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ɺʚʝʜʝʥʠʝ 

ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʝʩʣʠ ʢʚʘʥʪʦʚʘʷ ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʜʚʘ ʠ ʙʦʣʝʝ 

ʢʘʥʘʣʦʚ ʚʦʟʙʫʞʜʝʥʠʷ, ʪʦ ʤʝʞʜʫ ʥʠʤʠ ʚʦʟʤʦʞʥʘ ʜʝʩʪʨʫʢʪʠʚʥʘʷ 

ʠʥʪʝʨʬʝʨʝʥʮʠʷ [1]. ʕʪʦ ʷʚʣʝʥʠʝ ʦʩʦʙʦ ʷʨʢʦ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʜʚʫʭʯʘʩʪʦʪʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʨʝʟʦʥʘʥʩʥʳʤʠ ʘʪʦʤʥʳʤʠ ʩʨʝʜʘʤʠ. 

ʇʨʦʩʪʝʡʰʝʡ ʤʦʜʝʣʴʶ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʝʡ ʪʘʢʦʝ ʧʦʚʝʜʝʥʠʝ, ʷʚʣʷʝʪʩʷ 

ʪʨʝʭʫʨʦʚʥʝʚʘʷ ʤʦʜʝʣʴ ʘʪʦʤʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʛʦ ʩ ʨʝʟʦʥʘʥʩʥʳʤ 

ʙʠʭʨʦʤʘʪʠʯʝʩʢʠʤ ʠʟʣʫʯʝʥʠʝʤ (ʨʠʩʫʥʦʢ 1 (ʘ)). ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʧʝʨʝʭʦʜ 1 2ª  

ʟʘʧʨʝʱʝʥ ʜʣʷ ʵʣʝʢʪʨʦ-ʜʠʧʦʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʤʘʪʨʠʮʘ ʛʘʤʠʣʴʪʦʥʠʘʥʘ 

ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʚ ʜʠʧʦʣʴʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʠʤʝʝʪ ʚʠʜ: 

*

1

*

2

3

0

Ĕ 0

a

H b

a b

e

e

e

å õ
æ ö
=æ ö
æ ö
ç ÷

 (ɺ.1) 

ʛʜʝ 
ne ð ʵʥʝʨʛʠʠ ʫʨʦʚʥʝʡ n , ʘ a ʠ b ð ʟʘʚʠʩʷʱʠʝ ʦʪ ʚʨʝʤʝʥʠ ʢʦʤʧʣʝʢʩʥʳʝ 

ʚʝʣʠʯʠʥʳ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʧʘʨʘʤʝʪʨʘʤʠ ʚʦʟʙʫʞʜʝʥʠʷ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ 

ʚʦʟʤʦʞʥʦ ʦʩʦʙʦʝ ʩʫʧʝʨʧʦʟʠʮʠʦʥʥʦʝ ʩʦʩʪʦʷʥʠʝ  1 11 2D a b- -- , ʜʣʷ 

ʢʦʪʦʨʦʛʦ, ʦʯʝʚʠʜʥʦ, ʚʳʧʦʣʥʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ Ĕ3 3 0
d

H D D
dt

= . ʊʦ ʝʩʪʴ, 

ʘʪʦʤ, ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʩʦʩʪʦʷʥʠʠ D , ʥʝ ʙʫʜʝʪ ʚʦʟʙʫʞʜʘʪʴʩʷ. ɼʘʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʧʦʣʫʯʠʣʦ ʥʘʟʚʘʥʠʝ ʪʝʤʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʪʘʢ ʢʘʢ ʚ ʥʝʤ ʘʪʦʤ ʥʝ 

ʤʦʞʝʪ ʠʟʣʫʯʘʪʴ ʠʣʠ ʧʦʛʣʦʱʘʪʴ ʩʚʝʪ. ɽʩʣʠ ʞʝ ʘʪʦʤ ʥʘʭʦʜʠʪʩʷ ʚ 

ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ 3 , ʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʣʘʢʩʘʮʠʠ ʦʥ ʩʦ ʚʨʝʤʝʥʝʤ 

ʧʝʨʝʡʜʝʪ ʢʘʢ ʚ ʩʦʩʪʦʷʥʠʝ D , ʪʘʢ ʠ ʚ ʦʨʪʦʛʦʥʘʣʴʥʦʝ ʝʤʫ ʩʦʩʪʦʷʥʠʝ 

() ( )
1 1

* *1 2B b a
- -

+ , ʢʦʪʦʨʦʝ ʠʥʦʛʜʘ ʥʘʟʳʚʘʶʪ ʩʚʝʪʣʳʤ, ʧʦʩʢʦʣʴʢʫ ʠʟ ʥʝʛʦ 

ʩʠʩʪʝʤʘ ʩʦ ʚʨʝʤʝʥʝʤ ʚʦʟʙʫʞʜʘʝʪʩʷ. ʆʜʥʘʢʦ ʷʩʥʦ, ʯʪʦ ʪʘʢ ʢʘʢ B  ʚ ʦʪʣʠʯʠʝ ʦʪ 

D  ʥʝ ʷʚʣʷʝʪʩʷ ʩʪʘʙʠʣʴʥʳʤ, ʩʠʩʪʝʤʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʝʨʠʠ ʧʝʨʝʚʦʟʙʫʞʜʝʥʠʡ ʩʦ 

ʚʨʝʤʝʥʝʤ ʚʩʝ ʞʝ ʦʢʘʞʝʪʩʷ çʟʘʭʚʘʯʝʥʘè ʚ ʪʝʤʥʦʤ ʩʦʩʪʦʷʥʠʠ. ɼʘʥʥʦʝ ʷʚʣʝʥʠʝ 

ʠʟʚʝʩʪʥʦ ʢʘʢ ʢʦʛʝʨʝʥʪʥʦʝ ʧʣʝʥʝʥʠʝ ʥʘʩʝʣʝʥʥʦʩʪʝʡ (ʂʇʅ) [2ï5].  
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ʈʠʩ. 1. (ʘ) ð ʪʨʝʭʫʨʦʚʥʝʚʘʷ ȿ-ʩʭʝʤʘ ʚʦʟʙʫʞʜʝʥʠʷ ʘʪʦʤʘ. (ʙ) ð 

ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʩʝʣʝʥʥʦʩʪʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʪ ʜʚʫʭʬʦʪʦʥʥʦʡ 

ʦʪʩʪʨʦʡʢʠ d, ʜʝʤʦʥʩʪʨʠʨʫʶʱʘʷ ʭʘʨʘʢʪʝʨʥʳʡ ʚʠʜ ʪʝʤʥʦʛʦ ʨʝʟʦʥʘʥʩʘ. 

ʉʦʩʪʦʷʥʠʝ D  ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʚ ʩʣʫʯʘʝ ʨʘʚʝʥʩʪʚʘ ʥʫʣʶ ʨʘʟʥʦʩʪʠ d 

ʤʝʞʜʫ ʦʪʩʪʨʦʡʢʘʤʠ ʧʦʣʝʡ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʟʦʥʘʥʩʥʳʭ ʧʝʨʝʭʦʜʦʚ: 0.d=  

ʇʨʠ ʥʘʨʫʰʝʥʠʠ ʜʘʥʥʦʛʦ ʫʩʣʦʚʠʷ ʩʠʩʪʝʤʘ ʥʘʯʥʝʪ ʚʦʟʙʫʞʜʘʪʴʩʷ. ʂʨʦʤʝ ʪʦʛʦ, 

ʯʠʩʪʦʝ ʩʦʩʪʦʷʥʠʝ D  ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʣʥʫʶ ʢʦʛʝʨʝʥʪʥʦʩʪʴ ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ 

1  ʠ 2 , ʯʪʦ ʜʣʷ çʨʝʘʣʴʥʳʭè ʩʠʩʪʝʤ ʥʝʚʦʟʤʦʞʥʦ. ʈʘʩʧʘʜ ʜʘʥʥʦʡ 

ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʜʘʞʝ ʧʨʠ 0d=  ʩʠʩʪʝʤʘ ʙʫʜʝʪ ʯʘʩʪʠʯʥʦ 

ʚʦʟʙʫʞʜʘʪʴʩʷ ʪʝʤ ʩʠʣʴʥʝʝ, ʯʝʤ ʚʳʰʝ ʩʢʦʨʦʩʪʴ ʵʪʦʛʦ ʨʘʩʧʘʜʘ. ʊʠʧʠʯʥʳʡ ʚʠʜ 

ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʩʝʣʝʥʥʦʩʪʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʪ ʜʚʫʭʬʦʪʦʥʥʦʡ 

ʦʪʩʪʨʦʡʢʠ d, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 1(ʙ), ʠʤʝʝʪ ʚʠʜ ʫʟʢʦʛʦ 

ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʧʨʦʚʘʣʘ, ʢʦʪʦʨʳʡ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʪʝʤʥʦʛʦ ʨʝʟʦʥʘʥʩʘ. ɺ 

ʨʘʙʦʪʝ [6] ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʧʨʦʩʪʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ, ʦʧʠʩʳʚʘʶʱʝʝ 

ʬʦʨʤʫ ʪʘʢʦʛʦ ʨʝʟʦʥʘʥʩʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʠʤʝʪʴ ʢʨʘʡʥʝ ʤʘʣʫʶ ʰʠʨʠʥʫ, ʤʥʦʛʦ 

ʤʝʥʴʰʫʶ, ʯʝʤ ʝʩʪʝʩʪʚʝʥʥʘʷ ʰʠʨʠʥʘ ʣʠʥʠʠ ʧʦʛʣʦʱʝʥʠʷ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ 

ʷʚʣʝʥʠʝ ʂʇʅ ʧʦʣʫʯʠʣʦ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʨʘʙʦʪʢʝ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ, 

ʢʘʢ ʢʚʘʥʪʦʚʳʝ ʩʪʘʥʜʘʨʪʳ ʯʘʩʪʦʪʳ [7, 8] ʠ ʦʧʪʠʯʝʩʢʠʝ ʤʘʛʥʠʪʦʤʝʪʨʳ [9ï12]. 

ʘ) 
ʙ) 
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ʌʘʢʪ ʞʝ ʦʪʩʫʪʩʪʚʠʷ ʧʦʛʣʦʱʝʥʠʷ ʚ ʪʝʤʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʦʟʚʦʣʠʣ ʧʨʝʜʣʦʞʠʪʴ 

ʤʝʪʦʜ ʣʘʟʝʨʥʦʡ ʛʝʥʝʨʘʮʠʠ ʙʝʟ ʠʥʚʝʨʩʠʠ [13ï16].  

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʪʝʦʨʠʷ ʂʇʅ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʜʣʷ ʤʦʜʝʣʠ ʪʨʝʭ 

ʘʪʦʤʥʳʭ ʩʦʩʪʦʷʥʠʡ [4]. ʆʙʦʙʱʝʥʠʝ ʥʘ ʤʥʦʛʦʫʨʦʚʥʝʚʳʝ ʘʪʦʤʥʳʝ ʩʠʩʪʝʤʳ 

ʙʳʣʦ ʩʜʝʣʘʥʦ ʚ [17] ʙʝʟ ʫʯʝʪʘ ʨʝʣʘʢʩʘʮʠʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ [17] ʧʦʣʫʯʝʥʳ 

ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʪʝʤʥʳʭ ʩʦʩʪʦʷʥʠʡ ʧʨʠ ʜʚʫʭʬʦʪʦʥʥʦʤ 

ʨʝʟʦʥʘʥʩʝ. ɺ ʨʘʙʦʪʝ [18] ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʧʦʣʥʦʩʪʴʶ ʢʚʘʥʪʦʚʘʷ ʪʝʦʨʠʷ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʝʤʥʳʭ ʨʝʟʦʥʘʥʩʦʚ, ʫʯʠʪʳʚʘʶʱʘʷ ʢʚʘʥʪʦʚʫʶ ʧʨʠʨʦʜʫ 

ʠʟʣʫʯʝʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʢʚʘʥʪʦʚʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ 

ʧʦʷʚʣʷʝʪʩʷ ʥʦʚʳʡ ʢʣʘʩʩ ʪʝʤʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʦʪʩʫʪʩʪʚʫʶʱʠʭ ʧʨʠ ʦʧʠʩʘʥʠʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʠʟʣʫʯʝʥʠʝʤ. 

ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʪʘʢʦʛʦ ʢʣʘʩʩʘ ʣʝʛʣʦ ʚ ʦʩʥʦʚʫ ʠʜʝʠ ʩʦʟʜʘʥʠʷ çʢʚʘʥʪʦʚʦʛʦ 

ʬʠʣʴʪʨʘè, ʧʨʦʧʫʩʢʘʶʱʝʛʦ ʪʦʣʴʢʦ ʩʦʩʪʦʷʥʠʷ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʯʠʩʣʦʤ 

ʬʦʪʦʥʦʚ. 

ɼʣʷ ʥʘʙʣʶʜʝʥʠʷ ʪʝʤʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʠʣʦʞʝʥʠʡ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʛʘʟʦʚʳʝ ʷʯʝʡʢʠ ʩ ʧʘʨʘʤʠ ʱʝʣʦʯʥʳʭ ʘʪʦʤʦʚ, ʪʘʢʠʭ ʢʘʢ 
87

Rb, 

85
Rb, 

133
Cs ʠ ʜʨ. ɺ ʜʘʥʥʳʭ ʘʪʦʤʘʭ ʧʝʨʝʭʦʜʳ ʤʝʞʜʫ ʚʥʝʰʥʠʤʠ s- ʠ p-

ʩʦʩʪʦʷʥʠʷʤʠ ʷʚʣʷʶʪʩʷ ʦʧʪʠʯʝʩʢʠʤʠ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʥʝʰʥʝʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʦʙʦʣʦʯʢʠ ʩʦ ʩʧʠʥʦʤ ʷʜʨʘ ʧʨʠʚʦʜʠʪ ʢ ʩʚʝʨʭʪʦʥʢʦʤʫ ʨʘʩʱʝʧʣʝʥʠʶ ʜʘʥʥʳʭ 

ʩʦʩʪʦʷʥʠʡ. ʇʝʨʝʭʦʜʳ ʤʝʞʜʫ ʩʚʝʨʭʪʦʥʢʠʤʠ ʧʦʜʫʨʦʚʥʷʤʠ ʜʘʥʥʳʭ ʘʪʦʤʦʚ 

ʣʝʞʘʪ ʚ ʨʘʜʠʦʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʠ ʷʚʣʷʶʪʩʷ ʟʘʧʨʝʱʝʥʥʳʤʠ ʜʣʷ ʵʣʝʢʪʨʦ-

ʜʠʧʦʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɼʝʡʩʪʚʠʝ ʜʚʫʭʯʘʩʪʦʪʥʦʛʦ ʨʝʟʦʥʘʥʩʥʦʛʦ 

ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚʦʟʙʫʞʜʘʝʪ ʚ ʘʪʦʤʘʭ ʨʘʜʠʦʯʘʩʪʦʪʥʫʶ ʢʦʛʝʨʝʥʪʥʦʩʪʴ, 

ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʡ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚʳʰʝ, ʩʠʩʪʝʤʘ ʧʝʨʝʭʦʜʠʪ ʚ 

ʥʝʧʦʛʣʦʱʘʶʱʝʝ ʪʝʤʥʦʝ ʩʦʩʪʦʷʥʠʝ. ɼʝʪʝʢʪʠʨʫʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʰʝʜʰʝʛʦ 

ʩʢʚʦʟʴ ʷʯʝʡʢʫ ʠʟʣʫʯʝʥʠʷ (ʨʠʩʫʥʦʢ 2(ʘ)) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʥʦʩʪʠ ʯʘʩʪʦʪ 

ʜʚʫʭ ʝʛʦ ʢʦʤʧʦʥʝʥʪ, ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʫʟʢʦʛʦ ʧʠʢʘ (ʨʠʩʫʥʦʢ 2(ʙ)), 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʪʝʤʥʦʤʫ ʨʝʟʦʥʘʥʩʫ. 
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ɼʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʪʝʤʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʧʦ ʧʨʦʰʝʜʰʝʤʫ ʩʢʚʦʟʴ ʷʯʝʡʢʫ 

ʠʟʣʫʯʝʥʠʶ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʢʪʠʚʥʳʭ ʘʪʦʤʦʚ ʙʳʣʘ 

ʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʧʦʣʷ ʩʨʝʜʦʡ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʛʦʚʦʨʷʪ ʦʙ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʩʨʝʜʳ. ʇʝʨʝʥʦʩ ʠʟʣʫʯʝʥʠʷ ʚ 

ʦʧʪʠʯʝʩʢʠ ʧʣʦʪʥʳʭ ʩʨʝʜʘʭ ʚ ʫʩʣʦʚʠʷʭ ʪʝʤʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʟʥʘʯʠʪʝʣʴʥʦ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʪʘʥʜʘʨʪʥʦʛʦ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ, ʦʧʠʩʳʚʘʝʤʦʛʦ 

ʟʘʢʦʥʦʤ ɹʫʛʝʨʘïʃʘʤʙʝʨʪʘ. ʊʘʢ, ʚ [19] ʧʨʦʠʟʚʝʜʝʥ ʚʳʚʦʜ ʫʨʘʚʥʝʥʠʡ ʧʝʨʝʥʦʩʘ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʚʫʭʯʘʩʪʦʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʜʦʩʪʘʪʦʯʥʦ 

ʙʦʣʴʰʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʠʟʣʫʯʝʥʠʷ ʠʤʝʝʪ ʤʝʩʪʦ ʣʠʥʝʡʥʳʡ ʟʘʢʦʥ ʩʧʘʜʘ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʂʇʅ. ɺ ʨʘʙʦʪʝ [20] ʪʝʦʨʠʷ ʧʝʨʝʥʦʩʘ ʠʟʣʫʯʝʥʠʷ ʚ 

ʫʩʣʦʚʠʷʭ ʂʇʅ ʙʳʣʘ ʦʙʦʙʱʝʥʘ ʥʘ ʩʣʫʯʘʡ ʥʝʤʦʥʦʭʨʦʤʘʪʠʯʥʦʩʪʠ, ʩʚʷʟʘʥʥʦʡ ʩ 

ʘʤʧʣʠʪʫʜʥʳʤʠ ʠ ʯʘʩʪʦʪʥʳʤʠ ʬʣʫʢʪʫʘʮʠʷʤʠ ʣʘʟʝʨʥʳʭ ʧʦʣʝʡ. ɺ ʨʘʙʦʪʘʭ [21ï 

23] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʙʣʶʜʝʥʠʝ ʨʝʟʦʥʘʥʩʘ ʂʇʅ ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʚ ʩʣʫʯʘʝ 

ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʚʦʟʙʫʞʜʘʶʱʠʤʠ ʧʦʣʷʤʠ.  

 



8 

 

 

ʈʠʩ. 2. (ʘ) ð ʧʨʦʩʪʝʡʰʘʷ ʩʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʥʘʙʣʶʜʝʥʠʶ ʪʝʤʥʦʛʦ 

ʨʝʟʦʥʘʥʩʘ. (ʙ) ð ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʰʝʜʰʝʛʦ ʩʢʚʦʟʴ ʛʘʟʦʚʫʶ 

ʷʯʝʡʢʫ ʠʟʣʫʯʝʥʠʷ ʦʪ ʜʚʫʭʬʦʪʦʥʥʦʡ ʦʪʩʪʨʦʡʢʠ.  

ɼʨʫʛʠʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʬʦʨʤʫ ʪʝʤʥʳʭ ʨʝʟʦʥʘʥʩʦʚ, ʷʚʣʷʝʪʩʷ 

ʜʚʠʞʝʥʠʝ ʘʪʦʤʦʚ. ɺʩʣʝʜʩʪʚʠʝ ʵʬʬʝʢʪʘ ɼʦʧʣʝʨʘ ʜʚʠʞʝʥʠʝ ʘʪʦʤʦʚ ʚ ʷʯʝʡʢʝ 

ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʷʤ ʧʦʣʝʚʳʭ ʦʪʩʪʨʦʝʢ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʩʢʦʨʦʩʪʷʤ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʫʩʨʝʜʥʝʥʠʷ ʧʦ ʩʢʦʨʦʩʪʷʤ ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʠʟʤʝʥʝʥʠʷʤ 

ʬʦʨʤʳ ʨʝʟʦʥʘʥʩʘ. ʉʫʱʝʩʪʚʝʥʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʪʝʤʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʧʨʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʚʳʙʦʨʝ ʩʭʝʤʳ ʚʦʟʙʫʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʫʰʠʨʝʥʠʷ [24], ʘ ʚ ʨʘʙʦʪʝ [25] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠʤʝʝʪ ʤʝʩʪʦ ʜʘʞʝ ʜʦʧʣʝʨʦʚʩʢʦʝ ʩʫʞʝʥʠʝ ʪʝʤʥʦʛʦ 
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ʨʝʟʦʥʘʥʩʘ. ʉʝʣʝʢʪʠʚʥʦʩʪʴ ʪʝʤʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʧʦ ʩʢʦʨʦʩʪʷʤ ʧʦʟʚʦʣʠʣʘ 

ʨʘʟʨʘʙʦʪʘʪʴ ʥʦʚʳʝ ʤʝʪʦʜʳ ʣʘʟʝʨʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ [26ï30]. ʂʨʦʤʝ ʪʦʛʦ, 

ʜʚʠʞʝʥʠʝ ʘʪʦʤʦʚ ʧʨʠʚʦʜʠʪ ʢ ʩʪʦʣʢʥʦʚʝʥʠʷʤ ʠʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʩʦ ʩʪʝʥʢʘʤʠ 

ʷʯʝʡʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʪʦʣʢʥʦʚʝʥʠʡ ʨʘʜʠʦʯʘʩʪʦʪʥʳʝ ʢʦʛʝʨʝʥʪʥʦʩʪʠ 

ʨʘʟʨʫʰʘʶʪʩʷ, ʯʪʦ ʥʝʛʘʪʠʚʥʳʤ ʦʙʨʘʟʦʤ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʢʘʯʝʩʪʚʝ 

ʜʝʪʝʢʪʠʨʫʝʤʦʛʦ ʨʝʟʦʥʘʥʩʘ. ɺ ʜʦʩʪʘʪʦʯʥʦ ʨʘʟʨʝʞʝʥʥʳʭ ʘʪʦʤʥʳʭ ʩʨʝʜʘʭ ʥʘ 

ʧʝʨʚʳʡ ʧʣʘʥ ʚʳʭʦʜʷʪ ʩʪʦʣʢʥʦʚʝʥʠʷ ʩʦ ʩʪʝʥʢʘʤʠ ʷʯʝʡʢʠ.  

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʧʦʜʘʚʣʝʥʠʷ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʥʘ ʩʪʝʥʢʘʭ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʘʥʪʠʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ. ʀʭ 

ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʷʚʣʷʝʪʩʷ ʩʦʭʨʘʥʝʥʠʝ ʨʘʜʠʦʯʘʩʪʦʪʥʦʡ ʢʦʛʝʨʝʥʪʥʦʩʪʠ 

ʘʪʦʤʦʚ ʧʨʠ ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʩ ʥʠʤʠ. ʆʧʨʝʜʝʣʷʶʱʠʝ ʨʦʣʠ ʚ ʧʦʚʝʜʝʥʠʠ ʘʪʦʤʦʚ 

ʧʨʠ ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʩʦ ʩʪʝʥʢʘʤʠ ʠʛʨʘʶʪ ʚʨʝʤʷ ʘʜʩʦʨʙʮʠʠ ʘʪʦʤʦʚ ʥʘ ʧʦʢʨʳʪʠʠ 

ʠ ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ ʧʨʠ ʵʪʦʤ ʬʘʟʦʚʳʡ ʩʜʚʠʛ. ʇʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʜʣʠʪʝʣʴʥʦʡ ʘʜʩʦʨʙʮʠʠ, ʢʦʛʜʘ ʚʥʫʪʨʝʥʥʝʝ ʩʦʩʪʦʷʥʠʝ ʘʪʦʤʘ ʩʣʘʙʦ ʤʝʥʷʝʪʩʷ, ʘ 

ʩʢʦʨʦʩʪʴ ʧʦʩʣʝ ʦʪʨʘʞʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʦʡ ʩʪʝʥʢʠ, ʛʦʚʦʨʷʪ ʦ 

ʜʠʬʬʫʟʥʦʤ ʪʠʧʝ ʦʪʨʘʞʝʥʠʷ. ʊʘʢʦʡ ʪʠʧ ʦʪʨʘʞʝʥʠʷ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ 

ʧʘʨʘʬʠʥʦʚʳʭ ʧʦʢʨʳʪʠʡ [31].  ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʘʧʨʠʤʝʨ ʜʣʷ 

ʧʦʢʨʳʪʠʡ ʪʠʧʘ Octadecyltrichlorosilane (OTS), ʭʘʨʘʢʪʝʨʥʦʝ ʚʨʝʤʷ ʘʜʩʦʨʙʮʠʠ 

ʦʢʘʟʳʚʘʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʤʝʥʴʰʝ, ʯʝʤ ʜʣʷ ʧʘʨʘʬʠʥʦʚʳʭ ʧʦʢʨʳʪʠʡ [32, 

33]. ɼʣʷ ʦʧʠʩʘʥʠʷ ʧʨʝʜʝʣʴʥʦʛʦ ʩʣʫʯʘʷ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʤʦʜʝʣʴ ʟʝʨʢʘʣʴʥʦ-ʢʦʛʝʨʝʥʪʥʦʛʦ (ʫʧʨʫʛʦʛʦ) ʦʪʨʘʞʝʥʠʷ. ɼʨʫʛʠʤ ʧʨʝʜʝʣʴʥʳʤ 

ʩʣʫʯʘʝʤ ʷʚʣʷʶʪʩʷ ʦʪʨʘʞʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʩʪʦʣʢʥʦʚʝʥʠʷ ʥʝ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ 

ʜʣʠʪʝʣʴʥʦʡ ʘʜʩʦʨʙʮʠʝʡ, ʥʦ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʙʦʣʴʰʠʤ ʬʘʟʦʚʳʤ ʩʜʚʠʛʦʤ. 

ʊʘʢʦʡ ʭʘʨʘʢʪʝʨ ʦʪʨʘʞʝʥʠʷ ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʜʣʷ ʥʝʢʦʪʦʨʳʭ 

ʪʠʧʦʚ ʩʠʣʠʢʦʥʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ [34]. 

ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʘʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ, ʪʘʢ ʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʙʦʪ [31ï69], ʧʦʩʚʷʱʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʩʚʦʡʩʪʚ 

ʘʥʪʠʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ ʠ ʧʨʦʮʝʩʩʘ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʘʪʦʤʥʳʭ 

ʨʝʟʦʥʘʥʩʦʚ ʚ ʧʦʢʨʳʪʳʭ ʷʯʝʡʢʘʭ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʘʭ [41, 47] 
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ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʠʟʫʯʝʥ ʧʨʦʮʝʩʩ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʟʦʥʥʦʡ 

ʥʘʢʘʯʢʠ ʚ ʧʦʢʨʳʪʳʭ ʷʯʝʡʢʘʭ. ɺ ʧʨʦʮʝʩʩʝ ʪʘʢʦʡ ʥʘʢʘʯʢʠ ʘʪʦʤʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʠʟʣʫʯʝʥʠʝʤ ʪʦʣʴʢʦ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʨʝʤʝʥʠ ʧʨʦʣʝʪʘ 

ʦʙʣʘʩʪʠ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʫʩʣʦʚʠʷ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ 

ʚʦʟʤʫʱʝʥʠʷ, ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʩʫʞʝʥʠʶ ʪʝʤʥʳʭ ʨʝʟʦʥʘʥʩʦʚ.  

ɼʨʫʛʠʤ ʩʧʦʩʦʙʦʤ ʙʦʨʴʙʳ ʩʦ ʩʪʦʣʢʥʦʚʝʥʠʷʤʠ ʥʘ ʩʪʝʥʢʘʭ ʷʚʣʷʝʪʩʷ 

ʚʚʝʜʝʥʠʝ ʚ ʷʯʝʡʢʫ ʙʫʬʝʨʥʦʛʦ ʛʘʟʘ. ɺ ʢʘʯʝʩʪʚʝ ʙʫʬʝʨʥʦʛʦ ʛʘʟʘ ʚʳʙʠʨʘʶʪʩʷ 

ʪʘʢʠʝ ʛʘʟʳ, ʢʘʢ ʘʟʦʪ, ʘʨʛʦʥ, ʤʝʪʘʥ ʠ ʜʨ.  ʇʨʠ ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʩ ʥʠʤʠ ʦʩʥʦʚʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʘʢʪʠʚʥʳʭ ʘʪʦʤʦʚ ʥʝ ʜʝʧʦʣʷʨʠʟʫʝʪʩʷ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʣʫʯʰʝʥʠʶ 

ʢʘʯʝʩʪʚʘ ʨʝʟʦʥʘʥʩʘ ʚʩʣʝʜʩʪʚʠʝ ʫʚʝʣʠʯʝʥʠʷ ʚʨʝʤʝʥʠ ʢʦʛʝʨʝʥʪʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʪʦʤʦʚ ʩ ʧʦʣʝʤ, ʘ ʪʘʢʞʝ ʵʬʬʝʢʪʘ ʩʫʞʝʥʠʷ ɼʠʢʝ [70]. 

ʀʥʳʤ ʩʧʦʩʦʙʦʤ ʨʝʛʠʩʪʨʘʮʠʠ ʪʝʤʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʣʘʙʳʤ ʧʨʦʙʥʳʤ ʧʦʣʝʤ ʩʠʩʪʝʤʳ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʫʩʣʦʚʠʷʭ 

ʨʝʟʦʥʘʥʩʘ ʩ ʩʠʣʴʥʳʤ ʫʧʨʘʚʣʷʶʱʠʤ ʧʦʣʝʤ (ʨʠʩʫʥʦʢ 3(ʘ)). ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ 

ʧʨʦʚʘʣ ʤʦʞʝʪ ʙʳʪʴ ʦʙʥʘʨʫʞʝʥ ʚ ʩʧʝʢʪʨʝ ʧʦʛʣʦʱʝʥʠʷ ʧʨʦʙʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

(ʨʠʩʫʥʦʢ 3(ʙ)). ʊʘʢʦʝ ʷʚʣʝʥʠʝ, ʚʧʝʨʚʳʝ ʧʨʝʜʩʢʘʟʘʥʥʦʝ ʚ [71] ʠ ʦʙʥʘʨʫʞʝʥʥʦʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚ [72, 73], ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦ-

ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʧʨʦʟʨʘʯʥʦʩʪʠ (ʕʀʇ). ɺ ʨʘʙʦʪʝ [74] ʪʝʦʨʠʷ ʕʀʇ ʙʳʣʘ 

ʦʙʦʙʱʝʥʘ ʥʘ ʩʣʫʯʘʡ ʙʝʟʛʨʘʥʠʯʥʦʡ ʩʨʝʜʳ ʜʚʠʞʫʱʠʭʩʷ ʘʪʦʤʦʚ. ɹʣʘʛʦʜʘʨʷ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʜʣʠʪʝʣʴʥʦʤʫ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʪʝʤʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʷʚʣʝʥʠʝ ʕʀʇ 

ʥʘʰʣʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʦʜʘʭ ʟʘʧʠʩʠ ʠ ʭʨʘʥʝʥʠʷ ʢʚʘʥʪʦʚʦʡ 

ʠʥʬʦʨʤʘʮʠʠ [75ï77]. ʂʨʦʤʝ ʪʦʛʦ, ʰʠʨʠʥʘ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʢʦʥʪʫʨʘ, 

ʠʟʦʙʨʘʞʝʥʥʦʛʦ ʥʘ ʨʠʩʫʥʢʝ 3(ʙ), ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʰʠʨʠʥʝ ʦʢʥʘ 

ʧʨʦʟʨʘʯʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʞʘʷ ʦʢʥʦ ʧʨʦʟʨʘʯʥʦʩʪʠ, ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ 

ʢʨʘʡʥʝ ʢʨʫʪʦʛʦ ʭʦʜʘ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʢʨʠʚʦʡ ʚʙʣʠʟʠ ʨʝʟʦʥʘʥʩʘ, ʚʩʣʝʜʩʪʚʠʝ 

ʯʝʛʦ ʛʨʫʧʧʦʚʘʷ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʩʠʣʴʥʦ ʩʥʠʞʘʝʪʩʷ ʧʨʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʤ 

ʦʪʩʫʪʩʪʚʠʠ ʧʦʛʣʦʱʝʥʠʷ [78ï80]. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ [78] ʥʘʙʣʶʜʘʣʦʩʴ 

ʵʢʩʪʨʝʤʘʣʴʥʦʝ ʟʘʤʝʜʣʝʥʠʝ ʩʚʝʪʘ ʜʦ ʟʥʘʯʝʥʠʷ ʛʨʫʧʧʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚ 17 ʤ/ʩ.  
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ʈʠʩ 3. (ʘ) ð ʪʨʝʭʫʨʦʚʥʝʚʘʷ ʩʭʝʤʘ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʪʝʤʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʤʝʪʦʜʦʤ 

ʧʨʦʙʥʦʛʦ ʧʦʣʷ. (ʙ) ð ʪʠʧʠʯʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʤʥʠʤʦʡ c¡¡ 

(ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʛʣʦʱʝʥʠʷ) ʠ ʚʝʱʝʩʪʚʝʥʥʦʡ c¡ (ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʢʦʥʪʫʨʘ) 

ʯʘʩʪʝʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ c ʦʪ ʦʪʩʪʨʦʡʢʠ ʧʨʦʙʥʦʛʦ ʧʦʣʷ, ʦʪʥʝʩʝʥʥʦʡ ʢ 

ʩʢʦʨʦʩʪʠ ʨʘʩʧʘʜʘ ʦʧʪʠʯʝʩʢʦʡ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʪʝʤʥʦʛʦ ʨʝʟʦʥʘʥʩʘ.  

ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʘ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʩʭʝʤʘ ʈɻʤʩʠ [81] 

ʚʦʟʙʫʞʜʝʥʠʷ ʪʝʤʥʳʭ ʨʝʟʦʥʘʥʩʦʚ, ʩʫʪʴ ʢʦʪʦʨʦʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟʜʝʡʩʪʚʠʠ 

ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʩʠʩʪʝʤʫ ʠʤʧʫʣʴʩʘʤʠ, ʨʘʟʥʝʩʝʥʥʳʤʠ ʚʦ ʚʨʝʤʝʥʠ.  

ʊʘʢʦʡ ʤʝʪʦʜ ʙʣʘʛʦʜʘʨʷ ʩʚʦʙʦʜʥʳʤ ʦʩʮʠʣʣʷʮʠʷʤ ʜʦʣʛʦʞʠʚʫʱʝʡ 

ʨʘʜʠʦʯʘʩʪʦʪʥʦʡ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʩʫʞʝʥʠʷ ʣʠʥʠʠ ʨʝʟʦʥʘʥʩʘ [82]. ʀʩʩʣʝʜʦʚʘʥʠʶ ʜʚʫʭʯʘʩʪʦʪʥʦʡ 

ʠʤʧʫʣʴʩʥʦʡ ʩʭʝʤʳ ʦʧʨʦʩʘ ʘʪʦʤʦʚ ʧʦʩʚʷʱʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ. ʊʘʢ, ʚ ʨʘʙʦʪʝ [83] ʘʚʪʦʨʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘʙʣʶʜʘʣʠ ʚʳʩʦʢʦʢʦʥʪʨʘʩʪʥʳʝ ʨʝʟʦʥʘʥʩʳ ʂʇʅ ʩ ʫʟʢʦʡ 

ʰʠʨʠʥʦʡ ʧʨʠ ʩʭʝʤʝ ʦʧʨʦʩʘ ʈʤɻʩʠ ʚ ʘʪʦʤʘʨʥʳʭ ʧʘʨʘʭ 
133
Cs. ʉ ʮʝʣʴʶ 

ʧʦʚʳʰʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʘʪʦʤʥʳʭ ʯʘʩʦʚ ʘʚʪʦʨʘʤʠ ʨʘʙʦʪ [84, 85] ʙʳʣʦ 

ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʤʧʫʣʴʩʥʳʡ ʜʚʫʭʰʘʛʦʚʳʡ ʤʝʪʦʜ ʚʦʟʙʫʞʜʝʥʠʷ 

ʵʬʬʝʢʪʘ ʂʇʅ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʭʝʤʫ ʈʘʤʘʥʘï

ʈɻʤʩʠ ʩ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʩʚʝʪʘ ʧʨʠ ʨʝʟʦʥʘʥʩʥʦʤ ʥʘʙʣʶʜʝʥʠʠ, ʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʥʠʟʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʬʦʨʤʳ ʨʝʟʦʥʘʥʩʘ ʂʇʅ ʢ 

ʠʟʤʝʥʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʜʘʚʣʝʥʠʷ ʙʫʬʝʨʥʦʛʦ 

ʙ) 
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ʛʘʟʘ ʥʘ ʬʦʨʤʫ ʨʝʟʦʥʘʥʩʘ ʂʇʅ ʚ ʩʭʝʤʝ ʈʘʤʘʥʘïʈɻʤʩʠ ʜʣʷ ʘʪʦʤʦʚ 
87
Rb ʙʳʣʦ 

ʚʳʧʦʣʥʝʥʦ ʚ [86]. ʀʩʩʣʝʜʦʚʘʥʠʶ ʚʳʩʦʢʦʢʦʥʪʨʘʩʪʥʳʭ ʫʟʢʠʭ ʨʝʟʦʥʘʥʩʦʚ ʂʇʅ 

ʧʨʠ ʠʤʧʫʣʴʩʥʦʡ ʥʘʢʘʯʢʝ ʚ ʘʪʦʤʘʨʥʳʭ ʧʘʨʘʭ 
133
Cs ʧʦʩʚʷʱʝʥʘ ʨʘʙʦʪʘ [87]. ɺ 

ʥʝʡ ʘʚʪʦʨʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʩʣʝʜʫʶʪ ʟʘʚʠʩʠʤʦʩʪʴ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʚʘʥʪʦʚʦʛʦ ʩʪʘʥʜʘʨʪʘ ʯʘʩʪʦʪʳ ʦʪ ʤʦʱʥʦʩʪʠ ʣʘʟʝʨʘ, 

ʪʝʤʧʝʨʘʪʫʨʳ ʷʯʝʡʢʠ ʠ ʧʘʨʘʤʝʪʨʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʦʚ. 

ɸʥʘʣʦʛʠʯʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʨʘʙʦʪʝ [88] ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʨʝʟʦʥʘʥʩʦʚ ʂʇʅ ʚ ʩʭʝʤʝ ʈʘʤʘʥʘïʈɻʤʩʠ ʚ ʤʠʢʨʦʷʯʝʡʢʘʭ, ʟʘʧʦʣʥʝʥʥʳʭ ʧʘʨʘʤʠ 

CsïNe. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʝʟʦʥʘʥʩʦʚ ʂʇʅ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʠʢʠ 

ʈʘʤʘʥʘïʈɻʤʩʠ ʚ ʷʯʝʡʢʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʛʘʟʦʚʫʶ ʩʤʝʩʴ 
87

RbïArïNe, ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʚ [89]. ɺ ʨʘʙʦʪʝ [90] ʥʘʙʣʶʜʘʣʠʩʴ ʧʦʣʦʩʳ ʈʤɻʩʠ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʵʬʬʝʢʪʘ ʕʀʇ ʚ ʷʯʝʡʢʝ ʩ ʙʫʬʝʨʥʳʤ ʛʘʟʦʤ. ɺ ʨʘʙʦʪʘʭ [91ï93] ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʦʜʙʦʨʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʣʠʪʝʣʴʥʦʩʪʝʡ, ʬʘʟ ʠ ʯʘʩʪʦʪ ʠʤʧʫʣʴʩʦʚ ʤʦʞʥʦ 

ʜʦʙʠʪʴʩʷ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ ʩʚʝʪʦʚʳʭ ʩʜʚʠʛʦʚ ʪʝʤʥʳʭ ʨʝʟʦʥʘʥʩʦʚ, ʘ 

ʚ ʨʘʙʦʪʝ [94] ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʙʱʘʷ ʪʝʦʨʠʷ ʦʧʠʩʘʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ 

ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ʥʘ ʦʪʢʨʳʪʳʝ ʢʚʘʥʪʦʚʳʝ ʩʠʩʪʝʤʳ.  

ʇʦʤʠʤʦ ʩʚʝʨʭʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʫʨʦʚʥʝʡ ʱʝʣʦʯʥʳʭ ʘʪʦʤʦʚ ʧʨʠ 

ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʦʧʠʩʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʝʤʥʳʭ ʨʝʟʦʥʘʥʩʦʚ 

ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʪʘʢʞʝ ʤʘʛʥʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ 

ʟʘʯʘʩʪʫʶ ʚʦ ʠʟʙʝʞʘʥʠʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʘʨʘʟʠʪʥʳʭ ʪʸʤʥʳʭ ʩʦʩʪʦʷʥʠʡ ʥʘ 

ʤʘʛʥʠʪʥʳʭ ʧʦʜʫʨʦʚʥʷʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʷʯʝʡʢʘ ʧʦʤʝʱʘʝʪʩʷ ʚ ʥʝʥʫʣʝʚʦʝ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. ɺ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʥʘʙʦʨʳ ʪʝʤʥʳʭ 

ʨʝʟʦʥʘʥʩʦʚ, ʦʪʚʝʯʘʶʱʠʭ ȿ-ʩʭʝʤʘʤ ʥʘ ʨʘʟʣʠʯʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʜʫʨʦʚʥʷʭ 

[95]. ʊʝʦʨʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʪʝʤʥʳʭ ʨʝʟʦʥʘʥʩʦʚ ʩ ʫʯʝʪʦʤ 

ʧʦʣʥʦʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʘʪʦʤʥʳʭ ʫʨʦʚʥʝʡ ʚ ʷʯʝʡʢʘʭ ʩ ʙʫʬʝʨʥʳʤ ʛʘʟʦʤ 

ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʚ [96]. ʇʨʠ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʦʧʠʩʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʩʭʝʤ 

ʚʦʟʙʫʞʜʝʥʠʷ ʩ ʫʯʝʪʦʤ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʫʨʦʚʥʝʡ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ 

ʠʛʨʘʶʪ ʧʦʣʷʨʠʟʘʮʠʠ ʣʘʟʝʨʥʳʭ ʧʦʣʝʡ. ɺ ʨʘʙʦʪʝ [97] ʧʦʩʪʨʦʝʥʘ ʦʙʱʘʷ ʪʝʦʨʠʷ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʟʦʥʘʥʩʦʚ ʂʇʅ, ʚʦʟʙʫʞʜʘʝʤʳʭ ʠʟʣʫʯʝʥʠʝʤ ʩ ʧʨʦʠʟʚʦʣʴʥʦʡ 
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ʵʣʣʠʧʪʠʯʥʦʩʪʴʶ, ʘ ʚ ʨʘʙʦʪʝ [98] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʪʝʤʥʳʭ 

ʩʦʩʪʦʷʥʠʡ, ʚʦʟʙʫʞʜʘʝʤʳʭ ʵʣʣʠʧʪʠʯʥʦ-ʧʦʣʷʨʠʟʦʚʘʥʥʳʤ ʠʟʣʫʯʝʥʠʝʤ, 

ʠʥʚʘʨʠʘʥʪʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʙʦʨʘ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. ɺ ʨʘʙʦʪʘʭ [99, 100] 

ʙr ʣ ʧʨʝʜʣʦʞʝʥ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʫʯʝʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʯʠʩʪʦʛʦ 

ʩʫʧʝʨʧʦʟʠʮʠʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʧʨʦʝʢʮʠʠ ʤʦʤʝʥʪʘ 

m ʧʦʩʨʝʜʩʪʚʦʤ ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʙʠʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʬʬʝʢʪʘ ʂʇʅ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ mÍ0 ʜʣʷ ʵʪʦʡ 

ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʣʣʠʧʪʠʯʝʩʢʠ ʧʦʣʷʨʠʟʦʚʘʥʥʳʝ ʧʦʣʷ.  ɺ 

ʨʘʙʦʪʘʭ [101, 102] ʠʩʩʣʝʜʫʶʪʩʷ ʨʝʟʦʥʘʥʩʳ ʂʇʅ, ʚʦʟʙʫʞʜʘʝʤʳʝ ʜʚʫʤʷ 

ʚʩʪʨʝʯʥʳʤʠ ʦʨʪʦʛʦʥʘʣʴʥʳʤʠ ʮʠʨʢʫʣʷʨʥʦ-ʧʦʣʷʨʠʟʦʚʘʥʥʳʤʠ ʧʦʣʷʤʠ, ʠ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʫʩʪʨʘʥʷʝʪʩʷ ʧʨʦʙʣʝʤʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

çʢʘʨʤʘʥʦʚè ʥʘ ʢʨʘʡʥʠʭ ʤʘʛʥʠʪʥʳʭ ʧʦʜʫʨʦʚʥʷʭ. ɺ ʨʘʙʦʪʝ [103] ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ, ʠʩʧʦʣʴʟʫʷ ʚʦʟʙʫʞʜʝʥʠʝ ʧʦʩʨʝʜʩʪʚʦʤ ʜʚʫʭ ʣʠʥʝʡʥʦ 

ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʚʦʣʥ ʩ ʦʨʪʦʛʦʥʘʣʴʥʳʤʠ ʧʦʣʷʨʠʟʘʮʠʷʤʠ (linṶlin 

ʢʦʥʬʠʛʫʨʘʮʠʷ) ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʭʝʤʳ ʈʤɻʩʠ, ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʚʳʩʦʢʦʛʦ 

ʢʦʥʪʨʘʩʪʘ ʪʝʤʥʳʭ ʨʝʟʦʥʘʥʩʦʚ. ɺ ʨʘʙʦʪʘʭ [104, 105] ʙʳʣ ʪʝʦʨʝʪʠʯʝʩʢʠ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʫʯʝʥ ʧʨʦʮʝʩʩ ʚʦʟʙʫʞʜʝʥʠʷ ʚʳʩʦʢʦʢʦʥʪʨʘʩʪʥʳʭ 

ʨʝʟʦʥʘʥʩʦʚ ʂʇʅ ʚ D1- ʣʠʥʠʠ ʘʪʦʤʘ 
87

Rb ʧʦʩʨʝʜʩʪʚʦʤ ʜʚʫʭ ʣʠʥʝʡʥʦ 

ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʚʦʣʥ ʩ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʧʦʣʷʨʠʟʘʮʠʷʤʠ (lin l᷆in 

ʢʦʥʬʠʛʫʨʘʮʠʷ). ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʢʦʤʧʝʥʩʘʮʠʠ ʚʦʟʥʠʢʘʶʱʝʛʦ 

ʩʚʝʪʦʚʦʛʦ ʩʜʚʠʛʘ ʨʝʟʦʥʘʥʩʘ ʧʫʪʝʤ ʧʦʜʙʦʨʘ ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʯʘʩʪʦʪ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʯʘʩʪʦʪʥʳʭ ʢʦʤʧʦʥʝʥʪ ʧʦʣʷ. ɺ ʨʘʙʦʪʘʭ [106, 

107] ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʩʭʝʤʘ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʨʝʟʦʥʘʥʩʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʩʣʘʙʦʛʦ 

ʧʨʦʙʥʦʛʦ ʧʦʣʷ, ʜʝʡʩʪʚʫʶʱʝʛʦ ʚ ʫʩʣʦʚʠʷʭ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʥʘʢʘʯʢʠ ʩʠʣʴʥʳʤ 

ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ, ʥʘʧʨʘʚʣʝʥʥʳʤ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʨʦʙʥʦʤʫ. ɸʚʪʦʨʘʤʠ 

ʜʘʥʥʳʭ ʨʘʙʦʪ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʪʘʢʦʤ ʩʧʦʩʦʙʝ ʥʘʙʣʁʜʝʥʠ̫ ʙʦӢʣɹ ʘh̫ 

ʯʘʩʪʴ ʘʪʦʤʥʦʡ ʥʘʩʝʣʝʥʥʦʩʪʠ ʩʢʘʧʣʠʚʘʝʪʩʷ ʥʘ ʨʘʙʦʯʠʭ ʧʦʜʫʨʦʚʥʷʭ ʩ 

ʧʨʦʝʢʮʠʷʤʠ ʧʦʣʥʳʭ ʤʦʤʝʥʪʦʚ 0ï0, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʜʝʪʝʢʪʠʨʫʝʤʦʛʦ ʪʝʤʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʫʣʫʯʰʘʶʪʩʷ. ɺ ʨʘʙʦʪʘʭ [108, 109] ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʝʤʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʚʣʠʷʝʪ 
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ʩʦʦʪʥʦʰʝʥʠʝ ʬʘʟ ʣʘʟʝʨʥʳʭ ʧʦʣʝʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʨʘʙʦʪʝ [110] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʝʩʣʠ ʨʝʟʦʥʘʥʩ ʜʝʪʝʢʪʠʨʫʝʪʩʷ ʩʦʥʘʧʨʘʚʣʝʥʥʳʤʠ ʚʦʣʥʘʤʠ, ʪʦ ʵʪʦ ʚʣʠʷʥʠʝ 

ʧʨʦʷʚʣʷʝʪʩʷ ʢʘʢ ʟʘʚʠʩʠʤʦʩʪʴ ʘʤʧʣʠʪʫʜʳ ʨʝʟʦʥʘʥʩʦʚ ʦʪ ʫʛʣʘ ʤʝʞʜʫ 

ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʧʦʣʷʨʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪʥʳʭ ʢʦʤʧʦʥʝʥʪ ʣʘʟʝʨʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʴʰʘʷ ʘʤʧʣʠʪʫʜʘ ʪʝʤʥʦʛʦ ʨʝʟʦʥʘʥʩʘ, 

ʜʝʪʝʢʪʠʨʫʝʤʦʛʦ ʥʘ ʨʘʙʦʯʠʭ ʧʦʜʫʨʦʚʥʷʭ ʩ ʧʨʦʝʢʮʠʷʤʠ ʧʦʣʥʳʭ ʤʦʤʝʥʪʦʚ 0ï0, 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʢʦʥʬʠʛʫʨʘʮʠʠ linṶlin, ʘ ʧʨʠ ʢʦʥʬʠʛʫʨʘʮʠʠ lin l᷆in ʜʘʥʥʳʡ 

ʨʝʟʦʥʘʥʩ ʧʦʣʥʦʩʪʴʶ ʠʩʯʝʟʘʝʪ. ɺ ʨʘʙʦʪʘʭ [111, 112] ʠʩʩʣʝʜʦʚʘʣʩʷ ʪʸʤʥʳʡ 

ʨʝʟʦʥʘʥʩ, ʜʝʪʝʢʪʠʨʫʝʤʳʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʪʝʭʥʠʢʠ çpush-

pullè, ʩʫʪʴ ʢʦʪʦʨʦʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʤʧʣʠʪʫʜʥʦʡ ʤʦʜʫʣʷʮʠʠ 

ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʯʝʨʝʜʫʶʱʝʡ ʣʝʚʫʶ ʠ ʧʨʘʚʫʶ ʮʠʨʢʫʣʷʨʥʳʝ 

ʧʦʣʷʨʠʟʘʮʠʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʥʘʩʝʣʝʥʥʦʩʪʠ ʨʘʙʦʯʠʭ 

ʧʦʜʫʨʦʚʥʝʡ. ʊʘʢʘʷ ʤʦʜʫʣʷʮʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʦʣʴʰʦʤʫ ʯʠʩʣʫ ʨʘʟʣʠʯʥʳʭ 

ʯʘʩʪʦʪʥʳʭ ʢʦʤʧʦʥʝʥʪ. ʇʨʠ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʣʷʨʠʟʘʮʠʡ ʩʦʩʝʜʥʠʭ ʧʦ 

ʯʘʩʪʦʪʝ ʢʦʤʧʦʥʝʥʪ ʦʨʪʦʛʦʥʘʣʴʥʳ. ɺ ʨʘʙʦʪʘʭ [113ï115] ʠʩʩʣʝʜʦʚʘʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʘʤʧʣʠʪʫʜ ʨʝʟʦʥʘʥʩʦʚ ʕʀʇ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʥʬʠʛʫʨʘʮʠʠ lin||lin ʚ 

ʘʪʦʤʘʭ 
87

Rb ʚʦʟʥʠʢʘʶʱʠʝ ʨʝʟʦʥʘʥʩʳ ʠʤʝʶʪ ʵʢʩʪʨʝʤʫʤʳ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʦʨʠʝʥʪʘʮʠʷʭ ʧʦʣʷʨʠʟʘʮʠʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʧʨʘʚʣʝʥʠʷ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʵʬʬʝʢʪʘ ʚ ʨʘʙʦʪʝ [114] ʙʳʣ ʧʨʝʜʣʦʞʝʥ 

ʩʧʦʩʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʟʦʥʘʥʩʘ ʕʀʇ, ʚʦʟʙʫʞʜʘʝʤʦʛʦ ʣʠʥʝʡʥʦ 

ʧʦʣʷʨʠʟʦʚʘʥʥʳʤʠ ʧʦʣʷʤʠ, ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʝʢʪʦʨʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʫʨʦʚʥʝʡ ʘʪʦʤʦʚ 

ʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ ʥʘ ʧʨʦʮʝʩʩ ʠʤʧʫʣʴʩʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʨʝʟʦʥʘʥʩʦʚ 

ʢʦʛʝʨʝʥʪʥʦʛʦ ʧʣʝʥʝʥʠʷ ʥʘʩʝʣʝʥʥʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ 

ʩʪʦʣʢʥʦʚʝʥʠʡ ʩ ʘʥʪʠʨʝʣʘʢʩʘʮʠʦʥʥʳʤʠ ʧʦʢʨʳʪʠʷʤʠ ʪʦʨʮʝʚʳʭ ʩʪʝʥʦʢ ʛʘʟʦʚʦʡ 

ʷʯʝʡʢʠ ʥʘ ʧʨʦʮʝʩʩ ʥʝʧʨʝʨʳʚʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʨʝʟʦʥʘʥʩʦʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦ-

ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʧʨʦʟʨʘʯʥʦʩʪʠ. 
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ɿʘʜʘʯʠ ʨʘʙʦʪʳ 

1. ʇʦʩʪʨʦʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʫʭʯʘʩʪʦʪʥʦʛʦ 

ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʨʝʟʦʥʘʥʩʥʳʤʠ ʩʨʝʜʘʤʠ ʱʝʣʦʯʥʳʭ ʘʪʦʤʦʚ ʩ 

ʫʯʝʪʦʤ ʠʭ ʜʚʠʞʝʥʠʷ, ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ, ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʪʦʣʢʥʦʚʝʥʠʡ ʩʦ ʩʪʝʥʢʘʤʠ. 

2. ʈʘʩʯʝʪ ʩʧʝʢʪʨʘʣʴʥʳʭ ʬʦʨʤ ʨʝʟʦʥʘʥʩʦʚ ʢʦʛʝʨʝʥʪʥʦʛʦ ʧʣʝʥʝʥʠʷ 

ʥʘʩʝʣʝʥʥʦʩʪʝʡ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʧʨʦʟʨʘʯʥʦʩʪʠ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʣʘʟʝʨʥʦʡ ʥʘʢʘʯʢʠ ʠ ʘʪʦʤʥʦʡ ʩʨʝʜʳ.  

3. ɸʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʠ ʬʦʨʤʳ ʠ ʩʜʚʠʛʦʚ ʨʝʟʦʥʘʥʩʦʚ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʨʝʜʳ, ʪʦʣʱʠʥʳ ʘʪʦʤʥʦʡ ʷʯʝʡʢʠ, ʪʠʧʘ ʧʦʢʨʳʪʠʷ ʝʝ ʪʦʨʮʝʚʳʭ ʩʪʝʥʦʢ, 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʫʬʝʨʥʦʛʦ ʛʘʟʘ, ʘʤʧʣʠʪʫʜ ʠ ʧʦʣʷʨʠʟʘʮʠʡ ʣʘʟʝʨʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʚʝʣʠʯʠʥʳ ʧʨʠʣʦʞʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ 

ʧʨʝʜʤʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʫʣʫʯʰʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʥʥʳʭ ʨʝʟʦʥʘʥʩʦʚ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ 

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʯʝʪʳʨʝʭ ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ 

ʣʠʪʝʨʘʪʫʨʳ ʠ ʧʨʠʣʦʞʝʥʠʷ. 

ɺʦ ʚʚʝʜʝʥʠʠ ʦʙʦʩʥʦʚʘʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ, 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʝʝ ʮʝʣʠ ʠ ʟʘʜʘʯʠ, ʥʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʧʨʠʚʝʜʝʥʳ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ. 

ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʪʝʦʨʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʙʠʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʨʝʟʦʥʘʥʩʥʳʤʠ ʩʨʝʜʘʤʠ ʱʝʣʦʯʥʳʭ ʘʪʦʤʦʚ 

ʧʦʩʨʝʜʩʪʚʦʤ ȿ-ʩʭʝʤʳ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʫʯʝʪʦʤ ʥʝʥʫʣʝʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʘʪʦʤʦʚ, ʠʭ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʦʧʪʠʯʝʩʢʦʡ ʪʦʣʱʠʥʳ ʩʨʝʜʳ ʠ 

ʩʪʦʣʢʥʦʚʝʥʠʡ ʩ ʘʥʪʠʨʝʣʘʢʩʘʮʠʦʥʥʳʤʠ ʧʦʢʨʳʪʠʷʤʠ ʥʘ ʩʪʝʥʢʘʭ. 

ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʧʨʠʚʦʜʷʪʩʷ ʠ ʦʙʩʫʞʜʘʶʪʩʷ ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʜʘʥʥʦʡ 

ʪʝʦʨʠʠ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʬʦʨʤ ʨʝʟʦʥʘʥʩʦʚ ʢʦʛʝʨʝʥʪʥʦʛʦ ʧʣʝʥʝʥʠʷ 

ʥʘʩʝʣʝʥʥʦʩʪʝʡ, ʜʝʪʝʢʪʠʨʫʝʤʳʭ ʧʦʩʨʝʜʩʪʚʦʤ ʩʭʝʤʳ ʈʤɻʩʠ, ʚʢʣʶʯʘʶʱʝʡ ʜʚʘ 
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ʨʘʟʥʝʩʝʥʥʳʭ ʚʦ ʚʨʝʤʝʥʠ ʠʤʧʫʣʴʩʘ. ʇʨʦʠʟʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʨʝʟʦʥʘʥʩʦʚ ʦʪ ʦʧʪʠʯʝʩʢʦʡ ʪʦʣʱʠʥʳ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʨʝʜʳ ʩʥʘʯʘʣʘ ʚ 

ʦʪʜʝʣʴʥʦʩʪʠ, ʘ ʟʘʪʝʤ ʩʦʚʤʝʩʪʥʦ. 

ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʧʨʠʚʦʜʷʪʩʷ ʠ ʦʙʩʫʞʜʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʬʦʨʤ 

ʨʝʟʦʥʘʥʩʦʚ ʢʦʛʝʨʝʥʪʥʦʛʦ ʧʣʝʥʝʥʠʷ ʥʘʩʝʣʝʥʥʦʩʪʝʡ, ʜʝʪʝʢʪʠʨʫʝʤʳʝ 

ʘʥʘʣʦʛʠʯʥʦʡ ʩʭʝʤʦʡ, ʩ ʫʯʝʪʦʤ ʧʦʣʥʦʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʫʨʦʚʥʝʡ D1-

ʣʠʥʠʠ ʱʝʣʦʯʥʳʭ ʘʪʦʤʦʚ. ʇʨʦʠʟʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʚʣʠʷʥʠʡ ʩʦʩʪʦʷʥʠʷ 

ʧʦʣʷʨʠʟʘʮʠʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʧʨʠʣʦʞʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ 

ʬʦʨʤʫ ʨʝʟʦʥʘʥʩʦʚ. 

ɺ ʯʝʪʚʝʨʪʦʡ ʛʣʘʚʝ ʧʨʠʚʦʜʷʪʩʷ ʠ ʦʙʩʫʞʜʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ 

ʬʦʨʤ ʨʝʟʦʥʘʥʩʦʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʧʨʦʟʨʘʯʥʦʩʪʠ ʩ ʫʯʝʪʦʤ 

ʩʪʦʣʢʥʦʚʝʥʠʡ ʘʢʪʠʚʥʳʭ ʘʪʦʤʦʚ ʩ ʘʥʪʠʨʝʣʘʢʩʘʮʠʦʥʥʳʤʠ ʧʦʢʨʳʪʠʷʤʠ 

ʪʦʨʮʝʚʳʭ ʩʪʝʥʦʢ ʷʯʝʡʢʠ, ʚ ʤʦʜʝʣʷʭ ʟʝʨʢʘʣʴʥʦ-ʥʝʢʦʛʝʨʝʥʪʥʦʛʦ, ʟʝʨʢʘʣʴʥʦ-

ʢʦʛʝʨʝʥʪʥʦʛʦ ʠ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʡ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʨʝʜʝʣʴʥʦʛʦ 

ʩʣʫʯʘʷ ʙʝʟʛʨʘʥʠʯʥʦʡ ʩʨʝʜʳ ʜʘʝʪʩʷ ʬʠʟʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʨʘʟʣʠʯʠʷ 

ʩʪʦʢʩʦʚʘ ʠ ʘʥʪʠʩʪʦʢʩʦʚʘ ʢʘʥʘʣʦʚ ʨʘʩʩʝʷʥʠʷ ʧʨʦʙʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʵʬʬʝʢʪʘ ʨʘʩʱʝʧʣʝʥʠʷ ɸʫʪʣʝʨʘïʊʘʫʥʩʘ. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ. 

ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 151 ʩʪʨʘʥʠʮʝ, ʚʢʣʶʯʘʝʪ 1 ʪʘʙʣʠʮʫ ʠ 48 

ʨʠʩʫʥʢʦʚ. ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ ʩʦʜʝʨʞʠʪ 138 ʥʘʠʤʝʥʦʚʘʥʠʡ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

ɺ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʦʨʠʷ ʚʦʟʙʫʞʜʝʥʠʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ 

ʪʝʤʥʳʭ ʨʝʟʦʥʘʥʩʦʚ ʩ ʫʯʝʪʦʤ ʥʝʥʫʣʝʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʦʧʪʠʯʝʩʢʦʡ ʪʦʣʱʠʥʳ ʠ 

ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʘʢʪʠʚʥʳʭ ʘʪʦʤʦʚ. ʇʨʝʜʣʦʞʝʥʳ ʥʦʚʳʝ ʩʧʦʩʦʙʳ 

ʧʦʜʘʚʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ ʩʚʝʪʦʚʦʛʦ ʩʜʚʠʛʘ ʨʝʟʦʥʘʥʩʦʚ ʢʦʛʝʨʝʥʪʥʦʛʦ 

ʧʣʝʥʝʥʠʷ ʥʘʩʝʣʝʥʥʦʩʪʝʡ, ʚʦʟʙʫʞʜʘʝʤʳʭ ʤʝʪʦʜʦʤ ʈʵʤʩʠ, ʦʪ ʦʧʪʠʯʝʩʢʦʡ 

ʪʦʣʱʠʥʳ ʩʨʝʜʳ ʠ ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ. 
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ɺʧʝʨʚʳʝ ʧʦʩʪʨʦʝʥʘ ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʘʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʝʟʦʥʘʥʩʦʚ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʧʨʦʟʨʘʯʥʦʩʪʠ ʩ ʫʯʝʪʦʤ ʩʪʦʣʢʥʦʚʝʥʠʡ ʩ 

ʪʦʨʮʝʚʳʤʠ ʩʪʝʥʢʘʤʠ ʛʘʟʦʚʦʡ ʷʯʝʡʢʠ. ʇʨʝʜʣʦʞʝʥʘ ʥʦʚʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ 

ʵʬʬʝʢʪʘ ʨʘʟʣʠʯʠʷ ʩʪʦʢʩʦʚʘ ʠ ʘʥʪʠʩʪʦʢʩʦʚʘ ʢʘʥʘʣʦʚ ʨʘʩʩʝʷʥʠʷ ʧʨʦʙʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʚ ʪʝʨʤʠʥʘʭ ʦʜʝʪʳʭ ʩʦʩʪʦʷʥʠʡ. 

ʅʘʫʯʥʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʧʠʩʘʥʠʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʠ 

ʥʝʦʜʥʦʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʫʭʯʘʩʪʦʪʥʦʛʦ ʣʘʟʝʨʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʩ ʨʝʟʦʥʘʥʩʥʳʤʠ ʘʪʦʤʥʳʤʠ ʩʨʝʜʘʤʠ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʟʘʜʘʯʘʭ 

ʧʦ ʧʦʠʩʢʫ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʢʚʘʥʪʦʚʳʭ ʩʪʘʥʜʘʨʪʦʚ ʯʘʩʪʦʪʳ, 

ʦʧʪʠʯʝʩʢʠʭ ʤʘʛʥʝʪʦʤʝʪʨʦʚ, ʣʘʟʝʨʦʚ ʙʝʟ ʠʥʚʝʨʩʠʠ, ʫʩʪʨʦʡʩʪʚ ʢʚʘʥʪʦʚʦʡ 

ʧʘʤʷʪʠ ʠ ʢʚʘʥʪʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʢʚʘʥʪʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʬʠʟʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʤʘʪʨʠʮʳ ʧʣʦʪʥʦʩʪʠ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ɺʠʛʥʝʨʘ. 

ʉʦʩʪʦʷʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʧʠʩʳʚʘʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ 

ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʚʦʣʥʦʚʦʛʦ ʫʨʘʚʥʝʥʠʷ. ɺʦʟʥʠʢʘʶʱʠʝ ʩʠʩʪʝʤʳ ʦʙʳʢʥʦʚʝʥʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʨʝʰʘʶʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠ ʣʠʙʦ ʯʠʩʣʝʥʥʦ 

ʤʝʪʦʜʦʤ ʈʫʥʛʝïʂʫʪʪʳ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ. ʋʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ ʠʟʣʫʯʝʥʠʷ 

ʨʝʰʘʶʪʩʷ ʤʝʪʦʜʦʤ ʕʡʣʝʨʘ. ɼʣʷ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤ ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ɺʦʣʴʪʝʨʨʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʠʬʠʢʘʮʠʷ ʤʝʪʦʜʘ ʕʡʣʝʨʘ, ʧʦʣʫʯʝʥʥʘʷ 

ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʬʦʨʤʫʣʳ ʪʨʘʧʝʮʠʡ ʢ ʚʳʯʠʩʣʝʥʠʶ ʠʥʪʝʛʨʘʣʦʚ ʩ 

ʧʝʨʝʤʝʥʥʳʤ ʚʝʨʭʥʠʤ ʧʨʝʜʝʣʦʤ.  

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ʇʨʠ ʠʤʧʫʣʴʩʥʦʤ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʨʝʟʦʥʘʥʩʘ ʢʦʛʝʨʝʥʪʥʦʛʦ ʧʣʝʥʝʥʠʷ 

ʥʘʩʝʣʝʥʥʦʩʪʝʡ ʩʫʱʝʩʪʚʫʝʪ ʦʧʪʠʤʘʣʴʥʘʷ ʨʘʟʥʦʩʪʴ ʬʘʟ ʤʝʞʜʫ 

ʯʘʩʪʦʪʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʯʠʪʳʚʘʶʱʝʛʦ ʠʤʧʫʣʴʩʘ, ʧʨʠ ʢʦʪʦʨʦʡ 
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ʩʜʚʠʛ ʨʝʟʦʥʘʥʩʘ ʷʚʣʷʝʪʩʷ ʥʘʠʤʝʥʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʢ ʠʟʤʝʥʝʥʠʶ 

ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʩʨʝʜʳ. 

2. ɿʘʚʠʩʠʤʦʩʪʴ ʩʜʚʠʛʘ ʨʝʟʦʥʘʥʩʦʚ ʢʦʛʝʨʝʥʪʥʦʛʦ ʧʣʝʥʝʥʠʷ 

ʥʘʩʝʣʝʥʥʦʩʪʝʡ, ʜʝʪʝʢʪʠʨʫʝʤʳʭ ʤʝʪʦʜʦʤ ʈʵʤʩʠ, ʦʪ ʵʣʣʠʧʪʠʯʥʦʩʪʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠʤʝʝʪ ʥʝʤʦʥʦʪʦʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʩʫʱʝʩʪʚʫʶʪ ʦʙʣʘʩʪʠ ʤʠʥʠʤʘʣʴʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʩʜʚʠʛʘ ʨʝʟʦʥʘʥʩʦʚ ʢ ʠʟʤʝʥʝʥʠʶ ʵʣʣʠʧʪʠʯʥʦʩʪʠ.  

3. ʅʝʚʳʨʦʞʜʝʥʥʦʩʪʴ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʘʪʦʤʦʚ ʧʨʠ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʨʝʟʦʥʘʥʩʦʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ 

ʧʨʦʟʨʘʯʥʦʩʪʠ ʚ ʛʘʟʦʚʳʭ ʷʯʝʡʢʘʭ ʙʝʟ ʙʫʬʝʨʥʦʛʦ ʛʘʟʘ ʩ 

ʘʥʪʠʨʝʣʘʢʩʘʮʠʦʥʥʳʤʠ ʧʦʢʨʳʪʠʷʤʠ ʩʪʝʥʦʢ ʚʳʟʳʚʘʝʪ ʘʩʠʤʤʝʪʨʠʶ 

ʦʩʥʦʚʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʠ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʨʝʟʦʥʘʥʩʦʚ ʧʨʠ ʥʝʥʫʣʝʚʳʭ ʜʚʫʭʬʦʪʦʥʥʳʭ ʦʪʩʪʨʦʡʢʘʭ. 

4. ʇʨʠ ʤʘʣʳʭ ʜʣʠʥʘʭ ʛʘʟʦʚʦʡ ʷʯʝʡʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 

ʩʚʝʨʭʪʦʥʢʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʘʪʦʤʦʚ ʧʦʷʚʣʷʶʪʩʷ 

ʨʘʟʣʠʯʠʷ ʚ ʜʫʘʣʴʥʦʡ ʬʦʨʤʝ ʨʝʟʦʥʘʥʩʦʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦ-

ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʧʨʦʟʨʘʯʥʦʩʪʠ ʤʝʞʜʫ ʟʝʨʢʘʣʴʥʦ-ʢʦʛʝʨʝʥʪʥʳʤ ʠ 

ʜʠʬʬʫʟʥʳʤ ʪʠʧʘʤʠ ʦʪʨʘʞʝʥʠʷ ʘʪʦʤʦʚ ʦʪ ʘʥʪʠʨʝʣʘʢʩʘʮʠʦʥʥʳʭ 

ʧʦʢʨʳʪʠʡ ʪʦʨʮʝʚʳʭ ʩʪʝʥʦʢ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ɺʩʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʝʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʭʦʜʘʭ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ ʠ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ. ʀʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠʙʣʠʞʝʥʠʷ ʠʤʝʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʬʠʟʠʯʝʩʢʠʝ ʦʙʦʩʥʦʚʘʥʠʷ ʠ ʥʘʭʦʜʷʪʩʷ ʚ ʛʨʘʥʠʮʘʭ ʠʭ ʧʨʠʤʝʥʠʤʦʩʪʠ. 

ʇʦʩʪʨʦʝʥʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʧʨʝʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʧʝʨʝʭʦʜʷʪ ʢ 

ʦʙʱʝʠʟʚʝʩʪʥʳʤ ʬʠʟʠʯʝʩʢʠʤ ʨʝʟʫʣʴʪʘʪʘʤ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʦʛʣʘʩʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ.  
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ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ɺʩʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ, 

ʧʦʣʫʯʝʥʳ ʘʚʪʦʨʦʤ ʣʠʯʥʦ. ɺʳʙʦʨ ʦʙʱʝʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ 

ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʠ ʢʦʣʣʝʢʪʠʚʦʤ ʥʘʫʯʥʦʡ ʛʨʫʧʧʳ çʆʧʪʠʯʝʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʢʚʘʥʪʦʚʳʭ ʩʠʩʪʝʤè ʉʇʙʇʋ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʙʳʣʠ ʜʦʣʦʞʝʥʳ ʥʘ ʩʣʝʜʫʶʱʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: 

¶ 30ʷ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ Advanced Laser Technologies 

(ALTô23), ʉʘʤʘʨʘ, 2023 

¶ I ʉʘʤʘʨʮʝʚʩʢʠʝ ʏʪʝʥʠʷ (ʌʕʂʉ/IWQO-2023), ʉʚʝʪʣʦʛʦʨʩʢ, 2023 

¶ The International Summer Conference on Theoretical Physics, 

ɼʦʣʛʦʧʨʫʜʥʳʡ, 2023 

¶ XIX  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʤʦʣʦʜʝʞʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ 

ʣʘʟʝʨʥʦʡ ʬʠʟʠʢʝ. ʀʨʢʫʪʩʢ, 2023 

¶ 16-ʷ ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

"ʌʠʟʠʢʘ ʫʣʴʪʨʘʭʦʣʦʜʥʳʭ ʘʪʦʤʦʚ ï 2022", ʅʦʚʦʩʠʙʠʨʩʢ, 2022 

¶ XXVI ʤʦʣʦʜʝʞʥʘʷ ʥʘʫʯʥʘʷ ʰʢʦʣʘ "ʢʦʛʝʨʝʥʪʥʘʷ ʦʧʪʠʢʘ ʠ ʦʧʪʠʯʝʩʢʘʷ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷ", ʂʘʟʘʥʴ, 2022 

¶ XVIII International Feofilov Symposium on Spectroscopy of Crystals 

Doped with Rare Earth and Transition Metal Ions (IFS-2022), ʄʦʩʢʚʘ, 2022 

¶ 20th International Conference Laser Optics (ICLO), ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 

2022 

¶ XI ʩʝʤʠʥʘʨ ɼ.ʅ.ʂʣʳʰʢʦ, ʄʦʩʢʚʘ, 2022 

¶ XVIII ʤʦʣʦʜʝʞʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ ʧʦ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʣʘʟʝʨʥʦʡ ʬʠʟʠʢʝ. ʀʨʢʫʪʩʢ, 2021 

¶ IX International Symposium çModern problems of laser physicsè (MPLP-

2021), ʅʦʚʦʩʠʙʠʨʩʢ, 2021 
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¶ XXIII  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʤʦʣʦʜʝʞʥʘʷ ʥʘʫʯʥʘʷ ʰʢʦʣʘ çʂʦʛʝʨʝʥʪʥʘʷ 

ʦʧʪʠʢʘ ʠ ʦʧʪʠʯʝʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷè, ʂʘʟʘʥʴ, 2019 

¶ ʖʙʠʣʝʡʥʘʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʤʦʣʦʜʝʞʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʣʘʟʝʨʥʦʡ ʬʠʟʠʢʝ, ʧʦʩʚʷʱʝʥʥʘʷ 50-ʣʝʪʠʶ ʧʝʨʚʦʡ 

ʰʢʦʣʳ ʧʦ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʀʨʢʫʪʩʢʝ, ʀʨʢʫʪʩʢ, 2019 

¶ The VIII International Symposium ç Modern problems of laser physicsè 

MPLP-2018, ʂʘʟʘʥʴ, 2018 

¶ XVI  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʤʦʣʦʜʝʞʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ 

ʣʘʟʝʨʥʦʡ ʬʠʟʠʢʝ, ʧʦʩʚʷʱʝʥʥʘʷ 100-ʣʝʪʠʶ ʀʨʢʫʪʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʀʨʢʫʪʩʢ, 2018 

¶ International Conference Laser Optics 2018 (ICLO 2018), ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ, 2018 

ʇʫʙʣʠʢʘʮʠʠ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʜʠʩʩʝʨʪʘʮʠʠ, 

ʦʧʫʙʣʠʢʦʚʘʥʦ 15 ʨʘʙʦʪ, ʚ ʪʦʤ ʯʠʩʣʝ 8 ʩʪʘʪʝʡ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ. 

ʉʧʠʩʦʢ ʨʘʙʦʪ ʧʨʠʚʝʜʝʥ ʚ ɿʘʢʣʶʯʝʥʠʠ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʛʣʫʙʦʢʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʩʚʦʝʤʫ ʥʘʫʯʥʦʤʫ 

ʨʫʢʦʚʦʜʠʪʝʣʶ ʃʠʪʚʠʥʦʚʫ ɸʥʜʨʝʶ ʅʠʢʦʣʘʝʚʠʯʫ ʟʘ ʚʩʝʩʪʦʨʦʥʥʶʶ ʧʦʜʜʝʨʞʢʫ 

ʚ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ ʠ ʉʦʢʦʣʦʚʫ ʀʛʦʨʶ ʄʠʭʘʡʣʦʚʠʯʫ ʟʘ ʧʦʩʪʘʥʦʚʢʫ ʨʷʜʘ ʟʘʜʘʯ 

ʠ ʮʝʥʥʳʝ ʢʦʥʩʫʣʴʪʘʮʠʠ. ʊʘʢʞʝ ʘʚʪʦʨ ʙʣʘʛʦʜʘʨʝʥ ʚʩʝʤʫ ʢʦʣʣʝʢʪʠʚʫ ʥʘʫʯʥʦʡ 

ʛʨʫʧʧʳ çʆʧʪʠʯʝʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʢʚʘʥʪʦʚʳʭ ʩʠʩʪʝʤè ʉʇɹʇʋ ʇʝʪʨʘ 

ɺʝʣʠʢʦʛʦ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ɹʘʨʘʥʮʝʚʫ ʂʦʥʩʪʘʥʪʠʥʫ ɸʥʘʪʦʣʴʝʚʠʯʫ, ʂʫʨʘʧʮʝʚʫ 

ɸʣʝʢʩʝʶ ʉʝʨʛʝʝʚʠʯʫ, ɹʦʞʦʢʠʥʫ ʉʝʨʛʝʶ ɺʘʣʝʥʪʠʥʦʚʠʯʫ ʠ ʃʘʨʠʦʥʦʚʫ 

ʅʠʢʦʣʘʶ ɺʣʘʜʠʤʠʨʦʚʠʯʫ ʟʘ ʮʝʥʥʳʝ ʦʙʩʫʞʜʝʥʠʷ ʠ ʠʥʪʝʨʝʩ ʢ ʨʘʙʦʪʝ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʌʦʥʜʘ ʩʦʜʝʡʩʪʚʠʷ ʠʥʥʦʚʘʮʠʷʤ ʧʦ 
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ʧʨʦʛʨʘʤʤʝ çʋʄʅʀʂè, ʛʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʜʣʷ ʤʦʣʦʜʳʭ ʢʘʥʜʠʜʘʪʦʚ ʥʘʫʢ, 

ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ, ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʨʘʤʢʘʭ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ (ʙʘʟʦʚʘʷ ʯʘʩʪʴ), ʌʦʥʜʘ ʨʘʟʚʠʪʠʷ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ ʤʘʪʝʤʘʪʠʢʠ çɹɸɿʀʉè. ʈʷʜ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣ ʧʦʣʫʯʝʥ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʥʦʛʦ ʮʝʥʪʨʘ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ 

(http://www.spbstu.ru) 
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ɻʣʘʚʘ 1 

ʊʝʦʨʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʫʭʯʘʩʪʦʪʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʩ ʨʝʟʦʥʘʥʩʥʳʤʠ ʩʨʝʜʘʤʠ 

ʱʝʣʦʯʥʳʭ ʘʪʦʤʦʚ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʧʠʩʘʥʠʝ ʚʩʝʭ ʧʨʦʮʝʩʩʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʚʝʪʘ ʩ 

ʚʝʱʝʩʪʚʦʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʨʘʤʢʘʭ ʧʦʣʫʢʣʘʩʩʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ, ʚ ʢʦʪʦʨʦʤ 

ʩʦʩʪʦʷʥʠʷ ʘʪʦʤʦʚ ʦʧʠʩʳʚʘʶʪʩʷ ʢʚʘʥʪʦʚʳʤ ʦʙʨʘʟʦʤ, ʘ ʩʦʩʪʦʷʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ð ʢʣʘʩʩʠʯʝʩʢʠ. ʆʜʥʘʢʦ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ 

ʧʨʦʮʝʩʩʘ ʧʝʨʝʭʦʜʘ ʩʠʩʪʝʤʳ ʚ ʩʪʘʮʠʦʥʘʨʥʦʝ ʪʝʤʥʦʝ ʩʦʩʪʦʷʥʠʝ ʪʨʝʙʫʝʪ 

ʢʦʨʨʝʢʪʥʦʛʦ ʫʯʝʪʘ ʧʨʦʮʝʩʩʦʚ ʨʝʣʘʢʩʘʮʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʘʪʦʤʦʚ ʩ ʚʘʢʫʫʤʥʳʤ ʢʦʥʪʠʥʫʫʤʦʤ ʤʦʜ ʢʚʘʥʪʦʚʘʥʥʦʛʦ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʜʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʚ ʨʘʤʢʘʭ 

ʧʦʣʫʢʣʘʩʩʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʤʦʞʥʦ ʫʯʝʩʪʴ ʧʫʪʝʤ ʦʧʠʩʘʥʠʷ ʜʠʥʘʤʠʢʠ 

ʩʤʝʰʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʘʪʦʤʘ ʤʝʪʦʜʦʤ ʤʘʪʨʠʮʳ ʧʣʦʪʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ 

ʩʦʩʪʦʷʥʠʷ ʘʪʦʤʦʚ ʧʨʝʜʧʦʣʘʛʘʶʪʩʷ ʫʩʨʝʜʥʝʥʥʳʤʠ ʧʦ ʚʩʝʤ ʚʘʢʫʫʤʥʳʤ ʤʦʜʘʤ, 

ʘ ʚʣʠʷʥʠʝ ʧʦʩʣʝʜʥʠʭ ʩʚʦʜʠʪʩʷ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʯʣʝʥʫ ʚ ʫʨʘʚʥʝʥʠʠ 

ʜʠʥʘʤʠʢʠ ʤʘʪʨʠʮʳ ʧʣʦʪʥʦʩʪʠ, ʫʯʠʪʳʚʘʶʱʝʤʫ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʨʘʩʧʘʜ 

ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ [116, ʨʘʟʜʝʣ 8.2]. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʦʙʱʝʤ 

ʩʣʫʯʘʝ ʚʣʠʷʥʠʝ ʢʚʘʥʪʦʚʦʡ ʧʨʠʨʦʜʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʤʦʞʝʪ 

ʩʢʘʟʳʚʘʪʴʩʷ ʠ ʚ ʵʬʬʝʢʪʘʭ, ʥʝ ʩʚʦʜʷʱʠʭʩʷ ʢ ʨʝʣʘʢʩʘʮʠʠ, ʥʘʣʠʯʠʝʤ ʢʦʪʦʨʳʭ ʚ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʥʝʙʨʝʛʘʝʪʩʷ. ʇʦʤʠʤʦ ʚʘʢʫʫʤʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʚ ʫʩʨʝʜʥʝʥʥʦʤ ʦʢʨʫʞʝʥʠʠ ʘʢʪʠʚʥʳʭ ʘʪʦʤʦʚ ʤʦʛʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʙʫʬʝʨʥʳʡ 

ʛʘʟ ʠ ʩʪʝʥʢʠ ʘʪʦʤʥʦʡ ʷʯʝʡʢʠ, ʯʪʦ ʪʘʢʞʝ ʫʯʠʪʳʚʘʝʪʩʷ ʚʚʝʜʝʥʠʝʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʯʣʝʥʦʚ ʚ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʤʘʪʨʠʮʳ ʧʣʦʪʥʦʩʪʠ. 
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ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʪʝʦʨʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʪʝʤʥʳʭ 

ʨʝʟʦʥʘʥʩʦʚ ʚ ʭʦʣʦʜʥʳʭ ʦʧʪʠʯʝʩʢʠ ʪʦʥʢʠʭ ʩʨʝʜʘʭ ʱʝʣʦʯʥʳʭ ʘʪʦʤʦʚ 

ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʭʦʨʦʰʦ ʠʟʫʯʝʥʘ [5]. ʆʜʥʘʢʦ ʚʣʠʷʥʠʝ ʪʘʢʠʭ, ʠʤʝʶʱʠʭ ʤʝʩʪʦ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʬʘʢʪʦʨʦʚ, ʢʘʢ ʥʝʥʫʣʝʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ, 

ʘ ʪʘʢʞʝ ʥʝʚʳʨʦʞʜʝʥʥʦʩʪʴ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʫʨʦʚʥʝʡ ʜʦ ʵʪʦʛʦ ʥʝ ʙʳʣʠ 

ʫʯʪʝʥʳ ʚ ʪʝʦʨʠʷʭ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʠʤʧʫʣʴʩʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʪʝʤʥʳʭ 

ʨʝʟʦʥʘʥʩʦʚ. ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʧʨʠʚʦʜʠʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʧʦʣʫʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʫʭʯʘʩʪʦʪʥʦʛʦ ʢʦʛʝʨʝʥʪʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ 

ʨʝʟʦʥʘʥʩʥʳʤʠ ʩʨʝʜʘʤʠ ʘʪʦʤʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ȿ-ʩʭʝʤʳ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ 

ʤʘʪʨʠʮʳ ʧʣʦʪʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʫʯʝʪ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʬʘʢʪʦʨʦʚ. ɺ ʨʘʟʜʝʣʝ 1.1 ʧʨʠʚʦʜʠʪʩʷ ʚʳʚʦʜ ʫʨʘʚʥʝʥʠʡ 

ʜʣʷ ʤʘʪʨʠʮ rʧʣʦʪʥʦʩʪʠ ʩ ʫʯʝʪʦʤ ʜʚʠʞʝʥʠʷ ʘʢʪʠʚʥʳʭ ʘʪʦʤʦʚ ʧʨʠ ʥʘʣʠʯʠʠ ʠ 

ʦʪʩʫʪʩʪʚʠʠ ʠʭ ʩʪʦʣʢʥʦʚʝʥʠʡ ʩ ʘʪʦʤʘʤʠ ʙʫʬʝʨʥʦʛʦ ʛʘʟʘ. ɺ ʨʘʟʜʝʣʝ 1.2 

ʦʧʠʩʳʚʘʶʪʩʷ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʢʦʪʦʨʳʤ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʤʘʪʨʠʮʘ ʧʣʦʪʥʦʩʪʠ 

ʥʘ ʩʪʝʥʢʘʭ ʘʪʦʤʥʦʡ ʷʯʝʡʢʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʦʪʨʘʞʝʥʠʡ, ʧʨʠ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʪʝʤʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʤʝʪʦʜʦʤ ʧʨʦʙʥʦʛʦ ʧʦʣʷ (ʨʝʟʦʥʘʥʩ ʕʀʇ). 

ɺ ʨʘʟʜʝʣʝ 1.3 ʧʨʠʚʝʜʝʥ ʚʳʚʦʜ ʫʨʘʚʥʝʥʠʡ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʜʣʷ ʩʣʫʯʘʝʚ, ʢʦʛʜʘ ʩʨʝʜʘ ʷʚʣʷʝʪʩʷ ʦʧʪʠʯʝʩʢʠ ʧʣʦʪʥʦʡ. ɺ ʨʘʟʜʝʣʝ 1.4 

ʧʨʠʚʦʜʠʪʩʷ ʚʳʚʦʜ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʤʘʪʨʠʮʳ ʧʣʦʪʥʦʩʪʠ ʩ ʫʯʝʪʦʤ çʨʝʘʣʴʥʦʡè 

ʤʥʦʛʦʫʨʦʚʥʝʚʦʩʪʠ ʘʪʦʤʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ 

ʩʚʝʨʭʪʦʥʢʠʭ ʧʦʜʫʨʦʚʥʝʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʡ ʛʣʘʚʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʨʘʙʦʪʘʭ [ɸ1ïɸ8]. 
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1.1. ʆʧʠʩʘʥʠʝ ʩʦʩʪʦʷʥʠʷ ʘʥʩʘʤʙʣʷ ʜʚʠʞʫʱʠʭʩʷ ʘʪʦʤʦʚ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩ ʠʟʣʫʯʝʥʠʝʤ ʧʦʩʨʝʜʩʪʚʦʤ ȿ-

ʩʭʝʤʳ, ʤʝʪʦʜʦʤ ʤʘʪʨʠʮʳ ʧʣʦʪʥʦʩʪʠ 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʪʦʤʥʳʡ ʘʥʩʘʤʙʣʴ, ʠʤʝʶʱʠʡ ʥʝʥʫʣʝʚʫʶ ʪʝʤʧʝʨʘʪʫʨʫ, 

ʚ ʧʦʣʝ ʧʣʦʩʢʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʩ ʜʚʫʤʷ ʥʝʩʫʱʠʤʠ ʯʘʩʪʦʪʘʤʠ 1w  ʠ 

2w, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ ʚʜʦʣʴ ʦʩʠ z  (ʨʠʩʫʥʦʢ 1.1.1(ʘ)). ɺʝʢʪʦʨ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʢʦʤʧʦʥʝʥʪʳ ʪʘʢʦʡ ʚʦʣʥʳ ʠʤʝʝʪ ʚʠʜ: 

1 1 2 2( )

1 2

( )
( , ) ( , ) ( , ) ʢ.ʩ.,

t z i t k zi k
z t z t e z t e

w w- -
= + +E E E  (1.1.1) 

ʛʜʝ 
jk  ð ʚʦʣʥʦʚʳʝ ʯʠʩʣʘ, jE  ð ʢʦʤʧʣʝʢʩʥʳʝ ʚʝʢʪʦʨʳ ʘʤʧʣʠʪʫʜ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʦʣʥʳ (1,2j= ). ɿʜʝʩʴ ʠ ʜʘʣʝʝ çʢ.ʩ.è 

ʦʙʦʟʥʘʯʘʝʪ ʢʦʤʧʣʝʢʩʥʦʝ ʩʦʧʨʷʞʝʥʠʝ ʧʨʝʜʳʜʫʱʝʛʦ ʚʳʨʘʞʝʥʠʷ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʥʘʙʣʶʜʝʥʠʶ ʵʬʬʝʢʪʘ ʂʇʅ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʦʛʦ 

ʚʝʱʝʩʪʚʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʛʦ ʩ ʠʟʣʫʯʝʥʠʝʤ, ʠʩʧʦʣʴʟʫʶʪ ʘʪʦʤʳ ʱʝʣʦʯʥʦʛʦ 

ʤʝʪʘʣʣʘ. ʕʪʠ ʘʪʦʤʳ ʦʙʣʘʜʘʶʪ ʝʜʠʥʩʪʚʝʥʥʳʤ ʵʣʝʢʪʨʦʥʦʤ ʥʘ ʚʥʝʰʥʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʦʙʦʣʦʯʢʝ ʠ ʥʝʥʫʣʝʚʳʤ ʩʧʠʥʦʤ ʷʜʨʘ. ʉʦʥʘʧʨʘʚʣʝʥʥʦʝ ʠʣʠ 

ʧʨʦʪʠʚʦʥʘʧʨʘʚʣʝʥʥʦʝ ʧʦʣʦʞʝʥʠʷ ʩʧʠʥʦʚ ʷʜʨʘ ʠ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʦʥʘ 

ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʥʘʣʠʯʠʝ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʥʠʠ ʜʚʫʭ ʧʦʜʫʨʦʚʥʝʡ, 

ʨʘʩʱʝʧʣʝʥʥʳʭ ʥʘ ʚʝʣʠʯʠʥʫ ʵʥʝʨʛʠʠ ʬʦʪʦʥʘ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ 

(ʩʚʝʨʭʪʦʥʢʦʝ ʨʘʩʱʝʧʣʝʥʠʝ) [99].  ɼʣʷ ʦʧʠʩʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʘʪʦʤʘ ʱʝʣʦʯʥʦʛʦ 

ʤʝʪʘʣʣʘ ʚ ʣʘʟʝʨʥʦʤ ʧʦʣʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʯʝʪʳʨʝʭʫʨʦʚʥʝʚʘ ̫ ʤʦʜʝʣʴ ʘʪʦʤʘ 

(ʨʠʩʫʥʦʢ 1.1.1(ʘ)), ʚ ʢʦʪʦʨʦʡ ʜʚʘ ʦʩʥʦʚʥʳʭ ʩʦʩʪʦʷʥʠʷ ,  1,2,g g=  

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʚʝʨʭʪʦʥʢʦʤʫ ʨʘʩʱʝʧʣʝʥʠʶ s-ʩʦʩʪʦʷʥʠʷ, ʘ ʜʚʘ ʚʦʟʙʫʞʜʝʥʥʳʭ 

, 3,4e e=  ð ʩʚʝʨʭʪʦʥʢʦʤʫ ʨʘʩʱʝʧʣʝʥʠʶ p-ʩʦʩʪʦʷʥʠʷ. ʇʦʣʝ 
1E  ʙʣʠʟʢʦ ʧʦ 

ʯʘʩʪʦʪʝ ʧʝʨʝʭʦʜʘʤ 1 eª , ʘ ʧʦʣʝ 
2E  ð ʧʝʨʝʭʦʜʘʤ 2 eª .  
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ʈʠʩ. 1.1.1. (ʘ) ð ʩʭʝʤʘ ʦʧʠʩʳʚʘʝʤʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʥʘʙʣʶʜʝʥʠʶ ʪʝʤʥʦʛʦ 

ʨʝʟʦʥʘʥʩʘ. (ʙ) ð ʯʝʪʳʨʝʭʫʨʦʚʥʝʥʚʘʷ ʩʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʪʦʤʘ ʩ 

ʜʚʫʭʯʘʩʪʦʪʥʳʤ ʧʦʣʝʤ.  

ʉʦʩʪʦʷʥʠʝ ʘʥʩʘʤʙʣʷ ʦʧʠʩʳʚʘʝʪʩʷ ʤʝʪʦʜʦʤ ʦʜʥʦʯʘʩʪʠʯʥʦʡ ʤʘʪʨʠʮʳ 

ʧʣʦʪʥʦʩʪʠ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ɺʠʛʥʝʨʘ ʧʦ ʧʦʩʪʫʧʘʪʝʣʴʥʳʤ ʩʪʝʧʝʥʷʤ ʩʚʦʙʦʜʳ 

ʘʪʦʤʘ Ĕ( , , )trp r , ʢʦʪʦʨʘʷ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʩʣʝʜʫʶʱʝʤʫ ʢʚʘʥʪʦʚʦʤʫ 

ʢʠʥʝʪʠʯʝʩʢʦʤʫ ʫʨʘʚʥʝʥʠʶ [1, ʧʘʨʘʛʨʘʬ 2]: 

{ } { }
ĔĔ ĔĔ ĔĔ Ĕ Ĕ Ĕ( , , ) , ( , , ) ( , , ) ( , , ) ,

i
t H t R t S t

t m
r r r r

µå õ è ø+ Ð =- + +æ ö ê úµç ÷

p
p r p r p r p r  (1.1.2) 

ʛʜʝ m  ð ʤʘʩʩʘ ʘʪʦʤʘ, p  ð ʠʤʧʫʣʴʩ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʘʪʦʤʘ, ĔH  ð 

ʛʘʤʠʣʴʪʦʥʠʘʥ ʩʠʩʪʝʤʳ, 
ĔĔR  ð ʩʫʧʝʨʦʧʝʨʘʪʦʨ, ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠ 

ʫʯʠʪʳʚʘʶʱʠʡ ʩʧʦʥʪʘʥʥʫʶ ʨʝʣʘʢʩʘʮʠʶ ʘʪʦʤʦʚ, ĔĔS ð ʩʫʧʝʨʦʧʝʨʘʪʦʨ 

ʠʥʪʝʛʨʘʣʦʚ ʩʪʦʣʢʥʦʚʝʥʠʡ. 

ɻʘʤʠʣʴʪʦʥʠʘʥ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʩʫʤʤʳ ʜʚʫʭ ʦʧʝʨʘʪʦʨʦʚ 

0
Ĕ Ĕ ĔH H V= +, ʛʜʝ 0

ĔH  ð ʛʘʤʠʣʴʪʦʥʠʘʥ ʩʠʩʪʝʤʳ ʚ ʦʪʩʫʪʩʪʚʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʧʦʣʝʤ, ĔV  ð ʦʧʝʨʘʪʦʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʚ ʜʠʧʦʣʴʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʠʤʝʶʱʠʡ 

ʚʠʜ 

( ) ( )

( ) ( )

2 2 2 2

2 2 2 2

1 1 1 1

1 1 1 1

2

*( ) ( ) ( ) ( )

32 2

( ) ( ) ( ) ( )

41 42 2 2

*

31 1 1

* *

1 1

Ĕ Ĕ( , ) 3 1 3 2

4 1 4 2 .ʩ.,

i t k z i t k z i t k z i t k z

i t k z i t k z i t k z i t k z

V t d E e E e d E e E e

d E e E e d E e E e ʕ

w w w w

w w w w

- - - - - -

- - - - - -

=- Ö =- + - + -

- + - + +

d E r

 

(1.1.3) 

ʙ) 

ʘ) 
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ʛʜʝ ĔĔ
dd=d e  ð ʦʧʝʨʘʪʦʨ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʘʪʦʤʘ, Ĕ

nmd n d m=  ð ʝʛʦ 

ʤʘʪʨʠʯʥʳʝ ʵʣʝʤʝʥʪʳ ʤʝʞʜʫ ʫʢʘʟʘʥʥʳʤʠ ʚʳʰʝ ʩʦʩʪʦʷʥʠʷʤʠ, de  ð 

ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ, ʟʘʜʘʶʱʠʡ ʦʧʨʝʜʝʣʝʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ ʜʠʧʦʣʴʥʦʛʦ 

ʤʦʤʝʥʪʘ ʘʪʦʤʘ, çʕ.ʩ.è ʦʙʦʟʥʘʯʘʝʪ ʵʨʤʠʪʦʚʦ ʩʦʧʨʷʞʝʥʠʝ ʧʨʝʜʳʜʫʱʝʛʦ 

ʚʳʨʘʞʝʥʠʷ. ɿʜʝʩʴ ʧʨʝʥʝʙʨʝʛʘʝʪʩʷ ʩʣʘʛʘʝʤʳʤʠ 
gged E ¡
 ʧʨʠ ,g g¡¸  3,4e= , 

ʧʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʧʦʣʝ 1E  ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʩʪʨʦʝʥʦ ʦʪ ʧʝʨʝʭʦʜʦʚ 2 eª , ʘ 

ʧʦʣʝ 2E  ð ʦʪ ʧʝʨʝʭʦʜʦʚ 1 eª . ɼʘʥʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʩʣʫʯʘʝ, 

ʝʩʣʠ ʩʚʝʨʭʪʦʥʢʘʷ ʩʪʨʫʢʪʫʨʘ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʷʚʣʷʝʪʩʷ ʩʧʝʢʪʨʘʣʴʥʦ 

ʨʘʟʨʝʰʝʥʥʦʡ. ɻʨʘʥʠʮʳ ʧʨʠʤʝʥʠʤʦʩʪʠ ʪʘʢʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʙʫʜʫʪ 

ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʩʣʝʜʫʶʱʝʤ ʧʫʥʢʪʝ. ʊʘʢʞʝ ʟʜʝʩʴ ʧʨʝʥʝʙʨʝʛʘʝʪʩʷ ʵʬʬʝʢʪʘʤʠ, 

ʩʚʷʟʘʥʥʳʤʠ ʩ ʚʝʢʪʦʨʥʦʡ ʧʨʠʨʦʜʦʡ ʧʦʣʷ, ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʪʦʛʦ, ʯʪʦ 

ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ ʥʘʚʝʜʝʥʥʦʛʦ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʘʪʦʤʘ ʚʩʝʛʜʘ 

ʦʧʨʝʜʝʣʝʥʦ ʠ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʚʝʢʪʦʨʦʚ ʥʘʧʨʷʞʝʥʥʦʩʪʝʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚʦʣʥʳ ( 1,d jÖ =e e / ,j jj E=e E 1,2j= ). ʄʘʪʨʠʯʥʳʡ ʵʣʝʤʝʥʪ 

12 0d =  ʚ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʵʣʝʢʪʨʦʜʠʧʦʣʴʥʳʡ ʧʝʨʝʭʦʜ 1 2ª  ʟʘʧʨʝʱʝʥ.  

ɺ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʧʣʦʩʢʦʛʦ ʬʨʦʥʪʘ ʚʦʣʥʳ, ʤʘʣʦʩʪʠ ʜʠʬʨʘʢʮʠʠ ʧʦʣʷ ʥʘ 

ʢʨʘʷʭ ʘʪʦʤʥʦʛʦ ʘʥʩʘʤʙʣʷ, ʘ ʪʘʢʞʝ ʦʜʥʦʨʦʜʥʦʩʪʠ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʘʥʩʘʤʙʣʷ ʤʘʪʨʠʮʘ ʧʣʦʪʥʦʩʪʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦʦʨʜʠʥʘʪ ʚ ʧʦʧʝʨʝʯʥʳʭ 

ʣʘʟʝʨʥʦʤʫ ʣʫʯʫ ʥʘʧʨʘʚʣʝʥʠʷʭ: Ĕ Ĕ( , , )z tr r= ɡ , ʛʜʝ ɡ ð ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ 

ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʘʪʦʤʘ.  

ʉʣʘʛʘʝʤʦʝ 
ĔĔR  ʚ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʫʯʠʪʳʚʘʝʪ ʨʝʣʘʢʩʘʮʠʶ ʘʪʦʤʦʚ 

ʚʩʣʝʜʩʪʚʠʝ ʩʧʦʥʪʘʥʥʦʛʦ ʨʘʩʧʘʜʘ ʠʭ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ. ɼʘʥʥʳʡ 

ʩʫʧʝʨʦʧʝʨʘʪʦʨ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʣʠʥʝʡʥʳʡ ʠ ʧʨʠʚʦʜʠʪ ʢ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ 

ʚʦ ʚʨʝʤʝʥʠ ʠʟʤʝʥʝʥʠʶ ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʳ ʤʘʪʨʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʘʪʦʤʥʦʡ 

ʤʘʪʨʠʮʳ ʧʣʦʪʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʨʘʩʧʘʜʘ 

ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠ,̫ ʩʦʛʣʘʩʥʦ ʪʝʦʨʠʠ ʩʧʦʥʪʘʥʥʦʛʦ ʨʘʩʧʘʜʘ [116, ʨʘʟʜʝʣ 

6.3], ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʚʘʜʨʘʪʫ ʤʦʜʫʣʷ ʤʘʪʨʠʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʦʧʝʨʘʪʦʨʘ 
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ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʝʨʝʭʦʜʘ. ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʦʜʝʣʴ, ʚ ʢʦʪʦʨʦʡ ʜʣʷ ʧʨʦʩʪʦʪʳ ʧʨʝʥʝʙʨʝʛʘʝʪʩʷ ʨʘʟʣʠʯʠʝʤ 

ʤʝʞʜʫ ʤʘʪʨʠʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʦʧʝʨʘʪʦʨʘ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʨʝʟʦʥʘʥʩʥʳʭ 

ʧʝʨʝʭʦʜʦʚ. ʆʜʥʘʢʦ ʘʥʘʣʦʛʠʯʥʦʝ ʨʘʟʣʠʯʠʝ ʫʯʠʪʳʚʘʝʪʩʷ ʜʣʷ ʧʝʨʝʭʦʜʦʚ ʩ 

ʫʯʘʩʪʠʝʤ ʥʝʨʝʟʦʥʘʥʩʥʦʛʦ ʫʨʦʚʥʷ 4 , ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ 

ʜʝʪʘʣʴʥʦ ʠʟʫʯʠʪʴ ʧʦʚʝʜʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʚʝʪʦʚʳʭ ʩʜʚʠʛʦʚ (ʩʤ. ʛʣʘʚʫ 

2). ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʥʝʥʫʣʝʚʳʝ ʵʣʝʤʝʥʪʳ 
ĔĔR  ʟʘʜʘʶʪʩʷ ʩ ʫʯʝʪʦʤ 

ʥʦʨʤʠʨʦʚʢʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

33 33{ }ĔR r gr=- , ( )144 44

2 2

2
Ĕ

2
{ }R pp

g
r r=- + , ( )3 44

2

3{ }Ĕ
2

gg gR p
g

r r r= + , 112 12 2
Ĕ{ }R r rG=- , 

{ }Ĕ egegR r r=-G .  

ɿʜʝʩʴ g ð ʩʢʦʨʦʩʪʴ ʨʘʩʧʘʜʘ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 3 ; G, 12G  ð 

ʩʢʦʨʦʩʪʠ ʨʘʩʧʘʜʦʚ ʦʧʪʠʯʝʩʢʠʭ ʠ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʢʦʛʝʨʝʥʪʥʦʩʪʝʡ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 41
1

31

d
p

d
= , 42

2

32

d
p

d
=  ð ʦʪʥʦʰʝʥʠʷ ʤʘʪʨʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʦʧʝʨʘʪʦʨʘ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ; 1,2g= .  

ʉʣʘʛʘʝʤʦʝ ĔĔS ʫʯʠʪʳʚʘʝʪ ʢʘʢ ʩʪʦʣʢʥʦʚʝʥʠʷ ʤʝʞʜʫ ʘʢʪʠʚʥʳʤʠ ʘʪʦʤʘʤʠ, 

ʪʘʢ ʠ ʩʪʦʣʢʥʦʚʝʥʠʷ ʘʢʪʠʚʥʳʭ ʘʪʦʤʦʚ ʩ ʘʪʦʤʘʤʠ ʙʫʬʝʨʥʦʛʦ ʛʘʟʘ, ʢʦʪʦʨʳʡ 

ʤʦʞʝʪ ʙʳʪʴ ʚʚʝʜʝʥ ʚ ʷʯʝʡʢʫ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʨʘʟʨʫʰʝʥʠʷ 

ʥʘʚʝʜʝʥʥʳʭ ʘʪʦʤʥʳʭ ʢʦʛʝʨʝʥʪʥʦʩʪʝʡ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʭ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʝ ʵʬʬʝʢʪʳ. ʕʣʝʤʝʥʪʳ ʜʘʥʥʦʛʦ ʩʫʧʝʨʦʧʝʨʘʪʦʨʘ ʧʦʜʨʦʙʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʧʫʥʢʪʝ.  

1.1.1. ʉʣʫʯʘʡ ʥʘʣʠʯʠʷ ʙʫʬʝʨʥʦʛʦ ʛʘʟʘ 

ɺ ʜʘʥʥʦʤ ʧʫʥʢʪʝ ʧʨʠʚʦʜʠʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, 

ʫʯʠʪʳʚʘʶʱʝʡ ʥʘʣʠʯʠʝ ʙʫʬʝʨʥʦʛʦ ʛʘʟʘ. 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ, ʚ ʢʦʪʦʨʦʤ ʪʝʧʣʦʚʦʡ 

ʵʥʝʨʛʠʠ ʜʚʠʞʝʥʠʷ ʘʪʦʤʦʚ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʠʭ ʚʦʟʙʫʞʜʝʥʠʷ. ʇʦʣʘʛʘʷ 
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ʧʝʨʝʭʦʜʳ 1 3ª , 1 4ª  ʠ 2 3ª , 2 4ª  ʦʧʪʠʯʝʩʢʠʤʠ, ʪʘʢʦʡ ʜʠʘʧʘʟʦʥ 

ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʢʘʢ 410
opt

B

T K
k

w
. ʊʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠʙʣʠʞʝʥʠʝ, ʚ 

ʢʦʪʦʨʦʤ ʦʧʪʠʯʝʩʢʠʝ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ) Ĕ(( ), ,ge z t g ez tr r= ɡ,ɡ,  ʨʘʟʨʫʰʘʶʪʩʷ ʧʨʠ 

ʣʶʙʦʤ ʩʪʦʣʢʥʦʚʝʥʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʪʨʠʯʥʳʝ ʵʣʝʤʝʥʪʳ ʦʧʝʨʘʪʦʨʘ 

{ })
ĔĔĔ( , ,S z trɡ  ʚ ʤʦʜʝʣʠ ʩʠʣʴʥʳʭ ʩʪʦʣʢʥʦʚʝʥʠʡ [1, ʧʘʨʘʛʨʘʬ 4] ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ 

ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

( ){ } ( )

( )( )

() ( )
4

1

,  ,

,
ĔĔĔ ,  , ,   , ,  1,...,4, , jj nj nn

n

n j g e

jj

z t M z t dS jz tr nr n r
=

¸

¡- =å õ ¡= +æ ö
ç ÷

ä ñɡ ɡ ɡ ɡ ɡ  
(1.1.4) 

( ){ } ( ){ } ( ) () ( )
*

12 21
12 12,  , ,  , ,

Ĕ ĔĔ ĔĔ Ĕ,  , ,  , cohtS z t S z t z M z t duur rnr nr
¡å õ å õ=æ ö ö ¡ ¡=- +æ

ç ÷ ç ÷ ñ ɡɡ ɡ ɡ ɡ ɡ (1.1.5) 

( ){ } ( ){ }
*

,
Ĕ ĔĔ ĔĔ Ĕ,  , ,  , ,( , , ) 1,2, 3,4

ge eg
geS z t S z t g ez tr r rnå õ å õ=æ ö æ ö

ç ÷ ç ÷
=- = =ɡɡ ɡ  (1.1.6) 

ʛʜʝ ( )
223

( ) T

TM e uup
-

-= ɡ
ɡ  ð ʤʘʢʩʚʝʣʣʦʚʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʩʢʦʨʦʩʪʷʤ, 

2 B
T

k T

m
u =  ð ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʘʪʦʤʦʚ, n ð ʧʦʣʥʘʷ ʯʘʩʪʦʪʘ ʩʪʦʣʢʥʦʚʝʥʠʡ, 
nmn  ð ʯʘʩʪʦʪʘ ʩʪʦʣʢʥʦʚʝʥʠʡ, 

ʧʨʠʚʦʜʷʱʘʷ ʢ ʧʝʨʝʭʦʜʘʤ ʠʟ ʩʦʩʪʦʷʥʠʷ n  ʚ ʩʦʩʪʦʷʥʠʝ m , nm

uun
¡ ð ʯʘʩʪʦʪʘ 

ʩʪʦʣʢʥʦʚʝʥʠʡ, ʧʨʠ ʢʦʪʦʨʳʭ ʩʦʭʨʘʥʷʝʪʩʷ ʥʠʟʢʦʯʘʩʪʦʪʥʘʷ ʢʦʛʝʨʝʥʪʥʦʩʪʴ 

ʤʝʞʜʫ ʧʦʜʫʨʦʚʥʷʤʠ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 
12( , , )z tr ɡ .  

ɼʘʣʝʝ ʧʨʠ ʚʳʯʠʩʣʝʥʠʷʭ ʯʘʩʪʦʪʳ ʟʘʜʘʶʪʩʷ ʩ ʫʯʝʪʦʤ ʥʦʨʤʠʨʦʚʢʠ ʥʘ 

ʧʦʣʥʫʶ ʯʘʩʪʦʪʫ n ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ɿʜʝʩʴ h ð ʧʘʨʘʤʝʪʨ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʜʦʣʶ ʩʪʦʣʢʥʦʚʝʥʠʡ, ʧʨʠʚʦʜʷʱʠʭ ʢ 

ʨʘʩʧʘʜʫ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɺʝʣʠʯʠʥʫ n ʤʦʞʥʦ ʦʮʝʥʠʪʴ, ʠʩʭʦʜʷ ʠʟ 

ʛʘʟʦʢʠʥʝʪʠʯʝʩʢʦʡ ʬʦʨʤʫʣʳ 
buf( )an n un s= + , ʛʜʝ 

an  ð ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʢʪʠʚʥʳʭ 

ʘʪʦʤʦʚ, 
bufn  ð ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʫʬʝʨʥʦʛʦ ʛʘʟʘ, s ð ʩʝʯʝʥʠʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʦʮʝʩʩʘ, 8 /u kT pm=  ð ʩʨʝʜʥʷʷ ʪʝʧʣʦʚʘʷ ʩʢʦʨʦʩʪʴ, m 

ð ʧʨʠʚʝʜʝʥʥʘʷ ʤʘʩʩʘ ʘʢʪʠʚʥʦʛʦ ʘʪʦʤʘ ʠ ʘʪʦʤʘ ʙʫʬʝʨʥʦʛʦ ʛʘʟʘ. ɿʜʝʩʴ ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʪʦʤʦʚ ʙʫʬʝʨʥʦʛʦ ʛʘʟʘ 
bufn  ʚ ʘʥʩʘʤʙʣʝ ʤʥʦʛʦ 

ʙʦʣʴʰʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʢʪʠʚʥʳʭ ʘʪʦʤʦʚ 
an . ɺ ʩʠʣʫ ʵʪʦʛʦ ʟʘʚʠʩʠʤʦʩʪʴʶ 

ʯʘʩʪʦʪʳ n ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ, ʪʘʢ ʢʘʢ ʦʪ ʧʦʩʣʝʜʥʝʡ ʟʘʚʠʩʠʪ 

ʪʦʣʴʢʦ ʢʦʥʮʝʥʪʨʘʮʠʷ 
an . 

ʋʨʘʚʥʝʥʠʝ (1.1.2) ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʠʩʘʪʴ ʧʦʵʣʝʤʝʥʪʥʦ. ʇʨʠ ʵʪʦʤ ʚʦ ʚʩʝʭ 

ʥʝʜʠʘʛʦʥʘʣʴʥʳʭ ʵʣʝʤʝʥʪʘʭ ʤʘʪʨʠʮʳ ʧʣʦʪʥʦʩʪʠ ʜʝʣʘʝʪʩʷ ʟʘʤʝʥʘ, ʚʳʜʝʣʷʶʱʘʷ 

ʙʳʩʪʨʦ ʦʩʮʠʣʣʠʨʫʶʱʠʡ ʤʥʦʞʠʪʝʣʴ: 

( )*( , , ) ( , , ) ( , , ), 1,2, 3,4,g gzi

ge ge ge

t k
z t z t e z t g e

w
r r r

-
= = = =ɡ ɡ ɡ  (1.1.7) 

1 2 1 2( )*

21

( )

12 12( , , ) ( , , ) ( , , ).
k k zi t i

z t z t e z t
w wr r r- - -

= =ɡ ɡ ɡ  (1.1.8) 

ɼʘʣʝʝ ʜʠʥʘʤʠʢʘ ʩʠʩʪʝʤʳ ʦʧʠʩʳʚʘʝʪʩʷ ʥʘ ʚʨʝʤʝʥʘʭ ʤʥʦʛʦ ʙʦʣʴʰʠʭ, ʯʝʤ 

ʘʪ1/ gew , ʛʜʝ 
ʘʪ

gew  ð ʘʪʦʤʥʘʷ ʯʘʩʪʦʪʘ ʧʝʨʝʭʦʜʘ g eª . ʊʦʛʜʘ ʧʨʠ ʫʩʨʝʜʥʝʥʠʠ 

ʧʦ ʵʪʦʤʫ ʚʨʝʤʝʥʠ ʩʣʘʛʘʝʤʳʝ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ (1.1.2) ʧʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ 

(1.1.3)ï(1.1.8), ʦʩʮʠʣʣʠʨʫʶʱʠʝ ʩ ʫʜʚʦʝʥʥʦʡ ʯʘʩʪʦʪʦʡ (
2 ( )g gi zt k

e
w -°

), 

ʦʙʨʘʱʘʶʪʩʷ ʚ ʥʫʣʴ (ʧʨʠʙʣʠʞʝʥʠʝ ʚʨʘʱʘʶʱʝʡʩʷ ʚʦʣʥʳ), ʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ 

ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʜ: 
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( )

() () () ()

() () () ()

*

11 11 1 13 11 31 1 1

2

33 1 11

11
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* * *

1 4 1 4
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44
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11 1 22

31 3 4

ɋ ɋ

2

,

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

( ) ( ) ( )

ip ip

p

i i

M d M d

M d M d

r r r r

g
r r nr

n r n

r

r r

r

n r n

+ Ð - W + W +

+ +

¡ ¡ ¡ ¡

¡ ¡

=- +

+ -

+ + +

+ ¡ ¡+

ñ ñ

ñ ñ

ɡ ɡ ɡ ɡ ɡ ɡ ɡ

ɡ ɡ ɡ

ɡ ɡ ɡ ɡ ɡ ɡ

ɡ ɡ ɡ ɡ ɡ ɡ

 (1.1.9) 

( )

() ()

() ()

2

*

22 2 23 2 32 2 2

2

33 2

22 22 12 11

32 3

4

3

* *

22 2 4 2 42

4 22

442 4

ɋ ɋ

2

,

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

( ) ( ) ( )

( ) ( )

( ) ( )

i i

M d M d

M d

ip ip

p

M d

r rr r r r

g
r r

n r n r

n r n r

nr

=-+ Ð - W + W +

+ - +

¡ ¡ ¡ ¡

+

¡

+

+ + +

¡ ¡ ¡+ +

ñ ñ

ñ ñ

ɡ ɡ ɡ ɡ ɡ ɡ ɡ

ɡ ɡ ɡ

ɡ ɡ ɡ ɡ ɡ ɡ

ɡ ɡ ɡ ɡ ɡ ɡ

 (1.1.10) 

() () () ()

* *

33 1 13 1 31 2 23 2 32 33 33

33 4

33

3 433 4

ɋ ɋ ɋ ɋ

,

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )i i i i

M d M d

r r r r r r gr r

n n r

n

r

-+ -Ð - +

¡ ¡ ¡ ¡

= - +

+ +ñ ñ

ɡ ɡ ɡ ɡ ɡ ɡ ɡ ɡ ɡ

ɡ ɡ ɡ ɡ ɡ ɡ
 (1.1.11) 

( )

() () () ()

44 44 1 24

1

2

* * * *

1 14 1 41 2 2 2 4

44 44

44 4 4

2

3

2 2

2

4 3 3

ɋ ɋ ɋ ɋ

2

,

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

( ) ( )

p p p

p p

i i i i

M d M d

r r k r r r r

n

n
g

r r

r n r

+ Ð -

+ - +

¡ ¡ ¡ ¡+

= - + -

-

+ñ ñ

ɡ ɡ ɡ ɡ ɡ ɡ ɡ

ɡ

ɡ ɡɡ ɡ

ɡ

ɡ ɡ

 (1.1.12) 

( )( )( ) () ()

* * *

1 32 1 422 212 12 13 1 2

2

1

1 2

4

12 11 21 2 ,

( ) ( ) ɋ ( ) ( ) ( ) ( )

( )z coh

i ip ipi

i k k M duu

rrr r r r

n r n ru
¡

- W

è ø ¡ ¡+ D -D +

+ Ð = + W - W

- -G -ú

+

+ê ñ

ɡ ɡ ɡ ɡ ɡ ɡ ɡ

ɡ ɡ ɡɡ

 

(1.1.13) 

( )* * *

13 13 1 11 2 12 1 33 1 1 13( ) ( ) ( ) ( ) ( ) ( ),ɋ ɋ ɋ ȹ ũ-zi i i i kr ur r r r n rè ø- + -+ Ð = + - -ê ú-ɡ ɡ ɡ ɡ ɡ ɡ ɡ

 
(1.1.14) 

( )

* * * * * *

14 1 11 2 2 12 1 41 4

1 34

1

1 1

4 1

4

( ) ( ) ɋ ( ) ɋ ( ) ɋ ( )

ȹ ũ ( ),z

ip ip ip

i k

r r r r

w u

r

n r

+ Ð =- - + +

è ø+ - - - - -ê ú

ɡ ɡ ɡ ɡ ɡ ɡ

ɡ
 (1.1.15) 

( )* * *

23 23 1 21 2 22 2 3 23 2 23( ) ( ) ɋ ( ) ɋ ( ) ɋ ( ) ( ),ȹ ũ-zii i i kr r r r ur n r+ Ð è ø+ -- - -ê ú=- +ɡ ɡ ɡ ɡ ɡ ɡ ɡ

 
(1.1.16) 

( )

* * * * * *

24 24 1 21 2 2 2

2

1 2 2 2 44

34 2 24

( ) ( ) ɋ ( ) ɋ ( ) ɋ ( )

ȹ ũ ( ),z

ip ip ip

i k

r

r

r r r r

w u n

+ Ð =- - + +

è ø+ - - - - -ê ú

ɡ ɡ ɡ ɡ ɡ ɡ

ɡ
 (1.1.17) 

ʛʜʝ 3 j

j

jd E
W =  ð ʧʦʣʦʚʠʥʳ ʯʘʩʪʦʪ ʈʘʙʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʣʝʡ; ʘʪ

3gg gw w= -D  

ð ʦʪʩʪʨʦʡʢʠ ʯʘʩʪʦʪ ʧʦʣʝʡ ʦʪ ʘʪʦʤʥʳʭ ʧʝʨʝʭʦʜʦʚ 3g ª ; zu ð ʧʨʦʝʢʮʠʷ 

ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ɡ ʥʘ ʦʩʴ z. ɿʜʝʩʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʧʨʠʙʣʠʞʝʥʠʝ ʩʣʘʙʳʭ ʧʦʣʝʡ 
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(ʤʘʣʳʭ ʯʘʩʪʦʪ ʈʘʙʠ j nW ), ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʧʨʝʥʝʙʨʝʯʴ ʥʘʩʝʣʝʥʥʦʩʪʷʤʠ 

ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʩʝʣʝʥʥʦʩʪʷʤʠ ʦʩʥʦʚʥʳʭ (

gee gr r). 

ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ 

ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʟʘʜʘʯʫ. 

ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʢʦʨʦʩʪʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʠ ʧʝʨʝʡʪʠ ʢ ʨʝʜʫʮʠʨʦʚʘʥʥʦʡ ʤʘʪʨʠʮʝ 

ʧʣʦʪʥʦʩʪʠ ( , ) ( , , )nm nmz t z t dr r=ñ ɡ ɡ (ʩʠʤʚʦʣ ç~è ʥʘʜ ʙʫʢʚʦʡ ʜʣʷ ʩʣʫʯʘʝʚ n m̧ 

ʦʧʫʱʝʥ) ʧʫʪʝʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ (1.1.9)ï(1.1.13) ʧʦ ʩʢʦʨʦʩʪʷʤ. ʇʨʠ 

ʵʪʦʤ ʚ ʩʠʣʫ ʫʧʦʤʷʥʫʪʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʩʣʘʙʳʭ ʧʦʣʝʡ ʩʢʦʨʦʩʪʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʩʝʣʝʥʥʦʩʪʝʡ ʦʩʥʦʚʥʳʭ ʩʦʩʪʦʷʥʠʡ ʠ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ 

ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʤʦʞʥʦ ʧʨʠʙʣʠʞʝʥʥʦ ʩʯʠʪʘʪʴ ʤʘʢʩʚʝʣʣʦʚʩʢʠʤʠ: 

( , , ) ( ) ( , ),gg ggz t M z tr r=ɡ ɡ  (1.1.18) 

12 12( , , ) ( ) ( , ).z t M z tr r=ɡ ɡ

 
(1.1.19) 

ɼʘʥʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʝʜʧʦʣʘʛʘʝʤʳʤʠ ʫʟʦʩʪʴʶ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʰʠʨʠʥʳ ʣʠʥʠʠ ʠʟʣʫʯʝʥʠʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʦʧʣʝʨʦʚʩʢʦʡ 

ʰʠʨʠʥʦʡ, ʤʘʣʳʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ g ʯʘʩʪʦʪʘʤʠ ʈʘʙʠ, ʘ ʪʘʢʞʝ ʜʣʠʪʝʣʴʥʳʤ 

ʚʨʝʤʝʥʝʤ ʞʠʟʥʠ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʢʦʛʝʨʝʥʪʥʦʩʪʝʡ ʤʝʞʜʫ ʧʦʜʫʨʦʚʥʷʤʠ 1  ʠ 

2 . 

ʉʣʘʛʘʝʤʳʝ ʩ ʛʨʘʜʠʝʥʪʦʤ ʚ ʣʝʚʳʭ ʯʘʩʪʷʭ ʫʨʘʚʥʝʥʠʡ (1.1.9), (1.1.10) ʠ 

(1.1.13) ʧʨʠ ʵʪʦʤ ʠʩʯʝʟʘʶʪ. ʇʨʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ ʧʦ ʩʢʦʨʦʩʪʷʤ ʫʨʘʚʥʝʥʠʡ 

(1.1.11) ʠ (1.1.12) ʧʦʜ ʟʥʘʢʦʤ ʛʨʘʜʠʝʥʪʘ ʚʦʟʥʠʢʘʝʪ ʧʦʪʦʢ 
eej  ʘʪʦʤʦʚ ʚ 

ʩʦʩʪʦʷʥʠʠ e , ʢʦʪʦʨʳʡ ʩʦʛʣʘʩʥʦ ʧʝʨʚʦʤʫ ʟʘʢʦʥʫ ʌʠʢʘ ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ ʥʘ 

ʛʨʘʜʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʪʦʤʦʚ: 

1
( , , ) ( , ) ( , ),ee ee ee

a

z t d z t D z t
n

r rÐ = Ð =- Dñɡ ɡ ɡ j

 
(1.1.20) 
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ʛʜʝ D  ð ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ, 
an  ð ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʪʦʤʦʚ ʘʢʪʠʚʥʦʛʦ 

ʚʝʱʝʩʪʚʘ. ʕʬʬʝʢʪʘʤʠ ʜʠʬʬʫʟʠʠ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʥʝʙʨʝʛʘʝʪʩʷ, ʩʯʠʪʘʷ, ʯʪʦ 

ʜʣʠʥʘ ʜʠʬʬʫʟʠʠ ʟʘ ʚʨʝʤʷ ʚʦʟʙʫʞʜʝʥʠʷ et ʤʥʦʛʦ ʤʝʥʴʰʝ ʜʣʠʥʳ ʩʨʝʜʳ L : 

eD Lt . ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʥʝʙʨʝʯʴ ʪʘʢʞʝ ʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ʚ 

ʫʨʘʚʥʝʥʠʷʭ (1.1.11) ʠ (1.1.12). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʘʢʦʥ ʌʠʢʘ ʷʚʣʷʝʪʩʷ ʯʠʩʪʦ 

ʵʤʧʠʨʠʯʝʩʢʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʚʳʚʦʜ ʫʨʘʚʥʝʥʠʡ ʜʣʷ 

ʤʘʪʨʠʮʳ ʧʣʦʪʥʦʩʪʠ ʩ ʫʯʝʪʦʤ ʜʠʬʬʫʟʠʦʥʥʳʭ ʩʣʘʛʘʝʤʳʭ ʤʦʞʥʦ ʥʘʡʪʠ ʚ [117].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʣʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ ʩʢʦʨʦʩʪʷʤ ʫʨʘʚʥʝʥʠʷ (1.1.9)ï

(1.1.13) ʧʨʠʥʠʤʘʶʪ ʚʠʜ: 

[ ]{ } ( )( )4

2

111 1 13 14 33 4 11 11 21 22 31 31 3 41 442Re ,
2

i p p
g

r r r r r n n r n r n r n r=- W + + + + - + + + (1.1.21) 

[ ]{ } ( )( )4

2

122 2 23 14 33 4 22 22 12 11 32 32 3 42 442Re ,
2

i p p
g

r r r r r n n r n r n r n r=- W + + + + - + + + (1.1.22) 

[ ]{ }2 3 43 1 3 43 43 13 2 32Re ,ir r r gr n r= W +W - +¡  (1.1.23) 

[ ]{ } 2

44 1 1 44

2

1 2 12 2 4 44 44 34 33242Re ) ,( ) (
2

pi p p p
g

r n n rr r r n r= W +W - + - - + (1.1.24) 

[ ]* * *

1 32 2 13 1 1 42 2 2 14 12 112 2,i p p ir r r r d rr ¡W W W øè= - + - +W -Gê ú
 (1.1.25) 

ʛʜʝ 
33g g n n¡= + -, 12 12 coh

uun n
¡¡G =G + -, ũ= +n¡G  ð ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʟʘ ʩʯʝʪ 

ʩʪʦʣʢʥʦʚʝʥʠʡ ʩʢʦʨʦʩʪʠ ʨʘʩʧʘʜʦʚ, 
2 1d=D -D ð ʜʚʫʭʬʦʪʦʥʥʘʷ ʦʪʩʪʨʦʡʢʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʰʠʨʠʥʘ ʣʠʥʠʠ ʠʟʣʫʯʝʥʠʷ ʩ ʫʯʝʪʦʤ ʩʪʦʣʢʥʦʚʝʥʠʡ ʙʫʜʝʪ 

ʦʧʨʝʜʝʣʷʪʴʩʷ ʚʝʣʠʯʠʥʦʡ g¡. ʊʦʛʜʘ ʛʨʘʥʠʮʳ ʧʨʠʤʝʥʠʤʦʩʪʠ ʧʨʠʙʣʠʞʝʥʠʷ, ʚ 

ʢʦʪʦʨʦʤ ʠʤʝʝʪ ʤʝʩʪʦ ʚʳʨʘʞʝʥʠʝ (1.1.3), ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʫʩʣʦʚʠʝʤ ʘ

1

ʪ

2g w¡ , ʛʜʝ 

ʪ

12

ʘw  ð ʯʘʩʪʦʪʘ ʩʚʝʨʭʪʦʥʢʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʘʪʦʤʘ. 

ʀʟʤʝʥʝʥʠʝʤ ʦʧʪʠʯʝʩʢʠʭ ʢʦʛʝʨʝʥʪʥʦʩʪʝʡ ʧʦ ʢʦʦʨʜʠʥʘʪʝ ʤʦʞʥʦ 

ʧʨʝʥʝʙʨʝʯʴ, ʪʘʢ ʢʘʢ ʦʥʠ ʨʘʟʨʫʰʘʶʪʩʷ ʧʨʠ ʢʘʞʜʦʤ ʩʪʦʣʢʥʦʚʝʥʠʠ, ʘ ʜʣʠʥʘ 

ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ ʘʪʦʤʦʚ ʧʦʣʘʛʘʝʪʩʷ ʤʥʦʛʦ ʤʝʥʴʰʝ ʣʠʥʝʡʥʳʭ ʨʘʟʤʝʨʦʚ 

ʘʥʩʘʤʙʣʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʨʘʜʠʝʥʪʳ ʚ ʫʨʘʚʥʝʥʠʷʭ (1.1.14)ï(1.1.17) ʪʘʢʞʝ 

ʦʙʨʘʱʘʶʪʩʷ ʚ ʥʫʣʴ. 
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ɺʚʠʜʫ ʥʘʣʠʯʠʷ ʩʣʘʛʘʝʤʳʭ g zku, ʫʯʠʪʳʚʘʶʱʠʭ ʜʦʧʣʝʨʦʚʩʢʦʝ ʩʤʝʱʝʥʠʝ 

ʧʦ ʯʘʩʪʦʪʝ, ʧʝʨʝʭʦʜ ʢ ʨʝʜʫʮʠʨʦʚʘʥʥʳʤ ʵʣʝʤʝʥʪʘʤ ʧʫʪʝʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 

ʫʨʘʚʥʝʥʠʡ (1.1.14)ï(1.1.17) ʥʝʚʦʟʤʦʞʝʥ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʧʪʠʯʝʩʢʠʝ 

ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʠʟ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ ʩʥʘʯʘʣʘ ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ ʢʚʘʜʨʘʪʫʨʳ 

ʤʝʪʦʜʦʤ ʥʝʦʧʨʝʜʝʣʝʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʠ ʪʦʣʴʢʦ ʟʘʪʝʤ ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʧʦ 

ʩʢʦʨʦʩʪʷʤ: 
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i k t t

g g gt i dt t t t t M e d
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¡ ¡ ¡ ¡ ¡è ø=- +ê úñ ñɡ ɡ (1.1.26) 

() () () () () ( )( )34(ȹ ) ũ* * * *
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(1.1.27) 

ɼʠʥʘʤʠʢʘ ʩʠʩʪʝʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩ ʤʦʤʝʥʪʘ t=0, ʧʨʠ ʢʦʪʦʨʦʤ ʦʧʪʠʯʝʩʢʠʝ 

ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʨʘʚʥʳ ʥʫʣʶ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʚʳʙʦʨ ʥʠʞʥʝʛʦ ʧʨʝʜʝʣʘ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ ʚʨʝʤʝʥʠ. 

ɺʦʟʥʠʢʰʠʝ ʧʨʠ ʵʪʦʤ ʠʥʪʝʛʨʘʣʳ ʧʦ ʩʢʦʨʦʩʪʷʤ ʩʚʦʜʷʪʩʷ ʢ ʠʥʪʝʛʨʘʣʫ 

ʕʡʣʝʨʘïʇʫʘʩʩʦʥʘ ʠ ʙʝʨʫʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠ: 
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 (1.1.28) 
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(1.1.29) 

ʇʨʠ ʧʦʜʩʪʘʥʦʚʢʝ (1.1.28), (1.1.29) ʚ (1.1.21)ï(1.1.25) ʧʦʣʫʯʘʝʪʩʷ ʩʠʩʪʝʤʘ 

ʦʜʥʦʨʦʜʥʳʭ ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ɺʦʣʴʪʝʨʨr  2-ʛʦ ʨʦʜʘ, 

ʢʦʪʦʨʘʷ ʜʦʧʫʩʢʘʝʪ ʜʘʣʴʥʝʡʰʝʝ ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ. 

1.1.2. ʉʣʫʯʘʡ ʦʪʩʫʪʩʪʚʠʷ ʙʫʬʝʨʥʦʛʦ ʛʘʟʘ. ʄʝʪʦʜ ʧʨʦʙʥʦʛʦ ʧʦʣʷ 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʩʪʨʦʠʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʘʪʦʤʦʚ ʩ ʧʦʣʝʤ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʙʫʬʝʨʥʦʛʦ ʛʘʟʘ. ɺ ʩʣʫʯʘʝ ʜʦʩʪʘʪʦʯʥʦ 

ʨʘʟʨʝʞʝʥʥʳʭ ʘʪʦʤʥʳʭ ʩʨʝʜ ʚʩʣʝʜʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʚʦʙʦʜʥʦʛʦ ʜʚʠʞʝʥʠʷ 
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ʘʪʦʤʦʚ ʚʥʫʪʨʠ ʩʨʝʜʳ ʧʨʝʥʝʙʨʝʛʘʪʴ ʧʨʦʠʟʚʦʜʥʳʤʠ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ʚ 

ʫʨʘʚʥʝʥʠʠ (1.1.2) ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝʣʴʟʷ. ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʟʘʜʘʯʠ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʩʩʤʦʪʨʝʪʴ ʩʪʘʮʠʦʥʘʨʥʳʡ ʩʣʫʯʘʡ ʚ ʦʪʩʫʪʩʪʚʠʠ ʧʨʦʠʟʚʦʜʥʳʭ 

ʧʦ ʚʨʝʤʝʥʠ. ʇʨʠ ʵʪʦʤ ʦʩʦʙʝʥʥʦ ʠʥʪʝʨʝʩʝʥ ʩʣʫʯʘʡ ʩʢʘʥʠʨʫʶʱʝʛʦ ʧʨʦʙʥʦʛʦ 

ʧʦʣʷ, ʢʦʛʜʘ ʦʜʥʘ ʠʟ ʩʦʩʪʘʚʣʷʶʱʠʭ 1 p¹E E  (ʧʨʦʙʥʦʝ ʧʦʣʝ) ʚ (1.1.1) ʠʤʝʝʪ 

ʤʥʦʛʦ ʤʝʥʴʰʫʶ ʘʤʧʣʠʪʫʜʫ, ʯʝʤ ʜʨʫʛʘʷ 
2 c¹E E  (ʩʚʷʟʳʚʘʶʱʝʝ ʧʦʣʝ). ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʦʢʘʟʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʧʦʣʫʯʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ. 

ɼʘʣʝʝ ʚʳʧʠʩʳʚʘʶʪʩʷ ʤʘʪʨʠʯʥʳʝ ʵʣʝʤʝʥʪʳ (12), (13) ʠ (14) ʫʨʘʚʥʝʥʠʷ 

(1.1.2) ʙʝʟ ʠʥʪʝʛʨʘʣʦʚ ʩʪʦʣʢʥʦʚʝʥʠʡ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ, ʧʦʩʣʝ ʧʝʨʝʭʦʜʘ 

ʢ ʤʝʜʣʝʥʥʳʤ ʘʤʧʣʠʪʫʜʘʤ ʤʘʪʨʠʮʳ ʧʣʦʪʥʦʩʪʠ ʧʫʪʝʤ ʟʘʤʝʥʳ (1.1.7), (1.1.8) ʠ 

ʠʩʧʦʣʴʟʫʷ ʧʨʠʙʣʠʞʝʥʠʝ ʚʨʘʱʘʶʱʝʡʩʷ ʚʦʣʥʳ: 

( )*

12 13 1 24 2

* *

32 2 14 1 12 12,ɋ zcz cp pi q
z

i iip ipu r ur r r rr
µ

= è ø- W + D -D + -GW ê+ W -
µ ú  (1.1.30) 

( )* * *

13 11 12 33 31 1ɋ ɋ ɋ ,ȹ ũp c p zpz i i i k
z

iu r ur r r rè ø- + + - - --
ê

=
ú

µ

µ
 (1.1.31) 

( )** * *

11 12 44 1 34 14

* *

14 1 2 1ɋ ɋ ɋ ȹ ũ ,p c p pz ip ip ip i k
z

u r r r w u rr
µ

è ø=- - + + - - - -
ê úµ

 (1.1.32) 

ʛʜʝ 1pW ¹W , 
2cW ¹W , 1 pk k¹ , 2 ck k¹ , p cq k k= - . ɿʜʝʩʴ, ʩʯʠʪʘʷ ʬʨʦʥʪ ʧʘʜʘʶʱʝʡ 

ʚʦʣʥʳ ʧʣʦʩʢʠʤ ʠ ʙʝʩʢʦʥʝʯʥʳʤ, ʘ ʪʦʨʮʝʚʳʝ ʩʪʝʥʢʠ ʷʯʝʡʢʠ ʧʘʨʘʣʣʝʣʴʥʳʤʠ 

ʝʤʫ, ʧʨʦʠʟʚʝʜʝʥ ʧʝʨʝʭʦʜ ʢ ʦʜʥʦʤʝʨʥʦʡ ʚʜʦʣʴ ʦʩʠ z ʟʘʜʘʯʝ. 

ɼʘʣʝʝ, ʧʦʣʴʟʫʷʩʴ ʧʨʠʙʣʠʞʝʥʠʝʤ ʩʠʣʴʥʦʛʦ ʩʚʷʟʳʚʘʶʱʝʛʦ ʧʦʣʷ 
c pE E , 

ʤʦʞʥʦ ʧʨʠʙʣʠʞʝʥʥʦ ʩʯʠʪʘʪʴ ʚʩʶ ʥʘʩʝʣʝʥʥʦʩʪʴ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʥʘ ʫʨʦʚʥʝ 

1 . ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʚ ʫʨʘʚʥʝʥʠʷʭ (1.1.30)-(1.1.32) ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ 

ʩʣʘʛʘʝʤʳʤʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʧʦ 
pW, ʪ.ʝ. ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤʠ 33r , 44r , 23r  ʠ 

24r , ʘ ʵʣʝʤʝʥʪ 11r  ʩʯʠʪʘʪʴ ʧʦʩʪʦʷʥʥʳʤ ʧʦ ʢʦʦʨʜʠʥʘʪʝ ʠ ʪʝʨʤʘʣʠʟʦʚʘʥʥʳʤ ʧʦ 

ʩʢʦʨʦʩʪʠ: 11( , ) ( ) /z zz M Lr u u= . ʊʘʢ ʢʘʢ ʧʦʩʣʝ ʩʪʦʣʢʥʦʚʝʥʠʷ ʩʦ ʩʪʝʥʢʦʡ 

ʦʧʪʠʯʝʩʢʠʝ ʢʦʛʝʨʝʥʪʥʦʩʪʠ 1er  ʧʨʠʜʫʪ ʚ ʨʘʚʥʦʚʝʩʠʝ ʩ ʧʦʣʝʤ ʥʘʤʥʦʛʦ ʙʳʩʪʨʝʝ 

ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʢʦʛʝʨʝʥʪʥʦʩʪʠ 12r  (ʩʯʠʪʘʷ 
12G G), ʤʦʞʥʦ ʪʘʢʞʝ ʧʨʝʥʝʙʨʝʯʴ 
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ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʦʪ ʢʦʦʨʜʠʥʘʪʳ 
1er, ʦʪʳʩʢʠʚʘʷ ʨʝʰʝʥʠʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦʤ 

ʫʜʘʣʝʥʠʠ ʦʪ ʩʪʝʥʦʢ.  ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʨʘʚʥʝʥʠʷ (1.1.30)ï(1.1.31) ʧʨʠʤʫʪ ʚʠʜ: 

** *

14 14 212 13 2 1 12 1 ,ɋɋz c c pip i
z

i pu dr rr r r
µ

= - + --
µ

W  (1.1.33) 

* *

12 13 130 ,ɋ ɋp ci i
M

L
r d r- -=-  (1.1.34) 

* *

2

* *

12 41 14 10 ɋ ɋ ,p c

M
ip ip

L
r dr-=- -  (1.1.35) 

ɿʜʝʩʴ ʚʚʝʜʝʥʳ ʦʙʦʟʥʘʯʝʥʠʷ: 12 12( ) ( )cz p zi qd u u= -D +D G- , 13( ) ( )p pz zi ku ud D= - +G, 

( )314 4ȹ +ũ( )z zp pi kd u w u-= - . ɼʘʥʥʳʝ ʚʝʣʠʯʠʥʳ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʢʦʤʧʣʝʢʩʥʳʤʠ 

ʩʢʦʨʦʩʪʷʤʠ ʨʘʩʧʘʜʦʚ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʠ ʦʧʪʠʯʝʩʢʠʭ ʢʦʛʝʨʝʥʪʥʦʩʪʝʡ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʆʧʪʠʯʝʩʢʠʝ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʚʳʨʘʞʘʶʪʩʷ ʠʟ (1.1.34) ʠ (1.1.35):  

* *

13 12
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,p c
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L
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 (1.1.36) 
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 (1.1.37) 

ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʠʭ ʚ (1.1.33) ʧʦʣʫʯʘʝʪʩʷ ʦʙʳʢʥʦʚʝʥʥʦʝ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʜʣʷ 12r : 

2 2 *
* 1 2

12 12 12
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p cz

p p pM

z L
u r d r
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W
-  (1.1.38) 

ɽʛʦ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʠʱʝʪʩʷ ʚ ʚʠʜʝ: 

( )0

12 12 ( ) 1 e ,( xp 1, ) ( )z W z
l

r u r u u
u

+
+ + +
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è ø
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 (1.1.39) 

( ) ( )0

12 12 ( ) 1 ex .1( , ) ( p) zz W L
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r u r u u
u

-
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= ì ü

î î

è ø
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(1.1.40) 

ɿʜʝʩʴ 
12 12( , ) ( , )z zr u r u° = °  ð ʧʘʨʮʠʘʣʴʥʳʝ ʚʢʣʘʜʳ ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʫʶ 

ʢʦʛʝʨʝʥʪʥʦʩʪʴ ʦʪ ʩʢʦʨʦʩʪʥʳʭ ʛʨʫʧʧ ʘʪʦʤʦʚ, ʜʚʠʞʫʱʠʭʩʷ ʚʜʦʣʴ ʠ ʧʨʦʪʠʚ ʦʩʠ 
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z (
zu u= ); 

2 2

12

1 14

2
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( ) ( )
( ) ( )

ʩ ʩp
l d

d d
u u

u u

°

°

°

°

W W
= + +  ð ʢʦʤʧʣʝʢʩʥʘʷ ʩʢʦʨʦʩʪʴ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʘʥʥʦʡ ʩʢʦʨʦʩʪʥʦʡ ʛʨʫʧʧʳ ʘʪʦʤʦʚ ʩ ʧʦʣʝʤ; 
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) (
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p c M

L

u
r u

l u d u

°

° °

W W
=  ð ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʧʦ 

ʩʢʦʨʦʩʪʷʤ ʚ ʫʩʣʦʚʠʷʭ ʨʘʚʥʦʚʝʩʠʷ ʩ ʧʦʣʝʤ ʠ ʦʪʩʫʪʩʪʚʠʷ ʩʪʦʣʢʥʦʚʝʥʠʡ; 

1
*

1 2
134

13 14

1 p p
d
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-

°

°

å õ
= +æ ö
ç ÷

 ð ʢʦʤʧʣʝʢʩʥʘʷ ʩʢʦʨʦʩʪʴ ʨʘʩʧʘʜʘ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʤʝʞʜʫ 

ʫʨʦʚʥʝʤ 1  ʠ ʥʝʚʳʨʦʞʜʝʥʥʳʤ ʚʦʟʙʫʞʜʝʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ; ( )W u°  ð 

ʢʦʥʩʪʘʥʪʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʷ (1.1.38). 

ʅʠʟʢʦʯʘʩʪʦʪʥʳʝ ʢʦʛʝʨʝʥʪʥʦʩʪʠ 
12r  ʘʪʦʤʦʚ, ʚʳʣʝʪʘʶʱʠʭ ʩʦ ʩʪʝʥʢʠ, 

ʠʤʝʶʪ ʚʠʜ:  

0

12 12 ( ),( ,0) ( )Wr u r u u+ + +=  (1.1.41) 

0

12 12 ( ( )( , ) )L Wr u r u u- - -=

 

(1.1.42) 

ʆʪʩʶʜʘ ʚʠʜʥʦ, ʯʪʦ ʬʫʥʢʮʠʷ ( )W u°  ʠʤʝʝʪ ʩʤʳʩʣ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ ʨʘʚʥʦʚʝʩʥʦʩʪʠ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʜʘʥʥʦʡ ʩʢʦʨʦʩʪʥʦʡ 

ʛʨʫʧʧʳ ʘʪʦʤʦʚ ʩ ʧʦʣʝʤ ʧʦʩʣʝ ʩʪʦʣʢʥʦʚʝʥʠʷ ʩʦ ʩʪʝʥʢʦʡ. ʆʪʣʠʯʠʝ ʜʘʥʥʦʡ 

ʬʫʥʢʮʠʠ ʦʪ ʝʜʠʥʠʮʳ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʪʝʨʶ ʨʘʚʥʦʚʝʩʥʦʩʪʠ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ 

ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʧʦʩʣʝ ʩʪʦʣʢʥʦʚʝʥʠʷ. ɺʠʜ ʵʪʦʡ ʬʫʥʢʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʦʙʩʫʞʜʘʪʴʩʷ ʚ ʨʘʟʜʝʣʝ 1.2. 

1.2 ʋʯʝʪ ʢʦʥʝʯʥʳʭ ʨʘʟʤʝʨʦʚ ʩʨʝʜʳ. ɻʨʘʥʠʯʥʳʝ 

ʫʩʣʦʚʠʷ ʜʣʷ ʤʘʪʨʠʮʳ ʧʣʦʪʥʦʩʪʠ 

ʉʪʦʣʢʥʦʚʝʥʠʷ ʩʦ ʩʪʝʥʢʘʤʠ ʷʯʝʡʢʠ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʨʠʚʦʜʷʪ ʢ 

ʠʟʤʝʥʝʥʠʶ ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʩʪʦʷʥʠʷ ʘʪʦʤʘ. ʂʘʢ ʙʳʣʦ ʫʧʦʤʷʥʫʪʦ ʨʘʥʝʝ, ʚ 

ʩʣʫʯʘʝ ʥʘʣʠʯʠʷ ʙʫʬʝʨʥʦʛʦ ʛʘʟʘ ʧʨʦʮʝʩʩ ʤʝʜʣʝʥʥʦʡ ʜʠʬʬʫʟʠʠ ʥʝ ʫʩʧʝʝʪ 

ʧʝʨʝʥʝʩʪʠ ʦʪʨʘʞʝʥʥʳʝ ʦʪ ʩʪʝʥʢʠ ʘʪʦʤʳ ʥʘ ʨʘʩʩʪʦʷʥʠʷ, ʩʨʘʚʥʠʤʳʝ ʩ ʜʣʠʥʦʡ 

ʷʯʝʡʢʠ, ʜʦ ʪʦʛʦ, ʢʘʢ ʚʥʝʰʥʝʝ ʧʦʣʝ ʩʤʦʞʝʪ ʫʩʪʘʥʦʚʠʪʴ ʚ ʥʠʭ ʥʦʚʦʝ 
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ʩʪʘʮʠʦʥʘʨʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʇʦʵʪʦʤʫ ʚʣʠʷʥʠʝ ʩʪʝʥʦʢ ʩʚʝʜʝʪʩʷ ʢ ʥʘʣʠʯʠʶ 

ʪʦʥʢʦʛʦ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʘʪʦʤʦʚ ʚ ʧʝʨʝʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʢʦʪʦʨʳʤ 

ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʝ ʷʯʝʡʢʠ. ʇʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʞʝ ʙʫʬʝʨʥʦʛʦ ʛʘʟʘ, ʚʣʠʷʥʠʝʤ ʩʪʝʥʦʢ ʧʨʝʥʝʙʨʝʛʘʪʴ ʥʝʣʴʟʷ. ʇʨʠ 

ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʢʨʝʪʠʟʠʨʦʚʘʪʴ ʭʘʨʘʢʪʝʨ ʦʪʨʘʞʝʥʠʷ ʘʪʦʤʦʚ ʦʪ ʩʪʝʥʦʢ, 

ʜʠʢʪʫʶʱʠʡʩʷ ʪʠʧʦʤ ʝʸ ʧʦʢʨʳʪʠʷ. ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʥʝʢʦʪʦʨʳʝ ʠʟʚʝʩʪʥʳʝ [34] ʧʨʝʜʝʣʴʥʳʝ ʩʣʫʯʘʠ ʧʦʚʝʜʝʥʠʷ ʘʪʦʤʦʚ ʧʨʠ 

ʦʪʨʘʞʝʥʠʠ ʦʪ ʩʪʝʥʦʢ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʨʝʟʫʣʴʪʘʪʘʤ ʧ. 1.1.2, ʦʛʨʘʥʠʯʠʚʰʠʩʴ 

ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʩʪʦʣʢʥʦʚʝʥʠʡ ʩ ʪʦʨʮʝʚʳʤʠ ʩʪʝʥʢʘʤʠ ʷʯʝʡʢʠ. 

1.2.1. ɿʝʨʢʘʣʴʥʦ-ʥʝʢʦʛʝʨʝʥʪʥʦʝ ʦʪʨʘʞʝʥʠʝ 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʩʪʦʣʢʥʦʚʝʥʠʠ ʩʦ ʩʪʝʥʢʦʡ ʚʩʝ 

ʘʪʦʤʥʳʝ ʥʘʩʝʣʝʥʥʦʩʪʠ ʩʦʭʨʘʥʷʶʪʩʷ, ʘ ʢʦʛʝʨʝʥʪʥʦʩʪ ɹ ʧʦʣʥʦʩʪʴʶ 

ʨʘʟʨʫʰʘʝʪʩʷ. ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʪʘʢʦʛʦ ʪʠʧʘ ʠʤʝʶʪ ʚʠʜ 

12 0,
0.

z L
r°

=
=  (1.2.1) 

ʂʘʢ ʣʝʛʢʦ ʟʘʤʝʪʠʪʴ ʠʟ (1.1.41) ʠ (1.1.42), ʬʫʥʢʮʠ ̫ W° ʚ ʩʣʫʯʘʝ 

ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʟʝʨʢʘʣʴʥʦ-ʥʝʢʦʛʝʨʝʥʪʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʨʘʚʥʘ ʥʫʣʶ: 
snq 0.W° =   

1.2.2. ɿʝʨʢʘʣʴʥʦ-ʢʦʛʝʨʝʥʪʥʦʝ ʦʪʨʘʞʝʥʠʝ 

ʇʨʠ ʟʝʨʢʘʣʴʥʦ-ʢʦʛʝʨʝʥʪʥʦʤ ʦʪʨʘʞʝʥʠʠ ʦʪ ʩʪʝʥʢʠ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʚʥʫʪʨʝʥʥʝʝ ʩʦʩʪʦʷʥʠʝ ʘʪʦʤʘ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʘ ʝʛʦ ʩʢʦʨʦʩʪʴ ʚ ʦʜʥʦʤʝʨʥʦʤ 

ʩʣʫʯʘʝ ʤʝʥʷʝʪ ʟʥʘʢ: 

12 120, 0,
.

z L z L
r r+ -

= =
=  (1.2.2) 

ʇʦʜʩʪʘʚʣʷʷ (1.1.39) ʠ (1.1.40) ʚ (1.2.2), ʧʦʣʫʯʘʝʪʩʷ ʩʠʩʪʝʤʘ: 
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 (1.2.3) 
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ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʜʘʝʪ ʚʠʜ ʬʫʥʢʮʠʠ W° ʜʣʷ ʩʣʫʯʘʷ ʟʝʨʢʘʣʴʥʦ-ʢʦʛʝʨʝʥʪʥʦʛʦ 

ʦʪʨʘʞʝʥʠʷ: 

134
spec

134

1 exp

1 1.

1 exp

W

L

L

l

u l d

l dl l

u

°

° °
°

+ -

å õ
- -æ ö

å õç ÷= - -æ ö
å õ+ ç ÷- -æ ö
ç ÷

 (1.2.4) 

1.2.3. ɼʠʬʬʫʟʥʦʝ ʦʪʨʘʞʝʥʠʝ 

ɼʘʥʥʳʡ ʪʠʧ ʦʪʨʘʞʝʥʠʷ ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʭ 

ʚʨʝʤʝʥʘʭ ʘʜʩʦʨʙʮʠʠ ʘʪʦʤʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ 

ʧʦʩʣʝ ʩʪʦʣʢʥʦʚʝʥʠʷ ʩʦ ʩʪʝʥʢʦʡ ʘʪʦʤ ʚʳʣʝʪʘʝʪ, ʙʳʪʴ ʤʦʞʝʪ, ʩ ʠʥʦʡ 

ʩʢʦʨʦʩʪʴʶ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʩʪʝʥʢʠ, ʥʦ ʚ ʪʦʤ ʞʝ ʚʥʫʪʨʝʥʥʝʤ 

ʩʦʩʪʦʷʥʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʩʪʦʷʥʠʝ ʘʥʩʘʤʙʣʷ ʧʦʩʣʝ ʩʪʦʣʢʥʦʚʝʥʠʷ ʩʦ 

ʩʪʝʥʢʦʡ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʪʝʨʤʘʣʠʟʦʚʘʥʥʳʤ [ɸ7]: 

12 12( ,0) (0) ( ),Mr u r u+ +=  

12 12( , ) ( ) ( ),L L Mr u r u- -=  
(1.2.5) 

ʛʜʝ 12 2

0

1( ) 2 ( , )z z dr u ur°
¤

° =ñ . ɺ ʢʘʯʝʩʪʚʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʙʝʨʝʪʩʷ ʨʘʚʝʥʩʪʚʦ 

ʧʦʪʦʢʦʚ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʥʘʣʝʪʘʶʱʝʡ ʥʘ ʩʪʝʥʢʫ ʠ ʫʣʝʪʘʶʱʝʡ ʩ ʥʝʸ: 

12 120, 0,
,

z L z L
j j+ -

= =
=  (1.2.6) 

ʛʜʝ 12 2

0

1 ( , )j z dur u u
¤

° °=ñ . 

ʇʦʜʩʪʘʥʦʚʢʘ (1.2.6) ʚ (1.2.5), ʜʘʝʪ: 

0

12 12

0

( ,0) (0) ( ) ,d M dr ru u u u u u- +

¤ ¤

=ñ ñ  (1.2.7) 
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12 12
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( , ) ( ) ( ) .L d L M dr ru u u u u u+ -

¤ ¤

=ñ ñ  

ɺʳʯʠʩʣʷʷ ʟʥʘʯʝʥʠʝ ʠʥʪʝʛʨʘʣʘ 
0

( )
2

TM d
p

u
u u u

¤

=ñ , ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ 
12(0)r+  ʠ 

12( )Lr-  ʯʝʨʝʟ ʠʩʭʦʜʥʳʝ ʤʘʪʨʠʯʥʳʝ ʵʣʝʤʝʥʪʳ: 

12 12
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(1.2.8) 

ɼʘʣʝʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʚʠʜʘ ʢʦʥʩʪʘʥʪ W°. ʇʦʜʩʪʘʥʦʚʢʘ 

ʫʩʣʦʚʠʷ (1.2.5) ʚ ʦʙʱʝʝ ʨʝʰʝʥʠʝ (1.1.41) ʠ (1.1.42) ʧʦʟʚʦʣʷʝʪ ʟʘʧʠʩʘʪʴ 

ʩʣʝʜʫʶʱʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʢʦʥʩʪʘʥʪ: 
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(1.2.9) 

ʇʦʜʩʪʘʥʦʚʢʘ ʠʭ ʚ (1.1.41) ʠ (1.1.42) ʜʘʝʪ: 

* *

1 2 1 2
12 12

134 134

1 1
( ) (0) ,( , )

z

L
z M e

L

l

ur u u r
l d l d

+

+

+ + + +

-
+å WW

=
è W øõ

+ -é ùæ ö
éç

W

ù÷ê ú

 

1
(

* *

2 1 2
12 12

134 34

)

1

1 1
( ) ( ) .( , )

L z

Mz L e
L L

l

ur u u r
l d l d

-

- -
-

- -

-

- -

è øå õ
+ -é ùæ ö

é ùç

WW WW

÷ê ú

=  

(1.2.10) 

ʅʘʢʦʥʝʮ, ʧʦʜʩʪʘʚʣʷʷ (1.2.10) ʚ (1.2.8), ʧʦʣʫʯʘʝʪʩʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ 

ʜʣʷ 12(0)r+  ʠ 12( )Lr- : 
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1 2
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(1.2.11) 
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ʈʝʰʝʥʠʝ ʩʠʩʪʝʤʳ (1.2.11) ʠʤʝʝʪ ʚʠʜ: 
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(1.2.12) 

ʇʦʜʩʪʘʥʦʚʢʘ ʝʛʦ ʚ (1.2.9) ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ 

ʬʫʥʢʮʠʡ W° ʚ ʤʦʜʝʣʠ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ: 

1diff 34 .
1

V
W

U V

U U
l d

°
° ° °

+ -

+
=

-
 (1.2.13) 

1.3. ʋʯʝʪ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʩʨʝʜʳ. ʋʨʘʚʥʝʥʠʷ 

ʧʝʨʝʥʦʩʘ ʧʦʣʷ 

ɼʦ ʩʠʭ ʧʦʨ ʘʤʧʣʠʪʫʜʳ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ (1.1.1) 

ʧʨʝʜʧʦʣʘʛʘʣʠʩʴ ʟʘʜʘʥʥʳʤʠ ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʩʨʝʜʳ ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʢʦʦʨʜʠʥʘʪʳ. ʇʨʠ ʵʪʦʤ ʦʙʨʘʪʥʳʤ ʚʣʠʷʥʠʝʤ ʘʪʦʤʦʚ ʥʘ ʧʦʣʝ ʧʨʝʥʝʙʨʝʛʘʣʦʩʴ. 

ʆʜʥʘʢʦ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʢʪʠʚʥʳʭ ʘʪʦʤʦʚ ʠʤʝʝʪ ʚʝʣʠʯʠʥʫ 

ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʫʶ, ʯʪʦʙ  rʜʣʠʥʘ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ ʬʦʪʦʥʦʚ ʦʢʘʟʘʣʘʩʴ 

ʤʝʥʴʰʝ ʠʣʠ ʧʦʨʷʜʢʘ ʜʣʠʥʳ ʷʯʝʡʢʠ, ʪ.ʝ. ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ ( )
1

an Ls
-
¢ , 

ʛʜʝ s ð ʩʝʯʝʥʠʝ ʨʘʩʩʝʷʥʠʷ ʬʦʪʦʥʘ ʥʘ ʘʪʦʤʝ (ʦʮʝʥʢʘ ʜʘʥʥʦʡ ʚʝʣʠʯʠʥʳ 

ʧʨʠʚʝʜʝʥʘ ʚ ʢʦʥʮʝ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ), ʧʨʝʥʝʙʨʝʛʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴʶ ʦʪ 

ʢʦʦʨʜʠʥʘʪ 1,2E  ʥʝʣʴʟʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʛʦʚʦʨʷʪ ʦʙ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʩʨʝʜʳ. 

ɼʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʦʧʠʩʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʘʢʦʡ ʩʨʝʜʳ ʩ ʨʝʟʦʥʘʥʩʥʳʤ 

ʠʟʣʫʯʝʥʠʝʤ ʫʨʘʚʥʝʥʠʝ (1.1.2) ʥʝʦʙʭʦʜʠʤʦ ʜʦʧʦʣʥʠʪʴ ʫʨʘʚʥʝʥʠʝʤ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɼʘʣʝʝ ʧʨʠʚʦʜʠʪʩʷ ʝʛʦ ʚʳʚʦʜ ʚ 

ʪʝʨʤʠʥʘʭ, ʚʚʝʜʝʥʥʳʭ ʚ ʨʘʟʜʝʣʝ 1.1. 
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ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ( , )z tE  ʚ ʠʟʦʪʨʦʧʥʦʡ ʥʝʤʘʛʥʠʪʥʦʡ 

ʩʨʝʜʝ ʩ ʥʝʥʫʣʝʚʳʤ ʚʝʢʪʦʨʦʤ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ( , )z tP  

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʚʦʣʥʦʚʦʤʫ ʫʨʘʚʥʝʥʠʶ ʚʠʜʘ 

22 2

2 2 2

2 2

1 4
.

z c t c t

pµ µ µ
- =

µ µ µ

E E P
 (1.3.1) 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʦʧʝʨʘʪʦʨ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʚ ʣʝʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ 

(1.3.1) ʜʦʧʫʩʢʘʝʪ ʬʘʢʪʦʨʠʟʘʮʠʶ ʥʘ ʜʚʘ ʦʧʝʨʘʪʦʨʘ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ: 

2 2

222

1 1 1
( , ) ( , ).z t z t

z c t z c t z c t

å õµ µ µ µ µ µå õå õ
- = + -æ ö æ öæ ö

µ µ µ µ µ µç ÷ç ÷ç ÷
E E  (1.3.2) 

ʉ ʫʯʝʪʦʤ ʤʝʜʣʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʘʤʧʣʠʪʫʜ ʧʦʣʝʡ ʥʘ ʚʨʝʤʝʥʘʭ 

ʦʧʪʠʯʝʩʢʦʛʦ ʧʝʨʠʦʜʘ (,
j

j j j

j

jk
z t

w
µ µ

µ µ

E E
E E ) ʧʦʜʩʪʘʥʦʚʢʘ (1.1.1) ʚ (1.3.2) 

ʜʘʝʪ: 

1 1 2 2(

2

) ( )

1 1 2

1
2 2 ʢ.ʩ.,

ti t k zik z
ik e ik e

z c t

w w- -µ µ
- @- - +

µ µ

E E
E E  (1.3.3) 

( )1 2 21( ) ( )

21 1 2

2

2 2

1
ʢ.ʩ. = .

2ki t z t k zi
ik e ik e

z c t c t

w w p- -µ µ µå õ
+ - - +æ ö

µ µ µç ÷

P
E E

 
(1.3.4) 

ʄʘʢʨʦʩʢʦʧʠʯʝʩʢʫʶ ʧʦʣʷʨʠʟʘʮʠʶ ʩʨʝʜʳ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʢʘʢ 

ʢʚʘʥʪʦʚʦʤʝʭʘʥʠʯʝʩʢʦʝ ʩʨʝʜʥʝʝ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʝʜʠʥʠʮʳ ʦʙʲʝʤʘ: 

( )

,

Ĕ( , ) Sp( )= ( , ) ʢ.ʩ.,Ĕ g gi t

a a ge eg d

k z

g e

z t n n z t d e
w

r r
-

= +äP d e  (1.3.5) 

ʛʜʝ ʫʩʨʝʜʥʝʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʦ ʚʥʫʪʨʝʥʥʠʤ ʩʪʝʧʝʥʷʤ ʩʚʦʙʦʜʳ ʘʪʦʤʘ ʠ ʝʛʦ 

ʧʦʩʪʫʧʘʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ, ʥʦ ʥʝ ʧʦ ʝʛʦ ʢʦʦʨʜʠʥʘʪʝ, ʪʘʢ ʢʘʢ ʧʦʣʷʨʠʟʘʮʠʷ 

ʩʨʝʜʳ ʚʯrʠʩʣʷʝʪʩʷ ʚ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʡ ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʢʠ z . 

ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ (1.3.5) ʚ (1.3.4), ʧʨʝʜʧʦʣʘʛʘʷ ʤʝʜʣʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʘʤʧʣʠʪʫʜ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ ʧʣʦʪʥʦʩʪʠ (ge

g gek
z

r
r

µ

µ
, ge

g ge
t

r
w r

µ

µ
), ʦʙʝ ʯʘʩʪʠ 

ʧʦʣʫʯʝʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʤʥʦʞʘʶʪʩʷ ʥʘ ʦʙʝ ʢʦʤʧʣʝʢʩʥʳʝ 

ʵʢʩʧʦʥʝʥʪʳ 
( )j ji t k z

e
w -

 ʠ ʚʥʦʚʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠʙʣʠʞʝʥʠʝ ʚʨʘʱʘʶʱʝʡʩʷ ʚʦʣʥʳ:  
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( )1
31 4

1
1 1 11 3

1
2 ,ain

E E
k d p

z c t
p r r

µ µ
+ = +

µ µ
 (1.3.6) 

( )2 2
2 322 2 423

1
2 .ain

E E
k d p

z c t
p r r

µ µ
+ = +

µ µ  
(1.3.7) 

ʀʟʤʝʥʝʥʠʷʤʠ ʘʤʧʣʠʪʫʜ ʧʦʣʝʡ ʥʘ ʚʨʝʤʝʥʘʭ ʧʨʦʣʝʪʘ ʬʦʪʦʥʦʤ ʜʣʠʥʳ 

ʷʯʝʡʢʠ ʧʨʝʥʝʙʨʝʛʘʝʪʩʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʪʙʨʦʩʠʪʴ ʚʪʦʨʳʝ ʩʣʘʛʘʝʤʳʝ ʚ ʣʝʚʳʭ 

ʯʘʩʪʷʭ (1.3.6), (1.3.7). ʆʢʦʥʯʘʪʝʣʴʥʳʡ ʚʠʜ ʜʘʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʪʝʨʤʠʥʘʭ 

ʯʘʩʪʦʪ ʈʘʙʠ ʟʘʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

( )3

3 4

2

2
.j

a jjj

j j

k d
p

z

inp
r r

µW
= +

µ
 (1.3.8) 

ʋʨʘʚʥʝʥʠʷ (1.3.8) ʜʦʧʦʣʥʷʶʪ ʫʨʘʚʥʝʥʠʝ (1.1.2), ʦʙʨʘʟʫʷ 

ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ, ʥʝʩʫʱʫʶ ʠʥʬʦʨʤʘʮʠʶ ʢʘʢ ʦʙ ʵʚʦʣʶʮʠʠ 

ʢʚʘʥʪʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʘʥʩʘʤʙʣʷ ʘʪʦʤʦʚ ʥʘ ʚʩʝʡ ʝʛʦ ʜʣʠʥʝ, ʪʘʢ ʠ ʦʙ ʠʟʤʝʥʝʥʠʠ 

ʘʤʧʣʠʪʫʜ ʧʦʣʝʡ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʩʢʚʦʟʴ ʩʨʝʜʫ.  

ɼʘʣʝʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʮʝʥʢʘ ʭʘʨʘʢʪʝʨʥʦʛʦ ʩʝʯʝʥʠʷ s ʨʘʩʩʝʷʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʘʪʦʤʦʤ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ 

ʧʨʦʩʪʝʡʰʫʶ ʤʦʜʝʣʴ ʩʨʝʜʳ ʜʚʫʭʫʨʦʚʥʝʚʳʭ ʘʪʦʤʦʚ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩ 

ʨʝʟʦʥʘʥʩʥʦʡ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʦʡ ʩ ʯʘʩʪʦʪʦʡ ʈʘʙʠ 

W ʠ ʚʦʣʥʦʚʳʤ ʯʠʩʣʦʤ k . ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ ʥʘʣʠʯʠʝ ʩʧʦʥʪʘʥʥʳʭ 

ʨʘʩʧʘʜʦʚ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʦ ʩʢʦʨʦʩʪʴʶ g ʠ ʘʪʦʤʥʦʡ ʢʦʛʝʨʝʥʪʥʦʩʪʠ 

egr  ʩʦ ʩʢʦʨʦʩʪʴʶ G. ʂʦʛʝʨʝʥʪʥʦʩʪʴ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʧʨʠ gW  ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ /eg ir =W G. ʋʨʘʚʥʝʥʠʝ ʜʣʷ ʯʘʩʪʦʪʳ ʈʘʙʠ 

ʚʥʝʰʥʝʛʦ ʧʦʣʷ (1.3.8) ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʠʤʝʪ ʚʠʜ: 

2 2

2 2a g

eg

e a gein nk d k d

z

p p
r W

µW
= =-

µ G
. 

ʆʪʩʶʜʘ ʚʠʜʥʦ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʠʥʫ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ ʬʦʪʦʥʘ 

ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʢʘʢ ( )2

2 a gen k dpG . ʀʩʧʦʣʴʟʫʷ ʠʟʚʝʩʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ [116, 

ʬʦʨʤʫʣʘ (6.3.14)], ʩʚʷʟʳʚʘʶʱʝʝ ʩʢʦʨʦʩʪʴ ʩʧʦʥʪʘʥʥʦʛʦ ʨʘʩʧʘʜʘ ʠ ʚʝʣʠʯʠʥʫ 
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ʤʘʪʨʠʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʦʧʝʨʘʪʦʨʘ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ 
2

3

3

4
ged

k

g
= , ʧʦʣʫʯʘʝʪʩʷ 

ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʝʯʝʥʠʷ ʨʘʩʩʝʷʥʠʷ ʬʦʪʦʥʘ ʥʘ ʘʪʦʤʝ:  

2

2

3 1 3

2 8k

pg g
s l

p
= =
G G

, 

 ʛʜʝ l ð ʜʣʠʥʘ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ. 

1.4. ʋʯʝʪ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʫʨʦʚʥʝʡ 

ɺ ʨʘʟʜʝʣʝ 1.1 ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʪʦʣʴʢʦ ʩʚʝʨʭʪʦʥʢʘʷ ʩʪʨʫʢʪʫʨʘ ʫʨʦʚʥʝʡ 

ʘʪʦʤʘ, ʠ ʥʝ ʫʯʠʪʳʚʘʣʩʷ ʚʝʢʪʦʨʥʳʡ ʭʘʨʘʢʪʝʨ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɺ 

ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʙʦʙʱʝʥʠʝ ʜʘʥʥʦʡ ʪʝʦʨʠʠ ʥʘ ʩʣʫʯʘʡ ʥʘʣʠʯʠʷ 

ʤʘʛʥʠʪʥʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʩʚʝʨʭʪʦʥʢʠʭ ʧʦʜʫʨʦʚʥʝʡ D1-ʣʠʥʠʡ ʱʝʣʦʯʥʳʭ 

ʘʪʦʤʦʚ (ʨʠʩʫʥʦʢ 1.4.1). ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʝʩʪʠ ʙʦʣʝʝ ʢʦʨʨʝʢʪʥʦʝ 

ʦʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʚʦʟʙʫʞʜʝʥʠʷ ʪʝʤʥʳʭ ʨʝʟʦʥʘʥʩʦʚ ʚ çʨʝʘʣʴʥʳʭè ʘʪʦʤʘʭ, ʘ 

ʪʘʢʞʝ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʧʦʣʷʨʠʟʘʮʠʠ ʚʥʝʰʥʝʛʦ ʠʟʣʫʯʝʥʠʷ 

ʥʘ ʜʘʥʥʳʝ ʧʨʦʮʝʩʩʳ.  
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ʈʠʩ. 1.4.1. ʉʭʝʤʘ ʫʨʦʚʥʝʡ D1-ʣʠʥʠʠ ʱʝʣʦʯʥʦʛʦ ʘʪʦʤʘ ʥʝʚʳʨʦʞʜʝʥʥʳʭ ʧʦ 

ʤʘʛʥʠʪʥʦʤʫ ʤʦʤʝʥʪʫ. 

ʆʧʠʩʘʥʠʝ ʧʦʣʷʨʠʟʘʮʠʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʫʪʝʤ 

ʨʘʟʣʦʞʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʘʤʧʣʠʪʫʜ ʚ (1.1.1) ʧʦ ʢʦʥʪʨʘʚʘʨʠʘʥʪʥʳʤ 

ʮʠʢʣʠʯʝʩʢʠʤ ʦʨʪʘʤ ( )/ 2x yi°=e e e  [118]: 

( )( , ) ( , ) ( , ) ,jj j j jjt E t E t a a-+ + -= = +E r r e r e e  (1.4.1) 

ɿʜʝʩʴ ʢʦʵʬʬʠʮʠʝʥʪʳ 
ja° ʦʧʨʝʜʝʣʷʶʪ ʩʦʩʪʦʷʥʠʝ ʧʦʣʷʨʠʟʘʮʠʠ ʠʟʣʫʯʝʥʠʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

( ) ( )3exp cos ,/ 4j j j ja i j y c p+ è + +ø= -
ê ú

 

( ) ( )3exp sin ,/ 4j j j ja i j y c p- è - +ø= -
ê ú

 

ʛʜʝ jj , jy , jc ð ʥʘʯʘʣʴʥʘʷ ʬʘʟʘ, ʥʘʢʣʦʥ ʵʣʣʠʧʩʘ ʧʦʣʷʨʠʟʘʮʠʠ ʠ ʧʘʨʘʤʝʪʨ 

ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʧʦʣʷ jE  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʩʤ. ʨʠʩʫʥʦʢ 1.4.2). 
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ʈʠʩ. 1.4.2. ʕʣʣʠʧʩ ʧʦʣʷʨʠʟʘʮʠʠ j-ʡ ʢʦʤʧʦʥʝʥʪʳ ʠʟʣʫʯʝʥʠʷ. ʇʦʷʩʥʝʥʠʷ ʩʤ. ʚ 

ʪʝʢʩʪʝ. 

ʊʦʛʜʘ ʛʘʤʠʣʴʪʦʥʠʘʥ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ĔV   ʚ ʜʠʧʦʣʴʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʙʫʜʝʪ 

ʠʤʝʪʴ ʚʠʜ: 

( ) ( )1 21 2

1

( ) ( )

2 21
Ĕ Ĕ Ĕ Ĕ . .

t k z i t k zi
V E e E e ʕʩ

w w- - --è ø=- - + +
ê ú

dE = de de . (1.4.2) 

ɿʜʝʩʴ Ĕd  ð ʚʝʢʪʦʨʥʳʡ ʦʧʝʨʘʪʦʨ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ. ʆʧʝʨʘʪʦʨ Ĕd  ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʫʜʦʙʥʦ ʟʘʧʠʩʘʪʴ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʥʪʨʘʚʘʨʠʘʥʪʥʳʭ ʮʠʢʣʠʯʝʩʢʠʭ ʦʨʪʦʚ 

( )
*

°

°=e e : 

0Ĕ Ĕ ĔĔ .zd d d+ - -+= + +d e e e  (1.4.3) 

ɿʥʘʯʝʥʠʷ ʤʘʪʨʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʮʠʢʣʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪ ʦʧʝʨʘʪʦʨʘ 

ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʜʣʷ ʦʧʪʠʯʝʩʢʠʭ ʧʝʨʝʭʦʜʦʚ ʤʦʞʥʦ ʥʘʡʪʠ, ʠʩʧʦʣʴʟʫʷ 

ʪʝʦʨʝʤʫ ɺʠʛʥʝʨʘïʕʢʢʘʨʪʘ [118, ʨʘʟʜʝʣ 13.1, ʬʦʨʤʫʣʘ (40)] ʠ ʪʝʦʨʠʶ 

ʩʧʦʥʪʘʥʥʦʛʦ ʨʘʩʧʘʜʘ [116, ʨʘʟʜʝʣ 6.3]: 

( ) ( )( )
,1

, ,1, 01 2 1 2 1
1

je eg j

j j g gj j

j j

j

j

mJ I

g m

eFFq

e g F

g

q

I F J
d J F C V

J F

¡ ¡

¡

¡+ + -
ë ûî î

= - + + ì ü
î îí ý

 (1.4.4) 

ʛʜʝ 
3

0 3

1

3

4 D

V
cg

w
= ; g ð ʩʢʦʨʦʩʪʴ ʩʧʦʥʪʘʥʥʦʛʦ ʨʘʩʧʘʜʘ ʚʦʟʙʫʞʜʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ; 1Dw  ð ʯʘʩʪʦʪʘ ʥʝʨʘʩʱʝʧʣʝʥʥʦʛʦ ʧʝʨʝʭʦʜʘ D1-ʣʠʥʠʠ; c  ð 

ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ; 
( ) ( 1) / 2

j jg e

jF I= + - , 1/ 2J= , I  ð ʘʙʩʦʣʶʪʥʳʝ 
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ʚʝʣʠʯʠʥʳ ʧʦʣʥʦʛʦ ʤʦʤʝʥʪʘ ʘʪʦʤʘ ʥʘ ʫʨʦʚʥʝ ( )j jg e , ʤʦʤʝʥʪʘ ʵʣʝʢʪʨʦʥʥʦʡ 

ʦʙʦʣʦʯʢʠ ʥʘ ʫʨʦʚʥʝ n  ʠ ʤʦʤʝʥʪʘ ʷʜʨʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 
nm  ð ʟʥʘʯʝʥʠʝ 

ʧʨʦʝʢʮʠʠ ʧʦʣʥʦʛʦ ʤʦʤʝʥʪʘ ʥʘ ʫʨʦʚʥʝ n ; ,

, ,1,
e e

g gm q

F

F

m
C  ð ʢʦʵʬʬʠʮʠʝʥʪʳ ʂʣʝʙʰʘï

ɻʦʨʜʘʥʘ; ʬʠʛʫʨʥʳʤʠ ʩʢʦʙʢʘʤʠ ʦʙʦʟʥʘʯʝʥʳ 6j-ʩʠʤʚʦʣʳ; 
1 1,...,2g I= ; 

2 2 ,...,4 2g I I= +; 
1 4 3,...,6 2e I I= + +; 2 6 3,...,8 6e I I= + +; 1,...,4 2g I= +; 

4 3,...,6 2e I I= + +; 1,0q=° . 

ɺ ʥʝʜʠʘʛʦʥʘʣʴʥʳʭ ʵʣʝʤʝʥʪʘʭ ʤʘʪʨʠʮʳ ʧʣʦʪʥʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʟʘʤʝʥʘ, 

ʚʳʜʝʣʷʶʱʘ̫ ʙʳʩʪʨʦ ʦʩʮʠʣʣʠʨʫʶʱʠʡ ʤʥʦʞʠʪʝʣʴ: 

[ ]1 1

1 2 2 2

2

1 1

2

( )*

(* ) ( )

,

.

j j

j j j

t k z

g e

z

i

g e eg

i

g gg g

t k k

g g

e

e

w

w w

r r r

r r r

-

- - -

= =

= =  
(1.4.5) 

ʆʪʩʪʨʦʡʢʠ ʧʦʣʝʡ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʝʨʘʩʱʝʧʣʝʥʥʳʭ ʧʝʨʝʭʦʜʦʚ 

ʦʧʨʝʜʝʣʷʶʪʩʷ, ʧʨʝʜʧʦʣʘʛʘʷ ʥʘʩʪʨʦʡʢʫ ʥʘ ʫʨʦʚʥʠ ʩ 1eF =, ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

( )
1 1

hfs hfs

jj j e gDw wD D= - + -D ,

 

(1.4.6) 

ʛʜʝ sn

hfD  ð ʯʘʩʪʦʪʳ ʩʚʝʨʭʪʦʥʢʠʭ ʨʘʩʱʝʧʣʝʥʠʡ ʫʨʦʚʥʝʡ n .  

ʉ ʫʯʝʪʦʤ ʟʘʤʝʥʳ (1.4.5) ʫʨʘʚʥʝʥʠʝ (1.1.2) ʟʘʧʠʩʳʚʘʝʪʩʷ ʧʦʵʣʝʤʝʥʪʥʦ, 

ʠʩʢʣʶʯʘʷ ʩʣʘʛʘʝʤʳʝ ʦʩʮʠʣʣʠʨʫʶʱʠʝ ʩ ʫʜʚʦʝʥʥʦʡ ʯʘʩʪʦʪʦʡ (
2 ( )j ji t k z

e
w° -

) ʚ 

ʨʘʤʢʘʭ ʧʨʠʙʣʠʞʝʥʠʷ ʚʨʘʱʘʶʱʝʡʩʷ ʚʦʣʥʳ: 

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

() () () () ()

*

3 3 ,

gg gg eg ge eg eg ee

g

e

gg ee

e

eg

e

g g g g eg

i VV

M d M d

r r r r

nr n r

r

n r

g

¡ ¡ ¡

¡

-

¡ ¡ ¡ ¡-

=

+

+ Ð

+

+ä

ä ñ

ä

ä ñ

ɡ ɡ ɡ ɡ ɡ ɡ

ɡ ɡ ɡ ɡ ɡ ɡ ɡ 
(1.4.7) 

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

() ()

*

3 ,

gee eeg ge

e

e

g

e e e e

ee eg eV

M d

i Vr r r r g n r

n r¡ ¡ ¡

¡

- +

¡+

+ = -

¡

Ð ä

ä ñ

ɡ ɡ ɡ ɡ ɡ ɡ

ɡ ɡ ɡ  

 

(1.4.8) 
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() () ( ) () ()

()

*

,
2

j j j j j j j

j

j

g e g e j e gg j g g g

g

e e

g e

ii Vr r r r

g
n r

¡ ¡

¡

+ -

÷

+ Ð =- D D

+

+

å õ
-æ ö
ç

äɡ ɡ ɡ ɡ ɡ ɡ

ɡ

k

 
(1.4.9) 

() () () ()( )

( ) () () () ()

1 2 1 2 1 2 1 2

1 2 1 2 1 2 1/2 1 2

r

*

1

f 3

2

g g g g

g g g g g

eg eg g e eg

g g

e

g S

V

i

i V

M d

r r r r

r nr n r

-

¡D

+ Ð =

- D D - ¡- + - + ñ

äɡ ɡ ɡ ɡ ɡ

qɡ ɡ ɡ ɡ ɡ ɡ, 
(1.4.10) 

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

() ()
1/2

*

ee 3z .

j j j j jj j j j j j j

j

j j

j

g g g g g g g g eg g g eg g g

S g g

e e

e

jj

i V V

M d g g

ir r w r r r nr

n r

¡ ¡ ¡ ¡ ¡ ¡ ¡

¡

+ Ð + - -

¡ ¡ ¡+

=

¸

ä

ñ

ɡ ɡ ɡ ɡ ɡ ɡ ɡ

ɡ ɡ ɡ, 
 

(1.4.11) 

ɿʜʝʩʴ ʚʚʝʜʝʥʳ ʦʙʦʟʥʘʯʝʥʠʷ: ( )
1

hfs mag hfs mag

i ijj ie e e eg g=D +D D-D +D ; 
11 2 2

mag mag

g g gg D= -D D ; mag

nD  

ð ʯʘʩʪʦʪʳ ʤʘʛʥʠʪʥʳʭ ʨʘʩʱʝʧʣʝʥʠʡ ʫʨʦʚʥʝʡ n  (ʦʮʝʥʠʚʘʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

ɹʨʝʡʪʘïʈʘʙʠ [119] ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʦ ʤʘʛʥʠʪʥʦʤʫ ʧʦʣʶ 

ʯʣʝʥʘ); g ð ʩʢʦʨʦʩʪʴ ʨʘʩʧʘʜʦʚ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ; egg  ð ʩʢʦʨʦʩʪʠ 

ʨʘʩʧʘʜʦʚ ʚʦʟʙʫʞʜʝʥʥʳʭ ʫʨʦʚʥʝʡ e  ʥʘ ʫʨʦʚʥʠ g ; ( ) /
j jegeg j jV E=d e  ð 

ʦʙʦʙʱʝʥʥʳʝ ʯʘʩʪʦʪʳ ʈʘʙʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʝʨʝʭʦʜʦʚ; nmn  ð ʯʘʩʪʦʪʳ 

ʩʪʦʣʢʥʦʚʝʥʠʡ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʧʝʨʝʭʦʜʘʤ n m­ ; n ð ʧʦʣʥʘʷ ʯʘʩʪʦʪʘ 

ʩʪʦʣʢʥʦʚʝʥʠʡ;
1/2

rf

Sn ,
1/2

zee

Sn  ð ʯʘʩʪʦʪʳ ʩʪʦʣʢʥʦʚʝʥʠʡ, ʧʨʠ ʢʦʪʦʨʳʭ ʥʝ ʧʨʦʠʩʭʦʜʠʪ 

ʨʘʟʨʫʰʝʥʠʷ ʨʘʜʠʦʯʘʩʪʦʪʥʳʭ ʠ ʟʝʝʤʘʥʦʚʩʢʠʭ ʢʦʛʝʨʝʥʪʥʦʩʪʝʡ ʤʝʞʜʫ 

ʧʦʜʫʨʦʚʥʷʤʠ 1/2S  ʩʦʩʪʦʷʥʠʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʧʦʩʣʝʜʥʷʷ ʚ ʨʘʩʯʝʪʘʭ ʧʦʣʘʛʘʝʪʩʷ 

ʨʘʚʥʦʡ n); am am

nmnmw w w= - ; 1,...,8g= ; 9,...,16.e=  ɿʜʝʩʴ ʠʥʪʝʛʨʘʣʳ ʩʪʦʣʢʥʦʚʝʥʠʡ 

ʟʘʧʠʩʘʥʳ ʚ ʤʦʜʝʣʠ ʩʠʣʴʥʳʭ ʩʪʦʣʢʥʦʚʝʥʠʡ [1], ʘ ʫʨʘʚʥʝʥʠʷ ʜʣʷ 

ʢʦʛʝʨʝʥʪʥʦʩʪʝʡ ʤʝʞʜʫ ʧʦʜʫʨʦʚʥʷʤʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 
eer¡

 

ʦʪʙʨʦʰʝʥʳ ʚ ʨʘʤʢʘʭ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ  (
egV n). ɿʥʘʯʝʥʠʷ 

ʢʦʥʩʪʘʥʪ ʜʣʷ ʘʪʦʤʘ 
87

Rb ʟʘʠʤʩʪʚʦʚʘʥʳ ʠʟ ʨʘʙʦʪʳ [120]. 

ʀʩʧʦʣʴʟʫʷ ʤʦʜʝʣʴ, ʚ ʢʦʪʦʨʦʡ ʘʪʦʤʥʳʝ ʥʘʩʝʣʝʥʥʦʩʪʠ ʧʦʩʣʝ 

ʩʪʦʣʢʥʦʚʝʥʠʡ ʦʢʘʟʳʚʘʶʪʩʷ ʨʘʚʥʦʤʝʨʥʦ ʧʝʨʝʤʝʰʘʥʥʳʤʠ ʧʦ ʦʩʥʦʚʥʦʤʫ ʠ 
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ʚʦʟʙʫʞʜʝʥʥʦʤʫ ʤʫʣʴʪʠʧʣʝʪʘʤ [1, ʧʘʨʘʛʨʘʬ 4], ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʯʘʩʪʦʪʳ nmn  ʩ 

ʧʦʣʥʦʡ ʯʘʩʪʦʪʦʡ ʩʪʦʣʢʥʦʚʝʥʠʡ n ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

( )

1/2

rf

rf

,

,
1

1

S

g g

g g

g g
N

n h

n h n¡

ë ¡=
î
=

¡̧

-

ì
î

-í , 

( )

1/2

rf opt

rf

,

,
1

1

P

e e

e e

e e
N

n h h

n h n¡

ë ¡- =
î
=ì

¡̧î
-

¡-

í

¡

,
 

(1.4.12) 

ʛʜʝ 
1/2 1/2

8PSN N= = ð ʢʦʣʠʯʝʩʪʚʘ ʧʦʜʫʨʦʚʥʝʡ  1/2S  ʠ 1/2P  ʩʦʩʪʦʷʥʠʡ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; rfh , opth  ð ʜʦʣʠ ʩʪʦʣʢʥʦʚʝʥʠʡ, ʧʨʠʚʦʜʷʱʠʭ ʢ 

ʧʝʨʝʤʝʰʠʚʘʥʠʶ ʥʘʩʝʣʝʥʥʦʩʪʝʡ ʤʝʞʜʫ ʧʦʜʫʨʦʚʥʷʤʠ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʢ 

ʪʫʰʝʥʠʶ ʚʦʟʙʫʞʜʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; opth  ð ʜʦʣʷ ʩʪʦʣʢʥʦʚʝʥʠʡ, 

ʧʨʠʚʦʜʷʱʠʭ ʢ ʪʫʰʝʥʠʶ ʚʦʟʙʫʞʜʝʥʠʷ. 

ɼʘʣʴʥʝʡʰʝʝ ʨʘʩʩʤʦʪʨʝʥʠʝ, ʢʘʢ ʠ ʨʘʥʝʝ, ʙʫʜʝʪ ʦʛʨʘʥʠʯʠʚʘʪʴʩʷ 

ʧʨʠʙʣʠʞʝʥʠʷʤʠ ʧʣʦʩʢʦʛʦ ʬʨʦʥʪʘ ʚʦʣʥʳ, ʤʘʣʦʩʪʠ ʜʠʬʨʘʢʮʠʠ ʧʦʣʷ ʥʘ ʢʨʘʷʭ 

ʩʨʝʜʳ, ʘ ʪʘʢʞʝ ʦʜʥʦʨʦʜʥʦʩʪʠ ʝʸ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʂʨʦʤʝ ʪʦʛʦ, ʙʫʜʝʪ 

ʧʨʝʥʝʙʨʝʛʘʪʴʩʷ ʵʬʬʝʢʪʘʤʠ ʜʠʬʬʫʟʠʠ, ʩʯʠʪʘʷ, ʯʪʦ ʜʣʠʥʘ ʜʠʬʬʫʟʠʠ ʟʘ ʚʨʝʤʷ 

ʚʦʟʙʫʞʜʝʥʠʷ ʤʥʦʛʦ ʤʝʥʴʰʝ ʭʘʨʘʢʪʝʨʥʳʭ ʨʘʟʤʝʨʦʚ ʩʨʝʜʳ. ɺʩʝ ʵʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʥʝʙʨʝʯʴ ʟʘʚʠʩʠʤʦʩʪʴʶ ʤʘʪʨʠʮʳ ʧʣʦʪʥʦʩʪʠ ʦʪ ʢʦʦʨʜʠʥʘʪ ʚ ʧʦʧʝʨʝʯʥʳʭ 

ʣʘʟʝʨʥʦʤʫ ʣʫʯʫ ʥʘʧʨʘʚʣʝʥʠʷʭ: Ĕ Ĕ( , , )z tr r= ɡ . 

ɼʘʣʝʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʝʨʝʭʦʜ ʢ ʨʝʜʫʮʠʨʦʚʘʥʥʦʡ ʤʘʪʨʠʮʝ ʧʣʦʪʥʦʩʪʠ 

3( , ) ( ,, )nm nmz t z t dr r=ñ ɡ ɡ (ʩʠʤʚʦʣ ç~è ʥʘʜ ʙʫʢʚʦʡ ʜʣʷ ʩʣʫʯʘʝʚ n m̧ ʩʥʦʚʘ 

ʦʧʫʱʝʥ) ʧʫʪʝʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ ʧʦ ʩʢʦʨʦʩʪʷʤ. ʇʨʠ ʵʪʦʤ, 

ʠʩʧʦʣʴʟʫʷ ʧʨʠʙʣʠʞʝʥʠʝ ʩʣʘʙʳʭ ʧʦʣʝʡ, ʩʢʦʨʦʩʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʥʘʩʝʣʝʥʥʦʩʪʝʡ ʦʩʥʦʚʥʳʭ ʩʦʩʪʦʷʥʠʡ ( )ggr ɡ ʠ ʢʦʛʝʨʝʥʪʥʦʩʪʝʡ ʤʝʞʜʫ 

ʤʘʛʥʠʪʥʳʤʠ ( )
j jg gr ¡ɡ ʠ ʩʚʝʨʭʪʦʥʢʠʤʠ 

1 2
( )g gr ɡ ʧʦʜʫʨʦʚʥʷʤʠ ʦʩʥʦʚʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʤʦʞʥʦ ʧʨʠʙʣʠʞʝʥʥʦ ʩʯʠʪʘʪʴ ʤʘʢʩʚʝʣʣʦʚʩʢʠʤʠ: 

( ) ( ) ( )., , ,gg ggz Mt z tr r¡ ¡=ɡ ɡ

 

(1.4.13) 

ɼʘʥʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʝʜʧʦʣʘʛʘʝʤʳʤʠ ʫʟʦʩʪʴʶ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʰʠʨʠʥʳ ʣʠʥʠʠ ʠʟʣʫʯʝʥʠʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʦʧʣʝʨʦʚʩʢʦʡ ʰʠʨʠʥʦʡ, ʤʘʣʳʤʠ ʧʦ 
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ʩʨʘʚʥʝʥʠʶ ʩ g ʯʘʩʪʦʪʘʤʠ ʈʘʙʠ, ʘ ʪʘʢʞʝ ʜʣʠʪʝʣʴʥʳʤ ʚʨʝʤʝʥʝʤ ʞʠʟʥʠ 

ʢʦʛʝʨʝʥʪʥʦʩʪʝʡ ʤʝʞʜʫ ʧʦʜʫʨʦʚʥʷʤʠ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ ʫʨʘʚʥʝʥʠʡ (1.4.7), (1.4.8), (1.4.10), (1.4.11) ʧʦ 

ʩʢʦʨʦʩʪʷʤ ʜʘʝʪ: 

( )
1/2 1/2

rf 8
rf

16
*

19

,
1j j j j j j j jg g eg g e eg

e

ceg g g

g

ex g g

S
g g

S

V V
N N

i
g
r

h n
r r r h nr r

=
¡

¡ ¡

¡=
¸

¡
- - +=

-
+ ää

 (1.4.14) 

( )
16 8

*

9 1

,exc eg eeg ge e cg

e g

xi V Vr r r gr
= =

- ¡= -ää

 

(1.4.15) 

( ) ( )( )
1 2 1 2 1 2 1 2 1 2

16
*

1 2 12

9

,eg eg g e eg g

e

g g g g gV ii Vr r r g r
=

= - - +D+- D Dä
 

(1.4.16) 

( )
16

*

9

,
j j j j jj j j j jeg eg eg g g eg g g g

e

gi V V ir r r w r¡

=

¡ ¡ ¡ ¡- +=ä

 

(1.4.17) 

ʛʜʝ exc e

e

er r=ä  ð ʩʫʤʤʘʨʥʘʷ ʥʘʩʝʣʝʥʥʦʩʪʴ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ; 

optg g nh¡= +  ð ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʟʘ ʩʯʝʪ ʩʪʦʣʢʥʦʚʝʥʠʡ ʩʢʦʨʦʩʪʴ ʨʘʩʧʘʜʦʚ 

ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ; 
1/2

r

12

f

Sg n n-=  ð ʩʢʦʨʦʩʪʴ ʩʪʦʣʢʥʦʚʠʪʝʣʴʥʳʭ 

ʨʘʩʧʘʜʦʚ ʨʘʜʠʦʯʘʩʪʦʪʥʳʭ ʢʦʛʝʨʝʥʪʥʦʩʪʝʡ ʤʝʞʜʫ ʩʚʝʨʭʪʦʥʢʠʤʠ ʧʦʜʫʨʦʚʥʷʤʠ 

ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʜʘʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩʣʘʛʘʝʤʳʝ ʩ 

ʛʨʘʜʠʝʥʪʘʤʠ ʚ ʣʝʚʳʭ ʯʘʩʪʷʭ ʫʨʘʚʥʝʥʠʡ (1.4.7), (1.4.8), (1.4.10), (1.4.11), ʘ 

ʪʘʢʞʝ ʩʣʘʛʘʝʤʦʝ ʚ (1.4.10), ʫʯʠʪʳʚʘʶʱʝʝ ʦʩʪʘʪʦʯʥʳʡ ʜʦʧʣʝʨʦʚʩʢʠʡ ʩʜʚʠʛ 

,qɡ ʠʩʯʝʟʘʶʪ ʚʩʣʝʜʩʪʚʠʝ ʧʨʠʙʣʠʞʝʥʠʷ (1.4.13). ɿʜʝʩʴ ʧʨʠ ʧʦʣʫʯʝʥʠʠ 

ʫʨʘʚʥʝʥʠʷ (1.4.14) ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʣʫʯʘʡ ʧʦʣʥʦʡ ʩʪʦʣʢʥʦʚʠʪʝʣʴʥʦʡ 

ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʧʨʝʜʧʦʣʘʛʘʷ  rfh n g¡ ¡, ʯʪʦ ʠʤʝʝʪ 

ʤʝʩʪʦ ʜʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʙʫʬʝʨʥʦʛʦ ʛʘʟʘ [96, 121]. ʉʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʪʘʢʠʭ ʜʘʚʣʝʥʠʡ ʩʪʦʣʢʥʦʚʠʪʝʣʴʥʦʝ ʫʰʠʨʝʥʠʝ ʣʠʥʠʠ 

ʩʪʘʥʦʚʠʪʩʷ ʩʦʠʟʤʝʨʠʤʦ ʩ ʯʘʩʪʦʪʦʡ ʩʚʝʨʭʪʦʥʢʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʚʦʟʙʫʞʜʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ. 
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ɺ ʫʨʘʚʥʝʥʠʷʭ (1.4.9) ʧʝʨʝʭʦʜ ʢ ʨʝʜʫʮʠʨʦʚʘʥʥʳʤ ʵʣʝʤʝʥʪʘʤ ʤʘʪʨʠʮʳ 

ʧʣʦʪʥʦʩʪʠ ʧʫʪʝʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ ʧʦ ʩʢʦʨʦʩʪʷʤ ʘʥʘʣʠʪʠʯʝʩʢʠ 

ʥʝʚʦʟʤʦʞʝʥ ʚʚʠʜʫ ʥʘʣʠʯʠʷ ʜʦʧʣʝʨʦʚʩʢʠʭ ʩʣʘʛʘʝʤʳʭ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʭ jk ɡ. 

ʇʦʵʪʦʤʫ ʦʧʪʠʯʝʩʢʠʝ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʚʳʨʘʞʘʶʪʩʷ ʩʥʘʯʘʣʘ ʯʝʨʝʟ ʢʚʘʜʨʘʪʫʨʳ ʠ 

ʟʘʪʝʤ ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʧʦ ʩʢʦʨʦʩʪʷʤ: 

( )( )( )*

0

( ) ( ( )exp ,) ( )
j i j j i j j i

j

t

g g g g

g

g e e e jji V Mt dt it td ttr r¡

¤

-¤

¡

¡

¡ ¡ ¡ + -è ø¡ ¡= - D D +G -
é ùê úäñ ñ k ɡu u

  
(1.4.18) 

ʛʜʝ / 2g n¡G= + . 

ʀʥʪʝʛʨʠʨʦʚʘʥʠʷ (1.4.18) ʧʦ ʩʢʦʨʦʩʪʠ ʜʘʝʪ: 

( ) ( )( )
2 *

0

2 2

( ) exp ȹ ũ .( ) ( )
4j jii j i j j

j

t
T

g ee g ge gg j

g

jk
t dt t t i i t Vt t tir r

u
¡ ¡

¡

è ø
¡ ¡ ¡ ¡ ¡ ¡= - - - + + -é ù
é ùê ú

D äñ
  

(1.4.19) 

ʇʦʜʩʪʘʥʦʚʢʘ (1.4.19) ʚ (1.4.14)ï(1.4.17) ʧʨʠʚʦʜʠʪ ʢ ʩʠʩʪʝʤʝ ʠʥʪʝʛʨʦ-

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ɺʦʣʴʪʝʨʨʳ 2-ʛʦ ʨʦʜʘ, ʢʦʪʦʨʘʷ ʜʦʧʫʩʢʘʝʪ 

ʜʘʣʴʥʝʡʰʝʝ ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ. 
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1.5. ɺʳʚʦʜʳ ʢ ʛʣʘʚʝ 1 

1. ɺʳʚʝʜʝʥʘ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʤʘʪʨʠʮʳ ʧʣʦʪʥʦʩʪʠ (1.1.21)ï

(1.1.27), ʦʧʠʩʳʚʘʶʱʝʡ ʵʚʦʣʶʮʠʶ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʜʚʠʞʫʱʠʭʩʷ 

ʯʝʪʳʨʝʭʫʨʦʚʥʝʚʳʭ ʘʪʦʤʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʛʦ ʨʝʟʦʥʘʥʩʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ. ʇʦʣʫʯʝʥʦ ʦʙʱʝʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʜʘʥʥʦʡ 

ʩʠʩʪʝʤʳ ʜʣʷ ʩʣʫʯʘʷ ʦʪʩʫʪʩʪʚʠʷ ʙʫʬʝʨʥʦʛʦ ʛʘʟʘ ʚ ʤʝʪʦʜʝ ʧʨʦʙʥʦʛʦ 

ʧʦʣʷ, ʫʯʠʪʳʚʘʶʱʝʝ ʩʪʦʣʢʥʦʚʝʥʠʷ ʘʪʦʤʦʚ ʩ ʪʦʨʮʝʚʳʤʠ ʩʪʝʥʢʘʤʠ 

ʷʯʝʡʢʠ. ʏʘʩʪʥʳʡ ʚʠʜ ʜʘʥʥʳʭ ʨʝʰʝʥʠʡ ʚʳʚʝʜʝʥ ʚʦ ʚʪʦʨʦʡ ʯʘʩʪʠ 

ʛʣʘʚʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ. 

2. ʅʘ ʦʩʥʦʚʝ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʚʦʣʥʦʚʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʨʦʠʟʚʝʜʝʥ ʚʳʚʦʜ 

ʫʨʘʚʥʝʥʠʡ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (1.3.8). 

ɼʦʧʦʣʥʝʥʥʘʷ ʠʤ ʩʠʩʪʝʤʘ (1.1.21)ï(1.1.27) ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʳʚʘʪʴ 

ʵʚʦʣʶʮʠʶ ʦʧʪʠʯʝʩʢʠ ʧʣʦʪʥʳʭ ʘʪʦʤʥʳʭ ʩʨʝʜ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʜʚʫʭʯʘʩʪʦʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

3. ʇʦʣʫʯʝʥʳ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʤʘʪʨʠʮʳ ʧʣʦʪʥʦʩʪʠ (1.4.14)ï(1.4.17), 

ʦʙʦʙʱʘʶʱʠʝ ʠʟʣʦʞʝʥʥʫʶ ʚʳʰʝ ʪʝʦʨʠʶ, ʥʘ ʩʣʫʯʘʡ ʧʦʣʥʦʡ 

ʥʝʚʳʨʦʞʜʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʘʪʦʤʥʳʭ ʫʨʦʚʥʝʡ. ɼʘʥʥʳʝ 

ʫʨʘʚʥʝʥʠʷ ʩʦʜʝʨʞʘʪ ʧʘʨʘʤʝʪʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʧʦʣʷʨʠʟʘʮʠʶ 

ʚʥʝʰʥʝʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʧʨʠʣʦʞʝʥʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. 
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ɻʣʘʚʘ 2 

ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʧʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ʩʨʝʜʳ ʥʘ ʬʦʨʤʫ ʠ ʩʜʚʠʛʠ 

ʨʝʟʦʥʘʥʩʦʚ ʢʦʛʝʨʝʥʪʥʦʛʦ ʧʣʝʥʝʥʠʷ 

ʥʘʩʝʣʝʥʥʦʩʪʝʡ, ʜʝʪʝʢʪʠʨʫʝʤʳʭ ʤʝʪʦʜʦʤ ʈɻʤʩʠ 

ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʵʬʬʝʢʪʘ ʂʇʅ ʚ ʛʘʟʦʚʳʭ ʷʯʝʡʢʘʭ ʚ ʩʭʝʤʝ ʈʘʤʘʥʘ ï ʈɻʤʩʠ (ʩʤ., ʥʘʧʨ., [84 ï 

93]), ʦʥʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ ʷʚʣʷʶʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ. 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʧʨʦʩʪʝʡʰʠʤʠ 

ʪʨʝʭʫʨʦʚʥʝʚʳʤʠ ʤʦʜʝʣʷʤʠ ʦʧʪʠʯʝʩʢʠ ʪʦʥʢʠʭ ʩʨʝʜ ʥʝʧʦʜʚʠʞʥʳʭ ʘʪʦʤʦʚ. 

ʆʜʥʘʢʦ, ʢʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʜʘʣʝʝ, ʫʯʝʪ ʜʚʠʞʝʥʠʷ ʘʪʦʤʦʚ ʩʨʝʜʳ ʠ ʝʸ 

ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʱʠʤʩʷ 

ʨʝʟʫʣʴʪʘʪʘʤ. 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʙʫʜʫʪ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ 

ʨʝʟʦʥʘʥʩʥʳʭ ʢʦʥʪʫʨʦʚ ʂʇʅ, ʜʝʪʝʢʪʠʨʫʝʤʳʭ ʤʝʪʦʜʦʤ ʠʤʧʫʣʴʩʥʦʛʦ 

ʚʦʟʙʫʞʜʝʥʠʷ ʈʤɻʩʠ, ʚʳʧʦʣʥʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʧʨʠʚʝʜʝʥʥʦʡ ʚ ʛʣʘʚʝ 1 

ʜʣʷ ʤʦʜʝʣʴʥʦʡ ʯʝʪʳʨʝʭʫʨʦʚʥʝʚʦʡ ʩʭʝʤʳ ʚʦʟʙʫʞʜʝʥʠʷ. ɺ ʨʘʟʜʝʣʝ 2.1 

ʧʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ ʩʭʝʤʳ ʈɻʤʩʠ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. ɺ 

ʨʘʟʜʝʣʝ 2.2 ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʦʧʪʠʯʝʩʢʠ ʪʦʥʢʠʝ ʠ ʦʧʪʠʯʝʩʢʠ ʧʣʦʪʥʳʝ 

ʘʥʩʘʤʙʣʠ ʥʝʧʦʜʚʠʞʥʳʭ ʘʪʦʤʦʚ. ɺ ʨʘʟʜʝʣʝ 2.3 ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩ 

ʚʦʟʙʫʞʜʝʥʠʷ ʨʝʟʦʥʘʥʩʦʚ ʚ ʦʧʪʠʯʝʩʢʠ ʧʣʦʪʥʳʭ ʠ ʦʧʪʠʯʝʩʢʠ ʪʦʥʢʠʭ ʷʯʝʡʢʘʭ 

ʜʚʠʞʫʱʠʭʩʷ ʘʪʦʤʦʚ ʧʨʠ ʥʘʣʠʯʠʠ ʙʫʬʝʨʥʦʛʦ ʛʘʟʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʡ ʛʣʘʚʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʨʘʙʦʪʘʭ [ɸ1ïɸ3, ɸ9ïɸ14]. 
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2.1. ʉʭʝʤʘ ʈɻʤʩʠ 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʚʝʜʝʥʠʷ ʨʝʟʦʥʘʥʩʦʚ 

ʂʇʅ, ʜʝʪʝʢʪʠʨʫʝʤʳʭ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤ ʤʝʪʦʜʦʤ ʈɻʤʩʠ, ʠʣʠ ʤʝʪʦʜʦʤ 

ʨʘʟʥʝʩʝʥʥʳʭ ʧʦʣʝʡ [81]. ʉʫʪʴ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʜʘʯʝ ʚʥʝʰʥʝʛʦ ʧʦʣʷ ʥʝ 

ʥʝʧʨʝʨʳʚʥʦ, ʘ ʨʘʟʥʝʩʝʥʥʳʤʠ ʚʦ ʚʨʝʤʝʥʠ ʠʤʧʫʣʴʩʘʤʠ.  

 

ʈʠʩ. 2.1.1. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʛʠʙʘʶʱʠʭ ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ ʧʨʠ ʩʭʝʤʝ 

ʦʧʨʦʩʘ ʈɻʤʩʠ. 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʣʫʯʘʡ ʠʤʧʫʣʴʩʦʚ ʩ ʜʚʫʤʷ ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ 

ʦʛʠʙʘʶʱʠʤʠ ʜʣʠʪʝʣʴʥʦʩʪʷʤʠ pt  ʠ t ʨʘʟʜʝʣʝʥʥʳʤʠ ʚʦ ʚʨʝʤʝʥʠ ʪʝʤʥʦʚʦʡ 

ʧʘʫʟʦʡ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 
dT  (ʨʠʩʫʥʦʢ 2.1.1). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʤʧʣʠʪʫʜʳ ʚ (1.1.1) 

ʟʘʚʠʩʷʪ ʦʪ ʚʨʝʤʝʥʠ ʥʘ ʚʭʦʜʝ ʚ ʩʨʝʜʫ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

0 0 0( , ) ( ) ( , 1,2,( ) ( ) ) ( )dj p p pj dt t t TE z Tz t E jtq q t q t q t tè ø= - - - =ê ú- - + - - -  (2.1.1) 

ʛʜʝ ( )tq  ð ʬʫʥʢʮʠʷ ʍʝʚʠʩʘʡʜʘ, 0( )jE z  ð ʘʤʧʣʠʪʫʜʳ ʠʤʧʫʣʴʩʦʚ, ʟʘʚʠʩʷʱʠʝ 

ʦʪ ʢʦʦʨʜʠʥʘʪʳ; 
0 0z =  ð ʢʦʦʨʜʠʥʘʪʘ ʥʘʯʘʣʘ ʩʨʝʜʳ. ɺ ʩʣʫʯʘʝ ʦʧʪʠʯʝʩʢʠ 

ʪʦʥʢʦʡ ʩʨʝʜʳ ʩʦʦʪʥʦʰʝʥʠʝ (2.1.1) ʧʨʠʙʣʠʞʝʥʥʦ ʠʤʝʝʪ ʤʝʩʪʦ ʥʘ ʚʩʝʤ ʝʸ 

ʧʨʦʪʷʞʝʥʠʠ (
0z zº ). 

ʇʝʨʚʳʡ ʥʘʢʘʯʠʚʘʶʱʠʡ ʠʤʧʫʣʴʩ ʠʤʝʝʪ ʜʣʠʪʝʣʴʥʦʩʪʴ, ʜʦʩʪʘʪʦʯʥʫʶ ʜʣʷ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʂʇʅ ʚ ʘʥʩʘʤʙʣʝ (2

0p jt gW ). ɺ 
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ʪʝʯʝʥʠʝ ʪʝʤʥʦʚʦʡ ʧʘʫʟʳ ʫʩʧʝʚʘʶʪ ʨʘʟʨʫʰʠʪʴʩʷ ʢʘʢ ʚʩʝ ʥʘʩʝʣʝʥʥʦʩʪʠ 

ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʪʘʢ ʠ ʚʩʝ ʢʦʛʝʨʝʥʪʥʦʩʪʠ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʝ ʚʨʝʤʷ ʞʠʟʥʠ: 

1 1 1

12max{ } ., dTg- - -G G  (2.1.2) 

ɺʪʦʨʦʡ ʢʦʨʦʪʢʠʡ ʠʤʧʫʣʴʩ ʜʝʪʝʢʪʠʨʫʝʪ ʩʠʩʪʝʤʫ ʚ ʩʦʩʪʦʷʥʠʠ ʂʇʅ. 

ʅʠʟʢʦʯʘʩʪʦʪʥʘʷ ʢʦʛʝʨʝʥʪʥʦʩʪʴ 
12r  ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʪʝʤʥʦʚʦʡ ʧʘʫʟʳ ʙʫʜʝʪ 

ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʪʴ, ʠʟʤʝʥʷʷ ʩʚʦʶ ʬʘʟʫ ʥʘ ʚʝʣʠʯʠʥʫ 
dTdÖ . ɽʩʣʠ ʢ ʤʦʤʝʥʪʫ 

ʥʘʩʪʫʧʣʝʥʠʷ ʩʯʠʪʳʚʘʶʱʝʛʦ ʠʤʧʫʣʴʩʘ 
12r  ʙʫʜʝʪ ʥʘʭʦʜʠʪʩɹʷ ʚ ʬʘʟʝ ʩ ʧʦʣʝʤ, ʪʦ 

ʝʩʪʴ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ ,  1,2,...2dT p pd p == , ʪʦ ʩʠʩʪʝʤʘ ʧʨʦʜʦʣʞʠʪ 

ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʩʦʩʪʦʷʥʠʠ ʂʇʅ. ɽʩʣʠ ʞʝ 
12r  ʦʢʘʞʝʪʩʷ ʚ ʧʨʦʪʠʚʦʬʘʟʝ ʩ 

ʠʟʣʫʯʝʥʠʝʤ, ʪʦ ʟʘ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ ʧʦʨʷʜʢʘ 1-G  ʧʦʣʝ ʥʘʚʷʞʝʪ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ 

ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʩʚʦʶ ʬʘʟʫ, ʨʘʟʨʫʰʠʚ ʧʨʠ ʵʪʦʤ ʩʦʩʪʦʷʥʠʝ ʂʇʅ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ d, ʩʠʩʪʝʤʘ ʙʫʜʝʪ ʣʠʙʦ ʚʦʟʙʫʞʜʘʪʴʩʷ, ʣʠʙʦ 

ʦʩʪʘʚʘʪʴʩʷ ʚ ʧʣʝʥʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʂʦʥʪʫʨ ʨʝʟʦʥʘʥʩʘ ʂʇʅ ʧʨʠ ʵʪʦʤ ʧʨʠʤʝʪ 

ʚʠʜ ʛʨʝʙʝʥʢʠ ʫʟʢʠʭ ʧʠʢʦʚ (ʩʤ. ʨʠʩʫʥʦʢ 2.1.2), ʰʠʨʠʥʘ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʪʝʤʥʦʚʦʡ ʧʘʫʟʳ, ʢʘʢ / dTp . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʫʚʝʣʠʯʠʚʘʷ ʚʝʣʠʯʠʥʫ 
dT , ʦʩʪʘʚʘʷʩʴ ʚ ʧʨʝʜʝʣʘʭ ʩʦʦʪʥʦʰʝʥʠʷ (2.1.2), ʚʦʟʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʥʘʙʦʨ ʨʝʟʦʥʘʥʩʦʚ, ʠʤʝʶʱʠʭ ʰʠʨʠʥʫ ʤʥʦʛʦ ʤʝʥʴʰʫʶ, ʯʝʤ ʰʠʨʠʥʘ 

ʨʝʟʦʥʘʥʩʘ ʂʇʅ, ʜʝʪʝʢʪʠʨʫʝʤʦʛʦ ʥʝʧʨʝʨʳʚʥʳʤ ʠʟʣʫʯʝʥʠʝʤ.  
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ʈʠʩ. 2.1.2. ʍʘʨʘʢʪʝʨʥʳʡ ʚʠʜ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʥʘʩʝʣʝʥʥʦʩʪʠ 

ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʪ ʜʚʫʭʬʦʪʦʥʥʦʡ ʦʪʩʪʨʦʡʢʠ ʜʣʷ ʩʣʫʯʘʝʚ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʂʇʅ ʥʝʧʨʝʨʳʚʥʳʤ ʠʟʣʫʯʝʥʠʝʤ (ʧʫʥʢʪʠʨʥʘʷ ʢʨʠʚʘʷ) ʠ 

ʤʝʪʦʜʦʤ ʈɻʤʩʠ (ʩʧʣʦʰʥʘʷ ʢʨʠʚʘʷ). 

2.2. ɸʥʩʘʤʙʣʴ ʥʝʧʦʜʚʠʞʥʳʭ ʘʪʦʤʦʚ 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ 

ʪʝʦʨʠʠ, ʧʦʩʪʨʦʝʥʥʦʡ ʚ ʨʘʟʜʝʣʘʭ 1.1 ʠ 1.3, ʚ ʧʨʝʜʝʣʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ɼʣʷ 

ʵʪʦʛʦ ʚ ʩʠʩʪʝʤʝ (1.1.21)ï(1.1.25) ʩ ʫʯʝʪʦʤ (1.1.28) ʠ (1.1.29) ʥʝʦʙʭʦʜʠʤʦ 

ʧʝʨʝʡʪʠ ʢ ʧʨʝʜʝʣʘʤ 0T­ , 0n­  ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʥʘʩʝʣʝʥʥʦʩʪʠ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ 
exc 33 44r r r= +  ʦʪ ʜʚʫʭʬʦʪʦʥʥʦʡ 

ʦʪʩʪʨʦʡʢʠ d ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʣʘʟʝʨʥʦʡ ʥʘʢʘʯʢʠ ʠ ʘʪʦʤʥʦʛʦ 

ʘʥʩʘʤʙʣʷ. 

2.2.1. ʆʧʪʠʯʝʩʢʠ ʪʦʥʢʠʡ ʘʥʩʘʤʙʣʴ 

ɺ ʩʠʣʫ ʦʧʪʠʯʝʩʢʦʡ ʪʦʥʢʦʩʪʠ ʢʦʦʨʜʠʥʘʪʥʳʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʤʘʪʨʠʮʳ 

ʧʣʦʪʥʦʩʪʠ ʠ ʘʤʧʣʠʪʫʜ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. ʇʦʣʫʯʝʥʥʘʷ 
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ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (1.1.21)ï(1.1.25) ʩ ʫʯʝʪʦʤ (1.1.28) ʠ (1.1.29) 

ʜʦʧʫʩʢʘʝʪ ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʤʝʪʦʜʦʤ ʈʫʥʛʝïʂʫʪʪʳ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ. 

ʅʘ ʨʠʩʫʥʢʝ 2.2.1(ʘ) ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʦʨʤʘ ʨʝʟʦʥʘʥʩʘ ʈɻʤʩʠ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʦʪʥʦʰʝʥʠʡ 
2p  ʤʘʪʨʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ. ʇʨʠ 

ʫʤʝʥʴʰʝʥʠʠ 
2p  ʚ ʩʠʩʪʝʤʝ ʚʦʟʥʠʢʘʝʪ ʘʩʠʤʤʝʪʨʠʷ, ʩʚʷʟʘʥʥʘʷ ʩ ʪʝʤ, ʯʪʦ ʥʘ 

ʧʝʨʝʭʦʜʘʭ  1 4ª  ʠ  2 4ª  ʜʝʡʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʯʘʩʪʦʪʳ ʈʘʙʠ (
1W  ʠ 

2 1p ÖW ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʂʘʢ ʠʟʚʝʩʪʥʦ [122], ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʘʪʦʤʥʳʤ ʧʝʨʝʭʦʜʦʤ ʚʳʟʳʚʘʝʪ ʩʜʚʠʛ S ʵʪʦʛʦ ʧʝʨʝʭʦʜʘ, 

ʦʧʨʝʜʝʣʷʝʤʳʡ ʚʳʨʘʞʝʥʠʝʤ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤ ʜʠʩʧʝʨʩʠʦʥʥʦʤʫ ʢʦʥʪʫʨʫ ʠ 

ʢʚʘʜʨʘʪʫ ʤʦʜʫʣʷ ʯʘʩʪʦʪʳ ʈʘʙʠ ɋ: 

2

2 24 / 4
S
W D
=

D +G
, (2.2.1) 

ʛʜʝ ȹ ð ʦʪʩʪʨʦʡʢʘ ʦʪ ʜʘʥʥʦʛʦ ʧʝʨʝʭʦʜʘ, ũ ïðʰʠʨʠʥʘ ʣʠʥʠʠ 

ʧʦʛʣʦʱʝʥʠʷ. 

ʇʦʩʢʦʣʴʢʫ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʥʘʩʪʨʦʝʥʳ ʥʘ ʫʨʦʚʝʥʴ 3 , 

ʜʚʫʭʬʦʪʦʥʥʘʷ ʦʪʩʪʨʦʡʢʘ 
34d w. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʣʝʡ ʩ ʩʦʩʪʦʷʥʠʝʤ 4  

ʚʳʟʳʚʘʝʪ ʩʜʚʠʛʠ ʫʨʦʚʥʝʡ 1  ʠ 2 . ɹʣʘʛʦʜʘʨʷ ʚʦʟʥʠʢʘʶʱʝʡ ʘʩʠʤʤʝʪʨʠʠ 

ʩʜʚʠʛʠ ʵʪʠ ʨʘʟʣʠʯʥʳ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʦʟʥʠʢʘʝʪ ʩʜʚʠʛ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ 

ʧʝʨʝʭʦʜʘ 1 2ª  (ʨʠʩʫʥʦʢ 2.2.1(ʙ)). ʕʪʦ ʚʝʜʝʪ ʢ ʠʟʤʝʥʝʥʠʶ ʧʦʣʦʞʝʥʠʷ 

ʤʠʥʠʤʫʤʘ ʨʝʟʦʥʘʥʩʘ ʥʘ ʨʠʩʫʥʢʝ 2.2.1(ʘ). 
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ʈʠʩ. 2.2.1. (a) ð ʬʦʨʤʘ ʨʝʟʦʥʘʥʩʘ ʈɻʤʩʠ ʧʦ ʩʠʛʥʘʣʫ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʤʘʪʨʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ 
2p  ʧʨʠ 

1 1p = ; (ʙ) ð ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʩʚʝʪʦʚʦʛʦ ʩʜʚʠʛʘ S ʦʪ 
2p . ɼʣʠʪʝʣʴʥʦʩʪʴ 

ʩʯʠʪʳʚʘʶʱʝʛʦ ʠʤʧʫʣʴʩʘ 110t g-= , ʪʝʤʥʦʚʦʡ ʧʘʫʟʳ 8 ʤʩdT = , ʯʘʩʪʦʪʳ ʈʘʙʠ ʥʘ 

ʚʭʦʜʝ ʚ ʩʨʝʜʫ (ʚ ʧʠʢʝ ʠʤʧʫʣʴʩʘ) 
1 2 0.01gW =W = , ʨʘʩʱʝʧʣʝʥʠʝ ʫʨʦʚʥʝʡ 

ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 
34 0.6w g= . 
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ʈʠʩ. 2.2.2. (ʘ) ð ʬʦʨʤʘ ʨʝʟʦʥʘʥʩʘ ʈɻʤʩʠ ʧʦ ʩʠʛʥʘʣʫ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʚʝʣʠʯʠʥ ʨʘʩʱʝʧʣʝʥʠʷ 
34w  ʜʣʷ 

2 0.8p = ; (ʙ) ð ʟʘʚʠʩʠʤʦʩʪʴ 

ʚʝʣʠʯʠʥʳ ʩʚʝʪʦʚʦʛʦ ʩʜʚʠʛʘ S ʦʪ 
34w  ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

2p . ʆʩʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʪʝ ʞʝ, ʯʪʦ ʥʘ ʨʠʩʫʥʢʝ 2.2.1. 
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ʈʠʩ. 2.2.3. (ʘ) ð ʬʦʨʤʘ ʨʝʟʦʥʘʥʩʘ ʈɻʤʩʠ ʧʦ ʩʠʛʥʘʣʫ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʜʣʠʪʝʣʴʥʦʩʪʝʡ ʪʝʤʥʦʚʦʡ ʧʘʫʟʳ 
dT . (ʙ) ð  ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ 

ʩʚʝʪʦʚʦʛʦ ʩʜʚʠʛʘ S ʦʪ 
dT . 

2 0.8p = , 
1 1p =. ʆʩʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʝ ʞʝ, ʯʪʦ ʥʘ 

ʨʠʩʫʥʢʝ 2.2.1. 

  

d 

d 

d 

d 
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ʉʜʚʠʛ ʨʝʟʦʥʘʥʩʘ ʥʘ ʨʠʩʫʥʢʝ 2.2.2 ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʱʝʧʣʝʥʠʷ ʤʝʞʜʫ 

ʚʦʟʙʫʞʜʝʥʥʳʤʠ ʫʨʦʚʥʷʤʠ, ʩʦʛʣʘʩʥʦ ʚʳʨʘʞʝʥʠʶ (2.2.1), ʧʦ ʜʠʩʧʝʨʩʠʦʥʥʦʤʫ 

ʟʘʢʦʥʫ.  

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʪʝʤʥʦʚʦʡ ʧʘʫʟʳ 
dT  ʩʨʝʜʥʷʷ ʧʦ ʚʨʝʤʝʥʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʥʝʰʥʝʛʦ ʠʟʣʫʯʝʥʠʷ ʧʘʜʘʝʪ, ʧʦʵʪʦʤʫ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʩʜʚʠʛ 

ʤʠʥʠʤʫʤʘ ʨʝʟʦʥʘʥʩʘ (ʨʠʩʫʥʦʢ 2.2.3). ɺʤʝʩʪʝ ʩ ʵʪʠʤ ʧʨʦʠʩʭʦʜʠʪ ʩʫʞʝʥʠʝ 

ʨʝʟʦʥʘʥʩʘ. ɺʘʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʟʥʘʯʝʥʠʷ S ʩʥʠʞʘʝʪʩʷ ʪʘʢʞʝ 

ʝʛʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʬʣʫʢʪʫʘʮʠʷʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʫʚʝʣʠʯʝʥʠʝ 
dT  ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʚʳʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʟʦʥʘʥʩʘ 

ʜʚʦʷʢʠʤ ʦʙʨʘʟʦʤ: ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʜʦʙʨʦʪʥʦʩʪʠ ʨʝʟʦʥʘʥʩʘ (ʝʛʦ ʩʫʞʝʥʠʷ 

ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʘʤʧʣʠʪʫʜʝ) ʠ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʩʚʝʪʦʚʦʛʦ ʩʜʚʠʛʘ ʢ ʬʣʫʢʪʫʘʮʠʷʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʆʜʥʘʢʦ, ʧʦʚʳʰʝʥʠʝ 
dT  

ʚʦʟʤʦʞʥʦ ʚ ʧʨʝʜʝʣʘʭ ʚʨʝʤʝʥʠ ʞʠʟʥʠ 1

12ũ
-  ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʢʦʛʝʨʝʥʪʥʦʩʪʠ. ʇʨʠ 

ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ 
dT  ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʨʝʟʦʥʘʥʩʘ. 

ʅʘ ʨʠʩʫʥʢʝ 2.2.4 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʬʦʨʤʳ ʨʝʟʦʥʘʥʩʘ ʦʪ ʯʘʩʪʦʪ ʈʘʙʠ 

ʧʦʣʝʡ (ʘʤʧʣʠʪʫʜ ʥʘʢʘʯʠʚʘʶʱʝʛʦ ʠ ʩʯʠʪʳʚʘʶʱʝʛʦ ʠʤʧʫʣʴʩʦʚ). ʂʘʢ ʚʠʜʥʦ ʠʟ 

ʨʠʩʫʥʢʘ 2.2.4(ʙ), ʫʤʝʥʴʰʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ 
1 2/W W  ʧʨʠ ʫʜʝʨʞʠʚʘʥʠʠ 

ʧʦʩʪʦʷʥʥʦʡ 
2  W ʧʨʠʚʦʜʠʪ ʢ ʙʘʣʘʥʩʠʨʦʚʢʝ ʯʘʩʪʦʪ ʈʘʙʠ ʥʘ ʧʝʨʝʭʦʜʘʭ 1 4ª  ʠ 

2 4ª  ʠ ʠʩʯʝʟʥʦʚʝʥʠʶ ʩʚʝʪʦʚʦʛʦ ʩʜʚʠʛʘ. 
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ʈʠʩ. 2.2.4. ʌʦʨʤʘ ʨʝʟʦʥʘʥʩʘ ʈʵʤʩʠ ʧʦ ʩʠʛʥʘʣʫ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʯʘʩʪʦʪ ʈʘʙʠ 
2 0.01a gW = Ö  ʧʨʠ ʧʦʜʜʝʨʞʘʥʠʠ ʧʦʩʪʦʷʥʥʳʤ ʩʦʦʪʥʦʰʝʥʠʷ 

1 2/ 1.5W W =   (a) ʠ 
1 2/ 0.5W W =  (ʙ). ʆʩʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʝ ʞʝ, ʯʪʦ ʥʘ ʨʠʩʫʥʢʝ 

2.2.1. 
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ʈʠʩ. 2.2.5. ʀʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʨʝʟʦʥʘʥʩʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʪʥʦʰʝʥʠʡ 
1 2/W W ʧʨʠ 

ʧʦʜʜʝʨʞʘʥʠʠ ʧʦʩʪʦʷʥʥʦʡ ʯʘʩʪʦʪʳ ʈʘʙʠ 
2 0.001gW =  (ʘ). ɿʘʚʠʩʠʤʦʩʪʴ 

ʚʝʣʠʯʠʥʳ ʩʚʝʪʦʚʦʛʦ ʩʜʚʠʛʘ S ʦʪ ʯʘʩʪʦʪʳ ʈʘʙʠ 
2 0.01a gW = Ö  ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʦʪʥʦʰʝʥʠʡ ʯʘʩʪʦʪ ʈʘʙʠ (ʙ). 
2 10.8, 1p p= =  . ʆʩʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʝ ʞʝ, ʯʪʦ ʥʘ 

ʨʠʩʫʥʢʝ 2.2.1. 
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ʆʜʥʘʢʦ ʥʘ ʩʚʝʪʦʚʦʡ ʩʜʚʠʛ ʚʣʠʷʶʪ ʥʝ ʪʦʣʴʢʦ ʦʪʥʦʰʝʥʠʷ 
1 2/W W, 

1p , 
2p , 

ʥʦ ʠ ʘʙʩʦʣʶʪʥʳʝ ʚʝʣʠʯʠʥ r ʯʘʩʪʦʪ ʈʘʙʠ. ʅʘ ʨʠʩʫʥʢʝ 2.2.5 (ʙ) ʧʦʢʘʟʘʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʩʚʝʪʦʚʦʛʦ ʩʜʚʠʛʘ ʦʪ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʯʘʩʪʦʪʳ ʈʘʙʠ 
2ɋ /0.01a g=  

ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʦʪʥʦʰʝʥʠʠ 
1 2/W W. ʅʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤ ʷʚʣʷʝʪʩʷ 

ʠʟʤʝʥʝʥʠʝ ʟʥʘʢʘ ʩʜʚʠʛʘ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ Ŭ. ɼʘʥʥʫʶ ʦʩʦʙʝʥʥʦʩʪʴ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʦʧʪʠʯʝʩʢʠ ʧʣʦʪʥʦʡ ʩʨʝʜʝ, ʧʦʩʢʦʣʴʢʫ ʚ ʥʝʡ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦʛʣʦʱʝʥʠʝ ʧʦʣʝʡ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʙʫʜʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʦʙʣʘʩʪʠ 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʚ ʢʦʪʦʨʳʭ ʩʚʝʪʦʚʦʡ ʩʜʚʠʛ ʠʤʝʝʪ ʨʘʟʥʳʝ ʟʥʘʢʠ. ɼʘʥʥʳʝ ʦʙʣʘʩʪʠ 

ʤʦʛʫʪ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʜʨʫʛ ʜʨʫʛʘ ʠ ʧʦʟʚʦʣʠʪʴ ʜʦʙʠʪʴʩʷ ʧʦʜʘʚʣʝʥʠʷ ʩʜʚʠʛʘ ʥʘ 

ʨʝʟʦʥʘʥʩʝ, ʧʦʩʪʨʦʝʥʥʦʤ ʧʦ ʩʠʛʥʘʣʫ ʧʨʦʰʝʜʰʝʛʦ ʚʧʝʨʝʜ ʠʟʣʫʯʝʥʠʷ. 

2.2.2. ʆʧʪʠʯʝʩʢʠ ʧʣʦʪʥʳʡ ʘʥʩʘʤʙʣʴ 

ɺ ʩʣʫʯʘʝ ʦʧʪʠʯʝʩʢʠ ʧʣʦʪʥʦʡ ʩʨʝʜʳ ʧʨʝʥʝʙʨʝʛʘʪʴ ʢʦʦʨʜʠʥʘʪʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʴʶ ʤʘʪʨʠʮʳ ʧʣʦʪʥʦʩʪʠ ʥʝʣʴʟʷ. ʀ ʪʦʛʜʘ ʩʠʩʪʝʤʫ (1.1.21)ï(1.1.25) ʩ 

ʫʯʝʪʦʤ (1.1.28) ʠ (1.1.29) ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʘʪʴ ʩʦʛʣʘʩʦʚʘʥʦ ʩ ʫʨʘʚʥʝʥʠʷʤʠ ʜʣʷ 

ʯʘʩʪʦʪ ʈʘʙʠ ʧʦʣʝʡ (1.3.8) ʥʘ ʚʩʝʡ ʜʣʠʥʝ ʩʨʝʜʳ. 
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ʈʠʩ. 2.2.6. ɿʘʚʠʩʠʤʦʩʪʠ ʥʘʩʝʣʝʥʥʦʩʪʠ ʚʝʨʭʥʠʭ ʫʨʦʚʥʝʡ (ʘ) ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʙ) ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʛʣʫʙʠʥʝ ʧʨʦʥʠʢʥʦʚʝʥʠʷ 

ʜʣʷ ʥʫʣʝʚʦʡ ʜʚʫʭʬʦʪʦʥʥʦʡ ʦʪʩʪʨʦʡʢʠ . ɼʣʠʥʘ ʩʨʝʜʳ 0.02 ʩʤL= , 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʪʦʤʦʚ  11 30.5 10  ʩʤan -= Ö . ʆʩʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʝ ʞʝ, ʯʪʦ ʥʘ 

ʨʠʩʫʥʢʝ 2.2.1. 

 

0d=
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ʈʠʩ.2.2.7 (a) ð ʬʦʨʤʘ ʨʝʟʦʥʘʥʩʘ ʈɻʤʩʠ ʧʦ ʩʠʛʥʘʣʫ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʢʦʦʨʜʠʥʘʪ ʧʨʠ ʦʪʥʦʰʝʥʠʠ 
1 2 2 1/   1,   0.8,   1p pW W = = =, (ʙ) ð 

ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʩʚʝʪʦʚʦʛʦ ʩʜʚʠʛʘ ʦʪ ʢʦʦʨʜʠʥʘʪʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 
2p , 

1 1p = , . ɼʣʠʥʘ ʩʨʝʜʳ 0.008  ʩʤL= , ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʪʦʤʦʚ  
11 -30.5 10  ʩʤan = Ö . ɼʣʠʪʝʣʴʥʦʩʪʴ ʩʯʠʪʳʚʘʶʱʝʛʦ ʠʤʧʫʣʴʩʘ , ʪʝʤʥʦʚʦʡ 

ʧʘʫʟʳ 8 ʤʩdT = , ʯʘʩʪʦʪʳ ʈʘʙʠ ʥʘ ʚʭʦʜʝ ʚ ʩʨʝʜʫ (ʚ ʧʠʢʝ ʠʤʧʫʣʴʩʘ) 

1 2  0.01gW =W = , ʨʘʩʱʝʧʣʝʥʠʝ ʫʨʦʚʥʝʡ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ . 

ʆʩʪʘʣʴʥʳʝ  ʧʘʨʘʤʝʪʨʳ ʪʝ ʞʝ, ʯʪʦ ʥʘ ʨʠʩʫʥʢʝ 2.2.1. 

 

 S

1 2/   1W W =

110t g-=

34 0.6w g=
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ɺ ʦʧʪʠʯʝʩʢʠ ʧʣʦʪʥʦʡ ʩʨʝʜʝ ʧʦʤʠʤʦ ʵʬʬʝʢʪʦʚ, ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚ ʧʫʥʢʪʝ 

2.2.1, ʧʨʦʠʩʭʦʜʠʪ ʧʦʛʣʦʱʝʥʠʝ ʠ ʢʦʛʝʨʝʥʪʥʦʝ ʨʘʤʘʥʦʚʩʢʦʝ ʨʘʩʩʝʷʥʠʝ 

ʥʘʢʘʯʠʚʘʶʱʠʭ ʠ ʩʯʠʪʳʚʘʶʱʠʭ ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ, ʯʪʦ ʫʯʠʪʳʚʘʝʪʩʷ 

ʫʨʘʚʥʝʥʠʷʤʠ ʧʝʨʝʥʦʩʘ (1.3.8) ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ 

(ʢʘʢ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʪʘʢ ʠ ʧʨʦʰʝʜʰʝʛʦ ʚʧʝʨʝʜ ʩʯʠʪʳʚʘʶʱʝʛʦ ʠʤʧʫʣʴʩʘ). ʅʘ 

ʨʠʩʫʥʢʝ 2.2.6 ʧʦʢʘʟʘʥ ʚʩʧʣʝʩʢ ʥʘʩʝʣʝʥʥʦʩʪʠ ʚʦʟʙʫʞʜʝʥʥʳʭ ʫʨʦʚʥʝʡ (a) ʠ 

ʘʤʧʣʠʪʫʜʘ ʩʯʠʪʳʚʘʶʱʝʛʦ ʠʤʧʫʣʴʩʘ (ʙ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʜʣʷ ʨʘʟʥʳʭ 

ʢʦʦʨʜʠʥʘʪ z ʚʜʦʣʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ. ɺʠʜʥʦ, ʯʪʦ ʚʦʟʙʫʞʜʝʥʠʝ 

ʘʪʦʤʦʚ ʧʨʠʚʦʜʠʪ ʢ ʧʦʛʣʦʱʝʥʠʶ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ 

ʩʢʚʦʟʴ ʩʨʝʜʫ. ʉʪʝʧʝʥʴ ʜʘʥʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʢ ʢʦʥʮʫ ʩʨʝʜʳ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ 

ʜʚʫʭʬʦʪʦʥʥʦʡ ʦʪʩʪʨʦʡʢʠ d, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʪʝʤʥʳʡ ʨʝʟʦʥʘʥʩ 

ʧʦ ʧʨʦʰʝʜʰʝʤʫ ʩʢʚʦʟʴ ʷʯʝʡʢʫ ʠʟʣʫʯʝʥʠʶ. 

ʅʘ ʨʠʩʫʥʢʝ 2.2.7(ʘ) ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʨʝʟʦʥʘʥʩʘ ʈɻʤʩʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʦʨʜʠʥʘʪʳ z. ɺ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʤʘʪʨʠʯʥʳʝ ʵʣʝʤʝʥʪʳ ʥʘ 

ʧʝʨʝʭʦʜʘʭ 1 4ª  ʠ 2 4ª  ʨʘʟʣʠʯʥʳ (
1 21,  0.8p p= = ), ʠʤʝʝʪʩʷ ʩʚʝʪʦʚʦʡ 

ʩʜʚʠʛ ʨʝʟʦʥʘʥʩʘ ʥʘ ʚʭʦʜʝ ʚ ʩʨʝʜʫ (ʩʧʣʦʰʥʘʷ ʢʨʠʚʘʷ). ɼʘʣʝʝ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ  

ʧʦʣʝ  ʧʦʛʣʦʱʘʝʪʩʷ ʩʠʣʴʥʝʝ, ʯʝʤ ʧʦʣʝ , ʧʦʩʢʦʣʴʢʫ ʦʪʥʦʰʝʥʠʷ 
1p  ʠ 

2p  

ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʧʨʘʚʳʭ ʯʘʩʪʷʭ ʫʨʘʚʥʝʥʠʡ ʧʝʨʝʥʦʩʘ (1.3.8). ʕʪʦ ʩʦʟʜʘʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʘʩʠʤʤʝʪʨʠʶ ʚ ʚʦʟʙʫʞʜʘʝʤʦʡ ʩʠʩʪʝʤʝ, ʠ ʩʚʝʪʦʚʦʡ ʩʜʚʠʛ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʝ (ʨʠʩʫʥʦʢ 2.2.7(ʙ)). 

  

z

1E 2E
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ʈʠʩ. 2.2.8 (a) ð ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʩʚʝʪʦʚʦʛʦ ʩʜʚʠʛʘ S ʦʪ ʢʦʦʨʜʠʥʘʪʳ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ . (ʙ) ð ʬʦʨʤʘ ʨʝʟʦʥʘʥʩʘ ʈɻʤʩʠ ʧʦ ʩʠʛʥʘʣʫ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʦʦʨʜʠʥʘʪ ʧʨʠ ʦʪʥʦʰʝʥʠʠ , 
2 0.003gW = , 

2 0.8p = , 

1 1p = . ʆʩʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʝ ʞʝ, ʯʪʦ ʥʘ ʨʠʩʫʥʢʝ 2.2.7. 

1 2/W W

1 2/ 0.8W W =
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ʆʜʥʘʢʦ ʚʦʟʤʦʞʥʦ ʧʦʜʦʙʨʘʪʴ ʦʪʥʦʰʝʥʠʝ ʯʘʩʪʦʪ ʈʘʙʠ  ʥʘ ʚʭʦʜʝ ʚ 

ʩʨʝʜʫ ʪʘʢʠʤ, ʯʪʦʙʳ ʚ ʪʦʣʱʝ ʩʨʝʜʳ ʧʨʦʠʩʭʦʜʠʣʦ ʚʳʨʘʚʥʠʚʘʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʠ ʩʚʝʪʦʚʦʡ ʩʜʚʠʛ ʫʤʝʥʴʰʘʣʩʷ. ʅʘ ʨʠʩʫʥʢʝ 2.2.8 ʧʨʠʚʝʜʝʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʩʚʝʪʦʚʦʛʦ ʩʜʚʠʛʘ ʦʪ ʢʦʦʨʜʠʥʘʪʳ z ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʪʥʦʰʝʥʠʡ 

 ʥʘ ʚʭʦʜʝ. ɼʣʷ ʟʥʘʯʝʥʠʡ  (ʩʧʣʦʰʥʘʷ ʠ ʧʫʥʢʪʠʨʥʘʷ ʢʨʠʚʳʝ) 

ʩʚʝʪʦʚʦʡ ʩʜʚʠʛ ʩʥʘʯʘʣʘ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦ ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʝ, ʘ ʟʘʪʝʤ 

ʤʝʥʷʝʪ ʟʥʘʢ ʠ ʥʘʯʠʥʘʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ. ʅʘʡʜʷ ʪʘʢʦʝ ʦʪʥʦʰʝʥʠʝ , ʧʨʠ 

ʢʦʪʦʨʦʤ ʩʚʝʪʦʚʦʡ ʩʜʚʠʛ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʳʤ ʥʫʣʶ ʚ ʢʦʥʮʝ ʩʨʝʜʳ, ʤʦʞʥʦ 

ʜʦʙʠʪʴʩʷ ʢʦʤʧʝʥʩʘʮʠʠ ʩʜʚʠʛʘ ʜʣʷ ʩʠʛʥʘʣʘ ʬʣʫʦʨʝʩʮʝʥʮʠʠ. 

ʅʘ ʨʠʩʫʥʢʝ 2.2.9 ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʚʝʪʦʚʦʛʦ ʩʜʚʠʛʘ ʦʪ ʢʦʦʨʜʠʥʘʪʳ 

z ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʪʥʦʰʝʥʠʡ 
1 2/W W ʥʘ ʚʭʦʜʝ. ʈʘʟʥʳʝ ʦʪʥʦʰʝʥʠʷ 

1 2/W W ʥʘ 

ʚʭʦʜʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʷʶʪ ʥʘʢʣʦʥ ʟʘʚʠʩʠʤʦʩʪʝʡ ʩʚʝʪʦʚʦʛʦ ʩʜʚʠʛʘ ʦʪ 

ʢʦʦʨʜʠʥʘʪʳ (ʨʠʩʫʥʦʢ 2.2.9(ʙ)), ʦʜʥʘʢʦ, ʜʣʷ ʚʩʝʭ ʢʨʠʚʳʭ ʠʤʝʝʪ ʤʝʩʪʦ 

ʚʦʟʨʘʩʪʘʥʠʝ ʤʦʜʫʣʷ ʩʚʝʪʦʚʦʛʦ ʩʜʚʠʛʘ, ʠ ʧʦʣʥʦʛʦ ʝʛʦ ʧʦʜʘʚʣʝʥʠʷ ʜʦʩʪʠʛʥʫʪʴ 

ʧʦʜʙʦʨʦʤ 
1 2/W W ʥʘ ʚʭʦʜʝ ʥʝ ʫʜʘʝʪʩʷ.   

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʠʜʝʷ ʧʦʜʘʚʣʝʥʠʷ ʩʚʝʪʦʚʦʛʦ ʩʜʚʠʛʘ ʧʫʪʝʤ 

ʠʟʤʝʥʝʥʠʷ ʥʘ ʚʭʦʜʝ ʚ ʩʨʝʜʫ ʨʘʟʥʦʩʪʠ ʬʘʟ ʧʦʣʝʡ. ɼʘʣʝʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ 

ʧʦʚʝʜʝʥʠʝ ʩʚʝʪʦʚʦʛʦ ʩʜʚʠʛʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʥʦʩʪʠ ʬʘʟ ʌ ʥʘ ʚʭʦʜʝ ʚ 

ʩʨʝʜʫ ʤʝʞʜʫ ʘʤʧʣʠʪʫʜʘʤʠ ʩʯʠʪʳʚʘʶʱʝʛʦ ʠʤʧʫʣʴʩʘ (ʨʠʩʫʥʦʢ 2.2.10). ɺ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʵʪʘ ʨʘʟʥʦʩʪʴ ʬʘʟ ʚʚʦʜʠʪʩʷ ʟʘʤʝʥʦʡ ʦʜʥʦʡ ʠʟ 

ʢʦʤʧʣʝʢʩʥʳʭ ʯʘʩʪʦʪ ʈʘʙʠ 
2 20

i

z
eF

=
W ­W  ʜʣʷ ʩʯʠʪʳʚʘʶʱʝʛʦ ʠʤʧʫʣʴʩʘ. ʊʘʢʘʷ 

ʟʘʤʝʥʘ ʧʨʠʚʦʜʠʪ ʬʘʢʪʠʯʝʩʢʠ ʢ ʣʠʥʝʡʥʦʤʫ ʩʜʚʠʛʫ ʨʘʙʦʯʝʡ ʪʦʯʢʠ d ʧʦ ʰʢʘʣʝ 

ʜʚʫʭʬʦʪʦʥʥʳʭ ʦʪʩʪʨʦʝʢ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʦ ʠʩʪʝʯʝʥʠʠ ʪʝʤʥʦʚʦʡ ʧʘʫʟʳ 

ʥʠʟʢʦʯʘʩʪʦʪʥʘʷ ʢʦʛʝʨʝʥʪʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʬʘʟʦʚʳʡ ʤʥʦʞʠʪʝʣʴ i Ted. ʇʨʠ 

ʜʦʙʘʚʢʝ ʨʘʟʥʦʩʪʠ ʬʘʟ ʌ ʵʪʦʪ ʬʘʟʦʚʳʡ ʤʥʦʞʠʪʝʣʴ ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʜ 

( ) ( /T)d di T iT
e e
d d+F +F

= , ʦʪʢʫʜʘ ʚʠʜʥʦ, ʯʪʦ ʨʘʙʦʯʘʷ ʪʦʯʢʘ ʩʤʝʱʘʝʪʩʷ ʥʘ ʚʝʣʠʯʠʥʫ 

ʌ/ʊd.  

 

1 2/W W

1 2/W W 1 2/ 1W W <

1 2/W W
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ʈʠʩ. 2.2.9 (a) ð ʌʦʨʤʘ ʨʝʟʦʥʘʥʩʘ ʈɻʤʩʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʦʦʨʜʠʥʘʪ ʧʨʠ 

ʦʪʥʦʰʝʥʠʠ 
1 2/ 0.8W W = , 

2 0.01gW = , 
2 0.8p = , 

1 1p =, ʦʩʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʝ ʞʝ, 

ʯʪʦ ʥʘ ʨʠʩʫʥʢʝ 2.2.7. (ʙ) ð ɿʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʩʚʝʪʦʚʦʛʦ ʩʜʚʠʛʘ S ʦʪ 

ʢʦʦʨʜʠʥʘʪʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 
1 2/W W. 
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ʀʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʦʚʝʜʝʥʠʝ ʩʚʝʪʦʚʦʛʦ ʩʜʚʠʛʘ ʦʪ ʢʦʦʨʜʠʥʘʪʳ z ʚ 

ʵʪʦʡ ʥʦʚʦʡ ʨʘʙʦʯʝʡ ʪʦʯʢʝ, ʧʦʵʪʦʤʫ  ʥʘ ʨʠʩʫʥʢʝ 2.2.10(ʙ) ʧʦ ʦʩʠ ʦʨʜʠʥʘʪ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʥʦʩʪʴ () ( )0S z S z- = . ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʩ ʨʦʩʪʦʤ 

ʦʧʪʠʯʝʩʢʦʡ ʪʦʣʱʠʥʳ ʨʘʩʪʸʪ ʚʝʣʠʯʠʥʘ ʩʚʝʪʦʚʦʛʦ ʩʜʚʠʛʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʬʘʟʳ ʥʘ ʚʭʦʜʝ ʤʝʞʜʫ ʩʯʠʪʳʚʘʶʱʠʤʠ ʧʦʣʷʤʠ. ʕʪʦʪ ʬʘʢʪ 

ʚʧʦʣʥʝ ʦʙʲʷʩʥʠʤ ʠ ʩʚʷʟʘʥ ʩ ʪʝʤ, ʯʪʦ ʚ ʦʧʪʠʯʝʩʢʠ ʧʣʦʪʥʦʡ ʩʨʝʜʝ ʢʘʞʜʘʷ 

ʢʦʤʧʦʥʝʥʪʘ ʠʟʣʫʯʝʥʠʷ ʧʦʛʣʦʱʘʝʪʩʷ ʧʦ-ʨʘʟʥʦʤʫ (ʪ.ʢ. ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ 

ʟʘʚʠʩʠʪ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ) ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʘʞʜʘʷ ʢʦʤʧʦʥʝʥʪʘ ʣʘʟʝʨʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʜʝʡʩʪʚʫʝʪ ʥʘ ʘʪʦʤ ʩ ʨʘʟʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ (ʯʘʩʪʦʪʦʡ ʈʘʙʠ). 

ʇʦʩʢʦʣʴʢʫ ʩʚʝʪʦʚʦʡ ʩʜʚʠʛ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ 2 2

21S W -W , ʪʦ ʦʥ ʥʘʯʠʥʘʝʪ 

ʫʚʝʣʠʯʠʚʘʪʴʩʷ. ʀʥʪʝʨʝʩʥʳʤ, ʦʜʥʘʢʦ, ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʦʙʱʝʡ ʪʦʯʢʠ 

ʧʝʨʝʩʝʯʝʥʠʷ ʚʩʝʛʦ ʩʝʤʝʡʩʪʚʘ ʟʘʚʠʩʠʤʦʩʪʝʡ ʩʚʝʪʦʚʦʛʦ ʩʜʚʠʛʘ ʜʣʷ ʨʘʟʥʳʭ 

ʦʧʪʠʯʝʩʢʠʭ ʪʦʣʱʠʥ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʬʘʟʳ ʩʯʠʪʳʚʘʶʱʠʭ ʧʦʣʝʡ. ɼʘʥʥʦʝ 

ʷʚʣʝʥʠʝ ʠʤʝʝʪ ʩʣʝʜʫʶʱʝʝ ʦʙʲʷʩʥʝʥʠʝ. ʇʦ ʤʝʨʝ ʧʨʦʭʦʞʜʝʥʠʷ ʥʘʢʘʯʠʚʘʶʱʝʛʦ 

ʜʚʫʭʯʘʩʪʦʪʥʦʛʦ ʠʤʧʫʣʴʩʘ ʯʝʨʝʟ ʷʯʝʡʢʫ ʤʝʞʜʫ ʜʚʫʤʷ ʯʘʩʪʦʪʥʳʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʚʦʟʥʠʢʘʝʪ ʨʘʟʥʦʩʪʴ ʬʘʟ. ʇʦʩʢʦʣʴʢʫ ʧʦʛʣʦʱʝʥʠʝ ʢʘʞʜʦʡ 

ʯʘʩʪʦʪʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʚ ʫʩʣʦʚʠʷʭ ʨʝʟʦʥʘʥʩʘ ʂʇʅ ʠʤʝʝʪ ʣʠʥʝʡʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ, ʪʦ ʜʣʷ ʨʘʟʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʪʦʣʱʠʥ ʥʘʙʝʛ ʬʘʟʳ ʠʤʝʝʪ ʣʠʥʝʡʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ. ʇʦʜʦʙʨʘʚ ʨʘʟʥʦʩʪʴ ʬʘʟ ʤʝʞʜʫ ʩʯʠʪʳʚʘʶʱʠʤʠ ʧʦʣʷʤʠ, ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʪʘʢʦʝ ʟʥʘʯʝʥʠʝ ʵʪʦʡ ʬʘʟʳ, ʚ ʢʦʪʦʨʦʡ ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʚʝʪʦʚʦʡ ʩʜʚʠʛ ʠʤʝʝʪ ʧʦʩʪʦʷʥʥʦʝ ʟʥʘʯʝʥʠʝ. ʕʪʦ ʠ ʥʘʙʣʶʜʘʝʪʩʷ 

ʥʘ ʨʠʩʫʥʢʝ 2.2.10(ʙ).  
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ʈʠʩ. 2.2.10 (a) ð ʌʦʨʤʘ ʨʝʟʦʥʘʥʩʘ ʈɻʤʩʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʦʦʨʜʠʥʘʪ ʧʨʠ 

ʦʪʥʦʰʝʥʠʠ 
1 2/ 1W W =, 

2 0.01gW = , 
2 1p = , 

1 0.9p = , ʦʩʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʝ ʞʝ, 

ʯʪʦ ʥʘ ʨʠʩʫʥʢʝ 2.2.7.  (ʙ) ð ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʩʚʝʪʦʚʦʛʦ ʩʜʚʠʛʘ S ʦʪ 

ʨʘʟʥʦʩʪʠ ʬʘʟ ʚʭʦʜʥʳʭ ʧʦʣʝʡ F ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʦʧʪʠʯʝʩʢʦʡ 

ʪʦʣʱʠʥʳ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʦʧʪʠʯʝʩʢʠ ʧʣʦʪʥʦʡ ʩʨʝʜʝ ʥʝʧʦʜʚʠʞʥʳʭ ʘʪʦʤʦʚ 

ʚʦʟʥʠʢʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʬʘʟʦʚʦʡ ʢʦʤʧʝʥʩʘʮʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ʩʚʝʪʦʚʦʛʦ ʩʜʚʠʛʘ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʂʇʅ ʦʪ ʦʧʪʠʯʝʩʢʦʡ ʪʦʣʱʠʥʳ [A1, ɸ9ïA11]. 

2.3. ʗʯʝʡʢʘ ʜʚʠʞʫʱʠʭʩʷ ʘʪʦʤʦʚ 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ 

ʪʝʦʨʠʠ, ʧʦʩʪʨʦʝʥʥʦʡ ʚ ʨʘʟʜʝʣʘʭ 1.1 ʠ 1.3 ʠ ʫʯʠʪʳʚʘʶʱʝʡ ʜʚʠʞʝʥʠʝ ʘʢʪʠʚʥʳʭ 

ʘʪʦʤʦʚ. 

2.3.1. ʆʧʪʠʯʝʩʢʠ ʪʦʥʢʠʡ ʘʥʩʘʤʙʣʴ 

ɺ ʜʘʥʥʦʤ ʧʫʥʢʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʙʫʞʜʝʥʠʝ ʂʇʅ ʨʝʟʦʥʘʥʩʦʚ ʚ 

ʘʪʦʤʥʳʭ ʘʥʩʘʤʙʣʷʭ ʜʣʷ ʜʚʫʭ ʜʠʘʧʘʟʦʥʦʚ ʪʝʤʧʝʨʘʪʫʨ. ʉʥʘʯʘʣʘ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʜʠʘʧʘʟʦʥʝ 1ʤʂï1ʂ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʣʫʯʘʶ ʭʦʣʦʜʥʳʭ ʘʪʦʤʥʳʭ ʘʥʩʘʤʙʣʝʡ, ʥʘ ʰʠʨʠʥʫ ʣʠʥʠʠ 

ʧʦʛʣʦʱʝʥʠʷ ʢʦʪʦʨʳʭ ʚʣʠʷʶʪ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʝʩʪʝʩʪʚʝʥʥʦʝ ʠ ʜʦʧʣʝʨʦʚʩʢʦʝ 

ʫʰʠʨʝʥʠʷ, ʘ ʩʪʦʣʢʥʦʚʠʪʝʣʴʥʦʝ ʫʰʠʨʝʥʠʝ ʚʣʠʷʝʪ ʩʣʘʙʦ. ɼʘʣʝʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ 30ï60 
o
ʉ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʛʘʟʦʚʦʡ ʷʯʝʡʢʠ, ʟʘʧʦʣʥʝʥʥʦʡ ʥʘʩʳʱʝʥʥʳʤ ʧʘʨʦʤ ʱʝʣʦʯʥʦʛʦ 

ʤʝʪʘʣʣʘ. ɺ ʪʘʢʦʤ ʛʘʟʝ ʜʦʧʣʝʨʦʚʩʢʦʝ ʠ ʩʪʦʣʢʥʦʚʠʪʝʣʴʥʦʝ  ʫʰʠʨʝʥʠʷ ʩʨʘʚʥʠʤʳ 

ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ ʧʨʝʚʳʰʘʶʪ ʝʩʪʝʩʪʚʝʥʥʦʝ. 

ʅʘ ʨʠʩʫʥʢʝ 2.3.1(ʘ) ʠʟʦʙʨʘʞʝʥʦ ʠʟʤʝʥʝʥʠʝ ʂʇʅ ʨʝʟʦʥʘʥʩʘ, 

ʜʝʪʝʢʪʠʨʫʝʤʦʛʦ ʥʝʧʨʝʨʳʚʥʳʤ ʠʟʣʫʯʝʥʠʝʤ (ʧʫʥʢʪʠʨʥʳʝ ʢʨʠʚʳʝ) ʠ ʤʝʪʦʜʦʤ 

ʈɻʤʩʠ (ʩʧʣʦʰʥʳʝ ʢʨʠʚʳʝ) ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʜʣʷ ʩʣʫʯʘʷ ʭʦʣʦʜʥʳʭ 

ʘʪʦʤʦʚ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʪʝʪ ʜʦʧʣʝʨʦʚʩʢʦʝ ʫʰʠʨʝʥʠʝ ʠ 

ʫʤʝʥʴʰʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʘʪʦʤʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʝʟʦʥʘʥʩʝ ʩʦ ʩʚʝʪʦʤ. 

ʇʦʵʪʦʤʫ ʩʢʦʨʦʩʪʴ ʦʧʪʠʯʝʩʢʦʡ ʥʘʢʘʯʢʠ ʫʤʝʥʴʰʘʝʪʩʷ, ʠ ʥʘʩʝʣʝʥʥʦʩʪʴ 

ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʫʨʦʚʥʷ ʧʘʜʘʝʪ. ʕʪʦ ʚʝʜʝʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ 

ʘʤʧʣʠʪʫʜʳ ʮʝʥʪʨʘʣʴʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʈɻʤʩʠ.  
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ʈʠʩ. 2.3.1. ʌʦʨʤʳ ʨʝʟʦʥʘʥʩʦʚ ʂʇʅ ʚ ʭʦʣʦʜʥʳʭ ʘʪʦʤʘʭ (ʘ) ʠ ʚ ʛʦʨʷʯʝʡ ʛʘʟʦʚʦʡ 

ʷʯʝʡʢʝ (ʙ). ʉʧʣʦʰʥʳʝ ʠ ʧʫʥʢʪʠʨʥʳʝ ʢʨʠʚʳʝ ï ʨʝʟʦʥʘʥʩʳ, ʜʝʪʝʢʪʠʨʫʝʤʳʝ 

ʤʝʪʦʜʦʤ ʈɻʤʩʠ ʠ ʥʝʧʨʝʨʳʚʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɸʤʧʣʠʪʫʜʘ 

ʠʤʧʫʣʴʩʦʚ ʥʘʢʘʯʢʠ ʠ ʩʯʠʪʳʚʘʥʠʷ Ý0=10
5
 ʩ

-1 
ʚ ʩʣʫʯʘʝ (ʘ) ʠ Ý0=10

6
 ʩ

-1
 ʚ ʩʣʫʯʘʝ 

(ʙ), ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʯʠʪʳʚʘʶʱʝʛʦ ʠʤʧʫʣʴʩʘ Ű=10ɔ
-1
, ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʥʘʢʘʯʠʚʘʶʱʝʛʦ ʠʤʧʫʣʴʩʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʳʭʦʜʫ ʥʘ ʩʪʘʮʠʦʥʘʨʥʦʝ ʩʦʩʪʦʷʥʠʝ, 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʪʝʤʥʦʚʦʡ ʧʘʫʟʳ 0.8 ʤʩdT = , ʤʘʩʩʘ ʘʪʦʤʦʚ ʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ ʠ 

ʙʫʬʝʨʥʦʛʦ ʛʘʟʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 87m=  ʘ.ʝ.ʤ., 40bufm =  ʘ.ʝ.ʤ., 110.5 10an = Ö  ʩʤ
-3
, 

0.01h= . 
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ʇʦʤʠʤʦ ʫʤʝʥʴʰʝʥʠʷ ʥʘʩʝʣʝʥʥʦʩʪʠ ʠʤʝʝʪ ʤʝʩʪʦ ʩʫʞʝʥʠʝ ʨʝʟʦʥʘʥʩʘ ʜʣʷ 

ʦʛʠʙʘʶʱʠʭ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʰʠʨʠʥʫ ʂʇʅ ʨʝʟʦʥʘʥʩʘ ʩʦʩʪʘʚʣʷʶʪ 

ʜʚʘ ʚʢʣʘʜʘ: 2
12 /g¡ ¡G +W . ʇʝʨʚʦʝ ʩʣʘʛʘʝʤʦʝ ʩʚʷʟʘʥʦ ʩ ʨʘʩʧʘʜʦʤ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ 

ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʟʘ ʩʯʝʪ ʩʪʦʣʢʥʦʚʝʥʠʡ ʘʪʦʤʦʚ ʤʝʞʜʫ ʩʦʙʦʡ, ʩ ʙʫʬʝʨʥʳʤ ʛʘʟʦʤ 

ʠ ʩʦ ʩʪʝʥʢʘʤʠ ʷʯʝʡʢʠ, ʘ ʚʪʦʨʦʝ ʩʣʘʛʘʝʤʦʝ ʦʙʫʩʣʦʚʣʝʥʦ ʩʚʝʪʦʚʳʤ ʫʰʠʨʝʥʠʝʤ 

ʧʨʠ ʜʝʡʩʪʚʠʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʢʦʨʦʩʪʠ 

ʨʘʩʧʘʜʘ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʢʦʛʝʨʝʥʪʥʦʩʪʠ 12
¡G  ʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʫʨʦʚʥʷ g¡ 

ʥʘʯʠʥʘʶʪ ʚʦʟʨʘʩʪʘʪʴ ʚʚʠʜʫ ʥʘʣʠʯʠʷ ʥʝʫʧʨʫʛʠʭ ʩʪʦʣʢʥʦʚʝʥʠʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʰʠʨʠʥʳ ʨʝʟʦʥʘʥʩʘ. 

ɺ ʩʣʫʯʘʝ ʜʚʠʞʫʱʠʭʩʷ ʘʪʦʤʦʚ (ʨʠʩʫʥʦʢ 2.3.1(ʙ)) ʚ ʜʠʘʧʘʟʦʥʝ 

ʪʝʤʧʝʨʘʪʫʨ ʦʪ 30 ʜʦ 60 
o
ʉ, ʧʨʠ ʢʦʪʦʨʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʛʘʟʦʚʳʝ ʷʯʝʡʢʠ, ʩ 

ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʫʤʝʥʴʰʘʝʪʩʷ ʘʤʧʣʠʪʫʜʘ ʨʝʟʦʥʘʥʩʘ ʈɻʤʩʠ, ʧʨʠʯʸʤ ʝʸ 

ʠʟʤʝʥʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ 

ʩʣʫʯʘʝʤ ʭʦʣʦʜʥʳʭ ʘʪʦʤʦʚ. 

ɼʘʣʝʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʚʣʠʷʥʠʝ ʩʚʝʨʭʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʚʦʟʙʫʞʜʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʙʣʘʩʪʴ ʟʥʘʯʝʥʠʡ ʩʚʝʨʭʪʦʥʢʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʚ 

ʜʠʘʧʘʟʦʥʝ 3460 160g w g¢ ¢ . ʇʨʠ ʥʘʩʪʨʦʡʢʝ ʧʦʣʝʡ ʥʘ ʧʝʨʝʭʦʜ 3 , ʚ ʩʠʣʫ 

ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʫʰʠʨʝʥʠʷ ʙʳʩʪʨʳʝ ʘʪʦʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʫʨʦʚʥʝʤ 4 , 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʚʝʪʦʚʳʤ ʩʜʚʠʛʘʤ ʦʧʪʠʯʝʩʢʠʭ ʧʝʨʝʭʦʜʦʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʩʜʚʠʛʫ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʧʝʨʝʭʦʜʘ 1 2ª  ʠ ʨʝʟʦʥʘʥʩʘ ʂʇʅ. ʅʘ ʨʠʩʫʥʢʝ 

2.3.2(ʘ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʩʚʝʪʦʚʦʛʦ ʩʜʚʠʛʘ ʮʝʥʪʨʘʣʴʥʦʛʦ ʨʝʟʦʥʘʥʩʘ 

ʈɻʤʩʠ S ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ T. ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʨʝʟʦʥʘʥʩʘ ʈɻʤʩʠ ʠʟʤʝʥʷʝʪʩʷ. ʕʪʦ ʠʟʤʝʥʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʯʘʩʪʦʪʳ ʨʘʩʱʝʧʣʝʥʠʷ 

ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʠʤʝʝʪ ʥʝʤʦʥʦʪʦʥʥʳʡ ʭʘʨʘʢʪʝʨ. ʅʝʤʦʥʦʪʦʥʥʦʩʪʴ 

ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʩʚʝʪʦʚʦʛʦ ʩʜʚʠʛʘ ʦʪ ʦʪʩʪʨʦʡʢʠ ʩʦʚʧʘʜʘʝʪ ʩ 

ʬʦʨʤʦʡ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʢʦʥʪʫʨʘ [123]. ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʰʠʨʠʥʳ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʢʦʥʪʫʨʘ, ʯʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ 

ʩʢʘʥʠʨʦʚʘʥʠʶ ʨʘʩʱʝʧʣʝʥʠʷ 
34w .  
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ʈʠʩ. 2.3.2. ɿʘʚʠʩʠʤʦʩʪʴ ʩʚʝʪʦʚʦʛʦ ʩʜʚʠʛʘ ʮʝʥʪʨʘʣʴʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʈɻʤʩʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʚʝʣʠʯʠʥʳ ʩʚʝʨʭʪʦʥʦʢʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ 

34w  (ʘ) ʠ ʦʪ ʚʝʣʠʯʠʥʳ ʩʚʝʨʭʪʦʥʦʢʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ 
34w  ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨ (ʙ). ɸʤʧʣʠʪʫʜʳ ʧʦʣʝʡ 5

0 10-W =  ʩ
-1
. ɺʩʝ ʦʩʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʝ 

ʞʝ, ʯʪʦ ʜʣʷ ʨʠʩʫʥʢʘ 2.3.1. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʢʦʥʪʫʨ ʘʪʦʤʦʚ ʠʤʝʝʪ ʫʰʠʨʝʥʠʝ 

ʩʦʧʦʩʪʘʚʠʤʦʝ ʩ ʨʘʩʱʝʧʣʝʥʠʝʤ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʟʘʚʠʩʠʤʦʩʪʴ 

ʩʚʝʪʦʚʦʛʦ ʩʜʚʠʛʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʚʦʟʨʘʩʪʘʶʱʝʡ, ʪʘʢ ʠ 

ʫʙʳʚʘʶʱʝʡ [ɸ2, ɸ12]. ʇʝʨʝʢʨʳʪʠʝ ʞʝ ʢʦʥʪʫʨʦʚ ʚʦʟʙʫʞʜʝʥʥʳʭ ʫʨʦʚʥʝʡ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʟʘ ʩʯʸʪ ʤʘʣʦʡ ʛʨʫʧʧʳ ʘʪʦʤʦʚ, ʧʦʵʪʦʤʫ ʚʝʣʠʯʠʥʘ 

ʪʘʢʦʛʦ ʩʜʚʠʛʘ ʩʦʩʪʘʚʣʷʝʪ ʝʜʠʥʠʮʳ ʛʝʨʮ. ʕʪʦ ʚʧʦʣʥʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ [87]. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʘʙʦʪʝ [124] 

ʚʝʣʠʯʠʥʘ ʵʪʦʛʦ ʩʜʚʠʛʘ ʨʘʩʪʸʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚ ʜʘʥʥʳʡ ʩʜʚʠʛ ʪʘʢʞʝ ʚʥʦʩʠʪ ʚʢʣʘʜ 

ʵʬʬʝʢʪ ʨʘʟʣʠʯʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʠʤʧʫʣʴʩʦʚ ʚ ʦʧʪʠʯʝʩʢʠ ʧʣʦʪʥʦʡ ʩʨʝʜʝ [125, 

90]. 

2.3.2. ʆʧʪʠʯʝʩʢʠ ʧʣʦʪʥʳʡ ʘʥʩʘʤʙʣʴ 

ɺ ʥʘʯʘʣʝ ʜʘʥʥʦʛʦ ʧʫʥʢʪʘ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʧʨʦʮʝʩʩ ʧʦʛʣʦʱʝʥʠʷ ʧʦʣʷ 

ʩʨʝʜʦʡ ʢ ʢʦʥʮʫ ʩʯʠʪʳʚʘʶʱʝʛʦ ʠʤʧʫʣʴʩʘ.  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 2.3.3, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʝʡ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ 

ʫʛʣʫʙʣʝʥʠʠ ʚ ʩʨʝʜʫ ʪʝʤ ʙʳʩʪʨʝʝ, ʯʝʤ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʛʣʦʱʘʶʱʝʡ 

ʩʨʝʜʳ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ ʨʦʩʪʝ ʪʝʤʧʝʨʘʪʫʨʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ ʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʛʘʟʦʚʦʡ ʷʯʝʡʢʝ. ɺ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʦʜʝʣʠ ʵʪʦ ʫʯʪʝʥʦ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʩʣʝʜʫʶʱʝʡ 

ʵʤʧʠʨʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʢʪʠʚʥʳʭ ʘʪʦʤʦʚ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

[120]:  
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ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʩʪʘʝʪʩʷ ʚʝʨʥʦʡ ʪʦʣʴʢʦ ʚ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 298ï550 ʂ.  
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ʈʠʩ. 2.3.3. ɿʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʚ ʢʦʥʮʝ ʩʯʠʪʳʚʘʶʱʝʛʦ 

ʠʤʧʫʣʴʩʘ, ʦʪʥʝʩʝʥʥʦʡ ʢ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʷ ʥʘ ʚʭʦʜʝ ʚ ʩʨʝʜʫ, ʦʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʛʣʫʙʠʥʳ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʣʷ 

0d=  (ʘ) ʠ / dTd p=  (ʙ). ʇʨʦʯʠʝ ʧʘʨʘʤʝʪʨʳ: 87ʘ.ʝ.ʤam = , 
buf 28ʘ.ʝ.ʤm = , 

19 3

buf 10  ʩʤn -= , 7 110  ʩg - -= , / 4gG= , 1

12 100 c-G = , 
1 / 2dD= , 

2 / 2dD=- , 0.01h= , 

5 ʤʩdT = , 
34 10w g= , 110t g-= , 

2 0.5p = , 1 1p = . 
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ʈʠʩ. 2.3.4. (ʘ) ð ʢʦʥʪʫʨʳ ʨʝʟʦʥʘʥʩʦʚ ʂʇʅ, ʜʝʪʝʢʪʠʨʫʝʤʳʭ ʤʝʪʦʜʦʤ ʈɻʤʩʠ ʧʦ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʳʭʦʜʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨ. (ʙ) ð 

ʟʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʘ ʢʘʯʝʩʪʚʘ ʦʧʦʨʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʆʩʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʝ ʞʝ, ʯʪʦ ʥʘ ʨʠʩʫʥʢʝ 2.3.3. 
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ɼʘʣʝʝ ʠʩʩʣʝʜʫʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʩʨʝʜʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʦʪʩʪʨʦʡʢʘʭ (ʨʠʩʫʥʦʢ 2.3.4). 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʟʦʥʘʥʩʳ ʧʝʨʝʭʦʜʷʪ ʚ ʦʙʣʘʩʪʴ ʤʝʥʴʰʠʭ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ. ʀʟ-ʟʘ ʵʬʬʝʢʪʦʚ ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠ 

ʟʥʘʯʝʥʠʷʭ ʦʪʩʪʨʦʡʢʠ ʚʥʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʘʜʘʝʪ 

ʩʠʣʴʥʝʝ. ʎʝʥʪʨʘʣʴʥʳʡ ʞʝ ʨʝʟʦʥʘʥʩ ʙʣʘʛʦʜʘʨʷ ʧʦʛʣʦʱʝʥʠʶ ʫʚʝʣʠʯʠʚʘʝʪ ʩʚʦʶ 

ʘʤʧʣʠʪʫʜʫ ʚʧʣʦʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 45 oT Cº , ʧʦʩʣʝ ʢʦʪʦʨʦʡ ʧʦʛʣʦʱʝʥʠʝ 

ʥʘʯʠʥʘʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʝʸ ʫʤʝʥʴʰʝʥʠʶ (ʨʠʩʫʥʦʢ 2.3.4(ʙ)).  

ʅʘ ʨʠʩʫʥʢʝ 2.3.5(ʘ) ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʜʚʠʛʘ ʤʘʢʩʠʤʫʤʘ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʨʝʟʦʥʘʥʩʘ S ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʫʣʷ ʜʚʫʭʬʦʪʦʥʥʦʡ ʦʪʩʪʨʦʡʢʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʉ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʩʜʚʠʛ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʝʤʦʥʦʪʦʥʥʳʤ 

ʦʙʨʘʟʦʤ. ʅʘʠʙʦʣʝʝ ʤʝʜʣʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʥʘʯʘʣʴʥʳʡ ʠʥʪʝʨʚʘʣ 

30 ï 45 
o
C, ʛʜʝ ʩʜʚʠʛ ʫʤʝʥʴʰʘʝʪʩʷ. ʇʨʠ ʵʪʦʤ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʜʘʥʥʦʛʦ 

ʩʜʚʠʛʘ ʦʪ ʯʘʩʪʦʪʳ ʩʚʝʨʭʪʦʥʢʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 
34w , 

ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʪʦʥʢʦʡ ʩʨʝʜʳ, ʠʤʝʝʪ ʚʠʜ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʢʦʥʪʫʨʘ (ʨʠʩʫʥʦʢ 

2.3.5(ʙ)). ʀʥʪʝʨʝʩʥʦ ʪʦ, ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʦʢʨʝʩʪʥʦʩʪʠ 55 oT Cº  ʩʜʚʠʛ 

ʤʝʥʷʝʪ ʟʥʘʢ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʚʝʣʠʯʠʥʳ 
34w . ʗʩʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʠ ʪʦʪ ʬʘʢʪ, ʯʪʦ 

ʧʨʠ 34 0w ­   ʠʣʠ 34w ­¤  ʤʳ ʠʤʝʝʤ ʩʠʪʫʘʮʠʶ, ʧʦʜʦʙʥʫʶ ȿ-ʩʠʩʪʝʤʝ, ʠ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʩʜʚʠʛ ʂʇʅ ʨʝʟʦʥʘʥʩʘ ʙʫʜʝʪ ʨʘʚʝʥ ʥʫʣʶ. ʅʘʦʙʦʨʦʪ, ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ 

ʠʤʝʝʪ ʤʝʩʪʦ ʥʝʚʳʨʦʞʜʝʥʥʦʩʪʴ ʚʦʟʙʫʞʜʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʦʩʦʙʝʥʥʦ ʚ ʦʙʣʘʩʪʠ 

34200 800g w g< < ), ʤʳ ʠʤʝʝʤ ʜʝʣʦ ʩ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʩʠʪʫʘʮʠʝʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʬʦʨʤʘ ʂʇʅ ʨʝʟʦʥʘʥʩʘ ʤʦʞʝʪ ʩʪʘʥʦʚʠʪʴʩʷ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʠ ʚʦʟʥʠʢʘʝʪ 

ʩʚʝʪʦʚʦʡ ʩʜʚʠʛ, ʢʦʪʦʨʳʡ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝʪʨʠʚʠʘʣʴʥʳʤ ʦʙʨʘʟʦʤ. 
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ʈʠʩ. 2.3.5. (ʘ) ð ʢʦʥʪʫʨʳ ʨʝʟʦʥʘʥʩʦʚ ʂʇʅ, ʜʝʪʝʢʪʠʨʫʝʤʳʭ ʤʝʪʦʜʦʤ ʈɻʤʩʠ ʧʦ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʳʭʦʜʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ
34w ; (ʙ) ð ʟʘʚʠʩʠʤʦʩʪʴ 

ʩʜʚʠʛʘ ʦʧʦʨʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʦʪ 
34w  ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʆʩʪʘʣʴʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʪʝ ʞʝ, ʯʪʦ ʥʘ ʨʠʩʫʥʢʝ 2.3.3. 
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ʈʠʩ. 2.3.6. (ʘ) ð ʢʦʥʪʫʨʳ ʨʝʟʦʥʘʥʩʦʚ ʂʇʅ, ʜʝʪʝʢʪʠʨʫʝʤʳʭ ʤʝʪʦʜʦʤ ʈɻʤʩʠ ʧʦ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʳʭʦʜʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʙʫʬʝʨʥʦʛʦ ʛʘʟʘ bufn  ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 45 oT C= ; (ʙ) ð ʟʘʚʠʩʠʤʦʩʪʴ ʩʜʚʠʛʘ 

ʦʧʦʨʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʦʪ bufn  ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɿʜʝʩʴ 
34 300w g= . 

ʆʩʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʝ ʞʝ, ʯʪʦ ʥʘ ʨʠʩʫʥʢʝ 2.3.3. 
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ʀʟ ʨʠʩʫʥʢʘ 2.3.6(ʘ) ʚʠʜʥʦ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʫʬʝʨʥʦʛʦ ʛʘʟʘ 

ʨʝʟʦʥʘʥʩr ʫʚʝʣʠʯʠʚʘʁʪ ʘʤʧʣʠʪʫʜʫ, ʧʝʨʝʭʦʜ̫ ʚ ʦʙʣʘʩʪɹ ʙʦӢʣʴʰʠʭ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ. ʉʜʚʠʛ ʧʨʠ ʵʪʦʤ ʤʝʥʷʝʪʩʷ ʥʝʤʦʥʦʪʦʥʥʳʤ ʦʙʨʘʟʦʤ, ʜʦʩʪʠʛʘʷ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʨʠ 3

buf

184 10  ʩʤn -< Ö  (ʨʠʩʫʥʦʢ 2.3.6(ʙ)). ʊʘʢʞʝ ʧʨʠ 

ʥʠʟʢʠʭ bufn  ʨʝʟʦʥʘʥʩʥʳʡ ʢʦʥʪʫʨ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʘʩʠʤʝʪʨʠʯʥʳʤ. ʉʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʩʠʤʤʝʪʨʠʷ ʢʦʥʪʫʨʘ ʚʦʟʤʦʞʥʘ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʜʣʷ ʩʠʩʪʝʤ ʩ 

ʦʪʣʠʯʥʳʤʠ ʦʪ ʝʜʠʥʠʮʳ 2p  ʠ 1p . 

ɼʘʣʝʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʚʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʚʥʝʰʥʝʛʦ ʣʘʟʝʨʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʥʘ ʬʦʨʤʫ ʨʝʟʦʥʘʥʩʦʚ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪ ʈʘʙʠ ʚʥʝʰʥʠʭ ʧʦʣʝʡ 

ʨʝʟʦʥʘʥʩʳ ʫʚʝʣʠʯʠʚʘʶʪ ʩʚʦʶ ʘʤʧʣʠʪʫʜʫ ʠ ʥʝʩʢʦʣʴʢʦ ʫʤʝʥʴʰʘʶʪ ʰʠʨʠʥʫ, 

ʥʘʭʦʜʷʩʴ ʧʨʠ ʵʪʦʤ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ (ʨʠʩʫʥʦʢ 2.3.7(ʘ)). ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʫʚʝʣʠʯʠʚʘʷ ʯʘʩʪʦʪʫ ʈʘʙʠ ʚʥʝʰʥʠʭ ʧʦʣʝʡ, ʤʦʞʥʦ ʵʬʬʝʢʪʠʚʥʦ 

ʫʚʝʣʠʯʠʚʘʪʴ ʧʘʨʘʤʝʪʨ ʢʘʯʝʩʪʚʘ ʨʝʟʦʥʘʥʩʦʚ, ʜʝʪʝʢʪʠʨʫʝʤʳʭ ʧʦ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʆʜʥʘʢʦ ʨʝʰʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʈʘʙʠ, ʚʳʭʦʜʷʱʝʤ ʟʘ 

ʫʩʣʦʚʠʝ ʧʨʠʤʝʥʠʤʦʩʪʠ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ: 9 ʩ10 ʨʘʜ/g¡W . 

ʉʜʚʠʛ ʞʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ W ʤʝʥʷʝʪʩʷ ʥʝʤʦʥʦʪʦʥʥʳʤ 

ʦʙʨʘʟʦʤ, ʠʤʝʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʪʝʤ ʙʦʣʴʰʠʭ ʯʘʩʪʦʪʘʭ ʈʘʙʠ, ʯʝʤ 

ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʘ ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ (ʨʠʩʫʥʦʢ 2.3.7(ʙ)). ʇʨʠ ʥʝʢʦʪʦʨʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʠʭ W ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʨʝʟʦʥʘʥʩʝ ʧʦʷʚʣʷʝʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʨʦʚʘʣ, ʩʚʷʟʘʥʥʳʡ ʩʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʩʠʣʴʥʳʤ ʧʦʛʣʦʱʝʥʠʝʤ 

ʧʦʣʝʡ ʙʦʣʝʝ ʤʘʣʳʭ ʘʤʧʣʠʪʫʜ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʣʠʯʠʥʳ ʩʜʚʠʛʘ S

. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘ ʨʠʩʫʥʢʝ 2.3.7(ʘ) ʢʨʠʚʳʝ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨ o60 C ʠ o55 C 

ʧʨʝʨʳʚʘʶʪʩʷ ʧʨʠ ʪʝʭ ʟʥʘʯʝʥʠʷʭ W, ʧʨʠ ʢʦʪʦʨʳʭ ʥʘʯʠʥʘʝʪ ʚʦʟʥʠʢʘʪʴ 

ʧʦʙʦʯʥʳʡ ʤʠʥʠʤʫʤ. 
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ʈʠʩ. 2.3.7. (ʘ) ð ʢʦʥʪʫʨʳ ʨʝʟʦʥʘʥʩʦʚ ʂʇʅ, ʜʝʪʝʢʪʠʨʫʝʤʳʭ ʤʝʪʦʜʦʤ ʈɻʤʩʠ ʧʦ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʳʭʦʜʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʙʱʠʭ ʜʣʷ ʦʙʦʠʭ ʧʦʣʝʡ 

ʯʘʩʪʦʪ ʈʘʙʠ 
1 2W=W =W  ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ o45 CT= . (ʙ) ð ʟʘʚʠʩʠʤʦʩʪʴ ʩʜʚʠʛʘ 

ʦʧʦʨʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʦʪ W ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɿʜʝʩʴ 
34 300w g= . 

ʆʩʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʝ ʞʝ, ʯʪʦ ʥʘ ʨʠʩʫʥʢʝ 2.3.3. 
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ʈʠʩ. 2.3.8. (ʘ) ð ʢʦʥʪʫʨʳ ʨʝʟʦʥʘʥʩʦʚ ʂʇʅ, ʜʝʪʝʢʪʠʨʫʝʤʳʭ ʤʝʪʦʜʦʤ ʈɻʤʩʠ ʧʦ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʳʭʦʜʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʨʝʤʝʥ ʪʝʤʥʦʚʦʡ ʧʘʫʟʳ 

dT  ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ o45 CT= . (ʙ) ð ʟʘʚʠʩʠʤʦʩʪʴ ʩʜʚʠʛʘ ʦʧʦʨʥʦʛʦ ʨʝʟʦʥʘʥʩʘ 

ʦʪ 
dT  ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɿʜʝʩʴ 

34 300w g= . ʆʩʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʝ 

ʞʝ, ʯʪʦ ʥʘ ʨʠʩʫʥʢʝ 2.3.3. 
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ʅʘ ʨʠʩʫʥʢʝ 2.3.8(ʘ) ʧʦʢʘʟʘʥʦ, ʢʘʢ ʠʟʤʝʥʷʝʪʩʷ ʨʝʟʦʥʘʥʩʥʳʡ ʢʦʥʪʫʨ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʪʝʣʴʥʦʩʪʠ ʪʝʤʥʦʚʦʡ ʧʘʫʟʳ 
dT . ʂʘʢ ʠ ʩʣʝʜʦʚʘʣʦ ʦʞʠʜʘʪʴ, 

ʠhʨʠʥʘ ʠ ʘʤʧʣʠʪʫʜʘ ʨʝʟʦʥʘʥʩʦʚ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 
dT . 

ʋʤʝʥʴʰʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʩʧʘʜʦʤ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ 

ʢʦʛʝʨʝʥʪʥʦʩʪʠ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʝʡ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʨʝʟʦʥʘʥʩʦʚ, ʚʦ ʚʨʝʤʷ 

ʪʝʤʥʦʚʦʡ ʧʘʟʫʟʳ. ʋʤʝʥʴʰʝʥʠʝ ʰʠʨʠʥʳ ʧʨʦʠʩʭʦʜʠʪ ʚʩʣʝʜʩʪʚʠʝ ʥʘʙʝʛʘ ʬʘʟʳ 

ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʚʦ ʚʨʝʤʷ ʪʝʤʥʦʚʦʡ ʧʘʫʟʳ ʘʥʘʣʦʛʠʯʥʦ ʩʣʫʯʘʶ 

ʦʧʪʠʯʝʩʢʠ ʪʦʥʢʦʡ ʩʨʝʜʳ çʭʦʣʦʜʥʳʭè ʘʪʦʤʦʚ (ʩʤ. ʨʘʟʜʝʣ 2.1). ʅʘ ʨʠʩʫʥʢʝ 

2.3.8(ʙ) ʠʟʦʙʨʘʞʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʜʚʠʛʘ ʦʧʦʨʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʦʪ 
dT  ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɺʠʜʥʦ, ʯʪʦ ʥʘʯʠʥʘʷ ʩ ʥʝʢʦʪʦʨʳʭ ʟʥʘʯʝʥʠʡ 
dT  

ʥʘʧʨʘʚʣʝʥʠʝ ʩʜʚʠʛʘ ʠʟʤʝʥʷʝʪʩʷ ʠ ʜʘʣʝʝ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ 
dT  ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ 

ʧʦʣʦʛʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʯʠʥʘʷ ʩ ʥʝʢʦʪʦʨʦʛʦ ʟʥʘʯʝʥʠʷ 
dT , ʟʘʚʠʩʷʱʝʛʦ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʩʜʚʠʛ ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʢ ʠʟʤʝʥʝʥʠʷʤ ʩʘʤʦʛʦ 

dT . ʂʨʦʤʝ ʪʦʛʦ, ʠʟ ʨʠʩʫʥʢʘ 2.3.8(ʙ) ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʟʥʘʯʝʥʠʷʭ 

1.2 ʤʩdT º  ʠ 10 ʤʩdT º  ʜʦʩʪʠʛʘʝʪʩʷ ʥʘʠʤʝʥʴʰʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩʜʚʠʛʘ ʢ 

ʪʝʤʧʝʨʘʪʫʨʝ [ɸ3, ɸ13, ɸ14]. 

ʅʘ ʨʠʩʫʥʢʝ 2.3.9(ʘ) ʠʟʦʙʨʘʞʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʬʦʨʤʳ ʦʧʦʨʥʦʛʦ 

ʨʝʟʦʥʘʥʩʘ ʦʪ ʨʘʟʥʦʩʪʠ ʬʘʟ F ʤʝʞʜʫ ʜʚʫʤʷ ʯʘʩʪʦʪʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʦʣʷ ʚ 

ʩʯʠʪʳʚʘʶʱʝʤ ʠʤʧʫʣʴʩʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ o45 CT= . ɺʣʠʷʥʠʝ ʨʘʟʥʦʩʪʠ ʬʘʟ F 

ʟʜʝʩʴ ʩʚʦʜʠʪʩʷ ʢ ʩʜʚʠʛʫ ʛʨʝʙʝʥʢʠ ʨʝʟʦʥʘʥʩʦʚ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʫ ʩʜʚʠʛʘ ʧʦ ʧʦʣʦʞʝʥʠʶ ʤʘʢʩʠʤʫʤʘ ʦʧʦʨʥʦʛʦ ʨʝʟʦʥʘʥʩʘ 

ʩʪʘʥʦʚʠʪʩʷ ʥʝʚʦʟʤʦʞʥʦ, ʚʩʣʝʜʩʪʚʠʝ ʧʦʷʚʣʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʨʦʚʘʣʘ 

ʧʦʛʣʦʱʝʥʠʷ, ʫʧʦʤʷʥʫʪʦʛʦ ʨʘʥʝʝ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʥʘ ʨʠʩʫʥʢʝ 2.3.9(ʙ) 

ʜʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ ʦʛʨʘʥʠʯʝʥ ʩʚʝʨʭʫ ʟʥʘʯʝʥʠʝʤ 45 
o
C. 
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ʈʠʩ. 2.3.9. (ʘ) ð ʢʦʥʪʫʨʳ ʨʝʟʦʥʘʥʩʦʚ ʂʇʅ, ʜʝʪʝʢʪʠʨʫʝʤʳʭ ʤʝʪʦʜʦʤ ʈɻʤʩʠ ʧʦ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʳʭʦʜʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʜʣʷ ʥʘʙʦʨʘ ʦʧʨʝʜʝʣʝʥʥʳʭ ʨʘʟʥʦʩʪʝʡ 

ʬʘʟ F ʤʝʞʜʫ ʜʚʫʤʷ ʯʘʩʪʦʪʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʯʠʪʳʚʘʶʱʝʛʦ ʠʤʧʫʣʴʩʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ o45 CT= . (ʙ) ð ʟʘʚʠʩʠʤʦʩʪʴ ʩʜʚʠʛʘ ʮʝʥʪʨʘʣʴʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʦʪ 
F ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɿʜʝʩʴ 

34 300w g= . ʆʩʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʝ 

ʞʝ, ʯʪʦ ʥʘ ʨʠʩʫʥʢʝ 2.3.3. 
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ɺʠʜʥʦ, ʯʪʦ ʘʥʘʣʦʛʠʯʥʦ ʨʠʩʫʥʢʫ 2.2.10(ʙ) ʟʘʚʠʩʠʤʦʩʪʴ ʩʜʚʠʛʘ ʦʪ 

ʨʘʟʥʦʩʪʠ ʬʘʟ  F ʠʤʝʝʪ ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ. ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʟʜʝʩʴ 

ʚʩʣʝʜʩʪʚʠʝ ʵʤʧʠʨʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ (2.3.1) ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʩʨʝʜʳ ʘʥʘʣʦʛʠʯʥʦ ʨʠʩʫʥʢʫ 2.2.10(ʙ). ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ 

ʩʨʝʜʳ ʭʦʣʦʜʥʳʭ ʘʪʦʤʦʚ, ʩʫʱʝʩʪʚʫʝʪ ʦʙʱʘʷ ʪʦʯʢʘ ʧʝʨʝʩʝʯʝʥʠʷ ʩʝʤʝʡʩʪʚʘ 

ʧʨʷʤʳʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʪʘʢʦʡ ʨʘʟʥʦʩʪʠ ʬʘʟ ʤʝʞʜʫ ʯʘʩʪʦʪʥʳʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʯʠʪʳʚʘʶʱʝʛʦ ʠʤʧʫʣʴʩʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʩʜʚʠʛ ʦʢʘʟʳʚʘʝʪʩʷ 

ʥʝʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʠʟʤʝʥʝʥʠʷʤ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʩʨʝʜʳ, ʘ ʟʥʘʯʠʪ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʬʬʝʢʪ ʬʘʟʦʚʦʡ ʢʦʤʧʝʥʩʘʮʠʠ ʟʘʚʠʩʠʤʦʩʪʠ 

ʩʜʚʠʛʘ ʨʝʟʦʥʘʥʩʦʚ ʦʪ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʩʨʝʜʳ ʠʤʝʝʪ ʤʝʩʪʦ ʢʘʢ ʚ ʩʣʫʯʘʝ 

ʥʝʧʦʜʚʠʞʥʳʭ ʘʪʦʤʦʚ, ʪʘʢ ʠ ʚ ʛʘʟʦʚʳʭ ʷʯʝʡʢʘʭ ʜʚʠʞʫʱʠʭʩʷ ʘʪʦʤʦʚ. 

2.4. ʉʨʘʚʥʝʥʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʨʠʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ 

ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʠʟ ʨʘʟʜʝʣʦʚ 1.1 ʠ 1.3, ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʠʟ 

ʨʘʙʦʪʳ [91]. ɺ ʥʝʡ ʘʚʪʦʨʳ ʠʩʩʣʝʜʫʶʪ ʨʝʟʦʥʘʥʩʳ ʂʇʅ, ʚʦʟʙʫʞʜʘʝʤʳʝ 

ʤʝʪʦʜʦʤ ʈɻʤʩʠ ʚ ʷʯʝʡʢʝ ʩ ʘʪʦʤʘʤʠ 
133

Cs ʠ ʙʫʬʝʨʥʳʤ ʛʘʟʦʤ. ʉʭʝʤʘ 

ʚʦʟʙʫʞʜʝʥʠʷ ʜʘʥʥʳʭ ʨʝʟʦʥʘʥʩʦʚ ʘʥʘʣʦʛʠʯʥʘ ʪʦʡ, ʯʪʦ ʠʟʣʦʞʝʥʘ ʚ ʨʘʟʜʝʣʝ 2.1.   

ʅʘ ʨʠʩʫʥʢʝ 2.4.1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʨʘʚʥʝʥʠʝ ʬʦʨʤ ʨʝʟʦʥʘʥʩʦʚ ʂʇʅ-ʈɻʤʩʠ, 

ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ (ʘ), ʩ ʨʝʟʫʣʴʪʘʪʦʤ ʘʥʘʣʦʛʠʯʥʦʛʦ ʯʠʩʣʝʥʥʦʛʦ 

ʨʘʩʯʝʪʘ (ʙ). ɺʠʜʥʦ ʢʘʯʝʩʪʚʝʥʥʦʝ ʩʦʛʣʘʩʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. ʅʘʙʣʶʜʘʝʤʳʝ 

ʦʪʣʠʯʠʷ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩʚʷʟʘʥʳ ʩ ʪʝʤ, ʯʪʦ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʧʨʝʥʝʙʨʝʛʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʫʨʦʚʥʝʡ, ʘ ʪʘʢʞʝ ʚʣʠʷʥʠʝʤ 

ʩʪʝʥʦʢ ʛʘʟʦʚʦʡ ʷʯʝʡʢʠ. 
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ʈʠʩ. 2.4.1. ʉʨʘʚʥʝʥʠʝ ʬʦʨʤ ʨʝʟʦʥʘʥʩʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ (ʘ) ʚ 

ʨʘʙʦʪʝ [91], ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ, ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʥʘ ʦʩʥʦʚʝ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʙ), ʜʣʷ ʩʨʝʜʳ ʘʪʦʤʦʚ 
133

Cs. ʇʘʨʘʤʝʪʨʳ ʨʘʩʯʝʪʘ: 
o35 CT= , 1 2 0.06g= =W W , 34 223w g= , 3.5 ʤʩdT = , 0.25 ʩʤL= , 28.743 ʨʘʜ/ʩg= . 

ɼʘʥʥʳʝ ʜʣʷ ʘʪʦʤʘ 
133

Cs ʟʘʠʤʩʪʚʦʚʘʥʳ ʠʟ ʨʘʙʦʪʳ [126].   
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ʈʠʩ. 2.4.1. ʉʨʘʚʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʥʪʨʘʩʪʘ (ʘ) ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʨʝʟʦʥʘʥʩʘ ʂʇʅ, ʜʝʪʝʢʪʠʨʫʝʤʦʛʦ ʤʝʪʦʜʦʤ ʈɻʤʩʠ, ʧʦʣʫʯʝʥʥʦʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ [91] ʩ ʘʥʘʣʦʛʠʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʘʤʧʣʠʪʫʜʳ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ 

ʩʨʝʜʳ ʘʪʦʤʦʚ 
133

Cs. ʇʘʨʘʤʝʪʨʳ ʨʘʩʯʝʪʘ ʪʝ ʞʝ, ʯʪʦ ʥʘ ʨʠʩ. 2.4.1.  

ʅʘ ʨʠʩʫʥʢʝ 2.4.1(ʘ) ʧʨʝʜʩʪʘʚʣʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʥʪʨʘʩʪʘ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʂʇʅ, ʜʝʪʝʢʪʠʨʫʝʤʦʛʦ ʤʝʪʦʜʦʤ ʈɻʤʩʠ, ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʅʝʤʦʥʦʪʦʥʥʳʡ ʭʘʨʘʢʪʝʨ ʜʘʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʙʲʷʩʥʷʝʪʩʷ 

ʵʬʬʝʢʪʘʤʠ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʧʪʠʯʝʩʢʠ ʧʣʦʪʥʦʡ ʩʨʝʜʝ, ʢʦʪʦʨʳʝ ʦʙʩʫʞʜʘʣʠʩʴ ʚ 

ʧʫʥʢʪʝ 2.3.2 ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʨʠʩʫʥʢʘ 2.3.4. ʅʘ ʨʠʩʫʥʢʝ 2.4.1(ʙ) 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʘʥʘʣʦʛʠʯʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʘʤʧʣʠʪʫʜʳ ʮʝʥʪʨʘʣʴʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʚ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʣʫʯʝʥʥʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʠʩʣʝʥʥʦʛʦ ʨʘʩʯʝʪʘ. ɺʠʜʥʦ, ʯʪʦ ʜʘʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʭʦʜʠʪʩʷ ʚ 

ʢʘʯʝʩʪʚʝʥʥʦʤ ʩʦʛʣʘʩʠʠ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ.     
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2.5. ɺʳʚʦʜʳ ʢ ʛʣʘʚʝ 2 

1. ʇʦʣʫʯʝʥʳ ʢʦʥʪʫʨʳ ʨʝʟʦʥʘʥʩʦʚ ʂʇʅ-ʈɻʤʩʠ ʜʣʷ ʩʣʫʯʘʝʚ ʦʧʪʠʯʝʩʢʠ 

ʧʣʦʪʥʦʡ ʠ ʦʧʪʠʯʝʩʢʠ ʪʦʥʢʦʡ ʩʨʝʜ ʢʘʢ ʧʨʠ ʥʫʣʝʚʦʡ, ʪʘʢ ʠ ʧʨʠ 

ʢʦʥʝʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʣʘʟʝʨʥʦʡ 

ʥʘʢʘʯʢʠ ʠ ʘʪʦʤʥʦʡ ʩʨʝʜʳ. 

2. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʬʦʨʤʳ ʠ ʩʜʚʠʛʦʚ ʨʝʟʦʥʘʥʩʦʚ ʦʪ 

ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ ʩʨʝʜʳ, ʪʦʣʱʠʥʘ ʘʪʦʤʥʦʡ ʷʯʝʡʢʠ, 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʪʝʤʥʦʚʦʡ ʧʘʫʟʳ, ʢʦʥʮʝʥʪʨʘʮʠ ̫ ʙʫʬʝʨʥʦʛʦ ʛʘʟʘ, 

ʘʤʧʣʠʪʫʜ ʠ ʧʦʣʷʨʠʟʘʮʠʡ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʦʪʥʦʰʝʥʠʷ 

ʤʘʪʨʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʜʣʷ ʦʧʪʠʯʝʩʢʠʭ 

ʧʝʨʝʭʦʜʦʚ. 

3. ʆʙʥʘʨʫʞʝʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʡ ʨʘʟʥʦʩʪʠ ʬʘʟ ʚʭʦʜʥʳʭ 

ʣʘʟʝʨʥʳʭ ʧʦʣʝʡ, ʧʨʠ ʢʦʪʦʨʦʡ ʩʜʚʠʛ ʮʝʥʪʨʘʣʴʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʩʨʝʜʳ ʢʘʢ ʚ ʩʣʫʯʘʝ ʥʝʧʦʜʚʠʞʥʳʭ, 

ʪʘʢ ʠ ʚ ʩʣʫʯʘʝ ʜʚʠʞʫʱʠʭʩʷ ʘʪʦʤʦʚ.  

4. ɺʳʧʦʣʥʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʷʜʘ ʨʘʩʯʝʪʦʚ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. ʆʪʤʝʯʝʥʦ ʢʘʯʝʩʪʚʝʥʥʦʝ ʩʦʛʣʘʩʠʝ. 
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ɻʣʘʚʘ 3 

ɺʣʠʷʥʠʝ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʱʝʣʦʯʥʳʭ 

ʘʪʦʤʦʚ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʝʟʦʥʘʥʩʦʚ 

ʢʦʛʝʨʝʥʪʥʦʛʦ ʧʣʝʥʝʥʠʷ ʥʘʩʝʣʝʥʥʦʩʪʝʡ, 

ʜʝʪʝʢʪʠʨʫʝʤʳʭ ʤʝʪʦʜʦʤ ʈɻʤʩʠ 

ʂʦʨʨʝʢʪʥʦʝ ʦʧʠʩʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʶ 

ʨʝʟʦʥʘʥʩʦʚ ʂʇʅ ʚ ʱʝʣʦʯʥʳʭ ʘʪʦʤʘʭ ʪʨʝʙʫʝʪ ʫʯʝʪʘ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʭ 

ʫʨʦʚʥʝʡ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ ʚʳʙʦʨʝ ʧʦʣʷʨʠʟʘʮʠʡ ʚʦʟʙʫʞʜʘʶʱʝʛʦ 

ʠʟʣʫʯʝʥʠʷ, ʪʘʢ ʢʘʢ ʦʪ ʥʠʭ ʟʘʚʠʩʷʪ ʧʨʘʚʠʣʘ ʦʪʙʦʨʘ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ 

ʧʝʨʝʭʦʜʦʚ ʥʘ ʟʝʝʤʘʥʦʚʩʢʠʭ ʧʦʜʫʨʦʚʥʷʭ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

ʨʘʙʦʪʳ, ʠʟʫʯʘʶʱʠʝ ʚʣʠʷʥʠʝ ʟʝʝʤʘʥʦʚʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʘʪʦʤʦʚ ʥʘ ʬʦʨʤʫ 

ʨʝʟʦʥʘʥʩʦʚ ʂʇʅ (ʩʤ., ʥʘʧʨʠʤʝʨ, [96ï99, 103ï107]), ʧʦʩʚʷʱʝʥʳ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʝʧʨʝʨʳʚʥʳʤ ʩʭʝʤʘʤ ʥʘʢʘʯʢʠ. ʆʜʥʘʢʦ, ʢʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ 

ʜʘʣʝʝ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʤʧʫʣʴʩʥʦʡ ʩʭʝʤʳ ʦʧʨʦʩʘ ʧʨʠ ʫʯʝʪʝ ʤʘʛʥʠʪʥʳʭ 

ʧʦʜʫʨʦʚʥʝʡ ʧʨʠʚʦʜʠʪ ʢ ʵʬʬʝʢʪʘʤ, ʚʳʭʦʜʷʱʠʤ ʟʘ ʨʘʤʢʠ ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʪʝʦʨʠʡ.  

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʘ ʚʦʟʙʫʞʜʝʥʠʷ ʨʝʟʦʥʘʥʩʦʚ ʂʇʅ ʈɻʤʩʠ ʩ ʫʯʝʪʦʤ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʫʨʦʚʥʝʡ ʠ ʚʝʢʪʦʨʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ, 

ʧʦʩʪʨʦʝʥʥʦʡ ʚ ʨʘʟʜʝʣʝ 1.4. ʇʨʠ ʵʪʦʤ ʙʫʜʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʪʦʣʴʢʦ 

ʦʧʪʠʯʝʩʢʠ ʪʦʥʢʠʝ ʩʨʝʜʳ ʘʪʦʤʦʚ ʧʨʠ ʥʝʥʫʣʝʚʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺ ʨʘʟʜʝʣʝ 3.1 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʴ ʬʦʨʤʳ ʨʝʟʦʥʘʥʩʦʚ ʈɻʤʩʠ ʦʪ ʨʘʟʣʠʯʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʘʪʦʤʥʦʡ ʩʨʝʜʳ ʠ ʣʘʟʝʨʥʦʡ ʥʘʢʘʯʢʠ. ɺ ʨʘʟʜʝʣʝ 3.2 ʠʟʫʯʘʝʪʩʷ 
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ʧʦʚʝʜʝʥʠʝ ʩʚʝʪʦʚʳʭ  ʩʜʚʠʛʦʚ ʜʘʥʥʳʭ ʨʝʟʦʥʘʥʩʦʚ. ɺ ʨʘʟʜʝʣʝ 3.3 ʧʨʠʚʦʜʠʪʩʷ 

ʩʨʘʚʥʝʥʠʝ ʨʘʩʯʝʪʦʚ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʡ ʛʣʘʚʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʨʘʙʦʪʝ [ɸ8]. 

3.1. ɸʥʘʣʠʟ ʬʦʨʤʳ ʣʠʥʠʠ 

ʉʧʝʢʪʨ ʂʇʅ ʨʝʟʦʥʘʥʩʦʚ ʈɻʤʩʠ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʳʯʠʩʣʷʝʪʩʷ ʢʘʢ 

ʟʘʚʠʩʠʤʦʩʪʴ ʩʫʤʤʘʨʥʦʡ ʥʘʩʝʣʝʥʥʦʩʪʠ ʚʦʟʙʫʞʜʝʥʥʳʭ ʫʨʦʚʥʝʡ exc e

e

er r=ä  ʦʪ 

ʜʚʫʭʬʦʪʦʥʥʦʡ ʦʪʩʪʨʦʡʢʠ d ʚ ʢʦʥʮʝ ʩʯʠʪʳʚʘʶʱʝʛʦ ʠʤʧʫʣʴʩʘ ʧʫʪʝʤ 

ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (1.4.14)ï(1.4.17) ʩ ʫʯʝʪʦʤ (1.4.19). ɺ ʢʘʯʝʩʪʚʝ 

ʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʵʪʦʤ ʠ ʩʣʝʜʫʶʱʝʤ ʨʘʟʜʝʣʘʭ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʘʪʦʤʳ 

87
Rb (ʩʤ. ʧʨʠʣʦʞʝʥʠʝ ɸ), ʩʭʝʤʘ ʚʦʟʙʫʞʜʝʥʠʷ D1-ʣʠʥʠʠ ʢʦʪʦʨʳʭ ʠʟʦʙʨʘʞʝʥʘ 

ʥʘ ʨʠʩʫʥʢʝ 3.1.1.  

 

ʈʠʩ. 3.1.1. ʉʭʝʤʘ ʚʦʟʙʫʞʜʝʥʠʷ ʂʇʅ ʨʝʟʦʥʘʥʩʦʚ ʚ D1-ʣʠʥʠʠ ʘʪʦʤʦʚ 
87

Rb. 

ɾʠʨʥʳʤʠ ʞʝʣʪʳʤʠ ʣʠʥʠʷʤʠ ʦʙʦʟʥʘʯʝʥʘ ʩʜʚʦʝʥʥʘʷ ȿ-ʩʭʝʤʘ ʥʘ 

ʨʘʜʠʦʯʘʩʪʦʪʥʦʤ ʧʝʨʝʭʦʜʝ ʩ ʧʨʦʝʢʮʠʷʤʠ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ 0 ï 0. ʉʠʥʠʤʠ ʠ 

ʢʨʘʩʥʳʤʠ ʣʠʥʠʷʤʠ ʦʙʦʟʥʘʯʝʥʳ ȿ-ʩʭʝʤʳ ʥʘ ʨʘʜʠʦʯʘʩʪʦʪʥʳʭ ʧʝʨʝʭʦʜʘʭ ʩ 

ʧʨʦʝʢʮʠʷʤʠ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ( 1) ( 1)° - . ʊʦʥʢʠʤʠ ʯʝʨʥʳʤʠ ʣʠʥʠʷʤʠ 

ʦʙʦʟʥʘʯʝʥʳ ʦʩʪʘʣʴʥʳʝ ʚʦʟʙʫʞʜʘʝʤʳʝ ʧʝʨʝʭʦʜʳ 
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ɺʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʠʥʪʝʨʝʩ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʵʬʬʝʢʪʘ ʂʇʅ, ʷʚʣʷʝʪʩʷ ʢʦʥʪʨʘʩʪ ʨʝʟʦʥʘʥʩʘ. ʆʧʨʝʜʝʣʝʥʠʝ ʚʝʣʠʯʠʥʳ 

ʢʦʥʪʨʘʩʪʘ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʚʳʨʘʞʝʥʠʝʤ: 

() () ( )exc exc off1C d r d r d= - , ʛʜʝ offd  ð ʟʥʘʯʝʥʠʝ ʜʚʫʭʬʦʪʦʥʥʦʡ ʦʪʩʪʨʦʡʢʠ ʚʥʝ 

ʨʝʟʦʥʘʥʩʘ ʂʇʅ.  

ɼʘʣʝʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʚʣʠʷʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʬʦʨʤʫ ʨʝʟʦʥʘʥʩʦʚ. 

ʀʟ ʨʠʩʫʥʢʘ 3.1.2 ʚʠʜʥʦ, ʯʪʦ ʘʤʧʣʠʪʫʜʘ ʨʝʟʦʥʘʥʩʦʚ ʈɻʤʩʠ ʦʢʘʟʳʚʘʝʪʩʷ 

ʤʝʥʴʰʝ ʘʤʧʣʠʪʫʜʳ ʨʝʟʦʥʘʥʩʦʚ, ʜʝʪʝʢʪʠʨʫʝʤʳʭ ʥʝʧʨʝʨʳʚʥʳʤ ʠʟʣʫʯʝʥʠʝʤ. 

ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʨʘʩʧʘʜʦʤ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʢʦʛʝʨʝʥʪʥʦʩʪʝʡ ʤʝʞʜʫ 

ʧʦʜʫʨʦʚʥʷʤʠ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʪʝʤʥʦʚʦʡ ʧʘʫʟʳ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʪʝʤʥʦʚʦʡ ʧʘʫʟʳ ʧʨʠʚʦʜʠʪ ʢ ʩʫʞʝʥʠʶ 

ʨʝʟʦʥʘʥʩʦʚ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʥʦ ʢ ʫʤʝʥʴʰʝʥʠʶ ʠʭ ʘʤʧʣʠʪʫʜʳ ʩ ʜʨʫʛʦʡ. 

ʋʚʝʣʠʯʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʚ ʛʨʝʙʝʥʢʝ ʈɻʤʩʠ 

ʦʪʜʝʣʴʥʳʝ ʤʘʢʩʠʤʫʤʳ ʦʛʠʙʘʶʱʝʡ, ʦʪʚʝʯʘʶʱʠʝ ʂʇʅ ʨʝʟʦʥʘʥʩʘʤ ʥʘ 

ʨʘʜʠʦʯʘʩʪʦʪʥʳʭ ʧʝʨʝʭʦʜʘʭ 1 7ª , 2 6ª  ʠ 3 5ª , ʧʦʣʦʞʝʥʠʷ ʢʦʪʦʨʳʭ 

ʜʘʝʪʩʷ ʨʘʟʥʦʩʪʷʤʠ ʤʘʛʥʠʪʥʳʭ ʩʜʚʠʛʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʝʨʝʭʦʜʦʚ: 
71D , 

62D  ʠ 

53D. ʇʨʠ ʵʪʦʤ ʨʝʟʦʥʘʥʩ ʥʘ ʨʘʜʠʦʯʘʩʪʦʪʥʦʤ ʧʝʨʝʭʦʜʝ 2 6ª  (ʞʠʨʥʳʝ ʣʠʥʠʠ 

ʥʘ ʨʠʩʫʥʢʝ 3.1.1.) ʦʪʩʫʪʩʪʚʫʝʪ ʜʣʷ lin l᷆in ʢʦʥʬʠʛʫʨʘʮʠʠ ʚʩʣʝʜʩʪʚʠʝ 

ʜʝʩʪʨʫʢʪʠʚʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʜʚʫʭ ʧʣʝʯ ʩʜʚʦʝʥʥʦʡ ʣʷʤʙʜʘ ʩʭʝʤ rʥʘ ʜʘʥʥʦʤ 

ʧʝʨʝʭʦʜʝ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ [110].  
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ʈʠʩ. 3.1.2. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʥʪʨʘʩʪʥʳʭ ʩʧʝʢʪʨʦʚ ʂʇʅ ʨʝʟʦʥʘʥʩʦʚ ʦʪ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʜʝʪʝʢʪʠʨʫʝʤʳʭ ʤʝʪʦʜʦʤ ʈɻʤʩʠ (ʩʧʣʦʰʥʳʝ ʢʨʠʚʳʝ) ʠ 

ʥʝʧʨʝʨʳʚʥʳʤ ʠʟʣʫʯʝʥʠʝʤ (ʧʫʥʢʪʠʨʥʳʝ ʢʨʠʚʳʝ), ʜʣʷ lin l᷆in (ʘ) ʠ linṶlin (ʙ) 
ʢʦʥʬʠʛʫʨʘʮʠʡ.  ʇʘʨʘʤʝʪʨʳ ʨʘʩʯʝʪʘ: 2

1 2 0.2 ʤɺʪ/ʩʤI I= = , o40 CT= , 5 ʤʩdT = , 
1

12 250 ʩg -= , 
opt 0.2h = , 1

rf

22 /h g n= , 18 1

buf 4 10  ʩʤn -= Ö , ʙʫʬʝʨʥʳʡ ʛʘʟ ð ʘʟʦʪ. 
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ʈʠʩ. 3.1.3. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʥʪʨʘʩʪʥʳʭ ʩʧʝʢʪʨʦʚ ʂʇʅ ʨʝʟʦʥʘʥʩʦʚ ʦʪ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʜʝʪʝʢʪʠʨʫʝʤʳʭ ʤʝʪʦʜʦʤ ʈɻʤʩʠ (ʩʧʣʦʰʥʳʝ ʢʨʠʚʳʝ) ʠ 

ʥʝʧʨʝʨʳʚʥʳʤ ʠʟʣʫʯʝʥʠʝʤ (ʧʫʥʢʪʠʨʥʳʝ ʢʨʠʚʳʝ), ʜʣʷ lin l᷆in (ʘ) ʠ linṶlin (ʙ) 
ʢʦʥʬʠʛʫʨʘʮʠʡ.  ʇʘʨʘʤʝʪʨʳ ʨʘʩʯʝʪʘ: 2

1 2 1 ʤɺʪ/ʩʤI I= = , ʦ40 CT= , 1 ʤʩdT = . 

ʆʩʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʝ ʞʝ, ʯʪʦ ʥʘ ʨʠʩʫʥʢʝ 3. 
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ɼʘʣʝʝ ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʨʝʟʦʥʘʥʩʦʚ ʈɻʤʩʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ. 

ʈʠʩʫʥʦʢ 3.1.3 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʝʤʦʥʦʪʦʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʘʤʧʣʠʪʫʜʳ 

ʨʝʟʦʥʘʥʩʦʚ ʈɻʤʩʠ ʦʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʥʝʢʦʪʦʨʳʭ 

ʟʥʘʯʝʥʠʷʭ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʘʤʧʣʠʪʫʜʘ ʨʝʟʦʥʘʥʩʦʚ ʜʦʩʪʠʛʘʝʪ ʣʦʢʘʣʴʥʦʛʦ 

ʤʠʥʠʤʫʤʘ. ɼʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʚʧʦʣʥʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʜʘʥʥʳʤʠ [127] ʠ ʦʙʲʷʩʥʷʝʪʩʷ ʜʝʩʪʨʫʢʪʠʚʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʝʡ ʨʘʟʣʠʯʥʳʭ 

ʢʘʥʘʣʦʚ ʚʦʟʙʫʞʜʝʥʠʷ ʂʇʅ ʨʝʟʦʥʘʥʩʦʚ ʈɻʤʩʠ. ɺ ʧʨʦʮʝʩʩʝ ʪʝʤʥʦʚʦʡ ʧʘʫʟʳ 

ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʢʦʛʝʨʝʥʪʥʦʩʪʠ 
1 2g gr  ʠʟʤʝʥʷʶʪ ʩʚʦʶ ʬʘʟʫ ʥʘ ʚʝʣʠʯʠʥʫ 

( )
1 2g g dTd+D . ɽʩʣʠ ʢ ʢʦʥʮʫ ʪʝʤʥʦʚʦʡ ʧʘʫʟʳ ʨʘʟʣʠʯʥʳʝ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʜʚʫʭ 

ʨʘʙʦʯʠʭ ʧʦʜʫʨʦʚʥʝʡ 
1 2g g  ʠ 

21g g¡ ¡ ʦʢʘʟʘʣʠʩʴ ʚ ʧʨʦʪʠʚʦʬʘʟʝ, ʪʦ ʝʩʪʴ 

ʚʳʧʦʣʥʠʣʦʩʴ ʫʩʣʦʚʠʝ  

( )
1 2 1 2

(2 1)g g g g dT sp¡ ¡D = --D , 1,2,...s= , (3.1.1) 

ʪʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ȿ-ʩʭʝʤʳ ʙʫʜʫʪ ʦʩʣʘʙʣʷʪʴ ʜʨʫʛ ʜʨʫʛʘ. ʊʘʢ, ʠʩʧʦʣʴʟʫʷ 

ʚʳʨʘʞʝʥʠʝ (3.1.1),  ʧʦʣʫʯʝʥʦ, ʯʪʦ ʧʨʠ 1 ʤʩdT =  ȿ-ʩʭʝʤʳ ʥʘ ʧʝʨʝʭʦʜʘʭ 1 7ª  

ʠ 3 5ª  ʙʫʜʫʪ ʦʩʣʘʙʣʷʪʴ ʜʨʫʛ ʜʨʫʛʘ ʜʣʷ0.09 0.27, 0.45, ... ɻʩBº , ʯʪʦ ʭʦʨʦʰʦ 

ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.1.3 (ʘ), ʪʘʢ ʢʘʢ ʜʣʷ lin l᷆in ʢʦʥʬʠʛʫʨʘʮʠʡ ʨʝʟʦʥʘʥʩ ʥʘ 

ʧʝʨʝʭʦʜʝ 2 6ª  ʦʪʩʫʪʩʪʚʫʝʪ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʯʝʨʝʟ ʜʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʮʝʥʪʨʘʣʴʥʳʡ ʧʠʢ ʤʝʥʷʝʪ 

ʩʚʦʶ ʚʳʧʫʢʣʦʩʪʴ. ɺ ʢʦʥʬʠʛʫʨʘʮʠʠ linṶlin ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʦʩʣʘʙʣʝʥʠʝ 

ʘʤʧʣʠʪʫʜ ʛʨʝʙʝʥʢʠ ʈɻʤʩʠ ʚʥʦʩʷʪ ʩʦʚʤʝʩʪʥʦ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʤʝʞʜʫ ȿ-

ʩʭʝʤʘʤʠ ʥʘ ʨʘʜʠʦʯʘʩʪʦʪʥʳʭ ʧʝʨʝʭʦʜʘʭ 1 7ª  ʠ 2 6ª , ʘ ʪʘʢʞʝ 2 6ª  ʠ 

3 5ª .  
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ʈʠʩ. 3.1.4. ɿʘʚʠʩʠʤʦʩʪʴ ʩʧʝʢʪʨʦʚ ʂʇʅ ʨʝʟʦʥʘʥʩʦʚ, ʜʝʪʝʢʪʠʨʫʝʤʳʭ ʤʝʪʦʜʦʤ 

ʈɻʤʩʠ (ʩʧʣʦʰʥʳʝ ʢʨʠʚʳʝ) ʠ ʥʝʧʨʝʨʳʚʥʳʤ ʠʟʣʫʯʝʥʠʝʤ (ʧʫʥʢʪʠʨʥʳʝ ʢʨʠʚʳʝ), 

ʦʪ ʧʘʨʘʤʝʪʨʘ ʵʣʣʠʧʪʠʯʥʦʩʪʠ c ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʢʦʥʬʠʛʫʨʘʮʠʠ linṶlin  ʢ 

ʧʨʘʚʦʡ ʮʠʨʢʫʣʷʨʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʦʙʦʠʭ ʧʦʣʝʡ ʜʣʷ 5 ʤʩdT =  (ʘ) ʠ 1 ʤʩdT = (ʙ). 

ʇʘʨʘʤʝʪʨʳ ʨʘʩʯʝʪʘ: 2

1 2 0.2 ʤɺʪ/ʩʤI I= = , ʦ30 CT= , 0.8 ɻʩB= . ʆʩʪʘʣʴʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʪʝ ʞʝ, ʯʪʦ ʥʘ ʨʠʩʫʥʢʝ 3.1.2. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ (3.1.1) ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʧʨʠ 1 ʤʩdT =  ʤʠʥʠʤʘʣʴʥʘʷ 

ʘʤʧʣʠʪʫʜʘ ʚʧʝʨʚʳʝ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 0.09 0.18 ɻʩBÍ · , ʯʪʦ ʤʦʞʥʦ 

ʫʚʠʜʝʪʴ ʥʘ ʨʠʩʫʥʢʝ 3.1.3(ʙ). ʆʜʥʘʢʦ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʨʝʟʦʥʘʥʩ ʥʘ ʧʝʨʝʭʦʜʝ 

2 6ª  ʠʤʝʝʪ ʟʥʘʯʠʪʝʣɹʥʦ ʙʦӢʣɹ ʫhʁ  ʘʤʧʣʠʪʫʜʫ, ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʡ ʚʢʣʘʜ 

ʩʦʩʝʜʥʠʭ ʨʝʟʦʥʘʥʩʦʚ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʢʘʟʳʚʘʝʪʩʷ ʤʘʣ, ʠ ʥʘ ʨʠʩʫʥʢʝ 3.1.3 (ʙ) 

ʘʤʧʣʠʪʫʜʘ ʠʟʤʝʥʷʝʪʩʷ ʢʨʘʡʥʝ ʩʣʘʙʦ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʘʤʧʣʠʪʫʜʘ 

ʨʝʟʦʥʘʥʩʦʚ ʈɻʤʩʠ, ʚʦʟʙʫʞʜʘʝʤʳʭ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʥʬʠʛʫʨʘʮʠʠ linṶlin, ʤʝʥʝʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʠʟʤʝʥʝʥʠʶ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ 

ʬʦʨʤʫʣʝ (3.1.1) ʧʨʝʥʝʙʨʝʛʘʝʪʩʷ ʚʣʠʷʥʠʝʤ ʩʚʝʪʦʚʦʛʦ ʩʜʚʠʛʘ. 

ʅʘ ʨʠʩʫʥʢʝ 3.1.4 ʧʦʢʘʟʘʥʦ, ʢʘʢ ʤʝʥʷʝʪʩʷ ʛʨʝʙʝʥʢʘ ʈɻʤʩʠ ʧʨʠ ʧʝʨʝʭʦʜʝ 

ʦʪ ʢʦʥʬʠʛʫʨʘʮʠʠ linṶlin  ʢ ʧʨʘʚʦʡ ʮʠʨʢʫʣʷʨʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʦʙʦʠʭ ʧʦʣʝʡ. 

ɺʠʜʥʦ, ʯʪʦ ʚ ʦʛʠʙʘʶʱʝʡ ʛʨʝʙʝʥʢʠ ʈɻʤʩʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʵʣʣʠʧʪʠʯʥʦʩʪʠ 

ʦʩʪʘʝʪʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʤʠʥʠʤʫʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʨʝʟʦʥʘʥʩʫ ʥʘ ʧʝʨʝʭʦʜʝ 

2 6ª . ɸʤʧʣʠʪʫʜʘ ʨʝʟʦʥʘʥʩʦʚ ʧʨʠ ʵʪʦʤ ʫʤʝʥʴʰʘʝʪʩʷ ʚʩʣʝʜʩʪʚʠʝ 

ʦʙʨʘʟʦʚʘʥʠʷ çʢʘʨʤʘʥʘè ʥʘ ʫʨʦʚʥʝ 8 , ʯʪʦ ʜʝʣʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʨʢʫʣʷʨʥʦʡ 

ʧʦʣʷʨʠʟʘʮʠʠ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʂʇʅ ʤʝʥʝʝ ʚʳʛʦʜʥʳʤ. ʀʟ ʨʠʩʫʥʢʘ 3.1.4 (ʘ) ʠ 

(ʙ) ʚʠʜʥʦ, ʯʪʦ ʵʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʢʘʢ ʜʣʷ ʢʦʨʦʪʢʦʡ 1 ʤʩdT = , ʪʘʢ ʠ ʜʣʷ 

ʜʣʠʪʝʣʴʥʦʡ 5 ʤʩdT =  ʪʝʤʥʦʚʦʡ ʧʘʫʟʳ. 
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ʈʠʩ. 3.1.5. ɿʘʚʠʩʠʤʦʩʪʴ ʩʧʝʢʪʨʦʚ (ʘ) ʠ ʘʤʧʣʠʪʫʜ (ʙ) ʂʇʅ ʨʝʟʦʥʘʥʩʦʚ, 

ʜʝʪʝʢʪʠʨʫʝʤʳʭ ʤʝʪʦʜʦʤ ʈɻʤʩʠ, ʦʪ ʧʘʨʘʤʝʪʨʘ ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʜʚʫʭ ʧʨʘʚʦ-

ʮʠʨʢʫʣʷʨʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʚʦʣʥ (s s+ +) (ʧʫʥʢʪʠʨʥʳʝ ʢʨʠʚʳʝ) ʠ ʦʜʥʦʡ 

ʧʨʘʚʦ-ʮʠʨʢʫʣʷʨʥʦ ʜʨʫʛʦʡ ʣʝʚʦ-ʮʠʨʢʫʣʷʨʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʦʡ ʚʦʣʥ (s s+ -) 

(ʩʧʣʦʰʥʳʝ ʢʨʠʚʳʝ) ʧʨʠ ʢʦʥʬʠʛʫʨʘʮʠʠ lin l᷆in ʜʣʷ 0c= . ʇʘʨʘʤʝʪʨʳ ʨʘʩʯʝʪʘ: 
2

1 2 1 ʤɺʪ/ʩʤI I= = , ʦ30 CT= , 1 ʤʩdT = , 0.05 ɻʩB= . ʆʩʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʝ ʞʝ, 

ʯʪʦ ʥʘ ʨʠʩʫʥʢʝ 3.1.2. 
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ʅʘ ʨʠʩʫʥʢʝ 3.1.5(ʘ) ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʨʘʚʥʝʥʠʝ ʧʦʚʝʜʝʥʠʡ ʨʝʟʦʥʘʥʩʦʚ 

ʈɻʤʩʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʜʣʷ s s+ + ʠ s s+ - ʢʦʥʬʠʛʫʨʘʮʠʡ ʧʨʠ 

ʠʟʥʘʯʘʣʴʥʦʡ lin l᷆in ʢʦʥʬʠʛʫʨʘʮʠʠ. ɺʠʜʥʦ, ʯʪʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʮʠʨʢʫʣʷʨʥʳʤ 

ʧʦʣʷʨʠʟʘʮʠʷʤ ʚ ʦʛʠʙʘʶʱʝʡ ʨʝʟʦʥʘʥʩʦʚ ʦʩʪʘʝʪʩʷ ʧʠʢ, ʚ ʩʣʫʯʘʝ s s+ - 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʂʇʅ-ʨʝʟʦʥʘʥʩʫ ʥʘ ʧʝʨʝʭʦʜʝ 2 6ª , ʘ ʚ ʩʣʫʯʘʝ s s+ + ʥʘ 

ʧʝʨʝʭʦʜʝ 1 7ª . ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʣʦʞʝʥʠʝ ʧʦʩʣʝʜʥʝʛʦ ʥʝʩʢʦʣʴʢʦ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʚʝʣʠʯʠʥʳ 
71D  ʚʩʣʝʜʩʪʚʠʝ ʚʣʠʷʥʠʷ ʩʚʝʪʦʚʦʛʦ ʩʜʚʠʛʘ. ʇʨʠ ʵʪʦʤ 

ʘʤʧʣʠʪʫʜʘ ʮʝʥʪʨʘʣʴʥʦʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʢʩʪʨʝʤʫʤʘ ʦʛʠʙʘʶʱʝʡ ʨʝʟʦʥʘʥʩʘ 

ʤʝʥʷʝʪʩʷ ʩ ʠʟʤʝʥʝʥʠʝʤ ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʥʝʤʦʥʦʪʦʥʥʦ, ʠʤʝʷ ʚʳʨʘʞʝʥʥʳʡ 

ʤʘʢʩʠʤʫʤ ʚ ʦʢʨʝʩʪʥʦʩʪʠ / 8p  ʜʣʷ ʩʣʫʯʘʷ s s+ - ʢʦʥʬʠʛʫʨʘʮʠʠ (ʨʠʩʫʥʦʢ 

3.1.5(ʙ)).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʢʦʥʬʠʛʫʨʘʮʠʠ s s+ - ʩʫʱʝʩʪʚʫʝʪ ʦʧʪʠʤʘʣʴʥʘʷ 

ʵʣʣʠʧʪʠʯʥʦʩʪʴ, ʚ ʢʦʪʦʨʦʡ ʨʝʟʦʥʘʥʩ ʠʤʝʝʪ ʥʘʠʣʫʯʰʠʡ ʧʘʨʘʤʝʪʨ ʢʘʯʝʩʪʚʘ. 

ɼʘʥʥʳʡ ʵʬʬʝʢʪ ʤʦʞʥʦ ʪʘʢʞʝ ʦʙʲʷʩʥʠʪʴ ʚʣʠʷʥʠʝʤ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʨʘʟʣʠʯʥʳʭ 

ȿ-ʩʭʝʤ. ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʧʨʠ lin l᷆in ʢʦʥʬʠʛʫʨʘʮʠʠ ʨʝʟʦʥʘʥʩ ʥʘ 

ʨʘʜʠʦʯʘʩʪʦʪʥʦʤ ʧʝʨʝʭʦʜʝ 2 6ª  ʦʪʩʫʪʩʪʚʫʝʪ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʢ ʮʠʨʢʫʣʷʨʥʦʡ 

ʧʦʣʷʨʠʟʘʮʠʠ s s+ + ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʦʜʥʦ ʠʟ ʝʛʦ ʧʣʝʯ ʚʩʣʝʜʩʪʚʠʝ ʧʨʘʚʠʣ 

ʦʪʙʦʨʘ. ʆʜʥʘʢʦ ʧʨʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ ʵʣʣʠʧʪʠʯʥʦʩʪʠ 

ʤʝʞʜʫ lin l᷆in ʠ s s+ + ʧʦʣʷʨʠʟʘʮʠʷʤʠ ʚʪʦʨʦʝ ʧʣʝʯʦ ʩʜʚʦʝʥʥʦʡ ȿ-ʩʭʝʤʳ ʥʘ 

ʧʝʨʝʭʦʜʝ 2 6ª  ʧʨʦʷʚʣʷʝʪʩʷ, ʚʥʦʩʷ  ʢʦʥʩʪʨʫʢʪʠʚʥʳʡ ʚʢʣʘʜ ʚ ʩʧʝʢʪʨ ʧʨʠ 

ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʟʥʘʯʝʥʠʷʭ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʫʩʣʦʚʠʶ ʜʝʩʪʨʫʢʪʠʚʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ 

(3.1.1), ʠʟʤʝʥʝʥʠʝ ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʙʫʜʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʦʙʨʘʪʥʦʤʫ ʵʬʬʝʢʪʫ.  
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3.2. ɸʥʘʣʠʟ ʩʚʝʪʦʚʳʭ ʩʜʚʠʛʦʚ 

ɼʘʣʝʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʧʦʚʝʜʝʥʠʝ ʩʚʝʪʦʚʦʛʦ ʩʜʚʠʛʘ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʨʝʟʦʥʘʥʩʘ ʈɻʤʩʠ. ʀʟ ʨʠʩʫʥʢʘ 3.2.1(ʘ) ʚʠʜʥʦ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʩʜʚʠʛʘ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʫʢʘʟʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʙʣʠʟʢʘ ʢ ʣʠʥʝʡʥʦʡ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʧ.2.3.1, ʛʜʝ ʪʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʦʙʲʷʩʥʷʣʦʩʴ ʪʝʤʧʝʨʘʪʫʨʥʳʤ 

ʫʰʠʨʝʥʠʝʤ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʢʦʥʪʫʨʘ. ʇʨʠ ʵʪʦʤ ʠʟʤʝʥʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʫʛʣʘ ʥʘʢʣʦʥʘ ʟʘʚʠʩʠʤʦʩʪʠ ʚʩʣʝʜʩʪʚʠʝ ʟʝʝʤʘʥʦʚʩʢʠʭ 

ʩʜʚʠʛʦʚ ʨʘʙʦʯʠʭ ʧʦʜʫʨʦʚʥʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʚʠʩʠʤʦʩʪʴ ʩʜʚʠʛʘ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ  ʤʦʞʥʦ ʧʦʜʘʚʠʪʴ ʚʳʙʦʨʦʤ ʚʝʣʠʯʠʥʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʅʘ 

ʨʠʩʫʥʢʝ 3.2.1(ʙ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʜʚʠʛʘ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʈɻʤʩʠ ʦʪ ʧʘʨʘʤʝʪʨʘ ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʧʦʣʝʡ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʦʪ ʣʠʥʝʡʥʳʭ ʧʦʣʷʨʠʟʘʮʠʡ ʢ ʮʠʨʢʫʣʷʨʥʳʤ. ɺʠʜʥʦ, ʯʪʦ ʭʦʜ ʜʘʥʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʧʦʣʦʛʠʤ ʚ ʦʢʨʝʩʪʥʦʩʪʠ / 4p , ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʠʟʦʪʨʦʧʥʦʩʪʴʶ ʩʠʩʪʝʤʳ ʚ ʧʦʧʝʨʝʯʥʳʭ ʣʘʟʝʨʥʦʤʫ ʣʫʯʫ ʧʣʦʩʢʦʩʪʷʭ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʨʝʟʦʥʘʥʩʳ, ʚʦʟʙʫʞʜʘʝʤʳʝ ʮʠʨʢʫʣʷʨʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʤʠ ʧʦʣʷʤʠ, 

ʦʢʘʟʳʚʘʶʪʩʷ ʤʝʥʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʬʣʫʢʪʫʘʮʠʷʤ ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʟʦʥʘʥʩʘʤʠ, ʚʦʟʙʫʞʜʘʝʤʳʤʠ ʣʠʥʝʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʤʠ 

ʧʦʣʷʤʠ ʢʘʢ ʧʦ ʘʤʧʣʠʪʫʜʝ (ʨʠʩʫʥʦʢ 3.2.1(ʙ)), ʪʘʢ ʠ ʧʦ ʩʜʚʠʛʫ (ʨʠʩʫʥʦʢ 

3.2.1(ʙ)) [ɸ8]. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʚʩʝʭ ʟʘʚʠʩʠʤʦʩʪʷʭ ʥʘ ʨʠʩʫʥʢʝ 3.2.1 (ʙ) 

ʠʤʝʁʪʩʷ ʩʪʘʮʠʦʥʘʨʥʳʝ ʪʦʯʢʠ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʩʚʝʪʦʚʦʛʦ 

ʩʜʚʠʛʘ ʦʪ ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʤʦʞʥʦ ʧʦʜʘʚʠʪʴ ʚʳʙʦʨʦʤ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʧʦʣʷʨʠʟʘʮʠʠ ʠʟʣʫʯʝʥʠʷ. 
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ʈʠʩ. 3.2.1. ɿʘʚʠʩʠʤʦʩʪʴ ʩʜʚʠʛʘ ʮʝʥʪʨʘʣʴʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʂʇʅ S, 

ʜʝʪʝʢʪʠʨʫʝʤʦʛʦ ʤʝʪʦʜʦʤ ʈɻʤʩʠ, ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʝʣʠʯʠʥʘʭ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ B  ʜʣʷ ʢʦʥʬʠʛʫʨʘʮʠʠ lin l᷆in (ʘ) ʠ ʦʪ ʧʘʨʘʤʝʪʨʘ 

ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʨʘʟʣʠʯʥʳʤ ʢʦʥʬʠʛʫʨʘʮʠʷʤ ʮʠʨʢʫʣʷʨʥʳʭ 

ʧʦʣʷʨʠʟʘʮʠʡ (ʙ). ʇʘʨʘʤʝʪʨʳ ʨʘʩʯʝʪʘ: 2

1 2 1 ʤɺʪ/ʩʤI I= = , ʦ30 CT= , 1 ʤʩdT = . 

ʆʩʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʝ ʞʝ, ʯʪʦ ʥʘ ʨʠʩʫʥʢʝ 3.1.2. 
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3.3. ʉʨʘʚʥʝʥʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʚʳʧʦʣʥʷʝʪʩʷ ʩʨʘʚʥʝʥʠʝ ʧʨʝʜʩʢʘʟʘʥʠʡ ʪʝʦʨʠʠ, 

ʧʨʠʚʝʜʝʥʥʦʡ ʚ ʛʣʘʚʝ 1, ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. ʅʘ ʨʠʩʫʥʢʝ 3.2.2 

ʧʨʠʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʛʨʝʙʝʥʦʢ ʨʝʟʦʥʘʥʩʦʚ ʈɻʤʩʠ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʯʠʩʣʝʥʥʦ ʥʘ 

ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʠʟ ʨʘʟʜʝʣʘ 1.1, ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʨʝʟʦʥʘʥʩʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʘʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [128] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʷʯʝʡʢʠ ʘʪʦʤʦʚ 

85
Rb. ʉʭʝʤʘ ʚʦʟʙʫʞʜʝʥʠʷ ʜʘʥʥʳʭ ʨʝʟʦʥʘʥʩʦʚ ʘʥʘʣʦʛʠʯʥʘ ʪʦʡ, ʯʪʦ ʠʟʣʦʞʝʥʘ ʚ 

ʨʘʟʜʝʣʝ 2.1.  

ʅʘ ʨʠʩʫʥʢʝ 3.2.2 ʚʠʜʥʦ, ʯʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʢʘʯʝʩʪʚʝʥʥʦʝ ʩʦʛʣʘʩʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʧʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʥʘ ʦʩʥʦʚʝ ʧʨʦʩʪʦʡ 

ȿ-ʩʭʝʤʳ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʨʘʙʦʪʝ [128], ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʘʩʠʤʤʝʪʨʠʯʥʫʶ ʬʦʨʤʫ 

ʨʝʟʦʥʘʥʩʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʥʝʨʝʟʦʥʘʥʩʥʳʤʠ ʘʪʦʤʥʳʤʠ 

ʧʝʨʝʭʦʜʘʤʠ. ʀʟ ʨʠʩʫʥʢʘ 3.2.2 (ʘ) ʚʠʜʥʦ, ʯʪʦ ʘʤʧʣʠʪʫʜʘ ʥʠʞʥʝʡ ʦʛʠʙʘʶʱʝʡ 

ʨʝʟʦʥʘʥʩʦʚ ʦʢʘʟʳʚʘʝʪʩʷ ʤʝʥʴʰʝ ʘʤʧʣʠʪʫʜʳ ʚʝʨʭʥʝʡ. ʕʪʦ ʤʦʞʝʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦʙ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʩʨʝʜʳ ʘʢʪʠʚʥʳʭ ʘʪʦʤʦʚ, 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ. ʊʘʢ ʢʘʢ ʚ ʠʩʧʦʣʴʟʫʝʤʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝ ʫʯʠʪʳʚʘʣʘʩʴ ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ, ʨʠʩʫʥʦʢ 3.2.2 

(ʙ) ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʜʘʥʥʫʶ ʦʩʦʙʝʥʥʦʩʪʴ. ʇʨʦʯʠʝ ʨʘʩʭʦʞʜʝʥʠʷ 

ʚ ʬʦʨʤʝ ʨʝʟʦʥʘʥʩʦʚ ʤʦʛʫʪ ʙʳʪʴ ʚʳʟʚʘʥʳ ʪʘʢʠʤʠ ʥʝ ʫʯʪʝʥʥʳʤʠ ʚ ʤʦʜʝʣʠ 

ʬʘʢʪʦʨʘʤʠ, ʢʘʢ ʢʦʥʝʯʥʦʩʪʴ ʜʣʠʪʝʣʴʥʦʩʪʠ ʥʘʢʘʯʠʚʘʶʱʝʛʦ ʠʤʧʫʣʴʩʘ pt  

(ʟʥʘʯʝʥʠʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ 200 ʤʢʩpt= ), ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʦʣʢʥʦʚʝʥʠʡ 

ʘʢʪʠʚʥʳʭ ʘʪʦʤʦʚ ʩʦ ʩʪʝʥʢʘʤʠ ʛʘʟʦʚʦʡ ʷʯʝʡʢʠ. 
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ʈʠʩ. 3.2.2. ʉʨʘʚʥʝʥʠʝ ʬʦʨʤ ʨʝʟʦʥʘʥʩʦʚ, ʧʦʣʫʯʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ (ʘ) [128], ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ, ʨʘʩʩʯʠʪʘʥʥʳʤʠ 

ʥʘ ʦʩʥʦʚʝ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʙ), ʜʣʷ ʩʨʝʜʳ ʘʪʦʤʦʚ 
85

Rb ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʜʣʠʪʝʣʴʥʦʩʪʷʭ ʪʝʤʥʦʚʦʡ ʧʘʫʟʳ Td. ʈʘʩʯʝʪ ʚʳʧʦʣʥʝʥ ʜʣʷ linṶlin 

ʧʦʣʷʨʠʟʘʮʠʠ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʩʪʷʭ I1 = I2 =1.5 ʤɺʪ/ʩʤ
2
 ʠ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ B = 

0.1 ɻʩ. ʇʘʨʘʤʝʪʨʳ ʜʣʷ ʘʪʦʤʘ 
85

Rb ʟʘʠʤʩʪʚʦʚʘʥʳ ʠʟ ʨʘʙʦʪʳ [129]. ʆʩʪʘʣʴʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʪʝ ʞʝ, ʯʪʦ ʥʘ ʨʠʩʫʥʢʝ 3.1.2. 

  
































































