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ɺʚʝʜʝʥʠʝ 

 
                                               ɻʣʘʚʥʦʝ ʚ ʬʠʟʠʢʝ ï 

                                                          ɻʪʦ ʫʤʝʥʠʝ ʧʨʝʥʝʙʨʝʛʘʪʴ. 
                                ʃ. ɼ. ʃʘʥʜʘʫ 

 

ɿʘʢʦʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʘʩʪʠʮ ʧʦʩʪʦʷʥʥʦ ʥʘʭʦʜʷʪʩʷ ʚ 

ʮʝʥʪʨʝ ʚʥʠʤʘʥʠʷ ʬʠʟʠʢʦʚ. ɺʳʷʩʥʝʥʠʝ ʧʨʠʨʦʜʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʦʙʲʝʜʠʥʝʥʠʝ ʠʟʚʝʩʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ 

ʨʘʤʢʘʭ ʦʜʥʦʡ ʪʝʦʨʠʠ, ʧʦʠʩʢʠ ʥʦʚʳʭ ʚʠʜʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ï 

ʦʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʠ ʬʠʟʠʢʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ, ʠ ʬʠʟʠʢʠ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ɺ ʬʠʟʠʢʝ ʤʘʢʨʦʩʠʩʪʝʤ ʵʪʘ ʟʘʜʘʯʘ 

ʧʦʣʫʯʠʣʘ ʥʘʟʚʘʥʠʝ ʧʨʦʙʣʝʤʘ ʤʥʦʛʠʭ ʪʝʣ. ʉʢʦʣʴʢʦ ʞʝ ʜʦʣʞʥʦ 

ʙʳʪʴ ʪʝʣ ʚ ʩʠʩʪʝʤʝ, ʯʪʦʙʳ ʚʦʟʥʠʢʣʘ ʧʨʦʙʣʝʤʘ? ʅʘ ɻʪʦʪ ʚʦʧʨʦʩ 

ʤʳ ʥʘʭʦʜʠʤ ʦʪʚʝʪ ʚ ʢʥʠʛʝ ʄʘʪʪʫʢʘ [1], ʧʦʩʚʷʱʝʥʥʦʡ ʤʝʪʦʜʫ 

ʬʫʥʢʮʠʡ ɻʨʠʥʘ ʚ ʪʝʦʨʠʠ ʤʥʦʛʠʭ ʪʝʣ: çɼʣʷ ʥʴʶʪʦʥʦʚʩʢʦʡ 

ʤʝʭʘʥʠʢʠ XVIII  ʚʝʢʘ ʟʘʜʘʯʘ ʪʨʝʭ ʪʝʣ ʙʳʣʘ ʥʝʨʘʟʨʝʰʠʤʦʡ. ʉ 

ʨʦʞʜʝʥʠʝʤ  ʦʙʱʝʡ  ʪʝʦʨʠʠ  ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ (ʛʜʝ-ʪʦ ʦʢʦʣʦ 

1910 ʛ.) ʠ ʢʚʘʥʪʦʚʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ (1930 ʛ.) ʩʪʘʣʠ 

ʥʝʨʘʟʨʝʰʠʤʳʤʠ ʟʘʜʘʯʠ ʜʚʫʭ ʠ ʦʜʥʦʛʦ ʪʝʣʘ. ɺ ʩʦʚʨʝʤʝʥʥʦʡ 

ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ ʧʦʣʷ ʥʝʨʘʟʨʝʰʠʤʦʡ ʦʢʘʟʳʚʘʝʪʩʷ ʟʘʜʘʯʘ ʥʫʣʷ 

ʪʝʣ (ʚʘʢʫʫʤ). ʊʘʢ ʯʪʦ ʝʩʣʠ ʤʳ ʠʥʪʝʨʝʩʫʝʤʩʷ ʪʦʯʥʳʤʠ 

ʨʝʰʝʥʠʷʤʠ, ʪʦ ʥʠ ʦʜʥʦʛʦ ʪʝʣʘ ï ʵʪʦ ʫʞʝ ʩʣʠʰʢʦʤ ʤʥʦʛʦè. ʂ 

ʩʦʞʘʣʝʥʠʶ, ʪʦʯʥʦ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʢʝ 

ʥʝʤʥʦʛʦ. ʇʨʠ ʠʟʫʯʝʥʠʠ ʤʘʢʨʦʩʠʩʪʝʤ ʧʨʠʭʦʜʠʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʨʘʩʩʤʦʪʨʝʥʳ ʚ 

ʵʪʦʤ ʧʦʩʦʙʠʠ. 

ʆʙʲʝʢʪʦʤ ʠʟʫʯʝʥʠʷ ʚ ʧʨʝʜʣʘʛʘʝʤʦʤ ʧʦʩʦʙʠʠ ʷʚʣʷʝʪʩʷ 

ʩʠʩʪʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʵʣʝʢʪʨʦʥʦʚ, ʜʚʠʞʫʱʠʭʩʷ ʥʘ ʬʦʥʝ 

ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʠʦʥʦʚ, ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʟʘʨʷʜ 

ʵʣʝʢʪʨʦʥʦʚ. ʕʪʘ ʩʠʩʪʝʤʘ ï  ʧʨʦʩʪʝʡʰʘʷ ʤʦʜʝʣʴ ʤʝʪʘʣʣʘ. ʆʥʘ  

ʥʘʟʳʚʘʝʪʩʷ ʤʦʜʝʣʴʶ ʞʝʣʝ. ɺ ʵʪʦʡ ʤʦʜʝʣʠ ʚʦʟʙʫʞʜʝʥʠʷ ʠʦʥʦʚ 



 

5 

 

ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ. ɿʘʤʝʪʥʳʡ ʧʨʦʛʨʝʩʩ ʧʨʠ ʠʟʫʯʝʥʠʠ ʪʘʢʦʡ 

ʩʠʩʪʝʤʳ ʦʙʫʩʣʦʚʣʝʥ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʢʚʘʥʪʦʚʦʡ 

ʪʝʦʨʠʠ ʧʦʣʷ ï ʬʫʥʢʮʠʡ ɻʨʠʥʘ ʠ ʜʠʘʛʨʘʤʤ ʌʝʡʥʤʘʥʘ, 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʝʪʦʜʦʚ. ʕʪʠʤʠ ʤʝʪʦʜʘʤʠ ʫʜʘʣʦʩʴ 

ʦʙʦʩʥʦʚʘʪʴ ʢʦʥʮʝʧʮʠʶ ʢʚʘʟʠʯʘʩʪʠʮ ʚ ʤʝʪʘʣʣʘʭ ʠ ʜʨʫʛʠʭ 

ʩʠʩʪʝʤʘʭ, ʢʦʪʦʨʘʷ ʚʦʟʥʠʢʣʘ ʜʘʚʥʦ. 

ʂʘʞʜʳʡ ʵʣʝʢʪʨʦʥ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʤʝʪʘʣʣʝ ʦʪʪʘʣʢʠʚʘʝʪ 

ʜʨʫʛʠʝ ʵʣʝʢʪʨʦʥʳ ʠ ʦʢʘʟʳʚʘʝʪʩʷ ʦʢʨʫʞʝʥʥʳʤ ʦʙʣʘʢʦʤ, 

çʰʫʙʦʡè ʧʦʣʞʠʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʠʦʥʦʚ. ʕʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ï 

ʨʝʘʣʴʥʘʷ ʯʘʩʪʠʮʘ ʧʣʶʩ ʦʙʣʘʢʦ ʜʨʫʛʠʭ ʯʘʩʪʠʮ ʥʘʟʳʚʘʝʪʩʷ 

ʢʚʘʟʠʯʘʩʪʠʮʝʡ. ɽʩʣʠ ʢʚʘʟʠʯʘʩʪʠʮ ʤʘʣʦ, ʠʭ çʰʫʙʳè ʥʝ 

ʧʝʨʝʢʨʳʚʘʶʪʩʷ, ʢʚʘʟʠʯʘʩʪʠʮʳ ʫʩʪʦʡʯʠʚʳ ʠ ʥʝ ʪʝʨʷʶʪ ʩʚʦʝʡ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʠ. ɺʣʠʷʥʠʝ ʦʙʣʘʢʘ ʥʘ ʯʘʩʪʠʮʫ ʧʨʠʚʦʜʠʪ ʢ 

ʪʦʤʫ, ʯʪʦ ʤʘʩʩʘ ʢʚʘʟʠʯʘʩʪʠʮʳ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʤʘʩʩʳ çʛʦʣʦʡè 

ʯʘʩʪʠʮʳ. ʇʦʷʚʣʷʝʪʩʷ ʧʦʥʷʪʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʤʘʩʩʳ. 

ʂʚʘʟʠʯʘʩʪʠʮʘ ʦʙʣʘʜʘʝʪ ʥʦʚʳʤ ʟʘʢʦʥʦʤ ʜʠʩʧʝʨʩʠʠ ï 

ʟʘʚʠʩʠʤʦʩʪʴʶ ʝʝ ʵʥʝʨʛʠʠ e ʦʪ ʠʤʧʫʣʴʩʘ p. ʉ ʨʦʩʪʦʤ 

ʧʣʦʪʥʦʩʪʠ ʛʘʟʘ ʵʣʝʢʪʨʦʥʦʚ çʰʫʙʳè ʥʘʯʠʥʘʶʪ ʧʝʨʝʢʨʳʚʘʪʴʩʷ, 

ʢʚʘʟʠʯʘʩʪʠʮʳ ʩʪʘʣʢʠʚʘʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʢʚʘʟʠʯʘʩʪʠʮʘ ʩʫʱʝʩʪʚʫʝʪ ʦʛʨʘʥʠʯʝʥʥʦʝ ʚʨʝʤʷ pt . ʕʪʦ ʩʨʝʜʥʝʝ 

ʚʨʝʤʷ ʝʝ ʞʠʟʥʠ ʚ ʩʦʩʪʦʷʥʠʠ ʩ ʠʤʧʫʣʴʩʦʤ p, ʧʦʢʘ 

ʩʪʦʣʢʥʦʚʝʥʠʷ ʩ ʜʨʫʛʠʤʠ ʢʚʘʟʠʯʘʩʪʠʮʘʤʠ ʥʝ ʚʳʙʨʦʩʷʪ ʝʝ ʠʟ 

ʵʪʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʕʥʝʨʛʠʷ ʢʚʘʟʠʯʘʩʪʠʮʳ ʩʪʘʥʦʚʠʪʩʷ 

ʢʦʤʧʣʝʢʩʥʦʡ: () () ()ip p pe e g¡ = - , ʛʜʝ ()pe  ï ʩʧʝʢʪʨ 

ʢʚʘʟʠʯʘʩʪʠʮ,r g
t

=  ï ʜʝʢʨʝʤʝʥʪ ʟʘʪʫʭʘʥʠʷ. ʏʪʦʙʳ 

ʢʦʥʮʝʧʮʠʷ ʢʚʘʟʠʯʘʩʪʠʮ ʙʳʣʘ ʧʨʠʛʦʜʥʦʡ, ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ 

ʥʝʨʘʚʝʥʩʪʚʦ g e. ʇʦʥʷʪʠʝ ʢʚʘʟʠʯʘʩʪʠʮʳ ʧʨʠʤʝʥʠʤʦ, ʝʩʣʠ ʠʭ 

ʯʠʩʣʦ ʤʘʣʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʠʩʣʦʤ ʯʘʩʪʠʮ ʚ ʩʠʩʪʝʤʝ, ʪ. ʝ. 

ʚʦʟʙʫʞʜʝʥʠʝ ʩʠʩʪʝʤʳ ʩʣʘʙʦʝ. 

ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʚ ʵʪʦʤ ʧʦʩʦʙʠʠ ʫʜʝʣʷʝʪʩʷ 

ʢʚʘʟʠʯʘʩʪʠʮʘʤ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʛʘʟʝ ʤʘʣʦʡ ʠ ʙʦʣʴʰʦʡ ʧʣʦʪʥʦʩʪʠ. 

ʀʟ ʚʝʣʠʯʠʥ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʩʠʩʪʝʤʫ ʯʘʩʪʠʮ ʩ ʢʦʥʝʯʥʳʤ 
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ʨʘʜʠʫʩʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʤʦʞʥʦ ʩʦʩʪʘʚʠʪʴ ʦʪʥʦʰʝʥʠʝ 

ʩʨʝʜʥʝʡ ʵʥʝʨʛʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʘʨʳ ʯʘʩʪʠʮ 0U  ʢ ʠʭ ʩʨʝʜʥʝʡ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ï ʧʘʨʘʤʝʪʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 
2
0 0

2
mr U

a=  ( m  ï ʤʘʩʩʘ ʯʘʩʪʠʮʳ, 0r  ï ʨʘʜʠʫʩ ʤʝʞʯʘʩʪʠʯʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ), ʦʪʥʦʰʝʥʠʝ 0r  ʢ ʩʨʝʜʥʝʤʫ ʨʘʩʩʪʦʷʥʠʶ ʤʝʞʜʫ 

ʯʘʩʪʠʮʘʤʠ 
1
3n

-
 ( n  ï ʧʣʦʪʥʦʩʪʴ ʛʘʟʘ) ï ʧʘʨʘʤʝʪʨ ʩʞʘʪʦʩʪʠ 

1
3

0r nh= . ɺ ʪʝʦʨʠʠ ʩʠʩʪʝʤ ʩ ʜʘʣʴʥʦʜʝʡʩʪʚʫʶʱʠʤ ʢʫʣʦʥʦʚʩʢʠʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʚʚʦʜʠʪʩʷ ʙʝʟʨʘʟʤʝʨʥʳʡ ʧʘʨʘʤʝʪʨ 
2

0

e
u
, ʛʜʝ 

e ï ʟʘʨʷʜ ʵʣʝʢʪʨʦʥʘ, 0u  ï ʭʘʨʘʢʪʝʨʥʘʷ ʩʢʦʨʦʩʪʴ ʵʣʝʢʪʨʦʥʦʚ ʚ 

ʛʘʟʝ. ʕʣʝʢʪʨʦʥʥʳʡ ʛʘʟ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʘʢʞʝ ʙʝʟʨʘʟʤʝʨʥʳʤ 

ʧʘʨʘʤʝʪʨʦʤ sr , ʢʦʪʦʨʳʡ ʨʘʚʝʥ ʦʪʥʦʰʝʥʠʶ ʩʨʝʜʥʝʛʦ ʨʘʩʩʪʦʷʥʠʷ 

ʤʝʞʜʫ ʵʣʝʢʪʨʦʥʘʤʠ ʢ ʙʦʨʦʚʩʢʦʤʫ ʨʘʜʠʫʩʫ 
2

2me
: 

1 2 13
3

2

3

4
s

me
r n

p

-å õ
=æ ö
ç ÷

.           (0)       

ɽʩʣʠ 1sr <<, ʤʳ ʠʤʝʝʤ ʜʝʣʦ ʩ ʵʣʝʢʪʨʦʥʥʳʤ ʛʘʟʦʤ ʙʦʣʴʰʦʡ 

ʧʣʦʪʥʦʩʪʠ. ɽʩʣʠ ʞʝ 1sr >>, ʛʘʟ ʦʙʣʘʜʘʝʪ ʤʘʣʦʡ ʧʣʦʪʥʦʩʪʴʶ. 

ʕʪʠ ʧʨʝʜʝʣʴʥʳʝ ʩʣʫʯʘʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʧʦʩʦʙʠʠ. 

ʀʥʪʝʨʝʩʥʘʷ ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʦʙʣʘʩʪʴ 2 5sr = - ʜʦ ʩʠʭ ʧʦʨ 

ʜʝʪʘʣʴʥʦ ʥʝ ʠʟʫʯʝʥʘ. ʇʦ ʤʥʝʥʠʶ ʄʦʥʪʨʦʣʣʘ [1] çé ʟʜʝʩʴ 

ʬʠʟʠʢ ʧʦʜʦʙʝʥ ʤʳʰʠ, ʦʪʢʫʩʳʚʘʶʱʝʡ ʤʘʣʝʥʴʢʠʝ ʢʫʩʦʯʢʠ ʦʪ 

ʢʨʘʷ ʯʝʨʩʪʚʦʛʦ ʢʫʩʢʘ ʩʳʨʘ ʠ ʥʝ ʠʤʝʶʱʝʡ ʚʦʟʤʦʞʥʦʩʪʠ 

ʜʦʙʨʘʪʴʩʷ ʜʦ ʩʚʝʞʝʡ ʝʛʦ ʩʝʨʜʮʝʚʠʥʳè. 

 ʄʝʪʦʜʫ ʢʚʘʥʪʦʚʳʭ ʬʫʥʢʮʠʡ ɻʨʠʥʘ ʚ ʪʝʦʨʠʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʵʣʝʢʪʨʦʥʦʚ ʧʦʩʚʷʱʝʥʘ ʦʙʰʠʨʥʘʷ 

ʣʠʪʝʨʘʪʫʨʘ [1-15]. ʎʠʪʠʨʦʚʘʥʥʳʝ ʚ ʵʪʦʤ ʧʦʩʦʙʠʠ ʤʦʥʦʛʨʘʬʠʠ 

ʘʜʨʝʩʦʚʘʥʳ, ʚ ʦʩʥʦʚʥʦʤ, ʩʧʝʮʠʘʣʠʩʪʘʤ. ɺ ʧʨʝʜʣʘʛʘʝʤʦʤ 
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ʧʦʩʦʙʠʠ ʘʚʪʦʨʳ ʜʝʣʘʶʪ ʧʦʧʳʪʢʫ ʠʟʣʦʞʠʪʴ ʩʣʦʞʥʳʡ ʤʘʪʝʨʠʘʣ 

ʜʦʩʪʫʧʥʳʤ ʩʧʦʩʦʙʦʤ, ʧʦʚʳʩʠʪʴ ʠʥʪʝʨʝʩ ʫʯʘʱʠʭʩʷ ʢ ʵʪʦʡ 

ʘʢʪʫʘʣʴʥʦʡ ʪʝʤʘʪʠʢʝ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʦʜʥʘʢʦ, ʯʪʦ ʯʠʪʘʪʝʣʴ 

ʟʥʘʢʦʤ ʩ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʦʡ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʬʠʟʠʢʦʡ, 

ʟʥʘʢʦʤ ʩ ʬʫʥʢʮʠʷʤʠ ɻʨʠʥʘ ʠ ʜʠʘʛʨʘʤʤʘʤʠ ʌʝʡʥʤʘʥʘ ʚ 

ʤʠʥʠʤʘʣʴʥʦʤ ʦʙʲʝʤʝ, ʩʦʜʝʨʞʘʱʝʤʩʷ ʚ ʥʘʰʠʭ ʧʦʩʦʙʠʷʭ 

[16,17]. ɺ ʢʦʥʮʝ ʢʘʞʜʦʛʦ ʨʘʟʜʝʣʘ ʧʨʠʚʝʜʝʥʳ ʟʘʜʘʯʠ. ʄʳ 

ʥʘʜʝʝʤʩʷ, ʯʪʦ ʦʥʠ ʙʫʜʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʙʦʣʝʝ ʘʢʪʠʚʥʦʤʫ 

ʫʩʚʦʝʥʠʶ ʤʘʪʝʨʠʘʣʘ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʪʝʤʳ ʢʫʨʩʦʚʳʭ ʠ ʜʠʧʣʦʤʥʳʭ ʨʘʙʦʪ 

ʩʪʫʜʝʥʪʦʚ. ʇʦʩʦʙʠʝ ʘʜʨʝʩʦʚʘʥʦ ʩʪʫʜʝʥʪʘʤ, ʥʫʞʜʘʶʱʠʤʩʷ ʚ 

ʧʫʪʝʚʦʜʠʪʝʣʝ ʧʦ ʣʠʪʝʨʘʪʫʨʝ, ʘʩʧʠʨʘʥʪʘʤ, ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ ʠ 

ʥʘʫʯʥʳʤ ʩʦʪʨʫʜʥʠʢʘʤ ʬʠʟʠʯʝʩʢʠʭ, ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʠ 

ʨʘʜʠʦʬʠʟʠʯʝʩʢʠʭ ʬʘʢʫʣʴʪʝʪʦʚ ʫʥʠʚʝʨʩʠʪʝʪʦʚ, ʞʝʣʘʶʱʠʭ 

ʧʦʧʦʣʥʠʪʴ ʩʚʦʠ ʟʥʘʥʠʷ ʚ ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʦʙʣʘʩʪʠ ʬʠʟʠʢʠ. 
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1. ʌʫʥʢʮʠʠ ɻʨʠʥʘ 
 

ɺ ʥʝʙʦʣʴʰʦʤ ʧʦʩʦʙʠʠ, ʧʦʩʚʷʱʝʥʥʦʤ ʤʝʪʦʜʫ ʬʫʥʢʮʠʡ 

ɻʨʠʥʘ ʚ ʪʝʦʨʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʵʣʝʢʪʨʦʥʦʚ, ʧʦʜʨʦʙʥʦ 

ʠʟʣʦʞʠʪʴ ʵʪʦʪ ʤʝʪʦʜ ʥʝʚʦʟʤʦʞʥʦ. ʇʦʵʪʦʤʫ ʚ ʵʪʦʤ ʨʘʟʜʝʣʝ ʤʳ 

ʢʦʨʦʪʢʦ ʦʩʪʘʥʦʚʠʤʩʷ ʥʘ ʪʝʭ ʧʦʥʷʪʠʷʭ ʪʝʦʨʠʠ, ʢʦʪʦʨʳʤ ʚ 

ʧʦʩʦʙʠʷʭ [16,17] ʫʜʝʣʝʥʦ ʩʣʠʰʢʦʤ ʤʘʣʦ ʚʥʠʤʘʥʠʷ. ɼʝʪʘʣʴʥʦʝ 

ʦʧʠʩʘʥʠʝ ʤʝʪʦʜʘ ʬʫʥʢʮʠʡ ɻʨʠʥʘ ʚ ʪʝʦʨʠʠ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʩʦʜʝʨʞʠʪʩʷ ʚ ʮʠʪʠʨʦʚʘʥʥʦʡ ʚʳʰʝ ʣʠʪʝʨʘʪʫʨʝ. 

ʈʷʜ ʚʝʣʠʯʠʥ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʛʘʟ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ 

ʵʣʝʢʪʨʦʥʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ  ʤʘʢʨʦʩʠʩʪʝʤʝ, ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ 

ʧʨʠ ʧʦʤʦʱʠ ʬʫʥʢʮʠʡ ɻʨʠʥʘ ʧʨʠ ʥʫʣʝʚʦʡ ʪʝʤʧʝʨʘʪʫʨʝ [1-15]. 

ʆʜʥʦʯʘʩʪʠʯʥʘʷ ʧʨʠʯʠʥʥʘʷ ʬʫʥʢʮʠʷ ɻʨʠʥʘ G  ʚ ʢʦʦʨʜʠʥʘʪʥʦʤ 

ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʘʣʴʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ [2,3]: 

 

         ( ) () ( )
1 2 1 21 2 0 1 2 0Ĕ Ĕi , tG x x T x xaa a ay y y y+è ø=

ê ú
,             (1.1) 

 

ʛʜʝ ( ),x r t=  ï ʢʦʦʨʜʠʥʘʪʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʪʦʯʢʠ, 

a ï ʩʧʠʥʦʚʘʷ ʧʝʨʝʤʝʥʥʘʷ ʵʣʝʢʪʨʦʥʘ, ( )Ĕ ,r tay  ʠ ( )Ĕ ,r tay
+  ï 

ʛʝʡʟʝʥʙʝʨʛʦʚʩʢʠʝ ʧʦʣʝʚʳʝ ʦʧʝʨʘʪʦʨʳ, 0y  ï ʢʝʪ-ʚʝʢʪʦʨ 

ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ, tT  ï ʦʧʝʨʘʪʦʨ ʭʨʦʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʫʧʦʨʷʜʦʯʝʥʠʷ. ɺ ʦʜʥʦʨʦʜʥʦʡ ʥʝʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʝ ʬʫʥʢʮʠʷ 

(1.1) ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʥʦʩʪʠ 1 2x x x= -  ʠ ʠʟʦʙʨʘʞʘʝʪʩʷ 

ʜʠʘʛʦʥʘʣʴʥʦʡ ʤʘʪʨʠʮʝʡ 2 2³  ʚ ʩʧʠʥʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ: 

1 2 1 2
G Gaa aad= . ʉʦʚʝʨʰʘʷ ʬʫʨʴʝ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʦʣʝʚʳʭ 

ʦʧʝʨʘʪʦʨʦʚ, ʧʦʣʫʯʘʝʤ 

 

         Ĕ Ĕ Ĕ ĔĔ Ĕ,u uy u y u+ + += + = +,           

ʛʜʝ 
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()

()

()

()

0

0

0

0

1 i
Ĕ Ĕexp ,

1 i
Ĕ Ĕexp ,

1 i
Ĕ Ĕexp ,

1 i
Ĕ Ĕexp .

p

p p

p

p p

p

p p

p

p p

u r a pr
V

u r a pr
V

r a pr
V

r a pr
V

u

u

>

+ +

>

+

<

+

<

å õ
= æ ö

ç ÷

å õ
= -æ ö

ç ÷

å õ
= -æ ö

ç ÷

å õ
= æ ö

ç ÷

ä

ä

ä

ä

 

ɿʜʝʩʴ Ĕpa  ʠ Ĕpa+ ï ʦʧʝʨʘʪʦʨʳ ʫʥʠʯʪʦʞʝʥʠʷ ʠ ʨʦʞʜʝʥʠʷ 

ʵʣʝʢʪʨʦʥʦʚ ʩ ʠʤʧʫʣʴʩʦʤ p , 0p  ï ʠʤʧʫʣʴʩ ʌʝʨʤʠ, V  ï ʦʙʲʝʤ 

ʩʠʩʪʝʤʳ, u  ʠ u+ ï ʦʧʝʨʘʪʦʨʳ ʫʥʠʯʪʦʞʝʥʠʷ ʠ ʨʦʞʜʝʥʠʷ ʯʘʩʪʠʮ 

ʚʳʰʝ ʛʨʘʥʠʮʳ ʌʝʨʤʠ, u ʠ u+ ï ʦʧʝʨʘʪʦʨʳ ʫʥʠʯʪʦʞʝʥʠʷ ʠ 

ʨʦʞʜʝʥʠʷ ʜʳʨʦʢ ʥʠʞʝ ʵʪʦʡ ʛʨʘʥʠʮʳ. ʇʦʜʩʪʘʚʣʷʷ ʬʫʨʴʝ-

ʨʘʟʣʦʞʝʥʠʝ ʧʦʣʝʚʳʭ ʦʧʝʨʘʪʦʨʦʚ ʚ (1.1), ʧʦʣʫʯʘʝʤ ʬʫʥʢʮʠʶ 

ɻʨʠʥʘ ʚ ʠʤʧʫʣʴʩʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ: 

               ( ) () ()
1 21 2 0 0Ĕ Ĕi , , 0t p pG p p t T a t ay y+è ø=

ê ú
.      (1.2) 

 ʀʩʧʦʣʴʟʫʷ ʬʦʨʤʘʣʴʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ (1.1) ʠ (1.2), ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʚʩʝ  ʩʚʦʡʩʪʚʘ ʬʫʥʢʮʠʠ ɻʨʠʥʘ, ʩʚʷʟʘʪʴ ʝʝ ʩ 

ʥʘʙʣʶʜʘʝʤʳʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʵʪʦʡ 

ʬʫʥʢʮʠʠ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʛʘʤʠʣʴʪʦʥʠʘʥ ʩʠʩʪʝʤʳ 

ʵʣʝʢʪʨʦʥʦʚ. ɺ ʩʣʫʯʘʝ ʧʘʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʘʩʪʠʮ ʦʥ ʨʘʚʝʥ 

() ()

() ( )( ) ( ) ()

()( ) ( )

1 2 2 1

1 2

2 2 1 11 1 2 2

1 2 1 2

2
3

3 3
1 2 1 2 1 2 2 1

2

Ĕ Ĕ Ĕ
2

1
Ĕ Ĕ Ĕ Ĕ

2

1
Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ,

2 2
p p p pp q p q

p p p q

H d r r r
m

d r d r r r r r r r

p
a a q a a a a

m V

a a
a

a a a a
aa

a a a aa a
a aa

y y

y y u y y

u

+

+ +

+ + +
+ -

å õ
= - D +æ öæ ö

ç ÷

+ - =

= +

äñ

äñ ñ

ä ä ä

(1.3) 
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ʛʜʝ m ï ʤʘʩʩʘ ʵʣʝʢʪʨʦʥʘ, ( )1 2r ru -  ï ʵʥʝʨʛʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʜʚʫʭ ʵʣʝʢʪʨʦʥʦʚ ʚ ʪʦʯʢʘʭ 1r  ʠ 2r , 

                 () () ( )3 exp iq d r r qru u= -ñ         (1.4) 

ï ʢʦʤʧʦʥʝʥʪʘ ʌʫʨʴʝ ʵʥʝʨʛʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺʪʦʨʦʝ 

ʩʣʘʛʘʝʤʦʝ ʚ (1.3) ʦʧʠʩʳʚʘʝʪ ʧʨʦʮʝʩʩʳ ʨʘʩʩʝʷʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʩ 

ʧʝʨʝʜʘʯʝʡ  ʠʤʧʫʣʴʩʘ q , ʧʦʢʘʟʘʥʥʳʝ ʥʘ ʨʠʩ. 1.1. ʆʩʪʘʥʦʚʠʤʩʷ 

 

 
ʈʠʩ. 1.1. ʈʘʩʩʝʷʥʠʝ ʧʘʨʳ ʵʣʝʢʪʨʦʥʦʚ ʩ ʧʝʨʝʜʘʯʝʡ ʠʤʧʫʣʴʩʘ q  

 

ʥʘ ʬʠʟʠʯʝʩʢʦʤ ʩʤʳʩʣʝ ʬʫʥʢʮʠʡ (1.1) ʠ (1.2). 

 ʀʟʚʝʩʪʥʦ, ʯʪʦ ʝʩʣʠ ()0ny  ï ʚʦʣʥʦʚʘʷ ʬʫʥʢʮʠʷ 

ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ n  ʩʠʩʪʝʤʳ ʚ ʤʦʤʝʥʪ 0t= , ʪʦ 

ʰʨʝʜʠʥʛʝʨʦʚʩʢʘʷ ʚʦʣʥʦʚʘʷ ʬʫʥʢʮʠʷ ()ty  ʚ ʤʦʤʝʥʪ t  ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʩʫʧʝʨʧʦʟʠʮʠʠ [18] 

() () ()
i

exp 0n n n

n

t A t E ty y
å õ

= -æ ö
ç ÷

ä , 

ʛʜʝ nE  ï ʵʥʝʨʛʠʷ ʩʠʩʪʝʤʳ ʚ ʩʦʩʪʦʷʥʠʠ n , 

() () ()
i

exp 0n n nA t E t ty y
å õ

= æ ö
ç ÷

, 
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()
2

nA t  ï ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʥʘʨʫʞʠʪʴ ʩʠʩʪʝʤʫ ʚ ʤʦʤʝʥʪ t  ʚ 

ʩʦʩʪʦʷʥʠʠ ()0ny . ɺʝʣʠʯʠʥʘ nA  ʥʘʟʳʚʘʝʪʩʷ ʘʤʧʣʠʪʫʜʦʡ 

ʚʝʨʦʷʪʥʦʩʪʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚʦʣʥʦʚʘʷ ʬʫʥʢʮʠʷ ()ty  ʠʤʝʝʪ 

ʚʠʜ 

() ()
i Ĕexp 0t Hty y

å õ
= -æ ö

ç ÷
,  

ʛʜʝ ( )Ĕiexp Ht-  ï ʦʧʝʨʘʪʦʨ ʵʚʦʣʶʮʠʠ ʩʠʩʪʝʤʳ ʩ 

ʛʘʤʠʣʴʪʦʥʠʘʥʦʤ (1.3). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

() () ()
i i Ĕexp 0 exp 0n n nA t E t Hty y
å õ å õ

= -æ ö æ ö
ç ÷ ç ÷

.        (1.5) 

 ʇʝʨʝʡʜʝʤ ʚ ʬʦʨʤʫʣʝ (1.2) ʦʪ ʛʝʡʟʝʥʙʝʨʛʦʚʩʢʠʭ 

ʦʧʝʨʘʪʦʨʦʚ ʢ ʦʧʝʨʘʪʦʨʘʤ ʚʪʦʨʠʯʥʦʛʦ ʢʚʘʥʪʦʚʘʥʠʷ ʚ 

ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʐʨʝʜʠʥʛʝʨʘ: 

( )
1 21 2 0 0 0

i i ĔĔ Ĕi , , 0 exp expp pG p p t E t a Ht ay y+ +å õ å õ
> = -æ ö æ ö

ç ÷ ç ÷
.  (1.6) 

ɿʜʝʩʴ 0E  ï ʵʥʝʨʛʠʷ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ, ʫʯʪʝʥʦ 

0 0 0
ĔH Ey y=  ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʧʨʷʞʝʥʥʦʛʦ ʦʧʝʨʘʪʦʨʘ. ɺ 

ʬʦʨʤʫʣʝ (1.6) 
2 0Ĕpa y+  ï ʚʝʢʪʦʨ ʩʦʩʪʦʷʥʠʷ ( )1N+ -ʵʣʝʢʪʨʦʥʥʦʡ 

ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʡ ʧʦʣʫʯʘʝʪʩʷ ʜʦʙʘʚʣʝʥʠʝʤ ʢ ʦʩʥʦʚʥʦʤʫ 

ʩʦʩʪʦʷʥʠʶ N -ʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ 0y  ʚ ʤʦʤʝʥʪ 0t=  

ʵʣʝʢʪʨʦʥʘ ʩ ʠʤʧʫʣʴʩʦʤ 2p . ɸʥʘʣʦʛʠʯʥʦ 
1 0Ĕpa y+  ï ʩʦʩʪʦʷʥʠʝ, 

ʢʦʪʦʨʦʝ ʧʦʣʫʯʘʝʪʩʷ ʠʟ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʦʙʘʚʣʝʥʠʝʤ ʢ 

ʥʝʤʫ ʵʣʝʢʪʨʦʥʘ ʩ ʠʤʧʫʣʴʩʦʤ 1p . ʉʨʘʚʥʠʚʘʷ ʬʦʨʤʫʣʳ (1.5) ʠ 

(1.6), ʫʙʝʞʜʘʝʤʩʷ, ʯʪʦ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʤʥʦʞʠʪʝʣʷ ʬʫʥʢʮʠʶ G  

ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʘʤʧʣʠʪʫʜʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʪʦʛʦ, ʯʪʦ ( )1N+ -

ʬʝʨʤʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʥʘʭʦʜʠʚʰʘʷʩʷ ʧʨʠ 0t=  ʚ ʩʦʩʪʦʷʥʠʠ 
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2 0Ĕpa y+ , ʦʢʘʞʝʪʩʷ ʚ ʤʦʤʝʥʪ t  ʚ ʩʦʩʪʦʷʥʠʠ 
1 0Ĕpa y+ . ʉʣʝʜʫʝʪ, 

ʦʜʥʘʢʦ, ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ 
1 0Ĕpa y+  ʥʝ 

ʷʚʣʷʝʪʩʷ ʩʪʘʮʠʦʥʘʨʥʳʤ [12]. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʥʦʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʵʣʝʢʪʨʦʥʦʚ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ 

ʠʤʧʫʣʴʩʘʤ ʧʨʠ ʥʫʣʝʚʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʨʘʟʤʳʪʘ. ɽʝ ʩʢʘʯʦʢ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʯʝʨʝʟ ʪʦʯʢʫ 0p p=  ʤʝʥʴʰʝ ʝʜʠʥʠʮʳ [3]. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʨʦʞʜʝʥʠʝ ʠ ʫʥʠʯʪʦʞʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʚʦʟʤʦʞʥʦ 

ʢʘʢ ʚʳʰʝ, ʪʘʢ ʠ ʥʠʞʝ ʛʨʘʥʠʮʳ ʌʝʨʤʠ.  

 ʊʘʢʠʤ ʞʝ ʩʧʦʩʦʙʦʤ ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʵʣʝʢʪʨʦʥ, 

ʜʦʙʘʚʣʝʥʥʳʡ ʢ ʩʠʩʪʝʤʝ ʚ ʤʦʤʝʥʪ 0t=  ʚ ʪʦʯʢʝ 2r , 

ʨʘʩʧʨʦʩʪʨʘʥʠʪʩʷ ʟʘ ʚʨʝʤʷ t  ʚ ʪʦʯʢʫ 1r . ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ 

ʬʫʥʢʮʠʠ ɻʨʠʥʘ ʥʘʟʳʚʘʶʪʩʷ ʬʫʥʢʮʠʷʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ï 

ʧʨʦʧʘʛʘʪʦʨʘʤʠ. 

 ʀʩʧʦʣʴʟʫʷ ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʝʨʘʪʦʨʘ ʭʨʦʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʠʟʚʝʜʝʥʠʷ, ʧʝʨʝʧʠʰʝʤ (1.1) ʚ ʚʠʜʝ 

( )
() ( )

( )()

0 1 2 0 1 2
1 2

0 2 1 0 1 2

Ĕ Ĕ , ,
i ,

Ĕ Ĕ , .

x x t t
G x x

x x t t

y y y y

y y y y

+

+

ë >î
=ì
- <îí

           (1.7)          

ʇʨʠ 1 2t t>  ʦʧʝʨʘʪʦʨ ( )2Ĕ xy+ , ʜʝʡʩʪʚʫʷ ʥʘ ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ 

0y , ʜʦʙʘʚʣʷʝʪ ʯʘʩʪʠʮʫ ʚ ʪʦʯʢʝ 2r  ʚ ʨʘʥʥʠʡ ʤʦʤʝʥʪ 2t . ɺ 

ʤʦʤʝʥʪ 1 2t t>  ʵʪʘ ʯʘʩʪʠʮʘ ʫʥʠʯʪʦʞʘʝʪʩʷ ʚ ʪʦʯʢʝ 1r , ʘ ʩʠʩʪʝʤʘ 

ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ 0y . ɺʦ ʚʪʦʨʦʡ ʩʪʨʦʢʝ ʚ 

ʬʦʨʤʫʣʝ (1.7) ʚ ʤʦʤʝʥʪ 1t  ʫʥʠʯʪʦʞʘʝʪʩʷ ʯʘʩʪʠʮʘ, ʪ. ʝ. 

ʨʦʞʜʘʝʪʩʷ ʜʳʨʢʘ ʚ ʪʦʯʢʝ 1r , ʢʦʪʦʨʘʷ ʚ ʤʦʤʝʥʪ 2 1t t>  

ʫʥʠʯʪʦʞʘʝʪʩʷ ʚ ʪʦʯʢʝ 2r . ʌʫʥʢʮʠʷ (1.7) ʦʧʠʩʳʚʘʝʪ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʯʘʩʪʠʮʳ ʠʟ ʪʦʯʢʠ 2x  ʚ ʪʦʯʢʫ 1x  ʠ ʜʳʨʢʠ ʠʟ 

1x  ʚ 2x . ɽʩʣʠ ʙʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʥʝ ʙʳʣʦ, 
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ʵʪʠ ʧʨʦʮʝʩʩʳ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʠʟʦʙʨʘʟʠʪʴ ʪʦʥʢʠʤʠ 

ʥʘʧʨʘʚʣʝʥʥʳʤʠ    ʚʜʦʣ ɹ    ʦʩʠ    ʚʨʝʤʝʥʠ   ʣʠʥʠʷʤʠ   (ʨʠʩ. 1.2). 

 

 

 
 

ʈʠʩ. 1.2. ɻʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʦʙʦʜʥʦʡ 

ʯʘʩʪʠʮʳ ʠ ʜʳʨʢʠ ʤʝʞʜʫ ʪʦʯʢʘʤʠ 11 x=  ʠ 22 x=  

 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʨʠʩ. 1.2 (ʘ) ʥʦʩʠʪ ʧʨʠʯʠʥʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʈʦʞʜʝʥʠʝ ʧʨʝʜʰʝʩʪʚʫʝʪ ʫʥʠʯʪʦʞʝʥʠʶ. ʋʜʦʙʥʝʝ ʩʯʠʪʘʪʴ, ʯʪʦ 

ʜʳʨʢʘ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚʩʧʷʪʴ ʚʦ ʚʨʝʤʝʥʠ, ʦʪ ʪʦʯʢʠ ʩʚʦʝʛʦ 

ʫʥʠʯʪʦʞʝʥʠʷ 2x  ʢ ʪʦʯʢʝ ʨʦʞʜʝʥʠʷ 1x  (ʨʠʩ. 1.2 (ʙ)) [5]. ʇʨʠ 

ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʣʠʥʠʠ ʯʘʩʪʠʮ ʠ ʜʳʨʦʢ ʥʘʧʨʘʚʣʝʥʳ ʦʪ 2x  ʢ 1x  

ʢʘʢ ʧʨʠ 2 1t t< , ʪʘʢ ʠ ʧʨʠ 2 1t t> . 

 ʆʩʥʦʚʥʦʡ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʬʫʥʢʮʠʡ ɻʨʠʥʘ ï ʪʝʦʨʠʷ 

ʚʦʟʤʫʱʝʥʠʡ ï ʨʘʟʣʦʞʝʥʠʝ ʵʪʠʭ ʬʫʥʢʮʠʡ ʚ ʨʷʜʳ ʧʦ ʵʥʝʨʛʠʠ 

ʤʝʞʯʘʩʪʠʯʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʂʘʞʜʦʤʫ ʯʣʝʥʫ ʨʷʜʘ 

ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ ʜʠʘʛʨʘʤʤʘ ʌʝʡʥʤʘʥʘ [19]. ʕʪʠ ʜʠʘʛʨʘʤʤʳ ʚ 

ʧʨʦʙʣʝʤʝ ʤʥʦʛʠʭ ʪʝʣ ʥʘʟʳʚʘʶʪʩʷ  ʜʠʘʛʨʘʤʤʘʤʠ ʌʝʡʥʤʘʥʘ-

ɻʦʣʜʩʪʦʫʥʘ [20]. ʅʘ ʨʠʩ. 1.3 ʧʦʢʘʟʘʥʦ ʥʝʩʢʦʣʴʢʦ ʜʠʘʛʨʘʤʤ 

ʥʠʟʰʝʛʦ ʧʦʨʷʜʢʘ ʜʣʷ ʬʫʥʢʮʠʠ ɻʨʠʥʘ ( ),G p t  ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʘ 

ʚ ʧʨʦʚʦʜʥʠʢʝ. ʌʫʥʢʮʠʠ 0G  ʩʚʦʙʦʜʥʳʭ ʯʘʩʪʠʮ ʠ ʜʳʨʦʢ 

ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ ʪʦʥʢʘʷ ʥʘʧʨʘʚʣʝʥʥʘʷ ʣʠʥʠʷ, ʢʦʤʧʦʥʝʥʪʝ ʌʫʨʴʝ 

ʵʥʝʨʛʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʫʭ ʵʣʝʢʪʨʦʥʦʚ (1.4) ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ 
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ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ, ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʦʥʦʚ ï ʧʝʪʣʷ ʩ ʦʜʥʦʡ 

ʚʝʨʰʠʥʦʡ   [2,3,16,17].   ʅʘ   ʨʠʩ.   1.3  ʦʩʴ  ʚʨʝʤʝʥʠ ʥʘʧʨʘʚʣʝʥʘ  

 

 
 

 

ʈʠʩ. 1.3. ɼʠʘʛʨʘʤʤʳ ʜʣʷ G  ʚ ʩʣʫʯʘʝ ʤʝʞʯʘʩʪʠʯʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

 

ʚʚʝʨʭ, ʚʜʦʣʴ ʣʠʥʠʡ ʯʘʩʪʠʮ. ʃʠʥʠʠ ʜʳʨʦʢ ʦʨʠʝʥʪʠʨʦʚʘʥʳ 

ʧʨʦʪʠʚ ʦʩʠ ʚʨʝʤʝʥʠ. ʇʦʩʢʦʣʴʢʫ ʟʘʧʘʟʜʳʚʘʥʠʝ ʚ ʧʨʦʮʝʩʩʝ 
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ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʥʦʚ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ, ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ 

ʥʘ ʚʩʝʭ ʜʠʘʛʨʘʤʤʘʭ  ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ ʦʩʠ ʚʨʝʤʝʥʠ. 

 ɼʠʘʛʨʘʤʤʳ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʥʘ ʨʠʩ. 1.3 ʤʦʞʥʦ 

ʠʟʦʙʨʘʟʠʪʴ  ʠʥʘʯʝ (ʨʠʩ. 1.4).  ʂʘʞʜʘʷ  ʜʠʘʛʨʘʤʤʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ      

    

 
 

ʈʠʩ. 1.4. ɼʚʘ ʩʧʦʩʦʙʘ ʠʟʦʙʨʘʞʝʥʠʷ ʜʠʘʛʨʘʤʤ ʌʝʡʥʤʘʥʘ 

 

ʦʧʨʝʜʝʣʝʥʥʦʤʫ     ʬʠʟʠʯʝʩʢʦʤʫ    ʧʨʦʮʝʩʩʫ.     ɼʠʘʛʨʘʤʤʘ     ʥʘ  

ʨʠʩ. 1.3 (ʙ) ʦʟʥʘʯʘʝʪ, ʯʪʦ ʯʘʩʪʠʮʘ ʩʥʠʟʫ ʥʘʣʝʪʘʝʪ ʥʘ ʩʠʩʪʝʤʫ 

ʵʣʝʢʪʨʦʥʦʚ. ʆʥʠ ʦʙʨʘʟʫʶʪ ʬʝʨʤʠ-ʬʦʥ. ɺ ʤʦʤʝʥʪ t  ʦʥʘ 

ʚʦʟʙʫʞʜʘʝʪ ʩʠʩʪʝʤʫ, ʨʦʞʜʘʷ ʧʘʨʫ çʯʘʩʪʠʮʘ-ʜʳʨʢʘè. ʏʘʩʪʠʮʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʘʩʪʴ ʢʦʣʴʮʘ ʩʦ ʩʪʨʝʣʢʦʡ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ 
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ʚʚʝʨʭ, ʘ ʜʳʨʢʝ ï ʯʘʩʪʴ ʢʦʣʴʮʘ ʩʦ ʩʪʨʝʣʢʦʡ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʚʥʠʟ. 

ʇʘʨʘ ʚ ʪʦʪ ʞʝ ʤʦʤʝʥʪ t  ʘʥʥʠʛʠʣʠʨʫʝʪ. ʀʩʭʦʜʥʘʷ ʯʘʩʪʠʮʘ 

ʫʭʦʜʠʪ ʥʘ ʙʝʩʢʦʥʝʯʥʦʩʪʴ. ʕʪʘ ʜʠʘʛʨʘʤʤʘ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ 

ʦʧʠʩʳʚʘʝʪ ʧʨʷʤʦʝ ʨʘʩʩʝʷʥʠʝ ʵʣʝʢʪʨʦʥʘ. ʅʘ ʜʠʘʛʨʘʤʤʝ 1.3 (ʚ) 

ʯʘʩʪʠʮʘ, ʠʜʫʱʘʷ ʚʜʦʣʴ ʦʩʠ ʚʨʝʤʝʥʠ, ʚ ʤʦʤʝʥʪ t  ʨʦʞʜʘʝʪ ʧʘʨʫ. 

ɽʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʘʚʘʷ ʚʝʨʰʠʥʘ (ʨʦʞʜʝʥʠʶ ʜʳʨʢʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʥʝʮ ʜʳʨʦʯʥʦʡ ʣʠʥʠʠ, ʠʜʫʱʝʡ ʚʥʠʟ). ɺʳʙʠʪʘʷ 

ʯʘʩʪʠʮʘ ʬʦʥʘ ʫʭʦʜʠʪ ʥʘ ʙʝʩʢʦʥʝʯʥʦʩʪʴ. ɺ ʪʦʪ ʞʝ ʤʦʤʝʥʪ t  

ʠʩʭʦʜʥʘʷ ʯʘʩʪʠʮʘ ʟʘʥʠʤʘʝʪ ʤʝʩʪʦ ʜʳʨʢʠ (ʣʝʚʘʷ ʚʝʨʰʠʥʘ). ɺ 

ʣʝʚʦʤ ʫʟʣʝ ʨʦʞʜʘʝʪʩʷ ʯʘʩʪʠʮʘ, ʪ. ʝ. ʫʥʠʯʪʦʞʘʝʪʩʷ ʜʳʨʢʘ. ʕʪʘ 

ʜʠʘʛʨʘʤʤʘ ʦʧʠʩʳʚʘʝʪ ʦʙʤʝʥʥʦʝ ʨʘʩʩʝʷʥʠʝ ʥʘ ʯʘʩʪʠʮʘʭ ʬʦʥʘ 

[5,6]. 

 ʅʘ ʨʠʩ. 1.5 ʠʟʦʙʨʘʞʝʥʘ ʜʠʘʛʨʘʤʤʘ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʜʣʷ  

 

 
ʈʠʩ. 1.5. ɼʠʘʛʨʘʤʤʘ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʜʣʷ ʬʫʥʢʮʠʠ ()G p  

 

ʬʫʥʢʮʠʠ ɻʨʠʥʘ ( ),G pe  ʚ ʠʤʧʫʣʴʩʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ. ʆʩʴ 

ʚʨʝʤʝʥʠ ʥʘʧʨʘʚʣʝʥʘ ʩʣʝʚʘ ʥʘʧʨʘʚʦ. ʏʝʪʳʨʝʭʠʤʧʫʣʴʩʳ 

( ),p pe=  ʨʘʩʩʪʘʚʣʝʥʳ ʪʘʢ, ʯʪʦʙʳ ʚ ʢʘʞʜʦʡ ʚʝʨʰʠʥʝ 

ʚʳʧʦʣʥʷʣʩʷ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ 4-ʠʤʧʫʣʴʩʘ. ʕʪʘ ʜʠʘʛʨʘʤʤʘ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʯʘʩʪʠʮʘ ʩ ʠʤʧʫʣʴʩʦʤ p, ʠʜʫʱʘʷ ʩʣʝʚʘ ʚʜʦʣʴ ʦʩʠ 
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ʚʨʝʤʝʥʠ, ʚ ʤʦʤʝʥʪ 1t  ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʬʝʨʤʠ-ʬʦʥʦʤ ʠ 

ʨʦʞʜʘʝʪ ʜʳʨʢʫ ʩ ʠʤʧʫʣʴʩʦʤ 1p  ʠ ʯʘʩʪʠʮʫ ʩ ʠʤʧʫʣʴʩʦʤ 1p q+ . 

ɺ ʤʦʤʝʥʪ 4t  ʧʘʨʘ ʘʥʥʠʛʠʣʠʨʫʝʪ ʧʦʜ ʚʣʠʷʥʠʝʤ ʯʘʩʪʠʮʳ ʩ 

ʠʤʧʫʣʴʩʦʤ p q- . ʀʩʭʦʜʥʘʷ ʯʘʩʪʠʮʘ ʧʦʩʣʝ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ 

4t  ʫʭʦʜʠʪ ʥʘ ʙʝʩʢʦʥʝʯʥʦʩʪʴ. 

 ɺʳʧʦʣʥʝʥʠʝ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ 4-ʠʤʧʫʣʴʩʘ ʚ ʢʘʞʜʦʡ 

ʚʝʨʰʠʥʝ ʝʱʝ ʥʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʵʥʝʨʛʠʷ ʩʪʘʣʢʠʚʘʶʱʠʭʩʷ ʯʘʩʪʠʮ 

ʩʦʭʨʘʥʷʝʪʩʷ. ʅʘ ʨʠʩ. 1.5 ʵʥʝʨʛʠʷ ʩʪʘʣʢʠʚʘʶʱʠʭʩʷ ʯʘʩʪʠʮ (ʣʝʚʘʷ 

ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ) ʨʘʚʥʘ 
22
1

2 2
pp

m m
+ . ʇʦʩʣʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʪʠʭ ʯʘʩʪʠʮ ʩ ʧʝʨʝʜʘʯʝʡ ʠʤʧʫʣʴʩʘ q  ʠʭ 

ʵʥʝʨʛʠʷ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʦʡ 

  

( ) ( )
2 2

1

2 2

p q p q

m m

- +
+ . 

 

ʆʥʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʵʥʝʨʛʠʠ ʯʘʩʪʠʮ ʜʦ ʩʪʦʣʢʥʦʚʝʥʠʷ. ʇʨʦʮʝʩʩʳ 

ʪʘʢʦʛʦ ʪʠʧʘ ʥʘʟʳʚʘʶʪʩʷ ʚʠʨʪʫʘʣʴʥʳʤʠ. ʅʝʩʦʭʨʘʥʝʥʠʝ ʵʥʝʨʛʠʠ 

ʚ ʚʠʨʪʫʘʣʴʥʳʭ ʧʨʦʮʝʩʩʘʭ ʩʚʷʟʘʥʦ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ ʜʣʷ ʵʥʝʨʛʠʠ ʠ ʚʨʝʤʝʥʠ: E tD D . 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʘʢʪʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ tD  ʪʘʢ ʤʘʣʘ, ʯʪʦ 

ʬʠʢʩʠʨʦʚʘʪʴ ʵʥʝʨʛʠʶ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʚʝʣʠʯʠʥ, ʤʝʥʴʰʠʭ 

ʙʦʣʴʰʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ E
t

D
D
, ʥʝʪ ʩʤʳʩʣʘ. 

ʅʝʩʦʭʨʘʥʝʥʠʝ ʵʥʝʨʛʠʠ ʚ ʚʠʨʪʫʘʣʴʥʳʭ ʧʨʦʮʝʩʩʘʭ ʫʜʦʙʥʦ 

ʦʧʠʩʳʚʘʪʴ ʠʥʘʯʝ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʚ ʵʪʠʭ ʧʨʦʮʝʩʩʘʭ ʫʯʘʩʪʚʫʶʪ 

ʚʠʨʪʫʘʣʴʥʳʝ ʯʘʩʪʠʮʳ. ʕʥʝʨʛʠʷ ʩʦʭʨʘʥʷʝʪʩʷ, ʥʦ ʫ ʚʠʨʪʫʘʣʴʥʳʭ 

ʯʘʩʪʠʮ ʠʥʦʝ, ʯʝʤ ʫ ʨʝʘʣʴʥʳʭ, ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʵʥʝʨʛʠʝʡ ʠ 

ʠʤʧʫʣʴʩʦʤ. ɺʠʨʪʫʘʣʴʥʘʷ ʯʘʩʪʠʮʘ ʤʦʞʝʪ ʠʤʝʪʴ ʧʨʦʠʟʚʦʣʴʥʫʶ 

ʤʘʩʩʫ. ʅʘ ʜʠʘʛʨʘʤʤʘʭ ʌʝʡʥʤʘʥʘ ʚʠʨʪʫʘʣʴʥʳʤ ʯʘʩʪʠʮʘʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʥʫʪʨʝʥʥʠʝ ʣʠʥʠʠ. 

 ɼʠʘʛʨʘʤʤʘ   2-ʛʦ   ʧʦʨʷʜʢʘ   ʥʘ   ʨʠʩ. 1.6 ʩʦʜʝʨʞʠʪ   ʜʚʝ  
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ʈʠʩ. 1.6. ʆʙʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ 

 

ʚʥʫʪʨʝʥʥʠʝ ʣʠʥʠʠ ʯʘʩʪʠʮ ʠ ʦʜʥʫ ʜʳʨʦʯʥʫʶ. ʆʥʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʠʨʪʫʘʣʴʥʳʤ ʵʣʝʢʪʨʦʥʘʤ. ʅʘ ʨʠʩ. 1.6 

ʥʘʣʝʪʘʶʱʘʷ ʩʣʝʚʘ ʯʘʩʪʠʮʘ ʚ ʤʦʤʝʥʪ 1t  ʨʦʞʜʘʝʪ ʧʘʨʫ (ʪʦʯʢʘ 3). 

ʆʙʝ ʯʘʩʪʠʮʳ ʚ ʧʘʨʝ ʚʠʨʪʫʘʣʴʥʳʝ. ʀʩʭʦʜʥʘʷ ʯʘʩʪʠʮʘ ʤʝʞʜʫ 1t  ʠ 

2t  ʩʪʘʣʘ ʚʠʨʪʫʘʣʴʥʦʡ. ʏʘʩʪʠʮʘ ʧʘʨʳ ʚ ʪʦʯʢʝ 4 (ʤʦʤʝʥʪ 2t ) 

ʫʭʦʜʠʪ ʥʘ ʙʝʩʢʦʥʝʯʥʦʩʪʴ. ɺ ʤʦʤʝʥʪ 2t  ʚʠʨʪʫʘʣʴʥʘʷ ʯʘʩʪʠʮʘ 

ʘʥʥʠʛʠʣʠʨʫʝʪ ʩ ʚʠʨʪʫʘʣʴʥʦʡ ʜʳʨʢʦʡ (ʧʨʘʚʘʷ ʣʠʥʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ). ʕʪʘ ʜʠʘʛʨʘʤʤʘ ʦʙʤʝʥʥʘʷ, ʪʘʢ ʢʘʢ ʠʩʭʦʜʥʘʷ 

ʯʘʩʪʠʮʘ ʦʢʘʟʘʣʘʩʴ ʚ ʜʳʨʢʝ, ʘ ʚʳʙʠʪʘʷ ʚ ʤʦʤʝʥʪ 1t  ʯʘʩʪʠʮʘ ʬʦʥʘ 

ʫʰʣʘ ʥʘ ʙʝʩʢʦʥʝʯʥʦʩʪʴ. 

 ʇʝʨʝʭʦʜʷ ʢ ʨʘʩʯʝʪʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ 

ʵʣʝʢʪʨʦʥʦʚ ʤʝʪʦʜʦʤ ʬʫʥʢʮʠʡ ɻʨʠʥʘ, ʤʳ ʥʘʜʝʝʤʩʷ, ʯʪʦ 

ʯʠʪʘʪʝʣʴ ʟʥʘʢʦʤ ʩ ʪʘʢʠʤʠ ʧʦʥʷʪʠʷʤʠ ʜʠʘʛʨʘʤʤʥʦʡ ʪʝʭʥʠʢʠ ʢʘʢ 

ʩʦʙʩʪʚʝʥʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ, ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʡ 

ʦʧʝʨʘʪʦʨ, ʜʚʫʭʯʘʩʪʠʯʥʘʷ ʬʫʥʢʮʠʷ ɻʨʠʥʘ, ʚʝʨʰʠʥʥʘʷ ʬʫʥʢʮʠʷ. 

ʉʥʘʯʘʣʘ ʚʳʷʩʥʠʤ, ʢʘʢ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʛʘʟ, ʩʚʷʟʘʥʳ ʩ ʬʫʥʢʮʠʷʤʠ ɻʨʠʥʘ [2,3,11,15-

17]. 
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ɿʘʜʘʯʠ 
1.1. ʅʘʡʜʠʪʝ ʩʢʘʯʦʢ ʬʫʥʢʮʠʠ (1.1) ʧʨʠ 1 2t t= . 

   

1.2. ʇʦʣʫʯʠʪʝ ʬʫʥʢʮʠʶ ()qu  (1.4) ʚ ʩʣʫʯʘʝ ʢʫʣʦʥʦʚʩʢʦʛʦ   

       ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʥʦʚ ʚ ʪʨʝʭʤʝʨʥʦʤ ʠ ʜʚʫʤʝʨʥʦʤ   

       ʩʣʫʯʘʷʭ. 

 

1.3. ʂʘʢʦʡ ʚʠʜ ʠʤʝʝʪ ʬʫʥʢʮʠʷ ()qu  (1.4) ʚ ʩʣʫʯʘʝ ʢʫʣʦʥʦʚʩʢʦʛʦ   

       ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʮʠʣʠʥʜʨʘ?  

 

1.4. ʇʦʣʫʯʠʪʝ ʩʧʝʢʪʨʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʬʫʥʢʮʠʠ (1.1) (ʩʤ.    

       [2,3]).  

 

1.5. ʂʘʢ ʧʦʣʶʩʳ ʬʫʨʴʝ-ʦʙʨʘʟʘ ( ),G pe  ʬʫʥʢʮʠʠ (1.1) ʩʚʷʟʘʥʳ   

       ʩʦ ʩʧʝʢʪʨʦʤ ʢʚʘʟʠʯʘʩʪʠʮ (ʩʤ.  [2,3])? 

 

1.6. ʂʘʢʠʤ ʫʨʘʚʥʝʥʠʷʤ ʜʚʠʞʝʥʠʷ ʧʦʜʯʠʥʷʝʪʩʷ ʬʫʥʢʮʠʷ (1.1)? 

 

1.7. ʅʘʡʜʠʪʝ ʜʚʫʭʯʘʩʪʠʯʥʫʶ ʬʫʥʢʮʠʶ ɻʨʠʥʘ 

       () ( ) ( )2
0 3 4 1 2 0Ĕ Ĕ Ĕ Ĕi 3,4;1,2 tK Ty y y y y y+ +=-    

       ʠʜʝʘʣʴʥʦʛʦ ʬʝʨʤʠ-ʛʘʟʘ. ɿʜʝʩʴ ( )1 1 11 , , ,...r ta=  

 

1.8. ʇʦʣʫʯʠʪʝ ʩʧʝʢʪʨʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʚʫʭʯʘʩʪʠʯʥʦʡ      

       ʬʫʥʢʮʠʠ ɻʨʠʥʘ.  

 

1.9. ʉʚʷʞʠʪʝ ʜʚʫʭʯʘʩʪʠʯʥʫʶ ʬʫʥʢʮʠʶ ɻʨʠʥʘ ʵʣʝʢʪʨʦʥʦʚ ʩ   

         ʚʝʨʰʠʥʥʦʡ ʬʫʥʢʮʠʝʡ G (ʩʤ. [2,3]). 

 

1.10. ʅʘʡʜʠʪʝ ʚʢʣʘʜ ʜʠʘʛʨʘʤʤ ʥʘ ʨʠʩ. 1.3 ʛ,ʜ ʚ ʩʦʙʩʪʚʝʥʥʦ-     

         ɻ ʥʝʨʛʝʪʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ ʧʨʠ ʥʫʣʝʚʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 
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2. ʉʚʷʟʴ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʩ 

ʬʫʥʢʮʠʷʤʠ ɻʨʠʥʘ 
 

 ʉʨʝʜʥʝʝ ʯʠʩʣʦ ʵʣʝʢʪʨʦʥʦʚ ʚ ʦʪʢʨʳʪʦʡ ʨʘʚʥʦʚʝʩʥʦʡ 

ʩʠʩʪʝʤʝ ʨʘʚʥʦ [2,3,11,21] 

( ) () ()3 Ĕ Ĕ, ,N V T d r r ra a
a

m y y+=äñ ,       (2.1) 

ʛʜʝ , ,V T m ï ʦʙʲʝʤ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʭʠʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ 

ʩʠʩʪʝʤʳ. ʋʛʣʦʚʳʤʠ ʩʢʦʙʢʘʤʠ ʦʙʦʟʥʘʯʝʥʦ ʫʩʨʝʜʥʝʥʠʝ ʧʦ 

ʙʦʣʴʰʦʤʫ ʢʘʥʦʥʠʯʝʩʢʦʤʫ ʘʥʩʘʤʙʣʶ ɻʠʙʙʩʘ. ɿʥʘʷ ʬʫʥʢʮʠʶ 

(2.1), ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʙʦʣʴʰʦʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ 

ʩʠʩʪʝʤʳ ( ), ,V T mW , ʠʥʪʝʛʨʠʨʫʷ ʩʦʦʪʥʦʰʝʥʠʝ 

,V T

N
m

å õµW
=-æ ö

µç ÷
      

ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʧʦʪʝʥʮʠʘʣʫ. ʆʩʪʘʣʴʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʬʫʥʢʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥʳ ʤʝʪʦʜʘʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 

ʬʠʟʠʢʠ [21]. 

 ɺʳʨʘʟʠʤ ʬʫʥʢʮʠʶ (2.1) ʯʝʨʝʟ ʦʜʥʦʵʣʝʢʪʨʦʥʥʫʶ 

ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʬʫʥʢʮʠʶ ɻʨʠʥʘ, ʦʧʨʝʜʝʣʝʥʥʫʶ ʩʦʦʪʥʦʰʝʥʠʝʤ 

[2,3] 

 

            ( ) ( ) ( )ĔĔ, ; , , ,G r r T r raa t a at t y t y t¡ ¡è ø¡ ¡ ¡ ¡=- ê ú.      (2.2) 

ɿʜʝʩʴ t ï çʤʘʮʫʙʘʨʦʚʩʢʦʝ ʚʨʝʤʷè (0 t b¢ ¢ , b ï ʦʙʨʘʪʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ), ( )Ĕ ,ray t ʠ ( )Ĕ ,ray t¡ ¡ ¡ ï ʧʦʣʝʚʳʝ ʦʧʝʨʘʪʦʨʳ 

ʵʣʝʢʪʨʦʥʦʚ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʄʘʮʫʙʘʨʳ, Tt ï ʦʧʝʨʘʪʦʨ 

ʭʨʦʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʧʦ ʧʝʨʝʤʝʥʥʦʡ t. ʌʫʥʢʮʠʶ 
(2.2), ʢʘʢ ʠ ʬʫʥʢʮʠʶ (1.1), ʧʦʣʝʟʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʘʤʧʣʠʪʫʜʫ ʚʝʨʦʷʪʥʦʩʪʠ ʧʝʨʝʭʦʜʘ ʵʣʝʢʪʨʦʥʘ ʠʟ ʪʦʯʢʠ 

( ),x r t¡ ¡ ¡=  ʚ ʪʦʯʢʫ ( ),x r t=  [8]. ʏʠʩʣʦ ʵʣʝʢʪʨʦʥʦʚ (2.1) ʩʚʷʟʘʥʦ 

ʩ ʬʫʥʢʮʠʝʡ (2.2) ʦʯʝʚʠʜʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ 
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( )3 , ; ,N d r G r raa
a

t t+=äñ ,        (2.3)        

ʛʜʝ ( )
0

lim
d

t t d+

­+
= + . ʇʦʜʩʪʘʚʣʷʷ ʩʶʜʘ ʬʫʨʴʝ-ʨʘʟʣʦʞʝʥʠʝ 

ʬʫʥʢʮʠʠ (2.2) [2, 3, 16, 17] 

         ( )
( )

( )
3

3

1
, , exp i

2
s s

s

d p pr
G r G pt z z t

bp

¤

=-¤

è øå õ
= -æ öé ù

ç ÷ê ú
äñ , 

         ( ) ( )3

0

, , exp is s

pr
G p d r d G r

b

z t t z t
è øå õ

= - -æ öé ù
ç ÷ê ú

ñ ñ , 

ʧʦʣʫʯʘʝʤ 

         
( )

()
3

3
2

2

d p
N V f p

p
= ñ , 

ʛʜʝ  

() ( )i 01
, e s

s

s

f p G p
zz

b

+¤

=-¤

= ä ,                          (2.4) 

ï ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʠʤʧʫʣʴʩʘʤ, 

( )2 1
s

sp
z

b
+

=   ï ʥʝʯʝʪʥʳʝ çʤʘʮʫʙʘʨʦʚʩʢʠʝ ʯʘʩʪʦʪʳè, 

0
0 lim

d
d+

­+
= . 

 ʉʦʦʪʥʦʰʝʥʠʝ, ʘʥʘʣʦʛʠʯʥʦʝ (2.3), ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʜʣʷ 

ʣʶʙʦʛʦ ʘʜʜʠʪʠʚʥʦʛʦ ʦʧʝʨʘʪʦʨʘ [18] 
() ()1 1ĔĔ

a

a

F f=ä ,         (2.5)       

ʛʜʝ 
a

äï ʩʫʤʤʠʨʦʚʘʥʠʝ ʧʦ ʯʘʩʪʠʮʘʤ ʩʠʩʪʝʤʳ. 

ɺʪʦʨʠʯʥʦʢʚʘʥʪʦʚʘʥʥʳʡ ʦʧʝʨʘʪʦʨ (2.5) ʠʤʝʝʪ ʚʠʜ [18] 

() ()() ()
11 3Ĕ Ĕ ĔF d r r f ra aaa

aa

y y+
¡ ¡

¡

=äñ . 

ɻʠʙʙʩʦʚʩʢʦʝ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʵʪʦʛʦ ʦʧʝʨʘʪʦʨʘ ʨʘʚʥʦ 
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() ()( ) () ( )
11 1 3 ĔĔ ĔĔ lim , ; ,

r r
F Sp F d r f G r raaaa

aa
t t

r t t

+

¡¡
¡­¡
¡­

¡ ¡= =äñ .         (2.6) 

ɿʜʝʩʴ Ĕr ï ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʦʧʝʨʘʪʦʨ ʙʦʣʴʰʦʛʦ ʢʘʥʦʥʠʯʝʩʢʦʛʦ 

ʘʥʩʘʤʙʣʷ ɻʠʙʙʩʘ. ʆʧʝʨʘʪʦʨ ()1Ĕf  ʧʦʜ ʟʥʘʢʦʤ ʠʥʪʝʛʨʘʣʘ 

ʜʝʡʩʪʚʫʝʪ ʥʘ ʧʝʨʝʤʝʥʥʫʶ r . ʌʦʨʤʫʣʘ (2.6) ʧʦʟʚʦʣʷʝʪ ʩʚʷʟʘʪʴ 

ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʵʣʝʢʪʨʦʥʦʚ 0
ĔH  ʩ ʬʫʥʢʮʠʝʡ ɻʨʠʥʘ 

(2.2) ʩʦʦʪʥʦʰʝʥʠʝʤ 

( )
2

3
0
Ĕ lim , ; ,

2r r
H d r G r r

m
aa

a

t t+
¡­

å õ
¡= - Dæ öæ ö

ç ÷
äñ .             (2.7) 

 ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʚ ʵʪʦʤ ʧʦʩʦʙʠʠ ʫʜʝʣʷʝʪʩʷ ʨʘʩʯʝʪʫ 

ʩʨʝʜʥʝʡ ʵʥʝʨʛʠʠ ʤʝʞʵʣʝʢʪʨʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

( ) () () () ()3 31Ĕ Ĕ Ĕ Ĕ Ĕ
2

V d r d r r r r r r ra a a a
aa

u y y y y+ +
¡ ¡

¡

¡ ¡ ¡ ¡= -äñ ñ .(2.8) 

ʕʪʦ ʩʨʝʜʥʝʝ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʯʝʨʝʟ ʜʚʫʭʵʣʝʢʪʨʦʥʥʫʶ 

ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʬʫʥʢʮʠʶ ɻʨʠʥʘ [2,3] 

                        ( ) ( )3 4 1 2
Ĕ ĔĔ Ĕ3,4;1,2 tK T y y yy=- ,        (2.9) 

ʛʜʝ ( )1 1 11 , ,ra t= ,é ʄʦʞʥʦ ʩʚʷʟʘʪʴ ʩʨʝʜʥʝʝ (2.8) ʠ ʩ 

ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʡ ʬʫʥʢʮʠʝʡ ɻʨʠʥʘ (2.2) [2,11]. ɺʦʩʧʦʣʴʟʫʝʤʩʷ 

ʜʣʷ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʝʤ ʜʚʠʞʝʥʠʷ ʜʣʷ ʧʦʣʝʚʦʛʦ ʦʧʝʨʘʪʦʨʘ 

[2,3,11]    

( ) ( ) ( )

( ) ( ) ( ) ( )

2

3

ĔĔ Ĕ Ĕ, , , ,
2

Ĕ Ĕ Ĕ, , , ,

r r H r
m

d r r r r r r

a a a

a a a
a

µ
y t y t m y t

µt

u y t y t y t¡ ¡

¡

å õ
è ø¡- = = - D- +æ öê úæ ö

ç ÷

¡ ¡ ¡ ¡+ -äñ

     (2.10) 

ʛʜʝ Ĕ Ĕ ĔH H Nm¡= - . ʇʦʩʣʝʜʥʝʝ ʩʣʘʛʘʝʤʦʝ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʵʪʦʛʦ 

ʨʘʚʝʥʩʪʚʘ ʫʤʥʦʞʠʤ ʩʣʝʚʘ  ʥʘ ( )Ĕ ,ry t, ʧʨʦʠʥʪʝʛʨʠʨʫʝʤ ʧʦ r  ʠ 

ʧʨʦʩʫʤʤʠʨʫʝʤ ʧʦ a, ʫʩʨʝʜʥʠʤ ʩʦ ʩʪʘʪʦʧʝʨʘʪʦʨʦʤ Ĕr ʠ 
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ʨʘʟʜʝʣʠʤ ʥʘ ʜʚʦʡʢʫ. ʇʦʣʫʯʠʤ ʩʨʝʜʥʝʝ (2.8). ɺʳʧʦʣʥʷʷ ʪʝ ʞʝ 

ʦʧʝʨʘʮʠʠ ʠ ʩ ʦʩʪʘʣʴʥʳʤʠ ʩʣʘʛʘʝʤʳʤʠ ʚ (2.10), ʧʦʣʫʯʘʝʤ 

( )
2

31Ĕ lim , ; ,
2 2r r

V d r G r r
m

aa
a

t t

m t t
t

+

¡­

¡­

å õµ
¡ ¡= - + D+æ öæ öµç ÷

äñ .       (2.11) 

ʉʢʣʘʜʳʚʘʷ ʬʦʨʤʫʣʳ (2.7) ʠ (2.11), ʥʘʭʦʜʠʤ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʛʘʤʠʣʴʪʦʥʠʘʥʘ ĔH¡: 

   
( )

0

2
3

Ĕ Ĕ Ĕ Ĕ

1
lim , ; , .

2 2r r

E H H N V

d r G r r
m

aa
a

t t

m

m t t
t

+

¡­

¡­

¡ ¡= = - + =

å õµ
¡ ¡= - - D-æ öæ öµç ÷

äñ
           (2.12) 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ E  ʩʠʩʪʝʤʳ 

ʵʣʝʢʪʨʦʥʦʚ ʩʚʷʟʘʥʘ ʩ ʬʫʥʢʮʠʝʡ ɻʨʠʥʘ (2.2) ʩʦʦʪʥʦʰʝʥʠʝʤ 

    
( )

0

2
3

Ĕ Ĕ Ĕ

1
lim , ; , .

2 2r r

E H H V

d r G r r
m

aa
a

t t

m t t
t

+

¡­

¡­

= = + =

å õµ
¡ ¡= - - D+æ öæ öµç ÷

äñ
          (2.13) 

ɿʜʝʩʴ ʵʥʝʨʛʠʷ E  ʚʳʨʘʞʝʥʘ ʯʝʨʝʟ ʧʝʨʝʤʝʥʥʳʝ , ,V T m. 

 ʏʪʦʙʳ ʩʚʷʟʘʪʴ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ W ʩ 

ʬʫʥʢʮʠʝʡ ɻʨʠʥʘ (2.2), ʠʟʤʝʥʠʤ ʵʥʝʨʛʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʵʣʝʢʪʨʦʥʦʚ ʚ l ʨʘʟ, ʧʝʨʝʡʜʝʤ ʦʪ u ʢ lu, ʛʜʝ 0 1l¢ ¢. ʊʦʛʜʘ 

0
Ĕ Ĕ ĔH H Vl l= + , 0

Ĕ Ĕ ĔH H Vl l¡ ¡= + , 0 0
Ĕ Ĕ ĔH H Nm¡= - . ɹʦʣʴʰʘʷ 

ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʩʫʤʤʘ ʩʠʩʪʝʤʳ ʩ ʪʘʢʠʤ ʛʘʤʠʣʴʪʦʥʠʘʥʦʤ ʨʘʚʥʘ 
Ĕ

e Spe
H

Z l lb b
l

¡- W -
= = . 

ʇʨʦʠʟʚʦʜʥʘʷ ʵʪʦʡ ʬʫʥʢʮʠʠ ʧʦ ʧʘʨʘʤʝʪʨʫ l ʨʘʚʥʘ 

eZ lb l
l b

l l

- WµWµ
=-

µ µ
.        (2.14) 

ʇʨʝʜʩʪʘʚʠʤ Zl ʚ ʚʠʜʝ ʨʷʜʘ: 
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( ) ( )
( )0

Ĕ Ĕ

0

0

Ĕ ĔSpe Sp
!

n
nH V

n

Z H V
n

b l

l

b
l

¤
¡- +

=

-
¡= = +ä .          (2.15) 

ʆʪʩʶʜʘ ʧʦʣʫʯʘʝʤ 

       
( )

( )0

1

Ĕ ĔSp
!

n
n

n

Z H V
n

l
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l l

¤

=

-µ µ
¡= +
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ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 1n=ʧʦʷʚʠʣʦʩʴ ʧʦʪʦʤʫ, ʯʪʦ ʧʨʠ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʠ ʧʦʜ ʟʥʘʢʦʤ ʩʫʤʤʳ ʧʦʷʚʣʷʝʪʩʷ ʤʥʦʞʠʪʝʣʴ 

n. ɺʭʦʜʷʱʘʷ ʚ (2.15) ʧʨʦʠʟʚʦʜʥʘʷ ʨʘʚʥʘ 

( ) ( )( )( )

( )( )( )

( )( ) ( )

0 0 0 0

0 0 0

0 0 0

Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ...

Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ... ...

Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ... .

n
H V V H V H V H V

H V V H V H V

H V H V V H V

l l l l
l

l l l

l l l

µ
¡ ¡ ¡ ¡+ = + + + +

µ

¡ ¡ ¡+ + + + + +

¡ ¡ ¡+ + + +

         (2.16) 

ʏʠʩʣʦ ʦʧʝʨʘʪʦʨʦʚ 0
Ĕ ĔH Vl¡+  ʚ ʢʘʞʜʦʤ ʩʣʘʛʘʝʤʦʤ ʚ ʵʪʦʡ 

ʬʦʨʤʫʣʝ ʨʘʚʥʦ 1n-. ʇʦʩʢʦʣʴʢʫ ʩʣʝʜ ʧʨʦʠʟʚʝʜʝʥʠʷ ʦʧʝʨʘʪʦʨʦʚ 

ʥʝ ʤʝʥʷʝʪʩʷ ʧʨʠ ʮʠʢʣʠʯʝʩʢʦʡ ʧʝʨʝʩʪʘʥʦʚʢʝ ʩʦʤʥʦʞʠʪʝʣʝʡ, ʚʩʝ 

n  ʩʣʘʛʘʝʤʳʭ ʚ ʬʦʨʤʫʣʝ (2.16) ʜʘʶʪ ʦʜʠʥʘʢʦʚʳʡ ʚʢʣʘʜ ʚ 

ʧʨʦʠʟʚʦʜʥʫʶ (2.15). ʉʜʚʠʛʘʷ ʠʥʜʝʢʩ ʩʫʤʤʠʨʦʚʘʥʠʷ, ʟʘʧʠʰʝʤ ʝʝ 

ʚ ʚʠʜʝ 

( )
( )

( )

0

0

Ĕ

Ĕ Ĕ ĔSp
!

Ĕ ĔSp e =- e ,

n
n

n

H

Z H V V
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V Vl l

l

b b

l

b
b l

l

b
b l

l

¤

=

¡- - W

-µ è ø¡=- + =
é ùµ ê ú

=-

ä
              (2.17) 

ʛʜʝ 

( )Ĕ
... Spe ...

Hl lb

l

¡W -
=   

ï ʛʠʙʙʩʦʚʩʢʦʝ ʫʩʨʝʜʥʝʥʠʝ ʩ ʛʘʤʠʣʴʪʦʥʠʘʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ĔVl . ʀʟ ʬʦʨʤʫʣ (2.14) ʠ (2.17) ʧʦʩʣʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ l 

ʧʦʣʫʯʘʝʤ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ: 
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  ( ) ( )
1

0

0

Ĕ, , , ,
d

V T V T V
l

l
m m l

l
W =W +ñ .     (2.18) 

ɿʜʝʩʴ 0W  ï ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʠʜʝʘʣʴʥʦʛʦ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʘ. ʇʦʜʩʪʘʚʣʷʷ ʩʶʜʘ ʩʨʝʜʥʝʝ (2.11), ʧʦʣʫʯʘʝʤ 

ʩʚʷʟʴ ʧʦʪʝʥʮʠʘʣʘ W ʩ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʡ ʬʫʥʢʮʠʝʡ ɻʨʠʥʘ (2.2): 

   

( )

1
3

0

0

2

1

2

lim , ; , .
2r r

d
d r

G r r
m

a

l
aa

t t

l

l

m t t
t

+

¡­

¡­

W=W + ³

å õµ
¡ ¡³ - + D+æ öæ öµç ÷

äñ ñ

     (2.19) 

ɺ ʵʪʦʡ ʬʦʨʤʫʣʝ Gl ï ʬʫʥʢʮʠʷ ɻʨʠʥʘ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ 

ʚʳʯʠʩʣʷʪʴʩʷ ʩ ʫʯʝʪʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʥʦʚ ĔVl . 

 ʇʝʨʝʭʦʜʷ ʚ ʬʦʨʤʫʣʘʭ (2.13) ʠ (2.19) ʢ ʢʦʤʧʦʥʝʥʪʘʤ 

ʌʫʨʴʝ, ʥʘʭʦʜʠʤ 

          
( )

( )
3 2

i 0

3

1
i , e

22

s
s s

s

d p p
E V G p

m

zz m z
bp

+å õ
= + +æ öæ ö

ç ÷
äñ ,     (2.20)  

( )
( )

1 3 2
i 0

0 3
0

1
i , e .

22

s
s s

s

d d p p
V G p

m

zll
z m z

l bp

+å õ
W=W + - +æ öæ ö

ç ÷
äñ ñ  (2.21) 

ɺ ʵʪʠʭ ʬʦʨʤʫʣʘʭ ʫʯʪʝʥʘ ʜʠʘʛʦʥʘʣʴʥʦʩʪʴ ʤʘʪʨʠʮʳ Gaa¡ ʧʦ 

ʩʧʠʥʦʚʳʤ ʠʥʜʝʢʩʘʤ. 

 ɺʭʦʜʷʱʘʷ ʚ ʬʦʨʤʫʣʳ (2.20) ʠ (2.21) ʬʫʥʢʮʠʷ ɻʨʠʥʘ 

ʩʚʷʟʘʥʘ ʩ ʩʦʙʩʪʚʝʥʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʝʡ ( ), spzS  

ʩʦʦʪʥʦʰʝʥʠʝʤ [2,3,11] 

       ( ) ( )
1

, ,s s p sG p i pz z e m z
-

è ø= - + -Sê ú,      (2.22) 

ʛʜʝ 
2

2p
p

m
e =  . ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʨʘʟʠʪʴ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʧʦʪʝʥʮʠʘʣʳ E  ʠ W ʯʝʨʝʟ S: 
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          (2.23) 

 

( )
( )

( )

1 3
i 0

0 3
0

1

1
e ,

2

i , .

s
s

s

s p s

d d p
V p

p

z l

l

l
z

l bp

z e m z

+

-

W=W + S ³

è ø³ - + -S
ê ú

äñ ñ
         (2.24) 

 

ɺ ʬʦʨʤʫʣʘʭ (2.23) ʠ (2.24) ʫʯʪʝʥʦ 

i
e 0s

s

z h
¤

=-¤

=ä . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʯʝʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ 

ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʥʦʚ ʩʚʝʣʩʷ ʢ ʨʘʩʯʝʪʫ S. ʅʠʞʝ ʤʳ ʧʦʣʫʯʠʤ ʵʪʫ 

ʬʫʥʢʮʠʶ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʍʘʨʪʨʠ-ʌʦʢʘ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʘ ʤʘʣʦʡ ʠ ʙʦʣʴʰʦʡ ʧʣʦʪʥʦʩʪʠ. 

 ɼʨʫʛʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ W ʯʠʪʘʪʝʣʴ ʥʘʡʜʝʪ ʚ 

ʤʦʥʦʛʨʘʬʠʠ [2] ʠ ʩʙʦʨʥʠʢʝ ʟʘʜʘʯ [22]. ɺ [22] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ 

ʦʪʩʫʪʩʪʚʠʝ ʧʦʧʨʘʚʦʢ ʢ ʚʝʨʰʠʥʝ  ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʘʩʪʠʮ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʜʣʷ W ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩ. 2.1.  

 

 
 

ʈʠʩ. 2.1. ɼʠʘʛʨʘʤʤʳ ʜʣʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ W 
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ʂʨʫʞʦʯʢʠ ʥʘ ʵʪʠʭ ʜʠʘʛʨʘʤʤʘʭ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʬʫʥʢʮʠʠ S, ʘ 

ʪʦʥʢʠʝ ʣʠʥʠʠ ï ʬʫʥʢʮʠʠ 0G . ʉʫʤʤʘ ʜʠʘʛʨʘʤʤ ʥʘ ʨʠʩ. 2.1 ʨʘʚʥʘ 

ʨʘʟʥʦʩʪʠ 0DW=W-W, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʯʘʩʪʠʮ. ʀʟ ʨʠʩ. 2.1 ʚʠʜʥʦ, ʯʪʦ n -ʡ ʯʣʝʥ ʨʷʜʘ ʜʣʷ DW 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʘʤʢʥʫʪʫʶ ʧʝʪʣʶ ʠʟ n  ʬʫʥʢʮʠʡ 

( )0

2

1
,i

i
2

s

s

G p
p

m

z

z m

=

- +

      

ʠ ʬʫʥʢʮʠʡ ( ), i spa zS . ɺʢʣʘʜ ʵʪʦʛʦ ʯʣʝʥʘ ʚ DW ʨʘʚʝʥ 

 

      ( ) ( )0 , i , i
n

n s s

ps

n
G p pa a

a

z z
b

è øDW = S
ê úä . 

 

ʉʣʝʜʫʷ [22], ʤʳ ʦʙʦʟʥʘʯʘʝʤ ʟʜʝʩʴ ʘʨʛʫʤʝʥʪ ʬʫʥʢʮʠʡ 0G  ʠ S 

ʯʝʨʝʟ i sz . ʈʜ̫ ʥʘ ʨʠʩ. 2.1 ʩʫʤʤʠʨʫʝʪʩʷ: 

   ( ) ( )01
ln 1 ,i , is s

ps

G p pa a
a

z z
b

è øDW=- - S
ê úä .       

ʋʯʠʪʳʚʘʷ (2.22), ʧʦʣʫʯʘʝʤ 

              
( )

( )0

, i1
ln

, i

s

ps s

G p

G p

a

a a

z

b z

è ø
DW= é ù

é ùê ú
ä . 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

             ( )i 01
e ln ,is

s

ps

G p
z

a
a

z
b

+

W= ä . 

 

 ɺʭʦʜʷʱʫʶ ʚ ʵʪʫ ʬʦʨʤʫʣʫ ʩʫʤʤʫ ʧʦ s  ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ 

ʢʦʥʪʫʨʥʦʛʦ ʠʥʪʝʛʨʘʣʘ: 

( )
1 2

0th , e
2 4 i

z

p C C

z dz
G p za

a

b

p

+
å õ
æ öW= +
æ ö
ç ÷

ä ñ ñ .                 (2.25) 
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ɺʝʪʚʠ 1C  ʠ 2C  ʢʦʥʪʫʨʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 2.2 

(ʘ). 

 

 
 

ʈʠʩ. 2.2. ʂʦʥʪʫʨ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʚ ʬʦʨʤʫʣʝ (2.25) 

 

ʆʥʠ ʦʭʚʘʪʳʚʘʶʪ ʧʦʣʶʩʳ ʬʫʥʢʮʠʠ th
2

zb
 ʚ ʪʦʯʢʘʭ is sz z=  ʩ 

ʚʳʯʝʪʘʤʠ 2
b

 . ɼʠʬʬʝʨʝʥʮʠʨʫʷ (2.25) ʧʦ ʧʘʨʘʤʝʪʨʫ T , 

ʧʦʣʫʯʘʝʤ ʵʥʪʨʦʧʠʶ ʩʠʩʪʝʤʳ: 

( )
1 2

2
0

2
e ln ,

2 4 i
ch

2

zB

p C C

k z dz
S G p z

zT
a

a

b

b p

+
å õ

µW æ ö=- = +
æ öµ
ç ÷

ä ñ ñ ,    (2.26) 

ʛʜʝ Bk  ï ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ. ɺ ʬʦʨʤʫʣʘʭ (2.25) ʠ (2.26) 

( ),G p za  ï ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʧʨʦʜʦʣʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʬʫʥʢʮʠʠ ɻʨʠʥʘ ʩ ʪʦʯʝʢ i sz  ʥʘ ʢʦʤʧʣʝʢʩʥʫʶ z -ʧʣʦʩʢʦʩʪʴ. 
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ʇʨʦʜʦʣʞʝʥʠʝ ʥʘ ʚʝʨʭʥʶʶ ʧʦʣʫʧʣʦʩʢʦʩʪʴ ʜʘʝʪ ʟʘʧʘʟʜʳʚʘʶʱʫʶ 

ʬʫʥʢʮʠʶ ɻʨʠʥʘ G+, ʘ ʥʘ ʥʠʞʥʶʶ ï ʦʧʝʨʝʞʘʶʱʫʶ G- [2]: 

     ()
()

()

, Im 0,

, Im 0.

G z z
G z

G z z

+

-

ë >î
=ì

<îí

     

ɹʳʩʪʨʦʝ ʫʙʳʚʘʥʠʝ ʧʦʜʳʥʪʝʛʨʘʣʴʥʦʡ ʬʫʥʢʮʠʠ ʚ ʠʥʪʝʛʨʘʣʝ 

(2.26) ʧʨʠ ʫʜʘʣʝʥʠʠ ʦʪ ʤʥʠʤʦʡ ʦʩʠ ʧʦʟʚʦʣʷʝʪ ʨʘʟʚʝʨʥʫʪʴ 

ʢʦʥʪʫʨ 1 2C C C= + , ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.2 (ʙ). ʇʦʵʪʦʤʫ 

ʵʥʪʨʦʧʠʶ S  ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʠʥʪʝʛʨʘʣʦʚ ʧʦ 

ʚʝʱʝʩʪʚʝʥʥʦʡ ʦʩʠ ʦʪ ʨʘʟʥʦʩʪʠ 

         ( ) ( )ln , ln ,G p G pe e+ -- . 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʤ 

          
( )

( )

2

2

,
ln

2 4 i ,ch
2

B

p

G pk d
S

G p

a

a a

ee b e

bep e

¤ +

-
-¤

= äñ .     (2.27) 

ʇʦʩʢʦʣʴʢʫ ʬʫʥʢʮʠʠ G+ ʠ G- ʥʘ ʚʝʱʝʩʪʚʝʥʥʦʡ ʦʩʠ 

ʢʦʤʧʣʝʢʩʥʦ ʩʦʧʨʷʞʝʥʳ, ʵʥʪʨʦʧʠʷ (2.27) ʨʘʚʥʘ 

( )
2

2
arg ,

2 2
ch

2

B

p

k d
S G pa

a

e b e
e

bep

¤
+

-¤

= äñ . 

ʇʦʩʣʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʵʥʪʨʦʧʠʠ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʣʫʯʘʝʤ 

ʪʝʧʣʦʝʤʢʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʘ. 

 

ɿʘʜʘʯʠ 
 

2.1. ʅʘʧʠʰʠʪʝ ʛʘʤʠʣʴʪʦʥʠʘʥ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʵʣʝʢʪʨʦʥʦʚ ʚ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ (ʩʤ. ɸʭʠʝʟʝʨ ʀ.ɸ., ʇʝʣʝʪʤʠʥʩʢʠʡ ʉ.ɺ., ɾʕʊʌ 

39, 1308 (1960); ɹʳʯʢʦʚ ʖ.ɸ., ɻʦʨʴʢʦʚ ʃ.ʇ., ɾʕʊʌ 41, 1592 

(1961)). 
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2.2. ʇʦʢʘʞʠʪʝ, ʯʪʦ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʧʦ 

ʠʤʧʫʣʴʩʘʤ ʨʘʚʥʘ 

        () ( )
1

,
2 i

C

f p d G pe e
p

= ñ , 

ʛʜʝ ʢʦʥʪʫʨ C  ʧʨʦʭʦʜʠʪ ʩʚʝʨʭʫ ʥʘʜ ʚʝʱʝʩʪʚʝʥʥʦʡ ʦʩʴʶ ʚ 

ʧʣʦʩʢʦʩʪʠ ʢʦʤʧʣʝʢʩʥʦʡ ʵʥʝʨʛʠʠ (ʩʤ. [6]). 

 

2.3. ʋʙʝʜʠʪʝʩʴ ʚ ʪʦʤ, ʯʪʦ ʵʥʝʨʛʠʷ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʵʣʝʢʪʨʦʥʦʚ ʚ ʦʙʲʝʤʝ V  ʨʘʚʥʘ 

         
( )

( )( )3
0 4

i
,

2
k

C

V
E d k d G ke e e e

p
=- +ñ ñ , 

ʛʜʝ C  ï ʚʝʱʝʩʪʚʝʥʥʘʷ ʦʩʴ e, ʜʦʧʦʣʥʝʥʥʘʷ ʧʦʣʫʦʢʨʫʞʥʦʩʪʴʶ 

ʙʦʣʴʰʦʛʦ ʨʘʜʠʫʩʘ ʚ ʚʝʨʭʥʝʡ e-ʧʦʣʫʧʣʦʩʢʦʩʪʠ, ke ï ʵʥʝʨʛʠʷ 

ʵʣʝʢʪʨʦʥʘ ʩ ʚʦʣʥʦʚʳʤ ʚʝʢʪʦʨʦʤ k  (ʩʤ. [12]). 

 

2.4. ʉʚʷʞʠʪʝ ʩʨʝʜʥʝʝ ʚ ʬʦʨʤʫʣʝ (2.8) ʩ ʜʚʫʭʵʣʝʢʪʨʦʥʥʦʡ 

ʬʫʥʢʮʠʝʡ ɻʨʠʥʘ (2.9). 

 

2.5. ʇʦʣʫʯʠʪʝ ʬʦʨʤʫʣʳ (2.23) ʠ (2.24) ʜʣʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʘ ʚ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. 

 

2.6. ʏʪʦ ʠʟʤʝʥʠʪʩʷ ʚ ʬʦʨʤʫʣʘʭ (2.23) ʠ (2.24) ʚ ʩʣʫʯʘʝ 

ʜʚʫʤʝʨʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʘ? ʋʯʪʠʪʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʝ ʧʣʦʩʢʦʩʪʠ, ʟʘʥʷʪʦʡ ʵʣʝʢʪʨʦʥʘʤʠ. 

 

2.7. ʅʘʡʜʠʪʝ ʩʚʷʟʴ E  ʠ W ʩ G  ʠ S ʜʣʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʮʠʣʠʥʜʨʘ (ʩʤ. (2.23) ʠ (2.24) ʚ ʨ. 2). 
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3. ʊʝʦʨʠʷ ʚʦʟʤʫʱʝʥʠʡ 

3.1. ʇʝʨʚʳʡ ʧʦʨʷʜʦʢ ʪʝʦʨʠʠ ʚʦʟʤʫʱʝʥʠʡ 
 

 ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʵʣʝʢʪʨʦʥʘʤʠ 

ʩʣʘʙʦʝ, ʪ. ʝ.  

    
2
0 0
2

1
mr U

 

ʠʣʠ 

     
2

0

1
e

u
. 

ʊʦʛʜʘ ʥʝʩʢʦʣʴʢʦ ʧʝʨʚʳʭ ʯʣʝʥʦʚ ʨʷʜʘ ʪʝʦʨʠʠ ʚʦʟʤʫʱʝʥʠʡ ʧʦ 

ʩʪʝʧʝʥʷʤ ʧʘʨʘʤʝʪʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ 

ʬʦʨʤʫʣʳ [2,3] 

        ( ) ( ) ()0

1
Ĕ, , , , lnV T V Tm m s b

b
W =W - ,               (3.1) 

ʛʜʝ 

                           () ()
0

ĔĔ exp DT d V

b

ts b t t
è ø

= -é ù
é ùê ú
ñ                            (3.2)       

 

ï ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʦʧʝʨʘʪʦʨ ʨʘʩʩʝʷʥʠʷ, ()Ĕ
DV t  ï ʛʘʤʠʣʴʪʦʥʠʘʥ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʥʦʚ (1.3) ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ɼʠʨʘʢʘ. 

ʋʛʣʦʚʳʤʠ ʩʢʦʙʢʘʤʠ ʚ (3.1) ʦʙʦʟʥʘʯʝʥʦ ʛʠʙʙʩʦʚʩʢʦʝ ʫʩʨʝʜʥʝʥʠʝ 

ʧʦ ʩʦʩʪʦʷʥʠʷʤ ʩʠʩʪʝʤʳ ʚ ʦʪʩʫʪʩʪʚʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺ ʧʝʨʚʦʤ 

ʧʦʨʷʜʢʝ ʪʝʦʨʠʠ ʚʦʟʤʫʱʝʥʠʡ ʠʟ (3.2) ʧʦʣʫʯʘʝʤ 1Ĕ Ĕ1s sº +, ʛʜʝ 

 

() ()1

0

ĔĔ Dd V

b

s b t t=-ñ . 

                                                                      

ʇʦʜʩʪʘʚʣʷʷ ʩʶʜʘ ĔV  ʠʟ (1.3), ʥʘʭʦʜʠʤ 
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()

( ) ()( ) () () ()

1 2 1 2

2 2 1 11 1 2 2

1

0

1
Ĕ

2

Ĕ Ĕ Ĕ Ĕ .

k k q

k kk q k q

q d
V

a a a a

b

aa

a aa a

s u t

t t t t
+ -

=- ³

³

ä ä ñ
         (3.3) 

ɿʜʝʩʴ ()Ĕ
k

a
a
t  ʠ ()Ĕ

k
a
a
t  ï ʦʧʝʨʘʪʦʨʳ ʫʥʠʯʪʦʞʝʥʠʷ ʠ ʨʦʞʜʝʥʠʷ 

ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʩ ʚʦʣʥʦʚʳʤ ʚʝʢʪʦʨʦʤ k  ʠ ʩʧʠʥʦʚʳʤ 

ʢʚʘʥʪʦʚʳʤ ʯʠʩʣʦʤ a. ɺ ʪʝʭʥʠʢʝ ʄʘʮʫʙʘʨʳ ʦʥʠ ʟʘʚʠʩʷʪ ʦʪ t 

ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʘʤ: 

() () () ()1 1
1 1 1 1

ĔĔ Ĕ Ĕ0 e , 0 ea a a a
xt xtt t- += = ,       (3.4)    

ʛʜʝ 1 1x e m= - ï ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦʥʘ ʚ ʩʦʩʪʦʷʥʠʠ ( )1 11 ,k a= , 

ʦʪʩʯʠʪʘʥʥʘʷ ʦʪ ʭʠʤʧʦʪʝʥʮʠʘʣʘ. 

 ɺʭʦʜʷʱʝʝ ʚ ʬʦʨʤʫʣʫ (3.3) ʩʨʝʜʥʝʝ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ 

ʪʝʦʨʝʤʝ ɺʠʢʘ [2,3] ʜʣʷ ʦʙʳʯʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ʦʧʝʨʘʪʦʨʦʚ: 

              

( )

1 2 3 4 1 4 2 3 1 3 2 4

1 2 14 23 13 24

Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ

,

a a a a a a a a a a a a

n n d d d d

+ + + + + += - =

= -
           (3.5) 

ʛʜʝ 

    ( )1
1

1 e 1n bx
-

= +  

ï ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʌʝʨʤʠ-ɼʠʨʘʢʘ. ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ 

(3.4) ʠ (3.5) ʚ (1.3) ʧʦʣʫʯʘʝʤ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʥʦʚ: 

     () ( )
1 2

1 2

2

2 1

1 1Ĕ 0
2 k k

k k

N
V k k n n

V V
u u= - -ä .       (3.6)  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʝʤʦʡ ʦ ʤʘʣʳʭ ʜʦʙʘʚʢʘʭ [21] 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʚ ʧʝʨʚʦʤ ʧʦʨʷʜʢʝ ʪʝʦʨʠʠ 

ʚʦʟʤʫʱʝʥʠʡ ʨʘʚʝʥ 

           ( )0 0

1 Ĕ Ĕln 1 V Vb
b

WºW - - ºW +. 
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 ʇʝʨʚʦʝ ʩʣʘʛʘʝʤʦʝ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʬʦʨʤʫʣʳ (3.6) 

ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʷʤʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʦʥʦʚ, ʘ ʚʪʦʨʦʝ ï 

ʦʙʤʝʥʥʳʤ. ʉʧʠʥʦʚʳʡ ʤʥʦʞʠʪʝʣʴ ʚ ʬʦʨʤʫʣʝ (3.5) 

      
1 1 2 2 1 2 2 1aa a a aa a ad d d d-  

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʧʨʷʤʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʫʯʘʩʪʚʫʶʪ ʵʣʝʢʪʨʦʥʳ ʩ 

ʣʶʙʳʤʠ ʦʨʠʝʥʪʘʮʠʷʤʠ ʩʧʠʥʦʚ, ʘ ʚ ʦʙʤʝʥʥʦʤ ï ʩ ʦʜʠʥʘʢʦʚʳʤʠ. 

 ɺ ʩʠʩʪʝʤʝ ʩ ʢʫʣʦʥʦʚʩʢʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʬʫʥʢʮʠʷ 

(1.4) ʨʘʚʥʘ 

()
2

2

4 e
q

q

p
u = .         (3.7) 

ʇʨʠ ʥʫʣʝʚʦʡ ʧʝʨʝʜʘʯʝ ʠʤʧʫʣʴʩʘ ʦʥʘ ʦʙʨʘʱʘʝʪʩʷ ʚ 

ʙʝʩʢʦʥʝʯʥʦʩʪʴ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʝʨʚʦʝ ʩʣʘʛʘʝʤʦʝ ʚ (3.6) ʨʘʚʥʦ 

ʙʝʩʢʦʥʝʯʥʦʩʪʠ, ʘ ʚʪʦʨʦʝ ʠʤʝʝʪ ʚʠʜ 

( ) 1 2

1 2

2

2

1 2

1 4
exch k k

k k

e
E n n

V k k

p
=-

-
ä .       (3.8) 

ʕʪʦ ʩʣʘʛʘʝʤʦʝ ʥʘʟʳʚʘʝʪʩʷ ʦʙʤʝʥʥʦʡ ʵʥʝʨʛʠʝʡ. ʇʝʨʚʦʝ 

ʩʣʘʛʘʝʤʦʝ ʚ ʬʦʨʤʫʣʝ (3.6) ʩʦʢʨʘʱʘʝʪʩʷ, ʝʩʣʠ ʫʯʝʩʪʴ ʧʨʷʤʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʦʥʦʚ ʩ ʠʦʥʘʤʠ ʚ ʥʝʡʪʨʘʣʴʥʦʡ ʩʠʩʪʝʤʝ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʵʥʝʨʛʠʷ ʧʨʷʤʦʛʦ ʢʫʣʦʥʦʚʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʵʣʝʢʪʨʦʥʦʚ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʩʦʜʝʨʞʠʪ ʤʥʦʞʠʪʝʣʴ 2 2
ee n , ʛʜʝ en  ï 

ʧʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʦʥʦʚ. ɺʢʣʘʜ ʧʨʷʤʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʦʥʦʚ ʩ 

ʟʘʨʷʜʦʤ Ze ʠ ʧʣʦʪʥʦʩʪʴʶ in  ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ 2 2 2
iZ e n . ɸ 

ʵʥʝʨʛʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʥʦʚ ʩ ʠʦʥʘʤʠ ʠʤʝʝʪ ʜʨʫʛʦʡ 

ʟʥʘʢ ʠ ʩʦʜʝʨʞʠʪ ʤʥʦʞʠʪʝʣʴ ï 22 e iZe n n. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ 

ʵʥʝʨʛʠʠ ʧʨʷʤʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʘʩʪʠʮ ʩʦʜʝʨʞʠʪʩʷ 

ʤʥʦʞʠʪʝʣʴ ( )
22 2 2 2 2 2 22e e i i e ie n Ze n n Z e n e n Zn- + = - , ʨʘʚʥʳʡ 

ʥʫʣʶ ʚ ʥʝʡʪʨʘʣʴʥʦʡ ʩʠʩʪʝʤʝ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠ ʩʫʤʤʠʨʦʚʘʥʠʠ 

ʧʦ q  ʥʝ ʫʯʠʪʳʚʘʪʴ ʩʣʘʛʘʝʤʦʝ, ʩʦʜʝʨʞʘʱʝʝ ()qu , ʩ 0q= . 

 



 

34 

 

3.2. ʆʙʤʝʥʥʘʷ ʵʥʝʨʛʠʷ 
 

 ʆʙʤʝʥʥʘʷ ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʘ (3.8) ʚ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤ ʧʨʝʜʝʣʝ ʨʘʚʥʘ [21] 

  

( ) ( )( )
1 2

3 3
2 1 2

3 3 2

1 2

4
2 2

k k
exch

n nd k d k
E e V

k k

p
p p

=-

-
ñ ñ .        (3.9) 

 

ɽʩʣʠ ʵʣʝʢʪʨʦʥʥʳʡ ʛʘʟ ʚʳʨʦʞʜʝʥ, ʬʝʨʤʠʝʚʩʢʘʷ ʬʫʥʢʮʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʚʥʘ ( )0kn k k=Q -, ʛʜʝ 0k  ï ʬʝʨʤʠʝʚʩʢʦʝ 

ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ, Q ï ʬʫʥʢʮʠʷ ʍʝʚʠʩʘʡʜʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʚʭʦʜʷʱʠʡ ʚ ʬʦʨʤʫʣʫ (3.9) ʠʥʪʝʛʨʘʣ ʧʨʠʥʠʤʘʝʪ ʚʠʜ 

 

        

( )
3 3 3 3

1 2 2 2

1 2

1 1
d k d k d Q d q

qk k

=

-
ñ ñ ñ ñ, 

ɻʜʝ 

  

( )1 2 1 2

1
, .

2
Q k k q k k= + = - 

                                                                             

ʆʙʣʘʩʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʚ ʵʪʦʤ ʠʥʪʝʛʨʘʣʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʥʝʨʘʚʝʥʩʪʚʘʤʠ 

 

       0
2

q
Q k° ¢ .       (3.10) 

 

ɽʩʣʠ ʚʝʢʪʦʨ q  ʬʠʢʩʠʨʦʚʘʥ, ʨʘʚʝʥʩʪʚʦ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ (3.10) 

ʟʘʜʘʝʪ ʜʚʝ ʩʬʝʨʳ ʚ Q -ʧʨʦʩʪʨʘʥʩʪʚʝ ʨʘʜʠʫʩʘ 0k , ʩʜʚʠʥʫʪʳʝ ʥʘ 

ʨʘʩʩʪʦʷʥʠʝ q  (ʨʠʩ. 3.1). ʀʥʪʝʛʨʘʣ 3d Qñ  ʧʨʠ ʟʘʜʘʥʥʦʤ q  ʨʘʚʝʥ 
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ʈʠʩ. 3.1. ʉʬʝʨʘ ʌʝʨʤʠ ʠ ʝʝ ʩʜʚʠʥʫʪʳʡ ʘʥʘʣʦʛ 

 

ʦʙʲʝʤʫ, ʟʘʢʣʶʯʝʥʥʦʤʫ ʤʝʞʜʫ ʩʬʝʨʘʤʠ: 

    ( )3 2
0

2
3

3
d Q h k h

p
= -ñ , 

ʛʜʝ 0 2
q

h k= -  . ʇʨʝʜʝʣʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ q  ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʥʝʨʘʚʝʥʩʪʚʘʤʠ 00 2q k¢ ¢ . ɺ ʨʝʟʫʣʴʪʘʪʝ 

3 3
2 4

02
4

d Qd q
k

q
p=ññ ,  

2 4
0
34

exch

e k
E V

p
=- .       (3.11) 

ɺʳʨʘʞʘʷ 0k  ʯʝʨʝʟ ʭʠʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ, ʧʦʣʫʯʘʝʤ ʚʢʣʘʜ 

ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʙʦʣʴʰʦʡ ʧʦʪʝʥʮʠʘʣ: 

 
2 2 2

3 4exch

m e
V

m

p
W =- .       (3.12) 

 

ɺʢʣʘʜ ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʩʚʦʙʦʜʥʫʶ ʵʥʝʨʛʠʶ ʛʘʟʘ 

ʧʦʣʫʯʘʝʤ ʧʦ ʪʝʦʨʝʤʝ ʦ ʤʘʣʳʭ ʜʦʙʘʚʢʘʭ [21]: 
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4
3 1

2 3
1
3

3

4
exchF N e n

p

=- ,       (3.13) 

ʛʜʝ Nn
V

=  ï ʧʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʦʥʦʚ. ɿʥʘʢ ʤʠʥʫʩ ʚ (3.11)-(3.13) 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʵʣʝʢʪʨʦʥʳ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʧʨʦʝʢʮʠʷʤʠ ʩʧʠʥʦʚ 

ʠʟʙʝʛʘʶʪ ʜʨʫʛ ʜʨʫʛʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʫʣʦʥʦʚʩʢʦʝ ʦʪʪʘʣʢʠʚʘʥʠʝ 

ʫʤʝʥʴʰʘʝʪʩʷ, ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʵʥʝʨʛʠʷ. 

ɽʩʣʠ ʵʣʝʢʪʨʦʥʥʳʡ ʛʘʟ ʙʦʣʴʮʤʘʥʦʚʩʢʠʡ, ʬʫʥʢʮʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ (3.9) ʨʘʚʥʘ 

          ( )expk kn b m eè ø= -ê ú.       (3.14) 

ʊʦʛʜʘ, ʫʯʠʪʳʚʘʷ 
2

2 2 2
1 2 2

2
q

k k Q+ = +  , ʧʦʣʫʯʘʝʤ 

       

( ) 1 2

23 3
3 21 2

2 2

1 2

4 e
k k

d k d k m
n n

k k

bmp
b

å õ
= æ ö

ç ÷-
ñ . 

ʆʙʤʝʥʥʘʷ ʧʦʧʨʘʚʢʘ ʢ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤʫ ʧʦʪʝʥʮʠʘʣʫ 

ʦʢʘʟʳʚʘʝʪʩʷ ʨʘʚʥʦʡ 

  
2 2

2

2 4 2
e

4
exch

m e
V bm

p b
W =- .        (3.15) 

ʇʦʩʢʦʣʴʢʫ 0m< , ʵʪʘ ʧʦʧʨʘʚʢʘ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʤʘʣʘ. ɺ ʵʪʦʤ 

ʧʨʝʜʝʣʴʥʦʤ ʩʣʫʯʘʝ ʧʦ ʪʝʦʨʝʤʝ ʦ ʤʘʣʳʭ ʜʦʙʘʚʢʘʭ ʧʦʣʫʯʘʝʤ 

 
2 2 2

2
exch exch

e n
E F V

m

p b
= =- .      (3.16) 

ʅʠʞʝ ʚʳʨʘʞʝʥʠʷ (3.12) ʠ (3.15) ʙʫʜʫʪ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ 

ʬʫʥʢʮʠʡ ɻʨʠʥʘ. 

 

3.3. ɺʪʦʨʦʡ ʧʦʨʷʜʦʢ ʪʝʦʨʠʠ ʚʦʟʤʫʱʝʥʠʡ 

 ʉʣʝʜʫʷ ʤʝʪʦʜʫ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʤʫ ʚ ʨ. 3.1, ʫʯʪʝʤ 

ʩʣʘʛʘʝʤʦʝ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʧʦ ʧʘʨʘʤʝʪʨʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ 

ʨʘʟʣʦʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʨʘʩʩʝʷʥʠʷ (3.2): 
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    () () ( )2 1 2 1 2

0 0

1 Ĕ ĔĔ
2

D Dd d T V V

b b

ts b t t t tè ø=
ê úñ ñ .  

ʋʯʠʪʳʚʘʷ ʵʪʦ ʩʣʘʛʘʝʤʦʝ ʚ (3.1), ʧʦʣʫʯʘʝʤ ʧʦʧʨʘʚʢʫ ʢ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤʫ ʧʦʪʝʥʮʠʘʣʫ: 

() ( ) () ( ){ }2 1 2 1 2 1 2

0 0

1 Ĕ Ĕ Ĕ Ĕ .
2

D D D Dd d T V V V V

b b

tt t t t t t
b

è øW =- -
ê úñ ñ (3.17) 

ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʚ (3.17) ʛʘʤʠʣʴʪʦʥʠʘʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʵʣʝʢʪʨʦʥʦʚ (1.3) ʧʨʠʭʦʜʠʤ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳʯʠʩʣʠʪʴ 

ʩʨʝʜʥʝʝ ʦʪ ʭʨʦʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ʚʦʩʴʤʠ ʦʧʝʨʘʪʦʨʦʚ 

ʚʪʦʨʠʯʥʦʛʦ ʢʚʘʥʪʦʚʘʥʠʷ. ʉʥʦʚʘ ʠʩʧʦʣʴʟʫʝʤ ʪʝʦʨʝʤʫ ɺʠʢʘ [2,3]. 

ʉʨʝʜʠ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʩʣʘʛʘʝʤʳʭ ʚ ʚʳʨʘʞʝʥʠʠ ʜʣʷ ʩʨʝʜʥʝʛʦ 

ʝʩʪʴ ʜʚʘ ʩʫʱʝʩʪʚʝʥʥʳʭ ʚʢʣʘʜʘ. ʀʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʚʘ ʛʨʘʬʠʢʘ 

ʜʣʷ    ʧʦʧʨʘʚʢʠ    2W ,    ʠʟʦʙʨʘʞʝʥʥʳʝ    ʥʘ   ʨʠʩ.   3.2 [2,22,23].  

 

 
ʈʠʩ. 3.2. ɼʠʘʛʨʘʤʤʳ ʜʣʷ 2W  
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ɼʠʘʛʨʘʤʤʘ ʥʘ ʨʠʩ. 3.2 (ʙ) ʫʯʠʪʳʚʘʝʪ ʦʙʤʝʥʥʳʡ ʵʬʬʝʢʪ ʚʪʦʨʦʛʦ 

ʧʦʨʷʜʢʘ. ʆʩʪʘʣʴʥʳʝ ʜʠʘʛʨʘʤʤʳ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʩʦʢʨʘʱʘʶʪʩʷ 

ʟʘ ʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʥʦʚ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʬʦʥʦʤ 

ʠʦʥʦʚ. 

 ʀʩʧʦʣʴʟʫʷ ʧʨʘʚʠʣʘ ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ ʜʠʘʛʨʘʤʤʘʤʠ ʠ 

ʬʦʨʤʫʣʘʤʠ [2,3,16,17], ʧʦʣʫʯʘʝʤ ʚʢʣʘʜ ʜʠʘʛʨʘʤʤ ʥʘ ʨʠʩ. 3.2 ʚ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ: 
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        (3.18) 

ʛʜʝ 2
n

npw
b

=  ï ʯʝʪʥʳʝ çʤʘʮʫʙʘʨʦʚʩʢʠʝ ʯʘʩʪʦʪʳè. ʇʦʩʢʦʣʴʢʫ 

ʚʝʣʠʯʠʥʘ qu  (1.4) ʥʝ ʟʘʚʠʩʠʪ ʦʪ nw, ʚ ʬʦʨʤʫʣʝ (3.18) 

ʚʳʧʦʣʥʝʥʦ ʩʫʤʤʠʨʦʚʘʥʠʝ ʧʦ ʥʝʯʝʪʥʳʤ ʤʘʮʫʙʘʨʦʚʩʢʠʤ 

ʯʘʩʪʦʪʘʤ [2]: 

( ) ( )0 0

1
, ,

-i

p p q
s s n

p p q ns

n n
G p G p qz z w

b e e w

¤
-

-=-¤

-
- - =

-
ä . (3.19) 

ɿʥʘʢʠ ʩʣʘʛʘʝʤʳʭ ʚ (3.18) ʨʘʟʣʠʯʥʳ ʧʦʪʦʤʫ, ʯʪʦ ʯʠʩʣʦ 

ʟʘʤʢʥʫʪʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʧʝʪʝʣʴ ʥʘ ʨʠʩ. 3.2 ʨʘʟʥʦʝ. ʉʧʠʥʦʚʳʡ 

ʤʥʦʞʠʪʝʣʴ ʦʪ ʜʠʘʛʨʘʤʤʳ ʥʘ ʨʠʩ. 3.2(ʘ) ʨʘʚʝʥ 

1 2 2 1 3 4 4 3

1 4...

4aa a a a a a a
a a

d d d d=ä , 

ʘ ʦʪ ʜʠʘʛʨʘʤʤʳ ʥʘ ʨʠʩ. 3.2(ʙ) 

1 2 2 3 3 4 4 1

1 4...

2aa a a a a a a
a a

d d d d=ä . 

 ʈʘʩʩʤʦʪʨʠʤ (3.18) ʧʨʠ ʥʫʣʝʚʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ [2] 
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1

2n

dw

b p

¤

-¤

­ä ñ . 

ʊʦʛʜʘ ʚʭʦʜʷʱʠʡ ʚ (3.18) ʠʥʪʝʛʨʘʣ ʧʦ w ʚʯrʠʩʣʷʝʪʩʷ ʧʨʠ 

ʧʦʤʦʱʠ ʬʦʨʤʫʣʳ [22] 

( )( )

() ( )
2 i i

d x xw

p w x w x x x

¤

-¤

¡Q -Q -
=
¡ ¡- - - +ñ , 

ʛʜʝ ,
k q k k q k

x e e x e e
¡ ¡+ -

¡= - = -. ʇʦʜʩʪʘʚʣʷʷ ʵʪʦʪ ʠʥʪʝʛʨʘʣ ʚ 

(3.18), ʧʨʠ 0T K=  ʧʦʣʫʯʘʝʤ 
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  (3.20)   

ɺʳʨʘʞʝʥʠʝ (3.20) ʥʝ ʤʝʥʷʝʪʩʷ ʧʨʠ ʟʘʤʝʥʝ ,k k q q¡­ ­- , 

ʧʦʵʪʦʤʫ 
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2

2

q q k k q
a b

k k q k k q

d k d k d q
V

u u u

e e e ep

¡- +
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- + -ñ ,    (3.21) 

ʛʜʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʦʙʣʘʩʪʠ qk RÍ , qk q R¡- Í , 

qR  ï ʦʙʣʘʩʪʴ k -ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʝʞʜʫ ʩʬʝʨʘʤʠ ʥʘ ʨʠʩ. 3.1 [22]. 

 ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʳʥʪʝʛʨʘʣʴʥʫʶ ʬʫʥʢʮʠʶ ʚ (3.21) ʧʨʠ 

0q­ . ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʙʣʘʩʪʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ k  ʠ k¡ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʦʠ ʪʦʣʱʠʥʳ q  ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʌʝʨʤʠ. ɿʥʘʤʝʥʘʪʝʣʴ ʚ (3.21) ʪʘʢʞʝ q. ʇʦʵʪʦʤʫ ʧʝʨʚʦʝ 

ʩʣʘʛʘʝʤʦʝ ʧʦʜ ʠʥʪʝʛʨʘʣʦʤ (3.21), ʩʦʜʝʨʞʘʱʝʝ 2
qu, ʧʦʨʷʜʢʘ 

3q- . 

ʇʨʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ ʧʦ q  ʦʥʦ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠ ʨʘʩʭʦʜʠʪʩʷ ʥʘ 

ʥʠʞʥʝʤ ʧʨʝʜʝʣʝ. ɺʪʦʨʦʝ ʩʣʘʛʘʝʤʦʝ 1q- . ʆʥʦ ʦʩʪʘʝʪʩʷ 
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ʢʦʥʝʯʥʳʤ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʛʨʘʥʠʯʠʪʴʩʷ ʚʪʦʨʳʤ ʧʦʨʷʜʢʦʤ 

ʪʝʦʨʠʠ ʚʦʟʤʫʱʝʥʠʡ ʧʦ ʧʘʨʘʤʝʪʨʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʣʴʟʷ. 

ʅʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ ʜʠʘʛʨʘʤʤʳ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ. ʆʥʠ 

ʫʯʠʪʳʚʘʶʪʩʷ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʍʘʨʪʨʠ-ʌʦʢʘ [24,25]. 

 

 

ɿʘʜʘʯʠ 
 

3.1. ʇʦʣʫʯʠʪʝ ʚʢʣʘʜʳ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʦʚ ʪʝʦʨʠʠ 

ʚʦʟʤʫʱʝʥʠʡ ʧʦ ʧʘʨʘʤʝʪʨʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʥʦʚ ʚ 

ʩʦʙʩʪʚʝʥʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ ʧʨʠ ʥʫʣʝʚʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. 

 

3.2. ɺʳʯʠʩʣʠʪʝ ʠʥʪʝʛʨʘʣ (3.21). 

 

3.3. ʅʘʡʜʠʪʝ ʦʙʤʝʥʥʫʶ ʵʥʝʨʛʠʶ ʜʚʫʤʝʨʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʘ. 

ʋʯʪʠʪʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. 

 

3.4. ʇʦʣʫʯʠʪʝ ʦʙʤʝʥʥʫʶ ʵʥʝʨʛʠʶ ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʘ ʚ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ (ʩʤ. Danz R., Glasser M., Phys. Rev. B4, 94 

(1971)). 

 

3.5. ɺʳʯʠʩʣʠʪʝ ʦʙʤʝʥʥʫʶ ʵʥʝʨʛʠʶ ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʮʠʣʠʥʜʨʘ (ʩʤ. ʕʤʠʥʦʚ ʇ.ɸ., ʉʝʟʦʥʦʚ ʖ.ʀ., 

ɸʣʴʧʝʨʥ ɸ.ɺ., ʉʘʣʴʥʠʢʦʚ ʅ.ɺ., ɾʕʊʌ 130, 724 (2006)). ʋʯʪʠʪʝ 

ʧʨʦʜʦʣʴʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. 
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4. ʇʨʠʙʣʠʞʝʥʠʝ ʍʘʨʪʨʠ-ʌʦʢʘ 
 

 ɼʠʘʛʨʘʤʤʳ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʧʦ ʧʘʨʘʤʝʪʨʫ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʣʷ ʬʫʥʢʮʠʠ ɻʨʠʥʘ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 1.3 (ʙ, ʚ). 

ʆʥʠ ʦʧʠʩʳʚʘʶʪ ʧʨʷʤʦʡ ʠ ʦʙʤʝʥʥʳʡ ʧʨʦʮʝʩʩʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʩʚʦʙʦʜʥʦʛʦ ʵʣʝʢʪʨʦʥʘ ʩ ʬʝʨʤʠ-ʬʦʥʦʤ ʪʘʢʠʭ ʞʝ ʵʣʝʢʪʨʦʥʦʚ. ʅʘ 

ʩʘʤʦʤ ʜʝʣʝ ʵʣʝʢʪʨʦʥ, ʠʩʧʳʪʳʚʘʶʱʠʡ ʘʢʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʵʣʝʢʪʨʦʥʘʤʠ ʩʨʝʜʳ, ʥʝ ʩʚʦʙʦʜʝʥ, ʘ ʥʘʭʦʜʠʪʩʷ ʚ ʩʨʝʜʥʝʤ ʧʦʣʝ 

ʦʩʪʘʣʴʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. ʕʪʦʪ ʵʬʬʝʢʪ ʤʦʞʥʦ ʫʯʝʩʪʴ, ʟʘʤʝʥʷʷ 

ʪʦʥʢʠʝ    ɻ ʣʝʢʪʨʦʥʥʳʝ    ʣʠʥʠʠ   ʥʘ   ʨʠʩ. 1.3  (ʙ, ʚ)    ʜʚʦʡʥʳʤʠ  

(ʨʠʩ. 4.1).  

 

 

 
 

 

ʈʠʩ. 4.1. ɼʠʘʛʨʘʤʤʳ ʜʣʷ ʩʦʙʩʪʚʝʥʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʚ 

ʧʨʠʙʣʠʞʝʥʠʠ ʍʘʨʪʨʠ-ʌʦʢʘ 

 

 

ʆʥʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʦʯʥʳʤ ʬʫʥʢʮʠʷʤ ɻʨʠʥʘ. ɿʘʤʝʥʘ 

ʩʚʦʙʦʜʥʳʭ ʬʫʥʢʮʠʡ ɻʨʠʥʘ ʪʦʯʥʳʤʠ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʫʯʠʪʳʚʘʝʪʩʷ 

ʙʝʩʢʦʥʝʯʥʘʷ ʧʦʜʩʦʚʦʢʫʧʥʦʩʪʴ ʜʠʘʛʨʘʤʤ ʚʩʝʭ ʧʦʨʷʜʢʦʚ ʪʝʦʨʠʠ 

ʚʦʟʤʫʱʝʥʠʡ ʧʫʪʝʤ ʫʩʣʦʞʥʝʥʠʷ ʪʦʥʢʠʭ ʣʠʥʠʡ. ʊʘʢʘʷ ʧʨʦʮʝʜʫʨʘ 

ʥʘʟʳʚʘʝʪʩʷ çʦʜʝʚʘʥʠʝʤ ʩʢʝʣʝʪʦʚè [1]. ʕʪʘ ʘʧʧʨʦʢʩʠʤʘʮʠʷ 

ʢɻʚʠʚʘʣʝʥʪʥʘ ʪʝʦʨʠʠ ʍʘʨʪʨʠ-ʌʦʢʘ [24,25]. 
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 ɺʢʣʘʜ ʜʠʘʛʨʘʤʤ ʥʘ ʨʠʩ. 4.1 ʚ ʩʦʙʩʪʚʝʥʥʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ ʨʘʚʝʥ [11] 

( ) ()( )
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        (4.1) 
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ï ʧʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʦʥʦʚ. ʇʦʩʢʦʣʴʢʫ ʬʫʥʢʮʠʷ (1.4) ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʯʘʩʪʦʪʳ, ʩʫʤʤʠʨʦʚʘʥʠʝ ʧʦ s¡ ʚ (4.1) ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʦ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ   

     () ()( )
( )

( )
3

3
0 ,

2
HF

d p p p
p n T f pu m u

p

¡ ¡-å õ
¡S = - æ ö

ç ÷
ñ ,       (4.3)   

ʛʜʝ ()f p  ï ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (2.4) ʯʘʩʪʠʮ ʧʦ ʠʤʧʫʣʴʩʘʤ. 

ʀʟ (4.3) ʚʠʜʥʦ, ʯʪʦ ʬʫʥʢʮʠʷ S ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʍʘʨʪʨʠ-ʌʦʢʘ ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ sz. ʕʪʘ ʬʫʥʢʮʠʷ ʚʝʱʝʩʪʚʝʥʥʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ 

ʧʨʠʙʣʠʞʝʥʠʠ ʍʘʨʪʨʠ-ʌʦʢʘ ʟʘʪʫʭʘʥʠʝ ʢʚʘʟʠʯʘʩʪʠʮ ʦʪʩʫʪʩʪʚʫʝʪ. 

ʀʟ (2.22) ʩʣʝʜʫʝʪ, ʯʪʦ ʬʫʥʢʮʠʷ ɻʨʠʥʘ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ ʨʘʚʥʘ 

       ( )
()

1
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i
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G p
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.        (4.4)  

ʇʦʣʶʩ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʦʜʦʣʞʝʥʠʷ ʵʪʦʡ ʬʫʥʢʮʠʠ ʩ 

ʜʠʩʢʨʝʪʥʳʭ ʪʦʯʝʢ i sz  ʥʘ ʢʦʤʧʣʝʢʩʥʫʶ ʧʣʦʩʢʦʩʪʴ ʵʥʝʨʛʠʠ ʜʘʝʪ 

ʩʧʝʢʪʨ ʢʚʘʟʠʯʘʩʪʠʮ: 
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 ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʬʫʥʢʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʧʦ 

ʠʤʧʫʣʴʩʘʤ, ʥʝʦʙʭʦʜʠʤʦ ʬʫʥʢʮʠʶ ɻʨʠʥʘ (4.4) ʧʦʜʩʪʘʚʠʪʴ ʚ 
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(2.4). ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʚʭʦʜʷʱʝʡ ʚ (2.4) ʩʫʤʤʳ ʧʦ s  ʚʚʝʜʝʤ 

ʠʥʪʝʛʨʘʣ ʚ ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ ʵʥʝʨʛʠʠ z : 

( )( )

0e

2 i e 1

z

z
p HFC

dz

zbp x

+

-
+ - -S

ñ  . 

ʂʦʥʪʫʨ C  ï ʦʢʨʫʞʥʦʩʪʴ ʙʦʣʴʰʦʛʦ ʨʘʜʠʫʩʘ, ʦʭʚʘʪʳʚʘʶʱʘʷ 

ʧʦʣʶʩʳ ʧʦʜʳʥʪʝʛʨʘʣʴʥʦʡ ʬʫʥʢʮʠʠ ʚ ʪʦʯʢʘʭ i sz  ʩ ʚʳʯʝʪʘʤʠ 

1
b

-  ʠ ʧʦʣʶʩ ʚ ʪʦʯʢʝ HFx+S . ʂʦʛʜʘ ʨʘʜʠʫʩ ʦʢʨʫʞʥʦʩʪʠ 

ʩʪʨʝʤʠʪʩʷ ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ, ʩʫʤʤʘ ʚʳʯʝʪʦʚ ʚ ʧʦʣʶʩʘʭ i sz  

ʩʦʚʧʘʜʘʝʪ ʩ ʩʫʤʤʦʡ (2.4). ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʥʘ ʨʘʚʥʘ ʚʳʯʝʪʫ ʚ 

ʧʦʣʶʩʝ (4.5): 

() ()( )
1

e 1
p

f p
be

-

= + .       (4.6) 

      

ʇʨʦʙʣʝʤʘ ʨʘʩʯʝʪʘ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʍʘʨʪʨʠ-

ʌʦʢʘ ʩʚʝʣʘʩʴ ʢ ʩʦʚʤʝʩʪʥʦʤʫ ʨʝʰʝʥʠʶ ʫʨʘʚʥʝʥʠʡ (4.5) ʠ (4.6). 

ʕʪʦ ʧʨʠʙʣʠʞʝʥʠʝ ï ʧʨʦʩʪʝʡʰʠʡ ʧʨʠʤʝʨ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʦʡ 

ʪʝʦʨʠʠ. 

 ɺ ʵʣʝʢʪʨʠʯʝʩʢʠ ʥʝʡʪʨʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʭʘʨʪʨʠʝʚʩʢʠʡ 

ʚʢʣʘʜ ʚ ʵʥʝʨʛʠʶ ʢʚʘʟʠʯʘʩʪʠʮʳ ()0 nu  ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʚʢʣʘʜʦʤ 

ʠʦʥʦʚ. ʆʜʥʘʢʦ, ʚ ʢʣʘʩʩʠʯʝʩʢʦʤ ʧʨʝʜʝʣʴʥʦʤ ʩʣʫʯʘʝ ʦʥ 

ʜʦʤʠʥʠʨʫʝʪ [8]. ɺʳʯʠʩʣʠʤ ʜʘʚʣʝʥʠʝ P  ʛʘʟʘ ʥʝʡʪʨʘʣʴʥʳʭ 

ʯʘʩʪʠʮ, ʧʦʜʯʠʥʷʶʱʠʭʩʷ ʟʘʢʦʥʘʤ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ, 

ʀʟʚʝʩʪʥʦ [21], ʯʪʦ 
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ʇʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪʩʶʜʘ ʧʦʣʫʯʘʝʤ 

 

    dP ndm= ,         (4.7) 

ʛʜʝ 
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ï ʧʣʦʪʥʦʩʪʴ ʛʘʟʘ. ʆʪʩʶʜʘ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʥʘʭʦʜʠʤ ( )dn n d dnb m u= - . ʋʯʠʪʳʚʘʷ (4.7), ʧʦʣʫʯʘʝʤ 

  

21 1

2
dP dn dnu

b
= + . 

 

ʇʦʩʣʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʵʪʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʩ ʫʯʝʪʦʤ 

( )0 0P n= =, ʥʘʭʦʜʠʤ ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʛʘʟʘ: 
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ʄʳ ʧʦʣʫʯʠʣʠ ʫʨʘʚʥʝʥʠʝ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ, ʚ ʢʦʪʦʨʦʤ ʥʝ ʫʯʪʝʥʳ 

ʩʦʙʩʪʚʝʥʥʳʝ ʨʘʟʤʝʨʳ ʯʘʩʪʠʮ, ʘ ʧʦʩʪʦʷʥʥʘʷ a, ʫʯʠʪʳʚʘʶʱʘʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʘʩʪʠʮ, ʨʘʚʥʘ 
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ʝʩʣʠ ʯʘʩʪʠʮʳ ʧʨʠʪʷʛʠʚʘʶʪʩʷ ʜʨʫʛ ʢ ʜʨʫʛʫ ʥʘ ʣʶʙʦʤ 

ʨʘʩʩʪʦʷʥʠʠ.   

 

ɿʘʜʘʯʠ 

 
4.1. ʇʦʢʘʞʠʪʝ, ʯʪʦ ʵʥʝʨʛʠʷ ʢʚʘʟʠʯʘʩʪʠʮʳ ʚ ʧʨʠʙʣʠʞʝʥʠʠ 

ʍʘʨʪʨʠ-ʌʦʢʘ ʨʘʚʥʘ 
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4.2. ʇʦʣʫʯʠʪʝ ʵʥʝʨʛʠʶ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʪʝʧʣʦʝʤʢʦʩʪʴ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʘ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʍʘʨʪʨʠ-ʌʦʢʘ. 

 

4.3. ʅʘʡʜʠʪʝ ʩʧʝʢʪʨ ʢʚʘʟʠʯʘʩʪʠʮ ʚ ʜʚʫʤʝʨʥʦʤ ʵʣʝʢʪʨʦʥʥʦʤ ʛʘʟʝ 

ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʍʘʨʪʨʠ-ʌʦʢʘ. ʋʯʪʠʪʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. 

 

4.4. ʈʘʩʩʯʠʪʘʡʪʝ ʩʧʝʢʪʨ ʢʚʘʟʠʯʘʩʪʠʮ ʠ ʵʥʝʨʛʠʶ ʦʩʥʦʚʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʮʠʣʠʥʜʨʘ ʚ 

ʧʨʠʙʣʠʞʝʥʠʠ ʍʘʨʪʨʠ-ʌʦʢʘ. ʋʯʪʠʪʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. 
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5. ɺʳʨʦʞʜʝʥʥʳʡ ʬʝʨʤʠ-ʛʘʟ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ 
 

 

 ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʚʦʡʩʪʚʘ ʚʳʨʦʞʜʝʥʥʦʡ 

ʦʜʥʦʨʦʜʥʦʡ ʩʠʩʪʝʤʳ ʬʝʨʤʠʦʥʦʚ ʩʦ ʩʧʠʥʦʤ 1
2

  ʩ 

ʢʦʨʦʪʢʦʜʝʡʩʪʚʫʶʱʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʦʪʪʘʣʢʠʚʘʥʠʷ ʯʘʩʪʠʮ, ʥʝ 

ʟʘʚʠʩʷʱʠʤ ʦʪ ʩʧʠʥʦʚ [3,5,11,26,27]. ʈʝʯʴ ʠʜʝʪ ʦʙ 

ʵʢʨʘʥʠʨʦʚʘʥʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʵʣʝʢʪʨʦʥʦʚ ʚ ʤʝʪʘʣʣʘʭ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʘʪʦʤʦʚ 3He , ʦ ʷʜʝʨʥʦʡ ʤʘʪʝʨʠʠ, ʝʩʣʠ 

ʧʨʝʥʝʙʨʝʯʴ ʧʨʠʪʷʛʠʚʘʶʱʝʡ ʯʘʩʪʴʶ ʧʦʪʝʥʮʠʘʣʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʫʢʣʦʥʦʚ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʙʫʜʝʤ ʛʦʚʦʨʠʪʴ 

ʦʙ ʵʣʝʢʪʨʦʥʘʭ. ɺʦ ʚʚʝʜʝʥʠʠ ʫʧʦʤʠʥʘʣʦʩʴ, ʯʪʦ ʪʘʢʘʷ ʩʠʩʪʝʤʘ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʨʝʤʷ ʚʝʣʠʯʠʥʘʤʠ: 0r , 0U , 0k . ʀʟ ʥʠʭ ʤʦʞʥʦ 

ʩʦʩʪʘʚʠʪʴ ʜʚʘ ʙʝʟʨʘʟʤʝʨʥʳʭ ʧʘʨʘʤʝʪʨʘ: 
2
0 0

2
mr U

a=    ï 

ʧʘʨʘʤʝʪʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ 0 0r kh=  ï ʧʘʨʘʤʝʪʨ ʩʞʘʪʠʷ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʦʪʨʝʪʴ ʥʝʩʢʦʣʴʢʦ ʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ. ɽʩʣʠ 1a  

ʠ 1h , ʯʘʩʪʠʮʳ ʩʪʘʣʢʠʚʘʶʪʩʷ ʨʝʜʢʦ, ʧʦʵʪʦʤʫ ʤʦʞʥʦ 

ʦʛʨʘʥʠʯʠʪʴʩʷ ʧʘʨʥʳʤʠ ʩʪʦʣʢʥʦʚʝʥʠʷʤʠ. ʄʘʣʦʩʪʴ a ʦʟʥʘʯʘʝʪ, 

ʯʪʦ ʧʨʠʤʝʥʠʤʘ ʪʝʦʨʠʷ ʚʦʟʤʫʱʝʥʠʡ ʧʦ ʵʪʦʤʫ ʧʘʨʘʤʝʪʨʫ. ɺ 

ʩʣʫʯʘʝ 1a , 0 0 1k r  ʩʪʦʣʢʥʦʚʝʥʠʷ ʷʚʣʷʶʪʩʷ ʧʦ-ʧʨʝʞʥʝʤʫ 

ʨʝʜʢʠʤʠ, ʦʜʥʘʢʦ ʠʟ-ʟʘ ʩʠʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʘʩʪʠʮ ʪʝʦʨʠʷ 

ʚʦʟʤʫʱʝʥʠʡ ʧʦ ʧʘʨʘʤʝʪʨʫ a ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ. 

ʊʘʢʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʥʘʟʳʚʘʝʪʩʷ ʛʘʟʦʚʳʤ ʧʨʠʙʣʠʞʝʥʠʝʤ 

[26,27]. ɽʩʣʠ ʯʘʩʪʠʮʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʧʦ ʟʘʢʦʥʫ ʂʫʣʦʥʘ, 

ʧʦʪʝʥʮʠʘʣ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʚʝʣʠʯʠʥʘʤʠ 0r  ʠ 

0U . ʊʦʛʜʘ ʝʜʠʥʩʪʚʝʥʥʳʤ ʙʝʟʨʘʟʤʝʨʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʪʝʦʨʠʠ 

ʚʦʟʤʫʱʝʥʠʡ ʷʚʣʷʝʪʩʷ 
2

0

e
u

 , ʛʜʝ 0u  ï ʩʢʦʨʦʩʪʴ ʌʝʨʤʠ. ʕʪʦʪ 

ʩʣʫʯʘʡ ʧʨʠ 
2

0
1e

u
 ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥ ʚ ʩʣʝʜʫʶʱʝʤ ʨʘʟʜʝʣʝ. 
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ʉʣʫʯʘʡ 1a  ʠ 1h  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʦʨʠʠ ʬʝʨʤʠ-ʞʠʜʢʦʩʪʠ 

ʃʘʥʜʘʫ [28,29] ʠ ʚ ʵʪʦʤ ʧʦʩʦʙʠʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ. 

 ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʨʘʜʠʫʩ 0r  ʜʝʡʩʪʚʠʷ ʤʝʞʯʘʩʪʠʯʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʤʘʣ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʨʝʜʥʠʤ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ 

ʯʘʩʪʠʮʘʤʠ 
1
3n

-
, ʪ. ʝ. 0 0 1k r , ʛʜʝ ( )

1
2 3

0 3k np= . ʆʮʝʥʢʠ [5, 

26, 27] ʠ ʩʪʨʫʢʪʫʨʘ ʙʦʨʥʦʚʩʢʦʛʦ ʨʷʜʘ [18] ʜʣʷ ʘʤʧʣʠʪʫʜʳ 

ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʯʘʩʪʠʮ ʚ ʚʘʢʫʫʤʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʦʩʥʦʚʥʫʶ ʨʦʣʴ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʛʘʟʝ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ ʠʛʨʘʶʪ 

ʣʝʩʪʥʠʯʥʳʝ ʜʠʘʛʨʘʤʤʳ ʜʣʷ ʩʦʙʩʪʚʝʥʥʦ-ʵʥʝʨʛʝʪʠʯʝʢʦʡ 

ʬʫʥʢʮʠʠ S. ʅʘʩ ʞʝ ʠʥʪʝʨʝʩʫʶʪ ʧʨʦʮʝʩʩʳ ʨʘʩʩʝʷʥʠʷ ʚ ʩʨʝʜʝ, 

ʧʨʠ ʥʘʣʠʯʠʠ ʬʝʨʤʠ-ʬʦʥʘ ʪʘʢʠʭ ʞʝ ʯʘʩʪʠʮ. ʂ ʵʪʦʤʫ ʢʣʘʩʩʫ 

ʜʠʘʛʨʘʤʤ ʦʪʥʦʩʷʪʩʷ ʦʙʝ ʜʠʘʛʨʘʤʤʳ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʥʘ ʨʠʩ. 1.3 

(ʙ, ʚ). ʆʥʠ ʦʧʠʩʳʚʘʶʪ ʧʨʷʤʦʝ ʠ ʦʙʤʝʥʥʦʝ ʨʘʩʩʝʷʥʠʝ ʯʘʩʪʠʮ ʥʘ 

ʯʘʩʪʠʮʘʭ ʬʦʥʘ. ɼʠʘʛʨʘʤʤʳ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 

1.3 (ʛ, ʜ). ʆʢʘʟʳʚʘʝʪʩʷ [26,27], ʯʪʦ ʩ ʢʘʞʜʦʡ ʜʳʨʦʯʥʦʡ ʣʠʥʠʝʡ 

ʥʘ ʜʠʘʛʨʘʤʤʘʭ ʩʚʷʟʘʥ ʤʥʦʞʠʪʝʣʴ 0 0k r , ʧʦʵʪʦʤʫ ʜʠʘʛʨʘʤʤʳ ʥʘ 

ʨʠʩ. 3.1 (ʙ, ʚ, ʛ, ʜ) ʜʘʶʪ ʚʢʣʘʜ ʚ S ʧʦʨʷʜʢʘ 0 0k r . ʉ ʨʦʩʪʦʤ ʯʠʩʣʘ 

l  ʜʳʨʦʯʥʳʭ ʣʠʥʠʡ ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ ʚ ( )0 0
l

k r  ʚʦʟʨʘʩʪʘʝʪ. 

ʇʦʩʢʦʣʴʢʫ 0 0 1k r , ʚ ʧʨʝʜʝʣʝ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ ʛʘʟʘ ʥʘʠʙʦʣʝʝ 

ʩʫʱʝʩʪʚʝʥʥʳ ʜʠʘʛʨʘʤʤʳ ʩ ʦʜʥʦʡ ʜʳʨʦʯʥʦʡ ʣʠʥʠʝʡ. 

 ʀʩʧʦʣʴʟʫʷ ʧʨʘʚʠʣʘ ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ ʜʠʘʛʨʘʤʤʘʤʠ ʠ 

ʬʦʨʤʫʣʘʤʠ [2,3], ʜʣʷ ʜʠʘʛʨʘʤʤ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʥʘ ʨʠʩ. 1.3 ʧʨʠ 

0T=  ʧʦʣʫʯʘʝʤ 
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ʄʠʥʫʩ ʚ 1
bS  ʩʚʷʟʘʥ ʩ ʵʣʝʢʪʨʦʥʥʦʡ ʧʝʪʣʝʡ ʥʘ ʜʠʘʛʨʘʤʤʝ. 

ʇʦʩʢʦʣʴʢʫ ()qu  (1.4) ʥʝ ʟʘʚʠʩʠʪ ʦʪ e¡, ʠʥʪʝʛʨʘʣ ʧʦ e¡ ʜʘʝʪ 

ʬʫʥʢʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʧʦ ʠʤʧʫʣʴʩʘʤ [2]: 

() ( )i 0i , e
2

d
f p G p ee

e
p

+
¤

-¤

=-ñ . 

ʊʦʛʜʘ ()1 00a nuS = , ʛʜʝ 0n  ï ʧʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʦʥʦʚ ʩ ʦʙʝʠʤʠ 

ʦʨʠʝʥʪʘʮʠʷʤʠ ʩʧʠʥʘ ʚ ʠʜʝʘʣʴʥʦʤ ʛʘʟʝ, ʢʦʥʩʪʘʥʪʘ 

() ()30 d r ru u=ñ  ʩʚʷʟʘʥʘ ʩ ʙʦʨʥʦʚʩʢʦʡ ʜʣʠʥʦʡ 0a  

s-ʨʘʩʩʝʷʥʠʷ ʯʘʩʪʠʮ ʚ ʩʠʩʪʝʤʝ ʮʝʥʪʨʘ ʠʥʝʨʮʠʠ ʩʦʦʪʥʦʰʝʥʠʝʤ 

[18] 

    ()
2

04
0

a

m

p
u = . 

ʏʠʪʘʪʝʣʶ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʦʢʘʟʘʪʴ, ʯʪʦ 1
cS  ʧʨʠ 0 0 1k a  ʪʘʢʞʝ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 0 0k a . 

 ɺʢʣʘʜ ʜʠʘʛʨʘʤʤ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʥʘ ʨʠʩ. 1.3 (ʜ, e) ʨʘʚʝʥ 
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()( ) ( ) ( ) ( )

() ( ) ( ) ( )

2

2
0 0 0

2
0 0 0

2

,

p

dq dp q q G p q G p q G p

p p
dq dp q q G p q G p q G p

u u

u u

S =

¡ ¡ ¡= - - + -

¡-å õ
¡ ¡ ¡- - - +æ ö

ç ÷

ñ ñ

ñ ñ

(5.2)        

ʛʜʝ ( ),p pe=  ï 4-ʠʤʧʫʣʴʩ, 

 

( ) ( )

3 3

3 3
,

2 22 2

d p d d q d
dp dq

e w

p pp p

¤ ¤

-¤ -¤

= =ñ ñ ñ ñ ñ ñ. 

 

ɺ ʬʦʨʤʫʣʝ (5.2) ʫʯʪʝʥʦ 
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1 1 2 2

1 2

aa aa a a aa
aa

d d d d¡ ¡=ä ,   
1 2 2 1

1 2

2aa a a
aa

d d =ä . 

 

ʀʟ (5.2) ʚʠʜʥʦ, ʢʘʢ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʪʘʚʠʪʴ 4-ʠʤʧʫʣʴʩʳ ʥʘ 

ʜʠʘʛʨʘʤʤʘʭ, ʯʪʦʙʳ ʚ ʢʘʞʜʦʡ ʚʝʨʰʠʥʝ ʚʳʧʦʣʥʷʣʩʷ ʟʘʢʦʥ 

ʩʦʭʨʘʥʝʥʠʷ 4-ʠʤʧʫʣʴʩʘ. 

 ʌʦʨʤʫʣʳ (5.1) ʠ (5.2) ʧʦʣʫʯʝʥʳ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ 

ʚʦʟʤʫʱʝʥʠʡ. ɺ ʥʠʭ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 0 0 1k r  ʠ 

  

        
2
0 0
2

1
mr U

. 

 

ʆʪʢʘʟʳʚʘʷʩʴ ʦʪ ʚʪʦʨʦʛʦ ʥʝʨʘʚʝʥʩʪʚʘ, ʤʳ ʚʳʥʫʞʜʝʥʳ 

ʧʨʦʩʫʤʤʠʨʦʚʘʪʴ ʙʝʩʢʦʥʝʯʥʫʶ ʧʦʜʩʦʚʦʢʫʧʥʦʩʪʴ ʣʝʩʪʥʠʯʥʳʭ 

ʜʠʘʛʨʘʤʤ ʜʣʷ S, ʚ ʢʦʪʦʨʳʭ ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ ʩʚʷʟʳʚʘʶʪ 

ʣʠʰʴ ʣʠʥʠʠ ʯʘʩʪʠʮ. ʇʨʠ ʵʪʦʤ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ ʜʠʘʛʨʘʤʤʳ, ʚ 

ʢʦʪʦʨʳʭ ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ ʩʚʷʟʳʚʘʶʪ ʣʠʥʠʠ ʯʘʩʪʠʮ ʠ ʜʳʨʦʢ, 

ʘ ʪʘʢʞʝ ʜʠʘʛʨʘʤʤʳ ʩ ʟʘʤʢʥʫʪʳʤʠ ʵʣʝʢʪʨʦʥʥʳʤʠ ʧʝʪʣʷʤʠ, 

ʫʩʣʦʞʥʷʶʱʠʝ ʣʠʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [26,27]. ʆʩʪʘʶʪʩʷ 

ʣʝʩʪʥʠʯʥʳʝ ʜʠʘʛʨʘʤʤʳ ʩ ʦʜʥʦʡ ʜʳʨʦʯʥʦʡ ʣʠʥʠʝʡ. ʋʚʝʣʠʯʝʥʠʝ 

ʯʠʩʣʘ ʧʫʥʢʪʠʨʥʳʭ ʣʠʥʠʡ ï çʩʪʫʧʝʥʝʢè ʣʝʩʪʥʠʮʳ ï ʧʨʠʚʦʜʠʪ ʢ 

ʩʣʝʜʫʶʱʝʤʫ ʧʨʠʙʣʠʞʝʥʠʶ ʧʦ ʧʘʨʘʤʝʪʨʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ a. 

ʋʚʝʣʠʯʝʥʠʝ ʞʝ ʯʠʩʣʘ ʜʳʨʦʯʥʳʭ ʣʠʥʠʡ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʧʦʷʚʣʝʥʠʝʤ ʤʘʣʳʭ ʤʥʦʞʠʪʝʣʝʡ ( )0 0
l

k r . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʛʘʟʦʚʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ï ʵʪʦ ʩʫʤʤʠʨʦʚʘʥʠʝ ʙʝʩʢʦʥʝʯʥʦʡ 

ʧʦʜʩʦʚʦʢʫʧʥʦʩʪʠ ʜʠʘʛʨʘʤʤ ʩʦ ʚʩʝʤʠ ʩʪʝʧʝʥʷʤʠ a ʠ ʫʯʝʪ 

ʥʝʩʢʦʣʴʢʠʭ ʯʣʝʥʦʚ ʨʘʟʣʦʞʝʥʠʷ ʧʦ ʧʘʨʘʤʝʪʨʫ ʩʞʘʪʠʷ h. ɺ 

ʨʘʙʦʪʘʭ [26,27] ʫʯʪʝʥʳ ʯʣʝʥʳ ʧʦʨʷʜʢʘ ( )
2

0k a , ʛʜʝ a  ï ʜʣʠʥʘ s-

ʨʘʩʩʝʷʥʠʷ.            

 ʏʪʦʙʳ ʧʨʦʩʫʤʤʠʨʦʚʘʪʴ ʣʝʩʪʥʠʯʥʳʝ ʜʠʘʛʨʘʤʤʳ, 

ʥʘʨʠʩʫʝʤ ʜʠʘʛʨʘʤʤʳ ʥʘ ʨʠʩ. 1.3 (ʙ,ʚ,ʛ,ʜ) ʪʘʢ, ʯʪʦʙʳ ʙʳʣʘ ʚʠʜʥʘ 

ʠʭ    ʣʝʩʪʥʠʯʥʘʷ    ʩʪʨʫʢʪʫʨʘ   [3]   (ʨʠʩ.  5.1).   ʂʨʦʤʝ   ʪʦʛʦ,    ʚ  
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ʈʠʩ. 5.1. ʃʝʩʪʥʠʯʥʳʝ ʜʠʘʛʨʘʤʤʳ 1-ʛʦ ʠ 2-ʛʦ ʧʦʨʷʜʢʘ ʜʣʷ S 

 

ʜʠʘʛʨʘʤʤʘʭ 1-ʛʦ ʧʦʨʷʜʢʘ ʠʩʧʦʣʴʟʫʝʤ ʧʨʦʮʝʜʫʨʫ çʦʜʝʚʘʥʠʷ 

ʩʢʝʣʝʪʦʚè [1]. ʆʛʨʘʥʠʯʠʚʘʷʩʴ ʯʣʝʥʘʤʠ 2-ʛʦ ʧʦʨʷʜʢʘ ʧʦ a, ʤʳ 
ʜʦʣʞʥʳ ʜʚʦʡʥʳʤ ʣʠʥʠʷʤ ʩʦʧʦʩʪʘʚʠʪʴ ʬʫʥʢʮʠʠ ɻʨʠʥʘ, 

ʚʳʯʠʩʣʝʥʥʳʝ ʩ ʫʯʝʪʦʤ ʯʣʝʥʦʚ 1-ʛʦ ʧʦʨʷʜʢʘ. 

 ɼʠʘʛʨʘʤʤʳ ʥʘ ʨʠʩ. 5.1 ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʝʨʚʳʝ 

ʯʣʝʥʳ ʣʝʩʪʥʠʯʥʦʛʦ ʨʷʜʘ ʜʣʷ çʯʝʪʳʨʝʭʭʚʦʩʪʢʠè, ʚ ʢʦʪʦʨʦʡ ʧʘʨʘ 

ʚʥʝʰʥʠʭ ʣʠʥʠʡ çʟʘʢʦʨʦʯʝʥʘè ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʜʚʫʤʷ ʨʘʟʣʠʯʥʳʤʠ 

ʩʧʦʩʦʙʘʤʠ [3]. ʃʝʩʪʥʠʯʥʳʝ ʜʠʘʛʨʘʤʤʳ ʜʣʷ ʯʝʪʳʨʝʭʭʚʦʩʪʢʠ ï 

ʜʚʫʭʯʘʩʪʠʯʥʦʡ ʬʫʥʢʮʠʠ ɻʨʠʥʘ [2,3] 

 

( )
()

( )0 3 4 1 2 02

1
Ĕ Ĕ Ĕ Ĕ3,4;1,2

i
tK T y y y y+ +=- Y Y,           (5.3) 
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ʛʜʝ ( )1 1 11 , ,r ta= ,é, ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 5.2. ʆʪʙʨʘʩʳʚʘʷ ʚ ʵʪʠʭ 

 

 
ʈʠʩ. 5.2. ʃʝʩʪʥʠʯʥʳʝ ʜʠʘʛʨʘʤʤʳ ʜʣʷ ʯʝʪʳʨʝʭʭʚʦʩʪʢʠ 

 

ʜʠʘʛʨʘʤʤʘʭ çʭʚʦʩʪʳè, ʧʦʣʫʯʘʝʤ ʚʝʨʰʠʥʥʫʶ ʬʫʥʢʮʠʶ G ʚ 

ʣʝʩʪʥʠʯʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ [2,3]. ʆʥʘ ʠʟʦʙʨʘʞʝʥʘ ʢʚʘʜʨʘʪʦʤ ʥʘ 

ʨʠʩ. 5.3. ʉʫʤʤʝ  ʵʪʠʭ  ʜʠʘʛʨʘʤʤ  ʩʦʦʪʚʝʪʩʪʚʫʝʪ  ʘʥʘʣʠʪʠʯʝʩʢʦʝ 

 

 
 
ʈʠʩ. 5.3. ɺʝʨʰʠʥʥʘʷ ʬʫʥʢʮʠʷ G ʚ ʣʝʩʪʥʠʯʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʩ 

çʟʘʢʦʨʦʯʝʥʥʳʤʠè ʚʥʝʰʥʠʤʠ ʣʠʥʠʷʤʠ 

 

ʚʳʨʘʞʝʥʠʝ: 

 

          
( )

( ) ( )

3 4 1 2

3 1 4 2

, 3 4 1 2

3 4 1 2 3 4 1 2

, ; ,

, , ,a b

p p p p

p p p p p p p p

a a aa

a a a ad d

G =

è ø= G +Gê ú

       (5.4) 
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ʛʜʝ 4-ʠʤʧʫʣʴʩʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ çʭʚʦʩʪʘʤè ʬʫʥʢʮʠʠ K, ʢʦʪʦʨʳʝ 

ʥʘ ʨʠʩ. 5.3 ʥʝ ʚʩʝ ʧʦʢʘʟʘʥʳ. ɺʭʦʜʷʱʠʝ ʚ (5.4) ʬʫʥʢʮʠʠ ,a bG  

ʨʘʚʥʳ 

( )

( )

() ( ) ( )

3 1
3 4 1 2

3 4 1 2

3 1
0 3 0 4

1 1
, ,

i i

1
,

i

1 1
i i .

i i

a

b

p p
p p p p

p p p p

p p
dq q q G p q G p q

u

u u

-å õ
G = æ ö

ç ÷

G =

-å õ
= - - +æ ö

ç ÷
ñ

    (5.5) 

 

ʉʠʤʚʦʣʳ ʂʨʦʥʝʢʝʨʘ ʚ (5.4) ʦʟʥʘʯʘʶʪ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʘʩʪʠʮ ʧʨʦʝʢʮʠʠ ʠʭ ʩʧʠʥʦʚ ʥʝ ʤʝʥʷʶʪʩʷ. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ  ʨʷʜʫ  (5.4)  ʛʨʘʬʠʢʠ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 5.4. ɺ  

 

 

 
ʈʠʩ. 5.4. ʃʝʩʪʥʠʯʥʳʡ ʨʷʜ ʜʣʷ ʚʝʨʰʠʥʥʦʡ ʬʫʥʢʮʠʠ 

 

ʨʘʚʥʦʚʝʩʥʦʡ ʦʜʥʦʨʦʜʥʦʡ ʩʠʩʪʝʤʝ, ʢʦʪʦʨʘʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ 

ʧʦʩʦʙʠʠ, 1 2 3 4p p p p+ = +. 

 ʌʫʥʢʮʠʷ G ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʨʘʚʥʝʥʠʶ ɹʝʪʝ-ʉʦʣʧʠʪʝʨʘ 

[30]: 

 

( ) ( )

() ( ) ( )( )

3 4 1 2 3 1

0 3 0 4 3 4 1 2

,

i , ; , .

p p p p p p

dq q G p q G p q p q p q p p

u

u

G = - +

+ - + G - +ñ
(5.6) 
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ʕʪʦ ʫʨʘʚʥʝʥʠʝ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 5.5. 

 

 
 
ʈʠʩ. 5.5. ɻʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ɹʝʪʝ-ʉʦʣʧʠʪʝʨʘ (5.6) 

 

 ɼʠʘʛʨʘʤʤʳ ʩ ʦʜʥʦʡ ʜʳʨʦʯʥʦʡ ʣʠʥʠʝʡ ʥʘ ʨʠʩ. 5.3 ʜʘʶʪ 

ʚʢʣʘʜ ʚ ʩʦʙʩʪʚʝʥʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ: 

 

() ( ) ( )

( )( )

4 2 1 3 3 4 1 2

1 3

4 2

0
,

0

1 1
i ,

i i

2 , ,

a p dp G p p p p p

dp G p p p p p

a a aa a a aa
aa

a ad

¡ ¡ ¡ ¡S =- G =

¡ ¡ ¡ ¡=- G

äñ

ñ

  (5.7)    

() ( ) ( )

( )( )

3 2 1 4 3 4 1 2

1 4

3 2

0
,

0

1
,

i

, .

b p dp G p pp p p

dp G p pp p p

a a aa a a aa
aa

a ad

¡ ¡ ¡ ¡S = G =

¡ ¡ ¡ ¡= G

äñ

ñ

       (5.8) 

 

 ɺʢʣʘʜ ʜʠʘʛʨʘʤʤ ʥʘ ʨʠʩ. 5.1 (ʘ,ʙ) ʚ ʩʦʙʩʪʚʝʥʥʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ ʧʦʩʣʝ ʫʜʚʦʝʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʣʠʥʠʡ 

ʥʘ ʨʠʩ. 1.3 (ʙ,ʚ) ʨʘʚʝʥ 

                       

() ()()

()
( )

()( )

1

3

1 3

0 ,

.
2

a

b

p n

d q
p q f p q

u m

u
p

S =

S =- -ñ
         (5.9) 
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ʕʪʠ ʚʳʨʘʞʝʥʠʷ ʧʦʣʫʯʘʶʪʩʷ ʠʟ (5.1) ʟʘʤʝʥʦʡ 0G  ʥʘ G . 

ʇʦʩʢʦʣʴʢʫ 0 1qr , ʪʦ ʢʦʤʧʦʥʝʥʪʘ ʌʫʨʴʝ ()qu  ʚ (5.9) 

ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ q  ʣʠʰʴ ʧʨʠ 

      0

0 0 0

1 k
q

r k r
= . 

ʕʪʠ ʟʥʘʯʝʥʠʷ q  ʚ ʨʘʟʨʝʞʝʥʥʦʤ ʛʘʟʝ ʚʝʣʠʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 0k . 

ʅʘʩ ʞʝ ʠʥʪʝʨʝʩʫʶʪ ʟʥʘʯʝʥʠʷ 0
0

1k k
r

- , ʧʦʵʪʦʤʫ ʧʨʠ 

1
0q r-  ʤʦʞʥʦ ʧʦʣʦʞʠʪʴ ( ) 0f p q- º. ʊʦʛʜʘ ()qu  ʚ (5.9) 

ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ ʥʘ ()0u , ʘ f  ï ʥʘ 0f . ɼʦʧʫʩʪʠʤʘʷ ʧʨʠ ʵʪʦʤ 

ʧʦʛʨʝʰʥʦʩʪʴ ʥʝ ʦʪʨʘʞʘʝʪʩʷ ʜʘʞʝ ʥʘ ʩʣʘʛʘʝʤʳʭ ʚ S ʧʦʨʷʜʢʘ  

( )
2

0 0k r  [3]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʢʣʘʜ ʜʠʘʛʨʘʤʤ ʥʘ ʨʠʩ. 5.1 (ʘ,ʙ) ʚ S 

ʨʘʚʝʥ 

()
2

1 1 0 0

1 2
0

2

a b n a n
m

p
uS +S = = ,     (5.10) 

      

ʛʜʝ a  ï ʜʣʠʥʘ ʨʘʩʩʝʷʥʠʷ ʩ ʫʯʝʪʦʤ ʯʣʝʥʦʚ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. ɺʦ 

ʚʪʦʨʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʦʥʘ ʨʘʚʥʘ [3] 

()
()

1

2

2 2 2 2 2
1 2 1 2

0 2
0

4 p

m m
a

V p p p p

u
u

p ¡

è ø
é ù= +

¡ ¡+ - -é ùê ú
ä , 

ʛʜʝ 1 2,p p  ʠ 1 2,p p¡ ¡ ï ʠʤʧʫʣʴʩʳ ʯʘʩʪʠʮ ʜʦ ʠ ʧʦʩʣʝ 

ʩʪʦʣʢʥʦʚʝʥʠʷ. 

 ɺʳʯʠʩʣʠʤ ʬʫʥʢʮʠʶ bG  (5.5). ɺʭʦʜʷʱʘʷ ʚ ʥʝʝ ʬʫʥʢʮʠʷ 

ɻʨʠʥʘ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʨʘʚʥʘ [2,3] 

 

( )

( )
0 2

0

1
,

i0sign
2

G p
p

p p
m

e

e m

=

- + + -

.      (5.11)      
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ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʵʪʦʡ ʬʫʥʢʮʠʠ ʚ ʬʦʨʤʫʣʫ (5.5) ʠ ʩʜʚʠʛʘ 

ʧʝʨʝʤʝʥʥʦʡ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 3p q p¡- =  ʧʦʣʫʯʘʝʤ ʩʭʦʜʷʱʠʡʩʷ 

ʠʥʪʝʛʨʘʣ 

( ) ( )0 0 1 2 1 2, ,
2

d
G p G p p p

e
e e e e

p

¤

-¤

¡
¡ ¡ ¡ ¡+ - + -ñ ,     (5.12) 

ʧʦʩʢʦʣʴʢʫ 0
1G
e

 , ʢʦʛʜʘ e­¤. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʤʢʥʫʪʴ 

ʧʫʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʚ ʚʝʨʭʥʝʡ ʠʣʠ ʥʠʞʥʝʡ ʧʦʣʫʧʣʦʩʢʦʩʪʠ 

ʧʝʨʝʤʝʥʥʦʡ e¡. ʀʥʪʝʛʨʘʣ ʦʪʣʠʯʝʥ ʦʪ ʥʫʣʷ, ʝʩʣʠ ʧʦʣʶʩʳ 
ʧʦʜʳʥʪʝʛʨʘʣʴʥʦʡ ʬʫʥʢʮʠʠ ʣʝʞʘʪ ʚ ʨʘʟʥʳʭ ʧʦʣʫʧʣʦʩʢʦʩʪʷʭ, ʪ.ʝ. 

            ( ) ( )0 1 2 0sign signp p p p p p¡ ¡- = + - -.                 (5.13) 

ʊʦʛʜʘ ʧʦ ʪʝʦʨʝʤʝ ʂʦʰʠ ʦ ʚʳʯʝʪʘʭ ʠʥʪʝʛʨʘʣ (5.12) ʨʘʚʝʥ 

( ) ( )
1

22
1 2 1 2 0

1 1
2 i0sign

i 2
p p p p p p

m
e e m

-
ë ûè ø¡ ¡ ¡+ + - + + - + -ì ü

ê úí ý
. 

ɺ ʨʝʟʫʣʴʪʘʪʝ   

( )
( )

( ) ( )

( )

3
31

3 4 1 2 3

1
22

1 2 1 2 0

0

,
2

1
2 i0sign

2

sign .

b

p pp pd p
p p p p

p p p p p p
m

p p

u u
p

e e m
-

¡¡¡ -- å õå õ
G = ³æ öæ ö

ç ÷ç ÷

ë ûè ø¡ ¡ ¡³ + + - + + - + - ³ì ü
ê úí ý

¡³ -

ñ

 (5.14). 

ʏʪʦʙʳ ʫʯʝʩʪʴ ʫʩʣʦʚʠʝ (5.13), ʤʳ ʜʦʙʘʚʠʣʠ ( )0sign p p¡-  ʚ 

ʯʠʩʣʠʪʝʣʝ (5.14). ɽʛʦ ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ ʥʘ 

( ) ( )1 21 p p p p¡ ¡-Q -Q + -, ʛʜʝ Q ï ʬʫʥʢʮʠʷ ʍʝʚʠʩʘʡʜʘ. 

ɺʳʨʘʞʝʥʠʝ (5.14) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʧʨʘʚʢʫ ʚʪʦʨʦʛʦ 

ʧʦʨʷʜʢʘ ʧʦ ʤʝʞʵʣʝʢʪʨʦʥʥʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʢ ʬʫʥʢʮʠʷʤ 1G 

ʠ 1S. ʅʦ ʵʪʘ ʧʦʧʨʘʚʢʘ ʫʞʝ ʫʯʪʝʥʘ ʚ (5.10) ʧʫʪʝʤ ʧʝʨʝʭʦʜʘ ʢ 

ʜʣʠʥʝ ʨʘʩʩʝʷʥʠʷ a, ʧʦʣʫʯʝʥʥʦʡ ʩ ʫʯʝʪʦʤ ʯʣʝʥʦʚ ʚʪʦʨʦʛʦ 

ʧʦʨʷʜʢʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʯʝʩʪʴ ʠʟ (5.14) 
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ʚʝʱʝʩʪʚʝʥʥʫʶ ʯʘʩʪʴ ʚʳʨʘʞʝʥʠʷ (5.10) ʚ ʚʘʢʫʫʤʝ, ʧʨʠ 

0 00, 0p m= = ʠ 
2 2
1 2

1 2,
2 2

p p
m m

e e= =  . ʏʪʦ ʢʘʩʘʝʪʩʷ ʤʥʠʤʦʡ 

ʯʘʩʪʠ ʚ (5.14), ʪʦ ʦʥʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʧʨʘʚʢʘʤ ʚ 2S  ʙʦʣʝʝ 

ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ ʤʘʣʦʩʪʠ, ʯʝʤ ( )
2

0ak  [3]. ʇʦʩʣʝ ʪʘʢʦʛʦ 

ʚʳʯʠʪʘʥʠʷ ʚ (5.14) ʤʦʞʥʦ ʫʯʝʩʪʴ 0 1ak  ʠ ʚʟʷʪʴ ()qu  ʧʨʠ 

0q= , ʧʦʣʦʞʠʚ ()
240 a

m
pu =  . ʊʦʛʜʘ ʧʦʣʫʯʠʤ 

   

( )
( )

( ) ( ){

( )( )

( )
( )

2
2 3

3 4 1 2 3

1 2

22
1 2 1 2

1

0 22 2 2
1 2 1 2

4
,

2

1

1
2

2

2
i0sign P ,

b

a d p
p p p p

m

p p p p

p p p p
m

m
p p

p p p p p p

p

p

e e m

-

å õ ¡
G = ³æ öæ ö

ç ÷

¡ ¡³ -Q -Q + - ³è øê ú

è
¡ ¡³ + + - + + - +é

ê

ûî
¡ ø+ - - üú

¡ ¡+ - - + -îý

ñ

         (5.15)         

ʛʜʝ P  ï ʩʠʤʚʦʣ ʛʣʘʚʥʦʛʦ ʟʥʘʯʝʥʠʷ ʠʥʪʝʛʨʘʣʘ. ɺʳʨʘʞʝʥʠʝ (5.15) 

ʩʠʤʤʝʪʨʠʯʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʝʩʪʘʥʦʚʢʠ 1p  ʠ 2p , ʧʦʵʪʦʤʫ 

ʩʣʘʛʘʝʤʳʝ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ (5.4) ʦʜʠʥʘʢʦʚʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʧʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ (5.15) ʚ (5.7) ʠ (5.8) ʧʦʣʫʯʘʝʤ ʧʦʧʨʘʚʢʫ 

()() ( ) ( )
2

1 0 1 2 1 1, i ,a b p dp G p pp ppS =- Gñ      (5.16)  

ʧʦʨʷʜʢʘ ( )
2

0ak  ʢ ʩʦʙʩʪʚʝʥʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ. ɿʜʝʩʴ 

2 a bG =G +G. 

 ɺʭʦʜʷʱʠʡ ʚ (5.16) ʠʥʪʝʛʨʘʣ 1de
¤

-¤

ñ  ʦʪʣʠʯʝʥ ʦʪ ʥʫʣʷ, 

ʝʩʣʠ ʧʦʣʶʩʳ ʧʦʜʳʥʪʝʛʨʘʣʴʥʦʡ ʬʫʥʢʮʠʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʨʘʟʥʳʭ 

ʧʦʣʫʧʣʦʩʢʦʩʪʷʭ, ʪ. ʝ. 
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( ) ( )1 0 0sign signp p p p¡- =- -.      (5.17) 

ɿʘʤʳʢʘʷ ʢʦʥʪʫʨ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʚ ʚʝʨʭʥʝʡ ʧʦʣʫʧʣʦʩʢʦʩʪʠ, 

ʥʘʭʦʜʠʤ 

   

( )

( )( ) ( )

( )( ) ( )

1
2

1 1
1 1 0

1
22

1 1 0

1
22 2

1 1 0

i0sign
2 2

1
2 i0sign

2

i 1
i0sign .

2

d p
p p

m

p p p p p p
m

p p p p p p p
m

e
e m

p

e e m

e m

-¤

-¤

-

-

è ø
- + + - ³é ù

é ùê ú

è ø
¡ ¡ ¡³ + + - + + - + - =é ù

ê ú

è ø
¡ ¡ ¡= + + - - + - + -é ù

ê ú

ñ

 (5.18)   

ʉʫʤʤʠʨʫʷ ʚʢʣʘʜʳ (5.10) ʠ (5.16), ʫʯʠʪʳʚʘʷ (5.18), ʧʦʣʫʯʘʝʤ 

ʨʘʟʣʦʞʝʥʠʝ S ʧʦ ʩʪʝʧʝʥʷʤ 0ak  ʩ ʫʯʝʪʦʤ ʯʣʝʥʦʚ ʧʦʨʷʜʢʘ 

( )
2

0ak : 

( ) ( )
2

0 2

2
, ,p an p

m

p
e eS = +S , 

( )
( ) ( )

( ) ( ){ ( ) ( )

( )( )

( ) ( ) ( )

2
32 3

1
2 3 3

1 1

22 2
1 1

11 22 2 2
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(5.19) 

    

ʄʥʦʞʠʪʝʣʴ ( ) ( )1p p¡Q -Q  ʟʘʤʝʥʷʝʪ ( )1 0-sign p p-  ʧʨʠ 

ʫʩʣʦʚʠʠ (5.17). 

ɺʝʱʝʩʪʚʝʥʥʘʷ ʠ ʤʥʠʤʘʷ ʯʘʩʪʠ (5.19) ʨʘʟʜʝʣʷʶʪʩʷ ʧʨʠ 

ʧʦʤʦʱʠ ʪʦʞʜʝʩʪʚʘ 
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()
1 1

i
i0

P x
x x

pd=
°

. 

ɺʝʱʝʩʪʚʝʥʥʘʷ ʯʘʩʪʴ ʜʘʝʪ ʩʧʝʢʪʨ ʢʚʘʟʠʯʘʩʪʠʮ, ʘ ʤʥʠʤʘʷ ï 

ʟʘʪʫʭʘʥʠʝ. ʉʧʝʢʪʨ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ [2,3] 

() ()
2 2 2

2

2
,

2 2

p p
p an p

m m m

p
e m m

å õ
= + +S -æ öæ ö

ç ÷

. 

ʌʫʥʢʮʠʠ Q, ʚʭʦʜʷʱʠʝ ʚ (5.19), ʦʧʨʝʜʝʣʷʶʪ ʧʨʝʜʝʣʳ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ 1p  ʠ p¡. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 

ʧʦʣʫʯʘʝʤ [26,27] 
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             (5.20)  
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   (5.21)    

       2x² .   

 ʂʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ 2x=  ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ 

ʥʘʯʠʥʘʷ ʩ ʠʤʧʫʣʴʩʦʚ 02p p= , ʚʦʟʤʦʞʥʦ ʨʘʩʩʝʷʥʠʝ ʥʘ ʚʩʝʭ 
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ʯʘʩʪʠʮʘʭ ʬʦʥʘ, ʘ ʧʨʠ 02p p<  ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʪʦʣʴʢʦ 

ʯʘʩʪʠʮʳ ʩ ʵʥʝʨʛʠʷʤʠ 
2 22
1 22 ,

2 2 2

p pp

m m m
m m- ¢ ¢. 

 ʄʥʠʤʘʷ ʯʘʩʪʴ (5.19) ʨʘʚʥʘ 
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    (5.22)       

 

ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ (5.19) ʢ (5.22) ʫʯʪʝʥʦ () ()2 p pQ =Q , 

( ) ()0 1 2sign p p p- = - Q. 

 ʂʚʘʟʠʯʘʩʪʠʮʘ ʟʘʪʫʭʘʝʪ ʧʦʪʦʤʫ, ʯʪʦ ʦʥʘ ʦʪʜʘʝʪ ʯʘʩʪʴ 

ʩʚʦʝʡ ʵʥʝʨʛʠʠ ʬʝʨʤʠ-ʬʦʥʫ. ʇʨʠ ʵʪʦʤ ʨʦʞʜʘʝʪʩʷ ʧʘʨʘ ʯʘʩʪʠʮʘ-

ʜʳʨʢʘ. ʅʘʧʨʠʤʝʨ, ʩʣʘʛʘʝʤʦʝ 

( ) ( ) ( )1 11 1p p p p p¡ ¡Q -Q -Q + -è øè øê úê ú 

ʦʪʣʠʯʥʦ ʦʪ ʥʫʣʷ, ʝʩʣʠ 0p p¡> , 1 0p p p p¡+ - >, 1 0p p< . ʕʪʠ 

ʥʝʨʘʚʝʥʩʪʚʘ ʦʪʚʝʯʘʶʪ ʧʨʦʮʝʩʩʫ, ʚ ʢʦʪʦʨʦʤ ʢʚʘʟʠʯʘʩʪʠʮʘ ʩ 

ʠʤʧʫʣʴʩʦʤ 0p p>  ʧʝʨʝʭʦʜʠʪ ʚ ʩʦʩʪʦʷʥʠʝ p¡ ( 0p p p¡> > ). ʇʨʠ 

ʵʪʦʤ ʠʤʧʫʣʴʩ p p¡-  ʧʝʨʝʜʘʝʪʩʷ ʬʝʨʤʠ-ʬʦʥʫ ( 1 0p p< ). ʏʘʩʪʠʮʘ 

ʚʥʫʪʨʠ ʬʝʨʤʠ-ʬʦʥʘ ʚʦʟʙʫʞʜʘʝʪʩʷ ʚ ʩʦʩʪʦʷʥʠʝ 1p p p¡+ -  ʚʥʝ 

ʬʝʨʤʠ-ʬʦʥʘ. ʕʪʦ ʦʟʥʘʯʘʝʪ ʧʦʷʚʣʝʥʠʝ ʜʚʫʭ ʢʚʘʟʠʯʘʩʪʠʮ ï ʜʳʨʢʠ 

ʚ ʩʦʩʪʦʷʥʠʠ ʩ ʠʤʧʫʣʴʩʦʤ 1p-  ʠ ʯʘʩʪʠʮʳ ʚ ʩʦʩʪʦʷʥʠʠ 

1p p p¡+ -. ɼʝʣʴʪʘ-ʬʫʥʢʮʠʷ ʚ (5.22) ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʭʨʘʥʝʥʠʝ 
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ʵʥʝʨʛʠʠ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ, ʪʘʢ ʢʘʢ e m+  ï ʥʘʯʘʣʴʥʘʷ ʵʥʝʨʛʠʷ 

ʢʚʘʟʠʯʘʩʪʠʮʳ ()pe  ʠ 

        () ( ) ( ) ( )1 1p p p p p pe e e e¡ ¡= + + - -è øê ú. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʦʝ ʩʣʘʛʘʝʤʦʝ ʜʘʝʪ ʟʘʪʫʭʘʥʠʝ ʢʚʘʟʠʯʘʩʪʠʮʳ ʩ 

e m> . ɺʪʦʨʦʝ ʩʣʘʛʘʝʤʦʝ ʚ ʬʠʛʫʨʥʳʭ ʩʢʦʙʢʘʭ (5.22) ʦʧʠʩʳʚʘʝʪ 

ʧʨʦʮʝʩʩ ʨʦʞʜʝʥʠʷ ʧʘʨʳ ʢʚʘʟʠʯʘʩʪʠʮ ʜʳʨʢʦʡ. ʕʪʦ ʩʣʘʛʘʝʤʦʝ 

ʜʘʝʪ ʟʘʪʫʭʘʥʠʝ ʢʚʘʟʠʯʘʩʪʠʮ ʩ e m< . 

 ʇʦʩʢʦʣʴʢʫ ʜʝʢʨʝʤʝʥʪ ʟʘʪʫʭʘʥʠʷ ʢʚʘʟʠʯʘʩʪʠʮ Img=- S, 

ʪʦ ʜʣʷ g ʠʟ (5.22) ʧʦʣʫʯʘʝʤ ʚʳʨʘʞʝʥʠʷ [26,27]: 
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        (5.23) 

 ʀʟ ʬʦʨʤʫʣ (5.20) ʠ (5.21) ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ ʌʝʨʤʠ 

( )0 0p p p-  ʩʣʝʜʫʝʪ 

    () ( )0
0

p
p p p

m
e m

*

= + - ,       (5.24)            

ʛʜʝ 

      ( )( )
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02

8
1 7ln 2 1

15
m m ak

p
*

è ø
= + -é ù
ê ú

      (5.25) 

 

ï ʵʬʬʝʢʪʠʚʥʘʷ ʤʘʩʩʘ ʢʚʘʟʠʯʘʩʪʠʮʳ ʥʘ ʛʨʘʥʠʮʝ ʌʝʨʤʠ. ʆʥʘ 

ʚʭʦʜʠʪ ʚ ʪʝʧʣʦʝʤʢʦʩʪʴ ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʘ ʧʨʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ [21] 

0
23

V BC m k k
T

V

*= . 
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ʕʢʩʧʝʨʠʤʝʥʪʳ ʩ ʯʠʩʪʳʤ ʛʘʟʦʤ 3He  ʜʘʶʪ [11] 2.9
m

m
* = , ʯʪʦ 

ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ (5.25). 

 ɼʝʢʨʝʤʝʥʪ ʟʘʪʫʭʘʥʠʷ ʧʨʠ 0p p  ʨʘʚʝʥ  

      ( )( ) ( )
2 2

0 0 0

1
signak p p p p

m
g
p
= - - .      (5.26)  

ʂʘʢ ʠ ʩʣʝʜʦʚʘʣʦ ʦʞʠʜʘʪʴ, ʧʦʣʶʩ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʡ ʬʫʥʢʮʠʠ 

ɻʨʠʥʘ ʨʘʩʧʦʣʦʞʝʥ ʥʠʞʝ ʚʝʱʝʩʪʚʝʥʥʦʡ ʦʩʠ ʚ ʢʦʤʧʣʝʢʩʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʵʥʝʨʛʠʠ ʧʨʠ 0p p>  ʠ ʚʳʰʝ, ʝʩʣʠ 0p p< . 

 ʇʨʠ ʙʦʣʴʰʠʭ ʠʤʧʫʣʴʩʘʭ 0p p , ʥʦ 1
pa

, ʠʤʝʝʤ 
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m m m
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.     (5.27)   

ʆʪʥʦʰʝʥʠʝ  g
e

  ʦʢʘʟʳʚʘʝʪʩʷ ʤʘʣʳʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʝʜʠʥʠʮʝʡ, 

ʪ. ʝ. ʢʚʘʟʠʯʘʩʪʠʮʳ ʫʩʪʦʡʯʠʚʳ ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ ʌʝʨʤʠ. 

 ʍʠʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʛʘʟʘ ʯʘʩʪʠʮ, ʨʘʚʥʳʡ ʵʥʝʨʛʠʠ 

ʢʚʘʟʠʯʘʩʪʠʮʳ ʧʨʠ 0p p= , ʠʤʝʝʪ ʚʠʜ 
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è ø
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ê ú
.     (5.28)  

ʌʦʨʤʫʣʳ (5.25) ʠ (5.28) ʩʦʚʧʘʜʘʶʪ ʩ ʧʦʣʫʯʝʥʥʳʤʠ 

ɸʙʨʠʢʦʩʦʚʳʤ ʠ ʍʘʣʘʪʥʠʢʦʚʳʤ [31] ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʬʝʨʤʠ-

ʞʠʜʢʦʩʪʠ. 

 ʀʩʧʦʣʴʟʫʷ ʠʟʚʝʩʪʥʫʶ ʬʦʨʤʫʣʫ ʪʝʨʤʦʜʠʥʘʤʠʢʠ [21] 
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µå õ
=æ ö
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,  

ʧʦʣʫʯʘʝʤ ʵʥʝʨʛʠʶ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʘʟʘ [26,27,32]: 

        ( )( )
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p
E N ak ak

m p p

è ø
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ê ú
.      (5.29)  

ʇʨʦʠʟʚʦʜʥʘʷ ʧʦ N  ʚʳʯʠʩʣʷʝʪʩʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʵʥʪʨʦʧʠʠ 

0S= . ʊʨʝʪʴʝ ʩʣʘʛʘʝʤʦʝ ʚ ʬʦʨʤʫʣʝ (5.29) ʦʙʫʩʣʦʚʣʝʥʦ 
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ʤʦʜʠʬʠʢʘʮʠʝʡ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʦʩʪʦʷʥʠʡ ʧʨʠʥʮʠʧʦʤ 

ʠʩʢʣʶʯʝʥʠʷ. ɺ 1957 ʛʦʜʫ ʬʦʨʤʫʣʘ (5.29) ʧʦʣʫʯʝʥʘ ʃʠ ʠ ʗʥʛʦʤ 

ʤʝʪʦʜʦʤ ʧʩʝʚʜʦʧʦʪʝʥʮʠʘʣʘ [32]. 

 ʉʢʘʯʦʢ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʛʨʘʥʠʮʝ 

ʌʝʨʤʠ 

        ( ) ( )0 00 0f p f p Z- - + = 

 

ʦʢʘʟʳʚʘʝʪʩʷ ʨʘʚʥʳʤ 

   ( )
2

02

8ln 2
1Z ak
p

= - . 

 

ʆʥ ʧʦʣʫʯʝʥ ʚ 1957 ʛʦʜʫ ʄʠʛʜʘʣʦʤ [33]. 

 

 

ɿʘʜʘʯʠ 
 

5.1. ʇʦʢʘʞʠʪʝ, ʯʪʦ ʚ ʧʝʨʚʦʤ ʧʦʨʷʜʢʝ ʪʝʦʨʠʠ ʚʦʟʤʫʱʝʥʠʡ ʧʦ 

ʧʘʨʘʤʝʪʨʫ 0 1ak  ʵʥʝʨʛʠʷ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʛʘʟʘ ʩ ʢʦʨʦʪʢʦʜʝʡʩʪʚʫʶʱʠʤ ʦʪʪʘʣʢʠʚʘʥʠʝʤ ʯʘʩʪʠʮ ʨʘʚʥʘ 
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5.2. ʈʝʰʠʪʝ ʟʘʜʘʯʫ ʨʘʩʩʝʷʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʢʦʨʦʪʢʦʜʝʡʩʪʚʫʶʱʠʤ 

ʧʦʪʝʥʮʠʘʣʦʤ ʦʪʪʘʣʢʠʚʘʥʠʷ (ʧʨʠʪʷʞʝʥʠʷ). ʅʘʡʜʠʪʝ ʘʤʧʣʠʪʫʜʫ 

ʨʘʩʩʝʷʥʠʷ. ʈʘʩʩʤʦʪʨʠʪʝ ʧʦʪʝʥʮʠʘʣʴʥʦʝ ʠ ʨʝʟʦʥʘʥʩʥʦʝ 

ʨʘʩʩʝʷʥʠʝ. ɻʜʝ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦʣʶʩʳ ʘʤʧʣʠʪʫʜʳ ʨʘʩʩʝʷʥʠʷ? 

 

5.3. ɺ ʟʘʜʘʯʝ 5.2 ʫʯʪʠʪʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ.  

 

5.4. ɺʳʧʦʣʥʠʪʴ ʪʦ ʞʝ ʩʘʤʦʝ, ʯʪʦ ʚ ʟʘʜʘʯʘʭ 5.2 ʠ 5.3, ʚ 

ʜʚʫʤʝʨʥʦʤ ʩʣʫʯʘʝ (ʩʤ. [18]). 
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5.5. ʇʦʣʫʯʠʪʝ ʜʣʠʥʫ ʨʘʩʩʝʷʥʠʷ a  ʚʦ ʚʪʦʨʦʤ ʧʦʨʷʜʢʝ ʪʝʦʨʠʠ 

ʚʦʟʤʫʱʝʥʠʡ ʧʦ ʤʝʞʵʣʝʢʪʨʦʥʥʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ. 

 

5.6. ɺʳʧʦʣʥʠʪʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʚ ʬʦʨʤʫʣʝ (5.19). 

 

5.7. ʇʦʣʫʯʠʪʝ ʩʧʝʢʪʨ ʠ ʟʘʪʫʭʘʥʠʝ ʢʚʘʟʠʯʘʩʪʠʮ,  ʵʥʝʨʛʠʶ 

ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʣʷ ʜʚʫʤʝʨʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʘ ʥʠʟʢʦʡ 

ʧʣʦʪʥʦʩʪʠ. 

 

5.8. ʅʘʡʜʠʪʝ ʩʚʷʟʴ ʘʤʧʣʠʪʫʜʳ ʨʘʩʩʝʷʥʠʷ  ʢʚʘʟʠʯʘʩʪʠʮ ʩ 

ʚʝʨʰʠʥʥʦʡ ʬʫʥʢʮʠʝʡ (ʩʤ. [3]). 
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6. ʕʣʝʢʪʨʦʥʥʳʡ ʛʘʟ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ 

6.1. ʉʫʤʤʠʨʦʚʘʥʠʝ ʢʦʣʴʮʝʚʳʭ ʜʠʘʛʨʘʤʤ 

 

 ʀʜʝʷ ʦʛʨʘʥʠʯʠʪʴʩʷ ʩʫʤʤʠʨʦʚʘʥʠʝʤ ʧʦʜʩʦʚʦʢʫʧʥʦʩʪʠ 

ʥʝʦʙʤʝʥʥʳʭ ʢʦʣʴʮʝʚʳʭ ʜʠʘʛʨʘʤʤ ʜʣʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʘ 

ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʧʨʠʥʘʜʣʝʞʠʪ ɻʝʣʣ-ʄʘʥʥʫ ʠ ɹʨʘʢʥʝʨʫ 

[34,35]. ʆʜʥʘ ʠʟ ʪʘʢʠʭ ʜʠʘʛʨʘʤʤ ʜʣʷ ʩʦʙʩʪʚʝʥʥʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ  ʬʫʥʢʮʠʠ  ʠʟʦʙʨʘʞʝʥʘ  ʥʘ  ʨʠʩ.  6.1.  ɺʩʝ  ʣʠʥʠʠ 

 

 
 

ʈʠʩ. 6.1. ʂʦʣʴʮʝʚʘʷ ʜʠʘʛʨʘʤʤʘ ʜʣʷ ʩʦʙʩʪʚʝʥʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʬʫʥʢʮʠʠ 

 

 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ ʨʠʩ. 6.1 ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʡ 4-ʠʤʧʫʣʴʩ 

( ), nq qw= . ʇʦʵʪʦʤʫ ʜʠʘʛʨʘʤʤʳ, ʩʦʜʝʨʞʘʱʠʝ ʨʘʟʣʠʯʥʦʝ ʯʠʩʣʦ 

ʢʦʣʝʮ, ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦ ʨʘʩʭʦʜʷʪʩʷ. ʂʦʣʴʮʝʚʘʷ ʜʠʘʛʨʘʤʤʘ 

ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ ʧʦ ʤʝʞʵʣʝʢʪʨʦʥʥʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ  

ʫʢʘʟʘʥʠʝʤ   4-ʠʤʧʫʣʴʩʦʚ   ʥʘ   ʣʠʥʠʷʭ   ʧʦʢʘʟʘʥʘ   ʥʘ   ʨʠʩ.  6.2.  
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ʈʠʩ. 6.2. ʂʦʣʴʮʝʚʘʷ ʜʠʘʛʨʘʤʤʘ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ ʧʦ ʧʘʨʘʤʝʪʨʫ 
2

0

ea
u

=  

 

 

ʇʦʩʢʦʣʴʢʫ ()
2

2
4 eq

q
pu =  , ʵʪʘ ʜʠʘʛʨʘʤʤʘ ʩʦʜʝʨʞʠʪ ʧʦʜ 

ʟʥʘʢʦʤ ʠʥʪʝʛʨʘʣʘ ʧʦ q  ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦ ʨʘʩʭʦʜʷʱʠʡʩʷ 

ʠʥʪʝʛʨʘʣ 
3

6
d q

qñ  . ɺʢʣʘʜ ʜʠʘʛʨʘʤʤʳ ʥʘ ʨʠʩ. 6.1 ʚ ʬʫʥʢʮʠʶ 

( ), spzS , ʩʦʜʝʨʞʘʱʝʡ l  ʣʠʥʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, 

ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ 
3

2l
d q

qñ  . ɺʩʝ ʵʪʠ ʜʠʘʛʨʘʤʤʳ ʜʘʶʪ 

ʙʝʩʢʦʥʝʯʥʦ  ʙʦʣʴʰʦʡ  ʚʢʣʘʜ  ʚ  S. ʇʦ ʵʪʦʤʫ ʧʦʚʦʜʫ ʄʘʪʪʫʢ [1]  
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ʚʳʩʢʘʟʘʣʩʷ ʪʘʢ: çʉʘʤʦʝ ʟʘʤʝʯʘʪʝʣʴʥʦʝ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʵʪʫ  

ʙʝʩʢʦʥʝʯʥʫʶ ʩʫʤʤʫ ʙʝʩʢʦʥʝʯʥʳʭ ʩʣʘʛʘʝʤʳʭ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ 

ʠ ʨʝʟʫʣʴʪʘʪ ʦʢʘʟʳʚʘʝʪʩʷ ʢʦʥʝʯʥʳʤ! ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʘʢ 

ʥʘʟʳʚʘʝʤʦʤʫ çʧʨʠʙʣʠʞʝʥʠʶ ʩʣʫʯʘʡʥʳʭ ʬʘʟè (RPA), ʭʦʨʦʰʦ 

ʨʘʙʦʪʘʶʱʝʤʫ ʚ ʧʨʝʜʝʣʝ ʚʳʩʦʢʠʭ ʧʣʦʪʥʦʩʪʝʡ, ʛʜʝ 1sr <éè. 

 ɻʝʣʣ-ʄʘʥʥ ʠ ɹʨʘʢʥʝʨ [11,34] ʦʛʨʘʥʠʯʠʣʠʩʴ 

ʩʫʤʤʠʨʦʚʘʥʠʝʤ ʜʠʘʛʨʘʤʤʳ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʥʘ ʨʠʩ. 1.3 (ʚ), 

ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʥʘ ʨʠʩ. 1.3 (ʜ), 6.1 ʠ ʥʝʦʙʤʝʥʥʳʭ ʢʦʣʴʮʝʚʳʭ 

ʜʠʘʛʨʘʤʤ: 

 

1 2 rS=S +S +S,         (6.1)    

ʛʜʝ   

    
2

r rl

l

¤

=

S = Sä  

 

ï ʩʫʤʤʘ ʢʦʣʴʮʝʚʳʭ ʜʠʘʛʨʘʤʤ. 

 

 

 
 

 
ʈʠʩ. 6.3. ɼʠʘʛʨʘʤʤʘ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʚʭʦʜʷʱʘʷ ʚ (6.1) 

 

 

 ɺʭʦʜʷʱʠʝ ʚ (6.1) ʩʣʘʛʘʝʤʳʝ ʨʘʚʥʳ 
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1 1
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, e .s

s

s s

s
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G p
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z
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z u u
+

¡

¡

¡è ø- ³ê ú

¡ ¡è - øè - øå õ å õè ø³ - - -æ öæ öé ùé ùê ú ç ÷ç ÷ê úê ú

ä äñ ñ

(6.2) 

 

 ɺʳʯʠʩʣʝʥʠʷ rS  ʫʧʨʦʱʘʶʪʩʷ, ʝʩʣʠ ʚʚʝʩʪʠ ʵʬʬʝʢʪʠʚʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʦʥʦʚ [1,2,11,16,17] ( ),eff nU qw , ʢʦʪʦʨʦʝ 

ʫʯʠʪʳʚʘʝʪ ʟʘʧʘʟʜʳʚʘʥʠʝ ʚ ʘʢʪʘʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʥʦʚ. 

ʆʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʫʥʢʮʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ( ),eff nU qw . ɺ 

ʥʫʣʝʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʦʥʘ ʨʘʚʥʘ ()qu . ʉʣʝʜʫʶʱʠʝ 

ʧʨʠʙʣʠʞʝʥʠʷ ʫʯʠʪʳʚʘʶʪ ʧʦʣʷʨʠʟʘʮʠʶ ʩʨʝʜʳ ʧʨʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʕʬʬʝʢʪʠʚʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʚʷʟʘʥʦ ʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʯʘʩʪʠʮ ʚ ʚʘʢʫʫʤʝ 

ʩʦʦʪʥʦʰʝʥʠʝʤ 

 

   ( ) () ()( )
1

, 1 ,eff n nU q q q P qw u u w
-

è ø= -ê ú,        (6.3) 

    

ʛʜʝ P  ï ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʡ ʦʧʝʨʘʪʦʨ [2]. ɺ ʧʨʠʙʣʠʞʝʥʠʠ 

ʩʣʫʯʘʡʥʳʭ ʬʘʟ ʦʥ ʨʘʚʝʥ 
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() () ( )0 02P q dpG p G p q= +ñ ,        (6.4)  

ʛʜʝ  

           
( )

3

3

1
.

2 s

d p
dp

bp
= äñ ñ  

  

ɺ ʵʪʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʝʤʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʪʣʷ ʥʘ ʨʠʩ. 6.1, ʘ 

( ),eff nU qw  ʠʟʦʙʨʘʞʘʝʪʩʷ ʩʫʤʤʦʡ ʢʦʣʴʮʝʚʳʭ ʜʠʘʛʨʘʤʤ ʩ 

ʚʥʝʰʥʠʤʠ ʧʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠʷʤʠ. ɺʭʦʜʷʱʘʷ ʚ (6.4) ʩʫʤʤʘ ʧʦ 

ʥʝʯʝʪʥʳʤ ʤʘʮʫʙʘʨʦʚʩʢʠʤ ʯʘʩʪʦʪʘʤ ʚʳʯʠʩʣʷʝʪʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʥʪʫʨʥʦʛʦ ʠʥʪʝʛʨʘʣʘ (ʩʤ. (3.19)). ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʣʫʯʘʝʤ 

     ( )
( )

3

3
, 2

i2

p p q
n

p p q n

n nd p
P qw

e e wp

-

-

-
=

- -ñ ,       (6.5) 

 

ʛʜʝ pn  ï ʬʝʨʤʠʝʚʩʢʘʷ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 

 ʉʫʤʤʠʨʫʷ ʢʦʣʴʮʝʚʳʝ ʜʠʘʛʨʘʤʤʳ ʥʘ ʨʠʩ. 6.1, ʧʦʣʫʯʘʝʤ 

ʩʚʷʟʴ rS  ʩ effU  (6.3): 

 

  () () () ( )0r effp dq U q q G p què øS =- - -ê úñ .       (6.6)      

 

ɿʜʝʩʴ  

( )

3

3

1
.

2 n

d q
dq

bp
= äñ ñ  

 

ɺ ʵʪʦʡ ʬʦʨʤʫʣʝ ʩʣʘʛʘʝʤʦʝ ()qu  ʚʳʯʠʪʘʝʪʩʷ ʧʦʪʦʤʫ, ʯʪʦ 

ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ʙʝʟ ʵʣʝʢʪʨʦʥʥʦʡ ʧʝʪʣʠ, ʚʭʦʜʷʱʘʷ ʚ effU , ʚ 

rS  ʥʝ ʚʭʦʜʠʪ. ʉʦʦʪʥʦʰʝʥʠʝ (6.6) ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 6.4. ʅʘ ʵʪʦʤ   
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ʈʠʩ. 6.4. ʉʚʷʟʴ rS  (6.6) ʩ effU . 

 

ʨʠʩʫʥʢʝ ʜʚʦʡʥʘʷ ʰʪʨʠʭʦʚʘʷ ʣʠʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ effU  ʚ 

ʧʨʠʙʣʠʞʝʥʠʠ ʩʣʫʯʘʡʥʳʭ ʬʘʟ. ɺʳʯʠʩʣʷʷ effU u-  ʩ ʫʯʝʪʦʤ (6.3), 

ʧʦʣʫʯʘʝʤ ʜʣʷ ʩʦʙʩʪʚʝʥʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʚ ʢʦʣʴʮʝʚʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ ʚʳʨʘʞʝʥʠʝ 

    ()
()()

()()
( )

2

0
1

r

q P q
p dq G p q

q P q

u

u
S =- -

-ñ .        (6.7) 

ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʵʪʦʛʦ ʚʳʨʘʞʝʥʠʷ ʚ ʬʦʨʤʫʣʫ (2.24) ʧʦʣʫʯʘʝʤ 

ʚʢʣʘʜ ʢʦʣʴʮʝʚʳʭ ʜʠʘʛʨʘʤʤ ʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ. 

 ɺʭʦʜʷʱʝʝ ʚ ʬʦʨʤʫʣʫ (2.24) ʧʨʦʠʟʚʝʜʝʥʠʝ GS  

ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ ʨʷʜʘ ʧʦ ʩʪʝʧʝʥʷʤ 
2

0

e
u

 : 

       0 0 0 ...G G G GS =S +S S + 

 

ʋʯʠʪʳʚʘʷ ʵʪʦ ʨʘʟʣʦʞʝʥʠʝ, ʧʦʣʫʯʘʝʤ ʚʢʣʘʜ ʢʦʣʴʮʝʚʳʭ 

ʜʠʘʛʨʘʤʤ ʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ W ʚ ʚʠʜʝ 
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è øê ú=- -
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ñ ñ ñ

   (6.8) 

ʇʦʷʚʣʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʥʦʞʠʪʝʣʷ ()0G p  ʧʦʜ ʟʥʘʢʦʤ 

ʠʥʪʝʛʨʘʣʘ ʚ (6.8) ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʢʣʘʜ ʢʦʣʴʮʝʚʳʭ ʜʠʘʛʨʘʤʤ ʚ W 

ʤʦʞʥʦ   ʠʟʦʙʨʘʟʠʪʴ   ʟʘʤʢʥʫʪʳʤʠ   ʧʝʪʣʷʤʠ   ʥʘ   ʨʠʩ. 6.5. ʕʪʠ  

 

 
 

ʈʠʩ. 6.5. ɼʠʘʛʨʘʤʤʳ ʜʣʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ W ʚ 

ʢʦʣʴʮʝʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ 

 

ʜʠʘʛʨʘʤʤʳ ʧʦʣʫʯʘʶʪʩʷ ʠʟ ʜʠʘʛʨʘʤʤ ʥʘ ʨʠʩ. 6.2 ʜʦʙʘʚʣʝʥʠʝʤ 

ʵʣʝʢʪʨʦʥʥʦʡ ʣʠʥʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ()0G p .     

 ʇʦʣʷʨʠʟʘʮʠʦʥʥʳʡ ʦʧʝʨʘʪʦʨ (6.4) ï ʯʝʪʥʘʷ ʬʫʥʢʮʠʷ q  ʠ 

nw. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 
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21
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2 1

r

q P qV d
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q P q

lul

l lu

è øê úW =-
-ñ ñ . 
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ɺʭʦʜʷʱʠʡ ʩʶʜʘ ʠʥʪʝʛʨʘʣ ʧʦ l ʨʘʚʝʥ 

       
( )

( )
21
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1
1 ln 1

1

Pd
P P

P P

lul
u u

l lu u

è ø
=- + -é ù- ê ú

ñ . 

ʇʦʵʪʦʤʫ 

()() ()(){ }ln 1
2

r

V
dq q P q q P qu uW = + -è øê úñ .      (6.9) 

 

ʏʪʦʙʳ ʧʨʦʜʚʠʥʫʪʴʩʷ ʜʘʣʴʰʝ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʯʠʩʣʠʪʴ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʡ ʦʧʝʨʘʪʦʨ P. ʇʦʩʢʦʣʴʢʫ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʚ 

ʬʦʨʤʫʣʝ (6.9) ʧʨʠ ʣʶʙʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʣʠʰʴ 

ʯʠʩʣʝʥʥʦ, ʦʛʨʘʥʠʯʠʤʩʷ ʧʨʝʜʝʣʴʥʳʤʠ ʩʣʫʯʘʷʤʠ ʥʠʟʢʠʭ ʠ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ [11]. 

 

6.2. ɺʳʨʦʞʜʝʥʥʳʡ ʵʣʝʢʪʨʦʥʥʳʡ ʛʘʟ 
 

 ʇʨʠ ʥʫʣʝʚʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʬʝʨʤʠʝʚʩʢʘʷ ʬʫʥʢʮʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʚ (6.5) ʩʪʘʥʦʚʠʪʩʷ ʩʪʫʧʝʥʴʢʦʡ 

( )0pn p p=Q -, ʛʜʝ ( )
1
2

0 2p mm=  . ɺʭʦʜʷʱʘʷ ʚ (6.9) ʩʫʤʤʘ ʧʦ 

ʯʝʪʥʳʤ ʤʘʮʫʙʘʨʦʚʩʢʠʤ ʯʘʩʪʦʪʘʤ ʟʘʤʝʥʷʝʪʩʷ ʠʥʪʝʛʨʘʣʦʤ. 

ʄʥʦʞʠʪʝʣʴ ()qu  ʧʨʠ ()P q  ʚ ʠʥʪʝʛʨʘʣʝ (6.9) ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ ʧʦ q  ʩʫʱʝʩʪʚʝʥʥʳ ʤʘʣʳʝ q. ʀʩʧʦʣʴʟʫʷ 

ʨʘʟʣʦʞʝʥʠʝ ʯʠʩʣʠʪʝʣʷ ʠ ʟʥʘʤʝʥʘʪʝʣʷ ʚ ʬʦʨʤʫʣʝ (6.5) ʧʦ 

ʩʪʝʧʝʥʷʤ q, ʧʦʣʫʯʘʝʤ 

               ( )
( )

3

3
, 2

2 i

p pq nd p
P q

pq

m

w
p w

Ð
=-

-
ñ .     (6.10)    

ɺʭʦʜʷʱʠʡ ʩʶʜʘ ʛʨʘʜʠʝʥʪ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠ 0T=  

ʨʘʚʝʥ 

( )0p p

p
n p p

p
dÐ =- -. 
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ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ ʚ (6.10) ʫʜʦʙʥʦ ʚʳʧʦʣʥʠʪʴ ʚ ʩʬʝʨʠʯʝʩʢʠʭ 

ʢʦʦʨʜʠʥʘʪʘʭ ʚ ʠʤʧʫʣʴʩʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩ ʦʩʴʶ zp  ʚʜʦʣʴ q . 

ʀʥʪʝʛʨʘʣ ʧʦ ʫʛʣʫ Q ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ p  ʠ q  ʧʦʩʣʝ ʟʘʤʝʥʳ 

cosx= Q ʩʚʦʜʠʪʩʷ ʢ ʠʥʪʝʛʨʘʣʫ 

    ()
1

1

1

2 i

xdx
R z

x z
-

=
-ñ

, 

ʛʜʝ 
0

mz
qp
w=  . ʊʦʛʜʘ ʧʨʠ ʤʘʣʳʭ q  ʧʦʣʫʯʘʝʤ 

        ( ) 0
2 2

0

,
mk m

P q R
qp

w
w

p

å õ
=- æ ö

ç ÷
,     (6.11)    

ʛʜʝ 

()
1

1 arctgR z z
z

= - .      (6.12)  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʢʣʘʜ ʢʦʣʴʮʝʚʳʭ ʜʠʘʛʨʘʤʤ ʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ 

ʧʦʪʝʥʮʠʘʣ (6.9) ʧʨʠʥʠʤʘʝʪ ʚʠʜ 

 

( )
( )

2 5
30

3
0

2 22 2
0 0

0 02 2 2 2
0 0

0, ,
2

4 4
ln 1 , , .

r

V k
T V dx duu

m

k ux k uxe e
P k u P k u

m mk u k u

m
p

p p

¤ ¤

-¤

W = = ³

ë ûè øå õ å õî î
³ - +é ùæ ö æ öì üæ ö æ ö

é ùî îç ÷ ç ÷ê úí ý

ñ ñ
    (6.13) 

 

ɿʜʝʩʴ 
0

q
u

k
=  , 

0

mx
qp
w= . ʈʘʟʣʦʞʝʥʠʝ ʧʦʜʳʥʪʝʛʨʘʣʴʥʦʡ 

ʬʫʥʢʮʠʠ ʚ (6.13) ʧʦ ʩʪʝʧʝʥʷʤ 
2

0

ea
u

=  ʧʨʠʚʦʜʠʪ ʢ 

ʨʘʩʭʦʜʠʤʦʩʪʠ ʠʥʪʝʛʨʘʣʘ ʧʦ ʧʝʨʝʤʝʥʥʦʡ u. ʇʦʵʪʦʤʫ ʨʘʟʙʠʚʘʝʤ 

ʠʥʪʝʛʨʘʣ ʥʘ ʜʚʝ ʯʘʩʪʠ ï ʧʦ ʠʥʪʝʨʚʘʣʫ 00 1u u< <  ʠ 

0u u< <¤. ɺ ʦʙʣʘʩʪʠ 00 u u< <  ʠʩʧʦʣʴʟʫʝʤ ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ 

ʘʧʧʨʦʢʩʠʤʘʮʠʶ (6.11). ɺ ʠʥʪʝʛʨʘʣʝ ʦʪ 0u  ʜʦ ¤ ʦʩʪʘʝʪʩʷ ʪʦʯʥʘʷ 
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ʟʘʚʠʩʠʤʦʩʪʴ P  ʦʪ u. ʇʦʜʳʥʪʝʛʨʘʣʴʥʘʷ ʬʫʥʢʮʠʷ ʚ ʦʙʣʘʩʪʠ 

0u u>  ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʦʞʝʥʘ ʚ ʨʷʜ ʧʦ ʩʪʝʧʝʥʷʤ a. 

ʆʛʨʘʥʠʯʠʚʘʷʩʴ ʚ ʵʪʦʤ ʨʘʟʣʦʞʝʥʠʠ ʯʣʝʥʘʤʠ ʧʦʨʷʜʢʘ 2a , 

ʧʦʣʫʯʘʝʤ 

  1 2r r rW =W +W, 

ʛʜʝ   

() ()

02 5
30

1 3
0

2 2

2 2
0 0

8

4 4
ln 1 ,

u

r

V k
dx duu

m

m e m e
R x R x

u uk k

p

p p

¤

-¤

W = ³

ë ûè øî îå õ å õ
³ + -é ùì üæ ö æ ö

ç ÷ ç ÷é ùî îê úí ý

ñ ñ
                 (6.14) 

    

0

2
2 5 22

30 0
2 03 2 2

0

4
,

16
r

u

V k k uxe
dx duu P k u

mm k u

p

p

¤ ¤

-¤

è øå õ
W =- é ùæ öæ ö

é ùç ÷ê ú
ñ ñ .    (6.15) 

 

ʀʥʪʝʛʨʘʣ ʧʦ u  ʚ (6.14) ʧʦʩʣʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ ʯʘʩʪʷʤ ʨʘʚʝʥ 

0 2 2
3

2 2
0 00

2 2
2 22 2

0 0
2 2 2 2

0 0 0

2 22
0 0

2 2 2
0 0

4 4
ln 1

4 4
ln 1

2 4

4
ln 1 .

4

u
m e m e

A duu R R
u uk k

k ume me R
R

k me R k u

k ume R

k u me R

p p

p

p p

p

p

ë ûè øî îå õ å õ
= + - =é ùì üæ ö æ ö

ç ÷ ç ÷é ùî îê úí ý

èå õ å õ å õ
é= + -æ ö æ ö æ öæ ö æ ö æ öéç ÷ ç ÷ ç ÷ê

øå õ
- + ùæ öæ ö

ùç ÷ú

ñ

           (6.16)   

ʆʩʪʘʚʣʷʷ ʟʜʝʩʴ ʯʣʝʥʳ ʧʦʨʷʜʢʘ 2a , ʥʘʭʦʜʠʤ 

 

     

2
2 2

2 2 2
0 0 0

4 1 4
ln

22

me me R
A R

k k up p

å õ å õ
= - +æ ö æ öæ ö æ ö
ç ÷ ç ÷

.      (6.17) 
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ʀʥʪʝʛʨʘʣ ʧʦ u  ʚ (6.15) ʣʦʛʘʨʠʬʤʠʯʝʩʢʠ ʨʘʩʭʦʜʠʪʩʷ, ʢʦʛʜʘ 

0 0u ­ , ʪʘʢ ʢʘʢ ʬʫʥʢʮʠʷ P  ʩʪʨʝʤʠʪʩʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʢ 

ʧʦʩʪʦʷʥʥʦʤʫ ʧʨʝʜʝʣʫ. ɺʳʨʘʟʠʤ ʵʪʦʪ ʠʥʪʝʛʨʘʣ ʯʝʨʝʟ ʬʫʥʢʮʠʶ 

() ()
0

0

2
22 2

2 2 0
0 03 0 0

6
lim ln ,

u
u

k uxdu
J x R x u P k u

mk u m

p

p

¤

­

è øå õå õ- é ù= + æ öæ öæ ö æ öé ùç ÷ ç ÷ê ú

ñ . (6.18) 

ɽʩʣʠ ʧʦʜʩʪʘʚʠʪʴ ʩʶʜʘ (6.11), ʣʝʛʢʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʵʪʘ ʬʫʥʢʮʠʷ 

ʦʩʪʘʝʪʩʷ ʢʦʥʝʯʥʦʡ ʧʨʠ 0 0u ­ : 

()
0

0 0
0

2 2 2 2
0 03 20 0

6 6
lim ln lim ln ln

uu u
u

du
J x R u R R u R u

up p

¤
¤

­ ­

è ø
- - è øé ù= + = +

é ùê úé ù
ê ú

ñ . 

ʉʣʘʛʘʝʤʦʝ 2
0lnR u  ʩʦʢʨʘʱʘʝʪʩʷ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʚʝʨʭʥʝʛʦ ʧʨʝʜʝʣʘ 

ʚ ʠʥʪʝʛʨʘʣʝ (6.18), ʪʦ ʝʛʦ ʩʭʦʜʠʤʦʩʪʴ ʥʘ ʚʝʨʭʥʝʤ ʧʨʝʜʝʣʝ ʠʤʝʝʪ 

ʤʝʩʪʦ, ʧʦʩʢʦʣʴʢʫ ( ) 2, n nP qw w-  ʧʨʠ nw ­¤. ʋʯʠʪʳʚʘʷ (6.17) 

ʠ (6.18), ʧʦʣʫʯʘʝʤ 

()

2
2 5 2 2

0
3 2 2

0 0

2 2
2 2

2 2
0 0

4 4
ln

8 2

1 4 2
.

2 32

r

V k me R me R
dx

m k k

me R me
J x

k k

p p p

p

p

¤

-¤

èå õ
éW = -æ öæ öéç ÷ê

øå õ å õ
ù- +æ ö æ öæ ö æ öùç ÷ ç ÷ú

ñ

      (6.19) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʮʝʜʫʨʘ ʨʘʩʯʝʪʘ rW  ʩʚʝʣʘʩʴ ʢ ʚʳʯʠʩʣʝʥʠʶ 

ʠʥʪʝʛʨʘʣʘ ʧʦ x  (6.19), ʩʦʜʝʨʞʘʱʝʛʦ ()R x  ʠ ()J x . 

 ɼʣʠʥʥʦʚʦʣʥʦʚʘʷ ʯʘʩʪʴ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

(6.19) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʢʦʣʴʮʝʚʳʭ ʜʠʘʛʨʘʤʤ 

ʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ ʚʳʨʦʞʜʝʥʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʛʘʟʘ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʢʦʨʨʝʣʷʮʠʦʥʥʫʶ 

ʵʥʝʨʛʠʶ. ʇʦʩʣʝʜʥʷʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʪʦʯʥʳʤ 

ʟʥʘʯʝʥʠʝʤ ʵʥʝʨʛʠʠ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʟʥʘʯʝʥʠʝʤ, 
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ʧʦʣʫʯʝʥʥʳʤ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʍʘʨʪʨʠ-ʌʦʢʘ. ʇʦʤʠʤʦ (6.19) ʦʥʘ 

ʩʦʜʝʨʞʠʪ ʚʢʣʘʜ ʜʠʘʛʨʘʤʤʳ ʥʘ ʨʠʩ. 1.3 (ʜ): 

     ( ) ( )0 2 0corr rE e e=W +W ,      (6.20)  

ʛʜʝ 0e ï ʵʥʝʨʛʠʷ ʌʝʨʤʠ. ɺʭʦʜʷʱʠʡ ʚ ʬʦʨʤʫʣʫ ʜʣʷ W 

ʭʠʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʥʝʦʙʭʦʜʠʤʦ ʚʳʨʘʟʠʪʴ ʯʝʨʝʟ 0e, 

ʧʦʩʢʦʣʴʢʫ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʵʥʝʨʛʠʷ ʚʳʨʘʞʘʝʪʩʷ ʯʝʨʝʟ 

ʬʠʢʩʠʨʦʚʘʥʥʫʶ ʧʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʦʥʦʚ ʠ 0e. ɿʘʧʠʰʝʤ 

ʢʦʨʨʝʣʷʮʠʦʥʥʫʶ ʵʥʝʨʛʠʶ (6.20) ʚ ʚʠʜʝ 
2

02
corr corr

Ne
E

a
e= , 

ʛʜʝ 0a  ï ʙʦʨʦʚʩʢʠʡ ʨʘʜʠʫʩ, ʘ 2corr re e e= +  ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

(6.20). ɺʳʨʘʟʠʤ corre  ʯʝʨʝʟ ʙʝʟʨʘʟʤʝʨʥʳʡ ʧʘʨʘʤʝʪʨ ()0sr . 

ʆʩʪʘʚʣʷʷ ʚ (6.19) ʩʣʘʛʘʝʤʳʝ ʧʦʨʷʜʢʘ 2 lna a, ʧʨʠ 1sr  

ʧʦʣʫʯʘʝʤ 

        ()2

3

3
lnr sr dx R xe

p

¤

-¤

= ñ .     (6.21)        

ɺʭʦʜʷʱʠʡ ʩʶʜʘ ʠʥʪʝʛʨʘʣ ʚʳʯʠʩʣʷʝʪʩʷ ʚ [22,23]. 

 ʋʯʠʪʳʚʘʷ (6.12), ʚʳʧʦʣʥʠʤ ʚ (6.21) ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʧʦ 

ʯʘʩʪʷʤ: 

( )

2

0

2
2 3

0

2
0

1
1 arctg

1 1 1
2 1 arctg arctg

3

2 1
arctg .

3 1

B dx x
x

x x x
x x

x
dx

xx

¤

¤

¤

å õ
= - =æ ö

ç ÷

è øå õ
= - + + -é ùæ ö

ç ÷é ùê ú

-
+

ñ

ñ

    (6.22) 

 

ʇʨʝʜʩʪʘʚʠʤ arctgx ʚ ʚʠʜʝ 
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2
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1 1 1 1 1 i
arctg ln

2i i i 2i 1 i1

x x
dz x

x dz
z z xz

+å õ
= = - =æ ö

- + -+ ç ÷
ñ ñ . 

 

ʇʦʜʩʪʘʚʠʤ ʵʪʦ ʚʳʨʘʞʝʥʠʝ ʚ B : 

        ( ) ( )
2 2

0

1 1
arctg ln i ln i

4i1 1

x x
dx dx x x

xx x

¤ ¤

-¤

= + - -è øê ú
+ +

ñ ñ . 

ʇʦ ʪʝʦʨʝʤʝ ʂʦʰʠ ʦ ʚʳʯʝʪʘʭ ʧʦʣʫʯʘʝʤ 

          
2

0

1
arctg ln 2

21

x
dx

xx

p
¤

=
+

ñ . 

ɺ ʨʝʟʫʣʴʪʘʪʝ 

      ( )1 ln 2
3

B
p
= - ,       (6.23)    

ʪʘʢ ʢʘʢ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ( )
2

3 1arctgx
x

 ʥʘ ʚʝʨʭʥʝʤ ʧʨʝʜʝʣʝ ʚ 

(6.22) ʩʦʢʨʘʱʘʝʪʩʷ. ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ (6.23) ʚ (6.21) ʥʘʭʦʜʠʤ 

ʚʢʣʘʜ ʢʦʣʴʮʝʚʳʭ ʜʠʘʛʨʘʤʤ ʚ ʢʦʨʨʝʣʷʮʠʦʥʥʫʶ ʵʥʝʨʛʠʶ: 

( )
2

2
1 ln 2 lnr sre

p
= - .      (6.24) 

ʉʣʘʛʘʝʤʦʝ 2e ʚ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʵʥʝʨʛʠʠ ʨʘʚʥʦ 
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ʛʜʝ ʚʩʝ ʚʦʣʥʦʚʳʝ ʯʠʩʣʘ ʚʳʨʘʞʝʥʳ ʚ ʝʜʠʥʠʮʘʭ ʬʝʨʤʠʝʚʩʢʦʛʦ 

ʚʦʣʥʦʚʦʛʦ ʯʠʩʣʘ 0k . 

 ɹʦʣʝʝ ʪʦʯʥʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ corre  ʧʨʠʚʝʜʝʥʦ ʚ 

ʤʦʥʦʛʨʘʬʠʠ [11]. ɽʩʣʠ ʚʚʝʩʪʠ ʚ (6.19) ʙʝʟʨʘʟʤʝʨʥʳʡ ʧʘʨʘʤʝʪʨ 

()0sr , ʧʦʣʫʯʠʤ 
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() ()
12 3

2

3
0

3 4 4 1
ln ln

2 9 2
r s

e
N dxR x r R x

a
d

p pp

¤

-¤

ë ûè øå õ
î îå õé ùæ öW = + - +ì üæ ö

é ùæ öç ÷î îç ÷ê úí ý

ñ ,   (6.26)   

ʛʜʝ 

()dx J xd
¤

-¤

=ñ . 

ʇʦʜʩʪʘʚʣʷʷ (6.23) ʠ (6.26) ʚ (6.20), ʥʘʭʦʜʠʤ 

    ( ) ()
1
3

22

2 4 4 1
1 ln 2 ln ln

9 2
corr sr R xe d e

p pp

è øå õ
å õé ùæ ö= - + - + +æ ö

é ùæ öç ÷
ç ÷ê ú

,       (6.27)  

ʛʜʝ 

2

2

ln

ln

dxR R

R

dxR

¤

-¤
¤

-¤

=

ñ

ñ

. 

ɺʝʣʠʯʠʥʳ d ʠ ln R ʥʝ ʟʘʚʠʩʷʪ ʦʪ sr . ʆʥʠ ʨʘʚʥʳ [11,34]: 

0.0508d=- , ln 0.551R=- . ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʣʘʛʘʝʤʦʝ 2e (6.25) 

ʨʘʚʥʦ [11,36]: 

    ()2 2

1 3
ln 2 3 0.048

3 2
e z

p
= - = .   

       

ɿʜʝʩʴ ()3z  ï ʜʟʝʪʘ-ʬʫʥʢʮʠʷ ʈʠʤʘʥʘ. ʆʢʦʥʯʘʪʝʣʴʥʦ 

ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʵʥʝʨʛʠʷ ʧʣʦʪʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʘ 

ʧʨʠʥʠʤʘʝʪ ʚʠʜ [11] 

         ( )0.0622ln 0.094 lncorr s s sr r re = - +O .     (6.28)    

 

 ʊʝʧʣʦʝʤʢʦʩʪʴ ʚʳʨʦʞʜʝʥʥʦʛʦ ʧʣʦʪʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʛʘʟʘ ʚʳʯʠʩʣʝʥʘ ʚ ʨʘʙʦʪʝ [35]: 
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( )

1
1 1
3 3

0

1

1 4 1 4
1 ln 2

2 9 9

1 0.083 ln 0.203 ,

V
s s

V

s s

C
r r

C

r r

p p p p

-

-

ë ûè øå õ
î îå õ å õé ùæ ö= - + =ì üæ ö æ ö

é ùæ öç ÷ ç ÷î îç ÷ê úí ý

è ø= + - -ê ú

     (6.29) 

ʛʜʝ 0
VC  ï ʪʝʧʣʦʝʤʢʦʩʪʴ ʠʜʝʘʣʴʥʦʛʦ ʬʝʨʤʠ-ʛʘʟʘ [21]. 

 ʇʨʠʚʝʜʝʤ ʜʣʷ ʩʧʨʘʚʦʢ ʜʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʳʨʦʞʜʝʥʥʦʛʦ ʧʣʦʪʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʘ. ʉʧʝʢʪʨ ʠ ʟʘʪʫʭʘʥʠʝ 

ʢʚʘʟʠʯʘʩʪʠʮ ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ ʌʝʨʤʠ [6]: 

               

() ( )

()

2 2
0

2
00

22 1
0 2

0

0.166 ln 0.203 ,
2

Im 0.252 1 ;
2

s s

s

p p p
p r r

m pp

p p
p r

m p

e

e

è ø
= - +é ù

é ùê ú

å õå õ
= -æ öæ ö

ç ÷ç ÷

     (6.30)   

ʵʬʬʝʢʪʠʚʥʘʷ ʤʘʩʩʘ ʢʚʘʟʠʯʘʩʪʠʮʳ [1]: 

         ( )
1

1 0.083 ln 0.203s sm m r r
-

* è ø= - +ê ú;      (6.31) 

ʭʠʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ [27]: 

       ( )
2 2
0

2

2
1 2 1 ln 2 ln

2

p

m

a p
m a

p ap

è ø
= - - -é ù

é ùê ú

;     (6.32) 

ʧʘʨʘʤʝʪʨ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʌʝʨʤʠ-ʊʦʤʘʩʘ [11]: 

          

1
3

2 2 2
0 0

4 4
0.66 ;

9
FT s sq r k r k

p p

å õ
= =æ ö
ç ÷

     (6.33) 

ʵʥʝʨʛʠʷ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ [27,34]: 

( )
2 2

0 0
2

3 5 10
1 1 ln 2 ln ;

5 2 2 3

E p

N m

a p
a
p ap

è ø
= - - -é ù

é ùê ú

    (6.34)   

ʩʢʘʯʦʢ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ [27]: 

      ( ) ( )0 00 0 1 0.04 ;f p f p
a

p
- - + = -      (6.35) 
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ʜʘʚʣʝʥʠʝ [8]: 
2 14 3 3

2 1

2

2 9 1 9

5 4 2 42
s s

me
P n r r

p p

p

- -
è ø
å õ å õé ù= -æ ö æ ö

é ùç ÷ ç ÷
ê ú

.    (6.36) 

 

ʌʦʨʤʫʣʳ (6.28)-(6.36) ʧʨʠʤʝʥʠʤʳ, ʝʩʣʠ ʩʨʝʜʥʷʷ ʧʦʪʝʥʮʠʘʣʴʥʘʷ 

ʵʥʝʨʛʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʥʦʚ 
1

2 3e n  ʤʘʣʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʨʝʜʥʝʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ 
2

32 ne
m

 . 

 

6.3. ʅʝʚʳʨʦʞʜʝʥʥʳʡ ʵʣʝʢʪʨʦʥʥʳʡ ʛʘʟ 
 

 ʕʣʝʢʪʨʦʥʥʳʡ ʛʘʟ ʧʦʜʯʠʥʷʝʪʩʷ ʩʪʘʪʠʩʪʠʢʝ ʄʘʢʩʚʝʣʣʘ-

ɹʦʣʴʮʤʘʥʘ, ʝʩʣʠ ( )exp 1bm , ʪ. ʝ. bm­-¤. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʧʨʠʥʠʤʘʝʪ ʚʠʜ (3.14). 

 ɺʢʣʘʜ (6.9) ʢʦʣʴʮʝʚʳʭ ʜʠʘʛʨʘʤʤ ʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ 

ʧʦʪʝʥʮʠʘʣ W ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʚʠʩʠʪ ʦʪ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ 

ʦʧʝʨʘʪʦʨʘ (6.5). ʇʨʝʜʩʪʘʚʠʤ ʝʛʦ ʚ ʜʨʫʛʦʤ ʚʠʜʝ. ɼʣʷ ʵʪʦʛʦ ʚ 

ʯʠʩʣʠʪʝʣʝ ʧʦʜʳʥʪʝʛʨʘʣʴʥʦʡ ʬʫʥʢʮʠʠ (6.5) ʜʦʙʘʚʠʤ ʠ ʚʳʯʪʝʤ 

p p qn n - . ʉʜʚʠʛʘʷ ʧʝʨʝʤʝʥʥʫʶ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ p  ʠ ʫʯʠʪʳʚʘʷ 

ʯʝʪʥʦʩʪʴ ʬʫʥʢʮʠʠ pe, ʧʦʣʫʯʘʝʤ    

( )
( )

( )
( ) ( )

3

3 22
, 4 1

2 i

p p q
n p p q

n p p q

d p
P q n n

e e
w

p w e e

+
+

+

-
=- -

- -
ñ .  (6.37)     

ʆʪʩʶʜʘ ʚʠʜʥʦ, ʯʪʦ P  ï ʯʝʪʥʘʷ ʬʫʥʢʮʠʷ q  ʠ nw. ɽʩʣʠ 

nw ­¤, ʠʟ ʬʦʨʤʫʣʳ (6.37) ʩʣʝʜʫʝʪ 

  ( )
( ) ( )

( )( )
3

2 3

4
, 1

2
n p p q p p q

n

d p
P q n nw e e

pw
+ +º - -ñ .     (6.38)   

 ɺ ʬʦʨʤʫʣʝ (6.9) ʚʳʜʝʣʠʤ ʩʣʘʛʘʝʤʦʝ ʩ 0n= : 
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( )
()( ){ ()( )}

( )
() ()

3

3

3

3
1

ln 1 ,0 ,0
2 2

2 2
ln 1 , , .

2

r

n

V d q
q P q q P q

V d q n n
q P q q P q

u u
b p

p p
u u

b b bp

¤

=

W = - + +è øê ú

ë è ø ûå õ å õî
+ - +ì üé ùæ ö æ ö

ç ÷ ç ÷î ê ú ýí

ñ

äñ

 (6.39)  

 

ɽʩʣʠ ʫʯʝʩʪʴ (3.7) ʠ ʨʘʟʣʦʞʠʪʴ ʧʦʜʳʥʪʝʛʨʘʣʴʥʦʝ ʚʳʨʘʞʝʥʠʝ ʚ 

(6.39) ʧʦ ʩʪʝʧʝʥʷʤ 
2ea
u

=  ( ( )
1
2mu b

-
=  ï ʪʝʧʣʦʚʘʷ 

ʩʢʦʨʦʩʪʴ), ʣʝʛʢʦ ʫʙʝʜʠʪʴʩʷ ʚ ʪʦʤ, ʯʪʦ ʩʣʘʛʘʝʤʦʝ ʩ 0n=  ʚ (6.39) 

ʨʘʩʭʦʜʠʪʩʷ ʧʨʠ ʤʘʣʳʭ q, ʘ ʩʣʘʛʘʝʤʦʝ ʩ 0n¸  ʦʩʪʘʝʪʩʷ 

ʢʦʥʝʯʥʳʤ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʨʘʩʩʤʦʪʨʠʤ ʚʢʣʘʜ ʚʪʦʨʦʛʦ 

ʩʣʘʛʘʝʤʦʛʦ ʚ (6.39) ʦʪ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ ʤʘʣʦʡ ʦʢʨʝʩʪʥʦʩʪʠ 

ʪʦʯʢʠ 0q= . ʀʟ (6.38) ʩ ʫʯʝʪʦʤ 

2 2

( )
2

p p q q q

p q q

m m
e e e e+- =- - =    

ʩʣʝʜʫʝʪ 

( ) 02

2
,

2

q
nP q n

n

e
w

p

b

=-
å õ
æ ö
ç ÷

, 

ʛʜʝ  

( )

3

0 3
2

2
p

d p
n n

p
=ñ  

ï ʧʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʦʥʦʚ. ɺʭʦʜʷʱʝʝ ʚ (6.39) ʚʳʨʘʞʝʥʠʝ 

()( )2, nq P q pu
b

 ʩʪʨʝʤʠʪʩʷ ʢ ʢʦʥʝʯʥʦʤʫ ʧʨʝʜʝʣʫ    

                                 

2
2 2

0

2
4

n
e n

m

p
p

b

å õ
æ ö
ç ÷-  
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ʧʨʠ 0q­ . ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʜʳʥʪʝʛʨʘʣʴʥʫʶ ʬʫʥʢʮʠʶ ʚʦ 

ʚʪʦʨʦʤ ʩʣʘʛʘʝʤʦʤ (6.39) ʨʘʟʣʦʞʠʪʴ ʧʦ ʩʪʝʧʝʥʷʤ a: 

 

           

() ()
1

2
2 2 2

0
4

1

2 2
ln 1 , ,

1 1
.

2

n

n

n n
q P q q P q

e n

m n

p p
u u

b b

b

p

¤

=

¤

=

ë è ø ûå õ å õî
- + ºì üé ùæ ö æ ö

ç ÷ ç ÷î ê ú ýí

å õ
º-æ öæ ö

ç ÷

ä

ä

 

 

ʕʪʦ ʚʳʨʘʞʝʥʠʝ ʦʩʪʘʝʪʩʷ ʢʦʥʝʯʥʳʤ ʧʨʠ 0q­ . ʇʦʵʪʦʤʫ ʚʪʦʨʦʝ 

ʩʣʘʛʘʝʤʦʝ ʚ (6.39) ʜʘʝʪ ʚʢʣʘʜ ʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ, 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ 2a . ʆʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ rW  ʜʘʝʪ ʧʝʨʚʦʝ 

ʩʣʘʛʘʝʤʦʝ ʚ (6.39). 

 ɺʳʯʠʩʣʠʤ ʠʥʪʝʛʨʘʣ ʚ 

 

           ( )
( )

3

3
,0 4

2

p

p p q

nd p
P q

e ep -

=
-ñ . 

 

ɺʳʧʦʣʥʷʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʚ ʩʬʝʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʩ ʦʩʴʶ 

zp  ʚʜʦʣʴ q, ʚʚʦʜʷ ʧʝʨʝʤʝʥʥʫʶ cosx q= , ʛʜʝ q ï ʫʛʦʣ ʤʝʞʜʫ 

ʚʝʢʪʦʨʘʤʠ q  ʠ p, ʧʦʣʫʯʘʝʤ 

     ( )
1

2

2 5
2

0 1

2
,0

2p

m dx
P q dp p n

qpx
qp

¤

-

=

-
ñ ñ . 

ɺʭʦʜʷʱʠʡ ʩʶʜʘ ʚʥʫʪʨʝʥʥʠʡ ʠʥʪʝʛʨʘʣ ʨʘʚʝʥ 

    

1

2
1

2

ln
2 22

p
q

dx

qpx pqp
q q-

-

=

- +
ñ . 

ʆʩʪʘʚʰʠʡʩʷ ʠʥʪʝʛʨʘʣ 
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( )
( )

2

2
2 2

0

2

,0 e e ln
2

p

m

p
q

m
P q dp p

pq q

b
bm

p

¤ - -

=

+
ñ  

ʧʦʩʣʝ ʟʘʤʝʥʳ ʧʝʨʝʤʝʥʥʦʡ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ( )
1
2

2
mp u
pb

=  

ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʳʤ 

 

  ( ) ( )3,0 2 eP q qbmbl j l-=- ,      (6.40)  

ʛʜʝ   

                       ()

2

4

0

1 2
e ln

2

u
u x

x duu
x u x

pj
p

¤ - +
=

-ñ ,      (6.41)   

  

1
2 22

m

p b
l
å õ
=æ öæ ö
ç ÷

 

ï ʪʝʧʣʦʚʘʷ ʜʣʠʥʘ ʚʦʣʥʳ ʜʝ ɹʨʦʡʣʷ. ɸʩʠʤʧʪʦʪʠʢʠ ʬʫʥʢʮʠʠ 

(6.41) ʧʨʠʥʠʤʘʶʪ ʚʠʜ 

     ()
2

1, 1,

8 , 1.

x

x
x

x

j p

ë
î
=ì
îí

        (6.42) 

 ʇʦʜʩʪʘʚʣʷʷ (6.40) ʚ (6.39), ʥʘʭʦʜʠʤ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ 

ʢʦʣʴʮʝʚʳʭ ʜʠʘʛʨʘʤʤ ʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ: 

( ) ( )
( )

( )

3 1 3 2 3

2

2 3

2

2 2 ln 1 8 e

8 e .

r

q
V d q e

q

q
e

q

bm

bm

j l
p b p bl

j l
p bl

- - -

-

ë è øî
W = + -ì é ù

î ê úí

ûî
- ü

îý

ñ
   (6.43) 

ɺʚʦʜʷ ʥʦʚʫʶ ʧʝʨʝʤʝʥʥʫʶ 

      ( )
1

2 3 28 ez e qbmp bl
-

-= , 
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ʧʨʝʦʙʨʘʟʫʝʤ ʚʳʨʘʞʝʥʠʝ (6.43) ʢ ʚʠʜʫ 

             

( )

( )

( )

3
3 3 2

1
2 1 2

2
0

1
1 2

2

2 2 e

1
ln 1 2 2 e

1
2 2 e .

r Ve

dz z e z
x

e z
x

bm

bm

bm

b
l

p

j pbl

j pbl

-

¤
-

-

W = ³

ë è øå õî
³ + -é ùì æ ö

é ùç ÷î ê úí

ûå õî
- üæ ö

îç ÷ý

ñ      (6.44)  

ʇʦʩʢʦʣʴʢʫ ʵʪʦ ʚʳʨʘʞʝʥʠʝ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 3e , ʧʨʠ 1a  

ʤʦʞʥʦ ʚ ʧʦʜʳʥʪʝʛʨʘʣʴʥʦʡ ʬʫʥʢʮʠʠ ʚ (6.44) ʧʦʣʦʞʠʪʴ 0a= . 

ʊʦʛʜʘ, ʫʯʠʪʳʚʘʷ (6.42), ʥʘʭʦʜʠʤ 

 

          ( )
3

3 3 22

2 2
0

1 1
2 2 e ln 1r Ve dz z

z z

bmb
l

p

¤
- è øå õ

W = + -æ öé ù
ç ÷ê ú

ñ . 

 

ʇʦʩʣʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ ʯʘʩʪʷʤ ʦʪʩʶʜʘ ʧʦʣʫʯʘʝʤ 

( ) ( ) ( )
313 3 22

2
, , 2 e

3
r V T Ve bmm pb l-W =- .      (6.45) 

ʕʪʦ ʚʳʨʘʞʝʥʠʝ ʧʦʣʫʯʝʥʦ ʚ [21] ʜʨʫʛʠʤ ʤʝʪʦʜʦʤ. ʆʪʤʝʪʠʤ, ʯʪʦ 

ʟʘʚʠʩʠʤʦʩʪʴ 3
r eW  ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ 

ʚʦʟʤʫʱʝʥʠʡ ʨʘʟʣʦʞʝʥʠʝʤ ʧʦ ʩʪʝʧʝʥʷʤ a. 

 ʋʯʠʪʳʚʘʷ (3.15), ʧʦʣʫʯʘʝʤ ʧʨʠʙʣʠʞʝʥʥʫʶ ʬʦʨʤʫʣʫ ʜʣʷ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʝʚʳʨʦʞʜʝʥʥʦʛʦ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʘ: 

      ( )4
0 exch r eW=W +W +W +O,      (6.46) 

ʛʜʝ 
1 3

0 2 eV bmb l- -W =-        (6.47) 

ï ʧʦʪʝʥʮʠʘʣ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ [21]. ʆʥ ʨʘʚʝʥ 

         0 0PVW =- , 
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ʛʜʝ 0
0

n
P

b
=   ï ʜʘʚʣʝʥʠʝ. ɼʠʬʬʝʨʝʥʮʠʨʫʷ (6.46) ʧʦ m, 

ʧʦʣʫʯʘʝʤ ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʵʣʝʢʪʨʦʥʦʚ ʚ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʝ: 

 

( )

3 12 2
3 2

,

, , 2 e 1 2 e

V T

e
N V T V

bm
bm b

m l p
m l

-

è ø
å õå õµW é ù=- = + æ öæ ö æ öé ùµç ÷ ç ÷é ùê ú

.  (6.48)  

 

ʌʠʢʩʠʨʫʷ ʯʠʩʣʦ ʯʘʩʪʠʮ, ʥʘʭʦʜʠʤ ʠʟ (6.48) ʟʘʚʠʩʠʤʦʩʪʴ 

ʭʠʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʛʘʟʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʣʦʪʥʦʩʪʠ: 

 

 

3
1 2

3 2 3
1 1

ln 1
2

n e nm l p b
b

ë ûè ø
î îå õé ù= -ì üæ ö

é ùç ÷î îê úí ý

.      (6.49)    

 

ɼʘʚʣʝʥʠʝ ʛʘʟʘ ʨʘʚʥʦ 

 

        

3
1 2

2 31
3

n
P e n

p
b

b

è ø
å õé ù= - æ ö

é ùç ÷
ê ú

.       (6.50) 

 

ʕʪʘ ʬʦʨʤʫʣʘ ʧʦʣʫʯʝʥʘ ɼʝʙʘʝʤ ʠ ʍʶʢʢʝʣʝʤ ʚ 1923 ʛʦʜʫ. 

ʌʦʨʤʫʣʳ (6.45), (6.48)-(6.50) ʩʧʨʘʚʝʜʣʠʚʳ, ʝʩʣʠ ʩʨʝʜʥʷʷ 

ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʘʩʪʠʮ 
1

2 3e n  ʤʘʣʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʝʡ 1
b

 . ʂʨʦʤʝ ʪʦʛʦ, ʜʦʣʞʥʦ 

ʚʳʧʦʣʥʷʪʴʩʷ ʥʝʨʘʚʝʥʩʪʚʦ 

  
2

2 3 1
2 3

n
e n

m
. 
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ʕʪʦ ʫʩʣʦʚʠʝ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʣʘʩʩʠʯʝʩʢʫʶ ʩʪʘʪʠʩʪʠʢʫ 

ʠ ʦʧʫʩʪʠʪʴ ʤʘʣʳʡ ʚʢʣʘʜ exchW , ʧʦʩʢʦʣʴʢʫ 

 
1

2 1 2
2 23 3

exch

r

n e n

m b

-
å õå õ

W æ öæ ö
æ öæ öW
ç ÷ç ÷

. 

 

ʅʝʨʘʚʝʥʩʪʚʦ 
1

2 3 1e n
b

 ʪʨʝʙʫʝʪ, ʯʪʦʙʳ ʧʦʧʨʘʚʢʘ ɼʝʙʘʷ-

ʍʶʢʢʝʣʷ ʙʳʣʘ ʤʘʣʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤ 

ʧʦʪʝʥʮʠʘʣʦʤ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ. 
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