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ʋʊʆʏʅɽʅʀɽ ʄʆɼɽʃʀ ʈɸʉʏɽʊɸ ʃɽɻʂʆɻɸɿʆɺʆʁ ʋʉʊɸʅʆɺʂʀ 

ɼʃʗ ɺɸʈʀɸʅʊɸ ʈɽʃʔʉʆɺʆɻʆ ʕʃɽʂʊʈʆɼʀʅɸʄʀʏɽʉʂʆɻʆ 

ʋʉʂʆʈʀʊɽʃʗ 
 

É ʉʝʨʛʝʡ ʀʚʘʥʦʚʠʯ ɻʝʨʘʩʠʤʦʚ1,2,3, ɺʣʘʜʠʤʠʨ ʀʚʘʥʦʚʠʯ ɽʨʦʬʝʝʚ1,  

ɸʣʝʢʩʘʥʜʨ ʇʝʪʨʦʚʠʯ ʂʘʣʤʳʢʦʚ2, ʉʝʨʛʝʡ ɺʘʩʠʣʴʝʚʠʯ ʂʫʣʠʢʦʚ2,  

ɸʣʝʢʩʝʡ ʆʣʝʛʦʚʠʯ ʄʘʣʴʭʘʥʦʚ1, ʊʘʪʴʷʥʘ ɺʷʯʝʩʣʘʚʦʚʥʘ ʖʬʝʨʦʚʘ2,  

ɺʣʘʜʠʤʠʨ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ʊʘʤʘʨʦʚ3, ɸʣʝʢʩʝʡ ʅʠʢʦʣʘʝʚʠʯ ɾʘʨʦʚ3,  

ʀʣʴʷ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ʅʦʚʠʢʦʚ3 

1ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʈɸʅ ï ʬʠʣʠʘʣ ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʙʶʜʞʝʪʥʦʛʦ ʥʘʫʯʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ çʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʀʥʩʪʠʪʫʪ 

ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢè (ʀʇʄ ʈɸʅ), ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

 2ʉʘʨʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ï ʬʠʣʠʘʣ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ 

ʷʜʝʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ çʄʀʌʀè, ʉʘʨʦʚ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣ., ʈʦʩʩʠʷ 
3ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʈ.ɸ. ɸʣʝʢʩʝʝʚʘ,   

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 
s.i.gerasimov@mail.ru, erof.vi@yandex.ru 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʣʝʛʢʦʛʘʟʦʚʘʷ ʫʩʪʘʥʦʚʢʘ (ʃɻʋ), ʙʘʟʦʚʘʷ ʩʭʝʤʘ ʢʦʪʦʨʦʡ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʩʪʦʯʥʠʢ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʙʣʦʢ ʨʝʣʴʩʦʚʳʭ ʥʘʧʨʘʚʣʷʶʱʠʭ ʩ 

ʪʦʢʦʧʦʜʚʦʜʘʤʠ, ʤʝʪʘʝʤʦʝ ʪʝʣʦ ʚ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʤ ʧʦʜʜʦʥʝ ʠ ʢʦʤʤʫʪʘʪʦʨ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʨʘʟʨʷʜ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ çʪʦʢʦʧʦʜʚʦʜʳ-ʨʝʣʴʩʳ-

ʧʦʜʜʦʥè. ʈʘʩʯʝʪʥʫʶ ʤʦʜʝʣʴ ʃɻʋ ʧʨʠ ʫʩʢʦʨʝʥʠʠ ʧʦʨʰʥʷ ʧʨʝʜʣʦʞʝʥʦ ʜʦʧʦʣʥʠʪʴ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʫʧʝʥʴʶ ʨʘʟʛʦʥʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʟʘ ʩʯʝʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʠʣʳ 

ʧʦʨʰʝʥʴ ʫʩʧʝʚʘʝʪ ʩʞʘʪʴ ʣʝʛʢʠʡ ʛʘʟ ʜʦ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʠ ʧʝʨʝʜʘʪʴ ʯʝʨʝʟ ʛʘʟ ʯʘʩʪʴ ʩʚʦʝʡ 

ʵʥʝʨʛʠʠ ʜʚʠʞʫʱʝʤʫʩʷ ʵʣʝʤʝʥʪʫ, ʦʩʪʘʚʘʷʩʴ ʚ ʫʩʢʦʨʠʪʝʣʝ. ɹʝʟʜʫʛʦʚʦʡ ʨʝʞʠʤ 

ʢʦʥʪʘʢʪʠʨʦʚʘʥʠʷ ʧʦʜʜʦʥʘ ʩ ʨʝʣʴʩʘʤʠ ʨʝʘʣʠʟʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʚʥʝʰʥʝʛʦ 

ʧʦʜʤʘʛʥʠʯʠʚʘʥʠʷ (ʠʥʜʫʢʪʦʨʘ). 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʝʛʢʦʛʘʟʦʚʘʷ ʫʩʪʘʥʦʚʢʘ, ʨʝʣʴʩʦʚʳʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʫʩʢʦʨʠʪʝʣʴ, 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 
 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ɻʨʘʥʪ ˉ 20-08-00372-ʘ). 
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Abstract. A light-gas installation (LSU) is considered, the basic circuit of which includes a source 

of electric energy, a block of rail guides with current leads, a throwable body in an electrodynamic 

tray, and a switch that provides a discharge of an energy source in the electric circuit "current 

leads-rails-pallet". It is proposed to supplement the design model of LSU with acceleration of the 

piston by the electrodynamic stage of acceleration. It is shown that due to electromagnetic force, 

the piston manages to compress light gas to high pressures and transfer part of its energy through 

the gas to the moving element, remaining in the accelerator. The arcless contact mode of the pallet 

with the rails is implemented using the system of external magnetization (inductor).  

Keywords: light gas installation, rail electrodynamic accelerator, mathematical modeling. 
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ʃʝʛʢʦʛʘʟʦʚʳʝ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʝ ʫʩʪʘʥʦʚʢʠ (ʧʫʰʢʠ)  ʧʨʠʤʝʥʷʶʪʩʷ ʥʘ ʧʦʣʠʛʦʥʘʭ ʠ 

ʙʘʣʣʠʩʪʠʯʝʩʢʠʭ ʪʨʘʩʩʘʭ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʠ ʧʨʦʚʝʜʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʛʠʧʝʨʟʚʫʢʦʚʦʡ ʘʵʨʦʜʠʥʘʤʠʢʠ, ʪʝʧʣʦʦʙʤʝʥʘ ʧʨʠ ʦʙʪʝʢʘʥʠʠ, 

ʧʦʚʝʜʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʣʝʛʢʦʛʘʟʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʧʝʨʝʜ ʜʨʫʛʠʤʠ ʩʨʝʜʩʪʚʘʤʠ ʨʘʟʛʦʥʘ ʟʘʢʣʶʯʘʶʪʩʷ ʚ 

ʦʙʝʩʧʝʯʝʥʠʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʤʝʪʘʥʠʷ ʦʙʲʝʢʪʦʚ ʩ ʟʘʜʘʥʥʦʡ ʤʘʩʩʦʡ, ʬʦʨʤʦʡ ʠ ʩʢʦʨʦʩʪʴʶ, 

ʧʨʠʯʝʤ ʵʪʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʦʩʦʙʝʥʥʦ ʧʨʦʷʚʣʷʶʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʠ ʤʘʩʩʳ 

ʤʝʪʘʝʤʳʭ ʦʙʲʝʢʪʦʚ. ɼʣʷ ʥʘʜʝʞʥʦʡ ʨʘʙʦʪʳ ʃɻʋ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʷʪʴ 

ʧʘʨʘʤʝʪʨʳ ʟʘʨʷʞʘʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʜʦʩʪʠʞʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʡ ʩʢʦʨʦʩʪʠ ʤʝʪʘʥʠʷ ʧʨʠ 

ʫʩʣʦʚʠʠ ʥʝʧʨʝʚʳʰʝʥʠʷ ʜʦʧʫʩʪʠʤʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʫʟʣʳ ʫʩʪʘʥʦʚʢʠ ʠ ʤʝʪʘʝʤʦʛʦ ʦʙʲʝʢʪʘ (ʄʆ). 

ʇʨʠ ʵʪʦʤ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴʩʷ ʨʝʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʫʩʪʘʥʦʚʢʠ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʪʝʭ ʠʣʠ 

ʠʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘʨʷʞʘʥʠʷ, ʪʨʫʜʦʝʤʢʦʩʪʴ ʧʦʜʛʦʪʦʚʢʠ ʠʩʧʳʪʘʥʠʡ, ʩʪʦʠʤʦʩʪʴ ʨʘʩʭʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʪ.ʜ. ɺ ʨʘʩʯʝʪʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʘʷ ʪʝʯʝʥʠʝ 

ʛʘʟʦʧʦʨʦʭʦʚʦʡ ʩʤʝʩʠ ʠ ʣʝʛʢʦʛʦ ʛʘʟʘ ʩ ʫʯʝʪʦʤ ʪʨʝʥʠʷ ʠ ʪʝʧʣʦʦʪʜʘʯʠ. ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʃɻʋ 

ʩʨʝʜʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʫʩʣʦʚʠʷ ʝʸ ʟʘʨʷʞʘʥʠʷ, ʠʤʝʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʚʝʣʠʯʠʥʘʤʠ ʪʨʝʭ ʧʘʨʘʤʝʪʨʦʚ: ʤʘʩʩʳ ʧʦʨʦʭʦʚʦʛʦ ʟʘʨʷʜʘ; ʤʘʩʩʳ 

ʧʦʨʰʥʷ; ʥʘʯʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʨʘʙʦʯʝʛʦ ʛʘʟʘ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʘʨʠʘʥʪ ʜʦʧʦʣʥʝʥʠʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʃɻʋ ʧʨʠ ʫʩʢʦʨʝʥʠʠ ʧʦʨʰʥʷ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʫʧʝʥʴʶ 

ʨʘʟʛʦʥʘ. ɹʘʟʦʚʘʷ ʩʭʝʤʘ ʪʘʢʦʡ ʃɻʋ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: ʠʩʪʦʯʥʠʢ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ; ʙʣʦʢ 

ʨʝʣʴʩʦʚʳʭ ʥʘʧʨʘʚʣʷʶʱʠʭ ʩ ʪʦʢʦʧʦʜʚʦʜʘʤʠ; ʤʝʪʘʝʤʦʝ ʪʝʣʦ ʚ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʤ ʧʦʜʜʦʥʝ 

ʠ ʢʦʤʤʫʪʘʪʦʨ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʨʘʟʨʷʜ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ 

ñʪʦʢʦʧʦʜʚʦʜʳ-ʨʝʣʴʩʳ-ʧʦʜʜʦʥò. ɹʝʟʜʫʛʦʚʦʡ ʨʝʞʠʤ ʢʦʥʪʘʢʪʠʨʦʚʘʥʠʷ ʧʦʜʜʦʥʘ ʩ ʨʝʣʴʩʘʤʠ 

ʨʝʘʣʠʟʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʚʥʝʰʥʝʛʦ ʧʦʜʤʘʛʥʠʯʠʚʘʥʠʷ (ʠʥʜʫʢʪʦʨʘ).  

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʙʘʣʣʠʩʪʠʯʝʩʢʦʛʦ ʘʛʨʝʛʘʪʘ ʃɻʋ [1].  

 

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʙʘʣʣʠʩʪʠʯʝʩʢʦʛʦ ʘʛʨʝʛʘʪʘ ʃɻʋ: 1 ï ʟʘʨʷʜʥʘʷ ʢʘʤʝʨʘ; 2 ï ʧʦʨʰʝʥʴ; 3 ï 

ʧʦʨʰʥʝʚʘʷ ʪʨʫʙʘ;4 ï ʬʦʨʢʘʤʝʨʘ; 5 ï ʤʝʤʙʨʘʥʘ; 6 ï ʤʝʪʘʝʤʳʡ ʦʙʲʝʢʪ; 7 ï ʙʘʣʣʠʩʪʠʯʝʩʢʠʡ 

ʩʪʚʦʣ; 8 ï ʧʦʨʦʭʦʚʦʡ ʟʘʨʷʜ; 9 ï ʚʦʩʧʣʘʤʝʥʠʪʝʣʴ; 10 ï ʣʝʛʢʠʡ ʛʘʟ (ʅʛ ʠʣʠ ʅʝ). 
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ɺʳʩʪʨʝʣ ʠʟ ʃɻʋ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʨʠ ʧʦʜʘʯʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠʤʧʫʣʴʩʘ 
ʥʘ ʚʦʩʧʣʘʤʝʥʠʪʝʣʴ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘʞʠʛʘʥʠʝ ʧʦʨʦʭʦʚʦʛʦ ʟʘʨʷʜʘ (ʇɿ). ʆʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ 
ʝʛʦ ʛʦʨʝʥʠʠ ʧʦʨʦʭʦʚʳʝ ʛʘʟʳ ʨʘʟʛʦʥʷʶʪ ʧʦʨʰʝʥʴ. ʉʞʘʪʳʡ ʠ ʨʘʟʦʛʨʝʪʳʡ ʟʘ ʩʯʝʪ ʵʪʦʛʦ ʣʝʛʢʠʡ 
ʛʘʟ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʢʘʯʘʥʥʳʡ ʚ ʧʦʨʰʥʝʚʫʶ ʪʨʫʙʫ, ʧʦ ʜʦʩʪʠʞʝʥʠʠ ʜʘʚʣʝʥʠʷ ʬʦʨʩʠʨʦʚʘʥʠʷ 
(1\ʤ) ʨʘʩʢʨʳʚʘʝʪ ʤʝʤʙʨʘʥʫ, ʨʘʟʜʝʣʷʶʱʫʶ ʬʦʨʢʘʤʝʨʫ (ʌʂ) ʠ ʙʘʣʣʠʩʪʠʯʝʩʢʠʡ ʩʪʚʦʣ (ɹʉ), ʠ 
ʟʘʪʝʤ, ʧʝʨʝʪʝʢʘʷ ʚ ɹʉ, ʨʘʟʛʦʥʷʝʪ ʤʝʪʘʝʤʳʡ ʦʙʲʝʢʪ. 
ʈʝʞʠʤ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʤʝʪʘʥʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʝʘʣʠʟʘʮʠʝʡ ʠʥʪʝʥʩʠʚʥʳʭ ʫʜʘʨʥʦ-
ʚʦʣʥʦʚʳʭ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʣʝʛʢʦʤ ʛʘʟʝ (ʚ ʟʦʥʝ ʤʝʞʜʫ ʧʦʨʰʥʝʤ ʠ ʤʝʤʙʨʘʥʦʡ, ʘ 
ʧʦʩʣʝ ʝʝ ʨʘʩʢʨʳʪʠʷ ï ʤʝʞʜʫ ʧʦʨʰʥʝʤ ʠ ʄʆ), ʘ ʪʘʢʞʝ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʟʘʨʷʜʥʦʡ ʢʘʤʝʨʝ 
(ɿʂ). ʇʨʠ ʵʪʦʤ ʥʘʛʨʫʟʢʠ ʥʘ ʫʟʣʳ ʃɻʋ ʠ ʄʆ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ (ʠʣʠ 
ʜʘʞʝ ʧʨʝʚʳʰʘʪʴ ʠʭ). ɹʝʟʘʚʘʨʠʡʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʃɻʋ ʩ ʨʝʘʣʠʟʘʮʠʝʡ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ 
ʨʝʞʠʤʘ ʤʝʪʘʥʠʷ ʪʨʝʙʫʝʪ ʨʘʩʯʝʪʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʚʟʘʠʤʥʦ ʩʦʛʣʘʩʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʡ 
ʠʩʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʳʩʪʨʝʣʘ. ʕʪʦ ʪʝʤ ʙʦʣʝʝ ʚʘʞʥʦ, ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʜʦʩʪʠʞʝʥʠʷ ʨʝʞʠʤʦʚ, 
ʨʝʘʣʠʟʫʶʱʠʭ ʧʨʝʜʝʣʴʥʦ ʚʦʟʤʦʞʥʳʝ ʩʢʦʨʦʩʪʠ ʤʝʪʘʥʠʷ. ʂ ʠʩʭʦʜʥʳʤ ʧʘʨʘʤʝʪʨʘʤ,  ʦʪʥʦʩʷʪʩʷ 
ʇʘʨʘʤʝʪʨʳ ʄʆ, ʇɿ, ʧʦʨʰʥʷ, ʣʝʛʢʦʛʦ ʛʘʟʘ, ʜʘʚʣʝʥʠʝ ʬʦʨʩʠʨʦʚʘʥʠʷ (ʨʘʩʢʨʳʪʠʷ) ʤʝʤʙʨʘʥʳ,  
ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʘʣʣʠʩʪʠʯʝʩʢʦʛʦ ʘʛʨʝʛʘʪʘ ʦʧʨʝʜʝʣʷʶʪ 
ʧʨʝʜʝʣʴʥʳʡ ʨʝʞʠʤ ʚʳʩʪʨʝʣʘ.  
ʏʠʩʣʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʚʳʩʪʨʝʣʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 
ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚʳʩʪʨʝʣʘ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ ʅʀʀ ʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʠ ʤʝʭʘʥʠʢʠ 
ʧʨʠ ʊʦʤʩʢʦʤ ʛʦʩʫʥʠʚʝʨʩʠʪʝʪʝ [2]. 
ʇʨʠʥʠʤʘʝʪʩʷ, ʯʪʦ ʛʦʨʝʥʠʝ ʚʩʝʛʦ ʇɿ ʥʘʯʠʥʘʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ. ɺ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʛʘʟ 
ʥʝʧʦʜʚʠʞʝʥ, ʜʘʚʣʝʥʠʝ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ ɿʂ ʚʳʨʘʚʥʝʥʦ. ɿʘʨʷʜ ʩʦʩʪʦʠʪ ʠʟ ʦʜʠʥʘʢʦʚʳʭ ʟʝʨʝʥ 
ʧʦʨʦʭʘ, ʠ ʧʦʨʦʭʦʚʳʝ ʟʝʨʥʘ ʜʚʠʞʫʪʩʷ ʩ ʪʦʡ ʞʝ ʩʢʦʨʦʩʪʴʶ, ʯʪʦ ʠ ʦʢʨʫʞʘʶʱʠʡ ʠʭ ʛʘʟ. ʇʨʠʥʷʪ 
ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʟʘʢʦʥ ʛʦʨʝʥʠʷ ʧʦʨʦʭʘ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʩʣʦʷʤʠ ʩ ʦʜʠʥʘʢʦʚʦʡ ʣʠʥʝʡʥʦʡ 
ʩʢʦʨʦʩʪʴʶ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʧʦ ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʛʦʨʝʥʠʷ. ɻʘʟ ʩʯʠʪʘʝʪʩʷ ʩʦʚʝʨʰʝʥʥʳʤ. 
ʇʨʦʮʝʩʩʳ ʚ ɿʂ ʩ ʫʯʝʪʦʤ ʩʜʝʣʘʥʥʳʭ ʜʦʧʫʱʝʥʠʡ ʦʧʠʩʳʚʘʶʪʩʷ ʩʣʝʜʫʶʱʝʡ ʩʠʩʪʝʤʦʡ 
ʫʨʘʚʥʝʥʠʡ [2,3]: 
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ɿʜʝʩʴ t ï ʚʨʝʤʷx ; x ï ʢʦʦʨʜʠʥʘʪʳ ʕʡʣʝʨʘ ʠ ʃʘʛʨʘʥʞʘ; U ï ʩʢʦʨʦʩʪʴ ʛʘʟʘ; P ï ʜʘʚʣʝʥʠʝ; v ï 

ʫʜʝʣʴʥʳʡ ʦʙʲʝʤ; ʊï ʪʝʤʧʝʨʘʪʫʨʘ; e ï ʫʜʝʣʴʥʘʷ ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ; z  ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʪʦʣʱʠʥʘ ʩʛʦʨʝʚʰʝʛʦ ʩʣʦʷ ʧʦʨʦʭʘ; f ï ʩʠʣʘ ʧʦʨʦʭʘ; ʧr ï ʧʣʦʪʥʦʩʪʴ ʧʦʨʦʭʘ; c, l , m ï

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʦʨʤʳ ʧʦʨʦʭʦʚʦʛʦ ʟʝʨʥʘ; ()xS  ï ʧʣʦʱʘʜʴ ʧʝʨʝʤʝʥʥʦʛʦ ʩʝʯʝʥʠʷ ʢʘʥʘʣʘ; kI ï 

ʧʦʣʥʳʡ ʠʤʧʫʣʴʩ ʜʘʚʣʝʥʠʷ ʧʦʨʦʭʦʚʳʭ ʛʘʟʦʚ; ʧmï ʤʦʣʝʢʫʣʷʨʥʳʡ ʚʝʩ; ʧaï ʢʦʚʦʣʶʤ; ʧgï 

ʦʪʥʦʰʝʥʠʝ ʫʜʝʣʴʥʳʭ ʪʝʧʣʦʝʤʢʦʩʪʝʡ; ʠʥʜʝʢʩ  ʧ ʦʪʥʦʩʠʪʩʷ ʢ ʧʘʨʘʤʝʪʨʘʤ ʧʦʨʦʭʦʚʦʛʦ ʛʘʟʘ. 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (1) ʨʝʰʘʝʪʩʷ ʧʨʠ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ( ) 0,0 =xU ; ( ) ()0,0 ʧPP =x ; ʕ(0,Ã) 

( ) ()0,0 ʧvv =x ; ( ) ()0,0 ʧzz =x . ʉʚʷʟʴ ʵʡʣʝʨʦʚʦʡ ʠ ʣʘʛʨʘʥʞʝʚʦʡ ʢʦʦʨʜʠʥʘʪ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴʶ 
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. ʈʘʙʦʯʠʡ ʣʝʛʢʠʡ ʛʘʟ ʩʯʠʪʘʝʪʩʷ ʠʜʝʘʣʴʥʳʤ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʤ ʫʨʘʚʥʝʥʠʶ ʩʦʩʪʦʷʥʠʷ ʩ ʢʦʚʦʣʶʤʦʤ. ɼʚʠʞʝʥʠʝ ʛʘʟʘ ʧʦ ʢʘʥʘʣʫ ʷʚʣʷʝʪʩʷ 

ʩʫɦʝʩʪʚʝʥʥʦ ʥʝʩʪʘʮʠʦʥʘʨʥʳʤ ʢʚʘʟʠʦʜʥʦʤʝʨʥʳʤ. ʊʝʯʝʥʠʝ ʨʘʙʦʯʝʛʦ ʛʘʟʘ ʧʦ ʢʘʥʘʣʫ 

ʧʝʨʝʤʝʥʥʦʛʦ ʩʝʯʝʥʠʷ ʦʧʠʩʳʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ [2-4]: 
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ʉʠʩʪʝʤʘ (2) ʨʝʰʘʝʪʩʷ ʧʨʠ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ t = 0; ( ) 0,0 =xU ; ( ) ()0, 0ʛP Px= ; 

( ) ()0, 0ʛT Tx= , ( ) ()0, 0ʛx xx= .  ɿʦʥʳ ʙʦʣʴʰʠʭ ʛʨʘʜʠʝʥʪʦʚ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ 

ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʨʳʚʘ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ, ʥʘ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʶʪʩʷ ʩʦʦʪʥʦʰʝʥʠʷ 

ɻʶʛʦʥʠʦ. ʇʨʠʥʷʪʦ, ʯʪʦ ʤʘʪʝʨʠʘʣ ʧʦʨʰʥʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝʩʞʠʤʘʝʤʦʡ ʚʷʟʢʦʧʣʘʩʪʠʯʥʦʡ 

ʞʠʜʢʦʩʪʠ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ, ʚʦʟʥʠʢʘʶʱʝʝ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦʨʰʥʷ ʧʦ ʢʘʥʘʣʫ, ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ 

ʢʦʥʪʘʢʪʥʦʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʪʨʝʥʠʝʤ ʥʘ ʛʨʘʥʠʮʝ ʧʦʨʰʝʥʴ-ʩʪʝʥʢʘ ʢʘʥʘʣʘ, ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ 

ʜʝʬʦʨʤʘʮʠʠ ʧʦʨʰʥʷ ʧʨʠ ʝʛʦ ʜʚʠʞʝʥʠʠ ʚ ʩʫʞʘʶʱʝʤʩʷ ʢʘʥʘʣʝ. ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ, 

ʦʧʠʩʳʚʘʶʱʘʷ ʜʚʠʞʝʥʠʝ ʧʦʨʰʥʷ ʧʦ ʢʘʥʘʣʫ ʧʝʨʝʤʝʥʥʦʛʦ ʩʝʯʝʥʠʷ, ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ [2, 5]: 
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ʛʜʝ xxs  nns ï ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ; nts  ï ʢʘʩʘʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʛʨʘʥʠʮʝ 

ʧʦʨʰʝʥʴ - ʩʪʝʥʢʘ ʢʘʥʘʣʘ; ʧʰr ï ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʧʦʨʰʥʷ; ʧʰh  ï ʚʷʟʢʦʩʪʴ ʤʘʪʝʨʠʘʣʘ 

ʧʦʨʰʥʷ; R ï ʨʘʜʠʫʩ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʢʘʥʘʣʘ. 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (3) ʠʥʪʝʛʨʠʨʫʝʪʩʷ ʧʨʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ ʣʝʚʦʤ ʠ ʧʨʘʚʦʤ ʪʦʨʮʘʭ 

ʧʦʨʥh:̫ 

xx nʛ nʣP ʧʨʠ x xs =- =
 

xx ʣʛ nnP ʧʨʠ x xs =- =
 

ʛʜʝ ʭʧʣ , ʭʧʧ ï ʢʦʦʨʜʠʥʘʪʳ ʣʝʚʦʛʦ ʠ ʧʨʘʚʦʛʦ ʪʦʨʮʦʚ ʧʦʨʰʥʷ; ʈʧʛ, ʈʣʛ ï ʜʘʚʣʝʥʠʝ ʥʘ ʣʝʚʳʡ ʠ 

ʧʨʘʚʳʡ ʪʦʨʮʳ ʧʦʨʰʥʷ ʧʦʨʦʭʦʚʦʛʦ ʠ ʣʝʛʢʦʛʦ ʛʘʟʦʚ. 

ʈʘʩʯʝʪ ʜʚʠʞʝʥʠʷ ʄʆ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʫʯʝʪʦʤ ʩʠʣ ʦʪ ʜʘʚʣʝʥʠʷ ʣʝʛʢʦʛʦ ʛʘʟʘ (ʩʣʝʚʘ) ʠ 

ʜʘʚʣʝʥʠʷ ʛʘʟʘ, ʦʩʪʘʚʰʝʛʦʩʷ ʚ ʚʘʢʫʫʤʠʨʦʚʘʥʥʦʤ ʧʝʨʝʜ ʚʳʩʪʨʝʣʦʤ ʙʘʣʣʠʩʪʠʯʝʩʢʦʤ ʩʪʚʦʣʝ 

(ʩʧʨʘʚʘ), ʘ ʪʘʢʞʝ ʩʠʣʳ ʪʨʝʥʠʷ ʥʘ ʛʨʘʥʠʮʝ ʄʆ ï ʢʘʥʘʣ ɹʉ: 
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ɿʜʝʩʴ ʤx , ʤʦx ï ʢʦʦʨʜʠʥʘʪʳ ʤʝʤʙʨʘʥʳ ʠ ʣʝʚʦʛʦ ʪʦʨʮʘ ʄʆ; ʬʤP ï ʜʘʚʣʝʥʠʝ ʬʦʨʩʠʨʦʚʘʥʠʷ 
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ʤʝʤʙʨʘʥʳ; ʄʆt  ï ʚʨʝʤʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʤʦʤʝʥʪʫ ʨʘʩʢʨʳʪʠʷ ʤʝʤʙʨʘʥʳ ʠ ʥʘʯʘʣʫ ʜʚʠʞʝʥʠʷ 

ʄʆ; ʄʆt  ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʧʦ ʢʦʥʪʘʢʪʥʦʡ ʛʨʘʥʠʮʝ ʄʆ ï ʢʘʥʘʣ ɹʉ; ʙʩS , ʙʄʆS  ï ʧʣʦʱʘʜʴ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ɹʉ ʠ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʄʆ, ʢʦʥʪʘʢʪʠʨʫʶʱʝʡ ʩ ɹʉ; ()0ʙʩP , ʘï 

ʥʘʯʘʣʴʥʳʝ ʜʘʚʣʝʥʠʝ ʠ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʛʘʟʘ ʚ ɹʉ; ʙʩgï ʦʪʥʦʰʝʥʠʝ ʫʜʝʣʴʥʳʭ ʪʝʧʣʦʝʤʢʦʩʪʝʡ. 

ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʦʧʠʩʳʚʘʝʪ ʧʘʨʘʤʝʪʨʳ ʚʳʩʪʨʝʣʘ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 
ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʃɻʋ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʫʜʘʨʥʳʭ 
ʠʩʧʳʪʘʥʠʡ ʚ ʃɻʋ ʤʦʛʫʪ ʨʘʟʛʦʥʷʪʩɹʷ ʢʘʣʠʙʝʨʥʳʝ ʫʜʘʨʥʠʢʠ, ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʚʠʜʝ ʮʠʣʠʥʜʨʦʚ ʩ 

ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʫʜʣʠʥʝʥʠʝʤ 4.11.1 -=̂ . ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʫʜʘʨʥʠʢʦʚ ʧʨʠʤʝʥʷʶʪʩʷ 
ʧʦʣʠʵʪʠʣʝʥ, ʘʩʙʦʪʝʢʩʪʦʣʠʪ, ʩʪʘʣʴ, ʘʣʶʤʠʥʠʡ ʠ ʜʨʫʛʠʝ ʤʘʪʝʨʠʘʣʳ. ʄʘʩʩʘ ʫʜʘʨʥʠʢʦʚ 
ʩʦʩʪʘʚʣʷʝʪ 1-2 ʢʛ. ɺ ʦʧʳʪʘʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴ ʧʦʣʸʪʘ ʫʜʘʨʥʠʢʘ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʝʛʦ 
ʩʢʦʨʦʩʪʥʘʷ ʢʠʥʦʩʲʸʤʢʘ ʠ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʨʝʛʠʩʪʨʘʮʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʧʨʦʮʝʩʩʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 
ʩ ʧʨʝʛʨʘʜʦʡ (ʤʠʰʝʥʴʶ). ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʩʥʠʤʢʠ ʫʜʘʨʥʠʢʦʚ ʚ ʧʦʣʝʪʝ ʠ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 
ʤʠʰʝʥʴʶ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 2, 3. ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʨʘʟʛʦʥʘ ʫʜʘʨʥʠʢʦʚ ʤʘʩʩʦʡ 1 
ʢʛ ʚ ʧʨʦʚʝʜʸʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩʦʩʪʘʚʠʣʘ 4,3 ʢʤ/ʩ, ʫʜʘʨʥʠʢʦʚ ʤʘʩʩʦʡ 2 ʢʛ - 3,9 ʢʤ/ʩ. 

 

 

ʈʠʩ.2. ʈʝʥʪʛʝʥʦʚʩʢʠʡ ʩʥʠʤʦʢ ʫʜʘʨʥʠʢʘ ʚ ʧʦʣʸʪʝ 
(ʤʘʪʝʨʠʘʣ - ʘʩʙʦʪʝʢʩʪʦʣʠʪ, m = 1,3 ʢʛ, U= 4 ʢʤ/ʩ). 

 

 

ʈʠʩ.3. ʈʝʥʪʛʝʥʦʚʩʢʠʡ ʩʥʠʤʦʢ ʫʜʘʨʥʠʢʘ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʤʠʰʝʥʴʶ 

(ʤʘʪʝʨʠʘʣ - ʘʣʶʤʠʥʠʡ, m = 1,8 ʢʛ, U = 3,7 ʢʤ/ʩ). 
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ʃɻʋ ʩ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠ ʫʩʢʦʨʷʝʤʳʤ ʧʦʨʰʥʝʤ ʩʭʝʤʘʪʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.4. ɿʜʝʩʴ 

ʧʦʨʦʭʦʚʘʷ ʢʘʤʝʨʘ, ʜʝʬʦʨʤʠʨʫʝʤʳʡ ʧʦʨʰʝʥʴ, ʢʘʤʝʨʘ ʩʞʘʪʠʷ, ʟʘʧʦʣʥʷʝʤʘʷ ʣʝʛʢʠʤ ʛʘʟʦʤ 

(ʚʦʜʦʨʦʜʦʤ, ʛʝʣʠʝʤ), ʤʝʪʘʝʤʳʡ ʵʣʝʤʝʥʪ, ʚʘʢʫʫʤʠʨʦʚʘʥʥʳʡ ʩʪʚʦʣ ʜʦʧʦʣʥʷʶʪʩʷ ʦʩʥʦʚʥʦʡ (11)  

ʠ ʫʧʨʘʚʣʷʶʱʝʡ (12) ʢʦʥʜʝʥʩʘʪʦʨʥʳʤʠ ʙʘʪʘʨʝʷʤʠ, ʢʦʤʤʫʪʘʮʠʦʥʥʳʤʠ ʢʣʶʯʘʤʠ (13), (14), 

ʨʝʣʴʩʘʤʠ (15) ʠ ʠʥʜʫʢʪʦʨʦʤ(16). 

 

 

 

ʈʠʩ. 4. ʉʭʝʤʘ ʃɻʋ ʩ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠ ʫʩʢʦʨʷʝʤʳʤ ʧʦʨʰʥʝʤ. 

 

ʇʨʦʮʝʩʩ ʤʝʪʘʥʠʷ ʚ ʵʪʦʡ ʩʭʝʤʝ ʃɻʋ ʧʨʦʠʩʭʦʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɿʘ ʩʯʝʪ ʩʛʦʨʘʥʠʷ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʧʦʨʦʭʦʚʦʛʦ ʟʘʨʷʜʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘʯʘʣʴʥʳʡ (ʜʦ 100 - 300 ʤ/ʩ) ʨʘʟʛʦʥ 

ʧʦʨʰʥʷ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʃʦʨʝʥʮʘ ʥʘʯʠʥʘʝʪʩʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʵʪʘʧ ʫʩʢʦʨʝʥʠʷ ʧʦʨʰʥʷ 

ʩ ʤʦʤʝʥʪʘ ʧʦʧʘʜʘʥʠʷ ʝʛʦ ʚ ʙʝʟʜʫʛʦʚʦʡ ʨʝʣʴʩʦʚʳʡ ʫʩʢʦʨʠʪʝʣʴ. ʊʦʛʜʘ ʧʝʨʝʢʣʶʯʘʝʪʩʷ 

ʢʦʤʤʫʪʘʮʠʦʥʥʳʡ ʢʣʶʯ (13), ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʨʘʟʨʷʜ ʚ ʮʝʧʠ, 

ʦʙʨʘʟʦʚʘʥʥʦʡ ʦʩʥʦʚʥʦʡ ʙʘʪʘʨʝʝʡ, ʠʥʜʫʢʪʦʨʦʤ, ʨʝʣʴʩʘʤʠ ʠ ʵʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʡ ʯʘʩʪʴ ʁ

ʧʦʨʰʥʷ. ʂʦʤʤʫʪʘʪʦʨ (14), ʟʘʤʳʢʘʷ ʮʝʧʴ ʯʝʨʝʟ ʟʘʜʘʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, ʧʦʜʢʣʶʯʘʝʪ 

ʫʧʨʘʚʣʷʶʱʫʶ ʢʦʥʜʝʥʩʘʪʦʨʥʫʶ ʙʘʪʘʨʝʶ. ʇʦʨʰʝʥʴ, ʜʚʠʛʘʷʩʴ ʚʧʨʘʚʦ, ʩʞʠʤʘʝʪ ʣʝʛʢʠʡ ʛʘʟ ʚ 

ʦʙʣʘʩʪʠ (10). ʇʨʠ ʧʨʝʚʳʰʝʥʠʠ ʜʘʚʣʝʥʠʷ ʥʘ  ʤʝʪʘʝʤʦʤ ʵʣʝʤʝʥʪʝ ʜʘʚʣʝʥʠ ̫ʬʦʨʩʠʨʦʚʘʥʠʷ, ʄʆ 

ʥʘʯʠʥʘʝʪ ʜʚʠʞʝʥʠʝ ʧʦ ʙʘʣʣʠʩʪʠʯʝʩʢʦʤʫ ʩʪʚʦʣʫ. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʭʝʤʝ ʃɻʋ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʩʦʩʪʘʚʥʦʡ ʧʦʨʰʝʥʴ, ʝʛʦ ʟʘʜʥʷʷ ʯʘʩʪʴ ʜʦʣʞʥʘ ʙʳʪʴ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʡ ʠ 

ʠʟʛʦʪʘʚʣʠʚʘʪʴʩʷ ʠʟ ʤʝʪʘʣʣʘ, ʘ ʧʝʨʝʜʥʷʷ ʯʘʩʪʴ ï ʠʟ ʤʘʣʦʩʞʠʤʘʝʤʦʛʦ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʙʣʠʟʢʦʛʦ ʧʦ ʩʚʦʠʤ ʩʚʦʡʩʪʚʘʤ ʢ ʧʦʣʠʵʪʠʣʝʥʫ, ʯʪʦʙʳ ʩʣʫʞʠʪʴ ʘʤʦʨʪʠʟʘʪʦʨʦʤ ʧʨʠ 

ʚʭʦʞʜʝʥʠʠ ʧʦʨʰʥʷ ʚ ʩʫʞʘʶʱʠʡʩʷ ʢʦʥʠʯʝʩʢʠʡ ʧʝʨʝʭʦʜʥʠʢ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʨʝʞʠʤʘ ʤʝʪʘʥʠʷ ʫʩʪʘʥʦʚʢʠ ʩ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠ ʫʩʢʦʨʷʝʤʳʤ ʧʦʨʰʥʝʤ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʜʝʣʴʶ ʜʣʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʃɻʋ ʪʨʝʙʫʝʪʩʷ ʫʯʝʪ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ, 

ʦʧʠʩʳʚʘʶʱʠʭ ʨʘʙʦʪʫ ʨʝʣʴʩʦʚʦʛʦ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʫʩʢʦʨʠʪʝʣʷ. ɿʘʜʘʯʘ ʫʩʣʦʞʥʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʮʝʥʢʠ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʫʯʠʪʳʚʘʶʱʠʭ ʠʥʜʫʢʪʠʚʥʦʩʪʴ 

ʠʥʜʫʢʪʦʨʘ, ʨʝʣʴʩʦʚ, ʚʟʘʠʤʦʠʥʜʫʢʪʠʚʥʦʩʪʠ ʥʘ ʝʜʠʥʠʮʫ ʧʫʪʠ ʧʨʠ ʦʤʠʯʝʩʢʦʤ ʥʘʛʨʝʚʝ 

ʨʝʣʴʩʦʚʳʭ ʥʘʧʨʘʚʣʷʶʱʠʭ.  

ʉʠʣʘ ʃʦʨʝʥʮʘ FL, ʚʥʦʩʷʱʘʷ ʚʢʣʘʜ ʚ ʨʘʟʛʦʥ, ʚ ʩʭʝʤʝ ʙʝʟʜʫʛʦʚʦʛʦ ʨʝʣʴʩʦʚʦʛʦ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʫʩʢʦʨʠʪʝʣʷ, ʚʠʜʦʠʟʤʝʥʷʝʪ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʣʝʚʦʡ 

ʛʨʘʥʠʮʳ ʧʦʨʰʥʷ ʚ ʩʠʩʪʝʤʝ (3) ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ȹʈʜʦʧ: 

 

ȹPʜʦʧ = FLĀɟʣʧĀ(ʍʧʧ-ʍʣʧ)/q   ,                         (4) 

 

ʛʜʝ ɟʣʧ ï ʧʣʦʪʥʦʩʪʴ ʥʘ ʣʝʚʦʡ ʛʨʘʥʠʮʝ ʧʦʨʰʥʷ,  q ï ʤʘʩʩʘ ʧʦʨʰʥʷ, ȹʍ ï ʨʘʟʥʠʮʘ ʤʝʞʜʫ 

ʢʦʦʨʜʠʥʘʪʘʤʠ ʧʨʘʚʦʡ ʠ ʣʝʚʦʡ ʛʨʘʥʠʮʝʡ ʧʦʨʰʥʷ.  

ʉʠʣʘ ʃʦʨʝʥʮʘ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʥʫʣʷ ʜʦ  ʧʨʠʭʦʜʘ ʧʦʨʰʥʷ ʢ ʢʦʦʨʜʠʥʘʪʝ ʪʦʢʦʧʦʜʚʦʜʘ ʢ ʨʝʣʴʩʘʤ ʠ 

ʚ ʤʦʤʝʥʪʳ  ʜʦ ʠ ʧʦʩʣʝ ʧʝʨʝʢʣʶʯʝʥʠʷ ʢʦʤʤʫʪʘʮʠʦʥʥʳʭ ʢʣʶʯʝʡ  (ʧʦʨʷʜʢʘ 100-200 ʤʢʩ), 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 
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FL= I i
2Ā(0,5Āk1+k2) ʠʣʠ Ie

2(0,5Āk1+k2ĀIi/Ie), 

 

ʛʜʝ  k1, k2 ï ʧʦʛʦʥʥʘʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʨʝʣʴʩʦʚ ʠ ʚʟʘʠʤʦʠʥʜʫʢʮʠʠ; I i, Ie ï ʪʦʢ, ʪʝʢʫʱʠʡ ʯʝʨʝʟ 

ʠʥʜʫʢʪʦʨ ʠ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʦʜʜʦʥ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɿʘ ʩʯʝʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʠʣʳ ʧʦʨʰʝʥʴ ʫʩʧʝʚʘʝʪ ʩʞʘʪʴ ʣʝʛʢʠʡ ʛʘʟ ʜʦ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʠ 

ʧʝʨʝʜʘʪʴ ʯʝʨʝʟ ʛʘʟ ʯʘʩʪʴ ʩʚʦʝʡ ʵʥʝʨʛʠʠ ʜʚʠʞʫʱʝʤʫʩʷ ʵʣʝʤʝʥʪʫ, ʦʩʪʘʚʘʷʩʴ ʚ ʫʩʢʦʨʠʪʝʣʝ.  

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʚʢʣʶʯʝʥʠʝ ʠʥʜʫʢʪʦʨʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʮʝʧʴ ʫʩʢʦʨʠʪʝʣʷ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʙʝʟʜʫʛʦʚʦʡ ʫʨʦʚʝʥʴ ʪʦʢʦʚʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʩʢʦʣʴʟʷʱʝʤ ʢʦʥʪʘʢʪʝ, ʯʘʩʪʠʯʥʦ ʢʦʤʧʝʥʩʠʨʫʷ 

ʫʤʝʥʴʰʝʥʠʝ ʫʩʢʦʨʷʶʱʝʡ ʣʦʨʝʥʮʝʚʦʡ ʩʠʣʳ ʟʘ ʩʯʝʪ ʫʩʠʣʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ 

ʤʝʞʨʝʣʴʩʦʚʦʤ ʧʨʦʤʝʞʫʪʢʝ.  

ʅʘ ʨʠʩ.5 ʧʨʠʚʝʜʝʥʳ ʨʘʩʯʝʪʥʳʝ ʜʘʚʣʝʥʠʷ ʜʫʣʴʥʦʛʦ ʚʳʭʣʦʧʘ ʜʣʷ ʩʭʝʤʳ ʃɻʋ ʩ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʨʘʟʛʦʥʦʤ ʧʦʨʰʥʷ. 

 

 

ʈʠʩ. 5. ɼʘʚʣʝʥʠʝ ʜʫʣʴʥʦʛʦ ʚʳʭʣʦʧʘ ʧʨʠ ʚʳʩʪʨʝʣʝ ʠʟ ʃɻʋ ʢʘʣʠʙʨʘ 23 ʤʤ ʩʦ ʩʢʦʨʦʩʪʴʶ 7 ʢʤ/ʩ ʚ 

ʘʪʤʦʩʬʝʨʫ ʚʦʟʜʫʭʘ (p0=1Ŀ105 ʇʘ) ʥʘ ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ. 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʡ ʩʭʝʤʳ ʦʮʝʥʠʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʰʪʘʪʥʦʛʦ ʨʝʞʠʤʘ ʤʝʪʘʥʠʷ ʙʦʣʝʝ, ʯʝʤ ʥʘ 

12%. 
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ɻɸɿʆɼʀʅɸʄʀʏɽʉʂʆɽ ɸʅʊʀʌʈʀʂʎʀʆʅʅʆɽ ʇʆʂʈʓʊʀɽ 

ɹɸɹɹʀʊɸ ɼʃʗ ʇʆɼʐʀʇʅʀʂʆɺ ʉʂʆʃʔɾɽʅʀʗ ʈʆʊʆʈʆɺ 

ʊʋʈɹʀʅʓ 
 

É ʖʨʠʡ ʂʦʥʩʪʘʥʪʠʥʦʚʠʯ ʃʝʚʘʥʦʚ, ʆʣʴʛʘ ɹʦʨʠʩʦʚʥʘ ɹʝʨʜʥʠʢ,   

ʀʨʠʥʘ ʅʠʢʦʣʘʝʚʥʘ ʎʘʨʝʚʘ,  ʃʶʜʤʠʣʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ ʂʨʠʚʠʥʘ  

ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʈɸʅ ï ʬʠʣʠʘʣ ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʙʶʜʞʝʪʥʦʛʦ ʥʘʫʯʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ çʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʀʥʩʪʠʪʫʪ 

ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢè (ʀʇʄ ʈɸʅ), ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

npktribonika.vi@yandex.ru 

 
ɸʥʥʦʪʘʮʠʷ. ʅʘʥʝʩʝʥʠʝ ʘʥʪʠʬʨʠʢʮʠʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʦʩʥʦʚʝ ʙʘʙʙʠʪʘ ʥʘ ʨʘʙʦʯʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʜʰʠʧʥʠʢʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʢʘʢ ʧʨʠ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʠ, ʪʘʢ ʠ ʧʨʠ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʤ ʨʝʤʦʥʪʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʡ ʤʝʪʦʜ  ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʷ 

ʠʟ ʧʦʨʦʰʢʦʚʦʡ ʩʤʝʩʠ ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʧʨʠ ʧʨʦʜʣʝʥʠʠ ʨʝʩʫʨʩʘ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʦʜʰʠʧʥʠʢʦʚ ʟʘ ʩʯʝʪ ʥʠʟʢʦʡ ʧʦʨʠʩʪʦʩʪʠ, ʚʳʩʦʢʦʡ ʘʜʛʝʟʠʦʥʥʦʡ 

ʧʨʦʯʥʦʩʪʠ ʠ ʧʦʥʠʞʝʥʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʬʦʨʤʠʨʫʝʤʳʭ ʧʦʢʨʳʪʠʡ.   

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʥʪʠʬʨʠʢʮʠʦʥʥʦʝ ʧʦʢʨʳʪʠʝ, ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʥʘʥʝʩʝʥʠʷ, ʙʘʙʙʠʪ, 

ʧʦʜʰʠʧʥʠʢ, ʨʦʪʦʨ, ʪʫʨʙʠʥʘ.  
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Abstract. The application of an antifriction coating based on babbit on the working surface of 

bearings is relevant both in their manufacture and in restoration. The gas-dynamics method of 

coating from a powder mixture is preferred when extending the life and restoring the bearings due 

to low porosity, high adhesive strength and reduced friction coefficient of the formed coatings. 

ʂʝʫwords: anti-friction coating, gas-dynamic method of application, babbit, bearing, rotor, 

turbine.  

 

 

ɺʚʝʜʝʥʠʝ. ʋʧʦʨʥʳʡ ʧʦʜʰʠʧʥʠʢ ʧʨʠ ʨʘʙʦʪʝ ʧʘʨʦʚʦʡ ʪʫʨʙʠʥʳ ʚʦʩʧʨʠʥʠʤʘʝʪ ʦʩʝʚʦʝ ʫʩʠʣʠʝ, 

ʠʩʧʳʪʳʚʘʝʤʦʝ ʨʦʪʦʨʦʤ ʚʦ ʚʨʝʤʷ ʝʝ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʬʠʢʩʠʨʫʝʪ ʦʩʝʚʦʝ ʧʦʣʦʞʝʥʠʝ 

ʚʨʘʱʘʶʱʝʛʦʩʷ ʨʦʪʦʨʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʝʧʦʜʚʠʞʥʳʤ ʜʝʪʘʣʷʤ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʪʫʨʙʠʥʘʭ 

ʧʨʠʤʝʥʷʶʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩʝʛʤʝʥʪʥʳʝ ʫʧʦʨʥʳʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʜʰʠʧʥʠʢʠ 

ʩʢʦʣʴʞʝʥʠʷ. ʋʧʦʨʥʳʝ ʩʝʛʤʝʥʪʳ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʜʝʪʘʣʷʤʠ ʫʧʦʨʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ, 

ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʥʘʜʝʞʥʦʩʪʴ ʠ ʨʝʩʫʨʩ ʝʛʦ ʨʘʙʦʪʳ. ʈʘʟʤʝʨʳ ʫʧʦʨʥʳʭ ʩʝʛʤʝʥʪʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ 

http://www.vntr.ru/
mailto:npktribonika.vi@yandex.ru
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ʩʨʝʜʥʠʤ ʜʦʧʫʩʪʠʤʳʤ ʜʘʚʣʝʥʠʝʤ (ʧʨʠ  ʥʘʛʨʫʟʢʘʭ ʥʘ ʩʝʛʤʝʥʪ 1,5-2 ʄʇʘ). ʅʝʩʫʱʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʫʧʦʨʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʫʜʝʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʥʦ ʠ ʦʪ ʬʦʨʤʳ 

ʩʝʛʤʝʥʪʦʚ, ʩʧʦʩʦʙʘ ʠʭ ʦʧʠʨʘʥʠʷ, ʠʭ ʦʙʱʝʛʦ ʯʠʩʣʘ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ. ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠʣʠ 

ʨʝʤʦʥʪʝ ʧʦʚʝʨʭʥʦʩʪʴ ʩʝʛʤʝʥʪʘ ʧʦʢʨʳʚʘʶʪ ʩʣʦʝʤ ʙʘʙʙʠʪʘ (ʪʦʣʱʠʥʦʡ  ~ 1,5 ʤʤ) ʤʝʪʦʜʘʤʠ  

ʟʘʣʠʚʢʠ  ʠʣʠ ʥʘʧʳʣʝʥʠʷ ʧʦʢʨʳʪʠʷ. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʪʦʣʱʠʥʳ  ʨʘʙʦʯʝʛʦ ʩʣʦʷ ʜʦ 0,8-0,9 ʤʤ 

ʥʘ ʩʝʛʤʝʥʪʳ ʥʘʥʦʩʷʪ ʥʦʚʳʡ ʩʣʦʡ ʙʘʙʙʠʪʘ. ɺ ʦʧʦʨʥʳʭ ʚʢʣʘʜʳʰʘʭ ʙʘʙʙʠʪ ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ 

ʘʥʪʠʬʨʠʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʧʨʠ ʨʘʙʦʪʝ ʚ ʨʝʞʠʤʝ ʧʦʣʫʩʫʭʦʛʦ ʪʨʝʥʠʷ. ʉʨʦʢ 

ʩʣʫʞʙʳ ʧʦʜʰʠʧʥʠʢʦʚ, ʚʦ ʤʥʦʛʦʤ  ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʱʠʥʦʡ ʙʘʙʙʠʪʦʚʦʛʦ ʩʣʦʷ ʥʘ ʩʪʘʣʴʥʦʤ 

ʚʢʣʘʜʳʰʝ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ  ʚ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ ʥʘʥʝʩʝʥʠʷ ʘʥʪʠʬʨʠʢʮʠʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ 

ʙʘʙʙʠʪʘ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʥʘʧʳʣʝʥʠʷ [1] ʠʟ 

ʧʦʨʦʰʢʦʚʦʡ ʩʤʝʩʠ. 

 

 ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʤʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ.  ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʠʩʴ 

ʦʙʨʘʟʮʳ ʠʟ ʩʪʘʣʠ 20ʍ13 ʩ ʥʘʥʝʩʝʥʥʳʤ ʥʘ ʥʠʭ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ (ʥʘ ʫʩʪʘʥʦʚʢʝ 

çɼʀʄɽʊ-403è) ʧʦʢʨʳʪʠʝʤ ʙʘʙʙʠʪʘ ʠʟ ʧʦʨʦʰʢʦʚʦʡ ʩʤʝʩʠ ʤʘʨʢʠ ɹ-83-100-40 (ɹ-83) ʩ 

ʵʣʝʤʝʥʪʥʳʤ ʩʦʩʪʘʚʦʤ ʧʦ ɻʆʉʊ 1320-74: ʦʣʦʚʦ (Sn) ï 83 %, ʩʫʨʴʤʘ (Sb) ï 11 %, ʤʝʜʴ (ʉu) ï 6 

%.  

ɹʘʙʙʠӢʪ  ʷʚʣʷʝʪʩʷ ʩʧʣʘʚʦʤ ʥʘ ʦʩʥʦʚʝ ʦʣʦʚʘ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ 300 ï 440 ʦC. 

ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʙʘʙʙʠʪʦʚʳʭ ʩʧʣʘʚʦʚ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʧʣʘʩʪʠʯʥʫʶ ʤʘʩʩʫ ʩ ʨʘʚʥʦʤʝʨʥʦ ʚʢʨʘʧʣʝʥʥʳʤʠ ʪʚʝʨʜʳʤʠ ʯʘʩʪʠʮʘʤʠ, ʢʦʪʦʨʳʝ ʩʣʫʞʘʪ 

ʦʧʦʨʥʳʤʠ ʪʦʯʢʘʤʠ ʜʣʷ ʰʝʝʢ ʚʘʣʦʚ ʠ ʧʨʠ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʥʘʛʨʫʟʢʝ ʚʜʘʚʣʠʚʘʶʪʩʷ ʚʛʣʫʙʴ 

ʤʷʛʢʦʡ ʦʩʥʦʚʳ. ɼʘʚʣʝʥʠʝ ʚʘʣʘ ʥʘ ʚʢʣʘʜʳʰ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʚʩʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʜʰʠʧʥʠʢʫ ʚʳʜʝʨʞʠʚʘʪʴ ʙʦʣʴʰʫʶ ʥʘʛʨʫʟʢʫ. 

ʊʚʝʨʜʦʩʪʴ ʦʩʥʦʚʳ ʙʘʙʙʠʪʦʚ ʚʩʝʛʜʘ ʤʝʥʴʰʝ ʪʚʝʨʜʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʰʝʡʢʠ ʚʘʣʘ, ʧʦʵʪʦʤʫ 

ʧʦʚʝʨʭʥʦʩʪʴ ʙʘʙʙʠʪʦʚʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʧʦʜʚʝʨʛʘʝʪʩʷ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʤʫ ʠʟʥʦʩʫ. ʀʟʥʦʩ 

ʙʘʙʙʠʪʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʚʳʟʳʚʘʝʪ ʧʨʠ ʨʘʙʦʪʝ ʫʚʝʣʠʯʝʥʠʝ ʨʘʜʠʘʣʴʥʦʛʦ ʟʘʟʦʨʘ ʚ ʧʦʜʰʠʧʥʠʢʘʭ 

ʠ ʧʦʷʚʣʝʥʠʝ ʧʨʠ ʨʘʙʦʪʝ ʜʚʠʛʘʪʝʣʷ ʛʣʫʭʠʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʪʫʢʦʚ. ʏʪʦʙʳ ʫʩʪʨʘʥʠʪʴ ʵʪʦʪ 

ʜʝʬʝʢʪ, ʧʨʦʠʟʚʦʜʷʪ ʥʘʥʝʩʝʥʠʝ ʙʘʙʙʠʪʘ ʠʣʠ ʟʘʤʝʥʫ ʚʢʣʘʜʳʰʝʡ. 

ʅʘʥʝʩʝʥʠʝ ʙʘʙʙʠʪʘ ʥʘ ʧʦʜʰʠʧʥʠʢʠ (ʨʠʩʫʥʦʢ 1) ʥʝ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʳʤ ʜʝʣʦʤ. ʉʪʨʦʛʦʝ 

ʩʦʙʣʶʜʝʥʠʝ ʚʩʝʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʧʦʜʰʠʧʥʠʢʠ 

ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ. ʊʘʢʦʝ ʢʘʯʝʩʪʚʝʥʥʦʝ ʥʘʥʝʩʝʥʠʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʥʘ ʫʩʪʘʥʦʚʢʝ 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʧʳʣʝʥʠʷ. 

ʇʝʨʝʜ ʥʘʥʝʩʝʥʠʝʤ ʧʦʢʨʳʪʠʷ  ʧʨʦʚʦʜʠʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ  ʧʦʜʛʦʪʦʚʢʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʙʨʘʟʮʦʚ, ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʦʙʨʘʙʦʪʢʝ ʜʦ ʦʜʥʦʨʦʜʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʘʙʨʘʟʠʚʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ (ʢʦʨʫʥʜʦʤ ʤʘʨʢʠ ʂ-00-04-16) ʩ ʧʦʤʦʱʴʶ ʩʦʧʣʘ ʉʂ20. ʅʘ ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ  ʥʘʧʳʣʷʝʪʩʷ  ʤʥʦʛʦʩʣʦʡʥʦʝ ʧʦʢʨʳʪʠʝ. ʉʢʦʨʦʩʪʴ ʧʦʜʘʯʠ 

ʧʦʨʦʰʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʧʨʦʮʝʩʩʝ ʥʘʧʳʣʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 0,5ï0,6 ʛ/ʩ. ʉʥʘʯʘʣʘ ʚ ʢʘʯʝʩʪʚʝ 

ʧʦʜʩʣʦʷ ʥʘʥʦʩʠʪʩʷ ʤʝʜʥʦʝ ʧʦʢʨʳʪʠʝ (ʪʦʣʱʠʥʦʡ ʜʦ 50 ʤʢʤ) ʠʟ ʧʦʨʦʰʢʦʚʦʡ ʩʤʝʩʠ  ʤʘʨʢʠ ʉ-

01-01 (ʧʨʠ ʜʠʩʪʘʥʮʠʠ ʦʪ ʩʨʝʟʘ ʩʦʧʣʘ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ 10 - 20 ʤʤ). ɿʘʪʝʤ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʴ 

ʥʘʥʦʩʠʪʩʷ ʪʦʥʢʦʝ (ʪʦʣʱʠʥʦʡ 20-40 ʤʢʤ) ʧʦʢʨʳʪʠʝ ʠʟ ʧʦʨʦʰʢʦʚʦʡ ʩʤʝʩʠ ʦʣʦʚʘ ʊ2-00-05. 

ʊʦʣʱʠʥʘ ʩʘʤʦʛʦ ʨʘʙʦʯʝʛʦ ʧʦʢʨʳʪʠʷ ʙʘʙʙʠʪʘ ʩʦʩʪʘʚʣʷʝʪ 1 ʤʤ (ʨʠʩʫʥʦʢ 4). ʇʦʩʣʝ ʥʘʥʝʩʝʥʠʷ 

ʧʦʢʨʳʪʠʷ ʦʙʨʘʟʝʮ ʧʨʦʭʦʜʠʪ ʤʝʭʘʥʠʯʝʩʢʫʶ ʜʦʚʦʜʢʫ ʜʣʷ ʩʛʣʘʞʠʚʘʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ 

ʧʦʚʝʨʭʥʦʩʪʠ. 

ʄʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʦʢʨʳʪʠʷ ʙʘʙʙʠʪʘ ʚʳʧʦʣʥʷʣʠ ʥʘ 

ʧʦʧʝʨʝʯʥʦʤ  ʰʣʠʬʝ ʥʘ ʦʧʪʠʯʝʩʢʦʤ ʤʠʢʨʦʩʢʦʧʝ çAxio Observerè ʠ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ 

çVEGA TESCAN IIè.  
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ʈʠʩ. 1. ɺʥʝʰʥʠʡ ʚʠʜ ʦʧʦʨʥʦ-ʫʧʦʨʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ 

 ʩ ʧʦʢʨʳʪʠʝʤ ʙʘʙʙʠʪʘ 

 

ʀʟʤʝʨʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʨʦʚʦʜʠʣʠ ʥʘ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʥʘ 

ʤʠʢʨʦʪʚʝʨʜʦʤʝʨʝ ʇʄʊ-3 ʧʦ ɻʆʉʊ 9450-76 ʧʨʠ ʥʘʛʨʫʟʢʝ ʥʘ ʠʥʜʝʥʪʦʨ 0,5 ʅ. ɸʜʛʝʟʠʦʥʥʫʶ 

ʧʨʦʯʥʦʩʪʴ ʧʦʢʨʳʪʠʷ ʦʮʝʥʠʚʘʣʠ ʤʝʪʦʜʦʤ ʠʥʜʝʥʪʠʨʦʚʘʥʠʷ (ʧʨʠ ʥʘʛʨʫʟʢʝ 2 ʅ0 ʛʨʘʥʠʮʳ 

ʨʘʟʜʝʣʘ ʩ ʦʩʥʦʚʦʡ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʨʠʢʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʧʦʢʨʳʪʠʷ ʠ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ ʪʨʝʥʠʷ ʧʨʠ ʩʫʭʦʤ ʩʢʦʣʴʞʝʥʠʠ ʰʘʨʦʚʦʛʦ ʠʥʜʝʥʪʦʨʘ ʠʟ ʟʘʢʘʣʝʥʥʦʡ 

ʩʪʘʣʠ ʐʍ15 (ʩ ʥʦʨʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʦʡ 1 ʅ). 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʦʨʦʰʦʢ ʙʘʙʙʠʪʘ ʤʘʨʢʠ ɹ-83 ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʥʘʥʝʩʝʥʠʷ 

ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʜʝʪʘʣʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʪʷʞʝʣʦʥʘʛʨʫʞʝʥʥʳʝ ʧʦʜʰʠʧʥʠʢʠ 

ʩʢʦʣʴʞʝʥʠʷ. ʇʦ ʛʨʘʥʫʣʷʨʥʦʤʫ ʩʦʩʪʘʚʫ ʧʦʨʦʰʦʢ ʠʤʝʝʪ ʙʦʣʴʰʦʡ ʨʘʟʙʨʦʩ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʦʪ 5 

ʜʦ 50 ʤʢʤ  (ʨʠʩʫʥʦʢ 2 ʘ). ɺʩʪʨʝʯʘʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʤʝʣʢʠʝ ʯʘʩʪʠʮʳ  ʜʠʘʤʝʪʨʦʤ ~1 ʤʢʤ ʠ 

ʢʨʫʧʥʳʝ ʢʦʥʛʣʦʤʝʨʘʪʳ ʨʘʟʤʝʨʦʤ ʜʦ 80 - 100 ʤʢʤ. ʏʘʩʪʠʮʳ ʧʦʨʦʰʢʦʚʦʡ ʩʤʝʩʠ ʠʤʝʶʪ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʚʳʪʷʥʫʪʫʶ ʛʣʦʙʫʣʷʨʥʫʶ ʬʦʨʤʫ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʝʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ (ʨʠʩʫʥʦʢ 2 ʙ) [2]. ɼʘʥʥʘʷ ʩʤʝʩʴ ʠʟʛʦʪʦʚʣʝʥʘ ʧʦ 

ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ. ʉʥʘʯʘʣʘ ʦʩʫʱʝʩʪʚʣʷʶʪ ʩʦʚʤʝʩʪʥʦ ʠʣʠ 

ʨʘʟʜʝʣʴʥʦ ʧʦʤʦʣ ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʜʦ ʧʦʨʦʰʢʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ 

ʚ ʥʝʦʙʭʦʜʠʤʦʤ ʩʦʦʪʥʦʰʝʥʠʠ (ʧʦ ʤʘʩʩ.% ʩʧʣʘʚʘ ʙʘʙʙʠʪʘ ʤʘʨʢʠ ɹ-83). ɿʘʪʝʤ ʧʨʦʚʦʜʷʪ 

ʧʣʘʚʣʝʥʠʝ ʧʦʣʫʯʝʥʥʦʡ ʩʤʝʩʠ ʚ ʪʠʛʣʝ ʩ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ, ʧʦʣʫʯʘʷ ʩʧʣʘʚ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 70 Áʉ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ ʚʳʰʝ 300 Áʉ.  
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 ʘ, ʭ500   ʙ, ʭ8000 

ʈʠʩ. 2. ɻʨʘʥʫʣʷʨʥʳʡ ʩʦʩʪʘʚ  ʧʦʨʦʰʢʦʚʦʡ ʩʤʝʩʠ ʙʘʙʙʠʪʘ ʤʘʨʢʠ ɹ-83 

 

ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʨʠʩʫʥʦʢ 3) ʧʦʨʦʰʢʦʚʘʷ ʩʤʝʩʴ ʠʤʝʝʪ ʬʘʟʦʚʳʡ 

ʩʦʩʪʘʚ: Sn + b-SbSn + Cu (~6 %). ʆʩʥʦʚʥʦʡ ʷʚʣʷʝʪʩʷ ʬʘʟʘ Sn ʩ ʪʝʪʨʘʛʦʥʘʣʴʥʳʤ ʪʠʧʦʤ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ. ʀʥʪʝʨʤʝʪʘʣʣʠʜʥʘʷ ʬʘʟʘ b-SbSn ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʝ ʚ ʧʨʦʮʝʩʩʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʨʦʰʢʦʚʦʡ ʩʤʝʩʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʣʘʩʪʠ  ʜʠʘʛʨʘʤʤʳ 

ʬʘʟʦʚʳʭ ʩʦʩʪʦʷʥʠʡ  [3] ʜʣʷ 11 %-ʦʛʦ (ʧʦ ʤʘʩʩʝ) ʩʦʜʝʨʞʘʥʠʷ ʩʫʨʴʤʳ (ʨʠʩʫʥʦʢ 4). 

         

   Sn 

           (200) 

        Sn 

     (101) 

 

      Sn 

               (211) 

 

 

 

         

          Sn 

  SbSn      (220) 

               Sn 

              (112) 

                SbSn                Sn  

        (301)            Sn SbSn        Sn                   

                   (400)      (420) SbSn 

           SbSn            

 

 

 

ʈʠʩ. 3. ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʦʨʦʰʢʦʚʦʡ ʩʤʝʩʠ ʙʘʙʙʠʪʘ ʠ ʧʦʢʨʳʪʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʜʘʥʥʦʡ 

ʧʦʨʦʰʢʦʚʦʡ ʩʤʝʩʠ 
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ʈʠʩ. 4. ɼʠʘʛʨʘʤʤʘ ʬʘʟʦʚʳʭ ʩʦʩʪʦʷʥʠʡ ʩʠʩʪʝʤʳ çʦʣʦʚʦ-ʩʫʨʴʤʘè 

 

ʇʨʠ ʥʘʥʝʩʝʥʠʠ ʠʟ ʜʘʥʥʦʡ ʧʦʨʦʰʢʦʚʦʡ ʩʤʝʩʠ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʢʨʳʪʠʝ ʙʘʙʙʠʪʘ ʩ ʪʘʢʠʤ ʞʝ 

ʬʘʟʦʚʳʤ ʩʦʩʪʘʚʦʤ (ʨʠʩ.3). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʜʠʥʘʤʠʯʝʩʢʦʤ ʥʘʧʳʣʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʘ 

ʯʘʩʪʠʮ ʚ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʤ ʧʦʪʦʢʝ ʥʝ ʧʨʝʚʳʰʘʝʪ 200 ʦʉ, ʯʪʦ ʦʙʲʷʩʥʷʝʪ ʩʦʭʨʘʥʝʥʠʝ ʬʘʟʦʚʦʛʦ 

ʩʦʩʪʘʚʘ ʥʘʧʳʣʷʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʠʟʤʝʥʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʝʢʦʪʦʨʳʭ 

ʨʝʬʣʝʢʩʦʚ ʦʣʦʚʘ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʧʣʘʩʪʠʬʠʮʠʨʦʚʘʥʠʝʤ ʯʘʩʪʠʮ ʧʨʠ ʦʩʘʞʜʝʥʠʠ ʥʘ 

ʧʦʜʣʦʞʢʫ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʠʟʤʝʥʝʥʠʝʤ ʬʦʨʤʳ ʟʝʨʝʥ ʚ ʧʦʢʨʳʪʠʠ.    

ɺʥʝʰʥʠʡ ʚʠʜ ʤʦʜʝʣʴʥʦʛʦ ʦʙʨʘʟʮʘ ʩ ʥʘʥʝʩʝʥʥʳʤ ʧʦʢʨʳʪʠʝʤ ʙʘʙʙʠʪʘ ʠ ʩʪʨʫʢʪʫʨʘ ʝʛʦ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 5 - 7.   

         
   ʘ      ʙ 

 

ʈʠʩ.5. ɺʥʝʰʥʠʡ ʚʠʜ ʦʙʨʘʟʮʘ ʩ ʧʦʢʨʳʪʠʝʤ ʙʘʙʙʠʪʘ (ʘ) 

 ʠ ʧʦʧʝʨʝʯʥʳʡ ʰʣʠʬ (ʙ), ʭ200 
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ɸʥʘʣʠʟ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʧʦʢʨʳʪʠʷ ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ ʚ ʥʝʤ ʪʨʝʭ ʩʣʦʝʚ (ʨʠʩ.6). 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ  ʧʦʢʨʳʪʠʷ ʙʘʙʙʠʪʘ  ʩʦʩʪʦʠʪ ʠʟ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ (ʪʝʤʥʘʷ ʦʩʥʦʚʘ ʥʘ ʨʠʩ.6-

ʙ), ʢʨʫʧʥʳʭ ʢʫʙʠʯʝʩʢʠʭ ʯʘʩʪʠʮ  (SbSn) ʠ ʤʝʣʢʠʭ ʢʨʠʩʪʘʣʣʦʚ (ʉu6Sn5; ʉu3Sn). 

ɸʥʘʣʠʟ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʦʙʨʘʟʮʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʢʨʳʪʠʝ ʙʘʙʙʠʪʘ ʠʤʝʝʪ ʥʠʟʢʫʶ 

ʧʦʨʠʩʪʦʩʪʴ. ʅʘʣʠʯʠʝ ʦʪʢʨʳʪʦʡ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʦʨʠʩʪʦʩʪʠ ʚ ʧʦʢʨʳʪʠʠ ʥʝ ʚʳʷʚʣʝʥʦ. 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʦʙʱʝʡ ʧʦʨʠʩʪʦʩʪʠ  ʇ~3 %, ʚ ʟʦʥʘʭ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʩʢʦʧʣʝʥʠʝʤ ʧʦʨ ï ʇ~5 

%. ɼʠʘʤʝʪʨ ʢʨʫʧʥʳʭ ʧʦʨ ʩʦʩʪʘʚʣʷʝʪ ~ 27,5 ʤʢʤ, ʤʝʣʢʠʭ - 7 ʤʢʤ (ʨʠʩ.7).  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ: ʪʚʝʨʜʦʩʪʴ ʧʦʢʨʳʪʠʷ ʙʘʙʙʠʪʘ ʩʦʩʪʘʚʣʷʝʪ ʅ50=32 

ʢʛ/ʤʤ2, ʤʝʜʥʦʛʦ ʧʦʜʩʣʦʷ - ʅ20=138 ʢʛ/ʤʤ
2, ʩʪʘʣʴʥʦʡ ʜʝʪʘʣʠ ʅ50=300 ʢʛ/ʤʤ

2. ʇʨʠʤʝʥʝʥʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʠʝʤʘ ʚ ʚʠʜʝ ʥʘʥʝʩʝʥʠʷ ʤʝʜʥʦʛʦ ʧʦʜʩʣʦʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʣʘʚʥʳʡ ʧʝʨʝʭʦʜ 

ʪʚʝʨʜʦʩʪʠ ʦʪ ʧʦʜʣʦʞʢʠ ʢ ʧʦʢʨʳʪʠʶ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ 

ʚ ʩʣʦʷʭ. 

ʀʩʧʳʪʘʥʠʷ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʧʦʢʨʳʪʠʷ ʤʝʪʦʜʦʤ ʤʠʢʨʦʠʥʜʝʥʪʠʨʦʚʘʥʠʷ (ʧʨʠ ʥʘʛʨʫʟʢʝ 

2ʅ) ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ çʧʦʢʨʳʪʠʝ ï ʧʦʜʩʣʦʡè ʠ çʧʦʜʩʣʦʡ ï ʧʦʜʣʦʞʢʘè ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ 

ʧʨʦʯʥʦʩʪʴ ʩʮʝʧʣʝʥʠʷ, ʪʘʢʞʝ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ, ʩʢʦʣʦʚ ʠ ʦʪʩʣʦʝʥʠʡ.  

   
   ʘ, ʭ50      ʙ,ʭ100 

         
                                   ʚ, 100              ʛ, ʭ50 

 

ʈʠʩ. 6. ʉʪʨʫʢʪʫʨʘ   ʧʦʢʨʳʪʠʷ ʙʘʙʙʠʪʘ: 1,2 ï ʧʦʜʩʣʦʠ , 3 ï  ʨʘʙʦʯʠʡ ʩʣʦʡ 

  

3 

1

 

2 
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