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ʝʤʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʘʯʝʩʪʚʘ, ʥʘ ʩʝʛʦ-

ʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝ-

ʥʠʝʤ [1 ï 6]. 

ɼʣʷ ʩʚʘʨʢʠ ʨʝʣʴʩʦʚ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣ ʵʣʝʢʪʨʦʢʦʥʪʘʢʪʥʳʡ ʩʧʦʩʦʙ 

(ʕʉ), ʢʦʪʦʨʳʡ ʧʨʠʤʝʥʷʶʪ ʙʦʣʝʝ ʯʝʤ ʚ 95 % 

ʩʣʫʯʘʝʚ. ɺ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʘ ʞʝʣʝʟʥʦ-

ʜʦʨʦʞʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʧʨʠʤʝʥʷʶʪ ʪʦʣʢɹʦ ʕʉ, 

ʢʦʪʦʨʳʤ ʝʞʝʛʦʜʥʦ ʚʳʧʦʣʥʷʶʪ ʧʦʨʷʜʢʘ 600 

ʪʳʩ. ʩʪʳʢʦʚ ʨʝʣʴʩʦʚ ʥʘ ʨʝʣʴʩʦʩʚʘʨʦʯʥʳʭ ʧʨʝʜ-

ʧʨʠ̫ ʪʠʷʭ (ʈʉʇ) ʠ ʜʦ 50 ʪʳʩ. ʩʪʳʢʦʚ ʧʫʪʝʚʳʤʠ 

ʨʝʣʴʩʦʩʚʘʨʦʯʥʳʤʠ ʩʘʤʦʭʦʜʥʳʤʠ ʤʘh ʠʥʘʤʠ 

(ʇʈʉʄ) [7]. 

ʇʨʠ ʵʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʤ ʩʧʦʩʦʙʝ ʪʦʨʮʳ ʩʚʘ-

ʨʠʚʘʝʤʳʭ ʨʝʣʴʩʦʚ ʥʘʛʨʝʚʘʶʪʩʷ ʪʝʧʣʦʤ, ʚʳʜʝ-

ʣʝʥʥʦʤ ʚ ʢʦʥʪʘʢʪʝ ʤʝʞʜʫ ʨʝʣʴʩʘʤʠ ʧʨʠ ʧʨʦ-

ʧʫʩʢʘʥʠʠ ʯʝʨʝʟ ʥʠʭ ʪʦʢʘ. ʅʘʧʨʷʞʝʥʠʝ ʧʦʜʘʝʪ-

ʩʷ ʢ ʩʚʘʨʠʚʘʝʤʳʤ ʨʝʣʴʩʘʤ ʦʪ ʩʚʘʨʦʯʥʳʭ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʨʝʣʴʩʦʩʚʘʨʦʯʥʦʡ ʤʘʰʠʥʳ, 

ʨʝʣʴʩʳ ʧʝʨʝʤʝɦ ʘʶʪʩʷ ʥʘʚʩʪʨʝʯʫ ʜʨʫʛ ʜʨʫʛʫ. 

ʇʨʠ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʠ ʪʦʨʮʦʚ ʚʦʟʥʠʢʘʶʪ ʝʜʠ-

ʥʠʯʥʳʝ ʢʦʥʪʘʢʪʳ, ʪʘʢ ʢʘʢ ʢʘʩʘʥʠʝ ʠʭ ʧʨʦʠʩʭʦ-

ʜʠʪ ʥʝ ʧʦ ʚʩʝʡ ʧʣʦʱʘʜʠ ʨʝʣʴʩʘ, ʘ ʧʦ ʤʠʢʨʦʥʝ-

ʨʦʚʥʦʩʪʷʤ. ʆʙʨʘʟʫʶʱʠʝʩʷ ʢʦʥʪʘʢʪʳ ʙʩrʪʨʦ 

ʥʘʛʨʝʚʘʶʪʩʷ ʠ ʚʟʨʳʚʘʶʪʩʷ. ʇʦʩʢʦʣʴʢʫ ʪʦʨʮʳ 

ʧʝʨʝʤʝʱʘʶʪʩʷ ʥʘʚʩʪʨʝʯʫ ʜʨʫʛ ʜʨʫʛʫ, ʪʦ ʚʤʝʩʪʦ 

ʚʟʦʨʚʘʚʰʠʭʩʷ ʢʦʥʪʘʢʪʦʚ ʦʙʨʘʟʫʶʪʩʷ ʥʦʚʳʝ. 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʠ ʧʣʦʪʥʦʩʪʴ 

ʪʦʢʘ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʯʝʨʝʟ ʥʝʛʦ, ʚʝʣʠʢʠ, ʧʦʵʪʦ-

ʤʫ ʢʦʥʪʘʢʪʳ ʥʘʛʨʝʚʘʶʪʩʷ ʦʯʝʥʴ ʙʳʩʪʨʦ. ɺ ʤʝ-

ʩʪʘʭ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʤʝʪʘʣʣ ʨʘʩʧʣʘʚʣʷʝʪʩʷ ʠ 

ʚʟʨʳʚʘʝʪʩʷ ʨʘʥʴʰʝ, ʯʝʤ ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ 

ʫʩʧʝʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʩɹʷ ʚ ʧʨʦʮʝʩʩʝ 

ʩʙʣʠʞʝʥʠʷ ʪʦʨʮʦʚ ʨʝʣʴʩʦʚ. ʇʦʩʣʝ ʚʟʨʳʚʘ ʵʣʝ-

ʤʝʥʪʘʨʥʳʭ ʢʦʥʪʘʢʪʦʚ ʥʘ ʠʭ ʤʝʩʪʝ ʦʙʨʘʟʫʶʪʩʷ 

ʫʛʣʫʙʣʝʥʠʷ ï ʢʨʘʪʝʨʳ. ʅʦʚʳʝ ʢʦʥʪʘʢʪʳ ʚʦʟʥʠ-

ʢʘʶʪ ʥʘ ʤʝʩʪʝ ʢʨʘʪʝʨʦʚ ʣʠʰʴ ʯʝʨʝʟ ʥʝʢʦʪʦʨʦʝ 

ʚʨʝʤʷ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴʶ ʧʦʜʘ-

ʯʠ ʩʚʘʨʠʚʘʝʤʳʭ ʨʝʣʴʩʦʚ ʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ 

ʛʣʫʙʠʥʦʡ ʢʨʘʪʝʨʘ. ɺ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

(ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʤʦʤʝʥʪʦʚ ʟʘʤʳʢʘʥʠʷ ʨʝʣʴ-

ʩʦʚ) ʦʙʱʘʷ ʧʣʦʱʘʜʴ ʚʩʝʭ ʢʦʥʪʘʢʪʦʚ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʤʝʥʴʰʝ ʧʣʦʱʘʜʠ ʩʝʯʝʥʠʷ ʦʧʣʘʚʣʷʝʤʳʭ 

ʜʝʪʘʣʝʡ. ɿʘ ʚʨʝʤʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʵʣʝʤʝʥʪʘʨ-

ʥʳʭ ʢʦʥʪʘʢʪʦʚ ʫʯʘʩʪʢʠ ʪʦʨʮʦʚ ʨʝʣʴʩʦʚ, ʧʨʠ-

ʤʳʢʘʶʱʠʝ ʢ ʢʦʥʪʘʢʪʘʤ, ʥʘʛʨʝʚʘʶʪʩʷ ʜʦ ʚʳʩʦ-

ʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʏʘʩʪʴ ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ 

ʧʨʠ ʚʟʨʳʚʝ ʧʝʨʝʤʳʯʝʢ ʚʳʙʨʘʩʳʚʘʝʪʩʷ ʥʘʨʫʞʫ 

ʚ ʚʠʜʝ ʙʨʳʟʛ, ʚ ʢʨʘʪʝʨʘʭ ʦʩʪʘʁʪʩʷ ʫʟʢʠʡ ʩʣʦʡ 

ʥʘʛʨʝʪʦʛʦ, ʥʦ ʥʝʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ, ʠ 

ʧʣʝʥʢʘ ʞʠʜʢʦʛʦ ʤʝʪʘʣʣʘ, ʦʩʪʘʚʰʝʛʦʩʷ ʧʦʩʣʝ 

ʚʟʨʳʚʘ [8]. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʩʚʘʨʢʠ ʨʝʩʣʴʩʦʚ 

ʵʣʝʢʪʨʦʢʦʥʪʘʢʪʥʳʤ ʩʧʦʩʦʙʦʤ ʦʙʳʯʥʦ ʨʘʟʜʝʣʝʥ 

ʥʘ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ: I ï ʦʧʣʘʚʣʝʥʠʝ, II  ï 

ʦʧʣʘʚʣʝʥʠʝ, III  ï ʬʦʨʩʠʨʦʚʢʘ, IV ï ʦʩʘʜʢʘ, V ï 

ʛʨʘʪʦʩʲʝʤ. ʇʝʨʚʳʡ ʵʪʘʧ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʦ-

ʛʨʝʚʝ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ɿʘʜʘʯʘ ʚʪʦʨʦ-

ʛʦ ʵʪʘʧʘ ïʜʦʙʠʪʴʩʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʦʧʣʘʚʣʝʥʠʷ 

(ʞʠʜʢʦʛʦ ʩʣʦʷ ʤʝʪʘʣʣʘ) ʥʘ ʪʦʨʮʘʭ ʨʝʣʴʩʦʚ. 

ʊʨʝʪʠʡ ʵʪʘʧ ï ʬʦʨʩʠʨʦʚʢʘ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʫʩʢʦʨʝʥʥʦʤ ʜʚʠʞʝʥʠʠ ʧʦʜʚʠʞʥʦʡ ʩʪʘʥʠʥʳ, 

ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʫʯʰʫʶ ʟʘʱʠʪʫ ʠʩʢʨʦʚʦʛʦ 

ʟʘʟʦʨʘ. ʏʝʪʚʝʨʪʳʡ ʵʪʘʧ ï ʦʩʘʜʢʘ ï ʪʦʨʮʳ ʙʳʩʪ-

ʨʦ ʩʙʣʠʞʘʶʪʩʷ ʩ ʙʦʣʴh ʠʤ ʫʩʠʣʠʝʤ. ʇʨʠ ʵʪʦʤ 

ʞʠʜʢʠʡ ʤʝʪʘʣʣ ʩ ʦʢʩʠʜʥʳʤʠ ʧʣʝʥʢʘʤʠ ʚʳʜʘʚ-

ʣʠʚʘʝʪʩʷ ʠʟ ʩʪʳʢʘ ʥʘʨʫʞʫ ʠ ʧʨʠ ʟʘʪʚʝʨʜʝʚʘʥʠʠ 

ʦʙʨʘʟʫʝʪ ʛʨʘʪ, ʢʦʪʦʨʳʡ ʫʜʘʣʷʶʪ ʚ ʛʦʨʷʯʝʤ ʚʠʜʝ 

ʥʘ ʧʷʪʦʤ ʵʪʘʧʝ ï ʛʨʘʪʦʩʲʝʤʝ. ʂʘʞʜʳʡ ʵʪʘʧ ʭʘ-

ʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʝʞʠʤʘʤʠ ʩʚʘʨʢʠ: ʩʠʣʦʡ ʪʦʢʘ I, ɸ; 

ʥʘʧʨʷʞʝʥʠʝʤ U, ɺ; ʚʝʣʠʯʠʥʦʡ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦ-

ʜʚʠʞʥʦʡ ʩʪʘʥʠʥʳ S, ʤʤ; ʜʘʚʣʝʥʠʝʤ ʚ ʩʠʩʪʝʤʝ P, 

ʇʘ; ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʜʚʠʞʥʦʡ ʩʪʘʥʠ-

ʥʳ V, ʤʤ/ʩ; ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʵʪʘʧʘ T, ʩ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʣʠ ʠʩʩʣʝʜʦʚʘ-

ʥʠʝ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʢʦʥʪʘʢʪʥʦʡ 

ʩʚʘʨʢʠ ʨʝʣʴʩʦʚ ʪʠʧʘ ʈ65 ʥʘ ʤʘʰʠʥʝ ʂ1100. 

ɼʣʷ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʵʪʘʧʦʚ ʧʨʠ ʩʚʘʨʢʝ ʥʘ ʵʪʦʡ 

ʤʘʰʠʥʝ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʟʥʘʯʝʥʠʷ ʦʩʥʦʚ-

ʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ. 

ɺʝʩʴ ʧʨʦʮʝʩʩ ʩʚʘʨʢʠ ʧʦʣʥʦʧʨʦʬʠʣʴʥʳʭ 

ʨʝʣʴʩʦʚ ʢʦʥʪʨʦʣʠʨʦʚʘʣʩʷ ʩ ʟʘʧʠʩʴʶ ʦʩʥʦʚʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʘʤʷʪʴ ʢʦʤʧʴʶʪʝʨʘ ʘʥʘʣʦʛʠʯʥʦ-

ʛʦ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ 

ʚ ʨʘʙʦʪʝ [9]. ʆʪʩʣʝʞʠʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʚʝʣʦʩʴ 

ʧʦ ʪʨʝʤ ʟʥʘʯʝʥʠʷʤ: ʤʠʥʠʤʫʤ, ʤʘʢʩʠʤʫʤ ʠ 

ʩʨʝʜʥʝʝ. ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʚʦ ʚʨʝʤʷ ʧʨʦʮʝʩʩʘ  
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 ̄

ʧ/ʧ 
ʕʪʘʧ 

ʀʥʪʝʨʚʘʣʳ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʩʚʘʨʢʠ 

T, ʩ I, ɸ U, ɺ PĀ10
ï5
, ʇʘ V, ʤʤ/ʩ S, ʤʤ 

1 I ï ʦʧʣʘʚʣʝʥʠʝ 28 ï 46 7 ï 1088 335 ï 440 27 ï 42 0,00 ï 0,67 4,4 ï 5,4 

2 II  ï ʦʧʣʘʚʣʝʥʠʝ 60 ï 100 24 ï 736 148 ï 424 26 ï 35 0,22 ï 0,89 7,0 

3 III  ï ʬʦʨʩʠʨʦʚʢʘ 4,2 ï 6,1 110 ï 788 280 ï 443 27 ï 33 1,33 ï 1,89 6,5 

4 IV ï ʦʩʘʜʢʘ 1,1 ï 3,0 6 ï 1174 2 ï 423 25 ï 129 1,56 ï 9,33 17,8 ï 18,6 

5 V ï ʛʨʘʪʦʩʲʝʤ 1,0 2 ï 324 1 ï 105 71 ï 129 0,11 ï 0,56 0,1 ï 1,0 

 
ʩʚʘʨʢʠ ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʠ ʩʦʭʨʘʥʷʣʠʩʴ ʚ ʙʘʟʝ 

ʜʘʥʥʳʭ ʚ ʪʘʙʣʠʯʥʦʤ ʚʠʜʝ ʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦ-

ʩʪʠ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ (ʨʠʩ. 1). 

ʊʝʭʥʦʣʦʛʠʷ ʩʚʘʨʢʠ ʨʝʣʴʩʦʚ ʥʘ ʈʉʇ ʚʢʣʶʯʘ-

ʝʪ ʚ ʩʝʙʷ ʦʙʷʟʘʪʝʣʴʥʫʶ ʩʚʘʨʢʫ ʢʦʥʪʨʦʣʴʥʳʭ 

ʦʙʨʘʟʮʦʚ ʚ ʥʘʯʘʣʝ ʨʘʙʦʯʝʡ ʩʤʝʥʳ. ʉʚʘʨʠʚʘʶʪ-

ʩʷ ʧʦ ʜʚʘ ʦʙʨʘʟʮʘ ʥʘ ʢʘʞʜʫʶ ʩʚʘʨʦʯʥʫʶ ʤʘ-

ʰʠʥʫ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʚʦʜʷʪ ʠʩʧʳʪʘʥʠʝ ʥʝʪʝʨ-

ʤʦʦʙʨʘʙʦʪʘʥʥʳʭ ʩʪʳʢʦʚ ʥʘ ʪʨʝʭʪʦʯʝʯʥʳʡ ʩʪʘ-

ʪʠʯʝʩʢʠʡ ʠʟʛʠʙ ʩʦʛʣʘʩʥʦ ʉʊʆ ʈɾɼ 1.08.002 ï 

2009 çʈʝʣʴʩʳ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʝ, ʩʚʘʨʝʥʥʳʝ 

ʵʣʝʢʪʨʦʢʦʥʪʘʢʪʥʳʤ ʩʧʦʩʦʙʦʤè. ʀʩʧʳʪʘʥʠʷ ʥʘ 

ʩʪʘʪʠʯʝʩʢʠʡ ʠʟʛʠʙ ʧʨʦʚʦʜʷʪ ʥʘ ʧʨʝʩʩʝ ʪʠʧʘ 

ʇʄʉ-320. 

ʂʦʥʪʨʦʣʴʥʳʝ ʦʙʨʘʟʮʳ ʠʩʧʳʪʚrʘʣʠʩʴ ʧʦʩʣʝ 

ʩʚʘʨʢʠ ʠ ʫʜʘʣʝʥʠʷ ʛʨʘʪʘ ʚ ʩʚʘʨʦʯʥʦʡ ʤʘʰʠʥʝ 

ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʪʳʢʦʚ. ʇʨʠ 

ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʩʪʘʪʠʯʝʩʢʠʡ ʧʦʧʝʨʝʯʥʳʡ ʠʟʛʠʙ 

ʢʦʥʪʨʦʣʴʥʳʡ ʦʙʨʘʟʝʮ ʠʤʝʣ ʜʣʠʥʫ ʥʝ ʤʝʥʝʝ 

1200 ʤʤ ʩʦ ʩʚʘʨʥʳʤ ʩʪʳʢʦʤ ʧʦʩʝʨʝʜʠʥʝ. 

ʅʘʛʨʫʟʢʫ ʧʨʠʢʣʘʜʳʚʘʣʠ ʚ ʩʝʨʝʜʠʥʝ ʧʨʦʣʝʪʘ 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʨʘʟʮʘ ʚ ʤʝʩʪʝ ʩʚʘʨʥʦʛʦ ʩʪʳʢʘ ʩ 

ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʦʧʦʨʘʤʠ 1 ʤ (ʨʠʩ. 2). 

ʀʩʧʳʪʘʥʠʝ ʦʜʥʦʛʦ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʨʘʟʮʘ 

ʧʨʦʚʦʜʷʪ ʩ ʧʨʠʣʦʞʝʥʠʝʤ ʥʘʛʨʫʟʢʠ ʥʘ ʛʦʣʦʚʢʫ 

(ʨʘʩʪʷʞʝʥʠʝ ʚ ʧʦʜʦʰʚʝ), ʚʪʦʨʦʡ ʢʦʥʪʨʦʣʴʥʳʡ 

ʦʙʨʘʟʝʮ ʥʘʛʨʫʞʘʶʪ ʥʘ ʧʦʜʦʰʚʫ (ʨʘʩʪʷʞʝʥʠʝ ʚ 

ʛʦʣʦʚʢʝ). ʈʝʟʫʣʴʪʘʪʘʤʠ ʠʩʧʳʪʘʥʠʷ ʷʚʣʷʶʪʩʷ 

ʟʥʘʯʝʥʠʷ ʫʩʠʣʠʷ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʧʨʠ ʠʟʛʠʙʝ 

Pʠʟʛ, ʢʅ, ʠ ʟʥʘʯʝʥʠʷ ʩʪʨʝʣʳ ʧʨʦʛʠʙʘ fʧʨ, ʤʤ, ʧʨʠ 

ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʫh ʝʥʠʝ ʢʦʥʪʨʦʣʴʥʦʛʦ 

ʦʙʨʘʟʮʘ, ʣʠʙʦ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʵʪʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ, ʝʩʣʠ ʦʙʨʘʟʝʮ ʥʝ ʨʘʟʨʫʰʠʣʩʷ ʚʦ 

ʚʨʝʤʷ ʠʩʧʳʪʘʥʠʡ. ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘ-

ʬʠʢ ʧʨʦʮʝʩʩʘ ʠʩʧʳʪʘʥʠʷ ʨʝʣʴʩʦʚʳʭ ʩʪʳʢʦʚ. 

ɼʘʣʝʝ ʬʘʢʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʩʨʘʚʥʠʚʘʶʪ ʩ 

ʥʦʨʤʘʪʠʚʥʳʤʠ. ɽʩʣʠ ʦʙʨʘʟʝʮ ʚʳʜʝʨʞʘʣ ʥʦʨ-

ʤʘʪʠʚʥʳʝ ʪʨʝʙʦʚʘʥʠ,̫ ʥʘʯʠʥʘʝʪʩʷ ʩʚʘʨʢʘ ʨʝʣʴ-

ʩʦʚ ʚ ʧʣʝʪʴ. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʦʙʨʘʟʝʮ ʥʝ ʚʳʜʝʨ-

ʞʘʣ ʥʦʨʤʘʪʠʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʦʠʟʚʦʜʷʪ ʧʦ-

ʚʪʦʨʥʫʶ ʩʚʘʨʢʫ. ɽʩʣʠ ʞʝ ʧʦʚʪʦʨʥʳʝ ʠʩʧʳʪʘ-

ʥʠʷ ʪʘʢʞʝ ʠʤʝʶʪ ʥʝ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʡ ʠʩ-

ʭʦʜ, ʧʨʝʜʧʨʠʥʠʤʘʶʪʩʷ ʜʝʡʩʪʚʠʷ ʧʦ ʧʦʠʩʢʫ 

ʧʨʠʯʠʥ ʥʠʟʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ. 

ʂʘʞʜʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʵʪʘʧ ʠʤʝʝʪ ʩʚʦʶ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ, ʚʥʫʪʨʠ ʵʪʦʛʦ ʵʪʘʧʘ ʢʦʥ-

ʪʨʦʣʠʨʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʠʟʤʝʥʷʶʪʩʷ ʚ ʰʠʨʦ-

ʢʦʤ ʜʠʘʧʘʟʦʥʝ (ʨʠʩ. 1). ɼʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʘ 

ʢʦʥʪʘʢʪʥʦʡ ʩʚʘʨʢʠ ʨʝʣʴʩʦʚ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ 

ʧʨʠʤʝʥʷʣʠ ʤʝʪʦʜ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʷ. ɼʣʷ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘ-
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ʈʠʩ. 2. ʉʭʝʤʘ ʠʩʧʳʪʘʥʠʷ ʥʘ ʩʪʘʪʠʯʝʩʢʠʡ ʧʦʧʝʨʝʯʥʳʡ 

ʠʟʛʠʙ 

 

ʥʦʚʣʝʥʠʝ ʥʝʟʘʚʠʩʠʤʳʭ (ʚʭʦʜʥʳʭ) ʧʝʨʝʤʝʥʥʳʭ, 

ʘ ʪʘʢʞʝ ʚʳʷʚʣʝʥʠʝ ʟʘʚʠʩʠʤʳʭ (ʚʳʭʦʜʥʳʭ) ʧʘ-

ʨʘʤʝʪʨʦʚ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝ-

ʣʠ ʧʨʦʮʝʩʩʘ ʢʦʥʪʘʢʪʥʦʡ ʩʚʘʨʢʠ ʨʝʣʴʩʦʚ ʠʩ-

ʧʦʣʴʟʦʚʘʣʘʩʴ ʠʤʝʶʱʘʷʩʷ ʙʘʟʘ ʜʘʥʥʳʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʩʚʘʨʦʯʥʳʭ ʨʝʞʠʤʦʚ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩ-

ʧʳʪʘʥʠʡ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩ-

ʩʘ ʢʦʥʪʘʢʪʥʦʡ ʩʚʘʨʢʠ ʨʝʣʴʩʦʚ ʫʩʪʘʥʦʚʣʝʥʳ 

ʥʝʟʘʚʠʩʠʤʳʝ (ʚʭʦʜʥʳʝ) ʧʝʨʝʤʝʥʥʳʝ ʠ ʟʘʚʠʩʠ-

ʤʳʝ (ʚʳʭʦʜʥʳʝ) ʧʘʨʘʤʝʪʨʳ. ʅʝʟʘʚʠʩʠʤʳʝ 

(ʚʭʦʜʥʳʝ) ʧʝʨʝʤʝʥʥʳʝ, ʪʘʢʠʝ ʢʘʢ I, U, S, P, V, 

ʷʚʣʷʶʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʩʚʘʨʦʯʥʦʛʦ ʨʝʞʠʤʘ, 

ʚʣʠʷʶʱʠʤʠ ʥʘ ʢʘʯʝʩʪʚʦ ʩʚʘʨʥʦʛʦ ʰʚʘ ʨʝʣʴʩʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʟʘʚʠʩʠʤʳʭ (ʚʳʭʦʜʥʳʭ) ʧʘʨʘʤʝʪʨʦʚ 

ʚʳʙʨʘʥʳ ʚʝʣʠʯʠʥʘ ʫʩʠʣʠʷ, ʚʦʟʥʠʢʘʶʝɦʛʦ ʧʨʠ 

ʠʟʛʠʙʝ Pʠʟʛ, ʢʅ, ʠ ʟʥʘʯʝʥʠʝ ʩʪʨʝʣʳ ʧʨʦʛʠʙʘ fʧʨ, 

ʤʤ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʫʰʝʥʠʝ ʢʦʥ-

ʪʨʦʣʴʥʦʛʦ ʦʙʨʘʟʮʘ. 

ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-

ʛʦ ʢʦʥʪʨʦʣʷ ʠ ʧʘʨʘʤʝʪʨʦʚ ʩʚʘʨʦʯʥʳʭ ʨʝʞʠʤʦʚ 

ʙrʣʠ ʧʦʣʫʯʝʥʳ ʪʘʙʣʠʮʳ ʜʣʷ ʢʘʞʜʦʛʦ ʵʪʘʧʘ, ʚ 

ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʬʘʢʪʠʯʝʩʢʠʝ 

ʟʥʘʯʝʥʠʷ ʩʚʘʨʦʯʥʳʭ ʨʝʞʠʤʦʚ ʥʘ ʤʘʰʠʥʝ ʢʦʥ-

ʪʘʢʪʥʦʡ ʩʪʳʢʦʚʦʡ ʩʚʘʨʢʠ ʂ1100 ʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʩʧʳʪʘʥʠʡ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʩʪʦʷʱʠʝ ʠʟ 

80 ʥʘʙʣʶʜʝʥʠʡ. 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʜʘʥʥʳʭ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʠʭ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙ-

ʨʘʙʦʪʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ STATISTICA 

6.0. ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʚʘʨʦʯʥʳʭ 

ʨʝʞʠʤʦʚ ʥʘ ʚʝʣʠʯʠʥʫ ʫʩʠʣʠʷ Pʠʟʛ  ʠ ʟʥʘʯʝʥʠʝ 

fʧʨ  ʧʨʦʚʦʜʠʣʘʩʴ ʩʨʝʜʩʪʚʘʤʠ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʠʟʫʯʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʨʝʟʫʣʴʪʠ-

ʨʫʶʱʝʛʦ ʧʦʢʘʟʘʪʝʣʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʚʝʜʝ-

ʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ [10, 11]. 

ɺʳʯʠʩʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʝʛʨʝʩʩʠʦʥʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʧʨʦʚʦʜʠʣʠ ʤʘʪʨʠʯʥʳʤ ʤʝʪʦʜʦʤ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ STATISTICA 6.0. 

ʋʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʩʣʝʜʫʶ-

ʱʝʤ ʚʠʜʝ: 
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ʈʠʩ. 3. ɻʨʘʬʠʢ ʧʨʦʮʝʩʩʘ ʠʩʧʳʪʘʥʠʷ ʨʝʣʴʩʦʚʳʭ ʩʪʳʢʦʚ 

 

ʛʜʝ Y ï ʟʘʚʠʩʠʤʳʡ (ʚʳʭʦʜʥʦʡ) ʧʘʨʘʤʝʪʨ; X1, 

X2, é, Xn ï ʥʝʟʘʚʠʩʠʤʳʝ (ʚʭʦʜʥʳʝ) ʧʝʨʝʤʝʥ-

ʥʳʝ; ɺ0, ɺ1, ɺ2, é Bn ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʝʛʨʝʩ-

ʩʠʠ. 

ʅʘ ʢʘʞʜʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʵʪʘʧʝ ʩʚʘʨʢʠ 

ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʨʝʛʨʝʩʩʠʦʥʥʳʝ ʤʦʜʝʣʠ ʩ ʚʳ-

ʭʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ Pʠʟʛ ʠ fʧʨ ʠ ʨʘʩʩʯʠʪʘʥʳ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʝʪʝʨʤʠʥʘʮʠʠ: 

ï ʤʦʜʝʣʠ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʦʧʣʘʚʣʝʥʠʷ 

Pʠʟʛ = 5129,96 + 49,02 Vʩʨ + 9,63 Vʤʠʥ + 

+ 12,54 Vʤʘʢʩ ï 10,14 Sʧʨʠʧ ï 3,92 Sʧʦʟ ï 

ï 51,61 Pʩʨ + 6,82 Pʤʠʥ + 19,54 Pʤʘʢʩ + 

+ 8,59 Uʩʨ ï 7,95 Uʤʠʥ ï 2,69 Uʤʘʢʩ ï 3,72 Iʩʨ + 

+ 1,51 Iʤʠʥ ï 1,21 Iʤʘʢʩ ï 2,24 ʊʜʣʠʪ; 

                            R
2
 = 0,24;                        (1.1) 

fʧʨ = ï100,44 + 3,22 Vʩʨ + 1,01 Sʧʦʟ ï 

ï 2,96 Pʤʠʥ ï 0,61 Pʤʘʢʩ + 0,55 Uʩʨ ï 

ï 0,35 Uʤʘʢʩ + 0,08 Iʩʨ + 0,10 Iʤʘʢʩ; 

                           R
2
 = 0,50;                        (1.2) 

ï ʤʦʜʝʣʠ ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʦʧʣʘʚʣʝʥʠʷ 

Pʠʟʛ = 11497,07 + 57,11 Vʩʨ + 178,46 Vʤʠʥ ï 

ï 86,14 Vʤʘʢʩ ï 6,99 Sʧʨʠʧ ï 2,12 Sʧʦʟ ï 

ï 119,85 Pʩʨ ï 69,42 Pʤʠʥ ï 21,97 Pʤʘʢʩ ï 

ï 11,16 Uʩʨ + 0,45 Uʤʠʥ ï 0,49 Uʤʘʢʩ + 

+ 2,40 Iʩʨ + 5,24 Iʤʠʥ + 1,70 Iʤʘʢʩ ï 0,22 ʊʜʣʠʪ ï 

                 ï 1,39 ʊʥʘʯ; R
2
 = 0,20;           (2.1) 

fʧʨ = ï436,24 + 1,92 Vʩʨ + 7,94 Vʤʠʥ ï 

ï 0,49 Vʤʘʢʩ + 5,92 Sʧʨʠʧ + 0,332 Sʧʦʟ ï 0,03 Pʩʨ ï 

ï 0,24 Pʤʠʥ ï 4,47 Pʤʘʢʩ + 0,56 Uʩʨ + 0,07 Uʤʠʥ ï 

ï 0,11 Uʤʘʢʩ +0,22 Iʩʨ ï 0,05 Iʤʠʥ ï 0,02 Iʤʘʢʩ ï 

                       ï 0,03 ʊʜʣʠʪ; R
2
 = 0,27;           (2.2) 

ï ʤʦʜʝʣʠ ʥʘ ʵʪʘʧʝ ʬʦʨʩʠʨʦʚʢʠ 

Pʠʟʛ = 5792,22 + 159,64 Vʩʨ + 60,29 Vʤʠʥ + 

+ 33,69 Vʤʘʢʩ + 4,72 Sʧʨʠʧ ï 15,53 Sʧʦʟ + 52,83 Pʩʨ ï 

ï 130,84 Pʤʠʥ + 55,38 Pʤʘʢʩ ï 11,82 Uʩʨ + 

+ 0,15 Uʤʠʥ + 11,43 Uʤʘʢʩ ï 4,71 Iʩʨ ï 0,35 Iʤʠʥ ï 

ï 0,29 Iʤʘʢʩ + 14,28 ʊʜʣʠʪ ï 0,29 ʊʥʘʯ; 

                                  R
2
 = 0,15;                        (3.1) 

fʧʨ = ï 5,95 ï 4,68 Vʩʨ + 4,30 Vʤʠʥ + 1,47 Vʤʘʢʩ + 

+ 1,90 Sʧʨʠʧ ï 0,37 Sʧʦʟ + 0,82 Pʩʨ ï 2,30 Pʤʠʥ ï 

ï 2,98 Pʤʘʢʩ + 0,19 Uʩʨ ï 0,04 Uʤʠʥ + 0,21 Uʤʘʢʩ + 

+ 0,04 Iʩʨ ï 0,02 Iʤʠʥ  + 0,57 ʊʜʣʠʪ; 

                                  R
2
 = 0,20;                        (3.2) 
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ï ʤʦʜʝʣʠ ʥʘ ʵʪʘʧʝ ʦʩʘʜʢʠ 

Pʠʟʛ = ï 1856,13 + 200,10 Vʩʨ ï 43,91 Vʤʠʥ + 

+ 6,52 Vʤʘʢʩ ï 18,40 Sʧʨʠʧ ï 15,05 Sʧʦʟ + 22,86 Pʩʨ ï 

ï 3,32 Pʤʠʥ + 61,72 Pʤʘʢʩ + 7,28 Uʩʨ ï 0,07 Uʤʠʥ ï 

ï 13,67 Uʤʘʢʩ ï 2,63 Iʩʨ ï 0,19 Iʤʠʥ + 3,92 Iʤʘʢʩ + 

          + 39,64 ʊʜʣʠʪ ï 0,43 ʊʥʘʯ; R
2
 = 0,24;       (4.1) 

fʧʨ = ï161,50 + 2,00 Vʩʨ ï 0,01 Vʤʠʥ + 

+ 0,16 Vʤʘʢʩ ï 0,14 Sʧʨʠʧ ï 0,26 Sʧʦʟ ï 0,82 Pʩʨ + 

+ 0,10 Pʤʠʥ + 2,42 Pʤʘʢʩ + 0,11 Uʩʨ ï 0,06 Uʤʘʢʩ ï 

ï 0,02 Iʩʨ ï 0,01 Iʤʠʥ + 0,03 Iʤʘʢʩ + 

              + 0,79 ʊʜʣʠʪ 0,01 ʊʥʘʯ; R
2
 = 0,15;       (4.2) 

ï ʤʦʜʝʣʠ ʥʘ ʵʪʘʧʝ ʛʨʘʪʦʩʲʝʤʘ 

Pʠʟʛ = 2878,60 + 941,99 Vʩʨ + 72,97 Vʤʘʢʩ ï 

ï 128,93 Sʧʨʠʧ ï 1,88 Sʧʦʟ + 104,21 Pʩʨ ï 

ï 84,19 Pʤʠʥ ï 13,36 Pʤʘʢʩ + 5,19 Uʩʨ ï 

ï 102,99 Uʤʠʥ +54,51 Uʤʘʢʩ + 19,41 Iʩʨ ï 

ï 0,55 Iʤʠʥ ï 20,33 Iʤʘʢʩ ï 0,47 ʊʥʘʯ; 

                                 R
2
 = 0,36;                        (5.1) 

fʧʨ = 97,35 ï 36,29 Vʩʨ  ï 2,95 Vʤʘʢʩ + 

+ 2,83 Sʧʨʠʧ ï 0,13 Sʧʦʟ + 3,31 Pʩʨ ï 2,08 Pʤʠʥ ï 

ï 1,30 Pʤʘʢʩ + 1,09 Uʩʨ ï 3,80 Uʤʠʥ + 0,91 Uʤʘʢʩ + 

+ 1,56 Iʩʨ ï 1,07 Iʤʠʥ ï 0,56 Iʤʘʢʩ ; 

                                  R
2
 = 0,18;                       (5.2) 

ʟʜʝʩʴ ʊʜʣʠʪ ï ʜʣʠʪʝʣʴʥʦʩʪʴ ʵʪʘʧʘ, ʊʥʘʯ ï ʚʨʝʤʷ 

ʥʘʯʘʣʘ ʵʪʘʧʘ; Sʧʦʟ ï ʪʝʢʫʱʝʝ ʧʦʣʦʞʝʥʠʝ ʧʦ-

ʜʚʠʞʥʦʡ ʩʪʘʥʠʥʳ. 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʜʝʪʝʨʤʠʥʘʮʠʠ ʜʣʷ ʢʘʞʜʦʡ 

ʤʦʜʝʣʠ ʠʤʝʶʪ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠ,̫ ʵʪʦ ʛʦʚʦʨʠʪ ʦ 

ʪʦʤ, ʯʪʦ ʚʭʦʜʥʳʝ ʧʝʨʝʤʝʥʥʳʝ ʥʘ ʢʘʞʜʦʤ ʦʪ-

ʜʝʣʴʥʦʤ ʵʪʘʧʝ ʧʨʦʮʝʩʩʘ ʢʦʥʪʘʢʪʥʦʡ ʩʚʘʨʢʠ ʥʝ 

ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʪʨʘʞʘʶʪ ʧʦʣʥʦʪʫ ʩʚʦʝʛʦ ʚʣʠʷ-

ʥʠʷ ʥʘ ʚʳʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ. ʆʯʝʚʠʜʥʦ, ʯʪʦ 

ʢʘʞʜʳʡ ʠʟ ʵʪʘʧʦʚ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʚʳ-

ʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʥʦ ʧʦʣʥʦʝ ʚʣʠʷʥʠʝ ʚʭʦʜ-

ʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʪʦʣʴʢʦ ʚ ʩʦ-

ʚʦʢʫʧʥʦʩʪʠ ʵʪʠʭ ʵʪʘʧʦʚ. 

ʆʪʙʨʦʩʠʚ ʥʝʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʧʘʨʘʤʝʪʨʳ 

ʧʦ t-ʢʨʠʪʝʨʠʶ ʉʪʴʶʜʝʥʪʘ ʠ ʩʦʙʨʘʚ ʵʪʠ ʧʘʨʘ-

ʤʝʪʨʳ ʢʘʞʜʦʛʦ ʵʪʘʧʘ ʚ ʦʜʥʦʤ ʫʨʘʚʥʝʥʠʠ, ʧʦ-

ʣʫʯʠʣʠ ʩʣʝʜʫʶʱʠʝ ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʚʝʩʴ 

ʧʨʦʮʝʩʩ ʚ ʮʝʣʦʤ: 

Pʠʟʛ = 814,08 ï 12,93 Iʤʘʢʩ5 + 40,84 Uʤʘʢʩ5 ï 

ï 0,64 ʊʥʘʯ4 ï 0,26 Iʤʠʥ4 + 3,20 Iʤʘʢʩ4 ï 6,29 Uʤʘʢʩ4 ï 

ï 2,12 Pʤʠʥ4 + 41,79 Pʤʘʢʩ4 +53,33 Vʩʨ4 + 

            + 6,60 Iʩʨ1 ï 219,91 Pʩʨ1; R
2
 = 0,79    (6.1); 

fʧʨ = ï194,21 ï 0,24 Iʤʘʢʩ5 ï 0,02 ʊʥʘʯ4 + 

+ 0,07 Iʤʘʢʩ4 + 2,43 Pʤʘʢʩ4 ï 0,75 Pʩʨ4+ 1,94 Vʩʨ4 + 

+ 0,01 Iʤʘʢʩ3 + 0,05 ʊʜʣʠʪ4 + 0,08 Iʩʨ1 ï 3,32 Pʩʨ1; 

                                 R
2
 = 0,71.                       (6.2); 

ʇʦʣʫʯʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ ʫʯʠʪʳ-

ʚʘʶʪ ʚʣʠʷʥʠʝ ʢʘʞʜʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʵʪʘʧʘ 

ʧʨʦʮʝʩʩʘ ʢʦʥʪʘʢʪʥʦʡ ʩʚʘʨʢʠ ʨʝʣʴʩʦʚ ʥʘ ʚʳ-

ʭʦʜʥʳʝ ʩʚʦʡʩʪʚʘ. ɼʘʥʥʳʝ ʤʦʜʝʣʠ ʠʤʝʶʪ ʜʦ-

ʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʝʪʝʨʤʠʥʘ-

ʮʠʠ; ʧʦ t-ʢʨʠʪʝʨʠʶ ʉʪʴʶʜʝʥʪʘ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʨʝʛʨʝʩʩʠʠ ʚʩʝʭ ʚʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʟʥʘʯʠʤʳ; 

ʤʦʜʝʣʴ ʷʚʣʷʝʪʩʷ ʘʜʝʢʚʘʪʥʦʡ ʧʦ F-ʢʨʠʪʝʨʠʶ 

ʌʠʰʝʨʘ (ʜʣʷ Pʠʟʛ ʧʨʠ ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ Ŭ = 

0,05 ʠʤʝʝʤ Fʬʘʢʪ = 9,88> Fʢʨ = 0,38; ʜʣʷ fʧʨ ʧʨʠ 

ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ Ŭ = 0,05 ʠʤʝʝʤ Fʬʘʢʪ = 6,90> 

Fʢʨ = 0,38).  

ɸʜʝʢʚʘʪʥʦʩʪʴ ʫʨʘʚʥʝʥʠʡ ʨʝʛʨʝʩʩʠʠ (6.1), 

(6.2) ʧʨʦʚʝʨʷʣʘʩʴ ʧʦ ʧʦʢʘʟʘʪʝʣʶ ʩʨʝʜʥʝʡ 

ʦʰʠʙʢʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ [12]: 
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ʛʜʝ m ï ʢʦʣʠʯʝʩʪʚʦ ʥʘʙʣʶʜʝʥʠʡ; iY
~

 ï ʚʳʯʠʩ-

ʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʧʦʢʘʟʘʪʝʣʷ; 

iY
 
ï ʬʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ 

ʧʦʢʘʟʘʪʝʣʷ. 

ɼʣʷ ʧʦʢʘʟʘʪʝʣʝʡ Pʠʟʛ ʠ fʧʨ ʩʨʝʜʥʷʷ ʦʰʠʙʢʘ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩʦʩʪʘʚʠʣʘ 2,8 ʠ 5 % ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ.  

ɸʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʩʪʘʪʢʦʚ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʷʚʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ, ʪ. ʝ. ʦʩʪʘʪʢʠ 

ʨʘʩʧʨʝʜʝʣʝʥʳ ʩʣʫʯʘʡʥʦ ʠ ʚ ʤʦʜʝʣʠ ʦʪʩʫʪʩʪʚʫ-

ʶʪ ʥʝʫʯʪʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʚʳ-

ʭʦʜʥʦʡ ʧʘʨʘʤʝʪʨ. ʄʦʜʝʣʴ ʧʨʠʛʦʜʥʘ ʜʣʷ ʧʨʠʥʷ-

ʪʠʷ ʨʝh ʝʥʠʡ ʠ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. 

ɺʳʚʦʜʳ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʨʘʟʨʘʙʦʪʘʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 

ʧʨʦʮʝʩʩʘ ʢʦʥʪʘʢʪʥʦʡ ʩʚʘʨʢʠ ʨʝʣʴʩʦʚ ʥʘ ʤʘ-

ʰʠʥʝ ʂ1100, ʧʦʟʚʦʣʷʶɦ ʠʝ ʦʮʝʥʠʪʴ ʧʦʣʥʦʪʫ 

ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩ-

ʩʘ ʢʦʥʪʘʢʪʥʦʡ ʩʚʘʨʢʠ ʨʝʣʴʩʦʚ ʥʘ ʢʘʯʝʩʪʚʦ 

ʩʚʘʨʥʦʛʦ ʰʚʘ. ʉ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʨʝ-

ʛʨʝʩʩʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʧʨʝʜʣʦʞʝʥʦ ʧʨʦʛʥʦʟʠ-

ʨʦʚʘʪʴ ʢʘʯʝʩʪʚʦ ʩʚʘʨʥʦʛʦ ʰʚʘ ʠ ʫʧʨʘʚʣʷʪʴ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʮʝʩʩʘ ʢʦʥ-

ʪʘʢʪʥʦʡ ʩʚʘʨʢʠ ʨʝʣʩɹʦʚ. 
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ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʇʈʀʈʆɼɸ ʌʆʈʄʀʈʆɺɸʅʀʗ ʅɸʅʆʈɸɿʄɽʈʅʓʍ ʌɸɿ  

ʇʈʀ ʊɽʈʄʆʄɽʍɸʅʀʏɽʉʂʆʄ ʋʇʈʆʏʅɽʅʀʀ ʉʊɸʃʀ
*
 

 
ʋʩʢʦʨʝʥʥʦʝ* ʦʭʣʘʞʜʝʥʠʝ ʧʨʦʢʘʪʘ ʚ ʧʦʪʦʢʝ 

ʩʪʘʥʦʚ ʧʨʠ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ 

(ʊʄʆ) ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫ-

ʯʝʥʠʷ ʤʝʪʘʣʣʦʧʨʦʜʫʢʮʠʠ ʠʟ ʥʠʟʢʦʫʛʣʝʨʦʜʠ-

ʩʪʳʭ ʩʪʘʣʝʡ ʩ ʚʳʩʦʢʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡ-

ʩʪʚʘʤʠ [1 ï 3]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʪʝʨʤʦʤʝʭʘʥʠʯʝ-

ʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʚʢʣʶʯʘʶʱʝʡ ʫʩʢʦʨʝʥʥʦʝ 

ʦʭʣʘʞʜʝʥʠʝ, ʜʦʣʞʥʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʩʚʷʟʠ ʤʝʞ-

ʜʫ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʛʦʪʦʚʦʛʦ ʧʨʦ-

ʜʫʢʪʘ ʠ ʵʚʦʣʶʮʠʝʡ ʩʪʨʫʢʪʫʨʳ, ʬʘʟʦʚʦʛʦ ʩʦʩʪʘ-

ʚʘ ʠ ʜʠʩʣʦʢʘʮʠʦʥʥʦʡ ʩʫʙʩʪʨʫʢʪʫʨʳ ʜʣʷ ʢʘʞʜʦ-

ʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʠʟʜʝʣʠʷ. ʊʦʣʴʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʚʦʟʤʦʞʥʘ ʨʘʟʨʘʙʦʪʢʘ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ 

                                                           
* ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ 

 ̄16-48-420530. 

ʫʧʨʦʯʥʝʥʠʷ ʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ɼʝʬʦʨʤʘʮʠʷ ʩʪʘʣʠ ʧʨʠ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʝ, ʥʘʨʷʜʫ ʩ ʵʚʦʣʶʮʠʝʡ ʜʝʬʝʢʪʥʦʡ 

ʧʦʜʩʠʩʪʝʤʳ, ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʩʦʧʨʦʚʦʞʜʘ-

ʝʪʩʷ ʬʘʟʦʚʳʤʠ ʧʨʝʚʨʘʱʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʧʨʦ-

ʪʝʢʘʶʪ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʘʪʦ-

ʤʦʚ ʫʛʣʝʨʦʜʘ ʩ ʜʝʬʝʢʪʘʤʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʠ [4 ï 7]. ɺ ʵʪʠʭ ʨʘʙʦʪʘʭ ʫʩʪʘʥʦʚʣʝʥʳ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘ-

ʥʠʷ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʳʭ ʩʦʩʪʦʷʥʠʡ, ʤʝʭʘʥʠʯʝ-

ʩʢʠʭ ʠ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʠ ʫʩʢʦʨʝʥ-

ʥʦʤ ʦʭʣʘʞʜʝʥʠʠ ʜʚʫʪʘʚʨʦʚʦʡ ʙʘʣʢʠ ʚ ʨʘʟʣʠʯ-

ʥʳʭ ʨʝʞʠʤʘʭ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʧʦʚʝʨʭ-

ʥʦʩʪʥʦʤ ʫʧʨʦʯʥʝʥʠʠ ʤʘʪʝʨʠʘʣʘ. ʄʝʪʦʜʘʤʠ 

ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ, ʬʘʟʦ-
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ʚʳʡ ʩʦʩʪʘʚ ʠ ʜʝʬʝʢʪʥʘʷ ʩʫʙʩʪʨʫʢʪʫʨʘ ʫʧʨʦʯ-

ʥʝʥʥʦʡ ʟʦʥʳ ʦʧʨʝʜʝʣʷʪʁʩʷ: 1) ʤʝʭʘʥʠʟʤʦʤ ɔ 

Ÿ Ŭ ʧʨʝʚʨʘʱʝʥʠʷ, 2) ʨʝʞʠʤʦʤ ʚʳʩʦʢʦʪʝʤʧʝ-

ʨʘʪʫʨʥʦʡ ʧʨʦʢʘʪʢʠ ʠ ʫʩʢʦʨʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ, 

3) ʨʘʩʩʪʦʷʥʠʝʤ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ ʫʩʢʦʨʝʥʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ. ɺʳʷʚʣʝʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ, ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ɔ 

Ÿ Ŭ ʧʨʝʚʨʘʱʝʥʠʷ, ʟʝʨʝʥ ʬʝʨʨʠʪʘ ʠ ʧʝʨʣʠʪʘ, 

ʢʨʠʩʪʘʣʣʦʚ ʙʝʡʥʠʪʘ ʠ ʤʘʨʪʝʥʩʠʪʘ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʬʘʟ ʧʨʠ 

ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʧʨʦʢʘʪʘ ʩʚʷʟʘʥʦ 

ʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʨʙʠʜʥʦʡ ʧʦʜʩʠʩʪʝʤʳ [8, 

9]. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʛʣʝʨʦʜʠ-

ʩʪʳʭ ʩʪʘʣʝʡ ʚʳʷʚʠʣʠ ʥʝʩʢʦʣʴʢʦ ʢʘʨʙʠʜʥʳʭ ʬʘʟ 

ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʦʪʥʦʩʠʪʝʣʴ-

ʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʫʛʣʝʨʦʜʘ, ʧʘʨʘʤʝʪʨʘʤʠ ʠ 

ʪʠʧʦʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ. ʆʥʦ ʟʘʢʣʶ-

ʯʘʝʪʩʷ ʚ ʧʝʨʝʭʦʜʝ ʦʜʥʦʛʦ ʢʘʨʙʠʜʘ ʚ ʜʨʫʛʦʡ, 

ʨʘʩʪʚʦʨʝʥʠʶ ʢʘʨʙʠʜʘ ʠ ʝʛʦ ʧʦʚʪʦʨʥʦʤʫ ʚʳʜʝ-

ʣʝʥʠʶ, ʨʘʩʪʚʦʨʝʥʠʶ ʢʘʨʙʠʜʘ ʠ ʫʭʦʜʫ ʘʪʦʤʦʚ 

ʫʛʣʝʨʦʜʘ ʥʘ ʜʝʬʝʢʪʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʪʨʦʝ-

ʥʠʷ ʬʝʨʨʠʪʘ ʠ ʝʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ.  

ʇʦʜʨʦʙʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ 

ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʢʘʨʙʠʜʥʦʡ 

ʧʦʜʩʠʩʪʝʤʝ ʧʝʨʣʠʪʥʳʭ ʩʪʘʣʝʡ, ʧʦʜʚʝʨʛʥʫʪʳʭ 

ʨʘʟʣʠʯʥʳʤ ʚʠʜʘʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ, ʧʨʝʜʩʪʘʚ-

ʣʝʥ ʚ ʨʘʙʦʪʝ [3].  

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢʘʨʙʠʜʦʚ ʞʝʣʝʟʘ ʪʝʩʥʦ ʩʚʷ-

ʟʘʥʦ ʩ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʫʛʣʝʨʦʜʘ ʚ ʩʪʘʣʠ. 

ʋʛʣʝʨʦʜ ʚ ʩʪʨʫʢʪʫʨʝ ʩʪʘʣʠ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ 

ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ ʥʘ ʦʩʥʦʚʝ Ŭ- ʠ g-ʞʝʣʝʟʘ (ʧʦ-

ʟʠʮʠʠ ʵʣʝʤʝʥʪʦʚ ʚʥʝʜʨʝʥʠʷ), ʥʘ ʜʠʩʣʦʢʘʮʠʷʭ 

(ʚ ʚʠʜʝ ʘʪʤʦʩʬʝʨ ʂʦʪʪʨʝʣʣʘ ʠ ʄʘʢʩʚʝʣʣʘ), ʥʘ 

ʤʝʞʬʘʟʥʳʭ (ʢʘʨʙʠʜ/ʤʘʪʨʠʮʘ) ʠ ʚʥʫʪʨʠʬʘʟʥʳʭ 

(ʟʝʨʥʘ, ʧʘʢʝʪʳ, ʢʨʠʩʪʘʣʣʳ ʤʘʨʪʝʥʩʠʪʘ ʠ ʙʝʡ-

ʥʠʪʘ) ʛʨʘʥʠʮʘʭ, ʚ ʯʘʩʪʠʮʘʭ ʢʘʨʙʠʜʥʦʡ ʬʘʟʳ.  

ɺ ʨʘʙʦʪʘʭ [10 ï 18] ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘ-

ʪʳ ʘʥʘʣʠʟʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʛʣʝʨʦʜʘ ʚ ʩʪʘʣʷʭ 

ʙʣʠʟʢʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 38ʍʅ3ʄʌɸ ʠ 

30ʍʅ2ʄʌɸ ʩ ʤʘʨʪʝʥʩʠʪʥʦʡ ʠ ʙʝʡʥʠʪʥʦʡ 

ʩʪʨʫʢʪʫʨʘʤʠ, ʧʦʜʚʝʨʛʥʫʪʳʭ ʜʝʬʦʨʤʘʮʠʠ ʩʞʘ-

ʪʠʝʤ ʜʦ ʨʘʟʨʫh ʝʥʠʷ.  

ɼʣʷ ʟʘʢʘʣʝʥʥʦʡ ʩʪʘʣʠ 38ʍʅ3ʄʌɸ ʧʨʦʚʝ-

ʜʝʥʥʳʝ ʦʮʝʥʢʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ (Ů) ʩʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʪʚʝʨʜʦʤ 

ʨʘʩʪʚʦʨʝ ʥʘ ʦʩʥʦʚʝ Ŭ- ʠ g-ʞʝʣʝʟʘ, ʩʥʠʞʘʝʪʩʷ, ʘ 

ʢʦʣʠʯʝʩʪʚʦ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʥʘ ʜʝʬʝʢʪʘʭ ʩʪʨʫʢʪʫʨʳ, - ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʆʩʦ-

ʙʝʥʥʦ ʠʥʪʝʥʩʠʚʥʦ ʧʨʦʮʝʩʩ ʫʭʦʜʘ ʘʪʦʤʦʚ ʫʛʣʝ-

ʨʦʜʘ ʥʘ ʜʝʬʝʢʪʳ ʧʨʦʪʝʢʘʝʪ ʧʨʠ e ² 0,2.  

ɼʣʷ ʩʪʘʣʠ 30ʍʅ2ʄʌɸ ʩ ʙʝʡʥʠʪʥʦʡ ʩʪʨʫʢ-

ʪʫʨʦʡ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ ʢʦ-

ʣʠʯʝʩʪʚʦ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ 

ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ ʥʘ ʦʩʥʦʚʝ Ŭ-ʞʝʣʝʟʘ, ʬʦʨʤʠ-

ʨʫʶʠɦʭ ʯʘʩʪʠʮʳ ʮʝʤʝʥʪʠʪʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ 

ʚʥʫʪʨʠʬʘʟʥʳʭ ʛʨʘʥʠʮʘʭ, ʠ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ 

ʜʝʬʝʢʪʘʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʫʚʝʣʠʯʠ-

ʚʘʝʪʩʷ. ʂʦʣʠʯʝʩʪʚʦ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ, ʬʦʨʤʠʨʫ-

ʶʱʠʭ ʯʘʩʪʠʮʳ ʮʝʤʝʥʪʠʪʘ, ʣʝʞʘʱʠʝ ʚ ʦʙʝ̡ʤʝ 

ʧʣʘʩʪʠʥ ʙʝʡʥʠʪʘ, ʠ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʪʚʝʨʜʦʤ 

ʨʘʩʪʚʦʨʝ ʥʘ ʦʩʥʦʚʝ g-ʞʝʣʝʟʘ, ʩʥʠʞʘʝʪʩʷ.  

ʇʨʠ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʩ ʫʩʢʦ-

ʨʝʥʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʜʚʫʪʘʚʨʦʚʦʡ ʙʘʣʢʠ ʠʟ 

ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ 09ɻ2ʉ [4 ï 7] ʧʨʝʦʙ-

ʨʘʟʦʚʘʥʠʝ ʢʘʨʙʠʜʥʦʡ ʬʘʟʳ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʨʘʟ-

ʣʠʯʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʠ ʤʝʭʘʥʠʟʤʘʤ: 1) ʨʘʟʨʝ-

ʟʘʥʠʝ ʮʝʤʝʥʪʠʪʘ ʜʚʠʞʫʱʠʤʠʩʷ ʜʠʩʣʦʢʘʮʠʷʤʠ; 

2) ʨʘʩʪʚʦʨʝʥʠʝ ʧʣʘʩʪʠʥ ʮʝʤʝʥʪʠʪʘ ʧʝʨʣʠʪʥʳʭ 

ʢʦʣʦʥʠʡ ʠ ʧʦʚʪʦʨʥʦʝ ʚʳʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʮʝʤʝʥ-

ʪʠʪʘ ʥʘ ʜʠʩʣʦʢʘʮʠʷʭ, ʛʨʘʥʠʮʘʭ ʙʣʦʢʦʚ, ʩʫʙʟʝ-

ʨʝʥ ʠ ʟʝʨʝʥ; 3) ʨʘʩʧʘʜ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʫʛʣʝ-

ʨʦʜʘ ʚ Ŭ-ʞʝʣʝʟʝ, ʬʦʨʤʠʨʫʶʱʝʛʦʩʷ ʚ ʫʩʣʦʚʠʷʭ 

ʫʩʢʦʨʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʩʪʘʣʠ (çʩʘʤʦʦʪʧʫʩʢè 

ʤʘʨʪʝʥʩʠʪʘ); 4) ʜʦʧʨʝʚʨʘʱʝʥʠʝ ʦʩʪʘʪʦʯʥʦʛʦ 

ʘʫʩʪʝʥʠʪʘ, ʧʨʠʩʫʪʩʪʚʫʶʱʝʛʦ ʚ ʩʪʨʫʢʪʫʨʝ ʙʝʡ-

ʥʠʪʘ ʠ ʤʘʨʪʝʥʩʠʪʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʯʘʩʪʠʮ ʢʘʨ-

ʙʠʜʘ ʞʝʣʝʟʘ; 5) ʨʝʘʣʠʟʘʮʠʷ ʜʠʬʬʫʟʠʦʥʥʦʛʦ 

ʤʝʭʘʥʠʟʤʘ ɔ Ÿ Ŭ ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʚʳ-

ʩʦʢʦʡ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ ʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝ-

ʨʘʪʫʨ. 

1. ʇʨʠ ʨʘʟʨʝʟʘʥʠʠ ʧʣʘʩʪʠʥ ʮʝʤʝʥʪʠʪʘ ʜʚʠ-

ʞʫʱʠʤʠʩʷ ʜʠʩʣʦʢʘʮʠʷʤʠ ʧʨʦʠʩʭʦʜʠʪ ʩʜʚʠʛ ʠ 

ʧʦʚʦʨʦʪ ʯʘʩʪʝʡ ʧʣʘʩʪʠʥ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʜʨʫʛʘ, ʘ ʪʘʢʞʝ ʚʳʥʦʩ ʦʪʜʝʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ 

ʥʘʥʦʨʘʟʤʝʨʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʚ ʬʝʨʨʠʪ. 

2. ʇʨʠ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʬʠʢ-

ʩʠʨʫʝʪʩʷ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ ʩʫʙʩʪʨʫʢʪʫʨʳ ʮʝ-

ʤʝʥʪʠʪʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʣʦʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩ 

ʨʘʟʤʝʨʦʤ ʙʣʦʢʦʚ 30 ï 50 ʥʤ. ʅʘ ʧʦʩʣʝʜʫʶʱʠʭ 

ʩʪʘʜʠʷʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʨʘʟʤʝʨʳ ʙʣʦʢʦʚ 

ʫʤʝʥʴʰʘʶʪʩʷ ʜʦ 5 ï 30 ʥʤ, ʙʣʦʢʠ ʩʪʘʥʦʚʷʪʩʷ 

ʙʦʣʝʝ ʨʘʟʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ. ɺʝʣʠʯʠʥʘ ʘʟʠʤʫ-

ʪʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʦʣʥʦʛʦ ʫʛʣʘ ʨʘʟʦʨʠʝʥ-

ʪʘʮʠʠ ʙʣʦʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʣʘʩʪʠʥ ʢʘʨʙʠʜʥʦʡ 

ʬʘʟʳ ʜʦʩʪʠʛʘʝʪ 20 ï 24 ʛʨʘʜʫʩʦʚ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʙʣʦʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʧʨʦ-

ʚʦʞʜʘʝʪʩʷ ʫʭʦʜʦʤ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʠʟ ʢʘʨʙʠʜʘ 

ʥʘ ʜʠʩʣʦʢʘʮʠʠ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʜʝʣʝʥʠʝʤ ʚ 

ʦʙʲʝʤʝ ʬʝʨʨʠʪʥʳʭ ʧʣʘʩʪʠʥ ʚ ʚʠʜʝ ʯʘʩʪʠʮ ʢʘʨ-

ʙʠʜʘ ʞʝʣʝʟʘ ʥʘʥʦʨʘʟʤʝʨʥʦʛʦ ʜʠʘʧʘʟʦʥʘ (5 ï 10 

ʥʤ). 

ʕʪʦʪ ʤʝʭʘʥʠʟʤ ʨʘʟʨʫʰʝʥʠʷ ʧʣʘʩʪʠʥ ʮʝʤʝʥ-

ʪʠʪʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʝʥ ʚʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, 

ʯʪʦ ʵʥʝʨʛʠʷ ʩʚʷʟʠ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʩ ʜʠʩʣʦʢʘ-

ʮʠʷʤʠ ʚ ʬʝʨʨʠʪʝ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʝʪ 

ʵʥʝʨʛʠʶ ʩʚʷʟʠ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʩ ʘʪʦʤʘʤʠ ʞʝ-

ʣʝʟʘ ʚ ʨʝʰʝʪʢʝ ʮʝʤʝʥʪʠʪʘ. ʕʥʝʨʛʠʷ ʩʚʷʟʠ ʘʪʦ-

ʤʦʚ ʫʛʣʝʨʦʜʘ ʚ ʢʘʨʙʠʜʘʭ ʞʝʣʝʟʘ ʠ ʩ ʜʝʬʝʢʪʘʤʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ 

[19 ï 22] ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʠʞʝ: 
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ʄʝʩʪʦ ʣʦʢʘʣʠʟʘʮʠʠ ʕʥʝʨʛʠʷ, ʵɺ 

ʎʝʤʝʥʪʠʪ 0,27 

ɸʪʤʦʩʬʝʨʳ ʂʦʪʪʨʝʣʣʘ 0,55 

ʗʜʨʘ ʜʠʩʣʦʢʘʮʠʡ 0,75 

ɺʘʢʘʥʩʠʠ 0,41 

ʉʫʙʛʨʘʥʠʮʳ ʠ ʛʨʘʥʠʮʳ ʟʝʨʝʥ 0,45 

ʅʘ ʜʝʬʝʢʪʘʭ ʚʦʦʙʱʝ 0,61 

 

ɼʠʩʣʦʢʘʮʠʠ, ʦʢʨʫʞʘʶʱʠʝ ʧʣʘʩʪʠʥʫ ʮʝʤʝʥ-

ʪʠʪʘ, ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʤʝ-

ʩʪʦʤ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʠ, ʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦ, ʙʫʜʫʪ ʟʘʙʠʨʘʪʴ ʫʛʣʝʨʦʜ ʠʟ ʮʝʤʝʥʪʠʪʘ 

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʪʤʦʩʬʝʨ ʂʦʪʪʨʝʣʣʘ ʠ ʄʘʢʩ-

ʚʝʣʣʘ. 

ʕʪʦʪ ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʚ ʥʝʩʢʦʣʴʢʦ 

ʩʪʘʜʠʡ [4 ï 7]. ɺʦ-ʧʝʨʚʳʭ, ʚʦʢʨʫʛ ʧʣʘʩʪʠʥ (ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʚ ʪʦʨʮʘʭ ʧʣʘʩʪʠʥ, ʫʢʘʟʳʚʘʷ ʥʘ 

ʥʘʠʙʦʣʝʝ ʥʘʧʨʷʞʝʥʥʳʝ ʤʝʩʪʘ ʚ ʧʝʨʣʠʪʥʦʡ ʢʦ-

ʣʦʥʠʠ) ʮʝʤʝʥʪʠʪʘ ʬʦʨʤʠʨʫʝʪʩʷ ʜʠʩʣʦʢʘʮʠʦʥ-

ʥʘʷ ʩʫʙʩʪʨʫʢʪʫʨʘ ʚ ʚʠʜʝ ʢʣʫʙʢʦʚ, ʢʦʪʦʨʳʝ ʥʘ 

ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʦʢʨʫʞʘʶʪ ʚʩʶ ʧʣʘʩʪʠʥʫ ʮʝ-

ʤʝʥʪʠʪʘ. 

ʅʘ ɻʪʦʡ ʩʪʘʜʠʠ ʚ ʤʝʞʧʣʘʩʪʠʥʯʘʪʦʤ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ (ʣʘʤʝʣʷʭ ʬʝʨʨʠʪʘ) ʚʳʷʚʣʷʶʪʩʷ ʯʘ-

ʩʪʠʮʳ ʢʘʨʙʠʜʥʦʡ ʬʘʟʳ. ʏʘʩʪʠʮʳ ʠʤʝʶʪ ʦʢʨʫʛ-

ʣʫʶ ʬʦʨʤʫ, ʨʘʟʤʝʨʳ ʠʭ ʠʟʤʝʥʷʶʪʩʷ ʚ ʧʨʝʜʝ-

ʣʘʭ ʝʜʠʥʠʮ ʥʘʥʦʤʝʪʨʦʚ. 

ɺʳʥʦʩ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʠʟ ʨʘʟʨʫʰʝʥʥʳʭ 

ʧʣʘʩʪʠʥ ʮʝʤʝʥʪʠʪʘ ʚʦʟʤʦʞʝʥ ʠ ʥʘ ʛʦʨʘʟʜʦ 

ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ. ʏʘʩʪʠʮʳ ʮʝʤʝʥʪʠʪʘ ʨʘʟ-

ʤʝʨʦʤ 5 ï 15 ʥʤ ʚʳʷʚʣʷʶʪʩʷ ʚ ʦʙʲʝʤʝ ʩʫʙʟʝʨʝʥ 

ʥʘ ʜʠʩʣʦʢʘʮʠʷʭ ʠ ʥʘ ʛʨʘʥʠʮʘʭ ʩʫʙʟʝʨʝʥ, ʬʦʨ-

ʤʠʨʫʶʱʠʭʩʷ ʚʜʦʣʴ ʛʨʘʥʠʮʳ ʧʝʨʣʠʪʥʦʛʦ ʟʝʨʥʘ. 

ɺʳʜʝʣʷʶʱʠʝʩʷ ʥʘ ʛʨʘʥʠʮʘʭ ʩʫʙʟʝʨʝʥ ʯʘʩʪʠʮʳ 

ʢʘʨʙʠʜʥʦʡ ʬʘʟʳ ʙʫʜʫʪ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʠʭ ʨʦ-

ʩʪʫ, ʩʪʘʙʠʣʠʟʠʨʫʷ ʨʘʟʤʝʨʳ ʩʫʙʟʝʨʝʥ ʠ ʩʚʦʡ-

ʩʪʚʘ ʠʟʜʝʣʠʷ ʚ ʮʝʣʦʤ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʡ ʝʛʦ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. 

3. ʋʩʢʦʨʝʥʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʜʚʫʪʘʚʨʦʚʦʡ 

ʙʘʣʢʠ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʚ ʧʦʚʝʨʭ-

ʥʦʩʪʥʦʤ ʩʣʦʝ ʩʪʨʫʢʪʫʨʳ ʧʘʢʝʪʥʦʛʦ ʤʘʨʪʝʥʩʠ-

ʪʘ.  

ʇʦʩʣʝʜʫʶʱʠʡ çʩʘʤʦʦʪʧʫʩʢè ʩʪʘʣʠ ʧʦʜ ʜʝʡ-

ʩʪʚʠʝʤ ʦʩʪʘʪʦʯʥʦʛʦ ʪʝʧʣʘ ʦʙʲʝʤʘ ʟʘʛʦʪʦʚʢʠ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʝʣʘʢʩʘʮʠʝʡ ʜʠʩʣʦʢʘʮʠʦʥʥʦʡ 

ʩʫʙʩʪʨʫʢʪʫʨʳ, ʚʳʨʘʞʘʶʱʝʡʩʷ ʚ ʩʥʠʞʝʥʠʠ 

ʩʢʘʣʷʨʥʦʡ ʧʣʦʪʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʡ, ʨʘʟʨʫh ʝʥʠʠ 

ʤʘʣʦʫʛʣʦʚʳʭ ʛʨʘʥʠʮ ʢʨʠʩʪʘʣʣʦʚ ʤʘʨʪʝʥʩʠʪʘ, 

ʚʳʜʝʣʝʥʠʠ ʥʘ ʜʠʩʣʦʢʘʮʠʷʭ ʚ ʦʙʲʝʤʝ ʢʨʠʩʪʘʣ-

ʣʦʚ ʤʘʨʪʝʥʩʠʪʘ ʠ ʧʦ ʛʨʘʥʠʮʘʤ ʢʨʠʩʪʘʣʣʦʚ ʯʘ-

ʩʪʠʮ ʢʘʨʙʠʜʥʦʡ ʬʘʟʳ. ʈʘʟʤʝʨʳ ʯʘʩʪʠʮ, ʨʘʩʧʦ-

ʣʦʞʝʥʥʳʭ ʥʘ ʜʠʩʣʦʢʘʮʠʷʭ, ʠʟʤʝʥʷʶʪʩʷ ʚ ʧʨʝ-

ʜʝʣʘʭ 5 ï 10 ʥʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʛʨʘʥʠʮʘʭ, ï 

ʚ ʧʨʝʜʝʣʘʭ 10 ï 30 ʥʤ. 

4. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʳʰʝʨʘʩʩʤʦʪʨʝʥʥʳʤʠ 

ʤʝʭʘʥʠʟʤʘʤʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʯʘʩʪʠʮ ʮʝʤʝʥʪʠʪʘ 

ʚ ʧʨʦʮʝʩʩʝ ʜʦʧʨʝʚʨʘʱʝʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ ʘʫʩʪʝ-

ʥʠʪʘ, ʧʨʠʩʫʪʩʪʚʫʶʱʝʛʦ ʚ ʤʘʨʪʝʥʩʠʪʝ ʠ ʙʝʡʥʠ-

ʪʝ, ʧʨʦʪʝʢʘʝʪ ʥʝ ʩʪʦʣʴ ʟʘʤʝʪʥʦ. ʅʘ ʵʣʝʢʪʨʦʥʥʦ-

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʷʭ ʩʪʨʫʢʪʫʨʳ 

ʚʳʷʚʣʝʥ ʢʦʥʪʨʘʩʪ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʨʝʜʚʳ-

ʜʝʣʝʥʠʶ ʢʘʨʙʠʜʥʦʡ ʬʘʟʳ ʨʘʟʤʝʨʦʤ 5 ï 10 ʥʤ. 

ʆʙʲʝʤʥʘʷ ʜʦʣʷ ʪʘʢʠʭ ʯʘʩʪʠʮ ʥʝʚʝʣʠʢʘ. 

5. ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨ-

ʤʘʮʠʠ ʩʪʘʣʠ, ʨʝʘʣʠʟʫʶʱʠʡʩʷ ʧʨʠ ʪʝʨʤʦʤʝʭʘ-

ʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʧʨʦʢʘʪʘ, ʧʨʠʚʦʜʠʪ ʢ ʜʠʩ-

ʧʝʨʛʠʨʦʚʘʥʠʶ ʩʪʨʫʢʪʫʨ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʚ 

ʧʨʦʮʝʩʩʝ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ɔ Ÿ Ŭ ʧʨʝʚʨʘʱʝʥʠʷ 

ʜʦ ʥʘʥʦʤʘʩʰʪʘʙʥʦʛʦ ʨʘʟʤʝʨʘ. ɺ ʪʦʥʢʦʧʣʘ-

ʩʪʠʥʯʘʪʦʤ ʧʝʨʣʠʪʝ ʪʦʣʱʠʥʘ ʧʣʘʩʪʠʥ ʢʘʨʙʠʜ-

ʥʦʡ ʬʘʟʳ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 25 ʥʤ [4 ï 7]. ɺ 

ʧʣʘʩʪʠʥʘʭ ʮʝʤʝʥʪʠʪʘ ʬʦʨʤʠʨʫʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʩ 

ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʨʘʟʦʨʠʝʥʪʘʮʠʠ ʙʣʦʢʦʚ. ʉ 

ʫʤʝʥʴʰʝʥʠʝʤ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʙʣʦʢʦʚ ʚʝʣʠ-

ʯʠʥʘ ʘʟʠʤʫʪʘʣʴʥʦʛʦ ʨʘʟʤʳʪʠʷ ʨʝʬʣʝʢʩʦʚ ʢʘʨ-

ʙʠʜʥʦʡ ʬʘʟʳ ʫʩʪʦʡʯʠʚʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʆʪʤʝ-

ʪʠʤ, ʯʪʦ ʧʦʜʦʙʥʦʛʦ ʪʠʧʘ ʟʘʚʠʩʠʤʦʩʪʠ, ʩʚʷʟʳ-

ʚʘʶʱʠʝ ʩʨʝʜʥʠʝ ʨʘʟʤʝʨʳ ʢʨʠʩʪʘʣʣʠʪʦʚ ʠ ʢʦ-

ʣʠʯʝʩʪʚʦ ʨʝʬʣʝʢʩʦʚ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʜʠʬʨʘʢ-

ʮʠʦʥʥʦʛʦ ʢʦʣʴʮʘ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ ʨʷʜʝ 

ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʨʘʙʦʪʝ [23]. 

ɺʳʚʦʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʨ-

ʤʦʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʚʫʪʘʚʨʦʚʦʡ ʙʘʣʢʠ 

ʠʟ ʩʪʘʣʠ 09ɻ2ʉ ʬʦʨʤʠʨʫʶʪʩʷ ʥʘʥʦʨʘʟʤʝʨʥʳʝ 

ʯʘʩʪʠʮʳ ʢʘʨʙʠʜʥʦʡ ʬʘʟʳ, ʫʧʨʦʯʥʷʶʱʠʝ ʧʦ-

ʚʝʨʭʥʦʩʪʥʳʝ ʩʣʦʠ. ʆʩʥʦʚʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, 

ʦʪʚʝʪʩʪʚʝʥʥʳʤʠ ʟʘ ʦʙʨʘʟʦʚʘʥʠʝ ʥʘʥʦʨʘʟʤʝʨ-

ʥʳʭ ʬʘʟ, ʷʚʣʷʶʪʩʷ ʨʘʟʨʝʟʘʥʠʝ ʜʚʠʞʫʱʠʤʠʩʷ 

ʜʠʩʣʦʢʘʮʠʷʤʠ; ʨʘʩʪʚʦʨʝʥʠʝ ʧʣʘʩʪʠʥ ʮʝʤʝʥʪʠʪʘ 

ʠ ʧʦʚʪʦʨʥʦʝ ʚʳʜʝʣʝʥʠʝ ʥʘ ʜʠʩʣʦʢʘʮʠʷʭ, ʛʨʘ-

ʥʠʮʘʭ ʙʣʦʢʦʚ ʠ ʩʫʙʟʝʨʝʥ; ʨʘʩʧʘʜ ʪʚʝʨʜʦʛʦ ʨʘʩ-

ʪʚʦʨʘ ʧʨʠ çʩʘʤʦʦʪʧʫʩʢʝè ʤʘʨʪʝʥʩʠʪʘ, ʜʠʬʬʫ-

ʟʠʦʥʥʦʦʝ ɔ Ÿ Ŭ ʧʨʝʚʨʘʱʝʥʠʝ ʧʨʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʩʪʝʧʝʥʷʭ ʜʝʬʦʨʤʘʮʠʠ. 
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ʈ.ɸ. ʐʝʚʯʝʥʢʦ, ʅ.ɸ. ʂʦʟʳʨʝʚ, ɸ.ɸ. ʋʩʦʣʴʮʝʚ, ʃ.ʇ. ɹʘʱʝʥʢʦ, ʉ.ɺ. ʂʥʷʟʝʚ 

ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʆʇʊʀʄʀɿɸʎʀʗ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ʇɸʈɸʄɽʊʈʆɺ ʇʈʆʎɽʉʉɸ 

ʂʆʅʊɸʂʊʅʆʁ ʉʊʓʂʆɺʆʁ ʉɺɸʈʂʀ ʈɽʃʔʉʆɺ 
 

ʉʦʚʨʝʤʝʥʥʳʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʧʫʪʝʚʦʛʦ ʭʦ-

ʟʷʡʩʪʚʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʩʝ ʙʦʣʴʰʠʤ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʝʤ ʧʨʦʛʨʝʩʩʠʚʥʳʭ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶ-

ʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʨʝʤʦʥʪʘ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙ-

ʩʣʫʞʠʚʘʥʠʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʫʪʠ, ʚʳʩʦʢʦ-

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʧʫʪʝʚʳʭ ʤʘʰʠʥ, ʚʥʝʜʨʝʥʠ-

ʝʤ ʵʬʬʝʢʪʠʚʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʫʪʠ, ʢ ʯʠʩʣʫ 

ʢʦʪʦʨʳʭ ʦʪʥʦʩʠʪʩʷ ʠ ʙʝʩʩʪʳʢʦʚʦʡ ʧʫʪʴ. ʈʘʟʚʠ-

ʪʠʝ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʙʝʩʧʝʯʠʪʴ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʙʝʩʩʪʳʢʦʚʦʛʦ ʞʝʣʝʟʥʦʜʦ-

ʨʦʞʥʦʛʦ ʧʫʪʠ ʩ ʪʨʝʙʫʝʤʳʤʠ ʢʘʯʝʩʪʚʝʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ [1 ï 6]. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʩʚʘʨʢʠ ʨʝʣʴʩʦʚ 

ʵʣʝʢʪʨʦʢʦʥʪʘʢʪʥʳʤ ʩʧʦʩʦʙʦʤ ʦʙʳʯʥʦ ʨʘʟʜʝʣʝʥ 

ʥʘ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ: I ʵʪʘʧ ʦʧʣʘʚʣʝʥʠʷ (1), II  

ʵʪʘʧ ʦʧʣʘʚʣʝʥʠʷ (2), ʬʦʨʩʠʨʦʚʢʘ (3), ʦʩʘʜʢʘ 

(4), ʛʨʘʪʦʩʲʝʤ (5). ʂʘʞʜʦʤʫ ʵʪʘʧʫ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʨʝʞʠ-

ʤʳ ʩʚʘʨʢʠ): I ï ʩʠʣʘ ʪʦʢʘ, ɸ; U ï ʥʘʧʨʷʞʝʥʠʝ, 

ɺ; S ï ʚʝʣʠʯʠʥʘ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʜʚʠʞʥʦʡ ʩʪʘ-

ʥʠʥʳ, ʤʤ; P ï ʜʘʚʣʝʥʠʝ ʚ ʩʠʩʪʝʤʝ, ʘʪʤ; V ï 

ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʜʚʠʞʥʦʡ ʩʪʘʥʠʥʳ, 

ʤʤ/ʩ; T ï ʜʣʠʪʝʣʴʥʦʩʪʴ ʵʪʘʧʘ, ʩ (ʠʥʜʝʢʩʳ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʪ ʵʪʘʧʘʤ 1 ï 5). 

ʊʝʭʥʦʣʦʛʠʷ ʩʚʘʨʢʠ ʨʝʣʴʩʦʚ ʥʘ ʨʝʣʴʩʦʩʚʘ-

ʨʦʯʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʙʷʟʘ-

ʪʝʣʴʥʫʶ ʩʚʘʨʢʫ ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʚ ʥʘʯʘ-

ʣʝ ʨʘʙʦʯʝʡ ʩʤʝʥʳ. ʉʚʘʨʠʚʘʶʪʩʷ ʧʦ ʜʚʘ ʦʙʨʘʟʮʘ 

ʥʘ ʢʘʞʜʦʡ ʩʚʘʨʦʯʥʦʡ ʤʘʰʠʥʝ, ʧʦʩʣʝ ʯʝʛʦ ʩʦ-

ʛʣʘʩʥʦ ʉʊʆ ʈɾɼ 1.08.002 ï 2009 çʈʝʣʴʩʳ ʞʝ-

ʣʝʟʥʦʜʦʨʦʞʥʳʝ, ʩʚʘʨʝʥʥʳʝ ʵʣʝʢʪʨʦʢʦʥʪʘʢʪ-

ʥʳʤ ʩʧʦʩʦʙʦʤè ʧʨʦʚʦʜʷʪ ʠʩʧʳʪʘʥʠ ̫ʥʝʪʝʨʤʦ-

ʦʙʨʘʙʦʪʘʥʥʳʭ ʩʪʳʢʦʚ ʥʘ ʪʨʝʭʪʦʯʝʯʥʳʡ ʩʪʘʪʠ-

ʯʝʩʢʠʡ ʠʟʛʠʙ. ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʷʪ ʥʘ ʧʨʝʩʩʝ 

ʪʠʧʘ ʇʄʉ-320. ʀʩʧʳʪʘʥʠʝ ʦʜʥʦʛʦ ʢʦʥʪʨʦʣʴ-

ʥʦʛʦ ʦʙʨʘʟʮʘ ʧʨʦʚʦʜʷʪ ʩ ʧʨʠʣʦʞʝʥʠʝʤ ʥʘʛʨʫʟ-

ʢʠ ʥʘ ʛʦʣʦʚʢʫ (ʨʘʩʪʷʞʝʥʠʝ ʚ ʧʦʜʦʰʚʝ), ʚʪʦʨʦʡ 

ʢʦʥʪʨʦʣʴʥʳʡ ʦʙʨʘʟʝʮ ʥʘʛʨʫʞʘʶʪ ʥʘ ʧʦʜʦʰʚʫ 

(ʨʘʩʪʷʞʝʥʠʝ ʚ ʛʦʣʦʚʢʝ). ʈʝʟʫʣʴʪʘʪʘʤʠ ʠʩʧʳʪʘ-

ʥʠʡ ʷʚʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ ʫʩʠʣʠʷ, ʚʦʟʥʠʢʘʶʱʝʛʦ 

ʧʨʠ ʠʟʛʠʙʝ (Pʠʟʛ, ʢʅ), ʠ ʟʥʘʯʝʥʠʷ ʩʪʨʝʣʳ ʧʨʦ-

ʛʠʙʘ (fʧʨ, ʤʤ), ʧʨʠ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʫ-

ʰʝʥʠʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʨʘʟʮʘ, ʠʣʠ ʤʘʢʩʠʤʘʣʴ-

ʥʳʝ ʟʥʘʯʝʥʠʷ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʝʩʣʠ ʦʙʨʘʟʝʮ 

ʥʝ ʨʘʟʨʫʰʠʣʩʷ ʚʦ ʚʨʝʤʷ ʠʩʧʳʪʘʥʠʡ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʘ ʦʧʪʠʤʠʟʘʮʠʷ 

ʧʨʦʮʝʩʩʘ ʢʦʥʪʘʢʪʥʦʡ ʩʚʘʨʢʠ ʨʝʣʴʩʦʚ ʪʠʧʘ ʈ65 

ʥʘ ʤʘh ʠʥʝ ʂ1100.  

ɼʣʷ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʵʪʘʧʦʚ ʧʨʠ ʩʚʘʨʢʝ ʥʘ 

ʤʘʰʠʥʝ ʂ1100 ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʟʥʘʯʝʥʠʷ 

ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣ. 1. 

ʇʦ ʧʘʨʘʤʝʪʨʘʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʨʘʥʝʝ ʙʳʣʠ ʨʘʟ-

ʨʘʙʦʪʘʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ 

ʢʦʥʪʘʢʪʥʦʡ ʩʚʘʨʢʠ ʨʝʣʴʩʦʚ ʥʘ ʤʘʰʠʥʝ ʂ1100, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʚʘʪʴ ʧʦʣʥʦʪʫ ʚʣʠʷ-

ʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʢʘʯʝʩʪʚʦ ʩʚʘʨʥʦʛʦ 

ʰʚʘ: 

 

Pʠʟʛ = 814,08 ï 12,93Iʤʘʢʩ5 + 40,84Uʤʘʢʩ5 ï 

ï 6,40ʊʥʘʯ4 ï 0,26Iʤʠʥ4 + 3,20Iʤʘʢʩ4 ï 6,29Uʤʘʢʩ4 ï 

ï 2,12Pʤʠʥ4 + 41,79Pʤʘʢʩ4 +53,33Vʩʨ4 + 6,60Iʩʨ1 ï 

ï 219,91Pʩʨ1 

fʧʨ = ï 194,21 ï 0,24Iʤʘʢʩ5 ï 0,02ʊʥʘʯ4 + 

+ 0,07Iʤʘʢʩ4 + 2,43Pʤʘʢʩ4 ï 0,75Pʩʨ4 + 1,94 Vʩʨ4 + 

+ 0,01Iʤʘʢʩ3 + 0,05ʊʜʣʠʪ1 + 0,08Iʩʨ1 ï 3,32Pʩʨ1, 

 

ʛʜʝ ʠʥʜʝʢʩ 1 ï 5 ʦʟʥʘʯʘʶʪ ʥʦʤʝʨ ʵʪʘʧʘ. 

ʉʦʚʨʝʤʝʥʥʘʷ ʘʧʧʘʨʘʪʫʨʘ ʫʧʨʘʚʣʝʥʠʷ ʦʙʝʩ-

ʧʝʯʠʚʘʝʪ ʨʘʙʦʪʫ ʚ ʨʘʟʥʳʭ ʨʝʞʠʤʘʭ: çʈʫʯʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝè, çʇʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝ-

ʥʠʝè, çɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝè. ʈʝʞʠʤ

ʊʘʙʣʠʮʘ 1 

 

ɿʥʘʯʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʩʚʘʨʢʝ ʥʘ ʤʘʰʠʥʝ ʂ1100 

 

ʕʪʘʧ 
ʀʥʪʝʨʚʘʣʳ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʩʚʘʨʢʠ 

T, ʩ I, ɸ U, ɺ P, ʘʪʤ V, ʤʤ/ʩ S, ʤʤ 

I ʵʪʘʧ ʦʧʣʘʚʣʝʥʠʷ 28 ï 46 7 ï 1088 335 ï 440 27 ï 42 0,00 ï 0,67 4,4 ï 5,4 

II  ʵʪʘʧ ʦʧʣʘʚʣʝʥʠʷ 60 ï 100 24 ï 736 148 ï 424 26 ï 35 0,22 ï 0,89 7,0 

ʌʦʨʩʠʨʦʚʢʘ 4,2 ï 6,1 110 ï 788 280 ï 443 27 ï 33 1,33ï1,89 6,5 

ʆʩʘʜʢʘ 1,1 ï 3,0 6 ï 1174 2 ï 423 25 ï 129 1,56 ï 9,33 17,8 ï 18,6 

ɻʨʘʪʦʩʲʝʤ 1 2 ï 324 1 ï 105 71 ï 129 0,11 ï 0,56 0,1 ï 1,0 
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çʈʫʯʥʦʝ ʫʧʨʘʚʣʝʥʠʝè ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʝʟʦʧʘʩ-

ʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʤʘʰʠʥʳ ʩ ʩʦʙʣʶʜʝʥʠʝʤ 

ʚʩʝʭ ʙʣʦʢʠʨʦʚʦʢ, ʨʝʞʠʤ çʇʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʝ 

ʫʧʨʘʚʣʝʥʠʝè ï ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʝ ʦʧʝʨʘʮʠʠ ʜʣʷ 

ʩʚʘʨʢʠ, ʨʝʞʠʤ çɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝè 

ï ʩʚʘʨʢʫ ʠʟʜʝʣʠʷ ʧʦ ʟʘʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ. ʂʦʥ-

ʪʨʦʣʣʝʨ ʚʳʧʦʣʥʷʝʪ ʚʩʝ ʬʫʥʢʮʠʠ ʫʧʨʘʚʣʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʩʚʘʨʢʠ. ʂʦʤʧʴʶ-

ʪʝʨ ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʥʠʤʘʮʠʶ ʧʨʦʮʝʩʩʘ, ʮʠʬʨʦ-

ʚʫʶ ʠ ʛʨʘʬʠʯʝʩʢʫʶ ʚʠʟʫʘʣʠʟʘʮʠʶ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʦʮʝʩʩʘ, ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʩʚʘʨ-

ʢʠ. ɺʠʟʫʘʣʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʩʚʘʨʢʠ ʚ ʚʠʜʝ ʦʩ-

ʮʠʣʣʦʛʨʘʤʤʳ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʠʥʬʦʨ-

ʤʘʮʠʶ ʧʦ ʜʠʥʘʤʠʯʝʩʢʦʤʫ ʠʟʤʝʥʝʥʠʶ ʧʨʦ-

ʛʨʘʤʤʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ: ʥʘʧʨʷʞʝʥʠʝ U, 

ʩʚʘʨʦʯʥʳʡ ʪʦʢ I, ʜʘʚʣʝʥʠʝ P ʚ ʮʠʣʠʥʜʨʝ, ʧʝʨʝ-

ʤʝʱʝʥʠʝ S ʟʘʛʦʪʦʚʦʢ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʫʯʝʥʠʷ 

ʩʦʝʜʠʥʝʥʠʷ. 

ʋʧʨʘʚʣʝʥʠʝ ʦʧʣʘʚʣʝʥʠʝʤ ʧʨʠ ʩʚʘʨʢʝ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʟʘʜʘʚʘʝʤʦʡ 

ʩʢʦʨʦʩʪʠ ʦʧʣʘʚʣʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʢʫʱʝ-

ʛʦ ʟʥʘʯʝʥʠʷ ʪʦʢʘ. ʕʪʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʟʤʝʥʝ-

ʥʠʝʤ: ʫʩʪʘʚʦʢ ʥʘʯʘʣʘ ʢʦʨʨʝʢʮʠʡ ʩʢʦʨʦʩʪʠ (ʪʦ-

ʢʘ ʢʦʨʨʝʢʮʠʠ Iʢʦʨ); ʪʦʢʘ Iʦʩʪ, ʦʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦ 

ʧʦʜʘʯʫ; ʪʦʢʘ Iʨʝʚ, ʜʘʶʱʝʛʦ ʢʦʤʘʥʜʫ ʥʘ ʨʝʚʝʨʩ. 

ɼʣʷ ʵʪʦʛʦ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦ-

ʩʪʠ ʠ ʪʦʢʘ ʦʧʣʘʚʣʝʥʠʷ, ʨʝʘʣʠʟʫʶʱʠʝ ʦʙʨʘʪʥʫʶ 

ʩʚʷʟʴ ʚʝʣʠʯʠʥ Iʢʦʨ, Iʦʩʪ, Iʨʝʚ, ʧʦʜʙʠʨʘʶʪ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʬʘʢʪʠʯʝʩʢʦʝ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʪʦʢʘ ʥʘ ʦʩʮʠʣʣʦʛʨʘʤʤʝ ʙʳʣʦ ʚ ʜʚʘ ʨʘʟʘ ʤʝʥʴ-

ʰʝ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ. ʕʪʦ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʤʘʢʩʠʤʫʤʫ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ, 

ʨʘʟʚʠʚʘʝʤʦʡ ʚ ʢʦʥʪʘʢʪʝ ʤʝʞʜʫ ʦʧʣʘʚʣʷʝʤʳʤʠ 

ʪʦʨʮʘʤʠ ʟʘʛʦʪʦʚʦʢ. ʅʝʜʦʧʫʩʪʠʤʳʝ ʦʪʢʣʦʥʝʥʠʷ 

ʪʦʢʘ ʚ ʬʦʨʤʝ ʩʢʘʯʢʦʦʙʨʘʟʥʳʭ ʠʟʤʝʥʝʥʠʡ ʝʛʦ 

ʚʝʣʠʯʠʥʳ ʠʩʢʣʶʯʘʶʪʩʷ ʙʣʘʛʦʜʘʨʷ ʙʳʩʪʨʦʜʝʡ-

ʩʪʚʫʶʱʝʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. ʕʪʘ ʞʝ ʦʙʨʘʪʥʘʷ 

ʩʚʷʟʴ ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʪʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ ʩʚʘʨʦʯ-

ʥʦʛʦ ʪʦʢʘ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʢʦʨʨʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ 

ʦʧʣʘʚʣʝʥʠʷ ʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ ʧʦ ʩʚʘʨʦʯʥʦʤʫ 

ʪʦʢʫ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ: ʚ ʪʦʯʢʝ ʧʝʨʝʩʝʯʝʥʠʷ 

ʢʨʠʚʳʭ ʤʦʱʥʦʩʪʴ, ʨʘʟʚʠʚʘʝʤʘʷ ʤʘʰʠʥʦʡ (2), ʠ 

ʤʦʱʥʦʩʪʴ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʦʧʣʘʚʣʝʥʠʷ ʜʝʪʘ-

ʣʝʡ (1), ʦʜʠʥʘʢʦʚʳ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʪʦʡʯʠ-

ʚʦʝ ʧʨʦʪʝʢʘʥʠʝ ʦʧʣʘʚʣʝʥʠʷ. ʇʨʠ ʩʣʫʯʘʡʥʦʤ 

ʫʚʝʣʠʯʝʥʠʠ ʪʦʢʘ ʦʪ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʟʥʘʯʝʥʠʷ 

Iʫʩʪ ʤʦʥɦʦʩʪʴ, ʨʘʟʚʠʚʘʝʤʘʷ ʤʘʰʠʥʦʡ, ʦʢʘʟʳʚʘ-

ʝʪʩʷ ʙʦʣʴʰʝ ʤʦʱʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ 

ʦʧʣʘʚʣʝʥʠʷ. ʀʟʙʳʪʦʯʥʘʷ ʤʦʱʥʦʩʪʴ ʩʧʦʩʦʙ-

ʩʪʚʫʝʪ ʫʩʢʦʨʝʥʠʶ ʥʘʛʨʝʚʘ ʠ ʨʘʟʨʫʰʝʥʠʶ ʵʣʝ-

ʤʝʥʪʘʨʥʳʭ ʢʦʥʪʘʢʪʦʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʚʝʣʠ-

ʯʝʥʠʶ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʩʢʨʦʚʦʛʦ ʧʨʦʤʝʞʫʪʢʘ, 

ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʪʦʢʘ ʜʦ ʟʥʘ-

ʯʝʥʠʷ Iʫʩʪ. ʇʨʠ ʪʦʢʝ, ʤʝʥʴʰʝʤ Iʫʩʪ, ʤʦʱʥʦʩʪʴ, 

ʨʘʟʚʠʚʘʝʤʘʷ ʤʘʰʠʥʦʡ, ʦʢʘʟʳʚʘʝʪʩʷ ʤʝʥʴʰʝ 

ʤʦʱʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʦʧʣʘʚʣʝʥʠʷ. ʉʦ-

ʧʨʦʪʠʚʣʝʥʠʝ ʠʩʢʨʦʚʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʫʤʝʥʴʰʘ-

ʝʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʫʩʪʘʥʦ-

ʚʠʚʰʝʛʦʩʷ ʟʥʘʯʝʥʠʷ ʪʦʢʘ. ɽʩʣʠ ʟʘʚʠʩʠʤʦʩʪʴ (1) 

ʠʩʧʦʣʴʟʦʚʘʪʴ, ʯʪʦʙʳ ʟʘʜʘʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʩʢʦ-

ʨʦʩʪʠ ʧʦʜʘʯʠ ʜʝʪʘʣʝʡ ʚ ʬʫʥʢʮʠʠ ʪʦʢʘ, ʪʦ ʪʘʢʦʡ 

ʢʦʨʨʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʦʙʝʩʧʝʯʠʪ ʫʩʪʦʡʯʠʚʦʝ 

ʦʧʣʘʚʣʝʥʠʝ ʧʦ ʪʦʢʫ [7]. 

ɺ ʨʘʙʦʪʝ [7] ʧʨʠʚʝʜʝʥʦ ʫʨʘʚʥʝʥʠʝ ʢʦʨʨʝʢ-

ʪʦʨʘ, ʚ ʢʦʪʦʨʦʤ ʟʘʚʠʩʠʤʦʡ ʚʝʣʠʯʠʥʦʡ ʦʪ ʪʝʢʫ-

ʝɦʛʦ ʟʥʘʯʝʥʠʷ ʪʦʢʘ ʷʚʣʷʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ ʥʘ 

ʷʢʦʨʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʨʠʚʦʜʘ ʧʝʨʝʤʝʱʝʥʠʷ 

ʧʦʜʚʠʞʥʦʡ ʧʣʠʪʳ ʤʘʰʠʥʳ. ʇʦʩʣʝ ʟʘʤʝʥʳ ʝʛʦ 

ʥʘ ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʜʚʠʞʥʦʡ ʧʣʠʪʳ 

ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʝʝ ʫʨʘʚʥʝʥʠʝ ʢʦʨʨʝʢʪʦʨʘ: 

 

æV = k (I1(t) ï I0 + ŭ) ʧʨʠ I1(t) ï I0 > ŭ, 

 

ʛʜʝ æV ï ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ 

ʧʦʜʚʠʞʥʦʡ ʧʣʠʪʳ; k ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨ-

ʮʠʦʥʘʣʴʥʦʩʪʠ; I1(t) ï ʪʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ ʪʦʢʘ; I0 

ï ʟʘʜʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʪʦʢʘ (ʫʩʪʘʥʦʚʢʘ); ŭ ï ʟʦʥʘ 

ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʭʝʤʳ ʩʨʘʚʥʝʥʠʷ. 

ɼʣʷ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʳ ʢʦʨʨʝʢʪʦʨʘ ʩʢʦʨʦ-

ʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʦʷʥʩʪʚʦ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝ-

ʥʠʷ ʪʦʢʘ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʚʨʝʤʝʥʠ ʩʚʘʨʢʠ. ʇʨʠ 

ʬʦʨʩʠʨʦʚʢʝ ʨʝʞʠʤ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʥʘʨʘʩʪʘ-

ʥʠʝ ʪʦʢʘ ʧʝʨʝʜ ʦʩʘʜʢʦʡ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʜʘʶʪ-

ʩʷ ʣʦʞʥʳʝ ʢʦʤʘʥʜʳ ʥʘ ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦ-

ʜʘʯʠ ʜʝʪʘʣʝʡ (ʩʤ. ʨʠʩʫʥʦʢ). 

ɺ ʨʝʞʠʤʝ ʧʫʣʴʩʠʨʫʶʱʝʛʦ ʦʧʣʘʚʣʝʥʠʷ ʜʣʷ 

ʢʘʞʜʦʛʦ ʵʪʘʧʘ ʥʘ ʩʚʘʨʦʯʥʦʡ ʤʘʰʠʥʝ ʂ1100 

ʚʦʟʤʦʞʥʘ ʨʝʛʫʣʠʨʦʚʢʘ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʘʨʘ-

ʤʝʪʨʘʤ:  

ï ʧʫʪʴ ï ʚʝʣʠʯʠʥʘ ʭʦʜʘ ʧʦʜʚʠʞʥʦʡ ʩʪʘʥʠʥʳ 

ʥʘ ʫʯʘʩʪʢʘʭ; 

ï I1 ï ʪʦʢ, ʧʨʠ ʢʦʪʦʨʦʤ ʤʘʰʠʥʘ ʙʫʜʝʪ ʜʚʠ-

ʛʘʪʴʩʷ ʚʧʝʨʝʜ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʚʝʣʠʯʠʥʳ ʫʩʪʘ-

ʥʦʚʣʝʥʥʦʛʦ ʪʦʢʘ (ʟʦʥʘ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ); 

ï I2 ï ʪʦʢ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ I1 Ó I2 

ʤʘʰʠʥʘ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ; 

ï I3 ï ʪʦʢ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ I2 Ó I3 

ʤʘʰʠʥʘ çʨʘʟʚʦʜʠʪʩʷè ʧʦ ʟʘʜʘʥʥʦʡ ʟʘʚʠʩʠʤʦ-

ʩʪʠ; 

ï Vʚ ï ʩʢʦʨʦʩʪʴ çʩʙʣʠʞʝʥʠʷè ʤʘʰʠʥʳ ʧʨʠ 

ʦʧʣʘʚʣʝʥʠʠ; 

ï Vʥ ï ʩʢʦʨʦʩʪʴ çʨʘʟʚʝʜʝʥʠʷè ʤʘʰʠʥʳ ʧʨʠ 

ʦʧʣʘʚʣʝʥʠʠ; 

ï ʊ ï ʚʨʝʤʷ ʦʩʘʜʢʠ ʧʦʜ ʪʦʢʦʤ; 

ï ʦʩʘʜʢʘ ï ʚʝʣʠʯʠʥʘ ʦʩʘʜʢʠ; 

ï ʧʨʦʢʦʚʢʘ ï ʚʨʝʤʷ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʦʩʘʜ-

ʢʠ ʠ ʜʦ ʢʦʤʘʥʜʳ ʥʘ ʛʨʘʪʦʩʲʝʤ; 

ï ʛʨʘʪʦʩʲʝʤ ï ʧʦʣʥʳʡ ʭʦʜ ʤʘʰʠʥʳ ʜʣʷ ʩʥʷ-

ʪʠʷ ʛʨʘʪʘ; 

ï ʠʩʭʦʜʥʦʝ ï ʪʦʯʢʘ ʥʘʯʘʣʘ ʩʚʘʨʢʠ; 

ï ʥʘʧʨʷʞʝʥʠʝ ʧʦ ʩʪʫʧʝʥʷʤ ï ʩʚʘʨʦʯʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʧʦ ʩʪʫʧʝʥʷʤ. 
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Q

1

2

O Iʫʩʪ I
 

 

ɿʘʚʠʩʠʤʦʩʪʴ ʤʦʱʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʦʧʣʘʚʣʝʥʠʷ ʜʝʪʘʣʝʡ (1), ʠ ʤʦʱʥʦʩʪʠ, ʨʘʟʚʠʚʘʝʤʦʡ ʤʘʰʠʥʦʡ (2), ʦʪ ʪʦʢʘ (Iʫʩʪ ï 

ʫʩʪʘʥʦʚʠʚʰʝʝʩʷ ʟʥʘʯʝʥʠʝ ʪʦʢʘ) 

 

ʆʙʳʯʥʦ ʦʧʪʠʤʠʟʘʮʠʶ ʧʨʦʚʦʜʷʪ ʧʦ ʦʜʥʦʤʫ 

ʥʘʠʙʦʣʝʝ ʚʘʞʥʦʤʫ ʚʳʭʦʜʥʦʤʫ ʧʘʨʘʤʝʪʨʫ, ʧʨʠ 

ʵʪʦʤ ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘ-

ʜʘʶʪ ʦʛʨʘʥʠʯʝʥʠʷ. ʆʜʥʘʢʦ ʝʩʣʠ ʚʳʭʦʜʥʳʝ ʧʘ-

ʨʘʤʝʪʨʳ ʢʦʨʨʝʣʠʨʫʶʪ, ʪʦ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʟʘʜʘʚʘʪʴ ʛʨʘʥʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʤʝʥʝʝ ʚʘʞ-

ʥʦʛʦ ʧʘʨʘʤʝʪʨʘ. ʏʝʤ ʙʣʠʞʝ ʥʘʡʜʝʥʥʦʝ ʟʥʘʯʝ-

ʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʢ ʝʜʠʥʠʮʝ, ʪʝʤ 

ʩʠʣʴʥʝʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, 

ʢʘʢʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʥʠʤʘʝʪ ʜʨʫʛʦʡ ʧʘʨʘʤʝʪʨ, ʪʦ 

ʝʩʪʴ ʤʝʞʜʫ ʪʘʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʫʱʝʩʪʚʫʝʪ 

ʣʠʥʝʡʥʘʷ ʩʚʷʟʴ, ʠ ʧʨʠ ʠʟʫʯʝʥʠʠ ʧʨʦʮʝʩʩʘ ʤʦʞ-

ʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʦʣʴʢʦ ʦʜʠʥ ʠʟ ʥʠʭ [8]. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʟʥʘʯʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ R 

ʧʘʨʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ Pʠʟʛ ʠ fʧʨ ʩʨʘʚʥʠʤ 

ʝʛʦ ʟʥʘʯʝʥʠʝ ʩ ʪʘʙʣʠʯʥʳʤ (ʢʨʠʪʠʯʝʩʢʠʤ) ʟʥʘ-

ʯʝʥʠʝʤ (rʢʨ), ʢʦʪʦʨʦʝ ʧʨʠʚʝʜʝʥʦ ʚ ʨʘʙʦʪʝ [8]. 

ʂʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷ-

ʮʠʠ ʚʳʙʠʨʘʝʪʩʷ, ʠʩʭʦʜʷ ʠʟ ʯʠʩʣʘ ʩʪʝʧʝʥʝʡ 

ʩʚʦʙʦʜʳ (f = n ï 2 = 78, ʛʜʝ n = 80 ï ʢʦʣʠʯʝʩʪʚʦ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ), ʧʨʠ ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ  

Ŭ = 0,05 (P = 0,95). ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ 

R = 0,65 > rʢʨ = 0,217; ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʞʜʫ 

ʧʘʨʘʤʝʪʨʘʤʠ ʠʤʝʝʪʩʷ ʪʝʩʥʘʷ ʣʠʥʝʡʥʘʷ ʩʚʷʟʴ, 

ʦʧʪʠʤʠʟʘʮʠʶ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʪʦʣʴʢʦ ʧʦ ʦʜ-

ʥʦʤʫ ʧʘʨʘʤʝʪʨʫ. 

ʇʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʛʨʝʩ-

ʩʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʛʨʘʥʠʮʳ 

ʚʘʨʴʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ. ʕʪʠʤʠ ʛʨʘʥʠʮʘʤʠ 

ʷʚʣʷʶʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʝ ʠ ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘ-

ʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ, ʧʦ ʢʦʪʦʨʳʤ ʩʪʨʦʠʣʠ ʨʝʛʨʝʩ-

ʩʠʦʥʥʳʝ ʤʦʜʝʣʠ. 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʠ ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2. 

ʆ ʭʘʨʘʢʪʝʨʝ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʦʚ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʶʪ ʟʥʘʢʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʝʛʨʝʩʩʠʠ: ʟʥʘʢ 

ʧʣʶʩ ï ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʟʥʘʯʝʥʠʷ ʬʘʢʪʦʨʘ ʨʘʩʪʝʪ 

ʚʝʣʠʯʠʥʘ ʧʘʨʘʤʝʪʨʘ ʦʧʪʠʤʠʟʘʮʠʠ, ʟʥʘʢ ʤʠʥʫʩ 

ï ʫʙʳʚʘʝʪ. ʊʘʢ ʢʘʢ ʥʫʞʥʦ ʥʘʡʪʠ ʤʘʢʩʠʤʫʤ 

ʬʫʥʢʮʠʠ ʦʪʢʣʠʢʘ, ʪʦ ʫʚʝʣʠʯʝʥʠʝ ʟʥʘʯʝʥʠʡ ʚʩʝʭ 

ʬʘʢʪʦʨʦʚ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʪʦʨʳʭ ʠʤʝʶʪ ʟʥʘʢ 

ʧʣʶʩ, ʙʣʘʛʦʧʨʠʷʪʥʦ, ʘ ʠʤʝʶʱʠʭ ʟʥʘʢ ʤʠʥʫʩ ï 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʦ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʧʦʜ-

ʩʪʘʚʠʤ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝ-

ʤʦʝ ʫʨʘʚʥʝʥʠʝ. 

 

ʊʘʙʣʠʮʘ 2 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʠ ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

 

ʇʘʨʘʤʝʪʨ Pʩʨ1, ʘʪʤ Iʩʨ1, ɸ Vʩʨ4, ʤʤ/ʩ Pʤʘʢʩ4, ʘʪʤ Pʤʠʥ4, ʘʪʤ Uʤʘʢʩ4, ɺ 

ɿʥʘʢ ʢʦʵʬʠʮʠʝʥʪʘ ʨʝʛʨʝʩʩʠʠ (bi) ï + + + ï ï 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 32 513 9,33 129 100 423 

ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 30 434 1,56 123 60 359 

ʇʘʨʘʤʝʪʨ Iʤʘʢʩ4, ɸ Iʤʠʥ4, ɸ ʊʥʘʯ4, ʩ Uʤʘʢʩ5, ɺ Iʤʘʢʩ5, ɸ  

ɿʥʘʢ ʢʦʵʬʠʮʠʝʥʪʘ ʨʝʛʨʝʩʩʠʠ (bi) + ï ï + ï  

ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 1174 1075 144,9 105 324  

ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 1074 6 99,1 2 6  
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ʇʨʠ ʚʳʙʦʨʝ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʟʥʘ-

ʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʫʩʠʣʠʝ ʠʟʛʠʙʘ Pʠʟʛ ʩʦʩʪʘʚʣʷ-

ʝʪ 8437,37 ʢʅ. ʈʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ Pʠʟʛ ʧʨʘʢʪʠ-

ʯʝʩʢʠ ʚ ʪʨʠ ʨʘʟʘ ʚʳʰʝ ʩʨʝʜʥʝʛʦ. ɺ ʨʝʘʣʴʥʦʤ 

ʧʨʦʮʝʩʩʝ ʪʘʢʠʝ ʨʝʞʠʤʳ ʨʝʘʣʠʟʦʚʘʪʴ ʥʝʚʦʟ-

ʤʦʞʥʦ, ʪʘʢ ʢʘʢ ʥʘ ʧʷʪʦʤ ʵʪʘʧʝ ʦʧʣʘʚʣʝʥʠʷ ʥʝ 

ʧʨʦʠʩʭʦʜʠʪ, ʪʦʢ ʧʨʦʪʝʢʘʝʪ ʫʞʝ ʧʦ ʚʩʝʤʫ ʩʝʯʝ-

ʥʠʶ ʩʚʘʨʥʦʛʦ ʨʝʣʴʩʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʝʪ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʝʛʫʣʠʨʦʚʢʫ ʩʠʣʳ ʪʦ-

ʢʘ ʦʧʣʘʚʣʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʧʝʨʝʜʚʠʞʝʥʠʷ ʧʦ-

ʜʚʠʞʥʦʡ ʩʪʘʥʠʥʳ (ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʠʣʘ ʪʦʢʘ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʥʘʧʨʷʞʝʥʠʶ), ʧʦʵʪʦʤʫ ʦʜ-

ʥʦʚʨʝʤʝʥʥʘʷ ʧʦʜʩʪʘʥʦʚʢʘ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘ-

ʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʩʠʣʳ ʪʦʢʘ ʥʝʢʦʨʨʝʢʪʥʘ. ʇʦʜʩʪʘʚʣʷʷ ʩʥʘʯʘʣʘ 

ʤʘʢʩʠʤʘʣʴʥʳʝ, ʘ ʧʦʪʦʤ ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ ʧʷʪʦʛʦ ʵʪʘʧʘ (Uʤʘʢʩ5, Iʤʘʢʩ5), 

ʧʦʣʫʯʠʤ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʝ ʢ ʠʩʪʠʥʝ ʤʘʢʩʠ-

ʤʘʣʴʥʦʝ ʠ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʷ ʫʩʠʣʠʷ ʧʨʠ 

ʠʟʛʠʙʝ: 3923,07 ʠ 3828,29 ʢʅ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʣʠʯʠʝ ʪʦʢʘ ʧʦʩʣʝ ʦʩʘʜʢʠ ʚ 

ʩʚʘʨʠʚʘʝʤʳʭ ʨʝʣʴʩʘʭ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ 

ʢʘʯʝʩʪʚʦ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʇʨʠ ʦʧʪʠʤʘʣʴ-

ʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ (Pʩʨ1 = 30 ʘʪʤ; Iʩʨ1  

= 513 ɸ; Vʩʨ4 = 9,33 ʤʤ/ʩ; Pʤʘʢʩ4 = 129 ʘʪʤ; Pʤʠʥ4 
= 60 ʘʪʤ; Uʤʘʢʩ4 = 359 ɺ; Iʤʘʢʩ4 = 1174 ɸ; Iʤʠʥ4 =      

6 ɸ; ʊʥʘʯ4 = 99,10 ʩ; Uʤʘʢʩ5 = 105 ɺ; Iʤʘʢʩ5 = 324 ɸ) 

ʧʨʦʛʥʦʟʠʨʫʝʤʳʝ ʟʥʘʯʝʥʠʷ ʧʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʤʦʜʝʣʠ ʨʝʛʨʝʩʩʠʠ ʩʦʩʪʘʚʣʷʶʪ: Pʠʟʛ = 3923,07 ʢʅ;  

fʧʨ = 75,83 ʤʤ. 

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝ-

ʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʟʤʝʥʠʪʴ ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʘ-

ʨʘʤʝʪʨʳ ʨʝʞʠʤʘ ʥʘ ʟʥʘʯʝʥʠʷ, ʧʨʠʚʝʜʝʥʥʳʝ 

ʚʳʰʝ. ʆʙʦʨʫʜʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ 

ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ: I1 = 510 õ 520 ɸ, Iʦʩ  

= 1100 õ 1200 ɸ. ʇʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʚʨʝʤʝʥʠ 

ʦʧʣʘʚʣʝʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʣʫʯʰʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʢʘʯʝʩʪʚʘ. 

ʅʝʢʦʪʦʨʳʝ ʠʟ ʧʘʨʘʤʝʪʨʦʚ ʥʝʚʦʟʤʦʞʥʦ ʟʘ-

ʜʘʪʴ ʧʨʦʛʨʘʤʤʥʳʤ ʧʫʪʝʤ, ʜʣʷ ʠʭ ʫʩʪʘʥʦʚʢʠ 

ʪʨʝʙʫʝʪʩʷ ʥʘʣʘʜʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʚʘʨʦʯʥʦʡ 

ʤʘʰʠʥʳ. ʈʘʟʥʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ Pʤʘʢʩ4 ʠ Pʤʠʥ4 

(ʯʝʪʚʝʨʪʦʛʦ ʵʪʘʧʘ ï ʦʩʘʜʢʠ) ʛʦʚʦʨʠʪ ʦ ʛʨʘʜʠʝʥ-

ʪʝ ʜʘʚʣʝʥʠʷ ʚ ʛʠʜʨʦʮʠʣʠʥʜʨʘʭ ʚʦ ʚʨʝʤʷ ʦʩʘʜ-

ʢʠ, ʪʦ ʝʩʪʴ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ, ʢʦ-

ʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʚʠʞʝʥʠʷ ʧʦ-

ʜʚʠʞʥʦʡ ʩʪʘʥʠʥʳ ʧʨʠ ʦʩʘʜʢʝ. ʉʨʝʜʥʠʝ ʟʥʘʯʝ-

ʥʠʷ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʚʠʞʝʥʠʷ ʧʦʜʚʠʞʥʦʡ ʩʪʘʥʠ-

ʥʳ Vʩʨ4 ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 1,56 ï 9,33 

ʤʤ/ʩ; ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʦʷʥʠʷ 

ʛʠʜʨʦʘʢʢʫʤʫʣʷʪʦʨʘ. ʇʨʠ ʥʝʜʦʩʪʘʪʦʯʥʦʤ ʜʘʚ-

ʣʝʥʠʠ ʚ ʛʠʜʨʦʘʢʢʫʤʫʣʷʪʦʨʝ ʥʝʦʙʭʦʜʠʤʦ ʩʥʠ-

ʞʘʪʴ ʩʢʦʨʦʩʪʴ ʦʩʘʜʢʠ, ʯʪʦ ʤʦʞʝʪ ʧʦʚʣʝʯʴ ʦʙ-

ʨʘʟʦʚʘʥʠʝ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ (ʦʢʩʠ-

ʜʦʚ) ʚ ʤʝʪʘʣʣʝ ʩʚʘʨʥʦʛʦ ʰʚʘ ʨʝʣʴʩʦʚ ʠʟ ʵʣʝʢ-

ʪʨʦʩʪʘʣʠ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʭʫʜʰʝʥʠʝ ʤʝʭʘ-

ʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʚʘʨʥʦʛʦ ʩʪʢrʘ. 

ɺʳʚʦʜʳ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦ-

ʜʝʣʝʡ ʧʨʦʮʝʩʩʘ ʢʦʥʪʘʢʪʥʦʡ ʩʚʘʨʢʠ ʨʝʣʴʩʦʚ ʦʧʨʝ-

ʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʝʞʠʤʦʚ ʩʚʘʨʢʠ 

ʥʘ ʤʘʰʠʥʝ ʂ1100, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʦʚʳʩʠʪʴ 

ʢʘʯʝʩʪʚʦ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʨʝʣʩɹʦʚ: I1 = 510  

õ 520 ɸ, Iʦʩ = 1100 õ 1200 ɸ, ʊʥʘʯ4 = 100 õ 110 ʩ, 

Vʩʨ4= 9 õ 10 ʤʤ/ʩ. ʈʘʩʩʤʦʪʨʝʥʳ ʧʨʠʥʮʠʧʳ ʫʧʨʘʚ-

ʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʢʦʥʪʘʢʪʥʦʡ ʩʪʳʢʦʚʦʡ ʩʚʘʨʢʠ 

ʨʝʣʴʩʦʚ. ʇʦʢʘʟʘʥʳ ʚʦʟʤʦʞʥʳʝ ʧʨʠʯʠʥʳ ʩʥʠʞʝ-

ʥʠʷ ʢʘʯʝʩʪʚʘ ʩʚʘʨʥʦʛʦ ʩʪʳʢʘ ʨʝʣʴʩʦʚ, ʜʣʷ ʫʩʪʨʘ-

ʥʝʥʠʷ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪʩʷ ʥʘʣʘʜʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
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Liquid* lithium lead material is one of the most 

promising concepts for the latest fusion reactor 

blanket design which has been widely investigat-

ed. It uses liquid lithium lead as breeding material, 

lithium for neutron breeding and lead for produc-

ing tritium. China, the European Union, the Unit-

ed States and other members of ITER (Interna-

tional Thermonuclear Experimental Reactor) all 

pay significant attention to the research and de-

velopment of the liquid lithium lead [1ï3]. The 

main functions of the lithium lead alloy include 

energy conversion, tritium breed and radiation 

shield, it is crucial component in order to make 

fusion energy to achieve the ultimate applications. 

However, the concern about liquid metal blanket 

is its compatibility with candidate structural mate-

rials [4]. 

Coolant materials not only suffer high tem-

perature and high pressure, but also bear strong 

neutron irradiation under complex dynamic condi-

tion. Reduced activation ferritic/martensitic 

(RAFM) steel used as structural materials be-

comes one of the most attractive designs for 

ITER-TBM [5]. To keep pace with the research 

and development of RAFM steel in other coun-

tries and meet the demands of constructing the 

DEMO and the first fusion power plant, China has 

developed its own low activation martensitic 

(CLAM) steel one of the RAFM (F82H, JLF-1, 

EUROFER 97, 9Cr2WVTa) steels, the research 

and development are done by the fusion design 

study team form ASIPP (Institute of Plasma Phys-

ics Chinese Academy of Sciences) in cooperation 

with some institutions and universities in 2001 

[6]. CLAM steel serve as nuclear fusion reactor 

cladding material, is used for manufacturing TBM 

(Test Blanket Module) internal cooling passages 

[7], due to the flow channels structure is complex, 

                                                           
*
 This work is sponsored by the National Natural 

Science Foundation of China under Grant Nos. 

50905079 and 51375216. We deeply acknowledge and 

appreciate the work our predecessors have done. We 

appreciate Professor Bruce Madigan and Mr. Nathan 

Huft from Montana Tech. for their language polishing. 

different runner sizes and positions make overall 

molding difficult, welding technique is a major 

means of connecting these parts. The severe work-

ing conditions give strict requirements to CLAM 

steel and its weldments, therefore, improving the 

weld joint corrosion resistance is one of key 

factors in practical application. In this article, pre-

vious work on corrosion behavior between base 

metal and its weldments in static and flowing liq-

uid lithium lead are focused. 

 

Weldability of CLAM steel 

Base on the research and design experience of 

Europe, Japan and United States about RAFM 

steel, China has developed its own characteristic, 

composition and performance optimized China 

Low Activation Martensitic steel. CLAM steel is 

regarded as one of the most realistic fusion first 

wall material, because of its excellent perfor-

mance such as high resistance to irradiation swell-

ing and irradiation embrittlement [8], low thermal 

expansion coefficient and high temperature me-

chanical properties compare to traditional austen-

itic stainless steels [9], Main chemical composi-

tion and mechanical properties are shown in Table 

1 and Table 2, elements Nb and Mo that cause 

long time activation under neutron irradiation are 

replaced by W, V and Ta, the content of Ta is 0,20 

% to improve the high temperature performance, 

Cr content at 9 % provides the lowest DBTT (duc-

tile-brittle transition temperature) in irradiate con-

dition, when the percentage is more than 12 %, 

delta ferrite will begin to appear, toughness will 

decrease and the corrosion rate will also be affect-

ed. The heat treatment is normalizing at 1253 K 

for 30 minutes and then cooling in air to room 

temperature (RT) and tempering at 1033 K for 90 

minutes then air cooling to RT [17, 18]. After 

normalizing, high density dislocation structure is 

obtained, in subsequent tempering process the 

dislocation is reduced greatly and precipitated 

phase formed. These precipitates strongly pin in 

dislocations, further improve the high temperature 

mechanical properties, plasticity and toughness.  
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T a b l e  1  

Chemical composition of RAFM steel [10 ï 12] (wt %) 
 

 Cr W V Ta Mn C Ni Cu Fe 

CLAM 8.91 1.44 0.16 0.20 0.35 0.12 0.043 0.028 Bal 

EUROFER 97 8.82 1.09 0.20 0.13 0.47 0.11 0.02 - Bal 

JLF-1 8.93 1.96 0.21 - 0.64 0.10 0.49 - Bal 

 

T a b l e  2  

CLAM steel mechanical properties between room temperature and 550ᴈ [13 ï 16] 

 

 
Yield 

strength/ʄʈʘ 
Tensile strength/Mpa 

Elongation at 

fracture/% 

Reduction 

of area/% 
TDBTT/ᴈ 

RT 512 660 23 77 -52 

550ᴈ 340 365 24 84 - 

 
Microstructure is observed by optical microscope 

(OM) as shown in Fig. 1 [19]. Fig. 1 (a) shows 

that base metal microstructure distribution is uni-

form, grains refinement and no delta ferrite is ob-

served, which means that base metal is fully tem-

pered. After welding, microstructure is unevenly 

distributed, grain size become coarse as shown in 

Fig. 1 (b). 

Suitable fusion welding technique for CLAM 

steel include gas tungsten arc welding (GTAW), 

laser beam welding (LBW), plasma arc welding 

(PAW), ultrasonic TIG welding and hot isostatic 

pressure diffusion welding (HIP) [20, 21]. The 

welding heat input, weld metal remelting and 

crystallization, heat affected zone (HAZ) grain 

growth, delta ferrite appear between the prior aus-

tenite grain boundaries have seriously affected the 

performance of the weldment [22 ï 24]. These 

changes make weld joints prone to phenomenon 

of weld zone hardening, heat affected zone soften-

ing, and cold cracking. The advantages of GTAW 

method are: weld zone is well protected, heat in-

put is concentrated and welding deformation is 

small as well as easily realize mechanization and 

automation. Beijing university of science and 

technology had done Y-type and double Y-type 

grooves welding tests on 13 mm thick CLAM 

steel plates using GTAW method [25], the study 

find that heat affected zone is slightly large, from 

fusion zone to base metal, hardness distribution 

firstly decrease and then slightly increase. GTAW 

welding of 4 mm thick CLAM steel is conducted 

with the current 96A and the speed is about 

5cm/min in Jiangsu university [26], the results 

show that weld zone hardness values are on the 

high side, heat affected zone near the base metal 

existed a narrow softening area, microstructures 

are obvious lath character tempered martensite. 

 

Liquid metal lithium lead loop 

A series of experimental devices (heat convec-

tion and forced convection loop) on materials cor-

 

  

Fig. 1. Microstructure of base metal (a) and the weld (b) [19] 
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Fig.2. Schematic diagram of DRAGON-I loop. [2, 32] 

 

 

rosion experiments in liquid lead lithium have 

been designed all over the world, and RAFM steel 

compatibility with liquid lithium lead is evaluated 

and validated [27 ï 29]. In China FDS team [30, 

31] has successfully developed the first liquid lith-

ium lead corrosion experiment loop DRAGON-1, 

which the material is 316 L stainless steel, its in-

ner diameter is 22 mm and outside diameter 32 

mm, partial schematic diagram as shown in Fig. 2. 

The whole circuit device main body consists of 

hot section (to place samples), cold section, heat-

ing side, cooling side and the expansion tank. 

Cold and hot section temperature were set at 693 

K and 753 K, heating side temperature is heated 

from 693 K to 753 K continuously, while cooling 

side temperature is designed from 753 K drop 

down to 693 K. The difference of temperature 

within the hot and cold section causes the lithium 

lead density distribution is non-uniform, thus 

forming heat convection circulation under gravity.  

When operating the circuit, liquid lithium lead 

flow into the loop from expansion tank at the top, 

heat convection circulation flow between hot sec-

tion and cold section, the velocity is about 0.08 

m/s. After the corrosion experiments, samples are 

taken out and cleaned in the solution CH3COOH, 

H2O2 and C2H5OH (1:1:1) to remove the residual 

layers and other corrosion compounds on the sur-

faces until the weight remain constant, the sam-

ples then are grounded using sandpapers with a 

grids order of 180, 360, 600, 800, 1000, 1200 and 

mechanically polished by diamond polishing 

agent with a diameter of 0,5 ï 1,25 ɛm. After fine 

grinding and polishing, the surfaces are smooth 

enough to observe subtle signs of corrosion. Sam-

ple surface and the cross section are tested by 

XRD, EDS and SEM analysis. 

 

CLAM steel vs. weldment corrosion rate 

Weight loss and corrosion depth following with 

time are usually used to evaluate the corrosion rate. 

Corrosion loss is determined by weight 

measurements using electro balance with an 

accuracy of 0,01 mg. Fig. 3 shows the weight loss 

and time curve of low activation ferritic/martensitic 

in flowing LiPb at 753 K, the straight line slope 

between two points represents the corrosion rate. 

CLAM steel corrosion rate exhibits a linear increase 

close to 2500 hours, the weight loss is 1,18 mg/cm2 

as the corrosion time reaches 5000 hours. In the 

early corrosion period, due to the pre-existing of 

passivation layers, the weight loss is small and 

specimens do not enter the stable corrosion stage, 

until passivation layers lose protection effect. 

Eurofer97 and JLF-1 also show better compatibility 

with liquid LiPb in dynamic conditions. 
 

 

Fig. 3. Weight loss of low activation ferritic/martensitic steel as a function of time (Data are from Ref. 2, 4, 33, 34) 
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Fig.4. Corrosion rate comparison between CLAM steel and its weldments as a function of time (Data are from Ref. 1, 36, 37, 40) 

 
Corrosion depth is influenced by various envi-

ronmental parameters such as temperature, flow 

velocity and time [35]. The depth of the weld-

ments increases with time and the corrosion rate is 

higher than that of base metal as shown in Fig. 4. 

When the exposing time was 2500 hours, corro-

sion depth of base metal is 0,5 ɛm and weld is 

1,25 ɛm in dynamic conditions. Corrosion depth 

for 5000 h is calculated according to the previous 

existed corrosion rate. It is believed that the 

coarse martensite lath, residual stress, and high 

heat input under welding condition make the 

weldment corrosion resistance lower than base 

metal. If the high temperature leads to serious cor-

rosion, the effect of flowing rate is greater. There-

fore, the weld corrosion rate becomes more de-

serving research for long time under flowing LiPb 

conditions. Increasing the weldment corrosion 

resistance has a very important practical signifi-

cance in order to improve the service life of struc-

tural blanket materials. 

According to the above cases, if a nuclear reac-

tor is designed for 100 years of operation, the 

CLAM steel base metal weight loss is about 

206,74 mg/cm
2
, the weld corrosion depth is about 

438 ɛm, the numerical values are acceptable. That 

is to say China low activation martensite steel and 

its weld not only meet the requirements of the 

basic performance for common structural materi-

als, and ensure the normal operation under service 

conditions. 

 

CLAM steel vs. weldment surface investigation 
Compared corrosion tests between CLAM 

steel and 316L stainless steel at 753 K with flow 

velocity 0,08 m/s in dynamic conditions for 500 h 

were conducted in the year 2005 by FDS team for 

the first time, SEM observation and EDS analysis 

had showed that CLAM steel corrosion resistance 

was better, the surface morphology and composi-

tion almost had no change [38]. Then longer time 

experiments of 2500 h in flowing LiPb were car-

ried out, corrosive attack took place along the en-

tire surface, the corrosion surface was inhomoge-

neous and started with the destroy of oxide layers 

formed during the heat treatment or specimens 

preparation process. 

Chen et al [36]
 
have studied and analyzed the 

corrosion behavior of CLAM steel under dynamic 

condition at 753 K in liquid lithium lead metal. 

Specimens surface morphology, chemical compo-

sition and corrosion rate had been observed and 

calculated. When the corrosion time approached 

3000 hours, more than fifty percent of the speci-

men surface did not suffer attack, the probable 

reason was that the dense oxide layers protected 

the internal metal from dissolving into flowing 

lithium lead alloy. Analysis showed that no LiPb 

diffusion was detected on the surface and the 

maybe presence of ferritic phase reduced the cor-

rosion resistance. Specimens that were exposed 

nearly 8000 hours exhibited irregular corrosion 

and the depth was approximately 15 ɛm as shown 

in Fig. 5. EDS line scan found major elements of 

Fe and Cr decreased greatly in the corrosion layer 

and the main difference was high oxygen content 

in the corrosion zone. Due to the diffusion effect, 

carbon element accumulated on the surface. As 

time changed longer, a newly formed chromium 

oxide layer with high level of oxygen began to 

appear under the corrosion layer, the thickness 

was about 10 ɛm. That was supposed, when expo-

sure time was long enough, elements dissolving in 

liquid metal and the corrosion attack continued 

entering into the deeper matrix leaded to the de-

stroy of the base metal and weight loss [39, 40]. 

Elements of Fe and Cr reduced near surface, the 

depleted layers thickness was around a few mi-

crons, elements such as oxygen, tungsten have 

improved obviously. Even though, the existence 

of protective layers did not prevent the metal from 

dissolving into liquid metal. 

Due to the influence of weld heat input, heat 

affected zone (HAZ) near the fusion line or over-

heat region exhibited grain coarse, ultimately 

formed the coarse lath martensite structure, BSE
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Fig. 5. Cross-section and EDS analysis after 8000 h exposure [38] 

 

images as shown in Fig. 6. From weld metal 

(WM) to the coarse-grained heat affected zone 

(CGHAZ), uniform distributed micro-structure 

transformed to rough group. No carbide precipita-

tions were found along the grain boundaries either 

in CGHAZ or fusion zone (FZ) of as-weld joint. 

Weld metal melting and solidification lead to the 

formation of similar casting structure. Because of 

high heat input and thermal cycle during GTAW 

process, the stress distribution was not uniform. 

The carbide particles or oxide scale formed on the 

original austenite grain boundary or the martensite 

lath boundary, chromium content was significant-

ly reduced in this region, thus forming the easy 

corrosion area.  

Microstructure of CLAM steel weld is usually 

coarse martensite and it has large quantities of 

residual stress, these factors generally have a great 

tendency to increase the corrosion attack, making 

the weldments become the weak area of the mate-

rials. According to Chen [40, 42]
 
study, the test 

temperature was 753K with the flowing velocity 

0,08 m/s, when the exposure time was less than 

1000 hours, there was no lithium lead penetrating 

into CLAM steel weldment and the corrosion sur-

face was uniform. It could be concluded that cor-

rosion resistance of weld state was far lower than 

the tempered state of base metal, the coarse mar-

tensite lath in fusion zone gave rise to a high tend 

of corrosion. 

Fig. 7. was XRD images after 3000 h exposure 

between base metal and weldment, it showed that 

curve peaks roughly in the same position of two 

pictures, which indicated that the main composi-

tion and phase had not changed, because there 

presented mostly tempered lath martensite and 

coarse martensite on the surface. The intensity of 

weldment at 2ɗ approach 45 degree was about 

6500, while the base metal was 8000 [43, 44]. Fig. 

8. showed corrosion morphology of CLAM steel 

GTAW weld joint, pitting corrosion could be ob-

served clearly in Fig. 8, a. Fig. 8, b revealed when 

corrosion time was 1000 hours, corrosion degree 

was more serious than that of 500 hours. The gul-

ly like morphology had a parallel arrangement, the 

distances between the gullies were about 0,5 ï 1 

ɛm, a little thinner than the width of martensite 

lath. Weldment surfaces showed uniform corro-

sion and there were no lithium lead diffusing into 

internal metal, element of chromium between 

martensite laths separated out in form of chromi-

um oxide or chromium carbide, at the places the 

original austenite grain boundary or the martensite 

lath were coarse produced chromium depleted 

area [42]. It was processing orientation and direc-

tion of martensite lath (DML) which were not ab-

solutely vertical, that caused the chromium de-

pleted area became more prone to corrosion.

 

 
 

Fig. 6. BSE images near the CLAM weld [41] 
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Fig. 7. XRD images after 3000 h exposure (a) base metal (b) weldment [43, 44] 

 

When the direction of the martensite lath and 

the specimen surface presented small angle or 

near the grain boundary were more likely to be-

come easy corrosion area. From the view of sur-

face morphology, the easy corrosion area usually 

appeared along martensite lath. When exposing to 

liquid lithium lead, CLAM steel weldment enter 

into the stage of stable corrosion, at the same time 

there were more easy corrosion areas in contact 

with liquid metal, where as a result the initial cor-

rosion rate was faster, weight loss was larger. 

Easy corrosion area presented peak and valley 

morphology with ups and downs. As long as the 

time increased, corrosion surface moved further 

inward to the internal steel.
 

 

Corrosion mechanism analysis 

Dissolution and mass migration is the basic 

form for liquid metal corrosion, due to the differ-

ence between solubility and dissolution rate, ele-

ments selective dissolution occur in the liquid 

metal, mass migration refer to the directional 

movement and diffusion of metal material from 

one area to another. Based on previous research 

and analyses, the main corrosion mechanism for 

CLAM steel and its weldments in liquid lithium 

lead is the metal elements dissolving into the liq-

uid LiPb and liquid metal penetrating into the sol-

id structure materials [45]. Corrosion attack take 

place as a function of geometry, microstructure 

and composition. Prior precipitated austenite, 

martensite lath boundaries and areas with residual 

stress suffer severe corrosion [44]. Corrosion at-

tack firstly dissolves pre-existing oxide layers 

formed in the process of tempering or heat treat-

ment, the destruction requires a relatively long 

time, which is referred as the incubation period, 

and then corrosion continue to dissolve internal 

matrix and micro-alloy elements as shown in Fig. 

9. The narrow yellow line stands for oxide layers, 

which is richer in chromium and depleted in metal 

iron, indicates that the oxide layers was likely 

Cr23C6 or Cr2O3. However, element of chromium 

in the matrix is depleted by diffusing to the liquid 

LiPb or forming the compounds 
[46, 47]

. Elements 

diffusion to liquid metal as shown in Fig. 9, b and 

Fig. 9, c, the elements directional migration pro-

duce easy corrosion area and phase transfor-

mation. When the oxide layers are damaged, liq-

uid LiPb alloy begin to permeate into base metal, 

reduce corrosion resistance of micro-structure, 

increase the weight loss of material and lead to 

severe corrosion. 

 

  

Fig. 8. Micrograph of CLAM steel weldments (a) after 500 h (b) after 1000 h [40] 
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Fig.9. Corrosion behavior in flowing liquid LiPb (a) destroy of original oxides layer (b) alloy element dissolving (c) continuous dis-

solving and LiPb permeating 

 

Compared with tempering treated CLAM steel, 

corrosion behavior of welding state is more seri-

ous, the probable reason may be related to the 

composition distribution and microstructure trans-

formation. Base metal microstructure is mostly 

tempered lath martensite, filled with equiaxed 

sub-grains and a number of carbides precipitate on 

prior austenite grain boundaries, sub-grains 

boundaries and within martensite laths during 

tempering. While weld and heat affected zone mi-

crostructure is coarse, uneven distribution, similar 

to casting martensite, results in the decrease of 

corrosion resistance. Chemical composition dif-

ferences between material internal and surface or 

grain boundary impurities and the existence of 

internal stress, component elements prior dissolv-

ing in liquid metal or liquid metal permeating 

along the grain boundary lead to grain boundary 

corrosion. Flow rate is too high or bend a sharp 

turn caused by liquid metal partial vaporization, 

similar to vacuum bubble forming, the surround-

ing liquid metal at high velocity flow into the 

bubbles impacting the material surface, as a result 

pitting occurs. These factors may cause serious 

corrosion, which needs further research in the 

subsequent experiments. 

Conclusion. This paper provides a brief analy-

sis on CLAM steel and its weldments corrosion 

behavior in liquid lithium lead at 753 K as well as 

a review of composition transmission, microstruc-

tures transformation and corrosion mechanism. 

Corrosion behavior under different temperature, 

flow rate and time in liquid metal need further 

study and conclusions are as follows: 

CLAM steel corrosion behavior in flowing 

lithium lead at 753 K is overviewed, corrosion 

mechanism between CLAM steel and its weld-

ment is concluded, the corrosion resistance of 

tempered base metal is superior to welds. 

Corrosion rate exhibits a linear growth, weight 

loss increases with time, when the time reaches 

5000 h, the weight loss is about 1,18 mg/cm
2
, 

while the weldments weight loss is two times 

greater than that of the base metal, corrosion loss 

and depth are calculated for a long run. 

Compositions and microstructures are com-

pared, base metal surface is mostly presented by 

tempered lath martensite and weld zone micro-

structure is coarse, similar to casting martensite, 

corrosion resistance of coarse martensite is not as 

good as tempered one. XRD images showed that 

the peaks are rough at the same position (2ɗ) on 

the corrosion surface, weld surface has certain 

chromium content decreased, peaks intensity is 

weaker than in the base metal. 

The presence of passivation (Fe ï Cr oxides) 

layers has delayed wetting effect, which can effec-

tively protect the internal base metal, reducing the 

corrosion rate at an early stage. Material elements 

dissolving and migrating into the liquid lithium 

are the main cause of the corrosion. 
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