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ʂʆʄʇʊʆʅʆɺʉʂʆɽ ʈɸʉʉɽʗʅʀɽ ʅɸ ɼɽʁʊʈʆʅɽ 
ʀʇʆʃʗʈʀɿʋɽʄʆʉʊʀ ʅɽʁʊʈʆʅɸ* 

 
ɼʘʥʦ ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʷʚʣʝʥʠʷ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʥʫʢʣʦʥʘ. ʆʙʩʫʞʜʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ 

ʢ ʨʘʩʯʝʪʫ ʧʦʣʷʨʠʟʫʝʤʦʩʪʝʡ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʧʦʣʷʨʠʟʫʝʤʦʩʪʝʡ ʧʨʦʪʦʥʘ ʠ ʥʝʡʪʨʦʥʘ. 
ʉʜʝʣʘʥ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦ ʢʦʤʧʪʦʥʦʚʩʢʦʤʫ ʨʘʩʩʝʷʥʠʶ ʥʘ ʜʝʡʪʨʦʥʝ ʚ ʨʘʤʢʘʭ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʤʦʜʝʣʠ. ʈʝʟʫʣʴʪʘʪʳ ʬʠʪʘ ʜʘʣʠ ʟʥʘʯʝʥʠʷ 13.7 ± 1.8  ʠ 1.9 ± 1.6  ʚ ʝʜʠʥʠʮʘʭ 10
4-
ʌʤ

3
 ʜʣʷ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʡ na  ʠ ʤʘʛʥʠʪʥʦʡ nb  ʧʦʣʷʨʠʟʫʝʤʦʩʪʝʡ ʥʝʡʪʨʦʥʘ. 

 
ɺʚʝʜʝʥʠʝ 
ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʧʨʦʷʚʣʷʝʪʩʷ ʢ ʠʟʫʯʝʥʠʶ ʢʦʤʧʪʦʥʦʚ-

ʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʥʘ ʧʨʦʪʦʥʝ ʠ ʥʝʡʪʨʦʥʝ ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʠ ʩʨʝʜʥʠʭ ʵʥʝʨʛʠʡ. ʕʪʦ ʩʚʷʟʘ-
ʥʦ ʩ ʪʝʤ, ʯʪʦ ʚ ʫʢʘʟʘʥʥʳʭ ʧʨʦʮʝʩʩʘʭ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʩʪʨʫʢ-
ʪʫʨʥʳʝ ʧʦʩʪʦʷʥʥʳʝ ʥʫʢʣʦʥʦʚ – ʠʭ ʵʣʝʢʪʨʠʯʝʩʢʘʷ (a ) ʠ ʤʘʛʥʠʪʥʘʷ ( b ) ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ. 
ʆʥʠ ʩʦʜʝʨʞʘʪ ʚʘʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʨʫʢʪʫʨʝ ʥʫʢʣʦʥʦʚ ʥʘ ʩʨʝʜʥʠʭ ʠ ʙʦʣʴʰʠʭ ʨʘʩ-
ʩʪʦʷʥʠʷʭ, ʚ ʯʘʩʪʥʦʩʪʠ ʦ ʨʘʜʠʫʩʝ ʢʚʘʨʢʦʚʦʛʦ ʢʦʨʘ, ʦ ʤʝʟʦʥʥʦʡ ʰʫʙʝ, ʦ ʚʢʣʘʜʝ ʚ ʤʝʟʦʥ-
ʥʫʶ ʰʫʙʫ ʢʦʨʨʝʣʠʨʦʚʘʥʥʳʭ pp -ʧʘʨ ʠʣʠ s -ʤʝʟʦʥʘ ʠ ʪ.ʜ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʦʧʨʦʩʳ 
ʧʦʜʨʦʙʥʦ ʦʙʩʫʞʜʘʶʪʩʷ ʚ ʦʙʟʦʨʘʭ [1; 2]. ɿʥʘʥʠʝ ʘʤʧʣʠʪʫʜ pg - ʠ ng -ʨʘʩʩʝʷʥʠʷ ʥʝʦʙʭʦ-
ʜʠʤʦ ʪʘʢʞʝ ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʧʦ ʨʘʩʩʝʷʥʠʶ ʬʦʪʦʥʦʚ ʥʘ ʷʜʨʘʭ. ʊʘʢʦʛʦ ʨʦʜʘ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ, ʥʘʧʨʠʤʝʨ, ʜʘʪʴ ʦʪʚʝʪ ʥʘ ʚʦʧʨʦʩ ʦ ʪʦʤ, ʥʘʩʢʦʣʴʢʦ ʨʘʟʣʠʯʘʶʪʩʷ 
ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʚʦʙʦʜʥʳʭ ʠ ʩʚʷʟʘʥʥʳʭ ʥʫʢʣʦʥʦʚ. ʅʠʞʝ ʤʳ ʦʙʩʫʜʠʤ ʩʦ-
ʚʨʝʤʝʥʥʳʡ ʩʪʘʪʫʩ ʧʦʣʷʨʠʟʫʝʤʦʩʪʝʡ ʥʫʢʣʦʥʘ. ɺʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʥʫʢʣʦʥ ʠʤʝʝʪ ʚʥʫʪ-
ʨʝʥʥʶʶ ʩʪʨʫʢʪʫʨʫ, ʦʥ ʤʦʞʝʪ ʜʝʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚʦ ʚʥʝʰʥʝʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, 
ʧʨʠʦʙʨʝʪʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʵʥʝʨʛʠʶ 
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ʛʜʝ E  ʠ H  – ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʪ-
ʤʝʪʠʤ ʟʜʝʩʴ, ʯʪʦ ʧʦʷʚʣʝʥʠʝ ʬʘʢʪʦʨʘ 4p  ʚ (1) ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʤʳ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫ-
ʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʩʪʝʤʫ ʝʜʠʥʠʮ ʍʝʚʠʩʘʡʜʘ ʜʣʷ ʟʘʨʷʜʦʚ ʠ ʧʦʣʝʡ, ʚ ʢʦʪʦʨʦʡ, ʥʘʧʨʠʤʝʨ, 

2 4 137e p= / , ʥʦ, ʧʦ ʠʩʪʦʨʠʯʝʩʢʠʤ ʧʨʠʯʠʥʘʤ, ʠʩʧʦʣʴʟʫʝʤ ʩʠʩʪʝʤʫ ɻʘʫʩʩʘ ʜʣʷ ʧʦʣʷʨʠʟʫ-
ʝʤʦʩʪʝʡ. ʇʦʣʷʨʠʟʘʮʠʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ (1) ʧʨʠʚʦʜʠʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʚʢʣʘʜʫ 
ʚ ʘʤʧʣʠʪʫʜʫ ʢʦʤʧʪʦʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʥʘ ʥʫʢʣʦʥʝ 

 

2 * *4 ( ) ( )polT p w a b¡ ¡ ¡è ø= Ö + ³ Ö ³ ,ê úe e e k e k             (2) 
 

ʛʜʝ e  ( )¡e  ʠ k  ( )¡k  – ʚʝʢʪʦʨʳ ʧʦʣʷʨʠʟʘʮʠʠ ʠ ʠʤʧʫʣʴʩʘ ʥʘʯʘʣʴʥʦʛʦ (ʢʦʥʝʯʥʦʛʦ) ʬʦʪʦ-
ʥʦʚ, w  – ʵʥʝʨʛʠʷ ʬʦʪʦʥʘ. 
__________________________ 
*ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʘʤʠ ʌ17ɼ–001 ʠ ʌ18ɼ–010 ɹʝʣʦʨʫʩʩʢʦʛʦ ʨʝʩʧʫʙʣʠʢʘʥʩʢʦʛʦ ʬʦʥʜʘ 
ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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ʉʫʱʝʩʪʚʫʝʪ ʨʘʟʣʠʯʠʝ ʚ ʩʠʪʫʘʮʠʷʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʧʦʣʷʨʠʟʫʝʤʦʩʪʝʡ 
ʧʨʦʪʦʥʘ ʠ ʥʝʡʪʨʦʥʘ. ʄʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʨʘʟʣʦʞʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʩʝʯʝʥʠʷ 
ʢʦʤʧʪʦʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʥʘ ʧʨʦʪʦʥʝ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʩʠʩʪʝʤʝ ʩ ʫʯʝʪʦʤ ʧʦʣʷʨʠʟʫʝʤʦ-
ʩʪʝʡ ʠʤʝʝʪ ʚʠʜ [2]: 

 

( ) ( )
2

2 22 4

Po

1 cos 1 cos ( )
4 2 2

d d e
O

d d m

s s a b a bw w
p

+ -å õ è ø= - + Q + - Q + ,æ ö é ùW Wç ÷ ê ú
            (3) 

 

ʛʜʝ e  ʠ m  – ʟʘʨʷʜ ʥʫʢʣʦʥʘ ʠ ʝʛʦ ʤʘʩʩʘ. ʇʝʨʚʳʡ ʯʣʝʥ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ – ʵʪʦ ʪ.ʥ. ʩʝʯʝʥʠʝ 
ʇʦʫʵʣʣʘ [3] ʜʣʷ ʨʘʩʩʝʷʥʠʷ ʬʦʪʦʥʘ ʥʘ ʪʦʯʝʯʥʦʡ ʟʘʨʷʞʝʥʥʦʡ ʯʘʩʪʠʮʝ ʩʧʠʥʘ 1

2 , ʠʤʝʶʱʝʡ 
ʪʘʢʞʝ ʘʥʦʤʘʣʴʥʳʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ. ɺʪʦʨʦʡ ʯʣʝʥ ʦʙʫʩʣʦʚʣʝʥ ʠʥʪʝʨʬʝʨʝʥʮʠʝʡ ʪʦʤ-
ʩʦʥʦʚʩʢʦʡ ʘʤʧʣʠʪʫʜʳ ʠ ʯʣʝʥʦʚ ʩ ʧʦʣʷʨʠʟʫʝʤʦʩʪʷʤʠ (2). ɸʥʘʣʠʟ ʚʳʨʘʞʝʥʠʷ (3) ʧʦʢʘʟʳ-
ʚʘʝʪ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʧʨʦʪʦʥʘ ʵʪʦʪ ʯʣʝʥ ʩʪʘʥʦʚʠʪʩʷ ʠʟʤʝʨʠʤʳʤ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʳʭ 
ʵʥʝʨʛʠʷʭ ʬʦʪʦʥʘ (ʥʘʯʠʥʘʷ ʧʨʠʤʝʨʥʦ ʩ 50 ʄʵɺ). ʇʦʣʷʨʠʟʫʝʤʦʩʪʠ ʞʝ ʥʝʡʪʨʦʥʘ ʧʨʦʷʚʣʷ-
ʶʪ ʩʝʙʷ ʪʦʣʴʢʦ ʚ ʯʣʝʥʝ ʧʦʨʷʜʢʘ 4w  [4–6]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʝʯʝʥʠʝ 
ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʨʝʥʦ ʪʦʣʴʢʦ ʧʨʠ ʙóʣʴʰʠʭ ʵʥʝʨʛʠʷʭ (ʤʳ ʥʝ ʧʨʠʚʦʜʠʤ ʟʜʝʩʴ ʚʳʨʘʞʝʥʠʷ 
ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʚ ʵʪʦʤ ʧʦʨʷʜʢʝ ʚʚʠʜʫ ʝʛʦ ʛʨʦʤʦʟʜʢʦʩʪʠ). 

ʀʟ ʚʳʨʘʞʝʥʠʷ (3) ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʧʝʨʝʜʥʠʭ ʫʛʣʘʭ ʩʝʯʝʥʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦ ʢ ʩʫʤ-
ʤʝ a  ʠ b , ʧʨʠ ʟʘʜʥʠʭ ʫʛʣʘʭ – ʢ ʨʘʟʥʦʩʪʠ ʧʦʣʷʨʠʟʫʝʤʦʩʪʝʡ, ʘ ʧʨʠ ʫʛʣʝ 090  ʪʦʣʴʢʦ ʢ a . 
ʆʪʤʝʪʠʤ, ʯʪʦ ʵʪʠ ʚʳʚʦʜʳ ʦʩʪʘʶʪʩʷ ʚ ʩʠʣʝ ʠ ʚ ʩʣʫʯʘʝ ʢʦʤʧʪʦʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʥʘ ʥʝʡ-
ʪʨʦʥʝ [4–6]. ʉʫʤʤʘ ʧʦʣʷʨʠʟʫʝʤʦʩʪʝʡ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʘ ʩ ʧʦʤʦʱʴʶ ʠʟʚʝʩʪʥʦʛʦ 
ʧʨʘʚʠʣʘ ʩʫʤʤ ɹʘʣʜʠʥʘ [7], ʩʚʷʟʳʚʘʶʱʝʛʦ N Nba +  ʩ ʠʥʪʝʛʨʘʣʦʤ ʦʪ ʧʦʣʥʦʛʦ ʩʝʯʝʥʠʷ 
ʘʜʨʦʥʥʦʛʦ ʬʦʪʦʧʦʛʣʦʱʝʥʠʷ ʥʘ ʥʫʢʣʦʥʝ ( )Ns w : 
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ɺ ʚʳʨʘʞʝʥʠʠ (4) 0w  – ʵʪʦ ʧʦʨʦʛ ʬʦʪʦʧʦʛʣʦʱʝʥʠʷ ʥʘ ʥʫʢʣʦʥʝ ( 0 150w º  ʄʵɺ). ɺʩʣʝʜ-
ʩʪʚʠʝ ʬʘʢʪʦʨʘ 2w-  ʚ ʧʦʜʳʥʪʝʛʨʘʣʴʥʦʤ ʚʳʨʘʞʝʥʠʠ ʠʥʪʝʛʨʘʣ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ (4) ʙʳʩʪʨʦ 
ʩʭʦʜʠʪʩʷ ʠ ʤʦʞʝʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥ ʚʝʩʴʤʘ ʥʘʜʝʞʥʦ [8] 
 

14 0 0 5 , 15 2 0 5p np nb ba a+ = . ° . + = . ° .                             (5) 
 

ʚ ʝʜʠʥʠʮʘʭ 10 4-  ʌʤ 3 , ʢʦʪʦʨʳʝ ʤʳ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ ʧʦʣʷʨʠʟʫʝʤʦ-
ʩʪʝʡ. ʈʘʟʥʠʮʘ ʞʝ ʧʦʣʷʨʠʟʫʝʤʦʩʪʝʡ N Nba -  ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʘ ʩ ʜʦʩʪʘʪʦʯʥʦʡ 
ʪʦʯʥʦʩʪʴʶ ʠ ʦʙʳʯʥʦ ʩʯʠʪʘʝʪʩʷ ʩʚʦʙʦʜʥʳʤ ʧʘʨʘʤʝʪʨʦʤ. 
 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʚʳʯʠʩʣʝʥʠʶ ʧʦʣʷʨʠʟʫʝʤʦʩʪʝʡ ʥʫʢʣʦʥʦʚ  
ʉʣʝʜʫʝʪ ʩʢʘʟʘʪʴ, ʯʪʦ ʚʩʝ ʤʦʜʝʣʠ, ʧʨʝʪʝʥʜʫʶʱʠʝ ʥʘ ʦʧʠʩʘʥʠʝ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝ-

ʩʢʦʡ ʬʠʟʠʢʠ ʘʜʨʦʥʦʚ, ʦʙʷʟʘʪʝʣʴʥʦ ʧʨʦʭʦʜʷʪ ʪʝʩʪ ʥʘ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʦʧʠʩʘʪʴ ʧʦʣʷʨʠʟʫ-
ʝʤʦʩʪʠ ʥʫʢʣʦʥʦʚ. ʄʳ ʫʧʦʤʷʥʝʤ ʟʜʝʩʴ ʪʦʣʴʢʦ ʥʝʢʦʪʦʨʳʝ ʠʟ ʨʘʩʯʝʪʦʚ. ʅʘʧʨʠʤʝʨ, ʚ ʜʠʩ-
ʧʝʨʩʠʦʥʥʦʤ ʧʦʜʭʦʜʝ [9] ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʧʦʣʷʨʠʟʫʝʤʦʩʪʝʡ ʧʨʦʪʦʥʘ 
ʠ ʥʝʡʪʨʦʥʘ: 

9 0 2 0 5 2 2 0p pba = . ° . , = . ° . ,           (6) 

11 1 2 0 4 7 2 0n nba = . ° . , = . ° . ,          (7) 
 

ʛʜʝ ʧʨʠʚʝʜʝʥʥʳʝ ʦʰʠʙʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʫʯʝʪʝ 
ʜʚʫʭʧʠʦʥʥʳʭ ʚʢʣʘʜʦʚ ʚ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʠʥʪʝʛʨʘʣʳ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʦʙʝʱʘʶʱʠʭ ʤʝʪʦʜʦʚ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝ-
ʩʢʦʡ ʬʠʟʠʢʠ ʘʜʨʦʥʦʚ ʷʚʣʷʝʪʩʷ ʢʠʨʘʣʴʥʘʷ ʪʝʦʨʠʷ ʚʦʟʤʫʱʝʥʠʡ (ChPT). ʇʝʨʚʳʡ ʨʘʩʯʝʪ 
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ʥʫʢʣʦʥʥʳʭ ʧʦʣʷʨʠʟʫʝʤʦʩʪʝʡ ʚ ChPT ʩ ʫʯʝʪʦʤ ʦʜʥʦʧʝʪʣʝʚʳʭ ʚʢʣʘʜʦʚ [10] ʜʘʣ ʩʣʝʜʫʶ-
ʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: 

7 4 2 0p pba = . , = - . ,               (8) 

10 1 1 2n nba = . , = - . .               (9) 
 

ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʧʨʦʪʦʥʘ ʥʘʭʦʜʷʪʩʷ ʚ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ ʩʦʛʣʘ-
ʩʠʠ ʩ ʜʘʥʥʳʤʠ, ʪʦʛʜʘ ʢʘʢ ʟʥʘʯʝʥʠʝ ʜʣʷ ʤʘʛʥʠʪʥʦʡ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʧʨʦʪʦʥʘ ʥʘʭʦʜʠʪʩʷ 
ʚ ʷʚʥʦʤ ʧʨʦʪʠʚʦʨʝʯʠʠ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ (15). ɺʦʟʤʦʞʥʘʷ ʧʨʠʯʠʥʘ ʤʦ-
ʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʚ ʨʘʙʦʪʝ [10] ʥʝ ʫʯʠʪʳʚʘʣʩʷ ʚʢʣʘʜ D -ʠʟʦʙʘʨʳ. ɺ ʧʦʩʣʝ-
ʜʫʶʱʝʡ ʧʫʙʣʠʢʘʮʠʠ ʪʦʡ ʞʝ ʛʨʫʧʧʳ, ʛʜʝ ʙʳʣ ʫʯʪʝʥ ʚʢʣʘʜ ʦʪ D , ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

 

10 5 2 0 3 5 3 6p pba = . ° . , = . ° . ,           (10) 

13 4 1 5 7 8 3 6n nba = . ° . , = . ° . ,           (11) 
 

ʢʦʪʦʨʳʝ ʚ ʩʣʫʯʘʝ ʧʨʦʪʦʥʘ ʥʘʭʦʜʷʪʩʷ ʚ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ ʩʦʛʣʘʩʠʠ ʩ ʧʨʝʜʩʢʘʟʘʥʠʝʤ (5) 
ʧʨʘʚʠʣʘ ʩʫʤʤ ɹʘʣʜʠʥʘ (4), ʥʦ ʢʦʪʦʨʳʝ ʠʩʢʣʶʯʘʶʪʩʷ ʵʪʠʤ ʧʨʘʚʠʣʦʤ ʜʣʷ ʥʝʡʪʨʦʥʘ. 

ɽʱʝ ʦʜʠʥ ʨʘʩʯʝʪ ʧʦʣʷʨʠʟʫʝʤʦʩʪʝʡ ʥʫʢʣʦʥʘ ʚ ʨʘʤʢʘʭ ChPT [11] ʜʘʣ ʨʝʟʫʣʴʪʘʪ 
 

20 8 14 7,p n p nba , ,= . , = .      (12) 
 

ʢʦʪʦʨʳʡ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʠʟʦʩʧʠʥʘ. ʇʨʠʚʝʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʧʦʣʷʨʠʟʫʝʤʦʩʪʝʡ ʧʨʦʪʦʥʘ 
ʥʘʭʦʜʷʪʩʷ ʚ ʦʯʝʥʴ ʩʝʨʴʝʟʥʦʤ ʨʘʩʭʦʞʜʝʥʠʠ ʩ ʧʨʘʚʠʣʦʤ ʩʫʤʤ ɹʘʣʜʠʥʘ (5). ɺ ʧʦʩʣʝʜʥʝʝ 
ʚʨʝʤʷ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʤʥʦʛʦ ʨʘʩʯʝʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʠʨʘʣʴʥʦʡ ʪʝʦʨʠʠ. ʀʭ ʦʯʝʥʴ 
ʜʝʪʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʦʙʟʦʨʝ [12]. ʉʘʤʳʡ ʧʦʩʣʝʜʥʠʡ ʨʘʩʯʝʪ ʚ ʨʘʤʢʘʭ ʵʬ-
ʬʝʢʪʠʚʥʳʭ ʧʦʣʝʚʳʭ ʪʝʦʨʠʡ [13] ʜʘʣ ʪʘʢʠʝ ʟʥʘʯʝʥʠʷ ʧʦʣʷʨʠʟʫʝʤʦʩʪʝʡ ʥʫʢʣʦʥʦʚ: 
 

11 2 0 7 3 9 0 7p pba = . ° . , = . ° . ,     (13) 

13 7 3 1 4 6 2 7.n nba = . ° . , = . ° .     (14) 

 
ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʧʦʣʷʨʠʟʫʝʤʦʩʪʝʡ ʧʨʦʪʦʥʘ 
ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʨʘʩʩʝʷʥʠʶ ʬʦʪʦʥʦʚ ʥʘ ʧʨʦʪʦʥʘʭ, ʚʳʧʦʣʥʝʥʥʳʝ ʧʨʠ ʵʥʝʨʛʠʷʭ 

ʥʠʞʝ ʧʦʨʦʛʘ ʬʦʪʦʨʦʞʜʝʥʠʷ ʧʠʦʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʢ ʪʦʨʤʦʟʥʳʭ, ʪʘʢ ʠ ʤʦʥʦʵʥʝʨ-
ʛʝʪʠʯʝʩʢʠʭ ʬʦʪʦʥʦʚ, ʜʘʣʠ ʩʣʝʜʫʶʱʠʡ ʨʝʟʫʣʴʪʘʪ ʜʣʷ ʧʦʣʷʨʠʟʫʝʤʦʩʪʝʡ ʧʨʦʪʦʥʘ [14–18]: 

 

12 1 0 8(ʩʪʘʪ ) 0 5(ʩʠʩʪ ) 2 1 0 8(ʩʪʘʪ ) 0 5(ʩʠʩʪ )p pba = . ° . . ° . . , = . . . . . ._ _           (15) 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʦʣʷʨʠʟʫʝʤʦʩʪʴ ʧʨʦʪʦʥʘ ʠʟʤʝʨʝʥʘ ʩ ʪʦʯʥʦʩʪʴʶ 
10 %, ʘ ʤʘʛʥʠʪʥʘʷ – ʩ ʪʦʯʥʦʩʪʴʶ ʦʢʦʣʦ 50 %. ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʠʟʚʣʝʯʝʥʠʠ ʧʦʣʷʨʠʟʫʝ-
ʤʦʩʪʝʡ ʧʨʦʪʦʥʘ ʠʟ ʜʘʥʥʳʭ ʧʦ ʩʝʯʝʥʠʶ ʢʦʤʧʪʦʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʢʘʢ ʧʨʘʚʠʣʦ ʠʩʧʦʣʴ-
ʟʫʝʪʩʷ ʚʳʨʘʞʝʥʠʝ (3), ʘ ʩʫʤʤʘ ʧʦʣʷʨʠʟʫʝʤʦʩʪʝʡ ʧʨʦʪʦʥʘ ʬʠʢʩʠʨʫʝʪʩʷ ʩʦʛʣʘʩʥʦ (5). 
ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʦʰʠʙʢʠ ʚ ʟʥʘʯʝʥʠʷʭ ʜʣʷ pa  ʠ pb  ʚ (6) ʘʥʪʠʢʦʨʨʝʣʠʨʦʚʘʥʳ. 

ɽʩʪʴ, ʦʜʥʘʢʦ, ʫʢʘʟʘʥʠʷ ʥʘ ʪʦ, ʯʪʦ ʠ ʬʠʪ ʜʘʥʥʳʭ, ʚ ʢʦʪʦʨʦʤ ʩʫʤʤʘ ʧʦʣʷʨʠʟʫʝʤʦ-
ʩʪʝʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʛʦʥʦʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘ (ʥʘʨʷʜʫ ʩ ʨʘʟʥʠʮʝʡ ʧʦʣʷʨʠʟʫ-
ʝʤʦʩʪʝʡ), ʧʨʠʚʦʜʠʪ ʢ ʙʣʠʟʢʦʤʫ ʟʥʘʯʝʥʠʶ ʜʣʷ p pba + : 0 20

0 4913 36 0 86+ .
- .. ° .  [18]. ɺʳʧʦʣʥʝʥ-

ʥʳʡ ʥʝʜʘʚʥʦ ʥʘʠʙʦʣʝʝ ʧʦʣʥʳʡ ʘʥʘʣʠʟ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʜʠʬʬʝ-
ʨʝʥʮʠʘʣʴʥʦʤʫ ʩʝʯʝʥʠʶ ʫʧʨʫʛʦʛʦ pg -ʨʘʩʩʝʷʥʠʷ ʧʨʠ ʵʥʝʨʛʠʷʭ 150w <  ʄʵɺ [19] ʜʘʣ 
ʟʥʘʯʝʥʠʷ 11 7 0 8(ʵʢʩʧ ) 0 7(ʪʝʦʨ )pa = . ° . . ° . .  ʠ 2 3 0 9(ʵʢʩʧ ) 0 7(ʪʝʦʨ )pb = . ° . . ° . . , ʢʦʪʦʨʳʝ 
ʥʘʭʦʜʷʪʩʷ ʚ ʭʦʨʦʰʝʤ ʩʦʛʣʘʩʠʠ ʩ (6). 

 
ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʧʦʣʷʨʠʟʫʝʤʦʩʪʝʡ ʥʝʡʪʨʦʥʘ 
ʏʪʦ ʢʘʩʘʝʪʩʷ ʧʦʣʷʨʠʟʫʝʤʦʩʪʝʡ ʥʝʡʪʨʦʥʘ, ʪʦ ʟʜʝʩʴ ʩʠʪʫʘʮʠʷ ʛʦʨʘʟʜʦ ʭʫʞʝ, ʥʝ-

ʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ na  ʥʘʯʘʣʠʩʴ ʨʘʥʴʰʝ, ʯʝʤ ʜʣʷ ʧʨʦʪʦʥʘ. 
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ʆʩʥʦʚʥʳʝ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʧʦʣʷʨʠʟʫʝʤʦʩʪʝʡ ʥʝʡʪʨʦʥʘ ʩʚʷʟʘʥʳ ʩ ʦʪʩʫʪʩʪʚʠʝʤ 
ʧʣʦʪʥʦʡ, ʩʪʘʙʠʣʴʥʦʡ ʥʝʡʪʨʦʥʥʦʡ ʤʠʰʝʥʠ ʠ ʩ ʤʘʣʦʩʪʴʶ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʩʝʯʝʥʠʷ 
ʢʦʤʧʪʦʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʥʘ ʥʝʡʪʨʦʥʝ. ʇʝʨʚʳʝ ʠʟʤʝʨʝʥʠʷ na  ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʵʢʩʧʝʨʠ-
ʤʝʥʪʘʭ ʧʦ ʨʘʩʩʝʷʥʠʶ ʤʝʜʣʝʥʥʳʭ ʥʝʡʪʨʦʥʦʚ ʚ ʢʫʣʦʥʦʚʩʢʦʤ ʧʦʣʝ ʪʷʞʝʣʳʭ ʷʜʝʨ. ʇʦʩʣʝ 
ʪʦʛʦ, ʢʘʢ ʐʤʠʝʜʤʘʡʝʨ [20] ʦʧʫʙʣʠʢʦʚʘʣ ʩʚʦʝ ʟʥʘʯʝʥʠʝ 

 

12 0 1 5(ʩʪʘʪ ) 2 0(ʩʠʩʪ )na = . ° . . ° . . ,           (16) 
 

ʅʠʢʦʣʝʥʢʦ ʠ ʇʦʧʦʚ [21] ʚʳʨʘʟʠʣʠ ʩʝʨʴʝʟʥʳʝ ʩʦʤʥʝʥʠʷ ʚ ʤʘʣʦʩʪʠ ʧʨʠʚʝʜʝʥʥʳʭ ʦʰʠ-
ʙʦʢ. ɿʥʘʯʝʥʠʝ (7) ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʠʟ ʧʦʣʥʦʛʦ ʥʝʡʪʨʦʥ-ʷʜʝʨʥʦʛʦ ʩʝʯʝʥʠʷ ʥʘ 208 Pb. ʇʨʠ-
ʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʨʝʟʦʥʘʥʩʥʳʝ ʚʢʣʘʜʳ, ʥʝʡʪʨʦʥ-ʵʣʝʢʪʨʦʥʥʦʝ ʠ ʰʚʠʥʛʝʨʦʚʩʢʦʝ ʨʘʩʩʝʷ-
ʥʠʝ, ʐʤʠʝʜʤʘʡʝʨ ʧʦʣʫʯʠʣ ʜʣʷ ʧʦʣʥʦʛʦ ʩʝʯʝʥʠʷ ʚ ʠʥʪʝʨʚʘʣʝ ʵʥʝʨʛʠʡ ʦʪ 50 ʵɺ ʜʦ 50 ʢʵɺ 
ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ: 
 

2 4( ) 11 508(5) 0 69(9) 448(3) 9500(400)s k k k ks = . + . - + .         (17) 
 

ɿʜʝʩʴ ( )s ks  ʚ ʙʘʨʥʘʭ, ʘ 42 1968 10 ( 1)k E A A-= . ³ / +  ( k  ʚ ʌʤ 1-  ʠ E  ʚ ʵɺ, A  ʝʩʪʴ ʤʘʩʩʘ 
ʷʜʨʘ) ʝʩʪʴ ʥʝʡʪʨʦʥʥʦʝ ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ. ʏʣʝʥ, ʣʠʥʝʡʥʳʡ ʧʦ k , ʢʘʢ ʨʘʟ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 
ʨʘʩʩʝʷʥʠʶ ʚʩʣʝʜʩʪʚʠʝ ʵʬʬʝʢʪʘ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʥʝʡʪʨʦʥʘ. ʅʠʢʦʣʝʥʢʦ ʠ ʇʦʧʦʚ ʧʦʢʘʟʘ-
ʣʠ, ʯʪʦ ʵʪʦʪ ʯʣʝʥ ʠʤʝʝʪ ʛʦʨʘʟʜʦ ʙʦʣʴʰʠʝ ʦʰʠʙʢʠ 0.69(56). ʆʥʠ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ ʦ ʪʦʤ, 
ʯʪʦ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘ [20] ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʪʦʣʴʢʦ ʚʝʨʭʥʝʝ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʚʝʣʠʯʠ-
ʥʫ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʥʝʡʪʨʦʥʘ: 20na < . 

ɺ 1995 ʛ. ʂʦʝʩʪʝʨ ʠ ʜʨ. [21] ʦʧʫʙʣʠʢʦʚʘʣʠ ʟʥʘʯʝʥʠʝ, ʪʦʞʝ ʧʦʣʫʯʝʥʥʦʝ ʚ ʥʝʡʪʨʦʥ-
ʷʜʝʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʢʦʪʦʨʦʝ ʦʢʘʟʘʣʦʩʴ ʙʣʠʟʢʠʤ ʢ ʥʫʣʶ: 

 

0 5na = ° .       (18) 
 

ʉʥʦʚʘ ʥʘʯʘʣʘʩʴ ʜʠʩʢʫʩʩʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʜʝʞʥʦʩʪʠ ʪʘʢʦʛʦ ʤʝʪʦʜʘ ʠʟʤʝʨʝʥʠʷ 
ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ. ɸʣʝʢʩʘʥʜʨʦʚ ʟʘʤʝʪʠʣ, ʯʪʦ ʦʧʨʝʜʝʣʝʥʠʝ na  ʪʨʝʙʫʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 
ʪʦʯʥʦʩʪʠ ʚ ʠʟʤʝʨʝʥʠʠ ʧʦʣʥʦʛʦ ʩʝʯʝʥʠʷ ʦʢʦʣʦ 310s s -D / º . ʇʨʠ ʪʘʢʦʤ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ 
ʪʦʯʥʦʩʪʠ ʦʯʝʥʴ ʪʨʫʜʥʦ ʫʯʝʩʪʴ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʬʦʥʦʚʳʝ ʚʢʣʘʜʳ. ʆʥ ʪʘʢʞʝ ʩʬʦʢʫʩʠʨʦʚʘʣ 
ʚʥʠʤʘʥʠʝ ʥʘ ʧʨʦʙʣʝʤʘʭ, ʚʦʟʥʠʢʘʶʱʠʭ ʠʟ-ʟʘ ʨʘʩʩʝʷʥʠʷ ʥʘ ʤʘʣʳʝ ʫʛʣʳ, ʥʘ ʥʘʜʝʞʥʦʤ 
ʫʯʝʪʝ p -ʚʦʣʥʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ, ʘ ʪʘʢʞʝ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʢʣʶʯʝʥʠʷ ʯʣʝʥʘ, ʧʨʦʧʦʨʮʠ-
ʦʥʘʣʴʥʦʛʦ 3k , ʢʦʪʦʨʳʡ ʦʪʩʫʪʩʪʚʫʝʪ ʚ (17). 

ɺ 1997 ʛ. ɽʥʠʢ ʠ ʜʨ. [22] ʧʨʦʜʦʣʞʠʣʠ ʜʠʩʢʫʩʩʠʶ ʦʙ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʥʝʡʪʨʦʥ-
ʷʜʝʨʥʦʤʫ ʨʘʩʩʝʷʥʠʶ. ʆʥʠ ʠʩʩʣʝʜʦʚʘʣʠ ʬʠʟʠʯʝʩʢʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 
ʚ ʨʘʟʣʦʞʝʥʠʠ (8) ʠ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʚʦʟʤʦʞʥʳ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚ ʩʝʯʝʥʠʠ, ʠʟʤʝ-
ʨʝʥʥʦʤ ʐʤʠʝʜʤʘʡʝʨʦʤ, ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʦʥ ʥʝ ʫʯʝʣ ʨʷʜ ʬʦʥʦʚʳʭ ʚʢʣʘʜʦʚ. ɹʳʣʦ ʧʦʢʘʟʘ-
ʥʦ, ʯʪʦ ʯʣʝʥ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ 3k , ʜʦʣʞʝʥ ʙʳʪʴ ʫʯʪʝʥ. ɺʳʚʦʜ ʨʘʙʦʪʳ [22] ʩʦʩʪʦʠʪ 
ʚ ʪʦʤ, ʯʪʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ ʚ ʚʝʣʠʯʠʥʝ na  ʚ (7) ʟʘʥʠʞʝʥʘ ʥʘ ʬʘʢʪʦʨ 3–4, ʠ ʨʝ-
ʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ [20] ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʟʥʘʯʝʥʠʝ 

 

na ~7 – 19.      (19) 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʪʫʘʮʠʷ ʩ ʠʟʤʝʨʝʥʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʥʝʡʪʨʦʥʘ 
ʚ ʫʢʘʟʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʚʝʩʴʤʘ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʘʷ, ʠ ʩʣʝʜʫʝʪ ʠʩʢʘʪʴ ʘʣʴʪʝʨʥʘ-
ʪʠʚʥʳʝ ʤʝʪʦʜʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ na . ʏʪʦ ʢʘʩʘʝʪʩʷ ʤʘʛʥʠʪʥʦʡ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʥʝʡʪʨʦʥʘ 

nb , ʪʦ ʜʦ 90-ʭ ʛʛ. ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʥʝ ʙʳʣʦ ʥʠʢʘʢʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 
ʦ ʝʝ ʚʝʣʠʯʠʥʝ, ʢʨʦʤʝ ʪʦʡ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 
«ʠʟʤʝʨʝʥʥʦʡ» ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʠ ʧʨʝʜʩʢʘʟʘʥʠʡ ʧʨʘʚʠʣʘ ʩʫʤʤ ɹʘʣʜʠʥʘ (4) 
ʜʣʷ ʥʝʡʪʨʦʥʘ (5). ʉʪʘʥʜʘʨʪʥʳʡ ʤʝʪʦʜ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʵʣʝʤʝʥʪʘʨʥʳʭ ʘʤ-
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ʧʣʠʪʫʜʘʭ ʨʘʟʣʠʯʥʳʭ ʨʝʘʢʮʠʡ ʥʘ ʥʝʡʪʨʦʥʝ ʩʦʩʪʦʠʪ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʷʜʝʨʥʳʭ ʤʠʰʝʥʝʡ. 
ɽʩʪʝʩʪʚʝʥʥʦ, ʣʫʯʰʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʝʡʪʨʦʥ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʥʝʡʪʨʦʥʦʚ, ʧʦʩʢʦʣʴ-
ʢʫ ʜʝʡʪʨʦʥ – ʧʨʦʩʪʝʡʰʝʝ ʷʜʨʦ, ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʦʝ ʢʘʢ ʪʝʦʨʝʪʠʯʝʩʢʠ, ʪʘʢ ʠ ʵʢʩʧʝʨʠʤʝʥ-
ʪʘʣʴʥʦ. ɺ ʨʘʙʦʪʝ [23] ʧʨʝʜʣʦʞʝʥ ʠ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʠʟʫʯʝʥʠʷ ʢʦʤʧʪʦʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷ-
ʥʠʷ ʥʘ ʥʝʡʪʨʦʥʝ ʚ ʨʝʘʢʮʠʠ d npg g ¡  ʚ ʦʙʣʘʩʪʠ ʥʝʡʪʨʦʥʥʦʛʦ ʢʚʘʟʠʫʧʨʫʛʦʛʦ ʧʠʢʘ, 
ʪ.ʝ. ʚ ʦʙʣʘʩʪʠ ʤʘʣʳʭ ʠʤʧʫʣʴʩʦʚ ʧʨʦʪʦʥʘ. ʕʪʦʪ ʤʝʪʦʜ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʛʨʫʧ-
ʧʳ ɻʝʪʪʠʥʛʝʥ – ʄʘʡʥʮʘ [24]. ɹʳʣʦ ʠʟʤʝʨʝʥʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʩʝʯʝʥʠʝ ʫʢʘʟʘʥʥʦʡ ʨʝ-
ʘʢʮʠʠ ʧʨʠ ʫʛʣʝ ʨʘʩʩʝʷʥʠʷ ʬʦʪʦʥʘ 0136  ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʡ ʬʦʪʦʥʘ ʦʪ 200 ʜʦ 400 ʄʵɺ. 
ʌʠʢʩʠʨʫʷ ʩʫʤʤʫ ʧʦʣʷʨʠʟʫʝʤʦʩʪʝʡ ʥʝʡʪʨʦʥʘ ʩʦʛʣʘʩʥʦ (5), ʘʚʪʦʨʳ ʧʦʣʫʯʠʣʠ ʟʥʘʯʝʥʠʷ 
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ʂʦʤʧʪʦʥʦʚʩʢʦʝ ʨʘʩʩʝʷʥʠʝ ʥʘ ʜʝʡʪʨʦʥʝ 
ɽʱʝ ʦʜʥʫ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʦʣʷʨʠʟʫʝʤʦʩʪʝʡ ʥʝʡʪʨʦʥʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʠʟʫʯʝʥʠʝ ʢʦʤʧʪʦʥʦʚʩʢʦʛʦ (ʫʧʨʫʛʦʛʦ) ʨʘʩʩʝʷʥʠʷ ʥʘ ʜʝʡʪʨʦʥʝ d dg g ¡ ¡ . 
ʂʦʥʝʯʥʦ, ʠʟ ʜʘʥʥʳʭ ʧʦ ʵʪʦʡ ʨʝʘʢʮʠʠ ʤʦʞʥʦ ʠʟʚʣʝʯʴ ʥʝ ʩʘʤʠ ʥʝʡʪʨʦʥʥʳʝ ʧʦʣʷ-

ʨʠʟʫʝʤʦʩʪʠ, ʘ ʪʦʣʴʢʦ ʠʟʦʩʢʘʣʷʨʥʳʝ ʥʫʢʣʦʥʥʳʝ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ 
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ʅʦ ʵʪʦʪ ʬʘʢʪ ʥʝ ʠʤʝʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ, ʢʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ, 
ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʧʨʦʪʦʥʘ ʦʧʨʝʜʝʣʝʥʳ ʜʦʩʪʘʪʦʯʥʦ ʥʘʜʝʞʥʦ. 

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʯʝʪʳʨʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʠʟʤʝʨʝʥʠʶ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʩʝʯʝ-
ʥʠʷ ʨʝʘʢʮʠʠ d dg g ¡ ¡  ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʡ 50–110 ʄʵɺ: ʚ ʛ. ʀʣʣʠʥʦʡʩʝ (ʉʐɸ) [25], 
ʚ ʣʘʙʦʨʘʪʦʨʠʷʭ SAL (ʛ. ʉʘʩʢʘʯʝʚʘʥ, ʂʘʥʘʜʘ) [26] ʠ MAX-lab (ʛ. ʃʫʥʜ, ʐʚʝʮʠʷ) [27; 28]. 

 
 

 

ʇʦʢʘʟʘʥʳ ʩʝʯʝʥʠʷ ʙʝʟ ʧʦʣʷʨʠʟʫʝʤʦʩʪʝʡ (ʰʪʨʠʭʦʚʘʥʥʳʝ ʢʨʠʚʳʝ) 
ʠ ʩ ʫʯʝʪʦʤ ʧʦʣʷʨʠʟʫʝʤʦʩʪʝʡ (ʩʧʣʦʰʥʳʝ ʢʨʠʚʳʝ). 

ʇʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʟ ʀʣʣʠʥʦʡʩʘ [25], ʉʘʩʢʘʯʝʚʘʥʘ [26] ʠ ʃʫʥʜʘ [27] 
 

 

ʈʠʩʫʥʦʢ 1. – ʋʛʣʦʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʢʦʤʧʪʦʥʦʚʩʢʦʛʦ 
ʨʘʩʩʝʷʥʠʷ ʥʘ ʜʝʡʪʨʦʥʝ ʧʨʠ ʵʥʝʨʛʠʠ ʬʦʪʦʥʘ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʩʠʩʪʝʤʝ 49 ʄʵɺ 
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ʅʘ ʨʠʩʫʥʢʝ 1 ʤʳ ʜʝʤʦʥʩʪʨʠʨʫʝʤ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʩʝʯʝʥʠʷ 
ʢ ʚʝʣʠʯʠʥʝ ʠʟʦʩʢʘʣʷʨʥʳʭ ʧʦʣʷʨʠʟʫʝʤʦʩʪʝʡ ʥʫʢʣʦʥʘ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʚʟʷʪʳ ʠʟ ʜʠʩʧʝʨʩʠ-
ʦʥʥʦʛʦ ʨʘʩʯʝʪʘ ʀʟ ʨʠʩʫʥʢʘ 1 ʚʠʜʥʦ, ʯʪʦ ʫʯʝʪ ʧʦʣʷʨʠʟʫʝʤʦʩʪʝʡ ʩʠʣʴʥʦ ʠʟʤʝʥʷʝʪ ʚʝʣʠ-
ʯʠʥʫ ʩʝʯʝʥʠʷ. ʇʦʵʪʦʤʫ ʤʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʠʟʤʝʨʝʥʠʝ ʵʪʦʛʦ ʩʝʯʝʥʠʷ ʩ ʭʦʨʦʰʝʡ ʪʦʯʥʦ-
ʩʪʴʶ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ ʥʘʜʝʞʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʣʷʨʠʟʫʝʤʦʩʪʝʡ ʥʝʡʪʨʦʥʘ. 

ʌʠʪʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ [25–28] ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʨʘʤʢʘʭ ʧʦʪʝʥʮʠʘʣʴ-
ʥʦʡ ʤʦʜʝʣʠ [8]. ʆʥʘ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʘ ʚ ʫʢʘʟʘʥʥʦʡ ʨʘʙʦʪʝ. ɿʜʝʩʴ ʤʳ ʧʨʠʚʝʜʝʤ ʪʦʣʴʢʦ 
ʦʩʥʦʚʥʳʝ ʜʝʪʘʣʠ ʤʦʜʝʣʠ. ʅʘ ʨʠʩʫʥʢʝ 2(ʘ) ʧʦʢʘʟʘʥ ʧʦʪʝʥʮʠʘʣ ʦʜʥʦʙʦʟʦʥʥʦʛʦ ʦʙʤʝʥʘ, 
ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʚʝʨʩʠʷ OBEPR(A) ʙʦʥʥʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ [29]. 
ʅʘ ʨʠʩʫʥʢʝ 2(ʙ) ʜʘʥʦ ʜʠʘʛʨʘʤʤʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʤʝʟʦʥʥʳʭ ʦʙʤʝʥʥʳʭ ʪʦʢʦʚ, ʠ, ʥʘʢʦ-
ʥʝʮ, ʥʘ ʜʠʘʛʨʘʤʤʘʭ ʨʠʩʫʥʢʘ 2(ʚ) ʧʦʢʘʟʘʥʳ ʪ.ʥ. ʩʝʛʘʣʴʥʳʝ ʚʢʣʘʜʳ (seagull – ʯʘʡʢʘ). ɺʝʟ-
ʜʝ ʩʠʤʚʦʣ Ŭ ʦʟʥʘʯʘʝʪ ʥʘʙʦʨ ʤʝʟʦʥʦʚ ˊ, ɤ, ɟ, ɖ. ʠ ů. 

 
              (ʘ)                     (ʙ)                                           (ʚ) 

 

ʈʠʩʫʥʦʢ 2. – ɼʠʘʛʨʘʤʤʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ (ʘ), 
ʤʝʟʦʥʥʳʭ ʦʙʤʝʥʥʳʭ ʪʦʢʦʚ (ʙ) ʠ ʩʝʛʘʣʦʚ (ʚ) 

 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʦʢʘʟʘʥʦ ʜʠʘʛʨʘʤʤʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʨʝʘʢʮʠʠ d dg g ¡ ¡ . 
ɼʚʝ ʚʝʨʭʥʠʝ ʜʠʘʛʨʘʤʤʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪ.ʥ. ʨʝʟʦʥʘʥʩʥʳʤ ʚʢʣʘʜʘʤ ʙʝʟ ʠ ʩ ʥʫʢʣʦʥ-ʥʫʢ-
ʣʦʥʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʚ ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ɸʤʧʣʠʪʫʜʘ NN-ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘʭʦʜʠʣʘʩʴ ʧʫʪʝʤ ʨʝʰʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚ-
ʥʝʥʠʷ ʃʠʧʧʤʘʥʘ – ʐʚʠʥʛʝʨʘ ʜʣʷ OBEPR(A) ʧʦʪʝʥʮʠʘʣʘ. «ʈʘʩʰʠʬʨʦʚʢʘ» ʘʤʧʣʠʪʫʜʳ 
ʨʝʘʢʮʠʠ d NNg  ʧʨʠʚʝʜʝʥʘ ʚ ʢʚʘʜʨʘʪʥʳʭ ʩʢʦʙʢʘʭ. ʅʘʢʦʥʝʮ, ʜʚʝ ʥʠʞʥʠʝ ʜʠʘʛʨʘʤʤʳ 
ʦʪʚʝʯʘʶʪ ʦʜʥʦʯʘʩʪʠʯʥʦʡ (ʘ) ʠ ʜʚʫʭʯʘʩʪʠʯʥʦʡ (ʙ) ʩʝʛʘʣʴʥʳʤ ʘʤʧʣʠʪʫʜʘʤ dg -ʨʘʩʩʝʷʥʠʷ. 

 

 
ʈʠʩʫʥʦʢ 3. – ɼʠʘʛʨʘʤʤʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʨʝʘʢʮʠʠ d dg g ¡ ¡  

 
ɺ ʨʘʤʢʘʭ ʦʧʠʩʘʥʥʦʡ ʤʦʜʝʣʠ ʧʨʦʚʝʜʝʥʦ ʬʠʪʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʠʟ ʨʘʙʦʪ [25–28]. 

ʇʨʠ ʬʠʪʠʨʦʚʘʥʠʠ ʜʘʥʥʳʭ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʩʫʤʤʘ ʠʟʦʩʢʘʣʷʨʥʳʭ ʧʦʣʷʨʠʟʫʝʤʦʩʪʝʡ 
ʬʠʢʩʠʨʦʚʘʥʘ ʧʨʘʚʠʣʦʤ ʩʫʤʤ ɹʘʣʜʠʥʘ (5): 14.5 0.5.s sa b+ = °  
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ʆʪʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʧʨʠ ʬʠʪʠʨʦʚʘʥʠʠ ʫʯʠʪʳʚʘʣʠʩʴ ʢʘʢ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ, ʪʘʢ ʠ ʩʠ-
ʩʪʝʤʘʪʠʯʝʩʢʠʝ ʦʰʠʙʢʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʕʪʦ ʜʝʣʘʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ, ʜʝʪʘʣʴʥʦ ʦʧʠ-
ʩʘʥʥʦʛʦ ʚ ʨʘʙʦʪʝ [19]. ʈʝʟʫʣʴʪʘʪʳ ʬʠʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ. 
 
ʊʘʙʣʠʮʘ. – ɿʥʘʯʝʥʠʷ ʧʦʣʷʨʠʟʫʝʤʦʩʪʝʡ, ʚʳʜʝʣʝʥʥʳʝ ʠʟ ʜʘʥʥʳʭ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ɼʘʥʥʳʝ 
sa  sb  s sa b-  

 
ʀʣʣʠʥʦʡʩ [25] 11.8 ° 1.4 2.9_ 1.4 

 
8.9 ° 2.8 

 
SAL [26] 11.7 ° 1.2 2.8_ 1.2 

 
8.9 ° 2.4 

 
MAX-lab [27] 13.1 ° 1.9 1.4_ 1.8 

 
11.7 ° 3.7 

 
MAX-lab [28] 13.2 ° 0.9 1.4_ 0.9 

 
11.8 ° 1.8 

 
ʉʨʝʜʥʝʝ 12.7 ° 0.7 2.1_ 0.6 

 
10.6 ° 1.2 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʨʘʙʦʪ [25–28] ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ [8] ʜʘʝʪ 
 

12.7 0.7, 2.1 0.6s sa b= ° = ° .                  (22) 
 

ʇʨʠ ʵʪʦʤ 2 49 48dofNc = . ɺ ʵʪʦʤ ʬʠʪʝ ʠʟ ʘʥʘʣʠʟʘ ʙʳʣʠ ʠʩʢʣʶʯʝʥʳ ʪʨʠ ʪʦʯʢʠ, ʦʪʤʝ-
ʯʝʥʥʳʝ ʦʚʘʣʘʤʠ ʥʘ ʨʠʩʫʥʢʝ 4, ʪʘʢ ʢʘʢ ʦʥʠ ʷʚʥʦ ʚʳʧʘʜʘʶʪ ʠʟ ʧʦʚʝʜʝʥʠʷ ʜʨʫʛʠʭ ʪʦʯʝʢ. 
ɽʩʣʠ ʚʩʝ-ʪʘʢʠ ʫʯʠʪʳʚʘʪʴ ʵʪʠ ʪʦʯʢʠ, ʪʦ ʧʦʣʫʯʘʝʤ ʪʘʢʠʝ ʟʥʘʯʝʥʠʷ ʧʦʣʷʨʠʟʫʝʤʦʩʪʝʡ: 
 

13.0 0.7, 2.2 0.6s sa b= ° = ° .         (23) 
 

ʆʥʠ ʙʣʠʟʢʠ ʢ ʟʥʘʯʝʥʠʷʤ (22), ʥʦ ʩ ʙóʣʴʰʠʤ 2 88 51dofNc = .  

 

 
 

ʇʦʢʘʟʘʥʳ ʜʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ [25], [26] ʠ [27;28]. 
ʂʨʠʚʳʝ – ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠ [8] ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʩʢʘʣʷʨʥʳʭ ʧʦʣʷʨʠʟʫʝʤʦʩʪʝʡ (22) 

 

ʈʠʩʫʥʦʢ 4. – ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʩʝʯʝʥʠʷ 
ʢʦʤʧʪʦʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʥʘ ʜʝʡʪʨʦʥʝ 

 
ɽʩʣʠ ʪʝʧʝʨʴ ʫʯʝʩʪʴ ʧʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʟʥʘʯʝʥʠʷ ʧʦʣʷʨʠʟʫʝʤʦʩʪʝʡ ʧʨʦʪʦʥʘ 

11 7 0 8(ʵʢʩʧ ) 0 7(ʪʝʦʨ )pa = . ° . . ° . .  ʠ 2 3 0 9(ʵʢʩʧ ) 0 7(ʪʝʦʨ )pb = . ° . . ° . . , ʥʘʡʜʝʥʥʳʝ ʚ ʨʘʙʦ-
ʪʝ [19], ʨʝʟʫʣʴʪʘʪ (22) ʜʘʝʪ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʧʦʣʷʨʠʟʫʝʤʦʩʪʝʡ ʥʝʡʪʨʦʥʘ: 
 

13.7 1.8, 1.9 1.6n na b= ° = ° .     (24) 
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ʆʰʠʙʢʠ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʧʨʦʠʩʭʦʜʷʪ ʦʪ ʦʰʠʙʦʢ ʚ ʧʨʦʪʦʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʠ ʟʥʘʯʝʥʠʷʭ (22), 
ʚʟʷʪʳʭ ʚ ʢʚʘʜʨʘʪʫʨʝ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ (24) ʥʘʭʦʜʷʪʩʷ ʚ ʭʦʨʦʰʝʤ 
ʩʦʛʣʘʩʠʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ (20), ʧʦʣʫʯʝʥʥʳʤʠ ʠʟ ʨʝʘʢʮʠʠ d npg g ¡ . 
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ʈʫʢʘʧʽʩ ʧʘʩʪʫʧʽ˄ ʫ ʨʵʜʘʢʮʳʶ 02.10.2018 

 
Levchuk M.I., L’vov A.I., Nevmerzhitsky M.N., Shuliakouski R.G. Deuteron Compton Scattering 

and the Neutron Polarizabilities 
 
A short description of the phenomena of the nucleon polarizability is given. Theoretical approaches 

to calculate the polarizabilities are discussed. Results of measurements of the polarizabilities of the proton and 
the neutron are given. A detailed analysis of data on deuteron Compton scattering is carried out within the 
framework of the potential model. The results of the fit have yielded values of 13.7 ± 1.8  and 1.9 ± 1.6  

in units of 10
4-

Fm
3
 for the electric na  and magnetic nb  polarizabilities of the neutron. 
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