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ʆʉʅʆɺʅʓɽ ʆɹʆɿʅɸʏɽʅʀʗ 

 

a ʧʦʨʠʩʪʦʩʪʴ; 

k ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʥʠʮʘʝʤʦʩʪʠ; 

p ʜʘʚʣʝʥʠʝ ʛʘʟʘ; 

u
C

 ʩʢʦʨʦʩʪʴ ʛʘʟʘ; 

ɟ, ɟc ʧʣʦʪʥʦʩʪʠ ʛʘʟʘ ʠ ʪʚʝʨʜʦʡ ʩʨʝʜʳ; 

T, Tc ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ ʠ ʪʚʝʨʜʦʡ ʩʨʝʜʳ; 

cp, cV, cc ʪʝʧʣʦʝʤʢʦʩʪʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ ʛʘʟʘ, ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 

ʦʙʲʝʤʝ ʛʘʟʘ ʠ ʪʝʧʣʦʝʤʢʦʩʪʴ ʪʚʝʨʜʦʡ ʩʨʝʜʳ; 

Ŭ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʙʤʝʥʘ; 

ɚg, ɚ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʛʘʟʘ ʠ ʪʚʝʨʜʦʡ ʩʨʝʜʳ; 

ɛ ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʛʘʟʘ; 

R ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ; 

g
C

 ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ; 

ɔ ʧʦʢʘʟʘʪʝʣʴ ʘʜʠʘʙʘʪʳ; 

YO, YF ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʠʩʣʠʪʝʣʷ ʠ ʪʦʧʣʠʚʘ; 

Q ʪʝʧʣʦʪʘ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ; 
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W ʩʢʦʨʦʩʪʴ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ; 

ub ʥʦʨʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʣʘʤʠʥʘʨʥʦʛʦ ʧʣʘʤʝʥʠ; 

Tb ʘʜʠʘʙʘʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ; 

E ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʰʠʨʝʥʠʷ ʛʘʟʘ; 

Ea ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ; 

ű ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʛʘʟʦʚʦʡ ʩʤʝʩʠ; 

Re ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ; 

Le ʯʠʩʣʦ ʃʴʶʠʩʘ; 

( )zyxr  , ,=
C

 ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ; 

t ʚʨʝʤʷ; 

ixµµ=Ð /
C

 
ʦʧʝʨʘʪʦʨ ʛʨʘʜʠʝʥʪʘ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ. 
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ɺɺɽɼɽʅʀɽ 

 

ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʬʠʣʴʪʨʘʮʠʝʡ ʛʘʟʘ ʯʝʨʝʟ ʧʦʨʠʩʪʳʝ ʩʪʝʥʢʠ ʟʘʤʢʥʫʪʦʛʦ ʦʙʲʝʤʘ, ʚʥʫʪʨʠ 

ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʛʦʨʝʥʠʝ ʩʤʝʩʠ ʛʘʟʦʚ, ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʧʣʘʤʝʥʠ ʚ 

ʤʠʢʨʦʢʘʥʘʣʘʭ, ʚ ʫʩʣʦʚʠʷʭ,  ʢʦʛʜʘ ʪʝʧʣʦʦʙʤʝʥ ʛʘʟʘ ʩʦ ʩʪʝʥʢʘʤʠ ʢʘʥʘʣʘ ʦʢʘʟʳʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩʳ ʛʦʨʝʥʠʷ. ʆʙʱʠʤ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʟʘʜʘʯʘʭ 

ʤʝʭʘʥʠʢʠ ʨʝʘʛʠʨʫʶʱʠʭ ʩʨʝʜ, ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʜʠʩʩʠʧʘʪʠʚʥʳʭ 

ʧʨʦʮʝʩʩʦʚ (ʪʨʝʥʠʷ ʠ ʪʝʧʣʦʦʙʤʝʥʘ ʤʝʞʜʫ ʛʘʟʦʤ ʠ ʪʚʝʨʜʦʡ ʩʨʝʜʦʡ) ʥʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʥʝʩʪʘʮʠʦʥʘʨʥʳʝ ʧʨʦʮʝʩʩʳ ʛʦʨʝʥʠʷ ʠ ʬʠʣʴʪʨʘʮʠʠ ʛʘʟʘ.  

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʦʮʝʩʩʳ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʬʠʣʴʪʨʘʮʠʠ 

ʛʘʟʦʚ ʯʝʨʝʟ ʧʦʨʠʩʪʳʝ ʩʨʝʜʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʦʜʥʦʨʦʜʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ, ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪʦʤ ʠʥʪʝʥʩʠʚʥʳʭ 

ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʞʝ ʙʦʣʝʝ ʩʪʘ ʣʝʪ.  ɺ ʥʝʢʦʪʦʨʳʭ, ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʳʭ 

ʩʣʫʯʘʷʭ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʚʟʨʳʚʝ ʛʘʟʘ ʚʥʫʪʨʠ ʧʦʜʟʝʤʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ, ʠʟʤʝʥʝʥʠʝ 

ʜʘʚʣʝʥʠʷ ʚʥʫʪʨʠ ʨʝʟʝʨʚʫʘʨʘ ʠ ʬʠʣʴʪʨʘʮʠʷ ʛʘʟʘ ʯʝʨʝʟ ʧʦʨʠʩʪʳʡ ʛʨʫʥʪ ʦʢʘʟʳʚʘʶʪʩʷ 

ʚʟʘʠʤʦʩʚʷʟʘʥʳ. ʕʪʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʝ ʟʘʜʘʯʠ ʬʠʣʴʪʨʘʮʠʠ ʠ ʛʦʨʝʥʠʷ ʦʩʪʘʚʘʣʠʩʴ 

ʠʩʩʣʝʜʦʚʘʥʥʳʤʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ, ʭʦʪʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ, ʚ ʢʦʪʦʨʳʭ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʣʠʙʦ ʛʦʨʝʥʠʝ ʛʘʟʘ ʚ ʟʘʢʨʳʪʳʭ ʩʦʩʫʜʘʭ 

[1-3], ʣʠʙʦ ʥʝʩʪʘʮʠʦʥʘʨʥʘʷ ʬʠʣʴʪʨʘʮʠʷ ʛʘʟʘ ʯʝʨʝʟ ʧʦʨʠʩʪʳʝ ʩʨʝʜʳ  [4, 5]. ʕʪʠ  

ʧʦʜʭʦʜʳ ʥʝ ʧʦʟʚʦʣʷʣʠ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʧʨʦʤʦʜʝʣʠʨʦʚʘʪʴ ʤʥʦʛʠʝ ʧʨʘʢʪʠʯʝʩʢʠ 

ʚʘʞʥʳʝ ʧʨʦʮʝʩʩʳ, ʩʚʷʟʘʥʥʳʝ ʩʦ ʚʟʨʳʚʦʙʝʟʦʧʘʩʥʦʩʪʴʶ ʠ ʟʘʛʨʷʟʥʝʥʠʝʤ ʩʨʝʜʳ ʧʨʠ 

ʚʟʨʳʚʘʭ ʛʘʟʦʚ ʚ ʟʘʤʢʥʫʪʳʭ ʦʙʲʝʤʘʭ ʩ ʧʦʨʠʩʪʳʤʠ ʩʪʝʥʢʘʤʠ.  ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ 

ʧʦʜʭʦʜʦʚ ʠ ʤʦʜʝʣʝʡ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʜʚʠʞʝʥʠʷ ʛʘʟʘ ʯʝʨʝʟ ʧʦʨʠʩʪʳʝ ʩʨʝʜʳ 

ʧʨʠ ʙʦʣʴʰʠʭ ʛʨʘʜʠʝʥʪʘʭ ʜʘʚʣʝʥʠʷ, ʧʦʠʩʢ ʘʜʝʢʚʘʪʥʳʭ ʯʠʩʣʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ 

ʨʘʩʯʝʪʘ ʠ  ʦʧʠʩʘʥʠʝ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʬʠʣʴʪʨʘʮʠʠ ʠ ʛʦʨʝʥʠʷ ʷʚʣʷʶʪʩʷ 

ʘʢʪʫʘʣʴʥʳʤʠ ʟʘʜʘʯʘʤʠ.  

ɻʦʨʝʥʠʝ ʛʘʟʦʚ ʚʦʟʤʦʞʥʦ ʠ ʚ ʤʝʞʧʦʨʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʭʠʤʠʯʝʩʢʠ ʠʥʝʨʪʥʦʡ 

ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ [4, 6]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʠʥʪʝʨʝʩʥʳʭ ʨʝʞʠʤʦʚ 
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ʛʦʨʝʥʠʷ, ʠʟʫʯʝʥʠʝ ʢʦʪʦʨʳʭ ʚʘʞʥʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ  ʠ 

ʧʦʣʫʯʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʟʥʘʥʠʡ.  ʀʥʪʝʨʝʩ ʢ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ 

ʛʦʨʝʥʠʷ ʛʘʟʦʚ ʚ ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ ʩʚʷʟʘʥ, ʥʘʧʨʠʤʝʨ, ʩ ʩʦʟʜʘʥʠʝʤ ʵʬʬʝʢʪʠʚʥʳʭ 

ʛʦʨʝʣʦʯʥʳʭ ʫʩʪʨʦʡʩʪʚ ʩ ʭʦʨʦʰʠʤʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ [6]. 

ɻʦʨʝʣʢʠ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʬʠʣʴʪʨʘʮʠʦʥʥʦʝ ʛʦʨʝʥʠʝ ʛʘʟʦʚ, ʠʤʝʶʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤʠ ʛʦʨʝʣʦʯʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʩ ʦʪʢʨʳʪʳʤ ʧʣʘʤʝʥʝʤ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʧʦʟʚʦʣʷʶʪ ʩʞʠʛʘʪʴ ʥʠʟʢʦʢʘʣʦʨʠʡʥʳʝ ʪʦʧʣʠʚʘ ʠʣʠ ʙʝʜʥʳʝ ʩʤʝʩʠ ʛʘʟʦʚ 

ʠ ʜʦʩʪʠʛʘʪʴ ʩʚʝʨʭʘʜʠʘʙʘʪʠʯʝʩʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ.  ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʫʩʧʝʭʠ, ʜʦʩʪʠʛʥʫʪʳʝ ʚ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʦʧʠʩʘʥʠʠ ʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ ʛʦʨʝʥʠʷ ʛʘʟʦʚ, 

ʠʤʝʝʪʩʷ ʨʷʜ ʷʚʣʝʥʠʡ, ʦʧʠʩʘʥʠʝ ʢʦʪʦʨʳʭ ʚʳʭʦʜʠʪ ʟʘ ʨʘʤʢʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ 

ʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ ʛʦʨʝʥʠʷ ʛʘʟʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʢʦʥʪʠʥʫʘʣʴʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ 

ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ, ʠ ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʨʘʩʩʤʦʪʨʝʥʠʷ ʛʦʨʝʥʠʷ ʛʘʟʘ ʚ ʦʪʜʝʣʴʥʳʭ 

ʤʠʢʨʦʢʘʥʘʣʘʭ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦʨʠʩʪʫʶ ʩʨʝʜʫ. 

ʀʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢ ʠʟʫʯʝʥʠʶ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʚʦʣʥ ʛʦʨʝʥʠʷ ʛʘʟʦʚʳʭ 

ʩʤʝʩʝʡ ʚ ʤʠʢʨʦʢʘʥʘʣʘʭ ʩʚʷʟʘʥ ʪʘʢʞʝ ʩ ʨʘʟʚʠʪʠʝʤ ʤʘʣʦʨʘʟʤʝʨʥʳʭ ʛʦʨʝʣʦʯʥʳʭ 

ʫʩʪʨʦʡʩʪʚ. ʆʩʥʦʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʛʦʨʝʥʠʷ ʚ ʤʘʣʦʨʘʟʤʝʨʥʦʡ 

ʩʠʩʪʝʤʝ ʷʚʣʷʝʪʩʷ ʧʦʜʦʛʨʝʚ ʩʚʝʞʝʡ ʩʤʝʩʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʚ ʢʘʤʝʨʫ ʩʛʦʨʘʥʠʷ ʟʘ ʩʯʝʪ 

ʪʝʧʣʘ ʦʪʭʦʜʷʱʠʭ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ. ʊʘʢʦʡ ʨʝʞʠʤ ʛʦʨʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ 

ʨʝʘʣʠʟʦʚʘʥ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʛʦʨʝʣʢʘʭ ʩ ʨʝʛʝʥʝʨʘʮʠʝʡ ʪʝʧʣʘ, ʚ ʢʦʪʦʨʳʭ ʪʝʧʣʦ ʦʪ 

ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʧʝʨʝʜʘʝʪʩʷ ʩʚʝʞʝʡ ʩʤʝʩʠ ʯʝʨʝʟ ʪʝʧʣʦʧʨʦʚʦʜʷʱʠʝ ʩʪʝʥʢʠ [7, 8]. 

ɸʥʘʣʦʛʠʯʥʳʡ ʤʝʭʘʥʠʟʤ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʧʦʨʠʩʪʳʭ ʩʨʝʜʘʭ, ʛʜʝ ʧʣʘʤʷ ʤʦʞʝʪ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴʩʷ ʚ ʤʠʢʨʦʢʘʥʘʣʘʭ ʤʝʞʜʫ ʪʚʝʨʜʦʡ ʬʘʟʦʡ, ʜʘʞʝ ʝʩʣʠ ʨʘʟʤʝʨʳ 

ʤʠʢʨʦʢʘʥʘʣʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʜʠʘʤʝʪʨʘ, ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʦ 

ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɻʦʨʝʥʠʝ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚʦʟʤʦʞʥʦ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ 

ʛʘʟʦʚʘʷ ʬʘʟʘ ʦʢʨʫʞʝʥʘ ʩʪʝʥʢʘʤʠ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʧʨʝʚʳʰʘʶʱʝʡ ʪʝʤʧʝʨʘʪʫʨʫ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʇʦʵʪʦʤʫ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʦʨʝʥʠʷ ʛʘʟʘ ʚ ʤʠʢʨʦʢʘʥʘʣʘʭ ʩ 

ʛʨʘʜʠʝʥʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʢʘʢ ʚ 

ʤʠʢʨʦʩʠʩʪʝʤʘʭ ʩ ʨʝʛʝʥʝʨʘʮʠʝʡ ʪʝʧʣʘ, ʛʜʝ ʧʦʜʦʛʨʝʚ ʛʦʨʶʯʝʡ ʩʤʝʩʠ ʛʘʟʦʚ 

ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʪʝʧʣʘ ʦʪʭʦʜʷʱʠʭ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ, ʪʘʢ ʠ ʜʣʷ ʨʘʟʚʠʪʠʷ ʥʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʚ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʦʨʝʥʠʝ ʛʘʟʦʚ ʚ ʧʦʨʠʩʪʳʭ ʩʨʝʜʘʭ [9]. 
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ʇʦʩʢʦʣʴʢʫ ʚ ʤʠʢʨʦʛʦʨʝʣʢʘʭ ʩ ʨʝʛʝʥʝʨʘʮʠʝʡ ʪʝʧʣʘ ʩʪʝʥʢʠ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ 

ʠʤʝʶʪ ʧʦʚʳʰʝʥʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʩʣʝʜʦʚʘʪʴ 

ʦʩʦʙʝʥʥʦʩʪʠ ʛʦʨʝʥʠʷ ʛʘʟʘ ʚ ʤʠʢʨʦʢʘʥʘʣʘʭ ʩ ʥʘʛʨʝʪʳʤʠ ʩʪʝʥʢʘʤʠ. ʅʝʜʘʚʥʦ 

ʚʳʧʦʣʥʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʛʦʨʝʥʠʶ ʛʘʟʘ ʚ ʤʠʢʨʦʢʘʥʘʣʘʭ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʚ ʩʪʝʥʢʘʭ ʦʙʥʘʨʫʞʠʣʠ ʠʥʪʝʨʝʩʥʳʝ ʥʝʩʪʘʮʠʦʥʘʨʥʳʝ ʨʝʞʠʤʳ 

ʛʦʨʝʥʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʧʣʘʤʝʥʠ 

[10].  

ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʠʟʣʦʞʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʚʪʦʨʘ, ʧʦʩʚʷʱʝʥʥʳʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʚʦʣʥ ʛʦʨʝʥʠʷ ʛʘʟʦʚʳʭ ʩʤʝʩʝʡ ʚ ʤʠʢʨʦʢʘʥʘʣʘʭ 

ʧʨʠ ʬʠʣʴʪʨʘʮʠʠ ʛʘʟʘ, ʯʪʦ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ.   

ʎʝʣʴʶ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʪʝʯʝʥʠʷ ʥʝʨʝʘʛʠʨʫʶʱʝʛʦ ʠ ʨʝʘʛʠʨʫʶʱʝʛʦ ʛʘʟʘ ʚ 

ʧʦʨʠʩʪʳʭ ʩʨʝʜʘʭ ʠ ʤʠʢʨʦʢʘʥʘʣʘʭ. 

ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʶʪʩʷ: 

-  ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʪʝʯʝʥʠʝ ʛʘʟʘ ʠʟ ʦʙʲʝʤʘ ʩ 

ʙʦʣʴʰʠʤ ʥʘʯʘʣʴʥʳʤ ʜʘʚʣʝʥʠʝʤ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʯʝʨʝʟ ʧʦʨʠʩʪʳʡ ʩʣʦʡ 

ʪʚʝʨʜʦʛʦ ʤʘʪʝʨʠʘʣʘ; 

-  ʦʮʝʥʢʝ ʚʨʝʤʝʥʠ ʨʘʟʛʨʫʟʢʠ ʠ ʜʠʥʘʤʠʢʠ ʜʘʚʣʝʥʠʷ ʚ ʨʝʟʝʨʚʫʘʨʝ ʩ ʧʦʨʠʩʪʳʤʠ 

ʩʪʝʥʢʘʤʠ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʛʦʨʝʥʠʝ ʛʘʟʘ; 

-  ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʝʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʢʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʦʣʥ ʛʦʨʝʥʠʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʝʨʝʤʝʰʘʥʥʳʭ ʩʤʝʩʝʡ ʛʘʟʦʚ ʚ ʤʠʢʨʦʢʘʥʘʣʘʭ ʩ ʧʝʨʝʤʝʥʥʳʤ 

ʩʝʯʝʥʠʝʤ ʠ ʥʝʨʘʚʥʦʤʝʨʥʦ ʥʘʛʨʝʪʳʤʠ ʩʪʝʥʢʘʤʠ ʧʨʠ ʥʘʣʠʯʠʠ ʪʝʯʝʥʠʷ ʛʘʟʘ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʤʦʜʝʣʝʡ, ʦʧʠʩʳʚʘʶʱʠʭ 

ʩʚʷʟʘʥʥʳʝ ʧʨʦʮʝʩʩʳ ʛʦʨʝʥʠʷ ʛʘʟʘ ʚʥʫʪʨʠ ʨʝʟʝʨʚʫʘʨʘ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʬʠʣʴʪʨʘʮʠʠ 

ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʯʝʨʝʟ ʧʦʨʠʩʪʳʝ ʩʪʝʥʢʠ ʨʝʟʝʨʚʫʘʨʘ ʚ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʘ ʪʘʢʞʝ ʤʦʜʝʣʠ ʛʦʨʝʥʠʷ ʛʘʟʘ ʚ ʤʠʢʨʦʢʘʥʘʣʘʭ. ɼʘʥʥʳʝ ʤʦʜʝʣʠ 

ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʭʘʨʘʢʪʝʨʥʦʝ ʚʨʝʤʷ ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʠʟ ʨʝʟʝʨʚʫʘʨʘ ʩ 

ʧʦʨʠʩʪʳʤʠ ʩʪʝʥʢʘʤʠ, ʦʮʝʥʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʪʠʞʠʤʦʝ ʜʘʚʣʝʥʠʝ, ʚʳʟʚʘʥʥʦʝ 

ʛʦʨʝʥʠʝʤ ʛʘʟʘ, ʘ ʪʘʢʞʝ ʚʳʜʝʣʠʪʴ ʭʘʨʘʢʪʝʨʥʳʝ ʨʝʞʠʤʳ ʪʝʯʝʥʠʷ ʚ ʤʠʢʨʦʢʘʥʘʣʘʭ.  
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ɺ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: 

-  ʧʦʣʫʯʝʥʦ ʪʦʯʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦ ʬʠʣʴʪʨʘʮʠʠ ʛʘʟʘ ʯʝʨʝʟ ʤʥʦʛʦʩʣʦʡʥʫʶ ʩʨʝʜʫ, 

ʩʦʩʪʦʷʱʫʶ ʠʟ ʩʣʦʝʚ ʩ ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʦʡ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ; 

-  ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʧʠʩʳʚʘʝʪ 

ʧʨʦʮʝʩʩ ʥʘʨʘʩʪʘʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʩʦʩʫʜʝ ʩ ʧʦʨʠʩʪʳʤʠ ʩʪʝʥʢʘʤʠ ʧʨʠ ʛʦʨʝʥʠʠ ʛʘʟʘ 

ʠ  ʬʠʣʴʪʨʘʮʠʦʥʥʦʝ ʪʝʯʝʥʠʝ ʛʘʟʘ ʯʝʨʝʟ ʧʦʨʠʩʪʳʝ ʩʪʝʥʢʠ; 

-  ʫʩʪʘʥʦʚʣʝʥʳ ʢʨʠʪʝʨʠʠ ʧʨʦʭʦʞʜʝʥʠʷ ʧʣʘʤʝʥʝʤ ʩʫʞʝʥʠʷ ʚ ʤʠʢʨʦʢʘʥʘʣʝ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤ ʜʠʘʤʝʪʨʦʤ ʤʝʥʴʰʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʨʠ ʥʘʣʠʯʠʠ ʬʠʣʴʪʨʘʮʠʠ ʛʘʟʘ; 

-  ʦʙʥʘʨʫʞʝʥʘ ʧʫʣʴʩʘʮʠʦʥʥʘʷ ʜʠʬʬʫʟʠʦʥʥʦ-ʪʝʧʣʦʚʘʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʧʣʘʤʝʥʠ 

ʙʦʛʘʪʳʭ ʩʤʝʩʝʡ ʚʦʜʦʨʦʜʘ ʩ ʚʦʟʜʫʭʦʤ ʚ ʤʠʢʨʦʧʦʪʦʢʦʚʦʤ ʨʝʘʢʪʦʨʝ ʠ ʧʦʩʪʨʦʝʥʳ 

ʜʠʘʛʨʘʤʤʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ ʛʦʨʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʦʩʪʘʚʘ ʩʤʝʩʠ ʠ ʩʢʦʨʦʩʪʠ ʨʘʩʭʦʜʘ ʛʘʟʘ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ 

ʧʦʟʚʦʣʷʶʪ  ʧʦʣʫʯʠʪʴ ʦʮʝʥʢʠ ʚʨʝʤʝʥʠ ʨʘʟʛʨʫʟʢʠ ʠ ʜʨʫʛʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʩʘ 

ʧʨʠ ʛʦʨʝʥʠʠ ʛʘʟʘ ʚ ʨʝʟʝʨʚʫʘʨʘʭ ʩ ʧʦʨʠʩʪʳʤʠ ʩʪʝʥʢʘʤʠ, ʯʪʦ ʜʘʝʪ ʥʦʚʳʝ ʟʥʘʥʠʷ, 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʞʘʨʦ- ʠ ʚʟʨʳʚʦʙʝʟʦʧʘʩʥʦʩʪʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ 

ʧʦʜʟʝʤʥʳʭ ʚʟʨʳʚʘʭ ʛʘʟʘ. ʆʮʝʥʢʠ ʢʨʠʪʠʯʝʩʢʦʛʦ ʜʠʘʤʝʪʨʘ ʜʣʷ ʢʘʥʘʣʘ ʧʝʨʝʤʝʥʥʦʛʦ 

ʩʝʯʝʥʠʷ ʧʨʠ ʥʘʣʠʯʠʠ ʬʠʣʴʪʨʘʮʠʠ ʛʘʟʘ ʠ ʟʥʘʥʠʷ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʨʘʟʚʠʪʠʷ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ  ʧʨʠ ʛʦʨʝʥʠʠ ʛʘʟʘ ʩ ʙʦʣʴʰʠʤʠ ʯʠʩʣʘʤʠ ʃʴʶʠʩʘ ʚ ʤʠʢʨʦʢʘʥʘʣʝ ʩ 

ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʩʪʝʥʦʢ ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʟʚʠʪʠʶ ʤʠʢʨʦʫʩʪʨʦʡʩʪʚ ʩ 

ʛʦʨʝʥʠʝʤ ʛʘʟʘ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʤʝʪʦʜʘʭ ʤʝʭʘʥʠʢʠ 

ʩʧʣʦʰʥʳʭ ʩʨʝʜ ʠ ʪʝʦʨʠʠ ʛʦʨʝʥʠʷ.  ʈʝʰʝʥʠʝ ʟʘʜʘʯ ʚʳʧʦʣʥʷʣʦʩʴ ʢʘʢ ʯʠʩʣʝʥʥʳʤʠ 

ʤʝʪʦʜʘʤʠ ʥʘ ʦʩʥʦʚʝ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʳʭ ʩʭʝʤ, ʪʘʢ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʯʠʩʣʝʥʥʳʭ ʨʝʰʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʩʨʘʚʥʝʥʠʝ ʩ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ 

ʨʝʰʝʥʠʷʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʧʨʝʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ. 
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ʅʘ ʟʘʱʠʪʫ ʚʳʥʦʩʷʪʩʷ:  

-  ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ ʪʝʯʝʥʠʷ 

ʥʝʨʝʘʛʠʨʫʶʱʝʛʦ ʛʘʟʘ ʠʟ ʨʝʟʝʨʚʫʘʨʘ ʩ ʧʦʚʳʰʝʥʥʳʤ ʜʘʚʣʝʥʠʝʤ ʯʝʨʝʟ ʧʦʨʠʩʪʳʝ 

ʩʪʝʥʢʠ; 

-  ʨʝʟʫʣʴʪʘʪʳ  ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʧʨʷʞʝʥʥʳʭ ʟʘʜʘʯ ʦ ʛʦʨʝʥʠʠ ʛʘʟʘ ʚ ʨʝʟʝʨʚʫʘʨʝ ʩ 

ʧʦʨʠʩʪʳʤʠ ʩʪʝʥʢʘʤʠ ʠ ʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ ʪʝʯʝʥʠʷ ʛʘʟʘ ʯʝʨʝʟ ʧʦʨʠʩʪʳʝ ʩʪʝʥʢʠ, 

ʚʳʟʚʘʥʥʦʛʦ ʛʦʨʝʥʠʝʤ;  

-  ʨʝʟʫʣʴʪʘʪʳ ʜʚʫʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ ʚ ʧʣʘʚʥʦ 

ʩʫʞʘʶʱʠʭʩʷ ʢʘʥʘʣʘʭ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʜʠʘʤʝʪʨʦʤ ʥʠʞʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʨʠ 

ʥʘʣʠʯʠʠ ʬʠʣʴʪʨʘʮʠʠ ʛʘʟʘ;  

-  ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʧʣʘʤʝʥʠ ʩʤʝʩʝʡ ʩ ʙʦʣʴʰʠʤʠ ʯʠʩʣʘʤʠ 

ʃʴʶʠʩʘ ʚ ʤʠʢʨʦʢʘʥʘʣʝ ʩ ʥʝʦʜʥʦʨʦʜʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʩʪʝʥʢʘʭ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʢʦʨʨʝʢʪʥʦʩʪʴʶ 

ʧʨʠʤʝʥʷʝʤʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʩʪʨʦʛʦʡ ʧʦʩʪʘʥʦʚʢʦʡ ʟʘʜʘʯ ʠ 

ʩʦʦʪʚʝʪʩʪʚʠʝʤ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʠʤʝʶʱʠʤʠʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʜʘʥʥʳʤʠ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʚʝʩʪʥʳʭ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʳʭ ʩʭʝʤ; ʩʭʦʜʠʤʦʩʪʴ ʯʠʩʣʝʥʥʳʭ 

ʨʝʰʝʥʠʡ ʧʨʦʚʝʨʷʣʘʩʴ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʛʫʱʘʶʱʠʭʩʷ ʩʝʪʦʢ, ʘ ʪʘʢʞʝ 

ʩʨʘʚʥʝʥʠʝʤ ʯʠʩʣʝʥʥʳʭ ʨʝʰʝʥʠʡ ʩ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʨʝʰʝʥʠʷʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ 

ʧʨʝʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 26 ʥʘʫʯʥʳʭ ʨʘʙʦʪ, 

ʚ ʪʦʤ ʯʠʩʣʝ 4 ʩʪʘʪʴʠ ʚ ʠʟʜʘʥʠʷʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ.  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʠ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: XXXI , XXXII , XXXIII , XXXV  ɼʘʣʴʥʝʚʦʩʪʦʯʥʘʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʰʢʦʣʘ-ʩʝʤʠʥʘʨ ʠʤʝʥʠ ʘʢʘʜ. ɽ.ɺ. ɿʦʣʦʪʦʚʘ (ɺʣʘʜʠʚʦʩʪʦʢ, 2006-

2008, 2010); ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ, ʧʦʩʚʷʱʝʥʥʘʷ 75-ʣʝʪʠʶ ʘʢʘʜʝʤʠʢʘ 

ɺ.ʇ. ʄʷʩʥʠʢʦʚʘ çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʚʦʧʨʦʩʳ ʤʝʭʘʥʠʢʠ ʠ ʧʨʦʮʝʩʩʦʚ 

ʫʧʨʘʚʣʝʥʠʷè (ɺʣʘʜʠʚʦʩʪʦʢ, 2011); The International Conference çAdvanced 
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Problems in Mechanicsè (Saint Petersburg, 2013); ʊʨʝʪʴʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ 

ʬʠʣʴʪʨʘʮʠʦʥʥʦʤʫ ʛʦʨʝʥʠʶ, (ʏʝʨʥʦʛʦʣʦʚʢʘ, 2013); Workshop on Combustion Waves 

Structure and Dynamics (Vladivostok, 2013); 10
th
, 11

th
, 12

th
, 13

th
 International 

Conference on Flow Dynamics (Sendai, 2013ï2016); ʅʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʕʂʉɽʈɻʀʗ ï 2014è 

(ɺʣʘʜʠʚʦʩʪʦʢ, 2014); 1
st
 International Scientific Conference "Science of the Future" 

(Saint Petersburg, 2014); ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ, ʧʨʠʫʨʦʯʝʥʥʘʷ ʢ 75-ʣʝʪʠʶ 

ʘʢʘʜʝʤʠʢʘ ɺ.ɸ. ʃʝʚʠʥʘ çʋʩʧʝʭʠ ʤʝʭʘʥʠʢʠ ʩʧʣʦʰʥʳʭ ʩʨʝʜè (ɺʣʘʜʠʚʦʩʪʦʢ, 2014); 

Asia-Pacific Conference on Combustion (Beijing, 2015); 25
th
 International Colloquium 

on the Dynamics of Explosions and Reactive Systems (Leeds, 2015); ʄʝʞʜʫʥʘʨʦʜʥʘʷ 

ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʨʘʟʚʠʪʠʝ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷè (ɺʣʘʜʠʚʦʩʪʦʢ, 2015), 36
th
 International Symposium on Combustion 

(Seoul, 2016), 13
th
 International Conference on Combustion & Energy Utilization 

(Taipei, 2016); ʘ ʪʘʢʞʝ ʥʘ ʩʝʤʠʥʘʨʘʭ ʚ Tohoku University (Sendai, Japan); ʀʊʇʄ 

ʉʆ ʈɸʅ (ʅʦʚʦʩʠʙʠʨʩʢ); ʌʀɸʅ (ʄʦʩʢʚʘ); ɼɺʌʋ (ɺʣʘʜʠʚʦʩʪʦʢ). 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʩʦʠʩʢʘʪʝʣʷ. ɺʩʝ ʚʢʣʶʯʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʶ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

ʠ ʯʠʩʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʘʚʪʦʨʦʤ ʣʠʯʥʦ, ʣʠʙʦ ʧʨʠ ʝʛʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ ʚ ʚʳʙʦʨʝ ʠʣʠ ʨʘʟʨʘʙʦʪʢʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ 

ʤʝʪʦʜʦʚ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʦʟʜʘʥʠʠ ʠ ʦʪʣʘʜʢʝ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʜʦʚ, ʘʥʘʣʠʟʝ ʠ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʜʛʦʪʦʚʢʝ ʧʫʙʣʠʢʘʮʠʡ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʧʷʪʠ 

ʛʣʘʚ ʠ ʟʘʢʣʶʯʝʥʠʷ. ɺ ʨʘʙʦʪʝ ʩʦʜʝʨʞʠʪʩʷ 1 ʪʘʙʣʠʮʘ, 37 ʨʠʩʫʥʢʦʚ, 123 

ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʭ ʩʩʳʣʢʠ. ʆʙʱʠʡ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ 120 ʩʪʨʘʥʠʮ.  

ɺʦ ʚʚʝʜʝʥʠʠ ʧʨʠʚʝʜʝʥʘ ʦʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ, 

ʦʙʦʩʥʦʚʘʥʘ ʝʝ ʘʢʪʫʘʣʴʥʦʩʪʴ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʮʝʣʠ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʦʪʨʘʞʝʥʳ ʥʘʫʯʥʘʷ ʥʦʚʠʟʥʘ, ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ, 

ʧʝʨʝʯʠʩʣʝʥʳ ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ ʧʦʣʦʞʝʥʠʷ, ʠʟʣʦʞʝʥʦ ʢʨʘʪʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʨʘʙʦʪʳ. 

ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʜʘʥʦ ʦʧʠʩʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʦʩʥʦʚʥʳʭ 

ʧʦʣʦʞʝʥʠʡ ʪʝʦʨʠʠ ʬʠʣʴʪʨʘʮʠʠ, ʪʝʦʨʠʠ ʣʘʤʠʥʘʨʥʦʛʦ ʧʣʘʤʝʥʠ, ʦʩʦʙʝʥʥʦʩʪʝʡ 
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ʛʦʨʝʥʠʷ ʚ ʤʠʢʨʦʢʘʥʘʣʘʭ. ʇʨʠʚʦʜʠʪʩʷ ʦʙʟʦʨ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʤ 

ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ. 

ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʜʥʦʤʝʨʥʳʝ ʟʘʜʘʯʠ ʪʝʯʝʥʠʷ ʛʘʟʘ ʯʝʨʝʟ 

ʧʦʨʠʩʪʳʝ ʩʨʝʜʳ. ʈʘʟʜʝʣ 2.1 ʧʦʩʚʷʱʝʥ ʠʩʩʣʝʜʦʚʘʥʠʶ ʟʘʜʘʯʠ ʬʠʣʴʪʨʘʮʠʠ ʯʝʨʝʟ 

ʧʦʨʠʩʪʫʶ ʩʨʝʜʫ. ʇʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʭʦʜʘ ʛʘʟʘ ʢʘʢ ʬʫʥʢʮʠʠ ʨʘʟʥʦʩʪʠ ʜʘʚʣʝʥʠʡ ʥʘ ʛʨʘʥʠʮʘʭ 

ʧʦʨʠʩʪʦʛʦ ʪʝʣʘ. ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ  ʪʦʣʱʠʥʳ 

ʩʣʦʝʚ ʥʘ ʨʘʩʭʦʜ ʛʘʟʘ. ɺ ʈʘʟʜʝʣʝ 2.2 ʦʧʠʩʳʚʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʠʩʪʝʯʝʥʠʷ ʛʘʟʘ ʠʟ ʧʦʜʟʝʤʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ, ʠʥʠʮʠʠʨʦʚʘʥʥʦʛʦ ʩʢʘʯʢʦʦʙʨʘʟʥʳʤ 

ʧʦʚʳʰʝʥʠʝʤ ʜʘʚʣʝʥʠʷ ʚʥʫʪʨʠ ʨʝʟʝʨʚʫʘʨʘ. ʀʩʩʣʝʜʦʚʘʥʘ ʜʠʥʘʤʠʢʘ ʜʚʠʞʝʥʠʷ ʛʘʟʘ ʚ 

ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ, ʦʩʦʙʝʥʥʦʩʪʠ ʠʩʪʝʯʝʥʠʷ ʛʘʟʘ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʠʟ ʧʦʨʠʩʪʦʡ 

ʦʙʣʘʩʪʠ, ʚʨʝʤʷ ʨʘʟʛʨʫʟʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʪʦʣʱʠʥʳ ʩʣʦʷ 

ʛʨʫʥʪʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ ʚ ʭʦʜʝ ʧʨʦʮʝʩʩʘ 

ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ ʠʟ-ʟʘ ʙʦʣʴʰʝʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʪʚʝʨʜʦʡ ʬʘʟʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʝʧʣʦʝʤʢʦʩʪʴʶ ʛʘʟʘ ʧʨʠ ʚʳʙʨʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘʜʘʯʠ. ɺʳʷʚʣʝʥʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʜʚʫʭ ʭʘʨʘʢʪʝʨʥʳʭ ʨʝʞʠʤʦʚ ʠʩʪʝʯʝʥʠʷ ʛʘʟʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʚʦʡʩʪʚ ʧʦʨʠʩʪʦʛʦ ʩʣʦʷ. ʉʜʝʣʘʥʳ ʦʮʝʥʢʠ ʧʨʠʤʝʥʠʤʦʩʪʠ ʙʘʨʦʜʠʬʬʫʟʠʦʥʥʦʛʦ 

ʧʨʠʙʣʠʞʝʥʠʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʘ ʨʘʟʛʨʫʟʢʠ ʨʝʟʝʨʚʫʘʨʘ. 

ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʦʧʠʩʘʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʷʟʘʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʛʦʨʝʥʠʷ ʛʘʟʘ ʚ ʩʦʩʫʜʝ ʩ ʧʦʨʠʩʪʳʤʠ ʩʪʝʥʢʘʤʠ ʠ  ʬʠʣʴʪʨʘʮʠʠ ʛʘʟʦʚ ʯʝʨʝʟ 

ʩʪʝʥʢʠ. ʇʨʝʜʣʦʞʝʥʘ ʥʦʚʘʷ ʦʜʥʦʤʝʨʥʘʷ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʢʦʥʪʠʥʫʘʣʴʥʫʶ ʤʦʜʝʣʴ ʬʠʣʴʪʨʘʮʠʠ ʛʘʟʘ ʯʝʨʝʟ ʧʦʨʠʩʪʫʶ ʩʪʝʥʢʫ ʠ ʤʦʜʝʣʴ ʛʦʨʝʥʠʷ 

ʛʘʟʘ ʚ ʟʘʢʨʳʪʦʤ ʩʦʩʫʜʝ ʩ ʫʯʝʪʦʤ ʠʩʪʝʯʝʥʠʷ ʛʘʟʘ ʯʝʨʝʟ ʧʦʨʠʩʪʳʝ ʩʪʝʥʢʠ. ʉʚʷʟʴ 

ʧʨʦʮʝʩʩʦʚ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ, 

ʧʦʣʫʯʝʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠ, ʠʩʭʦʜʷ ʠʟ ʫʧʨʦʱʝʥʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ 

ʜʚʫʭ ʩʨʝʜ. ʇʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʚʨʝʤʝʥʠ ʩʛʦʨʘʥʠʷ ʛʘʟʘ ʦʪ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ ʠ ʝʝ ʪʦʣʱʠʥʳ, ʜʘʥʥʳʝ ʦ ʤʘʢʩʠʤʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ ʛʘʟʘ ʚ 

ʨʝʟʝʨʚʫʘʨʝ. 

ʏʝʪʚʝʨʪʘʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ ʚ ʤʠʢʨʦʢʘʥʘʣʝ, ʠʤʝʶʱʝʤ ʧʣʘʚʥʦʝ ʩʫʞʝʥʠʝ ʚ ʩʝʨʝʜʠʥʝ 
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ʝʛʦ ʜʣʠʥʳ. ɺ ʨʘʤʢʘʭ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ ʚ ʧʨʷʤʳʭ ʢʘʥʘʣʘʭ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʜʠʘʤʝʪʨʘ. ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʜʣʠʥʳ ʟʘʫʞʝʥʥʦʡ ʟʦʥʳ ʠ ʦʪʥʦʰʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʜʠʘʤʝʪʨʦʚ ʤʠʢʨʦʢʘʥʘʣʘ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʬʨʦʥʪʘ ʧʣʘʤʝʥʠ 

ʧʨʝʦʜʦʣʝʪʴ ʢʨʠʪʠʯʝʩʢʠʡ ʟʘʟʦʨ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʛʘʟʘ ʚʥʫʪʨʠ ʢʘʥʘʣʘ 

ʠʛʨʘʝʪ ʢʨʠʪʠʯʝʩʢʫʶ ʨʦʣʴ ʧʨʠ ʠʟʫʯʝʥʠʠ ʧʦʚʝʜʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ ʚ 

ʢʘʥʘʣʝ. ʇʦʣʫʯʝʥʦ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʵʬʬʝʢʪʘ ʠʥʝʨʮʠʦʥʥʦʩʪʠ ʧʣʘʤʝʥʠ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʨʘʥʝʝ ʧʨʠ ʦʜʥʦʤʝʨʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ ʚ 

ʩʫʞʘʶʱʝʤʩʷ ʤʠʢʨʦʢʘʥʘʣʝ [11].   

 ɺ ʧʷʪʦʡ ʛʣʘʚʝ ʦʧʠʩʳʚʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʦʨʝʥʠʷ ʛʘʟʘ ʚ 

ʤʠʢʨʦʢʘʥʘʣʝ ʩ ʛʨʘʜʠʝʥʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʙʦʛʘʪʦʡ ʚʦʜʦʨʦʜ-ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʩʪʨʦʝʥʘ ʥʘ ʦʩʥʦʚʝ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʡ ʤʦʜʝʣʠ ʩ ʮʝʧʥʳʤ 

ʤʝʭʘʥʠʟʤʦʤ ʨʝʘʢʮʠʠ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʦ ʤʝʨʝ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ 

ʧʦʷʚʣʷʝʪʩʷ ʨʷʜ ʙʠʬʫʨʢʘʮʠʡ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʣʦʞʥʳʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʨʝʞʠʤʦʚ, ʪʘʢʠʭ ʢʘʢ ʧʫʣʴʩʘʮʠʦʥʥʳʡ, ʭʘʦʪʠʯʝʩʢʠʡ, 

ʩʤʝʰʘʥʥʳʡ ʠ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ FREI (Flame with Repetitive Extinction and Ignition) ï 

ʨʝʞʠʤ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʠ ʧʦʛʘʩʘʥʠʷ ʧʣʘʤʝʥʠ. ʅʘʡʜʝʥʳ ʟʥʘʯʝʥʠʷ 

ʢʨʠʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʚ 

ʪʝʨʤʠʥʘʭ ʩʦʦʪʥʦʰʝʥʠʷ ʠʟʙʳʪʢʘ ʪʦʧʣʠʚʘ ʠ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ. 

 ɺ ʟʘʢʣʶʯʝʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʚʳʚʦʜʳ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥ ʩʧʠʩʦʢ ʧʫʙʣʠʢʘʮʠʡ ʘʚʪʦʨʘ ʚ 

ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʷʭ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ 

ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ.  ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʝʥ ʘʢʘʜʝʤʠʢʫ  

ɺ.ɸ. ʃʝʚʠʥʫ, ʜ.ʬ.-ʤ.ʥ. ʈ.ɺ. ʌʫʨʩʝʥʢʦ, ʜ.ʬ.-ʤ.ʥ. ɺ.ɺ. ɻʫʙʝʨʥʦʚʫ,  

ʢ.ʬ.-ʤ.ʥ. ʅ.ɸ. ʃʫʮʝʥʢʦ, ʢ.ʬ.-ʤ.ʥ. ɽ.ɺ. ʉʝʨʝʱʝʥʢʦ ʟʘ ʮʝʥʥʳʝ ʟʘʤʝʯʘʥʠʷ ʠ 

ʦʙʩʫʞʜʝʥʠʷ ʨʘʙʦʪ, ʚʦʰʝʜʰʠʭ ʚ ʜʠʩʩʝʨʪʘʮʠʶ. 
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ɻʃɸɺɸ 1 

 

ʆʉʅʆɺʅʓɽ ʇʈɽɼʇʆʃʆɾɽʅʀʗ ʊɽʆʈʀʀ ʌʀʃʔʊʈɸʎʀʀ ʀ 

ʆʉʆɹɽʅʅʆʉʊʀ ɻʆʈɽʅʀʗ ɺ ʄʀʂʈʆʂɸʅɸʃɸʍ (ʦʙʟʦʨ 

ʣʠʪʝʨʘʪʫʨʳ) 

 

 

Ä 1.1. ʆʙʱʠʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʛʠʨʫʶʱʠʭ ʛʘʟʦʚ ʚ ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ 

 

ʉʠʩʪʝʤʘ ʭʠʤʠʯʝʩʢʠ ʨʝʘʛʠʨʫʶʱʝʛʦ ʧʦʪʦʢʘ ʛʘʟʘ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʧʦʨʠʩʪʦʡ 

ʩʨʝʜʳ ʠ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʧʦʣʥʦʩʪʴʶ ʦʧʠʩʳʚʘʝʪʩʷ, ʝʩʣʠ ʟʘʜʘʥʳ 

ʜʘʚʣʝʥʠʝ, ʧʣʦʪʥʦʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʘ, ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ 

ʨʝʘʛʠʨʫʶʱʝʡ ʩʤʝʩʠ. ʕʪʠ ʩʚʦʡʩʪʚʘ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ ʩʦ ʚʨʝʤʝʥʝʤ ʠ ʚ 

ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʚʝʢʮʠʠ, ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʝʨʝʥʦʩʘ (ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʜʠʬʬʫʟʠʠ ʠ ʚʷʟʢʦʩʪʠ), ʪʝʧʣʦʦʙʤʝʥʘ 

ʩ ʧʦʨʠʩʪʦʡ ʩʨʝʜʦʡ ʠ ʠʟʣʫʯʝʥʠʷ. ʇʦʵʪʦʤʫ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʨʝʘʛʠʨʫʶʱʠʭ 

ʛʘʟʦʚ ʚ ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ ʜʦʣʞʥʦ ʫʯʠʪʳʚʘʪʴ ʢʘʞʜʳʡ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 

[12]. 

ɼʣʷ ʤʥʦʛʠʭ ʨʝʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʭʘʨʘʢʪʝʨʥʦ ʥʝʩʪʘʮʠʦʥʘʨʥʦʝ ʧʦʚʝʜʝʥʠʝ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʩʢʦʨʦʩʪʴ, ʜʘʚʣʝʥʠʝ ʠ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ ʠʟʤʝʥʷʶʪʩʷ ʚʦ ʚʨʝʤʝʥʠ 

[13]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʫʨʘʚʥʝʥʠʷ ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ ʠʤʧʫʣʴʩʘ ʠ ʵʥʝʨʛʠʠ ʷʚʣʷʶʪʩʷ 

ʦʙʱʝʡ ʦʪʧʨʘʚʥʦʡ ʪʦʯʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʷʚʣʝʥʠʡ. 

ʊʝʨʤʠʥ çʧʦʨʠʩʪʘʷ ʩʨʝʜʘè ʦʟʥʘʯʘʝʪ ʣʶʙʦʡ ʤʘʪʝʨʠʘʣ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʪʚʝʨʜʦʛʦ 

ʢʘʨʢʘʩʘ ʩʦ ʩʚʷʟʘʥʥʳʤʠ ʧʫʩʪʦʪʘʤʠ [13, 14]. ɺʟʘʠʤʦʩʚʷʟʘʥʥʦʩʪʴ ʧʫʩʪʦʪ (ʧʦʨ) 

ʧʦʟʚʦʣʷʝʪ ʛʘʟʘʤ ʠʣʠ ʞʠʜʢʦʩʪʷʤ ʧʨʦʭʦʜʠʪʴ ʩʢʚʦʟʴ ʤʘʪʝʨʠʘʣ. ʆʙʳʯʥʦ ʧʦʨʠʩʪʳʝ 

ʩʨʝʜʳ ʠʤʝʶʪ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʧʦʵʪʦʤʫ ʠʭ ʤʦʜʝʣʠʨʫʶʪ ʙʝʟ 

ʤʘʢʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʜʝʪʘʣʠʟʘʮʠʠ, ʠ ʚʤʝʩʪʦ ʵʪʦʛʦ ʨʘʙʦʪʘʶʪ ʩ ʫʩʨʝʜʥʝʥʥʳʤʠ ʧʦ 

ʦʙʲʝʤʫ ʟʘʢʦʥʘʤʠ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʦʨʠʩʪʫʶ ʩʨʝʜʫ ʢʘʢ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʡ 

ʦʜʥʦʨʦʜʥʳʡ ʢʦʥʪʠʥʫʫʤ [15]. ʇʨʠ ʟʘʧʠʩʠ ʫʨʘʚʥʝʥʠʡ ʙʫʜʝʤ ʠʩʭʦʜʠʪʴ ʠʟ 
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ʧʨʝʜʩʪʘʚʣʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʚʠʞʝʥʠʝ ʜʚʫʭʬʘʟʥʦʡ (ʛʘʟ ï ʪʚʝʨʜʦʝ 

ʪʝʣʦ) ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʚʟʘʠʤʦʧʨʦʥʠʢʘʶʱʝʛʦ ʜʚʠʞʝʥʠʷ ʜʚʫʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʢʦʥʪʠʥʫʫʤʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʢʘʞʜʫʶ ʠʟ ʬʘʟ [16]. ʇʨʠ 

ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʳʙʨʘʥʥʦʛʦ ʦʙʲʝʤʘ 

ʛʝʪʝʨʦʛʝʥʥʦʡ ʩʨʝʜʳ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ, ʥʦ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʬʘʟ ʤʝʞʜʫ ʩʦʙʦʡ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʛʦʤʦʛʝʥʥʳʭ ʩʤʝʩʝʡ, ʛʜʝ ʢʘʞʜʳʡ ʢʦʤʧʦʥʝʥʪ ʤʦʞʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʟʘʥʠʤʘʶʱʠʡ ʚʝʩʴ ʦʙʲʝʤ ʩʤʝʩʠ ʨʘʚʥʦʧʨʘʚʥʦ ʩ ʜʨʫʛʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ, ʚ ʛʝʪʝʨʦʛʝʥʥʦʡ ʩʤʝʩʠ ʢʘʞʜʘʷ ʬʘʟʘ ʟʘʥʠʤʘʝʪ ʣʠʰʴ ʯʘʩʪʴ ʦʙʝ̡ʤʘ 

ʩʤʝʩʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʪʝʦʨʠʠ ʛʝʪʝʨʦʛʝʥʥʳʭ ʩʨʝʜ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʘʨʘʤʝʪʨ 

ʧʦʨʠʩʪʦʩʪʠ. ʇʦʨʠʩʪʦʩʪʴ ï ʙʝʟʨʘʟʤʝʨʥʘʷ ʚʝʣʠʯʠʥʘ, ʥʝ ʟʘʚʠʩʷʱʘʷ ʦʪ ʨʘʟʤʝʨʘ 

ʯʘʩʪʠʮ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦʨʠʩʪʫʶ ʩʨʝʜʫ. ʆʧʨʝʜʝʣʷʝʪʩʷ ʜʣʷ ʥʝʢʦʪʦʨʦʛʦ ʵʣʝʤʝʥʪʘ 

ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʦʙʝ̡ʤʘ Vp, ʟʘʥʷʪʦʛʦ ʧʦʨʘʤʠ ʚ ʵʪʦʤ ʵʣʝʤʝʥʪʝ, ʢ ʝʛʦ 

ʦʙʱʝʤʫ ʦʙʲʝʤʫ V: 

 

.
V

V
a

p
=            (1.1) 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʨʠʩʪʦʩʪʠ ʦʜʠʥʘʢʦʚ ʜʣʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʧʦʜʦʙʥʳʭ ʩʨʝʜ; ʦʥ 

ʥʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʨʘʟʤʝʨʳ ʧʦʨ ʠ ʩʪʨʫʢʪʫʨʫ ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ [17].  

ɺ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʪʚʝʨʜʘʷ ʬʘʟʘ ʥʝʧʦʜʚʠʞʥʘ ʠ ʦʜʥʦʨʦʜʥʘ. 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʘʷ ʜʚʠʞʝʥʠʝ ʨʝʘʛʠʨʫʶʱʠʭ ʛʘʟʦʚ ʚ ʧʦʨʠʩʪʦʡ 

ʩʨʝʜʝ, ʠʤʝʝʪ ʚʠʜ: 

 

ʫʨʘʚʥʝʥʠʝ ʥʝʨʘʟʨʳʚʥʦʩʪʠ: 

( ) ,0=ÖÐ+
µ

µ
ur

r CC

t
          (1.2) 

ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʝ ʜʣʷ ʛʘʟʘ: 

( ) ,gFp
t
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æ
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å
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µ

µ
      (1.3) 

ʫʨʘʚʥʝʥʠʝ ʵʥʝʨʛʠʠ ʜʣʷ ʪʚʝʨʜʦʡ ʩʨʝʜʳ: 
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ʫʨʘʚʥʝʥʠʝ ʵʥʝʨʛʠʠ ʜʣʷ ʛʘʟʘ: 
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 (1.5) 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʝʘʛʠʨʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ: 

( ), ,2 YTWYDY
t

Y
-Ð=ö

÷

õ
æ
ç

å
ÐÖ+

µ

µ CCC
ur        (1.6) 

ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ: 

.RTp r=            (1.7) 

 

 ɿʜʝʩʴ ʠ ʜʘʣʝʝ p, u
C

 ï ʜʘʚʣʝʥʠʝ ʠ ʩʢʦʨʦʩʪʴ ʛʘʟʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ɟ, ɟc ï 

ʧʣʦʪʥʦʩʪʴ ʛʘʟʘ ʠ ʪʚʝʨʜʦʡ ʬʘʟʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; t ï ʪʝʥʟʦʨ ʚʷʟʢʠʭ ʥʘʧʨʷʞʝʥʠʡ; 

g
C

 ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ; F
C

 ï ʩʠʣʘ ʤʝʞʬʘʟʥʦʛʦ ʪʨʝʥʠʷ; cV, cc ï 

ʪʝʧʣʦʝʤʢʦʩʪʴ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʦʙʲʝʤʝ ʛʘʟʘ ʠ ʪʝʧʣʦʝʤʢʦʩʪʴ ʪʚʝʨʜʦʡ ʩʨʝʜʳ; T, Tc ï 

ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ ʠ ʧʦʨʠʩʪʦʛʦ ʢʘʨʢʘʩʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ɚg, ɚ ï ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ʛʘʟʘ ʠ ʪʚʝʨʜʦʡ ʩʨʝʜʳ; Ŭ ï ʢʦʥʩʪʘʥʪʘ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʝʞʬʘʟʦʚʦʛʦ 

ʪʝʧʣʦʦʙʤʝʥʘ; Q, W ï ʪʝʧʣʦʪʘ ʠ ʩʢʦʨʦʩʪʴ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ; Y ï ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʥʝʜʦʩʪʘʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʛʘʟʦʚʦʡ ʩʤʝʩʠ; D ï ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʜʠʬʬʫʟʠʠ ʥʝʜʦʩʪʘʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʛʘʟʦʚʦʡ ʩʤʝʩʠ; R ï ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ; 

ixµµ=Ð /
C

 ï ʦʧʝʨʘʪʦʨ ʛʨʘʜʠʝʥʪʘ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʦʧʦʣʥʷʝʪʩʷ ʥʘʯʘʣʴʥʳʤʠ ʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, 

ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ ʦʪ ʛʝʦʤʝʪʨʠʠ ʠ ʬʠʟʠʯʝʩʢʦʡ ʧʦʩʪʘʥʦʚʢʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ. 

ʋʨʘʚʥʝʥʠʷ (1.2)-(1.7) ʧʦʣʫʯʝʥʳ ʠʟ ʦʙʱʠʭ ʟʘʢʦʥʦʚ, ʦʧʠʩʳʚʘʶʱʠʭ ʧʨʦʮʝʩʩʳ 

ʛʦʨʝʥʠʷ ʠ ʬʠʣʴʪʨʘʮʠʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʷʜʘ ʫʧʨʦʱʘʶʱʠʭ ʧʨʝʜʧʦʣʦʞʝʥʠʡ: 

1. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ.  

2. ʊʝʥʟʦʨ ʚʷʟʢʠʭ ʥʘʧʨʷʞʝʥʠʡ t ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [18]:   
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( ) ( ) ,
3

2
ù
ú

ø
é
ê

è
ÖÐ-Ð+Ð= I

T
uuumt
CCCCCC

       (1.8) 

 

ʛʜʝ ɛ ï ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʛʘʟʦʚʦʡ ʩʤʝʩʠ, ʢʦʪʦʨʘʷ ʧʦʣʘʛʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ; I ï 

ʝʜʠʥʠʯʥʳʡ ʪʝʥʟʦʨ; ()T2  ï ʦʧʝʨʘʪʦʨ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʠʷ. ʉʠʣʘ ʪʨʝʥʠʷ F
C
, ʦʙʷʟʘʥʥʘʷ 

ʜʝʡʩʪʚʠʶ ʚʷʟʢʠʭ ʩʠʣ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʤʝʞʜʫ ʬʘʟʘʤʠ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʥʠʮʝʡ 

ʩʢʦʨʦʩʪʝʡ ʤʝʞʜʫ ʧʦʨʠʩʪʦʡ ʤʘʪʨʠʮʝʡ ʠ ʛʘʟʦʤ, ʨʘʟʤʝʨʦʤ ʘ, ʢʦʣʠʯʝʩʪʚʦʤ ʠ ʬʦʨʤʦʡ 

ʚʢʣʶʯʝʥʠʡ, ʘ ʪʘʢʞʝ ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠ ʛʘʟʘ [19]. ɺ ʩʠʣʫ 

ʧʨʠʥʷʪʳʭ ʜʦʧʫʱʝʥʠʡ ʠʤʝʝʪ ʚʠʜ [16, 20]: 

 

.u
mCC

k
aF =            (1.9) 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʦʥʠʮʘʝʤʦʩʪʠ k ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ ʠ ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʩʚʦʡʩʪʚ ʛʘʟʘ. ʀʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʴ ʧʣʦʱʘʜʠ, [ʤ
2
], ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, 

ʯʪʦ ʵʪʦ ʯʠʩʪʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʩʚʦʡʩʪʚʦ ʩʨʝʜʳ, ʢʦʩʚʝʥʥʦ ʦʧʨʝʜʝʣʷʶʱʝʝ ʨʘʟʤʝʨ ʝʝ 

ʩʪʨʫʢʪʫʨʳ [21].  

3. ɺ ʪʚʝʨʜʦʡ ʬʘʟʝ ʨʘʙʦʪʘ ʚʥʫʪʨʝʥʥʠʭ ʩʠʣ, ʚ ʩʠʣʫ ʜʦʧʫʱʝʥʠʷ ʦ 

ʥʝʧʦʜʚʠʞʥʦʩʪʠ ʪʚʝʨʜʦʡ ʩʨʝʜʳ, ʨʘʚʥʘ ʥʫʣʶ. ʏʣʝʥʳ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ (1.4) 

ʦʧʠʩʳʚʘʶʪ ʧʨʠʪʦʢ ʪʝʧʣʘ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʥʪʘʢʪʥʳʡ ʧʨʠʪʦʢ ʪʝʧʣʘ 

ʦʪ ʪʚʝʨʜʦʡ ʬʘʟʳ ʢ ʛʘʟʫ, ( )cTT-a ,  ʠ ʧʨʠʪʦʢ ʪʝʧʣʘ ʟʘ ʩʯʝʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚ 

ʛʘʟʝ, cT2Ð
C
l . ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʪʚʝʨʜʦʡ ʩʨʝʜʳ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ: 

.const=l  

4. ʈʘʙʦʪʘ ʚʥʫʪʨʝʥʥʠʭ ʩʠʣ ʚ ʛʘʟʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʙʨʘʪʠʤʦʡ ʨʘʙʦʪʦʡ ʩʞʘʪʠʷ 

ʛʘʟʘ, 
dt

dpp

r
 (ʛʜʝ ( )ÐÖ+

µ

µ
=

CC
u

tdt

d
 ï ʩʫʙʩʪʘʥʮʠʦʥʘʣʴʥʘʷ ʧʨʦʠʟʚʦʜʥʘʷ) ʠ ʨʘʙʦʪʦʡ 

ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʩʠʣ: ( )tuÖÖÐ
CC

 ï ʜʠʩʩʠʧʘʮʠʷ ʟʘ ʩʯʝʪ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʚʷʟʢʠʭ ʩʠʣ; 

u
CC
ÖF  ï ʜʠʩʩʠʧʘʮʠʷ ʟʘ ʩʯʝʪ ʨʘʙʦʪʳ ʤʝʞʬʘʟʥʳʭ ʩʠʣ ʠʟ-ʟʘ ʤʝʞʬʘʟʥʦʡ ʩʢʦʨʦʩʪʥʦʡ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ. ʇʨʠʪʦʢ ʪʝʧʣʘ ʚ ʛʘʟʝ ʩʣʘʛʘʝʪʩʷ ʠʟ ʪʝʭ ʞʝ ʢʦʤʧʦʥʝʥʪ, ʯʪʦ ʠ 

ʧʨʠʪʦʢ ʪʝʧʣʘ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ, ʥʦ ʜʦʙʘʚʣʷʝʪʩʷ ʝʱʝ ʩʣʘʛʘʝʤʦʝ, ʫʯʠʪʳʚʘʶʱʝʝ 
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ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʧʨʠ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ [22]: ( ). ,TYQW  

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʛʘʟʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ: .constg =l  

5. ʀʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠʙʣʠʞʝʥʠʝ ʛʣʦʙʘʣʴʥʦʡ ʢʠʥʝʪʠʢʠ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. 

ʊʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠʙʣʠʞʝʥʠʝ ʦ ʥʝʟʘʚʠʩʠʤʦʡ ʜʠʬʬʫʟʠʠ [23], ,constD=

ʩʧʨʘʚʝʜʣʠʚʦʝ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʭʠʤʠʯʝʩʢʠʡ ʢʦʤʧʦʥʝʥʪ, ʜʣʷ ʦʧʠʩʘʥʠʷ ʢʦʪʦʨʦʛʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝ (1.6), ʥʘʭʦʜʠʪʩʷ ʚ ʥʝʜʦʩʪʘʪʢʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʡ ʩʤʝʩʴʶ, ʠʣʠ ʢʦʛʜʘ ʚ ʛʦʨʶʯʝʡ ʩʤʝʩʠ ʠʤʝʝʪʩʷ ʠʟʙʳʪʦʢ 

ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ (ʥʘʧʨʠʤʝʨ, ʚ ʫʛʣʝʚʦʜʦʨʦʜʦ-ʚʦʟʜʫʰʥʳʭ ʩʤʝʩʷʭ).  

ɼʦʧʫʱʝʥʠʷ ʧʦʩʪʦʷʥʩʪʚʘ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ, ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʷʟʢʦʩʪʠ, 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʜʠʬʬʫʟʠʠ ʧʦʟʚʦʣʷʶʪ ʠʟʙʝʞʘʪʴ ʥʝʣʠʥʝʡʥʦʩʪʠ ʚ ʫʨʘʚʥʝʥʠʷʭ, 

ʩʦʜʝʨʞʘʱʠʭ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʝʨʝʥʦʩʘ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ, ʵʪʦ ʫʧʨʦʱʝʥʠʝ ʥʝ ʧʨʠʚʦʜʠʪ 

ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʠʩʢʘʞʝʥʠʷʤ ʨʝʟʫʣʴʪʘʪʦʚ, ʯʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʘʭ 

[24, 25].  

ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʬʠʣʴʪʨʘʮʠʝʡ ʛʘʟʘ ʯʝʨʝʟ ʧʦʨʠʩʪʳʝ ʩʪʝʥʢʠ ʟʘʤʢʥʫʪʦʛʦ ʦʙʲʝʤʘ, ʚʥʫʪʨʠ 

ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʛʦʨʝʥʠʝ ʩʤʝʩʠ ʛʘʟʦʚ, ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʧʣʘʤʝʥʠ ʚ 

ʤʠʢʨʦʢʘʥʘʣʘʭ, ʚ ʫʩʣʦʚʠʷʭ,  ʢʦʛʜʘ ʪʝʧʣʦʦʙʤʝʥ ʛʘʟʘ ʩʦ ʩʪʝʥʢʘʤʠ ʢʘʥʘʣʘ ʦʢʘʟʳʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩʳ ʛʦʨʝʥʠʷ. ɺʦ ʚʩʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʟʘʜʘʯʘʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʙʘʟʦʚʘʷ ʤʦʜʝʣʴ, ʧʨʠʚʝʜʝʥʥʘʷ 

ʚʳʰʝ.  ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʨʦʮʝʩʩʦʚ ʠ ʘʥʘʣʠʟʘ 

ʷʚʣʝʥʠʡ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʧʘʨʘʤʝʪʨʦʚ, ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʝʜʫʮʠʨʦʚʘʥʥʳʝ 

ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʠʟ ʦʙʱʝʡ ʤʦʜʝʣʠ ʚ ʨʘʤʢʘʭ ʪʝʭ ʠʣʠ ʠʥʳʭ 

ʫʧʨʦʱʘʶʱʠʭ ʧʨʝʜʧʦʣʦʞʝʥʠʡ. ʀʝʨʘʨʭʠʷ ʦʩʥʦʚʥʳʭ ʤʦʜʝʣʝʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʜʠʩʩʝʨʪʘʮʠʠ  ʜʣʷ ʦʧʠʩʘʥʠʷ ʛʦʨʝʥʠʷ ʛʘʟʦʚ ʚ ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ ʠ ʤʠʢʨʦʢʘʥʘʣʘʭ 

ʧʨʠʚʝʜʝʥʘ ʥʘ ʈʠʩʫʥʢʝ 1.1. ʆʙʱʠʤ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʟʘʜʘʯʘʭ ʤʝʭʘʥʠʢʠ 

ʨʝʘʛʠʨʫʶʱʠʭ ʩʨʝʜ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ 

(ʪʨʝʥʠʷ ʠ ʪʝʧʣʦʦʙʤʝʥʘ ʤʝʞʜʫ ʛʘʟʦʤ ʠ ʪʚʝʨʜʦʡ ʩʨʝʜʦʡ) ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ 

ʥʝʩʪʘʮʠʦʥʘʨʥʳʝ ʧʨʦʮʝʩʩʳ ʛʦʨʝʥʠʷ ʠ ʬʠʣʴʪʨʘʮʠʠ ʛʘʟʘ.  
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ʈʠʩʫʥʦʢ 1.1. ʀʝʨʘʨʭʠʷ ʦʩʥʦʚʥʳʭ ʤʦʜʝʣʝʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʜʠʩʩʝʨʪʘʮʠʠ  ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʛʦʨʝʥʠʷ ʛʘʟʦʚ ʚ ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ ʠ ʤʠʢʨʦʢʘʥʘʣʘʭ 

 

 

Ä 1.2. ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʥʝʨʝʘʛʠʨʫʶʱʝʛʦ ʛʘʟʘ ʚ ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ 

 

ʊʝʦʨʠʷ ʬʠʣʴʪʨʘʮʠʠ ï ʨʘʟʜʝʣ ʛʠʜʨʦʜʠʥʘʤʠʢʠ, ʧʦʩʚʷʱʝʥʥʳʡ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʝʡ ʠ ʛʘʟʦʚ ʯʝʨʝʟ ʧʦʨʠʩʪʳʝ ʩʨʝʜʳ [13, 26]. ʌʠʣʴʪʨʘʮʠʦʥʥʳʝ 

ʧʨʦʮʝʩʩʳ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʠ ʚʩʪʨʝʯʘʶʪʩʷ ʢʘʢ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ, ʪʘʢ ʠ 

ʚ ʷʚʣʝʥʠʷʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʜʦʙʳʯʝʡ ʠ ʭʨʘʥʝʥʠʝʤ ʥʝʬʪʠ ʠ ʛʘʟʘ [21, 27]. ʉʨʝʜʠ 

ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʪʝʦʨʠʠ ʬʠʣʴʪʨʘʮʠʠ ʪʘʢʠʝ ʧʨʦʙʣʝʤʳ ʢʘʢ ʦʯʠʱʝʥʠʝ ʞʠʜʢʦʩʪʠ 

ʠʣʠ ʛʘʟʘ ʧʨʠ ʪʝʯʝʥʠʠ ʯʝʨʝʟ ʬʠʣʴʪʨʳ, ʩʦʟʜʘʥʠʝ ʦʭʣʘʞʜʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʚ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʜʨʫʛʠʝ. ɿʘʜʘʯʠ ʬʠʣʴʪʨʘʮʠʠ ʥʝʨʝʘʛʠʨʫʶʱʠʭ 

ʆʙʱʠʝ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʨʝʘʛʠʨʫʶʱʠʭ ʛʘʟʦʚ ʚ 

ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ (ʫʨʘʚʥʝʥʠʷ (1.2-1.7)). 

ʄʦʜʝʣʴ ɼʘʨʩʠ 

ʬʠʣʴʪʨʘʮʠʠ ʛʘʟʦʚ 

ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ 

ʥʝʨʝʘʛʠʨʫʶʱʝʛʦ ʛʘʟʘ ʚ 

ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ 

ʄʦʜʝʣʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ ʚ 

ʤʠʢʨʦʢʘʥʘʣʘʭ 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ ʚ 

ʟʘʢʨʳʪʦʤ ʩʦʩʫʜʝ ʩ ʧʦʨʠʩʪʳʤʠ 

ʩʪʝʥʢʘʤʠ 

ʋʨʘʚʥʝʥʠʷ ʬʠʣʴʪʨʘʮʠʠ 

ʥʝʨʝʘʛʠʨʫʶʱʝʛʦ ʛʘʟʘ ʚ 

ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ 

ʋʨʘʚʥʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʣʘʤʠʥʘʨʥʦʛʦ ʧʣʘʤʝʥʠ ʚ ʩʚʦʙʦʜʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ 
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ʛʘʟʦʚ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ, ʩʚʷʟʘʥʳ ʩ ʜʨʫʛʦʡ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ï 

ʠʩʪʝʯʝʥʠʝʤ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʠʣʠ ʜʨʫʛʠʭ ʦʪʭʦʜʦʚ ʠʟ ʨʝʟʝʨʚʫʘʨʦʚ ʩ ʧʦʨʠʩʪʳʤʠ 

ʩʪʝʥʢʘʤʠ. ʊʘʢʦʛʦ ʨʦʜʘ ʟʘʜʘʯʠ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʩʣʫʯʘʝ, ʥʘʧʨʠʤʝʨ, ʚʟʨʳʚʦʚ ʩʤʝʩʝʡ 

ʛʦʨʶʯʠʭ ʛʘʟʦʚ, ʚʟʨʳʚʦʚ ʠʟ-ʟʘ ʩʘʤʦʨʘʟʦʛʨʝʚʘ ʩʠʩʪʝʤ ʩ ʨʘʜʠʦʘʢʪʠʚʥʳʤʠ ʦʪʭʦʜʘʤʠ ʚ 

ʧʦʜʟʝʤʥʳʭ ʨʝʟʝʨʚʫʘʨʘʭ, ʚʟʨʳʚʘʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʧʨʦʠʩʭʦʜʠʪ ʠʩʪʝʯʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʚʟʨʳʚʘ ʯʝʨʝʟ ʧʨʦʥʠʮʘʝʤʳʝ ʩʪʝʥʢʠ ʨʘʟʨʫʰʝʥʥʳʭ 

ʫʩʪʘʥʦʚʦʢ.  

ʄʦʜʝʣʴ ʜʚʠʞʝʥʠʷ ʥʝʨʝʘʛʠʨʫʶʱʠʭ ʛʘʟʦʚ ʚ ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ ʠʣʠ ʬʠʣʴʪʨʘʮʠʷ 

ʛʘʟʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʣʝʜʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʠʩʪʝʤʘʭ ʩ ʛʦʨʝʥʠʝʤ 

ʛʘʟʘ. ɺ ʨʘʟʜʝʣʝ 2.2 ʦʧʠʩʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʬʠʣʴʪʨʘʮʠʠ ʛʘʟʘ ʯʝʨʝʟ 

ʧʦʨʠʩʪʳʡ ʩʣʦʡ ʜʣʷ ʩʣʫʯʘʷ ʙʦʣʴʰʠʭ ʧʝʨʝʧʘʜʦʚ ʜʘʚʣʝʥʠʷ ʥʘ ʛʨʘʥʠʮʘʭ ʧʦʨʠʩʪʦʛʦ 

ʩʣʦʷ. ʄʦʜʝʣʴ ʦʧʠʩʳʚʘʝʪ ʠʩʪʝʯʝʥʠʝ ʠ ʜʚʠʞʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʚʟʨʳʚʘ ʚ 

ʧʦʜʟʝʤʥʦʤ ʨʝʟʝʨʚʫʘʨʝ.  

ʅʝʩʪʘʮʠʦʥʘʨʥʳʡ ʧʨʦʮʝʩʩ ʬʠʣʴʪʨʘʮʠʠ ʥʝʨʝʘʛʠʨʫʶʱʝʛʦ ʩʞʠʤʘʝʤʦʛʦ ʛʘʟʘ 

ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ ʛʘʟʘ (1.2)-(1.7) ʚ ʢʦʪʦʨʳʭ, ʚ ʫʨʘʚʥʝʥʠʠ (1.5) ʦʪʩʫʪʩʪʚʫʝʪ 

ʯʣʝʥ QW, ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʧʨʠ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. ʇʦʣʥʘʷ 

ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʘʷ ʧʨʦʮʝʩʩ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʬʠʣʴʪʨʘʮʠʠ, ʠʤʝʝʪ 

ʚʠʜ [28]: 
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ʋʨʘʚʥʝʥʠʝ ʜʣʷ ʵʥʝʨʛʠʠ ʛʘʟʘ (1.13) ʟʘʧʠʩʘʥʦ ʚ ʙʦʣʝʝ ʫʜʦʙʥʦʤ ʜʣʷ 

ʚʳʯʠʩʣʝʥʠʡ ʚʠʜʝ, ʫʯʠʪʳʚʘʷ, ʯʪʦ ,
dt

dT
R

dt

dp

dt

dp
-=

r

r
ʛʜʝ ;Vp ccR -=  cp ï 

ʪʝʧʣʦʝʤʢʦʩʪʴ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ ʛʘʟʘ.  ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʪʝʧʣʦʝʤʢʦʩʪʴ 

ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ ʤʥʦʛʦ ʙʦʣʴʰʝ ʪʝʧʣʦʝʤʢʦʩʪʠ ʛʘʟʘ, ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ ʥʘʛʨʝʚʦʤ 

ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ ʟʘ ʩʯʝʪ ʪʝʧʣʦʦʙʤʝʥʘ ʩ ʛʘʟʦʤ ʠ ʩʯʠʪʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʨʠʩʪʦʡ 

ʩʨʝʜʳ ʧʦʩʪʦʷʥʥʦʡ .constTc=  ʕʪʘ ʤʦʜʝʣʴ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʬʠʣʴʪʨʘʮʠʠ ʛʘʟʘ ʯʝʨʝʟ ʛʨʫʥʪ  ʩ ʤʘʣʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʚ ʨʘʟʜʝʣʝ 2.2.  

 

 

1.2.1    ʄʦʜʝʣʴ ɼʘʨʩʠ ʬʠʣʴʪʨʘʮʠʠ ʛʘʟʦʚ 

 

ʅʘʯʘʣʦ ʨʘʟʚʠʪʠʶ ʪʝʦʨʠʠ ʬʠʣʴʪʨʘʮʠʠ ʧʦʣʦʞʝʥʦ ʬʨʘʥʮʫʟʩʢʠʤ ʠʥʞʝʥʝʨʦʤ ɸ. 

ɼʘʨʩʠ, ʢʦʪʦʨʳʡ ʚ 1856 ʛʦʜʫ ʩʬʦʨʤʫʣʠʨʦʚʘʣ ʠ ʦʧʫʙʣʠʢʦʚʘʣ ʦʙʥʘʨʫʞʝʥʥʳʡ ʠʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʟʘʢʦʥ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʢʦʪʦʨʳʤ ʩʢʦʨʦʩʪʴ ʬʠʣʴʪʨʘʮʠʠ ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʛʨʘʜʠʝʥʪʫ ʜʘʚʣʝʥʠʷ [29]. ɿʘʢʦʥ ɼʘʨʩʠ, ʥʘʟʳʚʘʝʤʳʡ ʪʘʢʞʝ 

ʣʠʥʝʡʥʳʤ ʟʘʢʦʥʦʤ ʬʠʣʴʪʨʘʮʠʠ, ʦʢʘʟʘʣʩʷ ʩʧʨʘʚʝʜʣʠʚ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʢʘʢ ʜʣʷ ʞʠʜʢʦʩʪʝʡ, ʪʘʢ ʠ ʜʣʷ ʛʘʟʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʯʝʨʝʟ ʨʘʟʣʠʯʥʳʝ ʧʦʨʠʩʪʳʝ 

ʩʨʝʜʳ.   

ʈʘʩʩʤʦʪʨʠʤ ʫʩʪʘʥʦʚʠʚʰʠʡʩʷ ʚʦ ʚʨʝʤʝʥʠ ʧʨʦʮʝʩʩ ʬʠʣʴʪʨʘʮʠʠ 

ʥʝʨʝʘʛʠʨʫʶʱʝʛʦ ʛʘʟʘ. ʊʝʤʧʝʨʘʪʫʨʫ ʛʘʟʘ ʧʨʠʤʝʤ ʧʦʩʪʦʷʥʥʦʡ, ʨʘʚʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʪʚʝʨʜʦʡ ʩʨʝʜʳ, T = Tc. ɺ ʩʣʫʯʘʝ ʤʝʜʣʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʛʘʟʘ (ʯʠʩʣʦ ʄʘʭʘ M << 1), 

ʫʨʘʚʥʝʥʠʷ (1.12), (1.13), ʦʧʠʩʳʚʘʶʱʠʝ ʵʥʝʨʛʠʶ ʬʘʟ, ʚʳʨʦʞʜʘʶʪʩʷ ʚ ʪʦʞʜʝʩʪʚʘ. 

ʇʨʠ ʤʘʣʳʭ ʯʠʩʣʘʭ ʈʝʡʥʦʣʴʜʩʘ ʚ ʫʨʘʚʥʝʥʠʠ ʜʣʷ ʠʤʧʫʣʴʩʘ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ 

ʢʦʥʚʝʢʪʠʚʥʳʤ ʯʣʝʥʦʤ ʚ ʣʝʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʩʥʦʚʥʳʤ 

ʧʨʦʮʝʩʩʦʤ, ʩʚʷʟʳʚʘʶʱʠʤ ʩʢʦʨʦʩʪʴ ʠ ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ ʚ ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ, ʙʫʜʝʪ 

ʚʷʟʢʦʝ ʪʨʝʥʠʝ ʤʝʞʜʫ ʛʘʟʦʤ ʠ ʪʚʝʨʜʦʡ ʩʨʝʜʦʡ. ʍʦʪʷ ʫʨʘʚʥʝʥʠʝ ɼʘʨʩʠ 

ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʝ, ʦʥʦ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʚ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ 

ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʚʷʟʢʦʛʦ ʪʝʯʝʥʠʷ ʩʨʝʜʳ ʚ ʤʠʢʨʦʢʘʥʘʣʘʭ. ʀʩʧʦʣʴʟʫʷ ʘʥʘʣʦʛʠʶ 
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ʤʝʞʜʫ ʚʷʟʢʠʤ ʪʝʯʝʥʠʝʤ ʛʘʟʘ ʠʣʠ ʞʠʜʢʦʩʪʠ  ʚ ʢʘʥʘʣʝ ʧʨʠ ʯʠʩʣʘʭ ʈʝʡʥʦʣʴʜʩʘ  

Re << 1, ʢʦʛʜʘ ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʛʘʟʘ ʠʣʠ ʞʠʜʢʦʩʪʠ  ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ  ʨʘʟʥʦʩʪʠ 

ʜʘʚʣʝʥʠʡ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʠʟ ʢʘʥʘʣʘ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʪʦʪ ʟʘʢʦʥ ʙʫʜʝʪ 

ʚʳʧʦʣʥʷʪʴʩʷ ʠ ʚ ʩʣʫʯʘʝ ʚʷʟʢʦʛʦ ʪʝʯʝʥʠʷ ʚ ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʩʪʝʤʘ, ʦʧʠʩʳʚʘʶʱʘʷ ʩʪʘʮʠʦʥʘʨʥʳʡ ʧʨʦʮʝʩʩ ʬʠʣʴʪʨʘʮʠʠ 

ʛʘʟʘ ʩʚʦʜʠʪʩʷ ʢ ʚʠʜʫ:  
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ɺ ʩʣʫʯʘʝ ʦʜʥʦʤʝʨʥʦʛʦ ʜʚʠʞʝʥʠʷ ʫʨʘʚʥʝʥʠʝ (1.16) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʫʨʘʚʥʝʥʠʝ ɼʘʨʩʠ. ɺ ʨʘʤʢʘʭ ʵʪʦʡ ʤʦʜʝʣʠ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʤʥʦʛʠʝ ʟʘʜʘʯʠ 

ʬʠʣʴʪʨʘʮʠʠ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʘʭ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʣʠ: ɾ. ɼʶʧʶʠ (J. Dupuit) [30], 

ʅ.ʅ. ʇʘʚʣʦʚʩʢʠʡ [31], ʅ.ɽ. ɾʫʢʦʚʩʢʠʡ [32], ʇ.ʗ. ʇʦʣʫʙʘʨʠʥʦʚʘ-ʂʦʯʠʥʘ [33], 

ʄ. ʄʘʩʢʝʪ (M. Muskat) [34], ʀ.ɸ. ʏʘʨʥʳʡ [35], ɸ. ʐʝʡʜʝʛʛʝʨ (A. Scheidegger) [36], 

ʃ.ʉ. ʃʝʡʙʝʥʟʦʥ [26] ʠ ʜʨʫʛʠʝ. 

 ɼʣʷ ʥʴʶʪʦʥʦʚʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʟʘʢʦʥʘ ɼʘʨʩʠ 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʤʘʣʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʬʠʣʴʪʨʘʮʠʠ. ʇʨʠ ʙɧʣʴʰʠʭ ʩʢʦʨʦʩʪʷʭ 

ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʛʨʘʜʠʝʥʪʦʤ ʜʘʚʣʝʥʠʷ ʠ ʩʢʦʨʦʩʪʴʶ ʬʠʣʴʪʨʘʮʠʠ ʥʝʣʠʥʝʡʥʘʷ. 

ʍʦʨʦʰʝʝ ʩʦʚʧʘʜʝʥʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʜʘʝʪ ʢʚʘʜʨʘʪʠʯʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʛʨʘʜʠʝʥʪʘ ʜʘʚʣʝʥʠʷ ʦʪ ʩʢʦʨʦʩʪʠ ï ʟʘʢʦʥ ʬʠʣʴʪʨʘʮʠʠ ʌʦʨʭʛʝʡʤʝʨʘ 

[37]. 

ɺʪʦʨʘʷ ʛʣʘʚʘ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʜʚʠʞʝʥʠʷ 

ʥʝʨʝʘʛʠʨʫʶʱʠʭ ʛʘʟʦʚ ʚ ʧʦʨʠʩʪʳʭ ʩʨʝʜʘʭ. ɺ ʨʘʟʜʝʣʝ 2.1 ʨʘʩʩʤʦʪʨʝʥ ʩʣʫʯʘʡ 

ʤʥʦʛʦʩʣʦʡʥʦʡ ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ, ʩʣʦʠ ʢʦʪʦʨʦʡ ʦʪʣʠʯʘʶʪʩʷ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ 

ʪʦʣʱʠʥʦʡ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ. ʄʥʦʛʦʩʣʦʡʥʦʩʪʴ ï ʜʦʚʦʣʴʥʦ ʯʘʩʪʦʝ ʷʚʣʝʥʠʝ, 

ʚʩʪʨʝʯʘʶʱʝʝʩʷ ʢʘʢ ʚ ʧʨʠʨʦʜʝ (ʥʘʧʨʠʤʝʨ, ʧʦʜʟʝʤʥʳʝ ʧʣʘʩʪʳ), ʪʘʢ ʠ ʚ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ (ʥʘʧʨʠʤʝʨ, ʧʦʨʠʩʪʳʝ ʬʠʣʴʪʨʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ 
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ʦʯʠʩʪʢʠ ʛʘʟʦʚ). ʇʨʦʥʠʮʘʝʤʦʩʪ ɹk ʦʧʨʝʜʝʣʷʝʪ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʨʠʩʪʦʛʦ 

ʩʣʦʷ ʠ ʷʚʣʷʝʪʩʷ ʝʛʦ ʚʘʞʥʝʡʰʝʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, ʥʘʨʷʜʫ ʩ 

ʧʦʨʠʩʪʦʩʪʴʶ a. ʇʨʠʯʝʤ, ʧʨʠ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʧʦʨʠʩʪʦʩʪʠ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʨʘʟʣʠʯʥʳʭ ʩʨʝʜ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʩʦʚʝʨʰʝʥʥʦ ʨʘʟʥʦʡ. ɽʝ ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʩʥʦ 

ʩʚʷʟʘʥʦ ʩ ʟʘʢʦʥʦʤ ɼʘʨʩʠ, ʢʦʪʦʨʦʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʚ ʨʘʟʜʝʣʝ 2.1. ʇʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʷʚʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʩʪʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (1.15)-(1.17), ʢʦʪʦʨʘʷ ʚ ʦʜʥʦʤʝʨʥʦʤ 

ʩʣʫʯʘʝ ʜʦʧʫʩʢʘʝʪ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ, ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʩʣʦʝʚ 

ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ.  

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (1.10)-(1.14) ʚ ʩʠʣʫ ʩʚʦʝʡ ʩʣʦʞʥʦʩʪʠ ʥʝ ʧʦʜʜʘʝʪʩʷ 

ʘʥʘʣʠʪʠʯʝʩʢʦʤʫ ʨʝʰʝʥʠʶ. ɺ ʨʘʟʜʝʣʝ 2.2 ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʙʘʟʠʨʫʶʱʘʷʩʷ 

ʥʘ ʵʪʦʡ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ, ʨʝʰʝʥʘ ʯʠʩʣʝʥʥʦ ʜʣʷ ʩʣʫʯʘʷ ʙʦʣʴʰʠʭ ʧʝʨʝʧʘʜʦʚ 

ʜʘʚʣʝʥʠʷ ʤʝʞʜʫ ʩʣʦʝʤ ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ. ʄʦʜʝʣʴ ʠʤʠʪʠʨʫʝʪ ʚʥʝʟʘʧʥʳʡ ʚʟʨʳʚ ʛʘʟʘ 

ʚ ʧʦʜʟʝʤʥʦʤ ʨʝʟʝʨʚʫʘʨʝ.  

 

 

1.2.2    ʇʨʠʙʣʠʞʝʥʠʝ ʙʘʨʦʜʠʬʬʫʟʠʠ 

 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʚʦʡʩʪʚ ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ, ʚʦʟʤʦʞʥʘ ʢʘʢ çʙʳʩʪʨʘʷè, ʪʘʢ ʠ 

çʤʝʜʣʝʥʥʘʷè ʨʘʟʛʨʫʟʢʘ ʨʝʟʝʨʚʫʘʨʘ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʠʩʪʝʯʝʥʠʝ ʛʘʟʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʧʨʦʮʝʩʩʘʤʠ ʙʘʨʦʜʠʬʬʫʟʠʠ [38]. ɹʘʨʦʜʠʬʬʫʟʠʷ ï ʵʪʦ ʚʠʜ 

ʜʠʬʬʫʟʠʠ, ʚʦʟʥʠʢʘʶʱʝʡ ʟʘ ʩʯʝʪ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʜʘʚʣʝʥʠʷ.  

ɺ ʙʘʨʦʜʠʬʬʫʟʠʦʥʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʩʢʦʨʦʩʪʴ ʛʘʟʘ ʩʯʠʪʘʝʪʩʷ ʤʘʣʦʡ 

ʚʝʣʠʯʠʥʦʡ, ʚʦʟʤʫʱʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʠ ʜʘʚʣʝʥʠʷ ʪʘʢʞʝ ʩʯʠʪʘʶʪʩʷ ʤʘʣʳʤʠ, ʠ ʧʦ 

ʧʦʨʷʜʢʫ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʩʢʦʨʦʩʪʠ. ʊʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ ʧʦʣʘʛʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ, 

ʨʘʚʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ çʥʦʨʤʘʣʴʥʳʭè ʫʩʣʦʚʠʷʭ. ʉʯʠʪʘʷ ʚʦʟʤʫʱʝʥʠʷ ʜʘʚʣʝʥʠʷ p* ʠ 

ʧʣʦʪʥʦʩʪʠ ɟ* ʤʘʣʳʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʘʚʣʝʥʠʝʤ ʠ ʧʣʦʪʥʦʩʪʴʶ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ, ʠ ʩʦʭʨʘʥʷʷ ʚ ʫʨʘʚʥʝʥʠʷʭ (1.10)-(1.14) ʪʦʣʴʢʦ ʣʠʥʝʡʥʳʝ ʧʦ ʩʢʦʨʦʩʪʠ ʠ 

ʚʦʟʤʫʱʝʥʠʷʤ ʧʣʦʪʥʦʩʪʠ ʠ ʜʘʚʣʝʥʠʷ ʯʣʝʥʳ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʣʝʜʫʶʱʫʶ ʩʠʩʪʝʤʫ 

ʫʨʘʚʥʝʥʠʡ: 
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ʀʩʢʣʶʯʘʷ ʩʢʦʨʦʩʪʴ ʠʟ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ, ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ ʜʠʬʬʫʟʠʦʥʥʦʛʦ 

ʪʠʧʘ ʜʣʷ ʚʦʟʤʫʱʝʥʠʡ ʜʘʚʣʝʥʠʷ: 

 

( ) .0*
20* =ÖÐ-

µ

µ
p

a

kp

t

p C

m
         (1.19) 

 

ʇʨʠʙʣʠʞʝʥʠʝ ʙʘʨʦʜʠʬʬʫʟʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ ʨʝʰʝʥʠʝ ʟʘʜʘʯ 

ʬʠʣʴʪʨʘʮʠʠ ʛʘʟʘ ʠ ʦʮʝʥʢʠ ʧʨʠʤʝʥʠʤʦʩʪʠ ʫʨʘʚʥʝʥʠʷ (1.19) ʜʣʷ ʨʘʩʯʝʪʘ 

ʭʘʨʘʢʪʝʨʥʦʛʦ ʚʨʝʤʝʥʠ ʨʘʟʛʨʫʟʢʠ ʨʝʟʝʨʚʫʘʨʘ ʧʨʠʚʝʜʝʥʳ  ʚ ʨʘʟʜʝʣʝ 2.2.  

ɺ ʛʣʘʚʝ 3 ʦʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʘ ʬʠʣʴʪʨʘʮʠʠ ʢʦʤʙʠʥʠʨʫʝʪʩʷ ʩ ʷʚʣʝʥʠʝʤ 

ʛʦʨʝʥʠʷ ʚ ʩʦʩʫʜʝ. ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ ʟʘʜʘʯʝʡ, ʧʨʦʠʩʭʦʜʠʪ ʠʩʪʝʯʝʥʠʝ 

ʛʘʟʘ ʠʟ ʧʦʜʟʝʤʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ, ʥʦ ʝʛʦ ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ ʷʚʣʷʝʪʩʷ ʥʝ ʚʟʨʳʚ, ʘ 

ʧʦʩʪʝʧʝʥʥʦʝ ʥʘʨʘʩʪʘʥʠʝ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʟʘ ʩʯʝʪ ʚʦʟʛʦʨʘʥʠʷ. ʊʘʢʘʷ ʧʦʩʪʘʥʦʚʢʘ 

ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʧʠʩʘʥʠʷ ʦʩʥʦʚʥʳʭ ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʤʦʜʝʣʷʭ ʩ ʛʦʨʝʥʠʝʤ. 

 

 

Ä 1.3. ʋʨʘʚʥʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʣʘʤʠʥʘʨʥʦʛʦ ʧʣʘʤʝʥʠ 

 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʷʚʣʝʥʠʷ ʛʦʨʝʥʠʷ ʫʢʣʘʜʳʚʘʶʪʩʷ ʚ 

ʪʝʦʨʠʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʣʘʤʠʥʘʨʥʦʛʦ ʧʣʘʤʝʥʠ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʝʨʝʤʝʰʘʥʥʳʭ 

ʩʤʝʩʷʭ, ʢʦʪʦʨʫʶ ʚ ʍʍ ʚʝʢʝ ʨʘʟʚʠʣʠ ʩʦʚʝʪʩʢʠʝ ʬʠʟʠʢʠ ʗ.ɹ. ɿʝʣʴʜʦʚʠʯ ʠ 

ɼ.ɸ. ʌʨʘʥʢ-ʂʘʤʝʥʝʮʢʠʡ [39, 40]. ɺ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʝʨʝʤʝʰʘʥʥʦʡ ʩʤʝʩʠ ʬʨʦʥʪ 

ʧʣʘʤʝʥʠ ʜʚʠʞʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ ʩʦ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʩʢʦʨʦʩʪʴʶ ub, ʥʘʟʳʚʘʝʤʦʡ ʥʦʨʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʣʘʤʠʥʘʨʥʦʛʦ ʧʣʘʤʝʥʠ. ʕʪʘ 

ʩʢʦʨʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʘʚʘ ʩʤʝʩʠ, ʝʝ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʥʦ ʥʝ 
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ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ ʟʘʞʠʛʘʥʠʷ. ʇʨʦʙʣʝʤʘ ʣʘʤʠʥʘʨʥʦʛʦ ʧʣʘʤʝʥʠ ʷʚʣʷʝʪʩʷ 

ʮʝʥʪʨʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʪʝʦʨʠʠ ʛʦʨʝʥʠʷ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʧʦ ʜʚʫʤ ʧʨʠʯʠʥʘʤ. ɺʦ-

ʧʝʨʚʳʭ, ʵʪʦ ʥʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʘʷ ʠʟ ʧʨʦʙʣʝʤ ʛʦʨʝʥʠʷ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʪʨʝʙʫʝʪ 

ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʫʯʝʪʘ ʜʚʠʞʝʥʠʷ ʩʨʝʜʳ ʠ ʭʠʤʠʯʝʩʢʦʡ ʢʠʥʝʪʠʢʠ; ʚʦ-ʚʪʦʨʳʭ, 

ʟʥʘʥʠʝ ʦʩʥʦʚʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʣʘʤʠʥʘʨʥʦʛʦ ʧʣʘʤʝʥʠ ʦʢʘʟʳʚʘʝʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʧʨʦʙʣʝʤ ʛʦʨʝʥʠʷ [41]. 

ʆʩʥʦʚʥʘʷ ʪʨʫʜʥʦʩʪʴ ʚ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʦʧʠʩʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʛʦʨʝʥʠʷ ʩʚʷʟʘʥʘ ʩ 

ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʵʣʝʤʝʥʪʘʨʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʛʦʨʝʥʠʠ. 

ʇʦʜʨʦʙʥʘʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʨʝʘʢʮʠʡ ʧʨʠ ʛʦʨʝʥʠʠ ʜʘʞʝ ʩʘʤʳʭ ʧʨʦʩʪʳʭ 

ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʪʦʧʣʠʚ ʚʢʣʶʯʘʝʪ ʜʝʩʷʪʢʠ ʠʣʠ ʜʘʞʝ ʩʦʪʥʠ ʢʦʤʧʦʥʝʥʪʦʚ, 

ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʩʦʪʥʷʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ [42, 43]. ʂʨʦʤʝ ʪʦʛʦ, 

ʜʣʷ ʤʥʦʛʠʭ ʚʝʱʝʩʪʚ ʥʝʪ ʜʦʩʪʘʪʦʯʥʦ ʷʩʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʠʣʠ 

ʦʪʩʫʪʩʪʚʫʶʪ ʢʠʥʝʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʧʨʦʚʦʜʷʪ ʯʠʩʣʝʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʩ ʜʝʪʘʣʴʥʦʡ ʢʠʥʝʪʠʢʦʡ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ [44-47], ʥʦ 

ʦʥʦ ʩʦʧʨʷʞʝʥʦ ʩ ʨʷʜʦʤ ʪʨʫʜʥʦʩʪʝʡ ʠ ʪʨʝʙʫʝʪ ʦʯʝʥʴ ʙʦʣʴʰʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʟʘʪʨʘʪ. ʇʦʵʪʦʤʫ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʧʨʦʩʪʝʡʰʠʤʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ 

ʢʦʥʬʠʛʫʨʘʮʠʷʤʠ ʛʦʨʝʣʦʯʥʳʭ ʫʩʪʨʦʡʩʪʚ.  

ʄʥʦʛʠʝ ʘʩʧʝʢʪʳ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʬʨʦʥʪʘ ʧʣʘʤʝʥʠ ʤʦʛʫʪ ʙʳʪʴ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʦʧʠʩʘʥʳ ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʥʘʥʠʡ ʦ 

ʜʝʪʘʣʴʥʦʤ ʤʝʭʘʥʠʟʤʝ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ [48]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʣʘʛʘʶʪ, ʯʪʦ 

ʧʨʦʮʝʩʩ ʛʦʨʝʥʠʷ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʛʣʦʙʘʣʴʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʝʡ ʚʠʜʘ: 

 

ɜF[YF]+ ɜO[YO] Ÿ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ + ʪʝʧʣʦ,      (1.20) 

 

ʛʜʝ YO, YF ï ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʠʩʣʠʪʝʣʷ ʠ ʪʦʧʣʠʚʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʝʨʝʤʝʰʘʥʥʦʡ 

ʛʘʟʦʚʦʡ ʩʤʝʩʠ, ɜO, ɜF ï ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ [49]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʦʜʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ (1.20) ʚʤʝʩʪʦ ʤʥʦʞʝʩʪʚʘ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ 

ʤʥʦʛʠʝ ʟʘʜʘʯʠ ʛʦʨʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠ ʠ ʜʘʝʪ ʭʦʨʦʰʝʝ ʢʘʯʝʩʪʚʝʥʥʦʝ ʦʧʠʩʘʥʠʝ 

ʷʚʣʝʥʠʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʧʘʨʘʤʝʪʨʦʚ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʨʠʚʣʝʯʝʥʠʝ 

ʜʝʪʘʣʴʥʦʡ ʢʠʥʝʪʠʢʠ ʤʦʞʝʪ ʫʩʣʦʞʥʠʪʴ ʧʦʥʠʤʘʥʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʷʚʣʝʥʠʡ, ʚ ʪʦ 
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ʚʨʝʤʷ ʢʘʢ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʜʫʮʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʝʪ ʦʪʙʨʦʩʠʪʴ 

ʚʪʦʨʦʩʪʝʧʝʥʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠ ʚʳʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʤʝʭʘʥʠʟʤʳ, 

ʦʧʨʝʜʝʣʷʶʱʠʝ ʧʦʚʝʜʝʥʠʝ ʧʣʘʤʝʥʠ.  

ʉʢʦʨʦʩʪʴ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʟʘʢʦʥʫ ɸʨʨʝʥʠʫʩʘ 

[48]: 
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ʛʜʝ Ea ï ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ; ɸ ï ʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ 

ʤʥʦʞʠʪʝʣʴ. ʂʦʥʩʪʘʥʪʳ Ea, A, n, m ʦʮʝʥʠʚʘʶʪʩʷ ʠʩʭʦʜʷ ʠʟ ʤʦʣʝʢʫʣʷʨʥʦ-

ʢʠʥʝʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʛʘʟʦʚ, ʩʧʝʮʠʘʣʴʥʦ ʧʦʩʪʘʚʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ/ʠʣʠ 

ʧʦʜʙʠʨʘʶʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʜʦʩʪʠʯʴ ʩʦʚʧʘʜʝʥʠʷ ʤʝʞʜʫ ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʠ 

ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʥʪʝʛʨʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʣʘʤʝʥʠ, 

ʪʘʢʠʤʠ ʢʘʢ ʥʦʨʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʘʜʠʘʙʘʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʣʘʤʝʥʠ. ʇʨʠʤʝʨ ʦʧʠʩʘʥʠʷ ʩʧʦʩʦʙʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʩʪʘʥʪ ʨʝʘʢʮʠʡ ʤʦʞʥʦ ʥʘʡʪʠ 

ʚ [50, 51]. 

ɺʦ ʤʥʦʛʠʭ ʟʘʜʘʯʘʭ ʛʦʨʝʥʠʷ ʚʳʨʘʞʝʥʠʝ (1.21) ʤʦʞʝʪ ʙʳʪʴ ʫʧʨʦʱʝʥʦ ʜʦ ʚʠʜʘ: 
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ʛʜʝ Y ï ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʥʝʜʦʩʪʘʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩʚʝʞʝʡ ʩʤʝʩʠ. ɼʣʷ ʙʝʜʥʳʭ 

ʩʤʝʩʝʡ ʥʝʜʦʩʪʘʶʱʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʛʦʨʶʯʝʝ, ʜʣʷ ʙʦʛʘʪʳʭ ï ʦʢʠʩʣʠʪʝʣʴ.  

 ʇʦʤʠʤʦ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʧʨʠʙʣʠʞʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʫʧʨʦʱʝʥʠʝʤ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʭʝʤʳ, ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʛʦʨʝʥʠʷ ʛʘʟʦʬʘʟʥʳʭ ʧʣʘʤʝʥ ʚ 

ʪʝʦʨʠʠ ʣʘʤʠʥʘʨʥʦʛʦ ʧʣʘʤʝʥʠ ʪʘʢʞʝ ʧʨʝʥʝʙʨʝʛʘʶʪ ʵʬʬʝʢʪʘʤʠ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʩʞʠʤʘʝʤʦʩʪʠ ʛʘʟʘ, ʧʦʩʢʦʣʴʢʫ ʧʣʘʤʷ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʝʡ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ, ʘ ʠʟʤʝʥʝʥʠʝ ʜʘʚʣʝʥʠʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʚʘʜʨʘʪʫ ʯʠʩʣʘ 

ʄʘʭʘ [22]. ʕʪʠ ʵʬʬʝʢʪʳ ʩʫʱʝʩʪʚʝʥʥʳ ʣʠʰʴ ʧʨʠ ʜʝʪʦʥʘʮʠʠ ʛʘʟʘ, ʢʦʛʜʘ ʩʢʦʨʦʩʪʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʬʨʦʥʪʘ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʩʨʘʚʥʠʤʘ ʩʦ ʩʢʦʨʦʩʪʴʶ ʟʚʫʢʘ [38]. 



27 
 

 
 

ʇʦʩʪʦʷʥʩʪʚʦ ʜʘʚʣʝʥʠʷ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʣʦʪʥʦʩʪʴ ʛʘʟʘ ʢʘʢ 

ʬʫʥʢʮʠʶ ʦʜʥʦʡ ʪʦʣʴʢʦ ʪʝʤʧʝʨʘʪʫʨʳ, ʘ ʪʘʢʞʝ ʧʨʝʥʝʙʨʝʯʴ ʯʣʝʥʦʤ 
dt

dp
 ʚ ʫʨʘʚʥʝʥʠʠ 

ʵʥʝʨʛʠʠ (1.5) ʠ ʜʠʩʩʠʧʘʮʠʝʡ ʟʘ ʩʯʝʪ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʚʷʟʢʠʭ ʩʠʣ, ( )tuÖÖÐ
CC

. 

ɺʣʠʷʥʠʝ ʚʥʝʰʥʠʭ ʤʘʩʩʦʚʳʭ ʩʠʣ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʛʦʨʝʥʠʷ ʥʝ 

ʫʯʠʪʳʚʘʝʪʩʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʪʙʨʦʩʠʪʴ ʧʦʩʣʝʜʥʠʡ ʯʣʝʥ ʚ ʫʨʘʚʥʝʥʠʠ (1.3). 

 ʉ ʫʯʝʪʦʤ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ, ʩʠʩʪʝʤʘ (1.2)-(1.7) ʩʚʦʜʠʪʩʷ ʢ 

ʩʣʝʜʫʶʱʝʤʫ ʚʠʜʫ [52, 53]: 
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1.3.1. ʋʨʘʚʥʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ ʚ ʟʘʢʨʳʪʦʤ ʩʦʩʫʜʝ 

 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʛʦʨʝʥʠʷ ʚ ʦʪʢʨʳʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʛʦʨʝʥʠʝ ʚ ʟʘʢʨʳʪʳʭ ʩʦʩʫʜʘʭ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝʤ ʜʘʚʣʝʥʠʷ. ɽʩʣʠ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʥʘʛʨʝʚʘʝʤʳʡ ʧʨʠ 

ʛʦʨʝʥʠʠ ʛʘʟ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʚʦʙʦʜʥʦ ʨʘʩʰʠʨʷʪʴʩʷ ʠ ʥʘ ʨʘʙʦʪʫ ʨʘʩʰʠʨʝʥʠʷ 

ʠʜʝʪ ʯʘʩʪʴ ʚʳʜʝʣʠʚʰʝʛʦʩʷ ʚ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʪʝʧʣʘ, ʪʦ ʚ ʟʘʢʨʳʪʳʭ ʩʦʩʫʜʘʭ 

ʩʪʝʥʢʠ ʧʨʝʧʷʪʩʪʚʫʶʪ ʨʘʩʰʠʨʝʥʠʶ ʛʘʟʘ ʠ ʚʩʝ ʪʝʧʣʦ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʠʜʝʪ 

ʪʦʣʴʢʦ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʛʘʟʘ. ʀʟ-ʟʘ ʫʚʝʣʠʯʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ 

ʟʘʢʨʳʪʳʭ ʩʦʩʫʜʘʭ, ʛʦʨʝʥʠʝ ʪʘʤ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʯʝʤ 

ʧʨʠ ʚʳʛʦʨʘʥʠʠ ʪʦʡ ʞʝ ʤʘʩʩʳ ʪʘʢʦʛʦ ʞʝ ʛʦʨʶʯʝʛʦ ʚʝʱʝʩʪʚʘ ʚ ʦʪʢʨʳʪʦʤ 
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ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʛʦʨʝʥʠʷ ʚ ʟʘʢʨʳʪʳʭ 

ʩʦʩʫʜʘʭ ʧʨʦʮʝʩʩ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʣʘʛʘʶʪ ʘʜʠʘʙʘʪʠʯʝʩʢʠʤ. 

ʂʣʘʩʩʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʛʦʨʝʥʠʷ ʛʘʟʘ ʚ ʟʘʢʨʳʪʦʤ ʩʦʩʫʜʝ, ʠʟʣʦʞʝʥʥʘʷ ʚ [22], 

ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ, ʝʩʣʠ ʧʦ ʩʦʩʫʜʫ ʦʪ ʠʩʪʦʯʥʠʢʘ ʧʦʜʞʠʛʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ 

ʧʣʘʤʷ, ʪʦ ʩʢʦʨʦʩʪʴ ʚʳʛʦʨʘʥʠʷ ʛʘʟʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʧʣʘʤʝʥʠ ub. ɼʘʚʣʝʥʠʝ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʫʩʧʝʚʘʝʪ ʚʳʨʘʚʥʠʚʘʪʴʩʷ ʧʦ ʚʩʝʤʫ 

ʩʦʩʫʜʫ, ʧʦʩʢʦʣʴʢʫ ʩʢʦʨʦʩʪʴ ʧʣʘʤʝʥʠ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ. ʊʦ ʝʩʪʴ 

ʜʘʚʣʝʥʠʝ p ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦʦʨʜʠʥʘʪ ʠ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʪʦʣʴʢʦ ʚʨʝʤʝʥʠ. ʄʦʞʥʦ 

ʩʢʘʟʘʪʴ, ʯʪʦ ʛʦʨʝʥʠʝ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʠʜʝʪ ʚ ʪʦʥʢʦʤ ʩʣʦʝ, ʨʝʘʛʠʨʫʝʪ 

ʦʜʠʥ ʩʣʦʡ ʟʘ ʜʨʫʛʠʤ. ɺ ʩʠʣʫ ʠʟʣʦʞʝʥʥʳʭ ʚʳʰʝ ʫʩʣʦʚʠʡ, ʩʠʩʪʝʤʘ, ʦʧʠʩʳʚʘʶʱʘʷ 

ʛʦʨʝʥʠʝ ʛʘʟʘ ʚ ʟʘʢʨʳʪʦʤ ʩʦʩʫʜʝ, ʙʫʜʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʜʚʫʭ ʫʨʘʚʥʝʥʠʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʩʦʭʨʘʥʝʥʠʝ ʤʘʩʩʳ ʠ ʵʥʝʨʛʠʠ ʛʘʟʦʚʦʡ ʩʤʝʩʠ [54]: 
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ʋʨʘʚʥʝʥʠʷ (1.28)-(1.30) ʜʦʧʦʣʥʷʶʪʩʷ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʥʘ ʬʨʦʥʪʝ ʧʣʘʤʝʥʠ 

r f. 

ʇʝʨʝʡʜʝʤ ʚ ʩʠʩʪʝʤʫ ʦʪʩʯʝʪʘ, ʩʚʷʟʘʥʥʫʶ ʩ ʬʨʦʥʪʦʤ ʧʣʘʤʝʥʠ. ʆʙʦʟʥʘʯʠʤ 

ʠʥʜʝʢʩʘʤʠ çuè ʠ çbè ʚʝʣʠʯʠʥʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʥʝʩʛʦʨʝʚʰʝʤʫ ʠ ʩʛʦʨʝʚʰʝʤʫ ʛʘʟʫ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʠʟ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʧʣʘʤʝʥʠ: 
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ʧʦʣʫʯʠʤ ʩʦʦʪʥʦʰʝʥʠʝ, ʢʦʪʦʨʦʝ ʩʣʝʜʫʝʪ ʠʟ ʟʘʢʦʥʘ ʙʘʣʘʥʩʘ ʤʘʩʩʳ ʧʦ ʦʙʝʠʤ 

ʩʪʦʨʦʥʘʤ ʦʪ ʬʨʦʥʪʘ ʧʣʘʤʝʥʠ [55, 56]:  
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ʛʜʝ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʰʠʨʝʥʠʷ ʛʘʟʘ buE rr= . ʋʨʘʚʥʝʥʠʷ (1.31) ʠ (1.32) ʩʣʫʞʘʪ 

ʫʩʣʦʚʠʷʤʠ ʥʘ ʬʨʦʥʪʝ ʧʣʘʤʝʥʠ. 

ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʜʠʥʘʤʠʢʠ ʛʘʟʘ ʚ ʨʝʟʝʨʚʫʘʨʝ ʚ 

ʛʣʘʚʝ 3 ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ ʧʦʨ 

ʩʪʝʥʢʠ ʨʝʟʝʨʚʫʘʨʘ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʜʠʘʤʝʪʨʘ ʠ ʥʘʛʨʝʚ ʩʪʝʥʦʢ 

ʧʨʦʜʫʢʪʘʤʠ ʛʦʨʝʥʠʷ ʥʝʟʥʘʯʠʪʝʣʝʥ ʠʟ-ʟʘ ʙʦʣʴʰʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʧʦʨʠʩʪʦʡ ʩʪʝʥʢʠ. 

ʇʦʵʪʦʤʫ ʧʨʦʮʝʩʩ ʛʦʨʝʥʠʷ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘ ʧʨʝʜʝʣʘʤʠ ʨʝʟʝʨʚʫʘʨʘ.  

 

 

Ä 1.4. ɼʠʬʬʫʟʠʦʥʥʦ-ʪʝʧʣʦʚʘʷ ʤʦʜʝʣʴ ʛʦʨʝʥʠʷ 

 

ɼʨʫʛʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʤʦʜʝʣʴʶ, ʦʧʠʩʳʚʘʶʱʝʡ ʛʦʨʝʥʠʝ ʛʘʟʘ, ʷʚʣʷʝʪʩʷ 

ʜʠʬʬʫʟʠʦʥʥʦ-ʪʝʧʣʦʚʘʷ ʤʦʜʝʣʴ. ɺ ʨʘʤʢʘʭ ʵʪʦʡ ʤʦʜʝʣʠ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʷʝʪʩʷ ʚʣʠʷʥʠʶ ʧʨʦʮʝʩʩʦʚ ʜʠʬʬʫʟʠʠ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ 

ʜʠʥʘʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʧʣʘʤʝʥʠ. ʇʦʣʝ ʪʝʯʝʥʠʷ ʛʘʟʘ ʚ ʵʪʦʡ ʧʦʩʪʘʥʦʚʢʝ ʩʯʠʪʘʝʪʩʷ 

ʟʘʜʘʥʥʳʤ ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ, ʚʳʟʚʘʥʥʦʡ ʥʘʛʨʝʚʦʤ ʛʘʟʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʦʩʪʦʪʫ, ʜʠʬʬʫʟʠʦʥʥʦ-ʪʝʧʣʦʚʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ 

ʩʪʘʮʠʦʥʘʨʥʳʝ ʨʝʞʠʤʳ ʛʦʨʝʥʠʷ, ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʜʠʥʘʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ 

ʧʣʘʤʝʥʠ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʧʨʦʮʝʩʩʳ ʧʝʨʝʥʦʩʘ ʠ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʷʚʣʷʶʪʩʷ 

ʜʦʤʠʥʠʨʫʶʱʠʤʠ. ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʤʦʜʝʣʠ ʪʘʢʦʛʦ ʪʠʧʘ ʦʧʠʩʳʚʘʶʪʩʷ ʩʠʩʪʝʤʦʡ 

ʜʚʫʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ: ʜʣʷ ʧʝʨʝʥʦʩʘ ʪʝʧʣʘ ʠ ʥʝʜʦʩʪʘʶʱʝʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʩʚʝʞʝʡ ʩʤʝʩʠ, (1.25) ʠ (1.26) [22]: 
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 ʷʚʣʷʝʪʩʷ ʟʘʜʘʥʥʦʡ ʬʫʥʢʮʠʝʡ ʦʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʢʦʦʨʜʠʥʘʪ ʠ ʚʨʝʤʝʥʠ. 

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʜʠʬʬʫʟʠʦʥʥʦ-ʪʝʧʣʦʚʦʡ ʤʦʜʝʣʠ (1.33)-(1.34) ʦʪ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ (1.23)-(1.27) ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ 

ʧʨʦʮʝʩʩʦʚ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʧʝʨʝʥʦʩʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴʩʷ ʚ ʚʠʜʝ 

ʢʦʨʦʪʢʦʚʦʣʥʦʚʳʭ ʠʩʢʨʠʚʣʝʥʠʡ ʬʨʦʥʪʘ ʧʣʘʤʝʥʠ L ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʤʘʩʰʪʘʙʦʤ, 

ʩʨʘʚʥʠʤʳʤ ʩ ʪʝʧʣʦʚʦʡ ʪʦʣʱʠʥʦʡ ʧʣʘʤʝʥʠ l th: L ~ l th [39, 40]. ʊʘʢʠʝ ʚʦʟʤʫʱʝʥʠʷ 

ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʩʘʤʫ ʩʪʨʫʢʪʫʨʫ ʬʨʦʥʪʘ ʧʣʘʤʝʥʠ, ʥʦ ʥʝ ʚʳʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ.  

ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʧʣʘʤʝʥʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʚʠʜʝ ʜʣʠʥʥʦʚʦʣʥʦʚʳʭ ʠʩʢʨʠʚʣʝʥʠʡ ʬʨʦʥʪʘ ʧʣʘʤʝʥʠ: L >> l th. ɺ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʦʙʘ ʚʠʜʘ ʥʝʫʩʪʦʡʯʠʚʦʩʪʝʡ ʧʨʦʷʚʣʷʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʥʦ ʦʜʠʥ ʠʟ ʥʠʭ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʷʚʣʷʝʪʩʷ ʜʦʤʠʥʠʨʫʶʱʠʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʘʜʝʢʚʘʪʥʦʛʦ ʚʳʙʦʨʘ 

ʫʧʨʦʱʝʥʥʦʡ ʤʦʜʝʣʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʢʘʯʝʩʪʚʝʥʥʦ ʦʧʠʩʘʪʴ ʥʘʙʣʶʜʘʝʤʳʝ ʷʚʣʝʥʠʷ, 

ʚʘʞʥʦ ʧʨʘʚʠʣʴʥʦ ʚʳʷʚʠʪʴ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ. ʆʜʥʦ ʠʟ ʫʢʘʟʘʥʠʡ ʥʘ 

ʧʨʠʨʦʜʫ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʝʡ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʠʟ ʘʥʘʣʠʟʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʘ ʧʨʝʜʤʝʪ ʦʮʝʥʢʠ ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʠʥʳ ʥʘʙʣʶʜʘʝʤʳʭ 

ʚʦʟʤʫʱʝʥʠʡ. ʇʦʣʫʯʠʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʚʣʠʷʥʠʠ ʜʠʬʬʫʟʠʦʥʥʦ-

ʪʝʧʣʦʚʳʭ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʥʘ ʧʦʚʝʜʝʥʠʝ ʧʣʘʤʝʥʠ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ 

ʠʟʫʯʝʥʠʝ ʭʘʨʘʢʪʝʨʥʳʭ ʟʥʘʯʝʥʠʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʝʨʝʥʦʩʘ ʩʤʝʩʠ ʛʘʟʘ.  

ʅʝʜʦʩʪʘʪʢʦʤ ʤʦʜʝʣʠ ʪʠʧʘ (1.33)-(1.34) ʩ ʛʣʦʙʘʣʴʥʦʡ ʢʠʥʝʪʠʢʦʡ ʭʠʤʠʯʝʩʢʠʭ 

ʨʝʘʢʮʠʡ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʘ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʥʘʙʣʶʜʘʝʤʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʷʚʣʝʥʠʡ, ʠ ʠʭ 

ʧʨʠʤʝʥʝʥʠʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʠʟʫʯʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʧʣʘʤʝʥʠ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦʤ 

ʫʨʦʚʥʝ. ʉʫʱʝʩʪʚʫʶʪ ʠ ʪʘʢʠʝ ʷʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝʚʦʟʤʦʞʥʦ 

ʦʧʠʩʘʪʴ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʝʡ ʩ ʦʜʥʦʩʪʫʧʝʥʯʘʪʦʡ ʢʠʥʝʪʠʢʦʡ, ʥʘʧʨʠʤʝʨ, ʧʣʘʤʝʥʘ ʩ 

ʮʝʧʥʳʤ ʨʘʟʚʝʪʚʣʝʥʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʨʝʘʢʮʠʠ ʪʨʝʙʫʶʪ ʢʘʢ ʤʠʥʠʤʫʤ ʜʚʝ ʨʝʘʢʮʠʠ ʚ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʩʭʝʤʝ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚ ʨʝʘʣʴʥʦʩʪʠ ʣʶʙʦʡ ʧʨʦʮʝʩʩ ʛʦʨʝʥʠʷ 
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ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʥʦʞʝʩʪʚʦ ʰʘʛʦʚ, ʢʘʞʜʳʡ ʩʦ ʩʚʦʠʤʠ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ 

ʭʠʤʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʫʯʪʝʥʳ, ʝʩʣʠ ʤʳ ʭʦʪʠʤ 

ʧʦʣʫʯʠʪʴ ʨʝʘʣʠʩʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʢʠʥʝʪʠʢʠ ʧʣʘʤʝʥʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʜʝʣʠ ʩ 

ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʤʠ ʨʝʘʢʮʠʷʤʠ ʷʚʣʷʶʪʩʷ ʭʦʨʦʰʠʤ ʙʘʣʘʥʩʦʤ ʤʝʞʜʫ ʩʣʦʞʥʦʩʪʴʶ ʠ 

ʪʦʯʥʦʩʪʴʶ ʨʝʰʝʥʠʷ, ʠ ʤʠʥʠʤʘʣʴʥʳʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʜʣʷ 

ʮʝʣʦʛʦ ʢʣʘʩʩʘ ʟʘʜʘʯ.  

ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ ʤʦʜʝʣʝʡ ʪʘʢʦʛʦ ʪʠʧʘ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴ 

ɿʝʣʴʜʦʚʠʯʘ-ʃʠʥʷʥʘ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʚ 1948 ʛʦʜʫ ʗ.ɹ. ɿʝʣʴʜʦʚʠʯʝʤ [57] 

ʠ ʧʦʟʜʥʝʝ, ʚ 1971 ʛʦʜʫ, ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ɸ. ʃʠʥʷʥʦʤ (A. Lin§n) ʚ ʧʨʠʙʣʠʞʝʥʠʠ 

ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ [58]. ʆʥʘ ʷʚʠʣʘʩʴ ʧʝʨʚʦʡ ʤʦʜʝʣʴʶ ʩ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʤ 

ʨʘʟʚʝʪʚʣʝʥʥʳʤ ʮʝʧʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʨʝʘʢʮʠʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʧʝʨʝʤʝʰʘʥʥʦʛʦ ʧʣʘʤʝʥʠ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʣʘ ʥʝ ʪʦʣʴʢʦ ʠʩʭʦʜʥʳʝ ʨʝʘʛʝʥʪʳ ʠ 

ʧʨʦʜʫʢʪʳ, ʥʦ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʨʝʘʛʝʥʪʳ (ʨʘʜʠʢʘʣʳ). ʌʦʨʤʘʣʴʥʦ ʝʝ ʢʠʥʝʪʠʯʝʩʢʘʷ 

ʩʭʝʤʘ ʩʦʜʝʨʞʠʪ: 

 

ʨʝʘʢʮʠʶ ʨʘʟʚʝʪʚʣʝʥʠʷ ʮʝʧʠ          

A + B Ÿ 2B             

ʠ ʨʝʘʢʮʠʶ ʦʙʨʳʚʘ ʮʝʧʠ (ʠʣʠ ʨʝʢʦʤʙʠʥʘʮʠʠ)     (1.35) 

B + B + M Ÿ 2P + M,    

        

ʛʜʝ A ï ʵʪʦ ʥʝʜʦʩʪʘʶʱʠʡ ʢʦʤʧʦʥʝʥʪ ʩʤʝʩʠ, B ï ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʨʘʜʠʢʘʣʳ, P ï 

ʧʨʦʜʫʢʪʳ, M ï ʪʨʝʪʴʝ ʪʝʣʦ, ʣʶʙʳʝ ʤʦʣʝʢʫʣʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʠʥʠʮʠʘʮʠʠ 

ʨʝʘʢʮʠʠ ʦʙʨʳʚʘ ʮʝʧʠ, ʥʦ ʥʝ ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʥʝʡ, ʪʦ ʝʩʪʴ ʦʩʪʘʶʱʠʝʩʷ ʠʥʝʨʪʥʳʤʠ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʘʥʥʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʨʝʘʢʮʠʠ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʚʩʝ ʪʝʧʣʦ, 

ʚʳʜʝʣʷʝʤʦʝ ʨʝʘʢʮʠʝʡ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʭʦʜʝ ʩʪʘʜʠʠ ʨʝʢʦʤʙʠʥʘʮʠʠ, ʩʢʦʨʦʩʪʴ 

ʢʦʪʦʨʦʡ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ʭʦʜʝ ʩʪʘʜʠʠ ʨʘʟʚʝʪʚʣʝʥʠʷ ʮʝʧʠ ʥʝ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʠ ʥʝ ʧʦʛʣʦʱʘʝʪʩʷ ʪʝʧʣʦ, ʦʜʥʘʢʦ, ʦʥʘ ʠʤʝʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʦʨʦʛ 

(ʵʥʝʨʛʠʶ) ʘʢʪʠʚʘʮʠʠ [22, 59]. 

ʉʦʛʣʘʩʥʦ ʩʜʝʣʘʥʥʳʤ ʧʨʝʜʧʦʣʦʞʝʥʠʷʤ, ʜʚʫʭʩʪʫʧʝʥʯʘʪʘʷ ʜʠʬʬʫʟʠʦʥʥʦ-

ʪʝʧʣʦʚʘʷ ʤʦʜʝʣʴ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʜʥʦʩʪʫʧʝʥʯʘʪʦʡ (1.33)-(1.34), ʩʦʜʝʨʞʠʪ ʜʚʘ 
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ʫʨʘʚʥʝʥʠʷ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ï ʜʣʷ ʥʝʜʦʩʪʘʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩʤʝʩʠ ʠ ʨʘʜʠʢʘʣʦʚ 

[22, 60]: 
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Ä 1.5. ʌʠʣʴʪʨʘʮʠʦʥʥʦʝ ʛʦʨʝʥʠʝ ʛʘʟʦʚ ʚ ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ 

 

ʇʨʠ ʥʘʣʠʯʠʠ ʬʠʣʴʪʨʘʮʠʠ ʛʦʨʶʯʝʡ ʩʤʝʩʠ ʯʝʨʝʟ ʧʦʨʠʩʪʫʶ ʩʨʝʜʫ ʤʦʞʝʪ 

ʚʦʟʥʠʢʘʪʴ ʦʩʦʙʳʡ ʨʝʞʠʤ ʛʦʨʝʥʠʷ ï ʬʠʣʴʪʨʘʮʠʦʥʥʦʝ ʛʦʨʝʥʠʝ ʛʘʟʦʚ ʚ ʧʦʨʠʩʪʦʡ 

ʩʨʝʜʝ [55, 61]. ʌʠʣʴʪʨʘʮʠʦʥʥʦʝ ʛʦʨʝʥʠʝ ï ʷʚʣʝʥʠʝ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʭʚʘʪʳʚʘʶʱʝʝ 

ʧʨʦʮʝʩʩʳ ʬʠʣʴʪʨʘʮʠʠ ʠ ʛʦʨʝʥʠʷ. ʊʘʢʞʝ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʧʨʦʙʣʝʤ, ʦʙʣʘʜʘʶʱʝʡ ʙʦʣʴʰʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʴʶ ʠ ʚʘʞʥʳʤ 

ʧʨʘʢʪʠʯʝʩʢʠʤ ʧʨʠʣʦʞʝʥʠʝʤ. ʌʠʣʴʪʨʘʮʠʦʥʥʦʝ ʛʦʨʝʥʠʝ ʚʝʩʴʤʘ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠ 

ʨʝʰʝʥʠʠ ʤʥʦʛʠʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯʠ ʵʥʝʨʛʝʪʠʢʠ, ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ, 

ʵʢʦʣʦʛʠʠ, ʧʦʞʘʨʦ- ʠ ʚʟʨʳʚʦʙʝʟʦʧʘʩʥʦʩʪʠ: ʩʦʟʜʘʥʠʝ ʦʛʥʝʧʨʝʛʨʘʜʠʪʝʣʝʡ, 

ʫʪʠʣʠʟʘʮʠʷ ʥʠʟʢʦʢʘʣʦʨʠʡʥʳʭ ʩʤʝʩʝʡ, ʧʦʚʳʰʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʪʦʧʦʯʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʧʨʠ ʬʦʨʩʠʨʦʚʘʥʥʳʭ ʨʝʞʠʤʘʭ ʠ ʪ.ʜ. [62].  

ʇʨʦʮʝʩʩ ʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ ʛʦʨʝʥʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ʧʨʦʮʝʩʩʘʤ ʩ ʨʝʛʝʥʝʨʘʮʠʝʡ 

ʪʝʧʣʘ: ʢʦʛʜʘ ʧʦʜʦʛʨʝʚ ʠʩʭʦʜʥʦʡ ʛʦʨʶʯʝʡ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ 

ʚʦʟʚʨʘʪʘ ʪʝʧʣʘ ʠʟ ʦʙʣʘʩʪʠ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ. ɼʘʥʥʦʝ ʷʚʣʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʩʫʤʤʘʨʥʳʭ ʪʝʧʣʦʧʦʪʝʨʴ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʚʦʟʤʦʞʥʦʩʪʠ 

ʫʩʪʦʡʯʠʚʦʛʦ ʛʦʨʝʥʠʷ ʟʘʧʨʝʜʝʣʴʥʦ ʙʝʜʥʳʭ ʛʦʨʶʯʠʭ ʩʤʝʩʝʡ ʚ ʤʘʣʦʨʘʟʤʝʨʥʳʭ 

ʩʠʩʪʝʤʘʭ [63]. ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʪʝʧʣʦ ʠʟ ʦʙʣʘʩʪʠ ʧʨʦʜʫʢʪʦʚ 

ʛʦʨʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦ ʧʝʨʝʜʘʝʪʩʷ ʧʦ ʢʘʨʢʘʩʫ ʚ ʟʦʥʫ ʧʦʜʦʛʨʝʚʘ, ʛʜʝ ʧʦʩʨʝʜʩʪʚʦʤ 
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ʤʝʞʬʘʟʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʧʝʨʝʭʦʜʠʪ ʠʟ ʢʘʨʢʘʩʘ ʚ ʛʘʟ. ɼʘʣʝʝ ʪʝʧʣʦ ʧʝʨʝʥʦʩʠʪʩʷ ʚ 

ʟʦʥʳ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʠ ʚʥʫʪʨʝʥʥʝʡ ʪʝʧʣʦʚʦʡ ʨʝʣʘʢʩʘʮʠʠ. ɿʜʝʩʴ ʦʥʦ ʩʥʦʚʘ 

ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʢʘʨʢʘʩ. ʊʘʢʦʡ ʩʧʦʩʦʙ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ 

ʛʦʨʝʥʠʷ ʩ ʠʟʙʳʪʢʦʤ ʵʥʪʘʣʴʧʠʠ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ ʛʦʨʝʥʠʷ ʧʦʣʫʯʠʣʠ ʨʘʟʚʠʪʠʝ ʚ 

ʨʘʙʦʪʘʭ [64-68]. ʀʭ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʨʦʜʦʣʞʝʥʠʝ ʢʣʘʩʩʠʯʝʩʢʦʡ ʨʘʙʦʪʳ 

ʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʧʣʘʤʝʥʠ [57], ʩ ʫʯʝʪʦʤ ʧʝʨʝʜʘʯʠ ʪʝʧʣʘ ʦʪ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʚ 

ʩʚʝʞʫʶ ʩʤʝʩʴ ʧʦ ʠʥʝʨʪʥʦʡ ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ ʟʘ ʩʯʝʪ ʝʝ ʚʳʩʦʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. 

ɺ [64, 65] ʦʧʠʩʳʚʘʝʪʩʷ ʦʜʥʦʤʝʨʥʘʷ ʜʚʫʭʪʝʤʧʝʨʘʪʫʨʥʘʷ ʤʦʜʝʣʴ ʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ 

ʛʦʨʝʥʠʷ ʛʘʟʦʚ ʚ ʠʥʝʨʪʥʦʡ ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ. ɺ ʨʘʤʢʘʭ ʵʪʦʡ ʤʦʜʝʣʠ ʫʯʠʪʳʚʘʝʪʩʷ 

ʧʝʨʝʥʦʩ ʪʝʧʣʘ ʧʦ ʛʘʟʫ ʠ ʪʚʝʨʜʦʤʫ ʢʘʨʢʘʩʫ, ʘ ʪʘʢʞʝ ʪʝʧʣʦʦʙʤʝʥ ʤʝʞʜʫ ʥʠʤʠ. 

ʀʥʝʨʪʥʘʷ ʧʦʨʠʩʪʘʷ ʩʨʝʜʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʠʩʪʝʤʦʡ ʫʟʢʠʭ ʪʨʫʙʦʢ, ʟʘʧʦʣʥʝʥʥʳʭ 

ʛʦʨʶʯʠʤ ʛʘʟʦʤ. 

ʈʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʛʦʨʝʣʦʯʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʨʝʛʝʥʝʨʘʮʠʶ 

ʪʝʧʣʘ, ʦʧʠʩʘʥʳ ʚ ʢʣʘʩʩʠʯʝʩʢʠʭ ʨʘʙʦʪʘʭ F.G. Weinberg [7, 8], T. Takeno [69, 70], 

S.A. Lloyd [71] ʠ ʜʨʫʛʠʭ. ʀʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢ ʪʘʢʠʤ ʩʠʩʪʝʤʘʤ ʦʙʫʩʣʦʚʣʝʥ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʩʞʠʛʘʥʠʷ ʥʠʟʢʦʢʘʣʦʨʠʡʥʳʭ ʩʤʝʩʝʡ, ʜʦʩʪʠʞʝʥʠʷ 

ʩʚʝʨʭʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʩʦʟʜʘʥʠʷ ʛʦʨʝʣʦʯʥʳʭ ʫʩʪʨʦʡʩʪʚ ʩ ʤʘʣʳʤʠ 

ʚʳʙʨʦʩʘʤʠ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ (NOx, CO) ʚ ʘʪʤʦʩʬʝʨʫ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʪʘʢʠʭ 

ʫʩʪʨʦʡʩʪʚ ʥʝʨʝʜʢʦ ʧʨʠʚʦʜʷʪ ʩʧʠʨʘʣʴʥʫʶ ʛʦʨʝʣʢʫ ñSwiss Rollò [72-74], ʚ ʢʦʪʦʨʦʡ 

ʚʦʟʤʦʞʥʦ ʩʞʠʛʘʪʴ ʦʯʝʥʴ ʙʝʜʥʳʝ ʩʤʝʩʠ. ɺ ʪʘʢʦʤ ʫʩʪʨʦʡʩʪʚʝ ʩʚʷʟʘʥʥʳʝ ʧʨʦʮʝʩʩʳ 

ʛʝʥʝʨʘʮʠʠ ʠ ʨʝʮʠʨʢʫʣʷʮʠʠ ʪʝʧʣʘ ʚʣʠʷʶʪ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʩʣʦʞʥʳʤ ʦʙʨʘʟʦʤ. ɼʣʷ 

ʨʝʰʝʥʠʷ ʜʘʞʝ ʩʪʘʮʠʦʥʘʨʥʦʡ ʟʘʜʘʯʠ ʛʦʨʝʥʠʷ ʟʜʝʩʴ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʪʝʧʣʦʦʙʤʝʥ ʤʝʞʜʫ ʚʩʝʤʠ ʚʠʪʢʘʤʠ ʛʦʨʝʣʢʠ, ʨʘʜʠʘʮʠʦʥʥʳʝ ʪʝʧʣʦʧʦʪʝʨʠ ʠ 

ʩʣʦʞʥʫʶ ʛʝʦʤʝʪʨʠʶ ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʪʨʫʜʦʝʤʢʦʤʫ ʨʘʩʯʝʪʫ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʠ 

ʛʘʟʦʜʠʥʘʤʠʢʠ. 
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Ä 1.6. ɻʦʨʝʥʠʝ ʛʘʟʦʚ ʚ ʫʟʢʠʭ ʢʘʥʘʣʘʭ 

 

ɺ ʛʣʘʚʘʭ 4 ʠ 5 ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʠʩʩʣʝʜʫʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʦʝ 

ʧʦʚʝʜʝʥʠʝ ʧʣʘʤʝʥʠ ʚ ʢʘʥʘʣʘʭ ʤʘʣʦʛʦ ʜʠʘʤʝʪʨʘ. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ 

ʛʦʨʝʥʠʷ ʚ ʤʘʣʦʨʘʟʤʝʨʥʳʭ ʢʘʥʘʣʘʭ ʠʩʧʦʣʴʟʫʶʪ ʩʣʝʜʫʶʱʠʝ ʫʧʨʦʱʝʥʠʷ. ɺʦ-

ʧʝʨʚʳʭ, ʤʘʣʳʝ ʨʘʟʤʝʨʳ ʢʘʥʘʣʘ, ʚ ʢʦʪʦʨʦʤ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʛʦʨʝʥʠʝ, ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʠʙʣʠʞʝʥʠʝ ʦ ʣʘʤʠʥʘʨʥʦʤ ʪʝʯʝʥʠʠ ʛʘʟʘ, ʠ ʪʝʤ 

ʩʘʤʳʤ ʠʟʙʝʞʘʪʴ ʩʣʦʞʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴʶ. ɺʦ-ʚʪʦʨʳʭ, 

ʧʨʝʥʝʙʨʝʛʘʶʪ ʜʝʪʘʣʠʟʘʮʠʝʡ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʛʦʨʝʥʠʠ, ʩʚʦʜʷ 

ʚʝʩʴ ʧʨʦʮʝʩʩ ʢ ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤ ʛʣʦʙʘʣʴʥʳʤ ʭʠʤʠʯʝʩʢʠʤ ʨʝʘʢʮʠʷʤ. ɼʘʥʥʳʝ 

ʫʧʨʦʱʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʛʦʨʝʥʠʷ ʚ ʫʟʢʠʭ 

ʢʘʥʘʣʘʭ ʚʳʧʠʩʘʥʥʳʝ ʚʳʰʝ ʫʨʘʚʥʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʣʘʤʠʥʘʨʥʦʛʦ ʧʣʘʤʝʥʠ. 

ɺ ʛʣʘʚʝ 4 ʥʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʡ (1.23)-(1.27) ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʦ 

ʧʨʦʭʦʞʜʝʥʠʠ ʧʣʘʤʝʥʝʤ ʧʨʝʧʷʪʩʪʚʠʷ ʚ ʫʟʢʦʤ ʢʘʥʘʣʝ. ʇʨʝʧʷʪʩʪʚʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ 

ʩʝʙʷ ʧʣʘʚʥʦ ʩʫʞʘʶʱʫʶʩʷ ʟʦʥʫ ʚ ʩʝʨʝʜʠʥʝ ʢʘʥʘʣʘ, ʤʠʥʠʤʘʣʴʥʳʡ ʜʠʘʤʝʪʨ ʢʦʪʦʨʦʡ 

ʤʝʥʴʰʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʤʝʩʠ.  

ʂʨʠʪʠʯʝʩʢʠʤ ʜʠʘʤʝʪʨʦʤ ʥʘʟʳʚʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʡ ʜʠʘʤʝʪʨ ʪʨʫʙʢʠ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʥʝʚʦʟʤʦʞʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʣʘʤʝʥʠ ʚ ʛʦʨʶʯʝʡ ʩʤʝʩʠ. ʉʦʛʣʘʩʥʦ 

ʪʝʧʣʦʚʦʡ ʪʝʦʨʠʠ ʧʨʝʜʝʣʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ, ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʢʨʠʪʠʯʝʩʢʦʛʦ ʜʠʘʤʝʪʨʘ ʢʘʥʘʣʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʝʢʨʘʱʘʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʛʦʨʝʥʠʷ ʧʦ ʩʤʝʩʠ, ʦʙʲʷʩʥʷʝʪʩʷ ʦʪʚʦʜʦʤ ʪʝʧʣʘ ʠʟ ʟʦʥʳ ʨʝʘʢʮʠʠ. ʂʦʛʜʘ ʧʦʪʝʨʠ 

ʪʝʧʣʘ ʜʦʩʪʠʛʘʶʪ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ, ʩʢʦʨʦʩʪʴ ʛʦʨʝʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ 

ʥʘʩʪʦʣʴʢʦ, ʯʪʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʣʘʤʝʥʠ ʩʪʘʥʦʚʠʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤ [67, 75, 76].  

ʉ ʢʨʠʪʠʯʝʩʢʠʤ ʜʠʘʤʝʪʨʦʤ ʩʚʷʟʘʥʳ ʧʨʝʞʜʝ ʚʩʝʛʦ ʟʘʜʘʯʠ 

ʚʟʨʳʚʦʙʝʟʦʧʘʩʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʥʝʢʦʪʦʨʳʝ ʢʘʪʝʛʦʨʠʠ ʛʘʟʦ- ʠ ʧʘʨʦʚʦʟʜʫʰʥʳʭ ʩʤʝʩʝʡ 

ʩʧʦʩʦʙʥʳ ʧʝʨʝʜʘʚʘʪʴ ʚʟʨʳʚ ʯʝʨʝʟ ʫʟʢʠʝ ʱʝʣʠ ʠ ʬʣʘʥʮʝʚʳʝ ʟʘʟʦʨʳ [77]. ʗʚʣʝʥʠʝ 

ʟʘʪʫʭʘʥʠʷ ʧʣʘʤʝʥʠ ʚ ʤʘʣʦʨʘʟʤʝʨʥʳʭ ʢʘʥʘʣʘʭ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʨʘʙʦʪʳ 

ʧʣʘʤʝʛʘʩʠʪʝʣʝʡ, ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ ʜʣʷ ʥʫʞʜ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ 

ʛʦʨʝʣʦʯʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ. ʀʭ ʢʦʥʩʪʨʫʢʮʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʪʦʤ, ʯʪʦ ʛʘʟ ʤʦʞʝʪ ʧʨʦʡʪʠ 
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ʯʝʨʝʟ ʥʠʭ, ʘ ʧʣʘʤʷ ï ʥʝʪ, ʩ ʮʝʣʴʶ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʙʦʣʴʰʝʝ ʚʦʟʛʦʨʘʥʠʝ ʠʣʠ ʚʟʨʳʚ 

[78]. 

ʇʝʨʚʳʡ ʥʘʠʙʦʣʝʝ ʧʦʣʥʳʡ ʦʙʟʦʨ ʠ ʘʥʘʣʠʟ ʧʨʦʙʣʝʤ ʢʨʠʪʠʯʝʩʢʦʛʦ ʜʠʘʤʝʪʨʘ 

ʙʳʣ ʚʳʧʦʣʥʝʥ ʇʦʪʪʝʨʦʤ (A.E. Potter) [79]. ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʘʥʘʣʠʟʫ, ʟʥʘʯʝʥʠʝ 

ʢʨʠʪʠʯʝʩʢʦʛʦ ʜʠʘʤʝʪʨʘ ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʘ ʪʦʧʣʠʚʘ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʤʝʩʠ ʠ 

ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ. ʇʦʟʜʥʝʝ ʢʨʠʪʠʯʝʩʢʠʡ ʜʠʘʤʝʪʨ ʠ 

ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʧʣʘʤʝʥʠ, ʚʣʠʷʶʱʠʝ ʥʘ ʫʩʣʦʚʠʷ ʟʘʪʫʭʘʥʠʷ, ʙʳʣʠ 

ʠʟʫʯʝʥʳ ʜʣʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ ʚ ʤʝʪʘʥʦ-ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ [80].  

ʏʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʣʘʤʠʥʘʨʥʦʛʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʧʝʨʝʤʝʰʘʥʥʦʛʦ ʧʣʘʤʝʥʠ ʚ ʜʚʫʤʝʨʥʦʤ ʢʘʥʘʣʝ ʩ ʚʥʝʟʘʧʥʳʤ ʩʫʞʝʥʠʝʤ ʦʧʠʩʘʥʳ ʚ 

ʨʘʙʦʪʘʭ ɸ. ɻʫʪʢʦʚʩʢʦʛʦ (A. Gutkowski) [81, 82]. ɻʜʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʟʫʯʘʝʪʩʷ 

ʚʣʠʷʥʠʝ D/d (ʛʜʝ D ï ʰʠʨʦʢʘʷ ʯʘʩʪʴ ʪʨʫʙʢʠ, d ï ʫʟʢʘʷ) ʠ ʤʝʪʦʜʘ ʧʦʜʞʠʛʘ ʥʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʣʘʤʝʥʠ ʚ ʢʘʥʘʣʘʭ ʩ ʜʠʘʤʝʪʨʦʤ, ʙʣʠʟʢʠʤ ʢ ʢʨʠʪʠʯʝʩʢʦʤʫ. ɺ 

ʨʘʙʦʪʝ [11] ʥʘ ʦʩʥʦʚʝ ʦʜʥʦʤʝʨʥʦʡ ʜʠʬʬʫʟʠʦʥʥʦ-ʪʝʧʣʦʚʦʡ ʤʦʜʝʣʠ ʠʩʩʣʝʜʫʝʪʩʷ 

ʜʠʥʘʤʠʢʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ ʯʝʨʝʟ ʧʣʘʚʥʦ ʩʫʞʘʶʱʠʡʩʷ ʢʘʥʘʣ.  ɺ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʦʙʥʘʨʫʞʝʥʥʳʡ ʚ [11] ʵʬʬʝʢʪ ʠʥʝʨʮʠʦʥʥʦʩʪʠ 

ʧʣʘʤʝʥʠ, ʩʚʷʟʘʥʥʳʡ ʩ ʫʩʢʦʨʝʥʠʝʤ ʧʣʘʤʝʥʠ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʠʟ ʫʟʢʦʡ ʟʦʥʳ 

ʪʨʫʙʢʠ ʚ ʰʠʨʦʢʫʶ,  ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʚ ʩʣʫʯʘʝ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʜʚʫʤʝʨʥʦʡ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʛʦʨʝʥʠʷ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʥʪʝʨʝʩ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ ʚ 

ʤʠʢʨʦʢʘʥʘʣʘʭ ʩʤʝʩʪʠʣʩʷ ʦʪ ʟʘʜʘʯ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ ʢ 

ʟʘʜʘʯʘʤ ʧʦʜʜʝʨʞʘʥʠʷ ʛʦʨʝʥʠʷ ʚ ʫʩʪʨʦʡʩʪʚʘʭ ʩ ʜʠʘʤʝʪʨʦʤ ʤʝʥʴʰʝ ʢʨʠʪʠʯʝʩʢʦʛʦ. 

ʇʨʠʯʠʥʦʡ ʪʦʤʫ ʧʦʩʣʫʞʠʣ ʚʦʟʨʘʩʪʘʶʱʠʡ ʠʥʪʝʨʝʩ ʢ ʨʘʟʨʘʙʦʪʢʝ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʤʘʣʳʭ ʵʥʝʨʛʦʧʨʝʦʙʨʘʟʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ. ʊʘʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʢʦʤʙʠʥʘʮʠʶ ʤʘʣʦʨʘʟʤʝʨʥʦʡ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʠ ʫʩʪʨʦʡʩʪʚʘ, ʧʨʝʦʙʨʘʟʫʶʱʝʛʦ ʪʝʣʦ 

ʦʪ ʛʦʨʝʥʠʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ. ʊʘʢʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʪʝʧʣʦ ʦʪ 

ʩʛʦʨʘʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʪʦʧʣʠʚ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʛʣʠ ʙʳ ʠʤʝʪʴ ʙʦʣʴʰʫʶ 

ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʛʘʙʘʨʠʪʘʭ ʠ ʚʝʩʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʘʢʢʫʤʫʣʷʪʦʨʘʤʠ [83, 84]. ʀʩʩʣʝʜʦʚʘʥʠʷ ʛʦʨʝʥʠʷ ʚ 

ʤʘʣʦʨʘʟʤʝʨʥʳʭ ʩʠʩʪʝʤʘʭ ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘ ʧʫʪʠ ʩʦʟʜʘʥʠʷ 
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ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʩʦʟʜʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʩʞʠʛʘʥʠʷ ʥʠʟʢʦʢʘʣʦʨʠʡʥʳʭ 

ʛʘʟʦʚ, ʜʦʩʪʠʞʝʥʠʷ ʩʚʝʨʭʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʫʪʠʣʠʟʘʮʠʠ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʦʪʭʦʜʦʚ.  

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ [85-88], ʯʪʦ ʚʦʣʥʘ ʛʦʨʝʥʠʷ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ 

ʪʨʫʙʢʘʭ ʩ ʜʠʘʤʝʪʨʦʤ ʤʝʥʴʰʝ ʢʨʠʪʠʯʝʩʢʦʛʦ, ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʪʝʤʧʝʨʘʪʫʨʘ 

ʩʪʝʥʦʢ ʢʘʥʘʣʘ ʥʝʧʦʩʪʦʷʥʥʘ, ʘ ʩʢʦʨʦʩʪʴ ʬʠʣʴʪʨʘʮʠʠ ʛʘʟʘ ʙʣʠʟʢʘ ʢ ʥʦʨʤʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ ʩʚʦʙʦʜʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʬʨʦʥʪ ʧʣʘʤʝʥʠ 

ʨʘʚʥʦʤʝʨʥʦ ʜʚʠʞʝʪʩʷ ʩ ʪʝʧʣʦʚʦʡ ʚʦʣʥʦʡ ʚ ʩʪʝʥʢʘʭ ʪʨʫʙʢʠ, ʪʝʧʣʦʚʘʷ ʚʦʣʥʘ 

ʧʦʨʦʞʜʘʝʪʩʷ ʠ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʪʝʧʣʘ, ʚʳʜʝʣʠʚʰʝʛʦʩʷ ʧʨʠ ʩʛʦʨʘʥʠʠ 

ʛʦʨʶʯʝʡ ʩʤʝʩʠ. ɺ ʵʪʦʤ ʨʝʞʠʤʝ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʧʝʨʝʜʘʯʘ ʪʝʧʣʘ ʦʪ 

ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʢ ʩʚʝʞʝʡ ʩʤʝʩʠ ʧʦ ʩʪʝʥʢʘʤ ʪʨʫʙʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʜʥʠʤ ʠʟ 

ʚʦʟʤʦʞʥʳʭ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʢʨʠʪʠʯʝʩʢʦʛʦ ʜʠʘʤʝʪʨʘ 

ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʦʨʝʣʦʯʥʳʭ ʫʩʪʨʦʡʩʪʚ ʩ ʨʝʛʝʥʝʨʘʮʠʝʡ ʪʝʧʣʘ ʤʝʞʜʫ 

ʧʨʦʜʫʢʪʘʤʠ ʛʦʨʝʥʠʷ ʠ ʠʩʭʦʜʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ ʙʝʟ ʠʟ ʧʝʨʝʤʝʰʠʚʘʥʠʷ.  

ʆʩʥʦʚʥʳʝ ʤʝʭʘʥʠʟʤʳ ʛʦʨʝʥʠʷ ʛʘʟʦʚ ʚ ʩʠʩʪʝʤʘʭ ʩ ʨʝʛʝʥʝʨʘʮʠʝʡ ʪʝʧʣʘ ʤʦʛʫʪ 

ʙʳʪʴ ʚʳʷʩʥʝʥʳ ʠʟ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʦʨʝʥʠʷ ʛʘʟʦʚ ʚ ʫʟʢʦʤ ʢʘʥʘʣʝ, ʥʘʛʨʝʚʘʝʤʳʤ 

ʚʥʝʰʥʠʤ ʠʩʪʦʯʥʠʢʦʤ ʪʝʧʣʘ [89, 90]. ʇʦʩʢʦʣʴʢʫ ʭʘʨʘʢʪʝʨʥʦʝ ʚʨʝʤʷ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʪʝʧʣʦʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʚ ʩʪʝʥʢʘʭ ʛʦʨʝʣʦʯʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʦʙʳʯʥʦ ʙʦʣʴʰʝ 

ʭʘʨʘʢʪʝʨʥʦʛʦ ʚʨʝʤʝʥʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʠ 

ʭʘʨʘʢʪʝʨʥʦʛʦ ʚʨʝʤʝʥʠ ʛʦʨʝʥʠʷ, ʪʦ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʪʘʢʦʝ ʫʧʨʦʱʝʥʠʝ ʥʝ 

ʧʦʚʣʠʷʝʪ ʥʘ ʬʠʟʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ ʠʟʫʯʘʝʤʳʭ ʷʚʣʝʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʦʨʝʥʠʷ ʛʘʟʘ ʚ ʤʠʢʨʦʢʘʥʘʣʘʭ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʩʪʝʥʦʢ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʢʘʢ ʚ ʤʠʢʨʦʩʠʩʪʝʤʘʭ ʩ 

ʨʝʛʝʥʝʨʘʮʠʝʡ ʪʝʧʣʘ, ʪʘʢ ʠ ʜʣʷ ʨʘʟʚʠʪʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚ ʢʦʪʦʨʳʭ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʦʨʝʥʠʝ ʛʘʟʦʚ ʚ ʧʦʨʠʩʪʳʭ ʩʨʝʜʘʭ. 

ɺ ʛʣʘʚʝ 5 ʥʘ ʦʩʥʦʚʝ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʡ ʤʦʜʝʣʠ ʪʠʧʘ (1.36)-(1.38) ʠʩʩʣʝʜʫʶʪʩʷ 

ʜʠʬʬʫʟʠʦʥʥʦ-ʪʝʧʣʦʚʳʝ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʙʦʛʘʪʳʭ ʚʦʜʦʨʦʜ-ʚʦʟʜʫʰʥʳʭ ʩʤʝʩʝʡ ʚ 

ʤʠʢʨʦʢʘʥʘʣʝ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʩʪʝʥʦʢ. ɺʳʙʦʨ ʚ ʧʦʣʴʟʫ ʛʦʨʝʥʠʷ 

ʚʦʜʦʨʦʜʘ ʩʚʷʟʘʥ ʩ ʪʝʤ, ʯʪʦ ʵʪʦ ʦʜʥʘ ʠʟ ʩʘʤʳʭ ʧʨʦʩʪʳʭ ʠ ʫʜʦʙʥʳʭ ʚ ʠʟʫʯʝʥʠʠ 

ʨʝʘʢʮʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʚʦʟʨʦʩʰʠʡ ʠʥʪʝʨʝʩ ʢ 
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ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʛʦʨʝʥʠʷ ʚʦʜʦʨʦʜʘ, ʚʳʟʚʘʥʥʳʡ ʧʝʨʩʧʝʢʪʠʚʘʤʠ ʨʘʟʚʠʪʠʷ 

ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʜʚʠʛʘʪʝʣʝʡ ʥʘ ʚʦʜʦʨʦʜʝ ʠ ʚʦʧʨʦʩʘʤ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʚʦʜʦʨʦʜʘ. ɺ ʚʳʧʫʱʝʥʥʳʭ ʨʘʥʝʝ ʨʘʙʦʪʘʭ ʘʥʘʣʠʟ ʛʦʨʝʥʠʷ ʚʦʜʦʨʦʜ-ʚʦʟʜʫʰʥʳʭ 

ʩʤʝʩʝʡ ʚ ʢʘʥʘʣʘʭ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʨʝʜʦʪʦʯʝʥ ʥʘ ʙʝʜʥʳʭ ʩʤʝʩʷʭ (ű < 1) [91-93], ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʙʦʛʘʪʳʭ (ű > 1) ʚʦʜʦʨʦʜ-ʚʦʟʜʫʰʥʳʭ ʧʣʘʤʝʥ ʚ ʪʘʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʧʨʦʙʣʝʤʘ ʧʨʝʞʜʝ ʥʝ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ. 

  



38 
 

 
 

ɻʃɸɺɸ 2 

 

ɿɸɼɸʏʀ ʌʀʃʔʊʈɸʎʀʀ ʅɽʈɽɸɻʀʈʋʖʑʀʍ ɻɸɿʆɺ 

 

ɺ ʛʣʘʚʝ 2 ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʜʥʦʤʝʨʥʳʝ ʟʘʜʘʯʠ ʠʩʪʝʯʝʥʠʷ ʛʘʟʘ ʯʝʨʝʟ 

ʧʦʨʠʩʪʳʝ ʩʨʝʜʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʧʦʣʝ ʩʠʣʳ ʪʷʞʝʩʪʠ, ʧʨʠ ʠʟʚʝʩʪʥʦʤ ʧʝʨʝʧʘʜʝ 

ʜʘʚʣʝʥʠʷ ʥʘ ʢʦʥʮʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʦʙʣʘʩʪʠ. ʀʩʪʝʯʝʥʠʝ ʛʘʟʘ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʦʪʢʨʳʪʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩ ʟʘʜʘʥʥʳʤ ʘʪʤʦʩʬʝʨʥʳʤ ʜʘʚʣʝʥʠʝʤ. ʉʪʨʦʷʪʩʷ ʤʦʜʝʣʠ 

ʪʠʧʘ (1.10)-(1.14), ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦ ʜʚʫʭ (ʛʘʟ, ʪʚʝʨʜʘʷ ʩʨʝʜʘ) 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʢʦʥʪʠʥʫʫʤʘʭ [19].  

ɺ ʨʘʟʜʝʣʝ 2.1 ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʬʠʣʴʪʨʘʮʠʠ ʛʘʟʘ ʯʝʨʝʟ ʧʦʨʠʩʪʫʶ 

ʩʨʝʜʫ, ʠʤʝʶʱʫʶ ʧʨʦʠʟʚʦʣʴʥʦ ʟʘʜʘʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʝʚ ʨʘʟʥʦʡ ʪʦʣʱʠʥʳ ʠ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ. ʇʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ 

ʧʨʦʮʝʩʩʘ, ʫʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ. ʀʩʩʣʝʜʫʝʪʩʷ ʚʣʠʷʥʠʝ 

ʩʣʦʝʚ ʥʘ ʧʨʦʮʝʩʩ ʬʠʣʴʪʨʘʮʠʠ ʥʘ ʧʨʠʤʝʨʝ ʜʚʫʭʩʣʦʡʥʦʛʦ ʧʦʨʠʩʪʦʛʦ ʵʣʝʤʝʥʪʘ. 

ʊʘʢʦʝ ʜʚʠʞʝʥʠʝ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʠʣʴʪʨʦʚ ʠʟ ʧʦʨʠʩʪʳʭ 

ʚʝʱʝʩʪʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʦʯʠʩʪʢʠ ʛʘʟʦʚ [27], ʘ ʪʘʢʞʝ ʚ ʪʝʭʥʦʣʦʛʠʷʭ ʜʦʙʳʯʠ ʛʘʟʘ 

ʠʟ ʛʣʫʙʦʢʦ ʟʘʣʝʛʘʶʱʠʭ ʧʦʜʟʝʤʥʳʭ ʧʣʘʩʪʦʚ. 

ɺ ʨʘʟʜʝʣʝ 2.2 ʠʟʫʯʘʝʪʩʷ ʧʨʦʮʝʩʩ ʠʩʪʝʯʝʥʠʷ ʛʘʟʘ ʠʟ ʧʦʜʟʝʤʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ, 

ʠʥʠʮʠʠʨʦʚʘʥʥʦʛʦ ʨʝʟʢʠʤ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʚʳʰʝʥʠʝʤ ʜʘʚʣʝʥʠʷ. ʆʯʝʚʠʜʥʘʷ 

ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʥʝ ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʝʰʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ 

ʘʥʘʣʠʪʠʯʝʩʢʠ, ʧʦʵʪʦʤʫ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʯʠʩʣʝʥʥʦ ʚ ʦʜʥʦʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʦʛʦ ʤʝʪʦʜʘ. ʇʦʣʫʯʝʥʥʦʝ ʨʝʰʝʥʠʝ ʩʨʘʚʥʠʚʘʝʪʩʷ 

ʩ ʨʝʰʝʥʠʝʤ ʪʦʡ ʞʝ ʟʘʜʘʯʠ, ʥʦ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʤʝʞʜʫ 

ʛʘʟʦʤ ʠ ʪʚʝʨʜʳʤʠ ʩʪʝʥʢʘʤʠ ʧʦʨʠʩʪʦʛʦ ʢʘʨʢʘʩʘ. ʀʩʩʣʝʜʫʝʪʩʷ ʜʠʥʘʤʠʢʘ ʜʚʠʞʝʥʠʷ 

ʛʘʟʘ ʠ ʚʨʝʤʷ ʚʳʭʦʜʘ ʦʩʥʦʚʥʦʡ ʝʛʦ ʯʘʩʪʠ ʠʟ ʨʝʟʝʨʚʫʘʨʘ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ. ɺ ʢʦʥʮʝ 

ʨʘʟʜʝʣʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʛʨʘʥʠʮʳ ʧʨʠʤʝʥʠʤʦʩʪʠ ʙʘʨʦʜʠʬʬʫʟʠʦʥʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ 

ʜʣʷ ʧʨʦʮʝʩʩʘ ʬʠʣʴʪʨʘʮʠʠ.  
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Ä 2.1. ʌʠʣʴʪʨʘʮʠʷ ʛʘʟʘ ʯʝʨʝʟ ʤʥʦʛʦʩʣʦʡʥʫʶ ʧʦʨʠʩʪʫʶ ʩʨʝʜʫ 

 

 

2.1.1. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʨʠʩʪʳʡ ʵʣʝʤʝʥʪ ʚʳʩʦʪʦʡ H, ʩʦʩʪʦʷʱʠʡ ʠʟ N ʩʣʦʝʚ. ʉ ʙʦʢʦʚ 

ʵʣʝʤʝʥʪ ʦʛʨʘʥʠʯʝʥ ʥʝʪʝʧʣʦʧʨʦʚʦʜʥʳʤʠ ʩʪʝʥʢʘʤʠ, ʩʚʝʨʭʫ ʠ ʩʥʠʟʫ ʦʪʢʨʳʪ. ɺ 

ʥʠʞʥʶʶ ʯʘʩʪʴ ʵʣʝʤʝʥʪʘ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʧʦʜʘʝʪʩʷ ʛʘʟ, ʢʦʪʦʨʳʡ, ʧʨʦʭʦʜʷ ʚʩʝ ʩʣʦʠ 

ʩʥʠʟʫ ʚʚʝʨʭ, ʚʳʪʝʢʘʝʪ ʚ ʩʚʦʙʦʜʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩ ʟʘʜʘʥʥʳʤ ʜʘʚʣʝʥʠʝʤ (ʩʤ. 

ʈʠʩʫʥʦʢ 2.1).  

 

 

ʈʠʩʫʥʦʢ 2.1. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ ʧʝʨʝʤʝʥʥʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

 

ʇʦʨʠʩʪʘʷ ʩʨʝʜʘ ʩʯʠʪʘʝʪʩʷ ʥʝʧʦʜʚʠʞʥʦʡ ʠ ʥʝʦʜʥʦʨʦʜʥʦʡ. ʊʦʛʜʘ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʢʦʦʨʜʠʥʘʪʳ: ).(xkk=  

ʊʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ ï ʧʦʩʪʦʷʥʥʘʷ ʚʝʣʠʯʠʥʘ, ʨʘʚʥʘʷ ʪʝʤʧʝʨʘʪʫʨʝ ʪʚʝʨʜʦʡ ʩʨʝʜʳ. 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʜʚʠʞʝʥʠʝ ʛʘʟʘ ʦʧʠʩʳʚʘʝʪʩʷ ʟʘʢʦʥʦʤ ɼʘʨʩʠ [33]. ɼʣʷ ʛʘʟʘ 

ʩʧʨʘʚʝʜʣʠʚʦ ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʩʦʚʝʨʰʝʥʥʦʛʦ ʛʘʟʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʮʝʩʩ 

ʬʠʣʴʪʨʘʮʠʠ ʩʯʠʪʘʝʤ ʫʩʪʘʥʦʚʠʚʰʠʤʩʷ ʚʦ ʚʨʝʤʝʥʠ. ʊʦʛʜʘ ʜʚʠʞʝʥʠʝ ʛʘʟʘ ʚ 

ʧʦʨʠʩʪʦʤ ʩʣʦʝ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ (1.15)-(1.17) ʚ ʦʜʥʦʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ: 

Pa 

P0 u 

x 

H 
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( )
,0=

dx

ud r
           (2.1) 

()
,u

xk
g

dx

dp m
r--=          (2.2) 

,RTp r=            (2.3) 

 

ʛʜʝ u = aɡ ï ʩʢʦʨʦʩʪʴ ʬʠʣʴʪʨʘʮʠʠ ʛʘʟʘ ï ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʨʘʩʭʦʜ ʞʠʜʢʦʩʪʠ ʯʝʨʝʟ 

ʝʜʠʥʠʯʥʫʶ ʧʣʦʱʘʜʢʫ ʩʨʝʜʳ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫʶ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʪʦʢʘ. ʉʢʦʨʦʩʪʴ 

ʬʠʣʴʪʨʘʮʠʠ ʚʩʝʛʜʘ ʤʝʥʴʰʝ ʠʩʪʠʥʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʛʘʟʘ [94].  

ʅʘ ʛʨʘʥʠʮʝ ʧʦʨʠʩʪʦʛʦ ʩʣʦʷ ʠʟʚʝʩʪʥʳ ʪʦʣʴʢʦ ʟʥʘʯʝʥʠʷ ʜʘʚʣʝʥʠʷ: 

 

,00
pp

x
=

=
 ,aHx

pp =
=

          (2.4) 

 

ʛʜʝ pa ï ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ.  

ɿʥʘʥʠʝ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʥʘ ʚʭʦʜʝ ʚ ʧʦʨʠʩʪʳʡ ʦʙʲʝʢʪ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʳʚʘʪʴ 

ʧʨʦʮʝʩʩʳ ʢʘʢ ʧʨʠ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʬʠʣʴʪʨʘʮʠʠ, ʪʘʢ ʠ ʚ ʫʩʣʦʚʠʷʭ ʩʚʦʙʦʜʥʦʡ 

ʢʦʥʚʝʢʮʠʠ, ʢʦʛʜʘ ʦʪʩʫʪʩʪʚʫʝʪ ʥʘʛʥʝʪʘʥʠʝ ʚʦʟʜʫʭʘ ʚ ʦʙʲʝʢʪ. ʆʪʤʝʪʠʤ, ʯʪʦ ʨʘʩʭʦʜ ʠ 

ʩʢʦʨʦʩʪʴ ʬʠʣʴʪʨʘʮʠʠ ʛʘʟʘ ʥʘ ʚʭʦʜʝ ʚ ʧʦʨʠʩʪʳʡ ʵʣʝʤʝʥʪ ʥʝʠʟʚʝʩʪʥʳ ʠ ʜʦʣʞʥʳ 

ʦʧʨʝʜʝʣʷʪʴʩʷ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ.  

 

 

2.1.2. ʇʦʩʪʨʦʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ 

 

ʀʟ ʧʝʨʚʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩʠʩʪʝʤʳ (2.1)-(2.3) ʩʣʝʜʫʝʪ, ʯʪʦ constqu ==r  ʧʦ ʚʩʝʡ 

ʚʳʩʦʪʝ ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ. ɺʝʣʠʯʠʥʘ q, ʥʘʟʳʚʘʝʤʘʷ ʨʘʩʭʦʜʦʤ ʛʘʟʘ, ʦʙʦʟʥʘʯʘʝʪ ʦʙʲʝʤ 

ʛʘʟʘ, ʧʨʦʪʝʢʘʶʱʠʡ ʯʝʨʝʟ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʧʦʪʦʢʘ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ. 

ʈʝʰʘʷ ʩʠʩʪʝʤʫ (2.1)-(2.3) ʠ ʧʦʜʩʪʘʚʣʷʷ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʥʘ ʚʭʦʜʝ, 

,00
pp

x
=

=
ʧʦʣʫʯʠʤ ʦʙʱʫʶ ʬʦʨʤʫʣʫ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʟʘʜʘʥʥʦʤ 

ʧʦʨʠʩʪʦʤ ʵʣʝʤʝʥʪʝ: 
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ʏʪʦʙʳ ʥʘʡʪʠ ʥʝʠʟʚʝʩʪʥʦʝ ʟʥʘʯʝʥʠʝ ʨʘʩʭʦʜʘ q, ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʚʪʦʨʳʤ 

ʫʩʣʦʚʠʝʤ (2.4), ʢʦʪʦʨʦʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʛʘʟ ʚʳʭʦʜʠʪ ʚ ʦʪʢʨʳʪʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʩ ʘʪʤʦʩʬʝʨʥʳʤ ʜʘʚʣʝʥʠʝʤ. ʇʦʣʫʯʠʤ: 
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ʆʩʪʘʣʴʥʳʝ ʥʝʠʟʚʝʩʪʥʳʝ ʚʝʣʠʯʠʥʳ ʥʘʭʦʜʷʪʩʷ ʠʟ ʧʨʦʩʪʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ: 

 

,
RT

p
=r            (2.7) 

.
r

q
u=            (2.8) 

 

ʆʪʥʦʰʝʥʠʷ (2.5)-(2.8) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʬʦʨʤʫʣʳ ʜʣʷ 

ʚʳʯʠʩʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʛʘʟʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ ʧʨʠ 

ʠʟʚʝʩʪʥʦʤ ʧʝʨʝʧʘʜʝ ʜʘʚʣʝʥʠʷ ʥʘ ʝʛʦ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ.  

 

 

2.1.3. ɺʣʠʷʥʠʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩʣʦʝʚ ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ ʥʘ ʜʚʠʞʝʥʠʝ ʛʘʟʘ 

 

ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʚʣʠʷʥʠʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩʣʦʝʚ ʥʘ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʥʘ 

ʥʝʩʢʦʣʴʢʠʭ ʧʨʠʤʝʨʘʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʫʥʢʮʠʠ k(x): ʩʪʫʧʝʥʯʘʪʦʡ, ʣʠʥʝʡʥʦʡ, 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ. ʉʥʘʯʘʣʘ ʨʘʩʩʤʦʪʨʠʤ ʜʣʷ ʧʨʦʩʪʦʪʳ ʜʚʠʞʝʥʠʝ ʛʘʟʘ ʯʝʨʝʟ ʜʚʘ 

ʩʣʦʷ ʦʜʠʥʘʢʦʚʦʡ ʚʳʩʦʪʳ. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʬʫʥʢʮʠʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʧʠʩʳʚʘʝʪʩʷ 

ʩʪʫʧʝʥʯʘʪʦʡ ʬʫʥʢʮʠʝʡ, ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠ ʚ ʷʚʥʦʤ 
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ʚʠʜʝ, ʢʘʢ ʵʪʦ ʧʨʦʜʝʣʘʥʦ ʚ ʨʘʙʦʪʝ [95]. ʇʨʠʯʝʤ, ʦʙʱʠʡ ʚʠʜ ʨʝʰʝʥʠʷ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʢʦʣʠʯʝʩʪʚʘ ʩʣʦʝʚ. 

ʇʫʩʪʴ ʚʝʨʭʥʠʡ ʩʣʦʡ ʠʤʝʝʪ ʬʠʢʩʠʨʦʚʘʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. ʅʘ 

ʈʠʩʫʥʢʘʭ 2.2-2.4 ʠʟʦʙʨʘʞʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ, ʧʣʦʪʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ 

ʬʠʣʴʪʨʘʮʠʠ ʛʘʟʘ ʧʦ ʚʳʩʦʪʝ ʵʣʝʤʝʥʪʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʥʠʞʥʝʛʦ ʩʣʦʷ k1 ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʘʭ: 

 

,ʤ10 28
2

-=k  ,ʤ10=H  ( ),ʩʤʢʛ102 5 ÖÖ= -m  ,ʇʘ105.1 5
0 Ö=p  .ʂ300=T  (2.9) 

 

 

ʈʠʩʫʥʦʢ 2.2. ɼʘʚʣʝʥʠʝ ʛʘʟʘ ʚ ʜʚʫʭʩʣʦʡʥʦʡ ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ 

 

 

ʈʠʩʫʥʦʢ 2.3. ʇʣʦʪʥʦʩʪʴ ʛʘʟʘ ʚ ʜʚʫʭʩʣʦʡʥʦʡ ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ 
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ʈʠʩʫʥʦʢ 2.4. ʉʢʦʨʦʩʪʴ ʬʠʣʴʪʨʘʮʠʠ ʛʘʟʘ ʚ ʜʚʫʭʩʣʦʡʥʦʡ ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ 

 

ʅʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʠʩʫʥʢʘʭ ʚʠʜʥʦ, ʯʪʦ ʠʩʢʦʤʳʝ ʧʘʨʘʤʝʪʨʳ ʩʫʱʝʩʪʚʝʥʥʦ 

ʟʘʚʠʩʷʪ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʪʚʝʨʜʦʡ  ʩʨʝʜʳ. ʏʝʤ ʤʝʥʴʰʝ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʣʦʷ, ʪʝʤ ʙʦʣʴʰʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʩʧʳʪʳʚʘʝʪ ʛʘʟ, ʧʨʦʭʦʜʷ ʯʝʨʝʟ 

ʥʝʛʦ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʜʚʠʞʝʥʠʷ ʛʘʟʘ ʯʝʨʝʟ ʪʘʢʦʡ ʩʣʦʡ ʥʝʦʙʭʦʜʠʤ ʙʦʣʝʝ 

ʩʠʣʴʥʳʡ ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ. ʇʦʵʪʦʤʫ, ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʨʘʟʥʠʮʝ ʜʘʚʣʝʥʠʡ ʥʘ 

ʚʭʦʜʝ ʠ ʥʘ ʚʳʭʦʜʝ ʠʟ ʵʣʝʤʝʥʪʘ, ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʡ ʝʛʦ ʧʝʨʝʧʘʜ ʙʫʜʝʪ ʚ ʩʣʦʝ ʩ 

ʤʝʥʴʰʝʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʚ ʩʣʘʙʦʧʨʦʥʠʮʘʝʤʦʤ ʩʣʦʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʥʘʤʥʦʛʦ ʙʦʣʝʝ ʙʳʩʪʨʦʝ ʠʟʤʝʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʛʘʟʘ, ʯʝʤ ʚ ʩʠʣʴʥʦ ʧʨʦʥʠʮʘʝʤʦʤ 

ʩʣʦʝ. ʉ ʫʤʝʥʴʰʝʥʠʝʤ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʥʠʞʥʝʛʦ ʩʣʦʷ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ 

ʩʢʦʨʦʩʪʴ ʬʠʣʴʪʨʘʮʠʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʙʱʠʡ ʨʘʩʭʦʜ ʛʘʟʘ ʯʝʨʝʟ ʵʣʝʤʝʥʪ. ʇʨʠ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʥʠʞʥʝʛʦ ʩʣʦʷ, ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝʡ, ʯʝʤ ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ, 

ʠʩʢʦʤʳʝ ʧʘʨʘʤʝʪʨʳ ʟʘʜʘʯʠ ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ ʵʣʝʤʝʥʪʘ ʠʟʤʝʥʷʶʪʩʷ ʦʯʝʥʴ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʈʠʩʫʥʢʦʚ 2.2-2.4, ʧʨʠ 212
1 ʤ10-=k  ʜʣʷ [ ]10,5Íx  

ʛʨʘʬʠʢʠ ʬʫʥʢʮʠʡ ʜʘʚʣʝʥʠʷ, ʧʣʦʪʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʬʠʣʴʪʨʘʮʠʠ ʛʘʟʘ ʠʜʫʪ ʧʦʯʪʠ 

ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʠ ʘʙʩʮʠʩʩ.  

ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʠʟʤʝʥʝʥʠʝ ʨʘʩʭʦʜʘ ʛʘʟʘ ʚ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʧʦ ʚʳʩʦʪʝ 

ʜʚʫʭʩʣʦʡʥʦʤ ʧʦʨʠʩʪʦʤ ʵʣʝʤʝʥʪʝ ʧʨʠ ʨʘʟʥʳʭ ʚʳʩʦʪʘʭ ʧʦʨʠʩʪʳʭ ʩʣʦʝʚ. ʅʘ 

ʈʠʩʫʥʢʝ 2.5 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʩʭʦʜʘ ʛʘʟʘ ʦʪ ʚʳʩʦʪʳ ʥʠʞʥʝʛʦ ʩʣʦʷ ʪʚʝʨʜʦʡ 
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ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʵʪʦʛʦ 

ʩʣʦʷ ʠ ʨʘʟʤʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (2.9). 

 

 

ʈʠʩʫʥʦʢ. 2.5. ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʩʭʦʜʘ ʛʘʟʘ ʦʪ ʚʳʩʦʪʳ ʥʠʞʥʝʛʦ ʩʣʦʷ ʪʚʝʨʜʦʡ ʩʨʝʜʳ 

 

ʀʟ ʈʠʩʫʥʢʘ 2.5 ʚʠʜʥʦ, ʯʪʦ, ʯʝʤ ʤʝʥʴʰʝ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʥʠʞʥʝʛʦ ʩʣʦʷ, ʪʝʤ 

ʩʠʣʴʥʝʝ ʧʘʜʘʝʪ ʦʙʱʠʡ ʨʘʩʭʦʜ ʛʘʟʘ ʯʝʨʝʟ ʚʝʩʴ ʧʦʨʠʩʪʳʡ ʵʣʝʤʝʥʪ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʚʳʩʦʪʳ ʵʪʦʛʦ ʩʣʦʷ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʜʣʷ ʜʚʠʞʝʥʠʷ ʛʘʟʘ ʯʝʨʝʟ 

ʩʣʘʙʦʧʨʦʥʠʮʘʝʤʳʡ ʩʣʦʡ ʥʝʦʙʭʦʜʠʤ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ, ʠ ʧʨʠ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʨʘʟʥʠʮʝ ʜʘʚʣʝʥʠʡ ʥʘ ʚʭʦʜʝ ʠ ʥʘ ʚʳʭʦʜʝ ʠʟ ʵʣʝʤʝʥʪʘ ʩ ʨʦʩʪʦʤ 

ʚʳʩʦʪʳ ʩʣʘʙʦʧʨʦʥʠʮʘʝʤʦʛʦ ʩʣʦʷ ʚʩʝ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʛʘʟʘ ʤʦʞʝʪ 

ʧʨʦʜʚʠʛʘʪʴʩʷ ʯʝʨʝʟ ʵʣʝʤʝʥʪ. 

ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʬʫʥʢʮʠʠ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

).(xkk=  ʇʦʣʴʟʫʷʩʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝʤ, ʯʪʦ ʫ ʦʩʥʦʚʘʥʠʷ ʧʦʨʠʩʪʦʛʦ ʩʣʦʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʥʘʠʤʝʥʴʰʘʷ: () 212
1 ʤ 100 -==kk , ʘ ʥʘ ʛʨʘʥʠʮʝ ʩ ʘʪʤʦʩʬʝʨʦʡ ï 

ʥʘʠʙʦʣʴʰʘʷ: () 28
2 ʤ 10-==kHk , ʧʦʩʪʨʦʠʤ ʣʠʥʝʡʥʫʶ, ,)( bcxxk +=  ʠ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʫʶ, (),exp)( bxcxk Ö=  ʟʘʚʠʩʠʤʦʩʪʠ, ʛʜʝ c, b = const. ʊʦʛʜʘ ʜʣʷ 

ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʣʫʯʠʤ: 1
2 k
H

xk
k += ; ʜʣʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ï 

( ).
)ln(

)ln(exp 1
21

1
ý
ü
û

í
ì
ë

-= xx
H

kk
kk  ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʘʥʳ ʥʘ ʈʠʩʫʥʢʝ 2.6 ʥʘ 

ʧʨʠʤʝʨʝ ʜʘʚʣʝʥʠʷ ʛʘʟʘ. 
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ʈʠʩʫʥʦʢ. 2.6. ɼʘʚʣʝʥʠʝ ʛʘʟʘ ʚ ʧʦʨʠʩʪʦʤ ʩʣʦʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʥʠʷʭ ʬʫʥʢʮʠʠ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ k = k(x)  

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʜʘʚʘʷ ʚʠʜ ʬʫʥʢʮʠʠ ʧʨʦʥʠʮʘʝʤʦʩʪʠ k(x), ʤʦʞʥʦ ʣʝʛʢʦ 

ʧʦʣʫʯʠʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʦʚʝʜʝʥʠʠ ʬʠʣʴʪʨʫʶʱʝʛʦʩʷ ʛʘʟʘ ʧʦ ʩʦʦʪʥʦʰʝʥʠʷʤ 

(2.5)-(2.8). 

 

 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 

ʈʘʩʩʤʦʪʨʝʥʦ ʪʝʯʝʥʠʝ ʛʘʟʘ ʚ ʧʦʣʝ ʩʠʣʳ ʪʷʞʝʩʪʠ ʯʝʨʝʟ ʧʦʨʠʩʪʫʶ ʩʨʝʜʫ ʩ 

ʧʝʨʝʤʝʥʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. ɼʣʷ ʦʜʥʦʤʝʨʥʦʛʦ ʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʩʣʫʯʘʷ ʥʘʡʜʝʥʦ ʩʦʦʪʥʦʰʝʥʠʝ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʛʘʟʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ 

ʣʶʙʦʡ ʪʦʯʢʝ ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ ʧʨʠ ʠʟʚʝʩʪʥʦʤ ʧʝʨʝʧʘʜʝ ʜʘʚʣʝʥʠʷ ʥʘ ʝʛʦ ʚʭʦʜʝ ʠ 

ʚʳʭʦʜʝ. 

ɺʣʠʷʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʥʘ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʦ ʥʘ 

ʧʨʠʤʝʨʝ ʜʚʫʭʩʣʦʡʥʦʡ ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ, ʯʝʤ ʤʝʥʴʰʝ ʧʨʦʥʠʮʘʝʤʦʩʪʴ 

ʧʦʨʠʩʪʦʛʦ ʩʣʦʷ, ʪʝʤ ʩʠʣʴʥʝʝ ʚ ʥʝʤ ʙʫʜʫʪ ʠʟʤʝʥʷʪʴʩʷ ʜʘʚʣʝʥʠʝ ʠ ʧʣʦʪʥʦʩʪʴ ʛʘʟʘ, ʘ 

ʩʢʦʨʦʩʪʴ ʬʠʣʴʪʨʘʮʠʠ ʟʥʘʯʠʪʝʣʴʥʝʝ ʫʤʝʥʴʰʠʪʩʷ. ʊʘʢʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ 

ʚʳʩʦʪʳ ʩʣʘʙʦʧʨʦʥʠʮʘʝʤʦʛʦ ʩʣʦʷ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʝʪ ʦʙʱʠʡ ʨʘʩʭʦʜ ʛʘʟʘ 

ʯʝʨʝʟ ʵʣʝʤʝʥʪ. 
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Ä 2.2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʝʞʠʤʦʚ ʬʠʣʴʪʨʘʮʠʠ ʛʘʟʘ ʠʟ ʧʦʜʟʝʤʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ ʧʨʠ 

ʙʦʣʴʰʦʤ ʥʘʯʘʣʴʥʦʤ ʧʝʨʝʧʘʜʝ ʜʘʚʣʝʥʠʷ 

 

ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʚ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʚʳʰʝ ʟʘʜʘʯʝ (ʨʘʟʜʝʣ 2.1) ʫʜʘʣʦʩʴ 

ʧʦʩʪʨʦʠʪʴ ʙʣʘʛʦʜʘʨʷ ʩʠʣʴʥʳʤ ʫʧʨʦʱʝʥʠʷʤ: ʧʨʦʮʝʩʩ ʬʠʣʴʪʨʘʮʠʠ ʩʯʠʪʘʣʩʷ 

ʤʝʜʣʝʥʥʳʤ ʠ ʫʩʪʘʥʦʚʠʚʰʠʤʩʷ ʚʦ ʚʨʝʤʝʥʠ. ʆʜʥʘʢʦ ʜʣʷ ʨʘʩʯʝʪʘ ʙʦʣʝʝ 

ʨʝʘʣʠʩʪʠʯʥʳʭ ʷʚʣʝʥʠʡ ʧʨʠʭʦʜʠʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʫʯʠʪʳʚʘʪʴ ʙʦʣʴʰʝ ʥʶʘʥʩʦʚ. ʊʘʢ, 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʥʝ ʦʩʪʘʚʣʷʝʪ ʘʣʴʪʝʨʥʘʪʠʚ ʜʣʷ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʠʩʪʝʯʝʥʠʷ ʛʘʟʘ ʠʟ ʧʦʨʠʩʪʳʭ ʩʨʝʜ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙɧʣʴʰʘʷ 

ʯʘʩʪʴ ʧʫʙʣʠʢʘʮʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʨʦʙʣʝʤʝ, ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ 

ʨʘʟʨʘʙʦʪʢʫ ʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʝʡ [96-99]. ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʡ ʢʨʫʛ ʫʞʝ 

ʦʭʚʘʯʝʥʥʳʭ ʧʨʦʙʣʝʤ, ʜʘʣʴʥʝʡʰʝʝ ʠʟʫʯʝʥʠʝ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʪʝʯʝʥʠʡ ʥʝ ʪʝʨʷʝʪ 

ʩʚʦʝʡ ʘʢʪʫʘʣʴʥʦʩʪʠ ʚʚʠʜʫ ʚʥʦʚʴ ʚʦʟʥʠʢʘʶʱʠʭ ʟʘʜʘʯ, ʚʳʜʚʠʛʘʝʤʳʭ ʧʨʘʢʪʠʢʦʡ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʟʘʜʘʯʠ ʫʜʘʨʥʦ-ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʛʨʫʥʪʝ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ 

ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ, ʚʦʧʨʝʢʠ ʜʦʩʪʠʛʥʫʪʦʤʫ ʧʨʦʛʨʝʩʩʫ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ [100].  

 

 

2.2.1. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

 

ʆʙʦʟʥʘʯʠʤ H0 ï ʚʳʩʦʪʫ ʨʝʟʝʨʚʫʘʨʘ, H ï ʚʳʩʦʪʫ ʧʦʨʠʩʪʦʡ ʟʘʩʳʧʢʠ (ʩʤ. 

ʈʠʩʫʥʦʢ 2.7). 

 

 

ʈʠʩʫʥʦʢ 2.7. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʜʟʝʤʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ 
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 ʇʦʩʢʦʣʴʢʫ ʛʨʘʜʠʝʥʪ ʜʘʚʣʝʥʠʷ ʦʯʝʥʴ ʚʳʩʦʢ, ʚʤʝʩʪʦ ʢʣʘʩʩʠʯʝʩʢʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ɼʘʨʩʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʜʚʠʞʝʥʠʷ ʛʘʟʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ 

ʠʤʧʫʣʴʩʘ [19]. ɺʳʧʠʰʝʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (1.10)-(1.14), ʦʧʠʩʳʚʘʶʱʫʶ 

ʥʝʩʪʘʮʠʦʥʘʨʥʦʝ ʪʝʯʝʥʠʝ ʛʘʟʘ ʚ ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ, ʜʣʷ ʦʜʥʦʤʝʨʥʦʛʦ ʩʣʫʯʘʷ: 
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.RTp r=            (2.14) 

 

ɺ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʜʘʚʣʝʥʠʝ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ ʚ ʨʝʟʝʨʚʫʘʨʝ 

ʩʯʠʪʘʶʪʩʷ ʟʘʜʘʥʥʳʤʠ. ɼʘʣʝʝ ʧʘʨʘʤʝʪʨʳ ʛʘʟʘ ʚ ʨʝʟʝʨʚʫʘʨʝ ʟʘʚʠʩʷʪ ʪʦʣʴʢʦ ʦʪ 

ʚʨʝʤʝʥʠ, ʪʦ ʝʩʪʴ ʚ ʢʘʞʜʳʡ ʬʠʢʩʠʨʦʚʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʛʘʟʘ ʦʜʠʥʘʢʦʚʳ ʚʦ ʚʩʝʤ ʨʝʟʝʨʚʫʘʨʝ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʥʘʯʝʥʠʷʤ ʧʘʨʘʤʝʪʨʦʚ ʥʘ 

ʚʭʦʜʝ ʚ ʧʦʨʠʩʪʳʡ ʩʣʦʡ. ʄʘʩʩʘ ʛʘʟʘ ʚ ʨʝʟʝʨʚʫʘʨʝ ʤʝʥʷʝʪʩʷ ʧʦ ʟʘʢʦʥʫ: 

 

,q
dt

dM
-=  ʛʜʝ () ().0 tHtM rr=        (2.15) 

 

ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʠʥʜʝʢʩʦʤ çrè ʦʙʦʟʥʘʯʝʥʳ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʛʘʟʘ ʚ 

ʨʝʟʝʨʚʫʘʨʝ. ʇʨʦʮʝʩʩ ʩʯʠʪʘʝʪʩʷ ʘʜʠʘʙʘʪʠʯʝʩʢʠʤ. ʕʪʠ ʫʩʣʦʚʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʨʘʩʯʝʪʘ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ ʚ ʨʝʟʝʨʚʫʘʨʝ ʚ ʭʦʜʝ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ. ʅʘ 

ʦʙʝʠʭ ʛʨʘʥʠʮʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʦʙʣʘʩʪʠ ʠʟʚʝʩʪʥʳ ʫʩʣʦʚʠʷ ʪʝʧʣʦʦʙʤʝʥʘ. 

ɿʥʘʯʝʥʠʷ ʨʘʩʭʦʜʘ ʛʘʟʘ ʥʘ ʛʨʘʥʠʮʘʭ ʷʚʣʷʝʪʩʷ ʥʝʠʟʚʝʩʪʥʦʡ ʚʝʣʠʯʠʥʦʡ ʠ ʜʦʣʞʥʦ 

ʦʧʨʝʜʝʣʷʪʴʩʷ ʚ ʭʦʜʝ ʨʝʰʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʦʨʠʩʪʦʛʦ 

ʩʣʦʷ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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( ) (),0 , tptp r=  ( ) (),0 , tTtT r=  
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ʛʜʝ a* ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ.       

ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥ ʚ ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

ʥʘʭʦʜʷʪʩʷ ʠʟ ʫʩʣʦʚʠʷ ʦʪʩʫʪʩʪʚʠʷ ʜʚʠʞʝʥʠʷ ʚ ʩʨʝʜʝ.  

 

 

2.2.2. ʏʠʩʣʝʥʥʘʷ ʤʦʜʝʣʴ ʠ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ 

 

ʇʦʩʢʦʣʴʢʫ ʩʠʩʪʝʤʘ (2.10)-(2.14) ʥʝ ʧʦʜʜʘʝʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʦʤʫ ʨʘʟʨʝʰʝʥʠʶ, 

ʙʫʜʝʤ ʨʝʰʘʪʴ ʟʘʜʘʯʫ ʯʠʩʣʝʥʥʦ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʩʯʝʪʘ ʪʝʯʝʥʠʡ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʩʢʦʨʦʩʪʝʡ ʧʨʝʜʲʷʚʣʷʝʪ ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤʫ 

ʘʣʛʦʨʠʪʤʫ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ  ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ ʠ 

ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʡ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ ʤʦʞʝʪ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʢʘʢ ʫʩʪʦʡʯʠʚʫʶ ʫʜʘʨʥʫʶ ʚʦʣʥʫ, ʪʘʢ ʠ ʠʤʝʪʴ ʜʦʩʪʘʪʦʯʥʦ 

ʛʣʘʜʢʠʡ ʧʨʦʬʠʣʴ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʧʨʠʤʝʥʝʥʠʝ ʙʦʣʴʰʠʥʩʪʚʘ ʩʪʘʥʜʘʨʪʥʳʭ ʩʭʝʤ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʦʩʮʠʣʣʷʮʠʡ ʚ ʯʠʩʣʝʥʥʦʤ ʨʝʰʝʥʠʠ ʜʣʷ 

ʩʭʝʤ ʯʝʪʥʦʛʦ ʧʦʨʷʜʢʘ ʪʦʯʥʦʩʪʠ, ʣʠʙʦ ʩʣʠʰʢʦʤ ʙʦʣʴʰʦʤʫ ʩʛʣʘʞʠʚʘʥʠʶ ʬʨʦʥʪʘ 

ʚʦʣʥʳ ʜʣʷ ʩʭʝʤ ʥʝʯʝʪʥʦʛʦ ʧʦʨʷʜʢʘ.  

ʏʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʙʳʣʦ ʨʝʘʣʠʟʦʚʘʥʦ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ 

ɿʘʣʝʩʘʢʘ [101], ʢʦʪʦʨʳʡ, ʧʦ ʩʫʱʝʩʪʚʫ, ʷʚʣʷʝʪʩʷ ʤʦʜʠʬʠʢʘʮʠʝʡ ʤʝʪʦʜʘ ʢʦʨʨʝʢʮʠʠ 

ʧʦʪʦʢʦʚ FCT (Flux-Corrected Technique) [102], ʥʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʦʩʣʝʜʥʝʛʦ, ʣʝʛʢʦ 

ʧʝʨʝʥʦʩʠʪʩʷ ʥʘ ʤʥʦʛʦʤʝʨʥʳʡ ʩʣʫʯʘʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ 

ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ ʚ ʜʚʫʭ- ʠ ʪʨʝʭʤʝʨʥʳʭ ʧʦʩʪʘʥʦʚʢʘʭ. ɸʣʛʦʨʠʪʤ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʢʦʤʙʠʥʘʮʠʶ ʥʝʩʢʦʣʴʢʠʭ ʩʭʝʤ: ʥʠʟʢʦʛʦ ʠ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ 

ʪʦʯʥʦʩʪʠ. ʈʘʩʯʝʪ ʧʦʪʦʢʘ ʧʝʨʝʥʦʩʘ ʧʦ ʤʝʪʦʜʫ ʥʠʟʢʦʛʦ ʧʦʨʷʜʢʘ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʦ 

ʩʭʝʤʝ ʃʘʢʩʘ-ʌʨʠʜʨʠʭʩʘ, ʚʳʩʦʢʦʛʦ ï ʧʦ ʩʭʝʤʝ ʄʘʢ-ʂʦʨʤʘʢʘ [103]. ʋʩʪʦʡʯʠʚʦʩʪʴ 
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ʩʭʝʤʳ ʦʙʝʩʧʝʯʠʚʘʣʘʩʴ ʦʛʨʘʥʠʯʝʥʠʝʤ ʰʘʛʘ ʧʦ ʚʨʝʤʝʥʠ ʫʩʣʦʚʠʝʤ ʂʫʨʘʥʪʘ-

ʌʨʠʜʨʠʢʩʘ-ʃʝʚʠ (ʂʌʃ). ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʥʝʠʟʚʝʩʪʥʳʭ ʚʝʣʠʯʠʥ ʥʘ ʛʨʘʥʠʮʘʭ 

ʧʨʠʤʝʥʷʣʘʩʴ ʵʢʩʪʨʘʧʦʣʷʮʠʷ ʠʟʥʫʪʨʠ ʦʙʣʘʩʪʠ. ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ 

ʨʘʟʤʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ: 

 

,3.0=a  ,ʩ) ʂ ɼʞ/(ʤ 10 2
* Ö=a  ,ʂ)ɼʞ/(ʢʛ 920 Ö=ʩc  ,ʂ)ɼʞ/(ʢʛ 103 Ö=pc   

,ʤ 30=H  ,ʤ 30=H  ,ʤ10 28-=k  ,ʇʘ10200 5Ö=)(pr  ,K15000 =)(Tr   (2.17) 

,)ʩ/(ʂʤ277 22 Ö=R  ,ʩ)ʢʛ/(ʤ102 5 ÖÖ= -ɛ  ( ),ʩʂʤɼʞ/ 10 33 ÖÖ=a    

,ʢʛ/ʤ102.2 33Ö=ʩr ,.ɔ 41=  ( ),ʂʤɺʪ/ 2.1 Ö=l  ( ),ʂʤɺʪ/025.0 Ö=gl    

 

ʛʜʝ ɔ ï ʧʦʢʘʟʘʪʝʣʴ ʘʜʠʘʙʘʪʳ.  

ʈʘʩʯʝʪʥʘʷ ʦʙʣʘʩʪʴ ʙʳʣʘ ʨʘʟʙʠʪʘ ʥʘ 1800 ʠʥʪʝʨʚʘʣʦʚ. ʊʝʩʪʠʨʦʚʘʥʠʝ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʨʘʟʙʠʝʥʠʡ ʧʨʠʚʦʜʠʣʦ ʢ ʨʘʟʥʦʩʪʠ ʚ ʨʘʩʯʝʪʝ 

ʜʘʚʣʝʥʠʷ ʚ ʨʝʟʝʨʚʫʘʨʝ ʥʝ ʙʦʣʝʝ 1.5%. ʅʘ ʈʠʩʫʥʢʘʭ 2.8 ʠ 2.9 ʧʦʢʘʟʘʥʳ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʠ ʧʣʦʪʥʦʩʪʠ ʛʘʟʘ ʚ ʧʦʨʠʩʪʦʤ ʩʣʦʝ ʚ 

ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ. 

 

 

ʈʠʩʫʥʦʢ 2.8. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʚ ʧʦʨʠʩʪʦʤ ʩʣʦʝ ʚ ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪʳ 

ʚʨʝʤʝʥʠ: 1 ï t = 0.001 c, 2 ï t = 0.01 c, 3 ï t = 0.03 c, 4 ï t = 0.1 c, 5 ï t = 0.5 c, 

 6 ï t = 1 c 
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ʈʠʩʫʥʦʢ 2.9. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʛʘʟʘ ʚ ʧʦʨʠʩʪʦʤ ʩʣʦʝ ʚ ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪʳ 

ʚʨʝʤʝʥʠ: 1 ï t = 0.001 c, 2 ï t = 0.01 c, 3 ï t = 0.03 c, 4 ï t = 0.1 c, 5 ï t = 0.5 c,  

6 ï t = 1 c 

 

ʇʨʦʥʠʮʘʝʤʦʩʪʴ ʨʝʘʣʴʥʳʭ ʛʨʫʥʪʦʚ ʦʙʳʯʥʦ ʠʤʝʝʪ ʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ, ʯʝʤ 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʟʜʝʩʴ, ʠ ʩʦʩʪʘʚʣʷʶʪ ʧʨʠʤʝʨʥʦ 
21013 ʤ1010 ---
. ʆʜʥʘʢʦ, ʧʨʠ ʚʟʨʳʚʝ ʚ 

ʧʦʨʦʜʝ ʦʙʨʘʟʫʶʪʩʷ ʪʨʝʱʠʥʳ, ʠʟ-ʟʘ ʯʝʛʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʝʝ ʧʨʦʧʫʩʢʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ. ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʫʯʠʪʳʚʘʝʤʫʶ ʧʨʠ ʨʘʩʯʝʪʝ, 

ʚʦʟʥʠʢʰʘʷ ʚ ʤʦʤʝʥʪ ʚʟʨʳʚʘ ʛʘʟʘ ʫʜʘʨʥʘʷ ʚʦʣʥʘ ʙʳʩʪʨʦ ʚʳʨʦʞʜʘʝʪʩʷ ʚ ʦʙʳʯʥʫʶ 

ʚʦʣʥʫ ʩʞʘʪʠʷ, ʛʜʝ ʜʘʚʣʝʥʠʝ ʠʟʤʝʥʷʝʪʩʷ ʥʝ ʩʢʘʯʢʦʤ, ʘ ʧʣʘʚʥʦ. ʆʪʤʝʪʠʤ, ʯʪʦ ʚʙʣʠʟʠ 

ʛʨʘʥʠʮ ʧʣʦʪʥʦʩʪʴ ʛʘʟʘ ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʦʪʢʨʳʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚ 

ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ʕʪʦ ʷʚʣʝʥʠʝ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʚ 

ʧʨʠʛʨʘʥʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʜʘʚʣʝʥʠʝ ʫʤʝʥʴʰʘʝʪʩʷ ʙʳʩʪʨʝʝ, ʯʝʤ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ.  

ʄʘʩʩʫ ʛʘʟʘ, ʧʨʦʰʝʜʰʫʶ ʯʝʨʝʟ ʛʨʘʥʠʮʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʦʙʣʘʩʪʠ ʚ ʪʝʯʝʥʠʝ 

ʚʳʙʨʘʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʚʳʯʠʩʣʠʚ ʧʣʦʱʘʜʴ 

ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʪʨʘʧʝʮʠʡ, ʦʛʨʘʥʠʯʝʥʥʳʭ ʜʚʫʤʷ ʢʨʠʚʳʤʠ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʭʦʜʘ 

ʛʘʟʘ ʥʘ ʥʠʞʥʝʡ ʠ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʘʭ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʦʪ ʚʨʝʤʝʥʠ. ʈʝʟʫʣʴʪʘʪʳ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʚʳʙʨʘʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʟʘʜʘʯʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʙʳʩʪʨʦʡ ʬʘʟʳ 

ʨʘʟʛʨʫʟʢʠ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʡ ʧʦʯʪʠ ʚʝʩʴ ʛʘʟ ʚʳʭʦʜʠʪ ʠʟ ʨʝʟʝʨʚʫʘʨʘ (~ 90%), 

ʩʦʩʪʘʚʣʷʝʪ 1/5 ʦʪ ʦʙʱʝʛʦ ʚʨʝʤʝʥʠ ʨʘʟʛʨʫʟʢʠ. ɺ ʦʩʪʘʣʴʥʦʝ ʚʨʝʤʷ ʧʨʦʠʩʭʦʜʠʪ 

ʤʝʜʣʝʥʥʳʡ ʬʠʣʴʪʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ, ʧʨʠ ʢʦʪʦʨʦʤ ʜʘʚʣʝʥʠʝ ʧʣʘʚʥʦ ʫʤʝʥʴʰʘʝʪʩʷ 

ʜʦ ʟʥʘʯʝʥʠʡ, ʨʘʚʥʳʭ ʜʘʚʣʝʥʠʶ ʚ ʦʢʨʫʞʘʶʱʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɺ ʩʣʫʯʘʝ ʤʝʥʝʝ 
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ʧʨʦʥʠʮʘʝʤʳʭ ʩʨʝʜ, ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʛʘʟ ʚʳʭʦʜʠʪ ʠʟ 

ʨʝʟʝʨʚʫʘʨʘ, ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʕʪʦ ʚʠʜʥʦ ʠʟ ʊʘʙʣʠʮʳ 2.1, ʚ ʢʦʪʦʨʦʡ 

ʧʦʢʘʟʘʥʦ ʚʨʝʤʷ ʙʳʩʪʨʦʡ ʬʘʟʳ ʨʘʟʛʨʫʟʢʠ ʜʣʷ ʩʨʝʜ ʩ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ 

2710 ʤ1010 ---
: 

 

k, ʤ
2
 tc, c 

10
-7
 0,437 

10
-8
 5,211 

10
-9
 71,022 

10
-10

 730,277 

ʊʘʙʣʠʮʘ 2.1 ï ʉʦʦʪʚʝʪʩʪʚʠʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩʨʝʜʳ ʠ ʚʨʝʤʝʥʠ ʙʳʩʪʨʦʡ ʬʘʟʳ 

ʨʘʟʛʨʫʟʢʠ ʨʝʟʝʨʚʫʘʨʘ 

 

ʅʘ ʈʠʩʫʥʢʝ 2.10 ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʤʘʩʩʳ ʛʘʟʘ, 

ʚʳʭʦʜʷʱʝʡ ʚ ʘʪʤʦʩʬʝʨʫ, ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʨʝʟʝʨʚʫʘʨʝ. ʅʘ ʈʠʩʫʥʢʝ 2.11 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʚʨʝʤʝʥʠ, ʯʝʨʝʟ ʢʦʪʦʨʦʝ ʛʘʟ, ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʨʝʟʝʨʚʫʘʨʝ, 

ʚʳʭʦʜʠʪ ʚ ʘʪʤʦʩʬʝʨʫ, ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ. ʕʪʠ ʜʘʥʥʳʝ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ, 

ʪʘʢ ʢʘʢ ʚ ʨʝʟʝʨʚʫʘʨʝ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʛʘʟʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʦʧʘʩʥʦʩʪʴ ʞʠʟʥʠ ʠ 

ʟʜʦʨʦʚʴʶ ʣʶʜʝʡ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ.  
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ʈʠʩʫʥʦʢ 2.10. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʤʘʩʩʳ ʚʳʭʦʜʷʱʝʛʦ ʛʘʟʘ ʦʪ ʥʘʯʘʣʴʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʚ ʨʝʟʝʨʚʫʘʨʝ 

 

 

ʈʠʩʫʥʦʢ 2.11. ɿʘʚʠʩʠʤʦʩʪʴ ʚʨʝʤʝʥʠ ʚʳʭʦʜʘ ʛʘʟʘ ʠʟ ʨʝʟʝʨʚʫʘʨʘ ʚ ʘʪʤʦʩʬʝʨʫ ʦʪ 

ʥʘʯʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ  
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2.2.3. ʌʠʣʴʪʨʘʮʠʷ ʧʨʠ ʙʦʣʴʰʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʪʚʝʨʜʦʡ ʬʘʟʳ ʠ ʠʥʪʝʥʩʠʚʥʦʤ 

ʤʝʞʬʘʟʥʦʤ ʪʝʧʣʦʦʙʤʝʥʝ 

 

ɽʩʣʠ ʪʝʧʣʦʝʤʢʦʩʪʴ ʪʚʝʨʜʦʡ ʬʘʟʳ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝ ʪʝʧʣʦʝʤʢʦʩʪʠ ʛʘʟʘ, 

ʪʦ ʜʣʷ ʨʘʩʯʝʪʘ ʠʩʪʝʯʝʥʠ ̫ ʛʘʟʘ ʠʟ ʧʦʜʟʝʤʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ 

ʥʘʛʨʝʚʦʤ ʪʚʝʨʜʦʡ ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ. ʈʘʩʩʤʦʪʨʠʤ ʪʘʢʦʡ ʧʨʦʮʝʩʩ ʧʦʜʨʦʙʥʝʝ. ʆʩʦʙʳʡ 

ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʣʫʯʘʡ ʠʥʪʝʥʩʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʤʝʞʜʫ ʛʘʟʦʤ ʠ ʧʦʨʠʩʪʦʡ 

ʩʨʝʜʦʡ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʪʫʨʙʫʣʝʥʪʥʦʤ ʪʝʯʝʥʠʠ ʛʘʟʘ 

ʚ ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʙʤʝʥʘ ʚʦʟʴʤʝʤ ʨʘʚʥʳʤ 

( )ʩKʤɼʞ/ 10 35 Ö=a , ʦʩʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ (2.17) ʦʩʪʘʶʪʩʷ ʪʝ ʞʝ. ʅʘ 

ʈʠʩʫʥʢʝ 2.12 ʧʨʠʚʝʜʝʥʳ ʧʨʦʬʠʣʠ ʜʘʚʣʝʥʠʷ ʚʥʫʪʨʠ ʧʦʨʠʩʪʦʛʦ ʪʝʣʘ ʚ ʨʘʟʣʠʯʥʳʝ 

ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ.   

 

 

ʈʠʩʫʥʦʢ 2.12. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʚ ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ ʚ ʩʣʫʯʘʝ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ:  1 ï t = 0.001 c,  

2 ï t = 0.01 c, 3 ï t = 0.03 c, 4 ï t = 0.1 c, 5 ï t = 1 c 

 

ʂʘʢ ʠ ʚ ʦʧʠʩʘʥʥʦʤ ʚʳʰʝ ʩʣʫʯʘʝ, ʫʜʘʨʥʘʷ ʚʦʣʥʘ ʩʫʱʝʩʪʚʫʝʪ ʣʠʰʴ ʚ 

ʦʢʨʝʩʪʥʦʩʪʠ ʧʦʜʟʝʤʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ. ʆʪʣʠʯʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʘʣʠʯʠʝ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʧʨʠʚʦʜʠʪ ʢ ʙʳʩʪʨʦʤʫ ʦʭʣʘʞʜʝʥʠʶ ʛʘʟʘ, ʘ ʵʪʦ, ʚ ʩʚʦʶ 
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ʦʯʝʨʝʜʴ, ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʙʦʣʝʝ ʤʝʜʣʝʥʥʦʝ ʠʩʪʝʯʝʥʠʝ ʛʘʟʘ ʠʟ ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ ʚ 

ʥʘʯʘʣʝ ʧʨʦʮʝʩʩʘ. ʇʨʠ ʵʪʦʤ ʚʨʝʤʷ ʚʳʭʦʜʘ ʛʘʟʘ ʚ ʘʪʤʦʩʬʝʨʫ ʚ ʦʙʝʠʭ ʟʘʜʘʯʘʭ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʜʥʦ ʠ ʪʦ ʞʝ. 

 

 

2.2.4. ɹʘʨʦʜʠʬʬʫʟʠʦʥʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ 

 

ɹʳʩʪʨʦʝ ʨʘʟʨʫʰʝʥʠʝ ʫʜʘʨʥʦʡ ʚʦʣʥʳ, ʧʦʩʣʝʜʫʶʱʝʝ ʫʤʝʥʴʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʠ 

ʩʛʣʘʞʠʚʘʥʠʝ ʝʛʦ ʧʨʦʬʠʣʷ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʜʚʠʞʝʥʠʝ ʛʘʟʘ ʯʝʨʝʟ 

ʜʦʩʪʘʪʦʯʥʦ ʪʦʣʩʪʳʡ ʩʣʦʡ ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʧʨʦʮʝʩʩʘʤʠ 

ʙʘʨʦʜʠʬʬʫʟʠʠ. ɺ ʙʘʨʦʜʠʬʬʫʟʠʦʥʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʩʢʦʨʦʩʪʴ ʛʘʟʘ ʩʯʠʪʘʝʪʩʷ ʤʘʣʦʡ 

ʚʝʣʠʯʠʥʦʡ, ʚʦʟʤʫʱʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʠ ʜʘʚʣʝʥʠʷ ï ʤʘʣʳʤʠ, ʘ ʧʦ ʧʦʨʷʜʢʫ ʚʝʣʠʯʠʥʳ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤʠ ʩʢʦʨʦʩʪʠ; ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ ʧʦʩʪʦʷʥʥʘ ʠ ʨʘʚʥʘ ʪʝʤʧʝʨʘʪʫʨʝ 

ʛʘʟʘ ʚ çʥʦʨʤʘʣʴʥʳʭè ʫʩʣʦʚʠʷʭ. ʊʘʢʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʩʧʨʘʚʝʜʣʠʚʦ ʚʜʘʣʠ ʦʪ 

ʨʝʟʝʨʚʫʘʨʘ, ʪʘʤ, ʛʜʝ ʫʜʘʨʥʘʷ ʚʦʣʥʘ ʨʘʟʨʫʰʠʣʘʩʴ ʠ ʫʤʝʥʴʰʠʣʘ ʩʚʦʶ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ. ʇʦʩʢʦʣʴʢʫ ʧʨʦʮʝʩʩ ʙʘʨʦʜʠʬʬʫʟʠʠ ʤʝʜʣʝʥʥʳʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ 

ʚʨʝʤʝʥʝʤ ʧʨʦʙʝʛʘ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʜʦ ʩʚʦʝʛʦ ʨʘʟʨʫʰʝʥʠʷ, ʪʦ ʠʤʝʥʥʦ ʪʘʢʦʡ ʧʨʦʮʝʩʩ 

ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴ ʭʘʨʘʢʪʝʨʥʦʝ ʚʨʝʤʷ ʨʘʟʛʨʫʟʢʠ ʚ ʧʨʦʪʷʞʝʥʥʳʭ ʠ ʪʨʫʜʥʦ 

ʧʨʦʥʠʮʘʝʤʳʭ ʩʨʝʜʘʭ. ɺʚʝʜʝʤ ʚʦʟʤʫʱʝʥʠʷ ʜʘʚʣʝʥʠʷ p* ʠ ʧʣʦʪʥʦʩʪʠ ɟ* ï ʤʘʣʳʝ 

ʚʝʣʠʯʠʥʳ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʘʚʣʝʥʠʝʤ ʠ ʧʣʦʪʥʦʩʪʴʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʇʦʜʩʪʘʚʣʷʷ ʠʭ ʚ ʩʠʩʪʝʤʫ (2.10)-(2.14), ʠ ʦʩʪʘʚʣʷʷ ʪʦʣʴʢʦ ʣʠʥʝʡʥʳʝ ʯʣʝʥʳ ʧʦ 

ʩʢʦʨʦʩʪʠ ʠ ʚʦʟʤʫʱʝʥʠʷʤ ʧʣʦʪʥʦʩʪʠ ʠ ʜʘʚʣʝʥʠʷ, ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʫʶ ʩʠʩʪʝʤʫ 

ʫʨʘʚʥʝʥʠʡ: 

 

00
* =

µ

µ
+

µ

µ

x
p

t

p u
,          (2.18) 
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ɼʘʣʝʝ, ʠʩʢʣʶʯʠʚ ʩʢʦʨʦʩʪʴ ʠʟ (2.18)-(2.19), ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ 

ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʪʠʧʘ ʜʣʷ ʚʦʟʤʫʱʝʥʠʡ ʜʘʚʣʝʥʠʷ: 

 

.0
2

*
2

0* =
µ

µ
-

µ

µ

x

p

a

kp

t

p

m
         (2.20) 

 

ɽʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚ ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ ʠʤʝʣʦʩʴ 

ʣʦʢʘʣʴʥʦʝ ʚʦʟʤʫʱʝʥʠʝ ʜʘʚʣʝʥʠʷ, ʪʦ ʧʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚʦʟʥʠʢʥʝʪ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ H ʦʪ ʠʩʪʦʯʥʠʢʘ ʚʦʟʤʫʱʝʥʠʡ ʟʘ ʭʘʨʘʢʪʝʨʥʦʝ ʚʨʝʤʷ 

 

0

2

kp

Ha
tc

m
º .           (2.21) 

 

ʅʘ ʈʠʩʫʥʢʝ 2.13 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʙʝʟʨʘʟʤʝʨʥʦʡ 

ʚʝʣʠʯʠʥʳ kH /2  ʦʪ ʚʨʝʤʝʥʠ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʜʣʷ ʧʦʨʠʩʪʳʭ 

ʩʣʦʝʚ ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʳ ʠ ʟʥʘʯʝʥʠʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ k ʦʪ 10
-10

 ʜʦ 10
-5
 ʤ

2
.  

 

 

ʈʠʩʫʥʦʢ 2.13. ɿʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ kH /2  ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʪʦʣʱʠʥʳ ʧʦʨʠʩʪʦʛʦ ʩʣʦʷ; I ï ʦʙʣʘʩʪʴ ʨʝʞʠʤʘ ʩ ʚʳʭʦʜʷʱʝʡ ʫʜʘʨʥʦʡ ʚʦʣʥʦʡ,  II  ï 

ʦʙʣʘʩʪʴ ʙʘʨʦʜʠʬʬʫʟʠʦʥʥʦʛʦ ʨʝʞʠʤʘ  
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ʆʙʣʘʩʪʴ I, ʩʣʝʚʘ ʦʪ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʞʠʤʫ 

ʩ ʚʳʭʦʜʷʱʝʡ ʫʜʘʨʥʦʡ ʚʦʣʥʦʡ. ʕʪʦʪ ʩʣʫʯʘʡ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩʨʝʜʳ. ʆʙʣʘʩʪʴ II  ʩʧʨʘʚʘ ʦʪ ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʙʘʨʦʜʠʬʬʫʟʠʦʥʥʦʤʫ ʧʨʦʮʝʩʩʫ [38]. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʠʤʝʝʪʩʷ ʣʠʥʝʡʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʚʝʣʠʯʠʥʦʡ kH /2  ʠ ʭʘʨʘʢʪʝʨʥʳʤ ʚʨʝʤʝʥʝʤ ʨʘʟʛʨʫʟʢʠ, ʢʘʢ 

ʩʣʝʜʫʝʪ ʠʟ ʧʨʠʙʣʠʞʝʥʥʦʡ ʬʦʨʤʫʣʳ (2.21). ʆʪʩʶʜʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʜʘʞʝ ʜʣʷ ʥʝʙʦʣʴʰʦʛʦ ʧʦ ʚʳʩʦʪʝ ʧʦʨʠʩʪʦʛʦ ʩʣʦʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ 
28ʤ10-=k  

ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʨʘʩʩʝʠʚʘʥʠʷ ʫʜʘʨʥʦʡ ʚʦʣʥʳ.  

 

 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 

ɿʘʜʘʯʘ ʬʠʣʴʪʨʘʮʠʠ ʛʘʟʘ ʯʝʨʝʟ ʩʣʦʡ ʪʚʝʨʜʦʡ ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ ʨʘʩʩʤʦʪʨʝʥʘ 

ʧʨʠ ʙʦʣʴʰʦʤ ʥʘʯʘʣʴʥʦʤ ʧʝʨʝʧʘʜʝ ʜʘʚʣʝʥʠʷ ʚ ʜʚʫʭ ʧʦʩʪʘʥʦʚʢʘʭ: ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ 

ʜʚʫʭʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʪʝʯʝʥʠʷ ʠ ʚ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ ʙʦʣʴʰʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʪʚʝʨʜʦʡ 

ʬʘʟʳ ʠ ʩʠʣʴʥʦʛʦ ʤʝʞʬʘʟʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʪʚʝʨʜʦʡ ʬʘʟʳ ʠ ʠʥʪʝʥʩʠʚʥʦʤ ʪʝʧʣʦʦʙʤʝʥʝ ʠʩʪʝʯʝʥʠʝ ʛʘʟʘ ʚ 

ʘʪʤʦʩʬʝʨʫ ʚ ʥʘʯʘʣʝ ʧʨʦʮʝʩʩʘ ʧʨʦʠʩʭʦʜʠʪ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ 

ʥʝʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ, ʚʦʟʥʠʢʘʶʱʘʷ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ 

ʫʜʘʨʥʘʷ ʚʦʣʥʘ ʩʫʱʝʩʪʚʫʝʪ ʣʠʰʴ ʚ ʥʘʯʘʣʝ ʧʨʦʮʝʩʩʘ, ʘ ʟʘʪʝʤ ʩʠʣʴʥʦ ʦʩʣʘʙʝʚʘʝʪ 

ʜʘʞʝ ʚ ʚʳʩʦʢʦʧʨʦʥʠʮʘʝʤʳʭ ʧʦʨʠʩʪʳʭ ʩʨʝʜʘʭ.   

ʀʩʩʣʝʜʦʚʘʥʘ ʜʠʥʘʤʠʢʘ ʨʘʩʭʦʜʘ ʛʘʟʘ ʥʘ ʛʨʘʥʠʮʘʭ ʦʙʣʘʩʪʠ. ʈʘʩʩʯʠʪʘʥʦ ʚʨʝʤʷ 

ʚʳʭʦʜʘ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʛʘʟʘ ʠʟ ʨʝʟʝʨʚʫʘʨʘ ʧʦʩʣʝ ʚʟʨʳʚʘ. ʆʙʥʘʨʫʞʝʥʳ ʜʚʘ ʨʝʞʠʤʘ 

ʠʩʪʝʯʝʥʠʷ ʛʘʟʘ. ʇʨʠ ʦʜʥʦʤ ʨʝʞʠʤʝ ʫʜʘʨʥʘʷ ʚʦʣʥʘ ʚʳʭʦʜʠʪ ʚ ʘʪʤʦʩʬʝʨʫ, ʚ ʜʨʫʛʦʤ 

ʩʣʫʯʘʝ ʫʜʘʨʥʘʷ ʚʦʣʥʘ ʚʳʨʦʞʜʘʝʪʩʷ ʚ ʚʦʣʥʫ ʩʞʘʪʠʷ, ʥʝ ʫʩʧʝʚ ʜʦʩʪʠʛʥʫʪʴ ʚʳʭʦʜʘ ʠʟ 

ʧʦʨʠʩʪʦʡ ʦʙʣʘʩʪʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ, ʢʦʛʜʘ ʫʜʘʨʥʘʷ ʚʦʣʥʘ ʜʠʩʩʠʧʠʨʫʝʪ, ʚʨʝʤʷ 

ʨʘʟʛʨʫʟʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʮʝʩʩʘʤʠ ʙʘʨʦʜʠʬʬʫʟʠʠ. ɼʣʷ ʵʪʦʛʦ ʩʣʫʯʘʷ ʜʘʥʳ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʦʮʝʥʢʠ ʭʘʨʘʢʪʝʨʥʦʛʦ ʚʨʝʤʝʥʠ ʨʘʟʛʨʫʟʢʠ.  
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ɻʃɸɺɸ 3 

 

ʉɺʗɿɸʅʅɸʗ ɿɸɼɸʏɸ ʌʀʃʔʊʈɸʎʀʀ ʀ ɻʆʈɽʅʀʗ ɺ 

ɿɸʄʂʅʋʊʆʄ ʉʆʉʋɼɽ ʉ ʇʆʈʀʉʊʓʄʀ ʉʊɽʅʂɸʄʀ 

 

ɺ ʛʣʘʚʝ 3 ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ, ʢʦʤʙʠʥʠʨʫʶʱʘʷ ʷʚʣʝʥʠʝ ʛʦʨʝʥʠʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʝʨʝʤʝʰʘʥʥʳʭ ʛʘʟʦʚ ʩ ʬʠʣʴʪʨʘʮʠʦʥʥʳʤ ʪʝʯʝʥʠʝʤ ʛʘʟʦʚ ʯʝʨʝʟ 

ʩʣʦʡ ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʩʩʤʦʪʨʝʥʠʷ ʪʘʢʠʭ ʟʘʜʘʯ ʦʙʫʩʣʦʚʣʝʥʘ 

ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʠʟʫʯʝʥʥʦʩʪʴʶ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʝ, ʚ 

ʧʦʜʟʝʤʥʳʭ ʭʨʘʥʠʣʠʱʘʭ ʠ ʰʘʭʪʘʭ. ɺʦʟʛʦʨʘʥʠʝ ʛʘʟʦʚ ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʣʠʯʥʳʭ 

ʧʨʠʨʦʜʥʳʭ, ʪʝʭʥʠʯʝʩʢʠʭ ʠʣʠ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʠʩʪʝʯʝʥʠʶ 

ʷʜʦʚʠʪʳʭ ʛʘʟʦʚ ʚ ʘʪʤʦʩʬʝʨʫ ʟʘ ʩʯʝʪ ʬʠʣʴʪʨʘʮʠʠ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʯʝʨʝʟ 

ʧʦʨʠʩʪʳʡ ʛʨʫʥʪ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʚ ʨʘʟʜʝʣʝ 2.2 ʟʘʜʘʯʠ, 

ʬʠʣʴʪʨʘʮʠʦʥʥʦʝ ʪʝʯʝʥʠʝ ʠʥʠʮʠʠʨʦʚʘʥʦ ʥʝ ʤʛʥʦʚʝʥʥʳʤ, ʘ ʧʦʩʪʝʧʝʥʥʳʤ 

ʥʘʨʘʩʪʘʥʠʝʤ ʜʘʚʣʝʥʠʷ ʚ ʩʦʩʫʜʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚʘʞʥʦ ʧʨʘʚʠʣʴʥʦ ʦʮʝʥʠʪʴ 

ʩʢʦʨʦʩʪʴ ʠ ʭʘʨʘʢʪʝʨ ʧʦʪʦʢʘ ʛʘʟʘ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ 

ʜʠʥʘʤʠʢʦʡ ʥʘʨʘʩʪʘʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʨʝʟʝʨʚʫʘʨʝ. ʆʪʤʝʪʠʤ, ʯʪʦ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦ 

ʛʦʨʝʥʠʠ ʛʘʟʘ ʚ ʩʦʩʫʜʝ ʩ ʧʦʨʠʩʪʳʤʠ ʩʪʝʥʢʘʤʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʠʟ ʨʝʰʝʥʠʷ 

ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦʡ ʟʘʜʘʯʠ ʦ ʛʦʨʝʥʠʠ ʛʘʟʘ ʚ ʩʦʩʫʜʝ ʩ ʥʝʩʢʦʣʴʢʠʤʠ 

ʦʪʚʝʨʩʪʠʷʤʠ [2, 3] ʚʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʧʦʨʠʩʪʘʷ ʩʪʝʥʢʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʦʛʨʘʥʠʯʝʥʥʳʤ ʥʘʙʦʨʦʤ ʦʪʚʝʨʩʪʠʡ.  

ɺ ʨʘʙʦʪʝ ʩʪʨʦʠʪʩʷ ʥʦʚʘʷ ʦʜʥʦʤʝʨʥʘʷ ʤʦʜʝʣʴ ʛʦʨʝʥʠʷ ʛʘʟʘ ʚ ʩʦʩʫʜʝ ʩ 

ʧʦʨʠʩʪʦʡ ʩʪʝʥʢʦʡ, ʚ ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʛʦʨʝʥʠʷ ʛʘʟʘ ʚ ʟʘʢʨʳʪʦʤ ʩʦʩʫʜʝ ʠ ʢʦʥʪʠʥʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʬʠʣʴʪʨʘʮʠʠ ʛʘʟʘ ʯʝʨʝʟ 

ʧʦʨʠʩʪʫʶ ʩʪʝʥʢʫ. ʇʨʠ ʵʪʦʤ ʩʚʷʟʴ ʧʨʦʮʝʩʩʦʚ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʧʦʩʨʝʜʩʪʚʦʤ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠ, ʠʩʭʦʜʷ ʠʟ 

ʫʧʨʦʱʝʥʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʜʚʫʭ ʩʨʝʜ.  
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Ä 3.1. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

 

ɺ ʨʝʟʝʨʚʫʘʨʝ ʦʢʦʣʦ ʥʝʧʨʦʥʠʮʘʝʤʦʡ ʩʪʝʥʢʠ ʧʨʦʠʩʭʦʜʠʪ ʚʦʟʛʦʨʘʥʠʝ 

ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʥʝʤ ʛʘʟʘ. ɺ ʧʨʦʮʝʩʩʝ ʛʦʨʝʥʠʷ ʜʘʚʣʝʥʠʝ ʚ ʨʝʟʝʨʚʫʘʨʝ ʧʦʩʪʝʧʝʥʥʦ 

ʚʦʟʨʘʩʪʘʝʪ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʩʦʩʫʜʝ ʦʜʥʦʨʦʜʥʦ ʠ 

ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʚʨʝʤʝʥʠ. ʊʘʢʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ ʨʝʰʝʥʠʝ 

ʟʘʜʘʯʠ ʠ ʦʧʨʘʚʜʘʥʦ ʪʝʤ, ʯʪʦ ʚʳʨʘʚʥʠʚʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʚʦʟʤʫʱʝʥʠʡ 

ʜʘʚʣʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʛʦʨʘʟʜʦ ʙʳʩʪʨʝʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʚʨʝʤʝʥʝʤ 

ʛʦʨʝʥʠʷ ʛʘʟʘ ʚ ʩʦʩʫʜʝ.  

ʌʠʣʴʪʨʘʮʠʷ ʛʘʟʘ ʯʝʨʝʟ ʧʦʨʠʩʪʫʶ ʩʪʝʥʢʫ, ʚʦʟʥʠʢʘʶʱʘʷ ʚʩʣʝʜʩʪʚʠʝ 

ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ ʤʝʞʜʫ ʨʝʟʝʨʚʫʘʨʦʤ ʠ ʦʢʨʫʞʘʶʱʠʤ 

ʧʨʦʩʪʨʘʥʩʪʚʦʤ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʧʣʘʤʝʥʠ ʚ ʨʝʟʝʨʚʫʘʨʝ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʛʦʨʝʥʠʝ ʛʘʟʘ ʧʨʝʢʨʘʱʘʝʪʩʷ ʚ ʤʦʤʝʥʪ 

ʜʦʩʪʠʞʝʥʠʷ ʧʣʘʤʝʥʝʤ ʧʦʨʠʩʪʦʡ ʩʪʝʥʢʠ, ʧʦʵʪʦʤʫ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʫʜʝʣʷʝʪʩʷ ʦʧʠʩʘʥʠʶ ʨʝʞʠʤʘ ʛʦʨʝʥʠʷ ʚ ʩʦʩʫʜʝ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʧʘʜʝʥʠʷ ʜʘʚʣʝʥʠʷ ʟʘ ʩʯʝʪ ʬʠʣʴʪʨʘʮʠʠ ʛʘʟʘ. ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʨʝʯʴ ʥʝ 

ʠʜʝʪ ʦ ʬʠʣʴʪʨʘʮʠʦʥʥʦʤ ʛʦʨʝʥʠʠ ʛʘʟʘ [55, 61], ʧʦʪʦʤʫ ʯʪʦ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ 

ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ ʥʘʤʥʦʛʦ 

ʤʝʥʴʰʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʜʠʘʤʝʪʨʘ ʠ ʥʘʛʨʝʚ ʧʦʨʠʩʪʦʡ ʩʪʝʥʢʠ ʧʨʦʜʫʢʪʘʤʠ ʛʦʨʝʥʠʷ 

ʥʝʟʥʘʯʠʪʝʣʝʥ ʠʟ-ʟʘ ʙʦʣʴʰʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʧʦʨʠʩʪʳʭ ʩʪʝʥʦʢ. ʊʘʢʠʝ ʫʩʣʦʚʠʷ 

ʨʝʘʣʠʟʫʶʪʩʷ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʧʦʨʠʩʪʳʡ ʩʣʦʡ ʩʦʩʪʦʠʪ, ʥʘʧʨʠʤʝʨ, ʠʟ ʧʨʠʨʦʜʥʳʭ 

ʛʨʫʥʪʦʚ.   

 

 

3.1.1. ʄʦʜʝʣʴ ʬʠʣʴʪʨʘʮʠʠ ʛʘʟʘ ʯʝʨʝʟ ʧʦʨʠʩʪʳʝ ʩʪʝʥʢʠ 

 

ʈʝʟʝʨʚʫʘʨ ʩ ʧʦʨʠʩʪʦʡ ʩʪʝʥʢʦʡ ʩʭʝʤʘʪʠʯʝʩʢʠ ʠʟʦʙʨʘʞʝʥ ʥʘ ʈʠʩʫʥʢʝ 3.1. 

ɺʳʩʦʪʘ ʨʝʟʝʨʚʫʘʨʘ, ʟʘʧʦʣʥʝʥʥʦʛʦ ʛʘʟʦʤ, ʨʘʚʥʘ H0 . ʆʜʥʘ ʠʟ ʝʛʦ ʩʪʝʥʦʢ 

ʥʝʧʨʦʥʠʮʘʝʤʘ, ʜʨʫʛʘʷ ï ʧʦʨʠʩʪʘʷ ï ʪʦʣʱʠʥʦʡ H. ʇʦ ʤʝʨʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ 

ʛʦʨʝʥʠʷ ʥʘʨʘʩʪʘʝʪ ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ ʤʝʞʜʫ ʨʝʟʝʨʚʫʘʨʦʤ ʠ ʚʥʝʰʥʝʡ ʛʨʘʥʠʮʝʡ 
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ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʛʘʟ ʥʘʯʠʥʘʝʪ ʧʨʦʩʘʯʠʚʘʪʴʩʷ ʥʘʨʫʞʫ, ʫʚʣʝʢʘʷ ʟʘ 

ʩʦʙʦʡ ʬʨʦʥʪ ʚʦʣʥʳ ʛʦʨʝʥʠʷ. ɼʦʩʪʠʛʥʫʚ ʧʨʦʥʠʮʘʝʤʦʡ ʩʪʝʥʢʠ, ʧʣʘʤʷ ʟʘʪʫʭʘʝʪ, ʥʦ 

ʦʩʪʘʚʰʠʝʩʷ ʚ ʨʝʟʝʨʚʫʘʨʝ ʧʨʦʜʫʢʪʳ ʛʦʨʝʥʠʷ ʧʨʦʜʦʣʞʘʶʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ 

ʬʠʣʴʪʨʘʮʠʦʥʥʦʤ ʧʨʦʮʝʩʩʝ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʜʘʚʣʝʥʠʝ ʚʥʫʪʨʠ ʨʝʟʝʨʚʫʘʨʘ ʥʝ 

ʩʨʘʚʥʷʝʪʩʷ ʩ ʜʘʚʣʝʥʠʝʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ.  

 

 

ʈʠʩʫʥʦʢ 3.1. ʉʭʝʤʘ ʛʦʨʝʥʠʷ ʛʘʟʘ ʚ ʨʝʟʝʨʚʫʘʨʝ ʩ ʧʦʨʠʩʪʦʡ ʩʪʝʥʢʦʡ: 1 ï ʦʙʣʘʩʪʴ 

ʩʚʝʞʝʛʦ ʛʘʟʘ, 2 ï ʦʙʣʘʩʪʴ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ 

 

ʄʦʜʝʣʴ ʬʠʣʴʪʨʘʮʠʠ ʛʘʟʘ ʯʝʨʝʟ ʩʣʦʡ ʧʦʨʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʢʘʢ ʠ ʨʘʥʝʝ, 

ʩʪʨʦʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʢʦʥʪʠʥʫʫʤʦʚ. ʅʦ ʚ ʵʪʦʪ ʨʘʟ ʙʫʜʝʤ 

ʩʯʠʪʘʪʴ, ʯʪʦ ʧʦʨʠʩʪʘʷ ʩʪʝʥʢʘ ʥʝ ʫʩʧʝʚʘʝʪ ʥʘʛʨʝʪʴʩʷ ʟʘ ʚʨʝʤʷ ʧʨʦʮʝʩʩʘ ʠ ʝʝ 

ʪʝʤʧʝʨʘʪʫʨʘ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ, ʨʘʚʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ. ʊʦʛʜʘ ʫʨʘʚʥʝʥʠʝ ʵʥʝʨʛʠʠ ʜʣʷ ʪʚʝʨʜʦʡ ʬʘʟʳ ʤʦʞʥʦ ʠʩʢʣʶʯʠʪʴ ʠʟ 

ʩʠʩʪʝʤʳ (1.10)-(1.14) ʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʣʝʜʫʶʱʫʶ ʩʠʩʪʝʤʫ ʚ ʦʜʥʦʤʝʨʥʦʡ 

ʧʦʩʪʘʥʦʚʢʝ: 
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ʉʠʩʪʝʤʫ (3.1)-(3.4) ʥʝʦʙʭʦʜʠʤʦ ʜʦʧʦʣʥʠʪʴ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. ʅʘ 

ʚʳʭʦʜʝ ʠʟ ʧʦʨʠʩʪʦʡ ʩʪʝʥʢʠ ʜʘʚʣʝʥʠʝ ʨʘʚʥʦ ʜʘʚʣʝʥʠʶ ʚ ʦʢʨʫʞʘʶʱʝʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ:  

 

apHtp =),( .          (3.5) 

 

ɼʘʚʣʝʥʠʝ, ʧʣʦʪʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʛʘʟʘ ʚ ʨʝʟʝʨʚʫʘʨʝ ʚʳʯʠʩʣʷʶʪʩʷ ʠʟ 

ʩʦʚʤʝʩʪʥʦʛʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʬʠʣʴʪʨʘʮʠʦʥʥʦʝ ʪʝʯʝʥʠʝ ʯʝʨʝʟ 

ʧʦʨʠʩʪʫʶ ʩʪʝʥʢʫ ʠ ʛʦʨʝʥʠʝ ʛʘʟʘ ʚʥʫʪʨʠ ʨʝʟʝʨʚʫʘʨʘ. 

 

 

3.1.2. ʄʦʜʝʣʴ ʛʦʨʝʥʠʷ ʛʘʟʘ ʚ ʨʝʟʝʨʚʫʘʨʝ 

 

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʨʘʥʝʝ, ʧʨʠ ʦʧʠʩʘʥʠʠ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ 

ʨʝʟʝʨʚʫʘʨʝ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠʙʣʠʞʝʥʠʝ ʦ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʜʘʚʣʝʥʠʷ ʦʪ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʦʨʜʠʥʘʪʳ, ʪʘʢʦʝ ʞʝ, ʢʘʢ ʠ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʛʦʨʝʥʠʷ 

ʛʘʟʘ ʚ ʟʘʢʨʳʪʦʤ ʩʦʩʫʜʝ [22].  

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʬʨʦʥʪ ʧʣʘʤʝʥʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʣʦʩʢʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʨʘʟʜʝʣʷʶʱʫʶ ʩʚʝʞʠʡ ʛʘʟ ʦʪ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ. ɺ ʦʙʣʘʩʪʠ 1 ʩʚʝʞʝʛʦ 

ʛʘʟʘ (ʩʤ. ʈʠʩʫʥʦʢ 3.1) ʜʘʚʣʝʥʠʝ, ʧʣʦʪʥʦʩʪʴ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʥʝ ʟʘʚʠʩʷʪ ʦʪ 

ʢʦʦʨʜʠʥʘʪʳ, ʘ ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʷʤʠ ʪʦʣʴʢʦ ʚʨʝʤʝʥʠ. ɺ ʦʙʣʘʩʪʠ 2 ʧʨʦʜʫʢʪʦʚ 

ʛʦʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʧʣʦʪʥʦʩʪʴ ʛʘʟʘ ʟʘʚʠʩʷʪ ʪʦ ʢʦʦʨʜʠʥʘʪʳ, ʧʦʩʢʦʣʴʢʫ ʛʦʨʝʥʠʝ 

ʩʚʝʞʝʡ ʩʤʝʩʠ ʥʘ ʬʨʦʥʪʝ ʧʣʘʤʝʥʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦ ʤʝʨʝ 

ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ. ʋʨʘʚʥʝʥʠʷ ʜʣʷ ʛʘʟʘ ʚ ʨʝʟʝʨʚʫʘʨʝ ʧʦʣʫʯʘʶʪʩʷ ʠʟ ʫʨʘʚʥʝʥʠʡ 

(1.28)-(1.30), ʦʧʠʩʳʚʘʶʱʠʭ ʛʦʨʝʥʠʝ ʛʘʟʘ ʚ ʟʘʢʨʳʪʦʤ ʩʦʩʫʜʝ, ʩʚʝʜʝʥʠʝʤ ʢ 

ʦʜʥʦʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ: 

 

 

 

 

 



61 
 

 
 

( ) ,0=
µ

µ
+

µ

µ
rr

r

xt
ru

r
         (3.6) 

, 
t

p

x

T

t

T
c rr

r
r

pr
µ

µ
=ö
÷

õ
æ
ç

å

µ

µ
+

µ

µ
ur         (3.7) 

.rrr RTp r=            (3.8) 

 

ʀʥʜʝʢʩʦʤ çrè ʦʙʦʟʥʘʯʝʥʳ ʚʝʣʠʯⱫʥʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʨʝʟʝʨʚʫʘʨʫ.  

ʀʩʢʣʶʯʘʷ ʠʟ (3.6)-(3.8) ʪʝʤʧʝʨʘʪʫʨʫ, ʧʦʣʫʯʠʤ ʦʙʳʢʥʦʚʝʥʥʳʝ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʩʢʦʨʦʩʪʝʡ ʩʛʦʨʝʚʰʝʛʦ ʠ ʥʝʩʛʦʨʝʚʰʝʛʦ ʛʘʟʘ: 
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ɺʳʧʠʰʝʤ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʥʘ ʩʪʝʥʢʘʭ ʩʦʩʫʜʘ ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʦʜʥʘ ʠʟ 

ʩʪʝʥʦʢ ʥʝʧʨʦʥʠʮʘʝʤʘ ʜʣʷ ʛʘʟʘ: 

 

(),
01 toutxr uu =
=

 ,0
0

2 =
-=Hxru         (3.11) 

 

ʛʜʝ ɡout  ï ʩʢʦʨʦʩʪʴ ʛʘʟʘ ʦʢʦʣʦ ʧʦʨʠʩʪʦʡ ʩʪʝʥʢʠ. ʀʥʪʝʛʨʠʨʫʷ ʫʨʘʚʥʝʥʠʷ (3.9), (3.10) 

ʩ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ (3.11), ʧʦʣʫʯʠʤ:  
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ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʬʨʦʥʪ ʛʦʨʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ ʩʚʝʞʝʡ ʩʤʝʩʠ ʩ 

ʥʦʨʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ub. ʊʦʛʜʘ ʩʧʨʘʚʝʜʣʠʚʦ ʩʦʦʪʥʦʰʝʥʠʝ (1.31): 
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 ʀʥʜʝʢʩʦʤ çfè ʦʙʦʟʥʘʯʝʥʳ ʚʝʣʠʯⱫʥʳ ʥʘ ʬʨʦʥʪʝ ʚʦʣʥʳ ʛʦʨʝʥʠʷ. 

ʀʟ ʟʘʢʦʥʘ ʙʘʣʘʥʩʘ ʤʘʩʩʳ ʧʦ ʦʙʝʠʤ ʩʪʦʨʦʥʘʤ ʦʪ ʬʨʦʥʪʘ ʧʣʘʤʝʥʠ (1.32) 

ʧʦʣʫʯʠʤ: 

 

 ( ) . 121 bfrfr uE-=-uu          (3.15)  

 

ʇʦʣʘʛʘʷ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʩʚʝʞʝʛʦ ʛʘʟʘ ʧʦʩʣʝ ʩʛʦʨʘʥʠʷ ʠʟʤʝʥʷʝʪʩʷ ʥʘ 

ʧʦʩʪʦʷʥʥʫʶ ʚʝʣʠʯʠʥʫ, ʧʦʣʫʯʘʝʤ: 
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ʀʥʜʝʢʩʦʤ ç0è ʦʙʦʟʥʘʯʝʥʳ ʧʘʨʘʤʝʪʨʳ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ; 

Tb ï ʘʜʠʘʙʘʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ, ʢʦʪʦʨʘʷ ʩʯʠʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʠ 

ʠʟʚʝʩʪʥʦʡ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʣʠ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ.  

ɺ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʥʦʨʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʣʘʤʝʥʠ ʧʦʩʪʦʷʥʥʘ ( ),constub=  

ʩʠʩʪʝʤʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʠ ʧʦʣʦʞʝʥʠʷ ʬʨʦʥʪʘ ʧʣʘʤʝʥʠ ʚ ʨʝʟʝʨʚʫʘʨʝ 

ʠʤʝʝʪ ʚʠʜ: 
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ʕʪʠ ʫʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʩʯʝʪʘʭ ʜʘʚʣʝʥʠʷ ʜʦ ʧʦʛʘʩʘʥʠʷ ʧʣʘʤʝʥʠ, ʪʦ 

ʝʩʪʴ ʧʦʢʘ ʬʨʦʥʪ ʧʣʘʤʝʥʠ ʥʝ ʜʦʩʪʠʛʥʝʪ ʧʦʨʠʩʪʦʡ ʩʪʝʥʢʠ ʨʝʟʝʨʚʫʘʨʘ. ɺ ʤʦʤʝʥʪ 

ʧʦʛʘʩʘʥʠʷ ʧʣʘʤʝʥʠ ʜʘʚʣʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦ. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʛʦʨʝʥʠʝ ʚ ʩʦʩʫʜʝ 

ʧʨʝʢʨʘʪʠʣʦʩʴ, ʜʘʚʣʝʥʠʝ ʫʤʝʥʴʰʘʝʪʩʷ ʟʘ ʩʯʝʪ ʬʠʣʴʪʨʘʮʠʠ ʛʘʟʘ ʜʦ ʝʛʦ ʟʥʘʯʝʥʠʷ ʚ 

ʦʢʨʫʞʘʶʱʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ.  

ɺ ʦʙʣʘʩʪʠ ʩʚʝʞʝʛʦ ʛʘʟʘ ʧʣʦʪʥʦʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʜʘʚʣʝʥʠʝ ʟʘʚʠʩʷʪ ʪʦʣʴʢʦ 

ʦʪ ʚʨʝʤʝʥʠ ʠ ʤʝʥʷʶʪʩʷ ʘʜʠʘʙʘʪʠʯʝʩʢʠ: 
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11 rrr RpT r= .          (3.20) 

 

ɺ ʦʙʣʘʩʪʠ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʧʣʦʪʥʦʩʪʴ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ ʟʘʚʠʩʷʪ ʦʪ 

ʚʨʝʤʝʥʠ ʠ ʢʦʦʨʜʠʥʘʪʳ. ʇʣʦʪʥʦʩʪʴ ʚ ʟʦʥʝ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ɟr2 ʤʦʞʥʦ ʥʘʡʪʠ ʠʟ 

ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ: 
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ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʩʚʷʟʴ ʩʢʦʨʦʩʪʠ ʩ ʜʘʚʣʝʥʠʝʤ (3.9), (3.10), 

ʧʨʝʦʙʨʘʟʫʝʤ ʫʨʘʚʥʝʥʠʝ (3.21) ʢ ʚʠʜʫ: 
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ʆʙʱʝʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (3.22) ʩʣʝʜʫʶʱʝʝ: 
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ʛʜʝ ʬʫʥʢʮʠʶ ʌ ʤʦʞʥʦ ʥʘʡʪʠ ʠʟ ʫʩʣʦʚʠʷ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʛʘʟʘ ʥʘ 

ʜʚʠʞʫʱʝʤʩʷ ʬʨʦʥʪʝ ʧʣʘʤʝʥʠ. ʀʟ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʩʰʠʨʝʥʠʷ (1.33) 

ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘ ʬʨʦʥʪʝ ʧʣʘʤʝʥʠ ʧʣʦʪʥʦʩʪʴ ʛʘʟʘ ʤʝʥʷʝʪʩʷ ʩʢʘʯʢʦʤ: 

 

.12 Err rr =           (3.24) 

 

ʊʦʛʜʘ, ʧʨʠ x = xf ʠʟ (3.23) ʩʣʝʜʫʝʪ: 
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ɺʳʨʘʞʝʥʠʝ (3.25) ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʥʝʷʚʥʦʝ ʫʨʘʚʥʝʥʠʝ. ʇʨʝʜʧʦʣʦʞʠʤ, 

ʯʪʦ xf(Ű) ï ʧʦʣʦʞʝʥʠʝ ʬʨʦʥʪʘ ʧʣʘʤʝʥʠ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ Ű. ʀʟ ʦʧʨʝʜʝʣʝʥʠʷ 

ʬʫʥʢʮʠʠ ʌ ʚʳʪʝʢʘʝʪ, ʯʪʦ ʧʦʣʦʞʝʥʠʝ ʬʨʦʥʪʘ ʧʣʘʤʝʥʠ ʚ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ tn ʠ Ű 

ʩʚʷʟʘʥʳ ʩʦʦʪʥʦʰʝʥʠʝʤ:  
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ʋʯʠʪʳʚʘʷ (3.23), (3.25) ʠ (3.26), ʥʘʡʜʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʚ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ t = Ű: 
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ʛʜʝ E(tn) ï ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʰʠʨʝʥʠʷ ʚ ʪʦʯʢʝ x ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ tn. ʈʘʩʧʨʝʜʝʣʝʥʠʝ 

ʧʣʦʪʥʦʩʪʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠʟ ʫʨʘʚʥʝʥʠʷ 

ʩʦʩʪʦʷʥʠʷ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ (3.8).  

ɼʘʣʝʝ ʦʧʨʝʜʝʣʠʤ ʢʘʢ ʠʟʤʝʥʷʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʚ ʨʝʟʝʨʚʫʘʨʝ, ʢʦʛʜʘ ʬʨʦʥʪ 

ʛʦʨʝʥʠʷ ʜʦʩʪʠʛʘʝʪ ʧʦʨʠʩʪʦʡ ʩʪʝʥʢʠ, ʪ.ʝ. ʧʨʠ xf = 0. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʷ ʩʢʦʨʦʩʪʠ 

ʛʘʟʘ ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʚʝʥʩʪʚʦ 
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ʇʨʠ x = 0 ʠʤʝʝʤ ɡr2 = ɡout, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʘʜʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʨʝʟʝʨʚʫʘʨʝ 

ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ 
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ʇʣʦʪʥʦʩʪʴ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʦʢʦʣʦ ʧʦʨʠʩʪʦʡ ʩʪʝʥʢʠ ʚ ʤʦʤʝʥʪ ʦʢʦʥʯʘʥʠʷ 

ʛʦʨʝʥʠʷ ʨʘʚʥʘ 
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ʛʜʝ tq - ʚʨʝʤʷ ʦʢʦʥʯʘʥʠʷ ʛʦʨʝʥʠʷ. ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʭʦʜʠʪʩʷ ʠʟ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ 

ʛʘʟʘ. 

 

 

 3.1.3. ʋʩʣʦʚʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʨʠʩʪʦʡ ʩʪʝʥʢʠ ʩʦ ʩʪʦʨʦʥʳ ʨʝʟʝʨʚʫʘʨʘ 

 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʧʦʨʠʩʪʘʷ ʩʨʝʜʘ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʛʨʘʥʠʮʝ ʠʤʝʝʪ ʩʪʨʫʢʪʫʨʫ 

ʢʘʢ ʥʘ ʈʠʩʫʥʢʝ 3.2, ʪʦ ʝʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʤʠʢʨʦʢʘʥʘʣʦʚ, ʩʦʩʪʦʷʱʫʶ 

ʠʟ ʦʜʥʦʪʠʧʥʳʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʣʘʩʪʠʥ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ ʧʦʨʷʜʢʘ 2/1kd´ , ʛʜʝ k ï ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʨʝʜʳ.  

 

 

ʈʠʩʫʥʦʢ 3.2. ʉʪʨʫʢʪʫʨʘ ʧʦʨʠʩʪʦʛʦ ʩʣʦʷ ʩʦ ʩʪʦʨʦʥʳ ʨʝʟʝʨʚʫʘʨʘ: ʦʙʣʘʩʪʴ 1 ï 

ʨʝʟʝʨʚʫʘʨ, 2 ï ʧʦʨʠʩʪʘʷ ʩʪʝʥʢʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʤʠʢʨʦʢʘʥʘʣʦʚ. 

 

ʊʦʣʱʠʥʘ ʚʩʝʭ ʧʣʘʩʪʠʥ ʦʜʠʥʘʢʦʚʘ ʠ ʨʘʚʥʘ h ʚʜʘʣʠ ʦʪ ʛʨʘʥʠʮʳ, ʘ ʥʘ ʛʨʘʥʠʮʝ 

ʤʝʞʜʫ ʧʦʨʠʩʪʦʡ ʩʪʝʥʢʦʡ ʠ ʨʝʟʝʨʚʫʘʨʦʤ ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ ʥʫʣʷ. 

ʐʠʨʠʥʘ ʦʙʣʘʩʪʠ, ʥʘ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʟʘʫʞʝʥʠʝ ʧʣʘʩʪʠʥ, ʤʥʦʛʦ ʙʦʣʴʰʝ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ (ŭ >> d), ʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ ʪʦʣʱʠʥʳ 

ʧʦʨʠʩʪʦʡ ʩʪʝʥʢʠ. ʊʦʛʜʘ ʜʚʠʞʝʥʠʝ ʛʘʟʘ ʚʥʫʪʨʠ ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ ʦʧʠʩʳʚʘʝʪʩʷ 

ʫʨʘʚʥʝʥʠʷʤʠ ʚʠʜʘ (3.1)-(3.4). ɹʝʨʷ ʟʘ ʦʩʥʦʚʫ ʪʝʦʨʠʶ ʪʝʯʝʥʠʷ ʛʘʟʘ ʚ ʢʘʥʘʣʝ 

ʧʝʨʝʤʝʥʥʦʡ ʧʣʦʱʘʜʠ [104], ʩʚʷʞʝʤ ʪʝʤʧʝʨʘʪʫʨʫ, ʜʘʚʣʝʥʠʝ, ʧʣʦʪʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ 
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ʛʘʟʘ ʚ ʨʝʟʝʨʚʫʘʨʝ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʝʯʝʥʠʷ ʚʜʘʣʠ ʦʪ 

ʚʥʫʪʨʝʥʥʝʡ ʛʨʘʥʠʮʳ ʧʦʨʠʩʪʦʡ ʩʪʝʥʢʠ: 

 

,ruur arr =           (3.31) 
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ʇʦʨʠʩʪʦʩʪʴ a ʟʜʝʩʴ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʯʝʨʝʟ ʪʦʣʱʠʥʫ ʧʣʘʩʪʠʥ ʠ ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʥʠʤʠ:  
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=            (3.34) 

 

ʇʦʩʢʦʣʴʢʫ ʩʦʦʪʥʦʰʝʥʠʷ (3.31)-(3.33) ʥʝ ʩʦʜʝʨʞʘʪ ʟʥʘʯʝʥʠʷ ʰʠʨʠʥʳ 

ʧʝʨʝʭʦʜʥʦʡ ʦʙʣʘʩʪʠ, ʪʦ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʛʨʘʥʠʯʥʳʭ 

ʫʩʣʦʚʠʡ, ʩʚʷʟʳʚʘʶʱʠʭ ʚʝʣʠʯʠʥʳ ʥʘ ʛʨʘʥʠʮʝ, ʨʘʟʜʝʣʷʶʱʝʡ ʛʘʟ ʚ ʨʝʟʝʨʚʫʘʨʝ ʠ 

ʚʥʫʪʨʠ ʧʦʨʠʩʪʦʡ ʩʪʝʥʢʠ. 

 

 

Ä 3.2. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ 

 

ʈʘʩʯʝʪ ʧʦ ʧʦʩʪʨʦʝʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʢʦʥʝʯʥʦ-

ʨʘʟʥʦʩʪʥʳʤ ʤʝʪʦʜʦʤ. ʆʛʨʘʥʠʯʝʥʠʝ ʰʘʛʘ ʚʦ ʚʨʝʤʝʥʠ ʦʙʝʩʧʝʯʠʚʘʣʦʩʴ ʫʩʣʦʚʠʝʤ 

ʂʌʃ. ʈʘʩʯʝʪʥʘʷ ʩʝʪʢʘ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ ʩʦʩʪʦʷʣʘ ʠʟ 1000 ʫʟʣʦʚ. ʈʘʟʙʠʝʥʠʝ 

ʚʳʙʨʘʥʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʜʘʣʴʥʝʡʰʝʝ ʠʟʤʝʣʴʯʝʥʠʝ ʨʘʩʯʝʪʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʥʝ 

ʧʨʠʚʦʜʠʣʦ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʣʫʯʰʝʥʠʶ ʪʦʯʥʦʩʪʠ ʨʘʩʯʝʪʦʚ. ʏʠʩʣʝʥʥʦʝ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʚ ʩʣʝʜʫʶʱʠʭ ʙʝʟʨʘʟʤʝʨʥʳʭ ʧʝʨʝʤʝʥʥʳʭ: 

 

,Ĕ
0p

p
p=  ,Ĕ

0

0

p

RT
rr=  ,Ĕ

0T

T
T=  ,

c

u
u=
%

 ,Ĕ
H

x
x=  ,Ĕ

H

c
tt =     (3.35) 
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ʛʜʝ 0RTc g=  ï ʵʪʦ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ. 

ɿʥʘʯʝʥʠʷ ʨʘʟʤʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʘʣʴʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ, ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʧʨʠʨʦʜʥʳʭ ʛʨʫʥʪʦʚ. ɸ ʨʘʟʤʝʨ ʨʝʟʝʨʚʫʘʨʘ ʙʨʘʣʩʷ 

ʤʝʥʴʰʝ, ʣʠʙʦ ʨʘʚʥʳʤ ʪʦʣʱʠʥʝ ʧʦʨʠʩʪʦʡ ʩʪʝʥʢʠ, 0HH ² , ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʩʣʫʯʘʶ, ʥʘʧʨʠʤʝʨ, ʧʦʜʟʝʤʥʳʭ ʛʘʟʦʚʳʭ ʭʨʘʥʠʣʠʱ:  

 

,.a 30= ( ),cp ʂʢʛɼʞ103 Ö= ,ʤ/ʩ 1=bu         

,ʤ 30=H  ,ʤ 30=H  ,P ʇʘ105
0=  ,T K3000 =  ,ȹT K1700=     (3.36) 

( ),R 22 ʩʂ/ʤ277 Ö=  ( ),ɛ ʩʤʢʛ/102 5 ÖÖ= -
 ( ), Ŭ ʩʂʤɼʞ10 34 Ö=     

,.ɔ 41=  . .ɟʩ
33 ʤʢʛ1022 Ö=    

        

ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚ ʨʘʩʯʝʪʘʭ ʚʳʙʠʨʘʣʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 

2811 ʤ10 10 -- ·=k , ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʩʯʘʥʠʢʘʤ ʠ ʩʠʣʴʥʦ ʧʨʦʥʠʮʘʝʤʳʤ 

ʧʝʩʯʘʥʳʤ ʛʨʫʥʪʘʤ.  

ʅʘ ʈʠʩʫʥʢʝ 3.3 ʠʟʦʙʨʘʞʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʚ ʨʝʟʝʨʚʫʘʨʝ ʦʪ 

ʚʨʝʤʝʥʠ. ʂʨʠʚʳʝ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʩʪʝʥʦʢ. ɺ ʪʦʤ ʯʠʩʣʝ 

ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʠ ʜʣʷ ʩʣʫʯʘʷ ʛʦʨʝʥʠʷ ʚ ʟʘʢʨʳʪʦʤ ʩʦʩʫʜʝ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ 

ʯʘʩʪʥʳʤ ʨʝʰʝʥʠʝʤ ʫʨʘʚʥʝʥʠʡ (3.17), (3.18). ʏʝʤ ʤʝʥʴʰʝ ʧʨʦʥʠʮʘʝʤʦʩʪʴ 

ʧʦʨʠʩʪʦʛʦ ʩʣʦʷ, ʪʝʤ ʙʦʣʴʰʝ ʨʝʰʝʥʠʝ ʩʪʨʝʤʠʪʩʷ ʢ ʨʝʰʝʥʠʶ ʜʣʷ ʟʘʢʨʳʪʦʛʦ ʩʦʩʫʜʘ 

[1].  
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ʈʠʩʫʥʦʢ 3.3. ɼʘʚʣʝʥʠʝ ʛʘʟʘ ʚ ʨʝʟʝʨʚʫʘʨʝ ʜʣʷ ʧʦʨʠʩʪʳʭ ʩʪʝʥʦʢ ʨʘʟʣʠʯʥʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ: 1 ï k = 10
-8
 ʤ

2
, 2 ï k = 10

-9
 ʤ

2
, 3 ï k = 10

-10
 ʤ

2
, 4 ï k = 10

-11
 ʤ

2
,  

5 ï ʟʘʢʨʳʪʳʡ ʩʦʩʫʜ 

 

ʅʘ ʈʠʩʫʥʢʝ 3.4, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʜʘʚʣʝʥʠʷ, ʧʣʦʪʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʬʠʣʴʪʨʘʮʠʠ ʚ ʧʦʨʠʩʪʦʡ ʩʪʝʥʢʝ ʩ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ 

k = 10
-8
 ʤ

2
. ʅʘ ʚʳʭʦʜʝ ʠʟ ʨʝʟʝʨʚʫʘʨʘ ʧʣʦʪʥʦʩʪʴ, ʩʢʦʨʦʩʪʴ, ʜʘʚʣʝʥʠʝ ʠ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʘʜʘʶʪ ʠʟ-ʟʘ ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ ʠ ʥʴʶʪʦʥʦʚʩʢʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʤʝʞʜʫ ʪʚʝʨʜʳʤ 

ʧʦʨʠʩʪʳʤ ʢʘʨʢʘʩʦʤ ʠ ʛʘʟʦʚʦʡ ʩʨʝʜʦʡ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʬʠʣʴʪʨʘʮʠʠ ʜʦʩʪʠʛʘʝʪʩʷ ʚʙʣʠʟʠ ʧʦʨʠʩʪʦʡ ʩʪʝʥʢʠ ʨʝʟʝʨʚʫʘʨʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʣʘʤʷ 

ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʧʦʨʰʝʥʴ, ʚʳʪʘʣʢʠʚʘʶʱʠʡ ʛʘʟ ʚ ʧʦʨʠʩʪʫʶ ʩʨʝʜʫ. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ 

ʛʦʨʝʥʠʝ ʚ ʨʝʟʝʨʚʫʘʨʝ ʧʨʝʢʨʘʪʠʣʦʩʴ, ʜʘʚʣʝʥʠʝ ʤʝʞʜʫ ʩʣʦʝʤ ʧʦʨʠʩʪʦʡ ʩʪʝʥʢʠ 

ʥʘʯʠʥʘʝʪ ʚʳʨʘʚʥʠʚʘʪʴʩʷ, ʠ ʩʢʦʨʦʩʪʴ ʬʠʣʴʪʨʘʮʠʠ ʩʪʘʥʦʚʠʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʚʥʫʪʨʠ ʩʪʝʥʢʠ. 
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ʈʠʩʫʥʦʢ 3.4. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ (ʘ), ʩʢʦʨʦʩʪʠ (b) ʠ ʧʣʦʪʥʦʩʪʠ (c) ʛʘʟʘ ʚ 

ʧʦʨʠʩʪʦʡ ʩʪʝʥʢʝ ʚ ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ: 1 ï 1.0Ĕ=t , 2 ï 1Ĕ=t , 3 ï 5Ĕ=t , 

 4 ï 10Ĕ=t , 5 ï 60Ĕ=t  

 

ʉʢʦʨʦʩʪʴ ʩʛʦʨʘʥʠʷ ʛʘʟʘ ʚ ʨʝʟʝʨʚʫʘʨʝ ʟʘʚʠʩʠʪ ʦʪ ʪʦʣʱʠʥʳ ʠ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʨʠʩʪʦʡ ʩʪʝʥʢʠ. ʉʫʤʤʘʨʥʳʡ ʚʢʣʘʜ ʦʙʦʠʭ ʬʘʢʪʦʨʦʚ ʤʦʞʥʦ ʦʧʠʩʘʪʴ 

ʙʝʟʨʘʟʤʝʨʥʳʤ ʧʘʨʘʤʝʪʨʦʤ kH /2 . ʅʘ ʈʠʩʫʥʢʝ 3.5 ʦʪʨʘʞʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʵʪʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʦʪ ʚʨʝʤʝʥʠ ʩʛʦʨʘʥʠʷ ʛʘʟʘ ʚ ʨʝʟʝʨʚʫʘʨʝ. ʆʪʢʫʜʘ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʨʘʚʥʦʡ 

(a) (b) 

(c) 



70 
 

 
 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚʨʝʤʷ ʩʛʦʨʘʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʪʦʣʱʠʥʳ ʩʪʝʥʦʢ. ʕʪʦʪ 

ʵʬʬʝʢʪ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʩʚʝʞʝʡ ʩʤʝʩʠ ʧʝʨʝʜ 

ʬʨʦʥʪʦʤ ʧʣʘʤʝʥʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠʟ-ʟʘ ʬʠʣʴʪʨʘʮʠʠ ʯʝʨʝʟ ʧʦʨʠʩʪʫʶ ʩʪʝʥʢʫ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʧʨʦʥʠʮʘʝʤʳʤ ʩʦʩʫʜʦʤ. ʋʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʛʘʟʘ ʧʝʨʝʜ ʬʨʦʥʪʦʤ 

ʧʣʘʤʝʥʠ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʧʣʘʤʝʥʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʚʨʝʤʷ ʛʦʨʝʥʠʷ 

ʛʘʟʘ ʫʤʝʥʴʰʘʝʪʩʷ. 

 

 

ʈʠʩʫʥʦʢ 3.5. ɿʘʚʠʩʠʤʦʩʪʴ ʚʨʝʤʝʥʠ ʩʛʦʨʘʥʠʷ ʛʘʟʘ max
Ĕt  ʦʪ ʧʘʨʘʤʝʪʨʘ kH 2  

 

 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 

ʈʘʩʩʤʦʪʨʝʥʘ ʟʘʜʘʯʘ ʬʠʣʴʪʨʘʮʠʠ ʛʘʟʘ ʯʝʨʝʟ ʧʦʨʠʩʪʫʶ ʩʪʝʥʢʫ ʨʝʟʝʨʚʫʘʨʘ, 

ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʛʦʨʝʥʠʝ. ʇʨʝʜʣʦʞʝʥʘ ʦʨʠʛʠʥʘʣʴʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ, ʦʙʲʝʜʠʥʷʶʱʘʷ ʜʚʘ ʧʨʦʮʝʩʩʘ: ʛʦʨʝʥʠʝ ʚʥʫʪʨʠ ʩʦʩʫʜʘ ʠ ʬʠʣʴʪʨʘʮʠʷ 

ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʯʝʨʝʟ ʧʦʨʠʩʪʫʶ ʩʪʝʥʢʫ. ʇʦʢʘʟʘʥʦ, ʢʘʢ ʬʠʣʴʪʨʘʮʠʷ ʯʝʨʝʟ 

ʧʦʨʠʩʪʫʶ ʩʪʝʥʢʫ ʚʣʠʷʝʪ ʥʘ ʧʨʦʮʝʩʩ ʛʦʨʝʥʠʷ ʚʥʫʪʨʠ ʨʝʟʝʨʚʫʘʨʘ ʩ ʛʘʟʦʤ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʚʨʝʤʷ ʩʛʦʨʘʥʠʷ ʛʘʟʘ ʚ ʩʦʩʫʜʘʭ ʩʦ ʩʪʝʥʢʘʤʠ ʦʜʠʥʘʢʦʚʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʣʱʠʥʳ ʧʦʨʠʩʪʦʡ ʩʪʝʥʢʠ. ʕʪʠ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʛʫʪ 
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ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʦʮʝʥʢʠ ʚʨʝʤʝʥʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʩʪʝʯʝʥʠʷ 

ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʠʟ ʧʦʜʟʝʤʥʳʭ ʛʘʟʦʚʳʭ ʭʨʘʥʠʣʠʱ, ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʪʦʨʦʚ ʠ 

ʰʘʭʪ. 
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ɻʃɸɺɸ 4 

 

ɿɸɼɸʏʀ ʇʈʆʍʆɾɼɽʅʀʗ ʇʃɸʄɽʅɽʄ ʇʈɽʇʗʊʉʊɺʀʁ ɺ 

ʄʀʂʈʆʂɸʅɸʃɸʍ 

 

ɺ ʛʣʘʚʝ 4 ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʟʘʜʘʯʠ ʧʨʦʭʦʞʜʝʥʠʷ ʧʣʘʤʝʥʠ ʚ ʤʠʢʨʦʢʘʥʘʣʘʭ, 

ʠʤʝʶʱʠʭ ʧʣʘʚʥʦʝ ʩʫʞʝʥʠʝ. ɼʚʫʤʝʨʥʦʝ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ 

ʨʘʤʢʘʭ ʦʜʥʦʩʪʘʜʠʡʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʜʣʷ ʤʝʪʘʥʦ-ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ. ʅʘ 

ʛʨʘʥʠʮʝ ʟʘʜʘʝʪʩʷ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ, ʢʦʪʦʨʘʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʦʜʚʠʞʝʥʠʶ ʧʣʘʤʝʥʠ. 

ʇʨʝʞʜʝ ʨʘʩʩʤʦʪʨʝʥʠʷ ʢʘʥʘʣʦʚ ʩ ʟʘʫʞʝʥʥʳʤʠ ʦʙʣʘʩʪʷʤʠ, ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ 

ʪʝʩʪʦʚʳʝ ʨʘʩʯʝʪʳ ʥʘ ʧʣʦʩʢʠʭ ʢʘʥʘʣʘʭ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦ 

ʜʦʧʫʩʪʠʤʦʛʦ ʜʠʘʤʝʪʨʘ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʛʘʟʦʚʦʡ ʩʤʝʩʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ ʚ ʟʘʫʞʝʥʥʳʭ ʢʘʥʘʣʘʭ ʚʳʧʦʣʥʝʥʳ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ 

ʚʘʨʠʘʥʪʦʚ ʜʣʠʥʳ ʠ ʤʠʥʠʤʘʣʴʥʳʭ ʜʠʘʤʝʪʨʦʚ ʟʘʫʞʝʥʥʦʡ ʟʦʥʳ. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʠʛʨʘʝʪ ʢʨʠʪʠʯʝʩʢʫʶ ʨʦʣʴ ʚ ʩʧʦʩʦʙʥʦʩʪʠ ʧʣʘʤʝʥʠ 

ʧʨʦʭʦʜʠʪʴ ʧʨʝʧʷʪʩʪʚʠʝ. ʆʥʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʪʦʤʫ, ʯʪʦ ʧʣʘʤʷ ʤʦʞʝʪ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ 

ʦʙʣʘʩʪʠ ʜʘʞʝ ʩ ʜʠʘʤʝʪʨʦʤ ʤʝʥʴʰʝ ʢʨʠʪʠʯʝʩʢʦʛʦ. ɺ ʨʘʙʦʪʝ ʪʘʢʞʝ ʜʘʝʪʩʷ 

ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʵʬʬʝʢʪʘ ʠʥʝʨʮʠʦʥʥʦʩʪʠ ʧʣʘʤʝʥʠ, ʢʦʪʦʨʳʡ ʨʘʥʝʝ ʙʳʣ ʧʨʝʜʩʢʘʟʘʥ 

ʥʘ ʦʩʥʦʚʝ ʦʜʥʦʤʝʨʥʦʡ ʜʠʬʬʫʟʠʦʥʥʦ-ʪʝʧʣʦʚʦʡ ʤʦʜʝʣʠ [11].  

 

 

Ä 4.1. ʆʩʦʙʝʥʥʦʩʪʠ ʧʦʚʝʜʝʥʠʷ ʧʣʘʤʝʥʠ ʚ ʤʠʢʨʦʢʘʥʘʣʘʭ  

 

ʇʦʥʠʤʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʬʨʦʥʪʘ ʧʣʘʤʝʥʠ ʚ 

ʤʠʢʨʦʢʘʥʘʣʘʭ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʨʘʟʚʠʪʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʞʠʛʘʥʠʷ ʛʘʟʦʚ, ʪʘʢʠʭ, 

ʥʘʧʨʠʤʝʨ, ʢʘʢ ʩʞʠʛʘʥʠʝ ʙʝʜʥʳʭ ʩʤʝʩʝʡ ʚ ʧʦʨʠʩʪʳʭ ʩʨʝʜʘʭ ʠʣʠ ʤʠʢʨʦʛʦʨʝʥʠʝ. 

ʉʦʟʜʘʥʠʝ ʘʜʝʢʚʘʪʥʳʭ ʤʦʜʝʣʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ ʚ ʫʟʢʠʭ ʢʘʥʘʣʘʭ ʩ 

ʧʝʨʝʤʝʥʥʳʤ ʩʝʯʝʥʠʝʤ, ʥʝʦʜʥʦʨʦʜʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʩʪʝʥʦʢ ʠ ʧʦʪʦʢʦʤ ʛʘʟʘ 
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ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʘʣʦʨʘʟʤʝʨʥʳʭ ʵʥʝʨʛʦʧʨʝʦʙʨʘʟʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ 

ʩ ʛʦʨʝʥʠʝʤ ʛʘʟʘ [83]. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʣʘʤʝʥʠ ʥʝʚʦʟʤʦʞʥʦ ʚ ʢʘʥʘʣʘʭ ʩ 

ʧʦʧʝʨʝʯʥʳʤ ʜʠʘʤʝʪʨʦʤ ʤʝʥʴʰʝ ʢʨʠʪʠʯʝʩʢʦʛʦ. ɿʥʘʯʝʥʠʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʜʠʘʤʝʪʨʘ 

ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʘ ʪʦʧʣʠʚʘ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʤʝʩʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʥʦʢ ʢʘʥʘʣʘ.   

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ ʚ 

ʤʠʢʨʦʢʘʥʘʣʘʭ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʢʘʢ ʚ ʫʩʪʨʦʡʩʪʚʘʭ, ʛʜʝ ʥʘʜʦ ʧʨʝʜʦʪʚʨʘʪʠʪʴ 

ʧʨʦʩʢʦʢ ʧʣʘʤʝʥʠ, ʥʘʧʨʠʤʝʨ, ʚ ʧʣʘʤʝʛʘʩʠʪʝʣʷʭ [78], ʪʘʢ ʠ ʚ ʤʠʢʨʦʨʘʟʤʝʨʥʳʭ 

ʫʩʪʨʦʡʩʪʚʘʭ ʩ ʮʝʣʴʶ ʦʨʛʘʥʠʟʘʮʠʠ ʫʩʪʦʡʯʠʚʦʛʦ ʛʦʨʝʥʠʷ.  

ʆʙʳʯʥʦ ʢʨʠʪʠʯʝʩʢʠʡ ʜʠʘʤʝʪʨ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʤʠʥʠʤʘʣʴʥʳʡ ʜʠʘʤʝʪʨ 

ʙʝʩʢʦʥʝʯʥʦ ʧʨʦʪʷʞʝʥʥʦʛʦ ʢʘʥʘʣʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʣʘʤʝʥʠ 

ʥʝʚʦʟʤʦʞʥʦ [79, 80].  ɸ ʚʦʧʨʦʩ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ ʚ ʢʘʥʘʣʝ 

ʩ ʩʫʞʝʥʠʝʤ, ʧʦʧʝʨʝʯʥʳʡ ʨʘʟʤʝʨ ʢʦʪʦʨʦʛʦ ʤʝʥʴʰʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʜʠʘʤʝʪʨʘ, ʥʦ 

ʠʤʝʶʱʝʛʦ ʢʦʥʝʯʥʫʶ ʧʨʦʪʷʞʝʥʥʦʩʪʴ, ʠʩʩʣʝʜʦʚʘʥ ʥʝʜʦʩʪʘʪʦʯʥʦ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʥʘ 

ʧʨʦʮʝʩʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ ʚ ʤʠʢʨʦʫʩʪʨʦʡʩʪʚʘʭ ʚʣʠʷʝʪ ʥʝ ʪʦʣʴʢʦ 

ʧʦʧʝʨʝʯʥʳʡ ʢ ʧʦʪʦʢʫ ʛʦʨʶʯʝʡ ʩʤʝʩʠ ʨʘʟʤʝʨ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ, ʥʦ ʠ ʜʣʠʥʘ ʢʘʤʝʨʳ 

ʩʛʦʨʘʥʠʷ, ʝʝ ʛʝʦʤʝʪʨʠʷ, ʘ ʪʘʢʞʝ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʛʘʟʘ [10, 11]. ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ 

ʨʝʰʝʥʘ ʟʘʜʘʯʘ ʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʧʣʘʤʝʥʠ ʚ ʢʘʥʘʣʝ ʩ ʩʫʞʝʥʠʝʤ, ʧʦʧʝʨʝʯʥʳʡ 

ʨʘʟʤʝʨ ʢʦʪʦʨʦʛʦ ʚ ʩʘʤʦʤ ʫʟʢʦʤ ʤʝʩʪʝ ʤʝʥʴʰʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʜʠʘʤʝʪʨʘ, ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʩʧʫʪʥʦʛʦ ʧʦʪʦʢʘ ʛʦʨʶʯʝʡ ʩʤʝʩʠ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʜʘʣʠ ʦʪ 

ʩʫʞʝʥʠʷ ʧʣʘʤʷ ʤʦʞʝʪ ʩʚʦʙʦʜʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ, ʧʦʩʢʦʣʴʢʫ ʚ ʵʪʠʭ ʦʙʣʘʩʪʷʭ 

ʜʠʘʤʝʪʨ ʢʘʥʘʣʘ ʙʦʣʴʰʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʜʠʘʤʝʪʨʘ.  

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʣʘʤʝʥʠ ʚ ʩʫʞʘʶʱʠʭʩʷ ʢʘʥʘʣʘʭ ʚ ʜʚʫʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ 

ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʜʣʷ ʩʣʫʯʘʝʚ ʢʘʥʘʣʦʚ ʩʦ ʩʪʫʧʝʥʴʢʦʦʙʨʘʟʥʳʤʠ ʩʫʞʝʥʠʷʤʠ, 

ʧʦʧʝʨʝʯʥʳʡ ʜʠʘʤʝʪʨ ʢʦʪʦʨʳʭ ʙʣʠʟʦʢ ʢ ʢʨʠʪʠʯʝʩʢʦʤʫ ʜʠʘʤʝʪʨʫ [81, 82, 105]. ʅʘ 

ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʧʣʘʤʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʦʪʥʦʰʝʥʠʷ ʜʠʘʤʝʪʨʦʚ ʰʠʨʦʢʦʡ ʯʘʩʪʠ ʢʘʥʘʣʘ ʢ ʝʛʦ ʫʟʢʦʡ 

ʯʘʩʪʠ. ʕʪʦ ʦʪʥʦʰʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪ ʢʘʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʣʘʤʝʥʠ ʩʦ ʩʪʝʥʢʦʡ 

ʢʘʥʘʣʘ ʧʨʝʦʙʣʘʜʘʝʪ ʙʦʣʴʰʝ ï ʬʨʦʥʪʘʣʴʥʦʝ ʠʣʠ ʙʦʢʦʚʦʝ. ɽʩʣʠ ʙʦʢʦʚʳʝ 

ʪʝʧʣʦʧʦʪʝʨʠ ʚʩʝʛʜʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʧʣʘʤʝʥʠ ʚ ʢʘʥʘʣʝ, ʪʦ 
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ʬʨʦʥʪʘʣʴʥʳʝ ʪʝʧʣʦʧʦʪʝʨʠ ʧʦʷʚʣʷʶʪʩʷ ʣʠʰʴ ʚ ʦʙʣʘʩʪʠ ʦʢʦʣʦ ʩʪʫʧʝʥʴʢʦʦʙʨʘʟʥʦʛʦ 

ʩʫʞʝʥʠʷ ʠ ʩʚʷʟʘʥʳ ʩ ʚʠʭʨʝʚʳʤ ʜʚʠʞʝʥʠʝʤ ʛʘʟʘ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʣʘʚʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʢʘʥʘʣʘ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʫʝʪ ʬʨʦʥʪʘʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʣʘʤʝʥʠ ʩʦ ʩʪʝʥʢʦʡ ʢʘʥʘʣʘ, 

ʢʦʪʦʨʦʝ ʚʳʟʳʚʘʝʪ ʟʘʚʠʭʨʝʥʥʦʩʪʴ ʧʦʪʦʢʘ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʝʧʣʦʧʦʪʝʨʠ. 

ɼʠʥʘʤʠʢʘ ʧʣʘʤʝʥʠ ʚ ʧʣʘʚʥʦ ʩʫʞʘʶʱʝʤʩʷ ʤʠʢʨʦʢʘʥʘʣʝ ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʚ 

ʨʘʙʦʪʝ [11] ʚ ʨʘʤʢʘʭ ʦʜʥʦʤʝʨʥʦʡ ʜʠʬʬʫʟʠʦʥʥʦ-ʪʝʧʣʦʚʦʡ ʤʦʜʝʣʠ. ʉʫʱʝʩʪʚʝʥʥʳʤ 

ʨʝʟʫʣʴʪʘʪʦʤ ʵʪʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʙʥʘʨʫʞʝʥʠʝ ʵʬʬʝʢʪʘ çʠʥʝʨʮʠʠè ʧʣʘʤʝʥʠ, 

ʩʚʷʟʘʥʥʦʛʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʚʨʝʤʝʥʠ ʧʨʝʙʳʚʘʥʠʷ ʬʨʦʥʪʘ ʧʣʘʤʝʥʠ ʚ ʫʟʢʦʡ ʯʘʩʪʠ 

ʢʘʥʘʣʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʤʝʥʴʰʝʥʠʝʤ ʪʝʧʣʦʧʦʪʝʨʴ, ʚʳʟʚʘʥʥʳʭ ʪʝʧʣʦʦʙʤʝʥʦʤ 

ʧʣʘʤʝʥʠ ʩʦ ʩʪʝʥʢʘʤʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʦʜʥʦʤʝʨʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ, ʘ ʪʘʢʞʝ 

ʠʛʥʦʨʠʨʦʚʘʥʠʝ ʵʬʬʝʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʝʧʣʦʚʳʤ ʨʘʩʰʠʨʝʥʠʝʤ ʛʘʟʘ, ʥʝ ʧʦʟʚʦʣʠʣʦ 

ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʧʠʩʘʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʝ ʷʚʣʝʥʠʝ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʚʣʠʷʥʠʠ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʛʘʟʘ, 

ʜʣʠʥʳ ʠ ʜʠʘʤʝʪʨʘ ʩʫʞʝʥʠʷ ʥʘ ʧʨʝʜʝʣʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ ʚ ʧʣʘʚʥʦ 

ʩʫʞʘʶʱʝʤʩʷ ʢʘʥʘʣʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʧʦʪʦʢʫ ʛʦʨʶʯʝʡ ʩʤʝʩʠ, 

ʧʣʘʤʷ ʤʦʞʝʪ ʧʨʦʭʦʜʠʪʴ ʩʫʞʝʥʠʝ ʩ ʧʦʧʝʨʝʯʥʳʤ ʜʠʘʤʝʪʨʦʤ ʤʝʥʴʰʝ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʜʠʘʤʝʪʨʘ, ʧʦʩʢʦʣʴʢʫ ʚʨʝʤʷ ʦʙʤʝʥʘ ʪʝʧʣʦʤ ʤʝʞʜʫ ʟʦʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʠ 

ʩʪʝʥʢʘʤʠ ʢʘʤʝʨʳ ʦʛʨʘʥʠʯʝʥʦ ʠ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʛʘʟʘ. ʇʦʩʪʨʦʝʥʳ 

ʟʘʚʠʩʠʤʦʩʪʠ ʢʨʠʪʠʯʝʩʢʦʛʦ ʜʠʘʤʝʪʨʘ ʩʫʞʝʥʠʷ ʦʪ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʠ ʧʨʦʜʦʣʴʥʦʛʦ 

ʨʘʟʤʝʨʘ ʩʫʞʝʥʠʷ. ʈʘʩʯʝʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʚ ʨʘʤʢʘʭ ʜʚʫʤʝʨʥʦʡ ʤʦʜʝʣʠ ʩ 

ʦʜʥʦʩʪʫʧʝʥʯʘʪʦʡ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʝʡ, ʫʯʠʪʳʚʘʶʱʝʡ ʩʪʨʫʢʪʫʨʫ ʚʷʟʢʦʛʦ ʪʝʯʝʥʠʷ 

ʛʘʟʘ ʠ ʪʝʧʣʦʦʙʤʝʥʘ ʩʦ ʩʪʝʥʢʘʤʠ ʢʘʥʘʣʘ. 

 

 

Ä 4.2. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʥʘʣ ʜʠʘʤʝʪʨʦʤ D = 6 ʤʤ, ʚ ʩʝʨʝʜʠʥʝ ʢʦʪʦʨʦʛʦ ʠʤʝʝʪʩʷ 

ʧʣʘʚʥʦʝ ʩʫʞʝʥʠʝ ʜʣʠʥʦʡ L (ʩʤ. ʈʠʩʫʥʦʢ 4.1). ʄʠʥʠʤʘʣʴʥʳʡ ʜʠʘʤʝʪʨ ʟʘʫʞʝʥʥʦʡ 

ʟʦʥʳ d, ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʮʝʥʪʨʝ ʢʘʥʘʣʘ ʠ ʤʝʥʴʰʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʜʠʘʤʝʪʨʘ, 
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ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʜʣʷ ʜʘʥʥʦʡ ʩʤʝʩʠ. ɼʣʠʥʘ ʰʠʨʦʢʠʭ ʯʘʩʪʝʡ ʢʘʥʘʣʘ ʚʳʙʨʘʥʘ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʣʘʤʷ ʫʩʧʝʚʘʣʦ ʧʦʣʥʦʩʪʴʶ ʩʬʦʨʤʠʨʦʚʘʪʴ ʩʪʘʮʠʦʥʘʨʥʫʶ ʚʦʣʥʫ 

ʧʦʩʣʝ ʟʘʞʠʛʘʥʠʷ, ʧʨʝʞʜʝ ʯʝʤ ʦʥʦ ʜʦʩʪʠʛʥʝʪ ʟʘʫʞʝʥʥʦʡ ʟʦʥʳ. ʊʝʤʧʝʨʘʪʫʨʘ ʩʪʝʥʦʢ 

ʢʘʥʘʣʘ ʟʘʜʘʥʘ ʧʦʩʪʦʷʥʥʦʡ ʚʦ ʚʨʝʤʝʥʠ ʩ ʢʦʥʚʝʢʪʠʚʥʳʤ ʪʝʧʣʦʦʙʤʝʥʦʤ. ɺʥʫʪʨʠ 

ʢʘʥʘʣ ʟʘʧʦʣʥʝʥ ʙʝʜʥʦʡ ʤʝʪʘʥʦ-ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʴʶ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ 

 ű = 0.9. ʇʨʦʮʝʩʩ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʤ.  

 

 

ʈʠʩʫʥʦʢ 4.1. ʉʭʝʤʘ ʤʠʢʨʦʢʘʥʘʣʘ ʩ ʩʫʞʝʥʠʝʤ 

 

ʄʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʩʪʨʦʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʣʝʜʫʶʱʠʭ ʧʨʝʜʧʦʣʦʞʝʥʠʡ: 

1. ɹʣʠʟʦʩʪʴ ʜʠʘʤʝʪʨʦʚ ʢʘʥʘʣʘ ʢ ʢʨʠʪʠʯʝʩʢʠʤ ʟʥʘʯʝʥʠʷʤ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʣʘʤʷ ʢʘʢ ʣʘʤʠʥʘʨʥʦʝ (ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ Re ~ 100) ʠ ʪʝʤ ʩʘʤʳʤ 

ʠʟʙʝʞʘʪʴ ʩʣʦʞʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʧʠʩʘʥʠʝʤ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ. 

2. ʅʝ ʫʯʠʪʳʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʤʘʩʩʦʚʳʭ ʩʠʣ. 

3. ʅʝ ʫʯʠʪʳʚʘʝʪʩʷ ʨʘʜʠʘʮʠʦʥʥʳʡ ʧʝʨʝʥʦʩ, ʪʘʢ ʢʘʢ ʝʛʦ ʫʯʝʪ ʧʨʠʚʦʜʠʪ ʣʠʰʴ ʢ 

ʥʝʙʦʣʴʰʦʤʫ ʩʥʠʞʝʥʠʶ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʦʙʣʘʩʪʠ [106] ʠ 

ʥʝʙʦʣʴʰʦʤʫ ʩʜʚʠʛʫ ʧʦʟʠʮʠʠ ʫʩʪʦʡʯʠʚʦʛʦ ʧʣʘʤʝʥʠ ʚʥʠʟ ʧʦ ʧʦʪʦʢʫ [107]. 

4. ʄʦʜʝʣʴ ʧʝʨʝʥʦʩʘ ʢʦʤʧʦʥʝʥʪ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ ʪʦʣʴʢʦ ʦʙʲʝʤʥʳʭ ʨʝʘʢʮʠʡ 

ʙʝʟ ʚʣʠʷʥʠʷ ʨʝʘʢʮʠʡ ʥʘ ʩʪʝʥʢʘʭ, ʪʘʢ ʢʘʢ ʨʝʘʢʮʠʠ ʥʘ ʩʪʝʥʢʘʭ ʠʛʨʘʶʪ ʚʘʞʥʫʶ 

ʨʦʣʴ ʥʘ ʫʛʘʩʘʥʠʝ ʧʣʘʤʝʥʠ ʯʝʨʝʟ ʧʦʜʘʚʣʝʥʠʝ ʨʘʜʠʢʘʣʦʚ ʪʦʣʴʢʦ ʧʨʠ ʦʯʝʥʴ ʥʠʟʢʠʭ 

ʜʘʚʣʝʥʠʷʭ [108] ʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʪʝʥʢʠ (ʙʦʣʴʰʝ 1000 ʂ) [109]. 

ʉʫʤʤʠʨʫʷ ʚʳʰʝʩʢʘʟʘʥʥʦʝ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʜʠʥʘʤʠʢʘ 

ʧʣʘʤʝʥʠ ʚ ʟʘʫʞʝʥʥʦʤ ʤʠʢʨʦʢʘʥʘʣʝ ʦʧʠʩʳʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʣʘʤʠʥʘʨʥʦʛʦ ʧʣʘʤʝʥʠ (1.23)-(1.27). ɺr ʙʦʨ ʛʣʦʙʘʣʴʥʦʛʦ 

ʤʝʭʘʥʠʟʤʘ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʦʧʨʘʚʜʘʥʥʳʤ, ʧʦʩʢʦʣʴʢʫ 
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ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʚ ʨʘʙʦʪʝ ʫʜʝʣʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʧʣʘʤʝʥʠ ʩ ʧʦʪʦʢʦʤ ʠ 

ʪʝʧʣʦʦʙʤʝʥʦʤ ʩʦ ʩʪʝʥʢʘʤʠ ʢʘʥʘʣʘ [41]. 

ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʷʣʦʩʴ ʚ ʩʨʝʜʝ ANSYS Fluent. 

ʈʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʦʩʝʩʠʤʤʝʪʨʠʯʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʠ ʨʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ 

ʪʦʣʴʢʦ ʚ ʧʦʣʦʚʠʥʝ ʢʘʥʘʣʘ ʩ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʚʨʝʤʝʥʠ ʩʯʝʪʘ. ɺ ʥʘʯʘʣʝ ʨʘʩʯʝʪʦʚ 

ʥʘ ʧʨʘʚʦʤ ʢʦʥʮʝ ʪʨʫʙʢʠ ʟʘʜʘʝʪʩʷ ʦʙʣʘʩʪʴ ʩ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ, 2200 ʂ 

(ʟʘʰʪʨʠʭʦʚʘʥʥʘʷ ʦʙʣʘʩʪʴ ʥʘ ʈʠʩʫʥʢʝ 4.1) [110, 111]. ʇʦʩʣʝ ʟʘʞʠʛʘʥʠʷ ʧʣʘʤʷ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ ʧʦʪʦʢʫ ʚʣʝʚʦ, ʚ ʩʪʦʨʦʥʫ ʚʳʭʦʜʘ ʠʟ ʪʨʫʙʢʠ. ʅʘ ʣʝʚʦʤ ʢʦʥʮʝ 

ʢʘʥʘʣʘ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʛʘʟʘ ʧʦʩʪʦʷʥʥʘ ɡ = const. ɼʘʚʣʝʥʠʝ ʥʘ ʦʙʦʠʭ ʢʦʥʮʘʭ ʢʘʥʘʣʘ 

ʧʦʩʪʦʷʥʥʦ ʠ ʨʘʚʥʦ ʘʪʤʦʩʬʝʨʥʦʤʫ ʜʘʚʣʝʥʠʶ. ɺ ʨʘʩʯʝʪʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʥʦʨʦʜʥʘʷ 

ʩʝʪʢʘ c ʨʘʟʤʝʨʦʤ ʷʯʝʝʢ 0.06 ʤʤ, ʯʪʦ ʩʨʘʚʥʠʤʦ ʩ ʪʝʧʣʦʚʦʡ ʪʦʣʱʠʥʦʡ ʧʣʘʤʝʥʠ. 

ʏʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʙʦʣʝʝ ʛʨʫʙʳʤʠ ʠ ʤʝʣʢʠʤʠ ʩʝʪʢʘʤʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʚr ʙʨʘʥʥʳʡ ʨʘʟʤʝʨ ʩʝʪʢʠ ʜʦʩʪʘʪʦʯʝʥ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʟʦʥʘ ʨʝʘʢʮʠʠ ʚʢʣʶʯʘʣʘ ʚ 

ʩʝʙʷ ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʙʠʝʥʠʡ, ʠ ʜʘʣʴʥʝʡʰʝʝ ʠʟʤʝʣʴʯʝʥʠʝ ʩʝʪʢʠ ʥʝ 

ʧʨʠʚʦʜʠʣʦ ʙʳ ʢ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʪʣʠʯʠʷʤ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʨʘʩʯʝʪʦʚ. ʋʨʘʚʥʝʥʠʷ 

ʯʠʩʣʝʥʥʦ ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ ʩʭʝʤʦʡ ʧʨʦʪʠʚ ʧʦʪʦʢʘ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. 

ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢʦʡ ʜʠʘʤʝʪʨ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤ ʜʣʷ ʜʘʥʥʦʡ ʩʤʝʩʠ, 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʯʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʧʣʘʤʝʥʠ ʚ 

ʧʨʷʤʳʭ ʢʘʥʘʣʘʭ ʩ ʜʠʘʤʝʪʨʦʤ ʦʢʦʣʦ ʢʨʠʪʠʯʝʩʢʦʛʦ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ [112], ʢʨʠʪʠʯʝʩʢʠʡ ʜʠʘʤʝʪʨ ʜʣʷ ʤʝʪʘʥʦ-ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʩ ű = 0.9 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʨʘʚʝʥ 3.2 ʤʤ. ʈʘʩʯʝʪʳ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʩʦʩʪʘʚʘ ʩʤʝʩʠ ʧʣʘʤʷ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚ ʢʘʥʘʣʝ ʩ 

ʧʦʧʝʨʝʯʥʳʤ ʜʠʘʤʝʪʨʦʤ 3.1 ʤʤ, ʥʦ ʟʘʪʫʭʘʝʪ ʚ ʢʘʥʘʣʝ ʩ d = 3 ʤʤ (ʩʤ. ʈʠʩʫʥʦʢ 4.2). 

ɺ ʨʘʩʯʝʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʙʤʝʥʘ ʤʝʞʜʫ ʛʘʟʦʤ ʠ 

ʩʪʝʥʢʘʤʠ ʢʘʥʘʣʘ ( )Kʤɺʪ10 2=a , ʥʘ ʩʪʝʥʢʘʭ ʟʘʜʘʚʘʣʠʩʴ ʫʩʣʦʚʠʷ ʧʨʠʣʠʧʘʥʠʷ. ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʠʘʤʝʪʨʘ ʢʘʥʘʣʘ ʩ ʩʫʞʝʥʠʝʤ ʧʨʠʥʠʤʘʣʦʩʴ 

ʨʘʚʥʳʤ 3 ʤʤ, ʯʪʦ ʨʘʚʥʦ ʢʨʠʪʠʯʝʩʢʦʤʫ ʜʠʘʤʝʪʨʫ ʧʨʷʤʦʛʦ ʢʘʥʘʣʘ ʩ ʠʜʝʥʪʠʯʥʳʤʠ 

ʨʘʩʯʝʪʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 
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ʈʠʩʫʥʦʢ 4.2. ʊʝʩʪʦʚʳʝ ʟʘʜʘʯʠ ʧʨʦʭʦʞʜʝʥʠʷ ʧʣʘʤʝʥʠ ʚ ʧʨʷʤʳʭ ʢʘʥʘʣʘʭ c 

ʜʠʘʤʝʪʨʦʤ (ʘ) 3.1 ʤʤ ʠ (b) 3 ʤʤ 

 

 

Ä 4.3. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ 

 

ɼʣʷ ʨʘʩʯʝʪʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʢʘʥʘʣʳ ʩ ʜʣʠʥʦʡ ʟʘʫʞʝʥʥʦʡ ʟʦʥʳ L = 30 ʤʤ ʠ 

L = 50 ʤʤ. ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʣʘʤʷ ʤʦʞʝʪ ʧʨʦʭʦʜʠʪʴ ʩʫʞʝʥʠʝ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤ ʜʠʘʤʝʪʨʦʤ d = 3 ʤʤ ʧʨʠ ʜʣʠʥʝ ʩʫʞʝʥʠʷ L = 30 ʤʤ ʚ ʦʪʩʫʪʩʪʚʠʠ 

ʬʠʣʴʪʨʘʮʠʠ (ɡ = 0). ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʣʘʤʷ ʟʘʪʫʭʘʣʦ ʚ ʫʟʢʦʡ ʯʘʩʪʠ ʩʫʞʝʥʠʷ ʧʨʠ 

ʜʣʠʥʝ ʩʫʞʝʥʠʷ L = 50 ʤʤ ʚ ʦʪʩʫʪʩʪʚʠʠ ʬʠʣʴʪʨʘʮʠʠ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʟʘʪʫʭʘʥʠʝ 

ʧʣʘʤʝʥʠ ʧʨʦʠʩʭʦʜʠʣʦ ʥʝ ʚ ʩʘʤʦʡ ʫʟʢʦʡ ʯʘʩʪʠ ʢʘʥʘʣʘ (x = 0), ʘ ʥʘ ʥʝʢʦʪʦʨʦʤ 

ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʥʝʛʦ ʚ ʩʪʦʨʦʥʫ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʘ. ʇʨʦʬʠʣʴ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ 

ʜʘʥʥʳʭ ʨʘʩʯʝʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʈʠʩʫʥʢʝ 4.3 ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʤʦʤʝʥʪʳ 

ʚʨʝʤʝʥʠ. 
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ʈʠʩʫʥʦʢ 4.3. ʇʨʦʬʠʣʴ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʚ 

ʦʪʩʫʪʩʪʚʠʠ ʬʠʣʴʪʨʘʮʠʠ (ɡ = 0). ɼʣʠʥʘ ʟʘʫʞʝʥʥʦʡ ʟʦʥʳ (a) L = 30 ʤʤ  ʠ 

(b) L = 50 ʤʤ  

 

ɺ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʣʫʯʘʷʭ ʧʣʘʤʷ ʧʦʩʣʝ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʠʤʝʣʦ 

ʪʶʣʴʧʘʥʦʦʙʨʘʟʥʫʶ ʬʦʨʤʫ, ʯʪʦ ʪʠʧʠʯʥʦ ʜʣʷ ʫʟʢʠʭ ʢʘʥʘʣʦʚ [113]. ɽʩʣʠ ʟʘʜʘʪʴ 

ʥʝʥʫʣʝʚʫʶ ʩʢʦʨʦʩʪʴ ʩʧʫʪʥʦʛʦ ʧʦʪʦʢʘ ʛʘʟʘ ʩʤ/ʩ 1²u , ʪʦ ʧʣʘʤʷ ʧʨʦʭʦʜʠʪ ʩʫʞʝʥʠʝ 

ʩ ʜʣʠʥʦʡ L = 50 ʤʤ ʠ ʜʠʘʤʝʪʨʦʤ ʤʝʥʴʰʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʜʠʘʤʝʪʨʘ ʜʣʷ ʧʣʦʩʢʦʛʦ 

ʢʘʥʘʣʘ. ʇʦ ʤʝʨʝ ʫʤʝʥʴʰʝʥʠʷ d ʚʩʝ ʙʦʣʴʰʘʷ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʥʝʦʙʭʦʜʠʤʘ, ʯʪʦʙʳ 

ʧʣʘʤʷ ʧʨʦʰʣʦ ʯʝʨʝʟ ʩʫʞʝʥʠʝ. ʇʨʠ ʵʪʦʤ ʚ ʫʟʢʦʡ ʯʘʩʪʠ ʪʨʫʙʢʠ ʬʦʨʤʘ ʧʣʘʤʝʥʠ 

ʤʝʥʷʝʪʩʷ ʩ ʪʶʣʴʧʘʥʦʦʙʨʘʟʥʦʡ ʥʘ ʚʳʪʷʥʫʪʫ .ʁ ʇʨʠʤʝʨ ʪʘʢʦʛʦ ʧʣʘʤʝʥʠ ʧʦʢʘʟʘʥ ʥʘ 

ʈʠʩʫʥʢʝ 4.4 ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ d = 2 ʤʤ, L = 30 ʤʤ ʠ ʩʤ/ʩ 10=u . 

 

  

ʈʠʩʫʥʦʢ 4.4. ʌʦʨʤʘ ʧʣʘʤʝʥʠ ʜʦ ʠ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʟʘʫʞʝʥʥʦʡ ʟʦʥʳ ʜʣʷ ʢʘʥʘʣʘ 

c d = 2 ʤʤ, L = 30 ʤʤ ʠ ʩʤ/ʩ 10=u  
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ɿʘʚʠʩʠʤʦʩʪʠ ʤʠʥʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʬʠʣʴʪʨʘʮʠʠ ɡ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʣʘʤʷ 

ʩʧʦʩʦʙʥʦ ʧʨʦʭʦʜʠʪʴ ʩʫʞʝʥʠʝ, ʠ ʤʠʥʠʤʘʣʴʥʳʤ ʜʠʘʤʝʪʨʦʤ ʢʘʥʘʣʘ d, ʧʦʢʘʟʘʥʳ ʥʘ 

ʈʠʩʫʥʢʝ 4.5. ɿʘʰʪʨʠʭʦʚʘʥʥʳʝ ʦʙʣʘʩʪʠ ʧʦʜ ʢʨʠʚʳʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʣʫʯʘʶ 

ʟʘʪʫʭʘʥʠʷ ʧʣʘʤʝʥʠ ʚ ʩʫʞʝʥʠʠ ʢʘʥʘʣʘ.  

 

 

ʈʠʩʫʥʦʢ 4.5. ʉʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʤʠʥʠʤʘʣʴʥʳʤ ʜʠʘʤʝʪʨʦʤ ʢʘʥʘʣʘ d ʠ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʘʙʩʦʣʶʪʥʳʤ ʟʥʘʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ |ɡ|, ʧʨʠ ʢʦʪʦʨʦʤ ʧʣʘʤʷ 

ʩʧʦʩʦʙʥʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʩʫʞʝʥʠʝ 

 

ʈʘʩʯʝʪʳ ʪʘʢʞʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʚʝʨʭʥʠʡ ʧʦʨʦʛ ʘʙʩʦʣʶʪʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ɡ, ʚʳʰʝ ʢʦʪʦʨʦʛʦ ʧʣʘʤʷ ʟʘʪʫʭʘʝʪ. ʇʨʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ 

ʩʢʦʨʦʩʪʷʭ ʧʦʪʦʢʘ ʧʣʘʤʷ ʠʟʤʝʥʷʝʪ ʩʚʦʶ ʬʦʨʤʫ ʠ ʩʠʣʴʥʦ ʨʘʩʪʷʛʠʚʘʝʪʩʷ ʚʜʦʣʴ ʦʩʠ 

ʩʠʤʤʝʪʨʠʠ. ɿʘʪʫʭʘʥʠʝ ʧʣʘʤʝʥʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʚʳʟʚʘʥʦ ʨʘʩʪʷʞʝʥʠʝʤ ʧʦʪʦʢʘ ʛʘʟʘ 

ʧʝʨʝʜ ʣʠʜʠʨʫʶʱʝʡ ʪʦʯʢʦʡ ʠʩʢʨʠʚʣʝʥʥʦʛʦ ʬʨʦʥʪʘ ʧʣʘʤʝʥʠ. ʕʪʦ ʷʚʣʝʥʠʝ 

ʘʥʘʣʦʛʠʯʥʦ ʟʘʪʫʭʘʥʠʶ ʨʘʩʪʷʞʝʥʥʦʛʦ ʧʣʘʤʝʥʠ ʚʙʣʠʟʠ ʟʘʩʪʦʡʥʦʡ ʟʦʥʳ ʚ ʩʣʫʯʘʝ 

ʜʚʫʭ ʧʣʘʤʝʥ ʚʦ ʚʩʪʨʝʯʥʳʭ ʧʦʪʦʢʘʭ ʛʘʟʘ [114].  

ɿʘʤʝʪʠʤ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʢʨʠʪʠʯʝʩʢʦʛʦ ʨʘʩʪʷʞʝʥʠʷ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʜʣʷ ʧʣʦʩʢʠʭ ʨʘʩʪʷʞʝʥʥʳʭ ʧʣʘʤʝʥ ʠʟ-ʟʘ 

ʢʨʠʚʠʟʥʳ ʬʨʦʥʪʘ ʧʣʘʤʝʥʠ ʚ ʣʠʜʠʨʫʶʱʝʡ ʪʦʯʢʝ. ʕʪʦʪ ʚʦʧʨʦʩ ʪʨʝʙʫʝʪ ʦʪʜʝʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʠʥʪʝʨʝʩʥʦ ʚʳʷʩʥʠʪʴ ʚʣʠʷʥʠʝ ʯʠʩʣʘ ʃʴʶʠʩʘ ʩʤʝʩʠ ʥʘ 

ʧʨʦʮʝʩʩ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʟʘʜʘʥʥʦʡ ʜʣʠʥʳ ʩʫʞʝʥʠʷ L ʩʫʱʝʩʪʚʫʝʪ ʢʨʠʪʠʯʝʩʢʘʷ 

ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ɡ ʠ ʤʠʥʠʤʘʣʴʥʳʡ ʜʠʘʤʝʪʨ d, ʧʨʠ ʢʦʪʦʨʳʭ ʧʣʘʤʷ ʥʝ ʤʦʞʝʪ 
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ʧʨʦʭʦʜʠʪʴ ʩʫʞʝʥʠʝ. ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʠʘʤʝʪʨ d  ʤʦʞʝʪ ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʦ 

ʤʝʥʴʰʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʜʠʘʤʝʪʨʘ, ʚʳʯʠʩʣʝʥʥʦʛʦ ʜʣʷ ʧʣʦʩʢʦʛʦ ʢʘʥʘʣʘ. 

ʅʘ ʈʠʩʫʥʢʝ 4.6 ʧʦʢʘʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʤʝʥʠ 

ʚ ʣʠʜʠʨʫʶʱʝʡ ʪʦʯʢʝ ʦʪ ʢʦʦʨʜʠʥʘʪʳ ʬʨʦʥʪʘ ʧʣʘʤʝʥʠ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʜʚʫʭ 

ʟʥʘʯʝʥʠʡ ʤʠʥʠʤʘʣʴʥʦʛʦ ʜʠʘʤʝʪʨʘ d = 3 ʤʤ ʠ 2 ʤʤ. ʇʨʠ d = 3 ʤʤ ʧʣʘʤʷ ʤʦʞʝʪ 

ʩʚʦʙʦʜʥʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʢʘʥʘʣ ʚ ʦʪʩʫʪʩʪʚʠʠ ʬʠʣʴʪʨʘʮʠʠ. ʇʨʠ d = 2 ʤʤ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʣʘʤʝʥʠ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʧʫʪʥʦʛʦ ʧʦʪʦʢʘ ʩ 

 |ɡ| = 10 ʩʤ/ʩ. ɿʘʤʝʪʠʤ, ʯʪʦ ʚ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʣʘʤʝʥʠ maxT  ʜʦ ʩʫʞʝʥʠʷ ʤʝʥʴʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʩʫʞʝʥʠʷ. 

ʊʘʢʞʝ ʠ ʬʦʨʤʘ ʬʨʦʥʪʘ ʧʣʘʤʝʥʠ ʠʟʤʝʥʠʣʘʩʴ: ʠʟ ʪʶʣʴʧʘʥʦʦʙʨʘʟʥʦʡ ʩʪʘʣʘ 

ʚʳʪʷʥʫʪʦʡ. ʀʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʬʨʦʥʪʘ ʧʣʘʤʝʥʠ ʚʳʟʚʘʥʦ ʧʝʨʝʤʝʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʩʣʝʜʩʪʚʠʝ ʵʬʬʝʢʪʘ ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʜʠʬʬʫʟʠʠ. ʅʘʨʷʜʫ ʩ ʵʪʠʤ, ʧʣʘʤʷ ʩʧʦʩʦʙʥʦ 

ʩʚʦʙʦʜʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʯʝʨʝʟ ʚʝʩʴ ʤʠʢʨʦʢʘʥʘʣ ʩ d = 3 ʤʤ ʙʝʟ ʠʟʤʝʥʝʥʠʷ 

ʬʦʨʤʳ ʬʨʦʥʪʘ. 

 

 

ʈʠʩʫʥʦʢ 4.6. (a) ɿʘʚʠʩʠʤʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʤʝʥʠ ʚ ʣʠʜʠʨʫʶʱʝʡ 

ʪʦʯʢʝ ʦʪ ʢʦʦʨʜʠʥʘʪʳ ʣʠʜʠʨʫʶʱʝʡ ʪʦʯʢʠ  ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʩʫʞʝʥʠʷ, 

ʨʘʩʩʯʠʪʘʥʥrʝ ʜʣʷ ʟʥʘʯʝʥʠʡ ʤʠʥʠʤʘʣʴʥʦʛʦ ʜʠʘʤʝʪʨʘ d = 3 ʤʤ ʠ 2 ʤʤ, ʠ ʩʢʦʨʦʩʪʷʭ 

ʛʘʟʘ |ɡ| = 0 ʠ 10 ʩʤ/c, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. (b) ʌʦʨʤʘ ʬʨʦʥʪʘ ʧʣʘʤʝʥʠ, ʨʝʘʣʠʟʫʝʤʘʷ ʚ 

ʫʢʘʟʘʥʥʳʭ ʦʙʣʘʩʪʷʭ  

(a) (b) 
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ʀʟ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ ʚ ʢʘʥʘʣʝ ʩʣʝʜʫʝʪ, ʯʪʦ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʜʠʘʤʝʪʨʘ ʢʘʥʘʣʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʤʝʥʠ ʫʤʝʥʴʰʘʝʪʩʷ, ʠ ʧʨʠ 

ʧʨʦʭʦʞʜʝʥʠʠ ʩʫʞʝʥʠʷ ʤʠʥʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʧʣʘʤʝʥʠ ʜʦʣʞʥʳ ʜʦʩʪʠʛʘʪʴʩʷ ʚ ʩʘʤʦʡ ʫʟʢʦʡ ʯʘʩʪʠ ʩʫʞʝʥʠʷ. ʅʘ ʈʠʩʫʥʢʝ 4.7 

ʧʦʢʘʟʘʥʘ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ ʚ ʢʘʥʘʣʝ ʩ ʧʘʨʘʤʝʪʨʘʤʠ d = 3 ʤʤ, 

 L = 30 ʤʤ, ɡ = 0. ʆʪʢʫʜʘ ʚʠʜʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʥʝʙʦʣʴʰʘʷ ʘʩʠʤʤʝʪʨʠʷ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ ʧʣʘʤʝʥʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʷʤʦʡ x = 0, ʢʦʪʦʨʘʷ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʣʘʩʪʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʜʠʘʤʝʪʨʦʤ ʢʘʥʘʣʘ. ʆʙʲʷʩʥʝʥʠʝ ʵʪʦʤʫ 

ʷʚʣʝʥʠʶ ʙʳʣʦ ʜʘʥʦ ʚ ʨʘʙʦʪʝ [11]. ʕʪʦʪ ʵʬʬʝʢʪ, ʥʘʟʚʘʥʥʳʡ çʠʥʝʨʮʠʝʡè ʧʣʘʤʝʥʠ, 

ʩʚʷʟʘʥ ʩ ʟʘʜʝʨʞʢʦʡ ʚ ʠʟʤʝʥʝʥʠʠ ʪʝʧʣʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʧʣʘʤʝʥʠ. ʀʥʝʨʮʠʦʥʥʳʝ 

ʵʬʬʝʢʪʳ ʜʘʶʪ ʦʙʲʷʩʥʝʥʠʝ ʪʦʤʫ, ʟʘ ʩʯʝʪ ʯʝʛʦ ʧʣʘʤʷ ʩʧʦʩʦʙʥʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ 

ʩʫʞʝʥʠʷ ʜʠʘʤʝʪʨʦʤ ʤʝʥʴʰʝ ʢʨʠʪʠʯʝʩʢʦʛʦ. 

 

 

ʈʠʩʫʥʦʢ 4.7. ʉʢʦʨʦʩʪʴ ʧʣʘʤʝʥʠ ʚ ʢʘʥʘʣʝ ʩ ʧʘʨʘʤʝʪʨʘʤʠ d = 3 ʤʤ, L = 30 ʤʤ, ɡ = 0 

 

 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 

ɺ ʨʘʤʢʘʭ ʜʚʫʤʝʨʥʦʡ ʤʦʜʝʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʣʘʤʠʥʘʨʥʦʛʦ ʧʣʘʤʝʥʠ 

ʚʳʧʦʣʥʝʥ r ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʫʩʣʦʚʠʡ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ ʚʜʦʣʴ ʤʠʢʨʦʢʘʥʘʣʘ ʩ ʧʣʘʚʥʳʤ ʩʫʞʝʥʠʝʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 
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ʩʧʫʪʥʦʛʦ ʧʦʪʦʢʘ ʛʘʟʦʚʦʡ ʤʝʪʘʥʦ-ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ. ʄʦʜʝʣʴ ʨʘʟʨʘʙʦʪʘʥʘ ʩ ʫʯʝʪʦʤ 

ʛʣʦʙʘʣʴʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. ʇʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʟʘʚʠʩʠʤʦʩʪʠ ʤʠʥʠʤʘʣʴʥʦʛʦ 

ʜʠʘʤʝʪʨʘ ʩʫʞʝʥʠʷ ʦʪ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʛʘʟʘ. ʆʪʩʫʪʩʪʚʠʝ ʨʝʟʢʠʭ ʧʨʝʛʨʘʜ, ʢʘʢ ʚ 

ʩʪʫʧʝʥʯʘʪʳʭ ʢʘʥʘʣʘʭ, ʧʦʟʚʦʣʷʝʪ ʧʣʘʤʝʥʠ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʟʘʫʞʝʥʥʳʝ ʟʦʥʳ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤ ʜʠʘʤʝʪʨʦʤ ʤʝʥʴʰʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʜʣʷ ʜʘʥʥʦʡ ʩʤʝʩʠ ʚ ʫʩʣʦʚʠʷʭ, 

ʢʦʛʜʘ ʜʣʠʥʘ ʟʘʫʞʝʥʥʦʡ ʟʦʥʳ ʥʝ ʧʨʝʚʳʰʘʝʪ ʥʝʢʦʪʦʨʦʛʦ ʧʨʝʜʝʣʘ. ɺ ʧʨʦʪʠʚʥʦʤ 

ʩʣʫʯʘʝ, ʜʘʞʝ ʧʨʠ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʩʧʫʪʥʦʛʦ ʧʦʪʦʢʘ, ʧʨʦʠʩʭʦʜʠʪ ʛʘʰʝʥʠʝ 

ʧʣʘʤʝʥʠ ʚʩʣʝʜʩʪʚʠʝ ʵʬʬʝʢʪʦʚ ʨʘʩʪʷʞʝʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʠʥʠʤʘʣʴʥʳʡ ʜʠʘʤʝʪʨ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʚʦʟʤʦʞʥʦ ʧʨʦʭʦʞʜʝʥʠʝ ʧʣʘʤʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʛʝʦʤʝʪʨʠʠ ʩʫʞʝʥʠʷ (ʚ 

ʯʘʩʪʥʦʩʪʠ, ʦʪ ʝʛʦ ʧʨʦʪʷʞʝʥʥʦʩʪʠ) ʠ ʩʢʦʨʦʩʪʠ ʬʠʣʴʪʨʘʮʠʠ ʛʘʟʘ, ʘ ʝʛʦ ʟʥʘʯʝʥʠʝ 

ʤʦʞʝʪ ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ ʟʥʘʯʝʥʠʷ ʢʨʠʪʠʯʝʩʢʦʛʦ ʜʠʘʤʝʪʨʘ, ʨʘʩʩʯʠʪʘʥʥʦʛʦ 

ʜʣʷ ʧʣʦʩʢʦʛʦ ʢʘʥʘʣʘ.  ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʬʬʝʢʪ çʠʥʝʨʮʠʠè ʧʣʘʤʝʥʠ,  ʢʦʪʦʨʳʡ ʨʘʥʝʝ 

ʙʳʣ ʧʨʝʜʩʢʘʟʘʥ ʜʣʷ ʩʫʞʘʶʱʝʛʦʩʷ ʢʘʥʘʣʘ ʥʘ ʦʩʥʦʚʝ ʦʜʥʦʤʝʨʥʦʡ ʜʠʬʬʫʟʠʦʥʥʦ-

ʪʝʧʣʦʚʦʡ ʤʦʜʝʣʠ, ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʩʣʫʯʘʝ ʜʚʫʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʫʯʠʪʳʚʘʶʱʝʛʦ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ.  
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ɻʃɸɺɸ 5 

 

ɼʀʅɸʄʀʂɸ ɼʀʌʌʋɿʀʆʅʅʆ-ʊɽʇʃʆɺʆɻʆ 

ʅɽʋʉʊʆʁʏʀɺʆɻʆ ʇʃɸʄɽʅʀ ʉ Le > 1 ɺ ʅɸɻʈɽʊʆʄ 

ʄʀʂʈʆʂɸʅɸʃɽ 

 

 ɺ ʛʣʘʚʝ 5 ʠʩʩʣʝʜʫʝʪʩʷ ʛʦʨʝʥʠʝ ʛʘʟʘ ʚ ʤʠʢʨʦʢʘʥʘʣʝ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʩʪʝʥʦʢ [90, 115]. ʊʘʢʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʚʳʜʚʠʛʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʩʧʦʩʦʙʳ ʜʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʣʘʤʝʥʠ, ʝʛʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ 

ʜʠʥʘʤʠʢʠ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʫʱʝʩʪʚʫʶʪ ʪʨʠ 

ʦʩʥʦʚʥʳʭ ʨʝʞʠʤʘ ʛʦʨʝʥʠʷ [90]. ɼʣʷ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʝʡ ʧʦʪʦʢʘ ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʪʘʙʠʣʴʥʳʡ ʨʝʞʠʤ ʥʦʨʤʘʣʴʥʦʛʦ ʛʦʨʝʥʠʷ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʘʥʘʣʦʛʦʤ ʩʚʦʙʦʜʥʦ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʧʣʘʤʝʥʠ. ʇʨʠ ʥʠʟʢʠʭ ʚʭʦʜʥʳʭ ʩʢʦʨʦʩʪʷʭ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ 

ʩʪʘʙʠʣʴʥʳʡ ʨʝʞʠʤ ʩʣʘʙʦʛʦ ʛʦʨʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʡ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʧʣʘʤʝʥʠ. ɺ ʩʣʫʯʘʝ ʩʨʝʜʥʠʭ ʩʢʦʨʦʩʪʝʡ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʜʠʥʘʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ 

ʧʣʘʤʝʥʠ ʩ ʧʝʨʝʤʝʥʥʳʤ ʧʦʛʘʩʘʥʠʝʤ ʠ ʚʦʟʛʦʨʘʥʠʝʤ, ʠʣʠ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ FREI 

(Flame with Repetitive Extinction and Ignition) ʨʝʞʠʤ. ɺ ʵʪʦʤ ʨʝʞʠʤʝ ʧʣʘʤʷ 

ʠʥʠʮʠʠʨʫʝʪʩʷ ʚ ʛʦʨʷʯʝʡ ʯʘʩʪʠ ʢʘʥʘʣʘ, ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʨʦʪʠʚ ʧʦʪʦʢʘ ʩʤʝʩʠ ʠ 

ʛʘʩʥʝʪ ʥʘ ʭʦʣʦʜʥʦʤ ʢʦʥʮʝ ʢʘʥʘʣʘ ʠʟ-ʟʘ ʪʝʧʣʦʧʦʪʝʨʴ. ʆʙʣʘʩʪʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ/ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʧʣʘʤʝʥʠ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʛʦʨʝʥʠʷ ʛʘʟʘ ʚ ʤʠʢʨʦ 

ʧʦʪʦʢʦʚʦʤ ʨʝʘʢʪʦʨʝ, ʩʭʝʤʘʪʠʯʝʩʢʠ ʧʦʢʘʟʘʥʳ ʥʘ ʈʠʩʫʥʢʝ 5.1. ɾʠʨʥʦʡ ʣʠʥʠʝʡ 

ʦʪʤʝʯʝʥʳ ʦʙʣʘʩʪʠ ʩʪʘʙʠʣʴʥʦʛʦ ʛʦʨʝʥʠʷ. 
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ʈʠʩʫʥʦʢ 5.1. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʦʨʜʠʥʘʪʳ ʧʦʣʦʞʝʥʠʷ ʧʣʘʤʝʥʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʟʘʜʘʥʥʦʛʦ ʧʨʦʬʠʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʥʦʢ ʤʠʢʨʦʢʘʥʘʣʘ ʦʪ ʩʢʦʨʦʩʪʠ ʛʘʟʘ. ɾʠʨʥʦʡ 

ʣʠʥʠʝʡ ʦʪʤʝʯʝʥʳ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʛʦ ʛʦʨʝʥʠʷ 

 

ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʵʪʠʤ ʨʝʞʠʤʘʤ, ʚ ʤʠʢʨʦʢʘʥʘʣʘʭ ʩ ʪʝʤʧʝʨʘʪʫʨʥʳʤ 

ʛʨʘʜʠʝʥʪʦʤ ʚ ʩʪʝʥʢʘʭ ʤʦʛʫʪ ʧʦʷʚʣʷʪʴʩʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʜʨʫʛʠʭ ʪʠʧʦʚ, ʪʦ ʝʩʪʴ 

ʧʫʣʴʩʘʮʠʦʥʥʳʝ ʜʠʬʬʫʟʠʦʥʥʦ-ʪʝʧʣʦʚʳʝ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ. ɹʘʟʦʚʳʝ ʟʥʘʥʠʷ ʦ 

ʧʦʷʚʣʝʥʠʠ ʩʚʦʡʩʪʚʝʥʥʦʡ ʧʣʘʤʝʥʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʤʠʢʨʦʢʘʥʘʣʘʭ ʚʘʞʥʳ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʠ ʤʠʢʨʦʛʦʨʝʣʦʢ, ʩʧʦʩʦʙʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʪʦʧʣʠʚʘ, ʘ ʪʘʢʞʝ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʚ ʧʦʚʳʰʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ. ʂʦʣʝʙʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʤʝʥʠ ʠ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʤʦʛʫʪ 

ʧʨʠʚʝʩʪʠ ʢ ʣʦʢʘʣʴʥʦʤʫ ʧʝʨʝʛʨʝʚʫ ʢʘʤʝʨ ʛʦʨʝʥʠʷ ʠ ʧʝʯʝʡ, ʫʪʝʯʢʝ ʪʦʧʣʠʚʘ, ʢʘʢ 

ʣʦʢʘʣʴʥʦʤʫ, ʪʘʢ ʠ ʧʦʚʩʝʤʝʩʪʥʦʤʫ ʟʘʪʫʭʘʥʠʶ ʧʣʘʤʝʥʠ. ʇʫʣʴʩʘʮʠʠ ʩʢʦʨʦʩʪʠ 

ʧʣʘʤʝʥʠ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʷʚʣʝʥʠʷʤ ʚʳʜʫʚʘʥʠʷ ʠ ʦʙʨʘʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʧʣʘʤʝʥʠ. 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʚʥʠʤʘʥʠʝ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʥʘ ʘʥʘʣʠʟʝ ʧʫʣʴʩʘʮʠʦʥʥʳʭ 

ʜʠʬʬʫʟʠʦʥʥʦ-ʪʝʧʣʦʚʳʭ ʥʝʫʩʪʦʡʯʠʚʦʩʪʝʡ ʚ ʤʠʢʨʦʧʦʪʦʢʦʚʦʤ ʨʝʘʢʪʦʨʝ ʜʣʷ ʙʦʛʘʪʳʭ 

ʚʦʜʦʨʦʜ-ʚʦʟʜʫʰʥʳʭ ʩʤʝʩʝʡ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʩ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʡ ʢʠʥʝʪʠʢʦʡ. 

ʈʘʥʝʝ ʩʣʫʯʘʡ ʙʦʛʘʪʳʭ ʚʦʜʦʨʦʜ-ʚʦʟʜʫʰʥʳʭ ʧʣʘʤʝʥ ʚ ʪʘʢʦʡ ʧʦʩʪʘʥʦʚʢʝ ʥʝ ʙʳʣ 

ʠʩʩʣʝʜʦʚʘʥ. 

 

x 

ʥʦʨʤʘʣʴʥʦʝ 
ʧʣʘʤʷ 

ʩʣʘʙʦʝ ʧʣʘʤʷ 

ʦʙʣʘʩʪʴ 
ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ 
FREI ʨʝʞʠʤ 

u 
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Ä 5.1. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ 

 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʠʬʬʫʟʠʦʥʥʦ-ʪʝʧʣʦʚʘʷ ʤʦʜʝʣʴ ʩ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʡ 

ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʝʡ ʜʣʷ ʙʦʛʘʪʳʭ ʚʦʜʦʨʦʜ-ʚʦʟʜʫʰʥʳʭ ʧʣʘʤʝʥ, ʢʦʪʦʨʘʷ ʙʳʣʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʥʝʝ ʚ [116] ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʚʦʙʦʜʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ 

ʧʣʘʤʝʥʠ. ʄʦʜʝʣʴ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʚʘ ʰʘʛʘ:  

 

ʨʘʟʚʝʪʚʣʝʥʠʝ ʮʝʧʠ:           

HOHOH 223 222 +­+         (5.1) 

ʠ ʨʝʢʦʤʙʠʥʘʮʠʶ:            

MHMHH +­++ 2 .    

        

ʉʢʦʨʦʩʪʠ ʛʨʦʩʩ-ʨʝʘʢʮʠʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʢʦʨʦʩʪʷʤʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʨʝʘʢʮʠʡ ʚ 

ʚʠʜʝ: 

 

1wI =w ,           (5.2) 

54 wwII +=w ,  

           

ʛʜʝ w1 ï ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ OOHOH +­+ 2 , 4w  ï ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ 

MHOMOH +­++ 22  ʠ w5 ï ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ .2 MHMHH +­++  

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʩʝ ʪʝʧʣʦ ʨʝʘʢʮʠʠ ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ ʥʘ ʚʪʦʨʦʤ 

ʛʣʦʙʘʣʴʥʦʤ ʰʘʛʝ ʨʝʢʦʤʙʠʥʘʮʠʠ ɤII, ʘ ʧʝʨʚʳʡ ʰʘʛ ʨʘʟʜʝʣʝʥʠʷ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʠʡ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʠ ʠʤ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. 

ʄʠʢʨʦʧʦʪʦʢʦʚʳʡ ʨʝʘʢʪʦʨ ʧʦʜʦʛʨʝʚʘʝʪʩʷ ʚʥʝʰʥʠʤ ʠʩʪʦʯʥʠʢʦʤ ʪʝʧʣʘ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʪʝʥʢʘʭ ʦʧʠʩʳʚʘʝʪʩʷ ʟʘʜʘʥʥʦʡ ʬʫʥʢʮʠʝʡ ɗ 

ʝʜʠʥʩʪʚʝʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʩʠ (ʩʤ. ʈʠʩʫʥʦʢ 5.2). 
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ʈʠʩʫʥʦʢ 5.2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʩʪʝʥʢʘʭ ʤʠʢʨʦʢʘʥʘʣʘ 

 

 ʅʘ ʚʭʦʜ ʨʝʘʢʪʦʨʘ ʩ ʭʦʣʦʜʥʦʛʦ ʢʦʥʮʘ ʪʨʫʙʢʠ ʧʦʜʘʝʪʩʷ ʚʦʜʦʨʦʜ-ʚʦʟʜʫʰʥʘʷ 

ʩʤʝʩʴ, ʢʦʪʦʨʘʷ ʜʘʣʝʝ ʜʚʠʞʝʪʩʷ ʚʜʦʣʴ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʦʩʠ x ʢ 

ʛʦʨʷʯʝʡ ʯʘʩʪʠ ʪʨʫʙʢʠ ʩ ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ɡ.  

ʄʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʙʫʜʝʤ ʩʪʨʦʠʪʴ ʥʘ ʦʩʥʦʚʝ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʡ 

ʜʠʬʬʫʟʠʦʥʥʦ-ʪʝʧʣʦʚʦʡ ʤʦʜʝʣʠ ʪʠʧʘ (1.37)-(1.39). ʉʦʛʣʘʩʥʦ [60, 115, 116] 

ʦʧʨʝʜʝʣʷʶʱʠʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʙʝʟʨʘʟʤʝʨʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ T¡, ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʢʠʩʣʦʨʦʜʘ 
'

2OY  ʠ H-ʨʘʜʠʢʘʣʦʚ 
'

RY  ʤʦʛʫʪ ʙʳʪʴ ʟʘʧʠʩʘʥʳ ʚ ʦʜʥʦʤʝʨʥʦʤ ʚʠʜʝ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ʐʪʨʠʭʠ ʚ ʫʨʘʚʥʝʥʠʷʭ (5.3)-(5.5) ʦʧʫʱʝʥʳ. ɺʚʝʜʝʥʳ ʙʝʟʨʘʟʤʝʨʥʦʝ ʚʨʝʤʷ 

tt W=¡ , ʢʦʦʨʜʠʥʘʪʘ xx
k

W
=¡ , ʧʝʨʝʤʝʥʥʳʝ 
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ɿʜʝʩʴ 
2OD  ʠ RD  ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʠʬʬʫʟʠʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʠ 

ʨʘʜʠʢʘʣʦʚ ʚʦʜʦʨʦʜʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 
2OW  ʠ RW  ï ʤʦʣʝʢʫʣʷʨʥʳʝ ʚʝʩʘ O2 ʠ H; q ï 

ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʨʝʘʢʮʠʠ ʨʝʢʦʤʙʠʥʘʮʠʠ, 
pcr

l
k=  ï ʪʝʧʣʦʚʘʷ ʜʠʬʬʫʟʠʷ; 

W

A1r=W  ï ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ, ʩʚʷʟʘʥʥʘʷ ʩ w1 ʩʦ ʩʢʦʨʦʩʪʴʶ 

() RTEaeATk 11 = ; A1, Ea ʠ TA = Ea/RT ï ʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʤʥʦʞʠʪʝʣʴ, ʵʥʝʨʛʠʷ 

ʘʢʪʠʚʘʮʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʘʢʪʠʚʘʮʠʠ w1; 
¤

2OY  ï ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʢʠʩʣʦʨʦʜʘ; ɓ ï ʙʝʟʨʘʟʤʝʨʥʘʷ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʨʝʘʢʮʠʠ ʨʘʟʚʝʪʚʣʝʥʠʷ ʮʝʧʠ; ,
2OLe  

RLe  ï ʯʠʩʣʘ ʃʴʶʠʩʘ ʜʣʷ O2 ʠ H-ʨʘʜʠʢʘʣʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; R4,5 ʠ A4,5 ï 

ʙʝʟʨʘʟʤʝʨʥʳʝ ʢʦʥʩʪʘʥʪʳ ʨʝʘʢʮʠʡ ʠ ʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʝ ʤʥʦʞʠʪʝʣʠ ʩʢʦʨʦʩʪʝʡ 

w4,5; [M] ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʪʨʝʪʴʛʦ ʪʝʣʘ; Tb ʪʝʤʧʝʨʘʪʫʨʘ ʩʛʦʨʝʚʰʝʡ ʩʤʝʩʠ ʥʘ ʚʳʭʦʜʝ; 

K ï ʙʝʟʨʘʟʤʝʨʥʳʡ ʠ Ŭ ï ʨʘʟʤʝʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʙʤʝʥʘ ʤʝʞʜʫ ʛʘʟʦʚʦʡ 

ʩʤʝʩʴʶ ʠ ʩʪʝʥʢʘʤʠ ʨʝʘʢʪʦʨʘ; VS/  ʦʪʥʦʰʝʥʠʝ ʧʣʦʱʘʜʠ ʢ ʦʙʲʝʤʫ ʨʝʘʢʪʦʨʘ; ɡ ï 

ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʛʘʟʘ, ʠʟʤʝʨʝʥʥʘʷ ʚ Wk ; ɗ ï ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʝʥʦʢ ʨʝʘʢʪʦʨʘ, 

ʦʧʨʝʜʝʣʝʥʥʘʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ʛʜʝ const=h1  ï ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʠʥʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʚ ʩʪʝʥʢʘʭ ʪʨʫʙʢʠ. 
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ʆʪʤʝʪʠʤ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʠʟʤʝʨʷʝʪʩʷ ʚ ʝʜʠʥʠʮʘʭ ʪʝʤʧʝʨʘʪʫʨʳ ʘʢʪʠʚʘʮʠʠ 

ʨʝʘʢʮʠʠ ʨʘʟʜʝʣʝʥʠʷ ʮʝʧʠ. ɿʥʘʯʝʥʠʷ pi cD  , ,r  ʠ l, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʛʘʟʦʚʫʶ 

ʩʤʝʩʴ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʝʘʢʮʠʡ Ri, ʧʨʠʥʠʤʘʶʪʩʷ ʟʘ ʢʦʥʩʪʘʥʪʳ ʠ 

ʚʳʯʠʩʣʝʥʳ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʚʥʦʡ bT2/1 , ʠ ʜʘʚʣʝʥʠʠ ʚ 1 ʘʪʤʦʩʬʝʨʫ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʘʨʘʤʝʪʨʳ ʟʘʜʘʯʠ (5.3)-(5.5) KRL ii  , , , , ub  ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʷʤʠ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʤʝʩʠ.  

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

,0TT=  ,1
2
=OY  0=RY      ʜʣʷ ,-¤­x       (5.9) 
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ʈʝʘʢʪʦʨ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʙʝʩʢʦʥʝʯʥʳʤ ʧʦ ʜʣʠʥʝ ʢʘʢ ʩ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ, ʪʘʢ ʠ 

ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʦʩʠ x. ʉʣʝʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʚʥʘ ʪʝʤʧʝʨʘʪʫʨʝ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ T0, ʢʠʩʣʦʨʦʜ ʝʱʝ ʥʝ ʠʟʨʘʩʭʦʜʦʚʘʥ, ʘ ʨʘʜʠʢʘʣʳ ʥʝ 

ʦʙʨʘʟʦʚʘʣʠʩʴ. ʉʧʨʘʚʘ ʨʝʘʢʮʠʡ ʥʝʪ, ʧʦʵʪʦʤʫ ʩʪʘʚʷʪʩʷ ʫʩʣʦʚʠʷ ʥʫʣʝʚʳʭ ʧʦʪʦʢʦʚ 

ʜʣʷ T, 
2OY . ʂʦʥʮʝʥʪʨʘʮʠʷ ʨʘʜʠʢʘʣʦʚ YR ʨʘʚʥʘ ʥʫʣʶ.  

ɺʳʨʘʞʝʥʠʝ ʩʠʩʪʝʤʳ (5.3)-(5.5) ʚ ʦʜʥʦʨʘʟʤʝʨʥʦʤ ʚʠʜʝ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʦʯʝʚʠʜʥʫʶ ʘʧʧʨʦʢʩʠʤʘʮʠʶ. ɽʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ ʧʦʣʥʦʡ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ 

ʧʫʪʝʤ ʫʩʨʝʜʥʝʥʠʷ ʧʦ ʧʦʧʝʨʝʯʥʦʤʫ ʩʝʯʝʥʠʶ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʦʙʲʝʤʘ ʚʥʫʪʨʠ 

ʤʠʢʨʦʧʦʪʦʢʦʚʦʛʦ ʨʝʘʢʪʦʨʘ. ʊʠʧʠʯʥʳʝ ʫʩʣʦʚʠʷ ʥʘ ʛʨʘʥʠʮʝ ʛʘʟ-ʩʪʝʥʢʘ ʜʣʷ 

ʤʠʢʨʦʧʦʪʦʢʦʚʦʛʦ ʨʝʘʢʪʦʨʘ [92] ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ ʧʨʠʣʠʧʘʶʱʠʝ, ʩ ʥʫʣʝʚʳʤ 

ʧʦʪʦʢʦʤ ʜʣʷ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʥʝʧʨʝʨʳʚʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ. ʊʘʢ ʢʘʢ ʟʜʝʩʴ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʠʬʬʫʟʠʦʥʥʦ-ʪʝʧʣʦʚʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ, ʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʦʪʩʫʪʩʪʚʫʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʧʦʣʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʦʪʦʢʦʤ. ʇʦʪʦʢ ʦʙʳʯʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʧʦʣʥʦʩʪʴʶ ʩʬʦʨʤʠʨʦʚʘʚʰʝʝʩʷ ʪʝʯʝʥʠʝ ʇʫʘʟʝʡʣʷ. ʉʦʛʣʘʩʥʦ 

ʵʪʠʤ ʧʨʝʜʧʦʣʦʞʝʥʠʷʤ, ʵʬʬʝʢʪʠʚʥʳʡ ʯʣʝʥ ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ 

ʦʪʥʦʰʝʥʠʶ ʯʠʩʣʘ ʅʫʩʩʝʣʴʪʘ ʢ ʯʠʩʣʫ ʇʝʢʣʝ ʚ ʢʚʘʜʨʘʪʝ, ʤʦʞʝʪ ʙʳʪʴ ʠʩʢʣʶʯʝʥ ʠʟ 

ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʠʩʪʝʤʝ (5.3)-(5.5). ɺ [115] ʧʦʢʘʟʘʥʦ, ʯʪʦ 
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ʦʜʥʦʨʘʟʤʝʨʥʘʷ ʤʦʜʝʣʴ ʤʠʢʨʦʧʦʪʦʢʦʚʦʛʦ ʨʝʘʢʪʦʨʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʢʘʯʝʩʪʚʝʥʥʦ 

ʢʦʨʨʝʢʪʥʫʶ ʦʮʝʥʢʫ ʩʚʦʡʩʪʚ ʠ ʜʠʥʘʤʠʢʠ ʚʦʣʥ ʛʦʨʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ [90]. ʇʦʵʪʦʤʫ, ʝʩʪʴ ʦʩʥʦʚʘʥʠʷ ʧʦʣʫʯʠʪʴ ʥʘʜʝʞʥʳʝ 

ʜʘʥʥʳʝ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ. ʕʪʘ ʘʧʧʨʦʢʩʠʤʘʮʠʷ, ʦʯʝʚʠʜʥʦ, 

ʥʝʚʝʨʥʘ, ʝʩʣʠ ʠʤʝʝʪʩʷ ʩʠʣʴʥʳʡ ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨ ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

ʈʝʟʢʠʡ ʧʝʨʝʧʘʜ ʤʦʞʝʪ ʧʦʷʚʠʪʴʩʷ ʠʟ-ʟʘ ʚʣʠʷʥʠʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʨʘʜʠʘʣʴʥʦʛʦ ʧʦʣʷ 

ʧʦʪʦʢʘ ʥʘ ʧʣʘʤʷ, ʧʦʜʦʙʥʦ ʪʦʤʫ, ʢʘʢ ʵʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ 

ʩʢʦʨʦʩʪʝʡ ʤʘʩʩʦʚʦʛʦ ʨʘʩʭʦʜʘ, ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚ [91].   

ʆʩʥʦʚʥʳʝ ʫʨʘʚʥʝʥʠʷ ʨʝʰʘʶʪʩʷ ʯʠʩʣʝʥʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʷʚʥʦʡ ʢʦʥʝʯʥʦ-

ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʳ ʧʨʦʪʠʚ ʧʦʪʦʢʘ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʧʝʨʚʳʡ ʧʦʨʷʜʦʢ ʪʦʯʥʦʩʪʠ ʩ 

ʧʦʛʨʝʰʥʦʩʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ( )xtO DD, . ʈʝʰʝʥʠʝ ʠʱʝʪʩʷ ʥʘ ʢʦʥʝʯʥʦʤ ʠʥʪʝʨʚʘʣʝ 

ʚʜʦʣʴ ʦʩʠ x: [L1, L2], ʛʜʝ L1,2 ʚʳʙʨʘʥʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ 

ʚʣʠʷʥʠʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʘʤʝʥʠ. ʈʘʟʤʝʨ ʩʝʪʢʠ ʚʳʙʨʘʥ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʝʝ ʜʘʣʴʥʝʡʰʝʝ ʠʟʤʝʣʴʯʝʥʠʝ ʚʣʠʷʝʪ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ 

ʣʠʰʴ ʚ ʪʨʝʪʴʝʤ ʟʥʘʢʝ ʧʦʩʣʝ ʟʘʧʷʪʦʡ. ɼʣʷ ʚʳʯʠʩʣʝʥʠʡ ʙʳʣʘ ʚʳʙʨʘʥʘ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʝʥʦʢ ʢʘʥʘʣʘ 1200 ʂ, ʥʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ï 300 ʂ, 

ʧʘʨʘʤʝʪʨ ɖ = 1.5 ʩʤ
-1
 ʚ ʨʘʟʤʝʨʥʳʭ ʝʜʠʥʠʮʘʭ. ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʷʚʣʷʶʪʩʷ ʪʠʧʠʯʥʳʤʠ 

ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʤʠʢʨʦʧʦʪʦʢʦʚʦʤ ʨʝʘʢʪʦʨʝ [90].  

 

 

Ä 5.2. ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ 

 

ɺ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪʘʭ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʜʠʥʘʤʠʢʠ ʧʣʘʤʝʥʠ ʚ 

ʤʠʢʨʦʧʦʪʦʢʦʚʦʤ ʨʝʘʢʪʦʨʝ ʚ ʦʩʥʦʚʥʦʤ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʙʝʜʥʳʝ ʩʤʝʩʠ [90, 91, 

115]. ɿʜʝʩʴ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʩʣʫʯʘʡ ʙʦʛʘʪʦʛʦ ʧʣʘʤʝʥʠ ʦʢʦʣʦ 

ʧʨʝʜʝʣʦʚ ʚʦʩʧʣʘʤʝʥʝʥʠʷ. ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚ [60, 117-121], ʜʝʬʣʘʛʨʘʮʠʦʥʥʳʝ 

ʚʦʣʥʳ ʦʙʥʘʨʫʞʠʚʘʶʪ ʜʠʬʬʫʟʠʦʥʥʦ-ʪʝʧʣʦʚʫʶ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʜʣʷ ʜʦʩʪʘʪʦʯʥʦ 

ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ 
¤¤=
2

/8 OR YYj . 
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ʇʨʦʛʥʦʟʠʨʫʝʤʳʝ ʟʥʘʯʝʥʠʷ ű å 7 ʜʣʷ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 

ʧʦʵʪʦʤʫ ʚ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʳ ʚʟʷʣʠ ű ʦʢʦʣʦ ʵʪʦʛʦ ʟʥʘʯʝʥʠʷ.  

ʏʠʩʣʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʨʝʰʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦ ʩʭʦʞʘ ʩ 

ʧʦʚʝʜʝʥʠʝʤ, ʦʧʠʩʘʥʥʳʤ ʚ [90, 115] ʜʣʷ ʙʝʜʥʳʭ ʩʤʝʩʝʡ, ʪʦ ʝʩʪʴ ʜʣʷ ʙʦʣʴʰʠʭ ʠ 

ʤʘʣʳʭ ʚʭʦʜʥʳʭ ʩʢʦʨʦʩʪʝʡ ʩʫʱʝʩʪʚʫʶʪ ʨʝʞʠʤʳ ʥʦʨʤʘʣʴʥʦʛʦ ʠ ʩʣʘʙʦʛʦ ʧʣʘʤʝʥʠ, ʚ 

ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ɡ ʚʝʪʢʘ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʰʝʥʠʷ ʥʝʩʪʘʙʠʣʴʥʘ. 

ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʜʚʘ ʪʠʧʘ ʥʝʫʩʪʦʡʯʠʚʦʩʪʝʡ: FREI ʠ 

ʜʠʬʬʫʟʠʦʥʥʦ-ʪʝʧʣʦʚʘʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʣʫʯʘʝʤ ʙʝʜʥʳʭ ʩʤʝʩʝʡ, 

ʧʨʠ ʙʦʣʴʰʠʭ ű ʜʠʬʬʫʟʠʦʥʥʦ-ʪʝʧʣʦʚʘʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʙʳʣʘ ʥʘʡʜʝʥʘ ʜʣʷ 

ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʝʨʝʭʦʜʫ ʦʪ ʚʝʪʢʠ ʥʦʨʤʘʣʴʥʦʛʦ ʧʣʘʤʝʥʠ 

ʢ ʚʝʪʢʝ ʩʨʝʜʥʝʛʦ ʥʝʩʪʘʙʠʣʴʥʦʛʦ ʧʣʘʤʝʥʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ FREI ʠ ʜʠʬʬʫʟʠʦʥʥʦ-

ʪʝʧʣʦʚʘʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʚʝʜʫʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʫʣʴʩʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ ʩ 

ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʕʪʠ ʨʝʰʝʥʠʷ ʧʦʢʘʟʘʥʳ ʥʘ ʈʠʩʫʥʢʘʭ 5.3 ʠ 5.4, ʛʜʝ ʧʨʦʬʠʣʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʜʠʢʘʣʦʚ ʠʟʦʙʨʘʞʝʥʳ ʢʘʢ ʬʫʥʢʮʠʠ ʢʦʦʨʜʠʥʘʪʳ x 

ʜʣʷ ű å 7.4.  

 

 

ʈʠʩʫʥʦʢ 5.3. (ʘ) ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ  ʠ (b) ʢʦʥʮʝʥʪʨʘʮʠʠ  ʜʣʷ ű = 7.4 ʠ 

ɡ = 1.795. ʇʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʨʝʰʝʥʠʡ ʜʣʷ ʜʚʫʭ ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ t = 0 ʠ t = 3.4. 

ʊʦʣʩʪʘʷ ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ ʥʘ ʨʠʩʫʥʢʝ (a) ï ʧʨʦʬʠʣʴ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʥʦʢ ʨʝʘʢʪʦʨʘ 

 

ʅʘ ʈʠʩʫʥʢʝ 5.3 ʜʠʬʬʫʟʠʦʥʥʦ-ʪʝʧʣʦʚʳʝ ʧʫʣʴʩʘʮʠʠ ʠʟʦʙʨʘʞʝʥʳ ʜʣʷ ɡ = 1.795 

ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʷʤ ɡ ʜʣʷ ʜʠʬʬʫʟʠʦʥʥʦ-ʪʝʧʣʦʚʳʭ ʧʫʣʴʩʘʮʠʡ ʧʨʠ 

ű = 7.4. ʈʘʩʧʨʝʜʝʣʝʥʠʷ T(x, t) ʠ YR(x, t) ï ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʚʨʝʤʝʥʠ ʩ 

(a) (b) 
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ʧʝʨʠʦʜʦʤ ʢʦʣʝʙʝʥʠʡ TDT å 6.5. ʇʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʨʝʰʝʥʠʡ ʜʣʷ ʜʚʫʭ ʤʦʤʝʥʪʦʚ 

ʚʨʝʤʝʥʠ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʧʝʨʠʦʜʘ ʢʦʣʝʙʘʥʠʡ ʜʣʷ t = 0 ʠ t = 3.4, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʧʨʦʬʠʣʷʤ ʩ ʩʘʤʳʤ ʙʦʣʴʰʠʤ (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʠ ʩʘʤʳʤ ʤʘʣʝʥʴʢʠʤ (ʧʫʥʢʪʠʨʥʘʷ 

ʣʠʥʠʷ) ʧʠʢʦʤ ʟʥʘʯʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʜʠʢʘʣʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘ 

ʈʠʩʫʥʢʝ 5.3 (ʘ) ʩʧʣʦʰʥʦʡ ʞʠʨʥʦʡ ʣʠʥʠʝʡ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʪʝʥʢʘʭ ʤʠʢʨʦʧʦʪʦʢʦʚʦʛʦ ʨʝʘʢʪʦʨʘ. ɺ ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚʳʰʝ ʧʦ 

ʪʝʯʝʥʠʶ ʨʘʟʦʛʨʝʪʦʡ ʟʦʥʝ, x > -16, ʪʝʤʧʝʨʘʪʫʨʘ ʩʤʝʩʠ ʥʠʞʝ, ʯʝʤ ʪʝʤʧʝʨʘʪʫʨʘ 

ʩʪʝʥʦʢ ʨʝʘʢʪʦʨʘ, ʪʦ ʝʩʪʴ ʵʪʦ ʦʙʣʘʩʪʴ, ʛʜʝ ʪʝʧʣʦ ʵʬʬʝʢʪʠʚʥʦ ʧʝʨʝʥʦʩʠʪʩʷ ʚ 

ʨʝʘʛʠʨʫʶʱʫʶ ʩʤʝʩʴ. ɺʠʜʥʦ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʜʠʢʘʣʦʚ ʟʜʝʩʴ ʦʯʝʥʴ ʤʘʣʘ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʝʘʢʮʠʷ ʧʨʝʢʨʘʱʘʝʪʩʷ. ʇʦ ʤʝʨʝ ʪʦʛʦ ʢʘʢ ʩʤʝʩʴ ʧʨʦʛʨʝʚʘʝʪʩʷ 

ʚʩʣʝʜʩʪʚʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʘʟʘ ʩʦ ʩʪʝʥʢʘʤʠ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʥʘʯʠʥʘʝʪ 

ʘʢʪʠʚʠʨʦʚʘʪʴʩʷ ʨʝʘʢʮʠʷ ʨʘʟʜʝʣʝʥʠʷ, ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʜʠʢʘʣʦʚ ʧʦʢʘʟʳʚʘʝʪ 

ʙʦʣʴʰʦʡ  ʨʦʩʪ ʠʟ-ʟʘ ʙʳʩʪʨʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʨʝʘʛʝʥʪʦʚ ʚ ʨʘʜʠʢʘʣʳ. ʕʪʦ ʪʘʢʞʝ 

ʧʨʠʚʦʜʠʪ ʚ ʜʝʡʩʪʚʠʝ ʨʝʘʢʮʠʶ ʨʝʢʦʤʙʠʥʘʮʠʠ, ʷʚʣʷʶʱʫʶʩʷ ʧʨʠʯʠʥʦʡ ʨʦʩʪʘ 

ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʘʛʠʨʫʶʱʝʛʦ ʛʘʟʘ. ʕʪʘ ʟʦʥʘ ʧʣʘʤʝʥʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʣʘʩʪʠ ʩ 

ʨʘʟʜʝʣʝʥʠʝʤ ʠ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʠʥʪʝʨʚʘʣʝ -16 < x < -14.  ʊʝʤʧʝʨʘʪʫʨʘ ʩʤʝʩʠ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʜʠʢʘʣʦʚ ʜʦʩʪʠʛʘʶʪ ʟʜʝʩʴ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ, ʪʘʢ, ʯʪʦ T 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʠʪ ʪʝʤʧʝʨʘʪʫʨʫ ʩʪʝʥʦʢ. ʂʘʢ ʪʦʣʴʢʦ ʢʠʩʣʦʨʦʜ 

ʠʟʨʘʩʭʦʜʫʝʪʩʷ, ʨʝʘʢʮʠʷ ʨʘʟʚʝʪʚʣʝʥʠʷ ʦʩʪʘʥʦʚʠʪʩʷ ʠ ʧʦʷʚʠʪʩʷ ʦʙʣʘʩʪʴ 

ʨʝʢʦʤʙʠʥʘʮʠʠ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʘʷ ʩʣʘʙʳʤ ʨʘʩʧʘʜʦʤ ʨʘʜʠʢʘʣʦʚ. ʕʪʘ ʟʦʥʘ ʧʣʘʤʝʥʠ 

ʟʘʥʠʤʘʝʪ ʧʨʘʚʫʶ ʯʘʩʪʴ ʧʦʪʦʢʘ ʧʣʘʤʝʥʠ ʧʨʠ x > -15. ɺ ʦʙʣʘʩʪʠ ʨʝʢʦʤʙʠʥʘʮʠʠ 

ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ ʜʦʩʪʠʛʘʝʪ ʣʦʢʘʣʴʥʦʛʦ ʤʠʥʠʤʫʤʘ ʠʟ-ʟʘ ʩʤʝʥʳ ʥʘʧʨʘʚʣʝʥʠʷ 

ʧʦʪʦʢʘ ʪʝʧʣʘ: ʠʣʠ ʦʪ ʛʦʨʷʯʝʡ ʩʤʝʩʠ ʢ ʭʦʣʦʜʥʳʤ ʩʪʝʥʢʘʤ ʚ ʦʙʣʘʩʪʴ, ʛʜʝ ,q>T  ʠʣʠ 

ʦʪ ʛʦʨʷʯʠʭ ʩʪʝʥʦʢ ʢ ʭʦʣʦʜʥʦʤʫ ʛʘʟʫ ʚ ʜʘʣʴʥʶʶ ʦʙʣʘʩʪʴ ʚʥʠʟ ʧʦ ʪʝʯʝʥʠʶ, ʛʜʝ 

.q<T  ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʜʠʬʬʫʟʠʦʥʥʦ-ʪʝʧʣʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʧʨʠʚʦʜʠʪ ʢ 

ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʧʫʣʴʩʘʮʠʷʤ T ʠ YR ʦʢʦʣʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʜʣʷ 

ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʦʝ ʥʝʫʩʪʦʡʯʠʚʦ. ɸʤʧʣʠʪʫʜʘ ʪʘʢʠʭ ʧʫʣʴʩʘʮʠʡ 

ʦʩʪʘʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʦʡ, ʪʘʢ, ʯʪʦ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʣʦʢʘʣʴʥʦʛʦ ʟʘʪʫʭʘʥʠʷ.  
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ʈʠʩʫʥʦʢ 5.4. (ʘ) ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ  ʠ (b) ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʜʠʢʘʣʦʚ ʜʣʷ ű 

= 7.4 ʠ ɡ = 1.73. ʇʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʨʝʰʝʥʠʡ ʜʣʷ ʪʨʝʭ ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ t = 0,  

t = 3 ʠ t = 12 

 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʥʘ ʈʠʩʫʥʢʝ 5.4 ʠʟʦʙʨʘʞʝʥ ʨʝʞʠʤ FREI ʧʫʣʴʩʘʮʠʡ ʜʣʷ 

ɡ = 1.73, ʛʜʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ T(x) ʠ YR(x) ʧʦʢʘʟʘʥʳ ʥʘ ʈʠʩʫʥʢʘʭ 5.4 (a) ʠ (b) 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɿʜʝʩʴ ʧʨʠʚʝʜʝʥʳ  ʧʨʠʤʝʨʳ ʧʨʦʬʠʣʝʡ ʨʝʰʝʥʠʡ ʚ ʪʨʠ ʤʦʤʝʥʪʘ 

ʚʨʝʤʝʥʠ t = 0, 3 ʠ 12 ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʧʝʨʠʦʜʘ ʢʦʣʝʙʘʥʠʡ TFREI å 16.4. ʊʘʢ ʢʘʢ 

ʨʝʰʝʥʠʝ ʧʝʨʠʦʜʠʯʝʩʢʦʝ, ʦʥʦ ʦʪʩʯʠʪʳʚʘʝʪʩʷ ʦʪ 0 ʜʦ TFREI. ʂʘʢ ʚʠʜʥʦ ʠʟ 

ʈʠʩʫʥʢʘ 5.4, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ 

ʜʠʬʬʫʟʠʦʥʥʦ-ʪʝʧʣʦʚʦʤ ʨʝʞʠʤʝ. ɺʩʧʣʝʩʢ ʤʛʥʦʚʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʜʠʢʘʣʦʚ 

ʤʦʞʝʪ ʫʧʘʩʪʴ ʜʦ ʦʯʝʥʴ ʤʘʣʳʭ ʟʥʘʯʝʥʠʡ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ɗ(x) ʠ ʚʠʜʥʦ ʟʘʪʫʭʘʥʠʝ ʧʣʘʤʝʥʠ (t = 12). ʅʘ ʵʪʦʡ ʩʪʘʜʠʠ ʦʩʪʘʪʢʠ 

ʨʘʜʠʢʘʣʦʚ ʩ ʧʦʪʦʢʦʤ ʛʘʟʘ ʩʥʦʩʷʪʩʷ ʚʥʠʟ ʧʦ ʪʝʯʝʥʠʶ ʢ ʛʦʨʷʯʝʡ ʯʘʩʪʠ ʨʝʘʢʪʦʨʘ ʜʦ 

ʪʝʭ ʧʦʨ, ʧʦʢʘ ʦʥʠ ʥʝ ʜʦʩʪʠʛʥʫʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ 

ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʘʢʪʠʚʘʮʠʠ ʨʝʘʢʮʠʠ ʨʘʟʚʝʪʚʣʝʥʠʷ, ʢʦʪʦʨʘʷ ʧʦʷʚʣʷʝʪʩʷ 

ʢʘʢ ʚʥʝʟʘʧʥʳʡ ʚʩʧʣʝʩʢ YR ʠ T (t = 0). ɺʠʜʥʦ, ʯʪʦ ʧʠʢ ʪʝʤʧʝʨʘʪʫʨʳ ʩʤʝʩʠ 

ʧʨʝʚʦʩʭʦʜʠʪ ʪʝʤʧʝʨʘʪʫʨʫ ʛʦʨʷʯʝʡ ʩʪʝʥʢʠ ʨʝʘʢʪʦʨʘ, ʠ ʤʘʢʩʠʤʫʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʨʘʜʠʢʘʣʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʙʦʣʝʝ ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ, ʩʪʘʥʦʚʷʩʴ ʪʘʢʠʤ ʞʝ ʙʦʣʴʰʠʤ ʢʘʢ 

YR ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʧʣʘʤʝʥʠ. ʀʟʙʳʪʦʢ ʨʘʜʠʢʘʣʦʚ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʠʤ ʩʢʦʨʦʩʪʷʤ 

ʨʝʘʢʮʠʠ ʨʝʢʦʤʙʠʥʘʮʠʠ ʠ ʤʘʩʩʦʚʦʡ ʩʢʦʨʦʩʪʠ ʛʦʨʝʥʠʷ. ʇʣʘʤʷ ʜʦʩʪʠʛʘʝʪ ʩʢʦʨʦʩʪʠ, 

ʜʦʩʪʘʪʦʯʥʦʡ, ʯʪʦʙʳ ʜʚʠʛʘʪʴʩʷ ʚʚʝʨʭ ʧʦ ʧʦʪʦʢʫ ʚ ʩʪʦʨʦʥʫ ʭʦʣʦʜʥʦʡ ʯʘʩʪʠ 

(a) (b) 
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ʨʝʘʢʪʦʨʘ. ʆʜʥʘʢʦ, ʢʘʢ ʪʦʣʴʢʦ ʧʣʘʤʷ ʚʦʡʜʝʪ ʚ ʯʘʩʪʴ ʨʝʘʢʪʦʨʘ ʩ ʙʦʣʝʝ ʥʠʟʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʩʪʝʥʦʢ, ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʨʘʟʚʝʪʚʣʝʥʠʷ, ʘ ʚʤʝʩʪʝ ʩ ʥʝʡ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʜʠʢʘʣʦʚ, ʩʥʠʟʷʪʩʷ (t = 3), ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʧʦʛʘʩʘʥʠʶ ʧʣʘʤʝʥʠ. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʦʩʧʣʘʤʝʥʝʥʠʡ ʠ ʟʘʪʫʭʘʥʠʡ ʧʦʚʪʦʨʷʝʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠ. 

ɺʨʝʤʷ t = 0 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʘʜʠʠ ʚʦʩʧʣʘʤʝʥʝʥʠʷ FREI ʨʝʞʠʤʘ ʠ ʙʣʠʟʢʦ ʢ ʩʘʤʦʤʫ 

ʫʜʘʣʝʥʥʦʤʫ ʧʦʣʦʞʝʥʠʶ ʧʣʘʤʝʥʠ ʚʥʠʟʫ ʧʦ ʪʝʯʝʥʠʶ, ʘ t = 3 ʧʦʢʘʟʳʚʘʝʪ ʚʝʨʭʥʶʶ 

ʛʨʘʥʠʮʫ ʜʚʠʞʝʥʠʷ ʟʦʥʳ ʨʝʘʢʮʠʠ.  

ʆʪʩʶʜʘ ʚʠʜʥʦ, ʯʪʦ ʜʠʬʬʫʟʠʦʥʥʦ-ʪʝʧʣʦʚʘʷ ʠ FREI ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ 

ʚʦʟʥʠʢʘʶʪ ʙʣʘʛʦʜʘʨʷ ʨʘʟʥʳʤ ʤʝʭʘʥʠʟʤʘʤ. ɺ FREI ʨʝʞʠʤʝ ʢʦʣʝʙʘʥʠʷ ʚʦʟʥʠʢʘʶʪ 

ʠʟ-ʟʘ ʪʝʧʣʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʛʘʟʦʤ ʠ ʩʪʝʥʢʦʡ, ʘ ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ 

ʩʨʘʚʥʠʤ ʩʦ ʚʨʝʤʝʥʝʤ ʧʨʝʙʳʚʘʥʠʷ L/ɡ ~ 10, ʛʜʝ L ~ 20 ï ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʠʥʘ, 

ʩʚʷʟʘʥʥʘʷ ʩ ʚʘʨʠʘʮʠʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʥʦʢ ʨʝʘʢʪʦʨʘ ɗ. ɼʠʬʬʫʟʠʦʥʥʦ-ʪʝʧʣʦʚʳʝ 

ʢʦʣʝʙʘʥʠʷ ʥʘʩʣʝʜʫʶʪʩʷ ʦʪ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʜʝʬʣʘʛʨʘʮʠʡ ʧʨʠ ʙʦʣʴʰʠʭ ʯʠʩʣʘʭ 

ʃʴʶʠʩʘ ʠ ʜʦʣʞʥʳ ʙʳʪʴ ʩʨʘʚʥʠʤʳ ʩʦ ʟʥʘʯʝʥʠʝʤ ŭx/ɡ ~ O(1), ʛʜʝ ŭx ï ʪʦʣʱʠʥʘ 

ʧʣʘʤʝʥʠ, ʢʦʪʦʨʘʷ ŭx ~ 5 (ʩʤ. ʈʠʩʫʥʢʠ 5.3, 5.4). ʕʪʦʪ ʘʥʘʣʠʟ ʭʘʨʘʢʪʝʨʥʳʭ 

ʤʘʩʰʪʘʙʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʯʠʩʣʝʥʥʳʤʠ ʨʘʩʯʝʪʘʤʠ, ʠʟ ʢʦʪʦʨʳʭ ʷʩʥʦ, ʯʪʦ TFREI ʚ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʚʳʰʝ, ʯʝʤ TDT. ʊʘʢʦʡ ʞʝ ʨʝʟʫʣʴʪʘʪ ʥʘʙʣʶʜʘʣʩʷ ʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʥʘ ʙʝʜʥʳʭ ʧʨʦʧʘʥʦ-ʚʦʟʜʫʰʥʳʭ ʩʤʝʩʷʭ [90].  

 

 

5.2.1. ʆʪ ʫʜʚʦʝʥʠʷ ʧʝʨʠʦʜʘ ʢ ʭʘʦʩʫ 

 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ ʧʨʠʨʦʜʫ ʙʠʬʫʨʢʘʮʠʡ, ʚʝʜʫʱʠʭ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʨʘʟʣʠʯʥʳʭ ʧʫʣʴʩʘʮʠʦʥʥʳʭ ʨʝʞʠʤʦʚ. ʉʦʦʪʥʦʰʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ ʧʨʠʤʝʤ 

ʧʦʩʪʦʷʥʥʳʤ, ʨʘʚʥʳʤ ű = 7.4, ʘ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ɡ ʚʳʙʝʨʝʤ ʚ ʢʘʯʝʩʪʚʝ 

ʚʘʨʴʠʨʫʝʤʦʛʦ ʙʠʬʫʨʢʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ. ʂʦʣʝʙʘʪʝʣʴʥʳʝ ʨʝʞʠʤʳ ʫʜʦʙʥʦ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʣʠʙʦ ʣʦʢʘʣʴʥʳʤʠ, ʣʠʙʦ ʠʥʪʝʛʨʘʣʴʥʳʤʠ ʜʠʥʘʤʠʯʝʩʢʠʤʠ 

ʧʝʨʝʤʝʥʥʳʤʠ. ʇʦʣʦʞʝʥʠʝ ʬʨʦʥʪʘ ʧʣʘʤʝʥʠ xf, ʢʦʪʦʨʦʝ ʤʳ ʦʧʨʝʜʝʣʠʣʠ ʢʘʢ 

ʢʦʦʨʜʠʥʘʪʫ ʣʦʢʘʣʴʥʦʛʦ ʤʘʢʩʠʤʫʤʘ YR ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ, ʠ ʟʥʘʯʝʥʠʝ ʤʘʢʩʠʤʫʤʘ 
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max
RY  ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʣʦʢʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺʚʝʜʝʤ ʪʘʢʞʝ 

ʠʥʪʝʛʨʘʣʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʚʨʝʤʝʥʠ, ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

() ,ñ
+¤

¤-
= dxYtW R           (5.10) 

() ( ) .1exp
2ñ

+¤

¤-
-= dxTYYtQ OR b        (5.11)  

 

ʕʪʠ ʚʝʣʠʯʠʥʳ ʦʙʨʘʟʫʶʪ ʭʘʨʘʢʪʝʨʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʝʨʝʤʝʥʥʳʝ, ʢʦʪʦʨʳʝ 

ʙʫʜʫʪ ʦʙʩʫʞʜʘʪʴʩʷ ʜʘʣʴʰʝ. ʇʨʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʧʦʪʦʢʘ, ɡ > 1.85, 

ʚʠʜʥʘ ʚʝʪʢʘ ʥʦʨʤʘʣʴʥʦʛʦ ʧʣʘʤʝʥʠ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʩʪʘʮʠʦʥʘʨʥʳʤ ʨʝʰʝʥʠʝʤ. ʇʦ 

ʤʝʨʝ ʫʤʝʥʴʰʝʥʠʷ ɡ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ɡh å 1.85, ʚʦʟʥʠʢʘʝʪ 

ʜʠʬʬʫʟʠʦʥʥʦ-ʪʝʧʣʦʚʦʡ ʨʝʞʠʤ ʢʦʣʝʙʘʥʠʡ ʚʩʣʝʜʩʪʚʠʝ ʙʠʬʫʨʢʘʮʠʠ ʍʦʧʬʘ. ʕʪʦ 

ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʦ ʥʘ ʈʠʩʫʥʢʝ 5.5, ʛʜʝ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ (ʘ) ʧʦʢʘʟʘʥʘ ʜʠʥʘʤʠʢʘ 

ʠʟʤʝʥʝʥʠʡ W(t) ʜʣʷ ɡ = 1.81. ʈʷʜʦʤ ʩ ʢʨʠʪʠʯʝʩʢʠʤ ʟʥʘʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʛʘʟʘ ɡh 

ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ W(t) ʤʘʣʘ ʠ ʚʦʟʨʘʩʪʘʝʪ ʚʤʝʩʪʝ ʩ ʨʦʩʪʦʤ ʨʘʟʥʦʩʪʠ ɡh ï ɡ. 

ʅʝʧʨʝʨʳʚʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʘʤʧʣʠʪʫʜʳ ʦʪ ʙʠʬʫʨʢʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʷʚʣʷʝʪʩʷ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʙʠʬʫʨʢʘʮʠʡ ʍʦʧʬʘ. ʇʨʠ ɡ = 1.81 

ʧʫʣʴʩʘʮʠʠ ʫʞʝ ʭʦʨʦʰʦ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ, W(t) ï ʪʦʯʥʦ ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ 

W(t) = W(t + TDT) ʩ ʧʝʨʠʦʜʦʤ TDT å 6.2. ʅʘ ʈʠʩʫʥʢʝ 5.5 (b) ʠʟʦʙʨʘʞʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ 

Q ʦʪ W. ɺʠʜʥʦ, ʯʪʦ ʧʨʝʜʝʣʴʥʳʡ ʮʠʢʣ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʬʘʟʦʚʦʡ ʧʣʦʩʢʦʩʪʠ ʩʠʩʪʝʤʳ 

(5.3)-(5.5). ʏʪʦʙʳ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʜʠʥʘʤʠʢʫ ʧʫʣʴʩʘʮʠʡ ʫʜʦʙʥʦ ʥʘʨʠʩʦʚʘʪʴ 

ʦʪʦʙʨʘʞʝʥʠʝ ʇʫʘʥʢʘʨʝ. ɿʘʬʠʢʩʠʨʫʝʤ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ti, ʢʦʛʜʘ W(ti) ʜʦʩʪʠʛʘʝʪ 

ʣʦʢʘʣʴʥʦʛʦ ʤʠʥʠʤʫʤʘ ʠ ʦʪʦʙʨʘʟʠʤ ʟʘʚʠʩʠʤʦʩʪʴ Q(ti) ʦʪ W(ti) ʢʘʢ ʥʘ ʈʠʩʫʥʢʝ 5.5 

(ʩ). ʇʝʨʠʦʜʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʟʜʝʩʴ ʥʘʛʣʷʜʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʘʞʜʦʡ ʪʦʯʢʝ ʥʘ 

ʦʪʦʙʨʘʞʝʥʠʠ ʇʫʘʥʢʘʨʝ.  
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ʈʠʩʫʥʦʢ 5.5. ɿʘʚʠʩʠʤʦʩʪʠ (a) W(t), (b) W(Q) ʠ (ʩ) ʦʪʦʙʨʘʞʝʥʠʝ ʇʫʘʥʢʘʨʝ  ʜʣʷ  

ű = 7.4 ʠ ɡ = 1.81 

 

ɼʘʣʴʥʝʡʰʝʝ ʫʤʝʥʴʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʛʘʟʘ ʥʠʞʝ ʚʪʦʨʦʛʦ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʟʥʘʯʝʥʠʷ ɡ1 å 1.795 ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʨʝʰʝʥʠʷ ʩ ʧʝʨʠʦʜʦʤ ʜʚʘ 

ʚʩʣʝʜʩʪʚʠʝ ʧʝʨʚʦʡ ʙʠʬʫʨʢʘʮʠʠ ʫʜʚʦʝʥʠʷ ʧʝʨʠʦʜʘ. ʕʪʦ ʨʝʰʝʥʠʝ ʠʟʦʙʨʘʞʝʥʦ ʥʘ 

ʈʠʩʫʥʢʝ 5.6, ʛʜʝ ʜʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ W(t) ʠ Q(t) ʦʪ W(t), ʠ ʦʪʦʙʨʘʞʝʥʠʝ ʇʫʘʥʢʘʨʝ ʥʘ 

ʧʣʦʩʢʦʩʪʠ (Q, W) ʜʣʷ ɡ = 1.79 ʥʘ ʈʠʩʫʥʢʘʭ 5.6 (a), (b) ʠ (c) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʉʨʘʚʥʝʥʠʝ ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʡ W, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʈʠʩʫʥʢʘʭ 5.5(ʘ) ʠ 5.6(ʘ), 

ʷʩʥʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 6.5 ʜʦ 13.8 ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʙʠʬʫʨʢʘʮʠʠ. ʇʨʝʜʝʣʴʥʳʡ ʮʠʢʣ ʥʘ ʧʣʦʩʢʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ (Q, W) ʪʘʢʞʝ 

ʨʘʩʱʝʧʣʷʝʪʩʷ ʥʘ ʜʚʘ ʮʠʢʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʜʥʠʤ ʮʠʢʣʦʤ ʥʘ ʈʠʩʫʥʢʝ 5.5 ʜʣʷ 

ʨʝʰʝʥʠʷ ʩ ʦʜʥʠʤ ʧʝʨʠʦʜʦʤ. ʅʘ ʦʪʦʙʨʘʞʝʥʠʠ ʇʫʘʥʢʘʨʝ (ʩʤ. ʈʠʩʫʥʦʢ 5.6(ʩ)) 

ʨʝʰʝʥʠʝ ʩ ʧʝʨʠʦʜʦʤ ʜʚʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʚʫʤʷ ʪʦʯʢʘʤʠ. 

 

 

(a) (b) 
(c) 
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ʈʠʩʫʥʦʢ 5.6. (a) ɿʘʚʠʩʠʤʦʩʪ ɹW(t), (b) ɿʘʚʠʩʠʤʦʩʪʴ W(Q)  ʠ (ʩ) ʦʪʦʙʨʘʞʝʥʠʝ 

ʇʫʘʥʢʘʨʝ ʜʣʷ ű = 7.4 ʠ ɡ = 1.79 

 

ʇʦʤʠʤʦ ʧʝʨʚʦʛʦ ʫʜʚʦʝʥʠʷ ʧʝʨʠʦʜʘ ʦʪ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ 1T ʢ 

ʫʜʚʦʝʥʥʦʤʫ 2T, ʜʣʷ ʩʢʦʨʦʩʪʝʡ ʧʦʪʦʢʘ ɡ2 å 1.7872 ʠ ɡ3 å 1.786 ʦʙʥʘʨʫʞʝʥʳ 

ʙʠʬʫʨʢʘʮʠʠ ʦʪ ʧʝʨʠʦʜʘ ʜʚʘ ʢ ʧʝʨʠʦʜʫ ʯʝʪʳʨʝ 2T Ÿ 4T, ʠ ʦʪ ʧʝʨʠʦʜʘ ʯʝʪʳʨʝ ʢ 

ʧʝʨʠʦʜʫ ʚʦʩʝʤʴ 4T Ÿ 8T. ɽʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʢʨʠʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʙʠʬʫʨʢʘʮʠʡ ʫʜʚʦʝʥʠʷ ʧʝʨʠʦʜʘ ɡi ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʥʠʚʝʨʩʘʣʴʥʦʤʫ 

ʢʘʩʢʘʜʫ ʫʜʚʦʝʥʠʷ ʧʝʨʠʦʜʘ ʌʝʡʛʝʥʙʘʫʤʘ [122], ʪʦʛʜʘ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʛʨʘʥʠʮʫ 

ʥʘʯʘʣʘ ʭʘʦʪʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ: ɡÐ å 1.785. ɼʠʥʘʤʠʢʘ ʨʝʰʝʥʠʷ ʜʣʷ ʩʢʦʨʦʩʪʠ 

ɡ = 1.7825, ʢʦʪʦʨʘʷ ʤʝʥʴʰʝ, ʯʝʤ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ɡÐ, ʧʦʢʘʟʘʥʘ ʥʘ 

ʈʠʩʫʥʢʝ 5.7.  

 

(a) (b) 
(c) 
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ʈʠʩʫʥʦʢ 5.7. ɼʣʷ ű = 7.4 ʠ ɡ = 1.7825: (a) ʟʘʚʠʩʠʤʦʩʪʴ W(t); (b) ʟʘʚʠʩʠʤʦʩʪʴ W(Q); 

(ʩ) ʦʪʦʙʨʘʞʝʥʠʝ ʇʫʘʥʢʘʨʝ; (d) ʦʪʦʙʨʘʞʝʥʠʝ ʧʦʩʣʝʜʦʚʘʥʠʷ ʜʣʷ W(t); (e) ʣʦʛʘʨʠʬʤ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ  )(max tYR  

 

(a) (b) 

(c) (d) 

(e) 
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ʅʘ ʈʠʩʫʥʢʝ 5.7(ʘ) ʠʟʦʙʨʘʞʝʥ ʛʨʘʬʠʢ ʜʠʥʘʤʠʢʠ W(t), ʛʜʝ ʦʩʮʠʣʣʷʮʠʠ 

ʚʳʛʣʷʜʷʪ ʟʜʝʩʴ ʢʘʢ ʥʝʨʝʛʫʣʷʨʥʳʝ. ʇʨʦʝʢʮʠʷ ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʘ ʧʘ ʧʣʦʩʢʦʩʪ ɹ

ʧʘʨʘʤʝʪʨʦʚ (Q, W) ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩʫʥʢʝ 5.7(b). ɿʜʝʩʴ ʧʦʢʘʟʘʥʳ ʧʝʨʚʳʝ 

ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʧʝʪʝʣʴ ʬʘʟʦʚʦʡ ʪʨʘʝʢʪʦʨʠʠ. ʆʪʦʙʨʘʞʝʥʠʝ ʇʫʘʥʢʘʨʝ ʥʘ ʈʠʩʫʥʢʝ 

5.7(ʩ) ʚʳʛʣʷʜʠʪ ʢʘʢ ʦʜʥʦʨʘʟʤʝʨʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʚʜʦʣʴ ʢʦʪʦʨʦʡ ʜʘʥʥʳʝ 

ʨʘʩʧʨʝʜʝʣʝʥʳ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ, ʧʦʜʪʚʝʨʞʜʘʷ ʥʝʨʝʛʫʣʷʨʥʳʡ ʠ ʭʘʦʪʠʯʝʩʢʠʡ 

ʭʘʨʘʢʪʝʨ ʜʠʥʘʤʠʢʠ ʩʠʩʪʝʤʳ. ʆʪʦʙʨʘʞʝʥʠʝ ʧʦʩʣʝʜʦʚʘʥʠʷ ʜʣʷ W(t) ʠʟʦʙʨʘʞʝʥʦ ʥʘ 

ʈʠʩʫʥʢʝ 5.7(d). ɿʜʝʩʴ ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ ti, ʧʨʠ ʢʦʪʦʨʳʭ W(ti) 

ʜʦʩʪʠʛʘʝʪ ʣʦʢʘʣʴʥʦʛʦ ʤʘʢʩʠʤʫʤʘ, ʠ ʥʘʨʠʩʦʚʘʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ W(ti+1) ʦʪ 

W(ti). ʆʪʦʙʨʘʞʝʥʠʝ ʠʤʝʝʪ ʩʪʨʫʢʪʫʨʫ, ʩʭʦʞʫʶ ʩ ʦʜʥʦʨʘʟʤʝʨʥʦʡ, ʩ ʝʜʠʥʩʪʚʝʥʥʳʤ 

ʤʘʢʩʠʤʫʤʦʤ, ʪʦ ʝʩʪʴ ʜʠʥʘʤʠʢʘ ʢʦʣʝʙʘʥʠʡ ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ ʥʠʟʢʦʨʘʟʤʝʨʥʦʤ 

ʩʪʨʘʥʥʦʤ ʘʪʪʨʘʢʪʦʨʝ. ʅʘ ʈʠʩʫʥʢʝ 5.7(ʝ) ʧʨʝʜʩʪʘʚʣʝʥ ʣʦʛʘʨʠʬʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʌʫʨʴʝ ʦʪ )(max tYR . ʆʪʢʫʜʘ ʚʠʜʥʦ, ʯʪʦ ʩʧʝʢʪʨ ʢʦʣʝʙʘʥʠʡ ʧʠʢʦʚʦʛʦ ʟʥʘʯʝʥʠʷ 

ʨʘʜʠʢʘʣʦʚ ʥʝʧʨʝʨʳʚʝʥ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʭʘʦʪʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ ʧʫʣʴʩʘʮʠʡ. 

ʇʦʵʪʦʤʫ, ʧʦ ʤʝʨʝ ʪʦʛʦ ʢʘʢ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʫʤʝʥʴʰʘʝʪʩʷ, ʠʟ ʫʜʚʦʝʥʠʷ ʧʝʨʠʦʜʘ 

ʚʦʟʥʠʢʘʝʪ ʭʘʦʩ. ʕʪʠ ʧʫʣʴʩʘʮʠʠ ʠʤʝʶʪ ʜʠʬʬʫʟʠʦʥʥʦ-ʪʝʧʣʦʚʦʡ ʭʘʨʘʢʪʝʨ. 

 

 

5.2.2. ʆʩʮʠʣʣʷʮʠʠ ʩʤʝʰʘʥʥʦʛʦ ʪʠʧʘ 

 

ʆʙʣʘʩʪʴ ʭʘʦʪʠʯʝʩʢʠʭ ʜʠʬʬʫʟʠʦʥʥʦ-ʪʝʧʣʦʚʳʭ ʧʫʣʴʩʘʮʠʡ ʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʫʟʢʘʷ. ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʫʧʘʜʝʪ ʥʠʞʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ʜʣʷ ʜʘʥʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ, ʧʦʷʚʠʪʩʷ 

ʜʨʫʛʦʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʨʝʞʠʤ, ʘ ʠʤʝʥʥʦ, ʨʝʞʠʤ ʩʤʝʰʘʥʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʕʪʦʪ 

ʨʝʞʠʤ ʧʦʢʘʟʘʥ ʥʘ ʈʠʩʫʥʢʝ 5.8 ʜʣʷ ű = 7.4 ʠ ʜʚʫʭ ʟʥʘʯʝʥʠʡ ɡ = 1.7822 (ʩʣʝʚʘ) ʠ 

ɡ = 1.782 (ʩʧʨʘʚʘ), ʛʜʝ ʠʟʦʙʨʘʞʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ max
RY  ʦʪ ʚʨʝʤʝʥʠ. ɻʨʘʬʠʢ ʨʘʟʜʝʣʝʥ 

ʥʘ ʜʚʝ ʯʘʩʪʠ, ʘ ʚʨʝʤʷ ʦʪʩʯʠʪʳʚʘʝʪʩʷ ʦʪ 0 ʜʦ 4000 ʜʣʷ ʢʘʞʜʦʡ ʯʘʩʪʠ.  
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ʈʠʩʫʥʦʢ 5.8. ʈʝʞʠʤ ʩʤʝʰʘʥʥʳʭ ʢʦʣʝʙʘʥʠʡ 1
15

 ʠ 1
11
. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʡ )(max tYR  

ʜʣʷ ɡ = 1.7822 (ʩʣʝʚʘ) ʠ ɡ = 1.782 (ʩʧʨʘʚʘ); ű = 7.4 

 

ʋʚʝʣʠʯʝʥʥʳʝ ʬʨʘʛʤʝʥʪʳ )(max tYR  ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʣʷ ʜʚʫʭ ʩʣʫʯʘʝʚ ʥʘ 

ʚʳʥʦʩʢʘʭ ʢ ʨʠʩʫʥʢʘʤ. ʌʫʥʢʮʠʷ )(max tYR  ð ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʚʦ ʚʨʝʤʝʥʠ. ʆʥʘ 

ʚʢʣʶʯʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʝ ʩʢʘʯʢʠ ʠ ʥʝʩʢʦʣʴʢʦ ʧʫʣʴʩʘʮʠʡ ʩ ʤʝʥʴʰʝʡ 

ʘʤʧʣʠʪʫʜʦʡ. ɹʦʣʴʰʠʝ ʧʠʢʠ ʤʦʞʥʦ ʘʩʩʦʮʠʠʨʦʚʘʪʴ ʩ FREI ʨʝʞʠʤʦʤ. ʉʪʘʜʠʷ 

ʟʘʪʫʭʘʥʠʷ FREI ʨʝʞʠʤʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʤʝʥʪʘʤ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʨʘʜʠʢʘʣʦʚ ʩʪʘʥʦʚʠʪʩʷ ʤʘʣʦʡ (ʩʤ. ʚʳʥʦʩʢʠ ʢ ʨʠʩʫʥʢʘʤ). ɿʘ ʩʪʘʜʠʝʡ ʟʘʪʫʭʘʥʠʷ 

ʩʣʝʜʫʝʪ ʩʪʘʜʠʷ ʚʦʩʧʣʘʤʝʥʝʥʠʷ, ʢʦʪʦʨʘʷ ʧʨʦʷʚʣʷʝʪʩʷ ʢʘʢ ʙʦʣʴʰʠʝ ʧʠʢʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʜʠʢʘʣʦʚ. ʇʫʣʴʩʘʮʠʠ ʦʛʨʘʥʠʯʝʥʥʦʡ ʘʤʧʣʠʪʫʜʳ ʤʝʞʜʫ ʜʚʫʤʷ 

ʧʠʢʘʤʠ FREI ʨʝʞʠʤʘ ʠʤʝʶʪ ʜʠʬʬʫʟʠʦʥʥʦ-ʪʝʧʣʦʚʫʶ ʧʨʠʨʦʜʫ. ʉʪʨʫʢʪʫʨʘ 

ʨʝʰʝʥʠʡ ʯʝʪʢʦ ʚʠʜʥʘ ʥʘ ʚʳʥʦʩʢʘʭ ʢ ʨʠʩʫʥʢʫ, ʛʜʝ ʢʨʫʧʥʳʤ ʧʣʘʥʦʤ ʠʟʦʙʨʘʞʝʥʘ 

ʬʫʥʢʮʠʷ )(max tYR . ɼʣʷ ʩʣʫʯʘʷ ɡ = 1.7822 ʯʠʩʣʦ ʤʘʣʳʭ ʧʠʢʦʚ ʨʘʚʥʦ 15, ʘ ʦʙʱʠʡ 

ʧʝʨʠʦʜ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 125.5. ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 1
15

 ʨʝʞʠʤʫ ʧʫʣʴʩʘʮʠʡ 
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ʩʤʝʰʘʥʥʦʛʦ ʪʠʧʘ. ʇʦ ʤʝʨʝ ʪʦʛʦ ʢʘʢ u ʫʤʝʥʴʰʘʝʪʩʷ, ʯʠʩʣʦ ʤʘʣʳʭ ʧʠʢʦʚ ʪʘʢʞʝ 

ʫʤʝʥʴʰʘʝʪʩʷ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʩʣʫʯʘʷ ɡ = 1.782 ʩʫʱʝʩʪʚʫʝʪ 11 ʜʠʬʬʫʟʠʦʥʥʦ-

ʪʝʧʣʦʚʳʭ ʧʫʣʴʩʘʮʠʡ ʚ ʨʝʞʠʤʝ 1
11

 ʩ ʧʝʨʠʦʜʦʤ 96.7. 

ʉʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ɡ ʠʟʤʝʥʷʝʪ ʨʝʞʠʤ ʧʫʣʴʩʘʮʠʡ 1
n
 ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦ n ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ ʝʜʠʥʠʮʫ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʜʦʡʜʝʪ ʜʦ ʨʝʞʠʤʘ 1
1
. ʕʪʦ 

ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʦ ʥʘ ʈʠʩʫʥʢʝ 5.9, ʛʜʝ ʟʘʚʠʩʠʤʦʩʪʴ Q(t) ʦʪ W(t) ʠʟʦʙʨʘʞʝʥʘ ʜʣʷ 

ɡ = 1.76 (a) ʠ ɡ = 1.73 (b). ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ, ɡ = 1.76, ʧʦʷʚʣʷʝʪʩʷ ʨʝʞʠʤ 1
1
, ʢʦʪʦʨʳʡ 

ʪʘʢʞʝ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʥʘ ʚʳʥʦʩʢʝ ʢ ʨʠʩʫʥʢʫ, ʛʜʝ ʠʟʦʙʨʘʞʝʥʘ ʜʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʡ 

W. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ, ɡ = 1.73, ʧʦʩʣʝʜʥʷʷ ʢʨʠʚʘʷ ʜʠʬʬʫʟʠʦʥʥʦ-ʪʝʧʣʦʚʦʡ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʠʩʯʝʟʘʝʪ ʩ ʧʦʷʚʣʝʥʠʝʤ ʤʦʜʳ 1
0
, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʯʠʩʪʳʤ FREI 

ʨʝʞʠʤʦʤ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʩʥʠʞʝʥʠʠ ʩʢʦʨʦʩʪʠ ʚʩʪʨʝʯʘʶʪʩʷ ʪʦʣʴʢʦ FREI 

ʢʦʣʝʙʘʥʠʷ. 

 

 

ʈʠʩʫʥʦʢ 5.9. ʇʝʨʝʭʦʜ ʦʪ ʩʤʝʰʘʥʥʦʛʦ ʨʝʞʠʤʘ ʢ FREI: ʟʘʚʠʩʠʤʦʩʪʴ )(max tYR  ʜʣʷ 

(a) ɡ = 1.76 ʠ (b) ɡ = 1.73; ű = 7.4 

 

 

 

 

 

 

(a) (b) 


