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ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʣʦʚʘ ʠ ʩʧʣʘʚʦʚ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʚ ʢʘʯʝʩʪʚʝ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʜʣʷ ʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ. 

ʇʦʜʙʦʨ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʜʣʷ ʙʫʜʫʱʠʭ ʙʳʩʪʨʳʭ 

ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ ʠʤʝʝʪ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ ʪʝʯʝʥʠʝ ʧʦʯʪʠ ʧʷʪʠʜʝʩʷʪʠ ʣʝʪ ʚʦ 

ʚʩʝʤ ʤʠʨʝ ʚ ʧʨʦʪʦʪʠʧʘʭ ʙʳʩʪʨʳʭ ʨʝʘʢʪʦʨʦʚ ʠʩʧʦʣ-ɹ

ʟʦʚʘʣʩʷ ʠ ʩʝʡʯʘʩ ʠʩʧʦʣʴʟʫʝʪʩʷ ʞʠʜʢʠʡ ʥʘʪʨʠʡ. ʆʥ 

ʦʢʘʟʘʣʩʷ ʫʜʠʚʠʪʝʣʴʥʦ ʫʜʘʯʥʳʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʠʟʚʝʩʪ-

ʥʦʝ ʚʩʝʤ ʦʧʘʩʝʥʠʝ, ʯʪʦ ʵʪʦʪ ʪʝʧʣʦʥʦʩʠʪʝʣʴ ʙʫʜʝʪ 

ʚʝʩʴʤʘ ʦʧʘʩʥʳʤ ʠʟ-ʟʘ ʝʛʦ ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩ ʚʦʜʦʡ, 

ʘ ʪʘʢʞʝ ʠ ʠʟ-ʟʘ ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʛʦ ʧʦʚʝʜʝʥʠʷ ʚ ʚʦʟ-

ʜʫʭʝ, ʪʘʢ ʢʘʢ ʦʥ ʘʢʪʠʚʥʦ ʨʝʘʛʠʨʫʝʪ ʩ ʢʠʩʣʦʨʦʜʦʤ. 

ʀʤʝʝʪʩʷ ʤʥʦʛʦ ʠ ʜʨʫʛʠʭ ʥʝʫʜʦʙʩʪʚ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʥʘʪʨʠʷ ʚ ʢʘʯʝʩʪʚʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʥʘʧʨʠʤʝʨ ʦʙʨʘʟʦ-

ʚʘʥʠʝ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʠʟʦʪʦʧʘ  
24

Na ʩ ʊ1/2 = 15 ʯ, 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʚʪʦʨʦʛʦ ʢʦʥʪʫʨʘ ʠ ʪ.ʜ. ʀ, 

ʪʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʞʠʜʢʠʡ ʥʘʪʨʠʡ 

ʤʥʦʛʠʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʩʯʠʪʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦ-

ʜʷʱʠʤ ʧʝʨʚʠʯʥʳʤ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ ʜʣʷ ʙʳʩʪʨʳʭ 

ʨʝʘʢʪʦʨʦʚ ʙʫʜʫʱʝʛʦ. ʆʜʥʘʢʦ ʪʨʫʜʥʦ ʩʝʙʝ ʧʨʝʜʩʪʘ-

ʚʠʪʴ ʙʫʜʫʱʠʡ ʷʜʝʨʥʳʡ ʧʝʡʟʘʞ ʤʠʨʘ, ʢʦʛʜʘ ʩʦʪʥʠ 

ʠʣʠ ʪʳʩʷʯʠ ʙʦʣʴʰʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʘʢʪʦʨʦʚ ʩ 

ʤʦʱʥʦʩʪʴʶ ʧʦʨʷʜʢʘ 10
3
 ʄɺʪ ʨʘʙʦʪʘʶʪ ʩ ʞʠʜʢʠʤ 

ʥʘʪʨʠʝʚʳʤ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ. ʊʘʢʦʡ ʤʠʨ ʧʨʝʜʩʪʘʚʣ-̫

ʝʪʩ̫ ʥʝʙʝʟʦʧʘʩʥʳʤ, ʩʢʦʨʝʝ, ʞʠʪʴ ʚ ʥʝʤ ʙʫʜʝʪ ʚʝʩʴʤʘ 

ʥʝʫʜʦʙʥʦ ʠʟ-ʟʘ ʧʦʩʪʦʷʥʥʦʡ ʪʨʝʚʦʛʠ ʧʦʷʚʣʝʥʠʷ ʯʘʩ-

ʪʳʭ ʚʟʨʳʚʦʚ, ʪʘʢ ʢʘʢ ʪʝʭʥʠʯʝʩʢʠ ʪʨʫʜʥʦ ʧʦʣʥʦʩʪʴʶ 

ʠʟʦʣʠʨʦʚʘʪʴ ʪʘʢʦʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʞʠʜʢʦʛʦ 

ʥʘʪʨʠʷ ʦʪ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʩ ʚʦʜʦʡ ʠ ʢʠʩʣʦʨʦʜʦʤ. 

ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʤʥʦʛʠʝ ʫʯʝʥʳʝ ʤʠʨʘ ʠʥʪʝʥ-

ʩʠʚʥʦ ʠʟʫʯʘʶʪ ʜʨʫʛʠʝ ʚʦʟʤʦʞʥʳʝ ʪʝʧʣʦʥʦʩʠʪʝʣʠ, 

ʪʘʢʠʝ ʢʘʢ ʛʘʟʦʚʳʝ, ʩʦʣʝʚʳʝ ʨʘʩʧʣʘʚʳ, ʞʠʜʢʠʝ ʤʝ-

ʪʘʣʣʳ ʠ ʜʨ. ɺʦʟʥʠʢʣʠ ʨʘʟʣʠʯʥʳʝ ʧʨʦʝʢʪʳ ʙʳʩʪʨʳʭ 

ʨʝʘʢʪʦʨʦʚ, ʚ ʢʦʪʦʨʳʭ ʧʨʝʜʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʧ-

ʣʦʥʦʩʠʪʝʣʠ ʠʟ ʞʠʜʢʠʭ ʤʝʪʘʣʣʦʚ ʠʣʠ ʩʧʣʘʚʦʚ - Pb ʠ 

(Bi + Pb). ʅʝʜʦʩʪʘʪʢʠ ʧʨʝʜʣʘʛʘʝʤʳʭ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ 

ʠʟ ʪʷʞʝʣʳʭ ʵʣʝʤʝʥʪʦʚ ʦʙʩʫʞʜʘʶʪʩʷ ʚʦ ʤʥʦʛʠʭ ʨʘ-

ʙʦʪʘʭ [1-3]. ʂ ʩʦʞʘʣʝʥʠʶ ʠʭ, ʪ.ʝ. ʥʝʜʦʩʪʘʪʢʦʚ, 

ʩʣʠʰʢʦʤ ʤʥʦʛʦ. ʅʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

Pb ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʧʝʨʝʢʘʯʠʚʘʥʠʷ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʞʠʜʢʦʛʦ ʩʚʠʥʮʘ ʯʝʨʝʟ ʘʢʪʠʚʥʫʶ ʟʦʥʫ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʩʦʙʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʥʘʩʦʩʦʚ. ɸ 

ʠʭ ʝʱʝ ʥʝʪ.  

ɼʣʷ ʩʚʠʥʮʦʚʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟ-

ʜʘʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʩʧʝʮʠʘʣʴʥʳʡ ʪʝʧʣʦʚʦʡ ʢʦ-

ʪʝʣ ʜʣʷ ʨʘʩʧʣʘʚʣʝʥʠʷ ʝʛʦ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ 

ʩʚʠʥʮʘ 327,4ʉ̄. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʦʣʛʦʛʦ 

ʦʙʣʫʯʝʥʠʷ ʩʚʠʥʮʘ ʥʝʡʪʨʦʥʘʤʠ ʦʙʨʘʟʫʝʪʩʷ ʮʝʣʳʡ 

ʙʫʢʝʪ ʝʛʦ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʠʟʦʪʦʧʦʚ, ʝʩʪʴ ʤʥʦʛʦ ʠ 

ʜʨʫʛʠʭ ʥʝʫʜʦʙʩʪʚ. 

ʄʥʦʛʠʝ ʚʦʟʣʘʛʘʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʥʘʜʝʞʜʳ ʥʘ 

ʩʚʠʥʮʦʚʦ-ʚʠʩʤʫʪʦʚʳʡ ʩʧʣʘʚ. ʆʜʥʘʢʦ ʚ ʩʣʫʯʘʝ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʛʦ ʩʧʣʘʚʘ ʚ ʢʘʯʝʩʪʚʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 

ʚ ʙʳʩʪʨʳʭ ʨʝʘʢʪʦʨʘʭ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ 
210

Po, ʢʦ-

ʪʦʨʳʡ ʦʙʨʘʟʫʝʪʩʷ ʩʦʛʣʘʩʥʦ ʨʝʘʢʮʠʠ  

 209 210 210 206

5 . 138,4 .

( , )
ʩʫʪ ʩʫʪ

Bi n Bi Po Pb
b ag
-

½½­ ½½­  

ɸʢʪʠʚʥʦʩʪʴ ʧʦʣʦʥʠʷ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ  

(4 õ 40)10
10

  ɹʢ/ʢʛ, ʦʙʨʘʟʫʶʪʩʷ ʠ ʜʨʫʛʠʝ ʠʟʦʪʦʧʳ  
209

Po (ʊ1/2 = 102 ʛ) ʠ   
208

Po (ʊ1/2 = 2,9 ʛ). ʉʫʱʝʩʪʚʫʶʪ 

ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʟʘʱʠʪ [4], ʯʪʦ ʦʩʣʦʞʥʷʝʪ ʦʙʱʫʶ 

ʨʘʙʦʪʫ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʵʪʦʛʦ ʩʧʣʘʚʘ ʚ ʚʠʜʝ ʪʝʧʣʦʥʦ-

ʩʠʪʝʣʷ. 

ʄʳ ʧʨʝʜʣʘʛʘʝʤ ʧʨʦʚʝʩʪʠ ʩʝʨʠʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ 

ʮʝʣʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 

ʞʠʜʢʠʡ ʤʝʪʘʣʣ ï ʦʣʦʚʦ ʠ ʩʧʣʘʚ ʥʘ ʝʛʦ ʦʩʥʦʚʝ 

(61,9Sn + 38,1 Pb). ɺ ʪʘʙʣʠʮʝ ʧʨʠʚʦʜʷʪʩʷ ʬʠʟʠʯʝ-

ʩʢʠʝ ʩʚʦʡʩʪʚʘ ʵʪʠʭ ʜʚʫʭ ʚʝʱʝʩʪʚ, ʧʨʝʜʣʘʛʘʝʤʳʭ ʚ 

ʢʘʯʝʩʪʚʝ ʢʘʥʜʠʜʘʪʦʚ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʧʣʦʥʦʩʠ-

ʪʝʣʝʤ ʚ ʙʳʩʪʨʳʭ ʨʝʘʢʪʦʨʘʭ [5]. ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʬʠ-

ʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʞʠʜʢʦʛʦ ʦʣʦʚʘ ʠ ʝʛʦ ʩʧʣʘʚʦʚ ʩ 

ʜʨʫʛʠʤʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷʤʠ ʤʳ ʚʳʷʚʠʣʠ ʥʝʢʦʪʦʨʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ, ʠ ʧʦʵʪʦʤʫ ʥʘʤʝʨʝʥʳ ʧʨʦʜʦʣʞʠʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʞʠʜʢʦʛʦ 

ʦʣʦʚʘ ʠ ʝʛʦ ʩʧʣʘʚʘ  (Sn + Pb) ʚ ʢʘʯʝʩʪʚʝ ʪʝʧʣʦʥʦʩʠ-

ʪʝʣʝʡ ʜʣʷ ʙʳʩʪʨʳʭ ʨʝʘʢʪʦʨʦʚ.  

ʇʣʦʪʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʝʛʢʦʛʦ ʪʦʧʣʠʚʘ (USi3, 

UAl 2, PuAi2) ʠ ʩʨʝʜʳ (ʩʧʣʘʚ ʠʟ  Pb ʠ Sn), ʚ ʢʦʪʦʨʳʡ 

ʧʦʛʨʫʞʘʝʪʩʷ ʫʢʘʟʘʥʥʦʝ ʪʦʧʣʠʚʦ ʚ ʚʠʜʝ ʧʦʨʦʰʢʘ, 

ʧʦʯʪʠ ʦʜʠʥʘʢʦʚʳ ʚ ʧʨʝʜʝʣʘʭ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 200 

ʜʦ 800
0
ʉ, ʯʪʦ ʷʚʩʪʚʫʝʪ ʠʟ ʛʨʘʬʠʢʦʚ, ʧʨʝʜʩʪʘʚʣʝʥ-

ʥʳʭ ʥʘ ʨʠʩʫʥʢʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʣʝʛʢʦʝ ʧʝʨʝʤʝʰʠ-

ʚʘʥʠʝ ʦʙʝʩʧʝʯʠʪ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ-

ʨʦʰʢʦʚʦʛʦ ʪʦʧʣʠʚʘ ʚ ʘʢʪʠʚʥʦʡ ʟʦʥʝ ʨʝʘʢʪʦʨʘ. ʇʨʠ 

ʵʪʦʤ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʢʦʚ ʠ ʧʨʠʣʠʧʘ-

ʥʠʷ ʪʦʧʣʠʚʘ ʢ ʩʪʝʥʢʝ ʢʦʥʪʝʡʥʝʨʘ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʤʝʥʴʰʘʝʪʩʷ. 

ɺʝʩʴʤʘ ʩʣʦʞʥʳʝ ʚʦʧʨʦʩʳ ʨʝʟʦʥʘʥʩʥʳʭ ʧʦʛʣʦʱʝ-

ʥʠʡ ʥʝʡʪʨʦʥʦʚ ʦʣʦʚʦʤ, ʩʘʤʠʤ ʫʨʘʥʦʤ ʠ ʜʨʫʛʠʤʠ 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʤʠ ʚ ʘʢʪʠʚʥʦʡ ʟʦʥʝ ʨʝʘʢʪʦʨʘ  ʵʣʝ-

ʤʝʥʪʘʤʠ  ʙʫʜʫʪ ʦʙʩʫʞʜʘʪʴʩʷ ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʨʘʙʦʪʝ, 

ʧʦʩʚʷʱʝʥʥʦʡ ʵʪʦʡ ʪʝʤʝ. 
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ɺʷʟʢʦʩʪʴ, h 10

6
, 

ʢʛ ʩʝʢ/ʤ
2
 

ʧʨʠ 4000ʉ 

ʂʦʵʬʬʠʮʠʝʥʪ 
ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ  

l, ʢʢʘʣ/ʤ ʯ 
0
ʉ ʧʨʠ 4000ʉ 

ʇʣʦʪʥʦʩʪʴ 

r, ʛ/ʩʤ
3
 

ʊ
0
ʧʣ/ʊ 

0
ʢʠʧ 

Sn 0,625 1,4 28,9 7,30 231,9/2270 

Pb 0,25 2,27 13,0 11,34 327,4/1700 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʆʇʊʀʄɸʃʔʅʓʍ ʅɽʁʊʈʆʅʅʆ-ʌʀɿʀʏɽʉʂʀʍ  

ʇɸʈɸʄɽʊʈʆɺ ʊʆʇʃʀɺʅʆʁ ʉʋʉʇɽʅɿʀʀ ɼʃʗ ʎʀʃʀʅɼʈʀʏɽʉʂʆɻʆ  

ɻʆʄʆɻɽʅʅʆɻʆ ʈɽɸʂʊʆʈɸ ʅɸ ɹʓʉʊʈʓʍ ʅɽʁʊʈʆʅɸʍ 

ʊʘʢʠʙʘʝʚ ɾ.ʉ., ʇʦʪʨʝʙʝʥʠʢʦʚ ɻ.ʂ., ʇʘʚʣʦʚʘ ʅ.ʅ., ʃʦʪʦʚ ɸ.ɹ. 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʷʜʝʨʥʳʡ ʮʝʥʪʨ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ, ɸʣʤʘʪʳ 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʤʦʜʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʮʝʥʢʝ ʨʘʟʤʥʦʞʘʶʱʠʭ ʩʚʦʡʩʪʚ ʪʦʧʣʠʚʥʦʡ ʩʫʩʧʝʥʟʠʠ 

ʯʘʩʪʠʮ ʜʠʦʢʩʠʜʘ ʫʨʘʥʘ ʚ ʩʚʠʥʮʦʚʦ-ʚʠʩʤʫʪʦʚʦʤ ʩʧʣʘʚʝ, ʘ ʪʘʢʞʝ ʨʘʩʯʝʪ ʧʦʣʷ ʥʝʡʪʨʦʥʦʚ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʝʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʜʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʝʨʝʥʦʩʘ ʷʜʝʨʥʳʭ ʠʟʣʫʯʝʥʠʡ MCNP ʚ ʧʨʠʙʣʠʞʝʥʠʷʭ 

ʧʨʦʩʪʳʭ ʤʦʜʝʣʝʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʩ ʘʙʩʦʣʶʪʥʳʤ (ʟʝʨʢʘʣʴʥʳʤ) ʦʪʨʘʞʘʪʝʣʝʤ, ʙʝʟ ʦʪʨʘʞʘʪʝʣʷ, ʩ 

ʦʪʨʘʞʘʪʝʣʝʤ ʠʟ ʩʚʠʥʮʦʚʦ-ʚʠʩʤʫʪʦʚʦʛʦ ʩʧʣʘʚʘ ʠ ʛʨʘʬʠʪʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʘʟʤʝʨʘʭ ʘʢʪʠʚʥʦʡ ʟʦʥʳ (ɸɿ) ʠ 

ʧʘʨʘʤʝʪʨʘʭ ʪʦʧʣʠʚʘ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʯʝʪʳ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʚʳʭʦʜʘ ʦʩʢʦʣʢʦʚ ʜʝʣʝʥʠʷ 
235

U ʠʟ ʩʬʝʨʠʯʝʩʢʦʡ 

ʪʦʧʣʠʚʥʦʡ ʯʘʩʪʠʮʳ, ʘ ʪʘʢʞʝ ʚʳʭʦʜʘ ʦʩʢʦʣʢʦʚ ʩ ʟʘʜʘʥʥʳʤ ʤʘʩʩʦʚʳʤ ʯʠʩʣʦʤ. ʆʮʝʥʝʥʦ ʚʣʠʷʥʠʝ ʜʠʩʧʝʨʩʠʠ 

ʥʘʯʘʣʴʥʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʥʘ ʚʳʭʦʜ ʦʩʢʦʣʢʦʚ ʠʟ ʪʦʧʣʠʚʥʦʡ ʯʘʩʪʠʮʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʇʨʠ ʘʥʘʣʠʟʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʛʦʤʦʛʝʥʥʦʛʦ ʨʝʘʢʪʦʨʘ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ ʩ 

ʪʦʧʣʠʚʥʦʡ ʩʫʩʧʝʥʟʠʝʡ ʨʘʩʩʤʦʪʨʝʥʘ ʨʘʙʦʪʘ ɸɿ ʚ ʨʝʞʠʤʝ ʧʩʝʚʜʦʦʞʠʞʝʥʠʷ. 

ʊʆʇʃʀɺʅɸʗ ʉʋʉʇɽʅɿʀʗ ɺ ʇʉɽɺɼʆʆɾʀɾɽʅʅʆʄ 

ʉʃʆɽ 

ʇʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʧʣʠʚʥʳʭ ʩʫʩʧʝʥ-

ʟʠʡ ʚ ʛʦʤʦʛʝʥʥʳʭ ʨʝʘʢʪʦʨʘʭ ʦʮʝʥʠʚʘʶʪʩʷ ʢʘʢ ʙʣʘ-

ʛʦʧʨʠʷʪʥʳʝ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʥʝʨʝʰʝʥʥʳʭ 

ʧʨʦʙʣʝʤ ʢʘʢ ʦʙʱʠʭ ʜʣʷ ʛʦʤʦʛʝʥʥʳʭ ʨʝʘʢʪʦʨʦʚ, ʪʘʢ ʠ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʜʣʷ ʨʝʘʢʪʦʨʦʚ ʩ ʪʦʧʣʠʚʥʳʤʠ ʩʫʩ-

ʧʝʥʟʠʷʤʠ. ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʧʣʠʚʘ ʚ 

ʧʦʪʦʢʝ ʩʫʩʧʝʥʟʠʠ ʠ ʦʧʘʩʥʦʩʪʴ ʚʳʧʘʜʝʥʠʷ ʪʦʧʣʠʚʥʳʭ 

ʯʘʩʪʠʮ ʠʟ ʩʫʩʧʝʥʟʠʠ, ʥʘʧʨʠʤʝʨ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʛʨʘ-

ʚʠʪʘʮʠʦʥʥʦʡ ʩʝʜʠʤʝʥʪʘʮʠʠ. ʈʘʥʝʝ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʷ ʪʦʧʣʠʚʥʳʭ ʯʘʩʪʠʮ ʚ ʦʙʲʝʤʝ ʜʠʩʧʝʨʩʥʦʡ ʩʠʩ-

ʪʝʤʳ ʧʨʠ ʠʭ ʚʟʚʝʰʠʚʘʥʠʠ ʚ ʚʦʩʭʦʜʷʱʝʤ ʪʫʨʙʫʣʝʥʪ-

ʥʦʤ ʧʦʪʦʢʝ [1]. ʇʦʩʢʦʣʴʢʫ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʘʪʝʨʠʘʣʳ 

ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʠ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʳ ʠʤʝʶʪ 

ʙʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ, ʪʦ ʪʦʧʣʠʚʥʳʝ ʯʘʩʪʠʮʳ 

ʥʝʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʤʘʣʦʡ ʠʥʝʨʮʠ-

ʦʥʥʦʩʪʴʶ; ʜʚʠʞʝʥʠʝ ʪʘʢʠʭ ʯʘʩʪʠʮ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʤʝʨʝ ʦʙʫʩʣʦʚʣʝʥʦ ʪʫʨʙʫʣʝʥʪʥʳʤʠ ʬʣʫʢʪʫʘʮʠʷʤʠ ʠ 

ʠʭ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʦʩʘʞʜʝʥʠʝ ʠʟ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʦ-

ʪʦʢʘ ʟʘʪʨʫʜʥʝʥʦ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʫʩʧʝʥʟʠʠ ʩ 

ʙʦʣʝʝ ʢʨʫʧʥʳʤʠ ʪʦʧʣʠʚʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʠʭ ʨʘʚʥʦ-

ʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʦʙʲʝʤʝ ɸɿ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩ-

ʪʠʛʥʫʪʦ ʚ ʨʝʞʠʤʝ ʧʩʝʚʜʦʦʞʠʞʝʥʠʷ. ʊʦʧʣʠʚʦ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʥʘʭʦʜʠʪʩʷ ʚ ɸɿ, ʘ ʪʝʧʣʦ, ʚʳʜʝʣʝʥʥʦʝ ʚ ʧʩʝʚ-

ʜʦʦʞʠʞʝʥʥʦʤ ʩʣʦʝ, ʦʪʚʦʜʠʪʩʷ ʧʦʪʦʢʦʤ ʜʠʩʧʝʨʩʠʦʥ-

ʥʦʡ ʩʨʝʜʳ. ʇʦʵʪʦʤʫ ʧʨʠ ʘʥʘʣʠʟʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʘ-

ʣʠʟʘʮʠʠ ʛʦʤʦʛʝʥʥʦʛʦ ʨʝʘʢʪʦʨʘ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦ-

ʥʘʭ ʩ ʪʦʧʣʠʚʥʦʡ ʩʫʩʧʝʥʟʠʝʡ ʨʘʩʩʤʦʪʨʝʥʘ ʨʘʙʦʪʘ ɸɿ 

ʚ ʨʝʞʠʤʝ ʧʩʝʚʜʦʦʞʠʞʝʥʠʷ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʨʝʘʢʪʦʨʘ ʩ ʧʦʜʚʠʞʥʳʤ 

ʜʠʩʧʝʨʩʥʳʤ ʪʦʧʣʠʚʦʤ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʚ ʨʷʜʝ ʨʘʙʦʪ 

[1-4], ʧʨʝʞʜʝ ʚʩʝʛʦ ʚ ʩʚʷʟʠ ʩ ʧʨʦʝʢʪʘʤʠ ʭʝʤʦʷʜʝʨ-

ʥʳʭ ʨʝʘʢʪʦʨʦʚ, ʚ ʢʦʪʦʨʳʭ ʚʟʚʝʩʴ ʪʦʧʣʠʚʥʳʭ ʯʘʩʪʠʮ 

ʚ ʨʝʘʛʝʥʪʝ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʥʝʢʦʪʦʨʳʡ ʦʙʲʝʤ, ʛʜʝ 

ʩʦʟʜʘʶʪʩʷ ʫʩʣʦʚʠʷ ʜʣʷ ʢʨʠʪʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʘʢ-

ʪʠʚʥʘʷ ʟʦʥʘ ʭʝʤʦʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ). ʊʝʧʣʦʦʪʚʦʜ ʦʪ 

ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ, 

ʮʠʨʢʫʣʠʨʫʶʱʠʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʦʪʜʝʣʴʥʦʤ ʢʦʥʪʫʨʝ. 

ɺ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʷʜʝʨʥʦʤ ʨʝʘʢʪʦʨʝ ʥʘ ʪʦʧʣʠʚʥʦʡ 

ʩʫʩʧʝʥʟʠʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʫʜʝʨʞʠʚʘʪʴ ʪʦʧʣʠʚʥʳʝ 

ʯʘʩʪʠʮʳ ʚ ʧʨʝʜʝʣʘʭ ɸɿ. ʊʝʧʣʦʩʲʝʤ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʪʦʢʦʤ ʞʠʜʢʦʡ ʜʠʩʧʝʨʩʠʦʥʥʦʡ 

ʩʨʝʜʳ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʩʣʦʡ ʯʘʩʪʠʮ ʠ ʚʳʧʦʣʥʷʶ-

ʱʝʡ ʬʫʥʢʮʠʶ ʪʝʧʣʦʥʦʩʠʪʝʣʷ. 

ʊʘʢʦʡ ʚʘʨʠʘʥʪ ʨʝʘʢʪʦʨʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʚ 

ʨʝʞʠʤʝ ʧʩʝʚʜʦʦʞʠʞʝʥʠʷ ʪʦʧʣʠʚʥʳʭ ʯʘʩʪʠʮ [5]. ɺ 

ʧʩʝʚʜʦʦʞʠʞʝʥʥʦʤ ʩʣʦʝ ʪʦʧʣʠʚʥʳʝ ʯʘʩʪʠʮʳ ʥʘʭʦ-

ʜʷʪʩʷ ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ ʦʙʲʝʤʝ ʚ ʩʦʩʪʦʷʥʠʠ ʭʘʦʪʠʯʝ-

ʩʢʦʛʦ ʜʚʠʞʝʥʠʷ. ʇʨʠ ʥʝʙʦʣʴʰʠʭ ʨʘʟʤʝʨʘʭ ʯʘʩʪʠʮ ʠ 

ʜʦʩʪʘʪʦʯʥʦʡ ʧʦʨʦʟʥʦʩʪʠ ʧʩʝʚʜʦʦʞʠʞʝʥʥʦʛʦ ʩʣʦʷ 

ʤʦʞʝʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥ ʵʬʬʝʢʪʠʚʥʳʡ ʦʪʚʦʜ ʪʝʧʣʘ 

ʧʨʠ ʥʝʚʳʩʦʢʠʭ ʛʨʘʜʠʝʥʪʘʭ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʯʘʩʪʠʮʝ ʠ 

ʨʘʚʥʦʤʝʨʥʦʤ ʚʳʛʦʨʘʥʠʠ ʪʦʧʣʠʚʘ. 

ʈʝʞʠʤ ʧʩʝʚʜʦʦʞʠʞʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚ ʦʧʨʝ-

ʜʝʣʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʩʢʦʨʦʩʪʝʡ w0 ʞʠʜʢʦʩʪʠ, ʧʨʦʭʦ-

ʜʷʱʝʡ ʯʝʨʝʟ ʩʣʦʡ ʯʘʩʪʠʮ. ʅʘʯʘʣʦ ʧʩʝʚʜʦʦʞʠʞʝʥʠʷ 

ʥʝʧʦʜʚʠʞʥʦʛʦ ʩʣʦʷ ʯʘʩʪʠʮ ʧʦʪʦʢʦʤ ʞʠʜʢʦʩʪʠ, ʧʨʦ-

ʭʦʜʷʱʝʡ ʯʝʨʝʟ ʩʣʦʡ ʩʥʠʟʫ ʚʚʝʨʭ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘ-

ʚʝʥʩʪʚʫ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʣʦʷ 

ʚʝʩʫ ʚʩʝʭ ʯʘʩʪʠʮ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʢʦʨʦʩʪʴʶ ʥʘ-

ʯʘʣʘ ʧʩʝʚʜʦʦʞʠʜʝʥʠʷ w0ʧʩ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ 

ʞʠʜʢʦʩʪʠ ʩʣʦʡ ʨʘʩʰʠʨʷʝʪʩʷ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʝʛʦ ʧʦ-
ʨʦʟʥʦʩʪʴ e ʠ ʚʳʩʦʪʘ  H. ʇʨʠ ʩʢʦʨʦʩʪʠ ʚʠʪʘʥʠʷ wʩʚ, 

ʨʘʚʥʦʡ ʩʢʦʨʦʩʪʠ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ʯʘʩʪʠʮʳ ʚ 

ʞʠʜʢʦʩʪʠ, ʥʘʯʠʥʘʝʪʩʷ ʫʥʦʩ ʯʘʩʪʠʮ ʩ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʣʦʷ ʠ ʧʩʝʚʜʦʦʞʠʞʝʥʥʳʡ ʩʣʦʡ ʨʘʟʨʫʰʘʝʪʩʷ. 

ɼʣʷ ʥʝʧʦʜʚʠʞʥʦʛʦ ʩʣʦʷ ʩʬʝʨʠʯʝʩʢʠʭ ʯʘʩʪʠʮ 

ʦʙʳʯʥʦ ʧʨʠʥʠʤʘʶʪ ʟʥʘʯʝʥʠʝ ʧʦʨʦʟʥʦʩʪʠ e = 0,4. 

ʉʢʦʨʦʩʪʠ ʥʘʯʘʣʘ ʧʩʝʚʜʦʦʞʠʞʝʥʠʷ ʠ ʚʠʪʘʥʠʷ ʜʣʷ 

ʪʘʢʦʛʦ ʩʣʦʷ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʳ ʠʟ ʩʣʝʜʫʶʱʠʭ 

ʩʦʦʪʥʦʰʝʥʠʡ [5]: 
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ʅʘ ʨʠʩʫʥʢʘʭ 1 ʠ 2 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ 

ʩʢʦʨʦʩʪʝʡ ʥʘʯʘʣʘ ʧʩʝʚʜʦʦʞʠʞʝʥʠʷ ʠ ʚʠʪʘʥʠʷ ʧʨʠ 

ʥʘʯʘʣʴʥʦʡ ʧʦʨʦʟʥʦʩʪʠ eʥ = 0,4 ʩʣʦʷ ʩʬʝʨʠʯʝʩʢʠʭ 
ʪʦʧʣʠʚʥʳʭ ʯʘʩʪʠʮ ʜʠʦʢʩʠʜʘ ʫʨʘʥʘ, ʦʞʠʞʘʝʤʦʛʦ ʧʦ-

ʪʦʢʦʤ ʩʚʠʥʮʦʚʦ-ʚʠʩʤʫʪʦʚʦʛʦ ʩʧʣʘʚʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʨʘʟʤʝʨʘʭ ʯʘʩʪʠʮ ʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʫʩʧʝʥʟʠʠ (ʪʝʤʧʝ-

ʨʘʪʫʨʘ ʪʦʧʣʠʚʘ ʠ ʩʧʣʘʚʘ ʩʯʠʪʘʣʠʩʴ ʦʜʠʥʘʢʦʚʳʤʠ). 

ɿʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʪʦʧʣʠʚʘ ʠ ʩʧʣʘʚʘ, ʘ ʪʘʢʞʝ ʜʠ-

ʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʩʧʣʘʚʘ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ [6]. 
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ʈʠʩʫʥʦʢ 1. ʉʢʦʨʦʩʪʠ ʧʩʝʚʜʦʦʞʠʞʝʥʠʷ ʠ ʚʠʪʘʥʠʷ ʧʨʠ ʨʘʟ-

ʣʠʯʥʳʭ ʨʘʟʤʝʨʘʭ ʪʦʧʣʠʚʥʳʭ ʯʘʩʪʠʮ. ʇʩʝʚʜʦʦʞʠʞʝʥʠʝ 

ʩʚʠʥʮʦʚʦ-ʚʠʩʤʫʪʦʚʳʤ ʩʧʣʘʚʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 400 0ʉ 
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ʈʠʩʫʥʦʢ 2. ʉʢʦʨʦʩʪʠ ʧʩʝʚʜʦʦʞʠʞʝʥʠʷ ʠ ʚʠʪʘʥʠʷ  

ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʫʩʧʝʥʟʠʠ.  

ɼʠʘʤʝʪʨ ʪʦʧʣʠʚʥʳʭ ʯʘʩʪʠʮ 0,001 ʤ 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʦʚ, ʨʝʞʠʤ ʧʩʝʚʜʦʦʞʠʞʝʥʠʷ 

ʪʦʧʣʠʚʥʦʡ ʩʫʩʧʝʥʟʠʠ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʚ ʜʦʩʪʘʪʦʯʥʦ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʫʤʝʨʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʠ 

ʩʚʠʥʮʦʚʦ-ʚʠʩʤʫʪʦʚʦʛʦ ʩʧʣʘʚʘ. 

ʉʢʦʨʦʩʪʴ ʦʞʠʞʘʶʱʝʡ ʞʠʜʢʦʩʪʠ w0 ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʦʙʲʝʤʥʦʛʦ ʨʘʩʭʦʜʘ ʞʠʜʢʦʩʪʠ ʢ ʧʣʦ-

ʱʘʜʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʩʣʦʷ (ʬʠʢʪʠʚʥʘʷ ʩʢʦ-

ʨʦʩʪʴ [5]). ʇʨʠ ʟʘʜʘʥʥʦʡ ʧʦʨʦʟʥʦʩʪʠ ʩʣʦʷ 0,4 < e < 1 

ʟʥʘʯʝʥʠʝ w0 ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ, ʠʩʧʦʣʴʟʫʷ ʩʣʝʜʫ-ʁ

ʱʝʝ ʩʦʦʪʥʦʰʝʥʠʝ ʜʣʷ ʢʨʠʪʝʨʠʷ ʈʝʡʥʦʣʴʜʩʘ: 
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ʅʘ ʨʠʩʫʥʢʘʭ 3 ʠ 4 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ 

ʩʢʦʨʦʩʪʠ w0 ʩʚʠʥʮʦʚʦ-ʚʠʩʤʫʪʦʚʦʛʦ ʩʧʣʘʚʘ ʚ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʧʦʨʦʟʥʦʩʪʠ ʩʣʦʷ ʪʦʧʣʠʚʥʳʭ ʯʘʩʪʠʮ ʠ ʠʭ 

ʨʘʟʤʝʨʦʚ. ɺʳʩʦʪʘ ʧʩʝʚʜʦʦʞʠʞʝʥʥʦʛʦ ʩʣʦʷ H ʠ ʧʝʨ-

ʚʦʥʘʯʘʣʴʥʘʷ ʚʳʩʦʪʘ Hʥ ʥʝʧʦʜʚʠʞʥʦʛʦ ʩʣʦʷ ʩʚʷʟʘʥʳ 

ʩʦʦʪʥʦʰʝʥʠʝʤ Hʥ(1-eʥ) = H(1-e). 
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ʈʠʩʫʥʦʢ 3. ʉʢʦʨʦʩʪʴ ʩʚʠʥʮʦʚʦ-ʚʠʩʤʫʪʦʚʦʛʦ ʩʧʣʘʚʘ  

ʚ ʧʩʝʚʜʦʦʞʠʞʝʥʦʤ ʩʣʦʝ  ʩ ʨʘʟʣʠʯʥʦʡ ʧʦʨʦʟʥʦʩʪʴʶ 
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ʈʠʩʫʥʦʢ 4. ʉʢʦʨʦʩʪʴ ʩʚʠʥʮʦʚʦ-ʚʠʩʤʫʪʦʚʦʛʦ  

ʩʧʣʘʚʘ ʚ ʧʩʝʚʜʦʦʞʠʞʝʥʦʤ ʩʣʦʝ  ʧʨʠ ʨʘʟʣʠʯʥʳʭ  

ʨʘʟʤʝʨʘʭ ʪʦʧʣʠʚʥʳʭ ʯʘʩʪʠʮ 

ɸʥʘʣʠʟ ʨʝʘʣʠʟʘʮʠʠ ʛʦʤʦʛʝʥʥʦʛʦ ʨʝʘʢʪʦʨʘ ʥʘ ʙ-r

ʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ ʩ ʪʦʧʣʠʚʥʦʡ ʩʫʩʧʝʥʟʠʝʡ ʧʦʢʘʟʘʣ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʨʝʞʠʤʘ ʧʩʝʚʜʦʦʞʠʞʝʥʠʷ 

ʪʦʧʣʠʚʥʳʭ ʯʘʩʪʠʮ ʜʠʦʢʩʠʜʘ ʫʨʘʥʘ ʧʦʪʦʢʦʤ ʩʚʠʥ-

ʮʦʚʦ-ʚʠʩʤʫʪʦʚʦʛʦ ʩʧʣʘʚʘ. ʇʦʣʫʯʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʩʢʦʨʦʩʪʠ ʨʘʩʧʣʘʚʘ ʚ ʧʩʝʚʜʦʦʞʠʞʝʥ-

ʥʦʤ ʩʣʦʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʘʟʤʝʨʘʭ ʩʬʝʨʠʯʝʩʢʠʭ ʪʦʧ-

ʣʠʚʥʳʭ ʯʘʩʪʠʮ ʠ ʨʘʟʣʠʯʥʦʡ ʧʦʨʦʟʥʦʩʪʠ ʩʣʦʷ.  

ʈɸɿʄʅʆɾɸʖʑʀɽ ʉɺʆʁʉʊɺɸ ʊʆʇʃʀɺʅʆʁ 

ʉʋʉʇɽʅɿʀʀ 

ɺ ʨʘʟʨʝʞʝʥʥʦʤ ʧʩʝʚʜʦʦʞʠʞʝʥʥʦʤ ʩʣʦʝ ʫʣʫʯʰʘ-

ʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʪʝʧʣʦʦʪʚʦʜʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʧ-

ʣʦʦʪʚʦʜʦʤ ʚ ʧʣʦʪʥʦʤ (ʥʝʧʦʜʚʠʞʥʦʤ) ʩʣʦʝ ʪʦʧʣʠʚ-

ʥʳʭ ʯʘʩʪʠʮ. ʆʜʥʘʢʦ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʦʨʦʟʥʦʩʪʠ 

ʩʣʦʷ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʚʦʟʨʘʩʪʘʥʠʷ ʫʪʝʯʢʠ ʥʝʡʪʨʦʥʦʚ 

ʠ ʠʭ ʧʦʛʣʦʱʝʥʠʷ ʚ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʝ ʪʦʧʣʠʚʥʦʡ 

ʩʫʩʧʝʥʟʠʠ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʤʥʦʞʘʶʱʠʭ 

ʩʚʦʡʩʪʚ ʪʦʧʣʠʚʥʦʡ ʩʫʩʧʝʥʟʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʨʘʩʯʝʪʳ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʟʤʥʦʞʝʥʠʷ, ʩʧʝʢ-

ʪʨʘʣʴʥʦʛʦ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʝʡ-

ʪʨʦʥʦʚ ʜʣʷ ʨʘʟʤʥʦʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʬʦʨʤʝ ʧʨʷʤʦʛʦ 

ʢʨʫʛʦʚʦʛʦ ʮʠʣʠʥʜʨʘ, ʠʤʠʪʠʨʫʶʱʝʡ ɸɿ ʨʝʘʢʪʦʨʘ ʥʘ 

ʪʦʧʣʠʚʥʦʡ ʩʫʩʧʝʥʟʠʠ ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʦʙʦʛʘʱʝʥʠʠ 

ʪʦʧʣʠʚʘ ʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʦʨʦʟʥʦʩʪʠ ʩʣʦʷ. 

ʆʙʲʝʤʥʘʷ ʜʦʣʷ ʪʦʧʣʠʚʘ ʚ ʩʫʩʧʝʥʟʠʠ v ʩʚʷʟʘʥʘ ʩ ʧʦ-

ʨʦʟʥʦʩʪʴʶ ʩʣʦʷ ʩʦʦʪʥʦʰʝʥʠʝʤ v = 1 - e. ʅʘʯʘʣʥɹʘʷ 

ʧʦʨʦʟʥʦʩʪʴ ʩʣʦʷ ʧʨʠʥʠʤʘʣʘʩʴ ʨʘʚʥʦʡ 0,4 ʧʨʠ ʚʳʩʦʪʝ 

ʩʣʦʷ (ʘʢʪʠʚʥʦʡ ʟʦʥʳ) 90 ʩʤ ʠ ʜʠʘʤʝʪʨʝ ʦʩʥʦʚʘʥʠʷ 

ʮʠʣʠʥʜʨʘ 164,5 ʩʤ. ʇʨʠ ʦʙʦʛʘʱʝʥʠʠ ʧʦ 
235
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0,161, ʨʘʟʤʝʨʳ ɸɿ ʠ ʧʘʨʘʤʝʪʨʳ ʪʦʧʣʠʚʘ ʩʦʦʪʚʝʪʩʪ-

ʚʫʶʪ ʛʝʪʝʨʦʛʝʥʥʦʤʫ ʨʝʘʢʪʦʨʫ ʉɺɹʈ-75/100 [7]. ʋʚʝ-

ʣʠʯʝʥʠʝ ʧʦʨʦʟʥʦʩʪʠ ʩʣʦʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ 

ʝʛʦ ʚʳʩʦʪʳ ʠ ʩʥʠʞʝʥʠʶ ʦʙʲʝʤʥʦʡ ʜʦʣʠ ʪʦʧʣʠʚʘ ʚ 

ʩʫʩʧʝʥʟʠʠ. 

ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦ-

ʛʨʘʤʤʳ MCNP [8]. ɺ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʦʪʥʦʰʝʥʠʠ 

ʘʢʪʠʚʥʘʷ ʟʦʥʘ ʜʝʣʠʣʘʩʴ ʥʘ ʷʯʝʡʢʠ ʩʠʩʪʝʤʦʡ ʢʦʘʢʩʠ-

ʘʣʴʥʳʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʠ ʚ ʢʘʞʜʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʷʯʝʡʢʝ ʦʮʝʥʠʚʘʣʦʩʴ ʩʨʝʜʥʝʝ ʟʥʘ-

ʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʥʝʡʪʨʦʥʦʚ (ʫʧʨʘʚʣʷʶʱʘʷ 

ʢʘʨʪʘ F4 ʧʨʦʛʨʘʤʤʳ MCNP) ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʛʨʫʧ-

ʧʘʭ [9]. ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ (ʨʘ-

ʜʠʘʣʴʥʦʛʦ) ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʝʡʪʨʦʥʦʚ ʚ ɸɿ ʨʘʩʯʝʪ-

ʥʳʝ ʜʘʥʥʳʝ ʩʫʤʤʠʨʦʚʘʣʠʩʴ ʧʦ ʚʩʝʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ 

ʛʨʫʧʧʘʤ; ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʧʝʢʪʨʘ ʥʝʡʪʨʦʥʦʚ ʚ ɸɿ 

ʩʫʤʤʠʨʦʚʘʣʠʩʴ ʨʘʩʯʝʪʥʳʝ ʜʘʥʥʳʝ ʧʦ ʚʩʝʤ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʳʤ ʷʯʝʡʢʘʤ ʚ ʢʘʞʜʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʛʨʫʧʧʝ. ʅʘ ʨʠʩʫʥʢʘʭ 5 ʠ 6 ʧʨʠʚʝʜʝʥʳ ʩʧʝʢʪʨʳ ʥʝʡ-

ʪʨʦʥʦʚ ʚ ʩʣʦʝ ʩʫʩʧʝʥʟʠʠ ʧʨʠ e = 0,4; H = 90 ʩʤ ʠ 

ʦʙʦʛʘʱʝʥʠʠ 0,161 ʜʣʷ ɸɿ ʩ ʟʝʨʢʘʣʴʥʦ ʦʪʨʘʞʘʶʱʠʤʠ 

ʚʥʫʪʨʝʥʥʠʤʠ ʩʪʝʥʢʘʤʠ (ʘʙʩʦʣʶʪʥʳʡ ʦʪʨʘʞʘʪʝʣʴ 

ʥʝʡʪʨʦʥʦʚ) ʠ ʩ ʘʙʩʦʣʶʪʥʦ ʧʦʛʣʦʱʘʶʱʠʤʠ ʩʪʝʥʢʘʤʠ 

(ɸɿ ʙʝʟ ʦʪʨʘʞʘʪʝʣʷ). 

 

ʈʠʩʫʥʦʢ 5. ʉʧʝʢʪʨ ʥʝʡʪʨʦʥʦʚ ʚ ʮʠʣʠʥʜʨʝ  

ʩ ʘʙʩʦʣʶʪʥʦ ʦʪʨʘʞʘʶʱʠʤʠ ʩʪʝʥʢʘʤʠ 

 

ʈʠʩʫʥʦʢ 6. ʉʧʝʢʪʨ ʥʝʡʪʨʦʥʦʚ ʚ ʮʠʣʠʥʜʨʝ  

ʩ ʘʙʩʦʣʶʪʥʦ ʧʦʛʣʦʱʘʶʱʠʤʠ ʩʪʝʥʢʘʤʠ 
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ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʩʧʝʢʪʨʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠ-

ʩʫʥʢʘʭ 5 ʠ 6 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʧʝʢʪʨ ʥʝʡʪʨʦʥʦʚ ʚ ɸɿ 

ʙʝʟ ʦʪʨʘʞʘʪʝʣʷ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʞʝʩʪʢʠʡ. ɼʣʷ ʢʦʵʬ-

ʬʠʮʠʝʥʪʦʚ ʨʘʟʤʥʦʞʝʥʠʷ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʥʘ-

ʯʝʥʠʷ: 1,3056 ° 0,0004 ʜʣʷ ɸɿ ʩ ʘʙʩʦʣʶʪʥʳʤ ʦʪʨʘ-

ʞʘʪʝʣʝʤ ʠ 0,9403 ° 0,0006 ʜʣʷ ɸɿ ʙʝʟ ʦʪʨʘʞʘʪʝʣʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʨʠʥʷʪʳʭ ʨʘʟʤʝʨʦʚ ɸɿ ʠ ʧʘʨʘ-

ʤʝʪʨʦʚ ʪʦʧʣʠʚʘ ʢʨʠʪʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʨʝʘʢʪʦʨʘ ʙʝʟ 

ʦʪʨʘʞʘʪʝʣʷ ʥʝ ʜʦʩʪʠʛʘʝʪʩʷ. 

ʈʝʘʣʴʥʦ ɸɿ ʚʩʝʛʜʘ ʦʢʨʫʞʝʥʘ ʦʪʨʘʞʘʪʝʣʝʤ. ɺ 

ʫʩʣʦʚʠʷʭ, ʥʘʧʨʠʤʝʨ, ʧʩʝʚʜʦʦʞʠʞʝʥʠʷ ʪʦʧʣʠʚʥʳʭ 

ʯʘʩʪʠʮ ʩʚʠʥʮʦʚʦ-ʚʠʩʤʫʪʦʚʳʤ ʩʧʣʘʚʦʤ ʚ ʢʘʯʝʩʪʚʝ 

ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ ʪʦʨʮʦʚʳʭ ʦʪʨʘʞʘʪʝʣʝʡ ʤʦʞʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʵʪʦʪ ʩʧʣʘʚ, ʩʚʦʙʦʜʥʳʡ ʦʪ ʪʦʧʣʠʚ-

ʥʳʭ ʯʘʩʪʠʮ. ʇʦʪʦʢ ʩʧʣʘʚʘ ʤʦʞʝʪ ʪʘʢʞʝ ʨʘʩʩʤʘʪ-

ʨʠʚʘʪʴʩʷ ʠ ʢʘʢ ʙʦʢʦʚʦʡ ʦʪʨʘʞʘʪʝʣʴ, ʝʩʣʠ ʧʦ ʫʩʣʦ-

ʚʠʷʤ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʠ ʪʝʧʣʦʩʲʝʤʘ ʚ 

ʧʩʝʚʜʦʦʞʠʞʝʥʥʦʤ ʩʣʦʝ ʥʝʦʙʭʦʜʠʤʦ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʘʢʪʠʚʥʦʡ ʟʦʥʳ. 

ʅʘ ʨʠʩʫʥʢʝ 7 ʧʨʠʚʝʜʝʥʘ ʤʦʜʝʣʴ ɸɿ ʠ ʦʪʨʘʞʘʪʝ-

ʣʝʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʧʨʠʚʝʜʝʥʥʦʤʫ ʦʧʠʩʘʥʠʶ. ɼʣʷ 

ʵʪʦʡ ʤʦʜʝʣʠ ʚʳʧʦʣʥʷʣʠʩʴ ʨʘʩʯʝʪʳ ʧʨʠ ʩʣʝʜʫʶʱʠʭ 

ʨʘʟʤʝʨʘʭ ʦʪʨʘʞʘʪʝʣʝʡ: ʪʦʣʱʠʥʘ ʙʦʢʦʚʦʛʦ ʦʪʨʘʞʘ-

ʪʝʣʷ 23 ʩʤ, ʪʦʣʱʠʥʘ ʢʘʞʜʦʛʦ ʠʟ ʪʦʨʮʦʚʳʭ ʦʪʨʘʞʘʪʝ-

ʣʝʡ 100ʩʤ. 

   

 

ɸʢʪʠʚʥʘʷ ʟʦʥʘ. 
UO2 ʚ ʩʚʠʥʮʦʚʦ-

ʚʠʩʤʫʪʦʚʦʤ ʩʧʣʘʚʝ 

ɹʦʢʦʚʦʡ ʦʪʨʘʞʘʪʝʣʴ. 

ʉʚʠʥʮʦʚʦ-ʚʠʩʤʫʪʦʚʳʡ ʩʧʣʘʚ 

ʅʠʞʥʠʡ ʦʪʨʘʞʘʪʝʣʴ. 

ʉʚʠʥʮʦʚʦ-ʚʠʩʤʫʪʦʚʳʡ ʩʧʣʘʚ 

ɺʝʨʭʥʠʡ ʦʪʨʘʞʘʪʝʣʴ. 

ʉʚʠʥʮʦʚʦ-ʚʠʩʤʫʪʦʚʳʡ ʩʧʣʘʚ 

 

ʈʠʩʫʥʦʢ 7. ʄʦʜʝʣʴ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʡ  

ʟʦʥʳ ʩ ʦʪʨʘʞʘʪʝʣʷʤʠ 

ʅʘ ʨʠʩʫʥʢʝ 8 ʧʨʠʚʝʜʝʥʳ ʩʧʝʢʪʨʳ ʥʝʡʪʨʦʥʦʚ ʚ ɸɿ 

(ʚʳʩʦʪʘ 90 ʩʤ) ʠ ʙʦʢʦʚʦʤ ʦʪʨʘʞʘʪʝʣʝ ʧʨʠ ʪʝʭ ʞʝ 

ʧʘʨʘʤʝʪʨʘʭ ʪʦʧʣʠʚʘ, ʯʪʦ ʠ ʜʣʷ ɸɿ ʙʝʟ ʦʪʨʘʞʘʪʝʣʷ 

(ʩʤ. ʚʳʰʝ), ʘ ʪʘʢʞʝ ʩʧʝʢʪʨ ʥʝʡʪʨʦʥʦʚ ʜʣʷ ʵʪʦʡ ɸɿ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʥʘʣʠʯʠʝ ʦʪʨʘʞʘʪʝʣʷ ʥʝ-

ʩʢʦʣʢɹʦ ʩʤʷʛʯʘʝʪ ʩʧʝʢʪʨ ʥʝʡʪʨʦʥʦʚ ʚ ɸɿ, ʢʦʪʦʨʳʡ, 

ʦʜʥʘʢʦ, ʦʩʪʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʞʝʩʪʢʠʤ ʩ ʧʨʝʦʙʣʘʜʘ-

ʥʠʝʤ ʥʝʡʪʨʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ ʙʦʣʝʝ 1 ʢʵɺ. ʈʘʩʯʝʪʥʦʝ 

ʟʥʘʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʟʤʥʦʞʝʥʠʷ 

ʜʣʷ ʵʪʦʛʦ ʩʣʫʯʘʷ: 1,0785 ° 0,0005. 

 

ʈʠʩʫʥʦʢ 8. ʉʧʝʢʪʨʳ ʥʝʡʪʨʦʥʦʚ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ  

ʘʢʪʠʚʥʦʡ ʟʦʥʝ  ʙʝʟ ʦʪʨʘʞʘʪʝʣʷ (ʘ), ʩ ʦʪʨʘʞʘʪʝʣʝʤ (ʙ); 

ʚ ʙʦʢʦʚʦʤ ʦʪʨʘʞʘʪʝʣʝ (ʚ) 

ʅʘ ʨʠʩʫʥʢʝ 9 ʧʨʠʚʝʜʝʥʦ ʨʘʜʠʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʝ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʥʝʡʪʨʦʥʦʚ ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ 

ʧʣʦʪʥʦʩʪʴʶ ʧʦʪʦʢʘ ʚ ɸɿ ʙʝʟ ʦʪʨʘʞʘʪʝʣʷ. ʅʘʣʠʯʠʝ 

ʦʪʨʘʞʘʪʝʣʷ ʧʨʠʚʦʜʠʪ ʢ ʥʝʢʦʪʦʨʦʤʫ ʚʳʨʘʚʥʠʚʘʥʠʶ 

ʧʦʪʦʢʘ ʥʝʡʪʨʦʥʦʚ ʚ ɸɿ. ʋʪʝʯʢʘ ʥʝʡʪʨʦʥʦʚ ʠʟ ɸɿ ʯʝ-

ʨʝʟ ʙʦʢʦʚʦʡ ʦʪʨʘʞʘʪʝʣʴ ʟʥʘʯʠʪʝʣʴʥʘ, ʥʝʢʦʪʦʨʘʷ 

ʯʘʩʪʴ ʥʝʡʪʨʦʥʦʚ ʫʪʝʯʢʠ ʪʝʨʷʝʪʩʷ, ʫʭʦʜʷ ʠʟ ʙʦʢʦʚʦʛʦ 

ʦʪʨʘʞʘʪʝʣʷ ʯʝʨʝʟ ʝʛʦ ʚʥʝʰʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ. 

 

ʈʠʩʫʥʦʢ 9. ʈʘʜʠʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ  

ʧʦʪʦʢʘ ʥʝʡʪʨʦʥʦʚ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʡ  ʟʦʥʝ ʙʝʟ 

ʦʪʨʘʞʘʪʝʣʷ (ʘ); ʩ ʦʪʨʘʞʘʪʝʣʝʤ (ʙ) 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʟʤʥʦʞʝʥʠʷ ʧʨʠ ʨʘʟ-

ʣʠʯʥʦʤ ʦʙʦʛʘʱʝʥʠʠ ʪʦʧʣʠʚʘ ʠ ʨʘʟʣʠʯʥʦʡ ʚʳʩʦʪʝ ɸɿ 

ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʦʩʪʘʣʴʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʤʦʜʝʣʠ. 
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ʋʇʈʄʁɻʆʇʂ ʊʌʊʈɾʆʀʁʁ ɽʄʘ ʏʁʄʁʆɽʉʁʐɾʊʃʇɼʇ ɼʇʅʇɼɾʆʆʇɼʇ ʉɾɹʃʋʇʉɹ ʆɹ ɺʔʊʋʉʔʎ ʆɾʂʋʉʇʆɹʎ 

 11 

ʊʘʙʣʠʮʘ 1. ʕʬʬʝʢʪʠʚʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʟʤʥʦʞʝʥʠʷ ʜʣʷ ʪʦʧʣʠʚʥʦʡ ʩʫʩʧʝʥʟʠʠ  

ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ɸɿ ʩʦ ʩʚʠʥʮʦʚʦ-ʚʠʩʤʫʪʦʚʳʤʠ ʦʪʨʘʞʘʪʝʣʷʤʠ 

ʊʦʧʣʠʚʦ 
ɺʳʩʦʪʘ ɸɿ, ʩʤ 

ʂɻ ʬʬ 

ʆʙʦʛʘʱʝʥʠʝ ʆʙʲʝʤʥʘʷ ʜʦʣʷ ʆʮʝʥʢʘ ʉʨʝʜʥʷʷ ʢʚʘʜʨʘʪʠʯʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ 

16,1 0,6 90 1,0785 0,0005 

16,1 0,55 100 1,0542 0,0005 

16,1 0,45 120 0,9945 0,0006 

16,5 0,45 120 1,0030 0,0006 

17 0,45 120 1,0194 0,0005 

18 0,27 200 0,8809 0,0005 

  0,3 180 0,9111 0,0005 

  0,36 150 0,9649 0,0005 

  0,45 120 1,0283 0,0006 

  0,55 150 1,0890 0,0005 

  0,6 180 1,1133 0,0005 

20 0,27 200 0,9306 0,0006 

  0,3 180 0,9601 0,0006 

  0,36 150 1,0161 0,0005 

  0,45 120 1,0890 0,0006 

  0,55 150 1,1432 0,0006 

  0,6 180 1,1650 0,0005 

 

ʇʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 1 ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʦʨʦʟʥʦʩʪʠ ʩʣʦʷ ʵʬʬʝʢʪʠʚʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʤʥʦʞʝʥʠʷ ʪʦʧʣʠʚʥʦʡ ʩʫʩʧʝʥʟʠʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ. 

ʅʘ ʨʠʩʫʥʢʝ 10 ʧʦʢʘʟʘʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʵʬʬʝʢ-

ʪʠʚʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʟʤʥʦʞʝʥʠʷ ʜʣʷ ʪʦʧʣʠʚ-

ʥʦʡ ʩʫʩʧʝʥʟʠʠ ʚ ʘʢʪʠʚʥʦʡ ʟʦʥʝ ʩʦ ʩʚʠʥʮʦʚʦ-ʚʠʩʤʫ-

ʪʦʚʦʤ ʦʪʨʘʞʘʪʝʣʝʤ ʠ ʩ ʘʙʩʦʣʶʪʥʳʤ ʦʪʨʘʞʘʪʝʣʝʤ, 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʟʤʥʦʞʘʶʱʠʤ ʩʚʦʡʩʪʚʘʤ ʙʝʩ-

ʢʦʥʝʯʥʦʡ ʩʨʝʜʳ. 
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ʆʙʦʛʘʱʝʥʠʝ 0,18. ɸʙʩʦʣʶʪʥʳʡ ʦʪʨʘʞʘʪʝʣʴ

ʆʙʦʛʘʱʝʥʠʝ 0,18. ʉʚʠʥʮʦʚʦ-ʚʠʩʤʫʪʦʚʳʡ ʦʪʨʘʞʘʪʝʣʴ

ʆʙʦʛʘʱʝʥʠʝ 0,20. ɸʙʩʦʣʶʪʥʳʡ ʦʪʨʘʞʘʪʝʣʴ

ʆʙʦʛʘʱʝʥʠʝ 0,20. ʉʚʠʥʮʦʚʦ-ʚʠʩʤʫʪʦʚʳʡ ʦʪʨʘʞʘʪʝʣʴ 

ʈʠʩʫʥʦʢ 10. ʕʬʬʝʢʪʠʚʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʟʤʥʦʞʝʥʠʷ 

ʥʝʡʪʨʦʥʦʚ ʜʣʷ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʩʦ ʩʚʠʥʮʦʚʦ-ʚʠʩʤʫʪʦʚʳʤ 

ʦʪʨʘʞʘʪʝʣʝʤ ʠ ʩ ʘʙʩʦʣʶʪʥʳʤ ʦʪʨʘʞʘʪʝʣʝʤ 

ʀʟ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩʣʝʜʫʝʪ, ʯʪʦ ʫʪʝʯʢʘ ʥʝʡʪʨʦʥʦʚ 

ʠʟ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʩʦ ʩʚʠʥʮʦʚʦ-ʚʠʩʤʫʪʦʚʳʤ ʦʪʨʘʞʘ-

ʪʝʣʝʤ ʟʥʘʯʠʪʝʣʴʥʘ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʚʳʩʦʢʫʶ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ ʩʚʠʥʮʦʚʦ ʚʠʩʤʫʪʦʚʦʛʦ ʩʧʣʘʚʘ, ʢʘʢ ʦʪʨʘ-

ʞʘʪʝʣʷ ʥʝʡʪʨʦʥʦʚ. ɺʝʨʦʷʪʥʦʩʪʴ ʥʝʡʪʨʦʥʫ ʠʟʙʝʞʘʪʴ 

ʫʪʝʯʢʠ ʜʣʷ ʜʘʥʥʦʛʦ ʩʣʫʯʘʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 11. 
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ʆʙʦʛʘʱʝʥʠʝ 0,18ʆʙʦʛʘʱʝʥʠʝ 0,20 

ʈʠʩʫʥʦʢ 11. ɺʝʨʦʷʪʥʦʩʪʴ ʠʟʙʝʞʘʪʴ ʫʪʝʯʢʠ ʜʣʷ ɸɿ  

ʩʦ ʩʚʠʥʮʦʚʦ-ʚʠʩʤʫʪʦʚʳʤ ʦʪʨʘʞʘʪʝʣʝʤ 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʨʦʟʥʦʩʪʠ ʩʣʦʷ ʫʪʝʯʢʘ ʥʝʡʪʨʦ-

ʥʦʚ ʠʟ ɸɿ ʙʳʩʪʨʦ ʚʦʟʨʘʩʪʘʝʪ, ʪʘʢ ʯʪʦ ʧʨʠ ʩʚʠʥʮʦʚʦ-

ʚʠʩʤʫʪʦʚʦʤ ʦʪʨʘʞʘʪʝʣʝ ʢʨʠʪʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ 

ʨʝʘʢʪʦʨʘ ʜʦʣʞʝʥ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʣʦʡ ʩʫʩʧʝʥʟʠʠ ʩ 

ʤʠʥʠʤʘʣʴʥʦʡ ʧʦʨʦʟʥʦʩʪʴʶ. ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, 

ʫʩʣʦʚʠʷ ʜʣʷ ʪʝʧʣʦʦʪʚʦʜʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʭʫʞʝ, ʯʝʤ ʚ 

ʧʩʝʚʜʦʦʞʠʞʝʥʥʦʤ ʩʣʦʝ ʩʫʩʧʝʥʟʠʠ. ʄʦʞʥʦ ʦʞʠʜʘʪʴ, 

ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʦʪʨʘʞʘʪʝʣʷ ʤʘʪʝʨʠʘʣʘ ʩ 

ʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʤʝʜʣʝʥʠʷ ʠ 

ʘʣʴʙʝʜʦ ʥʝʡʪʨʦʥʦʚ, ʥʘʧʨʠʤʝʨ, ʛʨʘʬʠʪʘ, ʧʦʟʚʦʣʠʪ 

ʫʣʫʯʰʠʪʴ ʙʘʣʘʥʩ ʥʝʡʪʨʦʥʦʚ ʚ ʘʢʪʠʚʥʦʡ ʟʦʥʝ. ʅʘ 

ʨʠʩʫʥʢʝ 12 ʧʦʢʘʟʘʥʘ ʤʦʜʝʣʴ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʘʢʪʠʚ-

ʥʦʡ ʟʦʥʳ ʩ ʙʦʢʦʚʳʤ ʛʨʘʬʠʪʦʚʳʤ ʦʪʨʘʞʘʪʝʣʝʤ. 



ʅʇɽɾʄʁʉʇɻɹʆʁɾ ʇʈʋʁʅɹʄʕʆʔʎ ʆɾʂʋʉʇʆʆʇ-ʍʁʀʁʐɾʊʃʁʎ ʈɹʉɹʅɾʋʉʇɻ  
ʋʇʈʄʁɻʆʇʂ ʊʌʊʈɾʆʀʁʁ ɽʄʘ ʏʁʄʁʆɽʉʁʐɾʊʃʇɼʇ ɼʇʅʇɼɾʆʆʇɼʇ ʉɾɹʃʋʇʉɹ ʆɹ ɺʔʊʋʉʔʎ ʆɾʂʋʉʇʆɹʎ 

 12 

 

   

ɸʢʪʠʚʥʘʷ ʟʦʥʘ.   
UO 2  ʚ ʩʚʠʥʮʦʚʦ - 
ʚʠʩʤʫʪʦʚʦʤ ʩʧʣʘʚʝ   

ɹʦʢʦʚʦʡ ʦʪʨʘʞʘʪʝʣʴ.   
ɻʨʘʬʠʪ   

ʅʠʞʥʠʡ ʦʪʨʘʞʘʪʝʣʴ.   
ʉʚʠʥʮʦʚʦ - ʚʠʩʤʫʪʦʚʳʡ ʩʧʣ ʘ ʚ   

ɺʝʨʭʥʠʡ ʦʪʨʘʞʘʪʝʣʴ.   
ʉʚʠʥʮʦʚʦ - ʚʠʩʤʫʪʦʚʳʡ ʩʧʣ ʘ ʚ   

 

ʈʠʩʫʥʦʢ 12. ʄʦʜʝʣʴ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʡ ʟʦʥʳ  

ʩ ʙʦʢʦʚʳʤ ʛʨʘʬʠʪʦʚʳʤ ʦʪʨʘʞʘʪʝʣʝʤ 

ʂʦʵʬʬʠʮʠʝʥʪ ʨʘʟʤʥʦʞʝʥʠʷ ʠ ʚʝʨʦʷʪʥʦʩʪʴ ʠʟʙʝ-

ʞʘʪʴ ʫʪʝʯʢʠ ʜʣʷ ʵʪʦʡ ʤʦʜʝʣʠ ʧʨʠ ʪʦʣʱʠʥʝ ʛʨʘʬʠʪʦ-

ʚʦʛʦ ʦʪʨʘʞʘʪʝʣʷ 30 ʩʤ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 13. 
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ʕʬʬʝʢʪʠʚʥʳʡ ʢʦʵʬʬʠʢʠʝʥʪ ʨʘʟʤʥʦʞʝʥʠʷ

ɺʝʨʦʷʪʥʦʩʪʴ ʠʟʙʝʞʘʪʴ ʫʪʝʯʢʠ 

ʈʠʩʫʥʦʢ 13. ʕʬʬʝʢʪʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʤʥʦʞʝʥʠʷ  

ʠ ʚʝʨʦʷʪʥʦʩʪʴ ʠʟʙʝʞʘʪʴ ʫʪʝʯʢʠ ʜʣʷ ʘʢʪʠʚʥʦʡ ʟʦʥʳ  

ʩ ʙʦʢʦʚʳʤ ʛʨʘʬʠʪʦʚʳʤ ʦʪʨʘʞʘʪʝʣʝʤ 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ, ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ ʨʠʩʫʥ-

ʢʘʭ 10 ʠ 13, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʦʢʦ-

ʚʦʛʦ ʛʨʘʬʠʪʦʚʦʛʦ ʦʪʨʘʞʘʪʝʣʷ ʢʨʠʪʠʯʝʩʢʦʝ ʩʦʩʪʦ-̫

ʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʧʨʠ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴ-

ʰʝʡ ʧʦʨʦʟʥʦʩʪʠ ʩʣʦʷ, ʯʝʤ ʧʨʠ ʩʚʠʥʮʦʚʦ-ʚʠʩʤʫʪʦʚʦʤ 

ʦʪʨʘʞʘʪʝʣʝ.   

ɺʓʍʆɼ ʆʉʂʆʃʂʆɺ ɼɽʃɽʅʀʗ ʀɿ ʊʆʇʃʀɺʅʆʁ 

ʏɸʉʊʀʎʓ ɼʀʆʂʉʀɼɸ ʋʈɸʅɸ 

ʅʘ ʨʠʩʫʥʢʝ 14, ʧʦʷʩʥʷʶʱʝʤ ʛʝʦʤʝʪʨʠʶ ʨʘʩʯʝʪʘ, 

ʦʩʢʦʣʦʢ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʚ ʪʦʯʢʝ F, ʥʘʭʦʜʷʱʝʡʩʷ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ r0 ʦʪ ʮʝʥʪʨʘ ʯʘʩʪʠʮʳ, ʜʚʠʞʝʪʩʷ ʚ ʥʘ-

ʧʨʘʚʣʝʥʠʠ ʚʝʢʪʦʨʘ l. 
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ʈʠʩʫʥʦʢ 14. ʂ ʛʝʦʤʝʪʨʠʠ ʨʘʩʯʝʪʘ ʚʳʭʦʜʘ ʦʩʢʦʣʢʦʚ  

ʜʝʣʝʥʠʷ ʠʟ ʪʦʧʣʠʚʥʦʡ ʯʘʩʪʠʮʳ 

ʇʦʩʢʦʣʴʢʫ r0 = r + l, ʪʦ 

 2 2 2

0 2 cosr r l rl q= + + .  (1) 

ʆʩʢʦʣʦʢ ʚʳʭʦʜʠʪ ʚ ʜʠʩʧʝʨʩʠʦʥʥʫʶ ʩʨʝʜʫ, ʝʩʣʠ 

ʝʛʦ ʧʨʦʙʝʛ ʧʨʝʚʳʰʘʝʪ ʨʘʩʩʪʦʷʥʠʝ l. ɼʦʣʷ ʪʘʢʠʭ ʦʩ-

ʢʦʣʢʦʚ ʠʟ ʯʠʩʣʘ ʦʙʨʘʟʦʚʘʥʥʳʭ ʧʨʠ ʜʝʣʝʥʠʠ ʷʜʝʨ ʚ 

ʯʘʩʪʠʮʝ ʦʧʨʝʜʝʣʷʝʪ ʚʳʭʦʜ ʦʩʢʦʣʢʦʚ ʠʟ ʪʦʧʣʠʚʥʦʡ 

ʯʘʩʪʠʮʳ ʟʘ ʩʯʝʪ ʠʭ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. 

ɼʣʷ ʧʨʦʙʝʛʘ ʦʩʢʦʣʢʘ ʜʝʣʝʥʠʷ (ʤʛ/ʩʤ
3
) ʚ ʨʘʙʦʪʝ 

[10] ʧʨʝʜʣʦʞʝʥʦ ʩʦʦʪʥʦʰʝʥʠʝ 

 
1 2 1 2
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0

( ) (0,0968 0,0497 )s s

E A
L E A Z

Z

-= + ,  (2) 

ʛʜʝ As ʠ Zs - ʤʘʩʩʦʚʦʝ ʯʠʩʣʦ ʠ ʘʪʦʤʥʳʡ ʥʦʤʝʨ ʪʦʨ-

ʤʦʟʷʱʝʡ ʩʨʝʜʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; Z0 - ʩʨʝʜʥʠʡ ʟʘʨʷʜ 

ʦʩʢʦʣʢʘ ʩ ʤʘʩʩʦʚʳʤ ʯʠʩʣʦʤ A; E - ʥʘʯʘʣʴʥʘʷ ʢʠʥʝ-

ʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʦʩʢʦʣʢʘ (ʄʵʚ). ɼʣʷ ʘʧʧʨʦʢʩʠ-

ʤʘʮʠʠ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʯʘʣʴʥʦʡ ʢʠʥʝʪʠ-

ʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʦʩʢʦʣʢʘ ʧʨʝʜʣʦʞʝʥʦ ʥʦʨʤʘʣʴʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦ ʩʨʝʜʥʠʤ E0, ʫʩʝʯʝʥʥʦʝ ʥʘ ʠʥʪʝʨ-

ʚʘʣʝ [E0 - 3s, E0 + 3s], ʛʜʝ s = 5,5 ʄʵʚ [10]. ɿʘʚʠʩʠ-

ʤʦʩʪʴ ʩʨʝʜʥʝʛʦ ʟʘʨʷʜʘ ʦʩʢʦʣʢʘ ʦʪ ʝʛʦ ʤʘʩʩʳ ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʣʠʥʝʡʥʘʷ [11]. ɺ ʨʘʙʦʪʝ [12] ʦʥʘ 

ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʘ ʬʫʥʢʮʠʝʡ Z0 = 0,38A + 1,6. ʉ 

ʫʯʝʪʦʤ ʵʪʦʛʦ ʩʦʦʪʥʦh ʝʥʠʷ ʧʨʦʙʝʛ ʦʩʢʦʣʢʘ (ʤʢʤ) ʩʦ 

ʩʨʝʜʥʝʡ ʥʘʯʘʣʴʥʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ E0 ʨʘʩ-

ʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

 
( )

1/ 2 1 2 1 2

0

0 2 3

(0,968 0,497 )

0,38 1,6

s s

s

A Z E A
L

Ag

-+
=

+
, 

ʛʜʝ gs - ʧʣʦʪʥʦʩʪʴ ʪʦʨʤʦʟʷʱʝʡ ʩʨʝʜʳ, (ʛ/ʩʤ
3
). 

ɿʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʡ ʥʘʯʘʣʴʥʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʦʩʢʦʣʢʘ ʜʝʣʝʥʠʷ 
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ʥʝʡʪʨʦʥʘʤʠ [11] ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 15. 
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ʈʠʩʫʥʦʢ 15. ʉʨʝʜʥʷʷ ʥʘʯʘʣʴʥʘʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ 

ʦʩʢʦʣʢʦʚ ʜʝʣʝʥʠʷ 235U ʪʝʧʣʦʚʳʤʠ ʥʝʡʪʨʦʥʘʤʠ 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠ ʘʧʧʨʦʢ-

ʩʠʤʘʮʠʠ ʜʣʷ Z0 ʚ ʨʘʙʦʪʝ [12] ʧʨʦʚʝʜʝʥʦ ʫʩʨʝʜʥʝʥʠʝ 

ʧʨʦʙʝʛʦʚ ʧʦ ʩʧʝʢʪʨʫ ʤʘʩʩ ʦʩʢʦʣʢʦʚ ʜʝʣʝʥʠʷ [13]. 

ɼʣʷ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʬʘʢʪʦʨʘ 
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ʧʦʣʫʯʝʥʦ ʟʥʘʯʝʥʠʝ, ʨʘʚʥʦʝ 7,8, ʯʪʦ ʜʘʝʪ ʜʣʷ ʩʨʝʜ-

ʥʝʛʦ ʧʨʦʙʝʛʘ ʦʩʢʦʣʢʘ (ʤʢʤ) ʚʳʨʘʞʝʥʠʝ 

 1/ 2 1

0 (7,55 3,88 )s s sL A Z g- -= + . 

ʆʪʥʦʰʝʥʠʝ ʧʨʦʙʝʛʦʚ, ʪʘʙʫʣʠʨʦʚʘʥʥʦʝ ʚ ʨʘʙʦʪʝ 

[12], ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 16. 
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ʈʠʩʫʥʦʢ 16. ʆʪʥʦʰʝʥʠʝ ʧʨʦʙʝʛʘ ʦʩʢʦʣʢʘ ʩ ʜʘʥʥʳʤ  

ʤʘʩʩʦʚʳʤ ʯʠʩʣʦʤ ʢ ʩʨʝʜʥʝʤʫ ʧʨʦʙʝʛʫ ʦʩʢʦʣʢʦʚ 

ʚ ʤʘʪʝʨʠʘʣʝ ʪʦʧʣʠʚʥʦʡ ʯʘʩʪʠʮʳ 

ɽʩʣʠ p = 2r0/L - ʧʨʠʚʝʜʝʥʥʳʡ ʜʠʘʤʝʪʨ ʪʦʧʣʠʚʥʦʡ 

ʯʘʩʪʠʮʳ, ʪʦ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʚʳʭʦʜʘ ʦʩʢʦʣʢʦʚ ʩ ʧʨʦʙʝ-

ʛʦʤ  ʠʟ ʩʬʝʨʠʯʝʩʢʦʡ ʯʘʩʪʠʮʳ [12] ʟʘʧʠʰʝʪʩʷ ʚ ʚʠʜʝ 
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ʀʥʪʝʛʨʘʣʴʥʳʡ ʚʳʭʦʜ ʦʩʢʦʣʢʦʚ ʠʟ ʪʦʧʣʠʚʥʦʡ 

ʯʘʩʪʠʮʳ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʫʩʨʝʜʥʷʷ m0 ʧʦ ʩʧʝʢʪʨʫ 

ʤʘʩʩ ʦʩʢʦʣʢʦʚ ʜʝʣʝʥʠʷ. 
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ɺʳʭʦʜ ʜʣʷ ʩʨʝʜʥʝʛʦ ʦʩʢʦʣʢʘʀʥʪʝʛʨʘʣʴʥʳʡ ʚʳʭʦʜɸ=94 ɸ =134 

ʈʠʩʫʥʦʢ 17. ɺʳʭʦʜ ʦʩʢʦʣʢʦʚ ʜʝʣʝʥʠʷ 235U ʪʝʧʣʦʚʳʤʠ  

ʥʝʡʪʨʦʥʘʤʠ ʠʟ ʩʬʝʨʠʯʝʩʢʦʡ ʪʦʧʣʠʚʥʦʡ ʯʘʩʪʠʮʳ 

ʅʘ ʨʠʩʫʥʢʝ 17 ʧʦʢʘʟʘʥʳ ʟʥʘʯʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʦʛʦ 

ʩʧʝʢʪʨʘ ʦʩʢʦʣʢʦʚ ʜʝʣʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʚʝ-

ʜʝʥʥʦʛʦ ʜʠʘʤʝʪʨʘ ʪʦʧʣʠʚʥʦʡ ʯʘʩʪʠʮʳ, ʘ ʪʘʢʞʝ ʚʳ-

ʭʦʜʳ ʜʣʷ ʦʩʢʦʣʢʘ ʩ ʧʨʦʙʝʛʦʤ L (ʩʨʝʜʥʠʡ ʦʩʢʦʣʦʢ) ʠ 

ʜʣʷ ʦʩʢʦʣʢʦʚ ʩ ʤʘʩʩʦʚʳʤʠ ʯʠʩʣʘʤʠ A = 94 ʠ A = 134. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ ʚʳʭʦʜʳ ʣʝʛʢʠʭ ʠ ʪʷʞʝʣʳʭ 

ʦʩʢʦʣʢʦʚ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʪʴʩʷ ʠʟ-ʟʘ ʨʘʟ-

ʣʠʯʠʷ ʚ ʜʣʠʥʝ ʠʭ ʧʨʦʙʝʛʦʚ. ʇʨʠ ʫʩʨʝʜʥʝʥʠʠ ʧʦ 

ʩʧʝʢʪʨʫ ʤʘʩʩ ʦʩʢʦʣʢʦʚ ʵʪʠ ʨʘʟʣʠʯʠʷ ʢʦʤʧʝʥʩʠʨʫ-

ʪʁʩʷ, ʠ ʟʥʘʯʝʥʠʝ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʚʳʭʦʜʘ ʦʩʢʦʣʢʦʚ 

ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ ʩ ʚʳʭʦʜʦʤ, ʨʘʩʩʯʠʪʘʥʥʳʤ 

ʜʣʷ ʩʨʝʜʥʝʛʦ ʦʩʢʦʣʢʘ. 

ɺʣʠʷʥʠʝ ʜʠʩʧʝʨʩʠʠ ʥʘʯʘʣʴʥʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʥʘ ʚʳʭʦʜ ʦʩʢʦʣʢʘ ʠʟ ʪʦʧʣʠʚʥʦʡ ʯʘʩʪʠʮʳ 

ʤʦʞʝʪ ʙʳʪʴ ʫʯʪʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʮʝʜʫʨʳ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɼʣʠʥʘ ʧʨʦʙʝʛʘ ʦʩ-

ʢʦʣʢʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ 

(2) ʧʨʠ ʨʦʟʳʛʨʳʰʝ ʥʘʯʘʣʴʥʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

E ʠʟ ʫʩʝʯʝʥʥʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʂʦʦʨ-

ʜʠʥʘʪʘ  ʪʦʯʢʠ ʜʝʣʝʥʠʷ ʚ ʪʦʧʣʠʚʥʦʡ ʯʘʩʪʠʮʝ ʨʘʟʳʛ-

ʨʳʚʘʝʪʩʷ ʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ  r
2
/(3r0

3
), 0 ¢ r ¢ r0, ʥʘ-

ʧʨʘʚʣʝʥʠʝ ʚʳʣʝʪʘ ʦʩʢʦʣʢʘ ï ʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

İ(sinq) , 0 ¢ q  ¢ p, ʧʦʩʣʝ ʯʝʛʦ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ (1) 
ʚʳʯʠʩʣʷʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝ l ʠ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʨʘʟʳ-

ʛʨʘʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʜʣʠʥʳ ʧʨʦʙʝʛʘ ʦʩʢʦʣʢʘ. 
ʅʘ ʨʠʩʫʥʢʝ 18 ʧʨʠʚʝʜʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʨʘʩʯʝʪ-

ʥʳʭ ʟʥʘʯʝʥʠʡ ʚʳʭʦʜʘ ʦʩʢʦʣʢʦʚ ʩ ʤʘʩʩʦʚʳʤʠ ʯʠʩ-

ʣʘʤʠ  A= 94 ʠ A = 134 ʩ ʦʮʝʥʢʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 40000 ʜʝʣʝʥʠʡ.  

ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʨʘʟʙʨʦʩ ʜʣʠ ʧʨʦʙʝʛʦʚ ʦʩ-

ʢʦʣʢʦʚ ʜʝʣʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʜʠʩʧʝʨʩʠʝʡ ʟʥʘʯʝ-

ʥʠʡ ʠʭ ʥʘʯʘʣʴʥʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʨʘʢʪʠʯʝ-

ʩʢʠ ʥʝ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʚʝʣʠʯʠʥʝ ʚʳʭʦʜʘ ʦʩʢʦʣʢʦʚ ʠʟ 

ʩʬʝʨʠʯʝʩʢʦʡ ʪʦʧʣʠʚʥʦʡ ʯʘʩʪʠʮʳ. 

 



ʅʇɽɾʄʁʉʇɻɹʆʁɾ ʇʈʋʁʅɹʄʕʆʔʎ ʆɾʂʋʉʇʆʆʇ-ʍʁʀʁʐɾʊʃʁʎ ʈɹʉɹʅɾʋʉʇɻ  
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ʈʠʩʫʥʦʢ 18. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ  

ʚʳʭʦʜʘ ʦʩʢʦʣʢʦʚ ʜʝʣʝʥʠʷ  ʩ ʘʪʦʤʥʳʤʠ ʤʘʩʩʘʤʠ  = 94 

(ʩʧʣʦʰʥʘʷ ʢʨʠʚʘʷ) ʠ  = 134 (ʧʫʥʢʪʠʨ)  ʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʪʦʯʢʠ) 

ɿɸʂʃʖʏɽʅʀɽ 

ʀʩʩʣʝʜʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʨʝʘʢʪʦʨʘ 

ʥʘ ʪʦʧʣʠʚʥʦʡ ʩʫʩʧʝʥʟʠʠ ʚ ʨʝʞʠʤʝ ʧʩʝʚʜʦʦʞʠʞʝʥ-

ʥʠʷ ʪʦʧʣʠʚʥʳʭ ʯʘʩʪʠʮ ʜʠʦʢʩʠʜʘ ʫʨʘʥʘ ʧʦʪʦʢʦʤ 

ʩʚʠʥʮʦʚʦ-ʚʠʩʤʫʪʦʚʦʛʦ ʩʧʣʘʚʘ. ʇʦʣʫʯʝʥʳ ʦʮʝʥʢʠ 

ʩʢʦʨʦʩʪʠ ʩʧʣʘʚʘ ʚ ʧʩʝʚʜʦʦʞʠʞʝʥʥʦʤ ʩʣʦʝ ʧʨʠ ʨʘʟ-

ʣʠʯʥʳʭ ʨʘʟʤʝʨʘʭ ʩʬʝʨʠʯʝʩʢʠʭ ʪʦʧʣʠʚʥʳʭ ʯʘʩʪʠʮ ʠ 

ʨʘʟʣʠʯʥʦʡ ʧʦʨʦʟʥʦʩʪʠ ʩʣʦʷ. 

ʈʘʩʩʯʠʪʘʥʳ ʚʝʣʠʯʠʥʳ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʵʬʬʠʮʠ-

ʝʥʪʘ ʨʘʟʤʥʦʞʝʥʠʷ ʠ ʚʝʨʦʷʪʥʦʩʪʠ ʠʟʙʝʞʘʪʴ ʫʪʝʯʢʠ 

ʥʝʡʪʨʦʥʦʚ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʡ ʟʦʥʝ ʩ ʘʙʩʦ-

ʣʶʪʥʳʤ ʦʪʨʘʞʘʪʝʣʝʤ, ʙʝʟ ʦʪʨʘʞʘʪʝʣʷ, ʩʦ ʩʚʠʥʮʦʚʦ-

ʚʠʩʤʫʪʦʚʳʤ ʦʪʨʘʞʘʪʝʣʝʤ ʠ ʩ ʛʨʘʬʠʪʦʚʳʤ ʦʪʨʘʞʘʪʝ-

ʣʝʤ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʚʳʩʦʪʳ ʘʢʪʠʚʥʦʡ ʟʦʥʳ, 

ʩʦʜʝʨʞʘʥʠʷ ʠ ʦʙʦʛʘʱʝʥʠʷ ʪʦʧʣʠʚʘ. ʇʦʣʫʯʝʥʳ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʳʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʥʝʡʪʨʦʥʦʚ ʚ ʘʢʪʠʚʥʦʡ ʟʦʥʝ ʠ ʚ 

ʦʪʨʘʞʘʪʝʣʝ. 

ʇʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʚʳʭʦʜʘ ʦʩ-

ʢʦʣʢʦʚ ʜʝʣʝʥʠʷ 
235
U ʪʝʧʣʦʚʳʤʠ ʥʝʡʪʨʦʥʘʤʠ ʠʟ ʩʬʝ-

ʨʠʯʝʩʢʦʡ ʪʦʧʣʠʚʥʦʡ ʯʘʩʪʠʮʳ, ʘ ʪʘʢʞʝ ï ʚʳʭʦʜʘ ʦʩ-

ʢʦʣʢʦʚ ʩ ʟʘʜʘʥʥʳʤ ʤʘʩʩʦʚʳʤ ʯʠʩʣʦʤ. ʆʮʝʥʝʥʦ 

ʚʣʠʷʥʠʝ ʜʠʩʧʝʨʩʠʠ ʥʘʯʘʣʴʥʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨ-

ʛʠʠ ʥʘ ʚʳʭʦʜ ʦʩʢʦʣʢʦʚ ʠʟ ʪʦʧʣʠʚʥʦʡ ʯʘʩʪʠʮʳ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʇʨʠʥ-

ʮʠʧʳ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʚʳʭʦʜʘ ʦʩʢʦʣʢʦʚ ʜʝʣʝʥʠʷ ʠʟ 

ʪʦʧʣʠʚʥʦʡ ʯʘʩʪʠʮ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʦʩʢʦʣʢʦʚ ʠ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʚ ʪʦʧʣʠʚʥʦʡ ʯʘʩʪʠʮʝ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʦʚʝ-

ʜʝʥʠʷ ʧʦʨʦʰʢʦʚʦʡ ʩʫʩʧʝʥʟʠʠ ʚ ʞʠʜʢʦʤʝʪʘʣʣʠʯʝ-

ʩʢʠʭ ʩʧʣʘʚʘʭ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʤʝʥʷʪʴ ʧʨʠ ʨʘʟʨʘ-

ʙʦʪʢʝ ʛʦʤʦʛʝʥʥʦʛʦ ʨʝʘʢʪʦʨʘ, ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ 

ʢʦʪʦʨʦʛʦ ʧʦʩʪʦʷʥʥʦ ʢʦʨʨʝʢʪʠʨʫʝʪʩʷ ʩʦʩʪʘʚ ʪʦʧʣʠʚ-

ʥʦʡ ʢʦʤʧʦʟʠʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʝ-

ʧʨʝʨʳʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʷʜʝʨʥʦ-ʬʠʟʠʯʝʩʢʠʤʠ, ʭʠʤʠ-

ʯʝʩʢʠʤʠ ʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, 

ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʚ ʪʦʧʣʠʚʝ. ɿʥʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʞʠʜ-

ʢʦʛʦ ʪʦʧʣʠʚʘ ʚ ʛʦʤʦʛʝʥʥʦʤ ʨʝʘʢʪʦʨʝ, ʝʛʦ ʨʘʟʤʝʱʝ-

ʥʠʝ ʚ ʘʢʪʠʚʥʦʡ ʟʦʥʝ ï ʨʝʰʘʶʱʠʡ ʬʘʢʪʦʨ ʜʣʷ ʨʘʟʨʘ-

ʙʦʪʢʠ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʛʦʤʦʛʝʥʥʳʭ ʨʝʘʢʪʦʨʦʚ, ʢʘʢ 

ʥʘʠʙʦʣʝʝ ʙʝʟʦʧʘʩʥʳʭ ʜʣʷ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʘ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʜʣʷ ʧʝʨʩʧʝʢʪʠʚʳ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ɸʕʉ ʚ ʂʘʟʘʭʩʪʘʥʝ. 
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ʐɸʇʐɸר ʅɽʁʊʈʆʅɼʓ ʎʀʃʀʅɼʈʃɯʂ ɻʆʄʆɻɽʅɼɯʂ ʈɽɸʂʊʆʈ ױʐɯʅ ʆʊʓʅɼʓפ 

ʉʋʉʇɽʅɿʀʗʅʓר ʆרʊɸʁʃʓ ʅɽʁʊʈʆʅɼʓפ - ʌʀɿʀʂɸʃʓפ ʇɸʈɸʄɽʊʈʃɽʈɯʅ ʄʆɼɽʃɼɽʋ 

ʊᴅʢʽʙʘʝʚ ɾ.ʉ., ʇʦʪʨʝʙʝʥʠʢʦʚ ɻ.ʂ., ʇʘʚʣʦʚʘ ʅ.ʅ., ʃʦʪʦʚ ɸ.ɹ. 

ϧʘʟʘϨʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳϬ ϯʣʪʪʳʢ ʗʜʨʦʣʳϨ ʆʨʪʘʣʳϤr, ɸʣʤʘʪʳ 

ʄʘץʘʣʘʜʘ ץʦʨסʘʩʳʥ-ʚʠʩʤʫʪ ץʦʨʳʪʧʘʩʳʥʜʘסʳ ʫʨʘʥ ʜʠʦʢʩʠʜʽ ʙᴇʣʰʝʢʪʝʨʽʥʽש ʦʪʳʥʜʳץ ʩʫʩʧʝʥʟʠʷʩʳʥʳש 

ʢᴇʙʝʡʪʫʰʽ ץʘʩʠʝʪʪʝʨʽʥ ʙʘסʘʣʘʫ ʙʦʡʳʥʰʘ ʤʦʜʝʣʜʽʢ ʟʝʨʪʪʝʫʣʝʨ, ʩʦʥʜʘʡ-ʘץ ʥʝʡʪʨʦʥʜʘʨ ᴇʨʽʩʽʥʽש ʝʩʝʧʪʝʤʝʩʽ 

ʢʝʣʪʽʨʽʣʛʝʥ, ʙײʣʘʨ ʷʜʨʦʣʳץ ʩᴅʫʣʝʣʝʨʜʽ ʪʘʩʳʤʘʣʜʘʫʜʳש ʩʪʘʪʠʩʪʠʢʘʣʳץ ʤʦʜʝʣʜʝʫ ʢʦʜʳʥ MCNP ʧʘʡʜʘʣʘʥʳʧ, 

ʘʙʩʦʣʶʪ (ʘʡʥʘʣʳץ) ʰʘסʳʣʜʳʨסʳʰʳ ʙʘʨ, ʰʘסʳʣʜʳʨסʳʰʩʳʟ ʞᴅʥʝ ץʦʨסʘʩʳʥ-ʚʠʩʤʫʪʪʳץ ץʦʨʳʪʧʘʜʘʥ ʽʩʪʝʣʛʝʥ 

ʰʘסʳʣʜʳʨסʳʰʳ ʙʘʨ ʮʠʣʠʥʜʨʣʽʢ ʘʢʪʠʚʪʽ ʘʡʤʘץʪʳץ שʘʨʘʧʘʡʳʤ ʤʦʜʝʣʜʝʨʽʥʝ ʞʘץʳʥʜʘʡ ʦʪʳʨʳʧ ʘʢʪʠʚʪʽ ʘʡʤʘץʪʳש 

(ɸɸ) ᴅʨʪװʨʣʽ ᴇʣʰʝʤʜʝʨʽ ʤʝʥ ʦʪʳʥ ʧʘʨʘʤʝʪʨʣʝʨʽ ʙʦʣסʘʥ ʢʝʟʜʝ ʦʨʳʥʜʘʣסʘʥ. ʉʬʝʨʘʣʳץ ʦʪʳʥʜʳץ ʙᴇʣʰʝʢʪʝʥ 
235

U 

ʙᴇʣʽʥʽʩ ʞʘʨץʳʥʰʘץʪʘʨʳʥʳש ʠʥʪʝʛʨʘʣʜʳץ ʰʳסʫʳʥʳש, ʩʦʥʜʘʡ-ʘץ ʙʝʨʽʣʽʧ ץʦʡסʘʥ ʤʘʩʩʘʣʳץ ʩʘʥʳ ʙʘʨ 

ʞʘʨץʳʥʰʘץʪʘʨ ʰʳסʫʳʥʳש ʝʩʝʧʪʝʤʝʣʝʨʽ ײʩʳʥʳʣסʘʥ. ʉʪʘʪʠʩʪʠʢʘʣʳץ ʤʦʜʝʣʜʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʦʪʳʥʜʳץ 

ʙᴇʣʰʝʢʪʝʥ ʞʘʨץʳʥʰʘץʪʘʨʜʳש ʰʳסʫʳʥʘ ʙʘʩʪʘʧץʳ ʢʠʥʝʪʠʢʘʣʳץ ʵʥʝʨʛʠʷ ʜʠʩʧʝʨʩʠʷʩʳʥʳש ʳץʧʘʣʳ ʙʘסʘʣʘʥסʘʥ. 

ʆʪʳʥʜʳץ ʩʫʩʧʝʥʟʠʷʩʳ ʙʘʨ ʰʘʧʰʘש ʥʝʡʪʨʦʥʜʳ ʛʦʤʦʛʝʥʜʽʢ ʨʝʘʢʪʦʨʜʳ ʽʩʢʝ ʘʩʳʨʫ ʤװʤʢʽʥʰʽʣʽʛʽʥ ʪʘʣʜʘסʘʥ ʢʝʟʜʝ 

ɸɸ ʞײʤʳʩʳ ʞʘʣסʘʥ ʩײʡʳʣʪʫ ʨʝʞʽʤʽʥʜʝ ץʘʨʘʩʪʳʨʳʣסʘʥ. 

 

MODELLING  OF OPTIMAL  NEUTRON PHYSICAL  PARAMETERS OF FUEL SUSPENSION  

FOR BARREL -TYPE HOMOGENEOUS FAST BREEDER REACTOR 

Zh.S. Takibaev, G.K. Potrebenikov, N.N. Pavlova, A.B. Lotov 

National Nuclear Center of the Republic of Kazakhstan, Almaty 

The report addresses model studies on evaluation of fuel suspension breeding properties for uranium dioxide 

particles in lead-bismuth alloy, and calculation of neutron field implemented using MCNP nuclear radiation transfer 

Monte Carlo modeling code in approximation of simple model of cylindric core with absolute (specular) reflector, 

without reflector and with reflector of lead-bismuth alloy under various sizes of core and fuel parameters. It provides 

calculation for 
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U fission integrated yield from spherical fuel particle and fission yield with given mass number. Initial 

kinetic energy dispersion impact to fission yield of fuel particle is estimated upon results of MC modeling. With 

analysis of possibility to introduce homogeneous fast breeder reactor with fuel suspension, operation of core under 

pseudo-liquefaction mode is studied. 
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ʉʆɿɼɸʅʀɽ çɿɸʇʀʈɸʖʑɽɻʆè ʉʃʆʗ ɺ ʄɸʊʈʀʎɽ Ŭ-Fe ʀʆʅɸʄʀ ʂʀʉʃʆʈʆɼɸ, 

ʇʈɽʇʗʊʉʊɺʋʖʑɽʁ ɼʀʌʌʋɿʀʀ ɸʊʆʄʆɺ ɹɽʈʀʃʃʀʗ ʀ ɸʊʆʄʆɺ ɾɽʃɽɿɸ 

1)ʅʫʨʢʝʥʦʚ ʉ.ɸ., 1)ʂʠʩʣʠʮʠʥ ʉ.ɹ., 1)ɸʥʪʦʥʶʢ ɺ.ʀ., 1)ɻʦʨʣʘʯʝʚ ʀ.ɼ., 2)ʈʫʩʘʢʦʚ ɺ.ʉ., 1)ʂʘʜʳʨʞʘʥʦʚ ʂ.ʂ.  

1)ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʅʗʎ ʈʂ, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 
2)ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʝʪʦʜʦʤ ʨʝʟʝʨʬʦʨʜʦʚʩʢʦʛʦ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʧʨʦʪʦʥʦʚ ʥʘ ʋʂʇ-2-1, ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ, ʠʩʩʣʝʜʦʚʘʥʳ ʪʝʨʤʠʯʝʩʢʠ ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʩʣʦʠʩʪʳʭ 

ʩʠʩʪʝʤʘʭ Ŭ-Fe:ʆ
+
ïɺʝ(0,7 ʤʢʤ)ï

57
Fe(0,1 ʤʢʤ) ʠ Ŭ-Feïɺʝ(0,7 ʤʢʤ)ï

57
Fe(0,1 ʤʢʤ), ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʘʤʠ 

ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʠ ʪʝʨʤʦʚʘʢʫʫʤʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ ʘʪʦʤʦʚ ɺʝ ʠ ʘʪʦʤʦʚ Fe, ʦʙʦʛʘʱʝʥʥʳʭ ʷʜʨʘʤʠ 
57

Fe. ʋʩʪʘʥʦʚʣʝʥʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʬʘʟʦʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʠʟʦʪʝʨʤʠʯʝʩʢʦʤ ʦʪʞʠʛʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʊ = 700
0
ʉ ʚ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ 0.5-20 ʯʘʩʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʤʧʣʘʥʪʠʨʦʚʘʥʥʳʡ ʩʣʦʡ ʠʦʥʦʚ ʢʠʩʣʦʨʦʜʘ ʚ ʤʘʪʨʠʮʝ 

Ŭ-Fe, ʟʘʤʝʜʣʷʝʪ ʚʟʘʠʤʥʫʶ ʜʠʬʬʫʟʠʶ ʘʪʦʤʦʚ ʙʝʨʠʣʣʠʷ ʠ ʘʪʦʤʦʚ ʞʝʣʝʟʘ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ 

ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʦʪʞʠʛʘ çʟʘʧʠʨʘʶʱʠʡè ʩʣʦʡ ʯʘʩʪʠʯʥʦ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʤʘʪʨʠʮʝ Ŭ-Fe, ʧʨʠʚʦʜʷ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ Ŭ-Fe(ɺʝ) ʩʦ ʩʪʦʨʦʥʳ ʞʝʣʝʟʘ ʚ ʩʠʩʪʝʤʝ Ŭ-Fe:ʆ
+
ïɺʝ(0,7 ʤʢʤ)ï

57
Fe(0,1 ʤʢʤ). 

ɺɺɽɼɽʅʀɽ  

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ ʠ ʪʝʭʥʠʢʝ 

ʧʦʣʫʯʠʣ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʤʝʪʦʜ ʠʦʥʥʦʡ 

ʠʤʧʣʘʥʪʘʮʠʠ. ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʚʚʦʜʠʪʴ ʣʶʙʳʝ 

ʘʪʦʤʳ ʚ ʨʘʟʣʠʯʥʳʝ ʪʚʝʨʜʳʝ ʪʝʣʘ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʝʨ-

ʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʪʦʯʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʪʦʤʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʥʦ-

ʚʳʤʠ ʠ ʧʦʜʯʘʩ ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʀʦʥʥʫʶ 

ʠʤʧʣʘʥʪʘʮʠʶ ʧʨʠʤʝʥʷʶʪ ʪʘʢʞʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʷʚʣʝʥʠʡ ʚ ʤʝʪʘʣʣʘʭ, ʚʢʣʶʯʘʷ ʦʙʨʘ-

ʟʦʚʘʥʠʝ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʩʧʣʘʚʦʚ, ʨʘʜʠʘʮʠʦʥʥʦʝ ʧʦ-

ʚʨʝʞʜʝʥʠʝ, ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʵʨʦʟʠʶ, ʠʟ-

ʥʦʩ, ʢʦʨʨʦʟʠʶ ʠ ʪ.ʧ. [1, 2]. ɼʣʷ ʥʘʧʨʘʚʣʝʥʥʦʡ 

ʤʦʜʠʬʠʢʘʮʠʠ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʤʝʪʘʣʣʠʯʝ-

ʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʠʭ ʧʦʚʝʨʭʥʦ-

ʩʪʥʳʭ ʩʚʦʡʩʪʚ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʪʦʜʳ ʠʦʥʥʦ-

ʧʣʘʟʤʝʥʥʦʛʦ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ. ʇʨʠ ʤʘʛʥʝʪʨʦʥ-

ʥʦʤ ʦʩʘʞʜʝʥʠʠ ʙʝʨʠʣʣʠʷ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʩʣʝʜʫ-ʁ

ʱʘʷ ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʤʘʪʝʨʠʘʣʘ, ʧʨʠʚʦʜʷʱʘʷ 

ʢ ʫʣʫʯʰʝʥʠʶ ʘʜʛʝʟʠʠ ʧʦʢʨʳʪʠʷ ʩ ʧʦʜʣʦʞʢʦʡ, ʦʙʨʘ-

ʟʦʚʘʥʠʶ ʠ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʬʘʟ ʚ ʜʠʬʬʫʟʠʦʥʥʦʡ ʟʦʥʝ. 

ʀʩʭʦʜʥʦʝ ʥʝʨʘʚʥʦʚʝʩʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʝ ʘʪʦʤʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʧʦʩʣʝʜʫʶʱʠʡ ʪʝʨ-

ʤʠʯʝʩʢʠʡ ʦʪʞʠʛ ʧʨʠʚʦʜʷʪ ʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʥʘ-

ʧʨʘʚʣʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʦʟʜʘʥʠʶ 

ʩʣʦʠʩʪʦʡ ʩʠʩʪʝʤʳ. ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʪʘʢʠʭ ʩʠʩʪʝʤ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʪʝʨʤʠʯʝʩʢʠ ʩʪʘ-

ʙʠʣʴʥʦʝ ʥʝʦʜʥʦʨʦʜʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʘʟ ʧʦ ʛʣʫ-

ʙʠʥʝ ʦʙʨʘʟʮʘ. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʘʟ, 

ʩʪʘʙʠʣʴʥʦʛʦ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʝʜʩʪʘʚ-

ʣʝ̫ʪ ʩʦʙʦʡ ʚʘʞʥʫʶ ʟʘʜʘʯʫ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʝʦʙʭʦ-

ʜʠʤʦ ʠʤʝʪʴ ʧʨʘʚʠʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʦʩʦʙʝʥʥʦ-

ʩʪʷʭ ʪʝʨʤʠʯʝʩʢʠ ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʩʣʦʠʩʪʦʡ ʩʠʩʪʝʤʝ [3]. 

ʀʩʧʦʣʴʟʫʷ ʤʝʪʦʜʳ ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦ-

ʧʠʠ ʥʘ ʷʜʨʘʭ 
57
Fe, ʚ ʨʘʙʦʪʝ [4, 5] ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ 

ʧʨʦʮʝʩʩʳ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʣʦʠʩʪʦʡ ʩʠʩʪʝʤʝ Feï

Be ʠ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʪʝʨʤʠʯʝʩʢʠ 

ʩʪʘʙʠʣʴʥʦʛʦ ʩʣʦʷ ʙʝʨʠʣʣʠʜʘ ʞʝʣʝʟʘ ʥʘʩʳʱʝʥʥʦʡ ʜʦ 

ʧʨʝʜʝʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʨʠʣʣʠʷ ʚ ʞʝʣʝʟʥʦʡ 

ʧʦʜʣʦʞʢʝ. ɺ ʨʘʙʦʪʝ [6, 7] ʤʝʪʦʜʘʤʠ ʤʝʩʩʙʘʫʵʨʦʚ-

ʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦ ʢʦʥʚʝʨʩʠʦʥʥʳʤ ʵʣʝʢʪʨʦʥʘʤ 

ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʦʝ ʩʦʩʪʦʷʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ Ŭ-Fe, ʦʙʣʫʯʝʥʥʦʡ ʠʦʥʘʤʠ ʢʠʩʣʦʨʦʜʘ. 

ɺʳʷʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʘʟ 

ʚ ʠʤʧʣʘʥʪʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ Fe:ʆ
+
.  

ʅʘ ʦʩʥʦʚʝ [4-7] ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ, ʯʪʦ ʠʤʧʣʘʥʪʠʨʦ-

ʚʘʥʥʳʡ ʚ ʧʦʜʣʦʞʢʫ  Ŭ-Fe ʩʣʦʡ ʢʠʩʣʦʨʦʜʘ ʦʢʘʞʝʪ 

ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩʳ ʚʟʘʠʤʥʦʡ ʜʠʬʬʫʟʠʠ Fe ʠ Be, ʠ 

ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʤʫ ʬʦʨʤʠʨʦ-

ʚʘʥʠʶ ʪʝʨʤʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʦʛʦ ʩʣʦʷ ʙʝʨʠʣʣʠʜʘ ʞʝ-

ʣʝʟʘ ʚ ʩʣʦʠʩʪʦʡ ʩʠʩʪʝʤʝ FeïBe. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʚʣʠʷʥʠʷ çʟʘʧʠʨʘʶʱʝʛʦè ʩʣʦʷ, ʧʨʝʧʷʪʩʪʚʫʶʱʝʛʦ 

ʜʠʬʬʫʥʜʠʨʦʚʘʥʠʶ ʘʪʦʤʦʚ ʙʝʨʠʣʣʠʷ ʠ ʘʪʦʤʦʚ ʞʝʣʝʟʘ 

ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʨʝʟʝʨʬʦʨʜʦʚʩʢʦʛʦ ʦʙʨʘʪʥʦʛʦ 

ʨʘʩʩʝʷʥʠʷ ʧʨʦʪʦʥʦʚ, ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ. 

ʄɽʊʆɼʀʂɸ ʇʈʆɺɽɼɽʅʀʗ ʕʂʉʇɽʈʀʄɽʅʊɸ 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʙʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʬʦʣʴʛʠ Ŭ-Fe (99.8% ʯʠʩʪʦʪʳ), 

ʪʦʣʱʠʥʦʡ 10 ʤʢʤ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʛʦʤʦʛʝʥʠʟʠʨʫ-ʁ

ʱʠʤ ʦʪʞʠʛʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʊ = 850̄ ʉ ʚ ʪʝʯʝʥʠʝ 

3 ʯ. ʄʝʪʦʜʦʤ ʠʦʥʥʦʡ ʠʤʧʣʘʥʪʘʮʠʠ ʥʘ ʋʂʇ-2- 1 ʀʗʌ 

ʅʗʎ ʈʂ ʚ ʦʜʥʫ ʠʟ ʬʦʣʴʛ Ŭ-Fe ʙʳʣʠ ʚʥʝʜʨʝʥʳ ʠʦʥʳ 

ʆ
+
 ʜʦʟʦʡ 1,15Ö10
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 ʠʦʥ/ʩʤ

2
 ʧʨʠ ʵʥʝʨʛʠʠ 1,6 ʄʵɺ ʠ 

ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 2·3 ʤʢɸ/ʩʤ
2
. ʀʩʧʦʣʴʟʫʷ ʤʝʪʦʜʳ ʤʘʛ-

ʥʝʪʨʦʥʥʦʛʦ ʠ ʪʝʨʤʦʚʘʢʫʫʤʥʦʛʦ ʨʘʩʧʣrʝʥʠʷ ʘʪʦʤʦʚ 

ɺʝ ʠ ʘʪʦʤʦʚ Fe, ʦʙʦʛʘʱʝʥʥʳʭ ʷʜʨʘʤʠ 
57
Fe, ʙʳʣʠ ʧʦ-

ʣʫʯʝʥʳ ʩʠʩʪʝʤʳ Ŭ-Fe:ʆ
+
ïɺʝ(0,7 ʤʢʤ)ï

57
Fe(0,1 ʤʢʤ) ʠ 

Ŭ-Feïɺʝ(0,7 ʤʢʤ)ï
57

Fe(0,1 ʤʢʤ). ʂʦʥʪʨʦʣʴ ʪʦʣʱʠʥʳ 

ʦʙʨʘʟʮʘ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʢʘʢ ʚʝʩʦʚʳʤ ʤʝʪʦʜʦʤ, ʪʘʢ ʠ ʩ 

ʧʦʤʦʱʴʶ ʨʝʟʝʨʬʦʨʜʦʚʩʢʦʛʦ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʧʨʦʪʦʥʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʩʠʩʪʝʤʳ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤʫ ʠʟʦʪʝʨʤʠʯʝʩʢʦʤʫ ʦʪʞʠʛʫ ʚ ʚʘ-

ʢʫʫʤʝ 5Ö10
-6
 ʤʤ. ʨʪ. ʩʪ., ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʊ = 700̄ ʉ. 



ʊʇʀɽɹʆʁɾ çʀɹʈʁʉɹʗʒɾɼʇè ʊʄʇʘ ɻ ʅɹʋʉʁʏɾ a-Fe ʁʇʆɹʅʁ ʃʁʊʄʇʉʇɽɹ,  
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ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʨʤʠʯʝʩʢʠ-ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʧʨʦ-

ʮʝʩʩʦʚ ʚ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʤʝʪʦʜ ʨʝʟʝʨʬʦʨʜʦʚʩʢʦʛʦ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʈʆʈ) 

ʧʨʦʪʦʥʦʚ, ʤʝʪʦʜʳ ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩ 

ʨʝʛʠʩʪʨʘʮʠʝʡ g-ʢʚʘʥʪʦʚ ʥʘ ñʧʨʦʧʫʩʢʘʥʠʝò (ʊʄS) ʠ 

ʨʝʛʠʩʪʨʘʮʠʝʡ ʵʣʝʢʪʨʦʥʦʚ ʢʦʥʚʝʨʩʠʠ ʚ ʛʝʦʤʝʪʨʠʠ ʦʙ-

ʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʉEMS) ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʨʝʥʪʛʝ-

ʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ. ɺʳʙʦʨ ʤʝʪʦʜʠʢ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʦʙʫʩʣʦʚʣʝʥ ʩʣʝʜʫʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ: ʧʨʦʚʝʜʝʥʠʝ 

ʈʆʈ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʦʩʣʝʜʫʶʱʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʣʫ-

ʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʨʦʛʨʘʤʤʦʡ RUMP ʧʦʟʚʦʣʷʝʪ ʩʝʣʝʢ-

ʪʠʚʥʦ ʧʦ ʛʣʫʙʠʥʝ, ʦʪ 0,02·0,03 ʜʦ 1,5·2 ʤʢʤ, ʦʧʨʝʜʝ-

ʣʷʪʴ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʦʙʨʘʟʮʘ; ʤʝʪʦʜ 

ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩ ʨʝʛʠʩʪʨʘʮʠʝʡ g-

ʢʚʘʥʪʦʚ ʥʘ ñʧʨʦʧʫʩʢʘʥʠʝò ʜʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʬʘʟʦ-

ʚʦʤ ʩʦʩʪʦʷʥʠʠ, ʫʩʨʝʜʥʝʥʥʫʶ ʧʦ ʚʩʝʡ ʪʦʣʱʠʥʝ ʦʙ-

ʨʘʟʮʘ; ʤʝʩʩʙʘʫʵʨʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʦ ʢʦʥʚʝʨʩʠ-

ʦʥʥʳʤ ʵʣʝʢʪʨʦʥʘʤ ʥʝʩʝʪ ʚ ʩʝʙʝ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʪʦʥʢʦʤ (~0,1 ʤʢʤ) ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʦʙʨʘʟʮʘ. 

ʄʝʩʩʙʘʫɻ ʨʦʚʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʥʘ 

ʩʧʝʢʪʨʦʤʝʪʨʝ MS1104ME ʚ ʛʝʦʤʝʪʨʠʠ çʥʘ ʧʦʛʣʦʱʝ-

ʥʠʝè ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʀʩʪʦʯʥʠʢʦʤ g-

ʢʚʘʥʪʦʚ ʩʣʫʞʠʣ 
57
Co ʚ ʤʘʪʨʠʮʝ Rh ʘʢʪʠʚʥʦʩʪʴʶ 

~5ʤʂʠ. ʂʘʣʠʙʨʦʚʢʘ ʩʧʝʢʪʨʦʤʝʪʨʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ 

ʧʦʤʦʱʴʶ ʵʪʘʣʦʥʥʦʛʦ ʦʙʨʘʟʮʘ a-Fe. ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ 

ʘʥʘʣʠʟ ʦʙʨʘʟʮʦʚ ʚʳʧʦʣʥʝʥ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ D8 

ADVANCE ʥʘ ʠʟʣʫʯʝʥʠʠ CuKa. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠ-

ʣʠʩʴ ʚ ʛʝʦʤʝʪʨʠʠ ɹʨʵʛʛʘ-ɹʨʝʥʪʘʥʦ ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ 

ʦʙʨʘʟʮʘ. ʆʙʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʝʢʪʨʦʚ 

ʧʨʦʚʝʜʝʥʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

MSTools [8, 9]. 

ʈɽɿʋʃʔʊɸʊʓ ʀ ʆɹʉʋɾɼɽʅʀɽ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʣʫʙʠʥʳ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʢʠʩʣʦ-

ʨʦʜʘ ʚ a-Fe ʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʢʠʩʣʦʨʦʜʘ ʧʦ ʛʣʫʙʠʥʝ 

ʦʙʨʘʟʮʘ ʠ ʧʨʦʚʝʜʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʪʞʠʛʦʚ ʠʩ-

ʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʨʝʟʝʨʬʦʨʜʦʚʩʢʦʛʦ ʦʙʨʘʪʥʦʛʦ ʨʘʩ-

ʩʝʷʥʠʷ (ʈʆʈ) ʧʨʦʪʦʥʦʚ ʥʘ ʫʩʢʦʨʠʪʝʣʴʥʦʤ ʧʝʨʝʟʘʨʷʜ-

ʥʦʤ ʢʦʤʧʣʝʢʩʝ ʋʂʇ-2-1 ʀʗʌ ʅʗʎ ʈʂ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʨʘʛʤʝʥʪʳ ʈʆʈ ï 

ʩʧʝʢʪʨʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʩʠʩʪʝʤʳ Ŭ-Fe:ʆ
+
ï

ɺʝ(0,7 ʤʢʤ)ï
57

Fe(0,1 ʤʢʤ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪʞʠʛʘ 

ʊ = 700
0
ʉ. ʇʨʠ ʜʦʟʝ ɼ = 1.15Ā10

18
 ʠʦʥ/ʩʤ

2
, ʢʦʥʮʝʥ-

ʪʨʘʮʠʷ ʢʠʩʣʦʨʦʜʘ ʥʘ ʛʣʫʙʠʥʝ Rʨ = 0.9 ʤʢʤ, ʩ ʰʠʨʠ-

ʥʦʡ ʩʪʨʘʛʛʣʠʥʛʘ-0.3ʤʢʤ, ʩʦʩʪʘʚʠʣʘ 20 ʘʪ. %, ʯʪʦ ʩʦ-

ʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʯʝʪʘʤ ʧʨʦʛʨʘʤʤʳ "TRIM". 

 

ʈʠʩʫʥʦʢ 1. ʌʨʘʛʤʝʥʪʳ ʈʆʈ ï ʩʧʝʢʪʨʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʩʠʩʪʝʤʳ  

Ŭ-Fe:ʆ+ïɺʝ(0,7 ʤʢʤ)ï57Fe(0,1 ʤʢʤ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪʞʠʛʘ ʊ = 7000ʉ 



ʊʇʀɽɹʆʁɾ çʀɹʈʁʉɹʗʒɾɼʇè ʊʄʇʘ ɻ ʅɹʋʉʁʏɾ a-Fe ʁʇʆɹʅʁ ʃʁʊʄʇʉʇɽɹ,  
ʈʉɾʈʘʋʊʋɻʌʗʒɾʂ ɽʁʍʍʌʀʁʁ ɹʋʇʅʇɻ ɺɾʉʁʄʄʁʘ ʁ ɹʋʇʅʇɻ ɿɾʄɾʀɹ  
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ʀʟ ʨʠʩʫʥʢʘ 1, ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʦʪʞʠʛʝ 2.5 ʯʘʩʦʚ, 

"ʟʘʧʠʨʘʶʱʠʡ" ʩʣʦʡ ʠʦʥʦʚ ʢʠʩʣʦʨʦʜʘ ʥʘʭʦʜʠʪʩʷ ʙʝʟ 

ʠʟʤʝʥʝʥʠʷ ʥʘ ʟʘʜʘʥʥʦʡ ʛʣʫʙʠʥʝ, ʦʜʥʘʢʦ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʡ ʦʪʞʠʛ (+2.5 ʯ.) ʧʨʠʚʝʣ ʢ ʥʝʙʦʣʴʰʦʤʫ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʶ ʝʛʦ ʧʦ ʤʘʪʨʠʮʝ Ŭ ï ʞʝʣʝʟʘ. ʇʦʩʣʝʜʫ-ʁ

ʱʠʝ ʦʪʞʠʛʠ ʩ ʰʘʛʦʤ (+2.5 ʯʘʩʘ) ʥʝ ʧʨʠʚʝʣʠ ʢ 

ʟʘʤʝʪʥʳʤ ʠʟʤʝʥʝʥʠʷʤ. ʇʨʠ ʩʫʤʤʘʨʥʦʤ ʚʨʝʤʝʥʠ 

ʦʪʞʠʛʘ 15.0 ʯʘʩʦʚ, "ʟʘʧʠʨʘʶʱʠʡ"ʩʣʦʡ ʩʪʘʣ ʨʘʩʧʨʝ-

ʜʝʣʷʪʴʩʷ ʧʦ ʤʘʪʨʠʮʝ ʟʥʘʯʠʪʝʣʴʥʦ ʙʳʩʪʨʝʝ, ʠ ʧʨʦ-

ʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʢʠʩʣʦʨʦʜʘ 

ʩʦʩʪʘʚʠʣʦ 15Ñ2 ʘʪ. %, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʨʘʟʠʣʦʩʴ 

ʥʘ ʧʨʦʮʝʩʩʳ ʚʟʘʠʤʥʦʡ ʜʠʬʬʫʟʠʠ ʚ ʩʠʩʪʝʤʝ Ŭ-Fe:ʆ
+
ï

ɺʝ(0,7 ʤʢʤ)ï
57

Fe(0,1 ʤʢʤ) (ʨʠʩʫʥʦʢ 6). 

ʅʘ ʨʠʩʫʥʢʘʭ 2, 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʩʩʙʘʫʵʨʦʚʩʢʠʝ 

ʩʧʝʢʪʨʳ ʷʜʝʨ 
57
Fe ʠ ʨʝʟʫʣʴʪʘʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʫʥʢ-

ʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʚʝʨʭʪʦʥʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʝʩ-

ʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ (ɸ) ʠ (ɺ) ʧʦʣʫʯʝʥʥʳʝ ʧʦʩʣʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʥɹʳʭ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʦʪʞʠʛʦʚ ʧʨʠ 

ʊ = 700̄ ʉ ʜʣʷ ʩʣʦʠʩʪʳʭ ʩʠʩʪʝʤ Ŭ-Feïɺʝ(0,7 ʤʢʤ)ï
57

Fe(0,1 ʤʢʤ)ʠ Ŭ-Fe:ʆ
+
ïɺʝ(0,7 ʤʢʤ)ï

57
Fe(0,1 ʤʢʤ). 

ɺʠʜʥʦ, ʯʪʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʤʝʩʩʙʘʫʵʨʦʚʩʢʠʝ ʩʧʝʢ-

ʪʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʘʨʮʠʘʣʴʥʳʭ 

ʩʧʝʢʪʨʦʚ ʤʘʛʥʠʪʦʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʠ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ 

ʪʠʧʘ ʩ ʫʰʠʨʝʥʥʳʤʠ ʨʝʟʦʥʘʥʩʥʳʤʠ ʣʠʥʠʷʤʠ. ʂʘʞ-

ʜʳʡ ʠʟ ʧʘʨʮʠʘʣʴʥʳʭ ʩʧʝʢʪʨʦʚ ʷʚʣʷʝʪʩʷ ʩʫʧʝʨʧʦʟʠ-

ʮʠʝʡ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʣʠʙʦ ʟʝʝʤʘʥʦʚʩʢʠʭ ʩʝʢʩʪʝʪʦʚ, 

ʣʠʙʦ ʢʚʘʜʨʫʧʦʣʴʥʳʭ ʜʫʙʣʝʪʦʚ ʩ ʙʣʠʟʢʠʤʠ ʟʥʘʯʝ-

ʥʠʷʤʠ ʩʚʝʨʭʪʦʥʢʠʭ ʧʘʨʘʤʝʪʨʦʚ.  

ʊʘʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʘʨʮʠʘʣʴʥʳʭ ʩʧʝʢʪʨʦʚ ʷʚʣ-̫

ʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʣʦʢʘʣʴʥʦ ʥʝʦʜʥʦʨʦʜʥʳʭ 

ʩʠʩʪʝʤ [9, 10]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʙʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ 

ʩʧʝʢʪʨʦʚ ʧʨʦʚʝʜʝʥ ʤʝʪʦʜʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʝʟʘʚʠ-

ʩʠʤʳʭ ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʚʝʨʭʪʦʥʢʠʭ ʧʘʨʘ-

ʤʝʪʨʦʚ, ʨʝʘʣʠʟʦʚʘʥʥʳʤ ʚ ʧʨʦʛʨʘʤʤʝ DISTRI.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʦ 

ʩʚʝʨʭʪʦʥʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʤʝʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ 

ʷʜʝʨ 
57
Fe ʜʣʷ ʩʠʩʪʝʤ Ŭ-Fe:O

+
ïɺʝ(0,7 ʤʢʤ)ï

57
Fe(0,1 ʤʢʤ) ʠ Ŭ-Feïɺʝ(0,7 ʤʢʤ)ï

57
Fe(0,1 ʤʢʤ) ʙʳʣʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʳ ʜʚʝ ʥʝʟʘʚʠʩʠʤʳʝ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʷ: (ɸ ʠ ɺ) ï ʩʚʝʨʭʪʦʥʢʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ Hn 

ʅʘ ʨʠʩʫʥʢʝ  2. ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʩʩʙʘʫʵʨʦʚʩʢʠʝ ʩʧʝʢ-

ʪʨʳ ʠ ʨʝʟʫʣʴʪʘʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʷ p(Hn), ʛʜʝ ʟʥʘʯʝʥʠʷ ʩʚʝʨʭʪʦʥʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʩʧʝʢʪʨʦʚ (ɸ) ʠ (ɺ) ʩʦʚʧʘʜʘʶʪ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥ-

ʥʳʤʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʨʘʙʦʪʝ [11], ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

b-ʬʘʟʫ FeBe2+d ʠ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ Ŭ-Fe(ɺʝ). ʉ ʫʚʝʣʠ-

ʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʦʪʞʠʛʘ, b-ʬʘʟʘ 

FeBe2+d ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ Ŭ-Fe(ɺʝ), ʫʚʝʣʠʯʠʚʘʷ ʢʦʥʮʝʥ-

ʪʨʘʮʠʶ ʙʝʨʠʣʣʠʷ ʚ ʨʘʩʪʚʦʨʝ. ʇʨʠ ʦʪʞʠʛʝ 0.5 ʯʘʩʦʚ, 

ʚ ʩʠʩʪʝʤʝ Ŭ-Fe:ʆ
+
ïɺʝ(0,7 ʤʢʤ)ï

57
Fe(0,1 ʤʢʤ), ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ ʧʦʷʚʣʝʥʠʝ ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʡ ʣʠʥʠʠ ʚ 

ʮʝʥʪʨʝ ʩʧʝʢʪʨʘ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʪʠʧʘ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ CEMS ʤʝʪʦʜʠʢʫ ʚ ʛʝʦʤʝʪʨʠʠ ʦʙʨʘʪ-

ʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʨʠʩʫʥʦʢ 7). 

ʀʟ ʨʠʩʫʥʢʘ 3, ʚʠʜʥʦ, ʯʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ 

ʧʘʨʮʠʘʣʴʥʳʭ ʩʧʝʢʪʨʦʚ ʚʳʩʰʠʭ ʙʝʨʠʣʣʠʜʦʚ. ʆʜʥʘʢʦ, 

ʟʥʘʯʝʥʠʷ ʩʚʝʨʭʪʦʥʢʠʭ ʧʦʣʝʡ ʜʣʷ ʤʝʥʴʰʝʛʦ ʧʦ ʠʥ-

ʪʝʥʩʠʚʥʦʩʪʠ ʧʘʨʮʠʘʣʴʥʦʛʦ ʩʧʝʢʪʨʘ 

(190 kOe < Hn < 200 kOe) ʦʧʨʝʜʝʣʝʥʥʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʝʛʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʙʝʨʠʣʣʠʜʫ FeBe2+d, ʠ ʩʧʝʢʪʨ (ɺ) 

ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ (220 kOe < Hn < 360 kOe) ʦʪʥʦʩʷʪʩʷ ʢ 

ʘʪʦʤʘʤ Fe ʚ ʨʘʩʪʚʦʨʝ Ŭ-Fe(ɺʝ) ʠ ʥʘʣʠʯʠʶ ʘʪʦʤʦʚ Be 

ʚ ʙʣʠʞʘʡʰʝʡ ʝʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ. 

 

ʈʠʩʫʥʦʢ 2. ʄʝʩʩʙʘʫʵʨʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʷʜʝʨ 57Fe ʠ ʨʝʟʫʣʴʪʘʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ  

ʩʚʝʨʭʪʦʥʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʝʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ (ɸ) ʠ (ɺ) ʧʦʣʫʯʝʥʥʳʝ ʧʦʩʣʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ  

ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʦʪʞʠʛʦʚ ʧʨʠ ʊ = 7000ʉ ʩʣʦʠʩʪʦʡ ʩʠʩʪʝʤʳ Ŭ-Fe:O+ïɺʝ(0,7 ʤʢʤ)ï57Fe(0,1 ʤʢʤ) 



ʊʇʀɽɹʆʁɾ çʀɹʈʁʉɹʗʒɾɼʇè ʊʄʇʘ ɻ ʅɹʋʉʁʏɾ a-Fe ʁʇʆɹʅʁ ʃʁʊʄʇʉʇɽɹ,  
ʈʉɾʈʘʋʊʋɻʌʗʒɾʂ ɽʁʍʍʌʀʁʁ ɹʋʇʅʇɻ ɺɾʉʁʄʄʁʘ ʁ ɹʋʇʅʇɻ ɿɾʄɾʀɹ  
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ʈʠʩʫʥʦʢ 3. ʄʝʩʩʙʘʫʵʨʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʷʜʝʨ 57Fe ʠ ʨʝʟʫʣʴʪʘʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ  

ʩʚʝʨʭʪʦʥʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʝʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ (ɸ) ʠ (ɺ) ʧʦʣʫʯʝʥʥʳʝ ʧʦʩʣʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ  

ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʦʪʞʠʛʦʚ ʧʨʠ ʊ = 7000ʉ ʩʣʦʠʩʪʦʡ ʩʠʩʪʝʤʳ Ŭ-Feïɺʝ(0,7 ʤʢʤ)ï57Fe(0,1 ʤʢʤ) 

 

ʈʠʩʫʥʦʢ 4. ʌʨʘʛʤʝʥʪʳ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʦʙʨʘʟʮʘ ʩʣʦʠʩʪʦʡ ʩʠʩʪʝʤʳ Ŭ-Feïɺʝ(0,7 ʤʢʤ)ï57Fe(0,1 ʤʢʤ)  

ʧʦʩʣʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʦʪʞʠʛʦʚ ʧʨʠ ʊ = 7000 ʉ 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʨʘʩʪʚʦʨʝʥʠʷ b-ʬʘʟʳ FeBe2+d ʚ 

ʨʘʩʪʚʦʨʝ Ŭ-Fe(ɺʝ) ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʩʣʦʠʩʪʳʭ ʩʠʩʪʝʤʘʭ 

(ʨʠʩʫʥʢʠ 4, 5) ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʝ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ. ʅʘ ʨʠʩʫʥʢʝ 4 ʠʟʦʙʨʘʞʝʥʳ ʬʨʘʛʤʝʥʪʳ 

ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤ, ʧʦʣʫʯʝʥʥʳʝ ʩʦ ʩʪʦ-

ʨʦʥʳ ʙʝʨʠʣʣʠʝʚʦʛʦ ʧʦʢʨʳʪʠʷ ʜʣʷ ʩʠʩʪʝʤʳ Ŭ-Feï

ɺʝ(0,7 ʤʢʤ)ï
57

Fe(0,1 ʤʢʤ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʣʠʪʝʣ-ɹ

ʥʦʩʪʠ ʚʨʝʤʝʥʠ ʦʪʞʠʛʘ. ɺʠʜʥʦ, ʯʪʦ ʫʞʝ ʧʨʠ 0,5 ʯʘʩʦʚ 

ʦʪʞʠʛʘ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʧʘʜ b - ʬʘʟʳ FeBe2+d, ʯʪʦ ʧʨʠ-

ʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ Ŭ-Fe(ɺʝ). ʇʨʠ 

ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʦʪʞʠʛʘ, ʧʨʦʠʩʭʦʜʠʪ 

ʧʦʣʥʳʡ ʨʘʩʧʘʜ b - ʬʘʟʳ FeBe2+d ʠ ʥʘʨʫʰʝʥʠʝ ʩʪʨʫʢ-

ʪʫʨʳ Ŭ-Fe. ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʦʪʞʠʛ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʟʘ-

ʤʝʪʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʜʠʬʨʘʛʪʘʛʨʘʤʤʘʭ, ʪ.ʝ., ʚ ʩʪʨʫʢ-


