131

03,020
Re 3

6
Ö=

Ö

Ö
=

n
=

-

wd
 

;3,5460,0)1055,4(41,0Nu 33,06,03 =Ö=  

4,165
03,0

1015,93,54Nu
Nu

2

3
3 =

ÖÖ
=
l

=a­
l

a
=

-

d

d
 ɺʪ/(ʤ2Āʦʉ). 

  

ʉʨʝʜʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʚʩʝʛʦ ʧʫʯʢʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 

ʠʟ ʚʳʨʘʞʝʥʠʷ 

,
)2(321

ʧʫʯ
Z

Z-a+a+a
=a  

  

ʛʜʝ 

1a= 0,6 3,994,1656,03 =Ö=a  ɺʪ/(ʤ2Āʦʉ); 

2a = 0,7 7,03=a 8,1154,165 =Ö  ɺʪ/(ʤ2Āʦʉ); 

8,153
10

)210(4,1658,1153,99
ʧʫʯ =

-++
=a  ɺʪ/(ʤ2Āʦʉ). 

 

ʇʨʠʤʝʨ 2.6.2. ʆʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʢʦʪʦʨʦʝ ʧʝʨʝʜʘʝʪʩʷ 

ʚʦʟʜʫʭʫ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʥʘʨʫʞʥʳʤ 

ʜʠʘʤʝʪʨʦʤ d = 120 ʤʤ ʠ ʚʳʩʦʪʦʡ h = 6 ʤ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ,C250o=ct  ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ 
o20 C.ʩt =  

 ʈʝʰʝʥʠʝ:  

ɺ ʜʘʥʥʦʡ ʟʘʜʘʯʝ ʪʝʧʣʦʦʙʤʝʥ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʩʚʦʙʦʜʥʦʡ 

ʢʦʥʚʝʢʮʠʠ. ʌʦʨʤʫʣʘ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʦʪʳ =Q a( -ʧʦʚt ʩt )F. 

ɺʳʯʠʩʣʠʤ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ. ʋʩʪʘʥʦʚʠʤ ʨʝʞʠʤ ʪʝʯʝʥʠʷ ʚʦʟʜʫʭʘ 

ʧʨʠ ʩʚʦʙʦʜʥʦʡ ʢʦʥʚʝʢʮʠʠ ʧʦ ʚʝʣʠʯʠʥʝ )PrGr( ʞ,ʞh  ʠ ʦʧʨʝʜʝʣʷʶʱʝʡ 

ʪʝʤʧʝʨʘʪʫʨʝ C20o=ʩt  ʠʟ ʪʘʙʣ. 2.2 ʚʳʧʠʰʝʤ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: 

  .703,0Pr;/cʤ1006,15);ʉɺʪ/(ʤ1059,2 26ʦ2 =Ö=nÖÖ=l --
ʩ  

 

ʆʧʨʝʜʝʣʷʶʱʠʤ ʨʘʟʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʚʳʩʦʪʘ ʪʨʫʙʦʧʨʦʚʦʜʘ h : 
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,
)(

Gr
2

3
ʧʦʚ

,
n

-b
=

httg ʩ
hʩ  

 

ʛʜʝ 1/ 1/ 293,1/ ;ʩT Kb= =  
3

12
, 6 2

9,81(250 20)6
Gr 7,3 10 ;

293(15,06 10 )
ʩ h -

-
= = Ö

Ö
 

3,7)PrGr( , =ʩhʩ
1210Ö 16,5703,0 =Ö

1210Ö > ,109
 

 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʝʞʠʤ ʪʫʨʙʫʣʝʥʪʥʳʡ. 

 ʌʦʨʤʫʣʘ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʠʤʝʝʪ ʚʠʜ (2.23): 

 

15,0Nu , =hʩ
3/1

, )PrGr( ʩhʩ .
ʈr

ʈr
25,0

ʧʦʚ

ʩ
ö
ö

÷

õ

æ
æ

ç

å
 

 

Pr 0,677c=  (ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʪʘʙʣ. 2.2).  

ʇʦʩʢʦʣʴʢʫ ºcPr ʧʦʚPr , ʪʦ ( ʉPr /
0,25

ʧʦʚPr ) 1:=   

 

    15,0Nu , =hʩ .8,2824)103,7( 3/112 =Ö  

2,12
6

1059,28,2824Nu
Nu

2
,

, =
ÖÖ

=
l

=a­
l

a
=

-

h

l hʩ
hʩ  ɺʪ/(ʤ2Āʦʉ). 

=Q a 7,6343612,014,3)20250(2,12)( ʧʦʚ =ÖÖÖ-=p- dhtt ʩ ɺʪ. 

 

ʕʪʦ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ ʧʝʨʝʜʘʝʪʩʷ ʚ ʦʜʥʫ ʩʝʢʫʥʜʫ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʢ ʦʢʨʫʞʘʶʱʝʤʫ ʚʦʟʜʫʭʫ. 

 

ʇʨʠʤʝʨ 2.6.3. ʇʣʘʩʪʠʥʘ ʜʣʠʥʦʡ 125=l  ʤʤ ʦʤʳʚʘʝʪʩʷ ʧʨʦʜʦʣʴʥʳʤ 

ʧʦʪʦʢʦʤ ʚʦʟʜʫʭʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʪʦʨʦʛʦ C20o
ʞ=t , ʘ ʩʢʦʨʦʩʪʴ 10=w ʤ/ʩ. 

ʆʧʨʝʜʝʣʠʪʴ ʩʨʝʜʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʧʦ ʜʣʠʥʝ ʧʣʘʩʪʠʥʳ, ʝʩʣʠ 

ʪʝʤʧʝʨʘʪʫʨʘ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ C50o=ct . 

ʈʝʰʝʥʠʝ:  

ɺ ʜʘʥʥʦʡ ʟʘʜʘʯʝ ʠʤʝʝʪ ʤʝʩʪʦ ʚʳʥʫʞʜʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʚʦʟʜʫʭʘ ʚʜʦʣʴ 

ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʧʨʝʜʝʣʠʤ ʨʝʞʠʤ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ. ɼʣʷ ʵʪʦʛʦ 

ʨʘʩʩʯʠʪʘʝʤ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ ʈʝʡʥʦʣʴʜʩʘ: ./Re n=wl  ʇʦ ʦʧʨʝʜʝʣʷʶʱʝʡ 
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ʪʝʤʧʝʨʘʪʫʨʝ, ʘ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʵʪʦ ʩt , ʠʟ ʪʘʙʣ. 2.2 ʚʳʧʠʩʳʚʘʝʤ ʟʥʘʯʝʥʠʷ 

ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʜʫʭʘ: 

 

.703,0Pr);ʉɺʪ/(ʤ1059,2;/cʤ1006,15 ʦ226 =ÖÖ=lÖ=n --
ʩ

.103,8
1006,15

125,010
Re 4

6
Ö=

Ö

Ö
=

n
=

-

wl
ʩ  

 ʇʨʠ ʚʳʥʫʞʜʝʥʥʦʤ ʜʚʠʞʝʥʠʠ ʛʘʟʘ ʚʜʦʣʴ ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʨʠʪʠʯʝʩʢʦʝ ʯʠʩʣʦ Re, ʦʧʨʝʜʝʣʷʶʱʝʝ ʧʝʨʝʭʦʜ ʦʪ ʣʘʤʠʥʘʨʥʦʛʦ ʨʝʞʠʤʘ 

ʜʚʠʞʝʥʠʷ ʢ ʪʫʨʙʫʣʝʥʪʥʦʤʫ, ʨʘʚʥʦ 510 . ʉʨʘʚʥʠʚʘʷ ʧʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ Re 

ʩ ʢʨʠʪʠʯʝʩʢʠʤ, ʜʝʣʘʝʤ ʚʳʚʦʜ, ʯʪʦ 4103,8 Ö < 510 , ʟʥʘʯʠʪ, ʨʝʞʠʤ ʜʚʠʞʝʥʠʷ 

ʣʘʤʠʥʘʨʥʳʡ. ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʚʳʨʘʞʝʥʠʝʤ (2.40): 

 

    == 33,050,0
,, Pr66,0Nu ʩlʩlʩ .
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 ɿʜʝʩʴ ʩʈr ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʪʘʙʣ. 2.2 ʧʦ ʩt : ʩʈr= 0,698. 

 ɼʣʷ ʛʘʟʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʜʣʷ ʚʦʟʜʫʭʘ, ʟʥʘʯʝʥʠʝ ʈr ʤʘʣʦ ʟʘʚʠʩʠʪ 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʵʪʦʤʫ ʧʨʠ ʨʘʩʯʝʪʘʭ :1
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3. ɿɸʂʆʅʆʄɽʈʅʆʉʊʀ ʃʋʏʀʉʊʆɻʆ ʊɽʇʃʆʆɹʄɽʅɸ 

  

ʇʨʦʮʝʩʩʳ ʣʫʯʠʩʪʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʪʝʧʣʦʪʝʭʥʠʢʝ, ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʝ, ʤʝʪʘʣʣʫʨʛʠʠ, 

ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. 

 ʊʨʫʜʥʦ ʧʝʨʝʦʮʝʥʠʪʴ ʨʦʣʴ ʪʝʧʣʦʦʙʤʝʥʘ ʠʟʣʫʯʝʥʠʝʤ ʚ ʦʨʛʘʥʠʟʘʮʠʠ 

ʪʝʧʣʦʚʦʡ ʨʘʙʦʪʳ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʝʯʝʡ ʠ ʜʨʫʛʠʭ ʪʝʧʣʦʚʳʭ 

ʘʛʨʝʛʘʪʦʚ, ʪ. ʢ. ʜʦʣʷ ʪʝʧʣʦʪʳ, ʧʝʨʝʜʘʚʘʝʤʦʡ ʵʪʠʤ ʩʧʦʩʦʙʦʤ, ʩʦʩʪʘʚʣʷʝʪ 

60é100 %. ɿʥʘʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʪʝʧʣʦʦʙʤʝʥʘ ʠʟʣʫʯʝʥʠʝʤ ʥʝʦʙʭʦʜʠʤʦ 

ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʚ ʨʘʙʦʯʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʝʯʝʡ ʨʘʮʠʦʥʘʣʴʥʳʭ ʪʝʧʣʦʚʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʫʝʤʦʝ ʢʘʯʝʩʪʚʦ ʪʝʧʣʦʚʦʡ 

ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʷʭ. 

 

 

3.1. ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ.  

ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ 

 

    3.1.1. ʇʨʠʨʦʜʘ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ 

 

 ʊʝʧʣʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʮʝʩʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʠʟʣʫʯʘʶʱʝʛʦ ʪʝʣʘ ʧʫʪʝʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ. ʕʪʠ 

ʚʦʣʥʳ ʚ ʦʜʥʦʨʦʜʥʦʡ ʠʟʦʪʨʦʧʥʦʡ ʩʨʝʜʝ ʠʣʠ ʚ ʚʘʢʫʫʤʝ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ 

ʧʨʷʤʦʣʠʥʝʡʥʦ ʩʦ ʩʢʦʨʦʩʪʴʶ ʩʚʝʪʘ ʠ ʧʦʜʯʠʥʷʶʪʩʷ ʦʧʪʠʯʝʩʢʠʤ ʟʘʢʦʥʘʤ 

ʧʨʝʣʦʤʣʝʥʠʷ, ʧʦʛʣʦʱʝʥʠʷ ʠ ʦʪʨʘʞʝʥʠʷ. ʇʦʤʠʤʦ ʚʦʣʥʦʚʳʭ ʩʚʦʡʩʪʚ 

ʠʟʣʫʯʝʥʠʝ ʦʙʣʘʜʘʝʪ ʪʘʢʞʝ ʠ ʢʦʨʧʫʩʢʫʣʷʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʪ. ʝ. ʣʫʯʠʩʪʘʷ 

ʵʥʝʨʛʠʷ ʠʩʧʫʩʢʘʝʪʩʷ ʠ ʧʦʛʣʦʱʘʝʪʩʷ ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʪʝʣʘʤʠ ʥʝ ʥʝʧʨʝʨʳʚʥʦ, 

ʘ ʦʪʜʝʣʴʥʳʤʠ ʜʠʩʢʨʝʪʥʳʤʠ ʧʦʨʮʠʷʤʠ ï ʢʚʘʥʪʘʤʠ ʩʚʝʪʘ ʠʣʠ ʬʦʪʦʥʘʤʠ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʟʣʫʯʝʥʠʝ ʠʤʝʝʪ ʜʚʦʡʩʪʚʝʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʧʦʩʢʦʣʴʢʫ ʦʥʦ 

ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʘʤʠ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʧʦʣʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʠ 

ʩʚʦʡʩʪʚʘʤʠ ʜʠʩʢʨʝʪʥʦʩʪʠ, ʪʠʧʠʯʥʳʤʠ ʜʣʷ ʬʦʪʦʥʦʚ. ʀʟ ʩʢʘʟʘʥʥʦʛʦ ʚʳʰʝ 

ʩʣʝʜʫʝʪ, ʯʪʦ ʵʥʝʨʛʠʷ ʠ ʠʤʧʫʣʴʩʳ ʩʦʩʨʝʜʦʪʦʯʠʚʘʶʪʩʷ ʚ ʬʦʪʦʥʘʭ, 

ʘ ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʭʦʞʜʝʥʠʷ ʠʭ ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ ʤʝʩʪʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ï 

ʚ ʚʦʣʥʘʭ. ʅʘʧʦʤʥʠʤ, ʯʪʦ ʵʥʝʨʛʠʷ ʬʦʪʦʥʦʚ ʨʘʚʥʘ hn, ʛʜʝ 346,62 10h -= Ö  ɼʞ. 

ʩ (ʧʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ) ʠ n ï ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɼʣʠʥʘ ʚʦʣʥʳ l ʩʚʷʟʘʥʘ ʩ ʯʘʩʪʦʪʦʡ n 

ʩʦʦʪʥʦʰʝʥʠʝʤ ln = ʩ, ʛʜʝ ʩ ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ (ʚ ʚʘʢʫʫʤʝ 
83 10c= Ö  ʤ/ʩ).  

ʇʨʠ ʧʦʧʘʜʘʥʠʠ ʬʦʪʦʥʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʥʘʛʨʝʚʘʝʤʦʛʦ ʪʝʣʘ ʠʭ 

ʵʥʝʨʛʠʷ ʧʝʨʝʜʘʝʪʩʷ ʝʛʦ ʘʪʦʤʘʤ ʠ ʧʨʠʚʦʜʠʪ ʚ ʚʦʟʙʫʞʜʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ. 

ʅʘʭʦʜʷʱʠʝʩʷ ʚ ʩʦʩʪʘʚʝ ʤʘʪʝʨʠʘʣʦʚ ʩʚʦʙʦʜʥʳʝ ʵʣʝʢʪʨʦʥʳ ʠ ʠʦʥʳ 

ʧʨʠʦʙʨʝʪʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʵʥʝʨʛʠ ʁ ʠ ʧʝʨʝʭʦʜʷʪ ʥʘ ʙʦʣʝʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʪ. ʝ. ʧʨʠʦʙʨʝʪʘʶʪ ʫʩʪʦʡʯʠʚʦʝ 
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ʩʦʩʪʦʷʥʠʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʚʳʰʘʝʪʩʷ ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʘ 

ʵʪʦʡ ʯʘʩʪʠ ʪʝʣʘ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʪʝʧʣʘ ʧʦ ʩʣʦʷʤ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ. 

ɺʩʝ ʚʠʜʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ ʧʨʠʨʦʜʫ 

ʠ ʨʘʟʣʠʯʘʶʪʩʷ ʣʠʰʴ ʜʣʠʥʦʡ ʚʦʣʥʳ (ʤʢʤ): 

 
 ʂʦʩʤʠʯʝʩʢʦʝ ʠ g-ʠʟʣʫʯʝʥʠʝ éééééé..0,00001é0,001 

 ʈʝʥʪʛʝʥʦʚʩʢʦʝéééééééééééé...0,001é0,02 

ʋʣʴʪʨʘʬʠʦʣʝʪʦʚʦʝéééééééééé....0,02é0,40 

 ɺʠʜʠʤʦʝééééééééééééééé0,40é0,80 

 ʊʝʧʣʦʚʦʝ (ʠʥʬʨʘʢʨʘʩʥʦʝ)ééééééé....0,80é1000 

 ʈʘʜʠʦʚʦʣʥʳééééééééééééé..1000 ʠ ʚʳʰʝ 

  

ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʨʘʟʣʠʯʠʝ ʚ ʜʣʠʥʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʧʨʠʚʦʜʠʪ 

ʢ ʪʦʤʫ, ʯʪʦ ʦʙʱʠʝ ʩʪʦʨʦʥʳ ʷʚʣʝʥʠʡ ʜʣʷ ʨʘʟʥʳʭ ʜʣʠʥ ʚʦʣʥ ʧʨʦʷʚʣʷʶʪʩʷ 

ʩ ʨʘʟʣʠʯʥʦʡ ʦʪʯʝʪʣʠʚʦʩʪʴʶ. ʊʘʢ, ʢʚʘʥʪʦʚʳʝ ʠʣʠ ʢʦʨʧʫʩʢʫʣʷʨʥʳʝ ʩʚʦʡʩʪʚʘ 

ʧʨʦʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʤ ʠʟʣʫʯʝʥʠʠ. 

ʍʘʨʘʢʪʝʨʥʳʝ ʞʝ ʚʦʣʥʦʚʳʝ ʩʚʦʡʩʪʚʘ ʥʘʠʙʦʣʝʝ ʦʪʯʝʪʣʠʚʦ ʥʘʙʣʶʜʘʶʪʩʷ ʫ 

ʨʘʜʠʦʚʦʣʥ. 

 ʇʝʨʝʜʘʯʘ ʪʝʧʣʦʪʳ ʠʟʣʫʯʝʥʠʝʤ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʢʘʢ ʚ ʚʠʜʠʤʦʡ 

ʯʘʩʪʠ ʩʧʝʢʪʨʘ, ʪʘʢ ʠ ʚ ʥʝʚʠʜʠʤʦʡ ï ʠʥʬʨʘʢʨʘʩʥʦʡ. ʀʥʬʨʘʢʨʘʩʥʘʷ ʯʘʩʪʴ 

ʩʧʝʢʪʨʘ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʯʘʩʪʝʡ: ʙʣʠʞʥʝʡ, ʩ ʜʣʠʥʘʤʠ ʦʪ 0,76 ʜʦ 15 ʤʢʤ, 

ʩʨʝʜʥʝʡ ï ʦʪ 15 ʜʦ 100 ʤʢʤ ʠ ʜʘʣʝʢʦʡ ʠʥʬʨʘʢʨʘʩʥʦʡ ï ʦʪ 100 ʜʦ 1000 ʤʢʤ. 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʠ ʢʦʪʝʣʴʥʦʡ 

ʪʝʧʣʦʪʝʭʥʠʢʝ, ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʪʝʧʣʦʚʳʭ ʣʫʯʝʡ ʠʤʝʝʪ ʜʣʠʥʳ ʚʦʣʥ, 

ʨʘʩʧʦʣʘʛʘʶʱʠʝʩʷ ʚ ʙʣʠʞʥʝʡ ʠʥʬʨʘʢʨʘʩʥʦʡ ʯʘʩʪʠ ʩʧʝʢʪʨʘ. 

 ʊʝʧʣʦʦʙʤʝʥ ʠʟʣʫʯʝʥʠʝʤ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʝʧʣʦʦʙʤʝʥʘ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʠ ʢʦʥʚʝʢʮʠʝʡ. ɽʩʣʠ ʧʝʨʝʥʦʩ ʪʝʧʣʦʪʳ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʠ ʢʦʥʚʝʢʮʠʝʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʧʣʦʚʳʤ ʧʦʪʦʢʦʤ, 

ʢʦʪʦʨʳʡ ʚʧʦʣʥʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʩʨʝʜʳ ʣʦʢʘʣʴʥʳʤ 

ʛʨʘʜʠʝʥʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʪʦ ʧʨʠ ʪʝʧʣʦʦʙʤʝʥʝ ʠʟʣʫʯʝʥʠʝʤ ʣʫʯʠʩʪʳʡ ʧʦʪʦʢ 

ʚ ʧʨʦʠʟʚʦʣʴʥʦʤ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʤ ʦʙʲʝʤʝ ʧʨʦʟʨʘʯʥʦʡ ʩʨʝʜʳ ʥʝ ʟʘʚʠʩʠʪ 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʝʝ ʛʨʘʜʠʝʥʪʘ ʚ ʵʪʦʤ ʦʙʲʝʤʝ, ʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟʣʫʯʝʥʠʝʤ 

ʚʥʝʰʥʠʭ ʠʩʪʦʯʥʠʢʦʚ. ʇʦʵʪʦʤʫ ʣʫʯʠʩʪʳʡ ʧʦʪʦʢ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʠʥʪʝʛʨʘʣʴʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʫʤʤʠʨʦʚʘʥʠʷ ʠʟʣʫʯʝʥʠʷ ʦʪ ʚʩʝʭ ʚʥʝʰʥʠʭ 

ʠʩʪʦʯʥʠʢʦʚ (ʠʟʣʫʯʘʶʱʠʭ ʪʝʣ). ɼʣʷ ʧʝʨʝʜʘʯʠ ʪʝʧʣʦʪʳ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ 

ʠʣʠ ʢʦʥʚʝʢʮʠʝʡ ʤʝʞʜʫ ʪʝʣʘʤʠ ʦʙʷʟʘʪʝʣʴʥʦ ʥʘʣʠʯʠʝ ʩʨʝʜʳ. ʕʥʝʨʛʠʷ ʞʝ 

ʠʟʣʫʯʝʥʠʷ ʤʦʞʝʪ ʧʝʨʝʜʘʚʘʪʴʩʷ ʠ ʯʝʨʝʟ ʚʘʢʫʫʤ. 

 ɹʦʣʴʰʠʥʩʪʚʦ ʪʚʝʨʜʳʭ ʠ ʞʠʜʢʠʭ ʪʝʣ ʠʤʝʝʪ ʥʝʧʨʝʨʳʚʥʳʡ ʩʧʝʢʪʨ 

ʠʟʣʫʯʝʥʠʷ, ʪ. ʝ. ʠʟʣʫʯʘʝʪ ʵʥʝʨʛʠʶ ʚʩʝʭ ʜʣʠʥ ʚʦʣʥ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 0 ʜʦ Ð. 

ʅʝʢʦʪʦʨʳʝ ʪʝʣʘ ʠʟʣʫʯʘʶʪ ʵʥʝʨʛʠʶ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʠʥʪʝʨʚʘʣʘʭ ʜʣʠʥ ʚʦʣʥ, 
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ʠʩʧʫʩʢʘʶʪ ʵʥʝʨʛʠʶ ʩ ʧʨʝʨʳʚʠʩʪʳʤ ʩʧʝʢʪʨʦʤ. ʊʘʢʦʝ ʠʟʣʫʯʝʥʠʝ ʥʘʟʳʚʘʝʪʩʷ 

ʩʝʣʝʢʪʠʚʥʳʤ. 

 ʉʝʣʝʢʪʠʚʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʛʘʟʳ, ʘ ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʝ 

ʪʚʝʨʜʳʝ ʪʝʣʘ, ʥʘʧʨʠʤʝʨ, ʢʚʘʨʮ. ʏʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʩʝʣʝʢʪʠʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʝ ʠʟʣʫʯʝʥʠʝ, ʢʦʛʜʘ ʦʥʦ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʦʜʥʦʡ 

ʜʣʠʥʝ ʚʦʣʥʳ.  

ʀʟʣʫʯʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʝʣ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʪʝʣʘ, ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʜʣʷ ʛʘʟʦʚ ï ʦʪ ʪʦʣʱʠʥʳ ʩʣʦʷ ʠ ʜʘʚʣʝʥʠʷ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʚ ʧʨʠʨʦʜʝ ʠ ʪʝʭʥʠʢʝ ʪʚʝʨʜʳʭ ʠ ʞʠʜʢʠʭ ʪʝʣ 

ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʧʦʛʣʦʱʘʪʝʣʴʥʫʶ ʠ ʠʟʣʫʯʘʪʝʣʴʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, 

ʧʦʵʪʦʤʫ ʚ ʧʨʦʮʝʩʩʘʭ ʣʫʯʠʩʪʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʫʯʘʩʪʚʫʶʪ ʣʠʰʴ ʪʦʥʢʠʝ 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʣʦʠ. ɼʣʷ ʪʘʢʠʭ ʪʝʣ ʪʝʧʣʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ 

ʧʨʠʙʣʠʞʝʥʥʦ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʷʚʣʝʥʠʝ. ɺ 

ʠʟʣʫʯʝʥʠʠ ʛʘʟʦʚ ʫʯʘʩʪʚʫʶʪ ʚʩʝ ʝʛʦ ʯʘʩʪʠʮʳ, ʠ ʧʨʦʮʝʩʩ ʪʝʧʣʦʚʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʥʦʩʠʪ ʦʙʲʝʤʥʳʡ ʭʘʨʘʢʪʝʨ. 

 

 

3.1.2. ʊʝʣʝʩʥʳʡ ʫʛʦʣ. ɺʠʜʳ ʣʫʯʠʩʪʳʭ ʧʦʪʦʢʦʚ.  

ʇʣʦʪʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ 

 

ʊʝʣʝʩʥʳʡ ʫʛʦʣ. ɺ ʪʝʦʨʠʠ ʠʟʣʫʯʝʥʠʷ ʯʘʩʪʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʫʯʢʠ 

ʣʫʯʝʡ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʠʟ ʢʘʢʦʡ-ʣʠʙʦ ʪʦʯʢʠ ʧʦ ʨʘʟʣʠʯʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʵʥʝʨʛʠʠ, ʠʟʣʫʯʘʝʤʦʡ ʚ ʜʘʥʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʠʩʧʦʣʴʟʫʶʪ ʧʦʥʷʪʠʝ ʪʝʣʝʩʥʦʛʦ ʫʛʣʘ. ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʝʛʦ, 

ʨʘʩʩʤʦʪʨʠʤ ʧʫʯʦʢ ʣʫʯʝʡ, ʚʳʭʦʜʷʱʠʭ ʠʟ ʪʦʯʢʠ ʆ (ʨʠʩ. 3.1). ɺʦʟʴʤʝʤ 

ʧʦʣʫʩʬʝʨʫ ʨʘʜʠʫʩʘ .r  ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʪʦʡ ʩʬʝʨʳ ʪʝʣʝʩʥʳʡ ʫʛʦʣ w

ʚʳʨʝʞʝʪ ʫʯʘʩʪʦʢ, ʠʤʝʶʱʠʡ ʧʣʦʱʘʜʴ .F  ʊʦʛʜʘ w
2/F r=  ʠʣʠ dw

2/ .dF r=  

 ɽʩʣʠ ʚ ʩʬʝʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ɗ ʦʟʥʘʯʘʝʪ ʜʦʣʛʦʪʫ, ʘ w ï ʧʦʣʷʨʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ, ʪʦ ʠʟ ʵʣʝʤʝʥʪʘʨʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʩʦʦʙʨʘʞʝʥʠʡ ʩʣʝʜʫʝʪ 

 

2

sin
sin .

rd r d
d d d

r

j j Q
w= = j j Q                          (3.1) 

  

ɽʜʠʥʠʮʝʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʫʛʣʘ ʷʚʣʷʝʪʩʷ ʩʪʝʨʘʜʠʘʥ (ʩʨ). ɺʝʣʠʯʠʥʘ 

ʧʦʣʫʩʬʝʨʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʫʛʣʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ ʫʨʘʚʥʝʥʠʷ (3.1) ʧʦ j ʦʪ ʥʫʣʷ ʜʦ / 2p   ʠ ɗ ʦʪ ʥʫʣʷ ʜʦ 2p, 

ʦʥʘ ʨʘʚʥʘ 2pʩʨ. ɺʝʣʠʯʠʥʘ ʪʝʣʝʩʥʦʛʦ ʫʛʣʘ ʧʦ ʧʦʣʥʦʡ ʩʬʝʨʝ ʨʘʚʥʘ 4pʩʨ. 
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ʈʠʩ. 3.1. ʂ ʦʧʨʝʜʝʣʝʥʠʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʪʝʣʝʩʥʦʛʦ ʫʛʣʘ 

 

 ɺʠʜʳ ʣʫʯʠʩʪʳʭ ʧʦʪʦʢʦʚ. ʊʝʣʦ ʠʟʣʫʯʘʝʪ ʵʥʝʨʛʠʶ ʚ ʚʠʜʝ 

ʥʝʧʨʝʨʳʚʥʦʛʦ (ʩʧʣʦʰʥʦʛʦ) ʠʣʠ ʧʨʝʨʳʚʠʩʪʦʛʦ ʩʧʝʢʪʨʘ ʧʦ ʜʣʠʥʘʤ ʚʦʣʥ. 

ʉʫʤʤʘʨʥʦʝ ʠʟʣʫʯʝʥʠʝ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ ʧʦ ʚʩʝʤ ʜʣʠʥʘʤ ʚʦʣʥ ʩʧʝʢʪʨʘ 

ʥʘʟʳʚʘʝʪʩʷ ʠʥʪʝʛʨʘʣʴʥʳʤ ʠʣʠ ʧʦʣʥʳʤ ʣʫʯʠʩʪʳʤ ʧʦʪʦʢʦʤ (Q ). 

ʕʥʝʨʛʠʷ ʠʟʣʫʯʝʥʠʷ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ, ʦʪʥʦʩʷʱʘʷʩʷ ʢ ʫʟʢʦʤʫ 

ʠʥʪʝʨʚʘʣʫ ʠʟʤʝʥʝʥʠʡ ʜʣʠʥ ʚʦʣʥ ʦʪ l ʜʦ l d+ l, ʥʘʟʳʚʘʝʪʩʷ ʧʦʪʦʢʦʤ 

ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʛʦ, ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʠʣʠ ʦʜʥʦʨʦʜʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (Ql). 

ʃʫʯʠʩʪʳʡ ʧʦʪʦʢ, ʧʨʦʭʦʜʷʱʠʡ ʯʝʨʝʟ ʝʜʠʥʠʮʫ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ 

ʚʩʝʚʦʟʤʦʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʚ ʧʨʝʜʝʣʘʭ ʧʦʣʫʩʬʝʨʠʯʝʩʢʦʛʦ ʪʝʣʝʩʥʦʛʦ ʫʛʣʘ 

ʥʘʟʳʚʘʶʪ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ: 

     
dQ

E
dF
= ,            (3.2) 

 

ʛʜʝ dQ ï ʣʫʯʠʩʪʳʡ ʧʦʪʦʢ, ɺʪ, ʠʩʧʫʩʢʘʝʤʳʡ ʩ ʵʣʝʤʝʥʪʘ ʧʦʚʝʨʭʥʦʩʪʠ dF , 

ʤ2. 

 ʃʫʯʠʩʪʳʡ ʧʦʪʦʢ ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʳʨʘʟʠʪʩʷ ʠʥʪʝʛʨʘʣʦʤ 

    Q =

F

EdFñ ,                               (3.3) 

 

ʛʜʝ F  ï ʧʦʣʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʪʝʣʘ, ʤ2. 
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ɽʩʣʠ ʚʝʣʠʯʠʥʘ E ʜʣʷ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʣʫʯʘʶʱʝʛʦ ʪʝʣʘ 

ʦʜʠʥʘʢʦʚʘ, ʪʦ ʟʘʚʠʩʠʤʦʩʪʴ (3.3) ʧʝʨʝʭʦʜʠʪ ʚ ʩʦʦʪʥʦʰʝʥʠʝ  

    Q EF= .                   (3.4) 

 ʆʪʥʦʰʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʣʫʯʠʩʪʦʛʦ ʧʦʪʦʢʘ, 

ʠʩʧʫʩʢʘʝʤʦʛʦ ʚ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʤ ʠʥʪʝʨʚʘʣʝ ʜʣʠʥ ʚʦʣʥ, ʢ ʚʝʣʠʯʠʥʝ ʵʪʦʛʦ 

ʠʥʪʝʨʚʘʣʘ ʜʣʠʥ ʚʦʣʥ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ 

ʠʟʣʫʯʝʥʠʷ (ɺʪ/ʤ3): 

El
dE

d
=
l

,               (3.5) 

ʦʪʩʶʜʘ       

 
0

.E E d

¤

l= lñ                     (3.6) 

ʂʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ, ʠʩʧʫʩʢʘʝʤʦʝ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ l , 
ʦʧʨʝʜʝʣʷʝʤʳʤ ʫʛʣʦʤ y ʩ ʥʦʨʤʘʣʴʶ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʧ (ʨʠʩ. 3.2) ʝʜʠʥʠʯʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʧʣʦʱʘʜʢʠ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʚ ʧʨʝʜʝʣʘʭ 

ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʪʝʣʝʩʥʦʛʦ ʫʛʣʘ dw, ʥʘʟʳʚʘʝʪʩʷ ʫʛʣʦʚʦʡ ʧʣʦʪʥʦʩʪʴʶ ʧʦʪʦʢʘ 

ʠʟʣʫʯʝʥʠʷ ,IQ  ɺʪ/(ʤ2.ʩʨ): 

     .
dE

I
d

Q
Q=

w
                        (3.7) 

ɼʣʷ ʵʣʝʤʝʥʪʘʨʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ l ʫʛʣʦʚʘʷ ʧʣʦʪʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʚʳʨʘʞʝʥʠʶ 

    .
dE

I
d

Ql
Ql=

w
                             (3.8) 

 ʂ ʦʯʝʥʴ ʚʘʞʥʳʤ ʧʦʥʷʪʠʷʤ ʪʝʦʨʠʠ ʠʟʣʫʯʝʥʠʷ ʦʪʥʦʩʷʪʩʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʣʠ ʷʨʢʦʩʪʴ ʠʟʣʫʯʝʥʠʷ. 

 

 
ʈʠʩ. 3.2. ʂ ʦʧʨʝʜʝʣʝʥʠʶ ʫʛʣʦʚʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ 
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 ʀʥʪʝʥʩʠʚʥʦʩʪʴʶ ʠʟʣʫʯʝʥʠʷ ʥʘʟʳʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʣʫʯʠʩʪʦʡ 

ʵʥʝʨʛʠʠ, ʠʩʧʫʩʢʘʝʤʦʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʫʛʣʘ ɗ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʧʣʦʱʘʜʢʦʡ ʚ ʧʨʝʜʝʣʘʭ ʝʜʠʥʠʯʥʦʛʦ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʪʝʣʝʩʥʦʛʦ 

ʫʛʣʘ, ʦʪʥʝʩʝʥʥʦʝ ʢ ʧʨʦʝʢʮʠʠ ʵʪʦʡ ʧʣʦʱʘʜʢʠ ʥʘ ʧʣʦʩʢʦʩʪʴ, ʦʨʪʦʛʦʥʘʣʴʥʫʶ 

ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʠʟʣʫʯʝʥʠʷ (ʨʠʩ. 3.2): 

     ;
cos

I
I Ql
l=

Q
                           (3.9) 

,
cos

I
I Q=

Q
                                            (3.10) 

 

ʛʜʝ Il ʠ I  ï ʠʥʪʝʥʩʠʚʥʦʩʪʠ (ʷʨʢʦʩʪʠ) ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʠ ʠʥʪʝʛʨʘʣʴʥʦʛʦ 

ʠʟʣʫʯʝʥʠʡ; ɗ ï ʫʛʦʣ, ʩʦʩʪʘʚʣʝʥʥʳʡ ʥʦʨʤʘʣʴʥʦ ʢ ʧʣʦʱʘʜʢʝ ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʠʟʣʫʯʝʥʠʷ. 

 ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʩʧʝʢʪʨʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʟʘʚʠʩʠʪ 

ʦʪ ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ, ʥʘʧʨʘʚʣʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʠ ʜʣʠʥʳ ʚʦʣʥʳ. ʀʥʪʝʛʨʘʣʴʥʘʷ 

ʚʝʣʠʯʠʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʩʫʤʤʘʨʥʦʡ ʜʣʷ ʚʩʝʭ ʜʣʠʥ ʚʦʣʥ ʵʥʝʨʛʠʠ ʠʟʣʫʯʝʥʠʷ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ ʧʦ 

ʚʩʝʚʦʟʤʦʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʜʣʷ ʚʳʙʨʘʥʥʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʧʦ ʦʪʜʝʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ 

ʤʦʞʝʪ ʙʳʪʴ ʩʘʤʳʤ ʨʘʟʣʠʯʥʳʤ. ɺ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ ʦʥʦ ʤʦʞʝʪ ʙʳʪʴ 

ʦʜʠʥʘʢʦʚʳʤ ʧʦ ʚʩʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ. ʀʟʣʫʯʝʥʠʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝʩʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ, ʦʜʠʥʘʢʦʚʦʡ ʧʦ ʚʩʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʥʘʟʳʚʘʝʪʩʷ 

ʠʟʦʪʨʦʧʥʳʤ (ʜʠʬʬʫʟʥʳʤ).  

 ʊʝʧʣʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʩʚʦʡʩʪʚʝʥʥʦ ʚʩʝʤ ʪʝʣʘʤ ʠ ʢʘʞʜʦʝ ʠʟ ʥʠʭ 

ʠʟʣʫʯʘʝʪ ʵʥʝʨʛʠʶ ʚ ʦʢʨʫʞʘʶʱʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ʇʨʠ ʧʦʧʘʜʘʥʠʠ ʥʘ ʜʨʫʛʠʝ 

ʪʝʣʘ ʵʪʘ ʵʥʝʨʛʠʷ ʯʘʩʪʠʯʥʦ ʧʦʛʣʦʱʘʝʪʩʷ, ʯʘʩʪʠʯʥʦ ʦʪʨʘʞʘʝʪʩʷ ʠ ʯʘʩʪʠʯʥʦ 

ʧʨʦʭʦʜʠʪ ʩʢʚʦʟʴ ʪʝʣʦ. ʏʘʩʪʴ ʣʫʯʠʩʪʦʡ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʘʷ ʧʦʛʣʦʱʘʝʪʩʷ 

ʪʝʣʦʤ, ʩʥʦʚʘ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ. ʏʘʩʪʴ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʘʷ 

ʦʪʨʘʞʘʝʪʩʷ, ʧʦʧʘʜʘʝʪ ʥʘ ʜʨʫʛʠʝ (ʦʢʨʫʞʘʶʱʠʝ) ʪʝʣʘ ʠ ʠʤʠ ʧʦʛʣʦʱʘʝʪʩʷ. ʊʦ 

ʞʝ ʩʘʤʦʝ ʧʨʦʠʩʭʦʜʠʪ ʠ ʩ ʪʦʡ ʯʘʩʪʴʶ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʘʷ ʧʨʦʭʦʜʠʪ ʩʢʚʦʟʴ 

ʪʝʣʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʣʝ ʨʷʜʘ ʧʦʛʣʦʱʝʥʠʡ ʠʟʣʫʯʘʝʤʘʷ ʵʥʝʨʛʠʷ 

ʧʦʣʥʦʩʪʴʶ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʤʝʞʜʫ ʦʢʨʫʞʘʶʱʠʤʠ ʪʝʣʘʤʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʢʘʞʜʦʝ ʪʝʣʦ ʥʝ ʪʦʣʴʢʦ ʥʝʧʨʝʨʳʚʥʦ ʠʟʣʫʯʘʝʪ, ʥʦ ʠ ʥʝʧʨʝʨʳʚʥʦ ʧʦʛʣʦʱʘʝʪ 

ʣʫʯʠʩʪʫʶ ʵʥʝʨʛʠʶ. 

 ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʠʭ ʷʚʣʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʜʚʦʡʥʳʤ ʚʟʘʠʤʥʳʤ 

ʧʨʝʚʨʘʱʝʥʠʝʤ ʵʥʝʨʛʠʠ (ʪʝʧʣʦʚʘʷ ï ʣʫʯʠʩʪʘʷ ï ʪʝʧʣʦʚʘʷ), ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʨʦʮʝʩʩ ʣʫʯʠʩʪʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ. ʂʦʣʠʯʝʩʪʚʦ ʦʪʜʘʚʘʝʤʦʡ ʠʣʠ 

ʚʦʩʧʨʠʥʠʤʘʝʤʦʡ ʪʝʧʣʦʪʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʥʦʩʪʴʶ ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʘʤʠ 

ʠʟʣʫʯʘʝʤʦʡ ʠ ʧʦʛʣʦʱʘʝʤʦʡ ʪʝʣʦʤ ʣʫʯʠʩʪʦʡ ʵʥʝʨʛʠʠ. ʊʘʢʘʷ ʨʘʟʥʦʩʪʴ 

ʦʪʣʠʯʥʘ ʦʪ ʥʫʣʷ, ʝʩʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʣ, ʫʯʘʩʪʚʫʶʱʠʭ ʚʦ ʚʟʘʠʤʥʦʤ ʦʙʤʝʥʝ 

ʣʫʯʠʩʪʦʡ ʵʥʝʨʛʠʝʡ, ʨʘʟʣʠʯʥʘ. ʇʨʠ ʦʜʠʥʘʢʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʵʪʠʭ ʪʝʣ ʚʩʷ 
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ʩʠʩʪʝʤʘ ʥʘʭʦʜʠʪʩʷ ʚ ʪʝʧʣʦʚʦʤ ʨʘʚʥʦʚʝʩʠʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʩʝ ʪʝʣʘ ʩʠʩʪʝʤʳ 

ʪʘʢʞʝ ʠʟʣʫʯʘʶʪ ʠ ʧʦʛʣʦʱʘʶʪ, ʪʦʣʴʢʦ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʧʨʠʭʦʜ ʣʫʯʠʩʪʦʡ 

ʵʥʝʨʛʠʠ ʨʘʚʝʥ ʝʝ ʨʘʩʭʦʜʫ. 

 ʀʟ ʚʩʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʘʜʘʶʱʝʡ ʥʘ ʪʝʣʦ ʵʥʝʨʛʠʠ oQ , ʯʘʩʪʴ ʝʝ AQ  

ʧʦʛʣʦʱʘʝʪʩʷ, ʯʘʩʪʴ RQ  ʦʪʨʘʞʘʝʪʩʷ ʠ ʯʘʩʪʴ DQ  ʧʨʦʭʦʜʠʪ ʩʢʚʦʟʴ ʪʝʣʦ 

(ʨʠʩ. 3.3), ʪ. ʝ. 

    AQ + RQ + DQ = oQ .                                    (3.11) 

 

ʈʘʟʜʝʣʠʚ ʦʙʝ ʯʘʩʪʠ ʨʘʚʝʥʩʪʚʘ (3.11) ʥʘ oQ , ʧʦʣʫʯʘʝʤ 

 

1,A R D

o o o

Q Q Q

Q Q Q
+ + =                  (3.11ʘ) 

ʠʣʠ  

      ɸ + R + D = 1.          (3.12) 

 

 

 

 
ʈʠʩ. 3.3. ʉʭʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʘʜʘʶʱʝʡ ʣʫʯʠʩʪʦʡ ʵʥʝʨʛʠʠ 

 

 ʉʦʦʪʥʦʰʝʥʠʝ (3.12) ʩʧʨʘʚʝʜʣʠʚʦ ʢʘʢ ʜʣʷ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʪʦʢʘ, ʪʘʢ 

ʠ ʜʣʷ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʪ. ʝ. ʠʟʣʫʯʝʥʠʷ, ʦʪʥʝʩʝʥʥʦʛʦ ʢ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʣʠʥʝ ʚʦʣʥʳ:  

    ɸ R Dl l l+ + = 1.                             (3.12ʘ) 

 ɽʩʣʠ ʦʪʨʘʞʝʥʥʳʡ ʣʫʯ ʦʩʪʘʝʪʩʷ ʚ ʧʣʦʩʢʦʩʪʠ, ʧʨʦʚʝʜʝʥʥʦʡ ʯʝʨʝʟ 

ʧʘʜʘʶʱʠʡ ʣʫʯ ʠ ʥʦʨʤʘʣʴ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʪʦʯʢʝ ʧʘʜʝʥʠʷ, ʠ ʫʛʦʣ ʧʘʜʝʥʠʷ 

ʨʘʚʝʥ ʫʛʣʫ ʦʪʨʘʞʝʥʠʷ, ʪʦ ʪʘʢʦʝ ʦʪʨʘʞʝʥʠʝ ʥʘʟʳʚʘʝʪʩʷ ʟʝʨʢʘʣʴʥʳʤ, ʘ ʩʘʤʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʨʢʘʣʴʥʳʤʠ. ɽʩʣʠ ʧʘʜʘʶʱʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʣʫʯ ʦʪʨʘʞʘʝʪʩʷ 
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ʧʦ ʚʩʝʚʦʟʤʦʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʪʦ ʪʘʢʦʝ ʦʪʨʘʞʝʥʠʝ ʥʘʟʳʚʘʝʪʩʷ 

ʜʠʬʬʫʟʥʳʤ. ʏʘʩʪʥʳʡ ʩʣʫʯʘʡ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ, ʢʦʛʜʘ ʷʨʢʦʩʪʴ 

ʦʪʨʘʞʝʥʥʦʛʦ ʣʫʯʘ ʦʜʠʥʘʢʦʚʘ ʜʣʷ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʡ, ʥʘʟʳʚʘʶʪ ʠʟʦʪʨʦʧʥʦ 

ʜʠʬʬʫʟʥʳʤ ʦʪʨʘʞʝʥʠʝʤ. 

 ɽʩʣʠ 1A=, ʪʦ 0R=  ʠ 0D= , ʪ. ʝ. ʚʩʷ ʧʘʜʘʶʱʘʷ ʣʫʯʠʩʪʘʷ ʵʥʝʨʛʠʷ 

ʧʦʣʥʦʩʪʴʶ ʧʦʛʣʦʱʘʝʪʩʷ ʪʝʣʦʤ. ʊʘʢʠʝ ʪʝʣʘ ʥʘʟʳʚʘʶʪʩʷ ʘʙʩʦʣʶʪʥʦ 

ʯʝʨʥʳʤʠ ʠʣʠ ʧʨʦʩʪʦ ʯʝʨʥʳʤʠ. 

ɽʩʣʠ 1R=, ʪʦ 0A=  ʠ 0D= , ʪ. ʝ. ʚʩʷ ʧʘʜʘʶʱʘʷ ʣʫʯʠʩʪʘʷ ʵʥʝʨʛʠʷ 

ʧʦʣʥʦʩʪʴʶ ʦʪʨʘʞʘʝʪʩʷ. ɽʩʣʠ ʧʦʚʝʨʭʥʦʩʪʴ ʜʠʬʬʫʟʥʦ ʦʪʨʘʞʘʝʪ ʚʩʝ 

ʧʘʜʘʶʱʠʝ ʥʘ ʥʝʝ ʣʫʯʠ, ʝʝ ʥʘʟʳʚʘʶʪ ʘʙʩʦʣʶʪʥʦ ʙʝʣʦʡ. 

 ɽʩʣʠ 1D=, ʪʦ 0A=  ʠ 0R= , ʪ. ʝ. ʚʩʷ ʧʘʜʘʶʱʘʷ ʵʥʝʨʛʠʷ ʧʦʣʥʦʩʪʴʶ 

ʧʨʦʭʦʜʠʪ ʩʢʚʦʟʴ ʪʝʣʦ. ʊʘʢʠʝ ʪʝʣʘ ʥʘʟʳʚʘʶʪʩʷ ʘʙʩʦʣʶʪʥʦ ʧʨʦʥʠʮʘʝʤʳʤʠ 

(ʧʨʦʟʨʘʯʥʳʤʠ) ʠʣʠ ʜʠʘʪʝʨʤʠʯʥʳʤʠ. 

 ɺ ʧʨʠʨʦʜʝ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʳʭ, ʙʝʣʳʭ ʠ ʧʨʦʟʨʘʯʥʳʭ ʪʝʣ ʥʝʪ. ɼʣʷ 

ʨʝʘʣʴʥʳʭ ʪʝʣ ʟʥʘʯʝʥʠʷ ,ɸ R ʠ D ʚʩʝʛʜʘ ʙʦʣʴʰʝ ʥʫʣʷ ʠ ʤʝʥʴʰʝ ʝʜʠʥʠʮʳ, 

ʠ ʢʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʟʘʚʠʩʷʪ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ. ʊʝʣʘ, 

ʧʦʛʣʦʱʘʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ( )ɸl  ʢʦʪʦʨʳʭ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ ʥʝ ʟʘʚʠʩʠʪ, 

ʥʘʟʳʚʘʶʪʩʷ ʩʝʨʳʤʠ. ɺ ʧʨʘʢʪʠʯʝʩʢʠʭ ʪʝʧʣʦʚʳʭ ʨʘʩʯʝʪʘʭ ʙʦʣʴʰʠʥʩʪʚʦ ʪʝʣ 

ʩʣʝʜʫʝʪ ʧʨʠʥʠʤʘʪʴ ʩʝʨʳʤʠ.  

 ʊʚʝʨʜʳʝ ʪʝʣʘ ʠ ʥʝʢʦʪʦʨʳʝ ʞʠʜʢʦʩʪʠ (ʥʘʧʨʠʤʝʨ, ʚʦʜʘ, ʩʧʠʨʪʳ) ʜʣʷ 

ʪʝʧʣʦʚʳʭ ʣʫʯʝʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʧʨʦʟʨʘʯʥʳ (ʘʪʝʨʤʠʯʥʳ), ʪ. ʝ. ʜʣʷ ʥʠʭ 0D=  

ʠ ʩʧʨʘʚʝʜʣʠʚʦ ʨʘʚʝʥʩʪʚʦ 1A R+ =, ʠʟ ʢʦʪʦʨʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʝʩʣʠ ʪʝʣʦ 
ʭʦʨʦʰʦ ʦʪʨʘʞʘʝʪ ʣʫʯʠʩʪʫʶ ʵʥʝʨʛʠʶ, ʪʦ ʧʣʦʭʦ ʝʝ ʧʦʛʣʦʱʘʝʪ, ʠ ʥʘʦʙʦʨʦʪ. 

 ʃʫʯʠʩʪʳʝ ʧʦʪʦʢʠ ʤʦʞʥʦ ʨʘʟʣʠʯʘʪʴ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠʣʠ ʦʙʲʝʤʦʤ ʪʝʣʘ. 

 ɽʩʣʠ ʥʘ ʪʝʣʦ ʠʟʚʥʝ ʥʝ ʧʘʜʘʝʪ ʥʠʢʘʢʠʭ ʣʫʯʝʡ, ʪʦ ʩ ʝʜʠʥʠʮʳ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ ʦʪʚʦʜʠʪʩʷ ʣʫʯʠʩʪʳʡ ʧʦʪʦʢ ʵʥʝʨʛʠʠ, ʨʘʚʥʳʡ ʉE , ɺʪ/ʤ2 

(ʨʠʩ. 3.4). ʆʥ ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʬʠʟʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʪʝʣʘ. ʕʪʦ ʩʦʙʩʪʚʝʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʪʝʣʘ ʠʣʠ ʝʛʦ ʠʟʣʫʯʘʪʝʣʴʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ. ʆʙʳʯʥʦ ʪʝʣʘ ʥʘʭʦʜʷʪʩʷ ʚ ʧʦʣʝ ʠʟʣʫʯʝʥʠʷ, ʩʦʟʜʘʥʥʦʛʦ 

ʦʢʨʫʞʘʶʱʠʤʠ ʪʝʣʘʤʠ. ʇʦʵʪʦʤʫ ʠʟʚʥʝ ʥʘ ʵʪʦ ʪʝʣʦ ʧʘʜʘʝʪ ʠʟʣʫʯʝʥʠʝ ʩ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʧʦʪʦʢʘ ʧʘʜE  ï ʧʘʜʘʶʱʝʝ ʠʟʣʫʯʝʥʠʝ. ʏʘʩʪʴ 

ʧʘʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʢʦʣʠʯʝʩʪʚʝ 1A ʧʘʜE  ʧʦʛʣʦʱʘʝʪʩʷ ʪʝʣʦʤ ï 

ʧʦʛʣʦʱʝʥʥʦʝ ʠʟʣʫʯʝʥʠʝ. ʆʩʪʘʣʴʥʦʝ ʚ ʢʦʣʠʯʝʩʪʚʝ 1(1 )A- ʧʘʜE  ʦʪʨʘʞʘʝʪʩʷ ï 

ʦʪʨʘʞʝʥʥʦʝ ʠʟʣʫʯʝʥʠʝ. ʉʦʙʩʪʚʝʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʪʝʣʘ ʩʦʚʤʝʩʪʥʦ ʩ 

ʦʪʨʘʞʝʥʥʳʤ ʥʘʟʳʚʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʪʝʣʘ, ʵʬE ʉE= + 1(1 )ɸ-

ʧʘʜE . ʕʪʦ ʬʘʢʪʠʯʝʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʪʝʣʘ, ʢʦʪʦʨʦʝ ʤʳ ʦʱʫʱʘʝʤ ʠʣʠ ʠʟʤʝʨʷʝʤ 

ʧʨʠʙʦʨʘʤʠ; ʦʥʦ ʙʦʣʴʰʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʥʘ ʚʝʣʠʯʠʥʫ 1(1 )ɸ- ʧʘʜE . 
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ʈʠʩ. 3.4. ʂ ʦʧʨʝʜʝʣʝʥʠʶ ʚʠʜʦʚ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ 

     

 ʕʬʬʝʢʪʠʚʥʦʝ ʠʟʣʫʯʝʥʠʝ ʵʬE  ʟʘʚʠʩʠʪ ʦʪ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʝ ʪʦʣʴʢʦ ʜʘʥʥʦʛʦ ʠʟʣʫʯʘʶʱʝʛʦ ʪʝʣʘ, ʥʦ ʠ ʜʨʫʛʠʭ 

ʦʢʨʫʞʘʶʱʠʭ ʝʛʦ ʪʝʣ, ʘ ʪʘʢʞʝ ʦʪ ʬʦʨʤʳ, ʨʘʟʤʝʨʦʚ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʝʣ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʊʘʢ ʢʘʢ ʧʘʜʘʶʱʝʝ ʠʟʣʫʯʝʥʠʝ 2E  

ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʩʚʦʡʩʪʚʘʤʠ ʦʢʨʫʞʘʶʱʠʭ ʪʝʣ, ʪʦ ʬʠʟʠʯʝʩʢʠʝ 

ʢʘʯʝʩʪʚʘ ʩʦʙʩʪʚʝʥʥʦʛʦ ʠ ʦʪʨʘʞʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʝ ʦʜʠʥʘʢʦʚʳ, ʠʭ ʩʧʝʢʪʨʳ 

ʨʘʟʣʠʯʥʳ. ʆʜʥʘʢʦ ʜʣʷ ʪʝʧʣʦʚʳʭ ʨʘʩʯʝʪʦʚ ʵʪʦ ʨʘʟʣʠʯʠʝ ʯʘʩʪʦ ʥʝ ʠʤʝʝʪ 

ʟʥʘʯʝʥʠʷ, ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʣʠʰʴ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʪʦʨʦʥʘ ʧʨʦʮʝʩʩʘ. 

 ʈʝʟʫʣʴʪʠʨʫʶʱʝʝ ʠʟʣʫʯʝʥʠʝ ʨʝʟE  ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ 

ʩʦʙʩʪʚʝʥʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʪʝʣʘ ʉE  ʠ ʪʦʡ ʯʘʩʪʴʶ ʧʘʜʘʶʱʝʛʦ ʚʥʝʰʥʝʛʦ 

ʠʟʣʫʯʝʥʠʷ ʧʘʜE , ʢʦʪʦʨʘʷ ʧʦʛʣʦʱʘʝʪʩʷ ʜʘʥʥʳʤ ʪʝʣʦʤ, ʪ. ʝ. ʉA ʧʘʜE . ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ,           ʨʝʟE  = ʉE  ï ʉA ʧʘʜE . ɺʝʣʠʯʠʥʘ ʨʝʟE ʦʧʨʝʜʝʣʷʝʪ ʧʣʦʪʥʦʩʪʴ 

ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʫʶ ʜʘʥʥʦʝ ʪʝʣʦ ʧʦʣʫʯʘʝʪ ʦʪ ʦʢʨʫʞʘʶʱʠʭ ʝʛʦ ʪʝʣ ʚ 

ʧʨʦʮʝʩʩʝ ʣʫʯʠʩʪʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ. ʈʝʟʫʣʴʪʠʨʫʶʱʝʝ ʠʟʣʫʯʝʥʠʝ ʥʝ ʩʦʚʧʘʜʘʝʪ 

ʩ ʧʦʥʷʪʠʝʤ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʪ. ʢ. ʚ ʥʝʤ ʥʝ 

ʫʯʠʪʳʚʘʝʪʩʷ ʧʝʨʝʜʘʯʘ ʪʝʧʣʦʪʳ ʢʦʥʚʝʢʮʠʝʡ (ʢɽ). ɺʝʣʠʯʠʥʘ 

ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʚʥʘ ʩʫʤʤʝ ʨʝʟ.ʪE = ʨʝʟE

 + ʢɽ. ɽʩʣʠ ʚʝʣʠʯʠʥʘ ʨʝʟE  ʦʢʘʟʳʚʘʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ( ʨʝʟE < 0), ʵʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʪʝʣʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʣʫʯʠʩʪʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʧʦʣʫʯʘʝʪ ʵʥʝʨʛʠʶ. 

 
 

3.2. ɿʘʢʦʥʳ ʠʟʣʫʯʝʥʠʷ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ 

 

 ɿʘʢʦʥʳ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦʣʫʯʝʥʳ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʠʜʝʘʣʴʥʦʤʫ 

ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʤʫ ʪʝʣʫ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤʫ ʨʘʚʥʦʚʝʩʠʶ, ʧʦʜ ʢʦʪʦʨʳʤ 

ʧʦʥʠʤʘʶʪ ʪʘʢʦʝ ʠʟʣʫʯʝʥʠʝ, ʢʦʛʜʘ ʚʩʝ ʪʝʣʘ, ʚʭʦʜʷʱʠʝ ʚ ʜʘʥʥʫʶ 

ʠʟʣʫʯʘʶʱʫʶ ʩʠʩʪʝʤʫ, ʧʨʠʥʠʤʘʶʪ ʦʜʠʥʘʢʦʚʫʶ ʪʝʤʧʝʨʘʪʫʨʫ. ʊʝʧʣʦʚʦʝ 

ʠʟʣʫʯʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʠ 
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ʦʜʠʥʘʢʦʚʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʢʘʞʜʦʝ ʠʟ ʪʝʣ ʢʘʢ ʠʩʧʫʩʢʘʝʪ, ʪʘʢ ʠ ʧʦʛʣʦʱʘʝʪ 

ʣʫʯʠʩʪʫʶ ʵʥʝʨʛʠʶ, ʥʦ ʚ ʦʜʠʥʘʢʦʚʳʭ ʢʦʣʠʯʝʩʪʚʘʭ. 

 ɿʥʘʯʝʥʠʝ ʧʦʥʷʪʠʷ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ ʚ ʪʝʦʨʠʠ ʪʝʧʣʦʦʙʤʝʥʘ 

ʙʳʣʦ ʙʳ ʥʝ ʪʘʢ ʩʫʱʝʩʪʚʝʥʥʦ, ʝʩʣʠ ʙʳ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʥʝʣʴʟʷ ʙʳʣʦ 

ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʦʟʜʘʪʴ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʪʦʯʥʦʩʪʠ ʤʦʜʝʣʴ ʪʘʢʦʛʦ ʪʝʣʘ. 

ʄʦʜʝʣʴʶ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʥʝʙʦʣʴʰʦʝ ʦʪʚʝʨʩʪʠʝ ʚ 

ʩʪʝʥʢʝ ʥʝʧʨʦʟʨʘʯʥʦʛʦ ʧʦʣʦʛʦ ʪʝʣʘ ʣʶʙʦʡ ʬʦʨʤʳ (ʥʘʧʨʠʤʝʨ, ʩʬʝʨʠʯʝʩʢʦʡ), 

ʝʩʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʝʛʦ ʚʩʶʜʫ ʩʦʚʝʨʰʝʥʥʦ ʦʜʠʥʘʢʦʚʘ. ʃʶʙʦʡ ʣʫʯ, ʚʦʰʝʜʰʠʡ 

ʚ ʪʘʢʦʝ ʦʪʚʝʨʩʪʠʝ, ʙʫʜʝʪ ʧʦʛʣʦʱʝʥ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʠ ʦʙʨʘʪʥʦ ʠʟ 

ʧʦʣʦʛʦ ʪʝʣʘ ʥʝ ʚʳʡʜʝʪ, ʭʦʪʷ ʚʥʫʪʨʝʥʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʩʪʝʥʦʢ ʧʦʣʦʩʪʠ 

ʤʦʞʝʪ ʦʙʣʘʜʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʡ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. ʆʧʨʝʜʝʣʷʷ 

ʪʘʢʫʶ ʤʦʜʝʣʴ ʢʘʢ ʠʜʝʘʣʴʥʳʡ ʠʟʣʫʯʘʪʝʣʴ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʜʘʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʝ ʪʝʣʦ ʠʟʣʫʯʘʝʪ (ʧʦʛʣʦʱʘʝʪ) ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ. 

 

 

 
ʈʠʩ. 3.5. ʉʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ 

 

 ɿʘʢʦʥ ʇʣʘʥʢʘ. ʋʩʪʘʥʘʚʣʠʚʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ ( )oE l  ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʊ ʠ ʜʣʠʥʳ 

ʚʦʣʥʳ , ʤ:l  

oE l

2
1

21
5

1 ,ɺʪ/ʤ ,

c

T
c

e

-

l
å õ

= -æ ö
æ ölç ÷

                                 (3.13) 
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ʛʜʝ 1c =
163,73 10-Ö  ï ʧʝʨʚʘʷ ʢʦʥʩʪʘʥʪʘ ʠʟʣʫʯʝʥʠʷ, ɺʪ.ʤ2; 2c =

21,673 10-Ö ï 

ʚʪʦʨʘʷ ʢʦʥʩʪʘʥʪʘ ʠʟʣʫʯʝʥʠʷʤ, ʤ.ʂ; ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʣʘ, ʂ. 

 ɻʨʘʬʠʯʝʩʢʠ ʵʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3.5. ɺʠʜʥʦ, ʯʪʦ oE l 

ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʣʠʥʳ ʚʦʣʥʳ. 

ʇʨʠ l = 0 ʵʥʝʨʛʠʷ ʠʟʣʫʯʝʥʠʷ ʨʘʚʥʘ ʥʫʣʶ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ l ʨʘʩʪʝʪ 

oE l ʠ ʧʨʠ ʥʝʢʦʪʦʨʦʤ ʟʥʘʯʝʥʠʠ maxl  ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʛʦ ʤʘʢʩʠʤʫʤʘ, ʟʘʪʝʤ 

ʫʙʳʚʘʝʪ ʠ ʧʨʠ l=¤ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʦʡ ʥʫʣʶ. ʉ ʧʦʚʳʰʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʢʩʠʤʫʤ ʠʟʣʫʯʝʥʠʷ ʩʤʝʱʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʙʦʣʝʝ ʢʦʨʦʪʢʠʭ 

ʚʦʣʥ. 

ʊʘʢ ʢʘʢ ʟʘʢʦʥ ʇʣʘʥʢʘ ʧʦʣʫʯʝʥ ʜʣʷ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ, ʪʦ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʩʝʨʳʤ ʪʝʣʘʤ ʦʥ ʚʳʨʘʞʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʫʶ 

ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ. ɼʣʷ ʩʝʨʳʭ ʪʝʣ ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ 

ʠʟʣʫʯʝʥʠʷ, ʢʨʦʤʝ ʜʣʠʥʳ ʚʦʣʥʳ, ʟʘʚʠʩʠʪ ʦʪ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 

ʇʨʠʤʝʨ 3.1. ʈʘʩʩʯʠʪʘʪʴ ʩʧʝʢʪʨʘʣʴʥʫʶ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʝʤ 

ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1700 ʦʉ ʠ ʜʣʠʥʝ ʚʦʣʥʳ 

ɚ = 1,5 ʤʢʤ. 

ʈʝʰʝʥʠʝ:  

ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʟʘʢʦʥʦʤ ʇʣʘʥʢʘ (3.13): 

 

oE l

2

6

1
1,6731016

14 21,510 1700

6 5

3,73 10
1 2277,55 10 ɺʪ/ʤ .

(1,5 10 )
e

-

-

-
Ö-

Ö Ö

-

å õÖ
æ ö= - = Ö
æ öÖ
ç ÷

 

  

ɿʘʢʦʥ ʩʤʝʱʝʥʠʷ ɺʠʥʘ. ʇʦʣʦʞʝʥʠʷ ʤʘʢʩʠʤʫʤʦʚ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ (ʨʠʩ. 3.5) ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ ʧʦ ʫʨʘʚʥʝʥʠʶ (3.13). ɼʣʷ ʵʪʦʛʦ ʥʘʭʦʜʠʪʩʷ ʧʨʦʠʟʚʦʜʥʘʷ 

ʬʫʥʢʮʠʷ ʧʦ ʜʣʠʥʝ ʚʦʣʥʳ. ʇʨʠʨʘʚʥʠʚʘʷ ʧʨʦʠʟʚʦʜʥʫʶ ʥʫʣʶ, ʧʦʣʫʯʘʝʤ, ʯʪʦ  

 

   maxl 32,898 10T -= Ö , ʤʤĀʂ,                             (3.14) 

 

ʛʜʝ maxl  ï ʜʣʠʥʘ ʚʦʣʥʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʠʟʣʫʯʝʥʠʷ. 

ɿʘʚʠʩʠʤʦʩʪʴ (3.14) ʚʳʨʘʞʘʝʪ ʟʘʢʦʥ ʩʤʝʱʝʥʠʷ ɺʠʥʘ. ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ 

ʟʘʢʦʥʫ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʩ 

ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʩʤʝʱʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʙʦʣʝʝ ʢʦʨʦʪʢʠʭ ʚʦʣʥ. 

ɺʝʣʠʯʠʥʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʯʝʨʥʦʛʦ ʪʝʣʘ ʤʦʞʝʪ 

ʙʳʪʴ ʥʘʡʜʝʥʘ ʠʟ ʟʘʢʦʥʘ ʇʣʘʥʢʘ, ʝʩʣʠ ʚ ʫʨʘʚʥʝʥʠʝ (3.13) ʚʚʝʩʪʠ ʚʝʣʠʯʠʥʫ 

maxl , ʦʧʨʝʜʝʣʝʥʥʫʶ ʩʦʛʣʘʩʥʦ ʟʘʚʠʩʠʤʦʩʪʠ (3.14). ʊʦʛʜʘ 
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5
max 3oE c Tl = ,           (3.15) 

 

ʛʜʝ 3 1,287c =  ï ʧʦʩʪʦʷʥʥʘʷ, ɺʪ/ (ʤ3Ὴʂ5 ).  

ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʚʳʨʘʞʝʥʠʶ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ 

ʦʪʪʦʢʘ, ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʠʟʣʫʯʝʥʠʝʤ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ, 

ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ.  

ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʟʘʢʦʥʦʤ ɺʠʥʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʦʚʝʨʭʥʦʩʪʠ ʉʦʣʥʮʘ. ɺ ʩʦʣʥʝʯʥʦʤ ʩʧʝʢʪʨʝ ʚʝʣʠʯʠʥʘ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʜʣʠʥʫ ʚʦʣʥʳ 
7

max 5,0 10-l = Öʤ. 

ʀʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ (3.14), ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʠʟʣʫʯʘʶʱʝʡ 

ʩʦʣʥʝʯʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 
3 72,898 10 / 5,0 10 5800ʂ.- -Ö Ö º  

ɿʘʢʦʥ ʉʪʝʬʘʥʘ ï ɹʦʣʴʮʤʘʥʘ. ɿʘʢʦʥ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʦʧʳʪʥʳʤ ʧʫʪʝʤ 

ʉʪʝʬʘʥʦʤ (1879 ʛ.) ʠ ʦʙʦʩʥʦʚʘʥ ʪʝʦʨʝʪʠʯʝʩʢʠ ɹʦʣʴʮʤʘʥʦʤ (1881 ʛ.). 

ɿʘʢʦʥʳ ʇʣʘʥʢʘ, ɺʠʥʘ ʭʦʨʦʰʦ ʚʩʢʨʳʚʘʶʪ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ 

ʠʟʣʫʯʝʥʠʷ, ʥʦ ʜʣʷ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ ʠʭ ʪʨʫʜʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ. ʇʦʵʪʦʤʫ 

ʚ ʘʥʘʣʠʟʝ ʪʝʧʣʦʦʙʤʝʥʘ ʠʟʣʫʯʝʥʠʝʤ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪ ʠʥʪʝʛʨʘʣʴʥʫʶ 

ʧʣʦʪʥʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʫʩʬʝʨʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ oE . ʆʥʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ ʫʨʘʚʥʝʥʠʷ ʟʘʢʦʥʘ ʇʣʘʥʢʘ ʧʦ ʜʣʠʥʝ ʚʦʣʥʳ 

l ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0 ʜʦ Ð. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʜʣʷ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ, 

ʩʦʛʣʘʩʥʦ ʦʧʨʝʜʝʣʝʥʠʶ, (3.6): 

oE
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-
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æ ölç ÷
ñ ñ                  (3.16) 

  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦʣʫʯʘʝʤ 

 

 oE
4,oT=s                           (3.17) 

 

ʛʜʝ 
85,7 10o
-s = Ö  ɺʪ/(ʤ2 Ὴʂ4) ï ʢʦʥʩʪʘʥʪʘ ʠʟʣʫʯʝʥʠʷ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ. 

ʋʨʘʚʥʝʥʠʝ (3.17) ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʟʘʢʦʥʘ ʉʪʝʬʘʥʘ ï ɹʦʣʴʮʤʘʥʘ. 

ɺ ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ ʵʪʦʪ ʟʘʢʦʥ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʙʦʣʝʝ ʫʜʦʙʥʦʡ ʬʦʨʤʝ: 

 

    oE

4

,
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T
ʉ
å õ

= æ ö
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               (3.18) 

 

ʛʜʝ 5,7oʉ =  ɺʪ/(ʤ2 Ὴʂ4) ï ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʣʫʯʝʥʠʷ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ. 
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ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʘʙʩʦʣʶʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʯʝʪʚʝʨʪʦʡ ʩʪʝʧʝʥʠ. ʉʪʨʦʛʦ 

ʟʘʢʦʥ ʉʪʝʬʘʥʘ ï ɹʦʣʴʮʤʘʥʘ ʩʧʨʘʚʝʜʣʠʚ ʪʦʣʴʢʦ ʜʣʷ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ 

ʪʝʣʘ. ʆʜʥʘʢʦ ʦʧʳʪʘʤʠ ʉʪʝʬʘʥʘ ʠ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʵʪʦʪ ʟʘʢʦʥ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʠ ʢ ʨʝʘʣʴʥʳʤ ʩʝʨʳʤ ʪʝʣʘʤ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʦʥ ʧʨʠʥʠʤʘʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

   ʦ ʦE E ʩ=e =e
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100

Tå õ
æ ö
ç ÷
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,
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ʉ
å õ

= æ ö
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               (3.19) 

ʛʜʝ / /ʦ ʦE E ʉ ʉe= =  ï ʩʪʝʧʝʥʴ ʯʝʨʥʦʪʳ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ; ʉ ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʣʫʯʝʥʠʷ ʩʝʨʦʛʦ ʪʝʣʘ, ʧʨʠʯʝʤ ʦʉ ʉ< . 

ɺʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʝʣ ʤʦʞʥʦ ʥʘʡʪʠ 

ʚ ʢʥʠʛʘʭ ʧʦ ʪʝʧʣʦʧʝʨʝʜʘʯʝ ʠʣʠ ʪʝʧʣʦʪʝʭʥʠʢʝ. 

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʥʝʦʢʠʩʣʝʥʥʳʭ ʞʝʣʝʟʘ ʠ ʩʪʘʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʣʫʯʝʥʠʷ 

ʨʘʚʝʥ 0,3é0,4 ɺʪ/(ʤ2 Ὴʂ4). ʇʨʠ ʦʢʠʩʣʝʥʠʠ ʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʠʟʣʫʯʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 3,5é4,5 ɺʪ/(ʤ2 Ὴʂ4), ʪ. ʝ. ʚʦʟʨʘʩʪʘʝʪ ʙʦʣʝʝ ʯʝʤ 

ʚ 10 ʨʘʟ. ʉʪʝʧʝʥʴ ʯʝʨʥʦʪʳ ʜʠʘʣʝʢʪʨʠʢʦʚ (ʥʘʧʨʠʤʝʨ, ʦʛʥʝʫʧʦʨʦʚ) ʦʙʳʯʥʦ 

ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ. ʊʘʢ, ʧʨʠ ʧʦʚʳʰʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩ 1000 ʜʦ 1550 ʦʉ ʩʪʝʧʝʥʴ ʯʝʨʥʦʪʳ ʦʛʥʝʫʧʦʨʦʚ ʧʦʥʠʞʘʝʪʩʷ 

ʥʘ 20é25 %. ʅʘ ʩʪʝʧʝʥʴ ʯʝʨʥʦʪʳ ʦʛʥʝʫʧʦʨʦʚ ʚʣʠʷʝʪ ʰʝʨʦʭʦʚʘʪʦʩʪʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʜʝʣʠʷ. ʆʰʣʘʢʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʛʥʝʫʧʦʨʥʦʛʦ ʢʠʨʧʠʯʘ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝʤ ʝʛʦ ʩʪʝʧʝʥʠ ʯʝʨʥʦʪʳ.  

ʉʪʝʧʝʥʠ ʯʝʨʥʦʪʳ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʚ ʤʝʪʘʣʣʫʨʛʠʠ 

ʤʘʪʝʨʠʘʣʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʧʨʠʣ. ʪʘʙʣ. ʇ.1. 

ʇʨʠʤʝʨ 3.2. ʇʦʣʫʩʬʝʨʠʯʝʩʢʘʷ ʠʥʪʝʛʨʘʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ 

ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ ʨʘʚʥʘ ɽʦ = 347135 

ɺʪ/ʤ2. ɺʳʯʠʩʣʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʣʘ ʠ ʜʣʠʥʫ ʚʦʣʥʳ, ʥʘ ʢʦʪʦʨʫʶ 

ʧʨʠʭʦʜʠʪʩʷ ʤʘʢʩʠʤʫʤ ʩʧʝʢʣʘʨʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ 

ʠʟʣʫʯʝʥʠʷ. 

ʈʝʰʝʥʠʝ:  

ʊʝʤʧʝʨʘʪʫʨʫ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ ʥʘʭʦʜʠʤ ʠʟ ʟʘʢʦʥʘ ʉʪʝʬʘʥʘ ï 

ɹʦʣʴʮʤʘʥʘ (3.17) ʠ (3.18): 
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ɼʘʣʝʝ ʠʟ ʟʘʢʦʥʘ ʩʤʝʱʝʥʠʷ ɺʠʥʘ ʚʳʯʠʩʣʷʝʤ maxl : 
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ʇʨʠʤʝʨ 3.3. ɺʳʯʠʩʣʠʪʴ ʧʣʦʪʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ 

ʧʦʣʫʩʬʝʨʠʯʝʩʢʦʛʦ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʰʘʤʦʪʥʦʛʦ ʢʠʨʧʠʯʘ, 

ʠʤʝʶʱʝʛʦ ʩʪʝʧʝʥʴ ʯʝʨʥʦʪʳ 0,75e=  ʠ ʪʝʤʧʝʨʘʪʫʨʫ 1400 ʦʉ. 
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ʈʝʰʝʥʠʝ:  

ʉ ʵʪʦʡ ʮʝʣʴʶ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʬʦʨʤʫʣʦʡ (2.19): 

 
4

21400 273
0,75 5,67 333141ɺʪ/ʤ

100
ʦE E

+å õ
=e = Ö =æ ö

ç ÷
. 

 

ɿʘʢʦʥ ʢʦʩʠʥʫʩʦʚ ʃʘʤʙʝʨʪʘ. ʂ ʯʠʩʣʫ ʦʩʥʦʚʥʳʭ ʟʘʢʦʥʦʚ ʪʝʧʣʦʚʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʦʪʥʦʩʠʪʩʷ ʪʘʢʞʝ ʠ ʟʘʢʦʥ ʃʘʤʙʝʨʪʘ, ʢʦʪʦʨʳʡ ʦʪʨʘʞʘʝʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʦʢʦʚ ʠʟʣʫʯʝʥʠʷ ʧʦ ʚʩʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʢʘʞʜʦʝ ʠʟ 

ʢʦʪʦʨʳʭ ʦʙʨʘʟʫʝʪ ʩ ʥʦʨʤʘʣʴʶ ʢ ʠʟʣʫʯʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʫʛʦʣ ɗ. 

ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʟʘʢʦʥʫ, ʧʦʪʦʢ ʠʟʣʫʯʝʥʠʷ ʩ ʵʣʝʤʝʥʪʘ ʧʦʚʝʨʭʥʦʩʪʠ 1dF  ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʵʣʝʤʝʥʪʘ 2dF  (ʨʠʩ. 2.2) ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ, ʧʦʣʫʯʘʝʤʦʛʦ ʧʦ ʥʦʨʤʘʣʠ, 1n nE I dF= , ʫʤʥʦʞʝʥʥʦʡ ʥʘ 

ʚʝʣʠʯʠʥʫ ʪʝʣʝʩʥʦʛʦ ʫʛʣʘ dw ʠ cos ɗ:  

   
2

1 cos coso n nd Q I dF d E d= w Q= w Q.                           (3.20) 

 

 
ʈʠʩ. 3.6. ʂ ʚʳʚʦʜʫ ʟʘʢʦʥʘ ʃʘʤʙʝʨʪʘ: 

ʘ ï ʧʦʪʦʢ ʠʟʣʫʯʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʪʝʣʝʩʥʦʛʦ ʫʛʣʘ;  

ʙ ï ʚʝʢʪʦʨʳ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʣʦʪʥʦʩʪʝʡ ʧʦʪʦʢʦʚ ʠʟʣʫʯʝʥʠʷ 

 

ʀʟ ʘʥʘʣʠʟʘ ʵʪʦʛʦ ʚʳʨʘʞʝʥʠʷ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʵʥʝʨʛʠʠ ʠʟʣʫʯʘʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʦʨʤʘʣʠ ʧʨʠ ɗ = 0. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ nE  ʥʝʦʙʭʦʜʠʤʦ ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʪʴ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʩʬʝʨʳ ʨʘʜʠʫʩʘ r, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘʜ ʠʟʣʫʯʘʪʝʣʝʤ, ʠ 

ʧʦʣʫʯʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʩʦʧʦʩʪʘʚʠʪʴ ʩ ʬʦʨʤʫʣʦʡ ʟʘʢʦʥʘ ʉʪʝʬʘʥʘ ï 

ɹʦʣʴʮʤʘʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ ʧʦʣʫʯʠʤ  

nE /oE= p,         (3.21) 
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ʪ. ʝ. ʠʥʪʝʛʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʦʨʤʘʣʠ ʚ p-ʨʘʟ 

ʤʝʥʴʰʝ ʘʥʘʣʦʛʠʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʩʬʝʨʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

 ʀʟ ʟʘʢʦʥʘ ʃʘʤʙʝʨʪʘ ʚʳʪʝʢʘʝʪ ʚʘʞʥʦʝ ʩʣʝʜʩʪʚʠʝ: ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʠʟʣʫʯʝʥʠʷ I ʚ ʧʨʝʜʝʣʘʭ ʧʦʣʫʩʬʝʨʳ ʩʦʭʨʘʥʷʝʪʩʷ ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʥʘʧʨʘʚʣʝʥʠʷ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ I ʫʛʦʣ ʤʝʞʜʫ 

ʚʳʙʨʘʥʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ, ʢ ʢʦʪʦʨʦʤʫ ʧʦʚʝʨʭʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ 

ʦʨʪʦʛʦʥʘʣʴʥʘ, ʠ ʥʦʨʤʘʣʴʶ ʢ ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʩʝʛʜʘ ʨʘʚʝʥ ʥʫʣʶ. ʇʦʵʪʦʤʫ 

ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʣʶʙʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʙʫʜʝʪ ʥʝʠʟʤʝʥʥʦʡ. 

ʊʘʢʦʝ ʠʟʣʫʯʝʥʠʝ (I = const ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ) ʧʦʣʫʯʠʣʦ ʥʘʟʚʘʥʠʝ 

ʠʟʦʪʨʦʧʥʦʛʦ. 

 ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʟʘʢʦʥʘ ʃʘʤʙʝʨʪʘ ʧʨʠʚʝʜʝʥʘ 

ʥʘ ʨʠʩ. 3.14, ʙ. ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ ʜʣʷ 

ʥʘʧʨʘʚʣʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʫʛʣʦʤ y ʢ ʥʦʨʤʘʣʠ ʠʟʣʫʯʘʶʱʝʛʦ ʵʣʝʤʝʥʪʘ 

dF , ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʝʢʪʦʨʘʤʠ Ey, ʥʘʯʠʥʘʶʱʠʤʠʩʷ ʥʘ ʵʣʝʤʝʥʪʝ dF  ʠ 

ʟʘʢʘʥʯʠʚʘʶʱʠʤʠʩʷ ʥʘ ʩʬʝʨʝ, ʜʠʘʤʝʪʨ ʢʦʪʦʨʦʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ ʚ ʥʦʨʤʘʣʴʥʦʤ ʢ dF  

ʥʘʧʨʘʚʣʝʥʠʠ. ɼʣʠʥʳ ʚʝʢʪʦʨʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʦʣʠʯʝʩʪʚʫ ʵʥʝʨʛʠʠ, 

ʧʝʨʝʜʘʚʘʝʤʦʡ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. 

  

 

3.3. ɿʘʢʦʥʳ ʠʟʣʫʯʝʥʠʷ ʨʝʘʣʴʥʳʭ ʪʝʣ 

 

ʈʝʘʣʴʥʳʝ ʪʝʣʘ ʧʦ ʩʚʦʠʤ ʨʘʜʠʘʮʠʦʥʥʳʤ ʩʚʦʡʩʪʚʘʤ ʦʪʣʠʯʘʶʪʩʷ ʦʪ 

ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʳʭ ʪʝʣ ʧʨʝʞʜʝ ʚʩʝʛʦ ʪʝʤ, ʯʪʦ ʧʦʛʣʦʱʘʶʪ ʠ ʠʟʣʫʯʘʶʪ ʧʨʠ 

ʨʘʚʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʣʦʱʘʜʷʭ ʠ ʦʨʠʝʥʪʘʮʠʷʭ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʝʥʴʰʝ 

ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʯʝʤ ʠʜʝʘʣʴʥʳʝ ʠʟʣʫʯʘʪʝʣʠ. 

 ɿʘʢʦʥ ʂʠʨʭʛʦʬʘ. ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʜʣʷ ʦʮʝʥʢʠ ʨʘʜʠʘʮʠʦʥʥʳʭ 

ʩʚʦʡʩʪʚ ʨʝʘʣʴʥʳʭ ʪʝʣ ʠʩʧʦʣʴʟʫʶʪ ʩʪʝʧʝʥʴ ʯʝʨʥʦʪʳ / oE Ee= , ʢʦʪʦʨʘʷ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʦʙʦʡ ʠʟʣʫʯʘʪʝʣʴʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʩʝʨʦʛʦ ʪʝʣʘ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʠʟʣʫʯʝʥʠʶ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ ʧʨʠ ʪʦʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʝ 

ʠ ʚ ʪʫ ʞʝ ʩʨʝʜʫ. ʕʪʦʪ ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0 ʜʦ 1 ʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʠʟʣʫʯʝʥʠʡ. 

 ʉʚʷʟʴ ʩʪʝʧʝʥʠ ʯʝʨʥʦʪʳ ʩ ʜʨʫʛʠʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʥʘ ʦʩʥʦʚʝ ʟʘʢʦʥʘ ʂʠʨʭʛʦʬʘ. ʕʪʫ ʩʚʷʟʴ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ 

ʣʫʯʠʩʪʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʤʝʞʜʫ ʜʚʫʤʷ ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʠ 

ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ, ʨʘʟʜʝʣʝʥʥʳʤʠ ʣʫʯʝʧʨʦʟʨʘʯʥʳʤ ʛʘʟʦʤ, 

ʧʨʠʯʝʤ ʦʜʥʘ ʠʟ ʥʠʭ ʨʝʘʣʴʥʘʷ, ʘ ʜʨʫʛʘʷ ï ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʘʷ. ʊʘʢ ʢʘʢ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʝʣʠʢʦ, ʪʦ ʠʟʣʫʯʝʥʠʝ 

ʢʘʞʜʦʡ ʠʟ ʥʠʭ ʦʙʷʟʘʪʝʣʴʥʦ ʧʦʧʘʜʘʝʪ ʥʘ ʜʨʫʛʫʶ (ʨʠʩ. 3.7).  
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ʈʠʩ. 3.7. ʉʠʩʪʝʤʘ ʜʚʫʭ ʧʦʚʝʨʭʥʦʩʪʝʡ,  

ʨʘʟʜʝʣʝʥʥʳʭ ʣʫʯʝʧʨʦʟʨʘʯʥʳʤ ʛʘʟʦʤ 

 

ʇʦʚʝʨʭʥʦʩʪʴ ʨʝʘʣʴʥʦʛʦ ʪʝʣʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʪʝʤʧʝʨʘʪʫʨʦʡ T , 

ʧʣʦʪʥʦʩʪʴʶ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ E ʠ ʧʦʛʣʦʱʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ɸ. 

ʀʜʝʘʣʴʥʦ ʠʟʣʫʯʘʶʱʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʝʣʠʯʠʥʘʤʠ ,o oT E  ʠ 

1.oA =  ʇʫʩʪʴ T > oT . ɼʘʥʥʳʝ ʫʩʣʦʚʠʷ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʘʙʩʦʣʶʪʥʦ 

ʯʝʨʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʛʣʦʱʘʝʪ ʚʩʶ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ, ʠʟʣʫʯʘʝʤʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ. ʕʥʝʨʛʠʷ oE  ʧʦʛʣʦʱʘʝʪʩʷ ʨʝʘʣʴʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʪʦʣʴʢʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʚʦʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʪ. ʝ. ʥʘ 

ʚʝʣʠʯʠʥʫ .oAE  ʆʩʪʘʚʰʘʷʩʷ ʯʘʩʪʴ (1 ) oA E-  ʦʪʨʘʞʘʝʪʩʷ ʠ, ʧʦʧʘʚ ʥʘ ʯʝʨʥʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʧʦʣʥʦʩʪʴʶ ʝʶ ʧʦʛʣʦʱʘʝʪʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʣʝʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʭʦʜ ʵʥʝʨʛʠʠ ʨʘʚʝʥ ,oAE  ʘ ʨʘʩʭʦʜ ɽ.  

ʉʦʩʪʘʚʠʚ ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʜʣʷ ʨʝʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠ ʨʘʟʨʝʰʠʚ ʝʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʧʦʪʦʢʘ, ʧʦʣʫʯʠʤ 

 

    ʨʝʟE =E .oɸE-       (3.22) 

ʊʝʧʣʦʦʙʤʝʥ ʠʟʣʫʯʝʥʠʝʤ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʧʨʦʠʩʭʦʜʠʪ ʠ ʧʨʠ 

ʨʘʚʝʥʩʪʚʝ ʪʝʤʧʝʨʘʪʫʨ T = oT . ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʠʩʪʝʤʘ ʥʘʭʦʜʠʪʩʷ ʚ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤ ʨʘʚʥʦʚʝʩʠʠ ʠ ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʧʦʪʦʢ ʨʘʚʝʥ ʥʫʣʶ (

ʨʝʟE =0). ʊʦʛʜʘ ʠʟ ʫʨʘʚʥʝʥʠʷ (3.22) ʠʤʝʝʤ 

 

E= oAE , / ,oA E E=  ʠʣʠ E/ A= .oE         (3.23) 

  

ʋʨʘʚʥʝʥʠʝ (3.23) ʚʳʨʘʞʘʝʪ ʩʦʙʦʡ ʟʘʢʦʥ ʂʠʨʭʛʦʬʘ, ʢʦʪʦʨʳʡ 

ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʦʪʥʦʰʝʥʠʝ ʠʟʣʫʯʘʪʝʣʴʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʨʝʘʣʴʥʦʛʦ ʪʝʣʘ ʧʨʠ ʢʘʢʦʡ-ʣʠʙʦ ʪʝʤʧʝʨʘʪʫʨʝ ʢ 

ʧʦʛʣʦʱʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʵʪʦʛʦ ʞʝ ʪʝʣʘ ʧʦʩʪʦʷʥʥʦ ʠ ʨʘʚʥʦ 

ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ ʧʨʠ ʪʦʡ ʞʝ 
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ʪʝʤʧʝʨʘʪʫʨʝ. ɿʘʢʦʥ ʂʠʨʭʛʦʬʘ ʩʧʨʘʚʝʜʣʠʚ ʜʣʷ ʪʝʣ ʩ ʣʶʙʳʤʠ 

ʧʦʛʣʦʱʘʪʝʣʴʥʳʤʠ ʩʧʦʩʦʙʥʦʩʪʷʤʠ, ʘ ʧʦʵʪʦʤʫ ʝʛʦ ʤʦʞʥʦ ʥʘʧʠʩʘʪʴ ʚ ʚʠʜʝ 

 

1 1 2 2 0 0 0/ / ... / ( ).E A E A E A E f T= = = = =             (3.24) 

  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʝ ʚʩʝʛʜʘ .oE E<  

 ʇʦʜʩʪʘʚʣʷʷ ʫʨʘʚʥʝʥʠʝ 
4( /100) ,E ʉ T=  ʚʳʨʘʞʘʶʱʝʝ ʟʘʢʦʥ ʉʪʝʬʘʥʘ ï 

ɹʦʣʴʮʤʘʥʘ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʨʝʘʣʴʥʳʤ ʪʝʣʘʤ ʚ (3.24), ʧʦʣʫʯʠʤ 

 

1 1 2 2 0/ / ... ,ʉ A ʉ A ʉ= = =     (3.25) 

ʠʣʠ 1 1 0;ʉ Aʉ= , 2 2 0ʉ Aʉ=  ʠ ʪ. ʜ. 

 ʉʦʧʦʩʪʘʚʣʷʷ ʚʳʨʘʞʝʥʠʷ / oE Ee=  ʠ (3.23), ʧʦʣʫʯʠʤ ʚʘʞʥʦʝ 

ʩʣʝʜʩʪʚʠʝ ʠʟ ʟʘʢʦʥʘ ʂʠʨʭʛʦʬʘ: 

1 1 2 2,A A=e =e             (3.26) 

 

ʠ ʪ. ʜ., ʢʦʪʦʨʦʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤ ʨʘʚʥʦʚʝʩʠʠ 

ʧʦʛʣʦʱʘʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʩʪʝʧʝʥʴ ʯʝʨʥʦʪʳ ʪʝʣʘ ʯʠʩʣʝʥʦ ʨʘʚʥʳ ʤʝʞʜʫ 

ʩʦʙʦʡ. ʊʘʢ ʢʘʢ ʜʣʷ ʨʝʘʣʴʥʳʭ ʪʝʣ ʧʦʛʣʦʱʘʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʚʩʝʛʜʘ 

ʤʝʥʴʰʝ ʝʜʠʥʠʮʳ, ʪʦ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ (3.25) ʩʣʝʜʫʝʪ, ʯʪʦ ʠʟʣʫʯʘʪʝʣʴʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʵʪʠʭ ʪʝʣ ʚʩʝʛʜʘ ʤʝʥʴʰʝ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ ʧʨʠ ʪʦʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ 

ʣʶʙʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠʟʣʫʯʝʥʠʝ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ ʷʚʣʷʝʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʳʤ. 

 ʀʟ ʟʘʢʦʥʘ ʂʠʨʭʛʦʬʘ ʪʘʢʞʝ ʩʣʝʜʫʝʪ, ʯʪʦ ʠʟʣʫʯʘʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʪʝʣ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʠʭ ʧʦʛʣʦʱʘʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ. ɽʩʣʠ 

ʧʦʛʣʦʱʘʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ɸ ʪʝʣʘ ʤʘʣʘ, ʪʦ ʤʘʣʘ ʠ ʝʛʦ ʠʟʣʫʯʘʪʝʣʴʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ɽ. ʇʦʵʪʦʤʫ ʪʝʣʘ, ʢʦʪʦʨʳʝ ʭʦʨʦʰʦ ʦʪʨʘʞʘʶʪ ʣʫʯʠʩʪʫʶ 

ʵʥʝʨʛʠʶ, ʩʘʤʠ ʠʟʣʫʯʘʶʪ ʦʯʝʥʴ ʤʘʣʦ, ʠ ʚ ʯʘʩʪʥʦʩʪʠ, ʠʟʣʫʯʘʪʝʣʴʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʘʙʩʦʣʶʪʥʦ ʙʝʣʦʛʦ ʪʝʣʘ ʨʘʚʥʘ ʥʫʣʶ. 

 ɿʘʢʦʥ ɹʫʛʝʨʘ ï ɹʝʨʘ. ʈʘʩʩʤʦʪʨʠʤ ʥʝʩʢʦʣʴʢʦ ʧʦʜʨʦʙʥʝʡ ʠʟʤʝʥʝʥʠʝ 

ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ ʚ ʠʟʣʫʯʘʶʱʝʡ, ʧʦʛʣʦʱʘʶʱʝʡ ʠ ʨʘʩʩʝʠʚʘʶʱʝʡ ʩʨʝʜʘʭ. 

ʇʫʩʪʴ ʠʤʝʝʪʩʷ ʩʨʝʜʘ, ʥʘ ʢʦʪʦʨʫʶ ʧʘʜʘʝʪ ʧʦʪʦʢ ʵʥʝʨʛʠʠ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 

ʠʟʣʫʯʝʥʠʷ I. ʇʨʠ ʵʪʦʤ ʧʦʪʦʢ ʠʟʣʫʯʝʥʠʷ ʚ ʥʝʢʦʪʦʨʦʤ ʩʝʯʝʥʠʠ 1 ʙʫʜʝʪ 

1 .Q Id dF= w  ɼʣʷ ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʷ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ 

ʧʦʛʣʦʱʝʥʠʝʤ ʠ ʨʘʩʩʝʠʚʘʥʠʝʤ ʵʥʝʨʛʠʠ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʟʘʢʦʥ ɹʫʛʝʨʘ, 

ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ 

ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʵʣʝʤʝʥʪʘʨʥʳʡ ʩʣʦʡ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʛʣʦʱʘʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʜʣʠʥʝ ʧʫʪʠ ʣʫʯʘ 

ʚ ʵʪʦʤ ʩʣʦʝ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠ ʟʘʢʦʥʦʤ 
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ʦʩʣ ʦʩʣ ,dQ k Id dFdl= w       (3.27) 

ʛʜʝ ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʣʘʙʣʝʥʠʷ ʦʩʣk , ʤ-1, ʚʢʣʶʯʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʧʦʛʣʦʱʝʥʠʷ ɸk  ʠ ʨʘʩʩʝʷʥʠʷ Sk : 

ʦʩʣk = ɸk  + Sk . 

  

ʇʦʪʦʢ ʠʟʣʫʯʝʥʠʷ ʤʦʞʝʪ ʠʟʤʝʥʠʪʴʩʷ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʦʙʲʝʤʘ ʩʨʝʜʳ, ʪ. ʝ. 

   ʦʩʣ cʦʙ( / 4 ) ,dQ d dl= h p w                    (3.28) 

 

ʛʜʝ cʦʙh  ï ʦʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʩʦʙʩʪʚʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ɺʪ/ʤ3. 

ʋʢʘʟʘʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʠʚʝʜʫʪ ʢ ʪʦʤʫ, ʯʪʦ ʚ ʩʝʯʝʥʠʠ 2-ʡ ʧʦʪʦʢ 

ʠʟʣʫʯʝʥʠʷ ʩʪʘʥʝʪ ʨʘʚʥʳʤ 2 ( ) .Q I dI d dF= + w  

ɼʣʷ ʙʝʩʢʦʥʝʯʥʦʛʦ ʤʘʣʦʛʦ ʦʙʲʝʤʘ dFdl  ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ 
ʟʘʧʠʰʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

     2 1 ʦʩʣ ʩʦʙdQ dQ dQ dQ= - + .               (3.29) 

 

ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʚ ʧʨʝʜʝʣʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʦʙʲʝʤʘ ʟʥʘʯʝʥʠʷ 
dw ʠ dF  ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʥʷʪʳ ʥʝʠʟʤʝʥʥʳʤʠ, ʧʦʩʣʝʜʥʝʝ ʫʨʘʚʥʝʥʠʝ ʧʦʩʣʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʨʠʤʝʪ ʚʠʜ     

ʦʩʣ cʦʙ/ / (4 ).dI dl k I=- +h p     (3.30) 

ʇʦʣʫʯʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠʟʤʝʥʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʠʟʣʫʯʝʥʠʷ ʚ ʧʦʛʣʦʱʘʶʱʝʡ, ʠʟʣʫʯʘʶʱʝʡ ʠ ʨʘʩʩʝʠʚʘʶʱʝʡ ʩʨʝʜʘʭ ʠ 

ʥʘʟʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʠʟʣʫʯʝʥʠʷ. 

ɽʩʣʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʦʙʩʪʚʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʨʝʜʳ ʤʥʦʛʦ ʤʝʥʴʰʝ 

ʠʟʣʫʯʝʥʠʷ, ʦʩʣʘʙʣʝʥʥʦʛʦ ʩʨʝʜʦʡ ( cʦʙQ < ʦʩʣQ ), ʪʦ ʫʨʘʚʥʝʥʠʝ ʧʝʨʝʥʦʩʘ 

ʫʧʨʦʱʘʝʪʩʷ: 

ʦʩʣ/ ,dI I k dl=-  

ʠʣʠ 

 ʥʘʯ ʦʩʣexp( )I I k l= -                                (3.31) 

 

ʠ ʧʨʠʥʠʤʘʝʪ ʬʦʨʤʫ ʟʘʢʦʥʘ ɹʫʛʝʨʘ. 

ɺʝʣʠʯʠʥʘ ʥʘʯI  ʦʧʨʝʜʝʣʷʝʪ ʟʥʘʯʝʥʠʝ ʧʘʜʘʶʱʝʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʩʣʦʷ 

ʠʟʣʫʯʝʥʠʷ. ʕʥʝʨʛʠʷ, ʧʦʛʣʦʱʝʥʥʘʷ ʚ ʩʣʦʝ ʪʦʣʱʠʥʦʡ ,l  ʨʘʚʥʘ ʥʘʯI I- . ɺ 

ʠʪʦʛʝ ʧʦʛʣʦʱʘʪʝʣʴʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʩʣʦʷ (ʩʨʝʜʳ) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ  

 

A= ʥʘʯ( )I I- / ʥʘʯ ʦʩʣ1 exp( ).I k l= - -                 (3.32) 
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ʂʦʤʧʣʝʢʩ ʦʩʣk l  ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʪʦʣʱʠʥʳ (ʧʣʦʪʥʦʩʪʠ) 

ʩʣʦʷ. 

 ɽʩʣʠ ʧʦʪʦʢ ʠʟʣʫʯʝʥʠʷ ʦʩʣʘʙʣʷʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʥʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʝʱʝʩʪʚʘ, ʪʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ɹʝʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʦʩʣʘʙʣʝʥʠʝ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʣʫʯʘ ʚ ʩʣʦʝ ʟʘʜʘʥʥʦʡ ʪʦʣʱʠʥʳ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʛʣʦʱʘʶʱʝʛʦ ʚʝʱʝʩʪʚʘ m ʚ ʜʘʥʥʦʤ ʩʣʦʝ. 

 ɿʘʢʦʥ ɹʝʨʘ ʩʦʙʣʶʜʘʝʪʩʷ ʧʨʠ ʤʘʣʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʧʦʛʣʦʱʘʶʱʝʛʦ 

ʚʝʱʝʩʪʚʘ. ʉ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʟʤʦʞʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ 

ʯʘʩʪʠʮʘʤʠ ʠ ʤʦʣʝʢʫʣʘʤʠ, ʤʝʥʷʶʱʝʝ ʩʚʦʡʩʪʚʘ ʩʨʝʜʳ, ʥʝ ʫʯʠʪʳʚʘʝʤʳʝ ʵʪʠʤ 

ʟʘʢʦʥʦʤ. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʘʢʦʥ ɹʝʨʘ ʩʦʙʣʶʜʘʝʪʩʷ ʩʪʨʦʛʦ ʜʣʷ 

ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʦʩʣʘʙʣʝʥʠʷ ʟʘʚʠʩʷʪ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ, ʧʨʠʨʦʜʳ ʧʦʛʣʦʱʘʶʱʝʛʦ 

ʚʝʱʝʩʪʚʘ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ. 

 ɺ ʨʘʩʯʝʪʥʦʡ ʧʨʘʢʪʠʢʝ ʠʩʧʦʣʴʟʫʶʪ ʦʙʲʝʜʠʥʝʥʥʳʡ ʟʘʢʦʥ ɹʫʛʝʨʘ ï 

ɹʝʨʘ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʧʦʛʣʦʱʘʶʱʫʶ ʩʨʝʜʫ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 

ʧʨʦʠʟʚʝʜʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʛʣʦʱʘʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʥʘ ʜʣʠʥʫ ʣʫʯʘ ʚ 

ʧʦʛʣʦʱʘʶʱʝʡ ʩʨʝʜʝ: 

/ ,dI I k l=- m                (3.33) 

ʦʪʢʫʜʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

1 exp( ).A k l=e= - - m          (3.34) 

  

ɿʘʢʦʥ ɹʫʛʝʨʘ ï ɹʝʨʘ ʠ ʚʳʚʦʜʳ ʠʟ ʥʝʛʦ ʩʧʨʘʚʝʜʣʠʚʳ ʜʣʷ ʛʘʟʦʚʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʟʘʧʳʣʝʥʥʦʡ ʩʨʝʜʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʳʭ 

ʩʬʝʨʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʦʜʠʥʘʢʦʚʦʛʦ ʜʠʘʤʝʪʨʘ, ʧʦʜʯʠʥʷʶʱʠʭʩʷ ʪʘʢʞʝ 

ʟʘʢʦʥʘʤ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʢʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʧʪʠʯʝʩʢʘʷ ʪʦʣʱʠʥʘ 

ʦʢʘʟʳʚʘʝʪʩʷ ʨʘʚʥʦʡ ʇ0,25F lm, ʛʜʝ ʇF  ï ʫʜʝʣʴʥʘʷ ʩʚʦʙʦʜʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 

ʯʘʩʪʠʮ. ɺ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʯʘʩʪʠʮʳ ʠʤʝʶʪ ʥʝʧʨʘʚʠʣʴʥʫʶ ʬʦʨʤʫ ʠ 

ʨʘʟʥʳʝ ʨʘʟʤʝʨʳ, ʧʨʠ ʦʩʣʘʙʣʝʥʠʠ ʠʟʣʫʯʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ, ʢʨʦʤʝ 

ʧʦʛʣʦʱʝʥʠʷ, ʨʘʩʩʝʷʥʠʝ ʠ ʜʠʬʨʘʢʮʠʷ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʯʝʪʘ 

ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ, 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ, ʧʘʜʘʶʱʝʛʦ ʥʘ ʯʘʩʪʠʮʳ ʠʟʣʫʯʝʥʠʷ ʠ ʟʘʤʝʥʳ 

ʯʠʩʣʦʚʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 0,25 ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘʡʜʝʥʥʳʡ, ʘ ʚ 

ʥʝʢʦʪʦʨʳʭ ʟʘʜʘʯʘʭ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʷʝʤʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʦʩʣʘʙʣʝʥʠʷ. 
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3.4. ʉʚʦʡʩʪʚʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʣ ʠ ʩʨʝʜ 

 

3.4.1. ʈʘʜʠʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ 

 

 ɺʩʝ ʚʠʜʳ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʤʦʛʫʪ ʙʳʪʴ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʧʦ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʦʪ ʥʘʣʠʯʠʷ ʠʣʠ ʦʪʩʫʪʩʪʚʠʷ ʠʟʣʫʯʝʥʠʷ ʚ ʨʘʟʥʳʭ ʯʘʩʪʷʭ ʩʧʝʢʪʨʘ. ʇʦ ʧʝʨʚʦʤʫ 

ʧʨʠʟʥʘʢʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʳʜʝʣʠʪʴ ʩʝʨʦʝ ʠʟʣʫʯʝʥʠʝ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʚʦ ʚʩʝʤ 

ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪʥʦʰʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ  Il ʢ ʪʘʢʦʡ ʞʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ 

ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ ï ,oI  ʩʦʭʨʘʥʷʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ, ʪ. ʝ. Il/

const.oI l=e =  ʉʣʝʜʩʪʚʠʝʤ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʠ ʪʦ, ʯʪʦ / constoE Ee= = . ʊʝʣʘ 

ʩ ʪʘʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʘʙʩʦʣʶʪʥʦ ʩʝʨʳʤʠ. 

 ʀʟ ʦʧʨʝʜʝʣʝʥʠʷ ʩʣʝʜʫʝʪ, ʯʪʦ ʘʙʩʦʣʶʪʥʦ ʩʝʨʳʝ ʪʝʣʘ ʥʝʩʫʪ ʵʥʝʨʛʠʶ 

ʠʟʣʫʯʝʥʠʷ ʥʘ ʣʶʙʦʡ ʚʦʣʥʝ ʩʧʝʢʪʨʘ, ʧʦʵʪʦʤʫ ʪʘʢʦʝ ʠʟʣʫʯʝʥʠʝ ʧʦʣʫʯʠʣʦ 

ʥʘʟʚʘʥʠʝ ʩʧʣʦʰʥʦʛʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʝʣʝʢʪʠʚʥʦʛʦ, ʧʨʠ ʢʦʪʦʨʦʤ ʠʟʣʫʯʝʥʠʝ 

ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʚ ʥʝʢʦʪʦʨʳʭ ʯʘʩʪʷʭ ʩʧʝʢʪʨʘ. ʀʟʣʫʯʝʥʠʝ ʤʝʞʜʫ ʩʝʨʳʤʠ 

ʪʝʣʘʤʠ ʦʪʩʫʪʩʪʚʫʝʪ. ʇʨʠʚʝʜʝʥʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʭʦʨʦʰʦ ʠʣʣʶʩʪʨʠʨʫʝʪ 

ʨʠʩ. 3.8. ʉʣʝʜʫʝʪ ʝʱʝ ʨʘʟ ʧʦʜʯʝʨʢʥʫʪʴ ʫʩʣʦʚʥʦʩʪʴ ʧʦʜʦʙʥʦʛʦ ʜʝʣʝʥʠʷ. 

ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʨʝʘʣʴʥʳʝ ʪʝʣʘ ʠʤʝʶʪ ʚʝʩʴʤʘ ʩʣʦʞʥʳʝ ʩʧʝʢʪʨʳ 

ʠʟʣʫʯʝʥʠʷ. ɺ ʵʪʦʤ ʣʝʛʢʦ ʫʙʝʜʠʪʴʩʷ ʧʨʠ ʘʥʘʣʠʟʝ ʨʘʜʠʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ 

ʨʘʟʥʳʭ ʩʨʝʜ. ʇʨʠʚʝʜʝʥʥʳʝ ʥʘ ʨʠʩ. 3.9 ʟʘʚʠʩʠʤʦʩʪʠ le ʭʘʨʘʢʪʝʨʠʟʫʶʪ 

ʪʝʧʣʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʧʦʜʦʙʥʳʭ ʪʝʣ ʢʘʢ ʩʝʣʝʢʪʠʚʥʦʝ. ɼʠʩʢʨʝʪʥʦʝ ʠʟʣʫʯʝʥʠʝ 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʩʝʣʝʢʪʠʚʥʦʛʦ. 

 

 
ʈʠʩ. 3.8. ʉʧʝʢʪʨʳ ʠʟʣʫʯʝʥʠʷ (ʘ) ʠ ʧʦʛʣʦʱʝʥʠʷ (ʙ) ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʳʤ ʪʝʣʦʤ  (1),  

ʘʙʩʦʣʶʪʥʦ ʩʝʨʳʤ ʪʝʣʦʤ (2), ʪʝʣʦʤ ʩ ʜʠʩʢʨʝʪʥʳʤ ʠʟʣʫʯʝʥʠʝʤ (3) 
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ʂʘʢ ʧʨʘʚʠʣʦ, ʠʟʣʫʯʘʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʨʝʘʣʴʥʳʭ ʩʨʝʜ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ, ʠʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʶʪ ʯʠʩʪʳʝ ʤʝʪʘʣʣʳ, ʜʣʷ 

ʢʦʪʦʨʳʭ ʨʘʜʠʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠ ʥʘ ʦʩʥʦʚʝ 

ʜʦʩʪʠʞʝʥʠʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʪʝʦʨʠʠ: 

 

 0,576 oTe= r 0,12 oT- r ,      (3.35) 

ʛʜʝ or ï ʫʜʝʣʴʥʦʝ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʆʤ . ʩʤ.  

 

 

 
ʈʠʩ. 3.9. ʀʟʣʫʯʘʪʝʣʴʥʘʷ ʠ ʧʦʛʣʦʱʘʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʠ ʜʠʘʣʝʢʪʨʠʢʦʚ:  

ʙʝʣʦʡ ʦʛʥʝʫʧʦʨʥʦʡ ʛʣʠʥʳ (1); ʙʝʣʦʛʦ ʢʠʨʧʠʯʘ (2); ʰʪʫʢʘʪʫʨʢʠ (3);  

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʠʢʦʚ: ʧʦʣʠʨʦʚʘʥʥʦʛʦ ʘʣʶʤʠʥʠʷ (4); ʘʥʦʜʠʨʦʚʘʥʥʦʛʦ ʘʣʶʤʠʥʠʷ (5);  

ʧʦʣʠʨʦʚʘʥʥʦʡ ʤʝʜʠ (6); ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʧʨʠ ʵʬpl =10,9 ʄʇʘ.ʩʤ (7) ʠ (8) 

      

ʉʪʝʧʝʥʴ ʯʝʨʥʦʪʳ ʜʣʷ ʜʠʵʣʝʢʪʨʠʢʦʚ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʤʦʞʝʪ 

ʙʳʪʴ ʦʮʝʥʝʥʘ ʯʝʨʝʟ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʝʣʦʤʣʝʥʠʷ :n  

24 / ( 1) .n ne= +                        (3.36) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʨʝʘʣʴʥʳʭ ʪʝʣ ʨʘʜʠʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʩʨʝʜ 

ʟʘʚʠʩʷʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ, ʥʦ ʠ ʦʪ ʜʨʫʛʠʭ ʬʠʟʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ: , ,o n Tr . ɽʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ ʥʘ , ,A re  ʠ ʜʨʫʛʠʝ ʚʝʣʠʯʠʥʳ 

ʚʣʠʷʝʪ ʠ ʩʦʩʪʦʷʥʠʝ ʠʟʣʫʯʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʰʝʨʦʭʦʚʘʪʦʩʪʴ, ʩʪʝʧʝʥʴ 

ʦʢʠʩʣʝʥʥʦʩʪʠ), ʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩʣʦʞʥʘʷ ʢʘʨʪʠʥʘ ʚ 

ʦʧʠʩʘʥʠʠ ʪʝʧʣʦʦʙʤʝʥʘ ʠʟʣʫʯʝʥʠʝʤ. ʇʦʵʪʦʤʫ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ 
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ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʝʣʴ çʩʝʨʦʛʦè ʠʟʣʫʯʝʥʠʷ, ʘ ʨʘʜʠʘʮʠʦʥʥʳʝ 

ʩʚʦʡʩʪʚʘ ʩʨʝʜ ʦʮʝʥʠʚʘʶʪʩʷ ʠʥʪʝʛʨʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʚʝʨʜʳʭ ʪʝʣ ʪʝʧʣʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʛʘʟʦʚ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ 

ʦʩʦʙʝʥʥʦʩʪʝʡ. ʇʝʨʚʘʷ ʠʟ ʥʠʭ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʠʟʣʫʯʘʪʴ ʠ ʧʦʛʣʦʱʘʪʴ 

ʣʫʯʠʩʪʫʶ ʵʥʝʨʛʠʶ ʚ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʤʦʛʫʪ ʜʚʫʭʘʪʦʤʥʳʝ ʛʘʟʳ 

ʩ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʤʦʣʝʢʫʣʦʡ (ʉʆ, ʅʉl ʠ ʜʨ.) ʠ ʚ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ï 

ʪʨʝʭʘʪʦʤʥʳʝ ʛʘʟʳ (CO2 , H2O, SO2 ʠ ʜʨ.), ʘ ʪʘʢʞʝ ʛʘʟʳ ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ 

ʤʦʣʝʢʫʣ (SO3, ʉʅ4, ʉnHm ʠ ʜʨ.). ɼʣʷ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʪʝʧʣʦʚʳʭ ʘʛʨʝʛʘʪʦʚ 

ʚ ʤʝʪʘʣʣʫʨʛʠʠ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳ ʠʟʣʫʯʝʥʠʷ CO2, ʅ2ʆ, SO2 ʠ ʉO. ɼʣʷ 

ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ ʩʣʦʞʥʳʝ ʩʧʝʢʪʨʳ ʵʪʠʭ ʛʘʟʦʚ ʟʘʤʝʥʷʶʪ 

ʫʧʨʦʱʝʥʥʳʤʠ, ʧʦʣʘʛʘʷ, ʯʪʦ ʛʘʟʳ ʠʟʣʫʯʘʶʪ ʠ ʧʦʛʣʦʱʘʶʪ ʵʥʝʨʛʠʶ ʚ 

ʧʨʝʜʝʣʘʭ ʫʯʘʩʪʢʦʚ (ʧʦʣʦʩ) ʩʧʝʢʪʨʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʝʛʦ ʠʥʬʨʘʢʨʘʩʥʦʡ 

ʯʘʩʪʠ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʧʦʣʦʩʳ ʠʟʣʫʯʝʥʠʷ, ʤʢʤ, CO2, ʅ2ʆ, SO2 ʠ ʉO: 

 
CO2      ï  2,4é3,0 4,0é4,8      ï                   ï  12,5é16,5 

ʅ2ʆ       1,7é2,3  2,3é3,4 4,8é8,5 6,9é7,6 8,0é9,5 15,8é23,2 

SO2    ï  3,8é4,0 4,1é4,6 6,9é7,6 8,0é9,5 15,8é23,2 

ʉO   ï         ï                  ï  4,4é4,9    ï         ï        ï      

  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʧʣʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʠʣʠ ʢʘʢʦʛʦ-ʣʠʙʦ 

ʦʜʥʦʛʦ ʛʘʟʘ ʩʣʘʛʘʝʪʩʷ ʠʟ ʠʟʣʫʯʝʥʠʷ ʠ ʧʦʛʣʦʱʝʥʠʷ ʝʛʦ ʧʦʣʦʩ. ʇʦʵʪʦʤʫ 

ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʠʟʣʫʯʝʥʠʝ ʛʘʟʘ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʩʚʦʡʩʪʚ 

ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʠʭ ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʩʤʝʩʠ. 

ɺʪʦʨʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʛʘʟʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʧʨʦʮʝʩʩʳ ʠʟʣʫʯʝʥʠʷ ʠ ʧʦʛʣʦʱʝʥʠʷ ʵʥʝʨʛʠʠ ʚʩʝʛʜʘ ʧʨʦʪʝʢʘʶʪ ʚ ʦʙʲʝʤʝ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʧʦʛʣʦʱʝʥʠʝ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʚ ʛʘʟʘʭ ʩʚʷʟʘʥʦ ʩ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʠʟʣʫʯʝʥʠʷ ʥʘ ʤʦʣʝʢʫʣʳ ʛʘʟʘ. ʊʘʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʩʫʛʫʙʦ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦ, ʦʥʦ ʠʤʝʝʪ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʭʘʨʘʢʪʝʨ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʦʛʣʦʱʝʥʠʝ ʠʟʣʫʯʝʥʠʷ ʜʦʣʞʥʦ ʙʳʪʴ ʬʫʥʢʮʠʝʡ ʯʠʩʣʘ ʤʦʣʝʢʫʣ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʧʫʪʠ ʣʫʯʘ (ʛʠʧʦʪʝʟʘ ɹʫʛʝʨʘ ï ɹʝʨʘ).  ʇʦʩʢʦʣʴʢʫ ʯʠʩʣʦ 

ʤʦʣʝʢʫʣ ʟʘʚʠʩʠʪ ʦʪ ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʪʦ ʧʦʛʣʦʱʝʥʠʝ ʜʦʣʞʥʦ 

ʟʘʚʠʩʝʪʴ ʦʪ ʧʨʦʠʟʚʝʜʝʥʠʷ ʵʪʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʜʣʠʥʫ ʧʫʪʠ ʣʫʯʘ (ʪʦʣʱʠʥʳ 

ʛʘʟʦʚʦʛʦ ʩʣʦʷ). 

ʇʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʠʟʣʫʯʘʶʱʠʭ ʛʘʟʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʙʳʯʥʦ 

ʣʝʛʢʦ, ʪ. ʢ. ʠʭ ʩʦʩʪʘʚ ʙʳʚʘʝʪ ʠʟʚʝʩʪʝʥ ʣʠʙʦ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ, ʣʠʙʦ 

ʧʦ ʨʘʩʯʝʪʘʤ ʛʦʨʝʥʠʷ ʪʦʧʣʠʚʘ. ʅʝʩʢʦʣʴʢʦ ʩʣʦʞʥʝʝ ʥʘʭʦʜʠʪʩʷ ʣʠʥʝʡʥʳʡ 

ʨʘʟʤʝʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʪʦʣʱʠʥʫ ʛʘʟʦʚʦʛʦ ʩʣʦʷ ʠ ʧʦʣʫʯʠʚʰʠʡ ʥʘʟʚʘʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʡ ʜʣʠʥʳ ʧʫʪʠ ʣʫʯʘ ʵʬl . ɿʘ ʵʬl  ʧʨʠʥʠʤʘʶʪ ʨʘʜʠʫʩ 

ʧʦʣʫʩʬʝʨʠʯʝʩʢʦʛʦ ʛʘʟʦʚʦʛʦ ʦʙʲʝʤʘ, ʧʣʦʪʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʢʦʪʦʨʦʛʦ ʪʘʢʘʷ 

ʞʝ, ʢʘʢ ʠ ʜʣʷ ʦʙʲʝʤʘ ʨʝʘʣʴʥʦʡ ʬʦʨʤʳ. ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʟʣʫʯʝʥʠʝ ʧʦ 

ʦʜʥʦʤʫ ʣʫʯʫ, ʪʦ ʟʥʘʯʝʥʠʝ ʵʬl  ʩʦʚʧʘʜʘʝʪ ʩ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤ ʨʘʟʤʝʨʦʤ, ʥʦ 

ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʟʣʫʯʝʥʠʝ, ʥʘʧʨʠʤʝʨ, ʛʘʟʘ ʥʘ ʧʦʜ ʧʝʯʠ, ʪʦ ʠʟʣʫʯʝʥʠʝ 
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ʧʘʜʘʝʪ ʥʘ ʣʫʯʝʚʦʩʧʨʠʥʠʤʘʶʱʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʜ ʨʘʟʥʳʤʠ ʫʛʣʘʤʠ, ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʪʦʣʱʠʥʘ ʠʟʣʫʯʘʶʱʝʛʦ ʩʣʦʷ ʙʫʜʝʪ ʨʘʟʥʦʡ. ɺ ʦʙʱʝʤ 

ʩʣʫʯʘʝ ʚʝʣʠʯʠʥʘ ʵʬl , ʤ, ʟʘʚʠʩʠʪ ʦʪ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ ʛʘʟʦʚʦʛʦ ʦʙʲʝʤʘ, ʦʥʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ ʅʝʚʩʢʦʛʦ: 

 

    ʵʬl 4 /m V F= ,                         (3.37) 

 

ʛʜʝ Vï ʦʙʲʝʤ ʠʟʣʫʯʘʶʱʝʛʦ ʛʘʟʘ; Fï ʧʣʦʱʘʜʴ ʚʩʝʭ ʩʪʝʥ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ 

ʵʪʦʪ ʦʙʲʝʤ; m ï ʢʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʘʟʦʚʦʛʦ ʦʙʲʝʤʘ, ʟʘʚʠʩʷʱʠʡ 

ʦʪ ʬʦʨʤʳ ʛʘʟʦʚʦʛʦ ʦʙʲʝʤʘ ʠ ʦʪ ʩʪʝʧʝʥʠ ʯʝʨʥʦʪʳ ʛʘʟʦʚ. ɺ ʠʥʞʝʥʝʨʥʳʭ 

ʨʘʩʯʝʪʘʭ ʵʬl > 1 ʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 0,90m= , ʘ ʵʬl < 1 ʤ ʚʝʣʠʯʠʥʘ 0,85.m=  

ɼʣʷ ʨʘʟʥʳʭ ʬʦʨʤ ʛʘʟʦʚʦʛʦ ʦʙʲʝʤʘ ʧʨʠ 0,90m=  ʚʝʣʠʯʠʥʘ ʵʬl  ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʪʘʢ: 

 
ʉʬʝʨʘ ʜʠʘʤʝʪʨʦʤ déééééééééééééééééé.....0,6 d 

ʂʫʙ ʩʦ ʩʪʦʨʦʥʦʡ ʘ.............................................................................. 0,6 a  

ɼʣʠʥʥʳʡ ʮʠʣʠʥʜʨ ʜʠʘʤʝʪʨʦʤ dééééééééééééé... 0,9 d       

ʎʠʣʠʥʜʨ ʨʘʟʤʝʨʦʤ h = d ʧʨʠ ʠʟʣʫʯʝʥʠʠ: 

ʥʘ ʙʦʢʦʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴééééééééééééé.é0,6 d 

ʥʘ ʮʝʥʪʨ ʦʩʥʦʚʘʥʠʷéééééééééééééé.éé0,77d 

ʉʣʦʡ ʛʘʟʘ ʪʦʣʱʠʥʦʡ h ʤʝʞʜʫ ʜʚʫʤʷ ʙʝʩʢʦʥʝʯʥʳʤʠ  

ʧʣʘʩʪʠʥʘʤʠéééééééééééééééééééééé...1,8 h 

ɼʣʠʥʥʳʡ ʢʘʥʘʣ ʩʦ ʩʪʦʨʦʥʘʤʠ a b³ééééééééééé.....3,6 / 2( )ab a b+  

 

ʇʨʠʚʝʜʝʥʥʳʝ ʮʠʬʨʳ ʜʦʩʪʘʪʦʯʥʦ ʯʝʪʢʦ ʦʪʨʘʞʘʶʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʫʶ 

ʦʩʦʙʝʥʥʦʩʪʴ ʛʘʟʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

 ʊʨʝʪʴʷ ʦʩʦʙʝʥʥʦʩʪʴ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʪʝʧʣʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʛʘʟʘ 

ʥʝ ʧʦʜʯʠʥʷʝʪʩʷ ʟʘʢʦʥʫ ʉʪʝʬʘʥʘ ï ɹʦʣʴʮʤʘʥʘ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʦ ʦʧʳʪʥʳʤ 

ʜʘʥʥʳʤ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ, ʥʘʧʨʠʤʝʨ ʜʣʷ ʚʦʜʷʥʦʛʦ ʧʘʨʘ, 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴʶ 

2

0,8 0,6
H O ʵʬ3,5E p l= 3( /100) .ɽ               (3.38) 

ɼʣʷ ʉʆ2 ʧʦʜʦʙʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʣʠʯʘʝʪʩʷ ʯʠʩʣʦʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʩʪʝʧʝʥʝʡ. ɺ ʮʝʣʷʭ ʫʥʠʚʝʨʩʘʣʠʟʘʮʠʠ ʨʘʩʯʝʪʦʚ ʪʝʧʣʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʛʘʟʦʚ 

ʨʘʩʩʯʠʪʳʚʘʶʪ, ʠʩʧʦʣʴʟʫʷ ʟʘʢʦʥ ʉʪʝʬʘʥʘ ï ɹʦʣʴʮʤʘʥʘ, ʫʯʠʪʳʚʘʷ ʧʨʠ ʵʪʦʤ 

ʚʩʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʛʘʟʦʚ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʩʪʝʧʝʥʠ ʯʝʨʥʦʪʳ ʛʘʟʦʚ 

ʛe. ʉʨʘʚʥʠʚʘʷ (3.38) ʠ (3.19), ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ 

  

ʛe
0,8 0,6
ʵʬ(3,5 / )oc p l= /( /100),ɽ  

ʠʣʠ 

 ʛ ʵʬ( , , )f p l ʊe = .                                       (3.39) 
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ɽʱʝ ʨʘʟ ʧʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʩʚʷʟʴ ʛe ʠ ʊ ʯʠʩʪʦ ʫʩʣʦʚʥʘʷ, ʦʧʨʝʜʝʣʷʝʤʘʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʨʘʩʯʝʪʦʚ ʟʘʢʦʥʘ ʉʪʝʬʘʥʘ ï ɹʦʣʴʮʤʘʥʘ. 

ʏʝʪʚʝʨʪʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ ʠʟʣʫʯʝʥʠʠ ʩʤʝʩʠ ʛʘʟʦʚ. 

ʆʙʳʯʥʦ ʛʘʟʦʚʘʷ ʩʨʝʜʘ ʚ ʧʣʘʤʝʥʥʳʭ ʧʝʯʘʭ ʩʦʜʝʨʞʠʪ ʉʆ2, ʅ2ʆ, N2, ʆ2. ɺ 

ʧʝʯʘʭ ʤʘʣʦʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʥʘʛʨʝʚʘ ʧʦʷʚʣʷʝʪʩʷ ʝʱʝ ʉʆ, ʘ ʚ ʧʝʯʘʭ ʮʚʝʪʥʦʡ 

ʤʝʪʘʣʣʫʨʛʠʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʦʜʝʨʞʘʱʝʛʦ ʩʝʨʫ ʩʳʨʴʷ ï Sʆ2. ʂʘʞʜʳʡ ʠʟ 

ʵʪʠʭ ʛʘʟʦʚ, ʢʨʦʤʝ ʆ2 ʠ N2, ʩʧʦʩʦʙʝʥ ʠʟʣʫʯʘʪʴ ʠ ʧʦʛʣʦʱʘʪʴ ʪʝʧʣʦʚʫʶ 

ʵʥʝʨʛʠʶ. ʇʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʠʟʣʫʯʝʥʠʠ ʵʪʠʭ ʛʘʟʦʚ ʧʦʣʦʩʳ ʠʟʣʫʯʝʥʠʷ 

ʯʘʩʪʠʯʥʦ ʥʘʣʘʛʘʶʪʩʷ ʦʜʥʘ ʥʘ ʜʨʫʛʫʶ, ʧʨʠ ʵʪʦʤ ʩʫʤʤʘʨʥʦʝ ʠʟʣʫʯʝʥʠʝ ʵʪʠʭ 

ʛʘʟʦʚ ʙʫʜʝʪ ʤʝʥʴʰʝ ʩʫʤʤʳ ʠʟʣʫʯʝʥʠʡ ʢʘʞʜʦʛʦ ʛʘʟʘ ʚ ʦʪʜʝʣʴʥʦʩʪʠ. ʆʪʩʶʜʘ 

ʩʣʝʜʫʝʪ ʚʘʞʥʳʡ ʚʳʚʦʜ: ʠʟʣʫʯʝʥʠʝ ʩʤʝʩʠ ʛʘʟʦʚ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʥʝ 

ʧʦʜʯʠʥʷʝʪʩʷ ʧʨʘʚʠʣʫ ʘʜʜʠʪʠʚʥʦʩʪʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʪʝʧʝʥʴ ʯʝʨʥʦʪʳ, ʢʘʢ ʠ 

ʧʦʛʣʦʱʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʛʘʟʦʚʦʛʦ ʦʙʲʝʤʘ, ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʘ ʥʘ 

ʦʩʥʦʚʝ ʟʘʢʦʥʘ ɹʫʛʝʨʘ ï ɹʝʨʘ, ʟʘʧʠʩʘʥʥʦʛʦ ʜʣʷ ʛʘʟʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ: 

ʛe= ʛA  = ʵʬ

1

1 exp
n

i i

i

k p l
=

å õ
¡- -æ ö

ç ÷
ä ,                        (3.40) 

ʛʜʝ ik¡ï ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʣʘʙʣʝʥʠʷ, ʤ-1; ip  ï ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ i-ʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʛʘʟʘ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʩʤʝʩʠ ʉʆ2 ʠ ʅ2ʆ ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʣʘʙʣʝʥʠʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ ɻʫʨʚʠʯʘ ʠ ʄʠʪʦʨʘ: 

 

2 2 2 2 2CO +H O H O CO H O ʵʬ(0,8 1,6 )(1 0,00038 ) / ( )k p T p p l¡ = + - + ,    (3.41) 

ʛʜʝ ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ. 

ʉʪʝʧʝʥʠ ʯʝʨʥʦʪʳ (ʧʦʛʣʦʱʘʪʝʣʴʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ) ʤʦʛʫʪ ʙʳʪʴ 

ʨʘʩʩʯʠʪʘʥʳ ʧʦ ʥʦʤʦʛʨʘʤʤʘʤ, ʧʦʩʪʨʦʝʥʥʳʤ ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ 

ʜʘʥʥʳʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫʜʦʙʥʝʝ ʧʦʣʴʟʦʚʘʪʴʩʷ ʚʳʨʘʞʝʥʠʝʤ 

 

ʛe= ʛA =
2 2 2CO H O SO CO1 (1 )(1 )(1 )(1 )- -e -e -e -e,              (3.42) 

 

ʧʦʣʫʯʝʥʥʳʤ ʠʟ ʬʦʨʤʫʣʳ ɹʫʛʝʨʘ ï ɹʝʨʘ. ɿʥʘʯʝʥʠʷ ie ʚ ʵʪʦʤ ʚʳʨʘʞʝʥʠʠ 

ʤʦʛʫʪ ʙʳʪʴ ʥʘʡʜʝʥʳ ʧʦ ʨʠʩ. 3.10. ʉʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ 
2H Oe 2H O

¡=be, 

ʛʜʝ b ï ʧʦʧʨʘʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʥʘ ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʚʦʜʷʥʦʛʦ 

ʧʘʨʘ, ʪʦʯʥʝʝ ʥʘ ʥʝʦʜʠʥʘʢʦʚʦʩʪʴ ʚʣʠʷʥʠʷ ʵʬpl  ʠ ʥʘ ʚʝʣʠʯʠʥʫ 
2H Oe  (ʩʤ. 

ʚʳʨʘʞʝʥʠʝ (3.25)). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʛe ʠʣʠ ʛA  ʥʝʦʙʭʦʜʠʤʦ 

ʟʥʘʪʴ ʧʘʨʮʠʘʣʴʥʳʝ ʜʘʚʣʝʥʠʷ ʠʟʣʫʯʘʶʱʠʭ ʛʘʟʦʚ ip, ʵʬʬʝʢʪʠʚʥʫʶ ʜʣʠʥʫ 

ʧʫʪʠ ʣʫʯʘ ʵʬl , ʘ ʪʘʢʞʝ ʪʝʤʧʝʨʘʪʫʨʫ ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʪʝʧʣʦʦʙʤʝʥʝ ʛʘʟʦʚ ʊ. 
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ʈʠʩ. 3.10. ʉʪʝʧʝʥʠ ʯʝʨʥʦʪʳ ʉʆ2 (ʘ), ʉʆ (ʙ), SO2 (ʚ), H2O (ʛ)  

ʠ ʧʦʧʨʘʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ (ʜ) ʜʣʷ ʨʘʩʯʝʪʘ ʩʪʝʧʝʥʠ ʯʝʨʥʦʪʳ ʅ2ʆ 
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ʇʨʠʤʝʨ 3.4. ʆʧʨʝʜʝʣʠʪʴ ʩʪʝʧʝʥʴ ʯʝʨʥʦʪʳ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ 

ʪʦʧʣʠʚʘ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ, ʠʤʝʶʱʝʛʦ ʩʦʩʪʘʚ ʚ ʦʙʲʝʤʥʳʭ ʧʨʦʮʝʥʪʘʭ: 

ʉʆ2 = 9,28 %; ʅ2ʆ = 17,75 %; N2 = 72,07 %; ʆ2 = 0,9 %. ʊʝʤʧʝʨʘʪʫʨʘ 

ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ tʛ = 1750 ʦʉ. ʕʬʬʝʢʪʠʚʥʘʷ ʪʦʣʱʠʥʘ 

ʛʘʟʦʚʦʛʦ ʩʣʦʷ ʨʘʚʥʘ Sɻ ʬ = 3 ʤ. ɼʘʚʣʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʈʦʙ ɦ=1,01Ā10
5 

ʇʘ. 

ʈʝʰʝʥʠʝ:  

ʇʦʜʩʯʠʪʘʝʤ ʩʠʣʫ ʧʦʛʣʦʱʝʥʠʷ ʉʆ2 ʠ ʅ2ʆ: 

2

5
ʉʆ ʵʬ0,0928 1,01 10 3 28,12ʈ SÖ = Ö Ö Ö =ʢʇʘĀʤ; 

2

5
ʅ ʆ ʵʬ0,1775 1,01 10 3 53,78ʈ SÖ = Ö Ö Ö = ʢʇʘĀʤ. 

ʇʦ ʛʨʘʬʠʢʘʤ ʨʠʩ. 4.3 ʥʘʭʦʜʠʤ ʩʪʝʧʝʥʴ ʯʝʨʥʦʪʳ ʉʆ2 ʠ ʅ2ʆ: 

2ʉʆ 0,085;e =
2ʅ ʆ

0,15.¡e =  ʇʦʧʨʘʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʠ 

2

5
ʅ ʆ 0,1775 1,01 10 17,93ʈ = Ö Ö = ʢʇʘ; 1,08.b=  

ʊʦʛʜʘ ʩʪʝʧʝʥʴ ʯʝʨʥʦʪʳ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ ʨʘʩʩʯʠʪʘʝʤ 

ʧʦ ʬʦʨʤʫʣʝ 
2 2 2 2ʛ ʉʆ ʅ ʆ ʉʆ ʅ ʆ0,085 1,08 0,15 0,247.¡e =e +e =e +bÖe = + Ö = 

 

 

  3.4.2. ʆʧʪʠʢʦ-ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

 

 ɺ ʨʘʩʯʝʪʘʭ ʪʝʧʣʦʦʙʤʝʥʘ ʠʟʣʫʯʝʥʠʝʤ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʦʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʝʡ ʧʦʪʦʢʦʚ ʠʟʣʫʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʚ ʩʠʩʪʝʤʘʭ 

ʪʝʣ ʨʘʟʥʳʭ ʨʘʟʤʝʨʦʚ ʠ ʬʦʨʤ, ʧʨʦʠʟʚʦʣʴʥʦ ʚʟʘʠʤʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ. 

ʇʦʜʦʙʥʦʛʦ ʨʦʜʘ ʨʘʩʯʝʪʳ ʤʦʛʫʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʘʢʦʡ 

ʚʘʞʥʦʡ ʦʧʪʠʢʦ-ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʘʢ ʫʛʣʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ. 

ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʵʪʦʛʦ ʧʦʥʷʪʠʷ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʠʟ ʘʥʘʣʠʟʘ ʪʝʧʣʦʦʙʤʝʥʘ 

ʚ ʩʠʩʪʝʤʝ ʜʚʫʭ ʩʝʨʳʭ ʚʳʧʫʢʣʳʭ ʪʝʣ ʩ ʧʦʚʝʨʭʥʦʩʪʷʤʠ 1F  ʠ 2F  ʠ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ 1T  ʠ 2,T  ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʪʘʢ, ʯʪʦ ʦʜʥʦ ʠʟ 

ʥʠʭ çʚʠʜʠʪè ʜʨʫʛʦʝ (ʨʠʩ. 3.11). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʠʟʣʫʯʘʶʱʝʝ ʪʝʣʦ 

ʦʙʣʘʜʘʝʪ ʠʟʦʪʨʦʧʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʠ ʦʪʨʘʞʝʥʠʝʤ, ʘ ʨʘʟʜʝʣʷʶʱʘʷ ʩʨʝʜʘ 

ʣʫʯʝʧʨʦʟʨʘʯʥʘ. 

ɺʳʜʝʣʝʥʥʳʡ ʵʣʝʤʝʥʪ ʧʦʚʝʨʭʥʦʩʪʠ 1dF  ʠʟʣʫʯʘʝʪ ʧʦ ʚʩʝʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ ʧʦʪʦʢ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 1dQ = 1E 1dF, ʠʟ ʢʦʪʦʨʦʛʦ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ʃʘʤʙʝʨʪʘ ʥʘ ʵʣʝʤʝʥʪ 2dF  ʧʦʧʘʜʘʝʪ ʪʦʣʴʢʦ ʯʘʩʪʴ: 

 
1 2

2
dF dFd Q ­ = 1 1 1cosE dF dq w.            (3.43) 

  

ʅʘʧʦʤʥʠʤ, ʯʪʦ 1nE = 1 /E p, ʘ ʪʝʣʝʩʥʳʡ ʫʛʦʣ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

  dw= 2
2 2 1 2[(cos ) / ]dF r-q ,            (3.44) 



118 

 

ʛʜʝ 1 2r-  ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤʠ ʵʣʝʤʝʥʪʘʤʠ.  

ʉ ʫʯʝʪʦʤ ʵʪʠʭ ʩʚʝʜʝʥʠʡ 

 

1 2

2
dF dFd Q ­

2
1 1 1 2 1 2 2 1 1[(cos cos ) / ( )]E dF r dF E dF-= q q p =

1 2
.dF dFd ­j    (3.44ʘ) 

 

 
ʈʠʩ. 3.11. ʉʭʝʤʘ ʢ ʨʘʩʯʝʪʫ ʪʝʧʣʦʦʙʤʝʥʘ ʠʟʣʫʯʝʥʠʝʤ ʤʝʞʜʫ ʜʚʫʤʷ ʪʝʣʘʤʠ,  

ʧʨʦʠʟʚʦʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

 

ɺʝʣʠʯʠʥʘ 
1 2dF dFd ­j

2
1 2 1 2 2[(cos cos ) / ( )]r dF-= q q p  ʧʦʣʫʯʠʣʘ ʥʘʟʚʘʥʠʝ 

ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟʣʫʯʝʥʠʷ. ʆʥ ʨʘʚʝʥ ʦʪʥʦʰʝʥʠʶ ʧʦʪʦʢʘ 

ʠʟʣʫʯʝʥʠʷ ʵʣʝʤʝʥʪʘʨʥʦʡ ʧʣʦʱʘʜʢʠ 
1dF, ʧʘʜʘʶʱʝʛʦ ʥʘ ʵʣʝʤʝʥʪʘʨʥʫʶ 

ʧʣʦʱʘʜʢʫ 2dF , ʢ ʧʦʪʦʢʫ ʧʦʣʫʩʬʝʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʧʣʦʱʘʜʢʠ 1dF . 

ɽʩʣʠ ʧʦʪʦʢ ʠʟʣʫʯʝʥʠʷ ʩ 1dF  ʥʘ ʢʦʥʝʯʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 2F  ʦʪʥʝʩʪʠ 

ʢ ʧʦʪʦʢʫ ʧʦʣʫʩʬʝʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʧʣʦʱʘʜʢʠ 1dF, ʪʦ ʧʦʣʫʯʝʥʥʦʝ ʦʪʥʦʰʝʥʠʝ ʙʫʜʝʪ ʣʦʢʘʣʴʥʳʤ ʫʛʣʦʚʳʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʠʟʣʫʯʝʥʠʷ: 

1 2dF dF­j
1 2

2 2

1 2
22

1 2

cos cos
dF dF

F F

d dF
r

­

-

q q
= j =

pñ ñ .        (3.45) 

  

ʉʨʝʜʥʠʡ ʫʛʣʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʣʫʯʝʥʠʷ, ʠʣʠ ʩʨʝʜʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʦʙʣʫʯʝʥʥʦʩʪʠ, ʨʘʚʝʥ ʦʪʥʦʰʝʥʠʶ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 1F , 

ʧʘʜʘʶʱʝʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʥʝʯʥʦʛʦ ʨʘʟʤʝʨʘ 2F , ʢ ʧʦʪʦʢʫ 

ʧʦʣʫʩʬʝʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 1dF , ʠʣʠ 
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1 2F F+j 1 2

1 1 2

1 2
12 1 22

1 1 1 2

1 1 cos cos
.dF dF

F F F

d dFdF
F F r

+

-

q q
=j = j =

pñ ññ             (3.46) 

 ʊʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥ ʩʨʝʜʥʠʡ ʫʛʣʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʠʟʣʫʯʝʥʠʷ 21 :j  

  

1 2

2 1
21 2 12

2 2 1

1 cos cos
.

F F

dF dF
F r -

q q
j =

pññ     (3.47) 

 ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ 

12 1 1,F Hj =  ʠʣʠ 21 2 2F Hj = , 

 

ʪ. ʢ. ʚʝʣʠʯʠʥʘ ʜʚʦʡʥʦʛʦ ʠʥʪʝʛʨʘʣʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʧʦʨʷʜʢʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. 

ɺʝʣʠʯʠʥʘ ʅ, ʨʘʚʥʘʷ ʧʨʦʠʟʚʝʜʝʥʠʶ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʩʨʝʜʥʠʡ 

ʫʛʣʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʣʫʯʝʥʠʷ ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʜʨʫʛʫʶ ʧʦʣʫʯʠʣʘ 

ʥʘʟʚʘʥʠʝ ʚʟʘʠʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʘʨʳ ʪʝʣ. 

 ɿʘʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʚʦʛʥʫʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʴ ʠʟʣʫʯʘʝʤʦʛʦ ʝʶ 

ʧʦʪʦʢʘ ʧʦʧʘʜʘʝʪ ʥʘ ʥʝʝ ʞʝ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʚʚʝʜʝʥʦ ʧʦʥʷʪʠʝ 

ʫʛʣʦʚʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟʣʫʯʝʥʠʷ (ʵʣʝʤʝʥʪʘʨʥʦʛʦ, ʣʦʢʘʣʴʥʦʛʦ, ʩʨʝʜʥʝʛʦ) 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʩʘʤʦʝ ʩʝʙʷ iij, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʦʪʥʦʰʝʥʠʝ ʜʦʣʠ 

ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʧʦʧʘʜʘʶʱʝʡ ʥʘ ʜʘʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʦʪ ʚʩʝʛʦ 

ʠʟʣʫʯʝʥʠʷ ʪʦʡ ʞʝ ʧʦʚʝʨʭʥʦʩʪʠ. 

 ʇʨʠʚʝʜʝʥʥʳʝ ʦʧʪʠʢʦ-ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʣʘʜʘʶʪ 

ʨʷʜʦʤ ʩʚʦʡʩʪʚ. ɺʘʞʥʝʡʰʠʝ ʠʟ ʥʠʭ ʩʣʝʜʫʶʱʠʝ:  

 ï ʩʚʦʡʩʪʚʦ ʚʟʘʠʤʥʦʩʪʠ: 

     ik i ki kF Fj =j ,         (3.48) 

ʩʣʝʜʫʝʪ ʠʟ ʧʦʩʪʦʷʥʩʪʚʘ ʚʟʘʠʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʘʨʳ ʪʝʣ constH = . 

ʌʠʟʠʯʝʩʢʘʷ ʩʫʱʥʦʩʪʴ ʵʪʦʛʦ ʩʚʦʡʩʪʚʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʨʘʚʝʥʩʪʚʝ 

ʪʝʤʧʝʨʘʪʫʨ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʟʣʫʯʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʜʚʫʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, 

ʧʦʪʦʢ ʠʟʣʫʯʝʥʠʷ, ʧʦʧʘʜʘʶʱʠʡ ʩ ʧʝʨʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʚʪʦʨʫʶ, ʨʘʚʝʥ 

ʧʦʪʦʢʫ ʠʟʣʫʯʝʥʠʷ, ʧʦʧʘʜʘʶʱʝʤʫ ʩʦ ʚʪʦʨʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʧʝʨʚʫʶ; 

 ï ʩʚʦʡʩʪʚʦ ʟʘʤʢʥʫʪʦʩʪʠ: 

  iij
1

1
n

ik

k=

+ j =ä ,            (3.49) 

ʪ. ʝ. ʩʫʤʤʘ ʫʛʣʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʟʣʫʯʝʥʠʷ ʩ i-ʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʚʩʝ 

ʦʢʨʫʞʘʶʱʠʝ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʥʘ ʩʘʤʦʝ ʩʝʙʷ ʨʘʚʥʘ ʝʜʠʥʠʮʝ. ʕʪʦ ʩʚʦʡʩʪʚʦ 

ʩʣʝʜʫʝʪ ʠʟ ʪʦʛʦ ʬʘʢʪʘ, ʯʪʦ ʧʦʪʦʢ ʠʟʣʫʯʝʥʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ i  

ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʧʦ n  ʧʦʚʝʨʭʥʦʩʪʷʤ, ʘ ʪʘʢʞʝ ʯʘʩʪʠʯʥʦ ʧʦʧʘʜʘʝʪ ʠ ʥʘ ʩʘʤʦʝ 

ʩʝʙʷ. ʀʥʦʛʜʘ ʵʪʦ ʩʚʦʡʩʪʚʦ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʬʦʨʤʝ 

   ii iFj
1

;
n

ik i i

k

F F
=

+ j =ä          (3.49ʘ) 
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 ï ʩʚʦʡʩʪʚʦ ʘʜʜʠʪʠʚʥʦʩʪʠ: 

 

ikj
1 2 3

... ,
nik ik ik ik=j +j +j + +j    (3.50) 

ʢʦʪʦʨʦʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʫʛʣʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʣʫʯʝʥʠʷ ikj  ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ i  ʥʘ ʩʣʦʞʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʝʡ 

1 2 3, , , ..., nk k k k  ʨʘʚʝʥ ʩʫʤʤʝ ʫʛʣʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩ i -ʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʘ ʢʘʞʜʫʶ k-ʶ; 

 ï ʩʚʦʡʩʪʚʦ ʥʝʚʦʛʥʫʪʦʩʪʠ: 

  0iij =,                             (3.51) 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʧʣʦʩʢʦʝ ʠʣʠ ʚʳʛʥʫʪʦʝ ʪʝʣʦ ʥʝ ʤʦʞʝʪ ʠʟʣʫʯʘʪʴ ʩʘʤʦ 

ʥʘ ʩʝʙʷ. 

 ɺʳʰʝ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ʠʟʣʫʯʝʥʠʝ ʪʝʣʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ iF  

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ kF . ʆʜʥʘʢʦ ʝʩʣʠ ʦʥʠ ʦʢʨʫʞʝʥʳ ʜʨʫʛʠʤʠ 

ʩʝʨʳʤʠ ʪʝʣʘʤʠ, ʪʦ ʵʥʝʨʛʠʷ, ʠʟʣʫʯʘʝʤʘʷ ʧʦʚʝʨʭʥʦʩʪʴʶ iF, ʤʥʦʛʦʢʨʘʪʥʦ 

ʦʪʨʘʟʠʪʩʷ ʦʪ ʜʨʫʛʠʭ ʩʝʨʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʪ kF  ʠ ʦʪ ʩʘʤʦʡ 

ʩʝʙʷ. ʆʪʥʦʰʝʥʠʝ ʧʦʪʦʢʘ ʩ iF, ʧʘʜʘʶʱʝʛʦ ʩ ʫʯʝʪʦʤ ʤʥʦʛʦʢʨʘʪʥʳʭ 

ʧʝʨʝʦʪʨʘʞʝʥʠʡ ʚ ʩʠʩʪʝʤʝ ʥʘ kF , ʢ ʧʦʪʦʢʫ ʧʦʣʫʩʬʝʨʠʯʝʩʢʦʛʦ ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ iF  ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʨʘʟʨʝʰʘʶʱʠʡ ʫʛʣʦʚʦʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʣʫʯʝʥʠʷ ʌik. ʏʠʩʣʝʥʥʦ ʦʥ ʟʘʚʠʩʠʪ ʦʪ ʫʛʣʦʚʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʟʣʫʯʝʥʠʷ ikj  ʠ ʦʪ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ jR , 

ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʪʝʧʣʦʦʙʤʝʥʝ ʪʝʣ, ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

ʌik ik=j +
1

n

j ij jk

j

R
=

j jä .     (3.52) 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʦʧʨʝʜʝʣʝʥʠʷ ʌik  ʨʘʟʣʠʯʘʶʪ 

ʵʣʝʤʝʥʪʘʨʥʳʡ, ʣʦʢʘʣʴʥʳʡ ʠ ʩʨʝʜʥʠʡ ʨʘʟʨʝʰʘʶʱʠʡ ʫʛʣʦʚʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʟʣʫʯʝʥʠʷ. 

 ʇʦʪʦʢʠ ʠʟʣʫʯʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʥʝʩʢʦʣʴʢʠʭ ʪʝʣ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʤʝʥʷʪʴʩʷ, ʝʩʣʠ ʚʥʫʪʨʠ ʩʠʩʪʝʤʳ ʥʘʭʦʜʠʪʩʷ ʧʦʛʣʦʱʘʶʱʘʷ ʠʟʣʫʯʘʶʱʘʷ 

ʩʨʝʜʘ, ʩʧʦʩʦʙʥʘʷ ʚʣʠʷʪʴ ʥʘ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʦʚ ʠʟʣʫʯʝʥʠʷ, ʜʦʩʪʠʛʘʶʱʠʭ 

ʪʦʡ ʠʣʠ ʠʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ ʩʠʩʪʝʤʳ ʠʟ ʜʚʫʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ (ʩʤ. ʨʠʩ. 3.11) ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʳʜʫʱʝʛʦ ʧʨʠʤʝʤ, ʯʪʦ ʤʝʞʜʫ 

ʪʝʣʘʤʠ ʥʘʭʦʜʠʪʩʷ ʦʩʣʘʙʣʷʶʱʘʷ ʩʨʝʜʘ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʦʩʣʘʙʣʝʥʠʷ 

(ʧʦʛʣʦʱʝʥʠʷ) ʦʩʣk , ʦʜʠʥʘʢʦʚʳʤ ʜʣʷ ʚʩʝʛʦ ʦʙʲʝʤʘ ʩʠʩʪʝʤʳ. ɺ ʦʩʪʘʣʴʥʦʤ 

ʫʩʣʦʚʠʷ ʪʝʧʣʦʦʙʤʝʥʘ ʠʟʣʫʯʝʥʠʝʤ ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ ʩʦʭʨʘʥʷʶʪʩʷ ʧʨʝʞʥʠʤʠ. 

ʅʘʣʠʯʠʝ ʦʩʣʘʙʣʷʶʱʝʡ (ʧʦʛʣʦʱʘʶʱʝʡ) ʩʨʝʜʳ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʧʨʠ 

ʜʚʠʞʝʥʠʠ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʙʫʜʝʪ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ɹʫʛʝʨʘ ï ɹʝʨʘ ʫʤʝʥʴʰʘʪʴʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ ɽ, ʢʦʵʬʬʠʮʠʝʥʪʫ ʦʩʣʘʙʣʝʥʠʷ 
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ʦʩʣk  ʠ ʜʣʠʥʝ ʧʫʪʠ ʣʫʯʘ 1 2r- . ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʝ ʵʪʦ 

ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʠʪ  

 

  2ʧʘʜ 1 1 ʦʩʣ 1 2cos exp( )nE E k r-= q - .      (3.53) 

ʆʙʨʘʱʘʷʩʴ ʢ ʨʠʩ. 4.4 ʠ ʧʦʚʪʦʨʷʷ ʘʥʘʣʠʟ ʧʨʝʜʳʜʫʱʝʛʦ ʧʨʠʤʝʨʘ ʩ 

ʫʯʝʪʦʤ ʧʦʪʝʨʴ ʠʟʣʫʯʝʥʠʷ ʟʘ ʩʯʝʪ ʧʦʛʣʦʱʝʥʠʷ ʝʛʦ ʩʨʝʜʦʡ, ʦʧʨʝʜʝʣʠʤ 

ʚʝʣʠʯʠʥʫ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ, ʧʦʢʠʜʘʶʱʝʛʦ ʧʦʚʝʨʭʥʦʩʪʴ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʧʣʦʱʘʜʢʠ 1dF, ʦʩʣʘʙʣʝʥʥʦʛʦ ʥʘ ʧʫʪʠ ʦʪ 1dF  ʢ 2dF  ʠ ʧʦʧʘʚʰʝʛʦ ʥʘ 

ʵʣʝʤʝʥʪʘʨʥʫʶ ʧʣʦʱʘʜʢʫ2dF : 

  
1 2

2
dF dFd Q ­ 1 1 1 ʦʩʣ 1 2cos exp( ).nE dF d k r-= q w -                         (3.54) 

 

ʕʪʦ ʚʳʨʘʞʝʥʠʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʘʥʘʣʦʛʠʯʥʦʛʦ (3.45) ʤʥʦʞʠʪʝʣʝʤ 

ʦʩʣ 1 2exp( )k r-- , ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʠ ʦʮʝʥʠʚʘʝʪʩʷ ʨʘʟʚʠʪʠʝ ʧʦʛʣʦʱʝʥʠʷ 

ʠʟʣʫʯʝʥʠʷ ʥʘ ʧʫʪʠ ʦʪ 1dF  ʢ 2dF . ʈʘʩʢʨʳʚʘʷ, ʢʘʢ ʠ ʨʘʥʝʝ, 1ndF , ,dw ʧʦʩʣʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʣʫʯʠʤ 

 
1 2

2
dF dFd Q ­

2
1 1 1 2 1 2 2 1 2[(cos cos ) / ( )] exp( ),ʦʩʣE dF r dF k r- -= q q p -      

(3.55) 

ʦʪʢʫʜʘ ʩʣʝʜʫʝʪ   

( )
1 2

2
dF dFd Q ­ /(( )1 1E dE )

1 2dF dFd ­= y
1 2dF dFd ­= j ʦʩʣ 1 2exp( )k r-- .       (3.56) 

  

ʇʦʣʫʯʝʥʥʘʷ ʦʧʪʠʢʦ-ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 
1 2dF dFd ­y  

ʥʘʟʳʚʘʝʪʩʷ ʵʣʝʤʝʥʪʘʨʥʳʤ ʦʙʦʙʱʝʥʥʳʤ ʫʛʣʦʚʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʠʟʣʫʯʝʥʠʷ, ʢʦʪʦʨʳʡ ʯʠʩʣʝʥʥʦ ʨʘʚʝʥ ʦʪʥʦʰʝʥʠʶ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʧʣʦʱʘʜʢʠ, ʜʦʩʪʠʛʘʶʱʝʛʦ ʩ ʫʯʝʪʦʤ ʦʩʣʘʙʣʝʥʠʷ ʠʟʣʫʯʝʥʠʷ 

ʩʨʝʜʦʡ ʜʨʫʛʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʧʣʦʱʘʜʢʠ, ʢ ʧʦʪʦʢʫ ʧʦʣʫʩʬʝʨʠʯʝʩʢʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʧʝʨʚʦʡ ʧʣʦʱʘʜʢʠ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ ʧʦ 2,F  ʘ 

ʟʘʪʝʤ ʧʦ 1F  ʧʦʣʫʯʠʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʣʦʢʘʣʴʥʳʝ ʠ ʩʨʝʜʥʠʝ ʦʙʦʙʱʝʥʥʳʝ 

ʫʛʣʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʟʣʫʯʝʥʠʷ 12j . ɼʣʷ ʵʪʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʩʪʘʶʪʩʷ 

ʩʧʨʘʚʝʜʣʠʚʳʤʠ ʠ ʟʘʧʠʩʘʥʥʳʝ ʚʳʰʝ ʩʚʦʡʩʪʚʘ ʫʛʣʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ: 

ʚʟʘʠʤʥʦʩʪʴ, ʟʘʤʢʥʫʪʦʩʪʴ, ʘʜʜʠʪʠʚʥʦʩʪʴ ʠ ʥʝʚʦʛʥʫʪʦʩʪʴ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʢʦ-ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦ ʧʨʠʚʝʜʝʥʥʳʤ 

ʚʳʰʝ ʬʦʨʤʫʣʘʤ ʩʚʷʟʘʥʦ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʪʨʫʜʥʦʩʪʷʤʠ, 

ʦʩʦʙʝʥʥʦ ʩ ʫʯʝʪʦʤ ʨʘʟʥʦʦʙʨʘʟʠʷ ʨʘʟʤʝʨʦʚ, ʬʦʨʤ, ʧʦʣʦʞʝʥʠʡ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʠʩʪʝʤʫ ʪʝʣ, ʚ ʢʦʪʦʨʦʡ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʝʧʣʦʦʙʤʝʥ ʠʟʣʫʯʝʥʠʝʤ. ʇʦʟʚʦʣʷʝʪ ʠʭ ʧʨʝʦʜʦʣʝʪʴ 

ʧʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʆʜʥʘʢʦ ʥʘʨʷʜʫ ʩ 

ʨʘʩʯʝʪʦʤ ʫʛʣʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʟʣʫʯʝʥʠʷ ʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ 

ʪʝʧʣʦʪʝʭʥʠʢʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ ʪʝʧʣʦʚʦʛʦ ʠ 
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ʩʚʝʪʦʚʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʠʥʞʝʥʝʨʥʳʝ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ. ɼʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʳʭ ʩʠʩʪʝʤ, 

ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʚ ʧʨʘʢʪʠʢʝ ʨʘʙʦʪʳ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʝʯʝʡ ʠ ʪʝʧʣʦʚʳʭ 

ʘʛʨʝʛʘʪʦʚ, ʩʨʝʜʥʠʝ ʫʛʣʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʦʞʥʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʩ ʫʯʝʪʦʤ 

ʠʭ ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚ. 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʩʠʩʪʝʤʳ ʠʟ ʜʚʫʭ ʪʝʣ (ʨʠʩ. 3.12). ɼʣʷ ʙʦʣʴʰʠʭ 

ʧʣʦʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩ ʥʝʙʦʣʴʰʠʤ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʥʠʤʠ (ʨʠʩ. 3.12, ʘ) 

ʵʥʝʨʛʠʷ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʳʭʦʜʠʪ ʟʘ ʧʨʝʜʝʣʳ ʩʠʩʪʝʤʳ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 12j 21 1=j =. ɼʣʷ ʜʚʫʭ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ ʩʬʝʨʠʯʝʩʢʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʠʣʠ ʜʚʫʭ ʜʣʠʥʥʳʭ ʢʨʫʛʣʳʭ ʢʦʘʢʩʠʘʣʴʥʳʭ ʮʠʣʠʥʜʨʦʚ 

(ʨʠʩ. 3.12, ʙ) ʦʯʝʚʠʜʥʦ, ʯʪʦ ʚʩʝ ʠʟʣʫʯʝʥʠʝ ʩ ʧʝʨʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʧʘʜʘʝʪ 

ʥʘ ʚʪʦʨʫʶ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʪʘʢʦʛʦ ʧʨʦʩʪʦʛʦ ʘʥʘʣʠʟʘ  ʩʣʝʜʫʝʪ 12j = 1 

ʠ ʪʦʛʜʘ ʥʘ ʦʩʥʦʚʝ ʩʚʦʡʩʪʚʘ ʚʟʘʠʤʥʦʩʪʠ 12j 1F = 21j 2F  ʩʣʝʜʫʝʪ, ʯʪʦ 

21 1 2/F Fj = , ʘ ʥʘ ʦʩʥʦʚʝ ʩʚʦʡʩʪʚʘ ʟʘʤʢʥʫʪʦʩʪʠ ʤʦʞʥʦ ʥʘʡʪʠ 22j 11 F= - / 2F . 

ɸʥʘʣʦʛʠʯʥʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʫʛʣʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠ ʜʣʷ ʩʠʩʪʝʤʳ 

(ʨʠʩ. 3.12, ʚ), ʚʢʣʶʯʘʶʱʝʡ ʚʥʫʪʨʝʥʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ ʰʘʨʦʚʦʛʦ ʩʝʛʤʝʥʪʘ 

ʠʣʠ ʜʣʠʥʥʦʛʦ ʢʨʫʛʣʦʛʦ ʮʠʣʠʥʜʨʘ ʠ ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʳʝ 

ʧʨʠʦʙʨʝʪʘʶʪ ʪʝ ʞʝ ʟʥʘʯʝʥʠʷ, ʯʪʦ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʩʣʫʯʘʝ.  

 

 
ʈʠʩ. 3.12. ʇʨʦʩʪʝʡʰʠʝ ʩʠʩʪʝʤʳ ʠʟʣʫʯʘʶʱʠʭ ʪʝʣ 

  

ɼʣʷ ʩʠʩʪʝʤʳ ʚʥʫʪʨʝʥʥʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʚʫʭ ʧʦʣʳʭ ʩʬʝʨ ʠʣʠ 

ʢʨʫʛʣʳʭ ʮʠʣʠʥʜʨʦʚ, ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʤʝʞʜʫ ʩʦʙʦʡ (ʨʠʩ. 3.12, ʛ), ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʫʛʣʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʛʠʧʦʪʝʪʠʯʝʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ f  (ʜʝʣʠʪʝʣʴ), ʧʝʨʝʢʨʳʚʘʶʱʫʶ ʦʪʚʝʨʩʪʠʝ 
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ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʷʤʠ. ʇʦʚʪʦʨʷʷ ʧʨʠʚʝʜʝʥʥʳʡ ʚʳʰʝ ʘʥʘʣʠʟ, ʤʦʞʥʦ ʥʘʡʪʠ, 

ʯʪʦ 12 /fj = 1F  ʠ 21 2/f Fj =  ʠ 11 1 /fj = - 1F , 22 1 /fj = - 2F . ɽʩʣʠ ʩʠʩʪʝʤʘ, 

ʚ ʢʦʪʦʨʦʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʝʧʣʦʦʙʤʝʥ ʠʟʣʫʯʝʥʠʝʤ, ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʠ 

ʙʦʣʝʝ ʪʝʣ (ʧʦʚʝʨʭʥʦʩʪʝʡ), ʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʜʣʷ ʥʝʝ ʫʛʣʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʨʝʰʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʨʘʚʥʝʥʠʡ. 

ʇʦʜʦʙʥʳʝ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʚʦʡʩʪʚ ʫʛʣʦʚʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʧʨʠʚʝʜʝʤ ʦʧʨʝʜʝʣʝʥʠʝ 

j ʜʣʷ ʩʣʫʯʘʷ ʪʨʝʭ ʚʳʧʫʢʣʳʭ ʪʝʣ, ʦʙʨʘʟʫʶʱʠʭ ʟʘʤʢʥʫʪʫʶ ʩʠʩʪʝʤʫ, 

ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʢʦʪʦʨʦʡ ʜʘʥʦ ʥʘ ʨʠʩ. 3.12, ʜ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʦʡʩʪʚʘ ʟʘʤʢʥʫʪʦʩʪʠ ʜʘʝʪ  

 

11 12 13

22 21 23

33 31 32

1,

1,

1.

j +j +j =û
î

j +j +j =ü
îj +j +j =ý

        (3.57) 

 

ɺ ʵʪʠʭ ʫʨʘʚʥʝʥʠʷʭ ʧʦʜʣʝʞʘʪ ʦʧʨʝʜʝʣʝʥʠʶ ʜʝʚʷʪʴ ʥʝʠʟʚʝʩʪʥʳʭ 

ʫʛʣʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ɼʣʷ ʚʳʧʫʢʣʳʭ ʪʝʣ ʩʘʤʦʦʙʣʫʯʝʥʠʝ ʦʪʩʫʪʩʪʚʫʝʪ. 

ʇʦʵʪʦʤʫ ʩ ʫʯʝʪʦʤ ʩʚʦʡʩʪʚʘ ʥʝʚʦʛʥʫʪʦʩʪʠ  

11 22 13 0j +j +j =.      (3.58) 

  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʠʩʣʦ ʥʝʠʟʚʝʩʪʥʳʭ ʩʦʢʨʘʱʘʝʪʩʷ ʜʦ ʰʝʩʪʠ. ʅʝʜʦʩʪʘʶʱʠʝ ʪʨʠ 

ʫʨʘʚʥʝʥʠʷ ʟʘʧʠʩʳʚʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʚʦʡʩʪʚʘ ʚʟʘʠʤʥʦʩʪʠ:    

         

12 1 21 2

13 1 31 3

23 2 32 3

,

,

.

F F

F F

F F

j =j û
î

j =j ü
îj =j ý

         (3.59) 

  

ʈʝʰʝʥʠʝ ʩʠʩʪʝʤ ʫʨʘʚʥʝʥʠʡ (3,57)é(3.59) ʜʘʝʪ 

 

  

12 1 2 3 1

13 1 3 2 1

23 2 3 1 2

( ) / (2 ),

( ) / (2 ),

( ) / (2 ).

F F F F

F F F F

F F F F

j = + - û
î

j = + - ü
îj = + - ý

     (3.60) 

  

ɺ ʥʝʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʝ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ j ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʟʘʤʢʥʫʪʴ 

ʝʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʪʘʢ, ʯʪʦʙʳ ʦʥʠ ʵʢʨʘʥʠʨʦʚʘʣʠ 

ʟʘʜʘʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ, ʧʨʝʜʣʦʞʝʥʥʳʡ ɻ. ʃ. ʇʦʣʷʢʦʤ, 

ʧʦʟʚʦʣʠʣ ʝʤʫ ʩʦʟʜʘʪʴ ʤʝʪʦʜ çʥʘʪʷʥʫʪʳʭ ʥʠʪʝʡè, ʚʝʩʴʤʘ ʫʜʦʙʥʳʡ ʧʨʠ 

ʦʪʳʩʢʘʥʠʠ ʫʛʣʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʥʝʟʘʤʢʥʫʪʳʭ ʩʠʩʪʝʤ 
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ʜʚʫʭ ʪʝʣ. ɼʣʷ ʩʣʫʯʘʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʨʠʩ. 3.13, ʪʘʢʠʤʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʷʚʣʷʶʪʩʷ ɸʉ ʠ ɺD. ʀʟ ʩʚʦʡʩʪʚʘ 

ʟʘʤʢʥʫʪʦʩʪʠ ʧʦʣʫʯʘʝʤ 

 

  12 1 1 1ɺD ɸʉj +j +j =.                                (3.61) 

 
ʈʠʩ. 3.13. ʂ ʚʳʚʦʜʫ ʧʨʘʚʠʣʘ çʥʘʪʷʥʫʪʳʭ ʥʠʪʝʡè  

 

 ʅʘ ʦʩʥʦʚʘʥʠʠ (4.26) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ  

1

1

( ) / (2 );

( ) / (2 ).

ɺD

ɸʉ

ɸɺ ɺD ɸD ɸɺ

ɸɺ ɸʉ ɺʉ ɸɺ

j = + - ûî
ü

j = + - îý

                (3.62) 

ʊʦʛʜʘ ʧʦʣʫʯʠʤ, ʯʪʦ 

 12j 0,5( ) / ,ɸD ɺʉ ɺD ɸʉ ɸɺ= + - -               (3.63) 

 

ʠʣʠ ʚʟʘʠʤʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʘʨʳ ʪʝʣ  

  

12H 12 1 0,5( ) 0,5( ),F ɸD ɺʉ ɺD ɸʉ=j = + - +  (3.64) 

 

ʦʪʢʫʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʚʟʘʠʤʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʘʨʳ ʧʨʦʠʟʚʦʣʴʥʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʪʝʣ ʨʘʚʥʘ ʧʦʣʫʩʫʤʤʝ ʜʣʠʥ ʚʥʫʪʨʝʥʥʠʭ ʥʠʪʝʡ (ɸDʠɺʉ) 
ʤʠʥʫʩ ʧʦʣʫʩʫʤʤʘ ʜʣʠʥ ʚʥʝʰʥʠʭ ʥʠʪʝʡ (ɺD ʠ ɸʉ). ʕʪʦʪ ʚʳʚʦʜ ʧʦʣʫʯʠʣ 

ʥʘʟʚʘʥʠʝ ʧʨʘʚʠʣʘ çʥʘʪʷʥʫʪʳʭ ʥʠʪʝʡè. ʆʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʢ ʧʦʚʝʨʭʥʦʩʪʷʤ, 

ʧʨʦʩʪʠʨʘʶʱʠʤʩʷ ʙʝʩʢʦʥʝʯʥʦ ʜʘʣʝʢʦ ʚʜʦʣʴ ʦʜʥʦʡ ʢʦʦʨʜʠʥʘʪʳ. 

ʇʨʠʤʝʨ 3.5. ʆʧʨʝʜʝʣʠʪʴ ʫʛʣʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʟʘʤʢʥʫʪʦʡ 

ʩʠʩʪʝʤʝ ʪʨʝʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ (ʨʠʩ. 3.14), ʦʙʨʘʟʦʚʘʥʥʦʡ ʪʨʝʤʷ ʧʣʦʩʢʦʩʪʷʤʠ 

ʢʦʥʝʯʥʦʡ ʰʠʨʠʥʳ ʠ ʙʝʩʢʦʥʝʯʥʦʡ ʜʣʠʥʳ (ʙʝʩʢʦʥʝʯʥʦ ʜʣʠʥʥʘʷ ʪʨʝʫʛʦʣʴʥʘʷ 

ʧʨʠʟʤʘ). ɿʥʘʯʝʥʠʷ ʰʠʨʠʥʳ ʧʦʣʦʩ L1 = 2 ʤ; L2 = 4 ʤ; L3 = 5 ʤ. 
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ʈʠʩ. 3.14. ɹʝʩʢʦʥʝʯʥʦ ʜʣʠʥʥʘʷ ʪʨʝʫʛʦʣʴʥʘʷ ʧʨʠʟʤʘ 

 

ʈʝʰʝʥʠʝ:  

ɿʘʧʠʰʝʤ ʩʚʦʡʩʪʚʦ ʟʘʤʳʢʘʝʤʦʩʪʠ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ: 

12 13

2ʷ 23

31 32

1;

1;

1.

j +j =

j +j =

j +j =

 

 

ɺ ʵʪʦʡ ʩʠʩʪʝʤʝ ʪʨʝʭ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠʤʝʝʪʩʷ ʰʝʩʪʴ 

ʥʝʠʟʚʝʩʪʥʳʭ. ʋʤʥʦʞʘʷ ʣʝʚʫʶ ʠ ʧʨʘʚʫʶ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ ʥʘ F1, ʚʪʦʨʦʛʦ ï 

ʥʘ F2, ʪʨʝʪʴʝʛʦ ï ʥʘ F3, ʧʦʣʫʯʠʤ 

1 12 1 13 1

2 2ʷ 2 23 2

3 31 3 32 3

;

;

.

F F F

F F F

F F F

Öj + Öj =

Öj + Öj =

Öj + Öj =

 

 

ʇʦ ʩʚʦʡʩʪʚʫ ʚʟʘʠʤʥʦʩʪʠ ʠʤʝʝʤ 1 12 2 21F Fj = j; 1 13 3 31F Fj = j; 

2 23 3 32F Fj = j. 

ʊʦʛʜʘ ʧʦʩʣʝʜʥʶʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ 

1 12 1 13 1

1 12 2 23 2

1 13 2 23 3

;

;

.

F F F

F F F

F F F

Öj + Öj =

Öj + Öj =

Öj + Öj =

 

ɺ ʵʪʦʡ ʩʠʩʪʝʤʝ ʪʨʝʭ ʫʨʘʚʥʝʥʠʡ ʩʦʜʝʨʞʘʪʩʷ ʪʦʣʴʢʦ ʪʨʠ ʥʝʠʟʚʝʩʪʥʳʝ 

ʚʝʣʠʯʠʥʳ 12j , 13j , 23j . 

ʈʝʰʘʷ ʵʪʫ ʩʠʩʪʝʤʫ, ʧʦʣʫʯʠʤ 

1 2 3 1 2 3
12

1 12 2

F F F L L L

F L

+ - + -
j = = ; 

1 3 2 1 3 2
13

1 12 2

F F F L L L

F L

+ - + -
j = = ; 
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2 3 1 2 3 1
23

2 22 2

F F F L L L

F F

+ - + -
j = = . 

ʋʛʣʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 12j , 13j  ʠ 23j  ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʩʚʦʡʩʪʚʘ 

ʚʟʘʠʤʥʦʩʪʠ: 

1 2 3
21

22

L L L

L

+ -
j = ; 1 3 2

31

32

L L L

L

+ -
j = ; 2 3 1

32

32

L L L

F

+ -
j = ; 

12

2 4 5
0,25

2 2

+ -
j = =

Ö
; 13

2 5 4
0,75

2 2

+ -
j = =

Ö
; 23

4 5 2 7

2 4 8

+ -
j = =

Ö
; 

1
21 12

2

2
0,25 0,125

4

L

L
j =j = Ö =; 1

31 13

2

2
0,75 0,3

5

L

L
j =j = Ö =;

3
32 23

2

7 4
0,7

8 5

L

L
j =j = Ö =. 

 

ʇʨʠʤʝʨ 3.6. ʀʟʚʝʩʪʝʥ ʫʛʣʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʠʟ ʜʚʫʭ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʚ ʩ ʦʙʱʝʡ ʩʪʦʨʦʥʦʡ 

(ʨʠʩ. 3.15). ʅʘʡʪʠ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʫʛʣʦʚʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 13j . 

ʈʝʰʝʥʠʝ:  

ʇʫʩʪʴ ʚʩʝ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʳʝ. 

ʊʦʛʜʘ ʵʥʝʨʛʠʷ ʠʟʣʫʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ F1, ʧʘʜʘʶʱʘʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ F2 

ʠ ʩʫʤʤʘʨʥʫʶ (F2 + F3), ʙʫʜʝʪ 

ʧʘʜ. 1-2 01 1 12Q q F= Ö Öj; ʧʘʜ. 1-(2-3) 01 1 1-(2-3)Q q F= Ö Öj, 

ʛʜʝ 12j  ʠ 1 (2 3)- -j  ʷʚʣʷʶʪʩʷ ʠʟʚʝʩʪʥʳʤʠ ʧʦ ʫʩʣʦʚʠʷʤ ʟʘʜʘʯʠ. 

ʕʥʝʨʛʠʷ ʠʟʣʫʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ F1, ʧʘʜʘʶʱʘʷ ʥʘ F3 ʩʦʩʪʘʚʠʪ  

 

ʧʘʜ. 1-3 1-(2-3)Q Q= -ʧʘʜ. 1-2 01 1 1 (2 3) 12( )Q q F - -= Ö j -j. 

 

 

 
 

ʈʠʩ. 3.15. ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʢ ʧʨʠʤʝʨʫ 
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ʊʦʛʜʘ, ʠʩʧʦʣʴʟʫʷ ʦʧʨʝʜʝʣʝʥʠʝ ʫʛʣʦʚʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ, ʧʦʣʫʯʠʤ 

 

01 1 1 (2 3) 12ʧʘʜ. 1-3
13 1 (2 3) 12

1 01 1

( )
.

q FQ

Q q F

- -

- -

j -j
j = = =j -j 
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3.5. ʈʘʩʯʝʪ ʪʝʧʣʦʦʙʤʝʥʘ ʠʟʣʫʯʝʥʠʝʤ 

 

 ɺʳʙʦʨ ʪʦʡ ʠʣʠ ʠʥʦʡ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʟʘʚʠʩʠʪ ʦʪ ʩʣʦʞʥʦʩʪʠ 

ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ ʠ ʢʦʥʝʯʥʦʡ ʮʝʣʠ ʨʘʩʯʝʪʘ. ʆʙʳʯʥʦ ʯʝʤ ʧʨʦʱʝ ʩʠʩʪʝʤʘ, 

ʪʝʤ ʣʝʛʯʝ ʜʦʩʪʠʛʘʶʪʩʷ ʮʝʣʠ ʨʘʩʯʝʪʘ. 

 

 

3.5.1. ʊʝʧʣʦʦʙʤʝʥ ʠʟʣʫʯʝʥʠʝʤ ʤʝʞʜʫ ʜʚʫʤʷ ʩʝʨʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ,  

ʨʘʟʜʝʣʝʥʥʳʤʠ ʣʫʯʝʧʨʦʟʨʘʯʥʦʡ ʩʨʝʜʦʡ 

 

 ʊʠʧʳ ʟʘʤʢʥʫʪʳʭ ʩʠʩʪʝʤ, ʚʢʣʶʯʘʶʱʠʭ ʩʝʨʳʝ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 3.12. ʇʦʜʦʙʥʳʝ ʩʠʩʪʝʤʳ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʚ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʪʝʧʣʦʪʝʭʥʠʢʝ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʦʧʠʩʘʥʠʠ ʪʝʧʣʦʚʦʡ ʨʘʙʦʪʳ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʝʯʝʡ. ɼʣʷ ʢʦʥʢʨʝʪʠʟʘʮʠʠ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʫ ʜʣʷ 

ʩʣʫʯʘʷ, ʠʟʦʙʨʘʞʝʥʥʦʛʦ ʥʘ ʨʠʩ. 3.12, ʙ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʧʦʩʪʘʥʦʚʢʝ, 

ʢʦʛʜʘ ʟʘʜʘʥʳ ʨʘʟʤʝʨʳ ʧʦʚʝʨʭʥʦʩʪʝʡ 1F  ʠ 2F , ʠʭ ʪʝʤʧʝʨʘʪʫʨʳ 1T  ʠ 2T , 

ʨʘʜʠʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʪʝʣ (ʟʦʥ) 1e= 1,A  2e = 2A , ʩʨʝʜʳ 0D=  ʠ ʦʧʪʠʢʦ-

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 12 21 1 21, / .F Fj = j =  ʇʨʠ ʵʪʦʤ ʜʣʷ ʫʩʣʦʚʠʡ 

ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʞʠʤʘ ( / 0)Tµ µt= ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʧʣʦʪʥʦʩʪʠ 

ʨʝʟʫʣʴʪʠʨʫʶʱʠʭ ʧʦʪʦʢʦʚ. ɿʘʤʝʪʠʤ, ʯʪʦ ʠʟ ʧʦʩʣʝʜʥʝʛʦ ʫʩʣʦʚʠʷ ʩʣʝʜʫʝʪ 

ʚʳʚʦʜ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ ʚ ʩʠʩʪʝʤʝ, ʪ. ʝ. ʦ ʝʝ ʘʜʠʘʙʘʪʥʦʩʪʠ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʠʪʴ ʟʦʥʘʣʴʥʳʡ ʤʝʪʦʜ ʚ 

ʩʘʤʦʡ ʧʨʦʩʪʦʡ ʝʛʦ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ï ʤʝʪʦʜ ʩʘʣʴʜʦ-ʧʦʪʦʢʦʚ, ʦʩʥʦʚʫ 

ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ ʙʘʣʘʥʩ ʧʣʦʪʥʦʩʪʝʡ ʧʦʪʦʢʦʚ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ. ʀʟ ʦʯʝʚʠʜʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʩʦʦʙʨʘʞʝʥʠʡ ʩʣʝʜʫʝʪ, ʯʪʦ 

ʚ ʟʘʤʢʥʫʪʦʡ ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʘʣʛʝʙʨʘʠʯʝʩʢʘʷ ʩʫʤʤʘ ʧʣʦʪʥʦʩʪʝʡ 

ʨʝʟʫʣʴʪʠʨʫʶʱʠʭ ʧʦʪʦʢʦʚ ʨʘʚʥʘ ʥʫʣʶ, ʪ. ʝ. 

ʨʝʟ1 ʨʝʟ20Q Q+ =.                       (3.65) 

 

 ɺ ʵʪʦʤ ʫʨʘʚʥʝʥʠʠ ʜʚʘ ʥʝʠʟʚʝʩʪʥʳʭ, ʧʦʵʪʦʤʫ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ 

ʨʝʰʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʩʦʩʪʘʚʠʪʴ ʚʪʦʨʦʝ ʫʨʘʚʥʝʥʠʝ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʩʣʝʜʫʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʧʦʪʦʢʘʭ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ʇʣʦʪʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ 2 ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʳʨʘʞʝʥʠʝʤ 

ʵʬ2 2 ʨʝʟ2 02Q R Q Q= + ,                    (3.66) 

ʛʜʝ 2R  ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʨʝʬʣʝʢʪʠʚʥʦʩʪʴ ʪʝʣʘ 2, ʢʦʪʦʨʘʷ ʜʣʷ ʥʝʧʨʦʟʨʘʯʥʳʭ 

ʪʝʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʪʥʦʰʝʥʠʝ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʠʟʣʫʯʘʪʝʣʴʥʦʡ. 

 ʆʜʥʘʢʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 1 ʧʦʧʘʜʘʝʪ ʥʝ ʚʩʷ ʪʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ, ʘ ʪʦʣʴʢʦ 

ʥʝʢʦʪʦʨʘʷ ʝʝ ʯʘʩʪʴ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʚʝʣʠʯʠʥʦʡ ʫʛʣʦʚʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʠʟʣʫʯʝʥʠʷ 21j , ʪ. ʝ. 
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  ʧʘʜ1 2 ʨʝʟ2 02 21( )Q R Q Q= + j.                   (3.67) 

 ɸʥʘʣʦʛʠʯʥʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʪʝʣʘ 2 ʙʫʜʝʪ ʧʦʧʘʜʘʪʴ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ: 

   ʧʘʜ2 1 ʨʝʟ1 01 12( )Q R Q Q= + j.                                (3.68) 

 ʈʘʟʥʦʩʪʴ ʤʝʞʜʫ ʧʣʦʪʥʦʩʪʷʤʠ ʧʘʜʘʶʱʠʭ ʧʦʪʦʢʦʚ ʨʘʚʥʘ ʧʣʦʪʥʦʩʪʠ 

ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʧʦʪʦʢʘ. ɽʩʣʠ 2 1,T T>  ʪʦ 

     ʧʘʜ1Q - ʧʘʜ2Q ʨʝʟ1Q= ,   

ʠʣʠ  

ʨʝʟ1Q = ( )1
2 ʨʝʟ2 021 Q Q-è øe - +

ê ú ( )1
21 1 ʨʝʟ1 01 121 Q Q-è øj - e - + j
ê ú

.        (3.69) 

 

 ʕʪʦ ʚʳʨʘʞʝʥʠʝ ï ʚʪʦʨʦʝ ʥʝʜʦʩʪʘʶʱʝʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʨʝʰʝʥʠʷ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ. ʈʝʰʝʥʠʝ ʩʠʩʪʝʤʳ (3.65) ʠ (3.69) ʦʜʥʦʟʥʘʯʥʦ. ɽʩʣʠ 

ʠʤʝʪʴ ʚ ʚʠʜʫ ʩʚʦʡʩʪʚʦ ʚʟʘʠʤʥʦʩʪʠ 1 12 2 21( )F Fj = j, ʪʦ ʧʦʩʣʝ ʨʝʰʝʥʠʷ 

ʩʠʩʪʝʤʳ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʣʫʯʠʤ, ʯʪʦ ʦʪʜʘʚʘʝʤʘʷ ʪʝʣʦʤ 2 ʠ 

ʚʦʩʧʨʠʥʠʤʘʝʤʘʷ ʪʝʣʦʤ 1 ʪʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ ʙʫʜʝʪ ʨʘʚʥʘ  

ʨʝʟ1Q  = ï ʨʝʟ2Q = 

= ( ) ( )
1

1 1
2 12 2 211 1 1

-
- -è øe - j + + e - j

ê ú
4 4

2 1 1 12[( /100) ( /100) ]oc T T F- j 

ʠʣʠ 

ʨʝʟQ = ʧʨʩ
4 4

2 1 1 12[( /100) ( /100) ]T T F- j,     (3.70) 

ʛʜʝ ʧʨʉ ʧʨʦʉ=e  ï ʧʨʠʚʝʜʝʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʣʫʯʝʥʠʷ, ʢʦʪʦʨʳʡ, ʢʘʢ ʠ 

ʧʨʠʚʝʜʝʥʥʘʷ ʩʪʝʧʝʥʴ ʯʝʨʥʦʪʳ ʧʨe , ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʪʝʧʝʥʴ ʧʨʠʙʣʠʞʝʥʠʷ 

ʩʠʩʪʝʤʳ ʢ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʤʫ ʪʝʣʫ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʜʣʷ ʨʘʩʩʤʦʪʨʝʥʥʦʡ 

ʩʠʩʪʝʤʳ ʜʚʫʭ ʩʝʨʳʭ ʪʝʣ ʩ ʜʠʘʪʝʨʤʠʯʥʦʡ ʩʨʝʜʦʡ ʠʤʝʝʤ 

ʧʨe ( ) ( )
1

1 1
1 12 2 211 1 1

-
- -è ø= e - j + + e - j

ê ú
.         (3.71) 

 ʇʦʣʫʯʝʥʥʘʷ ʬʦʨʤʫʣʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨe  ʦʭʚʘʪʳʚʘʝʪ ʚʩʝ ʩʣʫʯʘʠ 

ʪʝʧʣʦʦʙʤʝʥʘ ʠʟʣʫʯʝʥʠʝʤ ʚ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʝ ʜʚʫʭ ʪʝʣ. ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ 

ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʩʠʩʪʝʤ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʧʨʠʚʝʜʝʥʥʦʡ ʩʪʝʧʝʥʠ ʯʝʨʥʦʪʳ 

ʫʧʨʦʱʘʶʪʩʷ. ʊʘʢ, ʜʣʷ ʜʚʫʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ (ʨʠʩ. 3.12, ʘ) 

ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ, ʯʪʦ  

ʧʨe
1 1 1

1 2( 1)- - -= e +e -,      (3.72) 

ʘ ʜʣʷ ʩʠʩʪʝʤʳ ʜʚʫʭ ʪʝʣ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ 12 1j = (ʩʤ. ʨʠʩ. 3.12, ʚ, ʙ) 

ʧʦʣʫʯʠʤ 

  ʧʨe
1 1 1

1 1 2 2[ ( / )(  1]F F- - -= e + e -.         (3.73) 

 ʂʦʥʢʨʝʪʠʟʘʮʠʷ ʬʦʨʤʫʣʳ (3.73) ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥʘ ʠ ʜʣʷ ʜʨʫʛʠʭ 

ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ. 
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 ʇʨʠʤʝʨ 3.7. ɺ ʩʣʫʯʘʝ ʪʝʧʣʦʦʙʤʝʥʘ ʠʟʣʫʯʝʥʠʝʤ ʤʝʞʜʫ ʜʚʫʤʷ 

ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ (ʩʤ. ʨʠʩ. 3.12, ʘ) ʧʨʠ 

1 1 12800 ; 0,9; 1T K= e = j =, ʘ ʧʨʠ 2 2 21400 ; 0,7; 1T K= e = j = ʪʨʝʙʫʝʪʩʷ 

ʦʧʨʝʜʝʣʠʪʴ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʧʣʦʪʥʦʩʪʴ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʧʦʪʦʢʘ ʜʣʷ ʵʪʠʭ 

ʫʩʣʦʚʠʡ, ʘ ʪʘʢʞʝ ʝʛʦ ʚʝʣʠʯʠʥʫ ʨʝʟɽ , ʝʩʣʠ 2e ʫʤʝʥʴʰʠʪʴ ʜʦ 2 0,07.e =   

ʈʝʰʝʥʠʝ ʙʫʜʝʪ ʩʣʝʜʫʶʱʠʤ:  

ʨʝʟ1 ʧʨɽ =e
4

1[( /100)oʩ T - 4
2 12( /100) ]T j = 1 1 1(0,9 0,7 1)- - -+ - ³ 

5,67³ [ 4(800 /100)- 4(400 /100) ] 1 14140Ö =  ɺʪ/ʤ2; 

ʨʝʟ2ɽ
1 1 1(0,9 0,07 1)- - -= + - 5,67 4[(800 /100) 4(400 /100) ] 1 1510- Ö =  ɺʪ/ʤ2. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʤʝʥʴʰʝʥʠʝ ʩʪʝʧʝʥʠ ʯʝʨʥʦʪʳ ʦʜʥʦʡ ʠʟ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʚ 10 ʨʘʟ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʩʪʦʣʴʢʦ ʞʝ ʩʥʠʞʘʝʪ ʚʝʣʠʯʠʥʫ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʧʦʪʦʢʘ. 

 

 

3.5.2. ʊʝʧʣʦʦʙʤʝʥ ʠʟʣʫʯʝʥʠʝʤ ʧʨʠ ʥʘʣʠʯʠʠ ʵʢʨʘʥʦʚ 

 

 ʕʢʨʘʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʦʥʢʦʝ (ʦʙʳʯʥʦ ʤʝʪʘʣʣʠʯʝʩʢʦʝ) ʪʝʣʦ 

ʩ ʪʝʧʣʦʚʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʧʦ ʪʦʣʱʠʥʝ ʙʣʠʟʢʠʤ ʢ ʥʫʣʶ. ʀʩʧʦʣʴʟʫʶʪ 

ʵʢʨʘʥʳ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʝʯʝʡ ʠ ʘʛʨʝʛʘʪʦʚ ʜʣʷ ʟʘʱʠʪʳ 

ʦʪ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

 ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʣʦʦʙʤʝʥ ʠʟʣʫʯʝʥʠʝʤ ʚ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʝ ʜʚʫʭ ʩʝʨʳʭ 

ʪʝʣ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩ. 3.16, ʜʦʧʦʣʥʝʥʥʳʭ ʵʢʨʘʥʘʤʠ.  

 
 

ʈʠʩ. 3.16. ʉʠʩʪʝʤʳ ʪʝʧʣʦʦʙʤʝʥʘ  

ʧʨʠ ʥʘʣʠʯʠʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ (ʩʬʝʨʠʯʝʩʢʦʛʦ) ʠ ʧʣʦʩʢʦʛʦ ʵʢʨʘʥʦʚ 
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ʇʨʠ ʥʘʣʠʯʠʠ ʵʢʨʘʥʦʚ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʝʧʣʦʦʙʤʝʥʘ ʤʝʞʜʫ ʵʪʠʤʠ 

ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʠʟʤʝʥʠʪʩʷ. ɿʘʤʝʪʠʤ, ʯʪʦ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʠʩʪʦʯʥʠʢʘ 

ʠʟʣʫʯʝʥʠʷ ʜʦ ʵʢʨʘʥʘ ʦʧʨʝʜʝʣʷʝʪ ʚʳʙʦʨ ʤʘʪʝʨʠʘʣʘ ʵʢʨʘʥʘ, ʘ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʝʛʦ ʨʘʙʦʪʳ, ʦʩʦʙʝʥʥʦ ʚ ʚʘʢʫʫʤʝ, ʥʝ ʩʢʘʟʳʚʘʝʪʩʷ. ɼʘʣʝʝ 

ʙʫʜʝʤ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣ 1F  ʠ 2F , ʪʝʤʧʝʨʘʪʫʨʳ 1T  ʠ 2T  ʥʝ 

ʤʝʥʷʶʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ, ʧʨʠʯʝʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʨʠʥʠʤʘʝʤ, ʯʪʦ 1T  > 

2T .  

ʈʘʜʠʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʵʢʨʘʥʘ 1e, 2e ʠ ʕe ʚ ʦʙʱʝʤ 

ʩʣʫʯʘʝ ʦʜʠʥʘʢʦʚʳ. ʅʘʢʦʥʝʮ, ʦʧʪʠʢʦ-ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʦʮʝʥʠʚʘʶʪʩʷ ʚʝʣʠʯʠʥʘʤʠ 12j , 21j , 1ʕj , 2ʕj  ʠ ʪ. ʜ. ɼʣʷ ʫʢʘʟʘʥʥʳʭ ʫʩʣʦʚʠʡ 

ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʠʪʴ ʫʨʦʚʝʥʴ ʩʥʠʞʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʦʚ ʠʟʣʫʯʝʥʠʷ ʧʨʠ 

ʥʘʣʠʯʠʠ ʵʢʨʘʥʘ. ʉ ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʷ (3.74) ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠ 

ʧʣʦʪʥʦʩʪʠ ʨʝʟʫʣʴʪʠʨʫʶʱʠʭ ʧʦʪʦʢʦʚ ʩ ʧʝʨʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʵʢʨʘʥ ʠ ʩ 

ʵʢʨʘʥʘ ʥʘ ʜʨʫʛʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ʇʨʠ ʵʪʦʤ ʥʘʜʦ ʫʯʠʪʳʚʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʩʪʝʧʝʥʠ ʯʝʨʥʦʪʳ ʧʨ1 ʕ-e  ʠ ʧʨʕ 2-e , ʢʦʪʦʨʳʝ, ʢʘʢ ʠ ʧʨ1 2-e , ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ (3.71). ʇʦ ʧʨʠʥʷʪʦʤʫ ʫʩʣʦʚʠʶ ʵʢʨʘʥ ʥʝ ʥʘʛʨʝʚʘʝʪʩʷ, ʪ. ʝ. ʥʝ 

ʧʦʛʣʦʱʘʝʪ ʪʝʧʣʦʪʫ, ʧʦʵʪʦʤʫ  

ʨʝʟ1 ʕQ - = ʨʝʟʕ 2Q -  

ʠʣʠ ʩ ʫʯʝʪʦʤ ʩʚʦʡʩʪʚʘ ʚʟʘʠʤʥʦʩʪʠ  1 12 1 ʕ 2 ʕ 2ʕF F F- -j = j = j: 

ʧʨ1 ʕ-e 4
1[( /100)oʩ T - 4

ʕ( /100) ]T
4

ʧʨʕ 2 ʕ[( /100)ʦʩ T-=e - 4
2( /100) ]T ,   (3.74) 

ʦʪʢʫʜʘ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʵʢʨʘʥʘ ʕʊ : 

4
ʕ( /100)T ʧʨ1 ʕ[ -= e 4

1( /100)T + ʧʨʕ 2-e
4

2( /100) ]T ʧʨ1 ʕ( -e +
1

ʧʨʕ 2)
-

-e . 

 ɿʥʘʥʠʝ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʠ ʚʝʣʠʯʠʥʳ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʣʦʪʥʦʩʪʝʡ ʨʝʟʫʣʴʪʠʨʫʶʱʠʭ ʧʦʪʦʢʦʚ. ʇʦʩʣʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʫʯʠʤ: 

ʨʝʟ1 ʕQ - = ʨʝʟʕ 2Q - ʧʨ1 ʕ[ -= e ʧʨʕ 2-e ʧʨ1 ʕ/ (oʩ -e +ʧʨʕ 2)]-e
4

1[( /100)T - 

4
2( /100) ]T- 1 12Fj .                                     (3.75) 

ʇʦʣʫʯʝʥʥʘʷ ʬʦʨʤʫʣʘ ʩʧʨʘʚʝʜʣʠʚʘ ʜʣʷ ʧʣʦʩʢʠʭ, ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʠ 

ʩʬʝʨʠʯʝʩʢʠʭ ʵʢʨʘʥʦʚ (ʩʤ. ʨʠʩ. 3.16). ɸʥʘʣʠʟ ʵʪʦʛʦ ʚʳʨʘʞʝʥʠʷ ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʡʩʪʚʠʷ ʵʢʨʘʥʘ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʩʪʝʧʝʥʠ ʯʝʨʥʦʪʳ 

ʵʢʨʘʥʘ ʕ,e  ʥʦ ʠ ʦʪ ʪʠʧʘ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʦʡ ʦʥ ʫʩʪʘʥʦʚʣʝʥ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ 

ʯʝʨʝʟ ʚʝʣʠʯʠʥʫ 12j . 

 ʏʪʦʙʳ ʫʟʥʘʪʴ, ʚʦ ʩʢʦʣʴʢʦ ʨʘʟ ʫʤʝʥʴʰʠʣʘʩʴ ʧʣʦʪʥʦʩʪʴ 

ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʧʦʪʦʢʘ ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʦʜʥʦʛʦ ʵʢʨʘʥʘ, ʥʘʜʦ ʦʧʨʝʜʝʣʠʪʴ 

ʦʪʥʦʰʝʥʠʝ 

ʨʝʟ1 ʕ ʧʨ1 ʕ ʧʨʕ 2

ʨʝʟ1 2 ʧʨ1 2 ʧʨ1 ʕ ʧʨʕ 2( )

Q

Q

- - -

- - - -

e e
=
e e +e

,    (3.76) 
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ʠʟ ʢʦʪʦʨʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʫʨʦʚʝʥʴ ʪʝʧʣʦʚʦʡ ʟʘʱʠʪʳ ʵʢʨʘʥʘ ʟʘʚʠʩʠʪ ʪʘʢʞʝ 

ʠ ʦʪ ʩʪʝʧʝʥʠ ʯʝʨʥʦʪʳ ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʪʝʧʣʦʦʙʤʝʥʝ ʧʦʚʝʨʭʥʦʩʪʝʡ. ɼʣʷ 

ʯʘʩʪʥʦʛʦ ʩʣʫʯʘʷ, ʢʦʛʜʘ 1e 2=e =ʕe, ʧʣʦʪʥʦʩʪʴ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʧʦʪʦʢʘ 

ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʜʚʘ ʨʘʟʘ, ʢʘʢ ʵʪʦ ʩʣʝʜʫʝʪ ʠʟ (3.47), ʜʣʷ ʢʦʪʦʨʦʛʦ ʚʩʝ 

ʧʨʠʚʝʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʦʢʘʟʳʚʘʶʪʩʷ ʦʜʠʥʘʢʦʚʳʤʠ. 

 ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʝʩʣʠ 1e 2=e = ʕ...=e, ʜʣʷ ʧ ʵʢʨʘʥʦʚ ʧʦʩʣʝ 

ʧʦʜʦʙʥʦʛʦ ʚʳʚʦʜʘ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

  
ʨʝʟ1 ʕ

ʨʝʟ1 2

1

( 1)

Q

Q n

-

-

=
+

.                (3.77) 

 ʅʘʣʠʯʠʝ ʵʢʨʘʥʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʧʝʨʝʜʘʯʫ ʪʝʧʣʦʪʳ 

ʠʟʣʫʯʝʥʠʝʤ ʤʝʞʜʫ ʜʚʫʤʷ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʚ ʚʘʢʫʫʤʝ. ʊʘʢ, ʝʩʣʠ 1e 2=e =0,8, 

ʪʦ ʵʪʦ ʩʥʠʞʝʥʠʝ ʨʘʚʥʦ ʜʚʫʤ, ʘ ʝʩʣʠ 1e 2=e =ʕ 0,8e = , ʘ ʕ 0,05e = , ʪʦ 

ʩʥʠʞʝʥʠʝ ʜʦʩʪʠʛʘʝʪ 27. ʉʪʦʣʴ ʵʬʬʝʢʪʠʚʥʦʝ ʜʝʡʩʪʚʠʝ ʵʢʨʘʥʦʚ ʧʨʠʚʝʣʦ ʢ 

ʰʠʨʦʢʦʤʫ ʚʥʝʜʨʝʥʠʶ ʵʢʨʘʥʥʦʡ ʠʟʦʣʷʮʠʠ ʚ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʘʭ. ʇʨʠ 

ʥʘʣʠʯʠʠ ʛʘʟʘ ʚ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʝ ʵʪʠ ʮʠʬʨʳ ʤʝʥʷʶʪʩʷ ʚ ʤʝʥʴʰʫʶ 

ʩʪʦʨʦʥʫ, ʪ. ʢ. ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʪʝʧʣʦʦʙʤʝʥ ʠʟʣʫʯʝʥʠʝʤ ʜʦʧʦʣʥʷʝʪʩʷ 

ʨʘʟʚʠʪʠʝʤ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʢʦʥʚʝʢʮʠʠ. 

 

 

3.5.3. ʊʝʧʣʦʦʙʤʝʥ ʠʟʣʫʯʝʥʠʝʤ ʤʝʞʜʫ ʜʚʫʤʷ ʧʘʨʘʣʣʝʣʴʥʳʤʠ  

ʧʣʦʩʢʦʩʪʷʤʠ, ʩʦʝʜʠʥʝʥʥʳʤʠ ʦʪʨʘʞʘʶʱʝʡ ʦʙʦʣʦʯʢʦʡ 

 

 ʇʦʜʦʙʥʳʡ ʩʣʫʯʘʡ ʪʝʧʣʦʦʙʤʝʥʘ ʦʯʝʥʴ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʪʝʧʣʦʚʳʭ 

ʨʘʩʯʝʪʘʭ ʧʝʯʝʡ. ɽʛʦ ʘʥʘʣʦʛ ï ʠʟʣʫʯʝʥʠʝ ʯʝʨʝʟ ʦʢʥʘ ʠ ʦʪʚʝʨʩʪʠʷ ʚ ʢʣʘʜʢʝ 

ʧʝʯʝʡ. ʀʤʝʷ ʚ ʚʠʜʫ ʩʦʦʪʥʦʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ʦʢʦʥ ʠ ʨʘʙʦʯʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʠ ʦʢʨʫʞʘʶʱʝʡ ʧʝʯʴ ʩʨʝʜʳ ʩ ʜʨʫʛʦʡ, ʤʦʞʥʦ ʙʝʟ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʩʯʠʪʘʪʴ, ʯʪʦ ʚʥʫʪʨʝʥʥʝʝ ʠ ʥʘʨʫʞʥʦʝ 

ʦʪʚʝʨʩʪʠʷ (ʨʠʩ. 3.17) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʛʠʧʦʪʝʪʠʯʝʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʦʙʣʘʜʘʶʱʠʝ ʩʚʦʡʩʪʚʘʤʠ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ. ʊʘʢ ʢʘʢ ʦʢʥʘ ʠʣʠ 

ʦʪʚʝʨʩʪʠʷ ʨʘʟʤʝʱʘʶʪʩʷ ʚ ʬʫʪʝʨʦʚʢʝ ʧʝʯʠ, ʪʦ ʧʦʣʘʛʘʶʪ, ʯʪʦ ʵʪʠ 

ʛʠʧʦʪʝʪʠʯʝʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʝʜʠʥʷʶʪʩʷ ʪʨʝʪʴʝʡ, ʜʣʷ ʢʦʪʦʨʦʡ 

ʭʘʨʘʢʪʝʨʥʳ ʩʚʦʡʩʪʚʘ çʠʜʝʘʣʴʥʦʡ ʦʙʤʫʨʦʚʢʠè. ʊʘʢʘʷ ʦʙʤʫʨʦʚʢʘ ʠʤʝʝʪ 

ʥʝʪʝʧʣʦʧʨʦʚʦʜʥʳʝ ʩʪʝʥʢʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʣʘʜʘʝʪ ʘʜʠʘʙʘʪʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʪʝʧʣʦʚʳʝ ʧʦʪʝʨʠ ʚ ʥʝʡ ʨʘʚʥʳ ʥʫʣʶ. ʂʨʦʤʝ ʵʪʦʛʦ, ʦʙʤʫʨʦʚʢʝ 

ʧʨʠʩʫʱʠ ʩʚʦʡʩʪʚʘ ʩʝʨʦʛʦ ʪʝʣʘ. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʦʢʦʥ ʠ ʦʪʚʝʨʩʪʠʡ 

, ,a b l  ʦʜʥʦʛʦ ʧʦʨʷʜʢʘ. 
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ʈʠʩ. 3.17. ʂ ʨʘʩʯʝʪʫ ʪʝʧʣʦʦʙʤʝʥʘ ʠʟʣʫʯʝʥʠʝʤ ʯʝʨʝʟ ʦʢʥʘ ʧʝʯʠ 

 

 ɼʣʷ ʦʧʠʩʘʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʘ ʟʘʜʘʯʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ ʯʝʨʝʟ ʦʪʢʨʳʪʦʝ ʦʢʥʦ (ʦʪʚʝʨʩʪʠʝ) ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, 

ʝʩʣʠ ʟʘʜʘʥʳ ʝʛʦ ʨʘʟʤʝʨʳ ʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʆʙʳʯʥʦ 1T  > 2T . ʆʧʨʝʜʝʣʝʥʠʶ 

ʧʦʜʣʝʞʠʪ ʧʣʦʪʥʦʩʪʴ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ ʨʝʟ2Q  ʜʣʷ 

ʧʦʚʝʨʭʥʦʩʪʠ 2F . ɺʝʣʠʯʠʥʘ ʨʝʟ2q  ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʘ ʠʟ ʚʳʨʘʞʝʥʠʷ  

  ʨʝʟ2Q
3

ʵʬ 2 ʵʬ2

1

n

ʢ k

k

Q Q
=

=

= j -ä ,         (3.78) 

ʠʣʠ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʩʣʫʯʘʷ 

ʨʝʟ2Q = ʵʬ1 12 ʵʬ2 22 ʵʬ3 32 ʵʬ2Q Q Q Qj + j + j -.         (3.79) 

ɸʥʘʣʠʟ ʪʝʧʣʦʦʙʤʝʥʘ ʠʟʣʫʯʝʥʠʝʤ ʧʦʟʚʦʣʷʝʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ 

ʵʬʬʝʢʪʠʚʥʦʝ ʠʟʣʫʯʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ 1F  ʠ 2F  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʟʣʫʯʝʥʠʶ 

ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ ʧʨʠ 1T  ʠ 2T : ʵʬ1Q 01Q= ; ʵʬ2Q 02Q= ; 22j =0 

(ʧʦʚʝʨʭʥʦʩʪʴ 2F  ʧʣʦʩʢʘʷ, ʩʚʦʡʩʪʚʦ ʥʝʚʦʛʥʫʪʦʩʪʠ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ 

ʨʝʟ2Q = 01 12 ʵʬ3 32 02Q Q Qj + j -.      (3.80) 

 ɺ ʵʪʦʤ ʫʨʘʚʥʝʥʠʠ ʜʚʘ ʥʝʠʟʚʝʩʪʥʳʭ, ʚʪʦʨʦʝ ʫʨʘʚʥʝʥʠʝ, ʢʘʢ ʠ ʜʣʷ 

ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ ʜʚʫʭ ʪʝʣ, ʤʦʞʥʦ ʩʦʩʪʘʚʠʪʴ ʥʘ ʦʩʥʦʚʝ ʪʝʧʣʦʚʦʛʦ 

ʙʘʣʘʥʩʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʪʨʝʪʴʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʣʫʯʠʤ 

ʵʬ3Q = ʵʬ1 13 ʵʬ2 23 ʵʬ3 33Q Q Qj + j + j.     (3.81) 

 ʅʘʧʦʤʥʠʤ, ʯʪʦ ʵʬ1Q 01Q=   ʠ ɻ ʬ2Q 02Q= , ʧʦʵʪʦʤʫ  
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    ʵʬ3Q
1

33(1 )-= -j 01 13 0 2 23( )Q Qj + j. 

 ʋʧʨʦʩʪʠʪʴ ʧʦʣʫʯʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʤʦʞʥʦ, ʝʩʣʠ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʩʚʦʡʩʪʚʦʤ ʟʘʤʢʥʫʪʦʩʪʠ, ʘ ʠʤʝʥʥʦ: 31 32j +j 33 1,+j = ʦʪʢʫʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ 

331-j = 31 32=j +j. ʀʟ ʩʚʦʡʩʪʚʘ ʚʟʘʠʤʥʦʩʪʠ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʧʦʧʘʨʥʦ 

ʩʠʩʪʝʤʳ ʧʦʚʝʨʭʥʦʩʪʝʡ 1F  ʠ 3F , 2F  ʠ 3F , ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ 31 32j =j. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʝʝʤ, ʯʪʦ 33 321 2-j = j, ʘ  

ʵʬ3Q = 01 13 32 0 2 23 32/ (2 ) / (2 ).Q Qj j + j j                (3.82) 

 ʇʦʣʫʯʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʷʚʣʷʝʪʩʷ ʚʪʦʨʳʤ ʥʝʜʦʩʪʘʶʱʠʤ ʫʨʘʚʥʝʥʠʝʤ. 

ʇʦʜʩʪʘʚʣʷʷ ʝʛʦ ʚ (4.81), ʠʤʝʝʤ 

ʨʝʟ2Q = 01 12 01 13 32 32 0 2 23 32 32 0 2( / 2 )  ( / 2 ) Q Q Q Qj + j j j + j j j - = 

01 12 13 02 23( / 2) (1 / 2).Q Q= j -j - -j                   (3.83) 

 ʋʯʠʪʳʚʘʷ, ʯʪʦ 1F  = 2F , ʧʨʠʜʘʜʠʤ ʥʘʡʜʝʥʥʦʡ ʬʦʨʤʫʣʝ ʦʙʱʝʧʨʠʥʷʪʫʶ 

ʬʦʨʤʫ: 

ʨʝʟ2Q
4

1[( /100)oʉ T= - 4
2 1[( /100) ] ʌT F ,   (3.84) 

ʛʜʝ ʌ ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʘʬʨʘʛʤʠʨʦʚʘʥʠʷ, ʷʚʣʷʶʱʠʡʩʷ ʬʫʥʢʮʠʝʡ ʪʦʣʴʢʦ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʠ ʬʦʨʤʳ ʦʢʥʘ ʠʣʠ ʦʪʚʝʨʩʪʠʷ. ʆʥ ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʨʘʞʝʥ ʯʝʨʝʟ 12j  ï ʫʛʣʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʣʫʯʝʥʠʷ ʩ 1F  ʥʘ 2F . ɼʣʷ ʵʪʦʛʦ 

ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʩʚʦʡʩʪʚʘʤʠ ʟʘʤʢʥʫʪʦʩʪʠ ʠ ʚʟʘʠʤʥʦʩʪʠ ʜʣʷ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ 

ʧʦʚʝʨʭʥʦʩʪʝʡ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, 13 121  j = -jʠ 23 21 121 1 . j = -j = -jʇʦʩʪʘʚʠʚ 

13 j ʚ 23 j ʚ ʚʳʨʘʞʝʥʠʝ (3.84) ʧʦʣʫʯʠʤ 

   12ʌ (1  )/2= +j .      (3.85) 

 ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʘʬʨʘʛʤʠʨʦʚʘʥʠʷ ʌ ʨʘʟʨʘʙʦʪʘʥʳ 

ʥʦʤʦʛʨʘʤʤʳ, ʧʨʠʚʦʜʠʤʳʝ ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʣʠʪʝʨʘʪʫʨʝ. ʆʥ ʤʦʞʝʪ ʙʳʪʴ 

ʥʘʡʜʝʥ ʧʦ (3.85), ʝʩʣʠ ʠʟʚʝʩʪʝʥ 12j , ʧʨʠʙʣʠʞʝʥʥʦ ʚʳʯʠʩʣʷʝʤʳʡ ʧʦ 

ʬʦʨʤʫʣʝ 

12j = / ( )L L l+ ,        (3.86) 

 

ʛʜʝ 4 / ,L V F=  V  ï ʦʙʲʝʤ ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʷʤʠ 1 ʠ 2, ʘ F  ï 

ʧʦʚʝʨʭʥʦʩʪʴ, ʦʛʨʘʥʠʯʠʚʘʶʱʘʷ ʵʪʦʪ ʦʙʲʝʤ. 

 ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʦʢʥʘ ʧʝʯʝʡ ʟʘʢʨʳʚʘʶʪ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʜʚʝʨʮʘʤʠ. 

ɿʘ ʩʯʝʪ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʪʦʢʦʚ ʠʟʣʫʯʝʥʠʷ ʠʟ ʨʘʙʦʯʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʝʯʠ 

ʜʚʝʨʮʳ ʥʘʛʨʝʚʘʶʪʩʷ. ʍʦʪʷ ʦʥʠ ʠ ʚʳʧʦʣʥʷʶʪ ʨʦʣʴ ʵʢʨʘʥʘ, ʫʤʝʥʴʰʘʷ 

ʥʝʩʢʦʣʴʢʦ ʧʦʪʝʨʠ ʪʝʧʣʦʪʳ ʚ ʦʢʨʫʞʘʶʱʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʥʦ ʧʦʣʥʦʩʪʴʶ 

ʩʚʝʩʪʠ ʠʭ ʢ ʥʫʣʶ ʥʝ ʤʦʛʫʪ. 

 ɺʝʣʠʯʠʥʫ ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ ʠʟʣʫʯʝʥʠʝʤ ʯʝʨʝʟ ʦʢʥʘ, ʟʘʢʨʳʪʳʝ 

ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʜʚʝʨʮʘʤʠ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ ʀʚʘʥʮʦʚʘ: 

 



135 

ʨʝʟ2Q
4

ʤ 1[( /100)ʉ T= - 4
2 2( /100) ] ʌ/(1 ʌ)T F + ,   (3.87) 

 

ʧʨʠ ʵʪʦʤ ʪʝʤʧʝʨʘʪʫʨʘ ʜʚʝʨʮʳ ʊ, ʂ, ʨʘʚʥʘ 

{ }
0,25

4 4
1 2100 [( /100)ʌ[( /100) ]/(1 ʌ)T T T= + .   (3.88) 

 

ɺ ʬʦʨʤʫʣʝ (3.88) ʤʉï ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʣʫʯʝʥʠʷ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ 

ʧʨʠʥʷʪʴ ʨʘʚʥʳʤ 5,2 ɺʪ/(ʤ2ʂ4), ʝʩʣʠ ʜʚʝʨʮʘ ʠʟʛʦʪʦʚʣʝʥʘ ʠʟ ʩʪʘʣʠ ʠʣʠ 

ʯʫʛʫʥʘ. 

 ɺ ʚʳʨʘʞʝʥʠʷʭ (3.85), (3.87) ʠ (3.88) 1T  ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʝʯʠ, ʘ 2T ï 

ʪʝʤʧʝʨʘʪʫʨʘ ʮʝʭʘ. 

 ʉ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ ʯʝʨʝʟ ʜʚʝʨʮʳ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʧʨʠʢʨʝʧʣʷʪʴ ʢ ʥʝʡ ʩ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʳ ʥʘ ʥʝʢʦʪʦʨʦʤ ʨʘʩʩʪʦʷʥʠʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʱʠʪʦʢ (ʣʠʩʪ), ʚʳʧʦʣʥʷʶʱʠʡ ʨʦʣʴ ʵʢʨʘʥʘ ʜʣʷ ʜʚʝʨʮʳ. ʇʨʠ 

ʥʘʣʠʯʠʠ ʪʘʢʦʛʦ ʱʠʪʢʘ ʪʝʧʣʦʚʳʝ ʧʦʪʝʨʠ ʯʝʨʝʟ ʜʚʝʨʮʫ ʤʦʛʫʪ ʙʳʪʴ 

ʫʤʝʥʴʰʝʥʳ ʚ 1,5é2,0 ʨʘʟʘ. 

 ʇʨʠʤʝʨ 3.8. ʆʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʫ ʧʦʪʝʨʴ ʪʝʧʣʦʪʳ ʠʟʣʫʯʝʥʠʝʤ 

(ʧʣʦʪʥʦʩʪʠ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʧʦʪʦʢʘ) ʠʟ ʨʘʙʦʯʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʝʯʠ ʯʝʨʝʟ 

ʦʪʢʨʳʪʦʝ ʚ ʮʝʭ ʦʢʥʦ ï  ʨʝʟQ¡, ʝʩʣʠ ʨʘʟʤʝʨʳ ʦʢʥʘ 0,5 0,7 0,35a b l³ ³ = ³ ³ʤ, 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʝʯʠ 1500 ʂ ʠ ʮʝʭʝ ï 300 ʂ, ʘ ʪʘʢʞʝ ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʦʥʦ 

ʟʘʢʨʳʪʦ ʯʫʛʫʥʥʦʡ ʜʚʝʨʮʝʡ ï ʨʝʟQ¡¡. 

 ɺʥʘʯʘʣʝ ʩʣʝʜʫʝʪ ʧʦ (3.87) ʦʧʨʝʜʝʣʠʪʴ 12j , ʜʣʷ ʯʝʛʦ ʥʘʡʜʝʤ  

4 / 4 0,5 0,35 0,7 / 2(0,5 0,7 0,350,7 0,5 0,35) 0,318L V F= = Ö Ö Ö Ö + + Ö = ʠ ʜʘʣʝʝ 

12j / ( )L L l= + = 0,318 / (0,318 0,35) 0,476.+ =   

ʅʘʢʦʥʝʮ, ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʘʬʨʘʛʤʠʨʦʚʘʥʠʷ  ʌ = 0,5(1 + 12j ) = 

= 0,5(1 + 0,476) = 0,738. 

 ʊʦʛʜʘ 

ʨʝʟQ¡
4

1[( /100)oʉ T= -

4 4 4
2 2( /100) ] ʌ 5,67[(1500/100) (300/100) ]0,5 0,7 0,738 73900ɺʪ.T F- = - Ö Ö =  

ʨʝʟQ¡¡
4

ʤ 1[( /100)ʉ T= - 4 4
2 2( /100) ] ʌ/(1 ʌ) 5,2[(1500/100)T F + = -

4(300 /100) ]0,5 0,7 0,738 / (1 0,738) 39000- Ö Ö + = ɺʪ. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʢʨʳʪʠʝ ʦʢʥʘ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʜʚʝʨʮʝʡ ʫʤʝʥʴʰʘʝʪ 

ʪʝʧʣʦʚʳʝ ʧʦʪʝʨʠ ʠʟʣʫʯʝʥʠʝʤ ʙʦʣʝʝ ʯʝʤ ʥʘ 47 %. 

 

 

3.5.4. ʊʝʧʣʦʦʙʤʝʥ ʠʟʣʫʯʝʥʠʝʤ ʤʝʞʜʫ ʛʘʟʦʤ  

ʠ ʦʢʨʫʞʘʶʱʠʤʠ ʝʛʦ ʩʪʝʥʢʘʤʠ 
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 ʈʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʫ ʪʝʧʣʦʦʙʤʝʥʘ ʠʟʣʫʯʝʥʠʝʤ ʤʝʞʜʫ ʛʘʟʦʤ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʪʦʨʦʛʦ ʛT , ʠ ʦʢʨʫʞʘʶʱʠʤʠ ʝʛʦ ʩʪʝʥʢʘʤʠ ʧʣʦʱʘʜʴʶ cF , ʠ 

ʪʝʤʧʝʨʘʪʫʨʦʡ cT . ʇʫʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʠʟʣʫʯʘʪʝʣʝʡ ʧʦʩʪʦʷʥʥʳ ʠ ʛT  > cT . 

ʇʨʠʤʝʤ ʩʪʝʧʝʥʴ ʯʝʨʥʦʪʳ ʛʘʟʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʩʘʤʦʛʦ ʛʘʟʘ ʛe, 

ʧʦʛʣʦʱʘʪʝʣʴʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʛʘʟʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʟʣʫʯʝʥʠʶ ʩʪʝʥʢʠ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ cT , ʨʘʚʥʦʡ 
cA , ʢʦʪʦʨʫʶ ʯʠʩʣʝʥʥʦ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʨʘʚʥʦʡ 

ʩʪʝʧʝʥʠ ʯʝʨʥʦʪʳ ʛʘʟʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʠʭ ʩʪʝʥʦʢ ce. ʉʪʝʧʝʥʴ 

ʯʝʨʥʦʪʳ ʩʪʝʥʦʢ ʦʙʦʟʥʘʯʠʤ .e 

 ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʦʪʦʢʘ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ 

ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʤʝʪʦʜʦʤ ʩʘʣʴʜʦ-ʧʦʪʦʢʦʚ, ʜʣʷ ʯʝʛʦ ʟʘʧʠʰʝʤ ʜʣʷ ʛʘʟʦʚʦʡ 

ʩʨʝʜʳ ʚʝʣʠʯʠʥʫ ʧʦʪʦʢʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ: 

ʵʬ.ʛ ʧʘʜ.ʛ ʨʝʟ.ʛ ʧʦʛʣ.ʛ ʨʝʟ.ʛ ʩʦʙ.ʛ ʨʝʟ.ʛ ʨʝʟ.ʛ/ ( ) / .c cQ Q Q Q A Q Q Q A Q= - = - = + - 

ʀʣʠ ʧʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʠʤʝʷ ʪʘʢʞʝ ʚ ʚʠʜʫ, ʯʪʦ cA ce= , ʧʦʣʫʯʠʤ 

 

ʵʬ.ʛQ = ( ʛe/ ce) oʛQ 1( 1)c
-+ e - ʨʝʟ.ʛQ .    (3.89) 

  

ɼʣʷ ʦʢʨʫʞʘʶʱʠʭ ʩʪʝʥʦʢ ʧʦʪʦʢ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʙʫʜʝʪ ʨʘʚʝʥ 

 

ʵʬ.cQ = ocQ 1( 1)-+ e - ʨʝʟ.cQ .    (3.90) 

 ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ ʥʝʜʦʩʪʘʶʱʝʝ ʫʩʣʦʚʠʝ ʩʣʝʜʫʝʪ ʟʘʧʠʩʘʪʴ 

ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

ʨʝʟ.cQ ʨʝʟ.ʛ.Q=-       (3.91) 

 ʊʦʛʜʘ ʧʦʪʦʢ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʦʧʨʝʜʝʣʠʪʩʷ ʢʘʢ ʨʘʟʥʦʩʪʴ 

ʤʝʞʜʫ ʧʦʪʦʢʘʤʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʛʘʟʘ ʠ ʦʢʨʫʞʘʶʱʠʤʠ ʝʛʦ 

ʩʪʝʥʢʘʤʠ, ʪ. ʝ. 

ʨʝʟ.cQ = ( ʛe/ ce) oʛQ 1( 1)c
-+ e - ʨʝʟ.ʛQ ï [ ocQ 1( 1)-+ e - ʨʝʟ.cQ ].           (3.92) 

  

C ʫʯʝʪʦʤ (5.28), ʘ ʪʘʢʞʝ ʠʤʝʷ ʚ ʚʠʜʫ, ʯʪʦ oiQ  ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʘʙʩʦʣʶʪʥʦ 

ʯʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʛT  ʠ cT , ʧʦʩʣʝ 

ʥʝʩʣʦʞʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʣʫʯʠʤ 

ʨʝʟ.cQ

4 4

ʛ ʛ
1 1

c

Ů

Ů 100 1001

o ʩ
ʩ

c

c ʊ ʊ
F

- -

è øå õ å õ
= -é ùæ ö æ ö
e +e -ç ÷ ç ÷é ùê ú

.   (3.93) 

 ʕʪʘ ʬʦʨʤʫʣʘ ʧʦʣʫʯʝʥʘ ʇʦʣʷʢʦʤ, ʧʨʘʚʜʘ, ʥʝʩʢʦʣʴʢʦ ʠʥʳʤ ʧʫʪʝʤ. 

 

 ʇʨʠʤʝʨ 3.9. ʇʦ ʢʘʥʘʣʫ, ʜʠʘʤʝʪʨ ʢʦʪʦʨʦʛʦ ʨʘʚʝʥ 0,667 ʤ, ʜʚʠʞʫʪʩʷ 

ʧʨʦʜʫʢʪʳ ʛʦʨʝʥʠʷ, ʠʤʝʶʱʠʝ ʩʦʩʪʘʚ: ʉʆ2 = 15 %, ʅ2ʆ = 10 % ʠ N2 = 75 %. 
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ʊʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ 1073 ʂ, ʘ ʦʢʨʫʞʘʶʱʝʛʦ ʝʛʦ ʢʘʥʘʣʘ 473 ʂ. ʉʪʝʧʝʥʴ 

ʯʝʨʥʦʪʳ ʩʪʝʥʦʢ 0,6.e=   

 

 

ʈʝʰʝʥʠʝ: 

ɼʣʷ ʜʘʥʥʳʭ ʫʩʣʦʚʠʡ ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʠʪʴ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʧʣʦʪʥʦʩʪʴ 

ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ ʨʝʟ.cE . ʆʩʥʦʚʦʡ ʜʣʷ ʨʘʩʯʝʪʦʚ ʷʚʣʷʝʪʩʷ 

ʬʦʨʤʫʣʘ (5.30). ʏʪʦʙʳ ʝʶ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ, ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʛe 

ʠ ce, ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ ʦʪ ʵʬʬʝʢʪʠʚʥʦʡ ʜʣʠʥʳ ʣʫʯʘ ʵʬl  ʠ ʧʘʨʮʠʘʣʴʥʳʭ 

ʜʘʚʣʝʥʠʡ ʉʆ2 ʠ ʅ2ʆ (ʧʘʨ). ɼʣʷ ʜʣʠʥʥʦʛʦ ʮʠʣʠʥʜʨʘ ʵʬl = 0,9d = 0,9 . 0,667 = 

0,6 ʤ. ɼʣʷ ʉʆ2 ʧʘʨʘʤʝʪʨ 
2Cʆ ʵʬ 0,15 0,6 0,09p l = Ö = , ʘ ʜʣʷ ʅ2ʆ ï

2Hʆ ʵʬ 0,10 0,6 0,006p l = Ö = . ɼʘʣʝʝ, ʧʦ ʛʨʘʬʠʢʘʤ ʨʠʩ. 3.10, ʘïʚ  ʥʘʡʜʝʤ 

   
2

COe   
2

H O¡e   b  
2

H Oe   ie 

ʛT  1073ʂ  0,11  0,284  1,07  0,09  0,19 

 cT  473 ʂ  0,085  0,14  1,07  0,15  0,22 

  

ʀʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʝ (3.71), ʧʦʣʫʯʠʤ  

ʛe
2CO1 (1 )(1= - -e -

2H Oe )=1 (1 0,09)(1 0,15) 0,19.- - - =  

  

ɸʥʘʣʦʛʠʯʥʦ ʤʦʞʥʦ ʥʘʡʪʠ ʠ ce = 0,22.  

 ʈʘʩʧʦʣʘʛʘʷ ʚʩʝʤʠ ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ, ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʠ 

ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʧʣʦʪʥʦʩʪʴ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ: 
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ɹʝʟ ʫʯʝʪʘ ʨʘʟʥʦʩʪʠ ʩʪʝʧʝʥʝʡ ʯʝʨʥʦʪʳ ʛʘʟʦʚʦʛʦ ʦʙʲʝʤʘ 

ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʧʦʪʦʢ ʠʟʣʫʯʝʥʠʷ ʨʝʟE = 11,28 ʢɺʪ/ʤ2, ʪ. ʝ. ʦʢʘʞʝʪʩʷ ʥʘ 15,8 

% ʙʦʣʴʰʝ ʨʝʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʥʝʙʨʝʛʘʪʴ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠʟʣʫʯʝʥʠʷ ʛʘʟʦʚ ʥʝʜʦʧʫʩʪʠʤʦ, ʪ. ʢ. ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʛʨʝʰʥʦʩʪʷʤ. 

 

 

3.5.5. ʊʝʧʣʦʦʙʤʝʥ ʠʟʣʫʯʝʥʠʝʤ ʤʝʞʜʫ ʜʚʫʤʷ ʧʦʚʝʨʭʥʦʩʪʷʤʠ,  

ʨʘʟʜʝʣʝʥʥʳʤʠ ʧʦʛʣʦʱʘʶʱʠʤ ʛʘʟʦʤ 
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 ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3.18, ʘ. ʆʥʘ ʚʢʣʶʯʘʝʪ 

ʜʚʝ ʧʘʨʘʣʣʝʣʴʥʳʝ ʙʝʩʢʦʥʝʯʥʦ ʜʣʠʥʥʳʝ ʠ ʰʠʨʦʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ L  ʦʜʥʘ ʦʪ ʜʨʫʛʦʡ.  

 

 
 

ʈʠʩ. 3.18. ʉʠʩʪʝʤʳ ʪʝʧʣʦʦʙʤʝʥʘ ʠʟʣʫʯʝʥʠʝʤ,  

ʚʥʫʪʨʝʥʥʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʢʦʪʦʨʳʭ ʟʘʧʦʣʥʝʥʦ ʧʦʛʣʦʱʘʶʱʠʤ ʛʘʟʦʤ: 
ʘ ï ʧʘʨʘʣʣʝʣʴʥʳʝ ʙʝʩʢʦʥʝʯʥʦ ʜʣʠʥʥʳʝ ʰʠʨʦʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ;  

ʙ ï ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʝʯʥʳʭ ʨʘʟʤʝʨʦʚ ʩʪʦʨʦʥʳ ʠ ʧʦʣʦʚʠʥʳ ʠʟʣʫʯʝʥʠʷ ʛʘʟʘ 

 

 ʇʦʚʝʨʭʥʦʩʪʠ ʠʤʝʶʪ ʧʦʩʪʦʷʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ 1T  ʠ 2T , ʧʨʠʯʝʤ 1T  > 2T . 

ʇʦʛʣʦʱʘʪʝʣʴʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʪʝʧʣʦʦʙʤʝʥʝ ʪʝʣ ʥʝʠʟʤʝʥʥʳ 

ʠ ʥʝ ʨʘʚʥʳ, ʪ. ʝ. 1A   ̧ 2A . ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʦʛʣʦʱʘʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ  

ʛʘʟʦʚʦʡ ʩʨʝʜʳ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʘ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʣʝʢʩʘ ʦʧʪʠʯʝʩʢʦʡ 

ʪʦʣʱʠʥʳ ʛʘʟʦʚʦʛʦ ʩʣʦʷ (ʩʤ. ʚʳʨʘʞʝʥʠʝ (3.23)), ʜʣʷ ʯʝʛʦ, ʢʨʦʤʝ ʪʦʣʱʠʥʳ 

ʩʣʦʷ, ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʣʘʙʣʝʥʠʷ ʦʩʣk . ɼʦʧʫʱʝʥʠʝ, ʯʪʦ ʚ 

ʩʠʩʪʝʤʝ ʩʦʩʪʘʚ ʛʘʟʦʚʦʡ ʩʨʝʜʳ ʦʜʠʥʘʢʦʚ ʚʦ ʚʩʝʤ ʦʙʲʝʤʝ, ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ 

ʦʩʣk  ʧʦʩʪʦʷʥʥʳʤʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʛʣʦʱʘʪʝʣʴʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʛʘʟʘ ʛA =

1 exp- (ïʦʩʣk L). ʆʙʳʯʥʦ ʧʨʠ ʨʘʩʯʝʪʝ ʛA  ʚ ʢʘʯʝʩʪʚʝ ʦʧʨʝʜʝʣʷʶʱʝʡ 

ʧʨʠʥʠʤʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ 0,5(1T  + 2T ). ɼʣʷ ʦʧʠʩʘʥʥʳʭ ʫʩʣʦʚʠʡ 

ʪʝʧʣʦʦʙʤʝʥʘ ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʧʣʦʪʥʦʩʪʴ 

ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʧʦʪʦʢʘ ʥʘ ʚʪʦʨʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʨʝʟ2E .  

 ʇʦʜʦʙʥʘʷ ʟʘʜʘʯʘ ʙʳʣʘ ʚʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʘ ɸ. ʉ. ʅʝʚʩʢʠʤ. ʀʟ 

ʘʥʘʣʠʟʘ ʝʝ ʫʩʣʦʚʠʡ ʚʳʪʝʢʘʝʪ, ʯʪʦ ʧʦʛʣʦʱʘʶʱʘʷ ʩʨʝʜʘ, ʥʘʭʦʜʷʩʴ ʚ 

ʪʝʧʣʦʚʦʤ ʨʘʚʥʦʚʝʩʠʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʟʣʫʯʘʶʱʠʤ ʧʦʚʝʨʭʥʦʩʪʷʤ, ʤʦʞʝʪ 

ʧʝʨʝʜʘʪʴ ʵʪʠʤ ʧʦʚʝʨʭʥʦʩʪʷʤ ʨʦʚʥʦ ʩʪʦʣʴʢʦ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʩʢʦʣʴʢʦ 

ʩʘʤʘ ʝʝ ʧʦʛʣʦʱʘʝʪ, ʪ. ʝ. 
 

ʛ ʛ ʵʬ1 ʛ ʵʬ2A E A Eh = + ʛ ʵʬ1 ʵʬ2( )A E E= + .        (3.94) 
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ʉ ʫʯʝʪʦʤ ʩʠʤʤʝʪʨʠʠ ʢʘʥʘʣʘ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʥʘʷ 

ʧʣʦʪʥʦʩʪʴ ʧʘʜʘʶʱʝʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 1- ʠʣʠ 2-ʛʦ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ 

ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʩʣʦʡ ʛʘʟʘ  ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ.  

ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʙʫʜʝʤ ʠʩʭʦʜʠʪʴ ʠʟ ʜʦʧʫʱʝʥʠʷ, ʯʪʦ ʩʣʦʡ ʛʘʟʘ 

ʠʟʣʫʯʘʝʪ ʥʘ ʦʙʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʜʠʥʘʢʦʚʳʝ ʪʝʧʣʦʚʳʝ ʧʦʪʦʢʠ ʛ0,5h. 

ʀʩʧʦʣʴʟʫʷ ʘʣʛʝʙʨʫ ʧʦʪʦʢʦʚ ʠʟʣʫʯʝʥʠʷ, ʧʦʣʫʯʠʤ  

 

ʨʝʟ2E = ʧʘʜ2 ʵʬ2 ʛ ʵʬ1 ʛ[(1 ) 0,5 ],E ɽ A ɽ- = - + h           (3.95) 

 

ʠʣʠ ʩ ʫʯʝʪʦʤ (5.31) ʧʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʙʫʜʝʤ ʠʤʝʪʴ 

 

ʨʝʟ2E ʛ(1 0,5 )= - h
ʵʬ1 ʵʬ2( )E E- .      (3.96) 

  

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʤʝʪʦʜʘ ʩʘʣʴʜʦ-ʧʦʪʦʢʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʵʬʬʝʢʪʠʚʥʳʭ ʧʦʪʦʢʦʚ ʠʟʣʫʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʦʩʪʘʶʪʩʷ 

ʩʧʨʘʚʝʜʣʠʚʳʤʠ, ʝʩʣʠ ʚ ʥʠʭ ʟʘʤʝʥʠʪʴ ʧʦʪʦʢʠ ʠʟʣʫʯʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʥʳʝ 

ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʦʚ ʠʟʣʫʯʝʥʠʷ. ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ  

ʵʬiE = ʨʝʟi i oiR E E+ ,      (3.97) 

 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʧʠʩʘʪʴ ʨʘʟʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʳʭ ʧʦʪʦʢʦʚ: 

 

ʵʬ1 ʵʬ2E E- =01 02E E- +
ʨʝʟ1RE 2 ʨʝʟ2R E- .               (3.98) 

  

ɼʘʣʝʝ ʩʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʨʝʟ1E = ʨʝʟ2E , ʩ ʫʯʝʪʦʤ ʵʪʦʛʦ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʠ ʧʦʜʩʪʘʥʦʚʢʠ (3.69) ʚ (3.68) ʧʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 

ʧʦʣʫʯʠʤ ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʚʳʨʘʞʝʥʠʝ, ɺʪ/ʤ2: 

 
1
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.           (3.99) 

 

ʇʨʠ ʣʫʯʝʧʨʦʟʨʘʯʥʦʡ ʩʨʝʜʝ (ʛA = 0) ʚʳʨʘʞʝʥʠʝ ʚ ʢʚʘʜʨʘʪʥʳʭ ʩʢʦʙʢʘʭ 

ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʢ ʚʠʜʫ (3.72). ʉʨʘʚʥʝʥʠʝ ʬʦʨʤʫʣ ʜʣʷ ʛ 0A ¸  ʠ ʛ 0A =  

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʛʣʦʱʘʶʱʠʡ ʩʣʦʡ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʠʟʤʝʥʷʝʪ ʧʨʠʚʝʜʝʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʣʫʯʝʥʠʷ. ʕʪʦ ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤʠ ʮʠʬʨʘʤʠ, ʝʩʣʠ 1A = 2 0,8A = : 
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ʛA                          0,0       0,1  0,2  0,4  0,8 

ʧʨʉ , ɺʪ/(ʤ2ʂ4)     3,78    3,65   3,52  3,11  2,68 

  

ɽʩʣʠ ʚʝʣʠʯʠʥʘ L  ʩʦʠʟʤʝʨʠʤʘ ʩ ʨʘʟʤʝʨʘʤʠ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʪʦ 

ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʘʥʘʣʠʟʘ ʪʝʧʣʦʦʙʤʝʥʘ ʠʟʣʫʯʝʥʠʝʤ ʩ ʫʯʝʪʦʤ 

ʦʙʦʙʱʝʥʥʳʭ ʫʛʣʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ (3.47). ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʨʦʩʪʳʭ ʩʠʩʪʝʤ (ʩʤ. ʨʠʩ. 3.18, ʙ) ʪʘʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʧʠʩʳʚʘʶʪʩʷ 

ʬʦʨʤʫʣʘʤʠ ɺ. ɻ. ʃʠʩʠʝʥʢʦ ʠ ɻ. ʂ. ʄʘʣʠʢʦʚʘ: 

ʦʩʣ ʦʩʣ ʦʩʣ
3 3 3

ʦʩʣ

4 4 4
1 ;

8
ɸɺ AD

k k k
ɽ A ɽ B ɽ D

k ɸ

p è øå õ å õ å õ
j =y = - - -æ ö æ ö æ öé ùp p pç ÷ ç ÷ ç ÷ê ú

  (3.100) 

 
2

ʦʩʣarccos( / ) ln( / ) 4
expɸC

M B AB B M B B M k

A M B

è ø- +
j = -é ù

- pê ú
.     (3.101) 

 ɿʜʝʩʴ 
2 2

3,M A B E= +  ï ʠʥʪʝʛʨʘʣʴʥʦ-ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʘʷ ʬʫʥʢʮʠʷ 

(ʪʘʙʣ. 3.1). 

 ʇʨʠʚʝʜʝʥʥʳʝ ʬʦʨʤʫʣʳ ʜʣʷ ijj  ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʠʟʚʝʩʪʥʳʭ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʦʩʪʦʪʦʡ ʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ (ʚ 2,5 ʨʘʟʘ) ʪʦʯʥʦʩʪʴʶ. 

 
         ʊʘʙʣʠʮʘ 3.1 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʬʫʥʢʮʠʠ 

¤
- - - z= - + z zñ

2
3

0

0,5( )
x x x

E e xe x e d  

ʭ ɽ3 ʭ ɽ3 ʭ ɽ3 ʭ ɽ3 

0,00 0,500 0,12 0,409 0,34 0,282 0,8 0,144 

0,01 0,490 0,14 0,389 0,36 0,273 0,9 0,126 

0,02 0,481 0,16 0,376 0,38 0,265 1,0 0,110 

0,03 0,472 0,18 0,364 0,40 0,257 1,1 0,096 

0,04 0,463 0,20 0,352 0,42 0,250 1,2 0,084 

0,05 0,455 0,22 0,341 0,44 0,243 1,3 0,074 

0,06 0,447 0,24 0,330 0,46 0,235 1,4 0,065 

0,07 0,439 0,26 0,320 0,48 0,228 1,5 0,057 

0,08 0,431 0,28 0,310 0,50 0,222 1,6 0,050 

0,09 0,424 0,30 0,300 0,60 0,192 1,8 0,039 

0,10 0,416 0,32 0,291 0,70 0,166 2,0 0,030 

 

 

3.6. ʆʩʦʙʝʥʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʘ ʠʟʣʫʯʝʥʠʝʤ  

ʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʝʯʘʭ 

 

ʆʩʥʦʚʥʳʝ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʙʦʪʳ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʣʠ ʧʣʘʤʝʥʥʳʭ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ 
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ʧʝʯʝʡ ï ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʨʘʩʭʦʜ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʚʨʝʤʷ ʥʘʛʨʝʚʘ ʠʣʠ 

ʧʣʘʚʣʝʥʠʷ ʤʝʪʘʣʣʘ (ʩʧʣʘʚʘ) ï ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʨʛʘʥʠʟʘʮʠʝʡ 

ʪʝʧʣʦʦʙʤʝʥʘ ʠʟʣʫʯʝʥʠʝʤ. ɹʦʣʝʝ ʪʦʛʦ, ʝʩʣʠ ʪʝʧʣʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʚʝʜʝʪʩʷ ʚ 

ʚʘʢʫʫʤʝ, ʪʦ ʵʪʦʪ ʚʠʜ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʵʣʝʢʪʨʦʧʝʯʘʭ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʜʫʛʦʚʳʭ 

ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʧʝʨʝʜʘʯʫ ʪʝʧʣʦʪʳ ʥʘʛʨʝʚʘʝʤʦʤʫ 

ʤʝʪʘʣʣʫ. ɺ ʧʣʘʤʝʥʥʳʭ ʧʝʯʘʭ, ʚ ʵʣʝʢʪʨʦʧʝʯʘʭ ʩ ʨʝʮʠʨʢʫʣʷʮʠʝʡ ʛʘʟʘ ʨʦʣʴ 

ʪʝʧʣʦʦʙʤʝʥʘ ʠʟʣʫʯʝʥʠʝʤ ʙʣʘʛʦʜʘʨʷ ʨʘʟʚʠʪʠʶ ʢʦʥʚʝʢʮʠʠ ʥʝʩʢʦʣʴʢʦ 

ʩʥʠʞʘʝʪʩʷ, ʥʦ ʜʘʞʝ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʦʩʪʘʝʪʩʷ ʚʳʩʦʢʦʡ. ɺ ʧʝʯʘʭ ʜʣʷ ʥʘʛʨʝʚʘ 

ʠ ʧʣʘʚʣʝʥʠʷ ʯʝʨʥʳʭ ʤʝʪʘʣʣʦʚ ʜʦʣʷ ʪʝʧʣʦʦʙʤʝʥʘ ʠʟʣʫʯʝʥʠʝʤ ʚ ʦʙʱʝʤ 

ʪʝʧʣʦʚʦʤ ʙʘʣʘʥʩʝ ʜʦʩʪʠʛʘʝʪ 80é90 %.  

 ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʦʪʦʢʦʚ ʠʟʣʫʯʝʥʠʷ ʚ ʨʘʙʦʯʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʝʯʝʡ, ʢʘʢ ʵʪʦ ʩʣʝʜʫʝʪ ʠʟ ʧʨʝʜʳʜʫʱʝʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʠʟʣʫʯʘʪʝʣʝʡ, ʠʭ ʨʘʜʠʘʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʦʧʪʠʢʦ-ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʵʪʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʤʦʛʫʪ ʙʳʪʴ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʠʟʤʝʥʝʥʳ. ʊʘʢ, ʦʙʦʛʘʱʘʷ ʜʫʪʴʝ 

ʢʠʩʣʦʨʦʜʦʤ, ʤʦʞʥʦ ʧʦʜʥʷʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʬʘʢʝʣʝ. ʇʦʢʨʳʚʘʷ ʥʘʛʨʝʚʘʝʤʳʡ 

ʤʝʪʘʣʣ ʩʧʝʮʠʘʣʴʥʳʤʠ ʢʨʘʩʢʘʤʠ, ʤʝʥʷʶʪ ʨʘʜʠʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʝʛʦ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʂʦʥʩʪʨʫʠʨʫʷ ʵʣʝʤʝʥʪʳ ʨʘʙʦʯʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʝʯʝʡ, 

ʜʦʙʠʚʘʶʪʩʷ ʫʣʫʯʰʝʥʠʷ ʦʧʪʠʢʦ-ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʉʣʝʜʫʝʪ 

ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʩʣʝʜʥʠʝ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʟʘʚʠʩʷʪ ʦʪ ʩʪʝʧʝʥʠ 

ʟʘʧʳʣʝʥʥʦʩʪʠ ʜʚʠʞʫʱʝʛʦʩʷ ʚ ʧʝʯʠ ʛʘʟʘ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʦʜʝʨʞʘʥʠʝ ʧʳʣʠ 

ʚ ʛʘʟʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚʠʜʦʤ ʪʦʧʣʠʚʘ (ʥʘʧʨʠʤʝʨ, ʧʳʣʝʫʛʦʣʴʥʳʤ), 

ʥʦ ʠ ʩʦʩʪʦʷʥʠʝʤ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʢʫʩʢʦʚʳʤ, ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʤ 

ʠ ʪ. ʜ.), ʫʩʣʦʚʠʷʤʠ ʝʛʦ ʟʘʛʨʫʟʢʠ, ʧʝʨʝʤʝʱʝʥʠʷ, ʚʳʛʨʫʟʢʠ ʠ ʧʨ. 

 ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʪʝʦʨʠʠ ʪʝʧʣʦʦʙʤʝʥʘ ʠʟʣʫʯʝʥʠʝʤ ʧʦʟʚʦʣʷʝʪ 

ʫʯʠʪʳʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ, ʧʨʦʷʚʣʷʶʱʠʝʩʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʝʯʝʡ ʠ ʪʝʧʣʦʚʳʭ ʘʛʨʝʛʘʪʦʚ. ɸʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʪʝʦʨʠʠ 

ʧʦʩʪʦʷʥʥʦ ʨʘʩʰʠʨʷʝʪ ʧʝʨʝʯʝʥʴ ʟʘʜʘʯ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʝ. 

 

 

3.6.1. ʊʝʧʣʦʦʙʤʝʥ ʠʟʣʫʯʝʥʠʝʤ ʚ ʧʣʘʤʝʥʥʳʭ ʧʝʯʘʭ 

 

ɺ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʝʯʝʡ ʠʩʧʦʣʴʟʫʶʪ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʪʦʧʣʠʚʦ ʨʘʟʥʳʭ ʚʠʜʦʚ, ʧʨʦʜʫʢʪʳ 

ʩʛʦʨʘʥʠʷ ʢʦʪʦʨʦʛʦ ʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʵʥʝʨʛʦʥʦʩʠʪʝʣʷʤʠ. ʊʝʧʣʦʦʙʤʝʥ 

ʤʝʞʜʫ ʥʠʤʠ ʠ ʧʦʜʚʝʨʛʘʝʤʳʤ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʝ ʤʘʪʝʨʠʘʣʦʤ ʦʧʨʝʜʝʣʷʝʪ 

ʤʥʦʛʠʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʙʦʪʳ ʧʝʯʠ ʠ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ. ʇʦʤʠʤʦ 

ʛʘʟʦʚ ʚ ʧʨʦʮʝʩʩʝ ʪʝʧʣʦʦʙʤʝʥʘ ʠʟʣʫʯʝʥʠʝʤ ʫʯʘʩʪʚʫʝʪ ʠ ʬʫʪʝʨʦʚʢʘ. ʆʙʳʯʥʦ  

ʧʨʠʥʠʤʘʶʪ, ʯʪʦ ʢʣʘʜʢʘ ʥʝ ʧʦʛʣʦʱʘʝʪ ʧʘʜʘʶʱʝʛʦ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ ʠ ʥʝ 

ʧʝʨʝʜʘʝʪ ʵʪʫ ʪʝʧʣʦʪʫ ʚ ʦʢʨʫʞʘʶʱʝʝ ʧʝʯʴ ʧʨʦʩʪʨʘʥʩʪʚʦ. ʌʘʢʪʠʯʝʩʢʠ ʯʝʨʝʟ 

ʢʣʘʜʢʫ ʧʝʯʠ ʚʩʝʛʜʘ ʪʝʨʷʝʪʩʷ ʪʝʧʣʦʪʘ, ʥʦ ʧʨʠ ʵʪʦʤ ʩʯʠʪʘʶʪ, ʯʪʦ ʧʦʪʝʨʠ 
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ʪʝʧʣʦʪʳ ʢʣʘʜʢʦʡ ʢʦʤʧʝʥʩʠʨʫʶʪʩʷ ʪʝʧʣʦʦʪʜʘʯʝʡ ʛʘʟʦʚ ʟʘ ʩʯʝʪ ʷʚʣʝʥʠʡ 

ʢʦʥʚʝʢʮʠʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʜʠʘʙʘʪʥʦʡ ʧʨʠ ʪʝʧʣʦʦʙʤʝʥʝ ʠʟʣʫʯʝʥʠʝʤ ʢʣʘʜʢʝ 

ʦʪʚʦʜʠʪʩʷ ʨʦʣʴ ʧʦʩʨʝʜʥʠʢʘ ï  ʧʝʨʝʠʟʣʫʯʘʪʝʣʷ ʪʝʧʣʦʪʳ ʦʪ ʛʘʟʦʚ ʯʝʨʝʟ 

ʢʣʘʜʢʫ ʥʘ ʤʘʪʝʨʠʘʣ. 

 ʇʨʝʞʜʝ ʯʝʤ ʧʨʠʩʪʫʧʠʪʴ ʢ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʤʫ ʘʥʘʣʠʟʫ, ʦʪʤʝʪʠʤ, ʯʪʦ 

ʚʧʝʨʚʳʝ ʪʝʧʣʦʦʙʤʝʥ ʠʟʣʫʯʝʥʠʝʤ ʚ ʨʘʙʦʯʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʝʯʝʡ ʙʳʣ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ɺ. ʅ. ʊʠʤʦʬʝʝʚʳʤ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʜʦʧʫʱʝʥʠʷʭ: 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʪʝʧʝʥʠ ʯʝʨʥʦʪʳ ʚ ʦʙʲʝʤʝ ʧʝʯʠ ʠ ʧʦ ʧʦʚʝʨʭʥʦʩʪʷʤ 

ʤʘʪʝʨʠʘʣʘ ʠ ʢʣʘʜʢʠ ʩʦʭʨʘʥʷʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ, ʜʣʷ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ 

ʩʠʩʪʝʤʳ ʩʧʨʘʚʝʜʣʠʚʳ ʟʘʢʦʥʳ ʉʪʝʬʘʥʘ ï ɹʦʣʴʮʤʘʥʘ ʠ ʃʘʤʙʝʨʪʘ. 

 ʈʘʩʩʤʦʪʨʠʤ ʩʠʩʪʝʤʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʪʨʝʭ ʵʣʝʤʝʥʪʦʚ: ʛʘʟ, ʤʝʪʘʣʣ, 

ʢʣʘʜʢʘ (ʨʠʩ. 3.19). ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʧʣʦʪʥʦʩʪʴ 

ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ ʥʘ ʤʝʪʘʣʣ ʦʪ ʧʝʯʥʳʭ ʛʘʟʦʚ, ʠʤʝʷ ʚ 

ʚʠʜʫ ʢʦʩʚʝʥʥʫʶ ʧʝʨʝʜʘʯʫ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʥʘʣʠʯʠʝʤ 

ʢʣʘʜʢʠ, ʙʝʟ ʫʯʝʪʘ ʧʝʨʝʜʘʯʠ ʪʝʧʣʦʪʳ ʦʪ ʛʘʟʘ ʢ ʤʝʪʘʣʣʫ ʧʦʩʨʝʜʩʪʚʦʤ 

ʢʦʥʚʝʢʮʠʠ. 

 

 
ʈʠʩ. 3.19. ʂ ʘʥʘʣʠʟʫ ʪʝʧʣʦʦʙʤʝʥʘ ʠʟʣʫʯʝʥʠʝʤ ʚ ʧʣʘʤʝʥʥʳʭ ʧʝʯʘʭ 

  

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʠʩʘʪʴ ʚʳʨʘʞʝʥʠʝ 

ʜʣʷ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ ʥʘ ʤʝʪʘʣʣ ʨʝʟ.ʤQ , ʧʨʝʜʩʪʘʚʠʚ ʝʛʦ 

ʢʘʢ ʨʘʟʥʦʩʪʴ ʧʦʪʦʢʦʚ ʧʘʜʘʶʱʝʛʦ ʧʘʜ.ʤQ  ʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʩʦʙ.ʤQ  ʠʟʣʫʯʝʥʠʡ. 

ʇʘʜʘʶʱʝʝ ʠʟʣʫʯʝʥʠʝ ï ʵʬʬʝʢʪʠʚʥʦʝ ʠʟʣʫʯʝʥʠʝ ʛʘʟʘ ʵʬ.ʛQ  ʠ ʢʣʘʜʢʠ ʵʬ.ʢQ , 

ʜʦʰʝʜʰʝʝ ʜʦ ʤʝʪʘʣʣʘ. ʇʨʠ ʵʪʦʤ ʥʘʜʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʥʝ ʚʩʝ ʵʬʬʝʢʪʠʚʥʦʝ 

ʠʟʣʫʯʝʥʠʝ ʢʣʘʜʢʠ ʜʦʭʦʜʠʪ ʜʦ ʤʝʪʘʣʣʘ; ʪʦʣʴʢʦ ʯʘʩʪʴ ʝʛʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 
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ʫʛʣʦʚʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʢ ʤ-j  ʠ ʨʘʜʠʘʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʛʘʟʘ ʧʦʧʘʜʘʝʪ 

ʥʘ ʤʝʪʘʣʣ: 

ʨʝʟ.ʤQ  ʤ ʵʬ.ʛQ=e + ʤe ʵʬ.ʢQ ʢ ʤ-j ʛ(1 )-eï ʩʦʙ.ʤQ ,         (3.102) 

 

ʛʜʝ ʤe ʠ ʛe ï ʩʪʝʧʝʥʠ ʯʝʨʥʦʪʳ ʤʝʪʘʣʣʘ ʠ ʛʘʟʘ. 

ɽʩʣʠ ʚʝʣʠʯʠʥʘ ʧʦʪʦʢʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʣʝʛʢʦ ʤʦʞʝʪ ʙʳʪʴ 

ʦʧʠʩʘʥʘ ʟʘʢʦʥʦʤ ʉʪʝʬʘʥʘ ï ɹʦʣʴʮʤʘʥʘ 

   ʵʬ.ʛQ ʛ=e
4
ʛo ʄT Fs ,               (3.103) 

ʪʦ ʜʣʷ ʦʮʝʥʢʠ ʧʦʪʦʢʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʢʣʘʜʢʠ ʩʣʝʜʫʝʪ ʩʦʩʪʘʚʠʪʴ 

ʫʨʘʚʥʝʥʠʝ, ʢʦʪʦʨʦʝ ʙʳ ʫʯʠʪʳʚʘʣʦ ʫʩʣʦʚʠʝ ʨʝʟ.ʢQ = 0, ʪ. ʝ. ʧʦʪʦʢ 

ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʢʣʘʜʢʫ ʦʪʩʫʪʩʪʚʫʝʪ. ɺʳʰʝ ʙʳʣʘ ʦʪʤʝʯʝʥʘ 

ʨʦʣʴ ʢʣʘʜʢʠ ʢʘʢ ʧʝʨʝʠʟʣʫʯʘʪʝʣʷ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʢʣʘʜʢʘ ʦʙʣʘʜʘʝʪ 

ʟʝʨʢʘʣʴʥʳʤ ʦʪʨʘʞʝʥʠʝʤ, ʝʝ ʩʪʝʧʝʥʴ ʯʝʨʥʦʪʳ ʫʩʣʦʚʥʦ ʨʘʚʥʘ ʥʫʣʶ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʥʘ ʢʣʘʜʢʝ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʚʝʥʩʪʚʦ ʧʦʪʦʢʦʚ ʧʘʜʘʶʱʝʛʦ ʠ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʟʣʫʯʝʥʠʡ. ʇʦʪʦʢ ʧʘʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʚʢʣʶʯʘʝʪ ʧʦʪʦʢ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʛʘʟʘ ʥʘ ʢʣʘʜʢʫ, ʧʦʪʦʢ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʤʝʪʘʣʣʘ, ʦʩʣʘʙʣʝʥʥʦʛʦ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʛʘʟ, ʠ ʧʦʪʦʢ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʢʣʘʜʢʠ ʥʘ ʢʣʘʜʢʫ, ʪʘʢʞʝ ʦʩʣʘʙʣʝʥʥʦʛʦ ʩʣʦʝʤ ʛʘʟʘ. 

ʀʥʪʝʨʝʩʫʶʱʝʝ ʫʨʘʚʥʝʥʠʝ ʚʢʣʶʯʘʝʪ 

 

ʵʬ.ʛQ + ʵʬ.ʤQ ʢ ʤ-j ʛ(1 )-e+ ʵʬ.ʢQ ʢ-ʢj ʛ(1 )-eï ʵʬ.ʢQ = 0, 

ʠʣʠ ʠʤʝʷ ʚ ʚʠʜʫ, ʯʪʦ ʢ-ʢj ʢ-ʤ1= -j (ʩʚʦʡʩʪʚʦ ʟʘʤʢʥʫʪʦʩʪʠ), ʤ-ʢ1j =, 

ʵʬ.ʛQ + ʵʬ.ʤQ ʛ(1 )-e+ ʵʬ.ʢQ ʢ-ʤ(1 )-j ʛ(1 )-e ï ʵʬ.ʢQ = 0.   (3.104) 

  

ʈʝʰʘʷ (5.3), ʧʦʣʫʯʠʤ 

ʵʬ.ʢQ = ʵʬ.ʛ ʵʬ.ʤ ʛ[ (1 )]Q Q+ -e/ ʢ-ʤ ʛ[1 (1 )(1 )]- -j -e.    (3.105) 

  

ɺ ʧʦʣʫʯʝʥʥʦʤ ʚʳʨʘʞʝʥʠʠ ʧʦʷʚʠʣʘʩʴ ʚʝʣʠʯʠʥʘ ʧʦʪʦʢʘ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʤʝʪʘʣʣʘ ʵʬ.ʤQ , ʢʦʪʦʨʘʷ ʪʨʝʙʫʝʪ ʦʧʨʝʜʝʣʝʥʠʷ. ʀʟ ʘʥʘʣʠʟʘ ʘʣʛʝʙʨʳ 

ʣʫʯʠʩʪʳʭ ʧʦʪʦʢʦʚ (ʩʤ. ʨʠʩ. 3.19) ʩʣʝʜʫʝʪ, ʯʪʦ 

 

ʵʬ.ʤQ = ʩʦʙ.ʤQ + ʵʬ.ʛQ ʛ(1 )-e+ ʵʬ.ʢQ ʢ ʤ-j ʛ(1 )-e ʤ(1 )-e.          (3.106) 

 ʄʥʦʞʠʪʝʣʴ ʤ(1 )-e ʧʦʢʘʟʳʚʘʝʪ ʜʦʣʶ ʧʦʪʦʢʦʚ ʦʪʨʘʞʝʥʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ. 

 ʋʨʘʚʥʝʥʠʷ (3.102), (3.105) ʠ (3.106) ʧʦʣʥʦʩʪʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʠ 

ʬʦʨʤʫʣʠʨʫʶʪ ʟʘʜʘʯʫ. ʀʭ ʨʝʰʝʥʠʝ ʣʶʙʳʤ ʩʧʦʩʦʙʦʤ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʧʨʠ ʫʯʝʪʝ ʧʨʠʥʮʠʧʘ ʚʟʘʠʤʥʦʩʪʠ (ʤ1 FÖ =ʢ ʤ-j ʢF ): 
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 ʨʝʟ.ʤQ
4 4

ʛ.ʢ-ʤ ʛ ʤ[( /100) ( /100) ]ʄʉ T T F= - ,              (3.107) 

ʛʜʝʛ.ʢ-ʤʉ  ï ʧʨʠʚʝʜʝʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʣʫʯʝʥʠʷ ʦʪ ʛʘʟʦʚ ʥʘ ʤʝʪʘʣʣ ʩ 

ʫʯʝʪʦʤ ʪʦʡ ʨʦʣʠ, ʢʦʪʦʨʫʶ ʠʛʨʘʝʪ ʢʣʘʜʢʘ ʧʝʯʥʳʭ ʩʪʝʥʦʢ ʠ ʩʚʦʜʘ ʚ 

ʧʨʦʮʝʩʩʘʭ ʪʝʧʣʦʦʙʤʝʥʘ ʠʟʣʫʯʝʥʠʝʤ. ʕʪʫ ʚʝʣʠʯʠʥʫ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʪʘʢ: 

 

ʛ-ʢ-ʤʉ = ʤ ʦʂʉe ,            (3.108) 

ʛʜʝ  

ʢ-ʤ ʛ

ʤ ʛ ʤ ʛ ʛ ʢ-ʤ

(1/ ) 1
.

[ (1 )][(1 ) ] 1/
K

j + -e
=
e +e -e -e e + j

    (3.109) 

 ɺ ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ ʵʪʘ ʬʦʨʤʫʣʘ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ 

ʛ ʛ ʛ( 1 ) / [ (1 ) / ].K = w+ -e w+b -e e    (3.110) 

 ɺ ʵʪʦʡ ʬʦʨʤʫʣʝ b=ʤe+ ʛ(1e ï ʤe), ʢ ʤ/F Fw=  ï ʩʪʝʧʝʥʴ ʨʘʟʚʠʪʠʷ 

ʢʣʘʜʢʠ. 

 ɺ ʥʝʢʦʪʦʨʳʭ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʠʭ ʟʘʜʘʯʘʭ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʦʮʝʥʢʠ 

ʧʨʠʤʝʥʠʤʦʩʪʠ ʪʝʭ ʠʣʠ ʠʥʳʭ ʦʛʥʝʫʧʦʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʨʝʙʫʝʪʩʷ ʟʥʘʪʴ 

ʪʝʤʧʝʨʘʪʫʨʫ ʢʣʘʜʢʠ ʢT . ʄʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʬʦʨʤʫʣʫ ɺ. ʅ. ʊʠʤʦʬʝʝʚʘ: 

ʢT 4 4 44
ʤ ʊ ʛ ʤ( )ʊ K ʊ ʊ= + - ,                             (3.111) 

ʛʜʝ  

ʛ ʛ

1
,

(1 ) /
TK

w+ -b
=
w+b -e e

 ʠʣʠ ʛ

ʛ ʛ(1 ) /
TK K

e -b
= +

w+b -e e
.       (3.112) 

  

ʆʪʤʝʪʠʤ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʧʦʪʦʢʘ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ 

ʤʝʪʘʣʣ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʩʪʝʧʝʥʠ ʯʝʨʥʦʪʳ ʛʘʟʦʚ 

ʠ ʩʪʝʧʝʥʠ ʨʘʟʚʠʪʠʷ ʢʣʘʜʢʠ. ʅʠʞʝ ʵʪʠ ʚʦʧʨʦʩʳ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ 

ʧʦʜʨʦʙʥʝʝ. 

 ʅʘʨʷʜʫ ʩ ʠʟʣʦʞʝʥʥʳʤ ʤʝʪʦʜʦʤ ʘʥʘʣʠʟʘ ʪʝʧʣʦʦʙʤʝʥʘ ʠʟʣʫʯʝʥʠʝʤ 

ʚ ʧʣʘʤʝʥʥʳʭ ʧʝʯʘʭ ʠʟʚʝʩʪʝʥ ʪʘʢʞʝ ʤʝʪʦʜ ɼ. ɺ. ɹʫʜʨʠʥʘ, ʢʦʪʦʨʳʡ ʚʚʝʣ 

ʚ ʧʨʘʢʪʠʢʫ ʨʘʩʯʝʪʘ ʧʦʥʷʪʠʝ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʠʟʣʫʯʘʪʝʣʷ. ʊʘʢʦʡ ʠʟʣʫʯʘʪʝʣʴ 

ʵʢʚʠʚʘʣʝʥʪʝʥ ʧʦ ʩʚʦʠʤ ʨʘʜʠʘʮʠʦʥʥʳʤ ʩʚʦʡʩʪʚʘʤ ʨʝʘʣʴʥʦʤʫ ʛʘʟʦʚʦʤʫ 

ʦʙʲʝʤʫ; ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʞʝ ʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʩʪʝʨʞʥʷ ʠʣʠ ʩʪʝʥʢʠ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʳʭ ï ʨʘʟʤʝʨʳ, ʫʛʣʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠ ʧʨ., 

ʘʜʝʢʚʘʪʥʳ ʨʝʘʣʴʥʦʤʫ ʠʟʣʫʯʘʪʝʣʶ. 

  

 

3.6.2. ʀʟʣʫʯʝʥʠʝ ʧʣʘʤʝʥʠ ʠ ʢʘʨʙʶʨʠʟʘʮʠʷ ʬʘʢʝʣʘ 

 

 ʇʫʪʠ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʪʝʧʣʦʦʙʤʝʥʘ ʠʟʣʫʯʝʥʠʝʤ ʤʦʞʥʦ ʥʘʤʝʪʠʪʴ, 

ʘʥʘʣʠʟʠʨʫʷ ʫʨʘʚʥʝʥʠʝ (3.93), ʧʨʠʤʝʥʷʝʤʦʝ ʜʣʷ ʨʘʩʯʝʪʘ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ 

ʠʟʣʫʯʝʥʠʷ ʦʪ ʥʘʛʨʝʪʳʭ ʛʘʟʦʚ ʢ ʪʚʝʨʜʳʤ ʧʦʚʝʨʭʥʦʩʪʷʤ. 
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 ʆʯʝʚʠʜʥʦ, ʯʪʦ ʣʫʯʝʚʦʩʧʨʠʥʠʤʘʶʱʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʥʝ ʚʩʝʛʜʘ ʤʦʞʝʪ 

ʙʳʪʴ ʫʚʝʣʠʯʝʥʘ. ɽʝ ʨʘʟʤʝʨʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʦʥʩʪʨʫʢʮʠʠ 

ʧʝʯʠ ʠʣʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʥʘʛʨʝʚʘʝʤʦʛʦ ʚ ʧʝʯʠ ʤʘʪʝʨʠʘʣʘ. ʇʦʵʪʦʤʫ ʵʪʘ 

ʚʝʣʠʯʠʥʘ ʜʣʷ ʚʧʦʣʥʝ ʢʦʥʢʨʝʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʥʝʥʘ. 

ʃʠʰʴ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʤʦʞʥʦ ʨʘʟʜʚʠʥʫʚ ʟʘʛʦʪʦʚʢʠ, ʥʝʩʢʦʣʴʢʦ ʝʝ 

ʫʚʝʣʠʯʠʪʴ. 

 ɺʦʟʤʦʞʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʪʝʤʧʝʨʘʪʫʨʳ ʪʚʝʨʜʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

(ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʘʜʢʠ, ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʛʨʝʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ) 

ʪʘʢʞʝ ʦʛʨʘʥʠʯʝʥʳ, ʪ. ʢ. ʦʥʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʝʭʥʦʣʦʛʠʝʡ 

ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʞʝʩʪʢʦ ʩʚʷʟʘʥʳ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʧʦ ʢʘʯʝʩʪʚʫ ʥʘʛʨʝʚʘ 

ʠʣʠ ʩʪʦʡʢʦʩʪʠ ʦʛʥʝʫʧʦʨʥʦʡ ʢʣʘʜʢʠ. 

 ʊʝʧʣʦʦʙʤʝʥ ʠʟʣʫʯʝʥʠʝʤ ʤʦʞʝʪ ʙʳʪʴ ʠʥʪʝʥʩʠʬʠʮʠʨʦʚʘʥ ʟʘ ʩʯʝʪ 

ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʦʚ. ʊʘʢ ʢʘʢ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ 

ʟʘʚʠʩʠʪ ʦʪ ʛT  ʚ ʯʝʪʚʝʨʪʦʡ ʩʪʝʧʝʥʠ, ʪʦ ʧʨʠ ʧʦʜʲʝʤʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʦʚ 

ʩʦʟʜʘʝʪʩʷ ʚʝʩʴʤʘ ʤʦʱʥʳʡ ʬʘʢʪʦʨ ʘʢʪʠʚʠʟʘʮʠʠ ʣʫʯʠʩʪʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ. 

ʇʦʚʳʰʘʪʴ ʛT  ʤʦʞʥʦ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ: ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʫʪʴʷ, 

ʦʙʦʛʘʱʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʦʤ; ʧʨʠʤʝʥʝʥʠʝʤ ʜʣʷ ʛʦʨʝʥʠʷ ʧʦʜʦʛʨʝʪʳʭ ʜʫʪʴʷ ʠ 

ʛʘʟʦʚ; ʚʳʙʦʨʦʤ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟʙʳʪʢʘ ʚʦʟʜʫʭʘ. ʂʘʢ ʚʠʜʠʤ, 

ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʦʚ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ. ʅʦ ʦʜʥʠ ʠʟ ʥʠʭ 

ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʧʦ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʩʦʦʙʨʘʞʝʥʠʷʤ, ʥʘʧʨʠʤʝʨ, 

ʚʩʣʝʜʩʪʚʠʝ ʜʝʬʠʮʠʪʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʢʠʩʣʦʨʦʜʘ, ʜʨʫʛʠʝ ʪʨʝʙʫʶʪ ʫʩʣʦʞʥʝʥʠʷ 

ʢʦʥʩʪʨʫʢʮʠʠ ʧʝʯʠ ʠ, ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʧʨʠʚʦʜʷʪ ʢ ʧʦʚʳʰʝʥʠʶ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʚʳʰʘʪʴ 

ʪʝʤʧʝʨʘʪʫʨʫ ʛʘʟʦʚ ʤʦʞʥʦ ʜʦ ʠʟʚʝʩʪʥʳʭ ʧʨʝʜʝʣʦʚ, ʦʧʨʝʜʝʣʷʝʤʳʭ 

ʪʝʭʥʦʣʦʛʠʝʡ ʥʘʛʨʝʚʘ, ʪʠʧʦʤ ʧʨʠʤʝʥʷʝʤʳʭ ʦʛʥʝʫʧʦʨʦʚ ʠ ʜʨ. 

 ʋʚʝʣʠʯʠʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʝʧʣʦʦʙʤʝʥʘ ʤʦʞʥʦ ʪʘʢʞʝ ʟʘ ʩʯʝʪ 

ʧʦʚʳʰʝʥʠʷ ʧʨʠʚʝʜʝʥʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟʣʫʯʝʥʠʷ. ʆʥ ʚʢʣʶʯʘʝʪ ʜʚʘ 

ʧʘʨʘʤʝʪʨʘ: ʩʪʝʧʝʥʴ ʯʝʨʥʦʪʳ ʦʢʨʫʞʘʶʱʠʭ ʩʪʝʥʦʢ ʠ ʩʪʝʧʝʥʴ ʯʝʨʥʦʪʳ ʛʘʟʦʚ. 

ʇʝʨʚʘʷ ʨʘʚʥʷʝʪʩʷ ʧʨʠʤʝʨʥʦ 0,8 ʜʣʷ ʦʛʥʝʫʧʦʨʥʳʭ ʠʟʜʝʣʠʡ ʠ ʦʢʠʩʣʝʥʥʳʭ 

ʯʝʨʥʳʭ ʤʝʪʘʣʣʦʚ; ʝʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʣʴʟʷ ʠʟʤʝʥʠʪʴ. ʇʨʠ ʥʘʛʨʝʚʝ ʟʘʛʦʪʦʚʦʢ 

ʠ ʠʟʜʝʣʠʡ ʠʟ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʫʜʘʝʪʩʷ ʥʘʥʝʩʝʥʠʝʤ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʴ 

ʩʧʝʮʠʘʣʴʥʳʭ ʢʨʘʩʦʢ ʥʝʩʢʦʣʴʢʦ ʧʦʚʳʩʠʪʴ ʩʪʝʧʝʥʴ ʯʝʨʥʦʪʳ ʵʪʠʭ ʤʝʪʘʣʣʦʚ, 

ʥʦ ʵʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʣʦʞʥʷʝʪ ʪʝʭʥʦʣʦʛʠʶ ʥʘʛʨʝʚʘ. ʉʪʝʧʝʥʴ ʯʝʨʥʦʪʳ ʛʘʟʦʚ 

ï ʬʫʥʢʮʠʷ ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʛʘʟʦʚ, ʵʬʬʝʢʪʠʚʥʦʡ ʜʣʠʥʳ ʣʫʯʘ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʦʚ. ʇʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʛʘʟʦʚ ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʘʚʘ 

ʪʦʧʣʠʚʘ, ʫʩʣʦʚʠʡ ʝʛʦ ʩʞʠʛʘʥʠʷ, ʩʦʩʪʦʷʥʠʷ ʢʣʘʜʢʠ ʠ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʧʝʯʠ. ɿʘ ʩʯʝʪ ʫʣʫʯʰʝʥʠʷ ʫʩʣʦʚʠʡ ʩʞʠʛʘʥʠʷ ʪʦʧʣʠʚʘ, ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟʙʳʪʢʘ ʚʦʟʜʫʭʘ, ʚʚʝʜʝʥʠʷ ʧʦʜʦʛʨʝʚʘ ʜʫʪʴʷ, 

ʧʨʠʤʝʥʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʜʫʪʴʝ ʤʦʞʥʦ ʧʦʚʳʩʠʪʴ ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ 

ʠʟʣʫʯʘʶʱʠʭ ʛʘʟʦʚ. ʅʦ ʵʪʦ ʧʦʚʳʰʝʥʠʝ ʠʤʝʝʪ ʧʨʝʜʝʣ, ʪʘʢ ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʫʚʝʣʠʯʝʥʠʷ ʩʪʝʧʝʥʠ ʯʝʨʥʦʪʳ ʛʘʟʦʚ ʜʦʙʠʪʴʩʷ ʥʝʣʴʟʷ. ʅʝʚʦʟʤʦʞʥʦ 
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ʫʚʝʣʠʯʠʪʴ ʵʬʬʝʢʪʠʚʥʫʶ ʜʣʠʥʫ ʣʫʯʝʡ ʚ ʨʘʙʦʪʘʶʱʠʭ ʧʝʯʘʭ, ʪ. ʢ. ʵʪʦ ʜʦʣʞʥʦ 

ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʠʟʤʝʥʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʨʘʙʦʯʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʂʨʦʤʝ ʪʦʛʦ, 

ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʦʚ ʧʝʯʠ ʧʨʠʚʝʜʝʪ ʢ ʨʦʩʪʫ ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ ʦʪ ʚʥʝʰʥʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʣʘʜʢʠ ʠ ʪʝʤ ʩʘʤʳʤ ʢ ʫʭʫʜʰʝʥʠʶ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʙʦʪʳ ʧʝʯʝʡ. 

 ʉʪʝʧʝʥʴ ʯʝʨʥʦʪʳ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʜʦʤʝʥʥʦʛʦ, ʢʦʢʩʦʚʦʛʦ, 

ʧʨʠʨʦʜʥʳʭ ʛʘʟʦʚ ʠ ʢʦʢʩʦʜʦʤʝʥʥʳʭ ʩʤʝʩʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʝʣʠʢʘ (ʧʨʠ 

ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ʩʞʠʛʘʥʠʷ 0,10é0,25). ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʩʪʝʧʝʥʠ ʯʝʨʥʦʪʳ 

ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʛʘʟʦʚ ʦʩʫʱʝʩʪʚʣʷʶʪ ʢʘʨʙʶʨʠʟʘʮʠʶ: ʚ 

ʧʝʯʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʪʦʧʣʠʚʦʤ, ʙʝʜʥʳʤ ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ, ʩʞʠʛʘʶʪ ʚ 

ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʠ ʪʦʧʣʠʚʦ, ʙʦʛʘʪʦʝ ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ, ʥʘʧʨʠʤʝʨ, 

ʤʘʟʫʪ ʠʣʠ ʩʤʦʣʫ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ ʜʦʙʘʚʢʠ 

ʧʦʩʣʝʜʥʠʭ ʧʦ ʪʝʧʣʦʪʝ ʩʦʩʪʘʚʣʷʶʪ 3é5 % ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʭʠʤʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʪʦʧʣʠʚʘ. ʉʞʠʛʘʥʠʝ ʤʘʟʫʪʘ ʠʣʠ ʩʤʦʣʳ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʧʠʨʦʣʠʟʦʤ (ʨʘʟʣʦʞʝʥʠʝʤ) ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʳʜʝʣʷʝʪʩʷ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʣʴʯʘʡʰʠʭ ʯʘʩʪʠʯʝʢ ʩʘʞʠʩʪʦʛʦ ʫʛʣʝʨʦʜʘ ʜʠʘʤʝʪʨʦʤ 

0,5é3,0 ʤʢʤ (ʠʭ ʯʠʩʣʦ ʚ 1 ʩʤ3 ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʥʝʩʢʦʣʴʢʠʭ ʤʠʣʣʠʦʥʦʚ). 

ɼʚʠʞʫʱʠʝʩʷ ʚ ʛʘʟʦʚʦʤ ʧʦʪʦʢʝ ʯʘʩʪʠʮʳ ʦʯʝʥʴ ʙʳʩʪʨʦ ʧʨʦʛʨʝʚʘʶʪʩʷ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʙʣʠʟʢʦʡ ʢ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʪʦʢʘ, ʠ ʟʘʪʝʤ ʩʛʦʨʘʶʪ. ɽʩʪʝʩʪʚʝʥʥʦ, 

ʯʪʦ ʥʘʛʨʝʪʳʝ ʯʘʩʪʠʮʳ ʩʘʤʠ ʥʘʯʠʥʘʶʪ ʠʟʣʫʯʘʪʴ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ. ʊʘʢ ʢʘʢ 

ʩʧʝʢʪʨʳ ʪʚʝʨʜʳʭ ʪʝʣ ʩʧʣʦʰʥʳʝ, ʘ ʥʝ ʧʦʣʦʩʯʘʪʳʝ, ʢʘʢ ʫ ʛʘʟʦʚ, ʪʦ ʩʪʝʧʝʥʴ 

ʯʝʨʥʦʪʳ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʘʞʠʩʪʳʭ 

ʯʘʩʪʠʯʝʢ, ʩʫʱʝʩʪʚʝʥʥʦ (ʚ 3é4 ʨʘʟʘ) ʚʦʟʨʘʩʪʘʝʪ. 

 ɼʣʷ ʢʘʨʙʶʨʠʟʘʮʠʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʧʨʠʨʦʜʥʳʡ ʛʘʟ, ʩʦʟʜʘʚ 

ʫʩʣʦʚʠʷ ʝʛʦ ʥʘʛʨʝʚʘ ʧʨʠ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨ 

ʨʘʚʥʳʭ 500 ʦʉ ʠʣʠ ʙʦʣʴʰʠʭ. ʇʨʠ ʪʘʢʦʤ ʥʘʛʨʝʚʝ ʯʘʩʪʴ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ï 

ʤʝʪʘʥʘ ï ʨʘʟʣʘʛʘʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʘʞʠʩʪʦʛʦ ʫʛʣʝʨʦʜʘ ʠ ʚʦʜʦʨʦʜʘ ʧʦ 

ʨʝʘʢʮʠʠ ʉʅ4 = ʉ + 2ʅ2. ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʫʩʣʦʚʠʡ ʨʘʟʣʦʞʝʥʠʷ 

(ʨʝʬʦʨʤʠʨʦʚʘʥʠʷ) ʤʝʪʘʥʘ-ʪʝʤʧʝʨʘʪʫʨʳ, ʩʦʩʪʘʚʘ ʛʘʟʦʚʦʡ ʬʘʟʳ, ʚʨʝʤʝʥʠ ʠ 

ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ ʤʝʥʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʨʘʟʤʝʨʳ, ʥʦ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʩʘʞʠʩʪʳʭ ʯʘʩʪʠʯʝʢ.  

 ʅʘʠʙʦʣʴʰʝʡ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʩʘʞʠʩʪʳʝ ʯʘʩʪʠʮʳ 

ʦʙʣʘʜʘʶʪ ʚ ʚʠʜʠʤʦʡ ʠ ʙʣʠʞʥʝʡ ʠʥʬʨʘʢʨʘʩʥʦʡ ʯʘʩʪʷʭ ʩʧʝʢʪʨʘ. ʆʥʘ ʟʘʚʠʩʠʪ 

ʦʪ ʪʦʣʱʠʥʳ ʛʘʟʦʚʦʛʦ ʩʣʦʷ ʵʬl , ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʘʞʠʩʪʳʭ ʯʘʩʪʠʯʝʢ m. 

ʇʦ ʜʘʥʥʳʤ ʂʨʠʚʘʥʜʠʥʘ, ʩʪʝʧʝʥʴ ʯʝʨʥʦʪʳ ʧʣʘʤʝʥʠ, ʨʘʚʥʘʷ 0,95, 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʟʥʘʯʝʥʠʷʭ ʵʬl  ʠ m: 

 

ʵʬl , ʤ                          0,3  0,5  0,7  1,0 

m, ʛ/ʤ3                       2,7  1,6  1.1  0,8 

  

ɽʩʣʠ mʵʬl > 1 ʛ/ʤ2, ʪʦ ʩʪʝʧʝʥʴ ʯʝʨʥʦʪʳ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ, ʥʘʩʳʱʝʥʥʦʛʦ 

ʩʘʞʠʩʪʳʤ ʫʛʣʝʨʦʜʦʤ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʚʳʨʘʞʝʥʠʷ 
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ʛe= ʵʬ1 exp( 0,8 )l- - m .              (3.113) 

  

ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ɺ. ɻ. ʃʠʩʠʝʥʢʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʬʘʢʝʣʦʚ 

ʤʘʨʪʝʥʦʚʩʢʠʭ ʧʝʯʝʡ ʧʨʝʜʝʣʴʥʦ ʮʝʣʝʩʦʦʙʨʘʟʥʘʷ ʚʝʣʠʯʠʥʘ mʵʬl  ʩʦʩʪʘʚʣʷʝʪ 

2 ʛ/ʤ2. ʇʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʵʪʦʡ ʚʝʣʠʯʠʥʳ ʫʭʫʜʰʘʶʪʩʷ ʧʦʢʘʟʘʪʝʣʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʧʣʠʚʘ. 

 

3.6.3. ʀʟʣʫʯʝʥʠʝ ʟʘʧʳʣʝʥʥʳʭ ʧʦʪʦʢʦʚ 

 

 ɺ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʝʯʘʭ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ 

ʜʠʩʧʝʨʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʦʛʥʝʫʧʦʨʥʦʛʦ ʛʣʠʥʦʟʝʤʥʦʛʦ ʩʳʨʴʷ, ʠʟʚʝʩʪʥʷʢʘ, 

ʞʝʣʝʟʥʦʡ ʨʫʜʳ, ʨʫʜ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʪ. ʧ.), ʧʨʦʜʫʢʪʳ ʩʛʦʨʘʥʠʷ 

ʩʦʜʝʨʞʘʪ ʧʳʣʝʚʠʜʥʳʝ ʯʘʩʪʠʮʳ. ʊʘʢʠʝ ʟʘʧʳʣʝʥʥʳʝ ʧʦʪʦʢʠ ʛʘʟʘ ʠʥʦʛʜʘ 

ʥʘʟʳʚʘʶʪ ʤʫʪʥʳʤʠ. ʄʝʣʢʦʜʠʩʧʝʨʩʥʘʷ ʧʳʣʴ ʚ ʚʠʜʝ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ, ʢʘʧʝʣʴ 

ʤʝʪʘʣʣʘ, ʰʣʘʢʘ ʥʘʩʳʱʘʝʪ ʛʘʟʦʚʳʝ ʧʦʪʦʢʠ ʠ ʚ ʧʣʘʚʠʣʴʥʳʭ ʧʝʯʘʭ ï 

ʤʘʨʪʝʥʦʚʩʢʠʭ, ʵʣʝʢʪʨʦʜʫʛʦʚʳʭ, ʦʪʨʘʞʘʪʝʣʴʥʳʭ ʠ ʜʨ.  

ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʠʟʣʫʯʝʥʠʷ ʯʝʨʝʟ ʪʘʢʦʡ ʟʘʧʳʣʝʥʥʳʡ ʧʦʪʦʢ ʯʘʩʪʴ 

ʠʟʣʫʯʝʥʠʷ ʧʦʛʣʦʱʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʢʦʤʧʦʥʝʥʪʘʤʠ ʛʘʟʘ, ʥʦ ʠ ʩʘʤʠʤʠ 

ʪʚʝʨʜʳʤʠ ʠ ʞʠʜʢʠʤʠ ʯʘʩʪʠʮʘʤʠ. ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʠ ʧʦʛʣʦʱʝʥʠʝ, ʠ 

ʨʘʩʩʝʷʥʠʝ ʵʥʝʨʛʠʠ ʦʩʣʘʙʣʷʝʪ ʪʝʧʣʦʚʦʝ ʠʟʣʫʯʝʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʟʘʧʳʣʝʥʥʳʡ ʧʦʪʦʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʝʪʝʨʦʛʝʥʥʫʶ ʩʨʝʜʫ, ʘʢʪʠʚʥʦ 

ʫʯʘʩʪʚʫʶʱʫʶ ʚ ʪʝʧʣʦʦʙʤʝʥʝ ʠʟʣʫʯʝʥʠʝʤ, ʦʧʨʝʜʝʣʷʶʱʫʶ ʪʝʧʣʦʚʦʝ 

ʩʦʩʪʦʷʥʠʝ ʚʩʝʭ ʪʝʣ ʩʠʩʪʝʤʳ ʟʘʧʦʣʥʝʥʥʦʡ ʵʪʦʡ ʦʩʣʘʙʣʷʶʱʝʡ ʩʨʝʜʦʡ. 

ʉʫʤʤʘʨʥʫʶ ʧʦʛʣʦʱʘʪʝʣʴʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʟʘʧʳʣʝʥʥʦʛʦ ʧʦʪʦʢʘ ʤʦʞʥʦ 

ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʬʦʨʤʫʣʝ 

ʛ+ʧ ʛ ʧ1 exp[ ( )]A = - - t +t,             (3.114) 

ʚ ʢʦʪʦʨʦʡ ʛt ʠ ʧt ï ʦʧʪʠʯʝʩʢʠʝ ʪʦʣʱʠʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ 

ʠ ʩʣʦʷ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ. ɺʝʣʠʯʠʥʫ ʛt ʦʧʨʝʜʝʣʷʶʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʘʟʦʚʦʛʦ 

ʠʟʣʫʯʝʥʠʷ, ʘ ʟʥʘʯʝʥʠʝ ʧt ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʬʦʨʤʳ, ʨʘʟʤʝʨʦʚ 

ʠ ʧʣʦʪʥʦʩʪʠ ʯʘʩʪʠʮ, ʠʭ ʨʘʜʠʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʠ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʝʤʧʝʨʘʪʫʨʳ ʛʝʪʝʨʦʛʝʥʥʦʡ ʩʠʩʪʝʤʳ, ʵʬʬʝʢʪʠʚʥʦʡ ʜʣʠʥʳ 

ʣʫʯʘ ʠ ʧʨ. ʉʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ ʩʚʷʟʝʡ ʤʝʞʜʫ ʵʪʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʬʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʦʧʪʠʯʝʩʢʦʡ 

ʪʦʣʱʠʥʳ ʩʣʦʷ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ. 

 ʉ ʫʯʝʪʦʤ ʠʟʣʦʞʝʥʥʦʛʦ ɹʣʦʭʦʤ ʧʨʝʜʣʦʞʝʥʳ ʬʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʧt 

ʚ ʛʘʟʦʚʳʭ ʧʦʪʦʢʘʭ: 

ï ʜʣʷ ʟʦʣʳ 
2

ʵʬ( 120ʛ/ʤ )lm = :  

ʧt { }2 3 23
ʵʬ0,015 ( ) 1 0,65 / [1 10 ( ) ] ,T d l- -= - + m               (3.115) 
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ʛʜʝ ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʪʦʢʘ, K; d  ï ʩʨʝʜʥʠʡ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʘʤʝʪʨ 

ʯʘʩʪʠʮ, ʤʢʤ. ʇʨʠ ʵʬlm ¢ 20 ʛ/ʤ2 ʚʳʨʘʞʝʥʠʝ ʚ ʬʠʛʫʨʥʳʭ ʩʢʦʙʢʘʭ ʦʙʨʘʱʘʝʪʩʷ 

ʚ ʝʜʠʥʠʮʫ ʠ ʬʦʨʤʫʣʘ ʫʧʨʦʱʘʝʪʩʷ;  

ï ʜʣʷ ʯʘʩʪʠʮ ʢʦʢʩʘ (ʵʬlm ¢ 20 ʛ/ʤ2): 

ʇt
230,04 ( )T d -= ʵʬlm .               (3.116) 

  

ʕʪʘ ʬʦʨʤʫʣʘ ʯʝʨʝʟ m ʫʯʠʪʳʚʘʝʪ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʨʘʟʤʝʨʦʚ 

ʯʘʩʪʠʮ ʧʦ ʤʝʨʝ ʠʭ ʚʳʛʦʨʘʥʠʷ. 

ʇʨʠʤʝʨ 3.10. ʆʧʨʝʜʝʣʠʪʴ ʧʦʛʣʦʱʘʪʝʣʴʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʟʘʧʳʣʝʥʥʦʛʦ ʟʦʣʦʡ ʧʦʪʦʢʘ, ʝʩʣʠ ʠʟʚʝʩʪʥʳ: ʦʧʪʠʯʝʩʢʘʷ ʪʦʣʱʠʥʘ ʛʘʟʦʚʦʛʦ 

(ʙʝʟ ʧʳʣʠ) ʧʦʪʦʢʘ    ʛt = 0,16; ʵʬʬʝʢʪʠʚʥʘʷ ʜʣʠʥʘ ʣʫʯʘ ʵʬl  = 3,0 ʤ; 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʳʣʠ m = 4 ʛ/ʤ3; ʩʨʝʜʥʠʡ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʘʤʝʪʨ ʯʘʩʪʠʮ 

ʧʳʣʠ d = 5 ʤʢʤ; ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʧʳʣʝʥʥʦʛʦ ʧʦʪʦʢʘ 1600 ʂ. 

ʈʝʰʝʥʠʝ:  

ʆʧʨʝʜʝʣʠʚ, ʯʪʦ ʵʬlm =12 ʛ/ʤ2, ʫʩʪʘʥʘʚʣʠʚʘʝʤ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʯʝʪʘ ʇt  

ʧʦ ʫʧʨʦʱʝʥʥʦʡ ʬʦʨʤʫʣʝ (5.14): 

ʧt
230,015 ( )T d -=

3 20,015 1600 5 0,06.-= Ö =  

 ɼʘʣʝʝ ʩ ʧʦʤʦʱʴʶ (6.13) ʨʘʩʩʯʠʪʳʚʘʝʤ  

 

ʛ+ʧ ʛ ʧ1 exp[ ( )]A = - - t +t1 exp[ (0,16 0,06)] 0,20.= - - + = 

  

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʦʧʨʝʜʝʣʠʤ ʚʝʣʠʯʠʥʫ ʛA  (ʙʝʟ ʧʳʣʠ). ʇʦ ʜʘʥʥʳʤ 

ʧʨʠʤʝʨʘ ʵʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʚʥʘ 0,15. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʣʠʯʠʝ ʚ ʛʘʟʦʚʦʤ 

ʧʦʪʦʢʝ ʟʦʣʳ ʚ ʢʦʣʠʯʝʩʪʚʝ 4 ʛ/ʩʤ3 ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʛʣʦʱʘʪʝʣʴʥʫʶ, ʘ 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʠʟʣʫʯʘʪʝʣʴʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʟʘʧʳʣʝʥʥʦʛʦ ʧʦʪʦʢʘ ʥʘ 25 %. 
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4. ʆʉʅʆɺʓ ʆʈɻɸʅʀɿɸʎʀʀ ɼɺʀɾɽʅʀʗ ɻɸɿʆɺ  

ɺ ʈɸɹʆʏɽʄ ʇʈʆʉʊʈɸʅʉʊɺɽ 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʝ ʠ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʝ 

ʧʨʝʜʧʨʠʷʪʠʷ ʠʤʝʶʪ ʦʙʰʠʨʥʳʡ ʧʘʨʢ ʧʣʘʚʠʣʴʥʳʭ, ʥʘʛʨʝʚʘʪʝʣʴʥʳʭ ʠ 

ʩʫʰʠʣʴʥʳʭ ʧʝʯʝʡ, ʚʢʣʶʯʘʶʱʠʭ ʚ ʩʝʙʷ ʨʘʟʚʝʪʚʣʝʥʥʫʶ ʩʝʪʴ ʧʦʩʪʦʷʥʥʦ 

ʜʝʡʩʪʚʫʶʱʠʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ ʢʘʥʘʣʦʚ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʧʦʜʚʦʜʷʪ 

ʪʦʧʣʠʚʦ, ʚʦʟʜʫʭ, ʢʠʩʣʦʨʦʜ ʠ ʦʪʚʦʜʷʪ ʧʨʦʜʫʢʪʳ ʛʦʨʝʥʠʷ. ɼʣʷ ʧʝʨʝʤʝʱʝʥʠʷ 

ʛʘʟʦʚ ʠ ʞʠʜʢʦʩʪʝʡ (ʥʘʧʨʠʤʝʨ, ʤʘʟʫʪʘ) ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʘʤ ʠ ʢʘʥʘʣʘʤ 

ʪʨʝʙʫʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʷʛʦʜʫʪʴʝʚʳʭ ʫʩʪʨʦʡʩʪʚ: ʜʳʤʦʚʳʭ 

ʪʨʫʙ, ʵʞʝʢʪʦʨʦʚ, ʜʳʤʦʩʦʩʦʚ, ʚʝʥʪʠʣʷʪʦʨʦʚ ʠ ʪ. ʜ. 

ɺ ʫʩʣʦʚʠʷʭ ʜʝʡʩʪʚʫʶʱʠʭ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʟʘʚʦʜʦʚ ʧʨʠʭʦʜʠʪʩʷ 

ʨʝʰʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʝ ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʩʯʝʪʦʤ, 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝʤ ʠ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʜʫʪʴʝʚʳʭ ʬʫʨʤ, ʪʦʧʣʠʚʦʩʞʠʛʘʶʱʠʭ 

ʫʩʪʨʦʡʩʪʚ, ʜʳʤʦʚʳʭ ʠ ʚʦʟʜʫʰʥʳʭ ʪʨʘʩʩ. ɺʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʪʝʧʣʦʚʳʭ ʘʛʨʝʛʘʪʦʚ ʠ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʠʭ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʨʘʟʥʳʭ 

ʟʘʚʦʜʘʭ ʤʦʞʝʪ ʙʳʪʴ ʩʘʤʳʤ ʨʘʟʣʠʯʥʳʤ, ʧʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʘʪʴ ʪʠʧʦʚʳʝ 

ʨʘʟʚʦʜʢʠ ʚʦʟʜʫʰʥʳʭ ʠ ʜʳʤʦʚʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ.  

 

 

4.1. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ  

ʠʟ ʪʝʦʨʠʠ ʤʝʭʘʥʠʢʠ ʞʠʜʢʦʩʪʠ ʠ ʛʘʟʦʚ 

 

ʄʝʭʘʥʠʢʘ ʜʚʠʞʝʥʠʷ ʛʘʟʦʚ, ʩʦʩʪʘʚʣʷʶʱʘʷ ʨʘʟʜʝʣ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ 

ʪʝʧʣʦʪʝʭʥʠʢʠ, ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʟʘʢʦʥʘʭ ʛʠʜʨʘʚʣʠʢʠ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʛʠʜʨʦʘʵʨʦʤʝʭʘʥʠʢʠ. ɼʣʷ ʤʝʪʘʣʣʫʨʛʦʚ ʤʝʭʘʥʠʢʘ ʞʠʜʢʦʩʪʝʡ ʠ ʛʘʟʦʚ 

ʦʪʢʨʳʚʘʝʪ ʟʘʢʦʥʳ ʠ ʧʫʪʠ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʤʝʪʘʣʣʦʚ. ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʳ ʩʪʘʪʠʢʠ, ʢʠʥʝʤʘʪʠʢʠ ʠ 

ʜʠʥʘʤʠʢʠ ʞʠʜʢʦʩʪʠ ʠ ʛʘʟʘ, ʨʘʟʣʠʯʥʳʝ ʩʦʚʨʝʤʝʥʥʳʝ ʤʦʜʝʣʠ ʪʝʯʝʥʠʷ 

ʞʠʜʢʦʩʪʠ ʠ ʛʘʟʘ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ, ʤʦʜʝʣʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, ʤʦʜʝʣʠ ʠʩʪʝʯʝʥʠʷ ʛʘʟʘ ʠʟ ʩʦʧʝʣ ʠ ʦʪʚʝʨʩʪʠʡ ʚ 

ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʠ ʥʝʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʝ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʤʝʭʘʥʠʢʠ ʞʠʜʢʦʩʪʠ ʠ ʛʘʟʘ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʚ 

ʩʧʝʮʠʘʣʴʥʳʭ ʫʯʝʙʥʠʢʘʭ ʠ ʫʯʝʙʥʳʭ ʧʦʩʦʙʠʷʭ [1é3]. ɺ ʜʘʥʥʦʤ ʫʯʝʙʥʦʤ 

ʧʦʩʦʙʠʠ ʧʨʠʚʝʜʝʥʳ ʣʠʰʴ ʪʝ ʧʦʣʦʞʝʥʠʷ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʢʦʪʦʨʳʝ 

ʩʚʷʟʘʥʳ ʩ ʨʘʩʯʝʪʘʤʠ ʛʘʟʦʭʦʜʦʚ ʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʚʳʙʦʨʦʤ ʪʷʛʦʜʫʪʴʝʚʳʭ 

ʩʨʝʜʩʪʚ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʵʣʝʤʝʥʪʦʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʝʯʝʡ.  

 

 

4.1.1. ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʞʠʜʢʦʩʪʠ ʠ ʛʘʟʘ 
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ɻʘʟʳ ʠ ʞʠʜʢʦʩʪʠ ʠʤʝʶʪ ʤʥʦʛʦ ʦʙʱʝʛʦ ʚ ʩʚʦʝʤ ʧʦʚʝʜʝʥʠʠ ʧʨʠ 

ʜʚʠʞʝʥʠʠ, ʝʩʣʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʝʣʠʢʠ 

(<< 100 ʤ/ʩ). ɾʠʜʢʦʩʪʠ ʠ ʛʘʟʳ ʩʦʩʪʦʷʪ ʠʟ ʜʠʩʢʨʝʪʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʠ ʥʝʧʨʝʨʳʚʥʦ ʜʚʠʞʫʱʠʭʩʷ ʤʦʣʝʢʫʣ, ʦʜʥʘʢʦ ʚ ʤʝʭʘʥʠʢʝ ʞʠʜʢʦʩʪʝʡ ʠ ʛʘʟʦʚ 

ʠʭ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʢʘʢ ʩʧʣʦʰʥʫʶ ʩʨʝʜʫ, ʪ. ʝ. ʠʭ ʜʠʩʢʨʝʪʥʳʤ ʩʪʨʦʝʥʠʝʤ 

ʧʨʝʥʝʙʨʝʛʘʶʪ. ɼʦʧʫʱʝʥʠʝ ʦ ʩʧʣʦʰʥʦʩʪʠ ʩʨʝʜʳ ʦʢʘʟʳʚʘʝʪʩʷ ʚʧʦʣʥʝ 

ʧʨʠʝʤʣʝʤʳʤ, ʝʩʣʠ ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ ʤʦʣʝʢʫʣ ʦʯʝʥʴ ʤʘʣʘ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʨʘʟʤʝʨʦʤ ʧʦʪʦʢʘ, ʪ. ʝ. ʧʦʧʝʨʝʯʥʳʤ ʨʘʟʤʝʨʦʤ 

ʪʨʫʙʳ ʠʣʠ ʢʘʥʘʣʘ, ʧʦ ʢʦʪʦʨʳʤ ʜʚʠʞʝʪʩʷ ʩʨʝʜʘ, ʣʠʙʦ ʨʘʟʤʝʨʦʤ ʦʙʪʝʢʘʝʤʦʛʦ 

ʧʦʪʦʢʦʤ ʪʝʣʘ. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʩʧʣʦʰʥʦʩʪʠ ʩʨʝʜʳ ʦʙʣʝʛʯʘʝʪ ʠʟʫʯʝʥʠʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʛʘʟʦʜʠʥʘʤʠʢʠ. ɼʚʠʞʝʥʠʝ ʛʘʟʦʚ ʚ ʧʝʯʘʭ ʤʦʞʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ ʩʠʣ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢʠʝ 

ʧʨʠʯʠʥʳ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʵʪʦ ʜʚʠʞʝʥʠʝ, ʨʘʟʣʠʯʘʶʪ ʩʚʦʙʦʜʥʦʝ ʠ 

ʚʳʥʫʞʜʝʥʥʦʝ ʜʚʠʞʝʥʠʝ. ʇʨʠ ʥʘʛʨʝʚʝ ʛʘʟʘ ʧʦʷʚʣʷʝʪʩʷ ʟʘʤʝʪʥʘʷ ʨʘʟʥʦʩʪʴ 

ʝʛʦ ʧʣʦʪʥʦʩʪʝʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚʦʟʥʠʢʘʝʪ ʜʚʠʞʝʥʠʝ ʛʘʟʘ, ʢʦʪʦʨʦʝ 

ʥʘʟʳʚʘʶʪ ʩʚʦʙʦʜʥʳʤ ʠʣʠ ʝʩʪʝʩʪʚʝʥʥʳʤ. ɽʩʣʠ ʞʝ ʜʚʠʞʝʥʠʝ ʛʘʟʦʚ ʚʳʟʚʘʥʦ 

ʚʥʝʰʥʠʤʠ ʩʠʣʘʤʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ, ʥʘʧʨʠʤʝʨ, ʨʘʙʦʪʦʡ ʚʝʥʪʠʣʷʪʦʨʘ ʠʣʠ 

ʜʳʤʦʩʦʩʘ, ʪʦ ʝʛʦ ʥʘʟʳʚʘʶʪ ʚʳʥʫʞʜʝʥʥʳʤ ʠʣʠ ʧʨʠʥʫʜʠʪʝʣʴʥʳʤ. 

ʇʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʧʝʯʝʡ ʨʘʙʦʪʘʶʪ ʚ ʫʩʣʦʚʠʷʭ 

ʚʳʥʫʞʜʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʛʘʟʘ. ɺʩʝ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʚ ʨʝʘʣʴʥʳʭ ʛʘʟʘʭ, 

ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʦʙʲʝʤʥʳʝ (ʠʣʠ ʤʘʩʩʦʚʳʝ), ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʢʘʞʜʫʶ 

ʯʘʩʪʠʮʫ ʛʘʟʘ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʚ ʜʘʥʥʦʤ ʦʙʲʝʤʝ, ʥʘʧʨʠʤʝʨ, ʩʠʣʘ ʪʷʞʝʩʪʠ 

ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ, ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʝ, ʚʦʟʥʠʢʘʶʱʠʝ ʠʟ-ʟʘ ʛʨʘʜʠʝʥʪʘ 

ʜʘʚʣʝʥʠʷ, ʚʷʟʢʠʭ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠʣʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ. 

ɻʘʟʳ ʠ ʞʠʜʢʦʩʪʠ ʠʤʝʶʪ ʤʥʦʛʦ ʦʙʱʝʛʦ ʥʝ ʪʦʣʴʢʦ ʚ ʦʧʠʩʘʥʠʠ 

ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ, ʥʦ ʠ ʚ ʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʦʧʠʩʘʥʠʠ. ʆʜʥʘʢʦ ʤʝʞʜʫ 

ʥʠʤʠ ʠʤʝʶʪʩʷ ʚʝʩʴʤʘ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ. ʆʜʥʦ ʠʟ ʥʠʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʞʠʜʢʦʩʪʝʡ ʛʘʟʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʚʳʨʘʞʘʶʱʠʤ ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ ʛʘʟʘ ʧʨʠ ʝʛʦ ʥʘʛʨʝʚʘʥʠʠ ʥʘ 1 Áʉ. 

ɺʘʞʥʳʤ ʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʦʤ ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ ʝʝ ʧʣʦʪʥʦʩʪʴ, 

ʪ. ʝ. ʤʘʩʩʘ ʚʝʱʝʩʪʚʘ, ʩʦʜʝʨʞʘʱʘʷʩʷ ʚ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ. ɽʩʣʠ ʧʣʦʪʥʦʩʪʴ 

ʪʝʢʫʯʝʡ ʩʨʝʜʳ ʥʝ ʤʝʥʷʝʪʩʷ ʩ ʜʘʚʣʝʥʠʝʤ, ʪʦ ʪʘʢʫʶ ʩʨʝʜʫ ʥʘʟʳʚʘʶʪ 

ʥʝʩʞʠʤʘʝʤʦʡ. ʂ ʪʘʢʠʤ ʩʨʝʜʘʤ ʦʪʥʦʩʷʪʩʷ ʧʨʝʞʜʝ ʚʩʝʛʦ ʚʩʝ ʞʠʜʢʦʩʪʠ. ɽʩʣʠ 

ʚ ʧʦʪʦʢʝ ʛʘʟʘ ʠ ʜʘʚʣʝʥʠʝ, ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʩʪʦʷʥʥʳ, ʪʦ ʝʛʦ ʧʣʦʪʥʦʩʪʴ ʪʘʢʞʝ 

ʙʫʜʝʪ ʧʦʩʪʦʷʥʥʦʡ, ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʛʘʟ ʙʫʜʝʪ ʚʝʩʪʠ ʩʝʙʷ ʢʘʢ ʥʝʩʞʠʤʘʝʤʘʷ 

ʞʠʜʢʦʩʪʴ. ɽʩʣʠ ʞʝ ʧʣʦʪʥʦʩʪʴ ï ʚʝʣʠʯʠʥʘ ʧʝʨʝʤʝʥʥʘʷ, ʪʝʢʫʯʘʷ ʩʨʝʜʘ 

ʥʘʟʳʚʘʝʪʩʷ ʩʞʠʤʘʝʤʦʡ. 

ʀʟʤʝʥʝʥʠʝ ʜʘʚʣʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʦʙʲʝʤ ʞʠʜʢʦʩʪʠ, ʦʥʘ 

ʥʝʩʞʠʤʘʝʤʘ ʜʘʞʝ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʢ ʥʝʡ ʙʦʣʴʰʠʭ ʜʘʚʣʝʥʠʡ. ɻʘʟʳ 

ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʷʶʪ ʩʚʦʡ ʦʙʲʝʤ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʜʘʚʣʝʥʠʷ. ɺ ʩʠʩʪʝʤʝ 

ʛʘʟʦʭʦʜʦʚ ʧʝʯʠ ʜʘʚʣʝʥʠʝ ʠʟʤʝʥʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ (ʥʝ ʙʦʣʝʝ 1 % ʦʪ 
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ʘʪʤʦʩʬʝʨʥʦʛʦ). ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʷʝʪʩʷ ʠ ʦʙʲʝʤ 

ʛʘʟʦʚ. ʊʘʢʠʤ ʥʝʙʦʣʴʰʠʤ ʠʟʤʝʥʝʥʠʝʤ ʦʙʲʝʤʘ ʛʘʟʘ ʦʪ ʜʘʚʣʝʥʠʷ ʤʦʞʥʦ 

ʧʨʝʥʝʙʨʝʯʴ ʠ ʩʯʠʪʘʪʴ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʛʘʟ ʧʦʜʦʙʝʥ ʞʠʜʢʦʩʪʠ, ʯʪʦ ʦʥ ʪʘʢ 

ʞʝ ʥʝʩʞʠʤʘʝʤ ʠ ʯʪʦ ʬʦʨʤʫʣʳ, ʚʳʚʝʜʝʥʥʳʝ ʚ ʛʠʜʨʦʜʠʥʘʤʠʢʝ ʜʣʷ 

ʞʠʜʢʦʩʪʝʡ, ʦʩʪʘʶʪʩʷ ʩʧʨʘʚʝʜʣʠʚʳʤʠ ʠ ʜʣʷ ʛʘʟʦʚ. ɽʩʣʠ ʞʝ ʜʘʚʣʝʥʠʝ ʚ 

ʩʠʩʪʝʤʝ ʛʘʟʦʧʨʦʚʦʜʦʚ ʠʟʤʝʥʷʝʪʩʷ ʙʦʣʝʝ ʯʝʤ ʥʘ 10 % ʦʪ ʘʪʤʦʩʬʝʨʥʦʛʦ, ʪʦ 

ʠʟʤʝʥʝʥʠʝʤ ʦʙʲʝʤʦʚ ʛʘʟʘ ʦʪ ʜʘʚʣʝʥʠʷ ʧʨʝʥʝʙʨʝʛʘʪʴ ʥʝʣʴʟʷ. 

ɿʘʢʦʥʳ ʛʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʤʦʣʝʢʫʣʷʨʥʦ-

ʢʠʥʝʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʛʘʟʦʚ, ʧʦʟʚʦʣʷʶʪ ʫʩʪʘʥʦʚʠʪʴ ʩʚʷʟʴ ʤʝʞʜʫ ʦʩʥʦʚʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʩʦʩʪʦʷʥʠʷ ʛʘʟʘ (ʜʘʚʣʝʥʠʝʤ, ʦʙʲʝʤʦʤ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ). 

ɽʩʣʠ ʜʘʚʣʝʥʠʝ ʛʘʟʘ ʧʦʩʪʦʷʥʥʦ, ʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʝʛʦ ʦʙʲʝʤʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʧʠʩʳʚʘʝʪʩʷ ʟʘʢʦʥʦʤ ɻʝʡ-ʃʶʩʩʘʢʘ: 

 

( )0 1 ,tV V t= +b                          (4.1) 

 

ʛʜʝ V0 ï ʦʙʲʝʤ ʛʘʟʘ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ (0 Áʉ ʠ 760 ʤʤ ʨʪ.ʩʪ.), ʤ
3;  

V1 ï ʪʦ ʞʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʛʘʟʘ t, °C; 

bï ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʲʝʤʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʛʘʟʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 

ʜʘʚʣʝʥʠʠ, ʦʜʠʥʘʢʦʚʳʡ ʜʣʷ ʚʩʝʭ ʛʘʟʦʚ ʠ ʨʘʚʥʳʡ 1/273 ʛʨʘʜ-1. 

ʀʟ ʫʨʘʚʥʝʥʠʷ (1.1) ʚʠʜʥʦ, ʯʪʦ ʦʙʲʝʤ ʛʘʟʘ ʠʟʤʝʥʷʝʪʩʷ ʣʠʥʝʡʥʦ ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ. ʕʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʧʨʷʤʦʡ ʣʠʥʠʝʡ, ʘ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ, 

ʥʘʟʳʚʘʶʪ ʠʟʦʙʘʨʠʯʝʩʢʠʤʠ. ɽʩʣʠ ʟʘʧʠʩʘʪʴ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʦʙʲʝʤʦʚ ʛʘʟʘ ʧʨʠ 

ʜʚʫʭ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʊ1, ʠ ʊ2), ʘ ʟʘʪʝʤ ʧʦʜʝʣʠʪʴ ʦʜʥʦ ʥʘ ʜʨʫʛʦʝ, ʪʦ 

ʧʦʣʫʯʠʪʩʷ 

 

( )
( )

0 22 2 2

1 0 1 1 1

1 273
.

1 273

V tV t T

V V t t T

+b +
= = =

+b +
               (4.2) 

 

ʇʣʦʪʥʦʩʪʴ ʛʘʟʘ ʧʨʠ ʝʛʦ ʥʘʛʨʝʚʘʥʠʠ ʫʤʝʥʴʰʘʝʪʩʷ, ʠ ʝʝ ʤʦʞʥʦ 

ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʬʦʨʤʫʣʝ 

0 ,
1

t
t

r
r =

+b
                  (4.3) 

ʛʜʝ ɟ0 ï ʧʣʦʪʥʦʩʪʴ ʛʘʟʘ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʢʛ/ʤ
3; 

ɟt ï ʪʦ ʞʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʛʘʟʘ t, °C. 

ʉʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ɹʦʡʣʷ ï ʄʘʨʠʦʪʪʘ, ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʛʘʟʘ ʧʨʦʠʟʚʝʜʝʥʠʝ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʥʘ ʝʛʦ ʦʙʲʝʤ ʝʩʪʴ ʚʝʣʠʯʠʥʘ ʧʦʩʪʦʷʥʥʘʷ: 

 

1 1 2 2 const.PV PV= =     (4.4) 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ 



152 

.
2

1
12

P

P
VV =                      (4.5) 

ʇʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʥʘʟʳʚʘʶʪ 

ʠʟʦʪʝʨʤʠʯʝʩʢʠʤʠ. 

ʀʟʤʝʥʝʥʠʝ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʳ (ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʤ ʦʙʲʝʤʝ) ʦʧʠʩʳʚʘʝʪʩʷ ʟʘʢʦʥʦʤ ʐʘʨʣʷ: 

 

( )2 1 1 .P P t= +b                             (4.6) 

ʄʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

.
2

1

2

1

T

T

P

P
=                            (4.7) 

ʇʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʦʙʲʝʤʝ, ʥʘʟʳʚʘʶʪ 

ʠʟʦʭʦʨʠʯʝʩʢʠʤʠ. 

ɿʘʢʦʥ ʂʣʘʧʝʡʨʦʥʘ ʦʙʲʝʜʠʥʷʝʪ ʟʘʢʦʥʳ ɻʝʡ-ʃʶʩʩʘʢʘ ʠ ɹʦʡʣʷ ï 

ʄʘʨʠʦʪʪʘ ʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʦʙʱʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʘ ʛʘʟʘ ʧʨʠ 

ʠʟʤʝʥʝʥʠʷʭ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ: 

.
2

22

1

11

T

VP

T

VP
=                      (4.8) 

ʉʚʷʟʴ ʤʝʞʜʫ ʧʣʦʪʥʦʩʪʴʶ ʛʘʟʘ ʠ ʜʘʚʣʝʥʠʝʤ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʩʣʝʜʫʶʱʠʤ ʫʨʘʚʥʝʥʠʝʤ: 

 

2 1
2 1

1 2

.
PT

PT
r =r                                 (4.9) 

ʉʧʦʩʦʙʥʦʩʪʴ ʛʘʟʦʚ ʠʟʤʝʥʷʪʴ ʧʣʦʪʥʦʩʪʴ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ ʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʪʝʧʣʦʪʝʭʥʠʢʝ, 

ʥʘʧʨʠʤʝʨ, ʧʨʠ ʫʜʘʣʝʥʠʠ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʜʳʤʦʚʳʭ ʪʨʫʙ, 

ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʦʭʣʘʞʜʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʝʯʝʡ, ʧʨʠ 

ʦʙʝʩʧʝʯʝʥʠʠ ʨʘʚʥʦʤʝʨʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʨʝʢʫʧʝʨʘʪʦʨʘʭ ʠ ʨʝʛʝʥʝʨʘʪʦʨʘʭ 

ʠ ʪ. ʜ.  

 

 

4.1.2. ʈʝʞʠʤʳ ʜʚʠʞʝʥʠʷ ʛʘʟʦʚʳʭ ʧʦʪʦʢʦʚ 

 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʦʩʪʦʷʥʠʷ ʧʦʢʦʷ, ʪʝʯʝʥʠʝ ʛʘʟʦʚ ʚ ʪʨʫʙʘʭ ʠ ʢʘʥʘʣʘʭ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʝʣʠʯʠʥʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ  2 / 2mw . 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʪʝʯʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʫʩʪʘʥʦʚʠʚʰʠʤʠʩʷ (ʩʪʘʮʠʦʥʘʨʥʳʤʠ) 

ʠ ʥʝʫʩʪʘʥʦʚʠʚʰʠʤʠʩʷ (ʥʝʩʪʘʮʠʦʥʘʨʥʳʤʠ). ɺ ʤʝʭʘʥʠʢʝ ʛʘʟʦʚ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʤ ʧʝʯʘʤ ʨʘʩʩʤʘʪʨʠʚʘʶʪ, ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʠʚʰʠʝʩʷ ʪʝʯʝʥʠʷ, ʭʘʨʘʢʪʝʨʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʦʪʦʨʳʭ 
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ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʩʪʚʦ ʚʦ ʚʨʝʤʝʥʠ ʤʘʩʩʳ ʚ ʣʶʙʦʤ ʩʝʯʝʥʠʠ ʧʦʪʦʢʘ ʠ 

ʧʦʩʪʦʷʥʩʪʚʦ ʩʢʦʨʦʩʪʠ ʚ ʣʶʙʦʡ ʝʛʦ ʪʦʯʢʝ, ʠʥʘʯʝ ï ʧʦʩʪʦʷʥʩʪʚʦ ʧʦʣʷ 

ʩʢʦʨʦʩʪʝʡ ʚ ʣʶʙʦʤ ʩʝʯʝʥʠʠ ʧʦʪʦʢʘ. ʅʝʫʩʪʘʥʦʚʠʚʰʠʝʩʷ ʪʝʯʝʥʠʷ ʥʝ 

ʦʙʣʘʜʘʶʪ ʵʪʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʨʘʟʣʠʯʘʶʪ ʜʚʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʥʳʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ 

ʚʠʟʫʘʣʴʥʦ ʥʘʙʣʶʜʘʝʤʳʭ ʪʝʯʝʥʠʷ: ʣʘʤʠʥʘʨʥʦʝ ʠ ʪʫʨʙʫʣʝʥʪʥʦʝ. 

ʃʘʤʠʥʘʨʥʦʝ, ʠʣʠ ʩʣʦʠʩʪʦʝ ʜʚʠʞʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʤ, ʯʪʦ ʦʪʜʝʣʴʥʳʝ 

ʩʪʨʫʡʢʠ ʛʘʟʘ ʚ ʧʦʪʦʢʝ ʜʚʠʞʫʪʩʷ ʩʪʨʦʛʦ ʧʘʨʘʣʣʝʣʴʥʦ, ʥʝ ʧʝʨʝʩʝʢʘʷʩʴ. ʇʨʠ 

ʪʫʨʙʫʣʝʥʪʥʦʤ, ʠʣʠ ʚʠʭʨʝʦʙʨʘʟʥʦʤ ʜʚʠʞʝʥʠʠ ʵʣʝʤʝʥʪʘʨʥʳʝ ʩʪʨʫʡʢʠ ʛʘʟʘ 

ʜʚʠʞʫʪʩʷ ʙʝʩʧʦʨʷʜʦʯʥʦ, ʪʨʘʝʢʪʦʨʠʠ ʠʭ ʧʦʩʪʦʷʥʥʦ ʧʝʨʝʩʝʢʘʶʪʩʷ. ɺ ʪʘʢʦʤ 

ʧʦʪʦʢʝ ʩʢʦʨʦʩʪʴ ʚ ʪʦʯʢʝ ʤʦʞʝʪ ʩʯʠʪʘʪʴʩʷ ʧʦʩʪʦʷʥʥʦʡ ʪʦʣʴʢʦ ʚ ʩʨʝʜʥʝʤ ʟʘ 

ʥʝʢʦʪʦʨʳʡ ʦʪʨʝʟʦʢ ʚʨʝʤʝʥʠ. ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʢʦʨʦʩʪʴ ʚ ʪʦʯʢʝ ʢʘʢ ʙʳ 

ʧʫʣʴʩʠʨʫʝʪ. ʇʦʵʪʦʤʫ ʧʨʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʪʫʨʙʫʣʝʥʪʥʳʭ ʪʝʯʝʥʠʡ 

ʧʦʣʴʟʫʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʦʥʷʪʠʝʤ çʯʘʩʪʦʪʘ ʧʫʣʴʩʘʮʠʡè. ʇʨʠ ʵʪʦʤ 

ʦʪʥʦʰʝʥʠʝ ʩʨʝʜʥʝʡ ʢʚʘʜʨʘʪʠʯʥʦʡ ʧʫʣʴʩʘʮʠʠ, ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʝʢʪʦʨ 

ʩʢʦʨʦʩʪʠ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ, ʢ ʦʩʨʝʜʥʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʥʘʟʳʚʘʝʪʩʷ 

ʩʪʝʧʝʥʴʶ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ. 

ʃʘʤʠʥʘʨʥʦʝ ʠ ʪʫʨʙʫʣʝʥʪʥʦʝ ʪʝʯʝʥʠʝ ʦʪʣʠʯʘʝʪʩʷ ʦʜʥʦ ʦʪ ʜʨʫʛʦʛʦ 

ʥʝ ʪʦʣʴʢʦ ʭʘʨʘʢʪʝʨʦʤ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʠ ʥʘʣʠʯʠʝʤ ʧʦʧʝʨʝʯʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʧʨʠ ʪʫʨʙʫʣʝʥʪʥʦʤ ʜʚʠʞʝʥʠʠ, ʥʦ ʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʧʦ ʩʝʯʝʥʠʶ. ʇʨʠ ʣʘʤʠʥʘʨʥʦʤ 

ʪʝʯʝʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʧʦ ʩʝʯʝʥʠʶ ʠʤʝʝʪ ʧʘʨʘʙʦʣʠʯʝʩʢʠʡ 

ʭʘʨʘʢʪʝʨ ʩ ʤʘʢʩʠʤʫʤʦʤ ʩʢʦʨʦʩʪʠ ʥʘ ʦʩʠ ʪʨʫʙʳ ʠʣʠ ʢʘʥʘʣʘ ʠ ʥʫʣʝʚʳʤ ʝʝ 

ʟʥʘʯʝʥʠʝʤ ʫ ʩʪʝʥʦʢ. ʇʨʠ ʵʪʦʤ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦ ʩʝʯʝʥʠʶ 

max0,5 .w w=  

ʇʨʠ ʪʫʨʙʫʣʝʥʪʥʦʤ ʪʝʯʝʥʠʠ ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʩʣʦʞʥʝʝ, 

ʥʦ ʩ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚ ʷʜʨʝ ʧʦʪʦʢʘ ʠ ʨʝʟʢʠʤ ʧʘʜʝʥʠʝʤ 

ʝʝ ʚʙʣʠʟʠ ʩʪʝʥʦʢ ʜʦ ʥʫʣʷ. ʇʨʠ ʵʪʦʤ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚ ʩʝʯʝʥʠʠ 

ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ. ɺ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ ʦʥʦ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʠʥʷʪʦ ʨʘʚʥʳʤ ( )max0,8 0,9 .w w=  

ʏʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʫʩʣʦʚʠʡ, ʧʨʠ 

ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʦʪ ʣʘʤʠʥʘʨʥʦʛʦ ʨʝʞʠʤʘ ʢ ʪʫʨʙʫʣʝʥʪʥʦʤʫ. 

ʕʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ ʩʠʣ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʠ ʠʥʝʨʮʠʠ. ʉʠʣʘ 

ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʬʘʢʪʦʨʦʤ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʤ 

ʩʦʭʨʘʥʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʣʘʤʠʥʘʨʥʦʛʦ ʨʝʞʠʤʘ. ʏʝʤ ʙʦʣʴʰʝ ʚʷʟʢʦʩʪʴ 

ʧʦʪʦʢʘ, ʪʝʤ ʚʝʨʦʷʪʥʝʝ ʫʧʦʨʷʜʦʯʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʝʛʦ ʜʚʠʞʝʥʠʷ. ʅʘʧʨʦʪʠʚ, 

ʫʚʝʣʠʯʝʥʠʝ ʩʠʣ ʠʥʝʨʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʟʘʨʦʞʜʘʶʱʠʝʩʷ ʚ ʧʦʪʦʢʝ 

ʚʦʟʤʫʱʝʥʠʷ ʙʳʩʪʨʦ ʥʘʨʘʩʪʘʶʪ ʧʦ ʘʤʧʣʠʪʫʜʝ ʠ, ʚ ʢʦʥʮʝ ʢʦʥʮʦʚ, ʧʨʠʚʦʜʷʪ 

ʢ ʧʦʪʝʨʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʣʘʤʠʥʘʨʥʦʛʦ ʨʝʞʠʤʘ ʠ ʧʝʨʝʭʦʜʫ ʝʛʦ ʚ 

ʪʫʨʙʫʣʝʥʪʥʳʡ. ʇʦʥʷʪʥʦ, ʯʝʤ ʚʳʰʝ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʩʨʝʜʳ ʠ ʯʝʤ ʙʦʣʴʰʝ 

ʨʘʟʤʝʨ ʧʦʪʦʢʘ, ʪʝʤ ʙʦʣʴʰʝ ʙʫʜʝʪ ʩʠʣʘ ʠʥʝʨʮʠʠ. ɹʝʟʨʘʟʤʝʨʥʫʶ ʚʝʣʠʯʠʥʫ, 
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ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʦʦʪʥʦʰʝʥʠʝ ʩʠʣ ʠʥʝʨʮʠʠ ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʚ 

ʧʦʪʦʢʝ, ʥʘʟʳʚʘʶʪ ʯʠʩʣʦʤ ʈʝʡʥʦʣʴʜʩʘ ʠ ʚʳʨʘʞʘʶʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

Re ,
wL

v
=                  (4.10) 

ʛʜʝ w ï ʭʘʨʘʢʪʝʨʥʦʝ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ, ʤ/ʩ; 

L ï ʦʧʨʝʜʝʣʷʶʱʠʡ ʨʘʟʤʝʨ ʧʦʪʦʢʘ, ʤ; 

v ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʚʷʟʢʦʩʪʠ ʩʨʝʜʳ, ʤ2/ʩ. 

ɿʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠ ʨʘʟʤʝʨʘ ʧʦʪʦʢʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʣʫʯʘʝʚ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ-ʨʘʟʥʦʤʫ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦʪʦʢʘ ʚ ʪʨʫʙʝ ʠʣʠ 

ʢʘʥʘʣʝ ʭʘʨʘʢʪʝʨʥʳʤ ʟʥʘʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʷʚʣʷʝʪʩʷ ʩʨʝʜʥʷʷ ʧʦ ʩʝʯʝʥʠʶ 

ʩʢʦʨʦʩʪʴ, ʘ ʦʧʨʝʜʝʣʷʶʱʠʤ ʨʘʟʤʝʨʦʤ ï ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʜʠʘʤʝʪʨ ʢʘʥʘʣʘ: 

ʛ

4
,

ʇ
d

w
=                 (4.11) 

 

ʛʜʝ ɤ ï ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ ʢʘʥʘʣʘ, ʤ2;  

ʇ ï ʧʝʨʠʤʝʪʨ ʩʝʯʝʥʠʷ ʢʘʥʘʣʘ, ʤ. 

ʇʨʠ ʚʥʝʰʥʝʤ ʦʙʪʝʢʘʥʠʠ ʪʝʣʘ ʧʦʪʦʢʦʤ ʟʘ ʭʘʨʘʢʪʝʨʥʫʶ ʩʢʦʨʦʩʪʴ 

ʧʨʠʥʠʤʘʶʪ ʩʢʦʨʦʩʪʴ ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʧʦʪʦʢʘ, ʘ ʟʘ ʦʧʨʝʜʝʣʷʶʱʠʡ ʨʘʟʤʝʨ ï 

ʨʘʟʤʝʨ ʦʙʪʝʢʘʝʤʦʛʦ ʪʝʣʘ. 

ʏʪʦʙʳ ʧʦʥʷʪʴ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ, ʥʫʞʥʦ ʚ 

ʚʳʨʘʞʝʥʠʠ (4.10)   ʧʨʦʠʟʚʝʩʪʠ ʥʝʢʦʪʦʨʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ: ʚʦ-ʧʝʨʚʳʭ, 

ʧʦʜʩʪʘʚʠʪʴ ʟʥʘʯʝʥʠʝ v
m
=
r

 ʠ, ʚʦ-ʚʪʦʨʳʭ, ʯʠʩʣʠʪʝʣʴ ʠ ʟʥʘʤʝʥʘʪʝʣʴ 

ʫʤʥʦʞʠʪʴ ʥʘ w. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ 
2

Re .
wL ww w

w wv

L L

r r
= = =

m m

                      (4.12) 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ɟw2 ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ 

ʜʚʠʞʫʱʝʛʦʩʷ ʧʦʪʦʢʘ, ʪ. ʝ. ʩʠʣʫ ʝʛʦ ʠʥʝʨʮʠʠ, ʘ 
w

L
m  ï ʩʠʣʫ ʚʥʫʪʨʝʥʥʝʛʦ 

ʪʨʝʥʠʷ, ʧʨʠʭʦʜʷʱʫʶʩʷ ʥʘ ʝʜʠʥʠʮʫ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʩʣʦʝʚ. 

ɿʥʘʯʝʥʠʝ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ, ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ 

ʧʝʨʝʭʦʜ  ʦʜʥʦʛʦ ʨʝʞʠʤʘ ʚ ʜʨʫʛʦʡ, ʥʘʟʳʚʘʶʪ ʢʨʠʪʠʯʝʩʢʠʤ (Reʢp). ʇʨʠ 

ʜʚʠʞʝʥʠʠ ʧʦʪʦʢʘ ʚ ʪʨʫʙʝ ʠʣʠ ʟʘʢʨʳʪʦʤ ʢʘʥʘʣʝ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʯʠʩʣʘ 

ʈʝʡʥʦʣʴʜʩʘ ʩʦʩʪʘʚʣʷʝʪ ʚʝʣʠʯʠʥʫ ʦʢʦʣʦ 2300. ʆʜʥʘʢʦ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʝʯʘʭ ʩʫʱʝʩʪʚʦʚʘʥʠʝ   ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʨʝʞʠʤʘ ʤʦʞʥʦ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʣʠʰʴ 

ʧʨʠ Reʢʨ = 104. 
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4.1.3. ɺʷʟʢʦʩʪʴ ʞʠʜʢʦʩʪʝʡ ʠ ʛʘʟʦʚ 

 

ʇʨʠ ʘʥʘʣʠʟʝ ʟʘʜʘʯ ʛʠʜʨʦʛʘʟʦʜʠʥʘʤʠʢʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ ʧʦʥʷʪʠʝ 

ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ. ʀʜʝʘʣʴʥʦʡ ʥʘʟʳʚʘʶʪ ʛʠʧʦʪʝʪʠʯʝʩʢʫʶ ʞʠʜʢʦʩʪʴ, 

ʥʘʜʝʣʝʥʥʫʶ ʦʩʦʙʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʛʣʘʚʥʳʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʝʝ 

ʘʙʩʦʣʶʪʥʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʠʣʠ, ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʦʪʩʫʪʩʪʚʠʝ ʚʷʟʢʦʩʪʠ. 

ɺʘʞʥʝʡʰʠʤ ʩʚʦʡʩʪʚʦʤ ʨʝʘʣʴʥʳʭ ʞʠʜʢʦʩʪʝʡ ʠ ʛʘʟʦʚ, ʚʦ ʤʥʦʛʦʤ 

ʦʧʨʝʜʝʣʷʶʱʠʤ ʷʚʣʝʥʠʷ, ʥʘʙʣʶʜʘʝʤʳʝ ʧʨʠ ʠʭ ʜʚʠʞʝʥʠʠ, ʷʚʣʷʝʪʩʷ 

ʚʷʟʢʦʩʪʴ. ʅʘ ʜʚʠʞʫʱʠʡʩʷ ʚ ʢʘʥʘʣʝ ʧʦʪʦʢ ʨʝʘʣʴʥʦʡ ʩʨʝʜʳ ʜʝʡʩʪʚʫʶʪ ʩʠʣʳ 

ʪʨʝʥʠʷ, ʩʪʨʝʤʷʱʠʝʩʷ ʝʛʦ ʟʘʪʦʨʤʦʟʠʪʴ. ʕʪʠ ʩʠʣʳ ʤʦʞʥʦ ʧʦʜʨʘʟʜʝʣʠʪʴ 

ʥʘ ʚʥʝʰʥʠʝ ʠ ʚʥʫʪʨʝʥʥʠʝ. ɺʥʝʰʥʷʷ ʩʠʣʘ ʪʨʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʭʘʨʘʢʪʝʨʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʦʢʘ ʩʦ ʩʪʝʥʢʘʤʠ ʢʘʥʘʣʘ, ʘ ʚʥʫʪʨʝʥʥʷʷ ʩʠʣʘ ʪʨʝʥʠʷ, 

ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʚʷʟʢʦʩʪʴʶ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʣʠ ʧʨʝʧʷʪʩʪʚʫʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦʤʫ 

ʧʝʨʝʤʝʱʝʥʠʶ ʯʘʩʪʝʡ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʩʨʝʜʳ. ɺʷʟʢʦʩʪʴ ʟʘʤʝʜʣʷʝʪ ʜʚʠʞʝʥʠʝ 

ʩʣʦʷ, ʧʝʨʝʤʝʱʘʶʱʝʛʦʩʷ ʩ ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʴʶ, ʠ ʫʩʢʦʨʷʝʪ ʜʚʠʞʝʥʠʝ ʩʣʦʝʚ, 

ʧʝʨʝʤʝʱʘʶʱʠʭʩʷ ʩ ʤʝʥʴʰʝʡ ʩʢʦʨʦʩʪʴʶ. 

ɼʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʦʜʥʦʛʦ ʩʣʦʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʦʛʦ ʧʦ ʧʣʦʩʢʦʩʪʠ ʠʭ 

ʨʘʟʜʝʣʘ ʥʫʞʥʦ ʧʨʠʣʦʞʠʪʴ ʦʧʨʝʜʝʣʝʥʥʫʶ ʩʠʣʫ. ɺʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʵʪʦʤ 

ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ (Ű) ʙʫʜʫʪ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʨʘʟʥʦʩʪʴ 

ʩʢʦʨʦʩʪʝʡ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʩʣʦʷʤʠ, ʠʣʠ ʪʦʯʥʝʝ, ʙʦʣʴʰʝ ʧʦʧʝʨʝʯʥʳʡ 

ʛʨʘʜʠʝʥʪ ʩʢʦʨʦʩʪʠ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʢʘʩʘʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ʪʨʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʚ ʧʦʪʦʢʝ ʞʠʜʢʦʩʪʠ, ʜʚʠʞʫʱʝʡʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ 

ʭ ʧʨʠ ʥʘʣʠʯʠʠ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ ʫ, 

ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʬʦʨʤʫʣʦʡ ʅʴʶʪʦʥʘ: 

,
w

y

µ
t=m

µ
                      (4.13) 

ʛʜʝ ɛ ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʚʷʟʢʦʩʪʠ, ʇʘĿʩ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʜʠʥʘʤʠʯʝʩʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʩʠʣʦʡ ʠ ʜʚʠʞʝʥʠʝʤ 

ʞʠʜʢʦʩʪʠ.  

ʋ ʛʘʟʦʚ ʦʥ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ, ʫ ʞʠʜʢʦʩʪʝʡ ï ʪʦʣʴʢʦ 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʉʠʣʫ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ F ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʚʳʨʘʞʝʥʠʶ 

,
w

F f f
y

µ
=t =m

µ
                                 (4.14) 

ʛʜʝ f ï ʧʣʦʱʘʜʴ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʩʣʦʝʚ, ʤ2. 

ɺ ʫʨʘʚʥʝʥʠʷʭ ʜʠʥʘʤʠʢʠ ʞʠʜʢʦʩʪʝʡ ʠ ʛʘʟʦʚ ʯʘʱʝ ʠʩʧʦʣʴʟʫʶʪ 

ʦʪʥʦʰʝʥʠʝ ɛ ʢ ʧʣʦʪʥʦʩʪʠ ɟ, ʢʦʪʦʨʦʝ ʧʦʣʫʯʠʣʦ ʥʘʟʚʘʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʚʷʟʢʦʩʪʠ  v, ʤ2/ʩ, ʪ. ʝ. / .v=m r ʆʥ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʝʨʝʥʦʩʘ ʠʤʧʫʣʴʩʘ ʠ 

ʦʧʨʝʜʝʣʷʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ. ʇʨʠ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʚʝʣʠʯʠʥʝ 

ʛʨʘʜʠʝʥʪʘ ʦʙʲʝʤʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠʤʧʫʣʴʩʘ ʢʘʩʘʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʪʨʝʥʠʷ 
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ʙʫʜʝʪ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʢʦʵʬʬʠʮʠʝʥʪ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʚʷʟʢʦʩʪʠ. ɺʷʟʢʦʩʪʴ ʞʠʜʢʦʩʪʝʡ ʠ ʛʘʟʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ʋ ʞʠʜʢʦʩʪʝʡ ʦʥʘ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʧʦʚʳʰʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʩʣʝʜʩʪʚʠʝ ʫʚʝʣʠʯʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ 

ʞʠʜʢʦʩʪʠ ʠ ʦʩʣʘʙʣʝʥʠʷ ʩʠʣ ʠʭ ʩʮʝʧʣʝʥʠʷ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʞʠʜʢʦʩʪʝʡ, ʚ ʛʘʟʘʭ, ʛʜʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ 

ʚʝʣʠʢʠ, ʚʷʟʢʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʤʦʣʝʢʫʣʷʨʥʳʤ 

ʜʚʠʞʝʥʠʝʤ. ʉʠʣʳ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʮʝʧʣʝʥʠʷ ʧʨʠ ʵʪʦʤ ʠʤʝʶʪ 

ʚʪʦʨʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. ʇʦʵʪʦʤʫ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ 

ʚ ʤʦʣʝʢʫʣʷʨʥʦ-ʢʠʥʝʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʠʩʧʦʣʴʟʫʶʪ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ: 

M

1
,

3
mn Ulh=                             (4.15) 

ʛʜʝ m ï ʤʘʩʩʘ ʤʦʣʝʢʫʣʳ ʛʘʟʘ, ʢʛ; 

nʄ ï ʯʠʩʣʦ ʤʦʣʝʢʫʣ ʚ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ, ʰʪ.; 

U ï ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʤʦʣʝʢʫʣ, ʤ/ʩ; 

 l ï ʜʣʠʥʘ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ ʤʦʣʝʢʫʣʳ ʤʝʞʜʫ ʜʚʫʤʷ ʩʦʫʜʘʨʝʥʠʷʤʠ ʝʝ 

ʩ ʜʨʫʛʠʤʠ ʤʦʣʝʢʫʣʘʤʠ, ʤ. 

ʊʘʢ ʢʘʢ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʪʫʪ ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʧʨʦʙʝʛʘ 

ʤʦʣʝʢʫʣ U ʠ ʜʣʠʥʘ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ, ʪʦ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʬʦʨʤʫʣʳ (4.15), 

ʚʷʟʢʦʩʪʴ ʛʘʟʘ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʞʠʜʢʦʩʪʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ. 

ɺʷʟʢʦʩʪʴ ʛʘʟʦʚ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʧʣʦʪʥʦʩʪʠ, ʪ. ʢ. ʧʨʠ ʩʞʘʪʠʠ ʛʘʟʘ 

ʦʙʱʝʝ ʯʠʩʣʦ ʤʦʣʝʢʫʣ, ʧʝʨʝʭʦʜʷʱʝʝ ʠʟ ʦʜʥʦʛʦ ʩʣʦʷ ʚ ʜʨʫʛʦʡ, ʧʨʦʧʦʨ-

ʮʠʦʥʘʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʥʦ ʜʣʠʥʘ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ l ʧʨʠ ʵʪʦʤ 

ʫʤʝʥʴʰʘʝʪʩʷ. 

 

 

4.1.4. ʋʨʘʚʥʝʥʠʝ ʥʝʨʘʟʨʳʚʥʦʩʪʠ  

ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʣʘʥʩ ʧʦʪʦʢʘ 

 

ʋʨʘʚʥʝʥʠʝ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ 

ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʜʚʠʞʫʱʝʤʫʩʷ ʧʦʪʦʢʫ ʛʘʟʘ ʠʣʠ 

ʞʠʜʢʦʩʪʠ. ɺ ʫʩʣʦʚʠʷʭ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʧʦʪʦʢʘ ʦʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʧʦʩʪʦʷʥʩʪʚʦ ʤʘʩʩʦʚʦʛʦ ʨʘʩʭʦʜʘ ʜʚʠʞʫʱʝʡʩʷ ʩʨʝʜʳ ʜʣʷ ʣʶʙʦʛʦ ʩʝʯʝʥʠʷ 

ʪʨʫʙʦʧʨʦʚʦʜʘ (ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʠʩʪʦʯʥʠʢʦʚ ʠʣʠ ʩʪʦʢʦʚ ʤʘʩʩʳ): 
 

1 1 1 2 2 2 const,w wr w =r w =                                (4.16) 
 

ʛʜʝ ɤ1 ʠ ɤ2 ï ʧʣʦʱʘʜʠ ʜʚʫʭ ʨʘʟʥʳʭ ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʡ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʤ
2;  

w1 ʠ w2 ï ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʚ ʵʪʠʭ ʩʝʯʝʥʠʷʭ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʤ/ʩ;  

ɟ1 ʠ ɟ2 ï ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʚ ʵʪʠʭ ʩʝʯʝʥʠʷʭ, ʢʛ/ʤ
3. 




