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ʇʈɽɼʀʉʃʆɺʀɽ ʂʆ ɺʊʆʈʆʄʋ ʀɿɼɸʅʀʖ 

ʂʫʨʩ ʣʝʢʮʠʡ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ  ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ʚʫ-

ʟʦʚ, ʫʯʝʙʥʳʝ ʧʣʘʥʳ ʢʦʪʦʨʳʭ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʠʟʫʯʝʥʠʝ ʬʠʟʠʢʠ ʚ ʪʝʯʝʥʠʝ ʪʨʸʭ 
ʩʝʤʝʩʪʨʦʚ  ʩ ʦʙʱʠʤ ʦʙʲʸʤʦʤ ʦʢʦʣʦ 600 ʯʘʩʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʥʝ ʤʝʥʝʝ 40% ʧʨʠʭʦ-
ʜʠʪʩʷ ʥʘ ʘʫʜʠʪʦʨʥʳʝ ʟʘʥʷʪʠʷ. ɺ ʧʝʨʚʫʶ ʯʘʩʪʴ ʢʫʨʩʘ ʚʢʣʶʯʝʥʳ ʦʩʥʦʚʳ ʢʣʘʩʩʠʯʝ-

ʩʢʦʡ ʤʝʭʘʥʠʢʠ, ʤʦʣʝʢʫʣʷʨʥʘʷ ʬʠʟʠʢʘ ʠ ʪʝʨʤʦʜʠʥʘʤʠʢʘ. 
ɺʦ ʚʪʦʨʦʤ ʠʟʜʘʥʠʠ ʫʪʦʯʥʝʥʳ ʥʝʢʦʪʦʨʳʝ ʧʦʥʷʪʠʷ ʠ ʠʩʧʨʘʚʣʝʥʳ ʜʦʧʫʱʝʥʥʳʝ ʚ 

ʧʝʨʚʦʤ ʠʟʜʘʥʠʠ ʦʧʝʯʘʪʢʠ.  
ʆʧʫʱʝʥ ʨʘʟʜʝʣ çʆʩʥʦʚʳ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠè, ʠʟʣʦʞʝʥʠʝ 

ʢʦʪʦʨʦʛʦ ʧʝʨʝʥʝʩʝʥʦ ʚʦ 2-ʶ ʯʘʩʪʴ çʂʫʨʩʘ ʣʝʢʮʠʡè, ʠʟʜʘʥʥʫʶ ʚ 2005 ʛʦʜʫ.  
ɺ ʛʣʘʚʝ çʄʦʣʝʢʫʣʷʨʥʘʷ ʬʠʟʠʢʘè, ʥʘʨʷʜʫ ʩ ʛʘʟʦʦʙʨʘʟʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʚʝʝɦʩʪʚʘ 

ʨʘʩʩʤʦʪʨʝʥʳ ʩʚʦʡʩʪʚʘ ʞʠʜʢʦʩʪʝʡ ʠ ʪʚʸʨʜʳʭ ʪʝʣ, ʘ ʪʘʢʞʝ ʦʪʣʠʯʠʷ ʚ ʩʪʨʫʢʪʫʨʝ 
ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʠ ʘʤʦʨʬʥʳʭ ʚʝʱʝʩʪʚ. 

ɼʦʙʘʚʣʝʥʘ ʛʣʘʚʘ çʊʝʨʤʦʜʠʥʘʤʠʢʘè, ʚ ʢʦʪʦʨʦʡ ʚʚʦʜʷʪʩʷ ʦʩʥʦʚʥʳʝ ʪʝʨʤʦʜʠʥʘ-
ʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ, ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʬʠʟʠʯʝʩʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʦʥʷʪʠʷ 

ʵʥʪʨʦʧʠʠ, ʢʘʢ ʧʨʠʚʝʜʸʥʥʦʡ ʪʝʧʣʦʪʳ ʠ ʢʘʢ ʤʝʨʳ ʙʝʩʧʦʨʷʜʢʘ ʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ 
ʩʠʩʪʝʤʝ. 

ɺ ʨʘʟʜʝʣ çʂʦʣʝʙʘʥʠʷ ʠ ʚʦʣʥʳè ʜʦʙʘʚʣʝʥ ʧʨʠʤʝʨ ʦ ʢʦʣʝʙʘʥʠʷʭ ʬʠʟʠʯʝʩʢʦʛʦ 
ʤʘʷʪʥʠʢʘ ʠ ʵʣʝʤʝʥʪʳ ʘʢʫʩʪʠʢʠ. 
ʋʚʝʣʠʯʝʥʦ ʢʦʣʠʯʝʩʪʚʦ ʨʠʩʫʥʢʦʚ ʠ ʧʨʠʤʝʨʦʚ ʜʣʷ ʟʘʢʨʝʧʣʝʥʠʷ ʧʨʦʡʜʝʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. 
ʆʛʨʘʥʠʯʝʥʥʳʡ ʦʙʲʸʤ ʥʝ ʧʦʟʚʦʣʷʝʪ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʧʦʣʥʦʪʦʡ ʠʟʣʦʞʠʪʴ ʚʝʩʴ ʤʘ-

ʪʝʨʠʘʣ, ʨʝʢʦʤʝʥʜʫʝʤʳʡ ʢ ʠʟʫʯʝʥʠʶ ʧʨʦʛʨʘʤʤʦʡ ʧʦ ʦʙʱʝʡ ʬʠʟʠʢʝ, ʧʦʵʪʦʤʫ ʚ 
ʢʦʥʮʝ ʧʦʩʦʙʠʷ ʧʨʠʚʝʜʝʥʳ ʵʢʟʘʤʝʥʘʮʠʦʥʥʳʝ ʚʦʧʨʦʩʳ ʠ ʩʧʠʩʦʢ ʨʝʢʦʤʝʥʜʫʝʤʦʡ 

ʫʯʝʙʥʦʡ ʣʠʪʝʨʘʪʫʨʳ. 
ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʟʘʚʝʜʫʶʱʝʡ ʫʯʝʙʥʳʤʠ ʣʘʙʦʨʘʪʦʨʠʷʤʠ 

ʢʘʬʝʜʨʳ ʃ.ɺ. ɹʠʛʣʝʨ, ʚʟʷʚʰʝʡ ʥʘ ʩʝʙʷ ʪʨʫʜ ʧʦ ʥʘʙʦʨʫ ʠ ʪʝʭʥʠʯʝʩʢʦʤʫ ʦʬʦʨʤʣʝ-
ʥʠʶ ʨʫʢʦʧʠʩʠ. 

 
ʉʠʩʪʝʤʘ ʦʙʦʟʥʘʯʝʥʠʡ 

ɺʝʢʪʦʨʳ ʧʦʤʝʯʝʥʳ ʩʪʨʝʣʢʦʡ ʥʘʜ ʙʫʢʚʦʡ, ʦʙʦʟʥʘʯʘʶʱʝʡ ʚʝʢʪʦʨʥʫʶ ʚʝʣʠʯʠʥʫ 

(ʥʘʧʨʠʤʝʨ, Fa
CC

, ); ʪʘ ʞʝ ʙʫʢʚʘ ʙʝʟ ʩʪʨʝʣʢʠ (a,  F) ʦʟʥʘʯʘʝʪ ʤʦʜʫʣʴ ʚʝʢʪʦʨʘ. 

ʉʨʝʜʥʠʝ ʚʝʣʠʯʠʥʳ ʦʪʤʝʯʝʥʳ ʫʛʣʦʚʳʤʠ ʩʢʦʙʢʘʤʠ  , ʥʘʧʨʠʤʝʨ, , . 

ʉʠʤʚʦʣʳ , d,  ʧʝʨʝʜ ʚʝʣʠʯʠʥʘʤʠ ʦʟʥʘʯʘʶʪ: 

 ð ʢʦʥʝʯʥʦʝ ʧʨʠʨʘʱʝʥʠʝ ʚʝʣʠʯʠʥʳ, ʪʦ ʝʩʪʴ ʨʘʟʥʦʩʪʴ ʝʸ ʢʦʥʝʯʥʦʛʦ ʠ ʥʘʯʘʣɹʥʦʛʦ 

ʟʥʘʯʝʥʠʡ, ʥʘʧʨʠʤʝʨ 12 rrr
CCC

,  V = V2 ï V1; 

d ð ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʝ ʧʨʠʨʘʱʝʥʠʝ (ʜʠʬʬʝʨʝʥʮʠʘʣ), ʥʘʧʨʠʤʝʨ rd
C

,  dS; 

 ð ʵʣʝʤʝʥʪʘʨʥʦʝ ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ, ʥʘʧʨʠʤʝʨ ɸ ð ʵʣʝʤʝʥʪʘʨʥʘʷ ʨʘʙʦʪʘ. 

ɽʜʠʥʠʯʥʳʝ ʚʝʢʪʦʨʳ: 

kji
CCC

,,  ð ʦʨʪʳ ʜʝʢʘʨʪʦʚʳʭ ʢʦʦʨʜʠʥʘʪ x,  y,  z. 
CC

,n  ð ʦʨʪʳ ʥʦʨʤʘʣʠ ʠ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʪʨʘʝʢʪʦʨʠʠ. 
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ɸ  ð ʨʘʙʦʪʘ; 

a
C
 ð ʫʩʢʦʨʝʥʠʝ; 

ʩ  ð ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ, ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ 
ʚʘʢʫʫʤʝ;  

ʉ ð ʤʦʣʷʨʥʘʷ ʪʝʧʣʦʸʤʢʦʩʪʴ; 

cV, cp ð ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʸʤʢʦʩʪʴ ʧʨʠ 
ʧʦʩʪʦʷʥʥʦʤ ʦʙʲʸʤʝ, ʧʨʠ ʧʦʩʪʦ-

ʷʥʥʦʤ ʜʘʚʣʝʥʠʠ; 

D ð ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ; 

d0 ð ʜʠʘʤʝʪʨ ʤʦʣʝʢʫʣʳ; 

ɽ, W  ð ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ; 

ek, ep ð ʢʠʥʝʪʠʯʝʩʢʘʷ, ʧʦʪʝʥʮʠʘʣʥɹʘʷ 

ʵʥʝʨʛʠʷ ʤʦʣʝʢʫʣʳ; 

F
C

 ð ʩʠʣʘ; 

dtF
C

 ð ʠʤʧʫʣʴʩ ʩʠʣʳ; 

g ð ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ; 

h ð ʚʳʩʦʪʘ; 

H ð ʵʥʪʘʣʴʧʠʷ; 

I ð ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ; 

k ð ʢʦʵʬʬʠʮʠʝʥʪ ʫʧʨʫʛʦʡ ʩʠʣʳ, ʧʦ-

ʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ;  

L
C
 ð ʤʦʤʝʥʪ ʠʤʧʫʣʴʩʘ; 

 l  ð ʧʣʝʯʦ ʩʠʣʳ, ʜʣʠʥʘ, ʣʠʥʝʡʥʘʷ ʢʦ-

ʦʨʜʠʥʘʪʘ; 

M
C

 ð ʤʦʤʝʥʪ ʩʠʣʳ; 

 m ð ʤʘʩʩʘ; ʪ0 ð ʤʘʩʩʘ ʤʦʣʝʢʫʣʳ; 

N
C

 ð ʩʠʣʘ ʨʝʘʢʮʠʠ ʦʧʦʨʳ;  

NA ð ʯʠʩʣʦ ɸʚʦʛʘʜʨʦ; 

ʧ ð ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ; 

ʈ ð ʤʦʱʥʦʩʪʴ; 

ʨ
C

 ð ʠʤʧʫʣʴʩ ʪʝʣʘ; 

ʨ ð ʥʦʨʤʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ; 

 

 

 

 

 

Q,  Q ð ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ; 

r
C

 ð ʨʘʜʠʫʩ-ʚʝʢʪʦʨ; 

r
C

 ð ʧʝʨʝʤʝʱʝʥʠʝ; 

ʊ ð ʧʝʨʠʦʜ, ʘʙʩʦʣʶʪʥʘʷ ʪʝʤʧʝʨʘʪʫ-
ʨʘ; 

r ð ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ; 

s ð ʧʫʪʴ, ʜʣʠʥʘ ʜʫʛʠ, ʢʨʠʚʦʣʠʥʝʡʥʘʷ 

ʢʦʦʨʜʠʥʘʪʘ; 

S ð ʧʣʦʱʘʜʴ, ʵʥʪʨʦʧʠʷ; 

U ð ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ; 

V ð ʦʙʲʸʤ; 

Wk , Wp ð ʵʥʝʨʛʠʷ ʢʠʥʝʪʠʯʝʩʢʘʷ, ʧʦ-

ʪʝʥʮʠʘʣʴʥʘʷ; 

wʪ ð ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʚʝʨʦʷʪ-

ʥʦʩʪʴ; 

 ð ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʪʫʭʘʥʠʷ; 

  ð ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʧʦʩʪʦʷʥʥʘʷ; 

 ð ʫʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ; 

 ð ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʚʷʟʢʦʩʪʠ; 

 ð ʫʛʦʣ ʧʦʚʦʨʦʪʘ; ʬʘʟʘ ʢʦʣʝʙʘʥʠʡ; 

 ð ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʡ ʜʝʢʨʝʤʝʥʪ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ; 

 ð ʜʣʠʥʘ ʚʦʣʥʳ, ʜʣʠʥʘ ʩʚʦʙʦʜʥʦʛʦ 

ʧʨʦʙʝʛʘ; 

 ð ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ, ʤʦʣʷʨʥʘʷ 

ʤʘʩʩʘ; 

 ð ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ; 

 ð ʧʣʦʪʥʦʩʪʴ; 

 ð ʣʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ; 

 ð ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ, ʫʛʣʦʚʘʷ ʯʘʩ-

ʪʦʪʘ; 
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I.  ɺɺɽɼɽʅʀɽ 

ʌʠʟʠʢʘ ð ʦʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ, ʠʟʫʯʘʶʱʠʭ ʟʘʢʦʥʳ ʧʨʠʨʦʜʳ. 

ɽʸ ʢʫʨʩ ʜʝʣʠʪʩʷ ʦʙʳʯʥʦ ʥʘ ʥʝʩʢʦʣʴʢʦ ʨʘʟʜʝʣʦʚ, ʚ ʢʘʞʜʦʤ ʠʟ ʢʦʪʦʨʳʭ ʠʟʫʯʘʁ ʪʩʷ 
ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʤʘʪʝʨʠʠ ʠ ʝʸ ʜʚʠʞʝʥʠʷ. ɺʥʘʯʘʣʝ ʦʙʳʯʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʤʝʭʘʥʠ-
ʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʪʝʣ, ʢʘʢ ʥʘʠʙʦʣʝʝ ʥʘʛʣʷʜʥʦʝ ʠ ʜʦʩʪʫʧʥʦʝ ʜʣʷ 

ʧʦʥʠʤʘʥʠʷ. ɿʘʢʦʥʳ ʵʪʦʛʦ ʜʚʠʞʝʥʠʷ ʦʧʠʩʘʥʳ ʚ ʧʝʨʚʦʤ ʨʘʟʜʝʣʝ ʬʠʟʠʢʠ ð ʚ ʤʝʭʘ-
ʥʠʢʝ. ʄʝʭʘʥʠʢʫ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʝʣʷʪ ʥʘ ʢʠʥʝʤʘʪʠʢʫ, ʜʠʥʘʤʠʢʫ, ʩʪʘʪʠʢʫ.  

ɺ ʢʠʥʝʤʘʪʠʢʝ ʜʚʠʞʝʥʠʝ ʦʧʠʩʳʚʘʝʪʩʷ ʯʠʩʪʦ ʚʥʝʰʥʝ, ʙʝʟ ʘʥʘʣʠʟʘ ʧʨʠʯʠʥ, ʚʳ-
ʟʳʚʘʶʱʠʭ ʝʛʦ ʠʟʤʝʥʝʥʠʝ. ʆʩʥʦʚʥʳʤʠ ʧʦʥʷʪʠʷʤʠ ʢʠʥʝʤʘʪʠʢʠ ʷʚʣʷʶʪʩʷ ʧʝʨʝʤʝ-

ʱʝʥʠʝ, ʩʢʦʨʦʩʪʴ ʠ ʫʩʢʦʨʝʥʠʝ, ʪʦ ʝʩʪʴ ʪʘʢʠʝ ʚʝʣʠʯʠʥʳ, ʢʦʪʦʨʳʝ ʧʦʤʠʤʦ ʘʙʩʦʣʶʪ-
ʥʦʛʦ ʟʥʘʯʝʥʠʷ ʠʤʝʶʪ ʝʱʸ ʠ ʥʘʧʨʘʚʣʝʥʠʝ. ʇʦʵʪʦʤʫ, ʧʨʝʞʜʝ ʯʝʤ ʧʝʨʝʡʪʠ ʢ ʠʟʣʦ-

ʞʝʥʠʶ ʢʠʥʝʤʘʪʠʢʠ, ʧʦʚʪʦʨʠʤ ʵʣʝʤʝʥʪʳ ʚʝʢʪʦʨʥʦʡ ʘʣʛʝʙʨʳ. 
 

1.1. ʇʦʥʷʪʠʝ ʦ ʚʝʢʪʦʨʘʭ ʠ ʧʨʦʩʪʝʡʰʠʭ ʜʝʡʩʪʚʠʷʭ ʥʘʜ ʥʠʤʠ  

ɺʝʢʪʦʨʦʤ ʥʘʟʳʚʘʶʪ ʣʶʙʫʶ ʬʠʟʠʯʝʩʢʫʶ ʚʝʣʠʯʠʥʫ, ʠʤʝʶʱʫʶ ʥʝ ʪʦʣʴʢʦ ʯʠ-

ʩʣʦʚʦʝ ʟʥʘʯʝʥʠʝ, ʥʦ ʠ ʥʘʧʨʘʚʣʝʥʠʝ. ɼʚʦʡʥʘʷ ʩʤʳʩʣʦʚʘʷ ʥʘʛʨʫʟʢʘ ʚʝʢʪʦʨʘ ʭʦʨʦʰʦ 
ʚʠʜʥʘ ʧʨʠ ʪʘʢʦʡ ʟʘʧʠʩʠ ʚʝʢʪʦʨʥʦʡ ʚʝʣʠʯʠʥʳ a

C
: 

aaa
%C

, (1.1) 
ʛʜʝ ʯʠʩʣʦ ʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʘʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ ʚʝʢʪʦʨʘ ʘ

C
, ʘ ʤʥʦʞʠʪʝʣʴ ʘ

%
 ð ʝʛʦ 

ʥʘʧʨʘʚʣʝʥʠʝ. ɺʝʢʪʦʨ ʘ
%

 ʥʘʟʳʚʘʶʪ ʝʜʠʥʠʯʥʳʤ ʚʝʢʪʦʨʦʤ, ʧʦʩʢʦʣʴʢʫ ʚʝʣʠʯʠʥʘ ʝʛʦ 

ʨʘʚʥʘ ʝʜʠʥʠʮʝ. 
ɻʝʦʤʝʪʨʠʯʝʩʢʠ ʚʝʢʪʦʨʥʘʷ ʚʝʣʠʯʠʥʘ ʠʟʦʙʨʘʞʘʝʪʩʷ ʩʪʨʝʣʢʦʡ, ʦʧʷʪʴ-ʪʘʢʠ ʥʝʩʫ-

ʱʝʡ ʜʚʦʡʥʫʶ ʩʤʳʩʣʦʚʫʶ ʥʘʛʨʫʟʢʫ: ʜʣʠʥʘ ʩʪʨʝʣʢʠ ʦʧʨʝʜʝʣʷʝʪ ʘʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝ-
ʥʠʝ ʚʝʢʪʦʨʥʦʡ ʚʝʣʠʯʠʥʳ, ʘ ʥʘʧʨʘʚʣʝʥʠʝ ʫʢʘʟʳʚʘʝʪʩʷ ʩʪʨʝʣʢʦʡ. ʋʩʣʦʚʠʤʩʷ ʦʙʦ-

ʟʥʘʯʘʪʴ ʣʶʙʫʶ ʚʝʢʪʦʨʥʫʶ ʚʝʣʠʯʠʥʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʙʫʢʚʦʡ ʩʦ ʩʪʨʝʣʢʦʡ ʥʘʜ 

ʥʝʡ, ʘ ʤʦʜʫʣʴ ʚʝʢʪʦʨʘ ð ʪʦʡ ʞʝ ʙʫʢʚʦʡ, ʥʦ ʙʝʟ ʩʪʨʝʣʢʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, 
C

 ð ʵʪʦ 

ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ,  ʘ   ð ʤʦʜʫʣʴ ʩʢʦʨʦʩʪʠ, ʪʦ ʝʩʪʴ ʚʩʝʛʜʘ ʚʝʣʠʯʠʥʘ ʧʦʣʦʞʠʪʝʣʴ-

ʥʘʷ. 
ɼʝʡʩʪʚʠʷ ʥʘʜ ʚʝʢʪʦʨʘʤʠ ʚʚʝʜʝʥʳ ʜʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʥʘʙʣʶʜʘʝ-

ʤʳʭ ʷʚʣʝʥʠʡ. ʊʘʢ, ʥʘ ʨʠʩ. 1.1 ʠʟʦʙʨʘʞʝʥʘ ʟʘʜʘʯʘ, ʚ ʢʦʪʦʨʦʡ ʠʟ ʪʦʯʢʠ ɸ ʚ ʪʦʯʢʫ C 
ʤʦʞʥʦ ʧʨʦʡʪʠ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʥʘʧʨʠʤʝʨ, ʧʨʷʤʦ (ʚʝʢʪʦʨ c

C
) ʠ ʯʝʨʝʟ ʪʦʯʢʫ ɺ 

(ʨʠʩ.1.1ʘ). ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʪʦʯʢʫ ɺ ʨʝʟʫʣʴʪʘʪ ʙʫʜʝʪ ʪʘʢʦʡ ʞʝ ʧʦʵʪʦʤʫ 

ʚʝʢʪʦʨ c
C
ʨʘʚʝʥ ʩʫʤʤʝ ʚʝʢʪʦʨʦʚ ʘ

C
 ʠ b
C

: 

bac
CCC

. (1.2) 

ʈʠʩ. 1.1 

 
a
C

 

b
C

 
c
C

 

A B 

C   ʘ) ʙ) 

A B 

 

C 

c 
 b 

a 
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ɼʣʠʥʫ ʚʝʢʪʦʨʘ c
C
, ʪʦ ʝʩʪʴ ʘʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ ʦʪʨʝʟʢʘ ɸC ʤʦʞʥʦ ʥʘʡʪʠ, ʝʩʣʠ 

ʠʟʚʝʩʪʥʳ ʜʣʠʥʳ ʦʪʨʝʟʢʦʚ ɸB ʠ ɺC, ʪʦ ʝʩʪʴ ʟʥʘʷ a ʠ b (ʤʦʜʫʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 
ʚʝʢʪʦʨʦʚ). ɿʘʜʘʯʘ ʥʘʭʦʞʜʝʥʠʷ c ʪʨʝʙʫʝʪ, ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʥʦʚʦʛʦ ʯʝʨʪʝʞʘ (ʩʤ. 
ʨʠʩ.1.1ʙ), ʛʜʝ ʜʘʥʳ ʪʦʣʴʢʦ ʜʣʠʥʳ ʦʪʨʝʟʢʦʚ. ʇʦ ʪʝʦʨʝʤʝ ʢʦʩʠʥʫʩʦʚ 

c
2
 = a

2
 + b

2
 + 2abcosŬ, (1.3) 

ʛʜʝ  ð ʫʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ a
C

 ʠ b
C

.  
ʋʛʣʦʤ ʤʝʞʜʫ ʜʚʫʤʷ ʚʝʢʪʦʨʘʤʠ ʥʘʟʳʚʘʶʪ ʫʛʦʣ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʵʪʠʤʠ ʚʝʢʪʦʨʘ-

ʤʠ, ʧʨʦʚʝʜʝʥʥʳʤʠ ʠʟ ʦʜʥʦʡ ʪʦʯʢʠ. ʅʘ ʨʠʩ. 1.1ʘ ʧʦʢʘʟʘʥ ʥʝ ʫʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʘ-
ʤʠ, ʘ ʨʘʚʥʳʡ ʝʤʫ. ɽʩʣʠ ʧʦʣʴʟʦʚʘʪʴʩʷ  ʧʨʘʚʠʣʦʤ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ, ʪʦ ʥʘ ʯʝʨʪʝʞʝ 
ʤʦʞʥʦ ʫʢʘʟʘʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʝʛʦ ʦʧʨʝ-
ʜʝʣʝʥʠʶ (ʩʤ. ʨʠʩ. 1.1ʙ). ɺ ʪʝʦʨʝʤʝ ʢʦʩʠʥʫʩʦʚ (1.3) ʟʥʘʢ ʧʣʶʩ ʧʦʷʚʣʷʝʪʩʷ ʧʦʪʦʤʫ, 
ʯʪʦ ʩʪʦʨʦʥʘ ʩ ʣʝʞʠʪ ʧʨʦʪʠʚ ʫʛʣʘ (180

ʦ
ï ). 

ʆʧʝʨʘʮʠʷ ʩʣʦʞʝʥʠʷ ʚʝʢʪʦʨʦʚ, ʢʘʢ ʚʠʜʠʤ, ʪʨʝʙʫʝʪ ʜʣʷ ʝʸ ʚʳʧʦʣʥʝʥʠʷ ʜʚʫʭ 
ʫʨʘʚʥʝʥʠʡ. ʋʨʘʚʥʝʥʠʝ (1.2) ʬʦʨʤʘʣʴʥʦ ʟʘʜʘʸʪ ʚʝʢʪʦʨ-ʩʫʤʤʫ, ʘ ʫʨʘʚʥʝʥʠʝ (1.3) ʜʘ-
ʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʯʠʩʣʠʪʴ ʤʦʜʫʣʴ ʩʫʤʤʳ ʜʚʫʭ ʚʝʢʪʦʨʦʚ. ɿʘʤʝʪʠʤ, ʯʪʦ ʩʘʤʦ ʧʦ ʩʝ-

ʙʝ ʚʳʨʘʞʝʥʠʝ (1.2) ʥʝ ʟʘʜʘʸʪ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ c
C
, ʘ ʣʠʰʴ ʦʧʨʝʜʝʣʷʝʪ ʦʧʝʨʘ-

ʮʠʶ. ʕʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʩʣʝʜʫʝʪ ʜʦʧʦʣʥʠʪʴ ʧʨʘʚʠʣʦʤ ʩʣʦʞʝʥʠʷ: ʩʣʦʞʠʪʴ ʜʚʘ ʚʝʢ-
ʪʦʨʘ ð ʟʥʘʯʠʪ ʧʦʩʪʨʦʠʪʴ ʚʪʦʨʦʡ ʚʝʢʪʦʨ ʠʟ ʢʦʥʮʘ ʧʝʨʚʦʛʦ ʠ ʩʦʝʜʠʥʠʪʴ ʩʪʨʝʣ-
ʢʦʡ ʥʘʯʘʣʦ ʧʝʨʚʦʛʦ ʚʝʢʪʦʨʘ ʩ ʢʦʥʮʦʤ ʚʪʦʨʦʛʦ. ʇʫʥʢʪʠʨʦʤ ʥʘ ʨʠʩ. 1.1ʙ ʧʦʢʘʟʘʥʦ 

ʩʣʦʞʝʥʠʝ ʚʝʢʪʦʨʦʚ ʧʦ ʧʨʘʚʠʣʫ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ.  

ʕʪʦʪ ʞʝ ʨʠʩʫʥʦʢ ʠʣʣʶʩʪʨʠʨʫʝʪ ʠ ʚʳʯʠʪʘʥʠʝ ʚʝʢʪʦʨʦʚ: ʝʩʣʠ ʨʝʟʫʣʴʪʘʪ, ʪʦ ʝʩʪʴ 
ʧʫʪʴ ɸʉ, ʠʟʚʝʩʪʝʥ, ʘ ʧʨʦʡʜʝʥ ʧʫʪʴ ɸɺ, ʪʦ ʦʩʪʘʣʦʩʴ ʧʨʦʡʪʠ ʧʫʪʴ ɺʉ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ 

acb
CCC

. (1.4) 

ʆʪʩʶʜʘ ʚʳʪʝʢʘʝʪ ʧʨʘʚʠʣʦ ʚʳʯʠʪʘʥʠʷ ʚʝʢʪʦʨʦʚ: ʩʦʝʜʠʥʠʚ ʥʘʯʘʣʘ ʚʝʢʪʦʨʦʚ ʠ ʟʘʤʢ-
ʥʫʚ ʢʦʥʮʳ ʚ ʩʪʦʨʦʥʫ ʚʝʢʪʦʨʘ ʫʤʝʥʴʰʘʝʤʦʛʦ, ʧʦʣʫʯʠʤ ʚʝʢʪʦʨ ʨʘʟʥʦʩʪʠ. ɼʣʠʥʘ 
ʝʛʦ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʘ ʧʦ ʪʝʦʨʝʤʝ ʢʦʩʠʥʫʩʦʚ: 

cos2222 abcab . (1.5) 

ʉʥʦʚʘ ʟʘʜʘʯʘ ʥʘʭʦʞʜʝʥʠʷ ʚʝʢʪʦʨʥʦʡ ʚʝʣʠʯʠʥʳ b
C

 ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʜʚʘ ʜʝʡʩʪʚʠʷ: 
ʥʘʭʦʞʜʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʢʪʦʨʘ ʧʦ (1.4) ʠ ʝʛʦ ʤʦʜʫʣʷ  ʧʦ (1.5). 

ɿʜʝʩʴ ʫʤʝʩʪʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʨʘʱʝʥʠʝ  ʚʝʢʪʦʨʥʦʡ ʚʝʣʠʯʠʥʳ ð ʵʪʦ ʚʝʢʪʦʨ 

ʨʘʟʥʦʩʪʠ ʜʚʫʭ ʚʝʢʪʦʨʦʚ. ʊʘʢ, ʩʢʦʨʦʩʪʴ ð ʚʝʢʪʦʨʥʘʷ ʚʝʣʠʯʠʥʘ, ʠ ʝʸ ʠʟʤʝʥʝʥʠʝ 
(ʧʨʠʨʘʱʝʥʠʝ) ʙʫʜʝʪ ʪʦʞʝ ʚʝʢʪʦʨʥʦʡ ʚʝʣʠʯʠʥʦʡ: 

12

CCC
. (1.6) 

ʅʘʧʨʘʚʣʝʥʠʝ ʧʨʠʨʘʱʝʥʠʷ ʩʢʦʨʦʩʪʠ ʥʘʡʜʝʪʩʷ ʧʦ ʧʨʘʚʠʣʫ ʚʳʯʠʪʘʥʠʷ ʚʝʢʪʦʨʦʚ, 
ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝ ʙʫʜʝʪ ʩʦʚʧʘʜʘʪʴ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʠ ʚʝʢʪʦʨʘ-ʫʤʝʥʴʰʘʝʤʦʛʦ 

2

C
, ʥʠ ʚʝʢʪʦʨʘ-ʚʳʯʠʪʘʝʤʦʛʦ 1

C
. ɼʣʠʥʘ ʚʝʢʪʦʨʘ 

C
  ʟʘʧʠʩʳʚʘʝʪʩʷ  ʩ ʩʠʤʚʦʣʦʤ 

ʤʦʜʫʣʷ ð 
C
. ʅʝ ʩʣʝʜʫʝʪ ʧʫʪʘʪʴ ʝʛʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʜʣʠʥʳ ʚʝʢʪʦʨʘ 

C
, ʦʙʦʟʥʘ-

ʯʘʝʤʳʤ ʯʝʨʝʟ . ʅʝʪʨʫʜʥʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʝʩʣʠ ʚʝʢʪʦʨʳ ʥʘʧʨʘʚʣʝʥʳ ʚ ʦʜʥʫ ʩʪʦ-

ʨʦʥʫ ʠ ʜʣʠʥʘ ʚʝʢʪʦʨʘ 2

C
 ʙʦʣʴʰʝ ʜʣʠʥʳ ʚʝʢʪʦʨʘ 1

C
, ʪʦ ʧʨʠʨʘʱʝʥʠʝ ʩʢʦʨʦʩʪʠ ʩʦʚ-

ʧʘʜʸʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʢʦʨʦʩʪʝʡ. ɽʩʣʠ ʞʝ ʩʢʦʨʦʩʪʴ 2

C
 1

C
, ʪʦ ʧʨʠʨʘʱʝʥʠʝ ʙʫʜʝʪ 

ʦʪʨʠʮʘʪʝʣʴʥʦ, ʪʦ ʝʩʪʴ, ʥʘʧʨʘʚʣʝʥʦ ʚ ʩʪʦʨʦʥʫ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʜʚʠʞʝʥʠʶ. 
ɺʝʢʪʦʨʳ ʤʦʞʥʦ ʧʝʨʝʤʥʦʞʘʪʴ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: ʩʢʘʣʷʨʥʳʤ  ʠ ʚʝʢʪʦʨʥʳʤ.  
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ʉʢʘʣʷʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʜʚʫʭ ʚʝʢʪʦʨʦʚ ʝʩʪʴ ʯʠʩʣʦ, ʢʦʪʦʨʦʝ ʨʘʚʥʦ ʧʨʦʠʟʚʝʜʝ-
ʥʠʶ ʤʦʜʫʣʝʡ ʧʝʨʝʤʥʦʞʘʝʤʳʭ ʚʝʢʪʦʨʦʚ, ʫʤʥʦʞʝʥʥʦʤʫ ʥʘ ʢʦʩʠʥʫʩ ʫʛʣʘ ʤʝʞʜʫ 

ʥʠʤʠ:  

cosabbac
CC

. (1.7) 

ʉʢʘʣʷʨʥʦʝ ʫʤʥʦʞʝʥʠʝ ʚʝʢʪʦʨʦʚ ð ʝʜʠʥʩʪʚʝʥʥʳʡ ʩʣʫʯʘʡ ʜʝʡʩʪʚʠʷ ʥʘʜ ʚʝʢʪʦʨʘʤʠ, 
ʢʦʛʜʘ ʥʝ ʪʨʝʙʫʝʪʩʷ ʜʚʘ ʫʨʘʚʥʝʥʠʷ: ʚʝʜʴ ʧʦʣʫʯʘʝʤʳʡ ʨʝʟʫʣʴʪʘʪ ð ʩʢʘʣʷʨ! 

ʈʝʟʫʣʴʪʘʪʦʤ ʚʝʢʪʦʨʥʦʛʦ ʫʤʥʦʞʝʥʠʷ ʚʝʢʪʦʨʦʚ ʙʫʜʝʪ ʚʝʢʪʦʨ, ʥʘʧʨʘʚʣʝʥʠʝ ʢʦ-
ʪʦʨʦʛʦ ʥʘʭʦʜʠʪʩʷ ʧʦ ʧʨʘʚʠʣʫ: ʚʝʢʪʦʨ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ʜʚʫʭ ʚʝʢʪʦʨʦʚ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ ʧʣʦʩʢʦʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʣʝʞʘʪ ʚʝʢʪʦʨʳ-ʩʦʤʥʦʞʠʪʝʣʠ. ʅʘʧʨʘʚ-
ʣʝʥʠʝ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʩʪʫʧʘʪʝʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ ʙʫ-
ʨʘʚʯʠʢʘ, ʝʩʣʠ ʛʦʣʦʚʢʫ ʚʨʘʱʘʪʴ ʦʪ ʧʝʨʚʦʛʦ ʩʦʤʥʦʞʠʪʝʣʷ ʢʦ ʚʪʦʨʦʤʫ (ʨʠʩ. 1.2). 

ɿʘʧʠʩʳʚʘʝʪʩʷ ʚʝʢʪʦʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: 

bac
CCC

, ,      ʣʠʙʦ bac
CCC

. (1.8) 

ʆʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (1.7), ʫʢʘʟʳʚʘʶʱʝʛʦ ʦʧʝʨʘʮʠʶ, 

ʚʥʦʚʴ ʥʝʜʦʩʪʘʪʦʯʥʦ: ʚʝʜʴ ʩʣʝʜʫʝʪ ʫʢʘʟʘʪʴ ʠ ʚʝʣʠʯʠʥʫ ʵʪʦʛʦ 
ʚʝʢʪʦʨʘ. ʆʥʘ ʥʘʭʦʜʠʪʩʷ ʧʦ ʧʨʘʚʠʣʫ: 

sinabc , (1.9) 

ʛʜʝ  ð ʫʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ-ʩʦʤʥʦʞʠʪʝʣʷʤʠ. 

ɺ ʤʝʭʘʥʠʢʝ ʧʨʠʭʦʜʠʪʩʷ ʠʤʝʪʴ ʜʝʣʦ ʝʱʸ ʠ ʩ ʜʚʦʡʥʳʤ 
ʚʝʢʪʦʨʥʳʤ ʧʨʦʠʟʚʝʜʝʥʠʝʤ, ʥʦ ʵʪʦ ʧʨʘʚʠʣʦ ʙʫʜʝʪ ʜʘʥʦ ʚ 

ʪʝʢʩʪʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʣʝʢʮʠʠ.  
ʂʨʦʤʝ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʩ ʚʝʢʪʦʨʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʯʘʩʪʦ ʙʳʚʘʝʪ 

ʥʫʞʥʦ ʥʘʭʦʜʠʪʴ ʧʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ ʥʘ ʦʩʠ ʢʦʦʨʜʠʥʘʪ, ʠʣʠ ʚʳʨʘʞʘʪʴ ʚʝʢʪʦʨ ʯʝʨʝʟ 
ʝʛʦ ʧʨʦʝʢʮʠʠ. ʈʘʩʩʤʦʪʨʠʤ ʜʚʫʤʝʨʥʳʡ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʚʝʢʪʦʨ a

C
ʣʝʞʠʪ ʚ ʧʣʦʩʢʦʩʪʠ 

XOY  ʠ ʩʦʩʪʘʚʣʷʝʪ ʫʛʦʣ  ʩ ʦʩʴʶ ʆʍ (ʨʠʩ. 1.3). ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩʫʥʢʘ, ʫʛʦʣ  ʤʝʞ-

ʜʫ ʚʝʢʪʦʨʦʤ  ʠ ʦʩʴʶ ʆY ʙʫʜʝʪ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʚʝʥ  (90
ʦ 

 ). ʇʨʦʝʢʮʠʷʤʠ ʜʘʥʥʦʛʦ 

ʚʝʢʪʦʨʘ ʥʘ ʦʩʠ ʢʦʦʨʜʠʥʘʪ ʙʫʜʫʪ ʯʠʩʣʘ  ax  ʠ  ay, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʝʣʠʯʠʥʦʡ 

ʚʝʢʪʦʨʘ ʠ ʫʛʣʦʤ . ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ (ʩʤ. ʨʠʩ. 1.3) 

ax  acos ;       ay  ð asin . (1.10) 

ɺʝʢʪʦʨ ʯʝʨʝʟ ʝʛʦ ʧʨʦʝʢʮʠʠ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʢʘʢ 
ʩʫʤʤʫ ʚʝʢʪʦʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʫʤʥʦʞʝʥʠʝʤ ʧʨʦʝʢ-

ʮʠʡ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʝʜʠʥʠʯʥʳʝ ʚʝʢʪʦʨʳ i
C

 ʠ 

j
C
,  ʠ ʦʧʨʝʜʝʣʷʶʱʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ: 

jaiaa yx

CCC
. (1.11) 

ʄʦʜʫʣʴ ʚʝʢʪʦʨʘ ʣʝʛʢʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʝʨʝʟ ʝʛʦ ʧʨʦ-

ʝʢʮʠʠ ʧʦ ʪʝʦʨʝʤʝ ʇʠʬʘʛʦʨʘ: 
222

yx aaa . (1.12) 

ɺ ʪʨʸʭʤʝʨʥʦʤ ʩʣʫʯʘʝ ʧʨʦʝʢʮʠʡ ʚʝʢʪʦʨʘ ʙʫʜʝʪ ʪʨʠ, ʠ ʚ ʩʫʤʤʘʭ (1.11) ʠ (1.12) ʜʦ-

ʙʘʚʠʪʩʷ ʧʨʦʝʢʮʠʷ az c ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʝʜʠʥʠʯʥʳʤ ʚʝʢʪʦʨʦʤ k
C

. 
ʅʘʙʦʨ ʩʚʝʜʝʥʠʡ ʠʟ ʚʝʢʪʦʨʥʦʡ ʘʣʛʝʙʨʳ, ʠʩʧʦʣʴʟʫʝʤʳʭ  ʚ ʬʠʟʠʢʝ, ʵʪʠʤ ʢʨʘʪʢʠʤ 

ʟʥʘʢʦʤʩʪʚʦʤ ʥʝ ʟʘʢʘʥʯʠʚʘʝʪʩʷ. ʄʳ ʧʨʦʜʦʣʞʠʤ ʝʛʦ ʚʦ ʚʪʦʨʦʡ ʯʘʩʪʠ.  

ʈʠʩ. 1.2 
 

a
C

 

b
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2. ʂʀʅɽʄɸʊʀʂɸ 

2.1. ʂʠʥʝʤʘʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ 

ɺ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʤ ʩʣʫʯʘʝ ʚʩʝ ʪʦʯʢʠ ʪʝʣʘ ʜʚʠʞʫʪʩʷ ʦʜʠʥʘʢʦʚʦ. ʊʘʢʦʝ 
ʜʚʠʞʝʥʠʝ ʥʘʟʳʚʘʶʪ ʧʦʩʪʫʧʘʪʝʣʴʥʳʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʝʩʪʴ ʩʤʳʩʣ ʧʨʝʥʝʙʨʝʯʴ 
ʬʦʨʤʦʡ ʠ ʨʘʟʤʝʨʘʤʠ ʪʝʣʘ ʠ ʛʦʚʦʨʠʪʴ ʦ ʜʚʠʞʝʥʠʠ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ. 

ʈʘʟʫʤʝʝʪʩʷ, ʪʘʢʦʝ ʜʦʧʫʱʝʥʠʝ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʥʷʪʦ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʪʝʣʦ, 
ʥʘʧʨʠʤʝʨ, ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ, ʠ ʨʘʟʤʝʨʳ ʪʝʣʘ ʩʨʘʚʥʠʤʳ ʩ ʝʛʦ ʧʝʨʝʤʝʱʝʥʠʝʤ. 

ʀʩʭʦʜʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʜʚʠʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʝʨʝʤʝʱʝʥʠʝ r
C
, ʪʦ ʝʩʪʴ ʚʝʢ-

ʪʦʨ, ʧʨʦʚʝʜʸʥʥʳʡ ʠʟ ʪʦʯʢʠ 1, ʚ ʢʦʪʦʨʦʡ ʪʝʣʦ ʥʘʭʦʜʠʣʦʩʴ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t1,  ʚ 

ʪʦʯʢʫ 2,  ʚ ʢʦʪʦʨʦʡ  ʪʝʣʦ ʦʢʘʟʘʣʦʩʴ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t2 = t1 + t  (ʨʠʩ. 2.1). ʇʦʣʦ-

ʞʝʥʠʝ ʪʝʣʘ ʥʘ ʵʪʦʤ ʨʠʩʫʥʢʝ ʟʘʜʘʸʪʩʷ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʦʤ r
C
, ʢʦʪʦʨʳʡ ʧʨʠ ʜʚʠʞʝʥʠʠ 

ʪʦʯʢʠ ʠʟʤʝʥʷʝʪʩʷ, ʪʦ ʝʩʪʴ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʚʨʝʤʝʥʠ tr
C
. ʀʟ ʨʠʩ. 2.1 ʦʯʝʚʠʜʥʦ, 

ʯʪʦ ʚʝʢʪʦʨ ʧʝʨʝʤʝʱʝʥʠʷ ʨʘʚʝʥ ʨʘʟʥʦʩʪʠ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʦʚ 1r
C

 ʠ 2r
C

: 

12 rrr
CCC

. (2.1) 

ʌʫʥʢʮʠʝʡ ʚʨʝʤʝʥʠ ʙʫʜʝʪ ʪʘʢʞʝ ʧʫʪʴ s, ʪʦ ʝʩʪʴ ʨʘʩʩʪʦʷʥʠʝ, ʧʨʦʡʜʝʥʥʦʝ ʪʝʣʦʤ 

ʧʦ ʩʚʦʝʡ ʪʨʘʝʢʪʦʨʠʠ ʩ ʤʦʤʝʥʪʘ ʥʘʯʘʣʘ ʜʚʠʞʝʥʠʷ. ɿʘ ʚʨʝʤʷ t  ʪʝʣʦ ʩʦʚʝʨʰʘʝʪ 

ʧʝʨʝʤʝʱʝʥʠʝ r
C
 ʠ ʧʨʦʭʦʜʠʪ ʧʫʪʴ s, ʨʘʚʥʳʡ ʜʣʠʥʝ ʜʫʛʠ ʤʝʞʜʫ ʪʦʯʢʘʤʠ 1 ʠ 2 

(ʩʤ. ʨʠʩ. 2.1). ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʧʝʨʝʤʝʱʝʥʠʷ ʚʩʝʛʜʘ ʤʝʥʴʰʝ ʧʨʦʡʜʝʥʥʦʛʦ 
ʧʫʪʠ, ʢʨʦʤʝ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʪʝʣʦ ʜʚʠʞʝʪʩʷ ʧʦ ʧʨʷʤʦʡ ʚ ʦʜʥʫ ʩʪʦʨʦʥʫ:  

sr
C

. (2.2) 

(ʅʘʧʨʠʤʝʨ, ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʪʦʯʢʘ ʧʨʦʭʦʜʠʪ ʟʘ ʦʜʠʥ ʦʙʦʨʦʪ ʧʫʪʴ, 
ʨʘʚʥʳʡ ʜʣʠʥʝ ʦʢʨʫʞʥʦʩʪʠ, ʪʦʛʜʘ ʢʘʢ ʧʝʨʝʤʝʱʝʥʠʝ ʧʨʠ ʵʪʦʤ ʨʘʚʥʦ ʥʫʣʶ). ʇʨʠ 

ʫʤʝʥʴʰʝʥʠʠ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ ʜʣʠʥʘ ʜʫʛʠ (ʧʫʪʴ) ʠ ʜʣʠʥʘ ʭʦʨʜʳ (ʤʦʜʫʣʴ ʧʝʨʝ-
ʤʝʱʝʥʠʷ) ʫʤʝʥʴʰʘʶʪʩʷ, ʠ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʥʠʤʠ ʩʪʘʥʦʚʠʪʴʩʷ ʚʩʸ ʤʝʥʴʰʝ. ɺ ʧʨʝʜʝ-

ʣʝ, ʧʨʠ t  0, ʚʝʣʠʯʠʥʘ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʧʫʪʴ ʩʪʘʥʦʚʷʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳ-

ʤʠ, ʪʦ ʝʩʪʴ 

dsrd
C

. (2.3) 

   1 

        ʈʠʩ. 2.1 
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ʇʦʣʦʞʝʥʠʝ ʪʦʯʢʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʦʞʥʦ ʟʘʜʘ-
ʚʘʪʴ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʥʝ ʪʦʣʴʢʦ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʦʤ, ʥʦ ʠ 

ʪʨʝʤʷ ʯʠʩʣʘʤʠ ð ʢʦʦʨʜʠʥʘʪʘʤʠ ʪʦʯʢʠ. ɺ ʩʣʫʯʘʝ 
ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʡ ð ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʳ 
ʢʦʦʨʜʠʥʘʪ,  ʢʦʦʨʜʠʥʘʪʳ  x, y, z ʪʦʯʢʠ ʙʫʜʫʪ ʨʘʚʥʳ 

ʧʨʦʝʢʮʠʷʤ ʚʝʢʪʦʨʘ r
C

 ʥʘ ʦʩʠ ʢʦʦʨʜʠʥʘʪ rx, ry, rz, ʝʩʣʠ 
ʨʘʜʠʫʩ-ʚʝʢʪʦʨ ʧʨʦʚʝʜʸʥ ʠʟ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ. ʅʘ  

ʨʠʩ. 2.2. ʧʨʝʜʩʪʘʚʣʝʥ  ʩʣʫʯʘʡ, ʢʦʛʜʘ ʪʦʯʢʘ ʜʚʠʞʝʪʩʷ ʚ 
ʧʣʦʩʢʦʩʪʠ ʠ ʜʣʷ ʟʘʜʘʥʠʷ ʝʸ ʧʦʣʦʞʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ 

ʜʚʫʭ ʢʦʦʨʜʠʥʘʪ: x  rcos ;  y  rsin . 

ʅʘʧʦʤʥʠʤ, ʯʪʦ ʚ ʪʨʸʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʨʘʜʠʫʩ-ʚʝʢʪʦʨ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜ-
ʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʩʫʤʤʳ ʪʨʸʭ ʚʝʢʪʦʨʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʚʜʦʣʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʩʝʡ 

ʢʦʦʨʜʠʥʘʪ. ɺ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ  

kzjyixr
CCCC

, (2.4) 

ʛʜʝ kji
CCC

,,  ð ʝʜʠʥʠʯʥʳʝ ʚʝʢʪʦʨʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʚʜʦʣʴ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ. ʄʦʜʫʣʴ 

ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ, ʪʦ ʝʩʪʴ ʨʘʩʩʪʦʷʥʠʝ ʪʦʯʢʠ ʦʪ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ, ʩʚʷʟʘʥ ʩ ʢʦʦʨʜʠʥʘ-
ʪʘʤʠ ʪʦʯʢʠ ʩʦʦʪʥʦʰʝʥʠʝʤ 

r
2
 = x

2
 + y

2
 + z

2
. (2.5) 

ɽʩʣʠ ʪʦʯʢʘ ʜʚʠʞʝʪʩʷ, ʪʦ ʝʸ ʢʦʦʨʜʠʥʘʪʳ ʠʟʤʝʥʷʶʪʩʷ ʠ ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʷʤʠ 

ʚʨʝʤʝʥʠ x(t), y(t), z(t). 
ʋʪʦʯʥʠʤ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ ʧʝʨʝʤʝʱʝʥʠʷ. 

ɽʩʪʝʩʪʚʝʥʥʦ, ʢʦʛʜʘ ʪʦʯʢʘ ʜʚʠʞʝʪʩʷ ʧʦ ʧʨʷʤʦʡ, 
ʵʪʦʪ ʚʝʢʪʦʨ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʚʠʞʝʥʠʷ, ʩ 
ʪʨʘʝʢʪʦʨʠʝʡ (ʪʨʘʝʢʪʦʨʠʝʡ ʥʘʟʳʚʘʶʪ ʩʣʝʜ, ʦʩʪʘʚ-

ʣʝʥʥʳʡ ʪʦʯʢʦʡ ʧʨʠ ʝʸ ʜʚʠʞʝʥʠʠ). ɽʩʣʠ ʞʝ ʪʨʘʝʢ-
ʪʦʨʠʷ ʢʨʠʚʦʣʠʥʝʡʥʘʷ (ʨʠʩ. 2.3), ʝʜʠʥʳʡ ʚʝʢʪʦʨ r

C
 

ʫʢʘʟʘʪʴ ʥʝʚʦʟʤʦʞʥʦ, ʪʦʛʜʘ ʪʨʘʝʢʪʦʨʠʶ ʩʣʝʜʫʝʪ 
ʨʘʟʙʠʪʴ ʥʘ ʵʣʝʤʝʥʪʳ, ʩʪʦʣʴ ʤʘʣʳʝ, ʯʪʦ ʢʘʞʜʳʡ 

ʵʣʝʤʝʥʪ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʟʘ ʦʪʨʝʟʦʢ ʧʨʷʤʦʡ. 
ɹʳʩʪʨʦʪʘ ʜʚʠʞʝʥʠʷ ð ʩʢʦʨʦʩʪʴ ð ʙʫʜʝʪ ʚʪʦʨʦʡ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʦʡ ʜʚʠʞʝʥʠʷ. ʆʥʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʛʦ 
ʧʝʨʝʤʝʱʝʥʠʷ rd

C
ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʧʨʦʤʝʞʫʪʢʫ ʚʨʝʤʝʥʠ: 

dt

rd
C

C
  ʠ  

dt

ds

dt

rd
C

. (2.6) 

ʀʥʘʯʝ ʛʦʚʦʨʷ, ʩʢʦʨʦʩʪʴ ʪʦʯʢʠ ʝʩʪʴ ʧʨʦʠʟʚʦʜʥʘʷ ʧʦ ʚʨʝʤʝʥʠ ʦʪ ʨʘʜʠʫʩ-

ʚʝʢʪʦʨʘ  r
C

 ʵʪʦʡ ʪʦʯʢʠ. ɺʝʣʠʯʠʥʫ ʩʢʦʨʦʩʪʠ, ʪʦ ʝʩʪʴ ʤʦʜʫʣʴ ʚʝʢʪʦʨʘ 
C
, ʦʧʨʝʜʝ-

ʣʷʶʪ ʢʘʢ ʧʨʦʠʟʚʦʜʥʫʶ ʦʪ ʧʫʪʠ s  ʧʦ ʚʨʝʤʝʥʠ t. ʅʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ 
C

 ʩʦʚʧʘʜʘʝʪ 

ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ rd
C
, ʪʦ ʝʩʪʴ ʩʢʦʨʦʩʪʴ  ʪʦʯʢʠ ʥʘʧʨʘʚʣʝʥʘ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʪʨʘʝʢ-

ʪʦʨʠʠ. ʅʘʧʦʤʥʠʤ, ʯʪʦ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʟʘʧʠʩʝʡ ʧʨʦʠʟʚʦʜʥʫʶ ʧʦ ʚʨʝʤʝʥʠ ʦʙʦʟʥʘ-

ʯʘʶʪ ʪʦʯʢʦʡ ʥʘʜ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʦʡ ʬʫʥʢʮʠʝʡ, ʥʘʧʨʠʤʝʨ, ʚʤʝʩʪʦ ds/dt ʧʠʰʝʤ s#, 
ʚʤʝʩʪʦ dx/dt ð x# ʠ ʪʘʢ ʜʘʣʝʝ. 

rd
C

 
1

C
 

rd
C

 

2

C
 

ʈʠʩ. 2.3 

 

r
C
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ʊʘʢ ʢʘʢ ʧʨʦʠʟʚʦʜʥʘʷ ʦʪ ʩʫʤʤʳ ʨʘʚʥʘ ʩʫʤʤʝ ʧʨʦʠʟʚʦʜʥʳʭ, ʪʦ, ʜʠʬʬʝʨʝʥʮʠʨʫʷ 

ʨʘʜʠʫʩ-ʚʝʢʪʦʨ (2.4) ʧʦ ʚʨʝʤʝʥʠ, ʧʦʣʫʯʘʝʤ ʩʚʷʟʴ ʤʝʞʜʫ ʩʢʦʨʦʩʪʴʶ ʠ ʝʸ ʧʨʦʝʢʮʠʷ-
ʤʠ ʥʘ ʦʩʠ ʢʦʦʨʜʠʥʘʪ: 

kji zyx

CCCC
;     2222

zyx
,     (2.7) 

ʛʜʝ zyx zyx
### ;;  ð ʧʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʥʘ ʦʩʠ ʢʦʦʨʜʠʥʘʪ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ ʝʸ ʩʢʦʨʦʩʪʴ ʥʝ ʦʩʪʘʸʪʩʷ ʥʝʠʟ-

ʤʝʥʥʦʡ, ʘ ʥʝʧʨʝʨʳʚʥʦ ʤʝʥʷʝʪʩʷ, ʧʨʠʯʸʤ ʠʟʤʝʥʝʥʠʷ ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʢʘʢ ʧʦ ʚʝ-

ʣʠʯʠʥʝ, ʪʘʢ ʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ. ʅʘʟʦʚʸʤ ʫʩʢʦʨʝʥʠʝʤ ʙʳʩʪʨʦʪʫ ʠʟʤʝʥʝʥʠʷ ʚʝʢʪʦʨʘ 
ʩʢʦʨʦʩʪʠ, ʪʦ ʝʩʪʴ ʦʪʥʦʰʝʥʠʝ ʧʨʠʨʘʱʝʥʠʷ ʩʢʦʨʦʩʪʠ ʢ ʧʨʠʨʘʱʝʥʠʶ ʚʨʝʤʝʥʠ:  

dt

d
a

C
C

. 
(2.8) 

ɿʜʝʩʴ 
C

d  ð ʧʨʠʨʘʱʝʥʠʝ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʟʘ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʡ ʧʨʦʤʝʞʫʪʦʢ 
ʚʨʝʤʝʥʠ dt. 

ɺ ʢʦʦʨʜʠʥʘʪʥʦʡ ʟʘʧʠʩʠ 

kajaiaa zyx

CCCC
;     2222

zyx aaaa ,     (2.9) 

ʛʜʝ zayaxa zzyyxx
######### ;;  ð ʧʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ ʫʩʢʦʨʝʥʠʷ ʥʘ ʦʩʠ 

ʢʦʦʨʜʠʥʘʪ. 

ʋʩʢʦʨʝʥʠʝ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʧʦ (2.7), ʥʘʟʳʚʘʶʪ ʧʦʣʥʳʤ ʫʩʢʦʨʝʥʠʝʤ. ʅʘʧʨʘʚʣʝ-

ʥʠʝ ʧʦʣʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʝʢʪʦʨʘ 
C

d  ð ʚʝʢʪʦʨʘ ʧʨʠʨʘ-
ʱʝʥʠʷ ʩʢʦʨʦʩʪʠ.  

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʪʦʯʢʘ ʜʚʠʞʝʪʩʷ ʧʦ ʢʨʠʚʦʡ ʠ ʚʝʣʠʯʠʥʘ ʝʸ ʩʢʦʨʦʩʪʠ ʠʟ-

ʤʝʥʷʝʪʩʷ, ʚʝʢʪʦʨ 
C

d , ʘ, ʟʥʘʯʠʪ, ʠ ʚʝʢʪʦʨ ʫʩʢʦʨʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʳ ʧʦʜ ʧʨʦʠʟʚʦʣʴ-

ʥʳʤ ʫʛʣʦʤ ʢ ʪʨʘʝʢʪʦʨʠʠ (ʨʠʩ. 2.4). ʅʘ ʨʠʩʫʥʢʝ ʨʘʟʥʦʩʪʴ ʩʢʦʨʦʩʪʝʡ ʥʘʡʜʝʥʘ ʧʝʨʝ-

ʥʦʩʦʤ ʚʝʢʪʦʨʘ  
CC

1  ʚ ʥʘʯʘʣʦ ʚʝʢʪʦʨʘ )(2

CCC
d . ʋʛʦʣ ʥʘʢʣʦʥʘ 

C
d  ʢ ʪʨʘʝʢ-

ʪʦʨʠʠ ʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʚʝʢʪʦʨ 2

C
 ʜʣʠʥʥʝʝ ʠʣʠ ʢʦʨʦʯʝ, 

ʯʝʤ  ʚʝʢʪʦʨ 1

C
. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʜʚʠʞʝʥʠʝ ʪʦʯʢʠ ʧʨʦʠʩʭʦʜʠʪ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʜʣʠʥʳ ʚʝʢʪʦʨʘ 

ʩʢʦʨʦʩʪʠ, ʪʦ ʝʩʪʴ ʪʦʯʢʘ ʜʚʠʞʝʪʩʷ ʩ ʧʦʩʪʦʷʥʥʦʡ (ʧʦ ʚʝʣʠʯʠʥʝ!) ʩʢʦʨʦʩʪʴʶ. ʊʦʛʜʘ 

C
d  

nd
C

 

2

C
 

   

1

C
 

ʈʠʩ. 2.4 

a
C

 

C
d  

      1 
      2 
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ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʚʝʢʪʦʨʘ ʧʨʠʨʘʱʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚ ʪʦʯʢʝ 2 ʩʣʝʜʫʝʪ ʦʪʣʦʞʠʪʴ ʚʝʢʪʦʨ 

ʪʦʡ ʞʝ ʜʣʠʥʳ, ʯʪʦ ʠ ʚ ʪʦʯʢʝ 1. ɺʥʦʚʴ ʩʦʝʜʠʥʠʚ ʢʦʥʮʳ ʚʝʢʪʦʨʦʚ, ʧʦʣʫʯʠʤ ʚʝʢʪʦʨ 

ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ. ʆʥ ʥʝ ʨʘʚʝʥ ʥʫʣʶ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʝʠʟʤʝʥʥʦʩʪʴ ʚʝʣʠʯʠʥʳ 

ʩʢʦʨʦʩʪʠ, ʤʝʥʷʣʦʩʴ ʪʦʣʴʢʦ ʝʸ ʥʘʧʨʘʚʣʝʥʠʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʝʢʪʦʨ nd
C

 (ʩʤ. ʨʠʩ. 

2.4) ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠʤʝʥʥʦ ʵʪʦ ʠʟʤʝʥʝʥʠʝ. ʕʪʦʪ ʚʝʢʪʦʨ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʦʣʫʯʝʥʥʦʛʦ 

ʚʳʰʝ ʧʨʠʨʘʱʝʥʠʷ 
C

d  ʠ ʧʦ ʚʝʣʠʯʠʥʝ ʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ, ʠ ʝʤʫ ʧʨʠʩʚʦʝʥ ʠʥʜʝʢʩ n, 

ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʭ ʠʟʤʝʥʝʥʠʷʭ ʚʝʢʪʦʨ nd
C

 ʧʨʘʢʪʠʯʝʩʢʠ ʧʝʨʧʝʥʜʠ-

ʢʫʣʷʨʝʥ ʚʝʢʪʦʨʫ ʩʢʦʨʦʩʪʠ. ʇʦʜʝʣʠʚ ʵʪʦ ʥʦʨʤʘʣʴʥʦʝ (ʪʦ ʝʩʪʴ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʝ 

ʩʢʦʨʦʩʪʠ) ʧʨʠʨʘʱʝʥʠʝ ʩʢʦʨʦʩʪʠ ʥʘ ʧʨʠʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ, ʧʦʣʫʯʠʤ ʫʩʢʦʨʝʥʠʝ, ʢʦ-
ʪʦʨʦʝ ʥʘʟʦʚʸʤ ʥʦʨʤʘʣʥɹʳʤ:  

        
dt

d
a n

n

C
C

. (2.10) 

ʅʦʨʤʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʙʫʜʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʪʦʣʴʢʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʥʘʧʨʘʚʣʝʥʠʷ 
ʩʢʦʨʦʩʪʠ.  

ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʪʫ ʩʦʩʪʘʚʣʷʶʱʫʶ ʚʝʢʪʦʨʘ 
C

d , ʢʦʪʦʨʘʷ ʧʘʨʘʣʣʝʣʴʥʘ ʩʢʦ-

ʨʦʩʪʠ ð ʚʝʢʪʦʨ 
C

d  (ʩʤ. ʨʠʩ. 2.4), ʜʣʠʥʘ ʢʦʪʦʨʦʛʦ ddd
CCCC

)(  ʨʘʚʥʘ 

ʨʘʟʥʦʩʪʠ ʜʣʠʥ  ʚʝʢʪʦʨʦʚ ʚʪʦʨʦʡ ʠ ʧʝʨʚʦʡ ʩʢʦʨʦʩʪʠ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʵʪʘ ʯʘʩʪʴ ʧʦʣ-

ʥʦʛʦ ʧʨʠʨʘʱʝʥʠʷ ʩʢʦʨʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʩʢʦʨʦʩʪʠ, ʢʦʪʦʨʦʝ 

ʧʨʦʠʟʦʰʣʦ ʟʘ ʚʨʝʤʷ ʧʝʨʝʤʝʱʝʥʠʷ ʪʦʯʢʠ  ʠʟ 1 ʚ 2. ʇʨʠʩʚʦʠʤ ʝʤʫ ʠʥʜʝʢʩ  Ű  ʠ, ʧʦ-
ʜʝʣʠʚ ʥʘ ʧʨʠʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ, ʧʦʣʫʯʠʤ ʪʘʥʛʝʥʮʠʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ 

        
dt

d
a

C
C

. (2.11) 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʪʘʥʛʝʥʮʠʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʙʳʩʪʨʦʪʫ ʠʟʤʝʥʝʥʠʷ 

ʤʦʜʫʣʷ ʩʢʦʨʦʩʪʠ (ʜʣʠʥʳ ʚʝʢʪʦʨʘ 
C
), ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʝʣʠʯʠʥʘ  ʚʝʢʪʦʨʘ a

C
, ʘ ʪʦʯ-

ʥʝʝ, ʝʛʦ ʧʨʦʝʢʮʠʷ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʩʢʦʨʦʩʪʠ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʧʨʦʠʟʚʦʜʥʘʷ ʦʪ ʤʦ-

ʜʫʣʷ ʩʢʦʨʦʩʪʠ ʧʦ ʚʨʝʤʝʥʠ: 

dt

d
a . (2.12) 

ʇʦʩʣʝʜʥʝʝ ʫʨʘʚʥʝʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ a  ʤʦʞʝʪ ʠʤʝʪʴ ʟʥʘʢ: ʦʥʦ ʙʫʜʝʪ ʧʦʣʦ-

ʞʠʪʝʣʴʥʳʤ, ʝʩʣʠ ʩʢʦʨʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤ, ʝʩʣʠ ʩʢʦʨʦʩʪʴ 

ʫʤʝʥʴʰʘʝʪʩʷ, ʪʘʢ ʢʘʢ ʚ ʵʪʦʤ ʩʣʫʯʘʝ d  ð ʧʨʠʨʘʱʝʥʠʝ ʤʦʜʫʣʷ  ʩʢʦʨʦʩʪʠ ð ʦʪʨʠ-

ʮʘʪʝʣʴʥʦ. ɼʚʠʞʝʥʠʝ ʩ ʫʙʳʚʘʶʱʝʡ ʩʢʦʨʦʩʪʴʶ ʥʘʟʳʚʘʝʪʩʷ ʟʘʤʝʜʣʝʥʥʳʤ. ʆʯʝʚʠʜ-

ʥʦ, ʯʪʦ ʧʨʠ ʟʘʤʝʜʣʝʥʥʦʤ ʜʚʠʞʝʥʠʠ ʚʝʢʪʦʨ ʪʘʥʛʝʥʮʠʘʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʥʘʧʨʘʚʣʝʥ 
ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʚʝʢʪʦʨʫ ʩʢʦʨʦʩʪʠ. 

ʉʫʜʷ ʧʦ ʨʠʩ. 2.4, ʚʝʢʪʦʨ ʧʨʠʨʘʱʝʥʠʷ ʩʢʦʨʦʩʪʠ ʨʘʚʝʥ ʩʫʤʤʝ ʧʨʠʨʘʱʝʥʠʡ, ʭʘ-

ʨʘʢʪʝʨʠʟʫʶʱʠʭ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦ ʚʝʣʠʯʠʥʝ ʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ: 
CCC

ddd n . ʆʯʝʚʠʜʥʦ, ʚʝʢʪʦʨʳ ʫʩʢʦʨʝʥʠʡ ʩʦʦʪʥʦʩʷʪʩʷ ʪʘʢ ʞʝ: 

aaa n

CCC
. (2.13) 
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2.2. ʅʦʨʤʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ. ɽʛʦ ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʤʦʜʫʣʴ.  
ʄʦʜʫʣʴ ʧʦʣʥʦʛʦ ʫʩʢʦʨʝʥʠʷ 

ʅʘʡʜʸʤ ʚʝʣʠʯʠʥʫ ʥʦʨʤʘʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ, ʨʘʩʩʤʦʪʨʝʚ ʨʘʚʥʦʤʝʨʥʦʝ ʜʚʠʞʝʥʠʝ 
ʪʦʯʢʠ ʧʦ ʦʢʨʫʞʥʦʩʪʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʪʘʥʛʝʥʮʠʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʨʘʚʥʦ ʥʫʣʶ, ʠ 
ʧʦʣʥʦʝ ʫʩʢʦʨʝʥʠʝ ʪʦʯʢʠ ʨʘʚʥʦ ʥʦʨʤʘʣʴʥʦʤʫ ʫʩʢʦʨʝʥʠʶ:  

dt

d
aan

C
C

. (2.14) 

ʇʫʩʪʴ ʪʦʯʢʘ ʜʚʠʞʝʪʩʷ ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʦʤ R  ʩ ʧʦʩʪʦʷʥʥʦʡ ʧʦ ʚʝʣʠʯʠʥʝ 

ʩʢʦʨʦʩʪʴʶ  (ʨʠʩ. 2.5). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʠʥʳ ʚʝʢʪʦʨʦʚ ʩʢʦʨʦʩʪʠ ʦʩʪʘʶʪʩʷ ʥʝʠʟ-

ʤʝʥʥʳʤʠ, ʤʝʥʷʝʪʩʷ ʪʦʣʴʢʦ ʠʭ ʥʘʧʨʘʚʣʝʥʠʝ, ʠ ʫʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ 
C

 ʠ 
C

d  ʪʘʢ-
ʞʝ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʠ ʩʦʩʪʘʚʣʷʝʪ ʧʨʘʢʪʠʯʝʩʢʠ 90Á (ʩʤ. ʨʠʩ. 2.5ʘ). 

 ɽʩʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠʟʦʙʨʘʟʠʪʴ 
ʚʝʢʪʦʨʳ ʩʢʦʨʦʩʪʠ ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ ʦʢʨʫʞ-

ʥʦʩʪʠ (ʥʘ ʨʠʩ. 2.5ʙ ʦʥʠ ʠʟʦʙʨʘʞʝʥʳ ʚ ʯʝ-
ʪrʨʸʭ ʪʦʯʢʘʭ), ʘ ʟʘʪʝʤ ʧʝʨʝʥʝʩʪʠ ʠʭ ʥʘʯʘ-

ʣʘ ʚ ʪʦʯʢʫ A, ʪʦ ʧʦʣʫʯʠʤ ʚʪʦʨʫʶ ʦʢʨʫʞ-
ʥʦʩʪʴ, ʩʦʩʪʘʚʣʝʥʥʫʶ ʚʝʢʪʦʨʘʤʠ 

C
d .  

ʈʘʜʠʫʩʦʤ ʦʢʨʫʞʥʦʩʪʠ ʙʫʜʝʪ ʤʦʜʫʣʴ  

ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ. ɼʣʠʥʘ ʵʪʦʡ ʥʦʚʦʡ ʦʢ-

ʨʫʞʥʦʩʪʠ ʙʫʜʝʪ ʨʘʚʥʘ 2, ʦʥʘ ʩʦʩʪʘʚʣʝʥʘ 

ʠʟ ʦʪʜʝʣʴʥʳʭ ʚʝʢʪʦʨʦʚ 
C

d  ʠ ʨʘʚʥʘ ʤʦʜʫ-

ʣʶ ʠʟʤʝʥʝʥʠʷ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ 
C

 ʟʘ 

ʚʨʝʤʷ ʦʜʥʦʛʦ ʦʙʦʨʦʪʘ, ʢʦʪʦʨʦʝ ʣʝʛʢʦ ʥʘʡʪʠ, ʧʦʜʝʣʠʚ ʧʫʪʴ, ʧʨʦʡʜʝʥʥʳʡ ʪʦʯʢʦʡ ʠ 

ʨʘʚʥʳʡ ʜʣʠʥʝ ʦʢʨʫʞʥʦʩʪʠ, ʥʘ ʚʝʣʠʯʠʥʫ ʩʢʦʨʦʩʪʠ:  

R
t

2
. (2.15) 

ɽʩʣʠ, ʩʣʝʜʫʷ ʚʳʨʘʞʝʥʠʶ (2.14), ʨʘʟʜʝʣʠʪʴ ʚʝʣʠʯʠʥʫ ʠʟʤʝʥʝʥʠʷ ʚʝʢʪʦʨʘ ʩʢʦ-

ʨʦʩʪʠ 
C

 = 2  ʥʘ ʪʦ ʚʨʝʤʷ (2.15), ʟʘ ʢʦʪʦʨʦʝ ʦʥʦ ʧʨʦʠʟʦʰʣʦ, ʧʦʣʫʯʠʤ ʤʦʜʫʣʴ 

ʥʦʨʤʘʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ: 

RR
an

2

)/2(

2
. (2.16) 

ʅʘʧʨʘʚʣʝʥʠʝ ʞʝ ʥʦʨʤʘʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʩʦʚʧʘʜʘʝʪ ʩ ʚʝʢʪʦʨʦʤ nd
C
, ʘ ʧʦʩʣʝʜ-

ʥʠʡ ʚʝʢʪʦʨ ʚʩʝʛʜʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ ʩʢʦʨʦʩʪʠ, ʪʘʢ ʢʘʢ ʷʚʣʷʝʪʩʷ ʵʣʝʤʝʥʪʦʤ ʦʢʨʫʞ-
ʥʦʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʩʢʦʨʦʩʪʴ ʷʚʣʷʝʪʩʷ ʨʘʜʠʫʩʦʤ (ʩʤ. ʨʠʩ. 2.5). 

ʉʢʦʨʦʩʪʴ ʚʩʝʛʜʘ ʥʘʧʨʘʚʣʝʥʘ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʪʨʘʝʢʪʦʨʠʠ, ʟʥʘʯʠʪ ʥʦʨʤʘʣʴʥʦʝ 
ʫʩʢʦʨʝʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʧʦ ʨʘʜʠʫʩʫ ʢ ʮʝʥʪʨʫ ʝʸ ʢʨʠʚʠʟʥʳ. ʇʦʵʪʦʤʫ ʚ ʩʣʫʯʘʝ ʜʚʠ-

ʞʝʥʠʷ ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʥʦʨʤʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʥʘʟʳʚʘʶʪ 
ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʳʤ. 

ʀʪʘʢ, ʦʧʨʝʜʝʣʠʚ ʪʨʝʪʴʶ ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠ-
ʘʣʴʥʦʡ ʪʦʯʢʠ ð ʧʦʣʥʦʝ ʫʩʢʦʨʝʥʠʝ ʧʦ (2.9) ð ʤʳ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʝʛʦ ʤʦʞ-

ʈʠʩ. 2.5 

C
d  

C
 

ʘ) 

R 

ʙ) C
 

 ɸ 

 ʆ 
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ʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʩʫʤʤʳ ʜʚʫʭ ʫʩʢʦʨʝʥʠʡ ð ʪʘʥʛʝʥʮʠʘʣʴʥʦʛʦ ʠ ʥʦʨʤʘʣʴʥʦʛʦ, 
ʤʦʜʫʣʠ ʢʦʪʦʨʳʭ ʥʘʭʦʜʷʪʩʷ ʧʦ (2.12) ʠ (2.16) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʅʘ ʨʠʩ. 2.6 ʠʟʦʙʨʘʞʝʥʳ ʚʝʢʪʦʨʳ ʵʪʠʭ ʫʩʢʦʨʝ-
ʥʠʡ ʚ ʜʚʫʭ ʪʦʯʢʘʭ ʢʨʠʚʦʣʠʥʝʡʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. ɺ 
ʪʦʯʢʝ 1 ʪʝʣʦ ʜʚʠʞʝʪʩʷ ʟʘʤʝʜʣʝʥʥʦ, ʚ ʪʦʯʢʝ 2 ð 

ʫʩʢʦʨʝʥʥʦ. ʅʦ ʚ ʣʶʙʦʤ ʩʣʫʯʘʝ ʫʩʢʦʨʝʥʠʷ na
C

 ʠ a
C

 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ ʜʨʫʛ ʜʨʫʛʫ. ʉʦʛʣʘʩʥʦ (2.13) ʠʭ 

ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʩʫʤʤʘ ʜʦʣʞʥʘ ʜʘʪʴ ʧʦʣʥʦʝ ʫʩʢʦ-
ʨʝʥʠʝ, ʢʦʪʦʨʦʝ, ʢʘʢ ʠ ʥʘ ʨʠʩ. 2.4, ʥʘʧʨʘʚʣʝʥʦ ʧʦʜ 

ʫʛʣʦʤ ʢ ʪʨʘʝʢʪʦʨʠʠ ʚʥʫʪʨʴ ʝʸ ʢʨʠʚʠʟʥʳ. ʄʦʜʫʣʴ 
ʧʦʣʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʣʝʛʢʦ ʥʘʡʪʠ ʧʦ ʪʝʦʨʝʤʝ ʇʠʬʘ-

ʛʦʨʘ: 
222 aaa n
. (2.17) 

ʇʨʠ ʥʝʨʘʚʥʦʤʝʨʥʦʤ ʜʚʠʞʝʥʠʠ ʧʦ ʢʨʠʚʦʡ ʚʩʝ ʪʨʠ ʫʩʢʦʨʝʥʠʷ ʥʝ ʨʘʚʥʳ ʥʫʣʶ. 

ʇʨʠ ʨʘʚʥʦʤʝʨʥʦʤ ʜʚʠʞʝʥʠʠ ʧʦ ʣʶʙʦʡ ʪʨʘʝʢʪʦʨʠʠ a   0, ʘ ʧʨʠ ʣʶʙʦʤ ʜʚʠʞʝʥʠʠ 

ʧʦ ʧʨʷʤʦʡ ʥʦʨʤʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ aʧ  0. 

 

2.3. ʂʠʥʝʤʘʪʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ 

ʆʧʠʩʳʚʘʷ ʜʚʠʞʝʥʠʝ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ, ʤʳ ʢʣʘʩʩʠʬʠʮʠʨʫʝʤ ʝʛʦ ʧʦ ʚʠʜʫ 
ʪʨʘʝʢʪʦʨʠʠ: ʧʨʷʤʦʣʠʥʝʡʥʦʝ ʠʣʠ ʢʨʠʚʦʣʠʥʝʡʥʦʝ, ʠ ʧʦ ʭʘʨʘʢʪʝʨʫ ʜʚʠʞʝʥʠʷ: ʨʘʚʥʦ-

ʤʝʨʥʦʝ ʠʣʠ ʥʝʨʘʚʥʦʤʝʨʥʦʝ. ʆʪ ʪʠʧʘ ʪʨʘʝʢʪʦʨʠʠ ʟʘʚʠʩʠʪ ʥʦʨʤʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ. 

ʇʨʠ ʧʨʷʤʦʣʠʥʝʡʥʦʤ ʜʚʠʞʝʥʠʠ an  0,  ʚ ʠʥʳʭ ʩʣʫʯʘʷʭ ʥʦʨʤʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʧʨʠ 

ʦʜʠʥʘʢʦʚʦʡ ʩʢʦʨʦʩʪʠ ʙʫʜʝʪ ʙʦʣʴʰʝ ʚ ʪʝʭ ʪʦʯʢʘʭ ʪʨʘʝʢʪʦʨʠʠ, ʛʜʝ ʤʝʥʴʰʝ ʨʘʜʠʫʩ 

ʝʸ ʢʨʠʚʠʟʥʳ (ʩʤ. ʬʦʨʤʫʣʫ 2.16).  
ʊʘʥʛʝʥʮʠʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʣʶʙʦʡ ʪʨʘʝʢʪʦʨʠʠ ʛʦʚʦʨʠʪ ʦ ʭʘ-

ʨʘʢʪʝʨʝ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʩʢʦʨʦʩʪʠ. ʉʢʦʨʦʩʪʴ ʤʦʞʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʣʠʙʦ 
ʫʤʝʥʴʰʘʪʴʩʷ, ʠʣʠ ʦʩʪʘʚʘʪʴʩʷ ʧʦʩʪʦʷʥʥʦʡ ʚʦ ʚʩʸ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, 
ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʨʘʚʥʦʤʝʨʥʳʤ ð ʪʦ ʝʩʪʴ ʟʘ ʨʘʚʥʳʝ ʧʨʦʤʝʞʫʪʢʠ 

ʚʨʝʤʝʥʠ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʙʫʜʫʪ ʦʜʠʥʘʢʦʚʳʤʠ. ʇʦ ʵʪʠʤ ʧʨʠʟʥʘʢʘʤ ʧʨʠʥʷʪʦ 

ʨʘʟʣʠʯʘʪʴ ʪʘʢʠʝ ʪʠʧʳ ʜʚʠʞʝʥʠʷ: ʨʘʚʥʦʤʝʨʥʦʝ (ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ:  = 

const, a   0), ʨʘʚʥʦʧʝʨʝʤʝʥʥʦʝ (ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʪʘʥʛʝʥʮʠʘʣʴʥʦʤ ʫʩʢʦʨʝʥʠʠ: a   

const) ʠ ʥʝ ʨʘʚʥʦʧʝʨʝʤʝʥʥʦʝ (ʢʦʛʜʘ ʪʘʥʛʝʥʮʠʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʤʝʥʷʝʪʩʷ). ɼʣʷ 

ʜʚʫʭ ʧʝʨʚʳʭ ʚʠʜʦʚ ʜʚʠʞʝʥʠʷ ʥʝʪʨʫʜʥʦ ʥʘʡʪʠ ʫʨʘʚʥʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʨʘʩʩʯʠ-
ʪʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʠʞʝʥʠʷ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ.  

ʇʦʩʢʦʣʴʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʩʝʛʦ ʪʨʠ: ʧʫʪʴ, ʩʢʦʨʦʩʪʴ ʠ ʫʩʢʦʨʝʥʠʝ, ʪʦ ʫʨʘʚʥʝʥʠʡ 
ʙʫʜʝʪ ʥʝʤʥʦʛʦ. ɺʦʧʨʦʩ ʦ ʥʘʭʦʞʜʝʥʠʠ ʚʠʜʘ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʤʦʞʥʦ ʨʝh ʠʪʴ 
ʢʘʢ ʛʨʘʬʠʯʝʩʢʠʤ, ʙʦʣʝʝ ʥʘʛʣʷʜʥʳʤ ʩʧʦʩʦʙʦʤ, ʪʘʢ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤ. ʈʘʩʩʤʦʪʨʠʤ 

ʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʥʘʯʘʣʘ ʥʘ ʧʨʠʤʝʨʝ ʧʨʦʩʪʝʡʰʝʛʦ ʚʠʜʘ ʜʚʠʞʝʥʠʷ ð ʨʘʚʥʦ-
ʤʝʨʥʦʛʦ.  

1. ɺ ʩʣʫʯʘʝ ʨʘʚʥʦʤʝʨʥʦʛʦ ʜʚʠʞʝʥʠʷ ʛʨʘʬʠʢʦʤ ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʣʠʯʠʥʳ ʩʢʦʨʦ-
ʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʙʫʜʝʪ ʧʨʷʤʘʷ ʣʠʥʠʷ, ʧʘʨʘʣʣʝʣʴʥʘʷ  ʦʩʠ ʚʨʝʤʝʥʠ (ʨʠʩ. 2.7). ʀʟ ʵʪʦ-

ʛʦ ʛʨʘʬʠʢʘ  ʥʝʪʨʫʜʥʦ ʥʘʡʪʠ ʠ ʧʨʦʡʜʝʥʥʳʡ ʟʘ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ t ʧʫʪʴ.  

C
 a
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a
C

 na
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a
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ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʠʟ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʩʢʦʨʦʩʪʠ 
(2.6) ʩʣʝʜʫʝʪ, ʯʪʦ ʵʣʝʤʝʥʪʘʨʥʳʡ ʧʫʪʴ 

ds  dt, (2.18) 

ʪʦ ʝʩʪʴ ʥʘ ʛʨʘʬʠʢʝ ʚʝʣʠʯʠʥʘ ds ʙʫʜʝʪ ʨʘʚʥʘ ʧʣʦʱʘʜʠ ʚʳ-

ʜʝʣʝʥʥʦʡ ʧʦʣʦʩʢʠ ʰʠʨʠʥʦʡ dt.  
ɺʝʩʴ ʧʨʦʡʜʝʥʥʳʡ ʟʘ ʢʦʥʝʯʥʦʝ ʚʨʝʤʷ t ʧʫʪʴ s ʨʘʚʝʥ 

ʩʫʤʤʝ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʫʪʝʡ, ʘ ʥʘ ʛʨʘʬʠʢʝ (ʨʠʩ. 2.7) ð 

ʧʣʦʱʘʜʠ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ ʩʦ ʩʪʦʨʦʥʘʤʠ  ʠ t: 

s = t. (2.19) 

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʦʜʥʘ ʠʟ ʪʨʸʭ ʢʠʥʝʤʘʪʠʯʝ-
ʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʚʥʘ ʥʫʣʶ (ʪʘʥʛʝʥʮʠʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ), ʚʪʦʨʘʷ ʧʦʩʪʦʷʥʥʘ 

(ʩʢʦʨʦʩʪʴ), ʧʦʵʪʦʤʫ ʧʦʣʫʯʝʥʥʦʝ ʚʳʰʝ ʫʨʘʚʥʝʥʠʝ ʙʫʜʝʪ ʝʜʠʥʩʪʚʝʥʥʳʤ. ʕʪʦ ʫʨʘʚ-
ʥʝʥʠʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠ, ʠʥʪʝʛʨʠʨʫʷ ʫʨʘʚʥʝʥʠʝ (2.18) ʚ ʩʦʦʪʚʝʪʩʪ-

ʚʫʶʱʠʭ ʧʨʝʜʝʣʘʭ:  
ts

dtds
00

, (2.20) 

ʯʪʦ ʜʣʷ ʩʣʫʯʘʷ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ ʧʨʠʚʝʜʸʪ ʢ ʧʦʣʫʯʝʥʥʦʤʫ ʚʳʰʝ ʨʝʟʫʣʴʪʘʪʫ. 

ʕʪʦ ʚʧʦʣʥʝ ʝʩʪʝʩʪʚʝʥʥʦ, ʪʘʢ ʢʘʢ ʧʣʦʱʘʜʴ, ʦʛʨʘʥʠʯʝʥʥʘʷ ʛʨʘʬʠʢʦʤ ʣʶʙʦʡ ʬʫʥʢ-
ʮʠʠ ʠ ʦʩʴʶ, ʥʘ ʢʦʪʦʨʦʡ ʦʪʣʦʞʝʥʘ ʥʝʟʘʚʠʩʠʤʘʷ ʧʝʨʝʤʝʥʥʘʷ (ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ t) 

ʠʤʝʝʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʦʙʨʘʟ ʠʥʪʝʛʨʘʣʘ ʵʪʦʡ ʬʫʥʢʮʠʠ. 
2. ɼʣʷ ʩʣʫʯʘʷ ʨʘʚʥʦʧʝʨʝʤʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩʣʝʜʫʝʪ ʨʘʩʩʤʦʪʨʝʪʴ ʜʚʘ ʛʨʘʬʠʢʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʩʢʦʨʝʥʥʦʤʫ (a  > 0) ʠ ʟʘʤʝʜʣʝʥʥʦʤʫ (a  < 0) ʜʚʠʞʝʥʠʷʤ. ʇʝʨ-

ʚʳʡ ʠʟ ʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 2.8ʘ, ʛʜʝ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʩʢʦʨʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ. 

ʇʦʩʢʦʣʴʢʫ ʫʩʢʦʨʝʥʠʝ a  ʝʩʪʴ ʧʝʨʚʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʦʪ ʩʢʦʨʦʩʪʠ ʧʦ ʚʨʝʤʝʥʠ, ʧʦ-

ʩʪʦʷʥʩʪʚʦ ʪʘʥʛʝʥʮʠʘʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʟʘ ʨʘʚʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝ-

ʤʝʥʠ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʦʜʠʥʘʢʦʚʳ. ʇʦʩʪʦʷʥʥʳʤ ʦʩʪʘʸʪʩʷ ʠ ʫʛʣʦʚʦʡ ʢʦʵʬʬʠʮʠ-

ʝʥʪ a
dt

d
, ʟʥʘʯʠʪ, ʛʨʘʬʠʢ ʙʫʜʝʪ ʧʨʷʤʦʡ ʣʠʥʠʝʡ. 

ɿʘʤʝʜʣʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʦʙʷʟʘʪʝʣʴʥʦ ʠʤʝʝʪ ʥʘʯʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ, ʢʦʪʦʨʘʷ ʩ ʪʝ-

ʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʫʙʳʚʘʝʪ (ʩʤ. ʨʠʩ. 2.8ʙ).  ʋʛʦʣ ʥʘʢʣʦʥʘ ʧʨʷʤʦʡ ʢ ʦʩʠ t ʪʝʧʝʨʴ ʪʫ-
ʧʦʡ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦʤʫ ʫʛʣʦʚʦʤʫ ʢʦʵʬʬʠʮʠʝʥʪʫ (a  < 0).  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʠʥʪʝʛ-
ʨʠʨʦʚʘʥʠʝʤ ʫʨʘʚʥʝʥʠʷ (2.14), ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʪʘʥʛʝʥʮʠʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ. ɺ ʨʘʩ-
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ʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʨʘʚʥʦʧʝʨʝʤʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʦʥʦ ʧʦʩʪʦʷʥʥʦ, ʧʦʵʪʦʤʫ ʚ ʨʝ-
ʟʫʣʴʪʘʪʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦʣʫʯʠʤ: 

d    a  dt;      
tts

dtadtad
000

;         0 +  a  t. (2.21) 

ʊʝʧʝʨʴ ʧʝʨʝʡʜʸʤ ʢ ʚʳʚʦʜʫ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʚʪʦʨʦʡ, ʟʘʚʠʩʷʱʝʡ ʦʪ 
ʚʨʝʤʝʥʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʠʞʝʥʠʷ ð ʧʨʦʡʜʝʥʥʦʛʦ ʧʫʪʠ s. ɼʣʷ ʵʪʦʛʦ ʧʨʦʠʥʪʝʛ-
ʨʠʨʫʝʤ ʫʨʘʚʥʝʥʠʝ (2.18) ʩ ʫʯʸʪʦʤ ʧʦʣʫʯʝʥʥʦʡ ʚʳʰʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʨʘʚʥʦ-

ʧʝʨʝʤʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ (2.21): 

ds  dt;    
tts

dttadtds
0

0

00

)( ;       s  0t +
2

2ta
. (2.22) 

ʇʨʠʚʝʜʸʤ ʚʩʸ ʚ ʩʠʩʪʝʤʫ ʠ ʧʦʢʘʞʝʤ, ʯʪʦ ʥʘʙʦʨ ʫʨʘʚʥʝʥʠʡ ʠ ʧʦʥʷʪʠʡ, ʢʦʪʦʨʳ-
ʤʠ ʨʘʩʧʦʣʘʛʘʝʪ ʢʠʥʝʤʘʪʠʢʘ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ, ʥʝ ʪʘʢ ʦʙʰʠʨʝʥ, ʢʘʢ ʵʪʦ ʤʦʞʝʪ 

ʧʦʢʘʟʘʪʴʩʷ ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʝʩʣʠ ʦʩʪʘʚʠʪʴ ʚ ʩʪʦʨʦʥʝ ʚʦʧʨʦʩ ʦ 
ʪʨʘʝʢʪʦʨʠʠ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦ ʥʘʧʨʘʚʣʝʥʠʠ ʩʢʦʨʦʩʪʠ, ʪʦ ʦʩʪʘʸʪʩʷ ʪʦʣʴʢʦ ʪʨʠ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʠʞʝʥʠʷ: ʧʨʦʡʜʝʥʥʳʡ ʧʫʪʴ s, ʚʝʣʠʯʠʥʘ ʩʢʦʨʦʩʪʠ  ʠ ʪʘʥʛʝʥʮʠʘʣʴ-

ʥʦʝ ʫʩʢʦʨʝʥʠʝ a  . 

ɽʩʣʠ ʧʦʣʦʞʠʪʴ ʫʩʢʦʨʝʥʠʝ ʨʘʚʥʳʤ ʥʫʣʶ (ʪʦ ʝʩʪʴ ʩʢʦʨʦʩʪʴ ʧʦʩʪʦʷʥʥʦʡ), ʪʦ ʩ 

ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʙʫʜʝʪ ʤʝʥʷʪʴʩʷ ʪʦʣʴʢʦ ʧʫʪʴ: 

s    t . (2.23) 

ʇʨʠ ʨʘʚʥʦʧʝʨʝʤʝʥʥʦʤ ʜʚʠʞʝʥʠʠ ʧʦʷʚʣʷʝʪʩʷ ʚʪʦʨʦʝ ʫʨʘʚʥʝʥʠʝ, ʜʘʶʱʝʝ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʚʳʯʠʩʣʠʪʴ ʩʢʦʨʦʩʪʴ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ʊʦʛʜʘ ʫʨʘʚʥʝʥʠʷ ʟʘʚʠ-

ʩʠʤʦʩʪʝʡ (t) ʠ s(t) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ: 

  0 +  a t ;              
2

2

0

ta
ts . (2.24) 

ʏʘʩʪʦ ʧʨʠʭʦʜʠʪʩʷ ʨʝʰʘʪʴ ʠ ʦʙʨʘʪʥʫʶ ʟʘʜʘʯʫ: ʥʘʭʦʞʜʝʥʠʝ ʩʢʦʨʦʩʪʠ ʠ ʫʩʢʦʨʝ-
ʥʠʷ ʧʦ ʟʘʜʘʥʥʦʤʫ ʟʘʢʦʥʫ ʜʚʠʞʝʥʠʷ s(t). ʊʘʢʘʷ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘ-

ʥʠʝʤ ʧʫʪʠ ʧʦ ʚʨʝʤʝʥʠ. ʉʢʦʨʦʩʪʴ ʥʘʭʦʜʠʪʩʷ ʢʘʢ ʧʝʨʚʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʦʪ ʧʫʪʠ ʧʦ 
ʚʨʝʤʝʥʠ, ʘ ʫʩʢʦʨʝʥʠʝ ð ʢʘʢ ʚʪʦʨʘʷ ʧʨʦʠʟʚʦʜʥʘʷ: 

s
dt

ds
#;                s

dt

d
a ### . (2.25) 

ɽʩʣʠ ʪʦʯʢʘ ʜʚʠʞʝʪʩʷ ʧʦ ʢʨʠʚʦʡ ʠʟʚʝʩʪʥʦʛʦ ʨʘʜʠʫʩʘ R, ʪʦ ʧʦʣʥʦʝ ʫʩʢʦʨʝʥʠʝ 
ʪʦʯʢʠ ʥʘʭʦʜʠʪʩʷ ʧʦ ʪʝʦʨʝʤʝ ʇʠʬʘʛʦʨʘ: 

222 aaa n , (2.26) 

 ʛʜʝ ʥʦʨʤʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (2.16) (an  
2
/R), ʘ ʪʘʥʛʝʥ-

ʮʠʘʣʴʥʦʝ ð ʧʦ ʬʦʨʤʫʣʝ (2.25).  
ʀ, ʥʘʢʦʥʝʮ, ʧʦʩʣʝʜʥʝʝ. ʋʨʘʚʥʝʥʠʷ ʜʣʷ ʨʘʚʥʦʧʝʨʝʤʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʠʤʝʶʪ 

ʜʚʘ ʯʘʩʪʥʳʭ ʩʣʫʯʘʷ: ʢʦʛʜʘ ʥʘʯʘʣʴʥʘʷ ʣʠʙʦ ʢʦʥʝʯʥʘʷ ʩʢʦʨʦʩʪʠ ʨʘʚʥʳ ʥʫʣʶ. ʋʨʘʚ-
ʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚ ʵʪʠʭ ʩʣʫʯʘʷʭ ʙʫʜʫʪ ʦʜʥʦʯʣʝʥʘʤʠ: 

  a  t      ʠ     0  ð  a  t . (2.27) 

ʋʨʘʚʥʝʥʠʝ ʧʫʪʠ ʦʜʠʥʘʢʦʚʦ ʜʣʷ ʦʙʦʠʭ ʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ, ʝʩʣʠ ʪʘʥʛʝʥʮʠʘʣʴʥʦʝ 

ʫʩʢʦʨʝʥʠʝ ʚʟʷʪʴ ʧʦ ʤʦʜʫʣʶ: 
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2

2ta
s . (2.28) 

ʇʦʩʢʦʣʴʢʫ ʦʜʥʦʯʣʝʥʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʣʝʛʯʝ ʧʦʣʴʟʦʚʘʪʴʩʷ, ʥʝ ʩʣʝʜʫʝʪ ʠʤʠ ʧʨʝ-

ʥʝʙʨʝʛʘʪʴ, ʨʝʰʘʷ ʢʦʥʢʨʝʪʥʳʝ ʟʘʜʘʯʠ. ʆʜʥʫ ʠʟ ʥʠʭ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʥʠʞʝ. 
 

2.4. ɼʚʠʞʝʥʠʝ ʪʝʣʘ, ʙʨʦʰʝʥʥʦʛʦ ʧʦʜ ʫʛʣʦʤ ʢ ʛʦʨʠʟʦʥʪʫ 

ʕʪʦ ʜʚʠʞʝʥʠʝ ʠʤʝʝʪ ʦʯʝʥʴ ʚʘʞʥʫʶ ʦʩʦʙʝʥʥʦʩʪʴ: ʝʩʣʠ ʧʨʝʥʝʙʨʝʯʴ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʝʤ ʚʦʟʜʫʭʘ, ʪʦ ʧʦʣʥʦʝ ʫʩʢʦʨʝʥʠʝ ʪʝʣʘ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʪʨʘʝʢʪʦʨʠʠ ʙʫʜʝʪ ʨʘʚ-

ʥʦ ʫʩʢʦʨʝʥʠʶ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ g
C
. ʇʨʠ ʤʘʣʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ 

ɿʝʤʣʠ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʜʠʫʩʦʤ ɿʝʤʣʠ, ʢʦʪʦʨʳʡ ʨʘʚʝʥ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 6400 ʢʤ) 

ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ  ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʥʝ ʟʘʚʠʩʷʱʠʤ ʦʪ ʚʳʩʦʪʳ, ʥʘ ʢʦʪʦ-
ʨʦʡ ʥʘʭʦʜʠʪʩʷ ʪʝʣʦ, ʪʦ ʝʩʪʴ ʚʝʣʠʯʠʥʘ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʣʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʚ ʧʨʦʮʝʩ-

ʩʝ ʪʘʢʦʛʦ ʜʚʠʞʝʥʠʷ ʥʝ ʠʟʤʝʥʷʶʪʩʷ. ʊʘʥʛʝʥʮʠʘʣʴʥʦʝ ʠ ʥʦʨʤʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʷ ʠʟ-
ʤʝʥʷʶʪʩʷ, ʥʦ ʠʭ ʚʝʢʪʦʨʥʘʷ ʩʫʤʤʘ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʪʨʘʝʢʪʦʨʠʠ ʧʦʩʪʦ̫ ʥʥʘ ʠ ʨʘʚʥʘ 

ʫʩʢʦʨʝʥʠʶ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ:  

gaa n

CCC
;                222 gaa n

. (2.29) 

ʈʘʩʩʤʦʪʨʠʤ ʜʚʠʞʝʥʠʝ ʪʝʣʘ, ʙʨʦʰʝʥʥʦʛʦ ʩ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ 0

C
 ʧʦʜ ʫʛʣʦʤ 

 ʢ ʛʦʨʠʟʦʥʪʫ ʠʟ ʪʦʯʢʠ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ x0, ʫ0. ʅʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ ʚʳʙʝʨʝʤ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʦʩʴ ʭ ʛʦʨʠʟʦʥʪʘʣʴʥʘ, ʦʩʴ ʫ ʥʘʧʨʘʚʠʤ ʚʝʨʪʠʢʘʣʴʥʦ ʚʚʝʨʭ. ʂʦʦʨ-
ʜʠʥʘʪʫ z ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤ, ʧʦʣʘʛʘʷ, ʯʪʦ ʜʚʠʞʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ 
ʧʣʦʩʢʦʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʣʝʞʘʪ ʦʩʠ ʢʦʦʨʜʠʥʘʪ, ʚʝʢʪʦʨʳ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʠ ʫʩʢʦ-

ʨʝʥʠʷ. ʊʨʘʝʢʪʦʨʠʷ ʪʝʣʘ (ʥʠʞʝ ʤʳ ʧʦʢʘʞʝʤ, ʯʪʦ ʵʪʦ ʙʫʜʝʪ ʧʘʨʘʙʦʣʘ), ʩʠʩʪʝʤʘ ʢʦ-
ʦʨʜʠʥʘʪ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʝʢʪʦʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2.9. 

ɿʘʧʠʰʝʤ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʵʪʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʚʝʢʪʦʨʥʦʤ ʚʠʜʝ, ʫʯʠ-

ʪʳʚʘʷ, ʯʪʦ ʚ ʚʝʢʪʦʨʥʦʡ ʬʦʨʤʝ ʵʪʦ ʜʚʠʞʝʥʠʝ ʩ ʧʦʩʪʦʷʥʥʳʤ ʫʩʢʦʨʝʥʠʝʤ g
C

: 

tg
CCC

0 ;        
2

2

00

tg
trr

C
CCC

. (2.30) 

 

ʭ0 ʭ   ʭ 0 

ʈʠʩ. 2.9 

  ʫ0 

ʫ 

ʫ 

0

C
 r

C
 

C
 

nʘ
C

 

0ʭ 

0
ʫ 

ʭ 

  ʫ 

 ʘ
C

 

 g
C

 

 ʫmax 

C
 

0r
C
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ɿʜʝʩʴ, ʢʘʢ ʤʳ ʠ ʧʦʢʘʟʳʚʘʣʠ ʚʳʰʝ ʜʣʷ ʨʘʚʥʦʫʩʢʦʨʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ (ʩʤ. ʫʨʘʚʥʝ-

ʥʠʷ 2.24), ʩʢʦʨʦʩʪʴ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʚʨʝʤʝʥʠ t, ʘ ʧʝʨʝʤʝʱʝʥʠʝ 
0rrr
CCC

 ʧʨʦ-

ʧʦʨʮʠʦʥʘʣʥɹʦ  t
2
. 

ɺ ʢʦʦʨʜʠʥʘʪʥʦʡ ʬʦʨʤʝ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʨʝʤʝʥʠ ʙʫʜʝʪ ʪʘʢʘʷ ʞʝ: 

ʭ = 0ʭ + gx t;              
2

2

00

tg
txx x

x
; 

ʫ = 0ʫ + gʫ t;             
2

2

00

tg
tyy

y

y .   

(2.31) 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 2.9, ʧʨʦʝʢʮʠʠ ʫʩʢʦʨʝʥʠʷ ʠ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʥʘ ʦʩʠ ʢʦʦʨ-
ʜʠʥʘʪ 

0ʭ = 0cos ;     gx =  0;               0y = 0sin ;     gy = ï g. (2.32) 

C ʫʯʸʪʦʤ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ (2.31) ʟʘʧʠʰʫʪʩʷ ʚ ʚʠʜʝ 

ʭ = 0cos ;             x = x0 +  ( 0cos )t; 

ʫ = 0sin  ï g t;             
2

)sin(
2

00

gt
tyy .   

(2.33) 

ʇʦ ʵʪʠʤ ʫʨʘʚʥʝʥʠʷʤ ʣʝʛʢʦ ʥʘʡʪʠ ʢʦʦʨʜʠʥʘʪʳ ʪʝʣʘ ʠ ʧʨʦʝʢʮʠʠ ʝʛʦ ʩʢʦʨʦʩʪʠ ʚ 

ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʝʩʣʠ ʦʥʦ ʤʝʥʴʰʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʦʣʸʪʘ ʪʝʣʘ. 

ɺʝʣʠʯʠʥʫ ʩʢʦʨʦʩʪʠ  ʚ ʟʘʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t  ʠ ʤʦʜʫʣʴ ʧʝʨʝʤʝʱʝʥʠʷ 

r
C

 ʪʝʣʘ ʢ ʵʪʦʤʫ ʤʦʤʝʥʪʫ ʥʘʡʜʸʤ ʧʦ ʪʝʦʨʝʤʝ ʇʠʬʘʛʦʨʘ (ʩʤ. ʨʠʩ. 2.9):  

22

ʫʭ ;          r
C

 = 
2

0

2

0 )()( yyxx ,  (2.34) 

ʛʜʝ ʟʥʘʯʝʥʠʷ x,  y,  ʭ  ʠ  ʫ ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ (2.33). 

ʊʘʢʞʝ ʤʦʞʥʦ ʥʘʡʪʠ ʪʘʥʛʝʥʮʠʘʣʴʥʦʝ ʠ ʥʦʨʤʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʷ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝ-
ʥʠ t. ɼʣʷ ʵʪʦʛʦ ʨʘʩʩʤʦʪʨʠʤ ʧʦʜʦʙʥʳʝ ʪʨʝʫʛʦʣʴʥʠʢʠ, ʩʦʩʪʘʚʣʝʥʥʳʝ ʠʟ ʩʢʦʨʦʩʪʝʡ ʠ 
ʫʩʢʦʨʝʥʠʡ  (ʩʤ. ʨʠʩ. 2.9). ʀʟ ʧʦʜʦʙʠʷ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʩʣʝʜʫʝʪ: 

xn

g

a
;                     

y

g

a
,  (2.35) 

ʦʪʢʫʜʘ ʣʝʛʢʦ ʚʳʨʘʟʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʩʢʦʨʝʥʠʷ. ɿʘʤʝʪʠʤ, ʯʪʦ ʩʫʤʤʘ ʢʚʘʜʨʘ-

ʪʦʚ ʪʘʥʛʝʥʮʠʘʣʴʥʦʛʦ ʠ ʥʦʨʤʘʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʡ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʘ ʢʚʘʜʨʘʪʫ ʫʩ-
ʢʦʨʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ: 

222 gaan . (2.36) 

ʊʝʧʝʨʴ ʥʘʡʜʸʤ ʚʨʝʤʷ  tʧ, ʟʘ ʢʦʪʦʨʦʝ ʪʝʣʦ ʜʦʩʪʠʛʘʝʪ ʥʘʠʚʳʩʰʝʡ ʪʦʯʢʠ ʪʨʘʝʢʪʦ-
ʨʠʠ. ɺ ʵʪʦʡ ʪʦʯʢʝ ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʢʦʨʦʩʪʠ ʨʘʚʥʘ ʥʫʣʶ, ʠ ʠʟ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʝʛʦ ʫʨʘʚʥʝʥʠʷ (2.33) ʧʦʣʫʯʠʤ  

g
t

sin0
ʧ . (2.37) 

ʇʦʜʩʪʘʚʠʚ ʵʪʦ ʚʨʝʤʷ ʚ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʢʦʦʨʜʠʥʘʪʳ ʫ  ʠʟ (2.33), ʥʘʡʜʸʤ ʥʘʠ-

ʙʦʣʴʰʫʶ ʚʳʩʦʪʫ ʧʦʜʲʸʤʘ 

g
yy

2

sin22

0
0max . (2.38) 

ɸʥʘʣʦʛʠʯʥʦ ʤʦʞʥʦ ʥʘʡʪʠ ʢʦʦʨʜʠʥʘʪʫ ʭ ʥʘʠʚʳʩʰʝʡ ʪʦʯʢʠ ʪʨʘʝʢʪʦʨʠʠ.  
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ɺ ʟʘʢʣʶʯʝʥʠʝ ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ ʪʨʘʝʢʪʦʨʠʠ ð ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʦʨʜʠʥʘʪʳ  ʫ 
ʦʪ ʢʦʦʨʜʠʥʘʪʳ ʭ. ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʪʝʣʦ ʙʨʦʰʝ-

ʥʦ ʠʟ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ, ʪʦ ʝʩʪʴ x0 = ʫ0 = 0. ʊʦʛʜʘ ʬʦʨʤʫʣʳ (2.33) ʜʣʷ ʢʦʦʨʜʠʥʘʪ 
ʩʪʘʥʫʪ ʢʦʨʦʯʝ: 

x = ( 0cos )t;       
2

)sin(
2

0

gt
ty . (2.39) 

ɺʳʨʘʟʠʚ ʠʟ ʧʝʨʚʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚʨʝʤʷ ʠ ʧʦʜʩʪʘʚʠʚ ʚʦ ʚʪʦʨʦʝ, ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ 
ʧʘʨʘʙʦʣʳ 

2

22

0cos2
tg x

g
xy . (2.40) 

 
2.5. ʂʠʥʝʤʘʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ 

         ʠ ʠʭ ʩʚʷʟʴ ʩ ʣʠʥʝʡʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ɺʨʘʱʝʥʠʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʝʤ, ʯʪʦ ʚʩʝ ʪʦʯʢʠ ʪʝʣʘ 

ʦʧʠʩʳʚʘʶʪ ʚʦʢʨʫʛ ʦʩʠ ʚʨʘʱʝʥʠʷ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʝ ʦʢʨʫʞʥʦʩʪʠ ʨʘʟʥʳʭ ʨʘʜʠʫʩʦʚ, 

ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʪʦʯʝʢ ʣʝʞʘʱʠʭ ʥʘ ʦʩʠ ʚʨʘʱʝʥʠʷ (ʦʩʴ ʆʆ ʥʘ ʨʠʩ. 2.10ʘ). 

ʈʘʩʩʤʦʪʨʠʤ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʧʨʦʠʟʚʦʣʴʥʦ ʚʳʙʨʘʥʥʦʡ ʪʦʯʢʠ  ʥʝʢʦʪʦ-
ʨʦʛʦ ʪʚʸʨʜʦʛʦ ʪʝʣʘ (ʩʤ. ʨʠʩ. 2.10). ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʫʪʴ, ʧʨʦʡʜʝʥʥʳʡ ʢʘʞʜʦʡ ʪʦʯ-

ʢʦʡ ʟʘ ʦʜʥʦ ʠ ʪʦ ʞʝ ʚʨʝʤʷ, ʙʫʜʝʪ ʨʘʟʥʳʤ, ʨʘʟʣʠʯʥʦʡ ʙʫʜʝʪ ʠ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ. 
ɺʝʣʠʯʠʥʦʡ, ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʣʘ ʙʳ ʧʝʨʝʤʝʱʝʥʠʝ ʪʝʣʘ ʠ ʦʩʪʘʚʘʣʘʩʴ ʙʳ ʦʜʠʥʘʢʦʚʦʡ 

ʜʣʷ ʚʩʝʭ ʝʛʦ ʪʦʯʝʢ, ʷʚʣʷʝʪʩʷ ʫʛʦʣ ʧʦʚʦʨʦʪʘ d . ʀʟ ʛʝʦʤʝʪʨʠʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʙʝʩʢʦ-

ʥʝʯʥʦ ʤʘʣʳʡ ʫʛʦʣ ʧʦʚʦʨʦʪʘ d  ʩʚʷʟʘʥ ʩ ʧʝʨʝʤʝʱʝʥʠʝʤ ʪʦʯʢʠ ds ʧʦ ʜʫʛʝ ʦʢʨʫʞʥʦ-

ʩʪʠ  ʨʘʜʠʫʩʦʤ R ʩʦʦʪʥʦh ʝʥʠʝʤ (ʩʤ. ʨʠʩ. 2.10ʙ): 

ds  Rd . (2.41) 

ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚʨʘʱʝʥʠʷ ʵʣʝʤʝʥʪʘʨʥʦʝ ʫʛʣʦʚʦʝ ʧʝʨʝʤʝʱʝ-

ʥʠʝ 
C

d  ʫʩʣʦʚʠʣʠʩʴ ʩʯʠʪʘʪʴ ʚʝʢʪʦʨʦʤ. ɽʛʦ ʥʘʧʨʘʚʣʝʥʠʝ ʩʚʷʟʳʚʘʶʪ ʩ ʥʘʧʨʘʚʣʝʥʠ-

ʝʤ ʚʨʘʱʝʥʠʷ ʧʨʘʚʠʣʦʤ ʙʫʨʘʚʯʠʢʘ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʚʝʢʪʦʨ 
C

d   ʥʘʧʨʘʚʣʝʥ ʚʚʝʨʭ, 

ʪʘʢ ʢʘʢ ʧʨʠ ʪʘʢʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʨʘʱʝʥʠʷ ʚʠʥʪ ʩ ʧʨʘʚʦʡ ʨʝʟʴʙʦʡ ("ʙʫʨʘʚʯʠʢ") ʙʫ-

ʈʠʩ. 2.10 

r
C

 

rd
C

 

ʆ' 

d  

 

C
d
C

d  

 

ʆ 

ʘ) 

rd
C

 

C
d
C

d  

 

ds 

R 
d  

ʆ 

ʙ) 
 

R 



 19 

ʜʝʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʚʚʝʨʭ ð çʚʳʢʨʫʯʠʚʘʪʴʩʷè. ɺʝʣʠʯʠʥʘ ʚʝʢʪʦʨʘ 
C

d  ʨʘʚʥʘ ʙʝʩʢʦ-

ʥʝʯʥʦ ʤʘʣʦʤʫ ʫʛʣʫ ʧʦʚʦʨʦʪʘ d  . ɿʘʤʝʪʠʤ, ʯʪʦ ʢʦʥʝʯʥʳʡ ʫʛʦʣ ʧʦʚʦʨʦʪʘ  (ʠʣʠ 

) ʥʝ ʷʚʣʷʝʪʩʷ ʚʝʢʪʦʨʦʤ. 
ʀʟ ʪʦʯʢʠ, ʣʝʞʘʱʝʡ ʥʘ ʦʩʠ ʚʨʘʱʝʥʠʷ, ʧʨʦʚʝʜʸʤ ʚ ʚʳʙʨʘʥʥʫʶ ʪʦʯʢʫ ʪʝʣʘ ʨʘʜʠ-

ʫʩ ʚʝʢʪʦʨ r
C

 ʠ ʚʝʢʪʦʨ rd
C

 ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʵʪʦʡ ʪʦʯʢʠ. ʊʘʢ ʢʘʢ 

ʚʝʢʪʦʨ 
C

d   ʥʘʧʨʘʚʣʝʥ ʧʦ ʦʩʠ ʚʨʘʱʝʥʠʷ, ʪʦ ʚʝʢʪʦʨ rd
C

 ʙʫʜʝʪ ʨʘʚʝʥ ʚʝʢʪʦʨʥʦʤʫ 

ʧʨʦʠʟʚʝʜʝʥʠʶ ʚʝʢʪʦʨʦʚ 
C

d  ʠ r
C

: 

rdrd
CCC

, (2.42) 

ʪʦ ʝʩʪʴ ʚʝʢʪʦʨ ʧʝʨʝʤʝʱʝʥʠʷ ʥʘʧʨʘʚʣʝʥ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʩʢʦʩʪʠ, ʚ ʢʦʪʦʨʦʡ 

ʣʝʞʘʪ ʚʝʢʪʦʨʘ r
C

 ʠ 
C

d  (ʚʝʨʪʠʢʘʣʴʥʘʷ ʰʪʨʠʭʦʚʢʘ ʥʘ ʨʠʩ. 2.10ʘ). ʅʘʧʦʤʥʠʤ, ʯʪʦ 

ʠʟʤʝʥʝʥʠʝ ʧʦʨʷʜʢʘ ʥʘʧʠʩʘʥʠʷ ʚʝʢʪʦʨʦʚ r
C

 ʠ 
C

d  ʠʟʤʝʥʠʪ ʟʥʘʢ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʠʟ-

ʚʝʜʝʥʠʷ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ. 

ʀʟ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ʠ ʨʠʩ. 2.10 ʩʣʝʜʫʝʪ, ʯʪʦ ʤʦʜʫʣʴ ʚʝʢ-
ʪʦʨʘ ʧʝʨʝʤʝʱʝʥʠʷ (2.42) 

sinrdrd
C

 = d R = ds, (2.43) 

ʯʪʦ ʩʦʚʧʘʜʘʝʪ ʩ ʚʳʨʘʞʝʥʠʝʤ (2.41). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʭ ʧʝʨʝ-
ʤʝʱʝʥʠʷʭ ʤʦʜʫʣʴ ʚʝʢʪʦʨʘ ʧʝʨʝʤʝʱʝʥʠʷ ʨʘʚʝʥ  ʵʣʝʤʝʥʪʫ ʜʫʛʠ, ʧʦ ʢʦʪʦʨʦʡ ʜʚʠ-

ʞʝʪʩʷ ʪʦʯʢʘ.  

ʅʘ ʨʠʩ. 2.10ʙ ʧʨʝʜʩʪʘʚʣʝʥ ʚʠʜ ʩʚʝʨʭʫ ʥʘ ʨʠʩ. 2.10ʘ, ʚʜʦʣʴ ʦʩʠ ʆ'ʆ. ɺʝʢʪʦʨ 
C

d  

ʥʘ ʵʪʦʤ ʨʠʩʫʥʢʝ ʥʘʧʨʘʚʣʝʥ çʢ ʥʘʤè, ʯʪʦ ʧʦʢʘʟʘʥʦ ʢʨʫʞʢʦʤ ʩ ʪʦʯʢʦʡ ʧʦʩʝʨʝʜʠʥʝ. 

ɺʚʝʜʸʤ ʚʝʢʪʦʨ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 
C
, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʘʢ ʙʳ-

ʩʪʨʦʪʫ, ʪʘʢ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʚʨʘʱʝʥʠʷ: 

dt

d
C

C
. (2.44) 

ʅʘʧʨʘʚʣʝʥʠʝ 
C

 ʩʦʚʧʘʜʘʝʪ ʩ 
C

d , ʪʦ ʝʩʪʴ ʩ ʦʩʴʶ ʚʨʘʱʝʥʠʷ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʧʨʘʚʠʣʫ ʙʫʨʘʚʯʠʢʘ. ɼʠʬʬʝʨʝʥʮʠʨʫʷ (2.42) ʧʦ ʚʨʝʤʝʥʠ, ʧʦʣʫʯʠʤ ʩʚʷʟʴ ʤʝʞʜʫ ʫʛ-
ʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʪʝʣʘ ʠ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʴʶ 

C
 ʪʦʯʢʠ ʪʝʣʘ: 

r
dt

d

dt

rd C
CC

, (2.45) 

ʠʣʠ 

r
CCC

. (2.46) 

ʈʘʩʢʨʳʚʘʷ ʚʝʢʪʦʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ, ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʤʦʜʫʣʷ ʣʠʥʝʡ-

ʥʦʡ ʩʢʦʨʦʩʪʠ:  
Rr sin . (2.47) 

ʆʧʨʝʜʝʣʠʤ ʪʝʧʝʨʴ ʫʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ 
C
 ʢʘʢ ʙʳʩʪʨʦʪʫ ʠʟʤʝʥʝʥʠʷ ʫʛʣʦʚʦʡ ʩʢʦ-

ʨʦʩʪʠ ʚʦ ʚʨʝʤʝʥʠ: 

dt

d
C

C
. (2.48) 

ɺʝʢʪʦʨ 
C
, ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚʝʢʪʦʨʳ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠ ʫʛʣʦʚʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ, 

ʥʘʧʨʘʚʣʝʥ ʧʦ ʦʩʠ ʚʨʘʱʝʥʠʷ. ʇʨʠ ʫʩʢʦʨʝʥʥʦʤ ʚʨʘʱʝʥʠʠ (0
C

d ) ʝʛʦ ʥʘʧʨʘʚʣʝʥʠʝ 

ʩʦʚʧʘʜʘʝʪ ʩ ʚʝʢʪʦʨʦʤ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ, ʧʨʠ ʟʘʤʝʜʣʝʥʥʦʤ ʚʨʘʱʝʥʠʠ (0
C

d ) ʚʝʢ-
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ʪʦʨ ʫʛʣʦʚʦʛʦ ʫʩʢʦʨʝʥʠʷ ʥʘʧʨʘʚʣʝʥ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʚʝʢʪʦʨʫ 
C
. ɽʩʣʠ ʥʘʧʨʘʚʣʝʥʠʝ 

ʦʩʠ ʚʨʘʱʝʥʠʷ ʠʟʤʝʥʷʝʪʩʷ, ʪʦ ʚʝʢʪʦʨ 
C
 ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʦʩʴʶ ʚʨʘʱʝʥʠʷ, ʥʦ ʚʩʝʛʜʘ 

ʦʩʪʘʸʪʩʷ ʥʘʧʨʘʚʣʝʥʥʳʤ ʧʦ ʚʝʢʪʦʨʫ 
C

d . 
ʉʚʷʟʴ ʫʛʣʦʚʦʛʦ ʫʩʢʦʨʝʥʠʷ ʩ ʣʠʥʝʡʥʳʤ ʫʩʢʦʨʝʥʠʝʤ ʧʦʣʫʯʘʝʤ, ʜʠʬʬʝʨʝʥʮʠʨʫʷ 

(2.46) ʧʦ ʚʨʝʤʝʥʠ: 

dt

rd
r

dt

d

dt

d
C

CC
CC

 (2.49) 

ʠʣʠ: 
CCCCC

ra . (2.50) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʠʥʝʡʥʦʝ  ʠʣʠ ʧʦʣʥʦʝ ʫʩʢʦʨʝʥʠʝ ʚʨʘʱʘʶʱʝʡʩʷ ʪʦʯʢʠ ʨʘʚʥʦ, 

ʢʘʢ ʠ ʧʨʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ, ʩʫʤʤʝ ʪʘʥʛʝʥʮʠʘʣʴʥʦʛʦ  

ra
CCC

 (2.51) 

ʠ ʥʦʨʤʘʣʴʥʦʛʦ  
CCC

na  (2.52) 

ʫʩʢʦʨʝʥʠʡ: naaa
CCC

.  

ʈʘʩʢʨʳʚʘʷ ʚʝʢʪʦʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ (2.51), ʧʦʣʫʯʘʝʤ: 

a   rsin   R, (2.53) 

ʪʦ ʝʩʪʴ ʪʘʥʛʝʥʮʠʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʪʦʯʢʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʨʘʜʠʫʩʫ ʦʢʨʫʞʥʦʩʪʠ, 

ʧʦ ʢʦʪʦʨʦʡ ʵʪʘ ʪʦʯʢʘ ʜʚʠʞʝʪʩʷ. ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʟʘʤʝʜʣʝʥʥʦʤ ʚʨʘʱʝʥʠʠ ʫʩʢʦʨʝ-

ʥʠʷ  ʠ a  ʦʪʨʠʮʘʪʝʣʥɹ .r 

ɺʝʣʠʯʠʥʫ ʥʦʨʤʘʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʥʘʭʦʜʠʤ, ʨʘʩʢʨʳʚʘʷ ʚʝʢʪʦʨʥʦʝ ʧʨʦʠʟʚʝʜʝ-

ʥʠʝ (2.52): 

RRan

2

2
sin . (2.54) 

ʄʦʜʫʣʴ ʧʦʣʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʚʨʘʱʘʶʱʝʡʩʷ ʪʦʯʢʠ 
42Ra . (2.55) 

ʋʤʝʩʪʥʦ ʦʙʩʫʜʠʪʴ ʚʦʧʨʦʩ ʦ ʨʘʟʤʝʨʥʦʩʪʷʭ ʠ ʝʜʠʥʠʮʘʭ ʠʟʤʝʨʝʥʠʷ ʚʚʝʜʸʥʥʳʭ 

ʚʳʰʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʨʘʱʝʥʠʷ. ʀʭ ʪʨʠ: ʫʛʦʣ ʧʦʚʦʨʦʪʘ, ʫʛʣʦʚʘʷ 
ʩʢʦʨʦʩʪʴ ʠ ʫʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ. ʋʛʦʣ ʧʦʚʦʨʦʪʘ ʚ ʉʀ ʠʟʤʝʨʷʝʪʩʷ ʚ ʨʘʜʠʘʥʘʭ (ʨʘʜ), ʘ 

ʥʝ ʚ ʛʨʘʜʫʩʘʭ. ʈʘʜʠʘʥ ð ʙʝʟʨʘʟʤʝʨʥʘʷ ʚʝʣʠʯʠʥʘ, ʪʘʢ ʢʘʢ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʦʪʥʦ-
ʝhʥʠʶ ʜʣʠʥʳ ʜʫʛʠ ʢ ʨʘʜʠʫʩʫ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʠʣʠ ʫʛʣʦʚʦʝ ʧʝʨʝ-
ʤʝʱʝʥʠʝ ð ʚʝʣʠʯʠʥʘ ʙʝʟʨʘʟʤʝʨʥʘʷ. ʋʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʟʤʝʨʷʝʪʩʷ 

ʚ ʨʘʜ/ʩ, ʘ ʫʩʢʦʨʝʥʠʝ ð ʚ ʨʘʜ/ʩ
2
. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʟʤʝʨʥʦʩʪʠ:  []  c

ï1
;  [ ]  c

ï

2
. 

2.6. ʂʠʥʝʤʘʪʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʊʘʢ ʞʝ, ʢʘʢ ʚ ʩʣʫʯʘʝ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʧʦʣʴʟʫʷʩʴ ʦʧʨʝʜʝʣʝʥʠʝʤ ʫʛ-
ʣʦʚʦʡ ʩʢʦʨʦʩʪʠ (2.44), ʥʘʡʜʸʤ ʚʳʨʘʞʝʥʠʝ, ʟʘʜʘʶʱʝʝ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʚ ʬʫʥʢʮʠʠ 

ʚʨʝʤʝʥʠ: 

d   dt ;           
t

dtd
00

. (2.56) 



 21 

ɼʣʷ ʩʣʫʯʘʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʚʨʘʱʝʥʠʷ ʧʦʩʪʦʷʥʥʘʷ ʚʝʣʠʯʠʥʘ  ʚʳʥʦʩʠʪʩʷ ʟʘ ʟʥʘʢ 
ʠʥʪʝʛʨʘʣʘ,  ʠ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʙʫʜʝʪ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʝʡ ʚʨʝʤʝʥʠ: 

  0 + t , (2.57) 

ʛʜʝ 0 ð ʫʛʦʣ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʧʦʣʦʞʝʥʠʝ ʪʝʣʘ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ʇʦ-
ʣʫʯʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʥʝʪʨʫʜʥʦ ʥʝʩʢʦʣʴʢʦ ʠʟʤʝʥʠʪʴ, ʚʚʝʜʷ N ð  ʯʠʩʣʦ ʧʦʣʥʳʭ 

ʦʙʦʨʦʪʦʚ, ʩʜʝʣʘʥʥʳʭ ʚʨʘʱʘʶʱʠʤʩʷ ʪʝʣʦʤ ʟʘ ʚʨʝʤʷ t. ʇʦʩʢʦʣʴʢʫ ʦʜʠʥ ʦʙʦʨʦʪ ʩʦ-

ʦʪʚʝʪʩʪʚʫʝʪ ʫʛʣʫ ʚ 2 ʨʘʜʠʘʥ, ʪʦ  

  2 N. (2.58) 

ʍʘʨʘʢʪʝʨʠʟʫʷ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪ ʧʦʥʷʪʠʝ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ   dN/dt. ʕʪʘ ʚʝʣʠʯʠʥʘ ʟʘʜʘʸʪ ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ. 

ʋʯʠʪʳʚʘʷ ʚʥʦʚʴ, ʯʪʦ ʦʜʠʥ ʦʙʦʨʦʪ ʩʦʩʪʘʚʣʷʝʪ 2 ʨʘʜʠʘʥ, ʧʦʣʫʯʘʝʤ, ʯʪʦ 

  2 . (2.59) 

ɽʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʦʙ/ʩ, ʘ ʨʘʟʤʝʨʥʦʩʪʴ ð ʩ
ï1
, ʪʘʢʘʷ ʞʝ, ʢʘʢ 

ʠ ʫ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ. 

ʀʩʧʦʣʴʟʫʷ ʜʚʝ ʚʥʦʚʴ ʚʚʝʜʸʥʥʳʝ ʚʝʣʠʯʠʥʳ ʠ ʧʦʣʘʛʘʷ ʥʘʯʘʣʴʥʳʡ ʫʛʦʣ ʨʘʚʥʳʤ 
ʥʫʣʶ, ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʫʨʘʚʥʝʥʠʝ (2.44) ʚ ʚʠʜʝ: 

N  t, (2.60) 

ʛʜʝ N ð ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ, ʩʜʝʣʘʥʥʳʭ ʨʘʚʥʦʤʝʨʥʦ ʚʨʘʱʘʶʱʠʤʩʷ ʪʝʣʦʤ. 
ɿʘʤʝʪʠʤ, ʯʪʦ ʧʦʩʣʝʜʥʝʝ ʨʘʚʝʥʩʪʚʦ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʠʩʭʦʜʥʦʝ (2.57), ʩʧʨʘʚʝʜʣʠʚʦ 

ʣʠʰʴ ʜʣʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʚʨʘʱʝʥʠʷ,  ʠ ʝʛʦ ʥʝʣʴʟʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʝʩʪʴ 
ʫʩʢʦʨʝʥʠʝ ð ʚʨʘʱʝʥʠʝ ʟʘʤʝʜʣʷʝʪʩʷ ʣʠʙʦ ʫʩʢʦʨʷʝʪʩʷ. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʜʣʷ ʠʥʪʝʛ-

ʨʠʨʦʚʘʥʠʷ ʚ (2.56) ʥʫʞʥʦ ʟʥʘʪʴ, ʢʘʢ  ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ. ʆʧʨʝ-
ʜʝʣʝʥʠʝ ʫʛʣʦʚʦʛʦ ʫʩʢʦʨʝʥʠʷ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʡʪʠ ʵʪʫ ʟʘʚʠʩʠʤʦʩʪʴ. ɺʳʨʘʞʘʝʤ 

ʠʟ ʬʦʨʤʫʣʳ (2.48) ʧʨʠʨʘʱʝʥʠʝ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʟʘ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʡ ʧʨʦʤʝʞʫ-
ʪʦʢ ʚʨʝʤʝʥʠ: 

d   dt, (2.61) 

ʠ ʠʥʪʝʛʨʠʨʫʝʤ, ʧʦʣʘʛʘʷ, ʯʪʦ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t  0 ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʨʘʚʥʘ 0 ʠ 

ʫʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ ʧʦʩʪʦʷʥʥʦ: 
t

dtd
00

;       0  t . (2.62) 

ɿʥʘʢ ʤʠʥʫʩ ʚ ʧʦʩʣʝʜʥʝʤ ʨʘʚʝʥʩʪʚʝ ʠʤʝʝʪ ʤʝʩʪʦ ʜʣʷ ʩʣʫʯʘʷ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ 

ʫʩʢʦʨʝʥʠʷ, ʪʦ ʝʩʪʴ ʜʣʷ ʩʣʫʯʘʷ ʨʘʚʥʦʟʘʤʝʜʣʝʥʥʦʛʦ ʚʨʘʱʝʥʠʷ.  
ʇʦʜʩʪʘʚʠʚ ʧʦʩʣʝʜʥʶʶ ʬʦʨʤʫʣʫ ʚ ʠʥʪʝʛʨʘʣ (2.56), ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʦʧ-

ʨʝʜʝʣʝʥʠʷ ʫʛʣʘ ʧʦʚʦʨʦʪʘ, ʢʘʢ ʬʫʥʢʮʠʠ ʚʨʝʤʝʥʠ (ʧʨʠ 0  0): 

2

2

0

t
t . (2.63) 

ʂʘʢ ʠ ʧʨʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ, ʧʨʠ ʨʘʚʥʦʧʝʨʝʤʝʥʥʦʤ ʚʨʘɦ ʝʥʠʠ ʠʤʝʝʤ 
ʜʚʘ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʷ (ʜʣʷ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʠ ʜʣʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ). 

ɽʩʣʠ  ʚʨʘʱʝʥʠʝ ʥʝ ʨʘʚʥʦʧʝʨʝʤʝʥʥʦʝ (  const), ʪʦ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʠ ʫʛʦʣ 

ʧʦʚʦʨʦʪʘ ʤʦʛʫʪ ʙʳʪʴ ʪʘʢʞʝ ʥʘʡʜʝʥʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ, ʝʩʣʠ ʠʟʚʝʩʪʥʘ ʟʘʚʠʩʠ-

ʤʦʩʪʴ ʫʛʣʦʚʦʛʦ ʫʩʢʦʨʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ ð (t).  
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ʆʙʨʘʪʥʘʷ ʟʘʜʘʯʘ ð ʥʘʭʦʞʜʝʥʠʝ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠ ʫʛʣʦʚʦʛʦ ʫʩʢʦʨʝʥʠʷ ʧʦ 

ʟʘʜʘʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʦʪ ʚʨʝʤʝʥʠ (t) ð ʨʝʰʘʝʪʩʷ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ 

ʢʠʥʝʤʘʪʠʢʠ ʪʦʯʢʠ, ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝʤ: 

#
dt

d
;              ###

2

2

dt

d

dt

d
. (2.64) 

ʋʨʘʚʥʝʥʠʷ ʢʠʥʝʤʘʪʠʢʠ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦʣʫʯʝʥʳ  ʥʘʤʠ ʣʠʰʴ ʘʥʘ-

ʣʠʪʠʯʝʩʢʠʤ ʧʫʪʝʤ ð ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ ʫʨʘʚʥʝʥʠʡ, ʚʚʦʜʷʱʠʭ ʧʦʥʷʪʠʝ ʫʛʣʦʚʦʡ 
ʩʢʦʨʦʩʪʠ ʢʘʢ ʧʨʦʠʟʚʦʜʥʦʡ ʦʪ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʠ ʧʦʥʷʪʠʝ ʫʛʣʦʚʦʛʦ ʫʩʢʦʨʝʥʠʷ ʢʘʢ 
ʧʨʦʠʟʚʦʜʥʦʡ ʦʪ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ. ɻʨʘʬʠʯʝʩʢʠʡ ʤʝʪʦʜ ʟʜʝʩʴ ʦʧʫʱʝʥ. ʇʦʣʫʯʝʥ-

ʥʳʝ ʫʨʘʚʥʝʥʠʷ ʘʥʘʣʦʛʠʯʥʳ ʫʨʘʚʥʝʥʠʷʤ ʢʠʥʝʤʘʪʠʢʠ ʪʦʯʢʠ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʜʚʝ 
ʪʘʙʣʠʮʳ, ʦʪʨʘʞʘʶɦ ʠʝ ʵʪʫ ʘʥʘʣʦʛʠʶ. 

                                                                                                            ʊʘʙʣʠʮʘ 2.1 

ʇʦʥʷʪʠʷ ʢʠʥʝʤʘʪʠʢʠ 

ʆʙʦʟʥʘʯʝʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʇʦʩʪʫʧʘʪʝʣʴʥʦʝ 
ʜʚʠʞʝʥʠʝ 

ɺʨʘʱʘʪʝʣʴʥʦʝ  
ʜʚʠʞʝʥʠʝ 

ʇʝʨʝʤʝʱʝʥʠʝ rd
C

,  r
C

 
C

d  

ʄʦʜʫʣʴ ʧʝʨʝʤʝʱʝʥʠʷ rd
C

= ds, sr
C

 d ,     

ʇʫʪʴ s  

ʉʢʦʨʦʩʪʴ r
dt

rd #C
C

C
 

dt

d
C

C
 

ʄʦʜʫʣʴ ʩʢʦʨʦʩʪʠ 
s

dt

ds
# 

222

zyx  

#
dt

d
 

R
 

ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ 
12

12

tt

ss

t

s
 

12

12

ttt
 

ʇʨʦʝʢʮʠʠ ʩʢʦʨʦʩʪʠ x
dt

dx
x

#;        yy
#;        zz

# 

ʋʩʢʦʨʝʥʠʝ  r
dt

rd

dt

d
a ##C

C
#C

C
C

2

2

 
dt

d
C

C
;    ##

2

2

dt

d
 

ʇʨʦʝʢʮʠʠ ʫʩʢʦʨʝʥʠʷ x
dt

xd

dt

d
a x

x
x

###
2

2

;      yay
##;     zaz

## 

ʪʘʥʛʝʥʮʠʘʣʴʥʦʝ s
dt

sd

dt

d
a ###

2

2

 a  = R 

ʥʦʨʤʘʣʴʥʦʝ 
R

an

2

 an = 
2
R 

ʇʦʣʥʦʝ ʫʩʢʦʨʝʥʠʝ aaa n

CCC
;              

22 aaa n  
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ʊʘʙʣʠʮʘ 2.2 

ʆʧʨʝʜʝʣʷʝ-

ʤʳʝ 
ʚʝʣʠʯʠʥʳ 

ʂʠʥʝʤʘʪʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ 

ʇʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ɺʨʘʱʘʪʝʣʴʥʦʝ 
ʜʚʠʞʝʥʠʝ ɺ ʧʨʦʝʢʮʠʷʭ ɺ ʩʢʘʣʷʨʥʦʡ ʬʦʨʤʝ 

ʈʘʚʥʦʤʝʨʥʦʝ ʜʚʠʞʝʥʠʝ 

ʋʩʢʦʨʝʥʠʝ ax  0 a   0   0 

ʉʢʦʨʦʩʪʴ x  const   const   const 

ʇʫʪʴ (ʢʦʦʨ-
ʜʠʥʘʪʘ) 

x = x0 + xt s  t   t ;  N  t 

 ʈʘʚʥʦʧʝʨʝʤʝʥʥʦʝ ʜʚʠʞʝʥʠʝ 

ʋʩʢʦʨʝʥʠʝ ax  const a   const   const 

ʉʢʦʨʦʩʪʴ x  0x + axt   0  a t   0  t 

ʇʫʪʴ (ʢʦʦʨ-

ʜʠʥʘʪʘ) 2

2

00

ta
txx

x

x  
2

2

0

ta
ts

 2

2

0

t
t

 

 ʆʙʱʠʡ ʩʣʫʯʘʡ 

ʋʩʢʦʨʝʥʠʝ ax  const a   const   const 

ʉʢʦʨʦʩʪʴ 
t

xx dta
0

0  
t

dta
0

0

 

t

dt
0

0

 

ʇʫʪʴ (ʢʦʦʨ-
ʜʠʥʘʪʘ) 

t

xdtxx
0

0  
t

dts
0  

t

dt
0  

 
ɺ ʟʘʢʣʶʯʝʥʠʝ ʦʪʤʝʪʠʤ, ʯʪʦ ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʢʠʥʝʤʘʪʠʢʠ ï ʧʫʪʴ, ʩʢʦʨʦʩʪʴ ʠ 

ʫʩʢʦʨʝʥʠʝ ʙʳʣʠ ʚʚʝʜʝʥʳ ʚ ʬʠʟʠʢʫ ʝʱʸ ɻʘʣʠʣʝʝʤ. ʆʥʠ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʳ ʠ ʧʦʜ-
ʨʦʙʥʦ ʠʟʫʯʘʶʪʩʷ ʚ ʩʨʝʜʥʝʡ ʰʢʦʣʝ. ʇʦʟʜʥʝʝ ʙʳʣʘ ʩʦʟʜʘʥʘ ʢʠʥʝʤʘʪʠʢʘ ʚʨʘʱʘʪʝʣʴ-

ʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʝʣʘ. ʂʠʥʝʤʘʪʠʢʘ ʪʦʯʢʠ ʢ ʵʪʦʤʫ ʚʨʝʤʝʥʠ ʧʨʝʪʝʨʧʝʣʘ ʟʥʘʯʠʪʝʣʴ-
ʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʚʷʟʠ ʩ ʧʦʷʚʣʝʥʠʝʤ ʧʦʥʷʪʠʷ ʚʝʢʪʦʨʘ ʠ ʝʛʦ ʧʨʦʝʢʮʠʠ. ɺ ʢʠʥʝʤʘ-

ʪʠʢʝ ʧʦʷʚʠʣʠʩʴ ʪʨʠ ʤʝʪʦʜʘ ʨʘʩʯʸʪʘ: ʝʩʪʝʩʪʚʝʥʥʳʡ, ʢʦʦʨʜʠʥʘʪʥʳʡ ʠ ʚʝʢʪʦʨʥʳʡ. 
ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʚʠʪʠʷ ʵʪʦʛʦ ʨʘʟʜʝʣʘ ʬʠʟʠʢʠ ʩʚʷʟʘʥʘ ʩ ʧʨʠʣʦʞʝʥʠʝʤ ʧʦʥʷʪʠʡ 

ʢʠʥʝʤʘʪʠʢʠ ʢ ʨʘʩʯʸʪʫ ʤʝʭʘʥʠʟʤʦʚ ʠ ʤʘʰʠʥ. ɺ ʥʦʚʦʤ ʚʠʜʝ ʢʠʥʝʤʘʪʠʢʘ ʚʳʜʝʣʠ-
ʣʘʩʴ ʚ ʙʦʣʴʰʦʡ ʨʘʟʜʝʣ ʥʦʚʦʡ ʥʘʫʢʠ ð ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ. 
ɺ ʧʨʝʜʣʘʛʘʝʤʳʭ ɺʘʰʝʤʫ ʚʥʠʤʘʥʠʶ ʪʘʙʣʠʮʘʭ ʧʨʠʚʝʜʝʥʳ ʢʘʢ ʦʩʥʦʚʥʳʝ ʧʦʥʷ-

ʪʠʷ ʢʠʥʝʤʘʪʠʢʠ, ʪʘʢ ʠ ʪʝ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʪʝʦʨʝʪʠʯʝ-
ʩʢʦʡ ʤʝʭʘʥʠʢʝ. ʄʳ ʧʨʝʜʣʘʛʘʝʤ ʯʠʪʘʪʝʣʷʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʚʳʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ 

ʧʦʥʷʪʠʷ ʢʠʥʝʤʘʪʠʢʠ ʪʦʯʢʠ ʠ ʢʠʥʝʤʘʪʠʢʠ ʚʨʘʱʝʥʠʷ. ʉʦʧʦʩʪʘʚʴʪʝ ʵʪʠ ʧʦʥʷʪʠʷ ʠ, 
ʠʩʧʦʣʴʟʫʷ ʠʟʚʝʩʪʥʳʝ ɺʘʤ ʠʟ ʢʫʨʩʘ ʩʨʝʜʥʝʡ ʰʢʦʣʳ ʫʨʘʚʥʝʥʠʷ ʢʠʥʝʤʘʪʠʢʠ ʪʦʯʢʠ, 

ʥʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʢʠʥʝʤʘʪʠʢʠ ʚʨʘʱʝʥʠʷ.  ʀ ʪʝʭ ʠ ʜʨʫʛʠʭ ʫʨʘʚʥʝʥʠʡ ʜʦʣʞʥʦ 
ʙʳʪʴ ʧʦʨʦʚʥʫ, ʘ ʠʤʝʥʥʦ ʧʦ ʪʨʠ ʫʨʘʚʥʝʥʠʷ. ɺʚʝʜʠʪʝ  ʚ ʥʠʭ ʧʦʥʷʪʠʝ ʯʘʩʪʦʪʳ ʚʨʘ-

ʱʝʥʠʷ ʠ ʧʦʣʥʦʛʦ ʯʠʩʣʘ ʦʙʦʨʦʪʦʚ. 



 24 

3. ɼʀʅɸʄʀʂɸ 
 

3.1. ʇʦʥʷʪʠʝ ʩʠʣʳ. ʊʨʝʪʠʡ ʟʘʢʦʥ ʅʴʪʁʦʥʘ. 
ʄʘʩʩʘ ʠʥʝʨʪʥʘʷ ʠ ʪʷʛʦʪʝʶʱʘʷ 

ʕʪʦʪ ʨʘʟʜʝʣ ʤʝʭʘʥʠʢʠ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʢʠʥʝʤʘʪʠʢʘ, ʟʘʥʠʤʘʝʪʩʷ ʠʟʫʯʝʥʠʝʤ ʜʚʠ-

ʞʝʥʠʷ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʪʝʣ. ʅʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʠʥʝʤʘʪʠʢʠ, ʚ ʜʠʥʘʤʠʢʝ ʘʥʘʣʠʟʠ-
ʨʫʶʪʩʷ ʧʨʠʯʠʥʳ, ʚʳʟʳʚʘʶʱʠʝ ʠʟʤʝʥʝʥʠʝ ʜʚʠʞʝʥʠʷ. ɼʠʥʘʤʠʢʘ ʦʧʝʨʠʨʫʝʪ ʥʦʚʳ-

ʤʠ, ʜʠʥʘʤʠʯʝʩʢʠʤʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʚʠʞʝʥʠʷ. ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʷʚʣʷʝʪʩʷ ʩʠʣʘ. ʉʠʣʘ ʷʚʣʷʝʪʩʷ ʤʝʨʦʡ ʪʘʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʝʣ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʵʪʠ ʪʝʣʘ ʧʦʣʫʯʘʶʪ ʫʩʢʦʨʝʥʠʝ ʠʣʠ ʜʝʬʦʨʤʠʨʫʶʪʩʷ.  
ʇʦʜʯʝʨʢʥʸʤ, ʯʪʦ ʧʦʥʷʪʠʝ ʩʠʣʳ ʠʤʝʝʪ ʩʤʳʩʣ ʣʠʰʴ ʧʨʠ ʥʘʣʠʯʠʠ ʜʚʫʭ (ʢʘʢ ʤʠ-

ʥʠʤʫʤ!) ʪʝʣ ʠ ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʊʦʯʥʝʝ, ʩʠʣʘ ʭʘʨʘʢ-
ʪʝʨʠʟʫʝʪ ʚʦʟʜʝʡʩʪʚʠʝ ʦʜʥʦʛʦ ʪʝʣʘ ʥʘ ʜʨʫʛʦʝ. ʉʠʣʘ, ʙʝʟʫʩʣʦʚʥʦ, ʜʦʣʞʥʘ ʙʳʪʴ ʚʝʢ-

ʪʦʨʥʦʡ ʚʝʣʠʯʠʥʦʡ, ʧʨʠʯʸʤ ʚʝʢʪʦʨʦʤ ʩ ʟʘʢʨʝʧʣʸʥʥʦʡ ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʦʡ, ʢʦʪʦʨʳʡ 
ʥʝʣʴʟʷ ʧʝʨʝʥʦʩʠʪʴ ʧʘʨʘʣʣʝʣʴʥʦ ʩʘʤʦʤʫ ʩʝʙʝ, ʢʘʢ ʚ ʢʠʥʝʤʘʪʠʢʝ. ɺʝʢʪʦʨ ʩʠʣʳ 

ʤʦʞʥʦ ʧʝʨʝʥʦʩʠʪʴ ʣʠʰʴ ʧʦ ʣʠʥʠʠ ʝʛʦ ʜʝʡʩʪʚʠʷ. 
ʉʠʣʳ ʚʩʝʛʜʘ ʚʦʟʥʠʢʘʶʪ ʧ§ʨʘʤʠ: ʝʩʣʠ ʦʜʥʦ ʪʝʣʦ ʠʩʧʳʪʘʣʦ ʜʝʡʩʪʚʠʝ ʜʨʫʛʦʛʦ 

ʪʝʣʘ, ʪʦ ʠ ʵʪʦ ʚʪʦʨʦʝ ʪʝʣʦ ʠʩʧʳʪʘʣʦ ʜʝʡʩʪʚʠʝ ʧʝʨʚʦʛʦ. ʊʘʢ, ʣʶʙʦʡ ʣʝʞʘʱʠʡ 
ʧʨʝʜʤʝʪ ʜʘʚʠʪ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʦʧʦʨʫ ʩ ʩʠʣʦʡ ʥʦʨʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʥʘʧʨʘʚ-
ʣʝʥʥʦʡ ʚʝʨʪʠʢʘʣʴʥʦ ʚʥʠʟ, ʘ ʦʧʦʨʘ ʜʝʡʩʪʚʫʝʪ ʥʘ ʧʨʝʜʤʝʪ ʩ ʩʠʣʦʡ ʨʝʘʢʮʠʠ ʦʧʦʨʳ, 

ʥʘʧʨʘʚʣʝʥʥʦʡ ʚʝʨʪʠʢʘʣʴʥʦ ʚʚʝʨʭ. ɺʝʣʠʯʠʥʳ ʩʠʣ ʦʜʠʥʘʢʦʚʳ, ʪʘʢ ʢʘʢ ʭʘʨʘʢʪʝʨʠ-
ʟʫʶʪ ʦʜʥʦ ʠ ʪʦ ʞʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʘ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ. ɺʳʩʢʘʟʘʥʥʦʝ 

ʚʳʰʝ ʧʦʣʦʞʝʥʠʝ ʧʦʣʫʯʠʣʦ ʥʘʟʚʘʥʠʝ ʪʨʝʪʴʝʛʦ ʟʘʢʦʥʘ ʅʴʶʪʦʥʘ: 

21 FF
CC

  ʠ  21 FF . (3.1) 

ʆʜʥʫ ʠʟ ʩʠʣ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ ʜʝʡʩʪʚʫʶʱʝʡ, ʚʪʦʨʫʶ ð ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʶʱʝʡ. 
ʊʘʢ, ʟʘʢʦʥ ʚʩʝʤʠʨʥʦʛʦ ʪʷʛʦʪʝʥʠʷ  
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ʦʧʠʩʳʚʘʶʱʠʡ, ʥʘʧʨʠʤʝʨ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʤʝʪʝʦʨʠʪʘ ʤʘʩʩʦʡ m ʠ ɿʝʤʣʠ ʤʘʩʩʦʡ M ʧʨʠ 
ʨʘʩʩʪʦʷʥʠʠ r ʤʝʞʜʫ ʠʭ ʮʝʥʪʨʘʤʠ, ʟʘʜʘʸʪ ʢʘʢ 

ʩʠʣʫ 1F
C
, ʜʝʡʩʪʚʫʶʱʫʶ ʥʘ ʤʝʪʝʦʨʠʪ, ʪʘʢ ʠ 

ʩʠʣʫ 2F
C
, ʜʝʡʩʪʚʫʶʱʫʶ ʩʦ ʩʪʦʨʦʥʳ ʤʝʪʝʦ-

ʨʠʪʘ ʥʘ ɿʝʤʣʶ (ʨʠʩ. 3.1). ʂʘʞʜʘʷ ʠʟ ʥʠʭ 
ʤʦʞʝʪ ʙʳʪʴ ʥʘʟʚʘʥʘ ʩʠʣʦʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʠ ʨʘʩʩʯʠʪʘʥʘ ʧʦ ʧʨʠʚʝʜʸʥʥʦʤʫ ʚʳʰʝ ʟʘʢʦ-
ʥʫ. ʅʘ ʨʠʩʫʥʢʝ, ʧʦʷʩʥʷʶʱʝʤ ʚʟʘʠʤʦʜʝʡʩʪ-

ʚʠʝ, ʠʟʦʙʨʘʞʘʝʪʩʷ ʣʠʰʴ ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ 
ʥʘ ʪʦ ʪʝʣʦ, ʜʚʠʞʝʥʠʝ ʢʦʪʦʨʦʛʦ ʨʘʩʩʤʘʪʨʠʚʘ-

ʝʪʩʷ ʚ ʟʘʜʘʯʝ.  
ɺ ʬʠʟʠʢʝ ʦʯʝʥʴ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦ-

ʥʷʪʠʝ ʩʠʩʪʝʤʳ, ʟʘʤʝʥʷʶʱʝʝ ʧʦʥʷʪʠʝ ʪʝʣʘ. 
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ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ɿʝʤʣʷ ʚ ʧʨʠʚʝʜʸʥʥʦʤ ʚʳʰʝ ʧʨʠʤʝʨʝ ʤʦʞʝʪ ʙʳʪʴ ʥʘʟʚʘʥʘ ʪʝʣʦʤ, 
ʝʩʣʠ ʘʙʩʪʨʘʛʠʨʦʚʘʪʴʩʷ ʦʪ ʝʸ ʢʦʥʢʨʝʪʥʦʡ ʩʪʨʫʢʪʫʨʳ. ɺʦʦʙʱʝ ʞʝ ʛʦʚʦʨʷ, ɿʝʤʣʷ ʷʚ-

ʣʷʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʪʝʣ, ʠ ʧʨʘʚʠʣʴʥʝʝ ʙʳʣʦ ʙʳ ʥʘʟʚʘʪʴ ʝʸ ʩʠʩ-
ʪʝʤʦʡ ʪʝʣ, ʣʠʙʦ ʧʨʦʩʪʦ ʩʠʩʪʝʤʦʡ. ʊʘʢ, ʧʨʠ ʨʘʩʯʸʪʝ ʪʨʘʝʢʪʦʨʠʠ ʨʘʢʝʪʳ ʝʸ ʤʦʞʥʦ 
ʩʯʠʪʘʪʴ ʧʨʦʩʪʦ ʪʝʣʦʤ. ʅʦ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʚʦʧʨʦʩ ʦ ʧʨʦʯʥʦʩʪʠ ʜʝʪʘʣʝʡ ʠ ʠʭ ʜʚʠʞʝ-

ʥʠʠ ʚʥʫʪʨʠ ʨʘʢʝʪʳ, ʝʸ ʥʫʞʥʦ ʧʨʠʥʠʤʘʪʴ ʟʘ ʩʠʩʪʝʤʫ. 
ʉʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʩʠʩʪʝʤʫ, ʧʨʠʥʷʪʦ ʜʝʣʠʪʴ ʥʘ ʚʥʫʪʨʝʥʥʠʝ ʩʠʣʳ ʠ  ʥʘ 

ʚʥʝʰʥʠʝ. ɺʥʫʪʨʝʥʥʠʝ ʩʠʣʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʪʝʣʘʤʠ, ʩʦ-
ʩʪʘʚʣʷʶʱʠʤʠ  ʩʠʩʪʝʤʫ, ʚʥʝʰʥʠʝ ð ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʠʩʪʝʤʳ ʩ ʪʝʣʘʤʠ, ʚ ʥʝʸ ʥʝ 

ʚʢʣʶʯʸʥʥʤrʠ. 
ɽʩʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʤʝʞʜʫ ʩʦʙʦʡ ʪʦʣʴʢʦ ʪʝʣʘ, ʚʢʣʶʯʸʥʥʳʝ ʚ ʩʠʩʪʝʤʫ, ʘ 

ʚʥʝʰʥʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʪ, ʪʦ ʩʠʩʪʝʤʘ ʥʘʟʳʚʘʝʪʩʷ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʠʣʠ ʟʘʤʢʥʫ-
ʪʦʡ. 

ɺʪʦʨʦʡ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʜʚʠʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʥʷʪʠʝ ʤʘʩ-
ʩ.r ʆʥʦ, ʪʘʢ ʞʝ, ʢʘʢ ʠ ʦʩʪʘʣʴʥʳʝ ʚʝʣʠʯʠʥʳ ʚ ʬʠʟʠʢʝ, ʚʚʦʜʠʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʥʘ-

ʙʣʶʜʘʝʤʳʭ ʷʚʣʝʥʠʡ. ɺʩʝ ʭʦʨʦʰʦ ʟʥʘʶʪ, ʯʪʦ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ ʜʚʘ ʨʘʟ-
ʥʳʭ ʪʝʣʘ ʧʦʣʫʯʘʶʪ ʨʘʟʥʳʝ ʫʩʢʦʨʝʥʠʷ: ʧʨʠ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʪʦʣʯʢʝ ʙʦʣʴʰʝʝ ʫʩʢʦ-

ʨʝʥʠʝ ʧʦʣʫʯʘʪ ʧʫʩʪʳʝ ʩʘʥʢʠ, ʥʝʞʝʣʠ ʥʘʛʨʫʞʝʥʥʳʝ. ʀʥʘʯʝ ʛʦʚʦʨʷ, ʪʷʞʸʣʳʝ ʩʘʥʢʠ 
ʙʦʣʝʝ ʠʥʝʨʪʥʳ, ʤʝʥʝʝ ʚʦʩʧʨʠʠʤʯʠʚʳ ʢ ʜʚʠʞʝʥʠʶ, ʯʝʤ ʣʸʛʢʠʝ. ʀʭ ʠ ʦʩʪʘʥʦʚʠʪʴ 
ʪʨʫʜʥʝʝ. 

ɽʩʣʠ ʥʘʟʚʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʠʥʝʨʪʥʦʩʪʠ ʪʝʣʘ ʠʥʝʨʪʥʦʡ ʤʘʩʩʦʡ ʠ ʦʙʦʟʥʘʯʠʪʴ 
ʝʸ ʯʝʨʝʟ mʠ, ʤʦʞʥʦ ʫʜʦʩʪʦʚʝʨʠʪʴʩʷ ʩʧʝʮʠʘʣʴʥʦ ʧʨʦʚʝʜʸʥʥʳʤ ʦʧʳʪʦʤ, ʯʪʦ ʫʩʢʦ-

ʨʝʥʠʝ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʤʘʩʩʝ:  
(mʠ)1a1 = (mʠ)2a2 =... (3.3) 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʝʩʣʠ ʜʚʘ ʨʘʟʥʳʭ ʪʝʣʘ, ʩʦʝʜʠʥʸʥʥʳʭ ʫʧʨʫʛʦʡ ʩʚʷʟʴʶ (ʨʠʩ. 3.2), 
ʦʪʧʫʩʪʠʪʴ, ʦʥʠ ʧʦʣʫʯʘʪ ʨʘʟʥʳʝ ʫʩʢʦʨʝʥʠʷ, ʢʦʪʦʨʳʝ ʣʝʛʢʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʧʨʠʚʝ-

ʜʸʥʥʦʤʫ ʚʳʰʝ ʫʨʘʚʥʝʥʠʶ. 
ʆʙʦʟʥʘʯʠʤ ʩʚʦʡʩʪʚʦ ʪʝʣ ʧʨʠʪʷʛʠʚʘʪʴʩʷ ʢ ɿʝʤʣʝ 

ʯʝʨʝʟ mʪ, ʠ ʥʘʟʦʚʸʤ ʝʛʦ ʪʷʛʦʪʝʶʱʝʡ ʤʘʩʩʦʡ. ɼʚʝ 
ʤʘʩʩʳ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʪʝʣʘ (mʪ ʠ mʠ) ʚʚʦʜʷʪʩʷ ʜʣʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʚʦʡʩʪʚ ʪʝʣ, ʧʨʦʷʚʣʷʶʱʠʭʩʷ ʧʦ-
ʨʘʟʥʦʤʫ ʚ ʨʘʟʣʠʯʥʳʭ ʦʧʳʪʘʭ. ʅʝʪʨʫʜʥʦ ʧʦʢʘʟʘʪʴ, 
ʯʪʦ ʤʘʩʩʘ ʠʥʝʨʪʥʘʷ ʠ ʤʘʩʩʘ ʪʛ̫ʦʪʝʶʱʘʷ  ʨʘʚʥʳ ʜʨʫʛ 

ʜʨʫʛʫ. ʆʙʦʟʥʘʯʠʤ ʧʦʩʪʦʷʥʥʫʶ ʚʝʣʠʯʠʥʫ ʚ (3.3), 
ʨʘʚʥʫʶ ʧʨʦʠʟʚʝʜʝʥʠʶ ʤʘʩʩʳ ʥʘ ʫʩʢʦʨʝʥʠʝ, ʯʝʨʝʟ F. 

ʕʪʦ ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʪ ʦʧʳʪʫ (ʩʤ. ʨʠʩ. 3.2), ʧʦʩʢʦʣʴʢʫ 
ʦʜʠʥʘʢʦʚʦʡ ʜʣʷ ʦʙʦʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʪʝʣ ʙʳʣʘ 

ʠʤʝʥʥʦ ʩʠʣʘ. ʊʦʛʜʘ ʦʙʨʘʪʥʘʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʴ 
ʤʘʩʩʳ ʠ ʫʩʢʦʨʝʥʠʷ ʟʘʧʠʰʝʪʩʷ ʪʘʢ: 

F = mʠa , (3.4) 
ʯʪʦ ʦʟʥʘʯʘʝʪ: ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ ʩʠʣʳ ʚʝʣʠʯʠʥʦʡ F ʥʘ ʪʝʣʦ ʤʘʩʩʳ mʠ, ʪʝʣʦ ʧʦ-

ʣʫʯʠʣʦ ʫʩʢʦʨʝʥʠʝ ʚʝʣʠʯʠʥʦʡ ʘ.  
ʄʦʞʥʦ ʧʨʦʚʝʩʪʠ ʝʱʸ ʦʜʠʥ ʦʧʳʪ, ʥʝ ʩʚʷʟʘʥʥʳʡ ʩ ʧʝʨʚʳʤ: ʧʦʣʦʞʠʤ ʧʦʦʯʝʨʸʜ-

ʥʦ ʪʝʣʘ m1 ʠ m2 ʥʘ ʚʝʩʳ. ʇʦʢʘʟʘʥʠʷ ʚʝʩʦʚ ʙʫʜʫʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʩʚʦʡʩʪʚʦ ʢʘʞʜʦ-

2a
C

 

m1 m2 

1a
C

 

ʈʠʩ. 3.2 



 26 

ʛʦ ʠʟ ʪʝʣ ʧʨʠʪʷʛʠʚʘʪʴʩʷ ʢ ɿʝʤʣʝ, ʠ ʵʪʦ ʧʨʠʪʷʞʝʥʠʝ ʙʫʜʝʪ ʜʣʷ ʚʪʦʨʦʛʦ ʪʝʣʘ ʥʝ ʪʘ-
ʢʠʤ, ʢʘʢ ʜʣʷ ʧʝʨʚʦʛʦ. ʀʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʦʧʠʩʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʝʣʘ ʩ 

ɿʝʤʣʝʡ ʧʨʠ ʝʛʦ ʩʚʦʙʦʜʥʦʤ ʧʘʜʝʥʠʠ, ʠ ʫʯʠʪʳʚʘʷ, ʯʪʦ ʪʝʣʦ ʜʚʠʞʝʪʩʷ ʩ  ʫʩʢʦʨʝʥʠʝʤ 
g, ʙʫʜʝʤ ʠʤʝʪʴ: 

F = mʠg. (3.5) 

ʕʪʘ ʞʝ ʩʠʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʝʣʘ ʠ ɿʝʤʣʠ ʤʦʞʝʪ ʙʳʪʴ ʪʘʢʞʝ ʥʘʡʜʝʥʘ ʧʦ ʟʘʢʦ-
ʥʫ ʚʩʝʤʠʨʥʦʛʦ ʪʷʛʦʪʝʥʠʷ (3.2), ʚ ʢʦʪʦʨʳʡ ʪʦʞʝ ʚʦʡʜʝʪ ʤʘʩʩʘ ʪʝʣʘ, ʥʦ ʫʞʝ ʠʥʘʷ ð 

ʪʷʛʦʪʝʶʱʘʷ, ʧʦʩʢʦʣʴʢʫ ʚ ʟʘʢʦʥʝ ʥʝ ʛʦʚʦʨʠʪʩʷ ʦʙ ʫʩʢʦʨʝʥʠʠ. ʇʨʠʨʘʚʥʷʚ ʧʨʘʚʳʝ 
ʯʘʩʪʠ ʦʙʩʫʞʜʘʝʤʳʭ ʨʘʚʝʥʩʪʚ, ʧʦʣʫʯʠʤ: 

2r

Mm
gm ʊ
ʠ . (3.6) 

ʇʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ 

mʪ = mʠ , (3.7) 
ʧʦʣʫʯʘʝʤ 

2r

M
g . (3.8) 

ʈʝʟʫʣʴʪʘʪ ʫʜʠʚʠʪʝʣʝʥ ʪʝʤ, ʯʪʦ ʠʟ ʥʝʛʦ ʩʣʝʜʫʝʪ ʦʯʝʥʴ ʚʘʞʥʳʡ ʚʳʚʦʜ: ʫʩʢʦʨʝ-
ʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ʜʣʷ ʚʩʝʭ ʪʝʣ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʜʘʥʥʦʡ ʧʣʘʥʝʪʝ ʦʜʠʥʘʢʦʚʦ. 
ʕʪʦʪ ʬʘʢʪ ʧʨʦʚʝʨʝʥ ʝʱʸ ɻʘʣʠʣʝʝʤ, ʠ ʭʦʨʦʰʦ ʠʟʚʝʩʪʝʥ. ʀʟ ʧʦʩʪʦʷʥʩʪʚʘ g ʩʣʝʜʫʝʪ 

ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʛʠʧʦʪʝʟʳ ʦ ʨʘʚʝʥʩʪʚʝ ʤʘʩʩ ʠʥʝʨʪʥʦʡ ʠ ʪʷʛʦʪʝʶʱʝʡ. ʀ ʚ ʥʘ-
ʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʜʦʣʞʘʶʪ ʧʨʦʚʝʨʷʪʴ ʵʪʫ ʛʠʧʦʪʝʟʫ, ʠʟʤʝʨʷʷ  ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜ-

ʥʦʛʦ ʧʘʜʝʥʠʷ ʨʘʟʥʳʭ ʪʝʣ ʙʦʣʝʝ ʪʦʯʥʳʤʠ ʤʝʪʦʜʘʤʠ.  
ɿʘʤʝʪʠʤ ʧʦʧʫʪʥʦ, ʯʪʦ ʠʟʚʝʩʪʥʘʷ ʥʘʤ ʚʝʣʠʯʠʥʘ ʫʩʢʦʨʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ 

9,8 ʤ/ʩ
2
, ʷʚʣʷʝʪʩʷ ʪʘʢʦʡ ʣʠʰʴ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʛʜʝ r ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʟʘ 

ʨʘʜʠʫʩ ɿʝʤʣʠ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ɿʝʤʣʠ ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝ-

ʥʠʷ, ʝʩʪʝʩʪʚʝʥʥʦ, ʫʤʝʥʴʰʘʝʪʩʷ, ʥʦ ʦʩʪʘʸʪʩʷ ʦʜʠʥʘʢʦʚʳʤ ʜʣʷ ʪʝʣ ʨʘʟʥʦʡ ʤʘʩʩʳ. 
 

3.2. ɺʪʦʨʦʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ. ʋʩʣʦʚʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʚʠʞʝʥʠʷ. 
ɿʘʢʦʥ ʠʥʝʨʮʠʠ 

ɺʪʦʨʦʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ ʥʘʟʳʚʘʶʪ ʦʩʥʦʚʥʳʤ ʟʘʢʦʥʦʤ ʜʠʥʘʤʠʢʠ. ʆʥ, ʢʘʢ ʠ ʚʩʸ, 
ʦ ʯʸʤ ʛʦʚʦʨʠʣʦʩʴ ʚʳʰʝ, ʝʩʪʴ ʦʙʦʙʱʝʥʠʝ ʥʘʙʣʶʜʝʥʠʡ ʠ ʦʧʳʪʦʚ. ɺʤʝʩʪʝ ʩ ʪʝʤ, 
ʵʪʦʪ ʟʘʢʦʥ, ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ɸ. ʕʡʥʰʪʝʡʥʘ, ʝʩʪʴ ʧʝʨʚʘʷ ʩʪʫʧʝʥʴ ʘʙʩʪʨʘʢʮʠʠ ʚ ʬʠ-

ʟʠʢʝ, ʬʘʢʪʠʯʝʩʢʠ ʝʸ ʥʘʯʘʣʦ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ, ʥʘʙʣʶʜʘʷ ʟʘ ʦʢʨʫʞʘʶʱʠʤʠ ʥʘʩ ʷʚ-
ʣʝʥʠʷʤʠ, ʤʳ ʫʙʝʞʜʘʝʤʩʷ, ʯʪʦ ʣʶʙʦʝ ʜʚʠʞʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʩʠʣʦʡ: ʧʦʝʟʜ ʜʚʠʞʝʪʩʷ 

ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʨʘʙʦʪʘʝʪ ʝʛʦ ʜʚʠʛʘʪʝʣʴ. ʅʝ ʙʫʜʝʪ ʩʠʣʳ, ʥʝ ʙʫʜʝʪ ʠ ʜʚʠʞʝʥʠʷ. ʕʪʠ 
ʟʘʢʣʶʯʝʥʠʷ ʚʝʨʥʳ ʣʠʰʴ ʚ ʪʝʭ ʫʩʣʦʚʠʷʭ, ʢʦʪʦʨʳʝ ʥʘʙʣʶʜʘʶʪʩʷ ʥʘ ɿʝʤʣʝ, ʪʦ ʝʩʪʴ 

ʧʨʠ ʥʘʣʠʯʠʠ ʪʨʝʥʠʷ. 
ɽʩʣʠ ʧʨʝʜʩʪʘʚʠʪʴ, ʯʪʦ ʩʠʣʳ ʪʨʝʥʠʷ ʠʩʯʝʟʣʠ, ʪʦ ʜʚʠʞʝʥʠʝ ʧʨʝʜʩʪʘʚʠʪʩʷ ʥʘʤ 

ʚʦʟʤʦʞʥʳʤ ʠ ʙʝʟ ʜʝʡʩʪʚʠʷ ʩʠʣʳ: ʰʘʡʙʘ, ʙʨʦʰʝʥʥʘʷ ʧʦ ʣʴʜʫ, ʙʫʜʝʪ ʩʢʦʣʴʟʠʪʴ ʧʦ 
ʥʝʤʫ ʙʝʩʢʦʥʝʯʥʦ ʜʦʣʛʦ, ʪʝʤ ʜʦʣʴʰʝ, ʯʝʤ ʤʝʥʴʰʝ ʪʨʝʥʠʝ. ʇʣʘʥʝʪʳ ʠ ʜʨʫʛʠʝ ʥʝ-

ʙʝʩʥʳʝ ʪʝʣʘ ʜʚʠʞʫʪʩʷ, ʥʝ ʪʝʨʷʷ ʩʚʦʝʡ ʩʢʦʨʦʩʪʠ, ʧʦʪʦʤʫ ʯʪʦ ʠʭ ʜʚʠʞʝʥʠʶ ʧʨʘʢʪʠ-
ʯʝʩʢʠ ʥʠʯʝʛʦ ʥʝ ʤʝʰʘʝʪ. ɺ ʯʠʩʣʦ ʥʝʙʝʩʥʳʭ ʪʝʣ ʤʳ ʪʝʧʝʨʴ ʤʦʞʝʤ ʚʢʣʶʯʠʪʴ ʠ ʠʩ-
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ʢʫʩʩʪʚʝʥʥʳʝ ʩʧʫʪʥʠʢʠ ɿʝʤʣʠ, ʢʦʪʦʨʳʝ ʜʚʠʞʫʪʩʷ ʪʘʤ, ʛʜʝ ʧʣʦʪʥʦʩʪʴ ʘʪʤʦʩʬʝʨʳ 
ʤʘʣʘ, ʧʦʵʪʦʤʫ ʠʭ ʩʢʦʨʦʩʪʠ ʫʤʝʥʴʰʘʶʪʩʷ ʤʝʜʣʝʥʥʦ.  

ʂʦʛʜʘ ʝʩʪʴ ʪʨʝʥʠʝ ʠʣʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʨʝʜʳ, ʨʘʚʥʦʤʝʨʥʦʝ ʜʚʠʞʝʥʠʝ ʪʨʝʙʫʝʪ 
ʥʘʣʠʯʠʷ ʩʠʣʳ, ʫʨʘʚʥʦʚʝʰʠʚʘʶʱʝʡ ʵʪʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. ʇʨʠ ʨʘʚʝʥʩʪʚʝ ʩʠʣʳ ʪʨʝ-
ʥʠʷ ʠ ʫʨʘʚʥʦʚʝʰʠʚʘʶʱʝʡ ʩʠʣʳ ʪʝʣʦ ʙʫʜʝʪ ʜʚʠʛʘʪʴʩʷ ʨʘʚʥʦʤʝʨʥʦ, ʙʝʟ ʫʩʢʦʨʝʥʠʷ. 

ʀʪʘʢ: ʝʩʣʠ ʩʫʤʤʘ ʩʠʣ ʨʘʚʥʘ ʥʫʣʶ, ʪʦ ʫʩʢʦʨʝʥʠʝ ʦʪʩʫʪʩʪʚʫʝʪ: 

f
C

i  = 0,        0a
C

. (3.9) 

ʇʨʠ ʥʘʨʫʰʝʥʠʷ ʵʪʦʛʦ ʫʩʣʦʚʠʷ ʪʝʣʦ ʧʦʣʫʯʘʝʪ ʫʩʢʦʨʝʥʠʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʫʤʤʘ 
ʩʠʣ ʥʝ ʨʘʚʥʘ ʥʫʣʶ, ʠ ʫʩʢʦʨʝʥʠʝ ʩʦʚʧʘʜʘʝʪ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʩ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʝʡ 

ʵʪʠʭ ʩʠʣ: 

if
C

am
C

. (3.10) 

ʋʨʘʚʥʝʥʠʝ (3.10) ʷʚʣʷʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʦʨʤʫʣʠʨʦʚʢʦʡ ʚʪʦʨʦʛʦ ʟʘʢʦʥʘ 

ʅʴʶʪʦʥʘ ʜʣʷ ʪʝʣʘ ʩ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʦʡ. ʆʙʣʝʢʘʷ ʝʛʦ ʚ ʩʣʦʚʝʩʥʫʶ ʬʦʨʤʫ, ʤʦʞʥʦ 
ʩʢʘʟʘʪʴ: ʫʩʢʦʨʝʥʠʝ, ʩ ʢʦʪʦʨʳʤ ʜʚʠʞʝʪʩʷ ʪʝʣʦ, ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʩʫʤʤʝ 

ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʥʝʛʦ, ʩʦʚʧʘʜʘʝʪ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʩ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʝʡ ʵʪʠʭ 
ʩʠʣ  ʠ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʤʘʩʩʝ ʵʪʦʛʦ ʪʝʣʘ. ɿʘʤʝʪʠʤ, ʯʪʦ ʵʪʦ ʫʪʚʝʨʞʜʝ-

ʥʠʝ ʩʧʨʘʚʝʜʣʠʚʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʝʱʸ ʦʜʥʦʛʦ ʫʩʣʦʚʠʷ: ʩʠʩʪʝʤʘ ʦʪʩʯʸʪʘ, ʚ ʢʦʪʦ-
ʨʦʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʚʠʞʝʥʠʝ ʪʝʣʘ, ʷʚʣʷʝʪʩʷ ʠʥʝʨʮʠʘʣʴʥʦʡ, ʪʦ ʝʩʪʴ ʵʪʘ ʩʠʩʪʝʤʘ 

ʦʪʩʯʸʪʘ ʜʚʠʞʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦ (ʝʸ ʫʩʢʦʨʝʥʠʝ ʘʩʠʩʪʝʤʳ = 0) ʠ ʧʨʷʤʦʣʠʥʝʡʥʦ ʠʣʠ ʧʦ-
ʢʦʠʪʩʷ.  

ɼʣʷ ʠʣʣʶʩʪʨʘʮʠʠ 2-ʛʦ ʟʘʢʦʥʘ ʅʴʶʪʦʥʘ ʨʘʩʩʤʦʪʨʠʤ ʜʚʘ ʧʨʠʤʝʨʘ. ʅʘ ʨʠʩ. 3.3 
ʠʟʦʙʨʘʞʝʥʳ ʜʚʘ ʨʘʟʣʠʯʥʳʭ ʜʚʠʞʝʥʠʷ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʰʘʨʠʢʘ, ʧʦʜʚʝʰʝʥʥʦʛʦ ʥʘ 

ʥʠʪʠ, ʦʪʢʣʦʥʸʥʥʦʡ ʥʘ ʫʛʦʣ Ŭ ʦʪ ʚʝʨʪʠʢʘʣʠ.  

ʅʘ ʨʠʩ. 3.3ʘ ʰʘʨʠʢ ʩʦʚʝʨʰʘʝʪ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 
ʧʣʦʩʢʦʩʪʠ, ʘ ʥʘ ʨʠʩ. 3.3ʙ ð ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. 

gm
C

 

T
C
 

F
C

 

  ʈʠʩ. 3.3 

gm
C

 

T
C
 

F
C

 

nʘʘ
CC
0

 
ʘʘ
CC
0

 

ʘ) ʙ) 
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ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʥʘ ʰʘʨʠʢ ʜʝʡʩʪʚʫʶʪ ʜʚʝ ʩʠʣʳ: ʩʠʣʘ ʪʷʞʝʩʪʠ gm
C

 ʠ ʩʠʣʘ ʥʘʪʷʞʝ-

ʥʠʷ ʥʠʪʠ T
C
, ʧʨʠʯʸʤ ʥʘʧʨʘʚʣʝʥʠʷ ʦʜʥʦʠʤʸʥʥʳʭ ʩʠʣ ʦʜʠʥʘʢʦʚʳ. ʆʜʥʘʢʦ ʫʩʢʦʨʝ-

ʥʠʷ, ʩ ʢʦʪʦʨʳʤʠ ʜʚʠʞʫʪʩʷ ʰʘʨʠʢʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʪʠʭ ʜʚʫʭ ʩʠʣ, ʨʘʟʣʠʯʥʳ, ʭʦʪʷ 

ʙʳ ʧʦʪʦʤʫ, ʯʪʦ ʥʘʧʨʘʚʣʝʥʳ ʧʦ-ʨʘʟʥʦʤʫ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ 2-ʤ ʟʘ-
ʢʦʥʦʤ ʅʴʶʪʦʥʘ, ʠ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʠʝ ʵʪʠʭ ʩʠʣ ʚ ʜʦʣʞʥʳ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ ʧʦ-
ʨʘʟʥʦʤʫ.  

ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʘʷ ʩʠʣʘ, ʨʘʚʥʘʷ ʩʫʤʤʝ ʩʠʣ gm
C

 ʠ T
C
ʙʫʜʝʪ 

ʥʘʧʨʘʚʣʝʥʘ ʢ ʮʝʥʪʨʫ ʦʢʨʫʞʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ  ʰʘʨʠʢ ʜʚʠʞʝʪʩʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦ-
ʨʦʩʪʴʶ, ʠ ʝʛʦ ʧʦʣʥʦʝ ʫʩʢʦʨʝʥʠʝ ʨʘʚʥʦ ʥʦʨʤʘʣʴʥʦʤʫ ʫʩʢʦʨʝʥʠʶ.  

ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʰʘʨʠʢ ʢʘʯʘʝʪʩʷ ʢʘʢ ʤʘʷʪʥʠʢ, ʝʛʦ ʪʨʘʝʢʪʦʨʠʷ ʫʞʝ ʠʥʘʷ. ɺʝ-
ʣʠʯʠʥʘ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʰʘʨʠʢʘ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʪʨʘʝʢʪʦʨʠʠ ʠʤʝʶʪ ʩʚʦʸ 

ʟʥʘʯʝʥʠʝ. ɺ ʢʨʘʡʥʝʤ ʧʦʣʦʞʝʥʠʠ ʩʢʦʨʦʩʪʴ ʨʘʚʥʘ ʥʫʣʶ, ʘ ʚ ʧʦʣʦʞʝʥʠʠ ʨʘʚʥʦʚʝʩʠʷ 
ʦʥʘ ʤʘʢʩʠʤʘʣʴʥʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʢʨʘʡʥʠʭ ʪʦʯʢʘʭ ʥʦʨʤʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʨʘʚʥʦ 

ʥʫʣʶ, ʧʦʣʥʦʝ ʫʩʢʦʨʝʥʠʝ ʨʘʚʥʦ ʪʘʥʛʝʥʮʠʘʣʴʥʦʤʫ ʠ ʥʘʧʨʘʚʣʝʥʦ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʢ 
ʪʨʘʝʢʪʦʨʠʠ. ʇʦʵʪʦʤʫ ʠ ʩʫʤʤʘ ʩʠʣ ʙʫʜʝʪ ʥʘʧʨʘʚʣʝʥʘ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ. ɽʩʣʠ ʚ ʧʝʨ-

ʚʦʤ ʩʣʫʯʘʝ ʫʛʦʣ ʧʨʷʤʦʡ ʤʝʞʜʫ ʩʠʣʦʡ ʪʷʞʝʩʪʠ ʠ ʨʘʚʥʦʜʝʡʩʪʚʫʶɦ ʝʡ ʩʠʣʦʡ, ʪʦ ʚʦ 
ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʧʨʷʤʦʡ ʫʛʦʣ ʫʞʝ ʤʝʞʜʫ ʩʠʣʦʡ ʥʘʪʷʞʝʥʠʷ ʥʠʪʠ ʠ ʨʘʚʥʦʜʝʡʩʪʚʫʶ-

ʱʝʡ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʟʥʳʤʠ ʙʫʜʫʪ ʠ ʤʦʜʫʣʠ ʨʘʚʥʦʜʝʡʩʪʚʫʶɦ ʠʭ ʩʠʣ:  

a) F = mgtg ;                     ʙ) F = mgsin . 

ʈʘʚʝʥʩʪʚʦ (3.9), ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʨʘʥʝʝ ʢʘʢ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ 2-ʛʦ ʟʘʢʦʥʘ ʅʴʶ-
ʪʦʥʘ, ʤʦʞʥʦ ʥʘʟʚʘʪʴ  ʟʘʢʦʥʦʤ ʠʥʝʨʮʠʠ. ʕʪʦʪ ʟʘʢʦʥ ʙʳʣ ʩʬʦʨʤʫʣʠʨʦʚʘʥ ʝʱʸ ɻʘʣʠ-

ʣʝʝʤ: ʚ ʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʦʪʩʯʸʪʘ ʪʝʣʦ ʜʚʠʞʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦ ʠ ʧʨʷʤʦʣʠ-
ʥʝʡʥʦ, ʣʠʙʦ ʧʦʢʦʠʪʩʷ,  ʧʦʢʘ ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʝ ʚʳʚʝʜʫʪ ʝʛʦ ʠʟ ʵʪʦʛʦ ʩʦ-

ʩʪʦʷʥʠʷ. ʈʘʚʥʦʤʝʨʥʦʝ ʠ ʧʨʷʤʦʣʠʥʝʡʥʦʝ ʜʚʠʞʝʥʠʝ ʠ ʧʦʢʦʡ ð ʩʣʫʯʘʠ, ʢʦʛʜʘ ʫʩ-
ʢʦʨʝʥʠʝ ʪʝʣʘ ʨʘʚʥʦ ʥʫʣʶ. ʕʪʦ ʠʤʝʝʪ ʤʝʩʪʦ, ʝʩʣʠ  ʥʘ ʪʝʣʦ ʥʝ ʜʝʡʩʪʚʫʶʪ ʩʠʣʳ ʠʣʠ  

ʩʫʤʤʘ ʚʩʝʭ ʩʠʣ, ʧʨʠʣʦʞʝʥʥʳʭ ʢ ʪʝʣʫ, ʨʘʚʥʘ ʥʫʣʶ. ʅʘʧʦʤʥʠʤ, ʯʪʦ ʟʜʝʩʴ ʠʤʝʶʪʩʷ ʚ 
ʚʠʜʫ ʚʥʝʰʥʠʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʪʝʣʫ ʩʠʣʳ. 

ʆʪʤʝʪʠʤ ʝʱʸ ʦʜʠʥ, ʯʨʝʟʚʳʯʘʡʥʦ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʳʚʦʜ, ʢʦʪʦʨʳʡ ʩʣʝʜʫʝʪ ʥʝ-
ʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʟʘʢʦʥʘ (3.10). ʈʝʯʴ ʠʜʸʪ ʦ ʧʨʦʮʝʩʩʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʚʠʞʝʥʠʷ, 

ʪ.ʝ. ʧʝʨʝʭʦʜʝ ʦʪ ʧʦʢʦʷ ʢ ʜʚʠʞʝʥʠʶ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʦʙʷʟʘʪʝʣʴʥʦ ʩʚʷʟʘʥ ʩ ʥʘʣʠʯʠʝʤ 
ʫʩʢʦʨʝʥʠʷ, ʯʪʦ ʟʘʯʘʩʪʫʶ ʫʧʫʩʢʘʶʪ ʠʟ ʚʠʜʫ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ 
ʩʢʦʨʦʩʪʴ ʪʝʣʘ ʨʘʚʥʘ ʥʫʣʶ, ʘ ʚ ʤʦʤʝʥʪ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʚʠʞʝʥʠʷ ʦʥʘ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 

ʢʘʢʦʡ-ʪʦ ʢʦʥʝʯʥʦʡ ʚʝʣʠʯʠʥʳ. ʇʦʷʚʣʝʥʠʝ ʞʝ ʫʩʢʦʨʝʥʠʷ ʥʝʚʦʟʤʦʞʥʦ, ʝʩʣʠ ʩʫʤʤʘ 
ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʨʘʚʥʘ ʥʫʣʶ. ʇʝʨʝʭʦʜ ʦʪ ʧʦʢʦʷ ʢ ʜʚʠʞʝʥʠʶ ʚ ʜʦʩʪʫʧʥʳʭ 

ʥʘʰʝʤʫ ʧʦʚʩʝʜʥʝʚʥʦʤʫ ʥʘʙʣʶʜʝʥʠʶ ʫʩʣʦʚʠʷʭ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʸʪ ʚʥʝʰʥʠʭ ʧʦ 
ʦʪʥʦʰʝʥʠʶ ʢ ʣʶʙʦʤʫ ʜʚʠʞʫʱʝʤʫʩʷ ʪʝʣʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ. 

ʇʪʠʮʘ ʣʝʪʠʪ, ʦʪʪʘʣʢʠʚʘʷʩʴ ʢʨʳʣʴʷʤʠ ʦʪ ʚʦʟʜʫʭʘ, ʨʳʙʘ ʧʣʳʚʸʪ, ʦʪʪʘʣʢʠʚʘʷʩʴ 
ʧʣʘʚʥʠʢʘʤʠ ʦʪ ʚʦʜʳ, ʘ ʚʩʝ ʧʝʨʝʤʝʱʘʶʱʠʝʩʷ ʧʦ ʟʝʤʣʝ ʧʨʝʜʤʝʪʳ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦ-

ʩʦʙʘʤʠ ʦʪʪʘʣʢʠʚʘʶʪʩʷ ʦʪ ʝʸ ʧʦʚʝʨʭʥʦʩʪʠ. ɽʩʣʠ ʫʤʝʥʴʰʠʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 
ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ, ʜʚʠʞʝʥʠʝ ʩʠʩʪʝʤʳ ʙʫʜʝʪ ʟʘʪʨʫʜʥʝʥʦ, ʣʠʙʦ ʧʨʝʢʨʘʪʠʪʩʷ ʩʦʚʩʝʤ, 

ʯʪʦ ʤʳ ʠʩʧʳʪʚrʘʣʠ ʩʘʤʠ, ʩʪʘʥʦʚʷʩʴ ʥʘ ʩʢʦʣʴʟʢʠʡ ʣʸʜ. 
ʇʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʩʠʩʪʝʤʘ ʠʟʦʣʠʨʦʚʘʥʘ, ʧʝʨʝʭʦʜ ʦʪ ʧʦʢʦʷ ʢ 

ʜʚʠʞʝʥʠʶ ʚʩʝʡ ʩʠʩʪʝʤʳ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʝʚʦʟʤʦʞʝʥ. ʄʦʞʥʦ ʣʠ ʚʦʦʙʱʝ 
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ʫʧʨʘʚʣʷʪʴ ʜʚʠʞʝʥʠʝʤ ʚ ʚʳʩʦʢʠʭ ʩʣʦʷʭ ʘʪʤʦʩʬʝʨʳ, ʛʜʝ ʚʥʝʰʥʷʷ ʩʨʝʜʘ ʦʯʝʥʴ ʨʘʟ-
ʨʝʞʝʥʘ, ʠʣʠ ʪʘʤ, ʛʜʝ ʝʸ ʩʦʚʩʝʤ ʥʝʪ? ɺʪʦʨʦʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ, ʚ ʪʦʤ ʚʠʜʝ (3.10), ʚ 

ʢʦʪʦʨʦʤ ʤʳ ʝʛʦ ʟʘʧʠʩʘʣʠ, ʜʘʸʪ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʦʪʚʝʪ.  
 

3.3. ʇʦʥʷʪʠʝ ʠʤʧʫʣʴʩʘ ʠ ʟʘʢʦʥ ʝʛʦ ʩʦʭʨʘʥʝʥʠʷ. 

ʈʝʘʢʪʠʚʥʦʝ ʜʚʠʞʝʥʠʝ 

ʉʫʱʝʩʪʚʫʝʪ ʝʱʸ ʦʜʥʘ ʜʠʥʘʤʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʚʠʞʝʥʠʷ: ʠʤʧʫʣʴʩ ʪʝʣʘ 

ʠʣʠ ʠʥʘʯʝ ð ʢʦʣʠʯʝʩʪʚʦ ʜʚʠʞʝʥʠʷ. ʕʪʘ ʚʝʢʪʦʨʥʘʷ ʚʝʣʠʯʠʥʘ ʨʘʚʥʘ ʧʨʦʠʟʚʝʜʝʥʠʶ 
ʤʘʩʩʳ ʪʝʣʘ ʥʘ ʝʛʦ ʩʢʦʨʦʩʪʴ: 

CC
mp . (3.11) 

ʀʤʧʫʣʴʩ ʩʠʩʪʝʤʳ ʨʘʚʝʥ ʚʝʢʪʦʨʥʦʡ ʩʫʤʤʝ ʠʤʧʫʣʴʩʦʚ ʪʝʣ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʠʩ-
ʪʝʤʫ, ʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʚʠʞʝʥʠʷ. ɽʛʦ ʠʟʤʝʥʝʥʠʝ ʤʦ-

ʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʢʘʢ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʳ, ʪʘʢ ʠ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ: 

dmmdmdpd
CCCC

)( . (3.12) 

ʇʨʠ  ʥʝʠʟʤʝʥʥʦʡ ʤʘʩʩʝ ʩʠʩʪʝʤʳ (m = const), ʦʯʝʚʠʜʥʦ 
CC

mdpd . (3.13) 

ʇʦʩʣʝʜʥʝʝ ʨʘʚʝʥʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʥʝʩʢʦʣʴʢʦ ʠʥʘʯʝ ʚʟʛʣʷʥʫʪʴ ʥʘ ʚʪʦʨʦʡ ʟʘʢʦʥ 

ʅʴʶʪʦʥʘ. ʀʟʤʝʥʠʤ ʟʘʧʠʩʴ ʵʪʦʛʦ ʟʘʢʦʥʘ, ʟʘʤʝʥʠʚ ʫʩʢʦʨʝʥʠʝ ʯʝʨʝʟ ʧʨʦʠʟʚʦʜʥʫʶ 

ʩʢʦʨʦʩʪʠ ʧʦ ʚʨʝʤʝʥʠ, ʠ ʦʙʦʟʥʘʯʠʚ ʩʫʤʤʫ ʚʥʝʰʥʠʭ ʩʠʣ ʯʝʨʝʟ F
C

: 

dt

d
mF

CC
. (3.14) 

 ʉ ʫʯʸʪʦʤ ʨʘʚʝʥʩʪʚʘ (3.13) ʧʦʣʫʯʠʤ ʦʢʦʥʯʘʪʝʣʴʥʦ 

dt

pd
F

CC
. (3.15) 

ʕʪʦ ʨʘʚʝʥʩʪʚʦ ʪʘʢʞʝ ʚʳʨʘʞʘʝʪ ʚʪʦʨʦʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ, ʪʦʣʴʢʦ ʚ ʙʦʣʝʝ ʦʙʱʝʤ 

ʚʠʜʝ, ʯʝʤ ʨʘʥʝʝ. 
ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ ʚʳʨʘʞʝʥʠʠ (3.14), ʚʳʨʘʞʘʶʱʝʤ ʵʪʦʪ ʟʘʢʦʥ ʚ ʧʨʠʚʳʯʥʦʡ ʜʣʷ 

ʥʘʩ ʬʦʨʤʝ, ʤʘʩʩʘ ʚʳʥʝʩʝʥʘ ʟʘ ʟʥʘʢ ʜʠʬʬʝʨʝʥʮʠʘʣʘ, ʪ.ʝ. ʧʦʩʪʦʷʥʥʘ. ɺʚʦʜʷ ʚ ʫʨʘʚ-
ʥʝʥʠʝ (3.15) ʠʟʤʝʥʝʥʠʝ ʠʤʧʫʣʴʩʘ, ʤʳ ʪʝʤ ʩʘʤʳʤ ʦʙʦʙʱʘʝʤ ʟʘʢʦʥ ʥʘ ʩʣʫʯʘʡ ʜʚʠ-

ʞʝʥʠʷ ʪʝʣʘ ʩ ʣʶʙʦʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʝʨʝʤʝʥʥʦʡ ʤʘʩʩʦʡ, ʧʦʩʢʦʣʴʢʫ ʵʪʦ ʠʟʤʝʥʝʥʠʝ 
ʨʘʩʢʨʳʚʘʝʪʩʷ ʧʦ (3.12). 

ʋʨʘʚʥʝʥʠʝ ʚʪʦʨʦʛʦ ʟʘʢʦʥʘ ʅʴʶʪʦʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʥʷʪʠʷ ʠʤʧʫʣʴʩʘ ʜʘʸʪ 
ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʦʜʠʥ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʢʦʥʦʚ ʤʝʭʘʥʠʢʠ ð ʟʘʢʦʥ ʩʦʭʨʘʥʝ-

ʥʠʷ ʠʤʧʫʣʴʩʘ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʝʩʣʠ ʨʘʩʩʤʦʪʨʝʪʴ ʠʟʦʣʠʨʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ, ʪʦ ʧʨʠ 

0F
C

  0pd
C

  ʠ  constp
C

. (3.16) 

ʀʣʠ ʩʣʦʚʘʤʠ: ʠʤʧʫʣʴʩ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʝʩʪʴ ʚʝʣʠʯʠʥʘ ʧʦʩʪʦʷʥʥʘʷ. 

ʕʪʦ ʠ ʝʩʪʴ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ. 
ʆʯʝʥʴ ʯʘʩʪʦ ʚ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤʘʭ ʚʦʟʤʦʞʥʳ ʚʥʫʪʨʝʥʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʇʦ 

ʟʘʢʦʥʫ ʩʦʭʨʘʥʝʥʠʷ ʦʥʠ ʥʝ ʠʟʤʝʥʷʪ ʠʤʧʫʣʴʩ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ, ʘ ʢʦʩʥʫʪʩʷ ʣʠʰʴ 
ʠʤʧʫʣʴʩʦʚ ʝʸ ʯʘʩʪʝʡ. ʇʫʩʪʴ ʜʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (ʚʥʫʪʨʝʥʥʠʭ) ʠʤʧʫʣʴʩ ʩʠʩʪʝʤʳ 
ʩʦʩʪʦʷʣ ʠʟ ʠʤʧʫʣʴʩʦʚ ʜʚʫʭ ʝʸ ʯʘʩʪʝʡ: 
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21 pppʜʦ
CCC

. (3.17) 

ʇʦʩʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

43 pppʧʦʩʣʝ
CCC

, (3.18) 

ʛʜʝ 3p
C

 ʠ 4p
C

 ð ʠʤʧʫʣʴʩʳ ʪʝʭ ʞʝ ʜʚʫʭ ʯʘʩʪʝʡ ʩʠʩʪʝʤʳ, ʥʦ ʫʞʝ ʧʦʩʣʝ ʚʥʫʪʨʝʥʥʝʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʇʦʩʢʦʣʴʢʫ ʚʥʝʰʥʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʥʝ ʙʳʣʦ, ʪʘʢ ʢʘʢ ʩʠʩʪʝʤʘ 

ʠʟʦʣʠʨʦʚʘʥʘ, ʪʦ ʠʤʧʫʣʴʩ ʝʸ ʩʦʭʨʘʥʠʣʩʷ ʧʦʩʪʦʷʥʥʳʤ, ʟʥʘʯʠʪ: 

4321 pppp
CCCC

. (3.19) 

ʊʝʧʝʨʴ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʪʘʢ: ʩʫʤʤʘ ʠʤ-
ʧʫʣʴʩʦʚ ʯʘʩʪʝʡ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʜʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʚʥʘ ʩʫʤʤʝ ʠʤʧʫʣʴ-

ʩʦʚ ʯʘʩʪʝʡ ʵʪʦʡ ʩʠʩʪʝʤʳ ʧʦʩʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɿʜʝʩʴ, ʢʦʥʝʯʥʦ, ʠʤʝʝʪʩʷ ʚ ʚʠʜʫ 
ʚʝʢʪʦʨʥʘʷ (ʛʝʦʤʝʪʨʠʯʝʩʢʘ̫) ʩʫʤʤʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʥʘʠʙʦʣʝʝ ʷʨʢʠʡ ʧʨʠʤʝʨ ʧʨʠʤʝʥʝʥʠʷ ʵʪʦʛʦ ʟʘʢʦʥʘ. ʆʥ ʧʦʟʥʘʢʦʤʠʪ 
ʥʘʩ ʩ ʥʦʚʳʤ ʧʨʠʥʮʠʧʦʤ ʜʚʠʞʝʥʠʷ, ʥʝ ʩʣʝʜʫʶʱʠʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʚʪʦʨʦʛʦ 
ʟʘʢʦʥʘ ʅʴʶʪʦʥʘ ʚ ʝʛʦ "ʰʢʦʣʴʥʦʡ" ʟʘʧʠʩʠ (3.10). ʅʘ ʨʠʩ. 3.4ʘ ʠʟʦʙʨʘʞʝʥʘ ʠʟʦʣʠ-

ʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ, ʥʘʭʦʜʷʱʘʷʩʷ ʚ ʧʦʢʦʝ, ʧʦʵʪʦʤʫ ʝʸ ʠʤʧʫʣʴʩ ʨʘʚʝʥ  ʥʫʣʶ. 

ʅʘ ʨʠʩ.3.4ʙ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʥʫʪʨʝʥʥʝʛʦ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʧʨʦʠʟʦʰʸʣ ʚʳʙʨʦʩ ʤʘʩʩʳ m ʩʦ ʩʢʦʨʦʩʪʴʶ 1u
C
, ʠ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʠʤ-

ʧʫʣʴʩʘ ʪʨʝʙʫʝʪ, ʯʪʦʙʳ ʨʘʚʥʳʡ ʧʦ ʚʝʣʠʯʠʥʝ ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ 
ʠʤʧʫʣʴʩ  ʧʦʣʫʯʠʣʘ ʦʩʪʘʚʰʘʩ̫ʷ ʤʘʩʩʘ M. 

ʀʤʧʫʣʴʩ ʩʠʩʪʝʤʳ ʜʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ: 

0)(
CC

Mmp . (3.20) 

ʀʤʧʫʣʴʩ ʩʠʩʪʝʤʳ ʧʦʩʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ʩʦʭʨʘʥʝ-

ʥʠʷ ʠʤʧʫʣʴʩʘ, ʪʘʢʞʝ ʨʘʚʝʥ ʥʫʣʶ: 

021 uMump
CCC

. (3.21) 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ,  

21 uMum
CC

. (3.22) 

ɿʘʤʝʥʠʚ ʚʝʢʪʦʨʳ ʠʭ ʤʦʜʫʣʷʤʠ, ʧʦʣʫʯʠʤ 

21 Mumu . (3.23) 

ʋʨʘʚʥʝʥʠʝ (3.22) ʫʢʘʟʳʚʘʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʚʦʟʥʠʢʰʝʛʦ ʜʚʠʞʝʥʠʷ, (3.23) ʜʘʸʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʯʠʩʣʠʪʴ ʝʛʦ ʩʢʦʨʦʩʪʴ. 
ɺʪʦʨʦʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ (3.10) ʠʩʢʣʶʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʩʠʩʪʝʤʳ ʙʝʟ 

ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ ʝʛʦ ʧʨʝʜʩʢʘʟʳʚʘʝʪ. ɼʣʷ ʜʚʠʞʝʥʠʷ ʚ 

ʘ)  

ʄ m 

0
C

 

1u
C

 
2u
C

 

ʄ m 

ʙ)  
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ʧʫʩʪʦʪʝ ʥʫʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʘʢʪʠʚʥʳʝ ʜʚʠʛʘʪʝʣʠ, ʨʘʙʦʪʘʶʱʠʝ ʧʦ ʧʨʠʥʮʠʧʫ 
ʚʳʙʨʦʩʘ ʤʘʩʩ. ʀʜʝʷ ʧʨʠʤʝʥʝʥʠʷ ʨʝʘʢʪʠʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʜʣʷ ʤʝʞʧʣʘʥʝʪʥʳʭ ʧʫʪʝ-

ʰʝʩʪʚʠʡ ʧʨʠʥʘʜʣʝʞʠʪ ʪʝʦʨʝʪʠʢʫ ʢʦʩʤʦʥʘʚʪʠʢʠ ʂ.ʕ. ʎʠʦʣʢʦʚʩʢʦʤʫ.  
 

3.4. ʋʧʨʫʛʠʡ ʫʜʘʨ 

ʋʧʨʫʛʠʡ ʫʜʘʨ ʦʧʨʝʜʝʣʸʥ ʚ ʬʠʟʠʢʝ ʢʘʢ ʫʜʘʨ, ʤʝʥʷʶʱʠʡ ʪʦʣʴʢʦ ʥʘʧʨʘʚʣʝʥʠʝ 
ʩʢʦʨʦʩʪʠ, ʥʦ ʦʩʪʘʚʣʷʶʱʠʡ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʝʸ ʚʝʣʠʯʠʥʫ. ʕʪʦʪ ʩʣʫʯʘʡ ʦʯʝʥʴ ʚʘʞʝʥ ʚ 

ʷʜʝʨʥʦʡ ʬʠʟʠʢʝ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʪʜʝʣʴʥʳʭ ʘʪʦʤʦʚ ʠ ʵʣʝʤʝʥ-
ʪʘʨʥʳʭ ʯʘʩʪʠʮ. ʇʨʠ ʘʙʩʦʣʶʪʥʦ ʫʧʨʫʛʦʤ ʫʜʘʨʝ ʩʦʭʨʘʥʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʠʤʧʫʣʴʩ 

ʩʠʩʪʝʤʳ, ʥʦ ʠ ʝʸ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ. ʅʠʞʝ ʤʳ ʧʨʠʚʦʜʠʤ ʜʚʘ ʚʦʟʤʦʞʥʳʭ ʩʣʫʯʘʷ  
ʵʪʦʛʦ  ʫʜʘʨʘ ʥʘ ʧʨʠʤʝʨʝ ʜʚʫʭ ʪʝʣ, ʠʤʝʶʱʠʭ ʬʦʨʤʫ ʰʘʨʦʚ (ʨʠʩ. 3.5). 

ʋʜʘʨ, ʧʨʦʠʩʭʦʜʷʱʠʡ ʥʝ ʧʦ ʮʝʥʪʨʫ. 

 ʇʫʩʪʴ ʜʦ ʫʜʘʨʘ ʜʚʠʛʘʣʩʷ ʣʠʰʴ ʧʝʨʚʳʡ ʰʘʨ, ʘ ʚʪʦʨʦʡ ʧʦʢʦʠʣʩʷ. ʂʘʢ ʠ ʨʘʥʝʝ, 

ʩʢʦʨʦʩʪʠ ʰʘʨʦʚ ʜʦ ʫʜʘʨʘ ʦʙʦʟʥʘʯʠʤ ʙʫʢʚʦʡ , ʘ ʩʢʦʨʦʩʪʠ ʧʦʩʣʝ ʫʜʘʨʘ ï u. 

ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ ʜʣʷ ʧʦʜʦʙʥʳʭ ʩʣʫʯʘʝʚ ʚʳʨʘʞʘʝʪʩʷ ʚʝʢʪʦʨʥʳʤ ʨʘ-

ʚʝʥʩʪʚʦʤ 

221111 umumm
CCC

, (3.24) 

ʛʜʝ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʩʪʦʷʪ ʠʤʧʫʣʴʩʳ ʦʙʦʠʭ ʪʝʣ ʧʦʩʣʝ ʫʜʘʨʘ.  
ʃʝʚʘʷ ʯʘʩʪʴ ʨʘʚʝʥʩʪʚʘ ʩʦʩʪʦʠʪ ʠʟ ʦʜʥʦʛʦ ʯʣʝʥʘ, ʧʦʩʢʦʣʴʢʫ ʣʠʰʴ ʦʜʠʥ ʠʟ ʜʚʫʭ 

ʰʘʨʦʚ ʜʚʠʛʘʣʩʷ ʜʦ ʫʜʘʨʘ. ʋʨʘʚʥʝʥʠʝ ʩʦʜʝʨʞʠʪ ʜʚʝ ʥʝʠʟʚʝʩʪʥʳʝ ʩʢʦʨʦʩʪʠ, ʧʦʵʪʦ-

ʤʫ ʧʨʠʭʦʜʠʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʱʝ ʠ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ, ʚ ʢʦʪʦʨʳʡ ʚʦʡʜʫʪ 
ʵʪʠ ʞʝ ʥʝʠʟʚʝʩʪʥʳʝ:    

2

22

2

11

2

11 umumm . (3.25) 

ʃʶʙʦʧʳʪʥʳʡ ʨʝʟʫʣʴʪʘʪ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʨʘʟʫ, ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʤʘʪʝʤʘʪʠʯʝ-
ʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʝʩʣʠ ʤʘʩʩʳ ʩʦʫʜʘʨʷʶʱʠʭʩʷ ʪʝʣ ʦʜʠʥʘʢʦʚʳ. ʊʦʛʜʘ 

211 uu
CCC

,      
2

2

2

1

2

1 uu . (3.26) 

1

C
 

1u
C

 

2u
C

 

2u
C

 

1u
C

 

1

C
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ʇʝʨʚʦʝ ʨʘʚʝʥʩʪʚʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʚʝʢʪʦʨʳ ʩʢʦʨʦʩʪʠ ʦʙʨʘʟʫʶʪ ʪʨʝʫʛʦʣʴ-
ʥʠʢ (ʠʣʠ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤ), ʢʘʢ ʪʦʛʦ ʪʨʝʙʫʶʪ ʧʨʘʚʠʣʘ ʠʭ ʩʣʦʞʝʥʠʷ  (ʨʠʩ. 3.5). ʀʟ 

ʚʪʦʨʦʛʦ ʨʘʚʝʥʩʪʚʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʵʪʦʪ ʪʨʝʫʛʦʣʴʥʠʢ ʙʫʜʝʪ ʧʨʷʤʦʫʛʦʣʴʥʳʤ, ʪʘʢ ʢʘʢ 
ʠʤʝʝʪ ʤʝʩʪʦ ʪʝʦʨʝʤʘ ʇʠʬʘʛʦʨʘ.  
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʣʫʯʘʝ ʫʜʘʨʘ ʣʝʪʷʱʝʛʦ ʰʘʨʘ ʦ ʥʝʧʦʜʚʠʞʥʳʡ ʰʘʨ ʪʘʢʦʡ ʞʝ 

ʤʘʩʩʳ, ʰʘʨʳ ʚʩʝʛʜʘ ʨʘʟʣʝʪʘʶʪʩʷ ʧʦʜ ʧʨʷʤʳʤ ʫʛʣʦʤ. ʉʢʦʨʦʩʪʠ ʞʝ ʠʭ ʧʦʩʣʝ ʫʜʘʨʘ 
ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʥʳʤʠ, ʪʘʢ ʞʝ, ʢʘʢ ʠ ʫʛʣʳ, ʧʦʜ ʢʦʪʦʨʳʤʠ ʦʥʠ ʨʘʩʭʦʜʷʪʩʷ, ʧʦ ʦʪʥʦ-

ʰʝʥʠʶ ʢ ʣʠʥʠʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ: 

ʎʝʥʪʨʘʣʴʥʳʡ ʫʜʘʨ. 

ʀʥʘʯʝ ʵʪʦʪ ʪʠʧ ʫʜʘʨʘ ʥʘʟʳʚʘʶʪ ʣʦʙʦʚʳʤ. ʆʥ ʠʟʦʙʨʘʞʸʥ ʥʘ ʨʠʩ. 3.6.  

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʩʪʝʡʰʠʡ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʜʦ ʫʜʘʨʘ ʜʚʠʞʝʪʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʰʘʨ, ʘ 

ʚʪʦʨʦʡ ʧʦʢʦʠʪʩʷ. ʅʫʞʥʦ ʥʘʡʪʠ ʩʢʦʨʦʩʪʠ ʦʙʦʠʭ ʰʘʨʦʚ ʧʦʩʣʝ ʫʜʘʨʘ. ɿʘʢʦʥʳ ʩʦ-
ʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ (3.24) ʠ ʵʥʝʨʛʠʠ (3.25) ʦʩʪʘʶʪʩʷ ʩʧʨʘʚʝʜʣʠʚʳʤʠ ʠ ʜʣʷ ʵʪʦʛʦ 

ʩʣʫʯʘʷ. ʅʦ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʣʦʙʦʚʦʤ ʫʜʘʨʝ ʦʙʘ ʰʘʨʘ ʙʫʜʫʪ ʜʚʠʛʘʪʴʩʷ ʧʦ ʧʨʷʤʦʡ, 
ʩʦʚʧʘʜʘʶʱʝʡ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʣʝʪʷʱʝʛʦ ʰʘʨʘ, ʪʦ ʚʝʢʪʦʨʳ ʩʢʦʨʦʩʪʝʡ ʚ 

ʟʘʢʦʥʝ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ ʠʭ ʧʨʦʝʢʮʠʷʤʠ. ʊʦʛʜʘ ʨʘʚʝʥʩʪʚʘ 
(3.24) ʠ (3.25) ʟʘʧʠh ʫʪʩʷ ʪʘʢ: 

2

22

2

11

2

11221111 ; umummumumm . (3.27) 

ɿʜʝʩʴ ʧʦʜ 1, ʠ1, ʠ2 ʧʦʜʨʘʟʫʤʝʚʘʶʪʩʷ ʥʝ ʤʦʜʫʣʠ ʩʢʦʨʦʩʪʝʡ, ʘ ʠʭ ʧʨʦʝʢʮʠʠ ʥʘ 
ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʧʝʨʚʦʛʦ ʰʘʨʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ, 

ʪʘʢ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ. ʅʝʪʨʫʜʥʦ ʩʦʦʙʨʘʟʠʪʴ, ʯʪʦ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʤʦʞʝʪ ʙʳʪʴ 
ʪʦʣʴʢʦ ʧʨʦʝʢʮʠʷ ʠ1, ʧʦʩʢʦʣʴʢʫ ʧʝʨʚʳʡ ʰʘʨ ʧʦʩʣʝ ʫʜʘʨʘ ʦ ʪʷʞʸʣʦʝ ʪʝʣʦ ʤʦʞʝʪ ʦʪ-

ʩʢʦʯʠʪʴ ʥʘʟʘʜ. 
ʅʘʡʜʸʤ ʩʥʘʯʘʣʘ ʩʚʷʟʴ ʤʝʞʜʫ ʪʨʝʤʷ ʩʢʦʨʦʩʪʷʤʠ. ʆʥʘ ʧʦʣʫʯʘʝʪʩʷ ʦʩʦʙʝʥʥʦ ʧʨʦ-

ʩʪʦ, ʝʩʣʠ ʠʟ ʧʝʨʚʦʛʦ  ʫʨʘʚʥʝʥʠʷ (3.27) ʚʳʨʘʟʠʪʴ ʠʤʧʫʣʴʩ ʚʪʦʨʦʛʦ ʰʘʨʘ, ʘ ʠʟ ʚʪʦʨʦ-
ʛʦ ð ʧʦʩʣʝʜʥʠʡ ʯʣʝʥ:  

)( 11122 umum                                                         

)( 2

1

2

11

2

22 umum . 
(3.28) 

ʇʦʜʝʣʠʚ ʚʪʦʨʦʝ ʫʨʘʚʥʝʥʠʝ ʥʘ ʧʝʨʚʦʝ, ʧʦʣʫʯʠʤ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʩʢʦʨʦʩʪʷʤʠ: 

112 uu . (3.29) 

ʊʝʧʝʨʴ ʟʘʤʝʥʠʤ ʚ ʧʝʨʚʦʤ ʫʨʘʚʥʝʥʠʠ (3.28) ʩʢʦʨʦʩʪʴ ʠ2 ʥʘ ʩʫʤʤʫ ʩʢʦʨʦʩʪʝʡ ʧʦ 
(3.29) ʠ ʚʳʨʘʟʠʤ ʩʢʦʨʦʩʪʴ ʧʝʨʚʦʛʦ ʰʘʨʘ ʧʦʩʣʝ ʫʜʘʨʘ: 

ʈʠʩ. 3.6 

11

C
m  

11um
C

 

22um
C

 

ʀʤʧʫʣʩɹʳ ʪʝʣ 

1u
C

 
m1 

2u
C

 
m2 

ʇʦʩʣʝ ʫʜʘʨʘ 

 ɡ2 = 0 

1

C
 

m1 m2 

ɼʦ ʫʜʘʨʘ 
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1

21

21
1

mm

mm
u . (3.30) 

ʀʟ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩʣʝʜʫʝʪ, ʯʪʦ ʠ1 ʙʫʜʝʪ ʧʦʣʦʞʠʪʝʣʴʥʘ, ʝʩʣʠ ʚʪʦʨʦʡ ʰʘʨ ʣʝʛʯʝ 

ʧʝʨʚʦʛʦ, ʠ ʦʪʨʠʮʘʪʝʣʴʥʘ, ʝʩʣʠ ʪ2 > m1, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʠʚʝʜʸʥʥʳʝ ʚʳʰʝ ʩʦ-
ʦʙʨʘʞʝʥʠʷ. ʇʨʠ ʨʘʚʝʥʩʪʚʝ ʤʘʩʩ ʩʢʦʨʦʩʪʴ ʠ1 = 0, ʪʦ ʝʩʪʴ ʧʝʨʚʳʡ ʰʘʨ ʧʦʩʣʝ ʫʜʘʨʘ 

ʦʩʪʘʥʦʚʠʪʩʷ, ʠ ʝʛʦ ʠʤʧʫʣʴʩ ʩʪʘʥʝʪ ʨʘʚʥʳʤ ʥʫʣʶ. ʇʦʩʢʦʣʴʢʫ ʠʤʧʫʣʴʩ ʠʟʦʣʠʨʦʚʘʥ-
ʥʦʡ ʩʠʩʪʝʤʳ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʪʦ ʦʥ ʜʦʣʞʝʥ ʧʝʨʝʡʪʠ ʢʦ ʚʪʦʨʦʤʫ ʰʘʨʫ, ʢʦʪʦʨʳʡ ʧʨʠ-

ʜʸʪ ʚ ʜʚʠʞʝʥʠʝ ʩʦ ʩʢʦʨʦʩʪʴʶ, ʨʘʚʥʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʚʦʛʦ ʰʘʨʘ ʧʝʨʝʜ ʫʜʘʨʦʤ.  
ɺʦʦʙʱʝ ʞʝ ʩʢʦʨʦʩʪʴ ʚʪʦʨʦʛʦ ʪʝʣʘ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʧʝʨʚʦʛʦ,  ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝ-

ʥʠʷ ʤʘʩʩ ʩʪʘʣʢʠʚʘʶʱʠʭʩʷ ʪʝʣ. ʇʦʜʩʪʘʚʠʚ ʠ1 (3.30) ʚ (3.29), ʧʦʣʫʯʠʤ ʬʦʨʤʫʣʫ ʜʣʷ 
ʚʳʯʠʩʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʪʦʨʦʛʦ ʰʘʨʘ ʧʦʩʣʝ ʫʜʘʨʘ:  

1

21

1
2

2

mm

m
u . (3.31) 

ʕʪʘ ʩʢʦʨʦʩʪʴ ʚʩʝʛʜʘ ʧʦʣʦʞʠʪʝʣʴʥʘ, ʠ ʧʨʠ  ʪ2 = m1 ʨʘʚʥʘ ʩʢʦʨʦʩʪʠ ʥʘʣʝʪʘʶʱʝ-

ʛʦ ʰʘʨʘ, ʢʘʢ ʤʳ ʠ ʧʨʝʜʧʦʣʘʛʘʣʠ ʟʘʨʘʥʝʝ. ʀʟ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʪʘʢʞʝ ʩʣʝʜʫʝʪ, ʯʪʦ ʚ 
ʩʣʫʯʘʝ ʫʜʘʨʘ ʦ ʦ ʥʝʧʦʜʚʠʞʥʦʝ ʪʝʣʦ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝʡ ʤʘʩʩʳ ʧʦʩʣʝʜʥʝʝ ʧʦʣʫ-

ʯʠʪ ʦʯʝʥʴ ʤʘʣʫʶ ʩʢʦʨʦʩʪʴ, ʪʦ ʝʩʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʠʜʸʪ ʚ ʜʚʠʞʝʥʠʝ. ʈʘʚʝʥʩʪʚʦ 

ʞʝ (3.29) ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʝʩʣʠ 02u
C

, ʪʦ ʧʝʨʚʳʡ ʰʘʨ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʜʘ-

ʨʘ ʧʦʤʝʥʷʝʪ ʣʠʰʴ ʥʘʧʨʘʚʣʝʥʠʝ ʩʚʦʝʡ ʩʢʦʨʦʩʪʠ, ʘ ʝʸ ʚʝʣʠʯʠʥʘ ʥʝ ʠʟʤʝʥʠʪʩʷ. ʊʦ 
ʝʩʪʴ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʣʝʪʘʶʱʠʡ ʰʘʨ ʦʪʩʢʘʢʠʚʘʝʪ ʧʦʩʣʝ ʫʜʘʨʘ ʙʝʟ ʧʦʪʝʨʠ ʩʢʦʨʦʩʪʠ 

( 11

CC
u ), ʘ ʥʝʧʦʜʚʠʞʥʳʡ ʠ ʧʦʩʣʝ ʫʜʘʨʘ ʠʤʝʝʪ ʥʫʣʝʚʫʶ ʩʢʦʨʦʩʪʴ (02u

C
). 

ʇʨʠʚʝʜʸʥʥʳʝ ʚʳʢʣʘʜʢʠ ʠ ʧʦʣʫʯʝʥʥʳʝ  ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʩʢʦʨʦʩʪʝʡ ʯʘʩʪʠʮ ʧʦ-

ʩʣʝ ʫʜʘʨʘ ʠ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʘʞʥʳʝ ʜʣʷ ʧʨʘʢʪʠʢʠ ʚʳʚʦʜʳ.  

 ɽʩʣʠ ʩʦʫʜʘʨʷʶʪʩʷ ʯʘʩʪʠʮʳ ʨʘʚʥʦʡ ʤʘʩʩʳ, ʪʦ ʦʥʠ ʦʙʤʝʥʠʚʘʶʪʩʷ ʩʢʦʨʦʩʪʷʤʠ ð 

ʣʝʪʝʚʰʘʷ ʯʘʩʪʠʮʘ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ (01u
C

), ʘ ʧʦʢʦʠʚʰʘʷʩʷ ʯʘʩʪʠʮʘ ʥʘʯʠʥʘʝʪ 

ʜʚʠʛʘʪʴʩʷ ʚ ʪʦʤ ʞʝ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʩ ʪʦʡ ʞʝ ʩʢʦʨʦʩʪʴʶ, ʢʦʪʦʨʦʡ ʦʙʣʘʜʘʣʘ ʜʦ ʫʜʘ-

ʨʘ ʧʝʨʚʘʷ ʯʘʩʪʠʮʘ (12

CC
u ). 

 ɽʩʣʠ ʞʝ ʣʝʪʷʱʘʷ ʯʘʩʪʠʮʘ ʫʜʘʨʷʝʪʩʷ ʦ ʧʦʢʦʷʱʝʝʩʷ ʪʝʣʦ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴh ʝʡ 

ʤʘʩʩʳ, ʪʘʢʦʡ, ʯʪʦ ʤʘʩʩʦʡ m1 ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ, ʩʢʦʨʦʩʪʴ ʝʝ ʣʠʰʴ ʤʝʥʷʝʪ ʟʥʘʢ ʥʘ 
ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ð ʯʘʩʪʠʮʘ ʦʪʩʢʘʢʠʚʘʝʪ ʧʦʩʣʝ ʫʜʘʨʘ ʙʝʟ ʧʦʪʝʨʠ ʩʢʦʨʦʩʪʠ 

( 11

CC
u ), ʘ ʤʘʩʩʠʚʥʦʝ ʪʝʣʦ ʠ ʧʦʩʣʝ ʫʜʘʨʘ ʠʤʝʝʪ ʥʫʣʝʚʫʶ ʩʢʦʨʦʩʪʴ (02u

C
). 

ʇʨʠʤʝʨʳ ʠʟ ʧʨʘʢʪʠʢʠ: ʧʝʨʚʳʡ ʩʣʫʯʘʡ ð ʩʦʫʜʘʨʝʥʠʝ ʙʠʣʣʠʘʨʜʥʳʭ ʰʘʨʦʚ; 

ʚʪʦʨʦʡ ʩʣʫʯʘʡ ð ʦʪʩʢʦʢ ʤʷʯʘ ʦʪ ʩʪʝʥʢʠ ʠʣʠ ʧʦʣʘ. 

 ɽʩʣʠ ʯʘʩʪʠʮʫ ʥʫʞʥʦ ʪʦʣʴʢʦ ʟʘʤʝʜʣʠʪʴ, ʘ ʥʝ ʦʩʪʘʥʦʚʠʪʴ, ʥʘ ʝʸ ʧʫʪʠ ʩʣʝʜʫʝʪ ʧʦ-

ʩʪʘʚʠʪʴ ʪʝʣʦ, ʤʘʩʩʫ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ (3.30), ʟʘʜʘʚ 

ʞʝʣʘʝʤʦʝ ʦʪʥʦʰʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʧʝʨʚʦʡ ʯʘʩʪʠʮʳ ʜʦ ʠ ʧʦʩʣʝ ʫʜʘʨʘ.  
ʉ ʧʦʜʦʙʥʦʡ ʩʠʪʫʘʮʠʝʡ ʠ ʚʩʪʨʝʪʠʣʠʩʴ ʬʠʟʠʢʠ ʚ 1939ï1941 ʛʦʜʘʭ, ʢʦʛʜʘ ʜʣʷ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʮʝʧʥʦʡ ʨʝʘʢʮʠʠ ʜʝʣʝʥʠʷ ʷʜʝʨ ʫʨʘʥʘ ʠʤ ʧʨʠʰʣʦʩʴ ʠʩʢʘʪʴ ʚʝʱʝʩʪʚʦ, 

ʘʪʦʤʳ ʢʦʪʦʨʦʛʦ ʤʦʛʣʠ ʙʳ ʚ ʥʫʞʥʦʤ ʦʪʥʦʰʝʥʠʠ ʫʤʝʥʴʰʠʪʴ ʩʢʦʨʦʩʪʴ ʙʳʩʪʨʳʭ 
ʥʝʡʪʨʦʥʦʚ ʙʝʟ ʠʭ ʧʦʛʣʦʱʝʥʠʷ. 
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3.5. ʇʦʥʷʪʠʷ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʠ ʤʦʤʝʥʪʘ ʩʠʣʳ. 
ɺʪʦʨʦʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ ʜʣʷ ʚʨʘʱʝʥʠʷ 

ʅʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʠʣʘ ʥʝ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦʡ ʭʘʨʘʢʪʝ-
ʨʠʩʪʠʢʦʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʨʘʱʘʶʱʠʭʩʷ ʪʝʣ: ʨʝʟʫʣʴʪʘʪ ʚʦʟʜʝʡʩʪʚʠʷ ʟʘʚʠʩʠʪ ʦʪ 
ʪʦʛʦ, ʥʘ ʢʘʢʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʦʩʠ ʚʨʘʱʝʥʠʷ ʠ ʚ ʢʘʢʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʠʣʦʞʝʥʘ ʵʪʘ 

ʩʠʣʘ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʥʦʚʦʝ ʧʦʥʷʪʠʝ ð ʤʦʤʝʥʪ ʩʠʣʳ ʄ
C
, ʢʘʢ ʚʝʢ-

ʪʦʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ r
C

 ʪʦʯʢʠ, ʚ ʢʦʪʦʨʦʡ ʧʨʠʣʦʞʝʥʘ ʩʠʣʘ, ʥʘ ʚʝʢ-

ʪʦʨ ʩʠʣʳ F
C

: 

FrM
CCC

. (3.32) 

ʄʦʤʝʥʪ ʩʠʣʳ ʜʦʣʞʝʥ ʦʧʨʝʜʝʣʷʪʴ ʥʝ ʪʦʣʴʢʦ ʚʝʣʠʯʠʥʫ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, 

ʥʦ ʠ ʝʛʦ ʥʘʧʨʘʚʣʝʥʠʝ, ʧʦʵʪʦʤʫ ʚʝʢʪʦʨ ʤʦʤʝʥʪʘ ʩʠʣʳ ʫʜʦʙʥʦ ʥʘʧʨʘʚʣʷʪʴ ʧʦ ʦʩʠ 
ʚʨʘʱʝʥʠʷ, ʟʘʜʘʚ ʵʪʠʤ ʠ ʦʩʴ, ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʚʨʘʱʝʥʠʷ. ʏʪʦʙʳ ʚʳʧʦʣʥʠʪʴ ʧʦʩʣʝʜ-

ʥʝʝ, ʫʜʦʙʥʝʝ ʚʩʝʛʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʘʚʠʣʦʤ ʙʫʨʘʚʯʠʢʘ, ʩʦʚʤʝʱʘʷ ʝʛʦ ʚʨʘʱʝʥʠʝ 
ʩ ʪʝʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʨʘʱʝʥʠʷ, ʢʦʪʦʨʦʝ ʧʦʣʫʯʠʣʦ ʙʳ ʪʝʣʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʨʠʣʦ-
ʞʝʥʥʦʡ ʩʠʣʳ. ʇʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʙʫʨʘʚʯʠʢʘ ʧʦʢʘʞʝʪ ʧʨʠ ʵʪʦʤ ʥʘʧʨʘʚʣʝ-

ʥʠʝ ʚʝʢʪʦʨʘ ʤʦʤʝʥʪʘ ʩʠʣʳ (ʨʠʩ. 3.7). 

ɺ ʦʧʨʝʜʝʣʝʥʠʠ ʤʦʤʝʥʪʘ ʩʠʣʳ ʫʯʘʩʪʚʫʶʪ ʪʨʠ ʚʝʢʪʦʨʘ. ɼʚʘ ʠʟ ʥʠʭ (r
C

 ʠ F
C
) ʷʚ-

ʣʷʶʪʩʷ ʩʦʤʥʦʞʠʪʝʣʷʤʠ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ. ʆʥʠ ʟʘʧʠʩʘʥʳ ʚ ʪʘʢʦʤ ʧʦʨʷʜ-

ʢʝ, ʯʪʦʙʳ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ ʄ
C
, ʦʧʨʝʜʝʣʸʥʥʦʝ ʧʦ ʧʨʘʚʠʣʫ ʚʝʢʪʦʨʥʦʛʦ ʫʤʥʦ-

ʞʝʥʠʷ,  ʩʦʚʧʘʣʦ ʩ ʪʝʤ ʥʘʧʨʘʚʣʝʥʠʝʤ, ʢʦʪʦʨʦʝ ʧʦʣʫʯʘʝʪʩʷ ʧʦ ʧʨʘʚʠʣʫ ʙʫʨʘʚʯʠʢʘ. 
ʏʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʠʣʠ ʤʦʜʫʣʴ ʄ ʤʦʤʝʥʪʘ ʩʠʣʳ ð ʵʪʦ ʤʦʜʫʣʴ ʚʝʢʪʦʨʥʦʛʦ 

ʧʨʦʠʟʚʝʜʝʥʠʷ, ʢʦʪʦʨʳʡ, ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ, ʨʘʚʝʥ ʧʨʦʠʟʚʝʜʝʥʠʶ ʤʦʜʫʣʝʡ ʚʝʢʪʦʨʦʚ-
ʩʦʤʥʦʞʠʪʝʣʝʡ ʥʘ ʩʠʥʫʩ ʫʛʣʘ ʤʝʞʜʫ ʥʠʤʠ: 

FlFrM sin , (3.33) 

ʛʜʝ l ð ʧʣʝʯʦ ʩʠʣʳ F (ʩʤ. ʨʠʩ. 3.7ʙ). 

ʅʘʙʣʶʜʝʥʠʷ ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʘʩʩʘ ʚʨʘʱʘʶʱʝʛʦʩʷ ʪʝʣʘ ʪʦʞʝ ʥʝ ʷʚʣʷ-
ʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʠʥʝʨʪʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʜʠʩʢ ʩ ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʧʦ ʥʝʤʫ ʤʘʩʩʦʡ ʠʤʝʝʪ ʠʥʫʶ ʠʥʝʨʪʥʦʩʪʴ, ʥʝʞʝʣʠ ʦʙʨʫʯ ʩ ʪʘʢʠʤʠ 

ʈʠʩ. 3.7 
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ʞʝ ʤʘʩʩʦʡ ʠ ʨʘʜʠʫʩʦʤ. ʆʙʨʫʯ ʙʫʜʝʪ ʤʝʜʣʝʥʥʝʝ ʧʨʠʭʦʜʠʪʴ ʚʦ ʚʨʘʱʝʥʠʝ ʠ ʤʝʜʣʝʥ-
ʥʝʝ ʦʩʪʘʥʘʚʣʠʚʘʪʴʩʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʝʨʘ ʠʥʝʨʪʥʦʩʪʠ ʚʨʘʱʘʶʱʝʛʦʩʷ ʪʝʣʘ ʜʦʣʞ-

ʥʘ ʟʘʚʠʩʝʪʴ ʥʝ ʪʦʣʴʢʦ ʦʪ ʤʘʩʩʳ, ʥʦ ʠ ʦʪ ʝʸ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʚʨʘ-
ʱʝʥʠʷ. ʉʪʨʦʛʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʤʝʨʳ ʠʥʝʨʪʥʦʩʪʠ ʧʨʠ ʚʨʘʱʘʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ ð 
ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ð ʙʫʜʝʪ ʜʘʥʦ ʥʠʞʝ. 

ʆʩʥʦʚʥʦʡ ʟʘʢʦʥ ʜʠʥʘʤʠʢʠ ʚʨʘʱʘʶʱʠʭʩʷ ʪʝʣ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʦʧʠʨʘʷʩʴ ʥʘ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʟʘʢʦʥ ʜʣʷ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ, ʧʦʩʢʦʣʴʢʫ ʣʶʙʦʝ ʚʨʘʱʘʶɦ ʝʝʩʷ 

ʪʝʣʦ ʤʦʞʥʦ ʨʘʟʙʠʪʴ ʥʘ ʦʪʜʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʤʘʩʩʦʡ mi, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʤʦʞ-

ʥʦ ʧʨʠʥʷʪʴ ʟʘ ʤʘʪʝʨʠʘʣʴʥʫʶ ʪʦʯʢʫ (ʩʤ. ʨʠʩ. 3.7). ɼʣʷ ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ 
ʙʫʜʝʪ ʩʧʨʘʚʝʜʣʠʚ ʚʪʦʨʦʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ: 

iii maf
CC

, (3.34) 

ʛʜʝ 
if
C

 ð ʩʫʤʤʘ ʚʥʝʰʥʠʭ ʪʘʥʛʝʥʮʠʘʣʴʥʳʭ ʩʠʣ, ʘ ia
C

 ð ʪʘʥʛʝʥʮʠʘʣʴʥʦʝ ʫʩʢʦʨʝ-

ʥʠʝ ʵʣʝʤʝʥʪʘ ʤʘʩʩʳ mi. ʂʦʥʝʯʥʦ, ʩʠʣʳ ʥʝ ʚʩʝʛʜʘ ʪʘʥʛʝʥʮʠʘʣʴʥʳ. ʊʦʛʜʘ ʠʭ ʩʣʝ-

ʜʫʝʪ ʨʘʟʣʦʞʠʪʴ ʥʘ ʜʚʝ ʩʦʩʪʘʚʣʷʶʱʠʝ: ʢʘʩʘʪʝʣʴʥʫʶ ʠ ʥʦʨʤʘʣʴʥʫʶ ʧʦ ʦʪʥʦʰʝʥʠʶ 

ʢ ʪʨʘʝʢʪʦʨʠʠ ʢʘʞʜʦʡ ʪʦʯʢʠ. ʅʦʨʤʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʥʝ ʚʳʟʳʚʘʝʪ ʥʠʢʘʢʦʛʦ ʠʟ-
ʤʝʥʝʥʠʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ, ʘ ʣʠʰʴ ʜʝʬʦʨʤʠʨʫʝʪ ʠʣʠ ʩʤʝʱʘʝʪ ʦʩʴ ʚʨʘʱʝʥʠʷ, ʧʦ-

ʵʪʦʤʫ ʜʘʣʝʝ ʝʸ ʥʝ ʩʣʝʜʫʝʪ ʚʢʣʶʯʘʪʴ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ. ʅʘ ʨʠʩ. 3.7 ʠʟʦʙʨʘʞʝʥʘ ʪʘʥ-

ʛʝʥʮʠʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʫʤʤʘʨʥʦʡ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʵʣʝʤʝʥʪ mi. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʫʨʘʚʥʝʥʠʝ (3.28) ʩʦʜʝʨʞʘʣʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʨʘʱʝʥʠʷ, ʧʦ-

ʤʥʦʞʠʤ ʦʙʝ ʝʛʦ ʯʘʩʪʠ ʥʘ ir
C
, ʩʦʭʨʘʥʷʷ ʧʨʠ ʵʪʦʤ ʧʦʨʷʜʦʢ ʩʣʝʜʦʚʘʥʠʷ ʚʝʢʪʦʨʦʚ, 

ʧʨʠʥʷʪʳʡ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʤʦʤʝʥʪʘ ʩʠʣʳ (3.27): 

iiiii armfr
CCCC

, (3.35) 

ʠʣʠ, ʝʩʣʠ ʚʳʨʘʟʠʪʴ ʪʘʥʛʝʥʮʠʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʯʝʨʝʟ ʫʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ ʠ ʨʘʜʠʫʩ 
ʧʦ (2.51), 

iiiii rrmfr
CCCC

. (3.36) 

ʇʦʣʫʯʝʥʥʦʝ ʟʜʝʩʴ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʨʘʚʝʥʩʪʚʘ ʜʚʦʡʥʦʝ ʚʝʢʪʦʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ 
ʨʘʩʢʨʳʚʘʝʪʩʷ ʧʦ ʠʟʚʝʩʪʥʦʤʫ ʧʨʘʚʠʣʫ çʙʘʮ ʤʠʥʫʩ ʮʘʙè (bac ʤʠʥʫʩ cab): 

),cos(),cos()()( baabccaacbbaccabcba
CCCCCCCCCCCCCCC

, (3.37) 

ʛʜʝ ),( ca
CC
ð ʫʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ ʘ

C
ʠ ʩ
C

 ʠ ʪ. ʜ. ɼʣʷ ʥʘʰʝʛʦ ʩʣʫʯʘʷ 

CCCCCCCCCCCC 22

2
cos0cos)()( rrrrrrrrrr . (3.38) 

ʊʦʛʜʘ ʨʘʚʝʥʩʪʚʦ (3.35) ʟʘʧʠʰʝʪʩʷ ʪʘʢ: 
CCC 2

iiii rmfr . (3.39) 

ɺ ʧʦʩʣʝʜʥʝʤ ʚʳʨʘʞʝʥʠʠ ʫʞʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʨʘʱʝʥʠʷ ð 
ʤʦʤʝʥʪ ʩʠʣʳ ʠ ʫʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ. ʅʦ ʵʪʦʪ ʟʘʢʦʥ ʠʤʝʝʪ ʤʝʩʪʦ ʧʦʢʘ ʪʦʣʴʢʦ ʜʣʷ 

ʤʘʣʦʛʦ ʵʣʝʤʝʥʪʘ ʤʘʩʩʳ  ʚʨʘʱʘʶʱʝʛʦʩʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. 
ʉʫʤʤʠʨʫʷ ʦʙʝ ʯʘʩʪʠ ʨʘʚʝʥʩʪʚʘ (3.34) 

CCC
)( 2

iiii rmfr , (3.40) 

 ʘ ʟʘʪʝʤ, ʧʝʨʝʭʦʜʷ ʢ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʤ ʚʝʣʠʯʠʥʘʤ (mi  dm) ʠ ʟʘʤʝʥʷʷ ʩʫʤʤʠ-

ʨʦʚʘʥʠʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ, ʧʦʣʫʯʘʝʤ: 
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dmrM 2CC
, (3.41) 

ʛʜʝ M
C

 = 
ii fr
CC

 ð ʩʫʤʤʘ ʤʦʤʝʥʪʦʚ ʚʥʝʰʥʠʭ ʩʠʣ. ʆʙʦʟʥʘʯʠʚ ʠʥʪʝʛʨʘʣ ʚ ʧʨʘ-

ʚʦʡ ʯʘʩʪʠ ʯʝʨʝʟ I, ʥʘʟʦʚʝʤ ʝʛʦ ʤʦʤʝʥʪʦʤ ʠʥʝʨʮʠʠ. ʈʘʟʤʝʨʥʦʩʪʴ ʵʪʦʡ ʥʦʚʦʡ ʚʝʣʠ-
ʯʠʥʳ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʠʟ ʪʦʣʴʢʦ ʯʪʦ ʚʳʚʝʜʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ: 

dmrI 2 . (3.42) 

ʇʦ ʩʚʦʝʤʫ ʬʠʟʠʯʝʩʢʦʤʫ ʩʤʳʩʣʫ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʘʥʘʣʦʛʠʯʝʥ ʤʘʩʩʝ ð ʦʧʨʝ-

ʜʝʣʷʝʪ ʠʥʝʨʪʥʦʩʪʴ ʚʨʘʱʘʶʱʝʛʦʩʷ ʪʝʣʘ, ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʤʘʩʩʳ, ʥʦ ʠ 
ʦʪ ʝʸ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʚʨʘʱʝʥʠʷ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʠʥ-

ʪʝʛʨʠʨʦʚʘʥʠʷ (ʧʨʝʜʝʣʦʚ), ʬʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʸʪʘ ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ ʪʝʣ ʨʘʟʣʠʯʥʦʡ 
ʬʦʨʤʳ ʙʫʜʫʪ ʨʘʟʥʳʤʠ. ʀʩʧʦʣʴʟʫʷ ʧʦʥʷʪʠʝ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ, ʧʦʣʫʯʠʤ ʦʩʥʦʚʥʦʡ 

ʟʘʢʦʥ ʜʠʥʘʤʠʢʠ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ (ʘʥʘʣʦʛ ʚʪʦʨʦʛʦ ʟʘʢʦʥʘ ʅʴʶʪʦʥʘ): 
CC

IM . (3.43) 

ʊʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʠʤʝʝʤ: ʠʟʦʣʠʨʦʚʘʥʥʘʷ 

ʩʠʩʪʝʤʘ (0M
C

) ʤʦʞʝʪ ʣʠʙʦ ʧʦʢʦʠʪʴʩʷ, ʣʠʙʦ ʚʨʘʱʘʪʴʩʷ ʨʘʚʥʦʤʝʨʥʦ. 

 

3.6. ʇʦʥʷʪʠʝ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ ʠ ʟʘʢʦʥ ʝʛʦ ʩʦʭʨʘʥʝʥʠʷ 

ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʠʤʧʫʣʴʩʘ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ ʚʚʝʜʸʤ ʧʦʥʷʪʠʝ  

ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ  ʪʚʝʨʜʦʛʦ ʪʝʣʘ  
CC

IL  , (3.44) 

ʢʦʪʦʨʳʡ ʥʘʧʨʘʚʣʝʥ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚʝʢʪʦʨ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ, ʪʦ ʝʩʪʴ ʧʦ ʦʩʠ ʚʨʘʱʝ-

ʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʠʣʦʤ ʙʫʨʘʚʯʠʢʘ. ʄʦʤʝʥʪ ʠʤʧʫʣʴʩʘ ʥʘʟʳʚʘʶʪ ʪʘʢʞʝ 
ʤʦʤʝʥʪʦʤ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ. ʀʟʤʝʥʝʥʠʝ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ  

)(
CC

IdLd , (3.45) 

ʠʣʠ, ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ I, 
CC

IdLd . (3.46) 

ʅʝʪʨʫʜʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚʪʦʨʦʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ ʜʣʷ ʚʨʘʱʝʥʠʷ (3.43) ʩʦʦʪʚʝʪʩʪ-

ʚʫʝʪ ʢʘʢ ʨʘʟ ʚʘʨʠʘʥʪʫ (3.46), ʪʦ ʝʩʪʴ, ʩʧʨʘʚʝʜʣʠʚ ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʤʦʤʝʥʪ ʠʥʝʨ-
ʮʠʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ: 

C
CCC

I
dt

Id

dt

d
IM . (3.47) 

ɺʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʧʦʥʷʪʠʝʤ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ, ʧʦʣʫʯʠʤ ʦʙʱʠʡ ʚʠʜ ʦʩʥʦʚ-
ʥʦʛʦ ʟʘʢʦʥʘ ʜʠʥʘʤʠʢʠ ʜʣʷ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʢʦʪʦʨʳʡ ʧʨʠʤʝʥʠʤ ʠ ʜʣʷ 

ʚʨʘʱʝʥʠʷ ʩ ʠʟʤʝʥʷʶʱʠʤʩʷ ʤʦʤʝʥʪʦʤ ʠʥʝʨʮʠʠ: 

dt

Ld
M

C
C

. (3.48) 

ɿʘʢʦʥ, ʟʘʧʠʩʘʥʥʳʡ ʚ ʪʘʢʦʡ ʬʦʨʤʝ, ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʟʘʢʦʥ 

ʩʦʭʨʘʥʝʥʠʷ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ. ʇʫʩʪʴ ʩʠʩʪʝʤʘ ʠʟʦʣʠʨʦʚʘʥʘ, ʟʥʘʯʠʪ 0M
C

. ʊʦʛʜʘ 

ʠ 0Ld
C
, ʪʦ ʝʩʪʴ ʤʦʤʝʥʪ ʠʤʧʫʣʴʩʘ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. ʀʥʘʯʝ: ʤʦʤʝʥʪ ʠʤʧʫʣʴʩʘ ʠʟʦ-

ʣʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʝʩʪʴ ʚʝʣʠʯʠʥʘ ʧʦʩʪʦʷʥʥʘ.̫ ʊʘʢ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʟʘʢʦʥ ʩʦ-

ʭʨʘʥʝʥʠʷ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ. 
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ʈʘʚʝʥʩʪʚʦ (3.48) ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʠʥʪʝʨʝʩʥʳʭ ʩʣʝʜʩʪʚʠʡ. ʇʝʨʚʦʝ ʠʟ ʥʠʭ ʦʯʝ-
ʚʠʜʥʦ: ʟʘʧʠʩʘʥʥʳʡ ʚʳʰʝ ʟʘʢʦʥ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʙʨʘʪʥʦʡ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ-

ʩʪʠ ʚʭʦʜʷʱʠʭ ʚ ʥʝʛʦ ʚʝʣʠʯʠʥ. ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʚʨʘʱʘʶʱʝʡʩʷ 
ʩʠʩʪʝʤʳ, ʢʦʪʦʨʦʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʥʫʪʨʝʥʥʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʫʛʣʦʚʘʷ 
ʩʢʦʨʦʩʪʴ ʤʝʥʷʝʪʩʷ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʆʯʝʥʴ ʯʘʩʪʦ  ʵʪʠʤ ʟʘʢʦʥʦʤ 

(ʝʩʪʝʩʪʚʝʥʥʦ, ʙʝʩʩʦʟʥʘʪʝʣʴʥʦ) ʧʦʣʴʟʫʶʪʩʷ ʞʠʚʦʪʥʳʝ ʠ ʣʶʜʠ. ʊʘʢ, ʛʠʤʥʘʩʪ, ʯʪʦʙʳ 
ʩʜʝʣʘʪʴ ʩʘʣʴʪʦ, ʚʦ ʚʨʝʤʷ ʧʨʳʞʢʘ ʚʳʪʷʛʠʚʘʝʪʩʷ ʚʦ ʚʝʩʴ ʨʦʩʪ ʠ ʧʦʜʥʠʤʘʝʪ ʚʚʝʨʭ 

ʨʫʢʠ. ɽʛʦ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ ʧʨʠ ʵʪʦʤ ʤʘʢʩʠʤʘ-
ʣʝʥ. ʊʦʣʢʥʫʚʰʠʩʴ, ʦʥ ʩʛʠʙʘʝʪʩʷ, ʧʨʠʞʠʤʘʷ ʛʦʣʦʚʫ ʢ ʢʦʣʝʥʷʤ, ʇʨʠ ʵʪʦʤ ʨʝʟʢʦ 

ʫʤʝʥʴʰʘʝʪʩʷ ʝʛʦ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʘʢʦʤʫ ʞʝ ʚʦʟʨʘʩʪʘʥʠʶ ʩʢʦʨʦ-
ʩʪʠ ʚʨʘʱʝʥʠʷ. ʇʦʜʦʙʥʳʤ ʞʝ ʧʨʠʸʤʦʤ ʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʚʨʘʱʝʥʠʷʭ ʬʠʛʫʨʠʩʪʳ ʠ 

ʙʘʣʝʨʠʥʳ. ʊʦʣʴʢʦ ʦʥʠ ʤʝʥʷʶʪ ʩʚʦʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʨʪʠʢʘʣʴʥʦʡ 
ʦʩʠ, ʨʘʟʚʦʜʷ ʨʫʢʠ ʚ ʩʪʦʨʦʥʳ ʠ ʧʨʠʞʠʤʘʷ ʠʭ ʢ ʛʨʫʜʠ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʤʦʤʝʥʪ 

ʠʥʝʨʮʠʠ ʨʝʟʢʦ ʧʘʜʘʝʪ, ʘ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ. 
ɺʳʰʝ ʤʳ ʧʦʟʥʘʢʦʤʠʣʠʩʴ ʩ ʧʨʦʷʚʣʝʥʠʝʤ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴ-

ʩʘ. ʊʝʧʝʨʴ ʨʝʯʴ ʧʦʡʜʸʪ ʦ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. ʄʦʤʝʥʪ ʠʤʧʫʣʴʩʘ ð ʚʝʢʪʦʨʥʘʷ ʚʝ-
ʣʠʯʠʥʘ, ʧʦʵʪʦʤʫ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʩʚʷʟʘʥ ʥʝ ʪʦʣʴʢʦ ʩ ʧʦʩʪʦʷʥʩʪʚʦʤ ʚʭʦʜʷʱʝʛʦ ʚ 

ʥʝʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ, ʥʦ ʠ ʩ ʧʦʩʪʦʷʥʩʪʚʦʤ ʥʘʧʨʘʚʣʝʥʠʷ  ʦʩʠ ʚʨʘʱʘʶʱʝʛʦʩʷ ʪʝʣʘ. 
ʇʦ ʥʝʡ ʥʘʧʨʘʚʣʝʥ ʚʝʢʪʦʨ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ. ɺ ʩʠʣʫ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʤʦʤʝʥʪʘ 
ʠʤʧʫʣʴʩʘ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʘʶʱʝʛʦʩʷ ʪʝʣʘ ʧʦʩʪʦʷʥʥʘ, ʝʩʣʠ ʩʠʩʪʝʤʘ ʠʟʦʣʠ-

ʨʦʚʘʥʘ, ʠ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʥʝ ʤʝʥʷʝʪʩʷ ʚʥʫʪʨʝʥʥʠʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ. ʇʦʩʪʦ-
ʷʥʩʪʚʦ ʥʘʧʨʘʚʣʝʥʠʷ ʦʩʠ ʚʨʘʱʝʥʠʷ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʛʠʨʦ-

ʩʢʦʧʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ. ʇʦʩʣʝʜʥʠʡ ʣʸʛ ʚ ʦʩʥʦʚʫ ʛʠʨʦʩʢʦʧʦʚ ð ʧʨʠʙʦʨʦʚ, ʩ ʧʦ-
ʤʦʱʴʶ ʢʦʪʦʨʳʭ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʩʪʨʦʛʦ ʧʦʩʪʦʷʥʥʳʤ ʟʘʜʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ.  

ɽʩʣʠ ʥʘ ʚʨʘʱʘʶʱʝʝʩʷ ʪʝʣʦ ʧʦʜ ʫʛʣʦʤ ʢ ʦʩʠ ʚʨʘʱʝʥʠʷ ʜʝʡʩʪʚʫʝʪ ʧʦʩʪʦʷʥʥʘʷ 
ʩʠʣʘ, ʦʩʴ ʥʝ ʤʝʥʷʝʪ ʟʘʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʘ ʝʸ ʢʦʥʝʮ ʥʘʯʠʥʘʝʪ ʦʧʠʩʳʚʘʪʴ ʦʢ-

ʨʫʞʥʦʩʪʴ. ʗʚʣʝʥʠʝ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ  ʧʨʝʮʝʩʩʠʠ. ʇʨʠʚʝʜʸʤ ʧʨʠʤʝʨ. ʉʪʚʦʣ ʥʘʨʝʟʥʦ-
ʛʦ ʦʨʫʞʠʷ ʟʘʜʘʸʪ ʩʥʘʨʷʜʫ, ʜʚʠʞʫʱʝʤʫʩʷ ʚʥʫʪʨʠ ʥʝʛʦ, ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ. 

ɺʦ ʚʨʝʤʷ ʧʦʣʸʪʘ ʥʘ ʩʥʘʨʷʜ ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʟʜʫʭʘ, ʢʦʪʦʨʘʷ ʥʝ 
ʪʦʣʴʢʦ ʟʘʤʝʜʣʷʝʪ ʜʚʠʞʝʥʠʝ ʩʥʘʨʷʜʘ, ʥʦ ʠ ʩʪʨʝʤʠʪʩʷ ʠʟʤʝʥʠʪʴ ʝʛʦ ʦʨʠʝʥʪʘʮʠʶ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʚʨʘʱʘʶʱʠʡʩʷ ʩʥʘʨʷʜ ʥʘʯʠʥʘʝʪ ʧʨʝʮʝʩʩʠʨʦʚʘʪʴ ʚʦʢʨʫʛ  ʥʘʧʨʘʚʣʝʥʠʷ 
ʩʚʦʝʡ ʪʨʘʝʢʪʦʨʠʠ. ɹʝʟ ʚʨʘʱʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʟʜʫʭʘ ʧʨʠʚʝʣʦ ʙʳ ʢ ʦʧʨʦʢʠʜʳ-
ʚʘʥʠʶ, çʢʫʚʳʨʢʘʥʠʶè ʩʥʘʨʷʜʘ ʚ ʧʦʣʸʪʝ. 

ʂʦʛʜʘ ʩʠʩʪʝʤʘ ʩʣʦʞʥʘʷ ʠ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʪʝʡ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ 
ʤʦʞʝʪ ʚʨʘʱʘʪʴʩʷ, ʤʦʤʝʥʪ ʠʤʧʫʣʴʩʘ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ 

ʩʫʤʤʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʦʤʝʥʪʦʚ ʝʸ ʯʘʩʪʝʡ: 

21 LLL
CCC
é . (3.49) 

ɺʥʫʪʨʝʥʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʛʫʪ ʤʝʥʷʪʴ ʣʠʰʴ ʤʦʤʝʥʪʳ ʠʤʧʫʣʴʩʦʚ ʯʘʩʪʝʡ, ʦʙ-

ʱʠʡ ʞʝ ʤʦʤʝʥʪ ʠʤʧʫʣʴʩʘ ʩʠʩʪʝʤʳ ʦʩʪʘʸʪʩʷ ʧʦʩʪʦʷʥʥʳʤ: 

ʧʦʩʣʝʜʦ LL
CC

,     ʠʣʠ     ...... 22122111 LLLL
CCCC

 (3.50) 

ʛʜʝ ʚʪʦʨʦʡ ʠʥʜʝʢʩ ʠʤʝʝʪ ʜʚʘ ʟʥʘʯʝʥʠʷ: 1 ð ʜʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʠ 2 ð ʧʦʩʣʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 
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3.7. ʈʘʙʦʪʘ ʧʝʨʝʤʝʥʥʦʡ ʩʠʣʳ ʧʨʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ 
ʠ ʧʨʠ ʚʨʘʱʝʥʠʠ 

ʈʘʙʦʪʦʡ ʩʠʣʳ ʚ ʤʝʭʘʥʠʢʝ ʥʘʟʳʚʘʶʪ ʬʠʟʠʯʝʩʢʫʶ ʚʝʣʠʯʠʥʫ, ʨʘʚʥʫʶ ʩʢʘʣʷʨʥʦ-
ʤʫ ʧʨʦʠʟʚʝʜʝʥʠʶ ʚʝʢʪʦʨʘ ʩʠʣʳ ʥʘ ʚʝʢʪʦʨ ʧʝʨʝʤʝʱʝʥʠʷ. ʇʨʠ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʤ 
ʧʝʨʝʤʝʱʝʥʠʠ rd

C
 ʩʠʣʘ F

C
 ʩʦʚʝʨʰʘʝʪ ʵʣʝʤʝʥʪʘʨʥʫʶ ʨʘʙʦʪʫ 

rdFdA
CC

. (3.51) 
ɿʥʘʯʝʥʠʝ ʩʢʘʣʷʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʟʘʚʠʩʠʪ ʦʪ ʢʦʩʠʥʫʩʘ ʫʛʣʘ 

ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ (ʨʠʩ. 3.8): 

 dA =Fdscos  . (3.52) 

ɿʜʝʩʴ ʤʦʜʫʣʴ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʟʘʤʝ-

ʥʸʥ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʤ ʦʪʨʝʟʢʦʤ ʧʫʪʠ. ʋʨʘʚʥʝʥʠʷ (3.51) 
ʠ (3.52) ʨʘʚʥʦʩʠʣʴʥʳ ʠ ʷʚʣʷʶʪʩʷ ʦʧʨʝʜʝʣʝʥʠʷʤʠ ʵʣʝ-

ʤʝʥʪʘʨʥʦʡ ʨʘʙʦʪʳ. ʇʨʠ ʢʦʥʝʯʥʳʭ  (ʥʝ ʙʝʩʢʦʥʝʯʥʦ ʤʘ-
ʣʳʭ) ʧʝʨʝʤʝʱʝʥʠʷʭ ʨʘʙʦʪʘ ʨʘʚʥʘ ʩʫʤʤʝ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʨʘʙʦʪ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ: 

dsFFdsA
s

s

s

s

s 2

1

2

1

cos ,  (3.53) 

ʛʜʝ Fs = Fcos  ð ʧʨʦʝʢʮʠʷ ʩʠʣʳ ʥʘ ʧʝʨʝʤʝʱʝʥʠʝ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʥʘ ʛʨʘʬʠʢʝ ʟʘ-

ʚʠʩʠʤʦʩʪʠ Fs(s) ʨʘʙʦʪʘ ʙʫʜʝʪ ʨʘʚʥʘ ʧʣʦʱʘʜʠ ʧʦʜ ʛʨʘʬʠʢʦʤ ʩʠʣʳ. 
ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʙʦʪʳ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʝʸ ʟʥʘʢ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʦʥ ʟʘʚʠʩʠʪ 

ʦʪ  ʫʛʣʘ ʤʝʞʜʫ ʩʠʣʦʡ ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʝʨʝʤʝʱʝʥʠʷ. ʇʨʠ ʦʩʪʨʦʤ ʫʛʣʝ cos  ʧʦʣʦ-

ʞʠʪʝʣʝʥ, ʘ ʧʨʠ ʪʫʧʦʤ ʫʛʣʝ ð ʦʪʨʠʮʘʪʝʣʝʥ. ʊʘʢʦʡ ʞʝ ʟʥʘʢ ʠʤʝʝʪ ʨʘʙʦʪʘ. ɽʩʣʠ ʞʝ 

ʩʠʣʘ ʥʘʧʨʘʚʣʝʥʘ ʧʦʜ ʧʨʷʤʳʤ ʫʛʣʦʤ ʢ ʧʝʨʝʤʝʱʝʥʠʶ, ʪʦ ʝʸ ʨʘʙʦʪʘ ʨʘʚʥʘ ʥʫʣʶ. 
ʈʘʥʝʝ ʤʳ ʧʦʜʝʣʠʣʠ ʩʠʣʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʝ ʥʘ ʚʥʝʰ-

ʥʠʝ ʠ ʚʥʫʪʨʝʥʥʠʝ. ʕʪʘ ʛʨʘʜʘʮʠʷ ʧʨʦʷʚʣʷʝʪʩʷ ʠ ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ ʨʘʙʦʪʳ. ʇʫʩʪʴ 
ʧʨʫʞʠʥʘ ʨʘʩʪʷʥʫʪʘ ʚʥʝʰʥʝʡ ʩʠʣʦʡ ʥʘ ʚʝʣʠʯʠʥʫ ʭ.  ʇʨʠ ʨʘʩʪʷʞʝʥʠʠ ʧʝʨʝʤʝʱʝʥʠʝ 

ʧʨʦʠʩʭʦʜʠʣʦ  ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʜʝʡʩʪʚʫʶʱʝʡ ʩʠʣʳ, ʠ  ʝʸ  ʨʘʙʦʪʘ ʧʦʣʦʞʠʪʝʣʥɹʘ. ʅʦ  
ʧʨʠ ʵʪʦʤ ʫʧʨʫʛʘʷ ʩʠʣʘ ʩʠʩʪʝʤʳ ʙʳʣʘ ʥʘʧʨʘʚʣʝʥʘ ʢ ʧʦʣʦʞʝʥʠʶ ʨʘʚʥʦʚʝʩʠʷ, ʪ.ʝ. 

ʩʦʩʪʘʚʣʷʣʘ ʩ ʧʝʨʝʤʝʱʝʥʠʝʤ ʫʛʦʣ 180 ʛʨʘʜʫʩʦʚ, ʟʥʘʯʠʪ, ʨʘʙʦʪʘ ʫʧʨʫʛʦʡ ʩʠʣʳ ʟʜʝʩʴ 
ʦʪʨʠʮʘʪʝʣʴʥʘ (cos180Á = ï 1). ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʜʣʠʥʳ ʨʘʩʪʷʥʫʪʦʡ ʧʨʫʞʠʥʳ ʨʘʙʦ-
ʪʘ ʫʧʨʫʛʦʡ ʩʠʣʳ ʙʫʜʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʡ. 

ʅʘ ʨʠʩ. 3.9 ʠʟʦʙʨʘʞʝʥʳ ʪʨʠ ʧʦʟʠʮʠʠ: ʨʘʚʥʦʚʝʩʠʝ ʪʝʣʘ, ʢʦʛʜʘ ʧʨʫʞʠʥʘ ʥʝ ʜʝ-
ʬʦʨʤʠʨʦʚʘʥʘ, ʠ ʩʣʫʯʘʠ ʩʞʘʪʦʡ ʠ ʨʘʩʪʷʥʫʪʦʡ ʧʨʫʞʠʥʳ. ʇʦʢʘʟʘʥʘ ʫʧʨʫʛʘʷ ʩʠʣʘ 

ʩʠʩʪʝʤʳ, ʨʘʙʦʪʘ ʢʦʪʦʨʦʡ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʧʦʣʦʞʠʪʝʣʴʥʘʷ, ʧʦʩʢʦʣʴʢʫ ʧʨʦʠʟʚʦʜʠʪ-
ʩʷ ʩʠʣʘʤʠ ʩʠʩʪʝʤʳ.  

ʅʘʡʜʸʤ ʨʘʙʦʪʫ, ʩʦʚʝʨʰʘʝʤʫʶ ʫʧʨʫʛʦʡ ʩʠʣʦʡ  ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ  ʧʨʫʞʠʥʳ ʦʪ  
x1  = 0 ʜʦ x2 =  ʭ.  ʊʘʢ ʢʘʢ, ʧʦ ʟʘʢʦʥʫ ɻʫʢʘ, ʧʨʦʝʢʮʠʷ ʩʠʣʳ ʫʧʨʫʛʦʩʪʠ ʥʘ ʦʩʴ ʆʍ   

Fx = ï kʭ,  (3.54) 
ʪʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (3.53) ʨʘʙʦʪʘ ʵʪʦʡ ʧʝʨʝʤʝʥʥʦʡ ʩʠʣʳ ʦʧʨʝʜʝʣʠʪʩʷ ʠʥʪʝʛʨʠʨʦ-

ʚʘʥʠʝʤ: 

ʈʠʩ. 3.8 
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x kx
kxdxA

0

2

2
, (3.55) 

ʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʙʫʜʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦʡ. ʇʨʠ ʚʦʟʚʨʘʱʝʥʠʠ ʢ ʥʝʜʝʬʦʨʤʠʨʦʚʘʥ-

ʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʧʨʝʜʝʣʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʚ (3.55) ʤʝʥʷʶʪʩʷ ʤʝʩʪʘʤʠ, ʠ ʨʘʙʦʪʘ 
ʙʫʜʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʡ.  

ʈʘʙʦʪʘ  ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʩʠʣʳ ʧʦ ʩʙʣʠʞʝʥʠʶ ʪʝʣ  ʤʘʩʩʘʤʠ  ʄ  ʠ ʪ  (ʨʠʩ. 3.10) 

ʥʘʡʜʸʪʩʷ ʘʥʘʣʦʛʠʯʥʦ. ʊʘʢ ʢʘʢ ʨʘʩʩʪʦʷʥʠʝ r ʫʤʝʥʴʰʘʝʪʩʷ, ʪʦ ʧʨʠʨʘʱʝʥʠʝ  dr ʢʦʦʨ-
ʜʠʥʘʪʳ ʙʝʨʸʪʩʷ ʩʦ ʟʥʘʢʦʤ ʤʠʥʫʩ. ʊʦʛʜʘ 

2

1

2

r

r

dr
r

ʄm
A = 

12 r

ʄm

r

ʄm
. (3.56) 

ʈʘʙʦʪʘ ʟʜʝʩʴ ʧʦʣʦʞʠʪʝʣʴʥʘ: ʦʥʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʠʣʘʤʠ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ 

ʩʪʨʝʤʷʪʩʷ ʫʤʝʥʴʰʠʪʴ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʝʣʘʤʠ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝ-
ʞʜʫ ʪʝʣʘʤʠ ʩʠʣʘ ʪʷʛʦʪʝʥʠʷ ʩʦʚʝʨʰʘʝʪ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʨʘʙʦʪʫ, ʪʘʢ ʢʘʢ ʥʘʧʨʘʚʣʝʥʘ 

ʧʨʦʪʠʚ ʧʝʨʝʤʝʱʝʥʠʷ.   

ɸʥʘʣʦʛʠʯʥʦ ʠ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʨʘʙʦʪʳ ʩʠʣʳ ʪʷʞʝʩʪʠ gm
C
. ʇʨʠ ʧʘʜʝʥʠʠ ʪʝʣʘ 

(ʨʠʩ. 3.11) ʝʛʦ ʧʝʨʝʤʝʱʝʥʠʝ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ, ʠ ʝʸ ʨʘʙʦʪʘ 
ʧʦʣʦʞʠʪʝʣʴʥʘ.  
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ʇʦʩʢʦʣʴʢʫ ʚʳʩʦʪʘ h ʧʨʠ ʵʪʦʤ ʫʤʝʥʴʰʘʝʪʩʷ, ʪʦ ʧʨʠʨʘʱʝʥʠʝ dh ʥʫʞʥʦ ʙʨʘʪʴ ʩʦ 
ʟʥʘʢʦʤ ʤʠʥʫʩ.  

ʇʦʣʘʛʘʷ, ʯʪʦ ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʳʩʦʪʳ, ʚʳʯʠʩʣʠʤ 
ʨʘʙʦʪʫ ʩʠʣʳ ʪʷʞʝʩʪʠ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʪʝʣʘ  ʩ ʚʳʩʦʪʳ h1 ʜʦ ʚʳʩʦʪʳ h2: 

dA = mgds = ï mgdh,     ʠ    A = ï )( 21

2

1

hhmgmgdh
h

h

. (3.57) 

ɽʩʣʠ ʪʝʣʦ ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʩʠʣʝ ʪʷʞʝʩʪʠ, ʪʦ ʝʸ ʨʘʙʦʪʘ ʙʫʜʝʪ 

ʨʘʚʥʘ ʥʫʣʶ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʜʚʠʞʝʥʠʠ ʪʝʣʘ ʧʦ ʢʨʫʛʦʚʦʡ ʦʨʙʠʪʝ, ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦ 
ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʫʯʘʩʪʢʫ ʧʫʪʠ (ʨʠʩ. 3.12 ʠ 3.13). ʆʜʥʘʢʦ ʚ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ  

ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʩʦʚʝʨʰʘʪʴ ʨʘʙʦʪʫ ʧʨʦʪʠʚ ʩʠʣ ʪʨʝʥʠʷ, ʢʦʪʦʨʘʷ ʥʫʣ  ʁʥʝ ʨʘʚʥʘ.  
ɺʳʨʘʞʝʥʠʝ (3.52) ʥʝʪʨʫʜʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʨʘʙʦʪʳ ʧʨʠ ʚʨʘ-

ʱʘʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 1cos ,  ds ʟʘʤʝʥʷʝʪʩʷ ʯʝʨʝʟ d  ʠ ʚʤʝʩʪʦ 

ʩʠʣʳ ʧʠʰʝʪʩʷ ʝʸ ʟʘʤʝʥʘ ʧʨʠ ʚʨʘʱʘʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ ð ʤʦʤʝʥʪ ʩʠʣʳ: 

ds = rd ,   M = ÑFr   ʠ   dA = Md . (3.58) 

ɺʚʝʜʸʤ ʧʦʥʷʪʠʝ ʤʦʱʥʦʩʪʠ, ʢʘʢ ʩʢʦʨʦʩʪʠ ʩʦʚʝʨʰʝʥʠʷ ʨʘʙʦʪʳ: 

dt

dA
P , (3.59) 

ʛʜʝ  dt ð ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, ʟʘ ʢʦʪʦʨʳʡ ʩʦʚʝʨʰʝʥʘ ʨʘʙʦʪʘ 
dɸ. ɿʘʤʝʥʷʷ  ʵʣʝʤʝʥʪʘʨʥʫʶ ʨʘʙʦʪʫ ʩʢʘʣʷʨʥʳʤ ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʩʠʣʳ ʥʘ ʧʝʨʝʤʝʱʝ-

ʥʠʝ (3.51), ʧʦʣʫʯʘʝʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʤʦʱʥʦʩʪʠ ʩʠʣʳ, ʪʦʯʢʘ ʧʨʠʣʦʞʝʥʠʷ ʢʦʪʦʨʦʡ 
ʜʚʠʞʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 

C
: 

cosFF
dt

rdF
P

CC
CC

, (3.60) 

ʛʜʝ   ð ʫʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ ʩʠʣʳ ʠ ʩʢʦʨʦʩʪʠ. 
ɼʣʷ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʢʘʢ ʥʝʪʨʫʜʥʦ ʧʦʢʘʟʘʪʴ, ʤʦʱʥʦʩʪʴ ʨʘʚʥʘ ʧʨʦʠʟ-

ʚʝʜʝʥʠʶ ʤʦʤʝʥʪʘ ʩʠʣʳ ʥʘ ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ: 

P = Ñ M . (3.61) 

 

3.8. ʈʘʙʦʪʘ ʚ ʧʦʪʝʥʮʠʘʣʴʥʦʤ ʧʦʣʝ. ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ 

ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʪʝʣʦ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ ʧʦʣʝ ʪʷʛʦʪʝʥʠʷ ʚʙʣʠʟʠ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. ʇʫʩʪʴ ʵʪʦ ʧʝʨʝʤʝʱʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦ-
ʚʝʨʭʥʦʩʪʠ, ʘ ʧʦ  ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ (ʨʠʩ. 

3.14). ʇʦʜʥʷʪʴ ʪʝʣʦ ʥʘ ʚʳʩʦʪʫ h ʤʦʛʫʪ ʪʦʣʴʢʦ 
ʩʪʦʨʦʥʥʠʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʠʩʪʝʤʝ çʪʝʣʦï
ɿʝʤʣʷè ʩʠʣʳ. ʈʘʙʦʪʘ ʩʠʩʪʝʤʳ ʟʜʝʩʴ ʙʫʜʝʪ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʩʦʚʝʨʰʘʝʪʩʷ 
ʧʨʦʪʠʚ ʩʠʣʳ ʪʷʞʝʩʪʠ. ɽʩʣʠ ʧʨʝʥʝʙʨʝʯʴ ʪʨʝ-

ʥʠʝʤ, ʪʦ ʤʠʥʠʤʘʣʴʥʘʷ ʩʠʣʘ F
C
, ʜʦʩʪʘʪʦʯʥʘʷ 

ʜʣʷ ʧʦʜʲʸʤʘ, ʙʫʜʝʪ ʤʝʥʴʰʝ ʩʠʣʳ ʪʷʞʝʩʪʠ ʠ 
ʨʘʚʥʘ ʧʦ ʚʝʣʠʯʠʥʝ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʝʡ ʜʚʫʭ 

ʩʠʣ: ʩʠʣʳ ʪʞ̫ʝʩʪʠ ʠ ʩʠʣʳ ʨʝʘʢʮʠʠ ʦʧʦʨʳ: 

 h 
L 

N
C

 

gm
C

 

F
C
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F = N
C

+ gm
C

 = mgsin . ʅʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʫɦ ʝʡ ʩʠʣʳ F
C

 ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʨʘʚʥʦ-

ʜʝʡʩʪʚʫʶʱʝʡ ʩʠʣ N
C

 ʠ gm
C

.  

ʇʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʛʨʫʟʘ  ʚʚʝʨʭ ʧʦ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ  ʜʣʠʥʦʡ L ʨʘʙʦʪʘ ʩʠ-

ʣʳ F
C

 A = mgsin L ʧʦʣʦʞʠʪʝʣʴʥʘ,  ʘ ʨʘʙʦʪʘ A1, ʩʦʚʝʨʰʘʝʤʘʷ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʝʡ 
ʩʠʣʦʡ ð ʦʪʨʠʮʘʪʝʣʴʥʘ: 

A = mgsin L;            A1 = ï mgsin L. (3.62) 

ʇʨʠ ʧʘʜʝʥʠʠ ʛʨʫʟʘ ʩ ʚʝʨʰʠʥʳ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʟʝʤʣʠ ʩʠ-

ʣʘ ʪʷʞʝʩʪʠ ʩʦʚʝʨʰʠʪ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʨʘʙʦʪʫ A2 = mgh. ʏʪʦʙʳ ʚʝʨʥʫʪʴ ʪʝʣʦ ʚ ʠʩ-
ʭʦʜʥʫʶ ʪʦʯʢʫ, ʝʛʦ ʤʦʞʥʦ ʧʝʨʝʤʝʩʪʠʪʴ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʣʝʚʦ ʜʦ 

ʥʘʯʘʣʘ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʈʘʙʦʪʘ ʩʠʣʳ ʪʷʞʝʩʪʠ ʧʨʠ ʵʪʦʤ ʧʝʨʝʤʝʱʝʥʠʠ ʨʘʚʥʘ 
ʥʫʣʶ, ʧʦʩʢʦʣʴʢʫ ʧʝʨʝʤʝʱʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʩʠ-

ʣʝ gm
C
. ɿʥʘʯʠʪ, ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʧʦ ʟʘʤʢʥʫʪʦʤʫ ʢʦʥʪʫʨʫ  ʨʘʙʦʪʘ ʩʦʚʝʨʰʘʣʘʩʴ ʥʘ 

ʜʚʫʭ ʫʯʘʩʪʢʘʭ, ʦʜʥʘ ð ʩʠʣʘʤʠ ʩʠʩʪʝʤʳ, ʚʪʦʨʘʷ ï ʧʨʦʪʠʚ ʥʠʭ. ʏʪʦʙʳ ʥʘʡʪʠ ʨʘʙʦʪʫ 

A0  ʩʠʣʳ ʪʷʞʝʩʪʠ  ʧʦ ʚʩʝʤʫ ʟʘʤʢʥʫʪʦʤʫ ʧʫʪʠ, ʵʪʠ ʨʘʙʦʪʳ ʥʫʞʥʦ ʩʣʦʞʠʪʴ: 

A0 = A1 + A2 = ï mgLsin  + mgh. (3.63) 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʩʫʤʤʘ ʙʫʜʝʪ ʨʘʚʥʘ ʥʫʣʶ, ʧʦʩʢʦʣʴʢʫ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩ. 3.14, 

L sin  = h. (3.64) 

ʀʟ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʘʞʥʳʝ ʚʳʚʦʜʳ:  

 ʨʘʙʦʪʘ ʩʠʣʳ ʪʷʞʝʩʪʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʧʫʪʠ, ʠ ʝʸ ʚʝʣʠʯʠʥʘ  ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʪʦʣʴʢʦ ʢʦʥʝʯʥʦʡ ʠ ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʘʤʠ ʧʫʪʠ. ɽʩʣʠ ʥʘʯʘʣʴʥʘʷ ʠ ʢʦʥʝʯʥʘʷ 
ʪʦʯʢʠ ʩʦʚʧʘʜʘʶʪ, ʪ.ʝ. ʧʝʨʝʤʝʱʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʟʘʤʢʥʫʪʦʤʫ ʢʦʥʪʫʨʫ, 

ʪʦ ʨʘʙʦʪʘ ʩʠʣʳ ʪʷʞʝʩʪʠ ʨʘʚʥʘ ʥʫʣʶ. 

 ʧʨʦʩʪʦʡ ʤʝʭʘʥʠʟʤ (ʥʘʢʣʦʥʥʘʷ ʧʣʦʩʢʦʩʪʴ) ʜʘʸʪ ʚʳʠʛʨʳʰ ʚ ʩʠʣʝ, ʥʦ ʥʝ ʚ ʨʘ-

ʙʦʪʝ.  
ʇʦʣʷ, ʚ ʢʦʪʦʨʳʭ ʨʘʙʦʪʘ ʩʠʣ ʧʦʣʷ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʧʫʪʠ, ʥʘʟʳʚʘʶʪʩʷ ʧʦʪʝʥʮʠʘʣʴ-

ʥʳʤʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʣʝ ʩʠʣ ʪʷʞʝʩʪʠ ʷʚʣʷʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤ. 
ɺ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʦʣʷʭ ʤʦʞʥʦ ʚʚʝʩʪʠ ʧʦʥʷʪʠʝ ʧʦʪʝʥʮʠʘʣʘ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʵʥʝʨʛʠʠ, ʢʦʪʦʨʫʶ ʦʙʦʟʥʘʯʠʤ ʙʫʢʚʦʡ Wp. ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʟʘʚʠʩʠʪ ʦʪ ʚʟʘ-
ʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʝʣ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʠʣʘʤʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʈʘʙʦʪʘ, ʩʦ-

ʚʝʨʰʘʝʤʘʷ ʩʠʩʪʝʤʦʡ ʠʣʠ ʧʨʦʪʠʚ ʥʝʸ, ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨ-
ʛʠʠ: ʨʘʙʦʪʘ ʩʠʣ ʩʠʩʪʝʤʳ ʧʨʦʠʟʚʦʜʠʪʩʷ ʟʘ ʩʯʸʪ ʫʙʳʣʠ ʝʸ ʵʥʝʨʛʠʠ, ʨʘʙʦʪʘ ʧʨʦʪʠʚ  

ʵʪʠʭ ʩʠʣ ʫʚʝʣʠʯʠʚʘʝʪ ʵʥʝʨʛʠʶ ʩʠʩʪʝʤʳ. ʀʥʘʯʝ ʛʦʚʦʨʷ, 
dA = ï dWp     ʠ     ï dA = d Wp, (3.65) 

ʛʜʝ dA ð ʵʣʝʤʝʥʪʘʨʥʘʷ ʨʘʙʦʪʘ; dWp ð ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʝ ʧʨʠʨʘʱʝʥʠʝ ʧʦʪʝʥʮʠ-

ʘʣʴʥʦʡ ʵʥʝʨʛʠʠ.  
ʂʘʢ ʚʠʜʠʤ, ʠʟʤʝʥʝʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʧʨʦʠʩʭʦʜʠʪ ʣʠʰʴ ʪʦʛʜʘ, ʢʦʛʜʘ 

ʩʠʩʪʝʤʘ ʩʦʚʝʨʰʘʝʪ ʨʘʙʦʪʫ, ʠʣʠ ʥʘʜ ʩʠʩʪʝʤʦʡ ʧʨʦʠʟʚʦʜʷʪ ʨʘʙʦʪʫ ʚʥʝʰʥʠʝ ʩʠʣʳ. 
ʀʟʤʝʥʝʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʨʘʚʥʦ ʨʘʙʦʪʝ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʩʠʣʳ, ʚʟʷʪʦʡ ʩ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʟʥʘʢʦʤ. ʈʘʚʝʥʩʪʚʦ (3.65), ʧʦʣʫʯʝʥʥʦʝ ʚʳʰʝ, ʩʣʫʞʠʪ ʦʩʥʦʚʦʡ 
ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʩʠʣʦʚʳʭ, ʥʦ ʧʦʪʝʥʮʠʘʣʥɹʳʭ 

ʧʦʣʷʭ. 
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3.9. ɺʳʯʠʩʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ. ʇʦʪʝʥʮʠʘʣʴʥʳʝ ʢʨʠʚʳʝ 

ɺʳʰʝ ʤʳ ʫʙʝʜʠʣʠʩʴ, ʯʪʦ ʟʘ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʥʝʨʛʠʶ ʦʪʚʝʪʩʪʚʝʥʥʳ ʩʠʣʳ, ʜʝʡ-

ʩʪʚʫʶʱʠʝ ʚʥʫʪʨʠ ʩʠʩʪʝʤʳ. ɺʳʯʠʩʣʝʥʠʝ ʵʥʝʨʛʠʠ ʩʚʦʜʠʪʩʷ ʢ ʚʳʯʠʩʣʝʥʠʶ ʨʘʙʦʪʳ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʠʣ, ʯʪʦ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʦ ʥʘʤʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʧʘʨʘʛʨʘʬʝ. 
ʆʩʪʘʥʦʚʠʤʩʷ ʥʘ ʥʝʢʦʪʦʨʳʭ  ʜʝʪʘʣʷʭ, ʭʘʨʘʢʪʝʨʥʳʭ ʪʦʣʴʢʦ ʜʣʷ ʨʘʩʯʸʪʘ ʧʦʪʝʥʮʠ-

ʘʣʴʥʦʡ ʵʥʝʨʛʠʠ. 
ɺʳʯʠʩʣʠʤ ʩʥʘʯʘʣʘ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʥʝʨʛʠʶ ʩʞʘʪʦʡ ʧʨʫʞʠʥʳ. ʆʩʥʦʚʦʡ ʨʘʩʯʸ-

ʪʘ ʩʣʫʞʠʪ ʨʘʚʝʥʩʪʚʦ (3.65), ʇʫʩʪʴ ʚ ʠʩʭʦʜʥʦʡ ʧʦʟʠʮʠʠ ʧʨʫʞʠʥʘ ʥʝ ʟʘʧʘʩʣʘ ʵʥʝʨ-
ʛʠʠ, ʪ.ʝ. ʥʝ ʙʳʣʘ ʩʞʘʪʘ ʠʣʠ ʨʘʩʪʷʥʫʪʘ. ɼʝʬʦʨʤʘʮʠʷ ʝʸ ʥʘ ʚʝʣʠʯʠʥʫ ʭ ʩʚʷʟʘʥʘ ʩ 

ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʩʠʣ, ʢʦʪʦʨʳʝ ʫʚʝʣʠʯʠʚʘʶʪ ʵʥʝʨʛʠʶ ʧʨʫʞʠʥʳ. ʇʨʠʨʘʱʝʥʠʝ 
ʵʥʝʨʛʠʠ ï ʧʦʣʦʞʠʪʝʣʴʥʦ. ʀʩʧʦʣʴʟʫʷ (3.54) ʠ (3.65), ʧʦʣʫʯʘʝʤ 

dɸ  = ï kxdx;      dWp  = kxdx           (3.66) 
ʇʨʦʠʥʪʝʛʨʠʨʦʚʘʚ ʵʪʦ ʚʳʨʘʞʝʥʠʝ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʝʜʝʣʘʭ, ʧʦʣʫʯʠʤ ʬʦʨ-

ʤʫʣʫ ʜʣʷ ʨʘʩʯʪyʘ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʧʨʫʞʠʥʳ: 

  
xW

p kxdxW
p

00

;         
2

2kx
Wp . (3.67) 

ʇʨʠ ʚʳʯʠʩʣʝʥʠʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʩʠʣ ʚʩʝʤʠʨʥʦʛʦ ʪʷʛʦʪʝʥʠʷ ʩʠʪʫʘʮʠʷ 
ʥʝʩʢʦʣʴʢʦ ʠʥʘʷ. ʃʦʛʠʯʥʦ ʧʨʠʥʷʪʴ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʥʝʨʛʠʶ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʚʥʦʡ ʥʫʣʶ ʪʘʤ, ʛʜʝ ʩʠʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (3.2) ʩʪʨʝʤʠʪʩʷ ʢ ʥʫ-
ʣʶ, ʪʦ ʝʩʪʴ ʧʨʠ ʙʝʩʢʦʥʝʯʥʦ ʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ʪʝʣʘʤʠ. ʇʫʩʪʴ ʵʪʦ ʧʦʣʦ-

ʞʝʥʠʝ ʙʫʜʝʪ ʠʩʭʦʜʥʦʡ ʧʦʟʠʮʠʝʡ ʪʝʣ. ʀʭ ʩʙʣʠʞʝʥʠʝ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʦʜ ʜʝʡ-
ʩʪʚʠʝʤ ʚʥʫʪʨʝʥʥʠʭ ʩʠʣ ʩʠʩʪʝʤʳ, ʨʘʙʦʪʘ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʡ, ʯʪʦ ʩʦ-

ʦʪʚʝʪʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʪʝʣ. ɺʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʚʳʨʘ-
ʞʝʥʠʝʤ (3.65), ʧʦʣʫʯʠʤ  

   ï dWp =  dA      ʠ     dr
r

mm
dWp 2

21 . (3.68) 

ʀʥʪʝʛʨʠʨʫʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ  ʜʦ r, ʧʦʣʫʯʘʝʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʨʘʩʯʸʪʘ ʧʦʪʝʥʮʠ-

ʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʫʭ ʪʝʣ: 
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ɿʥʘʢ ʤʠʥʫʩ ʧʦʷʚʠʣʩʷ ʟʜʝʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. ʕʥʝʨʛʠʷ ʩʠʣ ʛʨʘʚʠ-

ʪʘʮʠʦʥʥʦʛʦ ʧʨʠʪʷʞʝʥʠʷ ʦʢʘʟʳʚʘʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʦʡ.                                    
ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʧʦʩʣʝʜʥʠʡ, ʩʘʤʳʡ ʧʨʦʩʪʦʡ ʧʨʠʤʝʨ: ʥʘʡʜʸʤ ʵʥʝʨʛʠʶ ʪʝʣʘ, 

ʧʦʜʥʷʪʦʛʦ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ɿʝʤʣʠ ʥʘ ʚʳʩʦʪʫ H. ɺʥʦʚʴ ʚʳʙʝʨʝʤ ʪʦ ʧʦʣʦʞʝʥʠʝ 
ʪʝʣʘ, ʚ ʢʦʪʦʨʦʤ ʝʛʦ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʨʘʚʥʘ ʥʫʣʶ. ʆʯʝʚʠʜʥʦ, ʵʪʦ ʙʫʜʝʪ ʧʦ-
ʣʦʞʝʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ, ʧʨʠ H = 0. ʏʪʦʙʳ ʧʦʜʥʷʪʴ ʪʝʣʦ, ʚʥʝʰʥʠʝ ʧʦ ʦʪ-

ʥʦʰʝʥʠʶ ʢ ʩʠʩʪʝʤʝ ʩʠʣʳ ʜʦʣʞʥʳ ʩʦʚʝʨʰʠʪʴ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʨʘʙʦʪʫ. ʇʨʠ ʵʪʦʤ 
ʨʘʙʦʪʘ ʩʠʣʳ ʪʷʞʝʩʪʠ ʙʫʜʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦʡ (ʩʤ. ʚʳʨʘʞʝʥʠʝ (3.57), ʘ ʠʟʤʝʥʝʥʠʝ ʧʦ-

ʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ð ʧʦʣʦʞʠʪʝʣʴʥʳʤ: 
    dWp = ï dA  = mgdh (3.70) 

ʀʥʪʝʛʨʠʨʫʷ ʚ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʧʨʝʜʝʣʘʭ ʦʪ 0 ʜʦ H, ʧʦʣʫʯʘʝʤ  
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ɺʳ ʫʞʝ ʧʦʥʷʣʠ, ʯʪʦ ʫʩʣʦʚʠʷ ʚʦ ʚʩʝʭ ʧʨʠʚʝʜʸʥʥʳʭ ʚʳʰʝ ʧʨʠʤʝʨʘʭ ʚʳʙʠʨʘʶʪ-

ʩʷ ʪʘʢ, ʯʪʦʙʳ ʚ ʠʩʭʦʜʥʦʤ ʧʦʣʦʞʝʥʠʠ ʵʥʝʨʛʠʷ ʪʝʣʘ ʙʳʣʘ ʨʘʚʥʘ ʥʫʣʶ. ʊʦʛʜʘ ʥʠʞ-
ʥʠʡ ʧʨʝʜʝʣ ʠʥʪʝʛʨʘʣʘ ʨʘʚʝʥ ʥʫʣʶ, ʠ ʤʳ ʚʳʯʠʩʣʷʝʤ ʵʥʝʨʛʠʶ, ʘ ʥʝ ʝʸ ʨʘʟʥʦʩʪʴ.  

ʉʜʝʣʘʝʤ ʝʱʸ ʦʜʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʟʘʤʝʯʘʥʠʝ. ɺʳʯʠʩʣʷʷ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʥʝʨ-
ʛʠʶ ʩʠʣ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʨʠʪʷʞʝʥʠʷ, ʤʳ ʫʙʝʜʠʣʠʩʴ, ʯʪʦ ʦʥʘ ʦʪʨʠʮʘʪʝʣʴʥʘ. ʕʪʦʪ 

ʚʳʚʦʜ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʚʩʝ ʩʠʣʳ ʚʟʘʠʤʥʦʛʦ ʧʨʠʪʷʞʝʥʠʷ. ɺ ʩʣʫʯʘʝ ʩʠʣ ʦʪ-
ʪʘʣʢʠʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʦʞʠʪʝʣʴʥʘ, ʝʩʣʠ ʧʦʪʝʥ-

ʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʦʡ ʥʫʣʶ ʥʘ ʙʝʩʢʦʥʝʯʥʦ ʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ 
ʤʝʞʜʫ ʦʪʪʘʣʢʠʚʘʶʱʠʤʠʩʷ ʪʝʣʘʤʠ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʨʘʟʚʝʜʸʥʥʳʝ ʥʘ ʙʝʩʢʦʥʝʯʥʦʩʪʴ 
ʦʪʪʘʣʢʠʚʘʶʱʠʝʩʷ ʪʝʣʘ ʤʦʛʫʪ ʩʙʣʠʟʠʪʴʩʷ ʪʦʣʴʢʦ ʟʘ ʩʯʸʪ ʨʘʙʦʪʳ ʚʥʝʰʥʠʭ ʩʠʣ. ʇʨʠ 

ʵʪʦʤ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʟʨʘʩʪʘʝʪ. 
  ɽʩʣʠ ʞʝ ʤʝʞʜʫ ʪʝʣʘʤʠ ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ ʧʨʠʪʷʞʝʥʠʷ, ʪʦ ʨʘʙʦʪʘ ʧʦ ʠʭ ʩʙʣʠʞʝ-

ʥʠʶ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʥʫʪʨʝʥʥʠʤʠ ʩʠʣʘʤʠ ʩʠʩʪʝʤʳ, ʠ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʩʠʩ-
ʪʝʤʳ ʫʤʝʥʴʰʘʝʪʩʷ. ʇʨʠʨʦʜʘ ʵʪʠʭ ʩʠʣ ʥʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ. ʕʪʦ ʤʦʛʫʪ ʙʳʪʴ ʩʠʣʳ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʠʣʠ ʷʜʝʨʥʦʛʦ ʧʨʠʪʷʞʝʥʠʷ. ʋʯʸʪ ʟʥʘʢʘ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨ-
ʛʠʠ ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʚ ʘʪʦʤʥʦʡ ʠ ʷʜʝʨʥʦʡ ʬʠʟʠʢʝ.  

ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʦʪ ʢʦʦʨʜʠʥʘʪʳ ʥʦʩʷʪ ʥʘʟʚʘʥʠʝ 
ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʢʨʠʚʳʭ. ʆʥʠ ʤʦʛʫʪ ʠʤʝʪʴ ʨʘʟʥʫʶ ʬʦʨʤʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢ-

ʪʝʨʘ ʪʝʭ ʠʟʤʝʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʦʠʩʭʦʜʷʪ ʩ ʵʥʝʨʛʠʝʡ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʪʝʣʘ. ʅʘ 
ʨʠʩ. 3.15 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʚʝ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʢʨʠʚʳʝ: ʥʠʞʥʷʷ ʜʣʷ ʩʠʣ ʧʨʠʪʷʞʝʥʠʷ 

ʧʦ ʬʦʨʤʫʣʝ (3.69), ʚʝʨʭʥʷʷ ð ʜʣʷ ʩʠʣ ʦʪʪʘʣʢʠʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʜʚʫʭ ʦʜ-
ʥʦʠʤʸʥʥʳʭ ʪʦʯʝʯʥʳʭ ʟʘʨʷʜʦʚ.  

 ʈʘʩʩʤʦʪʨʠʤ ʜʚʠʞʝʥʠʝ ʰʘʨʠʢʘ ʤʝʞʜʫ ʜʚʫʤʷ ʧʨʫʞʠʥʘʤʠ (ʨʠʩ. 3.16). ɽʛʦ ʧʦ-
ʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʨʘʚʥʘ ʥʫʣʶ ʚ ʪʦʯʢʝ ʩ ʢʦʦʨʜʠʥʘʪʦʡ ʭ0, ʢʦʛʜʘ ʧʨʫʞʠʥʳ ʥʝ ʜʝ-

ʈʠʩ. 3.16 

  ʭ 

Wp 

0 
ʭ0 

ʈʠʩ. 3.15 

  r 

Wp 

0 

ʆʪʪʘʣʢʠʚʘʥʠʝ 

ʇʨʠʪʷʞʝʥʠʝ 
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ʬʦʨʤʠʨʦʚʘʥʳ. ʇʨʠ ʩʤʝʱʝʥʠʠ ʰʘʨʠʢʘ ʚ ʣʶʙʫʶ ʩʪʦʨʦʥʫ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ 
ʥʘʯʠʥʘʝʪ ʚʦʟʨʘʩʪʘʪʴ. ɽʸ ʟʘʚʠʩʠʤʦʩʪʴ (3,67) ʦʪ ʢʦʦʨʜʠʥʘʪʳ ʭ ʜʘʥʘ ʥʘ ʪʦʤ ʞʝ ʨʠ-

ʩʫʥʢʝ. ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʢʨʠʚʘʷ ʠʤʝʝʪ ʤʠʥʠʤʫʤ ʚ ʪʦʯʢʝ ʭ  ʭ0.  
ʇʦʪʝʥʮʠʘʣʴʥʳʝ ʢʨʠʚʳʝ, ʠʤʝʶʱʠʝ ʤʠʥʠʤʫʤā ʥʘʟʳʚʘʶʪ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʷʤʘ-

ʤʠ. ɺʝʣʠʯʠʥʫ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʫʶ ʩʣʝʜʫʝʪ ʩʦʦʙʱʠʪʴ ʪʝʣʫā ʯʪʦʙʳ ʚʳʚʝʩʪʠ ʝʛʦ ʟʘ 
ʧʨʝʜʝʣʳ ʷʤʳā ʥʘʟʳʚʘʶʪ ʛʣʫʙʠʥʦʡ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʷʤʳ.  

ɺ ʧʨʠʚʝʜʸʥʥʦʤ ʧʨʠʤʝʨʝ ʛʣʫʙʠʥʘ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʷʤʳ ʨʘʚʥʘ ʪʦʡ ʵʥʝʨʛʠʠ, ʢʦ-
ʪʦʨʫʶ ʥʫʞʥʦ ʩʦʦʙʱʠʪʴ ʪʝʣʫ, ʯʪʦʙʳ ʨʘʟʨʫʰʠʪʴ ʩʚʷʟʠā ʫʜʝʨʞʠʚʘʶʱʠʝ ʰʘʨʠʢ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ. 3.16 ʧʘʨʘʙʦʣʠʯʝʩʢʘʷ ʬʦʨʤʘ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʷʤʳ ʭʘʨʘʢ-
ʪʝʨʥʘ ʠ ʜʣʷ ʘʪʦʤʘā ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʫʟʣʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ. ɽʩʪʝʩʪʚʝʥʥʦ 

ʦʞʠʜʘʪʴ, ʯʪʦ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʷʤʳ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʢʨʠʚʳʝā ʤʦʛʫʪ 
ʠʤʝʪʴ ʨʘʟʥʦʦʙʨʘʟʥʫʶ ʬʦʨʤʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

 
3.9. ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ. ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ 

ɺ ʤʝʭʘʥʠʢʝ ʨʘʟʣʠʯʘʶʪ ʜʚʘ ʚʠʜʘ ʵʥʝʨʛʠʠ ï ʢʠʥʝʪʠʯʝʩʢʫʶ ʠ ʧʦʪʝʥʮʠʘʣʴʥʫʶ. 
ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ Wk ï ʵʪʦ ʵʥʝʨʛʠʷ ʜʚʠʞʫʱʝʛʦʩʷ ʪʝʣʘ. ɼʚʠʞʫʱʝʝʩʷ ʪʝʣʦ ʩʦ-
ʚʝʨʰʘʝʪ ʨʘʙʦʪʫ, ʝʩʣʠ ʫʤʝʥʴʰʘʝʪʩʷ ʝʛʦ ʩʢʦʨʦʩʪʴ. ʅʘʦʙʦʨʦʪ ï ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦ-

ʨʦʩʪʠ ʪʝʣʘ ʥʝʦʙʭʦʜʠʤʦ ʩʦʚʝʨʰʠʪʴ ʨʘʙʦʪʫ. ʀʟʤʝʥʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʨʘʚ-
ʥʦ ʨʘʙʦʪʝ ʚʥʝʰʥʠʭ ʩʠʣ:  

rd
dt

d
mrdFdAdWk

C
C

CC
. (3.72) 

ʋʨʘʚʥʝʥʠʝ ʟʘʧʠʩʘʥʦ ʜʣʷ ʩʣʫʯʘʷ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ. ɽʩʣʠ ʤʘʩʩʘ ʠʟʤʝʥʷʝʪʩʷ ʝʸ 

ʥʝʣʴʟʷ ʚʳʥʦʩʠʪʴ ʟʘ ʟʥʘʢ ʜʠʬʬʝʨʝʥʮʠʘʣʘ, ʢʘʢ ʵʪʦ ʩʜʝʣʘʥʦ ʚʳʰʝ. ɺʚʦʜʷ ʚʤʝʩʪʦ 

dtrd
C

 ʩʢʦʨʦʩʪʴ ʠ ʠʥʪʝʛʨʠʨʫʷ ʚ ʧʨʝʜʝʣʘʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʝʨʝʭʦʜʫ ʠʟ ʩʦʩʪʦʷ-

ʥʠʷ ʧʦʢʦʷ ʢ ʜʚʠʞʝʥʠʶ ʩʦ ʩʢʦʨʦʩʪʴʶ   ʧʦʣʫʯʘʝʤ 

00

dmdW
kW

k ;            
2

2m
Wk . (3.73) 

ʇʦʣʫʯʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʠʰʴ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʝ. ɺ ʪʝʦ-
ʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʤʘʩʩʘ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ, ʧʦʵʪʦʤʫ ʚ ʚʳʨʘʞʝʥʠʠ (3.72) ʝʸ 

ʥʝʦʙʭʦʜʠʤʦ ʚʥʝʩʪʠ ʧʦʜ ʟʥʘʢ ʜʠʬʬʝʨʝʥʮʠʘʣʘ: 

r
dt

md
dWk

C
C
)(

. (3.74) 

ɽʩʣʠ ʪʝʣʦ ʚʨʘʱʘʝʪʩʷ, ʝʛʦ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʚʳʯʠʩʣʷʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦ, ʩ 

ʪʦʡ ʣʠʰʴ ʨʘʟʥʠʮʝʡ ʯʪʦ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʳʨʘʞʝʥʠʝ (3.58):  
2

1

2

1

12 d
dt

d
IMdWW . (3.75) 

ʀʥʪʝʛʨʠʨʫʷ ʚ ʧʨʝʜʝʣʘʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʝʨʝʭʦʜʫ ʠʟ ʩʦʩʪʦʷʥʠʷ ʧʦʢʦʷ ʚ ʩʦ-

ʩʪʦʷʥʠʝ ʚʨʘʱʝʥʠʷ ʩ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ , ʧʦʣʫʯʘʝʤ 
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2
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Wk , (3.76) 
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ʪʦ ʝʩʪʴ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʠ ʚʨʘʱʘʶʱʝʛʦʩʷ, ʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦ ʜʚʠʞʫʱʝʛʦʩʷ ʪʝ-
ʣʘ (3.73) ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʝʛʦ ʠʥʝʨʪʥʦʩʪʠ ʠ ʢʚʘʜʨʘʪʫ ʩʢʦʨʦʩʪʠ. ɽʩʣʠ 

ʮʝʥʪʨ ʪʷʞʝʩʪʠ ʪʝʣʘ ʧʝʨʝʤʝʱʘʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ  ʠ ʧʨʠ ʵʪʦʤ ʪʝʣʦ ʚʨʘʱʘʝʪʩʷ ʩ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ  (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʢʘʯʝʥʠʠ ʢʦʣʝʩʘ), ʪʦ ʝʛʦ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨ-

ʛʠʷ ʨʘʚʥʘ ʩʫʤʤʝ ʵʥʝʨʛʠʡ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʠ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʡ: 

 
22

22 Im
Wk

. (3.77) 

ʉʫʤʤʘ ʢʠʥʝʪʠʯʝʩʢʦʡ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʡ ʪʝʣʘ ʥʘʟʳʚʘʝʪʩʷ ʝʛʦ ʧʦʣʥʦʡ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ:  
W = Wk + Wp. (3.78) 

ʆʧʳʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʧʨʠʨʦʜʝ ʧʨʠ ʣʶʙʳʭ ʧʨʦʮʝʩʩʘʭ ʚʩʝʛʜʘ ʚʳʧʦʣʥʷʝʪʩʷ 

ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ. ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʟʘʢʦʥʫ ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ ʠʟʦʣʠʨʦʚʘʥʥʦʡ 
ʩʠʩʪʝʤʳ ʝʩʪʴ ʚʝʣʠʯʠʥʘ ʧʦʩʪʦʷʥʥʘʷ. ʇʦʜ ʧʦʣʥʦʡ ʵʥʝʨʛʠʝʡ ʟʜʝʩʴ ʧʦʥʠʤʘʝʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʤʝʭʘʥʠʯʝʩʢʘʷ (3.78), ʥʦ ʠ ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ ʩʠʩʪʝʤʳ. ʀʟʤʝʥʠʪʴ ʵʥʝʨʛʠʶ 

ʩʠʩʪʝʤʳ ʤʦʞʥʦ, ʝʩʣʠ ʩʠʩʪʝʤʘ ʥʝ ʠʟʦʣʠʨʦʚʘʥʘ. ɺ ʩʣʫʯʘʝ ʢʦʛʜʘ ʨʘʙʦʪʘ ʧʨʦʠʟʚʦ-

ʜʠʪʩʷ ʚʥʝʰʥʠʤʠ ʩʠʣʘʤʠ ʵʥʝʨʛʠʷ ʩʠʩʪʝʤʳ ʚʦʟʨʘʩʪʘʝʪ. ʅʘʦʙʦʨʦʪ, ʝʩʣʠ ʨʘʙʦʪʫ ʩʦ-

ʚʝʨʰʘʶʪ ʚʥʫʪʨʝʥʥʠʝ ʩʠʣʳ ʩʠʩʪʝʤʳ, ʪʦ ʝʸ ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ ʫʤʝʥʴʰʘʝʪʩʷ. 

 
3.9. ʂʦʩʤʠʯʝʩʢʠʝ ʩʢʦʨʦʩʪʠ. ʅʝʚʝʩʦʤʦʩʪʴ 

ɼʣʷ ʪʝʣ, ʜʚʠʞʫʱʠʭʩʷ ʚ ʥʘʰʝʡ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʝ, ʚʚʦʜʷʪ ʪʨʠ ʢʦʩʤʠʯʝʩʢʠʭ 

ʩʢʦʨʦʩʪʠ. ɼʚʝ ʠʟ ʥʠʭ ʩʚʷʟʘʥʳ ʩ ʜʚʠʞʝʥʠʝʤ ʪʝʣ ʚ ʧʦʣʝ ʪʷʞʝʩʪʠ ʢʦʥʢʨʝʪʥʦʡ ʧʣʘʥʝ-
ʪʳ, ʘ ʪʨʝʪʴʷ ð ʩ ʜʚʠʞʝʥʠʝʤ ʪʝʣ ʚ ʧʦʣʝ ʪʷʞʝʩʪʠ ʉʦʣʥʮʘ. ɸʥʘʣʦʛʠʯʥʘʷ ʢʣʘʩʩʠʬʠ-

ʢʘʮʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʩʢʦʨʦʩʪʝʡ ʠʤʝʝʪ ʤʝʩʪʦ ʠ ʜʣʷ ʜʨʫʛʠʭ ʟʚʸʟʜʥʳʭ ʩʠʩʪʝʤ. ʅʠʞʝ 
ʤʳ ʜʘʜʠʤ ʦʧʨʝʜʝʣʝʥʠʝ ʢʘʞʜʦʡ ʠʟ ʩʢʦʨʦʩʪʝʡ ʠ ʨʘʩʩʤʦʪʨʠʤ, ʢʘʢ ʦʥʠ ʨʘʩʩʯʠʪʳʚʘ-

ʶʪʩʷ. 
ʇʝʨʚʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʴʶ ʥʘʟʳʚʘʶʪ ʤʠʥʠʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ, ʢʦʪʦʨʫʶ 

ʜʦʣʞʥʦ ʧʦʣʫʯʠʪʴ ʪʝʣʦ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʣʶʙʦʛʦ ʥʝʙʝʩʥʦʛʦ ʪʝʣʘ ʤʘʩʩʳ M, ʥʘ-
ʧʨʠʤʝʨ, ʧʣʘʥʝʪʳ,  ʜʣʷ ʪʦʛʦā ʯʪʦʙʳ ʩʪʘʪʴ ʩʧʫʪʥʠʢʦʤ ʵʪʦʛʦ ʥʝʙʝʩʥʦʛʦ ʪʝʣʘ. ʇʦʥʷʪ-

ʥʦā ʯʪʦ ʩʧʫʪʥʠʢ ʜʚʠʞʝʪʩʷ ʧʦ ʦʨʙʠʪʝā  ʥʝ ʧʦʢʠʜʘʷ ʩʬʝʨʫ ʚʣʠʷʥʠʷ ʪʦʛʦ ʥʝʙʝʩʥʦʛʦ 
ʪʝʣʘā ʩʧʫʪʥʠʢʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ. ʌʦʨʤʘ ʦʨʙʠʪʳ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ð ʵʣʣʠʧʩ. 

ʇʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʦʨʙʠʪʝ ʥʘ ʩʧʫʪʥʠʢ ʤʘʩʩʦʡ m ʜʝʡʩʪʚʫʝʪ ʚʩʝʛʦ ʣʠʰʴ ʦʜʥʘ ʩʠʣʘ ð 
ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʩʠʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʥʝʙʝʩʥʳʤ ʪʝʣʦʤ. ɽʩʣʠ ʦʨʙʠʪʘ ʧʨʝʜʩʪʘʚ-
ʣʷʝʪ ʩʦʙʦʡ ʦʢʨʫʞʥʦʩʪʴ ʨʘʜʠʫʩʦʤ r, ʪʦ ʩʧʫʪʥʠʢ ʜʚʠʞʝʪʩʷ ʧʦ ʥʝʡ ʩ ʧʦʩʪʦʷʥʥʦʡ 

ʩʢʦʨʦʩʪʴʶ ʠ ʠʤʝʝʪ ʣʠʰʴ ʥʦʨʤʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ, ʢʦʪʦʨʦʝ ʝʤʫ ʩʦʦʙʱʘʝʪ ʛʨʘʚʠʪʘ-
ʮʠʦʥʥʘʷ ʩʠʣʘ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʢ ʮʝʥʪʨʫ ʧʣʘʥʝʪʳ (ʩʤ. ʨʠʩ. 3.12). 

 ʀʟ ʚʪʦʨʦʛʦ ʟʘʢʦʥʘ ʅʴʶʪʦʥʘ 

r
m

r

mM 2

2
 (3.79) 

ʤʦʞʥʦ ʥʘʡʪʠ ʩʢʦʨʦʩʪʴ ʩʧʫʪʥʠʢʘ ʥʘ ʢʨʫʛʦʚʦʡ ʦʨʙʠʪʝ 

r

M
. (3.80) 



 46 

 ʇʦʜ r  ʟʜʝʩʴ ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ ʨʘʜʠʫʩ ʦʨʙʠʪʳ ʩʧʫʪʥʠʢʘā ʨʘʚʥʳʡ ʩʫʤʤʝ ʨʘ-
ʜʠʫʩʘ R ʧʣʘʥʝʪʳ ʠ ʚʳʩʦʪʳ h ʩʧʫʪʥʠʢʘ ʥʘʜ ʝʸ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʇʨʠ h << R ʚʳʩʦʪʦʡ 

ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ ʠ ʦʧʨʝʜʝʣʠʪʴ ʩʢʦʨʦʩʪʴ ʩʧʫʪʥʠʢʘ ʥʘ çʥʫʣʝʚʦʡè ʚʳʩʦʪʝ. ʕʪʦ ʠ 
ʙʫʜʝʪ ʧʝʨʚʘʷ ʢʦʩʤʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ. ʈʘʩʯʸʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʣʷ ɿʝʤʣʠ ʧʝʨʚʘʷ 
ʢʦʩʤʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 8 ʢʤ/ʩ, ʜʣʷ ʃʫʥʳ ð 1,7 ʢʤ/ʩ, ʜʣʷ ʄʘʨʩʘ 

ð 5 ʢʤ/ʩ.  
ɿʘʤʝʪʠʤ, ʯʪʦ ʜʣʷ ʟʘʧʫʩʢʘ ʩʧʫʪʥʠʢʘ ɿʝʤʣʠ ʝʤʫ ʥʫʞʥʦ ʩʦʦʙʱʠʪʴ ʧʝʨʚʫʶ ʢʦʩ-

ʤʠʯʝʩʢʫʶ ʩʢʦʨʦʩʪʴ, ʥʘʧʨʘʚʣʝʥʥʫʶ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʢʨʫʛʦʚʦʡ ʪʨʘʝʢʪʦʨʠʠ. ʇʨʠ 
ʩʢʦʨʦʩʪʠ, ʙʦʣʴʰʝʡ ʧʝʨʚʦʡ ʢʦʩʤʠʯʝʩʢʦʡ, ʪʨʘʝʢʪʦʨʠʷ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ 

ʵʣʣʠʧʩ, ʦʜʠʥ ʠʟ ʬʦʢʫʩʦʚ ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʠʪʩʷ ʚ ʮʝʥʪʨʝ ʪʷʛʦʪʝʥʠʷ, ʪʦ ʝʩʪʴ, ʚ ʮʝʥ-
ʪʨʝ ɿʝʤʣʠ. 

ɿʜʝʩʴ ʫʤʝʩʪʥʦ ʢʦʩʥʫʪʴʩʷ ʝʱʸ ʦʜʥʦʛʦ ʤʦʤʝʥʪʘ:  ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʜʚʠʞʫ-
ʱʠʝʩʷ ʧʦ ʦʨʙʠʪʝ ʪʝʣʘ ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʥʝʚʝʩʦʤʦʩʪʠ, ʪʦʛʜʘ ʢʘʢ ʜʝʡʩʪʚʫʶ-

ʱʘʷ ʥʘ ʥʠʭ ʩʠʣʘ ʧʨʠʪʷʞʝʥʠʷ ʩʦ ʩʪʦʨʦʥʳ ʧʣʘʥʝʪʳ ʥʝ ʨʘʚʥʘ ʥʫʣʶ (ʦʪ ʛʨʘʚʠʪʘʮʠʠ 
ʥʝʪ ʟʘʱʠʪʳ!). ʇʦʯʝʤʫ ʞʝ ʧʨʝʜʤʝʪʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ ʦʨʙʠʪʘʣʴʥʦʡ ʩʪʘʥʮʠʠ, ʥʝ 

ʧʨʠʞʠʤʘʶʪʩʷ ʢ ʪʦʡ ʩʪʝʥʢʝ, ʢʦʪʦʨʘʷ ʦʙʨʘʱʝʥʘ ʢ ɿʝʤʣʝ? ʏʪʦʙʳ ʧʦʥʷʪʴ ʵʪʦ, ʚʩʧʦʤ-

ʥʠʤ, ʯʪʦ ʚʝʩ ʈ
C

 ð ʵʪʦ ʩʠʣʘ, ʩ ʢʦʪʦʨʦʡ ʪʝʣʦ ʜʝʡʩʪʚʫʝʪ ʥʘ ʦʧʦʨʫ ʠʣʠ ʨʘʩʪʷʛʠʚʘ-
ʝʪ ʧʦʜʚʝʩ. ɺ ʩʠʣʫ ʪʨʝʪʴʝʛʦ ʟʘʢʦʥʘ ʅʴʶʪʦʥʘ ʦʧʦʨʘ ʜʝʡʩʪʚʫʝʪ ʥʘ ʪʝʣʦ ʩ ʪʘʢʦʡ ʞʝ 

ʧʦ ʚʝʣʠʯʠʥʝ ʩʠʣʦʡ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʚʝʩʫ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʵʪʘ ʩʠʣʘ 

ʥʘʟʳʚʘʝʪʩʷ ʥʦʨʤʘʣʴʥʦʡ ʨʝʘʢʮʠʝʡ ʦʧʦʨʳ N
C
. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʈ

C
 = ïN

C
, ʘ ʠʭ ʤʦʜʫ-

ʣʠ ʦʜʠʥʘʢʦʚʳ:  P = N. 

ʈʘʩʩʤʦʪʨʠʤ ʜʚʠʞʝʥʠʝ ʩʠʩʪʝʤʳ ʜʚʫʭ ʪʝʣ (ʨʠʩ. 
3.17)ā ʥʘʭʦʜʷʱʠʭʩʷ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ (çʯʝ-
ʣʦʚʝʢ ʚ ʣʠʬʪʝè). ɺ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʸʪʘ, 

ʩʚʷʟʘʥʥʦʡ ʩ ɿʝʤʣʸʡ, ʚʪʦʨʦʡ  ʟʘʢʦʥ ʅʴʶʪʦʥʘ ʜʣʷ ʪʝʣʘ 
ʤʘʩʩʦʡ ʪ ʟʘʧʠʰʝʪʩʷ ʪʘʢ: 

amgmN
CCC

. (3.81) 

ʆʪʩʶʜʘ ʚʝʩ ʪʝʣʘ  

)( agmamgmNP
CCCCCC

. (3.82) 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʩʣʠ ʫʩʢʦʨʝʥʠʝ ʣʠʬʪʘ ʨʘʚʥʦ ʥʫ-

ʣʶ (ʣʠʬʪ ʩʪʦʠʪ ʠʣʠ ʜʚʠʞʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦ), ʪʦ ʚʝʩ ʪʝʣʘ 
ʨʘʚʝʥ ʩʠʣʝ ʪʷʞʝʩʪʠ 

gmP
CC

. (3.83) 

ɽʩʣʠ ʣʠʬʪ ʩʚʦʙʦʜʥʦ ʧʘʜʘʝʪ ʩ ʫʩʢʦʨʝʥʠʝʤ ga
CC
, ʪʦ ʚʝʩ ʪʝʣʘ  (3.82) ʨʘʚʝʥ ʥʫ-

ʣʶ, ʠ ʦʥʦ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʥʝʚʝʩʦʤʦʩʪʠ.  

ɿʥʘʯʠʪ, ʥʝʚʝʩʦʤʦʩʪʴ ʥʘʩʪʫʧʘʝʪ ʧʨʠ ʩʚʦʙʦʜʥʦʤ ʧʘʜʝʥʠʠ ʪʝʣʘ. ʅʘ ʦʨʙʠʪʝ ʵʪʦ 
ʫʩʣʦʚʠʝ ʚʳʧʦʣʥʷʝʪʩʷ  ʚʦ ʚʨʝʤʷ ʚʩʝʛʦ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʘ. ɼʝʡʩʪʚʠʪʝʣʴʥʦā ʩʦʢʨʘ-

ʪʠʚ ʤʘʩʩʳ ʚ ʟʘʢʦʥʝ ʅʴʪʁʦʥʘ (3.79)ā ʧʦʣʫʯʠʤ:  

na
rr

M 2

2
, (3.84) 

ʪʦ ʝʩʪʴ  ʥʦʨʤʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʪʝʣʘ ʥʘ ʦʨʙʠʪʝ ʨʘʚʥʦ ʫʩʢʦʨʝʥʠʶ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝ-

ʥʠʷ (ʩʤ. ʚʳʨʘʞʝʥʠʝ (3.8)).  

gm
C

 

N
C

 a
C

 

      ʈʠʩ. 3.17 
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ʇʦʩʢʦʣʴʢʫ ʥʦʨʤʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʚʩʝʛʜʘ ʥʘʧʨʘʚʣʝʥʦ ʢ ʮʝʥʪʨʫ ʢʨʫʛʦʚʦʡ ʪʨʘ-

ʝʢʪʦʨʠʠā ʩʧʫʪʥʠʢ ʥʘ ʦʨʙʠʪʝ ʢʘʢ ʙʳ ʚʩʸ ʚʨʝʤʷ ʧʘʜʘʝʪ ʩ ʫʩʢʦʨʝʥʠʝʤ g  ʥʘ ɿʝʤʣʶā ʠ 

ʧʦʵʪʦʤʫ ʨʝʘʢʮʠʷ ʦʧʦʨʳ N ʜʣʷ ʩʧʫʪʥʠʢʘ ʠ ʚʩʝʭ ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʥʸʤ ʪʝʣ ʚʩʝʛʜʘ ʨʘʚ-

ʥʘ ʥʫʣʶ. 
ɼʦʙʘʚʠʤ ʝʱʸā ʯʪʦ ʫʨʘʚʥʝʥʠʝ (3.84) ʧʦʣʫʯʝʥʦ ʧʨʠ ʫʩʣʦʚʠʠ ʨʘʚʝʥʩʪʚʘ ʠʥʝʨʪ-

ʥʦʡ ʠ ʪʷʛʦʪʝʶʱʝʡ ʤʘʩʩ. ʇʦʵʪʦʤʫ ʥʝʚʝʩʦʤʦʩʪʴ ʥʘ ʦʨʙʠʪʝ ʝʩʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ 
ʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʨʘʚʝʥʩʪʚʘ. 

ɺʪʦʨʘʷ ʢʦʩʤʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ 2ʢ ð ʵʪʦ ʤʠʥʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴā ʥʝʦʙʭʦʜʠ-

ʤʘʷ ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʟʝʤʥʦʛʦ ʧʨʠʪʷʞʝʥʠʷ (ʠʣʠ ʧʨʠʪʷʞʝʥʠʷ ʣʶʙʦʡ ʧʣʘʥʝʪʳ). ʇʨʠ 
ʵʪʦʤ ʥʘʯʘʣʴʥʘʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʫʜʘʣʷʶʱʝʛʦʩʷ ʪʝʣʘ ʜʦʣʞʥʘ ʧʦʡʪʠ ʥʘ ʩʦ-

ʚʝʨʰʝʥʠʝ ʨʘʙʦʪʳ ʧʨʦʪʠʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʩʠʣʳ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʪʝʣʘ ʩ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʧʣʘʥʝʪʳ (r1 = R) ʚ ʙʝʩʢʦʥʝʯʥʦʩʪʴ (r2 =  )ā ʪʦ ʝʩʪʴ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʛʜʝ ʛʨʘ-

ʚʠʪʘʮʠʦʥʥʘʷ ʩʠʣʘ ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʫʣʴ:  
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ʛʜʝ R ð ʨʘʜʠʫʩ ʧʣʘʥʝʪʳ. ɺʳʧʦʣʥʠʚ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʧʦʣʫʯʠʤ: 
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ʉʨʘʚʥʠʚʘʷ ʬʦʨʤʫʣʳ (3.80) ʠ (3.86), ʚʠʜʠʤ, ʯʪʦ ʚʪʦʨʘʷ ʢʦʩʤʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ 

ʙʦʣʴʰʝ ʧʝʨʚʦʡ ʚ 2  ʨʘʟ. 
ɺʝʣʠʯʠʥʘ ʩʢʦʨʦʩʪʠ, ʢʦʪʦʨʫʶ ʩʦʦʙʱʘʶʪ ʪʝʣʫ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʦʧʨʝʜʝʣʝ̫ʪ 

ʬʦʨʤʫ ʪʨʘʝʢʪʦʨʠʠ. ɽʩʣʠ ʩʢʦʨʦʩʪʴ ʟʘʧʫʩʢʘ ʙʦʣʴʰʝ ʧʝʨʚʦʡ ʠ ʤʝʥʴʰʝ ʚʪʦʨʦʡ ʢʦʩ-

ʤʠʯʝʩʢʦʡ, ʪʦ ʪʨʘʝʢʪʦʨʠʷ ʙʫʜʝʪ ʟʘʤʢʥʫʪʦʡ ð ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʚʳʪʷʥʫʪʳʡ ʵʣʣʠʧʩ. 
ʇʨʠ ʧʨʝʚʳʰʝʥʠʠ ʚʪʦʨʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʪʝʣʦ ʙʫʜʝʪ ʜʚʠʛʘʪʴʩʷ ʧʦ ʧʘʨʘʙʦ-

ʣʠʯʝʩʢʦʡ ʪʨʘʝʢʪʦʨʠʠ. 

ʊʨʝʪʴʷ ʢʦʩʤʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ 3ʢ ð ʵʪʦ ʤʠʥʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴā ʥʝʦʙʭʦʜʠʤʘʷ 

ʪʝʣʫ, ʯʪʦʙʳ ʧʨʝʦʜʦʣʝʪʴ ʧʨʠʪʷʞʝʥʠʝ ʉʦʣʥʮʘ ʠ ʧʦʢʠʥʫʪʴ ʉʦʣʥʝʯʥʫʶ ʩʠʩʪʝʤʫ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʩʣʝʜʥʠʝ ʫʨʘʚʥʝʥʠʷ ʩʦʭʨʘʥʷʶʪ ʩʚʦʶ ʩʠʣʫ. ʊʦʣʴʢʦ ʧʦʜ M ʪʝʧʝʨʴ 
ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ ʤʘʩʩʫ ʉʦʣʥʮʘ, ʘ R ʝʩʪʴ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʉʦʣʥʮʘ ʜʦ ɿʝʤʣʠ. 

ʅʘʡʜʸʤ ʪʨʝʪʴʶ ʢʦʩʤʠʯʝʩʢʫʶ ʩʢʦʨʦʩʪʴ ʜʣʷ ʪʝʣʘ, ʟʘʧʫʩʢʘʝʤʦʛʦ ʩ ʦʨʙʠʪʳ ɿʝʤ-
ʣʠ, ʠʩʧʦʣʴʟʫʷ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʧʦʣʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʪʝʣʘ. ʉʦʛʣʘʩʥʦ 
ʝʤʫ, ʩʫʤʤʘ ʢʠʥʝʪʠʯʝʩʢʦʡ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʡ ʪʝʣʘ ʚ ʪʦʯʢʝ ʩʪʘʨʪʘ ʨʘʚʥʘ 

ʩʫʤʤʝ ʪʝʭ ʞʝ ʵʥʝʨʛʠʡ ʥʘ ʙʝʩʢʦʥʝʯʥʦ ʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʉʦʣʥʮʘ:  
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ʇʦʣʘʛʘʷ ʩʢʦʨʦʩʪʴ ʪʝʣʘ ʥʘ  ʨʘʚʥʦʡ ʥʫʣʶ, ʧʦʣʫʯʘʝʤ ʜʣʷ ʪʨʝʪʴʝʡ ʢʦʩʤʠʯʝʩʢʦʡ 

ʩʢʦʨʦʩʪʠ:  
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4. ʂʆʃɽɹɸʅʀʗ ʀ ɺʆʃʅʓ 
 

4.1. ʂʠʥʝʤʘʪʠʢʘ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʝʛʦ ʧʦʚʪʦʨʷʝʤʦʩʪʴ. 
ɽʩʣʠ ʩʦʩʪʦʷʥʠʝ ʪʝʣʘ ʧʦʚʪʦʨʷʝʪʩʷ ʯʝʨʝʟ ʨʘʚʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ, ʪʦ ʪʘʢʠʝ ʢʦ-

ʣʝʙʘʥʠʷ ʥʘʟʳʚʘʶʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʦʜʥʦʛʦ ʧʦʣʥʦʛʦ ʢʦʣʝʙʘʥʠʷ 
ʥʘʟʳʚʘʝʪʩʷ ʧʝʨʠʦʜʦʤ ʊ ʢʦʣʝʙʘʥʠʡ. ʇʨʠ ʢʦʣʝʙʘʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ ʧʫʪʴ s, ʧʨʦʡ-

ʜʝʥʥʳʡ ʪʝʣʦʤ, ʚʩʸ ʚʨʝʤʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʢʦʦʨʜʠʥʘʪʘ x ʪʝʣʘ ʧʝʨʠʦʜʠʯʝʩʢʠ ʪʦ 
ʫʤʝʥʴʰʘʝʪʩʷ, ʪʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ʅʘ ʨʠʩ. 4.1 ʠʟʦʙʨʘʞʝʥʳ ʪʨʠ ʧʦʣʦʞʝʥʠʷ 
ʪʝʣʘ, ʧʨʠʢʨʝʧʣʸʥʥʦʛʦ ʢ ʩʚʦʙʦʜʥʦʤʫ ʢʦʥʮʫ 

ʚʝʨʪʠʢʘʣʴʥʦ ʧʦʜʚʝʰʝʥʥʦʡ ʧʨʫʞʠʥʳ: ʚ ʩʦ-

ʩʪʦʷʥʠʠ ʨʘʚʥʦʚʝʩʠʷ (ʭ = 0)  ʠ ʚ ʜʚʫʭ ʢʨʘʡʥʠʭ 

ʧʦʣʦʞʝʥʠʷʭ ð ʥʘʠʙʦʣʴʰʝʡ ʜʝʬʦʨʤʘʮʠʠ (ʭ = 

ʭm), ʠ ʥʘʠʤʝʥʴʰʝʡ ʜʝʬʦʨʤʘʮʠʠ (ʭ = ï ʭm) 
ʧʨʫʞʠʥʳ. ʇʫʩʪʴ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝ-
ʥʠ (t = 0) ʦʪʢʣʦʥʝʥʠʝ ʪʝʣʘ ʦʪ ʧʦʣʦʞʝʥʠʷ ʨʘʚ-

ʥʦʚʝʩʠʷ ʙʳʣʦ ʤʘʢʩʠʤʘʣʴʥʳʤ, ʪʦ ʝʩʪʴ ʪʝʣʦ 
ʙʳʣʦ ʦʪʪʷʥʫʪʦ ʚʥʠʟ ʥʘ ʚʝʣʠʯʠʥʫ  x0 = xm  ʦʪ 

ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ, ʚ ʢʦʪʦʨʦʤ ʨʘʩʪʞ̫ʝ-
ʥʠʝ ʧʨʫʞʠʥʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʤʘʩʩʦʡ 

ʪʝʣʘ ʠ ʞʸʩʪʢʦʩʪʴʶ ʧʨʫʞʠʥʳ, ʘ  ʟʘʪʝʤ ʦʪʧʫ-
ʱʝʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʚʢʣʶʯʝʥʠʝʤ ʩʝʢʫʥʜʦʤʝʨʘ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʫʧʨʫʛʦʩʪʠ 

ʚʝʣʠʯʠʥʘ ʩʤʝʱʝʥʠʷ  ʥʘʯʥʸʪ ʫʤʝʥʴʰʘʪʴʩʷ ʜʦ x = 0 ʠ ʟʘʪʝʤ ʧʦ ʠʥʝʨʮʠʠ ʚʦʟʨʘʩʪʘʪʴ 

ʚ ʩʪʦʨʦʥʫ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ  ʜʦ x  ï xm  (ʨʘʩʪʷʞʝʥʠʝ ʧʨʫʞʠʥʳ ʩʪʘʥʦʚʠʪʩʷ 

ʤʝʥʴʰʝ, ʯʝʤ ʚ ʧʦʣʦʞʝʥʠʠ ʨʘʚʥʦʚʝʩʠʷ ʪʝʣʘ). ʅʘ ʵʪʦ ʧʝʨʝʤʝʱʝʥʠʝ ʦʪ  x = xm  ʜʦ 
x = ï xm  ʟʘʪʨʘʯʠʚʘʝʪʩʷ ʚʨʝʤʷ, ʨʘʚʥʦʝ ʧʦʣʦʚʠʥʝ ʧʝʨʠʦʜʘ ʢʦʣʝʙʘʥʠʡ. ɿʘʪʝʤ ʧʨʦ-

ʮʝʩʩ ʠʜʸʪ ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ  ʠ ʯʝʨʝʟ ʧʦʣʧʝʨʠʦʜʘ ʪʝʣʦ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʠʩ-
ʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʠ ʪʘʢ ʜʘʣʝʝ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʤʝɦ ʝʥʠʝ xm ʪʝʣʘ ʦʪ ʧʦʣʦʞʝʥʠʷ 

ʨʘʚʥʦʚʝʩʠʷ ʥʘʟʳʚʘʶʪ ʘʤʧʣʠʪʫʜʦʡ ʧʦʵʪʦʤʫ xm ʯʘʩʪʦ ʦʙʦʟʥʘʯʘʶʪ ʙʫʢʚʦʡ A. 

 ɼʣʷ ʚʳʨʘʞʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʩʤʝʱʝʥʠʷ x ʦʪ ʚʨʝʤʝʥʠ t ʚ ʨʘʩʩʤʦʪʨʝʥʥʦʤ ʥʘʤʠ 

ʩʣʫʯʘʝ ʫʜʦʙʥʝʝ ʚʩʝʛʦ ʧʨʠʤʝʥʠʪʴ ʬʫʥʢʮʠʶ ʢʦʩʠʥʫʩʘ ʚʚʝʜʷ ʧʦʩʪʦʷʥʥʫʶ ɤ ʢʦʪʦʨʘʷ 

ʜʦʣʞʥʘ ʠʤʝʪʴ ʨʘʟʤʝʨʥʦʩʪʴ ʩ
ï1

 ʯʪʦʙʳ ʧʦʜ ʟʥʘʢʦʤ ʢʦʩʠʥʫʩʘ ʩʪʦʷʣʘ ʙʝʟʨʘʟʤʝʨʥʘʷ 

ʚʝʣʠʯʠʥʘ: 
x(t) = Acosɤt. (4.1) 

ɽʩʣʠ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʤʘʷʪʥʠʢ ʥʘʭʦʜʠʪʩʷ ʚ ʧʦʣʦʞʝʥʠʠ ʨʘʚʥʦʚʝ-
ʩʠʷ (x0 = 0), ʪʦ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʡ ʬʫʥʢʮʠʝʡ ʙʫʜʝʪ ʩʠʥʫʩ. ɺ ʦʙʱʝʤ ʞʝ ʚʠʜʝ 

ʧʦʣʴʟʫʶʪʩʷ ʬʦʨʤʫʣʦʡ, ʩʦʜʝʨʞʘʱʝʡ ʥʝʢʦʪʦʨʳʡ ʧʘʨʘʤʝʪʨ ű0: 
x = Asin(ɤt + ű0). (4.2) 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠ t = 0 ʪʝʣʦ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʣʶʙʦʡ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʪʦʯ-
ʢʝ. ʇʨʠʜʘʚʘʷ ʨʘʟʥʳʝ ʟʥʘʯʝʥʠʷ ű0, ʤʦʞʥʦ ʧʨʠʩʧʦʩʘʙʣʠʚʘʪʴ ʚʳʨʘʞʝʥʠʝ (4.2) ʢ ʢʦʥ-

ʢʨʝʪʥʳʤ ʥʘʯʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ ʢʦʣʝʙʘʥʠʷ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ 

ʈʠʩ. 4.1 

 

x  0 

x 

x  xm 
 xm 

x  ïxm 
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ʩʤʝʱʝʥʠʷ ʚ ʬʦʨʤʫʣʘʭ (4.1) ʠ (4.2) ʙʫʜʝʪ ʨʘʚʥʦ ʘʤʧʣʠʪʫʜʝ A, ʧʦʩʢʦʣʴʢʫ ʤʘʢʩʠ-
ʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʠʥʫʩʘ ʠ ʢʦʩʠʥʫʩʘ ʨʘʚʥʦ ʝʜʠʥʠʮʝ.  

ɺʳʷʩʥʠʤ ʩʤʳʩʣ ʧʘʨʘʤʝʪʨʘ ɤ, ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʚʳʨʘʞʝʥʠʝʤ (4.1). ʆʯʝʚʠʜʥʦ, 
ʯʪʦ ʩʤʝʱʝʥʠʝ ʧʦʚʪʦʨʷʝʪʩʷ ʯʝʨʝʟ ʦʧʨʝʜʝʣʸʥʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ. ʅʘʧʦʤʥʠʤ, 
ʯʪʦ ʧʝʨʠʦʜʦʤ T ʥʘʟʳʚʘʝʪʩʷ ʚʨʝʤʷ ʦʜʥʦʛʦ ʧʦʣʥʦʛʦ ʢʦʣʝʙʘʥʠʷ. ʏʝʨʝʟ ʢʘʞʜʳʝ T ʩʝ-

ʢʫʥʜ ʪʝʣʦ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʧʨʝʞʥʝʝ ʧʦʣʦʞʝʥʠʝ, ʪʦ ʝʩʪʴ x ʧʨʠʥʠʤʘʝʪ ʪʘʢʦʝ ʞʝ ʟʥʘ-
ʯʝʥʠʝ, ʯʪʦ ʠ T ʩʝʢʫʥʜ ʥʘʟʘʜ: 

)(coscos1 TtAtAx , (4.3) 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

)(coscos Ttt . (4.4) 

ʇʦʩʢʦʣʴʢʫ ʟʥʘʯʝʥʠʝ ʢʦʩʠʥʫʩʘ ʧʦʚʪʦʨʷʝʪʩʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʛʣʘ ʥʘ 2, ʪʦ  

(t+T) ï t  2  ʠ 

T

2
. (4.5) 

ʇʦʩʪʦʷʥʥʘʷ , ʚʚʝʜʸʥʥʘʷ ʚ (4.1), ʦʢʘʟʳʚʘʝʪʩʷ ʩʚʷʟʘʥʥʦʡ ʩ ʧʝʨʠʦʜʦʤ ʢʦʣʝʙʘʥʠʡ ʠ 
ʥʘʟʳʚʘʝʪʩʷ ʮʠʢʣʠʯʝʩʢʦʡ ʯʘʩʪʦʪʦʡ. 

ɺʳʨʘʞʝʥʠʝ, ʦʪ ʢʦʪʦʨʦʛʦ ʙʝʨʸʪʩʷ ʢʦʩʠʥʫʩ ʠʣʠ ʩʠʥʫʩ ʚ ʫʨʘʚʥʝʥʠʷʭ (4.1) ʠ (4.2), 
ʥʘʟʳʚʘʶʪ ʬʘʟʦʡ ʢʦʣʝʙʘʥʠʡ.  ʌʘʟʘ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʦʡ 

ʬʫʥʢʮʠʝʡ ʚʨʝʤʝʥʠ: ű(t) = ɤt + ű0. ʌʘʟʘ ʦʧʨʝʜʝʣʷʝʪ ʩʦʩʪʦʷʥʠʝ ʢʦʣʝʙʣʶʱʝʛʦʩʷ ʪʝ-
ʣʘ ʚ ʢʦʥʢʨʝʪʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʧʦʩʢʦʣʴʢʫ ʦʪ ʥʝʸ ʟʘʚʠʩʷʪ ʠ ʩʤʝʱʝʥʠʝ, ʠ ʩʢʦ-

ʨʦʩʪʴ ʠ ʫʩʢʦʨʝʥʠʝ ʢʦʣʝʙʣʶʱʝʛʦʩʷ ʪʝʣʘ. ʂʦʥʝʯʥʦ, ʬʘʟʘ ð ʚʝʣʠʯʠʥʘ ʙʝʟʨʘʟʤʝʨʥʘʷ, 
ʝʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ ʬʘʟʳ ʚ ʉʀ ï ʨʘʜʠʘʥ. ɺʝʣʠʯʠʥʘ ű0 ʚ ʫʨʘʚʥʝʥʠʠ ʢʦʣʝʙʘʥʠʡ  

(4.2) ʥʘʟʳʚʘʝʪʩʷ ʥʘʯʘʣʴʥʦʡ ʬʘʟʦʡ, ʪʦ ʝʩʪʴ ʬʘʟʦʡ ʢʦʣʝʙʘʥʠʡ ʜʣʷ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ 
t = 0. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʠʩʳʚʘʷ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ, ʤʳ ʤʦʞʝʤ ʧʦʣʴʟʦʚʘʪʴʩʷ 
ʣʶʙʦʡ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʬʫʥʢʮʠʝʡ, ʚʚʝʜʷ ʚ ʫʨʘʚʥʝʥʠʝ ʢʦʣʝʙʘʥʠʡ ʪʨʠ ʧʦʩʪʦʷʥʥʳʝ 

ʚʝʣʠʯʠʥʳ: ʘʤʧʣʠʪʫʜʫ ɸ, ʥʘʯʘʣʴʥʫʶ ʬʘʟʫ ű0  ʠ ʮʠʢʣʠʯʝʩʢʫʶ ʯʘʩʪʦʪʫ , ʢʦʪʦʨʳʝ 
ʥʘʟʳʚʘʶʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʢʦʣʝʙʘʥʠʡ.  ʇʨʠ ʧʦʩʪʦʷʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʩʤʝʱʝʥʠʝ ʠʟ 

ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʦʩʪʘʸʪʩʷ ʬʫʥʢʮʠʝʡ ʪʦʣʴʢʦ ʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ï ʚʨʝʤʝʥʠ t. 
ʉʢʦʨʦʩʪʴ ʢʦʣʝʙʣʶʱʝʛʦʩʷ ʪʝʣʘ, ʘ ʪʦʯʥʝʝ, ʧʨʦʝʢʮʠʷ ɡʭ ʩʢʦʨʦʩʪʠ ʥʘ ʦʩʴ ʭ,  ʨʘʚʥʘ 

ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʦʪ ʩʤʝʱʝʥʠʷ, ʘ ʫʩʢʦʨʝʥʠʝ ï ʵʪʦ ʚʪʦʨʘʷ ʧʨʦʠʟʚʦʜʥʘʷ: 
)cos( 0tAxʭ

# ; 

xtAxax

2

0

2 )sin(## . 
(4.6) 

ʅʝʪʨʫʜʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʫʩʢʦʨʝʥʠʝ ʙʫʜʝʪ ʦʪʨʠʮʘʪʝʣʴʥʳʤ (ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 
ʩʤʝʱʝʥʠʶ) ʠ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʜʚʠʞʝʥʠʝ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ (4.2). ʉʤʳʩʣ ʵʪʦ-

ʛʦ ʧʦʥʷʪʝʥ: ʫʩʢʦʨʝʥʠʝ ʚʩʝʛʜʘ ʥʘʧʨʘʚʣʝʥʦ ʚ ʩʪʦʨʦʥʫ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʩʤʝʱʝ-
ʥʠ,ʁ ʪʦ ʝʩʪʴ ʢ ʧʦʣʦʞʝʥʠʶ ʨʘʚʥʦʚʝʩʠʷ ʪʝʣʘ, ʠ ʵʪʦ ʷʚʣʷʝʪʩʷ ʦʪʣʠʯʠʪʝʣʴʥʳʤ ʧʨʠ-

ʟʥʘʢʦʤ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ. 
ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʥʝ ʙʫʜʝʪ ʨʘʚʥʦʫʩʢʦʨʝʥʥʳʤ, 

ʪʘʢ ʢʘʢ ʫʩʢʦʨʝʥʠʝ ʥʝ ʧʦʩʪʦʷʥʥʦ, ʘ ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʫʩʢʦ-
ʨʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ aʭ(t) ʙʫʜʝʪ ʩʠʥʫʩʦʠʜʦʡ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʛʨʘʬʠʢ  ʟʘʚʠʩʠʤʦʩʪʠ ʩʤʝ-

ʱʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ x(t), ʥʦ ʩʦ ʩʜʚʠʛʦʤ ʬʘʟ, ʨʘʚʥʳʤ ˊ (180). ʅʘ ʨʠʩ. 4.2 ʧʨʝʜʩʪʘʚ-
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ʣʝʥʳ ʛʨʘʬʠʢʠ ʩʤʝʱʝʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʝʢʮʠʡ ʩʢʦʨʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʷ ʜʣʷ 
ʪʝʣʘ, ʩʦʚʝʨʰʘʶʱʝʛʦ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ.  

ʆʯʝʥʴ ʧʦʣʝʟʥʦ ʧʦʟʥʘʢʦʤʠʪʴʩʷ ʠ ʩ ʜʨʫʛʠʤ ʩʧʦʩʦʙʦʤ ʠʟʦʙʨʘʞʝʥʠʷ ʢʦʣʝʙʘ-

ʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ð ʚʝʢʪʦʨʥʦʡ ʜʠʘʛʨʘʤʤʦʡ (ʨʠʩ. 4.3). ɺʝʢʪʦʨ A
C

, ʜʣʠʥʘ ʢʦʪʦʨʦ-
ʛʦ ʨʘʚʥʘ ʘʤʧʣʠʪʫʜʝ ʢʦʣʝʙʘʥʠʡ ʠ ʥʝ ʤʝʥʷʝʪʩʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ, ʧʦʩʪʨʦʝʥ ʪʘʢ, 

ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʩ ʦʧʦʨʥʦʡ ʦʩʴʶ  ʫʛʦʣ  = t + 0. ʆʧʦʨʥʘʷ ʦʩʴ ʠʤʝʝʪ ʧʨʦʠʟʚʦʣʴʥʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʛʦʨʠʟʦʥʪʘʣʴʥʘ. ʋʛʦʣ  ʨʘʚʝʥ ʬʘʟʝ ʢʦʣʝʙʘʥʠʷ,  ʠ 

ʩʤʝʱʝʥʠʝ x ʠʟ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʙʫʜʝʪ ʧʨʦʝʢʮʠʝʡ ʚʝʢʪʦʨʘ A
C

 ʥʘ ʦʧʦʨʥʫʶ 
ʦʩʴ. 

ʉ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʬʘʟʘ  ʨʘʩʪʸʪ, ʟʥʘʯʠʪ 

ʚʝʢʪʦʨ ʙʫʜʝʪ ʚʨʘʱʘʪʴʩʷ ʚʦʢʨʫʛ ʩʚʦʝʛʦ ʥʘʯʘʣʘ ʩ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ , ʠ ʧʨʦʝʢʮʠʠ ʭ = ɸcos  ʠ 

ʫ = Asin   ʙʫʜʫʪ ʧʨʠ ʵʪʦʤ ʧʝʨʠʦʜʠʯʝʩʢʠ ʤʝ-

ʥʷʪʴʩʷ. ʇʦʩʢʦʣʴʢʫ ʫʛʦʣ  ʧʝʨʝʤʝʥʥʳʡ, ʪʦ ʜʣʷ 

ʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʧʨʠʥʷʪʦ ʩʪʨʦʠʪʴ ʚʝʢʪʦʨʥʫʶ 
ʜʠʘʛʨʘʤʤʫ ʜʣʷ ʥʘʯʘʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ 

0t . ʊʦʛʜʘ ʫʛʦʣ ʤʝʞʜʫ ʦʧʦʨʥʦʡ ʦʩʴʶ ʠ ʚʝʢʪʦ-
ʨʦʤ ʘʤʧʣʠʪʫʜʳ ʙʫʜʝʪ ʨʘʚʝʥ ʥʘʯʘʣʴʥʦʡ ʬʘʟʝ 

ʢʦʣʝʙʘʥʠʡ, ʪʦ ʝʩʪʴ  = 0. ʀʟʣʦʞʝʥʥʳʡ ʚʳʰʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢʦʣʝʙʘ-

ʥʠʡ ʠʥʦʛʜʘ ʦʯʝʥʴ ʫʜʦʙʝʥ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʩʣʦ-
ʞʝʥʠʠ ʦʜʠʥʘʢʦʚʦ ʥʘʧʨʘʚʣʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ. 

 

4.2. ɼʠʥʘʤʠʢʘ ʢʦʣʝʙʘʥʠʡ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ. 

 ʉʦʙʩʪʚʝʥʥʘʷ ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ 

ʆʩʥʦʚʥʦʡ ʟʘʢʦʥ ʜʠʥʘʤʠʢʠ ï ʚʪʦʨʦʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ ï ʦʩʪʘʸʪʩʷ, ʢʦʥʝʯʥʦ,  ʪʘʢʦ-

ʚʳʤ ʠ ʜʣʷ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ. ɽʛʦ ʟʘʧʠʩʴ, ʧʨʘʚʜʘ, ʠʤʝʝʪ ʥʝʢʦʪʦʨʳʝ ʦʩʦ-
ʙʝʥʥʦʩʪʠ, ʫʯʠʪʳʚʘʶʱʠʝ ʪʦ, ʯʪʦ ʫʩʢʦʨʝʥʠʝ ʪʝʣʘ ʧʨʠ ʢʦʣʝʙʘʥʠʷʭ ʚʩʝʛʜʘ ʥʘʧʨʘʚʣʝ-

ʥʦ ʢ ʧʦʣʦʞʝʥʠʶ ʨʘʚʥʦʚʝʩʠʷ. ɿʥʘʯʠʪ, ʢ ʧʦʣʦʞʝʥʠʶ ʨʘʚʥʦʚʝʩʠʷ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ 
ʩʤʝʱʝʥʠʶ, ʙʫʜʝʪ ʥʘʧʨʘʚʣʝʥʘ ʠ ʩʫʤʤʘ ʚʩʝʭ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʢʦʣʝʙʣʶʱʝʝʩʷ 

ʈʠʩ. 4.2 
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ʪʝʣʦ. ɼʣʷ ʥʘʯʘʣʘ ʟʘʤʝʥʠʤ ʫʩʢʦʨʝʥʠʝ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʵʪʦʛʦ ʟʘʢʦʥʘ (3.10) ʚ ʩʦʦʪʚʝʪ-
ʩʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠʝʤ (4.6), ʧʦʣʘʛʘʷ ʤʘʩʩʫ ʪ ʢʦʣʝʙʣʶʱʝʛʦʩʷ ʪʝʣʘ ʧʦʩʪʦʷʥʥʦʡ:  

xmmaF xx

2 . (4.7) 

ʇʨʦʠʟʚʝʜʝʥʠʝ ʤʘʩʩʳ ʢʦʣʝʙʣʶʱʝʛʦʩʷ ʪʝʣʘ ʥʘ ʢʚʘʜʨʘʪ ʯʘʩʪʦʪʳ ʧʨʠ ʛʘʨʤʦʥʠʯʝ-

ʩʢʠʭ ʢʦʣʝʙʘʥʠʷʭ ( = const) ʪʘʢʞʝ ʙʫʜʝʪ ʚʝʣʠʯʠʥʦʡ ʧʦʩʪʦʷʥʥʦʡ. ʆʙʦʟʥʘʯʠʤ ʵʪʦ 

ʧʨʦʠʟʚʝʜʝʥʠʝ ʙʫʢʚʦʡ  k ʠ ʥʘʟʦʚʸʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʞʸʩʪʢʦʩʪʠ:  
2

0mk . (4.8) 

ʂʦʵʬʬʠʮʠʝʥʪ k ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʩʘʤʦʡ ʢʦʣʝʙʣʶʱʝʡʩʷ ʩʠʩʪʝʤʳ ʠ, ʥʘ-

ʨʷʜʫ ʩ ʤʘʩʩʦʡ,  ʦʧʨʝʜʝʣʷʝʪ ʯʘʩʪʦʪʫ 0  ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʠʩʪʝʤʳ. ʕʪʘ ʯʘʩ-

ʪʦʪʘ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʠ ʥʘʟʳʚʘʝʪʩʷ  ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦ-

ʪʦʡ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʧʝʨʠʦʜ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʊ0 = 2 / 0 (ʩʤ. ʚʳʨʘʞʝʥʠʝ 

(4.5)), ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʢʦʣʝʙʣʶʱʝʡʩʷ ʩʠʩʪʝʤʳ ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʢʘʢʠʭ 
ʣʠʙʦ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ. ʏʪʦʙʳ ʧʦʜʯʝʨʢʥʫʪʴ ʵʪʦʪ ʤʦʤʝʥʪ, ʯʘʩʪʦʪʝ, ʚʭʦʜʷʱʝʡ ʚ 

ʫʨʘʚʥʝʥʠʝ (4.8), ʧʨʠʩʚʦʝʥ ʠʥʜʝʢʩ ç0è. ʅʠʞʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʩʣʫʯʘʠ, ʚ ʢʦʪʦ-
ʨʳʭ ʩʠʩʪʝʤʫ ʚʳʥʫʞʜʘʶʪ ʢʦʣʝʙʘʪʴʩʷ ʩ ʠʥʦʡ ʯʘʩʪʦʪʦʡ. ʅʦ, ʙʫʜʫʯʠ ʧʨʝʜʦʩʪʘʚʣʝʥ-

ʥʦʡ ʩʘʤʦʡ ʩʝʙʝ, ʩʠʩʪʝʤʘ ʚʩʝʛʜʘ ʢʦʣʝʙʣʝʪʩʷ ʩ ʯʘʩʪʦʪʦʡ 0, ʢʦʪʦʨʘʷ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʪʦʛʦ, ʢʘʢʦʚʘ ʘʤʧʣʠʪʫʜʘ ʵʪʠʭ ʢʦʣʝʙʘʥʠʡ. ʋʙʝʜʠʪʝʩʴ ʚ ʵʪʦʤ ʩʘʤʠ: ʢʦʣʝʙʣʶʱʝʝʩʷ 
ʪʝʣʦ ʤʦʞʝʪ ʠʤʝʪʴ ʢʘʢ ʤʘʣʫʶ, ʪʘʢ ʠ ʙʦʣʴʰʫʶ ʘʤʧʣʠʪʫʜʫ ʢʦʣʝʙʘʥʠʡ. ʇʨʠ ʙʦʣʴʰʦʡ 

ʘʤʧʣʠʪʫʜʝ ʪʝʣʦ ʜʚʠʞʝʪʩʷ ʩ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʴʶ (ʩʤ. ʬʦʨʤʫʣʫ (4.6)). ʇʨʠ ʤʘʣʦʡ 
ʘʤʧʣʠʪʫʜʝ ʩʢʦʨʦʩʪʴ ʪʝʣʘ ʥʝʚʝʣʠʢʘ, ʪʘʢ ʢʘʢ ʟʘ ʪʦ ʞʝ ʚʨʝʤʷ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʧʝʨʠʦ-

ʜʦʤ, ʦʥʦ ʧʨʦʭʦʜʠʪ ʤʝʥʴʰʝʝ ʨʘʩʩʪʦʷʥʠʝ. 
ɺʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʧʦʥʷʪʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʞʸʩʪʢʦʩʪʠ, ʤʦʞʥʦ ʠʟʤʝʥʠʪʴ ʚʠʜ 

ʫʨʘʚʥʝʥʠʷ (4.7): 

xmakx . (4.9) 

ʃʝʚʘʷ ʯʘʩʪʴ ʫʨʘʚʥʝʥʠʷ ʠʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʴ ʩʠʣʳ ʠ ʧʦ ʩʚʦʝʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ x 

ʧʦʜʦʙʥʘ  ʫʧʨʫʛʦʡ ʩʠʣʝ: ʥʘʧʨʘʚʣʝʥʘ ʧʨʦʪʠʚ ʩʤʝʱʝʥʠʷ ʭ ʦʪ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ,   
ʘ ʝʸ ʚʝʣʠʯʠʥʘ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʩʤʝʱʝʥʠʶ. ʕʪʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʦʜʥʘ ʩʠʣʘ, 

ʘ ʩʫʤʤʘ ʚʩʝʭ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʢʦʣʝʙʣʶʱʝʝʩʷ ʪʝʣʦ. ɽʸ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ ʢʚʘʟʠ-
ʫʧʨʫʛʦʡ ʩʠʣʦʡ. ɺʳʨʘʞʝʥʠʝ (4.9) ʠ ʝʩʪʴ ʚʪʦʨʦʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ ʜʣʷ ʢʦʣʝʙʘʥʠʡ. ʆʥ 

ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʯʠʩʣʠʪʴ ʧʝʨʠʦʜ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʣʶʙʦʡ ʩʠʩʪʝʤʳ. 
ʈʘʩʩʤʦʪʨʠʤ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ ʜʚʘ ʤʘʷʪʥʠʢʘ: ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʠ ʬʠʟʠʯʝ-

ʩʢʠʡ (ʨʠʩ. 4.4) ʠ, ʧʨʠʤʝʥʠʚ ʦʩʥʦʚʥʦʡ ʟʘʢʦʥ ʜʠʥʘʤʠʢʠ, ʥʘʡʜʸʤ ʠʭ ʧʝʨʠʦʜʳ ʢʦʣʝ-
ʙʘʥʠʡ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʤʘʷʪʥʠʢ. ʕʪʦ ʤʘʪʝʨʠʘʣʴʥʘʷ ʪʦʯʢʘ ʤʘʩʩʦʡ ʪ, ʧʦʜʚʝʰʝʥʥʘʷ 
ʥʘ ʥʝʚʝʩʦʤʦʡ ʠ ʥʝʨʘʩʪʷʞʠʤʦʡ ʥʠʪʠ ʜʣʠʥʦʡ l (ʨʠʩ. 4.4ʘ). ɺ ʨʝʘʣʴʥʦʩʪʠ ï ʥʝʙʦʣʴ-

ʰʦʝ ʪʝʣʦ ʥʘ ʣʸʛʢʦʡ ʠ ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʥʥʦʡ ʥʠʪʠ. ʅʝʪʨʫʜʥʦ ʧʦʢʘʟʘʪʴ ʩʠʣʳ, ʜʝʡʩʪ-

ʚʫʶʱʠʝ ʥʘ ʪʝʣʦ. ʀʭ ʙʫʜʝʪ ʜʚʝ ï ʩʠʣʘ ʪʷʞʝʩʪʠ gm
C
ʠ ʩʠʣʘ ʥʘʪʷʞʝʥʠʷ ʥʠʪʠ ʥF

C
. 

ɼʚʠʞʝʥʠʝ ʢʦʣʝʙʣʶʱʝʛʦʩʷ ʪʝʣʘ ï ʧʝʨʝʤʝʥʥʦʝ, ʠ ʫʩʢʦʨʝʥʠʝ ʪʝʣʘ ʥʘʧʨʘʚʣʝʥʦ ʢ ʧʦ-

ʣʦʞʝʥʠʶ ʨʘʚʥʦʚʝʩʠʷ. ɿʥʘʯʠʪ, ʪʫʜʘ ʞʝ ʙʫʜʝʪ ʥʘʧʨʘʚʣʝʥʘ ʠ ʩʫʤʤʘ F
D

 ʵʪʠʭ ʜʚʫʭ 
ʩʠʣ. ʇʨʠ ʤʘʣʦʤ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʣʠʥʦʡ ʥʠʪʠ) ʩʤʝʱʝʥʠʠ ʭ ʠʟ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦ-

ʚʝʩʠʷ ʦʪʥʦʰʝʥʠʝ çʢʘʪʝʪʘè x ʢ çʛʠʧʦʪʝʥʫʟʝè l ʙʫʜʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʦ ʦʪʥʦ-
ʰʝʥʠʶ ʚʦʟʚʨʘʱʘʶʱʝʡ ʩʠʣʳ F  ʢ ʩʠʣʝ ʪʷʞʝʩʪʠ mg: 
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mg

F

l

x
,  ʠ ʚʦʟʚʨʘʱʘʶʱʘʷ ʩʠʣʘ  x

l

mg
F . (4.10) 

ɺʝʣʠʯʠʥʘ ʚʦʟʚʨʘʱʘʶʱʝʡ ʩʠʣʳ ʦʢʘʟʳʚʘʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʩʤʝʱʝʥʠʶ x, ʠ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ k = mg/l . ɿʘʤʝʥʷʷ k ʚ ʟʘʢʦʥʝ ʅʴʶʪʦʥʘ (4.9), 
ʧʦʣʫʯʘʝʤ: 

xmax
l

mg
, (4.11) 

ʠʣʠ, ʧʦʜʩʪʘʚʣʷʷ ʚʤʝʩʪʦ ʫʩʢʦʨʝʥʠʷ ʝʛʦ ʟʥʘʯʝʥʠʝ ʧʦ (4.6), 

xmx
l

mg 2 . (4.12) 

ʉʦʢʨʘʱʘʷ ʭ ʠ m, ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʝ 
2
 = g/l, ʠʟ ʢʦʪʦʨʦʛʦ ʣʝʛʢʦ ʧʦʣʫʯʠʪʴ ʠʟ-

ʚʝʩʪʥʫʶ ʬʦʨʤʫʣʫ ɻʶʡʛʝʥʩʘ ʜʣʷ ʧʝʨʠʦʜʘ ʢʦʣʝʙʘʥʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ: 

g

l
T 2 . (4.13) 

ʌʠʟʠʯʝʩʢʠʡ ʤʘʷʪʥʠʢ. ʊʘʢ ʥʘʟʳʚʘʶʪ ʣʶʙʦʝ ʪʝʣʦ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʩʚʦʙʦʜʥʦ 

ʧʦʚʦʨʘʯʠʚʘʪʴʩʷ ʚʦʢʨʫʛ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ, ʥʝ ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʮʝʥʪʨ ʪʷʞʝʩʪʠ 
ʵʪʦʛʦ ʪʝʣʘ (ʩʤ. ʨʠʩ. 4.4ʙ).  

ɽʩʣʠ ʵʪʦ ʪʝʣʦ ʦʪʢʣʦʥʠʪʴ ʦʪ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʥʘ ʥʝʙʦʣʴʰʦʡ ʫʛʦʣ  ʠ ʟʘ-
ʪʝʤ ʦʪʧʫʩʪʠʪʴ, ʪʦ ʦʥʦ ʥʘʯʥʸʪ ʩʦʚʝʨʰʘʪʴ ʧʦʯʪʠ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ, ʧʝʨʠʦʜ 

ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʩʪʦʷʥʠʷ d ʤʝʞʜʫ ʦʩʴʶ ʆ ʠ ʮʝʥʪʨʦʤ ʪʷʞʝʩʪʠ ʉ. 

ɺ ʪʦʯʢʝ ʉ ʧʨʠʣʦʞʝʥʘ ʩʠʣʘ ʪʷʞʝʩʪʠ gm
C
, ʢʦʪʦʨʘʷ ʩʦʟʜʘʸʪ ʚʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ 

M
C
, ʩʪʨʝʤʷʱʠʡʩʷ ʚʝʨʥʫʪʴ ʪʝʣʦ ʚ ʧʦʣʦʞʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, 

ʧʣʝʯʦ ʵʪʦʡ ʩʠʣʳ l = dsin . ʇʨʠ ʤʘʣʳʭ ʫʛʣʘʭ sin    (1-ʡ ʟʘʤʝʯʘʪʝʣʴʥʳʡ ʧʨʝʜʝʣ!), 

ʠ ʚʝʣʠʯʠʥʘ ʤʦʤʝʥʪʘ ʩʠʣʳ ʪʷʞʝʩʪʠ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʫʛʣʫ ʦʪʢʣʦʥʝʥʠʷ ʦʪ 

ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ: M   mgd .  

    ʈʠʩ. 4.4 
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C
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ɿʘʧʠʰʝʤ ʦʩʥʦʚʥʦʡ ʟʘʢʦʥ ʜʠʥʘʤʠʢʠ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ (3.43) ʚ ʧʨʦʝʢ-
ʮʠʠ ʥʘ ʦʩʴ z (ʩʤ. ʨʠʩ. 4.4ʙ), ʩ ʫʯʸʪʦʤ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʫʛʣʘ ʦʪʢʣʦ-

ʥʝʥʠʷ ʠ ʤʦʤʝʥʪʘ ʩʠʣʳ: 

ï mgd  = I ,       ʠʣʠ    ï mgd  = I ##, (4.14) 

ʛʜʝ I ð ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʆ;  ð ʫʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ ʪʝʣʘ, 

ʨʘʚʥʦʝ ʚʪʦʨʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʦʪ ʫʛʣʘ ʧʦʚʦʨʦʪʘ .  

ʇʨʦʠʟʚʝʜʷ ʟʘʤʝʥʫ 2## , ʧʦʣʫʯʠʤ ʠʟ  (4.14) ʬʦʨʤʫʣʳ ʜʣʷ ʫʛʣʦʚʦʡ ʯʘʩʪʦʪʳ 
ʠ ʧʝʨʠʦʜʘ ʢʦʣʝʙʘʥʠʡ ʬʠʟʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ:  

I

mgd
;    

mgd

I
T 2 . (4.15) 

ʅʝʪʨʫʜʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ ʧʦʣʫ-

ʯʠʪʩʷ ʠʟ ʬʦʨʤʫʣʳ (4.15), ʝʩʣʠ ʧʦʜʩʪʘʚʠʪʴ ʚ ʥʝʸ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʤʘʪʝʨʠʘʣʴʥʦʡ 
ʪʦʯʢʠ I = ml

2
 ʠ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʪʦʯʢʠ ʧʦʜʚʝʩʘ ʜʦ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʩʠʩʪʝʤʳ d = l. 

 

4.3. ʕʥʝʨʛʠʷ ʢʦʣʝʙʘʥʠʡ 

ɺʦʧʨʦʩ ʦʙ ʵʥʝʨʛʠʠ ʢʦʣʝʙʣʶʱʝʡʩʷ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ ʨʝʰʘʝʪʩʷ ʚʝʩʴʤʘ ʧʨʦ-

ʩʪʦ: ʣʶʙʦʝ ʢʦʣʝʙʣʶʱʝʝʩʷ ʪʝʣʦ ʦʙʣʘʜʘʝʪ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ, ʪʘʢ ʢʘʢ ʦʥʦ ʜʚʠ-
ʞʝʪʩʷ, ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʝʡ, ʪʘʢ ʢʘʢ ʚʥʫʪʨʠ ʢʦʣʝʙʣʶʱʝʡʩʷ ʩʠʩʪʝʤʳ ʜʝʡʩʪ-

ʚʫʶʪ ʢʚʘʟʠʫʧʨʫʛʠʝ ʩʠʣʳ. ɽʩʣʠ ʩʯʠʪʘʪʴ, ʯʪʦ ʢʦʣʝʙʘʥʠʷ ʟʘʜʘʶʪʩʷ ʫʨʘʚʥʝʥʠʝʤ (4.2), 
ʪʦ ʢʠʥʝʪʠʯʝʩʢʘʷ ʠ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʠ ʪʝʣʘ ʤʘʩʩʦʡ ʪ, ʢʦʣʝʙʣʶʱʝʛʦʩʷ, ʥʘʧʨʠ-

ʤʝʨ, ʥʘ ʧʨʫʞʠʥʝ ʩ ʞʸʩʪʢʦʩʪʴʶ k, ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʩʣʝʜʫʶʱʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ:  

)(cos
22

0

2
222

t
mAm

Wk ; 

)(sin
22

0

2
22

t
kAkx

Wp . 

(4.16) 

ʇʦʣʥʘʷ ʵʥʝʨʛʠʷ W ʢʦʣʝʙʣʶʱʝʛʦʩʷ ʪʝʣʘ ʨʘʚʥʘ ʩʫʤʤʝ ʢʠʥʝʪʠʯʝʩʢʦʡ Wk  ʠ ʧʦ-

ʪʝʥʮʠʘʣʴʥʦʡ Wp ʵʥʝʨʛʠʡ.  ʀʩʧʦʣʴʟʫʷ ʩʚʷʟʴ ʤʝʞʜʫ k ʠ  (4.8), ʣʝʛʢʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ 

ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ ʢʦʣʝʙʘʥʠʡ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʚʘʜʨʘʪʫ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘ-

ʥʠʡ ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ: 

22

222 AmkA
W . (4.17) 

ʇʝʨʚʘʷ ʜʨʦʙʴ ʚ ʵʪʠʭ ʨʘʚʝʥʩʪʚʘʭ ð ʵʪʦ ʥʘʠʙʦʣʴʰʘʷ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ, 

ʚʪʦʨʘʷ ʜʨʦʙʴ ð ʥʘʠʙʦʣʴʰʘʷ ʢʠʥʝʪʠʯʝʩʢʘʷ. ʊʝʢʫʱʠʝ ʟʥʘʯʝʥʠʷ Wʨ ʠ Wk  ʷʚʣʷʶʪʩʷ 
ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʬʫʥʢʮʠʷʤʠ ʚʨʝʤʝʥʠ (4.15), ʥʦ ʠʭ ʩʫʤʤʘ ʦʩʪʘ-

ʸʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʦʡ. ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʠ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʠ ʧʨʠ ʢʦʣʝʙʘ-
ʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ  ʠʟʤʝʥʷʶʪʩʷ ʩ ʯʘʩʪʦʪʦʡ, ʢʦʪʦʨʘʷ ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝ ʯʘʩʪʦʪʳ 

ʢʦʣʝʙʘʥʠʡ (W = 2 ), ʧʨʠʯʸʤ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʬʘʟʘʭ: ʢʦʛʜʘ ʢʠʥʝʪʠʯʝʩʢʘʷ 

ʵʥʝʨʛʠʷ ʤʘʢʩʠʤʘʣʴʥʘ, ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʨʘʚʥʘ ʥʫʣʶ, ʠ ʥʘʦʙʦʨʦʪ. ʂʠʥʝʪʠʯʝʩʢʘʷ 
ʵʥʝʨʛʠʷ ʤʘʢʩʠʤʘʣʴʥʘ ʚ ʤʦʤʝʥʪ ʧʨʦʭʦʞʜʝʥʠʷ ʪʝʣʦʤ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ, ʧʦ-

ʪʝʥʮʠʘʣʴʥʘʷ ð ʧʨʠ ʥʘʠʙʦʣʴʰʝʤ ʦʪʢʣʦʥʝʥʠʠ ʦʪ ʥʝʛʦ.  
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ɻʘʨʤʦʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʷʚʣʷʶʪʩʷ ʧʨʝʢʨʘʩʥʳʤ ʧʨʠʤʝʨʦʤ  ʟʘʢʦʥʘ ʩʦʭʨʘʥʝ-
ʥʠʷ ʵʥʝʨʛʠʠ: ʝʩʣʠ ʚ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʝ ʜʝʡʩʪʚʫʶʪ ʪʦʣʴʢʦ ʢʚʘʟʠʫʧʨʫʛʠʝ ʩʠʣʳ, 

ʪʦ  ʧʦʣʥʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʵʪʦʡ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʦʡ. ʇʦ-
ʩʢʦʣʴʢʫ ʟʜʝʩʴ ʚʩʷ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʧʝʨʝʭʦʜʠʪ ʚ ʢʠʥʝʪʠʯʝʩʢʫʶ ʠ ʥʘʦʙʦʨʦʪ, 
ʪʦ ʠʭ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʦʜʠʥʘʢʦʚʳ: (Wp)max  (Wk)max ʠ ʧʨʦʧʦʨʮʠʦʥʘʣʥɹʳ 

ʢʚʘʜʨʘʪʫ ʘʤʧʣʠʪʫʜʳ. ɽʩʣʠ ʵʥʝʨʛʠʷ ʢʦʣʝʙʘʥʠʡ ʥʝ ʫʙʳʚʘʝʪ, ʥʝ ʨʘʩʩʝʠʚʘʝʪʩʷ, ʠʭ 

ʘʤʧʣʠʪʫʜʘ ʦʩʪʘʸʪʩʷ ʥʝʠʟʤʝʥʥʦʡ. ʀʥʘʯʝ ʦʙʩʪʦʠʪ ʜʝʣʦ ʚ ʩʠʩʪʝʤʝ, ʛʜʝ ʥʘʨʷʜʫ ʩ ʫʧ-
ʨʫʛʠʤʠ ʩʠʣʘʤʠ ʜʝʡʩʪʚʫʶʪ ʪʘʢʞʝ ʩʠʣʳ ʪʨʝʥʠʷ (ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʨʝʜʳ). 

 

4.4. ɿʘʪʫʭʘʶʱʠʝ ʢʦʣʝʙʘʥʠʷ 

ɺ ʫʨʘʚʥʝʥʠʠ (4.9) ʚʪʦʨʦʛʦ ʟʘʢʦʥʘ ʅʴʶʪʦʥʘ ʩʫʤʤʦʡ ʚʩʝʭ ʩʠʣ ʷʚʣʷʝʪʩʷ ʢʚʘʟʠʫʧ-
ʨʫʛʘʷ ʩʠʣʘ, ʙʝʟ ʢʦʪʦʨʦʡ ʢʦʣʝʙʘʥʠʷ ʥʝʚʦʟʤʦʞʥʳ. ɽʩʣʠ  ʞʝ ʥʘ ʪʝʣʦ ʜʝʡʩʪʚʫʝʪ ʝʱʸ ʠ 

ʩʠʣʘ ʪʨʝʥʠʷ (ʘ ʦʥʘ ʜʝʡʩʪʚʫʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ), ʝʸ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ. ʉʠʣʘ ʩʦ-
ʧʨʦʪʠʚʣʝʥʠʷ ʩʨʝʜʳ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʚʩʝʛʜʘ ʥʘʧʨʘʚʣʝʥʘ ʚ ʩʪʦʨʦʥʫ, ʧʨʦʪʠʚʦʧʦʣʦʞ-

ʥʫʶ ʩʢʦʨʦʩʪʠ, ʠ ʝʸ ʚʝʣʠʯʠʥʘ, ʧʨʠ ʤʝʜʣʝʥʥʦʤ ʜʚʠʞʝʥʠʠ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʩʢʦʨʦ-
ʩʪʠ ʪʝʣʘ: 

Fʪʨ = r , (4.18) 

ʛʜʝ r ð ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʨʝʜʳ. 

ʉ ʫʯʝʪʦʤ ʵʪʦʡ ʩʠʣʳ ʚʪʦʨʦʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ ʜʣʷ ʪʝʣʘ ʤʘʩʩʦʡ m, ʢʦʣʝʙʣʶʱʝʛʦʩʷ 
ʚʜʦʣʴ ʦʩʠ ʆʍ, ʚ ʧʨʦʝʢʮʠʠ ʥʘ ʵʪʫ ʦʩʴ ʧʨʠʤʝʪ ʚʠʜ: 

xx markx . (4.19) 

ʈʘʙʦʪʘ ʩʠʣ ʪʨʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʫʙʳʣʠ ʵʥʝʨʛʠʠ ʢʦʣʝʙʣʶʱʝʛʦʩʷ ʪʝʣʘ: 

dWdxFʪʨ . (4.20) 

ʋʨʘʚʥʝʥʠʝ (4.20) ʠʤʝʝʪ ʪʦʪ ʥʝʜʦʩʪʘʪʦʢ, ʯʪʦ ʥʝ ʩʦʜʝʨʞʠʪ ʚʨʝʤʝʥʠ, ʭʦʪʷ ʦʯʝ-
ʚʠʜʥʦ, ʯʪʦ ʫʙʳʣʴ ʵʥʝʨʛʠʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʚʨʝʤʝʥʠ. ɺʚʝʜʸʤ ʝʛʦ, ʚʳʨʘʟʠʚ ʙʝʩʢʦ-

ʥʝʯʥʦ ʤʘʣʦʝ ʧʨʠʨʘʱʝʥʠʝ ʢʦʦʨʜʠʥʘʪʳ ʠʟ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʝʢʮʠʠ ʩʢʦʨʦʩʪʠ: 

dtdx x . (4.21) 

ʊʦʛʜʘ, ʩ ʫʯʝʪʦʤ (4.18), ʠʟ ʚʳʨʘʞʝʥʠʷ (4.20) ʧʦʣʫʯʠʤ: 

dWdtr 2
. (4.22) 

ʆʧʳʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʟʘʪʫʭʘʥʠʝ ï ʫʙʳʣʴ ʵʥʝʨʛʠʠ ʢʦʣʝʙʣʶʱʝʛʦʩʷ ʪʝʣʘ ï ʟʘʚʠ-

ʩʠʪ ʦʪ ʝʛʦ ʤʘʩʩʳ. ɹʦʣʝʝ ʠʥʝʨʪʥʦʝ ʪʝʣʦ, ʪʦ ʝʩʪʴ ʪʝʣʦ ʩ ʙʦʣʴʰʝʡ ʤʘʩʩʦʡ ʜʦʣʴʰʝ ʦʩ-
ʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʵʥʝʨʛʠʷ ʝʛʦ ʫʙʳʚʘʝʪ ʤʝʜʣʝʥʥʦ. ɺʚʝʜʷ ʚ (4.22) ʤʘʩʩʫ, ʧʦʣʫʯʠʤ: 

dWdt
m

m

r

2

2 2

. (4.23) 

ʇʦʩʢʦʣʴʢʫ ʧʨʠ ʢʦʣʝʙʘʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜ-

ʩʪʘʚʣʝʥʘ ʢʘʢ ʜʚʝ ʢʠʥʝʪʠʯʝʩʢʠʭ, ʪʦ 

dWWdt
m

r
, (4.24) 

ʠ ʧʦʩʣʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0 ʜʦ t  ʠ ʦʪ Wo  ʜʦ W ʧʦʣʫʯʠʤ 

t
m

r

eWW 0 . (4.25) 
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ɿʘʤʝʥʠʚ ʧʦʣʥʫʶ ʵʥʝʨʛʠʶ ʧʦ (4.17) ʯʝʨʝʟ kA
2
/2, ʧʦʩʣʝ ʩʦʢʨʘʱʝʥʠʷ ʠ ʠʟʚʣʝʯʝʥʠʷ 

ʢʦʨʥʷ ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʘʤʧʣʠʪʫʜʳ 

ʟʘʪʫʭʘʶʱʠʭ ʢʦʣʝʙʘʥʠʡ: 

t
m

r

eAA 2
0

. (4.26) 

ɺʝʣʠʯʠʥʫ 
m

r

2
 ʥʘʟʳʚʘʶʪ ʢʦʵʬʬʠʮʠ-

ʝʥʪʦʤ ʟʘʪʫʭʘʥʠʷ.  

ʋʨʘʚʥʝʥʠʝ (4.26) ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ 
ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʫʙʳʚʘʝʪ, ʘʩʠʤʧʪʦ-

ʪʠʯʝʩʢʠ ʧʨʠʙʣʠʞʘʷʩʴ ʢ ʦʩʠ ʚʨʝʤʝʥʠ (ʨʠʩ. 
4.5). ʆʪʥʦʰʝʥʠʝ ʜʚʫʭ ʘʤʧʣʠʪʫʜ, ʚʟʷʪʳʭ 

ʯʝʨʝʟ ʧʝʨʠʦʜ, ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʜʝʢʨʝʤʝʥʪʘ 
ʟʘʪʫʭʘʥʠʷ. ʅʘʡʜʸʤ ʝʛʦ, ʟʘʧʠʩʘʚ ʟʥʘʯʝʥʠʷ 

ʘʤʧʣʠʪʫʜ: 
teAA 01
;    )(

02

TteAA . (4.27) 

ɺ ʧʨʠʚʝʜʸʥʥʳʭ ʚʳʰʝ ʫʨʘʚʥʝʥʠʷʭ ʠʥʜʝʢʩʦʤ ʥʦʣʴ ʧʦʤʝʯʝʥʘ ʘʤʧʣʠʪʫʜʘ ʥʘ ʤʦ-

ʤʝʥʪ ʥʘʯʘʣʘ ʢʦʣʝʙʘʥʠʡ. ʇʦʜʝʣʠʚ ʫʨʘʚʥʝʥʠʷ (4.27) ʦʜʥʦ ʥʘ ʜʨʫʛʦʝ, ʧʦʣʫʯʠʤ: 

Te
A

A

2

1 . (4.28) 

ʇʨʦʣʦʛʘʨʠʬʤʠʨʦʚʘʚ ʧʦʩʣʝʜʥʝʝ ʚʳʨʘʞʝʥʠʝ, ʥʘʡʜʸʤ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʡ ʜʝʢʨʝʤʝʥʪ 
ʟʘʪʫʭʘʥʠʷ: 

T
A

A

2

1ln . (4.29) 

ɺ ʫʨʘʚʥʝʥʠʠ (4.28) ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʝʢʨʝʤʝʥʪ ʟʘʪʫʭʘʥʠʷ, ʘ ʚ (4.29) ï ʝʛʦ ʣʦʛʘ-

ʨʠʬʤ  ("ʢʘʧʧʘ"). ʕʪʦʪ ʣʦʛʘʨʠʬʤ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʛʦ ʜʝʢʨʝʤʝʥʪʘ. 

ʆʥ ʩʚʷʟʘʥ ʩ ʧʝʨʠʦʜʦʤ ʢʦʣʝʙʘʥʠʷ ʯʝʨʝʟ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʪʫʭʘʥʠʷ ʠ ʷʚʣʷʝʪʩʷ ʭʘʨʘʢ-
ʪʝʨʠʩʪʠʢʦʡ ʟʘʪʫʭʘʶʱʝʛʦ ʢʦʣʝʙʘʥʠʷ, ʦʩʪʘʚʘʷʩʴ ʧʦʩʪʦʷʥʥʳʤ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʢʦʣʝ-

ʙʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ.  
ʇʦʜʚʦʜʷ ʠʪʦʛ, ʟʘʤʝʪʠʤ, ʯʪʦ ʫʨʘʚʥʝʥʠʝ ʟʘʪʫʭʘʶʱʠʭ ʢʦʣʝʙʘʥʠʡ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ 

ʧʨʠʚʳʯʥʦʤ ʜʣʷ ʥʘʩ ʚʠʜʝ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʩʤʝʱʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ x(t), ʥʦ 

ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʧʦ ʧʦʣʫʯʝʥʥʦʤʫ ʚʳʰʝ 
ʟʘʢʦʥʫ (4.26): 

)cos( 00 teAx t . (4.30) 

 

4.5. ɺʳʥʫʞʜʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ 

ʈʝʘʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʥʝʟʘʪʫʭʘʶʱʠʤʠ, ʝʩʣʠ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ 
ʧʦʪʝʨʠ, ʪʦ ʝʩʪʴ ʚ ʧʨʦʮʝʩʩʝ ʢʦʣʝʙʘʥʠʡ ʧʦʜʚʦʜʠʪʴ ʢ ʢʦʣʝʙʣʶʱʝʤʫʩʷ ʪʝʣʫ ʵʥʝʨʛʠʶ. 

ʕʪʦ ʤʦʞʥʦ ʜʝʣʘʪʴ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ. 
1) ʇʦʜʚʦʜʠʪʴ ʵʥʝʨʛʠʶ ʩ ʧʦʤʦʱʴʶ ʧʦʩʪʦʷʥʥʦʡ ʩʠʣʳ.  

 x 

ɸ1 

ɸ2 

t 
0 

ʈʠʩ. 4.5 
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ɺʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʵʪʦʤ  ʢʦʣʝʙʘʥʠʷ ʥʦʩʷʪ ʥʘʟʚʘʥʠʝ ʘʚʪʦʢʦʣʝʙʘʥʠʡ. ʊʘʢʠʤʠ 
ʙʫʜʫʪ, ʥʘʧʨʠʤʝʨ, ʢʦʣʝʙʘʥʠʷ ʩʢʨʠʧʠʯʥʦʡ ʩʪʨʫʥʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʤʳʯʢʘ, ʚʦʣʥʳ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʧʨʠ ʚʝʪʨʝ ʠ ʜʨ. ʇʨʠʤʝʨʘʤʠ ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʤʦʛʫʪ 
ʩʣʫʞʠʪʴ ʯʘʩʦʚʳʝ ʤʝʭʘʥʠʟʤʳ ʠ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʢʦʥʪʫʨʳ ʚ ʨʘʜʠʦʧʝʨʝʜʘʪʯʠʢʘʭ. ʆʩ-
ʥʦʚʥʦʡ ʟʘʢʦʥ ʜʠʥʘʤʠʢʠ ʚ ʩʣʫʯʘʝ ʦʜʥʦʤʝʨʥʳʭ ʘʚʪʦʢʦʣʝʙʘʥʠʡ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ 

ʚ ʚʠʜʝ: 

xx maFrkx ,  ʛʜʝ  F = const. (4.31) 

2) ʇʦʜʚʦʜʠʪʴ ʵʥʝʨʛʠʶ ʟʘ ʩʯʝʪ ʧʝʨʝʤʝʥʥʦʡ ʩʠʣʳ, ʢʦʪʦʨʘʷ ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʛʘʨ-
ʤʦʥʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ: 

tFF mx sin , (4.32) 

ʛʜʝ  Fm ð ʘʤʧʣʠʪʫʜʘ ʚʳʥʫʞʜʘʶʱʝʡ ʩʠʣʳ. 

ʋʨʘʚʥʝʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʯʘʩʪʦʪʘ ʠʟʤʝʥʝʥʠʷ ʚʳʥʫʞʜʘʶʱʝʡ ʩʠʣʳ ʝʩʪʴ . 

ʕʪʘ ʯʘʩʪʦʪʘ ʩʦʚʝʨʰʝʥʥʦ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʥʘ ʩʦʚʧʘʜʘʪʴ ʩ ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦ-

ʪʦʡ 0 ʢʦʣʝʙʘʥʠʡ ʩʠʩʪʝʤʳ. 

ʀʥʪʝʨʝʩʝʥ ʚʦʧʨʦʩ, ʧʨʠ ʢʘʢʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʤʝʞʜʫ   ʠ 0 ʢʦʣʝʙʘʥʠʷ ʙʫʜʫʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʩ ʥʘʠʙʦʣʴʰʝʡ ʘʤʧʣʠʪʫʜʦʡ. ɼʣʷ ʦʪʚʝʪʘ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ ʧʨʝʜʧʦʣʦʞʠʤ 
ʘʧʨʠʦʨʠ, ʯʪʦ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʡ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʣʳ ʪʝʣʦ ʙʫʜʝʪ ʢʦʣʝ-

ʙʘʪʴʩʷ ʥʝ ʩ ʯʘʩʪʦʪʦʡ 0 , ʘ ʩ ʯʘʩʪʦʪʦʡ ʚʳʥʫʞʜʘʶʱʝʡ ʩʠʣʳ ï , ʧʨʠʯʸʤ ʬʘʟʘ ʵʪʠʭ 

ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʦʪʩʪʘʸʪ ʦʪ ʬʘʟʳ ʚʳʥʫʞʜʘʶʱʝʡ ʩʠʣʳ ʥʘ 0: 

)sin( 0txx m . (4.33) 

ɼʠʥʘʤʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʧʨʦʝʢʮʠʠ ʥʘ ʦʩʴ, ʚʜʦʣʴ 

ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʷʪ ʢʦʣʝʙʘʥʠʷ, ʟʘʧʠʰʝʪʩʷ ʪʘʢ: 
ïkx ï rɡx + Fmsinɤt = max. (4.34) 

ɿʘʤʝʥʷʷ x ʧʦ (4.32), ʘ ʫʩʢʦʨʝʥʠʝ ʠ ʩʢʦʨʦʩʪʴ ï ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʨʦʠʟʚʦʜʥʤrʠ 
ʵʪʦʡ ʬʫʥʢʮʠʠ, ʧʦʣʫʯʠʤ: 

sinsincossin 2

mmmm xmtFxrkx  , (4.35) 

ʛʜʝ ʙʫʢʚʦʡ  = ( t ð 0) ʦʙʦʟʥʘʯʝʥʘ ʬʘʟʘ ʢʦʣʝʙʘʥʠʡ.  

ʆʩʪʘʚʣʷʷ ʚʳʥʫʞʜʘʶʱʫʶ ʩʠʣʫ ʚ ʣʝʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ ʠ ʧʝʨʝʥʦʩʷ ʚʩʸ ʦʩ-
ʪʘʣʴʥʦʝ ʚ ʧʨʘʚʫʶ ʯʘʩʪʴ, ʙʫʜʝʤ ʠʤʝʪʴ: 

sincossinsin 2

mmmm xmxrkxtF . (4.36) 

ʇʦʩʣʝʜʥʝʝ ʫʨʘʚʥʝʥʠʝ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʚʝʢʪʦʨʥʦʡ 
ʜʠʘʛʨʘʤʤʳ, ʫ ʢʦʪʦʨʦʡ ʦʧʦʨʥʘʷ ʦʩʴ ʩʦʚʧʘʜʘʝʪ ʩ ʚʳʥʫʞʜʘʶʱʝʡ ʩʠʣʦʡ.  

ʆʪʢʣʘʜʳʚʘʷ ʩʥʘʯʘʣʘ ʘʤʧʣʠʪʫʜʫ ʢʚʘʟʠʫʧʨʫʛʦʡ 
ʩʠʣʳ kxm, ʟʘʧʘʟʜʳʚʘʶʱʝʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʳ-

ʥʫʞʜʘʶʱʝʡ ʩʠʣʝ ʥʘ ʫʛʦʣ 0, ʟʘʪʝʤ ʘʤʧʣʠʪʫʜʫ 

ʩʠʣʳ ʪʨʝʥʠʷ (r m
2
xm), ʩʜʚʠʥʫʪʫʶ ʧʦ ʬʘʟʝ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ ʩʤʝʱʝʥʠʷ ʥʘ /2, ʠ, ʥʘʢʦʥʝʮ, ʘʤʧʣʠʪʫ-

ʜʫ ʧʨʦʠʟʚʝʜʝʥʠʷ ʤʘʩʩʳ ʥʘ ʫʩʢʦʨʝʥʠʝ (m
2
xm), 

ʢʦʪʦʨʘʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʘ ʩʤʝʱʝʥʠʶ, ʧʦʣʫʯʠʤ 
ʚʝʢʪʦʨʥʫʶ ʜʠʘʛʨʘʤʤʫ, ʥʘ ʢʦʪʦʨʦʡ ʠʟʦʙʨʘʞʝʥʳ 

ʯʝʪʳʨʝ ʚʝʢʪʦʨʘ (ʨʠʩ. 4.6).  
ʉʣʦʞʝʥʠʝ ʚʝʢʪʦʨʦʚ ʩʣʝʜʫʝʪ ʥʘʯʠʥʘʪʴ ʩ ʜʚʫʭ 
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ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʜʨʫʛ ʜʨʫʛʫ ʚʝʢʪʦʨʦʚ kxm ʠ 
mxm 2 . ʀʭ ʩʫʤʤʘ, ʥʘ ʚʝʢʪʦʨʥʦʡ 

ʜʠʘʛʨʘʤʤʝ, ʚʳʜʝʣʝʥʘ ʞʠʨʥʦʡ ʩʪʨʝʣʢʦʡ ʠ ʨʘʚʥʘ ʨʘʟʥʦʩʪʠ ʜʣʠʥ ʵʪʠʭ ʚʝʢʪʦʨʦʚ  

)( 22

0mmx . ɼʘʣʝʝ ʩʪʨʦʠʪʩʷ ʧʨʷʤʦʫʛʦʣʴʥʠʢ, ʜʠʘʛʦʥʘʣʴʶ ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ Fm , 

ʢʘʢ ʪʦʛʦ ʪʨʝʙʫʝʪ ʫʨʘʚʥʝʥʠʝ (4.36). ʇʦ ʪʝʦʨʝʤʝ ʇʠʬʘʛʦʨʘ  

2222

0

2 )()( mmm xrmxF , (4.37) 

ʦʪʢʫʜʘ ʤʦʞʥʦ ʥʘʡʪʠ  ʘʤʧʣʠʪʫʜʫ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ: 

22222

0

2 )( rm

F
x m

m
. (4.38) 

ʀʟ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʚʝʥʩʪʚʘ  ʩʣʝʜʫʝʪ, ʯʪʦ ʘʤʧʣʠʪʫʜʘ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʧʨʠ  = 0, ʪʦ ʝʩʪʴ ʢʦʛʜʘ ʯʘʩʪʦʪʘ ʚʳʥʫʞʜʘʶʱʝʡ ʩʠ-

ʣʳ ʨʘʚʥʘ ʯʘʩʪʦʪʝ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʠʩʪʝʤʳ.  
ʗʚʣʝʥʠʝ ʨʝʟʢʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʘʤʧʣʠ-

ʪʫʜʳ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʨʠ ʩʦʚ-
ʧʘʜʝʥʠʠ ʯʘʩʪʦʪ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʨʝʟʦʥʘʥ-

ʩʘ, ʘ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʘʤʧʣʠʪʫʜʳ 
ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʦʪ ʯʘʩʪʦʪʳ 

(ʨʠʩ. 4.7) ʥʘʟʳʚʘʝʪʩʷ ʨʝʟʦʥʘʥʩʥʦʡ ʢʨʠ-
ʚʦʡ. ʈʝʟʦʥʘʥʩʥʘʷ ʢʨʠʚʘʷ  ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʧʨʦʪʠʚ-
ʣʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʣʠʙʦ ʚʳʩʦʢʦʡ ʠ ʦʩʪ-

ʨʦʡ (ʧʨʠ ʤʘʣʦʤ ʟʘʪʫʭʘʥʠʠ), ʣʠʙʦ ʙʦʣʝʝ 
ʧʦʣʦʛʦʡ. 

 
4.6. ʉʣʦʞʝʥʠʝ ʢʦʣʝʙʘʥʠʡ 

ɺʦʧʨʦʩ ʦ ʭʘʨʘʢʪʝʨʝ ʜʚʠʞʝʥʠʷ ʪʝʣʘ, ʫʯʘʩʪʚʫʶʱʝʛʦ ʚ ʜʚʫʭ ʠ ʙʦʣʝʝ ʢʦʣʝʙʘʪʝʣʴ-
ʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʪʨʝʙʫʝʪ ʦʪʜʝʣʴʥʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʜʚʫʭ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥ-
ʥʳʭ ʩʣʫʯʘʝʚ: ʘ) ʩʣʦʞʝʥʠʝ ʦʜʠʥʘʢʦʚʦ ʥʘʧʨʘʚʣʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠ ʙ) ʩʣʦʞʝʥʠʝ ʚʟʘ-

ʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʢʦʣʝʙʘʥʠʡ. 

 ʉʣʦʞʝʥʠʝ ʦʜʠʥʘʢʦʚʦ ʥʘʧʨʘʚʣʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ.  

ɺ ʵʪʦʤ ʩʣʫʯʘʝ  ʦʙʘ ʢʦʣʝʙʘʥʠʷ ʥʘʧʨʘʚʣʝʥʳ ʚʜʦʣʴ ʦʜʥʦʡ ʦʩʠ, ʠ ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ 
ʩʤʝʱʝʥʠʝ  ʙʫʜʝʪ ʩʢʣʘʜʳʚʘʪʴʩʷ ʠʟ ʩʤʝʱʝʥʠʡ ʢʦʣʝʙʣʶʱʝʛʦʩʷ ʪʝʣʘ ʚ ʢʘʞʜʦʤ ʠʟ ʢʦ-

ʣʝʙʘʥʠʡ: 
x = x1 + x2. (4.39) 

ʉʣʦʞʠʪʴ ʜʚʘ ʢʦʣʝʙʘʥʠʷ ð ʟʥʘʯʠʪ ʥʘʡʪʠ ʟʘʚʠʩʠʤʦʩʪʴ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʩʤʝ-
ʱʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ, ʪʦ ʝʩʪʴ x(t). ɿʘʜʘʯʘ ʧʨʦʱʝ ʚʩʝʛʦ ʨʝʰʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʚʝʢʪʦʨ-

ʥʦʡ ʜʠʘʛʨʘʤʤʳ (ʩʤ. ʨʠʩ. 4.3), ʥʘ ʢʦʪʦʨʦʡ ʚ ʚʠʜʝ ʚʝʢʪʦʨʦʚ 1A
C

 ʠ 2A
C

 ʠʟʦʙʨʘʞʘʶʪʩʷ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʢʦʣʝʙʘʥʠʷ ʠ ʠʭ ʩʫʤʤʘ A
C

. 

ʅʘ ʨʠʩ. 4.8 ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʝʢʪʦʨʥʘʷ ʜʠʘʛʨʘʤʤʘ ʜʣʷ ʩʣʫʯʘʷ ʢʦʛʜʘ ʩʢʣʘʜʳʚʘʝʤʳʝ 

ʢʦʣʝʙʘʥʠʷ ʟʘʜʘʶʪʩʷ  ʫʨʘʚʥʝʥʠʷʤʠ 

)cos( 01111 tAx ; (4.40) 
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)cos( 02222 tAx . 

ɺʝʢʪʦʨ A
C

 ð ʜʠʘʛʦʥʘʣʴ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ ð  ʷʚʣʷʝʪʩʷ ʩʫʤʤʦʡ ʚʝʢʪʦʨʦʚ 
1A
C

 ʠ 

2A
C
, ʠ ʝʛʦ ʤʦʜʫʣʴ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʥʦʩʪʠ ʬʘʟ ʩʢʣʘʜʳ-

ʚʘʝʤʳʭ ʢʦʣʝʙʘʥʠʡ  

)()( 01021212 t . (4.41) 

ʆʯʝʚʠʜʥʦ ʯʪʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʢʦʛʜʘ ʯʘʩʪʦʪʳ 

ʢʦʣʝʙʘʥʠʡ 1 ʠ 2 ʥʝ ʨʘʚʥʳ ʜʨʫʛ ʜʨʫʛʫ ʫʛʦʣ  ʥʝ 

ʩʦʭʨʘʥʷʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʧʦʩʢʦʣʴʢʫ ʩ ʪʝʯʝʥʠʝʤ 

ʚʨʝʤʝʥʠ ʚʝʢʪʦʨʳ ʘʤʧʣʠʪʫʜ ʧʦʚʦʨʘʯʠʚʘʶʪʩʷ ʢʘʞ-
ʜʳʡ ʩʦ ʩʚʦʝʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ: 

0111 t ;           0222 t . (4.42) 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʫʤʤʘʨʥʘʷ ʘʤʧʣʠʪʫʜʘ  ɸ  ʙʫʜʝʪ 

ʠʟʤʝʥʷʪʴʩʷ ʩʦ ʚʨʝʤʝʥʝʤ ʦʪ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ  
(A2 ð A1)  ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ (ɸ2 + ɸ1) ʩ 

ʯʘʩʪʦʪʦʡ  = 1 ð 2 ,  ʪʦ ʝʩʪʴ ʢʦʣʝʙʘʥʠʷ ʙʫʜʫʪ 

ʥʝʛʘʨʤʦʥʠʯʝʩʢʠʤʠ. 

ɽʩʣʠ ʞʝ ʯʘʩʪʦʪʳ ʩʢʣʘʜʳʚʘʝʤʳʭ ʢʦʣʝʙʘʥʠʡ ʦʜʠʥʘʢʦʚʳ (1 = 2 = )  ʨʘʟʥʦʩʪʴ 

ʬʘʟ   ʙʫʜʝʪ ʧʦʩʪʦʷʥʥʘ ʠ ʨʘʚʥʘ ʨʘʟʥʦʩʪʠ ʥʘʯʘʣʥɹʳʭ ʬʘʟ: 

. (4.43) 

ɸʤʧʣʠʪʫʜʘ ʩʫʤʤʘʨʥʦʛʦ ʢʦʣʝʙʘʥʠʷ ʪʦʛʜʘ ʦʩʪʘʸʪʩʷ ʧʦʩʪʦʷʥʥʦʡ. ʉʢʣʘʜʳʚʘʝʤʳʝ 

ʢʦʣʝʙʘʥʠʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʟʳʚʘʶʪ ʢʦʛʝʨʝʥʪʥʳʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʛʝʨʝʥʪʥʳʝ 
ʢʦʣʝʙʘʥʠʷ ð ʵʪʦ ʢʦʣʝʙʘʥʠʷ ʩ ʧʦʩʪʦʷʥʥʦʡ, ʥʝ ʠʟʤʝʥʷʶʱʝʡʩʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ, 

ʨʘʟʥʦʩʪʴʶ ʬʘʟ. ɺʝʣʠʯʠʥʫ ʘʤʧʣʠʪʫʜʳ ɸ ʨʝʟʫʣʴʪʠʨʫʶʱʠʭ ʢʦʣʝʙʘʥʠʡ (ʩʤ. ʨʠʩ. 4.8) 
ʤʦʞʥʦ ʥʘʡʪʠ ʧʦ ʪʝʦʨʝʤʝ ʢʦʩʠʥʫʩʦʚ: 

. (4.44) 

ɺʪʦʨʦʡ ʧʘʨʘʤʝʪʨ ð ʮʠʢʣʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ  ð ʜʣʷ ʩʣʫʯʘʷ ʢʦʛʝʨʝʥʪʥʳʭ ʢʦʣʝ-

ʙʘʥʠʡ ʨʘʚʥʘ ʯʘʩʪʦʪʝ ʩʢʣʘʜʳʚʘʝʤʳʭ ʢʦʣʝʙʘʥʠʡ: ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʥʘ ʚʝʢʪʦʨʥʦʡ ʜʠʘ-

ʛʨʘʤʤʝ ʧʨʠ ʚʨʘʱʝʥʠʠ ʚʝʢʪʦʨʦʚ ɸ1 ʠ ɸ2 ʩʦ ʩʢʦʨʦʩʪʴʶ  ʩ ʪʘʢʦʡ ʞʝ ʩʢʦʨʦʩʪʴʶ ʙʫ-

ʜʝʪ ʚʨʘʱʘʪʴʩʷ ʠ ʚʝʢʪʦʨ ʩʫʤʤʘʨʥʦʡ ʘʤʧʣʠʪʫʜʳ ʪ.ʝ. ʧʘʨʘʣʣʝʣʦʛʨʘʤʤ ʚ ʮʝʣʦʤ. 

ʅʘʧʦʤʥʠʤ ʯʪʦ ʜʣʷ ʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʥʘ ʜʠʘʛʨʘʤʤʝ ʦʪʢʣʘʜʳʚʘʶʪʩʷ ʥʝ ʪʝʢʫʱʠʝ 

ʬʘʟʳ 1 ʠ  2  ʘ ʣʠʰʴ ʥʘʯʘʣʴʥʳʝ ʬʘʟʳ. ʇʦʵʪʦʤʫ ʫʛʦʣ 0 ð ʤʝʞʜʫ ʩʫʤʤʘʨʥʦʡ ʘʤ-

ʧʣʠʪʫʜʦʡ ʠ ʦʧʦʨʥʦʡ ʦʩʴʶ ð ʝʩʪʴ ʥʘʯʘʣʴʥʘʷ ʬʘʟʘ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʢʦʣʝʙʘʥʠʷ. 

ʊʘʥʛʝʥʩ ʵʪʦʛʦ ʫʛʣʘ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥ ʠʟ ʪʨʝʫʛʦʣʴʥʠʢʘ ʆɺʉ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʝʛʦ 
ʢʘʪʝʪʦʚ: 

. (4.45) 

ʃʝʛʢʦ ʚʠʜʝʪʴ (ʩʤ. ʨʠʩ. 4.8), ʯʪʦ ʜʣʠʥʳ ʢʘʪʝʪʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʘʤʧʣʠʪʫʜʘʤʠ ʠ 

ʥʘʯʘʣʴʥʳʤʠ ʬʘʟʘʤʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʣʝʙʘʥʠʡ:   BC = A1sin 01 + A2sin 02;  

ʆC = A1cos 01 + A2cos 02. 

  ʈʠʩ. 4.8 
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