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ʄʘʪʝʨʠʘʣʜʘʨ ʞʠʥʘסʳʥʜʘ ʢᴇʣʽʢ ʜʘʤʫʳʥʳש, ʣʦʛʠʩʪʠʢʘ ʞᴅʥʝ ʪʘʩʳʤʘʣʜʘʫ װʜʝʨʽʩʽʥ ײʡʳʤʜʘʩʪʳʨʫʳʥ, 

ʨʝʩʫʨʩʪʳװ ץʥʝʤʜʝʫʽʥ, ʪʝʤʽʨ ʞʦʣ ʞʳʣʞʳʤʘʣʳ ײץʨʘʤʳʥ, IT ʠʥʥʦʚʘʮʠʷʩʳʥ, ʢᴇʣʽʢ ײץʨʳʣʳʩʳʥ, ʢᴇʣʽʢʪʝʛʽ 

ʵʢʦʥʦʤʠʢʘʩʳʥ ʞᴅʥʝ ץʘʟʽʨʛʽ ʟʘʤʘʥʘʫʠ ʢʘʜʨʣʘʨ ʜʘʷʨʣʘʫ ᴇʟʝʢʪʽ ʤᴅʩʝʣʝʣʝʨʽ ץʘʨʘʩʪʳʨʳʣסʘʥ. 

ɹײʣ ʞʠʥʘץ ʢᴇʣʽʢ-ʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ ʢʝʰʝʥʥʽס ,שʳʣʳʤʠ-ʟʝʨʪʪʝʫ ײʡʳʤʜʘʨʳʥʳץ שʳʟʤʝʪʢʝʨʣʝʨʽ 

ʤʝʥ ʞʦסʘʨʳ ʦץʫ ʦʨʳʥʜʘʨʳʥʘ ץʳʟʳסʫʰʳʣʳסʳʥ ʪʫʜʳʨʘʜʳ. 
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ʐʚʝʮʠʠ, ɹʝʣʘʨʫʩʠ, ɹʦʣʛʘʨʠʠ, ʋʢʨʘʠʥʳ, ʊʫʨʢʤʝʥʠʩʪʘʥʘ, ʊʘʜʞʠʢʠʩʪʘʥʘ, ʋʟʙʝʢʠʩʪʘʥʘ ʠ ʂʳʨʛʳʟʩʪʘʥʘ. ɺ 
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ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʵʢʦʥʦʤʠʢʠ ʥʘ ʪʨʘʥʩʧʦʨʪʝ ʠ ʧʦʜʛʦʪʦʚʢʠ ʢʘʜʨʦʚ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ.  

ʅʘʩʪʦʷʱʠʡ ʩʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ ʨʘʙʦʪʥʠʢʦʚ ʪʨʘʥʩʧʦʨʪʥʦ-

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ. 

 

ʄʘץʘʣʘʣʘʨ ʘʚʪʦʨʣʳץ ʨʝʜʘʢʮʠʷʣʘʫʤʝʥ ʞʘʨʠʷʣʘʥʘʜʳ. ɹʘʨʣʳץײץ ץʳץʪʘʨ ʩʘץʪʘʣסʘʥ. ɹײʣ ʙʘʩʧʘʥʳש 

ʝʰץʘʥʜʘʡ ʜʘ ʙᴇʣʽʛʽ ʢʝʟ ʢʝʣʛʝʥ ײץʨʘʣʜʘʨʤʝʥ: ʵʣʝʢʪʨʦʥʜʳץ, ʤʝʭʘʥʠʢʘʣʳץ, ʬʦʪʦʢᴇʰʽʨʤʝ, ʞʘʟʙʘ ʥʝʤʝʩʝ 

ʙʘʩץʘʜʘ ײץʨʘʣʜʘʨʤʝʥ ʙʘʩʧʘ ʠʝʩʽʥʽש ʨץײʩʘʪʳʥʩʳʟ ʘʣʳʥʳʧ, ʢʝʟ ʢʝʣʛʝʥ ʘץʧʘʨʘʪʪʳץ ʞװʡʝʜʝ ʩʘץʪʘʣʳʥʘ 

ʘʣʤʘʡʜʳ. 

 

ʉʪʘʪʴʠ ʧʫʙʣʠʢʫʶʪʩʷ ʚ ʘʚʪʦʨʩʢʦʡ ʨʝʜʘʢʮʠʠ. ɺʩʝ ʧʨʘʚʘ ʩʦʭʨʘʥʝʥʳ. ʅʠʢʘʢʘʷ ʯʘʩʪʴ ʜʘʥʥʦʛʦ 

ʠʟʜʘʥʠʷ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʚʦʩʧʨʦʠʟʚʝʜʝʥʘ, ʩʦʭʨʘʥʝʥʘ ʚ ʣʶʙʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ, ʠʟʤʝʥʝʥʘ ʠʣʠ 

ʧʝʨʝʚʝʜʝʥʘ ʚ ʜʨʫʛʦʡ ʚʠʜ ʣʶʙʳʤʠ ʩʨʝʜʩʪʚʘʤʠ: ʵʣʝʢʪʨʦʥʥʳʤʠ, ʤʝʭʘʥʠʯʝʩʢʠʤʠ, ʬʦʪʦʢʦʧʠʨʦʚʘʣʴʥʳʤʠ, 

ʟʘʧʠʩʳʚʘʶʱʠʤʠ ʠʣʠ ʠʥʳʤʠ ʜʨʫʛʠʤʠ ʙʝʟ ʨʘʟʨʝʰʝʥʠʷ ʠʟʜʘʪʝʣʷ. 
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ʄ.ʂ. ʐʘʣʘʙʘʝʚ
1,a
, ɾ.ʉ. ʀʙʨʘʝʚ

1,b 

1
ʂʘʟʘʭʩʢʘʷ ʘʢʘʜʝʤʠʷ ʪʨʘʥʩʧʦʨʪʘ ʠ ʢʦʤʤʫʥʠʢʘʮʠʡ ʠʤ. ʄ.ʊʳʥʳʰʧʘʝʚʘ, ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

a
m.shalabaev@kazatk.kz, 

b zh.ibraev@kazatk.kz 

 

ʂ ɺʆʇʈʆʉʋ ʀʉʉʃɽɼʆɺɸʅʀʗ ɿɸɺʀʉʀʄʆʉʊʀ ʄɽɾɼʋ ʈɽʄʆʅʊʅʓʄʀ 

ɼʆʇʋʉʂɸʄʀ ʀ ʇɸʈɸʄɽʊʈɸʄʀ ɼʀɿɽʃʗ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ  ʪʝʧʣʦʚʦʟʥʳʭ 

ʜʠʟʝʣʝʡ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʝʤʦʥʪʥʳʝ ʜʦʧʫʩʢʠ ʥʘ ʧʘʨʘʤʝʪʨʳ ʪʝʧʣʦʚʦʟʥʳʭ ʜʠʟʝʣʝʡ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʝʪʦʜʘʤʠ, ʥʝʜʦʩʪʘʪʦʯʥʦ ʫʯʠʪʳʚʘʶʱʠʤʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʥʘʜʝʞʥʦʩʪʴ ʠ 

ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ.  

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩ ʫʯʝʪʦʤ ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʭʘʨʘʢʪʝʨʘ 

ʧʘʨʘʤʝʪʨʦʚ ʜʠʟʝʣʷ ʠʩʧʦʣʴʟʫʝʪ ʩʣʝʜʫʶʱʠʝ ʢʨʠʪʝʨʠʠ ʦʧʪʠʤʘʣʴʥʦʩʪʠ: 

- ʦʙʝʩʧʝʯʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʚʳʭʦʜʘ ʧʘʨʘʤʝʪʨʦʚ ʟʘ ʛʨʘʥʠʮʫ ʙʨʘʢʦʚʦʯʥʦʛʦ ʜʦʧʫʩʢʘ  ʥʝ 

ʚʳʰʝ ʟʘʜʘʥʥʦʡ; 

- ʦʙʝʩʧʝʯʝʥʠʝ ʤʠʥʠʤʫʤʘ  ʩʫʤʤʘʨʥʳʭ ʟʘʪʨʘʪ ʥʘ ʨʝʛʫʣʠʨʦʚʢʫ ʧʘʨʘʤʝʪʨʦʚ ʠ ʟʘʤʝʥʫ 

ʜʝʪʘʣʝʡ ʠ ʠʟ-ʟʘ ʫʭʫʜʰʝʥʠʷ ʪʦʧʣʠʚʥʦʡ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʜʠʟʝʣʷ ʚʩʣʝʜʩʪʚʠʝ ʦʪʢʣʦʥʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʜʝʞʥʦʩʪʴ, ʪʝʧʣʦʚʦʟ, ʜʠʟʝʣʴʥʳʡ ʜʚʠʛʘʪʝʣʴ, ʜʦʧʫʩʢ, ʧʘʨʘʤʝʪʨ, 

ʟʘʟʦʨ, ʠʟʥʦʩ, ʟʘʪʨʘʪʳ. 

ɸשʜʘʪʧʘ. ʄʘץʘʣʘʜʘ ʪʝʧʣʦʚʦʟ ʜʠʟʝʣʴʜʝʨʽʥʽש ʩʝʥʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ ץʘʨʘʩʪʳʨʳʣסʘʥ. 

ʆʩʳ ʫʘץʳʪʪʘ ʪʝʧʣʦʚʦʟ ʜʠʟʝʣʴʜʝʨʽʥʽש ʧʘʨʘʤʝʪʨʣʝʨʽʥʝ ʞᴇʥʜʝʫ ʞʽʙʝʨʽʣʫʣʝʨʽ ʦʣʘʨʜʳש 

ʩʝʥʽʤʜʽʣʽʛʽ ʤʝʥ ʪʝʭʥʠʢʘ- ʢɻʦʥʦʤʠʢʘʣʳץ ʪʠʽʤʜʽʣʽʛʽʥʝ ᴅʩʝʨʽʥ ʞʝʪʢʽʣʽʢʩʽʟ ʝʩʢʝʨʝʪʽʥ 

ᴅʜʽʩʪʝʤʝʣʝʨʤʝʥ ʘʥʳץʪʘʣʘʜʳ.  

ᴄʟʽʨʣʝʥʛʝʥ ʧʘʨʘʤʝʪʨʣʝʨʽʥʽש ʳץʪʠʤʘʣʜʳץ ʩʠʧʘʪʳʥ ʝʩʢʝʨʝʪʽʥ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʩװʣʙʽʩʽ 

ʢʝʣʝʩʽ ʦשʪʘʡʣʘʥʜʳʨʫ ʢʨʠʪʝʨʠʡʣʝʨʽʥ ץʘʤʪʠʜʳ: 

- ʨץײʩʘʪ ʝʪʽʣʛʝʥ ʞʽʙʝʨʫ ʰʝʛʽʥʝʥ ʘʩʫ ʳץʪʠʤʘʣʜʳסʳʥ ʙʝʨʽʣʛʝʥʽʥʝʥ ʘʩʧʘʡʪʳʥ 

ʰʘʤʘʩʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ; 

- ʧʘʨʘʝʤʪʝʨʣʝʨʽʥʽש ʥʦʤʠʥʘʣ ʤᴅʥʜʝʨʽʥʝʥ ʘʫʳʪץʫʳ ʩʘʣʜʘʨʳʥʘʥ ʞᴅʥʝ ʜʠʟʝʣʴʜʽש 

ʦʪʳʥʜʳץ ʪʠʽʤʜʽʣʽʛʽʥʽש ʥʘʰʘʨʣʘʫʳʥʘʥ ʜʠʟʝʣʴʜʽש ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʨʝʪʪʝʫ ʤʝʥ ʙᴇʣʰʝʢʪʝʨʽʥ 

ʘʣʤʘʩʪʳʨʫסʘ ʢʝʪʝʪʽʥ ץʦʩʳʥʜʳ ʰʳסʳʥʜʘʨʜʳש ʤʠʥʠʤʫʤʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ. 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ʩʝʥʽʤʜʽʣʽʢ, ʪʝʧʣʦʚʦʟ, ʜʠʟʝʣʴ ץʦʟסʘʣʪץʳʰʳ, ʞʽʙʝʨʫ, ʧʘʨʘʤʝʪʨ, 

ʩʘשʣʘʫ, ʪʦʟʫ, ʰʳסʳʥʜʘʨ. 

Abstract. This article discusses improving the reliability of diesel locomotives. 

The present repair, the tolerances on the parameters of diesel engines is determined by the 

methods, insufficiently considering their impact on the reliability and technical-economic 

efficiency. 

The developed mathematical model, taking into account the probabilistic nature of the 

parameters, diesel uses the following criteria of optimality: 

- ensuring the likelihood of the parameters for the border rejection of tolerance above set; 

- ensuring a minimum total cost of adjusting the parameters and replacing parts and due 

to the deterioration of the fuel efficiency of the diesel engine due to deviation from the nominal 

value. 
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ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʘʜʝʞʥʦʩʪʠ ʪʝʧʣʦʚʦʟʥʳʭ ʜʠʟʝʣʝʡ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʠʥʞʝʥʝʨʥʳʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʧʦ ʚʥʝʟʘʧʥʳʤ ʦʪʢʘʟʘʤ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʥʘʜʝʞʥʦʩʪʠ ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʪʝʧʣʦʚʦʟʦʚ 

ʷʚʣʷʝʪʩʷ ʚʧʦʣʥʝ ʟʘʢʦʥʦʤʝʨʥʳʤ, ʥʦ ʜʘʣʝʢʦ ʥʝ ʝʜʠʥʩʪʚʝʥʥʦ ʚʦʟʤʦʞʥʳʤ. 

ɹʣʘʛʦʜʘʨʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʨʘʙʦʪʘʤ  ʩʦʚʝʪʩʢʠʭ ʫʯʝʥʳʭ ɸ.ʀ. ɹʝʨʛʘ,                               

ʅ.ɻ. ɼʨʫʞʠʥʠʥʘ, ɹ.ɺ. ɺʘʩʠʣʴʝʚʘ ʠ ʜʨ. ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ  ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ , ʩʪʘʣʦ 

ʚʦʟʤʦʞʥʳʤ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʧʦ ʜʘʥʥʳʤ ʦ ʧʨʠʙʣʠʞʝʥʠʠ ʵʣʝʤʝʥʪʦʚ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ 

ʢ ʦʪʢʘʟʘʤ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʝ ʩʦʩʪʦʷʥʠʝ ʪʝʧʣʦʚʦʟʥʦʛʦ ʜʠʟʝʣʷ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʞʥʦ ʦʮʝʥʠʪʴ  ʩ ʧʦʤʦʱʴʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ  ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʥʘ ʚʝʣʠʯʠʥʫ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʙʦʣʴʰʦʝ 

ʯʠʩʣʦ ʬʘʢʪʦʨʦʚ, ʠʤʝʶʱʠʭ ʩʣʫʯʘʡʥʳʡ ʭʘʨʘʢʪʝʨ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʟʥʘʯʝʥʠʷ ʠʭ ʦʪʣʠʯʘʶʪʩʷ 

ʦʪ ʨʘʩʯʝʪʥʳʭ, ʥʦʤʠʥʘʣʴʥʳʭ ʚʝʣʠʯʠʥ. ʇʦʵʪʦʤʫ ʜʣʷ ʨʘʙʦʯʠʭ ʧʘʨʘʤʝʪʨʦʚ ʫʩʪʘʥʘʚʣʠʚʘʶʪ 

ʜʦʧʫʩʢʠ, ʚʳʭʦʜ ʟʘ ʛʨʘʥʠʮʳ ʢʦʪʦʨʳʭ ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʠʣʠ ʧʦʪʝʨʝ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʜʠʟʝʣʷ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦʡ ʰʠʨʠʥʳ ʧʦʣʷ ʨʝʤʦʥʪʥʳʭ ʜʦʧʫʩʢʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʫʯʝʪʝ  

ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʚʝʣʠʯʠʥ ʧʘʨʘʤʝʪʨʦʚ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʧʣʦʚʦʟʦʚ. 

ʇʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʧʦʥʷʪʠʝ ʜʦʧʫʩʢʘ ʧʨʠʦʙʨʝʪʘʝʪ ʥʦʚʦʝ ʢʘʯʝʩʪʚʦ, ʙʦʣʝʝ  ʰʠʨʦʢʦʝ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ  ʦʧʨʝʜʝʣʝʥʠʷʤʠ ʧʦ ɻʆʉʊ 7713-62 [1]. 

ɼʦʧʫʩʢʦʤ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ  ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʦʧʳʪʦʤ ʠʣʠ ʨʘʩʯʝʪʦʤ ʛʨʘʥʠʮʳ ʜʣʷ 

ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʪʝʧʣʦʚʦʟʥʦʛʦ ʜʠʟʝʣʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʥ ʩʧʦʩʦʙʝʥ ʚʳʧʦʣʥʷʪʴ ʟʘʜʘʥʥʳʝ 

ʬʫʥʢʮʠʠ, ʩʦʭʨʘʥʷʷ ʩʚʦʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʚ ʪʝʯʝʥʠʝ ʪʨʝʙʫʝʤʦʛʦ ʚʨʝʤʝʥʠ ʠʣʠ 

ʪʨʝʙʫʝʤʦʡ ʥʘʨʘʙʦʪʢʠ ʚ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʎʅʀʀ ʆɸʆ 

çʈʦʩʩʠʩʢʠʝ ʞʝʣʝʟʥʳʝ ʜʦʨʦʛʠè, ɺʅʀʊʀ,ʈʋʊ (ʄʀʀʊ), ʆʤɻʋʇʉ ʠ ʜʨ. ʦʨʛʘʥʠʟʘʮʠʷʭ, 

ʦʩʥʦʚʥʳʤ ʣʠʤʠʪʠʨʫʶʱʠʤ ʫʟʣʦʤ, ʦʢʘʟʳʚʘʶʱʠʤ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʪʝʧʣʦʚʦʟʥʦʛʦ ʜʠʟʝʣʷ, ʷʚʣʷʶʪʩʷ ʜʝʪʘʣʠ ʠ ʩʦʯʣʝʥʝʥʠʷ 

ʮʠʣʠʥʜʨʦ-ʧʦʨʰʥʝʚʦʡ ʛʨʫʧʧʳ, ʦʪʢʘʟʳ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʶʪ ʦʪ 60 ʜʦ 75 ʧʨʦʮʝʥʪʦʚ ʦʪ 

ʦʙʱʝʛʦ ʯʠʩʣʘ ʦʪʢʘʟʦʚ ʧʦ ʜʠʟʝʣʶ. ʇʦʵʪʦʤʫ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʜʠʟʝʣʝʡ ʚ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʣʝʜʫʝʪ ʧʨʠʥʷʪʴ: 

-ʟʘʟʦʨ çʥʘ ʤʘʩʣʦè ʚ ʢʦʨʝʥʥʳʭ  ʧʦʜʰʠʧʥʠʢʘʭ    ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ - ŭʢ; 

-ʟʘʟʦʨ çʥʘ ʤʘʩʣʦè ʚ ʰʘʪʫʥʥʳʭ ʧʦʜʰʠʧʥʠʢʘʭ    ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ ï ŭʰ; 

-ʟʘʟʦʨ çʥʘ ʤʘʩʣʦè ʚ ʧʦʨʰʥʝʚʦʡ ʛʦʣʦʚʢʝ ʰʘʪʫʥʘ ï ŭʧ; 

-ʣʠʥʝʡʥʘʷ ʚʝʣʠʯʠʥʘ ʢʘʤʝʨʘ ʩʞʘʪʠʷ ï hʩ; 

- ʠʟʥʦʩ ʮʠʣʠʥʜʨʦʚʳʭ ʛʠʣʴʟ - sʛ. 

ɺ ʢʘʯʝʩʪʚʝ ʚʳʭʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʩʣʝʜʫʝʪ ʧʨʠʥʷʪʴ ʧʦʢʘʟʘʪʝʣʴ ʧʣʦʪʥʦʩʪʠ ʮʠʣʠʥʜʨʘ ï 

pe /pk, ʢʦʪʦʨʳʡ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʤʦʱʥʦʩʪʴ ʠ ʪʦʧʣʠʚʥʫʶ 

ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʜʠʟʝʣʷ. 

ɼʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʜʠʟʝʣʷ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʝʛʦ ʧʘʨʘʤʝʪʨʳ 

ʥʘʭʦʜʠʣʠʩʴ  ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʝʜʝʣʘʭ  - ʜʦʧʫʩʢʘʭ, ʪ.ʝ. ʯʪʦʙʳ  ʦʪʢʣʦʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʙʳʣʠ ʤʝʥʴʰʝ ʠʣʠ ʨʘʚʥʳ ʥʝʢʦʪʦʨʦʡ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʚʝʣʠʯʠʥʝ, ʚ ʛʨʘʥʠʮʘʭ ʧʦʣʷ ʜʦʧʫʩʢʘ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʪʝʧʣʦʚʦʟʥʳʡ ʜʠʟʝʣʴ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʩʣʦʞʥʫʶ ʩʠʩʪʝʤʫ ʩ 

ʚʭʦʜʥʳʤʠ ʠ ʚʳʭʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤ, ʠ ʧʦ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʝʛʦ ʩʦʩʪʦʷʥʠʠ. 

ɺʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʟʘʚʠʩʷʪ ʦʪ ʢʘʯʝʩʪʚʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ, 

ʥʘʛʨʫʞʝʥʠʷ ʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʳʭʦʜʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʷʚʣʷʶʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤʠ. 

ɺʳʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʬʦʨʤʠʨʫʶʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʠʟʤʝʥʷʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʧʦʩʣʝʜʥʠʭ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ  ʧʘʨʘʤʝʪʨʦʚ ʜʠʟʝʣʷ. 
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ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʠʟʝʣʷ 

 

ʀʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʚʥʫʪʨʠ ʵʪʦʛʦ ʧʦʣʷ ʜʦʧʫʩʢʘ ʩʣʝʜʫʝʪ, ʝʩʣʠ  ʩʯʠʪʘʪʴ ʢʘʢ 

ʨʘʟʨʝʰʝʥʥʦʝ ʩʦʙʳʪʠʝ, ʪʦ ʚʳʭʦʜ ʧʘʨʘʤʝʪʨʘ  ʟʘ ʧʨʝʜʝʣʳ ʧʦʣʷ ʜʦʧʫʩʢʘ ʧʨʠʚʦʜʠʪ ʢ 

ʥʘʨʫʰʝʥʠʶ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʪ.ʝ. ʢ ʧʦʪʝʨʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʜʠʟʝʣʷ. 

ɽʩʪʝʩʪʚʝʥʥʦ ʪʘʢʦʝ ʩʦʙʳʪʠʝ ʷʚʣʷʝʪʩʷ ʥʝʞʝʣʘʪʝʣʴʥʳʤ ʠ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʦʪʢʘʟ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʩʚʷʟʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʦʪʢʘʟʘ, ʧʦ 

ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʥʘʜʝʞʥʦʩʪʠ ʜʠʟʝʣʷ. 

 
 

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʚʟʘʠʤʦʩʚʷʟʠ ʜʦʧʫʩʢʘ ʩ ʧʦʥʷʪʠʝʤ ʦʪʢʘʟʘ. ʘ ʠ ʙ ï ʛʨʘʥʠʮʳ ʜʦʧʫʩʢʘ,                                     

2ʙ ï ʜʚʫʩʪʦʨʦʥʥʠʡ  ʜʦʧʫʩʢ ʥʘ ʦʧʨʝʜʝʣʷʶʱʠʡ ʧʘʨʘʤʝʪʨ, 1, 2 ï ʜʚʘ ʪʠʧʘ ʚʦʟʤʦʞʥʦʡ ʨʝʘʣʠʟʘʮʠʠ 

ʠʟʤʝʥʝʥʠʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ ʧʘʨʘʤʝʪʨʘ 

 

ʉʚʷʟʴ ʤʝʞʜʫ ʚʭʦʜʥʳʤʠ ʠ ʚʳʭʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʠʟʝʣʷ ʤʦʞʥʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ 

ʠʩʭʦʜʷ ʠʟ ʩʫʱʝʩʪʚʦʚʘʥʠʷ  ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʚʪʦʨʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʪ 

ʧʝʨʚʠʯʥʳʭ, ʢʦʪʦʨʘʷ ʜʣʷ ʥʦʤʠʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʦʙʱʝʤ 

ʚʠʜʝ: 

yʥi = ű (xʥi)                   i = 1, 2, 3,ééén   (1) 

 

ʛʜʝ   xʥi ï ʥʦʤʠʥʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʝʨʚʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ; 

yʥi  -  ʥʦʤʠʥʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʚʪʦʨʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ɺʣʠʷʥʠʝ  ʩʣʫʯʘʡʥʳʭ ʬʘʢʪʦʨʦʚ ʤʦʞʥʦ ʫʯʝʩʪʴ ʩ ʧʦʤʦʱʴʶ ʧʨʠʨʘʱʝʥʠʡ. 
 

xi = xʥi + æx      (2) 

 

ʪʦʛʜʘ        yʥi = ű (xʥi + æx)     (3) 

 
́˩˽˶˻ˤ˻˭˹̍˯ 
˨ˮ˭˩˶̎ 

͍ͻͦ͒ͤ·͔ 
͔ͨ͊ͪ͊ͣͭͪ
· 

͍·ͻͦ͒ͤ·͔ 
͔ͨ͊ͪ͊ͣͭͪ· 

1̆ Z1 
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ʉʣʫʯʘʡʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʚʪʦʨʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʦʪ ʩʚʦʝʛʦ ʥʦʤʠʥʘʣʘ ʙʫʜʝʪ: 

 

æy = y - yʥ   =  y(xi = xʥi + æx) -  ű (xʥi)    (4) 

 

ʈʘʟʣʘʛʘʷ ʧʨʘʚʫʶ ʯʘʩʪʴ ʫʨʘʚʥʝʥʠʷ (4) ʚ ʨʷʜ ʊʝʡʣʦʨʘ, ʦʪʙʨʦʩʠʚ ʩʣʘʛʘʝʤʳʝ ʩ  æxi  

ʩʪʝʧʝʥʠ, ʚʳʰʝ ʧʝʨʚʦʡ, ʪ.ʝ. ʣʠʥʝʘʨʠʟʫʷ ʯʘʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʚʝʥʩʪʚʘ ʧʦ ʚʝʣʠʯʠʥʝ  æxi,  

ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ: 
 

æy = ×_(i=1)^nƲ(dy/dx)æxI =×_(i=1)^nƲAi æxi    (5) 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠʝʤ (5) ʦʪʢʣʦʥʝʥʠʝ ʚʳʭʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʜʠʟʝʣʷ  pe /pk   

ʙʫʜʝʪ  ʟʘʚʠʩʝʪɹ ʦʪ ʠʟʤʝʥʝʥʠʷ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʇʨʠʚʝʜʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʩʚʷʟʴ ʤʝʞʜʫ ʠʟʤʝʥʝʥʠʷʤʠ ʚʭʦʜʥʳʭ ʠ 

ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʠʟʝʣʷ ʚ ʬʠʢʩʠʨʦʚʘʥʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ. 

ɺʭʦʜʥʳʝ ʠ ʚʳʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ  xi  ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʜʥʦʪʠʧʥʳʭ ʵʣʝʤʝʥʪʦʚ   

ʷʚʣʷʶʪʩʷ ʩʣʫʯʘʡʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʠ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʠʭ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʥʝʢʦʪʦʨʳʤ 

ʟʘʢʦʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ ʧʣʦʪʥʦʩʪʴʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ  f (xi, t) ʠ ʯʠʩʣʦʚʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʦʞʠʜʘʥʠʝʤ  mx (to) ʠ ʜʠʩʧʝʨʩʠʝʡ ♫ʭ (to). 

ʀʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʦ ʚʨʝʤʝʥʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʝʨʝʤʝʥʥʳʭ ʩʣʫʯʘʡʥʳʭ ʤʦʞʥʦ 

ʦʧʠʩʘʪʴ ʣʠʥʝʡʥʳʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʚʠʜʘ: 
 

mx (t) = mx (t0)+Ŭm t                                                               (6) 
 

 ♫x (t) = ♫x (t0) + Ŭ♫ t                                                               (7) 
 

ɿʘʚʠʩʠʤʦʩʪʠ (6,7) ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʧʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʤʝʪʦʜʦʤ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʇʨʠʚʝʜʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʠʟʤʝʥʝʥʠʷʤʠ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʘ ʪʘʢʞʝ ʫʯʝʪ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ  ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ 

ʬʠʢʩʠʨʦʚʘʥʥʳʝ ʤʦʤʝʥʪʳ ʠ ʠʭ ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʠʪʴ 

ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʚʣʠʷʥʠʷ ʰʠʨʠʥʳ ʜʦʧʫʩʢʘ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʥʘ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. ʊʘʢʘʷ ʤʦʜʝʣʴ ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ 

ʜʣʷ ʨʝʰʝʥʠʷ ʚʝʩʴʤʘ ʚʘʞʥʦʡ ʟʘʜʘʯʠ, ʢʘʢʦʡ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʮʝʣʝʩʦʦʙʨʘʟʥʦʡ (ʦʧʪʠʤʘʣʴʥʦʡ) 

ʰʠʨʠʥʳ ʧʦʣʷ ʨʝʤʦʥʪʥʦʛʦ ʜʦʧʫʩʢʘ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʦʛʦ  ʥʘ ʪʦʤ ʠʣʠ ʠʥʦʤ ʚʠʜʝ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ (ʨʝʤʦʥʪʘ) ʣʦʢʦʤʦʪʠʚʦʚ.  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʝʮʠʬʠʢʠ ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʧʨʠʤʝʥʠʤʳ ʩʣʝʜʫʶʱʠʝ 

ʤʦʜʝʣʠ ʦʧʪʠʤʠʟʘʮʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʝʚ ʦʧʪʠʤʠʟʘʮʠʡ ʤʦʞʥʦ ʧʨʠʥʷʪʴ: 

- ʦʙʝʩʧʝʯʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʚʳʭʦʜʘ ʧʘʨʘʤʝʪʨʘ ʟʘ ʧʨʝʜʝʣʳ ʧʦʣʷ ʜʦʧʫʩʢʘ ʟʘ 

ʤʝʞʨʝʤʦʥʪʥʳʡ ʧʝʨʠʦʜ ʥʘ  ʙʦʣʝʝ ʟʘʜʘʥʥʦʡ; 

- ʤʠʥʠʤʫʤ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʩʣʝʜʩʪʚʠʡ ʦʪʢʘʟʘ, ʚʳʟʳʚʘʝʤʦʛʦ ʚʳʭʦʜʦʤ ʧʘʨʘʤʝʪʨʘ ʟʘ 

ʧʨʝʜʝʣʳ ʧʦʣʷ ʜʦʧʫʩʢʘ; 

- ʤʠʥʠʤʫʤ ʟʘʪʨʘʪ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʦʟʚʨʘʱʝʥʠʝʤ ʧʘʨʘʤʝʪʨʘ ʚ ʧʦʣʝ ʜʦʧʫʩʢʘ ʚ ʩʣʫʯʘʝ 

ʚʳʭʦʜʘ ʝʛʦ ʟʘ ʧʨʝʜʝʣʳ ʧʦʣʷ ʜʦʧʫʩʢʘ; 

- ʤʘʢʩʠʤʫʤ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʜʠʟʝʣʷ, ʟʘʚʠʩʷʱʠʭ ʦʪ ʚʝʣʠʯʠʥʳ 

ʨʘʙʦʯʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʪʝʧʣʦʚʦʟʘ; 

- ʤʠʥʠʤʫʤ ʟʘʪʨʘʪ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʭʦʞʜʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʚ ʧʦʣʝ ʜʦʧʫʩʢʘ ʠ ʝʛʦ 

ʢʦʥʪʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʦʚ. 

ʅʘ ʦʩʥʦʚʝ ʩʦʙʨʘʥʥʳʭ  ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʦʙ ʠʟʤʝʥʝʥʠʠ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʜʠʟʝʣʷ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ  ʜʣʷ ʨʘʩʯʝʪʘ ʜʦʧʫʩʢʦʚ ʚʘʞʥʦ ʟʥʘʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʜʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ 

ʷʚʣʷʝʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ f (x). ʇʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ  ʜʘʥʥʳʤ ʦʙ   

ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʩʪʨʦʷʪʩʷ ʛʠʩʪʦʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʠ ʧʦʜʙʠʨʘʶʪʩʷ 
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ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ, ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʝ  ʵʤʧʠʨʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ʉʪʝʧʝʥʴ 

ʩʦʦʪʚʝʪʩʪʚʠʷ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤʫ ʧʨʦʚʝʨʷʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ  ʢʨʠʪʝʨʠʝʚ ʩʦʛʣʘʩʠʷ ʂʦʣʤʦʛʦʨʦʚʘ, ʇʠʨʩʦʥʘ.  

ʀʟʤʝʥʝʥʠʷ ʨʘʙʦʯʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦ ʚʨʝʤʝʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʫʯʘʡʥʳʡ 

ʧʨʦʮʝʩʩ. ɼʣʷ ʢʘʞʜʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ  mx (t) ʠ 

ʩʨʝʜʥʝʝ  ʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ♫ʭ (t)). ʇʦ ʚʳʯʠʩʣʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʩʪʨʦʷʪʩʷ 

ʛʨʘʬʠʢʠ ʩʣʫʯʘʡʥʦʡ ʬʫʥʢʮʠʠ ʤʝʪʦʜʦʤ ʣʠʥʝʡʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʚ ʚʠʜʝ ʣʠʥʝʡʥʳʭ                      

ʫʨʘʚʥʝʥʠʠ (8, 9) 
 

ʭʩʨ = ʘʭ + ʚʭ tʩʨ     (8) 
 

♫ʭ = ʘ♫ + ʚ♫ tʩʨ     (9)     
 

ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʚʝʣʠʯʠʥʳ ʧʦʣʷ ʜʦʧʫʩʢʘ ʥʘ ʨʘʙʦʯʠʝ ʧʘʨʘʤʝʪʨʳ 

ʜʠʟʝʣʷ ʥʫʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʩ ʫʯʝʪʦʤ: 

-ʟʘʪʨʘʪ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ  ʧʘʨʘʤʝʪʨʘ ʚ ʧʦʣʝ ʨʝʤʦʥʪʥʦʛʦ ʜʦʧʫʩʢʘ ʧʫʪʝʤ ʟʘʤʝʥʳ 

ʜʝʪʘʣʝʡ, ʠʭ ʨʝʤʦʥʪʘ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ; 

-ʟʘʪʨʘʪ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʳʭʦʜʦʤ ʧʘʨʘʤʝʪʨʘ ʟʘ ʛʨʘʥʠʮʳ ʧʦʣʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ 

ʜʦʧʫʩʢʘ   ʠ ʦʪʢʘʟʘ ʟʘ ʚʨʝʤʷ ʤʝʞʜʫ ʧʣʘʥʦʚʳʤʠ ʨʝʤʦʥʪʘʤʠ; 

-ʟʘʪʨʘʪ, ʩʚʷʟʘʥʥʳʭ ʩ ʫʭʫʜʰʝʥʠʝʤ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʜʠʟʝʣʷ  ʠʟ-ʟʘ ʠʟʤʝʥʝʥʠʷ 

ʧʘʨʘʤʝʪʨʘ ʠ ʚʳʭʦʜʘ ʝʛʦ ʠʟ ʧʦʣʷ ʜʦʧʫʩʢʘ ʚ ʧʝʨʠʦʜ ʤʝʞʜʫ ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʩʣʫʞʠʚʘʥʠʝʤ ʠ 

ʨʝʤʦʥʪʦʤ. 

ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʝʤʦʥʪʥʦʛʦ ʜʦʧʫʩʢʘ ʧʨʠ ʚʥʝʧʣʘʥʦʚʳʭ 

ʨʝʤʦʥʪʘʭ ʥʝ ʪʦʣʴʢʦ ʩʚʷʟʘʥʳ ʟʘʪʨʘʪʘʤʠ ʥʘ ʨʝʛʫʣʠʨʦʚʢʫ ʠ ʩʤʝʥʫ ʜʝʪʘʣʝʡ, ʥʦ ʠ ʩ 

ʚʥʝʧʣʘʥʦʚʳʤ ʨʝʤʦʥʪʦʤ ʪʝʧʣʦʚʦʟʘ ʠʟ-ʟʘ ʚʳʭʦʜʘ ʧʘʨʘʤʝʪʨʘ  ʟʘ ʙʨʘʢʦʚʦʯʥʫʶ ʛʨʘʥʠʮʫ. 

ʉʨʝʜʥʷʷ ʚʝʣʠʯʠʥʘ ʟʘʪʨʘʪ ʥʘ ʚʥʝʧʣʘʥʦʚʳʡ ʨʝʤʦʥʪ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʚ ʧʨʝʜʝʣʘʭ ʰʠʨʠʥʳ ʧʦʣʷ ʜʦʧʫʩʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʚʳʨʘʞʝʥʠʶ: 
 

ʉʜ = ʉʨʚ + ʉʧʣ + ʉʪʣ + ʉʧ         (10) 
 

ʛʜʝ ʉʨʚ  - ʩʪʦʠʤʦʩʪʴ ʨʘʟʙʦʨʦʯʥʦ-ʩʙʦʨʦʯʥʳʭ ʨʘʙʦʪ; 

ʉʧʣ  - ʫʱʝʨʙ ʦʪ ʧʦʨʯʠ ʥʘ ʣʠʥʠʠ;  

ʉʪʣ  - ʩʪʦʠʤʦʩʪʴ ʦʜʥʦʛʦ ʣʦʢʦʤʦʪʠʚʦ-ʯʘʩʘ ʧʨʦʩʪʦʷ ʪʝʧʣʦʚʦʟʘ; 

ʉʧ  - ʧʨʦʩʪʦʡ ʪʝʧʣʦʚʦʟʘ ʠʟ-ʟʘ ʚʳʭʦʜʘ ʧʘʨʘʤʝʪʨʘ ʟʘ ʛʨʘʥʠʮʫ ʧʦʣʷ ʜʦʧʫʩʢʘ. 
 

ɺʳʚʦʜʳ: 

 1. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʝʤʦʥʪʥʳʝ ʜʦʧʫʩʢʠ ʥʘ ʧʘʨʘʤʝʪʨʳ ʪʝʧʣʦʚʦʟʥʳʭ ʜʠʟʝʣʝʡ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʝʪʦʜʘʤʠ, ʥʝʜʦʩʪʘʪʦʯʥʦ ʫʯʠʪʳʚʘʶʱʠʤʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʥʘʜʝʞʥʦʩʪʴ ʠ 

ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

2. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩ ʫʯʝʪʦʤ ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʭʘʨʘʢʪʝʨʘ 

ʧʘʨʘʤʝʪʨʦʚ ʜʠʟʝʣʷ ʠʩʧʦʣʴʟʫʝʪ ʩʣʝʜʫʶʱʠʝ ʢʨʠʪʝʨʠʠ ʦʧʪʠʤʘʣʴʥʦʩʪʠ: 

 - ʦʙʝʩʧʝʯʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʚʳʭʦʜʘ ʧʘʨʘʤʝʪʨʦʚ ʟʘ ʛʨʘʥʠʮʫ ʙʨʘʢʦʚʦʯʥʦʛʦ ʜʦʧʫʩʢʘ  

ʥʝ ʚʳʰʝ ʟʘʜʘʥʥʦʡ; 

  - ʦʙʝʩʧʝʯʝʥʠʝ ʤʠʥʠʤʫʤʘ  ʩʫʤʤʘʨʥʳʭ ʟʘʪʨʘʪ ʥʘ ʨʝʛʫʣʠʨʦʚʢʫ ʧʘʨʘʤʝʪʨʦʚ ʠ ʟʘʤʝʥʫ 

ʜʝʪʘʣʝʡ ʠ ʠʟ-ʟʘ ʫʭʫʜʰʝʥʠʷ ʪʦʧʣʠʚʥʦʡ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʜʠʟʝʣʷ ʚʩʣʝʜʩʪʚʠʝ ʦʪʢʣʦʥʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. 
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ʆʇʈɽɼɽʃɽʅʀɽ ʆʇʊʀʄɸʃʔʅʓʍ ʇɸʈɸʄɽʊʈʆɺ ʕʃɽʂʊʈʆʄɸɻʅʀʊɸ 

ɺ ʉʀʉʊɽʄɽ ʕʃɽʂʊʈʆʄɸɻʅʀʊʅʆɻʆ ʇʆɼɺɽʉɸ 

 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʧʪʠʤʘʣʴʥʘʷ ʩʫʤʤʘʨʥʘʷ ʤʘʩʩʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʜʚʠʞʝʥʠʝ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʥʘʟʝʤʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʤʘʛʥʠʪʳ; ʤʘʛʥʠʪʥʳʡ ʧʦʜʚʝʩ, ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, 

ʢʨʠʧʪʦʧʨʦʚʦʜʥʠʢ. 

ɸשʜʘʪʧʘ. ɾʦסʘʨʳ ʞʳʣʜʘʤʜʳץʪʳ ʞʝʨ װʩʪʽ ʢᴇʣʽʛʽʥʽץ שʦʟסʘʣʳʩʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ 

ʵʣʝʢʪʨʤʘʛʥʠʪʪʝʨʽʥʽש ʦשʪʘʡʣʳ ʤʘʩʩʘʩʳ. 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ʵʣʝʢʪʨʤʘʛʥʠʪʪʝʨʽ, ʤʘʛʥʠʪʪʽʢ  ʽʣʽʥʽʩ, ʤʘʛʥʠʪ ᴇʨʽʩʽ, ʢʨʠʧʪʦʞװʡʝ. 

Abstract. The optimal total mass of electromagnets providing for the motion of high-

speed ground transportation. 

Key words: electromagnets, magnetic suspension, magneticfield, crypto-conductor. 

 

ʕʣʝʢʪʨʦʤʘʛʥʠʪʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʩʠʩʪʝʤʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʜʚʝʩʘ ʵʢʠʧʘʞʘ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʥʘʟʝʤʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʠ ʜʨʫʛʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʠʭ 

ʨʘʙʦʪʫ, ʠʤʝʶʪ ʩʫʤʤʘʨʥʫʶ ʤʘʩʩʫ, ʩʦʩʪʘʚʣʷʶʱʫʶ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʧʦʣʥʦʡ ʤʘʩʩʳ 

ʵʢʠʧʘʞʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʚ ʩ ʦʧʪʠʤʘʣʴʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʤʘʩʩʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʜʚʝʩʘ, 

ʧʦʣʫʯʘʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦʡ. ɹʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʧʦʥʷʪʠʝ ʪʨʘʥʩʧʦʨʪʥʦʡ ʤʘʩʩʳ ʩʠʩʪʝʤʳ ʄʧ [1]. 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʕʄʇ ʩ ʦʙʤʦʪʢʘʤʠ ʠʟ ʢʨʠʧʪʦʧʨʦʚʦʜʥʠʢʘ ʪʨʘʥʩʧʦʨʪʥʘʷ ʤʘʩʩʘ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʜʚʝʩʘ ʚʳʨʘʞʘʝʪʩʷ ʬʦʨʤʫʣʦʡ: 

 

,              (1) 

 

ʛʜʝ Mo ð ʫʜʝʣʴʥʘʷ ʤʘʩʩʘ ʕʄ ʠ ʢʨʠʦʩʪʘʪʘ ʠʣʠ ʢʘʢʦʛʦ-ʣʠʙʦ ʜʨʫʛʦʛʦ ʨʝʟʝʨʚʫʘʨʘ, ʚ ʢʦʪʦʨʳʡ 

ʧʦʤʝʱʝʥʘ ʦʙʤʦʪʢʘ, ʧʨʠʭʦʜʷʱʘʷʩʷ ʥʘ 1 ʤ ʝʛʦ ʜʣʠʥʳ; ð ʫʜʝʣʴʥʘʷ ʤʘʩʩʘ ʠʩʪʦʯʥʠʢʦʚ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʭʣʘʞʜʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʧʨʠʭʦʜʷʱʘʷʩʷ ʥʘ 1 ɺʪ 

ʜʞʦʫʣʝʚʳʭ ʧʦʪʝʨʴ; ʈ0 ð ʫʜʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʜʞʦʫʣʝʚʳʭ ʧʦʪʝʨʴ ʥʘ 1 ʤ ʜʣʠʥʳ ʕʄ; ð 

ʫʜʝʣʴʥʘʷ ʤʘʩʩʘ ʠʩʪʦʯʥʠʢʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʨʝʬʨʠʞʝʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʧʨʠʭʦʜʷʱʘʷʩʷ 

ʥʘ 1 ɺʪ ʝʝ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʛʝʣʴʥʦʩʪʠ; b,hð ʨʘʟʤʝʨʳ ʧʣʦʱʘʜʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 

ʢʦʞʫʭʘ (ʠʣʠ ʢʨʠʦʩʪʘʪʘ), ʚ ʢʦʪʦʨʳʡ ʧʦʤʝʱʝʥʘ ʦʙʤʦʪʢʘ ʕʄ (ʨʠʩʫʥʦʢ 1); ʘ-ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʧʨʠʪʦʢʘ ʦʪ ʩʪʝʥʢʠ ʢʨʠʦʩʪʘʪʘ, (ɺʪ/Áʉʤ
2
); ðʧʨʝʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʥʘʜ ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ (ʢʨʠʦʛʝʥʥʦʡ); ð ʩʫʤʤʘʨʥʘʷ ʜʣʠʥʘ ʕʄ 

ʵʢʠʧʘʞʘ; ð ʤʘʩʩʘ ʚʪʦʨʠʯʥʦʛʦ (ʨʝʩʩʦʨʥʦʛʦ) ʧʦʜʚʝʩʘ; - ʫʜʝʣʴʥʘʷ ʤʘʩʩʘ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ (ʪʷʛʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ ʠ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʧʠʪʘʥʠʷ ʠʭ ʵʥʝʨʛʠʝʡ), 

ʧʨʠʭʦʜʷʱʘʷʩʷ ʥʘ 1ʅ ʩʠʣ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʵʢʠʧʘʞʘ; ʄ ð ʧʦʣʥʘʷ ʤʘʩʩʘ ʵʢʠʧʘʞʘ; 
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ðʩʠʣʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʵʢʠʧʘʞ; ð 

ʣʝʚʠʪʘʮʠʦʥʥʦʝ ʢʘʯʝʩʪʚʦ ʕʄʇ; ʟʜʝʩʴ ð ʣʝʚʠʪʘʮʠʥʥʘʷ ʩʠʣʘ; ð ʪʦʨʤʦʟʥʘʷ ʩʠʣʘ. 

ʇʘʨʘʤʝʪʨʳ 

 

(2) 

 

(3) 

 

ʟʜʝʩʴ , , ,  - ʤʘʩʩʳ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ, ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ (ɸɹ), 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʭʣʘʞʜʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʧʨʠʭʦʜʷʱʠʝʩʷ ʥʘ 1 ɺʪ ʤʦʱʥʦʩʪʠ;  - 

ʦʪʥʦʰʝʥʠʝ ʤʦʱʥʦʩʪʠ, ʧʦʪʨʝʙʣʷʝʤʦʡ ʦʭʣʘʞʜʘʶʱʠʤ ʫʩʪʨʦʡʩʪʚʦʤ ʢ ʝʛʦ 

ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʛʝʣʴʥʦʩʪʠ, ɺʪ;  - ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʨʩʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʦʙʤʦʪʢʝ 

ʕʄ. 

ʌʦʨʤʫʣʘ (1) ʩʧʨʘʚʝʜʣʠʚʘ ʠ ʜʣʷ ʕʄ ʩ ʦʙʳʯʥʦʡ ʦʙʤʦʪʢʦʡ ʩ ʤʘʩʣʷʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ, 

ʥʦ ʧʨʠ =0. 

ɼʣʷ ʕʄʇ, ʧʦʩʣʝʜʥʠʡ ʯʣʝʥ ʚ ʬʦʨʤʫʣʝ (1), ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 5% ʪʨʘʥʩʧʦʨʪʥʦʡ ʤʘʩʩʳ 

ʄʧ ʠ ʧʦʵʪʦʤʫ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʤʠʥʠʤʫʤʫ ʄʧ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʠʥʠʤʫʤ ʚʳʨʘʞʝʥʠʷ: 

 

                (4) 

 

ɺʳʨʘʟʠʤ ʩʫʤʤʫ ʅ ʯʝʨʝʟ ʧʘʨʘʤʝʪʨʳ ʕʄ. ʉʣʝʜʫʝʪ ʠʩʭʦʜʠʪʴ ʠʟ ʪʦʛʦ, ʯʪʦ ʤʘʛʥʠʪʥʳʡ 

ʧʦʜʚʝʩ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʧʨʠʥʮʠʧʫ çʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʢʦʣʝʩʘè, ʢʦʛʜʘ ʩ ʢʘʞʜʦʡ 

ʩʪʦʨʦʥʳ ʦʪʜʝʣʴʥʳʭ ʕʄ ʦʙʨʘʟʫʝʪʩʷ ʚ ʤʘʛʥʠʪʥʦʤ ʦʪʥʦʰʝʥʠʠ ʥʝʧʨʝʨʳʚʥʘʷ ʩʠʩʪʝʤʘ. ʊʘʢ ʢʘʢ 

ʜʣʠʥʘ ʢʘʞʜʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ ʧʨʠʤʝʨʥʦ ʚ 10 ʨʘʟ ʙʦʣʴʰʝ ʝʛʦ ʰʠʨʠʥʳ, ʪʦ ʨʘʩʯʝʪ 

ʤʘʛʥʠʪʥʦʛʦ ʥʦʣʷ ʤʦʞʝʪ ʙʳʪʴ ʩʚʝʜʝʥ ʢ ʜʚʫʭʤʝʨʥʦʡ ʟʘʜʘʯʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʦʧʝʨʝʯʥʦʤʫ 

ʩʝʯʝʥʠʶ ʄʇ, ʠʟʦʙʨʘʞʝʥʥʦʤʫ ʥʘ ʨʠʩʫʥʦʢ 1.ʆʙʤʦʪʢʘ ʕʄ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʷʨʤʝ, ʯʪʦ, ʢʘʢ 

ʠʟʚʝʩʪʥʦ, ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʚ ʟʦʥʝ ʤʝʞʜʫ 

ʧʦʣʶʩʥʳʤʠ ʥʘʢʦʥʝʯʥʠʢʘʤʠ ʩʦʩʝʜʥʠʭ ʕʄ ʠ ʵʪʠʤ ʩʥʠʟʠʪʴ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʚ ʨʝʣʴʩʘʭ ʥʘ 

ʚʠʭʨʝʚʳʝ ʪʦʢʠ. ʕʣʝʢʪʨʦʤʘʛʥʠʪ, ʠʟʦʙʨʘʞʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 1, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʕʄ ʩ 

ʦʙʤʦʪʢʦʡ ʠʟ ʢʨʠʧʪʦʧʨʦʚʦʜʥʠʢʘ, ʧʦʤʝʱʸʥʥʦʡ ʚ ʢʨʠʦʩʪʘʪ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʚʫʭ ʨʝʟʝʨʚʫʘʨʦʚ. 

ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʦʙʤʦʪʢʘ ʠʟ ʦʙʳʯʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ, ʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʣʠʰʴ ʦʜʠʥ 

ʨʝʟʝʨʚʫʘʨ ʩ ʢʘʢʠʤ-ʣʠʙʦ ʦʭʣʘʞʜʘʶʱʠʤ ʘʛʝʥʪʦʤ, ʥʘʧʨʠʤʝʨ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʤ ʤʘʩʣʦʤ, ʚ 

ʢʦʪʦʨʦʤ ʥʘʭʦʜʠʪʩʷ ʢʘʪʫʰʢʘ. 

            ɺ ʬʦʨʤʫʣʝ (5) ʩʣʘʛʘʝʤʳʝ ʚʳʨʘʞʘʶʪ ʤʘʩʩʫ; ʧʝʨʚʦʝ-ʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʢʘʪʫʰʢʠ, ʚʪʦʨʦʝ-ʧʦʣʶʩʦʚ, ʪʨʝʪʴʝ-ʷʨʤʘ, ʯʝʪʚʝʨʪʦʝ-ʧʦʣʶʩʥʳʭ ʥʘʢʦʥʝʯʥʠʢʦʚ, ʧʷʪʦʝ-

ʢʨʠʦʩʪʘʪʘ ʠ ʰʝʩʪʦʝ-ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ. 

ɺʳʨʘʟʠʤ ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʢʘʪʫʰʢʠ S ʯʝʨʝʟ ʧʘʨʘʤʝʪʨʳ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ, ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʬʦʨʤʫʣʦʡ ʜʣʷ ʩʠʣʳ ʪʷʛʠ ʥʘ 1 ʧʦʣʶʩ ʠ ʥʘ 1ʤ ʜʣʠʥʳ: 

 

,                                     (7) 

 

ʛʜʝ -ʤʘʛʥʠʪʦʜʚʠʞʫʱʘʷ ʩʠʣʘ (ʤ.ʜ.ʩ.), ʧʨʠʭʦʜʷʱʘʷʩʷ ʥʘ ʚʦʟʜʫʰʥʳʡ ʟʘʟʦʨ ; -ʤʘʛʥʠʪʥʘʷ 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʤʝʞʜʫ ʬʝʨʨʦʨʝʣʴʩʦʤ ʠ ʧʦʣʶʩʘʤʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ. 

ʌʦʨʤʫʣʘ (6) ʩʧʨʘʚʝʜʣʠʚʘ ʧʨʠ ʫʩʣʦʚʠʷʭ, ʯʪʦ ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʪʘʣʠ ʚʦ 

ʤʥʦʛʦ ʨʘʟ ʙʦʣʴʰʝ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚʦʟʜʫʭʘ ʠ ʚʝʩʴ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ, 

ʧʨʦʭʦʜʷʱʠʡ ʤʝʞʜʫ ʧʦʣʶʩʘʤʠ ʠ ʬʝʨʨʦʨʝʣʴʩʦʤ, ʩʮʝʧʣʝʥ ʩ ʚʠʪʢʘʤʠ ʦʙʤʦʪʢʠ ʕʄ. 
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ʉʣʝʜʫʷ ʨʘʙʦʪʝ [2], ʧʨʝʜʩʪʘʚʠʤ ʤʘʛʥʠʪʥʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ , ʧʨʠʭʦʜʷʱʫʶʩʷ ʥʘ 1ʤ 

ʜʣʠʥʳ, ʚ ʚʠʜʝ ʩʫʤʤʳ ʪʨʝʭ ʧʨʦʚʦʜʠʤʦʩʪʝʡ (ʨʠʩʫʥʦʢ 1): 

 

,                                 (8) 

 

ʛʜʝ -ʧʨʦʚʦʜʠʤʦʩʪʴ ʚʦʟʜʫʰʥʦʛʦ ʟʘʟʦʨʘ; -ʧʨʦʚʦʜʠʤʦʩʪʴ ʯʝʪʚʝʨʪʠ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʦʙʲʝʤʘ;-ʧʨʦʚʦʜʠʤʦʩʪʴ ʯʝʪʚʝʨʪʠ ʢʦʣʴʮʝʚʦʛʦ ʦʙʲʝʤʘ, ʟʜʝʩʴ 

 ʧʨʠʥʷʪʦ ʨʘʚʥʳʤ ʚʳʩʦʪʝ ʧʦʣʶʩʥʦʛʦ ʥʘʢʦʥʝʯʥʠʢʘ ʩ 
 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʧʦʧʝʨʝʯʥʦʛʦ ʨʘʟʨʝʟʘ ʕʄ 

 

ʇʦʜʩʪʘʚʠʚ ʟʥʘʯʝʥʠʝ  ʚ ʬʦʨʤʫʣʫ (7), ʧʦʣʫʯʠʤ ʜʣʷ ʫʜʝʣʴʥʦʡ ʩʠʣʳ ʪʷʛʠ, 

ʧʨʠʭʦʜʷʱʝʡʩʷ ʥʘ 1 ʧʦʣʶʩ, ʥʘ 1 ʤ ʜʣʠʥʳ 
 

,                   (9) 

 

ʛʜʝ-ʘʤʧʝʨ-ʚʠʪʢʠ ʦʙʤʦʪʢʠ ʕʄ, ʧʨʠʭʦʜʷʱʠʝ ʥʘ ʚʦʟʜʫʰʥʳʝ ʟʘʟʦʨʳ 
 

,                                                     (10) 

 

ʄʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ʯʝʨʝʟ ʚʝʨʭʥʶʶ ʯʘʩʪʴ ʧʦʣʶʩʘ, ʦʪʥʝʩʝʥʥʳʡ ʢ 1 ʤ ʜʣʠʥʳ, 
 

,                                           (11) 

 

ʛʜʝ ɺʩʪ- ʤʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ ʚ ʩʪʘʣʠ; -ʧʨʦʚʦʜʠʤʦʩʪʴ ʚʳʧʫʯʠʚʘʥʠʷ 
 

,                                    (12) 
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ʇʦʣʫʯʠʚ  ʠʟ ʚʳʨʘʞʝʥʠʷ (11) ʠ ʧʦʜʩʪʘʚʠʚ ʧʦʣʫʯʝʥʥʦʝ ʚ (9), ʙʫʜʝʤ ʠʤʝʪʴ 
 

,                                           (13) 

 

ʇʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʦʙʤʦʪʢʠ 
 

,                                                (14) 

 

ʛʜʝ -ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʚ ʦʙʤʦʪʢʝ; -ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʦʣʥʝʥʠʷ ʦʙʤʦʪʢʠ; -

ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʤʘʛʥʠʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʪʘʣʠ. 

ʄʦʱʥʦʩʪʴ ʜʞʦʫʣʝʚʳʭ ʧʦʪʝʨʴ, ʧʨʠʭʦʜʷʱʠʭʩʷ ʥʘ 1 ʤ ʜʣʠʥʳ, 
 

,                                                   (15) 
 

ʛʜʝ  -ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʧʨʦʚʦʜʥʠʢʘ. ʀʟ ʚʳʨʘʞʝʥʠʡ (14) ʠ (15) ʥʘʭʦʜʠʤ 

ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʦʙʤʦʪʢʠ: 
 

,                                                    (16) 

 

ɿʘʜʘʯʫ ʦʧʪʠʤʠʟʘʮʠʠ ʩʬʦʨʤʫʣʠʨʫʝʤ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ, ʠʤʝʷ ʚ ʚʠʜʫ, ʯʪʦ ʟʘʜʘʥʳ: 

F0-ʫʜʝʣʴʥʘʷ ʩʠʣʘ ʪʷʛʠ, ʧʨʠʭʦʜʷʱʘʷʩʷ ʥʘ 1 ʧʦʣʶʩ, ʥʘ 1 ʤ ʜʣʠʥʳ; -ʚʦʟʜʫʰʥʳʡ 

ʟʘʟʦʨ; ɺʩʪ-ʤʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ ʚ ʧʦʣʶʩʝ; -ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦʚʦʜʥʠʢʦʚʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʦʙʤʦʪʢʠ; b-ʜʣʠʥʘ ʷʨʤʘ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ, ʧʨʠʥʷʪʘʷ ʨʘʚʥʦʡ ʰʠʨʠʥʝ ʢʨʠʦʩʪʘʪʘ 

(ʢʦʞʫʭʘ); ʂʟʘʧ-ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʦʣʥʝʥʠʷ ʦʙʤʦʪʢʠ; ʂʨʘʩʩ-ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʩʝʠʚʘʥʠʷ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ; ʩ-ʚʳʩʦʪʘ ʧʦʣʶʩʥʦʛʦ ʥʘʢʦʥʝʯʥʠʢʘ; -ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ ʢʨʠʦʩʪʘʪʘ 

(ʢʦʞʫʭʘ); -ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʢʨʠʦʩʪʘʪʘ (ʢʦʞʫʭʘ); -ʧʣʦʪʥʦʩʪʴ ʦʭʣʘʞʜʘʶʱʝʡ 

ʞʠʜʢʦʩʪʠ; -ʜʚʦʡʥʦʡ ʟʘʟʦʨ ʤʝʞʜʫ ʢʘʪʫʰʢʦʡ ʠ ʥʘʨʫʞʥʦʡ ʩʪʝʥʢʦʡ ʢʨʠʦʩʪʘʪʘ. 

ʊʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ: ʈʦ-ʤʦʱʥʦʩʪʴ ʜʞʦʫʣʝʚʳʭ ʧʦʪʝʨʴ ʥʘ 1 ʤ ʜʣʠʥʳ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ; ʘ-ʰʠʨʠʥʫ ʧʦʣʶʩʘ ʚʝʨʭʥʝʡ ʝʛʦ ʯʘʩʪʠ; S-ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 

ʢʘʪʫʰʢʠ; ʄ0-ʫʜʝʣʴʥʫʶ ʤʘʩʩʫ ʕʄ ʩ ʢʨʠʦʩʪʘʪʦʤ, ʧʨʠʭʦʜʷʱʫʶʩʷ ʥʘ 1 ʤ ʜʣʠʥʳ; j-ʧʣʦʪʥʦʩʪʴ 

ʪʦʢʘ ʚ ʦʙʤʦʪʢʝ; h-ʚʳʩʦʪʫ ʧʦʣʶʩʘ; -ʤ. ʜ. ʩ. ʢʘʪʫʰʢʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʩʫʤʤʘ (4) ʧʦʣʫʯʘʝʪʩʷ 

ʤʠʥʠʤʘʣʴʥʦʡ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʠʥʠʤʫʤʫ ʪʨʘʥʩʧʦʨʪʥʦʡ ʤʘʩʩʳ. 

ʆʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʕʄ ʦʧʨʝʜʝʣʷʝʤ ʠʟ ʫʩʣʦʚʠʷ ʤʠʥʠʤʫʤʘ (4), ʢʦʪʦʨʦʝ ʩ 

ʫʯʝʪʦʤ (5) ʩʚʦʜʠʪʩʷ ʢ ʦʪʳʩʢʘʥʠʶ ʤʠʥʠʤʫʤʘ 

 

, 

 

ʛʜʝ C1, C2, C3, C4, C5 - ʧʦʩʪʦʷʥʥʳʝ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʧʦ ʠʩʭʦʜʥʳʤ ʜʘʥʥʳʤ. ʇʣʦʱʘʜʴ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʦʙʤʦʪʢʠ S ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʚ ʚʠʜʝ ʬʫʥʢʮʠʠ ʈʦ ʠ d, ʘ ʰʠʨʠʥʫ ʧʦʣʶʩʘ, 

ʘ - ʚ ʚʠʜʝ ʬʫʥʢʮʠʠ d.ʉ ʫʯʝʪʦʤ ʩʢʘʟʘʥʥʦʛʦ ʬʫʥʢʮʠʷ ʅ ̫ʚʣʷʝʪʩʷ ʥʝʷʚʥʦʡ ʬʫʥʢʮʠʝʡ ʜʚʫʭ 

ʧʝʨʝʤʝʥʥʳʭ ð dʠ ʈʦ. 

ʋʩʣʦʚʠʷʤʠ ʤʠʥʠʤʫʤʘ ʵʪʦʡ ʬʫʥʢʮʠʠ ʷʚʣʷʶʪʩʷ [3]: 
 

, 
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ʠ ʥʝʨʘʚʝʥʩʪʚʦ ʜʣʷ ʪʦʯʢʠ ʵʢʩʪʨʝʤʫʤʘ 
 

 
 

ɼʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʰʠʨʠʥʘ ʧʦʣʶʩʥʦʛʦ ʥʘʢʦʥʝʯʥʠʢʘ ʨʘʚʥʘ ʰʠʨʠʥʝ ʧʦʣʶʩʘ ʘ,, 

ʧʦʩʪʘʚʣʝʥʥʘʷ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʙʦʣʝʝ ʧʨʦʩʪʦ. 

ʀʟ ʫʨʘʚʥʝʥʠʷ (13) ʦʧʨʝʜʝʣʷʝʤ ʰʠʨʠʥʫ ʧʦʣʶʩʘ ʘ. ɿʥʘʷ, ʘ ʧʦ ʬʦʨʤʫʣʝ (11) 

ʦʧʨʝʜʝʣʷʶʪ ʤ.ʜ.ʩ.. 

ʇʦʜʩʪʘʚʠʚ ʚʳʨʘʞʝʥʠʝ (16) ʜʣʷ S ʚ ʬʦʨʤʫʣʫ (5), ʥʘʭʦʜʠʤ 
 

,                     (17) 

ʛʜʝ 

,                                     (18) 

 

,                       (19) 

 

ʇʦʜʩʪʘʚʠʚ (17) ʚ ʚʳʨʘʞʝʥʠʝ (3.), ʧʦʣʫʯʘʝʤ ʬʫʥʢʮʠʶ, ʧʦʜʣʝʞʘʱʫʶ ʤʠʥʠʤʠʟʘʮʠʠ: 

 

,             (20) 

ʛʜʝ 

.                       (21) 

 

ɺ ʩʣʫʯʘʝ ʚʳʧʦʣʥʝʥʠʷ ʦʙʤʦʪʢʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ ʠʟ ʦʙʳʯʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ ʩ 

ʞʠʜʢʦʩʪʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ, ʢʦʛʜʘ ʦʪʩʫʪʩʪʚʫʝʪ ʚʪʦʨʦʡ (ʚʘʢʫʫʤʥʳʡ) ʨʝʟʝʨʚʫʘʨ, ʚ ʬʦʨʤʫʣʘʭ 

(18) ʠ (19) ʧʝʨʝʜ ʯʣʝʥʦʤ ʜʦʣʞʝʥ ʙʳʪʴ ʤʥʦʞʠʪʝʣʴ 4 ʠ, ʢʘʢ ʙʳʣʦ ʫʢʘʟʘʥʦ ʚʳʰʝ, ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ, ʘ=0. 

ɿʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ ʩʚʦʜʠʪʩʷ ʢ ʥʘʭʦʞʜʝʥʠʶ ʟʥʘʯʝʥʠʷ ʈ0, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʤʠʥʠʤʫʤʫ ʬʫʥʢʮʠʠ ʅ(ʈ0), ʫʩʣʦʚʠʷʤʠ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ 
 

 
 

ʆʪʩʶʜʘ, ʧʦʣʫʯʘʶʪ ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʫʜʝʣʴʥʳʭ ʧʦʪʝʨʴ ʈ0, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʤʠʥʠʤʫʤʫ ʪʨʘʥʩʧʦʨʪʥʦʡ ʤʘʩʩʳ ʧʦʜʚʝʩʘ, 
 

,                                                   (22) 

 

ɺʳʚʦʜ. ʀʟʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʕʄ ʦʩʥʦʚʘʥʘ 

ʥʘ ʜʦʧʫʱʝʥʠʷʭ, ʯʪʦ ʤʘʛʥʠʪʦʧʨʦʚʦʜ ʥʝ ʥʘʩʳʱʝʥ ʠ ʝʛʦ ʤʘʛʥʠʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʦʞʥʦ 

ʫʯʝʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʂʤʩ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʨʘʩʯʝʪʝ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʕʄ 

ʩʯʠʪʘʝʪʩʷ ʟʘʜʘʥʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʩʝʠʚʘʥʠʷ, ʨʘʚʥʳʡ ʦʪʥʦʰʝʥʠʶ ʤʘʛʥʠʪʥʳʭ ʧʦʪʦʢʦʚ ʚ 

ʩʝʨʝʜʠʥʝ ʷʨʤʘ ʠ ʚ ʚʝʨʭʥʝʤ ʩʝʯʝʥʠʠ ʧʦʣʶʩʘ. 
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 ʇʈʆɻʈɽʉC ʀ ʇʆʃʀʊʀʂɸ ʇʆɼɼɽʈɾʂʀ ʀʉʇʆʃʔɿʆɺɸʅʀʗ 

ʕʃɽʂʊʈʀʏɽʉʂʆɻʆ ʊʈɸʅʉʇʆʈʊɸ  
 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠʤʝʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʘʚʪʦʤʦʙʠʣʝʡ. ʇʨʠʚʝʜʝʥʘ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʧʨʘʢʪʠʢʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ: ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʡ, ʬʠʥʘʥʩʦʚʦʡ, ʢʦʤʤʫʥʠʢʘʪʠʚʥʦʡ ʠ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ. ɺʘʞʥʳʤ ʫʩʣʦʚʠʝʤ ʷʚʣʷʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʟʘʨʷʜʢʠ 

ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ. ʉʦʩʪʘʚʣʝʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʝ ʨʘʟʚʠʪʠʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʘʚʪʦʤʦʙʠʣʝʡ ʚ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʤʦʙʠʣʠ, ʧʨʦʠʟʚʦʜʩʪʚʦ, ʧʨʦʜʘʞʘ, ʵʢʦʣʦʛʠʷ, 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʧʦʜʜʝʨʞʢʘ, ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʨʝʢʦʤʝʥʜʘʮʠʠ.  

ɸʥʜʘʪʧʘ. ʕʣʝʢʪʨʦʤʦʙʠʣʴʜʝʨʜʽ ץʦʣʜʘʥʫʜʳץ שʘʟʽʨʛʽ ʞʘסʜʘʡʳ ץʘʨʘʩʪʳʨʳʣʘʜʳ. 

ʕʣʝʢʪʨʣʽʢ ʘʚʪʦʤʦʙʠʣʴʜʝʨʜʽ ʝʥʛʽʟʫʜʝ ʤʝʤʣʝʢʝʪʪʽʢ ץʦʣʜʘʫʜʳש ʟʘשʥʘʤʘʣʳץ ,ץʘʨʞʳʣʳץ, 

ʢʦʤʤʫʥʠʢʘʪʠʚʪʽʢ ʞᴅʥʝ ײʡʳʤʜʘʩʪʳʨʫʰʳʣʳץ ʭʘʣʳץʘʨʘʣʳץ ʪᴅʞʽʨʠʙʝʣʝʨʽ ʢʝʣʪʽʨʽʣʛʝʥ. 

ʕʣʝʢʪʨʦʤʦʙʠʣʴʜʝʨ װʰʽʥ ʟʘʨʷʜʪʘʡʪʳʥ ʠʥʬʨʘײץʨʳʣʳʤʜʳ ʢʝשʝʡʪʫ ʤʘשʳʟʜʳ ʰʘʨʪ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʜʘסʳ ʵʣʝʢʪʨʦʤʦʙʠʣʴʜʝʨʜʽ ʧʘʡʜʘʣʘʥʫʜʳ ʤʝʤʣʝʢʝʪʪʽʢ 

 .ʩʳʥʳʩʜʘʨ ʞʘʩʘʣʜʳײ ʦʣʜʘʫ ʪʫʨʘʣʳץ

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ʵʣʝʢʪʨʦʤʦʙʠʣʴʜʝʨ, ᴇʥʜʽʨʫ, ʩʘʪʫ, ʵʢʦʣʦʛʠʷ, ʤʝʤʣʝʢʝʪʪʽʢ ץʦʣʜʘʫ, 

ʠʥʬʨʘײץʨʳʣʳʤ, ײʩʳʥʳʩʪʘʨ. 

Abstract. The modern state of application of electric cars is considered. The international 

practice of state support for the use of electric vehicles is given: legislative, financial, 

communicative and organizational. An important condition is the expansion of the charging 

infrastructure for electric vehicles. The recommendations on state support for the development of 

the use of electric cars in the Republic of Kazakhstan are made. 

Key words: electric cars, production, sale, ecology, state support, infrastructure, 

recommendations. 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘ ʜʦʣʶ ʪʨʘʥʩʧʦʨʪʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ, ʧʨʠʭʦʜʠʪʩʷ 

ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʧʦʪʨʝʙʣʝʥʠʷ ʞʠʜʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʦʢʦʣʦ ʯʝʪʚʝʨʪʠ ʚʩʝʭ 

ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʚ ʤʠʨʝ [1]. ʇʨʠ ʵʪʦʤ ʪʨʘʥʩʧʦʨʪʥʳʡ ʩʝʢʪʦʨ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʭʘ. 

ɽʩʣʠ ʩʤʦʪʨʝʪʴ ʩ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʪʦ ʩʦʛʣʘʩʥʦ ʦʪʯʝʪʫ ɺʩʝʤʠʨʥʦʛʦ 

ɹʘʥʢʘ, ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʟʜʫʭʘ ʧʨʠʚʦʜʠʪ ʢ ʧʨʠʤʝʨʥʦ 2800 ʧʨʝʞʜʝʚʨʝʤʝʥʥʳʤ ʩʤʝʨʪʝʣʴʥʳʤ 

ʠʩʭʦʜʘʤ ʠ ʦʙʭʦʜʠʪʩʷ ʵʢʦʥʦʤʠʢʝ ʂʘʟʘʭʩʪʘʥʘ ʚ ʙʦʣʝʝ 1,3 ʤʣʨʜ. ʜʦʣʣ. ʉʐɸ ʚ ʛʦʜ (ʠʣʠ 0,9% 

ʦʪ ɺɺʇ) ʩ ʧʦʟʠʮʠʠ ʫʚʝʣʠʯʝʥʠʷ ʨʘʩʭʦʜʦʚ ʥʘ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʝ. ʋʨʦʚʝʥʴ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʦʢʠʩʣʦʚ ʘʟʦʪʘ NO2 ʚ ʛʦʨʦʜʝ ɸʣʤʘʪʳ ʚʜʚʦʝ ʧʨʝʚʳʰʘʝʪ ʛʦʜʦʚʦʝ ʧʨʝʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ɽʉ (40 

ʤʢʛ /ʤ
3
) [2]. ʂʦʥʮʝʥʪʨʘʮʠʷ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʚ 2016 ʛʦʜʫ ʚ ɸʩʪʘʥʝ ʙʳʣʘ ʚ 5 ʨʘʟ ʙʦʣʴʰʝ 

ʝʞʝʛʦʜʥʦʛʦ ʧʨʝʜʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ɺʆɿ. 

ɺ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ ʘʚʪʦʤʦʙʠʣʴʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ ʚ ʘʪʤʦʩʬʝʨʫ ʝʞʝʛʦʜʥʦ 

ʚʳʙʨʘʩʳʚʘʶʪʩʷ 14,44 ʤʣʥ. ʪʦʥʥ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʠ 1,24 ʤʣʥ. ʪʦʥʥ ʚʨʝʜʥʳʭ 
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ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. ɺ ʛʦʨʦʜʘʭ ʜʦ 80-90 % ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʜʦʣʶ 

ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ [1]. 

ʕʢʦʣʦʛʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ (ʜʘʣʝʝ - EV), ʩʦʩʪʦʠʪ ʚ 

ʪʦʤ, ʯʪʦ ʵʢʩʧʣʫʘʪʘʮʠʷ EV ʤʦʞʝʪ ʩʥʠʟʠʪʴ ʚʳʙʨʦʩʳ ʜʚʫʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʉʆ2 ʥʘ 33%, ʦʢʩʠʜʘ 

ʫʛʣʝʨʦʜʘ ʉʆ ʥʘ 100%, ʦʢʠʩʣʦʚ ʘʟʦʪʘ NOX ʥʘ 47%.  

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ ʚ ʦʙʱʝʤʠʨʦʚʦʤ ʤʘʩʰʪʘʙʝ (ʨʠʩʫʥʦʢ 1) ʧʦʟʚʦʣʠʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʪʴ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʩʠʪʫʘʮʠʶ ʚ ʢʨʫʧʥʳʭ ʛʦʨʦʜʘʭ ʠ ʛʫʩʪʦʥʘʩʝʣʸʥʥʳʭ 

ʪʝʨʨʠʪʦʨʠʷʭ. ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʦʙʱʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʦʜʘʞ ʥʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ, 

ʩʦʩʪʘʚʣʷʶʱʠʤ 80 ʤʣʥ ʝʜʠʥʠʮ ʚ ʛʦʜ, 1 ʤʣʥ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ ï ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ 

ʧʦʢʘʟʘʪʝʣʴ, ʪʝʤʧʳ ʨʦʩʪʘ ʵʪʦʡ ʦʪʨʘʩʣʠ ʟʘ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʧʦʨʘʞʘʶʪ ʠ ʦʢʘʟʳʚʘʶʪ ʙʦʣʴʰʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʘʚʪʦʠʥʜʫʩʪʨʠʶ.  

ʂ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʥʦʩʪʴʶ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʛʠʙʨʠʜʥʳʭ 

ʘʚʪʦʤʦʙʠʣʝʡ ʥʘ ʜʦʨʦʛʘʭ ʤʠʨʘ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 3 ʤʣʥ ʝʜʠʥʠʮ. ɸʥʘʣʠʪʠʢʠ EV-Volumes 

ʧʨʝʜʩʢʘʟʳʚʘʶʪ ʝʱʝ ʙʦʣʝʝ ʙʳʩʪʨʳʡ ʨʦʩʪ ʩʝʛʤʝʥʪʘ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʛʦʜʘʭ ï 

ʜʦ 5 ʤʣʥ ʘʚʪʦ ʩ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ ʚʦ ʚʩʝʤ ʤʠʨʝ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʦʙʱʠʝ ʟʘʪʨʘʪʳ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ ʟʘ ʯʝʪʳʨʝ ʛʦʜʘ ʚ ʠʪʦʛʝ ʦʢʘʟʳʚʘʶʪʩʷ 

ʤʝʥʴʰʠʤʠ, ʯʝʤ ʨʘʩʭʦʜʳ ʚʣʘʜʝʣʴʮʝʚ ʙʝʥʟʠʥʦʚʳʭ ʠʣʠ ʜʠʟʝʣʴʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʟʘ ʵʪʦʪ ʞʝ 

ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ. 

ɺʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ ʧʨʠʥʷʪʳ ʥʘʮʠʦʥʘʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ ʨʘʟʚʠʪʠʷ 

ʵʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʘ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʝ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʠ ʧʦʢʫʧʘʪʝʣʝʡ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ.  

ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʪʘʙʣʠʮʘ 1 ʩ ʦʧʠʩʘʥʠʝʤ ʚʠʜʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ EV, 

ʧʨʠʤʝʥʷʝʤʳʭ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ. 
 

 
 

ʈʠʩʫʥʦʢ 1 ï ɼʠʥʘʤʠʢʘ ʫʚʝʣʠʯʝʥʠʷ ʤʠʨʦʚʦʛʦ ʧʘʨʢʘ ʵʣʝʢʨʦʤʦʙʠʣʝʡ (BEV) ʠ ʛʠʙʨʠʜʥʳʭ 

ʘʚʪʦʤʦʙʠʣʝʡ (PHEV) ʚ ʤʣʥ.ʝʜʠʥʠʮ. 
 

ɺ ʪʘʙʣʠʮʝ 2 ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʧʨʠʚʝʜʝʥʳ ʚʠʜʳ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʠ ʚʥʝʜʨʝʥʠʷ 

ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ ʩʦ ʩʪʦʨʦʥʳ ʛʦʩʫʜʘʨʩʪʚʘ ʠ ʩʪʨʘʥʳ, ʛʜʝ ʦʥʠ ʧʨʠʤʝʥʷʶʪʩʷ. ɸʥʘʣʠʟ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʠʥʘʥʩʦʚʳʭ ʩʫʙʩʠʜʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʩʚʦʙʦʞʜʝʥʠʝ ʦʪ ʫʧʣʘʪʳ ʥʘʣʦʛʘ ʥʘ 

ʨʝʛʠʩʪʨʘʮʠʶ ʠ ʦʙʨʘʱʝʥʠʝ ʚ ʅʦʨʚʝʛʠʠ ʠ ʅʠʜʝʨʣʘʥʜʘʭ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʴʰʠʤ ʜʦʣʷʤ 

ʧʨʠʤʝʥʝʥʠʷ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ, ʧʨʠ ʵʪʦʤ ʝʜʠʥʦʚʨʝʤʝʥʥʳʝ ʩʫʙʩʠʜʠʠ, ʧʨʠʤʝʥʷʝʤʳʝ ʚʦ 

ʌʨʘʥʮʠʠ ʠ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ (20 ï 27 % ʦʪ ʧʦʢʫʧʥʦʡ ʮʝʥʳ) ʚʳʛʣʷʜʷʪ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ.  

ɼʘʣʝʝ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ ʨʘʩʩʤʦʪʨʠʤ ʩʠʪʫʘʮʠʶ ʩ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʦʡ 

ʧʦʜʜʝʨʞʢʠ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ ʚ ʅʦʨʚʝʛʠʠ ʠ ʂʠʪʘʝ. 

ʆʩʚʦʙʦʞʜʝʥʠʝ ʦʪ ʥʘʣʦʛʘ ʥʘ ʨʝʛʠʩʪʨʘʮʠʶ, ʢʘʢ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʅʦʨʚʝʛʠʠ, ʷʚʣʷʝʪʩʷ 

ʩʘʤʳʤ ʚʘʞʥʳʤ ʥʘʣʦʛʦʚʳʤ ʩʪʠʤʫʣʦʤ, ʟʘ ʢʦʪʦʨʳʤ ʩʣʝʜʫʝʪ ʦʩʚʦʙʦʞʜʝʥʠʝ ʦʪ ʅɼʉ. ʅʘʣʦʛ ʥʘ 
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ʨʝʛʠʩʪʨʘʮʠʶ ʠʤʝʝʪ ʪʨʠ ʙʦʣʴʰʠʭ ʧʨʦʛʨʝʩʩʠʚʥʳʭ ʢʦʤʧʦʥʝʥʪʘ, ʚʢʣʶʯʘʷ ʤʘʩʩʫ, ʤʦʱʥʦʩʪʴ 

ʜʚʠʛʘʪʝʣʷ ʠ ʉʆ2, ʘ ʪʘʢʞʝ ʥʝʙʦʣʴʰʦʡ ʣʠʥʝʡʥʳʡ ʢʦʤʧʦʥʝʥʪ NOx. 

 

ʊʘʙʣʠʮʘ 1 ï ɺʠʜʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ EV 
 

ɺʠʜ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʧʦʜʜʝʨʞʢʠ EV 

ʆʧʠʩʘʥʠʝ ʇʨʠʤʝʨʳ 

ɿʘʢʦʥʦʜʘʪʝʣʴʥʳʝ ɺʩʝ ʧʨʘʚʠʣʘ ʠ ʜʠʨʝʢʪʠʚʳ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʤʘʥʜʘʪʘ, 

ʧʦʜʜʝʨʞʘʥʠʷ, ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ, 

ʦʛʨʘʥʠʯʝʥʠʷ ʠʣʠ ʜʨʫʛʠʭ ʧʨʷʤʳʭ 

ʜʝʡʩʪʚʠʡ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʡ 

ʧʦʣʠʪʠʢ.  

ɿʘʢʦʥʦʜʘʪʝʣʴʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ, 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ ʦ 

ʤʝʩʪʥʦʡ ʧʘʨʢʦʚʢʝ, 

ʝʚʨʦʧʝʡʩʢʦʝ 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ ʜʣʷ 

ʩʪʘʥʜʘʨʪʦʚ ʜʦʩʪʫʧʘ ʢ 

ʧʦʜʟʘʨʷʜʥʳʤ ʩʪʘʥʮʠʷʤ.  

ʌʠʥʘʥʩʦʚʳʝ ʀʥʩʪʨʫʤʝʥʪʳ ʧʦʣʠʪʠʢʠ ʚʢʣʶʯʘʶʪ 

ʣʠʙʦ ʚʳʜʘʯʫ, ʣʠʙʦ ʩʙʦʨ 

ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ 

(ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ ʠʣʠ ʥʘʪʫʨʦʡ), 

ʯʪʦʙʳ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʠʣʠ 

ʩʜʝʨʞʠʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʩʫʙʲʝʢʪʦʚ.  

ʉʫʙʩʠʜʠʠ ʥʘ ʧʦʢʫʧʢʫ, 

ʥʘʣʦʛʦʚʳʝ ʣʴʛʦʪʳ ʜʣʷ 

ʧʦʪʨʝʙʠʪʝʣʝʡ EV, 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʘʪʘʨʝʡ.  

ʂʦʤʤʫʥʠʢʘʪʠʚʥʳʝ ʀʥʩʪʨʫʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ 

ʮʝʧʦʯʢʫ ʜʦʙʘʚʣʝʥʥʦʡ ʩʪʦʠʤʦʩʪʠ 

ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ ʧʦʩʨʝʜʩʪʚʦʤ 

ʧʝʨʝʜʘʯʠ ʘʨʛʫʤʝʥʪʦʚ ʠ 

ʫʙʝʞʜʝʥʠʡ, ʚʢʣʶʯʘʷ ʠʥʬʦʨʤʘʮʠʶ 

ʠ ʦʙʨʘʟʦʚʘʥʠʝ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʚ ʰʢʦʣʘʭ, 

ʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʳʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʢʘʤʧʘʥʠʠ. 

ʆʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ɼʝʡʩʪʚʠʷ ʧʨʘʚʠʪʝʣʴʩʪʚʘ, ʢʦʪʦʨʳʝ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴ 

ʜʝʡʩʪʚʦʚʘʪʴ ʥʘʧʨʷʤʫʶ, ʠʩʧʦʣʴʟʫʷ 

ʩʦʙʩʪʚʝʥʥʳʝ ʩʠʣʳ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʧʦʣʠʪʠʯʝʩʢʠʭ ʮʝʣʝʡ.  

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʦʨʛʘʥʳ 

ʧʦʢʫʧʘʶʪ ʩʦʙʩʪʚʝʥʥʳʡ 

ʧʘʨʢ EV, ʫʩʪʘʥʘʚʣʠʚʘʝʪ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʟʘʨʷʜʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ. 

 

ʊʘʙʣʠʮʘ 2 ï ʌʠʥʘʥʩʦʚʳʝ ʩʪʠʤʫʣʳ ʧʨʠʦʙʨʝʪʝʥʠʷ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ 

ʩʪʨʘʥʘʭ ʤʠʨʘ  
 

ʀʥʩʪʨʫʤʝʥʪʳ ʬʠʥʘʥʩʦʚʦʡ 

ʧʦʜʜʝʨʞʢʠ ʧʨʠʦʙʨʝʪʝʥʠʷ 

ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ ʥʘʩʝʣʝʥʠʝʤ 

ʆʧʠʩʘʥʠʝ ʉʪʨʘʥʳ ʧʨʠʤʝʥʝʥʠʡ 

ʅʘʣʦʛʦʚʳʝ ʣʴʛʦʪʳ ʇʦʣʥʦʝ ʠʣʠ ʯʘʩʪʠʯʥʦʝ 

ʦʩʚʦʙʦʞʜʝʥʠʝ ʦʪ 

ʩʣʝʜʫʶʱʠʭ ʥʘʣʦʛʦʚ: 

- ʥʘʣʦʛ ʥʘ ʩʦʙʩʪʚʝʥʥʦʩʪʴ; 

- ʥʘʣʦʛ ʟʘ ʨʝʛʠʩʪʨʘʮʠʶ; 

- ʅɼʉ. 

ʅʦʨʚʝʛʠʷ, ʅʠʜʝʨʣʘʥʜʳ, 

ɻʝʨʤʘʥʠʷ, ʀʪʘʣʠʷ ʠ ɺʝʥʛʨʠʷ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʩʫʙʩʠʜʠʠ ʉʫʙʩʠʜʠʠ ʥʘ ʧʦʢʫʧʢʫ EV ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ, ʌʨʘʥʮʠʷ, 

ʂʠʪʘʡ, ʥʝʢʦʪʦʨʳʝ ʰʪʘʪʳ  ʉʐɸ 
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24 

ʈʘʟʤʝʨ ʩʫʙʩʠʜʠʡ ʚ ʂʠʪʘʝ ʟʘʚʠʩʠʪ ʦʪ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʘʢʢʫʤʫʣʷʪʦʨʘ ʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʵʣʝʢʪʨʦʤʦʙʠʣʷ (ʪʘʙʣʠʮʘ 3). ʉʫʙʩʠʜʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ 

ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ: ʵʪʘʧ 1 ʩʫʙʩʠʜʠʡ ʥʘ EV (2009-2012 ʛʛ.) 25 ʛʦʨʦʜʦʚ, ʵʪʘʧ 2 ʩʫʙʩʠʜʠʡ EV 

(2003-2015ʛʛ.) 28 ʛʦʨʦʜʦʚ ʠ ʨʝʛʠʦʥʦʚ, ʵʪʘʧ 3 ʩʫʙʩʠʜʠʡ EV (2016-2018ʛʛ.), 3000-8500 

ʜʦʣʣʘʨʦʚ ʉʐɸ. ʉ 2015 ʛʦʜʘ ʧʨʦʜʘʞʠ EV ʫʚʝʣʠʯʠʣʠʩʴ ʥʘ 343% ʠ ʩʦʩʪʘʚʠʣʠ 331 000 

ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ. 

ʀʥʬʨʘʩʪʨʫʢʪʫʨʘ ʟʘʨʷʜʢʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʙʣʘʛʦʧʨʠʷʪʥʦʡ ʩʨʝʜʳ ʜʣʷ 

ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ. ʄʥʦʛʠʝ ʩʪʨʘʥʳ ʩʫʙʩʠʜʠʨʫʶʪ ʚʚʦʜ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʟʘʨʷʜʢʠ. 

 

ʊʘʙʣʠʮʘ 3 ï ʈʘʟʤʝʨ ʩʫʙʩʠʜʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʘʢʢʫʤʫʣʷʪʦʨʘ, 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʚ ʂʠʪʘʝ 

 

ʊʠʧ 

ʘʚʪʦʤʦʙʠʣʷ 

ʇʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ 

ʘʢʢʫʤʫʣʷʪʦʨʘ, ɺʪʯ/ʢʛ 

ʕʣʝʢʪʨʠ-

ʯʝʩʢʠʡ 

ʜʠʘʧʘʟʦʥ 

ʅʦʤʠʥʘʣʴʥʘʷ 

ʤʦʱʥʦʩʪʴ 

ʋʨʦʚʝʥʴ ʩʫʙʩʠʜʠʡ, 

10 000 ʶʘʥʝʡ ʥʘ 

ʘʚʪʦʤʦʙʠʣʴ 

2016 2017-2018 

BEV 

90<BD<120 

100<ER<150 - 2,5 2 

150<ER<250  4,5 3,6 

ER>250 - 5,5 4,4 

BD>120 

100<ER<150 - 2,5 2,2 

ER>50 - 4,5 4,0 

ER>250 - 5,5 4,8 

PHEV - ER>50 - 3,0 2,4 

FCEV 
- 

- 

- 10<RP<30 20 0,6/kW 

- RP>30 20 20 

 

ɺ ʂʠʪʘʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʦʧʝʨʘʪʦʨʳ ʧʝʨʝʜʘʯʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ʩʪʘʣʠ ʣʠʜʝʨʘʤʠ ʧʦ ʚʚʦʜʫ ʚ ʜʝʡʩʪʚʠʝ ʚ ʩʪʨʘʥʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʟʘʨʷʜʢʠ. State Grid 

Corporation of China (ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʩʝʪʝʚʘʷ ʢʦʨʧʦʨʘʮʠʷ ʂʠʪʘʷ) ʠ China Southern Power 

Grid ʩʦʚʤʝʩʪʥʦ ʦʪʢʨʳʣʠ ʙʦʣʝʝ 27000 ʟʘʧʨʘʚʦʯʥʳʭ ʩʪʘʥʮʠʡ ʠ ʙʦʣʝʝ 800 ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ 

ʜʣʷ ʦʙʤʝʥʘ ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʡ ʜʣʷ ʘʚʪʦʙʫʩʦʚ. ʂʠʪʘʡ ʥʘʮʝʣʝʥ ʥʘ ʚʚʦʜ ʚ ʜʝʡʩʪʚʠʝ ʢ 

2020 ʛʦʜʫ 4,3 ʤʠʣʣʠʦʥʘ ʯʘʩʪʥʳʭ ʪʦʯʝʢ ʟʘʨʷʜʢʠ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ 

ʅʦʨʚʝʛʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʩʪʘʥʮʠʡ ʙʳʩʪʨʦʡ ʟʘʨʷʜʢʠ 

ʢʘʞʜʳʝ 50 ʢʤ (ʚ ʩʨʝʜʥʝʤ) ʥʘ ʦʩʥʦʚʥʳʭ ʜʦʨʦʛʘʭ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʪʠʤʫʣʘʤ ʚʚʦʜʘ ʚ ʜʝʡʩʪʚʠʝ 

ʦʙʱʝʜʦʩʪʫʧʥʳʭ ʟʘʨʷʜʥʳʭ ʫʩʪʨʦʡʩʪʚ. ɺ ʆʩʣʦ ʠʤʝʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʫʥʢʪʦʚ ʜʣʷ 

ʟʘʨʷʜʢʠ, ʧʨʠ ʵʪʦʤ ʥʘ ʤʠʣʣʠʦʥ ʯʝʣʦʚʝʢ ʧʨʠʭʦʜʠʪʩʷ ʙʦʣʝʝ 2400 ʧʫʥʢʪʦʚ. 

ɺ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ʬʠʟʠʯʝʩʢʠʝ ʣʠʮʘ ʧʦʣʫʯʘʶʪ 500 ʬʫʥʪʦʚ ʩʪʝʨʣʠʥʛʦʚ (650 

ʜʦʣʣʘʨʦʚ ʉʐɸ) ʟʘ ʫʩʪʘʥʦʚʢʫ ʩʧʝʮʠʘʣʴʥʦʛʦ ʜʦʤʘʰʥʝʛʦ ʟʘʨʷʜʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ 

ʵʣʝʢʪʨʦʤʦʙʠʣʷ. ʇʨʝʜʧʨʠʷʪʠʷ ʠʤʝʶʪ ʧʨʘʚʦ ʥʘ ʧʦʣʫʯʝʥʠʝ ʛʨʘʥʪʦʚ ʚ ʨʘʟʤʝʨʝ 300 ʬʫʥʪʦʚ 

ʩʪʝʨʣʠʥʛʦʚ ʟʘ ʢʘʞʜʫʶ ʨʦʟʝʪʢʫ. ʄʝʩʪʥʳʝ ʚʣʘʩʪʠ ʪʘʢʞʝ ʧʦʣʫʯʘʶʪ ʚʦʟʤʝʱʝʥʠʝ ʟʘ ʫʩʪʘʥʦʚʢʫ 

ʧʫʥʢʪʦʚ ʟʘʨʷʜʢʠ ʚ ʞʠʣʳʭ ʨʘʡʦʥʘʭ. 

ɺ ʉʦʝʜʠʥʝʥʥʳʭ ʐʪʘʪʘʭ ʙʦʣʴʰʘʷ ʧʦʜʜʝʨʞʢʘ EVSE ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʘʢ ʥʘ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ, ʪʘʢ ʠ ʥʘ ʫʨʦʚʥʝ ʰʪʘʪʦʚ. ʅʘʧʨʠʤʝʨ, ʰʪʘʪ ʂʦʣʦʨʘʜʦ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʛʨʘʥʪʳ ʜʦ 80 % ʟʘʪʨʘʪ ʥʘ EVSE ʠ ʝʝ ʫʩʪʘʥʦʚʢʫ. 

ʉʪʠʤʫʣʳ, ʩʦʟʜʘʚʘʝʤʳʝ ʠ ʧʦʜʜʝʨʞʠʚʘʝʤʳʝ ʨʘʟʣʠʯʥʳʤʠ ʩʪʨʘʥʘʤʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʧʦʜʜʝʨʞʢʠ ʚʥʝʜʨʝʥʠʷ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ ʦʙʦʙʱʝʥʥʦ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 4.  
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ʈʝʛʫʣʷʪʦʨʥʳʡ ʩʪʠʤʫʣ  

 

ʎʝʣʠ ʧʦ ʧʨʦʜʘʞʘʤ EV +  + +  
ʅʝʧʨʷʤʦʡ ʩʪʠʤʫʣ 

 

ʇʨʝʬʝʨʝʥʮʠʘʣʴʥʳʡ ʜʦʩʪʫʧ     + 
ʀʥʬʨʘʩʪʨʫʢʪʫʨʘ 

ʧʦʜʟʘʨʷʜʢʠ 

ʌʠʥʘʥʩʠʨʦʚʘʥʠʝ ʜʣʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʧʦʜʟʘʨʷʜʢʠ 
+ + + + + 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʧʦʣʠʪʠʢʠ 

ʇʦʜʜʝʨʞʢʘ ʅʀʆʂʈ + + + + + 
ʇʨʝʬʝʨʝʥʮʠʠ ʜʣʷ ʦʙʱʝʩʪʚʝʥʥʳʭ ʟʘʢʫʧʦʢ +  +  + 
ʇʦʚʳʰʝʥʠʝ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʠ + + + + + 
ʉʪʠʤʫʣʳ ʜʣʷ ʟʘʢʫʧʦʢ  + + +  

 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʧʦʜʜʝʨʞʢʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ ʚ ʂʘʟʘʭʩʪʘʥʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʂʘʟʘʭʩʪʘʥʝ ʯʠʩʣʷʪʩʷ 200 ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ. ɿʘ 2017 ʛʦʜ ʙʳʣʦ 

ʧʨʦʜʘʥʦ 36 ʥʦʚʳʭ ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʪʷʛʝ. ʉʦʙʩʪʚʝʥʥʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ ʤʦʞʝʪ ʙʳʪʴ ʥʘʣʘʞʝʥʦ ʚ ʛ.ʂʦʩʪʘʥʘʝ. 300 ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ 

JAC ʢʘʟʘʭʩʪʘʥʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʫʜʫʪ ʚʳʧʫʱʝʥʳ ʫʞʝ ʚ 2018 ʛʦʜʫ. ʂʘʟʘʭʩʪʘʥʩʢʦ-

ʥʝʤʝʮʢʦʡ ʢʦʤʧʘʥʠʝʡ FalconEuroBus  ʚ ʛ. ɸʣʤʘʪʳ ʩʪʨʦʠʪʩʷ ʟʘʚʦʜ ʧʦ ʚʳʧʫʩʢʫ 

ʵʣʝʢʪʨʦʘʚʪʦʙʫʩʦʚ ʪʨʝʪʴʝʛʦ ʧʦʢʦʣʝʥʠʷ. 

ɺ ʂʘʟʘʭʩʪʘʥʝ ʜʣʷ ʧʦʢʫʧʘʪʝʣʝʡ ʠ ʚʣʘʜʝʣʴʮʝʚ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ ʜʝʡʩʪʚʫʝʪ ʨʷʜ ʣʴʛʦʪ. 

ɼʦ ʘʚʛʫʩʪʘ 2017-ʛʦ ʠʤʧʦʨʪ ʪʘʢʠʭ ʘʚʪʦʤʦʙʠʣʝʡ ʚ ʥʘʰʫ ʩʪʨʘʥʫ ʙʳʣ ʦʩʚʦʙʦʞʜʸʥ ʦʪ 

ʥʘʣʦʛʦʚʦʡ ʧʦʰʣʠʥʳ. ʉʝʡʯʘʩ ʧʦʰʣʠʥʘ ʩʦʩʪʘʚʣʷʝʪ 4 %, ʥʦ ʩʪʨʘʥʳ ɽɸʕʉ ʨʘʩʩʤʘʪʨʠʚʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʥʦʚʘ ʦʪʤʝʥʠʪʴ ʚʚʦʟʥʫʶ ʧʦʰʣʠʥʫ ʜʣʷ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ.  

ɺʣʘʜʝʣʴʮʳ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ ʦʩʚʦʙʦʞʜʝʥʳ ʦʪ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʥʘʣʦʛʘ. 

ɺ ʙʫʜʫʱʝʤ ʛʦʩʫʜʘʨʩʪʚʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ 

ʢʘʟʘʭʩʪʘʥʮʝʚ ʥʘ ʧʦʢʫʧʢʫ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ. ʉʥʠʟʠʪʴ ʩʪʦʠʤʦʩʪʴ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ 

ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʣʘʥʠʨʫʶʪ ʟʘ ʩʯʸʪ ʚʳʜʝʣʝʥʠʷ ʢʚʦʪʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʪ 

"ʆʧʝʨʘʪʦʨʘ ʈʆʇ". ɺ ʩʢʦʨʦʤ ʚʨʝʤʝʥʠ ʥʘ ʧʦʢʫʧʢʫ ʵʣʝʢʪʨʦʤʦʙʠʣʷ ʤʦʞʥʦ ʙʫʜʝʪ ʧʦʣʫʯʠʪʴ 

ʣʴʛʦʪʥʳʡ ʘʚʪʦʢʨʝʜʠʪ ï 4% ʥʘ 20 ʣʝʪ. ʅʘ ʵʪʦ ʛʦʩʫʜʘʨʩʪʚʦ ʚʳʜʝʣʷʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʣʠʤʠʪʳ: 1 ʤʣʨʜ ʪʝʥʛʝ ʚ 2018-ʤ, 3 ʤʣʨʜ ʚ 2019-ʤ ʠ 5 ʤʣʨʜ ʚ 2020 ʛʦʜʫ.  

ʕʣʝʢʪʨʦʤʦʙʠʣʠ ʩʤʦʛʫʪ ʝʟʜʠʪʴ ʧʦ ʚʳʜʝʣʝʥʥʳʤ ʧʦʣʦʩʘʤ ʜʣʷ ʦʙʱʝʩʪʚʝʥʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ ʠ ʙʝʩʧʣʘʪʥʦ ʧʘʨʢʦʚʘʪʴʩʷ ʥʘ ʧʣʘʪʥʳʭ ʧʘʨʢʦʚʢʘʭ. 

ʇʨʘʚʠʪʝʣʴʩʪʚʦʤ ʂʘʟʘʭʩʪʘʥʘ ʦʜʦʙʨʝʥʦ ʚʳʜʝʣʝʥʠʝ 303,7 ʤʠʣʣʠʦʥʘ ʪʝʥʛʝ (ʠʟ ʜʝʥʝʛ, 

ʢʦʪʦʨʳʝ ʩʦʙʠʨʘʝʪ ʩ ʠʤʧʦʨʪʝʨʦʚ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ çʆʧʝʨʘʪʦʨ ʈʆʇè) ʥʘ ʫʩʪʘʥʦʚʢʫ 109 

ʵʣʝʢʪʨʦʟʘʧʨʘʚʦʯʥʳʭ ʩʪʘʥʮʠʡ (ʕɿʉ) ʜʣʷ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ ʫʢʨʘʠʥʩʢʦʡ ʢʦʤʧʘʥʠʠ E-line. ʇʦ 

50 ʩʪʘʥʮʠʡ ʟʘʨʷʜʢʠ ʫʩʪʘʥʦʚʷʪ ʚ ɸʣʤʘʪʳ ʠ ɸʩʪʘʥʝ, ʝʱʝ ʜʝʚʷʪʴ ð ʥʘ ʪʨʘʩʩʝ ɸʩʪʘʥʘ ð 

ɹʦʨʦʚʦʝ. ʇʝʨʚʳʝ ʟʘʨʷʜʥʳʝ ʩʪʘʥʮʠʠ ʜʣʷ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ ʧʦʷʚʠʣʠʩʴ ʚ ɸʣʤʘʪʳ ʠ ɸʩʪʘʥʝ. ɼʦ 

ʢʦʥʮʘ 2018 ʛʦʜʘ ʙʫʜʫʪ ʫʩʪʘʥʦʚʣʝʥʳ ʝʱʝ 100 ʙʳʩʪʨʦʟʘʨʷʜʥʳʭ ʵʣʝʢʪʨʦʟʘʧʨʘʚʦʯʥʳʭ 

ʩʪʘʥʮʠʡ. 

ʀʩʭʦʜʷ ʠʟ ʦʧʠʩʘʥʥʦʛʦ ʚʳʰʝ ʦʧʳʪʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʚʥʝʜʨʝʥʠʷ 

ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ, ʘʚʪʦʨʘʤʠ ʩʪʘʪʴʠ ʧʨʝʜʣʘʛʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʩʪʠʤʫʣʠʨʦʚʘʥʠʶ ʨʘʟʚʠʪʠʷ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ ʚ ʂʘʟʘʭʩʪʘʥʝ. 

ʈʝʢʦʤʝʥʜʘʮʠʠ. ʅʝʦʙʭʦʜʠʤʦ ʧʨʦʜʣʠʪʴ ʦʙʥʫʣʝʥʠʝ ʚʚʦʟʥʳʭ ʪʘʤʦʞʝʥʥʳʭ ʧʦʰʣʠʥ ʥʘ 

ʣʝʛʢʦʚʳʝ ʵʣʝʢʪʨʦʤʦʙʠʣʠ (ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʝʡʩʪʚʫʝʪ ʜʦ 31 ʘʚʛʫʩʪʘ 2017 ʛʦʜʘ) 



ʄʘʪʝʨʠʘʣʳ  XLII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʂʘʟɸʊʂ ʠʤ. ʄ. ʊʳʥʳʰʧʘʝʚʘ                    
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ʇʨʝʜʣʘʛʘʝʪʩʷ ʚʥʝʩʪʠ ʧʨʝʜʣʦʞʝʥʠʝ ʚ ʬʦʥʜ çʉʘʤʨʫʢ-ʂʘʟʳʥʘè, ʍʦʣʜʠʥʛ ɸʆ 

çʉʘʤʨʫʢ-ʕʥʝʨʛʦè ʧʦ ʠʥʚʝʩʪʠʨʦʚʘʥʠʶ ʚ EVSE (ʥʘ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ) ʚ ʨʘʤʢʘʭ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ ʨʘʟʚʠʪʠʶ ʯʠʩʪʦʡ ʵʥʝʨʛʝʪʠʢʠ ʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ. 

ɺ ʧʦʩʣʝʜʫʶʱʝʡ ʠ/ʠʣʠ ʩʫʱʝʩʪʚʫʶʱʝʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʝ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʦʛʦ ʨʘʟʚʠʪʠʷ çʅʫʨʣʳ ʞʦʣè ʟʘʣʦʞʠʪʴ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʩʪʨʦʠʪʝʣʴʩʪʚʫ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ EVSE, ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʘʢʠʤʘʪʦʚ ʛʦʨʦʜʦʚ ʠʩʧʦʣʥʠʪʝʣʷʤʠ. 

ɺ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʧʨʦʛʨʘʤʤʘʭ ʟʘʣʦʞʠʪʴ ʮʝʣʝʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ ʠ ʪʦʯʝʢ EVSE ʥʘ 2030 ʠ ʥʘ 2050 ʛʦʜʳ ʚ ʨʘʤʢʘʭ ʧʣʘʥʦʚ ʧʦ ʧʝʨʝʭʦʜʫ ʢ 

çʟʝʣʝʥʦʡ ʵʢʦʥʦʤʠʢʝè. 

ʉʦʟʜʘʪʴ ʨʘʙʦʯʫʶ ʛʨʫʧʧʫ ʩ ʫʯʘʩʪʠʝʤ ʘʢʠʤʘʪʦʚ, ʉʠʩʪʝʤʥʦʛʦ ʆʧʝʨʘʪʦʨʘ ʂɽɻʆʂ, 

ʨʝʛʠʦʥʘʣʴʥʳʤʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʤʠ ʢʦʤʧʘʥʠʷʤʠ ʜʣʷ ʦʙʩʫʞʜʝʥʠʷ ʧʣʘʥʦʚ ʧʦ ʚʚʦʜʫ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ EVSE. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʚʝʩʪʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ 

ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ ʚ ʛʫʩʪʦʥʘʩʝʣʝʥʥʳʭ (ʠ ʟʘʛʨʷʟʥʝʥʥʳʭ) ʛʦʨʦʜʘʭ ɸʣʤʘʪʳ ʠ ɸʩʪʘʥʘ. 
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ʋʉʊʈʆʁʉʊɺʆ ɼʃʗ ʉʄɸɿʂʀ ʃʖʃɽʏʅʆɻʆ ʇʆɼɺɽʐʀɺɸʅʀʗ  ʕʃɽʂʊʈʆɺʆɿɸ 

ɺʃ-80 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ  ʩʪʝʨʞʥʝʡ 

ʣʶʣʝʯʥʦʛʦ ʧʦʜʚʝʰʠʚʘʥʠʷ, ʧʫʪʝʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʨʝʤʦʥʪʘ ʵʢʠʧʘʞʥʦʡ ʯʘʩʪʠ 

ʵʣʝʢʪʨʦʚʦʟʦʚ ʩʝʨʠʠ ɺʃ 80  ʩ ʨʘʟʨʘʙʦʪʢʦʡ  ʤʝʨʳ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʣʶʣʝʯʥʦʛʦ 

ʧʦʜʚʝʰʠʚʘʥʠʷ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʨʘʙʦʪʳ: ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʜʥʷʪʴ ʥʘʜʝʞʥʦʩʪʴ ʣʦʢʦʤʦʪʠʚʦʚ, 
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Abstract: The article examines the increase in the reliability of the rods of the cradle 

suspension by improving the repair of the crew part of the electric locomotives of the VL-80 

series with the development of a measure to improve the reliability of the cradle-type suspension. 

The practical value of the work is to significantly increase the reliability of locomotives, 

to achieve a more complete use of locomotive resources by improving the quality of repairs. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʪʝʢʫʱʠʝ ʨʝʤʦʥʪʳ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʣʦʢʦʤʦʪʠʚʦʚ, ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʠʭ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʨʘʩʭʦʜʫʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʝ ʩʨʝʜʩʪʚʘ. ɺ ʫʩʣʦʚʠʷʭ ʩʪʘʨʝʥʠʷ ʣʦʢʦʤʦʪʠʚʥʦʛʦ ʧʘʨʢʘ ʠ 

ʦʪʩʫʪʩʪʚʠʠ ʝʛʦ  ʦʙʥʦʚʣʝʥʠʷ - ʟʘʪʨʘʪʳ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʘʛʨʝʛʘʪʦʚ 

ʙʫʜʫʪ ʚʦʟʨʘʩʪʘʪʴ[1]. 

ɺ ʧʨʦʮʝʩʩʝ ʨʝʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʨʘʩʣʠ ʧʨʝʜʧʦʣʘʛʘʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ 

ʩʠʩʪʝʤʝ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʝʤ ʣʦʢʦʤʦʪʠʚʥʦʛʦ ʧʘʨʢʘ. ʅʘ 

ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷʭ ʨʝʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʝʙʫʝʪʩʷ ʚʥʝʩʝʥʠʝ ʠʟʤʝʥʝʥʠʡ ʚ ʦʨʛʘʥʠʟʘʮʠʶ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʨʝʤʦʥʪʦʚ ʩ ʫʯʝʪʦʤ ʨʝʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʘ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʣʦʢʦʤʦʪʠʚʦʚ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ  

ʉʧʝʮʠʬʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʣʦʢʦʤʦʪʠʚʦʚ ʧʨʝʜʲʷʚʣʷʶʪ ʧʦʚʳʰʝʥʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʝʛʦ ʥʘʜʝʞʥʦʩʪʠ. ɺ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ ʦʪʢʘʟʳ 

ʣʦʢʦʤʦʪʠʚʦʚ ʚʳʟʳʚʘʝʪ ʟʘʜʝʨʞʢʠ ʧʦʝʟʜʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʙʳʪʢʘʤ, ʚʦ ʤʥʦʛʦ ʨʘʟ 

ʧʨʝʚʳʰʘʶʱʠʤ ʩʪʦʠʤʦʩʪʴ ʫʩʪʨʘʥʝʥʠʷ ʩʘʤʦʡ ʥʝʠʩʧʨʘʚʥʦʩʪʠ, ʘ ʠʥʦʛʜʘ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ 

ʯʝʣʦʚʝʯʝʩʢʠʤʠ ʞʝʨʪʚʘʤʠ[1,2].. 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʣʝʢʪʨʦʚʦʟʦʚ ʥʘ ʫʯʘʩʪʢʘʭ ʩ ʦʙʨʘʱʝʥʠʝʤ 

ʙʦʣʴʰʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʪʨʝʙʫʶʪ ʧʦʚʳʰʝʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʆʪʩʶʜʘ 

ʩʣʝʜʫʝʪ, ʯʪʦ ʦʪ ʥʘʜʝʞʥʦʩʪʠ ʵʣʝʢʪʨʦʚʦʟʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʷʪ 

ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʛʨʘʬʠʢʘ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ, ʠ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʩʝʙʝʩʪʦʠʤʦʩʪʴ 

ʧʝʨʝʚʦʟʦʢ. 

ʆʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʪʷʛʦʚʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ 

(ʊʇʉ) ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʷʚʣʷʶʪʩʷ: 

-  ʫʩʪʘʥʦʚʣʝʥʥʠʝ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʩ ʫʯʝʪʦʤ ʨʝʘʣʴʥʳʭ 

ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ; 

- ʦʨʛʘʥʠʟʘʮʠʷ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʊʆʈ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʠʩʧʨʘʚʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʥʘ ʫʨʦʚʥʝ, ʛʘʨʘʥʪʠʨʫʶʱʝʤ ʤʠʥʠʤʘʣʴʥʳʝ ʧʦʪʝʨʠ 

ʧʝʨʝʚʦʟʦʢ ʠʟ-ʟʘ ʦʪʢʘʟʦʚ ʥʘ ʣʠʥʠʠ[1,3].. 

 ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ  ʘʥʘʣʠʟ ʠ ʧʦʠʩʢ ʧʫʪʝʡ ʩʦʚʝʨʰʝʥʩʪʚʠʷ ʨʝʤʦʥʪʘ 

ʵʢʠʧʘʞʥʦʡ ʯʘʩʪʠ ʵʣʝʢʪʨʦʚʦʟʦʚ ʩʝʨʠʠ ɺʃ 80  ʩ ʨʘʟʨʘʙʦʪʢʦʡ  ʤʝʨʳ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ 

ʣʶʣʝʯʥʦʛʦ ʧʦʜʚʝʰʠʚʘʥʠʷ  

ʇʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʨʘʙʦʪʳ: ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʜʥʷʪʴ ʥʘʜʝʞʥʦʩʪʴ ʣʦʢʦʤʦʪʠʚʦʚ, 

ʜʦʙʠʪʴʩʷ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ ʣʦʢʦʤʦʪʠʚʦʚ ʧʫʪʝʤ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʨʝʤʦʥʪʘ. 

ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʨʝʰʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʚʘʞʥʳʭ ʟʘʜʘʯ: 

- ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʪʷʛʦʚʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ (ʊʇʉ) ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ 

- ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʧʦʚʳʰʝʥʠʶ ʥʘʜʝʞʥʦʩʪʠ ʣʶʣʝʯʥʦʛʦ ʧʦʜʚʝʰʠʚʘʥʠʷ 

ʅʘ ʵʣʝʢʪʨʦʚʦʟʘʭ ɺʃ80  ʧʝʨʝʜʘʯʘ ʚʝʨʪʠʢʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʦʪ ʢʫʟʦʚʘ ʥʘ ʪʝʣʝʞʢʫ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʣʶʣʝʯʥʳʤ ʧʦʜʚʝʰʠʚʘʥʠʝʤ. ʃʶʣʝʯʥʦʝ ʧʦʜʚʝʰʠʚʘʥʠʝ (ʨʠʩʫʥʦʢ 1) 

ʫʤʝʥʴʰʘʝʪ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʫʩʢʦʨʝʥʠʷ ʥʘ ʢʫʟʦʚʝ ʠ ʙʦʢʦʚʦʝ ʜʘʚʣʝʥʠʝ ʵʣʝʢʪʨʦʚʦʟʘ ʥʘ ʧʫʪʴ ʠ 

ʩʣʫʞʠʪ ʜʣʷ ʧʝʨʝʜʘʯʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʦʪ ʢʫʟʦʚʘ ʥʘ ʨʘʤʫ ʪʝʣʝʞʢʠ ʠ ʧʦʧʝʨʝʯʥʳʭ 

ʫʩʠʣʠʡ ʤʝʞʜʫ ʢʫʟʦʚʦʤ ʠ ʨʘʤʦʡ[2,4]..  

ʂʦʥʩʪʨʫʢʮʠʷ. ʆʩʥʦʚʥʦʡ ʜʝʪʘʣʴʶ ʣʶʣʝʯʥʦʛʦ ʧʦʜʚʝʰʠʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʪʝʨʞʝʥʴ 8, ʢ 

ʥʠʞʥʝʡ ʯʘʩʪʠ ʢʦʪʦʨʦʛʦ ʧʨʠʣʦʞʝʥʘ ʚʝʨʪʠʢʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʦʪ ʢʫʟʦʚʘ. 

ʂʫʟʦʚ ʩʚʦʠʤʠ ʢʨʦʥʰʪʝʡʥʘʤʠ 7 ʯʝʨʝʟ ʙʘʣʘʥʩʠʨ 6 ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʥʠʞʥʠʡ 

ʰʘʨʥʠʨ ʣʶʣʝʯʥʦʛʦ ʧʦʜʚʝʰʠʚʘʥʠʷ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʦʧʦʨ 5, 3 ʠ ʧʨʦʢʣʘʜʢʠ 4. ʅʠʞʥʠʡ ʰʘʨʥʠʨ 

ʫʜʝʨʞʠʚʘʝʪʩʷ ʥʘ ʩʪʝʨʞʥʝ ʛʘʡʢʦʡ 2, ʢʦʪʦʨʘʷ ʩʪʦʧʦʨʠʪʩʷ ʰʧʣʠʥʪʦʤ 1. ʃʶʣʝʯʥʦʝ 

ʧʦʜʚʝʰʠʚʘʥʠʝ ʠʤʝʝʪ ʩʪʨʘʭʦʚʦʯʥʳʡ ʪʨʦʩ 17, ʢʦʪʦʨʳʡ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʧʘʜʝʥʠʝ ʜʝʪʘʣʝʡ 

ʥʠʞʥʝʛʦ ʰʘʨʥʠʨʘ ʧʨʠ ʦʙʨʳʚʝ ʩʪʝʨʞʥʷ[4].. 

ɺʝʨʪʠʢʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʯʝʨʝʟ ʩʲʝʤʥʫʶ ʰʘʡʙʫ 16 ʩʪʝʨʞʥʷ, ʧʨʫʞʠʥʫ 15, ʬʣʘʥʝʮ 

ʩʪʘʢʘʥʘ 13 , ʠ ʚʝʨʭʥʠʡ ʰʘʨʥʠʨ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʚʫʭ ʦʧʦʨ 10, 12 ʠ ʧʨʦʢʣʘʜʢʠ 11, ʧʝʨʝʜʘʝʪʩʷ 

ʥʘ ʨʘʤʫ ʪʝʣʝʞʢʠ (ʢʨʦʥʰʪʝʡʥ 9). ɼʣʷ ʨʘʚʝʥʩʪʚʘ ʥʘʛʨʫʟʦʢ ʦʪ ʤʘʩʩʳ ʢʫʟʦʚʘ ʧʨʫʞʠʥʳ 15 
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ʪʘʨʠʨʫʶʪ ʧʦʜ ʥʘʛʨʫʟʢʦʡ 7000 ʢʛʩ, ʧʨʠ ʵʪʦʤ ʚʳʩʦʪʘ ʧʨʫʞʠʥʳ ʜʦʣʞʥʘ ʙʳʪʴ 310Ñ1 ʤʤ; ʧʨʠ 

ʤʝʥʴʰʝʡ ʚʳʩʦʪʝ ʧʨʫʞʠʥʳ ʨʘʟʤʝʨ ɺ ʨʝʛʫʣʠʨʫʶʪ ʧʨʦʢʣʘʜʢʘʤʠ 14. 

ʐʘʨʥʠʨʳ ʣʶʣʝʯʥʦʛʦ ʧʦʜʚʝʰʠʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ 

ʩʪʝʨʞʥʷ, ʚʳʟʚʘʥʥʦʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʧʦʧʝʨʝʯʥʳʤʠ ʧʝʨʝʤʝʱʝʥʠʷʤʠ ʢʫʟʦʚʘ ʠ ʧʦʚʦʨʦʪʦʤ 

ʪʝʣʝʞʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʫʟʦʚʘ. ɼʠʥʘʤʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʚʦʩʧʨʠʥʠʤʘʶʪʩʷ ʧʨʫʞʠʥʦʡ 15. 

ʉʪʝʨʞʝʥʴ 8 ʠ ʩʪʘʢʘʥ 13 ʚʥʫʪʨʠ ʦʙʣʠʮʦʚʘʥʳ ʚʪʫʣʢʘʤʠ. 

ʊʘʢ ʢʘʢ ʣʶʣʝʯʥʳʝ ʧʦʜʚʝʩʢʠ ʠʤʝʶʪ ʥʘʢʣʦʥ (11Á25'), ʪʦ ʚʝʩ ʢʫʟʦʚʘ ʩʦʟʜʘʝʪ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʧʦʧʝʨʝʯʥʳʝ ʩʠʣʳ, ʨʘʚʥʳʝ ʧʦ ʚʝʣʠʯʠʥʝ ʠ ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘʚʩʪʨʝʯʫ. ʇʨʠ 

ʧʦʧʝʨʝʯʥʦʤ ʧʝʨʝʤʝʱʝʥʠʠ ʪʝʣʝʞʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʫʟʦʚʘ ʫʛʣʳ ʥʘʢʣʦʥʘ ʧʦʜʚʝʩʦʢ 

ʩʪʘʥʦʚʷʪʩʷ ʨʘʟʣʠʯʥʳʤʠ, ʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʦʜʠʥʘʢʦʚʳʤʠ. ʈʝʟʫʣʴʪʠʨʫʶʱʘʷ 

ʩʠʣʘ ʩʪʨʝʤʠʪʩʷ ʚʝʨʥʫʪʴ ʪʝʣʝʞʢʫ ʚ ʠʩʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ. 

ɽʛʦ ʪʝʭʥʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʩʣʝʜʫʶʱʠʝ: 

ʉʪʘʪʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʧʨʫʞʠʥʫ ...... 7000 ʢʛʩ 

ʇʨʦʛʠʙ ʧʨʫʞʠʥʳ ʧʦʜ ʩʪʘʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʦʡ .... 77 ʛ,, ʤʤ 

ɾʝʩʪʢʦʩʪʴ ʧʨʫʞʠʥʳ ʣʶʣʝʯʥʦʛʦ ʧʦʜʚʝʰʠʚʘʥʠʷ ... 91 ʢʛʩ/ʤʤ 

ɾʝʩʪʢʦʩʪʴ ʫʧʦʨʘ ʙʦʢʦʚʦʛʦ ʦʛʨʘʥʠʯʠʪʝʣʷ ƴ ... 183 è 

ʄʘʨʢʘ ʩʪʘʣʠ ʧʨʫʞʠʥʳ ʣʶʣʝʯʥʦʛʦ ʧʦʜʚʝʰʠʚʘʥʠʷ . , 60ʉ2ʍʌɸ 

 
 

ʈʠʩʫʥʦʢ 1 ï ʃʶʣʝʯʥʦʝ ʧʦʜʚʝʰʠʚʘʥʠʝ ʢʫʟʦʚʘ 

 

ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʠʟʥʦʩ ʩʪʝʨʞʥʷ 8 ʚ ʤʝʩʪʝ ʢʦʥʪʘʢʪʘ ʩ ʢʨʦʥʰʪʝʡʥʦʤ  9.  

ʍʦʪʷ ʩʪʝʨʞʝʥʴ ʥʝ ʷʚʣʷʝʪʩʷ ʦʩʦʙʦ ʜʦʨʦʛʦʡ ʜʝʪʘʣʴʶ, ʝʛʦ ʟʘʤʝʥʘ ʪʨʝʙʫʝʪ ʧʦʜʲʝʤ ʚʩʝʛʦ 

ʢʫʟʦʚʘ,  ʢʘʢ ʥʘ ʊʆ-8. ʇʦʵʪʦʤʫ ʷʚʣʷʝʪʩʷ ʜʦʨʦʛʦʩʪʦʷʱʠʤ ʨʝʤʦʥʪʦʤ[2,5].. 
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ʈʝʰʝʥʠʝʤ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʤʦʛʣʘ ʙʳ ʙʳʪʴ ʧʦʜʘʯʘ ʩʤʘʟʢʠ ʥʘ ʤʝʩʪʦ ʪʨʝʥʠʷ ʩʪʝʨʞʥʷ ʠ 

ʢʨʦʥʰʪʝʡʥʘ. ʅʘ ʨʘʤʝ ʪʝʣʝʞʢʠ ʵʣʝʢʪʨʦʚʦʟʘ KZ - 8ɸ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʘʫʜʠʪʦʨʠʠ 3115 

ʂʘʟɸʊʂ, ʫʩʪʘʥʦʚʣʝʥ ʤʘʩʣʝʥʥr ʡ ʛʨʝʙʥʝʩʤʘʟʳʚʘʪʝʣʴ. ʇʨʠ ʚʭʦʜʝ ʚ ʢʨʠʚʫʶ ʦʥ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʜʘʝʪ ʩʤʘʟʢʫ ʥʘ ʛʨʝʙʥʠ ʢʦʣʝʩʥʳʭ ʧʘʨ. ʉʤʘʟʦʯʥʦʝ ʤʘʩʣʦ ʧʦʜʘʝʪʩʷ ʯʝʨʝʟ 

ʰʣʘʥʛ 20 ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʥʘʢʦʥʝʯʥʠʢ 21 (ʈʠʩʫʥʦʢ 1). 

ʅʘ ʩʝʨʠʡʥʳʭ ʵʣʝʢʪʨʦʚʦʟʘʭ KZ -8ɸ ʦʥ ʟʘʤʝʥʝʥ ʥʘ ʩʪʝʨʞʥʝʚʳʝ ʛʨʝʙʥʝʩʤʘʟʳʚʘʪʝʣʠ.  

ʄʳ ʧʨʝʜʣʘʛʘʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʦʡ ʤʘʩʣʝʥʥr ʡ ʩʤʘʟʳʚʘʪʝʣʴ ʜʣʷ ʧʦʜʘʯʠ  ʤʘʩʣʘ ʚ 

ʤʝʩʪʦ ʪʨʝʥʠʷ ʩʪʝʨʞʥʷ ʠ ʢʨʦʥʰʪʝʡʥʘ. ʊʦʣʴʢʦ ʥʫʞʥʦ ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʘʚʘʝʤʦʛʦ 

ʤʘʩʣʘ, ʠ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʣʶʣʝʯʥʦʛʦ ʧʦʜʚʝʰʠʚʘʥʠʘ ʢʫʟʦʚʘ,  ʥʘ ʩʪʝʨʞʥʝ ʩʚʝʨʭʫ ʛʘʡʢʠ 2 

ʨʘʟʤʝʩʪʠʪʴ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʯʘʰʢʫ 18 ʜʣʷ ʩʙʦʨʘ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʤʘʩʣʘ. ɺ ʵʪʦʡ ʯʘʰʢʝ 

ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʫʩʪʘʥʦʚʠʪʴ ʢʨʘʥʠʢ 19 ʜʣʷ ʩʣʠʚʘ ʤʘʩʣʘ ʥʘ ʊʆ-2 (ʈʠʩʫʥʦʢ 2)  

ʇʨʦʙʣʝʤʘ ʠʟʥʦʩʘ ʩʪʝʨʞʥʝʡ. ʃʁʣʝʯʥʦʝ ʧʦʜʚʝʰʠʚʘʥʠʝ ʢʫʟʦʚʘ  ʚʩʝʛʜʘ ʦʩʪʨʦ ʩʪʦʠʪ ʩʦ 

ʚʨʝʤʝʥʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʣʝʢʪʨʦʚʦʟʦʚ ɺʃ 80. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʚ ʩʚʷʟʠ ʩ ʜʝʬʠʮʠʪʦʤ 

ʤʘʨʛʘʥʮʝʚʠʩʪʦʡ ʩʪʘʣʠ, ʬʣʘʥʮʘ ʩʪʘʢʘʥʘ, ʩʪʘʣʦ ʝʱʝ ʙʦʣʝʝ ʧʨʦʙʣʝʤʥʦ. ɺʪʦʨʦʡ ʥʝʤʘʣʦʚʘʞʥʦʡ 

ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʨʠ ʧʦʣʦʤʢʝ ʩʪʝʨʞʥʝʡ ʧʨʠʭʦʜʠʪʩʷ ʧʦʜʥʠʤʘʪʴ ʚʝʩʴ ʢʫʟʦʚ ʢʘʢ 

ʥʘ ʊʆ-8, ʯʪʦ ʦʯʝʥʴ ʪʨʫʜʦʝʤʢʦ ʠ ʜʦʨʦʛʦ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʛʦ ʚʦʧʨʦʩʘ ʷ ʧʨʝʜʣʘʛʘʶ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʳʩʣʝʥʥʳʝ ʛʨʝʙʥʝʩʤʘʟʳʚʘʪʝʣʠ, ʢʘʢ ʥʘ  ʵʣʝʢʪʨʦʚʦʟʝ KZ -8. ɺ ʂʘʟʘʭʩʪʘʥʝ ʦʥʠ 

ʟʘʤʝʥʝʥʳ ʛʨʘʬʠʪʦʚʳʤʠ, ʩʪʝʨʞʥʝʚʳʤʠ ʛʨʝʙʥʝʩʤʘʟʳʚʘʪʝʣʷʤʠ. 

ɽʩʣʠ ʫʩʪʘʥʦʚʠʪʴ ʥʘ ʨʘʤʫ ʤʘʩʣʝʥʥʳʡ ʛʨʝʙʥʝʩʤʘʟʳʚʘʪʝʣʴ ʠ ʧʦʜʘʚʘʪʴ ʤʘʩʣʘ ʥʘ 

ʩʪʝʨʞʝʥʴ, ʢʦʪʦʨʳʡ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʧʦʜʘʝʪ ʤʘʩʣʦ ʧʦ ʚʨʝʤʷ ʢʨʝʥʘ ʢʫʟʦʚʘ ʥʘ ʧʦʚʦʨʦʪʝ, ʪʦ 

ʠʟʥʦʩ ʩʪʝʨʞʥʷ ʠ ʩʪʘʢʘʥʘ ʫʤʝʥʴʰʠʪʩʷ. ʕʪʦ ʧʨʦʜʣʠʪ ʠʭ ʩʨʦʢ ʩʣʫʞʙʳ, ʫʤʝʥʴʰʘʪʩʷ ʧʦʣʦʤʢʠ 

ʚ ʧʫʪʠ ʩʣʝʜʦʚʘʥʠʷ ʠ ʧʦʚʳʩʠʪʩʷ ʥʘʜʝʞʥʦʩʪʴ ʵʣʝʢʪʨʦʚʦʟʦʚ.  

 

ʊʘʙʣʠʮʘ 1 ï ɸʥʘʣʠʟ ʦʪʢʘʟʦʚ ʣʶʣʝʯʥʦʛʦ ʧʦʜʚʝʰʠʚʘʥʠʷ ʟʘ 2014-15ʛʛ. 

 

ʇʝʨʝʜ ʨʘʟʙʦʨʢʦʡ ʧʨʦʚʝʨʷʶʪ ʥʘʣʠʯʠʝ ʥʘ ʜʝʪʘʣʷʭ ʙʠʨʦʢ, ʤʝʪʦʢ ʩʧʘʨʝʥʥʦʩʪʠ ʠ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪ ʠʭ. ʊʱʘʪʝʣʴʥʦ ʦʩʤʘʪʨʠʚʘʶʪ ʜʝʪʘʣʠ ʣʶʣʝʯʥʦʛʦ 

ʧʦʜʚʝʰʠʚʘʥʠʷ, ʯʪʦʙʳ ʫʙʝʜʠʪʴʩʷ ʚ ʦʪʩʫʪʩʪʚʠʠ ʦʩʣʘʙʣʝʥʠʷ ʧʦʩʘʜʢʠ ʚʪʫʣʦʢ. ɿʘʤʝʨʷʶʪ 

ʟʘʟʦʨʳ, ʦʧʨʝʜʝʣʷʶʪ ʤʝʩʪʦ ʠ ʭʘʨʘʢʪʝʨ ʠʟʥʦʩʘ ʪʨʫʱʠʭʩʷ ʜʝʪʘʣʝʡ ʚ ʨʘʙʦʯʝʤ ʧʦʣʦʞʝʥʠʠ. 

ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʨʘʟʙʦʨʢʫ ʣʶʣʝʯʥʦʛʦ ʧʦʜʚʝʰʠʚʘʥʠʷ ʥʘʯʠʥʘʶʪ ʩ ʪʦʛʦ, ʯʪʦ ʩ 

ʭʚʦʩʪʦʚʠʢʘ ʩʪʝʨʞʥʷ 6 (ʨʠʩʫʥʦʢ 3) ʩʚʠʥʯʠʚʘʶʪ ʛʘʡʢʫ 1 ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʥʠʤʘʶʪ 

ʩʤʦʥʪʠʨʦʚʘʥʥʳʝ ʜʝʪʘʣʠ. ɿʘʪʝʤ ʚʳʥʠʤʘʶʪ ʠʟ ʢʨʦʥʰʪʝʡʥʦʚ ʥʘ ʨʘʤʘʭ ʢʫʟʦʚʘ ʠ ʪʝʣʝʞʢʠ 

ʩʪʝʨʞʝʥʴ ʩʦ ʩʪʘʢʘʥʦʤ 7, ʧʨʫʞʠʥʦʡ 9, ʦʧʦʨʘʤʠ 2, 5 ʢ ʧʨʦʢʣʘʜʢʘʤʠ 3 ʚ ʩʙʦʨʝ ʩ ʪʨʫʙʢʘʤʠ ʠ 

ʨʝʛʫʣʠʨʦʚʦʯʥʳʤʠ ʧʨʦʢʣʘʜʢʘʤʠ 8. 

ʊʱʘʪʝʣʴʥʦ ʦʯʠʱʝʥʥʳʝ ʠ ʦʙʤʳʪʳʝ ʜʝʪʘʣʠ ʨʘʟʦʙʨʘʥʥʦʛʦ ʣʶʣʝʯʥʦʛʦ ʧʦʜʚʝʰʠʚʘʥʠʷ 

ʦʙʤʝʨʷʶʪ, ʦʩʤʘʪʨʠʚʘʶʪ ʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʦʙʲʝʤ ʨʝʤʦʥʪʘ ʠʣʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʟʘʤʝʥʳ. 

ʇʫʪʝʤ ʦʙʩʪʫʢʠʚʘʥʠʷ ʤʦʣʦʪʢʦʤ ʧʨʦʚʝʨʷʶʪ ʧʣʦʪʥʦʩʪʴ ʧʦʩʘʜʢʠ ʚʪʫʣʦʢ ʥʘ ʩʪʝʨʞʥʝ 6 ʠ ʚ 

ʩʪʘʢʘʥʝ 7. ʆʩʣʘʙʰʠʝ ʚʪʫʣʢʠ ʜʦʣʞʥʳ ʙʳʪʴ ʩʧʨʝʩʩʦʚʘʥʳ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʟʨʝʰʘʝʪʩʷ 

ʠʭ ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʥʘʛʨʝʚʘʪʴ ʦʪʢʨʳʪʳʤ ʧʣʘʤʝʥʝʤ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦ ʩʨʝʟʘʪʴ 

ʩʚʘʨʥʳʝ ʰʚʳ ʚ ʤʝʩʪʘʭ ʧʨʠʭʚʘʪʢʠ ʚʪʫʣʦʢ. ɼʠʘʤʝʪʨʳ ʥʘʧʨʝʩʩʦʚʘʥʥʳʭ ʥʘ ʩʪʝʨʞʝʥʴ ʠ 

ʟʘʧʨʝʩʩʦʚʘʥʥʳʭ ʚ ʩʪʘʢʘʥ ʚʪʫʣʦʢ ʟʘʤʝʨʷʶʪ ʚ ʪʨʝʭ ʩʝʯʝʥʠʷʭ (ʥʦ ʢʨʘʷʤ ʠ ʚ ʩʝʨʝʜʠʥʝ ʚʪʫʣʢʠ) 
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ʠ ʧʦ ʨʘʟʥʦʩʪʠ ʩʨʝʜʥʠʭ ʨʘʟʤʝʨʦʚ ʚʳʯʠʩʣʷʶʪ ʟʘʟʦʨ ʤʝʞʜʫ ʚʪʫʣʢʘʤʠ. ɽʩʣʠ ʩʫʤʤʘʨʥʳʡ ʟʘʟʦʨ 

ʧʨʝʚʳʰʘʝʪ 2 ʤʤ, ʚʪʫʣʢʠ ʥʝʦʙʭʦʜʠʤʦ ʟʘʤʝʥʠʪʴ. ʅʦʚʳʝ ʚʪʫʣʢʠ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ 

ʚʳʩʦʢʦʤʘʨʛʘʥʮʝʚʠʩʪʦʡ ʩʪʘʣʠ 110ɻ13ʃ, ʤʦʥʪʠʨʫʶʪ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʥʘʛʨʝʚʦʤ ʩʪʘʢʘʥʘ, 

ʝʩʣʠ ʚʪʫʣʢʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʥʝʛʦ. ɽʩʣʠ ʞʝ ʚʪʫʣʢʘ ʤʦʥʪʠʨʫʝʪʩʷ ʥʘ ʩʪʝʨʞʥʝ, ʪʦ 

ʧʦʜʦʛʨʝʚʘʶʪ ʚʪʫʣʢʫ. ʇʨʠ ʧʦʩʘʜʢʝ ʚʪʫʣʦʢ ʥʘʪʷʛ ʜʦʣʞʝʥ ʙʳʪʴ 0,02 - 0,16 ʤʤ, ʘ ʩʫʤʤʘʨʥʳʡ 

ʟʘʟʦʨ ʤʝʞʜʫ ʥʠʤʠ - ʦʪ 0,12 ʜʦ 0,6 ʤʤ. 

 
 

ʈʠʩʫʥʦʢ 2 ï ʊʝʣʝʞʢʘ ʵʣʝʢʪʨʦʚʦʟʘ ʪʠʧʘ ɺʃ-80 ʩ ʤʘʩʣʝʥʥr ʤ ʩʤʘʟʳʚʘʪʝʣʝʤ  ʜʣʷ ʧʦʜʘʯʠ  ʤʘʩʣʘ ʚ 

ʤʝʩʪʦ ʪʨʝʥʠʷ ʩʪʝʨʞʥʷ ʠ ʢʨʦʥʰʪʝʡʥʘ 
 

1 - ʨʘʤʘ, 2 - ʢʦʣʸʩʥʘʷ ʧʘʨʘ, 3 - ʟʫʙʯʘʪʘʷ ʧʝʨʝʜʘʯʘ, 4 - ʙʫʢʩʘ, 5 - ʨʝʩʩʦʨʥʦʝ ʧʦʜʚʝʰʠʚʘʥʠʝ,                                      

6 - ʪʦʨʤʦʟʥʘʷ ʩʠʩʪʝʤʘ, 7- ʧʦʜʚʝʰʠʚʘʥʠʝ ʪʷʛʦʚʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, 8- ʰʘʨʦʚʘʷ ʩʚʷʟʴ,                                                     

9 - ʤʘʩʣʝʥʳʡ ʙʘʢ, ʩʤʘʟʳʚʘʪʝʣʴ   ʜʣʷ ʧʦʜʘʯʠ  ʤʘʩʣʘ ʚ ʤʝʩʪʦ ʪʨʝʥʠʷ ʩʪʝʨʞʥʷ ʠ ʢʨʦʥʰʪʝʡʥʘ 

  

ʊʦʨʮʳ ʚʪʫʣʦʢ ʧʨʠʚʘʨʠʚʘʶʪ ʵʣʝʢʪʨʦʜʦʤ ʕɸ-1. ʋ ʩʪʝʨʞʥʷ ʧʦʜʚʝʩʢʠ ʚʳʷʚʣʷʶʪ 

ʚʥʫʪʨʝʥʥʠʝ ʠ ʥʘʨʫʞʥʳʝ ʜʝʬʝʢʪʳ, ʧʨʦʚʝʨʷʶʪ ʩʦʩʪʦʷʥʠʝ ʢʨʫʛʣʦʡ ʨʝʟʴʙʳ ʥʘ ʝʛʦ ʭʚʦʩʪʦʚʠʢʝ. 

ʉʪʝʨʞʥʠ, ʠʤʝʶʱʠʝ ʚʳʨʘʙʦʪʘʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʨʝʱʠʥʳ, ʠʟʥʦʩ ʨʝʟʴʙʳ ʙʦʣʝʝ 1 ʤʤ, 

ʟʘʤʝʥʷʶʪ; ʨʝʤʦʥʪʠʨʦʚʘʪʴ ʠʭ ʩʚʘʨʢʦʡ ʥʝʣʴʟʷ. ʉʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʚʳʨʘʙʦʪʢʘ ʥʘ 

ʩʪʝʨʞʥʷʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʧʨʘʚʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ ʢʫʣʘʯʢʦʚʳʭ ʦʧʦʨ ʥʘ ʧʦʜʢʣʘʜʢʘʭ. 
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ʈʘʟʤʝʨʳ ʦʧʦʨʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʙʦʨʪʦʚ ʩʪʘʢʘʥʘ ʠ ʚʝʨʭʥʝʡ ʰʘʡʙʳ 10 ʧʦʜ ʧʨʫʞʠʥʫ 

ʧʦʜʚʝʩʢʠ ʧʨʠ ʠʟʥʦʩʝ ʙʦʣʝʝ 4 ʤʤ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪ ʥʘʧʣʘʚʢʦʡ ʵʣʝʢʪʨʦʜʦʤ ʕ42ɸ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ. ʊʱʘʪʝʣʴʥʦ ʧʨʦʚʝʨʷʶʪ ʩʦʩʪʦʷʥʠʝ ʠ ʨʘʟʤʝʨʳ 

ʦʧʦʨʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦ ʨʘʜʠʫʩʘʤ ʠ ʛʣʫʙʠʥʫ ʞʝʣʦʙʦʚ ʚ ʧʨʦʢʣʘʜʢʘʭ. ɺ ʩʣʫʯʘʝ ʠʟʥʦʩʘ 

ʵʪʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʙʦʣʝʝ 2 ʤʤ ʠʭ ʪʘʢʞʝ ʨʘʟʨʝʰʘʝʪʩʷ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʵʣʝʢʪʨʦʥʘʧʣʘʚʢʦʡ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʟʘʢʘʣʢʦʡ ʪʦʢʘʤʠ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ. ʀʭ ʪʚʝʨʜʦʩʪʴ ʜʦʣʞʥʘ ʙʳʪʴ 

45ð62 ʝʜʠʥʠʮʳ ʧʦ ʈʦʢʚʝʣʣʫ[1].. 

  

 
 

ʈʠʩʫʥʦʢ 3 ï ʈʝʤʦʥʪ ʣʶʣʝʯʥʦʛʦ ʧʦʜʚʝʰʠʚʘʥʠʷ ʢʫʟʦʚʘ 

 

ɿʘʟʦʨ ʇ ʤʝʞʜʫ ʦʧʦʨʦʡ ʠ ʧʨʦʢʣʘʜʢʦʡ ʜʦʣʞʝʥ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 6 ʩʤ. 

ʆʯʠʱʝʥʥʫʶ ʠ ʧʨʦʤʳʪʫʶ ʧʨʫʞʠʥʫ ʧʦʜʚʝʩʢʠ ʧʦʜʚʝʨʛʘʶʪ ʦʩʤʦʪʨʫ ʠ ʧʨʦʚʝʨʢʝ ʥʘ 

ʨʘʟʤʝʪʦʯʥʦʡ ʧʣʠʪʝ. 

ʇʨʫʞʠʥʳ ʧʦʜʣʝʞʘʪ ʟʘʤʝʥʝ ʧʨʠ ʥʘʣʠʯʠʠ ʪʨʝʱʠʥ, ʦʪʢʦʣʦʚ, ʠʟʣʦʤʦʚ ʚʠʪʢʦʚ. ʀʭ 

ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʟʘʤʝʥʠʪʴ, ʝʩʣʠ ʚʳʩʦʪʘ ʧʨʫʞʠʥʳ ʚ ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʤʝʥʝʝ 366 ʤʤ, 

ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʧʝʨʧʝʥʜʠʢʫʣʷʨʘ ʢ ʦʧʦʨʥʦʤʫ ʚʠʪʢʫ ʧʨʠ ʧʨʦʚʝʨʢʝ ʫʛʦʣʴʥʠʢʦʤ ʠ ʱʫʧʦʤ ʥʘ 

ʧʣʠʪʝ ʙʦʣʝʝ 4 ʤʤ, ʥʝ ʧʘʨʘʣʣʝʣʴʥʦʩʪʴ ʦʧʦʨʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʙʦʣʝʝ 2 ʤʤ, ʧʦʪʸʨʪʦʩʪʠ ʠ 

ʢʦʨʨʦʟʠʦʥʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ ʧʨʝʚʳʰʘʶʪ 10% ʧʣʦʱʘʜʠ ʩʝʯʝʥʠʷ ʧʨʫʪʢʘ. 

ʇʨʫʞʠʥʫ ʠʩʧʳʪʳʚʘʶʪ ʥʘ ʧʨʝʩʩʝ ʧʦʜ ʥʘʛʨʫʟʢʦʡ 66,8 ʢʅ (6680 ʢʛʩ), ʠʟʤʝʨʝʥʥʫʶ ʧʨʠ 

ʵʪʦʤ ʚʳʩʦʪʫ ʧʨʫʞʠʥʳ ʚʳʙʠʚʘʶʪ ʥʘ ʙʠʨʢʝ ʣʠʙʦ ʪʦʨʮʝ ʧʨʫʞʠʥʳ ʠ ʚʧʠʩʳʚʘʶʪ ʚ ʧʘʩʧʦʨʪ 

ʵʣʝʢʪʨʦʚʦʟʘ. ʇʦʩʣʝ ʠʩʧʳʪʘʥʠʷ ʛʦʜʥʫʶ ʧʨʫʞʠʥʫ ʦʢʨʘʰʠʚʘʶʪ ʯʝʨʥʦʡ ʵʤʘʣʴʶ. 

ʇʨʠ ʩʙʦʨʢʝ ʣʶʣʝʯʥʦʛʦ ʧʦʜʚʝʰʠʚʘʥʠʷ ʦʪʨʝʤʦʥʪʠʨʦʚʘʥʥʳʝ ʜʝʪʘʣʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪ 

ʥʘ ʧʨʝʞʥʠʝ ʤʝʩʪʘ ʩʦʛʣʘʩʥʦ ʟʘʧʠʩʷʤ ʚ ʧʘʩʧʦʨʪʝ ʵʣʝʢʪʨʦʚʦʟʘ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʢʘʩʘʝʪʩʷ 

ʧʨʫʞʠʥ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʧʨʦʢʣʘʜʢʘʤʠ, ʪʦʣʱʠʥʘ ʢʦʪʦʨʳʭ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʥʘ ʟʘʚʦʜʘʭ 

ʧʨʠ ʨʘʟʚʝʩʢʝ ʵʣʝʢʪʨʦʚʦʟʘ. 
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ʄʦʥʪʘʞ ʣʶʣʝʯʥʦʛʦ ʧʦʜʚʝʰʠʚʘʥʠʷ ʚʳʧʦʣʥʷʶʪ ʚ ʪʘʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

ʇʦʜʙʠʨʘʶʪ ʧʨʫʞʠʥʳ 9 ʩ ʢʦʤʧʣʝʢʪʦʤ ʨʝʛʫʣʠʨʦʚʦʯʥʳʭ ʧʨʦʢʣʘʜʦʢ 8 ʪʘʢ, ʯʪʦʙʳ ʦʙʱʘʷ ʠʭ 

ʚʳʩʦʪʘ ʧʦʜ ʪʘʨʠʨʦʚʦʯʥʦʡ (ʠʩʧʳʪʘʪʝʣʴʥʦʡ) ʥʘʛʨʫʟʢʦʡ 70 ʢʅ (7000 ʢʛʩ) ʩʦʩʪʘʚʣʷʣʘ 310Ñ1 

ʤʤ. ɼʣʷ ʧʦʜʩʯʝʪʘ ʪʨʝʙʫʝʤʦʡ ʪʦʣʱʠʥʳ ʧʨʦʢʣʘʜʦʢ ʠʟ ʫʢʘʟʘʥʥʦʛʦ ʥʦʨʤʘʪʠʚʘ ʚʳʯʠʪʘʶʪ 

ʚʳʩʦʪʫ ʧʨʫʞʠʥʳ ʧʦʜ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʦʡ, ʇʨʠ ʚʳʩʦʪʝ ʝʝ 309 - 311 ʤʤ 

ʨʝʛʫʣʠʨʦʚʦʯʥʳʝ ʧʨʦʢʣʘʜʢʠ ʥʘ ʙʦʨʪ ʩʪʘʢʘʥʘ 7 ʥʝ ʩʪʘʚʷʪ. 

ʇʦʜʦʙʨʘʥʥʳʝ ʧʨʫʞʠʥʳ ʩ ʧʨʦʢʣʘʜʢʘʤʠ ʢʦʤʧʣʝʢʪʫʶʪ ʩʦ ʩʪʝʨʞʥʝʤ 6 ʚʝʨʭʥʝʡ 

ʦʧʦʨʥʦʡ ʰʘʡʙʦʡ 10 ʠ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʛʦ ʟʘʭʚʘʪʘ ʪʨʘʥʩʧʦʨʪʠʨʫʶʪ ʢ ʤʝʩʪʫ 

ʫʩʪʘʥʦʚʢʠ. ʇʦʚʝʨʭʥʦʩʪʠ ʢʫʣʘʯʢʦʚ ʠ ʞʝʣʦʙʦʚ ʧʦʜʚʝʨʛʘʶʪ ʦʙʨʘʙʦʪʢʝ.  

ɺ ʢʨʦʥʰʪʝʡʥʘʭ ʨʘʤ ʪʝʣʝʞʝʢ ʤʦʥʪʠʨʫʶʪ ʦʧʦʨʳ 4, 2 ʠ ʧʨʦʢʣʘʜʢʠ ʩ ʪʨʫʙʦʡ 3 ʪʘʢ, 

ʯʪʦʙʳ ʢʫʣʘʯʢʠ ʦʧʦʨ 2 ʦʙʷʟʘʪʝʣʴʥʦ ʥʘʭʦʜʠʣʠʩʴ ʚ ʞʝʣʦʙʘʭ ʧʨʦʢʣʘʜʦʢ. ɿʘʪʝʤ ʚʩʝ ʚʦʩʝʤʴ 

ʩʦʙʨʘʥʥʳʭ ʢʦʤʧʣʝʢʪʦʚ ʣʶʣʝʯʥʳʭ ʧʦʜʚʝʩʦʢ ʤʦʥʪʠʨʫʶʪ ʥʘ ʨʘʤʘʭ ʪʝʣʝʞʝʢ. ɼʣʷ ʵʪʦʛʦ 

ʭʚʦʩʪʦʚʠʢʠ ʩʪʝʨʞʥʝʡ ʧʦʜʚʝʩʦʢ ʧʨʦʧʫʩʢʘʶʪ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʷ ʚ ʢʨʦʥʰʪʝʡʥʘʭ ʨʘʤʳ ʪʝʣʝʞʢʠ 

ʠ ʟʘʢʨʝʧʣʷʶʪ ʠʭ ʧʨʦʚʦʣʦʢʦʡ ʪʘʢ, ʯʪʦʙʳ ʧʨʠ ʦʧʫʩʢʘʥʠʠ ʢʫʟʦʚʘ ʩʪʝʨʞʥʠ ʧʦʜʚʝʩʢʠ ʝʛʦ ʥʝ 

ʢʘʩʘʣʠʩʴ. 

ʇʦʜʢʘʪʠʚ ʪʝʣʝʞʢʠ ʧʦʜ ʧʦʜʥʷʪʳʡ ʥʘ ʜʦʤʢʨʘʪʘʭ ʢʫʟʦʚ, ʝʛʦ ʥʝʩʢʦʣʴʢʦ ʦʧʫʩʢʘʶʪ ʜʦ 

ʫʨʦʚʥʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʚʦʟʤʦʞʥʦʩʪʴ ʢʨʝʧʣʝʥʠʷ ʙʘʣʘʥʩʠʨʦʚ ʢ ʨʘʤʝ ʢʫʟʦʚʘ. ʇʨʠ ʵʪʦʤ 

ʥʝʦʙʭʦʜʠʤʦ ʩʣʝʜʠʪʴ ʟʘ ʚʭʦʞʜʝʥʠʝʤ ʩʪʝʨʞʥʝʡ ʣʶʣʝʯʥʦʛʦ ʧʦʜʚʝʰʠʚʘʥʠʷ ʚ ʧʘʟʳ 

ʢʨʦʥʰʪʝʡʥʦʚ ʥʘ ʨʘʤʝ ʢʫʟʦʚʘ. ʅʘʜʦ ʪʘʢʞʝ ʩʣʝʜʠʪʴ ʟʘ ʩʦʯʣʝʥʝʥʠʝʤ ʠ ʚʟʘʠʤʥʳʤ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʦʧʦʨ 2 ʠ ʧʨʦʢʣʘʜʦʢ 3 ʥʘ ʨʘʤʝ ʪʝʣʝʞʢʠ. ʇʨʘʚʠʣʴʥʦʩʪʴ ʩʦʯʣʝʥʝʥʠʷ ʦʧʦʨ 

ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʯʝʨʝʟ ʣʶʢʠ ʚ ʧʦʣʫ ʢʫʟʦʚʘ ʩ ʧʦʤʦʱʴʶ ʟʝʨʢʘʣʘ ʠ ʧʦʜʩʚʝʪʢʠ. 

ʅʝʧʨʘʚʠʣʴʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʢʫʣʘʯʢʦʚ ʦʧʦʨ ʚ ʧʨʦʢʣʘʜʢʘʭ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ 

ʦʙʨʘʟʦʚʘʥʠʷ ʚʳʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ ʠʟʣʦʤʘ ʩʪʝʨʞʥʝʡ ʠ ʧʨʫʞʠʥ ʣʶʣʝʯʥʦʛʦ ʧʦʜʚʝʰʠʚʘʥʠʷ ʧʨʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʣʝʢʪʨʦʚʦʟʦʚ. ʇʦʩʣʝ ʵʪʦʛʦ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʙʘʣʘʥʩʠʨʳ ʥʘ ʨʘʤʝ ʢʫʟʦʚʘ ʠ 

ʟʘʚʝʨʰʘʶʪ ʩʙʦʨʢʫ ʫʩʪʘʥʦʚʢʦʡ ʥʘ ʭʚʦʩʪʦʚʠʢʠ ʩʪʝʨʞʥʝʡ ʦʧʦʨ 2 ʠ 4, ʧʨʦʢʣʘʜʢʠ 3 ʩ ʪʨʫʙʦʡ, 

ʥʘʚʝʨʪʳʚʘʥʠʝʤ ʠ ʰʧʣʠʥʪʦʚʢʦʡ ʛʘʝʢ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʩʙʦʨʢʠ ʚʳʩʦʪʘ ʧʨʫʞʠʥʳ ʚʤʝʩʪʝ ʩ 

ʧʨʦʢʣʘʜʢʘʤʠ ʜʦʣʞʥʘ ʙʳʪʴ ʚ ʧʨʝʜʝʣʘʭ 305ð311 ʤʤ. 

ʇʦʩʣʝ ʦʧʫʩʢʘʥʠʷ ʢʫʟʦʚʘ ʥʘ ʪʝʣʝʞʢʠ ʧʨʦʚʝʨʷʶʪ ʟʘʟʦʨʳ ʧʦ ʚʝʨʪʠʢʘʣʴʥʳʤ ʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʦʛʨʘʥʠʯʠʪʝʣʷʤ ʨʘʤʳ. ɿʘʟʦʨ ɻ (ʨʠʩ. 5) ʤʝʞʜʫ ʚʝʨʪʠʢʘʣʴʥʳʤ 

ʦʛʨʘʥʠʯʠʪʝʣʝʤ ʠ ʚʝʨʭʥʝʡ ʧʣʦʩʢʦʩʪʴʶ ʨʘʤʳ ʜʦʣʞʝʥ ʙʳʪʴ ʚ ʧʨʝʜʝʣʘʭ 20ð30 ʤʤ. ɿʘʟʦʨ ɼ 

ʤʝʞʜʫ ʚʢʣʘʜʳʰʝʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʦʛʨʘʥʠʯʠʪʝʣʷ ʥʘ ʢʫʟʦʚʝ ʠ ʥʘʢʣʘʜʢʦʡ ʥʘ ʙʦʢʦʚʠʥʝ 

ʨʘʤʳ ʪʝʣʝʞʢʠ ʜʦʣʞʝʥ ʙʳʪʴ ʦʪ 15 ʜʦ 18 ʤʤ. ɿʘʟʦʨʳ ɻ ʠ ɼ ʨʝʛʫʣʠʨʫʶʪ ʧʘʢʝʪʘʤʠ ʧʨʦʢʣʘʜʦʢ, 

ʪʦʣʱʠʥʘ ʢʦʪʦʨʳʭ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 50 ʤʤ. ʇʨʠ ʠʟʥʦʩʝ ʚʢʣʘʜʳʰʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ɺ 

ʠʣʠ ʥʘʢʣʘʜʢʠ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ɽ ʙʦʣʝʝ 5 ʤʤ ʠʭ ʟʘʤʝʥʷʶʪ. 

ɺʳʚʦʜ. ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʚʘʞʥʳʝ ʟʘʜʘʯʠ ʧʦʚʳʰʝʥʠʷ 

ʥʘʜʝʞʥʦʩʪʠ ʪʷʛʦʚʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ (ʊʇʉ) ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʧʨʝʜʣʦʞʝʥʳ  

ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʧʦʚʳʰʝʥʠʶ ʥʘʜʝʞʥʦʩʪʠ ʣʶʣʝʯʥʦʛʦ ʧʦʜʚʝʰʠʚʘʥʠʷ. ʆʩʥʦʚʥʳʤ 

ʨʝʟʫʣʴʪʘʪʦʤ ʥʘʫʯʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʩʭʝʤʘ ʠ ʚʳʨʘʙʦʪʘʥʳ 

ʨʝʢʦʤʝʥʜʘʮʠʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʥʷʪʳ ʟʘ ʦʩʥʦʚʫ ʧʨʠ ʨʝʰʝʥʠʠ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʧʫʪʝʤ 

ʧʦʜʘʯʠ ʩʤʘʟʢʠ ʥʘ ʤʝʩʪʦ ʪʨʝʥʠʷ ʩʪʝʨʞʥʷ ʠ ʢʨʦʥʰʪʝʡʥʘ 
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ʄɽʊʆɼʓ ɺʓɹʆʈɸ ʇɸʈɸʄɽʊʈʆɺ ʕʃɽʂʊʈʆʄɸɻʅʀʊʅʆɻʆ ʕʂʀʇɸɾɸ ʅɸ 

ʄɸɻʅʀʊʅʆʄ ʇʆɼɺɽʉɽ 

 

ɸʥʥʦʪʘʮʠʷ. ʀʟʣʦʞʝʥʳ ʩʦʩʪʦʷʥʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʥʘʟʝʤʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʩ ʣʠʥʝʡʥʳʤ ʪʷʛʦʚʳʤ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʠ 

ʤʘʛʥʠʪʥʳʤ ʧʦʜʚʝʩʦʤ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ 

ʩʭʝʤʳ ʥʝʟʘʚʠʩʠʤʳʭ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʜʚʝʩʘ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ 

ʧʣʦʩʢʦʩʪʷʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʧʦʜʚʝʩ, ʬʝʨʨʦʨʝʣʴʩ, ʚʠʭʨʝʚʳʝ ʪʦʢʠ. 

ɸשʜʘʪʧʘ. ʉʳʟʳץʪʳץ ʪʨʘʚʤʘʪʠʢʘʣʳץ ʵʣʝʢʪʨʞʝʪʝʛʽ ʞᴅʥʝ ᴅʨʪװʨʣʽ ʞװʡʝʣʝʨʜʽש 

ʤʘʛʥʠʪʪʽʢ ʽʣʽʥʽʩʽ ʙʘʨ ʞʦסʘʨʳ ʞʳʣʜʘʤʜʳץʪʘסʳ ʞʝʨ װʩʪʽ ʢᴇʣʽʛʽʥ ʟʝʨʪʪʝʫʜʽש ʞʘʡ-ʢװʡʽ ʤʝʥ 

ʙʦʣʘʰʘסʳ ʩʠʧʘʪʪʘʣסʘʥ. ʊʽʢ ʞᴅʥʝ ʢᴇʣʜʝʥʝש ʞʘʟʳץʪʳץʪʘסʳ ʪᴅʫʝʣʩʽʟ ʵʣʝʢʪʨʦʤʘʛʥʠʪʪʽʢ 

ʩʫʩʧʝʥʟʠʷ ʞװʡʝʣʝʨʽʥʽש ʥʝʛʽʟʛʽ ʞʦʙʘʣʘʫ ʩʳʟʙʘʣʘʨʳ ײʩʳʥʳʣסʘʥ. 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ʵʣʝʢʪʨʦʤʘʛʥʠʪʪʽ ʩʫʩʧʝʥʟʠʷ, ʪʝʤʽʨʞʦʣ ʨʝʣʴʩʪʝʨʽ, ײץʡʳʥʜʳ ʪʦʢʪʘʨ. 

Abstract. The state and prospects of the results of the study of high-speed ground 

transportation with linear traction electric drive and magnetic suspension of various systems are 

described. Basic design diagrams of independent electromagnetic suspension systems in vertical 

and horizontal planes are presented. 

Key words: electromagnetic suspension, ferro-rail, eddy currents. 

 

ʅʦʚʳʤ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʞʝʣʝʟʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ ʷʚʣʷʶʪʩʷ ʧʦʝʟʜʘ ʥʘ ʤʘʛʥʠʪʥʦʤ ʧʦʜʚʝʩʝ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʚʠʜʘ 

ʪʨʘʥʩʧʦʨʪʘ ʥʘʯʘʣʠʩʴ ʝʱʝ ʚ ʩʝʨʝʜʠʥʝ ʧʨʦʰʣʦʛʦ ʚʝʢʘ. ʊʘʢ, ʧʝʨʚʳʡ ʧʘʪʝʥʪ ʥʘ ʧʦʝʟʜ ʥʘ 

ʤʘʛʥʠʪʥʦʤ ʧʦʜʚʝʩʝ ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʠʶʥʝ 1941 ʛʦʜʘ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʝʨʚʘʷ ʢʦʤʤʝʨʯʝʩʢʘʷ 

ʣʠʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʦʛʦ ʪʠʧʘ ʧʦʝʟʜʦʚ ʙʳʣʘ ʚʚʝʜʝʥʘ ʚ 1984 ʛʦʜʫ ʚ 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ, ʣʠʥʠʷ ʙʳʣʘ ʥʝ ʩʢʦʨʦʩʪʥʘʷ, ʘ ʚ 1995 ʛʦʜʫ ʣʠʥʠʶ ʟʘʢʨʳʣʠ, ʧʨʠʟʥʘʚ 

ʥʝʙʝʟʦʧʘʩʥʦʡ [1]. 

ʉ ʚʥʝʜʨʝʥʠʝʤ ʚ ʞʝʣʝʟʥʦʜʦʨʦʞʥʫʶ ʦʪʨʘʩʣʴ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚ ʧʦʟʚʦʣʠʣʦ ʧʝʨʝʚʝʩʪʠ 

ʧʦʝʟʜʘ ʥʘ ʤʘʛʥʠʪʥʦʤ ʧʦʜʚʝʩʝ ʚ ʢʘʪʝʛʦʨʠʶ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʩʥʦʚʥʳʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʧʦ ʩʦʟʜʘʥʠʶ ʪʘʢʦʛʦ ʚʠʜʘ 

ʪʨʘʥʩʧʦʨʪʘ ʷʚʣʷʶʪʩʷ ʗʧʦʥʠʷ ʠ ɻʝʨʤʘʥʠʷ. 

ʇʨʠʟʥʘʥʥʳʤ ʣʠʜʝʨʦʤ ʚ ʜʘʥʥʦʡ ʦʪʨʘʩʣʠ ʷʚʣʷʝʪʩʷ ʗʧʦʥʠʷ. ʊʘʢ, ʚ ʜʝʢʘʙʨʝ 2003 ʛʦʜʘ 

ʧʦʝʟʜ ʥʘ ʤʘʛʥʠʪʥʳʭ ʧʦʜʚʝʩʘʭ ʫʩʪʘʥʦʚʠʣ ʥʦʚʳʡ ʨʝʢʦʨʜ ʩʢʦʨʦʩʪʠ 580 ʢʤ/ʯ. ɺʩʝ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʚʦʜʷʪʩʷ ʥʘ ʣʠʥʠʠ ʗʤʘʥʘʰʠ, ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʢʦʪʦʨʦʡ 

18,4 ʢʤ. ɺʦ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦʝʟʜ çʧʣʳʚʝʪè ʚ 10 

ʤʠʣʣʠʤʝʪʨʘʭ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʣʴʩʦʚ. ʄʘʛʥʠʪʳ ʥʘʭʦʜʷʪʩʷ ʚ ʩʘʤʦʤ ʩʦʩʪʘʚʝ ʠ ʧʦ ʙʦʢʘʤ 

ʧʦʣʦʪʥʘ. ɺ ʗʧʦʥʠʠ ʥʘʯʘʣʠ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʧʨʦʛʨʘʤʤʫ ʧʦʝʟʜʦʚ ʥʘ ʤʘʛʥʠʪʥʦʡ ʧʦʜʫʰʢʝ ʚ 60-

ʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʚʝʢʘ [1]. ɼʦ ʩʠʭ ʧʦʨ ʷʧʦʥʩʢʠʝ ʤʦʜʝʣʠ ʪʘʢʠʭ ʧʦʝʟʜʦʚ ʷʚʣʷʶʪʩʷ ʩʘʤʳʤʠ 

ʙʳʩʪʨʳʤʠ ʠ ʪʠʭʠʤʠ ʚ ʤʠʨʝ. 

ʉʠʩʪʝʤʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʜʚʝʩʘ ʦʩʥʦʚʘʥʘ ʥʘ ʵʬʬʝʢʪʝ ʤʘʛʥʠʪʥʦʛʦ ʧʨʠʪʷʞʝʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ ʢ ʬʝʨʨʦʨʝʣʴʩʫ(ʌʈ). ʉʠʣʘ ʧʨʠʪʷʞʝʥʠʷ ʢ ʌʈ, ʢʦʪʦʨʘʷ ʥʘʟʳʚʘʝʪʩʷ 

ʧʦʜʲʝʤʥʦʡ Fʧ, ʜʦʣʞʥʘ ʫʨʘʚʥʦʚʝʰʠʚʘʪʴ ʚʩʝ ʥʘʛʨʫʟʢʠ F ,ɻ ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʵʢʠʧʘʞ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʩʠʣʫ ʚʝʩʘ ʵʢʠʧʘʞʘ. 

ʇʨʠ ʜʚʠʞʝʥʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ (ʕʄ) ʚʜʦʣʴ ʌʈ ʚ ʥʠʭ ʥʘʭʦʜʷʪʩʷ ʚʠʭʨʝʚʳʝ ʪʦʢʠ, 

ʩʦʟʜʘʶʱʠʝ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ, ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʠʡ ʦʩʥʦʚʥʦʡ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ. 
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ɺʦʟʥʠʢʘʶʱʘʷ ʧʨʠ ʵʪʦʤ ʩʠʣʘ Fɺ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʦʞʝʥʘ ʥʘ ʪʦʨʤʦʟʥʫʶ Fʪ, ʥʘʧʨʘʚʣʝʥʥʫʶ 

ʧʨʦʪʠʚ ʜʚʠʞʝʥʠʷ ʵʢʠʧʘʞʘ, ʠ ʦʪʪʘʣʢʠʚʘʶʱʫʶ ʩʠʣʫ Fʦʪ, ʥʘʧʨʘʚʣʝʥʥʫʶ ʧʨʦʪʠʚ ʩʠʣʳ Fʧ. ʉ 

ʨʦʩʪʦʤ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʵʢʠʧʘʞʘ ʚʣʠʷʥʠʝ ʚʠʭʨʝʚʳʭ ʪʦʢʦʚ ʤʦʞʝʪ ʜʦʩʪʠʛʥʫʪʴ 

ʩʫʱʝʩʪʚʝʥʥʦʡ ʚʝʣʠʯʠʥʳ ʠ ʧʦʵʪʦʤʫ ʜʦʣʞʥʦ ʫʯʠʪʳʚʘʪʴʩʷ ʧʨʠ ʨʘʩʯʝʪʝ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ 

ʕʄ ʠ ʌʈ. ɼʠʘʛʨʘʤʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʠʣ ʚ ʩʠʩʪʝʤʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʜʚʝʩʘ (ʕʄʇ) 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1, ʘ ʧʨʠ ʥʝʧʦʜʚʠʞʥʦʤ ʵʢʠʧʘʞʝ, ʘ ʥʘ ʨʠʩʫʥʢʝ 1, ʙ ʧʨʠ ʜʚʠʞʝʥʠʠ. 

ʂʦʤʧʝʥʩʘʮʠʷ ʦʪʪʘʣʢʠʚʘʶʱʝʡ ʩʠʣʳ Fʦʪ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʠʩʪʝʤʦʡ 

ʫʧʨʘʚʣʝʥʠʷ ʤʘʛʥʠʪʥʳʤ ʧʦʜʚʝʩʦʤ (ʄʇ) ʧʫʪʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʫʚʝʣʠʯʝʥʠʷ ʪʦʢʘ ʚ 

ʦʙʤʦʪʢʝ ʕʄ, ʘ ʪʦʨʤʦʟʥʦʡ ʩʠʣʳ Fʪ-ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʪʷʛʦʚʦʛʦ ʫʩʠʣʠʷ 

ʣʠʥʝʡʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. 

ɼʣʷ ʫʜʝʨʞʘʥʠʷ ʵʢʠʧʘʞʘ ʥʘʜ ʧʫʪʝʚʦʡ ʩʪʨʫʢʪʫʨʦʡ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʳ ʜʚʝ 

ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʝ ʩʠʩʪʝʤʳ: ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʷʭ. ʅʘʠʙʦʣʝʝ 

ʧʨʦʩʪʦ ʵʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝʤ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ ʩʠʩʪʝʤ ʕʄʇ. ʆʜʥʘ ʠʟ ʥʠʭ 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʤʘʛʥʠʪʥʦʝ ʧʦʜʚʝʰʠʚʘʥʠʝ ʵʢʠʧʘʞʘ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʠ ʜʨʫʛʘʷ -

ʷʚʣʷʝʪʩʷ ʥʘʧʨʘʚʣʷʶʱʝʡ. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ ʪʘʢʦʛʦ ʵʢʠʧʘʞʘ ʧʦʢʘʟʘʥʘ 

ʥʘ ʨʠʩʫʥʢʝ 2. ʇʦ ʵʪʦʡ ʩʭʝʤʝ ʚʳʧʦʣʥʝʥʳ ʧʝʨʚʳʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʤʦʜʝʣʠ ʠ ʧʝʨʚʳʝ ʤʘʢʝʪʳ 

ʵʢʠʧʘʞʝʡ ʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʜʚʝʰʠʚʘʥʠʝʤ ʟʘ ʨʫʙʝʞʦʤ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ, ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʭ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʵʢʠʧʘʞʝʡ ʩ ʩʠʩʪʝʤʦʡ ʕʄʇ, ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʧʦʠʩʢʠ 

ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʩʦʚʤʝʱʝʥʠʶ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʡ ʚ ʦʜʥʦʤ ʵʣʝʤʝʥʪʝ. 

ʇʨʠʚʝʜʝʤ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ. 

ʅʘ ʵʢʠʧʘʞʘʭ TR-02 ʠ TR-04 (ɻʝʨʤʘʥʠʷ), ʘ ʪʘʢʞʝ ʥʘ ʵʢʠʧʘʞʘʭ ʪʠʧʘ HSST (ʗʧʦʥʠʷ) 

ʧʨʠʤʝʥʝʥʘ ʩʦʚʤʝʱʝʥʥʘʷ ʩʠʩʪʝʤʘ ʧʦʜʚʝʩʘ ʠ ʥʘʧʨʘʚʣʝʥʠʷ (ʨʠʩʫʥʦʢ 3, ʘ). 

ɼʦʩʪʠʛʘʝʪʩʷ ʵʪʦ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʌʈ ʧʨʦʬʠʣʷ ʇ-ʦʙʨʘʟʥʦʛʦ ʩʝʯʝʥʠʷ ʠ 

ʩʤʝʱʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʚ ʥʘ ʵʢʠʧʘʞʝ ʧʨʠʤʝʨʥʦ ʥʘ ʧʦʣʦʚʠʥʫ ʰʠʨʠʥʳ ʧʦʣʶʩʥʦʛʦ 

ʥʘʢʦʥʝʯʥʠʢʘ ʦʪ ʦʩʝʚʦʡ ʣʠʥʠʡ ʦʙʝ ʩʪʦʨʦʥʳ ʚ ʰʘʭʤʘʪʥʦʤ ʧʦʨʷʜʢʝ (ʨʠʩʫʥʦʢ 3, ʙ). ʇʨʠ ʪʘʢʦʤ 

ʩʤʝʱʝʥʠʠ ʕʄ ʦʪʥʦʩʠʪʝʣʴʥʦ ʌʈ ʚʦʟʥʠʢʘʝʪ ʩʘʤʦʩʪʘʙʠʣʠʟʠʨʫʶʱʘʷ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʠʣʘ Fʛ, 

ʨʘʚʥʘʷ ʦʢʦʣʦ 30% ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ Fʧ , ʯʪʦ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ 

ʧʨʷʤʦʣʠʥʝʡʥʳʭ ʫʯʘʩʪʢʦʚ ʧʫʪʠ. ʅʝʢʦʪʦʨʦʝ ʫʚʝʣʠʯʝʥʠʝ ʤʘʩʩʳ ʕʄ ʧʦʜʚʝʩʘ, ʩʚʷʟʘʥʥʦʝ ʩ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʙʝʩʧʝʯʠʪʴ ʩʦʭʨʘʥʝʥʠʝ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ ʧʨʠ ʝʛʦ ʩʤʝʱʝʥʥʦʤ ʧʦʣʦʞʝʥʠʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʌʈ, ʩ ʣʠʭʚʦʡ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʕʄ ʥʘʧʨʘʚʣʝʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʫʧʨʦʱʝʥʠʝʤ ʢʦʥʩʪʨʫʢʮʠʠ ʧʫʪʝʚʦʡ ʩʪʨʫʢʪʫʨʳ. 

 

  

ʈʠʩʫʥʦʢ 1 ï ɼʠʘʛʨʘʤʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʠʣ 

ʕʄʇ: 

Fʧ-ʧʦʜʲʝʤʥʦʡ; Fʪ-ʪʦʨʤʦʟʥʦʡ; 

Fʦʪ-ʦʪʪʘʣʢʠʚʘʶʱʝʡ; Fʚ-ʚʦʟʥʠʢʘʶʱʝʡ 

 

ʈʠʩʫʥʦʢ 2 - ʂʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ 

ʵʢʠʧʘʞʘ ʩ ʨʘʟʜʝʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʧʦʜʚʝʩʘ ʠ 

ʥʘʧʨʘʚʣʝʥʠʷ 1-ʦʜʥʦʩʪʨʦʥʥʠʡ ʣʠʥʝʡʥʳʡ 

ʘʩʠʥʭʨʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ; 2-ʕʄ ʥʘʧʨʘʚʣʝʥʠʷ;                      

3-ʕʄ ʧʦʜʚʝʩʘ 
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ʅʘ ʵʢʠʧʘʞʘʭ TR-05 ʠ TR-06 ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ ʠ ʚʦʟʙʫʞʜʝʥʠʷ 

ʩʠʥʭʨʦʥʥʳʭ ʣʠʥʝʡʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʜʥʠ ʠ ʪʝ ʞʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʳ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ ʵʢʠʧʘʞʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 4. 

ɼʣʠʪʝʣʴʥʳʤʠ ʧʨʦʚʝʜʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ 

ʧʨʦʮʝʩʩʦʚ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʷʛʦʚʳʭ ʠ ʧʦʜʲʝʤʥʳʭ ʫʩʠʣʠʡ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʦʯʝʚʠʜʥʫʶ ʩʣʦʞʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʜʣʷ ʣʠʥʝʡʥʦʛʦ ʩʠʥʭʨʦʥʦʛ ʜʚʠʛʘʪʝʣʷ (ʃʉɼ) ʩʪʘʪʦʨʥʦʡ 

ʦʙʤʦʪʢʠ ʩ ʞʝʣʝʟʥʳʤ ʩʝʨʜʝʯʥʠʢʦʤ, ʫʣʦʞʝʥʥʦʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʫʪʝʚʫʶ ʩʪʨʫʢʪʫʨʫ, ʠ 

ʩʠʩʪʝʤʳ ʩʝʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʵʢʠʧʘʞʘ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʩʦʚʤʝʱʝʥʥʘʷ 

ʩʠʩʪʝʤʘ ʪʷʛʠ ʠ ʧʦʜʚʝʩʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʥʦʩʪʴʶ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʪʦʢʦʩʲʝʤʘ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʥʠʞʘʝʪ ʤʘʩʩʫ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʵʢʠʧʘʞʝ, ʫʧʨʦʱʘʝʪ ʝʛʦ ʢʦʥʩʪʨʫʢʮʠʶ. 

 

  

ʈʠʩʫʥʦʢ 3 ï ʕʢʠʧʘʞʠ TR-02 ʠTR-04 

(ɻʝʨʤʘʥʠʷ): 

ʘ-ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ ʵʢʠʧʘʞʘ ʩʩʦʚʤʝʩʪʥʦʡ 

ʩʠʩʪʝʤʦʡ ʧʦʜʚʝʩʘ ʠ ʥʘʧʨʘʚʣʝʥʠʷ; 

ʙ-ʩʭʝʤʘ ʩʤʝʱʝʥʠʷ ʕʄ: 

1-ʌʈ; 2-ʕʄ; 

ʈʠʩʫʥʦʢ 4. ʂʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ ʵʢʠʧʘʞʘ ʩ 

ʩʦʚʤʝʱʝʥʥʦʡ ʩʠʩʪʝʤʦʡ ʪʷʛʠ ʠ ʧʦʜʚʝʩʘ: -    1-ʕʄ 

ʥʘʧʨʘʚʣʝʥʠʷ; 2-ʩʪʘʪʦʨ ʃʉɼ; 

3-ʕʄ ʧʦʜʚʝʩʘ 

  

 

                                    

ʀʟ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʠʩʪʝʤ ʕʄʇ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʚ ɻʝʨʤʘʥʠʡ ʧʨʠʟʥʘʥʘ 

ʩʦʚʤʝʱʝʥʥʘʷ ʩʠʩʪʝʤʘ ʪʷʛʠ ʠ ʧʦʜʚʝʩʘ. ɺ ɻʝʨʤʘʥʠʠ ʥʘʯʘʪʳ ʨʘʙʦʪʳ ʧʦ ʩʦʦʨʫʞʝʥʠʶ 

ʦʧʳʪʥʦʛʦ ʧʦʣʠʛʦʥʘ ʜʣʷ ʪʷʛʦʚʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʵʢʠʧʘʞʘ ʩʝʨʠʡ TR ʩʦ 

ʩʢʦʨʦʩʪʴʶ ʜʦ 400ʢʤ/ʯ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʝʜʫʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʦʨʫʞʝʥʠʷ 

ʣʠʥʠʠ ɺʉʅʊ ʜʣʷ ʵʢʠʧʘʞʝʡ ʩ ʕʄʇ ʤʝʞʜʫ ʛʦʨʦʜʘʤʠ ʌʨʘʥʢʬʫʨʪ ʥʘ ʄʘʡʥʝ-ʇʘʨʠʞ. 

ʇʦʠʩʢ ʥʦʚʳʭ ʨʝʰʝʥʠʡ ʧʦ ʩʠʩʪʝʤʘʤ ʕʄʇ ʧʨʦʜʦʣʞʘʝʪʩʷ, ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʦʞʠʜʘʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ (ʇʄ) ʣʠʙʦ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘʤʠ, ʣʠʙʦ 

ʫʧʨʘʚʣʷʝʤʳʭ ʇʄ. ʆʜʥʘʢʦ ʨʘʟʨʘʙʦʪʢʠ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘʭʦʜʷʪʩʷ ʝʱʝ ʚ ʩʪʘʜʠʠ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʤʦʜʝʣʝʡ. 

ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʤʘʛʥʠʪʥʦʛʦ ʧʦʜʚʝʩʘ ʵʢʠʧʘʞʘ 

ʷʚʣʷʶʪʩʷ ʚʥʝʰʥʠʝ ʥʘʛʨʫʟʢʠ, ʥʘ ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʳ ʕʄ ʧʦʜʚʝʩʘ ʠ 

ʥʘʧʨʘʚʣʝʥʠʷ, ʨʝʞʠʤʳ ʠ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ, ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʥʷʪʦʡ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʩʭʝʤʳ 

ʕʄʇ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʫʨʦʚʝʥʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʠ 

ʠʟʛʦʪʦʚʣʝʥʠʠ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʫʩʠʣʠʷ, ʥʘ ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ 

ʨʘʩʩʯʠʪʘʥʳ ʕʄ. ʂʦʥʢʨʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʵʪʠʭ ʫʩʠʣʠʡ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʷʪ ʦʪ ʧʨʦʬʠʣʷ ʧʫʪʠ, 

ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʟʦʥʳ, ʪʨʝʙʫʝʤʦʛʦ ʫʨʦʚʥʷ ʢʦʤʬʦʨʪʘ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʩʭʝʤʳ ʵʢʠʧʘʞʘ, ɺ 

ʦʙʱʝʤ ʩʣʫʯʘʝ, ʩ ʥʝʢʦʪʦʨʳʤ ʟʘʧʘʩʦʤ ʥʘ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ, ʘʥʘʣʠʟ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʵʢʠʧʘʞ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʥʘʛʨʫʟʦʢ ʦʪ ʩʠʣʳ ʚʝʩʘ ʵʢʠʧʘʞʘ, ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʣʦʙʦʚʦʛʦ ʠ ʙʦʢʦʚʦʛʦ), ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʠʣ ʣʠʥʝʡʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, 

ʥʝʨʦʚʥʦʩʪʝʡ ʧʫʪʠ, ʧʨʦʭʦʜʘ ʢʨʠʚʳʭ ʠ ʩʦʧʨʷʞʝʥʠʡ ʧʫʪʠ, ʘ ʪʘʢʞʝ ʫʯʝʪ ʩʥʠʞʝʥʠʷ 

ʧʦʜʲʝʤʥʦʛʦ ʫʩʠʣʠʷ ʕʄ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʚʣʠʷʥʠʷ ʚʠʭʨʝʚʳʭ 

ʪʦʢʦʚ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʣʦʞʠʪʴ ʩʣʝʜʫʶʱʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ: 



ʄʘʪʝʨʠʘʣʳ  XLII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʂʘʟɸʊʂ ʠʤ. ʄ. ʊʳʥʳʰʧʘʝʚʘ                    

ʥʘ ʪʝʤʫ çʀʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʪʨʘʥʩʧʦʨʪʝ: ʦʙʨʘʟʦʚʘʥʠʝ, ʥʘʫʢʘ, ʧʨʘʢʪʠʢʘ», 18. 04. 2018 ʛ., ʊʦʤ 4 
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ʕʄ ʧʦʜʚʝʩʘ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʳ ʥʘ ʧʦʜʲʝʤʥʦʝ ʫʩʠʣʠʝ: 

1,35 gm  ɻð ʚ ʜʣʠʪʝʣʴʥʦʤ ʨʝʞʠʤʝ ʧʨʠ ʥʦʤʠʥʘʣʴʥʦʤ ʟʘʟʦʨʝ; 

(1,8 2,0)gm  ɻð ʚ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤ ʨʝʞʠʤʝ ʧʨʠ ʥʦʤʠʥʘʣʴʥʦʤ ʟʘʟʦʨʝ; 

1,0 gm -ɻ ʚ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤ ʨʝʞʠʤʝ ʧʨʠ ʜʚʦʡʥʦʤ ʟʘʟʦʨʝ (ʧʦʜʲʝʤ ʵʢʠʧʘʞʘ ʠʟ 

ʩʦʩʪʦʷʥʠʷ ʧʦʢʦʷ ʜʦ ʩʦʩʪʦʷʥʠʷ ʣʝʚʠʪʘʮʠʠ), ʛʜʝ g-ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ, ʤ/ʩ
2
; ʪɻð 

ʤʘʩʩʘ ʵʢʠʧʘʞʘ, ʢʛ. 

ʕʄ ʥʘʧʨʘʚʣʝʥʠʷ ʜʦʣʞʥʳ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʫʩʠʣʠʷ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʵʢʠʧʘʞ: 

ʮʝʥʪʨʦʙʝʞʥʳʝ ʚ ʢʨʠʚʳʭ ʠ ʩʦʟʜʘʚʘʝʤʳʝ ʚʝʪʨʦʤ, ʘ ʪʘʢ- ʧʨʦʪʠʚʦʜʝʡʩʪʚʦʚʘʪʴ ʚʠʣʷʥʠʶ ʚ 

ʢʦʣʝʝ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʧʠʩʳʚʘʥʠʝ ʧʨʠ ʚʭʦʜʝ ʚ ʢʨʠʚʳʝ. ʂʘʢ ʧʨʘʚʠʣʦ, ʟʜʝʩʴ ʥʝʪ ʧʦʩʪʦʷʥʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡʠ ʚʩʝ ʥʘʛʨʫʟʢʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳ. ʅʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʝʱʝ ʦʜʥʫ 

ʦʩʦʙʝʥʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʕʄ ʧʦʜʚʝʩʘ: ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʨʘʙʦʪʘʝʪ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʪʦʣʴʢʦ ʧʦʣʦʚʠʥʘ ʕʄ ʥʘʧʨʘʚʣʝʥʠʷ. 

ɼʣʷ ʨʘʩʯʸʪʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʕʄ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʨʝʞʠʤʦʚ 

ʜʣʷ ʪʷʛʦʚʦʛʦ ʫʩʠʣʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ: 0,25gmʵ ï ʜʣʠʪʝʣʴʥʳʡ ʨʝʞʠʤ ʧʨʠ ʥʦʤʠʥʘʣʴʥʦʤ ʟʘʟʦʨʝ; 

0,550gmʵ ï ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʨʝʞʠʤ ʧʨʠ ʥʦʤʠʥʘʣʴʥʦʤ ʟʘʟʦʨʝ. 

 

  
 

ʈʠʩʫʥʦʢ 5ï ɿʘʚʠʩʠʤʦʩʪʴ 

ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ ʦʪ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʦʡ 

ʜʣʠʥʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʚ 

ʈʠʩʫʥʦʢ 6 ï ɿʘʚʠʩʠʤʦʩʪʴ 

ʧʦʪʝʨʴ ʥʘ ʚʠʭʨʝʚʳʝ ʪʦʢʠ ʦʪ 

ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʨʠ  

ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʝ ʕʄ 

ʈʠʩʫʥʦʢ 7ï ɿʘʚʠʩʠʤʦʩʪʴ 

ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ (1,2) ʠ ʧʦʪʝʨʴ 

ʥʘ ʚʠʭʨʝʚʳʝ ʪʦʢʠ (3,4,5) ʦʪ 

ʩʢʦʨʦʩʪʠ ʠ ʪʦʣʱʠʥʳ ʣʠʩʪʘ 

 

ʉʣʝʜʫʶʱʠʤ ʧʘʨʘʤʝʪʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʩʠʩʪʝʤʫ ʕʄʇ, ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʘ 

ʚʦʟʜʫʰʥʦʛʦ ʟʘʟʦʨʘ  ʤʝʞʜʫ ʕʄ ʠ ʌʈ. ʆʪ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʟʘʚʠʩʠʪ 

ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ ʥʘ ʧʦʜʚʝʩ ʠ ʦʙʱʘʷ ʤʘʩʩʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʚ. ʇʦʵʪʦʤʫ ʝʩʪʝʩʪʚʝʥʥʦ 

ʩʪʨʝʤʣʝʥʠʝ ʧʨʠʥʠʤʘʪʴ ʚʝʣʠʯʠʥʫ  ʤʠʥʠʤʘʣʴʥʦʡ. ʆʜʥʘʢʦ ʧʨʠ ʤʘʣʦʤ  ʧʦʚʳʱʘʶʪʩʷ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʫʪʝʚʦʡ ʩʪʨʫʢʪʫʨʳ, ʪʨʫʜʥʝʝ ʦʙʝʩʧʝʯʠʪʴ 

ʚʧʠʩʳʚʘʥʠʝ ʵʢʠʧʘʞʘ ʠ ʟʘʜʘʥʥʳʡ ʫʨʦʚʝʥʴ ʢʦʤʬʦʨʪʘ. ʇʦʵʪʦʤʫ ʟʘʟʦʨ  ʩʣʝʜʫʝʪ ʚʳʙʠʨʘʪʴ 

ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʤ ʨʘʩʯʝʪʦʤ ʩ ʫʯʝʪʦʤ ʚʩʝʭ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʬʘʢʪʦʨʦʚ. 

ʕʢʠʧʘʞʠ, ʚʳʧʦʣʥʝʥʥʳʝ ʚ ɻʝʨʤʘʥʠʠ ʠ ʗʧʦʥʠʠ, ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʧʨʠ ʚʦʟʜʫʰʥʦʤ 

ʟʘʟʦʨʝ, 0,01-0,012 ʤ. ɼʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʨʘʩʯʝʪʦʚ ʕʄ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʥʷʪʴ 

ʚʝʣʠʯʠʥʫ , ʫʪʦʯʥʠʚ ʝʝ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʵʢʠʧʘʞʘ ʩʦʚʤʝʩʪʥʦ ʩ ʧʫʪʝʚʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

ʂʘʢ ʞʝ ʨʘʥʝʝ ʫʢʘʟʳʚʘʣʦʩʴ, ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʕʄ ʚʜʦʣʴ ʌʈ ʚ ʧʦʩʣʝʜʥʝʤ ʚʦʟʥʠʢʘʶʪ 

ʚʠʭʨʝʚʳʝ ʪʦʢʠ ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʠʝ ʠ ʠʩʢʘʞʘʶʱʠʝ ʦʩʥʦʚʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʩʦʟʜʘʚʘʝʤʦʝ 

ʕʄ. ʕʪʦ ʷʚʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʥʘ ʝʛʦ ʢʦʥʮʘʭ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʯʝʤ ʜʣʠʥʥʝʝ ʕʄ, ʪʝʤ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ ʤʝʥʴʰʝ ʵʬʬʝʢʪ 

ʠʩʢʘʞʝʥʠʷ ʧʦʣʷ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤ ʚʨʝʜʥʳʭ ʷʚʣʝʥʠʡ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ Fʧ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʝ ʕʄ 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 5, ʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʪʝʨʴ ʥʘ ʚʠʭʨʝʚʳʝ ʪʦʢʠ ʦʪ ʪʝʭ ʞʝ ʧʘʨʘʤʝʪʨʦʚ ʥʘ 

ʨʠʩʫʥʢʝ 6. ʇʨʠ ʵʪʦʤ ʧʨʠʥʷʪʳ ʧʦʩʪʦʷʥʥʳʤʠ ʚʦʟʜʫʰʥʦʡ ʟʘʟʦʨ ʠ ʪʦʢ ʚʦʟʙʫʞʜʝʥʠʷ ʕʄ. ʀʟ 

ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʦʪʥʦʰʝʥʠʷ ʧʦʜʲʝʤʥʦʡ 

ʩʠʣʳ ʧʨʠ ʩʢʦʨʦʩʪʠ 100ʤ/ʩ ʢ ʧʦʜʲʝʤʥʦʡ ʩʠʣʝ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ, ʨʘʚʥʳʤ ʥʝ ʤʝʥʝʝ 0,85, ʝʛʦ 
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ʜʣʠʥʘ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 10ʤ. ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ 

ʠʟʛʦʪʦʚʣʝʥʠʝ ʩʝʨʜʝʯʥʠʢʘ ʕʄ ʠ ʝʛʦ ʢʘʪʫʰʢʠ ʜʣʠʥʦʡ ʧʦʨʷʜʢʘ 10ʤ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʧʨʠʥʠʤʘʝʪʩʷ, ʯʪʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪ ʜʦʣʞʝʥ ʙʳʪʴ ʩʦʩʪʘʚʥʳʤ ʠʟ 

ʥʝʩʢʦʣʴʢʠʭ ʝʜʠʥʠʯʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʚ ʢʘʞʜʳʡ ʜʣʠʥʦʡ ʦʢʦʣʦ 1ʤ. 

ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ ʢʦʥʩʪʨʫʢʮʠʶ ʠ ʠʟʛʦʪʦʚʣʝʥʠʝ ʕʄ, ʘ ʪʘʢʞʝ 

ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʠʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʠ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ ʚ ʩʣʫʯʘʝ 

ʥʝʧʦʣʘʜʦʢ ʦʜʥʦʛʦ ʠʟ ʝʜʠʥʠʯʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʚ. 

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʚʣʠʷʥʠʷ ʚʠʭʨʝʚʳʭ ʪʦʢʦʚ ʧʨʝʜʣʦʞʝʥʦ ʪʘʢʞʝ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ 

ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʥʘʢʦʥʝʯʥʠʢʦʚ ʩ 

ʧʦʜʤʘʛʥʠʯʠʚʘʶʱʠʤʠ ʢʘʪʫʰʢʘʤʠ, ʦʜʥʘʢʦ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʨʝʰʝʥʠʝʤ ʠ ʜʘʶʱʠʤ 

ʘʥʘʣʦʛʠʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʩʢʦʩʘ ʢʦʥʮʦʚ ʧʦʣʶʩʦʚ ʕʄ. 

ʇʦʪʝʨʠ ʥʘ ʚʠʭʨʝʚʳʝ ʪʦʢʠ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʫʜʝʣʴʥʦʤʫ ʩʦʧʨʦʪʠʚʣʝʥʠʶ 

ʤʘʪʝʨʠʘʣʘ. ʇʦʵʪʦʤʫ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʬʝʨʨʦʨʝʣʴʩʦʚ ʩʧʝʮʠʘʣʴʥʳʭ ʩʪʘʣʝʡ ʩ ʧʦʚʳʰʝʥʥʳʤ 

ʫʜʝʣʴʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʨʝʜʩʪʚ ʫʤʝʥʴʰʝʥʠʷ 

ʧʦʪʝʨʴ. ʅʘʠʙʦʣʝʝ ʨʘʜʠʢʘʣʴʥʳʤ ʩʧʦʩʦʙʦʤ ʫʤʝʥʴʰʝʥʠʷ ʧʦʪʝʨʴ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʰʠʭʪʦʚʘʥʥʳʭ ʚ ʧʦʧʝʨʝʯʥʦʤ ʠʣʠ ʧʨʦʜʦʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʬʝʨʨʦʨʝʣʴʩʦʚ ʥʘ ʨʠʩʫʥʢʝ 7. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʜʦʩʪʘʪʦʯʥʦ ʨʘʩʩʣʦʠʪʴ ʬʝʨʨʦʨʝʣʴʩʳ ʥʘ 

ʣʠʩʪʳ ʪʦʣʱʠʥʦʡ 3-5ʤʤ. ɺʦʟʤʦʞʥʦ ʪʘʢʞʝ ʯʘʩʪʠʯʥʦʝ ʨʘʩʩʣʦʝʥʠʝ ʌʈ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʧʨʠʤʝʥʝʥʘ ʧʨʦʜʦʣʴʥʘʷ ʰʠʭʪʦʚʢʘ ʥʠʞʥʝʡ ʧʦʣʦʚʠʥʳ. ʍʦʪʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʵʪʦʤ 

ʧʨʠʤʝʨʥʦ ʚ 2 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ ʧʦʣʥʦʡ ʰʠʭʪʦʚʢʝ, ʦʜʥʘʢʦ ʜʘʥʥʦʝ ʤʝʨʦʧʨʠʷʪʠʝ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʚʠʭʨʝʚʳʝ ʪʦʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʧʣʦʰʥʳʤ ʌʈ. ʀʟ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʪʘʢʞʝ ʚʳʚʦʜ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʤʝʱʝʥʥʦʡ ʩʠʩʪʝʤʳ ʧʦʜʚʝʩʘ ʠ 

ʪʷʛʠ (ʩʤ. ʨʠʩʫʥʦʢ 4) ʚʣʠʷʥʠʝ ʚʠʭʨʝʚʳʭ ʪʦʢʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ, ʪʘʢ ʢʘʢ ʚ ʢʘʯʝʩʪʚʝ 

ʌʈ ʠʩʧʦʣʴʟʫʝʪʩʷ ʰʠʭʪʦʚʘʥʥʳʡ ʩʪʘʪʦʨ ʩʠʥʭʨʦʥʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. 

ɺʳʚʦʜʳ. ʆʩʥʦʚʦʡ ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʵʢʠʧʘʞʘ ʷʚʣʷʶʪʩʷ  

ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʕʄ ʠ ʌʈ. ʇʨʠ ʟʘʜʘʥʥʦʤ ʧʦʜʲʝʤʥʦʤ ʫʩʠʣʠʠ ʤʠʥʠʤʘʣʴʥʘʷ ʤʘʩʩʘ ʕʄ 

ʙʫʜʝʪ ʚ ʩʣʫʯʘʝ ʩʝʯʝʥʠʷ ʧʦʣʶʩʘ, ʧʨʠʙʣʠʞʘʶʱʝʛʦʩʷ ʧʦ ʬʦʨʤʝ ʢ ʢʚʘʜʨʘʪʫ, ʘ ʤʠʥʠʤʘʣʴʥʘʷ 

ʤʘʩʩʘ ʌʈ ï ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ ʰʠʨʠʥʝ ʧʦʣʶʩʘ. ʕʪʠ ʜʚʘ ʧʨʦʪʠʚʦʨʝʯʠʚʳʭ ʪʨʝʙʦʚʘʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʤ ʨʘʩʯʝʪʝ ʕʄ ʠ ʌʈ. ʅʫʞʥʦ ʪʘʢʞʝ ʧʨʠʥʠʤʘʪʴ 

ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʩʫʤʤʘʨʥʘʷ ʜʣʠʥʘ ʕʄ ʚʜʦʣʴ ʵʢʠʧʘʞʘ ʜʦʣʞʥʘ ʙʳʪʴ ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʦʡ, ʪʘʢ ʢʘʢ ʵʪʦ ʩʥʠʞʘʝʪ ʫʜʝʣʴʥʫʶ ʧʦʛʦʥʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʌʈ, ʯʪʦ ʙʣʘʛʦʧʨʠʷʪʥʦ 

ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʩʪʦʠʤʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʧʫʪʝʚʦʡ ʩʪʨʫʢʪʫʨʳ. 
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ʃʦʢʦʤʦʪʠʚʪʝʨʛʝ ʩʝʨʚʠʩʪʽʢ ץʳʟʤʝʪ ʞʘʩʘʫʜʳש ʘʨʪʳץʰʳʣʳץʪʘʨʳ ʤʝʥ ʢʝʤʰʽʣʽʢʪʝʨʽ 

ʘʥʳץʪʘʣסʘʥ, ʃʦʢʦʤʦʪʠʚʪʝʨʛʝ ʩʝʨʚʠʩʪʽʢ ץʳʟʤʝʪ ʞʘʩʘʫʜʳש ʪʠʽʤʜʽʣʽʛʽʥ ʢᴇʪʝʨʫ װʰʽʥ סʳʣʳʤʠ-

ʧʨʘʢʪʠʢʘʣʳײ ץʩʳʥʳʩʪʘʨ ʙʝʨʽʣʛʝʥ. 
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ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ʩʝʨʚʠʩʪʽʢ ץʳʟʤʝʪ ʞʘʩʘʫ, ײץʨʘʩʪʳʨʫ ʟʘʫʳʪʳ, ʞᴇʥʜʝʫ ʞװʡʝʩʽ, 

ʣʦʢʦʤʦʪʠʚʪʝʨ. 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʠʟʫʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʥʘ ʧʦʣʥʦʝ ʩʝʨʚʠʩʥʦʝ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʣʦʢʦʤʦʪʠʚʦʚ, ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʚ ʂʘʟʘʭʩʪʘʥʝ. ʆʧʨʝʜʝʣʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ 

ʥʝʜʦʩʪʘʪʢʠ ʩʝʨʚʠʩʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʣʦʢʦʤʦʪʠʚʘ, ʜʘʥʳ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʝʨʚʠʩʥʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʣʦʢʦʤʦʪʠʚʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʝʨʚʠʩʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʟʘʚʦʜ - ʧʨʦʠʟʚʦʜʠʪʝʣʴ, ʩʠʩʪʝʤʘ 

ʨʝʤʦʥʪʘ, ʣʦʢʦʤʦʪʠʚʳ. 

Abstract. This article explores the possibility of switching to full service maintenance of 

locomotives operated in Kazakhstan. The advantages and disadvantages of servicing the 

locomotive are determined, the offers on scientific and practical directions of research are given 

to increase the efficiency of servicing locomotives. 

Key words: service, factory manufacturer, repair system, locomotives. 

 

ʊʝʤʽʨʞʦʣ ʩʘʣʘʩʳ, ʘʪʘʧ ʘʡʪץʘʥʜʘ ʣʦʢʦʤʦʪʠʚ ʩʘʣʘʩʳ 2001 ʞʳʣʜʘʥ ʙʘʩʪʘʧ çפʊɾè 

ʈʄʂ ʙʦʣסʘʣʳ ʙʝʨʽ ʙʽʨʪʘʣʘʡ ᴇʟʛʝʨʽʩʪʝʨʛʝ ײʰʳʨʘʜʳ. ʈʝʬʦʨʤʘ ʞװʨʛʽʟʽʣʛʝʥ ʢװʥʜʝʨʜʝʥ ʙʘʩʪʘʧ 

ʂᴇʣʽʢ ʞᴅʥʝ ʢʦʤʤʫʥʠʢʘʮʠʷʣʘʨ ʤʠʥʠʩʪʨʣʽʛʽʥʽש ʞʘʙʳץ  ʞװʡʝʩʽʥʝʥ ʙʘʩʪʘʧ  ʩʳʨʪץʳ 

ʥʘʨʳץʪʘסʳ ʙᴅʩʝʢʝʣʽʩʪʽʢʢʝ ʞʘʫʘʧ ʙʝʨʝ ʘʣʘʪʳʥʜʘʡ ʞᴅʥʝ ʵʢʦʥʦʤʠʢʘʣʳץ ʪײʨסʳʜʘʥ ʪʠʽʤʜʽ  

ʪʦʣʳץץʘʥʜʳ ʘʰʳץ ʪװʨʜʝʛʽ  ײץʨʳʣʳʤסʘ ʘʡʥʘʣʜʳ. ɹײʣ ʪʘʨʪʳʤʜʳ ʞʳʣʞʳʤʘʣʳ ײץʨʘʤסʘ 

ʩʝʨʚʠʩʪʽʢ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʤʦʜʝʣʽ ʰʳסʳʥʜʘʨʜʳ ץʳʩץʘʨʪʫʳ, ʙʘʨʣʳץ ץʘʪʳʩʳ ʙʘʨ 

 ʩʝʥʽʤʜʽʣʽʛʽʥ שʞʘʫʘʧʢʝʨʰʽʣʽʛʽʥʝ ʢʝʧʽʣʜʽʢ ʙʝʨʫʽ ʞᴅʥʝ ʣʦʢʦʤʦʪʠʚʪʝʨʜʽ שʨʳʣʳʤʜʘʨʜʳײץ

ʢᴇʪʝʨʫʽ ʢʝʨʝʢ. ɸʪʘʧ ᴇʪʫ ʢʝʨʝʢ, ʩʝʨʚʠʩʪʽʢ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ פʘʟʘץʩʪʘʥʜʳץ ʙʦʣʫʳ ץʘʞʝʪ. 

ʃʦʢʦʤʦʪʠʚʪʝʨʛʝ ʩʝʨʚʠʩʪʽʢ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ  ï  ʙײʣ ʣʦʢʦʤʦʪʠʚʪʝʨʜʽ ʜʘʡʳʥʜʘʡʪʳʥ 

ʥʝʤʝʩʝ ʦʥʳש ʙᴇʣʰʝʢʪʝʨʽʥ ʞᴇʥʜʝʧ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʧ ʦʪʳʨʘʪʳʥ ʘʨʥʘʡʳ ʤʘʤʘʥʜʘʥʜʳʨʳʣסʘʥ 

ʢᴅʩʽʧʦʨʳʥʜʘʨ ʥʝʤʝʩʝ ײʡʳʤʜʘʨʤʝʥ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʪʳʥ ʪʝʭʥʠʢʘʣʳץ ʞᴅʥʝ 

 .ʨʽװʢʝʰʝʥʜʽ ʪ שʡʳʤʜʘʩʪʳʨʳʣʘʪʳʥ ʽʩ ʰʘʨʘʣʘʨʜʳײ

2020 ʞʳʣסʘ ʜʝʡʽʥ ʢᴇʣʽʢ ʞװʡʝʩʽ ײץʨʳʣʳʤʜʘʨʳʥʳש ʠʥʬʨʘײץʨʳʣʳʤʜʘʨʳʥ 

ʠʥʪʝʛʨʘʮʠʷʣʘʫ ʤʝʥ ʜʘʤʫʜʳש ʄʝʤʣʝʢʝʪʪʽʢ ʙʘסʜʘʨʣʘʤʘʩʳʥʘ ʩᴅʡʢʝʩ çפʊɾèױʂè ɸפ 

ʤʘץʩʘʪʪʳײץ ץʨʳʣʳʤʜʘʨʳ ʤʝʥ פʘʟʘץʩʪʘʥʥʳש ʪʝʤʽʨʞʦʣ ʩʘʣʘʣʘʨʳʥʳש ʤʘץʩʘʪʪʳץ 

ʤʦʜʝʣʴʜʝʨʽʥ ץʘʣʳʧʪʘʩʪʳʨʫ ʽʩ ʰʘʨʘʣʘʨʳ ʞʘʩʘʣʳʧ ʞʘʪʳʨ.  

 ʘʨ ʤʘʡ ʤʝʥ ʣʢʦʢʦʤʦʪʠʚסʵʣʝʤʝʥʪʪʝʨʽ ʞʘʥʘʨ ʞʘ ץʳʥʜʳסʊɾ ʥʝʛʽʟʛʽ  ʰʳפ

ʰʘʨʫʘʰʳʣʳסʳʥʜʘסʳ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳ, ʣʦʢʦʤʦʪʠʚʪʝʨʜʽ ʞᴇʥʜʝʫʛʝ ʢʝʪʝʪʽʥ ʰʳסʳʥʜʘʨ, 

ʣʦʢʦʤʦʪʠʚ ʙʨʠʛʘʜʘʣʘʨʘʥʳש ʌʆʊ-ʥʘ ʢʝʪʝʪʽʥ ʰʳסʳʥʜʘʨ, ʠʥʬʨʘײץʨʳʣʳʤʜʘʨסʘ ץʳʟʤʝʪ 

ʢᴇʨʩʝʪʫ ʤʝʥ ʞᴇʥʜʝʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ.  

ʊʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʤʝʥ  ʣʦʢʦʤʦʪʠʚʪʝʨʜʽ ʞᴇʥʜʝʫʛʝ ʢʝʪʝʪʽʥ ʰʳסʳʥʜʘʨʜʳש 

ʥʝʛʽʟʛʽ ʢᴇʨʩʝʪʢʽʰʽ ʙʦʣʳʧ ʙʽʨ ʣʦʢʦʤʦʪʠʚʢʝ ʢʝʪʝʪʽʥ ʙʽʨ ʞʳʣʜʳץ ʰʳסʳʥ ʝʩʝʧʪʝʣʝʜʽ. 

ʉʦʥʜʳץʪʘʥ ʜʘ פʊɾ ïʜʘ ʢᴇʨʩʝʪʢʽʰʪʝʨʜʽ ʝʩʝʧʪʝʫ ʙʘʣʘʤʘ ʝʩʝʧʪʝʨʜʝʥ ʢᴇʣʝʤʽ ʙʦʡʳʥʰʘ 20% 

ʪᴇʤʝʥ ʙʦʣʳʧ ʦʪʳʨʘʜʳ. ʉʝʨʚʠʩʪʽʢ ץʳʟʤʝʪʢʝ ʢᴇʰʫ ʦשʪʘʡʣʘʥʜʳʨʫ ʞᴅʥʝ ʞᴇʥʜʝʫʜʽש 

ʢʝʟʝשʜʽʣʽʛʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʢʝʪʝʪʽʥ ʰʳסʳʥʜʘʨʜʳ ʘʟʘʡʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 ʘʣʘʡ ʜʘʤʳʤʘʩʳʥ, ʢʝʟ ʢʝʣʛʝʥץ ʨʳʣʳʩʳײץ ʘʥʜʘ ʜʘ ʣʦʢʦʤʦʪʠʚסʘʣʘʡ ʙʦʣפ

ʢᴅʩʽʧʦʨʳʥʜʘʨʜʘסʳ ʩʠʷץʪʳ - ʙײʣ  ʞʦסʘʨʳ ʙʽʣʽʢʪʽ  ʢᴅʩʽʙʠ ʤʘʤʘʥʜʘʨ, ʦʣʘʨʜʳש ʙʽʣʽʤʜʝʨʽʥʝʥ 

ʪʘʨʪʳʤʜʳ ʞʳʣʞʳʤʘʣʳ ײץʨʘʤʥʳש ʪʦץʪʘʤʘʡ ʞײʤʳʩ ʞʘʩʘʫʳʥʳש ʜʝשʛʝʡʽ ʤʝʥ 

ʣʦʢʦʤʦʪʠʚʪʝʨʛʝ ʩʝʨʚʠʩʪʽʢ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫʜʽש ʩʘʧʘʩʳ ʪᴅʫʝʣʜʽ ʙʦʣʘʜʳ. 

ʃʦʢʦʤʦʪʠʚʪʝʨʜʽ ʞᴇʥʜʝʫʛʝ ʘʨʥʘʣסʘʥ ʙʘסʜʘʨʣʘʤʘ ʪʘʣʘʧʪʘʨʳʥʘ ʩᴅʡʢʝʩ ʰʪʘʪʪʳש ʪʦʣʳץ 

ʙʦʣʫʳʥʘ ץʘʨʘʤʘʩʪʘʥ ʙʘʨʣʳץ ʣʦʢʦʤʦʪʠʚ ʞᴇʥʜʝʫ ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥʜʘ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʩʘʣʘʩʳ 

ʞᴅʥʝ ʵʣʝʢʪʨʦʚʦʟʜʘʨʜʘסʳ ʪʘʨʪʳʤ ʘʛʨʝʛʘʪʪʘʨʳ ʤʝʥ ʪʝʧʣʦʚʦʟʜʘʨʜʘ ʦʨʥʘʪʳʣסʘʥ ʞʦסʘʨʳ 

ʢװʰʝʡʪʽʣʛʝʥ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨ ץʦʥʜʳʨסʳʣʘʨʳʤʝʥ ʞʘʙʜʳץʪʘʣסʘʥ  ʞʘשʘ ʜᴅʫʽʨ 

ʣʦʢʦʤʦʪʠʚʪʝʨʽʥ ʙʘʩץʘʨʘʪʳʥ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʣʳץ ʞװʡʝʣʝʨʜʽ ʞᴇʥʜʝʡʪʽʥ ʤʘʤʘʥʜʘʨʜʳש 

ʞʝʪʽʩʧʝʫʰʽʣʽʛʽ ʙʘʡץʘʣʘʜʳ. 
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ʉʦʥʜʳץʪʘʥ ʜʘ  ʧʝʨʩʦʥʘʣʜʳ ʙʘʩץʘʨʘʪʳʥ ʢʦʤʧʘʥʠʷʣʘʨʜʳש ʤʽʥʜʝʪʪʝʨʽ 

 ʜʘʡʣʘʨ ʞʘʩʘʫʳסʞʘ ץʰʽʥ ʙʘʨʣʳװ ʦʣʜʘʧ ʦʪʳʨʫץ ʛʝʡʽʥ ʢᴇʪʝʨʽʧשʙʽʣʽʢʪʽʣʽʢ ʜʝ שʳʟʤʝʪʢʝʨʣʝʨʜʽץ

 ʘʞʝʪ, ʦʣʘʨ ʢᴅʩʽʙʠ ɾʆʆ ʤʝʥ ʢʦʣʣʝʜʞʜʝʨʜʝ, ʜʘʡʳʥʜʘʫʰʳ ʟʘʚʦʜʪʘʨʜʘ ʙʽʣʽʢʪʽʣʽʢʪʝʨʽʥץ

ʢᴇʪʝʨʽʧ ʦʪʳʨʫʣʘʨʳ ץʘʞʝʪ. 

ʃʦʢʦʤʦʪʠʚʪʽש ʩʝʥʽʤʜʽʣʽʛʽʥ ʢᴇʪʝʨʫ - ʩʝʨʚʠʩʪʽʢ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʙʘʨʳʩʳʥʜʘ ʰʝʰʽʣʝʪʽʥ 

ʥʝʛʽʟʛʽ ʤʽʥʜʝʪ, ʦʥʳש ʽʰʽʥʝ  ʣʦʢʦʤʦʪʠʚʪʝʨʛʝ ʤʦʜʝʨʥʠʟʘʮʠʷ ʞʘʩʘסʘʥ ʢʝʟʜʝ  ʞʘשʘ ʪʝʭʥʠʢʘʣʳץ 

ʞʘשʘʣʳץʪʘʨʜʳ ʝʥʛʽʟʫ ʜʝ ʞʘʪʘʜʳ. 

ʃʦʢʦʤʦʪʠʚʪʝʨʜʽ ʤʦʜʝʨʥʠʟʘʮʠʷʣʘʫ ʪʘʧʩʳʨʳʩ ʙʝʨʫʰʽ, ʞʘʩʘʧ ʙʝʨʫʰʽ, ʜʘʡʳʥʜʘʫʰʳ 

ʜʝשʛʝʡʽʥʜʝ  ʰʝʰʽʣʝʜʽ. ʊʘʧʩʳʨʳʩ ʙʝʨʫʰʽ ʨʝʪʽʥʜʝ çפʊɾèױʂ ɸפ ʰʳסʘʜʳ, ʞʘʩʘʧ ʙʝʨʫʰʽʣʝʨ 

ʨʝʪʽʥʜʝ ï ʘʨʥʘʡʳ ʞʦʙʘʣʘʫ ʤʝʢʝʤʝʣʝʨʽ, ʘʣ, ʜʘʡʳʥʜʘʫʰʳ ʨʝʪʽʥʜʝ ï ʩᴅʡʢʝʩ ʟʘʚʦʜʪʘʨ ʤʝʥ 

ʞᴇʥʜʝʫ ʜʝʧʦʣʘʨʳ ʙʦʣʘʜʳ. ʉʦסʘʥ ץʘʨʘʤʘʩʪʘʥ ʪʘʧʩʳʨʳʩ ʙʝʨʫʰʽʥʽס שʘʥʘ ץʳʟʤʝʪʽ 

ʣʦʢʦʤʦʪʠʚʪʝʨʜʽ ʪʠʽʤʜʽ ʜײʨʳʩ ʧʘʡʜʘʣʘʥʫסʘ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʘʜʳ, ʩʝʙʝʙʽ, ʩʦʣʘʨ סʘʥʘ  

ʣʦʢʦʤʦʪʠʚ ʧʘʨʢʽʥʽש  ʪʝʭʥʠʢʘʣʳץ ʞʘסʜʘʡʳ ʤʝʥ ʧʘʡʜʘʣʘʥʫ ʰʳסʳʥʜʘʨʳʥ ʞʘʙʘʜʳ. ʉʝʨʚʠʩʪʽʢ 

 ʰʝװʳ ʜʘ ʙʽʨ  ʤסʘʨʘʩʳʥʜʘ  ʪʘ שʳʟʤʝʪ ʢᴇʨʩʝʪʫʛʝ ʢᴇʰʢʝʥ ʢʝʟʜʝ ʦʩʳ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʪʽʢʪʽץ

ʧʘʡʜʘ ʙʦʣʜʳ ï ʩʝʨʚʠʩʪʽʢ  ʢʦʤʧʘʥʠʷʣʘʨ,  ʦʣʘʨסʘ ʞᴇʥʜʝʫ ץʳʟʤʝʪʪʝʨʽʥ ʦʨʳʥʜʘʫ ʬʫʥʮʠʷʣʘʨʳ 

ʙʝʨʽʣʜʽ, ץʘʟʽʨ çפʊɾ-ɾװʢ ʪʘʩʳʤʘʣʜʘʨʳèɸפ ʜʘ ʣʦʢʦʤʦʪʠʚʪʝʨʛʝ ʩʝʨʚʠʩʪʽʢ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫʛʝ 

ʢʝʪʝʪʽʥ ʰʳסʳʥʜʘʨʜʳ ʘʟʘʡʪʫסʘ ײʤʪʳʣʳʧ ʦʪʳʨ. 

çפʊɾ-ɾװʢ ʪʘʩʳʤʘʣʜʘʨʳèɸפ ʣʦʢʦʤʦʪʠʚ ʧʘʨʢʪʝʨʽʥʽש ʪʝʭʥʠʢʘʣʳץ ʞʘסʜʘʡʳʥʘ ʞʘʫʘʧ 

ʙʝʨʝʜʽ. ᴆʟ ʢʝʟʝʛʽʥʜʝ  ʩʝʨʚʠʩʪʽʢ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʢʝʣʽʩʽʤʽʥʝ ʩᴅʡʢʝʩ, ʩʝʨʚʠʩʪʽʢ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ 

ʢʦʤʧʘʥʠʷʣʘʨʳ çפʊɾ-ɾװʢ ʪʘʩʳʤʘʣʜʘʨʳèɸפ ʘʣʜʳʥʜʘ ʣʦʢʦʤʦʪʠʚʪʝʨʜʽ ʞᴇʥʜʝʫ ʤʝʥ 

ʩʝʨʚʠʩʪʽʢ ץʳʟʤʝʪʪʝʨʜʽש ʩʘʧʘʣʳ ʦʨʳʥʜʘʣʫʳʥʘ ʞʘʫʘʧ ʙʝʨʝʜʽ. 

ʉʦʥʜʳץʪʘʥ ʜʘ, ʣʦʢʦʤʦʪʠʚ ʠʝʣʝʨʽʥʽש ʤװʜʜʝʣʝʨʽ ʤʝʥ ʩʝʨʚʠʩʪʽʢ ץʳʟʤʝʪ 

ʢᴇʨʩʝʪʫʰʽʣʝʨʜʽש ʤװʜʜʝʣʝʨʽ ʙʽʨʜʝʡ, ʷסʥʠ ʞᴇʥʜʝʫ ʢʝʟʽʥʜʝ ʣʦʢʦʤʦʪʠʚ ײץʨʳʣʳʤʳʥʘ ץʘʥʜʘʡ 

ʜʘ ʙʽʨ ᴇʟʛʝʨʽʩʪʝʨ ʝʥʛʽʟʫ ʢʝʨʝʢ ʙʦʣʳʧ ʞʘʪʘʪʳʥ ʞײʤʳʩʪʘʨʜʳ ʞװʟʝʛʝ ʘʩʳʨסʘʥʜʘ ʦʣʘʨʜʳש 

ᴇʟʘʨʘ ʙʽʨʣʝʩʽʧ ᴅʨʝʢʝʪ ʝʪʫʽ ʢʝʨʝʢ ʞᴅʥʝ ʤʘשʳʟʜʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ.  

ʃʦʢʦʤʦʪʠʚʪʝʨʜʽ ʜʘʫʳʥʜʘʫʰʳ ʟʘʚʦʜʪʘʨʜʳש ʪʦʪʘʣʴʜʳץ ʙʘץʳʣʘʫ ʞʘʩʘʫʳ 

ʧʘʡʜʘʣʘʥʳʣʫ ʢʝʟʽʥʜʝʛʽ ʢᴇʧʪʝʛʝʥ ʧʨʦʙʣʝʤʘʣʘʨʜʘʥ ײץʪʳʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹװʛʽʥʛʽ ʢװʥʽ 

  .ʘʥסʳʪʪʘʣסʘ ʙʘסʘʣʫʳʥ ʘʟʘʡʪʫץ ʪʘʧץʪʦ שʨʜʝ ʣʦʢʦʤʦʪʠʚʪʝʨʜʽװʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʤʘʢʩʠʤʘʣʴʜʳ ʪץ

ʄʳʩʘʣʳ,  ʞᴇʥʜʝʫ ʜʝʧʦʣʘʨʳʥʜʘ ײʟʘץ ʫʘץʳʪ ʞᴇʥʜʝʣʫ װʰʽʥ ʪʦץʪʘʧ ʪײʨסʘʥʳ װʰʽʥ 

ʧʘʡʜʘʣʘʥʫʰʳʣʘʨ ʪʘʨʘʧʳʥʘʥ ʰʪʨʘʬʪʘʨ ʪᴇʣʝʫ ʩʠʷץʪʳ ʥʴʶʘʥʩʪʘʨ ʞʦץ.  

ʃʦʢʦʤʦʪʠʚʪʝʨʜʽ ʧʘʡʜʘʣʘʥʫ ʨʝʞʠʤʽʥʽש ʙײʟʳʣʫʳʥ ʙʘץʳʣʘʫ ʞᴅʥʝ ʪʝʭʥʠʢʘʣʳץ 

ʞʘסʜʘʡʳʥ ʜʠʘʛʥʦʩʪʠʢʘʣʘʫ װʰʽʥ  ʩʝʨʚʠʩʪʽʢ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʘʷʩʳʥʜʘ ʣʦʢʦʤʦʪʠʚʪʝʨʛʝ 

ʙʦʨʪʪʳץ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʣʳץ ʙʘʩץʘʨʫ ʞװʡʝʩʽʥ ʝʥʛʽʟʫ ץʘʞʝʪʪʽʣʽʛʽ ʪʫʳʥʜʘʜʳ. ɹʦʨʪʪʳץ 

ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʣʳץ ʙʘʩץʘʨʫ ʞװʡʝʩʽʥ ʝʥʛʽʟʫ ʬʣʝʰ-ʞʘʜʳ ʪʘʩʳʤʘʣʜʘסʳʰʳ ʘʨץʳʣʳ 

 ʳסʘʟʽʨʛʽ ʟʘʤʘʥץ ʘʨʘʤʘʩʪʘʥץ ʘʥסʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʉʦװʘ ʤסʫץʧʘʨʘʪʪʘʨʜʳ ʦץʘʥ ʘסʘʣץ ʦʨʣʘʥʳʧץ

ʙʘʡʣʘʥʳʩ ײץʨʘʣʜʘʨʳ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʣʳץ ʙʘʩץʘʨʫ ʞװʡʝʣʝʨʽʥʝʥ ʨʘʜʠʦʢʘʥʘʣʜʘʨ ʘʨץʳʣʳ 

ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ʥʝʤʝʩʝ  GPRS (GSM) ײʷʣʳ ʙʘʡʣʘʥʳʩʪʘʨʜʳש ʦʧʝʨʘʪʦʨʣʘʨʳ  ʘʨץʳʣʳ ʙװʢʽʣ 

ʞװʨʽʩ ʙʘʨʳʩʳʥʜʘ ʪʽʢʝʣʝʡ ʙʘʡʣʘʥʳʩץʘ ʰʳסʘ ʘʣʘʜʳ. ɹײʣ ʣʦʢʦʤʦʪʠʚʪʝʨʜʽש ʧʘʡʜʘʣʘʥʳʣʫ 

ʪᴅʨʪʽʙʽʥʽש ʙײʟʳʣʫʳʥ, ʩʘʧʘʩʳʟ ʞᴇʥʜʝʫʣʝʨʜʽ, ʪ.ʙ. ʞʘסʜʘʡʣʘʨʜʳ ʙʦʣʜʳʨʤʘʡʜʳ, ʷסʥʠ 

ʩʝʥʽʤʜʽʣʽʢʪʽ ʪʘʣʜʘʫ ʤװʤʢʽʥʜʽʛʽ ʪʫʳʥʜʘʡʜʳ. ɿʘʚʦʜ-ʜʘʡʳʥʜʘʫʰʳ ʩʦʥʳʤʝʥ ʙʽʨʛʝ 

ʰʳסʘʨʳʣʘʪʳʥ ʣʦʢʦʤʦʪʠʚʪʝʨʜʽש ʩʘʧʘʣʳ ʰʳסʫʳʥʘ ʜʘ ʤװʜʜʝʣʽ, ᴇʡʪʢʝʥʽ ʙᴅʩʢʝʣʝʩʪʽʢ ᴇʩʽʧ 

ʢʝʣʝʜʽ, ʷסʥʠ ʢʽʤʜʽʢʽ ʩʘʧʘʣʳ ʩʦʥʳʢʽ ᴇʪʝʜʽ. 

 ʦʣʘʨ ,ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʤʦʜʝʣʽʥʝ ʢᴇʰʢʝʥ ʞʦץ ʪʘʡ ʩʝʨʚʠʩʪʽʢץʩʪʘʥʜʘ ᴅʣʽ ʜʝ ʪʦʣʳץʘʟʘפ

ʤʳʥʘʜʘʡ ʙʘʟʘʣʳץ ʩʠʧʘʪʪʘʨסʘ ʠʝ: ʉʝʨʚʠʩʪʽʢ ʢʦʤʧʘʥʠʷʣʘʨסʘ ץʳʟʤʝʪ ʢᴇʨʩʝʪʝʪʽʥ 

ʧʘʡʜʘʣʘʥʳʣʳʤʜʘסʳ ʣʦʢʦʤʦʪʠʚ ʜʝʧʦʩʳʥʘ ʪʽʨʢʝʣʛʝʥ çפʊɾèױʂèɸפ ʠʥʚʝʥʪʘʨʴʣʳץ ʧʘʨʢʽʥʽש 

ʙʝʨʽʣʫʽ; ʤײʥʜʘʡ ʢʦʥʬʠʛʫʨʘʮʠʷ  ʞװʡʝʩʽʥʜʝ ʩʝʨʚʠʩʪʽʢ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʩʝʢʪʦʨʳʥʜʘ ʪʠʽʤʜʽ 

ʙᴅʩʝʢʝʣʝʩʪʽʢ ʛʘʨʘʥʪʳ ʤʝʥ ʨʝʪʪʝʫʰʽʩʽ ʨʝʪʽʥʜʝ ɸʆʊ ʰʳסʘʜʳ. ɹʘʩץʘʨʫʜʳש ʥʝʛʽʟʛʽ  ײץʨʘʣʜʘʨʳ 

ʨʝʪʽʥʜʝ ʙʘʨʣʳץ ץʘʪʳʩʫʰʳ ʤװʰʝʣʝʨ ʙʽʨ ʝʨʝʞʝʛʝ (ʩʝʨʚʠʩʪʽʢ ʢʦʤʧʘʥʠʷʣʘʨʤʝʥ ʢʝʣʽʩʽʤ 

ʰʘʨʪʪʘʨ ʞʘʩʘʫ, ʩʝʨʚʠʩʪʽʢ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʨʝʛʣʘʤʝʥʪʪʝʨʽ) ʙʘסʳʥʘʜʳ; ʩʝʨʚʠʩʪʽʢ ץʳʟʤʝʪ 

ʢᴇʨʩʝʪʫʜʽ ʙʘץʳʣʘʫ ʞᴅʥʝ ʪʘʨʪʳʤʜʳ ʞʳʣʞʳʤʘʣʳ ײץʨʘʤʜʳ ʙʝʨʫ ʢʝʩʪʝʩʽʥ  ʧʘʡʜʘʣʘʥʳʣʫ 



ʄʘʪʝʨʠʘʣʳ  XLII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʂʘʟɸʊʂ ʠʤ. ʄ. ʊʳʥʳʰʧʘʝʚʘ                    

ʥʘ ʪʝʤʫ çʀʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʪʨʘʥʩʧʦʨʪʝ: ʦʙʨʘʟʦʚʘʥʠʝ, ʥʘʫʢʘ, ʧʨʘʢʪʠʢʘ», 18. 04. 2018 ʛ., ʊʦʤ 4 
 

 

 

40 

ʜʝʧʦʩʳʥʳש ʙʘʩʰʳʣʘʨʳʥʳש ʘʧʧʘʨʘʪʳ ʥʝʤʝʩʝ ʣʦʢʦʤʦʪʠʚʪʝʨʜʽ ץʘʙʳʣʜʘʫʰʳʣʘʨ ʘʨץʳʣʳ 

ʞװʟʝʛʝ ʘʩʳʨʫסʘ ʙʦʣʘʜʳ. 

ʉʝʨʚʠʩʪʽʢ ʢʦʤʧʘʥʠʷʣʘʨסʘ ʞʘʫʘʧʢʝʨʰʽʣʽʢʪʽ ʙʝʨʫ: ʣʦʢʦʤʦʪʠʚ ʧʘʨʢʪʝʨʽʥʽש 

ʪʝʭʥʠʢʘʣʳץ ʞʘסʜʘʡʳʥʘ ʙʝʨʽʣʝʪʽʥ ʞʘʫʘʧʢʝʨʰʽʣʽʢʪʽש ʪʦʣʳץʪʳסʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ; 

ʩʝʨʚʠʩʪʽʢ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫʜʽש ʙʘʨʣʳץ ʩʪʘʜʠʷʩʳʥʜʘ ʞᴅʥʝ ʞᴇʥʜʝʫʜʝ ʞᴅʥʝ ʣʦʢʦʤʦʪʠʚʪʝʨʜʽש 

ᴇʤʽʨ ʩװʨʫʽʥʽש ʙʘʨʣʳץ ʢʝʟʝשʽʥʜʝ ʪʝʭʥʠʢʘʣʳץ ʞʘסʜʘʡʳʥʘ ᴅʩʝʨ ʝʪʫ, ʙʘץʳʣʘʫ ʞᴅʥʝ ʙʘʩץʘʨʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʫ; ʩʝʨʚʠʩʪʽʢ ʢʦʤʧʘʥʠʷʣʘʨסʘ ʙʽʨʳסשʘʡ ʞװʡʝʛʝ ʙʘסʳʥʜʳʨʳʣסʘʥ  ʞᴅʥʝ ᴇʟʘʨʘ 

ʙʘʡʣʘʥʳʩʪʳ ʣʦʢʦʤʦʪʠʚʪʝʨʜʽ ʞᴇʥʜʝʫ ʤʝʥ ʩʝʨʚʠʩʪʽʢ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫʜʽש ʪʝʭʥʦʣʦʛʠʷʩʳʥ 

ʞʘʩʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʫ ʞᴅʥʝ ʊʆ-2  ʢʝʟʽʥʜʝ ʞʦʩʧʘʨʜʘʥ ʪʳʩ ʞᴇʥʜʝʫ ʞײʤʳʩʪʘʨʳʥʳש 

ʞʘʫʘʧʢʝʨʰʽʣʽʛʽʥ çפʊɾèױʂ ɸפ  ʦʨʳʥʜʘʤʘʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʳʩʳʨʳʧ ʪʘʩʪʘʫסʘ ʙʦʣʤʘʡʜʳ; 

ʣʦʢʦʤʦʪʠʚʪʝʨʜʽ ʧʘʡʜʘʣʘʥʫ ʙʦʡʳʥʰʘ ץʘʫʽʧʩʽʟʜʽʢ ʝʨʝʞʝʣʝʨʽʥ ʞᴅʥʝ ʙװʢʽʣ ʪʘʩʳʤʘʣʜʘʫ 

ʧʨʦʮʝʩʩʽʥʜʝʛʽ ʪᴅʫʝʢʝʣʜʽʣʽʢʪʽ ײʣסʘʡʪʫסʘ ʙʦʣʤʘʡʜʳ; ʧʝʨʩʦʥʘʣʜʳ ʦשʪʘʡʣʘʥʜʳʨʫ 

ʙʘסʜʘʨʣʘʤʘʩʳ ʤʝʥ ʙʘʩץʘʨʫʜʳ ʪʠʽʤʜʝʥʜʽʨʫ  ʤʽʥʜʝʪʪʽ ʪװʨʜʝ çפʊɾèױʂèɸפ ʤʝʥ ʢʝʣʽʩʽʣʫ 

ʢʝʨʝʢ, ʦʣ ʢʝʨʽ ᴅʩʝʨ ʝʪʝʪʽʥ ᴅʣʝʫʤʝʪʪʽʢ ʥʝʛʘʪʠʚʪʝʨʜʝʥ ץʘʰʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ; ʞᴇʥʜʝʫ 

ʜʝʧʦʣʘʨʳʥʳץ שʫʘʪʳ (סʠʤʘʨʘʪʪʘʨ, ײץʨʳʣʳʤʜʘʨ, ʩʪʘʥʦʢʪʘʨ, ʞʘʙʜʳץʪʘʨ)  ʩʝʥʽʤʜʽʣʽʢʪʽ 

ʘʨʪʪʳʨʫ װʰʽʥ çפʊɾèױʂèɸפ  ʙʘʣʘʥʩʳʥʜʘ ץʘʣʘʜʳ. ʄײʥʜʘʡ ʤʝʭʘʥʠʟʤ  ʙװʛʽʥʛʽ ʢװʥʛʽ 

ʩʝʨʚʠʩʪʽʢ ʢʦʧʤʘʥʠʷʣʘʨסʘ ʪʠʽʤʜʽ ᴅʩʝʨ ʝʪʝʜʽ.  ʆʩʳʣʘʡʰʘ ʞʘʫʘʧʢʝʨʰʽʣʽʢ ʘʫʤʘץʪʘʨʳʥ ʙᴇʣʽʧ 

ʘʣʫ ʩʝʨʚʠʩʪʽʢ ʢʦʤʧʘʥʠʷʣʘʨʜʘʥ ʣʦʢʦʤʦʪʠʚʪʝʨʜʽש ʜײʨʳʩʪʳסʳʥ ʩײʨʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʅᴅʪʠʞʝʩʽʥʜʝ, ʝʛʝʨ  ʣʦʢʦʤʦʪʠʚʪʝʨʜʽ ʞᴇʥʜʝʫ ʜʝʧʦʣʘʨʳʥʳש  ʞᴅʥʝ ʇʊʆʃ-ʜʘʨʜʳש  

ʙʦʣʘʰʘץʪʘסʳ ץʳʟʤʝʪʪʝʨʽʥ ץʘʨʘʩʪʳʨʘʪʳʥ ʙʦʣʩʘץ ʦʥʜʘ ʩʝʨʚʠʩʪʽʢ  ʢʦʤʧʘʥʠʷʣʘʨ ʞײʤʳʩʪʘʨʜʳ 

ᴇʟʜʝʨʽʥʽש ʧʝʨʩʦʥʘʣʳʤʝʥ ʘʪץʘʨʘʪʳʥ ʙʦʣʘʜʳ ʞᴅʥʝ  ʣʦʢʦʤʦʪʠʚʪʝʨʜʽ ʞᴇʥʜʝʫ ʙʘʨʣʳץ 

ʩʝʨʚʠʩʪʽʢ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʧʨʦʮʝʩʩʽʥʝ ʞʘʫʘʧ ʙʝʨʝʜʽ, ʙײʣ ʞʝʨʜʝ ʢʝʡʙʽʨ ʞʝʢʝʣʝʛʝʥ 

ʧʦʟʠʮʠʷʣʘʨ סʘʥʘ ʝʩʝʧʢʝ ʘʣʳʥʙʘʡʜʳ, ʤʳʩʘʣʳ, ʞʦʣ ץʦʟסʘʣʳʩʳʥʳץ שʘʫʽʧʩʽʟʜʽʛʽʥʝ ץʳʟʤʝʪ 

ʢᴇʨʩʝʪʫ. 

 ʜʽʢשʳʤʜʘʨʳ ʢʝʟʝסᴅʣʝʤʜʽʢ ʘ שʨʳʣʳʩʪʘʨʳʥ ʩʘʣʫʜʳײץ ʳ ʣʦʢʦʤʦʪʠʚסʘʟʽʨʛʽ ʟʘʤʘʥפ

ʞᴇʥʜʝʫ ʞװʡʝʣʝʨʽʥʝ ʙʘסʳʪʪʘʣסʘʥ (ʙʘʨʣʳץ ʞװʡʝʣʝʨ), ʦʣʘʨʜʳש ʤʳʥʘʜʘʡ ʘʨʪʳץʰʳʣʳץʪʘʨʳ 

ʙʘʨ: 

ʥʜʘ ʣʦʢʦʤʦʪʠʚʪʝʨʜʽײ שʟʘץ ʤʝʨʟʽʤʜʽʣʽʛ ̔ ʞᴅʥʝ 

ʩʝʥʽʤʜʽʣʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ;  

ʜʳʨʫ;  

 

 

 

 

ʥʳש ʫʘץʳʪʳʥ ʘʟʘʡʪʫ; 

-ʜʘʡʳʥʜʘʫʰʳʤʝʥ ᴇʟʘʨʘ 

ʩʝʨʽʢʪʝʩʪʽʛʽ.  

 :ʢʝʤʰʽʣʽʢʪʝʨʽʥʝ ʞʘʪʘʜʳ שʳʟʤʝʪ ʢᴇʨʩʝʪʫʜʽץ ʳ ʩʝʨʚʠʩʪʽʢסʩʪʘʥ ʞʦʣʜʘʨʳʥʜʘץʘʟʘפ

ʩʝʨʠʷʣʳ ʤʘʥʝʚʨʣʽ ʪʝʧʣʦʚʦʟʜʘʨסʘ,  ʉʂɼ9 ʩʝʨʠʷʣʳ  ʤʘʛʠʩʪʨʘʣʴʜʳץ ʪʝʧʣʦʚʦʟʜʘʨסʘ ʢʝʧʽʣʜʽʢ 

ʤʝʨʟʽʤʽ ᴇʪʢʝʥ ʩʦץ שʳʪʘʡ ᴇʥʜʽʨʫʰʽʣʝʨʽ ʪʘʨʘʧʳʥʘʥ  ʤʦʥʠʪʦʨʠʥʛ ʞʘʩʘʣʫʳ;  

ʩʘʧʘʩʳʥʘ ʞʘʫʘʧʢʝʨʰʽʣʽʢʪʽש ʞʦץʪʳסʳ;   

  .ʳʟʤʝʪ ʢᴇʨʩʝʪʫʜʽ ʪʘʨʘʪʫץ
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ʊɽʇʃʆɺʆɿɼɸʈɼʓר ɸʃʄɸʊʓ פɸʃɸʉʓʅʓר ɸʊʄʆʉʌɽʈɸʃʓפ 

ɸʋɸʉʓʅɸ ʃɸʉʊɸʁʊʓʅ ɿɸʊʊɸʈɼʓ ʐʓנɸʈʋ ɽʉɽɹɯ 

 

ɸʥʜʘʪʧʘ. ɸʣʤʘʪʳ ץʘʣʘʩʳʥʳש ʘʪʤʦʩʬʝʨʘʣʳץ ʘʫʘʩʳ ʪʝʤʽʨ ʞʦʣ ʢᴇʣʽʢʪʝʨʽʥʝʥ 

ʰʳסʘʨʳʣʘʪʳʥ ʟʠʷʥʜʳ ʰʳסʘʨʳʤʜʘʨʤʝʥ ʣʘʩʪʘʥʫʜʘ. 1-2 ɸʣʤʘʪʳ ʩʪʘʥʮʠʷʩʳʥʳש 

ʘʪʤʦʩʬʝʨʘʣʳץ ʘʫʘʩʳʥʘ ʪʝʧʣʦʚʦʟʜʘʨʜʳש ʜʠʟʝʣʴ ץʦʟסʘʣʪץʳʰʪʘʨʳʥʘʥ ʧʘʡʜʘʣʘʥʳʣסʘʥ 

ʛʘʟʜʘʨʤʝʥ ʟʠʷʥʜʳ ʰʳסʘʨʳʤʜʘʨʳʥ ʝʩʝʧʪʝʫ ʞװʨʛʽʟʽʣʜʽ.  

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ʪʝʧʣʦʚʦʟʜʘʨ, ʣʘʩʪʘסʳʰ ʟʘʪʪʘʨ, ʰʳסʘʨʳʤʜʘʨʜʳ ʝʩʝʧʪʝʫ. 

ɸʥʥʦʪʘʮʠʷ. ɸʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʛʦʨʦʜʘ ɸʣʤʘʪʳ ʟʘʛʨʷʟʥʷʝʪʩʷ ʚʨʝʜʥʳʤʠ 

ʚʳʙʨʦʩʘʤʠ ʦʪ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. ʇʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʚʳʙʨʦʩʦʚ ʦʪ ʜʠʟʝʣʴʥʳʭ 
ʜʚʠʛʘʪʝʣʝʡ ʪʝʧʣʦʚʦʟʦʚ ʩ ʝʛʦ ʦʪʨʘʙʦʪʘʚʰʠʤʠ ʛʘʟʘʤʠ ʚ ʘʪʤʦʩʬʝʨʫ ʛʦʨʦʜʘ ʥʘ ʩʪʘʥʮʠʷʭ 

ɸʣʤʘʪʳ 1 ʠ 2. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʧʣʦʚʦʟʳ, ʟʘʛʨʷʟʥʷʶʱʠʝ ʚʝʱʝʩʪʚʘ, ʨʘʩʯʝʪ ʚʳʙʨʦʩʦʚ. 

Abstract. The atmospheric air of Almaty city is polluted by harmful emissions from 

railway transport. The calculation of emissions from diesel engines of diesel locomotives with its 

exhausted gases into the city atmosphere at the stations of Almaty 1 and 2 is made. 

Key words: diesel locomotives, pollutants, calculation of emissions. 

 

ɸʣʤʘʪʳ ץʘʣʘʩʳʥʳש ʘʪʤʦʩʬʝʨʘʣʳץ ʘʫʘʩʳʥ ʣʘʩʪʘʫʰʳʣʘʨʜʳש ʙʽʨʽ ʪʝʤʽʨʞʦʣ 

ʪʨʘʥʩʧʦʨʪʳ. פʘʣʘʜʘסʳ ɸʣʤʘʪʳ 1 ʞᴅʥʝ 2 ʩʪʘʥʮʠʷʣʘʨʳʥʜʘסʳ ʘʪʤʦʩʬʝʨʘʣʳץ ʘʫʘʜʘ 

ʤʘʛʠʩʪʨʘʣʴʜʳ ʞᴅʥʝ ʤʘʥʝʚʨ ʪʝʤʽʨʞʦʣ ʪʝʧʣʦʚʦʟʜʘʨʳ ʞײʤʳʩ ʞʘʩʘʡʜʳ. ʊʝʧʣʦʚʦʟʜʘʨʜʳש 

ʜʠʟʝʣʴʜʽ ץʦʟסʘʣʪץʳʰʪʘʨʳʤʝʥ ʞײʤʳʩ ʞʘʩʘʫ ʢʝʟʽʥʜʝ ʪʝʧʣʦʚʦʟʜʳש ʧʘʡʜʘʣʘʥʳʣסʘʥ ʛʘʟʳʤʝʥ 

ʙʽʨʛʝ ʘʫʘסʘ ʢᴇʤʽʨʪʝʛʽ ʪʦʪʳסʳ (ʉʆ), ʘʟʦʪ ʪʦʪʳסʳ (NOx), ʢװʢʽʨʪ ʪʦʪʳסʳ (SO2), ʢװʡʝ ʩʠʷץʪʳ 

ʣʘʩʪʘסʳʰ ʟʠʷʥʜʳ ʟʘʪʪʘʨ ʰʳסʘʨʳʣʘʜʳ [1, 2]. 

ɸʣʤʘʪʳʜʘסʳ ʵʢʩʧʣʫʘʪʘʮʠʷʣʳץ ʣʦʢʦʤʦʪʠʚ ʜʝʧʦʩʳʥʜʘ 2ʊʕ10ʄ ʩʝʨʠʷʣʳ 52 

ʤʘʛʠʩʪʨʘʣʜʳ ʪʝʧʣʦʚʦʟʜʘʨ ʤʝʥ ʊʕʄ 7 ʩʝʨʠʷʣʳ 33 ʤʘʥʝʚʨ ʪʝʧʣʦʚʦʟʜʘʨʳ ʙʘʨ.  

ʇʘʡʜʘʣʘʥʳʣסʘʥ ʛʘʟʜʘʨʜʳש ʟʠʷʥʜʳ ʰʳסʘʨʳʤʜʘʨʳ ʪʝʧʣʦʚʦʟ ץʦʟסʘʣʪץʳʰʪʘʨʳʥʳש 

ʞײʤʳʩ ʪᴅʨʪʽʙʽʥʝ ʙʘʡʣʘʥʳʩʪʳ. ʊʝʧʣʦʚʦʟ ץʦʟסʘʣʪץʳʰʪʘʨʳʥʳש ʞײʤʳʩ ʞʘʩʘʫ ʘʨʘʣʳסʳ 

ʳסשʘʡʣʳ ʙʦʣʫ װʰʽʥ ʙʝʩ ʪʦʧץʘ ʙᴇʣʽʥʛʝʥ[1, 2]: 

- Pexx; 0,25 Peʥ; 0,5 ʈʝʥ; 0,75 ʈʝʥ ʞᴅʥʝ ʥʦʤʠʥʘʣʜʳ ʨʝʞʠʤ ʈʝʥ,  

ʤײʥʜʘ, ʈʝʥ ï ʞײʤʳʩ ʨʝʞʠʤʽʥʜʝʛʽ ץʫʘʪ,  

Pexx ï ʙʦʩ ʞװʨʽʩ ʨʝʞʠʤʽʥʜʝʛʽ ץʫʘʪ. 

ɿʠʷʥʜʳ ʟʘʪʪʘʨʜʳש ʰʳסʘʨʳʤʜʘʨ ʩʘʥʳʥ ʝʩʝʧʪʝʫ ʤʳʥʘ ᴇʨʥʝʢ ʙʦʡʳʥʰʘ ʞװʟʝʛʝ 

ʘʩʳʨʳʣʘʜʳ: 
 

M i,j,k = gi,j,k *Űk, ʢʛ/ʞʳʣ,                                         (1) 
 

ʤײʥʜʘ, Mi,j,k ï  k ʪᴅʨʪʽʙʽʥʜʝ ʞײʤʳʩ ʞʘʩʘʫ ʢʝʟʽʥʜʝ j-ץʦʟסʘʣʪץʳʰʪʘʥ ᴇʥʜʽʨʽʣʛʝʥ i-

ʟʘʪʳʥʳש ʰʳסʘʨʳʤ ʤʘʩʩʘʩʳ;  

gi,j,k ï 1 - ʢʝʩʪʝʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ ʪʝʧʣʦʚʦʟ ʙʝʥ ץʦʟסʘʣʪץʳʰʪʳש ʪװʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ 

ʘʥʳץʪʘʣʘʪʳʥ j-ץʦʟסʘʣʪץʳʰʪʳש k ï ʨʝʞʠʤʽʥʜʝʛʽ ʞײʤʳʩʳʥʜʘ i-ʟʠʷʥʜʳ ʟʘʪʪʳװ שʣʝʩʪʽʢ 

ʰʳסʘʨʳʤʳ, ʢʛ/ʩʘס; 

Űk - 2 - ʢʝʩʪʝʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ ץʦʟסʘʣʪץʳʰʪʳש ʞײʤʳʩ ʫʘץʳʪʳʥʳש ʧʘʡʳʟʜʳץ 

 ,ʳסʪʳץʟʘײ שʤʳʩʳʥʳײk ï ʨʝʞʠʤʽʥʜʝʛʽ ʞ שʳʰʪʳץʘʣʪסʦʟץ ʪʘʣʘʪʳʥץʣʝʩʽʤʝʥ ʘʥʳװ

ʩʘס/ʞʳʣ.  
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1-ʢʝʩʪʝ. ʅʝʛʽʟʛʽ ʩʝʨʠʷʣʳ ʪʝʧʣʦʚʦʟ ʜʠʟʝʣʴʜʽ ץʦʟסʘʣʪץʳʰʳ ʧʘʡʜʘʣʘʥסʘʥ 

ʛʘʟʜʘʨʜʘסʳ ʟʠʷʥʜʳ ʟʘʪʪʘʨʜʳװ שʣʝʩʪʽʢ ʰʳסʘʨʳʤʜʘʨʳʥʳש ʤᴅʥʜʝʨʽ, ʢʛ/ʩʘ1) ס ʩʝʢʮʠʷ 

 (ʰʽʥװ
 

ʊʝʧʣʦʚʦʟ ʪװʨʽ ɿʠʷʥʜʳ 

ʟʘʪ 

 ʤʳʩ ʪᴅʨʪʽʙʽײʞ שʳʰʪʳץʘʣʪסʦʟפ

ʈʝʭ.ʭ. 25%ʈʝʥ 50%ʈʝʥ 75%ʈʝʥ ʈʝʥ 

ʄʘʛʠʩʪʨʘʣʜʳ 

ʪʝʧʣʦʚʦʟʜʘʨ  

ʉʆ 0,36 1,94 3,46 19,73 41,83 

NO2 0,298 8,82 22,43 37,8 59,67 

SO2 0,163 1,15 5,48 6,01 6,57 

ʂװʡʝ 0,3 1,23 3,38 3,23 2,98 

ʄʘʥʝʚʨ 

ʪʝʧʣʦʚʦʟʜʘʨr 

ʉʆ 0,63 1,89 2,23 7,75 15,19 

NO2 0,11 4,67 15,53 27,1 41,63 

SO2 0,18 0,99 2,26 2,14 1,87 

ʂװʡʝ 0,003 0,09 0,28 0,33 0,38 

 

2-ʢʝʩʪʝ. ᴄʨʪװʨʣʽ ʞײʤʳʩ ʪᴅʨʪʽʙʽʥʜʝʛʽ ʪʝʧʣʦʚʦʟ ץʦʟסʘʣʪץʳʰʳʥʳש ʞײʤʳʩ 

ʫʘץʳʪʳʥʳש ʧʘʡʳʟʜʳץ ʙᴇʣʽʥʫʽ. 
 

ʊʝʧʣʦʚʦʟ 

ʪװʨʽ 

 ʤʳʩ ʪᴅʨʪʽʙʽײʞ שʳʰʪʳץʘʣʪסʦʟפ

ʈʝʭ.ʭ. 25%ʈʝʥ 50%ʈʝʥ 75%ʈʝʥ ʈʝʥ 

ʄʘʛʠʩʪʨʘʣʴʜʳ 

ʪʝʧʣʦʚʦʟʜʘʨ  

67,31 1,5 1,5 2,9 26,70 

ʄʘʥʝʚʨ ʪʝʧʣʦʚʦʟʜʘʨʳ 45,6 39,8 12,9 1,2 0,5 

 

ɸʫʘʥʳ ʣʘʩʪʘʫʰʳ ʟʘʪʪʘʨʜʳש ʰʳסʘʨʳʤʜʘʨʳ ʥʝʛʽʟʽʥʝʥ ʪʝʧʣʦʚʦʟʜʘʨʜʳש 

ʵʢʦʣʦʛʠʷʣʳץ ʙʘץʳʣʘʫ ʧʫʥʢʽʪʪʝʨʽʥʜʝ ʨʝʦʩʪʘʪ ʩʳʥʘץʪʘʨʳʥ ʞװʨʛʽʟʫ ʙʘʨʳʩʳʥʜʘ 

ʘʥʳץʪʘʣʘʜʳ.  

ʊʕʄ 7 ʩʝʨʠʷʣʳ 33 ʤʘʥʝʚʨ ʞᴅʥʝ 2ʊʕ10ʄ ʩʝʨʠʷʣʳ 52 ʤʘʛʠʩʪʨʘʣʜʳ 

ʪʝʧʣʦʚʦʟʜʘʨʳʥʳץ שʦʨʰʘסʘʥ ʦʨʪʘʥʳ ʣʘʩʪʘʫ ʰʳסʘʨʳʤʜʘʨʳʥʳש ʞʳʣʜʳץ ʝʩʝʙʽ 

ʞװʨʛʽʟʽʣʜʽ. ʊʝʧʣʦʚʦʟʜʘʨ 1 ʞᴅʥʝ 2 ɸʣʤʘʪʳ ʩʪʘʥʮʠʷʣʘʨʳʥʜʘ ʞײʤʳʩ ʞʘʩʘʡʜʳ. 

1. ɹʽʨ ʞʳʣʜʘ 252 ʞײʤʳʩ ʢװʥʽ ʙʘʨ ʜʝʛʝʥ ʝʩʝʧʧʝʥ 2-ʢʝʩʪʝʜʝ ʙʝʨʽʣʛʝʥ ʤᴅʣʽʤʝʪʪʝʨʜʽ 

ʝʩʝʧʢʝ ʘʣʘ ʦʪʳʨʘ ᴅʨ ʪʝʧʣʦʚʦʟʜʳש ᴅʨʪװʨʣʽ ʨʝʞʠʤʜʝʛʽ ʝʩʝʧʪʽʢ ʞײʤʳʩ ʫʘץʳʪʳ 

ʘʥʳץʪʘʣʘʜʳ. 

2-ʢʝʩʪʝʜʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ ʪʝʧʣʦʚʦʟ ʫʘץʳʪʳʥʳ45,6% ש ʙʦʩ ʞװʨʽʩ ʨʝʞʠʤʽʥʜʝ 

ʞײʤʳʩ ʞʘʩʘʡʜʳ; 39,8% - 25% ʈʝʥ ײץʨʘʡʪʳʥ ʞײʤʳʩ ʤᴇʣʰʝʨʽʤʝʥ, 12,9% -50% ʈʝʥ 

ʞײʤʳʩ ʤᴇʣʰʝʨʽʤʝʥ; 1,2% -75% ʈʝʥ ʞײʤʳʩ ʤᴇʣʰʝʨʽʤʝʥ ʞᴅʥʝ 0,5% - ʈʝʥ ʥʦʨʤʘʣʜʳ 

ʞײʤʳʩ ʤᴇʣʰʝʨʽʤʝʥ ʞײʤʳʩ ʞʘʩʘʡʜʳ.  

ɽʛʝʨ ʤʘʥʝʚʨ ʪʝʧʣʦʚʦʟʜʘʨʳʥʳש ʞʠʳʥʪʳץ ʞײʤʳʩ ʫʘץʳʪʳʥ ʪᴅʫʣʽʛʽʥʝ 22,5 ʩʘסʘʪץʘ 

ʪʝש ʜʝʧ ʘʣʩʘץ, ʞʳʣʳʥʘ ʞʘʣʧʳ ʞײʤʳʩ ʞʘʣסʘʩʳʤʳ 22,5 Ț 252=5670ʩʘס/ʞ. ײץʨʘʡʜʳ. 

ʄʘʛʠʩʪʨʘʣʴʜʳ ʪʝʧʣʦʚʦʟʜʘʨ װʰʽʥ ʪᴅʫʣʽʢʪʽʢ ʞײʤʳʩ 1,2 ʩʘסʘʪץʘ ʪʝש. ʆʥʜʘ ʞʳʣʳʥʘ 

ʞʘʣʧʳ ʞײʤʳʩ ʞʘʣסʘʩʳʤʜʳסʳ 1,2 Ț 360=4320 ʩʘס/ʞ ײץʨʘʡʜʳ. 

ʊʝʧʣʦʚʦʟʜʳש ᴅʨ ʨʝʞʠʤʜʝʛʽ ʞײʤʳʩ ʫʘץʳʪʳ ʤʳʥʘסʘʥ ʪʝש: 

-ʤʘʥʝʚʨ ʪʝʧʣʦʚʦʟʜʘʨʳ װʰʽʥ: 

Űʭ.ʭ. = 5670 Ț 0,456 = 2585,5 ʩʘס/ʞ; 

Ű 0,25ʈʝʥ = 5670 Ț 0,398 = 2256,7 ʩʘס/ʞ; 

Ű 0,5ʈʝʥ = 5670 Ț 0,129 = 731,4 ʩʘס/ʞ; 

Ű0,75ʈʝʥ = 5670 Ț 0,012 = 68,0 ʩʘס/ʞ; 

Űʨʝʥ = 5670 Ț 0,005 = 28,4 ʩʘס/ʞ; 

ʙʘʨʣʳϤʳ: 5670 ʩʘס/ʞ. 
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- ʤʘʛʠʩʪʨʘʣʴʜ  rʪʝʧʣʦʚʦʟʜʘʨ װʰʽʥ: 

Űʭ.ʭ. = 4320 Ț 0,673 = 2907,36 ʩʘס/ʞ; 

Ű 0,25ʈʝʥ = 4320Ț 0,015 = 64,8 ʩʘס/ʞ; 

Ű 0,5ʈʝʥ = 4320 Ț 0,015 = 64,8 ʩʘס/ʞ; 

Ű0,75ʈʝʥ = 4320 Ț 0,029 = 125,28 ʩʘס/ʞ; 

Űʨʝʥ = 4320 Ț 0,267 = 1153,44 ʩʘס/ʞ; 

ʙʘʨʣʳϤʳ: 4315,68 ʩʘס/ʞ. 

2. ʊʝʧʣʦʚʦʟʜʳש ʙʽʨ ʩʝʢʮʠʷʥʘʥ ʢᴇʤʽʨʪʝʢ ʪʦʪʳסʳʥʳש ʉʆ ʞʳʣʜʳץ ʰʳסʘʨʳʤʳ (2) 

ᴇʨʥʝʢ ʙʦʡʳʥʰʘ ʘʥʳץʪʘʣʘʜʳ: 

 

ʄ
ʉʆ

 = Ɇg
CO

j,k Ț Űk,  

 

ʤײʥʜʘ, g
CO

j,k ï 1-ʢʝʩʪʝ ʙʦʡʳʥʰʘ ʘʥʳץʪʘʣסʘʥ ᴅʨʪװʨʣʽ ʨʝʞʠʤʜʝʛʽ ʢᴇʤʽʨʪʝʢ 

ʪʦʪʳסʳʥʳװ שʣʝʩʪʽʢ ʰʳסʘʨʳʤʜʘʨʳ . 

ɹײʣ ʞʘסʜʘʡʜʘ: 

- ʤʘʥʝʚʨʣʽʢ װʰʽʥ 

ʄ
ʉʆ

 = 0,63 Ț 2585,5 + 1,89 Ț 2256,7 + 2,23 Ț 731,4 + 7,75 Ț 68 + 15,19 Ț 28,4 = 8483,5 

ʢʛ/ʞʳʣ, ʥʝʤʝʩʝ 8,48 ʪ/ʞʳʣ; 

- ʤʘʛʠʩʪʨʘʣʜʳװ ץʰʽʥ 

ʄ
ʉʆ

 = 0,36 Ț 2907,36 + 1,94 Ț 64,8 + 3,46 Ț 64,8 = 1396,548 ʢʛ/ʞʳʣ ʥʝʤʝʩʝ 1,39 ʪ/ʞʳʣ. 

3. ɹʽʨ ʩʝʢʮʠʷʣʳ ʪʝʧʣʦʚʦʟʜʳש ʘʟʦʪ ʪʦʪʳסʳ NO2 ʞʳʣʜʳץ ʰʳסʘʨʳʤʳ ץײʩʘʩ 

ʞʘסʜʘʡʜʘ ʘʥʳץʪʘʣʘʜʳ:  

- ʤʘʥʝʚʨʣʽʢ װʰʽʥ 

ʄ
NO2

 = 0,11 Ț 2585,5 + 4,67 Ț 2256,7 + 15,53 Ț 731,4 + 27,1 Ț 68 + 41,63 Ț 28,4  

= 25206,9 ʢʛ/ʞʳʣ, ʥʝʤʝʩʝ 25,21 ʪ/ʞʳʣ; 

-ʤʘʛʠʩʪʨʘʣʜʳװ ץʰʽʥ 

ʄ
NO2

 = 0,298 Ț 2907,36 + 8,82 Ț 64,8 + 22,43 Ț 64,8 = 2891,3 ʢʛ/ʞʳʣ ʥʝʤʝʩʝ 2,89 ʪ/ʞʳʣ. 

4. ɹʽʨ ʩʝʢʮʠʷʣʳ ʪʝʧʣʦʚʦʟʜʳש ʢװʢʽʨʪʪʽ ʘʥʛʠʜʨʠʜʪʽש SO2 ʞʳʣʜʳץ ʰʳסʘʨʳʤʳ 

ʘʥʳץʪʘʣʘʜʳ: 

- ʤʘʥʝʚʨʣʽʢ װʰʽʥ 

ʄ
SO2

 = 0,18 Ț 2585,5 + 0,99 Ț 2256,7 + 2,26 Ț 731,4 + 2,14 Ț 68 + 1,87 Ț 28,4  

= 4551,1 ʢʛ/ʞʳʣ ʥʝʤʝʩʝ 4,55 ʪ/ʞʳʣ; 

- ʤʘʛʠʩʪʨʘʣʴʜʳ װʰʽʥ 

ʄ
SO2

 = 0,163 Ț 2907,36 +1,15 Ț 64,8 + 5,48 Ț 64,8 = 903,524 ʢʛ/ʞʳʣ, 

ʥʝʤʝʩʝ 0,9 ʪ/ʞʳʣ. 

5. ʊʝʧʣʦʚʦʟʜʳש ʙʽʨ ʩʝʢʮʠʷʩʳʥʳש ʞʳʣʜʳץ ʢװʡʝ ʰʳסʘʨʳʤʳ ʘʥʳץʪʘʣʘʜʳ:  

- ʤʘʥʝʚʨʣʽʢ װʰʽʥ 

ʄ
ʩ
 = 0,003 Ț 2585,5 + 0,09 Ț 2256,7 + 0,28 Ț 731,4 + 0,33 Ț 68 + 0,38 Ț 28,4 

 = 448,9 ʢʛ/ʞʳʣ ʥʝʤʝʩʝ 0,45 ʪ/ʞʳʣ; 

- ʤʘʛʠʩʪʨʘʣʜʳװ ץʰʽʥ 

ʄ
c
 = 0,3 Ț 2907,36 +1,23 Ț 64,8 + 3,38 Ț 64,8 = 1170,936 ʢʛ/ʞʳʣ ʥʝʤʝʩʝ 1,17 ʪ/ʞʳʣ. 

6. ʂᴇʤʽʨʪʝʛʽ ʪʦʪʳסʳʥʳש ʞʳʣʜʳץ ʰʳסʘʨʳʤʳ ʘʥʳץʪʘʣʘʜʳ:  

- 33ʙʽʨʣʽʢʪʽ ʤʘʥʝʚʨ ʪʝʧʣʦʚʦʟʜʘʨʳʤʝʥ ʄ
ʉʆ
Ɇ = 33 Ț 8,48 = 279,84 ʪ/ʞʳʣ; 

- 52ʤʘʛʠʩʪʨʘʣʴʜʳ ʪʝʧʣʦʚʦʟʜʘʨʤʝʥ ʄ
ʉʆ
Ɇ = 52 Ț1,39 = 72,28 ʪ/ʞʳʣ. 

7. ɸʟʦʪ ʪʦʪʳסʳʥʳש ʞʳʣʜʳץ ʰʳסʘʨʳʤʳ ʘʥʳץʪʘʣʘʜʳ:  

- 33ʙʽʨʣʽʢʪʽ ʤʘʥʝʚʨ ʪʝʧʣʦʚʦʟʜʘʨʳʤʝʥ: ʄ
NO2
Ɇ = 33 Ț 25,21 =831,93 ʪ/ʞʳʣ; 

- 52ʤʘʛʠʩʪʨʘʣʴʜʳ ʪʝʧʣʦʚʦʟʜʘʨʤʝʥ: ʄ
NO2
Ɇ = 52 Ț 2,89 =150,28 ʪ/ʞʳʣ. 

8.ʂװʢʽʨʪʪʽ ʘʥʛʠʜʨʠʜʪʽש ʞʳʣʜʳץ ʰʳסʘʨʳʤʳ ʘʥʳץʪʘʣʘʜʳ:  

- 33ʙʽʨʣʽʢʪʽ ʤʘʥʝʚʨ ʪʝʧʣʦʚʦʟʜʘʨʤʝʥ: ʄ
Sʆ2
Ɇ = 33 Ț 4,55 = 150,15 ʪ/ʞʳʣ; 

- 52ʤʘʛʠʩʪʨʘʣʴ ʪʝʧʣʦʚʦʟʜʘʨʤʝʥ: ʄ
Sʆ2
Ɇ = 52 Ț 0,9 = 46,8 ʪ/ʞʳʣ. 
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9. ʂװʡʝʥʽש ʞʳʣʜʳץ ʰʳסʘʨʳʤʳ ʘʥʳץʪʘʣʘʜʳ:  

- 33ʙʽʨʣʽʢʪʽ ʤʘʥʝʚʨ ʪʝʧʣʦʚʦʟʜʘʨʤʝʥ: ʄ
ʩ
Ɇ = 33 Ț 0,45 = 14,85 ʪ/ʞʳʣ; 

- 52ʤʘʛʠʩʪʨʘʣʴ ʪʝʧʣʦʚʦʟʜʘʨʤʝʥ: ʄ
ʩ
Ɇ = 52 Ț 1,17 = 60,84 ʪ/ʞʳʣ. 

ɹʘʨʣʳץ ʝʩʝʧʪʝʫ ʥᴅʪʠʞʝʣʝʨʽʥʽץ שʦʨʳʪʳʥʜʳʩʳ 4-ʢʝʩʪʝʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

 4-ʢʝʩʪʝ. ʊʝʧʣʦʚʦʟʜʘʨʜʳש ʟʠʷʥʜʳ ʟʘʪʪʘʨʳʥʳש  ʞʘʣʧʳ (ʞʳʣʜʳץ) ʰʳסʘʨʳʤʳ 
 

ɿʠʷʥʜʳ ʟʘʪʪʘʨ ɾʳʣʜʳץ ʰʳסʘʨʳʤ, ʪ/ʞʳʣ 

ʄʘʥʝʚʨ ʪʝʧʣʦʚʦʟʜʘʨʳ ʄʘʛʠʩʪʨʘʣ 

ʪʝʧʣʦʚʦʟʜʘʨʳ 

ʂᴇʤʽʨʪʝʛʽ ʪʦʪʳסʳ ʉʆ 279,84 72,28 

ɸʟʦʪʪʳץ שʦʩ ʪʦʪʳסʳ NO2 831,93 150,28 

ʂװʢʽʨʪ ʘʥʛʠʜʨʠʜ ̔SO2 150,15 46,8 

ʢװʡʝ 14,85 60,84 

ɹʘʨʣʳסʳ 1276,77. 330,2 

ɹʘʨʣʳסʳ 1606,97 

 

 ɸʣʤʘʪʳ 2 ,1 שʘʣʘʩʳʥʳץ ʦʨʳʪʳʥʜʳʩʳ ʙʦʡʳʥʰʘ, ɸʣʤʘʪʳץ ʦʨʳʪʳʥʜʳ. ɽʩʝʧפ

ʩʪʘʥʮʠʷʣʘʨʳ ʘʫʜʘʥʳʥʜʘסʳ ʪʝʤʽʨʞʦʣ ʪʨʘʥʩʧʦʨʪʳʥʳש ʘʫʘʥʳ ʟʠʷʥʜʳ ʟʘʪʪʘʨʤʝʥ 

ʣʘʩʪʘʫʜʳש ʞʘʣʧʳ ʞʳʣʜʳץ ʰʳסʘʨʳʤʳ 1606,97 ʪʦʥʥʘʥʳ ײץʨʘʡʪʳʥʜʳסʳ ʘʥʳץʪʘʣʜʳ. 
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ʇʆɺʓʐɽʅʀɽ ʂɸʏɽʉʊɺɸ ʈɽʄʆʅʊɸ ʂʆʃɪʉʅʓʍ ʇɸʈ ɿɸ ʉʏɪʊ ɺʅɽɼʈɽʅʀʗ 

ʋʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʅʓʍ  ʄɽʊʆɼʆɺ ʂʆʅʊʈʆʃʗ ʅɸ ɹɸɿɽ ʌʀʃʀɸʃɸ 

"ɺʂʄ" ʉʊ. ɸʃʄɸʊʓ-1 ʊʆʆ "ʂɸʄʂʆʈ-ɺɸɻʆʅ" 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʨʝʤʦʥʪʘ 

ʢʦʣʝʩʥʳʭ ʧʘʨ ʥʘ ʦʩʥʦʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʨʝʜʩʪʚ  

ʢʦʥʪʨʦʣʷ.   

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʤʦʥʪ, ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ, ʩʨʝʜʩʪʚʘ ʢʦʥʪʨʦʣʷ, ʜʠʘʛʥʦʩʪʠʢʘ. 

ɸʥʜʘʪʧʘ. ʆʩʳ ʤʘץʘʣʘʜʘ ʟʘʤʘʥʘʫʠ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʤʝʥ ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʙʘʩץʘʨʫ 

ʵʣʝʤʝʥʪʪʝʨʽ ʥʝʛʽʟʽʥʜʝ ʜᴇשʛʝʣʝʢ ʞʠʳʥʪʳסʳʥ ʞᴇʥʜʝʫ ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʫ ʤᴅʩʝʣʝʣʝʨʽ ץʘʨʘʣʜʳ. 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ʞᴇʥʜʝʫ, ʩʘʧʘʥʳ ʞʘץʩʘʨʪʫ, ʙʘʩץʘʨʫ ײץʨʘʣʜʘʨʳ, ʜʠʘʛʥʦʩʪʠʢʘ. 

Abstract. In this article questions of improvement of quality of repair of wheel couples 

on the basis of modern technologies and the automated control devices are considered. 

Key words: repair, improvement of quality, control devices, diagnostics. 

 

ʉʦʚʨʝʤʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʨʝʤʦʥʪʘ ʢʦʣʝʩʥʳʭ ʧʘʨ ʚʘʛʦʥʦʚ ʧʦʜʚʠʞʥʦʛʦ 

ʩʦʩʪʘʚʘ, ʢʘʢ ʦʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʷʜʦʤ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ: 

ʩʣʦʞʥʦʩʪʴʶ, ʤʥʦʛʦʬʘʢʪʦʨʥʦʩʪʴʶ, ʥʝʯʝʪʢʦʩʪʴʶ ʧʨʦʷʚʣʝʥʠʷ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ 
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ʦʪʥʦʰʝʥʠʡ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ, ʨʘʩʧʨʝʜʝʣʝʥʥʦʩʪʴʶ ʮʝʣʝʚʳʭ ʬʫʥʢʮʠʡ 

ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʴʶ ʩʚʦʡʩʪʚ, ʙʦʣʴʰʦʡ ʥʦʤʝʥʢʣʘʪʫʨʦʡ 

ʤʘʪʝʨʠʘʣʦʚ, ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʢʦʥʪʘʢʪʝ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. 

ɻʣʘʚʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʨʝʤʦʥʪʘ ʢʦʣʝʩʥʳʭ ʧʘʨ 

ʚʘʛʦʥʦʚ ʷʚʣʷʶʪʩʷ ʤʦʜʝʨʥʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʠ ʨʝʤʦʥʪʘ ʠ ʚʥʝʜʨʝʥʠʝ ʥʦʚʦʡ ʪʝʭʥʠʢʠ ʥʘ 

ʦʩʥʦʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʦʟʜʘʥʠʷ ʥʘ ʵʪʦʡ ʙʘʟʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʨʝʤʦʥʪʘ ʢʦʣʝʩʥʳʭ ʧʘʨ. 

ʆʩʫʱʝʩʪʚʣʝʥʠʝ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʨʝʤʦʥʪʘ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ 

ʢʦʥʪʨʦʣʷ ʟʘ ʚʳʧʫʩʢʦʤ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʧʦʟʚʦʣʠʪ ʫʩʧʝʰʥʦ ʨʝʰʠʪʴ ʦʜʥʫ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʦʪʨʘʩʣʠ - ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʨʝʤʦʥʪʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʠ 

ʫʚʝʣʠʯʝʥʠʝ ʧʦʩʣʝʨʝʤʦʥʪʥʦʛʦ ʧʨʦʙʝʛʘ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʩʫʪʩʪʚʫʝʪ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʢʦʥʪʨʦʣʶ ʢʘʯʝʩʪʚʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʨʝʤʦʥʪʘ ʢʦʣʝʩʥʳʭ ʧʘʨ ʚʘʛʦʥʦʚ, ʥʝ ʨʝʰʝʥʳ ʧʨʦʙʣʝʤʳ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʨʝʤʦʥʪʘ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʨʦʠʪʴ ʘʜʘʧʪʠʚʥʫʶ 

ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʫʶ ʣʠʢʚʠʜʠʨʦʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʦʙʣʝʤʳ ʚ ʚʦʧʨʦʩʘʭ 

ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʥʝʩʦʚʝʨʰʝʥʩʪʚʦʤ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ. 

ʅʝ ʫʜʝʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦʛʦ ʚʥʠʤʘʥʠʷ ʢʦʤʧʣʝʢʩʥʦʤʫ ʧʦʜʭʦʜʫ ʢ ʧʨʦʙʣʝʤʝ ʢʦʥʪʨʦʣʷ 

ʢʘʯʝʩʪʚʘ ʨʝʤʦʥʪʘ ʢʦʣʝʩʥʳʭ ʧʘʨ.  

ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʤʦʥʪʘ 

ʢʦʣʝʩʥʳʭ ʧʘʨ ʚʘʛʦʥʦʚ ʥʘ ʦʩʥʦʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʷʚʣʷʶʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʘʢʪʫʘʣʴʥʳʤʠ [1,2]. 

ʌʠʣʠʘʣ "ɺʂʄ" ʩʪ. ɸʣʤʘʪʳ-1 ʊʆʆ "ʂʘʤʢʦʨ-ɺʘʛʦʥ" ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʢʘʧʠʪʘʣʴʥʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʨʝʤʦʥʪʦʚ ʢʦʣʝʩʥʳʭ ʧʘʨ.  

ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʪʝʭʥʠʯʝʩʢʦʡ ʦʩʥʘʱʝʥʥʦʩʪʠ ʚʘʛʦʥʦʨʝʤʦʥʪʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ 

ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʨʦʚʥʝʤ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ  [3]. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʘʞʥʝʡʰʝʡ ʚ ʵʪʠʭ 

ʫʩʣʦʚʠʷʭ ʩʪʘʥʦʚʠʪʩʷ ʟʘʜʘʯʘ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ 

ʧʨʦʮʝʩʩʘʤʠ, ʨʝʰʠʪʴ ʢʦʪʦʨʫʶ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʝʚʦʟʤʦʞʥʦ.  

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʨʝʤʦʥʪʘ ʢʦʣʸʩʥʳʭ ʧʘʨ ʥʘ ʙʘʟʝ ʬʠʣʠʘʣʘ "ɺʂʄ" ʩʪ. 

ɸʣʤʘʪʳ-1 ʊʆʆ "ʂʘʤʢʦʨ-ɺʘʛʦʥ" ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʜʣʷ ʢʦʥʪʨʦʣʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʜʝʬʝʢʪʦʩʢʦʧʠʨʦʚʘʥʠʷ ʢʦʣʸʩʥʳʭ ʧʘʨ. 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʢʦʤʧʣʝʢʩ - "ɻʝʦʧʘʨ-ɺʂʇ" [4] ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ 27 ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʣʝʩʥʳʭ ʧʘʨ ʛʨʫʟʦʚʳʭ 

ʚʘʛʦʥʦʚ ʥʘ ʦʧʝʨʘʮʠʷʭ ʚʭʦʜʥʦʛʦ ʠ ʚʳʭʦʜʥʦʛʦ ʢʦʥʪʨʦʣʷ.  

ʂʦʥʪʨʦʣʠʨʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ:  

- ʢʦʣʝʩ: ʦʚʘʣʴʥʦʩʪʴ, ʦʪʢʣʦʥʝʥʠʝ ʧʨʦʬʠʣʷ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʥʠʷ ʦʪ ʟʘʜʘʥʥʦʛʦ, 

ʧʘʨʘʤʝʪʨʳ ʛʨʝʙʥʷ, ʰʠʨʠʥʘ ʠ ʪʦʣʱʠʥʘ ʦʙʦʜʘ, ʜʝʬʝʢʪʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʥʠʷ, ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʢʦʣʝʩʘʤʠ; 

- ʙʫʢʩʦʚʳʭ ʰʝʝʢ ʦʩʠ: ʩʨʝʜʥʠʝ ʜʠʘʤʝʪʨʳ ʧʦʜ ʧʝʨʚʳʤ ʠ ʚʪʦʨʳʤ ʧʦʜʰʠʧʥʠʢʘʤʠ, 

ʦʚʘʣʴʥʦʩʪʴ ʠ ʢʦʥʫʩʥʦʩʪʴ; 

- ʦʩʠ: ʜʠʘʤʝʪʨʳ ʠ ʦʚʘʣʴʥʦʩʪʴ ʧʨʝʜʧʦʜʩʪʫʧʠʯʥʳʭ ʯʘʩʪʝʡ, ʜʠʘʤʝʪʨʳ ʧʦʜʩʪʫʧʠʯʥʳʭ ʠ 

ʩʨʝʜʥʝʡ ʯʘʩʪʝʡ ʦʩʠ. 

ʀʟʤʝʨʝʥʠʝ ʚʩʝʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʙʝʩʢʦʥʪʘʢʪʥʳʤʠ ʤʝʪʦʜʘʤʠ ʟʘ ʦʜʠʥ 

ʦʙʦʨʦʪ ʚʨʘʱʘʶʱʝʡʩʷ ʚ ʮʝʥʪʨʘʭ ʢʦʣʸʩʥʦʡ ʧʘʨʳ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʧʨʦʬʠʣʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʘʪʘʥʠʷ ʠ ʨʘʟʤʝʨʦʚ ʢʦʣʸʩ ʠʩʧʦʣʴʟʫʶʪʩʷ 2D ʣʘʟʝʨʥʳʝ ʩʢʘʥʝʨʳ ʉʝʨʠʠ ʈʌ620. ɼʣʷ 

ʧʨʝʮʠʟʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʜʠʘʤʝʪʨʦʚ ʙʫʢʩʦʚʳʭ ʰʝʝʢ ʦʩʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʧʪʠʯʝʩʢʠʝ 

ʤʠʢʨʦʤʝʪʨʳ ʉʝʨʠʠ ʈʌ 656. ʆʩʪʘʣʴʥʳʝ ʨʘʟʤʝʨʳ ʢʦʣʸʩʥʦʡ 

ʧʘʨʳ ʠʟʤʝʨʷʶʪʩʷ ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʳʤʠ ʣʘʟʝʨʥʳʤʠ ʜʘʪʯʠʢʘʤʠ Cʝʨʠʠ ʈʌ603. 

http://www.sensorika.com/ru/2d-lazernye-skanery/
http://www.sensorika.com/ru/opticheskie-mikrometry/rf656/
http://www.sensorika.com/ru/opticheskie-mikrometry/rf656/
http://www.sensorika.com/ru/lazernye-triangulyatsionnye-datchiki/rf603/
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ʕʢʩʧʣʫʘʪʘʮʠʷ ʨʘʟʣʠʯʥʳʭ  ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʠ ʚʠʭʨʝʪʦʢʦʚʳʭ ʜʝʬʝʢʪʦʩʢʦʧʦʚ, 

ʙʝʟʫʩʣʦʚʥʦ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʦʩʥʦʚʥʳʭ ʜʝʪʘʣʝʡ 

ʚʘʛʦʥʦʚ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ [5]. ʀʟ-ʟʘ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʠ ʢʦʣʝʩʥʦʡ 

ʧʘʨʳ, ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʢʦʥʪʨʦʣʴ ʧʨʦʚʦʜʠʪʩʷ ʦʪʜʝʣʴʥʦ ʧʦ 16-ʪʠ ʟʦʥʘʤ. ʊʨʫʜʦʝʤʢʦʩʪʴ ʪʘʢʦʛʦ 

ʢʦʥʪʨʦʣʷ - 40-50 ʤʠʥ, ʘ ʚ ʩʣʫʯʘʝ ʦʙʥʘʨʫʞʝʥʠʷ ʜʝʬʝʢʪʦʚ ʠ ʙʦʣʝʝ. 

ʈʝʰʝʥʠʝʤ ʚʩʝʭ ʵʪʠʭ ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʫʩʪʘʥʦʚʢʠ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ 

ʢʦʥʪʨʦʣʷ ʢʦʣʝʩʥʳʭ ʧʘʨ [5]. ʕʪʦ ʧʦʟʚʦʣʠʪ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʦʚʳʩʠʪʴ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʦʥʪʨʦʣʷ - ʟʘ ʩʯʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʨʘʙʦʪʳ ʤʥʦʛʠʭ ʢʘʥʘʣʦʚ ʢʦʥʪʨʦʣʷ, ʘ 

ʩ ʜʨʫʛʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʴ - ʟʘ ʩʯʝʪ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ (ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʠʩʢʣʶʯʘʝʪʩʷ ʧʨʦʧʫʩʢ ʟʦʥ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʡ ʘʢʫʩʪʠʯʝʩʢʠʡ 

ʢʦʥʪʘʢʪ) ʠ ʧʦʣʥʦʛʦ ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʷ ʥʝ ʪʦʣʴʢʦ ʦʙʥʘʨʫʞʝʥʥʳʭ ʜʝʬʝʢʪʦʚ, ʥʦ ʠ ʚʩʝʛʦ 

ʧʨʦʮʝʩʩʘ ʢʦʥʪʨʦʣʷ (ʵʪʦ ʠʩʢʣʶʯʘʝʪ ʚʦʧʨʦʩ ʥʝʜʦʙʨʦʩʦʚʝʩʪʥʦʩʪʠ ʜʝʬʝʢʪʦʩʢʦʧʠʩʪʘ ʠ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ). 

ʉʪʝʥʜ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʧʦʟʠʮʠʡ: ʧʦʟʠʮʠʷ ʟʘʛʨʫʟʢʠ, ʧʦʟʠʮʠʠ 

ʢʦʥʪʨʦʣʷ, ʧʦʟʠʮʠʷ ʚʳʛʨʫʟʢʠ. 

ɼʚʝ ʢʨʘʡʥʠʝ ʧʦʟʠʮʠʠ ʥʦʩʷʪ ʩʣʫʞʝʙʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ, ʧʨʝʞʜʝ ʚʩʝʛʦ, 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʣʶʜʝʡ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠ ʧʦʜʘʯʝ ʠ ʫʜʘʣʝʥʠʠ ʢʦʣʝʩʥʳʭ 

ʧʘʨ ʩ ʧʦʟʠʮʠʠ ʢʦʥʪʨʦʣʷ. ʅʘ ʮʝʥʪʨʘʣʴʥʦʡ ʧʦʟʠʮʠʠ ʨʘʩʧʦʣʦʞʝʥʘ ʚʩʷ ʢʦʥʪʨʦʣʴʥʘʷ 

ʘʧʧʘʨʘʪʫʨʘ ʠ ʩʢʘʥʝʨʳ. 

ʉʠʩʪʝʤʘ ʚʢʣʶʯʘʝʪ ʤʝʭʘʥʠʯʝʩʢʠʝ ʤʦʜʫʣʠ, 4 ʢʦʥʪʨʦʣʴʥʳʭ ʠ 2 ʵʣʝʢʪʨʦʥʥʳʭ ʤʦʜʫʣʷ: 

ʄʦʜʫʣʴ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʚʨʘʱʝʥʠʷ ʢʦʣʝʩʥʦʡ ʧʘʨʳ, ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʦʩʪʦʠʪ 

ʠʟ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ: 2 ʫʩʪʨʦʡʩʪʚʘ ʦʪʩʝʯʢʠ ʢʦʣʝʩʥʦʡ ʧʘʨʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʧʝʨʚʦʡ ʠ 

ʧʦʩʣʝʜʥʝʡ ʧʦʟʠʮʠʷʭ ʩʪʝʥʜʘ, ʫʩʪʨʦʡʩʪʚʦ ʧʨʠʝʤʘ  ʢʦʣʝʩʥʦʡ ʧʘʨʳ ʥʘ ʧʦʟʠʮʠʶ ʢʦʥʪʨʦʣʷ, 

ʫʩʪʨʦʡʩʪʚʦ ʚʨʘʱʝʥʠʷ  ʢʦʣʝʩʥʦʡ ʧʘʨʳ ʥʘ ʧʦʟʠʮʠʠ ʢʦʥʪʨʦʣʷ, ʫʩʪʨʦʡʩʪʚʦ ʨʘʟʚʦʨʦʪʘ  

ʢʦʣʝʩʥʦʡ ʧʘʨʳ ʥʘ ʧʦʟʠʮʠʠ ʢʦʥʪʨʦʣʷ, ʫʩʪʨʦʡʩʪʚʦ ʫʜʘʣʝʥʠʷ  ʢʦʣʝʩʥʦʡ ʧʘʨʳ ʩ ʧʦʟʠʮʠʠ 

ʢʦʥʪʨʦʣʷ. 

ɺʩʝ ʫʩʪʨʦʡʩʪʚʘ ʜʘʥʥʦʛʦ ʤʦʜʫʣʷ ʚʩʪʨʦʝʥʳ ʚ ʫʯʘʩʪʦʢ ʨʝʣʴʩʦʚʦʛʦ ʧʫʪʠ, ʠʤʝʶʱʝʛʦ 

ʩʣʘʙʳʡ ʫʢʣʦʥ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʝʨʝʤʝʱʝʥʠʷ ʢʦʣʝʩʥʦʡ ʧʘʨʳ ʧʦ ʩʪʝʥʜʫ. ʄʝʭʘʥʠʯʝʩʢʠʝ 

ʤʦʜʫʣʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʢʦʣʝʩʥʦʡ ʧʘʨʳ ʧʦ ʩʪʝʥʜʫ, ʝʝ ʨʘʟʚʦʨʦʪʘ, 

ʚʨʘʱʝʥʠʷ ʥʘ ʧʦʟʠʮʠʠ ʢʦʥʪʨʦʣʷ ʠ ʫʜʘʣʝʥʠʠ ʩ ʧʦʟʠʮʠʠ ʢʦʥʪʨʦʣʷ. 

ʀʤʝʝʪʩʷ ʤʦʜʫʣʴ ʟʘʯʠʩʪʢʠ ʫʯʘʩʪʢʘ ʧʦʜʩʪʫʧʠʯʥʦʡ ʯʘʩʪʠ ʦʩʠ. 

ʄʦʜʫʣʴ ʋɿʂ ʢʦʣʝʩʘ ʢʦʣʝʩʥʦʡ ʧʘʨʳ ʩʦʩʪʦʠʪ ʠʟ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʩʢʘʥʝʨʘ ʦʙʦʜʘ 

ʢʦʣʝʩʘ ʢʦʣʝʩʥʦʡ ʧʘʨʳ ʠ ʤʥʦʛʦʢʘʥʘʣʴʥʦʛʦ ʜʝʬʝʢʪʦʩʢʦʧʘ "ʋʥʠʩʢʘʥ-ʃʫʯ". ʄʦʜʫʣʴ 

ʧʨʦʠʟʚʦʜʠʪ ʢʦʥʪʨʦʣʴ ʩʣʝʜʫʶʱʠʭ ʟʦʥ (ʨʠʩʫʥʦʢ 1): 

- ʥʘʨʫʞʥʦʡ ʠ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʙʦʜʘ, ʪʦʣʱʠ ʦʙʦʜʘ ʢʦʣʝʩʘ. ʇʨʠ ʵʪʦʤ 
ʨʝʘʣʠʟʫʶʪʩʷ ʵʭʦ ʠ ʟʝʨʢʘʣʴʥʦ-ʪʝʥʝʚʳʝ ʤʝʪʦʜʳ ʢʦʥʪʨʦʣʷ ʧʨʷʤʳʤʠ ʠ ʥʘʢʣʦʥʥʳʤʠ ʇʕʇ ʩ 

ʫʛʣʦʤ ʚʚʦʜʘ 400 ʚ ʦʙʦʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ; 

- ʨʘʙʦʯʝʡ ʛʨʘʥʠ ʠ ʪʦʣʱʠ ʛʨʝʙʥʷ ʢʦʣʝʩʘ; 

- ʪʦʣʱʠ ʧʨʠʦʙʦʜʥʦʡ ʟʦʥʳ ʜʠʩʢʘ ʢʦʣʝʩʘ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ɿʦʥʳ ʢʦʥʪʨʦʣʷ ʮʝʣʴʥʦʢʘʪʘʥʦʛʦ ʢʦʣʝʩʘ  
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ʄʦʜʫʣʴ ʋɿʂ ʦʩʠ ʢʦʣʝʩʥʦʡ ʧʘʨʳ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʩʢʘʥʝʨʦʚ - 

ʪʦʨʮʝʚʦʛʦ ʩʢʘʥʝʨʘ ʦʩʠ ʠ ʩʢʘʥʝʨʘ ʧʦʜʩʪʫʧʠʯʥʦʡ ʯʘʩʪʠ ʦʩʠ - ʠ ʤʥʦʛʦʢʘʥʘʣʴʥʦʛʦ 

ʜʝʬʝʢʪʦʩʢʦʧʘ "ʋʥʠʩʢʘʥ-ʃʫʯ". ʄʦʜʫʣʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʷʚʣʝʥʠʝ ʚ ʤʝʪʘʣʣʝ ʦʩʠ ʜʝʬʝʢʪʦʚ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʈɼ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʥʘʢʣʦʥʥʳʭ (ʜʦ Ñ150) 

ʪʨʝʱʠʥ ʚ ʧʦʜʩʪʫʧʠʯʥʦʡ ʯʘʩʪʠ ʠ ʥʘ ʰʝʡʢʝ ʦʩʠ. ʂʘʞʜʘʷ ʟʦʥʘ ʦʩʠ ʢʦʣʝʩʥʦʡ ʧʘʨʳ 

ʧʨʦʟʚʫʯʠʚʘʝʪʩʷ ʢʘʢ ʤʠʥʠʤʫʤ ʜʚʫʤʷ, ʘ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʪʨʝʤʷ ʣʫʯʘʤʠ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʰʝʡʢʘ (ʥʘʠʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥʥʘʷ ʠʟʣʦʤʘʤ ʯʘʩʪʴ ʦʩʠ) ʧʨʦʟʚʫʯʠʚʘʝʪʩʷ 5-ʶ ʩʭʝʤʘʤʠ 

ʢʦʥʪʨʦʣʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʢʦʥʪʨʦʣʷ. 

ʄʦʜʫʣʴ ɺʊʂ ʦʙʦʜʘ ʢʦʣʝʩʘ ʢʦʣʝʩʥʦʡ ʧʘʨʳ ʩʦʩʪʦʠʪ ʠʟ ʚʠʭʨʝʪʦʢʦʚʦʛʦ ʩʢʘʥʝʨʘ ʦʙʦʜʘ 

ʢʦʣʝʩʘ ʠ ʤʥʦʛʦʢʘʥʘʣʴʥʦʛʦ ʜʝʬʝʢʪʦʩʢʦʧʘ "ʋʥʠʩʢʘʥ-ʃʫʯ" ʚ ʚʠʭʨʝʪʦʢʦʚʦʤ ʠʩʧʦʣʥʝʥʠʠ. 

ʄʦʜʫʣʴ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʪʨʝʱʠʥʳ ʣʶʙʦʡ ʦʨʠʝʥʪʘʮʠʠ, ʚʳʭʦʜʷʱʠʝ ʥʘ ʚʥʫʪʨʝʥʥʶʶ ʠʣʠ 

ʥʘʨʫʞʥʫʶ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʦʜʘ ʠʣʠ ʞʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʢʘʪʘʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʧʣʝʢʩ ʧʦʟʚʦʣʷʝʪ: 

- ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʢʦʥʪʨʦʣʷ ʢʦʣʝʩʥʦʡ ʧʘʨʳ ʜʦ 10 ʤʠʥʫʪ; 

- ʧʦʚʳʩʠʪʴ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʟʘ ʩʯʝʪ ʨʝʘʣʠʟʘʮʠʠ ʥʦʚʳʭ ʩʭʝʤ 

ʧʨʦʟʚʫʯʠʚʘʥʠʷ; 

- ʫʤʝʥʴʰʠʪʴ ʚʣʠʷʥʠʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʠ ʫʨʦʚʥʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ʧʝʨʩʦʥʘʣʘ ʥʘ 
ʢʘʯʝʩʪʚʦ ʢʦʥʪʨʦʣʷ; 

- ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʜʝʬʝʢʪʦʩʢʦʧʠʩʪʦʚ ʠ ʯʠʩʣʦ ʨʫʯʥʳʭ ʜʝʬʝʢʪʦʩʢʦʧʦʚ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʢʦʥʪʨʦʣʷ ʢʦʣʝʩʥʳʭ ʧʘʨ; 

- ʦʨʛʘʥʠʟʦʚʘʪʴ ʜʚʫʭ- ʠ ʪʨʝʭʩʤʝʥʥʫʶ ʨʘʙʦʪʫ ʙʝʟ ʩʥʠʞʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʦʥʪʨʦʣʷ ʢʦʣʝʩʥʳʭ ʧʘʨ; 

- ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʬʦʨʤʠʨʦʚʘʪʴ, ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʠ ʭʨʘʥʠʪʴ ʧʨʦʪʦʢʦʣʳ ʢʦʥʪʨʦʣʷ 
ʚʩʝʭ ʢʦʣʝʩʥʳʭ ʧʘʨ, ʧʨʦʚʝʨʝʥʥʳʭ ʟʘ ʩʤʝʥʫ ʠ ʚ ʪʝʯʝʥʠʝ ʩʨʦʢʘ ʩʣʫʞʙʳ ʂʇ. 

ɺʥʝʜʨʝʥʠʝ ʥʘ ɺʂʄ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ 

ʧʨʦʮʝʩʩʳ ʢʦʥʪʨʦʣʷ ʢʦʣʸʩʥʳʭ ʧʘʨ, ʧʦʜʥʠʤʝʪ ʥʝʨʘʟʨʫʰʘʶʱʠʡ ʢʦʥʪʨʦʣʴ ʢʦʣʝʩʥʳʭ ʧʘʨ ʥʘ 

ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʡ ʫʨʦʚʝʥʴ ʠ ʧʦʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʥʘ 

ʞʝʣʝʟʥʳʭ ʜʦʨʦʛʘʭ ʈʝʩʧʫʙʣʠʢʠ  ʂʘʟʘʭʩʪʘʥ. 
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ɸʉʀʅʍʈʆʅɼʓ פʆɿנɸʃʊפʓʐʊʓ ɾɸʊʓפ ɯʉʂɽ פʆʉʋ ʉױʃɹɸʃɸʈʓʅɸ 

ɿɽʈʊʊɽʋ ɾתʈɻɯɿʋ 

 

ɸʥʜʘʪʧʘ. ɹײʣ ʤʘץʘʣʘʜʘ ץʫʘʪʳ װʣʢʝʥ ʞʦסʘʨʳ ʚʦʣʴʪʪʽ ʘʩʠʥʭʨʦʥʜʳ ץʦʟסʘʣʪץʳʰʪʘʨʜʳ 

ʞʘʪʳץ ʽʩʢʝ ץʦʩʫ ʪᴅʩʽʣʜʝʨʽ ץʘʨʘʩʪʳʨʳʣסʘʥ. ɾʝʢʝʣʝʡ ʘʣסʘʥʜʘ, ʚʝʢʪʦʨʣʳץ-ʠʤʧʫʣʴʩʪʽʢ 

ʙʘʩץʘʨʫ ʤʝʥ ʢʝʨʥʝʫ ʨʝʪʪʝʛʽʰʪʝʨʜʽש ʥʝʛʽʟʽʥʜʝʛʽ ʞʘʪʳץ ʽʩʢʝ ץʦʩʫ ײץʨʳʣסʳʣʘʨʳ 

 .ʘʨʘʩʪʳʨʳʣʳʧ ʦʪʳʨץ

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ʘʩʠʥʭʨʦʥʜʳ ץʦʟסʘʣʪץʳʰ, ʞʘʪʳץ ʽʩʢʝ ץʦʩʫ, ʩײʣʙʘ, ʞʘʨʪʳʣʘʡ 

ᴇʪʢʽʟʛʽʰ ʘʩʧʘʧʪʘʨ. 

ɸʥʥʦʪʘʮʠʷ. ɺ ɻʪʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʩʧʦʩʦʙʳ ʧʣʘʚʥʦʛʦ ʧʫʩʢʘ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ 

ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʫʩʪʨʦʡʩʪʚʘ ʧʣʘʚʥʦʛʦ ʧʫʩʢʘ ʥʘ 

ʦʩʥʦʚʝ ʨʝʛʫʣʷʪʦʨʦʚ ʥʘʧʨʷʞʝʥʠʷ ʩ ʚʝʢʪʦʨʥʦ-ʠʤʧʫʣʴʩʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʩʠʥʭʨʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ, ʧʣʘʚʥʳʡ ʧʫʩʢ, ʩʭʝʤʘ, 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʧʨʠʙʦʨʳ. 

Abstract. In this article methods of smooth start-up of high-voltage asynchronous motors 

of high power are considered. In particular, soft starters based on voltage regulators with vector-

pulse control. 

Key words: asynchronous motor, soft start, circuit, semiproductors. 

 

 ʦʩʫץ ʳʰʪʘʨʜʳ ʽʩʢʝץʘʣʪסʦʟץ ʘʟʽʨʛʽ ʢʝʟʜʝ ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʢᴅʩʽʧʦʨʳʥʜʘʨʜʘ ʵʣʝʢʪʨפ

ʤᴅʩʝʣʝʩʽʥ ʙʽʨʥʝʰʝ ʪᴅʩʽʣʤʝʥ ʰʝʰʝʜʽ: 

- ʞײʤʩʘץ ʽʩʢʝ ץʦʩʫʜʳ ʧʘʡʜʘʣʘʥʫ; 

- ʘʩʠʥʭʨʦʥʜʳ ʽʩʢʝ ץʦʩʫ; 

- ʞʠʽʣʽʢʪʽʢ ʽʩʢʝ ץʦʩʫ. 

 ʪʘʡץʘʡʪʘʨʣʳ שʳʰʪʘʨʜʳ ʪʦʢʪʳץʘʣʪסʦʟץ ʦʟʜʳʨʫ ʦʨʘʤʘʩʳ ʙʘʨץ ʘʥסʦʩʳʣפ

ʣʘץʪʳʨʳʣʫʣʘʨʳʥʩʳʟ, ʞʘʪʳץ ʽʩʢʝ ץʦʩʫʜʳ ʞװʨʛʽʟʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʞʘʣסʳʟ ʪᴅʩʽʣ 

ʞʠʽʣʽʢʪʽʢ ʽʩʢʝ ץʦʩʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɸʣʘʡʜʘ, ʙײʣ ʪᴅʩʽʣʜʽ ʪʝʭʥʠʢʘʣʳץ ʽʩʢʝ ʘʩʳʨʫ ʞʠʽʣʽʢʪʽ 

ʪװʨʣʝʥʜʽʨʛʽʰʪʝʨʜʽש, ᴅʩʽʨʝʩʝ ʞʦסʘʨʳ ʚʦʣʴʪʪʳ ʪװʨʣʝʥʜʽʨʛʽʰʪʝʨʜʽש ʞʦסʘʨʳ ײץʥʳʤʝʥ ץʠʳʥסʘ 

ʩʦסʘʜʳ. פʦʨʝʢ ʢᴇʟʽʥʽש (ʪװʟʝʪʢʽʰ- ʠʥʚʝʨʪʦʨ) ײץʥʜʳץ ʞᴅʥʝ ʩʘʣʤʘץ-ʛʘʙʘʨʠʪʪʽʢ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ 

ʥʘץʪʳ ʩʠʥʭʨʦʥʜʳ ץʦʟסʘʣʪץʳʰ ʦʩʳסʘʥ ץʘʪʳʩʘʪʳʥ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʪʽ ʰʝʢʪʝʫ ʞʘסʳʥʘʥ 

 .ʤʢʽʥװʪʘʣʫʳ ʤץʳʜʘʥ ʘסʨײʪ ץʘʥʘ ʵʢʦʥʦʤʠʢʘʣʳס

ɹװʛʽʥʛʽ ʪʘשʜʘ ץʳʤʙʘʪ ʪײʨʘʪʳʥ ʞʠʽʣʽʢʪʽʢ ʽʩʢʝ ץʦʩʫסʘ ʞʘʣסʳʟ סʘʥʘ ʘʣʴʪʝʨʥʘʪʠʚʘ 

ʙʦʣʳʧ ʞײʤʩʘץ ʽʩʢʝ ץʦʩʫ ʞװʡʝʣʝʨʽʥ ץʦʣʜʘʥʫ ʪʘʙʳʣʘʜʳ. ʕʣʝʢʪʨ ץʦʟסʘʣʪץʳʰʪʳ ʞʘʪʳץ 

(ʩʦץץʳʩʳʟ, ʞײʤʩʘץ) ʽʩʢʝ ץʦʩʫʜʳש ʘʨʪʳץʰʳʣʳץʪʘʨʳ ʤʳʥʘʣʘʨʜʘʥ ʪײʨʘʜʳ: 

Å ʞʝʣʽʛʝ ʪʽʢʝʣʝʡ ץʦʩʫ ᴅʜʽʩʽʤʝʥ ʽʩʢʝ ץʦʩʫ ʢʝʟʽʥʜʝ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ʤʝʭʘʥʠʢʘʣʳץ 

ʵʣʝʢʪʨʤʘʛʥʠʪʪʽʢ ʞᴅʥʝ ʛʠʜʨʘʚʣʠʢʘʣʳץ ʩʦץץʳʣʳ ʞװʢʪʝʤʝʣʝʨʛʝ ʞʦʣ ʙʝʨʽʣʤʝʡʪʽʥʜʽʢʪʝʥ, 

ʘʛʨʝʛʘʪʪʘʪʪʘʨʜʳש ʞײʤʳʩʳʥʳש ʩʝʥʽʤʜʽʣʽʛʽ ʘʨʪʘʜʳ; 

Å ʽʩʢʝ ץʦʩʫ ʪʦʛʳ ʙʝʣʛʽʣʝʥʛʝʥ ʰʝʢʪʝʫʤʝʥ ʞʘʪʳץ ʘʨʪʘʜʳ; 

Å ʵʣʝʢʪʨ ץʦʟסʘʣʪץʳʰʪʘʨʜʳ ʽʩ ʞװʟʽʥʜʝ ʰʝʢʪʝʫʩʽʟ ʽʩʢʝ ץʦʩʫ ʞᴅʥʝ ʪʦץʪʘʪʫ ʩʘʥʳʥ ʽʩʢʝ 

ʘʩʳʨʫ ʤװʤʢʽʥʜʽʛʽ ʧʘʡʜʘ ʙʦʣʘʜʳ; 

Å װʣʢʝʥ ʞʝʢʝ ץʫʘʪʳ ʙʘʨ ʵʣʝʢʪʨ ץʦʟסʘʣʪץʳʰʪʘʨʜʳ ץʫʘʪʳ ʰʝʢʪʝʫʣʽ ʛʘʟ-ʪʫʨʙʠʥʘʣʳ 

ʞᴅʥʝ ʜʠʟʝʣʴʜʽ ʵʣʝʢʪʨʩʪʘʥʮʠʷʣʘʨʳʥʘʥ ʽʩʢʝ ץʦʩʫ ʤװʤʢʽʥʜʽʛʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʝʜʽ; 

Å ʘʛʨʝʛʘʪʪʘʨʜʳץ שʳʟʤʝʪ ʝʪʫ ʤʝʨʟʽʤʽ ʤʝʥ ʞᴇʥʜʝʫʘʨʘʣʳײ ץʟʘץʪʳסʳ ʢᴇʙʝʡʝʜʽ; 
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Å ץʦʟסʘʣʪץʳʰʪʳ ʽʩʢʝ ץʦʩʫ ʨʝʞʠʤʽʥʜʝ ʞʝʣʽʜʝʛʽ ʢʝʨʥʝʫʜʽש ʪʝʨʝש ʦʪʳʨʳʧ 

 ʫʘʪʳʥץ ʘ ʵʣʝʢʪʨץʘʥ ʙʘʩסʦʩʳʣץ ʘʣʫʣʘʨʳʥʘ ʞʦʣ ʙʝʨʽʣʤʝʡʜʽ ʞᴅʥʝ ʞʝʣʽʛʝץ

ʧʘʡʜʘʣʘʥʫʰʳʣʘʨʜʳ ʵʣʝʢʪʨʤʝʥ ʞʘʙʜʳץʪʘʫʜʳש ʩʝʥʽʤʜʽʣʽʛʽ ʘʨʪʘʜʳ. 

ɹװʛʽʥʛʽ ʪʘשʜʘ ץʦʟסʘʣʪץʳʰʪʘʨʜʳ ʞʘʪʳץ ʽʩʢʝ ץʦʩʫ ᴇʰʽʨʽʣʛʝʥ ץʦʟʜʳʨʫ ʦʨʘʤʘʩʳʤʝʥ 

ʙᴅʨʽʥʝʥ ʞʠʽ ʞװʨʛʽʟʽʣʝʜʽ, ʙײʣ ʢʝʟʜʝ ʽʩʢʝ ץʦʩʫʜʳש ʙʘʨʣʳץ ʪᴅʩʽʣʜʝʨʽ ʧʘʡʜʘʣʘʥʳʣʘʜʳ. ɽש ʢʝש 

ʪʘʨʘʣסʘʥ ʪᴅʩʽʣ ʙʦʣʳʧ ᴅʨʪװʨʣʽ ʢʝʨʥʝʫʜʽ ʨʝʪʪʝʛʽʰʪʝʨʜʽש ʢᴇʤʝʛʽʤʝʥ ʩʪʘʪʦʨʜʘסʳ ʢʝʨʥʝʫʜʽ 

ʞʘʪʳץ ʘʨʪʪʳʨʫ ʪʘʙʳʣʘʜʳ. ɹײʣ ʪᴅʩʽʣʜʝʨʜʽש ʥʝʛʽʟʛʽ ʢʝʤʰʽʣʽʛʽ ʽʩʢʝ ץʦʩʫ ʩᴅʪʽʥʽש ʘʡʪʘʨʣʳץʪʘʡ 

ʪᴇʤʝʥʜʝʫʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʆʥʳʤʝʥ ץʦʩʘ, ʘʡʥʘʣʫʜʳש ʩʠʥʭʨʦʥʜʳʥʳש ʤʘשʘʡʳʥʜʘסʳ 

ʞʠʽʣʽʛʽʥʝ ʞʝʪʢʝʥ ʞᴅʥʝ ץʦʟʜʳʨʫ ʦʨʘʤʘʩʳʥ ץʦʩץʘʥ ʢʝʟʜʝ, ʞʝʣʽʤʝʥ ʩʠʥʭʨʦʥʜʘʥʜʳʨʫʜʘ 

 .ʪʘʨ ʪʫʳʥʜʘʡʜʳץʠʳʥʜʳץ

ʉʦʥʜʳץʪʘʥ ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʢᴅʩʽʧʦʨʳʥʜʘʨʜʳש ʵʥʝʨʛʝʪʠʢʘ ץʳʟʤʝʪʪʝʨʽ װʰʽʥ ᴇʟʝʢʪʽ 

ʤᴅʩʝʣʝ ʘʩʠʥʭʨʦʥʜʳ ץʦʟסʘʣʪץʳʰʪʘʨ װʰʽʥ ʽʩʢʝ ץʦʩʫʜʳש ᴇʟ ʙʦʡʳʥʜʘ ʞʠʽʣʽʢʪʽʢ ʽʩʢʝ ץʦʩʫʜʳש 

ʞʘץʩʳ  ʪʝʭʥʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʞᴅʥʝ ʞײʤʩʘץ ʽʩʢʝ ץʦʩʫ ʞװʡʝʣʝʨʽʥʽש ʪᴇʤʝʥ ײץʥʳʥ 

 .ʡʣʝʩʪʽʨʛʝʥ ʘʣʴʪʝʨʥʘʪʠʚʘʣʳ ʪᴅʩʽʣʽʥ ʽʟʜʝʩʪʽʨʫ ʞᴅʥʝ ʝʥʛʽʟʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳװ

ɽʩʝʧʪʝʫ ʪʝʭʥʠʢʘʩʳʥʳש ʞᴅʥʝ ʞʘʨʪʳʣʘʡ ᴇʪʢʽʟʛʽʰ ʪʝʭʥʠʢʘʥʳש ʜʘʤʫʳʤʝʥ, ʘʡʥʳʤʘʣʳ 

ʪʦʢ ʤʘʰʠʥʘʣʘʨʳʥʳש ʘסʳʤʜʘסʳ ʢʦʦʨʜʠʥʘʪʘʣʘʨʳʥ ʩʘʥʘʫʜʳש ᴅʨʪװʨʣʽ ʢʝשʽʩʪʽʢʪʽʢ ᴇʩʪʝʨʽʥʜʝ 

ʙʘץʳʣʘʫ ʞᴅʥʝ ʙʘʩץʘʨʫ ʤװʤʢʽʥʜʽʛʽ ʧʘʡʜʘ ʙʦʣʜʳ. ɹײʣ ʵʣʝʢʪʨ ץʦʟסʘʣʪץʳʰʪʳ ʙʘʩץʘʨʫʜʳש 

ʩʘʣʳʩʪʳʨʤʘʣʳ ץʳʤʙʘʪ ʪײʨʤʘʡʪʳʥ ʙʘʟʘʜʘסʳ ʢװʨʜʝʣʽ ʘʣʛʦʨʠʪʤʜʝʨʽʥ ʽʩʢʝ ʘʩʳʨʘʪʳʥ 

ʠʥʪʝʣʣʝʢʪʫʘʣʜʳץ ʞװʡʝʣʝʨʽʥ ʞʘʩʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɯʩʢʝ ץʦʩʫ ʩᴅʪʽʥ ʘʨʪʪʳʨʫ (ʪʦʢʪʳש ʣʘץʪʳʨʳʣʫʣʘʨʳ ʙʦʣʤʘסʘʥ ʢʝʟʜʝ) ʵʣʝʢʪʨ ʞʝʪʝʢ װʰʽʥ 

ʤʘשʳʟʜʳ ʤʽʥʜʝʪʪʝʨʜʽש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʆʩʳ ʤʽʥʜʝʪʪʽ ʰʝʰʫʛʝ ʘʤʘʣʜʘʨʜʳש ʙʽʨʽ ʽʩʢʝ 

 שʦ שʙʘʣʳ ʩᴅʪʪʽשʰʽʥ ʘʡʥʳʤʘʣʳ ʪʘװ ʳʰ ʦʨʪʘʰʘ ʩᴅʪʽʥ ʘʨʪʪʳʨʫץʘʣʪסʦʟץ ʦʩʫ ʢʝʟʽʥʜʝץ

ʞʘʨʪʳʣʘʡ ʪʦʣץʳʥʜʘʨʳʥ ʧʘʡʜʘʣʘʥʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹײʣ ᴅʜʽʩʪʽש ʤᴅʥʽʩʽ ʢʝʣʝʩʽʜʝʥ ʪײʨʘʜʳ. 

 ïʥʝʛʽʟʛʽ שʨʘʤʜʘʩ ʙᴇʣʽʛʽʥʽײץ ʝʢʽ שʘʥ ʢʝʟʜʝ ʩᴅʪʪʽץʦʩץ ʘʣʤʘʡʪʳʥ ʵʣʝʢʪʨ ʞʝʪʝʢʪʽ ʞʝʣʽʛʝסʦʟפ

(ʤᴅʞʙװʨʣʽ) ʞᴅʥʝ ʘʡʥʳʤʘʣʳ ʪʘשʙʘʣʳ ײץʨʘʤʜʘʩ ʙᴇʣʽʛʽʥʽש ʧʘʡʜʘ ʙʦʣʫʳʥʘ ʘʣʳʧ ʢʝʣʝʪʽʥ 

ᴇʪʧʝʣʽ ʧʨʦʮʝʩʩ ʧʘʡʜʘ ʙʦʣʘʜʳ, ᴅʨʽ ʩᴅʪʪʽש ᴇʪʧʝʣʽ ײץʨʘʤʜʘʩ ʙᴇʣʽʛʽʥʽש ʘʤʧʣʠʪʫʜʘʣʳץ ʤᴅʥʜʝʨʽ, 

ʥʝʛʽʟʛʽ ʩᴅʪʪʽש ʤᴅʥʽʥʝʥ ʙʽʨʥʝʰʝ ʝʩʝ ʘʩʳʧ ʪװʩʝʪʽʥ ʤᴅʥʜʝʨʛʝ ʠʝ ʙʦʣʫʳ ʤװʤʢʽʥ.  ɽʛʝʨ 

ʩʪʘʪʦʨʜʳש ʙʘʨʣʳץ ʬʘʟʘʣʘʨʳʥ ʞʝʣʽʛʝ ץʦʩʫʜʳ ʙʽʨ ʤʝʟʛʽʣʜʝ, ץʳʩץʘ ʫʘץʳʪץʘ, ʦש ʪʘשʙʘʥʳש 

ᴇʪʧʝʣʽ ʩᴅʪʽʥʽש ʧʘʡʜʘ ʙʦʣʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʙʝʣʛʽʣʽ ʙʽʨ ʙʘʩʪʘʧץʳ ʞʘסʜʘʡʣʘʨʳ ʢʝʟʽʥʜʝ 

ʞװʨʛʽʟʩʝ, ʘʣ ʨʦʪʦʨʜʳ ʞʝʣʽʜʝʥ ᴇʪʧʝʣʽ ʩᴅʪ ʪʝʨʽʩ ʙʦʣסʘʥסʘ ʜʝʡʽʥ ᴇʰʽʨʩʝ, ʦʥʜʘ ᴇʪʧʝʣʽ (ʦש) ʩᴅʪ 

ʥʝʛʽʟʛʽ ʩᴅʪʧʝʥ ʞʠʳʥʪʳץʪʘʣʘʜʳ ʞᴅʥʝ ʦʨʪʘʰʘ ʩᴅʪʪʽ ʩʪʘʪʦʨʜʳש ʪʦʛʳʥ ʘʨʪʪʳʨʫʩʳʟ ʢᴇʙʝʡʪʝʜʽ. 

ɺʝʢʪʦʨʣʳץ-ʠʤʧʫʣʴʩʪʳץ ʽʩʢʝ ץʦʩʫ [1] ʜʝʛʝʥ ʘʪʘʫ ʘʣסʘʥ ʦʩʳ ʧʨʠʥʮʠʧʪʽ ʽʩʢʝ ʘʩʳʨʫ ᴅʨʝʢʝʪʪʝʨʽ 

ʘʡʪʘʨʣʳץʪʘʡ ʙʘʷסʳʜʘ ʞʘʩʘʣסʘʥ ʙʦʣʘʪʳʥ. ɸʣʘʡʜʘ, ʪʦʣʳסʳʤʝʥ ʙʘʩץʘʨʳʣʘʪʳʥ ʞʦסʘʨʳ 

ʚʦʣʴʪʪʳ ʞʘʨʪʳʣʘʡ ᴇʪʢʽʟʛʽʰ ʢװʰʪʽʢ ʙʝʨʝʪʽʥ ʘʩʧʘʧʪʘʨʜʳש ʞᴅʥʝ ɸפ ʙʘʩʪʘʧץʳ 

ʵʣʝʢʪʨʤʘʛʥʠʪʪʽʢ ʰʘʨʪʪʘʨʳʥ ʝʩʝʧʪʝʫ ʙʦʡʳʥʰʘ װʣʢʝʥ ʝʩʝʧʪʝʫ ʞײʤʳʩʳʥ ʥʘץʪʳ ʫʘץʳʪ 

ʨʝʞʠʤʽʥʜʝ ʦʨʳʥʜʘʧ ʰʳסʫסʘ ץʘʙʽʣʝʪʪʽ ʙʘʩץʘʨʫ ʞװʡʝʣʝʨʽʥʽש ʙʦʣʤʘʫʳ ʦʩʳ ʪᴅʩʽʣʜʽ 

ʧʨʘʢʪʠʢʘʣʳץ ʽʩʢʝ ʘʩʳʨʫʜʳ ץʠʳʥʜʘʪʳʧ ʢʝʣʜʽ. ʉʦʥʜʳץʪʘʥ ץʫʘʪʪʳ ץʦʟסʘʣʪץʳʰʪʘʨʜʳ 

ʚʝʢʪʦʨʣʳץ-ʠʤʧʫʣʴʩʪʳץ ʙʘʩץʘʨʫ ʪᴅʩʽʣʽʥʽש ʥʝʛʽʟʽʥʜʝ ץʘʨʘʧʘʡʳʤ ʪʝʭʥʠʢʘʣʳײץ ץʨʘʣʜʘʨʤʝʥ 

ʰʝʰʫ ʤʽʥʜʝʪʽ ᴇʟʝʢʪʽ ʤʽʥʜʝʪ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɺʝʢʪʦʨʣʳץ-ʠʤʧʫʣʴʩʪʳץ ʙʘʩץʘʨʫ ʧʨʠʥʮʠʧʽʥ ʽʩʢʝ ʘʩʳʨʫ ʞᴅʥʝ ʢʝʨʥʝʫʜʽ ʞʦסʘʨʳ 

ʞʠʽʣʽʢʪʽ ʠʤʧʫʣʴʩʪʳץ ʤʦʜʫʣʷʮʠʷʥʳש ʢᴇʤʝʛʽʤʝʥ ʨʝʪʢʝ ʢʝʣʪʽʨʫ ʪʝʭʥʠʢʘʣʳץ  ʪײʨסʳʜʘʥ 

ʘʣסʘʥʜʘ ʘʡʪʘʨʣʳץʪʘʡ ʢװʨʜʝʣʽ ʤʽʥʜʝʪʪʝʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʉʪʘʪʦʨ ʦʨʘʤʘʩʳʥʳש ʙʘʨʣʳץ 

ʬʘʟʘʣʘʨʳ ʪʝʢ ʞʝʣʽʛʝ ʙʽʨ ʤʝʟʛʽʣʜʝ ץʦʩʳʣʫסʘ סʘʥʘ ʝʤʝʩ, ʦʜʘʥ ʙʽʨ ʤʝʟʛʽʣʜʝ ʘʞʳʨʘʪʳʣʫסʘ ʜʘ 

ʪʠ̔ʩ, ʙײʣ ʦʨʘʤʘʣʘʨʜʳש ʢʦʤʤʫʪʘʮʠʷʩʳ װʰʽʥ ʪʦʣʳסʳʤʝʥ ʙʘʩץʘʨʳʣʘʪʳʥ ʢװʰʪʽʢ 

ʘʩʧʘʧʪʘʨʳʥʳץ שʦʣʜʘʥʳʣʫʳʥ ʪʘʣʘʧ ʝʪʝʜʽ. ɼᴅʩʪװʨʣʽ ʪʠʨʠʩʪʦʨʣʳ ʩʭʝʤʘʣʘʨ, ʦʩʳ ᴅʜʽʩʪʽ ʽʩʢʝ 

ʘʩʳʨʫ װʰʽʥ ʧʘʡʜʘʣʘʥʳʣʘ ʘʣסʘʥʳʤʝʥ ʜʝ, ʙʘʩץʘʨʫסʘ ʞᴅʥʝ ʢʦʤʤʫʪʘʮʠʷסʘ װʣʢʝʥ 

ʰʳסʳʥʜʘʨʜʳש ʧʘʡʜʘ ʙʦʣʫʳʥʘ ʘʣʳʧ ʢʝʣʝʜʽ. ʆʨʘʤʘʣʘʨʜʳ ʙʽʨ ʤʝʟʛʽʣʜʝ ץʦʩʫ ʞᴅʥʝ ʘʞʳʨʘʪʫ 

ʤᴅʩʝʣʝʩʽ ʪʦʣʳסʳʤʝʥ ʙʘʩץʘʨʳʣʘʪʳʥ ʪʠʨʠʩʪʦʨʣʘʨ - GCT, IGCT ʞᴅʥʝ ʢװʰʪʽʢ ʙʝʨʝʪʽʥ 

ʪʨʘʥʟʠʩʪʦʨʣʘʨ IGBT ʩʝʢʽʣʜʽ ץʘʟʽʨʛʽ ʟʘʤʘʥסʳ ʢװʰʪʽʢ ʙʝʨʝʪʽʥ ʞʘʨʪʳʣʘʡ ᴇʪʢʽʟʛʽʰ 

ʘʩʧʘʧʪʘʨʜʳש ʢᴇʤʝʛʽʤʝʥ סʘʥʘ ʦשʘʡ ʰʝʰʽʣʝ ʘʣʘʜʳ [2]. ɸʣʘʡʜʘ, ʙײʣ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽש ʞʦסʘʨʳ 

 ʘʨʪʘʪʳʥ ʢʦʤʤʫʪʘʮʠʷ ʩʭʝʤʘʣʘʨʳʥ ʽʟʜʝʩʪʽʨʫʜʽ ʪʘʣʘʧץʳʩץ ʩʘʥʳʥ ʙʘʨʳʥʰʘ שʥʳ ʦʣʘʨʜʳײץ
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ʝʪʝʜʽ. ʂװʰʪʽʢ ʩʭʝʤʘʩʳʥ ʪʘשʜʘʧ ʘʣʫʤʝʥ ץʘʪʘʨ, ʚʝʢʪʦʨʣʳץ-ʠʤʧʫʣʴʩʪʳץ ʙʘʩץʘʨʫʜʳ ʽʩʢʝ 

ʘʩʳʨסʘʥ ʢʝʟʜʝ ᴇʟʽʥʝ ʢװʰʪʽʢ ʢʽʣʪʪʝʨʽʥ ʢʦʤʤʫʪʘʮʠʷʣʳץ ʘʩץʳʥ ʢʝʨʥʝʫʣʝʨʜʝʥ ץʦʨסʘʫʜʳ, 

ʪʨʘʥʟʠʩʪʦʨʣʘʨʜʳ ʪʽʟʙʝʢʪʝʡ ץʦʩʫʜʳש ʝʩʝʙʽʥʝʥ ʥʝʤʝʩʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʣʳץ ʩʭʝʤʘʣʘʨʜʳש 

ʢᴇʤʝʛʽʤʝʥ ʞʘʪʳץ ʽʩʢʝ ץʦʩʫʜʳש ʞʦסʘʨʳ ʚʦʣʴʪʪʳ ײץʨʳʣסʳʣʘʨʜʳ ײץʨʫ ʤװʤʢʽʥʜʽʛʽʥ, 

ʨʦʪʦʨʜʳש ʞᴅʥʝ ʩʪʘʪʦʨʜʳש ʘסʳʥ ʽʣʽʥʽʩʪʝʨʽ ʚʝʢʪʦʨʣʘʨʳʥʳץ שʘʣʳʧʪʘʨʳʥ ʝʩʝʧʪʝʫ ʞᴅʥʝ 

ʢװʰʪʽʢ ʢʽʣʪʪʝʨʽʥ ʙʘʩץʘʨʫ ʘʣʛʦʨʠʪʤʜʝʨʽʥ ʞʘʩʘʫʜʳ ץʦʩʘʪʳʥ ʤʽʥʜʝʪʪʝʨʜʽש ʪʘסʳ ʙʽʨ ץʘʪʘʨʳʥ 

ʰʝʰʫ ץʘʞʝʪ ʙʦʣʘʜʳ. 

ᴄʜʝʙʠʝʪʪʝʨʜʝ ʪʨʘʥʟʠʩʪʦʨʣʘʨʜʘסʳ ʘʡʥʳʤʘʣʳ ʪʦʢʪʳש ʢװʰʪʽʢ ʢʽʣʪʪʝʨʽʥʽש ʙʽʨʥʝʰʝ 

ʥײʩץʘʩʳ ʢʝʟʜʝʩʝʜʽ [3-4]. ײפʨʘʤʜʘʩʪʳʨʳʣסʘʥ ʽʩʢʝ ץʦʩʫ ʞװʡʝʩʽʥʝ ץʘʪʳʩʪʳ ʘʣסʘʥʜʘ, ʢʽʣʪ ɸפ 

(ʘʩʠʥʭʨʦʥʜʳ ץʦʟסʘʣʪץʳʰ) ʙʘʨʣʳץ ʬʘʟʘʣʘʨʳʥʳש ʞʝʣʽʛʝ ʙʽʨ ʤʝʟʛʽʣʜʝ ץʦʩʳʣʫʳʥ ʞᴅʥʝ 

ʘʞʳʨʘʪʳʣʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʪʠʽʩ.  1, ʘ ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ ʩʭʝʤʘʜʘ ᴅʨ ʬʘʟʘʜʘ ʜʠʦʜʪʳ-

ʪʨʘʥʟʠʩʪʦʨʣʳ ʢʽʣʪ ʙʘʨ. ᴄʨʽ ᴅʨʙʽʨ ʢʽʣʪʪʝ ʪʨʘʥʟʠʩʪʦʨ ʜʠʦʜ ʢᴇʧʽʨʽʥʽש ʙʽʨ ʜʠʘʛʦʥʘʣʽʥʝ, ʘʣ 

ʞװʢʪʝʤʝ ï ʙʘʩץʘ ʜʠʘʛʦʥʘʣʽʥʝ ʪʨʘʥʟʠʩʪʦʨ ʘʨץʳʣʳ ʪʦʢ ᴅʨץʘʰʘʥ ʙʽʨ ʙʘסʳʪʪʘ ᴇʪʝʪʽʥʜʝʡ, ʘʣ 

ʞװʢʪʝʤʝ ʘʨץʳʣʳ ʘʡʥʳʤʘʣʳ ʪʦʢ ᴇʪʝʪʽʥʜʝʡ ʝʪʽʧ ץʦʩʳʣסʘʥ. ɽʢʽ ʢʽʣʪ ʪʝ (ʪʦʣʳץ ʬʘʟʘʣʳ ʝʤʝʩ 

ʩʳʟʙʘʥײʩץʘ) ʩʪʘʪʦʨʜʳש ʦʨʘʤʘʣʘʨʳʥʳש ʙʽʨ ʤʝʟʛʽʣʜʝ ץʦʩʳʣʫʳʥ ʞᴅʥʝ ʘʞʳʨʘʪʳʣʫʳʥ 

 ʬʘʟʘʣʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥʜʽʢʪʝʥ, çʉè ʬʘʟʘʩʳʥʜʘ ʢʽʣʪ ʤʽʥʜʝʪʪʽ ʙʦʣʳʧ ʪʘʙʳʣʤʘʡʜʳ. ʊʦʣʳץ

ʝʤʝʩ ʩʳʟʙʘʥײʩץʘʜʘ ʢʽʣʪʪʝʨʜʽש ʙʽʨʽ ʦʡʳʣסʘʥ ʢʝʟʜʝ, ץʦʟסʘʣʪץʳʰʪʳש ʝʢʽ ʬʘʟʘʩʳ ʞʝʣʽʛʝ 

ʪʽʢʝʣʝʡ ץʦʩʳʣסʘʥ ʙʦʣʳʧ ʰʳסʘʪʳʥʜʳץʪʘʥ, ץʦʩʳʤʰʘ ʢʽʣʪ ʘʧʘʪʪʳץ ʦץʠסʘʣʘʨ ʞʘסʜʘʡʳʥʜʘ 

  .ʤʢʽʥװʦʣʜʘʥʳʣʫʳ ʤץ ʰʽʥװ ʘʫסʦʨץ ץʳʨʘסʳʰʪʳ ʪʦʣʳץʘʣʪסʦʟץ

 

 
 

1 - ʩʫʨʝʪ. ɸײץ פʨʘʤʜʘʩʪʳʨʳʣסʘʥ ʽʩʢʝ ץʦʩʫ ײץʨʳʣסʳʩʳʥʳש ʢװʰʪʽʢ ʙʝʨʫ ʩʭʝʤʘʩʳʥʳש ʥײʩץʘʣʘʨʳ 
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ʂװʰʪʽʢ ʩʭʝʤʘʩʳʥʳש ʝץ שʘʨʘʧʘʡʳʤ ʥײʩץʘʣʘʨʳʥʳש ʙʽʨʽ ʘʡʥʳʤʘʣʳ ʪʦʢʪʳװ שʰ 

ʬʘʟʘʣʳ ʞװʢʪʝʤʝʩʽʥ װʰ ʬʘʟʘʣʳ ʜʠʦʜʪʳ ʢᴇʧʽʨʜʽש ʘʡʥʳʤʘʣʳ ʪʦʛʳʥʳש ʞʘסʳʥʜʘ ץʦʩʳʣסʘʥ 

ʢװʰʪʽʢ ʪʨʘʥʟʠʩʪʦʨʳʤʝʥ ʢʦʤʤʫʪʘʮʠʷʣʘʫ ʪᴅʩʽʣʽʥʽש ʥʝʛʽʟʽʥʜʝ ʘʣʳʥʫʳ ʤװʤʢʽʥ (1, ʙ ʩʫʨʝʪ). 

ɹײʣ ʢʝʟʜʝ ʘʩʠʥʭʨʦʥʜʳ ץʦʟסʘʣʪץʳʰʪʳש ʩʪʘʪʦʨʳʥʳש ʦʨʘʤʘʣʘʨʳ ʣʠʥʠʷʣʳץ ʩʳʤʜʳ װʟʫʛʝ 

 ʦʣץ ʪʘʣʫʣʘʨʳ ʜʘ (ʭ, ʫ, z)ץʙʘʩʪʘʣʫʣʘʨʳ ʜʘ, ʘʷ(ʘ, b, ʩ) שʥʠ ʦʣʘʨʜʘ ʬʘʟʘʣʘʨʜʳסʦʩʳʣʘʜʳ, ʷץ

ʞʝʪʽʤʜʽ ʙʦʣʫסʘ ʪʠʽʩ, ʙײʣ ץʫʘʪʳ װʣʢʝʥ ɸװ פʰʽʥ ץʘʙʳʣʜʘʥʙʘʡʪʳʥʜʘʡ ʙʦʣʫʳ ʤװʤʢʽʥ. 

ʆʩʳʥʜʘʡ ʩʳʟʙʘ ʥײʩץʘ ץʳʤʙʘʪ ʪײʨʘʪʳʥ ʢװʰʪʽʢ ʢʽʣʪʪʝʨʽʥʽש ʩʘʥʳʥ ʙʘʨʳʥʰʘ ʘʟʘʡʪʫסʘ ʞᴅʥʝ 

ʦʣʘʨʜʳש ʞʦסʘʨʳ ʚʦʣʴʪʪʳ ʩʳʟʙʘ ʥײʩץʘʣʘʨʜʘ ץʦʩʳʣʫʳʥʳש ʪʽʟʙʝʢʪʝʛʽʥʽץ שʘʨʘʧʘʡʳʤʜʳסʳʥ 

 .ʤʢʽʥʜʽʢ ʙʝʨʝʜʽ [5]װʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʤץ

ʂװʰʪʽʢ ʩʭʝʤʘʩʳʥʳש ʝש ʞʘʨʘʤʜʳ ʥײʩץʘʩʳʥ ʪʘשʜʘʧ ʘʣʫ װʰʽʥ, ײʩʳʥʳʣסʘʥ 

ʩʭʝʤʘʣʘʨʜʳש ʥʝʛʽʟʛʽ  ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ץʘʨʘʩʪʳʨʳʧ ʰʳסʘʡʳץ ʞᴅʥʝ ʘʨʪʳץʰʳʣʳץʪʘʨʳ ʤʝʥ 

ʢʝʤʰʽʣʽʢʪʝʨʽʥ ʩʘʣʳʩʪʳʨʘʡʳץ. ʂװʰʪʽʢ ʩʭʝʤʘʣʘʨʳʥʳש ʥʝʛʽʟʛʽ ʵʣʝʢʪʨʣʽʢ ʩʠʧʘʪʪʘʤʘʣʘʨʳ 1 - 

ʢʝʩʪʝʜʝ, ʘʣ ʘʨʪrץʰʳʣʳץʪʘʨʳ ʤʝʥ ʢʝʤʰʽʣʽʢʪʝʨʽ 2 - ʢʝʩʪʝʜʝ ʢʝʣʪʽʨʽʣʛʝʥ. 

 

1 - ʢʝʩʪʝ. ɸפ ʞʘʪʳץ ʽʩʢʝ ץʦʩʫ ײץʨʳʣסʳʣʘʨʳʥʳש  ʢװʰʪʽʢ ʙʝʨʫ ʙᴇʣʽʛʽʥʽש ʥʝʛʽʟʛʽ ʘʨʘ 

  ʘʪʳʥʘʩʪʘʨʳ ʞᴅʥʝ ʧʘʨʘʤʝʪʨʣʝʨʽץ
 

ʇʘʨʘʤʝʪʨʣʝʨʽ 1ʘ ʩʫʨʝʪʪʝʛʽ ʩʳʟʙʘʥײʩץʘ 1ʙ ʩʫʨʝʪʪʝʛʽ ʩʳʟʙʘʥײʩץʘ 

ʂװʰʪʽʢ 

ʪʨʘʥʟʠʩʪʦʨʣʘʨʳ-

ʥʳש ʩʘʥʳ 

3(2) 1 

ɼʠʦʜʪʘʨʜʳש ʩʘʥʳ 12(8) 6 

ɼʠʦʜʪʘסʳ ʢʝʨʽ 

ʢʝʨʥʝʫʜʽש 

ʤʘʢʩʠʤʘʣʜʳ ʤᴅʥʽ 

  

ɼʠʦʜʪʳש 

ʤʘʢʩʠʤʘʣʜʳ 

ʪʽʢʝʣʝʡ ʪʦʛʳ 

  

ɼʠʦʜʪʳש ʦʨʪʘʰʘ 

ʪʽʢʝʣʝʡ ʪʦʛʳ 
  

ʊʨʘʥʟʠʩʪʦʨʜʳש 

ʤʘʢʩʠʤʘʣʜʳ ʪʦʛʳ 
  

ʊʨʘʥʟʠʩʪʦʨʜʘסʳ 

ʤʘʢʩʠʤʘʣʜʳ 

ʢʦʤʤʫʪʘʮʠʷʣʘʥʘ-

ʪʳʥ ʢʝʨʥʝʫ 

 

 

 

1 ʞᴅʥʝ 2 - ʢʝʩʪʝʣʝʨʜʝʛʽ ʤᴅʣʽʤʝʪʪʝʨʜʽ ʪʘʣʜʘʫ 1ʘ - ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ ʩʳʟʙʘ ʥײʩץʘ 

ʬʘʟʘʣʳץ ʦʨʘʤʘʣʘʨʳʥʳײ שʰʪʘʨʳʥʳש ʩʳʨʪץʘ ʰʳסʘʨʳʣסʘʥ ᴇʪʢʽʟʛʽʰʪʝʨʽ ʞʦץ ,ץʫʘʪʳ ʦʨʪʘʰʘ 

ʞᴅʥʝ װʣʢʝʥ ʵʣʝʢʪʨ ץʦʟסʘʣʪץʳʰʪʘʨ װʰʽʥ ץʦʣʜʘʥʳʣʘ ʘʣʘʜʳ ʜʝʛʝʥ ץʦʨʳʪʳʥʜʳ ʞʘʩʘʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ.1,ʙ ʩʫʨʝʪʪʝʛʽ ʩʭʝʤʘʥʳ ץʫʘʪʳ ʘʟ ʵʣʝʢʪʨ ץʦʟסʘʣʪץʳʰʪʘʨ װʰʽʥ, ʩʦʥʜʘʡ-ʘץ 

ʞʦסʘʨʳ ʚʦʣʴʪʪʳץʦʟסʘʣʪץʳʰʪʘʨ װʰʽʥ ץʦʣʜʘʥסʘʥ ʦʡסʘ ץʦʥʳʤʜʳ ʙʦʣʘʜʳ. ɾʦסʘʨʳ ʚʦʣʴʪʪʳ 

ʩʳʟʙʘ ʥײʩץʘʣʘʨʜʘ ʩʭʝʤʘʥʳ ʪʘשʜʘʫ װʰʽʥ ʘʥʳץʪʘʫʰʳ ʬʘʢʪʦʨ ʙʦʣʳʧ ʢװʰʪʽʢ ʙʝʨʝʪʽʥ 

ʞʘʨʪʳʣʘʡ ᴇʪʢʽʟʛʽʰ ʘʩʧʘʧʪʘʨʜʳש ʘʟ ʩʘʥʳ ʪʘʙʳʣʘʜʳ, ᴇʡʪʢʝʥʽ ʦʣʘʨʜʳײץ שʥʳ ʘʡʪʘʨʣʳץʪʘʡ 

 ʦʨʥʳʥʘ, ʢʦʤʤʫʪʘʮʠʷʣʘʥʘʪʳʥ ʢʝʨʥʝʫʜʽ ʘʨʪʪʳʨʫ שʣʢʝʥ ʞᴅʥʝ ʢʝʡ ʢʝʟʜʝʨʽ ʙʽʨ ʪʨʘʥʟʠʩʪʦʨʜʳװ

 ʣ ʧʘʨʘʤʝʪʨ ʙʦʡʳʥʰʘײʘʞʝʪ ʙʦʣʘʜʳ. ɹץ ʦʩʫץ ʰʽʥ, ʙʽʨʥʝʰʝ ʪʨʘʥʟʠʩʪʦʨʜʳ ʪʽʟʙʝʢʪʝʡװ

 ץʘ ʙʘʨʣʳץʩײʘʥʳ 1 ʪʨʘʥʟʠʩʪʦʨ ʞᴅʥʝ 6 ʜʠʦʜ ʙʘʨ 1,ʙ - ʩʫʨʝʪʪʝʛʽ ʩʳʟʙʘ ʥסʨʘʤʳʥʜʘ ʙʘʨ ʙʦʣײץ

 .ʩʝʜʽװʘʥʜʘʨʳʥʘʥ ʘʩʳʧ ʪסʘʣץ

ʆʥʳʤʝʥ ץʦʩʘ, װʰ ʬʘʟʘʣʳ ʜʠʦʜʪʳ ʢᴇʧʽʨʜʽש ʥʝʛʽʟʽʥʜʝ ײץʨʘʤʜʘʩʪʳʨʳʣסʘʥ ʽʩʢʝ ץʦʩʫ 

 .ʘ ʙʦʣʘʜʳ (2 - ʩʫʨʝʪ)סʩʭʝʤʘʣʘʨʳʥ ʽʩʢʝ ʘʩʳʨʫ ץʪʨʘʥʩʬʦʨʤʘʪʦʨʣʳ שʳʣʘʨʳʥʳסʨʳʣײץ
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2 - ʢʝʩʪʝ. ʂװʰʪʽʢ ʩʳʟʙʘʥײʩץʘʣʘʨʳʥʳש ʘʨʪʳץʰʳʣʳץʪʘʨʳ ʤʝʥ ʢʝʤʰʽʣʽʢʪʝʨʽ 
 

 1,ʘ ʩʫʨʝʪʪʝʛʽ ʩʳʟʙʘʥײʩץʘ 1,ʙ ʩʫʨʝʪʪʝʛʽ ʩʳʟʙʘʥײʩץʘ 

ɸʨʪʳץʰʳʣʳץʪʘʨʳ 

 

 

1. ʊʨʘʥʟʠʩʪʦʨ ʢʦʤʤʫʪʘʮʠʷʣʘʡʪʳʥ 

ʢʝʨʥʝʫ ʤʝʥ ʪʦʢʪʳש ʢᴇʙʽʨʝʢ ʤᴅʥʽ 

1. ʂװʰʪʽʢ ʙʝʨʝʪʽʥ 

ʞʘʨʪʳʣʘʡ ᴇʪʢʽʟʛʽʰ 

ʘʩʧʘʧʪʘʨʜʳש ʤʠʥʠʤʘʣʜʳ 

ʩʘʥʳ 

 ʦʨʘʤʘʣʘʨʳ שʳʰʪʳץʘʣʪסʦʟפ .2

ʞײʣʜʳʟʰʘʤʝʥ ʥʝʤʝʩʝ װʰʙײʨʳʰʧʝʥ 

ʙʘʡʣʘʥʳʩʘʜʳ,  ʩʪʘʪʦʨʜʳש ʦʨʘʤʘʩʳʥʳש 

ʬʘʟʘʣʘʨʳʥʳײ שʰʪʘʨʳʥ ʰʳסʘʨʫ ץʘʞʝʪ 

ʝʤʝʩ 

2. ʆʣʘʨʜʳש ʞʦסʘʨʳ 

ʚʦʣʴʪʪʳ ʩʭʝʤʘʣʘʨʜʘ 

ʪʽʟʙʝʢʪʝʡ ץʦʩʳʣʫʳʥʳש 

 ʳסʘʨʘʧʘʡʳʤʜʳץ

ʂʝʤʰʽʣʽʢʪʝʨʽ 1. ʂװʰʪʽʢ ʙʝʨʝʪʽʥ ʞʘʨʪʳʣʘʡ ᴇʪʢʽʟʛʽʰ 

ʘʩʧʘʧʪʘʨʜʳש ʢᴇʙʽʨʝʢ ʩʘʥʳ 

1. ʂʦʤʤʫʪʘʮʠʷʣʘʥʘʪʳʥ 

ʢʝʨʥʝʫʜʽש ʞᴅʥʝ ʪʦʢʪʳש 

 ʣʢʝʥ ʰʘʤʘʩʳװ

 ʳסʠʳʥʜʳץ שʦʩʫʜʳפ .2

(ʬʘʟʘʣʘʨʜʳש ʙʘʩʪʘʣʫʘʨʳʥ 

ʜʘ (ʘ,  b,  ʩ), ʘʷץʪʘʣʫʣʘʨʳʥ 

ʜʘ (ʭ, ʫ, z) ʰʳסʘʨʫ 

 .(ʘʞʝʪץ

 

 
 

2 - ʩʫʨʝʪ. ɸײץ פʨʘʤʜʘʩʪʳʨʳʣסʘʥ ʽʩʢʝ ץʦʩʫ ײץʨʳʣסʳʣʘʨʳʥʳש ʪʨʘʥʩʬʦʨʤʘʪʦʨʣʳץ ʩʭʝʤʘʣʘʨʳ 

 

2,ʘ - ʩʫʨʝʪʪʝʛʽ ʩʭʝʤʘ ɸפ ʞʝʢʝ װʰ ʬʘʟʘʣʳ ʪʨʘʥʩʬʦʨʤʘʪʦʨʜʘʥ ץʦʨʝʢʪʝʥʜʽʨʛʝʥ ʢʝʟʜʝ 

 ʘʞʝʪץ ʘʨʫסʰʪʘʨʳʥ ʰʳײ שʬʘʟʘʣʘʨʳʥʳ שʣ ʢʝʟʜʝ ʩʪʘʪʦʨ ʦʨʘʤʘʩʳʥʳײʦʣʜʘʥʳʣʘ ʘʣʘʜʳ. ɹץ

ʙʦʣʤʘʡʜʳ. 2, ʙ ʩʫʨ. ʩʭʝʤʘ (ʘʨʘʣʳץ ʪʨʘʥʩʬʦʨʤʘʪʦʨʣʘʨʤʝʥ) ʞʦסʘʨʳ ʚʦʣʴʪʪʳ ʵʣʝʢʪʨ 

 ʣ ʩʭʝʤʘʜʘ ʪᴇʤʝʥ ʢʝʨʥʝʫײʢʽʣʪ ʙ ץʦʣʜʘʥʳʣʘ ʘʣʘʜʳ.ʊʨʘʥʟʠʩʪʦʨʣʳץ ʰʽʥװ ʳʰʪʘʨץʘʣʪסʦʟץ

ʞʘסʳʥʜʘ ץʦʩʳʣסʘʥ, ʙײʣ ʪᴇʤʝʥ ʚʦʣʴʪʪʳ ʪʨʘʥʟʠʩʪʦʨʣʘʨʜʳ ץʦʣʜʘʥʫסʘ 

ʞᴅʥʝײץʨʘʤʜʘʩʪʳʨʳʣסʘʥ ʽʩʢʝ ץʦʩʫ ײץʨʳʣסʳʩʳʥʳש ʙʘסʘʩʳʥ ʪᴇʤʝʥʜʝʪʫʛʝ ʞʘסʜʘʡ ʞʘʩʘʡʜʳ. 

ɯʩʢʝ ץʦʩʫʜʳײץ שʨʘʤʜʘʩʪʳʨʳʣסʘʥ ʪᴅʩʽʣʽʥ ʵʢʩʧʝʨʠʤʝʥʪʘʣʜʳ ʟʝʨʪʪʝʫ װʰʽʥ 4ɸ100L4ʋɿ 

 ץʫʘʪʳ 4 ʢɺʪ ʞᴅʥʝ ʥʦʤʠʥʘʣʜʳ ʘʡʥʘʣʫ ʞʠʽʣʽʛʽ 1430 ʘʡʥ/ʤʠʥ ʟʝʨʪʭʘʥʘʣʳץ ,ʳʰʳ ʙʘʨץʘʣʪסʦʟץ

 ʳʰץʘʣʪסʦʟץ ʳʥסʫʘʪʳ ʰʘץ ʳʜʘסʦʥʜʳʨץ ץʳ ʞʦʙʘʣʘʥʜʳ. ɿʝʨʪʭʘʥʘʣʳסʦʥʜʳʨץ
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 ʘʩʳ ʨʝʪʽʥʜʝ 1, ʙ - ʩʫʨʝʪʪʝʛʽץʩײʥ ץʙʘʟʘʣʳ שʰʪʽʢ ʩʭʝʤʘʩʳʥʳװʪʘʥ, ʦʥʜʘ ʢץʦʣʜʘʥʳʣʘʪʳʥʜʳץ

ʩʳʟʙʘ ʥײʩץʘ ʧʘʡʜʘʣʘʥʳʣʜʳ. ɯʩʢʝ ץʦʩʫʜʳײ שʩʳʥʳʣסʘʥ ʪᴅʩʽʣʽʥ ʧʨʘʢʪʠʢʘʜʘ ʽʩʢʝ ʘʩʳʨʫ װʰʽʥ, 

ʢװʰʪʽʢ ʩʭʝʤʘʩʳʥ ʪʘשʜʘʧ ʘʣʫʜʘʥ ᴇʟʛʝ, ʪʘסʳ ʙʽʨץʘʪʘʨ ʤᴅʩʝʣʝʣʝʨʜʽש ʙʘʩʳʥ ʘʰʳʧ ʘʣʫ ʢʝʨʝʢ, 

ᴅʨʽ ʦʣʘʨʜʳש ʝש ʤʘשʳʟʜʳʣʘʨʳʥʳש ʙʽʨʽ ʢװʰʪʽʢ ʢʽʣʪʽʥ ʘʩץʳʥ ʢʝʨʥʝʫʣʝʨʜʝʥ ץʦʨסʘʫ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. 
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ʆʉʅʆɺʅʓɽ ʄɽʍɸʅʀɿʄʓ ʉʊʀʄʋʃʀʈʆɺɸʅʀʗ ʅɸʋʏʅʆʁ ɼɽʗʊɽʃʔʅʆʉʊʀ 

ʆɹʋʏɸʖʑʀʍʉʗ ʀ ʇʈɽʇʆɼɸɺɸʊɽʃɽʁ 

 

ɸʥʜʘʪʧʘ. ʆʩʳ ʤʘץʘʣʘʜʘ ʞʦסʘʨʳ ʦץʫ ʦʨʳʥʜʘʨʳʥʳש ʞײʤʳʩʢʝʨʣʝʨiʥ סʳʣʳʤʠ-ʟʝʨʪʪʝʫ 

 ʢᴇʣʽʢ ʞᴅʥʝ ץʘʟʘפ ʳסʘʥ.  ʄ.ʊʳʥʳʰʙʘʝʚ ʘʪʳʥʜʘסʘʨʘʣץ ʳסʨʘײʩ  שʳʟʤʝʪʽʥʜʝ ʳʥʪʘʣʘʥʜʳʨʫʜʳץ

ʢʦʤʤʫʥʠʢʘʮʠʷʣʘʨ ʘʢʘʜʝʤʠʷʩʳ ʦץʳʪʫʰʳʣʘʨʜʳ ʞᴅʥʝ ʞײʤʳʩʢʝʨʣʝʨʜi ʤʘʪʝʨʠʘʣʜʳץ 

ʢᴇʪʝʨʤʝʣʝʫʜiש ʦʙʣʳʩʳʥʜʘ ʪᴅʞiʨʠʙʝʩʽ ץʘʨʘʣסʘʥ. ʆץʳʪʫʰʳʣʘʨʜʳש ʞײʤʳʩ ʞʦʩʧʘʨʳʥʜʘ 

 ʘʡʪʫ ʙʦʡʳʥʰʘסʣײ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ ץʞᴅʥʝ ʩʘʧʘʣʳ ץʩʘʥʜʳ שʤʳʩʳʥʳײʳʣʳʤʠ-ʟʝʨʪʪʝʫ ʞס

ʞʘʥʜʘʥʜʳʨʫ ײʩʳʥʳʩʪʘʨ rʙʝʨʽʣʜʽ.  

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ʦץʳʪʫʰʳ, סʳʣʳʤʠ-ʟʝʨʪʪʝʫ ץʳʟʤʝʪʽʥ ʳʥʪʘʣʘʥʜʳʨʫ, ʤʘʜʘץʪʘʫ  

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʨʘʙʦʪʥʠʢʦʚ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ. ʈʘʩʩʤʦʪʨʝʥ 

ʦʧʳʪ ʂʘʟʘʭʩʢʦʡ ʘʢʘʜʝʤʠʠ ʪʨʘʥʩʧʦʨʪʘ ʠ ʢʦʤʤʫʥʠʢʘʮʠʡ ʚ ʦʙʣʘʩʪʠ ʤʘʪʝʨʠʘʣʴʥʦʛʦ 

ʧʦʦʱʨʝʥʠʷ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠ ʨʘʙʦʪʥʠʢʦʚ ʘʢʘʜʝʤʠʠ. ɼʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʘʢʪʠʚʠʟʘʮʠʠ 

ʨʘʙʦʪʳ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʚ ʧʣʘʥʝ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:  ʧʨʝʧʦʜʘʚʘʪʝʣʴ, ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, 

ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ, ʧʦʦʱʨʝʥʠʝ. 

Abstract. In this article the issue of stimulation of research activity of employees of 

higher educational institutions is considered. Experience of the Kazakh Academy of transport 

and communications in the field of material encouragement of teachers and employees of 

Academy is considered. The recommendations for the revitalization of the teachers in terms of 

increasing the quantitative and qualitative indicators of research work are given. 

Key words: teacher, research activities, stimulation, encouragement. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʞʝ ʩʯʠʪʘʝʪʩʷ ʥʝʦʩʧʦʨʠʤʳʤ, ʯʪʦ ʣʶʙʦʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ɺʋɿʘ 

(ʪʝʤ ʙʦʣʝʝ ï ʩ ʫʯʝʥʦʡ ʩʪʝʧʝʥʴʶ), ʚ ʦʪʣʠʯʠʝ ʦʪ ʰʢʦʣʴʥʦʛʦ ʧʝʜʘʛʦʛʘ, ʦʙʷʟʘʥ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ 

ʩʪʝʧʝʥʠ ʟʘʥʠʤʘʪʴʩʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ. ɺ ʂʘʟɸʊʂ 
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ʠʤ.ʄ.ʊʳʥʳʰʧʘʝʚʘ, ʵʪʦʪ ʧʫʥʢʪ ʚʢʣʶʯʝʥ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʧʣʘʥ ʨʘʙʦʪʳ ʧʨʝʧʦʜʘʚʘʪʝʣʷ, ʚ 

ʢʦʪʦʨʦʤ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʥʘʧʠʩʘʥʠʝ ʩʪʘʪʝʡ, ʧʦʜʛʦʪʦʚʢʘ ʜʦʢʣʘʜʦʚ, ʨʫʢʦʚʦʜʩʪʚʦ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʩʪʫʜʝʥʪʦʚ ʠ ʤʘʛʠʩʪʨʘʥʪʦʚ. 

ʇʦʥʷʪʠʝ çʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴè ʚʦʦʙʱʝ-ʪʦ ʷʚʣʷʝʪʩʷ 

ʩʦʙʠʨʘʪʝʣʴʥʳʤ ʠ ʠʤʝʝʪ ʚʝʩʴʤʘ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʘʩʧʝʢʪʳ: ʥʘʨʷʜʫ ʩ ʟʘʥʷʪʠʝʤ ʩʦʙʩʪʚʝʥʥʦ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚ ʥʝʛʦ ʚʢʣʶʯʘʶʪ ʠ ʦʨʛʘʥʠʟʘʪʦʨʩʢʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦ 

ʠʭ ʨʝʘʣʠʟʘʮʠʠ, ʩʦʟʜʘʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʠʝʤʣʝʤʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʫʯʘʩʪʠʝ ʚ ʠʭ ʚʥʝʜʨʝʥʠʠ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʨʷʜ ʜʨʫʛʠʭ.  

ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʤʦʪʠʚʘʪʦʨʦʚ ʪʨʫʜʦʚʦʡ (ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ) ʜʝʷʪʝʣʴʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʤʘʪʝʨʠʘʣʴʥʦʝ ʧʦʦʱʨʝʥʠʝ. ʂʘʢ ʠʟʚʝʩʪʥʦ ʝʜʠʥʦʡ 

ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʪʨʫʜʘ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ï ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ 

ʧʨʝʜʧʨʠʷʪʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ɺʋɿʘ, ʦʥʘ ʙʫʜʝʪ ʠʥʜʠʚʠʜʫʘʣʴʥʘ. ʉʘʤ ʧʨʦʮʝʩʩ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʪʚʦʨʯʝʩʢʠʡ ʧʦʜʭʦʜ, ʛʦʪʦʚʳʭ ʰʘʙʣʦʥʦʚ ʠ ʤʦʜʝʣʝʡ ʟʜʝʩʴ ʥʝ ʙʳʚʘʝʪ. 

ɼʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʢʘʩʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʂʘʟʘʭʩʪʘʥʘ, ʥʦ ʠ ʚʳʩʦʢʦʨʘʟʚʠʪʳʭ ʚ 

ʪʝʭʥʠʯʝʩʢʦʤ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʤ ʦʪʥʦʰʝʥʠʠ ʩʪʨʘʥ ʜʘʣʴʥʝʛʦ ʟʘʨʫʙʝʞʴʷ.  

ʆʜʥʠʤ ʠʟ ʩʝʨʴʝʟʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʩʣʦʞʠʚʰʝʡʩʷ ʩʠʪʫʘʮʠʠ ʚ ʩʠʩʪʝʤʝ ʦʧʣʘʪʳ 

ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚʳʩʰʝʡ ʰʢʦʣʳ ʩʪʘʣʦ ʩʪʨʝʤʣʝʥʠʝ ʯʘʩʪʠ ʠʟ ʥʠʭ ʫʝʭʘʪʴ 

ʨʘʙʦʪʘʪʴ ʟʘ ʛʨʘʥʠʮʫ. ɺ ɸʚʩʪʨʠʠ ʠ ʐʚʝʡʮʘʨʠʠ ʦʢʣʘʜʳ ʥʘ 30-45% ʚʳʰʝ, ʯʝʤ ʚ ɻʝʨʤʘʥʠʠ. 

ʇʦ ʜʘʥʥʳʤ ʥʝʤʝʮʢʦʛʦ ʨʫʩʩʢʦʷʟʳʯʥʦʛʦ ʞʫʨʥʘʣʘ çʇʘʨʪʥʝʨè, ʦʢʦʣʦ 17% ʩʦʪʨʫʜʥʠʢʦʚ 

ʘʚʩʪʨʠʡʩʢʠʭ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʩʦʩʪʘʚʣʷʶʪ ʚʳʭʦʜʮʳ ʠʟ ɻʝʨʤʘʥʠʠ. ʉʨʝʜʠ 

ʝʚʨʦʧʝʡʩʢʠʭ ʛʦʩʫʜʘʨʩʪʚ ʧʦ ʯʠʩʣʫ ʧʨʠʙʳʚʰʠʭ ʥʝʤʝʮʢʠʭ ʧʨʦʬʝʩʩʦʨʦʚ ʜʘʣʝʝ ʠʜʫʪ 

ʅʠʜʝʨʣʘʥʜʳ, ʩʪʨʘʥʳ ʉʢʘʥʜʠʥʘʚʠʠ ʠ ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ. ʆʩʦʙʦʝ ʤʝʩʪʦ ʚ ʧʨʠʦʨʠʪʝʪʘʭ 

ʵʤʠʛʨʘʮʠʠ ʟʘʥʠʤʘʶʪ ʉʐɸ, ʂʘʥʘʜʘ ʠ ɸʚʩʪʨʘʣʠʷ, ʛʜʝ ʦʢʣʘʜʳ ʚ 2 ʨʘʟʘ ʚʳʰʝ, ʛʜʝ ʣʝʛʯʝ 

ʩʜʝʣʘʪʴ ʢʘʨʴʝʨʫ ʠ ʟʘʯʘʩʪʫʶ ʠʥʪʝʨʝʩʥʝʝ ʨʘʙʦʪʘ, ʧʦʩʢʦʣʴʢʫ ʚ ʥʝʢʦʪʦʨʳʭ ʘʤʝʨʠʢʘʥʩʢʠʭ 

ʫʥʠʚʝʨʩʠʪʝʪʘʭ ʨʘʩʧʦʣʦʞʝʥʳ ʤʠʨʦʚʳʝ ʮʝʥʪʨʳ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ 2007 ʛ. ʠʟ 

ɻʝʨʤʘʥʠʠ ʟʘ ʛʨʘʥʠʮʫ ʚʳʝʭʘʣʠ 160 ʪʳʩ. ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ. ʉʦʪʨʫʜʥʠʢʠ 

ʀʥʩʪʠʪʫʪʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʧʨʦʩʠʣʠ 1410 ʠʟ ʥʠʭ ʦ ʧʨʠʯʠʥʘʭ ʦʪʲʝʟʜʘ: 53% ʥʘʟʚʘʣʠ 

ʥʝʜʦʩʪʘʪʦʯʥʳʡ ʫʨʦʚʝʥʴ ʦʧʣʘʪʳ ʪʨʫʜʘ, 48% - ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʥʘʣʦʛʦʚ ʠ ʩʦʮʠʘʣʴʥʳʭ 

ʦʪʯʠʩʣʝʥʠʡ, 31% - ʟʘʩʠʣʴʝ ʙʶʨʦʢʨʘʪʠʠ, 25% - ʤʘʣʦʧʝʨʩʧʝʢʪʠʚʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʢʘʨʴʝʨʥʦʛʦ 

ʨʦʩʪʘ ʚ ʥʘʫʢʝ. 

 ɺ ʂʘʟʘʭʩʢʦʡ ʘʢʘʜʝʤʠʠ ʪʨʘʥʩʧʦʨʪʘ ʠ ʢʦʤʤʫʥʠʢʘʮʠʡ ʠʤʝʥʠ ʄ.ʊʳʥʳʰʧʘʝʚʘ ʥʘ 

ʧʦʩʪʦʷʥʥʦʡ ʦʩʥʦʚʝ ʜʝʡʩʪʚʫʝʪ ʇʆʃʆɾɽʅʀɽ ʧʦ ʦʢʘʟʘʥʠ  ʁ ʩʦʮʠʘʣʴʥʦʡ ʧʦʜʜʝʨʞʢʠ 

ʨʘʙʦʪʥʠʢʘʤ ʂʘʟɸʊʂ ʥʘ 2017-18 ʫʯʝʙʥʳʡ ʛʦʜ. ɼʘʣʝʝ ʧʨʠʚʝʜʝʤ ʚʳʜʝʨʞʢʠ ʠʟ 

ʇʆʃʆɾɽʅʀʗ. 

ʇʨʝʤʠʷ ʨʫʢʦʚʦʜʠʪʝʣʶ (ʪʨʝʥʝʨʫ) ʩʪʫʜʝʥʪʘ ʘʢʘʜʝʤʠʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʠʧʣʦʤʦʚ ʩ 

ʫʢʘʟʘʥʠʝʤ ʥʘʠʤʝʥʦʚʘʥʠʷ ʂʘʟɸʊʂ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʝʜʤʝʪʥʳʭ ʠ ʩʧʦʨʪʠʚʥʳʭ ʦʣʠʤʧʠʘʜ, 

ʢʦʥʢʫʨʩʦʚ, ʩʦʨʝʚʥʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʪʝʢʫʱʝʤ ʫʯʝʙʥʦʤ ʛʦʜʫ: 

ʘ) ʧʦʙʝʜʘ ʦʙʫʯʘʶʱʠʭʩʷ ʥʘ ʨʝʩʧʫʙʣʠʢʘʥʩʢʦʤ (ʧʨʦʚʝʜʝʥʥʳʝ ʥʝ ʚ ʂʘʟɸʊʂ) ʫʨʦʚʥʝ. ʈʘʟʤʝʨ 

ʧʨʝʤʠʠ: 

- ʟʘ 1 ʤʝʩʪʦ ï 70 650 ʪʝʥʛʝ; 

- ʟʘ 2 ʤʝʩʪʦ  - 63 585 ʪʝʥʛʝ; 

-  ʟʘ 3 ʤʝʩʪʦ ï 56 520 ʪʝʥʛʝ. 

ʙ) ʧʦʙʝʜʘ ʦʙʫʯʘʶʱʝʛʦʩʷ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʤ (ʧʨʦʚʝʜʝʥʥʦʤ ʟʘ ʧʨʝʜʝʣʘʤʠ ʂʘʟʘʭʩʪʘʥʘ) 

ʫʨʦʚʥʝ. ʈʘʟʤʝʨ ʧʨʝʤʠʠ: 

- ʟʘ 1 ʤʝʩʪʦ ï 91 845 ʪʝʥʛʝ; 

- ʟʘ 2 ʤʝʩʪʦ  - 84 780 ʪʝʥʛʝ; 

-  ʟʘ 3 ʤʝʩʪʦ ï 77 715 ʪʝʥʛʝ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʦʛʣʘʩʥʦ ʇʆʃʆɾɽʅʀʖ ʚʳʧʣʘʯʠʚʘʝʪʩʷ ʚʦʟʥʘʛʨʘʞʜʝʥʠʝ (ʘʚʪʦʨʫ ʠʣʠ 

ʢʦʣʣʝʢʪʠʚʫ ʘʚʪʦʨʦʚ) ʟʘ ʩʪʘʪʴʶ, ʦʧʫʙʣʠʢʦʚʘʥʥʫʶ ʚ ʧʝʨʠʦʜ ʫʯʝʙʥʦʛʦ ʛʦʜʘ ʚ ʘʢʘʜʝʤʠʠ, ʚ 

ʠʟʜʘʥʠʷʭ, ʚʭʦʜʷʱʠʭ ʚ ʙʘʟʳ ʜʘʥʥʳʭ  Web of Science, Scopus ʩ ʠʤʧʘʢʪ-ʬʘʢʪʦʨʦʤ ʚʳʰʝ 0,24 

ï 20 ʄʈʇ (ʚ 2018ʛ 1 ʄʈʇ=2405ʪʛ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 48 100ʪʛ). 
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ɺʳʜʝʨʞʢʠ ʠʟ ʇʆʃʆɾɽʅʀʗ ʧʦ ʦʢʘʟʘʥʠʶ ʩʦʮʠʘʣʴʥʦʡ ʧʦʜʜʝʨʞʢʠ ʦʙʫʯʘʶʱʠʤʩʷ 

ʂʘʟɸʊʂ ʦʯʥʦʡ ʬʦʨʤʳ ʦʙʫʯʝʥʠʷ ʥʘ 2017-18 ʫʯʝʙʥʳʡ ʛʦʜ. 
 

ʅʘʧʨʘʚʣʝʥʠʝ ˉ3 - çʉʪʠʤʫʣʠʨʦʚʘʥʠʝ ʫʯʘʩʪʠʷ ʦʙʫʯʘʶʱʠʭʩʷ ʚ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ, ʩʧʦʨʪʠʚʥʦʡ ʠ ʦʙʱʝʩʪʚʝʥʥʦʡ ʞʠʟʥʠ ʘʢʘʜʝʤʠʠè 

3.1 

ʄʝʞʜʫʥʘʨʦʜʥʳʝ ʧʨʝʜʤʝʪʥʳʝ ʦʣʠʤʧʠʘʜʳ, 

ʢʦʥʢʫʨʩʳ, ʩʦʨʝʚʥʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʟʘ 

ʧʨʝʜʝʣʘʤʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ: 

ʉʦʛʣʘʩʥʦ 

ʧʦʜʧʫʥʢʪʘʤ 3.1.1;2;3 

ʝʜʠʥʦʚʨʝʤʝʥʥʦ ʧʦ 

ʬʘʢʪʫ, ʨʘʟʦʚʦ 

3.1.1 ʉʪʫʜʝʥʪʫ, ʟʘʥʷʚʰʝʤʫ I ʤʝʩʪʦ 60 000 ʪʛ 
ʝʜʠʥʦʚʨʝʤʝʥʥʦ ʧʦ 

ʬʘʢʪʫ, ʨʘʟʦʚʦ 

3.1.2 ʉʪʫʜʝʥʪʫ, ʟʘʥʷʚʰʝʤʫ II ʤʝʩʪʦ 45 000 ʪʛ 
ʝʜʠʥʦʚʨʝʤʝʥʥʦ ʧʦ 

ʬʘʢʪʫ, ʨʘʟʦʚʦ 

3.1.3 ʉʪʫʜʝʥʪʫ, ʟʘʥʷʚʰʝʤʫ III ʤʝʩʪʦ 30 000 ʪʛ 
ʝʜʠʥʦʚʨʝʤʝʥʥʦ ʧʦ 

ʬʘʢʪʫ, ʨʘʟʦʚʦ 

3.2 

ʇʦʙʝʜʠʪʝʣʷʤ ʈʝʩʧʫʙʣʠʢʘʥʩʢʠʭ ʧʨʝʜʤʝʪʥʳʭ 

ʦʣʠʤʧʠʘʜ, ʢʦʥʢʫʨʩʦʚ, ʩʧʦʨʪʠʚʥʳʭ 

ʩʦʨʝʚʥʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʚʥʝ ʂʘʟɸʊʂ 

ʉʦʛʣʘʩʥʦ 

ʧʦʜʧʫʥʢʪʘʤ 3.2.1;2;3 

ʝʜʠʥʦʚʨʝʤʝʥʥʦ ʧʦ 

ʬʘʢʪʫ, ʨʘʟʦʚʦ 

3.2.1 ʉʪʫʜʝʥʪʫ, ʟʘʥʷʚʰʝʤʫ I ʤʝʩʪʦ 30 000 ʪʛ 
ʝʜʠʥʦʚʨʝʤʝʥʥʦ ʧʦ 

ʬʘʢʪʫ, ʨʘʟʦʚʦ 

3.2.2 ʉʪʫʜʝʥʪʫ, ʟʘʥʷʚʰʝʤʫ II ʤʝʩʪʦ 22 500 ʪʛ 
ʝʜʠʥʦʚʨʝʤʝʥʥʦ ʧʦ 

ʬʘʢʪʫ, ʨʘʟʦʚʦ 

3.2.3 ʉʪʫʜʝʥʪʫ, ʟʘʥʷʚʰʝʤʫ III ʤʝʩʪʦ 15 000 ʪʛ 
ʝʜʠʥʦʚʨʝʤʝʥʥʦ ʧʦ 

ʬʘʢʪʫ, ʨʘʟʦʚʦ 
 

ʂ ʩʦʞʘʣʝʥʠʶ, ʥʝ ʚʢʣʶʯʝʥʳ ʧʫʥʢʪʳ, ʧʦ ʩʪʠʤʫʣʠʨʦʚʘʥʠʶ ʦʜʥʦʛʦ ʠʟ ʚʘʞʥʳʭ ʚʠʜʦʚ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʨʘʙʦʪʳ - ʧʘʪʝʥʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʇʇʉ, ʭʦʪʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʨʝʡʪʠʥʛʘ 

ɺʋɿʘ ʵʪʦʪ ʚʠʜ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʫʯʠʪʳʚʘʝʪʩʷ. ʇʨʠ 

ʧʦʜʛʦʪʦʚʢʝ ʟʘʷʚʢʠ ʥʘ ʚʳʜʘʯʫ ʧʘʪʝʥʪʘ, ʦʬʦʨʤʣʝʥʠʠ ʩʦʧʫʪʩʪʚʫʶʱʝʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʘʚʪʦʨʳ-

ʟʘʷʚʠʪʝʣʠ ʚʳʧʣʘʯʠʚʘʶʪ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʧʦʰʣʠʥʳ ʠ ʠʥʳʝ ʧʣʘʪʝʞʠ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ 

ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ 35 000 ʪʝʥʛʝ. 

ʇʦ ʨʘʟʣʠʯʥʳʤ ʦʮʝʥʢʘʤ, ʧʫʙʣʠʢʘʮʠʷ ʦʜʥʦʡ ʩʪʘʪʴʠ ʚ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʷʭ, ʚʭʦʜʷʱʠʭ ʚ 

ʙʘʟʳ ʜʘʥʥʳʭ  Web of Science, Scopus ʩ ʠʤʧʘʢʪ-ʬʘʢʪʦʨʦʤ ʚʳʰʝ 0,25 ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 

400-500 ʫ.ʝ. ʇʨʠʯʝʤ ʟʘʯʘʩʪʫʶ, ʘʚʪʦʨʘʤ ʩʪʘʪʝʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʪʨʝʙʫʝʪʩʷ ʦʧʣʘʪʠʪʴ 

ʩʪʦʠʤʦʩʪʴ ʧʝʨʝʚʦʜʘ, ʠʥʦʛʜʘ ʢʦʨʨʝʢʪʠʨʦʚʢʠ, ʦʬʦʨʤʣʝʥʠʷ ʠ ʪ.ʧ. 

ɺʳʚʦʜʳ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʨʝʡʪʠʥʛʘ ʂʘʟɸʊʂ ʚ ʥʘʮʠʦʥʘʣʴʥʦʤ ʨʝʡʪʠʥʛʝ ɺʋɿʦʚ 

ʩʣʝʜʫʝʪ ʘʢʪʠʚʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʚ ʧʣʘʥʝ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʠ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ, ʘ ʠʤʝʥʥʦ: 

1) ɺʢʣʶʯʠʪʴ ʚ çʇʆʃʆɾɽʅʀɽ ʧʦ ʦʢʘʟʘʥʠʶ ʩʦʮʠʘʣʴʥʦʡ ʧʦʜʜʝʨʞʢʠ ʨʘʙʦʪʥʠʢʦʚ 
ʂʘʟɸʊʂè ʧʫʥʢʪ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʡ ʤʘʪʝʨʠʘʣʴʥʦʝ ʧʦʦʱʨʝʥʠʝ ʟʘ ʧʦʣʫʯʝʥʠʝ ʧʘʪʝʥʪʦʚ ʥʘ 

ʠʟʦʙʨʝʪʝʥʠʝ ʠ ʧʘʪʝʥʪʦʚ ʥʘ ʧʦʣʝʟʥʳʝ ʤʦʜʝʣʠ. ʇʨʠʯʝʤ,  ʨʝʢʦʤʝʥʜʫʝʤʦʝ ʧʦʦʱʨʝʥʠʝ ï ʥʝ 

ʤʝʥʝʝ 30 ʄʈʇ. 

2)  ʆʪʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʧʫʥʢʪ çʇʆʃʆɾɽʅʀʗ ʧʦ ʦʢʘʟʘʥʠʶ ʩʦʮʠʘʣʴʥʦʡ ʧʦʜʜʝʨʞʢʠ 
ʨʘʙʦʪʥʠʢʦʚ ʂʘʟɸʊʂè: ʟʘ ʩʪʘʪʴʶ, ʦʧʫʙʣʠʢʦʚʘʥʥʫʶ ʚ ʧʝʨʠʦʜ ʫʯʝʙʥʦʛʦ ʛʦʜʘ ʚ ʘʢʘʜʝʤʠʠ, ʚ 

ʠʟʜʘʥʠʷʭ, ʚʭʦʜʷʱʠʭ ʚ ʙʘʟʳ ʜʘʥʥʳʭ Web of Science, Scopus ʠ ʠʤʝʶʱʠʭ ʥʝ ʥʫʣʝʚʦʡ ʠʤʧʘʢʪ-

ʬʘʢʪʦʨ   ï 20 ʄʈʇ, ʩ ʠʤʧʘʢʪ-ʬʘʢʪʦʨʦʤ ʚʳʰʝ 0,24 ï 50 ʄʈʇ. 
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ɺʅɽɼʈɽʅʀɽ ʕʅɽʈɻʆʉɹɽʈɽɻɸʖʑʀʍ ʉʀʉʊɽʄ ʆʉɺɽʑɽʅʀʗ ɺ 

ʇɸʉʉɸɾʀʈʉʂʀʍ ɺɸɻʆʅɸʍ 
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʠʟʫʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʠʩʪʝʤʳ 

ʦʩʚʝʱʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʚʘʛʦʥʘ ʠ ʟʘʤʝʥʘ ʤʦʨʘʣʴʥʦ ʫʩʪʘʨʝʚʰʠʭ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʝʪʠʣʴʥʠʢʦʚ ʥʘ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʝ ʵʢʦʥʦʤʠʯʥʳʝ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ 

ʩʚʝʪʦʜʠʦʜʥʳʝ. ʇʨʠʚʝʜʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʣʘʤʧ ʥʘʢʘʣʠʚʘʥʠʷ, ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ 

ʣʘʤʧ ʠ ʩʚʝʪʦʜʠʦʜʥʳʭ ʩʚʝʪʠʣʴʥʠʢʦʚ. ʆʧʨʝʜʝʣʝʥʘ ʛʦʜʦʚʘʷ ʵʢʦʥʦʤʠʷ ʵʥʝʨʛʠʠ ʦʪ ʚʥʝʜʨʝʥʠʷ 

ʩʚʝʪʦʜʠʦʜʥʳʭ ʣʘʤʧ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʘʩʩʘʞʠʨʩʢʠʡ ʚʘʛʦʥ, ʩʠʩʪʝʤʘ ʦʩʚʝʱʝʥʠʷ, ʤʦʜʝʨʥʠʟʘʮʠʷ, 

ʩʚʝʪʦʜʠʦʜʥʳʝ ʩʚʝʪʠʣʴʥʠʢʠ. 

ɸʥʜʘʪʧʘ. ʆʩʳ ʤʘץʘʣʘʜʘ ʜᴅʩʪװʨʣʽ ʞʦʣʘʫʰʳʣʘʨ ʚʘʛʦʥʳʥʳש ʞʘʨʳץʪʘʥʜʳʨʫ ʞװʡʝʩʽʥ 

ʝʩʢʽʨʛʝʥ ʣʶʤʠʥʝʩʮʝʥʪʪʽ ʰʘʤʜʘʨʜʳ ץʘʟʽʨʛʽ ʟʘʤʘʥסʳ ʪʠʽʤʜʽ ʞᴅʥʝ ʪʠʽʤʜʽ ʵʥʝʨʛʠʷ  

ʞʘʨʳץʜʠʦʜʪʳ ʞʘסשʳʨʪʫ ʞᴅʥʝ ʘʫʳʩʪʳʨʫ ʤװʤʢʽʥʜʽʛʽ ʟʝʨʪʪʝʣʛʝʥ. ץʳʟʜʳʨʫ ʰʘʤʜʘʨʳʥ, 

ʣʶʤʠʥʝʩʮʝʥʪʪʽ ʰʘʤʜʘʨʜʳ ʞᴅʥʝ ʞʘʨʳץ ʜʠʦʜʪʳ ʰʘʤʜʘʨʜʳש ʩʘʣʳʩʪʳʨʤʘʣʳ ʜʝʨʝʢʪʝʨʽ 

ʢʝʣʪʽʨʽʣʛʝʥ. ʞʘʨʳץʜʠʦʜʪʳ ʰʘʤʜʘʨʜʳ ʞʳʣʜʳץ ʵʥʝʨʛʠʷ װʥʝʤʜʝʫ ʝʥʛʽʟʫ ʘʥʳץʪʘʣסʘʥ. 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ʞʦʣʘʫʰʳʣʘʨ ʚʘʛʦʥʳ, ʞʘʨʳץʪʘʥʜʳʨʫ ʞװʡʝʩʽ, ʞʘסשʳʨʪʫ, 

ʞʘʨʳץʜʠʦʜʪʳ ʰʘʤʜʘʨ 

Abstract. This article examines the possibility of modernizing the lighting system of a 

traditional passenger car and replacing obsolete fluorescent lamps with more modern economical 

and energy-efficient led ones. Comparative data of incandescent lamps, fluorescent lamps and 

led lamps are given. Annual energy savings from the introduction of led lamps are determined.. 

Key words: passenger car lighting system, retrofit led lamps. 

 

   ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʦʩʚʝʱʝʥʠʷ ʠ ʟʘʤʝʥʘ ʤʦʨʘʣʴʥʦ ʫʩʪʘʨʝʚʰʠʭ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʝʪʠʣʴʥʠʢʦʚ ʥʘ ʥʦʚʳʝ ʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʳʝ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ 

ʩʚʝʪʦʜʠʦʜʥʳʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʨʝʙʦʚʘʥʠʷʤʠ ɿʘʢʦʥʘ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʦʪ 13 ʷʥʚʘʨʷ 

2012 ʛʦʜʘ ˉ 541-IV. çʆʙ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʠ ʠ ʧʦʚʳʰʝʥʠʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠè  

    ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚʩʝ ʙʦʣʴʰʝ ʧʦʪʨʝʙʠʪʝʣʝʡ ʦʪʢʘʟʳʚʘʶʪʩʷ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʦʩʚʝʪʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ, ʦʪʜʘʚʘʷ ʧʨʝʜʧʦʯʪʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʤ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʤ 

ʪʝʭʥʦʣʦʛʠʷʤ. ɿʘʤʝʥʠʪʴ ʦʙʳʯʥʳʝ ʣʘʤʧʳ ʥʘ LED-ʩʚʝʪʠʣʴʥʠʢʠ ʪʨʝʙʫʝʪ ʟʘʪʨʘʪ, ʦʜʥʘʢʦ ʵʪʠ 

ʨʘʩʭʦʜʳ ʦʢʫʧʘʶʪʩʷ ʟʘ ʥʝʙʦʣʴʰʦʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʟʘ ʩʯʝʪ ʵʢʦʥʦʤʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ɿʘʤʝʥʘ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʣʘʤʧ ʥʘ ʩʚʝʪʦʜʠʦʜʥʳʝ, ʧʦʟʚʦʣʠʪ ʵʢʦʥʦʤʠʪʴ ʥʘʤʥʦʛʦ 

ʙʦʣʴʰʝ ʠ ʦʙʝʩʧʝʯʠʪ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʦʩʚʝʱʝʥʠʷ ʚ ʧʦʤʝʱʝʥʠʷʭ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

ʇʨʠ ʵʪʦʤ ʩʚʝʪʦʜʠʦʜʥʳʝ ʣʘʤʧʳ ʙʦʣʝʝ ʧʦʞʘʨʦʙʝʟʦʧʘʩʥʳ ʠ ʵʢʦʣʦʛʠʯʥʳ, ʯʝʤ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ, ʪʘʢ ʢʘʢ ʥʝ ʥʘʛʨʝʚʘʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʠ ʥʝ ʩʦʜʝʨʞʘʪ ʦʧʘʩʥʳʭ ʜʣʷ 

ʟʜʦʨʦʚʴʷ ʚʝʱʝʩʪʚ. 

ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʩʚʝʪʦʜʠʦʜʥʳʭ ʩʚʝʪʠʣʴʥʠʢʦʚ 

ʉʚʝʪʦʜʠʦʜʥʳʝ ʤʦʜʝʣʠ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʜʨʫʛʠʭ ʥʝʢʦʪʦʨʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ: 

1. ʉʚʝʪʦʜʠʦʜʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʧʦʤʦʛʘʶʪ ʵʢʦʥʦʤʠʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ. ɺʝʜʴ ʦʥʠ 

ʪʨʝʙʫʶʪ ʝʝ ʚ 2,5 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʝʪʠʣʴʥʠʢʠ, ʠ ʨʘʙʦʪʘʶʪ ʛʦʨʘʟʜʦ 

ʵʬʬʝʢʪʠʚʥʝʝ ʠ ʥʘʜʝʞʥʝʝ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ çʧʠʪʘʶʪʩʷè ʪʦʣʴʢʦ ʧʦʩʪʦʷʥʥʳʤ ʪʦʢʦʤ, ʧʦʵʪʦʤʫ 

ʥʠʢʦʛʜʘ ʥʝ ʤʝʨʮʘʶʪ ʠ ʥʝ ʚʳʟʳʚʘʶʪ ʫʪʦʤʣʝʥʠʷ ʛʣʘʟ. ɸ ʝʩʣʠ ʩʥʘʙʜʠʪʴ ʠʭ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʨʘʩʩʝʠʚʘʪʝʣʝʤ, ʪʦ ʦʥ ʧʨʝʜʦʪʚʨʘʪʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʩʣʝʧʷʱʠʭ ʦʪʙʣʝʩʢʦʚ. 

2. ʆʥʠ ʦʙʣʘʜʘʶʪ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʤ ʩʨʦʢʦʤ ʩʣʫʞʙʳ, ʢʦʪʦʨʳʡ ʧʨʝʚʳʰʘʝʪ 

ʪʘʢʦʚʦʡ ʜʣʷ ʦʙʳʯʥʳʭ ʣʘʤʧ ʥʘʢʘʣʠʚʘʥʠʷ ʧʨʠʤʝʨʥʦ ʚ 12 ʨʘʟ (ʜʦ 50 000 ʯʘʩʦʚ). 

mailto:aZh.musaev@kazatk.kz
mailto:bnur.temirxanova07@mail.ru
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3. ʉʚʝʪʠʣʴʥʠʢʠ ʠʤʝʶʪ ʥʝʙʦʣʴʰʠʝ ʨʘʟʤʝʨʳ, ʦʯʝʥʴ ʫʜʦʙʥʳ ʠ ʘʙʩʦʣʶʪʥʦ ʙʝʟʦʧʘʩʥʳ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʩʣʝ ʚʳʨʘʙʦʪʢʠ ʨʝʩʫʨʩʘ ʠʭ ʣʝʛʢʦ ʫʪʠʣʠʟʠʨʦʚʘʪʴ, ʪʘʢ ʢʘʢ ʦʥʠ 

ʥʝ ʩʦʜʝʨʞʘʪ ʨʪʫʪʠ. 

4. ɺ ʨʘʙʦʯʝʤ ʩʦʩʪʦʷʥʠʠ ʩʚʝʪʦʜʠʦʜʳ ʚʳʜʝʣʷʶʪ ʤʘʣʦ ʠʥʬʨʘʢʨʘʩʥʳʭ ʠ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʭ ʣʫʯʝʡ, ʘ ʪʘʢʞʝ  ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʥʘʛʨʝʚʘʶʪʩʷ ʜʘʞʝ ʧʨʠ ʜʣʠʪʝʣʴʥʦʡ 

ʨʘʙʦʪʝ.  

5. ʇʦʜʦʙʥʳʝ ʩʚʝʪʠʣʴʥʠʢʠ ʣʝʛʢʦ ʧʦʜʢʣʶʯʠʪʴ ʢ ʧʨʦʛʨʘʤʤʥʦʤʫ ʦʩʚʝʱʝʥʠʶ, ʯʪʦ 

ʧʦʟʚʦʣʠʪ ʤʘʢʩʠʤʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ. 

ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʚ ʪʘʙʣʠʯʥʦʡ ʬʦʨʤʝ ʧʨʠʚʝʜʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʣʠʯʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʦʩʚʝʱʝʥʠʷ ʥʘ ʧʨʠʤʝʨʝ ʩʚʝʪʦʜʠʦʜʥʳʭ, ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʠ ʣʘʤʧ ʥʘʢʘʣʠʚʘʥʠʷ. 
 

ʊʘʙʣʠʮʘ 1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʦʩʚʝʱʝʥʠʷ 
 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʉʚʝʪʦʜʠʦʜʥʘʷ ʣʘʤʧʘ 
ʃʶʤʠʥʝʩʮʝʥʪʥʘʷ 

ʣʘʤʧʘ 

ʃʘʤʧʘ 

ʥʘʢʘʣʠʚʘʥʠʷ 

ʉʚʝʪʦʚʦʡ ʧʦʪʦʢ 700Lm 700Lm 720Lm 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʩʚʝʪʦʦʪʜʘʯʠ 78Lm/W 28Lm/W 12Lm/W 

ʇʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ 9W 20W 60W 

ʉʨʦʢ ʩʣʫʞʙʳ 50000 ʯʘʩʦʚ ʜʦ 25000 ʯʘʩʦʚ ʜʦ 1000 ʯʘʩʦʚ 

ʕʢʦʣʦʛʠʯʥʦʩʪʴ ɼʘ ʉʦʜʝʨʞʠʪ ʨʪʫʪʴ ɼʘ 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʫʪʠʣʠʟʘʮʠʠ 
ʅʝ ʪʨʝʙʫʝʪ ʦʩʦʙʳʭ 

ʤʝʨ  ʫʪʠʣʠʟʘʮʠʠ 

ʊʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʳʭ 

ʤʝʨ ʫʪʠʣʠʟʘʮʠʠ 

ʅʝ ʪʨʝʙʫʝʪ 

ʦʩʦʙʳʭ ʤʝʨ 

ʫʪʠʣʠʟʘʮʠʠ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦ ʚʣʘʞʥʳʭ ʠ 

ʧʳʣʴʥʳʭ ʧʦʤʝʱʝʥʠʷʭ 
ɼʘ 

ʅʝʞʝʣʘʪʝʣʴʥʦ, 

ʩʦʢʨʘʱʘʝʪʩʷ ʩʨʦʢ 

ʩʣʫʞʙʳ 

ɼʘ 

ɿʘʜʝʨʞʢʘ ʚʢʣʶʯʝʥʠ ̫ ʅʝʪ ɼʘ ʅʝʪ 

ʏʘʩʪʦʝ 

ʚʢʣʶʯʝʥʠʝ/ʚʳʢʣʶʯʝʥʠʝ 

ʧʠʪʘʥʠʷ 

ʅʝ ʚʣʠʷʝʪ ʥʘ ʩʨʦʢ 

ʩʣʫʞʙʳ 

ʉʦʢʨʘʱʘʝʪ ʩʨʦʢ 

ʩʣʫʞʙʳ 

ʉʦʢʨʘʱʘʝʪ ʩʨʦʢ 

ʩʣʫʞʙʳ 

ʄʝʨʮʘʥʠʝ ʅʝʪ ɼʘ ʅʝʪ 

ɺʠʙʨʦʫʩʪʦʡʯʠʚʦʩʪʴ ɼʘ ʅʝʪ ʅʝʪ 

ʊʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʈʝʜʢʦ ʋʤʝʨʝʥʥʦ ʏʘʩʪʦ 

 

ʈʘʚʥʦʤʝʨʥʦʩʪʴ ʠ ʩʠʣʘ ʩʚʝʪʘ 

ʇʦʪʨʝʙʣʷʷ ʚ ʜʚʘ, ʘ ʪʦ ʠ ʚ ʪʨʠ ʨʘʟʘ ʤʝʥʴʰʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʩʚʝʪʦʜʠʦʜʥʳʝ 

ʩʚʝʪʠʣʴʥʠʢʠ ʜʘʶʪ ʙʦʣʝʝ ʷʨʢʦʝ ʠ ʨʘʚʥʦʤʝʨʥʦʝ ʦʩʚʝʱʝʥʠʝ. ʆʪʯʘʩʪʠ ʵʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, 

ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʚʦʝʡ ʦʩʠ ʣʶʤʠʥʝʩʮʝʥʪʥʘʷ ʣʘʤʧʘ ʦʩʚʝʱʘʝʪ ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʘ 360 

ʛʨʘʜʫʩʦʚ, ʧʨʠ ʵʪʦʤ ʯʘʩʪʴ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ, ʠʜʫʱʘʷ ʚʥʫʪʨʴ ʩʘʤʦʛʦ ʩʚʝʪʠʣʴʥʠʢʘ, ʧʨʦʩʪʦ 

ʪʝʨʷʝʪʩʷ ʧʨʠ ʧʝʨʝʦʪʨʘʞʝʥʠʠ. 

ʉʚʝʪʦʜʠʦʜʳ ʩʚʝʪʷʪ ʥʘ 120 ʛʨʘʜʫʩʦʚ, ʠ ʚʝʩʴ ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚʥʠʟ. 

ʂʨʦʤʝ ʪʦʛʦ, ʪʘʢʠʝ ʩʚʝʪʠʣʴʥʠʢʠ ʤʛʥʦʚʝʥʥʦ ʚʢʣʶʯʘʶʪʩʷ, ʚ ʥʠʭ ʦʪʩʫʪʩʪʚʫʝʪ ʤʝʨʮʘʥʠʝ, ʠ 

ʋʌ-ʠʟʣʫʯʝʥʠʝ, ʘ ʟʥʘʯʠʪ, ʥʝʪ ʨʠʩʢʘ ʜʣʷ ʟʨʝʥʠʷ ʠ ʟʜʦʨʦʚʴʷ. 
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ʈʝʰʘʷ, ʢʘʢʠʤ ʙʫʜʝʪ ʦʩʚʝʱʝʥʠʝ ʦʬʠʩʘ, ʪʦʨʛʦʚʦʛʦ ʟʘʣʘ ʠʣʠ ʣʶʙʦʛʦ ʜʨʫʛʦʛʦ ʟʜʘʥʠʷ ʠ 

ʧʦʤʝʱʝʥʠʷ, ʠʭ ʚʣʘʜʝʣʴʮʳ ʯʘʩʪʦ ʦʪʜʘʶʪ ʧʨʝʜʧʦʯʪʝʥʠʝ ʙʦʣʝʝ ʜʝʰʝʚʳʤ ʫʩʪʨʦʡʩʪʚʘʤ. 

ʆʜʥʘʢʦ ʧʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʜʦʚʦʜʳ ʠ ʨʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʵʢʦʥʦʤʠʯʝʩʢʠ ʙʦʣʝʝ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʚʝʪʦʜʠʦʜʥʳʝ ʩʚʝʪʠʣʴʥʠʢʠ: ʦʥʠ ʦʢʫʧʘʶʪʩʷ ʦʯʝʥʴ ʙʳʩʪʨʦ ʠ ʥʝ 

ʪʨʝʙʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʣʦʞʝʥʠʡ. ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʝʪʠʣʴʥʠʢʠ ʩʪʦʷʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʜʝʰʝʚʣʝ ʚ 2-3 ʨʘʟʘ ʩʚʦʠʭ ʩʚʝʪʦʜʠʦʜʥʳʭ ʘʥʘʣʦʛʦʚ. ʇʝʨʚʦʥʘʯʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʟʘʢʫʧʢʫ ʫ 

ʥʠʭ ʥʠʞʝ, ʯʝʤ ʥʘ ʩʚʝʪʦʜʠʦʜʥʳʝ ʩʚʝʪʠʣʴʥʠʢʠ. ʅʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ ʙʳʩʪʨʦ 

ʨʘʩʩʪʘʚʣʷʶʪ ʚʩʝ ʥʘ ʩʚʦʠ ʤʝʩʪʘ. ʏʝʨʝʟ ʛʦʜ ʠʣʠ ʤʘʢʩʠʤʫʤ ʜʚʘ ʛʦʜʘ ʩʚʝʪʦʜʠʦʜʥʳʝ 

ʩʚʝʪʠʣʴʥʠʢʠ ʦʜʥʦʟʥʘʯʥʦ ʥʘʯʠʥʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʵʢʦʥʦʤʠʪʴ ʜʝʥʝʞʥʳʝ ʩʨʝʜʩʪʚʘ, ʚʨʝʤʷ ʥʘ 

ʦʙʩʣʫʞʠʚʘʥʠʝ. 

ʇʨʠ ʵʪʦʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʧʨʠ ʩʤʝʥʝ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʦʩʚʝʱʝʥʠʷ ʥʘ ʩʚʝʪʦʜʠʦʜʥʳʝ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʤʝʥʴʰʝʥʠʝ 

ʩʨʦʢʘ ʦʢʫʧʘʝʤʦʩʪʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʝ ʟʘʤʝʥʘ, ʘ ʤʦʜʝʨʥʠʟʘʮʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ 

ʦʩʚʝʱʝʥʠʷ, ʙʝʟ ʟʘʤʝʥʳ ʰʪʘʪʥʦʛʦ ʢʦʨʧʫʩʘ ʩʚʝʪʠʣʴʥʠʢʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ ʚ ʧʘʩʩʘʞʠʨʩʢʠʭ ʚʘʛʦʥʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʣʘʤʧʳ ʠ ʣʘʤʧʳ ʥʘʢʘʣʠʚʘʥʠʷ. ʃʶʤʠʥʝʩʮʝʥʪʥʦʝ ʦʩʚʝʱʝʥʠʝ ʧʨʠʤʝʥʷʝʪʩʷ 

ʜʣʷ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʦʤʝʱʝʥʠʡ (ʢʫʧʝ ʧʨʦʚʦʜʥʠʢʦʚ, ʩʘʣʦʥ, ʢʦʨʠʜʦʨ). ʆʩʪʘʣʴʥʳʝ ʧʦʤʝʱʝʥʠʷ 

(ʪʘʤʙʫʨʳ, ʪʫʘʣʝʪʳ, ʢʦʪʝʣʴʥʘʷ ʠ ʪ.ʧ.) ʦʩʚʝʱʘʶʪʩʷ ʣʘʤʧʘʤʠ ʥʘʢʘʣʠʚʘʥʠʷ. ʃʘʤʧʳ 

ʥʘʢʘʣʠʚʘʥʠʷ ʦʜʠʥʘʢʦʚʦ ʭʦʨʦʰʦ ʨʘʙʦʪʘʶʪ ʢʘʢ ʥʘ ʧʦʩʪʦʷʥʥʦʤ, ʪʘʢ ʠ ʥʘ ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ. 

ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʣʘʤʧʳ ʥʘ ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ 220 ɺ. ʇʦʵʪʦʤʫ ʚ ʘʚʪʦʥʦʤʥʳʭ ʩʠʩʪʝʤʘʭ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʜʣʷ ʠʭ ʧʠʪʘʥʠʷ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ. 

ɺ ʜʘʥʥʦʤ ʧʨʦʝʢʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʥʦʚʳʡ ʚʘʨʠʘʥʪ ʦʩʚʝʱʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʩʚʝʪʦʜʠʦʜʥʳʭ ʩʚʝʪʠʣʴʥʠʢʘʭ. 

ʕʪʠ ʦʩʚʝʪʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ ʠʤʝʶʪ ʦʛʨʦʤʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʝʨʝʜ ʧʨʠʚʳʯʥʳʤʠ 

ʣʘʤʧʘʤʠ ʥʘʢʘʣʠʚʘʥʠʷ, ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʠ ʛʘʣʦʛʝʥʥʳʤʠ ʣʘʤʧʘʤʠ. ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ 

ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʩʚʝʪʦʜʠʦʜʥʳʝ ʩʚʝʪʠʣʴʥʠʢʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʪʝʩʥʠʣʠ 

ʧʦʟʠʮʠʠ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʦʩʚʝʪʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʦʢʘʟʘʪʝʣʠ ʩʚʝʪʦʦʪʜʘʯʠ ʜʦʩʪʠʛʘʶʪ 

145 ʣʶʤʝʥ ʩ ʦʜʥʦʛʦ ʚʘʪʪʘ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ, ʣʶʤʠʥʝʩʮʝʥʪʥʘʷ ʣʘʤʧʘ ʚʳʜʘʝʪ ʥʝ ʙʦʣʝʝ 80 

ʣʶʤʝʥ ʩ ʚʘʪʪʘ. 

ʂʨʦʤʝ ʚʳʩʦʢʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʩʚʝʪʦʦʪʜʘʯʠ ʠ ʤʘʣʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ ʜʘʥʥʳʝ 

ʩʚʝʪʠʣʴʥʠʢʠ ʤʦʛʫʪ ʚʳʜʘʚʘʪʴ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʠʟʣʫʯʝʥʠʝ ʣʶʙʦʛʦ ʮʚʝʪʘ. 

ʉʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʚʝʪʦʜʠʦʜʥʳʭ ʩʚʝʪʠʣʴʥʠʢʦʚ ʜʦʩʪʠʛʘʝʪ 100 ʪʳʩʷʯ ʯʘʩʦʚ. ʕʪʦ 

ʙʦʣʴʰʝ ʦʜʠʥʥʘʜʮʘʪʠ ʣʝʪ ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʙʦʪʳ. ʂ ʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ ʚʳʩʦʢʫʶ 

ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ, ʪʘʢ ʢʘʢ ʥʘ ʧʘʩʩʘʞʠʨʩʢʠʭ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ 

ʚʘʛʦʥʘʭ, ʛʜʝ ʧʨʝʦʙʣʘʜʘʶʪ ʙʦʣʴʰʠʝ ʚʠʙʨʘʮʠʠ, ʧʝʨʝʧʘʜʳ ʥʘʧʨʷʞʝʥʠʷ ʠ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʚʝʨʦʷʪʥʦʩʪʴ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʜʘʥʥʳʝ ʩʚʝʪʦʜʠʦʜʥʳʝ ʩʚʝʪʠʣʴʥʠʢʠ ʣʫʯʰʠʡ 

ʚʳʙʦʨ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʨʥʠʟʠʨʫʝʤʦʛʦ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʚʘʛʦʥʘ. ɺʝʜʴ ʚ 

ʩʚʝʪʦʜʠʦʜʥʳʭ ʩʚʝʪʠʣʴʥʠʢʘʭ ʦʪʩʫʪʩʪʚʫʝʪ ʪʘʢʦʡ ʭʨʫʧʢʠʡ ʠ ʥʝʥʘʜʝʞʥʳʡ ʵʣʝʤʝʥʪ ʢʘʢ 

ʩʪʝʢʣʷʥʥʘʷ ʢʦʣʙʘ ʠ ʥʘʭʦʜʷʱʘʷʩʷ ʚ ʥʝʡ ʥʠʪʴ ʥʘʢʘʣʠʚʘʥʠʷ. 

ɺʥʝʜʨʝʥʠʝ ʩʚʝʪʦʜʠʦʜʦʚ, ʧʦ ʤʥʝʥʠʶ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʩʪʘʥʦʚʠʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʥʘ ʨʳʥʢʝ ʦʩʚʝʪʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ. 

ʉʝʡʯʘʩ ʧʷʪʘʷ ʯʘʩʪʴ ʚʩʝʡ ʤʠʨʦʚʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʦʩʚʝʱʝʥʠʝ. 

ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʩʚʝʪʦʜʠʦʜʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʵʪʦʪ 

ʧʦʢʘʟʘʪʝʣʴ ʟʘ ʩʯʝʪ ʚʳʩʦʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʵʪʠʭ ʩʚʝʪʠʣʴʥʠʢʦʚ. 

ɻʦʜʦʚʘʷ ʵʢʦʥʦʤʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʪʳʩ. ʢɺʪĀʯ, ʧʨʠ ʧʝʨʝʦʙʦʨʫʜʦʚʘʥʠʠ ʦʜʥʦʛʦ 

ʚʘʛʦʥʘ ʩʦʩʪʘʚʠʪ 
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ʛʜʝ W_ʩʫʱ,W_ʨʝʢï ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ 

ʨʝʢʦʤʝʥʜʫʝʤʳʭ ʦʩʚʝʪʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʘʭ ʟʘ ʛʦʜ, ʢɺʪĀʯ. 

 

 

 
 

ʛʜʝ P_ʩʫʱ ï ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʦʙʱʝʛʦ ʦʩʚʝʱʝʥʠʷ ʚʘʛʦʥʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʩʚʝʪʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ, ʢɺʪ, P_ʩʫʱ=2,48 ʢɺʪ; 

P_(ʨʝʢ )ï ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʦʙʱʝʛʦ ʦʩʚʝʱʝʥʠʷ ʚʘʛʦʥʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʨʝʢʦʤʝʥʜʫʝʤʳʭ ʦʩʚʝʪʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ, ʢɺʪ, P_(ʨʝʢ )=0,971 ʢɺʪ; 

T ï ʚʨʝʤʷ ʨʘʙʦʪʳ ʦʩʚʝʱʝʥʠʷ ʟʘ ʛʦʜ, T =3285 ʯ. 

ʈʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʩʚʝʪʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʘʭ ʠ 

ʨʝʢʦʤʝʥʜʫʝʤʳʭ ʩʦʩʪʘʚʠʪ 

 

 
 

ɻʦʜʦʚʘʷ ʵʢʦʥʦʤʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

 

 
 

ʇʨʦʠʟʚʝʜʸʤ ʨʘʩʯʸʪ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʦʪ ʚʥʝʜʨʝʥʠʷ ʩʚʝʪʦʜʠʦʜʥʳʭ 

ʩʚʝʪʠʣʴʥʠʢʦʚ ʧʦ ʬʦʨʤʫʣʝ 

 

 
 

ʛʜʝ ʩʪʦʠʤʦʩʪʴ 1 ʢɺʪʯ, = 8691ʪʛ 

 

 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʦʜʦʚʘʷ ʵʢʦʥʦʤʠʷ ʵʥʝʨʛʠʠ ʦʪ ʚʥʝʜʨʝʥʠʷ ʩʚʝʪʦʜʠʦʜʥʳʭ ʣʘʤʧ 

ʩʦʩʪʘʚʠʪ 43 107 000 ʪʝʥʛʝ, ʥʘ ʦʜʠʥ ʧʘʩʩʘʞʠʨʩʢʠʡ ʚʘʛʦʥ. 
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ʂ ɺʆʇʈʆʉʋ ʕʂʆʃʆɻʀʏɽʉʂʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ ʇʈʀ ʇɽʈɽɺʆɿʂɽ 

ʅɽʌʊʗʅʓʍ ɻʈʋɿʆɺ ɾɽʃɽɿʅʆɼʆʈʆɾʅʓʄ ʊʈɸʅʉʇʆʈʊʆʄ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ ʟʘʛʨʷʟʥʝʥʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʫʪʠ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤʠ ʮʠʩʪʝʨʥʘʤʠ. ʇʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʜʚʠʞʥʦʛʦ 

ʩʦʩʪʘʚʘ ʥʘ ʟʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʬʪʝʧʨʦʜʫʢʪʳ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ, ʞʝʣʝʟʥʘʷ ʜʦʨʦʛʘ, ʮʠʩʪʝʨʥʘ, 

ʟʘʛʨʷʟʥʝʥʠʝ, ʵʢʦʣʦʛʠʷ. 

ɸʥʜʘʪʧʘ. ɹײʣ ʤʘץʘʣʘʜʘ  ʤײʥʘʡ ᴇʥʽʤʜʝʨʽʥ ʪʝʤʽʨʞʦʣ ʢᴇʣʽʛʽ ʮʠʩʪʝʨʥʘʣʘʨʳʤʝʥ 

ʪʘʩʳʤʘʣʜʘסʘʥ ʢʝʟʜʝʛʽ ץʦʨʰʘסʘʥ ʦʨʪʘʥʳש ʞᴅʥʝ ʪʝʤʽʨ ʞʦʣʜʘʨʜʳש ʣʘʩʪʘʥʫʳʥʳש ʥʝʛʽʟʛʽ 

ʬʘʢʪʦʨʣʘʨʳ ץʘʨʘʩʪʳʨʳʣסʘʥ. פʦʨʰʘסʘʥ ʦʨʪʘʥʳש ʤײʥʘʡ ᴇʥʽʤʜʝʨʽʤʝʥ ʣʘʩʪʘʥʫʳʥʘ 

ʞʳʣʞʳʤʘʣʳ ײץʨʘʤʥʳש ʪʝʭʥʠʢʘʣʳץ ʢװʡʽʥʽש ᴅʩʝʨʽ ʢᴇʨʩʝʪʽʣʛʝʥ. 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ʤײʥʘʡ ᴇʥʽʤʜʝʨʽ, ʪʘʩʳʤʘʣʜʘʫ, ʪʝʤʽʨ ʞʦʣ, ʮʠʩʪʝʨʥʘ, ʣʘʩʪʘʥʫ, 

ʵʢʦʣʦʛʠʷ. 

Abstract. This article describes the main factors of environmental pollution and railway 

track during transportation of petroleum products by rail tank cars. The influence of the technical 

condition of the rolling stock on the pollution of the environment with oil products is shown. 

Key words: oil products, transportation, railway, tank, pollution, ecology. 

 

ʇʨʦʛʥʦʟʠʨʫʝʤʳʝ ʟʘʧʘʩʳ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʂʘʟʘʭʩʪʘʥʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʫʞʝ  ʚ  

ʙʣʠʞʘʡʰʝʤ  ʙʫʜʫʱʝʤ  ʂʘʟʘʭʩʪʘʥ ʤʦʞʝʪ ʩʪʘʪʴ  ʦʜʥʠʤ  ʠʟ  ʦʩʥʦʚʥʳʭ ʧʦʩʪʘʚʱʠʢʦʚ ʥʝʬʪʠ ʚ 

ʤʠʨʝ.  

ʇʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ  ʜʘʥʥʳʤ ʈʂ ʨʘʩʧʦʣʘʛʘʝʪ 10 % ʤʠʨʦʚʳʭ ʟʘʧʘʩʦʚ ʥʝʬʪʠ, ʘ ʝʝ 

ʜʦʙʳʯʘ ʩʦʩʪʘʚʣʷʝʪ 11,6 % ʤʠʨʦʚʦʡ. ɺ ʮʝʣʦʤ ʚ ʩʪʨʘʥʝ, ʨʘʟʚʝʜʘʥʦ ʪʦʣʴʢʦ 33 % 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ  ʟʘʧʘʩʦʚ. ʅʘ  ʪʝʨʨʠʪʦʨʠʠ ʈʂ ʨʘʩʧʦʣʦʞʝʥʦ 12 ʤʣʥ. ʢʤ
2
 ʥʝʬʪʝʥʦʩʥʦʡ  

ʧʣʦʱʘʜʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ ʟʝʤʥʦʤ  ʰʘʨʝ ʪʘʢʦʡ ʧʣʦʱʘʜʠ ʠʟʚʝʩʪʥʦ 32 ʤʣʥ.ʢʤ
2
. ʈʘʟʚʠʚʘʝʪʩʷ 

ʠ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʘʷ  ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʥʘ ʢʘʟʘʭʩʪʘʥʩʢʦʤ ʨʳʥʢʝ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ 

ʦʧʝʨʠʨʫʶʪ ʪʨʠ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʟʘʚʦʜʘ - ɸʪʳʨʘʫʩʢʠʡ, ʇʘʚʣʦʜʘʨʩʢʠʡ ʠ 

ʐʳʤʢʝʥʪʩʢʠʡ [1].  

ʆʩʥʦʚʥʦʡ ʦʙʲʝʤ ʧʝʨʝʚʦʟʦʢ ʥʝʬʪʝʥʘʣʠʚʥʳʭ ʛʨʫʟʦʚ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʜʦʣʶ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ  ʪʨʘʥʩʧʦʨʪʘ. ɾʝʣʝʟʥʘʷ ʜʦʨʦʛʘ ʷʚʣʷʝʪʩʷ ʥʘʜʝʞʥʳʤ ʧʘʨʪʥʝʨʦʤ 

ʧʨʝʜʧʨʠʷʪʠʡ ʥʝʬʪʝʜʦʙʳʚʘʶʱʝʡ ʠ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ ʨʝʩʧʫʙʣʠʢʠ. ʋʜʝʣʴʥʳʡ ʚʝʩ 

ʧʝʨʝʚʦʟʦʢ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ ʚ ʦʙʲʝʤʝ ʧʨʦʠʟʚʦʜʩʪʚʘ  ʥʝʬʪʠ  ʝʞʝʛʦʜʥʦ 

ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 40%.  ʆʩʥʦʚʥʦʡ ʦʙʲʝʤ ʧʝʨʝʚʦʟʦʢ ʥʝʬʪʝʥʘʣʠʚʥʳʭ ʛʨʫʟʦʚ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʵʢʩʧʦʨʪʥʦʤ ʠ  ʚʥʫʪʨʠʨʝʩʧʫʙʣʠʢʘʥʩʢʦʤ ʩʦʦʙʱʝʥʠʷʭ [2]. 

ʅʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʘʷ ʦʪʨʘʩʣʴ ʚ ʂʘʟʘʭʩʪʘʥʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʨʝʤʷ ʢʨʫʧʥʳʤʠ 

ʧʨʝʜʧʨʠʷʪʠʷʤʠ ɸʆ çɸʪʳʨʘʫʩʢʠʡ ʅʇɿè, ɸʆ çʇʘʚʣʦʜʘʨʩʢʠʡ ʥʝʬʪʝʭʠʤʠʯʝʩʢʠʡ ʟʘʚʦʜè ʠ 

ɸʆ çPetro Kazakhstan Oil Productè (ʐʅʆʉ).  ʉʫʤʤʘʨʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʤʦʱʥʦʩʪʠ 

ʵʪʠʭ ʟʘʚʦʜʦʚ ʧʦʟʚʦʣʷʶʪ ʧʝʨʝʨʘʙʘʪʳʚʘʪʴ ʜʦ 18,5 ʤʣʥ. ʪʦʥʥ ʥʝʬʪʠ ʠ ʧʦʣʥʦʩʪʴʶ ʦʙʝʩʧʝʯʠʪʴ 

ʚʥʫʪʨʝʥʥʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʩʪʨʘʥʳ ʚ ʪʦʧʣʠʚʝ. 

ʆʜʥʘʢʦ ʚʳʩʦʢʠʝ ʮʝʥʳ ʥʘ ʤʠʨʦʚʳʭ ʨʳʥʢʘʭ ʩʧʦʩʦʙʩʪʚʫʶʪ ʪʦʤʫ, ʯʪʦʙʳ ʧʦʜʘʚʣʷʶʱʘʷ 

ʯʘʩʪʴ ʜʦʙʳʪʦʡ ʥʝʬʪʠ ʩʪʘʣʘ ʧʨʝʜʤʝʪʦʤ ʵʢʩʧʦʨʪʘ. ʉʪʝʧʝʥʴ ʟʘʛʨʫʟʢʠ ʤʦʱʥʦʩʪʝʡ ʟʘʚʦʜʦʚ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 50%, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚ ʩʪʨʘʥʝ ʩʦʭʨʘʥʷʝʪʩʷ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʠʤʧʦʨʪʘ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. ɺ ʙʣʠʞʘʡʰʠʝ 5-7 ʣʝʪ ʚ ʂʘʟʘʭʩʪʘʥʝ ʧʣʘʥʠʨʫʝʪʩʷ ʚʚʦʜ 3 
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ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʟʘʚʦʜʦʚ. ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʜʘʥʥʳʭ, ʤʦʞʥʦ 

ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʜʠʥʘʤʠʢʫ ʧʝʨʝʚʦʟʦʢ ʩʳʨʦʡ ʥʝʬʪʠ ʥʘ ʧʝʨʠʦʜ 2008-2020 ʛʦʜʳ (ʪʘʙʣʠʮʘ 1).

  

ʊʘʙʣʠʮʘ 1 - ʇʨʦʛʥʦʟ ʧʝʨʝʚʦʟʦʢ ʩʳʨʦʡ ʥʝʬʪʠ ʜʦ 2020 ʛʦʜʘ 
 

ʉʦʦʙʱʝʥʠʝ  2012 2013 2014 2015 2016 2017 2018 2019 2020 

ʄʝʞʦʙʣʘʩʪʥʦʝ  2100 2300 2500 2700 2900 3100 3300 3500 3700 

ʕʢʩʧʦʨʪ  16000 5000 5000 5000 5000 5000 5000 5000 5000 

ʀʤʧʦʨʪ  1200 1200 1200 1200 1200 1200 1200 1200 1200 

ʊʨʘʥʟʠʪ  135 145 155 165 175 185 195 205 215 

ɺʩʝʛʦ  19435 8645 8855 9065 9275 948 9695 9905 10115 

 

ʆʪ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʠ ʙʝʩʧʝʨʝʙʦʡʥʦʡ ʜʦʩʪʘʚʢʠ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʠʟ ʧʫʥʢʪʦʚ 

ʜʦʙʳʯʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʚ ʧʫʥʢʪʳ ʧʦʪʨʝʙʣʝʥʠʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʟʘʚʠʩʠʪ ʥʦʨʤʘʣʴʥʘʷ 

ʨʘʙʦʪʘ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʨʝʜʲʷʚʣʷʝʪ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪʳ ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʪʨʘʥʩʧʦʨʪʝ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʡ ʧʝʨʝʚʦʟʢʠ ʥʝʬʪʠ, 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ.  ɺ 2008 ʛʦʜʫ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ ʈʂ ʧʝʨʝʚʝʟʝʥʦ 269 ʪʳʩ. 

ʪʦʥʥ ʥʝʬʪʷʥʳʭ ʛʨʫʟʦʚ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 14% ʦʪ ʦʙʱʝʛʦ  ʛʨʫʟʦʧʦʪʦʢʘ (ʨʠʩʫʥʦʢ 1). 

 

 
         

ʈʠʩʫʥʦʢ 1 ï ʆʙʲʝʤ ʧʝʨʝʚʦʟʦʢ  ʧʦ ʚʠʜʘʤ ʛʨʫʟʦʚ, ʦʪʧʨʘʚʣʝʥʥʳʭ  

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ  

 

 
           

ʈʠʩʫʥʦʢ  2 ï ʉʦʩʪʦʷʥʠʝ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ  

ʠ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

 

ɺ ʜʘʥʥʦʝ  ʚʨʝʤʷ   ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ 39,5 %  ʮʠʩʪʝʨʥ  ʩʨʦʢʦʤ  ʩʣʫʞʙʳ ʙʦʣʝʝ 25 ʣʝʪ 

ʩʦʛʣʘʩʥʦ  ʜʘʥʥʳʤ ʨʠʩʫʥʢʘ 3. 

ʅʝʬʪʷʥʳʝ ʛʨʫʟʳ ʧʝʨʝʚʦʟʷʪʩʷ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʚʘʛʦʥʘʭ-ʮʠʩʪʝʨʥʘʭ [3-4]. ʀʟ 

ʦʙʱʝʛʦ  ʢʦʣʠʯʝʩʪʚʘ   ʚʘʛʦʥʦʚ ʈʂ,  ʮʠʩʪʝʨʥʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʥʝʬʪʷʥʳʭ 

ʛʨʫʟʦʚ, ʩʦʩʪʘʚʣʷʶʪ 12% - 7016 ʝʜʠʥʠʮ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 12% ʦʪ ʦʙʱʝʛʦ ʩʦʩʪʘʚʘ ʧʦʜʚʠʞʥʦʛʦ 

(ʨʠʩʫʥʦʢ 3).  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʧʝʨʝʚʦʟʦʯʥʦʤ  ʧʨʦʮʝʩʩʝ ʮʠʩʪʝʨʥ ʩ ʠʩʪʝʢʰʠʤ ʩʨʦʢʦʤ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʥʝ ʩʦʙʣʶʜʝʥʠʝ ʫʩʣʦʚʠʡ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʥʝʬʪʷʥʳʭ ʛʨʫʟʦʚ (ʙʝʟ ʫʯʝʪʘ 

ʩʪʝʧʝʥʠ ʟʘʧʦʣʥʝʥʠʷ ʢʦʪʣʘ ʞʠʜʢʦʩʪʴʶ ʠ ʤʘʩʩʳ ʛʨʫʟʘ), ʘ ʪʘʢʞʝ ʥʝ ʩʦʙʣʶʜʝʥʠʝ ʩʢʦʨʦʩʪʥʦʛʦ 

ʨʝʞʠʤʘ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ  ʩ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ (ʙʝʟ ʫʯʝʪʘ ʬʘʢʪʠʯʝʩʢʦʛʦ  ʩʦʩʪʦʷʥʠʷ) 
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ʧʨʠʚʦʜʷʪ  ʢ ʘʚʘʨʠʡʥʳʤ ʩʠʪʫʘʮʠʷʤ, ʧʨʠʚʦʜʷʱʠʤ ʢ ʥʘʨʫʰʝʥʠʶ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ ʠ 

ʟʘʛʨʷʟʥʝʥʠʶ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʫʪʠ. 

 

 
      

ʈʠʩʫʥʦʢ 3 ï ɺʦʟʨʘʩʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʮʠʩʪʝʨʥ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ  

ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ 

 

ʅʘ ʜʘʥʥʳʭ ʫʯʘʩʪʢʘʭ ʱʝʙʝʥʦʯʥʳʡ ʙʘʣʣʘʩʪʥʳʡ ʩʣʦʡ ʠʥʪʝʥʩʠʚʥʦ ʟʘʛʨʷʟʥʷʝʪʩʷ 

ʥʝʬʪʴʶ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ. ɿʘʛʨʷʟʥʝʥʥʳʡ ʙʘʣʣʘʩʪʥʳʡ ʩʣʦʡ ʫʧʨʫʛʦ ʥʝ ʚʦʩʧʨʠʥʠʤʘʝʪ 

ʚʝʨʪʠʢʘʣʴʥʫʶ ʥʘʛʨʫʟʢʫ, ʥʝ ʘʤʦʨʪʠʟʠʨʫʝʪ ʚʝʨʪʠʢʘʣʴʥʳʝ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʩʠʣʳ, ʩʦʟʜʘʝʪ 

ʟʘʪʨʫʜʥʝʥʠʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʫʪʝʚʳʭ ʨʘʙʦʪ, ʟʘʜʝʨʞʠʚʘʝʪ ʘʪʤʦʩʬʝʨʥʳʝ ʚʦʜʳ ʚ 

ʙʘʣʣʘʩʪʥʦʡ ʧʨʠʟʤʝ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʢʘʧʠʣʣʷʨʥʳʡ ʧʦʜʲʝʤ ʚʣʘʛʠ ʠʟ ʛʨʫʥʪʦʚ 

ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘ ʢ ʨʝʣʴʩʦʚʳʤ ʦʧʦʨʘʤ. ɿʘʛʨʷʟʥʝʥʥʳʡ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ ʙʘʣʣʘʩʪʥʳʡ ʩʣʦʡ 

ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ʚʝʨʭʥʝʛʦ ʩʪʨʦʝʥʠʷ ʧʫʪʠ, ʚʩʝ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʥʘʨʫʰʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ ʠ ʨʘʙʦʪʳ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. ɺ 

ʨʘʙʦʪʝ ʦʧʨʝʜʝʣʝʥʳ ʥʘʠʙʦʣʝʝ ʟʘʛʨʫʞʝʥʥʳʝ ʫʯʘʩʪʢʠ ʧʦ ʧʝʨʝʚʦʟʢʘʤ ʥʝʬʪʠ ʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ: ʚ ɸʪʳʨʘʫʩʢʦʡ ʦʙʣʘʩʪʠ ʫʯʘʩʪʦʢ ɸʪʳʨʘʫ - ʐʫʙʘʨ ï ʂʫʜʫʢ; ʚ ʖʞʥʦ-

ʂʘʟʘʭʩʪʘʥʩʢʦʡ ʠ ɸʣʤʘʪʠʥʩʢʦʡ ʦʙʣʘʩʪʷʭ ʫʯʘʩʪʦʢ ʐʠʤʢʝʥʪ- ɸʣʤʘʪʳ.  

ʅʘ ʫʯʘʩʪʢʘʭ ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʛʨʫʟʦʧʦʪʦʢʦʤ ʥʝʬʪʷʥʳʭ ʛʨʫʟʦʚ, ʚ ʙʘʣʣʘʩʪʥʦʤ ʩʣʦʝ, 

ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʥʝʨʘʚʥʦʤʝʨʥʳʝ ʦʩʪʘʪʦʯʥʳʝ ʜʝʬʦʨʤʘʮʠʠ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʪʨʫʜʦʚʳʝ ʟʘʪʨʘʪʳ ʥʘ ʚʳʧʨʘʚʢʫ ʧʫʪʠ ʚ ʧʨʦʬʠʣʝ ʜʦʩʪʠʛʘʶʪ ʧʨʠ ʜʝʨʝʚʷʥʥʳʭ 

ʰʧʘʣʘʭ 30-50%, ʘ ʧʨʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ï ʜʦ 60-80% ʚʩʝʭ ʟʘʪʨʘʪ ʥʘ  ʪʝʢʫʱʝʝ  ʩʦʜʝʨʞʘʥʠʝ  

ʧʫʪʠ. ɺʩʣʝʜʩʪʚʠʝ  ʙʳʩʪʨʦʛʦ  ʟʘʛʨʷʟʥʝʥʠʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʫʪʠ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ 

ʧʨʠʭʦʜʠʪʩʷ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʨʝʤʦʥʪʳ ʧʫʪʠ, ʭʦʪʷ ʨʝʣʴʩʦʰʧʘʣʴʥʘʷ ʨʝʰʝʪʢʘ 

ʤʦʛʣʘ ʙʳ ʨʘʙʦʪʘʪʴ ʙʝʟ ʦʙʥʦʚʣʝʥʠʷ. ɿʘʛʨʷʟʥʝʥʥʳʡ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ 

ʧʫʪʴ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ʚʝʨʭʥʝʛʦ ʩʪʨʦʝʥʠʷ ʧʫʪʠ, ʚʩʝ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʥʘʨʫʰʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ ʠ ʨʘʙʦʪʳ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ [5]. 

ɺʳʚʦʜʳ. ɹʝʟʦʧʘʩʥʦʩʪʴ ʧʝʨʝʚʦʟʦʢ ʥʘʣʠʚʥʳʭ ʛʨʫʟʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠ 

ʢʦʤʧʣʝʢʩʥʦʤ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ  ʧʦ  ʦʙʝʩʧʝʯʝʥʠʶ  ʫʩʪʦʡʯʠʚʦʩʪʠ  

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ  ʧʫʪʠ  ʚ ʫʩʣʦʚʠʷʭ  ʠʥʪʝʥʩʠʚʥʦʛʦ  ʟʘʛʨʷʟʥʝʥʠʷ  ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ. 

ʅʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʫʩʣʦʚʠʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʥʝʬʪʷʥʳʝ ʛʨʫʟʳ 

ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ ʥʝ ʠʤʝʶʪ ʧʫʪʝʡ ʚʳʭʦʜʘ ʟʘ ʧʨʝʜʝʣʳ ʢʦʪʣʘ ʚʩʣʝʜʩʪʚʠʝ ʪʝʧʣʦʚʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ ʠʣʠ ʥʝʛʝʨʤʝʪʠʯʥʦʩʪʠ  ʟʘʢʨʳʪʦʡ ʢʨʳʰʢʠ ʢʦʣʧʘʢʘ ʢʦʪʣʘ ʮʠʩʪʝʨʥʳ.  
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ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʀ ʂʆʅʉʊʈʋʂʊʀɺʅʓɽ ʆʉʆɹɽʅʅʆʉʊʀ 

ʕʃɽʂʊʈʆʄɸɻʅʀʊʆɺ ʅɸʇʈɸɺʃɽʅʀʗ ɼʃʗ ʅɸɿɽʄʅʆɻʆ ʊʈɸʅʉʇʆʈʊɸ 

 

ɸʥʥʦʪʘʮʠʷ. ʆʩʦʙʝʥʥʦʩʪʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʚ ʩʠʩʪʝʤʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʜʚʝʩʘ ʜʣʷ 

ʵʢʠʧʘʞʝʡ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʥʘʟʝʤʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʢʨʠʪʝʨʠʠ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʷ, 

ʧʦʛʨʫʟʦʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʭ ʢʦʤʧʦʥʦʚʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʩʩʳ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, 

ʧʦʨʷʜʦʢ ʨʘʩʯʝʪʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʤʘʛʥʠʪ, ʵʢʠʧʘʞ, ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʡ ʥʘʟʝʤʥʳʡ ʪʨʘʥʩʧʦʨʪ 

ɸשʜʘʪʧʘ. ʄʘʛʥʠʪʪʽ ʪʦץʪʘʪʫ ʞװʡʝʩʽʥʽש ʤʘʛʥʠʪ ʘסʳʥʳʥʳש ʵʣʝʢʪʨ ʤʘʛʥʠʪʪʝʨʽʥʽש 

ʝʨʝʢʰʝʣʽʢʪʝʨʽ ʞʝʨʜʽש ʞʦסʘʨʳ ʞʳʣʜʘʤʜʳץʪʳ ʞʝʨװʩʪʽ ʪʘʩʳʤʘʣʜʘʫʜʳש ʵʢʠʧʘʞʜʘʨʜʳʥ, 

ʦʨʥʘʣʘʩʫ ʢʨʠʪʝʨʠʣʝʨʽ, ʦʣʘʨʜʳש ʢʦʥʩʪʨʫʢʮʠʷ ײץʨʘʤʳʥʳש ʤʘʩʩʘʩʳʥʘ ʙʘʡʣʘʥʳʩʪʳ 

ʵʣʝʢʪʨʦʤʘʛʥʝʪʠʢʪʝʨʜʽ ʝʩʝʧʪʝʫ ʪᴅʨʪʽʙʽ. 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ʵʣʝʢʪʨ ʤʘʛʥʠʪʪʽ, ʵʢʠʧʘʞ, ʞʦסʘʨʳ ʞʳʣʜʘʤʜʳץʪʘסʳ ʞʝʨ װʩʪʽ ʢᴇʣʽʛʽ 

Abstract. Features of electromagnets of the magnetic suspension system  of high-speed 

ground transportation, criteria for their location, loading characteristics of their line-up, 

depending on the mass of the convoy structure, the procedure for calculating electromagnets. 

Key words: electromagnet, crew, high-speed ground transport 

 

ʉʠʩʪʝʤʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʜʚʝʩʘ ʤʦʛʫʪ ʠʤʝʪʴ ʤʥʦʛʦ ʚʘʨʠʘʥʪʦʚ, ʯʠʩʣʦ ʢʦʪʦʨʳʭ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʩʦʯʝʪʘʥʠʡ ʠʩʪʦʯʥʠʢʦʚ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʨʘʩʧʦʣʘʛʘʝʤʳʭ ʥʘ 

ʵʢʠʧʘʞʝ (ɹʕʇʉ) ʠ ʚ ʧʫʪʠ ʚ ʚʠʜʝ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ,  ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʚ, 

ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʚ, ʘ ʪʘʢʞʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘʤʠ ʫʩʣʦʚʠʷʤʠ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʩʦʟʜʘʝʪʩʷ ʚ ʧʨʦʚʦʜʥʠʢʘʭ ʠʣʠ ʦʥʦ ʧʨʦʥʠʢʘʝʪ ʚ ʧʨʦʚʦʜʷʱʫʶ ʥʝʤʘʛʥʠʪʥʫʶ 

ʠʣʠ ʬʝʨʨʦʤʘʛʥʠʪʥʫʶ ʧʦʣʦʩʫ.  

ɺʩʝ ʩʠʩʪʝʤʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʜʚʝʩʘ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦ ʩʣʝʜʫʶʱʠʤ 

ʧʨʠʥʮʠʧʘʤ: 

ʧʦ ʠʩʪʦʯʥʠʢʫ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ- ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ (ʇʇʄ) ; ʩ ʦʙʳʯʥʳʤʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʘʤʠ (ʕʄʇ); ʩʦ ʩʚʝʨʭʧʦʚʦʜʷʱʠʤʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘʤʠ, ʘ ʪʘʢʞʝ ʚ ʚʠʜʝ 

ʢʦʤʙʠʥʘʮʠʡ ʚʩʝʭ ʵʪʠʭ ʩʠʩʪʝʤ; 

ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʜʝʡʩʪʚʠʷ ʩʠʣ ʤʘʛʥʠʪʥʦʛʦ ʧʦʜʚʝʩʘ- ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʩʠʣʠʡ ʦʪʪʘʣʢʠʚʘʥʠʷ; ʪʦ ʞʝ, ʥʦ ʥʘ ʦʩʥʦʚʝ ʧʨʠʪʷʛʠʚʘʶʱʠʭ ʫʩʠʣʠʡ (ʕʄʇ); 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʧʨʦʷʚʣʝʥʠʷ ʜʝʡʩʪʚʠʷ ʩʠʣ ï ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʤʘʛʥʠʪʥʳʡ ʧʦʜʚʝʩ; 

ʧʦ ʭʘʨʘʢʪʝʨʫ ʚʦʟʥʠʢʥʦʚʘʥʠʷ ʠ ʨʝʘʣʠʟʘʮʠʠ ʜʝʡʩʪʚʫʶʱʠʭ ʫʩʠʣʠʡ-

ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʠʝ, ʢʦʛʜʘ ʫʩʠʣʠʷ ʦʧʠʨʘʥʠʷ ʦʙʨʘʟʫʶʪʩʷ ʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ  ʩʪʘʪʠʯʝʩʢʠʭ 

ʧʘʨ: ʧʦʷʪʦʷʥʥʳʡ ʤʘʛʥʠʪ (ʵʣʝʢʪʨʦʤʘʛʥʠʪ) ʠ ʧʦʩʪʦʷʥʥʳʡ ʤʘʛʥʠʪ (ʵʣʝʢʪʨʦʤʘʛʥʠʪ) ʠʣʠ 

ʧʦʩʪʦʷʥʥʳʡ ʤʘʛʥʠʪ (ʵʣʝʢʪʨʦʤʘʛʥʠʪ) ʠ ʬʝʨʨʦʨʝʣʴʩ ; ʤʘʛʥʠʪʦʜʠʥʘʤʠʯʝʩʢʠʝ, ʚ ʢʦʪʦʨʳʭ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʫʩʠʣʠʷ ʦʪʪʘʣʢʠʚʘʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʪʦʣʴʢʦ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʚ (ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ) ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʫʨʦʚ ʧʨʦʚʦʜʷʱʝʡ 

ʥʝʤʘʛʥʠʪʥʦʡ ʧʦʣʦʩʳ; 

ʧʦ ʤʝʩʪʫ ʥʘʭʦʞʜʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʣʷ ʤʘʛʥʠʪʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʜʣʷ ʢʦʤʙʠʥʘʮʠʡ ʤʘʛʥʠʪʳ-ʬʝʨʨʦʨʝʣʴʩ ʩʠʩʪʝʤʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʜʚʝʩʘ ʩ 

ʘʢʪʠʚʥʳʤ ʧʫʪʝʤ ʠʣʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʩ ʘʢʪʠʚʥʳʤ ʙʝʩʢʦʥʪʘʢʪʥʳʤ 

ʵʣʝʢʪʨʦʧʦʜʚʠʞʥʳʤ ʩʦʩʪʘʚʦʤ. 

ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʤʝʪʦʜʠʢʫ ʨʘʩʯʝʪʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʚ (ʕʄ) 
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ʕʣʝʢʪʨʦʤʘʛʥʠʪʳ ʧʦʜʚʝʩʘ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʳ ʥʘʧʨʘʚʣʝʥʠʷ ʜʣʷ ʵʢʠʧʘʞʝʡ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʥʘʟʝʤʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ: ʧʦʜʲʝʤʥʳʤ ʫʩʠʣʠʝʤ Fʧ, ʨʘʟʚʠʚʘʝʤʳʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘʤʠ; ʤʘʩʩʦʡ ʕʄ ʄʤ ʩ 

ʫʯʝʪʦʤ ʤʘʩʩʳ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ; ʤʦʱʥʦʩʪʴʶ ʈʤ ʦʙʤʦʪʢʠ ʕʄ ʠ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʧʘʨʘʤʝʪʨʦʚ ʠ ʩʨʘʚʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʕʄ ʫʜʦʙʥʝʝ ʧʦʣʴʟʦʚʘʪʴʩʷ 

ʫʜʝʣʴʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ [1]. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʠʟ ʥʠʭ ʜʣʷ ʕʄ ʤʦʛʫʪ ʙʳʪʴ ʫʢʘʟʘʥʳ 

ʧʦʜʲʝʤʥʦʝ ʢʘʯʝʩʪʚʦ, ʪ.ʝ. ʦʪʥʦʰʝʥʠʝ ʧʦʜʲʝʤʥʦʛʦ ʫʩʠʣʠʷ ʕʄ ʢ ʝʛʦ ʚʝʩʫ ʩʦʚʤʝʩʪʥʦ ʩ 

ʩʠʩʪʝʤʦʡ ʦʭʣʘʞʜʝʥʠʷ; ʫʜʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ, ʪ.ʝ. ʦʪʥʦʰʝʥʠʝ ʤʦʱʥʦʩʪʠ, ʧʦʪʨʝʙʣʷʝʤʦʡ ʕʄ 

ʩʦʚʤʝʩʪʥʦ ʩ ʩʠʩʪʝʤʦʡ ʦʭʣʘʞʜʝʥʠʷ, ʢ ʧʦʜʲʝʤʥʦʤʫ ʫʩʠʣʠʶ. 

ʕʣʝʢʪʨʦʤʘʛʥʠʪ ʥʝ ʷʚʣʷʝʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤ ʠʟʜʝʣʠʝʤ, ʘ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ 

ʫʩʪʘʥʦʚʢʠ ʥʘ ʵʢʠʧʘʞ, ʠ ʧʦʵʪʦʤʫ ʝʛʦ ʧʘʨʘʤʝʪʨʳ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʷʪ ʪʘʢʞʝ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ 

ʵʢʠʧʘʞʘ ʠ ʧʫʪʝʚʦʡ ʩʪʨʫʢʪʫʨʳ. ɺ ʢʘʯʝʩʪʚʝ ʫʜʝʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ ʕʄ ʠ ʬʝʨʨʦʨʝʣʴʩʘ  

ʫʯʠʪʳʚʘʶʱʠʭ ʩʠʩʪʝʤʫ ʚ ʮʝʣʦʤ, ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʥʷʪʳ ʧʦʛʦʥʥʦʝ ʧʦʜʲʝʤʥʦʝ ʫʩʠʣʠʝ, ʪ.ʝ. 

ʦʪʥʦʰʝʥʠʝ ʪʷʛʦʚʦʛʦ ʫʩʠʣʠʷ ʕʄ ʢ ʝʛʦ ʜʣʠʥʝ; ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʤʘʩʩʘ ʕʄ, ʪ.ʝ. ʦʪʥʦʰʝʥʠʝ 

ʤʘʩʩʳ ʕʄ ʩʦʚʤʝʩʪʥʦ ʩ ʩʠʩʪʝʤʦʡ ʦʭʣʘʞʜʝʥʠʷ ʢ ʤʘʩʩʝ ʵʢʠʧʘʞʘ; ʧʦʛʦʥʥʘʷ ʤʘʩʩʘ ʌʈ, ʢʛ/ʤ; 

ʩʢʦʨʦʩʪʥʦʡ ʬʘʢʪʦʨ, ʪ.ʝ. ʦʪʥʦʰʝʥʠʝ ʧʦʜʲʝʤʥʦʛʦ ʫʩʠʣʠʷ ʧʨʠ ʩʢʦʨʦʩʪʠ  ʢ 

ʧʦʜʲʝʤʥʦʤʫ ʫʩʠʣʠʶ ʧʨʠ ʩʢʦʨʦʩʪʴ; ʣʝʚʠʪʘʮʠʦʥʥʦʝ ʢʘʯʝʩʪʚʦ, ʪ.ʝ. ʦʪʥʦʰʝʥʠʝ 

ʧʦʜʲʝʤʥʦʛʦ ʫʩʠʣʠʷ ʢ ʪʦʨʤʦʟʥʦʤʫ ʧʨʠ ʩʢʦʨʦʩʪʠ . 

ʈʘʩʯʝʪʳ ʜʣʷ ʵʢʠʧʘʞʘ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʥʘʟʝʤʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ɺʉʅʊ ʤʘʩʩʦʡ 40ʪ 

ʕʄʇ ʧʨʠ ʨʘʟʜʝʣʴʥʦʡ ʥʝʟʘʚʠʩʠʤʦʡ ʩʠʩʪʝʤʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʜʚʝʩʘ ʠ ʤʘʛʥʠʪʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ 

ʧʦʢʘʟʳʚʘʶʪ ʯʪʦ ʠʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʡ ʚʳʧʦʣʥʠʤʦʩʪʠ ʵʢʠʧʘʞʘ ʚ ʮʝʣʦʤ ʠ ʜʦʩʪʠʞʝʥʠʷ 

ʚʳʩʦʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʫʜʝʣʴʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ; ʧʦʜʲʝʤʥʦʝ ʢʘʯʝʩʪʚʦ; ʫʜʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ (ʢɺʪ/ʢʅ); 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʤʘʩʩʘ ; ʧʦʛʦʥʥʦʝ ʧʦʜʲʝʤʥʦʝ ʫʩʠʣʠʝ (ʢʅ/ʤ); ʧʦʛʦʥʥʘʷ ʤʘʩʩʘ 

(ʢʛ/ʤ); ʩʢʦʨʦʩʪʥʦʡ ʬʘʢʪʦʨ; ʣʝʚʠʪʘʮʠʦʥʥʦʝ ʢʘʯʝʩʪʚʦ. ʆʜʥʘʢʦ 

ʜʦʩʪʠʞʝʥʠʝ ʪʘʢʠʭ ʚʳʩʦʢʠʭ ʫʜʝʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ ʠ ʚʦʟʤʦʞʥʦ 

ʣʠʰʴ ʧʫʪʝʤ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʛʦ ʨʘʩʯʝʪʘ ʩ ʫʯʝʪʦʤ ʧʨʠʤʝʥʝʥʠʷ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʠʥʪʝʥʩʠʚʥʦʛʦ ʚʦʟʜʫʰʥʦʛʦ ʠʣʠ ʞʠʜʢʦʩʪʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ ʢʘʪʫʰʝʢ ʕʄ. 

ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʜʝʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʷ ʷʚʣʷʶʪʩʷ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʤʠ, ʠʭ 

ʟʥʘʯʝʥʠʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʙʱʝʡ ʢʦʤʧʦʥʦʚʢʦʡ ʵʢʠʧʘʞʘ, ʝʛʦ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʩʭʝʤʦʡ. ʇʨʠʤʝʥʝʥʠʝ ʥʘ ʵʢʠʧʘʞʝ ʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʜʚʝʩʦʤ 

ʜʚʫʭʩʪʦʨʦʥʥʝʛʦ ʣʠʥʝʡʥʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʚʤʝʩʪʦ ʦʜʥʦʩʪʦʨʦʥʥʝʛʦ ʣʠʥʝʡʥʦʛʦ 

ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʦʟʚʦʣʷʝʪ ʢʘʢ ʤʠʥʠʤʫʤ ʥʘ 10% ʫʣʫʯʰʠʪʴ ʧʦʢʘʟʘʪʝʣʠ ʕʄ. 

ʄʦʞʥʦ ʧʨʠʚʝʩʪʠ ʝʱʝ ʨʷʜ ʧʨʠʤʝʨʦʚ [2], ʥʦ ʜʦʩʪʘʪʦʯʥʦ ʫʙʝʜʠʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ 

ʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʢʨʠʪʝʨʠʠ ʦʮʝʥʢʠ ʕʄ ʷʚʣʷʶʪʩʷ ʯʘʩʪʴʶ ʙʦʣʝʝ ʦʙʱʠʭ ʢʨʠʪʝʨʠʝʚ ʧʦ ʩʠʩʪʝʤʝ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʜʚʝʩʘ, ʧʦ ʩʠʩʪʝʤʝ ʜʚʠʞʝʥʠʷ ʠ ʚ ʮʝʣʦʤ ʧʦ ʵʢʠʧʘʞʫ. 

ʇʨʝʞʜʝ ʯʝʤ ʧʝʨʝʡʪʠ ʢ ʨʘʩʯʝʪʫ ʕʄ, ʦʪʤʝʪʠʤ ʝʱʝ ʦʜʥʫ ʦʩʦʙʝʥʥʦʩʪʴ, ʢʦʪʦʨʫʶ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʠʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʕʄ [1]. ʅʘʛʨʫʟʦʯʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʕʄ Fʧ(ɯ) ʧʨʠ  ʜʦʣʞʥʘ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʜʚʫʤ ʪʨʝʙʦʚʘʥʠʷʤ. ʇʨʠ ʥʦʤʠʥʘʣʴʥʦʤ ʠ 

ʥʦʤʠʥʘʣʴʥʦʤ ʧʦʜʲʝʤʥʦʤ ʫʩʠʣʠʠ Fʥ ʪʦʢ ʚʦʟʙʫʞʜʝʥʠʷ ʕʄ ɯʥ ʜʦʣʞʝʥ ʥʘʭʦʜʠʪʴʩʷ ʥʘ 

ʧʨʷʤʦʣʠʥʝʡʥʦʡ ʯʘʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʦʜʲʝʤʥʦʛʦ 

ʫʩʠʣʠʷ ʚ 2ʨʘʟʘ ʪʦʢ ʚʦʟʙʫʞʜʝʥʠʷ ʠʟʤʝʥʠʣʩʷ ʥʝ ʙʦʣʝʝ ʯʝʤ 2 ʨʘʟʘ. 

ʕʪʦ ʧʝʨʚʦʝ ʫʩʣʦʚʠʝ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤʳ ʚ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʘʭ ʧʨʠ ʢʦʤʧʝʥʩʘʮʠʠ ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʝʥʠʡ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʵʢʠʧʘʞ. 

ɺʪʦʨʦʝ ʫʩʣʦʚʠʝ ʩʚʷʟʘʥʦ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʧʦʜʲʝʤʘ ʵʢʠʧʘʞʘ ʠʟ ʦʧʫʱʝʥʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʧʨʠ, ʜʦ ʨʘʙʦʯʝʛʦ. ʊʦʢ ʚʦʟʙʫʞʜʝʥʠʷ ʧʨʠ ʵʪʦʤ ʪʘʢʞʝ ʥʝ ʜʦʣʞʝʥ 

ʧʨʝʚʳʰʘʪʴ I=2Iʥ. ʕʪʠ ʪʨʝʙʦʚʘʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʣʦʞʝʥʳ ʚ ʧʨʦʛʨʘʤʤʫ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʛʦ 

ʨʘʩʯʝʪʦʚ ʜʦʩʪʘʪʦʯʥʦ ʧʨʠʥʷʪʴ ʠʥʜʫʢʮʠʶ ʚ ʚʦʟʜʫʰʥʦʤ ʟʘʟʦʨʝ ʊ ʠ 
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ʠʥʜʫʢʮʠʶ ʚ ʤʘʛʥʠʪʦʧʨʦʚʦʜʝ ï ʥʝ ʙʦʣʝʝ 1,0 ʊ ʠ ʵʪʠʤ ʦʙʝʩʧʝʯʠʪʴ ʥʘʭʦʞʜʝʥʠʝ ʥʦʤʠʥʘʣʴʥʦʡ 

ʪʦʯʢʠ ʥʘ ʧʨʷʤʦʣʠʥʝʡʥʦʡ ʯʘʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ɼʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʘʩʯʝʪʘ ʕʄ ʠʩʭʦʜʷ ʠʟ ʦʙʱʝʡ ʤʘʩʩʳ ʵʢʠʧʘʞʘ ʠ ʝʛʦ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʩʭʝʤʳ ʦʧʨʝʜʝʣʷʝʤ ʥʝʦʙʭʦʜʠʤʫʶ ʩʫʤʤʘʨʥʫʶ ʧʦʜʲʝʤʥʫʶ ʩʠʣʫ, ʦʙʱʫʶ 

ʜʣʠʥʫ ʕʄ, ʜʣʠʥʫ ʝʜʠʥʠʯʥʦʛʦ ʕʄ, ʧʦʜʲʝʤʥʦʝ ʫʩʠʣʠʝ ʥʘ ʝʜʠʥʠʯʥʳʡ ʤʘʛʥʠʪ. ʉʯʠʪʘʝʤ 

ʟʘʜʘʥʥʳʤʠ ʟʘʟʦʨ  ʠ ʠʥʜʫʢʮʠʶ ʚ ʥʝʤ . ʀʟ ʙʦʣʴʰʦʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ ʚʦʟʤʦʞʥʳʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʬʦʨʤ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ ʕʄ ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʇ- ʠʣʠ ʐ-

ʦʙʨʘʟʥʘʷ ʧʨʠ ʧʣʦʩʢʦʡ ʠʣʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʇ- ʠ ʐ-ʦʙʨʘʟʥʦʡ ʬʦʨʤʘʭ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 

ʌʈ. 

ʉʫʤʤʘʨʥʘʷ ʧʣʦʱʘʜʴ S ʧʦʣʶʩʥʳʭ ʥʘʢʦʥʝʯʥʠʢʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʠʟʚʝʩʪʥʦʡ 

ʬʦʨʤʫʣʝ: 

 

             (1) 

 

ʛʜʝ ʂʚ ð ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʚʳʧʫʯʠʚʘʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ, 

ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ 1,21,5; ɻ/ʤ ð ʤʘʛʥʠʪʥʘʷ ʧʦʩʪʦʷʥʥʘʷ. 

ɿʥʘʷ ʜʣʠʥʫ ʤʘʛʥʠʪʘ, ʠʟ ʧʣʦʱʘʜʠ S ʥʘʭʦʜʠʤ ʰʠʨʠʥʫ ʥʘʢʦʥʝʯʥʠʢʦʚ ʕʄ. ɿʘʪʝʤ 

ʠʟʚʝʩʪʥʳʤʠ ʤʝʪʦʜʘʤʠ ʨʘʩʯʝʪʘ ʤʘʛʥʠʪʥʦʡ ʮʝʧʠ ʦʧʨʝʜʝʣʷʝʤ ʨʘʟʤʝʨʳ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ, 

ʧʨʠʥʠʤʘʷ ʠʥʜʫʢʮʠʶ ʚ ʥʝʤ ʥʝ ʙʦʣʝʝ 1 ʊ, ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʚ ʢʘʪʫʰʢʝ ʚʦʟʙʫʞʜʝʥʠʷ ʧʨʠ 

ʤʝʜʥʳʭ ʧʨʦʚʦʜʥʠʢʘʭ ʩ ʢʣʘʩʩʦʤ ʠʟʦʣʷʮʠʠ F ʠʣʠ ʅ ð ʥʝ ʙʦʣʝʝ 3 ɸ/ʤʤ
2
 ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʦʭʣʘʞʜʝʥʠʷ, ʥʝ ʙʦʣʝʝ 5 ɸ/ʤʤ
2
 ʧʨʠ ʚʦʟʜʫʰʥʦʤ ʥʘʨʫʞʥʦʤ ʦʭʣʘʞʜʝʥʠʠ ʠ ʧʦʨʷʜʢʘ 6ð10 

ɸ/ʤʤ
2
 ʧʨʠ ʚʦʟʜʫʰʥʦʤ ʠʣʠ ʞʠʜʢʦʩʪʥʦʤ ʦʭʣʘʞʜʝʥʠʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʦʚʦʜʥʠʢʦʚ 

ʢʘʪʫʰʢʠ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʩʩʝʷʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʥʝ ʙʦʣʝʝ 1,5 

ʥʝʦʙʭʦʜʠʤʦ ʩʪʨʝʤʠʪʴʩʷ ʚʥʫʪʨʝʥʥʝʝ ʦʢʥʦ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ ʧʨʠʥʠʤʘʪʴ ʙʣʠʟʢʠʤ ʢ 

ʢʚʘʜʨʘʪʥʦʤʫ. ʇʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʘʨʘʤʝʪʨʳ ʕʄ ʠ ʬʝʨʨʦʨʝʣʴʩʘ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʢʦʤʧʦʥʦʚʢʠ ʵʢʠʧʘʞʘ. 

ɺʳʚʦʜʳ. ʋʪʦʯʥʝʥʥʳʡ ʨʘʩʯʝʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʚ  ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʜʚʫʭ ʠʣʠ 

ʪʨʝʭʤʝʨʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʥʳʭ ʧʦ ʩʚʦʡʩʪʚʘʤ ʢ 

ʨʝʘʣʴʥʦʤʫ ʵʣʝʢʪʨʦʤʘʛʥʠʪʫ. ʈʘʟʨʘʙʦʪʘʥ ʨʷʜ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ, ʧʦʟʚʦʣʷʶʱʠʡ ʩ 

ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʪʴ ʚʩʝ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚ ʩʪʘʪʠʢʝ ʠ ʜʠʥʘʤʠʢʝ ʩ 

ʫʯʝʪʦʤ ʥʝʣʠʥʝʡʥʦʩʪʠ ʤʘʛʥʠʪʥʦʡ ʮʝʧʠ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ, ʚʠʭʨʝʚʳʭ ʪʦʢʦʚ ʠ ʢʨʘʝʚʳʭ 

ʵʬʬʝʢʪʦʚ. ʅʘʠʙʦʣʝʝ ʟʘʢʦʥʯʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʠʢʠ [2-4]. ɺʩʝ ʵʪʠ ʤʝʪʦʜʠʢʠ ʧʦʟʚʦʣʷʶʪ 

ʚʳʧʦʣʥʷʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʝʢʪʥʳʝ ʠ ʧʦʚʝʨʦʯʥʳʝ ʨʘʩʯʝʪʳ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʚ. 
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ʇʆʊɽʅʎʀɸʃʔʅʓɽ ɺʆɿʄʆɾʅʆʉʊʀ ʇʈʀʄɽʅɽʅʀʗ 

ʕʃɽʂʊʈʆɼʀʅɸʄʀʏɽʉʂʆɻʆ ʊʆʈʄʆɾɽʅʀʗ ʅɸ ʕʃɽʂʊʈʀʌʀʎʀʈʆɺɸʅʅʓʍ  

ɾɽʃɽɿʅʓʍ ɼʆʈʆɻɸʍ ʂɸɿɸʍʉʊɸʅɸ 

 

ɸʥʥʦʪʘʮʠʷ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʠʩʪʦʯʥʠʢʦʚ ʵʢʦʥʦʤʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ 

ʵʣʝʢʪʨʠʬʠʮʠʨʦʚʘʥʥʳʭ ʫʯʘʩʪʢʘʭ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʢʫʧʝʨʘʪʠʚʥʦʡ 

ʵʥʝʨʛʠʠ ʪʦʨʤʦʞʝʥʠʷ, ʧʦʵʪʦʤʫ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʢʫʧʝʨʘʮʠʡ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦ ʩʥʠʞʝʥʠʶ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʵʥʝʨʛʠʠ ʥʘ ʪʷʛʫ ʧʦʝʟʜʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʢʫʧʝʨʘʪʠʚʥʳʝ ʪʦʨʤʦʞʝʥʠʷ, ʪʦʧʣʠʚʦ - ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʨʝʩʫʨʩʦʚ, ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ. 

ɸשʜʘʪʧʘ. ʕʣʝʢʪʨʣʝʥʛʝʥ ʪʝʤʽʨʞʦʣ ʢᴇʣʽʛʽ ʙʦʡʳʥʰʘ ʥʝʛʽʟʛʽ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥ 

 .ʦʣʜʘʥʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳץ ʡʝʩʽʥװʙʽʨʽ ʨʝʢʫʧʝʨʘʪʠʚʪʽ ʪʝʞʝʫ ʞ שʥʝʤʜʝʫ ʰʘʨʘʣʘʨʳʥʳװ
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Abstract. One of the most important sources of energy saving in the electrified sections 

of railways is the use of recuperative braking energy, so increasing the efficiency of recuperation 

is one of the main directions for reducing the specific energy consumption for train traction. 
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ɾʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʵʥʝʨʛʦʝʤʢʠʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʥʘ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʨʳʥʢʝ ʂʘʟʘʭʩʪʘʥʘ. ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʪʷʛʘ ʩʦʩʪʘʚʣʷʝʪ 

ʩʫʱʝʩʪʚʝʥʥʫʶ ʜʦʣʶ (ʙʦʣʝʝ 35%) ʚ ʦʙʱʝʡ ʩʪʨʫʢʪʫʨʝ ʧʦʪʨʝʙʣʝʥʠʷ ʪʦʧʣʠʚʦ - 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ (ʊʕʈ) ʥʘ ʪʷʛʫ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʘ ʦʙʲʝʤʳ 

ʧʦʪʨʝʙʣʝʥʠʷ ʊʕʈ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʫʪ, ʪʦ ʚʦʧʨʦʩ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʪʷʛʦʚʳʤ ʧʦʜʚʠʞʥʳʤ ʩʦʩʪʘʚʦʤ (ʊʇʉ) ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʳʤ. 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʠʩʪʦʯʥʠʢʦʚ ʵʢʦʥʦʤʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ 

ʵʣʝʢʪʨʠʬʠʮʠʨʦʚʘʥʥʳʭ ʫʯʘʩʪʢʘʭ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʢʫʧʝʨʘʪʠʚʥʦʡ 

ʵʥʝʨʛʠʠ ʪʦʨʤʦʞʝʥʠʷ, ʧʦʵʪʦʤʫ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʢʫʧʝʨʘʮʠʡ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦ ʩʥʠʞʝʥʠʶ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʵʥʝʨʛʠʠ ʥʘ ʪʷʛʫ ʧʦʝʟʜʦʚ. 

ʕʥʝʨʛʝʪʠʢʫ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʘ ʧʨʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʪʷʛʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

ʜʠʘʛʨʘʤʤʳ, ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʈʠʩʫʥʦʢ 1 ï ʕʥʝʨʛʝʪʠʢʘ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʘ ʧʨʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʪʷʛʝ 
 

ʇʦʜʚʝʜʝʥʥʘʷ ʢ ʧʦʝʟʜʫ ʯʝʨʝʟ ʢʦʥʪʘʢʪʥʫʶ ʩʝʪʴ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ɸ ʨʘʚʥʘ ʩʫʤʤʝ 

ʨʘʙʦʪʳ ʩʠʣʳ ʪʷʛʠ - , ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ ʥʘ ʧʠʪʘʥʠʝ ʮʝʧʝʡ ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ ʕʇʉ -  ʠ 

ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʚ ʪʷʛʦʚʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʷʭ - . 

ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʧʦʝʟʜʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʜʚʠʞʝʥʠʠ ʥʘ ʧʦʜʲʝʤ ʟʘ ʩʯʝʪ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʯʘʩʪʠ ʨʘʙʦʪʳ ʩʠʣʳ ʪʷʛʠ. 

ʈʘʙʦʪʘ ʩʠʣʳ ʪʷʛʠ, ʩʦʚʝʨʰʘʝʤʘʷ ʪʷʛʦʚʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ, ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ 

ʧʨʝʦʜʦʣʝʥʠʝ ʩʠʣ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ (ʦʩʥʦʚʥʦʛʦ ʠ ʦʪ ʢʨʠʚʳʭ ʧʫʪʠ)  ʥʘ 

ʠʟʤʝʥʝʥʠʝ ʟʘʧʘʩʘ ʢʠʥʝʪʠʯʝʩʢʦʡ  ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʧʦʝʟʜʘ[2]. 

ʈʝʢʫʧʝʨʘʪʠʚʥʦʝ ʪʦʨʤʦʞʝʥʠʝ ʧʨʠʤʝʥʷʝʪʩʷ ʥʘ ʩʧʫʩʢʘʭ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʘv, ʙʣʠʟʢʦʡ ʢ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ ʥʘ 

ʜʘʥʥʦʤ ʧʝʨʝʛʦʥʝ. ʇʨʠ ʵʪʦʤ ʪʦʨʤʦʟʥʘʷ ʩʠʣʘ ʵʣʝʢʪʨʦʚʦʟʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʥʦʩʪʴʶ ʩʠʣ 

 

oʢ WB -= iW .                                                                  (1) 

 

ʀʟ ʘʥʘʣʠʟʘ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʧʦʝʟʜ ʩʠʣ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʝʛʦ ʜʚʠʞʝʥʠʠ ʩ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʢʦʨʦʩʪʴʶ v  ʥʘ ʩʧʫʩʢʝ ʢʨʫʪʠʟʥʦʡ i  ʪʦʨʤʦʟʥʘʷ ʩʠʣʘ ʢɺ  ʨʝʢʫʧʝʨʘʪʠʚʥʦʛʦ 

ʪʦʨʤʦʟʘ ʵʣʝʢʪʨʦʚʦʟʘ ʤʝʥʴʰʝ ʩʠʣʳ ʪʷʛʠ  ʢF ʧʨʠ ʜʚʠʞʝʥʠʠ ʩ ʪʦʡ ʞʝ ʩʢʦʨʦʩʪʴʶ ʥʘ ʧʦʜʲʸʤʝ 

ʪʘʢʦʡ ʞʝ ʢʨʫʪʠʟʥʳ ʥʘ ʫʜʚʦʝʥʥʫʶ ʚʝʣʠʯʠʥʫ ʩʠʣʳ ʦʩʥʦʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ 0W  

ʪ.ʝ. 

 

oʢ WB 2Fʢ-= .                                                                (2) 

 

ɺ ʨʝʞʠʤʝ ʨʝʢʫʧʝʨʘʪʠʚʥʦʛʦ ʪʦʨʤʦʞʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ ʥʘ ʚʭʦʜʝ 

ʵʣʝʢʪʨʦʚʦʟʘ Pʠ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ ʥʘ ʚʳʭʦʜʝ ʕP  ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʨʘʞʝʥʠʷʤʠ: 

 

vFP ʢ= ; ʕʕIU== hʈPʕ ;                                                  (3) 

 

ʛʜʝ: hï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʚʦʟʘ; ʕU , 
ʕI ï ʥʘʧʨʷʞʝʥʠʝ ʠ ʪʦʢ 

ʵʣʝʢʪʨʦʚʦʟʘ. 
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ɺʦʟʚʨʘʪ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʨʠ ʨʝʢʫʧʝʨʘʪʠʚʥʦʤ ʪʦʨʤʦʞʝʥʠʠ ʵʣʝʢʪʨʦʚʦʟʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʥʪʝʛʨʘʣʦʤ: 

 

ñ ñ== dtIUdt ʕʕʕʵʨ ʈA .                                                           (4) 

 

ʉʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʯʘʩʪʴ ʚʳʨʘʙʦʪʘʥʥʦʡ ʪʷʛʦʚʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʥʫʞʜʳ ʵʣʝʢʪʨʦʚʦʟʘ ʠ ʚʩʝʛʦ ʧʦʝʟʜʘ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʢʫʧʝʨʘʪʠʚʥʦʛʦ ʪʦʨʤʦʞʝʥʠʷ ʦʮʝʥʠʚʘʶʪ ʫʜʝʣʴʥʳʤ ʚʦʟʚʨʘʪʦʤ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 
ʵʨʘ, ʢɺʪĿʯ/10

4 
ʪĿʢʤ. ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʚʦʟʚʨʘʪʘ 

ʵʨk , ʢʦʪʦʨʳʝ ʨʘʩʩʯʠʪʳʚʘʶʪ 

ʧʦ ʬʦʨʤʫʣʘʤ: 
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ʛʜʝ 
cm ï ʤʘʩʩʘ ʧʦʝʟʜʘ, ʪ; Lïʜʣʠʥʘ ʫʯʘʩʪʢʘ, ʢʤ;

ʕʊA ïʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ʵʣʝʢʪʨʦʚʦʟʦʤ ʚ ʨʝʞʠʤʘʭ ʪʷʛʠ, ʚʳʙʝʛʘ ʠ ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʪʦʨʤʦʞʝʥʠʷ, ʢɺʪĿʯ. 

ɿʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʛʦ ʚʦʟʚʨʘʪʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ )(vaʵʨ  ʧʨʠ 

ʨʝʢʫʧʝʨʘʪʠʚʥʦʤ ʪʦʨʤʦʞʝʥʠʠ 8-ʦʩʥʦʛʦ ʵʣʝʢʪʨʦʚʦʟʘ ʩ ʛʨʫʟʦʚʳʤ ʩʦʩʪʘʚʦʤ ʤʘʩʩʦʡ 9000 ʪ ʥʘ 

ʩʧʫʩʢʘʭ ʨʘʟʣʠʯʥʦʡ ʢʨʫʪʠʟʥʳ i  ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 3. ʆʥʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘ ʩʧʫʩʢʘʭ 

ʢʨʫʪʠʟʥʦʡ ʜʦ 9-10% ʫʜʝʣʴʥʳʡ ʚʦʟʚʨʘʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʠ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʫʩʣʦʚʠʷʭ 

ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʟʥʘʯʝʥʠʡ 120-150 ʢɺʪĿʯ/10
4
 ʪĿʢʤ [1]. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ɿʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʛʦ ʚʦʟʚʨʘʪʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʨʠ 

ʨʝʢʫʧʝʨʘʪʠʚʥʦʤ ʪʦʨʤʦʞʝʥʠʠ 8-ʦʩʥʦʛʦ ʵʣʝʢʪʨʦʚʦʟʘ ʩ ʛʨʫʟʦʚʳʤ ʩʦʩʪʘʚʦʤ ʤʘʩʩʦʡ 9000 ʪ ʥʘ ʩʧʫʩʢʘʭ 

ʨʘʟʣʠʯʥʦʡ ʢʨʫʪʠʟʥʳ 

 

ʅʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʵʣʝʢʪʨʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʦʣʠʛʦʥʦʚ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ ʩʪʨʘʥʳ 

ʢʨʫʪʠʟʥʘ ʫʢʣʦʥʦʚ ʥʝ ʧʨʝʚʳʰʘʝʪ 9...10 ă, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʚʩʸʭ ʵʣʝʢʪʨʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʫʯʘʩʪʢʘʭ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ ʂʘʟʘʭʩʪʘʥʘ ʩʨʝʜʥʠʡ ʫʜʝʣʴʥʳʡ ʚʦʟʚʨʘʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʙʫʜʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʧʨʠʚʝʜʝʥʥʳʭ ʟʥʘʯʝʥʠʡ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʥʘ ʥʝʢʦʪʦʨʳʭ ʫʯʘʩʪʢʘʭ 

ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʚʦʟʚʨʘʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 15-20% ʠ ʙʦʣʝʝ [1].  

ʆʧʳʪʥʳʝ ʧʦʝʟʜʢʠ, ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ ʩʝʪʠ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ, ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʨʝʢʫʧʝʨʘʪʠʚʥʦʛʦ ʪʦʨʤʦʞʝʥʠʷ. ʊʘʢ, ʥʘ ʫʯʘʩʪʢʝ ɸʩʪʘʥʘ ï 
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ɸʪʙʘʩʘʨ ʧʨʦʪʷʞʸʥʥʦʩʪʴʶ 229 ʢʤ ʩ ʛʨʫʟʦʚʳʤ ʜʚʠʞʝʥʠʝʤ ʚ ʪʝʯʝʥʠʝ 15 ʩʫʪʦʢ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʩʷ ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʪʷʛʫ ʧʦʝʟʜʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʝʢʫʧʝʨʘʪʠʚʥʦʛʦ 

ʪʦʨʤʦʞʝʥʠʷ, ʟʘʪʝʤ ʚ ʪʝʯʝʥʠʝ 12 ʩʫʪʦʢ ʨʝʛʠʩʪʨʠʨʦʚʘʣʩʷ ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʙʝʟ 

ʧʨʠʤʝʥʝʥʠʷ ʨʝʢʫʧʝʨʘʪʠʚʥʦʛʦ ʪʦʨʤʦʞʝʥʠʷ. ʈʝʛʠʩʪʨʘʮʠʷ ʨʘʩʭʦʜʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʦ ʩʯʸʪʯʠʢʘʤ ʪʷʛʦʚʳʭ ʧʦʜʩʪʘʥʮʠʡ.  ʇʨʠ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʩʨʝʜʥʠʡ 

ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʪʷʛʫ ʧʨʠ ʧʨʠʤʝʥʝʥʠʡ ʨʝʢʫʧʝʨʘʪʠʚʥʦʛʦ ʪʦʨʤʦʞʝʥʠʷ 

105,2 ʢɺʪĿʯ/10
4
ʪĿʢʤ, ʪʦʛʜʘ ʢʘʢ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʨʝʢʫʧʝʨʘʪʠʚʥʦʛʦ ʪʦʨʤʦʞʝʥʠʷ ʩʨʝʜʥʠʡ 

ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʪʷʛʫ ʩʦʩʪʘʚʠʣ 117,7 ʢɺʪĿʯ /10
4 
ʪĿʢʤ .(ʨʠʩʫʥʦʢ3). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʨʝʢʫʧʝʨʘʪʠʚʥʦʛʦ ʪʦʨʤʦʞʝʥʠʷ ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʪʷʛʫ ʚʦʟʨʦʩ ʥʘ 11,9 %. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʉʨʝʜʥʠʡ ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʪʷʛʫ ʧʦʝʟʜʦʚ 

 

ɹʝʟʫʩʣʦʚʥʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʢʫʧʝʨʘʪʠʚʥʦʛʦ ʪʦʨʤʦʞʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʕʇʉ ʠ ʩʠʩʪʝʤʳ ʪʷʛʦʚʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʠʭ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ, 

ʢʘʯʝʩʪʚʘ ʨʝʤʦʥʪʘ ʠ ʥʘʩʪʨʦʡʢʠ ʩʭʝʤ ʨʝʢʫʧʝʨʘʮʠʠ ʵʣʝʢʪʨʦʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʫʨʦʚʥʷ 

ʢʚʘʣʠʬʠʢʘʮʠʠ ʨʝʤʦʥʪʥʦʛʦ ʧʝʨʩʦʥʘʣʘ, ʣʦʢʦʤʦʪʠʚʥʳʭ ʙʨʠʛʘʜ ʠ ʪ.ʧ. ʇʦʚʳʰʝʥʠʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʢʫʧʝʨʘʪʠʚʥʦʛʦ ʪʦʨʤʦʞʝʥʠʷ  ʩʧʦʩʦʙʩʪʚʫʝʪ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʫʧʨʘʚʣʝʥʠʷ 

ʨʝʞʠʤʘʤʠ, ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʥʘ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʵʣʝʢʪʨʦʚʦʟʘʭ ʠ ʧʨʝʜʫʩʤʦʪʨʝʥʥʘʷ ʥʘ 

ʥʦʚʳʭ ʵʣʝʢʪʨʦʚʦʟʘʭ KZ8A.  

ɹʣʘʛʦʜʘʨʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʨʝʞʠʤʦʚ ʨʝʢʫʧʝʨʘʮʠʠ ʠ ʧʨʠʤʝʥʝʥʠʶ ʜʨʫʛʠʭ 

ʧʨʦʛʨʝʩʩʠʚʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʥʘ ʥʦʚʳʭ ʵʣʝʢʪʨʦʚʦʟʘʭ KZ8A ʩ ʘʩʠʥʭʨʦʥʥʳʤʠ 

ʪʷʛʦʚʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʞ.ʜ.  ʂʘʟʘʭʩʪʘʥʘ, ʫʜʝʣʴʥʳʡ ʚʦʟʚʨʘʪ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʠ ʨʝʢʫʧʝʨʘʪʠʚʥʦʤ ʪʦʨʤʦʞʝʥʠʠ ʜʦʩʪʠʛʘʝʪ 12,3 ʢɺʪĿʯ/10
4
ʪĿʢʤ ʠʣʠ ʚ 2,6 

ʨʘʟʘ ʙʦʣʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 4,7ʢɺʪĿʯ/10
4
ʪĿʢʤ ʜʣʷ ʵʣʝʢʪʨʦʚʦʟʦʚ ɺʃ80ʉ ʩ ʢʦʣʣʝʢʪʦʨʥʳʤʠ 

ʪʷʛʦʚʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ ʚ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ɺʳʚʦʜʳ. ɺ ʮʝʣʦʤ ʥʘ ʵʣʝʢʪʨʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʦʣʠʛʦʥʘʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʝʢʫʧʝʨʘʪʠʚʥʦʛʦ ʪʦʨʤʦʞʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘʷ, ʧʦʩʢʦʣʴʢʫ ʟʘ ʩʯʸʪ ʥʝʛʦ ʜʦʩʪʠʛʘʝʪʩʷ 

ʵʢʦʥʦʤʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʢʫʧʝʨʘʪʠʚʥʦʛʦ 

ʪʦʨʤʦʞʝʥʠʷ ʚʣʠʷʶʪ ʪʘʢʞʝ ʦʨʛʘʥʠʟʘʮʠʷ ʜʚʠʞʝʥʠʷ ʠ ʩʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʝʟʜʦʚ, 

ʧʘʨʘʤʝʪʨʳ ʠ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʧʫʪʠ, ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʫʩʪʨʦʡʩʪʚ ʩʠʛʥʘʣʠʟʘʮʠʠ ʠ 

ʩʚʷʟʠ, ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʠ ʪ.ʧ. 
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 ʓʃʓ ɸʉʊɸʅɸ ʃʆʂʆʄʆʊʀɺפʆʃɼɸʅʋ ɸʈפ ʈɸʃʓʅױפ ʅɽʄɼɯ ᴆʅɼɯʈɯʉת

ɾᴆʅɼɽʋ ɼɽʇʆʉʓʅʓר ᴆʅɼɯʈɯʉʊɯʂ תɼɽʈɯʉɯʅ ɾɽʊɯʃɼɯʈʋ 

 

 ɸשʜʘʪʧʘ. ץױʳʧʪʳ ᴇʥʜʽʨʽʩ ï ʙײʣ ʙʘʨʣʳץ ʪʫʳʥʜʘʡʪʳʥ ʰʳסʳʥʜʘʨʜʳ ʪᴇʤʝʥʜʝʪʫʛʝ 

ʙʘסʳʪʪʘʣסʘʥ ᴅʜʽʩʪʝʨ ʤʝʥ ʽʩ ᴅʨʝʢʝʪʪʝʨ. ᴆʥʜʽʨʽʩʪʽ ʞʝʪʽʣʜʽʨʫʛʝ ʞᴅʥʝ ʙᴅʩʝʢʝʣʝʩʪʽʢʢʝ 

 ʦʣʜʘʥʘʜʳץ ʘסʘʨʳʣʘʪʫסʘʙʽʣʝʪʪʽʣʽʢʪʽ ʞʦץ

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ץײʳʧʪʳ ᴇʥʜʽʨʽʩ, ʞᴇʥʜʝʫ ʜʝʧʦʩʳ, ʪʠʽʤʜʽ ʪʝʭʥʦʣʦʛʠʷ 

ɸʥʥʦʪʘʮʠʷ. ɹʝʨʝʞʣʠʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ - ʵʪʦ ʧʦʜʭʦʜʳ, ʤʝʪʦʜʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ 

ʫʤʝʥʴʰʝʥʠʝ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʠʟʜʝʨʞʝʢ ʠ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ.ʇʨʠʤʝʥʷʝʪʩʷ 

ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦʚʳʰʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʝʨʝʞʣʠʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʨʝʤʦʥʪʥʦʝ ʜʝʧʦ, ʵʬʬʝʢʪʠʚʥʘʷ 

ʪʝʭʥʦʣʦʛʠʷ. 

Abstract. Lean production are approaches, methods aimed at reducing all possible costs 

and increasing productivity. It is used to optimize production and increase competitiveness. 

Key words: lean production, repair depot, efficient technology. 

 

ɾᴇʥʜʝʫ װʜʝʨʽʩʽʥʝ çץײʳʧʪʳ ᴇʥʜʽʨʽʩè ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʝʥʜʽʨʫ ɸʩʪʘʥʘ ʣʦʢʦʤʦʪʠʚ 

ʞᴇʥʜʝʫ ʜʝʧʦʩʳʥʜʘ 2014 ʞʳʣʜʘʥ ʙʘʩʪʘʧ ʪʘʣץʳʣʘʥʳʧ, ץʦʣסʘ ʘʣʳʥʘ ʙʘʩʪʘʜʳ. ʊʝʭʥʦʣʦʛʠʷʣʳץ 

ʙʘסʜʘʨʣʘʤʘʥʳש ʥʝʛʽʟʛʽ ʤʘץʩʘʪʳ ᴇʥʜʽʨʽʩʪʝʛʽ ץʘʣʳʧʪʘʩץʘʥ ʪʠʽʤʩʽʟ ʥʝʤʝʩʝ ʝʩʢʽʨʛʝʥ 

ʪʝʭʥʦʣʦʛʠʷʣʳװ ץʨʜʽʩʪʝʨʜʽ ʞʘשʘʨʪʫ ʞᴅʥʝ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ. ɹײʣ ʪʝʭʥʦʣʦʛʠʷʣʳץ 

ʙʘסʜʘʨʣʘʤʘʥʳש ᴇʥʜʽʨʽʩ ʦʨʪʘʣʳץʪʘʨʳʥʘ ץʘʞʝʪʪʽʣʽʛʽ ʞʳʣʜʘʥ ʞʳʣסʘ ʘʨʪʘ ʙʝʨʝʜʽ.  

ɾᴇʥʜʝʫ ʜʝʧʦʣʘʨʳʥʜʘ çץײʳʧʪʳ ᴇʥʜʽʨʽʩè ʪʝʭʥʦʣʦʛʠʷʩʳʥ ץʦʣʜʘʥʫ װʣʢʝʥ ʢᴇʣʝʤʜʽ ʽʩ 

ʰʘʨʘʣʘʨסʘ ʞʘʪʘʜʳ. ɹʘʨʣʳץ ʞᴇʥʜʝʫ ʧʦʟʠʮʠʷʣʘʨʳʥ ʪʝʢʩʝʨʝ ʦʪʳʨʳʧ ʦʣʘʨʜʳ ʪʠʽʤʜʽ 

 ʘשʘʞʝʪʪʽ ʞʘץ ʨʛʽʟʫʛʝװʘ ʞᴅʥʝ ʦʩʳ ʞᴇʥʜʝʫ ʧʦʟʠʮʠʷʣʘʨʳʥ ʞסʘʣʳʧʪʘʩʪʳʨʫץ

ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ, ʞʘשʘ ʪʠʽʤʜʽ ײץʨʘʣ-ʩʘʡʤʘʥʜʘʨʜʳ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʢᴇʧʪʝʛʝʥ ʧʘʡʜʘʩʳʟ 

ʰʳrסʥʜʘʨʜʳ ʪᴇʤʝʥʜʝʪʫʛʝ ʙʦʣʘʜʳ.  

çץױʳʧʪʳ ᴇʥʜʽʨʽʩè ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʞᴇʥʜʝʫ ʜʝʧʦʩʳʥʘ ʝʥʜʽʨʫʜʽש ʘʣʜʳסשʳ 

ʞײʤʳʩʪʘʨʳʥʳש ʙʽʨʽ, ʞᴇʥʜʝʫ ʧʦʟʠʮʠʷʣʘʨʳʥ ʪʝʢʩʝʨʫ, ʞᴇʥʜʝʫʛʝ ʞײʤʩʘʣʘʪʳʥ ʫʘץʳʪʪʳש 

ʞᴅʥʝ ʦʥʳש ʪʠʽʤʜʽʣʽʛʽʥ ʘʥʳץʪʘʫ, ʞᴇʥʜʝʫ ʞײʤʳʩʪʘʨʳʥʳש ʩʘʧʘʣʳʣʳסʳʥ ץʘʨʘʩʪʳʨʫ ʞᴅʥʝ 

ʞײʤʳʩʰʳʣʘʨʜʳץ שʘʫʽʧʩʽʟʜʽʛʽʥ ʪʝʢʩʝʨʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʉʦʣʘʨʜʳש ʙʽʨʽ ʪʝʭʥʦʣʦʛʠʷʣʳץ 

 ʜʝʨ̔ʩʽװ ʞᴇʥʜʝʫ שʤʳʩʰʳʥʳײʩʘʪʳ ʤʳʩʘʣʳ, ʞץʥʝʛʽʟʛʽ ʤʘ שʨʜʽʩʪʝʨʜʽ ʢʘʨʪʠʨʣʝʫ ᴅʜʽʩʽʥʽװ

ʢʝʟʽʥʜʝ ץʦʡʤʘʜʘʥ ʙᴇʣʰʝʢʪʽ ʘʣʫ ʢʝʟʝʛʽʥʜʝ ʪײʨʳʧ ʫʘץʳʪ ʞʦסʘʣʪʫʳʥ, ʮʝʭʪʘʨʜʳש ʘʨʘʩʳʥʜʘ 

ʙᴇʣʰʝʢʪʝʨʜʽש  ʥʝʤʝʩʝ ʞײʤʳʩʰʳ ʩʣʝʩʘʨʴʣʘʨʜʳש ʪʠʽʤʩʽʟ ץʦʟסʘʣʳʩʳʥ, ʷסʥʠ ʞᴇʥʜʝʫ 

ʮʠʢʣʳʥʜʘסʳ ʙʘʨʣʳץ ʪʠʽʤʩʽʟ ʫʘץʳʪ ʰʳסʳʥʳʥ ʘʥʳץʪʘʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɸʩʪʘʥʘ ʣʦʢʦʤʦʪʠʚ 

ʞᴇʥʜʝʫ ʜʝʧʦʩʳʥʜʘ ʵʣʝʢʪʨʦʚʦʟʜʘʨʜʳ ʊʆ-6 ʮʠʢʣʽ ʙʦʡʳʥʰʘ ʞᴇʥʜʝʫ ʪʝʭʥʦʣʦʛʠʷʣʳץ 

ʧʨʦʮʝʩʩʽʥ ʢʘʨʪʠʨʣʝʫ ᴅʜʽʩʽ 1-ʩʫʨʝʪʪʝ ʢʝʣʪʽʨʽʣʛʝʥ. ᴄʨʙʽʨ ʞᴇʥʜʝʫ ʮʠʢʣʳʥʜʘ ʞװʨʛʽʟʽʣʛʝʥ 

ʟʝʨʪʪʝʫʣʝʨʜʽש ʥᴅʪʠʞʝʩʽʥʜʝ ʪʠʽʤʩʽʟ ʞײʤʩʘʣʘʪʳʥ ʫʘץʳʪ ʧʝʥ ʪʠʽʤʩʽʟ ʞװʨʽʣʛʝʥ ʞʦʣʜʳש ᴅʨʙʽʨ 

ʧʦʟʠʮʠʷ ʙʦʡʳʥʰʘ ʘʥʳץʪʘʣסʘʥ[1].  
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1 - ʩʫʨʝʪ. ʊʆ-6 ʮʝʭʳʥʜʘ ʵʣʝʢʪʨʦʚʦʟʜʘʨʜʳ ʪʝʭʥʦʣʦʛʠʷʣʳװ ץʨʜʽʩʧʝʥ ʞᴇʥʜʝʫʜʽ ʢʘʨʪʠʨʣʝʫ ᴅʜʽʩʽ 

 

çץױʳʧʪʳ ᴇʥʜʽʨʽʩʪʽשè ʙʘʩʪʳ ʤʘץʩʘʪʳ ʞʦסʘʣʪʫʣʘʨʜʳ ʙʦʣʜʳʨʤʘʫ (ʞʦסʘʣʪʫʣʘʨ ʙʘʨʣʳץ 

ʽʩ ᴅʨʝʢʝʪʪʝ ʙʦʣʫʳ ʤװʤʢʽʥ, ʷסʥʠ ʦʣʘʨ ʨʝʩʫʨʩʪʳ ץʦʣʜʘʥסʘʥʤʝʥ ʧʘʡʜʘʣʳ ʝʰ ʥᴅʨʩʝ 

ᴇʥʜʽʨʤʝʡʜʽ. ʄʳʩʘʣʳ ʪײʪʳʥʫʰʳסʘ ץʘʞʝʪ ʝʤʝʩ ʙᴇʣʰʝʢʪʽ ץʦʡʤʘʜʘ ʩʘץʪʘʫʜʳש ʪʠʽʤʜʽʣʽʛʽ ʘʟ. 

ʊʘסʳ ʙʘʩץʘ ʞײʤʳʩʰʳʣʘʨʜʳש ʪʠʽʤʩʽʟ ץʦʟסʘʣʳʩʳ ʙʽʨʥʝʰʝ ʞʘסʜʘʡסʘ ץʘʪʳʩʪʳ ʙʦʣʫʳ ʤװʤʢʽʥ: 

- ʞײʤʳʩ ʦʨʥʳʥʳש ʜײʨʳʩ ײʡʳʤʜʘʩʪʳʨʳʣʤʘʫʳ (ʩʪʘʥʦʢʪʘʨʜʳש ʜײʨʳʩ ʦʨʥʘʣʘʩʧʘʫʳ 
ʞᴅʥʝ ʪ.ʙ.) 

- ʞײʤʳʩʰʳʥʳץ שʘʞʝʪʪʽ ײץʨʘʣ-ʩʘʡʤʘʥʜʘʨʜʳ ʽʟʜʝʧ ʞװʨʫʽ (ʝʛʝʨʜʝ ײץʨʘʣ-ʩʘʡʤʘʥʜʘʨ ʙʽʨ 

ʰʢʘʬʪʘ ʩʘץʪʘʣʩʘ ʞᴅʥʝ ʨʝʪʪʩʽʟ ʞʠʥʘʣʩʘ) 

 

 
                               ʘ) ʙ) 

 
1 - ʩʫʨʝʪ.  çץױʳʧʪʳ ᴇʥʜʽʨʽʩè ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʞײʤʳʩ ʦʨʥʳʥʜʘ ץʦʣʜʘʥʫ 

ʘ) ץײʳʧʪʳ ᴇʥʜʽʨʽʩʢʝ ʜʝʡʽʥʛʽ; ʙ) ץײʳʧʪʳ ᴇʥʜʽʨʽʩʪʝʥ ʢʝʡʽʥʛʽ 

 

 ʆʩʳʥʜʘʡ ץʘʨʘʧʘʡʳʤ ʤʳʩʘʣʜʳש ᴇʟʽʥʜʝ, ᴅʨʙʽʨ ײץʨʘʣ-ʩʘʡʤʘʥ ᴇʟ ʦʨʥʳʥʜʘ ʘʨʥʘʡʳ 

 שʤʳʩʰʳʥʳײʳʪ ʘʟʘʡʳʧ ʞץʨʘʣʜʳ ʽʟʜʝʡʪʽʥ ʫʘײץ ʦʨʘʧʪʘ ʞʘʪʘʪʳʥ ʙʦʣʩʘ ʞᴇʥʜʝʫ ʙʘʨʳʩʳʥʜʘץ

ᴇʥʽʤʜʽʣʽʛʽ 15% ʜʝʡʽʥ ʢᴇʪʝʨʽʣʝʜʽ[2].  



ʄʘʪʝʨʠʘʣʳ  XLII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʂʘʟɸʊʂ ʠʤ. ʄ. ʊʳʥʳʰʧʘʝʚʘ                    
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ɸʩʪʘʥʘ ʣʦʢʦʤʦʪʠʚ ʞᴇʥʜʝʫ ʜʝʧʦʩʳʥʜʘ ʞװʨʛʽʟʽʣʛʝʥ çץױʳʧʪʳ ᴇʥʜʽʨʽʩè 

ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʝʥʜʽʨʫ ʙʘʨʳʩʳʥʜʘ ʙʽʨʥʝʰʝ ʞʦסʘʣʪʫʣʘʨ ʘʟʘʡʪʳʣʳʧ ʦʥʳש ʥᴅʪʠʞʝʣʝʨʽ 1-

ʢʝʩʪʝʜʝ ʢʝʣʪʽʨʽʣʜʽ.  

 

 1 - ʢʝʩʪʝ. ɸʩʪʘʥʘ ʣʦʢʦʤʦʪʠʚ ʞᴇʥʜʝʫ ʜʝʧʦʩʳʥʜʘ çץױʳʧʪʳ ᴇʥʜʽʨʽʩè ʪʝʭʥʦʣʦʛʠʷʩʳʥ 

 ʥᴅʪʠʞʝʩʽ שʦʣʜʘʥʫʜʳץ

 

ʂʘʨʪʠʨʣʝʫ ᴅʜʽʩʽʥʽש ʥᴅʪʠʞʝʩʽ çץױʳʧʪʳ ᴇʥʜʽʨʽʩè ᴅʜʽʩʪʝʤʝʩʽ תʥʝʤʜʝʣʛʝʥ ץʘʨʘʞʘʪ, 

ʞʳʣ 

 ʦʡʤʘʩʳʥץ ʨʘʣ ʩʘʡʤʘʥʜʘʨײפ

ʨʝʪʪʝʫ 

ʂʝʨʝʢʪʽ ײץʨʘʣ ʩʘʡʤʘʥʜʘʨʜʳ 

ʽʟʜʝʫʛʝ ʢʝʪʝʪʽʥ ʙʦʩ ʫʘץʳʪ 

ʰʳסʳʥʳʥ ʘʟʘʡʪʫ ʞʳʣʳʥʘ 120 

ʩʘסʘʪ 

350 ʤʳש ʪʛ. 

ɼʘʡʳʥʜʘʫ ʮʝʭʳʥ ʊʆ-6 ʮʝʭʳʥʘ 

ʦʨʥʘʣʘʩʪʳʨʫ 

ʕʣʝʢʪʨʦʚʦʟʜʳ ʞᴇʥʜʝʫ 

 ʳʪʪʳץʜʝʨ̔ʩʽʥʝ ʢʝʪʝʪʽʥ ʫʘװ

 ʘʪסʥʝʤʜʝʫ 180 ʩʘװ

400 ʤʳש ʪʛ. 

ʊײʨʘץʪʳש ʢʘʥʘʚʘʣʘʨʳʥʳש 

ʞʘʥʳʥʘ ʠʥʝʨʮʠʦʥʜʳ 

ʢʘʪʫʰʢʘʣʘʨʜʳ ʵʣʝʢʪʨ ʞʝʣʽʩʽʥʝ 

 ʦʩʘʪʳʥ 380ɺ, 220ɺ, 50ɺץ

ʪʘʨʘʪʫ ʨʦʟʝʪʢʘʣʘʨʳʥ ʦʨʥʘʪʫ 

ʕʣʝʢʪʨʦʚʟʜʘʨʜʳ ʞᴇʥʜʝʫ 

ʢʝʟʽʥʜʝ ʩʣʝʩʘʨʴʣʘʨʜʳש ʞײʤʳʩ 

ʦʨʥʳʥ ʞʝʪʽʣʜʽʨʫ ʞʳʣʳʥʘ 130 

ʩʘסʘʪ 

325 ʤʳש ʪʛ. 

ɸʢʢʫʤʫʣʷʪʦʨʣʳ ʙᴇʣʽʤʰʝʥʽש 

ʞʦʩʧʘʨʳʥ ʞʝʪʽʣʜʽʨʫ 

ɹʽʨ ʙᴇʣʰʝʢʢʝ ʢʝʪʝʪʽʥ 

ʞᴇʥʜʝʫʜʽש ʪʝʭʥʦʣʦʛʠʷʣʳץ 

ʝשʙʝʢ ʩʠʳʤʜʳʣʳסʳʥ 

 ʘʨʪʫ, ʵʣʝʢʪʨʦʣʠʟʜʝʫץʳʩץ

ʩʘʧʘʩʳʥ ʞʦסʘʨʳʣʘʪʫ 

150 ʤʳש ʪʛ. 

ʉɸ-3 ʘʚʪʦʪʽʨʢʝʛʽʰʽʥ ʞᴇʥʜʝʫʜʽ 

ʊʆ-6 ʮʝʭʳʥʘʥ ɼʂʄ ʮʝʭʳʥʘ 

ʢᴇʰʽʨʫ 

ɾײʤʳʩʰʳʣʘʨʜʳש ʙʦʩ 

 ʘʣʳʩʳʥ ʘʟʘʡʪʘʜʳ, ʞʳʣʳʥʘסʦʟץ

80 ʩʘסʘʪ 

200 ʤʳש ʪʛ. 

ɼʦסשʘʣʘץ ʞײʙʳʥ ʪʘʩʠʪʳʥ 

ʘʨʥʘʡʳ ʘʨʙʘʣʘʨ 

ʃʦʢʦʤʦʪʠʚ ʪʘʨʪʳʤʳʥʘ ʢʝʪʝʪʽʥ 

ʰʳסʳʥʜʳ ʘʟʘʡʪʫ 

1790 ʤʳש ʪʛ. 

ɾʳʣʫ ʝʩʝʧʪʝʛʽʰʪʝʨʽʥ ʦʨʥʘʪʫ, 

ʩʚʝʪʦʜʠʦʜʪʳ ʰʘʤʜʘʨʜʳ 

 ʦʣʜʘʥʫץ

 ʳʥʜʘʨʜʳסʦʩʳʤʰʘ ʰʳפ

ʘʟʘʡʪʘʜʳ 

49000 ʤʳש ʪʛ. 

 

 .ʘʣʪʫʣʘʨʜʳ ʙʦʣʜʳʨʤʘʫסʩʘʪʳ ʞʦץè ʙʘʩʪʳ ʤʘשʳʧʪʳ ᴇʥʜʽʨʽʩʪʽץױʦʨrʪʳʥʜʳ. çפ

ɸʩʪʘʥʘ ʣʦʢʦʤʦʪʠʚ ʞᴇʥʜʝʫ ʜʝʧʦʩʳʥʜʘ ʞװʨʛʽʟʽʣʛʝʥ ʞײʤʳʩʪʘʨ ʙʘʨʣʳץ ʣʦʢʦʤʦʪʠʚ 

ʰʘʨʫʰʳʣʳץʪʘʨʳʥʜʘ ץʦʣʜʘʥʳʩ ʪʘʫʳʧ ʞʘʪʳʨ. ᴆʪʝ ץʘʨʘʧʘʡʳʤ ײʡʳʤʜʘʩʪʳʨʫ ʰʘʨʘʣʘʨʳʥʘʥ 

ʙʘʩʪʘʧ, ʢװʨʜʝʣʽ ʘʫץʳʤʜʳ ʽʩ ʰʘʨʘʣʘʨʜʳ ץʘʤʪʠʪʳʥ ʙײʣ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʞʦʙʘ ᴇʥʜʽʨʽʩʪʽש 

ʙʘʨʣʳץ ʩʘʣʘʩʳʥʘ ץʘʞʝʪʪʽ ʙʦʣʳʧ ʩʘʥʘʣʘʜʳ. 
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ɸʃʄɸʊʓ ʃʆʂʆʄʆʊʀɺ ʇɸʁɼɸʃɸʅʋ ɼɽʇʆʉʓʅʓר ʉʊɸʊʀʉʊʀʂɸʃʓפ 

ʄᴄʃɯʄɽʊʊɽʈɯʅ ᴆרɼɽʋ ʅɽɻɯɿɯʅɼɽ ʊʕ33ɸ ʊɽʇʃʆɺʆɿʓʅʓר ɼʆנרɸʃɸפ 

ɾױɹʓ ʉɽʅɯʄɼɯʃɯɻɯʅɯר ʂᴆʈʉɽʊʂɯʐʊɽʈɯʅ ɸʅʓפʊɸʋ 

 

 ɸשʜʘʪʧʘ. ɼʦסשʘʣʘץ ʞײʙʳʥʳש ʞʘʣʳʥʳש ʞʝʣʽʥʫʽ ʦʥʳײ שʟʘץ ץʳʟʤʝʪ ʘʪץʘʨʫʳʥʘ 

ʪʽʢʝʣʝʡ ʙʘʡʣʘʥʳʩʪʳ. ʆʥʳש ʪʝʟ ʪʦʟʫʳ ʜʦסשʘʣʘץ-ʤʦʪʦʨ ʙʣʦʛʳʥ ʰʝʰʫʛʝ, ʷסʥʠ ʣʦʢʦʤʦʪʠʚʪʽ 

ʞײʤʳʩץʘ ץʘʙʽʣʝʪʩʽʟ ʝʪʽʧ ץʦʡʤʘʡ, ʞʘʣʧʳ ʪʘʩʳʤʘʣʜʳש ᴇʟʽʥʜʽʢ ʰʳסʳʥ ʢᴇʪʝʨʫʛʝ ʜʝ ʩʝʧʪʽʛʽʥ 

ʪʠʛʽʟʝʜʽ. 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ʪʝʧʣʦʚʦʟ, ʜʦסשʘʣʘץ ʞײʙʳ, ʩʝʥʽʤʜʽʣʽʢ, ʤʘʪʝʤʘʪʠʢʘʣʳץ 

ʩʪʘʪʠʩʪʠʢʘʣʳץ ᴅʜʽʩʪʝʤʝ 

ɸʥʥʦʪʘʮʠʷ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʦʩʘ ʛʨʝʙʥʷ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʜʦʣʛʦʚʝʯʥʦʩʪʴ 

ʢʦʣʝʩʥʳʭ ʧʘʨ, ʪʘʢ ʢʘʢ ʧʨʠ ʧʨʝʜʝʣʴʥʦʤ ʠʟʥʦʩʝ ʙʘʥʜʘʞʝʡ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʦʜʠʪʴ ʚʳʢʘʪʢʫ 

ʢʦʣʝʩʥʦ-ʤʦʪʦʨʥʦʛʦ ʙʣʦʢʘ, ʯʪʦ ʥʝ ʪʦʣʴʢʦ ʦʩʪʘʚʣʷʝʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʜʝʧʦ ʙʝʟ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʛʦ ʣʦʢʦʤʦʪʠʚʘ, ʘ ʝʱʝ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʝʨʝʚʦʟʦʢ ʠ 

ʩʥʠʞʝʥʠʶ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʧʣʦʚʦʟ, ʢʦʣʝʩʥʘʷ ʧʘʨʘ, ʥʘʜʝʞʥʦʩʪʴ, ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʩʪʘʪʠʩʪʠʢʠ. 

Abstract. The intensity of the wear of the ridge directly affects the durability of wheel 

sets, since with extreme wear of the tires, it is necessary to roll out the wheel-motor unit, which 

not only leaves the operating depots without an efficient locomotive, and also leads to an 

increase in the cost of transportation and a decrease in the competitiveness of the railway 

transport. 

Key words: diesel locomotive, wheel pair, reliability, methods of mathematical statistics. 

 

 שʨʘʤʜʘʨʜʳײץ ʳ ʞʳʣʞʳʤʘʣʳסʳ ʪʝʤʽʨʞʦʣʜʘʨʜʘסʩʪʘʥ ʪʝʨʠʪʦʨʠʷʩʳʥʜʘץʘʟʘפ

ʞʘשʘʨʫʳ ʣʦʢʦʤʦʪʠʚ ʰʘʨʫʘʰʳʣʳץʪʘʨʳʥʘ ʞʘשʘ ʪʘʣʘʧʪʘʨסʘ ʩᴅʡʢʝʩ ʞʘשʘʨʫʜʳץ שʘʞʝʪʪʽʣʽʛʽʥ 

ʪʫʳʥʜʘʪʳʧ ʦʪʳʨ. ʉʝʙʝʙʽ ʞʘשʘ ʣʦʢʦʤʦʪʠʚʪʝʨʛʝ ʧʘʡʜʘʣʘʥʫ ʙʘʨʳʩʳʥʜʘ ץʦʣʜʘʥʳʩʪʘסʳ 

ʞʦʩʧʘʨʣʳ ʞᴇʥʜʝʫ ʞװʡʝʩʽ ʪʠʽʤʩʽʟ ʝʢʝʥʜʽʛʽ ʘʥʳץʪʘʣסʘʥ. ɾʘשʘ ʣʦʢʦʤʦʪʠʚʪʝʨʜʽש, ʩʦʥʳש 

ʽʰʽʥʜʝ ʊʕ33ɸ ʪʝʧʣʦʚʦʟʳ ʩʝʨʚʠʩʪʽʢ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʞװʡʝʩʽʥʝ ʜʘסʜʳʣʘʥסʘʥ.  

ʊʕ33ɸ ʪʝʧʣʦʚʦʟʳʥʳש ʘʣסʘʰץʳ ʧʘʡʜʘʣʘʥʫסʘ ʙʝʨʽʣʫʽʥʝʥ ʙʘʩʪʘʧ ʦʥʳש 

 ʘʫʣʘʨʳ ʙʦʡʳʥʰʘץʳ ʧʘʨʘʤʝʪʨʣʝʨʽ ʞᴅʥʝ ʘסʧʘʡʜʘʣʘʥʫ ʙʘʨʳʩʳʥʜʘ שʳʣʘʨʳʥʳסʦʥʜʳʨץ

ʩʪʘʪʠʩʪʠʢʘʣʳץ ʤᴅʣʽʤʝʪʪʝʨʽ ʪײʨʘץʪʳ ʞᴅʥʝ ʮʠʢʣʜʽ ʪװʨʜʝ ʞװʨʛʽʟʽʣʽʧ ʦʪʳʨʜʳ. ᴄʩʽʨʝʩʝ 

ʤʝʭʘʥʠʢʘʣʳץ ʙᴇʣʽʢʪʝʨʽʥʝ, ʩʦʥʳש ʽʰʽʥʜʝ ʜʦסשʘʣʘץ ʞײʙʳʥʳש ʙʘʨʣʳץ ᴇʣʰʝʫ ʧʘʨʘʤʝʪʨʣʝʨʽ 

ʮʠʢʣʜʽ ʪװʨʜʝ ʙʘץʳʣʘʥʳʧ ʦʪʳʨʜʳ. ɸʣʤʘʪʳ ʣʦʢʦʤʦʪʠʚ ʧʘʡʜʘʣʘʥʫ ʜʝʧʦʩʳ ʦʩʳʥʜʘʡ 

ʩʪʘʪʠʩʪʠʢʘʣʳץ ʤᴅʣʽʤʝʪʪʝʨʜʽ ʞװʨʛʽʟʽʧ ʦʪʳʨסʘʥ ʥʝʛʽʟʛʽ ʜʝʧʦʣʘʨʜʳץ שʘʪʘʨʳʥʘ ʢʽʨʝʜʽ. ʊʕ33ɸ 

ʪʝʧʣʦʚʦʟʳ ʜʦסשʘʣʘץ ʞײʙʳʥʳש ɸʣʤʘʪʳ ʧʘʡʜʘʣʘʥʫ ʜʝʧʦʩʳʥʜʘ ʞʠʥʘץʪʘʣסʘʥ ʩʪʘʪʠʩʪʠʢʘʣʳץ 

ʤᴅʣʽʤʝʪʪʝʨʜʽ ʥʝʛʽʟʛʝ ʘʣʘ ʦʪʳʨʳʧ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʩʪʘʪʠʩʪʠʢʘʥʳש ᴅʜʽʩʪʝʤʝʩʽʥʽש ʢᴇʤʝʛʽʤʝʥ 

ʩʝʥʽʤʜʽʣʽʢ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥʝ ʪʘʣʜʘʫ ʞװʨʛʽʟʽʣʜʽ. 

ɾʘʣʧʳ ץʦʣʜʘʥʳʩʪʘסʳ 2ʊʕ10 ʪʝʧʣʦʚʦʟʜʘʨʳʥʳש ʜʦסשʘʣʘץ ʞײʧʪʘʨʳʥʘʥ ʊʕ33 

ʪʝʧʣʦʚʦʟʳʥʳש ʜʦסשʘʣʘץ ʞײʙʳ ʥʝʛʽʟʛʽ ʘʡʳʨʤʘʰʳʣʳסʳ ʙװʪʽʥ ײץʡʳʣסʘʥ, ʷסʥʠ ʙʘʥʜʘʞʩʳʟ 

ʙʦʣʳʧ ʢʝʣʝʜʽ. ɹʘץʳʣʘʥʳʧ ʞʠʥʘץʪʘʣסʘʥ ʩʪʘʪʠʩʪʠʢʘʣʳץ ʤᴅʣʽʤʝʪʪʝʨʛʝ (1-ʢʝʩʪʝ) ʩᴅʡʢʝʩ 

ʊʕ33ɸ ʜʦסשʘʣʘץ ʞײʧʪʘʨʳʥʳש ʙʽʨ ʞʳʣʜʘסʳ ʘץʘʫʣʘʨʳ ʙʦʡʳʥʰʘ ʪʘʣʜʘʫ ʞװʨʛʽʟʽʣʜʽ.    
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1 - ʩʫʨʝʪ.  ʇʘʡʜʘʣʘʥʫ ʞʘסʜʘʡʳʥʜʘ ʜʦסשʘʣʘץ ʞײʙʳʥʳש ʘץʘʫʣʘʨʳ 

 

ᴄʜʝʪʪʝ, ʙʘץʳʣʘʥʘʪʳʥ ᴇʣʰʝʤʜʝʨʜʽש ʤᴅʥʽʥ װʟʜʽʢʩʽʟ ʙʘץʳʣʘʧ ʦʪʳʨʫ ʤװʤʢʽʥ ʝʤʝʩ. 

ʆʣʘʨʜʳ ʥʝʛʽʟʽʥʝʥ ʢʝʟʝʢʪʽ ʞᴇʥʜʝʫʣʝʨʜʽש ʙʽʨʽʥʝʥ ʥʝʤʝʩʝ ץʘʨʘʫ ʢʝʟʽʥʜʝ ʘʣʘʜʳ. ɽʛʝʨ 

ʙʘץʳʣʘʥʘʪʳʥ ᴇʣʰʝʤʜʝʨʜʽש ʤᴅʥʽʥʽש ʩʘʥʳ ʞᴅʥʝ ʩᴅʡʢʝʩ ʙᴇʣʰʝʛʽʥʽש ʘʪץʘʨʳʤʳ ʙʘץʳʣʘʥʘʪʳʥ 

ᴇʣʰʝʤʽ ʘʪʘʫʣʳ ʙʦʣסʘʥ, ʦʣʘʨʜʳש ʪʦʣʳץ ץʘʡʪʘ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʽʣʛʝʥ ʩᴅʪʽʥʝʥ ʙʘʩʪʘʡʪʳʥ 

ʙʦʣʩʘץ,  ʦʥʜʘ ʙʽʨʥʝʰʝ ʢʝʟʝʢʧʝʣʽ ᴇʣʰʝʤʜʝʨʤʝʥ ʘʣʳʥסʘʥ ʙʽʨץʘʪʘʨ ʤᴅʥʽ ʙʘץʳʣʘʥʘʪʳʥ 

ᴇʣʰʝʤʜʝʨʜʽש ʽʩʢʝ ʘʩʳʨʳʣʫʳʥ ʙʽʣʜʽʨʝʜʽ. ɹʘץʳʣʘʥʘʪʳʥ ᴇʣʰʝʤʥʽש ᴇʟʛʝʨʫʽʥʝ ץʘʨʘʡ ʙʝʣʛʽʣʽ 

ʙʽʨ ʢʝʟʜʝ ʦʥʳש ʙʝʣʛʽʣʝʥʛʝʥ ʰʝʢʪʽʢ ʤᴅʥʽʥʝ ʰʳסʫʳ ʙʘʡץʘʣʘʜʳ, ʷסʥʠ, ʥʳʩʘʥʥʳש ʽʩʪʝʥ 

ʰʳסʫʳ ʦʨʳʥ ʘʣʘʜʳ.  

ʄʳʩʘʣʳ, ʙʘʥʜʘʞʜʳש ʘʡʥʘʣʫ ʙʝʪʽʥʽש ʪʦʟʫʳ (ʧʨʦʢʘʪ) ʝʛʝʨ ʦʥʳש ʤᴅʥʽ ʝש ʞʦסʘʨʳ 

ʰʝʢʪʝʥ (ץʦʟסʘʣʳʩ ʞʳʣʜʘʤʜʳסʳ 120 ʢʤ/ʩʘס-ʪʘʥ ʞʦסʘʨʳ ʙʦʣʩʘ - 5 ʤʤ,  ץʦʟסʘʣʳʩ 

ʞʳʣʜʘʤʜʳסʳ 120 ʢʤ/ʩʘס-ʪʘʥ ʪᴇʤʝʥ ʙʦʣʩʘ - 7 ʤʤ) ʘʩʳʧ ʢʝʪʝʪʽʥ ʙʦʣʩʘ ץʦʩ ʜʦסשʘʣʘץʪʳש ʽʩʪʝʥ 

ʰʳסʫʳʥʘ ʘʣʳʧ ʢʝʣʝʜʽ [2].  

 

               
 ʘ)                                                                           ʙ) 

 
2 - ʩʫʨʝʪ. ɹʘץʳʣʘʥʘʪʳʥ ᴇʣʰʝʤʜʝʨʜʽש ʽʩʢʝ ʘʩʳʨʳʣʫ ʤʳʩʘʣʜʘʨʳ (ʙʘʥʜʘʞʜʳש ʧʨʦʢʘʪʳ (ʘ) ʤʝʥ 

 (ʳʥ (ʙ) ᴇʣʰʝʫ ᴅʜʽʩʽסʜʳשʘʣʳץ

 

ɹʘץʳʣʘʥʘʪʳʥ ᴇʣʰʝʤʜʝʨʜʽש ʝʢʽ ʪװʨʽ ʙʦʣʘʜʳ: ײʣסʘʡʳʧ ʦʪʳʨʘʪʳʥ (ʧʨʦʢʘʪ) ʞᴅʥʝ ʢʝʤʽʧ 

ʦʪʳʨʘʪʳʥ (ʜᴇשʛʝʣʝʢ ʘʡʥʘʣʳʤʳʥʳש ʜʠʘʤʝʪʨʽ). ɹʘץʳʣʘʥʘʪʳʥ ᴇʣʰʝʤʜʝʨʜʽש ʽʩʢʝ ʘʩʳʨʳʣʫ 

ʤʳʩʘʣʜʘʨʳ 1 - ʩʫʨʝʪʪʝ (ʙʘʥʜʘʞʜʳש ʧʨʦʢʘʪʳ ʞᴅʥʝ ץʘʣʳשʜʳסʳʥ  ᴇʣʰʝʫ) ʙʝʨʽʣʛʝʥ. 



ʄʘʪʝʨʠʘʣʳ  XLII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʂʘʟɸʊʂ ʠʤ. ʄ. ʊʳʥʳʰʧʘʝʚʘ                    
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ɾʠʥʘץʪʘʣסʘʥ ʩʪʘʪʠʩʪʠʢʘʣʳץ ʤᴅʣʽʤʝʪʪʝʨʜʽ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʩʪʘʪʠʩʪʠʢʘʣʳץ 

ʩʘʨʘʧʪʘʤʘʜʘʥ ᴇʪʢʽʟʫʛʝ ʪʝʦʨʠʷʣʳץ ʞᴅʥʝ ʩʪʘʪʠʩʪʠʢʘʣʳץ ʙᴇʣʫ ʰʘʤʘʩʳʥʳץ שʳʟʤʝʪʽʥ ʇʠʨʩʦʥ 

ʰʘʨʪʳ ʙʦʡʳʥʰʘ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ ( ʰʘʨʪʳ). ʆʣ ʢʝʟʜʝʡʩʦץ ʩʝʙʝʧʪʝʨʜʽש ʝʩʝʙʽʥʝʥ 

ʪʝʦʨʠʷʣʳץ ʞᴅʥʝ ʩʪʘʪʠʩʪʠʢʘʣʳץ ʙᴇʣʫ ʰʘʤʘʩʳʥʳש ʘʡʳʨʤʘʰʳʣʳץʪʘʨʳʥʳש ʽʩ ʞװʟʽʥʜʝʛʽ 

ʙʘʡץʘʣʘʪʳʥ ʰʘʤʘʩʳʥʘʥ ʢᴇʧ ʙʦʣʘʪʳʥʜʳסʳʥ ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʰʽʣʽʢ ʙʝʨʝʜʽ. 

ɼʦסשʘʣʘץ ʞײʙʳʥʳש ʙʘץʳʣʘʥʘʪʳʥ ᴇʣʰʝʤʜʝʨʽʥʽש ʙᴇʣʽʥʫʽ ʪᴇʤʝʥʜʝ ʪʦʣʳץ ʢʝʣʪʽʨʽʣʛʝʥ 

 :ʩʳ ʩʠʧʘʪʪʘʣʘʜʳץʤʝʥ ʞʘשʘʣʳʧʪʳ ʟʘץ
 

                                                 (1) 

ʤײʥʜʘ:   ʜʝʛʝʥʽʤʽʟ- ʰʘʤʘʩʳʥʳש ʤʘʪʝʤʘʪʠʢʘʣʳץ ʧʘʡʳʤʜʘʫʣʘʨʳ; 

 ï ʙʘץʳʣʘʥʘʪʳʥ ᴇʣʰʝʤ ʰʘʤʘʩʳʥʳש ʦʨʪʘʰʘ ʢʚʘʜʨʘʪʪʳץ ʘʫʳʪץʫʳ; 

               ï ʙʘץʳʣʘʥʘʪʳʥ ᴇʣʰʝʤ ʰʘʤʘʩʳʥʳש ʘסʳʤʜʘסʳ ʤᴅʥʽ. 
 

 :ʳʣʘʜʳשʘ ʤʳʥʘʜʘʡ ʙʘʡʣʘʥʳʩ ʪʘסʰʘʤʘ ץʳʥʘʪʳʥ ʢʝʟʜʝʡʩʦסʳʥʘ ʙʘשʘʣʳʧʪʳ ʙᴇʣʫ ʟʘפ
 

ʘ)  - ʙʘʨʣʳץ ʘʨʘʣʳץʪʘʨ ʙʦʡʳʥʰʘ ʞʠʽʣʽʢ ʩʦʤʘʩʳ 1 ʪʝ[1] ש; 

ʙ)   ʩʪʘʪʠʩʪʠʢʘʣʳץ ʙᴇʣʫʜʽש ʦʨʪʘʰʘ ʤᴅʥʽ ʪʝʦʨʠʷʣʳץ ʙᴇʣʫʜʽש 

ʤʘʪʝʤʘʪʠʢʘʣʳץ ʧʘʡʳʤʜʘʫʣʘʨʳʥʘ ʪʝש;  

ʚ) - ʩʪʘʪʠʩʪʠʢʘʣʳץ ʜʠʩʧʝʨʩʠʷʩʳ ʞᴅʥʝ ʪʝʦʨʠʷʣʳץ ʙᴇʣʫʽ ʪʝש 

ʙʦʣʘʜʳ.  
 

(2) 

 
 

 ʧʘʡʳʤʜʘʫʣʘʨ ʤʝʥ ץʩʠʧʘʪʪʘʤʘʣʘʨʳ ʤʘʪʝʤʘʪʠʢʘʣʳ ץʩʘʥʜʳ שʳʥʳשʘʣʳʧʪʳ ʙᴇʣʫ ʟʘפ

ʢʝʟʜʝʡʩʦץ ʰʘʤʘʥʳש ʜʠʩʧʝʨʩʠʷʩʳ ʘʨץʳʣʳ ʙʝʨʽʣʝʪʽʥʜʽʢʪʝʥ, ʦʣʘʨסʘ ʩʘʡ ʙʘסʘʣʘʨʳ 

ʰʳסʘʨʳʣʘʜʳ: ʜʠʩʧʝʨʩʠʷʥʳש ʦʨʪʘʰʘ ʤᴅʥʽ ʤʝʥ ʙʘסʘʩʳ (ʦʨʪʘʰʘ ʢʚʘʜʨʘʪʪʳץ ʘʫʳʪץʫ). 

ɹʘץʳʣʘʥʘʪʳʥ ᴇʣʰʝʤʜʝʨʜʽ ʙᴇʣʫ ʟʘשʳʥʳש ʩʘʥʜʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʳש ʤᴅʥʽʥʝ ץʘʨʘʡ  

ʨʝʩʫʨʩʪʘʨʳʥ ʘʥʳץʪʘʫ ʤʘץʩʘʪʳʥʜʘ ʪʳʤ ʞʦסʘʨʳ ᴇשʜʝʣʛʝʥʜʝʛʽ ᴇʟʛʝʨʫ װʨʜʽʩʪʝʨʽʥ 

ʙʦʣʞʘʤʜʘʫסʘ ʙʦʣʘʜʳ. ʆʣ װʰʽʥ  ʦʨʪʘʰʘ ʤᴅʥʜʝʨʽʥʽש ʪʘʣʜʘʫ ʪᴅʫʝʣʜʽʣʽʛʽ ʤʝʥ  ʞװʨʽʩʽʥʝʥ 

ʦʨʪʘʰʘ ʢʚʘʜʨʘʪʪʳץ ʘʫʳʪץʫʣʘʨʳ ʢʝʣʪʽʨʽʣʛʝʥ. 

ɾʘʣʧʳ ʩʠʧʘʪʪʘסʳ ʪʘʣʜʘʫ ʪᴅʫʝʣʜʽʣʽʛʽʥ ʦסʘʥ  ᴇʣʰʝʤʽ, ʢʽʨʝʪʽʥ ʙʽʨ 

ʘʡסʘץʪʳץ  ʙʽʨʰʘʤʘ ʘʨʘʣʳץ ʝʤʝʩ ʤʽʥʜʝʪʪʝʨʽ ʽʩʧʝʪʪʽ ʙʝʨʫʛʝ ʙʦʣʘʜʳ . 

ʆʩʳ ʤʽʥʜʝʪʪʽש ʘʨץʘʩʳʥʜʘ N ʥװʢʪʝʣʝʨʽ ʨʝʪʽʥʜʝ ʙʝʨʽʣʝʪʽʥ  ʙײʣ ʨʝʪʪʝ , 

ʵʤʧʠʨʠʷʣʳץ ʨʝʛʨʝʩʩʠʷʩʳʥ ʩʠʧʘʪʪʘʡ ʘʣʘʤʳʟ. ʄײʥʜʘסʳ  ʜʝʛʝʥʽʤʽʟ ץʘʨʘʩʪʳʨʳʣʘʪʳʥ ʙᴇʣʫ 

ʟʘשʳʥʳש ᴇʣʰʝʤʜʝʨʽʥʽש ʙʽʨʽ [1]. 

 ʤʽʥʜʝʪʪʝʨʽʥʽש ᴇʣʰʝʤʜʝʨʽ ʰʘʨʪʳ ʪᴇʤʝʥʜʝ ʢʝʣʪʽʨʽʣʝʪʽʥ ʪᴇʤʝʥʽʨʝʢ ʢʚʘʜʨʘʪʪʘʨʳʥʳש 

ᴅʜʽʩʽʤʝʥ ʽʩʢʝ ʘʩʳʨʳʣʘʜʳ: 
 

           (3) 
 

ᴄʜʝʪʪʝ, ʜʦסשʘʣʘץ ʞײʙʳʥʳש ʧʘʨʘʤʝʪʨʣʝʨʽ ʵʤʧʠʨʠʷʣʳץ ʪᴅʫʝʣʜʽʣʽʛʽ ʞᴅʥʝ 

ʘʨʥʘʣʳץ ʤʽʥʜʝʪʪʝʨʽʤʝʥ ʞʘץʩʳ ʩʠʧʘʪʪʘʣʘʜʳ, ʷʢʠ, ʩʠʧʘʪʪʘʫ ʬʫʥʢʮʠʷʩʳ  ʤʳʥʘʜʘʡ 

. 
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 1-ʢʝʩʪʝ. ʈʝʛʨʝʩʩʠʷ ʪʝשʜʝʫʽʤʝʥ ʰʳסʘʨʳʣסʘʥ ʝʩʝʧʪʽש ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽʥʽש ʪʝשʜʝʫʽ 
  

 

ɹʘץʳʣʘʥʘʪʳʥ ʧʘʨʘʤʝʪʨʣʝʨ 

ʊᴅʫʝʣʜʽʣʽʢ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽ 

(l) (l) 

ʘ, 

ʤʤ/ʤʳש ʢʤ 

b, ʤʤ ʘ, 

ʤʤ/ʤʳש ʢʤ 

b, ʤʤ 

ɼʦסשʘʣʘץ ʞײʙʳʥʳש ʙʘʥʜʘʞʳʥʳש 

ʧʨʦʢʘʪʳ 

0,0106 0,0812 0,0036 0,1730 

ɼʦסʘʣʘץ ʞײʙʳʥʳש ʙʘʥʜʘʞ 

ʞʘʣʳʥʳש (ʛʨʝʙʝʥʴ) ץʘʣʳשʜʳסʳ 

-0,0277 31,00 0,0064 0,5160 

ɼʦסשʘʣʘץ ʞײʙʳʥʳש ʙʘʥʜʘʞʳʥʳש 

 ʳסʜʳשʘʣʳץ

-0,0611 96,800 0,0101 1,3700 

 

ɼʦסשʘʣʘץ ʞײʙʳʥʳש ᴇʣʝhʫ ʧʘʨʘʤʝʪʨʝʣʽ (l) ʞᴅʥʝ (l) ʪᴅʫʝʣʜʽʣʽʢʪʝʨʽ ʥʝʛʽʟʽʥʜʝ 

ʘʥʳץʪʘʫסʘ ʙʦʣʘʜʳ, ʦʣʘʨʜʳ ʙʦʣʞʘʥסʘʥ ʞװʨʽʣʛʝʥ ʞʦʣʜʳװ שʣʢʝʥ ʤᴅʥʜʝʨ ʘʡʤʘסʳʥʘ 

ʵʢʩʢʪʨʘʧʦʣʠʨʣʝʩʝ ʜʝ, ʪᴅʫʝʣʜʽʣʽʢ ʩʠʧʘʪʪʘʤʘʩʳ ᴇʟʛʝʨʤʝʡʜʽ. ɾװʨʽʣʛʝʥ ʞʦʣʜʳש l ʤᴅʥʽʥ (l) 

ʞᴅʥʝ (l), ʙʘץʳʣʘʥʘʪʳʥ ʧʘʨʘʤʝʪʨʣʝʨʽʥʽש ʵʢʩʪʨʦʧʦʣʷʮʠʷ ʘʡʤʘסʳʥʜʘ ʩʘʥʜʳץ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʳש ʪʘʨʘʣʫʳ ʝʩʝʧʪʝʣʝʜʽ.  

  ɹʝʣʛʽʣʽ ʬʫʥʢʮʠʷ ʘʨץʳʣʳ ʨʝʩʫʨʩʪʳש ʪʘʨʘʣʫ ʬʫʥʢʮʠʷʩʳʥ F(l), ץʘʞʝʪʪʽ ʧʘʡʳʟʙʝʥ 

ʙʝʨʽʣʛʝʥ ʘץʘʫʩʳʟ ʞײʤʳʩ ʳץʪʠʤʘʣʜʳסʳʥ ɔ ʙʝʨʫ ʘʨץʳʣʳ, ᴅʨʪװʨʣʽ ץʦʥʜʳʨסʳʥʳש ʩᴅʡʢʝʩʽʥʰʝ 

ʛʘʤʤʘ-ʧʘʡʳʟʜʳץ ʨʝʩʫʨʩʳʥ ʘʥʳץʪʘʡʜʳ. 

  

 

3 - ʩʫʨʝʪ. ɼʦסשʘʣʘץ ʞײʙʳʥʳש ʦʨʪʘʰʘ ʨʝʩʫʨʩʳʥʳש ʪʘʨʘʣʫ ʬʫʥʢʮʠʷʩʳ 

 ɼᴇשʛʝʣʝʢ ʘʡʥʘʣʳʤʳʥʳש ʞʦʥʫ ʢʝʟʽʥʜʝ, ʦʥʳש ʙʘץʳʣʘʥʘʪʳʥ ʧʘʨʘʤʝʪʨʣʝʨʽʥʽש 

(ʞʘʣʜʳץ שʘʣʳשʜʳסʳ ʞᴅʥʝ ʧʨʦʢʘʪʳ) ʥʦʤʠʥʘʣʴʜʳ ʤᴅʥʜʝʨʽ ץʘʡʪʘ ץʘʣʳʧʪʘʩʪʳʨʳʣʘʜʳ, ʦʥʜʘ 

ʛʘʤʤʘ-ʧʘʡʳʟʜʳץ ʨʝʩʫʨʩʪʘʥ ʙײʣ ʙʘץʳʣʘʥʘʪʳʥ ʧʘʨʘʤʝʪʨʣʝʨʜʽש ʝש ʘʟʳʥ ʪʘשʜʘʡʤʳʟ.  

 ʥᴅʪʠʞʝʩʽʥʝʥ ʊʕ33 שʝʩʝʧʪʝʨʜʽ ץʩʪʘʪʠʩʪʠʢʘʣʳ ץʘʥ ʤʘʪʝʤʘʪʠʢʘʣʳסʦʨʪʳʥʜʳ. ɸʣʳʥפ 

ʪʝʧʣʦʚʦʟʳʥʳש ʜʦסשʘʣʘץ ʞײʙʳʥʳש ʞʘʣʳʥʳש ʦʨʪʘʰʘ ʪʦʟʫ ʢᴇʨʩʝʪʢʽʰʽ 10000 ʢʤ-ʛʝ R= 0,6, 

ʜʦסשʘʣʘץ ʞײʙʳʥʳש ʦʨʪʘʰʘ ʨʝʩʫʨʩʳ 984346 ʢʤ ײץʨʘʡʜʳ. 
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2ʊʕ10ʄʂ ʊɽʇʃʆɺʆɿʓʅʓר ɼʀɿɽʃʔ-ɻɽʅɽʈɸʊʆʈʃʓפ פʆʅɼʓʈנʓʉʓʅʓר 

ʆʊʓʅ ʐʓנʓʅʓʅ ʊᴆʄɽʅɼɽʊʋ ᴄɼɯʉɯ 

 

ɸשʜʘʪʧʘ. ʄʘץʘʣʘʥʳש ᴇʟʝʢʪʽʣʽʛʽ ʞʳʣʜʘʤʜʳץ ʞᴅʥʝ ʞװʢʪʝʤʝ ʪᴅʨʪʽʧʪʝʨʽʥש ʞʠʽ 

ʘʫʳʩʘʪʳʥ ʞʘסʜʘʡʳʥʜʘ ʞײʤʳʩ ʽʩʪʝʡʪʽʥ ʪʝʧʣʦʚʦʟʜʘʨʜʳש ʢװʰʪʽʢ ץʦʥʜʳʨסʳʣʘʨʳʥʳש ʦʪʳʥ 

 שʥʝʤʜʽʣʽʛʽʥʽװ ʘʞʝʪʪʽʣʽʛʽʤʝʥ ʥʝʛʽʟʜʝʣʝʜʽ. ʆʪʳʥץ ʩʘʨʪʫץʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ ʞʘ שʥʝʤʜʽʣʽʛʽʥʽװ

ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʪʝʧʣʦʚʦʟ ʜʠʟʝʣʽ ʞײʤʳʩʳʥʳש ʪʠʽʤʜʽʣʽʛʽʥ ʩʠʧʘʪʪʘʡʪʳʥ ʥʝʛʽʟʛʽ 

ʧʘʨʘʤʝʪʨʣʝʨʜʽש ʙʽʨʽ ʙʦʣʳʧ ץʘʣʘ ʙʝʨʝʜʽ. 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ʪʝʧʣʦʚʦʟ, ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʣʳץ ץʦʥʜʳʨסʳ, ʜʠʟʝʣʴʜʽʢ ץʦʟסʘʣʪץʳʰ, 

ʦʪʳʥ ʰʳסʳʥʳ 

ɸʥʥʦʪʘʮʠʷ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʩʪʘʪʴʠ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʫʣʫʯʰʝʥʠʷ 

ʧʦʢʘʟʘʪʝʣʝʡ ʪʦʧʣʠʚʥʦʡ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʩʠʣʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʪʝʧʣʦʚʦʟʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ 

ʫʩʣʦʚʠʷʭ ʯʘʩʪʦʡ ʩʤʝʥʳ ʩʢʦʨʦʩʪʥʦʛʦ ʠ ʥʘʛʨʫʟʦʯʥʦʛʦ ʨʝʞʠʤʦʚ. ʇʦʢʘʟʘʪʝʣʠ ʪʦʧʣʠʚʥʦʡ 

ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʦʩʪʘʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʘʙʦʪʳ ʪʝʧʣʦʚʦʟʥʦʛʦ ʜʠʟʝʣʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʧʣʦʚʦʟ, ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʜʠʟʝʣʴʥʳʡ ʜʚʠʛʘʪʝʣʴ, 

ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ 

Abstract. This paper is necessitated by the need to improve fuel efficiency indicators of 

power units in diesel locomotives that work under frequently changing speed and load 

conditions. Fuel efficiency indicators remain the main parameters that characterize locomotive 

diesel efficiency. 

Key words: diesel locomotive, diesel-generator installation, diesel engine, fuel 

consumption 

 

ʊʝʤʽʨʞʦʣ ʢᴇʣʽʛʽʥʽש ʥʝʛʽʟʛʽ ʪʘʙʳʩʳ ʙʦʣʳʧ ʪʘʩʳʤʘʣʜʘʫ ץʳʟʤʝʪʽ ʪʘʙʳʣʘʜʳ, ʦʥʳ 

ʞװʟʝʛʝ ʘʩʳʨʫ װʰʽʥ פʘʟʘץʩʪʘʥʥʳש ʦʪʳʥ-ʵʥʝʨʛʝʪʠʢʘʣʳץ ʨʝʩʫʨʩʪʘʨʳ (ʆʕʈ) ʪײʪʳʥʳʣʘʜʳ. 

ʊʘʩʳʤʘʣʜʘʫ װʜʝʨʽʩʽʥʽש ʙᴅʩʝʢʝʣʝʩʪʽʢ ʦʨʪʘʩʳʥʜʘ ʪʘʙʳʩʪʳʣʳץʪʳש ʙʘʩʪʳ ʬʘʢʪʦʨʳ ʙʦʣʳʧ 

ʪʘʩʳʤʘʣʜʘʥʘʪʳʥ ᴇʥʽʤʥʽש ʙʽʨʣʽʛʽʥʝ ʰʘץץʘʥʜʘסʳ ʆʕʈ-ש ʩʘʣʳʩʪʳʨʤʘʣʳ ʰʳסʳʥʜʘʨʳ 

ʪʘʙʳʣʘʜʳ. ʆʕʈ-ש ʩʘʣʳʩʪʳʨʤʘʣʳ ʰʳסʳʥʜʘʨʳ ʙʦʡʳʥʰʘ ʪʘʩʳʤʘʣʜʘʥʘʪʳʥ ᴇʥʽʤʥʽש ʙʽʨʣʽʛʽʥʝ 

ʰʘץץʘʥʜʘ ʪʝʤʽʨʞʦʣ ʢᴇʣʽʛʽ ʙʘʩץʘ ʢᴇʣʽʢ ʪװʨʣʝʨʽʥʝ ץʘʨʘסʘʥʜʘ ʘʡʪʘʨʣʳץʪʘʡ װʥʝʤʜʽ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ, ʘʣʘʡʜʘ ʵʥʝʨʛʠʷ ʪʘʩʳסʳʰʪʘʨʳʥʳש ʙʘסʘʣʘʨʳʥʳװ שʥʝʤʽ ᴇʩʫʽ ʢʝʟʽʥʜʝ ʵʥʝʨʛʠʷʥʳ 

  .ʪʘʡ ʤᴅʥʛʝ ʠʝ ʙʦʣʘʜʳץʥʝʤʜʝʫ ʘʡʪʘʨʣʳװ

ʊʝʤʽʨʞʦʣ ʢᴇʣʽʛʽ ʝש ʽʨʽ ʵʥʝʨʛʠʷ ʨʝʩʫʨʩʪʘʨʳʥ ʪײʪʳʥʫʰʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. çɾװʢ 

ʪʘʩʳʤʘʣʳè ɸש-פ ʪʘʨʪʳʤ ʞʳʣʞʳʤʘʣʳ ײץʨʘʤʳʥʳש ʜʠʟʝʣʴʜʽʢ ʞʘʥʘʨʤʘʡʜʳ ʪײʪʳʥʫʳ 700-

800 ʤʳש ʪʦʥʥʘʜʘʥ ʘʩʘʜʳ. ʊʝʤʽʨʞʦʣ ʢᴇʣʽʛʽ פʘʟʘץʩʪʘʥʥʳש ʦʪʳʥ-ʵʥʝʨʛʝʪʠʢʘʣʳץ ʢʝʰʝʥʽʥʽש 

(ʆʕʂ) ʘʞʳʨʘʤʘʩ ʙᴇʣʽʛʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ ʞᴅʥʝ ʦʥʳʤʝʥ ʙʽʨʛʝ ʙʽʨʳסשʘʡ ʪʝʭʥʦʣʦʛʠʷʣʳץ 

ʙʘʡʣʘʥʳʩץʘʥ ʞװʡʝʥʽ ײץʨʘʡʜʳ. ʊʝʤʽʨʞʦʣ ʢᴇʣʽʛʽ ʆʕʈ ʪײʪʳʥʫʰʳʩʳ סʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ 

ʙʽʨʛʝ ʙʘʩʪʘʧץʳ ʵʥʝʨʛʠʷ ʨʝʩʫʨʩʪʘʨʳʥ (ʕʈ) ᴇʥʜʽʨʽʣʛʝʥ ʞᴅʥʝ ᴇשʜʝʣʛʝʥ ʞʝʨʽʥʝʥ ʙʘʩʪʘʧ 

ʪײʪʳʥʫʰʳʣʘʨסʘ ʜʝʡʽʥ ʪʘʩʳʤʘʣʜʘʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʞʘʥʘʨʤʘʡʜʳ ᴇʥʜʽʨʫ ʞᴅʥʝ ײץʥʳʥ 

  .ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ שʙʫʳʥʜʘʨʜʳ ץʘʣʳʧʪʘʩʪʳʨʫ ʪʽʟʙʝʛʽʥʜʝʛʽ ʥʝʛʽʟʛʽ ʪʝʭʥʦʣʦʛʠʷʣʳץ

ʕʥʝʨʛʠʷ ʤʝʥ ʨʝʩʫʨʩʪʘʨʜʳ װʥʝʤʜʝʫ çפʊɾè ױʂè ɸ2020  ש-פ ʞʳʣסʘ ʜʝʡʽʥʛʽ 

ʥɻʝʨʛʝʪʠʢʘʣʳץ ʩʪʨʘʪʝʛʠʷʩʳʥʳשè ײץʨʘʤʜʘʩ ʙᴇʣʽʛʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [1]. ɹװʛʽʥʛʽ ʢװʥʽ 

ʤʘʛʠʩʪʨʘʣʴʜʳץ ʣʦʢʦʤʦʪʠʚʪʝʨʜʽש ʠʥʚʝʥʪʘʨʣʳץ ʧʘʨʢʽ ʪʦʣʳץʪʘʡ ʞʘשʘ ʣʦʢʦʤʦʪʠʚʪʝʨʤʝʥ 

 שʘʣʳʩʪʘʨʳʥʜʘ ʦʪʳʥʥʳסʦʟץ ʢ ʪʘʩʳʤʘʣʜʘʫװʣ ʞʦʣʘʫʰʳʣʘʨ ʤʝʥ ʞײʘʤʪʘʤʘʩʳʟ ʝʪʽʣʜʽ, ʙץ

ʩʘʣʳʩʪʳʨʤʘʣʳ ʧʘʡʜʘʣʘʥʫ ʰʳסʳʥʜʘʨʳʥ ʘʡʪʘʨʣʳץʪʘʡ ʪᴇʤʝʥʜʝʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. 
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ʊʝʧʣʦʚʦʟʜʘʨʜʳש ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʣʳץ ץʦʥʜʳʨסʳʣʘʨʳʥʳש ʦשʪʘʡʣʘʥʜʳʨʳʣסʘʥ 

ʩʠʧʘʪʪʘʤʘʩʳʥ ץʘʣʳʧʪʘʩʪʳʨʫ ʘʨץʳʣʳ ʪʝʧʣʦʚʦʟʜʘʨʜʳש ʦʪʳʥ ʰʳסʳʥʳ ʤʝʥ ᴇשʜʝʣʛʝʥ ʛʘʟʜʘʨ 

ʰʳסʘʨʳʥʜʳʣʘʨʳ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ ʪᴇʤʝʥʜʝʪʫʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ [2]. 

ɾײʤʳʩʪʳש ʤʘץʩʘʪʳ - ʧʘʡʜʘʣʘʥʫ ʢʝʟʽʥʜʝ ʢװʰʪʽʢ ץʦʥʜʳʨסʳʣʘʨʳʥʳש 

ʦשʪʘʡʣʘʥʜʳʨʳʣסʘʥ ʩʠʧʘʪʪʘʤʘʩʳʥ ץʘʣʳʧʪʘʩʪʳʨʫ ʞʦʣʳʤʝʥ ʪʝʧʣʦʚʦʟʜʳש ʜʠʟʝʣʴ-

ʛʝʥʝʨʘʪʦʨʣʳץ ץʦʥʜʳʨסʳʩʳʥʳש ʦʪʳʥ װʥʝʤʜʽʣʽʛʽʥ ʞʦסʘʨʳʣʘʪʫ. 

ʕʣʝʢʪʨʣʽʢ ʙʝʨʽʣʽʩʪʽ ʪʝʧʣʦʚʦʟʜʘʨʜʘ ʝװ שʣʢʝʥ ʘʡʥʘʣʳʤ ʤʦʤʝʥʪʽʥ ץʦʣʜʘʥסʘʥ ʢʝʟʜʝ 

ʘʡʥʘʣʳʤ ʞʠʽʣʽʛʽʥʽש ʩʘʪʳʣʳ ᴇʟʛʝʨʫʽʥ ץʦʣʜʘʥʘʜʳ [3, 4]. ʆʩʳ ʤʘץʩʘʪʪʘ ʜʠʟʝʣʴʜʽʢ ץʦʟסʘʣʪץʳʰ 

ʞײʤʳʩʳʥʳש ʞʳʣʜʘʤʜʳץ ʪᴅʨʪʽʙʽʥʽש (wʜ ʞʳʣʜʘʤʜʳסʳ ʥʝʤʝʩʝ ʠʽʥʜʽ ʙʽʣʽʢʪʽש ʘʡʥʘʣʫ ʞʠʽʣʽʛʽ 

n) ᴇʟʛʝʨʫʽ ʢʝʟʽʥʜʝ ʞװʢʪʝʤʝʥʽש ᴇʟʛʝʨʫ ʟʘשʜʳʣʳסʳʥ (Ne ʪʠʽʤʜʽ ץʫʘʪʳ) ʘʥʳץʪʘʡʪʳʥ 

ʪʝʧʣʦʚʦʟʜʳץ ʩʠʧʘʪʪʘʤʘ (ʊʉ) ץʘʣʳʧʪʘʩʪʳʨʳʣʘʜʳ. ɹײʣ ʢʝʟʜʝ ʦʪʳʥʥʳש ʙʝʨʽʣʫʽʥ ʘʥʳץʪʘʡʪʳʥ 

ʜʦʟʘʣʘʫʰʳ ʦʨʛʘʥ (ʞʦסʘʨʳ ץʳʩʳʤʜʳ ʦʪʳʥ ʩʦʨסʳʩʳʥʳש ʪʘʷץʰʘʩʳ ï ɾפʆʉ) ʩʳʨʪץʳ 

ʞʳʣʜʘʤʜʳץ ʩʠʧʘʪʪʘʤʘʩʳʥ (ʉɾʉ) ץʘʣʳʧʪʘʩʪʳʨʫ ʢʝʟʽʥʜʝ ʙʝʣʛʽʣʽ ʙʽʨ ʞʘסʜʘʡʜʘ ʙʝʢʽʪʽʣʤʝʡʜʽ, 

ʘʣ ʪʘשʜʘʣסʘʥ ʊʉ ʩᴅʡʢʝʩ ᴇʟʽʥʽש ʞʘסʜʘʡʳʥ ᴇʟʛʝʨʪʝʜʽ (1-ʩʫʨʝʪ).  
 

 
 

1 - ʩʫʨʝʪ.  פʦʟסʘʣʪץʳʰʪʳש ʘʡʥʘʣʳʤ ʤʦʤʝʥʪʽʥʽש ʩʪʘʪʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳ Mʜ: 

1 - ʘʚʪʦʪʨʘʢʪʦʨʣʳץ ʜʠʟʝʣʴʜʝʨʜʽש ʩʳʨʪץʳ ʞʳʣʜʘʤʜʳץʪʳ ʩʠʧʘʪʪʘʤʘʩʳ; 2 ð ʦʣʘʨʜʳש ʰʝʢʪʽ ʨʝʪʪʝʛʽʰ 

ʩʠʧʘʪʪʘʤʘʩʳ; 3 ð ʪʝʧʣʦʚʦʟʜʳץ ʜʠʟʝʣʴʜʝʨʜʽש ʛʝʥʝʨʘʪʦʨʣʳץ (ʪʝʧʣʦʚʦʟʜʳץ) ʩʠʧʘʪʪʘʤʘʩʳ  

 

ɾװʢʪʝʫ ʘʛʨʝʛʘʪʳ ʨʝʪʽʥʜʝ ʪʘʨʪʳʤ ʛʝʥʝʨʘʪʦʨʳ ץʳʟʤʝʪ ʘʪץʘʨʘʪʳʥ 2ʊʕ10ʄʂ 

ʪʝʧʣʦʚʦʟʳʥʜʘ ʦʨʥʘʪʳʣʘʪʳʥ ʜʠʟʝʣʴʜʝʨ װʰʽʥ ʊʉ ʙʽʨ ʤʝʟʝʪʪʝ ʛʝʥʝʨʘʪʦʨʣʳץ ʩʠʧʘʪʪʘʤʘ ʜʘ 

ʙʦʣʘʜʳ, ʘʣ ʦʥʳש ʬʦʨʤʘʩʳ ʪʘʨʪʳʤ ʛʝʥʝʨʘʪʦʨʳʥʳץ שʦʟʫ ʞװʡʝʩʽʥ ʞᴇʥʛʝ ʢʝʣʪʽʨʫʜʝʥ ʪᴅʫʝʣʜʽ. 

ɼʠʟʝʣʴʜʽʢ ץʦʟסʘʣʪץʳʰʪʳש ʞײʤʳʩ ʪᴅʨʪʽʙʽʥ ʤʘʰʠʥʠʩʪ ʢʦʥʪʨʦʣʣʝʨʜʽ ʙʽʨ ʞʘסʜʘʡʜʘʥ ʝʢʽʥʰʽ 

ʞʘסʜʘʡסʘ ʘʫʳʩʪʳʨʫ ʘʨץʳʣʳ ᴇʟʛʝʨʪʝʜʽ, ʙײʣ ᴇʟ ʢʝʟʝʛʽʥʜʝ ɾפʆʉ ʨʝʪʪʝʛʽʰʽʥʽש ʘʣʜʳʥ ʘʣʘ 

ʜʝʬʦʨʤʘʮʠʷʩʳʥʳש (ʪʘʨʪʳʤʳʥʳש) ᴇʟʛʝʨʫʽʥʝ ʘʣʳʧ ʢʝʣʝʜʽ. ʆʩʳʣʘʡʰʘ ʪʝʧʣʦʚʦʟʜʳץ ʜʠʟʝʣʴ-

ʛʝʥʝʨʘʪʦʨʜʳײץ שʨʘʤʳʥʜʘסʳ ʜʠʟʝʣʴʜʽץ שʫʘʪʳ ʦʥʳש ʩʳʨʪץʳ ʞʳʣʜʘʤʜʳץʪʳ ʩʠʧʘʪʪʘʤʘʩʳʥʘ 

ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʰʘʤʘʩʳʥʘʥ ʪᴇʤʝʥ ʙʦʣʘʜʳ (1-ʩʫʨʝʪ). 

ʆʪʳʥ װʥʝʤʜʽʣʽʛʽʥʽש ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʪʝʧʣʦʚʦʟʜʘʨʜʳש ʪײʪʳʥʫʰʳʣʳץ ʩʘʧʘʩʳʥ, 

ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽʣʽʛʽʥ ʘʣʜʳʥ ʘʣʘ ʘʥʳץʪʘʡʜʳ, ʞᴅʥʝ ʦʩʳʥʳש ʩʘʣʜʘʨʳʥʘʥ ʦʣʘʨʜʳש 

ʧʘʡʜʘʣʘʥʫ ʪʠʽʤʜʽʣʽʛʽʥ ʘʥʳץʪʘʡʜʳ. ɼʠʟʝʣʴʜʽʢ ץʦʟסʘʣʪץʳʰʪʘʨʜʳש ʧʘʡʜʘʣʘʥʫ ʢʝʟʽʥʜʝʛʽ ʦʪʳʥ 

 ʪʘʨʘʪʳʣʫʳ, ʊʉ ʬʦʨʤʘʩʳ שʤʳʩ ʨʝʞʠʤʜʝʨʽʥʽײʥʝʤʜʽʣʽʛʽʥʝ ʥʝʛʽʟʛʽ ᴅʩʝʨʜʽ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨ ʞװ

ʞᴅʥʝ ʤʘʰʠʥʠʩʪ ʢʦʥʪʨʦʣʣʝʨʽʥʽש ʞʘסʜʘʡʳ ᴅʩʝʨ ʝʪʝʜʽ [5ï6]. ɾʳʣʜʘʤʜʳץ ʞᴅʥʝ ʞװʢʪʝʤʝ 

ʪᴅʨʪʽʧʪʝʨʽʥʽש ʞʠʽ ʘʫʳʩʫʳ ᴅʩʽʨʝʩʝ ʤʘʥʝʚʨʣʽ ʪʝʧʣʦʚʦʟʜʘʨʜʳץ שʦʟסʘʣʪץʳʰʪʘʨʳʥʘ ʪᴅʥ. 

ɸʣʘʡʜʘ ʤʘʛʠʩʪʨʘʣʴʜʽ ʪʝʧʣʦʚʦʟʜʘʨʜʳץ שʦʟסʘʣʪץʳʰʪʘʨʳʥʜʘ ʜʘ ʧʦʡʳʟʜʳש ʩʘʣʳʩʪʳʨʤʘʣʳ 

ʢװʨʜʝʣʽ ʝʤʝʩ ʪʝʣʽʤʤʝʥ ץʦʟסʘʣʳʩʳ ʢʝʟʽʥʜʝ ʪᴅʨʪʽʧʪʝʨʜʽש (6...1 ʤʠʥ ʫʘץʳʪ ʘʨʘʣʳסʳʤʝʥ) 

ʪײʨʘץʪʳ ᴇʟʛʝʨʽʧ ʦʪʳʨʘʪʳʥʳ ʙʘץʳʣʘʥʘʜʳ [7]. ʄʘʛʠʩʪʨʘʣʴʜʽ ʪʝʧʣʦʚʦʟʜʘʨʜʳ5 שGTA11 

ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʣʳץ ץʦʥʜʳʨסʳʩʳʥʳש ʞײʤʳʩʳʥ ʩʳʥʘʫ ʙʘʨʳʩʳʥʜʘ ʞʳʣʜʘʤʜʳץ ʞᴅʥʝ 

ʞװʢʪʝʤʝ ʪᴅʨʪʽʧʪʝʨʽʥʽש ʢʝש ʜʠʘʧʘʟʦʥʜʘ ץʳʟʤʝʪ ʝʪʝʪʽʥʽ ʢᴇʨʽʥʜʽ (2-ʩʫʨʝʪ). ɹײʣ ʢʝʟʜʝ 

ʪʝʧʣʦʚʦʟʜʳש ʜʠʟʝʣʴʜʽʢ ץʦʟסʘʣʪץʳʰʳ ʤʘʰʠʥʠʩʪ ʢʦʥʪʨʦʣʣʝʨʽʥʽ6 ,5 ש ʞᴅʥʝ 7 ʧʦʟʠʮʠʷʣʘʨʳʥʘ 

ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʪᴅʨʪʽʧʪʝʨʜʝ ʞײʤʳʩ ʽʩʪʝʡʜʽ. 

ɾʦסʘʨʳʜʘ ʘʡʪʳʣסʘʥʜʘʡ, ʪʝʧʣʦʚʦʟʜʳץ ʜʠʟʝʣʴʜʽש ʦʪʳʥ װʥʝʤʜʽʣʽʛʽ ʘʡʪʘʨʣʳץʪʘʡ 

ʜᴅʨʝʞʝʜʝ ʤʘʰʠʥʠʩʪ ʢʦʥʪʨʦʣʣʝʨʽʥʽש ʞʘסʜʘʡʳʥʘʥ ʪᴅʫʝʣʜʽ, ʷסʥʠ ʦסʘʥ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ 
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 ,ʜʘʡʜʘסʣ ʞʘײʢʪʝʤʝ ʪᴅʨʪʽʧʪʝʨʽʥʝʥ. ɹװʞᴅʥʝ ʞ ץʞʳʣʜʘʤʜʳ שʤʳʩʳʥʳײʳʰ ʞץʘʣʪסʦʟץ

 ץʰʽʥ ʪʝʢ ʪʦʣʳװ ʦʣ ʞʝʪʢʽʟʫץ ʥʝʤʜʽʣʽʛʽʥʝװ ʩʳ ʦʪʳʥץʞʘ שʳ ʝסʧʘʡʜʘʣʘʥʫʜʘ שʳʰʪʳץʘʣʪסʦʟץ

 ץʘʨʘʣʳ שʘʪʘʨ ʤʘʰʠʥʠʩʪ ʢʦʥʪʨʦʣʣʝʨʽʥʽץ ʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥס ʫʘʪ ʪᴅʨʪʽʙʽʥʜʝץ

ʧʦʟʠʮʠʷʣʘʨʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʙᴇʣʽʢʪʽ ʞװʢʪʝʤʝ ʢʝʟʽʥʜʝ ʜʝ ʤʠʥʠʤʘʣʜʳ ʤʝʥʰʽʢʪʽ ʪʠʽʤʜʽ 

ʦʪʳʥ ʰʳסʳʥʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ץʘʞʝʪ. 
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1 - ʩʫʨʝʪ. ʊʝʧʣʦʚʦʟ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʳʥʳש ʤʘʰʠʥʠʩʪ ʢʦʥʪʨʦʣʣʝʨʽʥʽש ᴅʨ ʪװʨʣʽ ʧʦʟʠʮʠʷʣʘʨʳʥʘ 

ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʞײʤʳʩ ʫʘץʳʪʳʥʳש ʪʘʨʘʣʫʳ. 
 

ʊʝʧʣʦʚʦʟʜʳץ ʩʠʧʘʪʪʘʤʘ ᴅʨ ץʦʟסʘʣʪץʳʰ װʰʽʥ ʞʝʢʝʰʝ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ ʞᴅʥʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʜʳץ ʟʝʨʪʪʝʫʣʝʨʜʽש ʥᴅʪʠʞʝʩʽ ʥʝʛʽʟʽʥʜʝ ʘʥʳץʪʘʣʘʜʳ.  

ʊʝʧʣʦʚʦʟ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʳʥʳש ʦʨʥʘʪʳʣסʘʥ ʞᴅʥʝ ʘʫʳʩʧʘʣʳ ʞײʤʳʩ ʪᴅʨʪʽʧʪʝʨʽʥʜʝ 

ʨʝʪʪʝʫ ʞװʡʝʩʽ ʪʘשʜʘʣסʘʥ ʊʉ ʙʦʡʳʥʰʘ ץʫʘʪʪʳש ᴇʟʛʝʨʫʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ץʘʞʝʪ. 2ʊʕ10ʄ 

ʪʝʧʣʦʚʦʟʜʘʨʳʥ ʤʦʜʝʨʥʠʟʘʮʠʷʣʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʧʘʡʜʘ ʙʦʣסʘʥ 2ʊʕ10ʄʂ ʪʝʧʣʦʚʦʟʜʘʨʳʥʳש 

ʪʝʧʣʦʚʦʟʜʳץ ʩʠʧʘʪʪʘʤʘʩʳ 3-ʩʫʨʝʪʪʝ ʢʝʣʪʽʨʽʣʛʝʥ. 

Ne=f(n) ץʠʩʳסʳʥʳש ʦʪʳʥ װʥʝʤʜʽʣʽʛʽʥ ʘʥʳץʪʘʫ ʙʦʡʳʥʰʘ ʩʦסשʳ ᴅʜʽʩʪʝʤʝʣʝʨʽʥʽש 

ʙʽʨʽ ʄ.ʅ. ʂʠʨʴʷʢʦʚʧʝʥ ײʩʳʥʳʣʜʳ [2]. ʆʣ ᴅʜʽʩʪʝʤʝ ʤʝʥʰʽʢʪʽ ʪʠʽʤʜʽ ʦʪʳʥ ʰʳסʳʥʳʥʳש ge 

ʪʝʧʣʦʚʦʟ ʜʠʟʝʣʽʥʽש ʪʠʽʤʜʽ ץʫʘʪʳʥʘʥ Ne ʪᴅʫʝʣʜʽʣʽʛʽʥ ʙʝʡʥʝʣʝʡʪʽʥ ʢʝʩʪʝʥʽ ײץʨʫסʘ 

ʥʝʛʽʟʜʝʣʛʝʥ, ʞᴅʥʝ ʦʩʳ ʘʨץʳʣʳ ʝש ʢʽʰʽ ʢʚʘʜʨʘʪ ʞᴅʥʝ ʤʠʥʠʤʘʣʜʳ ʦʪʳʥ ʰʳסʳʥʳʥʘ gemin 

ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʢʝʩʪʝʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ ʘʧʨʦʢʩʠʤʘʮʠʷʣʘʥסʘʥ ʬʫʥʢʮʠʷʩʳʥ ge=f(Ne) ץʦʣʜʘʥʫ 

ᴅʜʽʩʽʥ ʢᴇʨʩʝʪʝʜʽ. ɹײʣ ʞʘסʜʘʡʜʘ ʪʘשʜʘʣʳʥסʘʥ ge=f(Ne) ʩʠʧʘʪʪʘʤʘʩʳ ᴇʪʝʪʽʥ ʪʽʨʝʢ ʥװʢʪʝʩʽ 

ʪʘשʜʘʧ ʘʣʳʥʘʜʳ. 
 

ʛ/(ʢɺʪĿʩʘס)

 
 

3 - ʩʫʨʝʪ. ʊʝʧʣʦʚʦʟ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʣʘʨʳʥʳש ʊʉ ʪᴅʨʪʽʙʽʥʜʝ ʞײʤʳʩ ʽʩʪʝʛʝʥʜʝ ʤʝʥʰʽʢʪʽ ʪʠʽʤʜʽ 

ʦʪʳʥ ʰʳסʳʥʳʥʳש gʝ ʪʠʽʤʜʽ ץʫʘʪʪʘʥ Nʝ ʪᴅʫʝʣʜʽʣʽʛʽ. 
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ʊʝʧʣʦʚʦʟ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʣʳץ ץʦʥʜʳʨסʳʩʳʥʳש ʦʪʳʥ װʥʝʤʜʽʣʽʛʽʥ ʞʦסʘʨʳʣʘʪʫʜʳש 

 ʳʥʳʥסʤʠʥʠʤʘʣʜʳ ʦʪʳʥ ʰʳ שʳʥʳסʦʥʜʳʨץ ʰʪʽʢװʜʘʡʳʥʜʘ ʢסʘʥ ᴅʜʽʩʽ ʧʘʡʜʘʣʘʥʫ ʞʘסʩʳʥʳʣײ

 .ʘ ʥʝʛʽʟʜʝʣʝʜʽסʜʘʫשʘʣʧʳʥ ʪʘץ ʪʘʡʣʳשʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʊʉ ʦץ

 ʪʘʫ ᴅʜʽʩʪʝʤʝʩʽץʊʉ ʘʥʳ שʦʨʳʪʳʥʜʳ: ʢʝʣʪʽʨʽʣʛʝʥ ʪʝʧʣʦʚʦʟ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʜʳפ

ʪʝʧʣʦʚʦʟʜʳש ʞʝʢʝ ʢװʰʪʽʢ ץʦʥʜʳʨסʳʩʳ ʨʝʪʽʥʜʝ ʜʠʟʝʣʴʜʽש ʩʪʘʪʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʩʳʥ 

ʦשʪʘʡʣʘʥʜʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɼʠʟʝʣʴʜʽʢ ץʦʟסʘʣʪץʳʰʪʳש ʦʪʳʥ װʥʝʤʜʽʣʽʛʽʥʽש 

ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ ʞᴅʥʝ ʦʥʳש ʥʝʛʽʟʛʽ ʙᴇʣʰʝʢʪʝʨʽʥʽש ʞʳʣʫʣʳץ ʢʝʨʥʝʫʽʥ ʝʩʝʧʢʝ ʘʣסʘʥʜʘ ʪʠʽʤʜʽ 

ᴅʜʽʩ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 
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ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ ʉʀʉʊɽʄʓ ʋʇʈɸɺʃɽʅʀʗ ʈɸɹʆʊʆʁ 

ʃʆʂʆʄʆʊʀɺʅʓʍ ɹʈʀɻɸɼ ʅɸ ʋɼʃʀʅɽʅʅʓʍ ʇʃɽʏɸʍ ʆɹʉʃʋɾʀɺɸʅʀʗ 

ɸʈʓʉʔ ï ʀʃɽʎʂ 

 

ɸʥʥʦʪʘʮʠʷ. ʉʦʚʨʝʤʝʥʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʪʨʫʜʘ ʣʦʢʦʤʦʪʠʚʥʳʭ ʙʨʠʛʘʜ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʩʦʟʜʘʥʠʝ ʙʦʣʝʝ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʠ ʦʪʜʳʭʘ ʙʨʠʛʘʜ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ 

ʧʦʚʳʰʝʥʠʠ ʦʩʥʦʚʥʦʛʦ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ ʥʘʭʦʞʜʝʥʠʡ ʙʨʠʛʘʜʳ ʚ ʧʫʪʠ, ʩʥʠʞʝʥʠʠ ʚʨʝʤʝʥʠ 

ʧʨʦʩʪʦʷ ʩ ʧʦʝʟʜʘʤʠ ʥʘ ʩʪʘʥʮʠʷʭ ʦʩʥʦʚʥʦʛʦ ʜʝʧʦ ʠ ʚ ʧʫʥʢʪʘʭ ʦʙʦʨʦʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʦʢʦʤʦʪʠʚʥʘʷ ʙʨʠʛʘʜʘ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʝ ʜʝʧʦ, ʵʬʬʝʢʪʠʚʥʘʷ 

ʪʝʭʥʦʣʦʛʠʷ. 

ɸשʜʘʪʧʘ. ʃʦʢʦʤʦʪʠʚ ʙʨʠʛʘʜʘʣʘʨʳʥʳש ʞײʤʳʩʳʥ ʞʘץʩʘʨʪʫ ʣʦʢʦʤʦʪʠʚʪʝʨʜʽ 

ʧʘʡʜʘʣʘʥʫ ʙʘʨʳʩʳʥʜʘ, ʦʣʘʨʜʳש ʥʝʛʽʟʛʽ ʞװʨʫ ʫʘץʳʪʳʥ ʣʦʢʦʤʦʪʠʚ ʙʨʠʛʘʜʘʣʘʨʳʥʳש ʘʫʳʩʫ 

ʫʘץʳʪʳʥ ᴇʟʛʝʨʪʫ ʘʨץʳʣʳ ʢᴇʙʝʡʪʽʧ, ʘʨʘʣʳץ ʪʦץʪʘʫ ʫʘץʳʪʪʘʨʳʥ ץʳʩץʘʨʪʳʧ ʞʘץʩʳ ʤʝʨʟʽʤʜʽ 

ʜʝʤʘʣʳʩʳʥ ץʘʣʳʧʪʘʩʪʳʨʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ʣʦʢʦʤʦʪʠʚ ʙʨʠʛʘʜʘʣʘʨʳ, ʧʘʡʜʘʣʘʥʫ ʜʝʧʦʩʳ, ʪʠʽʤʜʽ ʪʝʭʥʦʣʦʛʠʷ 

Abstract. The modern organization of locomotive crews requires the creation of more 

normal working and resting conditions for teams, with a significant increase in the main working 

time of finding brigades on the road, reducing downtime with trains at stations of the main depot 

and at points of turnover. 

Key words: locomotive crew, operational depot, efficient technology. 
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81 

ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʉʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ɸʆ çʅʂ çפʊɾè ʜʦ 2020 ʛʦʜʘ, 

ʫʪʚʝʨʞʜʝʥʥʘʷ ʨʝʰʝʥʠʝʤ ʉʦʚʝʪʘ ʜʠʨʝʢʪʦʨʦʚ ɸʆ çʅʂ çפʊɾè ʦʪ 7 ʤʘʷ 2010 ʛʦʜʘ ˉ3, 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʢʦʨʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʫʧʨʘʚʣʝʥʠʠ ʦʨʛʘʥʠʟʘʮʠʝʡ ʨʘʙʦʪʳ ʣʦʢʦʤʦʪʠʚʥʦʛʦ 

ʭʦʟʷʡʩʪʚʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʉʪʨʘʪʝʛʠʝʡ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʫʯʘʩʪʢʦʚ ʦʙʨʘʱʝʥʠʷ 

ʣʦʢʦʤʦʪʠʚʦʚ ʜʦ 2500 ʢʤ ʠ ʙʦʣʝʝ, ʫʜʣʠʥʝʥʠʝ ʧʣʝʯ ʦʙʩʣʫʞʠʚʘʥʠʷ ʣʦʢʦʤʦʪʠʚʥʳʤʠ 

ʙʨʠʛʘʜʘʤʠ ʜʦ 500 ʢʤ, ʚʚʝʜʝʥʠʝ ʚ ʦʙʨʘʱʝʥʠʝ ʩʢʦʨʦʩʪʥʳʭ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʦʝʟʜʦʚ, ʩʢʦʨʦʩʪʴ 

ʩʣʝʜʦʚʘʥʠʷ ʢʦʪʦʨʳʭ ʧʨʝʚʳʰʘʝʪ 120 ʢʤ/ʯ (ʧʦʩʣʝʜʥʝʝ ʫʞʝ ʥʘʰʣʦ ʨʝʘʣʴʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘ 

ʫʯʘʩʪʢʝ ɸʩʪʘʥʘ-ɸʣʤʘʪʳ).  ʅʦ ʙʝʟ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪʳ ʣʦʢʦʤʦʪʠʚʥʳʭ 

ʙʨʠʛʘʜ ʵʪʠ ʟʘʜʘʯʠ ʦʩʪʘʥʫʪʩʷ ʥʝʨʝʘʣʠʟʦʚʘʥʥʳʤʠ. 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʠ 

ʦʪʜʳʭʘ ʣʦʢʦʤʦʪʠʚʥʳʭ ʙʨʠʛʘʜ ʥʘ ʧʨʘʢʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭ ɸʨʳʩʩʢʦʛʦ ʣʦʢʦʤʦʪʠʚʥʦʛʦ 

ʜʝʧʦ, ʠʩʧʦʣʥʝʥʥʳʭ ʛʨʘʬʠʢʘʭ ʜʚʠʞʝʥʠʷ, ʚʨʝʤʝʥʠ ʥʘʭʦʞʜʝʥʠʷ ʣʦʢʦʤʦʪʠʚʥʳʭ ʙʨʠʛʘʜ ʚ 

ʧʫʪʠ, ʦʪʜʳʭʘ ʚ ʦʙʦʨʦʪʥʦʤ ʜʝʧʦ ʠ ʜʦʤʘ. ʀʩʩʣʝʜʦʚʘʥʘ ʦʨʛʘʥʠʟʘʮʠʷ ʪʨʫʜʘ ʣʦʢʦʤʦʪʠʚʥʳʭ 

ʙʨʠʛʘʜ ʛʨʫʟʦʚʦʛʦ ʜʚʠʞʝʥʠʷ. 

ɺ ʨʘʙʦʪʝ ʠʟʫʯʘʣʠʩʴ ʚʦʧʨʦʩʳ ʚʳʙʦʨʘ ʨʘʮʠʦʥʘʣʴʥʳʭ ʜʣʠʥ ʫʯʘʩʪʢʦʚ ʦʙʨʘʱʝʥʠʷ 

ʣʦʢʦʤʦʪʠʚʥʳʭ ʙʨʠʛʘʜ, ʨʝʞʠʤ ʨʘʙʦʪʳ ʠ ʦʪʜʳʭʘ, ʚʨʝʤʷ ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʙʦʪʳ ʥʘ 

ʣʦʢʦʤʦʪʠʚʝ, ʚʨʝʤʷ ʦʪʜʳʭʘ ʚ ʧʫʥʢʪʘʭ ʦʙʦʨʦʪʘ, ʯʠʩʣʦ ʧʦʝʟʜʦʢ ʚ ʤʝʩʷʮ, ʚʨʝʤʷ ʦʪʜʳʭʘ 

ʨʘʙʦʪʥʠʢʦʚ ʙʨʠʛʘʜ ʧʦ ʤʝʩʪʫ ʩʚʦʝʛʦ ʞʠʪʝʣʴʩʪʚʘ [2]. ʀʟʫʯʘʣʠʩʴ ʧʦ ʠʩʧʦʣʥʝʥʥʳʤ ʛʨʘʬʠʢʘʤ 

ʜʚʠʞʝʥʠʷ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʧʦʪʝʨʠ ʦʩʥʦʚʥʦʛʦ ʠ ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ 

ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʚʘʨʠʘʥʪʳ ʚʦʟʤʦʞʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ʫʯʘʩʪʢʘ ʦʙʨʘʱʝʥʠʷ 

ʣʦʢʦʤʦʪʠʚʥʳʭ ʙʨʠʛʘʜ, ʜʦ 1700 ʢʤ ʚ ʨʘʤʢʘʭ ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʙʦʪʳ ʥʝ ʙʦʣʝʝ 7-8 ʯ. ʥʘ 

ʣʦʢʦʤʦʪʠʚʝ (ʩʤ.ʨʠʩ.1). 

ɼʚʠʞʝʥʠʝ ʧʦʝʟʜʘ ʥʘ ʢʦʨʦʪʢʠʭ ʫʯʘʩʪʢʘʭ ʜʣʠʪʩʷ ʧʦ ʚʨʝʤʝʥʠ ʚ ʧʨʝʜʝʣʘʭ ʥʝ ʙʦʣʝʝ 2,5-

3 ʯʘʩʦʚ, ʘ ʨʘʙʦʪʘ ʣʦʢʦʤʦʪʠʚʥʳʭ ʙʨʠʛʘʜ ʩ ʫʯʝʪʦʤ ʧʨʠʝʤʘ ʠ ʩʜʘʯʠ ʣʦʢʦʤʦʪʠʚʘ ʚ ʦʩʥʦʚʥʦʤ 

ʜʝʧʦ ʠ ʧʫʥʢʪʝ ʩʤʝʥʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 2 ʭ 0,5 = 1 ʯʘʩ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʧʦʝʟʜʥʦʛʦ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʚ ʦʜʠʥ ʢʦʥʝʮ çʪʫʜʘè ʦʢʦʣʦ 3,5 - 4 ʯʘʩʦʚ. ɹʨʠʛʘʜʘ ʚ ʧʫʥʢʪʝ 

ʦʙʦʨʦʪʘ ʟʘʥʠʤʘʝʪ çʦʯʝʨʝʜʴè ʥʘ ʦʙʨʘʪʥʳʡ ʧʫʪʴ ʠ ʯʘʩʪʦ ʚʳʥʫʞʜʝʥʘ ʦʪʜʳʭʘʪʴ 4 - 6 ʯʘʩʦʚ, ʘ 

ʠʥʦʛʜʘ ʠ ʙʦʣʝʝ. ʆʙʨʘʪʥʳʡ ʧʫʪʴ ʧʨʦʜʦʣʞʘʝʪʩʷ ʪʘʢʞʝ ʦʢʦʣʦ 4,0 ʯʘʩʦʚ ʩ ʧʨʠʝʤʦʤ ʠ ʩʜʘʯʝʡ 

ʣʦʢʦʤʦʪʠʚʘ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʣʦʢʦʤʦʪʠʚʥʦʡ ʙʨʠʛʘʜʳ ʟʘ ʧʦʝʟʜʢʫ ʩʦʩʪʘʚʣʷʝʪ 

ʦʢʦʣʦ 8 ʯʘʩʦʚ [1]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʨʦʪʢʠʭ ʫʯʘʩʪʢʘʭ ʦʙʨʘʱʝʥʠʷ 

ʣʦʢʦʤʦʪʠʚʥʳʭ ʙʨʠʛʘʜ ʯʠʩʣʦ ʧʦʝʟʜʦʢ ʚ ʤʝʩʷʮ ʩʦʩʪʘʚʠʪ: 

 

ʇ =  =  = 20,8,                                                                   (1) 

 

ʛʜʝ: 

F - ʥʦʨʤʘ ʨʘʙʦʯʠʭ ʯʘʩʦʚ ʚ ʤʝʩʷʮ; 

8 - ʯʠʩʣʦ ʨʘʙʦʯʠʭ ʯʘʩʦʚ ʟʘ ʧʦʝʟʜʢʫ.  

ʅʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʡ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʥʝʧʨʝʨʳʚʥʦʝ ʚʨʝʤʷ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʦʣʥʦʩʪʴʶ, ʪ.ʝ. ʙʨʠʛʘʜʘ ʥʘʭʦʜʠʪʩʷ ʚ ʧʫʪʠ tn = 7,0 ʯʘʩ. ɺʨʝʤʷ ʧʨʠʝʤʘ ʠ ʩʜʘʯʠ ʣʦʢʦʤʦʪʠʚʘ 

ʧʨʠʥʷʪʦ ʫʩʣʦʚʥʦ (ʧʨʠʝʤ ʣʦʢʦʤʦʪʠʚʘ ʚ ʦʩʥʦʚʥʦʤ ʜʝʧʦ 0,5 ʯʘʩ., ʩʜʘʯʘ ʣʦʢʦʤʦʪʠʚʘ ʚ 

ʦʙʦʨʦʪʥʦʤ ʜʝʧʦ - 0,5 ʯʘʩ.), ʥʦ ʝʛʦ ʚʝʣʠʯʠʥʘ ʙʣʠʟʢʘ ʢ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ [3].  

ʈʘʙʦʪʘ ʣʦʢʦʤʦʪʠʚʘ ʧʨʠʥʷʪʘ ʥʘ ʫʜʣʠʥʝʥʥʦʤ ʧʣʝʯʝ L=800 ʢʤ ʧʨʠ ʦʙʩʣʫʞʠʚʘʥʠʠ 

ʣʦʢʦʤʦʪʠʚʘ ʩʤʝʥʥʳʤʠ ʙʨʠʛʘʜʘʤʠ. ɿʘ ʦʩʥʦʚʥʦʝ ʚʨʝʤʷ ʨʘʙʦʪʳ ʧʨʠʥʷʪʦ ʚʨʝʤʷ ʥʘʭʦʞʜʝʥʠʷ 

ʣʦʢʦʤʦʪʠʚʘ ʚ ʧʫʪʠ ʩʣʝʜʦʚʘʥʠʷ ʥʘ ʫʯʘʩʪʢʝ ʦʙʨʘʱʝʥʠʷ ʣʦʢʦʤʦʪʠʚʥʦʡ ʙʨʠʛʘʜʳ ʦʪ ʩʪʘʥʮʠʠ 

ʦʩʥʦʚʥʦʛʦ ʜʝʧʦ ʜʦ ʩʪʘʥʮʠʠ ʧʫʥʢʪʘ ʩʤʝʥʳ ʙʨʠʛʘʜʳ toC = 3 ʯ, ʘ  
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ʧʨʠʝʤ ʠ ʩʜʘʯʘ ʣʦʢʦʤʦʪʠʚʘ - ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʝ ʚʨʝʤʷ - 1ʚʩ = 1,0 ʯʘʩ. ʊʦʛʜʘ ʦʪʥʦʰʝʥʠʝ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʢ ʦʩʥʦʚʥʦʤʫ ʙʫʜʝʪ ʦʧʨʝʜʝʣʝʥʦ ʧʦ ʬʦʨʤʫʣʝ: 

 

ɖ = tʚʩ/tʦʩ = 1/3 = 0,33                                                             (2) 

 

ɺʩʧʦʤʦʛʘʪʝʣʴʥʦʝ ʚʨʝʤʷ, ʟʘʪʨʘʯʝʥʥʦʝ ʥʘ ʧʨʠʝʤ ʠ ʩʜʘʯʫ ʣʦʢʦʤʦʪʠʚʘ ʚ ʪʝʯʝʥʠʝ 

ʤʝʩʷʮʘ, ʜʣʷ ʙʨʠʛʘʜʳ ʩʦʩʪʘʚʠʪ 

        

  ʊ
ʤ
ʚʩ = ʇ ʭ 2 = 21ʭ2 = 42 ʯ.                                   (3) 

 

ɸʥʘʣʠʟ ʠʩʧʦʣʥʝʥʥʳʭ ʛʨʘʬʠʢʦʚ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ ʟʘ ʨʷʜ ʣʝʪ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʨʝʜʥʝʝ 

ʚʨʝʤʷ ʦʪʜʳʭʘ ʣʦʢʦʤʦʪʠʚʥʳʭ ʙʨʠʛʘʜ ʚ ʧʫʥʢʪʝ ʦʙʦʨʦʪʘ (ʐʪ) ʩʦʩʪʘʚʣʷʝʪ 4-5 ʯʘʩʦʚ. ʊʦʛʜʘ 

ʚʨʝʤʷ ʦʪʜʳʭʘ ʟʘ ʤʝʩʷʮ: 

 

ʊ
ʤ
ʦʪ = tʦʪ ʭ ʇ = 4,0ʭ21 = 84 ʯ.                  (4) 

 

ɺʨʝʤʷ ʜʦʤʘʰʥʝʛʦ ʦʪʜʳʭʘ ʙʨʠʛʘʜʳ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʝʩʣʠ ʧʨʠʥʷʪʴ ʫʩʣʦʚʠʝ, ʯʪʦ 

ʙʨʠʛʘʜʘ ʦʪʜʳʭʘʝʪ ʧʦ ʚʦʟʚʨʘʱʝʥʠʠ ʠʟ ʧʦʝʟʜʢʠ 4-5 ʯʘʩʦʚ ʠ ʧʝʨʝʜ ʧʦʝʟʜʢʦʡ 3-4 ʯʘʩʘ. ɺʨʝʤʷ 

ʜʦʤʘʰʥʝʛʦ ʦʪʜʳʭʘ ʟʘ ʤʝʩʷʮ ʧʦʣʫʯʠʤ: 

 

ʊʜʦʤ = (5+4) ʭ ʇ = 9ʭ21 = 189 ʯ.                    (5) 

 

ʇʦʣʥʦʝ ʚʨʝʤʷ ʟʘʥʷʪʦʩʪʠ ʙʨʠʛʘʜʳ ʥʘ ʨʘʙʦʪʝ ʠ ʚ ʦʪʜʳʭʝ ʟʘ ʤʝʩʷʮ: 

 

ʊʟʘʥ = ʊʨʘʙ  + ʊ
ʤ
ʦʙ  + ʊʜʦʤ = 167 + 89 + 189 = 445 ʯ.                    (6) 

 

ʃʦʢʦʤʦʪʠʚʥʘʷ ʙʨʠʛʘʜʘ ʷʚʣʷʝʪʩʷ ʚ ʜʝʧʦ ʢ ʢʘʞʜʦʡ ʧʦʝʟʜʢʝ ʥʘ 0,5 ʯʘʩʘ ʨʘʥʴʰʝ ʟʘ 

ʧʦʣʫʯʝʥʠʝʤ ʤʘʨʰʨʫʪʘ, ʘ ʪʘʢʞʝ ʪʝʨʷʝʪ ʚʨʝʤʷ ʚ ʦʞʠʜʘʥʠʠ ʦʪʧʨʘʚʣʝʥʠʷ ʩ ʧʦʝʟʜʦʤ, ʢʘʢ 

ʤʠʥʠʤʫʤ, 0,5 ʯʘʩʘ ʥʘ ʢʘʞʜʳʡ ʨʝʡʩ ʧʦʝʟʜʘ, ʪ.ʝ. ʧʦʣʥʘʷ ʧʦʪʝʨʷ ʚʨʝʤʝʥʠ ʥʘ ʢʘʞʜʫʶ ʧʦʝʟʜʢʫ 

ʩʦʩʪʘʚʠʪ 2,0 ʯʘʩʘ. ɿʘ ʤʝʩʷʮ ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʙʝʟ ʫʯʝʪʘ ʚʨʝʤʝʥʠ ʦʪ ʧʨʦʭʦʜʘ ʢʦʥʪʨʦʣʴʥʦʛʦ 

ʧʦʩʪʘ (ʂʇ) ʜʦ ʦʪʧʨʘʚʣʝʥʠʷ ʩʦʩʪʘʚʠʪ: ʊ
ʤ
ʦʞ = 21 ʭ 2 ʭ 1 = 42 ʯ 

ʇʦʣʥʦʝ ʚʨʝʤʷ ʟʘʥʷʪʦʩʪʠ ʩ ʫʯʝʪʦʤ ʦʞʠʜʘʥʠʷ ʧʦʣʫʯʠʤ: 

 

ʊ
ʤ
ʟʘʥ = ʊʟʘʥ + ʊ

ʤ
ʦʪ = 445 + 42 = 487 ʯ (7) 

 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʨʘʩʯʝʪ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʘʢ ʦʜʠʥ ʠʟ ʣʫʯʰʠʭ ʚʘʨʠʘʥʪʦʚ 

ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪʳ ʣʦʢʦʤʦʪʠʚʥʦʡ ʙʨʠʛʘʜʳ ʥʘ ʢʦʨʦʪʢʠʭ ʧʣʝʯʘʭ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʩʚʦʙʦʜʥʦʝ ʚʨʝʤʷ ʜʣʷ ʙʨʠʛʘʜʳ ʚ ʤʝʩʷʮ ʩʦʩʪʘʚʠʪ: ʊ
ʤ
ʩʚ = 720-491 =229 ʯ. 

ɽʩʣʠ ʚ ʧʦʨʷʜʢʝ ʩʨʘʚʥʝʥʠʷ ʧʨʠʚʝʩʪʠ ʙʘʣʘʥʩ ʚʨʝʤʝʥʠ ʟʘʥʷʪʦʩʪʠ ʨʘʙʦʯʝʛʦ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ, ʨʘʙʦʪʘʶʱʝʛʦ ʚ ʧʷʪʠʜʥʝʚʥʦʡ ʨʘʙʦʯʝʡ ʥʝʜʝʣʝ ʝʞʝʜʥʝʚʥʦ ʧʦ 

8,0 ʯʘʩʦʚ (ʚ ʧʨʝʜʧʨʘʟʜʥʠʯʥʳʝ ʜʥʠ 7,0 ʯʘʩʦʚ) ʠ ʧʦʣʥʦʮʝʥʥʳʤ ʦʪʜʳʭʦʤ ʚ ʚʳʭʦʜʥʳʝ ʠ 

ʧʨʘʟʜʥʠʯʥʳʝ ʜʥʠ, ʧʦʣʫʯʠʤ ʟʘʥʷʪʦʩʪʴ ʊʟʘʥ = 167 ʯ. ʚ ʤʝʩʷʮ ʠ ʦʪʜʳʭ ʊʩʚ = 720 ð 167 = 553 

ʯ. ʚ ʤʝʩʷʮ 

ʇʨʠʚʝʜʝʥʥʳʡ ʨʘʩʯʝʪ ʚʨʝʤʝʥʠ ʟʘʥʷʪʦʩʪʠ ʙʨʠʛʘʜʳ ʚ ʪʝʯʝʥʠʝ ʤʝʩʷʮʘ ʷʚʣʷʝʪʩʷ ʚ 

ʥʝʢʦʪʦʨʦʤ ʨʦʜʝ ʩʨʘʚʥʠʪʝʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʩ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤ ʨʝʞʠʤʦʤ ʨʘʙʦʪʳ ʠ ʦʪʜʳʭʘ 

ʣʦʢʦʤʦʪʠʚʥʳʭ ʙʨʠʛʘʜ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʚʨʝʤʷ ʨʘʙʦʪʳ ʠ ʦʪʜʳʭʘ 

ʣʦʢʦʤʦʪʠʚʥʳʭ ʙʨʠʛʘʜ ʥʘ ʦʜʥʦʤ ʠʟ ʥʘʧʨʷʞʝʥʥʳʭ ʫʯʘʩʪʢʦʚ  ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ ɸʨʳʩ ð 

ʊʫʨʢʝʩʪʘʥ. ʈʘʩʯʝʪ ʚʳʧʦʣʥʝʥ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʠʩʧʦʣʥʝʥʥʳʭ ʛʨʘʬʠʢʦʚ ʨʘʙʦʪʳ ʠ ʦʪʜʳʭʘ 

ʟʘ 2015 ʛʦʜ. ɺʨʝʤʷ ʥʘʭʦʞʜʝʥʠʷ ʧʦʝʟʜʘ ʚ ʧʫʪʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ɸʨʳʩ ï ʊʫʨʢʝʩʪʘʥ ʧʦ 

ʛʨʘʬʠʢʫ 2ʯ. 05 ʤʠʥ., ʦʙʨʘʪʥʦ - 1 ʯ. 59 ʤʠʥ. ʕʪʦ ʚʨʝʤʷ ʧʨʠʥʷʪʦ ʟʘ ʦʩʥʦʚʥʦʝ. ɺʨʝʤʷ ʧʨʠʝʤʘ 
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ʠ ʩʜʘʯʠ ʣʦʢʦʤʦʪʠʚʘ ʙʨʠʛʘʜʦʡ (tʧʨ), ʦʞʠʜʘʥʠʷ ʦʪʧʨʘʚʣʝʥʠʷ ʧʦʝʟʜʘ (tʦʞ) ʷʚʣʷʝʪʩʷ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ. ɼʣʷ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʨʘʩʯʝʪʦʚ ʧʨʠʥʷʪʳ ʩʨʝʜʥʠʝ ʜʘʥʥʳʝ: 

 

tʧʨ =2 ʯ., tʦʞ = 2ʭ15 = 30 ʤʠʥ. 

 

ʇʦʣʥʦʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʝ ʚʨʝʤʷ ʟʘ ʧʦʝʟʜʢʫ tʚʩ = 2,5 ʯ. 

ʆʪʥʦʰʝʥʠʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʢ ʦʩʥʦʚʥʦʤʫ  ʩʦʩʪʘʚʠʪ: ʅ = 2,5 /(2,75 + 2,65) 

= 0,46 

ʏʠʩʣʦ ʧʦʝʟʜʦʢ ʟʘ ʤʝʩʷʮ: ʇ= 167/7,9 = 21 

ɺʨʝʤʷ ʦʪʜʳʭʘ ʙʨʠʛʘʜ ʚ ʦʙʦʨʦʪʥʦʤ ʜʝʧʦ ʧʦ ʠʩʧʦʣʥʝʥʥʳʤ ʛʨʘʬʠʢʘʤ ʥʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʫʯʘʩʪʢʝ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 5 ʯ. ʟʘ ʧʦʝʟʜʢʫ. ɿʘ ʤʝʩʷʮ ʦʥʦ ʙʫʜʝʪ ʨʘʚʥʦ: 

ʊ
ʤ
ʦʙ = ʇʭ5=21 ʭ 5 = 105 ʯ ʇʦʣʥʦʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʝ ʚʨʝʤʷ ʟʘ ʤʝʩʷʮ: ʊ

ʤ
ʚʩ 

= ʇ ʭ ʠ = 21 ʭ 2,5 =53,5 ʯ. ʇʦʣʥʳʡ ʜʦʤʘʰʥʠʡ ʦʪʜʳʭ ʟʘ ʤʝʩʷʮ: ʊ
ʤ
ʜʦʤ = ʇ 

ʭ12 = 21 ʭ 12 = 252 ʯ. 

ʇʦʣʥʦʝ ʚʨʝʤʷ ʟʘʥʷʪʦʩʪʠ ʣʦʢʦʤʦʪʠʚʥʦʡ ʙʨʠʛʘʜʳ ʥʘ ʨʘʙʦʪʝ ʠ ʥʘ ʦʪʜʳʭʝ ʟʘ ʤʝʩʷʮ: 

ʊ
ʤ
ʟʘʥ = ʊʨʘʙ + ɻʦʙ+ ʊ

ʤ
ʜʦʤ = 167 +105 +252 = 524 ʯ. 

ʉʚʦʙʦʜʥʦʝ ʚʨʝʤʷ ʨʘʙʦʯʝʛʦ ʣʦʢʦʤʦʪʠʚʥʦʡ ʙʨʠʛʘʜʳ ʟʘ ʤʝʩʷʮ ʥʘ ʨʘʩʩʤʦʪʨʝʥʥʦʤ 

ʫʯʘʩʪʢʝ ʟʘ ʤʝʩʷʮ ʚ ʩʨʝʜʥʝʤ ʨʘʚʥʦ: ʊ
ʤ
ʩʚ = 720 - 524 =196 ʯ. 

ʇʨʠʚʝʜʝʥʥʳʡ ʨʘʩʯʝʪ, ʭʦʪʷ ʠ ʥʝ ʜʘʝʪ ʪʦʯʥʦʡ ʢʘʨʪʠʥʳ ʨʘʙʦʪʳ ʠ ʦʪʜʳʭʘ 

ʣʦʢʦʤʦʪʠʚʥʦʡ ʙʨʠʛʘʜʳ ʟʘ ʢʘʞʜʳʡ ʢʦʥʢʨʝʪʥʳʡ ʤʝʩʷʮ, ʥʦ ʜʦʩʪʘʪʦʯʥʦ ʷʩʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʙʘʣʘʥʩ ʚʨʝʤʝʥʠ ʧʨʠ ʨʘʙʦʪʝ ʙʨʠʛʘʜ ʥʘ ʢʦʨʦʪʢʠʭ ʫʯʘʩʪʢʘʭ ʦʙʨʘʱʝʥʠʷ. 

ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʫʚʝʨʝʥʥʦʩʪʴʶ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʧʦʩʣʝ ʧʦʝʟʜʢʠ 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ 2,5 ð 3 ʯʘʩʘ (ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʥʘ ʢʦʨʦʪʢʠʭ ʫʯʘʩʪʢʘʭ), ʩʤʝʥʘ ʙʨʠʛʘʜʳ ʠ 

ʦʪʧʨʘʚʣʝʥʠʝ ʝʝ ʥʘ ʦʪʜʳʭ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 5 - 6 ʯʘʩʦʚ ʚ ʧʫʥʢʪʝ ʦʙʦʨʦʪʘ ʢʨʘʡʥʝ 

ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʳ. ʊʘʢʦʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ, 

ʦʧʪʠʤʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʤʝʶʱʠʝʩʷ ʪʨʫʜʦʚʳʝ ʨʝʩʫʨʩʳ. ɺ ʩʚʷʟʠ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʧʦʝʟʜʦʢ ʚ ʤʝʩʷʮ ʣʶʜʠ ʤʘʣʦ ʦʪʜʳʭʘʶʪ ʜʦʤʘ, ʦʙʱʘʶʪʩʷ ʩ ʩʝʤʴʝʡ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʥʝʤʘʣʦʚʘʞʥʳʤ ʩʦʮʠʘʣʴʥʳʤ ʘʩʧʝʢʪʦʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʨʦʙʣʝʤʳ. 

ʋʚʝʣʠʯʝʥʠʝ ʧʨʦʪʷʞʸʥʥʦʩʪʠ ʫʯʘʩʪʢʦʚ ʦʙʨʘʱʝʥʠʷ ʚ 2 ʨʘʟʘ ʜʦ 700-900 ʢʤ ʧʨʠ 

ʥʝʠʟʤʝʥʥʦʤ ʦʙʲʝʤʝ ʧʝʨʝʚʦʟʦʢ ʩʦʢʨʘʱʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʣʦʢʦʤʦʪʠʚʘʭ ʧʨʠʤʝʨʥʦ ʥʘ 15%. 

ʇʨʠ ʵʪʦʤ ʫʣʫʯʰʘʝʪʩʷ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ, ʧʦʚʳʰʘʝʪʩʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ, ʫʩʢʦ-

ʨʷʝʪʩʷ ʦʙʦʨʦʪ ʚʘʛʦʥʦʚ. 

ɺʳʚʦʜʳ. ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʫʜʣʠʥʝʥʠʷ ʫʯʘʩʪʢʦʚ ʦʙʨʘʱʝʥʠʷ ʣʦʢʦʤʦʪʠʚʦʚ 

ʦʙʫʩʣʦʚʣʝʥ ʩʦʢʨʘʱʝʥʠʝʤ ʜʦʣʠ ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ (ʚʨʝʤʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ 

ʧʫʥʢʪʘʭ ʦʙʦʨʦʪʘ) ʚ ʦʙʱʝʤ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʚʦʟʘ ʠ ʩʦʢʨʘʱʝʥʠʝʤ ʯʠʩʣʘ ʦʩʪʘʥʦʚʦʢ 

ʧʦʝʟʜʦʚ. 
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ʉʇʆʉʆɹʓ ʉʅʀɾɽʅʀʗ ʈɸʉʍʆɼɸ ʇɽʉʂɸ ʃʆʂʆʄʆʊʀɺɸʄʀ 

 

ɸʥʥʦʪʘʮʠʷ. ʇʦʢʘʟʘʥʘ ʥʠʟʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʥʝʚʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʧʝʩʢʦʧʦʜʘʯʠ ʠ ʫʢʘʟʘʥʳ ʬʘʢʪʦʨʳ, ʚʳʟʳʚʘʶʱʠʝ ʧʝʨʝʨʘʩʭʦʜ ʧʝʩʢʘ ʥʘ ʣʦʢʦʤʦʪʠʚʘʭ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʩʢʦʧʦʜʘʯʠ ʥʘ 

ʣʦʢʦʤʦʪʠʚʘʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʚʘʨʮʝʚʳʡ ʧʝʩʦʢ, ʢʦʵʬʬʠʮʠʝʥʪ ʩʮʝʧʣʝʥʠʷ, ʣʦʢʦʤʦʪʠʚ, ʧʫʥʢʪ 

ʵʢʠʧʠʨʦʚʢʠ ʠ ʩʝʨʚʠʩʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʣʦʢʦʤʦʪʠʚʦʚ (ʇʊʆʣ). 

ɸשʜʘʪʧʘ. ʇʥʝʚʤʘʪʠʢʘʣʳײץ ץʤ ʙʝʨʫ ʞװʡʝʥʽש ʪᴇʤʝʥ ʪʠʽʤʜʽʣʽʛʽ ʢᴇʨʩʝʪʽʣʛʝʥ ʞᴅʥʝ 

ʣʦʢʦʤʪʠʚʪʽײץ שʤ ʘʨʪʳײץ ץʤ ʰʳסʳʥʳʥ ʞײʤʩʘʫסʘ ᴅʢʝʣʝʪʽʥ ʬʘʢʪʦʨʣʘʨ ʢᴇʨʩʝʪʽʣʛʝʥ.  

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ʢʚʘʨʮ ײץʤʳ, ʞʘʥʘʩʫ ʢʦʵʬʬʠʮʠʝʥʪʽ, ʣʦʢʦʤʦʪʠʚ, ʣʦʢʦʤʦʪʠʚʪʝʨʜʽ 

ʞʘʙʜʳץʪʘʫ ʞᴅʥʝ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʦʨʪʘʣʳסʳ. 

Abstract. The low efficiency of the pneumatic system of sand delivery is shown and the 

factors causing overspending of sand on locomotives are specified. Various methods for 

increasing the efficiency of sand feeding on locomotives are considered. 

Key words: quartz sand, coefficient of adhesion, locomotive, point of equipment and 

servicing of locomotives (PESL) 

 

ʉʠʣʘ ʪʷʛʠ, ʨʘʟʚʠʚʘʝʤʘʷ ʣʦʢʦʤʦʪʠʚʦʤ, ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʩʮʝʧʥʦʛʦ ʚʝʩʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʩʮʝʧʣʝʥʠʷ ʜʚʠʞʫʱʠʭʩʷ ʢʦʣʸʩ ʩ ʨʝʣʴʩʘʤʠ. ʅʝʦʙʭʦʜʠʤʘʷ ʩʠʣʘ ʪʷʛʠ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʥʘ 

ʧʦʜʲʸʤʘʭ ʠ ʧʨʠ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ, ʚʳʟʳʚʘʶʱʠʭ ʫʚʣʘʞʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʨʝʣʴʩʦʚʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʮʝʧʣʝʥʠʷ ʧʫʪʝʤ ʧʦʜʘʯʠ 

ʢʚʘʨʮʝʚʦʛʦ ʧʝʩʢʘ ʚ ʟʦʥʫ ʢʦʥʪʘʢʪʘ ʢʦʣʝʩ ʩ ʨʝʣʴʩʘʤʠ. ʄʥʦʛʦʣʝʪʥʠʡ ʦʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʨʝʣʴʩʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʦʚ ʧʦʜʘʚʘʝʤʳʭ 

ʧʦʜ ʢʦʣʝʩʘ ʣʦʢʦʤʦʪʠʚʦʚ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠʟʙʳʪʦʯʥʦʛʦ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ ʢʦʣʝʩ ʩ 

ʨʝʣʴʩʘʤʠ, ʥʝ ʧʦʟʚʦʣʠʣʠ ʥʘʡʪʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʧʦʩʦʙʥʳʭ ʚ ʧʦʣʥʦʡ ʤʝʨʝ 

ʟʘʤʝʥʠʪʴ ʢʚʘʨʮʝʚʳʡ ʧʝʩʦʢ, ʯʘʩʪʠʮʳ ʢʦʪʦʨʦʛʦ ʠʤʝʶʪ ʧʦʚʳʰʝʥʥʫʶ ʪʚʝʨʜʦʩʪʴ ʦʢʦʣʦ 2,5 

ʛ/ʩʤ
3 
[1]. ʇʨʝʠʤʫʱʝʩʪʚʦ ʢʚʘʨʮʝʚʦʛʦ ʧʝʩʢʘ ʥʝ ʪʦʣʴʢʦ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʫʚʝʣʠʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʮʝʧʣʝʥʠʷ, ʥʦ ʠ ʜʝʰʝʚʠʟʥʝ ʠ ʧʨʦʩʪʦʪʝ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʣʦʢʦ-

ʤʦʪʠʚʝ. ʇʦʜʘʯʘ ʯʘʩʪʠʮ ʢʚʘʨʮʝʚʦʛʦ ʧʝʩʢʘ ʠʟ ʧʝʩʦʯʥʠʮ ʣʦʢʦʤʦʪʠʚʘ ʥʘ ʨʝʣʴʩʳ ʧʝʨʝʜ 

ʢʘʪʷʱʠʤʠʩʷ ʢʦʣʸʩʘʤʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʞʘʪʳʤ ʚʦʟʜʫʭʦʚ ʠʟ ʧʥʝʚʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 

ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʥʝʚʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʝʩʢʦʧʦʜʘʯʠ ʥʘ 

ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʣʦʢʦʤʦʪʠʚʘʭ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʘʚʘʪʴ 

ʧʝʩʦʢ ʧʦʜ ʢʦʣʝʩʘ ʜʠʩʪʘʥʮʠʦʥʥʦ, ʢʘʢ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʧʨʠ ʩʨʘʙʘʪʳʚʘʥʠʠ ʩʠʩʪʝʤ 

ʟʘʱʠʪʳ ʦʪ ʙʦʢʩʦʚʘʥʠʷ ʠ ʶʟʘ, ʪʘʢ ʠ ʚʨʫʯʥʫʶ ʠʟ ʢʘʙʠʥʳ ʤʘʰʠʥʠʩʪʘ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʢʘʯʝʩʪʚʘ, ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ ʧʦʜʘʯʠ ʧʝʩʢʘ ʠʤʝʶʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ 

ʟʘʢʣʶʯʘʶʱʠʝʩʷ ʚ ʪʦʤ, ʯʪʦ: 

 ï ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʯʘʩʪʠʯʥʦʝ ʟʘʩʦʨʝʥʠʝ ʠʣʠ ʧʦʣʥʦʝ ʟʘʢʫʧʦʨʠʚʘʥʠʝ 

ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʯʘʩʪʠʮʘʤʠ ʢʚʘʨʮʝʚʦʛʦ ʧʝʩʢʘ ʚ ʢʦʨʧʫʩʝ ʬʦʨʩʫʥʢʠ ʧʝʩʦʯʥʠʮʳ 

ʠʣʠ ʚʦʟʜʫʭʦʚʦʜʝ ʧʦʜ ʩʳʧʥʦʛʦ ʨʫʢʘʚʘ. ɼʘʥʥʳʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʧʨʦʷʚʣʷʶʪʩʷ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʝʩʢʘ ʩ ʚʣʘʛʦʡ ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʦʩʦʙʝʥʥʦ ʚ ʭʦʣʦʜʥʦʝ ʚʨʝʤʷ ʛʦʜʘ 

ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʨʟʘʥʠʝ ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʧʝʩʯʘʥʦʡ ʧʨʦʙʢʠ; 

ï ʢʚʘʨʮʝʚʳʡ ʧʝʩʦʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʥʠʷ ʛʦʣʦʚʢʠ ʨʝʣʴʩʘ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʘ, ʘ ʝʛʦ ʠʟʙʳʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢ ʠʥʪʝʥʩʠʚʥʦʤʫ 

ʠʟʥʘʰʠʚʘʥʠʶ ʤʘʪʝʨʠʘʣʘ ʪʨʫʱʠʭʩʷ ʧʦʚʝʨʭʥʦʩʪʝʡ; 
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- ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘʙʣʶʜʘʶʪʩʷ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʝ ʨʘʟʨʝʛʫʣʠʨʦʚʘʥʠʝ 

ʧʝʩʢʦʧʦʜʘʶʱʝʡ ʠ ʙʝʩʢʦʥʪʨʦʣʴʥʦʡ ʧʦʜʘʯʠ ʠʟʙʳʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʝʩʢʘ ʚ ʟʦʥʫ ʢʦʥʪʘʢʪʘ 

ʢʦʣʝʩ ʩ ʨʝʣʴʩʘʤʠ, ʚ ʨʘʟʳ ʧʨʝʚʳʰʘʶʱʝʡ ʥʦʨʤʘʪʠʚʥʫʶ; 

ï ʩʝʟʦʥʥʘʷ ʨʝʛʫʣʠʨʦʚʢʘ ʢʦʣʠʯʝʩʪʚʘ ʧʝʩʢʘ, ʧʦʜʘʚʘʝʤʦʛʦ ʧʦʜ ʢʦʣʝʩʘ ʙʝʟ ʚʦʟʤʦʞʥʦʩʪʠ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʝʛʦ ʨʘʩʭʦʜʘ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʩ ʫʯʝʪʦʤ ʬʘʢʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʧʦʣʠʛʦʥʘ 

ʵʢʩʧʣʫʘʪʘʮʠʠ (ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ, ʥʘʣʠʯʠʝ ʦʩʘʜʢʦʚ ʚ ʚʠʜʝ ʜʦʞʜʷ ʠʣʠ ʩʥʝʛʘ, 

ʥʘʣʠʯʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʣʴʩʘ ʥʘʣʝʜʠ ʠʣʠ ʤʘʩʣʷʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ, ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʧʦʝʟʜʘ, ʫʢʣʦʥʘ ʧʨʦʬʠʣʷ ʧʫʪʠ ʠ ʨʘʜʠʫʩʘ ʢʨʠʚʳʭ ʫʯʘʩʪʢʦʚ ʠ ʪ.ʜ.); 

ï ʧʝʩʦʢ ʠʟ ʩʠʩʪʝʤʳ ʧʝʩʢʦʧʦʜʘʯʠ ʣʦʢʦʤʦʪʠʚʦʚ ʦʢʘʟʳʚʘʝʪ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʥʘ ʵʣʝʤʝʥʪʳ ʚʝʨʭʥʝʛʦ ʩʪʨʦʝʥʠʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʫʪʠ.  

ʂʦʣʠʯʝʩʪʚʦ ʧʝʩʢʘ ʚ ʢʦʥʪʘʢʪʝ ʢʦʣʝʩʦï ʨʝʣʴʩ ʜʦʣʞʥʦ ʙʳʪʴ ʩʪʨʦʛʦ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʦ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʷʛʠ, ʥʘʠʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʧʦʜʘʯʝ ʧʝʩʢʘ ʚ ʦʜʠʥ ʩʣʦʡ ʩ 

ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʧʝʩʯʠʥʢʘʤʠ ʨʘʚʥʳʤ ʪʨʝʤ ʨʘʜʠʫʩʘʤ ʧʝʩʯʠʥʦʢ (ʥʘʩʳʱʝʥʥʦʩʪʴ 

ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʪʘʢʪʘ ʩʦʩʪʘʚʣʷʝʪ 0,06 ʢʛ/ʤ
2
 [2,3] ʠʣʠ, ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʘʚʘʝʤʦʛʦ ʥʘ ʧʦʛʦʥʥʳʡ 

ʤʝʪʨ ʨʝʣʴʩʘ ʥʘ ʜʦʨʦʞʢʝ ʢʘʯʝʥʠʷ ʰʠʨʠʥʦʡ 10 ʤʤ ʧʝʩʢʘ ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʚʥʦ 0,6 ʛ/ʤ [3].  ɺ 

ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʡ ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʘʚʘʝʤʦʛʦ ʧʝʩʢʘ ʥʘ ʧʦʛʦʥʥʳʡ ʤʝʪʨ ʨʝʣʴʩʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʨʝʛʣʘʤʝʥʪʥʳʝ. 

ɺʳʰʝʫʢʘʟʘʥʥʳʝ ʬʘʢʪʦʨʳ ʚʳʟʳʚʘʶʪ ʩʥʠʞʝʥʠʝ ʨʝʘʣʠʟʫʝʤʳʭ ʟʥʘʯʝʥʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʮʝʧʣʝʥʠʷ, ʧʝʨʝʨʘʩʭʦʜ ʧʝʩʢʘ ʥʘ ʪʷʛʦʚʦʤ ʧʣʝʯʝ ʦʙʨʘʱʝʥʠʷ ʣʦʢʦʤʦʪʠʚʘ ʠ 

ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʦʟʘʪʨʘʪ ʥʘ ʪʷʛʫ ʧʦʝʟʜʦʚ ʧʦ ʧʨʠʯʠʥʝ ʪʦʛʦ, ʯʪʦ ʠʟʙʳʪʦʯʥʘʷ ʧʦʜʘʯʘ ʧʝʩʢʘ 

ʫʚʝʣʠʯʠʚʘʝʪ ʦʩʥʦʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʚʠʞʝʥʠʶ. 

ʄʥʦʛʠʤʠ ʘʚʪʦʨʘʤʠ, ʢʘʢ ʵʬʬʝʢʪʠʚʥʦʝ ʩʨʝʜʩʪʚʦ ʧʦʚʳʰʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʩʮʝʧʣʝʥʠʷ ʢʦʣʝʩ ʩ ʨʝʣʴʩʘʤʠ ʠ ʩʥʠʞʝʥʠʷ ʨʘʩʭʦʜʘ ʧʝʩʢʘ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ 

ʠʤʧʫʣʴʩʥʦʡ ʧʦʜʘʯʠ ʧʝʩʢʘ ʧʦʜ ʢʦʣʝʩʘ ʣʦʢʦʤʦʪʠʚʘ. ʆʜʥʘʢʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʘ ʥʝʧʨʝʨʳʚʥʘʷ, ʘ ʥʝ ʠʤʧʫʣʴʩʥʘʷ ʧʦʜʘʯʘ ʧʝʩʢʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʠʟʙʳʪʦʯʥʘʷ 

ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʘʷ ʧʝʩʢʦʧʦʜʘʯʘʧʨʠ ʨʘʟʨʝʛʫʣʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʨʘʩʭʦʜʫ ʠ 

ʧʦʚʳʰʝʥʠʶ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʧʦʝʟʜʘ ʜʦ 20 %, ʥʝ ʦʢʘʟʳʚʘʷ ʜʦʣʞʥʦʛʦ 

ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛʦ ʵʬʬʝʢʪʘ. ʋʣʫʯʰʝʥʠʝ ʪʷʛʦʚʳʭ ʩʚʦʡʩʪʚ ʣʦʢʦʤʦʪʠʚʦʚ ʙʝʟ ʫʚʝʣʠʯʝʥʠʷ 

ʥʘʛʨʫʟʢʠ ʥʘ ʦʩʠ ʢʦʣʝʩʥʳʭ ʧʘʨ, ʘ ʪʘʢ ʞʝ ʧʦʚʳʰʝʥʠʝ ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʮʝʧʣʝʥʠʷ 

ʢʦʣʝʩ ʣʦʢʦʤʦʪʠʚʦʚ ʩ ʨʝʣʴʩʘʤʠ ʚʦʟʤʦʞʥʦ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʩʢʘ (ʧʘʪʝʥʪ ʈʌ ˉ 2293677) 

ʚ ʢʦʪʦʨʦʤ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʞʠʜʢʦʩʪʠ ʩ ʥʠʟʢʦʡ ʚʷʟʢʦʩʪʴʶ, ʜʣʷ 

ʩʤʘʯʠʚʘʥʠʷ ʘʙʨʘʟʠʚʘ ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʘʜʛʝʟʠʦʥʥʳʭ ʩʚʷʟʝʡ 

ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʘʪʘʥʠʷ ʢʦʣʝʩʘ [3]. ʊʝʭʥʦʣʦʛʠʷ ʧʦʜʘʯʠ ʚ ʟʦʥʫ ʢʦʥʪʘʢʪʘ ʢʦʣʝʩʦ-ʨʝʣʴʩ 

ʚʣʘʞʥʦʛʦ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʘʙʨʘʟʠʚʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʝʩʪʠ ʰʣʠʬʦʚʘʥʠʝ ʤʝʣʢʠʭ ʪʨʝʱʠʥ 

ʠ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʠʭ ʫʚʝʣʠʯʝʥʠʝ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʨʠʤʝʥʝʥʠʷ ʚʣʘʞʥʦʛʦ ʘʙʨʘʟʠʚʘ 

ʧʫʪʝʤ ʟʘʧʦʣʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʣʦʩʪʝʡ ʧʦʨʠʩʪʦʛʦ ʙʨʠʢʝʪʘ ʧʦʟʚʦʣʷʝʪ ʩʪʘʙʠʣʠʟʘʮʠʶ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʮʝʧʣʝʥʠʷ ʥʘ ʫʨʦʚʥʝ ʥʝ ʤʝʥʝʝ - 0,3. ʆʧʨʝʜʝʣʝʥ ʦʧʪʠʤʘʣʴʥʳʡ ʩʦʩʪʘʚ 

ʥʘʧʦʣʥʠʪʝʣʷ ʙʨʠʢʝʪʘ ɸʉɺ-0,3, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʩʥʠʞʝʥʠʝ ʠʟʥʦʩʘ ʢʦʣʝʩ ʣʦʢʦʤʦʪʠʚʘ (ʥʝ 

ʤʝʥʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ) ʠ ʫʤʝʥʴʰʝʥʠʝ ʨʘʩʭʦʜʘ ʢʚʘʨʮʝʚʦʛʦ ʧʝʩʢʘ (ʥʝ ʤʝʥʝʝ ʯʝʤ ʚ 50 ʨʘʟ) [3]. 

ʆʜʥʘʢʦ ʧʨʠʤʝʥʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʘʙʨʘʟʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʩʢʣʶʯʘʝʪ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘ 

ʫʯʘʩʪʢʘʭ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ ʩ ʘʚʪʦʙʣʦʢʠʨʦʚʢʦʡ, ʪʘʢ ʢʘʢ ʧʦʧʘʜʘʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ 

ʟʦʥʫ ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʩʪʳʢʘ ʨʝʣʴʩʦʚʦʛʦ ʧʫʪʠ ʚʳʚʦʜʠʪ ʠʟ ʩʪʨʦʷ ʘʧʧʘʨʘʪʫʨʫ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʘʚʪʦʤʘʪʠʢʠ, ʘ ʪʘʢʞʝ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʚ ʣʦʢʦʤʦʪʠʚʥʦʤ ʭʦʟʷʡʩʪʚʝ, ʩʚʷʟʘʥʥʦʡ ʩ ʠʟʛʦʪʦʚʣʝʥʠʝʤ ʠ 

ʜʦʩʪʘʚʢʦʡ ʘʙʨʘʟʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ɸʚʪʦʨʘʤʠ ʠʟʦʙʨʝʪʝʥʠʷ (ʈʌ ˉ 2077436) ʧʨʝʜʣʦʞʝʥʦ ʫʩʪʨʦʡʩʪʚʦ (ʨʠʩ.1) ʩʦʜʝʨʞʘʱʝʝ 

ʙʫʥʢʝʨ ʜʣʷ ʧʝʩʢʘ, ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʥʘ ʜʠʩʢʝ ʢʦʣʝʩʘ ʣʦʢʦʤʦʪʠʚʘ. ʉʬʝʨʠʯʝʩʢʠ ʠʟʦʛʥʫʪʳʡ 

ʚʳʩʪʫʧ 3 ʫʩʪʨʦʡʩʪʚʘ, ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʚʥʝʰʥʝʡ ʩʪʦʨʦʥʝ ʙʫʥʢʝʨʘ, ʥʘ ʥʝʤ ʨʘʩʧʦʣʦʞʝʥ ʨʷʜ 

ʦʪʚʝʨʩʪʠʡ 4, ʢʦʪʦʨʳʝ ʧʝʨʝʢʨʳʪʳ ʟʘʧʦʨʥʳʤʠ ʢʣʘʧʘʥʘʤʠ 5, ʩ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘ ʥʠʭ 

ʷʢʦʨʷʤʠ 6. ʗʢʦʨʷ 6 ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʳ 7. ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʟʘʢʨʳʚʘʥʠʝʤ ʠ 

ʦʪʢʨʳʚʘʥʠʝʤ ʢʣʘʧʘʥʦʚ 5, ʙʫʥʢʝʨ 1 ʜʣʷ ʧʝʩʢʘ ʚʳʧʦʣʥʝʥ ʚ ʬʦʨʤʝ ʧʦʣʦʛʦ ʢʦʣʴʮʘ ʩ 
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ʚʥʫʪʨʝʥʥʠʤʠ ʨʘʜʠʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʧʝʨʝʛʦʨʦʜʢʘʤʠ ʠ ʟʘʢʨʝʧʣʝʥ ʥʘ ʜʠʩʢʝ ʢʦʣʝʩʘ 

ʢʦʣʝʩʥʦʡ ʧʘʨʳ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʜʘʯʠ ʧʝʩʢʘ ʧʦʜ ʢʦʣʝʩʘ ʣʦʢʦʤʦʪʠʚʘ ʥʘ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʳ 7 ʧʦʜʘʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʩʠʣ 

ʷʢʦʨʷ 6, ʚʭʦʜʷʱʠʭ ʚ ʟʦʥʫ ʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʚ 7, ʧʨʠʪʷʛʠʚʘʶʪʩʷ ʢ ʥʠʤ, ʧʨʠʪʷʛʠʚʘʷ 

ʟʘ ʩʦʙʦʡ ʢʣʘʧʘʥʘ 5, ʢʦʪʦʨʳʝ ʦʪʢʨʳʚʘʶʪ ʦʪʚʝʨʩʪʠʷ 4 [3]. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʇʦʧʝʨʝʯʥʳʡ ʨʘʟʨʝʟ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʧʦʜʘʯʠ ʧʝʩʢʘ ʧʦʜ ʢʦʣʝʩʘ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʝʩʦʢ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʷ 4 ʚʳʩʳʧʘʝʪʩʷ ʠʟ ʙʫʥʢʝʨʘ. ʉʬʝʨʠʯʝʩʢʠ 

ʠʟʦʛʥʫʪʳʡ ʚʳʩʪʫʧ 3 ʥʘʧʨʘʚʣʷʝʪ ʜʚʠʞʝʥʠʝ ʧʝʩʢʘ ʚ ʢʦʥʪʘʢʪ ʢʦʣʝʩʘ ʩ ʨʝʣʴʩʦʤ. 

ɼʦʩʪʦʠʥʩʪʚʦʤ ʫʩʪʨʦʡʩʪʚʘ ʷʚʣʷʶʪʩʷ: 

- ʥʘʜʝʞʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʡ; 

- ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʵʢʦʥʦʤʠʯʥʳʡ ʠ ʨʘʚʥʦʤʝʨʥʳʡ ʨʘʩʭʦʜ ʧʝʩʢʘ; 

- ʥʝ ʪʨʝʙʫʝʪʩʷ ʩʞʘʪʳʡ ʚʦʟʜʫʭ ʜʣʷ ʧʦʜʘʯʠ ʧʝʩʢʘ ʧʦʜ ʢʦʣʝʩʘ ʣʦʢʦʤʦʪʠʚʘ; 

- ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʨʘʚʥʦʤʝʨʥʳʡ ʨʘʩʭʦʜ ʧʝʩʢʘ; 

- ʧʨʝʜʦʪʚʨʘʱʘʝʪʩʷ ʩʣʝʞʠʚʘʥʠʝ ʧʝʩʢʘ. 

ɿʘʢʣʶʯʝʥʠʝ. ʇʥʝʚʤʘʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʧʝʩʢʦʧʦʜʘʯʠ ʣʦʢʦʤʦʪʠʚʦʚ ʥʘʨʷʜʫ ʩ 

ʥʝʦʩʧʦʨʠʤʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʠʤʝʝʪ ʠ ʷʚʥʳʝ ʥʝʜʦʩʪʘʪʢʠ, ʩʚʷʟʘʥʥʳʝ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʧʝʨʝʨʘʩʭʦʜʦʤ ʧʝʩʢʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠʜ ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʪʨʝʙʫʝʪ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʩʠʩʪʝʤʳ ʧʝʩʢʦʧʦʜʘʯʠ. 
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ɸʃʄɸʊʓ-1 ʉʊɸʅʎʀʗʉʓ çɸʃʄɸʊʓ ɺɸɻʆʅɾᴆʅɼɽʋ ɿɸɺʆɼʓè ɸפ 

ɾɸנɼɸʁʓʅɼɸ ɼʆנרɸʃɸפ ɾױʇʊɸʈʓʅ ɾᴆʅɼɽʋɼɯ ױʁʓʄɼɸʉʊʓʈʋ  

 

ɸʥʜʘʪʧʘ. ʆʩʳ ʤʘץʘʣʘʜʘ ʨʦʣʠʢʪʳ ʙʫʢʩʘʥʳ ʜʝʤʦʥʪʘʞʜʘʫסʘ ʘʨʥʘʣסʘʥ ʩʪʝʥʜ 

  .ʩʘʪʳ, ʩʪʘʥʜ ʦʨʥʘʣʘʩʪʳʨʫʳ ʢʝʣʪʽʨʽʣʛʝʥץʳʩʳ, ʩʪʝʥʜ ʤʘסʨʳʣײץ ʘʥ ʞᴅʥʝ ʩʪʝʥʜסʘʨʘʩʪʳʨʳʣץ

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ʞʦʣʘʫʰʳʣʘʨ ʚʘʛʦʥʳ, ʙʫʢʩʘ ʪʦʨʘʙʳ, ʄ110 ʩʦʤʳʥ, ʜʦסשʘʣʘץ 

ʞײʧʪʘʨʳ, ʩʪʦʧʦʨʣʳ ʪʘץʪʘʡʰʘ, ʙײʨʘʥʜʘʤʘ. 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʩʪʝʥʜ ʜʣʷ ʜʝʤʦʥʪʘʞʘ ʨʦʣʠʢʦʚʳʭ ʙʫʢʩ. 

ʇʨʠʚʝʜʝʥʳ ʫʩʪʨʦʡʩʪʚʘ ʩʪʝʥʜʘ, ʨʘʩʧʦʣʦʞʝʥʠʝ ʩʪʝʥʜʘ, ʟʘʜʘʯʠ ʩʪʝʥʜʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʫʢʩʦʚʳʡ ʫʟʝʣ, ʧʘʩʩʘʞʠʨʩʢʠʡ ʚʘʛʦʥ, ʛʘʡʢʘ ʄ110, ʢʦʣʝʩʥʘʷ ʧʘʨʘ, 

ʩʪʦʧʦʨʥʘʷ ʧʣʘʥʢʘ, ʙʦʣʪ. 

Abstract. In this article, the stand for dismantling of roller boxes has been considered. 

The device of the stand, the location of the stand, the tasks of the stand. 

Key words: axle box, passenger car, M110 nut, wheel pair, locking bar, bolt. 

 

ʉɼ25  ʨʦʣʠʢʪʽ  ʙʫʢʩʘʥʳ  ʙᴇʣʰʝʢʪʝʫʛʝ  ʘʨʥʘʣסʘʥ  ʩʪʝʥʜ 

ɹײʣ ʩʪʝʥʜ ʨʦʣʠʢʪʽ ʙʫʢʩʘʣʳץ ʪʦʨʘʧʪʘʨʜʳ ʙᴇʣʰʝʢʪʝʫʜʽש ʥʝʛʽʟʛʽ ʪʝʭʥʦʣʦʛʠʷʣʳץ 

ʦʧʝʨʘʮʠʷʣʘʨʳʥ ʤʝʭʘʥʠʢʘʣʘʥʜʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ: ʙʝʢʽʪʫ ץʘץʧʘסʳʥʳש ʙײʨʘʥʜʘʤʘʣʘʨʳʥ 
ʙײʨʘʫ, ʪʦץʪʘʪץʳʰ ʪʘץʪʘʡʰʘʥʳ (ʩʪʦʧʦʨʥʦʡ ʧʣʘʥʢʘ), ʩʦשʳ ײץʣʳʧʪʘʫʰʳ ʰʘʡʙʘʥʳ ʞᴅʥʝ 

M110 ʛʘʡʢʘʩʳʥ. 

ʉʪʝʥʜ ʞʝʢʝ ʜʝʨʙʝʩ ʙʽʨʣʽʢ ʨʝʪʽʥʜʝ ʜʝ ץʦʣʜʘʥʳʣʘʜʳ ʞᴅʥʝ ʤʝʭʘʥʠʟʘʮʠʷʣʘʥסʘʥ 

ʵʩʪʘʢʘʜʘ ʢʝʰʝʥʽʥʜʝ ʜʝ ʞᴅʥʝ  ʙʘʩץʘʜʘ ʙʫʢʩʘʣʣʳץ ʪʦʨʘʧʪʘʨʜʳ ʜʝʤʦʥʪʘʞʜʘʫ ʪʝʭʥʦʣʦʛʠʷʣʳץ 

 .ʦʣʜʘʥʳʣʘ ʘʣʘʜʳץ ʳʣʘʨʳʤʝʥ ʙʽʨʛʝסʨʳʣײץ

 

ʉʪʝʥʜʢʝ ʢʽʨʝʜʽ: 

*ʘʡʥʘʣʤʘʣʳ ʘʡץʘʩʪʳʨʤʘ (ʢʨʝʩʪʦʚʠʥʘ), ʵʣʝʢʪʨʣʽʢ ʩʦʤʳʥ ʙײʨʘסʳʰץʘ ʙʝʢʽʪʽʣʛʝʥ 

ʞʘץʪʘʫסʘ ʦʨʥʘʪʳʣסʘʥ: 

 *ʙʝʢʽʪʫ ץʘץʧʘסʳʥʳש ʙʦʣʪʪʘʨʳʥ ʙײʨʘʫסʘ ʘʨʥʘʣסʘʥ  ʪᴇʨʪ ʰʧʠʥʜʝʣʴ; 

 ʘ ʝʢʽסʨʘʫײʪʘʡʰʘʥʳ (ʩʪʦʧʦʨʥʦʡ ʧʣʘʥʢʘ), ʙץʳʰ ʪʘץʪʘʪץʣʳʧʪʘʫʰʳ ʰʘʡʙʘʥʳ, ʪʦײץ* 

ʰʧʠʥʜʝʣʴ; 

 *ʩʦץʧʘʣʳץ M110 ʛʘʡʢʘʩʳʥ  ʙײʨʘʫ װʰʽʥ ʙʽʨ ʰʧʠʥʜʝʣʴ; 

 *ʩʦסשʳ ײץʣʳʧʪʘʫ ʰʘʡʙʘʩʳʥʳש ʙʦʣʪʪʘʨʳʥ ʙײʨʘʫ װʰʽʥ װʰ, ʪᴇʨʪ ʰʧʠʥʜʝʣʴ. 

 *ʢᴇʣʜʝʥʝץ שʦʟסʘʣʳʩʪʳש ʤʝʭʘʥʠʟʤʽ ʞᴅʥʝ ʘʡץʘʩʪʳʨʤʘʣʳ ʢᴇʪʝʨʫ ʤʝʭʘʥʠʟʤʽ. 

 

ʉʪʝʥʜ ʙʦʡʳʥʰʘ ײץʨʳʣסʳ 

¶ 1-ʰʘʥʘץ (ʩʫʨʝʪʪʽ ץʘʨʘשʳʟ) ʘʨʥʘʣʘʨʜʳש ʙʘסʳʪʪʘʫʰʳʣʘʨʳ ʙʘʨ ʜᴅʥʝʢʝʨʣʝʥʛʝʥ 

 ʦʨʘʧʪʘʥ ʙʝʨʫʜʽץ ʡʤʝ (ʢʘʨʝʪʘ) 2 ʢʽʣʪʽʥ ʙᴇʣʰʝʢʪʝʣʛʝʥװʩʪʽʥʝ ʢװ שʘʤʪʠʜʳ, ʦʥʳץ ʨʳʣʳʤʜʳײץ

ʞᴅʥʝ ʘʣʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

¶ 4 ʢᴇʪʝʨʛʽʰ ʧʝʥ 5 ʢʨʝʩʪʦʚʠʥʘ ʵʣʝʢʪʨ ʩʦʤʳʥ ʙײʨʘסʳʰʳʥ ץʘʞʝʪʪʽ ʙʠʽʢʪʽʢʪʝ 

ʦʨʥʘʪʘʜʳ ʞᴅʥʝ ʢʘʨʝʪʘʢʘסʘ ʙʝʢʽʪʽʣʝʜʽ. ʆʣ ʢʦʨʧʫʩʪʘʥ, ʯʝʨʚʷʢʪʳ ʪᴅʨʽʟʜʽ ץʦʟסʘʣʪץʳʰ 

ʨʝʜʫʢʪʦʨʜʘʥ ʞᴅʥʝ ʪʦʢ ʢʦʣʣʝʢʪʦʨʳʥʘʥ ʪײʨʘʜʳ. 

¶ ʊᴇʨʪ ʰʧʠʥʜʝʣʴʜʽ ʩʦʤʳʥ ʙײʨʘסʳʰ 6 ʙʫʢʩʘʣʳץ ʪʦʨʘʧʪʳץ שʘʜʘסʘʣʘʫ ʞᴅʥʝ ʙʝʢʽʪʫ 

 ʳʰʪʳץʘʣʪסʦʟץ ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ ʞᴅʥʝ ʦʣץ ʨʘʫʜʳײʨʘʥʜʘʤʘʩʳʥ ʙײʙ שʳʥʳסʧʘץʘץ

ʙᴅʩʝשʜʝʪʢʽʰʪʝʥ, ʩʝʨʽʧʧʝʣʽʢ ʢʽʣʪʽ ʙʘʨ ʪᴇʨʪ ʰʧʠʥʜʝʣʴʜʽ ʙʘʩʪʝʢʪʝʥ ʪײʨʘʜʳ.   
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¶ ʕʣʝʢʪʽʨʣʽ ʩʦʤʳʥ ʙײʨʘסʳʰ ʩʦʤʳʥʜʳ ʙײʨʘʧ ʘʣʫʜʳ ʞᴅʥʝ ʙײʨʘʧ ʰʳסʘʨʫʜʳ 

 :ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽץ

¶ ɽʢʽ ʰʧʠʥʜʝʣʴʜʽ 7 ï ʙʫʢʩʘʣʳץ ʪʦʨʘʧʪʳש ʪʦץʪʘʪץʳʰ ʪʘץʪʘʡʰʘʩʳʥʳש ʙײʨʘʥʜʘʤʘʩʳ 

ʞᴅʥʝ ʦʣ ʙᴅʩʝשʜʝʪʢʽʰʪʽ ץʦʟסʘʣʪץʳʰʪʘʥ ʞᴅʥʝ ʩʝʨʽʧʧʝʣʽʢ ʢʽʣʪʽ ʙʘʨ ʝʢʽ ʰʧʠʥʜʝʣʴʜʽ 

ʙʘʩʪʠʝʢʪʝʨʜʝʥ ʪײʨʘʜʳ. 

¶ ɹʽʨ ʰʧʠʥʜʝʣʴʜʽ 8- סשײʳʤʘʣʳץ ʩʦʤʳʥ ʄ110  ʞᴅʥʝ ʵʣʝʢʪʨʦ ץʦʟסʘʣʪץʳʰʪʳ ײʨסʳʣʳ 

ʤʝʭʘʥʠʟʤʥʝʥ ʞᴅʥʝ ʙᴅʩʝשʜʝʪʢʽʰʪʝʥ ʪײʨʘʜʳ.  

¶ ʊᴇʨʪ ʰʧʠʥʜʝʣʴʜʽ 9-סשײʳʤʘʣʳץ ʙײʨʘʥʜʘʣʳ ʰʘʡʙʘ ץʦʟסʘʣʪץʳʰʪʳץ 

ʙᴅʩʝשʜʝʪʢʽʰʪʝʥ ʞᴅʥʝ ʩʝʨʽʧʧʝʣʽʢ ʢʽʣʪʽ ʙʘʨ ʪᴇʨʪ ʰʧʠʥʜʝʣʴʜʽ ʙʘʩʪʠʝʢʪʝʥ ʪײʨʘʜʳ. 

¶ ɹʘʨʣʳץ ʵʣʝʢʪʽʨʣʽ ʩʦʤʳʥʙײʨʘסʳʰʪʘʨ ʘʡץʘʩʪʳʨʤʘʜʘ 5 ʦʨʥʘʣʘʩץʘʥ, ʦʣ ʢᴇʪʝʨʛʽʰ 

ʦʩʪʽ4 ש ʘʡʥʘʣʘʩʳʥʜʘ ʘʡʥʘʣʘʜʳ ʞᴅʥʝ 12 ʢᴇʣʝʛʽʤʝʥ ʙʝʢʽʪʽʣʝʜʽ.   

¶ ʕʣʝʢʪʽʨʣʽʢ ʰʢʘʬ 10 ʞᴅʥʝ ʵʣʝʢʪʨʦ ʘʧʧʘʨʘʪʫʨʘʩʳ 11 ʵʣʝʢʪʽʨʣʽʢ ʩʦʤʳʥ 

ʙײʨʘסʳʰʪʳש ʙʘʩץʘʨʫ ץʦʥʜʳʨסʳʣʘʨʳʥ ʦʨʥʘʣʘʩʪʳʨʫסʘ ʘʨʥʘʣסʘʥ.  

 

ʉʪʝʥʜʪʳש ʤʘץʩʘʪʳ: 

¶ ʉʪʝʥʜץʘ  ʙʽʨ ʦʧʝʨʘʪʦʨ ץʳʟʤʝʪ ʢᴇʨʩʝʪʝʜʽ. 

¶ ɼʦסשʘʣʘץ ʞײʧʪʳץ שʘʨʘʤʘ-ץʘʨʩʳ ʙʝʢʽʪʫ ץʘץʧʘסʳʥʳש ʙײʨʘʥʜʘʣʘʨʳʥ ʙײʨʘʫ ʥʝʤʝʩʝ 

ʰʝʰʫ װʰʽʥ ʪᴇʨʪ ʰʧʠʥʜʝʣʜʽ ʩʦʤʳʥ ʙײʨʘסʳʰʪʳ ʦʨʥʘʪʳשʳʟ. ʉʦʤʳʥ ʙײʨʘסʳʰʪʳ ʦʩʴʽʥ 

ʜʦסשʘʣʘץ ʞײʙʳʥʳש ʦʩʽʥʝ ʙʽʨʽʢʪʽʨʽשʽʟ. ʉʦʤʳʥ ʙײʨʘסʳʰʪʳ ʙʫʢʩʘ ʪʦʨʘʙʳʥʘ ᴅʢʝʣʽשʽʟ, ʙײʨʘʥʜʘ 

ʤʝʥ ʢʽʣʪʽ ʙʽʣʽʢʪʝʨʜʽש ʙʦʡʳʥʘ ʪʫʨʘʣʘשʳʟ, ʢʽʣʪʪʝʨʜʽש ʢʽʣʪʪʝʨʽʥ ʙʘʩʳשʳʟ ʞᴅʥʝ ʙײʨʘʥʜʘʣʘʨ 

ʙʘʩʪʘʨʳʥʜʘסʳ ʢʽʣʪʪʝʨʜʽ ʘʣʳשʳʟ. ɹʘʩʪʠʝʢʪʽש ʘʡʥʘʣʫʳʥ ʽʩʢʝ ץʦʩʳשʳʟ, ʙײʨʘʥʜʘʥʳ 

ʙײʨʘשʳʟ,ʩʪʝʥʜʢʝ ʘʧʘʨʳשʳʟ, ʙʫʢʩʘʣʳץ ʪʦʨʘʧʪʳץ שʘץʧʘסʳʥ ʘʣʳשʳʟ. 

¶ ɽʢʽ ʰʧʠʥʜʝʣʴʜʽ ʩʦʤʳʥ ʙײʨʘסʳʰʪʳ ʙʫʢʩʘ ʪʦʨʘʙʳʥʘ ʙײʨʘʧ, ʙʝʢʽʪʽשʽʟ. ʉʪʝʥʜʪʽ 

ʙʘסʳʪʪʘסʳʰ ʢᴇʤʝʛʽʤʝʥ ʙʘסʳʪʪʘʧ, ʙʘʩʪʠʝʢʪʽ ʙײʨʘʥʜʘʣʘʨ ʙʘʩʪʘʨʳʥʘ ʙʘʩʳשʳʟ ʞᴅʥʝ 

ʙײʨʘʥʜʘʣʘʨʜʳ ʙײʨʘʧ ʰʳסʘʨʳשʳʟ. ʊʦץʪʘʪץʳʰ ʪʘץʪʘʡʰʘʥʳ ʰʝʰʫ ʩʪʝʥʜʽʥʝ ʙʘסʳʪʪʘʫ. ɹʽʨ 

ʰʧʠʥʜʝʣʴʜʽ ʩʦʤʳʥ ʙײʨʘסʳʰʪʳ ʙʫʢʩʘסʘ ʙײʨʘʧ, ʦʥʳ ʙʝʢʽʪʽשʽʟ. ʂʽʣʪʪʽ ʞʳʣʞʳʪʘ ʦʪʳʨʳʧ 

ʛʘʡʢʘʥʳ ʙײʨʘʡʤʳʟ.ɹʽʨ ʙʽʣʽʢʪʽ ʢʽʣʪʽʥ ʦʩʴ ץʦʨʘʙʳʥʳש ʩʦסשʳ ʛʘʡʢʘʩʳʥʘ ᴅʢʝʣʽשʽʟ. ʇʝʨʥʝʥʽ 

ʛʘʡʢʘʜʘ ʩʳʨסʳʪʳʧ, ʦʥʳ ᴇʰʽʨʽשʽʟ. 

¶ ɽʛʝʨ ʙʫʢʩʘ ʰʝʪʽ ʰʘʡʙʘʣʳ ʙʝʢʽʪʧʝʩʽ ʙʦʣʩʘ, ʦʣ ʢʝʟʜʝ ʰʝʪʢʽ ʰʘʡʙʘʥʳש ʙʦʣʪ 

ʙʘʩʪʘʨʳʥ ײʩʪʘʧ ʪײʨʘʪʳʥ ʩʳʤʜʳ ʞʦʶ ʢʝʨʝʢ. ɹʫʢʩʘסʘ ʪᴇʨʪ ʰʧʠʥʣʝʣʴʣʽ ʩʦʤʳʥ ʙײʨʘסʳʰʪʳ 

ʙײʨʘʧ ʙʝʢʽʪʽʧ ʞʘץʳʥʜʘʪʫ ʢʝʨʝʢ. ʐʝʪʢʽ ʰʘʡʙʘʥʳש ʙײʨʘʥʜʘʣʘʨʳʥ ʰʝʰʫʜʽש ʪʝʭʥʦʣʦʛʠʷʣʳץ  

ʦʧʝʨʘʮʠʷʣʘʨʳ ʙʫʢʩʘ ץʘץʧʘסʳʥʳש ʪᴇʨʪ ʙʦʣʘʪʳʥ ʰʝʰʫʤʝʥ ץײʩʘʩ ʢʝʣʝʜʽ. ɼʦסשʘʣʘץ ʞײʙʳʥ 

ʙײʨʳʧ ʞᴅʥʝ ʜʦסשʘʣʘץ ʞײʙʳʥʳש ʝʢʽʥʰʽ ʙʫʢʩʘʩʳʤʝʥ ʩʦʣ ʦʧʝʨʘʮʠʷʣʘʨʜʳ ץʘʡʪʘʣʘʫ ʢʝʨʝʢ. 

 

ʉʪʝʥʜʪʪʳש ʦʨʥʘʣʘʩʫʳ: 

Å ʩʪʝʥʜ ץʦʨʰʘסʘʥ ʦʨʪʘʥʳש ʪʝʤʧʝʨʘʪʫʨʘʩʳ + 10 ... + 350 Á C ʛʨʘʜʫʩ ʙʦʣסʘʥ ʞʝʨʜʝ 

ʞʳʣʳʪʳʣʘʪʳʥ ᴇʥʜʽʨʽʩʪʽʢ ʙᴇʣʤʝʜʝ ʦʨʥʘʣʘʩʫʳ ʢʝʨʝʢ. ʆʨʥʘʪʫ װʰʽʥ ץʘʣʳשʜʳסʳ ʢʝʤ ʜʝʛʝʥʜʝ 

100 ʤʤ ʙʦʣʘʪʳʥ ʞʘʟʳץ ʙʝʪʦʥ ʪᴇʩʝʤʝʣʝʨ ץʘʞʝʪ. ʈʘʤʘ ʥʝʛʽʟʛʽ ʙʦʣʪʪʘʨʳʤʝʥ ʙʝʢʽʪʽʣʫʽ ʢʝʨʝʢ. 

¶ 1-ʰʘʥʘץ (ʩʫʨʝʪʪʽ ץʘʨʘשʳʟ) ʘʨʥʘʣʘʨʜʳש ʙʘסʳʪʪʘʫʰʳʣʘʨʳ ʙʘʨ ʜᴅʥʝʢʝʨʣʝʥʛʝʥ 

 ʦʨʘʧʪʘʥ ʙʝʨʫʜʽץ ʡʤʝ (ʢʘʨʝʪʘ) 2 ʢʽʣʪʽʥ ʙᴇʣʰʝʢʪʝʣʛʝʥװʩʪʽʥʝ ʢװ שʘʤʪʠʜʳ, ʦʥʳץ ʨʳʣʳʤʜʳײץ

ʞᴅʥʝ ʘʣʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

¶ 4 ʢᴇʪʝʨʛʽʰ ʧʝʥ 5 ʢʨʝʩʪʦʚʠʥʘ ʵʣʝʢʪʨ ʩʦʤʳʥ ʙײʨʘסʳʰʳʥ ץʘʞʝʪʪʽ ʙʠʽʢʪʽʢʪʝ 

ʦʨʥʘʪʘʜʳ ʞᴅʥʝ ʢʘʨʝʪʘʢʘסʘ ʙʝʢʽʪʽʣʝʜʽ. ʆʣ ʢʦʨʧʫʩʪʘʥ, ʯʝʨʚʷʢʪʳ ʪᴅʨʽʟʜʽ ץʦʟסʘʣʪץʳʰ 

ʨʝʜʫʢʪʦʨʜʘʥ ʞᴅʥʝ ʪʦʢ ʢʦʣʣʝʢʪʦʨʳʥʘʥ ʪײʨʘʜʳ. 

¶ ʊᴇʨʪ ʰʧʠʥʜʝʣʜʽ  ʵʣʝʢʪʨ ʙʽʣʽʛʽ 6 ʦʩʴʪʽʢ  ץʘץʧʘסʳʥʳץ שʘץʧʘסʳʥ ʙʝʢʽʪʝʜʽ ʞᴅʥʝ 

ʩʝʨʽʧʧʝʣʽ ץʦʟסʘʣʪץʳʰʪʘʥ ʞᴅʥʝ ʩʝʨʽʧʧʝʣʽ ʢʽʣʪʪʝʨʽ ʙʘʨ ʪᴇʨʪ ʰʧʠʥʜʝʣʴʜʝʥ ʪײʨʘʜʳ. 
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ʇʋʊʀ ʉʅʀɾɽʅʀʗ ʆʉʅʆɺʅʆɻʆ ʉʆʇʈʆʊʀɺʃɽʅʀʗ ɼɺʀɾɽʅʀʖ ʇʆɽɿɼɸ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʠʣ ʦʩʥʦʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʜʚʠʞʝʥʠʶ ʧʦʝʟʜʘ. ʇʨʝʜʣʦʞʝʥʳ ʩʧʦʩʦʙʳ ʩʥʠʞʝʥʠʷ ʩʠʣ ʦʩʥʦʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʝʟʜ, ʦʩʥʦʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʚʠʞʝʥʠʶ ʧʦʝʟʜʘ, ʤʝʨʦʧʨʠʷʪʠʷ 

ʧʦ ʩʥʠʞʝʥʠʶ ʦʩʥʦʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ  

ɸʥʜʘʪʧʘ. ʄʘץʘʣʘʜʘ ײץʨʘʡʪʳʥ ʢװʰʪʝʨʜʽש ʥʝʛʽʟʛʽ ʢʝʜʝʨʛʽʩʽ ץʦʟסʘʣʳʩʳ ʧʦʝʟʜ. 

ʊᴇʤʝʥʜʝʪʫʜ̔  ʘʥסʩʳʥʳʣײ ᴅʜʽʩʪʝʨʽ שʰʪʝʨʽʥʽװʥʝʛʽʟʛʽ ʢʝʜʝʨʛʽ ʢ ש

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ʧʦʡʳʟʜʳש, ʥʝʛʽʟʛʽ ʢʝʜʝʨʛʽʩʽ, ץʦʟסʘʣʳʩʳ, ʧʦʝʟʜ, ʪᴇʤʝʥʜʝʪʫ ʙʦʡʳʥʰʘ, 

ʽʩ-ʰʘʨʘʣʘʨ, ʥʝʛʽʟʛʽ ʢʝʜʝʨʛʽ. 

Abstract. The article deals with the components of the main resistance to the movement 

of the train. The ways of reducing the forces of the main resistance are proposed 

Key word: train, the main resistance to the movement of the train, measures to reduce the 

main resistance 

 

ɺʦ ʚʩʝʭ ʩʪʨʘʥʘʭ ʩ ʨʘʟʚʠʪʳʤ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ ʠʟʫʯʝʥʠʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʚʩʣʝʜʩʪʚʠʝ ʝʛʦ ʙʦʣʴʰʦʛʦ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʟʥʘʯʝʥʠʷ, ʧʨʦʚʦʜʠʪʩʷ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ. ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

http://www.irtrans.ru/doc/pics/c16_stend_big.jpeg
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ʨʘʙʦʪ ʧʦʩʚʷʱʘʝʪʩʷ ʠʟʫʯʝʥʠʶ ʦʩʥʦʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʜʦʤʠʥʠʨʫʶʱʠʤ 

ʟʥʘʯʝʥʠʝʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʵʪʦʛʦ ʚʠʜʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʇʦ 

ʥʝʢʦʪʦʨʳʤ ʜʘʥʥʳʤ [1-3], ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʦʩʥʦʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ ʩʝʪʠ ʞʝʣʝʟʥʳʭ 

ʜʦʨʦʛ ʚ ʛʨʫʟʦʚʦʤ ʜʚʠʞʝʥʠʠ ʟʘʪʨʘʯʠʚʘʝʪʩʷ ʦʢʦʣʦ ʧʦʣʦʚʠʥʳ ʚʩʝʡ ʨʝʘʣʠʟʫʝʤʦʡ ʤʦʱʥʦʩʪʠ 

ʣʦʢʦʤʦʪʠʚʥʦʛʦ ʧʘʨʢʘ. ɼʝʡʩʪʚʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʦʩʥʦʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʦʙʱʝʡ 

ʚʝʣʠʯʠʥʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʧʨʦʬʠʣʷ ʠ ʧʣʘʥʘ ʧʫʪʠ, 

ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʠ ʩʪʝʧʝʥʠ ʛʨʫʞʝʥʦʩʪʠ ʚʘʛʦʥʦʚ (ʥʘʛʨʫʟʢʠ ʦʪ ʦʩʠ ʥʘ ʨʝʣʴʩ). 

ʆʩʥʦʚʥʳʤ ʨʘʩʯʝʪʥʳʤ ʤʝʪʦʜʦʤ ʦʮʝʥʢʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʷʚʣʷʝʪʩʷ 

ʚʳʯʠʩʣʝʥʠʝ ʦʩʥʦʚʥʦʛʦ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʧʦ ʵʤʧʠʨʠʯʝʩʢʠʤ ʬʦʨʤʫʣʘʤ, 

ʚʳʚʝʜʝʥʥʳʭ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ɺ ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʥʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʫʣʳ ʦʩʥʦʚʥʦʛʦ ʫʜʝʣʴʥʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ. 

ʅʘʧʨʠʤʝʨ, ʚ ʈʦʩʩʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʇʨʘʚʠʣʘʤʠ ʪʷʛʦʚʳʭ ʨʘʩʯʝʪʦʚ ʜʣʷ ʧʦʝʟʜʥʦʡ 

ʨʘʙʦʪʳ (ʇʊʈ) [4] ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʦʨʤʫʣʘ ʦʩʥʦʚʥʦʛʦ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ 

ʛʨʫʟʦʚʳʭ ʚʘʛʦʥʦʚ ʚʠʜʘ 

 

, 

 

ʛʜʝ      q - ʦʩʝʚʘʷ ʥʘʛʨʫʟʢʘ; 

v - ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ; 

a - ʢʦʵʬʬʠʮʠʝʥʪ, ʚʳʨʘʞʘʶʱʠʡ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʥʝ ʟʘʚʠʩʷʱʝʝ ʥʠ ʦʪ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ, ʥʠ ʦʪ ʦʩʝʚʦʡ ʥʘʛʨʫʟʢʠ (ʪʨʝʥʠʝ ʚ ʘʚʪʦʩʮʝʧʢʘʭ, ʪʨʝʥʠʝ ʚ ʜʝʪʘʣʷʭ ʪʝʣʝʞʢʠ); 

b - ʢʦʵʬʬʠʮʠʝʥʪ, ʚʳʨʘʞʘʶʱʠʡ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʟʘʚʠʩʷʱʝʝ ʦʪ ʦʩʝʚʦʡ ʥʘʛʨʫʟʢʠ 

(ʪʨʝʥʠʝ ʚ ʰʝʡʢʘʭ ʦʩʝʡ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʘʯʝʥʠʶ ʙʘʥʜʘʞʝʡ ʧʦ ʨʝʣʴʩʘʤ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʪ 

ʥʝʨʦʚʥʦʩʪʝʡ ʧʫʪʠ); 

ʩ - ʢʦʵʬʬʠʮʠʝʥʪ, ʚʳʨʘʞʘʶʱʠʡ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʚʠʣʷʥʠʝʤ ʚʘʛʦʥʦʚ 

(ʪʨʝʥʠʝ ʨʝʙʦʨʜ ʢʦʣʝʩ ʦ ʨʝʣʴʩʳ, ʪʨʝʥʠʝ ʧʨʦʜʦʣʴʥʦʛʦ ʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʢʦʣʴʞʝʥʠʷ ʧʦ 

ʨʝʣʴʩʘʤ); 

d - ʢʦʵʬʬʠʮʠʝʥʪ, ʚʳʨʘʞʘʶʱʠʡ ʚʦʟʜʫʰʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ ʧʦʪʝʨʠ ʧʨʠ ʪʦʣʯʢʘʭ ʠ 

ʢʦʣʝʙʘʥʠʷʭ. 

ɺʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ a, b, c ʠ d ʟʘʚʠʩʷʪ ʦʪ ʪʠʧʘ ʧʫʪʠ (ʟʚʝʥʴʝʚʦʡ, ʙʝʩʩʪʳʢʦʚʦʡ), 

ʦʩʝʚʦʡ ʥʘʛʨʫʟʢʠ, ʦʩʥʦʩʪʠ ʚʘʛʦʥʘ (ʯʝʪʳʨʝʭʦʩʥʳʡ, ʚʦʩʴʤʠʦʩʥʳʡ). 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʨʘʩʩʤʦʪʨʠʤ ʚʣʠʷʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʛʨʫʟʦʚʦʛʦ ʚʘʛʦʥʘ ʠ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʫʪʠ ʥʘ ʚʝʣʠʯʠʥʫ ʦʩʥʦʚʥʦʛʦ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ 

(ʨʠʩʫʥʦʢ 1, ʘ, ʙ). 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 1, ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʚʘʛʦʥʘ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʫʨʦʚʝʥʴ ʫʜʝʣʴʥʳʭ ʩʠʣ, ʦʜʥʘʢʦ ʵʪʦ ʚʣʠʷʥʠʝ, ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ, 

ʧʨʦʷʚʣʷʝʪʩʷ ʥʝʦʜʠʥʘʢʦʚʦ. ʇʨʠ ʥʝʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʜʚʠʞʝʥʠʷ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ 

ʫʜʝʣʴʥʳʭ ʩʠʣ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʦʩʴʤʠʦʩʥʳʤ ʚʘʛʦʥʘʤ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʩʠʣ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʘʯʝʥʠʶ ʢʦʣʝʩ ʧʦ ʨʝʣʴʩʦʚʦʤʫ ʧʫʪʠ ʠʟ-ʟʘ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʦʩʝʡ ʚ 

ʚʘʛʦʥʝ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚʦʩʴʤʠʦʩʥʳʭ ʚʘʛʦʥʦʚ ʟʥʘʯʝʥʠʷ ʩʠʣ ʫʜʝʣʴʥʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ ʚʘʛʦʥʦʚ, ʘ 

ʧʨʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 80 ʢʤ/ʯ ʧʨʠʥʠʤʘʝʪ ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ. ʇʦ ï ʚʠʜʠʤʦʤʫ, ʵʪʦ 

ʷʚʣʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʫʣʫʯʰʝʥʠʝʤ ʜʠʥʘʤʠʢʠ ʚʦʩʴʤʠʦʥʳʭ ʚʘʛʦʥʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʯʝʪʳʨʝʭʦʩʥʳʤʠ ʚʘʛʦʥʘʤʠ. 

ʉʨʘʚʥʝʥʠʝ ʨʠʩʫʥʢʦʚ 1, ʘ ʠ 1, ʙ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʙʝʩʩʪʳʢʦʚʦʛʦ ʧʫʪʠ 

ʫʤʝʥʴʰʘʝʪ ʩʠʣʳ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʥʘ 4-12 %, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ. 
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ʘ)                                                                  ʙ) 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʠʣʘ ʦʩʥʦʚʥʦʛʦ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʚʘʛʦʥʦʚ  ʧʨʠ ʦʩʝʚʦʡ ʥʘʛʨʫʟʢʝ              

qʦ = 23,5 ʪ: 

ʘ) ï ʟʚʝʥʴʝʚʦʡ ʧʫʪʴ; ʙ) ï ʙʝʩʩʪʳʢʦʚʦʡ ʧʫʪʴ. 

 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʚʝʣʠʯʠʥʫ ʦʩʥʦʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʦʢʘʟʳʚʘʝʪ 

ʦʩʝʚʘʷ ʥʘʛʨʫʟʢʘ. 

ʋʚʝʣʠʯʝʥʠʝ ʩʪʝʧʝʥʠ ʟʘʛʨʫʟʢʠ (ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʩʪʘʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ) ʚʘʛʦʥʦʚ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʧʨʦʚʦʟʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ ʠ ʩʥʠʞʝʥʠʶ ʫʜʝʣʴʥʦʡ 

ʚʝʣʠʯʠʥʳ ʦʩʥʦʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʧʦʝʟʜʦʚ. ʉʥʠʞʝʥʠʝ ʦʩʥʦʚʥʦʛʦ ʫʜʝʣʴʥʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʦʩʝʚʦʡ ʥʘʛʨʫʟʢʠ qʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʦʣʥʳʝ 

ʚʝʣʠʯʠʥʳ ʥʝʢʦʪʦʨʳʭ ʵʣʝʤʝʥʪʦʚ ʦʩʥʦʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʚʝʩʘ ʧʦʜʚʠʞʥʦʛʦ 

ʩʦʩʪʘʚʘ (ʚʦʟʜʫʰʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʪ ʨʘʩʩʝʷʥʠʷ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʜʨ.). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʚʳʰʘʷ ʦʩʝʚʫʶ ʥʘʛʨʫʟʢʫ ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ, ʤʳ 

ʫʤʝʥʴʰʘʝʤ ʫʜʝʣʴʥʫʶ ʩʠʣʫ ʪʷʛʠ, ʥʝʦʙʭʦʜʠʤʫʶ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʩʠʣ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ɽʩʣʠ 

ʨʘʩʩʫʞʜʘʪʴ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʤʘʩʩʝ-ʥʝʪʪʦ (ʤʘʩʩʝ ʧʦʣʝʟʥʦʛʦ ʧʝʨʝʚʦʟʠʤʦʛʦ ʛʨʫʟʘ), ʪʦ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʫʜʝʣʴʥʳʭ ʟʘʪʨʘʪ ʪʷʛʠ ʝʱʝ ʟʥʘʯʠʪʝʣʴʥʝʝ. 

ʀʟ ʨʠʩʫʥʢʘ 2 ʚʠʜʥʦ, ʯʪʦ ʫʞʝ ʧʨʠ ʩʢʦʨʦʩʪʠ V = 30 ʢʤ/ʯ ʫʜʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʩʠʣ ʪʷʛʠ 

ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʦʩʥʦʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʦʜʥʦʡ ʪʦʥʥʳ-ʙʨʫʪʪʦ ʙʫʜʫʪ ʥʘ 

49% (ʧʨʠ ʩʨʝʜʥʝʡ ʟʘʛʨʫʟʢʝ) ʠ 57% (ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʟʘʛʨʫʟʢʝ) ʤʝʥʴʰʝ, ʯʝʤ ʚ ʧʦʨʦʞʥʝʤ 

ʩʦʩʪʦʷʥʠʠ. ʇʨʠ ʪʦʡ ʞʝ ʩʢʦʨʦʩʪʠ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘʪʨʘʪ ʩʠʣ ʪʷʛʠ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ 

ʦʩʥʦʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʦʜʥʦʡ ʪʦʥʥʳ-ʥʝʪʪʦ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʟʘʛʨʫʟʢʝ ʚʦʟʨʘʩʪʘʝʪ ʥʘ 30% ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʝʡ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʚʘʛʦʥʘ. 

ʀʟʣʦʞʝʥʥʳʝ ʩʦʦʙʨʘʞʝʥʠʷ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʦʚʳʰʝʥʠʷ ʩʪʘʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʥʝ 

ʧʨʦʪʠʚʦʨʝʯʘʪ ʩʪʨʝʤʣʝʥʠʶ ʩʥʠʞʘʪʴ ʤʘʩʩʫ ʪʘʨʳ ʚʘʛʦʥʦʚ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʤʘʩʩʳ 

ʪʘʨʳ ʧʦʟʚʦʣʷʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ ʚʘʛʦʥʘ (ʧʨʠ ʪʝʭ ʞʝ 

ʜʦʧʫʩʪʠʤʳʭ ʚʝʣʠʯʠʥʘʭ ʜʘʚʣʝʥʠʷ ʦʩʠ ʥʘ ʨʝʣʴʩ). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʢʩʧʣʫʘʪʘʮʠʷ ʙʦʣʝʝ ʣʝʛʢʠʭ 

ʧʦ ʤʘʩʩʝ ʪʘʨʳ, ʥʦ ʙʦʣʝʝ ʟʘʛʨʫʞʝʥʥʳʭ ʚʘʛʦʥʦʚ ʧʨʠ ʪʝʭ ʞʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪʘʭ 

ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʝʨʝʚʦʟʦʢ. 

ʉʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʤʘʩʩʳ ʪʘʨʳ ʚʘʛʦʥʦʚ, ʧʦʤʠʤʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʚʳʛʦʜ ʠʤʝʝʪ ʠ ʜʨʫʛʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ: ʩʦʢʨʘʱʘʝʪʩʷ ʨʘʩʭʦʜ ʤʘʪʝʨʠʘʣʘ, ʫʤʝʥʴʰʘʝʪʩʷ 

ʩʠʣʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʫʪʴ ʠ ʪ.ʜ. 
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ʈʠʩʫʥʦʢ 2 ï ʋʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʚʠʞʝʥʠʶ ʦʪ ʪʨʝʥʠʷ ʦʩʝʚʳʭ ʰʝʝʢ ʚ ʨʦʣʠʢʦʚʳʭ 

ʧʦʜʰʠʧʥʠʢʘʭ ʯʝʪʳʨʝʭʦʩʥʳʭ ʛʨʫʟʦʚʳʭ ʚʘʛʦʥʦʚ 
 

ʉʥʠʞʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ʥʘ ʪʷʛʫ ʧʦʝʟʜʦʚ, ʘ ʪʘʢ ʞʝ ʧʦʚʳʩʠʪʴ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʙʝʟ ʫʚʝʣʠʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʪʷʛʦʚʳʭ 

ʜʚʠʛʘʪʝʣʝʡ. ɺʩʝ ʤʥʦʛʦʦʙʨʘʟʠʝ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʩʥʠʞʝʥʠʶ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ 

ʤʦʞʥʦ ʧʦʜʨʘʟʜʝʣʠʪʴ ʥʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ.  

ʆʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʨʦʚʦʜʷʪʩʷ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʧʦʜʚʠʞʥʦʛʦ 

ʩʦʩʪʘʚʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʫʪʠ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: 

-  ʧʦʣʥʘʷ ʟʘʛʨʫʟʢʘ ʚʘʛʦʥʦʚ (ʦʩʥʦʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ); 

-  ʧʨʘʚʠʣʴʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʝʟʜʦʚ (ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʪ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ); 

-  ʟʘʢʨʳʪʠʝ ʜʚʝʨʝʡ ʠ ʣʶʢʦʚ ʚ ʛʨʫʟʦʚʳʭ ʧʦʝʟʜʘʭ (ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʪ ʚʦʟʜʫʰʥʦʡ 

ʩʨʝʜʳ); 

-  ʩʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ʨʝʛʫʣʠʨʦʚʢʘ ʪʦʨʤʦʟʦʚ (ʪʨʝʥʠʝ ʢʦʣʦʜʦʢ ʧʨʠ ʦʪʧʫʱʝʥʥʳʭ 

ʪʦʨʤʦʟʘʭ);  

-  ʥʘʜʣʝʞʘʱʠʡ ʫʭʦʜ ʟʘ ʧʦʜʰʠʧʥʠʢʦʚʳʤ ʠ ʰʘʨʥʠʨʥʳʤʠ ʫʟʣʘʤʠ; 

-  ʥʘʜʣʝʞʘʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʚʝʨʭʥʝʛʦ ʩʪʨʦʝʥʠʷ ʧʫʪʠ; 

-  ʫʤʝʥʴʰʝʥʠʝ ʚʨʝʤʝʥʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʪʦʷʥʦʢ ʧʦʝʟʜʦʚ, ʦʩʦʙʝʥʥʦ ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʧʫʪʠ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: 

-  ʧʨʠʤʝʥʝʥʠʝ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʦʙʪʝʢʘʝʤʦʡ ʬʦʨʤʳ; 

-  ʧʨʠʤʝʥʝʥʠʝ ʥʘʢʣʦʥʷʶʱʠʭʩʷ ʚʘʛʦʥʦʚ (ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʷʝʪʩʷ ʩʠʩʪʝʤʘ 

ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ ʥʘʢʣʦʥʘ ʚʘʛʦʥʦʚ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʦʝʟʜʦʚ ʚ ʢʨʠʚʳʭ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ 

ʫʚʝʣʠʯʠʪʴ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ ʚ ʢʨʠʚʳʭ ʙʝʟ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʫʪʠ ʠ ʧʦʚʳʩʠʪʴ 

ʢʦʤʬʦʨʪʥʦʩʪʴ.) ʋʤʝʥʴʰʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʷʚʣʷʝʪʩʷ ʧʦʙʦʯʥʳʤ ʵʬʬʝʢʪʦʤ 

ʧʨʠʤʝʥʝʥʠʷ ʵʪʦʡ ʩʠʩʪʝʤʳ. ʉʠʩʪʝʤʘ ʩʣʦʞʥʘ, ʪʘʢ ʢʘʢ ʩʚʷʟʘʥʘ ʩ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʜʚʠʞʝʥʠʷ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʪʩʣʝʞʠʚʘʝʪ ʥʝʩʢʦʣʴʢʦ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʫʧʨʘʚʣʷʝʪʩʷ 

ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʦʤ.  

-  ʧʨʠʤʝʥʝʥʠʝ çʧʣʘʚʘʶʱʠʭè ʢʦʣʝʩʥʳʭ ʧʘʨ (ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʠʟʥʦʩʘ ʢʦʣʝʩʥʳʭ ʧʘʨ ʠ 

ʨʝʣʴʩʦʚ ʚ ʢʨʠʚʳʭ ʚ ʐʚʝʮʠʠ ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʣʝʞʢʘ ʛʨʫʟʦʚʦʛʦ ʚʘʛʦʥʘ, ʢʦʣʝʩʥʳʝ ʧʘʨʳ 

ʢʦʪʦʨʦʡ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʪʷʛ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʦ ʨʘʜʠʫʩʘʤ ʢʨʠʚʦʡ. ʉʠʩʪʝʤʘ ʜʦʩʪʘʪʦʯʥʦ 

ʧʨʦʩʪʘ ʠ ʥʝ ʪʨʝʙʫʝʪ ʩʣʦʞʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ); 

- ʫʤʝʥʴʰʝʥʠʝ ʪʘʨʳ ʚʘʛʦʥʦʚ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʣʝʛʢʠʭ ʩʧʣʘʚʦʚ (ʩʥʠʞʝʥʠʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʚʠʞʝʥʠʶ ʥʘ 1 ʪ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ); 

-  ʫʢʣʘʜʢʘ ʙʝʩʩʪʳʢʦʚʦʛʦ ʧʫʪʠ (ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʪ ʫʜʘʨʦʚ ʥʘ ʩʪʳʢʘʭ); 

-  ʫʩʠʣʝʥʠʝ ʚʝʨʭʥʝʛʦ ʩʪʨʦʝʥʠʷ ʧʫʪʠ (ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʪ ʜʝʬʦʨʤʘʮʠʠ ʧʫʪʠ); 

- ʠʟʤʝʥʝʥʠʝ ʧʣʘʥʘ ʠ ʧʨʦʬʠʣʷ ʧʫʪʠ. 
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ʊʦʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʩʠʣ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʨʘʮʠʦʥʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʦʜʚʠʞʥʦʡ ʩʦʩʪʘʚ ʠ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ, ʧʨʘʚʠʣʴʥʦ ʧʣʘʥʠʨʦʚʘʪʴ ʠ 

ʵʢʦʥʦʤʥʦ ʨʘʩʭʦʜʦʚʘʪʴ ʪʦʧʣʠʚʦ ʠ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʜʣʷ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ. 
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ʇɽʈʉʇɽʂʊʀɺʓ ʇʆɺʓʐɽʅʀʗ ʆʉɽɺʓʍ ʅɸɻʈʋɿʆʂ  ɺ ʈɽʉʇʋɹʃʀʂɽ 

ʂɸɿɸʍʉʊɸʅ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʜʦʧʫʩʪʠʤʳʭ ʩʢʦʨʦʩʪʝʡ 

ʜʚʠʞʝʥʠʷ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʦʩʝʚʦʡ ʥʘʛʨʫʟʢʦʡ 25 ʪ/ʦʩʴ ʧʦ ʞʝʣʝʟʥʳʤ ʜʦʨʦʛʘʤ 

ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ. ʆʧʨʝʜʝʣʝʥʳ ʬʘʢʪʦʨʳ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʜʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ 

ʦʩʝʚʦʡ ʥʘʛʨʫʟʢʠ  ʦʪ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʧʫʪʴ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʩʝʚʘʷ ʥʘʛʨʫʟʢʘ, ʜʦʧʫʩʪʠʤʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ, ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʫʪʠ. 

ɸʥʜʘʪʧʘ. ʄʘץʘʣʘʜʘ ʢʝʣʪʽʨʽʣʛʝʥ ʝʩʝʧʪʝʫ ʥᴅʪʠʞʝʩʽ ץʦʟסʘʣʳʩʳʥʳש ʨץײʩʘʪ ʝʪʽʣʛʝʥ 

ʞʳʣʜʘʤʜʳץʪʘʨʳʥ ʞʳʣʞʳʤʘʣʳ ײץʨʘʤʥʳש ʦʩʴʪʽʢ ʞװʢʪʝʤʝʩʽ 25 ʪ/ʦʩʴ פʘʟʘץʩʪʘʥ 

ʈʝʩʧʫʙʣʠʢʘʩʳʥʳש ʪʝʤʽʨ ʞʦʣʜʘʨʳ ʙʦʡʳʥʰʘ. ɸʥʳץʪʘʣסʘʥ ʬʘʢʪʦʨʣʘʨ ʰʝʢʪʝʡʪʽʥ ʦʜʘʥ ᴅʨʽ 

ʘʨʪʪʳʨʫ ʦʩʴʪʽʢ ʞʳʣʞʳʤʘʣʳ ײץʨʘʤʜʳ ʪʝʤʽʨ ʞʦʣ ʞʦʣʳ. 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ʙʽʣʽʢʢʝ ʨץײʩʘʪ ʝʪʽʣʛʝʥ ץʦʟסʘʣʳʩ ʞʳʣʜʘʤʜʳסʳʥ, ʞᴅʥʝ 

ʜʝʬʦʨʤʘʮʠʷʣʳץ. 

Abstract. The article presents the results of calculating the permissible speeds of rolling 

stock with an axial load of 25 t/axis on the Railways of the Republic of Kazakhstan. The factors 

limiting further increase of axial loading from a rolling stock on a railway track are defined. 

Key words: axial load, permissible speed, stress-strain state of the path. 

 

ʉ ʮʝʣʴʶ ʦʙʦʩʥʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ  ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʩ 

ʧʦʚʳʰʝʥʥʦʡ ʦʩʝʚʦʡ ʥʘʛʨʫʟʢʦʡ ʚ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʫʪʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʣʦʢʦʤʦʪʠʚʦʚ ʠ ʚʘʛʦʥʦʚ ʩ ʦʩʝʚʦʡ ʥʘʛʨʫʟʢʦʡ 25 ʪ/ʦʩʴ. 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʦ ʚʦʟʜʝʡʩʪʚʠʶ ʥʘ ʧʫʪʴ ʠ 

ʩʪʨʝʣʦʯʥʳʝ ʧʝʨʝʚʦʜʳ ʠʩʧʳʪʘʥʠʡ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ [1-3] ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʪʘʢʠʝ ʢʘʢ ʤʘʩʩʘ ʥʝʦʙʨʝʩʩʦʨʝʥʥʳʭ ʯʘʩʪʝʡ ʚʘʛʦʥʦʚ ʠ 

ʣʦʢʦʤʦʪʠʚʘ, ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʢʠ, ʦʩʝʚʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʨʝʣʴʩʝ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ 
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95 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʢʦʵʬʬʠʮʠʝʥʪ f ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ  

ʦʪʥʦʰʝʥʠʝ  ʦʩʝʚʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʨʝʣʴʩʝ ʢ ʢʨʦʤʦʯʥʦʤʫ. ɼʘʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ f 

ʫʯʠʪʳʚʘʝʪ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʵʢʠʧʘʞʥʦʡ ʯʘʩʪʠ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʠ 

ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʘ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʫʪʠ. ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ f ʠʟʣʦʞʝʥʘ ʚ   [4].  

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʦʩʝʚʦʡ ʥʘʛʨʫʟʢʦʡ 25 ʪ/ʦʩʴ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʇʦ ʤʝʪʦʜʠʢʝ, ʠʟʣʦʞʝʥʥʦʡ ʚ [5], ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʥʘʧʨʷʞʝʥʠʝ ʚ ʵʣʝʤʝʥʪʘʭ ʚʝʨʭʥʝʛʦ 

ʩʪʨʦʝʥʠʷ  ʧʫʪʠ ʠ ʟʝʤʣʷʥʦʤ ʧʦʣʦʪʥʝ, ʜʘʣʝʝ ʦʧʨʝʜʝʣʝʥʳ ʜʦʧʫʩʪʠʤʳʝ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ  

ʵʣʝʢʪʨʦʚʦʟʘ KZ8A ʠ ʧʦʣʫʚʘʛʦʥʘ  ʤʦʜʝʣʠ 12-9920 ʧʦ ʨʘʟʣʠʯʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʫʪʠ (ʪʘʙʣʠʮʘ 2  ʠ 3) [6-7]. 

 

ʊʘʙʣʠʮʘ 1 ï ʈʘʩʯʝʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʦʩʝʚʦʡ ʥʘʛʨʫʟʢʦʡ 25 ʪ/ʦʩʴ  
 

ʇʘʨʘʤʝʪʨ KZ8A ʇʦʣʫʚʘʛʦʥ  ʤʦʜʝʣʠ 12-

9920 

ʂʦʥʩʪʨʫʢʮʠʦʥʥʘʷ ʩʢʦʨʦʩʪʴ, ʢʤ/ʯ 120 120 

ʉʪʘʪʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ ʢʦʣʝʩʘ ʥʘ ʨʝʣʴʩ, ʢʛ 12500 12500 

ʆʪʥʝʩʝʥʥʘʷ ʢ ʢʦʣʝʩʫ ʤʘʩʩʘ 

ʥʝʦʙʨʝʩʩʦʨʝʥʥʳʭ ʯʘʩʪʝʡ, ʢʛ 

2750 1878 

ʉʪʘʪʠʯʝʩʢʠʡ ʧʨʦʛʠʙ ʨʝʩʩʦʨʥʦʛʦ 

ʧʦʜʚʝʰʠʚʘʥʠʷ, ʤʤ 

175,9 65 

ɼʠʘʤʝʪʨ ʢʦʣʝʩʘ, ʤʤ 1250 950 

ʂʦʣʠʯʝʩʪʚʦ ʦʩʝʡ  ʪʝʣʝʞʢʠ 2 2 

ɹʘʟʘ ʪʝʣʝʞʢʠ, ʤʤ 2600 1900 

 

ʊʘʙʣʠʮʘ 2 ï ɼʦʧʫʩʢʘʝʤʳʝ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʚʦʟʦʚ ʪʠʧʘ 2(2ʦ-2ʦ) ʩʝʨʠʠ 

KZ8A ʩ ʦʩʝʚʦʡ ʥʘʛʨʫʟʢʦʡ 25 ʪʩ 

ʊʠʧ ʨʝʣʴʩʦʚ; 

ʧʨʠʚʝʜʝʥʥʳʡ 

ʠʟʥʦʩ ʛʦʣʦʚʢʠ ʨʝʣʴʩʘ 

ʚ ʤʤ; ʯʠʩʣʦ ʰʧʘʣ ʥʘ 

1 ʢʤ; ʨʦʜ ʙʘʣʣʘʩʪʘ 

 ɼʦʧʫʩʢʘʝʤʳʝ ʩʢʦʨʦʩʪʠ, ʢʤ/ʯ 

ʇʨʷʤʘʷ 

ʈʘʜʠʫʩ ʢʨʠʚʳʭ, ʤ 

1000 800 700 600 500 400 350 300 

ʈ65(6)2000,                 

18400 ʑ, ɸʩ, ɻʨ ʠ 

ʪʷʞʝʣʝʝ 

ʂ-120 ʂ-120 ʂ-120 ʂ-120 ʅ-110 ʅ-105 ʅ-95 ʃ-75 ʃ-70 

ʈ50(6)2000, 1840, 

1600 ʑ, ɸʩ 
ʂ-120 ʂ-120 ʂ-120 ʂ-120 ʅ-110 ʅ-105 ʅ-95 ʃ-75 ʃ-70 

ʈ50(6)2000 ɻʨ ʂ-120 ʂ-120 ʂ-120 ʂ-120 ʅ-110 ʅ-105 ʅ-95 ʃ-75 ʃ-70 

ʈ50(6)1840 ɻʨ ʂ-120 ʂ-120 ʂ-120 ʂ-120 ʅ-110 ʅ-105 ʅ-95 ʃ-75 ʃ-70 

ʈ50(6)1600 ɻʨ 110 110 110 110 ʅ-110 ʅ-105 ʅ-95 ʃ-75 ʃ-70 

ʈ50(6)2000 ʇ 110 100 95 90 85 80 75 70 65 

ʈ50(6)1840 ʇ 95 95 90 85 80 75 70 65 60 

ʈ50(6)1600 ʇ 75 75 75 75 75 70 65 60 55 

ʈ43(6)1840 ʑ, ɸʩ 80 80 80 80 75 70 60 55 50 

ʈ43(6)1600 ʑ, ɸʩ 70 70 70 70 65 65 50 45 40 

ʈ43(6)1840 ɻʨ 80 80 80 75 70 65 55 50 45 

ʈ43(6)1600 ɻʨ 80 70 70 65 60 60 45 40 35 

ʈ43(6)1840 ʇ 70 55 55 50 45 40 35 35 30 

ʈ43(6)1600 ʇ 60 50 50 50 45 45 35 30 25 



ʄʘʪʝʨʠʘʣʳ  XLII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʂʘʟɸʊʂ ʠʤ. ʄ. ʊʳʥʳʰʧʘʝʚʘ                    

ʥʘ ʪʝʤʫ çʀʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʪʨʘʥʩʧʦʨʪʝ: ʦʙʨʘʟʦʚʘʥʠʝ, ʥʘʫʢʘ, ʧʨʘʢʪʠʢʘ», 18. 04. 2018 ʛ., ʊʦʤ 4 
 

 

 

96 

ʊʘʙʣʠʮʘ 3 ï ɼʦʧʫʩʢʘʝʤʳʝ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʛʨʫʟʦʚʳʭ ʚʘʛʦʥʦʚ 4-ʦʩʥʳʭ ʤʦʜʝʣʠ 

12-9920 ʥʘ ʜʚʫʭʦʩʥʳʭ ʪʝʣʝʞʢʘʭ ʤʦʜʝʣʠ 18-9996 ʩ ʦʩʝʚʦʡ ʥʘʛʨʫʟʢʦʡ ʜʦ 25 ʪʩ 

(ʚʢʣʶʯʠʪʝʣʴʥʦ) 

 ɸʥʘʣʠʟ ʪʘʙʣʠʮ 2 ʠ 3 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʛʨʘʥʠʯʝʥʠʝ ʜʦʧʫʩʪʠʤʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ  

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ,  ʧʦ ʫʩʣʦʚʠʷʤ ʧʨʦʯʥʦʩʪʠ ʧʫʪʠ ʠ ʧʦ ʚʝʣʠʯʠʥʝ ʥʝʧʦʛʘʰʝʥʥʦʛʦ 

ʫʩʢʦʨʝʥʠʷ. ʕʣʝʢʪʨʦʚʦʟ KZ8A ʦʢʘʟʳʚʘʝʪ ʤʝʥʴʰʝʝ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʫʪʴ, ʯʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʥʩʪʨʫʢʮʠʠ ʵʢʠʧʘʞʥʦʡ ʯʘʩʪʠ ʣʦʢʦʤʦʪʠʚʘ (ʛʠʙʢʦʩʪʴ 

ʨʝʩʩʦʨʥʦʛʦ ʧʦʜʚʝʰʠʚʘʥʠʷ). 

ʆʧʪʠʤʠʟʘʮʠʷ ʚʝʣʠʯʠʥʳ ʦʩʝʚʦʡ ʥʘʛʨʫʟʢʠ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʘʥʘʣʠʟʝ ʧʦʢʘʟʘʪʝʣʝʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʫʪʠ ʠ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʧʨʠʙʳʣʴ ʦʪ ʧʦʚʳʰʝʥʠʷ ʧʨʦʚʦʟʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʨʘʩʭʦʜʳ ʦʪ 

ʫʚʝʣʠʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʢʦʧʣʝʥʠʷ ʦʩʪʘʪʦʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʠ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʢʘʢ ʚ 

ʧʫʪʠ, ʪʘʢ ʠ ʥʘ ʧʦʜʚʠʞʥʦʤ ʩʦʩʪʘʚʝ [8]. 
ʉʦʟʜʘʥʠʝ ʚ ʢʦʥʮʝ XX - ʥʘʯʘʣʝ XXI  ʚʝʢʘ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʩ 

ʫʣʫʯʰʝʥʥʳʤʠ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʭʦʜʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʡ ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʥʦʚʴ ʚʝʨʥʫʪʴʩʷ ʢ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤʳ ʧʦʚʳʰʝʥʠʷ ʦʩʝʚʳʭ ʥʘʛʨʫʟʦʢ ʛʨʫʟʦʚʳʭ ʚʘʛʦʥʦʚ. 

ʆʩʪʘʝʪʩʷ ʥʝʧʨʝʣʦʞʥʳʤ ʬʘʢʪ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʦʩʝʚʳʭ ʥʘʛʨʫʟʦʢ ʜʦʣʞʥʦ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ 

ʬʦʥʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ʢʘʢ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʪʘʢ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʧʫʪʠ.  

ʉ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʘ ʤʦʜʝʨʥʠʟʘʮʠʶ ʧʨʦʚʦʜʠʪʴ ʜʣʷ ʙʦʣʴʰʝʛʦ ʜʠʘʧʘʟʦʥʘ 

ʧʦʚʳʰʝʥʠʷ ʥʘʛʨʫʟʦʢ. ʅʦʚʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʧʫʪʠ ʜʦʣʞʥʳ 

ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʦʩʝʚʳʭ ʥʘʛʨʫʟʦʢ ʧʦ 30 ʪ, ʪʦ ʝʩʪʴ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʥʦʨʤʘʤʠ ʧʨʠʤʝʨʥʦ ʥʘ 30%.  

ʉʣʝʜʫʝʪ ʫʯʝʩʪʴ, ʯʪʦ ʫ  ʥʦʚʳʭ ʵʢʠʧʘʞʝʡ ʠʟʤʝʥʝʥʠʝʤ  ʢʦʥʩʪʨʫʢʮʠʠ ʭʦʜʦʚʦʡ ʯʘʩʪʝʡ 

ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʫʣʫʯʰʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʘʢ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ, ʪʘʢ ʠ ʚ ʚʝʨʪʠʢʘʣʴʥʳʡ ʧʣʦʩʢʦʩʪʷʭ, ʢʦʪʦʨʦʝ ʧʨʠʚʝʜʝʪ ʚ ʫʤʝʥʴʰʝʥʠʶ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʥʘ ʧʫʪʴ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʠʟʚʝʩʪʥʦʡ ʤʝʨʝ  ʦʛʨʘʥʠʯʠʪ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʚʝʣʠʯʠʥʳ ʩʠʣ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʇʦʜʦʙʥʳʡ ʵʬʬʝʢʪ ʜʦʩʪʠʛʘʝʪʩʷ ʪʘʢʞʝ 

ʫʣʫʯʰʝʥʠʝʤ ʩʦʩʪʦʷʥʠʷ ʧʫʪʠ. ʆʜʥʘʢʦ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʟʘʨʫʙʝʞʥʳʡ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʦʧʳʪ 

ʊʠʧ ʨʝʣʴʩʦʚ; 

ʧʨʠʚʝʜʝʥʥʳʡ ʠʟʥʦʩ 

ʛʦʣʦʚʢʠ ʨʝʣʴʩʘ ʚ ʤʤ; 

ʯʠʩʣʦ ʰʧʘʣ ʥʘ 1 ʢʤ; 

ʨʦʜ ʙʘʣʣʘʩʪʘ 

 ɼʦʧʫʩʢʘʝʤʳʝ ʩʢʦʨʦʩʪʠ, ʢʤ/ʯ 

ʇʨʷʤʘʷ 

ʈʘʜʠʫʩ ʢʨʠʚʳʭ, ʤ 

1000 800 700 600 500 400 350 300 

ʈ65(6) 2000, 1840, 

1600 ʑ, ɸʩ, ɻʨ ʠ 

ʪʷʞʝʣʝʝ 

90 90 90 90 90 ʅ-85 ʅ-80 ʅ-70 ʅ-65 

ʈ50(6) 2000 ʑ, ɸʩ ʠ 

ʪʷʞʝʣʝʝ 
90 90 90 90 90 ʅ-85 ʅ-80 70 50 

ʈ50(6) 1840 ʑ, ɸʩ  90 90 90 90 90 ʅ-85 ʅ-80 65 45 

ʈ50(6) 1600 ʑ  90 90 90 90 90 85 75 60 40 

ʈ50(6) 2000 ɻʨ 90 90 90 90 90 85 80 65 40 

ʈ50(6) 1840 ɻʨ 90 90 90 90 90 85 75 60 40 

ʈ50(6) 1600 ɻʨ  90 90 90 90 85 75 65 50 30 

ʈ50(6) 2000 ʇ 90 90 90 90 85 75 65 50 35 

ʈ50(6) 1840 ʇ 90 90 90 85 80 70 60 45 30 

ʈ50(6) 1600 ʇ  90 90 90 75 70 60 50 40 25 
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ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʨʫʟʦʚʳʭ ʚʘʛʦʥʦʚ ʩ ʦʩʝʚʦʡ ʥʘʛʨʫʟʢʦʡ 25 ʪ ʠ ʙʦʣʝʝ, ʫʢʘʟʘʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ, 

ʚʣʠʷʷ ʥʘ ʤʘʢʩʠʤʘʣʴʥʳʝ ʚʝʣʠʯʠʥʳ ʩʠʛʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʥʝ ʟʘʪʨʘʛʠʚʘʶʪ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ 

ʚʝʣʠʯʠʥ ʥʘʛʨʫʟʦʢ ʥʘ ʧʫʪʴ.  

ʇʦʵʪʦʤʫ, ʫʚʝʣʠʯʝʥʠʝ ʦʩʝʚʳʭ ʥʘʛʨʫʟʦʢ ʜʦʣʞʥʦ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʧʦʚʳʰʝʥʠʝʤ 

ʧʨʦʯʥʦʩʪʠ ʠ ʠʟʥʦʩʪʦʡʢʦʩʪʠ ʢʘʢ ʭʦʜʦʚʦʡ ʯʘʩʪʝʡ ʚʘʛʦʥʦʚ, ʪʘʢ ʠ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ 

ʧʫʪʠ.  

ʆʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʨʫʟʦʚʳʭ ʚʘʛʦʥʦʚ ʩ ʦʩʝʚʦʡ ʥʘʛʨʫʟʢʦʡ 25 ʪ/ʦʩʴ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʛʣʘʚʥʳʭ ʚʦʧʨʦʩʦʚ ʪʷʞʝʣʦʚʝʩʥʳʭ ʜʚʠʞʝʥʠʡ ʷʚʣʷʝʪʩʷ - ʩʤʦʞʝʪ ʣʠ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʧʫʪʴ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʝ 

ʩʦʦʨʫʞʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʫʚʝʣʠʯʝʥʠʷ ʦʩʝʚʳʭ ʥʘʛʨʫʟʦʢ ʠ ʦʙʲʝʤʦʚ 

ʧʝʨʝʚʦʟʦʢ [9] . ɿʘʨʫʙʝʞʥʳʡ  ʦʧʳʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʦʩʝʚʳʭ ʥʘʛʨʫʟʦʢ (ʜʦ 25-30 ʪ): 

1. ʂʦʤʧʦʥʝʥʪʳ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʫʪʠ ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢ 
ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʥʘʛʨʫʟʢʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʛʝʦʤʝʪʨʠʝʡ ʧʫʪʠ (ʚ ʯʘʩʪʥʦʩʪʠ, ʩ ʚʦʟʚʳʰʝʥʠʝʤ 

ʨʝʣʴʩʘ), ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʨʘʩʭʦʜʳ ʥʘ ʪʝʢʫʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʧʫʪʠ, ʩʥʠʞʘʶʪ ʩʨʦʢʠ ʩʣʫʞʙʳ 

ʨʝʣʴʩʦʚ ʠ ʙʘʣʘʥʩʠʨʦʚʢʦʡ ʧʨʠʟʤʳ [9]. 

2. ɻʣʘʚʥʳʤʠ ʚʠʜʘʤʠ ʫʭʫʜʰʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʨʝʣʴʩʦʚ ʷʚʣʷʝʪʩʷ ʠʟʥʦʩ, ʧʣʘʩʪʠʯʝʩʢʘʷ 
ʜʝʬʦʨʤʘʮʠʷ ʠ ʫʩʪʘʣʦʩʪʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ [9]. 

3. ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ ɻʝʨʤʘʥʠʠ, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʦʩʝʚʳʭ 
ʥʘʛʨʫʟʦʢ ʥʘ 5% ʚʳʟʳʚʘʝʪ ʫʭʫʜʰʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʧʫʪʠ ʥʘ 25% [9]. 

4. ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʜʣʷ ʩʥʠʞʝʥʠʷ ʪʝʤʧʦʚ ʠʟʥʦʩʘ ʚʝʨʭʥʝʛʦ ʩʦʩʪʦʷʥʠʷ ʧʫʪʠ 
ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜʰʧʘʣʴʥʳʭ ʧʦʜʢʣʘʜʦʢ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʦʢʨʘʱʝʥʠʶ 

ʙʘʣʘʥʩʠʨʦʚʦʯʥʳʭ ʨʘʙʦʪ ʧʦʯʪʠ ʚʜʚʦʝ ʠ ʩʥʠʞʝʥʠʶ ʦʙʲʝʤʦʚ ʨʘʙʦʪ ʧʦ ʪʝʢʫʱʝʤʫ ʩʦʜʝʨʞʘʥʠʶ 

ʧʫʪʠ ʥʘ ʣʠʥʠʷʭ ʧʦʚʳʰʝʥʥʦʡ ʛʨʫʟʦʥʘʧʨʷʞʝʥʥʦʩʪʠ  ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʘʛʦʥʦʚ ʩ 

ʧʦʚʳʰʝʥʥʳʤʠ ʦʩʝʚʳʤʠ ʥʘʛʨʫʟʢʘʤʠ [9].  

ʉʭʦʞʠʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʝʥʳ 

ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʷʞʝʣʦʚʝʩʥʳʡ ʧʦʝʟʜʦʚ ʩ ʦʩʝʚʳʤʠ ʥʘʛʨʫʟʢʘʤʠ ʚʘʛʦʥʦʚ ʜʦ 30 ʪʩ/ʦʩʴ ʠ 

ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ, ʥʘʧʨʠʤʝʨ ʨʫʜʦʚʦʟʥʳʭ ʣʠʥʠʷʭ ɽʚʨʦʧʳ Malmbanan (ʐʚʝʮʠʷ) ʠ Ofotban 

(ʅʦʚʨʝʛʠʷ),  ɹʨʘʟʠʣʠʷ, ʚ ʖɸʈ [9]. ʅʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʨʫʜʦʚʦʟʥʳʭ ʣʠʥʠʷʭ ɸʚʩʪʨʘʣʠʠ 

[10], ʛʜʝ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ ʣʠʥʠʠ, ʟʘ ʩʯʝʪ ʩʦʟʜʘʥʠʷ 

ʦʧʪʠʤʘʣʴʥʳʭ ʧʨʦʬʠʣʝʡ ʢʦʣʝʩ ʠ ʨʝʣʴʩʦʚ, ʚʥʝʜʨʝʥʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʡ ʰʣʠʬʦʚʘʥʠʷ 

ʨʝʣʴʩʦʚ, ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʚʘʨʢʠ ʨʝʣʴʩʦʚ ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʤ ʤʦʥʠʪʦʨʠʥʛʝ ʩʦʩʪʦʷʥʠʷ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʫʜʘʣʦʩʴ 

ʧʦʚʳʩʠʪʴ ʦʩʝʚʳʝ ʥʘʛʨʫʟʢʠ ʛʨʫʟʦʚʳʭ ʚʘʛʦʥʦʚ ʜʦ 40 ʪʩ/ʦʩʴ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʨʫʙʝʞʥʳʡ ʦʧʳʪ ʪʷʞʝʣʦʚʝʩʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʵʢʩʧʣʫʘʪʘʮʠʷ ʚʘʛʦʥʦʚ ʩ ʚʳʩʦʢʠʤʠ ʦʩʝʚʳʤʠ ʥʘʛʨʫʟʢʘʤʠ (ʙʦʣʝʝ 25 ʪʩ/ʦʩʴ) ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ 

ʩʪʘʙʠʣʴʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʧʫʪʠ ʚʦʟʤʦʞʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʝʚʝʥʪʠʚʥʳʭ ʤʝʨ ʧʦ ʫʩʠʣʝʥʠʶ 

ʵʣʝʤʝʥʪʦʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ (ʩʦʚʨʝʤʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʪʝʭʥʦʣʦʛʠʠ), ʧʨʠ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ 

ʩʦʜʝʨʞʘʥʠʠ ʧʫʪʠ ʠ ʧʦʩʪʦʷʥʥʳʤ ʢʘʯʝʩʪʚʝʥʥʳʤ ʤʦʥʠʪʦʨʠʥʛʦʤ ʟʘ ʩʦʩʪʦʷʥʠʝʤ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʅʘʠʙʦʣʴʰʝʝ ʧʦʚʳʰʝʥʠʝ ʦʩʝʚʳʭ ʥʘʛʨʫʟʦʢ ʛʨʫʟʦʚʳʭ ʚʘʛʦʥʦʚ (ʜʦ 40 

ʪʩ/ʦʩʴ) ʦʪʤʝʯʘʝʪʩʷ ʚ ʩʪʨʘʥʘʭ (ʪʘʢʠʭ ʢʘʢ ʉʐɸ, ɹʨʘʟʠʣʠʷ, ɸʚʩʪʨʘʣʠʷ ʠ ʪ.ʧ.),  ʛʜʝ 

ʪʷʞʝʣʦʚʝʩʥʦʝ ʜʚʠʞʝʥʠʝ ʦʨʛʘʥʠʟʦʚʘʥʦ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʣʠʥʠʷʭ. 
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ɸʃʄɸʊʓ-1 ʉʊɸʅʎʀʗʉʓ çɸʃʄɸʊʓ ɺɸɻʆʅ ɾᴆʅɼɽʋ ɿɸɺʆɼʓè ɸפ 

ɾɸנɼɸʁʓʅɼɸ ɾʆʃɸʋʐʓ ɺɸɻʆʅɼɸʈʓʅ ɾᴆʅɼɽʋɼɯר ʉɸʇɸʉʓʅ 

ɹɸפʓʃɸʋנɸ ɸʈʅɸʃנɸʅ ɿɸʄɸʅɸʋʀ ɸʄɸʃɼɸʈʓʅ פʆʃɼɸʅʋ ɸʈפʓʃʓ 

ɸʈʊʊʓʈʋ 

 

ɸʥʜʘʪʧʘ. ʆʩʳ ʤʘץʘʣʘʜʘ ʋɼ4-76 װʣʛʽʜʝʛʽ ʜʝʬʝʢʪʦʩʢʦʧ ï ʪʦʤʦʛʨʘʬ ץʘʨʘʩʪʳʨʳʣסʘʥ. 

ʂʦʥʩʪʨʫʢʪʠʚʪʽʢ ʝʨʝʢʰʝʣʽʢʪʝʨʽ ʞᴅʥʝ ʪʝʭʥʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʢʝʣʪʽʨʽʣʛʝʥ. ʂʝʣʪʽʨʽʣʛʝʥ 

ʞʘʙʜʳץʪʘʨʜʳ ʞʦʣʘʫʰʳʣʘʨ ʚʘʛʦʥʜʘʨʳʥʳש ʞᴇʥʜʝʫ ʢʝʟʽʥʜʝ ʧʘʡʜʘʣʘʥʫ ʤװʤʢʽʥʜʽʛʽ 

 .ʘʥסʘʨʘʩʪʳʨʳʣץ

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ʞʦʣʘʫʰʳʣʘʨ ʚʘʛʦʥʳ, ʘץʘʫʣʳסʳ, ʜʝʬʝʢʪʦʩʢʦʧ, ʪʝʭʥʠʢʘʣʳץ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳ, ʤװʤʢʽʥʜʽʢʪʝʨʽ. 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʜʝʬʝʢʪʦʩʢʦʧ ï ʪʦʤʦʛʨʘʬ ʪʠʧʘ ʋɼ4-76. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʈʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠ ̫ ʧʨʠ ʨʝʤʦʥʪʝ ʧʘʩʩʘʞʠʨʩʢʠʭ 

ʚʘʛʦʥʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʘʩʩʘʞʠʨʩʢʠʡ ʚʘʛʦʥ, ʥʝʠʩʧʨʘʚʥʦʩʪʴ, ʜʝʬʝʢʪʦʩʢʦʧ, ʪʝʭʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʦʟʤʦʞʥʦʩʪʠ.  

Abstract. This article describes the flaw detector ï tomograph of the type of UD4-76. 

The design feature and technical characteristics are analyzed. The possibility of using the 

equipment in the repair of passenger cars. 

Key words: passenger car, fault, flaw detector, technical specifications, capabilities. 

 

 ʳ ʫʣʴʪʨʘʜʳʙʳʩʪʳסʦʣʜʘʥʳʩʪʘץ ʘʨʳ ʢʦʥʪʨʘʩʪʳ TFT ʜʠʩʧʣʝʡʣʽ ʞʘʣʧʳסʣʢʝʥ ʞʦת

ʋɼ4-76 ʜʝʬʝʢʪʦʩʢʦʧ ïʪʦʤʦʛʨʘʬʤʘʪʝʨʠʘʣʜʘʨʜʳש, ʜᴅʥʝʢʝʨʣʝʫ ʙʘʡʣʘʥʳʩʪʘʨʳʥ, ᴇʥʽʤʜʝʨʜʽ  

ʪײʪʘʩʪʳסʳʥʳש ʞᴅʥʝ ʙʽʨʪʝʢʪʽʣʽʛʽʥʽש ʙײʟʳʣʫʳ ʩʳʥʜʳ ʜʝʬʝʢʪʽʣʝʨʜʽ ʘʥʳץʪʘʫסʘ, ʜʝʬʝʢʪʽʣʝʨʜʽש 

ʪʝʨʝשʜʽʛʽʥ, ʦʨʥʘʣʘʩʫ ʢʦʦʨʜʠʥʘʪʪʘʨʳʥ ʘʥʳץʪʘʫסʘ ʘʨʥʘʣסʘʥ. ɼʝʬʝʢʪʦʩʢʦʧʪʳש ʬʫʥʢʮʠʷʩʳ 
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ʩʢʘʥʝʨʣʝʫ ʞʦʣʳʥʜʘ ɹ-ʢʘʥʜʘʨ ʪװʨʽʥʜʝ ʙʘץʳʣʘʫ ʥᴅʪʠʞʝʣʝʨʽʥ ʩʘץʪʘʫסʘ ʞᴅʥʝ ʢᴇʨʩʝʪʫʛʝ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹʽʨ ʞʘץʪʳ ץʦʣʜʘʥʳʩ ʢʝʟʽʥʜʝ ʜʝʬʝʢʪʦʩʢʦʧ ᴇʥʽʤʥʽץ שʘʣʳשʜʳסʳʥ ᴇʣʰʝʫ 

ʪʘʧʩʳʨʤʘʣʘʨʳʥʜʘ ʰʝʰʝʜʽ. ɸץʘʫʣʘʨʜʳש ʵʢʚʠʚʘʣʝʥʪʪʽ ᴇʣʰʝʤʜʝʨʽʥ ʪʝʟ ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʪʽʥ ɸʈɼ ʤʝʥ ʞײʤʳʩʪʳש ʙʽʨʥʝʰʝ ʨʝʞʠʤʜʝʨʽ ץʦʩʳʣסʘʥ. 

ʋɼ4-76  ʫʣʴʪʨʘʜʳʙʳʩʪʳ ʜʝʬʝʢʪʦʩʢʦʧʳ ᴅʨʪװʨʣʽ ᴇʥʜʽʨʽʩ ʩʝʢʪʦʨʣʘʨʳʥʳײץ שʞʘʪʪʳץ 

ʥʦʨʤʘʪʠʚʪʽ ʪʘʣʘʧʪʘʨʳʥʘ ʪʦʣʳץ ʩʘʡ ʢʝʣʽʧ ʞᴅʥʝ ʠʢʝʤʜʝʣʛʝʥ, ʤʳʩʘʣʳ: ʪʝʤʽʨ ʞʦʣ 

ʪʨʘʥʩʧʦʨʪʪʘʨʳʥʜʘ, ʘʪʦʤʜʳ ʵʥʝʨʛʝʪʠʢʘ, ʤʝʪʘʣʣ ᴇʥʜʽʨʽʩʽʥʜʝ ʞᴅʥʝ ʪ.ʙ. ʊʝʤʽʨ ʞʦʣ ʩʘʣʘʩʳʥʜʘ 

ʚʘʛʦʥʜʘʨʜʳש ʜʦסשʘʣʘץ ʞײʙʳʥʳש  ʘץʘʫʣʘʨʳʥ ʘʥʳץʪʘʫʜʘ  ץʦʣʜʘʥʳʣʘʜʳ.  ʗסʥʠ, ʦʩʴʪʽש 

ʥʝʤʝʩʝ ʜʦסשʘʣʘץץʘ ʪʘʣʘʧʪʘʨסʘ ʩʘʡ ʦʨʥʘʪʳʣʘʜʳ ʞᴅʥʝ ʘʣʳʥסʘʥ ʢᴇʨʩʝʪʢʽʪʝʨ ʵʢʨʘʥ ʙʝʪʽʥʝ 

ʰʳסʘʨʳʣʘʜʳ. 

 

 

 
 

1 - ʩʫʨʝʪ.  ɼʝʬʝʢʪʦʩʢʦʧ ʘʨʪʳץʰʳʣʳסʳ 

 

ᴄʨʪװʨʣʽ ʙᴇʣʰʝʢʪʝʨʜʽ ʙʘץʳʣʘʫ ʞװʨʛʽʟʛʝʥ ʢʝʟʜʝ ᴅʨʙʽʨ ʪʘʧʩʳʨʤʘʥʳ ʰʝʰʫ װʰʽʥ ʞʝʢʝ 

ʤװʤʢʽʥʜʽʢʪʝʨ ץʦʣʜʘʥʳʣʫ ץʘʞʝʪ. 

¶ (ʦʣʘʨʜʳש ʽʰʽʥʜʝ: ʇʕʇ ʢʘʣʠʙʨʦʚʢʘʣʝʫ ʘʣʛʦʨʠʪʤʽ, ʘʨʥʘʡʳ ʞײʤʳʩ ʨʝʞʠʤʜʝʨʽ, 

 שʘʥ ʞᴅʥʝ ᴇʥʜʽʨʽʩ ʦʨʥʳʥʳסʧʘʢʝʪʽ ʙʘʟʘʩʳʥʘ ʦʨʥʘʪʳʣ ץʧʨʦʛʨʘʤʤʘʣʳ שʳʥʳסʨʳʣײץ

ʪʘʣʘʧʪʘʨʳʥʘ ʩʘʡ ʨʝʪʪʝʣʛʝʥ, ɸʈɼ-ʜʠʘʛʨʘʤʤʘʣʘʨʳʥ ʞᴅʥʝ ɺʈʏ-ץʳʡʩʳץʪʘʨʳʥ 

 ʨʽʥʜʝװʘʚʪʦʤʘʪʪʳ ʨʝʞʠʤʜʝʨʽ, ɹ-ʩʢʘʥʜʳ ʨʘʜʠʦʞʠʝʣʽʢʪʝʨʽ ʪ שʨʘʩʪʳʨʫʜʳײץ

ʤᴅʣʽʤʝʪʪʝʨʜʽ ʩʘץʪʘʫסʘ, çʢʘʨʨʦʟʠʷ ʢʘʨʪʘʩʳʥè ʞᴅʥʝ çץʘʣʳשʜʳץ ʢʘʨʪʘʩʳʥè ʪײʨסʳʟʫסʘ 

ʞᴅʥʝ ʪ.ʙ. ) 

¶ ʜʝʬʝʢʪʦʩʢʦʧʪʳש ʦʙʴʝʢʪʽʜʝ ʞײʤʳʩ ʢʝʟʽʥʜʝʛʽ ʵʨʛʦʥʦʤʠʢʘʣʳסʳ (װʣʢʝʥ TFT-

ʜʠʩʧʣʝʡ, ײץʨʳʣסʳʥʳש ʘʟ ʩʘʣʤʘסʳ, װʰ ʜʝשʛʝʡ ʙʦʡʳʥʰʘ ʜʝʬʝʢʪʽʣʝʨʜʽש ʜʳʙʳʩʪʳץ ʜᴅʥʝ 

ʞʘʨʳץʪʳץ ʘʚʪʦʤʘʪʪʳ ʩʠʛʥʘʣʠʟʘʮʠʷʩʳʥʳש ʙʦʣʫʳ: ʽʟʜʝʫ, ʙʘץʳʣʘʫʣʳץ, ʘץʘʫʣʳץ ) 

 ɼʝʬʝʢʪʦʩʢʦʧʪʳש ʘʨʪʳץʰʳʣʳץ ʝʨʝʢʰʝʣʽʢʪʝʨ ̔

 ;ʘʨʳ ʢʦʥʪʨʘʩʪʳ TFT ʜʠʩʧʣʝʡסʩʪʽ ʞʦװʣʢʝʥ ʪװ ¶

¶ ʤʝʪʘʣʣʜʳ ץʦʨסʘʫ ʢʦʨʧʫʩʳ; 

¶ ɸʉɼ ʞװʡʝʩʽ: 3 ʪװʩʪʽ ʞʘʨʳץ ʜʠʦʜʪʘʨʳ, ʜʳʙʳʩʪʳץ ʩʠʨʝʥʘ; 

¶ ʤᴅʟʽʨ ʙʦʡʳʥʰʘ ʳסשʘʡʣʳ ʥʘʚʠʛʘʮʠʷ; 

¶  ʇʕʇ ᴅʨʪװʨʣʽ ʪʠʧʪʝʨʽʤʝʥ ʞײʤʳʩ; 
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¶  ʩʘץʪʘʣʳʥסʘʥ ʘץʧʘʨʘʪʪʘʨʜʳש ʙʘʨʣʳץ ʪʠʧʪʝʨʽʥʝ ʜʳʙʳʩʪʳץ 

ʢʦʤʤʝʥʪʘʨʠʷʣʘʨʳʥ ʞʘʩʘʫ ʤװʤʢʽʥʜʽʛʽ; 

¶ USB ʙʦʣʫʳ; 

¶ ʞʦʣ ʜʘʪʯʠʢʪʝʨʽʥ ץʦʩʳʣʫʳ; 

¶ ᴅʨʪװʨʣʽ ʙʘץʳʣʘʫ ʪʘʣʘʧʪʘʨʳʥʘ ʩʘʡ ʧʨʦʛʨʘʤʤʘʣʳץ ץʘʤʪʫʜʳש ʞװʟʝʛʝ ʘʩʳʨʫ. 

 :ʩʝʨʚʠʩʪʽ ʬʫʥʢʮʠʷʣʘʨʳ שʳʥʳסʨʳʣײפ

¶ ɽʢʽ ʪᴅʫʝʣʩʽʟ ᴇʣʰʝʫ ʩʪʨʦʙʳʥʳש ʙʦʣʫʳ, ᴅʨʙʽʨ ʩʪʨʦʙʪʳש ᴅʨʙʽʨʝʫʽʥʜʝ 

ʩʠʛʥʘʣʠʟʘʮʠʷ ʞװʡʝʩʽʥʽש (ʜʳʙʳʩʪʳץ ʞᴅʥʝ ʞʘʨʳץʪʳץ) ʦʨʥʘʪʳʣʫʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ 

ᴅʨʙʽʨ ʩʪʨʦʙʪʘ ʙʘʨ: 

 ;ʓʃɸʋè; çɯɿɼɽʋèפè; çɹɸפɸʋʃʓפʛʝʡʽ: çɸשʰ ʜʝװ שʦʩʳʣʫʜʳפ ¶

ʦʙʦʟʥʘʯʝʥʥʳʝ ʥʘ ʵʢʨʘʥʝ ʜʝʬʝʢʪʦʩʢʦʧ ʵʢʨʘʥʳʥʜʘ ʙʝʣʛʽʣʝʥʫʽ  çפʓɿʓʃè çʂᴆʂè ʞᴅʥʝ  

çɾɸʉʓʃè ʪװʩʧʝʥ, ᴅʨʙʽʨ ʩʪʨʦʙʪʳש ʪʠʝʩʽʣʽ ɸʉɼ ʩʠʛʥʘʣʠʟʘʮʠʷʩʳʥʘ ʩʘʡ ʢʝʣʝʪʽʥ 

ʪװʩʧʝʥ. 

¶ - ʜʳʙʳʩʪʳץ ʜʘʙʳʣʜʳש ʽʩʢʝ ʢʝʣʫʽ ʙʝʣʛʽʣʽ ʩʪʨʦʙ ʙʦʡʳʥʰʘ ʦʧʝʨʘʪʦʨ ᴇʟʽ 

ʨʝʪʪʝʡʜʽ. 

¶ - ʨʝʞʠʤ (ʦʨʥʘʪʳʣסʘʥ ʜʝשʛʝʡʜʽש ʘʩʫʳ ʥʝʤʝʩʝ ʘʩʧʘʫʳ ʙʦʡʳʥʰʘ) ᴅʨʙʽʨ ʩʪʨʦʙ 

 .ʰʽʥ ʪᴅʫʝʣʩʽʟ ʦʧʝʨʘʪʦʨʤʝʥ ʦʨʥʘʪʳʣʘʜʳװ

 ʘסʘʣʘʫסʛʝʡʽʥ ʙʘשʜʝ שʘʫʜʳץʘʥ ʘסʦʣʜʘʥʳʣʫʳ ʪʘʙʳʣץ שʛʝʡʣʽ ʩʪʨʦʙʪʘʨʜʳשʰ ʜʝת 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ.תʰ ʜʝשʛʝʡʣʽ ʩʪʨʦʙʪʘʨʜʳ ץʦʣʜʘʥʫ ʢʝʟʽʥʜʝ ʘץʘʫʜʳש ᴅʨʪװʨʣʽ ʜʝשʛʝʡʽʥʜʝ 

ʵʭʦ-ʩʠʛʥʘʣʜʘʨʜʳ ʭʘʪʪʘʤʘʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹײʣ ʙʘץʳʣʘʫʜʳץ שʦʨʳʪʳʥʜʳʣʘʨʳʥ 

-ʘ ʞᴅʥʝ ʜʘʤʫʰʳ ʜʝʬʝʢʪʝʨʜʝʥ ʜʘʤʠʪʳʥ ʵʭʦסʳ ʜʝʬʝʢʪʽʣʝʨʜʽ ʤʦʥʠʪʦʨʠʥʛ ʞʘʩʘʫסʘʨʘʫʜʘץ

ʩʠʛʥʘʣʜʘʨʜʘ ʞʘʟʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʦʣ ʦʙʴʝʢʪʝʨʜʽש ʋɼɹ ʞװʨʛʽʟʫ װʰʽʥ ץʘʞʝʪʪʽ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ.  תʰ ʜʝשʛʝʡʣʽ ʩʪʨʦʙʪʘʨ, ʩʦʥʳʤʝʥ ʙʽʨʛʝ ʳסשʘʡʣʳ ʜᴅʥʝ ʤʦʙʠʣʴʜʽ ʜʳʙʳʩʪʳץ ʞᴅʥʝ 

ʪװʩʪʽʢ ʜʝʬʝʢʪʽʥʽש ʩʠʛʥʘʣʠʟʘʮʠʷ ʞװʡʝʩʽ ʪʘʙʳʣסʘʥ ʘץʘʫʜʳש ᴇʣʰʝʤʜʝʨʽʥ ʪʝʟ ʞᴅʥʝ ʩʘʧʘʣʳ 

ʙʘסʘʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 

 

 

 

 

¶  SAFTʈʝʞʠʤ ̔

ɸʩʘ ʩʘʧʘʣʳ ʙʘץʳʣʘʫ ץʦʨʳʪʳʥʜʳʣʘʨʳʥ ʘʣʫ װʰʽʥ ʙʦʣʘʪʪʘʥ ʞʘʩʘʣסʘʥ ʜʘʡʳʥʜʘʫʣʘʨ 

ʞᴅʥʝ ʜᴅʥʝʢʝʨʣʝʫ ʙʘʡʣʘʥʳʩʪʘʨʳʥʜʘ ʜʝʬʝʢʪʦʩʢʦʧʠʷʥʳ ץʦʣʜʘʥʫ װʰʽʥ SAFT ʘʣʛʦʨʠʪʤʽʥ ʽʩʢʝ 

ʘʩʳʨʘʪʳʥ ʘʨʥʘʡʳ ʧʨʦʛʨʘʤʤʘʣʳץ ץʦʩʳʤʰʘ ʞʘʩʘʣʳʥʜʳ. ɹײʣ ʘʣʛʦʨʠʪʤ ʘץʧʘʨʘʪʪʘʨʜʳ 

 שʘ ʞᴅʥʝ ʜʝʬʝʢʪʽʥʽסʘʨʳ ʤᴅʥʽʥ ʘʣʫסʞʦ שʘʪʳʥʘʩʳʥʳץ ʦʨʳʪʫ ʢʝʟʽʥʜʝ çʩʠʛʥʘʣ/ʰʫèץ

ʞʘץʳʥʜʘʪʳʣסʘʥ ʬʦʨʤʘʩʳʥ ʙʝʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

¶  çʂʦʨʨʦʟʠʷʣʘʨ ʢʘʨʪʘʩʳʥè - ç ץʘʣʳשʜʳץ ʢʘʨʪʘʩʳʥè ײץʨʘʩʪʳʨʫ 

 ʰʽʥ, ʩʦʥʳʤʝʥ ʙʽʨʛʝ ʜᴅʥʝʢʝʨʣʝʫ ʙʘʡʣʘʥʳʩʪʘʨʳʥ ʪʽʛʽʩװ ᴇʣʰʝʫʜʽ ᴇʪʢʽʟʫ ץʜʳשʘʣʳפ

ʤʘשʳ ʘʡʤʘסʳʥ ʜʝʬʝʢʪʦʩʢʦʧʠʷʜʘʥ ᴇʪʢʽʟʫ װʰʽʥ ʘʨʥʘʡʳ ʨʝʞʠʤʜʝʨ ʦʡʣʘʧ ʪʘʙʳʣʜʳ. ʇʕʇ 

ʙʝʢʽʪʽʣʛʝʥ  ʢװʡʤʝ ʢᴇʤʝʛʽʤʝʥ ץʦʟסʘʣʫ ʜʘʪʯʠʛʽ ʢᴇʤʝʛʽʤʝʥ ʞʦʣʜʳש ʢʦʦʨʜʠʥʘʪʘʣʘʨʳʥ 

ʬʠʢʩʘʮʠʷʣʘʫʤʝʥ ʙʘץʳʣʘʥʘʪʳʥ ʟʦʥʘʥʳץ שʘʣʳשʜʳץ ᴇʣʰʝʫʽʥ ʞᴅʥʝ ʜʝʬʝʢʪʦʩʢʦʧʠʷʥʳ 

ᴇʪʢʽʟʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ ʞᴅʥʝ ʘʣʳʥסʘʥ ʘץʧʘʨʘʪʪʘʨʜʳ ʘʨʳ ץʘʨʘʡ ᴇשʜʝʫʤʝʥ, ʦʥʳש 
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ʥᴅʪʠʞʝʩʽʥʜʝ ʦʡʳץʪʳץ ʙװʣʽʥʫ ʞᴅʥʝ ʞʽʢʪʝʣʫ, ʤʝʪʘʣʣ ץʘʣʳשʜʳסʳ ʙʦʡʳʥʰʘ ʙʘʨʣʳץ ʤװʤʢʽʥ 

ʩᴅʡʢʝʩʩʽʟʜʽʢʪʝʨʽ ʙʘʨ ʧʨʠʬʠʣʴʞʜʽ ʞʘʟʳץʪʳץʪʳ ʘʣʫסʘ ʙʦʣʘʜʳ.   

 

 
 

¶ ʈɾ ʩʠʛʥʘʣʳʥʳש ʢᴇʨʽʥʽʩʽ 

ᴆʥʽʤ ץʘʣʳשʜʳסʳʥ ʞᴅʥʝ ʜʝʬʝʢʪʝʨ ʢʦʦʨʜʠʥʘʪʪʘʨʳʥ ᴇʣʰʝʫ װʰʽʥ ʜʝʪʝʢʪʠʨʣʝʥʙʝʛʝʥ 

ʈɾ(ʨʘʜʠʦʞʠʝʣʽʢʪʽ) ʩʠʛʥʘʣ ץʦʣʜʘʥʳʣʘʜʳ, ʦʣ 0,01 ʤʤ ʜʝʡʽʥʛʽ ᴇʣʰʝʫʜʽש ʜʠʩʢʨʝʪʪʽʣʽʛʽʥ 

 ʢʪʝʥʽװʥ שʳ ʩʠʛʥʘʣʜʳסʪʘץʳʡʩʳץ ʳʜʘסʨʳʣײפ .ʤʢʽʥʜʽʢ ʙʝʨʝʜʽװʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʤץ

ʪʘשʜʘʫʜʳש ʝʢʽ ʨʝʞʠʤʽ ץʘʨʘʩʪʳʨʳʣסʘʥ, ʦʣ ʙʦʡʳʥʰʘ ᴇʣʰʝʫ ʞװʨʛʽʟʽʣʝʜʽ(ʘʚʪʦʤʘʪʪʳ ʞᴅʥʝ 

 .(ʦʣʤʝʥץ

 

 
 

¶ ʀʥʪʝʨʬʝʡʩʪʽש ʘʨʥʘʡʳ ʨʝʞʠʤʽ 

ɸʨʥʘʡʳ ʪʘʧʩʳʨʤʘʣʘʨʜʳ ʰʝʰʫʜʝ ץʦʣʜʘʥʳʣʘʜʳ. ᴄʨʪװʨʣʽ ʙʽʨʪʠʧʪʽ ʙᴇʣʰʝʢʪʝʨʜʽ 

ʙʘץʳʣʘʫ ʢʝʟʽʥʜʝ  ʥʝʤʝʩʝ ʙᴇʣʰʝʢʪʽש ʙʘץʳʣʘʫʜʳש ʢᴇʧ ʟʦʥʘʩʳ ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ. ʋɼ4-74 ïʪʝ 

ʙײʣ ʧʨʦʙʣʝʤʘʥʳ ʰʝʰʫ װʰʽʥ çʉʧʝʮ ʄʝʥʶè ʞװʡʝʩʽ ץʦʣʜʘʥʳʣʘʜʳ. ʂʝʨʝʢʪʽ ʪʠʧʪʽ ʪװʟʝʪʫʣʝʨ 

ʞᴅʥʝ ʧʨʦʛʨʘʤʤʘʣʳץ ʠʥʪʝʨʬʝʡʩ çʉʧʝʮʄʝʥʶè ʇʕɽʄ ʙʽʨʛʝ ʜʝʬʝʢʪʦʩʢʦʧץʘ ʝʥʛʽʟʽʣʝʜʽ. 

ɽʥʛʽʟʽʣʛʝʥ ʪװʟʝʪʫʣʝʨ ʦʧʝʨʘʪʦʨʤʝʥ ᴇʟʛʝʨʪʫʛʝ ʙʦʣʤʘʡʜʳ. 
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ʊʕʄ2 ʊɽʇʃʆɺʆɿʓʅʓר ɯɾפ ʉʋɸʁʅɸʃʓʄ ɾתʁɽʉɯʅɯר ʊױʈɸפʊʓ ɾױʄʓʉ 

ɸʊפɸʈʋʓʅ ɹɸפʓʃɸʋ ʊᴄʉɯʃɯ 
 

ɸʥʜʘʪʧʘ. ʆʩʳ ʤʘץʘʣʘʜʘ ʊʕʄ-2 ʪʝʧʣʦʚʦʟʳʥʳץ  שʘʟʘʥʜʳץ ץʦʥʜʳʨסʳʩʳʥʳש ʞʳʣʫ 

ʵʥʝʨʛʠʷʩʳʥʘʥ ʪʝʧʣʦʚʦʟ ʜʠʟʝʣʴʜʝʨʽ ʞװʡʝʩʽʥ ץʳʟʜʨʫסʘ ʘʨʥʘʣסʘʥ ʪײʨʘץʪʳ ץʦʥʜʳʨסʳʩʳ 

 .ʘʥסʘʨʘʩʪʳʨʳʣץ

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ʇɼɻʄ1 ɼʠʟʝʣʴʽ, ʩʫ ʩʦʨסʳʩʳ, ʪʘʨʪʳʤ ʛʝʥʝʨʘʪʦʨʳ, ʩʫ ײץʙʳʨʳ, ʤʘʡ 

ʩʝʢʮʠʷʣʘʨʳ, ʞʝʣʜʝʪʢʽʰ.  

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʩʪʝʥʜ ʜʣʷ ʜʝʤʦʥʪʘʞʘ ʨʦʣʠʢʦʚʳʭ ʙʫʢʩ. 

ʇʨʠʚʝʜʝʥʳ ʫʩʪʨʦʡʩʪʚʘ ʩʪʝʥʜʘ, ʨʘʩʧʦʣʦʞʝʥʠʝ ʩʪʝʥʜʘ, ʟʘʜʘʯʠ ʩʪʝʥʜʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʟʝʣʴ, ʚʦʜʷʥʥʦʡ ʥʘʩʦʩ, ʪʷʛʦʚʳʡ ʛʝʥʝʨʘʪʦʨ, ʚʦʜʷʥʥʳʝ ʪʨʫʙr , 

ʤʘʩʣʷʥʘʷ ʩʝʢʮʠʷ, ʚʝʥʪʠʣʷʪʦʨ.  

Abstract: In this article stand for the dismantling of the roller axle boxes. The devices of 

the stand, the location of the stand, the tasks of the stand. 

Key words: diesel engine, water pump, trailer generator, water pipes, oil section, fan. 

 

ʊʝʧʣʦʚʦʟ ʜʠʟʝʣʴʜʝʨʽ ʞװʡʝʩʽʥ ץʳʟʜʳʨʫסʘ ʘʨʥʘʣסʘʥ ʪײʨʘץʪʳ  ץʦʥʜʳʨסʳʥʳש 

ʩײʣʙʘʩʳ  

ɼʝʧʦʥʳץ שʘʟʘʥʜʳץ ץʦʥʜʳʨסʳʩʳʥʳש ʞʳʣʫ ʵʥʝʨʛʠʷʩʳʥ ץʦʣʜʘʥʫʤʝʥ [2] ʪʝʧʣʦʚʦʟʜʳ 

 ʳʣʘʨʜʳסʦʥʜʳʨץ ʥʜʘʡײʦʣʜʘʥʳʣʳʧ ʢᴇʨʽʣʜʽ. ʄץ ʡʝʩʽ ᴅʟʽʨʣʝʥʜʽ ʞᴅʥʝװʪʳ ʞץʨʘײʪ שʳʟʜʳʨʫʜʳץ

ʙʫʤʝʥ ʞʳʣʳʪʳʣסʘʥ, ʭʠʤʠʷʣʳץ ᴅʟʽʨʣʝʥʛʝʥ ʩʘʣץʳʥʜʘʪʫ ʩʫʳ ײץʙʳʨʞʦʣʜʘʨʳ ʘʨץʳʣʳ 

ʪʝʧʣʦʚʦʟסʘ ʙʝʨʽʣʝʜʽ ʞᴅʥʝ ʜʠʟʝʣʴ ʞװʡʝʩʽ ʘʨץʳʣʳ ʤᴅʞʙװʨʣʽ ʪװʨʜʝ ʪʘʨʪʳʧ ʘʣʳʥʘʜʳ.  ʇɼ1ʄ 

ʪʠʧʪʝʩ ʜʠʟʝʣʴʜʽש ʞװʡʝʩʽʥ ץʳʟʜʳʨʫʜʳש ʪײʨʘץʪʳ ʞװʡʝʩʽʥ ץʦʣʜʘʥʫ ʪᴅʞʽʨʙʠʝʩʽʥʜʝ ץʳʩʪʳ 

ʢװʥʜʝʨʽ ʙʽʨץʘʪʘʨ ʙʦʣʘʪʳʥ ʢʝʤʰʽʣʽʢʪʝʨ ʘʥʳץʪʘʣʜʳ. ʂᴇʙʽʥʝ, ʜʠʟʝʣʴ ʙʣʦʛʳʥʳש ʩʫ ʞװʨʝʪʽʥ 

 ʘʡʥʘʣʫʳ (ʮʠʨʢʫʣʷʮʠʷ) ץʪʦʣʳ שʳʣʳ ʩʫʜʳץʢʘʣʦʨʠʬʝʨʽ ʘʨ שʫʳʩʳ, ʢʘʙʠʥʘ ʤʘʰʠʥʠʩʪʽʥʽץ

ʞװʨʤʝʡʜʽ ʞᴅʥʝ ʦʪʳʥʜʳ ץʳʟʜʳʨʫ ʤʝʥ ʘʢʢʫʤʫʣʷʪʦʨ ʙʘʪʘʨʝʷʩʳʥ ʟʘʨʷʜʪʘʫ 

 ʨʫʳ ʢʝʟʽʥʜʝײʪ ץʟʘײ שʥʜʝʨʽ ʣʦʢʦʤʦʪʠʚʪʝʨʜʽװʳʩʪʳ ʢץ ,ʘʨʘʩʪʳʨʳʣʤʘʡʜʳ. ᴄʩʽʨʝʩʝץ

ʘʢʢʫʤʫʣʷʪʦʨ ʙʘʪʘʨʝʷʩʳʥ ʟʘʨʷʜʪʘʫʜʳץ שʘʞʝʪ ʝʤʝʩʪʽʛʽ, ʩʳʨʪץʳ ʘʫʘʥʳש ʪʝʤʧʝʨʘʪʫʨʘʩʳ 

ʪᴇʤʝʥʜʝʛʝʥ ʢʝʟʜʝ ʵʣʦʢʪʨʦʣʠʪʪʽש ʪʳסʳʟʜʳסʳʥʳש ʪᴇʤʝʥʜʝʫʽʤʝʥ, ʧʣʘʩʪʠʥʘʣʘʨʜʳש 

ʙײʟʳʣʫʳʤʝʥ ʞᴅʥʝ ʦʥʳש ʩʘʣʜʘʨʳʥʘʥ ʙʘʪʘʨʝʷ ʩʳʡʳʤʜʳʣʳסʳ ʪᴇʤʝʥʜʫʽ ʙʦʣʫʳʤʝʥ 

ʪװʩʽʥʜʽʨʽʣʝʜʽ. 

 :ʘ ʢʽʨʝʜʽסʳסʦʥʜʳʨפ

 ;ʨʘʜʳ: ʙʦʡʣʝʨʜʝʥ 1ײʡʝʩʽ ʢʝʣʝʩʽʣʝʨʜʝʥ ʪװʳʟʜʳʨʫ ʞפ *

* ʙʫ-ʩʫ ʞʳʣʫʘʣʤʘʩʪʳʨסʳʰʪʘʥ 2;  

* ʙʫ ײץʙʳʨʳʥʘʥ3;  

* ʞʳʣʘʥʰʘ ײץʙʳʨ 4;  

* ʮʝʥʪʨʜʝʥ ʪʝʧʢʽʰ ʩʦʨסʳ 5; 

* ʘʡʥʳʤʘʣʳ ʪʦʢʪʳ ʵʣʝʢʪʨץʦʟסʘʣʪץʳʰʪʘʥ 6;  

 ;ʳʟʫ 8 ʤʘʛʠʩʪʨʘʣʜʝʨʽʥʝʥסʳʩʳʤʜʳ 7 ʞᴅʥʝ ʘץ *
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* ʠʽʣʽʤʜʽ ʞʝשʜʝʨʜʝʥ 9, 10  

* ʞʘʣסʘʩʪʳʨסʳʰ ײʰʪʳץʪʘʨʳ ʙʘʨ 11, 12;  

* ʚʝʥʪʠʣʜʝʨ13- 16; 

 

  ʤʳʩʳײʳ ʙʦʡʳʥʰʘ ʞסʨʳʣײפ

¶ ʉʘʣץʳʥʜʘʪʫʜʳש ʝʢʽ ʢʦʥʪʫʨʣʳ ʩʫ ʞװʡʝʣʝʨʽ ʙʘʨ ʪʝʧʣʦʚʦʟʜʘʨ װʰʽʥ ʩʘʣץʳʥ 

ʢʦʥʪʫʨʜʳש ʰʪʘʪʪʳ ʩʦʨʫ ײץʙʳʨʞʦʣʳʥʘ ʩʦʥʳʤʝʥ ʙʽʨʛʝ ʜʠʩʢʣʳ ʞʘʧץʳʰʳ ʙʘʨ ʘʨʘʣʳץ 

ʪװʪʽʢʰʝʥʽ ʦʨʥʘʪʫ ץʘʞʝʪ. ᴄʩʽʨʝʩʝ ץʳʩʪʳ ʢװʥʜʝʨʽ ץʳʟʜʳʨʫ ʞװʡʝʩʽʥ ץʦʣʜʘʥʫʜʳש ʪʠʽʤʜʽʣʽʛʽʥʝ 

ʘʢʢʫʤʫʣʷʪʦʨ ʙʘʪʘʨʝʷʩʳʥ ʟʘʨʷʜʪʘʫ ʞᴅʥʝ ʣʦʢʦʤʦʪʠʚʪʽש ʙʘʩץʘʨʫ ʪʽʟʙʝʛʽʥ ʩʳʨʪץʳ ʰʪʘʪʪʳץ 

ʨʦʟʝʪʢʘ ʘʨrץ ʣʳ ʩʳʨʪ ʵʥʝʨʛʠʷ ʢᴇʟʜʝʨʽʥʝʥ ץʦʨʝʢʪʝʥʜʽʨʫ ʝʩʝʙʽʥʝʥ ץʦʣ ʞʝʪʢʽʟʽʣʝʜʽ. ʕʣʝʢʪʨ 

ʵʥʝʨʛʠʷ ʢᴇʟʽ ʨʝʪʽʥʜʝ ʙʽʨ ʣʦʢʦʤʦʪʠʚʢʝ ץʫʘʪʳ 2-2,2 ʢɺʪ  ʪװʟʝʪʢʽʰ ʙʣʦʛʳ 26 ʙʘʨ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨ ץʦʣʜʘʥʳʣʘʜʳ. פʳʟʜʳʨʫ ʞװʡʝʩʽʥ ᴅʟʽʨʣʝʫʜʝ ʞᴅʥʝ ʞʠʥʘץʪʘʫʜʘ ʙʦʡʣʝʨʜʽ 7, 

ʙʫ-ʩʫ ʞʳʣʫʘʣʤʘʩʪʳʨסʳʰʳʥ 2 ʞᴅʥʝ ʞʳʣʫʜʘʥ ʦץʰʘʫʣʘʥסʘʥ סʠʤʘʨʘʪʪʘ ʵʣʝʢʪʨ ץʦʟסʘʣʪץʳʰʳ 

6 ʙʘʨ ʩʦʨסʳʥʳ 5 ʦʨʥʘʪʫʜʳ, ʘʣ ץʳʩʳʤʜʳ 7 ʞᴅʥʝ ʘסʳʟʫ 8 ʤʘʛʠʩʪʨʘʣʴʜʝʨʽʥ ʞʘʙʳץ ʞʳʣʫʜʘʥ 

ʦץʰʘʫʣʘʥסʘʥ ʪʨʘʥʰʝʡʜʝ ʥʝʤʝʩʝ ʝשʽʩʪʽʛʽ 1:200 ʞʳʣʫ ʪʨʘʩʩʘʩʳ ʪװʨʽʥʜʝʛʽ ʪʽʨʝʫʣʝʨʜʝ 

ʦʨʥʘʪʫʜʳ ץʘʨʘʩʪʳʨʫ ץʘʞʝʪ. ɹʦʡʣʝʨʛʝ ʩʫʜʳ ʝʨʢʽʥ ʘסʳʟʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʞᴅʥʝ ʜʠʟʝʣʴ 

ʞװʡʝʩʽʥʜʝ ʩʫ ʜʝשʛʝʡʽʥ ʢʝשʝʡʪʫ ʙʘʛʳʥʜʘסʳ ʜʝשʛʝʡʜʝʥ ʪᴇʤʝʥʜʝʪʧʝʡ  ʩʘץʪʘʫ װʰʽʥ ʙʦʡʣʝʨʜʝ 

ʩʫʜʳש ʜʝשʛʝʡʽʥ 0,6 - 0,8 ʤ ʞʦסʘʨʳ ʝʪʽʧ ץʳʩʳʤʜʳ ʞᴅʥʝ ʘסʳʟʫ ʤʘʛʠʩʪʨʘʣʴʜʘʨʳʥ 7, 8 ʦʨʥʘʪʫ 

 ʳ ʩʫסʝʡʪʫ ʙʘʛʳʥʜʘשʛʝʡʽ ʢʝשʙʠʽʢʪʽʢ ʜʝ 17 שʳʟʫ ʙᴇʣʛʽʰʽʥʽסʘʨʘʩʪʳʨʳʣʘʜʳ, ʘʣ ʜʦʛʦ ʪᴅʨʽʟʜʽ ʘץ

ʜʝשʛʝʡʽʤʝʥ ʙʽʨʜʝʡ ʦʨʥʘʪʳʣʘʜʳ. פʳʩʳʤʜʳ ʤʘʛʠʩʪʨʘʣʜʳײץ שʙʳʨ ʞʦʣʳʥʜʘ ʦʨʥʘʪʳʣסʘʥ 

ʰʝʢʪʝʫʰʽ ʵʣʝʤʝʥʪ 18 ʧʝʥ ץʳʩʳʤ ʨʝʪʪʝʛʽʰ 20 ץʳʟʜʳʨʳʣʳʧ ʞʘʪץʘʥ ʣʦʢʦʤʦʪʠʚʪʝʨʜʽש 

ʩʘʥʳʥʘ ץʘʨʘʤʘʩʪʘʥ ʳʩʪʳץ ʩʫʜʳ ʙʽʨʜʝʡ ʪʘʨʘʪʫ װʰʽʥ ʘʨʥʘʣסʘʥ. 

 

 ʡʝʩʽʥװʞ שʩʳʥʳʣʘʪʳʥ [3]  ʪᴅʩʽʣʽ ʜʠʟʝʣʴʜʽײ שʳʟʜʳʨʫʜʳפ  .ʩʘʪʳץʤʘ שʳʥʳסʦʥʜʳʨפ

ʤʦʜʝʨʥʠʟʘʮʠʷʣʘʫʜʳ ץʘʞʝʪ ʝʪʧʝʡʜʽ. ɹײʣ ʪᴅʩʽʣʜʽש ʤʘשʳʟʳ ï  ʪʝʧʣʦʚʦʟʜʳש ʜʠʟʝʣʴ-

ʛʝʥʝʨʘʪʦʨʣʳ ץʦʥʜʳʨסʳʩʳʥ ʘʡʥʘʣʜʳʨʫ ʵʣʝʢʪʨʵʥʝʨʛʠʷʩʳʥʳש ʩʳʨʪץʳ ʢᴇʟʽʥʝʥ ʦʨʳʥʜʘʣʘʜʳ. 

ʆʩʳ ʞʘסʜʘʡʜʘ ʞװʡʝʥʽ ץʳʟʜʳʨʫ  ʮʠʣʠʥʜʨʣʽ-ʧʽʩʧʝʢʪʽ ʪʦʧʪʳװ שʡʢʝʣʝʪʽʥ ʪװʡʽʥʜʝʨʽʥʜʝ 

ʙᴇʣʽʥʝʪʽʥ ʞʳʣʫ  ʞᴅʥʝ ʜʠʟʝʣʴʜʽש ʮʠʣʠʥʜʨʽʥʜʝʛʽ çʩʳסʫ-ʢʝשʝʡʪʫè ʪʘʢʪʳʣʘʨʳʥʜʘ ʞʳʣʫ 

ʙʝʨʫʜʽש ʝʩʝʙʽʥʝʥ  ʞװʟʝʛʝ ʘʩʘʜʳ. [4]. ʊʝʧʦʚʦʟʜʳ ץʳʟʜʳʨʫ ʨʝʞʠʤʽʥʝ ʘʫʳʩʪʳʨʫ װʰʽʥ ʪʘʨʪʳʤ  

ʛʝʥʝʨʘʪʦʨʳʥʳש ʞᴅʢʽʨʣʽ ʪʽʟʙʝʛʽʥ ץʦʩʳʤʰʘ ʢʘʙʝʣʴʜʝʨʜʽײץ שʨʘʣʜʘʨʳʤʝʥ ʵʣʝʢʪʨʵʥʝʨʛʠʷ 

ʢᴇʟʽʥʝ ץʦʩʘʜʳ ʞᴅʥʝ ʰʪʘʪʪʳ ʩײʣʙʘ ʙʦʡʳʥʰʘ ʦʥʳץ שʦʟʫʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʝʜʽ. 

ʕʣʝʢʪʨʵʥʝʨʛʠʷʩʳʥ ʙʝʨʛʝʥʥʝʥ ʢʝʡʽʥ ʞʦסʘʨʳ ץʳʩʳʤʜʳ ʦʪʳʥ ʩʦʨסʳʩʳʥ ʘʞʳʨʘʪʘʜʳ ʞᴅʥʝ 

ʪʝʧʣʦʚʦʟʜʘסʳ ʪʘʨʪʳʤ ʛʝʥʝʨʘʪʦʨʳ ʵʣʝʢʪʨץʦʟסʘʣʪץʳʰ ʨʝʞʠʤʽʥʝ ʘʫʳʩʘʜʳ. ʆʩʳʣʘʡ, ʜʠʟʝʣʴʜʽ 

ʩʳʨʪץʳ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷ ʢᴇʟʽʥʝʥ ʘʡʥʘʣʜʳʨʫ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʝʜʽ. פʳʟʜʳʨʳʣʘʪʳʥ 

ʜʠʟʝʣʴʜʝʨʜʽ ʘʡʥʘʣʜʳʨʫ ʨʝʞʠʤʽ ץʦʨʰʘסʘʥ ʦʨʪʘʥʳש ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʘ ץʘʨʘʡ ʘʡʥʘʣʜʳʨʘʪʳʥ 

ʪʝʧʣʦʚʦʟʜʳש ʛʝʥʝʨʘʪʦʨʳʥʳש ʞᴅʢʽʨ ʦʨʘʤʳʥʘ ʙʝʨʽʣʝʪʽʥ ʢʝʨʥʝʫʜʽש ᴇʟʛʝʨʫʽʤʝʥ (ʷסʥʠ, ʘʡʥʘʣʫ 

ʞʠʽʣʽʛʽʥ ᴇʟʛʝʨʪʫʤʝʥ, ʜʝʤʝʢ, ʜʠʟʝʣʴʜʽװ שʡʢʝʣʝʪʽʥ ʙᴇʣʰʝʢʪʝʨʽʥʜʝ ʙᴇʣʽʥʝʪʽʥ ʞʳʣʫ 

ʤᴇʣʰʝʨʽʤʝʥ) ʨʝʪʪʝʫ ץʘʞʝʪ.ʪװʨʣʽ ʩʝʨʠʷʣʳ ʪʝʧʣʦʚʦʟʜʘʨʜʳש ʪʘʨʪʳʤ ʛʝʥʝʨʘʪʦʨʣʘʨʳʥ 

ʘʡʥʘʣʜʳʨʫ ʨʝʞʠʤʽʥ ʪײʨʘץʪʳ ʜʝʧʦ ʞʝʣʽʩʽʥʝ, ʙʘʩץʘ ʪʝʧʣʦʚʦʟʜʳש ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨ 

 ʪʳ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʧʦʜʩʪʘʥʮʠʷʩʳʥʘ ʥʝʤʝʩʝ ʘʡʥʳʤʘʣʳ ʪʦʢʪʳץʨʘײʳʩʳʥʘ, ʪסʦʥʜʳʨץ

ʵʣʝʢʪʨʦʚʦʟʜʳץ שʫʘʪʪʳ ʪʨʘʥʩʬʦʨʤʘʪʦʨʜʳש ʪװʟʝʪʢʰ ץʦʥʜʳʨסʳʩʳʥʘ ץʦʩʫ ʤװʤʢʽʥ ʙʦʣʘʨ. 

 

ʉʪʝʥʜʪʪʳש ʦʨʥʘʣʘʩʫʳ: 

 ʘסʳʟʜʳʨʫץ ʡʝʩʽʥװʞ שʞʳʣʫ ʵʥʝʨʛʠʷʩʳʥʘʥ ʪʝʧʣʦʚʦʟʜʳ שʳʣʘʨʳʥʳסʦʥʜʳʨץ ץʘʟʘʥʜʳפ

ʘʨʥʘʣסʘʥ ʪײʨʘץʪʳ ץʦʥʜʳʨסʳʥʳײ שʩʳʥʳʣʘʪʳʥ ʩײʣʙʘʩʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ:  

- ɼʠʟʝʣʴ ʞװʡʝʩʽʥʽץ שʳʟʜʳʨʫ ʧʨʦʮʝʩʽʥʽש ʞʦסʘʨʳ ʇᴄʂ (ʪʧʨ = 0,85- 0,90); 

- ʊײʨʘץʪʳ ץʦʥʜʳʨסʳסʘ ʜʠʟʝʣʴʜʽ ʩʘʣץʳʥʜʘʪʫ ʞװʡʝʩʽʥ ץʦʩʫʜʳש ʞᴅʥʝ ʘʞʳʨʘʪʫʜʳש 
ʞʳʣʜʘʤʜʳסʳ; 

- ɸʢʢʫʤʫʣʷʪʦʨ ʙʘʪʘʨʝʷʩʳʥʳש ʟʘʨʷʜʪʘʣʫʳʥ ʞᴅʥʝ ʦʪʳʥʜʳ ץʳʟʜʳʨʫʜʳ; 

-  ʊʝʧʣʦʚʦʟ ʞװʡʝʩʽʥ ץʳʟʜʳʨʫ ʧʨʦʮʝʩʽʥʜʝ ʵʣʝʢʪʨʣʽ ʞᴅʥʝ ᴇʨʪʢʝ ץʘʨʩʳ ץʘʫʽʧʩʽʟʜʽʢʪʽ; 
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 ᴇʟʜʽʛʽʥʝʥ שʙʳʨ ʞʦʣʜʘʨʳʥʘʥ ʩʫʜʳײץ שʳʟʘʪʳʥ ʤʘʛʠʩʪʨʘʣʴʜʘʨʜʳסʳʩʳʤʜʳ ʞᴅʥʝ ʘץ -
ʘסʫʳʥ;  

 ץʬʠʟʠʢʘ-ʭʠʤʠʷʣʳ שʳʥʜʘʪʫ ʩʫʳʥʳץʩʘʣ שʳʟʜʳʨʫ ʢʝʟʽʥʜʝ ʜʠʟʝʣʴʜʽפ  -

ʧʘʨʘʤʝʪʨʣʝʨʽʥʽש ʪײʨʘץʪʳסʳ;  

-  ʃʦʢʦʤʦʪʠʚʪʽש ʢʝשʝʡʪʫ ʙʘʛʳʥʜʘ ʞᴅʥʝ ʞװʡʝʜʝ ʩʫ ʜʝשʛʝʡʽʥ ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ 

ʩʘץʪʘʧ ʪײʨʫʜʳ.  
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PROBLEMS AND PROSPECTS FOR THE DEVELOPMENT OF HIGHWAYS IN 

KAZAKHSTAN  

 

Abstract. The article analyzes the problems and prospects for the development of 

highways in Kazakhstan. Written on the main problems in the construction of highways. It 

should be noted that in our country the construction of motor roads is gradually developing. 

Key words: "Problems", "development prospects", "building materials", "infrastructure", 

"highways" 

ɸʥʥʦʪʘʮʠʷ. ɺ ʥʘʫʯʥʦʡ ʩʪʘʪʴʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʧʨʦʙʣʝʤʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ 

ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʚ ʂʘʟʘʭʩʪʘʥʝ. ʅʘʧʠʩʘʥʦ ʦ ʛʣʘʚʥʳʭ ʧʨʦʙʣʝʤʘʭ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 

ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʧʦʩʪʝʧʝʥʥʦ ʨʘʟʚʠʚʘʝʪʩʷ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʙʣʝʤʳ, ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ, çʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳè, 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʜʦʨʦʛʠ. 

ɸשʜʘʪʧʘ. נʳʣʳʤʠ ʤʘץʘʣʘʜʘ פʘʟʘץʩʪʘʥʜʘסʳ ʘʚʪʦʤʦʙʠʣʴ ʞʦʣʜʘʨʳʥʳש ᴇʟʝʢʪʽ 

ʤᴅʩʝʣʝʣʝʨʽ ʤʝʥ ʜʘʤʫ ʧʝʨʩʧʝʢʪʠʚʘʣʘʨʳʥʘ ʪʘʣʜʘʫ ʞʘʩʘʣסʘʥ. ɸʚʪʦʤʦʙʠʣʴ ʞʦʣʜʘʨʳʥʳש 

 ʝʣʽʤʽʟʜʝ שʪʘʨ ʘʪʘʣʳʧ ᴇʪʢʝʥ. ɸʡʪʘ ʢʝʪʝʪʽʥ ʞᴅʡʪ, ʙʽʟʜʽץʠʳʥʜʳץ ʳ ʙʘʩʪʳסʨʳʣʳʩʳʥʜʘײץ

ʘʚʪʦʤʦʙʠʣʴ ʞʦʣʜʘʨʳʥʳײץ שʨʳʣʳʩʳ ʜʘʤʫ װʩʪʽʥʜʝ. 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: "ʄᴅʩʝʣʝʣʝʨ", "ʜʘʤʫ ʧʝʨʩʧʝʢʪʠʚʘʩʳ", "ײץʨʳʣʳʩ ʤʘʪʝʨʠʘʣʜʘʨʳ", 

"ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ", "ʘʚʪʦʤʦʙʠʣʴ ʞʦʣʜʘʨʳ". 

 

Highways are an important part of the infrastructure that contributes to economic growth, 

solving social problems and ensuring national security of the country. In the context of 

increasing economic activity and intensive motorization of the population, the development of 

highways should take into account access to settlements, the correspondence of the road network 

capacity to transport flows, and, in addition, the tasks that will be put before the transport system 

in the long term. 

In any country, roads have been and remain an important indicator of the economy. Bad 

roads are bad business in the economy. The cost of the off-road problem for the state can be 

defined as the total amount of losses and lost profits associated with the insufficient development 

of the road network and its technical condition. 

Kazakhstan is one of the developing countries. Despite this, there is no region in 

Kazakhstan that does not complain about the quality of the road infrastructure. And every year it 

acquires new negative shades. 

Covering this problem, we would like to start from the very beginning. Road 

infrastructure of Kazakhstan was formed during the USSR. The rapid development of road 

construction in Kazakhstan fell on the middle of the last century. Over a relatively short period 

of time, over 100,000 km of highways have been built in the country, which have formed the 

current road network, which currently carries around 82% of all cargo and 75% of all passengers. 

mailto:аaidarbayevadana@gmail.com
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However, the collapse of the economy in the 1990s was reflected in the road industry. 

Kazakhstan did not succeed in preserving the Soviet legacy. By the beginning of the 2000s, the 

total length of roads, having decreased by almost a quarter, was about 85 thousand km. Once, 

one of the best road networks in the USSR fell into decay. Now the network of public roads 

includes more than 96 thousand km, many of which need reconstruction and repair. 

Through Kazakhstan there are 5 international automobile routes, with a total length of 23 

thousand km. Highways: 

Alma-Ata - Astana - Kostanay (route M-36) with access to Chelyabinsk 

Alma-Ata - Petropavlovsk with exit to Omsk 

Alma-Ata-Semey - Pavlodar (route M-38) with access to Omsk 

Alma-Ata - Shymkent (route A2) with access to Tashkent 

Shymkent - Aktobe - Uralsk (route M-32) with access to Samara 

As it was written above, now the condition of the Kazakhstan roads is not very good. 

How to solve this problem? Despite the constant maintenance of scientific developments, 

statements about the solution of problems of road construction found and the emergence of 

European technologies and materials in our market, the quality of road construction and repair 

has for many years left much to be desired and becomes the object of bitter ridicule of domestic 

motorists. The annual reconstruction works, the laying of new routes and the restriction of the 

movement of heavy freight transport do not bring the right results - every spring after the snow 

falls the roads are again covered with potholes and cracks, preventing the comfortable movement 

of cars through the urban transport network and long-distance roads. 
 

Diagram 1 ï length of public roads / thousand km 
 

 
 

Table 1 ïVolumes of road works in the context of destination of roads in 201-2014 
 

 length of roads, km 

2010 2011 2012 2013 2014 2010-2014 

roads of national importance 

construction and reconstruction:       

international and transit corridors 587 916 1239 895 917 4553 

Other roads of national importance 60 114 178 1351 1656 3359 

Total, construction and reconstruction of 

roads of national importance 

647 1030 1417 2246 2573 7912 

repair (medium and capital) 1001 1430 1510 2941 3069 9951 

Total, roads of national importance 1834 2588 2835 4966 5641 17863 

roads of vestige 2274 2313 2273 2805 2820 12485 

Total 4108 4901 5108 7771 8461 30348 
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The table shows that Kazakhstan spends millions every year on road repairs. But so far 

no results. There are a lot of reasons for this. 

 In our country, the length of the local road network is 73665 kilometers, of which an 

average of 51 percent is asphalted, while in some areas this figure does not exceed 20 percent. 

The existing road network does not meet the needs of the economy and the pace of motorization 

of the country. On the density of the road network, Kazakhstan is much inferior to the developed 

countries. 

 For example, in the West Kazakhstan region, there are 5243 kilometers of highways, of 

which only 19 percent are asphalted, 46 percent have gravel-crushed stone, which has not been 

repaired for more than 20 years. 35 percent of roads do not have a hard surface - dirt roads. On 

six sections of roads connecting regional centers with regional ones, there is no hard cover 

(asphalt). 

 If you try to think about the reason for this state of the local road network, then you can 

note the following: 

- sharply continental climate (severe temperature conditions: from -50 to +50 degrees); 

- concentration of road-building materials (rubble, sand, etc.) in certain regions of the republic; 

- lack of the necessary amount of oil suitable for the subsequent production of road bitumen, 

suitable for construction in our climate zone; 

- the small number of the population, and first of all the economically active population - of 

taxpayers, which affects the budget revenues and budget opportunities; 

- the most important thing is that the regional budget will never be able to cope with the costs 

associated with financing construction, capital repair, or medium repair of local roads. 

If you analyze all of the above problems, you can create the most important issues in the 

development of transport infrastructure 

ü Financial regulations 

ü Climate 

ü  Hard control 

ü Building materials 

Financial regulations. The fact is that the amount of financing does not reach real needs. 

For example, in 2016 41 billion tenge was allocated for repair works and maintenance of 

national roads, which is 2.5 times less than necessary. In particular, 13 billion tenge, or 540 

thousand tenge per kilometer, is envisaged for current repairs, which is three times lower than 

the norm. For comparison: in neighboring Russia for these purposes is allocated 6 times more. 

Climate. Many road builders explain this by the fact that the climate of our country is 

unfavorable for high-quality road construction for two reasons: cold winter and hot summer. And 

most of the asphalt-concrete mixtures are supposedly designed for either, or for another. 

Professionals, of course, know better. But, it seems, it is unlikely with modern technologies it is 

impossible to obtain the optimal composition of the mixture. 

Tight control. However, the matter is not only in financing, but also in those technologies 

and materials that are used in the construction of motorways. If the Romans built their roads for 

millennia, then our officials and the contractors chosen by them - until the next tender. Violation 

of coating technologies, the use of substandard components, non-compliance with the rules of 

operation lead to endless, year after year, repeated spring-summer repairs, allowing the 

conscious bastards to regularly receive budget money for their conduct. These pit repairs are 

eating up the lion's share of the funds allocated to the roads. As practice shows, local contractors 

often, rather than Kazakhstani paths "dress" in European clothes, strive to "shoe" taxpayers.Most 

of the problems are related to corruption and the presence of a chain of intermediaries: a tender is 

won by a company formally present on the market, which then hires a subcontractor, the next 

one. According to some market participants, up to real performers average 40-50% of the funds 

allocated from the budget. As a result, road builders save on labor and materials, and this is a 

direct way to low quality work. 
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It is necessary not only to develop the road network, but also to actively introduce new 

technologies for its construction, strict quality control and maintenance costs. Otherwise, it is 

impossible to escape from the closed circle of annual patch repairs, and roads, like in some cities 

of the country, continue to go along with the snow. 

All these difficulties can be solved. Of course, you need a lot of time. According to the 

ministers, now one of the main tasks of the program is the effective use and development of 

transport infrastructure, closely related to the level of development of the logistics system. In 

order to develop the construction of highways we have already implemented the program "Nurly 

Zhol". 

For more than a year, the presidential state program Nurly Zhol has been implemented in 

Kazakhstan. It is aimed at continuing the course of reforms in the country's economy and 

provides for the development of transport and logistics, industrial, energy infrastructure, 

modernization of housing and communal services and water and heat supply networks, reducing 

the lack of social housing, developing social infrastructure and supporting SMEs and business 

activity. 

At present, the road industry of the republic is working in several directions. The main 

among them is the implementation of a number of projects on the reconstruction of transit 

sections in order to develop the transit possibilities of the republic. 

The economic effect of the project will be achieved by reducing transport costs in the cost 

of production, increasing the speed of interregional transport and, consequently, reducing the 

time lost in transit and the operating costs of road users, as well as reducing the number of 

accidents. Thus, the average annual total economic effect of the project is estimated at 33.9 

billion tenge, from the reduction in the number of road accidents - 49.9 million tenge, connection 

with the growth of the gross regional product (GRP) - 82.9 billion tenge. 

In general, the strengthening of the new economic policy of "Nurly Jol" due to the 

multiplier effect will preserve the social and economic stability in the country and significantly 

reduce the negative effect of the crisis phenomena in the Kazakhstan economy. 
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ʈɸɿʈɸɹʆʊʂɸ ʉʀʉʊɽʄʓ ʄʆʅʀʊʆʈʀʅɻɸ ɼɽʌɽʂʊʆɺ 

ʀ ʇʈɽɼɽʃʔʅʆɻʆ ʅɸʇʈʗɾɽʅʀʗ ɼɽʌʆʈʄɸʎʀʀ ɹɽʉʉʊʓʂʆɺʆɻʆ ʇʋʊʀ 

ɺ ʈɽɸʃʔʅʆʄ ɺʈɽʄɽʅʀ 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʫʪʠ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʨʝʰʘʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: ʧʨʦʠʟʚʦʜʠʪʴ ʟʘʧʠʩʴ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʵʣʝʤʝʥʪʘʭ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʫʪʠ ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʭʘʨʘʢʪʝʨʝ ʧʦʜʚʠʞʥʦʡ ʥʘʛʨʫʟʢʠ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʥʘ ʧʝʨʩʦʥʘʣʴʥʦʤ ʢʦʤʧʴʶʪʝʨʝ; ʦʧʨʝʜʝʣʷʪʴ 
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ʢʦʥʪʘʢʪʥʳʝ ʫʩʣʦʚʠʷ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʚʝʨʭʥʝʛʦ ʩʪʨʦʝʥʠʷ ʧʫʪʠ (ʨʝʣʴʩ ï ʨʝʣʴʩʦʚʦʝ 

ʩʢʨʝʧʣʝʥʠʝ, ʨʝʣʴʩʦʚʦʝ ʩʢʨʝʧʣʝʥʠʝ ï ʰʧʘʣʘ, ʰʧʘʣʘ ï ʙʘʣʣʘʩʪʥʘʷ ʧʨʠʟʤʘ) 

ʚʠʙʨʦʘʢʫʩʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ; ʦʧʨʝʜʝʣʷʪʴ ʨʝʟʦʥʘʥʩʥʳʝ ʯʘʩʪʦʪʳ ʠ ʜʝʤʧʬʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ 

ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʫʪʠ; ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʦʛʥʦʟ ʩʢʦʨʦʩʪʝʡ 

ʜʚʠʞʝʥʠʷ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʧʨʠ ʢʦʪʦʨʳʭ ʙʫʜʫʪ ʚʦʟʥʠʢʘʪʴ ʨʝʟʦʥʘʥʩʥʳʝ ʷʚʣʝʥʠʷ ʥʘ 

ʠʩʩʣʝʜʫʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʧʫʪʠ; ʦʧʨʝʜʝʣʷʪʴ ʫʩʣʦʚʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʵʢʠʧʘʞʘ ʥʘ ʧʫʪʴ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʧʫʪʴ, ʤʦʥʠʪʦʨʠʥʛ, ʜʝʬʦʨʤʘʮʠʠ, ʚʠʙʨʘʮʠʷ. 

ɸשʜʘʪʧʘ. ʊʝʤʽʨʞʦʣ ʪʨʘʩʩʘʩʳʥʳש ʤʦʥʠʪʦʨʠʥʛʽ ʞװʡʝʩʽ ײʩʳʥʳʣʘʜʳ, ʦʣ ʤʳʥʘʜʘʡ 

ʤʽʥʜʝʪʪʝʨʜʽ ʰʝʰʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ: ʞʝʢʝ ʢʦʤʧʴʶʪʝʨʜʝ ʜʝʨʝʢʪʝʨʜʽ ʩʘץʪʘʫ ʞᴅʥʝ ᴇשʜʝʫ 

ʤװʤʢʽʥʜʽʛʽ ʙʘʨ ʞʳʣʞʳʤʘʣʳ ʞװʢʪʽש ᴅʨʪװʨʣʽ ʪװʨʽ ʙʘʨ ʪʝʤʽʨ ʞʦʣ ʵʣʝʤʝʥʪʪʝʨʽʥʜʝʛʽ 

ʜʠʥʘʤʠʢʘʣʳץ ʧʨʦʮʝʩʪʝʨʜʽ ʞʘʟʫ; ʞʦʣʜʳש ʞʦסʘʨסʳ ײץʨʳʣʳʤʳʥʳש ʵʣʝʤʝʥʪʪʝʨʽ (ʪʝʤʽʨʞʦʣ 

ʨʝʣʴʩʪʽʢ ʙʝʢʽʪʫ, ʨʝʣʴʩʪʽʢ ʙʝʢʽʪʧʝʣʝʨ - ʰʧʘʣʜʘʨ, ʰʧʘʣʜʘʨ - ʙʘʣʣʘʩʪʪʳץ ʧʨʠʟʤʘʩʳ) 

ʘʨʘʩʳʥʜʘסʳ ʙʘʡʣʘʥʳʩ ʞʘסʜʘʡʳʥ ʘʥʳץʪʘʡʜʳ; ʚʠʙʨʦʘʢʫʩʪʠʢʘʣʳץ ᴅʜʽʩ; ᴅʨʪװʨʣʽ ʪʝʤʽʨʞʦʣ 

ʞʦʣʜʘʨʳʥʳש ʨʝʟʦʥʘʥʩʪʳץ ʞʠʽʣʽʢʪʝʨʽʥ ʞᴅʥʝ ʜʝʤʧʬʝʨʣʽʢ ץʘʩʠʝʪʪʝʨʽʥ ʘʥʳץʪʘʫ; ץʦʟסʘʣʳʩ 

ʞʳʣʜʘʤʜʳסʳʥʳש ʙʦʣʞʘʤʳʥ ʞװʟʝʛʝ ʘʩʳʨʫ װʰʽʥ ʞʳʣʞʳʤʘʣʳ ײץʨʘʤʥʳש, ʦʥʜʘ ʟʝʨʪʪʝʣʝʪʽʥ 

ʜʠʟʘʡʥʜʘסʳ ʨʝʟʦʥʘʥʩʪʳײץ ץʙʳʣʳʩʪʘʨ ʧʘʡʜʘ ʙʦʣʘʜʳ; ʵʢʠʧʘʞʜʳש ʞʦʣסʘ ᴅʩʝʨ ʝʪʫ 

ʞʘסʜʘʡʣʘʨʳʥ ʘʥʳץʪʘʫ. 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ʪʝʤʽʨʞʦʣ ʪʨʘʩʩʘʩʳ, ʤʦʥʠʪʦʨʠʥʛ, ʜʝʬʦʨʤʘʮʠʷ, ʜʽʨʽʣ. 

Abstract. A railway track monitoring system is proposed that allows to solve the 

following tasks: record dynamic processes in railway track elements with a different type of 

mobile load with the ability to store and process data on a personal computer; determine the 

contact conditions between the elements of the upper structure of the track (rail - rail fastening, 

rail fastening - sleepers, sleepers - ballast prism) vibroacoustic method; to determine the resonant 

frequencies and damping properties of various railroad tracks; to carry out the forecast of speeds 

of movement of a rolling stock at which resonance phenomena on an investigated design of a 

way will arise; determine the conditions of the crew's impact on the track. 

Key words: railway track, monitoring, deformation, vibration. 

 

ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʝʩʩʪʳʢʦʚʦʛʦ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʫʪʠ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʭʨʘʥʷʪʴ ʠʩʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʠ ʧʨʠʨʦʜʥʦʤ ʠ ʪʝʭʥʦʛʝʥʥʦʤ 

ʚʦʟʜʝʡʩʪʚʠʷʭ. ʍʘʨʘʢʪʝʨ ʵʪʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʣʠʷʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʫʨʦʚʥʝʤ ʥʘʧʨʷʞʝʥʠʡ, ʜʝʬʦʨʤʘʮʠʡ ʠ ʚʠʙʨʘʮʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʜʚʠʞʝʥʠʠ 

ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ. ɺʠʙʨʘʮʠʦʥʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʩʦʩʪʦʷʥʠʝ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʫʪʠ.  

  ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ, 

ʥʝʦʙʭʦʜʠʤʳ ʧʨʦʛʨʝʩʩʠʚʥʳʝ ʤʝʪʦʜʳ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʩʧʝʮʠʘʣʴʥʳʝ 

ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʤʝʨʦʧʨʠʷʪʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʦʮʝʥʢʫ ʚʣʠʷʥʠʷ ʫʨʦʚʥʷ ʚʠʙʨʘʮʠʡ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʥʘ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʫʪʠ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʠ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ ʠ ʩʨʝʜʩʪʚ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʫʪʠ ʥʘʰʣʠ ʦʪʨʘʞʝʥʠʝ ʚ 

ʇʨʦʛʨʘʤʤʘʭ ʨʘʟʚʠʪʠʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʫʪʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʠ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʟʫʯʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʥʘ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʘʭ [1-5], ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʚʝʨʭʥʝʤ ʩʪʨʦʝʥʠʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʫʪʠ, ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʢʦʤʧʣʝʢʩʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʫʪʠ (ʩʤ. ʨʠʩ. 1). 
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ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʫʪʠ 

 

ʉʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʠʪʴ ʧʦʩʪʦʷʥʥʳʡ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʥʘʜ ʩʦʩʪʦʷʥʠʝʤ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʫʪʠ ʥʘ ʜʣʠʪʝʣʴʥʳʡ 

ʧʝʨʠʦʜ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʦʜʠʪʴ ʦʙʲʝʢʪʠʚʥʫʶ ʦʮʝʥʢʫ ʚʣʠʷʥʠʷ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʣʝʤʝʥʪʦʚ ʧʫʪʠ (ʨʝʣʴʩʳ, ʩʢʨʝʧʣʝʥʠʷ, ʰʧʘʣʳ ʠ ʪ.ʧ.) ʥʘ 

ʫʨʦʚʝʥʴ ʚʠʙʨʘʮʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʠ ʧʨʠʥʠʤʘʪʴ 

ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʰʝʥʠʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʥʦʚʦʛʦ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʧʫʪʠ. ʉʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʪʘʥʜʘʨʪʳ (ʥʦʨʤʳ 

ʫʩʪʨʦʡʩʪʚʘ ʠ ʩʦʜʝʨʞʘʥʠʷ ʚʝʨʭʥʝʛʦ ʩʪʨʦʝʥʠʷ ʧʫʪʠ ʩ ʫʯʝʪʦʤ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ), 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ, ʩʨʝʜʩʪʚʘ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʨʝʞʠʤ ʟʘʤʝʨʦʚ, ʦʮʝʥʢʫ ʧʨʝʜʝʣʴʥʦ 

ʜʦʧʫʩʪʠʤʳʭ ʥʦʨʤ ʠ ʜʦʧʫʩʢʦʚ. 

 ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʦʙʠʣʴʥʦʛʦ 

ʚʠʙʨʦʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʂʦʤʧʣʝʢʩ ʩʦʩʪʦʠʪ ʠʟ ʚʠʙʨʦʜʘʪʯʠʢʦʚ ʄɺ-25ɼ-ɺ, 

ʢʦʪʦʨʳʝ ʧʨʝʦʙʨʘʟʫʶʪ ʚʦʟʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʥʠʭ ʤʝʭʘʥʠʯʝʩʢʠʝ ʚʠʙʨʘʮʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʩʠʛʥʘʣ. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʘ ʚ ʮʠʬʨʦʚʫʶ ʬʦʨʤʫ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 

ʵʣʝʢʪʨʦʥʥʦʤ ʙʣʦʢʝ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ (ɸʎʇ ʬʠʨʤʳ çʃ-ʂɸʈɼè, ʤʦʜʝʣʴ 

ɽ-14-440). ʉʙʦʨ ʮʠʬʨʦʚʳʭ ʜʘʥʥʳʭ ʩ ɸʎʇ ʠ ʦʙʱʝʝ ʫʧʨʘʚʣʝʥʠʝ ʠʟʤʝʨʝʥʠʷʤʠ ʨʝʘʣʠʟʫʝʪʩʷ 

ʧʨʠ ʧʦʤʦʱʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ. 

ʆʙʱʠʡ ʚʠʜ ʤʦʙʠʣʴʥʦʛʦ ʚʠʙʨʦʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 3. ɺʩʝ 

ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʩʨʝʜʩʪʚʘ, ʚʭʦʜʷʱʠʝ ʚ ʤʦʙʠʣʴʥʳʡ ʚʠʙʨʦʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ 

ʘʪʪʝʩʪʦʚʘʥʳ ʠ ʦʪʢʘʣʠʙʨʦʚʘʥʳ. ʇʨʠ ʨʘʙʦʪʝ ʤʦʙʠʣʴʥʦʛʦ ʚʠʙʨʦʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ 

ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʝʛʦ ʧʠʪʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ. 
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ʈʠʩʫʥʦʢ 2 ï ʆʙʱʠʡ ʚʠʜ ʤʦʙʠʣʴʥʦʛʦ ʚʠʙʨʦʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

1 ï ʚʠʙʨʦʜʘʪʯʠʢʠ; 2 ï ʩʦʝʜʠʥʠʪʝʣʴʥʳʡ ʢʘʙʝʣʴ; 3 ï ʤʥʦʛʦʢʘʥʘʣʴʥʳʡ ɸʎʇ;                                            

4 ï ʧʦʨʪʘʪʠʚʥʳʡ ʢʦʤʧʴʶʪʝʨ 
 

ʂ ʦʩʥʦʚʥʳʤ ʜʦʩʪʦʠʥʩʪʚʘʤ ʤʦʙʠʣʴʥʦʛʦ ʚʠʙʨʦʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ: 

ï ʤʦʜʫʣʴʥʳʡ ʧʨʠʥʮʠʧ ʢʦʤʧʦʥʦʚʢʠ ʢʦʤʧʣʝʢʩʘ ʩ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʧʠʪʘʥʠʝʤ; 

ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʠʙʨʦʜʘʪʯʠʢʦʚ ʩ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʠ ʘʤʧʣʠʪʫʜ ʚʦʟʜʝʡʩʪʚʠʡ; 

ï ʧʨʠʤʝʥʝʥʠʝ ʤʥʦʛʦʢʘʥʘʣʴʥʦʛʦ ɸʎʇ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʧʝʨʝʜʘʯʫ ʦʮʠʬʨʦʚʘʥʥʳʭ 

ʜʘʥʥʳʭ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʥʘ ʧʘʨʘʣʣʝʣʴʥʳʡ ʧʦʨʪ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ; 

ï ʧʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ ʚ ʮʠʬʨʦʚʦʤ ʬʦʨʤʘʪʝ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʦʛʨʘʤʤʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʝʝ ʭʨʘʥʝʥʠʷ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ; 

ï ʚʳʩʦʢʫʶ ʥʘʜʝʞʥʦʩʪʴ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ; 

ï ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʛʘʙʘʨʠʪʳ ʠ ʤʘʩʩʫ ʚʩʝʭ ʩʦʩʪʘʚʣʷʶʱʠʭ. 

ʆʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʦʚ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʜʘʪʯʠʢʘʤʠ ʚʠʙʨʘʮʠʠ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ 

ʧʦʤʦʱʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʧʦʨʪʘʪʠʚʥʦʤ 

ʢʦʤʧʴʶʪʝʨʝ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘʧʠʩʴ ʩʠʛʥʘʣʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʧʘʢʝʪʘ 

ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ çLGraph2è. ɼʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʟʘʧʠʩʠ ʩʠʛʥʘʣʦʚ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʠʛʥʘʣʦʚ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ (ʨʠc. 

4). ʌʫʥʢʮʠʦʥʘʣʴʥʦ ʧʨʦʛʨʘʤʤʘ çLGraph2è ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʠʬʨʦʚʦʡ ʦʩʮʠʣʣʦʛʨʘʬ. ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʩʦʭʨʘʥʷʶʪʩʷ ʥʘ ʞʝʩʪʢʦʤ ʜʠʩʢʝ ʢʦʤʧʴʶʪʝʨʘ ʚ ʬʦʨʤʘʪʝ 

ñtxtò. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʨʘʥʩʣʷʮʠʠ ʧʝʨʚʠʯʥʳʭ ʜʘʥʥʳʭ ʚ ʪʝʢʩʪʦʚʳʡ ʬʦʨʤʘʪ, ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʟʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʡ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʜʘʪʯʠʢʦʤ, ʦʪ 

ʚʨʝʤʝʥʠ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʘʪʯʠʢʠ ʚʠʙʨʘʮʠʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʢʘʣʠʙʨʫʶʪʩʷ. 

ɼʣʷ ʦʮʝʥʢʠ ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʤʦʥʠʪʦʨʠʥʛʘ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʟʨʘʙʦʪʘʥ ʧʘʢʝʪ 

ʧʨʠʢʣʘʜʥʳʭ ʩʨʝʜʩʪʚ ʧʦ ʦʙʨʘʙʦʪʢʝ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʥʘ ʧʣʘʪʬʦʨʤʝ ʧʨʦʜʫʢʪʘ ʬʠʨʤʳ 

ñMathsoft Engineering & Education, Inc.ò ï ñMATHCADò. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʨʦʛʨʘʤʤʳ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 5. 

 ʄʦʥʠʪʦʨʠʥʛʦʚʦʝ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʧʫʪʠ ʧʨʦʚʦʜʠʪʩʷ ʚ ʪʝʯʝʥʠʝ 6-15 ʜʥʝʡ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʫʯʘʩʪʢʘ), ʠ ʚʢʣʶʯʘʝʪ: 

 ï ʟʘʧʠʩʴ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʵʣʝʤʝʥʪʘʭ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʫʪʠ ʧʨʠ 

ʨʘʟʣʠʯʥʦʤ ʭʘʨʘʢʪʝʨʝ ʧʦʜʚʠʞʥʦʡ ʥʘʛʨʫʟʢʠ; 

 ï ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʥʪʘʢʪʥʳʭ ʫʩʣʦʚʠʡ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʚʝʨʭʥʝʛʦ ʩʪʨʦʝʥʠʷ ʧʫʪʠ 

(ʨʝʣʴʩ ï ʨʝʣʴʩʦʚʦʝ ʩʢʨʝʧʣʝʥʠʝ, ʨʝʣʴʩʦʚʦʝ ʩʢʨʝʧʣʝʥʠʝ ï ʰʧʘʣʘ, ʰʧʘʣʘ ï ʙʘʣʣʘʩʪʥʘʷ 

ʧʨʠʟʤʘ) ʚʠʙʨʦʘʢʫʩʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ (ʨʠʩ. 4); 

 ï ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʙʩʪʚʝʥʥʳʭ (ʨʝʟʦʥʘʥʩʥʳʭ) ʯʘʩʪʦʪ ʠ ʜʝʤʧʬʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚ 

ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʫʪʠ (ʨʠʩ. 5); 

 ï ʧʨʦʛʥʦʟ ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʧʨʠ ʢʦʪʦʨʳʭ ʙʫʜʫʪ ʚʦʟʥʠʢʘʪʴ 

ʨʝʟʦʥʘʥʩʥʳʝ ʷʚʣʝʥʠʷ (ʨʠʩ. 6); 

 ï ʦʧʨʝʜʝʣʝʥʠʝ ʫʩʣʦʚʠʡ ʚʦʟʜʝʡʩʪʚʠʷ ʵʢʠʧʘʞʘ ʥʘ ʧʫʪʴ (ʨʠʩ. 7). 
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ʈʠʩʫʥʦʢ 4 ï ɻʨʘʬʠʢʠ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʠʙʨʦʫʩʢʦʨʝʥʠʷ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʝʨʝʜʠʥʳ 

ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʰʧʘʣʳ  

trace 1 ï ʧʨʠ ʭʦʨʦʰʝʤ ʢʦʥʪʘʢʪʝ ʰʧʘʣʳ ʩʦ ʱʝʙʝʥʦʯʥʳʤ ʦʩʥʦʚʘʥʠʝʤ; 

trace 2 ï ʧʨʠ ʧʣʦʭʦʤ ʢʦʥʪʘʢʪʝ ʰʧʘʣʳ ʩʦ ʱʝʙʝʥʦʯʥʳʤ ʦʩʥʦʚʘʥʠʝʤ; 

trace 3 ï ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʢʦʥʪʘʢʪʥʦʡ ʩʚʷʟʠ ʰʧʘʣʳ ʩʦ ʱʝʙʝʥʦʯʥʳʤ ʦʩʥʦʚʘʥʠʝʤ. 
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ʈʠʩʫʥʦʢ 5 ï ɻʨʘʬʠʢʠ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʠʙʨʦʩʢʦʨʦʩʪʠ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚʝʨʭʥʝʛʦ ʩʪʨʦʝʥʠʷ ʧʫʪʠ 

trace 1 ï ʩʦ ʩʢʨʝʧʣʝʥʠʝʤ ʪʠʧʘ FOSSLOH; trace 2 ï ʩʦ ʩʢʨʝʧʣʝʥʠʝʤ ʪʠʧʘ KZF-07; 

trace 3 ï ʩʦ ʩʢʨʝʧʣʝʥʠʝʤ ʪʠʧʘ ɾɹʈ-65ʐɼ. 
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ʈʠʩʫʥʦʢ 6 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʥʘʤʠʯʥʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ 

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚʝʨʭʥʝʛʦ ʩʪʨʦʝʥʠʷ ʧʫʪʠ 

trace 1 ï ʩʦ ʩʢʨʝʧʣʝʥʠʝʤ ʪʠʧʘ FOSSLOH; trace 2 ï ʩʦ ʩʢʨʝʧʣʝʥʠʝʤ ʪʠʧʘ KZF-07; 

trace 3 ï ʩʦ ʩʢʨʝʧʣʝʥʠʝʤ ʪʠʧʘ ɾɹʈ-65ʐɼ. 
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ʈʠʩʫʥʦʢ 7 ï ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʰʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʣʳ ʥʘ ʧʦʜʦʰʚʝ ʨʝʣʴʩʘ ʢ 

ʩʪʘʪʠʯʝʩʢʦʡ ʩʠʣʝ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʚʦʟʘ ɺʃ-80 

 

ʊʘʙʣʠʮʘ 1 ï ʈʝʟʫʣʴʪʘʪʳ ʜʠʘʛʥʦʩʪʠʢʠ ʚʝʨʭʥʝʛʦ ʩʪʨʦʝʥʠʷ ʧʫʪʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʨʝʣʴʩʦʚʳʭ ʩʢʨʝʧʣʝʥʠʡ 
 

ʊʠʧ 

ʩʢʨʝʧʣʝʥʠʷ 1f , ɻʮ 2f , ɻʮ 1d  2d  1Q  2Q  ʨʝʟV2 , 

ʢʤ/ʯ 

FOSSLOH 22 62 3,6 1,4 1,06 2,3 106 

KZF-07 21 54 2,84 1,45 1,24 2,23 92 

ɾɹʈ-65ʐɼ 20 53 2,9 1,3 1,22 2,47 91 

 ɾɹʈ-65 14 33 3,3 1,52 1,18 2,13 56 

 

ɺʳʚʦʜʳ. ʇʨʦʚʝʜʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʫʪʠ 

ʧʦʟʚʦʣʠʪ ʧʨʦʚʦʜʠʪʴ ʦʙʲʝʢʪʠʚʥʫʶ ʦʮʝʥʢʫ ʚʣʠʷʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʵʣʝʤʝʥʪʦʚ ʧʫʪʠ (ʨʘʟʥʳʝ ʪʠʧʳ ʨʝʣʴʩʦʚʳʭ ʩʢʨʝʧʣʝʥʠʡ (ʪʘʙʣʠʮʘ 1), ʨʘʟʣʠʯʥʘʷ ʢʨʫʧʥʦʩʪʴ 

ʙʘʣʣʘʩʪʘ) ʥʘ ʫʨʦʚʝʥʴ ʚʠʙʨʘʮʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʠ 

ʧʨʠʥʠʤʘʪʴ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʰʝʥʠʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʥʦʚʦʛʦ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʧʫʪʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʨʝʛʫʣʷʨʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʫʪʠ, ʫʚʝʣʠʯʠʪʴ ʩʨʦʢ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʫʤʝʥʴʰʠʪʴ ʟʘʪʨʘʪʳ ʧʦ 

ʪʝʢʫʱʝʤʫ ʩʦʜʝʨʞʘʥʠʶ. 

ɼʘʣʴʥʝʡʰʝʝ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʙʦʪ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʨʘʟʚʠʪʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʫʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʠʙʨʦʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ 

ʥʘʠʙʦʣʝʝ ʦʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ ʝʛʦ ʩʦʩʪʦʷʥʠʷ. 
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ʂᴆʇɯʈʃɽʈ ʄɽʅ ʊʆʅʅɽʃʔɼɽʈɼɽɻɯ ɾʆʃɼʓת רʉʊɯרɻɯ ױפʈʓʃʓʉʓ 

ɸשʜʘʪʧʘ. פʦʣʜʘʥסʘʥ ʤʘץʘʣʘʜʘ ʢᴇʧʽʨ ʤʝʥ ʪʦʥʥʝʣʴʜʝʨʜʝʛʽ ʞʦʣʜʳװ שʩʪʽשʛʽ ײץʨʳʣʳʩʳ 

ʪʫʨʘʣʳ ʪװʩʽʥʽʢ ʧʝʥ ʦʥʳ ʧʘʡʜʘʣʘʥʫ ʙʘʨʳʩʳʥʜʘ ʩʘץʪʘʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʪᴅʩʽʣʜʝʨ 

ʘʡʪʳʣʳʧ ᴇʪʽʣʝʜʽ. ʈʝʣʴʩʪʽש ʢᴇʧʽʨʜʽש ʧʨʦʬʠʣʽʥʜʝ ʦʨʥʘʣʘʩʫʳʥʳש ʥʝʛʽʟʛʽ ʩᴅʪʪʝʨʽʜʽש 

ʙʘץʳʣʘʥʫʳʥ ʙʘʡץʘʡʤʳʟ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʨʝʣʴʩʪʽ ʦʨʥʘʣʩʪʳʨʫʜʳש ᴇʟʽʥʝ ʪᴅʥ ʝʨʝʢʰʝʣʽʢʪʝʨʽ 

ʩʠʧʘʪʪʘʣʘʜʳ. ɾᴅʥʝ ʜʝ ʙײʣ ʤʘץʘʣʘʜʘ ʢᴇʧʽʨʣʝʨʜʽװ שʩʪʽשʛʽ ײץʨʳʣʳʩʳʥʳש ʥʦʨʤʘʪʠʚʪʽ 

ʰʘʨʪʪʘʨʳʤʝʥ ʪʘʥʳʩʘʤʳʟ, ʙײʣ ʥʦʨʤʘʪʠʚʪʝʨ ʢᴇʧʽʨʣʝʨʜʽש ʰʳʜʘʤʜʳʣʳסʳʤʝʥ, ײʟʘץʪʳʣʳסʳʥ 

ʘʨʪʪʳʨʫסʘ ʙʘʩʪʳ ᴅʩʝʨ ʝʪʝʪʽʥ ʬʘʢʪʦʨʣʘʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. פʦʨʳʪʳʥʜʳʜʘ, ʪʝʛʽʩʪʝʫ 

 ʦʣʜʘʥʫץ ʦʣʜʘʥʫʳʥʘ ʝʨʝʢʰʝ ʥʘʟʘʨ ʘʫʜʘʨʳʣʘʜʳ, ʢʝʡʽʥʽʨʝʢ ʦʥʳץ ʨʳʩײʜ שʳʩʳʥʳסʨʳʣײץ

ʙʘʨʳʩʳʥʜʘ ʙʝʨʽʣʛʝʥ ײץʨʳʣסʳʥʳ ʞʘץʩʘʨʪʫ ʪʫʨʘʣʳ ʤʘʩʝʣʝʣʝʨ ʘʡʪʳʣʳʧ ᴇʪʽʣʝʜʽ. 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ʢᴇʧʽʨ, ʪʦʥʥʝʣʴ, ʢᴇʧʽʨʣʝʨ ʤʝʥ ʪʦʥʥʝʣʴʜʝʨʜʝʛʽ ʞʦʣʜʳװ שʩʪʽשʛʽ 

 .ʳʩʳסʨʳʣײץ ʨʳʣʳʩʳ, ʨʝʣʴʩʪʝʨ, ʨʝʧʝʨʣʝʨ, ʪʝʛʽʩʪʝʫײץ

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʝʪʩʷ ʢʦʥʮʝʧʮʠʷ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ ʚ ʤʦʩʪʘʭ ʠ 

ʪʦʥʥʝʣʷʭ ʠ ʩʧʦʩʦʙʳ ʝʝ ʩʦʭʨʘʥʝʥʠʷ ʚʦ ʚʨʝʤʷ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʄʳ ʥʘʙʣʶʜʘʝʤ ʦʩʥʦʚʥʳʝ 

ʤʦʤʝʥʪʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʨʝʣʴʩʦʚ ʚ ʧʨʦʬʠʣʝ ʤʦʩʪʘ, ʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʟʫʝʤ ʦʩʦʙʝʥʥʦʩʪʠ 

ʢʦʥʩʪʨʫʢʮʠʠ ʨʝʣʴʩʘ. ʀ ʚ ʵʪʦʡ ʩʪʘʪʴʝ ʤʳ ʙʫʜʝʤ ʟʥʘʢʦʤʠʪʴ ʩ ʥʦʨʤʘʪʠʚʥʳʤʠ ʫʩʣʦʚʠʷʤʠ 

ʧʦʩʪʨʦʝʥʠʷ ʤʦʩʪʦʚ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʧʦʚʳʰʘʶʱʠʤʠ 

ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠ ʧʨʦʯʥʦʩʪʴ ʤʦʩʪʦʚ. ɺ ʟʘʢʣʶʯʝʥʠʝ ʦʙʨʘʱʘʝʪʩ ̫ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʥʘ 

ʧʨʘʚʠʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʰʣʠʬʦʚʘʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʧʨʝʜʦʩʪʘʚʣʷʝʤʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʩʪʳ, ʪʦʥʥʝʣʠ, ʢʦʥʮʝʧʮʠʷ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ ʚ ʤʦʩʪʘʭ ʠ 

ʪʦʥʥʝʣʷʭ, ʨʝʣʴʩʳ, ʨʝʧʝʨʳ, ʰʣʠʬʦʚʘʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ. 

Abstract. This article reveals the concept and methods of maintaining the track profile on 

the bridge, which in turn plays a crucial role in the construction and operation of bridges. 

Highlights of an arrangement of laying of rails on a bridge profile are traced and also 

characteristics of installation and fastening of rails are described. In conclusion, special attention 

is paid to the irreproachable use of the leveling device, in a consequence of using which the 

question of improvement of these devices continues to remain debatable. The relevance of this 

subject finds wide scales of realization in present modern problems. 

Key words: the bridge, the tunnels, the concept of the road surface on the bridge and the 

tunnels, the rails, the repers, the leveling device. 

 

ʂᴇʧʽʨʣʝʨʜʝʛʽ ʨʝʣʴʩ ʞʦʣʜʘʨʳ ʪʝʤʽʨʙʝʪʦʥ ʥʝʤʝʩʝ ʘסʘʰ ʰʧʘʣʜʘʨʳʤʝʥ, ʘסʘʰ ʥʝʤʝʩʝ 

ʤʝʪʘʣʣʝʥʜʽʢʪʝʨʽ, ʙʘʣʣʘʩʪʩʳʟ ʪʝʤʽʨʙʝʪʦʥ ʪʘץʪʘʣʘʨʳ ʙʘʨ ץʠʳʨʰʳץ ʪʘʩ ʙʘʣʣʘʩʪʘ ʙʦʣʫʳ 

ʤװʤʢʽʥ. ʂᴇʧʽʨʣʝʨʜʝʛʽ ʞʦʣʜʳװ שʩʪʽשʛʽ ײץʨʳʣʳʩʳʥʳש ʢʦʥʩʪʨʫʢʮʠʷʩʳ çפʘʟʘץʩʪʘʥ ʪʝʤʽʨ 

ʞʦʣʳè ױʣʪʪʳץ ʢʦʤʧʘʥʠʷʩʳè ʘʢʮʠʦʥʝʨʣʽʢ ץʦסʘʤʳ ɺʠʮʝ-ʧʨʝʟʠʜʝʥʪʽʥʽ2011 ש ʞʳʣסʳ 30 

ʞʝʣʪʦץʩʘʥʜʘסʳ ˉ 1266-ʎɿ ʙײʡʨʳסʳʤʝʥ ʙʝʢʽʪʽʣʛʝʥ ʊʝʤʽʨʞʦʣ ʞʦʣʜʘʨʳʥ ʘסʳʤʜʘסʳ ʢװʪʽʧ 

 .ʘ ʩᴅʡʢʝʩ ʢʝʣʫʛʝ ʪʠʽʩץץʘʫʣʳץʩײʩʪʘʫ ʞᴇʥʽʥʜʝʛʽ (ʎʇ-774-11) ʥײ

ʆʩʳ פʘסʠʜʘʥʳץ-4 שʦʩʳʤʰʘʩʳʥʜʘ ʢᴇʧʽʨ ʪᴇʩʝʤʽʥʝ ʘʨʥʘʣסʘʥ ʙʘʣʣʘʩʪ 

ʤʘʪʝʨʠʘʣʜʘʨʳʥʳש ʪʘʣʘʧʪʘʨʳ ʢʝʣʪʽʨʽʣʛʝʥ. ʂᴇʧʽʨʣʝʨ װʰʽʥ ʪʝʤʽʨʙʝʪʦʥ ʰʧʘʣʜʘʨ ʞᴅʥʝ ʦʣʘʨʜʳ 

ʞʘʩʘʫ ʪʘʣʘʧʪʘʨʳ ʦʩʳ פʘסʠʜʘʥʳץ-5 שʦʩʳʤʰʘʩʳʥʜʘ ʢʝʣʪʽʨʽʣʛʝʥ. 

ʄʝʪʘʣʣʝʥʜʽʢʪʝʨʜʝʛʽ (ʚʦʪʝʨʝʥʜʝ) ʢᴇʧʽʨ ʪᴇʩʝʤʽʥ ʘʨʥʘʡʳ ʞʦʙʘ ʙʦʡʳʥʰʘ  ʪᴇʩʝʡʜʽ. 

ʂᴇʧʽʨʣʝʨʜʝʛʽ ʞᴅʥʝ ʪʦʥʥʝʣʴʜʝʨʜʝʛʽ ʞʦʣʪʘʙʘʥʥʳש ʝʥʽ ʞᴅʥʝ ʜʝשʛʝʡʽ ʙʦʡʳʥʰʘ 

ʤʘʟʤײʥʜʘʨʜʳש ʥʦʨʤʘʣʘʨʳʥʘ ץʘʪʳʩʪʳ ʘʨʘʣʳץʪʘסʳ ʪʘʣʘʧʪʘʨʜʘסʳʜʘʡ ץʘʥʘסʘʪʪʘʥʜʳʨʫסʘ 

ʪʠʽʩʪʽ. 
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ʂᴇʧʽʨʜʝʛʽ ʨʝʣʴʩ ʞʦʣʜʘʨʳ ʧʨʦʬʠʣʽʥʽש ʙʽʨʢʝʣʢʽ ʥʦʙʘʡʳ ʙʦʣʫסʘ ʪʠʽʩ. ʄʝʪʘʣʣ 

ʢᴇʧʽʨʣʝʨʜʽש ᴅʨʙʽʨ ʘʨʘʣʳסʳʥʜʘ ʨʝʣʴʩʪʽ ʢᴇʪʝʨʫʜʽש ʙʘסʳʪʳ פʘסʠʜʘסʘ ʩʘʡ, ʘʨʘʣʳץʪʳ1/2000 ש 

 ץʪʘʥ ʘʩʧʘʫ ʢʝʨʝʢ. ʊʝʤʽʨʙʝʪʦʥ ʘʨʘʣʳץʘʨʘʣʳ 1/1000 ץʘ ʪʠʽʩ, ʙʽʨʘסʙʦʣʫ שʪʘʨʳʥʘ ʪʝץʟʳʥʜʳײ

 ʘʥʘ ʢᴇʪʝʨʫס ʜʘʡʣʘʨʜʘסʘʥ ʞʘסʘʨʘʩʪʳʨʳʣץ ʳ ʨʝʣʴʩ ʞʦʣʜʘʨʳʥʘ ʞʦʙʘʜʘסʨʳʣʳʩʪʘʨʜʘײץ

 .ʦʩʳʤʰʘ ʙʝʨʽʣʫʛʝ ʪʠʽʩץ

ɸסʘʰ ʝʥʜʽʢʪʝʨʜʝ ʞװʨʫ ʢʝʟʽʥʜʝ ʨʝʣʴʩ ʞʦʣʜʘʨʳʥʳש ʪʠʽʩʪʽ ʧʨʦʬʠʣʽ ʙʦʡʣʳץ 

ʙʝʣʜʝʤʜʝʨʜʽש ʘʨץʘʣʳץʪʘʨʳʥʘ ʥʝʤʝʩʝ ʬʝʨʤʘʣʘʨסʘ ʢʝʨʪʽʢʪʝʨʽʥʽש (5-30 ʤʤ) ץʘʣʳʧʪʳ 

ʪʝʨʝשʜʽʢʪʝʨʽ ʜʝשʛʝʡʽʥʜʝ ʢᴇʧʽʨ ʙʽʣʝʫʣʝʨʜʽ ʰʘʫʳʧ ʢʝʣʪʽʨʫʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʝʜʽ. ɽʛʝʨ 

 ʘסʦʣʜʘʥʫץ ʣʢʝʥ ʙʽʣʝʫʣʝʨʜʽװ ʙʠʽʢʪʽʛʽ ʞʝʪʢʽʣʽʢʩʽʟ ʙʦʣʩʘ, ʦʥʜʘ ʙʠʽʢʪʽʛʽ שʘʣʳʧʪʳ ʙʽʣʝʫʣʝʨʜʽץ

ʨץײʩʘʪ ʝʪʽʣʝʜʽ ʥʝʤʝʩʝ ʦʩʳ פʘסʠʜʘסʘ ʩᴅʡʢʝʩ ʪʘץʪʘʡʣʘʨʜʳש ʪᴇʩʝʤʜʝʨʽʥ ʙʽʣʝʫʣʝʨʜʽש ʘʩʪʳʥʘ 

ʩʘʣʫ ʢʝʨʝʢ. 

ɹʘʣʣʘʩʪʩʳʟ ʢᴇʧʽʨ ʪᴇʩʝʤʜʽ ʢᴇʧʽʨʣʝʨʜʝʛʽ ʪװʟʫ ʫʯʘʩʢʝʜʝ ʞʦʣʜʳװ שʩʪʽשʛʽ ײץʨʳʣʳʩʳʥʳש 

ʦʩʽ 30 ʤʤ ʘʩʪʘʤ ʰʘʤʘסʘ ʘʨʘʣʳײץ ץʨʳʣʳʩʪʳש ʦʩʽʥʝʥ ʘʫʳʪץʫסʘ ʪʠʽʩ ʝʤʝʩ; ץʠʩʳץʪʘʨʜʘ 

ʞʦʣʜʳװ שʩʪʽשʛʽ ײץʨʳʣʳʩ ʦʩʽʥʽש ʞʦʙʘʣʳץ ʞʘסʜʘʡʜʘʥ ʥʘץʪʳ ʘʫʳʪץʫʳ 20 ʤʤ ʘʩʫסʘ ʪʠʽʩ ʝʤʝʩ; 

ʙʘʣʣʘʩʪ ʞװʨʫʜʝ 50 ʞᴅʥʝ 30 ʤʤ ʘʩʧʘʡʪʳʥ ʘʫʳʪץʫסʘ ʨץײʩʘʪ ʝʪʽʣʝʜʽ. 

 ʟʝʪʫʜʽ ʥʝʤʝʩʝ ʨʝʣʴʩ ʞʦʣʜʘʨʳʥװʪʦʨʣʘʨʜʳ ʪ ץʫʣʘʨʜʘ ʨʝʣʴʩ-ʰʧʘʣʜʳץʣʢʝʥ ʘʫʳʪת

 ʢװʞשʨʳʣʳʩʪʘʨʜʳײץ ץʤʢʽʥ ʝʤʝʩ ʙʦʣʩʘ, ʘʨʘʣʳװʣ ʤײʘʞʝʪ, ʘʣ ʝʛʝʨ ʙץ ʘʡʪʘ ʩʘʣʫʜʳ ʦʨʳʥʜʘʫץ

ʢᴇʪʝʨʛʽʰʪʽʛʽ ʞᴅʥʝ ʢᴇʧʽʨ ʙʽʣʝʫʣʝʨʽʥʽש ʙʝʨʽʢʪʽʢ ʰʘʨʪʪʘʨʳ ʙʦʡʳʥʰʘ ʦʣʘʨʜʳש ʜײʨʳʩʪʳסʳʥ 

ʝʩʝʧʪʝʫ ʘʨץʳʣʳ ʪʝʢʩʝʨʫ ʢʝʨʝʢ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʪᴇʤʝʥʥʝʥ ʞװʨʝʪʽʥ ʢᴇʧʽʨʣʝʨʜʝ 

  .ʘʞʝʪץ ʩᴅʡʢʝʩʪʽʛʽʥ ʪʝʢʩʝʨʫ שʪʘʫ ʛʘʙʘʨʠʪʽʥʝ ʦʣʘʨʜʳץʞʫʳ שʨʳʣʳʩʪʘʨʜʳײץ

ʊʦʥʥʝʣʴʜʝʨʜʝ ʞʦʙʘʣʳץ ʞʘסʜʘʡʜʘʥ ʨʝʣʴʩ ʪʦʨʣʘʨʳ ʦʩʽʥʽש ʞʦʩʧʘʨʜʘסʳ ʞᴅʥʝ 

ʧʨʦʬʠʣʴʜʽʢ ʘʫʳʪץʫʣʘʨʳ ʛʘʙʘʨʠʪʪʽש ʙײʟʳʣʫʳʥ ʥʝʤʝʩʝ ʛʘʙʘʨʠʪʪʽʢ ʝʤʝʩ ײץʨʳʣʳʩʪʘʨʜʳש 

ʘʨʪʫʳʥ ʙʦʣʜʳʨʤʘʫסʘ ʪʠʽʩ. ʊʦʥʥʝʣʴʜʝʨʜʝ ʞʦʣʜʳװ שʩʪʽשʛʽ ײץʨʳʣʳʩʳʥʳש ʞʘסʜʘʡʳʥʘ 

ʙʘץʳʣʘʫ ʞʘʩʘʫ װʰʽʥ ᴅʨʙʽʨ 20 ʤ ʪװʟʫ ʘʨץʳʣʳ ʞᴅʥʝ ᴅʨʙʽʨ 10 ʤ ץʠʩʳץ ʘʨץʳʣʳ ץʘʙʳʨסʘʣʘʨסʘ 

ʪᴇʩʝʫ װʰʽʥ ʙʽʪʝʣʝʪʽʥ ʪײʨʘץʪʳ ʨʝʧʝʨʣʝʨ ʙʦʣʫסʘ ʪʠʽʩ. ʊʦʥʥʝʣʴʜʝʛʽ ʞʦʣ ʨʝʧʝʨʣʝʨʽ ʦʩʳ 

 שʩʫʨʝʪʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ. ʈʝʧʝʨʣʝʨʜʽ ʙʽʨ ʞʦʣʜʳ ʪʦʥʥʝʣʴʜʝʨʛʝ ʨʝʣʴʩ ʞʽʙʽʥʽ-1 שʠʜʘʥʳסʘפ

ʢʠʣʦʤʝʪʨʣʝʨ ʝʩʝʧʪʝʨʽ  ʙʦʡʳʥʰʘ ʦש ʞʘסʳʥʘʥ ʪʘʨʘʧʪʘʨʤʝʥ ʪװʟʫ ʫʯʘʩʢʝʜʝ, ʘʣ ץʠʩʳץʪʘ ï 

ʩʳʨʪץʳ ʨʝʣʴʩ ʞʘסʳʥʘʥ ʦʨʥʘʣʘʩʪʳʨʳʣʘʜʳ. ɽʢʽ ʞʦʣʜʳ ʪʦʥʥʝʣʴʜʝʨʜʝ ʨʝʧʝʨʣʝʨ ʝʢʽ ʞʘסʳʥʘʥ 

ʜʘ ʦʨʥʘʪʳʣʘʜʳ. ᴄʨʙʽʨ ʨʝʧʝʨʜʽש ʪʦʥʥʝʣʴ ץʘʙʳʨסʘʩʳʥʜʘ ʨʝʧʝʨʜʽש ʥᴇʤʽʨʽ,ʝש ʞʘץʳʥ ʨʝʣʴʩʪʽש 

ʞײʤʳʩ ץʳʨʳʥʘ ʜʝʡʽʥʛʽ ץʘʰʳץʪʳסʳ ʞᴅʥʝ ʨʝʣʴʩ ʙʘʩʳʥʳװ שʩʪʽʥʜʝʛʽ ʪᴇʙʝʛʝ ʢᴇʨʩʝʪʽʣʛʝʥ 

ʤʘʨʢʘʥʳ ʙʝʢʽʪʽʧ ץʦʷʜʳ. 

ɹʘץʳʣʘʫ ᴇʣʰʝʤʜʝʨʽ װʰʽʥ ʪʝʤʽʨʞʦʣ ʨʝʣʴʩʽʥʽש ʙʘʩʪʠʝʛʽʥʝ ʞᴅʥʝ ʨʝʧʝʨʛʝ ʦʨʥʘʪʳʣʘʪʳʥ 

ʘʨʥʘʡʳ װʣʛʽ ץʦʣʜʘʥʳʣʘʜʳ. 

çפʘʟʘץʩʪʘʥ ʪʝʤʽʨ ʞʦʣʳè ʨʝʩʧʫʙʣʠʢʘʣʳץ ʤʝʤʣʝʢʝʪʪʽʢ ʢᴅʩʽʧʦʨʥʳ ʙʘʩ ʜʠʨʝʢʪʦʨʳʥʳש 

ʦʨʳʥʙʘʩʘʨʳʤʝʥ ʙʝʢʽʪʽʣʛʝʥ 2001 ʞʳʣסʳ 14 ʞʝʣʪʦץʩʘʥʜʘסʳ ʊʝʤʽʨʞʦʣ ʢᴇʧʽʨʣʝʨʽʥʜʝʛ ̔

ʢᴇʧʽʨʣʽʢ ʪᴇʩʝʤʥʽש ʢʦʥʩʪʨʫʢʮʠʷʩʳ ʞᴅʥʝ ʦʥʳ ʦʨʥʘʣʘʩʪʳʨʫ ʞᴇʥʽʥʜʝʛʽ ʥײʩץʘʫʣʳץץʘ ʩᴅʡʢʝʩ 

ʙʽʣʝʫʣʝʨʜʽש ʘʩʪʳʥʘ ʞʠʥʘץʪʘʣʳʧ ʩʘʣʳʥʘʪʳʥ ʘסʘʰ ʪᴇʩʝʤʜʝʨʽʥʽש ʢᴇʤʝʛʽʤʝʥ ʥʝʤʝʩʝ ʞʦʣʜʳש 

 ʳץʨʫ ʢʝʟʽʥʜʝ ʩʳʨʪװʘʰ ʝʥʜʽʢʪʝʨʽʥʜʝ ʞסʘ שʘʥ ʢᴇʧʽʨʣʝʨʜʽץʫʯʘʩʢʝʣʝʨʽʥʜʝ ʦʨʥʘʣʘʩ ץʠʩʳץ

ʨʝʣʴʩʪʽש ʪᴇʙʝʩʽʥʝ ʢᴇʣʜʝʥʝש ʢᴇʣʙʝʫʣʽ ʘʨʘʣʳײץ ץʨʳʣʳʩʪʘʨʜʳ ץʦʶʤʝʥ ʥʝ ʙʦʣʤʘʩʘ 

 .ʨʳʣʳʤʜʳ ʞᴅʥʝ ʢʦʥʩʪʨʫʢʮʠʷʥʳ ʦʨʥʘʪʫʤʝʥ ʦʨʳʥʜʘʣʘʜʳײץ

ɹʘʣʣʘʩʪ װʩʪʽʤʝʥ ʞװʨʫ ʢʝʟʽʥʜʝ ץʠʩʳץʪʘʨʜʘסʳ ʩʳʨʪץʳ ʨʝʣʴʩʪʽ ᴇʩʽʨʫ ʙʘʣʣʘʩʪ 

 ʦʣ ʞʝʪʝʜʽ, ʘʣ ʤʝʪʘʣʣʝʥʜʽʢʪʝʨʜʝ ʥʝʤʝʩʝץ ʳʣʳץʣʢʝʡʪʫ ʘʨװ ʳʥסʜʳשʘʣʳץ שʘʙʘʪʳʥʳץ

ʪʝʤʽʨʙʝʪʦʥ ʙʘʣʣʘʩʪʩʳʟ ʪʘץʪʘʣʘʨʜʘ ʞװʨʫ ʢʝʟʽʥʜʝ ʞʦʙʘʣʘʨ ʙʦʡʳʥʰʘ ʽʩʢʝ ʘʩʳʨʳʣʘʜʳ. 

ɹʘʨʣʳץ ʢᴇʧʽʨʣʝʨʜʝ ʙʘʣʣʘʩʪʧʝʥ ʞװʨʫ ʢʝʟʽʥʜʝ ʙʽʨ ʨʝʣʴʩʪʽ ʝʢʽʥʰʽʩʽʥʝʥ 6 ʤʤ ʢᴇʪʝʨʝʪʽʥ 

ʪװʟʫ ʙᴇʣʽʤʰʝʣʝʨʜʝ ʞʦʣʜʳװ שʩʪʽשʛʽ ײץʨʳʣʳʩʪʘʨʳʥʳש ʞʘʡʢװʡʽʥʝ, ʘʣ ʢᴇʧʽʨ ʙʽʣʝʫʣʝʨʜʝ 

ʥʝʤʝʩʝ ʙʘʣʣʘʩʪʩʳʟ ʪʝʤʽʨʙʝʪʦʥ ʪʘץʪʘʣʘʨʜʘ ʞװʨʫ ʢʝʟʽʥʜʝ - ʪʝʢ ץʘʥʘ װʩʪʽʥʜʝ ʞװʨʝʪʽʥ 

 ʨʫ ʢʝʟʽʥʜʝ 6װʩʘʪ ʝʪʽʣʝʜʽ. ʂᴇʧʽʨ ʙʽʣʝʫʣʝʨʜʝ ʞץײʘʥʘ ʨס ʳ 25 ʤ ʘʩʧʘʡʪʳʥ ʢᴇʧʽʨʣʝʨʜʝסʟʳʥʜʳײ

ʤʤ ʞʦסʘʨʳסʘ ʢᴇʪʝʨʫ ʙʽʣʝʫʣʝʨʜʽ ʩᴅʡʢʝʩʽʥʰʝ ʢʝʩʫʥʝʤʝʩʝ ʞʫʘʥʜʳסʳ 6 ʤʤ ʤʝʪʘʣʣ ʪᴇʩʝʤʜʝʨʜʽ 

ʨʝʣʴʩ ʪᴇʩʝʤʜʝʨʽʥʽש ʘʩʪʳʥʘ ʪᴇʩʝʫ, ʘʣ ʙʘʣʣʘʩʪ ʪʝʤʽʨʙʝʪʦʥ ʪʘץʪʘʣʘʨʜʘ ʞװʨʫ ʢʝʟʽʥʜʝ - ʨʝʣʴʩ 

ʘʩʪʳʥʘ ʨʝʪʪʝʫ ʪᴇʩʝʤʜʝʨʽʥ ʪᴇʩʝʫ ʘʨץʳʣʳ ץʦʣ ʞʝʪʝʜʽ. ʈʝʣʴʩ ʞʦʣʜʘʨʳʥʳש ʙʽʨ ʪʽʥʽʥ 
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ʝʢʽʥʰʽʩʽʥʝʥ 6 ʤʤ-ʛʝ ʞʦסʘʨʳ ʢᴇʪʝʨʫ ʨץײʩʘʪ ʝʪʽʣʛʝʥ ʢᴇʧʽʨʣʝʨʜʽש ʪʽʟʽʤʽ ʋʇʏ/ʇʏ 

ʜʠʨʝʢʪʦʨʣʘʨʳʥʳש ʙײʡʨʳסʳʤʝʥ ʙʝʢʽʪʽʣʝʜʽ. 

 

 
 

1 ïʩʫʨʝʪ. ʊʦʥʥʝʣʴʜʝʛʽ ʞʦʣ ʨʝʧʝʨʣʝʨʽ: ʘ ï ʨʝʧʝʨʜʽש ʢʦʥʩʪʨʫʢʮʠʷʩʳ ; ʙ ï ʨʝʧʝʨ ʙʦʡʳʥʰʘ ʪʦʥʥʝʣʴʜʝʛʽ 

ʞʦʣ ʞʘסʜʘʡʣʘʨʳʥ ʪʝʢʩʝʨʫ; 1 ï ʞʦʣ ʨʝʧʝʨʽ; 2 ï ʪʦʥʥʝʣʴʜʽ ʪᴇʩʝʫ; 3 ï ʩʘץʪʘסʳʰ ץʘץʧʘץʰʘ (ץʦʶ 

ʤʘʡʣʘסʳʰʧʝʥ ʪʦʣʪʳʨʳʣʘʜʳ ʞᴅʥʝ ʰʧʣʠʥʪʪʽש ʨʝʧʝʨʽʥʜʝ ʙʝʢʽʪʽʣʝʜʽ);  4 ï ʰʧʣʠʥʪ; 5 ï װʣʛʽ;                            

6 ï ʞʳʣʞʳʤʘʣʳ ʪʽʨʝʫ; 7 ï ʜʝשʛʝʡ;  8 ï ʪʝʤʽʨʞʦʣ ʨʝʣʴʩʽ. 

 

 ʣʢʝʥ ʢᴇʧʽʨʣʝʨʜʝ ʞᴅʥʝ ʪʦʥʥʝʣʴʜʝʨʜʝ ʞᴅʥʝ ʢᴇʨʩʝʪʽʣʛʝʥװ ʳ 100 ʤ ʘʩʪʘʤסʟʳʥʜʳױ

ʢᴇʧʽʨʣʝʨ ʤʝʥ ʪʦʥʥʝʣʴʜʝʨʛʝ ʞʘץʳʥ ʢʽʨʝʙʝʨʽʩʪʝ, ʈ65 ʪװʨʽʥʜʝʛʽ ʞʳʣʫסʘ ʪᴇʟʽʤʜʽ ʨʝʣʴʩʪʽ ʪᴇʩʝʫ 

 ʘ ʪᴇʩʝʡʪʽʥ ʨʝʣʴʩʪʝʨʜʽסʪʘʨץʘʥ ʢᴇʧʽʨʣʝʨʜʝ ʞᴅʥʝ ʪʦʥʥʝʣʴʜʝʨʜʝ ʘʨʘʣʳסʘʣפ .ʘʞʝʪץ

ʞʠʥʘץʪʘʡʜʳ. תʣʢʝʥ ʞᴅʥʝ ʦʨʪʘʰʘ ʢᴇʧʽʨʣʝʨʜʝ ʞᴅʥʝ ʪʦʥʥʝʣʴʜʝʨʜʝ ʥʦʨʤʘʪʠʚʪʝʥ ʪʳʩ ʪʦʥʥʘʞ 

ᴇʪʢʽʟʛʝʥ ʘץʘʫʣʳ ʨʝʣʴʩʪʽ, ʘʣ ʤʝʪʘʣʣʘʨʘʣʳײץ ץʨʳʣʳʩʪʘʨʜʘ - 1 ʤʤ ʘʩʪʘʤ ʪʦʣץʳʥ ʪᴅʨʽʟʜʽ 

ʪʦʟסʘʥ ʨʝʣʴʩʪʽ ʧʘʡʜʘʣʘʥʫסʘ ʨץײʩʘʪ ʝʪʽʣʤʝʡʜʽ. 

ʂᴇʧʽʨʣʝʨʛʝ, ʪʦʥʥʝʣʴʜʝʨʛʝ ʞᴅʥʝ ʢʽʨʝʙʝʨʽʩʪʝʨʛʝ ᴅʨʪװʨʣʽ ʨʝʣʴʩ ʪװʨʣʝʨʽʥ ʞᴅʥʝ ʨʝʣʴʩ 

ʨʫʙʢʘʣʘʨʳʥ ʪᴇʩʝʫʛʝ ʨץײʩʘʪ ʝʪʽʣʤʝʡʜʽ. ʂᴇʧʽʨʣʝʨʜʝ, ʪʦʥʥʝʣʴʜʝʨʜʝ ʪװʡʽʩʧʝʩʽʟ ʨʝʣʴʩ 

ʞʦʣʳʥʝʤʝʩʝ ײʟʳʥʜʳסʳ 25 ʤ ʙʫʳʥʜʳץ ʨʝʣʴʩ ʪᴇʩʝʣʫʛʝ ʪʠʽʩ. ʂᴇʧʽʨʣʝʨʜʝ, ʪʦʥʥʝʣʴʜʝʨʜʝ 

ʪװʡʽʩʧʝʩʽʟ ʨʝʣʴʩ ʞʦʣʳʥ ʪᴇʩʝʫ ʤװʤʢʽʥʜʽʢʪʝʨʽ ʤʝʥ ʰʘʨʪʪʘʨʳ çפʘʟʘץʩʪʘʥ ʪʝʤʽʨ ʞʦʣʳè 

 ʳ 14סʞʳʣ 2012 שʘʤʳ ɺʠʮʝ-ʧʨʝʟʠʜʝʥʪʽʥʽסʦץ ʢʦʤʧʘʥʠʷʩʳè ʘʢʮʠʦʥʝʨʣʽʢ ץʣʪʪʳױ

ʞʝʣʪʦץʩʘʥʜʘסʳ ˉ1162-ʎɿ ʙײʡʨʳסʳʤʝʥ ʙʝʢʽʪʽʣʛʝʥ ʊװʡʽʩʧʝʩʽʟ ʞʦʣʜʳ ʦʨʥʘʣʘʩʪʳʨʫ, ʪᴇʩʝʫ, 

ʢװʪʽʧ ײʩʪʘʫ ʞᴅʥʝ ʞᴇʥʜʝʫ ʞᴇʥʽʥʜʝʛʽ (ʎʇ-17-2012) ʥײʩץʘʫʣʳץץʘ ʩᴅʡʢʝʩ ʞʦʙʘʤʝʥ ʙʝʢʽʪʽʣʝʜʽ. 
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ʊʝשʛʝʨʛʽʰ ײץʨʘʣʜʘʨʳʤʝʥ ʥʝʤʝʩʝ ʪʝשʛʝʨʛʽʰ ʨʝʣʴʩʪʽ ʢᴇʧʽʨʣʝʨʜʝ ʪʝʤʧʝʨʘʪʫʨʘʣʳץ 

ʘʨʘʣʳץʪʳש ʰʝʢʪʝʨʽʥʜʝ ʨʝʣʴʩʪʝʨʜʽ ʜᴅʥʝʢʝʨʣʝʫʛʝ ʙʦʣʘʜʳ. 

ʂᴇʧʽʨʣʝʨʜʝʛʽ, ʪʦʥʥʝʣʴʜʝʨʜʝ ʞᴅʥʝ ʢʽʨʝʙʝʨʽʩʪʝʛʽ ʰʦʡʰʝʛʝ ʤʝʥʙʝʢʽʪʽʣʝʪʽʥ ʨʝʣʴʩʪʝʨ 

ʞᴅʥʝ ʪᴇʩʝʤʜʝʨ ʦʣʘʨסʘ ᴅʨʙʽʨ ʢᴇʧʽʨ ʙʽʣʝʫʣʝʨʽʥʽש ʩʦשʳʥʜʘ ʥʝʤʝʩʝ ʰʦʡʰʝʛʝʥʽשʪʦʣʳץ ʩʘʥʳ 

ʙʘʨ ʰʧʘʣʜʘʨסʘ ʙʝʢʽʪʽʣʝʜʽ.  

ʊʝʤʽʨʙʝʪʦʥ (ʂɹ) ʞᴅʥʝ ʘסʘʰ (ʂɼ) ʙᴇʣʝʢ ʘʨʘʣʳץ ʙʝʢʽʪʧʝʜʝ ʞᴅʥʝ çʌʦʩʩʣʦè ʞᴅʥʝ ɾɹʈ 

ʪװʨʽʥʜʝʛʽʙᴇʣʝʢ ʝʤʝʩ ʘʨʘʣʳץ ʙʝʢʽʪʧʝʜʝ, ʢᴇʧʽʨʣʝʨʜʝʛʽ ʞᴅʥʝ ʪʦʥʥʝʣʴʜʝʨʜʝʛʽ ʨʝʣʴʩ 

ʢʽʨʝʙʝʨʽʩʪʝʨʜʝʛʽ ʨʝʣʴʩʪʝʨ ʩʠʷץʪʳ ʙʝʢʽʪʽʣʝʜʽ. 

ɾʦʣʜʳש ʙʘʣʣʘʩʪʩʳʟ ʢʦʥʩʪʨʫʢʮʠʷʩʳʥʜʘ ʨʝʣʴʩʪʽʢ ʞʦʣסʘ ץʦʩʳʤʰʘ ʢװʰʪʝʨʜʽ ʙʝʨʫʩʽʟ 

ʘʨʘʣʳײץ ץʨʳʣʳʩʪʘʨʜʳץ שʦʟסʘʣʤʘʣʳ ײʰʪʘʨʳʥʳש ʙʦʡʣʳץ ʦʨʳʥ ʘʫʳʩʪʳʨʫ ʤװʤʢʽʥʜʽʛʽ 

 .ʘʤʪʘʤʘʩʳʟ ʝʪʽʣʫʛʝ ʪʠʽʩץ

ʂᴇʧʽʨʣʝʨʜʝʛʽ ʨʝʣʴʩʪʽש ʪװʡʽʩʧʝʣʝʨʽʥ ʙײʨʳʰʪʘʨʳ ʙʦʡʳʥʰʘ ʦʨʥʘʣʘʩʪʳʨʫ ץʘʞʝʪ. ʈʝʣʴʩ 

ʩʘשʳʣʘʫʣʘʨʳʥʳש ʰʘʤʘʩʳ çפʘʟʘץʩʪʘʥ ʪʝʤʽʨ ʞʦʣʳè ײʣʪʪʳץ ʢʦʤʧʘʥʠʷʩʳè ʘʢʮʠʦʥʝʨʣʽʢ 

 ʳʤʝʥסʡʨʳײʳ ˉ 1266-ʎɿ ʙסʩʘʥʜʘץʳ 30 ʞʝʣʪʦסʞʳʣ 2011 שʘʤʳ ɺʠʮʝ-ʧʨʝʟʠʜʝʥʪʽʥʽסʦץ

ʙʝʢʽʪʽʣʛʝʥ ʊʝʤʽʨʞʦʣ ʞʦʣʜʘʨʳʥ ʘסʳʤʜʘסʳ ʢװʪʽʧ ײʩʪʘʫ ʞᴇʥʽʥʜʝʛʽ (ʎʇ-774-11) ʥײʩץʘʫʣʳץ 

ʥʦʨʤʘʣʘʨʳʥʘ ʩᴅʡʢʝʩ ʙʦʣʫסʘ ʪʠʽʩ. 

ʂᴇʧʽʨ ʙʽʣʝʫʣʝʨ װʩʪʽʤʝʥ ʞװʨʫ ʢʝʟʽʥʜʝ ʨʝʣʴʩʪʽש ʪװʡʽʩʧʝʣʝʨʽ ʘʩʫʣʳ ʪײʨסʘʥ ʢװʡʽʥʜʝ ʜʝ, 

ʙʽʣʝʫʣʝʨʛʝ ʜʝ ʦʨʥʘʣʘʩʘ ʘʣʘʜʳ. ɹʘʣʣʘʩʪʪʘ ʞװʨʝʪʽʥ ʢᴇʧʽʨ ʙʽʣʝʫʣʝʨʜʝ ʨʝʣʴʩʪʽש ʪװʡʽʩʧʝʣʝʨʽ 

ʘʩʫʣʳ ʪײʨסʘʥ ʢװʡʽʥʜʝ ʜʝ ʦʨʥʘʣʘʩʘʜʳ, ʘʣ ʤʝʪʘʣʣʝʥʜʽʢʪʝʨʜʝ ʞᴅʥʝ ʪʝʤʽʨʙʝʪʦʥ ʪʘץʪʘʣʘʨʜʘ 

ʞװʨʫ ʢʝʟʽʥʜʝ ʞʦʙʘ ʙʦʡʳʥʰʘ. 

ʈʝʣʴʩ ʪװʡʽʩʧʝʣʝʨʽʥ ʘʨʘʣʳײץ ץʨʳʣʳʩʪʘʨʜʳײ שʰʪʘʨʳʥʘʥ 2 ʤ-ʛʝʞʘץʳʥ, ʘʣ ץʘץʧʘʣʳ 

ʢᴇʧʽʨʣʝʨʜʝ- ʜʝʬʦʨʤʘʮʠʷʣʳץ ʪʽʛʽʩʪʝʨʜʝʥ ʞᴅʥʝ ʙʽʨʽʢʪʽʨʛʽʰ ײץʣʳʧʪʘʥ ʙʘʩʪʘʧ ʦʨʥʘʣʘʩʪʳʨʫסʘ 

ʙʦʣʤʘʡʜʳ. ʉʦʥʳʤʝʥ ʙʽʨʛʝ ʨʝʣʴʩ ʪװʡʽʩʧʝʣʝʨʽʥ ʙʦʡʣʳץ ʘʨץʘʣʳץʪʘʨʜʳװ שʟʽʣʛʝʥ ʞʝʨʣʝʨʽʥʽש 

 .ʘ ʙʦʣʤʘʡʜʳסʩʪʽʥʝ ʦʨʥʘʣʘʩʪʳʨʫװ שʪʘʨʜʳץʘʣʳץʘʨ שʩʪʽʥʝ ʞᴅʥʝ ʢᴇʣʜʝʥʝװ

ʂᴇʧʽʨʛʝ ʞʘץʳʥ ʢʽʨʝʙʝʨʽʩʪʝʨʜʝ ʨʝʣʴʩ ʞʦʣʜʘʨʳʥʳש ʞʳʣʞʳʧ ʢʝʪʫʽʥʝ ʞʦʣ ʙʝʨʽʣʤʝʡʜʽ. 

ɾʳʣʞʫ ʢᴇʧʽʨʛʝ ʞʘץʳʥ ʢʽʨʝʙʝʨʽʩʪʝʨʜʝ ʪʦʣʳץ ʞʦʡʳʣʫʳ ʢʝʨʝʢ.  

ɽʛʝʨ ʞʘץʳʥ ʢʽʨʝʙʝʨʽʩʪʝʨʜʝ ʨʝʣʴʩ ʞʦʣʜʘʨʳ ʪʦʣʳץ ʙʝʢʽʪʽʣʛʝʥʜʝ ʢᴇʧʽʨʜʽש ᴇʟʽʥʽש 

ʰʝʢʪʝʨʽʥʜʝ ʞʳʣʞʫ ʙʘʡץʘʣסʘʥ ʞʘסʜʘʡʜʘ, ʦʥʜʘ ʙʘʣʣʘʩʪʩʳʟ ʢʦʥʩʪʨʫʢʮʠʷʣʳ ʢᴇʧʽʨ ʪᴇʩʝʤʜʽʢᴇʧ 

ʘʨʘʣʳץʪʳ ʢᴇʧʽʨʜʝ ʨʝʣʴʩ ʞʦʣʜʘʨʳʥ ʞʳʣʞʫסʘ ץʘʨʩʳ ʙʝʢʽʪʫ ʞʦʙʘ ʙʦʡʳʥʰʘ, ʙʘʣʣʘʩʪʪʘ ʞװʨʫ 

ʢʝʟʽʥʜʝ ï ʘʨʘʣʳץʪʘסʳ ʩʠʷץʪʳ ʙʝʢʽʪʽʣʽʧ ʦʨʥʘʪʳʣʘʜʳ. 

ʊʦʥʥʝʣʜʝʨʜʝ ʞᴅʥʝ ʞʘץʳʥ ʢʽʨʝʙʝʨʽʩʪʝʨʜʝ ʨʝʣʴʩ ʞʦʣʳ ʦʣʘʨסʘ ʞʳʣʞʫסʘ ץʘʨʩʳ ʩʝʥʽʤʜʽ 

ʙʝʢʽʪʽʣʫʛʝ ʪʠʽʩʪʽ ʞᴅʥʝ ʰʦʡʰʝʛʝʣʝʨʜʽש ʪʦʣʳץ ʩʘʥʳ ץʘסʳʣʫ ץʘʞʝʪ. ɹʘʣʣʘʩʪʩʳʟ ʪᴇʩʝʤʜʝ 

ʪʦʥʥʝʣʜʝʨʜʝ ʞװʨʛʝʥʜʝ ʨʝʣʴʩ ʞʦʣʜʘʨʳʥ ʙʝʢʽʪʫʜʽ ʦʥʳ ʪᴇʩʝʫʜʽש ʞʦʙʘʩʳ ʙʦʡʳʥʰʘ ʞװʨʛʽʟʝʜʽ. 

ʊʝʤʧʝʨʘʪʫʨʘʣʳץ ʘʨʘʣʳץʪʘʨʳ 100 ʤ ʘʩʪʘʤ ʤʝʪʘʣʣ ʢᴇʧʽʨʣʝʨʜʝ (ʨʝʣʴʩʪʽש ʞʳʣʜʳץ 

ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʘʤʧʣʠʪʫʜʘʩʳ 90ʉ-ʪʘʥ ʘʩʧʘסʘʥ ʞʘסʜʘʡʜʘ- 110 ʤ-ʜʝʥ ʘʩʘ) ʩʘʥʳ ʞʦʙʘʤʝʥ 

ʘʥʳץʪʘʣʘʪʳʥ ʪʝשʛʝʨʛʽʰ ײץʨʘʣʜʘʨʳ ʥʝʤʝʩʝ ʤʘʫʩʳʤʜʳץ ʪʝשʛʝʨʛʽʰ ײץʨʘʣʜʘʨʜʳ ʪᴇʩʝʫ ץʘʞʝʪ. 

ʊʝʤʧʝʨʘʪʫʨʘʣʳץ ʘʨʘʣʳץʪʘʨ װʰʽʥ ʙʽʨ ʘʨʘʣʳײץ ץʨʳʣʳʩʪʘʨʜʳץ שʦʟסʘʣʤʘʣʳ ʪʽʨʝʢ 

ʙᴇʣʽʢʪʝʨʽʥʝʥ ʘʨʘʣʘʩʘʨʘʣʳײץ ץʨʳʣʳʩʪʳץ שʦʟסʘʣʤʘʡʪʳʥ ʪʽʨʝʢ ʙᴇʣʽʢʪʝʨʽʥʝ ʜʝʡʽʥʛʽ ʥʝʤʝʩʝ 

ʪʽʨʝʫʜʽש ʰʢʘʬʪʳץ ץʘʙʳʨסʘʩʳʥʘ ʜʝʡʽʥʛʽ ץʘʰʳץʪʳץ ץʘʙʳʣʜʘʥʘʜʳ. ʂʦʥʩʦʣʜʳ ʢᴇʧʽʨʣʝʨʜʝ ʪʝʢ 

 ʧʘʣʳץʘפ .ʘʥ ʪʽʨʝʢ ʙᴇʣʽʢʪʝʨʽ ʝʩʝʧʢʝ ʘʣʳʥʘʜʳץʘʥʘ ʪʽʨʝʢʪʝʨ ʞᴅʥʝ ʪʽʨʝʫʣʝʨʜʝ ʦʨʥʘʣʘʩץ

ʘʨʢʘʩʳʟ ʢᴇʧʽʨʣʝʨʜʝ (ʘʨʘʣʳץʩʳʟ) ʪʝʤʧʝʨʘʣʳץ ʘʨʘʣʳץ ʘʨʢʘ ʘʨʘʣʳסʳʥʳש ʞʘʨʪʳʩʳʥʘ ʪʝש. 

ʊʝʤʧʝʨʘʪʫʨʘʣʳץ ʘʨʘʣʳץʪʘʨʜʳש ʤᴇʣʰʝʨʣʝʨʽ ᴅʨʪװʨʣʽ ʢᴇʧʽʨʣʝʨʜʽש ʩʳʟʙʘʩʳʥʜʘ ʦʩʳ 

 .ʩʫʨʝʪʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ-2 שʠʜʘʥʳסʘפ
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2 ï ʩʫʨʝʪ. ʂᴇʧʽʨʣʝʨʜʽש ᴅʨ ʪװʨʣʽ ʩʭʝʤʘʣʘʨʳʥʜʘסʳ ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʘʨʘʣʳץʪʘʨ (ʪʽʨʝʫʣʝʨʜʝ ʞᴅʥʝ 

ʘʨʘʣʳײץ ץʨʳʣʳʩʪʘʨʜʘ ʨʝʣʴʩ ʞʦʣʜʘʨʳʥ ʙʝʢʽʪʫ ʢᴇʨʩʝʪʽʣʤʝʛʝʥ) 

 

ʘ- ʦʡʳʧ ʞʘʩʘʣסʘʥ ʘʨʘʣʳײץ ץʨʳʣʳʩʪʘʨʳ ʙʘʨ ʙʽʨ ʘʨʘʣʳץʪʳ ʢᴇʧʽʨʣʝʨʜʝ ʥʝʤʝʩʝ ʘʨʘʣʳץ 

ʪʽʨʝʢʪʝʛʽʘʨʘʣʘʩ ʘʨʘʣʳײץ ץʨʳʣʳʩʪʘʨʜʳש ʙʽʨ ץʦʟסʘʣʘʪʳʥ ʞᴅʥʝ ʙʽʨ ץʦʟסʘʣʤʘʡʪʳʥ 

ʪʽʨʝʢʙᴇʣʽʛʽʥ ʦʨʥʘʣʘʩʪʳʨʫʜʘ; ʙ- ʩʦʥʜʘʡ ʝʢʽ ץʦʟסʘʣʘʪʳʥ ʪʽʨʝʢ ʙᴇʣʽʛʽʥ ʘʨʘʣʳץ ʪʽʨʝʢʢʝ 

ʦʨʥʘʣʘʩʪʳʨʫʜʘ; ʚ, ʛ- ʘʨʘʣʳײץ ץʨʳʣʳʩʪʘʨʜʳש ʦʨʪʘʩʳʥʘ ʞᴅʥʝ ʘʷסʳʥʘ ץʦʟסʘʣʤʘʡʪʳʥ ʪʽʨʝʢ 

ʙᴇʣʽʛʽʥ ʦʨʥʘʣʘʩʪʳʨʫʜʘ ʢʝʩʽʣʤʝʡʪʽʥ ʘʨʘʣʳײץ ץʨʳʣʳʩʪʘʨʳʤʝʥ; ʜ- ʘʨʘʣʳץ ʢʦʥʩʦʣʜʳ 

 -ʋʨ ;ץʘʨʘʣʳ ץʨʳʣʳʩʪʘʨʳʤʝʥ; Lt- ʪʝʤʧʝʨʘʪʫʨʘʣʳײץ ץʧʘʣʳ ʘʨʘʣʳץʘץ -ʨʳʣʳʩʪʘʨʳʤʝʥ; ʝײץ

ʪʝשʛʝʨʛʽʰ ײץʨʘʣʜʳ ץʦʶ ʦʨʥʳ; æ- ץʠʤʳʣʩʳʟ ʪʽʨʝʢ ʙᴇʣʽʢʪʝʨʽ; ʆ- ץʦʟסʘʣʘʪʳʥ ʪʽʨʝʢ ʙᴇʣʽʢʪʝʨʽ. 

ᴄʨʙʽʨ ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʘʨʘʣʳץץʘ ʪʝשʛʝʨʛʽʰ ײץʨʘʣʜʘʨʜʳ ʥʝʤʝʩʝ ʤʘʫʩʳʤʜʳץ ʨʝʣʴʩʪʽ 

ʙʽʨ ʢʦʤʧʣʝʢʪ ʙʦʡʳʥʰʘ ʞʠʥʘץʪʘʧ ʪᴇʩʝʡʜʽ. 

ʈ65 ʪװʨʽʥʜʝʛʽ ʪʝשʛʝʨʛʽʰ ײץʨʘʣʜʘʨ ץʦʣʜʘʥʳʣʫסʘ ʪʠʽʩ. 

ʈ50 ʪʝשʛʝʨʛʽʰ ײץʨʘʣʜʘʨʜʳ ʢᴇʧʽʨʜʝʛʽ ʨʝʣʴʩʪʽ ʘʣʤʘʩʪʳʨʫסʘ ʜʝʡʽʥ ʧʘʡʜʘʣʘʥʫסʘ ʨץײʩʘʪ 

ʝʪʽʣʝʜʽ. 
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ʇʈʀʄɽʅɽʅʀɽ ɻɽʆʀʅʌʆʈʄɸʎʀʆʅʅʓʍ ʊɽʍʅʆʃʆɻʀʁ ʅɸ ʋʏɸʉʊʂɽ 

ɸʃʄɸʊʓ ï ʐʋ 

 

ɸʥʥʦʪʘʮʠʷ. ʈʘʙʦʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʥʘʧʨʘʚʣʝʥʥʦʝ 

ʥʘ ʠʟʫʯʝʥʠʝ ʧʨʠʤʝʥʝʥʠʷ ʛʝʦʥʠʬʦʨʤʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ. ɺ ʭʦʜʝ 

ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʠ, ʚ ʚʠʜʝ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ  

ʤʝʩʪʥʦʩʪʠ, ʨʝʣʴʝʬʘ, ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ ʧʨʠʰʣʠ ʥʘ ʩʤʝʥʫ ʦʙʳʯʥʦ ʧʨʠʥʷʪʳʤ ʘʥʘʣʦʛʦʚʳʤ ʠ 

ʮʠʬʨʦʚʳʤ ʢʘʨʪʘʤ ʠ ʧʣʘʥʘʤ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʤʦʞʥʦ 

ʧʨʠ ʩʦʟʜʘʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʨʝʧʝʨʥʦʡ ʩʠʩʪʝʤʳ ʠ ʩʲʝʤʢʝ ʧʫʪʝʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ ʤʝʞʜʫ ʫʯʘʩʪʢʘʤʠ ɸʣʤʘʪʳ - ʐʫ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ, ʪʦʧʦʛʨʘʬʦ-

ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʲʝʤʦʢ, ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ. 

ɸשʜʘʪʧʘ. ɾʦʙʘʣʘʫʜʘ ɸʣʤʘʪʳ ï ʐʫ ʪʝʣʽʤ ʘʨʘʩʳʥʜʘסʳ ʪʝʤʽʨʞʦʣʜʳ ץʘʡʪʘ ʞᴇʥʜʝʫ 

ʙʘʨʳʩʳʥʜʘ ʞʦʣʜʳ ʪװʩʽʨʫ ʞᴅʥʝ ʨʝʧʝʨʣʽʢ ʞװʡʝʣʝʨʽʥ ʦʨʥʘʪʳʧ ʛʝʦʘץʧʘʨʘʪ ʞװʡʝʩʽʥ 

 .ʤʳʩ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳײʞ ץʘʥ ʪʝʦʨʠʷʣʳסʳʪʪʘʣסʦʣʜʘʥʫʳʥ ʟʝʨʪʪʝʫʛʝ ʙʘץ

ʊᴅʞʽʨʙʠʝ ʞװʟʽʥʜʝ ʛʝʦʘץʧʘʨʘʪʪʳץ ʞװʡʝʩʽʥ ʧʘʡʜʘʣʘʥʫ, ʞʝʨʛʽʣʽʢʪʽ ʞʝʨʜʝʛʽ ʩʘʥʜʳץ 

 ʢʘʨʪʘʣʘʨ ץʨʽʥʜʝ ᴅʜʝʪʪʝ ʞʦʣʜʘʨʜʳ ʩʘʥʜʳװʨʽʥʜʝ, ʞʝʨʙʝʜʝʨʽʥ ʢʘʨʪʘ ʥʝʤʝʩʝ ʧʣʘʥ ʪװʣʛʽʣʝʨʽ ʪװ

ʘʣʤʘʩʪʳʨʘʜʳ.  

ɾʦʙʘʣʘʫʜʘ ʛʝʦʘץʧʘʨʘʪ ʞװʡʝʩʽʥʽש ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʦץʫʳʥʘ ץʦʣʜʘʥʫʳʥʘ ʙʘסʳʪʪʘʣסʘʥ, 

ʪʝʦʨʠʷʣʳץ ʽʟʜʝʥʽʩʽʥʝ ʘʨʥʘʣסʘʥ ʞʫʤʳʩ.  

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ʛʝʦʘץʧʘʨʘʪ ʞװʡʝʩʽʥʽש ʪʝʭʥʦʣʦʛʠʷʩʳ, ʢʦʦʨʜʠʥʘʪʘ ʥװʢʪʝʩʽ, 

ʪʦʧʦʛʨʘʬʦ-ʛʝʦʜʝʟʠʷʣʳץ ʪװʩʽʨʽʩ, ʪʝʤʽʨʞʦʣʜʳ ץʘʡʪʘ ʞᴇʥʜʝʫ.  

Abstract. Work is the theoretical research sent to the study of application of geo 

informative technology in planning. During realization of analysis geoinformative to technology, 

as digital models  of locality, relief, railways send on changing to the usually accepted analog 

and digital maps and plans. Use geo informative bench mark to technology maybe at creation of 

the certain bench mark system and survey of ways for realization of reconstruction of railways 

between the areas of Almaty - Shu. 
Key words: geoinformation systems technologies, coordinates of points, topography- 

geodesy of surveys, reconstruction of railways. 

 

ʈʘʟʨʘʙʦʪʢʝ ʧʨʦʝʢʪʦʚ ʧʨʝʜʰʝʩʪʚʫʶʪ ʠʥʞʝʥʝʨʥʳʝ ʠʟʳʩʢʘʥʠʷ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʣʠʥʠʠ, 

ʢʦʪʦʨʳʝ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ ʪʝʭʥʠʯʝʩʢʠʝ. 

ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʠʟʳʩʢʘʥʠʷ ʚʢʣʶʯʘʶʪ: ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʦʙʩʣʝʜʦʚʘʥʠʷ, ʠʟʫʯʝʥʠʝ 

ʩʦʩʪʦʷʥʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚ ʨʘʟʚʠʪʠʷ ʚʩʝʭ ʦʪʨʘʩʣʝʡ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʚ ʨʘʡʦʥʝ 

ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʜʦʨʦʛʠ; ʚʠʜʦʚ ʠ ʦʙʲʸʤʦʚ ʧʨʦʜʫʢʮʠʠ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʨʘʡʦʥʘ, 

ʥʘʣʠʯʠʷ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ, ʥʘʩʝʣʝʥʥʦʩʪʴ ʨʘʡʦʥʘ. 

ɺ ʪʝʭʥʠʯʝʩʢʠʝ ʠʟʳʩʢʘʥʠʷ ʚʭʦʜʷʪ ʦʙʩʣʝʜʦʚʘʥʠʷ ʠ ʩʲʸʤʢʠ ʜʣʷ ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ 

ʫʜʘʯʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʨʘʩʩʳ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʣʠʥʠʠ ʥʘ ʤʝʩʪʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʩʙʦʨ 

ʥʝʦʙʭʦʜʠʤʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʩʝʭ ʦʙʲʝʢʪʦʚ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ. 

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʦʚʦʡ ʞʝʣʝʟʥʦʡ 

ʜʦʨʦʛʠ ʩʦʩʪʘʚʣʷʝʪʩʷ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ (ʊʕʆ). ʅʘ ʦʩʥʦʚʝ ʊʕʆ 

ʚʳʙʠʨʘʶʪ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʣʠʥʠʠ ʠ ʧʫʥʢʪʳ 

ʧʨʠʤʳʢʘʥʠʷ ʢ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʝʪʠ, ʫʩʣʦʚʠʷʭ ʠ ʩʨʦʢʘʭ ʩʪʨʦʠʪʝʣʴʩʪʚʘ [1]. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʘʥʘ ʊʕʆ ʜʣʷ ʚʪʦʨʳʭ ʧʫʪʝʡ ʠ ʟʘʧʨʦʝʢʪʠʨʦʚʘʥ ʧʨʦʝʢʪ, 

ʜʣʷ ʫʯʘʩʪʢʘ ɸʣʤʘʪʳ-1 -  ʐʫ, ʧʨʦʭʦʜʷʱʝʡ ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʂʘʨʘʩʘʡʩʢʦʛʦ ʠ ɾʘʤʙʳʣʩʢʦʛʦ 

ʨʘʡʦʥʦʚ  ɸʣʤʘʪʠʥʩʢʦʡ ʠ ʂʦʨʜʘʡʩʢʦʛʦ  ʠ  ʐʫʡʩʢʦʛʦ ʨʘʡʦʥʦʚ ɾʘʤʙʳʣʩʢʦʡ ʦʙʣʘʩʪʠ. 

ʇʦ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʚʪʦʨʳʝ ʧʫʪʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʣʠʥʠʠ 

ɸʣʤʘʪʳ-1 ï ʐʫ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɸʣʤʘʪʠʥʩʢʦʡ ʠ ɾʘʤʙʳʣʩʢʦʡ ʦʙʣʘʩʪʝʡ. 

ʇʦ ʩʭʝʤʝ ʛʝʦʣʦʛʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʂʘʟʘʭʩʪʘʥʘ ʨʝʛʠʦʥ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʣʠʥʠʠ ɸʣʤʘʪʳ-1 ï ʐʫ ʨʘʩʧʦʣʦʞʝʥ (ʩ ʚʦʩʪʦʢʘ ʥʘ ʟʘʧʘʜ) ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʀʣʠʡʩʢʦʛʦ, ɾʘʣʘʠʨ-ʅʘʡʤʘʥʩʢʦʛʦ ʠ ʐʫ-ʉʘʨʳʩʫʡʩʢʦʛʦ ʨʘʡʦʥʦʚ. 

ʊʨʫʜʥʦ ʧʨʝʜʩʪʘʚʠʪʴ, ʯʪʦ ʥʘ ʪʘʢʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʤʝʞʜʫ ʫʯʘʩʪʢʦʤ ɸʣʤʘʪʳ 1 - ʐʫ 

ʚʳʧʦʣʥʝʥʠʝ ʠʟʳʩʢʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʧʦ ʨʘʟʙʠʚʢʝ ʪʨʘʩʩʳ ʥʘ ʤʝʩʪʥʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʨʘʙʦʪʳ, ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ 

ʦʙʩʣʝʜʦʚʘʥʠʷ ʙʳʩʪʨʦ ʥʝʚʦʟʤʦʞʥʦ. 

ɺ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʚ ʤʠʨʝ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʘʥʘʣʠʟ 

ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʚ ʩʘʤʳʭ ʨʘʟʥʳʭ ʦʪʨʘʩʣʷʭ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ɺʦʟʥʠʢʣʘ çʠʥʜʫʩʪʨʠʷè ʛʝʦʠʥʬʦʨʤʘʮʠʠ (ʫʥʠʬʠʢʘʮʠʷ ʠ ʠʥʪʝʛʨʘʮʠʷ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ, 

ʦʙʨʘʙʦʪʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʭʨʘʥʝʥʠʷ ʛʝʦʜʘʥʥʳʭ ʥʘ ʙʘʟʝ ɻʀʉ-ʪʝʭʥʦʣʦʛʠʠ). 

ʅʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ, ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʨʘʟʨʘʙʦʪʢʠ ʊʕʆ ʠ ʧʨʦʝʢʪʦʚ ʧʦ ʚʨʝʤʝʥʠ ʚʦ ʚʨʝʤʷ 

ʠʟʳʩʢʘʪʝʣʴʩʢʠʭ, ʪʦʧʦʛʨʘʬʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʙʦʪ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʳʭ ʚʳʩʦʢʦʪʦʯʥʳʭ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʥʝʚʦʟʤʦʞʥʦ. ʀʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʩʲʝʤʦʯʥʳʝ 

ʨʘʙʦʪʳ ʙʦʣʴʰʠʭ ʪʝʨʨʠʪʦʨʠʡ ʟʘ ʦʜʠʥ ʚʳʝʟʜ ʠ ʥʘʢʦʧʠʪʴ ʚʩʶ ʠʩʭʦʜʥʫʶ ʩʲʝʤʦʯʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʚ ʦʜʥʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʤʘʩʩʠʚʝ. ʇʦʥʷʪʥʦ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʵʪʠʭ ʜʘʥʥʳʭ 

ʚʨʫʯʥʫʶ ʜʦʩʪʘʪʦʯʥʦ ʪʨʫʜʦʝʤʢʘ. ʇʦʵʪʦʤʫ ʜʣʷ ʧʦʜʦʙʥʳʭ ʨʘʙʦʪ, ʘ ʪʘʢʞʝ ʩʣʦʞʥʳʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʢʘʤʝʨʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ ʪʦʧʦʛʨʘʬʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʲʝʤʦʢ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ 

ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʥʘ ʫʯʘʩʪʢʝ ɸʣʤʘʪʳ 1 ï ʐʫ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʊʕʆ ʚʪʦʨʳʭ ʧʫʪʝʡ 

ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʟʚʦʣʷʶʪ ʪʦʯʥʝʡʰʠʤ ʦʙʨʘʟʦʤ ʫʯʠʪʳʚʘʪʴ 

ʢʦʦʨʜʠʥʘʪʳ ʦʙʲʝʢʪʦʚ ʠ ʧʣʦʱʘʜʠ ʫʯʘʩʪʢʦʚ, ʚʝʩʪʠ ʫʯʝʪ ʯʠʩʣʝʥʥʦʩʪʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʝʨʝʚʦʟʦʢ, ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʩʝʣʝʥʠʷ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʫ 

ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʨʘʟʚʠʪʠʷ ʩʦʮʠʘʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʩʝʪʠ. ɺʩʝ ʵʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʪʴ ɻʀʉ ʚ ʨʘʟʨʘʙʦʪʢʝ 

ʨʘʟʜʝʣʦʚ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʦʙʦʩʥʦʚʘʥʠʠ. 

ɼʣʷ ʪʦʧʦʛʨʘʬʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʲʝʤʦʢ ʚʩʝ ʯʘʱʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʟʤʝʨʠʪʝʣʴʥʳʝ 

ʧʨʠʙʦʨʳ ʩ GPS. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚʳʧʦʣʥʠʪʴ ʩʲʝʤʢʫ, ʧʨʦʠʟʚʝʩʪʠ ʝʝ ʢʘʤʝʨʘʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ 

ʠ ʚʳʥʝʩʪʠ ʜʘʥʥʳʝ ʚ ʮʠʬʨʦʚʫʶ ʤʦʜʝʣʴ, ʛʝʦʜʝʟʠʩʪʫ-ʪʦʧʦʛʨʘʬʫ ʥʝʦʙʭʦʜʠʤʦ ʟʘʪʨʘʪʠʪʴ 10-15 

ʤʠʥʫʪ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ RʊK-ʨʝʞʠʤʘ (ʙʝʟ ʧʦʩʪʦʙʨʘʙʦʪʢʠ, ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʣʫʯʝʥʠʷ 

ʢʦʦʨʜʠʥʘʪ ʧʣʘʥʦʚʦ-ʚʳʩʦʪʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʤʦʤʝʥʪ ʩʲʝʤʢʠ) ʝʱʝ ʙʦʣʝʝ 

ʫʩʢʦʨʷʝʪ ʵʪʦʪ ʧʨʦʮʝʩʩ. 

ʇʨʠʤʝʥʝʥʠʝ ʧʦʜʦʙʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʨʠʩ. 1) ʧʦʟʚʦʣʷʝʪ ʦʪʢʘʟʘʪʴʩʷ ʦʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʪʦʧʦʛʨʘʬʦ-ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ, ʚʳʧʦʣʥʷʪʴ ʚʩʝ 

ʠʟʤʝʨʝʥʠʷ ʙʝʟ ʛʦʨʥʦʨʘʙʦʯʝʛʦ, ʩʚʝʩʪʠ ʢ ʤʠʥʠʤʫʤʫ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʰʠʙʦʢ, 

ʚʳʟʚʘʥʥʳʭ ʧʦʛʦʜʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʠ ʩʫʙʲʝʢʪʠʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ. 
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ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʘ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ ʪʦʧʦʛʨʘʬʦ-ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ GPS ʦʙʦʨʫʜʦʚʘʥʠʷ 

 

ɼʣʷ ʚʚʦʜʘ ʜʘʥʥʳʭ ʩ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʚ ʩʠʩʪʝʤʫ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ: ʜʠʩʪʘʥʮʠʦʥʥʳʝ ʙʝʩʧʨʦʚʦʜʥʳʝ ï ʨʘʜʠʦʢʘʥʘʣʳ ʋʂɺ, GSM, GPRS, 

Bluetooth; ʧʨʦʚʦʜʥʳʝ ð ʯʝʨʝʟ ʧʦʨʪ ʢʦʤʧʴʶʪʝʨʘ RS-232; ʨʫʯʥʦʡ ʚʚʦʜ [2]. 

ʂʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦ ʤʝʨʝ ʚʚʦʜʘ ʜʘʥʥʳʭ ʠʣʠ 

ʵʢʩʧʦʨʪʠʨʫʶʪʩʷ ʥʘʧʨʷʤʫʶ ʩ ʧʨʠʙʦʨʘ. ɺ ʦʜʥʦʡ ʩʲʝʤʢʝ ʤʦʞʥʦ ʚʳʧʦʣʥʷʪʴ ʨʘʩʯʝʪ 

ʢʦʦʨʜʠʥʘʪ, ʢʘʢ ʩ ʦʧʦʨʥʦʡ, ʪʘʢ ʠ ʩ ʧʝʨʝʭʦʜʥʦʡ ʪʦʯʝʢ. 

ʈʘʩʩʯʠʪʘʥʥʳʝ ʧʠʢʝʪʥʳʝ ʪʦʯʢʠ ʤʦʛʫʪ ʙʳʪʴ ʟʘʥʝʩʝʥʳ ʚ ʪʘʙʣʠʮʫ ʦʧʦʨʥʳʭ ʪʦʯʝʢ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʝ ʜʣʷ ʣʶʙʦʡ ʟʘʜʘʯʠ ʤʦʜʫʣʷ. ɺʩʝ ʩʲʝʤʦʯʥʳʝ ʜʘʥʥʳʝ 

ʤʦʛʫʪ ʙʳʪʴ ʥʘʧʨʷʤʫʶ ʧʝʨʝʜʘʥʳ ʚ ʛʨʘʬʠʯʝʩʢʠʡ ʨʝʜʘʢʪʦʨ, ʛʜʝ ʚʳʧʦʣʥʷʝʪʩʷ ʜʘʣʴʥʝʡʰʘʷ 

ʦʙʨʘʙʦʪʢʘ ʛʨʘʬʠʢʠ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʜʪʚʝʨʞʜʝʥʘ 

ʧʨʘʢʪʠʯʝʩʢʠʤ ʦʧʳʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʥʘ ʤʥʦʛʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʙʣʠʞʥʝʛʦ ʠ 

ʜʘʣʴʥʝʛʦ ʟʘʨʫʙʝʞʴʷ. 

ʆʩʥʦʚʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʧʨʝʜʣʘʛʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʫʱʝʩʪʚʫʶʱʠʭ, 

ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ, ʧʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ ʚ ʣʶʙʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, 

ʤʦʙʠʣʴʥʦʩʪʴ, ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʠ ʧʨʦʩʪʦʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪ ʧʦ ʢʦʤʧʣʝʢʩʥʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʦʨʜʠʥʘʪ 

ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʩʲʝʤʦʢ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʫʱʝʩʪʚʫʶʱʝʛʦ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʫʪʠ ʩʦʩʪʘʚʣʷʝʪ 20 ʢʤ ʟʘ ʦʜʠʥ ʨʘʙʦʯʠʡ ʜʝʥʴ. 

ɺ ʂʘʟʘʭʩʪʘʥʝ  ʠʤʝʝʪʩʷ ʦʧʳʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʜʠʦʢʘʥʘʣʦʚ ʋʂɺ, GSM, GPRS, 

Bluetooth, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʝ ʪʘʭʝʦʤʝʪʨʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʫʪʠ ʠ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʩʲʝʤʦʢ. ʆʜʥʘʢʦ ʰʠʨʦʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʥʝ ʧʦʣʫʯʠʣʠ.  

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ 

ʂʘʟʘʭʩʪʘʥʘ ʥʝʦʙʭʦʜʠʤʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ɻʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʙʫʜʫʪ ʩʦʩʪʘʚʣʷʪʴ ʢʦʦʨʜʠʥʘʪʥʳʝ ʤʦʜʝʣʠ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʧʫʪʝʡ, ʤʘʪʝʨʠʘʣʴʥʳʝ ʥʦʩʠʪʝʣʠ ʢʦʦʨʜʠʥʘʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʫʩʢʦʨʝʥʠʝ 

ʚʨʝʤʝʥʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ. 

 
ʃʀʊɽʈɸʊʋʈɸ 

[1] ʆʙʱʠʝ ʧʨʠʥʮʠʧʳ ʠ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ http://privetstudent.com. 

[2] ɹʣʦʛ ʢʦʤʧʘʥʠʠ KAI http://blog.kai.ua. 
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ʅɸʇʈʗɾɽʅʀɽ ɺ ʕʃɽʄɽʅʊɸʍ ʄɽʊɸʃʃʀʏɽʉʂʀʍ ɾɽʃɽɿʅʆɼʆʈʆɾʅʓʍ 

ʄʆʉʊʆɺ ʇʈʀ ɺʆɿɼɽʁʉʊɺʀʀ ʇʆɼɺʀɾʅʆɻʆ ʉʆʉʊɸɺɸ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʦʙʦʩʥʦʚʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʦʙʠʣʴʥʳʭ 

ʠʟʤʝʨʠʪʝʣʴʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʠ ʦʙʩʣʝʜʦʚʘʥʠʠ ʧʨʦʪʷʞʝʥʥʳʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʤʦʩʪʦʚ, ʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʘʧʨʷʞʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʵʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʠʠ ʬʝʨʤʳ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʩʪ, ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʬʝʨʤʘ, ʥʘʧʨʷʞʝʥʠʷ. 

ɸשʜʘʪʧʘ. ʄʘץʘʣʘʜʘ ʪʝʤʽʨ ʞʦʣ ʢᴇʧʽʨʣʝʨʽʥʽש ʘʫʳʨ ʤʝʪʘʣʜʘʨʜʳש ʘʨʘʣʳץ 

 ʡʝʣʝʨʽʥװʨʳʣʳʤʜʘʨʳʥ ʪʝʢʩʝʨʫ ʢʝʟʽʥʜʝ ʞʳʣʞʳʤʘʣʳ ᴇʣʰʝʫ ʞᴅʥʝ ʝʩʝʧʪʝʫ ʞײץ

ʧʘʡʜʘʣʘʥʫʜʳʥ ץʘʞʝʪʪʽʣʽʛʽ, ʩʦʥʜʘʡ-ʘץ ʞʳʣʞʳʤʘʣʳ ײץʨʘʤʥʳש ᴅʨʢʝʣʢʽ ʪװʨʣʝʨʽʥʽש ᴅʩʝʨʽ 

ʙʦʡʳʥʰʘ ʬʝʨʤʘ ʰʘʨʫʘ ץʦʞʘʣʳסʳʥʳש ʵʣʝʤʝʥʪʪʝʨʽʥʜʝ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ʢʝʨʥʝʫ. 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ʂᴇʧʽʨ, ʤʝʪʘʣʣ ʬʝʨʤʘ, ʢʝʨʥʝʫ. 

ɸbstract. The necessity of application of mobile measuring and computing systems 

during the examination of extended metal span structures of railway bridges is proved in the 

article, and also the stresses appearing in the elements of the construction of the farm under the 

influence of different types of rolling stock are presented.  

Key words. Bridge, metal truss, tension. 

 

ɺʚʝʜʝʥʠʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʪʨʘʥʘʭ ɽʚʨʦʧʳ, ɸʟʠʠ ʠ ʉʐɸ ʧʨʦʚʦʜʷʪʩʷ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʦʮʝʥʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʜʠʘʛʥʦʩʪʠʢʠ 

ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʧʦ ʜʠʥʘʤʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ. ʆʩʦʙʝʥʥʦ 

ʟʘʤʝʪʥʳʡ ʧʨʦʨʳʚ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʦʠʟʦʰʝʣ ʚ 90-ʭ ʛʛ. ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ, ʢʦʛʜʘ 

ʙʳʣʠ ʩʦʟʜʘʥʳ ʤʦʱʥʳʝ ʧʦʨʪʘʪʠʚʥʳʝ ʢʦʤʧʴʶʪʝʨʳ, ʠ ʦʮʝʥʢʘ ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʅɼʉ) ʩʠʩʪʝʤʳ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʥʘʛʨʫʟʦʢ ʩʪʘʣʘ 

ʚʦʟʤʦʞʥʳʤ ʠ ʜʦʩʪʫʧʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʠʥʞʝʥʝʨʦʚ-ʧʨʘʢʪʠʢʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʩʠʩʪʝʤ (ɸʀʉ) ʜʣʷ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʚ ʧʨʦʮʝʩʩʝ 

ʠʩʧʳʪʘʥʠʡ. ɽʩʣʠ ʞʝ ʪʨʝʙʫʝʪʩʷ ʦʩʫʱʝʩʪʚʠʪʴ ʤʦʥʠʪʦʨʠʥʛ, ʪ.ʝ. ʜʣʠʪʝʣʴʥʦʝ ʥʘʙʣʶʜʝʥʠʝ ʟʘ 

ʩʦʩʪʦʷʥʠʝʤ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʦʦʨʫʞʝʥʠʷ, ʪʦ ɸʀʉ ʦʢʘʟʳʚʘʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʦ ʧʨʠʝʤʣʝʤʦʡ, ʪ.ʢ. 

ʦʥʘ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʧʦʣʥʦʩʪʴʶ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʥʘʙʣʶʜʘʪʝʣʝʡ, ʥʦ ʠ 

ʤʦʞʝʪ ʩʥʘʙʞʘʪʴʩʷ ʩʠʩʪʝʤʦʡ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʅɼʉ ʤʦʩʪʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɸʀʉ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʛʣʫʙʦʢʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʠ ʥʘʭʦʜʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʰʝʥʠʷ ʧʦ ʧʦʚʳʰʝʥʠʶ ʠʭ 

ʥʘʜʝʞʥʦʩʪʠ. 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ, ʠʭ ʠʩʧʳʪʳʚʘʶʪ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [1] ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʵʣʝʤʝʥʪʦʚ, 

ʦʩʦʙʝʥʥʦ ʧʨʠ ʥʘʣʠʯʠʠ ʜʝʬʝʢʪʦʚ ʠ ʧʦʚʨʝʞʜʝʥʠʡ, ʚʣʠʷʥʠʝ ʢʦʪʦʨʳʭ ʥʘ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ 

ʪʨʫʜʥʦ ʫʯʝʩʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ʇʨʦʬʝʩʩʦʨ ʅ.ɻ. ɹʦʥʜʘʨʴ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ [2] ʦʧʨʝʜʝʣʠʣ 

ʧʝʨʚʦʩʪʝʧʝʥʥʫʶ ʟʘʜʘʯʫ, ʧʦʜʣʝʞʘʱʫʶ ʠʟʫʯʝʥʠʶ ʚ ʨʘʤʢʘʭ ʧʨʦʙʣʝʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 
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ʤʦʩʪʦʚ ʠ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ: ʚʳʷʚʣʝʥʠʝ ʠ ʘʥʘʣʠʟ ʫʩʣʦʚʠʡ, ʧʨʠ ʢʦʪʦʨʳʭ ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʜʝʬʦʨʤʘʮʠʠ ʠ ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʩʠʩʪʝʤʝ çʤʦʩʪ-ʧʦʝʟʜè ʠʤʝʶʪ ʥʘʠʙʦʣʝʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʝ 

ʩʦʯʝʪʘʥʠʝ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ʊʘʢ ʢʘʢ ʥʘʛʨʫʟʢʘ ʦʪ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚ ʤʝʩʪʘʭ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʦʩʝʡ ʪʝʣʝʞʝʢ, ʧʨʦʛʠʙʳ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʙʫʜʫʪ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʠʟʛʠʙʥʳʤ ʜʝʬʦʨʤʘʮʠʷʤ ʠ ʚʩʝʛʜʘ ʤʦʞʥʦ ʥʘʡʪʠ ʜʚʘ ʝʝ ʧʦʣʦʞʝʥʠʷ, ʜʘʶʱʠʝ 

ʥʘʠʙʦʣʴʰʠʡ ʠ ʥʘʠʤʝʥʴʰʠʡ ʩʪʘʪʠʯʝʩʢʠʡ ʧʨʦʛʠʙʳ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ.  

ʆʪ ʠʟʤʝʨʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʠʟʛʠʙʥʳʭ ʜʝʬʦʨʤʘʮʠʡ, ʟʥʘʷ ʨʘʩʯʝʪʥʳʡ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ 

ʤʘʪʝʨʠʘʣʘ ʢʦʥʩʪʨʫʢʮʠʠ, ʩʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ɻʫʢʘ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʧʝʨʝʭʦʜ ʢ ʬʘʢʪʠʯʝʩʢʠʤ 

ʥʘʧʨʷʞʝʥʠʷʤ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʩʪʘ. ʇʝʨʠʦʜʠʯʝʩʢʦʝ ʧʨʦʚʝʜʝʥʠʝ ʠʟʤʝʨʝʥʠʡ ʜʝʬʦʨʤʘʮʠʡ 

(ʥʘʧʨʷʞʝʥʠʡ) ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ ʧʦʜ ʧʦʜʚʠʞʥʦʡ ʥʘʛʨʫʟʢʦʡ ʚ ʪʝʯʝʥʠʝ 2-3 

ʣʝʪ ʧʦʟʚʦʣʠʪ ʧʨʦʠʟʚʝʩʪʠ ʧʨʦʛʥʦʟ ʠʟʤʝʥʝʥʠʷ ʝʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʠ ʦʧʨʝʜʝʣʠʪʴ 

ʦʩʪʘʪʦʯʥʳʡ ʨʝʩʫʨʩ ʧʦ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ [3-4]. 

ʄʝʪʦʜ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. ʈʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʥʘʧʨʠʤʝʨ, ʥʘʧʨʷʞʝʥʠʡ ʚ ʵʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ, ʤʦʛʫʪ ʙʳʪʴ 

ʦʧʨʝʜʝʣʝʥʳ ʢʘʢ ʠʥʞʝʥʝʨʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʪʘʢ ʠ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʨʘʩʯʝʪʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʨʝʘʣʠʟʫʶʱʠʭ ʤʝʪʦʜʳ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (MIDAS 

Civil, APM Civil Engineering, ʄʦʜʫʣʴ APM Structure3D, Cosmos M).  

ʇʨʝʠʤʫʱʝʩʪʚʦ ʧʨʠʤʝʥʝʥʠʷ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʭ ʤʦʜʝʣʝʡ ʩʦʩʪʦʠʪ ʚ ʚʦʟʤʦʞʥʦʩʪʠ 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʚ ʢʦʥʩʪʨʫʢʮʠʠ, ʘʜʘʧʪʠʨʫʷ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʢ 

ʨʝʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʦ ʦʪʢʣʦʥʝʥʠʶ ʬʘʢʪʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʦʪ ʨʘʩʯʝʪʥʳʭ 

ʟʥʘʯʝʥʠʡ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʩʪʝʧʝʥʠ ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ 

ʤʦʩʪʘ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʪʘʢʞʝ ʠ ʧʣʘʥʦʚʳʡ ʧʝʨʝʭʦʜ ʥʘ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʝʤ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ (ɸʉʋ 

ʀʉʉʆ) ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʮʠʬʨʦʚʦʤ ʚʠʜʝ) ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʩʣʝʜʦʚʘʥʠʡ, 

ʠʩʧʳʪʘʥʠʡ, ʠʭ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʤʦʥʠʪʦʨʠʥʛʘ. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ.ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʥʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʥʘʧʨʷʞʝʥʠʡ ʦʪ ʧʦʝʟʜʥʦʡ ʥʘʛʨʫʟʢʠ ʚ ʵʣʝʤʝʥʪʘʭ ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʦʩʪʘ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʚ 1929 ʛʦʜʫ. ʇʨʦʣʝʪʥʳʝ ʩʪʨʦʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʬʝʨʤʘʤʠ ʩ ʧʦʣʠʛʦʥʘʣʴʥʳʤ ʦʯʝʨʪʘʥʠʝʤ ʚʝʨʭʥʝʛʦ ʧʦʷʩʘ.  

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʤʦʩʪʦʚʦʛʦ ʧʝʨʝʭʦʜʘ. 
 

 
 

ʈʠʩʫʥʦʢ 1  ï ʉʭʝʤʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʦʩʪʘ  

 

ʅʘ ʤʦʩʪʫ ʥʘ ʦʧʦʨʳ ʫʩʪʘʥʦʚʣʝʥʳ ʧʷʪʴ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʬʝʨʤ ʚ ʨʫʩʣʦʚʦʡ ʯʘʩʪʠ ʨʝʢʠ ʩ 

ʨʘʩʯʸʪʥʳʤ ʧʨʦʣʸʪʦʤ Lp=109,2ʤ ʩ ʝʟʜʦʡ ʧʦʥʠʟʫ. ʂʣʸʧʘʥʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʬʝʨʤʳ ʙʳʣʠ 

ʠʟʛʦʪʦʚʣʝʥʳ ʚ 1928ʛ. ʠʟ ʉʪ.3 ʧʦ ʥʦʨʤʘʤ 1921ʛ. ʌʝʨʤʳ ï ʩ ʧʦʣʠʛʦʥʘʣʴʥʳʤ ʚʝʨʭʥʠʤ ʧʦʷʩʦʤ 

ʠ ʪʨʝʫʛʦʣʴʥʦʡ ʨʝʰʸʪʢʦʡ ʩʦ ʰʧʨʝʥʛʝʣʷʤʠ, ʦʙʲʝʜʠʥʝʥʳ ʩ ʧʦʤʦʱʴʶ ʧʨʦʜʦʣʴʥʳʭ ʠ 

ʧʦʧʝʨʝʯʥʳʭ ʩʚʷʟʝʡ ʠ ʙʘʣʦʯʥʦʡ ʢʣʝʪʢʦʡ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ. ɺ ʚʦʩʴʤʦʡ ʧʘʥʝʣʠ ʢʘʞʜʦʛʦ 

ʨʫʩʣʦʚʦʛʦ ʧʨʦʣʸʪʥʦʛʦ ʩʪʨʦʝʥʠʷ ʫʩʪʨʦʝʥ ʜʝʬʦʨʤʘʮʠʦʥʥʳʡ (ʪʝʤʧʝʨʘʪʫʨʥʳʡ) ʨʘʟʨʳʚ 

ʧʨʦʜʦʣʴʥʳʭ ʙʘʣʦʢ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ ʩ ʦʧʠʨʘʥʠʝʤ ʢʦʥʮʘ ʧʨʦʜʦʣʴʥʦʡ ʙʘʣʢʠ ʥʘ 

ʤʝʪʘʣʣʠʯʝʩʢʠʡ çʩʪʦʣʠʢè, ʧʨʠʢʨʝʧʣʸʥʥʳʡ ʢ ʩʪʝʥʢʝ ʧʦʧʝʨʝʯʥʦʡ ʙʘʣʢʠ. ʂʘʞʜʘʷ ʬʝʨʤʘ 

ʩʦʩʪʦʠʪ ʠʟ 16 ʨʘʚʥʳʭ ʧʘʥʝʣʝʡ ʜʣʠʥʦʡ 6,825ʤ, ʚʳʩʦʪʘ ʬʝʨʤʳ ʥʘ ʦʧʦʨʝ ï 7,8ʤ, ʚ ʩʝʨʝʜʠʥʝ 
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ʬʝʨʤʳ ï 18,2ʤ, ʨʘʩʩʪʦʷʥʠʝ ʧʦ ʦʩʷʤ ʬʝʨʤ ï 6,1ʤ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʩʷʤʠ ʧʨʦʜʦʣʴʥʳʭ 

ʙʘʣʦʢ ï 2,0ʤ. ʉʦʝʜʠʥʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚʳʧʦʣʥʝʥʳ ʥʘ ʟʘʢʣʝʧʢʘʭ. 

ʉʭʝʤʘ ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ 1-5 ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2, ʥʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ 

ʨʘʩʩʪʘʥʦʚʢʠ ʪʝʥʟʦʜʘʪʯʠʢʦʚ ʥʘ ʵʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ 1 ʠ 5. 
 

 
 

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ 1-5  
 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ [1] ʧʨʠ ʧʦʤʦʱʠ 

ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ 

ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʠ ʧʦʚʝʨʝʥʥʳʭ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ ʚʝʜʫʱʠʭ ʤʠʨʦʚʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. 

ʂʦʤʧʣʝʢʩ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʧʨʝʮʠʟʠʦʥʥʳʝ (ʚʳʩʦʢʦʪʦʯʥʳʝ) ʠʟʤʝʨʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʚ ʵʣʝʤʝʥʪʘʭ ʧʫʪʠ ʠ ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ ʤʦʩʪʦʚ ʦʪ 

ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ 16 ʩʝʯʝʥʠʷʭ ʧʨʠ ʦʙʱʝʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ 

ʜʦ 500 ʤ.  
 

 
 

ʈʠʩʫʥʦʢ 3 ïʉʭʝʤʘ ʨʘʩʩʪʘʥʦʚʢʠ ʪʝʥʟʦʜʘʪʯʠʢʦʚ ʥʘ ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʷʭ 1 ʠ 5: 

ʊ1 ï ʊʝʥʟʦʜʘʪʯʠʢ ˉ1, ʥʘ ʥʠʞʥʝʤ ʧʦʷʩʝ ʣʝʚʦʡ ʬʝʨʤʳ; ʊ2 ï ʊʝʥʟʦʜʘʪʯʠʢ ˉ2, ʥʘ ʧʦʧʝʨʝʯʥʦʡ ʙʘʣʢʝ 

ˉ8 ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ; ʊ3 ï ʊʝʥʟʦʜʘʪʯʠʢ ˉ3, ʥʘ ʧʨʘʚʦʡ ʧʨʦʜʦʣʴʥʦʡ ʙʘʣʢʝ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ 8-9; 

ʊ4 ï ʊʝʥʟʦʜʘʪʯʠʢ ˉ4, ʥʘ ʥʠʞʥʝʤ ʧʦʷʩʝ ʧʨʘʚʦʡ ʬʝʨʤʳ; ʊ5 ï ʊʝʥʟʦʜʘʪʯʠʢ ˉ5, ʥʘ ʧʨʘʚʦʡ 

ʧʨʦʜʦʣʴʥʦʡ ʙʘʣʢʝ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ 7-8; 

ʊ6 ï ʊʝʥʟʦʜʘʪʯʠʢ ˉ6, ʥʘ ʣʝʚʦʡ ʧʨʦʜʦʣʴʥʦʡ ʙʘʣʢʝ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ 7-8; 

ʊ7 ï ʊʝʥʟʦʜʘʪʯʠʢ ˉ7, ʥʘ ʣʝʚʦʡ ʧʨʦʜʦʣʴʥʦʡ ʙʘʣʢʝ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ 8-9. 

 

ʂʣʘʩʩ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ï 0,1, ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʠʚʝʜʝʥʥʳʭ ʚ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʦʚ  ʠʟʤʝʨʝʥʠʡ ʥʘʭʦʜʠʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 5 ʜʦ 7%. 

ʂʦʤʧʣʝʢʩ ʘʧʨʦʙʠʨʦʚʘʥ ʥʘ ʨʷʜʝ ʦʙʲʝʢʪʦʚ ɸʆ çʅʂ çʂʊɾè ʠ ʧʦʢʘʟʘʣ ʭʦʨʦʰʠʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʩʠʣʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʤʦʩʪʦʚ 

ʢʦʤʧʦʟʠʪʥʳʤ ʤʘʪʝʨʠʘʣʦʤ [5-6] ʠ ʦʧʨʝʜʝʣʝʥʠʠ ʚʣʠʷʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʧʫʪʴ ʠ ʧʨʦʣʝʪʥʳʝ ʩʪʨʦʝʥʠʷ ʤʦʩʪʦʚ [7-14]. 
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ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ, ʥʘ ʨʠʩ. 4-7 ʧʨʠʚʝʜʝʥʳ ʜʠʘʛʨʘʤʤʳ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʚ 

ʵʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ 1 ʧʨʠ ʧʨʦʭʦʜʝ ʧʦ ʧʨʦʣʝʪʥʦʤʫ ʩʪʨʦʝʥʠʶ 

ʪʝʧʣʦʚʦʟʘ ʊʕɿ3ɸ ʩ ʛʨʫʟʦʚʳʤ ʩʦʩʪʘʚʦʤ (çʩʙʦʨʢʠè) ʩʦ ʩʢʦʨʦʩʪʴʶ 25 ʢʤ/ʯ. 

ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʠʘʛʨʘʤʤ, ʚʠʜʥʦ (ʨʠʩ. 4 ʘ, ʙ), ʯʪʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʣʝʚʦʤ ʠ ʧʨʘʚʦʤ 

ʧʦʷʩʘʭ ʬʝʨʤ ʦʪʣʠʯʘʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ (ʚ ʧʨʝʜʝʣʘʭ 2 ʄʇʘ). ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʜʚʠʞʥʦʡ ʥʘʛʨʫʟʢʠ ʚ ʧʣʦʩʢʦʩʪʠ ʧʦʧʝʨʝʢ ʤʦʩʪʘ 

ʠ ʦʪʩʫʪʩʪʚʠʝ ʩʤʝʱʝʥʠʷ ʦʩʠ ʧʫʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ.  
 

 
ʈʠʩʫʥʦʢ 4 ï ʀʟʤʝʥʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʚ ʣʝʚʦʤ (ʘ) ʠ ʧʨʘʚʦʤ (ʙ) ʥʠʞʥʠʭ ʧʦʷʩʘʭ ʬʝʨʤ  (ʧʘʥʝʣʴ 8-9) 

ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ 1 ʧʨʠ ʧʨʦʭʦʜʝ ʪʝʧʣʦʚʦʟʘ ʊʕɿ3ɸ ʩ ʛʨʫʟʦʚʳʤ ʩʦʩʪʘʚʦʤ (çʩʙʦʨʢʠè) 
 

ɼʠʘʛʨʘʤʤʳ ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʦʷʩʘʭ ʬʝʨʤ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʜʠʘʛʨʘʤʤ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʵʣʝʤʝʥʪʘʭ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ, ʢʘʢ ʧʦ ʚʥʝʰʥʝʤʫ ʚʠʜʫ, ʪʘʢ ʠ ʧʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʥʘʧʨʷʞʝʥʠʡ ʠ ʠʭ ʢʘʯʝʩʪʚʝʥʥʦʤʫ ʩʦʩʪʘʚʫ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘʠʙʦʣʴʰʠʝ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ ʧʨʦʜʦʣʴʥʦʡ ʙʘʣʢʝ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ (ʧʘʥʝʣʴ 7-8) ʧʨʦʣʝʪʥʦʛʦ 

ʩʪʨʦʝʥʠʷ 1 ʥʘʙʣʶʜʘʶʪʩʷ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʣʦʢʦʤʦʪʠʚʘ ʧʨʠ ʟʘʭʦʜʝ ʥʘ ʤʦʩʪ ʠ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ 

ʛʨʫʞʝʥʳʭ ʙʫʥʢʝʨʦʚ ʚ ʩʝʨʝʜʠʥʝ ʠ ʛʨʫʞʝʥʳʭ ʧʦʣʫʚʘʛʦʥʦʚ ʚ ʢʦʥʮʝ ʩʦʩʪʘʚʘ (ʨʠʩ. 5 ʘ, ʙ), ʠ 

ʦʥʠ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʦʟʥʘʯʥʳ ʧʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. 
 

 
 

ʈʠʩʫʥʦʢ 5 ï ʀʟʤʝʥʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʚ ʣʝʚʦʡ (ʘ) ʠ ʧʨʘʚʦʡ (ʙ) ʧʨʦʜʦʣʴʥʦʡ ʙʘʣʢʝ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ 

(ʧʘʥʝʣʴ 7-8) ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ 1 ʧʨʠ ʧʨʦʭʦʜʝ ʪʝʧʣʦʚʦʟʘ ʊʕɿ3ɸ ʩ ʛʨʫʟʦʚʳʤ ʩʦʩʪʘʚʦʤ (çʩʙʦʨʢʠè) 
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ʅʘʠʙʦʣʴʰʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʧʦʷʩʘʭ ʬʝʨʤ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʪʝʭ ʞʝ 

ʛʨʫʞʝʥʳʭ ʙʫʥʢʝʨʦʚ ʚ ʩʝʨʝʜʠʥʝ ʠ ʛʨʫʞʝʥʳʭ ʧʦʣʫʚʘʛʦʥʦʚ ʚ ʢʦʥʮʝ ʩʦʩʪʘʚʘ, ʚ 2 ʨʘʟʘ 

ʧʨʝʚʳʰʘʶʪ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʣʦʢʦʤʦʪʠʚʘ (ʨʠʩ. 4 ʘ, ʙ). 

ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ, ʚʦ-ʧʝʨʚʳʭ, ʪʝʤ, ʯʪʦ ʚ ʛʦʣʦʚʝ ʩʦʩʪʘʚʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʦʨʦʞʥʠʝ 

ʮʠʩʪʝʨʥʳ ʠ ʧʦʣʫʚʘʛʦʥʳ, ʘ, ʚʦ-ʚʪʦʨʳʭ, ʧʨʠ ʜʚʠʞʝʥʠʠ ʩ ʤʘʣʦʡ ʩʢʦʨʦʩʪʴʶ (25 ʢʤ/ʯ) 

ʧʨʦʣʝʪʥʦʝ ʩʪʨʦʝʥʠʝ ʝʱʝ ʥʝ ʧʦʣʥʦʩʪʴʶ ʟʘʛʨʫʞʝʥʦ. 

ʅʘʧʨʷʞʝʥʠʷ ʚ ʧʦʧʝʨʝʯʥʦʡ ʙʘʣʢʝ (8) ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ 1 ʧʨʠ 

ʧʨʦʭʦʜʝ ʛʨʫʞʝʥʳʭ ʙʫʥʢʝʨʦʚ ʚ ʩʝʨʝʜʠʥʝ ʠ ʛʨʫʞʝʥʳʭ ʧʦʣʫʚʘʛʦʥʦʚ ʚ ʢʦʥʮʝ ʩʦʩʪʘʚʘ (ʨʠʩ. 6) 

ʥʝ ʧʘʜʘʶʪ ʥʠʞʝ 12 ʄʇʘ. 

 

 
ʈʠʩʫʥʦʢ 6 ï ʀʟʤʝʥʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʦʧʝʨʝʯʥʦʡ ʙʘʣʢʝ (8) ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ 1 

ʧʨʠ ʧʨʦʭʦʜʝ ʪʝʧʣʦʚʦʟʘ ʊʕɿ3ɸ ʩ ʛʨʫʟʦʚʳʤ ʩʦʩʪʘʚʦʤ (çʩʙʦʨʢʠè) 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʧʨʦʭʦʜʝ ʜʘʥʥʦʛʦ ʩʦʩʪʘʚʘ 

ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ ʧʨʦʜʦʣʴʥʳʭ ʙʘʣʢʘʭ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ (ʧʘʥʝʣʴ 8-9) 

ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ 1 (ʨʠʩ. 7 ʘ, ʙ). 

 

 
 

ʈʠʩʫʥʦʢ 7 ïʀʟʤʝʥʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʚ ʣʝʚʦʡ (ʘ) ʠ ʧʨʘʚʦʡ (ʙ) ʧʨʦʜʦʣʴʥʦʡ ʙʘʣʢʝ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ 

(ʧʘʥʝʣʴ 8-9) ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ 1 ʧʨʠ ʧʨʦʭʦʜʝ ʪʝʧʣʦʚʦʟʘ ʊʕɿ3ɸ ʩ ʛʨʫʟʦʚʳʤ ʩʦʩʪʘʚʦʤ (çʩʙʦʨʢʠè) 
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ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʣʦʞʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʢʣʘʩʩ ʤʦʩʪʘ 

(ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ ʤʦʩʪʘ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʘʤʦʤʫ ʩʣʘʙʦʤʫ ʵʣʝʤʝʥʪʫ ʩʘʤʦʛʦ ʜʝʬʝʢʪʥʦʛʦ 

ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ. ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʢʩʪʨʝʤʫʤʳ ʠʟʤʝʨʝʥʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ 

ʵʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ 1 ʠ 5, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ. ɺʠʜʥʦ, ʯʪʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʨʦʜʦʣʴʥʳʭ ʙʘʣʢʘʭ 

ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ 1 ʟʥʘʯʠʪʝʣʴʥʦ (ʥʘ 30-35%) ʧʨʝʚʳʰʘʶʪ ʥʘʧʨʷʞʝʥʠʷ ʚ 

ʘʥʘʣʦʛʠʯʥʳʭ ʙʘʣʢʘʭ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ 5. 

ʀʩʧʦʣʴʟʫʷ ʩʙʦʨʥʠʢ ʙʘʟʦʚʳʭ ʮʝʥ ʥʘ ʧʨʦʝʢʪʥʳʝ ʠ ʦʙʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʨʘʙʦʪʳ ʜʣʷ 

ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠʥʞʝʥʝʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ [15] (ʜʘʣʝʝ ʉɹʎ), ʚʳʧʦʣʥʠʤ ʨʘʩʯʝʪ ʩʪʦʠʤʦʩʪʠ ʨʘʙʦʪ ʧʦ ʦʙʩʣʝʜʦʚʘʥʠʶ ʧʷʪʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʬʝʨʤ ʚ ʨʫʩʣʦʚʦʡ ʯʘʩʪʠ ʨʝʢʠ ʀʨʪʳʰ ʩ ʨʘʩʯʸʪʥʳʤ ʧʨʦʣʸʪʦʤ Lp = 109,2ʤ. 

ʉʪʦʠʤʦʩʪʴ ʦʙʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ  ʨʘʙʦʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

C = (a+b* Lʤ)*K 1 *K 2*K 3*K 4*K 5   

 

ʛʜʝ:  

C  ï   ʩʪʦʠʤʦʩʪʴ ʦʙʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ  ʨʘʙʦʪ, ʪʳʩ. ʨʫʙ.; 

ʘ ʠ b ï ʧʦʩʪʦʷʥʥʳʝ ʚʝʣʠʯʠʥʳ ʩʪʦʠʤʦʩʪʠ ʦʙʩʣʝʜʦʚʘʥʠʷ, ʪʳʩ. ʨʫʙ.; 

a = 4,52 ʠ b = 0,01, ʝʩʣʠ ʜʣʠʥʘ ʤʦʩʪʘ  ʩʚʳʰʝ 500 ʜʦ 800ʤ (ʉɹʎ, ʛʣʘʚʘ 1.2. ʪʘʙʣ. 1.5,                

ʧ. 5);  

Lʤ ï ʜʣʠʥʘ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ (Lʤ = 109,2ʭ5=546 ʤ)                                                                                    

K1 = 1,0 (ʉɹʎ, ʛʣʘʚʘ 1.2, ʧ. 1.2.6); 

ʂ2 = 1,1 (ʉɹʎ, ʛʣʘʚʘ 1.2, ʧ. 1.2.2); 

ʂ3= 1,5 (ʉɹʎ, ʛʣʘʚʘ 1.2, ʧ. 1.2.4);                              

ʂ4= 1,7 (ʉɹʎ, ʛʣʘʚʘ 1.2, ʧ. 1.2.3. ʪʘʙʣ. 1.4);  

ʂ5= 1,2 (ʉɹʎ, ʛʣʘʚʘ 1.2, ʧ. 1.2.5).  

 

C = (4,52 +0,01* 546)* 1,0 *1,1*1,5*1,7*1,2 = 33,592 ʪʳʩ. ʨʫʙ. 

 

ʊʨʫʜʦʝʤʢʦʩʪʴ ʨʘʙʦʪ ʥʘ ʦʙʲʝʢʪʝ  ʚ ʯʝʣʦʚʝʢʦ-ʜʥʷʭ ʨʘʚʥʘ 0,003 (ʉɹʎ, ʛʣʘʚʘ çʆʙʱʠʝ 

ʫʢʘʟʘʥʠʷ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʮʝʥè, ʧ. 4) ʦʪ ʙʘʟʦʚʦʡ ʮʝʥʳ ʦʙʩʣʝʜʦʚʘʥʠʷ (ʚ ʨʫʙʣʷʭ), ʠʣʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 33592,68ʭ0,003 = 101 ʯʝʣʦʚʝʢʦ-ʜʥʝʡ. ʊʦ ʝʩʪʴ, ʯʪʦʙʳ ʚʳʧʦʣʥʠʪʴ ʨʘʙʦʪʳ ʧʦ 

ʦʙʩʣʝʜʦʚʘʥʠʶ ʧʷʪʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʬʝʨʤ ʚ ʨʫʩʣʦʚʦʡ ʯʘʩʪʠ ʨʝʢʠ, ʙʨʠʛʘʜʝ ʠʟ 5 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦʪʨʝʙʫʝʪʩʷ ʙʦʣʝʝ 20 ʜʥʝʡ. ʂʘʤʝʨʘʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ 

ʦʙʩʣʝʜʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʜʝʬʝʢʪʥʦʛʦ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ ʪʨʝʙʫʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ. ʇʨʠ ʠʤʝʶʱʝʡʩʷ ʙʘʟʝ ʩʦʚʨʝʤʝʥʥʦʡ ʮʠʬʨʦʚʦʡ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʠʙʦʣʝʝ ʜʝʬʝʢʪʥʦʛʦ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ, 

ʪʨʝʤ ʩʦʪʨʫʜʥʠʢʘʤ (1 ʦʧʝʨʘʪʦʨ ʠ 2 ʠʥʞʝʥʝʨʘ) ʧʦʥʘʜʦʙʠʣʦʩʴ 5 ʜʥʝʡ. 

 
ˉ  ̄

ʧ.ʧ. 

ɺʠʜ 

ʧʦʜʚʠʞʥʦʛʦ 

ʩʦʩʪʘʚʘ 

ʅʠʞʥʠʡ 

ʧʦʷʩ 

ʣʝʚʦʡ 

ʬʝʨʤʳ 

ʊ 1 

ʅʠʞʥʠʡ 

ʧʦʷʩ 

ʧʨʘʚʦʡ 

ʬʝʨʤʳ  

ʊ 4 

ʇʨʘʚʘʷ 

ʧʨʦʜʦʣʴʥʘʷ 

ʙʘʣʢʘ 

ʧʨʦʝʟʞʝʡ 

ʯʘʩʪʠ (7-8)  

ʊ 6 

ʃʝʚʘʷ 

ʧʨʦʜʦʣʴʥʘʷ 

ʙʘʣʢʘ 

ʧʨʦʝʟʞʝʡ 

ʯʘʩʪʠ (7-8)  

ʊ 5 

ʇʨʘʚʘʷ  

ʧʨʦʜʦʣʴʥʘʷ 

ʙʘʣʢʘ 

ʧʨʦʝʟʞʝʡ 

ʯʘʩʪʠ (8-9)   

ʊ 3 

ʃʝʚʘʷ  

ʧʨʦʜʦʣʴʥʘʷ 

ʙʘʣʢʘ 

ʧʨʦʝʟʞʝʡ 

ʯʘʩʪʠ (8-9)  

ʊ 7 

ʇʦʧʝʨʝʯʥʘʷ 

ʙʘʣʢʘ 

ʧʨʦʝʟʞʝʡ 

ʯʘʩʪʠ (8)  

 ʊ 2 

1 2 3 4 5 6 7 8 9 

ʀʟʤʝʨʝʥʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʵʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʠʠ ʇʉ 1, ʄʇʘ 

1 ʆʜʠʥʦʯʥʳʡ 

ʉʂɼ6 

-10 -10 28 27 39 38 23 

2 ʆʜʠʥʦʯʥʳʡ 

ʊʕ33ɸ 

-9, -9 -10, -9 32, 29 28, 30 42, 41 39, 41 25, 26 

3 ʊʘʣʴʛʦ -14 -14 31 28 38 41 26 
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4 ʇʘʩʩʘʞʠʨʩʢʠʡ -12, -12, -

12, 

-14, -12, -

12 

-12, -12, -

12, 

-9, -12, -12 

30, 30, 30, 

30, 31, 32 

28, 26, 27, 

28, 27, 28 

40, 41, 40, 

40, 43, 41 

41, 40, 38, 

38, 40, 40 

26, 26, 26, 

27, 26, 26 

5 ɻʨʫʟʦʚʦʡ 

ʧʦʨʦʞʥʠʡ 

-19, -11, -

12 

-19, -11, -

11 

27, 30, 28 28, 26, 28 39, 42, 40 40, 39, 41 28, 26, 27 

6 ɻʨʫʟʦʚʦʡ 

ʛʨʫʞʝʥʳʡ 

-26 -28 29 27 38 41 29 

7 ɻʨʫʟʦʚʦʡ 

ʩʙʦʨʥʳʡ 

-25, -22,-

24,-25, -

28 

-28, -21, -

25, 

-24, -28 

30, 31, 30, 

28, 29 

28, 28, 28, 

25,27 

41, 41, 42, 

38, 39 

40, 40, 39, 

37, 42 

28, 28, 29, 

28, 30 

ʀʟʤʝʨʝʥʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʵʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʠʠ ʇʉ 5, ʄʇʘ 

8 ʆʜʠʥʦʯʥʳʡ 

ʉʂɼ6 

-10 -10 33 32 25 28 25 

9 ʆʜʠʥʦʯʥʳʡ 

ʊʕ33ɸ 

-10, -10 -10, -11 34, 34 34, 34 28, 25 29, 30 26, 27 

10 ʆʜʠʥʦʯʥʳʡ 

2ʊʕ10ʄ 

-16 -16 33 32 24 27 27 

11 ʉʧʣʦʪʢʘ 

ʪʝʧʣʦʚʦʟʦʚ 

ʊʕ33ɸ ʠ 

ʉʂɼ6 

-16 -17 34 34 26 29 26 

12 ʊʘʣʴʛʦ -12, -12 -13, -12 34, 34 34, 34 27, 26 27, 29 26, 26 

13 ʇʘʩʩʘʞʠʨʩʢʠʡ -13, -14, -

12, 

-12, -12 

-13, -12, -

12, 

-13, -13 

32, 33, 33, 

34, 33 

35, 32, 36, 

32, 36 

27, 26, 23, 

26, 23 

28, 29, 26, 

28, 28 

28, 26, 26, 

26, 26 

14 ɻʨʫʟʦʚʦʡ 

ʧʦʨʦʞʥʠʡ 

-26, -23 -27, -23 34, 33 33, 33 27, 26 24, 25 27, 28 

15 ɻʨʫʟʦʚʦʡ 

ʛʨʫʞʝʥʳʡ 

-27, -27, -

27, 

-26, -26 

-27, -26, -

29, 

-27, -26 

32, 34, 33, 

33, 34 

32, 33, 35, 

32, 32 

23, 26, 25, 

25, 26 

29, 30, 27, 

28, 28 

28, 28, 26, 

29, 29 

16 ɻʨʫʟʦʚʦʡ 

ʩʙʦʨʥʳʡ 

-28, -26 -28, -26 35, 33 34, 35 27, 25 30, 26 29, 28 

 

ɺʳʚʦʜ. ʇʨʠʤʝʥʝʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʠ ʘʥʘʣʠʟʝ ʥʘʧʨʷʞʝʥʠʡ ʚ 

ʵʣʝʤʝʥʪʘʭ ʬʝʨʤ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ 

ʥʘʠʙʦʣʝʝ ʜʝʬʝʢʪʥʦʝ ʧʨʦʣʝʪʥʦʝ ʩʪʨʦʝʥʠʝ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʪʨʫʜʦʟʘʪʨʘʪʳ ʥʘ 

ʧʨʦʚʝʜʝʥʠʝ ʦʙʩʣʝʜʦʚʘʥʠʷ ʩʦʦʨʫʞʝʥʠʷ. 
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ʇʈʆɹʃɽʄɸ ʊɽʇʃʆɺʆɿɸ ʊʕ33ɸ, ʉ ʂʆʊʆʈʓʄʀ ʉʊʆʃʂʅʋʃʉʗ ʂɸɿɸʍʉʊɸʅ 

 

 ɸʥʥʦʪʘʮʠʷ. ʇʨʠ ʜʚʠʞʝʥʠʠ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʦʩʦʙʝʥʥʦ ʚ ʢʨʠʚʳʭ ʫʯʘʩʪʢʘʭ ʧʫʪʠ, 

ʚʦʟʥʠʢʘʶʪ ʥʘʛʨʫʟʢʠ ʠ ʪʨʝʥʠʝ ʤʝʞʜʫ ʛʨʝʙʥʝʤ ʠ ʛʦʣʦʚʢʦʡ ʥʘʨʫʞʥʦʛʦ ʨʝʣʴʩʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʦʤʫ ʠʟʥʦʩʫ. ʕʪʠ ʥʝʛʘʪʠʚʥʳʝ ʷʚʣʝʥʠʷ ʚʦʟʨʘʩʪʘʶʪ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʜʠʫʩʘ ʢʨʠʚʳʭ, ʨʦʩʪʦʤ ʦʩʝʚʳʭ ʥʘʛʨʫʟʦʢ ʠ ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ. ʊʘʢ, ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʥʘ 10 ʢʤ/ʯ ʧʦʚʳʰʘʶʪʩʷ ʙʦʢʦʚʳʝ ʩʠʣʳ ʥʘ 4ð14 %, ʢʦʪʦʨʳʝ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʜʘʚʣʝʥʠʶ ʢʦʣʝʩʘ ʥʘ ʨʝʣʴʩ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʧʣʦʚʦʟ, ʙʦʢʦʚʦʡ ʠʟʥʦʩ ʨʝʣʴʩʦʚ, ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, 

ʧʦʜʚʠʞʥʦʡ ʩʦʩʪʘʚ, ʙʘʥʜʘʞ ʢʦʣʝʩʥʦʡ ʧʘʨʳ 

ɸשʜʘʪʧʘ. ɾʳʣʞʳʤʘʣʳ ײץʨʘʤ ʞʳʣʞʳʪʳʣסʘʥ ʢʝʟʜʝ, ᴅʩʽʨʝʩʝ ʪʨʘʩʩʘʥʳץ שʠʩʳץ 

ʙᴇʣʽʢʪʝʨʽʥʜʝ, ʞװʢʪʝʤʝʣʝʨ ʤʝʥ װʡʢʝʣʽʩ ʰʝʪʽʥʝʥ ʩʳʨʪץʳ ʨʝʣʴʩʪʽ ʙʘʩʳ ʘʨʘʩʳʥʜʘ ʧʘʡʜʘ 

ʙʦʣʘʜʳ, ʙײʣ ʘʟ ʥʝʤʝʩʝ ʢᴇʧ ץʘʨץʳʥʜʳ ʪʦʟʫסʘ ᴅʢʝʣʝʜʽ. ɹײʣ ʪʝʨʽʩ ײץʙʳʣʳʩʪʘʨ ץʠʩʳץ 

ʨʘʜʠʫʩʪʘʨʜʳש ʘʟʘʶʳʤʝʥ, ʦʩʴʪʽʢ ʞװʢʪʝʤʝʣʝʨ ʤʝʥ ץʦʟסʘʣʳʩ ʞʳʣʜʘʤʜʳסʳʥ ʘʨʪʪʳʨʘʜʳ. 

ʆʩʳʣʘʡʰʘ, 10 ʢʤ / ʩʘס ʞʳʣʜʘʤʜʳץʧʝʥ ײʣסʘʡסʘʥ ʢʝʟʜʝ, ʙװʡʽʨʣʽʢ ʢװʰʪʝʨ 4-14% -סʘ ʘʨʪʘʜʳ, 

ʙײʣ ʪʝʤʽʨ ʞʦʣʜʘסʳ ʜʦסשʘʣʘץʪʳש ʪʽʢ ץʳʩʳʤʳʥʘ ʧʨʦʧʦʨʮʠʦʥʘʣʜʳ. 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ʪʝʧʣʦʚʦʟ, ʨʝʣʴʩʪʽש ʙװʡʽʨʽʥʽש ʪʦʟʫʳ, ʭʠʤʠʷʣʳץ ʢװʨʘʤʳ, 

ʞʳʣʞʳʤʘʣʳ ײץʨʘʤ, ʜᴇשʛʝʣʝʢ ʞײʙʳʥʳש ʙʘʥʜʘʞʳ. 
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Abstract. When the rolling stock is moving, especially in curved sections of the track, 

loads and friction occur between the crest and the head of the outer rail, which leads to more or 

less intensive wear. These negative phenomena increase with decreasing radius of curves, 

increasing axial loads and speeds of movement. Thus, with an increase in speed of 10 km / h, 

lateral forces increase by 4-14%, which are proportional to the vertical pressure of the wheel on 

the rail. 

Key words: diesel locomotive, side wear of rails, chemical composition, rolling stock, 

wheel band brace 

 

ʇʨʦʙʣʝʤʘ ʠʥʪʝʥʩʠʚʥʦʛʦ ʠʟʥʦʩʘ ʙʦʢʦʚʦʡ ʛʨʘʥʠ ʨʝʣʴʩʦʚ, ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʱʘʷ ʥʘ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ, 

ʧʨʦʜʦʣʞʘʝʪ ʦʩʪʘʚʘʪʴʩʷ ʫʞʝ ʙʦʣʝʝ 20 ʣʝʪ ʥʘ ʩʝʪʠ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ ʦʜʥʦʡ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ.  

ʕʪʦ-ʫʚʝʣʠʯʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚʳʱʝʨʙʠʥ ʥʘ ʢʦʣʝʩʥʳʭ ʧʘʨʘʭ ʊʕ33; 

- ʦʙʨʘʟʦʚʘʥʠʝ ʪʨʝʱʠʥ ʥʘ ʨʘʤʘʭ ʪʝʣʝʞʢʠ ð 11 ʩʣʫʯʘʝʚ ʩʤʝʥʳ (ʥʝ ʩʯʠʪʘʷ 9 ʩʣʫʯʘʝʚ 

ʟʘʧʣʘʥʠʨʦʚʘʥʥʦʡ ʟʘʤʝʥʳ); 

- ʦʪʢʘʟʳ ʪʷʛʦʚʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ; 

- ʧʦ ʪʝʧʣʦʚʦʟʘʤ ʊʕ33 ʯʘʩʳ ʧʨʦʩʪʦʷ ʥʘ ʥʝʧʣʘʥʦʚʦʤ ʨʝʤʦʥʪʝ ʩʦʩʪʘʚʣʷʶʪ 50ï60% 

ʦʪ ʦʙʱʝʛʦ ʚʨʝʤʝʥʠ ʧʨʦʩʪʦʷ ʥʘ ʨʝʤʦʥʪʝ (ʧʣʘʥʦʚʳʡ ʠ ʥʝʧʣʘʥʦʚʳʡ). 

ʇʨʠ ʚʩʝʭ ʵʪʠʭ ʧʨʦʙʣʝʤʘʭ, ʚʦʟʤʦʞʥʦ, ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʨʦʙʣʝʤʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʟʥʦʩʘ 

ʊʘʢ ʢʘʢ ʚ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʢʦʣʝʩʥʦʡ ʧʘʨʳ ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʦʧʦʣʥʠʪʝʥʳʝ 

ʚʝʱʝʩʪʚʘ ʪʘʢʠʝ ʢʘʢ ʪʠʪʘʥ, ʭʨʦʤ, ʥʠʢʝʣʴ, ʤʝʜʴ, ʚʘʥʘʜʠʡ, ʤʦʣʠʙʜʝʥ, ʘʣʶʤʠʥʠʡ, ʢʘʣʴʮʠʡ, 

ʥʠʦʙʠʡ! 

ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʚ ʥʠʯʪʦʞʥʦ ʤʘʣʦʤ ʢʦʣʠʯʝʩʪʚʝ, ʥʦ ʚʩʝ ʞʝ ʦʥʠ ʧʨʠʩʫʪʩʪʚʫʶʪ 

 

ʊʘʙʣʠʮʘ 1 ï ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʩʚʦʡʩʪʚʘ ʚʝʱʝʩʪʚ 

 

 C
 

M
n
 

S
i 

P
 

S
 

C
r 

N
i 

C
u 

V
 

T
i 

M
o
 

A
l 

C
a 

N
b
 

H
2

p
p

m
 

B
 

ɺ
ʨ
ʝ
ʤ
ʝ
ʥ
 
ʩ
ʦ
ʧ
ʨ
ʦ
ʪ

 

ʊ
ʚ
ʝ
ʨ
ʜ
ʦ
ʩ
ʪ
ʴ
 
ʧ
ʦ
 

ʙ
ʨ
ʠ
ʥ
ʝ
ʣ
ʶ

 

ʂ
ʦ
ʣ
ʝ
ʩ
ʘ

 

0
.6

8 

0
.8

5 

0
.4

1 

0
.0

1
8 

0
.0

0
5
0 

0
.2

3 

0
.2

4 

0
.0

0
9 

0
.0

7
5 

0
.0

0
2
8 

0
.0

4
6 

0
.0

0
6 

0
.0

0
1
3 

0
.0

0
5
0 

 0
.0

0
0
5 

1
1

5
7 

3
2

7 

3
3

5 

3
3

3 

ʈ
7
5
 
ʈ
6
5
 
ʄ
7
6

 

0
.7

1-
0
.8

2 

0
.7

5-
1
.0

5 

0
.1

8 

0
.4

0 

0
.0

0
5
5 

0
.0

4
5 

           9
0

0 

 

ʈ
5
0 

ʄ
7
4 

                8
6

0 

 

 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʦʩʪʘʪʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʪʘʣʠ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ: 

 - ʤʝʜʠ - 0,20%; 

- ʥʠʢʝʣʷ - 0,20% ʜʣʷ ʨʝʣʴʩʦʚ ʢʘʪʝʛʦʨʠʡ ʆʊ350ʅʅ, ɼʊ350ʅʅ, ʆʊ350 ʠ ɼʊ350, 
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 - 0,15% ʜʣʷ ʨʝʣʴʩʦʚ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʢʘʪʝʛʦʨʠʡ; 

 - ʩʫʤʤʘʨʥʘʷ ʥʠʢʝʣʷ ʠ ʤʝʜʠ - 0,27%; 

- ʭʨʦʤʘ - 0,20%; 

- ʪʠʪʘʥʘ - 0,010%. 

ʇʨʠ ʵʪʦʤ ʩʫʤʤʘʨʥʘʷ ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʫʢʘʟʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʭʨʦʤʘ, ʝʩʣʠ ʦʥ ʷʚʣʷʝʪʩʷ 

ʦʩʪʘʪʦʯʥʳʤ ʵʣʝʤʝʥʪʦʤ, ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʙʦʣʝʝ 0,40% (ʵʪʦ ʙʫʜʝʪ ʜʦʨʘʙʘʪʳʚʘʪʴʩʷ, ʧʦʪʦʤʫ 

ʯʪʦ ʧʦʪʝʨʷʣ ʜʘʥʥʳʝ ʧʦ ʥʝʛʘʪʠʚʥʳʤ ʩʚʦʡʩʪʚʘʤ ʭʠʤ ʚʝʱʝʩʪʚ) 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʙʦʣʴʰʠʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʨʘʩʭʦʜʘʤʠ, 

ʩʚʷʟʘʥʥʳʤʠ ʩ ʠʟʥʦʩʦʤ ʢʦʣʝʩʥʳʭ ʧʘʨ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ. ʇʦ ʦʮʝʥʢʝ ʵʢʩʧʝʨʪʦʚ, ʚ ʈʦʩʩʠʠ ʚ 

ʥʘʯʘʣʝ 80-ʭ ʛʛ. ʩʨʦʢ ʩʣʫʞʙʳ ʙʘʥʜʘʞʝʡ ʢʦʣʝʩʥʳʭ ʧʘʨ ʣʦʢʦʤʦʪʠʚʦʚ ʩʦʩʪʘʚʣʷʣ 6ï7 ʣʝʪ, ʘ ʚ 

90-ʝ ʛʛ. ʍʍ ʚʝʢʘ ʦʥ ʩʦʢʨʘʪʠʣʩʷ ʫʞʝ ʜʦ 2ï3 ʣʝʪ; ʚ 2014 ʛ. ʨʝʤʦʥʪʫ ʦʙʪʦʯʢʦʡ ʧʦʜʚʝʨʛʘʣʦʩʴ 

ʙʦʣʝʝ 3 ʤʣʥ. ʢʦʣʝʩʥʳʭ ʧʘʨ. 

ɽʩʣʠ ʩʫʱʝʩʪʚʫʶʱʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʩʫʨʩʘ ʙʘʥʜʘʞʝʡ (ʧʦ ʪʦʣʱʠʥʝ) ʩʦʭʨʘʥʠʪʩʷ ʠ 

ʥʘ ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ, ʪʦ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʥʠʭ ʚ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ ʚʦʟʨʘʩʪʝʪ ʥʘ 65ï70 %. 

ʀʟʥʦʩ ʛʨʝʙʥʝʡ ʩ ʥʝʧʣʘʥʦʚʳʤʠ ʦʙʪʦʯʢʘʤʠ ʢʦʣʝʩ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʝʪ ʩʨʦʢ ʠʭ ʩʣʫʞʙʳ ʜʦ 

ʟʘʤʝʥʳ ʧʦ ʧʨʝʜʝʣʴʥʦʡ ʪʦʣʱʠʥʝ ʙʘʥʜʘʞʘ (200ï300 ʪʳʩ. ʢʤ ʧʨʦʙʝʛʘ). ʇʨʠ ʫʤʝʨʝʥʥʦʤ 

ʠʟʥʦʩʝ ʛʨʝʙʥʝʡ (ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 0,3ï0,4 ʤʤ/10 ʪʳʩ. ʢʤ) ʨʝʩʫʨʩ ʙʘʥʜʘʞʘ ʜʦʣʞʝʥ 

ʦʙʝʩʧʝʯʠʪʴ ʧʨʦʙʝʛʠ ʥʝ ʤʝʥʝʝ 600 ʪʳʩ. ʢʤ. 

ɸʥʘʣʠʟ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʢʦʣʝʩʥʳʭ ʧʘʨ ʪʷʛʦʚʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ (ʊʇʉ) ʥʘ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʙʘʥʜʘʞʠ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʚʠʞʝʥʠʷ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʠ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʠ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʦʪʢʘʟʦʚ ʢʦʣʝʩʥʳʭ ʧʘʨ ʚ ʧʫʪʠ ʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ 

ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʚʘʞʥʳʭ ʬʘʢʪʦʨʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ. 

ʂʦʣʝʩʥʳʝ ʧʘʨʳ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʫʟʣʦʚ ʪʷʛʦʚʦʛʦ 

ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ (ʊʇʉ), ʦʪ ʩʦʩʪʦʷʥʠʷ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʚʠʞʝʥʠʷ 

ʧʦʝʟʜʦʚ. ɺʝʣʠʯʠʥʦʡ ʨʝʩʫʨʩʘ ʙʘʥʜʘʞʝʡ ʢʦʣʝʩʥʳʭ ʧʘʨ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʝʨʠʦʜʠʯʥʦʩʪʴ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʊʆ-4, ʥʘ ʢʦʪʦʨʦʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʙʪʦʯʢʘ ʙʘʥʜʘʞʝʡ ʢʦʣʝʩʥʳʭ ʧʘʨ ʩ ʮʝʣʴʶ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʬʠʣʷ ʢʘʪʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʩʨʝʜʥʝʛʦ ʉʈ ʠ ʢʘʧʠʪʘʣʴʥʦʛʦ ʂʈ 

ʨʝʤʦʥʪʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʠʪʩʷ ʟʘʤʝʥʘ ʧʦʣʥʦʩʪʴʶ ʠʟʥʦʰʝʥʥʳʭ ʙʘʥʜʘʞʝʡ. ɺ 

ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʧʨʦʙʣʝʤʘ ʠʟʥʦʩʘ ʙʘʥʜʘʞʝʡ ʢʦʣʝʩʥʳʭ ʧʘʨ ʚʩʪʘʣʘ ʦʩʦʙʦ ʦʩʪʨʦ. 

ʀʥʪʝʥʩʠʚʥʳʡ ʠʟʥʦʩ ʛʨʝʙʥʝʡ ʢʦʣʝʩ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʙʦʢʦʚʦʡ ʛʨʘʥʠ ʨʝʣʴʩʦʚ, 

ʥʘʙʣʶʜʘʝʤʳʡ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛʘʭ ʈʦʩʩʠʠ, ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ 

ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʚ ʪʝʯʝʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʫʩʣʦʚʠʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʧʫʪʠ, ʧʨʦʠʩʭʦʜʷʱʝʛʦ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʚ ʩʚʷʟʠ ʩ 

ʨʦʩʪʦʤ ʦʙʲʝʤʘ ʧʝʨʝʚʦʟʦʢ ʠ ʧʦʚʳʰʝʥʠʝʤ ʛʨʫʟʦʥʘʧʨʷʞʝʥʥʦʩʪʠ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ. 

ʈʝʰʘʶʱʫʶ ʨʦʣʴ ʚ ʧʦʚʳʰʝʥʠʠ ʠʟʥʦʩʘ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʢʦʣʝʩʦ - ʨʝʣʴʩ ʠʛʨʘʶʪ 

ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ: 

- ʨʦʩʪ ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ, ʦʩʦʙʝʥʥʦ, ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʞʝʩʪʢʦʩʪʠ ʧʫʪʠ (ʚʥʝʜʨʝʥʠʝ 

ʤʦʱʥʳʭ ʨʝʣʴʩʦʚ ʪʷʞʝʣʳʭ ʪʠʧʦʚ, ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʰʧʘʣ ʠ ʞʝʩʪʢʠʭ ʩʢʨʝʧʣʝʥʠʡ); 

- ʩʫʞʝʥʠʝ ʢʦʣʝʠ; 

- ʟʘʤʝʥʘ ʥʘ ʧʦʜʚʠʞʥʦʤ ʩʦʩʪʘʚʝ ʙʫʢʩʦʚʳʭ ʧʦʜʰʠʧʥʠʢʦʚ ʩʢʦʣʴʞʝʥʠʷ ʥʘ ʨʦʣʠʢʦʚʳʝ 

(ʧʦʤʠʤʦ ʫʩʪʨʘʥʝʥʠʷ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʤʘʟʳʚʘʥʠʷ ʨʝʣʴʩʘ ʧʦʜʪʝʢʘʶʱʝʡ ʩʤʘʟʢʦʡ, ʵʪʦ ʧʨʠʚʝʣʦ 

ʢ ʨʝʟʢʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʚʦʨʦʪʫ ʪʝʣʝʞʝʢ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʢʨʠʚʳʭ) 

ʋʚʝʣʠʯʝʥʠʝ ʚ 2009 ʛ ʤʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʦʣʱʠʥʳ ʛʨʝʙʥʷ 

ʧʨʦʬʠʣʷ ɼʄʝʊʀ ʃʈ (ʩ 23 ʤʤ ʜʦ 25 ʤʤ) ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʝʱʝ 

ʙʦʣʴʰʝ ʫʩʣʦʞʥʠʣʦ ʩʠʪʫʘʮʠʶ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚ ʣʦʢʦʤʦʪʠʚʥʳʭ ʜʝʧʦ ʚʦʟʨʦʩʣʠ ʦʙʲʝʤʳ 

ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ ʠ ʟʘʪʨʘʪʳ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʢʦʣʝʩʥʳʭ ʧʘʨ ʊʇʉ. ʇʦʵʪʦʤʫ ʧʨʦʙʣʝʤʘ 

ʩʥʠʞʝʥʠʷ ʠʟʥʦʩʘ ʙʘʥʜʘʞʝʡ ʢʦʣʝʩʥʳʭ ʧʘʨ, ʧʦʜʜʝʨʞʘʥʠʝ ʠʭ ʚ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʤ ʩʦʩʪʦʷʥʠʠ, 

ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʮʠʦʥʘʣʴʥʳʭ ʦʙʲʝʤʦʚ ʠʭ ʨʝʤʦʥʪʦʚ 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʟʘʜʘʯ. 
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ʉʫʱʝʩʪʚʫʶʪ ʜʚʘ ʛʣʘʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷ ʫʤʝʥʴʰʝʥʠʷ ʠʟʥʦʩʘ ʢʘʢ ʨʝʟʫʣʴʪʘʪʘ ʨʘʙʦʪʳ 

ʩʠʣ ʪʨʝʥʠʷ: 

- ʩʥʠʞʝʥʠʝ ʘʙʩʦʣʶʪʥʳʭ ʟʥʘʯʝʥʠʡ ʩʠʣ ʪʨʝʥʠʷ ʚ ʢʦʥʪʘʢʪʝ; 

- ʩʥʠʞʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʛʨʝʙʥʝʡ ʢʦʣʝʩ ʠ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʨʝʣʴʩʦʚ. 

ʀʥʪʝʥʩʠʚʥʳʡ ʙʦʢʦʚʦʡ ʠʟʥʦʩ ʨʝʣʴʩʦʚ ʠ ʛʨʝʙʥʝʡ ʢʦʣʝʩʥʳʭ ʧʘʨ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, 

ʦʩʦʙʝʥʥʦ ʚ ʢʨʠʚʳʭ ʫʯʘʩʪʢʘʭ ʧʫʪʠ, ʷʚʣʷʝʪʩʷ ʫʛʨʦʟʦʡ ʜʣʷ ʙʝʟʦʧʘʩʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ ʠ 

ʧʨʠʯʠʥʦʡ ʢʦʣʦʩʩʘʣʴʥʳʭ ʨʘʩʭʦʜʦʚ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʨʘʩʪʝʪ ʧʦ ʤʝʨʝ ʩʥʠʞʝʥʠʷ 

ʩʨʦʢʘ ʩʣʫʞʙʳ ʨʝʣʴʩʦʚ, ʙʘʥʜʘʞʝʡ ʢʦʣʝʩʥʳʭ ʧʘʨ ʣʦʢʦʤʦʪʠʚʦʚ ʠ ʮʝʣʴʥʦʢʘʪʘʥʥʳʭ ʢʦʣʝʩ 

ʚʘʛʦʥʦʚ. ʕʪʠʤ ʚʦʧʨʦʩʦʤ ʰʠʨʦʢʦ ʟʘʥʠʤʘʶʪʩʷ ʥʘ ʟʘʚʦʜʘʭ, ʚ ʚʫʟʘʭ ʠ ʦʪʨʘʩʣʝʚʳʭ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠʥʩʪʠʪʫʪʘʭ, ʝʤʫ ʧʦʩʚʷʱʘʶʪ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʧʨʦʚʦʜʠʤʳʝ ʩʦʚʝʱʘʥʠʷ ʠ 

ʢʦʥʬʝʨʝʥʮʠʠ, ʤʦʥʦʛʨʘʬʠʠ ʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʞʫʨʥʘʣʴʥʳʝ ʩʪʘʪʴʠ. ʆʜʥʘʢʦ 

ʣʦʢʦʤʦʪʠʚʱʠʢʠ, ʧʫʪʝʡʮʳ ʠ ʚʘʛʦʥʥʠʢʠ ʙʦʣʴʰʠʥʩʪʚʘ ʜʦʨʦʛ ʨʘʙʦʪʘʶʪ ʥʘʜ ʫʤʝʥʴʰʝʥʠʝʤ 

ʠʟʥʦʩʘ ʛʨʝʙʥʝʡ ʢʦʣʝʩʥʳʭ ʧʘʨ ʠ ʨʝʣʴʩʦʚ ʚ ʦʜʥʦʩʪʦʨʦʥʥʝʤ ʧʦʨʷʜʢʝ. ʇʫʪʝʡʮʳ ʠ 

ʣʦʢʦʤʦʪʠʚʱʠʢʠ ʥʝʨʝʜʢʦ ʧʳʪʘʶʪʩʷ ʚʥʫʰʠʪʴ ʜʨʫʛ ʜʨʫʛʫ, ʯʪʦ ʛʣʘʚʥʘʷ ʧʨʠʯʠʥʘ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʠʟʥʦʩʘ ʥʝ ʦʪʥʦʩʠʪʩʷ ʢ ʠʭ ʭʦʟʷʡʩʪʚʫ, ʘ ʟʥʘʯʠʪ, ʠ ʦʩʥʦʚʥʳʝ ʫʩʠʣʠʷ ʥʘʜʦ 

ʧʨʠʣʘʛʘʪʴ ʥʝ ʠʤ. ɸ ʚʝʜʴ ʵʪʘ ʧʨʦʙʣʝʤʘ ʢʦʤʧʣʝʢʩʥʘʷ ʠ ʥʝʣʴʟʷ ʦʪʜʝʣʠʪʴ ʢʦʣʝʩʥʫʶ ʧʘʨʫ ʦʪ 

ʨʝʣʴʩʦʚʦʡ ʢʦʣʝʠ. ʊʦʣʴʢʦ ʧʦʩʪʦʷʥʥʦʝ, ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʠʟʥʦʩʦʤ ʙʘʥʜʘʞʝʡ 

ʢʦʣʝʩʥʳʭ ʧʘʨ ʠ ʨʝʣʴʩʦʚ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʤʦʞʝʪ ʚʳʷʚʠʪʴ ʦʩʥʦʚʥʳʝ ʝʛʦ ʧʨʠʯʠʥʳ ʠ 

ʫʤʝʥʴʰʠʪʴ ʠʭ ʚʣʠʷʥʠʝ. ʉʪʨʝʤʣʝʥʠʝ ʨʝʰʘʪʴ ʚʦʧʨʦʩʳ çʤʝʪʦʜʦʤ ʪʳʢʘè ʯʘʩʪʦ ʜʘʝʪ 

ʥʝʞʝʣʘʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʠ çʚʳʙʨʘʩʳʚʘʥʠʝ ʜʝʥʝʛ ʥʘ ʚʝʪʝʨè. ʉʥʠʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʠʟʥʦʩʘ ʥʝ ʧʨʠʥʝʩʣʦ ʧʦʢʘ ʦʱʫʪʠʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʇʨʠ ʜʚʠʞʝʥʠʠ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, 

ʦʩʦʙʝʥʥʦ ʚ ʢʨʠʚʳʭ ʫʯʘʩʪʢʘʭ ʧʫʪʠ, ʚʦʟʥʠʢʘʶʪ ʥʘʛʨʫʟʢʠ ʠ ʪʨʝʥʠʝ ʤʝʞʜʫ ʛʨʝʙʥʝʤ ʠ 

ʛʦʣʦʚʢʦʡ ʥʘʨʫʞʥʦʛʦ ʨʝʣʴʩʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʦʤʫ ʠʟʥʦʩʫ. ʕʪʠ 

ʥʝʛʘʪʠʚʥʳʝ ʷʚʣʝʥʠʷ ʚʦʟʨʘʩʪʘʶʪ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʜʠʫʩʘ ʢʨʠʚʳʭ, ʨʦʩʪʦʤ ʦʩʝʚʳʭ ʥʘʛʨʫʟʦʢ 

ʠ ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ. ʊʘʢ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʥʘ 10 ʢʤ/ʯ ʧʦʚʳʰʘʶʪʩʷ ʙʦʢʦʚʳʝ ʩʠʣʳ 

ʥʘ 4ð14 %, ʢʦʪʦʨʳʝ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʜʘʚʣʝʥʠʶ ʢʦʣʝʩʘ ʥʘ ʨʝʣʴʩ [1]. ʅʘ 

ʠʟʥʦʩ ʚʣʠʷʶʪ ʪʘʢʞʝ ʩʦʦʪʥʦʰʝʥʠʝ ʪʚʝʨʜʦʩʪʝʡ ʙʘʥʜʘʞʘ ʢʦʣʝʩʥʦʡ ʧʘʨʳ ʣʦʢʦʤʦʪʠʚʘ ʠ 

ʨʝʣʴʩʘ, ʰʠʨʠʥʘ ʢʦʣʝʠ, ʨʘʟʥʠʮʘ ʚ ʜʠʘʤʝʪʨʘʭ ʙʘʥʜʘʞʝʡ, ʧʝʨʝʢʦʩ ʢʦʣʝʩʥʦʡ ʧʘʨʳ ʚ ʨʘʤʝ 

ʪʝʣʝʞʢʠ, ʥʦʨʤʳ ʫʩʪʨʦʡʩʪʚʘ ʠ ʜʦʧʫʩʢʠ ʩʦʜʝʨʞʘʥʠʷ ʧʫʪʠ ʠ ʧʦʜʚʠʞʥʦʶ ʩʦʩʪʘʚʘ, 

ʢʦʥʬʠʛʫʨʘʮʠʷ ʧʨʦʬʠʣʷ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʥʠʷ ʢʦʣʝʩʘ, ʦʪʩʫʪʩʪʚʠʝ ʚʟʘʠʤʥʦʡ ʫʚʷʟʢʠ ʥʦʨʤ 

ʩʦʜʝʨʞʘʥʠʷ ʧʫʪʠ ʠ ʭʦʜʦʚʳʭ ʯʘʩʪʝʡ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʜʨʫʛʠʝ ʧʨʠʯʠʥʳ. ʆʩʪʘʥʦʚʠʤʩʷ 

ʥʘ ʥʝʢʦʪʦʨʳʭ ʠʟ ʥʠʭ. 

ʊʚʝʨʜʦʩʪʴ ʢʦʣʝʩʘ ʠ ʨʝʣʴʩʘ. ʅʘ ʨʦʩʩʠʡʩʢʠʭ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛʘʭ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʦʙʨʘʱʝʥʦ ʥʘ ʠʟʥʦʩ ʪʘʢʠʭ ʜʝʪʘʣʝʡ, ʢʘʢ ʙʘʥʜʘʞʠ ʢʦʣʝʩʥʳʭ ʧʘʨ 

ʣʦʢʦʤʦʪʠʚʦʚ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʚ 1881 ʛ. ʢʦʤʠʩʩʠʷ çʈʫʩʩʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘè ʧʦʜ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ʠʥʞʝʥʝʨʘ ɺ.ʄ. ɺʝʨʭʦʚʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʣʘ ʠʟʥʦʩ ʙʘʥʜʘʞʝʡ ʠ ʨʝʣʴʩʦʚ [2]. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʦʥʘ ʚʳʩʢʘʟʘʣʘ ʩʚʦʝ ʤʥʝʥʠʝ ʚ ʧʦʣʴʟʫ ʧʨʠʤʝʥʝʥʠʷ ʩʧʣʘʚʦʚ ʩʨʝʜʥʝʡ ʪʚʝʨʜʦʩʪʠ, 

ʧʨʠʙʣʠʞʘʶʱʝʡʩʷ, ʦʜʥʘʢʦ, ʢ ʪʚʝʨʜʦʩʪʠ ʩʪʘʣʠ. ɺ ʵʪʦ ʞʝ ʚʨʝʤʷ ʦʧʳʪʳ ʩ ʙʘʥʜʘʞʘʤʠ 

ʧʨʦʚʦʜʠʣʠ ɼʵʜʣʝʡ (ʉʐɸ), ɻʨʶʥʝʨ (ʌʨʘʥʮʠʷ) ʠ ɺʠʣʴʷʤʩ (ɸʥʛʣʠʷ), ʢʦʪʦʨʳʝ ʚʳʩʪʫʧʘʣʠ ʟʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʝʝ ʤʷʛʢʦʡ ʩʪʘʣʠ. ʆʜʥʘʢʦ ʧʦʩʣʝʜʫʶʱʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ 

ʧʦʜʪʚʝʨʜʠʣʘ ʧʨʘʚʠʣʴʥʦʩʪʴ ʚʳʚʦʜʦʚ ʨʫʩʩʢʠʭ ʠʥʞʝʥʝʨʦʚ.  

 
ʃʀʊɽʈɸʊʋʈɸ 
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ʉ.ʉ. ɹʘʣʤʘסʘʤʙʝʪ
1,a 

1
ʂʘʟʘʭʩʢʘʷ ʘʢʘʜʝʤʠʷ ʪʨʘʥʩʧʦʨʪʘ ʠ ʢʦʤʤʫʥʠʢʘʮʠʡ ʠʤ. ʄ. ʊʳʥʳʰʧʘʝʚʘ ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

a
Sorumbaev@bk.ru 

 

ʈɽʃʔʉʓ ʀ ʉʂʈɽʇʃɽʅʀʗ. ʇʈʆʌʀʃʔ ʇʋʊʀ ʅɸ ʄʆʉʊɸʍ 

 

ɸʥʥʦʪʘʮʠʷ. ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʨʘʩʢʨʳʚʘʝʪ ʧʦʥʷʪʠʝ ʠ ʤʝʪʦʜʳ ʩʦʜʝʨʞʘʥʠʷ ʧʨʦʬʠʣʷ 

ʧʫʪʠ ʥʘ ʤʦʩʪʫ, ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʠʛʨʘʝʪ ʚʘʞʥʝʡʰʫʶ ʨʦʣʴ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʩʪʦʚ. ʇʨʦʩʣʝʞʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʤʦʤʝʥʪʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʫʢʣʘʜʢʠ ʨʝʣʴʩʦʚ 

ʥʘ ʧʨʦʬʠʣʝ ʤʦʩʪʘ, ʘ ʪʘʢʞʝ ʦʧʠʩʳʚʘʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʫʩʪʘʥʦʚʢʠ ʠ 

ʩʢʨʝʧʣʝʥʠʷ ʨʝʣʴʩʦʚ. ɺ ʟʘʢʣʶʯʝʥʠʝ, ʫʜʝʣʝʥʦ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʙʝʟʫʢʦʨʠʟʥʝʥʥʦʤʫ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʫʨʘʚʥʠʪʝʣʴʥʦʛʦ ʧʨʠʙʦʨʘ. ɼʠʩʢʫʩʩʠʦʥʥʳʤ ʧʨʦʜʦʣʞʘʝʪ ʦʩʪʘʚʘʪʴʩʷ ʚʦʧʨʦʩ 

ʦʙ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʜʘʥʥʳʭ ʧʨʠʙʦʨʦʚ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʪʝʤʳ ʥʘʭʦʜʠʪ ʰʠʨʦʢʠʝ 

ʤʘʩʰʪʘʙʳ ʨʝʘʣʠʟʘʮʠʠ ʚ ʥʳʥʝʰʥʠʭ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʙʣʝʤʘʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʬʠʣʴ ʧʫʪʠ ʥʘ ʤʦʩʪʫ, ʤʦʩʪʳ, ʨʝʣʴʩʳ, ʩʢʨʝʧʣʝʥʠʷ, 

ʧʨʦʪʠʚʦʫʛʦʥʳ, ʫʨʘʚʥʠʪʝʣʴʥʳʡ ʧʨʠʙʦʨ. 

ɸשʜʘʪʧʘ. ɹʝʨʽʣʛʝʥ ʤʘץʘʣʘʜʘ ʢᴇʧʽʨʜʝʛʽ ʞʦʣʜʳש ʧʨʦʬʠʣʽ ʪʫʨʘʣʳ ʪװʩʽʥʽʢ ʧʝʥ ʦʥʳ 

ʧʘʡʜʘʣʘʥʫ ʙʘʨʳʩʳʥʜʘ ʩʘץʪʘʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʪᴅʩʽʣʜʝʨ ʘʰʳʣʘʜʳ, ʙײʣ ᴇʟ ʦʨʥʳʥʜʘ 

ʢᴇʧʽʨʜʽײץ שʨʳʣʳʩʳ ʤʝʥ ʦʥʳש ʧʘʡʜʘʣʘʥʫʳʥʜʘ ʤʘשʳʟʜʳ ʨᴇʣ ʦʡʥʘʡʜʳ. ʈʝʣʴʩʪʽש ʢᴇʧʽʨʜʽש 

ʧʨʦʬʠʣʽʥʜʝ ʦʨʥʘʣʘʩʫʳʥʳש ʥʝʛʽʟʛʽ ʩᴅʪʪʝʨʜʽש ʙʘץʳʣʘʥʫʳʥ ʙʘʡץʘʡʤʳʟ, ʩʦʥʳʤʝʥ ץʘʪʘʨ 

ʨʝʣʴʩʪʽ ʦʨʥʘʣʘʩʪʳʨʫʜʳש ʞᴅʥʝ ʦʥʳש ʘʨʘʣʘʨʳʥ ʙʘʡʣʘʥʳʩʪʳʨסʳʰʪʳש ᴇʟʽʥʝ ʪᴅʥ 

ʝʨʝʢʰʝʣʽʢʪʝʨʽ ʩʠʧʘʪʪʘʣʘʜʳ. פʦʨʳʪʳʥʜʳʜʘ, ʪʝʛʽʩʪʝʫ ײץʨʳʣסʳʩʳʥʳש ʜײʨʳʩ ץʦʣʜʘʥʫʳʥʘ 

ʝʨʝʢʰʝ ʥʘʟʘʨ ʘʫʜʘʨʳʣʘʜʳ, ʢʝʡʽʥʽʨʝʢ ʦʥʳ ץʦʣʜʘʥʫ ʙʘʨʳʩʳʥʜʘ ʙʝʨʽʣʛʝʥ ײץʨʳʣסʳʥʳ 

ʞʘץʩʘʨʪʫ ʪʫʨʘʣʳ ʩײʨʘץ ʜʠʩʢʫʩʩʠʷ ʪʫʳʥʜʘʡʜʳ. ɹʝʨʽʣʛʝʥ ʪʘץʳʨʳʧʪʳש ᴇʟʝʢʪʽʣʽʛʽ ץʘʟʽʨʛʽ 

ʟʘʤʘʥסʳ ʧʨʦʙʣʝʤʘʣʘʨʜʘ ʞװʟʝʛʝ ʘʩʳʨʘʪʳʥ ʢʝש ʤʘʩʰʪʘʙʪʘʨ ʪʘʙʘʜʳ. 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ʢᴇʧʽʨʜʝʛʽ ʞʦʣʜʳש ʧʨʦʬʠʣʽ, ʢᴇʧʽʨʣʝʨ, ʨʝʣʴʩʪʝʨ, ʙʝʢʽʪʧʝ ײץʨʳʣסʳʩʳ, 

ʧʨʦʪʠʚʦʫʛʦʥʜʘʨ, ʪʝʛʽʩʪʝʫ ײץʨʳʣסʳʩʳ. 

Abstract. This article reveals the concept and methods of maintaining the track profile on 

the bridge, which in turn plays a crucial role in the construction and operation of bridges. 

Highlights of an arrangement of laying of rails on a bridge profile are traced and also 

characteristics of installation and fastening of rails are described. In conclusion, special attention 

is paid to the irreproachable use of the leveling device, in a consequence of using which the 

question of improvement of these devices continues to remain debatable. The relevance of this 

subject finds wide scales of realization in present modern problems. 

Key words: the profile on the bridge, the bridge, the rails, the bonding, the anti-theft, the 

leveling device. 

 

ʅʘ ʙʦʣʴʰʠʭ ʤʦʩʪʘʭ ʜʣʠʥʦʡ ʙʦʣʝʝ 100 ʤ, ʘ ʪʘʢʞʝ ʥʘ ʧʦʜʭʦʜʘʭ ʢ ʥʠʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

ʥʝ ʤʝʥʝʝ 200 ʤ ʚ ʢʘʞʜʫʶ ʩʪʦʨʦʥʫ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʦʣʞʥʳ ʫʢʣʘʜʳʚʘʪʴʩʷ ʪʝʨʤʦʫʧʨʦʯʥʝʥʥʳʝ 

ʨʝʣʴʩʳ ʪʠʧʦʚ ʈ65 ʠʣʠ ʈ75. ʇʨʠ ʛʨʫʟʦʥʘʧʨʷʞʝʥʥʦʩʪʠ ʜʦ 15 ʤʣʥ. ʪ-ʢʤ ʙʨʫʪʪʦ/ʢʤ ʚ ʛʦʜ 

ʨʘʟʨʝʰʘʝʪʩʷ ʫʢʣʘʜʳʚʘʪʴ ʥʝʪʝʨʤʦʫʧʨʦʯʥʝʥʥʳʝ ʨʝʣʴʩʳ ʪʠʧʘ ʈ65. ʇʨʠʤʝʥʝʥʠʝ ʨʝʣʴʩʦʚ ʈ50 

ʜʦʧʫʩʢʘʝʪʩʷ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʩ ʨʘʟʨʝʰʝʥʠʷ ʎʇ. ʅʘ ʦʩʪʘʣʴʥʳʭ ʤʦʩʪʘʭ ʠ ʚ ʪʦʥʥʝʣʷʭ 

ʫʢʣʘʜʳʚʘʶʪ ʪʝ ʞʝ ʨʝʣʴʩʳ, ʯʪʦ ʠ ʥʘ ʧʝʨʝʛʦʥʝ. ʄʦʩʪʦʚʦʝ ʧʦʣʦʪʥʦ ʩ ʝʟʜʦʡ ʥʘ ʱʝʙʝʥʦʯʥʦʤ 

ʙʘʣʣʘʩʪʝ ʠ ʜʝʨʝʚʷʥʥʳʭ ʰʧʘʣʘʭ ʧʨʠ ʙʘʣʣʘʩʪʥʦʤ ʢʦʨʳʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʠʞʝ (ʨʠʩ. 1). [1] 

 ʇʨʦʬʠʣʴ ʧʫʪʠ ʥʘ ʤʦʩʪʫ ʜʦʣʞʝʥ ʠʤʝʪʴ ʧʣʘʚʥʦʝ ʦʯʝʨʪʘʥʠʝ. ɺ ʢʘʞʜʦʤ ʧʨʦʣʝʪʝ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʦʩʪʦʚ ʩʪʨʝʣʘ ʧʦʜʲʝʤʘ ʨʝʣʴʩʦʚ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʘ, ʢʘʢ ʧʨʘʚʠʣʦ, 1/2000 

ʜʣʠʥʳ ʧʨʦʣʝʪʘ, ʥʦ ʥʝ ʙʦʣʝʝ 1/1000 ʧʨʦʣʝʪʘ. 
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ɼʦ ʩʧʣʦʰʥʦʡ ʩʤʝʥʳ ʤʦʩʪʦʚʳʭ ʙʨʫʩʴʝʚ ʨʘʟʨʝʰʘʝʪʩʷ ʩʦʭʨʘʥʠʪʴ ʩʫʱʝʩʪʚʫʶʱʠʡ 

ʧʦʜʲʝʤ ʨʝʣʴʩʦʚʦʛʦ ʧʫʪʠ ʩʦ ʩʪʨʝʣʦʡ ʥʝ ʙʦʣʝʝ 1/2000 ʚʝʣʠʯʠʥʳ ʧʨʦʣʝʪʘ. ʈʘʟʜʝʣʴʥʦʝ 

ʢʣʝʤʤʥʦ-ʰʫʨʫʧʥʦʝ ʢʨʝʧʣʝʥʠʝ ʨʝʣʴʩʦʚ ʥʘ ʤʦʩʪʘʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʠʞʝ (ʨʠʩ. 2). [2] 

 
 

ʈʠʩʫʥʦʢ 1 ï ʄʦʩʪʦʚʦʝ ʧʦʣʦʪʥʦ ʩ ʝʟʜʦʡ ʥʘ ʱʝʙʝʥʦʯʥʦʤ ʙʘʣʣʘʩʪʝ ʠ ʜʝʨʝʚʷʥʥʳʭ ʰʧʘʣʘʭ ʧʨʠ 

ʙʘʣʣʘʩʪʥʦʤ ʢʦʨʳʪʝ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʝʤ ʧʨʦʧʫʩʢ ʱʝʙʥʝʦʯʠʩʪʠʪʝʣʴʥʳʭ ʤʘʰʠʥ: ʩʣʝʚʘ ï ʧʨʠ 

ʢʦʩʪʳʣʴʥʦʤ ʢʨʝʧʣʝʥʠʠ ʨʝʣʴʩʦʚ; ʩʧʨʘʚʘ ï ʧʨʠ ʢʣʝʤʤʥʦ-ʰʫʨʫʧʥʦʤ ʢʨʝʧʣʝʥʠʠ ʨʝʣʴʩʦʚ. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʈʘʟʜʝʣʴʥʦʝ ʢʣʝʤʤʥʦ-ʰʫʨʫʧʥʦʝ ʢʨʝʧʣʝʥʠʝ ʨʝʣʴʩʦʚ ʥʘ ʤʦʩʪʘʭ (ʩ ʧʦʜʨʝʟʘʥʥʳʤʠ 

ʢʣʝʤʤʘʤʠ). 

 

ʅʘ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʷʭ ʨʝʣʴʩʦʚʦʤʫ ʧʫʪʠ ʜʦʣʞʝʥ ʧʨʠʜʘʚʘʪʴʩʷ 

ʧʦʜʲʝʤ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʷʭ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ ʧʨʦʝʢʪʦʤ, ʠʣʠ ʧʦ ʫʢʘʟʘʥʠʶ ʎʇ. [1] 

ʉʦʜʝʨʞʘʥʠʝ ʧʫʪʠ ʚ ʧʨʷʤʳʭ ʫʯʘʩʪʢʘʭ ʩ ʚʦʟʚʳʰʝʥʠʝʤ ʦʜʥʦʛʦ ʨʝʣʴʩʘ ʥʘʜ ʜʨʫʛʠʤ ʥʘ 6 

ʤʤ ʧʨʠ ʝʟʜʝ ʥʘ ʙʘʣʣʘʩʪʝ ʜʦʧʫʩʢʘʝʪʩʷ ʥʘ ʚʩʝʭ ʤʦʩʪʘʭ, ʘ ʧʨʠ ʝʟʜʝ ʥʘ ʤʦʩʪʦʚʳʭ ʙʨʫʩʴʷʭ ʠʣʠ 

ʙʝʟʙʘʣʣʘʩʪʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʧʣʠʪʘʭïʪʦʣʴʢʦ ʥʘ ʤʦʩʪʘʭ ʜʣʠʥʦʡ ʥʝ ʙʦʣʝʝ 25 ʤ ʩ ʝʟʜʦʡ 

ʧʦʚʝʨʭʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʳʰʝ (ʩʤ. ʨʠʩ. 2). ʇʨʠ ʝʟʜʝ ʥʘ ʤʦʩʪʦʚʳʭ ʙʨʫʩʴʷʭ ʚʦʟʚʳʰʝʥʠʝ ʚ 6 

ʤʤ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʨʠʨʫʙʢʠ ʙʨʫʩʴʝʚ ʠʣʠ ʫʢʣʘʜʢʠ ʧʣʦʩʢʠʭ 
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ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʨʦʢʣʘʜʦʢ ʪʦʣʱʠʥʦʡ 6 ʤʤ ʧʦʜ ʨʝʣʴʩʦʚʳʝ ʧʨʦʢʣʘʜʢʠ, ʘ ʧʨʠ ʝʟʜʝ ʥʘ ʙʝʟ 

ʙʘʣʣʘʩʪʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʧʣʠʪʘʭ ï ʧʫʪʝʤ ʫʢʣʘʜʢʠ ʨʝʛʫʣʠʨʫʶʱʠʭ ʧʦʜʢʣʘʜʦʢ ʧʦʜ ʨʝʣʴʩ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʳʰʝ (ʩʤ. ʨʠʩ. 2). [2] 

ʇʝʨʝʯʝʥʴ ʤʦʩʪʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʨʘʟʨʝʰʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʦʜʥʦʡ ʥʠʪʢʠ ʧʫʪʠ ʥʘ 6 ʤʤ 

ʚʳʰʝ ʜʨʫʛʦʡ, ʫʪʚʝʨʞʜʘʝʪʩʷ ʜʠʨʝʢʪʦʨʦʤ ʋʇʏ/ʇʏ. [1] 

 ʅʘ ʤʦʩʪʘʭ ʩ ʙʝʟʙʘʣʣʘʩʪʥʳʤ ʤʦʩʪʦʚʳʤ ʧʦʣʦʪʥʦʤ ʥʘ ʧʨʷʤʦʤ ʫʯʘʩʪʢʝ ʦʩʴ ʧʫʪʠ ʥʝ 

ʜʦʣʞʥʘ ʦʪʢʣʦʥʷʪʴʩʷ ʦʪ ʦʩʠ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ ʥʘ ʚʝʣʠʯʠʥʫ ʙʦʣʝʝ 30 ʤʤ, ʚ ʢʨʠʚʳʭ 

ʬʘʢʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʩʠ ʧʫʪʠ ʦʪ ʧʨʦʝʢʪʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ 20 ʤʤ; 

ʧʨʠ ʝʟʜʝ ʥʘ ʙʘʣʣʘʩʪʝ ʜʦʧʫʩʢʘʶʪʩʷ ʦʪʢʣʦʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʝ ʙʦʣʝʝ 50 ʠ 30 ʤʤ. ʇʨʠ 

ʙʦʣʴʰʠʭ ʦʪʢʣʦʥʝʥʠʷʭ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʨʷʪʴ ʨʘʩʯʝʪʦʤ ʠʭ ʜʦʧʫʩʪʠʤʦʩʪʴ ʧʦ ʫʩʣʦʚʠʷʤ 

ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ ʠ ʧʨʦʯʥʦʩʪʠ ʤʦʩʪʦʚʳʭ ʙʨʫʩʴʝʚ. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ 

ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʦʩʠ ʧʫʪʠ ʜʦ ʧʝʨʠʣ ʠʣʠ ʜʦ ʚʳʩʪʫʧʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʬʝʨʤ ʧʨʦʣʝʪʥʳʭ 

ʩʪʨʦʝʥʠʡ ʩ ʝʟʜʦʡ ʧʦʥʠʟʫ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʤʝʥʝʝ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ɻʆʉʊ 9238-13 çɻʘʙʘʨʠʪʳ 

ʧʨʠʙʣʠʞʝʥʠʷ ʩʪʨʦʝʥʠʡ ʠ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ ʢʦʣʝʠ 1520 ʤʤè. [3] 

 ʅʘ ʤʦʩʪʘʭ ʤʦʞʝʪ ʫʢʣʘʜʳʚʘʪʴʩʷ ʟʚʝʥʴʝʚʦʡ ʧʫʪʴ ʩ ʨʝʣʴʩʘʤʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʣʠʥʦʡ 25 

ʤ ʠʣʠ ʙʝʩʩʪʳʢʦʚʦʡ ʧʫʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʀʥʩʪʨʫʢʮʠʝʡ ʧʦ ʫʩʪʨʦʡʩʪʚʫ, ʫʢʣʘʜʢʝ, 

ʩʦʜʝʨʞʘʥʠʶ ʠ ʨʝʤʦʥʪʫ ʙʝʩʩʪʳʢʦʚʦʛʦ ʧʫʪʠ, ʫʪʚʝʨʞʜʝʥʥʦʡ ʧʨʠʢʘʟʦʤ ɺʠʮʝ-ʧʨʝʟʠʜʝʥʪʘ ɸʆ 

çʅʂ çפʊɾè ʦʪ 14 ʜʝʢʘʙʨʷ 2012 ʛʦʜʘ ˉ 1162-ʎɿ. [1] 

ʅʘ ʤʦʩʪʘʭ ʩʦ ʩʚʘʨʥʳʤʠ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʧʨʦʣʝʪʥʳʤʠ ʩʪʨʦʝʥʠʷʤʠ ʠ ʚ ʜʨʫʛʠʭ 

ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʩʥʠʟʠʪʴ ʜʠʥʘʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʦʝʟʜʦʚ ʥʘ ʢʦʥʩʪʨʫʢʮʠʠ 

ʤʦʩʪʦʚ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʫʢʣʘʜʳʚʘʪʴ ʙʝʩʩʪʳʢʦʚʦʡ ʧʫʪʴ. 

ʋʢʣʘʜʢʘ ʥʘ ʤʦʩʪʘʭ ʠ ʧʦʜʭʦʜʘʭ ʢ ʥʠʤ ʨʘʟʥʳʭ ʪʠʧʦʚ ʨʝʣʴʩʦʚ, ʧʝʨʝʭʦʜʥʳʭ ʩʪʳʢʦʚ ʠ 

ʨʝʣʴʩʦʚʳʭ ʨʫʙʦʢ ʥʝ ʜʦʧʫʩʢʘʝʪʩʷ. 

 ʇʨʠ ʢʦʩʪʳʣʴʥʦʤ ʩʢʨʝʧʣʝʥʠʠ ʨʝʣʴʩʳ ʠ ʧʦʜʢʣʘʜʢʠ ʥʘ ʤʦʩʪʘʭ ʧʨʠʢʨʝʧʣʷʶʪʩʷ ʥʘ 

ʢʘʞʜʦʤ ʢʦʥʮʝ ʤʦʩʪʦʚʳʭ ʙʨʫʩʴʝʚ (ʰʧʘʣ) ʧʦʣʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʢʦʩʪʳʣʝʡ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʷ ʨʝʣʴʩʦʚ ʢʣʝʤʤʳ ʧʦʜʨʝʟʘʶʪ ʩʦʛʣʘʩʥʦ ʚʳʰʝ (ʩʤ. ʨʠʩ. 

2). ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʤʦʩʪʦʚʦʤ ʧʦʣʦʪʥʝ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʧʦʧʝʨʝʯʠʥʘʤʠ ʠʣʠ 

ʙʝʟʙʘʣʣʘʩʪʥʳʤʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʤʠ ʧʣʠʪʘʤʠ ʜʣʷ ʦʙʣʝʛʯʝʥʠʷ ʧʨʦʜʦʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ 

ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ ʩʣʝʜʫʝʪ ʫʢʣʘʜʳʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʨʦʢʣʘʜʢʠ 

ʪʦʣʱʠʥʦʡ 1,5 - 2,0 ʤʤ ʤʝʞʜʫ ʧʦʜʦʰʚʦʡ ʨʝʣʴʩʘ ʠ ʨʝʟʠʥʦʚʦʡ ʧʦʜʨʝʣʴʩʦʚʦʡ ʧʨʦʢʣʘʜʢʦʡ. 

ʉʪʳʢʠ ʨʝʣʴʩʦʚ ʥʘ ʤʦʩʪʘʭ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʧʦʣʘʛʘʪʴ ʧʦ ʥʘʫʛʦʣʴʥʠʢʫ ʠ ʧʝʨʝʢʨʳʚʘʪʴ 

ʥʘʢʣʘʜʢʘʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʪʠʧʫ ʨʝʣʴʩʦʚ. ʈʝʣʴʩʦʚʳʝ ʟʘʟʦʨʳ ʜʦʣʞʥʳ ʠʤʝʪʴ 

ʥʦʨʤʘʣʴʥʫʶ ʚʝʣʠʯʠʥʫ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʪʝʤʧʝʨʘʪʫʨʝ ʨʝʣʴʩʦʚ. 

ʇʨʠ ʝʟʜʝ ʥʘ ʤʦʩʪʦʚʳʭ ʙʨʫʩʴʷʭ ʩ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʦʩʷʤʠ ʙʨʫʩʴʝʚ ʥʝ ʙʦʣʝʝ 40 ʩʤ 

ʩʪʳʢʠ ʨʝʣʴʩʦʚ ʪʠʧʦʚ ʈ75, ʈ65, ʈ50 ʠ ʈ43 ʤʦʛʫʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʢʘʢ ʥʘ ʚʝʩʫ, ʪʘʢ ʠ ʥʘ 

ʙʨʫʩʴʷʭ, ʘ ʩʪʳʢʠ ʨʝʣʴʩʦʚ ʈ38 ʠ ʣʝʛʯʝ ʫʩʪʨʘʠʚʘʶʪ ʥʘ ʩʙʣʠʞʝʥʥʳʭ ʙʨʫʩʴʷʭ ʩ ʨʘʩʩʪʦʷʥʠʝʤ 

ʤʝʞʜʫ ʦʩʷʤʠ 27 ʩʤ. ʇʨʠ ʙʦʣʴʰʝʤ ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ʙʨʫʩʴʷʤʠ, ʝʩʣʠ ʩʪʳʢʠ ʥʝʚʦʟʤʦʞʥʦ 

ʧʝʨʝʥʝʩʪʠ ʚ ʜʨʫʛʦʝ ʤʝʩʪʦ, ʦʥʠ ʜʦʣʞʥʳ ʙʳʪʴ ʩʚʘʨʝʥʳ. 

ʅʘ ʙʝʟʙʘʣʣʘʩʪʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʧʣʠʪʘʭ ʩʪʳʢʠ ʨʝʣʴʩʦʚ ʤʦʛʫʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʚ 

ʣʶʙʦʤ ʤʝʩʪʝ ʤʝʞʜʫ ʦʧʦʨʘʤʠ (ʨʝʣʴʩʦʚʳʤʠ ʧʦʜʢʣʘʜʢʘʤʠ) ʧʨʠ ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ʥʠʤʠ ʥʝ 

ʙʦʣʝʝ 50 ʩʤ. ʉʪʳʢʠ ʧʝʨʝʢʨʳʚʘʶʪ ʪʠʧʦʚʳʤʠ ʰʝʩʪʠʜʳʨʥʳʤʠ ʥʘʢʣʘʜʢʘʤʠ ʩ ʧʦʩʪʘʥʦʚʢʦʡ ʥʝ 

ʤʝʥʝʝ ʜʚʫʭ ʙʦʣʪʦʚ ʩ ʢʘʞʜʦʡ ʩʪʦʨʦʥʳ. ʇʨʠ ʧʦʧʘʜʘʥʠʠ ʩʪʳʢʘ ʥʘ ʨʝʣʴʩʦʚʫʶ ʧʦʜʢʣʘʜʢʫ ʦʥ 

ʜʦʣʞʝʥ ʙʳʪʴ ʩʚʘʨʝʥ. 

ʅʘ ʤʦʩʪʘʭ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʧʦʧʝʨʝʯʠʥʘʤʠ ʩʪʳʢʠ ʨʝʣʴʩʦʚ ʫʩʪʨʘʠʚʘʶʪ ʥʘ ʚʝʩʫ 

ʤʝʞʜʫ ʧʦʧʝʨʝʯʠʥʘʤʠ ʚ ʤʝʩʪʘʭ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʧʨʦʝʢʪʥʦʡ ʵʧʶʨʦʡ ʫʢʣʘʜʢʠ ʧʦʧʝʨʝʯʠʥ. 

ʅʘ ʤʦʩʪʘʭ ʩ ʝʟʜʦʡ ʥʘ ʙʘʣʣʘʩʪʝ ʩʪʳʢʠ ʨʝʣʴʩʦʚ ʫʩʪʨʘʠʚʘʶʪ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʥʘ ʧʝʨʝʛʦʥʝ. 

ʈʝʣʴʩʦʚʳʝ ʩʪʳʢʠ ʥʝ ʩʣʝʜʫʝʪ ʨʘʩʧʦʣʘʛʘʪʴ ʙʣʠʞʝ 2 ʤ ʦʪ ʢʦʥʮʦʚ ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ, 

ʘ ʚ ʘʨʦʯʥʳʭ ʤʦʩʪʘʭ ʦʪ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʰʚʦʚ ʠ ʟʘʤʢʘ ʩʚʦʜʘ. ʅʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʪʘʢʞʝ 

ʨʘʩʧʦʣʘʛʘʪʴ ʩʪʳʢʠ ʨʝʣʴʩʦʚ ʥʘʜ ʨʘʟʨʳʚʘʤʠ ʧʨʦʜʦʣʴʥʳʭ ʙʘʣʦʢ ʠ ʥʘʜ ʧʦʧʝʨʝʯʥʳʤʠ ʙʘʣʢʘʤʠ. 
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 ʇʝʨʝʜʘʯʘ ʫʛʦʥʘ ʧʫʪʠ ʩ ʧʦʜʭʦʜʦʚ ʥʘ ʤʦʩʪ ʥʝ ʜʦʧʫʩʢʘʝʪʩʷ. ʋʛʦʥ ʧʫʪʠ ʜʦʣʞʝʥ ʙʳʪʴ 

ʧʦʣʥʦʩʪʴʶ ʣʠʢʚʠʜʠʨʦʚʘʥ ʥʘ ʧʦʜʭʦʜʘʭ ʢ ʤʦʩʪʫ ʩ ʧʦʤʦʱʴʶ ʧʨʦʪʠʚʦʫʛʦʥʦʚ, ʧʦʩʪʘʚʣʝʥʥʳʭ ʩ 

ʢʘʞʜʦʡ ʩʪʦʨʦʥʳ ʤʦʩʪʘ. 

ʋʩʪʘʥʦʚʢʘ ʧʨʦʪʠʚʦʫʛʦʥʦʚ ʥʘ ʤʦʩʪʘʭ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʨʠ ʧʦʣʥʦʤ 

ʟʘʢʨʝʧʣʝʥʠʠ ʧʫʪʠ ʥʘ ʧʦʜʭʦʜʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʫʛʦʥ ʧʫʪʠ ʚ ʧʨʝʜʝʣʘʭ ʩʘʤʦʛʦ ʤʦʩʪʘ. ʇʨʠ ʵʪʦʤ 

ʩʣʝʜʫʝʪ ʧʨʠʤʝʥʷʪʴ ʧʨʫʞʠʥʥʳʝ ʠʣʠ ʚʠʥʪʦʚʳʝ ʧʨʦʪʠʚʦʫʛʦʥʳ. 

ɿʘʢʨʝʧʣʝʥʠʝ ʧʫʪʠ ʦʪ ʫʛʦʥʘ ʥʝ ʜʦʣʞʥʦ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʧʝʨʝʤʝʱʝʥʠʶ ʧʨʦʣʝʪʥʳʭ 

ʩʪʨʦʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʣʴʩʦʚ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʫʨʘʚʥʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ; ʜʣʷ ʵʪʦʛʦ 

ʧʨʦʪʠʚʦʫʛʦʥʳ ʩʣʝʜʫʝʪ ʨʘʟʤʝʱʘʪʴ ʩʦ ʩʪʦʨʦʥʳ ʥʝʧʦʜʚʠʞʥʳʭ ʦʧʦʨʥʳʭ ʯʘʩʪʝʡ. 

ʅʘ ʤʦʩʪʘʭ ʩ ʧʦʣʦʪʥʦʤ ʥʘ ʜʝʨʝʚʷʥʥʳʭ ʙʨʫʩʴʷʭ ʧʨʦʪʠʚʦʫʛʦʥʳ ʩʪʘʚʷʪ ʫ ʙʨʫʩʴʝʚ, 

ʧʨʠʢʨʝʧʣʝʥʥʳʭ ʧʨʦʪʠʚʦʫʛʦʥʥʳʤʠ ʫʛʦʣʢʦʚʳʤʠ ʢʦʨʦʪʳʰʘʤʠ, ʘ ʧʨʠ ʝʟʜʝ ʥʘ ʙʘʣʣʘʩʪʝ, ʪʘʢʞʝ 

ʢʘʢ ʥʘ ʧʝʨʝʛʦʥʝ. ʇʨʠ ʝʟʜʝ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʧʝʨʝʯʠʥʘʭ ʠ ʙʝʟʙʘʣʣʘʩʪʥʳʭ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʧʣʠʪʘʭ ʧʫʪʴ ʟʘʢʨʝʧʣʷʶʪ ʩ ʧʦʤʦʱʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʟʘʪʷʛʠʚʘʥʠʷ 

ʢʣʝʤʤ ʧʨʠʢʨʝʧʣʝʥʠʷ ʨʝʣʴʩʦʚ. 

 ʅʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʦʩʪʘʭ ʩ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʧʨʦʣʝʪʦʤ ʙʦʣʴʰʝ 100 ʤ (ʧʨʠ ʛʦʜʦʚʦʡ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʘʤʧʣʠʪʫʜʝ ʨʝʣʴʩʦʚ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʡ 90Áʉ ʙʦʣʴʰʝ 110 ʤ) ʥʝʦʙʭʦʜʠʤʦ 

ʫʢʣʘʜʳʚʘʪʴ ʫʨʘʚʥʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ ʠʣʠ ʫʨʘʚʥʠʪʝʣʴʥʳʝ ʨʝʣʴʩʳ. ʇʨʠ ʵʪʦʤ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʨʦʣʝʪ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʥʝʧʦʜʚʠʞʥʳʭ ʦʧʦʨʥʳʭ ʯʘʩʪʝʡ ʦʜʥʦʛʦ 

ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ ʜʦ ʥʝʧʦʜʚʠʞʥʳʭ ʦʧʦʨʥʳʭ ʯʘʩʪʝʡ ʩʤʝʞʥʦʛʦ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ ʠʣʠ 

ʜʦ ʰʢʘʬʥʦʡ ʩʪʝʥʢʠ ʫʩʪʦʷ. ɺ ʢʦʥʩʦʣʴʥʳʭ ʤʦʩʪʘʭ ʫʯʠʪʳʚʘʶʪʩʷ ʪʦʣʴʢʦ ʦʧʦʨʥʳʝ ʯʘʩʪʠ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʙʳʢʘʭ ʠ ʫʩʪʦʷʭ. 

ɺ ʘʨʦʯʥʳʭ ʤʦʩʪʘʭ (ʙʝʟ ʟʘʪʷʞʢʠ) ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʨʦʣʝʪ ʨʘʚʝʥ ʧʦʣʦʚʠʥʝ ʧʨʦʣʝʪʘ 

ʘʨʢʠ. 

ɺ ʢʘʞʜʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʧʨʦʣʝʪʝ ʫʢʣʘʜʳʚʘʶʪ ʧʦ ʦʜʥʦʤʫ ʢʦʤʧʣʝʢʪʫ 

ʫʨʘʚʥʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʠʣʠ ʫʨʘʚʥʠʪʝʣʴʥʳʭ ʨʝʣʴʩʦʚ. ʇʨʠ ʨʘʩʧʦʣʦʞʝʥʠʠ ʥʘ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʦʧʦʨʘʭ ʪʦʣʴʢʦ ʧʦʜʚʠʞʥʳʭ ʠʣʠ ʥʝʧʦʜʚʠʞʥʳʭ ʦʧʦʨʥʳʭ ʯʘʩʪʝʡ 

ʨʘʟʨʝʰʘʝʪʩʷ ʥʝ ʫʢʣʘʜʳʚʘʪʴ ʫʨʘʚʥʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ ʧʨʠ ʜʣʠʥʝ ʢʘʞʜʦʛʦ ʠʟ ʧʨʦʣʝʪʦʚ ʤʝʥʝʝ 

100 ʤ (ʤʝʥʝʝ 110 ʤ ʧʨʠ ʛʦʜʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʘʤʧʣʠʪʫʜʝ ʨʝʣʴʩʦʚ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʡ              

90 Áʉ). [2] 

ʋʨʘʚʥʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ ʜʦʣʞʥʳ ʧʨʠʤʝʥʷʪʴʩʷ ʪʠʧʘ ʈ65 ʠ ʪʷʞʝʣʝʝ. ʋʢʣʘʜʢʘ 

ʫʨʘʚʥʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʪʠʧʘ ʈ50 ʜʦʧʫʩʢʘʝʪʩʷ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʩ ʨʘʟʨʝʰʝʥʠʷ ʎʇ. ʅʘ 

ʤʦʩʪʘʭ ʩ ʫʨʘʚʥʠʪʝʣʴʥʳʤʠ ʧʨʠʙʦʨʘʤʠ ʠʣʠ ʫʨʘʚʥʠʪʝʣʴʥʳʤʠ ʨʝʣʴʩʘʤʠ ʚ ʧʨʝʜʝʣʘʭ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʨʦʣʝʪʘ ʨʝʣʴʩʳ ʜʦʣʞʥʳ ʙʳʪʴ ʩʚʘʨʝʥʳ. ɺ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʩ ʨʘʟʨʝʰʝʥʠʷ 

ʜʠʨʝʢʪʦʨʘ ʎʇ ʜʦʧʫʩʢʘʝʪʩʷ ʟʘʛʣʫʰʘʪʴ ʩʪʳʢʠ ʧʦʩʪʘʥʦʚʢʦʡ ʚʢʣʘʜʳʰʝʡ ʚ ʦʪʚʝʨʩʪʠʷ ʜʣʷ 

ʙʦʣʪʦʚ. 

ʋʢʣʘʜʢʘ ʫʨʘʚʥʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʠʣʠ ʫʨʘʚʥʠʪʝʣʴʥʳʭ ʨʝʣʴʩʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ 

ʧʨʦʝʢʪʘʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʀʥʩʪʨʫʢʮʠʝʡ ʧʦ ʫʩʪʨʦʡʩʪʚʫ, ʫʢʣʘʜʢʝ, ʩʦʜʝʨʞʘʥʠʶ ʠ ʨʝʤʦʥʪʫ 

ʙʝʩʩʪʳʢʦʚʦʛʦ ʧʫʪʠ, ʫʪʚʝʨʞʜʝʥʥʦʡ ʧʨʠʢʘʟʦʤ ɺʠʮʝ-ʧʨʝʟʠʜʝʥʪʘ ɸʆ çʅʂ çפʊɾè ʦʪ 14 

ʜʝʢʘʙʨʷ 2012 ʛʦʜʘ ˉ 1162-ʎɿ. [1] 
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ɻɽʆɼɽɿʀʏɽʉʂʀɽ ʈɸɹʆʊʓ ʇʈʀ ʉʊʈʆʀʊɽʃʔʉʊɺɽ ʄɸʃʓʍ 

ʀʉʂʋʉʉʊɺɽʅʅʓʍ ʉʆʆʈʋɾɽʅʀʁ 

 

ɸʥʥʦʪʘʮʠʷ. ʀʩʢʫʩʩʪʚʝʥʥʳʝ ʩʦʦʨʫʞʝʥʠʷ, ɺʠʜʳ ʠ ʧʦʨʷʜʦʢ ʧʨʦʚʝʜʝʥʠʷ ʧʨʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʤʦʩʪʦʚ, ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʨʘʟʙʠʚʦʯʥʘʷ ʩʝʪʴ, ʩʠʩʪʝʤʘ ʧʦʣʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ 

ʭʦʜʦʚ, ʤʦʥʪʘʞ ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʩʦʦʨʫʞʝʥʠʷ, ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʨʘʟʙʠʚʦʯʥʘʷ ʩʝʪʴ, 

ʢʦʦʨʜʠʥʘʪʳ, ʧʦʧʝʨʝʯʥʳʝ ʫʢʣʦʥʳ, ʧʝʨʝʜʘʯʘ ʚʳʩʦʪ, ʪʝʦʜʦʣʠʪ, ʧʦʣʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʝ ʩʝʪʠ  

ɸשʜʘʪʧʘ. ɾʘʩʘʥʜʳ ײץʨʳʣʳʩʪʘʨ, ʢᴇʧʽʨ ײץʨʳʣʳʩʳʥʳש ʞװʨʛʽʟʫ ʪᴅʨʪʽʧʪʝʨʽ ʞᴅʥʝ 

ʪװʨʣʝʨʽ, ʧʦʣʠʛʦʥʦʤʝʪʨʠʷʣʳץ  ʞװʨʽʩʪʝʨʜʽש ʞװʡʝʩʽ, ʘʨʘʣʳײץ ץʨʳʣʳʤʜʘʨʜʳ ʤʦʥʪʘʞʜʘʫ. 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ʞʘʩʘʥʜʳ ײץʨʳʣʳʩʪʘʨ, ʛʝʦʜʝʟʠʷʣʳץ ʪʦʨʣʘʨ, ʢᴇʣʜʝʥʝʥ ʝשʽʩʪʽʢʪʝʨ, 

ʙʠʽʢʪʽʢʪʝʨʜʽ ʪʘʨʘʪʫ, ʧʦʣʠʛʦʥʦʤʝʪʨʠʷʣʳץ ʪʦʨʣʘʨ. 

Abstract. Artificial structures, Types and order of construction of bridges, Geodetic 

center, System of polygonometric moves, installation of span structures 

Key words: artificial structures, Geodetic center, coordinates, Transverse slopes, Heights 

transfer, theodolite, Polygon metric networks 

 

ʀʩʢʫʩʩʪʚʝʥʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ï ʵʪʦ ʩʦʙʠʨʘʪʝʣʴʥʦʝ ʥʘʟʚʘʥʠʝ ʩʦʦʨʫʞʝʥʠʡ, ʚʦʟʚʦʜʠʤʳʭ 

ʚ ʤʝʩʪʘʭ ʧʝʨʝʩʝʯʝʥʠʷ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʦʡ ʨʝʢ, ʨʫʯʴʝʚ, ʧʦʪʦʢʦʚ ʜʦʞʜʝʚʦʡ ʠ ʪʘʣʦʡ ʚʦʜʳ, 

ʜʨʫʛʠʭ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʣʠʥʠʡ, ʪʨʘʤʚʘʡʥʳʭ ʧʫʪʝʡ ʠ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ, ʛʦʨʥʳʭ 

ʭʨʝʙʪʦʚ, ʛʣʫʙʦʢʠʭ ʫʱʝʣʠʡ ʠ ʛʦʨʦʜʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ. ʊʘʢʞʝ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʩʦʦʨʫʞʝʥʠʷ 

ʦʙʝʩʧʝʯʠʚʘʶʪ: 

-ʙʝʟʦʧʘʩʥʳʡ ʧʝʨʝʭʦʜ ʣʶʜʝʡ ʥʘʜ ʠʣʠ ʧʦʜ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤʠ ʧʫʪʷʤʠ; 

-ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʨʫʪʳʭ ʠ ʜʝʬʦʨʤʠʨʫʶʱʠʭʩʷ ʦʪʢʦʩʦʚ; 

-ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʚʦʜʥʳʭ ʧʦʪʦʢʦʚ ʩ ʮʝʣʴʶ ʧʨʝʜʦʭʨʘʥʝʥʠʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʧʫʪʝʡ 

ʦʪ ʧʝʨʝʫʚʣʘʞʥʝʥʠʷ ʠ ʨʘʟʤʳʚʦʚ. 

ʂ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʩʦʦʨʫʞʝʥʠʷʤ ʦʪʥʦʩʷʪ ʤʦʩʪʳ, ʪʨʫʙʳ, ʪʦʥʥʝʣʠ, ʚʠʘʜʫʢʠ, ʵʩʪʘʢʘʜʳ, 

ʧʝʰʝʭʦʜʥʳʝ ʤʦʩʪʳ, ʧʦʜʧʦʨʥʳʝ ʩʪʝʥʢʠ, ʨʝʛʫʣʷʮʠʦʥʥʳʝ ʩʦʦʨʫʞʝʥʠʷ, ʜʶʢʝʨʳ, ʛʘʣʝʨʝʠ, 

ʩʝʣʝʩʧʫʩʢʠ, ʣʦʪʢʠ, ʙʳʩʪʨʦʪʦʢʠ, ʬʠʣʴʪʨʫʶʱʠʝ ʥʘʩʳʧʠ, ʧʨʠʯʘʣʳ ʧʘʨʦʤʥʳʭ ʧʝʨʝʧʨʘʚ. 

 ɹʦʣʝʝ 90% ʚʩʝʭ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʩʦʩʪʘʚʣʷʶʪ ʤʦʩʪʳ ʠ ʪʨʫʙʳ. 

ʇʦ ʥʘʟʥʘʯʝʥʠʶ ʪʦʥʥʝʣʠ ʙʳʚʘʶʪ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʝ, ʘʚʪʦʜʦʨʦʞʥʳʝ, 

ʤʝʪʨʦʧʦʣʠʪʝʥʳ, ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʝ, ʢʦʤʤʫʥʘʣʴʥʳʝ, ʛʦʨʥʦʧʨʦʤʳʰʣʝʥʥʳʝ ʠ ʜʨʫʛʠʝ. 

ʀʥʦʛʜʘ ʩʦʦʨʫʞʘʶʪ ʪʦʥʥʝʣʠ ʧʦʜ ʨʫʩʣʦʤ ʨʝʢʠ. 

ʀʩʢʫʩʩʪʚʝʥʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʧʦ ʧʨʦʪʷʞʝʥʠʶ ʩʦʩʪʘʚʣʷʶʪ ʤʝʥʝʝ 1,5% ʦʙʱʝʡ ʜʣʠʥʳ 

ʧʫʪʠ, ʥʦ ʜʦʣʷ ʠʭ ʚ ʦʙʱʝʡ ʩʪʦʠʤʦʩʪʠ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ ʨʘʚʥʘ ʧʦʯʪʠ 10%; ʩʪʦʠʤʦʩʪʴ ʦʜʥʦʛʦ 

ʧʦʛʦʥʥʦʛʦ ʤʝʪʨʘ ʤʦʩʪʘ ʠ ʪʦʥʥʝʣʷ ʚ ʜʝʩʷʪʢʠ ʨʘʟ ʚʳʰʝ, ʯʝʤ ʦʙʳʯʥʦʛʦ ʧʫʪʠ. ʇʦʵʪʦʤʫ ʠʭ 

ʩʪʨʦʷʪ ʢʘʧʠʪʘʣʴʥʳʤʠ, ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʥʘ ʜʣʠʪʝʣʴʥʳʡ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ.                                

ʇʦ ʜʣʠʥʝ ʤʦʩʪʳ ʧʦʜʨʘʟʜʝʣʷʶʪ ʥʘ: 

-ʤʘʣʳʝ (ʧʦʣʥʘʷ ʜʣʠʥʘ ʜʦ 25 ʤ); 

-ʩʨʝʜʥʠʝ (ʦʪ 25 ʜʦ 100 ʤ); 

-ʙʦʣʴʰʠʝ (ʦʪ 100 ʜʦ 500 ʤ); 

-ʚʥʝʢʣʘʩʩʥʳʝ (ʙʦʣʝʝ 500 ʤ). 

ʇʫʪʴ ʥʘ ʤʦʩʪʫ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʚʝʨʭʫ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ (ʝʟʜʘ 

ʧʦʚʝʨʭʫ), ʚʥʠʟʫ (ʝʟʜʘ ʧʦʥʠʟʫ), ʘ ʠʥʦʛʜʘ ʠ ʧʦʩʝʨʝʜʠʥʝ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ, ʠʤʝʶʱʝʛʦ 

ʬʦʨʤʫ ʘʨʢʠ [1]. 

mailto:abaknur1999@mail.ru
mailto:ba.zhumaseitova@kazatk.kz


ʄʘʪʝʨʠʘʣʳ  XLII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʂʘʟɸʊʂ ʠʤ. ʄ. ʊʳʥʳʰʧʘʝʚʘ                    

ʥʘ ʪʝʤʫ çʀʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʪʨʘʥʩʧʦʨʪʝ: ʦʙʨʘʟʦʚʘʥʠʝ, ʥʘʫʢʘ, ʧʨʘʢʪʠʢʘ», 18. 04. 2018 ʛ., ʊʦʤ 4 
 

 

 

139 

ʇʦʨʷʜʦʢ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪʳ 

ɺʩʝ ʵʪʘʧʳ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʤʦʩʪʘ ʪʨʝʙʫʶʪ ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʘ. ɸ ʵʪʦ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʤʦʩʪʦʚ. ɼʣʷ ʵʪʦʛʦ ʥʫʞʥʦ: 

1) ʩʦʟʜʘʪʴ ʛʝʦʜʝʟʠʯʝʩʢʫʶ ʨʘʟʙʠʚʦʯʥʫʶ ʩʝʪʴ; 

2) ʨʘʟʙʠʪʴ ʤʦʩʪʦʚʳʝ ʦʧʦʨʳ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʧʦʩʪʨʦʝʥʠʷ; 

3) ʨʘʟʙʠʪʴ ʥʘ ʦʧʦʨʝ ʦʩʠ ʧʦʜʬʝʨʤʝʥʥʳʝ ʧʣʦʱʘʜʢʠ; 

4) ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʤʦʥʪʘʞ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ; 

5) ʫʩʪʘʥʦʚʠʪʴ ʧʨʦʣʝʪʥʦʝ ʩʪʨʦʝʥʠʷ ʥʘ ʦʧʦʨʥʳʭ ʯʘʩʪʷʭ ʩʦʦʨʫʞʝʥʠʷ  

   

1) ɻʝʦʜʝʟʠʯʝʩʢʘʷ ʨʘʟʙʠʚʦʯʥʘʷ ʩʝʪʴ ï ʵʪʦ ʧʣʘʥʦʚʘʷ ʠ ʚʳʩʦʪʥʘʷ ʦʩʥʦʚʘ ʢʦʥʪʨʦʣʴʥʦ-

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʠ ʨʘʟʙʠʚʦʯʥʳʭ ʨʘʙʦʪ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʇʫʥʢʪʳ ʨʘʟʙʠʚʦʯʥʦʡ 

ʩʝʪʠ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦ ʙʝʨʝʛʘʤ, ʨʝʢʘʤ ʠ ʦʩʪʨʦʚʘʤ ʚ ʪʝʭ ʤʝʩʪʘʭ, ʢʦʪʦʨʳʝ ʫʜʦʙʥʳ 

ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʢʦʥʪʨʦʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠ ʨʘʟʙʠʚʦʯʥʳʭ ʨʘʙʦʪ. ɺ ʥʘʯʘʣʝ ʠ ʚ ʢʦʥʮʝ ʦʩʠ 

ʨʘʟʤʝʱʘʶʪ ʧʦ ʦʜʥʦʤʫ ʧʫʥʢʪʫ. ʀʭ ʢʦʦʨʜʠʥʘʪʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘ ʤʝʩʪʥʦʩʪʠ ʧʦ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʤʝʩʪʥʦʩʪʠ ʠ ʧʦʣʦʞʝʥʠʷ ʧʨʦʝʢʪʥʦʡ ʣʠʥʠʠ ʪʨʘʩʩʳ 

ʚʳʧʦʣʥʷʶʪ ʨʘʟʙʠʚʢʫ ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘ ʜʦʨʦʛʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʣʫʯʘʝʚ ʧʦʣʦʞʝʥʠʷ 

ʧʨʦʝʢʪʥʦʛʦ ʠ ʧʦʧʝʨʝʯʥʦʛʦ ʧʨʦʬʠʣʝʡ ʪʨʘʩʩʳ. ʈʘʟʙʠʚʢʘ ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ 

ʫʯʸʪʦʤ ʦʙʫʩʪʨʦʡʩʪʚʘ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ, ʦʙʦʯʠʥ, ʦʪʢʦʩʦʚ ʠ ʢʶʚʝʪʦʚ, ʩʦʙʣʶʜʝʥʠʝʤ 

ʧʨʦʝʢʪʥʳʭ ʫʢʣʦʥʦʚ ʚ ʧʨʦʜʦʣʴʥʦʤ ʠ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʇʦʧʝʨʝʯʥʳʝ ʫʢʣʦʥʳ 

ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʦʪʚʦʜʘ ʚʦʜʳ ʚ ʪʦʤ ʠ ʜʨʫʛʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ ʦʪ ʦʩʠ ʜʦʨʦʛʠ 

ʣʠʙʦ ʚ ʦʜʥʦʤ ʢʘʢʦʤ-ʣʠʙʦ ʥʘʧʨʘʚʣʝʥʠʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʚʠʞʫʱʝʛʦʩʷ ʥʘ ʟʘʢʨʫʛʣʝʥʠʷʭ ʪʨʘʥʩʧʦʨʪʘ. ʇʦʧʝʨʝʯʥʳʝ ʫʢʣʦʥʳ ʥʝ ʜʦʣʞʥʳ 

ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʧʨʦʝʢʪʥʳʭ ʥʝ ʙʦʣʝʝ, ʯʝʤ ʥʘ 0,030. 

ʀʩʧʦʣʥʠʪʝʣʴʥʘʷ ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʩʲʸʤʢʘ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʩʣʝ ʚʦʟʚʝʜʝʥʠʷ ʟʝʤʣʷʥʦʛʦ 

ʧʦʣʦʪʥʘ ʠ ʧʦʩʣʝ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʜʦʨʦʛʠ. 
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ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʝʨʝʜʘʯʘ ʚʳʩʦʪ ʯʝʨʝʟ ʚʦʜʥʦʝ ʧʨʝʧʷʪʩʪʚʠʝ.  ʇʨʠʤʝʥʷʶʪ 

ʪʦʯʥʦʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʠ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʦʝ ʥʠʚʝʣʠʨʦʚʘʥʠʝ. ɺ ʟʠʤʥʝʝ ʚʨʝʤʷ 

ʥʠʚʝʣʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʷʶʪ ʧʦ ʣʴʜʫ ʧʦ ʟʘʨʘʥʝʝ ʚʤʦʨʦʞʝʥʥʳʤ ʧʠʢʝʪʘʤ. ʅʘ ʜʚʫʭ ʩʪʘʥʮʠʷʭ 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʩʪʨʦʛʫʶ ʩʠʤʤʝʪʨʠʶ ʥʝʨʘʚʥʳʭ ʧʣʝʯ: L1 = L3; L2 = L4 . 

ʉʪʚʦʨ ʦʩʠ ʤʦʩʪʘ ʧʨʠ ʨʘʟʙʠʚʢʝ ʟʘʜʘʶʪ ʪʝʦʜʦʣʠʪʦʤ ʠʣʠ ʣʘʟʝʨʥʳʤ ʚʠʟʠʨʦʤ ʠ ʚʳʥʦʩʷʪ 

ʧʦ ʥʝʤʫ ʮʝʥʪʨʳ ʦʧʦʨ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʘʨʠʨʦʚʘʥʥʳʭ ʨʫʣʝʪʦʢ ʠʣʠ ʩʚʝʪʦʜʘʣʴʥʦʤʝʨʦʤ. ʅʘ 

ʙʦʣʴʰʠʭ ʩʫʭʦʜʦʣʴʥʳʭ ʨʝʢʘʭ ʮʝʥʪʨʳ ʦʧʦʨ ʚʳʥʦʩʷʪ ʩʧʦʩʦʙʘʤʠ ʧʨʷʤʦʡ ʠʣʠ ʦʙʨʘʪʥʦʡ 

ʫʛʣʦʚʦʡ ʟʘʩʝʯʢʠ ʩ ʧʫʥʢʪʦʚ ʨʘʟʙʠʚʦʯʥʦʡ ʩʝʪʠ. ʇʨʷʤʫʶ ʫʛʣʦʚʫʶ ʟʘʩʝʯʢʫ ʚʳʧʦʣʥʷʶʪ ʩ ʪʨʸʭ 

ʧʫʥʢʪʦʚ, ʧʨʠʯʝʤ ʦʜʥʦ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʥʦ ʩʦʚʧʘʜʘʪʴ ʩ ʦʩʴʶ ʤʦʩʪʘ. ʇʨʠ 

ʦʙʨʘʪʥʦʡ ʫʛʣʦʚʦʡ ʟʘʩʝʯʢʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʚʳʧʦʣʥʷʶʪ ʧʦ ʯʝʪʳʨʸʤ ʠʩʭʦʜʥʳʤ ʧʫʥʢʪʘʤ 

ʩʝʪʠ. ʎʝʥʪʨ ʤʦʩʪʦʚʦʡ ʦʧʦʨʳ ʤʦʞʝʪ ʙʳʪʴ ʩʤʝʱʸʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʥʝ ʙʦʣʝʝ, ʯʝʤ ʥʘ 20 

ʤʤ. 

ɼʝʪʘʣʴʥʘʷ ʨʘʟʙʠʚʢʘ ʦʧʦʨʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪ ʝʸ ʮʝʥʪʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʦʧʦʨ ʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʛʦ ʢ ʥʝʡ ʥʘʧʨʘʚʣʝʥʠʷ ï ʦʩʠ ʦʧʦʨʳ. 

ʇʦ ʦʢʦʥʯʘʥʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦʧʦʨ, ʘ ʟʘʪʝʤ ï ʧʦʩʣʝ ʤʦʥʪʘʞʘ ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ, 

ʧʨʦʠʟʚʦʜʷʪ ʠʩʧʦʣʥʠʪʝʣʴʥʫʶ ʩʲʸʤʢʫ. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʉʠʩʪʝʤʘ ʧʦʣʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʭʦʜʦʚ 

 

ʇʦʣʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʝ ʩʝʪʠ ʩʪʨʦʷʪ ʚ ʚʠʜʝ ʩʠʩʪʝʤʳ ʭʦʜʦʚ ʚ ʧʨʦʜʦʣʴʥʦʤ ʧʦ ʦʩʠ 

ʤʦʩʪʘ ʥʘʧʨʘʚʣʝʥʠʠ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. ʋʛʣʳ ʚ ʪʘʢʦʡ ʩʝʪʠ ʠʟʤʝʨʷʶʪ ʩ 

ʧʦʛʨʝʰʥʦʩʪʴʶ 2"-3", ʘ ʩʪʦʨʦʥʳ ï ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ 5 ʤʤ. ʇʦʣʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʝ ʩʝʪʠ ʯʘʱʝ 

ʚʩʝʛʦ ʩʪʨʦʷʪ ʥʘ ʩʫʭʦʜʦʣʴʥʳʭ ʨʝʢʘʭ ʚ ʤʝʞʝʥʥʳʡ ʧʝʨʠʦʜ (ʧʨʠʤʝʨʥʦ ʩʝʨʝʜʠʥʘ ʣʝʪʘ ʜʣʷ 

ʩʨʝʜʥʝʡ ʧʦʣʦʩʳ), ʢʦʛʜʘ ʙʝʨʝʛʦʚʳʝ ʣʠʥʠʠ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʘʶʪʩʷ ʜʨʫʛ ʢ ʜʨʫʛʫ. ɺ 

ʩʠʩʪʝʤʫ ʧʦʣʠʛʦʥʦʤʝʪʨʠʯʝʩʢʦʛʦ ʭʦʜʘ ʚʢʣʶʯʘʶʪ ʪʦʯʢʠ ɸ ʠ ɺ ʦʩʠ ʤʦʩʪʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʦʙʨʘʟʫʝʪʩʷ ʟʘʤʢʥʫʪʳʡ ʧʦʣʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʡ ʭʦʜ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʨʘʟʦʤʢʥʫʪʦʛʦ ʦʩʥʦʚʥʦʛʦ 
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ʭʦʜʘ ɸ-1-2-3-4-5-ɺ ʠ ʢʦʥʪʨʦʣʴʥʦʛʦ ɺ-6-7-8-9-ɸ. ɺ ʪʘʢʦʤ ʧʦʩʪʨʦʝʥʠʠ ʠʟʤʝʨʷʶʪ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʫʛʣʳ ʚ ʫʟʣʦʚʳʭ ʪʦʯʢʘʭ  ɸ ʠ ɺ ʤʝʞʜʫ ʣʠʥʠʷʤʠ ʧʦʣʠʛʦʥʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʭʦʜʘ ʠ ʦʩʴʶ ʤʦʩʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʨʠʪʴ ʩʚʝʪʦʜʘʣʴʥʦʤʝʨʦʤ  [3] ʨʘʩʩʪʦʷʥʠʝ 

ɸɺ ʠ ʩʨʘʚʥʠʪʴ ʝʛʦ ʩ ʚʳʯʠʩʣʝʥʥʳʤ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ʪʦʯʝʢ ɸ ʠ ɺ ʨʘʩʩʪʦʷʥʠʝʤ. 

ɺʦʟʤʦʞʥʳ ʠ ʜʨʫʛʠʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʧʦʩʪʨʦʝʥʠʷ ʚ ʚʠʜʝ ʩʜʚʦʝʥʥʳʭ ʮʝʥʪʨʘʣʴʥʳʭ 

ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʩʦʯʝʪʘʥʠʷ ʣʠʥʝʡʥʦ-ʫʛʣʦʚʳʭ ʧʦʩʪʨʦʝʥʠʡ ʩ ʧʦʣʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʤʠ ʭʦʜʘʤʠ. 

ɺʠʜ ʧʦʩʪʨʦʝʥʠʷ ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʥʝʦʙʭʦʜʠʤʦʡ ʪʦʯʥʦʩʪʠ ʨʘʟʙʠʚʦʯʥʳʭ ʨʘʙʦʪ, ʪʘʢ ʠ ʦʪ 

ʫʩʣʦʚʠʡ ʨʘʙʦʪ [2]. 

ʇʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʤʦʩʪʦʚʳʭ ʩʦʦʨʫʞʝʥʠʡ ʠ ʚʠʘʜʫʢʦʚ ʯʝʨʝʟ ʫʱʝʣʴʷ ʠ ʢʦʥʴʦʥʳ, 

ʢʦʛʜʘ ʦʧʦʨʳ ʥʘ ʙʝʨʝʛʘʭ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʫʩʪʫʧʘʤʠ, ʩʪʨʦʷʪ ʣʠʥʝʡʥʦʫʛʣʦʚʳʝ ʩʝʪʠ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʨʘʩʩʪʦʷʥʠʷ ʠʟʤʝʨʷʶʪ ʩʚʝʪʦʜʘʣʴʥʦʤʝʨʦʤ, ʘ 

ʚʝʨʪʠʢʘʣʴʥʳʝ ʫʛʣʳ ï ʪʝʦʜʦʣʠʪʦʤ ʣʠʙʦ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʵʣʝʢʪʨʦʥʥʳʡ 

ʪʘʭʝʦʤʝʪʨ. ɿʜʝʩʴ ʩʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʚʝʨʪʠʢʘʣʴʥʳʝ ʫʛʣʳ ʠʟʤʝʨʷʶʪʩʷ ʩ ʥʝʩʢʦʣʴʢʦ 

ʤʝʥʴʰʝʡ ʪʦʯʥʦʩʪʴʶ, ʯʝʤ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ, ʧʦʵʪʦʤʫ ʯʠʩʣʦ ʠʟʤʝʨʝʥʠʡ ʩʣʝʜʫʝʪ ʫʚʝʣʠʯʠʚʘʪʴ 

ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʪʦʯʥʦʩʪʠ 

2) ʧʦʩʣʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʠ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʥʘʯʠʥʘʝʪʩʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʢʦʥʩʪʨʫʢʮʠʡ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʝʢʪʘ ʠ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʤʦʥʪʘʞ ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ ʤʦʩʪʦʚ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ 

ʥʝʩʢʦʣʴʢʠʤʠ ʩʧʦʩʦʙʘʤʠ. 

ʉʙʦʨʢʘ ʥʘ ʧʦʜʤʦʩʪʷʭ. ʕʪʦʪ ʚʘʨʠʘʥʪ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʣʝʪʥʳʭ 

ʩʪʨʦʝʥʠʡ ʩ ʛʣʘʚʥʳʤʠ ʬʝʨʤʘʤʠ ʩʢʚʦʟʥʦʛʦ ʪʠʧʘ, ʵʣʝʤʝʥʪʳ ʦʧʠʨʘʶʪʩʷ ʥʘ ʧʦʜʤʦʩʪʢʠ 

ʢʘʞʜʳʤ ʫʟʣʦʤ. ʅʘ ʚʨʝʤʝʥʥʳʭ ʦʧʦʨʘʭ ʚʦʟʚʦʜʷʪʩʷ ʤʦʥʪʘʞʥʳʝ ʧʦʜʤʦʩʪʢʠ ʠʟ ʫʥʠʚʝʨʩʘʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʠʥʦʛʦ ʠʥʚʝʥʪʘʨʥʦʛʦ ʠʤʫʱʝʩʪʚʘ. ʄʦʩʪʦʚʳʝ ʠʥʚʝʥʪʘʨʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ 

ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʠʟ ʤʝʪʘʣʣʦʧʨʦʢʘʪʘ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʜʦʧʫʩʢʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʷ 

ʦʪʜʝʣʴʥʳʭ ʜʝʨʝʚʷʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʭʥʦʣʦʛʠʠ ʤʦʞʝʪ ʠʤʝʪʴ ʥʝʩʢʦʣʴʢʦ 

ʚʠʜʦʚ: 

ʗʨʫʩʥʘʷ ʩʙʦʨʢʘ. ʄʦʥʪʘʞ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦ ʚʩʝʡ 

ʜʣʠʥʝ, ʥʘʯʠʥʘʷ ʥʠʞʥʠʤʠ ʠ ʢʦʥʯʘʷ ʚʝʨʭʥʠʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʇʨʦʜʦʣʴʥʳʤʠ ʩʚʷʟʷʤʠ 

ʩʚʷʟʳʚʘʝʪʩʷ ʚʩʷ ʢʦʥʩʪʨʫʢʮʠʷ. ʕʪʘ ʩʙʦʨʢʘ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ, ʥʦ ʪʨʝʙʫʝʪ 

ʙʦʣʴʰʝ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ ʠ ʫʩʠʣʠʡ. 

ʉʝʢʮʠʦʥʥʘʷ. ɺʳʧʦʣʥʷʝʪʩʷ ʧʦ ʧʘʥʝʣʴʥʘʷ ʩʙʦʨʢʘ ʧʨʦʣʝʪʦʚ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʚʩʝ ʧʘʥʝʣʠ 

ʩʚʷʟʳʚʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʚ ʝʜʠʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ. ʊʘʢʠʝ ʩʧʦʩʦʙʳ ʤʦʥʪʘʞʘ ʧʨʦʣʝʪʥʳʭ 

ʩʪʨʦʝʥʠʡ ʧʦʟʚʦʣʷʶʪ ʜʦʙʠʚʘʪʴʩʷ ʵʢʦʥʦʤʠʠ ʚʨʝʤʝʥʠ. 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʘʷ. ʉʙʦʨʢʘ ʩʝʢʮʠʡ ʥʘʯʠʥʘʝʪʩʷ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʥʠʟʦʚʦʡ ʩʙʦʨʢʠ, 

ʵʣʝʤʝʥʪʳ ʩʢʨʝʧʣʷʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʤʦʥʪʘʞʥʳʤʠ ʩʚʷʟʷʤʠ. 

ʅʘʚʝʩʥʘʷ ʠʣʠ ʧʦʣʫʥʘʚʝʩʥʘʷ ʩʙʦʨʢʘ. ʈʘʙʦʪʳ ʧʨʦʠʟʚʦʜʷʪʩʷ ʦʪ ʦʧʦʨ ʚ ʧʨʦʣʝʪ ʤʝʞʜʫ 

ʥʠʤʠ, ʢʦʥʩʪʨʫʢʮʠʷ ʨʘʙʦʪʘʝʪ ʢʘʢ ʢʦʥʩʦʣʴ. ʕʣʝʤʝʥʪʳ ʚ ʦʪʜʝʣʴʥʳʭ ʤʝʩʪʘʭ ʠʤʝʶʪ ʫʧʦʨ, ʘ ʚ 

ʜʨʫʛʠʭ ʤʝʩʪʘʭ ʧʨʦʚʠʩʘʶʪ. ʇʦʣʫʥʘʚʝʩʥʘʷ ʩʙʦʨʢʘ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʩʪʘʚʠʪʴ 

ʚʨʝʤʝʥʥʳʝ ʦʧʦʨʳ ʧʦ ʢʘʢʠʤ-ʪʦ ʧʨʠʯʠʥʘʤ ʧʨʠʟʥʘʥʦ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʳʤ. ʀʥʦʛʜʘ ʥʘʚʝʩʥʘʷ 

ʩʙʦʨʢʘ ʚʳʧʦʣʥʷʝʪʩʷ ʩʧʦʩʦʙʦʤ ʫʨʘʚʥʦʚʝʰʠʚʘʥʠʷ ï ʤʦʥʪʘʞ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʧʦʣʥʷʝʪʩʷ ʚ 

ʦʙʝ ʩʪʦʨʦʥʳ ʦʪ ʦʧʦʨʳ. 

ʄʦʥʪʘʞ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʜʦʣʴʥʦʡ ʥʘʜʚʠʞʢʠ. ʇʨʝʜʧʦʣʘʛʘʝʪ ʥʘʜʚʠʞʢʫ ʩʦʙʨʘʥʥʳʭ ʥʘ 

ʩʪʘʧʝʣʝ ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ ʧʨʠ ʧʦʤʦʱʠ ʥʘʢʘʪʦʯʥʳʭ ʠ ʪʦʣʢʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ. 

ʂʨʘʥʦʚʘʷ ʩʙʦʨʢʘ. ʄʦʥʪʘʞ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʠ 

ʧʦʤʦʱʠ ʨʘʟʣʠʯʥʦʛʦ ʢʨʘʥʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʩʦʢʨʘʱʘʪʴ ʚʨʝʤʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʨʦʠʪʝʣʴʥʦ-ʤʦʥʪʘʞʥʳʭ ʨʘʙʦʪ. 

ʄʦʥʪʘʞ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʘʚʫʯʠʭ ʩʨʝʜʩʪʚ ʧʨʠʤʝʥʷʝʪʩʷ ʚʦ ʚʨʝʤʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʤʥʦʛʦʧʨʦʣʝʪʥʳʭ ʤʦʩʪʦʚ ʧʨʠ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚʘ ʚʨʝʤʝʥʥʳʭ ʦʧʦʨ ʚ ʨʫʩʣʝ ʨʝʢʠ. 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʘʩʭʝʤʘ ʤʦʥʪʘʞʘ ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ. ʉʪʨʝʣʦʚʳʤʠ 

ʢʨʘʥʘʤʠ ʧʨʠ ʤʦʥʪʘʞʝ ʩ ʟʝʤʣʠ ʦʙʳʯʥʦ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʙʘʣʢʠ ʜʦ 21 ʤʘʩʩʦʡ ʥʝ ʙʦʣʝʝ 30-35 ʪ. 
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ʈʠʩʫʥʦʢ 3 ï ʉʭʝʤʘ ʤʦʥʪʘʞʘ ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ ʩʪʨʝʣʦʚʳʤ ʢʨʘʥʦʤ ʩ ʟʝʤʣʠ 

1 - ʤʦʥʪʘʞʥʳʡ ʢʨʘʥ; 2 - ʫʩʪʘʥʘʚʣʠʚʘʝʤʘʷ ʙʘʣʢʘ; 3 - ʪʨʘʚʝʨʩʘ. 

 

ɿʘʩʪʨʦʧʦʚʘʥʥʫʶ ʪʨʘʚʝʨʩʦʡ (3) ʙʘʣʢʫ ʧʦʜʥʠʤʘʶʪ ʠ ʚʚʦʜʷʪ ʚ ʧʨʦʣʝʪ ʧʦʚʦʨʦʪʦʤ 

ʩʪʨʝʣʳ ʢʨʘʥʘ ʘ ʟʘʪʝʤ ʛʨʫʟʦʚʳʤ ʧʦʣʠʩʧʘʩʪʦʤ ʦʧʫʩʢʘʶʪ ʥʘ ʦʧʦʨʥʳʝ ʯʘʩʪʠ ʦʩʚʦʙʦʞʜʘʷ 

ʩʪʨʦʧʳ. ʇʨʠ ʵʪʦʤ ʢʨʘʥ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʙʘʣʢʠ, ʧʝʨʝʤʝʱʘʷʩʴ ʧʦʧʝʨʝʢ ʦʩʠ 

ʤʦʩʪʘ. ʇʨʠ ʯʝʪʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪ ʤʦʞʥʦ ʤʦʥʪʠʨʦʚʘʪʴ ʢʦʥʩʪʨʫʢʮʠʠ "ʩ ʢʦʣʝʩ" ʙʝʟ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʨʘʟʛʨʫʟʢʠ ʠ ʩʢʣʘʜʠʨʦʚʘʥʠʷ. 

ʇʨʠ ʜʦʩʪʘʪʦʯʥʦʡ ʰʠʨʠʥʝ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ ʤʦʩʪʘ ʙʘʣʢʠ ʧʦʜʘʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ 

ʢʨʘʥʫ ʥʘ ʘʚʪʦʤʦʙʠʣʷʭ ʩ ʧʨʠʮʝʧʘʤʠ ʠʣʠ ʪʨʘʡʣʝʨʘʭ. ʇʨʠ ʫʟʢʠʭ ʤʦʩʪʘʭ ʚʦʟʤʦʞʥʘ ʧʦʜʘʯʘ 

ʙʘʣʦʢ ʥʘ ʫʟʢʦʢʦʣʝʡʥʳʭ ʚʘʛʦʥʝʪʢʘʭ ʧʦ ʨʝʣʴʩʦʚʳʤ ʧʫʪʷʤ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʝʨʝʛʨʫʟʢʦʡ 

ʙʘʣʦʢ ʥʘ ʧʦʜʭʦʜʘʭ 

ʇʦ ʦʢʦʥʯʘʥʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦʧʦʨ, ʘ ʟʘʪʝʤ ï ʧʦʩʣʝ ʤʦʥʪʘʞʘ ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ, 

ʧʨʦʠʟʚʦʜʷʪ ʠʩʧʦʣʥʠʪʝʣʴʥʫʶ ʩʲʸʤʢʫ. 

ɺʳʚʦʜ. ɺ ʧʨʦʮʝʩʩʝ ʠʟʫʯʝʥʠʷ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ   

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʤʦʩʪʦʚ  ʥʘ ʚʩʝʭ ʝʛʦ ʵʪʘʧʘʭ ʥʫʞʜʘʝʪʩʷ ʚ ʚʳʧʦʣʥʝʥʠʠ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʙʦʪ.  

ʕʪʦ ʨʘʙʦʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʟʳʩʢʘʥʠʷʤʠ ʤʦʩʪʦʚʦʛʦ ʧʝʨʝʭʦʜʘ, ʩʦʟʜʘʥʠʝ ʛʝʦʜʝʟʠʯʝʩʢʦʡ 

ʨʘʟʙʠʚʦʯʥʦʡ ʩʝʪʠ, ʨʘʟʙʠʚʢʦʡ ʠ ʢʦʥʪʨʦʣʝʤ ʤʦʥʪʘʞʘ ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ, ʘ ʪʘʢʞʝ 

ʥʘʙʣʶʜʘʶʪʩʷ ʦʩʘʜʢʠ ʠ ʜʝʬʦʨʤʘʮʠʠ ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ ʚ ʭʦʜʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʩʪʘ. 

 
ʃʀʊɽʈɸʊʋʈɸ 
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ʆɹʉʃɽɼʆɺɸʅʀɽ ɾɽʃɽɿʅʆɼʆʈʆɾʅʆɻʆ ʄɽʊɸʃʃʀʏɽʉʂʆɻʆ ʄʆʉʊɸ 

ʅɸ ʋʏɸʉʊʂɽ ʉɽʄʀʇɸʃɸʊʀʅʉʂ-ɾɸʅɸ-ʉɽʄɽʁ 

 

ɸʥʥʦʪʘʮʠʷ. ʆʙʩʣʝʜʦʚʘʥʠʝ ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ ʠ ʵʣʝʤʝʥʪʦʚ 

ʬʝʨʤ ʨʫʩʣʦʚʳʭ ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ. ʆʧʨʝʜʝʣʝʥʠʝ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʦʙʝʩʧʝʯʠʪʴ ʜʣʠʪʝʣʴʥʫʶ ʠ ʙʝʟʦʧʘʩʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʤʦʩʪʘ.   

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʤʦʩʪ, ʨʫʩʣʦʚʳʝ ʧʨʦʣʝʪʥʳʝ ʩʪʨʦʝʥʠʷ, ʙʝʨʝʛʦʚʳʝ 

ʧʨʦʣʝʪʥʳʝ ʩʪʨʦʝʥʠʷ, ʬʝʨʤʳ ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ, ʦʧʦʨʳ ʤʦʩʪʘ, ʧʨʦʝʟʞʠʝ ʯʘʩʪʠ.  

ɸשʜʘʪʧʘ. ᴆʪʫ ʙᴇʣʽʢʪʝʨʽ ʞᴅʥʝ ʘʨʘʣʳײץ ץʨʳʣʳʤʜʘʨ ʘʨʥʘʩʳʥʜʘסʳ ʬʝʨʤʘʣʘʨ 

ʵʣʝʤʝʥʪʪʝʨʽʥʽש ʢᴇʪʝʨʫʰʽ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥ ʪʝʢʩʝʨʫ. ʂᴇʧʽʨʜʽ ײʟʘץ ʤʝʨʟʽʤʜʽ ʞᴅʥʝ ץʘʫʽʧʩʽʟ 

ʧʘʡʜʘʣʘʥʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʤװʤʢװʥʜʽʢ ʙʝʨʝʪʽʥ, ʞᴇʥʜʝʫ ʞײʤʳʩʪʘʨʳʥ ʘʥʳץʪʘʫ.   

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ʤʝʪʘʣʜʳ ʢᴇʧʽʨ. ɸʨʥʘʣʳץ ʘʨʘʣʳײץ ץʨʳʣʳʤʜʘʨ. ɾʘסʘʣʘʫʣʳץ ʘʨʘʣʳץ 

  .ʬʝʨʤʘʣʘʨʳ. ʂᴇʧʽʨ ʪʽʨʝʫʣʝʨʽ. ᴆʪʫ ʙᴇʣʽʢʪʝʨʽ שʨʳʣʳʤʜʘʨʜʳײץ ץʨʳʣʳʤʜʘʨ. ɸʨʘʣʳײץ

Abstract.  Examination of load-bearing structures of the carriageway and elements of 

truss flyover structures. Determination of repair work, allowing to ensure a long and safe 

operation of the bridge. 

Key words: the metal bridge. Channeled span structures. Coastal structures. Farms of 

span structures. The supports of the bridge. Roadways. 

 

ʆʩʥʦʚʘʥʠʝʤ ʜʣʷ ʦʙʩʣʝʜʦʚʘʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʦʩʪʘ ʥʘ 657 ʢʤ ʫʯʘʩʪʢʘ 

ʉʝʤʠʧʘʣʘʪʠʥʩʢ ï ɾʘʥʘ-ʉʝʤʝʡ ɺʦʩʪʦʯʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʦʡ ʦʙʣʘʩʪʠ ʷʚʠʣʦʩʴ: 

- ɿʘʜʘʥʠʝ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʫʪʚʝʨʞʜʝʥʥʦʝ ɼʠʨʝʢʪʦʨʦʤ ʬʠʣʠʘʣʘ ɸʆ çʅʂ  

çפʘʟʘץʩʪʘʥ ʪʝʤʽʨ ʞʦʣʳè-çɼʠʨʝʢʮʠʷ ʤʘʛʠʩʪʨʘʣʴʥʦʡ ʩʝʪʠè; 

- ʇʠʩʴʤʦ ʬʠʣʠʘʣʘ ɸʆ çʅʂ  çפʘʟʘץʩʪʘʥ ʪʝʤʽʨ ʞʦʣʳè-çɼʠʨʝʢʮʠʷ ʤʘʛʠʩʪʨʘʣʴʥʦʡ 

ʩʝʪʠè ʢ ʟʘʜʘʥʠʶ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʦʪ 31.08.2017ʛ. ˉ ʎɾʉ/10466-ʀ. 

ʆʙʩʣʝʜʦʚʘʥʠʝ, ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʥʦʨʤʘʪʠʚʥʳʭ 

ʜʦʢʫʤʝʥʪʦʚ ʉʇ ʈʂ 3.03-113-2014 çʄʦʩʪʳ ʠ ʪʨʫʙʳè. ʇʨʘʚʠʣʘ ʦʙʩʣʝʜʦʚʘʥʠʡ ʠ ʠʩʧʳʪʘʥʠʡ 

[1], ʉʅ ʈʂ 3.03-12-2003 çʄʦʩʪʳ ʠ ʪʨʫʙʳè[2] ʠ ʉʇ ʈʂ 3.03-112-2013 çʄʦʩʪʳ ʠ ʪʨʫʙʳè [3].    

 

 

ʈʠʩʫʥʦʢ 1 ï ʆʙʱʠʡ ʚʠʜ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʦʩʪʘ ʥʘ 657ʢʤ ʯʝʨʝʟ ʨʝʢʫ ʀʨʪʳʰ ʚ 

ʛʦʨʦʜʝ ʉʝʤʝʡ 
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ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʦʩʪʘ ʯʝʨʝʟ ʨʝʢʫ ʀʨʪʳʰ ʚ ʛʦʨʦʜʝ ʉʝʤʝʡ 

ʄʝʪʘʣʣʠʯʝʩʢʠʡ ʤʦʩʪ ʯʝʨʝʟ ʨʝʢʫ ʀʨʪʳʰ ʥʘ 657 ʢʤ ʦʜʥʦʧʫʪʥʦʛʦ ʫʯʘʩʪʢʘ 

ʉʝʤʠʧʘʣʘʪʠʥʩʢ ï ɾʘʥʘ-ʉʝʤʝʡ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʧʨʷʤʦʡ ʚ ʧʣʘʥʝ ʠ ʧʨʦʬʠʣʝ ʠ ʩʜʘʥ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʶ ʚ 1929 ʛʦʜʫ. ʉʭʝʤʘ ʤʦʩʪʘ 27,0+5Ĭ109,2+33,6ʤ.  

ɹʝʨʝʛʦʚʳʝ ʧʨʦʣʝʪʥʳʝ ʩʪʨʦʝʥʠʷ ʩ ʨʘʩʯʝʪʥʳʤʠ ʧʨʦʣʝʪʘʤʠ 27,0 ʠ 33,6 ʤ, ʫʩʪʘʥʦʚʣʝʥʳ 

ʚ 2001 ʛʦʜʫ ʚʟʘʤʝʥ ʢʣʝʧʘʥʳʭ ʬʝʨʤ, ʠ ʧʨʠʥʷʪʳ ʚ ʚʠʜʝ ʙʦʣʪʦʩʚʘʨʥʳʭ, ʩʧʣʦʰʥʦʩʪʝʥʯʘʪʳʭ 

ʙʘʣʦʢ ʩ ʝʟʜʦʡ ʧʦʚʝʨʭʫ. ʈʫʩʣʦʚʳʝ ʧʨʦʣʝʪʥʳʝ ʩʪʨʦʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʬʝʨʤʳ ʩ ʝʟʜʦʡ ʧʦʥʠʟʫ ʩ ʧʦʣʠʛʦʥʘʣʴʥʳʤ ʚʝʨʭʥʠʤ ʧʦʷʩʦʤ ʠ ʪʨʝʫʛʦʣʴʥʦʡ 

ʨʝʰʝʪʢʦʡ. ʈʫʩʣʦʚʘʷ ʯʘʩʪʴ ʨʝʢʠ ʀʨʪʳʰ ʧʝʨʝʢʨʳʪʘ ʧʷʪʴʶ ʬʝʨʤʘʤʠ ʩ ʨʘʩʯʝʪʥʳʤ ʧʨʦʣʝʪʦʤ 

ʧʦ Lp=109,2 ʤ. ʌʝʨʤʳ ʚʳʧʦʣʥʝʥʳ ʢʣʝʧʘʥʳʤʠ.  

ʅʘ  ʨʠʩʫʥʢʘʭ 1 ʠ 2 ʧʦʢʘʟʘʥʳ ʦʙʱʠʡ ʚʠʜ ʠ ʩʭʝʤʘ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʦʩʪʘ ʥʘ 657 ʢʤ 

ʯʝʨʝʟ ʨʝʢʫ ʀʨʪʳʰ. ʆʧʦʨʳ ʤʦʩʪʘ ï ʤʘʩʩʠʚʥʳʝ, ʠʟ ʙʫʪʦʙʝʪʦʥʘ, ʦʙʣʠʮʦʚʘʥʳ ʢʘʤʥʝʤ. 

ʌʫʥʜʘʤʝʥʪʳ ʫʩʪʦʝʚ ˉ 0 ʠ ˉ 7 ʠ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʦʧʦʨʳ ˉ 1 ʤʝʣʢʦʛʦ ʟʘʣʦʞʝʥʠʷ.  
ʌʫʥʜʘʤʝʥʪʳ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʦʧʦʨ ʛʣʫʙʦʢʦʛʦ ʟʘʣʦʞʝʥʠʷ ʟʘʛʣʫʙʣʝʥʳ ʚ ʩʢʘʣʴʥʳʡ 

ʛʨʫʥʪ ʩ ʧʦʤʦʱʴʶ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʝʩʩʦʥʦʚ. ɺ ʪʝʣʝ ʫʩʪʦʷ ˉ 7 ʧʦʜ ʘʨʢʦʡ ʫʩʪʨʦʝʥʘ 

ʘʚʪʦʜʦʨʦʛʘ ʰʠʨʠʥʦʡ 12 ʤ.  

ʈʝʟʫʣʴʪʘʪʳ ʦʙʩʣʝʜʦʚʘʥʠʡ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʦʩʪʘ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʦʪʯʝʪʘʭ 

ʉʠʙʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷ (ʉɻʋʇʉ, ʈʦʩʩʠʷ, ʛ. 

ʅʦʚʦʩʠʙʠʨʩʢ)[4] ʠ ʊʆʆ çɸɿɼʀè (ʛ. ɸʣʤʘʪʳ)[5] ʠ ʚ ɸʢʪʝ ʦʙʩʣʝʜʦʚʘʥʠʷ, ʧʦʜʛʦʪʦʚʣʝʥʥʦʛʦ 

ʉʝʤʝʡʩʢʦʡ ʜʠʩʪʘʥʮʠʝʡ ʧʫʪʠ (ʇʏ-39) ʧʦʢʘʟʘʣʠ ʩʣʝʜʫʶʱʝʝ. 

ɹʝʨʝʛʦʚʳʝ ʧʨʦʣʝʪʥʳʝ ʩʪʨʦʝʥʠʷ ʧʨʦʣʝʪʘʤʠ 27,0 ʠ 33,6, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ 2001 ʛʦʜʫ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʙʦʯʠʤ ʧʨʦʝʢʪʦʤ ʧʨʦʝʢʪʥʦʛʦ ʠʥʩʪʠʪʫʪʘ ʂʘʟʛʠʧʨʦʞʝʣʜʦʨʪʨʘʥʩ, 

ʨʘʩʩʯʠʪʘʥʳ ʥʘ ʥʘʛʨʫʟʢʠ ʉ14, ʧʨʠʥʷʪʳʝ ʚ ʜʝʡʩʪʚʫʶʱʠʭ ʥʦʨʤʘʭ ʉʅʠʇ 2.05.03-84* çʄʦʩʪʳ 

ʠ ʪʨʫʙʳè [6]. ʈʝʟʫʣʴʪʘʪʳ ʨʘʥʝʝ ʚʳʧʦʣʥʝʥʥʳʭ ʦʙʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʦʥʩʪʨʫʢʮʠʠ 

ʜʘʥʥʳʭ ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ ʥʝ ʠʤʝʶʪ ʜʝʬʝʢʪʦʚ ʠ ʧʦʚʨʝʞʜʝʥʠʡ. ʀʤʝʝʪ ʤʝʩʪʦ 

ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʢʦʨʨʦʟʠʷ ʤʝʪʘʣʣʘ, ʦʪʩʣʦʝʥʠʝ ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ ʧʦʢʨʳʪʠʷ ʧʦ ʚʩʝʡ ʜʣʠʥʝ 

ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ. 

ʆʙʩʣʝʜʦʚʘʥʠʝ ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ ʠ ʵʣʝʤʝʥʪʦʚ ʬʝʨʤ ʨʫʩʣʦʚʳʭ 

ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ ʧʦʢʘʟʘʣʦ ʩʣʝʜʫʶʱʝʝ: 

1 - ʚ ʚʝʨʭʥʠʭ ʧʦʷʩʥʳʭ ʫʛʦʣʢʘʭ ʧʨʦʜʦʣʴʥʳʭ ʙʘʣʦʢ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ ʠʤʝʝʪʩʷ 

ʤʥʦʞʝʩʪʚʦ ʪʨʝʱʠʥ ʠ ʚʳʢʦʣʦʚ ʫʩʪʘʣʦʩʪʥʦʛʦ ʭʘʨʘʢʪʝʨʘ; 

2 - ʪʨʝʱʠʥʳ, ʚʳʢʦʣʳ ʠ ʛʣʫʙʦʢʘʷ ʢʦʨʨʦʟʠʷ ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʬʘʩʦʥʢʘʭ, ʚ ʚʝʨʭʥʠʭ 

ʧʨʦʜʦʣʴʥʳʭ ʩʚʷʟʷʭ ʙʘʣʦʢ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ; 

3 - ʪʨʝʱʠʥʳ, ʚʳʢʦʣʳ ʠ ʛʣʫʙʦʢʘʷ ʢʦʨʨʦʟʠʷ çʨʳʙʦʢè ʚ ʫʟʣʘʭ ʢʨʝʧʣʝʥʠʷ ʢ 

ʧʦʧʝʨʝʯʥʳʤ ʙʘʣʢʘʤ; 

4 - ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʢʦʨʨʦʟʠʷ ʤʝʪʘʣʣʘ, ʦʪʩʣʦʝʥʠʝ ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ ʧʦʢʨʳʪʠʷ ʚ ʙʘʣʢʘʭ 

ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ ʠ ʵʣʝʤʝʥʪʘʭ ʛʣʘʚʥʳʭ ʬʝʨʤ; 

5 - ʚʥʫʪʨʠ ʥʠʞʥʠʭ ʫʟʣʦʚ ʬʝʨʤ ʩʢʘʧʣʠʚʘʝʪʩʷ ʤʫʩʦʨ ʠ ʚʣʘʛʘ ʠ ʠʟ-ʟʘ ʥʝʢʘʯʝʩʪʚʝʥʥʦʡ 

ʦʯʠʩʪʢʠ ʠ ʦʢʨʘʩʢʠ ʠʤʝʝʪ ʤʝʩʪʦ ʢʦʨʨʦʟʠʷ ʤʝʪʘʣʣʘ; 

6 - ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʦʙʩʣʝʜʦʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ ʬʝʨʤ ʩʥʠʟʫ 

ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʥʠʞʥʠʭ ʩʤʦʪʨʦʚʳʭ ʪʝʣʝʞʝʢ; 
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7 - ʬʝʨʤʳ ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ ʩʦʭʨʘʥʠʣʠ ʥʦʨʤʘʪʠʚʥʳʡ ʩʪʨʦʠʪʝʣʴʥʳʡ ʧʦʜʲʝʤ; 

8 - ʥʘ ʥʠʞʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʘʨʢʠ  ʫʩʪʦʷ ˉ 7 ʠʤʝʶʪʩʷ ʧʦʧʝʨʝʯʥʳʝ ʪʨʝʱʠʥʳ.  

9 - ʙʦʣʝʝ ʜʝʩʷʪʢʘ ʢʘʙʝʣʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʢʘʙʝʣʠ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʡ ʣʠʥʝʡʥʦʡ 

ʩʚʷʟʠ ʧʦʜʚʝʰʝʥʳ ʢ ʩʪʦʡʢʘʤ ʠ ʧʝʨʠʣʴʥʦʤʫ ʦʛʨʘʞʜʝʥʠʶ ʚʥʫʪʨʠ ʬʝʨʤ, ʯʪʦ ʤʝʰʘʝʪ ʦʩʤʦʪʨʫ 

ʠ ʨʝʤʦʥʪʫ ʵʣʝʤʝʥʪʦʚ ʬʝʨʤ.  

ɺʳʧʦʣʥʝʥʠʝ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʜʣʠʪʝʣʴʥʫʶ ʠ ʙʝʟʦʧʘʩʥʫʶ 

ʵʢʩʧʣʫʘʪʘʮʠʶ ʤʦʩʪʘ. ɿʘʤʝʥʘ ʠ ʫʩʠʣʝʥʠʝ ʚʝʨʭʥʠʭ ʧʦʷʩʦʚ ʧʨʦʜʦʣʴʥʳʭ ʙʘʣʦʢ, ʘ ʪʘʢʞʝ 

ʫʩʪʘʥʦʚʢʘ ʚ ʥʠʭ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʙʦʣʪʦʚ ʚʤʝʩʪʦ ʟʘʢʣʝʧʦʢ ʧʨʝʢʨʘʪʠʪ ʧʦʷʚʣʝʥʠʝ ʪʨʝʱʠʥ ʚ 

çʨʳʙʢʘʭè, ʬʘʩʦʥʢʘʭ ʠ ʫʛʦʣʢʘʭ ʙʘʣʦʢ. ʆʯʠʩʪʢʘ ʦʪ ʨʞʘʚʯʠʥʳ ʠ ʦʢʨʘʩʢʘ ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ 

ʩʥʠʟʠʪ ʢʦʨʨʦʟʠʶ ʤʝʪʘʣʣʘ. ʇʨʦʢʣʘʜʢʘ ʢʦʤʤʫʥʠʢʘʮʠʡ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʢʦʨʦʙʘʭ ʠ ʫʩʪʘʥʦʚʢʘ 

ʩʤʦʪʨʦʚʳʭ ʪʝʣʝʞʝʢ ʦʙʣʝʛʯʠʪʴ ʢʦʥʪʨʦʣʴ ʠ ʪʝʢʫʱʠʡ ʨʝʤʦʥʪ ʥʠʞʥʝʛʦ ʧʦʷʩʘ ʨʫʩʣʦʚʳʭ 

ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ ʠ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ ʤʦʩʪʘ. 

ʂʘʧʠʪʘʣʴʥʳʡ ʨʝʤʦʥʪ ʚ ʦʙʲʝʤʝ, ʫʢʘʟʘʥʥʦʤ ʚ ʟʘʜʘʥʠʠ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʧʦʟʚʦʣʠʪ 

ʦʪʤʝʥʠʪʴ ʜʝʡʩʪʚʫʶʱʝʝ ʥʘ ʩʝʛʦʜʥʷ ʦʛʨʘʥʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ ʥʘ ʤʦʩʪʫ.   

ʆʜʥʘʢʦ ʜʣʷ ʫʩʪʦʡʯʠʚʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʩʪʘ ʚ ʠʩʧʨʘʚʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʙʣʠʞʘʡʰʠʝ ʜʝʩʷʪʴ 

ʣʝʪ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʢʘʧʠʪʘʣʴʥʳʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ ʠ ʤʝʨʦʧʨʠʷʪʠʷ: ʧʦ ʟʘʤʝʥʝ 

ʜʝʨʝʚʷʥʥʳʭ ʪʨʦʪʫʘʨʦʚ ʥʘ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ; ʧʦʜʚʝʩʢʝ ʣʶʣʝʢ ʜʣʷ ʦʩʤʦʪʨʘ ʩʪʦʝʢ ʠ ʨʘʩʢʦʩʦʚ 

ʬʝʨʤ; ʫʩʪʨʦʡʩʪʚʫ ʥʘʨʫʞʥʳʭ ʩʤʦʪʨʦʚʳʭ ʧʨʦʭʦʜʦʚ ʥʘ ʥʠʞʥʠʭ ʧʦʷʩʘʭ ʙʝʨʝʛʦʚʳʭ ʧʨʦʣʝʪʥʳʭ 

ʩʪʨʦʝʥʠʡ; ʟʘʱʠʪʝ ʦʧʦʨʥʳʭ ʯʘʩʪʝʡ ʠ ʥʠʞʥʠʭ ʫʟʣʦʚ ʦʪ ʜʦʞʜʝʚʳʭ ʩʪʦʢʦʚ ʩ ʨʘʩʢʦʩʦʚ, ʘ ʪʘʢ 

ʞʝ ʦʪ ʤʫʩʦʨʘ; ʫʩʪʨʦʡʩʪʚʫ ʙʝʪʦʥʥʳʭ ʩʣʠʚʦʚ ʥʘ ʦʧʦʨʘʭ ʩ ʞʝʣʝʟʥʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ; 

ʠʟʤʝʥʝʥʠʶ ʩʭʝʤʳ ʫʢʣʘʜʢʠ ʫʨʘʚʥʠʪʝʣʴʥʳʭ  (ʩʝʟʦʥʥʳʭ) ʨʝʣʴʩʦʚ; ʫʩʪʨʦʡʩʪʚʫ 

ʞʝʣʝʟʦʙʝʪʦʥʥʦʛʦ ʣʝʩʪʥʠʯʥʦʛʦ ʩʭʦʜʘ ʥʘ ʦʪʢʦʩʝ ʩʦ ʩʪʦʨʦʥʳ ɾʘʥʘ-ʉʝʤʝʡ; ʦʩʥʘʱʝʥʠʶ 

ʤʦʩʪʦʚʦʡ ʙʨʠʛʘʜʳ ʧʦʣʥʳʤ ʢʦʤʧʣʝʢʪʦʤ ʨʝʤʦʥʪʥʦʛʦ ʠʥʚʝʥʪʘʨʷ ʠ ʵʣʝʢʪʨʦʠʥʩʪʨʫʤʝʥʪʦʤ. 

ʊʦʣʴʢʦ ʧʨʠ ʧʦʣʥʦʤ ʦʩʥʘʱʝʥʠʠ ʩʤʦʪʨʦʚʳʤʠ ʠ ʟʘʱʠʪʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʛʘʨʘʥʪʠʨʫʝʪʩʷ 

ʜʣʠʪʝʣʴʥʘʷ ʠ ʥʘʜʝʞʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʤʦʩʪʘ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʧʦʝʟʜʦʚ[7]. 

ʄʝʪʘʣʣʠʯʝʩʢʠʝ ʧʨʦʣʝʪʥʳʝ ʩʪʨʦʝʥʠʷ ʤʦʩʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʢʦʨʨʦʟʠʠ ʠ ʤʦʛʫʪ ʠʤʝʪʴ ʜʝʬʝʢʪʳ ʠ ʧʦʚʨʝʞʜʝʥʠʷ, ʯʪʦ ʚʣʝʯʝʪ ʟʘ 

ʩʦʙʦʡ ʢʘʢ ʩʥʠʞʝʥʠʝ ʜʦʣʛʦʚʝʯʥʦʩʪʠ, ʪʘʢ ʠ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʠʭ  ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʇʦʵʪʦʤʫ ʟʥʘʪʴ ʠʭ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʛʦ 

ʧʨʦʧʫʩʢʘ ʧʦʝʟʜʦʚ ʧʦ ʤʦʩʪʘʤ. ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʪʝʭʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʦʩʪʘ.  

 

ʊʘʙʣʠʮʘ 1 - ʊʝʭʥʠʯʝʩʢʠʝ  ʧʦʢʘʟʘʪʝʣʠ  ʤʦʩʪʘ 

        

 ̄

ʧ/ʧ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ɽʜʠʥʠʮʘ 

ʠʟʤʝʨʝʥʠʷ 

ʂʦʣʠʯʝʩʪʚʦ 

1 ɼʣʠʥʘ ʤʦʩʪʘ ʤ 644,21 

2 ʐʠʨʠʥʘ ʤʦʩʪʘ ʤ 6,1 

3 ɻʘʙʘʨʠʪ ʤ 5,65 

 

ʋʩʪʨʦʡʩʪʚʦ ʩʤʦʪʨʦʚʳʭ ʪʝʣʝʞʝʢ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʦʩʤʦʪʨ ʥʠʞʥʠʭ ʯʘʩʪʝʡ 

ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ ʜʣʷ ʢʦʥʪʨʦʣʷ ʠʭ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʇʝʨʝʜ ʫʩʪʘʥʦʚʢʦʡ 

ʩʤʦʪʨʦʚʦʡ ʪʝʣʝʞʢʠ ʥʘ ʨʫʩʣʦʚʦʝ ʧʨʦʣʝʪʥʦʝ ʩʪʨʦʝʥʠʝ, ʧʫʪʠ ʢʘʪʘʥʠʷ ʪʱʘʪʝʣʴʥʦ ʚʳʚʝʨʷʶʪʩʷ 

ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ ʠ ʚʝʨʪʠʢʘʣʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʦʙʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʙʘʣʦʯʥʘʷ ʢʣʝʪʢʘ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ ʚʳʧʦʣʥʝʥʘ 

ʠʟ ʧʨʦʜʦʣʴʥʳʭ ʠ ʧʦʧʝʨʝʯʥʳʭ ʙʘʣʦʢ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʩʠʩʪʝʤʦʡ ʧʨʦʜʦʣʴʥʳʭ ʠ 

ʧʦʧʝʨʝʯʥʳʭ ʩʚʷʟʝʡ. 

ʇʨʦʜʦʣʴʥʳʝ ʙʘʣʢʠ ʧʨʠʥʷʪʳ ʜʚʫʪʘʚʨʦʚʦʛʦ ʩʝʯʝʥʠʷ ʠ ʩʦʩʪʦʷʪ ʠʟ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʣʠʩʪʘ 1000Ĭ12ʤʤ ʠ ʯʝʪʳʨʝʭ ʧʦʷʩʥʳʭ ʫʛʦʣʢʦʚ 100Ĭ100Ĭ12ʤʤ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʩʷʤʠ 

ʧʨʦʜʦʣʴʥʳʭ ʙʘʣʦʢ ʨʘʚʥʦ 2000ʤʤ, ʘ ʧʦʧʝʨʝʯʥʳʭ ï 6825ʤʤ. ʉ ʦʙʝʠʭ ʩʪʦʨʦʥ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 
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ʣʠʩʪʘ ʧʨʦʜʦʣʴʥʳʭ ʙʘʣʦʢ ʫʩʪʘʥʦʚʣʝʥʳ ʨʝʙʨʘ ʞʝʩʪʢʦʩʪʠ ʠʟ ʫʛʦʣʢʦʚ 80Ĭ80Ĭ10ʤʤ. ʐʘʛ 

ʨʝʙʝʨ ʞʝʩʪʢʦʩʪʠ ʚʜʦʣʴ ʧʨʦʜʦʣʴʥʳʭ ʙʘʣʦʢ ʧʨʠʥʷʪ 1100-1200ʤʤ. ʇʨʦʜʦʣʴʥʳʝ ʙʘʣʢʠ 

ʧʦʧʘʨʥʦ ʦʙʲʝʜʠʥʝʥʳ ʩʚʷʟʷʤʠ ʚ ʚʠʜʝ ʧʦʧʝʨʝʯʥʳʭ ʨʘʤ. ʇʦʧʝʨʝʯʥʳʝ ʨʘʤʳ ʧʨʠʥʷʪʳ ʠʟ 

ʫʛʦʣʢʦʚ 90Ĭ90Ĭ9ʤʤ, ʢʦʪʦʨʳʝ ʢʨʝʧʷʪʩʷ ʢʦ ʚʪʦʨʦʤʫ ʠ ʯʝʪʚʝʨʪʦʤʫ ʨʝʙʨʘʤ ʞʝʩʪʢʦʩʪʠ. ʂʨʦʤʝ 

ʪʦʛʦ, ʚʝʨʭʥʠʝ ʧʦʷʩʘ ʙʘʣʦʢ ʦʙʲʝʜʠʥʝʥʳ ʜʠʘʛʦʥʘʣʴʥʳʤʠ ʩʚʷʟʷʤʠ ʠʟ ʫʛʦʣʢʦʚ 75Ĭ75Ĭ8ʤʤ. 

ʉʪʝʥʢʘ ʧʨʦʜʦʣʴʥʦʡ ʙʘʣʢʠ ʩʦʝʜʠʥʝʥʘ ʩʦ ʩʪʝʥʢʦʡ ʧʦʧʝʨʝʯʥʦʡ ʙʘʣʢʠ ʚʝʨʪʠʢʘʣʴʥʳʤʠ 

ʫʛʦʣʢʘʤʠ 140Ĭ140Ĭ12ʤʤ. ʅʠʞʥʠʡ ʧʦʷʩ ʧʨʦʜʦʣʴʥʦʡ ʙʘʣʢʠ ʧʨʠʢʨʝʧʣʝʥ ʢ ʩʪʦʣʠʢʫ ʥʘ 

ʧʦʧʝʨʝʯʥʦʡ ʙʘʣʢʝ, ʘ ʝʝ ʚʝʨʭʥʠʡ ʧʦʷʩ ʦʙʲʝʜʠʥʷʝʪʩʷ ʩ ʚʝʨʭʥʠʤ ʧʦʷʩʦʤ ʧʦʧʝʨʝʯʥʦʡ ʙʘʣʢʠ 

çʨʳʙʢʦʡè, ʩʝʯʝʥʠʝ ʢʦʪʦʨʦʡ 350Ĭ12ʤʤ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʧʦʣʥʝʥʥʳʭ ʦʙʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʢʦʨʨʦʟʠʷ, ʪʨʝʱʠʥʳ, 

ʚʳʢʦʣʳ ʚ ʚʝʨʭʥʠʭ ʧʦʷʩʥʳʭ ʫʛʦʣʢʘʭ, çʨʳʙʢʘʭè, ʬʘʩʦʥʢʘʭ, ʚʝʨʭʥʠʭ ʩʚʷʟʷʭ ʧʨʦʜʦʣʴʥʳʭ 

ʙʘʣʦʢ. ɺ ʧʨʠʢʨʝʧʣʝʥʠʷʭ ʧʨʦʜʦʣʴʥʳʭ ʙʘʣʦʢ ʢ ʧʦʧʝʨʝʯʥʳʤ ʙʘʣʢʘʤ ʚ ʨʷʜʝ ʟʘʢʣʝʧʦʢ 

ʦʪʦʨʚʘʥʳ ʛʦʣʦʚʢʠ. ʇʦʷʚʣʝʥʠʝ ʦʪʤʝʯʝʥʥʳʭ ʚʳʰʝ ʧʦʚʨʝʞʜʝʥʠʡ ʚ ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʷʭ 

ʧʦʥʠʟʠʣʦ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ ʤʦʩʪʘ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʪʨʝʙʦʚʘʣʦ ʦʛʨʘʥʠʯʠʪʴ ʩʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ ʥʘ ʤʦʩʪʫ. ʅʘ ʩʝʛʦʜʥʷ ʥʘ ʤʦʩʪʫ ʚʚʝʜʝʥʦ ʦʛʨʘʥʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʚ 25ʢʤ/ʯʘʩ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʛʦ ʧʨʦʧʫʩʢʘ ʧʦʝʟʜʦʚ ʧʦ 

ʤʦʩʪʘʤ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʣʘʩʩ ʤʦʩʪʘ, ʢʦʪʦʨʳʡ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ 

ʢʣʘʩʩʘʤʠ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ. ʈʘʩʯʝʪ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʛʣʘʩʥʦ 

ʈʫʢʦʚʦʜʩʪʚʫ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʤʦʩʪʦʚ. ʋʪʦʯʥʝʥʠʝ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʜʘʥʥʦʛʦ ʤʦʩʪʘ ʩ ʫʯʝʪʦʤ ʠ ʙʝʟ 

ʫʯʝʪʘ ʧʦʚʨʝʞʜʝʥʠʡ ʚ ʩʚʦʝ ʚʨʝʤʷ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʚ 2001ʛ ʣʘʙʦʨʘʪʦʨʠʝʡ çʄʦʩʪʳè 

ʉʠʙʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷ. ʂʣʘʩʩ ʤʦʩʪʘ ʙʳʣ ʦʧʨʝʜʝʣʝʥ 

ʧʦ ʥʘʠʙʦʣʝʝ ʩʣʘʙʦʤʫ ʵʣʝʤʝʥʪʫ ʩ ʫʯʝʪʦʤ ʧʦʚʨʝʞʜʝʥʠʡ. ʊʘʢʠʤ ʵʣʝʤʝʥʪʦʤ ʦʢʘʟʘʣʦʩʴ 

ʧʨʦʜʦʣʴʥʘʷ ʙʘʣʢʘ. ɽʝ ʢʣʘʩʩ ʩ ʫʯʝʪʦʤ ʧʦʚʨʝʞʜʝʥʠʡ ʙʳʣ ʨʘʚʝʥ ʂ=5,27, ʘ ʙʝʟ ʫʯʝʪʘ 

ʧʦʚʨʝʞʜʝʥʠʡ ʚ ʩʚʦʝ ʚʨʝʤʷ ʩʦʩʪʘʚʣʷʣ ʂ=7,54. ʌʘʢʪʠʯʝʩʢʠʡ ʢʣʘʩʩ ʧʨʦʜʦʣʴʥʦʡ ʙʘʣʢʠ ʙʳʣ 

ʩʦʧʦʩʪʘʚʣʝʥ ʩ ʢʣʘʩʩʘʤʠ ʥʘʛʨʫʟʦʢ, ʧʨʠʚʝʜʝʥʥʳʤʠ ʚ ʋʢʘʟʘʥʠʷʭ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʫʩʣʦʚʠʡ 

ʧʨʦʧʫʩʢʘ ʧʦʝʟʜʦʚ ʧʦ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤ ʤʦʩʪʘʤ. 

ɺʩʝ ʵʣʝʤʝʥʪʳ ʨʫʩʣʦʚʳʭ ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ ʙʳʣʠ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʠ ʠʭ ʢʣʘʩʩʳ 

ʙʳʣʠ ʚʳʰʝ ʢʣʘʩʩʦʚ ʥʘʛʨʫʟʦʢ. ʊʘʢ çʨʳʙʢʘè ʠʤʝʣʘ ʢʣʘʩʩ ʂ=6,82, ʘ ʧʦʧʝʨʝʯʥʘʷ ʙʘʣʢʘ ʠʤʝʣʘ 

ʢʣʘʩʩ ʂ=7,24.  

ɺ ʩʝʢʮʠʠ 8-9 ʚʝʨʭʥʠʡ ʧʦʷʩ ʧʨʦʜʦʣʴʥʳʭ ʙʘʣʦʢ ʩʢʦʤʧʦʥʦʚʘʥ ʠʟ ʜʚʫʭ ʫʛʦʣʢʦʚ 

100Ĭ100Ĭ12ʤʤ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʣʠʩʪʘ 270Ĭ10ʤʤ. ʈʘʙʦʪʘ ʧʦ ʟʘʤʝʥʝ ʧʦʚʨʝʞʜʝʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ ʧʨʦʚʦʜʷʪʩʷ ʚ çʦʢʥʦè ʩ ʧʝʨʝʨʳʚʦʤ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ. 

ʇʨʦʜʦʣʴʥʳʝ ʙʘʣʢʠ ʧʨʠʢʨʝʧʣʝʥʳ ʢ ʧʦʧʝʨʝʯʥʳʤ ʙʘʣʢʘʤ ʟʘʢʣʝʧʢʘʤʠ ʚ ʢʦʣʠʯʝʩʪʚʝ 16 ʰʪʫʢ ʩ 

ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʠ ʜʚʫʤʷ ʫʛʦʣʢʘʤʠ ʩʝʯʝʥʠʝʤ 100Ĭ100Ĭ12.  

ɾʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʤʦʩʪ ʥʘ 657 ʢʤ ʯʝʨʝʟ ʨʝʢʫ ʀʨʪʳʰ ʫʯʘʩʪʢʘ 

ʉʝʤʠʧʘʣʘʪʠʥʩʢ ï ɾʘʥʘ-ʉʝʤʝʡ ʷʚʣʷʝʪʩʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ. ʉʦ ʩʪʦʨʦʥʳ 

ʉʝʤʠʧʘʣʘʪʠʥʩʢʘ ʠ ʩʦ ʩʪʦʨʦʥʳ ɾʘʥʘ-ʉʝʤʝʷ ʠʤʝʶʪʩʷ ʧʦʩʪʳ ʚʦʝʥʠʟʠʨʦʚʘʥʥʦʡ ʦʭʨʘʥʳ. 

ɼʘʥʥʳʡ ʤʦʩʪ ʚʦʝʥʠʟʠʨʦʚʘʥʥʦʡ ʦʭʨʘʥʦʡ ʩʦ ʩʣʫʞʝʙʥʳʤʠ ʩʦʙʘʢʘʤʠ ʦʭʨʘʥʷʝʪʩʷ 

ʢʨʫʛʣʦʩʫʪʦʯʥʦ. ʊʝʨʨʠʪʦʨʠʷ, ʧʨʠʣʝʛʘʶʱʘʷ ʢ ʤʦʩʪʫ, ʦʛʨʘʞʜʝʥʘ ʠ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ ʦʩʚʝʱʝʥʘ. 

ʅʘʭʦʞʜʝʥʠʝ ʧʦʩʪʦʨʦʥʥʠʭ ʣʠʮ ʥʘ ʪʝʨʨʠʪʦʨʠʠ, ʧʨʠʣʝʛʘʶʱʝʡ ʢ ʤʦʩʪʫ, ʥʝ ʜʦʧʫʩʢʘʝʪʩʷ. 

ʆʭʨʘʥʥʠʢʠ ʚʦʦʨʫʞʝʥʳ, ʚ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʥʠ ʤʦʛʫʪ ʧʨʠʥʷʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʤʝʨʳ ʧʦ ʟʘʱʠʪʝ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ.  
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ʇʈʀʄɽʅɽʅʀɽ ɻɽʆʉʀʅʊɽʊʀʏɽʉʂʀʍ ʄɸʊɽʈʀɸʃʆɺ ɺ ʅɸʉʓʇʗʍ ʅɸ 

ʉʃɸɹʓʍ ɻʈʋʅʊɸʍ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʢʨʘʪʢʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʥʘʩʳʧʠ 

ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘ ʯʝʨʝʟ ʙʦʣʦʪʦ ʠ ʥʘ ʫʯʘʩʪʢʘʭ ʩʦ ʩʣʘʙʳʤʠ ʛʨʫʥʪʘʤʠ. ʇʨʠʤʝʥʝʥʠʝ 

ʧʨʦʩʣʦʝʢ ʠʟ ʛʝʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ (ʨʘʟʜʝʣʠʪʝʣʴʥʳʝ ʠ ʘʨʤʠʨʫʶʱʠʝ) ʚ ʦʩʥʦʚʘʥʠʠ 

ʠʣʠ ʥʠʞʥʝʡ ʯʘʩʪʠ ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʦʩʠʥʪʝʪʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʛʝʦʪʝʢʩʪʠʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ð 

ɻʝʦʩʧʘʥ ʊʅ, ʛʝʦʩʝʪʢʘ, ɻʝʦʩʧʘʥ-ʉʇɼ. 

ɸʥʜʘʪʧʘ. ʄʘץʘʣʘʜʘ ʙʘʪʧʘץʪʳ ʞᴅʥʝ ʪʦʧʳʨʘץ ʥʘʰʘʨ ʞʝʨʣʝʨʜʝ ʙʳʣסʘʨʳ ʤʘʪʘ 

ʪᴇʩʝʥʽʰʽʥ ʩʘʣʫ ʤᴅʩʝʣʝʩʽ ץʳʩץʘʰʘ ץʘʨʘʩʪʳʨʳʣʘʜʳ. ɻʝʦʩʠʥʪʝʪʠʢʘʣʳץ ʤʘʪʝʨʠʘʣʜʘʨʜʳש 

(ʙᴇʣʛʽʰ ʞᴅʥʝ ʘʨʤʘʪʫʨʘʣʘʥסʘʥ) ʘʨʘʣʳץ ץʘʙʘʪʳʥ ʥʝʛʽʟʜʽ ʥʝʤʝʩʝ ʪᴇʤʝʥʛʽ ʙᴇʣʽʢʪʝ ץʦʣʜʘʥʫ. 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ʛʝʦʩʠʥʪʝʪʠʢʘʣʳץ ʤʘʪʝʨʠʘʣʜʘʨ, ʛʝʦʪʝʢʩʪʠʣʴʜʽ ʤʘʪʝʨʠʘʣ - Geospan 

TN, geonet, Geospan-SPD 

Abstract. The article briefly examines the problem of constructing an embankment of an 

earthen cloth through a swamp and in areas with weak soils. Application of interlayers of 

geosynthetic materials (separating and reinforcing) in the base or the lower part of the roadbed. 

Key words: geosynthetic materials, geotextile material - Geospan TN, geonet, Geospan-

SPD 

 

ɿʝʤʣʷʥʳʝ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʝʜʠʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʨʘʙʦʪ ʧʦ ʩʦʦʨʫʞʝʥʠʶ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ. 

ʇʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʇʇʈ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʫʜʝʣʝʥʦ: 

ï ʫʪʦʯʥʝʥʠʶ ʤʝʪʦʜʦʚ ʨʘʙʦʪ, ʚʳʙʦʨʘ ʩʨʝʜʩʪʚ ʤʝʭʘʥʠʟʘʮʠʠ ʠ ʢʦʤʧʣʝʢʪʦʚʘʥʠʷ 

ʦʪʨʷʜʦʚ ʠ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʩ ʫʯʝʪʦʤ ʢʦʣʠʯʝʩʪʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʧʘʨʢʘ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ, 

ʠʤʝʶʱʝʛʦʩʷ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ; 

ï ʜʝʪʘʣʴʥʦʤʫ ʨʘʩʯʝʪʫ ʧʦʪʨʝʙʥʦʩʪʠ ʪʨʫʜʦʚʳʭ ʠ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ; 

ï ʧʨʠʚʷʟʢʝ ʪʠʧʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʢʘʨʪ ʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʥʘ ʩʣʦʞʥʳʝ ʚʠʜʳ 

ʨʘʙʦʪ ʠ ʥʘ ʨʘʙʦʪʳ, ʚʳʧʦʣʥʷʝʤʳʝ ʧʦ ʥʦʚʳʤ ʤʝʪʦʜʘʤ ʠʣʠ ʥʦʚʳʤʠ ʤʘʰʠʥʘʤʠ. 

ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʟʝʤʣʷʥʳʭ ʨʘʙʦʪ ʜʦʣʞʥʳ ʧʨʠʤʝʥʷʪʴʩʷ ʩʧʦʩʦʙʳ ʠ ʩʨʝʜʩʪʚʘ 

ʤʝʭʘʥʠʟʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʳʧʦʣʥʝʥʠʝ ʟʘʜʘʥʥʳʭ ʦʙʲʝʤʦʚ ʨʘʙʦʪ ʚ ʫʩʪʘʥʦʚʣʝʥʥʳʝ 

ʩʨʦʢʠ ʩ ʚʳʩʦʢʠʤ ʢʘʯʝʩʪʚʦʤ, ʥʘʠʤʝʥʴʰʝʡ ʩʪʦʠʤʦʩʪʴʶ ʠ ʪʨʫʜʦʝʤʢʦʩʪʴʶ. ɺʳʙʦʨ ʩʧʦʩʦʙʦʚ 

ʨʘʙʦʪ ʠ ʩʨʝʜʩʪʚ ʤʝʭʘʥʠʟʘʮʠʠ ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʧʨʦʠʟʚʦʜʠʪʩʷ ʤʝʪʦʜʦʤ ʚʘʨʠʘʥʪʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʨʘʩʯʝʪʘ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʘʨʠʘʥʪʦʚ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʚ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʩʨʦʢʠ. 

ʅʘʨʷʜʫ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʨʠʚʝʜʝʥʥʳʭ ʟʘʪʨʘʪ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʦʢʘʟʘʪʝʣʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠ ʪʨʫʜʦʝʤʢʦʩʪʠ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʭ ʨʘʙʦʪ. 
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ɺ ʩʪʘʥʜʘʨʪʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʢʘʨʪʘʭ ʧʦ ʚʦʟʚʝʜʝʥʠʶ ʥʘʩʳʧʠ ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘ 

ʥʘ ʙʦʣʦʪʘʭ I ʪʠʧʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʟʘʤʝʥʳ ʩʣʘʙʦʛʦ ʛʨʫʥʪʘ ʧʫʪʝʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ, 

ʚʟʨʳʚʥʦʛʦ ʠʣʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʚʳʪʦʨʬʦʚʳʚʘʥʠʷ [1]. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʦ ʩʣʝʜʫʶʱʝʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ 

ʤʝʨʦʧʨʠʷʪʠʝ: ï ʦʪʩʳʧʢʘ ʥʘʩʳʧʠ ʟ. ʧ. ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʦʩʥʦʚʘʥʠʠ ʛʝʦʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʧʨʦʩʣʦʝʢ. 

ʆʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʛʝʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʬʠʨʤʳ ʆʆʆ çɻʝʢʩʘè: 

ï ʨʘʟʜʝʣʝʥʠʝ ʩʣʦʝʚ -  ʛʝʦʪʝʢʩʪʠʣʴ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʚʟʘʠʤʦʧʨʦʥʠʢʥʦʚʝʥʠʝ 

ʤʘʪʝʨʠʘʣʦʚ, ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʚ ʨʘʟʜʝʣʠʪʝʣʴʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʩʣʦʡʢʘʭ; 

ï ʘʨʤʠʨʦʚʘʥʠʝ - ʛʝʦʪʝʢʩʪʠʣʴ ʧʦʛʣʦʱʘʝʪ ʩʪʘʪʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʥʘʛʨʫʟʢʠ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʤʝʩʪʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ, ʫʚʝʣʠʯʠʚʘʷ ʤʦʜʫʣʴ 

ʫʧʨʫʛʦʩʪʠ ʠ ʩʜʚʠʛʦʫʩʪʦʡʯʠʚʦʩʪʴ ʫʩʪʨʘʠʚʘʝʤʳʭ ʩʣʦʝʚ; 

ï ʢʘʧʠʣʣʷʨʦʧʨʝʨʳʚʘʥʠʝ - ʛʝʦʪʝʢʩʪʠʣʴ ʫʤʝʥʴʰʘʝʪ ʜʝʬʦʨʤʘʮʠʠ ʦʪ ʤʦʨʦʟʥʦʛʦ 

ʧʫʯʝʥʠʷ ʛʨʫʥʪʘ. ɻʝʦʩʝʪʢʘ çɻʝʦʩʧʘʥ-ʉʇɼè: 

ï ʘʨʤʠʨʦʚʘʥʠʝ - ʛʝʦʩʧʘʥ-ʉʇɼ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʠʣʠ ʟʘʤʝʜʣʷʝʪ ʧʨʦʮʝʩʩʳ ʵʨʦʟʠʠ ʠ 

ʫʢʨʝʧʣʷʝʪ ʩʣʘʙʳʝ ʛʨʫʥʪʳ; 

ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ - ʙʣʘʛʦʜʘʨʷ ʜʚʫʦʩʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʠ ʞʝʩʪʢʠʤ ʫʟʣʘʤ 

ʫʩʠʣʝʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʢʠ ʤʝʞʜʫ ʧʨʦʜʦʣʴʥʳʤʠ ʠ ʧʦʧʝʨʝʯʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ [2, 3]. 
 

ʊʘʙʣʠʮʘ 1- ʉʚʦʡʩʪʚʘ ʛʝʦʤʘʪʝʨʠʘʣʦʚ ɻʝʦʩʧʘʥ ʊʅ 
 

ˉ 

ʧ/ʧ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ɻʝʦʩʧʘʥ, ʪʠʧʳ ʉʊʆ 
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ʊʘʙʣʠʮʘ 2 - ʉʚʦʡʩʪʚʘ ʛʝʦʤʘʪʝʨʠʘʣʦʚ ɻʝʦʩʧʘʥ-ʉʇɼ 
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ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ 

ɻʝʦʩʧʘʥ, ʪʠʧʳ ʧʦ ʉʊʆ 
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ɺ ʦʩʥʦʚʝ ʫʩʪʨʦʡʩʪʚʘ ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘ ʚ ʩʣʘʙʦʤ ʦʩʥʦʚʘʥʠʠ ʥʘʩʳʧʠ ʥʘ ʙʦʣʦʪʘʭ I 

ʪʠʧʘ ʧʨʝʜʩʪʘʚʣʝʥʦ 2 ʪʠʧʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʨʦʬʠʣʷ. 1 ʪʠʧ - ʥʘʩʳʧʴ ʚʳʩʦʪʦʡ 3,00-6,00 ʤ ʥʘ 

ʫʯʘʩʪʢʘʭ ʧʦʜʪʦʧʣʝʥʠʷ (ʧʨʠ ʥʘʣʠʯʠʠ ʩʣʘʙʳʭ ʛʨʫʥʪʦʚ ʚ ʦʩʥʦʚʘʥʠʠ) (ʨʠʩ. 1). 2 ʪʠʧ - ʥʘʩʳʧʴ 

ʚʳʩʦʪʦʡ 3,00-6,00 ʤ ʥʘ ʫʯʘʩʪʢʘʭ ʧʦʜʪʦʧʣʝʥʠʷ (ʧʨʠ ʥʘʣʠʯʠʠ ʩʣʘʙʳʭ ʛʨʫʥʪʦʚ ʚ ʦʩʥʦʚʘʥʠʠ) 

(ʨʠʩ. 2), ʥʦ ʫʞʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʚʫʭ ʩʣʦʝʚ ʛʝʦʤʘʪʝʨʠʘʣʦʚ: ʛʝʦʩʝʪʢʠ ɻʝʦʩʧʘʥ-ʉʇɼ ʠ 

ʛʝʦʪʝʢʩʪʠʣʷ ɻʝʦʩʧʘʥ ʊʅ. 

 
 

ʈʠʩʫʥʦʢ 1 ï ʊʠʧ 1 (ʧʦʣʥʦʝ ʚʳʪʦʨʬʦʚʳʚʘʥʠʝ) 

 

 

 
 

ʈʠʩʫʥʦʢ 2 ïʊʠʧ 2 (ʧʨʠʤʝʥʝʥʠʝ ʛʝʦʤʘʪʝʨʠʘʣʦʚ) 

  

ʇʨʦʠʟʚʦʜʠʤ ʨʘʩʯʝʪ ʘʨʤʠʨʦʚʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʳ (ʪʠʧ 2) ʚ 

ʧʨʦʛʨʘʤʤʝ Robur-Roadbed 4.3 LRF demo [4, 5, 6]. 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ: 

ï ʜʦʨʦʛʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ I ʜʦʨʦʞʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʟʦʥʝ; 

ï ʢʘʪʝʛʦʨʠʷ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ ð III;  

ï ʟʘʜʘʥʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʳ ð ʊʩʣ = 12 ʣʝʪ; 

ï ʟʘʜʘʥʥʘʷ ʥʘʜʝʞʥʦʩʪʴ ʂʥ = 0,92; 

ï ʤʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʡ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ð 200 ʄʇʘ; 

ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʥʘ ʢʦʥʝʮ ʩʨʦʢʘ ʩʣʫʞʙʳ Np = 4500 ʘʚʪ/ʩʫʪ; 

ï ʧʨʠʨʘʱʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ q = 1,05. 

ï ʛʨʫʥʪ ʨʘʙʦʯʝʛʦ ʩʣʦʷ ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘ ð ʧʝʩʦʢ ʧʳʣʝʚʘʪʳʡ; 

ï ʨʘʩʯʝʪʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʦʩʴ ð 140 ʢʅ; 

ï ʜʘʚʣʝʥʠʝ ʚ ʧʥʝʚʤʘʪʠʢʝ p = 0,6 ʄʇʘ; 

ï ʜʠʘʤʝʪʨ ʦʪʧʝʯʘʪʢʘ: ʜʣʷ ʜʚʠʞʫʱʝʛʦʩʷ ʢʦʣʝʩʘ ð 39 ʩʤ, ʜʣʷ ʥʝʧʦʜʚʠʞʥʦʛʦ ʢʦʣʝʩʘ 

ð 35 ʩʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3 
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ʊʘʙʣʠʮʘ 3  ï ʈʝʟʫʣʴʪʘʪ ʨʘʩʯʝʪʘ ʢʦʥʩʪʨʫʢʮʠʠ, ʘʨʤʠʨʦʚʘʥʥʦʡ ʪʢʘʥʥr ʤ ʛʝʦʪʝʢʩʪʠʣʝʤ 

ɻʝʦʩʧʘʥ ʊʅ ʠ ʛʝʦʩʝʪʢʦʡ ɻʝʦʩʧʘʥ-ʉʇɼ 
 

 ̄

ʩʣʦʷ 

 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʊʦʣʱʠʥʘ 

ʩʣʦʷ, ʩʤ  

 

 

ʇʦʢʘʟʘʪʝʣʠ ʧʨʦʯʥʦʩʪʠ 

ʂʨʠʪʝʨʠʡ 

ɼʦʧʫʩʪʠʤʦʝ 

ʟʥʘʯʝʥʠʝ, 

ʄʇʘ 

ʌʘʢʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ, 

ʄʇʘ 

ʂ ʧʨ 

 

1 

ɸʩʬʘʣʴʪʦʙʝʪʦʥ ʛʦʨʷʯʠʡ 

ʧʣʦʪʥʳʡ ʪʠʧ ɸ ʥʘ 

ʚʷʟʢʦʤ ʙʠʪʫʤʝ ɹʅɼ 

ʤʘʨʢʠ: 90/130 E=2400 

ʄʇʘ 

 

5 

ʋʧʨʫʛʠʡ 

ʧʨʦʛʠʙ 
200,000 289,296 1,446 

 

2 

ɸʩʬʘʣʴʪʦʙʝʪʦʥ 

ʛʦʨʷʯʠʡ ʧʦʨʠʩʪʳʡ 

ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʡ 

ʥʘ ʚʷʟʢʦʤ ʙʠʪʫʤʝ 

ɹʅɼ ʤʘʨʢʠ: 90/130 

E=1400 ʄʇʘ 
 

 

8 

 

ʈʘʩʪʷʞʝʥʠʝ 

ʧʨʠ ʠʟʛʠʙʝ 

 

1,653 

 

1,309 

 

1,263 

 

3 

ʑʝʙʝʥʦʯʥʳʝ ʩʤʝʩʠ ʩ 

ʥʝʧʨʝʨʳʚʥʦʡ 

ʛʨʘʥʫʣʦʤʝʪʨʠʝʡ ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦʤ ʨʘʟʤʝʨʝ 

ʟʝʨʝʥ ʉ6ï40 ʤʤ, E=250 

ʄʇʘ 

 

16 
    

 

4 

 

ɻʨʫʥʪ ʧʝʩʦʢ ʤʝʣʢʠʡ 

ʩʦʜʝʨʞʘʥʠʝ ʧʳʣʝʚʘʪʦ-

ʛʣʠʥʠʩʪʦʡ ʬʨʘʢʮʠʠ: 5 

% 

 

240 

 

ʉʜʚʠʛ 

 

0,02063 

 

0,02005 

 

1,029 

 

5 

 

ɻʝʦʩʠʥʪʝʪʠʢʘ 

ɻʝʦʩʠʥʪʝʪʠʯʝʩʢʠʡ 

ʤʘʪʝʨʠʘʣ (Pʨ >= 20 

ʂʥ/ʤ, Eps <= 20 %) 
 

 

0,2 
    

 

6 

 

ɻʨʫʥʪ ʧʝʩʦʢ ʤʝʣʢʠʡ 

ʩʦʜʝʨʞʘʥʠʝ 

ʧʳʣʝʚʘʪʦ-

ʛʣʠʥʠʩʪʦʡ 

ʬʨʘʢʮʠʠ: 5 % 
 

 

10 

 

ʉʜʚʠʛ 

 

0,03095 

 

0,00292 

 

10,604 

 

ɼʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʦʙʣʘʜʘʝʪ ʚʩʝʤʠ ʧʨʦʯʥʦʩʪʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚ ʧʨʝʜʝʣʘʭ 

ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʘʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʫʶ ʨʘʙʦʪʫ ʠ ʥʝʩʫʱʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘ ʥʘ ʙʦʣʦʪʝ I ʪʠʧʘ. ɹʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʛʝʦʪʝʢʩʪʠʣʷ ʠ 

ʛʝʦʩʝʪʢʠ ʫʜʘʣʦʩʴ ʠʟʙʝʞʘʪʴ ʧʨʦʮʝʩʩʘ ʚʳʪʦʨʬʦʚʢʠ, ʘ ʪʘʢʞʝ ʤʠʥʠʤʠʟʠʨʦʚʘʣʠʩʴ ʟʘʪʨʘʪʳ ʥʘ 

ʟʝʤʣʷʥʳʝ ʨʘʙʦʪʳ ʠ ʚʳʚʦʟ ʪʦʨʬʘ, ʥʦ, ʛʣʘʚʥʦʝ, ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʣʦʩʴ ʚʨʝʤʷ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʧʨʦʯʥʦʩʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʤʝʞʨʝʤʦʥʪʥʳʡ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʜʦʨʦʛʠ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʦʜʝʣʠ ʮʠʢʣʠʯʥʦʩʪʠ ʨʝʤʦʥʪʦʚ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ (ʨʠʩʫʥʦʢ 3): 
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ʈʠʩʫʥʦʢ 3 ï ʄʦʜʝʣʴ ʮʠʢʣʠʯʥʦʩʪʠ ʨʝʤʦʥʪʦʚ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ, ʧʦʩʪʨʦʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʛʝʦʤʘʪʝʨʠʘʣʘ ɻʝʦʩʧʘʥ 

 

ɻʝʦʪʢʘʥʴ çɻʝʦʩʧʘʥ ʊʅè ʠ ʛʝʦʩʝʪʢʘ çɻʝʦʩʧʘʥ-ʉʇɼè ʩʣʫʞʘʪ ʜʣʷ ʘʨʤʠʨʦʚʘʥʠʷ 

ʦʩʥʦʚʘʥʠʡ ʠ ʨʘʟʜʝʣʝʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʩʣʦʝʚ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ, ʯʪʦ ʦʩʦʙʝʥʥʦ 

ʵʬʬʝʢʪʠʚʥʦ ʥʘ ʩʣʘʙʳʭ ʛʨʫʥʪʘʭ. 
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ɸʥʥʦʪʘʮʠʷ. ʉʦʚʨʝʤʝʥʥʳʡ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ ʤʝʪʦʜ ʟʘʤʝʥʳ ʠ ʫʢʣʘʜʢʠ ʙʣʦʢʦʚ 

ʩʪʨʝʣʦʯʥʳʭ ʧʝʨʝʚʦʜʦʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʤʘʰʠʥʘʤʠ. ʉʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʤʘʰʠʥʘ, 

ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʜʚʠʛʘʪʴʩʷ, ʧʦʜʥʠʤʘʪʴ, ʫʢʣʘʜʳʚʘʪʴ ʠ ʧʝʨʝʥʦʩʠʪʴ ʙʣʦʢʠ 

ʩʪʨʝʣʦʯʥʦʛʦ ʧʝʨʝʚʦʜʘ ʚ ʣʶʙʦʤ ʪʨʝʙʫʝʤʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ ʥʝʦʛʨʘʥʠʯʝʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ, 

ʜʝʡʩʪʚʫʷ ʦʧʝʨʘʪʠʚʥʦ ʙʳʩʪʨʦ ʠ ʪʦʯʥʦ ʙʝʟ ʧʦʤʦʱʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ.   

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʫʪʝʫʢʣʘʜʦʯʥʘʷ ʤʘʰʠʥʘ çDesecè, ʩʪʨʝʣʦʯʥʳʡ ʧʝʨʝʚʦʜ, ʫʢʣʘʜʢʘ 

ʧʦ ʙʣʦʢʘʤ, ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʧʨʠʚʦʜʳ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʦʧʝʨʘʮʠʠ, ʧʝʨʠʦʜʳ ʨʘʙʦʪ.       

ɸשʜʘʪʧʘ. ɸʨʥʘʡʳ ʤʘʰʠʥʘʣʘʨʤʝʥ ʙײʨʳʣʳʩ ʙʘסʳʪʪʘʤʘʣʘʨʳʥʳש ʙʣʦʢʪʘʨʳʥ ʪᴇʩʝʫ 

ʞᴅʥʝ ʘʫʳʩʪʳʨʫʜʳש ʟʘʤʘʥʘʫʠ ʞʝʪʽʣʜʽʨʽʣʛʝʥ ᴅʜʽʩʪʝʨʽ. פʦʩʳʤʰʘ ʪʝʭʥʠʢʘʥʳש ʢᴇʤʝʛʽʩʽʟ ʜᴅʣ 

ʞᴅʥʝ ʰסײʳʣ ʞʳʣʜʘʤ ᴅʩʝʨ ʝʪʝ ʦʪʳʨʳʧ, ʙײʨʳʣʳʩ ʙʘסʳʪʪʘʤʘʣʘʨʳʥʳש ʙʣʦʢʪʘʨʳʥ ʢʝʟ ʢʝʣʛʝʥ 
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 ʳʤʝʥ ᴇʟʜʽʛʽʥʝʥסʘ ʪʘʩʳʤʘʣʜʘʧ ʪᴇʩʝʫ, ʢᴇʪʝʨʫ, ʪʦʣʳץץʪʳץʘʰʳץ ʳʪʪʘ ʰʝʢʪʝʣʤʝʛʝʥסʘʞʝʪʪʽ ʙʘץ

ʞʳʣʞʠ ʘʣʘʪʳʥ, ᴇʟʜʽʛʽʥʝʥ ʞװʨʝʪʽʥ ʤʘʰʠʥʘ.   

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ʞʦʣ ʪᴇʩʝʫʰʽ ʤʘʰʠʥʘ çDesecè. ɹʘסʳʪ ʙײʨʤʘʩʳ. ɹʣʦʢʪʘʨ ʙʦʡʳʥʰʘ 

ʪᴇʩʝʫ. ɻʠʜʨʘʚʣʠʢʘʣʳ ʞʝʪʝʢʪʝʨ. ʌʫʥʢʮʠʦʥʘʣʜʳ ʦʧʝʨʘʮʠʷʣʘʨ. ɾײʤʳʩʪʘʨʜʳש ʢʝʟʝשʜʝʨʽ.  

Abstract. A modern improved method of replacing and stacking switch blocks with 

specialized machines. A self-contained machine that can fully move, lift, lay and carry the switch 

units in any desired direction for unlimited distances, operating promptly quickly and accurately 

without the aid of ancillary equipment. 

Key words: track-laying machine çDesecè. Turnout translation. Stacking in blocks. 

Hydraulic actuators. Functional operations. Periods of work. 

 

ʇʫʪʝʫʢʣʘʜʦʯʥʘʷ ʤʘʰʠʥʘ çDesecè ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʫʢʣʘʜʢʠ ʠʣʠ ʟʘʤʝʥʳ ʟʚʝʥʴʝʚ 

ʨʝʣʴʩʦʰʧʘʣʴʥʦʡ ʨʝʰʝʪʢʠ ʠ ʩʪʨʝʣʦʯʥʳʭ ʧʝʨʝʚʦʜʦʚ ʙʣʦʢʘʤʠ, ʩʦʩʪʦʷʱʠʤʠ ʠʟ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʯʘʩʪʝʡ ʠ ʧʝʨʝʚʦʜʥʳʭ ʙʨʫʩʴʝʚ (ʜʝʨʝʚʷʥʥʳʭ, ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ). ʆʥʘ ʤʦʞʝʪ 

ʧʦʣʥʦʩʪʴʶ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʝʨʝʜʚʠʛʘʪʴʩʷ, ʧʦʜʥʠʤʘʪʴ, ʫʢʣʘʜʳʚʘʪʴ ʠ ʧʝʨʝʥʦʩʠʪʴ ʙʣʦʢʠ 

ʩʪʨʝʣʦʯʥʦʛʦ ʧʝʨʝʚʦʜʘ ʚ ʣʶʙʦʤ ʪʨʝʙʫʝʤʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ ʥʝʦʛʨʘʥʠʯʝʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ, 

ʜʝʡʩʪʚʫʷ ʦʧʝʨʘʪʠʚʥʦ ʙʳʩʪʨʦ ʠ ʪʦʯʥʦ ʙʝʟ ʧʦʤʦʱʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ. ʆʥʘ ʤʦʞʝʪ 

ʨʘʙʦʪʘʪʴ ʧʦʜ ʢʦʥʪʘʢʪʥʦʡ ʚʦʟʜʫʰʥʦʡ ʩʝʪʴʶ, ʘ ʪʘʢʞʝ ʚ ʪʦʥʥʝʣʷʭ. ʆʙʱʠʡ ʚʠʜ 

ʧʫʪʝʫʢʣʘʜʦʯʥʦʡ ʤʘʰʠʥʳ çDesecè ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

ʇʫʪʝʫʢʣʘʜʦʯʥʘʷ ʤʘʰʠʥʘ çDesecè ʜʦʩʪʘʚʣʷʝʪʩʷ ʢ ʤʝʩʪʫ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ ʥʘ 

ʦʙʳʯʥʦʡ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʯʝʪʳʨʝʭʦʩʥʦʡ ʧʣʘʪʬʦʨʤʝ ʠʣʠ ʥʘ ʥʠʟʢʦʨʘʤʥʦʤ ʘʚʪʦʪʨʝʡʣʝʨʝ. 

ʆʥʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʨʘʟʛʨʫʞʘʝʪʩʷ ʠ ʟʘʛʨʫʞʘʝʪʩʷ, ʦʧʠʨʘʷʩʴ ʥʘ ʛʫʩʝʥʠʯʥʳʝ ʭʦʜʦʚʳʝ 

ʤʝʭʘʥʠʟʤʳ ʠ ʧʦʜʥʠʤʘʷ ʩʝʙʷ ʦʧʦʨʥʳʤʠ ʥʦʛʘʤʠ. ɼʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʦʥʘ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 

ʤʠʥʠʤʘʣʴʥʳʭ ʨʘʟʤʝʨʦʚ, ʚʪʷʛʠʚʘʷ ʚ ʩʝʙʷ ʚʩʝ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʆʙʱʠʡ ʚʠʜ ʧʫʪʝʫʢʣʘʜʦʯʥʦʡ ʤʘʰʠʥʳ çDesecè 

 

ʇʫʪʝʫʢʣʘʜʦʯʥʘʷ ʤʘʰʠʥʘ çDesecè ʦʩʥʘʱʝʥʘ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʧʨʠʚʦʜʦʤ, 

ʩʥʘʙʞʘʝʤʳʤ ʵʥʝʨʛʠʝʡ ʦʪ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. ʆʥʘ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʦʧʝʨʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʧʫʣʴʪʘ ʨʘʜʠʦʫʧʨʘʚʣʝʥʠʷ ʠ ʠʤʝʝʪ ʨʝʟʝʨʚʥʳʝ 

˥͔͙ͯͫͤ;ͤ͊Ύ ͎ͤͦ͊ Ѕо 

˥͔͙ͯͫͤ;ͤ͊Ύ ͎ͤͦ͊ Ѕм 

˻ͨͦͪͤ͊Ύ ͎ͤͦ͊ Ѕм 

˻ͨͦͪͤ͊Ύ ͎ͤͦ͊ Ѕо 

˥͔͙ͯͫͤ;ͤ͊Ύ ͎ͤͦ͊ Ѕп 

˻ͨͦͪͤ͊Ύ ͎ͤͦ͊ Ѕн 

˻ͨͦͪͤ͊Ύ ͎ͤͦ͊ Ѕп 

˽ͪͦ͒ͦ͡Έͤ·͚ ͔͔ͭͫͦͨ͟͡ s  

˥͔͙ͯͫͤ;ͤ͊Ύ ͎ͤͦ͊ Ѕн 

˽ͪͦ͒ͦ͡Έͤ·͚  

͔͔ͭͫͦͨ͟͡  x
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ʩʠʩʪʝʤʳ ʥʘ ʩʣʫʯʘʡ ʦʪʢʘʟʘ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. ɺʩʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʦʧʝʨʘʮʠʠ 

ʨʝʘʣʠʟʫʶʪʩʷ ʛʠʜʨʘʚʣʠʢʦʡ ʧʨʠ ʪʨʝʭ ʚʳʙʠʨʘʝʤʳʭ ʨʝʞʠʤʘʭ ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ ʨʘʙʦʯʠʭ 

ʦʨʛʘʥʦʚ ʤʘʰʠʥʳ: ʪʠʭʠʡ ʭʦʜ, ʩʪʘʥʜʘʨʪʥʳʡ ʭʦʜ ʠ ʫʩʢʦʨʝʥʥʳʡ ʭʦʜ. ʇʣʘʚʥʦʝ ʜʚʠʞʝʥʠʝ 

ʤʘʰʠʥʳ ʚʦ ʚʨʝʤʷ ʝʝ ʨʘʙʦʪʳ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʦʯʥʫʶ ʫʢʣʘʜʢʫ ʙʣʦʢʘ ʩʪʨʝʣʦʯʥʦʛʦ ʧʝʨʝʚʦʜʘ ʥʘ 

ʤʝʩʪʦ ʝʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʦʛʣʘʩʥʦ ʧʨʦʝʢʪʘ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʙʦʪʳ ʧʨʠ ʣʶʙʳʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʭ ʧʫʪʝʫʢʣʘʜʦʯʥʘʷ 

ʤʘʰʠʥʘ çDesecè ʦʙʦʨʫʜʦʚʘʥʘ ʥʝʩʢʦʣʴʢʠʤʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ: 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʙʣʦʢ ʧʠʪʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʚʩʝʭ ʬʫʥʢʮʠʡ ʚ ʩʣʫʯʘʝ 

ʦʪʢʘʟʘ ʛʣʘʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ; 

ʛʝʥʝʨʘʪʦʨ ʧʦʜʩʦʝʜʠʥʝʥ ʢ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʤʫ ʜʚʠʛʘʪʝʣʶ ʜʣʷ ʧʦʜʘʯʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʢ ʨʫʯʥʳʤ ʵʣʝʢʪʨʦʠʥʩʪʨʫʤʝʥʪʘʤ ʠ ʪ.ʜ.; 

ʨʝʟʝʨʚʥʳʡ ʢʘʙʝʣʴ ʤʝʞʜʫ ʧʫʣʴʪʦʤ ʨʘʜʠʦʫʧʨʘʚʣʝʥʠʷ ʠ ʨʘʜʠʦʧʨʠʝʤʥʠʢʦʤ ʤʦʞʝʪ 

ʙʳʪʴ ʧʦʜʢʣʶʯʝʥ, ʚ ʩʣʫʯʘʝ ʧʨʦʙʣʝʤ ʩ ʨʘʜʠʦʩʚʷʟʴʶ; 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʢʣʘʧʘʥʳ ʩ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʦʙʦʨʫʜʦʚʘʥʳ ʨʫʯʥʳʤʠ ʨʳʯʘʛʘʤʠ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʨʫʯʥʦʛʦ ʨʝʞʠʤʘ ʚʳʧʦʣʥʝʥʠʷ ʚʩʝʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʧʝʨʘʮʠʡ. 

ʇʫʪʝʫʢʣʘʜʦʯʥʘʷ ʤʘʰʠʥʘ çDesecè ʦʪʣʠʯʘʝʪʩʷ ʦʯʝʥʴ ʛʠʙʢʠʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ 

ʪʝʭʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ: 

ʤʘʥʝʚʨʝʥʥʦʩʪʴʶ ʤʝʞʜʫ ʧʨʝʧʷʪʩʪʚʠʷʤʠ ʥʘ ʧʣʦʱʘʜʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ 

(ʧʝʨʝʢʣʘʜʳʚʘʝʪ, ʥʘʢʣʦʥʷʝʪ ʠ/ʠʣʠ ʧʝʨʝʤʝʱʘʝʪ ʨʝʣʴʩʦʰʧʘʣʴʥʫʶ ʨʝʰʝʪʢʫ ʚ ʣʶʙʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ); 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʦʧʝʨʘʪʠʚʥʦ ʧʨʠʩʧʦʩʘʙʣʠʚʘʪʴ ʛʘʙʘʨʠʪʳ ʠ ʬʦʨʤʫ ʤʘʰʠʥʳ 

ʧʦʩʨʝʜʩʪʚʦʤ ʩʦʙʩʪʚʝʥʥʳʭ ʚʳʜʚʠʞʥʳʭ ʪʝʣʝʩʢʦʧʠʯʝʩʢʠʭ ʤʘʥʠʧʫʣʷʪʦʨʦʚ, ʢʦʪʦʨʳʝ 

ʧʨʠʚʦʜʷʪʩʷ ʚ ʜʝʡʩʪʚʠʝ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ ʠʣʠ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʦʙʝʩʧʝʯʠʚʘʷ ʣʶʙʫʶ ʪʨʝʙʫʝʤʫʶ 

ʜʣʠʥʫ (ʦʩʦʙʝʥʥʦ ʚ ʦʛʨʘʥʠʯʝʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ); 

ʠʩʢʣʶʯʝʥʠʝʤ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʦ ʚʨʝʤʝʥʥʳʭ ʧʦʜʲʝʟʜʥʳʭ ʨʝʣʴʩʦʚʳʭ ʧʫʪʷʭ ʜʣʷ 

ʫʢʣʘʜʢʠ ʠʣʠ ʟʘʤʝʥʳ ʩʪʨʝʣʦʯʥʦʛʦ ʧʝʨʝʚʦʜʘ. 

ɼʣʷ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʨʘʜʠʦʫʧʨʘʚʣʝʥʠʷ ʧʫʪʝʫʢʣʘʜʦʯʥʦʡ ʤʘʰʠʥʦʡ çDesecè ʪʨʝʙʫʝʪʩʷ 

ʚʩʝʛʦ ʣʠʰʴ ʦʜʠʥ ʦʧʝʨʘʪʦʨ. ʆʧʝʨʘʪʦʨ ʤʦʞʝʪ ʚʩʝʛʜʘ ʥʘʭʦʜʠʪʩɹʷ ʚ ʥʫʞʥʦʤ ʤʝʩʪʝ ʚ ʥʫʞʥʦʝ 

ʚʨʝʤʷ. ʆʧʝʨʘʪʦʨ ʪʦʯʥʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʙʣʦʢ ʩʪʨʝʣʦʯʥʦʛʦ ʧʝʨʝʚʦʜʘ, ʥʘʭʦʜʷʩʴ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫ ʤʝʩʪʘ ʩʪʳʢʘ. ʆʧʝʨʘʪʦʨ ʤʦʞʝʪ ʦʩʪʘʚʘʪʴʩʷ ʚ ʙʝʟʦʧʘʩʥʦʤ ʤʝʩʪʝ ʩ 

ʦʧʪʠʤʘʣʴʥʳʤ ʦʙʟʦʨʦʤ ʨʘʙʦʯʝʡ ʧʣʦʱʘʜʢʠ. ɹʣʦʢ ʩʪʨʝʣʦʯʥʦʛʦ ʧʝʨʝʚʦʜʘ ʟʘʭʚʘʪʳʚʘʝʪʩʷ 

ʨʝʣʴʩʦʚʳʤ ʢʨʶʢʦʤ, ʢʦʪʦʨʳʡ ʣʝʛʢʦ ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʦʜ ʧʦʜʦʰʚʦʡ ʨʝʣʴʩʘ. ʈʝʣʴʩʦʚʳʝ ʢʨʶʢʠ 

ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴʩʷ ʚ ʜʚʠʞʝʥʠʝ ʩʚʦʙʦʜʥʦ ʩ ʟʝʤʣʠ. 

ʇʦʜʣʝʞʘʱʠʡ ʟʘʤʝʥʝ ʩʪʨʝʣʦʯʥʳʡ ʧʝʨʝʚʦʜ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʫʯʘʩʪʢʝ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʫʪʠ, ʦʪʥʦʩʷʱʝʤʩʷ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʢʣʘʩʩʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʨʫʧʧʳ 

(ʧʦ ʛʨʫʟʦʥʘʧʨʷʞʝʥʥʦʩʪʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʣʠʥʠʠ) ʠ ʢʘʪʝʛʦʨʠʠ (ʧʦ ʩʢʦʨʦʩʪʷʤ ʜʚʠʞʝʥʠʷ 

ʧʘʩʩʘʞʠʨʩʢʠʭ ʠ ʛʨʫʟʦʚʳʭ ʧʦʝʟʜʦʚ) ʩʦʛʣʘʩʥʦ ʇʨʘʚʠʣʘʤ 358-ʎɿ [1-2]. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʘʤʝʥʷʝʤʦʛʦ (ʩʪʘʨʦʛʦʜʥʝʛʦ) ʩʪʨʝʣʦʯʥʦʛʦ ʧʝʨʝʚʦʜʘ: 

ʤʘʨʢʘ ï 1/11 (1/9); 

ʪʠʧ ʨʝʣʴʩʘ ï ʈ65 (ʈ50); 

ʪʦʢʦʧʨʦʚʦʜʷʱʠʝ ʩʪʳʢʦʚʳʝ ʨʝʣʴʩʦʚʳʝ ʩʢʨʝʧʣʝʥʠʷ ï ʩʙʦʨʥʳʝ; 

ʠʟʦʣʠʨʫʶʱʠʝ ʩʪʳʢʦʚʳʝ ʨʝʣʴʩʦʚʳʝ ʩʢʨʝʧʣʝʥʠʷ ï ʢʣʝʝʙʦʣʪʦʚʳʝ; 

ʥʘʢʣʘʜʢʠ ʚ ʩʪʳʢʘʭ ï ʯʝʪʳʨʝʭʜʳʨʥʳʝ; 

ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʨʝʣʴʩʦʚʳʝ ʩʢʨʝʧʣʝʥʠʷ ï ʧʦʜʢʣʘʜʦʯʥʳʝ, ʢʦʩʪʳʣʴʥʳʝ (ʰʫʨʫʧʥʳʝ); 

ʧʝʨʝʚʦʜʥʳʝ ʙʨʫʩʴʷ ʠ ʰʧʘʣʳ ï ʜʝʨʝʚʷʥʥʳʝ; 

ʙʘʣʣʘʩʪ ï ʱʝʙʝʥʴ ʠʟʤʝʣʴʯʝʥʥʳʡ ʟʘʩʦʨʝʥʥʳʡ; 

ʦʙʦʯʠʥʘ ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘ ʟʘʧʦʣʥʝʥʘ ʩʪʘʨʳʤ ʙʘʣʣʘʩʪʦʤ ʠ ʟʘʩʦʨʠʪʝʣʷʤʠ; 

ʚʦʜʦʦʪʚʦʜʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʦʝʢʪʫ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʫʢʣʘʜʳʚʘʝʤʦʛʦ (ʥʦʚʦʛʦ) ʩʪʨʝʣʦʯʥʦʛʦ ʧʝʨʝʚʦʜʘ: 

ʤʘʨʢʘ ï 1/11 (1/9); 

ʪʠʧ ʨʝʣʴʩʘ ï ʈ65; 
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ʪʦʢʦʧʨʦʚʦʜʷʱʠʝ ʩʪʳʢʦʚʳʝ ʨʝʣʴʩʦʚʳʝ ʩʢʨʝʧʣʝʥʠʷ ï ʩʙʦʨʥʳʝ; 

ʠʟʦʣʠʨʫʶʱʠʝ ʩʪʳʢʦʚʳʝ ʨʝʣʴʩʦʚʳʝ ʩʢʨʝʧʣʝʥʠʷ ï ʤʝʪʘʣʣʦʢʦʤʧʦʟʠʪʥʳʝ ʪʠʧʘ 

ɸʧɸʊʵʂ; 

ʥʘʢʣʘʜʢʠ ʚ ʩʪʳʢʘʭ ï ʯʝʪʳʨʝʭʜʳʨʥʳʝ; 

ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʨʝʣʴʩʦʚʳʝ ʩʢʨʝʧʣʝʥʠʷ ï ʧʦʜʢʣʘʜʦʯʥʳʝ ʪʠʧʘ ʂɹ (ʠʣʠ ʩ ʫʧʨʫʛʠʤʠ 

ʢʣʝʤʤʘʤʠ); 

ʧʝʨʝʚʦʜʥʳʝ ʙʨʫʩʴʷ ʠ ʰʧʘʣʳ ï ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ; 

ʙʘʣʣʘʩʪ ï ʱʝʙʝʥʴ ʠʟ ʪʚʝʨʜʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʢʨʫʧʥʳʡ ʥʝʠʟʤʝʣʴʯʝʥʥʳʡ ʯʠʩʪʳʡ 

(ʟʘʩʦʨʝʥʥʦʩʪʴ ʥʝ ʙʦʣʝʝ 5 % ʦʪ ʛʨʘʥʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʱʝʙʥʷ), 

ʪʦʣʱʠʥʦʡ ʥʝ ʤʝʥʝʝ 25 ʩʤ; 

ʧʨʦʝʢʪʥʦʝ ʧʦʣʦʞʝʥʠʝ ʧʫʪʠ ʚ ʧʨʦʜʦʣʴʥʦʤ ʧʨʦʬʠʣʝ ʠ ʧʣʘʥʝ ʩʦʭʨʘʥʷʝʪʩʷ; 

ʨʘʟʤʝʨʳ ʙʘʣʣʘʩʪʥʦʡ ʧʨʠʟʤʳ ʠ ʦʙʦʯʠʥʳ ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʦʝʢʪʫ; 

ʚʦʜʦʦʪʚʦʜʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʦʯʠʱʝʥʳ ʠ ʦʪʨʝʤʦʥʪʠʨʦʚʘʥʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʦʝʢʪʫ. 

ʎʠʢʣ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʯʠʭ ʦʧʝʨʘʮʠʡ ʧʦ ʟʘʤʝʥʝ ʩʪʨʝʣʦʯʥʦʛʦ ʧʝʨʝʚʦʜʘ 

ʧʫʪʝʫʢʣʘʜʦʯʥʦʡ ʤʘʰʠʥʦʡ çDesecè ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʧʣʘʪʬʦʨʤʘʤʠ, ʛʨʫʞʝʥʥʳʤʠ ʙʣʦʢʘʤʠ 

ʩʪʨʝʣʦʯʥʦʛʦ ʧʝʨʝʚʦʜʘ: 

1) ʙʣʦʢ ʩʪʨʝʣʦʯʥʦʛʦ ʧʝʨʝʚʦʜʘ ʧʦʜʥʠʤʘʝʪʩʷ ʩ ʧʣʘʪʬʦʨʤʳ ʧʫʪʝʫʢʣʘʜʦʯʥʦʡ ʤʘʰʠʥʦʡ 

çDesecè; 

2) ʧʣʘʪʬʦʨʤʘ ʫʙʠʨʘʝʪʩʷ ʠʟ-ʧʦʜ ʧʫʪʝʫʢʣʘʜʦʯʥʦʡ ʤʘʰʠʥʳ çDesecè; 

3) ʧʫʪʝʫʢʣʘʜʦʯʥʘʷ ʤʘʰʠʥʘ çDesecè ʜʚʠʞʝʪʩʷ ʩ ʙʣʦʢʦʤ ʩʪʨʝʣʦʯʥʦʛʦ ʧʝʨʝʚʦʜʘ ʢ 

ʤʝʩʪʫ ʝʛʦ ʫʢʣʘʜʢʠ; 

4) ʧʫʪʝʫʢʣʘʜʦʯʥʘʷ ʤʘʰʠʥʘ çDesecè ʧʨʦʠʟʚʦʜʠʪ ʪʦʯʥʫʶ ʫʢʣʘʜʢʫ ʙʣʦʢʘ ʩʪʨʝʣʦʯʥʦʛʦ 

ʧʝʨʝʚʦʜʘ ʩʦʛʣʘʩʥʦ ʧʨʦʝʢʪʫ; 

5) ʧʫʪʝʫʢʣʘʜʦʯʥʘʷ ʤʘʰʠʥʘ çDesecè ʚʦʟʚʨʘʱʘʝʪʩʷ ʢ ʧʣʘʪʬʦʨʤʝ ʜʣʷ ʨʘʟʛʨʫʟʢʠ 

ʩʣʝʜʫʶʱʝʛʦ ʙʣʦʢʘ ʩʪʨʝʣʦʯʥʦʛʦ ʧʝʨʝʚʦʜʘ. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʮʠʢʣʦʚ ʨʘʙʦʯʠʭ ʦʧʝʨʘʮʠʡ ʧʫʪʝʫʢʣʘʜʦʯʥʦʡ ʤʘʰʠʥʳ çDesecè ʚ 

ʢʦʤʧʣʝʢʩʝ ʩ ʧʣʘʪʬʦʨʤʘʤʠ, ʛʨʫʞʝʥʥʳʤʠ ʙʣʦʢʘʤʠ ʩʪʨʝʣʦʯʥʦʛʦ ʧʝʨʝʚʦʜʘ, ʪʨʝʙʫʝʪʩʷ ʪʦʣʴʢʦ 

ʦʜʠʥ ʧʫʪʴ. ʇʨʠ ʵʪʦʤ ʧʦʣʥʦʩʪʴʶ ʦʪʧʘʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʨʘʟʛʨʫʟʢʝ ʠ 

ʭʨʘʥʝʥʠʠ ʙʣʦʢʘ ʩʪʨʝʣʦʯʥʦʛʦ ʧʝʨʝʚʦʜʘ. ʉʪʨʝʣʦʯʥʳʡ ʧʝʨʝʚʦʜ ʪʨʘʥʩʧʦʨʪʠʨʫʝʪʩʷ ʚ ʩʙʦʨʝ 

ʧʨʷʤʦ ʦʪ ʤʝʩʪʘ ʝʛʦ ʩʙʦʨʢʠ ʜʦ ʤʝʩʪʘ ʝʛʦ ʫʢʣʘʜʢʠ. 

ʇʫʪʝʫʢʣʘʜʦʯʥʘʷ ʤʘʰʠʥʘ çDesecè ʤʦʞʝʪ ʧʦʜʙʠʨʘʪʴ ʙʣʦʢʠ ʩʪʨʝʣʦʯʥʦʛʦ ʧʝʨʝʚʦʜʘ ʩ 

ʤʦʥʪʘʞʥʦʡ ʧʣʦʱʘʜʢʠ, ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʨʷʜʦʤ ʩ ʟʝʤʣʷʥʳʤ ʧʦʣʦʪʥʦʤ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʫʪʠ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʥʘ ʤʦʞʝʪ ʧʝʨʝʜʚʠʛʘʪʴʩʷ ʧʦ ʧʝʨʝʩʝʯʝʥʥʦʡ 

ʤʝʩʪʥʦʩʪʠ ʠ ʥʫʞʜʘʪʴʩʷ ʪʦʣʴʢʦ ʚ ʦʜʥʦʤ ʟʘʢʨʳʪʦʤ ʜʣʷ ʜʚʠʞʝʥʠʷ ʧʫʪʠ. ʆʜʠʥ ʙʣʦʢ 

ʩʪʨʝʣʦʯʥʦʛʦ ʧʝʨʝʚʦʜʘ ʫʢʣʘʜʳʚʘʝʪʩʷ ʤʝʥʝʝ ʯʝʤ ʟʘ 30 ʤʠʥʫʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʭʦʜʠʤʦʛʦ 

ʨʘʩʩʪʦʷʥʠʷ. 

ʈʘʙʦʪʳ ʧʦ ʟʘʤʝʥʝ ʩʪʨʝʣʦʯʥʦʛʦ ʧʝʨʝʚʦʜʘ ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʪʨʠ ʧʝʨʠʦʜʘ: 1) 

ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʡ; 2) ʦʩʥʦʚʥʦʡ; 3) ʟʘʢʣʶʯʠʪʝʣʴʥʳʡ. 

ɺ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʚʳʧʦʣʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʨʘʙʦʪʳ [3-4]: 

ʣʝʯʝʥʠʝ ʙʦʣʴʥʳʭ ʤʝʩʪ ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘ ʩʪʨʝʣʦʯʥʦʛʦ ʧʝʨʝʚʦʜʘ ʧʦ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ; 

ʩʙʦʨʢʘ ʙʣʦʢʦʚ ʫʢʣʘʜʳʚʘʝʤʦʛʦ (ʥʦʚʦʛʦ) ʩʪʨʝʣʦʯʥʦʛʦ ʧʝʨʝʚʦʜʘ ʩ ʞʝʣʝʟʦʙʝʪʦʥʥʳʤʠ 

ʰʧʘʣʘʤʠ ʠ ʧʝʨʝʚʦʜʥʳʤʠ ʙʨʫʩʴʷʤʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʩʧʝʮʠʘʣʴʥʦʤ ʩʪʝʥʜʝ (ʥʘ ʟʘʢʨʳʪʦʤ ʠʣʠ 

ʤʘʣʦʜʝʷʪʝʣʴʥʦʤ ʧʫʪʠ) ʥʘ ʨʘʟʜʝʣʴʥʦʤ ʧʫʥʢʪʝ (ʩʪʘʥʮʠʷ, ʨʘʟʲʝʟʜ ʠ ʪ.ʜ.) ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʚʙʣʠʟʠ ʟʘʤʝʥʷʝʤʦʛʦ (ʩʪʘʨʦʛʦʜʥʝʛʦ) ʩʪʨʝʣʦʯʥʦʛʦ ʧʝʨʝʚʦʜʘ ʧʦ ʦʪʜʝʣʴʥʦʤʫ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʧʨʦʮʝʩʩʫ; 

ʜʦʩʪʘʚʢʘ ʙʣʦʢʦʚ ʫʢʣʘʜʳʚʘʝʤʦʛʦ (ʥʦʚʦʛʦ) ʩʪʨʝʣʦʯʥʦʛʦ ʧʝʨʝʚʦʜʘ ʠ ʥʝʦʙʭʦʜʠʤʳʭ 

ʤʘʪʝʨʠʘʣʦʚ (ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠʥʩʪʨʫʤʝʥʪʦʚ) ʢ ʤʝʩʪʫ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʩʥʦʚʥʳʭ ʨʘʙʦʪ; 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʚʳʨʝʟʢʘ ʟʘʛʨʷʟʥʝʥʥʦʛʦ ʙʘʣʣʘʩʪʘ ʚ 4-ʭ ʰʧʘʣʴʥʳʭ ʷʱʠʢʘʭ ʯʝʨʝʟ 1 

ʰʧʘʣʴʥʳʡ ʷʱʠʢ ʜʦ ʧʦʜʦʰʚʳ ʰʧʘʣ ʠ ʧʝʨʝʚʦʜʥʳʭ ʙʨʫʩʴʝʚ ʧʦ ʧʨʷʤʦʤʫ ʠ ʙʦʢʦʚʦʤʫ ʧʫʪʷʤ 

ʟʘʤʝʥʷʝʤʦʛʦ (ʩʪʘʨʦʛʦʜʥʝʛʦ) ʩʪʨʝʣʦʯʥʦʛʦ ʧʝʨʝʚʦʜʘ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʦʛʨʘʥʠʯʝʥʠʷ 
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ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ ʜʦ 40 ʢʤ/ʯ (ʙʝʟ ʚʳʨʝʟʢʠ ʟʘʛʨʷʟʥʝʥʥʦʛʦ ʙʘʣʣʘʩʪʘ ʟʘ ʪʦʨʮʘʤʠ 

ʰʧʘʣ ʠ ʧʝʨʝʚʦʜʥʳʭ ʙʨʫʩʴʝʚ); 

ʦʢʦʥʯʘʪʝʣʴʥʘʷ ʚʳʨʝʟʢʘ ʟʘʛʨʷʟʥʝʥʥʦʛʦ ʙʘʣʣʘʩʪʘ ʥʠʞʝ ʧʦʜʦʰʚʳ ʰʧʘʣ ʠ ʧʝʨʝʚʦʜʥʳʭ 

ʙʨʫʩʴʝʚ ʛʣʫʙʠʥʦʡ ʜʦ 10 ʩʤ ʧʦʜʨʷʜ ʚ 4-ʭ ʰʧʘʣʴʥʳʭ ʷʱʠʢʘʭ ʯʝʨʝʟ 1 ʰʧʘʣʴʥʳʡ ʷʱʠʢ ʠ ʟʘ 

ʪʦʨʮʘʤʠ ʰʧʘʣ ʠ ʧʝʨʝʚʦʜʥʳʭ ʙʨʫʩʴʝʚ ʧʦ ʧʨʷʤʦʤʫ ʠ ʙʦʢʦʚʦʤʫ ʧʫʪʷʤ ʟʘʤʝʥʷʝʤʦʛʦ 

(ʩʪʘʨʦʛʦʜʥʝʛʦ) ʩʪʨʝʣʦʯʥʦʛʦ ʧʝʨʝʚʦʜʘ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ ʜʦ 25 

ʢʤ/ʯ; 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʘʙʦʯʠʭ ʧʦʝʟʜʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ çʦʢʥʘè. 

ʆʙʲʝʤʳ ʦʩʥʦʚʥʳʭ ʨʘʙʦʪ, ʧʦʜʣʝʞʘʱʠʭ ʚʳʧʦʣʥʝʥʠʶ, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ɺ 

ʦʩʥʦʚʥʦʡ ʧʝʨʠʦʜ ʚʳʧʦʣʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʨʘʙʦʪʳ: 

ʨʘʙʦʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʜʝʤʦʥʪʘʞʦʤ ʟʘʤʝʥʷʝʤʦʛʦ (ʩʪʘʨʦʛʦʜʥʝʛʦ) ʩʪʨʝʣʦʯʥʦʛʦ 

ʧʝʨʝʚʦʜʘ; 

ʨʘʙʦʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʜʛʦʪʦʚʢʦʡ ʦʩʥʦʚʥʦʡ ʧʣʦʱʘʜʢʠ, ʧʫʪʝʤ ʩʨʝʟʢʠ ʩʪʘʨʦʛʦ 

ʟʘʛʨʷʟʥʝʥʥʦʛʦ ʙʘʣʣʘʩʪʘ ʩʪʨʝʣʦʯʥʦʛʦ ʧʝʨʝʚʦʜʘ; 

ʨʘʙʦʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʤʦʥʪʘʞʦʤ ʙʣʦʢʦʚ ʫʢʣʘʜʳʚʘʝʤʦʛʦ (ʥʦʚʦʛʦ) ʩʪʨʝʣʦʯʥʦʛʦ 

ʧʝʨʝʚʦʜʘ; 

ʨʘʙʦʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʳʛʨʫʟʢʦʡ ʩʚʝʞʝʛʦ ʙʘʣʣʘʩʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʪʨʝʣʦʯʥʦʛʦ 

ʧʝʨʝʚʦʜʘ ʩ ʭʦʧʧʝʨ-ʜʦʟʘʪʦʨʦʚ; 

ʨʘʙʦʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʳʧʨʘʚʢʦʡ, ʧʦʜʙʠʚʢʦʡ ʠ ʨʠʭʪʦʚʢʦʡ ʩʪʨʝʣʦʯʥʦʛʦ ʧʝʨʝʚʦʜʘ; 

ʨʘʙʦʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʠʚʝʜʝʥʠʝʤ ʙʘʣʣʘʩʪʥʦʡ ʧʨʠʟʤʳ ʩʪʨʝʣʦʯʥʦʛʦ ʧʝʨʝʚʦʜʘ ʚ 

ʧʨʦʝʢʪʥʦʝ ʧʦʣʦʞʝʥʠʝ. 

 

ʊʘʙʣʠʮʘ 1 ï ʆʙʲʝʤʳ ʦʩʥʦʚʥʳʭ ʨʘʙʦʪ, ʧʦʜʣʝʞʘʱʠʭ ʚʳʧʦʣʥʝʥʠʶ  ʧʨʠ ʟʘʤʝʥʝ 

ʩʪʨʝʣʦʯʥʦʛʦ ʧʝʨʝʚʦʜʘ 
 

 ̄ ʅʘʠʤʝʥʦʚʘʥʠʝ ʨʘʙʦʪ 
ɽʜʠʥʠʮʘ 

ʠʟʤʝʨʝʥʠʷ 

ʆʙʲʝʤʳ ʚʳʧʦʣʥʷʝʤʳʭ ʨʘʙʦʪ 

ʥʘ ʦʜʠʥ ʩʪʨʝʣʦʯʥʳʡ ʧʝʨʝʚʦʜ 

1 

ʉʥʷʪʠʝ ʙʣʦʢʦʚ ʟʘʤʝʥʷʝʤʦʛʦ 

(ʩʪʘʨʦʛʦʜʥʝʛʦ) ʩʪʨʝʣʦʯʥʦʛʦ ʧʝʨʝʚʦʜʘ ʩ 

ʜʝʨʝʚʷʥʥʳʤʠ ʙʨʫʩʴʷʤʠ 

ʙʣʦʢ 2 

2 

ʋʢʣʘʜʢʘ ʙʣʦʢʦʚ ʥʦʚʦʛʦ ʩʪʨʝʣʦʯʥʦʛʦ 

ʧʝʨʝʚʦʜʘ ʩ ʞʝʣʝʟʦʙʝʪʦʥʥʳʤʠ 

ʙʨʫʩʴʷʤʠ 

ʙʣʦʢ 3 

3 
ɺ ʨrʝʟʢʘ ʟʘʛʨʷʟʥʝʥʥʦʛʦ ʙʘʣʣʘʩʪʘ 

ʩʪʨʝʣʦʯʥʦʛʦ ʧʝʨʝʚʦʜʘ 
ʤ

3 
70 

4 
ɺʳʛʨʫʟʢʘ ʩʚʝʞʝʛʦ ʱʝʙʝʥʦʯʥʦʛʦ 

ʙʘʣʣʘʩʪʘ ʩʪʨʝʣʦʯʥʦʛʦ ʧʝʨʝʚʦʜʘ 
ʤ

3 
70 

5 
ɺʳʧʨʘʚʢʘ, ʧʦʜʙʠʚʢʘ ʠ ʨʠʭʪʦʚʢʘ 

ʩʪʨʝʣʦʯʥʦʛʦ ʧʝʨʝʚʦʜʘ 

ʩʪʨʝʣʦʯʥʳʡ 

ʧʝʨʝʚʦʜ 
1 

 

ɺ ʟʘʢʣʶʯʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʚʳʧʦʣʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʨʘʙʦʪʳ: 

ʧʦʜʪʷʛʠʚʘʥʠʝ ʙʦʣʪʦʚ ʩʪʨʝʣʦʯʥʦʛʦ ʧʝʨʝʚʦʜʘ; 

ʯʘʩʪʠʯʥʘʷ ʚʳʧʨʘʚʢʘ ʩʪʨʝʣʦʯʥʦʛʦ ʧʝʨʝʚʦʜʘ ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʫʯʘʩʪʢʦʚ ʧʫʪʠ ʩ 

ʧʦʜʙʠʚʢʦʡ ʰʧʘʣ ʠ ʧʝʨʝʚʦʜʥʳʭ ʙʨʫʩʴʝʚ ʵʣʝʢʪʨʦʰʧʘʣʦʧʦʜʙʦʡʢʘʤʠ ʧʦʩʣʝ ʦʙʢʘʪʢʠ ʧʫʪʠ ʧʦʜ 

ʧʦʝʟʜʘʤʠ; 

ʦʯʠʩʪʢʘ ʰʧʘʣʴʥʳʭ ʷʱʠʢʦʚ ʦʪ ʙʘʣʣʘʩʪʘ ʚ ʤʝʩʪʘʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʪʨʝʣʦʯʥʳʭ ʪʷʛ; 

ʧʣʘʥʠʨʦʚʢʘ (ʦʧʨʘʚʢʘ) ʙʘʣʣʘʩʪʥʦʡ ʧʨʠʟʤʳ ʫʣʦʞʝʥʥʦʛʦ (ʥʦʚʦʛʦ) ʩʪʨʝʣʦʯʥʦʛʦ 

ʧʝʨʝʚʦʜʘ ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʫʯʘʩʪʢʦʚ ʧʫʪʠ; 

ʩʤʘʟʢʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʯʘʩʪʝʡ ʩʪʨʝʣʦʯʥʦʛʦ ʧʝʨʝʚʦʜʘ; 

ʩʚʘʨʢʘ ʩʪʨʝʣʦʯʥʦʛʦ ʧʝʨʝʚʦʜʘ ʩ ʨʝʣʴʩʦʚʦʡ ʧʣʝʪʴʶ ʙʝʩʩʪʳʢʦʚʦʛʦ ʧʫʪʠ (ʧʨʠ ʥʘʣʠʯʠʠ 

ʧʨʦʝʢʪʥʦʛʦ ʨʝʰʝʥʠʷ). 
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ʉʙʦʨʢʘ ʫʢʣʘʜʳʚʘʝʤʦʛʦ (ʥʦʚʦʛʦ) ʩʪʨʝʣʦʯʥʦʛʦ ʧʝʨʝʚʦʜʘ ʩ ʞʝʣʝʟʦʙʝʪʦʥʥʳʤʠ 

ʰʧʘʣʘʤʠ ʠ ʧʝʨʝʚʦʜʥʳʤʠ ʙʨʫʩʴʷʤʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʙʣʦʢʘʤʠ: 

ʙʣʦʢ ˉ 1 ï ʩʪʨʝʣʦʯʥʘʷ ʠ ʩʦʝʜʠʥʠʪʝʣʴʥʘʷ ʯʘʩʪʠ; 

ʙʣʦʢ ˉ 2 ï ʢʨʝʩʪʦʚʠʥʥʘʷ ʯʘʩʪʴ ʩ ʢʦʥʪʨʨʝʣʴʩʘʤʠ. 

ʊʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʙʣʦʢʦʚ ʩʪʨʝʣʦʯʥʦʛʦ ʧʝʨʝʚʦʜʘ ʜʦ ʤʝʩʪʘ ʨʘʙʦʪ ʠ ʦʙʨʘʪʥʦ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤʠ ʧʣʘʪʬʦʨʤʘʤʠ ʨʘʙʦʯʝʛʦ ʧʦʝʟʜʘ. ʈʘʙʦʯʠʡ ʧʦʝʟʜ ʩʦʩʪʦʠʪ ʠʟ 7 

ʧʣʘʪʬʦʨʤ, ʛʜʝ ʨʘʟʤʝʱʘʶʪʩʷ: 

ʥʘ ʧʣʘʪʬʦʨʤʘʭ 1 ʠ 2: ʩʪʨʝʣʦʯʥʘʷ ʠ ʩʦʝʜʠʥʠʪʝʣʴʥʘʷ ʯʘʩʪʠ (ʙʣʦʢ ˉ 1) ʫʢʣʘʜʳʚʘʝʤʦʛʦ 

(ʥʦʚʦʛʦ) ʩʪʨʝʣʦʯʥʦʛʦ ʧʝʨʝʚʦʜʘ; 

ʥʘ ʧʣʘʪʬʦʨʤʝ 3: ʢʨʝʩʪʦʚʠʥʥʘʷ ʯʘʩʪʴ ʩ ʢʦʥʪʨʨʝʣʴʩʘʤʠ  (ʙʣʦʢ ˉ 2) ʫʢʣʘʜʳʚʘʝʤʦʛʦ 

(ʥʦʚʦʛʦ) ʩʪʨʝʣʦʯʥʦʛʦ ʧʝʨʝʚʦʜʘ; 

ʥʘ ʧʣʘʪʬʦʨʤʝ 4: ʧʫʪʝʫʢʣʘʜʦʯʥʘʷ ʤʘʰʠʥʘ çDesecè; 

ʥʘ ʧʣʘʪʬʦʨʤʘʭ 5, 6 ʠ 7 (ʧʦʨʦʞʥʠʝ ʧʣʘʪʬʦʨʤʳ): ʩʪʨʝʣʦʯʥʘʷ, ʩʦʝʜʠʥʠʪʝʣʴʥʘʷ ʠ 

ʢʨʝʩʪʦʚʠʥʥʘʷ ʯʘʩʪʠ ʟʘʤʝʥʷʝʤʦʛʦ (ʩʪʘʨʦʛʦʜʥʝʛʦ) ʩʪʨʝʣʦʯʥʦʛʦ ʧʝʨʝʚʦʜʘ. 

ɿʘʢʨʝʩʪʦʚʠʥʥʳʝ ʯʘʩʪʠ ʫʢʣʘʜʳʚʘʝʤʦʛʦ (ʥʦʚʦʛʦ) ʠ ʟʘʤʝʥʷʝʤʦʛʦ (ʩʪʘʨʦʛʦʜʥʝʛʦ) 

ʩʪʨʝʣʦʯʥʳʭ ʧʝʨʝʚʦʜʦʚ ʧʝʨʝʚʦʟʷʪʩʷ ʥʘ ʦʪʜʝʣʴʥʦʡ ʧʣʘʪʬʦʨʤʝ ʨʘʙʦʯʝʛʦ ʧʦʝʟʜʘ. 

ɽʩʣʠ, ʚ ʩʣʫʯʘʝ ʥʝʨʘʟʤʝʱʝʥʠʷ ʙʣʦʢʦʚ ʥʘ ʩʧʝʮʠʘʣʴʥʳʭ ʧʣʘʪʬʦʨʤʘʭ ʧʦ ʜʣʠʥʝ ʠ 

ʚʳʭʦʜʘ ʟʘ ʛʘʙʘʨʠʪ, ʪʦ ʨʘʟʨʝʰʘʝʪʩʷ ʧʝʨʝʚʦʟʢʘ ʟʘʢʨʝʩʪʦʚʠʥʥʦʡ ʯʘʩʪʠ ʩʪʨʝʣʦʯʥʦʛʦ ʧʝʨʝʚʦʜʘ 

ʚ ʨʘʟʦʙʨʘʥʥʦʤ ʚʠʜʝ. 

ɿʘʪʨʘʪʳ ʪʨʫʜʘ ʥʘ ʨʘʙʦʪʳ, ʧʦ ʟʘʤʝʥʝ ʧʝʨʝʭʦʜʥʳʭ ʟʚʝʥʴʝʚ ʧʝʨʝʜ ʩʪʨʝʣʢʦʡ ʠ 

ʟʘʢʨʝʩʪʦʚʠʥʥʦʡ ʯʘʩʪʠ ʫʯʠʪʳʚʘʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ. 
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ɸʂʊʋɸʃʔʅʆʉʊʔ ʇʃɸʉʊʄɸʉʉʆɺʓʍ ɸɺʊʆʄʆɹʀʃʔʅʓʍ ɼʆʈʆɻ 

 

ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʝ ʧʣʘʩʪʤʘʩʩʦʚʳʭ ʦʪʭʦʜʦʚ. 

ʉʥʠʞʝʥʠʝ ʟʘʩʦʨʝʥʠʷ ʧʣʘʩʪʤʘʩʩʘʤʠ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʣʘʩʪʤʘʩʩʦʚʳʭ 

ʦʪʭʦʜʦʚ ʥʘ ʜʦʨʦʞʥʦʤ ʧʦʢʨʳʪʠʠ. ʈʘʩʩʤʦʪʨʝʥ ʤʝʪʦʜ ʦʙʨʘʙʦʪʢʠ ʧʣʘʩʪʤʘʩʩʦʚʳʭ ʧʦʢʨʳʪʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʣʘʩʪʤʘʩʩʦʚʳʝ ʦʪʭʦʜʳ, ʧʣʘʩʪʤʘʩʩʳ, ʧʦʣʠʤʝʨʳ, ʧʣʘʩʪʤʘʩʩʦʚʳʝ 

ʜʦʨʦʛʠ. 

ɸשʜʘʪʧʘ. ʄʘץʘʣʘ ʙװʛʽʥʛʽ ʪʘשʜʘסʳ ʧʣʘʩʪʠʢʘʣʳץ ץʘʣʜʳץʪʘʨʜʳש ᴇʟʝʢʪʽ ʧʨʦʙʣʝʤʘסʘ 

ʘʨʥʘʣסʘʥ. ʇʣʘʩʪʠʢʘʥʳץ שʦʨʰʘסʘʥ ʦʨʪʘʜʘ ʣʘʩʪʘʥʫʳʥ ʪᴇʤʝʥʜʝʪʫ. ɾʦʣ ʞʘʤʳʣסʳʩʳʥʜʘ 

ʧʣʘʩʪʠʢʘʣʳץ ץʘʣʜʳץʪʘʨʜʳ ʧʘʡʜʘʣʘʥʫ. ʇʣʘʩʪʠʢʘʣʳץ ʞʘʙʳʥʜʘʨʜʳ ᴇשʜʝʫ ᴅʜʽʩʽ 
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ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ʧʣʘʩʪʠʢʘʣʳץ ץʘʣʜʳץʪʘʨ, ʧʣʘʩʪʤʘʩʩʘ, ʧʦʣʠʤʝʨʣʝʨ, ʧʣʘʩʪʠʢʘʣʳץ 

ʞʦʣʜʘʨ. 

Abstract. The article is devoted to the actual problem of plastic waste. Reduction of 

clogging of plastic in enrivoment . The use of plastic waste in the road surface. The method of 

processing plastic coatings is considered. 

Key words: plastic waste, plastics, polymers, plastic roads. 

 

ɿʘʨʫʙʝʞʥʳʝ ʩʧʝʮʠʘʣʠʩʪʳ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ ʦʟʘʙʦʯʝʥʳ ʩʦʩʪʦʷʥʠʝʤ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʠ ʚʥʝʜʨʝʥʠʝʤ ʩʧʦʩʦʙʦʚ ʝʝ ʩʦʭʨʘʥʝʥʠʷ. ʇʨʠʚʳʯʥʳʡ ʚʩʝʤ ʘʩʬʘʣʴʪ ʩʦʩʪʦʠʪ ʠʟ ʛʨʘʚʠʷ, 

ʧʝʩʢʘ ʠ ʙʠʪʫʤʘ, ʧʦʣʫʯʘʝʤʦʛʦ ʠʟ ʪʘʢʠʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʢʘʢ ʩʣʘʥʝʮ, ʫʛʦʣʴ, ʥʝʬʪʴ. 

ɺʩʝ ʵʪʠ ʨʝʩʫʨʩʳ ʠʟ ʛʦʜʘ ʚ ʛʦʜ ʚʩʝ ʙʦʣʝʝ ʠʩʪʦʱʘʶʪʩʷ, ʩʪʘʥʦʚʷʩʴ ʚʩʝ ʜʦʨʦʞʝ. 

ʇʨʠ ʵʪʦʤ ʧʦʣʷ, ʣʝʩʘ ʠ ʜʘʞʝ ʦʢʝʘʥʳ ʧʦʢʨʳʚʘʶʪʩʷ ʪʦʣʩʪʳʤ ʩʣʦʝʤ ʪʚʝʨʜʳʭ ʦʪʭʦʜʦʚ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʠʟʦʙʠʣʠʝʤ ʧʣʘʩʪʠʢʦʚʳʭ ʤʘʩʩ. ʕʪʦʪ ʬʘʢʪ ʥʘʚʝʣ ʭʠʤʠʢʦʚ ʠ ʪʝʭʥʦʣʦʛʦʚ ʥʘ ʠʜʝʶ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʫʩʦʨ ʚʦ ʙʣʘʛʦ, ʦʯʠʱʘʷ ʧʣʘʥʝʪʫ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦʟʜʘʚʘʷ ʠʜʝʘʣʴʥʳʝ 

ʘʚʪʦʙʘʥʳ.  

Plastic Road ʨʦʜʠʣʩʷ ʚ ʦʯʝʥʴ ʘʚʪʦʨʠʪʝʪʥʦʤ ʧʨʦʝʢʪʥʦʤ ʙʶʨʦ çRoyal Volker Wessels 

Stevin N.Vè, ʯʴʠ ʩʦʪʨʫʜʥʠʢʠ ʩʯʠʪʘʶʪʩʷ ʚʝʜʫʱʠʤʠ ʚ ɽʚʨʦʧʝ ʧʦ ʧʦʨʪʦʚʦʤʫ ʠ ʤʦʩʪʦʚʦʤʫ, 

ʩʧʦʨʪʠʚʥʦʤʫ ʠ ʜʦʨʦʞʥʦʤʫ ʩʪʨʦʠʪʝʣʴʩʪʚʘʤ, ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʷʤ ʠ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʶ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʧʦʩʣʝʜʥʠʭ 160 ʣʝʪ. 

 ʊʝʭʥʦʣʦʛʠʷ ʫʢʣʘʜʢʠ ʜʦʨʦʛ ʠʟ ʧʣʘʩʪʠʢʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʙʦʣʝʝ ʫʧʨʦʱʝʥʥʦʡ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʧʦʢʨʳʪʠʷʤʠ. ɼʣʷ ʮʝʤʝʥʪʦʙʝʪʦʥʥʳʭ ʜʦʨʦʛ ʚ ʧʣʠʪʘʭ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʩʢʚʦʟʥʳʝ ʢʘʥʘʣʳ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʪʷʥʫʪ ʧʦʢʨʳʪʳʝ ʘʥʪʠʢʦʨʨʦʟʠʡʥʦʡ 

ʩʤʘʟʢʦʡ ʩʪʘʣʴʥʳʝ ʪʨʦʩʳ, ʘ ʥʘʧʨʷʛʘʝʤʫʶ ʘʨʤʘʪʫʨʫ ʫʙʠʨʘʶʪ ʚ ʧʦʣʠʵʪʠʣʝʥʦʚʳʝ ʪʨʫʙʢʠ ʜʣʷ 

ʝʝ ʩʚʦʙʦʜʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ. ʊʦʨʮʳ ʤʝʞʜʫ ʧʣʠʪʘʤʠ ʟʘʣʠʚʘʶʪ ʛʝʨʤʝʪʠʢʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ 

ʩʦʟʜʘʝʪʩʷ ʵʢʦʥʦʤʠʷ ʥʘ ʫʩʪʨʦʡʩʪʚʦ ʦʩʥʦʚʘʥʠʷ ʜʣʷ ʜʦʨʦʛʠ. 

ɸʩʬʘʣʴʪʦʙʝʪʦʥʥʳʝ ʜʦʨʦʛʠ ʪʨʝʙʫʝʪ ʙʦʣʝʝ ʪʱʘʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ. ʉʥʘʯʘʣʘ 

ʛʦʪʦʚʠʪʩʷ ʤʥʦʛʦʩʣʦʡʥʦʝ ʦʩʥʦʚʘʥʠʝ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʛʨʫʥʪʘ, ʧʝʩʢʘ, ʱʝʙʥʷ, ʟʘʪʝʤ ʙʘʟʦʚʳʡ 

ʩʣʦʡ, ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʠ, ʥʘʢʦʥʝʮ, ʬʠʥʠʰʥʦʝ ʧʦʢʨʳʪʠʝ (ʨʠʩ.1). 
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ɸ ʯʪʦ ʢʘʩʘʝʪʩʷ ʧʣʘʩʪʠʢʦʚʳʭ ʜʦʨʦʛ, ʪʦ ʠʤ ʥʝ ʥʫʞʥʘ ʪʘʢʘʷ ʤʥʦʛʦʩʣʦʡʥʦʩʪʴ, ʦʥʠ 

ʦʪʣʠʯʥʦ ʣʷʛʫʪ ʥʘ ʧʝʩʦʯʥʫʶ ʧʦʜʫʰʢʫ ʜʘʞʝ ʚ ʨʝʛʠʦʥʘʭ ʩ ʚʝʩʴʤʘ ʧʝʨʝʤʝʥʯʠʚʳʤ ʢʣʠʤʘʪʦʤ ʠ 

ʨʘʟʥʦʧʣʘʥʦʚʳʤʠ ʦʩʘʜʢʘʤʠ. ʕʪʦ ʜʝʣʘʝʪ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʝ ʪʦʣʴʢʦ ʙʳʩʪʨʳʤ, ʥʦ ʠ 

ʥʝʦʙʳʯʘʡʥʦ ʧʨʦʩʪʳʤ ʠ ʜʝʰʝʚʳʤ. ʇʣʘʩʪʠʢʫ ʥʝ ʪʦʣʴʢʦ ʥʝ ʩʪʨʘʰʥʳ ʦʩʘʜʢʠ, ʥʦ ʠ ʧʦʧʘʜʘʥʠʝ 

ʛʦʨʶʯʠʭ ʚʝʱʝʩʪʚ, ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʤʘʩʝʣ ʠ ʵʣʝʢʪʨʦʣʠʪʦʚ. ʉʪʦʡʢʦʩʪʴ ʢ ʣʶʙʦʤʫ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ, ʙʫʜʴ ʪʦ +80 ʠʣʠ -40 ʛʨʘʜʫʩʦʚ, ʜʝʣʘʝʪ ʧʣʘʩʪʠʢʦʚʦʝ ʧʦʢʨʳʪʠʝ 

ʥʝʟʘʤʝʥʠʤʳʤ. 

ʅʘʣʠʯʠʝ ʧʦʣʦʩʪʠ ʚʥʫʪʨʠ ʧʣʘʩʪʠʢʘ ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʜʦʙʥʦ ʨʘʟʤʝʩʪʠʪʴ ʪʘʤ ʣʶʙʳʝ 

ʢʦʤʤʫʥʠʢʘʮʠʠ: ʛʘʟ, ʚʦʜʦʧʨʦʚʦʜ, ʣʠʥʠʶ ʩʚʷʟʠ, ʵʣʝʢʪʨʠʢʫ. ɺ ʩʝʚʝʨʥʳʭ ʨʝʛʠʦʥʘʭ ʤʦʞʥʦ 

ʜʘʞʝ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʦʛʨʝʚʘʝʤʦʡ ʜʦʨʦʛʠ, ʦʩʥʦʚʘʪʝʣʴʥʦ ʩʥʠʟʠʚ 

ʘʚʘʨʠʡʥʦʩʪʴ ʚ ʩʫʨʦʚʳʝ ʟʠʤʳ. 

ʊʝʩʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʬʨʠʢʮʠʦʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʰʠʥ ʥʘ 

ʧʣʘʩʪʠʢʦʚʦʤ ʧʦʢʨʳʪʠʠ ʥʠʯʝʤ ʥʝ ʫʩʪʫʧʘʶʪ ʩʮʝʧʣʝʥʠʶ ʥʘ ʘʩʬʘʣʴʪʝ. ʍʦʪʷ ʧʣʘʩʪʠʢ ʥʝ 

ʷʚʣʷʝʪʩʷ ʛʠʛʨʦʩʢʦʧʠʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʵʢʩʧʝʨʠʤʝʥʪʳ ʪʝʭʥʦʣʦʛʦʚ ʚʧʦʣʥʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ 

ʝʛʦ ʢ ʥʫʞʥʦʡ ʩʪʝʧʝʥʠ çʰʝʨʰʘʚʦʩʪʠè. ɸ ʚ ʩʣʫʯʘʝ ʦʩʘʜʢʦʚ ʚʣʘʛʫ ʩ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʨʝʜʧʦʣʘʛʘʶʪ ʦʪʚʦʜʠʪʴ ʧʫʪʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʘʣʝʥʴʢʠʭ ʦʪʚʝʨʩʪʠʡ, ʣʠʙʦ 

ʧʦʩʨʝʜʩʪʚʦʤ ʠʥʦʛʦ ʩʧʦʩʦʙʘ ʜʨʝʥʘʞʘ. 

 ʉʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʠʟʜʝʣʠʷ ʠʟ ʧʣʘʩʪʠʯʝʩʢʠʭ ʤʘʩʩ ʠʟʛʦʪʘʚʣʠʚʘʶʪ 

ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʚʳʙʦʨ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʘʚʘ, ʩʚʦʡʩʪʚ ʧʦʣʠʤʝʨʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʠ ʚʠʜʘ ʠʟʜʝʣʠʷ. 

ʉʦʩʪʘʚ ʧʣʘʩʪʠʯʝʩʢʠʭ ʤʘʩʩ. 

ʆʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʧʣʘʩʪʠʯʝʩʢʠʭ ʤʘʩʩ ï ʩʚʷʟʫʶʱʝʝ ʚʝʱʝʩʪʚʦ ï ʧʦʣʠʤʝʨ, 

ʥʘʧʦʣʥʠʪʝʣʠ, ʧʣʘʩʪʠʬʠʢʘʪʦʨʳ, ʦʪʚʝʨʜʠʪʝʣʠ, ʢʨʘʩʠʪʝʣʠ ʠ ʩʪʘʙʠʣʠʟʘʪʦʨʳ. 

ɺ ʤʠʨʝ ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʦʢʦʣʦ 150 ʚʠʜʦʚ ʧʣʘʩʪʠʢʦʚ. ɹʦʣʝʝ 40% ʚʩʝʭ ʚʳʧʫʩʢʘʝʤʳʭ 

ʧʣʘʩʪʠʢʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʫʧʘʢʦʚʢʝ (ʩʤʦʪʨʠʪʝ ʪʘʙʣ. 1). [6] 
 

ʊʘʙʣʠʮʘ 1ï ɺʠʜʳ ʧʣʘʩʪʠʢʦʚ 
 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʇʨʠʤʝʥʝʥʠʝ 

ʇʕʊ, ʇʕʊʌ  

ʇʦʣʠʵʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪ 

ʆʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʘʨʳ ʜʣʷ ʤʠʥʝʨʘʣʴʥʦʡ 

ʚʦʜʳ, ʙʝʟʘʣʢʦʛʦʣʴʥʳʭ ʥʘʧʠʪʢʦʚ ʠ ʬʨʫʢʪʦʚʳʭ ʩʦʢʦʚ, ʫʧʘʢʦʚʢʠ, 

ʙʣʠʩʪʝʨʦʚ, ʦʙʠʚʢʠ. 

ʇʕʅɼ  

ʇʦʣʠɻʪʠʣʝʥ ʚʳʩʦʢʦʡ 

ʧʣʦʪʥʦʩʪʠ,  

ʧʦʣʠʵʪʠʣʝʥ ʥʠʟʢʦʛʦ 

ʜʘʚʣʝʥʠʷ 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʙʫʪʳʣʦʢ, ʬʣʷʛ, ʧʦʣʫʞʸʩʪʢʦʡ ʫʧʘʢʦʚʢʠ. 

ʉʯʠʪʘʝʪʩʷ ʙʝʟʦʧʘʩʥʳʤʠ ʜʣʷ ʧʠʱʝʚʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʇɺʍ  

ʇʦʣʠʚʠʥʠʣʭʣʦʨʠʜ 

ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʨʫʙ, ʪʨʫʙʦʢ, ʩʘʜʦʚʦʡ ʤʝʙʝʣʠ, 

ʥʘʧʦʣʴʥʳʭ ʧʦʢʨʳʪʠʡ, ʦʢʦʥʥʳʭ ʧʨʦʬʠʣʝʡ, ʞʘʣʶʟʠ, ʠʟʦʣʝʥʪʳ, 

ʪʘʨʳ ʜʣʷ ʤʦʶʱʠʭ ʩʨʝʜʩʪʚ ʠ ʢʣʝʸʥʢʠ. ʄʘʪʝʨʠʘʣ ʷʚʣʷʝʪʩʷ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʤ ʜʣʷ ʧʠʱʝʚʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, 

ʧʦʩʢʦʣʴʢʫ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʜʠʦʢʩʠʥʳ, ʙʠʩʬʝʥʦʣ 

ɸ, ʨʪʫʪʴ, ʢʘʜʤʠʡ. 

ʇʕɺɼ  

ʇʦʣʠʵʪʠʣʝʥ ʥʠʟʢʦʡ 

ʧʣʦʪʥʦʩʪʠ,  

ʧʦʣʠʵʪʠʣʝʥ ʚʳʩʦʢʦʛʦ 

ʜʘʚʣʝʥʠʷ 

 

 

 

 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʙʨʝʟʝʥʪʦʚ, ʤʫʩʦʨʥʳʭ ʤʝʰʢʦʚ, ʧʘʢʝʪʦʚ, ʧʣʝʥʢʠ ʠ 

ʛʠʙʢʠʭ ʸʤʢʦʩʪʝʡ. ʉʯʠʪʘʝʪʩʷ ʙʝʟʦʧʘʩʥʳʤ ʜʣʷ ʧʠʱʝʚʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

 

 

https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D0%B8%D1%8D%D1%82%D0%B8%D0%BB%D0%B5%D0%BD%D1%82%D0%B5%D1%80%D0%B5%D1%84%D1%82%D0%B0%D0%BB%D0%B0%D1%82
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D0%B8%D1%8D%D1%82%D0%B8%D0%BB%D0%B5%D0%BD
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D0%B8%D0%B2%D0%B8%D0%BD%D0%B8%D0%BB%D1%85%D0%BB%D0%BE%D1%80%D0%B8%D0%B4
https://ru.wikipedia.org/wiki/%D0%A2%D1%80%D1%83%D0%B1%D0%B0_(%D0%B8%D0%B7%D0%B4%D0%B5%D0%BB%D0%B8%D0%B5)#.D0.9C.D0.B0.D1.82.D0.B5.D1.80.D0.B8.D0.B0.D0.BB
https://ru.wikipedia.org/wiki/%D0%96%D0%B0%D0%BB%D1%8E%D0%B7%D0%B8
https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D1%8E%D1%89%D0%B5%D0%B5_%D1%81%D1%80%D0%B5%D0%B4%D1%81%D1%82%D0%B2%D0%BE
https://ru.wikipedia.org/wiki/%D0%9A%D0%BB%D0%B5%D1%91%D0%BD%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%94%D0%B8%D0%BE%D0%BA%D1%81%D0%B8%D0%BD
https://ru.wikipedia.org/wiki/%D0%91%D0%B8%D1%81%D1%84%D0%B5%D0%BD%D0%BE%D0%BB_%D0%90
https://ru.wikipedia.org/wiki/%D0%91%D0%B8%D1%81%D1%84%D0%B5%D0%BD%D0%BE%D0%BB_%D0%90
https://ru.wikipedia.org/wiki/%D0%A0%D1%82%D1%83%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D0%B4%D0%BC%D0%B8%D0%B9
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D0%B8%D1%8D%D1%82%D0%B8%D0%BB%D0%B5%D0%BD
https://ru.wikipedia.org/wiki/%D0%91%D1%80%D0%B5%D0%B7%D0%B5%D0%BD%D1%82
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ʇʇ  

ʇʦʣʠʧʨʦʧʠʣʝʥ 

ʀʩʧʦʣʴʟʫʝʪʩʷ ʚ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ  

(ʦʙʦʨʫʜʦʚʘʥʠʝ, ʙʘʤʧʝʨʳ), ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠʛʨʫʰʝʢ, ʘ ʪʘʢʞʝ ʚ 

ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚ ʦʩʥʦʚʥʦʤ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ 

ʫʧʘʢʦʚʦʢ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʳʝ ʪʨʫʙʳ ʜʣʷ 

ʚʦʜʦʧʨʦʚʦʜʦʚ. ʉʯʠʪʘʝʪʩʷ ʙʝʟʦʧʘʩʥʳʤ ʜʣʷ ʧʠʱʝʚʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʇʉ  

ʇʦʣʠʩʪʠʨʦʣ 

ʀʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʧʣʠʪ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʟʜʘʥʠʡ, 

ʧʠʱʝʚʳʭ ʫʧʘʢʦʚʦʢ, ʩʪʦʣʦʚʳʭ ʧʨʠʙʦʨʦʚ ʠ ʯʘʰʝʢ, ʢʦʨʦʙʦʢ CD ʠ 

ʧʨʦʯʠʭ ʫʧʘʢʦʚʦʢ (ʧʠʱʝʚʦʡ ʧʣʸʥʢʠ ʠ ʧʝʥʦʤʘʪʝʨʠʘʣʦʚ), 

ʠʛʨʫʰʝʢ, ʧʦʩʫʜʳ, ʨʫʯʝʢ ʠ ʪʘʢ ʜʘʣʝʝ. ʄʘʪʝʨʠʘʣ ʷʚʣʷʝʪʩʷ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʤ, ʦʩʦʙʝʥʥʦ ʚ ʩʣʫʯʘʝ ʛʦʨʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ 

ʩʦʜʝʨʞʠʪ ʩʪʠʨʦʣ. 

ʇʨʦʯʠʝ 

ʂ ʵʪʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʠʪʩʷ ʣʶʙʦʡ ʜʨʫʛʦʡ ʧʣʘʩʪʠʢ, ʢʦʪʦʨʳʡ ʥʝ 

ʤʦʞʝʪ ʙʳʪʴ ʚʢʣʶʯʝʥ ʚ ʧʨʝʜʳʜʫʱʠʝ ʛʨʫʧʧʳ. ɺ ʦʩʥʦʚʥʦʤ 

ʵʪʦ ʧʦʣʠʢʘʨʙʦʥʘʪ. ʇʦʣʠʢʘʨʙʦʥʘʪ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʦʧʘʩʥʳʡ ʜʣʷ 

ʯʝʣʦʚʝʢʘ ʙʠʩʬʝʥʦʣ ɸ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʚʸʨʜʳʭ 

ʧʨʦʟʨʘʯʥʳʭ ʠʟʜʝʣʠʡ, ʢʘʢ ʥʘʧʨʠʤʝʨ, ʜʝʪʩʢʠʝ ʨʦʞʢʠ. 

 

ʇʦʣʠʤʝʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ (ʩʤʦʣʳ), 

ʤʦʣʝʢʫʣʳ ʢʦʪʦʨʳʭ ʩʦʩʪʦʷʪ ʠʟ ʤʥʦʛʦʢʨʘʪʥʦ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʩʪʨʫʢʪʫʨʥʳʭ ʟʚʝʥʴʝʚ. 

ʇʦ ʧʨʦʠʩʭʦʞʜʝʥʠʶ ʧʦʣʠʤʝʨʳ ʜʝʣʷʪ ʥʘ: 

- ʧʨʠʨʦʜʥʳʝ ʧʦʣʠʤʝʨʳ ï ʙʝʣʢʠ, ʥʫʢʣʝʠʥʦʚʳʝ ʢʠʩʣʦʪʳ, ʥʘʪʫʨʘʣʴʥʳʡ ʢʘʫʯʫʢ;  

- ʠʩʢʫʩʩʪʚʝʥʥʳʝ (ʩʠʥʪʝʪʠʯʝʩʢʠʝ) ʧʦʣʠʤʝʨʳ, (ʢʘʤʝʥʥʳʡ ʫʛʦʣʴ, ʥʝʬʪʝʧʨʦʜʫʢʪʳ, 

ʧʨʠʨʦʜʥʳʡ ʛʘʟ ʠ ʜʨ.) ʧʫʪʝʤ ʝʛʦ ʧʝʨʝʨʘʙʦʪʢʠ ʥʘ ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʤʝʪʦʜʘʤʠ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠʣʠ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʤʝʨʳ ʧʦʜʨʘʟʜʝʣʷʶʪ ʥʘ ʯʝʪʳʨʝ ʢʣʘʩʩʘ: 

ɸ ï ʧʦʣʠʤʝʨʠʟʘʮʠʦʥʥʳʝ,  

ɹ ï ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʦʥʥʳʝ, 

ɺ ï ʧʦʣʫʯʝʥʥʳʝ ʤʦʜʠʬʠʢʘʮʠʝʡ ʧʨʠʨʦʜʥʳʭ ʧʦʣʠʤʝʨʦʚ, 

ɻ ï ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʚ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʧʦʣʫʯʘʝʤʳʝ ʧʝʨʝʛʦʥʢʦʡ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ.  

ʇʦʣʠʤʝʨʳ ʢʣʘʩʩʦʚ ɸ ʠ ɹ ï ʦʩʥʦʚʥʳʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʣʘʩʪʤʘʩʩ. 

ʇʨʠ ʨʝʘʢʮʠʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʜʠʥʘʢʦʚʳʭ ʤʦʣʝʢʫʣ ʧʨʦʩʪʳʭ 

ʩʦʝʜʠʥʝʥʠʡ (ʤʦʥʦʤʝʨʦʚ) ʩʦʝʜʠʥʷʶʪʩʷ ʚ ʦʜʥʫ ʩʣʦʞʥʫʶ ʤʦʣʝʢʫʣʫ (ʧʦʣʠʤʝʨ) ʙʝʟ ʚʳʜʝʣʝʥʠʷ 

ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʇʦʣʠʤʝʨʠʟʘʮʠʝʡ ʧʦʣʫʯʘʶʪ ʧʦʣʠʵʪʠʣʝʥ, ʧʦʣʠʧʨʦʧʠʣʝʥ, ʧʦʣʠʠʟʦʙʫʪʠʣʝʥ ʠ ʜʨʫʛʠʝ 

ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʦʣʠʤʝʨʳ. 

ʇʨʠ ʨʝʘʢʮʠʠ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʙʨʘʟʫʝʪʩʷ 

ʧʦʣʠʤʝʨ, ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʦʩʪʘʚʘ ʠʩʭʦʜʥʳʭ ʧʨʦʜʫʢʪʦʚ.   

ʇʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʠʤʝʨʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝʤ ʧʦʙʦʯʥʳʭ ʚʝʱʝʩʪʚ 

(ʚʦʜʳ, ʘʤʤʠʘʢʘ ʠ ʜʨ.).   

ʇʦʣʠʢʦʥʜʝʥʩʘʮʠʝʡ ʧʦʣʫʯʘʶʪ ʬʝʥʦʣʬʦʨʤʘʣʴʜʝʛʠʜʥʳʝ, ʢʘʨʙʘʤʠʜʥʳʝ, 

ʧʦʣʠʘʤʠʜʥʳʝ, ʧʦʣʠʵʬʠʨʥʳʝ ʠ ʜʨʫʛʠʝ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʦʣʠʤʝʨʳ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʚʝʜʝʥʠʷ ʧʦʣʠʤʝʨʦʚ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʠ ʦʭʣʘʞʜʝʥʠʠ ʠʭ 

ʨʘʟʜʝʣʷʶʪ ʥʘ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʝ ʠ ʪʝʨʤʦʨʝʘʢʪʠʚʥʳʝ.    

ʊʝʨʤʦʧʣʘʩʪʠʯʥʳʝ ʧʦʣʠʤʝʨʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴʶ ʨʘʟʤʷʛʯʘʪʴʩʷ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʠ ʦʪʚʝʨʜʝʚʘʪʴ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ. ʆʥʠ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʠʤ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʤʘʣʳʤ ʚʦʜʦʧʦʛʣʦʱʝʥʠʝʤ ʠ ʚʳʩʦʢʦʡ ʭʠʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʴʶ, 

ʦʜʥʘʢʦ ʠʤʝʶʪ ʥʠʟʢʫʶ ʪʝʧʣʦʩʪʦʡʢʦʩʪʴ, ʤʘʣʫʶ ʪʚʝʨʜʦʩʪʴ,  ʣʝʛʢʦ ʨʘʟʙʫʭʘʶʪ ʠ ʨʘʩʪʚʦʨʷʶʪʩʷ 

https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D0%B8%D0%BF%D1%80%D0%BE%D0%BF%D0%B8%D0%BB%D0%B5%D0%BD
https://ru.wikipedia.org/wiki/%D0%90%D0%B2%D1%82%D0%BE%D0%BC%D0%BE%D0%B1%D0%B8%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F_%D0%BF%D1%80%D0%BE%D0%BC%D1%8B%D1%88%D0%BB%D0%B5%D0%BD%D0%BD%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%91%D0%B0%D0%BC%D0%BF%D0%B5%D1%80
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D0%B8%D1%81%D1%82%D0%B8%D1%80%D0%BE%D0%BB
https://ru.wikipedia.org/wiki/CD
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D0%B8%D0%BA%D0%B0%D1%80%D0%B1%D0%BE%D0%BD%D0%B0%D1%82
https://ru.wikipedia.org/wiki/%D0%91%D0%B8%D1%81%D1%84%D0%B5%D0%BD%D0%BE%D0%BB_%D0%90
https://ru.wikipedia.org/wiki/%D0%A0%D0%BE%D0%B6%D0%BE%D0%BA_%D0%B4%D0%BB%D1%8F_%D0%BA%D0%BE%D1%80%D0%BC%D0%BB%D0%B5%D0%BD%D0%B8%D1%8F
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ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ʂ ʵʪʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʠʪʩʷ ʙʦʣʴʰʠʥʩʪʚʦ 

ʧʦʣʠʤʝʨʠʟʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ.  

ʊʝʨʤʦʨʝʘʢʪʠʚʥʳʝ ʧʦʣʠʤʝʨʳ ʟʘʪʚʝʨʜʝʚʘʶʪ ʧʨʠ ʜʝʡʩʪʚʠʠ ʪʝʧʣʦʪʳ ʠ ʜʘʚʣʝʥʠʷ ʠ ʥʝ 

ʨʘʟʤʷʛʯʘʶʪʩʷ ʧʨʠ ʧʦʚʪʦʨʥʦʤ ʥʘʛʨʝʚʝ. ʆʥʠ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʧʦʣʠʤʝʨʦʚ 

ʙʦʣʴʰʝʡ ʧʨʦʯʥʦʩʪʴʶ, ʪʝʧʣʦʩʪʦʡʢʦʩʪʴʶ ʠ ʪʚʝʨʜʦʩʪʴʶ. ʂ ʵʪʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪ 

ʬʝʥʦʣʬʦʨʤʘʣʴʜʝʛʠʜʥʳʝ, ʢʘʨʙʘʤʠʜʥʳʝ, ʵʧʦʢʩʠʜʥʳʝ ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʧʦʣʠʤʝʨʳ. 

 

 

ʈʠʩʫʥʦʢ 2 ï ʆʪʭʦʜʳ ʧʣʘʩʪʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʝʥʠʡ 

ʂʘʢʦʚʘ ʙʳʣʘ ʙʳ ʩʦʚʨʝʤʝʥʥʘʷ ʞʠʟʥʴ  ʙʝʟ ʧʣʘʩʪʠʢʘ? ʇʦ ʜʘʥʥʳʤ ɺʩʝʤʠʨʥʦʛʦ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʬʦʨʫʤʘ, ʟʘ ʧʦʩʣʝʜʥʠʝ ʧʦʣʚʝʢʘ ʚʟʦʨʚʘʣʘʩʴ ʧʣʘʩʪʤʘʩʩʦʚʘʷ ʧʨʦʜʫʢʮʠʷ, 

ʢʦʪʦʨʘʷ ʚʳʨʦʩʣʘ ʩ 16,5 ʤʣʥ. ʊʦʥʥ ʚ 1964 ʛʦʜʫ ʜʦ 343 ʤʣʥ. ʊʦʥʥ ʚ 2014 ʛʦʜʫ; ʦʥ, ʧʦ 

ʧʨʦʛʥʦʟʘʤ, ʫʜʚʦʠʪʩʷ ʢ 2036 ʛʦʜʫ. ʂʫʜʘ ʠʜʝʪ ʚʝʩʴ ʵʪʦʪ ʧʣʘʩʪʠʢ, ʢʦʛʜʘ ʤʳ ʩ ʥʠʤ ʟʘʢʦʥʯʠʤ? 

(ʨʠʩ. 2) 

ʆʪʤʝʪʠʤ, ʯʪʦ ʧʦʣʠʛʦʥ "ɸʩʪʘʥʘ ʕʢʦ-ʇʦʣʠʛʦʥ ʅʉ" ʨʘʙʦʪʘʝʪ ʩ 2013 ʛʦʜʘ. ʆʢʦʣʦ 1 500 

ʪʦʥʥ ʤʫʩʦʨʘ ʧʨʠʥʠʤʘʝʪʩʷ ʚ ʜʝʥʴ (ʨʠʩ.3). [8] 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʦʩʪʘʣʴʥʦʛʦ ʧʦʧʘʜʘʝʪ ʥʘ ʧʦʣʠʛʦʥʳ, ʛʜʝ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʜʦ 500 

ʣʝʪ ʜʣʷ ʨʘʟʣʦʞʝʥʠʷ ʠ, ʚʦʟʤʦʞʥʦ, ʫʪʝʯʢʘ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʧʦʯʚʫ ʠ 

ʚʦʜʫ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʫʞʝ ʝʩʪʴ 165 ʤʠʣʣʠʦʥʦʚ ʪʦʥʥ ʠʟ  ʧʣʘʩʪʠʢʦʚʦʛʦ ʤʫʩʦʨʘ ʧʣʘʚʘʝʪ ʚ 

ʦʢʝʘʥʘʭ, ʨʝʢʘʭ ʠ ʦʟʝʨʘʭ,  ʫʛʨʦʞʘʶʱʠʭ ʟʜʦʨʦʚʴʶ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʨʩʢʦʡ-ʚʦʜʥʦʡ ʞʠʟʥʠ. ʀ 

ʚ ʩʨʝʜʥʝʤ 8,8 ʤʣʥ. ʊʦʥʥ ʝʞʝʛʦʜʥʦ ʧʦʩʪʫʧʘʶʪ ʚ ʦʢʝʘʥʳ, ʤʦʨʷ, ʨʝʢ ʠ ʦʟʝʨ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʤʠʢʨʦʧʣʘʩʪʠʢʠ, ʢʨʦʰʝʯʥʳʝ ʯʘʩʪʠʮʳ ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ ʧʷʪʠ ʤʠʣʣʠʤʝʪʨʦʚ ʦʪ 

ʢʦʩʤʝʪʠʢʠ, ʪʢʘʥʝʡ ʠʣʠ ʨʘʟʨʫʰʝʥʠʷ ʢʨʫʧʥʳʭ ʧʣʘʩʪʠʢʦʚʳʭ ʠʟʜʝʣʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʧʨʦʥʠʢʘʪʴ ʚ ʚʦʜʥʫʶ ʜʠʢʫʶ ʧʨʠʨʦʜʫ. 

http://blogs.ei.columbia.edu/2012/02/02/should-universities-ban-bottled-water/
http://www3.weforum.org/docs/WEF_The_New_Plastics_Economy.pdf
http://www3.weforum.org/docs/WEF_The_New_Plastics_Economy.pdf
https://www.des.nh.gov/organization/divisions/water/wmb/coastal/trash/documents/marine_debris.pdf
https://www.des.nh.gov/organization/divisions/water/wmb/coastal/trash/documents/marine_debris.pdf
https://oceanconservancy.org/trash-free-seas/plastics-in-the-ocean/
http://blogs.ei.columbia.edu/2011/01/26/our-oceans-a-plastic-soup
http://blogs.ei.columbia.edu/2011/01/26/our-oceans-a-plastic-soup
http://blogs.ei.columbia.edu/2017/08/16/new-york-waters-swimming-in-plastics/
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ʈʠʩʫʥʦʢ 3 ï ʇʦʣʠʛʦʥ "ɸʩʪʘʥʘ ʕʢʦ-ʇʦʣʠʛʦʥ ʅʉ" 

ʇʣʘʩʪʤʘʩʩʘ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʠʟ ʥʝʬʪʠ ʠʣʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʚ ʭʠʤʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ, 

ʢʦʪʦʨʳʡ ʦʙʲʝʜʠʥʷʝʪ ʙʦʣʝʝ ʤʝʣʢʠʝ ʤʦʣʝʢʫʣʳ ʚ ʙʦʣʴʰʫʶ ʮʝʧʥʫʶ ʤʦʣʝʢʫʣʫ, ʯʘʩʪʦ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ ʜʨʫʛʠʭ ʚʝʱʝʩʪʚ, ʯʪʦʙʳ ʧʨʠʜʘʪʴ ʝʡ ʦʩʦʙʳʝ ʢʘʯʝʩʪʚʘ. (ʅʝʢʦʪʦʨʳʝ, ʪʘʢʠʝ 

ʢʘʢ  ʬʪʘʣʘʪʳ ʠ ʙʠʩʬʝʥʦʣ, ʤʦʛʫʪ ʠʤʝʪʴ ʚʨʝʜʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʜʣʷ ʟʜʦʨʦʚʴʷ.) ʇʣʘʩʪʠʯʝʩʢʘʷ 

ʧʨʦʜʫʢʮʠʷ, ʧʦ ʦʮʝʥʢʘʤ, ʠʩʧʦʣʴʟʫʝʪ ʯʝʪʳʨʝ ʧʨʦʮʝʥʪʘ ʤʠʨʦʚʦʡ ʜʦʙʳʯʠ ʥʝʬʪʠ - ʢʘʢ ʩʳʨʴʝ, 

ʪʘʢ ʠ ʵʥʝʨʛʠʶ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʧʨʦʮʝʩʩʝ. ʇʦʩʢʦʣʴʢʫ ʧʣʘʩʪʤʘʩʩʳ ʚʦʧʣʦʱʘʶʪ ʵʥʝʨʛʠʶ 

ʠʟ ʠʩʢʦʧʘʝʤʳʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ (ʠ ʬʘʢʪʠʯʝʩʢʠ ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ 

ʮʝʥʥʦʩʪʴ, ʯʝʤ ʫʛʦʣʴ ʠ ʜʨʝʚʝʩʠʥʘ), ʦʩʪʘʚʣʷʷ ʪʘʢ ʤʥʦʛʦ ʥʘ ʩʚʘʣʢʘʭ, ʵʪʦ ʥʝ ʪʦʣʴʢʦ 

ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʦʧʘʩʥʦʩʪʴ, ʵʪʦ ʦʛʨʦʤʥʘʷ ʪʨʘʪʘ ʮʝʥʥʳʭ ʨʝʩʫʨʩʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʪʚʦ, ʪʝʧʣʦ ʠʣʠ ʪʦʧʣʠʚʦ. 

ʇʣʘʩʪʤʘʩʩʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʚʨʘʱʝʥʳ ʚ ʩʳʨʫʶ ʥʝʬʪʴ ʠʣʠ ʜʨʫʛʠʝ ʚʠʜʳ ʧʨʦʜʫʢʪʦʚ 

ʧʫʪʝʤ ʧʠʨʦʣʠʟʘ, ʧʨʦʮʝʩʩʘ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʪʦʨʳʡ ʥʝ ʠʩʧʦʣʴʟʫʝʪ ʢʠʩʣʦʨʦʜ.  

ʃʫʯʰʠʤʠ ʨʝʰʝʥʠʷʤʠ ʜʣʷ ʥʘʰʝʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʳ ʧʦ-ʧʨʝʞʥʝʤʫ ʷʚʣʷʶʪʩʷ 

ʩʦʢʨʘʱʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʣʘʩʪʤʘʩʩ, ʘ ʪʘʢʞʝ ʧʦʚʪʦʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠ ʧʝʨʝʨʘʙʦʪʢʘ.  

ʋʪʠʣʠʟʘʮʠʷ ʦʪʭʦʜʦʚ ʧʣʘʩʪʠʢʘ ʷʚʣʷʝʪʩʷ ʩʝʨʴʝʟʥʦʡ ʧʨʦʙʣʝʤʦʡ. ʅʝ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʙʠʦʣʦʛʠʯʝʩʢʦʤʫ ʨʘʟʣʦʞʝʥʠʶ ʠ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʠʪ ʠʟ ʧʦʣʠʵʪʠʣʝʥʘ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ. 

http://www.aoec.org/pehsu/documents/physician_bpa_final.pdf
http://www.bpf.co.uk/Press/Oil_Consumption.aspx
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ʉʞʠʛʘʥʠʝ ʵʪʠʭ ʧʣʘʩʪʠʢʦʚʳʭ ʧʘʢʝʪʦʚ ʦʪʭʦʜʦʚ ʚʳʟʳʚʘʝʪ ʟʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʏʪʦʙʳ ʥʘʡʪʠ ʩʚʦʶ ʧʦʣʝʟʥʦʩʪʴ ʚ ʙʠʪʫʤʥʳʭ ʩʤʝʩʷʭ ʜʣʷ ʜʦʨʦʞʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʠʪʫʤʠʥʦʟʥʳʭ ʩʤʝʩʝʡ. 

ʃʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʪʭʦʜʳ ʧʣʘʩʪʠʢʘ ʫʩʠʣʠʚʘʶʪ ʩʚʦʡʩʪʚʘ ʩʤʝʩʠ. 

ʋʣʫʯʰʝʥʠʝ ʩʚʦʡʩʪʚ ʙʠʪʫʤʥʦʡ ʩʤʝʩʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʝʰʝʥʠʝ ʜʣʷ ʫʪʠʣʠʟʘʮʠʠ ʧʦʣʝʟʥʳʤ 

ʩʧʦʩʦʙʦʤ. 

ɼʦʩʪʦʠʥʩʪʚʦ ʧʣʘʩʪʠʢʦʚʦʡ ʜʦʨʦʛʠ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʥʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʩʬʘʣʴʪʘ ʵʢʦʥʦʤʠʪ ʨʝʩʫʨʩʳ. ɸʩʬʘʣʴʪʦʙʝʪʦʥ 

ʪʨʝʙʫʝʪ ʥʝʬʪʠ, ʢʦʪʦʨʘʷ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʜʝʬʠʮʠʪʥʦʡ. ʕʪʦ ʚʳʛʦʜʥʦ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ, ʧʦʩʢʦʣʴʢʫ ʘʩʬʘʣʴʪ ʦʪʚʝʯʘʝʪ ʟʘ 2% ʛʣʦʙʘʣʴʥʳʭ ʚʳʙʨʦʩʦʚ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ.                        

[1] [3] [2]  

ɹʠʪʫʤʥʳʝ ʢʦʤʧʦʟʠʪʥʳʝ ʜʦʨʦʛʠ ʠʤʝʶʪ ʣʫʯʰʫʶ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʯʝʤ ʩʪʘʥʜʘʨʪʥʳʝ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʳʝ ʜʦʨʦʛʠ. ʆʥʠ ʥʝ ʚʧʠʪʳʚʘʶʪ ʚʦʜʫ, ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʛʠʙʢʦʩʪʴ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʤʝʥʴʰʝʤʫ ʦʙʨʳʚʫ ʠ ʤʝʥʴʰʝʡ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʨʝʤʦʥʪʝ. ɼʦʨʦʞʥʳʝ 

ʧʣʘʩʪʠʯʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʪʘʶʪʩʷ ʧʣʘʚʥʳʤʠ, ʠʤʝʶʪ ʙʦʣʝʝ ʥʠʟʢʦʝ ʪʝʭʥʠʯʝʩʢʦʝ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʣʫʯʰʝ ʧʦʛʣʦʱʘʶʪ ʟʚʫʢ.[4]  

ʅʝʜʦʩʪʘʪʢʠ ʧʣʘʩʪʠʢʦʚʦʡ ʜʦʨʦʛʠ 

ʏʠʩʪʘʷ ʧʣʘʩʪʠʢʦʚʘʷ ʜʦʨʦʛʘ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʤʝʩʪʠʤʳʭ ʧʣʘʩʪʠʢʦʚ, ʧʦʪʦʤʫ 

ʯʪʦ ʧʨʠ ʨʘʩʧʣʘʚʣʝʥʠʠ ʧʣʘʩʪʤʘʩʩʳ ʨʘʟʥʳʭ ʪʠʧʦʚ ʤʦʛʫʪ ʨʘʟʜʝʣʷʪʴʩʷ ʬʘʟʦʡ ʠ ʚʳʟʳʚʘʪʴ 

ʩʪʨʫʢʪʫʨʥʳʝ ʥʝʜʦʩʪʘʪʢʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ.[5]  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʧʦʣʠʤʝʨʦʚ, ʘ ʠʤʝʥʥʦ ʧʦʣʠʵʪʠʣʝʥ, 

ʧʦʣʠʧʨʦʧʠʣʝʥ, ʧʦʣʠʩʪʠʨʦʣ , ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʵʪʠ ʧʦʣʠʤʝʨʳ ʣʝʛʢʦ ʨʘʟʤʷʛʯʘʶʪʩʷ ʙʝʟ ʢʘʢʠʭ -

 ʣʠʙʦ ʚʳʜʝʣʝʥʠʡ ʛʘʟʘ ʚʦʢʨʫʛ 130-140 
0
C, ʵʪʦ ʙʳʣʦ ʥʘʫʯʥʦ ʧʦʜʪʚʝʨʞʜʝʥʦ.  

ʆʢʦʣʦ 350 
0
 C, ʦʥʠ ʨʘʟʣʘʛʘʶʪʩʷ ʨʠʣʠʟʠʥʛ ʛʘʟʳ, ʪʘʢʠʝ ʢʘʢ ʤʝʪʘʥ, ʵʪʘʥ ʠ ʪ.ʜ., ʠ ʚʳʰʝ 

700 
0
 C, ʦʥʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʩʛʦʨʘʥʠʶ ʧʨʦʠʟʚʦʜʠʪʴ ʛʘʟʳ, ʪʘʢʠʝ ʢʘʢ CO ʠ CO 2 . 

 

ʉʚʦʡʩʪʚʦ ʩʚʷʟʳʚʘʥʠʷ 

ʊʘʙʣʠʮʘ 2 ï ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʟʤʷʛʯʝʥʠʷ 
 

ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʟʤʷʛʯʝʥʠʷ 

% ʧʦʣʠʤʝʨʘ ʚ 

ʙʠʪʫʤʝ 

ʊʦʯʢʘ ʨʘʟʤʷʛʯʝʥʠʷ 

 ʧʦʣʠʵʪʠʣʝʥ ʧʦʣʠʧʨʦʧʠʣ

ʝʥ 

ʇʦʣʠʩʪʠʨʦʣ 

0 

0.5 

1.0 

1.5 

50 

52 

60 

62 

50 

57 

62 

63 

50 

53 

60 

61 

 

ʆʪʭʦʜʳ ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʧʣʘʩʪʠʢʘ ʧʨʝʧʷʪʩʪʚʫʶʪ ʭʦʨʦʰʝʤʫ 

ʩʚʷʟʳʚʘʥʠʶ. ʉʣʝʜʫʶʱʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʚʦʡʩʪʚʘ 

ʩʚʷʟʳʚʘʥʠʷ. 

1. ʅʘʧʦʣʥʠʪʝʣʴ ʥʘʛʨʝʚʘʶʪ ʧʨʠʤʝʨʥʦ ʜʦ 170 
0
 ʜʦʙʘʚʣʷʶʪ ʉ ʠ ʠʟʤʝʣʴʯʝʥʥʦʡ 

ʧʣʘʩʪʠʢʦʚʳʭ ʦʪʭʦʜʦʚ (ʨʘʟʤʝʨ ʤʝʞʜʫ 2,36 ʤʤ ʠ 4,75 ʤʤ). ʇʣʘʩʪʤʘʩʩʳ ʨʘʟʤʷʛʯʠʣʠʩʴ ʠ 

ʧʦʢʨʳʚʘʣʠ ʧʦ ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ. ʉʤʝʩʴ ʟʘʧʦʣʥʠʪʝʣʷ ʠ ʧʣʘʩʪʤʘʩʩʳ ʫʧʣʦʪʥʷʣʠ ʠ 

ʦʭʣʘʞʜʘʣʠ. ɹʣʦʢ ʙʳʣ ʦʯʝʥʴ ʪʚʝʨʜʳʤ ʠ ʠʤʝʣ ʧʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ ʥʝ ʤʝʥʝʝ 130 ʄʇʘ ʠ 

ʧʨʦʯʥʦʩʪʴ ʩʚʷʟʳʚʘʥʠʷ 500 ʢʛ/ʩʤ 
2
 . ʕʪʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʠʣʘ ʩʮʝʧʣʝʥʠʷ ʧʦʣʠʤʝʨʘ 

ʭʦʨʦʰʘʷ. 

2. ɿʘʧʦʣʥʠʪʝʣʴ, ʧʦʢʨʳʪʳʡ ʧʦʣʠʤʝʨʦʤ, ʧʨʦʧʠʪʳʚʘʶʪ ʚʦʜʦʡ ʚ ʪʝʯʝʥʠʝ 72 ʯʘʩʦʚ. ʅʝ 

ʙʳʣʦ ʥʠʢʘʢʦʡ ʟʘʯʠʩʪʢʠ. ʕʪʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʢʨʳʪʳʡ ʧʣʘʩʪʠʢʦʚʳʡ ʤʘʪʝʨʠʘʣ ʭʦʨʦʰʦ 

ʧʨʠʣʠʧʘʝʪ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʧʦʣʥʠʪʝʣʷ. 



ʄʘʪʝʨʠʘʣʳ  XLII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʂʘʟɸʊʂ ʠʤ. ʄ. ʊʳʥʳʰʧʘʝʚʘ                    

ʥʘ ʪʝʤʫ çʀʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʪʨʘʥʩʧʦʨʪʝ: ʦʙʨʘʟʦʚʘʥʠʝ, ʥʘʫʢʘ, ʧʨʘʢʪʠʢʘ», 18. 04. 2018 ʛ., ʊʦʤ 4 
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ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʪʝʧʣʦʚʦʤʫ ʧʦʚʝʜʝʥʠʶ ʠ ʩʚʦʡʩʪʚʘʤ ʩʚʷʟʳʚʘʥʠʷ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ 

ʠʟʫʯʝʥʠʶ ʧʦʜʛʦʪʦʚʢʠ ʧʣʘʩʪʠʢʦʚʦʡ ʩʤʝʩʠ ʙʠʪʫʤʦʚ ʠ ʝʝ ʩʚʦʡʩʪʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʨʠʛʦʜʥʦʩʪʠ ʩʤʝʩʠ ʜʣʷ ʜʦʨʦʞʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ʇʣʘʩʪʠʢʦʚʳʝ ʦʪʭʦʜʳ 

ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʩʤʝʩʠ. ʄʝʰʢʠ ʜʣʷ ʧʝʨʝʥʦʩʘ ʧʦʣʠʵʪʠʣʝʥʘ ʨʘʟʨʝʟʘʣʠ ʥʘ ʢʫʩʢʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʤʝʣʴʯʠʪʝʣʴʥʦʡ ʤʘʰʠʥʳ. ʇʨʦʩʝʠʚʘʣʠ ʠ ʩʦʙʠʨʘʣʠ ʧʣʘʩʪʤʘʩʩʦʚʳʝ 

ʢʫʩʦʯʢʠ, ʧʨʦʭʦʜʷʱʠʝ ʯʝʨʝʟ ʩʠʪʦ 4,75 ʤʤ, ʠ ʫʜʝʨʞʠʚʘʣʠ ʥʘ ʩʠʪʝ 2.36 ʤʤ. ʕʪʠ 

ʧʣʘʩʪʤʘʩʩʦʚʳʝ ʯʘʩʪʠ ʤʝʜʣʝʥʥʦ ʜʦʙʘʚʣʷʶʪ ʢ ʛʦʨʷʯʠʤ ʙʠʪʫʤʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʦʣʦ 170-

180 
0
 C. ʉʤʝʩʴ ʭʦʨʦʰʦ ʧʝʨʝʤʝʰʠʚʘʶʪ ʩ ʧʦʤʦʱʴʶ ʤʝʭʘʥʠʯʝʩʢʦʡ ʤʝʰʘʣʢʠ ʚ ʪʝʯʝʥʠʝ 

ʧʨʠʤʝʨʥʦ 20-30 ʤʠʥʫʪ. ɹʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʩʤʝʩʠ ʧʦʣʠʤʝʨ-ʙʠʪʫʤ ʨʘʟʥʳʭ ʩʦʩʪʘʚʦʚ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʠʩʧʳʪʘʥʠʡ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʤʝʩʠ 

ʀʩʧʳʪʘʥʠʝ ʥʘ ʨʘʟʜʝʣʝʥʠʝ 

ʆʙʨʘʟʮʳ ʨʘʟʥʦʛʦ ʩʦʩʪʘʚʘ ʛʦʪʦʚʠʣʠ ʠ ʧʦʜʚʝʨʛʘʣʠ ʠʩʧʳʪʘʥʠʶ ʥʘ 

ʨʘʟʜʝʣʝʥʠʝ. ʉʣʝʜʫʶʱʠʝ ʥʘʙʣʶʜʝʥʠʷ ʙʳʣʠ ʩʜʝʣʘʥʳ ʥʘ ʦʩʥʦʚʝ ʠʭ ʟʥʘʯʝʥʠʡ ʪʦʯʢʠ 

ʨʘʟʤʷʛʯʝʥʠʷ. ʆʜʥʦʨʦʜʥʦʩʪʴ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʧʨʠʤʝʨʥʦ ʜʦ 1,5% ʩʤʝʩʠ. ʇʦʤʠʤʦ ʵʪʦʡ 

ʢʦʤʧʦʟʠʮʠʠ, ʠʟʤʝʥʝʥʠʝ ʪʦʯʢʠ ʨʘʟʤʷʛʯʝʥʠʷ ʙʳʣʦ ʥʘʤʥʦʛʦ ʚʳʰʝ ʜʣʷ ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ 

ʩʣʦʝʚ ʦʙʨʘʟʮʦʚ, ʧʦʢʘʟʳʚʘʶʱʠʭ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʦʪʜʝʣʝʥʠʝ ʧʦʣʠʤʝʨʘ ʦʪ ʙʠʪʫʤʘ ʧʨʠ 

ʩʪʦʷʥʠʠ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʪʦʯʢʠ ʨʘʟʤʷʛʯʝʥʠʷ. ɹʳʣʘ ʧʨʠʛʦʪʦʚʣʝʥʘ ʩʤʝʩʴ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʩ 

ʨʘʟʣʠʯʥʳʤ ʧʨʦʮʝʥʪʦʤ ʧʣʘʩʪʠʢʦʚʳʭ ʦʪʭʦʜʦʚ, ʠ ʠʭ ʪʦʯʢʠ ʨʘʟʤʷʛʯʝʥʠʷ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ, 

ʢʘʢ ʫʢʘʟʘʥʦ ʚ ʪʘʙʣʠʮʝ 2. ʅʘʙʣʶʜʘʝʪʩʷ, ʯʪʦ ʪʦʯʢʘ ʨʘʟʤʷʛʯʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ 

ʜʦʙʘʚʣʝʥʠʷ ʧʣʘʩʪʠʢʦʚʳʭ ʦʪʭʦʜʦʚ ʢ ʙʠʪʫʤʫ. ʏʝʤ ʚʳʰʝ ʧʨʦʮʝʥʪ ʜʦʙʘʚʣʝʥʥʳʭ ʧʣʘʩʪʠʢʦʚʳʭ 

ʦʪʭʦʜʦʚ, ʪʝʤ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʟʤʷʛʯʝʥʠʷ. ɺʣʠʷʥʠʝ ʥʘ ʪʦʯʢʫ ʨʘʟʤʷʛʯʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ 

ʩʚʷʟʘʥʦ ʩ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʦʡ ʜʦʙʘʚʣʝʥʥʳʭ ʧʦʣʠʤʝʨʦʚ. 

 

ʊʘʙʣʠʮʘ 3ï ʀʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʷ ʧʨʦʥʠʢʥʦʚʝʥʠʷ 
 

ʀʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʷ ʧʨʦʥʠʢʥʦʚʝʥʠʷ 

% ʧʦʣʠʤʝʨʘ 

ʚ ʙʠʪʫʤʝ 

ɿʥʘʯʝʥʠʝ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʧʨʠ 25 Á C 

ʧʦʣʠʵʪʠʣʝʥ ʧʦʣʠʧʨʦʧʠʣʝʥ ʇʦʣʠʩʪʠʨʦʣ 
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ɹʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʦʙʨʘʟʮʳ ʩ ʨʘʟʣʠʯʥʳʤ ʧʨʦʮʝʥʪʦʤ ʧʣʘʩʪʠʢʦʚʳʭ ʦʪʭʦʜʦʚ ʚ 

ʙʠʪʫʤʝ ʠ ʠʭ ʟʥʘʯʝʥʠʷ ʧʨʦʥʠʢʥʦʚʝʥʠʷ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʜʦʤ IS, 

ʧʨʠʚʝʜʝʥʥʳʤ ʚ ʪʘʙʣʠʮʝ 3. ɿʥʘʯʝʥʠʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩʤʝʩʝʡ ʩʥʠʞʘʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʨʦʮʝʥʪʘ ʧʦʣʠʤʝʨʦʚ ʠ ʪʠʧʘ ʧʦʣʠʤʝʨʘ, ʜʦʙʘʚʣʝʥʥʦʛʦ, ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʮʝʥʪʘ ʧʦʣʠʤʝʨʘ 

ʫʤʝʥʴʰʘʝʪ ʟʥʘʯʝʥʠʝ ʧʨʦʥʠʢʥʦʚʝʥʠʷ. ʕʪʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʧʦʣʠʤʝʨʘ 

ʫʚʝʣʠʯʠʚʘʝʪ ʪʚʝʨʜʦʩʪʴ ʙʠʪʫʤʘ. 

 

ʇʣʘʩʪʠʯʥʦʩʪ ɹ
ʊʘʙʣʠʮʘ 4 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʣʘʩʪʠʯʥʦʩʪʴ ʩʥʠʞʘʝʪʩʷ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ 

ʧʣʘʩʪʤʘʩʩʦʚʳʭ ʦʪʭʦʜʦʚ ʢ ʙʠʪʫʤʫ. ʋʤʝʥʴʰʝʥʠʝ ʟʥʘʯʝʥʠʷ ʧʣʘʩʪʠʯʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ 

ʩʚʷʟʘʥʦ ʩ ʙʣʦʢʠʨʦʚʢʦʡ ʤʦʣʝʢʫʣ ʧʦʣʠʤʝʨʘ ʙʠʪʫʤʦʤ.  
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ʊʘʙʣʠʮʘ 4 ï ʀʟʤʝʥʝʥʠʝ ʧʣʘʩʪʠʯʥʦʩʪʠ 
 

ʀʟʤʝʥʝʥʠʝ ʧʣʘʩʪʠʯʥʦʩʪʠ 

% ʧʦʣʠʤʝʨʘ 

ʚ ʙʠʪʫʤʝ 

ʇʣʘʩʪʠʯʥʦʩʪʴ (ʩʤ) 

 ʧʦʣʠʵʪʠʣʝʥ ʧʦʣʠʧʨʦʧʠʣʝʥ ʧʦʣʠʩʪʠʨʦʣ 
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ɺʩʧʳʰʢʘ ʠ ʪʦʯʢʘ ʦʛʥʷ  
ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʩʧʳʰʝʢ ʠ ʦʛʥʝʥʥʳʭ ʪʦʯʝʢ ʧʣʘʩʪʠʢʦʚʦʡ ʩʤʝʩʠ ʙʠʪʫʤʥʳʭ ʦʪʭʦʜʦʚ 

ʧʦʤʦʛʘʶʪ ʧʦʥʷʪʴ ʧʨʠʨʦʜʫ ʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʠ ʩʤʝʩʠ (ʩʤʦʪʨʠʪʝ ʪʘʙʣ.5). ʌʣʵʰ-ʦʛʦʥʴ ʪʦʯʢʘ 

ʧʨʦʩʪʦʛʦ ʙʠʪʫʤʘ 175-210 
0
 ʉ. ʀʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ , ʯʪʦ 

ʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʴ ʩʤʝʩʠ ʫʤʝʥʴʰʘʝʪʩʷ ʢʘʢ ʧʨʦʮʝʥʪ ʧʦʣʠʤʝʨʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʉʤʝʩʴ 

ʦʙʣʘʜʘʝʪ ʣʫʯʰʝʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʛʦʨʝʥʠʶ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʨʦʞʥʳʭ ʧʦʢʨʳʪʠʡ 

ʧʦʣʠʤʝʨʥʳʭ ʙʠʪʫʤʦʚ ʙʫʜʝʪ ʤʝʥʴʰʝ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʦʧʘʩʥʦʩʪʴ ʧʦʞʘʨʘ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʣʘʩʪʠʢʦʚʦʡ ʩʤʝʩʠ ʙʠʪʫʤʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʛʠʙʢʦʛʦ ʧʦʢʨʳʪʠʷ 

ʋʪʠʣʠʟʘʮʠʷ ʩʤʝʰʘʥʥʦʡ ʩʤʝʩʠ ʙʠʪʫʤ-ʟʘʧʦʣʥʠʪʝʣʴ ʠʟ ʧʣʘʩʪʠʢʦʚʳʭ ʦʪʭʦʜʦʚ ʜʣʷ 

ʛʠʙʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ ʠʟʫʯʝʥʠʝʤ ʟʥʘʯʝʥʠʷ 

ʟʘʯʠʩʪʢʠ ʠ ʟʥʘʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʄʘʨʰʘʣʣʘ ʩʤʝʩʠ ʜʣʷ ʩʤʝʩʝʡ, ʠʤʝʶʱʠʭ ʤʘʢʩʠʤʫʤ 1,5% 

ʧʣʘʩʪʠʢʦʚʳʭ ʦʪʭʦʜʦʚ. 

 

ʊʘʙʣʠʮʘ 5 ï ʀʟʤʝʥʝʥʠʝ ʚʩʧʳʰʢʠ ʠ ʪʦʯʢʠ ʦʛʥʷ (Á C) 
 

ʀʟʤʝʥʝʥʠʝ ʚʩʧʳʰʢʠ ʠ ʪʦʯʢʠ ʦʛʥʷ(Á C) 

% ʧʦʣʠʤʝʨʘ ʚ 

ʙʠʪʫʤʝ 

ʇʣʘʩʪʠʯʥʦʩʪʴ (ʩʤ) 

 ʧʦʣʠʵʪʠʣʝʥ ʧʦʣʠʧʨʦʧʠʣʝʥ ʧʦʣʠʩʪʠʨʦʣ 

 

 

ɺʩʧʳʰʢʘ 

ʪʦʯʢʠ 

ʊʦʯʢʠ 

ʦʛʥʷ 

ɺʩʧʳʰʢʘ 

ʪʦʯʢʠ 

ʊʦʯʢʠ 

ʦʛʥʷ 

ɺʩʧʳʰʢʘ 

ʪʦʯʢʠ 

ʊʦʯʢʠ 

ʦʛʥʷ 

0,25 280 310 322 315 240 300 

0,50 290 350 300 340 270 310 

0,75 205 330 333 380 280 518 

1,00 310 350 312 355 290 520 

          

ʀʩʧʳʪʘʥʠʝ ʥʘ ʦʪʨʳʚ. ʇʣʘʩʪʠʢʦʚʳʝ ʦʪʭʦʜʳ ʨʘʩʪʚʦʨʷʣʠ ʚ ʙʠʪʫʤʝ ʠ ʩʤʝʩʴ ʥʘʥʦʩʠʣʠ 

ʥʘ ʟʘʧʦʣʥʠʪʝʣʠ. ʆʥ ʙʳʣ ʠʩʧʳʪʘʥ ʧʦʛʨʫʞʝʥʠʝʤ ʚ ʚʦʜʫ. ɼʘʞʝ ʧʦʩʣʝ 72 ʯʘʩʦʚ ʥʝ ʙʳʣʦ 

ʥʠʢʘʢʦʡ ʟʘʯʠʩʪʢʠ. ʕʪʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʤʝʩʴ ʦʙʣʘʜʘʝʪ ʣʫʯʰʝʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʚʦʜʝ. ʕʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʫʣʫʯʰʝʥʠʝʤ ʩʚʷʟʳʚʘʶʱʝʛʦ ʩʚʦʡʩʪʚʘ ʧʣʘʩʪʠʢʦʚʦʡ ʩʤʝʩʠ ʙʠʪʫʤʦʚ. 

ʀʩʧʳʪʘʥʠʝ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʄʘʨʰʘʣʣʘ. ʆʙʨʘʟʝʮ ʙʳʣ ʧʦʜʛʦʪʦʚʣʝʥ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʧʝʮʠʬʠʢʘʮʠʝʡ IRC ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʘʩʪʠʢʦʚʦʛʦ ʙʠʪʫʤʘ, ʩʤʝʰʘʥʥʦʛʦ 

ʩ ʤʘʪʝʨʠʘʣʦʤ. ʕʪʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʣʘʩʪʠʢʦʚʘʷ ʩʤʝʩʴ ʙʠʪʫʤʥʳʭ ʦʪʭʦʜʦʚ ʠʤʝʝʪ ʙʦʣʝʝ 

ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʠʩʪʳʤ ʙʠʪʫʤʦʤ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ 

ʦʢ. 1200ʢʛ.  ʂʨʦʤʝ ʪʦʛʦ, ʢʦʵʬʬʠʮʠʝʥʪ Marshall Quotient ʪʘʢʞʝ ʥʘʭʦʜʠʪʩʷ ʚ 

ʜʠʘʧʘʟʦʥʝ ʜʦʧʫʩʢʥʦʩʪʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʩʤʝʩʴ ʙʠʪʫʤʥʳʭ ʧʣʘʩʪʠʢʦʚʳʭ 
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ʦʪʭʦʜʦʚ (ʧʦʣʠʵʪʠʣʝʥ) ʣʫʯʰʝ ʠ ʙʦʣʝʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʛʠʙʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʜʦʨʦʞʥʦʛʦ 

ʧʦʢʨʳʪʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʀʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ ʧʣʘʩʪʤʘʩʩʦʚʦʛʦ ʙʠʪʫʤʘ, ʩʤʝʰʘʥʥʦʛʦ ʩ ʧʣʘʩʪʠʢʦʤ, ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʧʣʘʩʪʤʘʩʩʦʚʳʭ ʦʪʭʦʜʦʚ ʚ ʙʠʪʫʤ ʫʚʝʣʠʯʠʚʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʨʘʟʤʷʛʯʝʥʠʷ, 

ʫʤʝʥʴʰʘʝʪ ʟʥʘʯʝʥʠʝ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʠ ʧʣʘʩʪʠʯʥʦʩʪʴ, ʫʚʝʣʠʯʠʚʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʚʩʧʳʰʢʠ ʠ 

ʪʦʯʢʫ ʦʛʥʷ, ʫʚʝʣʠʯʠʚʘʝʪ ʟʥʘʯʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʄʘʨʰʘʣʣʘ ʠ ʫʣʫʯʰʘʝʪ ʩʚʦʡʩʪʚʘ ʟʘʱʠʪʳ 

ʦʪ ʟʘʯʠʩʪʢʠ. ʆʜʥʘʢʦ ʚʳʰʝʫʢʘʟʘʥʥʳʡ ʧʨʦʮʝʩʩ ʠʤʝʝʪ ʩʚʦʠ ʩʦʙʩʪʚʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ: 

ʇʦʣʫʯʝʥʠʶ ʪʘʢʦʛʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʙʠʪʫʤʘ ʪʨʝʙʫʝʪʩʷ ʚʳʩʦʢʘʷ ʤʦʱʥʦʩʪʴ 

ʤʝʰʘʣʢʠ ʩ ʪʝʨʤʦʩʪʘʪʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʦʣʦ 160-

180 
0
 C. ʃʶʙʦʝ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʩʚʦʡʩʪʚʘʭ ʙʠʪʫʤʘ. 

ʇʨʘʚʠʣʴʥʦʝ ʭʨʘʥʝʥʠʝ ʪʘʢʦʛʦ ʧʦʣʠʤʝʨʥʦʛʦ ʩʤʝʰʘʥʥʦʛʦ ʙʠʪʫʤʘ ʦʯʝʥʴ ʚʘʞʥʦ. ʆʥ 

ʜʦʣʞʝʥ ʭʨʘʥʠʪʴʩʷ ʚ ʤʦʨʦʟʠʣʴʥʦʡ ʢʘʤʝʨʝ, ʠ ʦʥ ʪʘʢʞʝ ʫʧʦʤʠʥʘʝʪʩʷ, ʯʪʦ ʦʥ ʩʪʘʙʠʣʝʥ 

ʚ ʪʝʯʝʥʠʝ 6 ʯʘʩʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 180 
0
 C. 

ʀʟ ʪʝʩʪʘ ʥʘ ʩʝʧʘʨʘʮʠʶ ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʦʩʴ, ʯʪʦ ʧʨʠ ʩʤʝʰʠʚʘʥʠʠ ʧʣʘʩʪʠʢʘ ʟʘ 

ʧʨʝʜʝʣʳ ʨʘʩʪʚʦʨʠʤʦʛʦ ʜʠʘʧʘʟʦʥʘ (ʦʪ 2% ʠ ʚʳʰʝ) ʠʟʙʳʪʦʢ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʦʪʜʝʣʷʝʪʩʷ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ. 

ʕʪʠ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦʪʨʝʙʦʚʘʣʠ ʨʘʟʨʘʙʦʪʢʠ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʧʨʦʮʝʥʪʘ ʧʣʘʩʪʠʢʦʚʳʭ ʦʪʭʦʜʦʚ ʜʣʷ ʛʠʙʢʦʛʦ ʧʦʢʨʳʪʠʷ. 

ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʧʨʦʮʝʩʩ (ʩʫʭʦʡ ʧʨʦʮʝʩʩ). 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʡ ʤʝʪʦʜ ʙʳʣ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥ, ʯʪʦʙʳ ʥʘʡʪʠ ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʧʨʦʮʝʥʪʘ ʧʣʘʩʪʠʢʦʚʳʭ ʦʪʭʦʜʦʚ ʚ ʛʠʙʢʦʤ ʪʨʦʪʫʘʨʝ. ɺ 

ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʘʛʨʝʛʘʪ, ʧʦʢʨʳʪʳʡ ʧʣʘʩʪʠʢʦʤ. ʀʩʧʦʣʴʟʦʚʘʣʠ 

ʧʣʘʩʪʤʘʩʩʦʚʳʝ ʤʝʰʢʠ, ʧʣʝʥʢʠ, ʯʘʰʢʠ ʠ ʪ.ʜ. ʉ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʦʣʱʠʥʦʡ 60 ʤʠʢʨʦʥ. ɹʠʪʫʤ 

ʥʝ ʩʤʝʰʠʚʘʣʩʷ ʩ ʧʣʘʩʪʤʘʩʩʦʚʳʤʠ ʦʪʭʦʜʘʤʠ. 

ʇʦʜʛʦʪʦʚʢʘ ʘʛʨʝʛʘʪʘ, ʧʦʢʨʳʪʦʛʦ ʧʣʘʩʪʠʢʦʚʳʤʠ ʦʪʭʦʜʘʤʠ 

ʅʘʧʦʣʥʠʪʝʣʴ ʥʘʛʨʝʚʘʣʠ ʧʨʠʤʝʨʥʦ ʜʦ 170 
0
 C; ʧʣʘʩʪʠʢʦʚʳʝ ʦʪʭʦʜʳ ʙʳʣʠ 

ʠʟʤʝʣʴʯʝʥʳ ʜʦ ʨʘʟʤʝʨʘ ʦʪ 2,36 ʜʦ 4,75 ʤʤ. ʕʪʠ ʠʟʤʝʣʴʯʝʥʥʳʝ ʧʣʘʩʪʠʢʦʚʳʝ ʦʪʭʦʜʳ 

ʜʦʙʘʚʣʷʣʠ ʧʦ ʛʦʨʷʯʝʤʫ ʘʛʨʝʛʘʪʫ ʩ ʧʦʩʪʦʷʥʥʳʤ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ 

ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ʇʣʘʩʪʠʢ ʨʘʟʤʷʛʯʘʝʪʩʷ ʠ ʧʦʢʨʳʚʘʝʪʩʷ ʧʦ ʚʩʝʡ 

ʩʦʚʦʢʫʧʥʦʩʪʠ. ɻʦʨʷʯʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʣʘʩʪʠʢʦʚʳʭ ʦʪʭʦʜʦʚ ʩ ʧʦʢʨʳʪʠʝʤ ʩʤʝʰʠʚʘʶʪ ʩ 

ʛʦʨʷʯʠʤ ʙʠʪʫʤʦʤ 60/70 ʠʣʠ 80/100 ʩʦʨʪʘ (160 
0
 C). 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʤʝʩʠ ʙʠʪʫʤʘ. 

ʀʩʧʳʪʘʥʠʝ ʥʘ ʦʪʨʳʚ 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʫʶ ʙʠʪʫʤʥʫʶ ʩʤʝʩʴ, ʧʦʢʨʳʪʫʶ ʧʣʘʩʪʤʘʩʩʦʚʦʡ ʤʫʢʦʡ, ʧʦʣʫʯʝʥʥʫʶ 

ʚʳʰʝʫʢʘʟʘʥʥʳʤ ʩʧʦʩʦʙʦʤ, ʧʦʛʨʫʞʘʣʠ ʚ ʚʦʜʫ. ɼʘʞʝ ʧʦʩʣʝ 96 ʯʘʩʦʚ ʥʝ ʙʳʣʦ ʥʠʢʘʢʦʡ 

ʟʘʯʠʩʪʢʠ. ʕʪʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʦʤʧʦʟʠʪʥʘʷ ʩʤʝʩʴ ʠʟ ʙʠʪʫʤʘ ʩ ʧʣʘʩʪʤʘʩʩʦʚʦʡ ʤʫʢʦʡ 

ʦʙʣʘʜʘʝʪ ʭʦʨʦʰʝʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʚʦʜʝ. 

ʋʩʪʦʡʯʠʚʦʩʪʴ  ʄʘʨʰʘʣʣʘ.  
ʅʘʙʣʶʜʘʝʪʩʷ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʄʘʨʰʘʣʣʘ ʙʳʣʠ ʚ ʮʝʣʦʤ 

ʥʘʤʥʦʛʦ ʚʳʰʝ, ʯʝʤ ʟʥʘʯʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʄʘʨʰʘʣʣʘ, ʧʦʣʫʯʝʥʥʦʝ ʜʣʷ ʯʠʩʪʦʛʦ ʙʠʪʫʤʥʦʛʦ 

ʤʠʥ. 

ʇʦʣʝʚʳʝ  ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʀʩʧʦʣʴʟʫʷ ʵʪʦʪ ʤʝʪʦʜ ʩʫʭʦʛʦ ʧʨʦʮʝʩʩʘ, ʜʣʠʥʘ ʜʦʨʦʛ ʙʦʣʝʝ 1200 ʢʤ ʙʳʣʘ ʟʘʣʦʞʝʥʘ ʚ 

ʨʘʟʥʳʭ ʤʝʩʪʘʭ ʚ ʰʪʘʪʝ ʊʘʤʠʣ ʅʘʜʫ ʢʘʢ ʦʪʜʝʣʦʤ ɸʛʝʥʪʩʪʚʘ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʠʭ ʨʘʡʦʥʦʚ, ʪʘʢ 

ʠ ʘʚʪʦʤʘʛʠʩʪʨʘʣʷʤʠ ʚ ʂʦʯʠʥʝ, ʄʫʤʙʘʠ ʠ ʇʦʥʜʠʯʝʨʨʠ, ʢʦʨʧʦʨʘʮʠʷ ʧʨʦʣʦʞʠʣʘ 

ʠʩʧʳʪʘʪʝʣʴʥʳʝ ʜʦʨʦʛʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ. ɼʦʨʦʛʠ ʧʦʜʚʝʨʛʘʶʪʩʷ 

ʠʥʪʝʥʩʠʚʥʦʤʫ ʜʚʠʞʝʥʠʶ, ʤʫʩʩʦʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ, ʩʠʣʴʥʳʤ ʜʦʞʜʷʤ, ʞʘʨʢʦʤʫ ʣʝʪʫ ʠ ʪ. ʜ. 

ɼʦʨʦʛʠ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʭʦʨʦʰʦ ʙʝʟ ʚʳʙʦʠʥ, ʨʘʩʢʦʧʦʢ ʠ ʢʦʣʝʠ. ʄʥʝʥʠʷ ʵʢʩʧʝʨʪʦʚ ʪʘʢʞʝ 

ʩʦʛʣʘʩʫʶʪʩʷ. 
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ʀʩʧʳʪʘʥʠʝ ʧʦʛʣʦʱʝʥʠʝ ʚʦʜʳ. 

ɹr ʣʦ ʚʟʷʪʦ ʠʟʚʝʩʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʘʧʦʣʥʠʪʝʣʷ, ʩʫʰʘʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 110 
0
 ʉ ʠ 

ʦʭʣʘʞʜʘʶʪ. ʆʧʨʝʜʝʣʝʥ ʚʝʩ ʘʛʨʝʛʘʪʘ. ɿʘʪʝʤ ʝʛʦ ʧʦʛʨʫʞʘʣʠ ʚ ʚʦʜʫ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. ɿʘʪʝʤ 

ʘʛʨʝʛʘʪ ʩʫʰʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʫʭʦʡ ʦʜʝʞʜʳ ʠ ʦʧʨʝʜʝʣʷʣʠ ʚʝʩ. ɺʦʜʘ, ʧʦʛʣʦʱʘʝʤʘʷ 

ʘʛʨʝʛʘʪʦʤ, ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʨʘʟʥʠʮʝ ʚ ʚʝʩʝ. 500gms ʠʟ ʘʛʨʝʛʘʪʘ ʙʳʣ ʚʟʷʪ ʠ ʥʘʛʨʝʚʘʝʪʩʷ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʳ 170 
0 
, ʟʘʪʝʤ ʦʥʘ ʙʳʣʘ ʧʦʢʨʳʪʘ ʧʣʘʩʪʠʢʦʤ ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɸʮʝʪʘʪ ʩ 

ʧʣʘʩʪʠʢʦʚʳʤ ʧʦʢʨʳʪʠʝʤ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ɽʛʦ ʧʦʛʨʫʞʘʣʠ ʚ ʚʦʜʫ ʚ 

ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. ɿʘʪʝʤ ʝʛʦ ʩʫʰʠʣʠ ʠ ʦʧʨʝʜʝʣʷʣʠ ʤʘʩʩʫ ʘʛʨʝʛʘʪʘ. ʅʘʙʣʶʜʘʝʪʩʷ, ʯʪʦ 

ʧʦʛʣʦʱʝʥʠʝ ʚʦʜʳ ʫʤʝʥʴʰʘʣʦʩʴ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʮʝʥʪʥʦʛʦ ʧʦʢʨʳʪʠʷ ʧʣʘʩʪʠʢʘ ʧʦ 

ʩʦʚʦʢʫʧʥʦʩʪʠ. ʕʪʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʢʨʳʪʠʝ ʠʟ ʧʣʘʩʪʠʢʘ ʫʤʝʥʴʰʘʝʪ 

ʧʫʩʪʦʪʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʢʨʳʪʠʝ ʠʟ ʧʣʘʩʪʠʢʘ ʧʦ ʟʘʧʦʣʥʠʪʝʣʶ ʧʦʤʦʛʘʝʪ ʫʣʫʯʰʠʪʴ 

ʢʘʯʝʩʪʚʦ ʘʛʨʝʛʘʪʘ. 

ʂʦʤʘʥʜʘ ʯʠʥʦʚʥʠʢʦʚ ʠʟ ʛʦʨʦʜʘ ɺʘʥʢʫʚʝʨ ʨʘʙʦʪʘʝʪ ʩ GreenMantra ʚ ʊʦʨʦʥʪʦ, ʯʪʦʙʳ 

ʨʘʟʨʘʙʦʪʘʪʴ ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʥʦʚʳʡ ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʧʦʢʨʳʚʘʝʪ 100 ʧʨʦʮʝʥʪʦʚ ʦʪʭʦʜʦʚ 

ʨʝʮʠʢʣʠʨʦʚʘʥʥʦʛʦ ʧʣʘʩʪʠʢʘ ʧʦʩʣʝ ʚʪʦʨʞʝʥʠʷ ʚ ʚʦʩʢ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʩʤʝʰʘʪʴ ʩ ʘʩʬʘʣʴʪʦʤ 

ʠʟ ʪʸʧʣʦʡ ʩʤʝʩʠ.  

 

 
 

ʈʠʩʫʥʦʢ 4 ï ʊʸʧʣʳʡ ʤʠʢʩ ʛʨʫʟʦʚʠʢ ʟʘʢʣʘʜʳʚʘʝʪ ʥʦʚʫʶ ʘʩʬʘʣʴʪʦʚʫʶ ʩʤʝʩʴ ʚ ʦʜʥʦʤ ʠʟ 

ʠʩʧʳʪʘʪʝʣʴʥʳʭ ʤʝʩʪ ʚ ɺʘʥʢʫʚʝʨʝ 

 

 
 

ʈʠʩʫʥʦʢ 5 ï ʉʤʝʩʴ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʩʫʧʝʨʧʣʘʚ ʚʳʩʦʪʦʡ 19 ʤʤ, ʛʨʫʙʫʶ ʪʝʧʣʫʶ ʩʤʝʩʴ ʩ 20% 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʤ ʘʩʬʘʣʴʪʦʚʳʤ ʧʦʢʨʳʪʠʝʤ ʠ ʚʦʩʢʦʤ, ʧʦʣʫʯʝʥʥʳʤ ʠʟ ʩʠʥʝʡ ʧʣʘʩʪʤʘʩʩʳ [9] 
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 ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʣʘʩʪʤʘʩʩʦʚʳʭ ʦʪʭʦʜʦʚ ʚ 

ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʩʤʝʰʠʚʘʥʠʷ ʩ ʙʠʪʫʤʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʩʤʝʩʠ ʚʝʜʫʪ 

ʩʝʙʷ ʘʥʘʣʦʛʠʯʥʦ PMB, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʫʣʫʯʰʘʶʪʩʷ ʩʚʦʡʩʪʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤ 

ʙʠʪʫʤʦʤ. ʊʘʢʞʝ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʵʪʦʪ ʧʨʦʮʝʩʩ ʩʤʝʰʠʚʘʥʠʷ ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʠʝ. ʇʨʠ 

ʚʳʩʦʢʦʤ ʧʨʦʮʝʥʪʝ ʩʤʝʰʠʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʦʪʜʝʣʝʥʠʝ ʧʣʘʩʪʠʢʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʥʝʦʙʭʦʜʠʤʘ ʤʦʜʠʬʠʢʘʮʠʷ ʧʨʦʮʝʩʩʘ, ʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʧʨʦʜʫʢʪ, ʘ ʠʤʝʥʥʦ 

ʧʣʘʩʪʠʢʦʚʳʡ ʦʪʨʘʙʦʪʘʥʥʳʡ ʧʦʢʨʳʪʳʡ ʘʛʨʝʛʘʪ.  

ʕʪʦʪ ʧʨʦʜʫʢʪ ʥʝ ʪʦʣʴʢʦ ʣʝʛʢʦ ʛʦʪʦʚʠʪɹ, ʥʦ ʪʘʢʞʝ ʧʦʤʦʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʝʝ 

ʚʳʩʦʢʠʡ ʧʨʦʮʝʥʪ ʧʣʘʩʪʠʢʦʚʳʭ ʦʪʭʦʜʦʚ ʜʣʷ ʧʦʢʨʳʪʠʷ ʙʝʟ ʦʩʦʙʳʭ ʪʨʫʜʥʦʩʪʝʡ. 

ʇʦʢʨʳʪʠʝ ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʧʣʘʩʪʠʢʘ ʥʘʜ ʘʛʨʝʛʘʪʦʤ ʫʤʝʥʴʰʠʪ ʧʦʛʣʦʱʝʥʠʝ 

ʚʦʜʳ. ʕʪʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʫʩʪʦʪʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʳʣʠ ʫʤʝʥʴʰʝʥʳ. ʏʝʤ ʤʝʥʴʰʝ 

ʧʫʩʪʦʪʳ, ʪʝʤ ʣʫʯʰʝ ʢʘʯʝʩʪʚʦ ʩʦʚʦʢʫʧʥʦʩʪʠ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʚʦʟʜʫʭ, ʟʘʭʚʘʯʝʥʥʳʡ ʚ 

ʧʫʩʪʦʪʘʭ, ʚʳʟʳʚʘʝʪ ʦʢʠʩʣʝʥʠʝ ʙʠʪʫʤʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʘʯʠʩʪʢʝ, ʦʙʨʘʟʦʚʘʥʠʶ ʚʳʙʦʠʥʳ ʠ 

ʪ.ʜ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʩʫʪʩʪʚʠʝ ʚʦʜʳ ʚ ʧʫʩʪʦʪʘʭ ʥʘʥʦʩʠʪ ʫʱʝʨʙ ʘʜʛʝʟʠʠ ʤʝʞʜʫ ʟʘʧʦʣʥʠʪʝʣʝʤ 

ʠ ʩʚʷʟʫʶʱʠʤ, ʘ ʠʤʝʥʥʦ ʙʠʪʫʤʦʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦʚʦʢʫʧʥʦʩʪʴ ʩ ʤʝʥʴʰʠʤʠ ʧʫʩʪʦʪʘʤʠ 

ʩʯʠʪʘʝʪʩʷ ʭʦʨʦʰʝʡ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʜʦʨʦʞʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʕʪʠ ʥʘʙʣʶʜʝʥʠʷ ʧʦʟʚʦʣʷʶʪ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʘʛʨʝʛʘʪ, ʧʦʢʨʳʪʳʡ ʧʣʘʩʪʠʢʦʚʳʤʠ ʦʪʭʦʜʘʤʠ, ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʡ ʤʘʪʝʨʠʘʣ ʜʣʷ ʛʠʙʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʜʦʨʦʞʥʦʛʦ 

ʧʦʢʨʳʪʠʷ. 

 

 
 

ʈʠʩʫʥʦʢ 6 ï ʇʨʝʜʣʘʛʘʝʤʘʷ ʧʣʘʩʪʠʢʦʚʦʝ ʜʦʨʦʞʥʦʝ ʧʦʢʨʳʪʠʝ 

ɺʳʚʦʜ. ʀʟ-ʟʘ ʣʫʯʰʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ 

ʧʦʣʠʤʝʨʦʤ ʙʠʪʫʤ. ʅʦ ʚ ʩʣʫʯʘʝ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʧʨʦʮʝʥʪʘ ʩʤʝʩʠ ʧʦʣʠʤʝʨʥʳʭ ʙʠʪʫʤʦʚ 

ʩʤʝʩʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʦʣʝʝ ʧʦʣʠʤʝʨʥʫʶ ʜʠʩʧʝʨʩʠʶ ʚ ʙʠʪʫʤʝ, ʢʦʪʦʨʳʝ ʨʘʟʜʝʣʷʶʪʩʷ 

ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ. ʕʪʦ ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ ʩʚʦʡʩʪʚʘ ʠ ʢʘʯʝʩʪʚʦ ʩʤʝʩʠ, ʘ ʪʘʢʞʝ ʥʘ ʜʦʨʦʛʫ, 

ʧʨʦʣʦʞʝʥʥʫʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʘʢʦʡ ʩʤʝʩʠ.  

ɺ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤ ʧʨʦʮʝʩʩʝ (ʩʫʭʦʡ ʧʨʦʮʝʩʩ) ʧʣʘʩʪʤʘʩʩʦʚʳʝ ʦʪʭʦʜʳ 

ʧʦʢʨʳʚʘʶʪʩʷ ʟʘʧʦʣʥʠʪʝʣʝʤ. ʕʪʦ ʧʦʤʦʛʘʝʪ ʣʫʯʰʝ ʩʚʷʟʳʚʘʪʴ ʙʠʪʫʤ ʩ ʘʛʨʝʛʘʪʦʤ, ʧʦʢʨʳʪʳʤ 

ʧʣʘʩʪʠʢʦʚʳʤʠ ʦʪʭʦʜʘʤʠ, ʠʟ-ʟʘ ʫʚʝʣʠʯʝʥʠʷ ʩʮʝʧʣʝʥʠʷ ʠ ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʘ 

ʤʝʞʜʫ ʧʦʣʠʤʝʨʦʤ ʠ ʙʠʪʫʤʦʤ. ʇʦʣʠʤʝʨʥʦʝ ʧʦʢʨʳʪʠʝ ʪʘʢʞʝ ʫʤʝʥʴʰʘʝʪ ʧʫʩʪʦʪʳ. ʕʪʦ 

ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʚʣʘʛʦʧʦʛʣʦʱʝʥʠʝ ʠ ʦʢʠʩʣʝʥʠʝ ʙʠʪʫʤʘ ʟʘ ʩʯʝʪ ʟʘʭʚʘʯʝʥʥʦʛʦ ʚʦʟʜʫʭʘ. ʕʪʦ 

ʧʨʠʚʝʣʦ ʢ ʩʦʢʨʘʱʝʥʠʶ ʢʦʣʝʠ, ʨʘʩʪʨʝʩʢʠʚʘʥʠʶ, ʠ ʥʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʚʳʙʦʠʥ. ɼʦʨʦʛʘ ʤʦʞʝʪ 

ʚʳʜʝʨʞʠʚʘʪʴ ʠʥʪʝʥʩʠʚʥʦʝ ʜʚʠʞʝʥʠʝ ʠ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʣʫʯʰʫʶ ʧʨʦʯʥʦʩʪʴ. [7] 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʭʦʡ ʧʨʦʮʝʩʩ ʧʦʤʦʛʘʝʪ: 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʧʨʦʮʝʥʪ ʧʣʘʩʪʠʢʦʚʳʭ ʦʪʭʦʜʦʚ; 

ʩʦʢʨʘʱʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʙʠʪʫʤʝ ʧʨʠʤʝʨʥʦ ʥʘ 10%; 

ʧʦʚʳʰʘʝʪ ʧʨʦʯʥʦʩʪʴ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʜʦʨʦʛʠ; 

ʠʟʙʝʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʨʝʜʩʪʚ ʧʨʦʪʠʚ ʟʘʯʠʩʪʢʠ; 

ʠʟʙʝʛʘʝʪ ʫʜʘʣʝʥʠʷ ʧʣʘʩʪʤʘʩʩʦʚʳʭ ʦʪʭʦʜʦʚ ʧʫʪʝʤ ʩʞʠʛʘʥʠʷ ʠ ʟʘʧʦʣʥʝʥʠʷ ʟʝʤʣʠ; 

ʜʦʙʘʚʠʪʴ ʮʝʥʥʦʩʪʴ ʜʣʷ ʧʣʘʩʪʤʘʩʩʦʚʳʭ ʦʪʭʦʜʦʚ 

ʩʦʟʜʘʥʠʝ ʨʘʙʦʯʠʭ ʤʝʩʪ ʜʣʷ ʩʙʦʨʱʠʢʦʚ ʪʨʷʧʦʢ 

- ʨʘʟʨʘʙʦʪʘʪʴ ʪʝʭʥʦʣʦʛʠʶ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʡ. 
 

ʃʀʊɽʈɸʊʋʈɸ 

[1]  çʂʦʤʧʘʥʠʷ ʅʠʜʝʨʣʘʥʜʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʣʘʩʪʠʢʦʚʳʝ ʜʦʨʦʛʠ, ʢʦʪʦʨʳʝ ʙʦʣʝʝ ʧʨʦʯʥʳ, ʯʝʤ 

ʘʩʬʘʣʴʪè , thinkprogress.org 

[2] "ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʇʃɸʉʊʀʂʆɺʓʍ ʆʊʍʆɼʆɺ ɺ ɼʆʈʆɾʅʆʁ ʂʆʅʉʊʈʋʂʎʀʀ.pptè", 

docs.google.com 

[3] çʕʪʠ ʜʦʨʦʛʠ, ʧʦʜʦʙʥʳʝ Lego, ʩʜʝʣʘʥʳ ʠʟ ʧʣʘʩʪʠʢʦʚʦʡ ʢʦʨʟʠʥʳè . Co.Exist .www.fastcompany.com 

[4] çʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʣʘʩʪʠʢʦʚʳʭ ʦʪʭʦʜʦʚ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʩʝʣʴʩʢʠʭ 

ʜʦʨʦʛè . pmgsy.nic.in. 

[5] çʀʥʠʮʠʘʪʠʚʘ ʇʣʘʩʪʠʢʦʚʳʭ ʜʦʨʦʛ ɼʞʘʤʰʝʜʧʫʨʘ - ʵʪʦ ʫʨʦʢ ʜʣʷ ʚʩʝʭ ʠʥʜʠʡʩʢʠʭ ʛʦʨʦʜʦʚ!"  

indiatimes.com 

[6] çʇʣʘʩʪʠʢ, ʧʦʣʠʤʝʨʳ-ʇʈʆʄʆʊʍʆɼ ʂɸɿɸʍʉʊɸʅè, www.promothod.kz 

[7] çUse of Waste Plastic in Construction of Flexible Pavementè 

(ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʭʦʜʦʚ ʧʣʘʩʪʤʘʩʩʳ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʛʠʙʢʦʛʦ ʧʦʢʨʳʪʠʷ), www.slideshare.net    

[8] çʇʨʦʠʟʚʦʜʠʪʴ ʪʦʧʣʠʚʦ ʠʟ ʧʣʘʩʪʠʢʘ ʙʫʜʫʪ ʚ ʂʘʟʘʭʩʪʘʥʝè,  today.kz 

[9] çʋʣʠʮʳ ɺʘʥʢʫʚʝʨʘ ʚʳʤʦʱʝʥʳ ... ʧʝʨʝʨʘʙʦʪʘʥʥʳʤ ʧʣʘʩʪʠʢʦʤè,  www.gizmag.com . 

 

 

ʋɼʂ 629.4 (075.8) 

 

ɿ.ɼ. ʊʶʣʶʙʘʝʚʘ
1,a
, ɸ.ʉ. ʂʘʙʜʫʣ

1,b
 

1
ʂʘʟʘʭʩʢʘʷ ʘʢʘʜʝʤʠʷ ʪʨʘʥʩʧʦʨʪʘ ʠ ʢʦʤʤʫʥʠʢʘʮʠʡ ʠʤ. ʄ. ʊʳʥʳʰʧʘʝʚʘ, ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ  

ʘ
merei-04@mail .ru, 

b
aida.kabdulova@mail.ru  

 

ʆʉʆɹɽʅʅʆʉʊʀ ʋʉʊʈʆʁʉʊɺɸ ʉʊʈɽʃʆʏʅʓʍ ʇɽʈɽɺʆɼʆɺ ʅɸ 

ʉʂʆʈʆʉʊʅʆʄ ʋʏɸʉʊʂɽ 

 

 ɸʥʥʦʪʘʮʠʷ. ʅʘ ʧʨʦʚʦʟʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ   

ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʶʪ ʢʦʣʠʯʝʩʪʚʦ ʠ ʬʦʨʤʘ ʩʪʨʝʣʦʯʥʳʭ ʧʝʨʝʚʦʜʦʚ. ʂʦʥʩʪʨʫʢʮʠʷ ʩʪʨʝʣʦʯʥʳʭ 

ʧʝʨʝʚʦʜʦʚ ʥʘʤʥʦʛʦ ʜʦʨʦʞʝ, ʯʝʤ ʢʦʥʩʪʨʫʢʮʠʷ ʧʫʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʩʪʨʝʣʦʯʥʳʝ ʧʝʨʝʚʦʜʳ 

ʷʚʣʷʶʪʩʷ ʢʘʧʠʪʘʣʦʝʤʢʠʤʠ ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʪʨʝʙʫʶʱʠʤʠ ʠʥʪʝʥʩʠʚʥʳʭ ʨʘʙʦʪ 

ʧʦ ʪʝʢʫʱʝʤʫ ʩʦʜʝʨʞʘʥʠʶ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʤʝʩʪʘʤʠ, ʟʘʪʨʫʜʥʷʶʱʠʤʠ ʧʨʦʝʟʜ 

ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʧʝʨʝʛʦʥʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ.  

ʇʦʵʪʦʤʫ, ʦʥʠ ʜʦʣʞʥʳ ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ ʠ ʨʘʩʧʦʣʦʞʝʥʳ ʪʘʢ, ʯʪʦʙʳ ʜʦʩʪʠʛʘʣʘʩʴ 

ʜʠʥʘʤʠʯʝʩʢʠ ʚʳʛʦʜʥʘʷ ʪʨʘʩʩʠʨʦʚʢʘ. ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ, 

ʪʘʢ ʢʘʢ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʢʦʚ ʚ ʢʦʥʩʪʨʫʢʪʠʚʥʦʤ ʫʩʪʨʦʡʩʪʚʝ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʚʳʩʦʢʠʝ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʫʩʠʣʠʷ, ʢʦʪʦʨʳʝ ʩʪʘʥʫʪ ʧʨʠʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʝʬʝʢʪʦʚ ʨʝʣʴʩʦʚ ʠ ʠʭ 

ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʛʦ ʠʟʥʦʩʘ. ʏʪʦʙʳ ʩʪʨʝʣʦʯʥʳʝ ʧʝʨʝʚʦʜʳ  ʪʝʭʥʠʯʝʩʢʠ ʚʦʩʧʨʠʥʠʤʘʣʠʩʴ ʢʘʢ 

ʨʘʚʥʦʧʨʘʚʥʳʝ ʵʣʝʤʝʥʪʳ, ʧʨʠ ʠʭ ʪʝʢʫʱʝʤ ʩʦʜʝʨʞʘʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʜʦʩʪʠʯʴ ʪʘʢʦʛʦ ʞʝ 

ʩʪʘʥʜʘʨʪʘ ʢʘʢ ʚ ʧʫʪʠ.  

 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʞʝʣʝʟʥʘʷ ʜʦʨʦʛʘ, ʨʘʟʚʠʪʠʝ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ, ʩʢʦʨʳʡ ʧʦʝʟʜ, 

ʩʪʨʝʣʦʯʥʳʡ ʧʝʨʝʚʦʜ, ʩʪʨʝʣʢʘ, ʢʨʝʩʪʦʚʠʥʘ, ʬʫʥʢʮʠʠ, ʪʠʧʳ ʩʪʨʝʣʦʯʥʳʭ ʧʝʨʝʚʦʜʦʚ. 

 ɸʥʜʘʪʧʘ. ᴆʪʢʽʟʫ ץʘʙʽʣʝʪʽʥʝ ʞᴅʥʝ ʞʳʣʞʳʤʘʣʳ ײץʨʘʤʥrץ שʦʟסʘʣʳʩʳʥʳש 

ʞʳʣʜʘʤʜʳסʳʥʘ ʙʘסʳʪ ʙײʨʤʘʣʘʨʜʳש ʩʘʥʳ ʤʝʥ ʧʽʰʽʥʽ ᴅʩʝʨ ʝʪʝʜʽ. ɹʘסʳʪ ʙײʨʤʘʣʘʨʜʳש 
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 ʨʳʣʳʩײץ ʨʜʝʣʽװʨʤʘʣʘʨʳ ʢײʳʪ ʙסʳʤʙʘʪ. ɹʘץ ʘʥʜʘסʘʨʘץ ʨʳʣʳʤʳʥʘײץ ʨʳʣʳʤʳ ʞʦʣײץ

ʙᴇʣʰʝʛʽ ʙʦʣʳʧ ʩʘʥʘʣʘʜʳ.  

ʉʦʥʜʳץʪʘʥ ʜʘ, ʦʣʘʨ ʢװʥʜʝʣʽʢʪʽ ʢװʪʽʤʜʽ ץʘʞʝʪ ʝʪʝʜʽ. ɹʘסʳʪ ʙײʨʤʘʣʘʨʜʳײץ שʨʳʣʳʤ 

ʰʝʛ̔ ʤʜʝʨʽ װʣʢʝʥ ʤᴅʥʛʝ ʠʝ, ײץʨʳʣʳʤʜʘסʳ ײץʨʳʣסʳʣʘʨʜʘסʳ ʞʝʪʽʩʧʝʫʰʽʣʽʢʪʝʨʜʝʥ 

ʜʠʥʘʤʠʢʘʣʳץ ʢװʰʪʝʨ װʣʢʝʡʧ, ʦʣ ʨʝʣʴʩ ʘץʘʫʣʘʨʳʥʳש ʞᴅʥʝ ʨʝʣʴʩ ʙװʡʽʨʽʥʽש ʪʝʟ ʪʦʟʫʳʥʘ 

ᴅʢʝʣʽʧ ʩʦסʫʳ ʤװʤʢʽʥ. ɹʘסʳʪ ʙײʨʤʘ ʪʝʭʥʠʢʘʣʳץ ʙʽʨʽסשʘʡ ʵʣʝʤʝʥʪ ʙʦʣʳʧ ץʘʙʳʣʜʘʥʫ װʰʽʥ, 

ʢװʥʜʝʣʽʢʪʽ ʢװʪʽʤʜʝ ʞʦʣʜʘסʳ ʩʪʘʥʜʘʨʪʪʘʨסʘ ʞʝʪʢʽʟʫ ʢʝʨʝʢ.  

 ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ʪʝʤʽʨʞʦʣ, ʪʝʤʽʨʞʦʣʜʳ ʜʘʤʳʪʫ, ʞװʨʜʝʢ ʧʦʡʳʟʜ, ʙʘסʳʪʪʘʤʘʣʳ 

ʙײʨʤʘ, װʰʢʽʣ, ʘʡץʘʩʧʘ, ʬʫʥʢʮʠʷʣʘʨʳ, ʙʘסʳʪʪʘʤʘʣʳ ʙײʨʤʘʥʳש ʪװʨʣʝʨʽ. 

 Abstract.The carrying capacity and speed of rolling stock is significantly are influenced 

by the number and from of arrow shifts. The design of arrow shifts is much more expensive than 

the design of the track. In addition, turnouts are capital-intensive construction elements that 

require intensive work on the current content and sensitive spots than hinder the passage of the 

rolling stock with distillation speeds.  

Therefore, they have to be designed and located so as to achieve the best tracing dynamically. 

Structural solutions are of great importance, because due to the shortcomings in the design of the 

device may be high dynamic forces that will cause defects in rails and their premature wear. In 

order turnouts to be perceived as equitable  elements, their current maintenance must achieve the 

same standard as on the track. 

 Key words: railways, development the railways, fast train, arrow shifts, points, frog, 

functions, types of arrow shifts. 

 

ʃʠʜʝʨ ʅʘʮʠʠ ʅʫʨʩʫʣʪʘʥ ʅʘʟʘʨʙʘʝʚ 11 ʥʦʷʙʨʷ 2014 ʛʦʜʘ ʥʘ ʧʦʣʠʪʩʦʚʝʪʝ ʧʘʨʪʠʠ 

çʅʫʨ ʆʪʘʥè ʦʙʨʘʪʠʣʩʷ ʩ ʇʦʩʣʘʥʠʝʤ ʥʘʨʦʜʫ ʂʘʟʘʭʩʪʘʥʘ çʅʫʨʣʳ ʞʦʣ ï ʇʫʪʴ ʚ ʙʫʜʫʱʝʝè, ʚ 

ʢʦʪʦʨʦʤ ʦʥ ʦʙʦʟʥʘʯʠʣ ʢʣʶʯʝʚʳʝ ʤʦʤʝʥʪʳ ʥʦʚʦʛʦ ʢʫʨʩʘ, ʥʦʚʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʠ 

ʂʘʟʘʭʩʪʘʥʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʦʪʤʝʪʠʣ: çʈʘʟʚʠʪʠʝ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

ʆʥʦ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʚ ʨʘʤʢʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʢʨʦʨʝʛʠʦʥʦʚ ʧʦ ʧʨʠʥʮʠʧʫ ʭʘʙʦʚ. 

ʇʨʠ ʵʪʦʤ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʡ ʢʘʨʢʘʩ ʩʚʷʞʝʪ ʩ ɸʩʪʘʥʦʡ ʠ ʤʝʞʜʫ ʩʦʙʦʡ ʤʘʢʨʦʨʝʛʠʦʥʳ 

ʤʘʛʠʩʪʨʘʣʴʥʳʤʠ ʘʚʪʦʤʦʙʠʣʴʥʳʤʠ, ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤʠ ʠ ʘʚʠʘʣʠʥʠʷʤʠ ʧʦ ʣʫʯʝʚʦʤʫ 

ʧʨʠʥʮʠʧʫ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʥʫʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʦʩʥʦʚʥʳʝ ʘʚʪʦʜʦʨʦʞʥʳʝ ʧʨʦʝʢʪʳ. ʕʪʦ 

ɿʘʧʘʜʥʳʡ ʂʠʪʘʡ ï ɿʘʧʘʜʥʘʷ ɽʚʨʦʧʘ; ɸʩʪʘʥʘ ï ɸʣʤʘʪʳ; ɸʩʪʘʥʘ ïʋʩʪʴ-ʂʘʤʝʥʦʛʦʨʩʢ; 

ɸʩʪʘʥʘ ï ɸʢʪʦʙʝ ï ɸʪʳʨʘʫ; ɸʣʤʘʪʳ ï ʋʩʪʴ-ʂʘʤʝʥʦʛʦʨʩʢ; ʂʘʨʘʛʘʥʜʘ ï ɾʝʟʢʘʟʛʘʥ ï 

ʂʳʟʳʣʦʨʜʘ; ɸʪʳʨʘʫ ï ɸʩʪʨʘʭʘʥʴ. 

ʂ 2025 ʛʦʜʫ פʊɾ ʜʦʣʞʥʘ ʩʪʘʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʦʡ 

ʢʦʤʧʘʥʠʝʡ, ʚ ʯʠʩʣʦ ʟʘʜʘʯ ʢʦʪʦʨʦʡ, ʧʦʤʠʤʦ ʨʦʩʪʘ ʘʢʮʠʦʥʝʨʥʦʡ ʩʪʦʠʤʦʩʪʠ, ʚʭʦʜʠʪ 

ʨʝʘʣʠʟʘʮʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʪʨʘʪʝʛʠʠ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʪʨʘʥʟʠʪʥʳʭ ʪʨʘʥʩʧʦʨʪʥʦ- 

ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʫʩʣʫʛ. ʇʨʠ ʵʪʦʤ, ʢʦʤʧʘʥʠʷ ʨʝʰʠʪ ʟʘʜʘʯʫ ʧʦʚʳʰʝʥʠʷ EVA ʜʦ ~ 359 ʤʣʨʜ. 

ʪʝʥʛʝ ʚ ʫʞʝ ʢ 2020 ʛʦʜʫ. ʂʦʤʧʘʥʠʷ ʧʨʦʜʦʣʞʠʪ ʚʳʧʦʣʥʷʪʴ ʚʩʝ ʧʨʠʥʷʪʳʝ ʦʙʷʟʘʪʝʣʴʩʪʚʘ ʧʦ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʶ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʝʨʚʠʩʘ ʩʚʦʠʤ ʢʣʠʝʥʪʘʤ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ 

ʟʘʜʘʯ ɸʆ çʅʂ çפʊɾè ʧʣʘʥʠʨʫʝʪ:  

ƴ ʨʝʘʣʠʟʘʮʠʶ ʧʨʦʛʨʘʤʤʳ ʧʨʠʚʘʪʠʟʘʮʠʠ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ;  

ƴ ʩʦʩʪʘʚʣʝʥʠʝ ʧʦʵʪʘʧʥʦʛʦ ʧʣʘʥʘ ʠʥʚʝʩʪʠʮʠʡ. ʇʣʘʥ ʙʫʜʝʪ ʨʝʛʫʣʷʨʥʦ ʦʙʥʦʚʣʷʪʴʩʷ ʩ 

ʫʯʝʪʦʤ ʬʘʢʪʠʯʝʩʢʦʛʦ ʨʦʩʪʘ ʢʦʥʪʝʡʥʝʨʥʦʛʦ ʪʨʘʥʟʠʪʘ;  

ƴ ʫʯʘʩʪʠʝ ʚ ʫʧʨʘʚʣʝʥʠʠ ʢʦʤʧʘʥʠʷʤʠ ʩ ʯʘʩʪʠʯʥʳʤ ʚʣʘʜʝʥʠʝʤ (ʧʦʩʣʝ ʧʨʠʚʘʪʠʟʘʮʠʠ) 

ʟʘ ʩʯʝʪ ʤʝʭʘʥʠʟʤʦʚ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʪʩʣʝʞʠʚʘʥʠʝ ʨʝʘʣʠʟʘʮʠʠ ʤʝʨʦʧʨʠʷʪʠʡ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʪʦʠʤʦʩʪʠ ʥʘ ʠʭ ʫʨʦʚʥʝ. ʆʩʥʦʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʨʘʟʚʠʪʠʷ 

ʪʨʘʥʩʧʦʨʪʘ ʷʚʣʷʶʪʩʷ:  ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ; 

ʩʦʟʜʘʥʠʝ ʜʣʠʥʥʦʩʦʩʪʘʚʥʳʭ ʛʨʫʟʦʚʳʭ ʧʦʝʟʜʦʚ ʩ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʧʨʦʜʦʣʴʥʳʭ ʩʠʣ 

ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʥʠʭ; ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʩʦʟʜʘʥʠʝ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ 

ʤʘʛʠʩʪʨʘʣʠ ɸʩʪʘʥʘ-ɸʣʤʘʪʳ; ʦʧʨʝʜʝʣʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘ ʠ 

ʦʧʪʠʤʠʟʘʮʠʷ ʞʝʩʪʢʦʩʪʠ ʧʦʜʨʝʣʴʩʦʚʦʛʦ ʦʩʥʦʚʘʥʠʷ ʥʘ ʫʯʘʩʪʢʘʭ ʩʢʦʨʦʩʪʥʦʛʦ ʜʚʠʞʝʥʠʷ; 
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ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʚʝʨʭʥʝʛʦ ʩʪʨʦʝʥʠʷ ʧʫʪʠ ʥʘ ʩʢʦʨʦʩʪʥʦʡ ʤʘʛʠʩʪʨʘʣʠ; 

ʩʦʟʜʘʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʢʦʥʪʝʡʥʝʨʥʳʭ ʛʨʫʟʦʚʳʭ ʧʝʨʝʚʦʟʦʢ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʪʨʘʥʩʧʦʨʪʦʤ[1]. 
ʂʘʢ ʩ ʵʢʦʥʦʤʠʯʝʩʢʦʡ, ʪʘʢ ʠ ʩ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʝʢ ʟʨʝʥʠʷ ʛʨʫʟʦʚʳʝ ʞʝʣʝʟʥʦ- 

ʜʦʨʦʞʥʳʝ ʧʝʨʝʚʦʟʢʠ ʥʝʦʙʭʦʜʠʤʦ ʩʯʠʪʘʪʴ ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ ʧʨʠ ʧʝʨʝʚʦʟʢʘʭ 

ʤʘʩʩʦʚʳʭ ʧʝʨʝʚʦʟʦʢ ʛʨʫʟʦʚ ʥʘ ʜʘʣʴʥʠʝ ʨʘʩʩʪʦʷʥʠʷ. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʞʝʣʝʟʥʳʭ 

ʜʦʨʦʛ ʨʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʢʣʠʤʘʪʘ ʠ ʧʨʠʨʦʜʥʳʭ 

ʨʝʛʠʦʥʦʚ, ʘ ʪʘʢʞʝ ʩʣʝʜʫʝʪ ʧʨʦʚʦʜʠʪʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩ ʫʯʝʪʦʤ ʵʢʦʣʦʛʠʠ ʠ ʦʭʨʘʥʳ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ ʥʘ 

ʧʝʨʝʚʦʟʢʫ ʛʨʫʟʦʚ ʟʘʪʨʘʯʠʚʘʝʪ ʚ 7 ʨʘʟ ʤʝʥʴʰʝ ʵʥʝʨʛʠʠ, ʯʝʤ ʘʚʪʦʤʦʙʠʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ ʠ 

ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤ. 

ʇʦʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝʥʠʠ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʦʝʟʜʦʚ ʩʚʳʰʝ 140 ʢʤ/ʯ ʥʘ 

ʤʘʛʠʩʪʨʘʣʴʥʦʤ ʧʫʪʠ ʜʦʩʪʠʛʘʶʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʫʯʘʩʪʢʦʚ (ʧʝʨʝʪʨʘʩʩʠʨʦʚʢʘ ʫʯʘʩʪʢʘ, ʣʠʢʚʠʜʘʮʠʷ ʢʨʠʚʳʭ 

ʤʘʣʦʛʦ ʨʘʜʠʫʩʘ, ʢʨʫʪʳʭ ʫʢʣʦʥʦʚ, ʟʘʤʝʥʘ ʩʨʝʜʩʪʚ ʩʠʛʥʘʣʠʟʘʮʠʠ ʠ ʜʨ.) 

ʉʣʝʜʫʝʪ ʫʢʘʟʘʪʴ, ʯʪʦ ʮʝʣʴʶ ʪʨʘʥʩʧʦʨʪʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʂʘʟʘʭʩʪʘʥʘ ʚ ʩʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ʦʧʨʝʜʝʣʝʥʘ ʠʥʪʝʛʨʘʮʠʷ ʚ  ʝʚʨʘʟʠʡʩʢʫʶ ʪʨʘʥʩʧʦʨʪʥʫʶ 

ʩʠʩʪʝʤʫ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʚʦʧʨʦʩʘ ʧʦʚʳʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʪʨʝʙʫʝʪ ʩʚʦʝʛʦ ʨʝʰʝʥʠʷ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, 

ʯʪʦ ʝʞʝʛʦʜʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʜʝʣʦʚʳʭ ʧʦʝʟʜʦʢ ʧʘʩʩʘʞʠʨʦʚ ʤʝʞʜʫ ɸʣʤʘʪʳ ʠ 

ɸʩʪʘʥʦʡ. 

ɺ ʤʠʨʦʚʦʤ ʤʘʩʰʪʘʙʝ ʧʦʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ: ʜʣʷ ʩʢʦʨʦʩʪʥʦʛʦ ʜʚʠʞʝʥʠʷ ʨʝʢʦʥʩʪʨʫʠʨʫʶʪʩʷ ʩʫʱʝʩʪʚʫʶʱʠʝ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʝ ʤʘʛʠʩʪʨʘʣʠ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʧʘʩʩʘʞʠʨʩʢʠʭ 

ʧʦʝʟʜʦʚ ʥʝ ʙʦʣʝʝ 160 é200 ʢʤ/ʯ; ʩʦʟʜʘʥʠʝ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʤʘʛʠʩʪʨʘʣʝʡ  (ɺʉʄ) ʩʦ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ ʜʦ  

350 ʢʤ/ʯ. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʧʦʜʧʠʩʘʥʦ ʩʦʛʣʘʰʝʥʠʝ ʤʝʞʜʫ ʂʘʟʘʭʩʪʘʥʦʤ ʠ ʂʠʪʘʡʩʢʦʡ 

ʅʘʨʦʜʥʦʡ ʈʝʩʧʫʙʣʠʢʦʡ ʦ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ɺʉʄ ʤʝʞʜʫ ʛʦʨʦʜʘʤʠ ɸʣʤʘʪʳ ʠ ɸʩʪʘʥʘ. 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ɺʉʄ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʝʸ ʦʩʥʦʚʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ [2]. 

ʆʨʛʘʥʠʟʘʮʠʷ ʩʢʦʨʦʩʪʥʦʛʦ ʜʚʠʞʝʥʠʷ ʥʘ ʫʯʘʩʪʢʝ ɸʣʤʘʪʳïɸʩʪʘʥʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʙʝʟ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʥʚʝʩʪʠʮʠʡ; ʨʘʙʦʪʳ ʧʦ ʢʘʧʠʪʘʣʴʥʦʤʫ ʨʝʤʦʥʪʫ ʩʦʦʨʫʞʝʥʠʡ ʠ ʫʩʪʨʦʡʩʪʚ 

ʚʳʧʦʣʥʷʣʠʩʴ ʚ ʧʣʘʥʦʚʦʤ ʧʦʨʷʜʢʝ ʚ ʧʨʝʜʝʣʘʭ ʝʞʝʛʦʜʥʦ ʚʳʧʦʣʥʷʝʤʳʭ ʩʨʝʜʩʪʚ. 

ɺ ʩʪʨʘʥʘʭ ɽʚʨʦʧʳ ʠʩʩʣʝʜʫʶʪʩʷ ʪʨʠ ʦʩʥʦʚʥʳʭ ʧʦʣʦʞʝʥʠʷ ʙʝʟʙʘʣʣʘʩʪʥʦʛʦ ʧʫʪʠ: ʩ 

ʦʩʥʦʚʘʥʠʝʤ ʠʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʙʦʨʥʦʛʦ ʞʝʣʝʟʦʙʝʪʦʥʘ ʥʘ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʩʚʷʟʘʥʥʦʤ ʥʝʩʫʱʝʤ ʩʣʦʝ; ʩʦ ʩʧʣʦʰʥʦʡ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʧʣʠʪʦʡ, ʠʤʝʶʱʝʡ 

ʩʢʚʦʟʥʦʝ ʘʨʤʠʨʦʚʘʥʠʝ, ʥʘ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʦʞʝʥʳ ʪʦʯʝʯʥʳʝ ʦʧʦʨʳ; ʩ ʨʝʣʴʩʦ-ʰʧʘʣʴʥʦʡ 

ʨʝʰʝʪʢʦʡ, ʟʘʤʦʥʦʣʠʯʝʥʥʦʡ ʚ ʩʧʣʦʰʥʫʶ ʞʝʣʝʟʦʙʝʪʦʥʥʫʶ ʧʣʠʪʫ ʠʣʠ ʫʧʨʫʛʦ ʫʣʦʞʝʥʥʦʡ ʥʘ 

ʥʝʝ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʦʝʟʜʦʚ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʣʠʥʠʷʭ ʥʝʦʙʭʦʜʠʤʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʫʪʝʚʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʫʩʪʨʦʡʩʪʚ ʉʎɹ ʠ ʩʪʨʝʣʦʯʥʦʛʦ ʧʝʨʝʚʦʜʘ. 

ɾʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʧʫʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ. ʂ ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʦʪʥʦʩʷʪ - ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʞʝʩʪʢʦʩʪʴ, 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʠ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʝ ʤʘʩʩʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʢʦʣʝʙʘʥʠʷʭ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʜʝʤʧʬʠʨʦʚʘʥʠʷ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʨʘʩʩʝʷʥʠʝ ʵʥʝʨʛʠʠ ʚ ʭʦʜʝ ʵʪʠʭ ʢʦʣʝʙʘʥʠʡ, ʧʝʨʠʦʜ 

ʨʝʣʘʢʩʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ(ʚʨʝʤʷ, ʟʘ ʢʦʪʦʨʦʝ ʧʫʪʴ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʠʩʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ 

ʙʳʚʰʝʝ ʜʦ ʧʨʦʧʫʩʢ ʧʦʝʟʜʘ ). 
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ɾʝʩʪʢʦʩʪʴ ʧʫʪʠ ʟʘʚʠʩʠʪ ʚ ʦʩʥʦʚʥʦʤ ʦʪ ʨʦʜʘ ʰʧʘʣ(ʜʝʨʝʚʷʥʥʳʝ, ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʝ), ʦʪ ʞʝʩʪʢʦʩʪʠ ʧʨʦʢʣʘʜʦʢ ʚ ʩʢʨʝʧʣʝʥʠʷʭ ʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʦʪ ʚʠʜʘ 

ʙʘʣʣʘʩʪʘ ʠ ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʢʦʣʴʮʝ ɺʅʀʀɾʊ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʚʝʣʠʯʠʥʘʭ ʫʧʨʫʛʠʭ ʦʩʘʜʦʢ ʧʦʜ ʨʘʩʯʝʪʥʦʡ ʥʘʛʨʫʟʢʦʡ 30 ʪʩ ʜʦ 3ʤʤ,   ʧʫʪʴ 

ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʩʪʘʙʠʣʴʥʳʤ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʥʦʨʤʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʧʨʠ ʧʨʦʧʫʱʝʥʥʦʤ ʪʦʥʥʘʞʝ ʜʦ 350 ʤʣʥ.ʪʢʤ/ ʢʤ ʧʨʠ ʦʩʝʚʳʭ ʥʘʛʨʫʟʢʘʭ 27é30 ʪʩ. 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʦʤ ʦʪʥʦʩʠʪʩʷ ʢ ʢʘʪʝʛʦʨʠʠ ʙʦʣʴʰʠʭ (ʩʣʦʞʥʳʭ) 

ʩʠʩʪʝʤ. ʆʥʘ ʦʙʲʝʜʠʥʷʝʪ ʥʝʩʢʦʣʴʢʦ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʦʜʩʠʩʪʝʤ (ʫʧʨʘʚʣʝʥʠʝ ʧʝʨʝʚʦʟʢʘʤʠ 

ʛʨʫʟʦʚ, ʧʘʩʩʘʞʠʨʦʚ, ʛʨʫʟʦʚʦʡ ʨʘʙʦʪʦʡ, ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʠ ʜ.ʨ),ʧʦʜʯʠʥʝʥʥʳʭ ʦʙʱʝʡ 

ʮʝʣʠ,ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʩʪʴʶ ʧʦʩʪʨʦʝʥʠʷ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʬʫʥʢʮʠʡ 

ʫʧʨʘʚʣʝʥʠʷ ʤʝʞʜʫ ʧʦʜʯʠʥʝʥʥʳʤʠ ʯʘʩʪʷʤʠ. 

ʇʨʠ ʵʪʦʤ ʩʠʩʪʝʤʘ ʠʩʧʦʣʴʟʫʝʪ ʢʘʢ ʚʥʫʪʨʝʥʥʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʝʝ ʯʘʩʪʷʤʠ, ʪʘʢ ʠ 

ʚʥʝʰʥʠʝ ï ʩ ʜʨʫʛʠʤʠ ʩʠʩʪʝʤʘʤʠ. 

ʊʝʭʥʦʣʦʛʠʷ ʧʨʦʮʝʩʩʘ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʦʤ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʪʨʠ ʵʪʘʧʘ: ʩʙʦʨ, 

ʧʦʜʛʦʪʦʚʢʘ ʠ ʧʝʨʝʜʘʯʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʦʙʲʝʢʪʦʚ; ʧʝʨʝʨʘʙʦʪʢʘ 

ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩ ʮʝʣʴʶ ʚʳʨʘʙʦʪʢʠ ʥʝʦʙʭʦʜʠʤʳʭ ʨʝʰʝʥʠʡ ʧʦ ʫʧʨʘʚʣʝʥʠʶ; 

ʚʳʜʘʯʘ ʠ ʜʦʚʝʜʝʥʠʝ ʜʦ ʠʩʧʦʣʥʠʪʝʣʝʡ ʫʧʨʘʚʣʷʶʱʠʭ ʧʨʝʜʧʠʩʘʥʠʡ ʠ ʨʘʟʣʠʯʥʦʡ 

ʨʘʩʧʦʨʷʜʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʆʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪ ʬʫʥʢʮʠʠ ʠʣʠ ʜʝʡʩʪʚʠʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʧʝʨʝʜ ʥʠʤ ʮʝʣʠ, ʥʘʧʨʠʤʝʨ, ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʠ ʧʦ ʧʝʨʝʚʦʟʢʝ ʛʨʫʟʦʚ ʠ 

ʧʘʩʩʘʞʠʨʦʚ. 

ʆʨʛʘʥ ʫʧʨʘʚʣʝʥʠʷ (ʆʋ) ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʦʨʤʘʣʴʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ 

ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʟʙʨʘʥʥʦʡ ʮʝʣʴʶ. 

ɺʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʆʋ ʠ ʫʧʨʘʚʣʷʝʤʳʤ ʦʙʲʝʢʪʦʤ ʩʪʨʦʷʪʩʷ ʧʦ ʟʘʢʦʥʘʤ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʚ ʨʘʤʢʘʭ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʮʝʩʩʘ ʫʧʨʘʚʣʝʥʠʷ: ʆʋ ʧʦʣʫʯʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦʙ 

ʦʙʲʝʢʪʝ, ʘʥʘʣʠʟʠʨʫʝʪ (ʦʙʨʘʙʘʪʳʚʘʝʪ) ʝʝ, ʧʨʠʥʠʤʘʝʪ ʨʝʰʝʥʠʝ ʠ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, 

ʬʦʨʤʠʨʫʝʪ ʨʘʩʧʦʨʷʜʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʧʝʨʝʜʘʝʪ ʝʸ ʥʘ ʦʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʫʧʨʘʚʣʝʥʠʝ ʣʶʙʳʤ ʦʙʲʝʢʪʦʤ ʪʨʘʥʩʧʦʨʪʘ, ʨʘʟʣʠʯʘʷʩʴ ʧʦ ʩʚʦʠʤ ʮʝʣʷʤ, ʟʘʜʘʯʘʤ ʠ 

ʩʦʜʝʨʞʘʥʠʶ, ʢʦʪʦʨʳʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʩʠʩʪʝʤʘ ʬʫʥʢʮʠʦʥʠʨʫʝʪ. 

ʇʦʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ ʧʘʩʩʘʞʠʨʩʢʠʭ ʠ ʛʨʫʟʦʚʳʭ ʧʦʝʟʜʦʚ ï ʵʪʦ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʜʘʣʴʥʝʡʰʝʡ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʝʨʝʚʦʟʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ. ɸʥʘʣʠʟ 

ʨʘʟʚʠʪʠʷ ʠ ʩʦʩʪʦʷʥʠʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʝʥʜʝʥʮʠʶ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ ʚʦ ʚʩʝʭ ʩʪʨʘʥʘʭ. 

ʉʦʚʨʝʤʝʥʥʳʡ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʧʫʪʴ ʩ ʚʝʨʭʥʠʤ ʩʪʨʦʝʥʠʝʤ, ʩʦʩʪʦʷʱʠʤ ʠʟ 

ʨʝʣʴʩʦʰʧʘʣʴʥʦʡ ʨʝʰʝʪʢʠ ʠ ʱʝʙʝʥʦʯʥʦʛʦ ʙʘʣʣʘʩʪʘ, ʪʝʦʨʝʪʠʯʝʩʢʠ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ 

ʩʢʦʨʦʩʪʴ ʜʦ 500 ʢʤ/ʯ. ɼʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʥʘ ʢʦʣʝʡʥʦʤ ʪʨʘʥʩʧʦʨʪʝ 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ. 

ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ ʠʥʩʪʠʪʫʪʦʤ ʷʧʦʥʩʢʠʭ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʦʪ 100 ʜʦ 400 ʢʤ/ʯ ʵʬʬʝʢʪʠʚʥʳʡ ʩʮʝʧʥʦʡ ʚʝʩ ʧʦʜʚʠʞʥʦʡ ʝʜʠʥʠʮʳ 

ʫʤʝʥʴʰʘʝʪʩʷ ʚ 2,5 ʨʘʟʘ, ʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʚʠʞʝʥʠʶ ʚʦʟʨʘʩʪʘʝʪ ʥʘʩʪʦʣʴʢʦ, ʯʪʦ ʚ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʤʦʤʝʥʪ ʫʨʘʚʥʦʚʝʰʠʚʘʝʪ ʩʠʣʫ ʪʷʛʠ. ʊʘʢʦʡ ʤʦʤʝʥʪ ʥʘʩʪʫʧʘʝʪ, ʧʦ ʜʘʥʥʳʤ 

ʷʧʦʥʩʢʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʧʨʠ ʩʢʦʨʦʩʪʠ 370 ʢʤ/ʯ. ʇʦʧʳʪʢʠ ʧʨʝʚʳʩʠʪʴ ʵʪʫ ʩʢʦʨʦʩʪʴ ʫʩʧʝʭʘ 

ʥʝ ʠʤʝʣʠ, ʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʫʩʢʦʨʷʶʱʝʝ ʫʩʠʣʠʝ ʧʨʠʚʦʜʠʣʦ ʣʠʰʴ ʢ ʩʢʦʣʴʞʝʥʠʶ ʢʦʣʝʩ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʧʨʦʮʝʩʩʘ ʧʦʚʳʰʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ ʩʯʠʪʘʶʪ ʩʫʱʝʩʪʚʝʥʥʳʤ ʥʝ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ, ʘ ʩʨʝʜʥʶʶ ʩʢʦʨʦʩʪʴ ʤʝʞʜʫ ʧʫʥʢʪʘʤʠ ʧʦʩʘʜʢʠ ʠ 

ʥʘʟʥʘʯʝʥʠʷ. ʊʘʢ, ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʝʟʜʘ ʧʦ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʝ ʚ ʜʘʣʴʥʝʤ 

ʧʘʩʩʘʞʠʨʩʢʦʤ ʩʦʦʙʱʝʥʠʠ ʧʨʠ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ 120 ʢʤ/ʯ ʤʝʥʴʰʝ, ʯʝʤ ʥʘ ʣʝʛʢʦʚʦʤ 

ʘʚʪʦʤʦʙʠʣʝ, ʘ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʜʦ 250 ʢʤ ï ʤʝʥʴʰʝ, ʯʝʤ ʥʘ ʚʦʟʜʫʰʥʦʤ ʪʨʘʥʩʧʦʨʪʝ. ɺ ʨʘʚʥʦʡ 

ʤʝʨʝ ʧʨʠ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʧʦʝʟʜʘ ʜʦ 160 ʢʤ/ʯ ʞʝʣʝʟʥʳʝ ʜʦʨʦʛʠ ʠʤʝʶʪ ʧʨʝʠʤʫʱʝʩʪʚʦ ʚʦ 

ʚʨʝʤʝʥʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʦʟʜʫʰʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ ʧʨʠ ʜʘʣʴʥʦʩʪʠ ʜʦ 350 ʢʤ, ʘ ʧʨʠ 
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ʩʢʦʨʦʩʪʠ 200 ʢʤ/ʯ ï ʧʨʠ ʜʘʣʴʥʦʩʪʠ ʜʦ 450 ʢʤ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ 

ʩʢʦʨʦʩʪʥʫʶ ʣʠʥʠʶ ʗʧʦʥʠʠ ʊʦʢʠʦ ï ʆʩʘʢʘ ʜʣʠʥʦʡ 515 ʢʤ, ʧʦʩʪʨʦʝʥʥʫʶ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 250 ʢʤ/ʯ. 

ʀʥʞʝʥʝʨʥʘʷ ʦʙʱʝʩʪʚʝʥʥʦʩʪʴ ʥʘʰʝʡ ʩʪʨʘʥʳ ʠʩʭʦʜʷ ʠʟ ʨʝʘʣʴʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʠ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʪʝʭʥʠʯʝʩʢʦʛʦ ʚʦʦʨʫʞʝʥʠʷ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ ʧʨʠʟʥʘʣʘ ʚʦʟʤʦʞʥʳʤ ʚ 

ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ ʨʝʘʣʠʟʦʚʘʪʴ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ ʥʘ ʨʷʜʝ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ: 

ʛʨʫʟʦʚʳʭ ï ʜʦ 120 ʢʤ/ʯ, ʛʨʫʟʦʚʳʭ ʨʝʬʨʠʞʝʨʘʪʦʨʥʳʭ ï ʜʦ 140 ʢʤ/ʯ, ʧʘʩʩʘʞʠʨʩʢʠʭ ï ʜʦ 

160ï180 ʢʤ/ʯ, ʘ ʥʘ ʩʧʝʮʠʘʣʴʥʳʭ ʩʢʦʨʦʩʪʥʳʭ ʣʠʥʠʷʭ ï ʜʦ 200ï250 ʢʤ/ʯ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ ʚʣʠʷʝʪ ʥʘ ʩʦʩʪʦʷʥʠʝ 

ʧʘʩʩʘʞʠʨʦʚ, ʢʦʥʩʪʨʫʢʮʠʶ ʧʫʪʠ, ʧʦʜʚʠʞʥʦʡ ʩʦʩʪʘʚ, ʫʩʪʨʦʡʩʪʚʦ ʘʚʪʦʤʘʪʠʢʠ, ʩʚʷʟʠ, 

ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʥʘ ʬʦʨʤʳ ʠ ʤʝʪʦʜʳ ʵʢʩʧʣʫʘʪʘʮʠʠ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ. ʅʘʧʨʠʤʝʨ, 

ʧʦʪʝʨʷ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʥʘ ʫʜʘʨ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʫʪʠ ʠ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʚʘʜʨʘʪʫ ʩʢʦʨʦʩʪʠ. ɸ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʫ ʧʘʩʩʘʞʠʨʦʚ ʠ 

ʣʶʜʝʡ, ʦʙʩʣʫʞʠʚʘʶʱʠʭ ʧʦʝʟʜʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʜʦ ʩʠʭ 

ʧʦʨ ʚʦ ʤʥʦʛʦʤ ʝʱʝ ʥʝ ʠʟʫʯʝʥʳ. ʇʦʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ ʚʳʟʳʚʘʝʪ ʠ ʬʠʥʘʥʩʦʚʦ-

ʤʘʪʝʨʠʘʣʴʥʳʝ ʟʘʪʨʘʪʳ [3] . 

ʈʘʩʩʤʦʪʨʠʤ ʬʘʢʪʦʨʳ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʨʦʩʪ ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ. ʅʘʡʪʠ 

ʚʩʝ ʵʪʠ ʬʘʢʪʦʨʳ ʯʨʝʟʚʳʯʘʡʥʦ ʩʣʦʞʥʦ. ɺ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʢʨʠʪʝʨʠʷʤʠ ʦʛʨʘʥʠʯʝʥʠʷ 

ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʫʪʠ ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ: 

ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ; 

ʦʙʝʩʧʝʯʝʥʠʝ ʢʦʤʬʦʨʪʘʙʝʣʴʥʦʩʪʠ ʝʟʜʳ ʧʘʩʩʘʞʠʨʦʚ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ; 

ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʫʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʨʘʮʠʦʥʘʣʴʥʦʝ ʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʘ ʝʩʪʴ ʥʝʦʙʭʦʜʠʤʦʝ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ 

ʤʝʨʦʧʨʠʷʪʠʝ. 

ʇʦʜ ʢʦʤʬʦʨʪʘʙʝʣʴʥʦʩʪʴʶ ʝʟʜʳ ʧʘʩʩʘʞʠʨʦʚ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʦʥʠʤʘʝʪʩʷ ʩʪʝʧʝʥʴ 

ʧʝʨʝʥʦʩʠʤʦʩʪʠ ʨʘʟʜʨʘʞʘʶʱʠʭ ʬʘʢʪʦʨʦʚ ʙʝʟ ʥʘʨʫʰʝʥʠʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ 

ʦʨʛʘʥʠʟʤʘ ʧʦʜʘʚʣʷʶʱʝʛʦ ʯʠʩʣʘ ʧʘʩʩʘʞʠʨʦʚ. ʕʪʠ ʬʘʢʪʦʨʳ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʜʚʠʞʝʥʠʠ 

ʧʦʝʟʜʘ ʠ ʟʘʚʠʩʷʪ ʦʪ ʝʛʦ ʩʢʦʨʦʩʪʠ, ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʩʦʩʪʦʷʥʠʷ ʧʫʪʠ ʠ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ. 

ʅʘʩʢʦʣʴʢʦ ʠʟʚʝʩʪʥʦ, ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʩʘʤʘ ʧʦ ʩʝʙʝ, ʢʦʛʜʘ ʦʥʘ ʫʞʝ ʜʦʩʪʠʛʣʘ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʝʣʠʯʠʥʳ ʠ ʚ ʵʪʦ ʩʦʩʪʦʷʥʠʝ ʚʚʝʜʝʥ ʯʝʣʦʚʝʢ, ʥʝ ʦʢʘʟʳʚʘʝʪ ʦʱʫʪʠʤʦʛʦ 

ʚʣʠʷʥʠʷ ʥʘ ʯʝʣʦʚʝʯʝʩʢʠʡ ʦʨʛʘʥʠʟʤ. ʅʘʧʨʠʤʝʨ, ʤʳ ʚʩʝ ʥʝʩʝʤʩʷ ʚʤʝʩʪʝ ʩ ɿʝʤʣʝʡ ʩʦ 

ʩʢʦʨʦʩʪʴʶ ʦʢʦʣʦ 30 ʢʤ/ʩ, ʪʦ ʝʩʪʴ ʙʦʣʝʝ 100 000 ʢʤ/ʯ, ʠ ʜʘʞʝ ʥʝ ʦʱʫʱʘʝʤ ʵʪʦʛʦ. ʂ 

ʙʦʣʴʰʠʤ ʩʢʦʨʦʩʪʷʤ ʜʚʠʞʝʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʯʝʣʦʚʝʢ ʫʞʝ ʧʨʠʚʳʢ ʧʨʠ ʧʦʣʝʪʘʭ 

ʥʘ ʩʘʤʦʣʝʪʘʭ, ʩʢʦʨʦʩʪʴ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʝʪ ʩʚʳʰʝ 800ï1000 ʢʤ/ʯ. ʆʜʥʘʢʦ, ʝʩʣʠ 

ʜʦʩʪʠʛʥʫʪʘʷ ʨʘʚʥʦʤʝʨʥʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʩʘʤʘ ʧʦ ʩʝʙʝ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ 

ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ, ʪʦ ʫʩʢʦʨʝʥʠʷ ʣʠʥʝʡʥʦʝ ʠ ʮʝʥʪʨʦʙʝʞʥʦʝ, ʘ ʪʘʢʞʝ ʠʭ ʠʟʤʝʥʝʥʠʷ ʚ 

ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʦʧʨʝʜʝʣʷʶʪ ʩʦʙʦʡ ʩʪʝʧʝʥʴ ʨʘʟʜʨʘʞʝʥʠʷ ʠ ʥʘʨʫʰʝʥʠʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʡ ʦʨʛʘʥʠʟʤʘ. 

ʆʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʠʩʧʳʪʳʚʘʝʪ ʫʩʢʦʨʝʥʠʝ, ʢʦʛʜʘ ʥʘ ʥʝʛʦ ʚʦʟʜʝʡʩʪʚʫʶʪ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʠʣʳ. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʚ ʢʘʢʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʜʝʡʩʪʚʫʶʪ ʩʠʣʳ, ʠʭ 

ʚʣʠʷʥʠʝ ʩʢʘʟʳʚʘʝʪʩʷ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʥʘ ʤʷʛʢʠʭ ʦʧʦʨʥʳʭ ʪʢʘʥʷʭ, ʢʦʩʪʥʦʡ ʪʢʘʥʠ, 

ʦʨʛʘʥʘʭ, ʧʦʜʚʝʰʝʥʥʳʭ ʚ ʧʦʣʦʩʪʷʭ ʪʝʣʘ, ʠ ʥʘ ʞʠʜʢʦʩʪʷʭ ʦʨʛʘʥʠʟʤʘ. ʇʨʠ ʫʩʢʦʨʝʥʠʷʭ ʵʪʠ 

ʩʠʣʳ ʨʘʟʚʠʚʘʶʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ ʜʘʚʣʝʥʠʝ, ʤʦʛʫʱʝʝ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʩʪʘʪʴ 

ʧʨʠʯʠʥʦʡ ʪʨʘʚʤʳ. 

ʇʨʠ ʜʝʡʩʪʚʠʠ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ ʙʦʣʝʝ ʪʷʞʝʣʳʝ ʦʨʛʘʥʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ 

ʧʦʣʦʩʪʷʭ ʪʝʣʘ, ʣʠʙʦ ʥʝʩʢʦʣʴʢʦ ʩʤʝʱʘʶʪʩʷ ʠʟ ʦʙʳʯʥʦʛʦ ʧʦʣʦʞʝʥʠʷ, ʣʠʙʦ ʠʩʧʳʪʳʚʘʶʪ 

ʧʨʦʪʠʚʦʜʘʚʣʝʥʠʝ ʩʦ ʩʪʦʨʦʥʳ ʥʘʜʣʝʞʘʱʠʭ ʯʘʩʪʝʡ ʩʢʝʣʝʪʘ. ʀʟ ʪʢʘʥʝʚʳʭ ʞʠʜʢʦʩʪʝʡ ʢʨʦʚʴ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʧʦʜʚʝʨʞʝʥʘ ʚʦʟʜʝʡʩʪʚʠʶ ʫʩʢʦʨʝʥʠʷ. ʉʠʣʳ ʫʩʢʦʨʝʥʠʷ ʚʳʟʳʚʘʶʪ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʨʦʚʠ ʠ ʜʘʚʣʝʥʠʷ ʚʥʫʪʨʠ ʢʨʫʧʥʳʭ ʠ ʤʝʣʢʠʭ ʩʦʩʫʜʦʚ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ ʧʦ ʫʩʣʦʚʠʷʤ ʦʙʝʩʧʝʯʝʥʠʷ 

ʢʦʤʬʦʨʪʘʙʝʣʴʥʦʩʪʠ ʝʟʜʳ ʧʘʩʩʘʞʠʨʦʚ ʜʦʣʞʥʳ ʦʧʨʝʜʝʣʷʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʜʦʧʫʩʢʘʝʤʳʭ ʚʝʣʠʯʠʥ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʥʝʧʦʛʘʰʝʥʥʳʭ ʫʩʢʦʨʝʥʠʡ [4]. 

ʉʦʟʜʘʚʘʷ ʥʘʜʣʝʞʘʱʠʝ ʫʩʣʦʚʠʷ ʧʘʩʩʘʞʠʨʘʤ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʷʪʴ 

ʩʢʦʨʦʩʪʠ ʠ ʧʦ ʫʩʣʦʚʠʷʤ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ. 

ʌʘʢʪʦʨ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʫʪʠ ʪʨʝʙʫʝʪ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ ʩʦʛʣʘʩʥʦ ʨʘʩʯʝʪʘʤ ʧʫʪʠ ʥʘ ʧʨʦʯʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʘ 

ʪʘʢʞʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ. 

ɺʳʚʦʜʳ. ʀʩʩʣʝʜʫʷ, ʦʩʦʙʝʥʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚʘ ʩʪʨʝʣʦʯʥʳʭ ʧʝʨʝʚʦʜʦʚ ʥʘ ʩʢʦʨʦʩʪʥʦʤ 

ʫʯʘʩʪʢʝ, ʷ ʦʟʥʘʢʦʤʠʣʘʩʴ: ʩʦ ʩʪʨʝʣʦʯʥʳʤ ʧʝʨʝʚʦʜʦʤ, ʩ ʜʝʪʘʣʷʤʠ ʩʪʨʝʣʦʯʥʦʛʦ ʧʝʨʝʚʦʜʘ, ʩ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʪʨʝʣʦʯʥʦʛʦ ʧʝʨʝʚʦʜʘ ʥʘ ʩʢʦʨʦʩʪʥʦʤ ʫʯʘʩʪʢʝ. ʇʨʦʚʝʣʘ ʘʥʘʣʠʟ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʢʦʨʦʩʪʥʳʭ ʫʯʘʩʪʢʦʚ ʚ ʈʦʩʩʠʠ ʠ ʚ ʂʘʟʘʭʩʪʘʥʝ, ʭʦʪʝʣʦʩʴ ʙʳ, ʯʪʦʙʳ ʚ ʥʘʰʝʡ 

ʩʪʨʘʥʝ ʧʦʷʚʠʣʩʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʧʦʝʟʜ, ʜʦʩʪʠʛʘʶʱʠʡ ʩʢʦʨʦʩʪʠ ʦʪ 200 ʜʦ 400 ʢʤ/ʯʘʩ, 

ʪʘʢ ʢʘʢ ʩʦʚʨʝʤʝʥʥʳʡ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʧʫʪʴ ʩ ʚʝʨʭʥʠʤ ʩʪʨʦʝʥʠʝʤ, ʩʦʩʪʦʷʱʠʤ ʠʟ 

ʨʝʣʴʩʦʰʧʘʣʴʥʦʡ ʨʝʰʝʪʢʠ ʠ ʱʝʙʝʥʦʯʥʦʛʦ ʙʘʣʣʘʩʪʘ, ʪʝʦʨʝʪʠʯʝʩʢʠ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ 

ʩʢʦʨʦʩʪʴ ʜʦ 500 ʢʤ/ʯ. ɼʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ  ʥʘ ʢʦʣʝʡʥʦʤ ʪʨʘʥʩʧʦʨʪʝ 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ. ʇʨʠ ʘʥʘʣʠʟʝ ʧʨʦʮʝʩʩʘ ʧʦʚʳʰʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ ʩʯʠʪʘʶʪ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʥʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ, ʘ ʩʨʝʜʥʶʶ ʩʢʦʨʦʩʪʴ ʤʝʞʜʫ ʧʫʥʢʪʘʤʠ 

ʧʦʩʘʜʢʠ ʠ ʥʘʟʥʘʯʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʨʝʰʝʥʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʤʘʛʠʩʪʨʘʣʠ ʚ ʂʘʟʘʭʩʪʘʥʝ ʥʘʭʦʜʷʪ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ. 

ʇʦʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʦʝʟʜʦʚ ʥʘ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʣʠʥʠʷʭ ʪʨʝʙʫʝʪ ʚʥʝʜʨʝʥʠʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ  

ʤʝʨʦʧʨʠʷʪʠʡ ʦ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʫʪʝʚʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʫʩʪʨʦʡʩʪʚ ʉʎɹ ʠ ʩʪʨʝʣʦʯʥʦʛʦ 

ʧʝʨʝʚʦʜʘ. 
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ʤʘʛʤʘʣʳץ ʞʳʥʳʩʪʘʨʜʳש ʝʥʫʽ ʞᴅʥʝ ʤʝʪʘʤʦʨʬʠʟʤ (ᴇʟʛʝʨʽʩʢʝ ײʰʳʨʘסʘʥ), ʷסʥʠ ʵʥʜʦʛʝʥʜʽʢ 

ʧʨʦʮʝʩʪʝʨʜʽש ᴅʨʪװʨʣʽʣʽʛʽ, ʩʦʣʘʨʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʪʘʫ ʞʳʥʳʩʪʘʨʳʥʳײץ שʨʳʣʳʤʳʥʜʘ, 

ʤʠʥʝʨʘʣʜʳץ ʞᴅʥʝ ʭʠʤʠʷʣʳײץ ץʨʳʣʳʩʳʥʜʘ ʙʦʣסʘʥ ץʘʥʜʘʡ ʜʘ ʙʽʨ ᴇʟʛʝʨʽʩʪʝʨ ʪװʨʣʽ ʧʘʡʜʘʣʳ 

 ʠסʛʝʡʽʥʜʝ, ʪʘʙʠשʜʘʤʫ ʜʝ שʘʟʽʨʛʽ ʪʝʭʥʠʢʘʥʳץ ,ʘʟʙʘʣʘʨ ʜʝʧץ ʟʝʜʽ. ʇʘʡʜʘʣʳװʘʟʙʘʣʘʨʜʳ ʪץ

ʪװʨʽʥʜʝ ʥʝʤʝʩʝ ᴇשʜʝʣʛʝʥʥʝʥ ʢʝʡʽʥ ʰʘʨʫʘʰʳʣʳץʪʘ ʧʘʡʜʘʣʘʥʫסʘ ʙʦʣʘʪʳʥ ʤʠʥʝʨʘʣʜʘʨ ʤʝʥ 

ʪʘʫ ʞʳʥʳʩʪʘʨʳʥ ʘʡʪʘʜʳ.  
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 ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ʪʘʫ ʞʳʥʳʩʪʘʨʳ, ʤʘʛʤʘʣʳץ ʪʘʫ ʞʳʥʳʩʪʘʨʳ, ʰᴇʛʽʥʜʽ ʪʘʫ 

ʞʳʥʳʩʪʘʨʳ, ʤʝʪʘʤʦʨʬʪʳץ ʪʘʫ ʞʳʥʳʩʪʘʨʳ, ʤʠʥʝʨʘʣʜʳ ʨʝʩʫʨʩʪʘʨ, ʤʠʥʝʨʘʣʜʳץ ʰʠʢʽʟʘʪ, 

ʧʘʡʜʘʣʳ ץʘʟʙʘʣʘʨ. 

ɸʥʥʦʪʘʮʠʷ. ʂʘʟʘʭʩʪʘʥ ʠʟʚʝʩʪʝʥ ʩʚʦʠʤʠ ʙʦʛʘʪʳʤʠ ʥʝʜʨʘʤʠ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʘʟʚʠʪʠʷ ʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʟʝʤʥʦʡ ʢʦʨʳ. ɻʦʨʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʠ ʤʝʪʘʤʦʨʬʠʟʤʘ (ʠʟʤʝʥʝʥʥʳʝ), ʪ. ʝ. ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʵʥʜʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ ʚ ʩʪʨʫʢʪʫʨʝ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ, ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʦʙʨʘʟʫʶʪ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 

ʢʘʢʠʝ-ʣʠʙʦ ʠʟʤʝʥʝʥʠʷ. ʇʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ, ʥʘ ʫʨʦʚʥʝ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʠ, ʚ 

ʚʠʜʝ ʧʨʠʨʦʜʥʦʛʦ ʠʣʠ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʭʦʟʷʡʩʪʚʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʦʨʥʳʝ ʧʦʨʦʜ,r ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʛʦʨʥʳʝ ʧʦʨʦʜʳ, ʦʩʘʜʦʯʥʳʝ 

ʛʦʨʥʳʝ ʧʦʨʦʜʳ, ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʛʦʨʥʳʝ ʧʦʨʦʜʳ, ʤʠʥʝʨʘʣʴʥʳʝ ʨʝʩʫʨʩʳ, ʤʠʥʝʨʘʣʴʥʦʝ 

ʩʳʨʴʝ, ʧʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ. 

Abstract. Kazakhstan is known for its rich mineral wealth. This is due to the peculiarities 

of the development and geological structure of the earth's crust. Mountain formations, magmatic 

rocks and metamorphism (altered), that is, the variety of endogenous processes associated with 

them in the structure of rocks, minerals, various chemical and mineral forms during the 

construction of any changes. Minerals, at the level of development of modern technology, in the 

form of natural or after processing, which can be used on the farm. 

Key words: rocks, igneous rocks, sedimentary rocks, metamorphic rocks, mineral 

resources, mineral raw materials, minerals. 

 

 ץʭʘʣʳ שʈ-ʥʳפ ʪʘʨʳ ᴇʥʝʨʢᴅʩʽʙʽץʨʳʣʳʩ ʤʘʪʝʨʠʘʣʜʘʨʳ ʤʝʥ ʞʘʙʜʳײפ

ʰʘʨʫʘʰʳʣʳסʳʥʳש ʘʣʜʳסשʳ ץʘʪʘʨʜʘסʳ ʪʘʨʤʘץʪʘʨʳʥʳש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʊײʨʤʳʩʪʳץ, 

ᴇʥʜʽʨʽʩʪʽʢ, ʛʠʜʨʦʪʝʭʥʠʢʘʣʳץ, ʤᴅʜʝʥʠ, ʪʨʘʥʩʧʦʨʪʪʳץ ʞᴅʥʝ ʪ.ʙ ײץʨʳʣʳʩʪʘʨ ʩʘʥ ʘʣʫʘʥ 

 .ʘʞʝʪ ʝʪʝʜʽ [1]ץ ʨʣʝʨʽʥ ʢᴇʧ ʤᴇʣʰʝʨʜʝװʪʘʨʳ ʪץʨʳʣʳʩ ʤʘʪʝʨʠʘʣʜʘʨʳ ʤʝʥ ʞʘʙʜʳײץ

 ʥʝʤʜʽװ ʪʘʨʜʳ ʪʠʽʤʜʽ ʞᴅʥʝץʨʳʣʳʩ ʤʘʪʝʨʠʘʣʜʘʨʳ ʤʝʥ ʞʘʙʜʳײץ ʨʳʣʳʩʪʘײפ

ʧʘʡʜʘʣʘʥʫ ײפʨʳʣʳʩʰʳ-ʠʥʞʝʥʝʨʣʝʨʜʽש ʦʣʘʨʜʳײץ שʨʘʤʜʘʨʳ, ʟʘʪʪʘʨʜʳש  ʭʠʤʠʷʣʳץ 

ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʝʩʢʝʨʫʛʝ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ᴅʨʪװʨʣʽ ײץʨʳʣʳʩ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥʜʘ ʞײʤʳʩ 

ʰʘʨʪʪʘʨʳʥ ʩʘץʪʘʫסʘ ʪʽʢʝʣʝʡ ʙʘʡʣʘʥʳʩʪʳ. ʉʦʥʜʳץʪʘʥ ײץʨʳʣʳʩ ʤʘʪʝʨʠʘʣʜʘʨʳ ʤʝʥ 

ʞʘʙʜʳץʪʘʨʳ ʢʫʨʩʳ ײץʨʳʣʳʩʰʳ-ʠʥʞʝʥʝʨʣʝʨʜʽ ʜʘʡʳʥʜʘʫ װʜʝʨ̔ʩʽʥʜʝ ʝש ʙʘʩʪʳ ʦʨʳʥʜʳ 

ʠʝʣʝʥʝʜʽ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ץ.ʤ. ʧᴅʥʽ ʢᴇʧʪʝʛʝʥ ʠʥʞʝʥʝʨʣʽʢ ʧᴅʥʜʝʨʜʽש ʪװʧ ʥʝʛʽʟʽ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ, ʦʣʘʨ - ײץʨʳʣʳʩ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳ, ʘʨʭʠʪʝʢʪʫʨʘ, ײץʨʳʣʳʩ ʪʝʭʥʦʣʦʛʠʷʩʳ ʞᴅʥʝ 

ʪ.ʙ. 

 ʨʣʽʣʽʛʽʥʝ ʙʘʡʣʘʥʳʩʪʳװʢᴇʧ ʪ שʫ ʙʘʨʳʩʳʥʜʘ ʦʥʳץʨʳʣʳʩ ʤʘʪʝʨʠʘʣʜʘʨʳʥ ʦײפ

ʢʣʘʩʩʠʬʠʢʘʮʠʷʣʘʨסʘ ʙᴇʣʝʜʽ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʥʝʛʽʟʽʥʜʝ ʝʢʽ ʘʡʳʨʤʘʰʳʣʳץ ʙʘʨ ʜʝʫʛʝ 

ʙʦʣʘʜʳ: 

 ʤʘʪʝʨʠʷʣʜʘʨ ץʘʣʳסʘʙʳʨץ ,ʳʥʘ ʙʘʡʣʘʥʳʩʪʳ. ʄʳʩʘʣʳשʦʣʜʘʥʫ ʘʣʘץ ʨʳʣʳʩʪʘײפ (1

ʪʦʙʳʥ ʙᴇʣʩʝʢ ʙʦʣʘʜʳ, ʦʣ סʠʤʘʨʘʪʪʘʨʜʳץ שʘʙʳʨסʘʩʳʥ ʢᴇʪʝʨʫʛʝ ʘʨʥʘʣסʘʥ, ʰʘʪʳʨʣʳ 

ʤʘʪʝʨʠʘʣʜʘʨ סʠʤʘʨʘʪʪʘʨʜʳש ʪᴇʙʝʩʽʥ ʙʘʩʪʳʨʫסʘ ʘʨʥʘʣסʘʥ, ᴅʨʣʝʫʽʰ ʤʘʪʝʨʠʘʣʜʘʨ 

 ʥʜʘʡײʘʥ ʞᴅʥʝ ʪ.ʙ. ʄסʰʽʥ ʘʨʥʘʣװ ʳ ʢʝʣʙʝʪʽʥ ᴅʨʣʝʫץʽʰʢʽ ʞᴅʥʝ ʩʳʨʪ שʠʤʘʨʘʪʪʘʨʜʳס

ʢʣʘʩʩʠʬʠʢʘʮʠʷסʘ ʙᴇʣʫʜʽש ʳסשʘʡʩʳʟʜʳסʳ ʙײʣ ʪʦʧץʘ ʢʽʨʝʪʽʥ ײץʨʳʣʳʩ ʤʘʪʝʨʠʘʣʜʘʨʳʥʳש 

 ʪʘʣʘʪʳʥ ʞᴅʥʝ ʜʝץʨʣʽ ʰʠʢʽʟʘʪʪʘʥ ʞʘʩʘװʩʘʤʘʡʪʳʥ, ᴅʨʪץײ ʣʜʝʤװʳʥʘʥ ʙʽʨ-ʙʽʨʽʥʝ ʤסʨʘʤʳ ʞʘײץ

ᴅʨʪװʨʣʽ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ץʘʞʝʪ ʝʪʝʪʽʥ ʤʘʪʝʨʠʘʣʜʘʨʜʳש ʞʘʪʘʪʳʥʜʳסʳ. 

2) ʊʝʭʥʦʣʦʛʠʷʣʳץ ʞʘסʳʥʘʥ ʙײʣ ײץʨʳʣʳʩ ʤʘʪʝʨʠʘʣʜʘʨ ʢʣʘʩʩʠʬʠʢʘʮʠʷʩʳ ʝש 

ʳסשʘʡʣʳʩʳ ʞᴅʥʝ ʦץʫʣʳץʪʘʨסʘ ʙʘʩʪʘʥ ʙʘʩʪʘʧ ץʘʙʳʣʜʘʥסʘʥ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷʥʳש ʥʝʛʽʟʽʥʝ ײץʨʳʣʳʩ ʤʘʪʝʨʠʘʣʜʘʨʳ ʜʘʡʳʥʜʘʣʘʪʳʥ ʰʠʢʽʟʘʪʪʳש ʪװʨʽ ʤʝʥ 

ʩʦʣ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʘʣʫ װʰʽʥ ʞʘʩʘʣʘʪʳʥ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʪʝʨʜʽש ʪװʨʣʝʨʽ ʞʘʪʘʜʳ. 

ʦʩʳʣʘʡʰʘ ʤʳʥʘʜʘʡ ץ.ʤ. ʪʦʧʪʘʨʳ ʧʘʡʜʘ ʙʦʣʘʜʳ, ʦʣʘʨ: ʪʘʙʠסʠ ʪʘʩʪʳ, ʢʝʨʘʤʠʢʘʣʳץ, ʙʝʪʦʥ 

ʞᴅʥʝ ʪ.ʙ. ʙײʣ ʢʣʘʩ-סʘ ʞʘʪʧʘʡʪʳʥ ʪʝʢ ʞʳʣʫ ʩʘץʪʘʥʜʳʨסʳʰʪʳ ʤʘʪʝʨʠʘʣʜʘʨ, ʦʣʘʨ ᴅʨʪװʨʣʽ 

ʪʝʭʥʦʣʦʛʠʷʜʘ, ᴅʨʪװʨʣʽ ʤʘʪʝʨʠʘʣʜʘʨʜʘʥ ʙʽʨʽʢʪʽʨʽʣʽʧ ʞʘʩʘʣʘʜʳ, ʦʣʘʨʜʳש ʙʽʨ-ʙʽʨ̔ʥʝ ץײʩʘʡʪʳʥ 

https://kk.wikipedia.org/wiki/%D0%9C%D0%B0%D0%B3%D0%BC%D0%B0%D0%BB%D1%8B%D2%9B_%D1%82%D0%B0%D1%83_%D0%B6%D1%8B%D0%BD%D1%8B%D1%81%D1%82%D0%B0%D1%80%D1%8B
https://kk.wikipedia.org/wiki/%D0%A8%D3%A9%D0%B3%D1%96%D0%BD%D0%B4%D1%96_%D1%82%D0%B0%D1%83_%D0%B6%D1%8B%D0%BD%D1%8B%D1%81%D1%82%D0%B0%D1%80%D1%8B
https://kk.wikipedia.org/wiki/%D0%A8%D3%A9%D0%B3%D1%96%D0%BD%D0%B4%D1%96_%D1%82%D0%B0%D1%83_%D0%B6%D1%8B%D0%BD%D1%8B%D1%81%D1%82%D0%B0%D1%80%D1%8B
https://kk.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%B0%D0%BC%D0%BE%D1%80%D1%84%D1%82%D1%8B%D2%9B_%D1%82%D0%B0%D1%83_%D0%B6%D1%8B%D0%BD%D1%8B%D1%81%D1%82%D0%B0%D1%80%D1%8B
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ʝʨʝʢʰʝʣʽʛʽ ʦʣʘʨʜʳש ʞʳʣʫ ᴇʪʢʽʟʛʽʰʪʽʢʪʝʨʽʥʽש ʪᴇʤʝʥʜʽʛʽ ʤʝʥ ʢᴇʣʝʤʜʽʢ ᴇʣʰʝʤʽʥʽש ʘʟʜʳסʳ, 

ʩʦʥʜʳץʪʘʥ ʜʘ ʦʣʘʨʜʳ ʞʳʣʫ ʩʘץʪʘסʳʰ ʤʘʪʝʨʠʘʣʜʘʨ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʘʤʳʟ. 

 ʳʥʘʥ ᴇʪʝ ʘʫʳʨסʳ ʞʘסʙʘʩʳʤ ʙᴇʣʽʛʽ ʢᴇʣʝʤʽ ʤʝʥ ʩʘʣʤʘ שʨʳʣʳʩ ʤʘʪʝʨʠʘʣʜʘʨʜʳײפ

ʢʝʣʝʜʽ, ʩʦʣ װʰʽʥ ʦʥʳ ᴇʥʜʽʨʽʣʛʝʥ ʞʝʨʜʝʥ ײץʨʳʣʳʩ ʘʣʘשʳʥʘ ʪʘʩʳʤʘʣʜʘʫ װʣʢʝʥ ʰʳסʳʥʜʘʨסʘ 

ᴅʢʝʣʝʜʽ, ʩʦʥʜʳץʪʘʥ ײץʨʳʣʳʩʰʳʣʘʨ ײץʨʳʣʳʩʪʳש ʙʘסʘʩʳʥ ʪʳʤ ᴇʩʽʨʤʝʫ װʰʽʥ ʞᴅʥʝ 

ʪʨʘʥʩʧʦʨʪʪʘʨʜʳ  ʘʨʪʳץ ʪʘʩʳʤʘʣʜʘʫʜʘʥ ʘʨʳʣʪʫ װʰʽʥ ʤװʤʢʽʥʜʽʛʽʥʰʝ ʞʘץʳʥ ʦʨʥʘʣʘʩץʘʥ, 

ʞʝʨʛʽʣʽʢʪʽ ᴇʥʜʽʨʽʩ ʦʨʪʘʣʳץʪʘʨʳʥʳש ᴇʥʽʤʜʝʨʽʥ ʢʝשʽʥʝʥ ʧʘʡʜʘʣʘʥʫסʘ ײʤʪʳʣʫ ʢʝʨʝʢ. ʙʽʨʽʥʰʽ 

ʢʝʟʝʢʪʝ ʦʣʘʨסʘ ײץʤ, ʪʘʩ, ʰʘסʳʣ ʪʘʩ, ʘץ, ʢʽʨʧʽʰ, ץʘʤʳʩ ʞʘʪʘʜʳ. 

ɹʽʟʜʽץ שʘʟʽʨʛʽ ʟʘʤʘʫʠ ײץʨʳʣʳʩ ʤʘʪʝʨʠʘʣʜʘʨʳ ᴇʥʜʽʨʽʩʽ ʤʝʭʘʥʠʟʘʮʠʷʩʳ ʞʦסʘʨʳʣʘʧ 

 ,ʘʤʪʘʤʘʩʳʟ ʝʪʩʝ ʜʝץ ʳʥסʨʳʣʳʩ ʢᴇʣʝʤʽ ʤʝʥ ʞʳʣʜʘʤʜʳײץ ʘʥסʨʳʣʳʩ ʪʘʨʠʭʳʥʜʘ ʙʦʣʤʘײץ

 ʪʘʡ ʩʘʡ ʢʝʣʝץʘ  ʪʦʣʳסʩʘʧʘʩʳ ᴅʣʽ ʜʝ ʤʝʤʣʝʢʝʪʪʽʢ ʩʪʘʥʜʘʨʪʪʘʨ שʨʳʣʳʩ ʤʘʪʝʨʠʘʣʜʘʨʳʥʳײץ

ʙʝʨʤʝʡʜʽ. ײפʨʳʣʳʩ ʤʘʪʝʨʠʘʣʜʘʨʳ ʤʝʥ ʞʘʜʳץʪʘʨסʘ ץʦʡʳʣʘʪʳʥ ʪʝʭʥʠʢʘʣʳץ ʪʘʣʘʧʪʘʨ 

ʄʝʤʣʝʢʝʪʪʽʢ ʩʪʘʥʜʘʨʪʪʘʨʜʘ (ɻʆʉʊ) ײפʨʳʣʳʩ ʤʘʪʝʨʠʘʣʜʘʨʳ ʤʝʥ ʞʘʜʳץʪʘʨʳʥʳש ᴅʨʙʽʨ 

ʪװʨʽʥʝ ʞʝʢʝ-ʞʝʢʝ ץʘʨʘʩʪʳʨʳʣʳʧ ʞʘʟʳʣסʘʥ. ɻʆʉʊ-ʪʘʨʜʳ סʳʣʳʤ ʤʝʥ ʪʝʭʥʠʢʘʥʳש ʩʦסשʳ 

ʞʝʪʽʩʪʽʢʪʝʨʽʥ ʝʩʢʝʨʝ ʦʪʨʳʨʳʧ ʞʘʩʘץʪʘʡʜʳ. ʆʥʜʘ  ʤʘʪʝʨʠʘʣʜʘʨʜʳש ʥʘץʪʳ ʘʥʳץʪʘʤʘʩʳʥ, 

ʰʠʢʽʟʘʪʳ, ᴇʟʽʥʜʽʢ ץʘʩʠʝʪʽʥʝ ʩʘʡ ʢʝʣʝʪʽʥ ʩʘʥʜʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ, ʩʳʥʘץ ᴅʜʽʩʪʝʨʽʥ, ʩʘץʪʘʫ 

ʞᴅʥʝ ʪʘʩʳʤʘʣʜʘʫ ʪᴅʩʽʣʜʝʨʽ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʧʘʡʜʘʣʘʥʫ ʘʫʜʘʥʳ ʜʘ  ʢᴇʨʩʝʪʽʣʝʜʽ. ɻʆʉʊʪʘʨʜʳ 

ʩʘץʪʘʫ - ײץʨʳʣʳʩ ʤʘʪʝʨʠʘʣʜʘʨʳ ʤʝʥ ʞʘʜʳץʪʘʨʳʥʳש ʞʦסʘʨʳ ʩʘʧʘʣʳʣʳסʳʥʳש, 

ʩʘץʪʘʣʫʳʥʳש ʞᴅʥʝ װʟʜʽʢ ʧʘʡʜʘʣʘʥʫʳʥʳש ʢʝʧʽʣʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [2]. 

ɹײʣ ʢʫʨʩʪʘ ײץʨʳʣʳʩ ʤʘʪʝʨʠʘʣʜʘʨʳʥʳץ שʘʩʠʝʪʪʝʨʽʥ ʩʳʥʘʫ ʪᴅʩʽʣʜʝʨʽ 

 ʤʳʩʪʘʨʜʘ ʙʦʣʘʜʳײʞ ץʫ ʧᴅʥʽ ʙʦʡʳʥʰʘ ʟʝʨʪʭʘʥʘʣʳץʘ ʦץʘʥ, ᴇʡʪʢʝʥʽ ʦʣ ʙʘʩסʘʨʘʩʪʳʨʳʣʤʘץ

 ʘʥʜʘ ʞᴅʥʝסʨʳʣʳʤʜʘʨʜʳ ʩʘʣײץ ʠʤʘʨʘʪʪʘʨ ʤʝʥס  ʨʳʣʳʩ ʤʘʪʝʨʠʘʣʜʘʨʳ - ʦʣײפ

ʞᴇʥʜʝʫʜʝʥ ᴇʪʢʽʟʛʝʥʜʝ ץʦʣʜʘʥʳʣʘʪʳʥ ʪʘʙʠסʠ ʞᴅʥʝ ʪʘʙʠסʠ ʝʤʝʩ ʤʘʪʝʨʠʘʣʜʘʨ ʤʝʥ ʙײʡʳʤʜʘʨ. 

 ʘʥסʞᴅʥʝ ʘʨʥʘʡʳ ʞʘʩʘʣ (ʘʰ ʤʘʪ-ʨסʙʝʪʦʥ, ʮʝʤʝʥʪ, ʘ) ʨʳʣʳʩ ʤʘʪʝʨʠʘʣʜʘʨʳʥ ʞʘʣʧʳʣʘʤʘײפ

(ʘʢʫʩʪʠʢʘʣʳץ, ʞʳʣʫʩʘץʪʘסʳʰ, ʦʪץʘץʘʫʽʧʩʽʟ) ʜʝʧ ʙᴇʣʝʤʽʟ. ɼʘʡʳʥʜʳץ ʜʝשʛʝʡʽʥʝ ʙʘʡʣʘʥʳʩʪʳ 

 ,ʡʳʤʜʘʨʳ - ʜʝʧ ʙᴇʣʝʤʽʟײʨʳʣʳʩ ʙײץ (ʳʰʪʘʨ, ʚʷʞʫʱʠʝסʪʘʥʜʳʨץʪʦʣʳ) ʨʳʣʳʩ ʤʘʪʝʨʠʘʣʳײץ

ʦʣʘʨ ײץʨʳʣʳʩ ʘʣʘשʳʥʜʘ סʠʤʘʨʘʪץʘ ץʦʥʜʳʨʳʣʘʪʳʥ ʜʘʡʳʥ ʙײʡʳʤʜʘʨ ʤʝʥ ʵʣʝʤʝʥʪʪʝʨ 

(ʪʝʤʽʨ-ʙʝʪʦʥ ʧʘʥʝʣʴʜʝʨʽ, ʩʘʥʠʪʘʨʣʳ-ʪʝʭʥʠʢʘʣʳץ ʢʘʙʠʥʘʣʘʨ, ʝʩʽʢ- ʪʝʨʝʟʝ ʙʣʦʢʪʘʨʳ ʞᴅʥʝ 

ʪ.ʙ) 

 ,ʨʣʽװʨʳʣʳʩ ʤʘʪʝʨʠʘʣʜʘʨ ʥʦʤʝʥʢʣʘʪʫʨʘʣʘʨʳ ʢᴇʧʪʝʛʝʥ ʞᴅʥʝ ʘʣʫʘʥ ʪײץ ʜʘשʘʟʽʨʛʽ ʪʘפ

ʙײʨʳʥʥʘʥ ʢʝʣʝ ʞʘʪʢʘʥ ʢʝʨʘʤʠʢʘʣʳץ, ʪʘʙʠסʠ, ʪʘʩʪʳ, ᴅʡʥʝʢ ʤʘʪʝʨʠʘʣʜʘʨʤʝʥ ץʘʪʘʨ ʟʘʤʘʫʠ 

 ʽʥʝʥשʘ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʜʘ ʢʝשʘʥ ʞʘסʨʳʣʳʩʪʘʨʜʘ ʧʣʘʩʪʤʘʩʩʘ ʥʝʛʽʟʽʥʜʝ ʞʘʩʘʣײץ

ʧʘʡʜʘʣʘʥʘʜʳ. 

ɾʦסʘʨʳ ʙʽʣʽʤʜʽ ʤʘʤʘʥ ʜʘʡʳʥʜʘʫʜʘ ײץʨʳʣʳʩ ʤʘʪʝʨʠʘʣʜʘʨʳ ʧᴅʥʽʥʝ ץʦʡʳʣʘʪʳʥ 

ʪʘʣʘʧʪʘʨ ʢʝʣʝʩʽʜʝʡ: 

-ʳʣʳʤʠס שʨʳʣʳʩ ʤʘʪʝʨʠʘʣʜʘʨʳʥʳײפ  ʜʘʨʣʘʤʘʩʳʥʘ ʩᴅʡʢʝʩסʩʪʘʥ -2030 ʙʘץʘʟʘפ -

ʪʝʭʥʠʢʘʣʳץ ʧʨʦʛʨʝʩʪʝʨʽ ʤʝʥ ʜʘʤʫ ʞʦʣʜʘʨʳʥ ʙʽʣʫ; 

- ʤʘʪʝʨʠʘʣʜʘʨʜʳש ʽʰʢʽ ʩʪʨʫʢʪʫʨʘʣʘʨʳʥ ʙʽʣʫ ʥʝʛʽʟʽʥʜʝ,  ʦʧʪʠʤʘʣʜʳ ʪװʨʜʝ ץʘʞʝʪʪʽ 

ʪʝʭʥʠʢʘʣʳץ ʞʦʣʜʘʨʤʝʥ ʤʘʪʝʨʠʘʣ ʰʳסʘʨʫ; 

- ᴇʥʝʨʢᴅʩʽʧʪʽש ʝʢʽʥʰʽ ʨʝʪʪʽʢ ᴇʥʽʤʜʝʨʽʥ ʢʝʰʝʥʜʽ ʪװʨʜʝ ʧʘʡʜʘʣʘʥʫʜʳ ʢᴇʟʜʝʫ; 

- ʂᴇʣʽʢʪʽʢ ײץʨʳʣʳʩʪʘ ʤʘʪʝʨʠʘʣʜʳ ʜײʨʳʩ ץʦʣʜʘʥʫʜʳ װʡʨʝʥʫ, ײץʨʳʣʳʩʪʳש ʟʘʤʘʥʘʫʠ 

ᴅʜʽʩʪʝʨʽʥ, ʢʣʠʤʘʪʪʳץ ʞʘסʜʘʡʣʘʨʳʥ ʝʩʢʝʨʫ; 

- ʢᴇʣʽʢʢʝ ʘʨʥʘʣסʘʥ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʜʳש ʙʝʨʽʢʪʽʛʽ ʤʝʥ ײʟʘץʪʳʣʳסʳʥʘ ʘʩʘ ʤʘשʳʟ ʙᴇʣʫ 

ʢʝʨʝʢ; 

-ʬʠʟʠʢʦ שʨʳʥ ʦʥʳײʨʽʥ ʧʘʡʜʘʣʘʥʙʘʩ ʙװʢʘʥʜʘʡ ʜʘ ʙʽʨ ʪ שʨʳʣʳʩʪʘ ʤʘʪʝʨʠʘʣʜʳײפ

ʤʝʭʘʥʠʢʘʣʳץ ʩʠʧʘʪʳʥ, ʞᴅʥʝ ײץʨʳʣʳʩ ʢʦʥʩʪʨʫʢʮʠʷʩʳʥʜʘ ץʘʥʜʘʡ ʞʘסʜʘʡʜʘ 

 :ʘ ʙᴇʣʝʤʽʟץʨʳʣʳʩ ʤʘʪʝʨʠʘʣʜʘʨʳʥ ʥʝʛʽʟʛʽ ʙʽʨʥʝʰʝ ʪʦʧײפ .ʘʞʝʪץ ʦʣʜʘʥʳʣʘʪʳʥʳʥ ʙʽʣʫץ

1) ʬʠʟʠʢʘʣʳץ ʩʠʧʘʪʳʥʘ ʩᴅʡʢʝʩ: ʪʳסʳʟʜʳסʳ, ʤʘʩʩʘʩʳ, ʢᴇʣʝʤʽ, ʙײʜʳʨʣʳסʳ. ʦʣ 

ʩʠʧʘʪʪʘʨסʘ ײץʨʳʣʳʩʪʘסʳ ʢᴇʧʪʝʛʝʥ ʥᴅʨʩʝʣʝʨ ʪᴅʫʝʣʜʽ ʢʝʣʝʜʽ; 
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2) ʂʝʣʝʩʽ ʪʦʧץʘ ײץʨʳʣʳʩ ʤʘʪʝʨʠʘʣʜʘʨʳʥʳש ʩʫסʘ ʞᴅʥʝ ʪᴇʤʝʥ ʪʝʤʧʝʨʘʪʫʨʘʣʘʨסʘ 

 ʘʣ ʙʝʨʫʽ, ʩʫסʳ ʤʝʥ ʳʣסʘʣʜʳʣʳסʳ, ʳʣסʳʰʪʳסʘʩʠʝʪʽʥʝ ʩᴅʡʢʝʩ: ʩʫ ʩʦʨץ ץʘʨʩʳʣʳץ

ᴇʪʢʽʟʛʽʰʪʽʢ, ʩʫסʘ, ʩʫʳץץʘ ʰʳʜʘʤʜʳʣʳץ 

 ʘʩʠʝʪʪʝʨʽʥʝ ʩᴅʡʢʝʩץ ץʘʨʩʳʣʳץ ʘסʞʳʣʫ שʨʳʣʳʩ ʤʘʪʝʨʠʘʣʜʘʨʳʥʳײפ ʘץʰʽʥʰʽ ʪʦʧװ (3

ʞʳʣʫ ᴇʪʢʽʟʛʽʰʪʽʛʽ, ʦʪץʘ ʪᴇʟʽʤʜʽʣʽʛʽ ʤʝʥ ʦʪץʘ ʙʝʨʽʢʪʽʛʽ; 

4) ʪᴇʨʪʽʥʰʽ ʪʦʧץʘ ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ: ʪᴇʟʽʤʜʽʣʽʛʽʥʝ, 

 .ʘʨʘʧ [3-4]ץ ʡʢʝʣʛʽʰʪʽʛʽʥʝװ ,ʳʥʘסʘʪʪʳʣʳץ

ɹײʣ ʪװʨʣʝʨʽʥʝʥ ʙʘʩץʘ ʪʘסʳ ʜʘ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥʝ ץʘʨʘʡ ʙᴇʣʝʜʽ ʦʣʘʨ: ʢʝʡʙʽʨ 

ʤʘʪʝʨʠʘʣʜʳץ שʳʰץʳʣʜʘʨ, ʩʽʣʪʽʣʝʨ, ʪײʟʜʘʨ ʤʝʥ ʛʘʟʜʘʨʜʳש ʭʠʤʠʷʣʳץ ᴅʨʝʢʝʪʪʝʨʽʥʝ 

ʪᴇʟʽʤʜʽʣʝʨʽʥ ʭʠʤʠʷʣʳץ (ʥʝʤʝʩʝ ʢʦʨʨʦʟʠʷʣʳץ) ʪᴇʟʽʤʜʽʣʽʢ ʪʦʙʳ ʜʝʧ ʘʪʘʡʜʳ. 

ʊʝʭʥʦʣʦʛʠʷʣʳץ ʩʠʧʘʪʪʘʨסʘ ʙʘʡʣʘʥʳʩʪʳ ʙᴇʣʽʥʝʪʽʥ ʤʘʪʝʨʠʘʣʜʘʨ, ʤʝʭʘʥʠʢʘʣʳץ 

ᴇשʜʝʫʛʝ ʙʝʨʽʣʛʽʰ ץʘʩʠʝʪʽ ʙʘʨʣʘʨʜʳ ʘʪʘʡʜʳ. ʤʳʩʘʣʳ: ɸסʘʰ. 

 ʙᴅʨʽ ʜʝʨʣʽʢ שʨʣʝʨʽʥʽװʰʠʢʽʟʘʪ ʪ ץʳʟʜʳ ʤʠʥʝʨʘʣʜʳשʩʪʘʥʜʘ ʘʩʘ ʤʘץʘʟʘפ .ʦʨʳʪʳʥʜʳפ

ʙʘʨ. ɽʣʽʤʽʟʜʽש ʞʝʨ ʢʦʡʥʘʫʳʥʘʥ ʄʝʥʜʝʣʝʝʚ ʢʝʩʪʝʩʽʥʜʝʛʽ 105 ʵʣʝʤʝʥʪʪʽש, ʦʥʳ70 ש-ʽʥʽש ʤʦʣ 

 ʘʟʙʘʣʘʨ ʢʝʥץ ʧʘʡʜʘʣʳ ץʘ ʞʫʳסשʘʥ ʞᴅʥʝ 60-ʪʘʥ ʘʩʪʘʤʳ ᴇʥʜʽʨʽʣʝʜʽ. 6 ʤʳסʦʨʳ ʙʘʨʣʘʥץ

ʦʨʳʥʜʘʨʳ ʘʰʳʣסʘʥ. 

 ʦʨʳʥʘʥץ ʙʘʡ ʝʣ, ʘʣ ʤʘʨʛʘʥʝʮ שʦʨʳʥʘʥ ʝץ ʩʪʘʥ ɽʫʨʘʟʠʷ ʢʦʥʪʠʥʝʥʪʽʥʜʝ ʭʨʦʤץʘʟʘפ

ʙװʢʽʣ ʊʄɼ-ʜʘ ʙʘʩʳʤ ʝʣ. ɸʣʪʳʥ ʢʦʨʳʥʘʥ פʘʟʘץʩʪʘʥ ʜװʥʠʝ ʞװʟʽ ʙʦʡʳʥʰʘ 5-ʦʨʳʥʜʘ, ʘʣ 

ʊʄɼ ʙʦʡʳʥʰʘ ʈʝʩʝʡ ʤʝʥ ᴆʟʙʝʢʩʪʘʥʥʘʥ ʢʝʡʽʥʛʽ 3-ʦʨʳʥʜʘ. ʊʄɼ ʢᴇʣʝʤʽʥʜʝʛʽ ʤʳʩ ʧʝʥ 

 ʩʪʘʥʜʘץʘʟʘפ ʳʥʘʥ ʘʩʪʘʤʳ-70% שʞʘʨʪʳʩʳʥʘʥ ʘʩʪʘʤʳ, ʤʳʨʳʰʪʳ שʘʩʳʥ ʢʦʨʳʥʳסʦʨץ

ʰʦסʳʨʣʘʥסʘʥ.  
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ʂʘʟʘʭʩʢʘʷ ʘʢʘʜʝʤʠʷ ʪʨʘʥʩʧʦʨʪʘ ʠ ʢʦʤʤʫʥʠʢʘʮʠʡ ʠʤ. ʄ. ʊʳʥʳʰʧʘʝʚʘ, ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 
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ʎʀʌʈʆɺʓɽ ʊɽʍʅʆʃʆɻʀʀ, ʀʉʇʆʃʔɿʋɽʄʓɽ ɼʃʗ ʆʇʈɽɼɽʃɽʅʀʗ 

ʄʆɼɸʃʔʅʓʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʄɽʊɸʃʃʀʏɽʉʂʀʍ ɾɽʃɽɿʅʆɼʆʈʆɾʅʓʍ 

ʄʆʉʊʆɺ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʦʙʦʩʥʦʚʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʦʚ 

ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʤʦʩʪʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʤʦʙʠʣʴʥʳʭ ʠʟʤʝʨʠʪʝʣʴʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʠʟʤʝʨʝʥʠʡ ʯʘʩʪʦʪ (ʧʝʨʠʦʜʦʚ) ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʤʘʣʳʭ ʤʘʩʩ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʩʪ, ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʬʝʨʤʘ, ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ. 

Abstract. In the article the necessity of perfection of methods of determination of 

dynamic descriptions of railway bridges is reasonable with the use of mobile instrumentation-

calculable complexes, and also the results of measuring of frequencies(periods) of eigentones are 

presented from influence of the small masses. 

Key words: bridge, metallic farm, spectrology. 

ɸʥʥʦʪʘʮʠʷ. ʄʘץʘʣʘʩʳʥʜʘ ʥʝʛʽʟʜʝʣʛʝʥ ᴅʜʽʩʪʝʨʽʥ ʞʝʪʽʣʜʽʨʫ ץʘʞʝʪʪʽʣʽʛʽʥ ʘʥʳץʪʘʫ 

ʜʠʥʘʤʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʜʳ ʢᴇʧʽʨʣʝʨʽʥʝ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʞʳʣʞʳʤʘʣʳ ᴇʣʰʝʫ-ʝʩʝʧʪʝʫ 
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ʢʝʰʝʥʜʝʨʽʥ, ʩʦʥʜʘʡ-ʘײ ץʩʳʥʳʣסʘʥ ᴇʣʰʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʞʠʽʣʽʢ (ʢʝʟʝשʜʝʨ) ʤʝʥʰʽʢʪʽ 

ʪʝʨʙʝʣʽʩʪʝʨʜʽש ᴅʩʝʨʽʥʝʥ ʘhסʳʥ ʤʘʩʩ. 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ʢᴇʧʽʨ ʤʝʪʘʣʣ ʬʝʨʤʘʩʳ, ʩʧʝʢʪʨʣʽʢ ʪʘʣʜʘʫ. 

 

ʇʨʠ ʦʮʝʥʢʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʧʫʩʢʘ ʧʦʜʚʠʞʥʳʭ ʥʘʛʨʫʟʦʢ (ʚ ʪʦʤ ʯʠʩʣʝ 

ʩʚʝʨʭʥʦʨʤʘʪʠʚʥʳʭ) ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʩʪʦʚ, ʘ ʪʘʢʞʝ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʤʦʩʪʦʚ ʩ 

ʧʦʚʳʰʝʥʥʦʡ ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʴʶ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʦʩʪʦʚʝʨʥʦ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʦʩʪʦʚʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ. 

ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʫʯʝʪ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʥʘ 

ʤʦʩʪʳ ʚ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʘʭ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʙʦʙʱʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʚʳʧʦʣʥʝʥʥʳʭ ʫʩʪʘʨʝʚʰʠʤʠ ʧʨʠʙʦʨʘʤʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʟʘʜʘʯ ʠʟʫʯʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʫʞʝ 

ʩʦʟʜʘʥʥʦʡ ʧʦʜʚʠʞʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʦʩʪʦʚʳʝ ʩʦʦʨʫʞʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ 

ʥʝʜʦʩʪʘʪʦʯʥʳʤ. ɺʦʟʥʠʢʘʝʪ ʥʘʩʪʦʷʪʝʣʴʥʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʩʦʟʜʘʥʠʠ ʥʘ ʙʘʟʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʤʦʩʪʦʚʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʢʦʨʨʝʢʪʥʦ ʫʯʝʩʪʴ ʚʘʞʥʝʡʰʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʩʫʱʝʩʪʚʫʶʱʝʡ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʧʦʜʚʠʞʥʦʡ ʥʘʛʨʫʟʢʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʤʦʩʪʦʚʳʭ 

ʩʦʦʨʫʞʝʥʠʡ. 

ʈʘʟʨʘʙʦʪʢʘ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʦʩʪʦʚʳʭ ʩʦʦʨʫʞʝʥʠʡ ʩ ʧʦʜʚʠʞʥʳʤʠ ʥʘʛʨʫʟʢʘʤʠ  ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʜʣʷ ʨʝʰʝʥʠʷ 

ʪʘʢʠʭ ʚʘʞʥʳʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʢʘʢ: 

1. ʆʮʝʥʢʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʥʦʚʴ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʠ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʤʦʩʪʦʚ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʠʭ ʧʦʜʚʠʞʥʳʭ ʥʘʛʨʫʟʦʢ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩʚʝʨʭʥʦʨʤʘʪʠʚʥʳʭ. 

2.  ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʤʦʩʪʦʚ ʩ ʧʦʚʳʰʝʥʥʦʡ ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʴʶ, ʠʤʝʶʱʠʭ ʚʳʩʦʢʫʶ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʜʠʥʘʤʠʯʝʩʢʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʦʪ ʧʦʜʚʠʞʥʦʡ ʥʘʛʨʫʟʢʠ. 

ʄʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ, ʢʦʪʦʨʳʝ ʙʳ ʧʦʟʚʦʣʷʣʠ ʨʝʰʘʪʴ ʪʘʢʠʝ ʟʘʜʘʯʠ, ʨʘʟʚʠʪʳ ʝʱʝ 

ʥʝʜʦʩʪʘʪʦʯʥʦ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʣʦʞʠʣʘʩʴ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʫʯʝʥʳʝ ʠ ʠʥʞʝʥʝʨʳ, 

ʨʘʟʨʘʙʘʪʳʚʘʷ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʤʦʩʪʦʚʳʭ ʩʦʦʨʫʞʝʥʠʡ ʥʘ ʧʦʜʚʠʞʥʳʝ ʥʘʛʨʫʟʢʠ, ʚʳʥʫʞʜʝʥʳ ʚ 

ʩʠʣʫ ʚʳʩʦʢʦʡ ʩʣʦʞʥʦʩʪʠ ʟʘʜʘʯʠ ʠʜʪʠ ʥʘ ʫʧʨʦʱʝʥʠʷ ʤʦʜʝʣʝʡ. 

ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʩʪʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʨʝʟʦʥʘʥʩʥʳʭ ʠʩʧʳʪʘʥʠʡ ʠʭ ʵʣʝʤʝʥʪʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʚʝʜʝʥʠʠ ʠʩʧʳʪʘʥʠʡ, ʧʦʩʪʨʦʝʥʠʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʵʣʝʤʝʥʪʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ, ʧʦʩʪʨʦʝʥʠʠ ʧʦʣʥʦʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚʩʝʛʦ ʩʦʦʨʫʞʝʥʠʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʠʥʪʝʟʘ ʤʦʜʝʣʝʡ ʵʣʝʤʝʥʪʦʚ, 

ʦʧʨʝʜʝʣʝʥʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʩʝʛʦ ʩʦʦʨʫʞʝʥʠʷ ʧʦ ʧʦʣʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʥʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʩʦʙʩʪʚʝʥʥʳʭ 

ʯʘʩʪʦʪ ʠ ʧʝʨʠʦʜʦʚ ʢʦʣʝʙʘʥʠʡ ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ ʤʦʩʪʘ (ʬʝʨʤʳ ˉ 1 ʠ ˉ5) ʦʪ ʤʘʣʦʛʦ 

ʠʤʧʫʣʴʩʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ (ʧʨʳʞʢʦʚ ʯʝʣʦʚʝʢʘ). ʇʨʦʣʝʪʥʳʝ ʩʪʨʦʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʬʝʨʤʘʤʠ ʩ ʧʦʣʠʛʦʥʘʣʴʥʳʤ ʦʯʝʨʪʘʥʠʝʤ ʚʝʨʭʥʝʛʦ ʧʦʷʩʘ.  

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ [1] ʧʨʠ ʧʦʤʦʱʠ 

ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ 

ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʠ ʧʦʚʝʨʝʥʥʳʭ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ ʚʝʜʫʱʠʭ ʤʠʨʦʚʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. 

ʂʦʤʧʣʝʢʩ ʘʧʨʦʙʠʨʦʚʘʥ ʥʘ ʨʷʜʝ ʦʙʲʝʢʪʦʚ ɸʆ çʅʂ çפʊɾè ʠ ʧʦʢʘʟʘʣ ʭʦʨʦʰʠʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʩʠʣʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʤʦʩʪʦʚ 

ʢʦʤʧʦʟʠʪʥʳʤ ʤʘʪʝʨʠʘʣʦʤ [2-3] ʠ ʦʧʨʝʜʝʣʝʥʠʠ ʚʣʠʷʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʧʫʪʴ ʠ ʧʨʦʣʝʪʥʳʝ ʩʪʨʦʝʥʠʷ ʤʦʩʪʦʚ [4-11]. 
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ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʤʦʩʪʘ  

 

ʅʘ ʦʧʦʨʳ ʫʩʪʘʥʦʚʣʝʥʳ ʧʷʪʴ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʬʝʨʤ ʚ ʨʫʩʣʦʚʦʡ ʯʘʩʪʠ ʨʝʢʠ ʩ 

ʨʘʩʯʸʪʥʳʤ ʧʨʦʣʸʪʦʤ Lp=109,2ʤ ʩ ʝʟʜʦʡ ʧʦʥʠʟʫ. ʂʣʸʧʘʥʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʬʝʨʤʳ ʙʳʣʠ 

ʠʟʛʦʪʦʚʣʝʥʳ ʚ 1928ʛ. ʠʟ ʉʪ.3 ʧʦ ʥʦʨʤʘʤ 1921ʛ. ʌʝʨʤʳ ï ʩ ʧʦʣʠʛʦʥʘʣʴʥʳʤ ʚʝʨʭʥʠʤ ʧʦʷʩʦʤ 

ʠ ʪʨʝʫʛʦʣʴʥʦʡ ʨʝʰʸʪʢʦʡ ʩʦ ʰʧʨʝʥʛʝʣʷʤʠ, ʦʙʲʝʜʠʥʝʥʳ ʩ ʧʦʤʦʱʴʶ ʧʨʦʜʦʣʴʥʳʭ ʠ 

ʧʦʧʝʨʝʯʥʳʭ ʩʚʷʟʝʡ ʠ ʙʘʣʦʯʥʦʡ ʢʣʝʪʢʦʡ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ. ɺ ʚʦʩʴʤʦʡ ʧʘʥʝʣʠ ʢʘʞʜʦʛʦ 

ʨʫʩʣʦʚʦʛʦ ʧʨʦʣʸʪʥʦʛʦ ʩʪʨʦʝʥʠʷ ʫʩʪʨʦʝʥ ʜʝʬʦʨʤʘʮʠʦʥʥʳʡ (ʪʝʤʧʝʨʘʪʫʨʥʳʡ) ʨʘʟʨʳʚ 

ʧʨʦʜʦʣʴʥʳʭ ʙʘʣʦʢ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ ʩ ʦʧʠʨʘʥʠʝʤ ʢʦʥʮʘ ʧʨʦʜʦʣʴʥʦʡ ʙʘʣʢʠ ʥʘ 

ʤʝʪʘʣʣʠʯʝʩʢʠʡ çʩʪʦʣʠʢè, ʧʨʠʢʨʝʧʣʸʥʥʳʡ ʢ ʩʪʝʥʢʝ ʧʦʧʝʨʝʯʥʦʡ ʙʘʣʢʠ. ʂʘʞʜʘʷ ʬʝʨʤʘ 

ʩʦʩʪʦʠʪ ʠʟ 16 ʨʘʚʥʳʭ ʧʘʥʝʣʝʡ ʜʣʠʥʦʡ 6,825ʤ, ʚʳʩʦʪʘ ʬʝʨʤʳ ʥʘ ʦʧʦʨʝ ï 7,8ʤ, ʚ ʩʝʨʝʜʠʥʝ 

ʬʝʨʤʳ ï 18,2ʤ, ʨʘʩʩʪʦʷʥʠʝ ʧʦ ʦʩʷʤ ʬʝʨʤ ï 6,1ʤ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʩʷʤʠ ʧʨʦʜʦʣʴʥʳʭ 

ʙʘʣʦʢ ï 2,0ʤ. ʉʦʝʜʠʥʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚʳʧʦʣʥʝʥʳ ʥʘ ʟʘʢʣʝʧʢʘʭ. 

ʉʭʝʤʘ ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ 1-5 ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2, ʥʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ 

ʨʘʩʩʪʘʥʦʚʢʠ ʩʝʡʩʤʦʧʨʠʝʤʥʠʢʦʚ ʥʘ ʵʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ 1 ʠ 5. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ  ʌʝʨʤʘ 1-5  

 

ʉʚʦʙʦʜʥʳʝ ʢʦʣʝʙʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʩʪʘ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʩʝʡʩʤʦʤʝʪʨʘʤʠ ɽʈ-300-

compact (ʨʠʩʫʥʦʢ 4), ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʥʘʧʨʷʞʝʥʠʷ ɽ14-440 ʠ ʩʪʘʥʮʠʝʡ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʙʦʨʘ ʜʘʥʥʳʭ ʥʘ ʙʘʟʝ ʧʦʣʫʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ Getac 

X500 Extreme. 
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ʈʠʩʫʥʦʢ 3 ï ʉʭʝʤʘ ʨʘʩʩʪʘʥʦʚʢʠ ʩʝʡʩʤʦʧʨʠʝʤʥʠʢʦʚ ʥʘ ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʷʭ 1-2 ʠ 5-6 

- ʉʝʡʩʤʦʤʝʪʨ ˉ1, ʥʘ ʥʠʞʥʝʤ ʧʦʷʩʝ ʣʝʚʦʡ ʬʝʨʤʳ;   - ʉʝʡʩʤʦʤʝʪʨ ˉ2, ʥʘ ʥʠʞʥʝʤ ʧʦʷʩʝ 

ʧʨʘʚʦʡ ʬʝʨʤʳ;    - ʉʝʡʩʤʦʤʝʪʨ ˉ3, ʥʘ ʧʨʘʚʦʡ ʧʨʦʜʦʣʴʥʦʡ ʙʘʣʢʝ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ 8-9;                         

  - ʉʝʡʩʤʦʤʝʪʨ ˉ4, ʥʘ ʣʝʚʦʡ ʧʨʦʜʦʣʴʥʦʡ ʙʘʣʢʝ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ 8-9 

 

 
 

ʈʠʩʫʥʦʢ 4 ï ʉʝʡʩʤʦʤʝʪʨʳ ɽʈ-300-compact 

ʘ - ʉʝʡʩʤʦʤʝʪʨ ˉ1, ʥʘ ʥʠʞʥʝʤ ʧʦʷʩʝ ʣʝʚʦʡ ʬʝʨʤʳ; ʙ - ʉʝʡʩʤʦʤʝʪʨ ˉ4, ʥʘ ʣʝʚʦʡ ʧʨʦʜʦʣʴʥʦʡ ʙʘʣʢʝ 

ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ 8-9 

 

 ʏʘʩʪʦʪʳ ʠ ʧʝʨʠʦʜʳ ʩʦʙʩʪʚʝʥʥʳʭ ʧʦʧʝʨʝʯʥʳʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʤʦʩʪʘ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʤʧʫʣʴʩʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ 

ʤʘʣʳʭ ʤʘʩʩ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.  
 

 ʊʘʙʣʠʮʘ 1 
 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʵʣʝʤʝʥʪʘ  ʏʘʩʪʦʪʘ, ɻʮ ʇʝʨʠʦʜ, ʩ 

ʇʨʦʣʝʪʥʦʝ ʩʪʨʦʝʥʠʝ  1-2 (ʬʝʨʤʘ ˉ 1) 

ʅʠʞʥʠʡ ʧʦʷʩ ʣʝʚʦʡ ʬʝʨʤʳ ʉ1 1.1444 0.8738 

ʅʠʞʥʠʡ ʧʦʷʩ ʧʨʘʚʦʡ ʬʝʨʤʳ  ʉ 2 1.1447 0.8738 

ʇʨʦʣʝʪʥʦʝ ʩʪʨʦʝʥʠʝ 5-6 (ʬʝʨʤʘ ˉ 5) 

ʅʠʞʥʠʡ ʧʦʷʩ ʣʝʚʦʡ ʬʝʨʤʳ ʉ1 1.1826 0.8456 

ʅʠʞʥʠʡ ʧʦʷʩ ʧʨʘʚʦʡ ʬʝʨʤʳ  ʉ 2 1.1826 0.8456 
 


