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The paper studies the mechanical properties of the "copper M1 ï steel 09G2S" bimetal ob-

tained by explosion welding. The features of the fracture of the welded joint after mechanical tests 

are considered.  
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ʄɽʍɸʅʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʀ ʍɸʈɸʂʊɽʈ ʈɸɿʈʋʐɽʅʀʗ ɹʀʄɽʊɸʃʃɸ  

çʄɽɼʔ ʄ1 ï ʉʊɸʃʔ 09ɻ2ʉè, ʇʆʃʋʏɽʅʅʆɻʆ ʉɺɸʈʂʆʁ ɺɿʈʓɺʆʄ 

ʀ. ɸ. ɺʝʨʝʪʝʥʥʠʢʦʚʘ*, ɼ. ʀ. ɺʠʯʫʞʘʥʠʥ, ʅ. ʉ. ʄʠʯʫʨʦʚ, ʉ. ɺ.ʉʤʠʨʥʦʚ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ  

ʀʥʩʪʠʪʫʪ ʤʘʰʠʥʦʚʝʜʝʥʠʷ ʋʨʘʣʴʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, 
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ʊʝʣʝʬʦʥ: +7 (343) 375ï35ï96; ʬʘʢʩ: 374ï53ï30 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʠʤʝʪʘʣʣʘ çʤʝʜʴ ʄ1 ï ʩʪʘʣʴ 

09ɻ2ʉè, ʧʦʣʫʯʝʥʥʦʛʦ ʩʚʘʨʢʦʡ ʚʟʨʳʚʦʤ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ʩʚʘʨʥʦʛʦ ʰʚʘ 

ʠ ʩʪʨʦʝʥʠʝ ʠʟʣʦʤʦʚ ʧʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʠʤʝʪʘʣʣ, ʩʚʘʨʢʘ ʚʟʨʳʚʦʤ, ʧʨʦʯʥʦʩʪʴ, ʨʘʟʨʫʰʝʥʠʝ. 

1. ɺʚʝʜʝʥʠʝ 

ɺʘʞʥʘʷ ʨʦʣʴ ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʦ ʩʧʝʮʠʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʨʠʥʘʜ-

ʣʝʞʠʪ ʩʣʦʠʩʪʳʤ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʢʦʤʧʦʟʠʮʠʷʤ, ʩʧʦʩʦʙʥʳʤ ʩʦʚʤʝʱʘʪʴ ʢʦʤʧʣʝʢʩ ʫʥʠʢʘʣʴʥʳʭ 

ʩʚʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʚʳʩʦʢʘʷ ʧʨʦʯʥʦʩʪʴ, ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ, ʵʣʝʢʪʨʦ- ʠ ʪʝʧʣʦʧʨʦʚʦʜ-

ʥʦʩʪʴ, ʞʘʨʦʧʨʦʯʥʦʩʪʴ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʠ ʜʨʫʛʠʝ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʤʝʥʝʥʠʝ ʙʠʤʝʪʘʣʣʦʚ ʧʦʟ-

ʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʙʦʣʴʰʦʛʦ ʢʣʘʩʩʘ ʜʝʪʘʣʝʡ ʠ ʦʙʦʨʫʜʦ-

ʚʘʥʠʷ, ʥʦ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʨʘʩʭʦʜʳ ʥʘ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʢʦʥʦʤʠʠ ʜʦʨʦ-

ʛʦʩʪʦʷʱʠʭ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʣʦʠʩʪʳʭ ʤʝʪʘʣʣʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʨʘʙʦʪʢʝ 

ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʧʨʠ ʩʦʟʜʘʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʰʠʥ, ʧʨʠʙʦʨʦʚ, 

ʘʧʧʘʨʘʪʦʚ. ʊʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʦʥʦʣʠʪʥʫʶ ʢʦʤʧʦʟʠʮʠʶ, ʩʦʭʨʘʥʷʶʱʫʶ 

ʥʘʜʝʞʥʫʶ ʩʚʷʟʴ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʨʠ ʜʘʣʴʥʝʡʰʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʠ ʚ ʫʩʣʦʚʠʷʭ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ʆʜʥʠʤ ʠʟ ʥʘʜʝʞʥʳʭ ʠ ʧʨʦʚʝʨʝʥʥʳʭ ʩʧʦʩʦʙʦʚ ʩʦʝʜʠʥʝʥʠʷ ʤʝʪʘʣʣʦʚ ʷʚʣʷʝʪʩʷ 

ʩʚʘʨʢʘ ʚʟʨʳʚʦʤ [1ï7]. ʉʚʘʨʢʫ ʚʟʨʳʚʦʤ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʥʦʛʦʩʣʦʡʥʳʭ ʣʠʩʪʦʚ, 

ʧʦʣʦʩ, ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ, ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʛʫʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʦʙʨʘʙʦʪʢʝ ʜʘʚ-

ʣʝʥʠʝʤ (ʧʨʦʢʘʪʢʝ, ʧʨʝʩʩʦʚʘʥʠʶ, ʰʪʘʤʧʦʚʢʝ, ʚʦʣʦʯʝʥʠʶ ʠ ʜʨ.) [2]. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʳ-

ʩʦʢʫʶ ʪʝʭʥʠʯʝʩʢʫʶ ʠ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠ-

ʘʣʦʚ ʠ ʠʟʜʝʣʠʡ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʝ ʪʘʢ ʰʠʨʦʢʦ. ʕʪʦ ʚʦ ʤʥʦʛʦʤ ʩʚʷʟʘʥʦ ʩ ʥʝʜʦʩʪʘʪʢʘʤʠ ʩʫʱʝ-

ʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʤʝʪʘʣʣʘ, ʢʦʪʦʨʳʝ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʥʝ 

ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʙʠʤʝʪʘʣʣʳ ʪʨʝʙʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠ-

ʝʤ ʥʘʣʠʯʠʷ ʥʝʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʮʝʩʩʝ ʩʦʝʜʠʥʝʥʠʷ, ʬʦʨʤʦʠʟʤʝʥʝʥʠʠ ʠ ʠʟʤʝʥʝʥʠʠ 

ʩʚʦʡʩʪʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʮʠʡ ʧʨʠ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʠ, ʦʙʨʘʙʦʪʢʝ ʠ ʧʨʠʤʝʥʝʥʠʠ.  

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʦʮʝʥʢʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʠʤʝʪʘʣʣʘ çʤʝʜʴ ʄ1 ï ʩʪʘʣʴ 

09ɻ2ʉè, ʧʦʣʫʯʝʥʥʦʛʦ ʩʚʘʨʢʦʡ ʚʟʨʳʚʦʤ, ʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʘ ʨʘʟʨʫʰʝʥʠʷ ʩʚʘʨʥʦʛʦ ʰʚʘ ʠ ʩʪʨʦʝ-

ʥʠʷ ʠʟʣʦʤʦʚ ʧʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ [7].  

2. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʠʤʝʪʘʣʣʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʣʠʩʪʳ ʠʟ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ 

ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʦʡ ʩʪʘʣʠ 09ɻ2ʉ ʠ ʤʝʜʠ ʤʘʨʢʠ ʄ1. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘ-

ʣʦʚ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣ. 1 ʠ 2. ʉʪʘʣʴ 09ɻ2ʉ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʝʪʘʣʣʦʧʨʦʢʘʪʘ ʜʣʷ 



 

 

Diagnostics, Resource and Mechanics of materials and structures 

Issue 6, 2016 

31 

 

 

Veretennikova I.A.  et al. / Mechanical properties and fracture behavior of the "copper M1 ï steel 09G2S" 

bimetal produced by explosion welding 
 

http://dream-journal.org page 28õ38 

 

ʨʘʟʣʠʯʥʳʭ ʜʝʪʘʣʝʡ ʠ ʵʣʝʤʝʥʪʦʚ ʩʚʘʨʥʳʭ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ, ʨʘʙʦʪʘʶʱʠʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫ-

ʨʝ ʦʪ ï70 ʜʦ +425 Áʉ ʧʦʜ ʜʘʚʣʝʥʠʝʤ. ʄʝʜʴ ʄ1 ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤʠ ʘʥʪʠʢʦʨʨʦʟʠʡʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʢʘʢ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʪʘʢ ʚ ʧʨʝʩʥʦʡ ʠ ʤʦʨʩʢʦʡ ʚʦʜʝ ʠ 

ʜʨʫʛʠʭ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ. ɺʳʙʦʨ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥ ʠʭ ʰʠʨʦʢʠʤ 

ʧʨʠʤʝʥʝʥʠʝʤ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [8, 9], ʘ ʪʘʢʞʝ ʜʘʥʥʦʝ (ʠʭ) ʩʦʯʝʪʘʥʠʝ ʧʝʨʩʧʝʢʪʠʚʥʦ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʫʜʦʩʪʨʦʝʥʠʝ, ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ, ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʘʨʤʘʪʫʨʳ, ʪʝʧʣʦ-

ʦʙʤʝʥʥʳʭ ʘʧʧʘʨʘʪʦʚ ʠ ʜʨ. ʃʠʩʪ çʤʝʜʴ ʄ1 ï ʩʪʘʣʴ 09ɻ2ʉè ʪʦʣʱʠʥʦʡ 6 ʤʤ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ 

ʤʝʪʦʜʦʤ ʩʚʘʨʢʠ ʚʟʨʳʚʦʤ ʠʟ ʣʠʩʪʦʚ ʪʦʣʱʠʥʦʡ 2 ʤʤ (ʤʝʜʴ ʄ1) ʠ 4 ʤʤ (ʩʪʘʣʴ 09ɻ2ʉ). ʉʚʘʨʢʘ 

ʚʟʨʳʚʦʤ ʦʩʫʱʝʩʪʚʣʝʥʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ çʋʨʘʣʪʝʭʥʦʧʨʦʝʢʪè (ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ) ʧʦ ʦʧʪʠʤʘʣʴ-

ʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʦʪʩʫʪʩʪʚʠʝ ʜʝʬʝʢʪʦʚ ʚ ʚʠʜʝ ʚʤʷʪʠʥ, ʨʘʩʩʣʦʝʥʠʡ ʠ ʥʘʨʫ-

ʰʝʥʠʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ. 

ʊʘʙʣʠʮʘ 1 ï ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʝʜʠ ʄ1, ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ % 

Fe Ni S As Pb Sb Bi Sn Ag Cu 

0,002 0,0014 0,004 0,002 0,002 0,0012 0,001 0,002 0,002 99,9 

ʊʘʙʣʠʮʘ 2 ï ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʪʘʣʠ 09ɻ2ʉ, ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ % 

C Si Mn P S Cr Ni Cu Co 

0,116 0,69 1,48 0,019 0,01 0,058 0,032 0,059 0,0079 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʝʜʝʥʳ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʚ ʎʝʥʪʨʝ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ 

çʇʣʘʩʪʦʤʝʪʨʠʷè ʀʄɸʐ ʋʨʆ ʈɸʅ (ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ). ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʩʭʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʦʤʧʦʟʠʪʘ ʦʧʨʝʜʝʣʷʣʠ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʧʣʦʩʢʠʭ ʦʙʨʘʟʮʦʚ ʥʘ ʦʜʥʦʦʩʥʦʝ 

ʨʘʩʪʷʞʝʥʠʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦ ɻʆʉʊ 1497ï84 ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʫʥʠʚʝʨʩʘʣʴ-

ʥʦʡ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʳ Instron-8801. ʉʪʨʫʢʪʫʨʫ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ, ʣʦʢʘʣʴ-

ʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʘʪʝʨʠʘʣʦʚ ʩʚʘʨʥʦʛʦ ʰʚʘ ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʥʝʤʫ ʟʦʥ ʠʩʩʣʝʜʦʚʘ-

ʣʠ ʤʝʪʦʜʘʤʠ ʦʧʪʠʯʝʩʢʦʡ ʤʝʪʘʣʣʦʛʨʘʬʠʠ (ʤʠʢʨʦʩʢʦʧ NEOPHOT 21) ʠ ʩ ʧʦʤʦʱʴʶ ʨʘʩʪ-

ʨʦʚʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʊESCAN VEGA II XMU. ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʥʘ ʧʦʧʝʨʝʯʥʳʭ ʰʣʠʬʘʭ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʥʦʤʝʭʘʥʠʯʝ-

ʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ Nano-Triboindentor TI 950, ʛʜʝ ʪʚʝʨʜʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʤʝʪʦʜʠʢʝ 

ʆʣʠʚʝʨʘ ï ʌʘʨʨʘ [10]. 

3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʚʘʨʢʠ ʚʟʨʳʚʦʤ ʙʠʤʝʪʘʣʣ çʤʝʜʴ ʄ1 ï ʩʪʘʣʴ 09ɻ2ʉè ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʥʝʨʘʟʲʝʤʥʦʝ ʩʚʘʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʛʨʘʥʠʮʘ ʢʦʪʦʨʦʛʦ ʠʤʝʝʪ ʭʘʨʘʢʪʝʨʥʦʝ çʚʦʣʥʦʦʙʨʘʟʥʦʝè 

ʩʪʨʦʝʥʠʝ (ʨʠʩ. 1) [11]. ɺ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʷʭ, ʦʧʠʩʳʚʘʶʱʠʭ ʩʨʝʜʫ ʢʘʢ ʥʝʩʞʠʤʘʝʤʫʶ ʞʠʜ-

ʢʦʩʪʴ, ʚʦʣʥʦʦʙʨʘʟʦʚʘʥʠʝ, ʩʦʛʣʘʩʥʦ ʦʙʱʝʧʨʠʥʷʪʦʡ ʪʦʯʢʝ ʟʨʝʥʠʷ, ʩʚʷʟʘʥʦ ʩ ʨʘʟʥʳʤʠ ʬʦʨʤʘʤʠ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ [1, 2]. ɼʘʥʥʳʝ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʤʝʜʠ ʠ ʞʝʣʝʟʘ (ʨʠʩ. 2), 

ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ Tescan VEGA II XMU, ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʶʪ ʦ ʤʘʣʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʜʠʬʬʫʟʠʦʥʥʦʡ ʟʦʥʳ ʥʘ ʛʨʘʥʠʮʝ ʩʚʘʨʥʦʛʦ ʰʚʘ ʠ ʥʘʣʠʯʠʠ ʦʙ-

ʣʘʩʪʠ ʨʝʟʢʦʛʦ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ ʧʝʨʝʭʦʜʘ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʳʪʘʥʠʡ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʧʣʦʩʢʠʭ ʦʙʨʘʟʮʦʚ, ʚʳʨʝʟʘʥʥʳʭ ʠʟ ʠʩʭʦʜʥʳʭ 

ʟʘʛʦʪʦʚʦʢ ʩʪʘʣʠ 09ɻ2ʉ, ʤʝʜʠ ʄ1 ʠ ʣʠʩʪʘ çʤʝʜʴ ʄ1 ï ʩʪʘʣʴ 09ɻ2ʉè ʚʜʦʣʴ ʩʚʘʨʥʦʛʦ ʰʚʘ, ʧʦ-

ʣʫʯʝʥʳ ʢʨʠʚʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ (ʨʠʩ. 3) ʠ ʦʩʥʦʚʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʤʘʪʝʨʠʘʣʦʚ (ʪʘʙʣ. 3).  
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ʈʠʩ. 1. ʆʙʱʠʡ ʚʠʜ ʚʦʣʥʦʚʦʛʦ ʧʨʦʬʠʣʷ ʥʘ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʚ ʙʠʤʝʪʘʣʣʝ  

çʤʝʜʴ ʄ1 ï ʩʪʘʣʴ 09ɻ2ʉè 

 

ʈʠʩ. 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʦ ʧʦʧʝʨʝʯʥʦʤʫ ʩʝʯʝʥʠʶ ʰʚʘ 

ʈʠʩ. 3. ʂʨʠʚʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʙʠʤʝʪʘʣʣʘ 

ʧʦʩʣʝ ʩʚʘʨʢʠ ʚʟʨʳʚʦʤ: ʘ ï ʥʘʯʘʣʴʥʳʡ ʫʯʘʩʪʦʢ, ʙ ï ʧʦʣʥʘʷ ʜʠʘʛʨʘʤʤʘ ʜʝʬʦʨʤʘʮʠʠ  

ʊʘʙʣʠʮʘ 3 ï ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ 

ʆʙʨʘʟʝʮ s0,2, ʄʇʘ sɺ, ʄʇʘ ŭ, % ɣ, % 

ʄʝʜʴ ʄ1 100 235 53 47 

ʉʪʘʣʴ 09ɻ2ʉ 380 505 38 45 

çʄʝʜʴ ʄ1 ï ʩʪʘʣʴ 09ɻ2ʉè 460 475 14 36 

ʆʙʦʟʥʘʯʝʥʠʷ: s0,2 ï ʫʩʣʦʚʥʳʡ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ; sɺ ï ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ; ŭ ï ʦʪʥʦʩʠʪʝʣʴ-

ʥʦʝ ʫʜʣʠʥʝʥʠʝ ʧʦʩʣʝ ʨʘʟʨʳʚʘ; ɣ ï ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʫʞʝʥʠʝ ʧʦʩʣʝ ʨʘʟʨʳʚʘ. 
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ɺʘʞʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʧʨʦʯʥʦʩʪʥʳʝ (ʫʩʣʦʚ-

ʥʳʡ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ, ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ) ʠ ʧʣʘʩʪʠʯʝʩʢʠʝ (ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʠ ʩʫʞʝʥʠʝ 

ʧʦʩʣʝ ʨʘʟʨʳʚʘ) ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʡ ʢʦʤʧʦʟʠʪ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʫʩʣʦʚʥʦʛʦ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʥʘ 

80 ʄʇʘ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʠʙʦʣʝʝ ʧʨʦʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʩʦʝʜʠʥʝʥʠʷ ï ʩʪʘʣʴʶ 09ɻ2ʉ. ɺ ʪʦ 

ʞʝ ʚʨʝʤʷ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʢʦʤʧʦʟʠʪʘ ʥʘ 30 ʄʇʘ ʥʠʞʝ, ʯʝʤ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʩʪʘʣʠ 09ɻ2ʉ. 

ʇʣʘʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʣʷ ʙʠʤʝʪʘʣʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʧʣʘʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʩʭʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ɸʥʘʣʦʛʠʯʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʦ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʨʘʙʦʪʝ 

[12]. ɼʘʥʥʳʡ ʬʘʢʪ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʩʚʘʨʢʠ ʚʟʨʳʚʦʤ ʚ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʤ ʦʙʨʘʟʮʝ 

ʦʙʨʘʟʫʝʪʩʷ ʫʧʨʦʯʥʝʥʥʳʡ ʩʣʦʡ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʥʘ 

ʨʠʩ. 4 ʠ [15]. ʉʣʦʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʘʨʥʦʡ ʰʦʚ ʠ ʧʨʠʣʝʛʘʶʱʠʝ ʢ ʥʝʤʫ ʟʦʥʳ, 

ʨʝʩʫʨʩ ʧʣʘʩʪʠʯʥʦʩʪʠ ʢʦʪʦʨʳʭ ʫʞʝ ʯʘʩʪʠʯʥʦ ʠʩʯʝʨʧʘʥ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝ-

ʥʠʷ. ʉʪʦʠʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ 14 % ʜʣʷ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʵʪʦ 

ʦʯʝʥʴ ʭʦʨʦʰʦ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʘʚʠʘʮʠʦʥʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʫʜʣʠʥʝʥʠʝ ʜʦʣʞʥʦ 

ʙʳʪʴ ʥʝ ʤʝʥʝʝ 5 % [13, 14]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʟʠʪʘ ʥʘʭʦʜʷʪʩʷ 

ʥʘ ʫʨʦʚʥʝ ʩʘʤʦʡ ʧʨʦʯʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʢʦʤʧʦʟʠʪʝ. ʇʦ ʧʣʘʩʪʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʢʦʤʧʦ-

ʟʠʪ çʤʝʜʴ ʄ1 ï ʩʪʘʣʴ 09ɻ2ʉè ʫʩʪʫʧʘʝʪ ʝʛʦ ʩʦʩʪʘʚʣʷʶʱʠʤ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʫʧʨʦʯʥʝʥʥʦʛʦ ʩʣʦʷ ʚ ʦʙʣʘʩʪʠ ʩʚʘʨʥʦʛʦ ʰʚʘ ʠʩʧʦʣʴʟʦ-

ʚʘʣʠ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʥʜʝʥʪʠʨʦʚʘʥʠʠ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʦʡ 500 ʤʅ ʠ ʰʘʛʦʤ ʠʥ-

ʜʝʥʪʠʨʦʚʘʥʠʷ 0,1 ʤʤ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʣʦ ʦʪʩʫʪʩʪʚʠʝ ʚʣʠʷʥʠʷ ʩʦʩʝʜʥʠʭ ʫʢʦʣʦʚ ʠʥʜʝʥʪʦʨʘ ʥʘ ʨʝ-

ʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʩʚʘʨʥʦʤʫ ʰʚʫ 

ʚʜʦʣʴ ʣʠʥʠʡ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦ ʧʦʧʝʨʝʯʥʦʤʫ ʩʝʯʝʥʠʶ ʦʙʨʘʟʮʘ. ʐʠʨʠʥʘ ʦʙʣʘʩʪʠ ʠʟʤʝʨʝʥʠʡ ʩʦ-

ʩʪʘʚʣʷʣʘ 6 ʤʤ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʙʳʣʦ ʧʦʩʪʨʦʝʥʦ ʧʦʣʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ 

ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʣʦʩʳ ʚ ʦʙʣʘʩʪʠ ʩʚʘʨʥʦʛʦ ʰʚʘ ʠ ʧʨʠʤʳʢʘʶʱʠʭ ʢ ʥʝʤʫ 

ʫʯʘʩʪʢʦʚ ʢʘʞʜʦʛʦ ʠʟ ʩʣʦʝʚ (ʨʠʩ. 4). ɿʥʘʯʠʪʝʣʴʥʳʡ ʦʙʲʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʠʣ 

ʦʧʨʝʜʝʣʠʪʴ ʨʘʟʤʝʨʳ ʦʢʦʣʦʰʦʚʥʦʡ ʟʦʥʳ, ʚ ʢʦʪʦʨʦʡ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʪʣʠʯʘʶʪʩʷ ʦʪ 

ʩʚʦʡʩʪʚ ʤʝʪʘʣʣʦʚ ʩʣʦʝʚ ʢʦʤʧʦʟʠʪʘ, ʘ ʪʘʢʞʝ ʦʮʝʥʠʪʴ ʩʪʝʧʝʥʴ ʠʭ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ. 

 

ʈʠʩ. 4. ʂʘʨʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʩʚʘʨʥʦʛʦ ʰʚʘ ʧʦ ʧʦʧʝʨʝʯʥʦʤʫ  

ʩʝʯʝʥʠʶ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʣʦʩʳ çʤʝʜʴ ʄ1 ï ʩʪʘʣʴ 09ɻ2ʉè (ʯʝʨʥʳʤʠ ʣʠʥʠʷʤʠ ʫʢʘʟʘʥʳ  

ʛʨʘʥʠʮʳ ʦʢʦʣʦʰʦʚʥʦʡ ʟʦʥʳ) 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʜʣʷ ʙʠʤʝʪʘʣʣʘ ʧʦʩʣʝ ʩʚʘʨʢʠ ʚʟʨʳʚʦʤ ʚʳʷʚʠʣʦ ʥʝʨʘʚʥʦ-

ʤʝʨʥʦʝ ʫʧʨʦʯʥʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʚ ʦʙʣʘʩʪʠ ʩʚʘʨʥʦʛʦ ʰʚʘ (ʨʠʩ. 4). ɺʙʣʠʟʠ ʛʨʘʥʠʮʳ ʩʦʝʜʠʥʝʥʠʷ 

ʩʣʦʝʚ ʦʙʨʘʟʦʚʘʣʘʩʴ ʟʦʥʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʰʠʨʠʥʦʡ ʦʢʦʣʦ 0,5 ʤʤ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʠʢ-

ʨʦʪʚʝʨʜʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʩʚʘʨʥʦʛʦ ʰʚʘ ʧʦʚʪʦʨʷʝʪ ʚʦʣʥʦʦʙʨʘʟʥʳʡ ʭʘʨʘʢʪʝʨ ʛʨʘʥʠʮʳ ʩʦʝʜʠʥʝʥʠʷ 

ʩʣʦʝʚ. ʄʠʢʨʦʪʚʝʨʜʦʩʪʚ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʚʳʰʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʜʣʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʙʠʤʝʪʘʣʣʘ.  

ʉʪʘʣʴ 09ɻ2ʉ 
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ʊʘʢ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʫʯʘʩʪʢʦʚ ʩʪʘʣʝʡ 09ɻ2ʉ ʠ ʤʝʜʠ ʄ1, ʥʘʭʦʜʷʱʠʭʩʷ ʚʜʘʣʠ ʦʪ ʦʢʦʣʦʰʦʚʥʦʡ ʟʦ-

ʥʳ, ʩʦʩʪʘʚʣʷʝʪ 3ï4 ɻʇʘ ʠ 1ï2 ɻʇʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʩʣʦʝ ʠʟ ʩʪʘʣʠ 09ɻ2ʉ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʥʠʞʝ-

ʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʩʚʘʨʥʦʛʦ ʰʚʘ ʢ ʢʨʘʶ ʙʠʤʝʪʘʣʣʘ, ʯʪʦ ʩʢʦʨʝʝ ʚʩʝʛʦ ʦʙʫ-

ʩʣʦʚʣʝʥʦ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠʩʭʦʜʥʦʛʦ ʣʠʩʪʘ, ʧʨʠʤʝʥʝʥʥʦʛʦ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʙʠʤʝ-

ʪʘʣʣʘ. ɺ ʠʥʪʝʥʩʠʚʥʦ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ ʦʙʣʘʩʪʠ ʩʪʘʣʠ 09ɻ2ʉ, ʧʨʠʣʝʛʘʶʱʝʡ ʢ ʩʚʘʨʥʦʤʫ ʰʚʫ, 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʜʦ 6 ɻʇʘ. ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʩʚʘʨʥʦʛʦ ʰʚʘ ʚʘʨʴ-

ʠʨʫʝʪʩʷ ʦʪ  

2 ɻʇʘ ʥʘ ʛʨʘʥʠʮʝ ʩ ʤʝʜʴʶ ʜʦ 6 ɻʇʘ ʥʘ ʣʦʢʘʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʰʚʘ. ʉʪʦʣʴ 

ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʷʚʣʷʶʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʠʥʪʝʥʩʠʚʥʦʡ ʣʦʢʘʣʴʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʧʨʦʠʩʭʦʜʷʱʝʡ ʚʦ ʚʨʝʤʷ ʚʟʨʳʚʥʦʛʦ ʩʚʘʨʠʚʘʥʠʷ. 

ɼʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʘʨʥʦʛʦ ʰʚʘ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʥʥʦ-

ʩʢʘʥʠʨʫʶʱʝʛʦ ʤʠʢʨʦʩʢʦʧʘ. ɹʳʣʦ ʚʳʷʚʣʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʦʥ ʠʥʪʝʥʩʠʚʥʦʛʦ ʧʝʨʝʤʝ-

ʰʠʚʘʥʠʷ ʤʝʜʠ ʩ ʞʝʣʝʟʦʤ (ʨʠʩ. 5).  

  
 

ʘ ʙ 

 

 

 
ʚ ʛ 

ʈʠʩ. 5. ɿʦʥʳ ʩʚʘʨʥʦʛʦ ʰʚʘ ʙʠʤʝʪʘʣʣʘ çʤʝʜʴ ʄ1 ï ʩʪʘʣʴ 09ɻ2ʉè: ʘïʚ ï ʫʯʘʩʪʢʠ  

ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʤʝʜʠ ʩ ʞʝʣʝʟʦʤ; ʛ ï ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʟʦʥʳ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩ. 5 ʚ 

ʇʝʨʝʤʝʰʠʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʭʦʞʜʝʥʠʷ ʚʟʨʳʚʥʦʡ ʚʦʣʥʳ ʟʘ ʩʯʝʪ ʙʦʣʴ-

ʰʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʪʨʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ ʢʫʤʫʣʷʪʠʚʥʦʡ 

ʩʪʨʫʠ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ. ɺ ʨʘʙʦʪʝ [16] ʜʣʷ ʪʘʢʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʝʨʤʠʥ 

ʉʪʘʣʴ 09ɻ2ʉ ʉʪʘʣʴ 09ɻ2ʉ 

ʉʪʘʣʴ 09ɻ2ʉ 
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ʬʨʘʛʤʝʥʪʘʮʠʷ ʪʠʧʘ ʜʨʦʙʣʝʥʠʷ (ʌʊɼ). ʌʊɼ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʮʝʩʩ ʨʘʟʜʝʣʝʥʠʷ ʥʘ ʯʘ-

ʩʪʠʮʳ, ʢʦʪʦʨʳʝ ʣʠʙʦ ʨʘʟʣʝʪʘʶʪʩʷ, ʣʠʙʦ ʩʪʳʢʫʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʌʊɼ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʙʳʩʪʨʦʪʝʯʥʳʡ ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʫʩʧʝʚʘʝʪ ʧʨʦʠʟʦʡʪʠ ʟʘ ʚʨʝʤʷ ʚʟʨʳʚʘ. ɺ ʦʙʣʘʩʪʠ ʌʊɼ ʚʳʣʝ-

ʪʘʶʪ ʯʘʩʪʠʮʳ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ, ʧʨʠ ʵʪʦʤ ʦʩʪʘʝʪʩʷ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʳʡ ʩʣʦʡ, ʧʨʠʣʝʛʘʶ-

ʱʠʡ ʢ ʛʨʘʥʠʮʝ ʩʦʝʜʠʥʝʥʠʷ. ɼʘʥʥʳʡ ʬʘʢʪ ʦʩʦʙʝʥʥʦ ʭʦʨʦʰʦ ʚʠʜʝʥ ʥʘ ʨʠʩ. 5 ʛ, ʛʜʝ ʩʫʙʤʠʢʨʦʥ-

ʥʳʝ ʯʘʩʪʠʮʳ ʞʝʣʝʟʘ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʚ ʩʦʩʝʜʥʠʭ ʦʙʣʘʩʪʷʭ ʤʝʜʠ.  

ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʧʨʠ ʩʚʘʨʢʝ ʚʟʨʳʚʦʤ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ, ʥʦ 

ʧʨʠ ʩʪʦʣʴ ʙʳʩʪʨʦʪʝʯʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʧʨʦʪʝʢʘʥʠʝ ʪʝʨʤʦʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʝ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ʄʦʞʥʦ ʧʦʣʘʛʘʪʴ [16], ʯʪʦ ʵʪʠ ʧʨʦʮʝʩʩʳ, ʢʘʢ ʠ ʜʠʬʬʫʟʠʷ, ʩʪʘʥʦʚʷʪʩʷ 

ʚʦʟʤʦʞʥʳʤʠ ʣʠʰʴ ʧʨʠ ʦʩʪʘʪʦʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʥʘʧʨʷʞʝʥʠʷʭ, ʠ ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ ʦʧʨʝʜʝ-

ʣʷʶʪ ʥʘʣʠʯʠʝ ʥʘ ʩʚʘʨʥʦʡ ʛʨʘʥʠʮʝ ʬʨʘʛʤʝʥʪʦʚ ʫʟʢʦʡ ʟʦʥʳ ʦʧʣʘʚʣʝʥʠʷ (ʨʠʩ. 6 ʘ, ʙ).  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʳʭ ʦʙʣʘʩʪʝʡ, ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʛʨʘʥʠʮʝ 

(ʨʠʩ. 6 ʚ, ʛ) ʚʳʷʚʠʣʦ ʧʦʥʠʞʝʥʥʫʶ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʣʴʶ 09ɻ2ʉ ʠ ʤʝʜʴʶ 

ʄ1. ʊʘʢ ʧʨʠ ʥʘʛʨʫʞʝʥʠʠ ʛʣʫʙʠʥʘ ʚʥʝʜʨʝʥʠʷ ʜʣʷ ʟʦʥʳ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʙʦʣʴʰʝ, ʯʝʤ ʜʣʷ ʤʝʜʠ 

ʄ1 ʠ ʩʪʘʣʠ 09ɻ2ʉ (ʨʠʩ. 6 ʛ), ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʯʝʤ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʵʪʦʡ ʟʦʥʳ ʥʠʞʝ, ʯʝʤ ʜʣʷ 

ʪʚʝʨʜʦʩʪʴ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [10], ʦʜʥʘʢʦ ʥʝ ʥʘ ʤʥʦʛʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʚʝʨʜʦʩʪʠ ʤʝʜʠ ʄ1. 

ʄʠʢʨʦʬʨʘʢʪʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠʟʣʦʤʘ ʥʘ ʦʙʨʘʟʮʘʭ ʙʠʤʝʪʘʣʣʘ çʤʝʜʴ ʄ1 ï 

ʩʪʘʣʴ 09ɻ2ʉè ʧʦʩʣʝ ʨʘʩʪʷʞʝʥʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʨʠʩ. 7 ʘ) ʧʦʢʘʟʘʣ, ʯʪʦ ʨʘʟʨʫʰʝʥʠʷ 

ʩʣʦʷ ʩʪʘʣʠ 09ɻ2ʉ ʚ ʩʚʘʨʥʦʤ ʢʦʤʧʦʟʠʪʝ ʥʦʩʠʪ ʚʷʟʢʠʡ ʷʤʦʯʥʳʡ ʭʘʨʘʢʪʝʨ (ʨʠʩ. 7 ʙ). ʇʦʤʠʤʦ ʵʪʦʛʦ ʚ 

ʩʪʘʣʴʥʦʤ ʩʣʦʝ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʦʜʦʣʴʥʳʝ ʫʯʘʩʪʢʠ ʤʠʢʨʦʨʘʩʩʣʦʝʥʠʷ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʣʠʩʪʘ ʩʪʘʣʠ 09ɻ2ʉ ʤʝʪʦʜʦʤ ʧʨʦʢʘʪʢʠ (ʨʠʩ. 7 ʘ). ɺ ʤʝʜʠ ʨʘʟʨʫʰʝʥʠʝ ʧʫ-

ʪʝʤ ʦʪʨʳʚʘ ʬʦʨʤʠʨʫʝʪ ʧʦʯʪʠ ʙʝʩʩʪʨʫʢʪʫʨʥʳʝ ʫʯʘʩʪʢʠ ʨʝʣʴʝʬʘ, ʥʦ ʩ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʳʤʠ ʚʷʟʢʠ-

 

ʘ ʙ 

 
ʚ ʛ 

ʈʠʩ. 6. ɿʦʥʳ ʩʚʘʨʥʦʛʦ ʰʚʘ ʙʠʤʝʪʘʣʣʘ çʤʝʜʴ ʄ1 ï ʩʪʘʣʴ 09ɻ2ʉè: ʘ, ʙ ï ʫʯʘʩʪʢʠ ʦʧʣʘʚʣʝʥʠʷ; 

ʚ ï ʦʪʧʝʯʘʪʦʢ ʚ ʦʙʣʘʩʪʠ ʠʥʪʝʥʩʠʚʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʞʝʣʝʟʘ ʩ ʤʝʜʴʶ; ʛ ï ʢʨʠʚʳʝ  

ʥʘʛʨʫʞʝʥʠʷ 








