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 ʪʘʨʳʥʘʥשʘץ שʳʣʳʤʠ ʞʫʨʥʘʣ 2000 ʞʳʣʜʳנ

ʙʘʩʪʘʧ ʰʳסʘʨʳʣʘʜʳ. 

ɾʳʣʳʥʘ 4 ʨʝʪ ʰʳסʘʜʳ. 
 

ɾʝʢʝʤʝʥʰʽʢ ï 

çʄ.ʊʳʥʳʰʙʘʝʚ ʘʪʳʥʜʘסʳ פʘʟʘץ ʢᴇʣʽʢ ʞᴅʥʝ 

ʢʦʤʤʫʥʠʢʘʮʠʷʣʘʨ ʘʢʘʜʝʤʠʷʩʳè ɸפ  
 

ʈʝʜʘʢʮʠʷ ʤʝʢʝʥ-ʞʘʡʳ:  

  ,.ץ ʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ, 050012, ɸʣʤʘʪʳץʘʟʘפ

ʐʝʚʯʝʥʢʦ ʢᴇʰʝʩʽ, 97. 

ʊʝʣ./ʬʘʢʩ: +7 (727) 292-49-14, 292-44-85 
 

E-mail: vestnik-kazatk@mail.ru 
 

ʉʘʡʪ: www.kazatk.kz 
 

ɾʫʨʥʘʣ פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ  ʤᴅʜʝʥʠʝʪ, 

ʘץʧʘʨʘʪ ʞᴅʥʝ ʩʧʦʨʪ ʄʠʥʠʩʪʨʣʽʛʽʥʜʝ ץʘʡʪʘ 

ʪʽʨʢʝʫʜʝʥ ᴇʪʢʝʥ 

ʂʫᴅʣʽʢ ˉ 6233-ʞ 17.08.2005 ʞ. 
 

ʀʥʜʝʢʩ 75605 
 

ISSN 1609-1817 
 

ɹʘʩʧʘסʘ ץʦʣ ץʦʡʳʣסʘʥ ʢװʥʽ 12.12.2017 ʞ. 

ʊʠʨʘʞ 500 ʜʘʥʘ. ʊʘʧʩʳʨʳʩ ˉ 2055 
 

ʄ.ʊʳʥʳʰʙʘʝʚ ʘʪʳʥʜʘסʳ פʘʟʂʂɸ-ʥʳש 

ʈʝʜʘʢʮʠʷʣʳץ-ʙʘʩʧʘ ʦʨʪʘʣʳסʳʥʜʘ ʙʘʩʳʣסʘʥ. 

ʄʝʢʝʥ-ʞʘʡʳ: ɸʣʤʘʪʳ ץʘʣʘʩʳ,  

ʈʘʡʳʤʙʝʢ ʜʘסשʳʣʳ, 165 

 

ʍʘʣʳץʘʨʘʣʳץ ʨʝʜʘʢʮʠʷ ʢʝשʝʩʽ 

 

ɹ.ʇ. ʋʨʳʥʙʘʩʘʨʦʚ (çפʘʟʘץʩʪʘʥ ʪʝʤʽʨ ʞʦʣʳè 

-ʚʠʮʝ שʥʳ-פʢʦʤʧʘʥʠʷʩʳè ɸ ץʣʪʪʳױ

ʧʨʝʟʠʜʝʥʪʽ, פʈ) 

ɹ.ɸ. ʃʸʚʠʥ (ʪ.ס.ʜ., ʧʨʦʬ., ʄʀʀʊ, ʈʝʩʝʡ)  

ʅ.ʂ. ʀʩʠʥʛʘʨʠʥ (ʵ.ס.ʜ., ʧʨʦʬ., çʕʊʂ ʊʨʘʥʩ 

ɻʨʫʧʧè ʢʦʥʩʦʨʮʠʫʤʳ ʜʠʨʝʢʪʦʨʣʘʨ ʢʝשʝʩʽ, 

 (ʈפ

ɹ.ɹ. ʊʝʣʪʘʝʚ (ʪ.ס.ʜ, ʧʨʦʬ., çפʘʟʞʦʣנɿʀè ɸפ, 

 (ʈפ

ʊ.ʃ. ʂʘʧʣʘʥ (ʵ.ס.ʢ., ʍʂɸ-ʥʳש ʘʢʘʜʝʤʠʛʽ, ʈʌ 

ʂɸ-ʥʳש ʘʢʘʜʝʤʠʛʽ, פʈ ʭʘʣʳץʘʨʘʣʳץ 

ʘʚʪʦʤʦʙʠʣʴ ʪʘʩʳʤʘʣʜʘʫʰʳʣʘʨʳ ʆʜʘסʳ, פʈ) 

ɸ. ʉʣʘʜʢʦʚʩʢʠʡ (ʪ.ס.ʜ, ʧʨʦʬ., ʉʠʣʝʟ 

ʪʝʭʥʠʢʘʣʳץ ʫʥʠʚʝʨʩʠʪʝʪʽ, ʇʦʣʴʰʘ) 

ʂʝʚʠʥ ɹʠʨʥ (PhD ʜʦʢʪʦʨʳ, ʂʦʨʦʣʴʜʽʢ ʢᴇʣʽʢ 

ʞᴅʥʝ ʣʦʛʠʩʪʠʢʘ ʠʥʩʪʠʪʫʪʳʥʳש ʧʨʝʟʠʜʝʥʪʽ, 

 (ʣʳʙʨʠʪʘʥʠʷױ

ɹ.ʄ. ɸʥʪʠʧʠʥ (ʪ.ס.ʢ., ʜʦʮʝʥʪ, ʉʇʙʄʊʋ, 

ʈʝʩʝʡ) 

ɺ.ɸ. ɸʥʪʨʦʧʦʚ (ʵ.ס.ʜ., ʧʨʦʬ., ɾʄ ʍנɸ-ʥʳש 

ʢʦʨʨʝʩʧʦʥʜʝʥʪ-ʤװʰʝʩʽ, ʋʨʄפɾʋ, ʈʝʩʝʡ) 

ʅ.ɸ. ɸʣʝʢʩʘʥʜʨʦʚʘ (ʩ.ס.ʢ., ʜʦʮʝʥʪ, ʋʨʄפɾʋ, 

ʈʝʩʝʡ) 

ɸ.ɹ. ʂʦʩʘʨʝʚ (ʪ.ס.ʜ., ʧʨʦʬ., çɹʊʂנɿʀè ɸפ-

ʥʳש ʙʘʩ ʜʠʨʝʢʪʦʨʳʥʳש ʦʨʳʥʙʘʩʘʨʳ, ʈʝʩʝʡ) 

ʊ. ɹʦʣʦʪʙʝʢ (ʪ.ס.ʜ., ʧʨʦʬ., פʄפʂɸʋ, 
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ʈʝʜʘʢʮʠʷ ʘʣץʘʩʳ 
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ʉ.ʆ. ʀʩʤʘʛʫʣʦʚʘ (ʪ.ס.ʜ., ʧʨʦʬ.) 

ʅ.ʄ. ʄʘʭʤʝʪʦʚʘ (ʪ.ס.ʜ., ʧʨʦʬ.) 

 

 

ɸ.ɸ. ʄʝʣʴʜʝʰʦʚ (ʪ.ס.ʜ., ʧʨʦʬ.) 

ʄ.ɼ. ɿʘʣʴʮʤʘʥ (ʪ.ס.ʜ., ʧʨʦʬ.)  

ʅ.ɸ. ʊʦʢʤʫʨʟʠʥʘ (ʪ.ס.ʢ., ʜʦʮʝʥʪ) 

ʉ.ʉ. ɸʙʜʫʣʣʘʝʚ (ʪ.ס.ʜ., ʧʨʦʬ.) 

ɾ.ʉ. ʄʫʩʘʝʚ (ʪ.ס.ʜ., ʧʨʦʬ.) 
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ɸ.ʂ. ʆʨʘʟʳʤʙʝʪʦʚʘ (PhD ʜʦʢʪʦʨʳ, ʜʦʮʝʥʪ) 

ʉ.ʂ. ʄʳʨʟʘʣʳ (ʬ.ס.ʜ., ʧʨʦʬ.) 

ɾ.ʓ. ɹʝʡʩʝʢʦʚʘ (ʵ.ס.ʢ., ʜʦʮʝʥʪ) 

ɾ.ʈ.ɸʰʠʤʦʚʘ (ʵ.ס.ʢ., ʜʦʮʝʥʪ) 

ʉ.ɹ. ʐʘʷʭʤʝʪʦʚ (ʪ.ס.ʜ., ʧʨʦʬ.) 

ɹ. ʋʘʠʩʦʚ (ʬ.-ʤ.ס.ʢ., ʜʦʮʝʥʪ) 

ɸ.ɾ. ɸʙʞʘʧʙʘʨʦʚʘ (ʪ.ס.ʢ., ʜʦʮʝʥʪ) 
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ʌ.ʀ. ʉʤʘʠʣʦʚʘ (ʧ.ס.ʢ., ʜʦʮʝʥʪ)  

 

mailto:vestnik-kazatk@mail.ru
http://www.kazatk.kz/
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ʅʘʫʯʥʳʡ ʞʫʨʥʘʣ ʠʟʜʘʝʪʩʷ  

ʩ ʷʥʚʘʨʷ 2000 ʛʦʜʘ. 

ʇʝʨʠʦʜʠʯʥʦʩʪʴ: 4 ʥʦʤʝʨʘ ʚ ʛʦʜ. 

 

ʉʦʙʩʪʚʝʥʥʠʢ ï  

ɸʆ çʂʘʟʘʭʩʢʘʷ ʘʢʘʜʝʤʠʷ ʪʨʘʥʩʧʦʨʪʘ ʠ 

ʢʦʤʤʫʥʠʢʘʮʠʡ ʠʤʝʥʠ ʄ. ʊʳʥʳʰʧʘʝʚʘè 

 

ɸʜʨʝʩ ʨʝʜʘʢʮʠʠ: ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ, 

050012, ʛ. ɸʣʤʘʪʳ, ʫʣ. ʐʝʚʯʝʥʢʦ, 97. 

ʊʝʣ./ʬʘʢʩ: +7 (727) 292-49-14, 292-44-85 

 

E-mail: vestnik-kazatk@mail.ru 

 

ʉʘʡʪ: www.kazatk.kz 

 

ɾʫʨʥʘʣ ʧʝʨʝʨʝʛʠʩʪʨʠʨʦʚʘʥ ʚ ʄʠʥʠʩʪʝʨʩʪʚʝ 

ʢʫʣʴʪʫʨʳ, ʠʥʬʦʨʤʘʮʠʠ ʠ ʩʧʦʨʪʘ  

ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ 

ʉʚʠʜʝʪʝʣʴʩʪʚʦ ˉ 6233-ʞ ʦʪ 17.08.2005 ʛ. 
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ʊʠʨʘʞ 500 ʵʢʟ. ɿʘʢʘʟ ˉ 2055 

 

ʆʪʧʝʯʘʪʘʥʦ ʚ ʈʝʜʘʢʮʠʦʥʥʦ-ʠʟʜʘʪʝʣʴʩʢʦʤ 

ʮʝʥʪʨʝ ʂʘʟɸʊʂ ʠʤ. ʄ. ʊʳʥʳʰʧʘʝʚʘ. 

ɸʜʨʝʩ: ʛ. ɸʣʤʘʪʳ, ʧʨ. ʈʘʡʳʤʙʝʢʘ, 165 

 

 

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʨʝʜʘʢʮʠʦʥʥʳʡ ʩʦʚʝʪ 

 

ɹ.ʇ. ʋʨʳʥʙʘʩʘʨʦʚ (ʚʠʮʝ-ʧʨʝʟʠʜʝʥʪ  

ɸʆ çʅʘʮʠʦʥʘʣʴʥʘʷ ʢʦʤʧʘʥʠʷ çפʘʟʘץʩʪʘʥ 

ʪʝʤʽʨ ʞʦʣʳè, ʈʂ) 
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ʜʠʨʝʢʪʦʨʦʚ ʢʦʥʩʦʨʮʠʫʤʘ çʕʊʂ ʊʨʘʥʩ 
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COMPUTER-AIDED SISTEMS FOR THE CALCULATION OF BRIDGES  

Bondar Ivan Sergeevich, Senior Lecturer, Kazakh Academy of Transport and Communications 

named after M.Tynyshpayev, Almaty, Kazakhstan, ivan_sergeevich_08@mail.ru  

Isametova Madina Esdauletovna, Cand.Sci.(Eng.), assistant of professor, Kazakh National 
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Zhasbolatov Bakytzhan Kurmantayevich, master student, Kazakh National Research Technical 

University named after K.I.Satbayev, Almaty, Kazakhstan, zhasbolatovbk@mail.ru  

Abstract. Modern computer-aided design systems are considered and described. The given list of 

calculated finite-element programs is used by engineers, both domestic and countries of the 

Commonwealth of Independent States countries. As an example, demonstrating the capabilities of the 

LIRA program complex, an automobile road bridge through a small river with an arch span of 300 m was 

considered. The span structure is an arch that supports a beam of rigidity of the passage on inclined ropes. 

On the flyway on each side there are sidewalks and four lanes - two in each direction. The width of the 

beam is 18.5 m. The width of the pavements raised above the carriageway is 3 Ĭ 0.75 = 2.25 m (0.75 m is 

the width of one lane of pedestrian traffic). The resulted example of calculation of an arched road metal 

bridge by the LIRA 9.2 software. Briefly stated the course of the solution of the problem. A 

computational scheme for the design of the arch road metal bridge was developed, which was presented 

in the form of a spatial model. Data has been obtained when calculating of an arched road metal bridge. 

The lines of influence of the arising forces in the elements of the bridge structure are shown. The table of 

combinations of enveloping forces for the left reference section of the front arch from mobile and 

specified static loads is given. The main advantages and disadvantages of computer-aided design have 

been revealed. It is made for the output of a computer-aided software complex for the design and 

calculating of finite element models of bridges. 

Key words: computer-aided design, calculation, span, bridge, loads, modeling. 

 

ʋɼʂ 681.51.001.63 

 

ʀ.ʉ. ɹʦʥʜʘʨʴ
1
, ʄ.ɽ. ʀʩʘʤʝʪʦʚʘ

2
, ɹ.ʂ. ɾʘʩʙʦʣʘʪʦʚ

2
 

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

2
ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʂ.ʀ. ʉʘʪʧʘʝʚʘ, 

ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

 

ʉʀʉʊɽʄʓ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆɻʆ ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ ɼʃʗ 

ʈɸʉʏɽʊɸ ʄʆʉʊʆɺ 

 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʇʨʠʚʝʜʝʥ ʧʝʨʝʯʝʥʴ ʨʘʩʯʝʪʥʳʭ ʢʦʥʝʯʥʦ- ʣɻʝʤʝʥʪʥʳʭ ʧʨʦʛʨʘʤʤ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʠʥʞʝʥʝʨʘʤʠ-ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤʠ ʢʘʢ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ, ʪʘʢ ʠ ʩʪʨʘʥ ʉʅɻ. 

ʇʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʨʘʩʯʝʪʘ ʘʨʦʯʥʦʛʦ ʘʚʪʦʜʦʨʦʞʥʦʛʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʦʩʪʘ ʧʨʦʛʨʘʤʤʥʳʤ 

ʢʦʤʧʣʝʢʩʦʤ ʃʀʈɸ 9.2. ɺʳʷʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʉɸʇʈ. ʉʜʝʣʘʥ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʚʳʚʦʜ ʦ ʧʨʠʤʝʥʝʥʠʠ ʦʜʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʉɸʇʈ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʨʘʩʯʝʪʝ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʭ ʤʦʜʝʣʝʡ ʤʦʩʪʦʚ. 

 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʉɸʇʈ, ʨʘʩʯʝʪ, ʧʨʦʣʝʪʥʦʝ ʩʪʨʦʝʥʠʝ, ʤʦʩʪ, ʥʘʛʨʫʟʢʠ, 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 
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ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʨʘʩʯʸʪʳ ʤʦʩʪʦʚʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʥʝʚʦʟʤʦʞʥʳ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ 

ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʕʪʦ ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ ʄʂʕ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʨʘʩʯʸʪ ʤʦʩʪʦʚʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ, ʪʘʢʠʝ, ʢʘʢ: LUSAS 

(ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ), GTSTRUDL (ʉʐɸ), 

MIDAS/CIVIL (ʂʦʨʝʷ) ʠ RM BRIDGE 

(ɸʚʩʪʨʠʷ), SOFISTIK, MICROFE 

(ɻʝʨʤʘʥʠʷ), SCAD Soft (ʈʦʩʩʠʷ), LIRA 

(ʋʢʨʘʠʥʘ), ANSYS, NASTRAN, Cosmos-ʄ, 

SolidWorks, (ʉʐɸ) ʠ ʜʨʫʛʠʝ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʶʪ ʩʪʨʦʠʪʴ ʨʘʩʯʸʪʥʳʝ ʢʦʥʝʯʥʦ-

ʵʣʝʤʝʥʪʥʳʝ ʤʦʜʝʣʠ ʩʦʦʨʫʞʝʥʠʡ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʪʨʫʜʘ. ɺ ʥʠʭ 

ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʘʩʯʝʪʘ 

ʤʦʩʪʦʚ ʩʧʝʮʠʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

(ʥʘʧʨʠʤʝʨ, ʧʦʩʪʨʦʝʥʠʝ ʣʠʥʠʡ ʚʣʠʷʥʠʷ ʜʣʷ 

ʨʘʩʯʸʪʘ ʥʘ ʧʦʜʚʠʞʥʳʝ ʥʘʛʨʫʟʢʠ, ʜʣʷ 

ʨʘʩʯʸʪʘ ʫʟʣʦʚʳʭ ʩʦʧʨʷʞʝʥʠʡ, ʜʣʷ ʧʨʦʚʝʨʢʠ 

ʤʝʩʪʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʜʣʷ ʨʘʩʯʸʪʘ 

ʪʝʨʤʦʥʘʧʨʷʞʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʧʦʨ ʠ          

ʪ.ʜ.) [1]. 

ʆʧʳʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ MIDAS/CIVIL 

ʚ ʨʘʩʯʸʪʘʭ ʤʦʩʪʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʤʥʦʛʦʢʨʘʪʥʦ ʧʦʢʘʟʘʣ, ʯʪʦ ʠʟ-ʟʘ 

ʥʝʦʧʳʪʥʦʩʪʠ ʤʦʣʦʜʳʭ ʠʥʞʝʥʝʨʦʚ, 

ʜʦʧʫʩʢʘʝʤʳʭ ʠʤʠ ʛʨʫʙʳʭ ʦʰʠʙʦʢ ʚ 

ʨʘʩʯʸʪʘʭ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʣʦʞʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʩʪʘ, ʧʦʣʫʯʘʝʤʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʪʨʝʙʫʶʪ ʪʱʘʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠ 

ʧʨʦʚʝʨʢʠ. ɺʝʜʴ ʧʨʦʛʨʘʤʤʘ ï ʵʪʦ ʚʩʝʛʦ 

ʣʠʰʴ ʠʥʩʪʨʫʤʝʥʪ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ 

ʪʦʛʦ, ʯʪʦʙʳ ʜʦʚʝʩʪʠ ʜʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʠʥʞʝʥʝʨʘ ʦ ʪʦʤ, ʢʘʢ ʨʘʙʦʪʘʶʪ 

ʢʦʥʩʪʨʫʢʮʠʠ. 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ RM 

BRIDGE ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥ ʥʘ 

ʜʠʥʘʤʠʯʝʩʢʫʶ ʨʘʙʦʪʫ ʤʦʩʪʦʚʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ. ʆʩʦʙʝʥʥʦ ʮʝʥʥʳʤʠ 

ʦʢʘʟʘʣʠʩʴ ʨʘʟʨʘʙʦʪʢʠ ʚ ʦʙʣʘʩʪʠ 

ʘʵʨʦʜʠʥʘʤʠʢʠ ʚʘʥʪʦʚʳʭ ʤʦʩʪʦʚ, 

ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʚ ʧʨʦʛʨʘʤʤʝ ʚ ʚʠʜʝ 

ʦʪʜʝʣʴʥʳʭ ʥʘʫʢʦʸʤʢʠʭ ʤʦʜʫʣʝʡ. 

ʆʢʘʟʘʣʦʩʴ, ʯʪʦ RM BRIDGE ʠʤʝʝʪ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʫʯʸʥʳʭ, 

ʟʘʥʠʤʘʶʱʠʭʩʷ ʜʠʥʘʤʠʢʦʡ ʤʦʩʪʦʚ. 

ʀʥʞʝʥʝʨʦʚ-ʨʘʩʯʸʪʯʠʢʦʚ ʧʨʠʚʣʝʢʣʘ 

ʩʢʚʦʟʥʘʷ ʧʘʨʘʤʝʪʨʠʟʘʮʠʷ ʢʦʥʝʯʥʦ-

ʵʣʝʤʝʥʪʥʳʭ ʤʦʜʝʣʝʡ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʧʝʨʝʩʪʨʘʠʚʘʪʴ ʤʦʜʝʣʠ ʚ ʢʦʨʦʪʢʠʝ ʩʨʦʢʠ, ʘ 

ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʩʪʝʨʞʥʝʚʦʝ ʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʸʥʥʦʝ ʘʨʤʠʨʦʚʘʥʠʝ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ɺ ʥʝʡ 

ʨʝʘʣʠʟʦʚʘʥʳ ʥʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʧʨʦʚʝʨʢʠ ʥʘ 

ʧʨʦʯʥʦʩʪʴ, ʫʩʪʦʡʯʠʚʦʩʪʴ, 

ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʠ ʚʳʥʦʩʣʠʚʦʩʪʴ.  

ʅʘʠʙʦʣʴʰʘʷ ʜʦʣʷ ʪʨʫʜʦʟʘʪʨʘʪ 

ʠʥʞʝʥʝʨʘ-ʨʘʩʯʸʪʯʠʢʘ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 

ʩʦʟʜʘʥʠʝ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʭ ʤʦʜʝʣʝʡ 

ʩʦʦʨʫʞʝʥʠʡ. ɽʩʣʠ ʤʳ ʧʣʘʥʠʨʫʝʤ 

ʚʳʧʦʣʥʠʪʴ ʨʘʩʯʸʪʳ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ 

ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʨʘʟʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ, ʪʦ ʤʦʜʝʣʴ ʧʨʠʜʸʪʩʷ ʩʦʟʜʘʚʘʪʴ 

ʤʥʦʛʦʢʨʘʪʥʦ, ʠ ʵʪʘ ʜʦʣʷ ʚʦʟʨʘʩʪʸʪ ʚ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟ. ɺ ʧʦʜʦʙʥʦʡ ʩʠʪʫʘʮʠʠ ʥʘ 

ʧʦʤʦʱʴ ʜʦʣʞʥʳ ʧʨʠʡʪʠ ʩʧʝʮʠʘʣʴʥʳʝ 

ʧʨʦʛʨʘʤʤʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʥʚʝʨʪʠʨʦʚʘʥʠʷ 

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠʟ ʦʜʥʦʡ ʧʨʦʛʨʘʤʤʥʦʡ 

ʩʠʩʪʝʤʳ ʚ ʜʨʫʛʫʶ. ʆʜʥʘʢʦ ʚ ʧʨʦʛʨʘʤʤʘʭ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʨʘʩʯʸʪ ʤʦʩʪʦʚʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ, ʚʩʪʨʦʝʥʥʳʝ ʤʦʜʫʣʠ 

ʢʦʥʚʝʨʪʠʨʦʚʘʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʦʪʩʫʪʩʪʚʫʶʪ. ʇʦʵʪʦʤʫ ʧʝʨʝʜ ʠʥʞʝʥʝʨʘʤʠ-

ʤʦʩʪʦʚʠʢʘʤʠ ʚʩʪʘʸʪ ʟʘʜʘʯʘ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʪʘʢʠʭ 

ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, ʥʘʧʨʠʤʝʨ, ʠʟ 

GTSTRUDL ʚ MIDAS/CIVIL ʠʣʠ ʠʟ 

MIDAS/CIVIL ʚ SCAD, ʯʪʦ ʧʦʟʚʦʣʷʶʪ 

ʠʟʙʝʞʘʪʴ ʣʠʰʥʠʭ ʦʰʠʙʦʢ ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ 

ʨʘʩʯʸʪʥʳʭ ʤʦʜʝʣʝʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʛʨʘʤʤʳ-

ʢʦʥʚʝʨʪʦʨʳ ʷʚʣʷʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ 

ʟʚʝʥʦʤ ʚ ʘʨʩʝʥʘʣʝ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʥʘ 

ʨʘʙʦʯʝʤ ʤʝʩʪʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʠʥʞʝʥʝʨʘ-

ʨʘʩʯʸʪʯʠʢʘ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʸʪʦʚ 

ʤʦʩʪʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʠʥʞʝʥʝʨ-

ʨʘʩʯʸʪʯʠʢ ʜʦʣʞʝʥ ʨʘʩʧʦʣʘʛʘʪʴ ʥʘʙʦʨʦʤ 

ʨʘʟʣʠʯʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, 

ʦʙʲʝʜʠʥʸʥʥʳʭ ʚ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ ʩ 

ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʢʦʥʚʝʨʪʠʨʦʚʘʥʠʷ 

ʨʘʩʯʸʪʥʳʭ ʟʘʜʘʯ ʠʟ ʦʜʥʦʡ ʧʨʦʛʨʘʤʤʳ ʚ 

ʜʨʫʛʫʶ. [7] 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ 

ʃʀʈɸ 9.2, ʧʨʠʤʝʥʷʝʤʳʡ ʚ ʧʨʘʢʪʠʢʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘ ʤʥʦʛʠʭ ʧʨʦʝʢʪʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ [5,6,8,9,10]. ɺ ʩʦʩʪʘʚ 
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ʧʦʩʪʘʚʢʠ ʇʂ ʃʀʈɸ 9.2 ʚʭʦʜʠʪ ʩʠʩʪʝʤʘ 

ʄʆʉʊ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʨʘʩʯʝʪʘ 

ʤʦʩʪʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʆʥʘ ʨʘʩʰʠʨʷʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ, 

ʘʚʪʦʤʘʪʠʟʠʨʫʝʪ ʤʥʦʛʠʝ ʵʪʘʧʳ ʝʛʦ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʦʟʚʦʣʷʝʪ ʚ ʢʦʨʦʪʢʠʝ ʩʨʦʢʠ 

ʚʳʧʦʣʥʠʪʴ ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʯʪʦ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʟʜʘʥʠʶ ʙʦʣʝʝ ʫʜʘʯʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʩʪʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʱʝʛʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʇʂ ʃʀʈɸ, ʨʘʩʩʤʦʪʨʠʤ ʘʚʪʦʜʦʨʦʞʥʳʡ 

ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʤʦʩʪ ʯʝʨʝʟ ʥʝʙʦʣʴʰʫʶ ʨʝʢʫ 

ʩ ʧʨʦʣʝʪʦʤ ʘʨʢʠ 300 ʤ (ʨʠʩ. 1). ɸʨʦʯʥʳʝ 

ʤʦʩʪʳ ʩ ʝʟʜʦʡ ʧʦʥʠʟʫ, ʢ ʢʦʪʦʨʳʤ 

ʦʪʥʦʩʠʪʩʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʤʦʩʪ, ʫʜʘʯʥʦ 

ʚʧʠʩʳʚʘʶʪʩʷ ʚ ʛʦʨʦʜʩʢʫʶ ʘʨʭʠʪʝʢʪʫʨʫ, ʘ 

ʢʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʩʘʤʳʝ ʞʝʩʪʢʠʝ ʠʟ 

ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʪʠʧʦʚ ʤʦʩʪʦʚ (ʙʘʣʦʯʥʳʭ, 

ʬʝʨʤʝʥʥʳʭ, ʚʠʩʷʯʠʭ ʠ ʚʘʥʪʦʚʳʭ) [2,3]. 

ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʤʦʜʝʣʴʶ. 

 
 

 
 

ʈʠʩ. 1 ï ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʘʨʦʯʥʦʛʦ ʘʚʪʦʜʦʨʦʞʥʦʛʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʦʩʪʘ 

Fig. 1 ï Spatial design scheme of an arch road metal bridge 

 

ʇʨʦʣʝʪʥʦʝ ʩʪʨʦʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʘʨʢʫ, ʧʦʜʜʝʨʞʠʚʘʶʱʫʶ ʥʘ 

ʥʘʢʣʦʥʥʳʭ ʢʘʥʘʪʘʭ ʙʘʣʢʫ ʞʝʩʪʢʦʩʪʠ 

ʧʨʦʝʟʜʘ. ʅʘ ʧʨʦʣʝʪʥʦʤ ʩʪʨʦʝʥʠʠ ʩ ʢʘʞʜʦʡ 

ʩʪʦʨʦʥʳ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʪʨʦʪʫʘʨʳ ʠ 

ʯʝʪʳʨʝ ʧʦʣʦʩʳ ʜʚʠʞʝʥʠʷ ï ʧʦ ʜʚʝ ʚ 

ʢʘʞʜʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʐʠʨʠʥʘ ʙʘʣʢʠ 

ʞʝʩʪʢʦʩʪʠ ï 18,5 ʤ. ʐʠʨʠʥʘ ʧʦʜʥʷʪʳʭ ʥʘʜ 

ʧʨʦʝʟʞʝʡ ʯʘʩʪʴʶ ʪʨʦʪʫʘʨʦʚ 3Ĭ0,75 = 2,25 ʤ 

(0,75 ʤ ï ʰʠʨʠʥʘ ʦʜʥʦʡ ʧʦʣʦʩʳ 

ʧʝʰʝʭʦʜʥʦʛʦ ʜʚʠʞʝʥʠʷ). ʇʨʦʣʝʪʥʦʝ 

ʩʪʨʦʝʥʠʝ ʧʨʷʤʦʣʠʥʝʡʥʦʝ ʚ ʧʣʘʥʝ. 

ʄʳ ʥʝ ʧʨʠʚʦʜʠʤ ʧʨʦʮʝʩʩ 

ʧʦʩʪʨʦʝʥʠʷ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ, ʦʜʥʘʢʦ 

ʭʦʯʝʪʩʷ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʩʦʟʜʘʥʠʝ 

ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʩʪʘ ʷʚʣʷʝʪʩʷ ʥʝ 

ʪʨʠʚʠʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʢʦʨʨʝʢʪʠʨʦʚʢʘ 

ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʥʝ ʦʜʠʥ ʨʘʟ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʨʘʩʯʝʪʦʚ, ʚʢʣʶʯʘʷ ʨʘʩʯʝʪ 

ʥʘ ʧʦʜʚʠʞʥʳʝ ʥʘʛʨʫʟʢʠ.  

ʇʦʩʣʝ ʩʦʟʜʘʥʠʷ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ 

ʤʦʩʪʘ ʟʘʜʘʶʪʩʷ ʣʠʥʠʠ ʜʚʠʞʝʥʠʷ, 

ʦʧʠʩʳʚʘʶʱʠʝ ʧʦʣʦʪʥʦ ʤʦʩʪʘ, ï ʣʠʥʠʠ 

(ʩʧʠʩʦʢ ʫʟʣʦʚ), ʧʦ ʢʦʪʦʨʳʤ ʙʫʜʝʪ 

ʧʨʦʢʘʪʘʥʘ ʝʜʠʥʠʯʥʘʷ ʥʘʛʨʫʟʢʘ, ʪʘʢ 

ʥʘʟʳʚʘʝʤʘʷ ʪʦʧʦʣʦʛʠʷ (ʨʠʩ. 2). ʃʠʥʠʷ 

ʜʚʠʞʝʥʠʷ, ʩʦʟʜʘʥʥʘʷ ʧʝʨʚʦʡ, ʩʯʠʪʘʝʪʩʷ 

ʪʘʢʞʝ ʧʨʘʚʳʤ ʢʨʘʝʤ ʤʦʩʪʘ (ʝʩʣʠ ʩʤʦʪʨʝʪʴ 

ʚʜʦʣʴ ʦʩʠ ʍ ʛʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ), ʪʦ ʝʩʪʴ ʦʪ ʥʝʝ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʙʫʜʫʪ ʩʦʟʜʘʚʘʪʴʩʷ ʧʨʠʚʷʟʢʠ ʧʦʜʚʠʞʥʳʭ 

ʥʘʛʨʫʟʦʢ ʧʦʧʝʨʝʢ ʤʦʩʪʘ. ʈʝʘʣʠʟʦʚʘʥʳ ʜʚʘ 

ʩʧʦʩʦʙʘ ʟʘʜʘʥʠʷ ʣʠʥʠʡ ʜʚʠʞʝʥʠʷ: ʧʨʠ 

ʧʦʤʦʱʠ ʧʨʠʚʷʟʢʠ ʢ ʧʨʘʚʦʤʫ ʢʨʘʶ ʤʦʩʪʘ ʠ 

ʧʫʪʝʤ ʟʘʜʘʥʠʷ ʩʧʠʩʢʘ ʫʟʣʦʚ. ʇʝʨʚʘʷ ʣʠʥʠʷ 

ʜʚʠʞʝʥʠʷ (ʧʨʘʚʳʡ ʢʨʘʡ ʤʦʩʪʘ) ʟʘʜʘʝʪʩʷ 

ʪʦʣʴʢʦ ʧʨʠ ʧʦʤʦʱʠ ʩʧʠʩʢʘ ʫʟʣʦʚ. ɼʣʷ 

ʫʢʘʟʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʨʘʩʯʝʪʥʳʭ ʫʟʣʦʚ 

ʠ ʵʣʝʤʝʥʪʦʚ, ʧʦ ʥʘʟʥʘʯʝʥʥʳʤ ʣʠʥʠʷʤ 

ʜʚʠʞʝʥʠʷ, ʙʫʜʫʪ ʧʦʩʪʨʦʝʥʳ ʣʠʥʠʠ 

ʚʣʠʷʥʠʷ, ʧʦʚʝʨʭʥʦʩʪʠ ʚʣʠʷʥʠʷ 

ʚʳʩʪʨʘʠʚʘʶʪʩʷ ʣʠʥʝʡʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʝʡ 

ʤʝʞʜʫ ʣʠʥʠʷʤʠ ʚʣʠʷʥʠʷ. 
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ʈʠʩ. 2 ï ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʣʠʥʠʡ ʜʚʠʞʝʥʠʷ ʠ ʜʠʘʣʦʛ ʜʣʷ ʠʭ ʟʘʜʘʥʠʷ 

Fig. 2 ï A diagram of the location of the lines of motion and a dialogue for their assignment 

 

ɼʣʷ ʜʘʥʥʦʡ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ 

ʟʘʜʘʚʘʣʦʩʴ ʩʝʤʴ ʣʠʥʠʡ ʜʚʠʞʝʥʠʷ, ʦʥʠ 

ʧʨʦʥʫʤʝʨʦʚʘʥʳ ʥʘ ʨʠʩ. 2 ʧʦʜ 

ʧʨʦʝʢʮʠʝʡ YOZ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ (ʩʣʝʜʫʝʪ 

ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʝʢʮʠʷ YOZ ʚ ʇʂ ʃʀʈɸ 

ʩʪʨʦʠʪʩʷ ʚʟʛʣʷʜʦʤ ʩ ʚʝʨʰʠʥʳ ʦʩʠ X, 

ʧʦʵʪʦʤʫ ʥʘ ʨʠʩ. 2 ʥʫʤʝʨʘʮʠʷ ʟʝʨʢʘʣʴʥʘʷ). 

ʈʘʩʯʝʪ ʤʦʩʪʘ ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʧʦʣʥʠʪʴ ʥʘ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʥʘʛʨʫʟʢʠ 

[1]: 

¶ ʧʦʩʪʦʷʥʥʘʷ (ʥʦʨʤʘʪʠʚʥʘʷ ʥʘʛʨʫʟʢʘ 

ʦʪ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ ʢʦʥʩʪʨʫʢʮʠʡ ï 

ʟʘʛʨʫʞʝʥʠʝ 1, ʥʦʨʤʘʪʠʚʥʘʷ ʥʘʛʨʫʟʢʘ ʦʪ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ ʦʜʝʞʜʳ ʝʟʜʦʚʦʛʦ 

ʧʦʣʦʪʥʘ ï ʟʘʛʨʫʞʝʥʠʝ 2); 

¶ ʚʨʝʤʝʥʥʳʝ (ʚʝʨʪʠʢʘʣʴʥʳʝ ʥʘʛʨʫʟʢʠ 

ʦʪ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʧʝʰʝʭʦʜʦʚ); 

¶ ʧʨʦʯʠʝ (ʚʝʪʨʦʚʘʷ ʥʘʛʨʫʟʢʘ, 

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ï ʵʪʠ ʥʘʛʨʫʟʢʠ ʠʟ-ʟʘ 

ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʤʝʩʪʘ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʥʝ 

ʙʫʜʫʪ). 

ʅʦʨʤʘʪʠʚʥʘʷ ʥʘʛʨʫʟʢʘ ʦʪ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ ʢʦʥʩʪʨʫʢʮʠʡ ʚʢʣʶʯʘʝʪ, 

ʧʦʤʠʤʦ ʚʝʩʘ ʢʦʥʩʪʨʫʢʮʠʡ, ʚʝʩ ʧʦʩʪʦʷʥʥʳʭ 

ʩʤʦʪʨʦʚʳʭ ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ, ʦʧʦʨ ʠ 

ʧʨʦʚʦʜʦʚ ʣʠʥʠʡ ʵʣʝʢʪʨʠʬʠʢʘʮʠʠ ʠ ʩʚʷʟʠ, 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ ʪ.ʜ. ʈʘʟʥʝʩʝʥʠʝ 

ʥʘʛʨʫʟʦʢ ï ʥʦʨʤʘʪʠʚʥʦʡ ʦʪ ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʚʝʩʘ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʥʦʨʤʘʪʠʚʥʦʡ ʦʪ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ ʦʜʝʞʜʳ ʝʟʜʦʚʦʛʦ 

ʧʦʣʦʪʥʘ ï ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʜʣʷ ʥʠʭ 

ʨʘʟʣʠʯʘʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʥʘʜʝʞʥʦʩʪʠ 

ʧʦ ʥʘʛʨʫʟʢʝ ɔf . ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʷʪʴ 

ʜʣʷ ʚʩʝʭ ʧʦʩʪʦʷʥʥʳʭ ʥʘʛʨʫʟʦʢ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʥʘʜʝʞʥʦʩʪʠ 

ʧʦ ʥʘʛʨʫʟʢʝ. ɿʘʜʘʥʠʝ ʧʦʩʪʦʷʥʥʦʡ ʥʘʛʨʫʟʢʠ 

ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʦʙʦʡ ʩʣʦʞʥʦʩʪʠ, 

ʧʦʵʪʦʤʫ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʦʩʪʘʥʦʚʠʤʩʷ ʥʘ 

ʟʘʜʘʥʠʠ ʧʦʜʚʠʞʥʳʭ ʥʘʛʨʫʟʦʢ. 
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ʈʠʩ. 3 ï ɼʠʘʣʦʛʠ ʟʘʜʘʥʠʷ ʥʦʨʤʘʪʠʚʥʦʡ ʚʨʝʤʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʦʪ ʧʝʰʝʭʦʜʦʚ 

Fig. 3 ï Dialogues for setting a standard time load from pedestrians 

 

ʉʣʝʜʫʝʪ ʥʘʧʦʤʥʠʪʴ, ʯʪʦ 

ʜʦʧʫʩʢʘʝʪʩʷ ʥʝ ʙʦʣʝʝ 15 ʩʪʘʪʠʯʝʩʢʠʭ 

ʟʘʛʨʫʞʝʥʠʡ. 

ʅʦʨʤʘʪʠʚʥʘʷ ʚʨʝʤʝʥʥʘʷ ʥʘʛʨʫʟʢʘ ʦʪ 

ʧʝʰʝʭʦʜʦʚ ʜʣʷ ʪʨʦʪʫʘʨʦʚ ʤʦʩʪʘ ʧʨʠʥʷʪʘ ʚ 

ʚʠʜʝ ʚʝʨʪʠʢʘʣʴʥʦʡ, ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʥʘʛʨʫʟʢʠ, ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ 

ʫʯʝʪʝ ʩ ʜʨʫʛʠʤʠ ʜʝʡʩʪʚʫʶʱʠʤʠ 

ʥʘʛʨʫʟʢʘʤʠ ʨʘʚʥʦʡ p = 0,2 ʪ/ʤ
2
. ɿʘʧʦʣʥʝʥʠʝ 

ʧʘʨʘʤʝʪʨʦʚ ʥʦʨʤʘʪʠʚʥʦʡ ʚʨʝʤʝʥʥʦʡ 

ʥʘʛʨʫʟʢʠ ʜʣʷ ʧʝʰʝʭʦʜʦʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ 

ʨʠʩ. 3. ɿʜʝʩʴ ʠ ʥʘ ʜʘʣʴʥʝʡʰʠʭ ʨʠʩʫʥʢʘʭ ʩ 

ʧʨʘʚʦʡ ʩʪʦʨʦʥʳ ʧʦʢʘʟʘʥʳ ʜʠʘʣʦʛʠ, 

ʧʦʷʚʣʷʶʱʠʝʩʷ ʧʨʠ ʥʘʞʘʪʠʠ ʦʜʥʦʠʤʝʥʥʳʭ 

ʢʥʦʧʦʢ. 

ɿʥʘʯʝʥʠʝ ʥʦʨʤʘʪʠʚʥʦʡ ʚʨʝʤʝʥʥʦʡ 

ʥʘʛʨʫʟʢʠ ʦʪ ʧʝʰʝʭʦʜʦʚ, ʨʘʚʥʦʝ 0,45 ʪ/ʤ, 

ʧʨʠʥʷʪʦ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦ 

ʧʨʦʯʥʦʩʪʠ 1,2. ʕʪʦʪ ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʠʟʚʝʜʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʜʝʞʥʦʩʪʠ ʧʦ ʥʘʛʨʫʟʢʝ ʠ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ. ʉʣʝʜʫʝʪ 

ʥʘʧʦʤʥʠʪʴ, ʯʪʦ ʧʨʠʚʷʟʢʠ ʚʨʝʤʝʥʥʦʡ 

ʧʦʜʚʠʞʥʦʡ ʥʘʛʨʫʟʢʠ ʟʘʜʘʶʪʩʷ ʨʘʩʩʪʦʷʥʠʝʤ 

ʦʪ ʧʝʨʚʦʡ ʣʠʥʠʠ ʜʚʠʞʝʥʠʷ ʜʦ ʮʝʥʪʨʘ 

ʪʷʞʝʩʪʠ ʥʘʛʨʫʟʢʠ. ʂʦʥʝʯʥʦ, ʟʘʤʝʥʘ ʧʷʪʥʘ 

ʥʘʛʨʫʟʢʠ ʦʪ ʧʝʰʝʭʦʜʦʚ ʠ ʜʚʫʭ ʨʷʜʦʚ ʢʦʣʝʩ 

ʦʜʥʦʡ ʦʩʠ ʥʘ ʥʘʛʨʫʟʢʫ, ʧʨʠʣʦʞʝʥʥʫʶ ʧʦʜ 

ʮʝʥʪʨʦʤ ʪʷʞʝʩʪʠ, ʚʥʦʩʠʪ ʧʦʛʨʝʰʥʦʩʪʴ ʚ 

ʦʧʨʝʜʝʣʝʥʠʝ ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʫʩʠʣʠʡ ʜʣʷ 

ʵʣʝʤʝʥʪʦʚ ʝʟʜʦʚʦʛʦ ʧʦʣʦʪʥʘ, ʥʦ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʦʩʪʘʣʴʥʳʝ 

ʵʣʝʤʝʥʪʳ ʤʦʩʪʘ. ʇʨʠʚʷʟʢʠ ʧʦʜʚʠʞʥʳʭ 

ʥʘʛʨʫʟʦʢ ʧʦʧʝʨʝʢ ʤʦʩʪʘ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 4. 

 

 
 

ʈʠʩ. 4 ï ʇʨʠʚʷʟʢʠ ʧʦʜʚʠʞʥʳʭ ʥʘʛʨʫʟʦʢ ʧʦʧʝʨʝʢ ʤʦʩʪʘ 

Fig. 4 ï Binding of mobile loads across the bridge 
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ʅʦʨʤʘʪʠʚʥʘʷ ʚʨʝʤʝʥʥʘʷ ʥʘʛʨʫʟʢʘ ʦʪ 

ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠʥʠʤʘʝʪʩʷ ʚ ʚʠʜʝ 

ʯʝʪʳʨʝʭ ʧʦʣʦʩ ɸ14, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ 

ʚʢʣʶʯʘʝʪ ʦʜʥʫ ʜʚʫʭʦʩʥʫʶ ʪʝʣʝʞʢʫ ʩ 

ʦʩʝʚʦʡ ʥʘʛʨʫʟʢʦʡ, ʨʘʚʥʦʡ 14 ʪ, ʠ 

ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʫʶ ʥʘʛʨʫʟʢʫ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 1,4 ʪ/ʤ ʥʘ ʦʙʝ ʢʦʣʝʠ 

(ʨʠʩ. 5ʘ). ɼʣʷ ʤʦʩʪʦʚʳʭ ʩʦʦʨʫʞʝʥʠʡ ʙʘʟʘ 

ʜʣʷ ʥʦʨʤʘʪʠʚʥʦʡ ʥʘʛʨʫʟʢʠ ɸʂ ʧʨʠʥʷʪʘ 

ʨʘʚʥʦʡ 1,5 ʤ. 

ɼʣʷ ʪʝʣʝʞʝʢ ʟʘʜʘʶʪʩʷ ʧʦ ʜʚʘ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʢ ʨʘʩʯʝʪʘʤ ʧʦ ʧʨʦʯʥʦʩʪʠ ʠ 

ʚʳʥʦʩʣʠʚʦʩʪʠ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ 

ʩʙʦʨʝ ʥʘʛʨʫʟʢʠ ʩ ʥʝʩʢʦʣʴʢʠʭ ʧʦʣʦʩ 

ʜʚʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʚʚʦʜʠʪʴ ʜʣʷ ʧʦʣʦʩʳ 

ʜʚʠʞʝʥʠʷ, ʜʘʶʱʝʡ ʚ ʨʘʩʩʯʠʪʳʚʘʝʤʳʭ 

ʵʣʝʤʝʥʪʘʭ ʥʘʠʙʦʣʴʰʠʝ ʫʩʠʣʠʷ (ʚ 

ʨʘʩʩʯʠʪʳʚʘʝʤʳʭ ʫʟʣʘʭ ʥʘʠʙʦʣʴʰʠʝ 

ʧʝʨʝʤʝʱʝʥʠʷ), ʦʜʥʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢ 

ʨʘʩʯʝʪʘʤ ʧʦ ʧʨʦʯʥʦʩʪʠ ʠ ʚʳʥʦʩʣʠʚʦʩʪʠ, ʘ 

ʜʣʷ ʦʩʪʘʚʰʠʭʩʷ ʧʦʣʦʩ ï ʜʨʫʛʠʝ. ɼʣʷ 

ʥʘʰʝʛʦ ʩʣʫʯʘʷ ʵʪʠ ʧʘʨʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢ 

ʨʘʩʯʝʪʘʤ ʧʦ ʧʨʦʯʥʦʩʪʠ ʠ ʚʳʥʦʩʣʠʚʦʩʪʠ 

ʦʜʠʥʘʢʦʚʳ. ɼʠʘʣʦʛ ʂʦʵʬʬʠʮʠʝʥʪʳ S1, 

ʚʳʟʳʚʘʝʤʳʡ ʧʨʠ ʥʘʞʘʪʠʠ 

ʢʥʦʧʢʠ ʂʦʵʬʬʠʮʠʝʥʪʳ ʧʦ ʧʦʣʦʩʘʤ ʚ 

ʜʠʘʣʦʛʝ ʇʨʠʚʷʟʢʠ, ʧʦʟʚʦʣʷʝʪ ʟʘʜʘʚʘʪʴ 

ʪʨʝʙʦʚʘʥʠʷ ï ʢʘʢ ʩʫʤʤʠʨʦʚʘʪʴ ʥʘʛʨʫʟʢʫ ʩ 

ʥʝʩʢʦʣʴʢʠʭ ʧʦʣʦʩ ʜʚʠʞʝʥʠʷ. ɺʳʙʦʨ 

ʥʘʠʭʫʜʰʝʡ ʧʦʣʦʩʳ (ʧʦʣʦʩʳ, ʢʦʪʦʨʘʷ 

ʧʨʠʚʦʜʠʪ ʢ ʩʘʤʳʤ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ 

ʨʝʟʫʣʴʪʘʪʘʤ) ʜʣʷ ʢʘʞʜʦʛʦ ʟʘʜʘʥʥʦʛʦ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʬʘʢʪʦʨʘ (ʧʝʨʝʤʝʱʝʥʠʷ ʠʣʠ 

ʫʩʠʣʠʷ (ʥʘʧʨʷʞʝʥʠʷ)) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʨʦʛʨʘʤʤʦʡ ʘʚʪʦʤʘʪʠʯʝʩʢʠ. ʇʦʵʪʦʤʫ ʧʦʜ 

ʥʦʤʝʨʦʤ ʧʦʣʦʩʳ ʚ ʪʘʙʣʠʮʝ ʠʟ 

ʜʠʘʣʦʛʘ ʂʦʵʬʬʠʮʠʝʥʪʳ S1 ʩʣʝʜʫʝʪ 

ʧʦʥʠʤʘʪʴ: 1 ï ʥʝʙʣʘʛʦʧʨʠʷʪʥʘʷ ʠʟ ʚʩʝʭ 

ʟʘʜʘʥʥʳʭ ʧʦʣʦʩ ʜʚʠʞʝʥʠʷ ʜʣʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʬʘʢʪʦʨʘ, 2 ï 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʘʷ ʠʟ ʦʩʪʘʚʰʠʭʩʷ ʧʦʣʦʩ 

ʜʚʠʞʝʥʠʷ, ʠʩʢʣʶʯʘʷ ʫʞʝ ʚʳʙʨʘʥʥʫʶ 

ʧʝʨʚʦʡ ʧʦʣʦʩʫ, ʠ ʪ.ʜ. (ʩʤ. ʨʠʩ. 5ʘ). ʇʨʠ 

ʨʘʩʯʝʪʝ ʝʟʜʦʚʦʛʦ ʧʦʣʦʪʥʘ ʜʣʷ ʙʦʣʝʝ 

ʪʦʯʥʦʛʦ ʫʯʝʪʘ ʥʘʛʨʫʟʢʠ ʦʪ ʧʦʜʚʠʞʥʦʛʦ 

ʩʦʩʪʘʚʘ ʤʦʞʥʦ ʢʘʞʜʫʶ ʧʦʣʦʩʫ ɸK  ʨʘʟʙʠʪʴ 

ʥʘ ʜʚʝ ʧʦʣʦʩʳ, ʫʤʝʥʴʰʠʚ ʧʨʠ ʵʪʦʤ 

ʥʘʛʨʫʟʢʫ ɸK ʚʜʚʦʝ, ʟʘʜʘʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʧʨʠʚʷʟʢʠ ʧʦʧʝʨʝʢ ʤʦʩʪʘ ʜʣʷ ʢʘʞʜʦʡ ʥʦʚʦʡ 

ʧʦʣʦʩʳ ʠ ʧʦʧʘʨʥʦ ʧʨʦʜʫʙʣʠʨʦʚʘʚ ʩʪʨʦʢʠ ʚ 

ʜʠʘʣʦʛʝ ʂʦʵʬʬʠʮʠʝʥʪʳ S1. ʇʨʠ ʵʪʦʤ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʢ ʧʨʦʯʥʦʩʪʠ ʠ 

ʚʳʥʦʩʣʠʚʦʩʪʠ ʜʣʷ ʪʝʣʝʞʝʢ ʜʦʣʞʥʳ ʙʳʪʴ 

ʦʜʠʥʘʢʦʚʳʤʠ. 

 

 
 

ʈʠʩ. 5 ï ɼʠʘʣʦʛʠ ʟʘʜʘʥʠʷ ʥʦʨʤʘʪʠʚʥʦʡ ʚʨʝʤʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ɸ14 

Fig. 5 ï Dialogs for setting a standard time load A14 

 

ʄʦʩʪ ʪʘʢʞʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʥʘ 

ʪʷʞʝʣʫʶ ʦʜʠʥʦʯʥʫʶ ʢʦʣʝʩʥʫʶ ʥʘʛʨʫʟʢʫ 

ʅ14, ʧʨʦʭʦʜʷʱʫʶ ʧʦ ʝʛʦ ʮʝʥʪʨʫ (ʨʠʩ. 5ʙ). 

ʅʦʨʤʘʪʠʚʥʘʷ ʚʨʝʤʝʥʥʘʷ ʥʘʛʨʫʟʢʘ ʅ14 

ʧʨʠʥʠʤʘʝʪʩʷ ʚ ʚʠʜʝ ʦʜʠʥʦʯʥʦʡ 

ʯʝʪʳʨʝʭʦʩʥʦʡ ʤʘʰʠʥʳ ʦʙʱʠʤ ʚʝʩʦʤ  

100 ʪ. [4] 

ʇʨʠ ʨʘʩʯʝʪʝ ʤʦʩʪʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʩʣʝʜʫʝʪ ʧʨʦʚʦʜʠʪʴ ʧʨʦʚʝʨʢʫ ʥʘ 

ʚʦʟʜʝʡʩʪʚʠʝ ʩʜʚʦʝʥʥʳʭ ʥʦʨʤʘʪʠʚʥʳʭ 
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ʥʘʛʨʫʟʦʢ ʅK, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ 12 ʤ (ʤʝʞʜʫ ʧʦʩʣʝʜʥʝʡ ʦʩʴʶ 

ʧʝʨʚʦʡ ʠ ʧʝʨʝʜʥʝʡ ʦʩʴʶ ʚʪʦʨʦʡ ʥʘʛʨʫʟʢʠ) ʩ 

ʫʯʝʪʦʤ ʧʦʥʠʞʘʶʱʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ, 

ʨʘʚʥʦʛʦ 0,75. ʕʪʦ ʤʦʞʥʦ ʧʨʦʤʦʜʝʣʠʨʦʚʘʪʴ, 

ʟʘʜʘʚ ʜʣʷ ʥʘʛʨʫʟʢʠ ʅ14 ʚʦʩʝʤʴ ʦʩʝʡ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ ʤʝʞʜʫ 

ʦʩʷʤʠ ʠ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʥʘʛʨʫʟʢʘʤʠ ʥʘ ʦʩʴ, 

ʫʤʝʥʴʰʝʥʥʳʤʠ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ 0,75. 

ʇʦʩʣʝ ʟʘʜʘʥʠʷ ʧʦʜʚʠʞʥʳʭ ʥʘʛʨʫʟʦʢ 

ʫʢʘʟʳʚʘʝʤ ʩʦʯʝʪʘʥʠʷ ʥʘʛʨʫʟʦʢ, ʪʦ ʝʩʪʴ 

ʦʧʨʝʜʝʣʷʝʤ, ʢʘʢ ʩʪʘʪʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ 

ʩʢʣʘʜʳʚʘʪʴ ʩ ʧʦʜʚʠʞʥʦʡ (ʨʠʩ. 6). 

 

 
 

ʈʠʩ. 6 ï ɼʠʘʣʦʛ ʟʘʜʘʥʠʷ ʩʦʯʝʪʘʥʠʡ ʥʘʛʨʫʟʦʢ 

Fig. 6 ï Dialogue job combinations loads 

 

ɿʘʜʘʝʪʩʷ ʧʦ ʪʨʠ ʯʠʩʣʘ ʥʘ ʢʘʞʜʦʝ 

ʩʪʘʪʠʯʝʩʢʦʝ ʟʘʛʨʫʞʝʥʠʝ: ʢʦʵʬʬʠʮʠʝʥʪ ʢ 

ʥʦʨʤʘʪʠʚʥʳʤ ʟʥʘʯʝʥʠʷʤ ʥʘʛʨʫʟʢʠ, ʝʩʣʠ ʠʭ 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʢʦʨʨʝʢʪʠʨʦʚʘʪʴ (ʠʥʘʯʝ                  

 ɔf = 1), ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ɔf > 1 ʠ ɔf < 1,             

ʂ1 ï ʢʦʵʬʬʠʮʠʝʥʪ, ʩ ʢʘʢʠʤ ʧʝʰʝʭʦʜʳ 

ʩʫʤʤʠʨʫʶʪʩʷ ʩ ʥʘʛʨʫʟʢʦʡ ɸ14.  

ʅʘʧʨʠʤʝʨ, ʝʩʣʠ, ʢʨʦʤʝ ʫʯʝʪʘ 

ʥʘʛʨʫʟʢʠ ʦʪ ʧʝʰʝʭʦʜʦʚ ʩ ʜʨʫʛʠʤʠ 

ʥʘʛʨʫʟʢʘʤʠ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʨʘʩʯʝʪ 

ʥʘ ʥʘʛʨʫʟʢʫ ʪʦʣʴʢʦ ʦʪ ʧʝʰʝʭʦʜʦʚ, ʪʦ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʟʥʘʯʝʥʠʝ ʥʘʛʨʫʟʢʠ ʥʝʦʙʭʦʜʠʤʦ 

ʟʘʜʘʚʘʪʴ p = 0,4 ʪ/ʤ
2
, ʘ ʧʨʠ ʩʫʤʤʠʨʦʚʘʥʠʠ ʩ 

ʥʘʛʨʫʟʢʦʡ ɸ14 ʢʦʵʬʬʠʮʠʝʥʪ ʂ1 ʩʣʝʜʫʝʪ 

ʫʩʪʘʥʦʚʠʪʴ ʨʘʚʥʳʤ 0,5. ʇʨʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʟʘʛʨʫʞʝʥʠʠ ʧʦʣʦʩ 

ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ (ʩʦʚʤʝʩʪʥʦ ʩ 

ʧʝʰʝʭʦʜʘʤʠ) ʠ ʨʝʣʴʩʦʚʳʭ ʧʫʪʝʡ (ʞʝʣʝʟʥʳʭ 

ʜʦʨʦʛ, ʤʝʪʨʦʧʦʣʠʪʝʥʘ ʠʣʠ ʪʨʘʤʚʘʷ) 

ʚʨʝʤʝʥʥʫʶ ʚʝʨʪʠʢʘʣʴʥʫʶ ʥʘʛʨʫʟʢʫ, 

ʢʦʪʦʨʘʷ ʦʢʘʟʳʚʘʝʪ ʤʝʥʴʰʝʝ ʚʦʟʜʝʡʩʪʚʠʝ 

(ʢʘʢ ʚʝʨʪʠʢʘʣʴʥʦʝ, ʪʘʢ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ), 

ʩʣʝʜʫʝʪ ʚʚʦʜʠʪʴ ʚ ʨʘʩʯʝʪ ʩ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ S2. 

 ʅʘ ʟʘʢʣʘʜʢʝ ʋʟʣʳ ʟʘʜʘʶʪʩʷ ʥʦʤʝʨʘ 

ʫʟʣʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʙʫʜʫʪ ʧʦʩʪʨʦʝʥʳ ʣʠʥʠʠ 

ʚʣʠʷʥʠʷ ʧʝʨʝʤʝʱʝʥʠʡ, ʘ ʚ ʜʘʣʴʥʝʡʰʝʤ ï 

ʚʳʯʠʩʣʝʥʳ ʥʦʨʤʘʪʠʚʥʳʝ ʟʥʘʯʝʥʠʷ 

ʩʦʯʝʪʘʥʠʡ ʧʝʨʝʤʝʱʝʥʠʡ. ɼʣʷ ʢʦʥʪʨʦʣʷ 

ʚʳʙʨʘʥ ʮʝʥʪʨʘʣʴʥʳʡ ʫʟʝʣ ʤʦʩʪʘ. 

ʅʘ ʟʘʢʣʘʜʢʝ ʕʣʝʤʝʥʪʳ ʟʘʜʘʶʪʩʷ 

ʥʦʤʝʨʘ ʵʣʝʤʝʥʪʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʙʫʜʫʪ 

ʧʦʩʪʨʦʝʥʳ ʣʠʥʠʠ ʚʣʠʷʥʠʷ ʫʩʠʣʠʡ, ʘ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʚʳʯʠʩʣʝʥʳ ʥʦʨʤʘʪʠʚʥʳʝ ʠ 

ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʯʝʪʘʥʠʡ ʫʩʠʣʠʡ. ɼʣʷ 

ʢʦʥʪʨʦʣʷ ʚʳʙʨʘʥʳ ʜʚʘ ʵʣʝʤʝʥʪʘ: ʙʣʠʞʥʷʷ 

ʧʦʜʚʝʩʢʘ ʚ ʮʝʥʪʨʝ ʤʦʩʪʘ ʠ ʣʝʚʦʝ ʦʧʦʨʥʦʝ 

ʩʝʯʝʥʠʝ ʧʝʨʝʜʥʝʡ ʘʨʢʠ. 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʤʦʩʪʘ 

ʟʘʜʘʥʳ ï ʚʳʧʦʣʥʷʝʤ ʨʘʩʯʝʪ. 

ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʘ ʠʤʝʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʤʦʪʨʝʪʴ ʜʣʷ ʨʘʩʯʝʪʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʧʦʚʝʨʭʥʦʩʪʠ ʚʣʠʷʥʠʷ. ɼʣʷ 

ʧʨʦʩʤʦʪʨʘ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʣʠʷʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ, ʫʜʝʨʞʠʚʘʷ ʥʘʞʘʪʦʡ ʢʣʘʚʠʰʫ 

Shift, ʥʘʞʘʪʴ ʥʘ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʢʥʦʧʢʫ  ɺʳʧʦʣʥʠʪʴ ʨʘʩʯʝʪ ʠ 

ʫʪʚʝʨʜʠʪʝʣʴʥʦ ʦʪʚʝʪʠʪʴ ʥʘ ʟʘʧʨʦʩ 

çʇʝʨʝʩʯʠʪʘʪʴ ʟʘʜʘʯʫ?è. ɺ ʧʦʷʚʠʚʰʝʤʩʷ 

ʜʠʘʣʦʛʦʚʦʤ ʦʢʥʝ ʥʘʞʘʪʴ ʢʥʦʧʢʫ ʄʦʩʪ, 

ʚʳʟʚʘʚ ʪʝʤ ʩʘʤʳʤ ʦʢʥʦ ʨʘʩʯʝʪʥʦʛʦ 

ʧʨʦʮʝʩʩʦʨʘ. ʀʩʧʦʣʴʟʫʷ ʥʠʞʥʝʝ ʤʝʥʶ, 
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ʥʫʞʥʦ ʥʘʡʪʠ ʥʝʦʙʭʦʜʠʤʳʡ ʵʣʝʤʝʥʪ ʠ 

ʬʘʢʪʦʨ. 

ɼʣʷ ʟʘʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʤ 

ʨʘʩʯʝʪʥʳʭ ʫʟʣʦʚ ʠ ʵʣʝʤʝʥʪʦʚ ʝʩʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʤʦʪʨʝʪʴ ʠ ʚʳʚʝʩʪʠ ʥʘ 

ʵʢʨʘʥ ʠ ʚ ʬʘʡʣ ʟʥʘʯʝʥʠʷ ʠ ʚʥʝʰʥʠʡ ʚʠʜ 

ʣʠʥʠʡ ʚʣʠʷʥʠʷ. ɺ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ ʣʠʥʠʡ 

ʚʣʠʷʥʠʷ ʙʫʜʝʪ ʧʦ ʩʝʤʴ ʰʪʫʢ ʥʘ ʢʘʞʜʳʡ 

ʨʘʩʯʝʪʥʳʡ ʫʟʝʣ ʠ ʵʣʝʤʝʥʪ, ʧʦʵʪʦʤʫ 

ʧʦʢʘʞʝʤ ʨʝʟʫʣʴʪʘʪʳ ʪʦʣʴʢʦ ʜʣʷ ʧʝʨʚʦʡ 

ʣʠʥʠʠ ʚʣʠʷʥʠʷ ʜʣʷ ʨʘʩʯʝʪʥʦʛʦ ʫʟʣʘ 

(ʨʠʩ. 7ʘ) ʠ ʜʣʷ ʨʘʩʯʝʪʥʳʭ ʵʣʝʤʝʥʪʦʚ 

(ʨʠʩ. 7ʙ ʠ 7ʚ). 

 

 
 

ʈʠʩ. 7 ï ʃʠʥʠʠ ʚʣʠʷʥʠʷ: 

ʘ ï ʜʣʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʫʟʣʘ ʤʦʩʪʘ; ʙ ï ʜʣʷ ʙʣʠʞʥʝʡ ʧʦʜʚʝʩʢʠ ʚ ʮʝʥʪʨʝ ʤʦʩʪʘ; ʚ ï ʜʣʷ ʣʝʚʦʛʦ 

ʦʧʦʨʥʦʛʦ ʩʝʯʝʥʠʷ ʧʝʨʝʜʥʝʡ ʘʨʢʠ 

Fig. 7 ï Influence lines 
a - for the central node of the bridge; b - for near suspension in the center of the bridge; c - for the left 

reference section of the front arch 

 

ʃʶʙʫʶ ʠʟ ʣʠʥʠʡ ʚʣʠʷʥʠʷ ʤʦʞʥʦ 

ʩʦʭʨʘʥʠʪʴ ʚ ʬʘʡʣ Microsoft Excel 

ʩʣʝʜʫʶʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ: 

ʣʠʥʠʷ ʚʣʠʷʥʠʷ ʚ ʯʠʩʣʦʚʦʤ ʚʠʜʝ 

(ʧʨʠʚʷʟʢʘ ï ʟʥʘʯʝʥʠʝ); 

ʛʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʣʠʥʠʠ 

ʚʣʠʷʥʠʷ; 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʣʠʥʠʠ ʚʣʠʷʥʠʷ ʧʦ 

ʫʯʘʩʪʢʘʤ. 

ʇʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

ʍn ï ʧʨʠʚʷʟʢʘ ʥʘʯʘʣʘ ʫʯʘʩʪʢʘ ʦʪ 

ʥʘʯʘʣʘ ʣʠʥʠʠ ʚʣʠʷʥʠʷ; 

ʍk ï ʧʨʠʚʷʟʢʘ ʢʦʥʮʘ ʫʯʘʩʪʢʘ ʦʪ 

ʥʘʯʘʣʘ ʣʠʥʠʠ ʚʣʠʷʥʠʷ; 

ʍm ï ʧʨʠʚʷʟʢʘ ʧʦʣʦʞʝʥʠʷ 

ʵʢʩʪʨʝʤʫʤʘ ʫʯʘʩʪʢʘ ʦʪ ʥʘʯʘʣʘ ʣʠʥʠʠ 

ʚʣʠʷʥʠʷ; 

Fm ï ʟʥʘʯʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ 

ʬʘʢʪʦʨʘ ʧʨʠ ʍm; 

A ï ʧʣʦʱʘʜʴ, ʦʛʨʘʥʠʯʝʥʥʘʷ ʣʠʥʠʝʡ 

ʚʣʠʷʥʠʷ. 

ʇʨʠ ʵʪʦʤ ʫʯʘʩʪʢʠ, ʧʣʦʱʘʜʴ ʢʦʪʦʨʳʭ 

ʤʝʥʝʝ 0,5% ʦʪ ʩʫʤʤʘʨʥʦʡ ʧʦ ʘʙʩʦʣʶʪʥʦʡ 

ʚʝʣʠʯʠʥʝ ʧʣʦʱʘʜʠ ʣʠʥʠʠ ʚʣʠʷʥʠʷ, ʥʘ 

ʧʝʯʘʪʴ ʥʝ ʚʳʚʦʜʷʪʩʷ. ɺ ʢʦʥʮʝ ʠʥʬʦʨʤʘʮʠʠ 

ʦʙ ʫʯʘʩʪʢʘʭ ʧʦ ʣʠʥʠʠ ʚʣʠʷʥʠʷ ʚʳʚʦʜʷʪʩʷ 

ʧʣʦʱʘʜʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ, 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʠ ʩʫʤʤʘʨʥʘʷ 

ʧʣʦʱʘʜʴ ʩ ʫʯʝʪʦʤ ʟʥʘʢʘ. ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, 

ʯʪʦ ʚ ʩʫʤʤʘʨʥʫʶ ʧʣʦʱʘʜʴ ʫʯʘʩʪʢʠ ʩ 

ʧʣʦʱʘʜʴʶ ʤʝʥʝʝ 0,5% ʚʭʦʜʷʪ, ʥʦ ʚ ʪʘʙʣʠʮʫ 

ʥʝ ʚʳʚʦʜʷʪʩʷ. 

ʂʨʦʤʝ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʣʠʥʠʡ 

ʚʣʠʷʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ ʧʦʣʫʯʘʶʪʩʷ: 

- ʩʦʯʝʪʘʥʠʷ ʥʦʨʤʘʪʠʚʥʳʭ 

ʦʛʠʙʘʶʱʠʭ ʧʝʨʝʤʝʱʝʥʠʡ ʫʟʣʦʚ ʦʪ 

ʧʦʜʚʠʞʥʳʭ ʠ ʟʘʜʘʥʥʳʭ ʩʪʘʪʠʯʝʩʢʠʭ 

ʥʘʛʨʫʟʦʢ ʧʦ ʤʘʢʩʠʤʘʣʴʥʳʤ ʬʘʢʪʦʨʘʤ; 
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- ʨʘʟʚʝʨʥʫʪʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʯʝʪʘʥʠʡ 

ʦʛʠʙʘʶʱʠʭ ʫʩʠʣʠʡ (ʥʦʨʤʘʪʠʚʥʳʝ, 

ʨʘʩʯʝʪʥʳʝ ʥʘ ʧʨʦʯʥʦʩʪʴ ʠ ʚʳʥʦʩʣʠʚʦʩʪʴ) 

ʧʦ ʵʣʝʤʝʥʪʘʤ ʦʪ ʧʦʜʚʠʞʥʳʭ ʠ ʟʘʜʘʥʥʳʭ 

ʩʪʘʪʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ï ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʬʘʢʪʦʨʘ ʚʳʚʦʜʷʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʝʤʫ 

ʬʘʢʪʦʨʳ; 

- ʩʦʯʝʪʘʥʠʷ ʦʛʠʙʘʶʱʠʭ ʫʩʠʣʠʡ 

(ʥʦʨʤʘʪʠʚʥʳʝ, ʨʘʩʯʝʪʥʳʝ ʥʘ ʧʨʦʯʥʦʩʪʴ ʠ 

ʚʳʥʦʩʣʠʚʦʩʪʴ) ʚ ʵʣʝʤʝʥʪʘʭ ʦʪ ʧʦʜʚʠʞʥʳʭ 

ʠ ʟʘʜʘʥʥʳʭ ʩʪʘʪʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʧʦ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʬʘʢʪʦʨʘʤ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ 

ʚ ʪʘʙʣʠʮʝ ʩʦʯʝʪʘʥʠʡ ʦʛʠʙʘʶʱʠʭ ʫʩʠʣʠʡ 

ʜʣʷ ʣʝʚʦʛʦ ʦʧʦʨʥʦʛʦ ʩʝʯʝʥʠʷ ʧʝʨʝʜʥʝʡ 

ʘʨʢʠ ʦʪ ʧʦʜʚʠʞʥʳʭ ʠ ʟʘʜʘʥʥʳʭ 

ʩʪʘʪʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ (ʨʠʩ. 8). 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʬʘʢʪʦʨ ʚ ʪʘʙʣʠʮʝ ʧʦʤʝʯʝʥ 

ʟʚʝʟʜʦʯʢʦʡ (*), ʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʝʤʫ 

ʬʘʢʪʦʨʳ ʚʳʚʝʜʝʥʳ ʩʦ ʩʜʚʠʛʦʤ. ʇʦʜ 

ʢʦʤʙʠʥʘʮʠʝʡ 1 ʧʦʥʠʤʘʝʪʩʷ ʢʦʤʙʠʥʘʮʠʷ ʦʪ 

ʟʘʜʘʥʥʦʡ ʩʪʘʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʚʤʝʩʪʝ ʩ 

ʧʦʜʚʠʞʥʳʤʠ ʥʘʛʨʫʟʢʘʤʠ ʦʪ ʧʝʰʝʭʦʜʦʚ, 

ʘʚʪʦʤʦʙʠʣʝʡ ɸK, ʘ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ï ʠ 

ʥʘʛʨʫʟʢʦʡ ʦʪ ʪʨʘʤʚʘʝʚ ʠ ʧʦʝʟʜʦʚ 

ʤʝʪʨʦʧʦʣʠʪʝʥʘ. ʇʦʜ 

ʢʦʤʙʠʥʘʮʠʝʡ 2 ʧʦʥʠʤʘʝʪʩʷ ʢʦʤʙʠʥʘʮʠʷ ʦʪ 

ʟʘʜʘʥʥʦʡ ʩʪʘʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʚʤʝʩʪʝ ʩ 

ʧʦʜʚʠʞʥʦʡ ʥʘʛʨʫʟʢʦʡ ʦʪ ʥʝʩʪʘʥʜʘʨʪʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʧʨʦʧʫʩʢʘʝʤʦʛʦ ʚ 

ʩʧʝʮʠʘʣʴʥʦʤ ʨʝʞʠʤʝ ʅK. 

 

 
 

ʈʠʩ. 8 ï ʈʘʟʚʝʨʥʫʪʘʷ ʪʘʙʣʠʮʘ ʩʦʯʝʪʘʥʠʡ ʦʛʠʙʘʶʱʠʭ ʫʩʠʣʠʡ ʜʣʷ ʣʝʚʦʛʦ ʦʧʦʨʥʦʛʦ ʩʝʯʝʥʠʷ ʧʝʨʝʜʥʝʡ 

ʘʨʢʠ ʦʪ ʧʦʜʚʠʞʥʳʭ ʠ ʟʘʜʘʥʥʳʭ ʩʪʘʪʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ 
Fig. 8 ï An expanded table of combinations of envelope forces for the left reference section of the front 

arch from moving and specified static loads 

 

ʇʦ ʦʢʦʥʯʘʥʠʠ ʨʘʩʯʝʪʘ ʥʘʯʠʥʘʝʪʩʷ 

ʨʘʙʦʪʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝʤ 

ʵʣʝʤʝʥʪʦʚ ʤʦʩʪʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʜʘʥʥʳʡ ʚʘʨʠʘʥʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʦʜʚʠʞʥʳʭ 

ʥʘʛʨʫʟʦʢ ï ʥʝ ʝʜʠʥʩʪʚʝʥʥʳʡ, ʥʘʧʨʠʤʝʨ, 

ʜʣʷ ʨʘʩʯʝʪʘ ʘʨʢʠ ʠ ʧʦʜʚʝʩʦʢ ʥʘʛʨʫʟʢʫ ɸ14 

ʠʟ ʯʝʪʳʨʝʭ ʧʦʣʦʩ ʜʚʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ 

ʩʤʝʩʪʠʪʴ, ʥʘʩʢʦʣʴʢʦ ʧʦʟʚʦʣʷʶʪ ʥʦʨʤʳ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʢ ʦʜʥʦʤʫ ʠʟ ʪʨʦʪʫʘʨʦʚ 

(ʚʨʝʤʝʥʥʦʝ ʩʪʝʩʥʝʥʠʝ ʛʘʙʘʨʠʪʘ ʧʨʦʝʟʜʘ, 

ʚʩʣʝʜʩʪʚʠʝ ʨʝʤʦʥʪʘ ʤʦʩʪʦʚʦʛʦ ʧʦʣʦʪʥʘ, 

ʨʘʩʯʠʩʪʢʠ ʧʦʢʨʳʪʠʷ ʠʣʠ ʜʦʨʦʞʥʦ-

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʦʠʩʰʝʩʪʚʠʷ ʠ ʪ.ʜ.).  
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ɺʳʚʦʜ. ʉʦʚʨʝʤʝʥʥʳʡ ʨʘʩʯʝʪ 

ʤʦʩʪʦʚʳʭ ʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʥʝʚʦʟʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, 

ʢʦʪʦʨʳʝ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʨʘʩʯʝʪʯʠʢʫ 

ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʠʥʩʪʨʫʤʝʥʪʦʚ ʚ ʦʙʣʘʩʪʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʧʨʦʛʨʘʤʤʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʥʘʢʣʘʜʳʚʘʶʪ ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ: ʫʤʝʥʠʝ 

ʧʨʘʚʠʣʴʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʨʘʩʯʝʪʥʫʶ ʩʭʝʤʫ, 

ʧʨʦʠʟʚʦʜʠʪʴ ʨʘʩʯʝʪʳ ʩʦʦʨʫʞʝʥʠʡ ʧʦ 

ʨʘʟʣʠʯʥʳʤ ʤʦʜʝʣʷʤ, ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʚʳʷʩʥʷʪʴ 

ʧʨʠʯʠʥʳ ʦʰʠʙʦʢ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦ 

ʫʩʪʨʘʥʷʪʴ ʠʭ. ʆʩʦʙʝʥʥʦʩʪʴ ʥʘʰʝʛʦ 

ʚʨʝʤʝʥʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʨʘʟʚʠʪʠʝ 

ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʩʠʣʴʥʦ ʦʧʝʨʝʞʘʝʪ 

ʫʨʦʚʝʥʴ ʧʦʜʛʦʪʦʚʢʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʇʦʵʪʦʤʫ ʩʝʛʦʜʥʷ ʜʣʷ ʧʨʦʝʢʪʥʳʭ 

ʦʨʛʘʥʠʟʘʮʠʡ ʩʘʤʦʡ ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ 

ʟʘʜʘʯʘ ʧʦʜʛʦʪʦʚʢʠ ʠ ʦʙʫʯʝʥʠʷ ʤʦʣʦʜʳʭ 

ʢʘʜʨʦʚ, ʚʣʘʜʝʶʱʠʭ ʙʘʟʦʚʳʤʠ ʟʥʘʥʠʷʤʠ 

ʤʘʪʝʤʘʪʠʢʠ, ʤʝʭʘʥʠʢʠ, ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ 

ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ, ʘʥʘʣʠʟʦʤ ʩʪʘʪʠʯʝʩʢʦʡ ʠ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʩʦʦʨʫʞʝʥʠʡ, 

ʪʝʭʥʠʢʦʡ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝʤ ʠ 

ʦʧʝʨʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. 

ʇʦʜʚʦʜʷ ʠʪʦʛ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ ʢʘʞʜʘʷ ʩʠʩʪʝʤʘ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʨʘʩʯʸʪʘ ʤʦʩʪʦʚʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ, ʠʤʝʝʪ ʩʚʦʠ ʜʦʩʪʦʠʥʩʪʚʘ ʠ 

ʩʚʦʠ ʥʝʜʦʩʪʘʪʢʠ. ʀʜʝʘʣʴʥʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʝ ʩʫʱʝʩʪʚʫʝʪ.  

ʆʪʚʝʪ ʦʜʠʥ: ʨʘʙʦʯʝʝ ʤʝʩʪʦ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʠʥʞʝʥʝʨʘ-ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ ʠ 

ʨʘʩʯʸʪʯʠʢʘ ʜʦʣʞʥʦ ʙʳʪʴ ʦʩʥʘʱʝʥʦ 

ʥʝʩʢʦʣʴʢʠʤʠ ʧʨʦʛʨʘʤʤʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ, 

ʢʦʪʦʨʳʝ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ 

ʥʝʦʙʭʦʜʠʤʳʡ ʥʘʙʦʨ ʨʘʩʯʸʪʥʳʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ. 
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Abstract. The main purpose of the rail is that they regulate the direction of the wheels when 

moving vehicles, and also assume the pressure of the wheels and transfer it to the parts of the upper path 

lying lower. As a rule, railway rails are made of steel with a carbon content. The fact that this steel will be 

of high quality is influenced by many factors - the chemical structure of steel, as well as its micro- and 

macrostructure.  

The main indicator of rail quality is its hardness. During the movement of the car, the rolling 

surface of the wheel is constantly in contact with the rails and is subject to intensive action of various 
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loads. The wheel, in contact with the rail with a small surface, transfers to it large static and dynamic 

loads. As a result, significant deformations and large contact stresses occur at the place where the wheels 

touch the rail. In this paper, the hardness of the metal of the rolling surface of the rail of the English 

company "ArcelorMittal" with the steel mark R350HT and the rail type ENSIDESA 60 E1 [1] is 

analyzed.  

The aim of the work is to compare the rails of different brands and identify the most qualitative, as 

well as the effectiveness of the application of machining. The given researches will allow to define 

conformity to the standard and operational properties of a rail. The hardness was measured using a 

portable hardness tester "Krautkramer". The results of the research can be used in the construction of new 

railway lines and major repairs of existing routes. 

The research process consisted of three stages: 

- determination of the hardness of metal on the rolling surface on the Brinell scale of HB polished 

rails (by Speno) 60 E1, as well as new non-polished rails 60 E1, both in straight and curved sections of 

the track [2]. 

- analysis of the results obtained in the course of the study and comparison with the data of the 

English manufacturer's plant. 

- conclusion and the main conclusions about the hardness of metal on the rolling surface of rail 

heads ENSIDESA 60 E1. 

As a result, the research revealed the advantages of polished rails before new ones. The 

comparative analysis is presented in the form of a graph. 

Key words: hardness, grade, metal, steel, rail, standard, rolling surface, analysis. 
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1
ʈʠʞʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʈʠʛʘ, ʃʘʪʚʠʷ 

2
ʇʘʚʣʦʜʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʉ. ʊʦʨʘʡʛʳʨʦʚʘ, ʛ. ʇʘʚʣʦʜʘʨ, ʂʘʟʘʭʩʪʘʥ 

 

ɸʅɸʃʀɿ ʊɺɽʈɼʆʉʊʀ ʄɽʊɸʃʃɸ ʈɽʃʔʉɸ 60 ɽ1 

 

ɸʥʥʦʪʘʮʠʷ. ʆʩʥʦʚʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʢʘʯʝʩʪʚʘ ʨʝʣʴʩʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʪʚʝʨʜʦʩʪʴ. ɺ 

ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʦʠʟʚʝʜʝʥ ʘʥʘʣʠʟ ʪʚʝʨʜʦʩʪʠ ʤʝʪʘʣʣʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʥʠʷ ʨʝʣʴʩʘ  

ɸʥʛʣʠʡʩʢʦʡ ʬʠʨʤʳ ñArcelorMittalò ʩ ʤʘʨʢʦʡ ʩʪʘʣʠ R350HT ʠ ʪʠʧʦʤ ʨʝʣʴʩʘ ENSIDESA 60 

E1 [1]. ɼʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʪ ʦʧʨʝʜʝʣʠʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʪʘʥʜʘʨʪʫ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʩʚʦʡʩʪʚʘʤ ʨʝʣʴʩʘ. 

ʇʨʦʮʝʩʩ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʷʣ ʠʟ ʪʨʝʭ ʵʪʘʧʦʚ: 

- ʦʧʨʝʜʝʣʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʤʝʪʘʣʣʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʥʠʷ ʧʦ ʰʢʘʣʝ òɹʨʠʥʝʣʷò HB 

ʰʣʠʬʦʚʘʥʥʳʭ ʨʝʣʴʩʦʚ (ʬʠʨʤʦʡ Speno) 60 ɽ1, ʘ ʪʘʢʞʝ ʥʦʚʳʭ ʥʝʰʣʠʬʦʚʘʥʥʳʭ ʨʝʣʴʩʦʚ 60 

ɽ1, ʢʘʢ ʚ ʧʨʷʤʳʭ, ʪʘʢ ʠ ʚ ʢʨʠʚʳʭ ʫʯʘʩʪʢʘʭ ʧʫʪʠ [2].  

- ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʩʨʘʚʥʝʥʠʝ ʩ ʜʘʥʥʳʤʠ 

ɸʥʛʣʠʡʩʢʦʛʦ ʟʘʚʦʜʘ ʧʨʦʠʟʚʦʜʠʪʝʣʷ.  

- ʟʘʢʣʶʯʝʥʠʝ ʠ ʦʩʥʦʚʥʳʝ ʚʳʚʦʜʳ ʦ ʪʚʝʨʜʦʩʪʠ ʤʝʪʘʣʣʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʥʠʷ 

ʛʦʣʦʚʦʢ ʨʝʣʴʩʘ ENSIDESA 60 E1. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʚʝʨʜʦʩʪʴ, ʤʘʨʢʘ, ʤʝʪʘʣʣ, ʩʪʘʣʴ, ʨʝʣʴʩ, ʩʪʘʥʜʘʨʪ, ʧʦʚʝʨʭʥʦʩʪʴ 

ʢʘʪʘʥʠʷ, ʘʥʘʣʠʟ.  

 

ʉ 2013 ʛʦʜʘ ʥʘ ʃʘʪʚʠʡʩʢʦʡ 

ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ 

ʨʝʣʴʩʳ ʘʥʛʣʠʡʩʢʦʡ ʬʠʨʤʳ ñArcelorMittalò 

ʩ ʤʘʨʢʦʡ ʩʪʘʣʠ R350HT ʠ ʪʠʧʦʤ ʨʝʣʴʩʦʚ 

ENSIDESA 60 E1 (ʨʠʩʫʥʦʢ 1). ɼʘʥʥʳʝ 

ʨʝʣʴʩʳ ʫʣʦʞʝʥʳ, ʢʘʢ ʥʘ ʛʣʘʚʥʳʭ, ʪʘʢ ʠ ʥʘ 

ʧʨʠʝʤʦ-ʦʪʧʨʘʚʦʯʥʳʭ ʧʫʪʷʭ. ʈʝʣʴʩʳ 

ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ɽʚʨʦʧʝʡʩʢʦʤʫ 

ʩʪʘʥʜʘʨʪʫ EN 13674-1 2011 (XA) [1]. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʨʝʣʴʩʳ ʩʣʫʞʠʣʠ 

ʜʣʠʪʝʣʴʥʦ ʠ ʥʘʜʝʞʥʦ, ʤʝʪʘʣʣ, ʠʟ ʢʦʪʦʨʦʛʦ 

ʦʥʠ ʠʟʛʦʪʦʚʣʝʥʳ, ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʷʤ ʨʘʙʦʪʳ 

(ʩʪʘʥʜʘʨʪʘʤ ʠʣʠ ʛʦʩʪʘʤ). ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ 
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ʚʘʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʜʦʧʫʩʪʠʤʳʝ 

ʟʥʘʯʝʥʠʷ ʦʩʥʦʚʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ. ɸ ʢʘʢ ʠʟʚʝʩʪʥʦ, ʢ 

ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʦʪʥʦʩʷʪʩʷ 

ʪʚʝʨʜʦʩʪʴ, ʧʨʦʯʥʦʩʪʴ, ʫʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ, 

ʧʣʘʩʪʠʯʥʦʩʪʴ [2].  

ʊʚʝʨʜʦʩʪʴ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ ï 

ʧʝʨʚʠʯʥʘʷ ʢʦʥʩʪʨʫʢʮʠʦʥʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʵʪʦ ʩʚʦʡʩʪʚʦ ʤʘʪʝʨʠʘʣʘ 

ʩʦʟʜʘʚʘʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ 

ʧʨʦʥʠʢʥʦʚʝʥʠʠ ʚ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʣʦʠ 

ʠʥʦʛʦ ʪʝʣʘ, ʢʦʪʦʨʦʝ ʥʝ ʜʝʬʦʨʤʠʨʫʝʪʩʷ ʠ ʥʝ 

ʨʘʟʨʫʰʘʝʪʩʷ ʧʨʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ 

ʥʘʛʨʫʟʢʘʭ (ʠʥʜʝʥʪʦʨʘ) [2].  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʤʝʪʘʣʣʘ 

ʙʳʣ ʚʳʙʨʘʥ  ʧʝʨʝʛʦʥ ɺʝʮʫʤʥʝʢʠ ï ʄʠʩʘ 

ʃʘʪʚʠʡʩʢʦʡ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ. ʅʘ ʜʘʥʥʦʤ 

ʧʝʨʝʛʦʥʝ ʚ 2015 ʛʦʜʫ ʧʨʦʠʟʚʦʜʠʣʩʷ 

ʢʘʧʠʪʘʣʴʥʳʡ ʨʝʤʦʥʪ ʧʫʪʠ ʩ ʫʢʣʘʜʢʦʡ 

ʥʦʚʳʭ ʨʝʣʴʩʦʚ ʘʥʛʣʠʡʩʢʦʡ ʬʠʨʤʳ 

ñArcelorMittalò ENSIDESA 02 14 60 E1, ʯʪʦ 

ʦʟʥʘʯʘʝʪ: ENSIDESA ʟʘʚʦʜ-ʧʨʦʠʟʚʦʜʠʪʝʣʴ, 

02 ʤʝʩʷʮ ʚʳʧʫʩʢʘ, 14 ʛʦʜ ʚʳʧʫʩʢʘ ʠ 60 ɽ1 

ʪʠʧ ʨʝʣʴʩʘ.  

ʇʦʩʣʝ ʫʢʣʘʜʢʠ, ʧʦʜʙʠʚʢʠ ʠ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʙʘʣʣʘʩʪʥʦʛʦ ʩʣʦʷ, ʙʳʣʠ 

ʫʣʦʞʝʥʳ ʧʣʝʪʠ ʠ ʟʘʢʨʝʧʣʝʥʳ ʚ  

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʟʘʢʨʝʧʣʝʥʠʷ ʧʣʝʪʠ ʩʦʩʪʘʚʠʣʘ +27
ʦ
ʉ.  ʇʦʩʣʝ 

ʫʢʣʘʜʢʠ  ʥʦʚʳʭ ʜʣʠʥʥʦʤʝʨʥʳʭ ʨʝʣʴʩʦʚ 

ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʰʣʠʬʦʚʢʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʘʪʘʥʠʷ ʛʦʣʦʚʢʠ ʨʝʣʴʩʘ, 

ʨʝʣʴʩʦʰʣʠʬʦʚʘʣʴʥʳʤ ʧʦʝʟʜʦʤ URR-112 

ʰʚʝʡʮʘʨʩʢʦʡ ʬʠʨʤʳ çSpenoè.  

ʅʘ 2017 ʛʦʜ, ʧʨʦʧʫʱʝʥʥʳʡ ʪʦʥʥʘʞ 

ʧʦ ʜʘʥʥʦʤʫ ʧʝʨʝʛʦʥʫ, ʩʦʩʪʘʚʠʣ 47,4 

ʤʠʣʣʠʦʥ ʪʦʥʥ ʙʨʫʪʪʦ. ʀʟʤʝʨʝʥʠʝ 

ʪʚʝʨʜʦʩʪʠ ʧʨʦʠʩʭʦʜʠʣʦ ʩ ʧʦʤʦʱʴʶ 

ʧʝʨʝʥʦʩʥʦʛʦ ʪʚʝʨʜʦʤʝʨʘ òKrautkramerò. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʦʪʦʙʨʘʞʝʥʳ  ʠʟʤʝʨʝʥʠʝ 

ʪʚʝʨʜʦʩʪʠ ʤʝʪʘʣʣʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʥʠʷ 

ʰʣʠʬʦʚʘʥʥʦʛʦ ʨʝʣʴʩʘ ʚ ʧʨʷʤʦʤ ʫʯʘʩʪʢʝ 

ʧʫʪʠ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥʦ  ʠʟʤʝʨʝʥʠʝ 

ʪʚʝʨʜʦʩʪʠ ʤʝʪʘʣʣʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʥʠʷ 

ʰʣʠʬʦʚʘʥʥʦʛʦ ʨʝʣʴʩʘ ʚ ʢʨʠʚʦʡ R = 1307 ʤ. 

ʅʘ ʤʦʤʝʥʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʦʢʦʚʦʡ ʠʟʥʦʩ 

ʨʘʙʦʯʝʡ ʛʨʘʥʠ ʛʦʣʦʚʢʠ ʩʦʩʪʘʚʠʣ 3 ʤʤ, 

ʚʝʨʪʠʢʘʣʴʥʳʡ ʠʟʥʦʩ 1 ʤʤ.   

ɺ ʢʘʯʝʩʪʚʝ ʩʨʘʚʥʝʥʠʷ ʪʚʝʨʜʦʩʪʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʥʠʷ ʙʳʣʠ ʧʨʦʠʟʚʝʜʝʥʳ 

ʠʟʤʝʨʝʥʠʷ  ʥʦʚʳʭ ʨʝʣʴʩʦʚ ʙʝʟ 

ʧʨʦʧʫʱʝʥʥʦʛʦ  ʪʦʥʥʘʞʘ, ʫʣʦʞʝʥʥʳʭ ʚ 

ʧʨʦʮʝʩʩʝ ʪʝʢʫʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʥʘ 

ʧʝʨʝʛʦʥʝ ɺʝʮʫʤʥʝʢʠ ï ʃʘʯʧʣʝʩʠʩ, 219 ʢʤ 1 

ʧʠʢʝʪʝ 12 ʩʝʥʪʷʙʨʷ 2017 ʛʦʜʘ. ʅʦʚʳʝ 

ʨʝʣʴʩʳ  ʧʨʦʠʟʚʦʜʩʪʚʘ ɸʥʛʣʠʡʩʢʦʡ ʬʠʨʤʳ 

ñArcelorMittalò ENSIDESA 02 13 60 E1 ʠ 01 

16 60 ɽ1. ʅʘ ʨʠʩʫʥʢʝ 3 ʧʦʢʘʟʘʥʦ  

ʠʟʤʝʨʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʤʝʪʘʣʣʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʥʠʷ ʥʦʚʦʛʦ ʨʝʣʴʩʘ ʚ 

ʢʨʠʚʦʤ ʫʯʘʩʪʢʝ ʧʫʪʠ R = 956 ʤ. 

ʅʘ ʨʠʩʫʥʢʝ 4 ʦʪʦʙʨʘʞʝʥʦ ʠʟʤʝʨʝʥʠʝ 

ʪʚʝʨʜʦʩʪʠ ʤʝʪʘʣʣʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʥʠʷ 

ʥʦʚʦʛʦ ʨʝʣʴʩʘ ENSIDESA 01 16 60 ɽ1 ʚ 

ʧʨʷʤʦʤ ʫʯʘʩʪʢʝ ʧʫʪʠ. 

 

 
 

ʈʠʩ. 1 - ʀʟʤʝʨʝʥʠʝ ʪʚʝʨʜʦʩʪʠ  ʤʝʪʘʣʣʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʥʠʷ ʰʣʠʬʦʚʘʥʥʦʛʦ ʨʝʣʴʩʘ ENSIDESA 

02 14 60 E1 

Fig. 1 -  Measurement of hardness of metal on the surface of polished rail ENSIDESA 02 14 60 E1 
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ʈʠʩ. 2 - ʀʟʤʝʨʝʥʠʝ ʪʚʝʨʜʦʩʪʠ  ʤʝʪʘʣʣʘ(ʚ ʢʨʠʚʦʡ R = 1307 ʤ) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʥʠʷ 

ʰʣʠʬʦʚʘʥʥʦʛʦ ʨʝʣʴʩʘ ENSIDESA 02 14 60 E1 

Fig. 2  -  Measurement of metal hardness(curve R = 1307 m) on the surface of polished rail ENSIDESA 

02 14 60 E1 

 

 
 

ʈʠʩ. 3 - ʀʟʤʝʨʝʥʠʝ ʪʚʝʨʜʦʩʪʠ  ʤʝʪʘʣʣʘ  (ʚ ʢʨʠʚʦʡ R = 956 ʤ) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʥʠʷ ʥʦʚʦʛʦ ʨʝʣʴʩʘ 

ENSIDESA 05 13 60 E1 

Fig. 3  -  Measurement of metal hardness (curve R = 956 m) on the tread surface of a new rail 

ENSIDESA 13 05 60 E1 

 

 
 

ʈʠʩ. 4 - ʀʟʤʝʨʝʥʠʝ ʪʚʝʨʜʦʩʪʠ  ʤʝʪʘʣʣʘ  ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʥʠʷ ʥʦʚʦʛʦ ʨʝʣʴʩʘ ENSIDESA 01 16 60 

E1 

Fig. 4   -  Measurement of metal hardness on the tread surface of a new rail 

 ENSIDESA 01 16 60 E1 
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ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ 

ʩʦʩʪʘʚʣʝʥʘ ʪʘʙʣʠʮʘ ʠ ʧʨʦʠʟʚʝʜʝʥʳ 

ʩʨʘʚʥʝʥʠʷ ʩ ʧʘʩʧʦʨʪʥʳʤʠ ʜʘʥʥʳʤʠ ʟʘʚʦʜʘ- 

ʠʟʛʦʪʦʚʠʪʝʣʷ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 1. 

ʉʨʝʜʥʷʷ ʪʚʝʨʜʦʩʪʴ ʚ ʛʦʣʦʚʢʝ 

ʨʝʣʴʩʦʚ 60 E1 ENSIDESA ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʘʪʘʥʠʷ, ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʘʩʧʦʨʪʥʳʤ 

ʜʘʥʥʳʤ ʟʘʚʦʜʘ-ʠʟʛʦʪʦʚʠʪʝʣʷ, ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ  ʰʣʠʬʦʚʘʥʥʦʛʦ ʨʝʣʴʩʘ ʚ 

ʢʨʠʚʦʡ ʨʘʜʠʫʩʘ R = 1307 ʤ. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʚʝʨʜʦʩʪʴ 

ʩʦʩʪʘʚʠʣʘ 408 HB, ʯʪʦ ʥʘ 51 ʅɺ ʚʳʰʝ 

ʧʘʩʧʦʨʪʥʳʭ ʟʥʘʯʝʥʠʡ. ʋʚʝʣʠʯʝʥʠʝ 

ʪʚʝʨʜʦʩʪʠ ʚ ʢʨʠʚʳʭ ʫʯʘʩʪʢʘʭ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʥʠʷ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʧʦʚʳʰʝʥʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʙʘʥʜʘʞʘ 

ʢʦʣʝʩʥʦʡ ʧʘʨʳ ʩ ʧʦʚʝʨʭʥʦʩʪʥʦʩʪʴʶ 

ʢʘʪʘʥʠʷ ʛʦʣʦʚʢʠ ʨʝʣʴʩʘ.  

 

ʊʘʙʣʠʮʘ 1 - ʉʨʘʚʥʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʨʝʣʴʩʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʥʠʷ 60 E1 ENSIDESA ʩ 

ʤʘʨʢʦʡ ʩʪʘʣʠ R350HT ʩ ʟʘʚʦʜʦʤ ʠʟʛʦʪʦʚʠʪʝʣʷ 

Table 1  -  Comparison of the hardness of rails on the rolling surface 60 E1 ENSIDESA with steel 

grade R350HT with the manufacturer's factory 
 

 

 

ʄʝʩʪʦ 

ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʚʝʨʜʦʩʪʠ 

ʄʘʨʢʘ ʪʚʝʨʜʦʩʪʠ ʨʝʣʴʩʘ R350HT 

 

ʊʚʝʨʜʦʩʪʴ 

ʟʘʚʦʜʘ 

ʠʟʛʦʪʦʚʠʪʝʣʷ 

(HB) 

ʉʨʝʜʥʷʷ ʪʚʝʨʜʦʩʪʴ (ʨʝʣʴʩʦʚ 60 ɽ1 ENSIDESA) (HB) 

ʰʣʠʬʦʚʘʥʥʳʡ 

ʨʝʣʴʩ 

ENSIDESA 02 

14 60 E1 (HB) 

ʰʣʠʬʦʚʘʥʥʳʡ 

ʨʝʣʴʩ ʚ ʢʨʠʚʦʡ  

ENSIDESA 02 

14 60 E1 (HB) 

ʥʦʚʳʡ ʨʝʣʴʩ 

ʚ ʢʨʠʚʦʡ 

ENSIDESA 

05 13 60 E1 

(HB) 

ʥʦʚʳʡ ʨʝʣʴʩ 

ENSIDESA 

01 16 60 E1 

(HB) 

1 2 3 4 5 6 

ʅʘ ʛʦʣʦʚʢʝ, 

ʧʦʚʝʨʭʥʦʩʪʴ 

ʢʘʪʘʥʠʷ HB 

 

357 

 

287 

 

408 

 

253 

 

258 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʪʘʙʣʠʮʳ 1, ʧʦʩʪʨʦʠʤ ʛʨʘʬʠʯʝʩʢʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʤʝʪʘʣʣʘ ʥʘ 

ʨʠʩʫʥʢʝ 5.  

 

 
 

ʈʠʩ. 5 - ɻʨʘʬʠʯʝʩʢʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩʨʘʚʥʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʨʝʣʴʩʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʘʪʘʥʠʷ 60 E1 ENSIDESA  

Fig. 5 - Graphical display of results a comparison of the hardness of the rails on the running surface 60 E1 
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ʉʨʝʜʥʷʷ ʪʚʝʨʜʦʩʪʴ (ʨʝʣʴʩʦʚ 60 ɽ1 ENSIDESA)   

͍͔́ͪ͒ͦͫͭΈ ͍͊ͦ͒͊͘ ͙͎͍͙͔ͦͭͦͭ͘͡Ύ 
(HB) 

΄͙͡ͺ͍ͦ͊ͤ·͚ ͔ͪ͡Έͫ ENSIDESA 02 
14 60 E1 (HB) 

΄͙͡ͺ͍ͦ͊ͤ·͚ ͔ͪ͡Έͫ ͍ ͙͍͚ͪͦ͟  
ENSIDESA 02              14 60 E1 (HB) 

͍ͤͦ·͚ ͔ͪ͡Έͫ ͍  ͙͍͚ͪͦ͟ ENSIDESA 
05 13 60 E1 (HB) 

͍ͤͦ·͚ ͔ͪ͡Έͫ ENSIDESA 01 16 60 
E1 (HB) 
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ɺʳʚʦʜʳ: 

1. ʇʨʦʚʝʨʢʘ ʪʚʝʨʜʦʩʪʠ 

ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʦ ʰʢʘʣʝ ɹʨʠʥʝʣʷ (HB) 

ʩʦʚʨʝʤʝʥʥʳʤ ʧʝʨʝʥʦʩʥʳʤ ʧʨʠʙʦʨʦʤ 

Krautkramer. ɺ ʢʘʯʝʩʪʚʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʚʘ ʧʝʨʝʛʦʥʘ ʃʘʪʚʠʡʩʢʦʡ 

ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ ɺʝʮʫʤʥʝʢʠ ï ʄʠʩʘ ʠ 

ɺʝʮʫʤʥʝʢʠ ï ʃʘʯʧʣʝʩʠʩ. ʅʘ ʫʯʘʩʪʢʝ 

ɺʝʮʫʤʥʝʢʠ ï ʄʠʩʘ ʚ 2015 ʛʦʜʫ ʙʳʣʠ 

ʫʣʦʞʝʥʳ ʥʦʚʳʝ ʨʝʣʴʩʳ, ʚʳʧʫʱʝʥʥʳʝ 

ɸʥʛʣʠʡʩʢʠʤ ʬʠʨʤʦʡ ñArcelorMittalò 

ENSIDESA 02 14 60 E1, ʧʦʩʣʝ ʫʢʣʘʜʢʠ 

ʧʨʦʠʟʚʝʜʝʥʘ ʰʣʠʬʦʚʢʘ, ʘ ʥʘ ʫʯʘʩʪʢʝ 

ɺʝʮʫʤʥʝʢʠ ï ʃʘʯʧʣʝʩʠʩ ʪʦʡ ʞʝ ʬʠʨʤʦʡ, ʥʦ 

ʙʝʟ ʰʣʠʬʦʚʢʠ.  

2. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʡ ʚʳʚʦʜ, ʯʪʦ 

ʪʚʝʨʜʦʩʪʴ ʤʝʪʘʣʣʘ ʰʣʠʬʦʚʘʥʥʳʭ ʨʝʣʴʩʦʚ 

ʦʢʘʟʘʣʘʩʴ ʚʳʰʝ ʥʘ 31 ʅɺ, ʥʝʞʝʣʠ ʯʝʤ ʫ ʥʝ 

ʰʣʠʬʦʚʘʥʥʳʭ ʨʝʣʴʩʦʚ. ʊʚʝʨʜʦʩʪʴ 

ʰʣʠʬʦʚʘʥʥʳʭ ʨʝʣʴʩʦʚ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʪʝʤ, ʯʪʦ ʚ ʟʦʥʝ ʰʣʠʬʦʚʘʥʠʷ ʧʨʠ ʫʛʣʘʭ 

ʥʘʢʣʦʥʘ ʰʣʠʬʦʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʦʪ 15 ʜʦ 35 

ʛʨʘʜʫʩʦʚ ʜʘʥʥʳʡ ʫʯʘʩʪʦʢ ʦʧʠʩʳʚʘʝʪʩʷ 

ʤʘʣʳʤʠ ʨʘʜʠʫʩʘʤʠ, ʠ ʧʦʵʪʦʤʫ ʚ ʤʦʤʝʥʪ 

ʦʙʨʘʙʦʪʢʠ ʧʦʷʚʣʷʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʫʜʝʣʴʥʳʝ ʜʘʚʣʝʥʠʷ ʩʦ ʩʪʦʨʦʥʳ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʩʦ ʩʪʦʨʦʥʳ 

ʘʙʨʘʟʠʚʥʦʛʦ ʢʨʫʛʘ. 

3. ʉʧʦʩʦʙ ʰʣʠʬʦʚʘʥʠʷ 

ʧʦʚʳʰʘʝʪ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʪʚʝʨʜʦʩʪʴ 

ʨʝʣʴʩʦʚ ʚ 1,2 ʨʘʟʘ. ʕʪʦʤʫ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʨʠʤʝʥʝʥʠʝ ʧʨʝʨʳʚʠʩʪʳʭ ʢʨʫʛʦʚ, ʢʦʪʦʨʳʝ 

ʩʥʠʞʘʶʪ ʪʝʤʧʝʨʘʪʫʨʫ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʜʝʬʦʨʤʠʨʫʶʪ 

ʤʘʪʝʨʠʘʣ ʠ ʫʚʝʣʠʯʠʚʘʶʪ ʩʪʝʧʝʥʴ ʝʛʦ 

ʫʧʨʦʯʥʝʥʠʷ. 

4. ʉʨʘʚʥʠʚʘʷ ʧʦʣʫʯʝʥʥʫʶ 

ʪʚʝʨʜʦʩʪʴ ʤʝʪʘʣʣʘ ʥʦʚʦʛʦ ʨʝʣʴʩʘ ʩ 

ʧʘʩʧʦʨʪʥʳʤʠ ʜʘʥʥʳʤʠ ʟʘʚʦʜʘ- 

ʠʟʛʦʪʦʚʠʪʝʣʷ, ʪʘʢʞʝ ʠʤʝʶʪʩʷ ʨʘʩʭʦʞʜʝʥʠʷ, 

ʪʚʝʨʜʦʩʪʴ ʤʝʪʘʣʣʘ ʨʝʣʴʩʘ ʥʠʞʝ ʥʘ 100 ʅɺ.  

5. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʚʳʩʠʪʴ 

ʪʚʝʨʜʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʥʠʷ ʨʝʣʴʩʘ, 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʣʝ ʢʘʞʜʦʡ ʫʢʣʘʜʢʠ 

ʧʨʦʠʟʚʦʜʠʪʴ ʰʣʠʬʦʚʘʣʴʥʳʝ ʨʘʙʦʪʳ, ʪʘʢ 

ʢʘʢ ʩʥʠʞʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʙʳʩʪʨʦʤʫ ʠʟʥʦʩʫ ʛʦʣʦʚʢʠ ʨʝʣʴʩʘ.  
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ʙʦʣʘʪ çɸʨʩʝʣʦʨʄʠʪʪʘʣè ʢʦʤʧʘʥʠʷʩʳʥʳש  ʞᴅʥʝ ENSIDESA 60 E1 ʨʝʣʴʩʽ ʪװʨʽʥʝ ʙʘʨ ʨʝʣʴʩʪʽʥ 

ʙʦʡʳʥʜʘ ʞʳʣʞʫ ʢʝʟʽʥʜʝʥ ʤʝʪʘʣʣ ץʘʪʪʳʣʳסʳʥ ʘʥʳץʪʘʫʜʳש ʘʥʘʣʠʟʽ ʢᴇʨʩʝʪʽʛʝʥ. ɸסʳʣʰʳʥ ʬʠʨʤʘʩʳ 
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- E1 60 ʘʞʘʨʣʳ ʨʝʣʴʩʽʥʽש ʞᴅʥʝ ʞʘשʘ ʘʞʘʨʣʘʥʙʘסʘʥ 60 ɽ1ʨʝʣʴʩʽʥʽש ʩʦשʜʘʡ-ʘץ ʢʠʩʳץ ʙʝʪ 
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Abstract. In connection with the ever growing need to increase the capacity of the existing 

network of railways in the Republic of Kazakhstan and (especially the areas bordering the Russian 

Federation and with China), the issue of increasing the safety of operation of freight trains of increased 

mass and length is relevant. The commissioning of heavy trains is a complex task related to the use of 

more powerful locomotives, increased axle loads, reconstruction of the track infrastructure and power 

supply, and improvement of the technology of the transportation process. 

In addition, an increase in the speed of train traffic with increasing traffic density requires 

increasing the strength and stability of the road. The technical policy of JSC "NK" KTZ "in Kazakhstan is 

aimed at a complete transition to a seamless path on a reinforced concrete foundation. 
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The use of reinforced concrete sleepers and heavy-type rails along with the strengthening of 

durability and reliability of the path causes an increase in the modulus of elasticity of the under-rail base 

and the rigidity of the path, as compared to wooden sleepers. 

The accuracy and correctness of the accepted experimental methods for evaluating the force 

impacts of wheels on the rail track is of paramount importance for analyzing the safety of the use of 

freight train trains. 

Edge stresses caused by bending and torsion of the rail from vertical and horizontal action of the 

rolling stock are the most important parameters determining the strength of the rail. As is known, the half 

sum of edge stresses characterizes the vertical impact on the path, and the half-difference is horizontal 

(lateral force). They also characterize the nature of influence of the moments of forces from the 

application of lateral loads and shift of position of the conditional center of a spot of contact of a wheel 

and a head of a railhead. 

The results of measurements of edge stresses and stresses in the neck of a rail in a curve of radius 

R = 380 m, obtained during the tests on the effect of the locomotive CKD6e-2108, freight cars 12-9941 

and 12-9920, on the section of the Almaty-Shu railway line are presented. The dependences of stresses in 

the edges of the sole and in the neck of the rail on the speed of the test rolling stock are obtained. The 

possibility of increasing the weight norms of freight trains without the cost of reconstruction of the track 

infrastructure is substantiated by introducing a fleet of modernized freight cars with an axle load of 245 

kN (25 tons). 

Keywords: railway track, rail, edge stresses, stresses at the neck of the rail, vertical and lateral 

forces, test the rolling stock, a small radius curve. 
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1
ʂʘʟʘʭʩʢʘʷ ʘʢʘʜʝʤʠʷ ʪʨʘʥʩʧʦʨʪʘ ʠ ʢʦʤʤʫʥʠʢʘʮʠʡ ʠʤ. ʄ. ʊʳʥʳʰʧʘʝʚʘ, ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

 

ʅɸʇʈʗɾɽʅʅʆɽ ʉʆʉʊʆʗʅʀɽ ʈɽʃʔʉʆɺ ʇʈʀ ɺʆɿɼɽʁʉʊɺʀʀ ʕʂʀʇɸɾɸ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʚʷʟʠ ʩ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʫʱʝʡ ʧʦʪʨʝʙʥʦʩʪʴʶ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʝʪʠ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ, ʦʩʦʙʝʥʥʦ 

ʨʘʡʦʥʦʚ, ʛʨʘʥʠʯʘʱʠʭ c ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʝʡ ʠ ʂʠʪʘʝʤ, ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩ 

ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʨʫʟʦʚʳʭ ʧʦʝʟʜʦʚ ʧʦʚʳʰʝʥʥʦʡ ʤʘʩʩʳ ʠ ʜʣʠʥʳ. 

ɺʚʝʜʝʥʠʝ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʪʷʞʝʣʦʚʝʩʥʳʭ ʧʦʝʟʜʦʚ ï ʢʦʤʧʣʝʢʩʥʘʷ ʟʘʜʘʯʘ, ʩʚʷʟʘʥʥʘʷ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʙʦʣʝʝ ʤʦʱʥʳʭ ʣʦʢʦʤʦʪʠʚʦʚ, ʧʦʚʳʰʝʥʠʝʤ ʦʩʝʚʳʭ ʥʘʛʨʫʟʦʢ, ʨʝʢʦʥʩʪʨʫʢʮʠʝʡ 

ʧʫʪʝʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ 

ʧʝʨʝʚʦʟʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ ʧʨʠ ʚʦʟʨʘʩʪʘʶʱʝʡ 

ʛʨʫʟʦʥʘʧʨʷʞʝʥʥʦʩʪʠ ʜʦʨʦʛ ʪʨʝʙʫʝʪ ʧʦʚʳʰʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʫʪʠ. 

ʊʝʭʥʠʯʝʩʢʘʷ ʧʦʣʠʪʠʢʘ ɸʆ çʅʂ çפʊɾè ʚ ʂʘʟʘʭʩʪʘʥʝ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʧʦʣʥʳʡ ʧʝʨʝʭʦʜ ʥʘ 

ʙʝʩʩʪʳʢʦʚʦʡ ʧʫʪʴ ʥʘ ʞʝʣʝʟʦʙʝʪʦʥʥʦʤ ʦʩʥʦʚʘʥʠʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʰʧʘʣ ʠ ʨʝʣʴʩʦʚ ʪʷʞʝʣʳʭ ʪʠʧʦʚ ʥʘʨʷʜʫ ʩ ʫʩʠʣʝʥʠʝʤ 

ʧʨʦʯʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʧʫʪʠ ʚʳʟʳʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʧʦʜʨʝʣʴʩʦʚʦʛʦ 

ʦʩʥʦʚʘʥʠʷ ʠ ʞʝʩʪʢʦʩʪʠ ʧʫʪʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʝʨʝʚʷʥʥʳʤʠ ʰʧʘʣʘʤʠ.  

ʊʦʯʥʦʩʪʴ ʠ ʢʦʨʨʝʢʪʥʦʩʪʴ ʧʨʠʥʷʪʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʩʠʣʦʚʳʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʢʦʣʝʩ ʥʘ ʨʝʣʴʩʦʚʳʡ ʧʫʪʴ ʠʤʝʝʪ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʘʥʘʣʠʟʘ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʛʨʫʟʦʚʳʭ ʩʦʩʪʘʚʥʳʭ ʧʦʝʟʜʦʚ.  

ʂʨʦʤʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʠʟʛʠʙʦʤ ʠ ʢʨʫʯʝʥʠʝʤ ʨʝʣʴʩʘ ʦʪ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʷʚʣʷʶʪʩʷ 

ʚʘʞʥʝʡʰʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʧʨʦʯʥʦʩʪʴ ʨʝʣʴʩʘ. ʂʘʢ ʠʟʚʝʩʪʥʦ,  ʧʦʣʫʩʫʤʤʘ 

ʢʨʦʤʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʝʨʪʠʢʘʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʫʪʴ, ʘ ʧʦʣʫʨʘʟʥʦʩʪʴ 

ï ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ (ʙʦʢʦʚʫʶ ʩʠʣʫ). ʆʥʠ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʭʘʨʘʢʪʝʨ ʚʦʟʜʝʡʩʪʚʠʷ 
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ʤʦʤʝʥʪʦʚ ʩʠʣ ʦʪ ʧʨʠʣʦʞʝʥʠʷ ʙʦʢʦʚʳʭ ʥʘʛʨʫʟʦʢ ʠ ʩʤʝʱʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʫʩʣʦʚʥʦʛʦ ʮʝʥʪʨʘ 

ʧʷʪʥʘ ʢʦʥʪʘʢʪʘ ʢʦʣʝʩʘ ʠ ʛʦʣʦʚʢʠ ʨʝʣʴʩʘ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʢʨʦʤʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʥʘʧʨʷʞʝʥʠʡ ʚ 

ʰʝʡʢʝ ʨʝʣʴʩʘ ʚ ʢʨʠʚʦʡ ʨʘʜʠʫʩʦʤ R=380 ʤ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʧʦ ʚʦʟʜʝʡʩʪʚʠʶ 

ʥʘ ʧʫʪʴ ʪʝʧʣʦʚʦʟʘ CKD6e-2108, ʛʨʫʟʦʚʳʭ ʧʦʣʫʚʘʛʦʥʦʚ 12-9941 ʠ 12-9920, ʥʘ ʫʯʘʩʪʢʝ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʣʠʥʠʠ ɸʣʤʘʪʳ-ʐʫ. ʇʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʢʨʦʤʢʘʭ 

ʧʦʜʦʰʚʳ ʠ ʚ ʰʝʡʢʝ ʨʝʣʴʩʘ ʦʪ ʩʢʦʨʦʩʪʠ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ. ʆʙʦʩʥʦʚʘʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʳʰʝʥʠʷ ʚʝʩʦʚʳʭ ʥʦʨʤ ʛʨʫʟʦʚʳʭ ʧʦʝʟʜʦʚ ʙʝʟ ʟʘʪʨʘʪ ʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʶ 

ʧʫʪʝʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʟʘ ʩʯʝʪ ʚʥʝʜʨʝʥʠʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʧʘʨʢʘ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʭ 

ʛʨʫʟʦʚʳʭ ʚʘʛʦʥʦʚ ʩ ʦʩʝʚʦʡ ʥʘʛʨʫʟʢʦʡ 245 ʢʅ (25 ʪʩ). 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʧʫʪʴ, ʨʝʣʴʩ, ʢʨʦʤʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʰʝʡʢʝ ʨʝʣʴʩʘ, ʚʝʨʪʠʢʘʣʴʥʳʝ ʠ ʙʦʢʦʚʳʝ ʩʠʣʳ, ʠʩʧʳʪʘʪʝʣʴʥʳʡ ʧʦʜʚʠʞʥʦʡ 

ʩʦʩʪʘʚ, ʢʨʠʚʘʷ ʤʘʣʦʛʦ ʨʘʜʠʫʩʘ. 

 

ɺ ʩʚʷʟʠ ʩ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʫʱʝʡ 

ʧʦʪʨʝʙʥʦʩʪʴʶ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʝʪʠ 

ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʠ 

(ʦʩʦʙʝʥʥʦ ʨʘʡʦʥʦʚ, ʛʨʘʥʠʯʘʱʠʭ c 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʝʡ ʠ ʩ ʂʠʪʘʝʤ), 

ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩ ʧʦʚʳʰʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʨʫʟʦʚʳʭ 

ʧʦʝʟʜʦʚ ʧʦʚʳʰʝʥʥʦʡ ʤʘʩʩʳ ʠ ʜʣʠʥʳ. 

ɺʚʝʜʝʥʠʝ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʪʷʞʝʣʦʚʝʩʥʳʭ 

ʧʦʝʟʜʦʚ ï ʢʦʤʧʣʝʢʩʥʘʷ ʟʘʜʘʯʘ, ʩʚʷʟʘʥʥʘʷ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʙʦʣʝʝ ʤʦʱʥʳʭ ʣʦʢʦʤʦʪʠʚʦʚ, 

ʧʦʚʳʰʝʥʠʝʤ ʦʩʝʚʳʭ ʥʘʛʨʫʟʦʢ, 

ʨʝʢʦʥʩʪʨʫʢʮʠʝʡ ʧʫʪʝʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ 

ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʚʦʟʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʝʡ 

ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ ʧʨʠ ʚʦʟʨʘʩʪʘʶʱʝʡ 

ʛʨʫʟʦʥʘʧʨʷʞʝʥʥʦʩʪʠ ʜʦʨʦʛ ʪʨʝʙʫʝʪ 

ʧʦʚʳʰʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʧʫʪʠ. ʊʝʭʥʠʯʝʩʢʘʷ ʧʦʣʠʪʠʢʘ                               

ɸʆ çʅʂ çפʊɾè ʚ ʂʘʟʘʭʩʪʘʥʝ ʥʘʧʨʘʚʣʝʥʘ 

ʥʘ ʧʦʣʥʳʡ ʧʝʨʝʭʦʜ ʥʘ ʙʝʩʩʪʳʢʦʚʦʡ ʧʫʪʴ ʥʘ 

ʞʝʣʝʟʦʙʝʪʦʥʥʦʤ ʦʩʥʦʚʘʥʠʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʰʧʘʣ 

ʠ ʨʝʣʴʩʦʚ ʪʷʞʝʣʳʭ ʪʠʧʦʚ ʥʘʨʷʜʫ ʩ 

ʫʩʠʣʝʥʠʝʤ ʧʨʦʯʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʧʫʪʠ 

ʚʳʟʳʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ 

ʧʦʜʨʝʣʴʩʦʚʦʛʦ ʦʩʥʦʚʘʥʠʷ ʠ ʞʝʩʪʢʦʩʪʠ 

ʧʫʪʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʝʨʝʚʷʥʥʳʤʠ 

ʰʧʘʣʘʤʠ [1].  

ʊʦʯʥʦʩʪʴ ʠ ʢʦʨʨʝʢʪʥʦʩʪʴ ʧʨʠʥʷʪʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ 

ʩʠʣʦʚʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʢʦʣʝʩ ʥʘ ʨʝʣʴʩʦʚʳʡ 

ʧʫʪʴ ʠʤʝʝʪ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʘʥʘʣʠʟʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʛʨʫʟʦʚʳʭ ʩʦʩʪʘʚʥʳʭ ʧʦʝʟʜʦʚ.  

ʂʨʦʤʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʠʟʛʠʙʦʤ ʠ ʢʨʫʯʝʥʠʝʤ 

ʨʝʣʴʩʘ ʦʪ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʷʚʣʷʶʪʩʷ 

ʚʘʞʥʝʡʰʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, 

ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʧʨʦʯʥʦʩʪʴ ʨʝʣʴʩʘ. ʂʘʢ 

ʠʟʚʝʩʪʥʦ [2],  ʧʦʣʫʩʫʤʤʘ ʢʨʦʤʦʯʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʝʨʪʠʢʘʣʴʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʫʪʴ, ʘ ʧʦʣʫʨʘʟʥʦʩʪʴ ï 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ (ʙʦʢʦʚʫʶ ʩʠʣʫ). ʆʥʠ ʪʘʢʞʝ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʭʘʨʘʢʪʝʨ ʚʦʟʜʝʡʩʪʚʠʷ 

ʤʦʤʝʥʪʦʚ ʩʠʣ ʦʪ ʧʨʠʣʦʞʝʥʠʷ ʙʦʢʦʚʳʭ 

ʥʘʛʨʫʟʦʢ ʠ ʩʤʝʱʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʫʩʣʦʚʥʦʛʦ 

ʮʝʥʪʨʘ ʧʷʪʥʘ ʢʦʥʪʘʢʪʘ ʢʦʣʝʩʘ ʠ ʛʦʣʦʚʢʠ 

ʨʝʣʴʩʘ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʢʨʦʤʦʯʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʰʝʡʢʝ ʨʝʣʴʩʘ 

ʚ ʮʝʥʪʨʝ ʰʧʘʣʴʥʦʛʦ ʷʱʠʢʘ ʥʘʨʫʞʥʦʡ 

ʨʝʣʴʩʦʚʦʡ ʥʠʪʠ ʢʨʠʚʦʡ ʨʘʜʠʫʩʦʤ R =  380 

ʤ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʧʳʪʘʥʠʡ 

ʛʨʫʟʦʚʳʭ ʚʘʛʦʥʦʚ ʠ ʪʝʧʣʦʚʦʟʘ ʥʘ ʫʯʘʩʪʢʝ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʣʠʥʠʠ ɸʣʤʘʪʳ-ʐʫ. 

ʅʘʣʠʯʠʝ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ 

ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʘ ʠʤʝʥʥʦ: ʧʦʣʟʫʥʦʚ, 

ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʧʨʦʢʘʪʘ, ʥʘʚʘʨʦʚ ʥʘ 

ʢʦʣʝʩʘʭ, ʜʠʘʤʝʪʨ ʢʦʣʝʩ, ʚʠʜ ʨʝʩʩʦʨʥʦʛʦ 

ʧʦʜʚʝʰʠʚʘʥʠʷ, ʨʘʟʥʦʩʪʴ ʙʘʟ ʙʦʢʦʚʳʭ ʨʘʤ, 

ʚʝʣʠʯʠʥʘ ʟʘʟʦʨʦʚ ʚ ʙʫʢʩʦʚʳʭ ʧʨʦʝʤʘʭ ʠ 

ʟʘʚʳʰʝʥʠʝ ʬʨʠʢʮʠʦʥʥʳʭ ʢʣʠʥʴʝʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʧʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʘʜʨʝʩʩʦʨʥʦʡ ʙʘʣʢʠ, ʘ ʪʘʢʞʝ 

ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʧʫʪʠ: ʥʝʨʦʚʥʦʩʪʝʡ ʚ 

ʩʪʳʢʘʭ ʠ ʤʝʩʪʘʭ ʩʚʘʨʢʠ ʨʝʣʴʩʦʚ, 

ʩʝʜʣʦʚʠʥʳ, ʚʦʣʥʦʦʙʨʘʟʥʳʡ ʠʟʥʦʩ ʠ ʜʨʫʛʠʝ 

ʬʘʢʪʦʨʳ ʟʥʘʯʠʪʝʣʴʥʦ ʫʭʫʜʰʘʶʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʣʝʤʝʥʪʦʚ ʧʫʪʠ ʠ 
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ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ [2]. ʈʝʰʝʥʠʝ ʚʩʝʛʦ 

ʢʦʤʧʣʝʢʩʘ ʵʪʦʡ ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʡ ʟʘʜʘʯʠ ʚ 

ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ.  

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ [2] ʧʨʠ 

ʧʦʤʦʱʠ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦ-

ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʨʠʩ.1), 

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 ʜʣʠʥʝ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ ʜʦ 500 ʤ.  

ʂʣʘʩʩ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʠʪʝʣʴʥʦʡ 

ʘʧʧʘʨʘʪʫʨʳ ï 0,1, ʧʦʛʨʝʰʥʦʩʪʴ 

ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʦʚ  

ʠʟʤʝʨʝʥʠʡ ʥʘʭʦʜʠʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0,33 

ʜʦ 1%. 

 

 
 
ʈʠʩ. 1 - ʊʝʥʟʦʤʝʪʨʠʯʝʩʢʠʡ ʠʟʤʝʨʠʪʝʣʴʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ: 1 ï ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʤʦʜʫʣʠ (16 ʰʪ);  

2 ï ʧʦʣʫʧʨʦʤʳʰʣʝʥʥʳʡ ʥʦʫʪʙʫʢ; 3 ï ʩʠʥʫʩʥʳʡ ʠʥʚʝʨʪʦʨ;  4 ï ʤʝʞʤʦʜʫʣʴʥʳʡ ʩʦʝʜʠʥʠʪʝʣʴʥʳʡ 

ʢʘʙʝʣʴ; 5ï ʩʦʝʜʠʥʠʪʝʣʴʥʳʡ ʢʘʙʝʣʴ ʤʝʞʜʫ ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʤʦʜʫʣʝʤ ʠ ʧʝʨʚʠʯʥʳʤ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ (ʪʝʥʟʦʤʦʩʪʦʤ); 6 ï ʘʢʢʫʤʫʣʷʪʦʨʥʘʷ ʙʘʪʘʨʝʷ 

Fig. 1 ï Tensometric measuring and computing complex for measuring relative deformations and stresses 

in structures: 1 ï measuring modules (16 pieces); 2 ï semi-industrial laptop; 3 ï sinusoidal inverter;  4 ï 

intermodulation connection cable; 5ï connecting cable between the measuring module and the primary 

transducer (strain gage); 6 ï accumulator battery 

 

ʂʦʤʧʣʝʢʩ ʘʧʨʦʙʠʨʦʚʘʥ ʥʘ ʨʷʜʝ 

ʦʙʲʝʢʪʦʚ ɸʆ çʅʂ çפʊɾè ʠ ʧʦʢʘʟʘʣ 

ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ ʦʮʝʥʢʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʩʠʣʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʤʦʩʪʦʚ ʢʦʤʧʦʟʠʪʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ [3-4] ʠ ʦʧʨʝʜʝʣʝʥʠʠ ʚʣʠʷʥʠʷ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʜʚʠʞʥʦʛʦ 

ʩʦʩʪʘʚʘ ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʧʫʪʴ ʠ 

ʧʨʦʣʝʪʥʳʝ ʩʪʨʦʝʥʠʷ ʤʦʩʪʦʚ [5-11].  

ʇʝʨʝʜ ʠʩʧʳʪʘʥʠʷʤʠ ʧʦ ʫʯʘʩʪʢʫ 

ʧʨʦʭʦʜʠʣ ʧʫʪʝʠʟʤʝʨʠʪʝʣʴʥʳʡ ʚʘʛʦʥ. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʟʘʤʝʨʦʚ, ʩʣʫʞʙʦʡ, 

ʦʪʚʝʪʩʪʚʝʥʥʦʡ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʧʫʪʠ, 

ʚʳʜʘʚʘʣʩʷ ʘʢʪ ʦ ʛʦʪʦʚʥʦʩʪʠ ʧʫʪʠ ʢ 

ʠʩʧʳʪʘʥʠʷʤ ʠ ʜʦʧʫʩʪʠʤʳʭ ʩʢʦʨʦʩʪʷʭ 

ʜʚʠʞʝʥʠʷ ʥʘ ʫʯʘʩʪʢʝ. ɾʝʣʝʟʥʦʜʦʨʦʞʥʘʷ 

ʢʦʣʝʷ ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ ʩʦʜʝʨʞʠʪʩʷ ʩ 

ʜʦʧʫʩʢʘʤʠ ʧʦ ʫʰʠʨʝʥʠʶ ʧʣʶʩ 4 ʤʤ, ʧʦ 

ʩʫʞʝʥʠʶ ʤʠʥʫʩ 2 ʤʤ; ʦʪʩʪʫʧʣʝʥʠʷ 
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ʛʝʦʤʝʪʨʠʠ ʨʝʣʴʩʦʚʦʡ ʢʦʣʝʠ ʥʝ ʧʨʝʚʳʰʘʶʪ 

ʧʝʨʚʦʡ ʩʪʝʧʝʥʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [2]. 

ʅʝʨʦʚʥʦʩʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʥʠʷ 

ʨʝʣʴʩʦʚ ʊ1 ʪʠʧʘ ʈ65 ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ 

ʫʯʘʩʪʢʝ (ʨʠʩ.2) ʩ ʙʝʩʩʪʳʢʦʚʦʡ 

ʢʦʥʩʪʨʫʢʮʠʝʡ ʧʫʪʠ ʥʝ ʧʨʝʚʳʰʘʣʠ 

ʜʦʧʫʩʢʘʝʤʳʭ ʟʥʘʯʝʥʠʡ, ʫʢʘʟʘʥʥʳʭ ʚ [12].  

ʀʩʧʳʪʘʥʠʷ ʛʨʫʟʦʚʳʭ ʚʘʛʦʥʦʚ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʧʦʨʦʞʥʝʤ ʠ ʛʨʫʞʝʥʦʤ 

ʩʦʩʪʦʷʥʠʠ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ 

[2]. ʆʧʳʪʥʳʡ ʧʦʝʟʜ ʩʦʩʪʦʷʣ ʠʟ ʪʝʧʣʦʚʦʟʘ 

CKD6e-2108 (ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʪʘʪʠʯʝʩʢʘʷ 

ʥʘʛʨʫʟʢʘ 23ʪʩ ʥʘ ʦʩʴ), ʛʨʫʟʦʚʳʭ 

ʧʦʣʫʚʘʛʦʥʦʚ 12-9941 (ʩʪʘʪʠʯʝʩʢʘʷ ʦʩʝʚʘʷ 

ʥʘʛʨʫʟʢʘ 23,5 ʪʩ) ʠ 19-9920 (ʩʪʘʪʠʯʝʩʢʘʷ 

ʦʩʝʚʘʷ ʥʘʛʨʫʟʢʘ 25,0 ʪʩ), ʵʣʝʢʪʨʦʚʦʟʘ 

ɺʃ80
ʩ
 (ʦʩʝʚʘʷ ʥʘʛʨʫʟʢʘ 24,0 ʪʩ). 

 

 
 

ʈʠʩ. 2 ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʫʯʘʩʪʦʢ 

Fig. 2 ï Experimental site 

 

ɿʘʝʟʜʳ ʧʦ ʠʟʤʝʨʠʪʝʣʴʥʦʤʫ ʫʯʘʩʪʢʫ 

ʧʫʪʠ ʧʨʦʠʟʚʦʜʠʣʠʩʴ çʯʝʣʥʦʯʥʳʤè 

ʩʧʦʩʦʙʦʤ [2] ʩ ʫʧʨʘʚʣʝʥʠʝʤ ʠʟ ʢʘʙʠʥ 

ʪʝʧʣʦʚʦʟʘ ʠ ʵʣʝʢʪʨʦʚʦʟʘ ʚ ʩʚʝʪʣʦʝ ʚʨʝʤʷ 

ʩʫʪʦʢ. ʇʨʷʤʳʤ ʭʦʜʦʤ ʧʨʠʥʷʪʦ ʜʚʠʞʝʥʠʝ 

ʩʦʩʪʘʚʘ ʠʟ ʐʫ ʚ ɸʣʤʘʪʳ, ʦʙʨʘʪʥʳʤ ï ʠʟ 

ɸʣʤʘʪʳ ʚ ʐʫ. ʇʨʠ ʜʚʠʞʝʥʠʠ ʧʨʷʤʳʤ 

ʭʦʜʦʤ ʧʦʜʚʠʞʥʳʝ ʝʜʠʥʠʮʳ ʦʧʳʪʥʦʛʦ 

ʧʦʝʟʜʘ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

6-ʦʩʥʳʡ ʪʝʧʣʦʚʦʟ CKD6e-2108, ʧʦʨʦʞʥʠʡ 

ʧʦʣʫʚʘʛʦʥ 12-9920, ʛʨʫʞʝʥʳʡ ʧʦʣʫʚʘʛʦʥ 

12-9920, ʛʨʫʞʝʥʳʡ ʧʦʣʫʚʘʛʦʥ 12-9941, 

ʧʦʨʦʞʥʠʡ ʧʦʣʫʚʘʛʦʥ 12-9941, 8-ʦʩʥʳʡ 

ʵʣʝʢʪʨʦʚʦʟ ɺʃ80
ʩ
 (ʨʠʩ. 3). ʇʨʠ ʜʚʠʞʝʥʠʠ 

ʦʙʨʘʪʥʳʤ ʭʦʜʦʤ, ʧʦʜʚʠʞʥʳʝ ʝʜʠʥʠʮʳ 

ʨʘʩʧʦʣʘʛʘʣʠʩʴ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘʦʙʦʨʦʪ, 

ʪʦ ʝʩʪʴ ʙʝʟ ʧʝʨʝʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʜʚʠʞʥʦʛʦ 

ʩʦʩʪʘʚʘ.  

ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʦʜʚʠʞʥʳʭ ʝʜʠʥʠʮ 

ʦʧʳʪʥʦʛʦ ʧʦʝʟʜʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ  

ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʧʨʠ ʧʨʷʤʦʤ ʠ 

ʦʙʨʘʪʥʦʤ ʭʦʜʝ. 
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ʈʠʩ. 3 ï ʉʭʝʤʘ ʦʧʳʪʥʦʛʦ ʧʦʝʟʜʘ: 1 ï ʪʝʧʣʦʚʦʟ CKD6e-2108; 2 ï ʧʦʨʦʞʥʠʡ ʧʦʣʫʚʘʛʦʥ 12-9920; 

ʛʨʫʞʝʥʳʡ ʧʦʣʫʚʘʛʦʥ 12-9920; 3 ï ʛʨʫʞʝʥʳʡ ʧʦʣʫʚʘʛʦʥ 12-9941; ʧʦʨʦʞʥʠʡ ʧʦʣʫʚʘʛʦʥ 12-9941;  

4 ï ʵʣʝʢʪʨʦʚʦʟ ɺʃ80
ʩ 

Fig. 3 ï The scheme of the experimental train: 1 ï diesel locomotive CKD6e-2108; 2 ï empty gondola car 

12-9920; loaded gondola car 12-9920; 3 ï loaded gondola car 12-9941; empty gondola car 12-9941;  

4 ï electric locomotive VL80
ʩ 

 

ʅʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʠʟʤʝʨʝʥʥʳʭ ʢʨʦʤʦʯʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʛʨʫʞʝʥʦʛʦ 

ʧʦʣʫʚʘʛʦʥʘ 12-9920 ʚ ʜʠʘʧʘʟʦʥʝ ʩʢʦʨʦʩʪʝʡ 

ʦʪ 25 ʜʦ 80 ʢʤ/ʯ. ʅʘ ʥʘʨʫʞʥʦʡ ʢʨʦʤʢʝ 

ʧʦʜʦʰʚʳ ʨʝʣʴʩʘ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ (106 

ʄʇʘ) ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʧʨʠ ʧʨʦʭʦʜʝ ʩʦʩʪʘʚʘ 

ʩʦ ʩʢʦʨʦʩʪʴʶ 40 ʢʤ/ʯ ʠʟ ɸʣʤʘʪʳ ʚ ʐʫ 

(ʦʙʨʘʪʥʳʡ ʭʦʜ), ʥʘʠʤʝʥʴʰʝʝ ï 63 ʄʇʘ, 

ʧʨʠ ʪʦʡ ʞʝ ʩʢʦʨʦʩʪʠ, ʥʦ ʩʦʩʪʘʚ ʧʨʦʭʦʜʠʣ 

ʠʟ ʏʫ ʚ ɸʣʤʘʪʳ. ʅʘ ʚʥʫʪʨʝʥʥʝʡ ʢʨʦʤʢʝ 

ʧʦʜʦʰʚʳ ʨʝʣʴʩʘ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ (75 

ʄʇʘ) ʥʘʙʣʶʜʘʣʦʩʴ ʪʘʢʞʝ ʥʘ ʩʢʦʨʦʩʪʠ 40 

ʢʤ/ʯ ʧʨʠ ʦʙʨʘʪʥʦʤ ʭʦʜʝ (ɸʣʤʘʪʳ-ʐʫ), ʥʦ 

ʥʘʠʤʝʥʴʰʝʝ (55 ʄʇʘ) ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʥʘ 

ʩʢʦʨʦʩʪʠ 80 ʢʤ/ʯ, ʢʘʢ ʧʨʠ ʧʨʷʤʦʤ, ʪʘʢ ʠ 

ʧʨʠ ʦʙʨʘʪʥʦʤ ʭʦʜʝ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʩʢʦʨʦʩʪʠ 

25 ʢʤ/ʯ, ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʢʨʦʤʢʝ ʧʦʜʦʰʚʳ 

ʨʝʣʴʩʘ, ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʚʝʣʠʯʠʥʳ 

ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʧʨʷʤʦʤ (58 ʄʇʘ) ʠ ʧʨʠ 

ʦʙʨʘʪʥʦʤ (62 ʄʇʘ) ʧʨʦʭʦʜʝ ʦʧʳʪʥʦʛʦ 

ʩʦʩʪʘʚʘ ʭʦʪʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʥʦ ʧʨʝʚʳʰʘʣʠ 

ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʡ ʤʠʥʠʤʫʤ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʠʟʤʝʨʝʥʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʩʢʦʨʦʩʪʠ               

80 ʢʤ/ʯ. 

 

 
 

ʈʠʩ. 4 ï ʄʘʢʩʠʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʛʨʫʞʝʥʦʛʦ ʧʦʣʫʚʘʛʦʥʘ 12-9920: 

ʘ) ʥʘʨʫʞʥʘʷ ʢʨʦʤʢʘ ʧʦʜʦʰʚʳ ʨʝʣʴʩʘ, ʙ) ʚʥʫʪʨʝʥʥʷʷ ʢʨʦʤʢʘ ʧʦʜʦʰʚʳ ʨʝʣʴʩʘ 

Fig. 4 ï The maximum stresses from the impact of a laden gondola car 12-9920: 

ʘ) outer edge of the rail sole, ʙ) inner edge of rail sole 
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ʅʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʶʪʩʷ, ʢʘʢ ʧʦ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʚʝʣʠʯʠʥʘʤ ʥʘʧʨʷʞʝʥʠʡ, 

ʪʘʢ ʠ ʧʦ ʭʘʨʘʢʪʝʨʫ ʢʨʠʚʳʭ, ʛʨʘʬʠʢʠ, 

ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʧʨʦʭʦʜʝ ʛʨʫʞʝʥʦʛʦ 

ʧʦʣʫʚʘʛʦʥʘ 12-9941 (ʨʠʩ. 5). ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʥʘʨʫʞʥʦʡ ʢʨʦʤʢʝ 

ʧʦʜʦʰʚʳ ʨʝʣʴʩʘ (103 ʄʇʘ) ʥʘʙʣʶʜʘʣʦʩʴ 

ʪʘʢʞʝ ʧʨʠ ʩʢʦʨʦʩʪʠ ʵʢʠʧʘʞʘ 40 ʢʤ/ʯ ʚʦ 

ʚʨʝʤʷ ʦʙʨʘʪʥʦʛʦ ʧʨʦʭʦʜʘ. ʋʯʠʪʳʚʘʷ, ʯʪʦ 

ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʦʩʝʚʳʤʠ ʥʘʛʨʫʟʢʘʤʠ 

ʩʦʩʪʘʚʣʷʝʪ 6%, ʘ ʨʘʟʥʠʮʘ ʤʝʞʜʫ 

ʚʝʣʠʯʠʥʘʤʠ ʥʘʧʨʷʞʝʥʠʡ (106 ʠ 103 ʄʇʘ) 

ʚʩʝʛʦ ʣʠʰʴ 2,8%, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, 

ʯʪʦ ʧʦʣʫʚʘʛʦʥ 12-9920 ʦʢʘʟʳʚʘʝʪ ʥʘ ʧʫʪʴ 

ʤʝʥɹh ʝʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʯʝʤ ʧʦʣʫʚʘʛʦʥ               

12-9941. 

ʅʘ ʨʠʩ. 6 ʧʦʢʘʟʘʥʳ ʛʨʘʬʠʢʠ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʥʘʙʣʶʜʝʥʥʳʭ ʢʨʦʤʦʯʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʧʦʨʦʞʥʝʛʦ 

ʧʦʣʫʚʘʛʦʥʘ 12-9920. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, 

ʥʘʠʙʦʣʴʰʠʝ ʥʘʧʨʷʞʝʥʠʷ (34 ʄʇʘ ʚ 

ʥʘʨʫʞʥʦʡ ʢʨʦʤʢʝ ʧʨʠ ʧʨʷʤʦʤ ʭʦʜʝ ʠ                       

26 ʄʇʘ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʢʨʦʤʢʝ ʧʨʠ 

ʦʙʨʘʪʥʦʤ ʭʦʜʝ) ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʥʘ 

ʩʢʦʨʦʩʪʠ 60 ʢʤ/ʯ (ʚ ʩʣʫʯʘʝ ʛʨʫʞʝʥʦʛʦ 

ʧʦʣʫʚʘʛʦʥʘ ï 40 ʢʤ/ʯ). ʇʨʠʯʝʤ, ʫʚʝʣʠʯʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʵʢʠʧʘʞʘ ʜʦ 80 ʢʤ/ʯ (ʥʝʟʘʚʠʩʠʤʦ 

ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʭʦʜʘ), ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʥʘʧʨʷʞʝʥʠʡ ʚ ʥʘʨʫʞʥʦʡ 

ʢʨʦʤʢʝ ʜʦ 27, ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʜʦ 21 ʄʇʘ. 

ʂʨʠʚʳʝ ʥʘʧʨʷʞʝʥʠʡ ʚ ʢʨʦʤʢʘʭ 

ʧʦʜʦʰʚʳ ʨʝʣʴʩʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ 

ʧʨʦʭʦʜʝ ʧʦ ʠʟʤʝʨʠʪʝʣʴʥʦʤʫ ʩʝʯʝʥʠʶ 

ʧʦʨʦʞʥʝʛʦ ʧʦʣʫʚʘʛʦʥʘ 12-9941, ʧʨʠʚʝʜʝʥʳ 

ʥʘ ʨʠʩ. 7. ʅʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʥʘʨʫʞʥʦʡ (40 ʄʇʘ ʧʨʠ 

ʩʢʦʨʦʩʪʠ 40 ʢʤ/ʯ) ʠ ʚʦ ʚʥʫʪʨʝʥʥʝʡ                    

(32 ʄʇʘ ʧʨʠ ʩʢʦʨʦʩʪʠ 80 ʢʤ/ʯ) ʢʨʦʤʢʘʭ 

ʧʦʜʦʰʚʳ ʨʝʣʴʩʘ, ʥʘʙʣʶʜʘʣʠʩʴ ʧʨʠ 

ʦʙʨʘʪʥʦʤ ʭʦʜʝ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ. 

ʅʘʠʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ                 

(23 ʄʇʘ ʚ ʥʘʨʫʞʥʦʡ ʢʨʦʤʢʝ ʧʨʠ ʧʨʷʤʦʤ 

ʧʨʦʭʦʜʝ, 24 ʄʇʘ ʧʨʠ ʦʙʨʘʪʥʦʤ ʧʨʦʭʦʜʝ ʚʦ 

ʚʥʫʪʨʝʥʥʝʡ ʢʨʦʤʢʝ) ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʥʘ 

ʩʢʦʨʦʩʪʠ 25 ʢʤ/ʯ. 

 

 
 

ʈʠʩ. 5 ï ʄʘʢʩʠʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʛʨʫʞʝʥʦʛʦ ʧʦʣʫʚʘʛʦʥʘ 12-9941: 

ʘ) ʥʘʨʫʞʥʘʷ ʢʨʦʤʢʘ ʧʦʜʦʰʚʳ ʨʝʣʴʩʘ; ʙ) ʚʥʫʪʨʝʥʥʷʷ ʢʨʦʤʢʘ ʧʦʜʦʰʚʳ ʨʝʣʴʩʘ 

Fig. 5 ï Maximum stresses from the effect of a laden gondola car 12-9941: 

ʘ) outer edge of the rail sole; ʙ) inner edge of rail sole 
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ʈʠʩ. 6 ï ʄʘʢʩʠʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʨʦʞʥʝʛʦ ʧʦʣʫʚʘʛʦʥʘ 12-9920: 

ʘ) ʥʘʨʫʞʥʘʷ ʢʨʦʤʢʘ ʧʦʜʦʰʚʳ ʨʝʣʴʩʘ, ʙ) ʚʥʫʪʨʝʥʥʷʷ ʢʨʦʤʢʘ ʧʦʜʦʰʚʳ ʨʝʣʴʩʘ 

Fig. 6 ï The maximum voltage from the action of an empty gondola car 12-9920: 

ʘ) outer edge of the rail sole, ʙ) inner edge of rail sole 

 
 

ʈʠʩ. 7 ï ʄʘʢʩʠʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʨʦʞʥʝʛʦ ʧʦʣʫʚʘʛʦʥʘ12-9941: 

ʘ) ʥʘʨʫʞʥʘʷ ʢʨʦʤʢʘ ʧʦʜʦʰʚʳ ʨʝʣʴʩʘ, ʙ) ʚʥʫʪʨʝʥʥʷʷ ʢʨʦʤʢʘ ʧʦʜʦʰʚʳ ʨʝʣʴʩʘ 

Fig. 7 ï The maximum voltage from the action of an empty gondola car 12-9941: 

ʘ) outer edge of the rail sole, ʙ) inner edge of rail sole 

 

ʅʘ ʨʠʩ. 8 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʥʘʙʣʶʜʝʥʥʳʭ ʢʨʦʤʦʯʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʧʨʦʭʦʜʝ ʧʦ 

ʠʟʤʝʨʠʪʝʣʴʥʦʤʫ ʩʝʯʝʥʠʶ ʤʘʥʝʚʨʦʚʦʛʦ 

ʪʝʧʣʦʚʦʟʘ CKD-6e. ɺ ʥʘʨʫʞʥʦʡ ʢʨʦʤʢʝ 

ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʥʝʡʥʘ. 

ʅʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʚ ʥʘʨʫʞʥʦʡ ʢʨʦʤʢʝ 

(107 ʄʇʘ ʧʨʠ ʧʨʷʤʦʤ ʠ ʧʨʠ ʦʙʨʘʪʥʦʤ 

ʧʨʦʭʦʜʝ) ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʥʘ ʩʢʦʨʦʩʪʠ 80 

ʢʤ/ʯ, ʥʘʠʤʝʥʴʰʝʝ (56 ʄʇʘ ʧʨʠ ʦʙʨʘʪʥʦʤ 

ʧʨʦʭʦʜʝ) ï ʥʘ ʩʢʦʨʦʩʪʠ 25 ʢʤ/ʯ. ɺʦ 

ʚʥʫʪʨʝʥʥʝʡ ʢʨʦʤʢʝ ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʢʩʠʤʫʤ 

(53 ʄʇʘ) ʥʘ ʩʢʦʨʦʩʪʠ 40 ʢʤ/ʯ ʠ ʤʠʥʠʤʫʤ 

(44 ʄʇʘ) ʥʘ ʩʢʦʨʦʩʪʠ 60 ʢʤ/ʯ. ʧʨʠ 

ʦʙʨʘʪʥʦʤ ʧʨʦʭʦʜʝ. ʇʨʠ ʩʢʦʨʦʩʪʷʭ 25 ʠ 80 

ʢʤ/ʯ ʥʘʧʨʷʞʝʥʠʷ (50 ʄʇʘ) ʨʘʚʥʦʟʥʘʯʥʳ, 

ʢʘʢ ʧʨʠ ʧʨʷʤʦʤ, ʪʘʢ ʠ ʧʨʠ ʦʙʨʘʪʥʦʤ ʭʦʜʝ 

ʵʢʠʧʘʞʘ. ʅʘ ʩʢʦʨʦʩʪʠ 40 ʢʤ/ʯ ʥʘʧʨʷʞʝʥʠʝ 

ʧʨʠ ʦʙʨʘʪʥʦʤ ʭʦʜʝ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ (ʠʟ 

ɸʣʤʘʪʳ ʚ ʐʫ) ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ 

ʥʘʧʨʷʞʝʥʠʷʤ ʥʘ ʩʢʦʨʦʩʪʷʭ 25 ʠ 80 ʢʤ/ʯ ʠ 

ʙʳʣʦ ʨʘʚʥʦ 50 ʄʇʘ. 
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ʈʠʩ. 8 ï ʄʘʢʩʠʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʪʝʧʣʦʚʦʟʘ CKD-6e: 

ʘ) ï ʥʘʨʫʞʥʘʷ ʢʨʦʤʢʘ ʧʦʜʦʰʚʳ ʨʝʣʴʩʘ; ʙ) - ʚʥʫʪʨʝʥʥʷʷ ʢʨʦʤʢʘ ʧʦʜʦʰʚʳ ʨʝʣʴʩʘ  

Fig. 8 ï  Maximum stresses due to the effect of the locomotive CKD-6e: 

ʘ) ï outer edge of the rail sole, ʙ) - inner edge of rail sole 

 

ʀʟ ʘʥʘʣʠʟʘ ʛʨʘʬʠʢʦʚ, ʠʟʦʙʨʘʞʝʥʥʳʭ 

ʥʘ ʨʠʩ. 9, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʟʘʚʠʩʠʤʦʩʪʠ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʥʘʙʣʶʜʝʥʥʳʭ ʢʨʦʤʦʯʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʧʨʦʭʦʜʝ ʧʦ 

ʠʟʤʝʨʠʪʝʣʴʥʦʤʫ ʩʝʯʝʥʠʶ ʵʣʝʢʪʨʦʚʦʟʘ ɺʃ-

80
ʩ
, ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʜʠʘʧʘʟʦʥʝ ʩʢʦʨʦʩʪʝʡ ʦʪ 

40 ʜʦ 80 ʢʤ/ʯ, ʚ ʥʘʨʫʞʥʦʡ ʢʨʦʤʢʝ ʧʦʜʦʰʚʳ 

ʨʝʣʴʩʘ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʠʡ ʩʢʘʯʦʢ 

ʥʘʧʨʷʞʝʥʠʡ ʦʪ 100 ʜʦ 192 ʄʇʘ ʧʨʠ 

ʧʨʷʤʦʤ ʭʦʜʝ. ʇʨʠʯʝʤ ʥʘ ʩʢʦʨʦʩʪʠ 25 ʢʤ/ʯ, 

ʥʘʧʨʷʞʝʥʠʝ (110 ʄʇʘ) ʧʨʝʚʳʰʘʣʦ 

ʥʘʧʨʷʞʝʥʠʝ (100 ʄʇʘ), ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʩʢʦʨʦʩʪʠ 40 ʢʤ/ʯ. ʇʨʠ ʦʙʨʘʪʥʦʤ ʭʦʜʝ, 

ʥʘʧʨʷʞʝʥʠʷ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʤʝʥʝʝ ʨʝʟʢʦ ï 

ʦʪ 100 ʄʇʘ ʥʘ ʩʢʦʨʦʩʪʠ 25 ʢʤ/ʯ ʜʦ                

156 ʄʇʘ ʥʘ ʩʢʦʨʦʩʪʠ 80 ʢʤ/ʯ. 

 

 
 

ʈʠʩ. 9 ï ʄʘʢʩʠʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʚʦʟʘ ɺʃ-80
ʩ
: 

ʘ) ï ʥʘʨʫʞʥʘʷ ʢʨʦʤʢʘ ʧʦʜʦʰʚʳ ʨʝʣʴʩʘ; ʙ) - ʚʥʫʪʨʝʥʥʷʷ ʢʨʦʤʢʘ ʧʦʜʦʰʚʳ ʨʝʣʴʩʘ 

Fig. 9 ï The maximum voltage from the action of an electric locomotive VL-80s: 

ʘ) ï outer edge of the rail sole, ʙ) - inner edge of rail sole 

 

ɺʦ ʚʥʫʪʨʝʥʥʝʡ ʢʨʦʤʢʝ ʧʦʜʦʰʚʳ 

ʨʝʣʴʩʘ ʧʨʠ ʧʨʷʤʦʤ ʭʦʜʝ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʩʢʦʨʦʩʪʠ ʩʦʩʪʘʚʘ ʦʪ 25 ʜʦ 40 ʢʤ/ʯ, 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʦʪ 69 

ʜʦ 72 ʄʇʘ, ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ 

ʩʢʦʨʦʩʪʠ ʦʪ 40 ʜʦ 80 ʢʤ/ʯ ʧʨʦʠʩʭʦʜʠʪ 

ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʜʦ 47 ʄʇʘ. ʕʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʠʟʚʝʩʪʥʳʤ ʵʬʬʝʢʪʦʤ 
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ʦʙʝʟʛʨʫʞʠʚʘʥʠʷ ʢʦʣʝʩʘ, ʚʩʣʝʜʩʪʚʠʝ 

ʯʘʩʪʠʯʥʦʛʦ ʦʪʨʳʚʘ ʦʪ ʨʝʣʴʩʘ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ. 

ʆʩʦʙʝʥʥʦ ʵʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʧʦʨʦʞʥʠʭ 

ʚʘʛʦʥʦʚ.  

ʇʨʠ ʦʙʨʘʪʥʦʤ ʭʦʜʝ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʩʢʦʨʦʩʪʠ ʩʦʩʪʘʚʘ ʦʪ 25 ʜʦ 40 ʢʤ/ʯ, 

ʥʘʧʨʷʞʝʥʠʷ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʦʪ 64 ʜʦ 75 

ʄʇʘ, ʥʘ ʩʢʦʨʦʩʪʠ 60 ʢʤ/ʯ ʫʤʝʥʴʰʘʶʪʩʷ ʜʦ 

73 ʄʇʘ, ʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʜʦ 80 

ʢʤ/ʯ ʧʘʜʘʶʪ ʜʦ 47 ʄʇʘ. 

ʇʨʠʯʠʥʘ ʨʝʟʢʦʛʦ ʩʢʘʯʢʘ 

ʥʘʧʨʷʞʝʥʠʡ ʦʪ 110 ʜʦ 192 ʄʇɸ ʧʨʠ 

ʧʨʷʤʦʤ ʭʦʜʝ ʵʣʝʢʪʨʦʚʦʟʘ ɺʃ80
ʩ
 ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʦʪ 40 ʜʦ 80 ʢʤ/ʯ 

ʦʙʫʩʣʦʚʣʝʥʘ, ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʠʟʥʦʩʦʤ ʜʘʥʥʦʛʦ 

ʣʦʢʦʤʦʪʠʚʘ ʚ ʩʚʷʟʠ ʩ ʜʣʠʪʝʣʴʥʳʤ ʩʨʦʢʦʤ 

ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ʈʘʟʙʨʦʩ ʤʝʞʜʫ ʚʝʣʠʯʠʥʘʤʠ 

ʥʘʧʨʷʞʝʥʠʡ ʚ 30%  ʥʘ ʩʢʦʨʦʩʪʠ 40 ʢʤ/ʯ 

ʧʨʠ ʧʨʷʤʦʤ ʠ ʦʙʨʘʪʥʦʤ ʭʦʜʝ ʪʦʛʦ ʞʝ 

ʵʣʝʢʪʨʦʚʦʟʘ ɺʃ80
ʩ
 ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʜʚʠʞʝʥʠʠ ʥʘ ʧʦʜʲʝʤ ʚ 3ă 

ʧʨʠ ʦʙʨʘʪʥʦʤ ʭʦʜʝ ʚ ʩʪʦʨʦʥʫ ʐʫ. 

ɼʠʥʘʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʨʝʣʴʩ 

ʦʧʳʪʥʦʛʦ ʧʦʝʟʜʘ ʥʘʛʣʷʜʥʦ ʠʣʣʶʩʪʨʠʨʫʶʪ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʠʞʝ ʜʠʘʛʨʘʤʤʳ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʥʘʨʫʞʥʦʡ (ʨʠʩ. 10) ʠ 

ʚʥʫʪʨʝʥʥʝʡ (ʨʠʩ. 11) ʢʨʦʤʢʘʭ ʧʦʜʦʰʚʳ 

ʨʝʣʴʩʘ. ʉʦʩʪʘʚ ʧʨʦʭʦʜʠʣ ʩʦ ʩʢʦʨʦʩʪʴʶ 60 

ʢʤ/ʯ ʠʟ ɸʣʤʘʪʳ ʚ ʐʫ (ʦʙʨʘʪʥʳʡ ʭʦʜ). 

ɺʠʜʥʦ, ʯʪʦ ʧʦʨʦʞʥʠʝ ʧʦʣʫʚʘʛʦʥʳ 12-9920 

ʦʢʘʟʳʚʘʶʪ ʥʘ ʨʝʣʴʩ ʤʝʥʴʰʝʝ ʩʠʣʦʚʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ, ʯʝʤ ʧʦʣʫʚʘʛʦʥʳ 12-9941. 

ɺʦʟʜʝʡʩʪʚʠʝ ʛʨʫʞʝʥʳʭ ʧʦʣʫʚʘʛʦʥʦʚ 12-

9920 ʩ ʙʦʣʴʰʝʡ ʦʩʝʚʦʡ ʥʘʛʨʫʟʢʦʡ 

ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʦʟʥʘʯʥʦ ʚʦʟʜʝʡʩʪʚʠʶ 

ʛʨʫʞʝʥʳʭ ʧʦʣʫʚʘʛʦʥʦʚ 12-9941.  

 

 
 

ʈʠʩ. 10 ï ɼʠʘʛʨʘʤʤʘ ʥʘʧʨʷʞʝʥʠʡ ʚ ʥʘʨʫʞʥʦʡ ʢʨʦʤʢʝ ʧʦʜʦʰʚʳ ʨʝʣʴʩʘ (ʦʙʨʘʪʥʳʡ ʭʦʜ) 

Fig. 10 ï Diagram of stresses in the outer edge of the rail sole (reverse stroke) 

 

 

 
 

ʈʠʩ. 11 ï ɼʠʘʛʨʘʤʤʘ ʥʘʧʨʷʞʝʥʠʡ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʢʨʦʤʢʝ ʧʦʜʦʰʚʳ ʨʝʣʴʩʘ (ʦʙʨʘʪʥʳʡ ʭʦʜ) 

Fig. 11 ï Diagram of stresses in the inner edge of the rail sole (reverse stroke) 
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ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ 

(ʧʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ 

ʢʨʦʤʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʧʦʨʦʞʥʠʭ ʠ ʛʨʫʞʝʥʳʭ ʧʦʣʫʚʘʛʦʥʦʚ ʪʘʢʞʝ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʵʪʦ) ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʫʣʫʯʰʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʨʝʩʩʦʨʥʦʛʦ ʧʦʜʚʝʰʠʚʘʥʠʷ ʧʦʣʫʚʘʛʦʥʦʚ 12-

9920, ʚʩʣʝʜʩʪʚʠʝ ʧʨʠʤʝʥʝʥʠʷ ʪʝʣʝʞʢʠ 

ʤʦʜʝʣʠ ZK1, ʢʦʪʦʨʘʷ ʠʩʢʣʶʯʘʝʪ: 

- ʧʨʦʜʦʣʴʥʳʝ ʟʘʙʝʛʘʥʠʷ ʙʦʢʦʚʳʭ 

ʨʘʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʫʤʝʥʴʰʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʠʣʷʥʠʷ 

ʪʝʣʝʞʢʠ, ʫʣʫʯʰʘʝʪʩʷ ʧʣʘʚʥʦʩʪʴ ʭʦʜʘ 

ʚʘʛʦʥʘ; 

- ʤʘʷʪʥʠʢʦʚʳʝ ʢʦʣʝʙʘʥʠʷ ʨʘʤ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʙʩʪʚʝʥʥʳʭ ʧʨʦʜʦʣʴʥʳʭ 

ʦʩʝʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʨʘʚʥʦʤʝʨʥʘʷ ʧʝʨʝʜʘʯʘ ʥʘʛʨʫʟʦʢ ʥʘ 

ʵʣʝʤʝʥʪʳ ʙʫʢʩʦʚʦʛʦ ʫʟʣʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʩʢʣʶʯʠʪʴ ʧʝʨʝʢʦʩʳ ʧʦʜʰʠʧʥʠʢʦʚ.  

ʊʝʣʝʞʢʘ ZK1 ʩʦʩʪʦʠʪ ʠʟ ʣʠʪʦʡ 

ʥʘʜʨʝʩʦʨʥʦʡ ʙʘʣʢʠ ʢʦʨʦʙʯʘʪʦʛʦ ʩʝʯʝʥʠʷ ʩ 

ʯʝʪʳʨʴʤʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʝʤʘʤʠ ʠ 

ʣʠʪʳʭ ʙʦʢʦʚʳʭ ʨʘʤ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ 

ʦʢʥʘʤʠ. ɼʣʷ ʙʦʣʝʝ ʞʝʩʪʢʦʡ ʩʚʷʟʠ ʤʝʞʜʫ 

ʙʦʢʦʚʳʤʠ ʨʘʤʘʤʠ, ʥʘʜʨʝʩʩʦʨʥʦʡ ʙʘʣʢʦʡ ʠ 

ʨʝʩʩʦʨʥʳʤʠ ʢʦʤʧʣʝʢʪʘʤʠ, ʙʦʢʦʚʳʝ ʨʘʤʳ 

ʜʠʘʛʦʥʘʣʴʥʦ ʩʦʝʜʠʥʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʧʨʠ 

ʧʦʤʦʱʠ ʜʚʫʭ ʧʝʨʝʢʨʝʩʪʥʦ ʩʢʨʝʧʣʝʥʥʳʭ 

ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ (ʘʥʢʝʨʥʳʭ ʩʚʷʟʝʡ). 

ʂʦʥʩʪʨʫʢʮʠʷ ʩʦʯʣʝʥʝʥʠʷ ʥʘʜʨʝʩʩʦʨʥʦʡ 

ʙʘʣʢʠ ʩ ʙʦʢʦʚʳʤʠ ʨʘʤʘʤʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʨʷʤʦʫʛʦʣʴʥʦʩʪʴ ʦʯʝʨʪʘʥʠʷ ʪʝʣʝʞʢʠ ʚ 

ʧʣʘʥʝ. ɼʦʩʪʠʛʘʝʪʩʷ ʪʘʢʞʝ ʩʦʦʩʥʦʩʪʴ ʦʩʝʡ 

ʢʦʣʝʩʥʳʭ ʧʘʨ ʧʨʠ ʜʚʠʞʝʥʠʠ ʪʝʣʝʞʢʠ. ɼʣʷ 

ʦʙʣʝʛʯʝʥʠʷ ʚʧʠʩʳʚʘʥʠʷ ʚ ʢʨʠʚʳʝ ʫʯʘʩʪʢʠ 

ʧʫʪʠ ʵʪʠ ʪʝʣʝʞʢʠ ʠʤʝʶʪ 11 ʤʤ 

ʧʦʧʝʨʝʯʥʳʡ ʭʦʜ  ʢʦʣʝʩʥʦʡ ʧʘʨʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʢʦʚʠʥʳ. ɼʣʷ ʩʥʠʞʝʥʠʷ 

ʚʠʣʷʥʠʷ ʪʝʣʝʞʢʠ ʚ ʙʫʢʩʦʚʳʭ ʫʟʣʘʭ 

ʧʨʠʤʝʥʝʥʳ ʨʝʟʠʥʦʚʳʝ ʘʜʘʧʪʝʨʳ. ʊʝʣʝʞʢʘ 

ʤʦʜʝʣʠ ZK1 ʨʘʩʩʯʠʪʘʥʘ ʥʘ ʦʩʝʚʫʶ 

ʥʘʛʨʫʟʢʫ 245 ʢʅ (25 ʪʩ) ʠ ʩʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ 120 ʢʤ/ʯ. 

ʅʘ ʨʠʩ. 12 ʧʨʠʚʝʜʝʥʘ ʜʠʘʛʨʘʤʤʘ 

ʠʟʤʝʨʝʥʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʰʝʡʢʝ ʨʝʣʴʩʘ, ʘ 

ʥʘ ʨʠʩ. 13 ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʩʯʝʪʥʳʭ 

ʥʦʨʤʘʣʴʥʳʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ 

ʨʝʣʴʩʝ, ʚʳʯʠʩʣʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʂʕ). 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʠʟʤʝʨʝʥʥʳʝ ʥʘʧʨʷʞʝʥʠʷ 

ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʨʘʩʯʝʪʥʳʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ. 

 

 
 

ʈʠʩ. 12 ï ɼʠʘʛʨʘʤʤʘ ʥʘʧʨʷʞʝʥʠʡ ʚ ʰʝʡʢʝ ʨʝʣʴʩʘ (ʦʙʨʘʪʥʳʡ ʭʦʜ) 

Fig. 12 ï Diagram of stresses in the neck of the rail (reverse stroke) 

 



́̈˗˗ˍ s ̙̜̜́̂́̑̒ Ο τ ɉρπσɊȟ ςπρχ          )33. ρφπω-1817              The Bulletin of KazATC 
ˏ̆̒̓̎̉̋ ˗́̈ˍ˟˗ Ο τ ɉρπσɊȟ ςπρχ                  ××w.kazatk.kz                2017, Vol. 103, No. 4 

40 

 

 
 

ʈʠʩ. 13 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʦʨʤʘʣʴʥʳʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʨʝʣʴʩʝ, ʄʇʘ. 

ɺʝʨʪʠʢʘʣʴʥʘʷ ʩʠʣʘ 120 ʢʅ, ʙʦʢʦʚʘʷ ʩʠʣʘ 45 ʢʅ, ʥʘʛʨʫʟʢʠ ʤʝʞʜʫ ʦʧʦʨʘʤʠ 

Fig.ï Distribution of normal vertical stresses in the rail, MPa. 

Vertical force 120 kN, lateral force 45 kN, loads between supports 

 

ɺʳʚʦʜʳ. ʇʦʣʫʯʝʥʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʟʥʘʯʝʥʠʡ 

ʢʨʦʤʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʦʜʦʰʚʝ ʠ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʰʝʡʢʝ ʨʝʣʴʩʘ, ʧʦʟʚʦʣʷʶʪ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʦ ʚʦʟʜʝʡʩʪʚʠʶ ʥʘ ʧʫʪʴ 

ʧʦʣʫʚʘʛʦʥʳ ʩ ʙʦʣʴʰʝʡ ʦʩʝʚʦʡ ʥʘʛʨʫʟʢʦʡ 

12-9920 (25 ʪʩ), ʥʦ ʩ ʫʣʫʯʰʝʥʥʳʤ 

ʨʝʩʩʦʨʥʳʤ ʧʦʜʚʝʰʠʚʘʥʠʝʤ ʚʳʛʣʷʜʷʪ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ, ʯʝʤ ʧʦʣʫʚʘʛʦʥʳ 12-

9941 (23,5 ʪʩ).  

ʇʦʚʳʰʝʥʠʝ ʚʝʩʦʚʳʭ ʥʦʨʤ ʛʨʫʟʦʚʳʭ 

ʧʦʝʟʜʦʚ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʳʤ 

ʚʦʧʨʦʩʦʤ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʟʤʝʨʝʥʠʷ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʪʦ ʚʧʦʣʥʝ ʚʦʟʤʦʞʥʦ ʙʝʟ 

ʩʚʝʨʭʥʦʨʤʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʧʫʪʴ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʟʘʪʨʘʪ ʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, 

ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʩʝʪʠ ʜʦʨʦʛ                           

ɸʆ çʅʂ çפʊɾè ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʭ 

ʛʨʫʟʦʚʳʭ ʧʦʣʫʚʘʛʦʥʦʚ ʩ ʦʩʝʚʦʡ ʥʘʛʨʫʟʢʦʡ 

245 ʢʅ  (25 ʪʩ). 
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 ʢᴇʰʫʛʝ ץʘ ʪʦʣʳסʡʽʩʧʝʩʽʟ ʞʦʣװʩʘʷʩʘʪʳ ʪʝʤʽʨʙʝʪʦʥ ʥʝʛʽʟʽʥʜʝʛʽ ʪ ץʳ ʪʝʭʥʠʢʘʣʳסʩʪʘʥʜʘץʘʟʘפ

ʙʘסʳʪʪʘʣסʘʥ. 

ʊʝʤʽʨʙʝʪʦʥ ʰʧʘʣʜʘʨʳʥ ʞᴅʥʝ ʘʫʳʨ ʪʠʧʪʽ ʨʝʣʴʩʪʝʨʜʽ ʧʘʡʜʘʣʘʥʫ ʞʦʣʜʳש ʙʝʨʽʢʪʽʛʽ ʤʝʥ 

ʩʝʥʽʤʜʽʣʽʛʽʥ ʢװʰʝʡʪʝ ʦʪʳʨʳʧ, ʨʝʣʴʩʪʽ ʥʝʛʽʟʜʽש ʠʢʝʤʜʽʣʽʢ ʤʦʜʫʣʽʥ ʞᴅʥʝ ʘסʘʰ ʰʧʘʣʜʘʨʤʝʥ 

ʩʘʣʳʩʪʳʨסʘʥʜʘ ʞʦʣʜʳץ שʘʪʪʳʣʳסʳʥ ʘʨʪʪʳʨʘʜʳ. 

ʊʝʤʽʨʞʦʣ ʪʨʘʩʩʘʩʳʥʘ ʜᴇשʛʝʣʝʢʪʝʨʜʽש ʢװʰ ᴅʩʝʨʽʥ ʙʘסʘʣʘʫʜʘ ץʘʙʳʣʜʘʥסʘʥ ʪᴅʞʽʨʠʙʝʣʽʢ 

ᴅʜʽʩʪʝʨʜʽש ʜᴅʣʜʽʛʽ ʤʝʥ ʜײʨʳʩʪʳסʳ ʞװʢ ʧʦʝʟʳʥʳש, ʧʦʡʳʟʜʘʨʳʥʳש ʧʘʡʜʘʣʘʥʫ ץʘʫʽʧʩʽʟʜʽʛʽʥ ʪʘʣʜʘʫ 

 .ʳʟʜʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳשʰʽʥ ᴇʪʝ ʤʘװ

ʊʝʤʽʨ ʞʦʣʜʳש ʪʽʢ ʞᴅʥʝ ʢᴇʣʜʝʥʝש ᴅʩʝʨʽʥʝʥ ʨʝʣʴʩʪʽש ʠʢʝʤʜʽʣʽʛʽ ʤʝʥ ʙײʨʘʣʫʳʥʘʥ ʪʫʳʥʜʘסʘʥ 

ʢʝʨʥʝʫʣʝʨ ʨʝʣʴʩʪʽש ʙʝʨʽʢʪʽʛʽʥ ʘʥʳץʪʘʡʪʳʥ ʤʘשʳʟʜʳ ʧʘʨʘʤʝʪʨʣʝʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹʝʣʛʽʣʽ 

ʙʦʣסʘʥʜʘʡ, ʞʠʝʢʪʽʢ ʢʝʨʥʝʫʣʝʨʜʽש ʞʘʨʪʳʩʳ ʞʦʣסʘ ʪʽʢ ᴅʩʝʨʜʽ, ʘʣ ʞʘʨʪʳ ʘʡʳʨʤʘʰʳʣʳץ ʢᴇʣʜʝʥʝש 

(ʙװʠʽʨ ʢװʰʪʽש) ᴅʩʝʨʽʥ ʩʠʧʘʪʪʘʡʜʳ. ʆʣʘʨ ʩʦʥʜʘʡ-ʘץ ʞʘʥʘʤʘ ʞװʢʪʝʤʝʣʝʨʜʝʥ ʪʫʳʥʜʘʡʪʳʥ ʢװʰʪʝʨ 

ʩᴅʪʪʝʨʽʥʽש ᴅʩʝʨʽʥ ʩʠʧʘʪʪʘʡʜʳ ʞᴅʥʝ ʜᴇשʛʝʣʝʢʪʽש, ʨʝʣʴʩʪʽש ʙʘʩʳʥʳש ʢʦʥʪʘʢʪ ʘʡʤʘסʳʥʳש ʰʘʨʪʪʳ 

ʦʨʪʘʣʳסʳʥʳש ʦʨʥʘʣʘʩʫ ʦʨʥʳʥ ʘʫʳʩʫʳʥ ʩʠʧʘʪʪʘʡʜʳ. 
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ɸʣʤʘʪʳ ïʐʫ ʪʝʤʽʨʞʦʣ ʞʝʣʽʩʽ ʪʝʣʽʤʽʥʜʝ CKD6e-2108 ʪʝʧʣʦʚʦʟʥʳ12-9941 ,שʞᴅʥʝ 12-9920 

ʞװʢʪʽʢ ʞʘʨʪʳʣʘʡ ʚʘʛʦʥʜʘʨʳʥʳש ʞʦʣסʘ ᴅʩʝʨ ʝʪʫʽ ʙʦʡʳʥʰʘ ʩʳʥʘץʪʘʤʘ ʢʝʟʽʥʜʝ ʘʣʳʥסʘʥ, ʨʘʜʠʫʩʳ 

R=380ʤ ץʳʠʩʳץʪʘסʳ ʨʝʣʴʩ ʤʦʡʥʳʥʜʘסʳ ʢʝʨʥʝʫ ʞᴅʥʝ ʞʠʝʢʪʽʢ ײʰʪʘʤʘʩʳʥʜʘסʳ ʢʝʨʥʝʫʣʝʨʜʽש 

ᴇʣʰʝʥʫ ʥᴅʪʠʞʝʣʝʨʽ ײʩʳʥʳʣסʘʥ.ʉʳʥʘץʪʘʣʘʪʳʥ ʞʳʣʞʳʤʘʣʳ ײץʨʘʤ ʞʳʣʜʘʤʜʳסʳʥʘʥ ʨʝʣʴʩʪʽש 

ʤʦʡʥʳʥʜʘסʳ ʞᴅʥʝ ʪʘʙʘʥʳʥʳײ שʰʪʘʤʘʩʳʥʜʘסʳ ʢʝʨʥʝʫʣʝʨʜʽש ʙʘʡʣʘʥʳʩʪʳʣʳסʳ ʘʣʳʥסʘʥ. ʆʩʪʽʢ 

ʞװʢʪʝʤʝʣʝʨʽ 245 ʢʅ (25 ʪʩ) ʞʝʪʽʣʜʽʨʽʣʛʝʥ ʧʘʨץʪr  ʧʘʡʜʘʣʘʥʫסʘ ʝʥʛʽʟʫ ʘʨץʳʣʳ, ʞʦʣʜʳץ 

ʠʥʬʨʘײץʨʳʣʳʤʜʳ ʞʘשʘʨʪʫʜʘ ʰʳסʳʥʩʳʟ, ʞʫʢ ʧʦʝʟʜʘʨʳʥʳש ʩʘʣʤʘץʪʳץ ʥʦʨʤʘʣʘʨʳʥʳש ᴇʩʫ 

ʤװʤʢʽʥʜʽʛʽ ʥʝʛʽʟʜʝʣʛʝʥ. 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ʪʝʤʽʨ ʞʦʣ, ʨʝʣʴʩ, ʞʠʝʢʪʽʢ ײʰʪʘʤʘʣʳʩʳʥʜʘסʳ ʢʝʨʥʝʫʣʝʨ, ʨʝʣʴʩʪʽש 

ʤʦʡʥʳʥʜʘסʳ ʢʝʨʥʝʫ, ʚʝʨʪʠʢʘʣʜʳ ʞᴅʥʝ ʙװʡʽʨʣʽʢ ʢװʰʪʝʨ,ʩʳʥʳץʪʘʣʘʪʳʥ ʞʳʣʞʳʤʘʣʳ ײץʨʘʤ,ʢʽʰʽ 

ʨʘʜʠʫʩʪʳ ץʠʩʳʢ. 
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AMPLITUDE -FREQUENCY CHARACTERISTICS OF THREE -DIMENSIONAL 

UNDERGROUND STRUCTURE IN THE ANISOTROPIC MASSIVE  
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Abstract. The work is a theoretical study aimed at studying the amplitude-frequency 

characteristics of the system "lining-ground". The amplitude-frequency characteristics of the system 

"lining-ground" are investigated on the basis of the variational formulation of the finite element method. 

The generalized eigenvalue problem is solved by an iterative method in a subspace based on the Jacobi 

algorithm. The effectiveness of the chosen method is explained, first, by the possibility of choosing an 

initial subspace sufficiently close to the desired smallest eigenvalues; secondly, the convenience of the 

algorithm for the transition from a given subspace to another, which ensures the "best" approximation of 

the eigenvalues of the vectors. In addition, the use of shifts and other accelerating procedures also helps to 

increase the effectiveness of the method. 

The object of investigation is the lower half-space with an underground shallow building. The 

rock massif consists of heterogeneous layers with different physical and mechanical properties. The 

elastic state of each layer is described by the equations of the generalized Hooke's law. 

Studies of free vibrations of transport structures are important for clarifying the effect of physical 

and mechanical properties and geometric parameters of structural elements and the surrounding array of 

complex structures on their resonant frequency-frequency characteristics. On the other hand, in studying 

the dynamic response of the spatial system "lining-ground", lower frequencies are necessary for the 

formation and solution of the basic resolving matrix equations of motion. 

In the course of the numerical experiment on the study of free oscillations of an anisotropic 

massif with a three-dimensional station tunnel, it was established that in the process of oscillation, not 

only the ground mass but also the underground structure that is located in it is deformed. 

The first 100 frequencies and forms of natural oscillations in the frequency range up to 22.2 Hz 

are obtained. The conducted multivariate numerical experiments on the study of free oscillations of the 

"clipping-ground" system made it possible to establish that a complex picture of the deformation of an 

anisotropic massif and the three-dimensional underground structure in it in the process of oscillations is 

observed, containing elements of tension, compression, bending and torsion. 
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An analysis of the obtained calculation results shows that many factors influence the values of 

natural frequencies and vibration forms, including the structure of the soil massif, the distribution of 

densities in dissimilar soils, the methods of constructing an underground structure, and its geometric 

parameters. 

Keywords: free oscillation, stress-strain state, lining, stress, displacement, algorithm. 

 

ʋɼʂ 625.855.3 
 

ɺ.ɻ. ʉʦʣʦʥʝʥʢʦ1, ɺ.ɸ. ʅʠʢʦʣʘʝʚ2, ʉ.ɽ. ɹʝʢʞʘʥʦʚʘ1, ʅ.ʄ. ʄʘʭʤʝʪʦʚʘ1  
1
ʂʘʟʘʭʩʢʘʷ ʘʢʘʜʝʤʠʷ ʪʨʘʥʩʧʦʨʪʘ ʠ ʢʦʤʤʫʥʠʢʘʮʠʡ ʠʤ. ʄ.ʊʳʥʳʰʧʘʝʚʘ, ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

2
ʆʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷ, ʛ. ʆʤʩʢ, ʈʦʩʩʠʷ 

 

ɸʄʇʃʀʊʋɼʅʆ-ʏɸʉʊʆʊʅʓɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʊʈɽʍʄɽʈʅʆɻʆ 

ʇʆɼɿɽʄʅʆɻʆ ʉʆʆʈʋɾɽʅʀʗ ɺ ɸʅʀɿʆʊʈʆʇʅʆʄ ʄɸʉʉʀɺɽ   

 

ɸʥʥʦʪʘʮʠʷ. ʈʘʙʦʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʝ  ʠʩʩʣʝʜʦʚʘʥʠʝ, 

ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ ʠʟʫʯʝʥʠʝ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʳ çʦʙʜʝʣʢʘ-

ʛʨʫʥʪè. ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʯʠʩʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʠʟʫʯʝʥʠʶ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʤʘʩʩʠʚʘ ʩ ʪʨʝʭʤʝʨʥʳʤ ʩʪʘʥʮʠʦʥʥʳʤ ʪʦʥʥʝʣʝʤ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ 

ʧʨʦʮʝʩʩʝ ʢʦʣʝʙʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ ʥʝ ʪʦʣʴʢʦ ʛʨʫʥʪʦʚʦʛʦ ʤʘʩʩʠʚʘ, ʥʦ ʠ 

ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʥʝʤ ʧʦʜʟʝʤʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ.  

ʀʩʩʣʝʜʫʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʚʘʨʠʘʮʠʦʥʥʦʡ ʬʦʨʤʫʣʠʨʦʚʢʠ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʳ çʦʙʜʝʣʢʘ- ʛʨʫʥʪè. ʆʙʦʙʱʝʥʥʘʷ ʧʨʦʙʣʝʤʘ 

ʦ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʨʝʰʘʝʪʩʷ ʠʪʝʨʘʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʚ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʝ, 

ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʩʭʝʤʝ ʘʣʛʦʨʠʪʤʘ ʗʢʦʙʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʚʦʙʦʜʥʦʝ ʢʦʣʝʙʘʥʠʝ, ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, 

ʦʙʜʝʣʢʘ, ʥʘʧʨʷʞʝʥʠʝ, ʧʝʨʝʤʝʱʝʥʠʝ, ʘʣʛʦʨʠʪʤ. 

 

ʉʦʟʜʘʥʠʝ ʥʘʜʝʞʥʳʭ ʤʝʪʦʜʦʚ 

ʨʘʩʯʝʪʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʢʦʥʝʯʥʳʭ 

ʨʘʟʤʝʨʦʚ ʚ ʩʣʦʞʥʳʭ ʛʨʫʥʪʦʚʳʭ ʫʩʣʦʚʠʷʭ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʪʘʪʠʯʝʩʢʠʭ ʠ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ 

ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ. ɺ ʫʩʣʦʚʠʷʭ ʂʘʟʘʭʩʪʘʥʘ ʩ 

ʨʘʟʚʠʪʦʡ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʛʣʫʙʠʥʳ ʛʦʨʥʳʭ ʨʘʙʦʪ ʠ ʫʭʫʜʰʝʥʠʝʤ 

ʫʩʣʦʚʠʡ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʦʙʝʩʧʝʯʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʳʨʘʙʦʪʦʢ 

ʨʝʟʢʦ ʧʦʚʳʰʘʶʪʩʷ. ʂʨʦʤʝ ʪʦʛʦ, ʩʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ ɸʣʤʘʪʠʥʩʢʦʛʦ 

ʤʝʪʨʦʧʦʣʠʪʝʥʘ ʚ ʟʦʥʝ ʚʦʟʤʦʞʥʳʭ 9-10-

ʙʘʣʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʫʞʥʳ ʥʘʜʝʞʥʳʝ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ. 

ɺʩʝ ʵʪʦ ʚʳʟʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʧʨʦʚʝʜʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʤʘʪʝʤʘʪʠʢʠ ʠ 

ʤʝʭʘʥʠʢʠ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, 

ʨʘʟʨʘʙʦʪʢʠ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ 

ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʠ ʩʦʟʜʘʥʠʷ ʥʘ 

ʠʭ ʦʩʥʦʚʝ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ 

ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʨʘʟʣʠʯʥʳʭ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʠ ʩʪʨʦʷʱʠʭʩʷ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ 

ʨʘʟʣʠʯʥʳʭ ʥʘʟʥʘʯʝʥʠʡ[1,2].  

ʀʟʫʯʝʥʠʝ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʚʘʞʥʦ ʜʣʷ 

ʚʳʷʩʥʝʥʠʷ ʚʣʠʷʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ 

ʦʢʨʫʞʘʶʱʝʛʦ ʤʘʩʩʠʚʘ ʩʣʦʞʥʦʛʦ ʩʪʨʦʝʥʠʷ 

ʥʘ ʨʝʟʦʥʘʥʩʥʳʝ ʠʭ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʠ 

ʠʟʫʯʝʥʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ çʧʦʜʟʝʤʥʦʝ 

ʩʦʦʨʫʞʝʥʠʝ-ʤʘʩʩʠʚ ʛʦʨʥʳʭ ʧʦʨʦʜè ʥʠʟʰʠʝ 

ʯʘʩʪʦʪʳ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ 

ʨʝʰʝʥʠʷ ʦʩʥʦʚʥʳʭ ʨʘʟʨʝʰʘʶʱʠʭ 

ʤʘʪʨʠʯʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ [3-5]. 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʶʪʩʷ ʩʚʦʙʦʜʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ʛʨʫʥʪʦʚʦʛʦ ʤʘʩʩʠʚʘ ʩ 
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ʪʨʝʭʤʝʨʥʳʤ ʪʨʘʥʩʧʦʨʪʥʳʤ ʧʦʜʟʝʤʥʳʤ 

ʩʦʦʨʫʞʝʥʠʝʤ ʥʘ ʦʩʥʦʚʝ ʯʠʩʣʝʥʥʦʛʦ ʤʝʪʦʜʘ 

ï ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʂʕ)- ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʠʪʝʨʘʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʚ 

ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʥʠʞʥʝʝ 

ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʦ ʩ ʧʦʜʟʝʤʥʳʤ 

ʩʦʦʨʫʞʝʥʠʝʤ ʥʝʛʣʫʙʦʢʦʛʦ ʟʘʣʦʞʝʥʠʷ. 

ʇʦʨʦʜʥʳʡ ʤʘʩʩʠʚ ʩʦʩʪʦʠʪ ʠʟ 

ʥʝʦʜʥʦʨʦʜʥʳʭ ʩʣʦʝʚ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʋʧʨʫʛʦʝ ʩʦʩʪʦʷʥʠʝ ʢʘʞʜʦʛʦ ʩʣʦʷ 

ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ ʦʙʦʙʱʝʥʥʦʛʦ 

ʟʘʢʦʥʘ ɻʫʢʘ: 

 

,                 (1) 

 

ʛʜʝ , 

, , 

  - ʤʘʪʨʠʮʘ ʫʧʨʫʛʦʩʪʠ  

ʤʘʩʩʠʚʘ; ʤʦʜʫʣʠ ʫʧʨʫʛʦʩʪʠ  

ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʯʝʨʝʟ ʫʧʨʫʛʠʝ ʧʦʩʪʦʷʥʥʳʝ 

ʪʨʘʥʩʪʨʦʧʥʦʛʦ ʤʘʩʩʠʚʘ 

, ʫʛʣʦʚ ʥʘʢʣʦʥʘ 

ʧʣʦʩʢʦʩʪʠ ʠʟʦʪʨʦʧʠʠ j ʠ ʥʘʢʣʦʥʘ 

ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʪʨʝʭʤʝʨʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʦʪ 

ʣʠʥʠʠ ʧʨʦʩʪʠʨʘʥʠʷ ʧʣʦʩʢʦʩʪʠ ʠʟʦʪʨʦʧʠʠ     

y [6,7]. 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ: ʙʦʢʦʚʳʝ ʛʨʘʥʠ 

ʠ ʦʩʥʦʚʘʥʠʝ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʩ 

ʩʦʦʨʫʞʝʥʠʝʤ ʥʝ ʜʝʬʦʨʤʠʨʫʶʪʩʷ ï 

u=v=w=0; ʚʥʫʪʨʝʥʥʠʡ ʧʦʨʦʜʥʳʡ ʢʦʥʪʫʨ ʠ 

ʦʙʜʝʣʢʘ ʩʚʦʙʦʜʥʳ  ʦʪ ʚʥʝʰʥʠʭ ʥʘʛʨʫʟʦʢ - 

Xn=Yn=Zn=0. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʨʘʩʯʝʪʥʘʷ 

ʦʙʣʘʩʪʴ ʨʘʟʙʠʪʘ ʥʘ 1606 ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʩ 2875 ʫʟʣʘʤʠ.  

ʉʠʩʪʝʤʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʢʦʣʝʙʘʥʠʡ ʜʣʷ ʤʘʩʩʠʚʘ ʩ 

ʪʨʘʥʩʧʦʨʪʥʳʤ ʧʦʜʟʝʤʥʳʤ ʩʦʦʨʫʞʝʥʠʝʤ 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ:  

 

                    ,                                    (2) 
 

ʛʜʝ  - ʚʝʢʪʦʨ ʚʥʝʰʥʠʭ ʫʟʣʦʚʳʭ 

ʩʠʣ,  - ʚʝʢʪʦʨʳ ʫʟʣʦʚʳʭ 

ʫʩʢʦʨʝʥʠʡ, ʩʢʦʨʦʩʪʝʡ ʠ ʧʝʨʝʤʝʱʝʥʠʡ, 

 - ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʘʪʨʠʮʳ 

ʤʘʩʩ, ʟʘʪʫʭʘʥʠʷ ʠ ʞʝʩʪʢʦʩʪʠ ʩʠʩʪʝʤʳ. 

ʄʘʪʨʠʯʥʦʝ ʫʨʘʚʥʝʥʠʝ ʩʚʦʙʦʜʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʩʠʩʪʝʤʳ çʦʙʜʝʣʢʘ-ʛʨʫʥʪè 

ʧʦʣʫʯʘʝʪʩʷ ʠʟ (2), ʢʦʛʜʘ ʵʬʬʝʢʪ 

ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʠ ʚʦʟʜʝʡʩʪʚʠʝ ʚʥʝʰʥʠʭ 

ʩʠʣ ʦʪʩʫʪʩʪʚʫʶʪ, ʪ.ʝ. [C]=0, {R}=0 

                          

.            (3) 

 

ʄʘʪʨʠʮʘ ʞʝʩʪʢʦʩʪʠ ʵʣʝʤʝʥʪʘ 

ʚʳʯʠʩʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʛʨʘʣʘ [8-9]: 

 

    .                       (4) 

 

ɺʳʨʘʞʝʥʠʝ ʠʥʪʝʛʨʘʣʘ (4) ʧʦʩʣʝ  

ʧʨʠʤʝʥʝʥʠʷ ʢʚʘʜʨʘʪʫʨ ɻʘʫʩʩʘ-ʃʝʞʘʥʜʨʘ 

ʧʨʠʚʦʜʠʪʩʷ ʢ ʚʠʜʫ: 
 

  

 

(5)            

 

ʄʘʪʨʠʮʘ ʞʝʩʪʢʦʩʪʠ ʩʠʩʪʝʤʳ [K] 

ʦʙʨʘʟʫʝʪʩʷ ʧʫʪʝʤ ʩʫʤʤʠʨʦʚʘʥʠʷ ʤʘʪʨʠʮ 

ʞʝʩʪʢʦʩʪʠ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ 
 

   .                           (6) 

                                      

ʄʘʪʨʠʮʘ ʤʘʩʩ ʩʠʩʪʝʤʳ   ʬʦʨʤʠʨʫʝʪʩʷ  ʠʟ ʤʘʪʨʠʮ ʤʘʩʩ ʵʣʝʤʝʥʪʦʚ ʘʥʘʣʦʛʠʯʥʦ 

ʤʘʪʨʠʮʝ ʞʝʩʪʢʦʩʪʠ ʩʠʩʪʝʤʳ. ʄʘʪʨʠʮʘ ʤʘʩʩ ʧʨʠʟʤʘʪʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ  ʠʤʝʝʪ ʚʠʜ [8,9]: 
 

              ,                                  (7) 

{}[]{}es D=

ijd

( )2,1,,, 2 =kGE kk n

[] (){ }[] (){ }[] (){ } (){ }tRtUKtUCtUM =++ ###
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ʛʜʝ  - ʤʘʪʨʠʮʘ, ʠʥʪʝʨʧʦʣʠʨʫʶʱʘʷ ʧʝʨʝʤʝʱʝʥʠʷ. ʄʘʪʨʠʮʘ ʤʘʩʩ ʩʠʩʪʝʤʳ 

ʧʦʣʫʯʘʝʪʩʷ ʧʫʪʝʤ ʩʫʤʤʠʨʦʚʘʥʠʷ ʤʘʪʨʠʮ ʤʘʩʩ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ 
 

                                 .                                                             (8) 

 

ʈʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ 

(3) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ: 
 

                           .                                                       (9) 
 

ʇʦʜʩʪʘʚʣʷʷ (9) ʚ (3), ʧʦʣʫʯʠʤ ʦʙʱʫʶ ʧʨʦʙʣʝʤʫ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 
                              

     .                                                        (10) 
 

ɺʚʝʜʝʤ ʦʙʦʟʥʘʯʝʥʠʝ   , ʪʦʛʜʘ (10) ʧʨʠʤʝʪ ʚʠʜ: 
 

                                           .                                                      (11)  
 

ɼʣʷ ʨʝʰʝʥʠʷ ʦʙʦʙʱʝʥʥʦʡ 

ʧʨʦʙʣʝʤʳ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʠʩʧʦʣʴʟʦʚʘʥ ʠʪʝʨʘʪʠʚʥʳʡ ʤʝʪʦʜ ʚ 

ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʝ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ  

ʘʣʛʦʨʠʪʤʝ ʤʝʪʦʜʘ ʗʢʦʙʠ ʠ ʩʚʦʡʩʪʚʘʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʐʪʫʨʤʘ [10].  

ʇʨʠ ʠʪʝʨʘʮʠʦʥʥʳʭ ʤʝʪʦʜʘʭ 

ʥʝʦʙʭʦʜʠʤʦ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʭʦʜʠʤʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ 

ʧʨʠʙʣʠʞʝʥʠʡ. ʇʫʩʪʴ ʥʘ (k-1) ʠ (k)- ʰʘʛʝ 

ʠʪʝʨʘʮʠʠ ʚʳʯʠʩʣʝʥʳ ʧʨʠʙʣʠʞʝʥʥʳʝ 

ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ   ʠ , ʪʦʛʜʘ 

ʩʭʦʜʠʤʦʩʪʴ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ 
 

                        .                                                (12) 

 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʙʨʘʥʥʦʛʦ ʤʝʪʦʜʘ 

ʦʙʲʷʩʥʷʝʪʩʷ, ʚʦ-ʧʝʨʚʳʭ, ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʚʳʙʦʨʘ ʥʘʯʘʣʴʥʦʛʦ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʘ, 

ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʦʛʦ ʢ ʠʩʢʦʤʳʤ 

ʥʘʠʤʝʥʴʰʠʤ ʩʦʙʩʪʚʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ; ʚʦ-

ʚʪʦʨʳʭ, ʫʜʦʙʩʪʚʦʤ ʘʣʛʦʨʠʪʤʘ ʧʝʨʝʭʦʜʘ ʦʪ 

ʜʘʥʥʦʛʦ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʘ ʢ ʜʨʫʛʦʤʫ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʤʫ  çʥʘʠʣʫʯʰʝʛʦè 

ʧʨʠʙʣʠʞʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʚʝʢʪʦʨʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʜʚʠʛʦʚ ʠ ʜʨʫʛʠʭ ʫʩʢʦʨʷʶʱʠʭ ʧʨʦʮʝʜʫʨ 

ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʘ [10].    

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ 

çʦʙʜʝʣʢʘ-ʛʨʫʥʪè ʥʘ ʩʝʡʩʤʠʯʝʩʢʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʧʝʨʚʳʤ ʠ ʥʝʦʙʭʦʜʠʤʳʤ 

ʵʪʘʧʦʤ ʨʘʩʯʸʪʘ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ 

ʯʘʩʪʦʪ ʠ ʬʦʨʤ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʩʠʩʪʝʤʳ.  ʈʘʩʯʸʪ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʳ çʦʙʜʝʣʢʘ-ʛʨʫʥʪè 

ʚʳʧʦʣʥʝʥ ʠʪʝʨʘʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʚ 

ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʝ, ʧʨʠʚʝʜʝʥʥʳʤ ʚʳʰʝ. 

ʇʦʣʫʯʝʥʦ 100 ʧʝʨʚʳʭ ʯʘʩʪʦʪ ʠ ʬʦʨʤ 

ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʯʘʩʪʦʪʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʜʦ 22,2 ɻʮ.  ɺ ʪʘʙʣʠʮʝ 1 

ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʥʠʟʰʠʭ ʯʘʩʪʦʪ 

ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʠʩʪʝʤʳ çʦʙʜʝʣʢʘ-

ʛʨʫʥʪè. ʂʘʢ ʚʠʜʥʦ, ʩʧʝʢʪʨ ʩʦʙʩʪʚʝʥʥʳʭ 

ʯʘʩʪʦʪ ʩʠʩʪʝʤʳ çʦʙʜʝʣʢʘ-ʛʨʫʥʪè  ʷʚʣʷʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʧʣʦʪʥʳʤ. 

 

ʊʘʙʣʠʮʘ 1- ɿʥʘʯʝʥʠʷ ʯʘʩʪʦʪ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ  ʩʠʩʪʝʤʳ çʦʙʜʝʣʢʘ-ʛʨʫʥʪè 

Table 1- Frequency values of free oscillations of the system "lining-ground" 
 

ʅʦʤʝʨʘ 

ʯʘʩʪʦʪ 

1 2 3 4 5 6 7 8 

ɤi (ɻʮ) 1,78 3,09 3,61 3,84 4,31 4,65 5,87 6,13 
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ʅʘ ʨʠʩʫʥʢʘʭ 1-3 ʧʦʢʘʟʘʥʳ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʬʦʨʤʳ (ʤʦʜʳ) 

ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʠʩʪʝʤʳ çʦʙʜʝʣʢʘ-

ʛʨʫʥʪè.  

ʄʦʜʳ  1 ʠ 2 ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩʣʦʷ ʛʨʫʥʪʘ, 

ʧʨʠʯʝʤ, ʧʝʨʚʘʷ ʤʦʜʘ ʷʚʣʷʝʪʩʷ 

ʢʦʩʦʩʠʤʤʝʪʨʠʯʥʦʡ,  ʘ ʚʪʦʨʘʷ ʤʦʜʘ ï 

ʩʠʤʤʝʪʨʠʯʥʦʡ. ɺ ʤʦʜʘʭ 3-5 ʙʦʣʝʝ 

ʚʳʨʘʞʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʚʝʨʪʠʢʘʣʴʥʳʝ 

ʢʦʣʝʙʘʥʠʷ. ʊʨʝʪʴʷ ʤʦʜʘ ʷʚʣʷʝʪʩʷ 

ʢʦʩʦʩʠʤʤʝʪʨʠʯʥʦʡ, ʘ 4-5 ʤʦʜʳ ï 

ʩʠʤʤʝʪʨʠʯʥʳʤʠ. ɹʦʣʝʝ ʚʳʩʦʢʠʝ ʬʦʨʤʳ, 

ʧʦʢʘʟʘʥʥʳʝ ʥʘ ʨʠʩʫʥʢʘʭ 1-8, ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʝ ʢʦʣʝʙʘʪʝʣʴʥʳʝ 

ʜʚʠʞʝʥʠʷ ʛʨʫʥʪʘ ʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʥʝ 

ʚʥʦʩʷʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʢʣʘʜʘ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʧʝʨʝʤʝʱʝʥʠʡ, 

ʥʦ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʟʘʤʝʪʥʦʝ ʚʣʠʷʥʠʝ ʧʨʠ 

ʥʘʭʦʞʜʝʥʠʠ ʫʩʢʦʨʝʥʠʡ ʩʠʩʪʝʤʳ ʠ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʢʦʥʩʪʨʫʢʮʠʠ 

ʦʙʜʝʣʢʠ ʪʦʥʥʝʣʝʡ. 

  

 
 

ʈʠʩ.1 - ʇʝʨʚʘʷ ʬʦʨʤʘ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʠʩʪʝʤʳ çʦʙʜʝʣʢʘ-ʛʨʫʥʪè 

Fig. 1 - The first form of natural oscillations of the system "lining-ground" 

 

 
 

ʈʠʩ. 2 - ʊʨʝʪʴʷ ʬʦʨʤʘ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʠʩʪʝʤʳ çʦʙʜʝʣʢʘ-ʛʨʫʥʪè 

Fig. 2 - The third form of natural oscillations of the system "lining-ground" 
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ʈʠʩ. 3 - ʇʷʪʘʷ ʬʦʨʤʘ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʠʩʪʝʤʳ çʦʙʜʝʣʢʘ-ʛʨʫʥʪè 

Fig. 3 - The fifth form of natural oscillations of the system "lining-ground" 

 

ɺʳʚʦʜʳ. ʇʨʦʚʝʜʝʥʥʳʝ 

ʤʥʦʛʦʚʘʨʠʘʥʪʥʳʝ ʯʠʩʣʝʥʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʩʚʦʙʦʜʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʩʠʩʪʝʤʳ çʦʙʜʝʣʢʘ-ʛʨʫʥʪè 

ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʣʦʞʥʘʷ ʢʘʨʪʠʥʘ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ 

ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʤʘʩʩʠʚʘ ʠ ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ 

ʥʝʤ ʪʨʝʭʤʝʨʥʦʛʦ ʧʦʜʟʝʤʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʚ 

ʧʨʦʮʝʩʩʝ ʢʦʣʝʙʘʥʠʡ, ʩʦʜʝʨʞʘʱʝʛʦ ʚ ʩʝʙʝ 

ʵʣʝʤʝʥʪʳ ʨʘʩʪʷʞʝʥʠʷ, ʩʞʘʪʠʷ, ʠʟʛʠʙʘ ʠ 

ʢʨʫʯʝʥʠʷ (ʩʤ. ʨʠʩʫʥʢʠ 1-3). 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʨʘʩʯʝʪʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘ ʟʥʘʯʝʥʠʷ 

ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʠ ʬʦʨʤ ʢʦʣʝʙʘʥʠʷ 

ʚʣʠʷʶʪ ʤʥʦʛʠʝ ʬʘʢʪʦʨʳ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʩʪʨʦʝʥʠʝ ʛʨʫʥʪʦʚʦʛʦ ʤʘʩʩʠʚʘ, 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʝʡ ʚ ʨʘʟʥʦʨʦʜʥʳʭ 

ʛʨʫʥʪʘʭ, ʩʧʦʩʦʙʳ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʧʦʜʟʝʤʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʝʛʦ ʧʘʨʘʤʝʪʨʳ. 
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Abstract. Energy for the lives of humanity plays a crucial role. Demand for services such as 

heating, cooling, lighting, household appliances, and transport has increased. Energy meets basic needs 

and is an important part of economic growth and social development. Given the huge energy effect for the 

level of human development, energy consumption analysis has been greatly influenced and developed in 

all industrial states and the world. Energy saving and energy saving technology are the industrial 

advantages of the country's economy. Efficiency, safety, reliability and efficiency of thermal power plants 

are often determined by the combustion of fuels, as well as the right choice of heat generating units, heat 

and power systems, installations and devices. Further, the timely and quality maintenance of the repair 

works, the higher the level of staff training. Efficiency of heat and electricity generation and distribution 

systems and energy saving, energy and water balance adjustment will increase the prospects of 

development of thermal energy, as well as increase technical and economic performance. The Republic of 

Kazakhstan is one of the highest responsibility of the international community, and it is contributing to 

the development of our economy for the future. One of the major problems in improving the sustainable 

development of the economy is energy efficiency and increased energy efficiency. 

Key words: thermal power plants, waste slag, mineral composition ash-and-slag waste. 
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 ʩʪʘʥץʘʟʘפ ,.ץ ʫʥʠʚʝʨʩʠʪʝʪʽ, ɸʣʤʘʪʳ ץʘʛʨʘʨʣʳ ץʣʪʪʳײ ץʘʟʘפ 1
2
ɸʣʤʘʪʳ ʵʥʝʨʛʝʪʠʢʘ ʞᴅʥʝ ʙʘʡʣʘʥʳʩ ʫʥʠʚʝʨʩʠʪʝʪʽ, ɸʣʤʘʪʳ פ ,.ץʘʟʘץʩʪʘʥ

 

 

ɾʓʃʋ ʕʃɽʂʊʈ ʉʊɸʅʎʀʗʉʓʅʓר  ʂתʃ-פʆפʓʉ פɸʃɼʓפʊɸʈʓʅʓר 

ʄʀʅɽʈɸʃɼʓ ױפʈɸʄʓʅɸ ʆʐɸפʊʓפ ʊɽʄʇɽʈɸʊʋʈɸʅʓר ᴄʉɽʈɯ 

 

ɸשʜʘʪʧʘ. ɸʜʘʤʟʘʪʪʳש ᴇʤiʨi װʰiʥ ʵʥʝʨʛʠʷ ʘʡʪʘʨʣʳץʪʘʡ ʤʘשʳʟʜʳ ץʳʟʤʝʪʪʝʨ 

ʘʪץʘʨʘʜʳ. ɾʳʣʳʪʫ, ʩʫʳʪʫ, ʞʘʨʳץʪʘʥʜʳʨʫ, ʪײʨʤʳʩʪʳײץ ץʨʘʣʜʘʨ, ʢᴇʣʽʢ ʩʠʷץʪʳ 

 ʘʪʪʘʥʜʳʨʘʜʳ ʞᴅʥʝסʘʥʘץ ʪʘʨʜʳץʪʘʞʜʳץײʨʘʥʳʩ ʘʨʪʫʜʘ. ʕʥʝʨʛʠʷ ʥʝʛʽʟʛʽ ʤײʳʟʤʝʪʪʝʨʛʝ ʩץ

ʵʢʦʥʦʤʠʢʘʣʳץ ᴇʩʫ ʤʝʥ ᴅʣʝʫʤʝʪʪʽʢ ʜʘʤʫʜʳש ʤʘשʳʟʜʳ ʙᴇʣʽʛʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɸʜʘʤʟʘʪʪʳש 

ʜʘʤʫ ʜʝשʛʝʡʽ װʰʽʥ ʵʥʝʨʛʝʪʠʢʘ ᴅʩʝʨʽʥʽװ שʣʢʝʥ ʝʢʝʥʽʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʵʥʝʨʛʠʷʥʳ ʪײʪʳʥʫ 

ʪʘʣʜʘʫʳʥʘ ʙʘʨʣʳץ ʠʥʜʫʩʪʨʠʘʣʜʳ ʤʝʤʣʝʢʝʪʪʝʨʜʝ ʞᴅʥʝ ᴅʣʝʤʜʝ װʣʢʝʥ ʳץʧʘʣ ʞʘʩʘʣסʘʥ, ᴅʨʽ 

ʞʘʩʘʣʫʜʘ. ʕʥʝʨʛʠʷʥʳ װʥʝʤʜʝʫ ʞᴅʥʝ ʵʥʝʨʛʠʷ װʥʝʤʜʝʫʜʽש ʪʝʭʥʦʣʦʛʠʷʩʳ ʝʣ 

ʵʢʦʥʦʤʠʢʘʩʳʥʳש   ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʘʨʪʳץʰʳʣʳסʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɾʳʣʫʵʥʝʨʛʝʪʠʢʘʣʳץ 

 שʥʝʤʜʽʣʽʛʽ ʢᴇʙʽʥʝ ʦʪʳʥʥʳװ  ʘʫʽʧʩʽʟʜʽʛʽ, ʩʝʥʽʤʜʽʣʽʛʽ ʞᴅʥʝץ ,ʪʠʽʤʜʽʣʽʛʽ שʳʣʘʨʜʳסʦʥʜʳʨץ

ʞʘʥʫʳ ʘʨץʳʣʳ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʞʳʣʫʜʳ ʛʝʥʝʨʠʨʣʝʫʰʽ ץʦʥʜʳʨסʳʣʘʨʜʳ, ʞʳʣʫʣʳץ ʞᴅʥʝ 

ʵʣʝʢʪʨ ʞװʡʝʩʽʥ, ץʦʥʜʳʨסʳʣʘʨ ʤʝʥ ʘʩʧʘʧʪʘʨʜʳ ʜײʨʳʩ ʪʘשʜʘʫ ʘʨץʳʣʳ ʘʥʳץʪʘʣʘʜʳ.  ᴄʨʽ, 

ʞᴇʥʜʝʫ ʞײʤʳʩʪʘʨʳʥ ʫʘץʳʪʳʣʳ ʞᴅʥʝ ʩʘʧʘʣʳ ʞװʨʛʽʟʫ, ץʳʟʤʝʪʢʝʨʣʝʨʜʽ ʜʘʡʳʥʜʘʫ 

ʜᴅʨʝʞʝʩʽʥʽש ʞʦסʘʨʳ ʙʦʣʫʳʥʳש ʜʘ ʪʠʛʽʟʝʨ ᴅʩʝʨʽ ʞʦסʘʨʳ.  ɾʳʣʫ ʞᴅʥʝ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥ 

ᴇʥʜʽʨʫ ʞᴅʥʝ ʪʘʨʘʪʫ ʞװʡʝʩʽʥ ʪʠʽʤʜʝʥʜʽʨʫ ʞᴅʥʝ ʵʥʝʨʛʠʷʥʳ װʥʝʤʜʝʫ, ʵʥʝʨʛʝʪʠʢʘʣʳץ ʞᴅʥʝ ʩʫ 

ʙʘʣʘʥʩʳʥʘ ʪװʟʝʪʫʣʝʨ ʝʥʛʽʟʫ ʞʳʣʫ ʵʥʝʨʛʝʪʠʢʘʥʳש ʜʘʤʫ ʙʦʣʘʰʘסʳʥ ʞʦסʘʨʳʣʘʪʘʜʳ, 
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ʩʦʥʳʤʝʥ ץʘʪʘʨ  ʪʝʭʥʠʢʘ-ʵʢʦʥʦʤʠʢʘʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʜʽ ʘʨʪʪʳʨʘʜʳ. פʘʟʘץʩʪʘʥ 

ʈʝʩʧʫʙʣʠʢʘʩʳ ץʘʣʳץʘʨʘʣʳץ ץʘʫʳʤʜʘʩʪʳץʪʳש ʞʘʫʘʧʢʝʨʰʽʣʽʛʽ ʞʦסʘʨʳ ײץʨʘʤʳʥʳש ʙʽʨʽ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ᴅʨʽ ʙʦʣʘʰʘסʳʤʳʟ װʰʽʥ ᴇʟʽʥʽש ʵʢʦʥʦʤʠʢʘʩʳʥʳש ʜʘʤʫʳʥʜʘ ʙʝʣʩʝʥʜʽ 

ʰʘʨʘʣʘʨ ץʦʣʜʘʥʫסʘ ʘʪ  ʩʘʣʳʩʫʜʘ. ʕʢʦʥʦʤʠʢʘʥʳש ʪײʨʘץʪʳ ʜʘʤʫʳʥ ʞʝʪʽʣʜʽʨʫʜʝʛʽ ʙʘʩʪʳ 

ʧʨʦʙʣʝʤʘʣʘʨʜʳש ʙʽʨʽ ʵʥʝʨʛʠʷʥʳ ʪʠʽʤʜʽ ץʦʣʜʘʥʫ ʞᴅʥʝ ʵʥʝʨʛʠʷʥʳ װʥʝʤʜʝʫʜʽ ʘʨʪʪʳʨʫ.  

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ɾʕʉ, ʢװʣ-ץʦʢʳʩ ץʘʣʜʳץʪʘʨ, ʞʳʣʫ ʵʥʝʨʛʝʪʠʢʘʩʳ, ʵʥʝʨʛʠʷ, 

ʪʝʤʧʝʨʘʪʫʨʘ, ʤʠʥʝʨʘʣ, ʪʝʭʥʦʣʦʛʠʷ. 

 

ɾײʤʳʩʪʳש ʤʘשʳʟʜʳʣʳסʳ. פʘʟʽʨʛʽ 

ʢʝʟʜʝ פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʜʘ ʵʥʝʨʛʠʷ 

ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ ʞᴅʥʝ ʵʥʝʨʛʠʷʥʳ 

 ʽʣשʥʝʤʜʝʫ ʧʨʦʙʣʝʤʘʣʘʨʳʥʘ ʢᴇʧ ʢᴇװ

ʙᴇʣʽʥʫʜʝ.  פʘʟʘץʩʪʘʥʜʘ ʵʥʝʨʛʠʷʥʳ װʥʝʤʜʝʫ 

ʞᴅʥʝ ʵʥʝʨʛʠʷ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ 

ʰʘʨʫʘʰʳʣʳץʪʳש ʙʘʨʣʳץ ʩʘʣʘʣʘʨʳʥʳש, 

ʷסʥʠ ʵʥʝʨʛʝʪʠʢʘʣʳץ, ʵʢʦʣʦʛʠʷʣʳץ ʞᴅʥʝ 

ʵʢʦʥʦʤʠʢʘʣʳץ ʧʨʦʙʣʝʤʘʣʘʨ ʢʝʰʝʥʽʥ 

ʰʝʰʝʪʽʥ ʙʘʩʳʤ ʤʽʥʜʝʪʪʝʨʽʥʽש ʙʽʨʽ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ʆʩʳ ʤʽʥʜʝʪʪʝʨʜʽ ʦʨʳʥʜʘʤʘʡ 

ʝʣʜʽש ʜʘʤʫʳʥ ʽʣʛʝʨʽʣʝʪʫ ʤװʤʢʽʥ ʝʤʝʩ. 

ʄʝʤʣʝʢʝʪ ʙʘʩʰʳʩʳ ʵʥʝʨʛʠʷ װʥʝʤʜʝʫ 

ʩʘʣʘʩʳʥʜʘ ʞʘʣʧʳ ʽʰʢʽ ᴇʥʽʤʜʽ װʥʝʤʜʝʫʜʽ 

2015 ʞʳʣסʘ ץʘʨʘʡ 10%-סʘ, 2020 ʞʳʣסʘ 

 ʘ ʪᴇʤʝʥʜʝʪʫ ʙʦʡʳʥʰʘ ʤʽʥʜʝʪʪʽס-ʘʨʘʡ 25%ץ

ʘʣסʘ ץʦʡʜʳ. פʈ ʇʨʝʟʠʜʝʥʪʽ 2012 ʞʳʣסʳ 13 

 ʥʝʤʜʝʫ ʞᴅʥʝ ʵʥʝʨʛʠʷװ ʪʘʨʜʘ çʕʥʝʨʛʠʷשʘץ

ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ ʪʫʨʘʣʳè ʞᴅʥʝ ʂʝʡʙʽʨ 

ʟʘשʥʘʤʘʣʳץ ʘʢʪʽʣʝʨʛʝ ʵʥʝʨʛʠʷ װʥʝʤʜʝʫ 

ʞᴅʥʝ ʵʥʝʨʛʠʷ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ 

ʤᴅʩʝʣʝʣʝʨʽ ʙʦʡʳʥʰʘ ᴇʟʛʝʨʽʩʪʝʨ ʤʝʥ 

ʪʦʣʳץʪʳʨʫʣʘʨ ʝʥʛʽʟʫ ʪʫʨʘʣʳè פʈ 

ʟʘשʜʘʨʳʥʘ ץʦʣ ץʦʡʜʳ.  

 ʘʥסʩʪʘʥʜʘ ᴇʟʛʝ ʜʝ ʽʨʽ ʜʘʤʳץʘʟʘפ

ʤʝʤʣʝʢʝʪʪʝʨ ʩʠʷץʪʳ ʞʳʣʫʣʳץ ʞᴅʥʝ ʵʣʝʢʪʨ 

ʵʥʝʨʛʠʷʩʳʥʳש ʝʜᴅʫʽʨ ʢᴇʧ ʤᴇʣʰʝʨʽ ץʘʪʪʳ 

ʦʪʳʥʤʝʥ ʞײʤʳʩ ʽʩʪʝʡʪʽʥ  ʞʳʣʫ ʵʣʝʢʪʨ 

ʩʪʘʥʮʠʷʣʘʨʳʥʜʘ (ɾʕʉ) ᴇʥʜʽʨʽʣʝʜʽ. ɾʕʉ 

 .ʨʽ ʦʣ ʢᴇʤʽʨװʰʽʥ ʥʝʛʽʟʛʽ ʦʪʳʥ ʪװ

ʕʥʝʨʛʝʪʠʢʘʣʳץ ץʘʟʘʥʜʘʨʜʳש ʦʰʘץʪʘʨʳʥʜʘ 

ʢᴇʤ̔ʨʜʽ ʞʘץץʘʥ ʢʝʟʜʝ ʞʳʣ ʩʘʡʳʥ ʤʠʣʣʠʦʥ 

ʪʦʥʥʘ ʢװʣ-ץʦץʳʩʪʳ ץʘʣʜʳץʪʘʨ ʪװʟʽʣʝʜʽ, ʦʣ 

ᴇʟ ʢʝʟʝʛʽʥʜʝ ץʦʨʰʘסʘʥ ʦʨʪʘʥʳ ʣʘʩʪʘʫʰʳ 

ʢᴇʟ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʂᴇʧʪʝʛʝʥ 

ʤʝʤʣʝʢʝʪʪʝʨʜʝ ʦʩʳ ʢװʣ-ץʦץʳʩʪʳ ץʘʡʪʘ 

ᴇשʜʝʫʛʝ ʞᴅʥʝ ץʦʣʜʘʥʫסʘ ʜʝʥ ץʦʡʳʣʫʜʘ.   

ᴆʥʝʨʢᴅʩʽʧʪʝ ʢװʣ ʞᴅʥʝ ץʦץʳʩʪʳ 

 ʙʽʨʽ שʙʘʩʪʳ ʧʨʦʙʣʝʤʘʣʘʨʳʥʳ שʦʣʜʘʥʫʜʳץ

ʦʣ ʦʥʳש ʬʨʘʢʮʠʷʣʳײץ ץʨʘʤʳʥʳש 

ʪײʨʘץʩʳʟʜʳסʳ ʞᴅʥʝ ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳ, ᴅʨʽ ʦʣʘʨ ʪײʪʳʥʫʰʳʣʘʨʜʳש 

ʪʝʭʥʠʢʘʣʳץ ʪʘʣʘʧʪʘʨʳʥ 

 ʘʪʪʘʥʜʳʨʤʘʡʜʳ.  ᴆʟ ʢʝʟʝʛʽʥʜʝ ɾʕʉסʘʥʘץ

ʢװʣ-ץʦץʳʩʳʥʳש  ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ 

 שʳʜʘ ʦʪʳʥʥʳסʦʥʜʳʨץ ץʘʟʘʥʜʳץ ʘʩʠʝʪʪʝʨʽץ

ʞʘʥʫʳ ʢʝʟʽʥʜʝʛʽ ʤʠʥʝʨʘʣʜʳ ײץʨʘʤʳʥʳש 

ʪװʨʣʝʥʫʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ץʘʣʳʧʪʘʩʘʜʳ. 

ɾʘסʫ ʧʨʦʮʝʩʽ ʢʝʟʽʥʜʝʛʽ  ʢᴇʤʽʨʜʽש 

ʤʠʥʝʨʘʣʜʳ ײץʨʘʤʳʥʳש ʪװʨʣʝʥʫʽʥ ʟʝʨʪʪʝʫ 

ʢʝʟʽʥʜʝ  ʦʪʳʥʜʳ ʞʘסʫ ʞᴅʥʝ ʦʥʳש 

 ʣʢʝʥװ ᴇʟʽ שʘ ʘʩʳʨʫʜʳסʪʘʨʳʥ ʧʘʡʜʘץʘʣʜʳץ

ʧʨʦʙʣʘʤʘ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʪʽ. ɹײʜʘʥ ʙʘʩץʘ,    

ʵʥʝʨʛʝʪʠʢʘʣʳץ ʢᴅʩʽʧʦʨʳʥʥʳש ʵʢʦʣʦʛʠʷʣʳץ  

ʧʨʦʙʣʝʤʘʣʘʨʳʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳש 

ʵʥʝʨʛʝʪʠʢʘʣʳץ ʪʠʽʤʜʽʣʽʛʽʥ ʙʘסʘʣʘʫʤʝʥ, 

ʵʥʝʨʛʠʷʥʳ  װʥʝʤʜʝʫ ץʦʨʣʘʨʳʥ 

ʘʡץʳʥʜʘʫʤʝʥ ʞᴅʥʝ ʢᴇʤʽʨʜʽ ʞʘסʫ 

ʧʨʦʮʝʩʪʝʨʽʥʽש ʪʝʨʤʦʜʠʥʘʤʠʢʘʣʳץ 

ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫʤʝʥ ʪ.ʩ.ʩ. ʙʘʡʣʘʥʳʩʪʳ 

ʞʠʽ ץʦʣʜʘʥʳʣʘʪʳʥ ʟʝʨʪʪʝʫʣʝʨʜʽש 

ʰʝʰʽʤʜʝʨʽʤʝʥ ʙʽʨʛʝ ץʘʨʘʩʪʳʨסʘʥ ʜײʨʳʩ.  

ʅʝʛʽʟʛʽ ʦʪʳʥ ʨʝʪʽʥʜʝ ʢᴇʤʽʨʜʽ ץʦʣʜʘʥʘʪʳʥ 

ɾʕʉ-ש ʵʢʦʣʦʛʠʷʣʳץ, ʵʢʦʥʦʤʠʢʘʣʳץ ʞᴅʥʝ 

ʪʝʨʤʦʜʠʥʘʤʠʢʘʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ 

ʘʨʪʪʳʨʫ ץʘʟʽʨʛʽ ʞᴅʥʝ ʘʣʜʘסʳ ʫʘץʳʪʪʘ ᴇʟʝʢʪʽ 

ʤᴅʩʝʣʝʣʝʨʜʽש ʙʽʨʽ ʙʦʣʳʧ ץʘʣʘ ʙʝʨʤʝʢ.  

ʂװʣ-ץʦץʳʩ ץʘʣʜʳץʪʘʨʳʥ ᴇשʜʝʫʜʽש ʙʝʩ 

ʪװʨʣʽ ʥʝʛʽʟʛʽ ʙʘסʳʪʪʘʨʳ ʙʘʨ:   ײץʨʳʣʳʩ 

ʤʘʪʝʨʠʘʣʜʘʨʳ (ʮʝʤʝʥʪ, ʢʽʨʧʽʰ, ʙʣʦʢʪʘʨ); 

ʞʦʣ ײץʨʳʣʳʩʳ (ʞʝʨ ʪᴇʩʝʤʽʥ 

ʪʦʣʪʳʨסʳʰʪʘʨ); ײץʨʳʣʳʩ ʞʦʙʘʣʘʨʳ 

 ʨʣʽװᴅʨʪ ;(ʤʘʪʝʨʠʘʣʜʘʨ ץʘʣʳסʘʙʳʨץ)

ʪʦʣʪʳʨʤʘʣʘʨʜʳ ᴇʥʜʽʨʽʩʽ; ʘʫʳʣ 

ʰʘʨʫʘʰʳʣʳסʳ (ʪʦʧʳʨʘץʪʳ 

ʪײʨʘץʪʘʥʜʳʨסʳʰʪʘʨ). 

ʂװʣ ʤʝʥ ץʦʞ ð ʙײʣ ʢᴇʤʽʨʜʽש ʞʘʥʙʘʡ 

 ʳʩʪʘʨʜʳץʦץ-ʣװʘʥ ʤʠʥʝʨʘʣʜʳ ʙᴇʣʽʛʽ. ʂסʘʣץ

 ʘʪʘʨץʙʽʨ שʢʝʩʪʝʥʽ ץʪʘʨʜʘ ʧʝʨʠʦʜʪʳץʘʣʜʳץ

ʵʣʝʤʝʥʪʪʝʨʽ ʢʝʟʜʝʩʝʜʽ: ʢʨʝʤʥʠʡ ʦʢʩʠʜʽ, 

ʘʣʶʤʠʥʠʡ, ʪʝʤʽʨ, ʩʠʨʝʢ ʢʝʟʜʝʩʝʪʽʥ 

ʤʝʪʘʣʜʘʨ ʞᴅʥʝ ʪ.ʙ. ʂװʣ-ץʦץʳʩ 

 ʳ ʟʦʨסʙʦʣʘʰʘ שʜʝʫʜʽשʪʘʨʳʥ ᴇץʘʣʜʳץ

ʙʘסʳʪʪʘʨʳʥʳש ʙʽʨʽ ð ʦʣʘʨʜʘʥ ʧʘʡʜʘʣʳ 

ʤʝʪʘʣʜʘʨʜʳ ʰʳסʘʨʳʧ ʘʣʫ. ʂװʣ ʘʣʶʤʠʥʠʡ 

ʦʢʩʠʜʽʥʝ ᴇʪʝ ʙʘʡ, ʦʥʳ ʙʦʢʩʠʪʪʝʨʜʽש 



́̈˗˗ˍ s ̙̜̜́̂́̑̒ Ο τ ɉρπσɊȟ ςπρχ          )33. ρφπω-1817              The Bulletin of KazATC 
ˏ̆̒̓̎̉̋ ˗́̈ˍ˟˗ Ο τ ɉρπσɊȟ ςπρχ                  ××w.kazatk.kz                2017, Vol. 103, No. 4 

52 

 

ʧʦʪʝʥʮʠʘʣʜʳ ʘʣʤʘʩʪʳʨסʳʰʳ ʨʝʪʽʥʜʝ 

 ʤʠʥʝʨʘʣʜʳ שʘ ʙʦʣʘʜʳ.  ʂᴇʤʽʨʜʽסʘʨʘʩʪʳʨʫץ

ʙᴇʣʽʛʽ ʞʘʥʫ ʧʨʦʮʝʩʽ ʢʝʟʽʥʜʝ  

ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʞᴅʥʝ  ʪʦʪʳץʪʘʥʜʳʨʫ-

 ʛʘʟ ʪᴅʨʽʟʜʽ ʬʘʟʘʣʳ שʘʣʳʧʪʘʥʜʳʨʫʜʳץ

ʰʘשʪʦʟʘשʜʳ ʘʣʘʫʤʝʥ  ᴅʩʝʨʽʥʽש ʥᴅʪʠʞʝʩʽʥʜʝ 

ʝʜᴅʫʽʨ ᴇʟʛʝʨʽʩʢʝ ײʰʳʨʘʡʜʳ. 

ʊʝʤʧʝʨʘʪʫʨʘʣʳץ ʞᴅʥʝ  ʪʦʪʳץʪʘʥʜʳʨʫ-

-ʣװʳʣʳ ʢץʘʣʳʧʪʘʥʜʳʨʫ ʬʘʢʪʦʨʣʘʨʳ ʘʨץ

 ʤʠʥʝʨʘʣʜʳ שʳʩʪʘʨʜʳ ʤʘʪʝʨʠʘʣʜʘʨʜʳץʦץ

  .ʘ ʙʦʣʘʜʳסʪʘʫץʨʘʤʳʥ ʘʥʳײץ

 ʳʥʜʘ ʙʝʣʛʽʣʽסʦʰʘ שʘʟʘʥʥʳפ

ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʨʝʞʠʤʜʝ ʤʳשʜʘסʘʥ 

ʳʜʳʨʘʡ ʨʝʘʢʮʠʷʣʘʨʳ ʞװʨʝ ʦʪʳʨʳʧ, ʞʘשʘ 

ʤʠʥʝʨʘʣʜʳ ץʦʩʳʣʳʩʪʘʨ ʪװʟʽʣʝʜʽ. ʆʪʳʥʥʳש 

ʞʘʥʫ ʧʨʦʮʝʩʽ ï ᴇʪʝ ʢװʨʜʝʣʽ ʬʠʟʠʢʘ-

ʭʠʤʠʷʣʳץ ʧʨʦʮʝʩʪʝʨʜʽש ʙʽʨʽ ʞᴅʥʝ ʧʨʦʮʝʩʪʽ 

ʪʦʣʳץ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʪײʨסʳʜʘ ʩʠʧʘʪʪʘʫ 

  .ʠʳʥץ

ʊʝʤʧʝʨʘʪʫʨʘʣʳץ ʪװʨʣʝʥʫ 

ʥᴅʪʠʞʝʩʽʥʜʝ ʢʚʘʨʮ (Si02) ʞᴅʥʝ ʦʥʳש  

ʤʦʜʠʬʠʢʘʮʠʷʣʘʨʳ, ʤʫʣʣʠʪ (Al6Si2013), 

ʬʦʨʩʪʝʨʠʪ (Mg2Si04), ʧʝʨʠʢʣʘʟ (MgO), ʘʣʠʪ 

(ʉʘ3SiO5) ʞᴅʥʝ ʣʝʡʮʠʪ (ʂAlSi2ʆ6) ʪװʨʽʥʜʝʛʽ 

ʢʘʣʴʮʠʡ ʩʠʣʠʢʘʪʪʘʨʳ ʪװʟʽʣʝʜʽ. ɹײʣ 

ʤʠʥʝʨʘʣʜʘʨ ʦʰʘץʪʳץ ʧʨʦʮʝʩʪʝʨʛʝ ʪᴅʥ  

ʙʝʣʛʽʣʽ ʙʽʨ ʪʝʤʧʝʨʘʪʫʨʘ ʰʝʛʽʥʜʝ ʪײʨʘץʪʳ 

ʙʦʣʘʜʳ.  ʉʦʥʳʤʝʥ ץʘʪʘʨ ʢװʣʜʝ ʘʨʘʣʳץ 

ʤʠʥʝʨʘʣʜʳ ץʦʩʳʣʳʩʪʘʨʜʘ ʢʝʟʜʝʩʝʜʽ, ʦʣʘʨ 

ʵʥʩʪʘʪʠʪ (FeSi03) ʞᴅʥʝ ʘʥʦʨʪʠʪ 

(ʉʘAl2Si2O8) ʩʠʷץʪʳ ʦʪʳʥʥʳש ʪʦʣʳץ 

ʞʘʥʙʘʫʳʥʘʥ ʪװʟʽʣʛʝʥ ᴇʥʽʤʜʝʨ.  

ʄʠʥʝʨʘʣʜʳ ʪװʟʽʣʫʣʝʨʛʝ ʦʪʳʥʜʳ ʞʘסʫ 

ʧʨʦʮʝʩʽ ʢʝʟʽʥʜʝ ʙʝʨʽʣʝʪʽʥ 

ʪʦʪʳץʪʘʥʜʳʨסʳʰʪʘʨʜʳש ʜʘ ʤᴇʣʰʝʨʽ ᴅʩʝʨ 

ʝʪʝʜʽ. ɹײʣ ᴅʩʽʨʝʩʝ ײץʨʘʤʳʥʜʘ ʪʝʤʽʨ ʙʘʨ 

ʤʠʥʝʨʘʣʜʳש ʪװʟʽʣʫʽʥʜʝ ʙʘʡץʘʣʘʜʳ. ʆʪʪʝʛʽ 

ʞʝʪʢʽʣʽʢʩʽʟ ʙʝʨʽʣʛʝʥ ʢʝʟʜʝ ʙײʥʜʘʡ 

ʤʠʥʝʨʘʣʜʘʨʜʳש ʪװʟʽʣʫʽ ʢװʨʜʝʣʽ ʙʦʣʘʜʳ. 

ʆʰʘץʪʳץ ʧʨʦʮʝʩʪʝʨʛʝ ʪᴅʥ ʪʝʤʧʝʨʘʪʫʨʘ 

ʜʠʘʧʘʟʦʥʳʥʜʘ ʘʨʪʳץ ʘʫʘ ʢʦʵʬʬʠʮʠʝʥʪʽ 

ʪʝʦʨʠʷʣʳץʪʘʥ ʢʽʰʽ (Ŭ < 1) ʙʦʣסʘʥʜʘ 

 ʤʠʥʝʨʘʣʜʳ ץʨʘʤʳʥʜʘ ʪʝʤʽʨ ʙʘʨ ʘʨʘʣʳײץ

 .ʘʣʘʜʳץʟʽʣʫʽ ʙʘʡװʪ שʦʩʳʣʳʩʪʘʨʜʳץ

ʂᴇʤʽʨʜʽײץ שʨʘʤʳʥʜʘ ʪʝʤʽʨ ʙʘʨ 

ʤʠʥʝʨʘʣʜʘʨʳ (ʧʠʨʠʪ ï FeS2, ʩʠʜʝʨʠʪ ï 

Feʉʆ3) ʞʘʥסʘʥ ʢʝʟʜʝ ʵʥʩʪʘʪʠʪ (FʝSiʆ3) 

ʞᴅʥʝ ʬʘʷʣʠʪ (Fe2Siʆ4) ʪװʟʝʜʽ. 

ʊʝʤʧʝʨʘʪʫʨʘʥʳש ʦʜʘʥ ᴅʨʽ ʞʦסʘʨʳʣʘʫʳ 

ʢʝʟʽʥʜʝ ʦʣʘʨ ʞʦסʘʣʘʜʳ ʜʘ, ʪײʨʘץʪʳʣʳסʳ 

ʞʦסʘʨʳ ʛʝʨʮʠʥʠʪ (Fʝɸ12ʆ4) ץʦʩʧʘʩʳ 

ʪװʟʽʣʝʜʽ. Ŭ=1 ʙʦʣסʘʥ ʢʝʟʜʝ ײץʨʘʤʳʥʜʘ ʪʝʤʽʨ 

ʙʘʨ ץʦʩʧʘʣʘʨ ʞʘʨʪʳʣʘʡ ʥʝʤʝʩʝ ʪʦʣʳץ 

ʪʦʪʳסʘʜʳ ʜʘ,  ʪʝʤʧʝʨʘʪʫʨʘ 1200Üʉ ʞʦסʘʨʳ 

ʙʦʣסʘʥʜʘ ʤʘʛʥʝʪʠʪ (Fʝ3ʆ4) ʪװʟʝʜʽ. ɹײʥʜʘʡ  

ʧʨʦʮʝʩʩ ʥʝʛʽʟʽʥʝʥ ʦʰʘץʪʳץ ʨʝʞʠʤ Ŭ>1 

ʙʦʣסʘʥ ʢʝʟʜʝ ᴇʪʝʪʽʥ ʧʨʦʮʝʩʢʝ ʪᴅʥ. ɸʨʪʳץ 

ʘʫʘ ʰʘʤʘʩʳʥ ʦʜʘʥ ᴅʨʽ ʘʨʪʪʳʨʫ (Ŭ>1,2) 

ʢʝʟʽʥʜʝ ʪʝʤʽʨ ץʦʩʧʘʩʳʥʳש ʪװʨʣʝʥʫʽ 

ʢʝʣʝʩʽʜʝʡ ᴇʪʝʜʽ: ʪʝʤʧʝʨʘʪʫʨʘ 800Áʉ-ʜʝʥ  

ʞʦסʘʨʳ ʙʦʣסʘʥʜʘ ʛʝʤʘʪʠʪʪʽש (Fe2ʆ3) ʪװʟʽʣʫ 

ʧʨʦʮʝʩʽ, ʘʣ ʪʝʤʧʝʨʘʪʫʨʘ 1300Áʉ-ʜʝʥ 

ʞʦסʘʨʳ ʙʦʣסʘʥʜʘ ʛʝʤʘʪʠʪ ʤʘʛʥʝʪʠʪʢʝ 

(Fʝ3ʆ4) ʘʫʳʩʘʜʳ. ʆʰʘץʪʘ ʪʝʤʧʝʨʘʪʫʨʘʣʳץ 

ʜʝשʛʝʡ ʘʨʪʪץʘʥ ʩʘʡʳʥ (ʩײʡʳץ ץʦʞ 

ʰʳסʘʨʫʜʘ) ʢʘʣʴʮʠʡ ʦʢʩʠʜʽ ʢװʣʜʽש ʙʘʩץʘʜʘ 

ʢʦʤʧʦʥʝʥʪʪʝʨʽʤʝʥ ʨʝʘʢʮʠʷסʘ ʪװʩʽʧ ʢװʨʜʝʣʽ 

  .ʟʝʜʽװʦʩʳʣʳʩʪʘʨ ʪץ

ɸʣ ʦʪʳʥʥʳײץ שʨʘʤʳʥʜʘסʳ ʤʘʛʥʠʡ 

ʙʘʨ ʤʠʥʝʨʘʣʜʘʨʜʳש ʪװʨʣʝʥʫʽ ʝʢʽ 

ʧʘʨʘʣʣʝʣʜʽ ʩʭʝʤʘ ʙʦʡʳʥʰʘ ᴇʪʝʜʽ. ɹʽʨʽʥʰʽʩʽ 

ï ʙײʣ ʵʥʩʪʘʪʠʪʪʽש (MgSiCb)  ʪʝʤʧʝʨʘʪʫʨʘ 

800
0
ʉ-ʪʘʥ ʞʦסʘʨʳ ʙʦʣסʘʥʳʥʜʘ ʬʦʨʩʪʝʨʠʪʢʝ 

(MgSiC4) ʘʡʥʘʣʫʳ ʞᴅʥʝ ʦʜʘʥ ᴅʨʽ 

ʪʝʤʧʝʨʘʪʫʨʘ 1100
0
ʉ-ʜʝʥ ʞʦסʘʨʳ ʙʦʣסʘʥ 

ʢʝʟʜʝ ʢʣʠʥʦʵʥʩʪʘʪʠʪʢʝ (MgSi03) ʘʡʥʘʣʫʳ, 

ᴅʨʽ ʦʣ ʪʝʤʧʝʨʘʪʫʨʘ 1300
0
ʉ-ʜʝʥ ʞʦסʘʨʳ 

ʙʦʣסʘʥʜʘ ʞʦסʘʣʳʧ ʢʝʪʝʜʽ. ɹײʣ ʩʭʝʤʘ 

ʪײʨʘץʩʳʟ ʞᴅʥʝ ʪʦʪʳץʪʘʥʜʳʨסʳʰ 

ʞʝʪʢʽʣʽʢʩʽʟ ʙʦʣסʘʥʜʘסʳ ʧʨʦʮʝʩʢʝ ʪᴅʥ. 

ɸʣʶʤʠʥʠʡ ץʦʩʳʣʳʩʪʘʨʳ ʤʫʣʣʠʪ ʪװʟʝʜʽ. 

ʊʝʤʧʝʨʘʪʫʨʘ 1400
0
ʉ-ʜʝʥ ʞʦסʘʨʳ ʙʦʣסʘʥʜʘ  

ʤʫʣʣʠʪʪʽש ʪװʟʽʣʫʽ  ʢʦʨʜʠʝʨʠʪ ʧʝʥ 

ʥʝʬʝʣʠʥʜʽ (NaAlSiC4) ʞᴅʥʝ ʣʝʡʮʠʪʪʽ 

ᴅʡʥʝʢʪʝʨʜʽש ʳʜʳʨʘʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ 

ʘʨʪʘʜʳ. ʂᴇʤʽʨʜʽש ʤʠʥʝʨʘʣʜʳ ʙᴇʣʽʛʽʥʜʝ 

ʢʘʣʠʡ ʤʝʥ ʥʘʪʨʠʡ ʢᴇʧ ʙʦʣʫʳ ʦʨʛʘʥʠʢʘʣʳץ 

ʟʘʪʪʘʨסʘ, ʷסʥʠ ʠʣʣʠʪʪʝʨ, ʂʉ1 ʞᴅʥʝ NaCl 

ʙʘʡʣʘʥʳʩʪʳ . 

ʊʝʤʧʝʨʘʪʫʨʘ 800
0
ʉ-ʛʝ ʜʝʡʽʥ ʙʦʣסʘʥʜʘ 

 שʨʘʤʳʥʜʘ ʥʘʪʨʠʡ ʙʘʨ ʠʣʣʠʪʪʝʨʜʽײץ

 ʟʳʣʘʜʳ ʜʘ, ʘʣʴʙʠʪײʨʳʣʳʤʳ ʙײץ

(NaAlSi03O8) ʞᴅʥʝ ʜʠʦʧʩʠʜʪʝʨʛʝ 

(NaFeSi206), (NaAlSi2O8) ʪװʨʣʝʥʝʜʽ. 

ʉʦסשʳʩʳ ʪʝʤʧʝʨʘʪʫʨʘ 1000
0
ʉ ʜʝʡʽʥ 

ʙʦʣסʘʥʜʘ סʘʥʘ ᴇʤʽʨ ʩװʨʝʜʽ, ʘʣ ʦʜʘʥ ʢʝʡʽʥ  

ʥʝʬʝʣʠʥʜʽ ײץʨʘʤʜʳ (NaAlSiC4) ʰʳʥʳʣʳ 

ʬʘʟʘסʘ ʪװʨʣʝʥʝʜʽ, ʘʣ ʦʣ ʪʝʤʧʝʨʘʪʫʨʘ 

1400
0
ʉ ïʜʝʥ ʞʦסʘʨʳ ʙʦʣסʘʥʜʘ ʥʘʪʨʠʡʜʽש 

ʙʫʣʘʥʫʳʤʝʥ ʤʫʣʣʠʪ ʪװʟʝʜʽ.  ײפʨʘʤʳʥʜʘ 

ʢʘʣʠʡ ʙʘʨ ʠʣʣʠʪʪʝʨ ʳʜʳʨʘסʘʥʜʘ ʩʘʥʠʜʠʥ 

(KAlSl 2O8) ʪװʟʝʜʽ, ʘʣ ʦʣ ʪʝʤʧʝʨʘʪʫʨʘ 
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1100
0
ʉ-ʜʝʥ ʞʦסʘʨʳ ʙʦʣסʘʥʜʘ ʣʝʡʮʠʪʪʽ 

ʰʳʥʳסʘ ʪװʨʣʝʥʝʜʽ, ᴅʨʽ ʪʝʤʧʝʨʘʪʫʨʘ 

1500
0
ʉ-ʜʝʥ ʞʦסʘʨʳ ʙʦʣסʘʥʜʘ ʢʘʣʠʡʜʽש 

ʙʫʣʘʥʫʳʥʘ ʙʡʣʘʥʳʩʪʳ ʞʦסʘʣʳʧ ʢʝʪʝʜʽ. 

ɾʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʢʘʣʠʡ ʤʝʥ ʥʘʪʨʠʡ 

ʙʫʣʘʥʘ ʦʪʳʨʳʧ ʛʘʟʜʳץ ʬʘʟʘʥʳש 

 ʨʘʤʳʥʜʘײפ .ʘʣʳʧʪʘʩʳʫʥʘ ᴅʩʝʨ ʝʪʝʜʽץ

ʢʘʣʠʡ ʞᴅʥʝ ʥʘʪʨʠʡ ʙʘʨ  ʤʠʥʝʨʘʣʜʘʨʜʳש 

ʪװʨʜʝʥʫ ʧʨʦʮʝʩʽ ʙʽʨʩʳשʘʡʣʳ, ᴅʨʽ ʦʣ 

ʙʝʨʽʣʝʪʽʥ ʘʫʘʥʳש ʤᴇʣʰʝʨʽʥʝ ʪᴅʫʝʣʜʽ ʝʤʝʩ.  

ɹײʣ ʤʠʥʝʨʘʣʜʘʨ ʰʳʥʳʣʳ ʬʘʟʘʥʳש ʧʘʡʜʘ 

ʙʦʣʫʳ ʢᴇʟʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ.  

ʂᴇʤʽʨʜʽײץ שʨʘʤʳʥʜʘ 900
0
ʉ-ʜʝ ʧʘʡʜʘ 

ʙʦʣʘʪʳʥ ʪװʟʽʣʫʣʝʨ 1-ʰʽ ʛʨʘʬʠʢʪʝ 

ʢʝʣʪʽʨʽʣʛʝʥ.  

 

 
 

1- ʩʫʨʝʪ. ʂᴇʤʽʨʜʽײץ שʨʘʤʳʥʜʘ 900
0
ʉ-ʜʝ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ʪװʟʽʣʫʣʝʨʜʽש ʤᴇʣʰʝʨʽ 

Fig. 1 - The content of coal formed at 900
0
ʉ 

 

ɿʝʨʪʪʝʫ ʞʘʩʘʣסʘʥ ʩʳʥʘʤʘʥʳש  

99,20% ʢᴇʤʽʨʪʝʢʪʽ ʟʘʪʪʘʨ. ʆʪʳʥʥʳש ʞʘʥʫ 

ʧʨʦʮʝʩʽʥʜʝ 110
0
ʉ-ʜʝ ʦʪʳʥ ʙᴇʣʰʝʢʪʝʨʽʥʽש 

ʞʳʣʫʣʳץ ʳʜʳʨʘʫʳ ʙʘʩʪʘʣʘʜʳ.  ʆʪʳʥʥʳש 

ʞʘʥʫʳ ʞᴅʥʝ ײʰʧʘ ʟʘʪʪʘʨʜʳש ʰʳסʫʳ 400-

600
0
ʉ.  

ɿʝʨʪʪʝʫʣʝʨ ʥᴅʪʠʞʝʩʽ ʙʦʡʳʥʰʘ 

ʦʪʳʥʥʳש ʤʠʥʝʨʘʣʜʳ ʙᴇʣʽʛʽʥʽש ʳʜʳʨʘʫʳ 

ʞʘʥʫ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʘ ʪᴅʫʝʣʜʽ. 

ʄʠʥʝʨʘʣʜʳ ʟʘʪʪʘʨʜʳש ʞʘʥʫ ᴇʥʽʤʜʝʨʽʥʽש 

ʛʘʟ ʪᴅʨʽʟʜʽ ʬʘʟʘʩʳʥ ʪװʟʝ ʦʪʳʨʳʧ  ʪװʨʣʝʥʫʽ 

ʢװʨʜʝʣʽ ץʦʩʳʣʳʩʪʘʨʜʘʥ ץʘʨʘʧʘʡʳʤ 

 .ʘ ᴇʪʫ ʙʦʡʳʥʰʘ ʦʨʳʥʜʘʣʘʜʳסʦʩʳʣʳʩʪʘʨץ

ʆʰʘץץʘ ʙʝʨʽʣʝʪʽʥ ʘʫʘʥʳש ʤᴇʣʰʝʨʽʥʝ 

ʤʠʥʝʨʘʣʜʳ ץʦʩʳʣʳʩʪʘʨʜʳש ʪװʟʽʣʫʽ ʤʝʥ 

ʰʳסʘʪʳʥ ʩʦסשʳ ʢװʣ-ץʦץʳʩʪʘʨʜ  r

 שʨʘʤʳ ʪᴅʫʝʣʜʽ. ɻʘʟʜʘʨʜʳײץ שʪʘʨʜʳץʘʣʜʳץ

 שʘʥ ʤʠʥʝʨʘʣʜʘʨʜʳסʨʘʤʳʥʜʘ ʳʜʳʨʘײץ

ʛʘʟʜʘʨʳ ʤʝʥ ʦʣʘʨʜʳש ʙʫʣʘʥסʘʥ ʛʘʟʜʘʨʳ ʜʘ 

(ʢװʢʽʨʪ ʦʢʩʠʜʽ, ʩʽʣʪʽʣʽʢ ʤʝʪʘʣʜʘʨʜʳש 

ʛʘʟʜʘʨʳ, ʪʝʤʽʨ, ʢʨʝʤʥʠʡ) ʙʦʣʘʜʳ. 
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ɸʥʥʦʪʘʮʠʷ. ʕʥʝʨʛʠʷ ʠʛʨʘʝʪ ʙʦʣʴʰʫʶ ʨʦʣʴ ʚ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ, ʪʘʢ ʢʘʢ ʢʘʞʜʳʡ ʜʝʥʴ ʨʘʩʪʪy 

ʧʦʪʨʝʙʥʦʩʪʴ ʥʘ ʦʪʦʧʣʝʥʠʝ, ʚʝʥʪʠʣʷʮʠʶ, ʦʩʚʝʱʝʥʠʝ, ʙʳʪʦʚʳʝ ʧʨʠʙʦʨʳ, ʪʨʘʥʩʧʦʨʪ, ʢʦʪʦʨʳʝ 

ʨʘʙʦʪʘʶʪ ʥʘ ʵʣʝʢʪʨʠʯʝʩʪʚʝ. ʕʥʝʨʛʠʷ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʡ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʠ 

ʩʦʮʠʘʣʴʥʫʶ ʧʦʪʨʝʙʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ. ʊʝʭʥʦʣʦʛʠʠ, ʠʩʧʦʣʴʟʫʝʰʠʝʩ ̫ ʜʣʷ ʵʢʦʥʦʤʠʠ ʵʥʝʨʛʠʠ, ʠ 

ʷʚʣʷʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʵʢʦʥʦʤʠʢʠ ʩʪʨʘʥʳ ʠ ʧʨʦʤʳʰʣʠʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʢʦʥʝʯʥʳʡ ʩʦʩʪʘʚ ʟʦʣʦʰʣʘʢʦʚʳʭ 

ʧʨʦʜʫʢʪʦʚ ʚʦ ʚʨʝʤʷ ʩʞʠʛʘʥʠʷ ʪʦʧʣʠʚʘ ʚ ʪʦʧʢʘʭ ʢʦʪʣʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʊʕʉ, ʵʥʝʨʛʠʷ, ʪʝʤʧʝʨʘʪʫʨʘ, ʤʠʥʝʨʘʣ, ʟʦʣʦʰʣʘʢʦʚʳʝ ʦʪʭʦʜʳ, 

ʪʝʭʥʦʣʦʛʠʷ. 
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NOISE REDUCTION OF MOTOR VEHICLES ON THE WAY OF ITS DISTRIBUTION  

Sakanov Darkhan Kuandykovych, Cand.Sci.(Eng.), Vice-President, Kazakhstan Road 

Research Institute, Almaty, Kazakhstan, darkhan_ks81@mail.ru  

Abstract. The article considers with the distribution and damping of sound waves from various 

classes of vehicles, passing along the most problematic concrete roads. With the help of audio-noise 

meter, the values of total noise pressure level were taken. Fragments of recording the passage of light and 

trucks were used for relieving of spectral characteristics. The noise spectra of a concrete road with various 

surface textures are presented. And also, for comparison, this problem was also studied on the road with a 

surface of crushed stone-mastic asphalt concrete. From the given data, it follows that the surface of the 

cement concrete pavement with the "washed concrete" texture has a lower noise emission than the surface 

with applied notches and is comparable to the asphalt concrete surface. The difference in noise pressure 

levels for trucks is more noticeable at close distances from the road, and for light vehicles more respectful 

distances. This is explained the different noise spectra generated by the wheels. The difference in noise 

pressure levels for trucks is more noticeable at close distances from the road, and for light vehicles more 

respectful distances. This is explained the different noise spectra generated by the wheels. The overall 

noise pressure level drops significantly with distance: for trucks, an average of 18 dBA when removed 60 

meters from the middle of the extreme strip, for light vehicles-14dBA, and for 120 meters for trucks, the 

drop is about 28dBA, and for light vehicles - 24dBA.  Moreover, this fall depends on the magnitude of 

the initial level of noise pressure: the greater distance, the greater this difference for louder noise (trucks) 

and less for the quieter ones (light vehicles). Based on the above data, the sanitary protection zone along 

concrete roads with pavement of "washed" concrete in specially protected natural areas should be at least 
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200 meters. For residential development, where required maximum noise pressure level should not 

exceed 60 dBA [5], this zone should be at least 120 meters.  

Key words: road traffic noise, transport, automobile road, noise level, noise protection, 

carriageway, sound-pressure level.  

 

ʋɼʂ: 625.25 
 

ɼ.ʂ. ʉʘʢʘʥʦʚ
1 

1
ʂʘʟʘʭʩʪʘʥʩʢʠʡ ʜʦʨʦʞʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ, ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

 

ʉʅʀɾɽʅʀɽ ʐʋʄɸ ɸɺʊʆʊʈɸʅʉʇʆʈʊʅʓʍ ʉʈɽɼʉʊɺ ʅɸ ʇʋʊʀ ɽɻʆ 

ʈɸʉʇʈʆʉʊʈɸʅɽʅʀʗ  
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʛʘʰʝʥʠʷ 

ʟʚʫʢʦʚʳʭ ʚʦʣʥ ʦʪ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʘʚʪʦʤʦʙʠʣʝʡ, ʧʨʦʭʦʜʷʱʠʭ ʧʦ ʥʘʠʙʦʣʝʝ ʧʨʦʙʣʝʤʥʳʤ 

ʙʝʪʦʥʥʳʤ ʜʦʨʦʛʘʤ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨʳ ʰʫʤʘ ʧʦ ʙʝʪʦʥʥʦʡ ʜʦʨʦʛʝ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʬʘʢʪʫʨʘʤʠ ʧʦʚʝʨʭʥʦʩʪʠ. ɸ ʪʘʢʞʝ, ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʠʟʫʯʘʣʘʩʴ ʵʪʘ ʧʨʦʙʣʝʤʘ ʠ ʥʘ ʜʦʨʦʛʝ ʩ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʠʟ ʱʝʙʝʥʦʯʥʦ-ʤʘʩʪʠʯʥʦʛʦ ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ. ɼʣʷ ʩʥʷʪʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʬʨʘʛʤʝʥʪʳ ʟʘʧʠʩʠ ʧʨʦʝʟʜʦʚ ʣʝʛʢʦʚʳʭ ʠ ʛʨʫʟʦʚʳʭ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. ʉ ʧʦʤʦʱʴʶ ʰʫʤʦʤʝʨʘ ʙʳʣʠ ʩʥʷʪʳ ʟʥʘʯʝʥʠʷ ʦʙʱʝʛʦ ʫʨʦʚʥʷ 

ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʘʥʩʧʦʨʪʥʳʡ ʰʫʤ, ʪʨʘʥʩʧʦʨʪ, ʘʚʪʦʤʦʙʠʣʴʥʘʷ ʜʦʨʦʛʘ, ʫʨʦʚʝʥʴ 

ʰʫʤʘ, ʰʫʤʦʟʘʱʠʪʘ, ʧʨʦʝʟʞʘʷ ʯʘʩʪʴ, ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ.  

 

ʈʝʰʝʥʠʶ ʧʨʦʙʣʝʤʳ ʟʘʱʠʪʳ ʦʪ 

ʰʫʤʘ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʚ ʤʠʨʝ ʫʜʝʣʷʝʪʩʷ 

ʚʩʝ ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ. ʕʪʦ ʩʚʷʟʘʥʦ, 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʩ ʨʘʟʚʠʪʠʝʤ ʪʨʘʥʩʧʦʨʪʘ 

ʠ ʝʛʦ ʧʨʠʙʣʠʞʝʥʠʝʤ ʢ ʟʦʥʘʤ ʩʝʣʠʪʝʙʥʦʡ 

ʟʘʩʪʨʦʡʢʠ ʠ ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʳʤ ʧʨʠʨʦʜʥʳʤ 

ʪʝʨʨʠʪʦʨʠʷʤ. ʇʦ ʜʘʥʥʳʤ ʜʦʢʣʘʜʘ 

ʜʝʧʘʨʪʘʤʝʥʪʘ ʵʢʦʥʦʤʠʢʠ ʠ ʥʘʫʯʥʦʡ 

ʧʦʣʠʪʠʢʠ ɽʚʨʦʧʝʡʩʢʦʛʦ ʧʘʨʣʘʤʝʥʪʘ 

çʉʪʨʘʪʝʛʠʷ ʙʦʨʴʙʳ ʩ ʰʫʤʦʤè[1] ʜʣʷ 

ʣʶʜʝʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʧʦʜ 

ʩʚʝʨʭʥʦʨʤʘʪʠʚʥʳʤ (ʩʚʳʰʝ 55 ʜɹɸ) 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʰʫʤʘ ʨʠʩʢ ʩʝʨʜʝʯʥʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ ʚ ʩʨʝʜʥʝʤ ʥʘ 20% ʚʳʰʝ. 

ʉʦʮʠʘʣʴʥʳʝ ʠʟʜʝʨʞʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʪʨʘʥʩʧʦʨʪʥʳʤ ʰʫʤʦʤ, ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 

40 ʤʣʨʜ. ʝʚʨʦ ʚ ʛʦʜ (ʦʢʦʣʦ 0,4% ɺɺʇ ɽʉ). 

ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʥʘʩʝʣʝʥʠʷ 

ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʧʨʦʞʠʚʘʝʪ ʚ ʟʦʥʘʭ 

ʰʫʤʦʚʦʛʦ ʜʠʩʢʦʤʬʦʨʪʘ. ʆʩʦʙʝʥʥʦ ʵʪʦ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʤʝʩʪʘʭ ʧʨʦʭʦʞʜʝʥʠʷ 

ʘʚʪʦʪʨʘʩʩ, ʛʜʝ ʫʨʦʚʝʥʴ ʰʫʤʘ ʧʨʝʚʳʰʘʝʪ 

ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ ʚ ʩʨʝʜʥʝʤ ʥʘ 25 ʜɹɸ. 

ʉʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʰʫʤʘ ʚ ʝʛʦ ʠʩʪʦʯʥʠʢʝ ï 

ʘʚʪʦʤʦʙʠʣʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʤʝʨʝ 

ʨʘʟʚʠʪʠʷ ʪʝʭʥʠʢʠ, ʠ, ʥʘʯʠʥʘʷ ʩ 1970-ʭ 

ʛʦʜʦʚ, ʦʥ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʠʣʩʷ, ʚ 

ʩʨʝʜʥʝʤ ʥʘ 10-12 ʜɹɸ, ʢ 2020 ʛʦʜʫ 

ʧʣʘʥʠʨʫʝʪʩʷ ʩʥʠʟʠʪʴ ʝʱʝ ʥʘ 3 ʜɹɸ. 

ɼʘʣʴʥʝʡʰʠʡ ʧʨʦʛʨʝʩʩ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʤʘʣʦʧʝʨʩʧʝʢʪʠʚʝʥ. 

ʇʨʦʙʣʝʤʳ ʵʤʠʩʩʠʠ ʰʫʤʘ ʦʪ 

ʢʘʯʝʥʠʷ ʢʦʣʝʩ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʨʦʛʠ 

ʚʳʭʦʜʠʪ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ. ʈʘʟʨʘʙʦʪʢʠ ʚ 

ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʧʨʘʚʠʣʴʥʳʡ ʧʦʜʙʦʨ ʰʠʥ ʠ ʬʘʢʪʫʨʳ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʞʝʪ ʫʤʝʥʴʰʠʪʴ ʫʨʦʚʝʥʴ 

ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ 7-8 ʜɹɸ [2]. ʆʜʥʘʢʦ 

ʵʪʦ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʫ 

ʰʫʤʘ, ʧʦʵʪʦʤʫ  ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʠ 

ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʧʘʩʩʠʚʥʳʝ ʩʠʩʪʝʤʳ 

ʰʫʤʦʟʘʱʠʪʳ. ʊʘʢ, ʚ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʚ 2011 ʛʦʜʫ ʧʨʠʥʷʪ 

ʥʦʨʤʘʪʠʚʥʳʡ ʜʦʢʫʤʝʥʪ çʆɼʄ 2018.2.013-

2011. ʄʝʪʦʜʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʟʘʱʠʪʝ ʦʪ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʰʫʤʘ 

ʪʝʨʨʠʪʦʨʠʡ, ʧʨʠʣʝʛʘʶʱʠʭ ʢ 

ʘʚʪʦʤʦʙʠʣʴʥʳʤ ʜʦʨʦʛʘʤè, ʛʜʝ ʧʨʠʚʦʜʷʪʩʷ 

ʢʦʥʩʪʨʫʢʮʠʠ ʵʣʝʤʝʥʪʦʚ ʰʫʤʦʟʘʱʠʪʳ 

(ʘʢʫʩʪʠʯʝʩʢʠʝ ʵʢʨʘʥʳ, ʟʚʫʢʦʠʟʦʣʠʨʫʶʱʝʝ 

ʦʩʪʝʢʣʝʥʠʝ ʠ ʜʨ.). ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʵʢʨʘʥʦʚ ʩʦʩʪʘʚʣʷʝʪ                            

6-15 ʜɹɸ [3]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʦʣʴʢʦ ʩʦʯʝʪʘʥʠʝ 

ʚʩʝʭ ʬʘʢʪʦʨʦʚ ʩʥʠʞʝʥʠʷ ʰʫʤʦʚʦʡ ʵʤʠʩʩʠʠ 

ʠ ʝʝ ʙʣʦʢʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʚʳʡʪʠ ʥʘ 

ʜʦʩʪʠʞʝʥʠʝ ʪʨʝʙʫʝʤʳʭ ʫʩʣʦʚʠʡ ʟʚʫʢʦʚʦʛʦ 

ʢʦʤʬʦʨʪʘ. ɺ ʩʣʫʯʘʝ ʥʝʚʳʧʦʣʥʝʥʠʷ ʵʪʠʭ 
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ʤʝʨʦʧʨʠʷʪʠʡ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʫʩʪʨʦʡʩʪʚʘ ʚʜʦʣʴ ʜʦʨʦʛ ʩʘʥʠʪʘʨʥʦ-

ʟʘʱʠʪʥʳʭ ʟʦʥ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʳʭ 

ʩʥʠʞʘʝʪʩʷ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʟʘ 

ʩʯʝʪ ʛʘʰʝʥʠʷ ʟʚʫʢʦʚʳʭ ʚʦʣʥ ʚ ʚʦʟʜʫʭʝ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ 

ʚʦʧʨʦʩʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʛʘʰʝʥʠʷ 

ʟʚʫʢʦʚʳʭ ʚʦʣʥ ʦʪ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ 

ʘʚʪʦʤʦʙʠʣʝʡ, ʧʨʦʭʦʜʷʱʠʭ ʧʦ ʥʘʠʙʦʣʝʝ 

ʧʨʦʙʣʝʤʥʳʤ ʙʝʪʦʥʥʳʤ ʜʦʨʦʛʘʤ. ɺ  

ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨʳ ʰʫʤʘ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ 7,5-120 ʤʝʪʨʦʚ ʦʪ ʩʝʨʝʜʠʥʳ 

ʢʨʘʡʥʝʡ ʧʦʣʦʩʳ ʜʚʠʞʝʥʠʷ (ʨʠʩʫʥʦʢ 1) ʧʦ 

ʙʝʪʦʥʥʦʡ ʜʦʨʦʛʝ ʩ ʨʘʟʣʠʯʥʳʤʠ ʬʘʢʪʫʨʘʤʠ 

ʧʦʚʝʨʭʥʦʩʪʠ:ʩ ʥʘʩʝʯʢʦʡ ʚ ʚʠʜʝ ʙʦʨʦʟʜʦʢ 

ʧʦʧʝʨʝʢ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ; ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚ 

ʚʠʜʝ çʤʳʪʦʛʦè ʙʝʪʦʥʘ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ 

ʠʟʫʯʘʣʘʩʴ ʵʪʘ ʧʨʦʙʣʝʤʘ ʥʘ ʜʦʨʦʛʝ ʩ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʠʟ ʱʝʙʝʥʦʯʥʦ-ʤʘʩʪʠʯʥʦʛʦ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ. 
 

 
ʈʠʩ. 1 - ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʦʯʝʢ ʟʘʧʠʩʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

Fig. 1 - Scheme of location and original data record on a horizontal surface  
 

ɼʣʷ ʩʥʷʪʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʬʨʘʛʤʝʥʪʳ 

ʟʘʧʠʩʠ ʧʨʦʝʟʜʦʚ ʣʝʛʢʦʚʳʭ ʠ ʛʨʫʟʦʚʳʭ 

(ʬʫʨʳ ʥʘ ʩʢʦʨʦʩʪʠ 90-100 ʢʤ/ʯʘʩ) 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʜʣʠʥʦʶ 6 

ʩʝʢʫʥʜ. ʇʨʠʤʝʨ ʘʤʧʣʠʪʫʜʳ (waveform) ʜʣʷ 

ʪʨʝʭ ʪʦʯʝʢ ʟʘʧʠʩʠ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 2. 

ʉʪʦʣʙʮʳ ʨʠʩʫʥʢʘ 2 ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʪʠʧʫ ʧʦʢʨʳʪʠʷ ʠ ʘʚʪʦʤʦʙʠʣʷ, ʪ.ʝ. ʩʣʝʚʘ 

ʥʘʧʨʘʚʦ: ʙʝʪʦʥʥʦʝ ʧʦʢʨʳʪʠʝ ʩ ʥʘʩʝʯʢʘʤʠ ʠ 

ʛʨʫʟʦʚʦʡ ʘʚʪʦʤʦʙʠʣʴ, ʙʝʪʦʥʥʦʝ ʧʦʢʨʳʪʠʝ ʩ 

ʥʘʩʝʯʢʘʤʠ ʠ ʣʝʛʢʦʚʦʡ ʘʚʪʦʤʦʙʠʣʴ, 

ʙʝʪʦʥʥʦʝ ʧʦʢʨʳʪʠʝ ʩ ʬʘʢʪʫʨʦʡ çʤʳʪʳʡ 

ʙʝʪʦʥè ʠ ʛʨʫʟʦʚʦʡ ʘʚʪʦʤʦʙʠʣʴ, ʙʝʪʦʥʥʦʝ 

ʧʦʢʨʳʪʠʝ ʩ ʬʘʢʪʫʨʦʡ çʤʳʪʳʡ ʙʝʪʦʥè ʠ 

ʣʝʛʢʦʚʦʡ ʘʚʪʦʤʦʙʠʣʴ. ʉʪʨʦʢʠ ʞʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʩʩʪʦʷʥʠʶ ʦʪ ʩʝʨʝʜʠʥʳ 

ʢʨʘʡʥʝʡ ʧʦʣʦʩʳ: 7,5, 60 ʠ 120 ʤʝʪʨʦʚ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

 
 

ʈʠʩ. 2 - ɸʤʧʣʠʪʫʜʳ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʬʨʘʛʤʝʥʪʦʚ 

Fig. 2 - Amplitudes of analyzed fragments  
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ɸʥʘʣʦʛʠʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʠʤʝʨʳ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʬʨʘʛʤʝʥʪʦʚ ʧʨʦʝʟʜʦʚ 

ʥʘ ʨʠʩʫʥʢʝ 3. 

 

 
 

ʈʠʩ. 3 - ʉʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʬʨʘʛʤʝʥʪʦʚ 

Fig. 3 - spectral analysis of fragment 
 

ʇʦʩʢʦʣʴʢʫ ʩʧʝʢʪʨʘʣʴʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʜʝʨʞʘʪ ʟʥʘʯʝʥʠʷ ʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʮʠʬʨʦʚʦʡ ʰʢʘʣʝ dBFS 

(FullScale), ʪʦ ʟʘ ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ 

ʮʠʬʨʦʚʦʡ ʥʦʣʴ ʧʨʠʥʠʤʘʣʠ ʫʨʦʚʝʥʴ 

ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ 107ɼʙ, ʯʪʦ ʩʦʛʣʘʩʥʦ 

[4] ʧʨʠʤʝʨʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʨʦʚʥʶ 

ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʪʷʞʝʣʦʛʦ ʜʠʟʝʣʴʥʦʛʦ 

ʛʨʫʟʦʚʠʢʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1ʤ (ʫʨʦʚʝʥʴ 

ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ 90 ɼʙ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 7 

ʤʝʪʨʦʚ ʧʨʠʤʝʨʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 107ɼʙ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ 1 ʤ). ʇʨʠʚʝʜʝʥʥʳʡ ʫʨʦʚʝʥʴ 

ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ (1): 
 

          . ρπχ, ,         (1) 
 

ʛʜʝ ,  ï ʟʥʘʯʝʥʠʝ ʫʨʦʚʥʷ 

ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ, ʩʥʷʪʦʝ ʩʦ 

ʩʧʝʢʪʨʦʛʨʘʤʤʳ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʪʩʯʝʪʳ 

ʩʧʝʢʪʨʦʘʥʘʣʠʟʘʪʦʨʘ ʚʢʣʶʯʘʣʠ ʚ ʩʝʙʷ 

ʧʦʧʨʘʚʢʫ ʚʝʩʦʚʦʛʦ ʬʠʣʴʪʨʘ çɸè, 

ʫʯʠʪʳʚʘʶʱʝʛʦ ʥʝʣʠʥʝʡʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʩʣʫʭʘ ʯʝʣʦʚʝʢʘ ʜʣʷ ʢʘʞʜʦʡ ʪʨʝʪʴʦʢʪʘʚʥʦʡ 

ʧʦʣʦʩʳ. 

ʈʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʦʙʱʝʛʦ ʫʨʦʚʥʷ 

ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ (ʪʘʙʣʠʮʘ 2) ʜʣʷ 

ʚʳʙʨʘʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ 31,5 ï 20000 

ɻʮ ʚ ʜɹɸ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ (2): 

                       

ὔ ρπϽὒὫВ ρπȟϽ ,     (2) 
 

ʛʜʝ ὔ  ï ʫʨʦʚʥʠ ʯʘʩʪʦʪʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʧʝʢʪʨʘ. 
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ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʪʘʢʞʝ ʧʨʦʠʟʚʦʜʠʣʠʩʴ 

ʟʘʤʝʨʳ ʥʘ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʤ ʧʦʢʨʳʪʠʠ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ 7,5 ʤʝʪʨʦʚ ʦʪ ʩʝʨʝʜʠʥʳ 

ʢʨʘʡʥʝʡ ʧʦʣʦʩʳ. ɼʘʥʥʳʝ ʜʣʷ ʨʘʩʩʪʦʷʥʠʡ 

60 ʠ 120 ʤʝʪʨʦʚ ʙʳʣʠ ʵʢʩʪʨʘʧʦʣʠʨʦʚʘʥʳ ʥʘ 

ʦʩʥʦʚʝ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ 

ʠʟʤʝʨʝʥʠʷʭ ʥʘ ʙʝʪʦʥʥʳʭ ʧʦʢʨʳʪʠʷʭ. 

 

ʊʘʙʣʠʮʘ 2 - ʆʙʱʠʝ ʫʨʦʚʥʠ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ, ʚʳʯʠʩʣʝʥʥʳʝ ʧʦ ʟʥʘʯʝʥʠʷʤ ʩʦ ʩʧʝʢʪʨʦʛʨʘʤʤ 

Table 2 - General noise pressure levels calculated from the values from spectrograms 
 

ɺʠʜ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʘʚʪʦʤʦʙʠʣʷ 

ʆʙʱʠʡ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ (ʜɹɸ), ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʩʝʨʝʜʠʥʳ ʢʨʘʡʥʝʡ ʧʦʣʦʩʳ ʘʚʪʦʜʦʨʦʛʠ (ʤ), 

ʨʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ 

7,5 60 120 

ɹʝʪʦʥ.ʥʘʩʝʯʢʠ (ʛʨʫʟ. ʘʚʪʦ) 86,7 68,3 59,4 

ɹʝʪʦʥ.ʥʘʩʝʯʢʠ (ʣʝʛʢ. ʘʚʪʦ) 77,5 63,6 55,7 

ʄʳʪʳʡ ʙʝʪʦʥ (ʛʨʫʟ.ʘʚʪʦ) 85,0 67,2 56,0 

ʄʳʪʳʡ ʙʝʪʦʥ (ʣʝʛʢ. ʘʚʪʦ) 77,2 62,5 50,9 

ɸʩʬʘʣʴʪ (ʛʨʫʟ.ʘʚʪʦ) 86,7 68,5* 58,5* 

ɸʩʬʘʣʴʪ (ʣʝʛʢ. ʘʚʪʦ) 77,8 63,5* 53,7* 
 

* ʚʳʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʫʩʨʝʜʥʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʜʝʥʠʷ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʟʚʫʢʦʚʦʛʦ 

ʜʘʚʣʝʥʠʷ ʜʣʷ ʙʝʪʦʥʥʳʭ ʧʦʢʨʳʪʠʡ. 
 

ɺ ʪʘʙʣʠʮʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʘʜʝʥʠʝ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʪʦʯʢʠ 

ʥʘ ʨʘʩʩʪʦʷʥʠʠ 7,5 ʤ ʦʪ ʩʝʨʝʜʠʥʳ ʢʨʘʡʥʝʡ ʧʦʣʦʩʳ ʜʚʠʞʝʥʠʷ. 

 
ʊʘʙʣʠʮʘ 3 - ʇʘʜʝʥʠʝ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ, ʚʳʯʠʩʣʝʥʥʳʝ ʧʦ ʟʥʘʯʝʥʠʷʤ ʩʦ 

ʩʧʝʢʪʨʦʛʨʘʤʤ 

Table 3 - Reduction of total noise pressure level calculated by values with the spectrograms 
 

ɺʠʜ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʘʚʪʦʤʦʙʠʣʷ 

ʇʘʜʝʥʠʝ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ (ʜɹɸ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʩʝʨʝʜʠʥʳ ʢʨʘʡʥʝʡ ʧʦʣʦʩʳ ʘʚʪʦʜʦʨʦʛʠ 

(ʤ),ʨʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ 

7,5 60 120 

ɹʝʪʦʥ.ʥʘʩʝʯʢʠ (ʛʨʫʟ. ʘʚʪʦ) 0,0 18,4 27,3 

ɹʝʪʦʥ.ʥʘʩʝʯʢʠ (ʣʝʛʢ. ʘʚʪʦ) 0,0 13,9 21,9 

ʄʳʪʳʡ ʙʝʪʦʥ (ʛʨʫʟ.ʘʚʪʦ) 0,0 17,8 29,1 

ʄʳʪʳʡ ʙʝʪʦʥ (ʣʝʛʢ. ʘʚʪʦ) 0,0 14,7 26,3 

ɸʩʬʘʣʴʪ (ʛʨʫʟ.ʘʚʪʦ) 0,0 18,1 28,2 

ɸʩʬʘʣʴʪ (ʣʝʛʢ. ʘʚʪʦ) 0,0 14,3 24,1 
 

ʇʘʜʝʥʠʝ ʫʨʦʚʥʷ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ 

ʚ ʩʨʘʚʥʝʥʠʠ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩ 

ʥʘʩʝʯʢʦʡ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩ ʬʘʢʪʫʨʦʡ 

çʤʳʪʳʡ ʙʝʪʦʥè ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 4. 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ ʩʣʝʜʫʝʪ, 

ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʮʝʤʝʥʪʦʙʝʪʦʥʥʦʛʦ 

ʧʦʢʨʳʪʠʷ ʩ ʬʘʢʪʫʨʦʡ çʤʳʪʳʡ ʙʝʪʦʥè 

ʦʙʣʘʜʘʝʪ ʤʝʥʴʰʝʡ ʵʤʠʩʩʠʝʡ ʰʫʤʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩ ʥʘʥʝʩʝʥʥʳʤʠ 

ʥʘʩʝʯʢʘʤʠ ʠ ʩʦʧʦʩʪʘʚʠʤʘ ʩ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʈʘʟʥʠʮʘ 

ʚ ʫʨʦʚʥʷʭ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʜʣʷ 

ʛʨʫʟʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʙʦʣʝʝ ʟʘʤʝʪʥʘ ʥʘ 

ʙʣʠʟʢʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ ʘʚʪʦʜʦʨʦʛʠ (7,5 

ʤʝʪʨʦʚ ʦʪ ʩʝʨʝʜʠʥʳ ʢʨʘʡʥʝʡ ʧʦʣʦʩʳ), ʘ ʜʣʷ 

ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ï ʥʘ ʙʦʣʝʝ 

ʫʜʘʣʝʥʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ (120 ʤʝʪʨʦʚ). ʕʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʩʧʝʢʪʨʘʤʠ ʰʫʤʘ, 

ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʢʦʣʝʩʘʤʠ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʢʦʥʪʨʦʣʴʥʳʝ 

ʟʘʤʝʨʳ ʩ ʧʦʤʦʱʴʶ ʰʫʤʦʤʝʨʘ GEO FSM 

130 ʩ ʯʘʩʪʦʪʥʳʤ ʜʠʘʧʘʟʦʥʦʤ 31,5 ï 8000 

ɻʮ.ʉʥʠʤʘʣʠʩʴ ʟʥʘʯʝʥʠʷ ʦʙʱʝʛʦ ʫʨʦʚʥʷ 

ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʜɹɸ (ʪʘʙʣʠʮʘ 5). 
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ʊʘʙʣʠʮʘ 4 - ʉʨʘʚʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʦʙʱʠʭ ʫʨʦʚʥʝʡ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʜʣʷ ʪʠʧʦʚ ʬʘʢʪʫʨ 

çʤʳʪʳʡ ʙʝʪʦʥè ʠ çʥʘʩʝʯʢʠè 

Table 4 - Comparison of the values of the general noise pressure levels for the types of textures 

"washed concrete" and "notches" 
 

ɺʠʜ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʘʚʪʦʤʦʙʠʣʷ 

ʉʨʘʚʥʝʥʠʝ ʬʘʢʪʫʨʳ çʤʳʪʳʡ ʙʝʪʦʥè ʩ ʬʘʢʪʫʨʦʡ çʥʘʩʝʯʢʠè 

ʙʝʪʦʥʥʳʭ ʧʦʢʨʳʪʠʡ (ʜɹɸ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ (ʤ) 

7,5 60 120 

ɻʨʫʟʦʚʳʝ ʘʚʪʦʤʦʙʠʣʠ -1,7 -1,1 -3,4 

ʃʝʛʢʦʚʳʝ ʘʚʪʦʤʦʙʠʣʠ -0,4 -1,2 -4,8 
 

 

ʊʘʙʣʠʮʘ 5 - ʆʙʱʠʝ ʫʨʦʚʥʠ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʧʦʤʦʱʠ ʰʫʤʦʤʝʨʘ 

Table 5 - General noise pressure levels obtained with audio-noise meter  
 

ɺʠʜ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʘʚʪʦʤʦʙʠʣʷ 

ʆʙʱʠʡ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ (ʜɹɸ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʩʝʨʝʜʠʥʳ ʢʨʘʡʥʝʡ ʧʦʣʦʩʳ ʘʚʪʦʜʦʨʦʛʠ (ʤ), ʜʘʥʥʳʝ 

ʰʫʤʦʤʝʨʘ 

7,5 60 120 

ɹʝʪʦʥ.ʥʘʩʝʯʢʠ (ʛʨʫʟ. ʘʚʪʦ) 86-88 68-71 59-63 

ɹʝʪʦʥ.ʥʘʩʝʯʢʠ (ʣʝʛʢ. ʘʚʪʦ) 78-80 60-63 51-54 

ʄʳʪʳʡ ʙʝʪʦʥ (ʛʨʫʟ.ʘʚʪʦ) 84-86 63-66 57-62 

ʄʳʪʳʡ ʙʝʪʦʥ (ʣʝʛʢ. ʘʚʪʦ) 77-79 59-62 50-54 

ɸʩʬʘʣʴʪ (ʛʨʫʟ.ʘʚʪʦ) 85-87 66-69* 58-63* 

ɸʩʬʘʣʴʪ (ʣʝʛʢ. ʘʚʪʦ) 79-81 61-64* 52-56* 
 

* ʚʳʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʫʩʨʝʜʥʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʜʝʥʠʷ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʟʚʫʢʦʚʦʛʦ 

ʜʘʚʣʝʥʠʷ ʜʣʷ ʙʝʪʦʥʥʳʭ ʧʦʢʨʳʪʠʡ. 
 

ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʪʘʙʣʠʮ 2 ʠ 5 

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʧʦʢʨʳʪʠʡ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʛʨʘʬʠʢʘʭ (ʨʠʩʫʥʢʠ 4-6). 

ʎʚʝʪʦʤ ʧʦʢʘʟʘʥʘ ʦʙʣʘʩʪʴ çʢʦʨʠʜʦʨʘè 

ʟʥʘʯʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʧʦʤʦʱʠ 

ʰʫʤʦʤʝʨʘ (ʪʘʙʣʠʮʘ 5), ʘ ʯʝʨʥʦʡ ʣʠʥʠʝʡ ï 

ʨʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʦʙʱʠʭ ʫʨʦʚʥʝʡ 

ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ (ʪʘʙʣʠʮʘ 2). ʀʟ 

ʧʨʠʚʝʜʝʥʥʳʭ ʛʨʘʬʠʢʦʚ ʚʠʜʥʦ, ʯʪʦ 

ʨʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠʤʝʶʪ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʜʠʘʧʘʟʦʥʘ 

ʟʥʘʯʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ 

ʰʫʤʦʤʝʨʘ. 

 

 
 

ʈʠʩ. 4 - ʉʨʘʚʥʝʥʠʝ ʜʘʥʥʳʭ ʰʫʤʦʤʝʨʘ ʠ ʨʘʩʩʯʠʪʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʜʣʷ ʮʝʤʝʥʪʦʙʝʪʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʩ 

ʧʦʧʝʨʝʯʥʳʤʠ ʙʦʨʦʟʜʢʘʤʠ 

Fig. 4- Comparison of the audio-noise meter data and the calculated values for a cement concrete 

pavement with transverse grooves 
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ʈʠʩ. 5 - ʉʨʘʚʥʝʥʠʝ ʜʘʥʥʳʭ ʰʫʤʦʤʝʨʘ ʠ ʨʘʩʩʯʠʪʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʜʣʷ  ʮʝʤʝʥʪʦʙʝʪʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʩ 

ʬʘʢʪʫʨʦʡ çʤʳʪʳʡ ʙʝʪʦʥè 

Fig. 5 - Comparison of the audio-noise meter and the calculated values for the cement concrete pavement 

with the "washed concrete" texture 

 

 

ʈʠʩ. 6 - ʉʨʘʚʥʝʥʠʝ ʜʘʥʥʳʭ ʰʫʤʦʤʝʨʘ ʠ ʨʘʩʩʯʠʪʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʜʣʷ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ 

Fig. 6 - Comparison of the audio-noise meter and the calculated values for asphalt concrete pavement 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʱʠʡ ʫʨʦʚʝʥʴ 

ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʧʘʜʘʝʪ ʩ 

ʨʘʩʩʪʦʷʥʠʝʤ: ʜʣʷ ʛʨʫʟʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʚ 

ʩʨʝʜʥʝʤ ʥʘ 18 ʜɹɸ ʧʨʠ ʫʜʘʣʝʥʠʠ ʥʘ 60 

ʤʝʪʨʦʚ ʦʪ ʩʝʨʝʜʠʥʳ ʢʨʘʡʥʝʡ ʧʦʣʦʩʳ, ʜʣʷ 

ʣʝʛʢʦʚʳʭ ï ʥʘ 14ʜɹɸ, ʘ ʧʨʠ ʫʜʘʣʝʥʠʠ ʥʘ 

120 ʤʝʪʨʦʚ - ʜʣʷ ʛʨʫʟʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ 

ʧʘʜʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 28ʜɹɸ, ʘ ʜʣʷ 

ʣʝʛʢʦʚʳʭ ï 24ʜɹɸ. ʇʨʠʯʝʤ, ʵʪʦ ʧʘʜʝʥʠʝ 

ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ 

ʫʨʦʚʥʷ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ: ʯʝʤ ʙʦʣʴʰʝ 

ʨʘʩʩʪʦʷʥʠʝ ï ʪʝʤ ʙʦʣʴʰʝ ʵʪʘ ʨʘʟʥʠʮʘ ʜʣʷ 

ʙʦʣʝʝ ʛʨʦʤʢʠʭ ʰʫʤʦʚ (ʛʨʫʟʦʚʳʝ 

ʘʚʪʦʤʦʙʠʣʠ) ʠ ʤʝʥʴʰʝ ï ʜʣʷ ʙʦʣʝʝ ʪʠʭʠʭ 

(ʣʝʛʢʦʚʳʝ ʘʚʪʦʤʦʙʠʣʠ). 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʥʘ ʮʝʤʝʥʪʦʙʝʪʦʥʥʦʤ 

ʧʦʢʨʳʪʠʠ ʬʘʢʪʫʨʳ çʤʳʪʳʡ ʙʝʪʦʥè 

ʵʤʠʩʩʠʷ ʰʫʤʘ ʩʥʠʞʘʝʪʩʷ ʥʘ 1-5 ʜɹ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʬʘʢʪʫʨʦʡ, ʠʤʝʶʱʝʡ ʥʘʩʝʯʢʠ. 

ʉ ʨʘʩʩʪʦʷʥʠʝʤ ʦʪ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʦʢʨʳʪʠʷ ʩ ʬʘʢʪʫʨʦʡ 

çʤʳʪʳʡè ʙʝʪʦʥ ʧʨʦʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ 

ʟʥʘʯʠʪʝʣʴʥʦ: ʩʫʤʤʘʨʥʦʝ ʩʥʠʞʝʥʠʝ ʰʫʤʘ 

ʜʣʷ ʛʨʫʟʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

120 ʤ ʩʦʩʪʘʚʣʷʝʪ 24-29 ʜɹɸ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʥʘ ʨʘʩʩʪʦʷʥʠʠ 200 ʤʝʪʨʦʚ ʦʪ ʩʝʨʝʜʠʥʳ 

ʢʨʘʡʥʝʡ ʧʦʣʦʩʳ ʜʚʠʞʝʥʠʷ ʦʙʝʩʧʝʯʠʪʴ 

ʢʦʤʬʦʨʪʥʳʡ ʫʨʦʚʝʥʴ ʰʫʤʘ, ʥʝ 

ʧʨʝʚʳʰʘʶʱʠʡ  ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʚ 50 

ʜɹɸ ʜʣʷ ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʳʭ ʧʨʠʨʦʜʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ ʂʘʟʘʭʩʪʘʥʘ [5], ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʥʘ ʜʦʨʦʛʘʭ ʩ çʥʘʩʝʯʢʦʡè ʵʪʦʪ ʫʨʦʚʝʥʴ 

ʜʦʩʪʠʛʘʝʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 250-270 ʤʝʪʨʦʚ. 

ʀʩʭʦʜʷ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ, 

ʩʘʥʠʪʘʨʥʦ-ʟʘʱʠʪʥʘʷ ʟʦʥʘ ʚʜʦʣʴ ʙʝʪʦʥʥʳʭ 

ʜʦʨʦʛ ʩ ʧʦʢʨʳʪʠʝʤ ʠʟ çʤʳʪʦʛʦè ʙʝʪʦʥʘ ʚ 

ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʳʭ ʧʨʠʨʦʜʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ 

ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ ʥʝ ʤʝʥʝʝ 200 ʤʝʪʨʦʚ. 

ɼʣʷ ʞʠʣʦʡ ʟʘʩʪʨʦʡʢʠ, ʛʜʝ ʪʨʝʙʫʝʤʳʡ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ 

ʥʝ ʜʦʣʞʝʥ ʧʨʝʚʳʰʘʪʴ 60 ʜɹɸ [5], ʵʪʘ ʟʦʥʘ 

ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ ʥʝ ʤʝʥʝʝ 120 ʤʝʪʨʦʚ. 

ɺʳʚʦʜʳ. ʆʙʱʠʡ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ 

ʜʘʚʣʝʥʠʷ ʩʫɦʝʩʪʚʝʥʥʦ ʧʘʜʘʝʪ ʩ 

ʨʘʩʩʪʦʷʥʠʝʤ. ʇʘʜʝʥʠʝ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ 

ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ 

ʫʨʦʚʥʷ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ: ʯʝʤ ʙʦʣʴʰʝ 

ʨʘʩʩʪʦʷʥʠʝ ï ʪʝʤ ʙʦʣʴʰʝ ʵʪʘ ʨʘʟʥʠʮʘ ʜʣʷ 

ʙʦʣʝʝ ʛʨʦʤʢʠʭ ʰʫʤʦʚ (ʛʨʫʟʦʚʳʝ 

ʘʚʪʦʤʦʙʠʣʠ) ʠ ʤʝʥʴʰʝ ï ʜʣʷ ʙʦʣʝʝ ʪʠʭʠʭ 

(ʣʝʛʢʦʚʳʝ ʘʚʪʦʤʦʙʠʣʠ). 
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ʀʩʭʦʜʷ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ, 

ʩʘʥʠʪʘʨʥʦ-ʟʘʱʠʪʥʘʷ ʟʦʥʘ ʚʜʦʣʴ ʙʝʪʦʥʥʳʭ 

ʜʦʨʦʛ ʩ ʧʦʢʨʳʪʠʝʤ ʠʟ çʤʳʪʦʛʦè ʙʝʪʦʥʘ ʚ 

ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʳʭ ʧʨʠʨʦʜʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ 

ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ ʥʝ ʤʝʥʝʝ 200 ʤʝʪʨʦʚ. 

ɼʣʷ ʞʠʣʦʡ ʟʘʩʪʨʦʡʢʠ, ʛʜʝ ʪʨʝʙʫʝʤʳʡ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ 

ʥʝ ʜʦʣʞʝʥ ʧʨʝʚʳʰʘʪʴ 60 ʜɹɸ [5], ʵʪʘ ʟʦʥʘ 

ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ ʥʝ ʤʝʥʝʝ 120 ʤʝʪʨʦʚ. 
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Abstract. This article considers the use of the method of improving the management of 

technological processes in order to improve the dynamic characteristics of the electrodynamic stands. 

Vibration tests are the standard test for equipment and devices. For vibration tests, electrodynamic stands 

are used, which are regulated by vibration and amplitudes. One of the main scientific and technical 

problems, the solution of which is aimed at increasing the accuracy and reliability of the results of 

vibration tests, is the formation of the principles of rationing and evaluation of the accuracy 

characteristics of vibration effects, as well as the accuracy indicators of statistical characteristics of 

random vibration processes. The solution to this problem is directly related to the improvement of 

vibration stands, i.e. with increasing technical and operational characteristics. Advanced process control 

(APC) - a relatively new direction of industrial automation. And it has gained wide popularity in the last 

decade. The main idea of the APC is to modernize the control system of the process unit by introducing 

additional elements into it. Estimation is given to the existing method of reducing the amplitude of 

vibrations. The technique of automatic control of the active vibration protection system of the electro-

dynamic stand based on the proposed method is developed. A comparative analysis of a linear-quadratic 

Gaussian controller and a proportional integral differential controller over the entire operating frequency 

range was carried out. As a result, using this method, the influence of the resonant peak and the extended 

frequency range were not affected, without affecting the system performance. 

Keywords. Electrodynamic stand, sensor, amplitude, reliability, frequency, vibration, gear 

function, controller, management system. 
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ʆרʊɸʁʃʓ ʈɽʊʊɽʋɯʐʊɽʈɼɯ ɸʅɸʃʀʊʀʂɸʃʓױפ פʈɸʄɼɸʉʊʓʈʋ ɸʈפʓʃʓ 

ʕʃɽʂʊʈʆɼʀʅɸʄʀʂɸʃʓפ ʉʊɽʅɼʊɯר ɼʀʅɸʄʀʂɸʃʓפ ʉʀʇɸʊʊɸʄɸʉʓʅ 

ɾɸפʉɸʈʊʋ 

 

ɸשʜʘʪʧʘ. ɹײʣ ʤʘץʘʣʘʜʘ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʩʪʝʨʜʽ ʞʝʪʽʣʜʽʨʫ ᴅʜʽʩʽ ʘʨץʳʣʳ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʘʣʳץ ʩʪʝʥʜʪʽש ʜʠʥʘʤʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʩʳʥ ʞʘץʩʘʨʪʫ ץʘʨʘʩʪʳʨʳʣסʘʥ. 

ɼʽʨʽʣʜʽ ʪײʨʘץʪʳʣʳץץʘ ʩʳʥʘץʪʘʨ ᴇʪʢʽʟʫ ʞʘʙʜʳץʪʘʨ ʤʝʥ ײץʨʳʣסʳʣʘʨ װʰʽʥ ʩʪʘʥʜʘʨʪʪʳ 

ʩʳʥʘץʪʘʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɼʽʨʽʣʜʽ ʩʳʥʘץʪʘʨʜʘ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʘʣʳץ ʜʽʨʽʣʜʽ ʩʪʝʥʜʪʝʨ 

 ʳʣʳ ʨʝʪʪʝʣʝʜʽ. ʅʝʛʽʟʛʽץʦʣʜʘʥʳʣʘʜʳ, ʦʣʘʨ ʜʽʨʽʣʤʝʥ ʙʝʨʽʣʝʪʽʥ ʘʤʣʠʪʫʜʘ ʤʝʥ ʞʠʽʣʽʢ ʘʨץ
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 ʜᴅʣʜʽʛʽ ʤʝʥ שʥᴅʪʠʞʝʣʝʨʽʥʽ שʪʳץʙʽʨʽ, ʜʽʨʽʣʜʽʩʳʥʘ שʧʨʦʙʣʝʤʘʣʘʨʜʳ ץʳʣʳʤʠ-ʪʝʭʥʠʢʘʣʳס

ʩʝʥʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ ʙʘסʳʪʪʘʣסʘʥ, ʦʣʘʨ ʥʦʨʤʘʣʘʫ ʧʨʠʥʮʠʧʪʝʨʽʥ ץʘʣʳʧʪʘʩʪʳʨʫ ʤʝʥ 

ʜʽʨʽʣʜʽʢ ᴅʩʝʨʜʽש ʜᴅʣʜʽʢ ʩʠʧʘʪʪʘʤʘʩʳʥ ʙʘסʘʣʘʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʢʝʟʜʝʡʩʦץ 

ʜʽʨʽʣʜʝʨʜʽש ʩʪʘʪʠʩʪʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʩʳʥʳש ʜᴅʣʜʽʢ ʢᴇʨʩʝʪʢʽʰʽʥ ʙʘסʘʣʘʫ. ɹײʣ ʤᴅʩʝʣʝʥʽ 

ʰʝʰʫ ʜʽʨʽʣʜʽ ʩʪʝʥʜʪʽ ʞʝʪʽʣʜʽʨʫʤʝʥ ʪʽʢʝʣʝʡ ʙʘʡʣʘʥʳʩʪʳ, ʷסʥʠ  ʦʣʘʨʜʳש ʪʝʭʥʠʢʘʣʳץ ʞᴅʥʝ 

ʧʘʡʜʘʣʘʥʫ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʘʨʪʪʳʨʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʊʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʩʪʝʨʜʽ 

ʞʘץʩʘʨʪʫ (ʊɾפ) ᴇʥʜʽʨʽʩʪʽ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫʜʘסʳ ʩʘʣʳʩʪʳʨʤʘʣʳ ʞʘשʘ ʙʘסʳʪ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ʆʣ ʩʦסשʳ ʞʳʣʜʘʨʜʘ װʣʢʝʥ ʩײʨʘʥʳʩץʘ ʠʝ. ʊɾפ- ʥʳש ʥʝʛʽʟʛʽ ʠʜʝʷʩʳ ץʦʩʳʤʰʘ 

ʣɻʝʤʝʥʪʪʝʨ ʝʥʛʽʟʫ ʘʨץʳʣʳ ʪʝʭʥʦʣʦʛʠʷʣʳץ ץʦʥʜʳʨסʳʥʳש ʙʘʩץʘʨʫ ʞװʡʝʩʽʥ ʞʘשʘʨʪʫ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ɹײʣ ᴅʜʽʩʪʽ ʧʘʡʜʘʣʘʥʫ ʥᴅʪʠʞʝʩʽʥʜʝ, ʨʝʟʦʥʘʥʩʪʳ ײץʙʳʣʳʩ ᴅʩʝʨʽ ʘʣʳʥʜʳ ʞᴅʥʝ 

ʞʠʽʣʽʢʪʽש ʞײʤʳʩ ʜʠʘʧʘʟʦʥʳ ʢʝשʝʡʜʽ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʦʙʲʝʢʪʽʥʽש ʫʘץʳʪ ʩʠʧʘʪʪʘʤʘʩʳ 

ʞʘץʩʘʨʜʳ.  

ʂʽʣʪʪʽʢ ʩᴇʟʜʝʨ. ʕʣʝʢʪʨʦʜʠʥʘʤʠʢʘʣʳץ ʩʪʝʥʜ, ʩʝʥʩʦʨ, ʘʤʧʣʠʪʫʜʘ, ʩʝʥʽʤʜʽʣʽʢ, ʞʠʽʣʽʢ, 

ʜʽʨʽʣ, ʙʝʨʽʣʽʩ ʬʫʥʢʮʠʷʩʳ, ʢʦʥʪʨʦʣʣʝʨ, ʙʘʩץʘʨʫ ʞװʡʝʩʽ. 

 

ɾʳʣʞʳʤʘʣʳ ʦʙʲʝʢʪʽʣʝʨʛʝ 

ʦʨʥʘʪʳʣסʘʥ ʘʧʧʘʨʘʪʫʨʘʣʘʨʜʳש ʽʩʪʝʥ 

ʰʳסʫʳʥʳש ʢʝʙʽ ץʘʨץʳʥʜʳ ʤʝʭʘʥʠʢʘʣʳץ 

ʜʽʨʽʣʜʽש ᴅʩʝʨʽʥʝʥ ʙʦʣʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, 

ʜʽʨʽʣʜʽש ᴅʩʝʨʽ ʢʝʟʽʥʜʝʛʽ ʙʝʨʽʢʪʽʢ ʧʝʥ 

ʩʝʥʽʤʜʽʣʽʢ ʪʝ ʤʘʰʠʥʘʣʘʨʜʳ ײץʨʘʩʪʳʨʫ ʤʝʥ 

ʞʘʩʘʫʜʘ ʰʝʰʫʰʽ ʤᴅʥʛʝ ʠʝ ʙʦʣסʘʥ. ɸʣʘʡʜʘ 

ʘʩʧʘʧʪʘʨ ʤʝʥ ʘʧʧʘʨʘʪʪʘʨʜʳ ʩʳʥʘʫ ʢʝʟʽʥʜʝ 

ʜʽʨʽʣ ᴅʩʝʨʽʥʝʥ ʪʫʳʥʜʘʡʪʳʥ ʩʘʥʜʳץ 

ʘʥʳץʪʘʫʣʘʨ ʤʘʰʠʥʘ ʞʘʩʘʫʜʘסʳ ʦʩʳʥʜʘʡ 

ʩײʨʘץʪʘʨסʘ ץʘʨʘסʘʥʜʘ ʢװʨʜʝʣʽʨʝʢ ʙʦʣʘʜʳ 

[3]. ɸʩʧʘʧʪʘʨ ʤʝʥ ʘʧʧʘʨʘʪʪʘʨ ʜʽʨʽʣ ᴅʩʝʨʽʥʝ 

ʨʝʘʢʮʠʷʣʘʨʳ ᴅʨʪװʨʣʽ ʙʦʣʘʪʳʥ ʪװʨʣʽ 

ʢʦʥʩʪʨʫʢʪʠʚʪʽ ʵʣʝʤʝʥʪʪʝʨʽ ʤʝʥ 

ʪװʡʽʥʜʝʨʽʥʽש ʢᴇʧ ʤᴇʣʰʝʨʽʥ ץʘʤʪʠʜʳ. 

ɸʩʧʘʧ ʧʘʡʜʘʣʘʥʫ ʢʝʟʽʥʜʝ ʪװʨʣʽ ʩʠʧʘʪʪʘסʳ 

ʜʽʨʽʣ ᴅʩʝʨʽʥʝ-ʧʝʨʠʦʜʪʳ, װʡʣʝʩʽʤʜʽʛʽʥʝ 

ʞʘץʳʥ, ʝʢʧʽʥʜʽ ʥʝʤʝʩʝ ʢʝʟʜʝʡʩʦץ ʙʦʣʫʳ 

ʤװʤʢʽʥ.  

ɹʘʨʣʳץ ʤʝʭʘʥʠʢʘʣʳץ ʩʳʥʘʫʣʘʨ 

ʞװʢʪʝʤʝʤʝʥ ʥʝʤʝʩʝ ʞװʢʪʝʤʝʩʽʟ ץʘʣʳʧʪʳ 

ʢʣʠʤʘʪʪʳץ ʞʘסʜʘʡʣʘʨʜʘ ʞװʨʛʽʟʽʣʝʜʽ. ʉʳʥʘʫ 

ʢʝʟʽʥʜʝ ʪʝʤʧʝʨʘʪʫʨʘʥʳ ʘʨʪʪʳʨʫסʘ ʦʨʪʘʥʳש 

ʞײʤʳʩʰʳ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥ ʘʨʪʪʳʨʤʘסʘʥ 

ʞʘסʜʘʡʜʘ ʨץײʩʘʪ ʝʪʽʣʝʜʽ.  

ʉʝʥʽʤʜʽ ʞײʤʳʩ ʢʦʥʩʪʨʫʢʪʠʚʪʽ 

 ʘʩʳʥʜʘץʘʨ שʙʦʣʫʳʥʳ שʳʣʘʨʜʳץʦʩʘʣץ

 ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʝʜʽ. ʈʝʟʦʥʘʥʩʪʳץ

ʞʠʽʣʽʢʪʝʛʽ ʢʦʥʩʪʨʫʢʪʠʚʪʽ ץʦʩʘʣץʳʥʳ 

ʢʦʥʩʪʨʫʢʪʠʚʪʽ ץʦʩʘʣץʳ ʢʦʵʬʬʠʮʠʝʥʪʽʥʽש 

ʢᴇʤʝʛʽʤʝʥ ʙʘסʘʣʘʡʜʳ [5]: 
 

ὑ Ὢ ȾὊ,   (1) 
 

ʤײʥʜʘסʳ fOH ïʙײʡʳʤʥʳש ʝש ʘʟ ʨʝʟʦʥʘʥʩʪʳ 

ʞʠʽʣʽʛʽ; FB ïʞײʤʳʩ ʜʠʘʧʘʟʦʥʳʥʳש ʞʦסʘʨסʳ 

ʞʠʽʣʽʛʽ. ʗסʥʠ fOH ʘʨʪʪʳʨסʘʥ ʢʝʟʜʝ ʙʘʩץʘ ʪʝש 

ʰʘʨʪʪʘʨ ʞʘסʜʘʡʳʥʜʘ ʢʦʥʩʪʨʫʢʮʠʷʥʳש 

ʜʽʨʽʣʛʝ ʙʝʨʽʢʪʽʛʽ ʘʨʪʘʜʳ. 

ɼʽʨʽʣʜʽ ʪײʨʘץʪʳʣʳץץʘ ʩʳʥʘץʪʘʨ 

ᴇʪʢʽʟʫ ʞʘʙʜʳץʪʘʨ ʤʝʥ ײץʨʳʣסʳʣʘʨ װʰʽʥ 

ʩʪʘʥʜʘʨʪʪʳ ʩʳʥʘץʪʘʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɼʽʨʽʣʜʽ ʩʳʥʘץʪʘʨʜʘ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʘʣʳץ 

ʜʽʨʽʣʜʽ ʩʪʝʥʜʪʝʨ ץʦʣʜʘʥʳʣʘʜʳ, ʦʣʘʨ 

ʜʽʨʽʣʤʝʥ ʙʝʨʽʣʝʪʽʥ ʘʤʣʠʪʫʜʘ ʤʝʥ ʞʠʽʣʽʢ 

ʘʨץʳʣʳ ʨʝʪʪʝʣʝʜʽ. ʅʝʛʽʟʛʽ סʳʣʳʤʠ-

ʪʝʭʥʠʢʘʣʳץ ʧʨʦʙʣʝʤʘʣʘʨʜʳש ʙʽʨʽ, ʜʽʨʽʣʜʽ 

ʩʳʥʘץʪʳש ʥᴅʪʠʞʝʣʝʨʽʥʽש ʜᴅʣʜʽʛʽ ʤʝʥ 

ʩʝʥʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ ʙʘסʳʪʪʘʣסʘʥ, ʦʣʘʨ 

ʥʦʨʤʘʣʘʫ ʧʨʠʥʮʠʧʪʝʨʽʥ ץʘʣʳʧʪʘʩʪʳʨʫ ʤʝʥ 

ʜʽʨʽʣʜʽʢ ᴅʩʝʨʜʽש ʜᴅʣʜʽʢ ʩʠʧʘʪʪʘʤʘʩʳʥ 

ʙʘסʘʣʘʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʩʦʥʳʤʝʥ ץʘʪʘʨ 

ʢʝʟʜʝʡʩʦץ ʜʽʨʽʣʜʝʨʜʽש ʩʪʘʪʠʩʪʠʢʘʣʳץ 

ʩʠʧʘʪʪʘʤʘʩʳʥʳש ʜᴅʣʜʽʢ ʢᴇʨʩʝʪʢʽʰʽʥ 

ʙʘסʘʣʘʫ. ɹײʣ ʤᴅʩʝʣʝʥʽ ʰʝʰʫ ʜʽʨʽʣʜʽ ʩʪʝʥʜʪʽ 

ʞʝʪʽʣʜʽʨʫʤʝʥ ʪʽʢʝʣʝʡ ʙʘʡʣʘʥʳʩʪʳ, ʷסʥʠ 

ʦʣʘʨʜʳש ʪʝʭʥʠʢʘʣʳץ ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʘʨʪʪʳʨʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʊʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʩʪʝʨʜʽ 

ʞʘץʩʘʨʪʫ (ʊɾפ) ᴇʥʜʽʨʽʩʪʽ 

ʘʚʪʦʤʘʪʪʘʥʜʳʨʫʜʘסʳ ʩʘʣʳʩʪʳʨʤʘʣʳ ʞʘשʘ 

ʙʘסʳʪ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʆʣ ʩʦסשʳ 

ʞʳʣʜʘʨʜʘ װʣʢʝʥ ʩײʨʘʥʳʩץʘ ʠʝ. ʊɾפ-ʥʳש 

ʥʝʛʽʟʛʽ ʠʜʝʷʩʳ ץʦʩʳʤʰʘ ʵʣʝʤʝʥʪʪʝʨ ʝʥʛʽʟʫ 

ʘʨץʳʣʳ ʪʝʭʥʦʣʦʛʠʷʣʳץ ץʦʥʜʳʨסʳʥʳש 

ʙʘʩץʘʨʫ ʞװʡʝʩʽʥ ʞʘשʘʨʪʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ.  

ɹײʣ ʵʣʝʤʝʥʪʪʝʨ ʪʝʭʥʦʣʦʛʠʷʣʳץ 

ʧʨʦʮʝʩʩʪʝʨʜʽש ʤʦʜʝʣʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ ʢᴇʧ 

ᴇʣʰʝʤʜʽ ʙʦʣʞʘʫʜʳ ʙʘʩץʘʨʘʪʳʥ  

ʘʣʛʦʨʠʪʽʤʜʽ ʞװʟʝʛʝ ʘʩʳʨʘʪʳʥ ʘʨʥʘʡʳ 

ʙʘסʜʘʨʣʘʤʘ. ʊɾפ-ʞװʡʝʩʽ ʪʝʭʥʦʣʦʛʠʷʣʳץ 

 ʰʽʥ çʘʚʪʦʧʠʣʦʪè ʪᴅʨʽʟʜʝʩ: ʦʣװ ʳסʦʥʜʳʨץ

ʦʧʝʨʘʪʦʨʜʳש ʢʝʡʙʽʨ ʬʫʥʢʮʠʷʣʘʨʳʥ ᴇʟ 
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ʤʦʡʳʥʳʥʘ ʘʣʘʜʳ ʞᴅʥʝ ʊɾפ-ʞװʡʝʩʽʥ 

ʢᴇʧʪʝʛʝʥ ʞʳʣʜʘʨ ʙʦʡʳ ץʘʪʘש 

ʤʘʪʝʤʘʪʠʢʘʣʳץ ᴅʜʽʩʪʝʨ ʤʝʥ ʩʘʨʘʧʪʘʤʘʣʳץ 

ʪʘʣʜʘʫʜʘ, ʦʥʳש ʦʧʝʨʘʪʦʨʜʘʥ ᴅʣʜʝץʘʡʜʘ 

ʞʘץʩʳ ʞײʤʳʩ ʽʩʪʝʡʪʽʥʽ ʘʥʳץʪʘʣסʘʥ [3]. 

ʆʩʳ ᴅʜʽʩʪʽ ʽʩʢʝ ʘʩʳʨʫ װʰʽʥ ʜᴅʣ 

ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴ ץʘʞʝʪ ʙʦʣʫʳʥʘ 

ʙʘʡʣʘʥʳʩʪʳ, ʢʝʣʝʩʽ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴ 

ʞʘʩʘʣʳʥʜʳ. 1-ʩʫʨʝʪʪʝ ʤʦʜʝʣʴʜʽש 

ʜʠʥʘʤʠʢʘʩʳʥ ʩʠʧʘʪʪʘʡʪʳʥ Simulink-

ʤʦʜʝʣʴ ʞᴅʥʝ ʦʥʳש ʞʠʽʣʽʢ ʧʝʥ ʫʘץʳʪ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʢᴇʨʩʝʪʽʣʛʝʥ. 

ʄʦʜʝʣʴʜʽש ʥʘץʪʳ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʘʣʫ 

 ʧʘʨʘʤʝʪʨʣʽʢ שʰʽʥ, ʤʦʜʝʣʴʜʽװ

ʠʜʝʥʪʠʬʠʢʘʮʠʷʣʘʫʳ ʞװʨʛʽʟʽʣʜʽ. 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʞװʨʛʽʟʽʣʛʝʥ ʩʠʛʥʘʣʜʘʨʜʳש 

ʦʩʮʠʣʣʦʛʨʘʤʤʘʩʳ 2-ʩʫʨʝʪʪʝ ʢʝʣʪʽʨʽʣʛʝʥ. 

ʆʣ װʰʽʥ ʜʽʨʽʣʜʽ ʩʪʝʥʜ ʢʽʨʽʩʽʥʝ ʘץ ʰʫ 

ʩʠʛʥʘʣʳ ʙʝʨʽʣʜʽ ʞᴅʥʝ ʦʩʮʠʣʣʦʛʨʘʬ 

ʢᴇʤʝʛʽʤʝʥ ʜʽʨʽʣʜʽ ʩʪʝʥʜʪʽש ʢʽʨʽʩ ʞᴅʥʝ 

ʰʳסʳʩ ʜʝʨʝʢʪʝʨʽ ʪʽʨʢʝʣʜʽ. ʀʜʝʥʪʠʬʠʢʘʮʠʷ 

ʧʨʦʮʝʩʩʽ Matlab çSystem Identification Tollè 

ʙʘסʜʘʨʣʘʤʘ ʧʘʢʝʪʽ ʢᴇʤʝʛʽʤʝʥ ʞװʨʛʽʟʽʣʜʽ. 

ʇʘʨʘʤʝʪʨʣʽʢ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʥᴅʪʠʞʝʩʽʥʜʝ 

ʜʽʨʽʣʜʽ ʩʪʝʥʜʪʽ5 ש-ʰʽ ʨʝʪʪʽ ʙʝʨʫ ʬʫʥʢʮʠʷʩʳ 

ʘʣʳʥʜʳ. ʉʫʨʝʪʪʝ ʞʠʽʣʽʢ ʧʝʥ ʫʘץʳʪ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳ, ʩʦʥʳʤʝʥ ץʘʪʘʨ 

ʠʜʝʥʪʠʬʠʢʘʮʠʷ ץʘʪʝʣʽʢʪʝʨʽ ʢᴇʨʩʝʪʽʣʛʝʥ (3-

ʩʫʨʝʪ). 

 

 
 

 
 

 

1-ʩʫʨʝʪ. ʄʦʜʝʣʴʜʽש ʜʠʥʘʤʠʢʘʩʳʥ ʩʠʧʘʪʪʘʡʪʳʥ Simulink-ʤʦʜʝʣʴ  ʞᴅʥʝ ʦʥʳש ʞʠʽʣʽʢ ʧʝʥ ʫʘץʳʪ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʢᴇʨʩʝʪʽʣʛʝʥ 

Fig. 1- Simulink-model describing the dynamics of the model and its frequency and time characteristics. 
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ʆשʪʘʡʣʳ ʨʝʪʪʝʫʽʰʪʝʨʜʽ 

ʘʥʘʣʠʪʠʢʘʣʳײץ ץʨʘʤʜʘʩʪʳʨʫ װʟʜʽʢʩʽʟ 

ʞװʡʝʣʝʨʽ װʰʽʥ ʢʝʣʝʩʽ ʙʘץʳʣʘʫʜʳ 

ʦʨʳʥʜʘʡʜʳ[4]: 
 

x~-Ku Ö=    (2) 
 

ʤײʥʜʘסʳ x~ -ʂʘʣʴʤʘʥ ʩװʟʛʽʩʽ ʢᴇʤʝʛʽʤʝʥ 

ʘʣʳʥסʘʥ ʥʳʩʘʥʜʳ ʙʘץʳʣʘʫ ʘʡʥʳʤʘʣʳʣʘʨʳ 

ʚʝʢʪʦʨʳʥ ʙʘסʘʣʘʫ. 

ʂʝשʽʩʪʽʢʪʝʛʽ ʨʝʪʪʝʫ ʪʝשʜʝʫʽ: 
 

vyL~)KD)L-(B-CL-A(~ Ö-ÖÖÖÖ= xx#     (3) 
 

ʤײʥʜʘסʳ 
vy -ʙʘץʳʣʘʫ ʥʳʩʘʥʳʥʳש 

ᴇʣʰʝʥʛʝʥ ʰʳסʫ ʚʝʢʪʦʨʳ. 

 

 
 

2-ʩʫʨʝʪ. ʂʽʨʽʩ ʞᴅʥʝ ʰʳסʳʩ ʩʠʛʥʘʣʜʘʨʳʥʳש ʦʩʮʠʣʣʦʛʨʘʤʤʘʩʳ 

Figure 2 - Oscilloscope of incoming and outgoing signals 
 

 

 
 

3-ʩʫʨʝʪ. ɼʽʨʽʣʜʽ ʩʪʝʥʜʪʽש ʊɾפ ʩʠʥʪʝʟ ʘʣʜʳ ʞᴅʥʝ ʢʝʡʽʥʛʽ ʞʠʽʣʽʢ ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʢᴇʨʩʝʪʽʣʛʝʥ. 

Figure 3- The pre-and post-frequency characteristics of the Vibrostand with APC are shown. 

 

ʈʝʪʪʝʫʰʽʥʽש ʝʢʽ ʪװʨʽʥʝ MATLab-ʪʘסʳ ʙʘסʜʘʨʣʘʤʘ. ɹʽʨʽʥʰʽ ʙʘסʜʘʨʣʘʤʘ ʢʝʣʝʩʽ ʙʝʨʽʣʽʩ 

ʬʫʥʢʮʠʷʩʳ ʙʘʨ LCG-ʨʝʪʪʝʫʰʽʛʝ ʥʝʛʽʟʜʝʣʛʝʥ ʙʘʩץʘʨʫʜʳ ʞװʟʝʛʝ ʘʩʳʨʘʜʳ: 

 

'ʖ
ρȢφϽρπÐ χȢτϽρπÐ ςȢσϽρπÐ τȢςϽρπÐ ρȢψϽρπ
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ɽʢʽʥʰʽ ʙʘסʜʘʨʣʘʤʘ ʢʝʣʝʩʽ ʙʝʨʽʣʽʩ 

ʬʫʥʢʮʠʷʩʳ ʙʘʨ PID ʨʝʪʪʝʫʰʽ ʥʝʛʽʟʽʥʜʝ 

ʙʘץʳʣʘʫʜʳ ʞװʟʝʛʝ ʘʩʳʨʘʜʳ: 
 

7 Ð +
ρ

4Ð

4Ð

4ʬÐ ρ
ȟ        υ 

 

ʤײʥʜʘסʳ ʂ- ʧʨʦʧʦʨʮʠʦʥʘʣʜʳ ʢʦʵʬʬʠʮʠʝʥʪ 

(ᴇʣʰʝʤʩʽʟ); Ti - ʠʥʪʝʛʨʘʣʜʘʫ ʪײʨʘץʪʳʩʳ 

(ʫʘץʳʪ ᴇʣʰʝʤ); Td-ʨʝʪʪʝʫʰʽʥʽש 

ʜʠʬʬʝʨʝʥʮʠʷʣʜʘʫ ʪײʨʘץʪʳʩʳ (ʫʘץʳʪ 

ᴇʣʰʝʤ); Tʬ-ʩװʟʛʽ ʪײʨʘץʪʳʩʳ. 

PID- ʨʝʪʪʝʫʰʽʩʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ 

ʙʘסʜʘʨʣʘʤʘ LCG- ʨʝʪʪʝʫʰʽʩʽ ʙʘʨ ʞװʡʝʥʽש 

ʙʘʨʣʳץ ʘʨʪʳץʰʳʣʳץʪʘʨʳ ʤʝʥ 

ʢʝʤʰʽʣʽʢʪʝʨʽʥ ʘʥʳץʪʘʫ ʤʘץʩʘʪʳʥʜʘ, 

ʢʣʘʩʩʠʢʘʣʳץ PID- ʨʝʪʪʝʫʰʽʩʽ ʙʘʨ ʞװʡʝʥʽש 

ʩʠʧʘʪʪʘʤʘʣʘʨʳʤʝʥ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪʘʣʜʘʫ 

ʞװʨʛʽʟʫ װʰʽʥ ץʘʞʝʪ. 

ɹʘʨʣʳץ ʞʠʽʣʽʢ ʜʠʘʧʘʟʦʥʳʥʜʘ ʨʝʪʪʝʫ 

ʩʘʧʘʩʳʥ ʢᴇʨʫ װʰʽʥ, ʞײʤʳʩ ʜʠʘʧʘʟʦʥʳʥʳש 

 ʳʪʧʝʥ ʩʠʧʘʪʪʘʤʘʩʳʥץʰ ʙᴇʣʽʛʽʥʜʝʛʽ ʫʘװ

ʞʘʩʘʫ ץʘʞʝʪ (ʪᴇʤʝʥʛʽ ʞʠʽʣʽʢ, ʦʨʪʘʰʘ 

ʞʠʽʣʽʢ, ʞʦסʘʨסʳ ʞʠʽʣʽʢ). 4-ʰʽ ʩʫʨʝʪʪʝ 

ʞװʡʝʣʝʨʜʽש ʪᴇʤʝʥʛʽ ʞʠʽʣʽʢʪʝʛʽ ʫʘץʳʪʧʝʥ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʢᴇʨʩʝʪʽʣʛʝʥ. 

4-ʰʽ ʩʫʨʝʪʪʝʥ ʰʳסʘʪʳʥ ץʦʨʳʪʳʥʜʳ, 

ʝʢʽ ʨʝʪʪʝʫʰʽʜʝ ʞװʡʝʥʽ ʪʝʧʝ-ʪʝשʜʽʢʪʝ 

 LCG- ʨʝʪʪʝʫʰʽʩʽ ʙʘʨ ץʩʪʘʡʜʳ, ʙʽʨʘײ

ʞװʡʝʥʽש ᴇʪʧʝʣʽ ʧʨʦʮʝʩʩ ʫʘץʳʪʳ 

ʢʣʘʩʩʠʢʘʣʳץ PID- ʨʝʪʪʝʫʰʽʩʽ ʙʘʨ 

ʞװʡʝʥʽʢʽʥʝ ץʘʨʘסʘʥʜʘ ʘʟ. ɹʽʨʘץ PID-

ʨʝʪʪʝʫʰʽʩʽ ʙʘʨ ʞװʡʝʥʽש ᴇʣʰʝʤʜʽ ʰʳסʘʨʫ 

ʜᴅʣʜʽʛʽ ʞʦסʘʨʳ. ʆʩʳʜʘʥ LCG-

ʨʝʪʪʝʫʰʽʩʽʥʽש ʞʳʣʜʘʤʜʳסʳ PID-

ʨʝʪʪʝʫʰʽʥʽש ʞʳʣʜʘʤʜʳסʳʥʘʥ װʩʪʝʤ 

ʙʦʣʘʜʳ ʜʝʛʝʥ ץʦʨʳʪʳʥʜʳ ʞʘʩʘʫסʘ ʙʦʣʘʜʳ. 

5-ʰʽ ʩʫʨʝʪʪʝ  ʞװʡʝʣʝʨʜʽש ʦʨʪʘ ʞʠʽʣʽʢʪʝʛʽ 

ʫʘץʳʪʧʝʥ ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

 
 

4-ʩʫʨʝʪ. ɾװʡʝʣʝʨʜʽש ʪᴇʤʝʥʛʽ ʞʠʽʣʽʢʪʝʛʽ ᴇʪʧʝʣʽ ʩʠʧʘʪʪʘʤʘʣʘʨʳ:  

a) PID- ʨʝʪʪʝʫʰʽʩʽ, b) LCG- ʨʝʪʪʝʫʰʽʩʽ 

Fig. 4 - Transient Characteristics of Systems with Low Frequency:  

PID controller, b) LCG- controller 

 

 
 

5 - ʩʫʨʝʪ. ɾװʡʝʣʝʨʜʽש ʦʨʪʘ ʞʠʽʣʽʢʪʝʛʽ ᴇʪʧʝʣʽ ʩʠʧʘʪʪʘʤʘʣʘʨʳ: 

a) PID- ʨʝʪʪʝʫʰʽʩʽ, b) LCG- ʨʝʪʪʝʫʰʽʩʽ 

Fig. 5 - Transient Characteristics of Systems in Medium Frequency: 

a) PID controller, b) LCG- controller 
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6 - ʩʫʨʝʪ.  ɾװʡʝʣʝʨʜʽש ʞʦסʘʨסʳ ʞʠʽʣʽʢʪʝʛʽ ᴇʪʧʝʣʽ ʩʠʧʘʪʪʘʤʘʣʘʨʳ: 

a) PID- ʨʝʪʪʝʫʰʽʩʽ, b) LCG- ʨʝʪʪʝʫʰʽʩʽ 

Fig. 6 - Transient Characteristics of Systems in High Frequency: 

a) PID controller, b) LCG- controller 

 

5-ʩʫʨʝʪʪʝʥ ʰʳסʘʪʳʥ ץʦʨʳʪʳʥʜʳ, 

ʨʝʪʪʝʫʽʰʪʝʨ ʦʨʪʘʰʘ ʞʠʽʣʽʢʪʝ ʪᴇʤʝʥʛʽ 

ʞʠʽʣʽʢʪʝʛʽʜʝʡ ʽʩ ᴅʨʝʢʝʪ ʝʪʝʜʽ, ʩʦʥʜʳץʪʘʥ 

ʨʝʪʪʝʫʽʰʪʝʨʜʽש ʩʠʧʘʪʪʘʤʘʩʳ ʜᴅʣ ʪᴇʤʝʥʛʽ 

ʞʠʽʣʽʢʪʝʛʽ ʩʠʧʘʪʪʘʤʘʜʘʡ ʙʦʣʘʜʳ. 6-ʩʫʨʝʪʪʝ 

ʞװʡʝʣʝʨʜʽש ʦʨʪʘ ʞʠʽʣʽʢʪʝʛʽ ʫʘץʳʪʧʝʥ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʢᴇʨʩʝʪʽʣʛʝʥ. 6-ʰʽ ʩʫʨʝʪʪʝʥ 

ʨʝʟʦʥʘʥʩʪʳ ʧʠʢ ʞʠʽʣʽʢʪʝ PID- ʨʝʪʪʝʫʰʽʩʽ 

ʪʝʧʝ ʪʝשʜʽʢ ʢװʡʜʝʥ ʰʳסʘʜʳ. ʆʥʳש ʪʝʧʝ 

ʪʝשʜʽʢ ʢװʡʜʝʥ ʰʳסʫ ʩʝʙʝʙʽ ʙײʣ ʞʠʽʣʽʢʪʝ 

ʞװʡʝʥʽש ʙʝʨʽʣʽʩ ʢʦʵʬʬʠʮʠʝʥʪ 10-100 ʝʩʝʛʝ 

ʜʝʡʽʥ ᴇʩʝʜʽ. ɸʣ ʦʣ ᴇʟ ʢʝʟʝʛʽʥʜʝ ʦʩʳ ʞʠʽʣʽʢ 

ʜʠʘʧʘʟʦʥʳʥʜʘ ʞװʡʝʥʽ ʦʨʥʳץʩʳʟʜʳץץʘ 

ᴅʢʝʣʝʜʽ.  ɸʣ  LCG- ʨʝʪʪʝʫʰʽʩʽ ʞʘסʜʘʡʳʥʜʘ 

ʨʝʟʦʥʘʥʩʪʳ ʧʠʢ ʞʠʽʣʽʢʪʝ ʞװʡʝ ᴇʟʽʥʽש ʪʝʧʝ 

ʪʝשʜʽʛʽʥ ʩʘץʪʘʡʜʳ. ɹײʣ ʬʘʢʪ, ʞװʡʝʥʽ 

ʩʠʥʪʝʟʜʝʫ ײץʨʳʣסʳʩʳ ʨʝʪʽʥʜʝ LCG- 

ʨʝʪʪʝʫʰʽʩʽʥ ʧʘʡʜʘʣʘʥסʘʥ PID- 

ʨʝʪʪʝʫʰʽʩʽʥʝʥ ʪʠʽʤʜʽʨʝʢ ʝʢʝʥʽʥ ʜᴅʣʝʣʜʝʡʜʽ. 

ʉʦʥʳʤʝʥ ץʦʨʪʳʥʜʳʣʘʩʘץ, LCG-

ʨʝʪʪʝʫʰʽʩʽ ʥʝʛʽʟʽʥʜʝ ACOR ʧʨʦʮʝʜʫʨʘʩʳ 

ʢᴇʤʝʛʽʤʝʥ ʞװʡʝʥʽש ʩʠʥʪʝʟʽʥ ʞʘʩʘʫ ʢʝʣʝʩʽ 

ʘʨʪʳץʰʳʣʳץʪʘʨʜʳ ʢᴇʨʩʝʪʪʽ: 5 ʢɻʮ-ʪʝʥ 7 

ʢɻʮ-ʢʝ ʜʝʡʽʥ ʞʠʽʣʽʢʪʽש ʞײʤʳʩ ʜʠʘʧʘʟʦʥʳʥ 

ʢʝשʝʡʪʪʽ; 1% -ʢʝ ʜʝʡʽʥ ʞײʤʳʩ װʩʪʝʣʽʥʜʝʛʽ 

ʜʽʨʽʣʜʽ ʞʘʩʘʫʜʳש ʩʘʣʳʩʪʳʨʤʘʣʳ ץʘʪʝʣʽʛʽʥ 

ʢʽʰʽʨʝʡʪʪʽ; 3.5-ʪʝʥ 1-ʛʝ ʜʝʡʽʥ ʞװʡʝʥʽש 

ʪʝʨʙʝʣʽʩʽʥ ʘʟʘʡʪʪʳ; 150 ʤʠʢʨʦʩʝʢʫʥʜץʘ 

ʜʝʡʽʥ  ᴇʪʧʝʣʽ ʧʨʦʮʝʩʩ ʫʘץʳʪʳʥ ʘʟʘʡʪʪʳ. 
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ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʫʩʪʨʦʡʩʪʚ. ɼʣʷ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠʩʧʦʣʴʟʫʶʪʩʷ 
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ʥʦʨʤʠʨʦʚʘʥʠʷ ʠ ʦʮʝʥʢʠ ʜʣʷ ʪʦʯʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʙʨʘʮʠʦʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʘ ʪʘʢʞʝ 
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ʈʝʰʝʥʠʝ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʦ ʩ ʫʣʫʯʰʝʥʠʝʤ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʪʝʥʜʦʚ, ʪ.ʝ. ʩ 

ʧʦʚʳʰʝʥʠʝʤ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ (ʋʊʇ) ï ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ʀ ʦʥ ʟʘʚʦʝʚʘʣ ʰʠʨʦʢʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʚ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ. ʆʩʥʦʚʥʘʷ ʠʜʝʷ 

ʋʊʇ ʩʦʩʪʦʠʪ ʚ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʚ 

ʥʝʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʛʦ ʤʝʪʦʜʘ ʙʳʣʦ ʠʩʢʣʶʯʝʥʦ 

ʚʣʠʷʥʠʝ ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʠʢʘ ʠ ʨʘʩʰʠʨʝʥ ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ, ʥʝ ʧʦʚʣʠʷʚ ʥʘ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ 

ʩʠʩʪʝʤʳ. 
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Abstract. The article gives the necessity and justification for the use of an alternative type of fuel 

on a traction autonomous rolling stock. The principles of using natural gas in power plants of autonomous 

locomotives are considered. The features of converting diesel locomotives to gas-fueled fuel, taking into 

account the specific nature of their work in transport, are given. Taking into account the constructive and 

operational factors of shunting locomotives, a system for fuel supply of a gas diesel with internal mixture 

formation has been developed for a complex solution of the problem of increasing the profitability of 

traction autonomous rolling stock, which makes it possible to operate a power generating unit both on 

diesel fuel and on a bi-fuel (gas-fuel) mixture. To prepare multicomponent mixtures of gases and liquids 

to obtain highly disperse homogeneous emulsions, a mixing device has been developed. The experimental 

data on the use of natural gas (methane) as an additive to diesel fuel on the low pressure line of diesel 

locomotives of ChME3 locomotives are generalized and analyzed. The results of the assessment of the 

effect of gas engine fuel on the specific effective fuel consumption and the effective power of the 

locomotive CHME3 are presented. 

Keywords diesel locomotive, fuel consumption, effective power, natural gas, fuel efficiency, 

methane additive, diesel fuel saturation. 
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1
ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷ, ʛ. ʉʘʤʘʨʘ, ʈʦʩʩʠʷ 

 

ʆʉʆɹɽʅʅʆʉʊʀ ʂʆʅɺɽʈʊɸʎʀʀ ɼʀɿɽʃɽʁ ɸɺʊʆʅʆʄʅʓʍ ʃʆʂʆʄʆʊʀɺʆɺ 

ʅɸ ɻɸɿʆʄʆʊʆʈʅʆɽ ʊʆʇʃʀɺʆ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʠʥʮʠʧʳ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʚ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʢʘʭ ʘʚʪʦʥʦʤʥʳʭ ʣʦʢʦʤʦʪʠʚʦʚ. ʇʨʠʚʝʜʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ 

ʢʦʥʚʝʨʪʘʮʠʠ ʜʠʟʝʣʝʡ ʪʝʧʣʦʚʦʟʦʚ ʥʘ ʛʘʟʦʤʦʪʦʨʥʦʝ ʪʦʧʣʠʚʦ. ʉ ʫʯʝʪʦʤ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ ʤʘʥʝʚʨʦʚʳʭ ʪʝʧʣʦʚʦʟʦʚ ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ʪʦʧʣʠʚʦʧʦʜʘʯʠ 

ʛʘʟʦʜʠʟʝʣʷ ʩ ʚʥʫʪʨʝʥʥʠʤ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʝʤ.  ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʤʝʩʝʡ 

ʛʘʟʦʚ ʠ ʞʠʜʢʦʩʪʝʡ ʩ ʧʦʣʫʯʝʥʠʝʤ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʦʜʥʦʨʦʜʥʳʭ ʵʤʫʣʴʩʠʡ ʨʘʟʨʘʙʦʪʘʥʦ 

ʧʝʨʝʤʝʰʠʚʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ. ʆʙʦʙʱʝʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʜʘʥʥʳʝ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ (ʤʝʪʘʥʘ) ʚ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʢʠ ʢ ʜʠʟʝʣʴʥʦʤʫ 

ʪʦʧʣʠʚʫ ʥʘ ʣʠʥʠʠ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ ʜʠʟʝʣʝʡ ʪʝʧʣʦʚʦʟʦʚ ʏʄʕ3. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦ ʦʮʝʥʢʝ ʚʣʠʷʥʠʷ ʛʘʟʦʤʦʪʦʨʥʦʛʦ ʪʦʧʣʠʚʘ ʥʘ ʫʜʝʣʴʥʳʡ ʵʬʬʝʢʪʠʚʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʠ 

ʵʬʬʝʢʪʠʚʥʫʶ ʤʦʱʥʦʩʪʴ ʪʝʧʣʦʚʦʟʘ ʏʄʕ3. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʧʣʦʚʦʟ, ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ, ʵʬʬʝʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ, ʧʨʠʨʦʜʥʳʡ 

ʛʘʟ, ʪʦʧʣʠʚʥʘʷ ʵʢʦʥʦʤʠʯʥʦʩʪʴ, ʜʦʙʘʚʢʘ ʤʝʪʘʥʘ, ʥʘʩʳʱʝʥʠʝ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. 
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ʊʷʛʦʚʳʡ ʘʚʪʦʥʦʤʥʳʡ ʧʦʜʚʠʞʥʦʡ 

ʩʦʩʪʘʚ ʚ ʩʠʣʫ ʩʚʦʝʡ ʩʧʝʮʠʬʠʢʠ ʷʚʣʷʝʪʩʷ 

ʩʘʤʳʤ ʢʨʫʧʥʳʤ ʧʦʪʨʝʙʠʪʝʣʝʤ 

ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ, ʦʢʦʣʦ 85 % ʜʠʟʝʣʴʥʦʛʦ 

ʪʦʧʣʠʚʘ. ʕʪʦ ʩʦʩʪʘʚʣʷʝʪ 70,5 % 

ʦʙʱʝʩʪʚʝʥʥʳʭ ʨʘʩʭʦʜʦʚ ʥʘ ʵʥʝʨʛʦʨʝʩʫʨʩʳ 

ʧʦ ʦʩʥʦʚʥʦʤʫ ʚʠʜʫ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʦʵʪʦʤʫ 

ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʝʨʝʚʦʟʦʢ, ʘ 

ʟʥʘʯʠʪ, ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʷʛʦʚʦʛʦ ʧʦʜʚʠʞʥʦʛʦ 

ʩʦʩʪʘʚʘ ï ʦʜʥʘ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʟʘʜʘʯ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʪʨʘʪʝʛʠʠ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ [1]. 

ʅʝʦʙʭʦʜʠʤʦʝ ʫʩʣʦʚʠʝ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʩʜʚʠʛʦʚ ʚ ʦʙʣʘʩʪʠ ʵʢʦʥʦʤʠʠ 

ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ï ʵʪʦ 

ʧʨʠʤʝʥʝʥʠʝ ʙʦʣʝʝ ʜʝʰʝʚʦʛʦ ʠ ʤʝʥʝʝ 

ʜʝʬʠʮʠʪʥʦʛʦ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʪʦʧʣʠʚʘ ʥʘ 

ʪʝʧʣʦʚʦʟʘʭ ʚ ʢʘʯʝʩʪʚʝ ʤʦʪʦʨʥʦʛʦ ʪʦʧʣʠʚʘ. 

ʊʷʛʦʚʳʡ ʘʚʪʦʥʦʤʥʳʡ ʧʦʜʚʠʞʥʦʡ 

ʩʦʩʪʘʚ ʝʞʝʛʦʜʥʦ ʧʦʪʨʝʙʣʷʝʪ 12,6 ʤʣʥ. ʪ 

ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʠ ʚʳʙʨʘʩʳʚʘʝʪ ʚ 

ʘʪʤʦʩʬʝʨʫ ʦʢʦʣʦ 260 ʪʳʩ. ʪ. ʚʨʝʜʥʳʭ 

ʚʝʱʝʩʪʚ [2].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʝʝ ʨʝʘʣʴʥʳʤ 

ʠ ʵʬʬʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʝʰʝʥʠʷ 

ʧʨʦʙʣʝʤʳ ʫʩʪʦʡʯʠʚʦʛʦ ʩʥʘʙʞʝʥʠʷ 

ʪʷʛʦʚʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ 

ʤʦʪʦʨʥʳʤ ʪʦʧʣʠʚʦʤ, ʩʥʠʞʝʥʠʷ ʨʘʩʭʦʜʦʚ 

ʥʘ ʝʛʦ ʧʦʪʨʝʙʣʝʥʠʝ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʷ 

ʝʛʦ ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ, 

ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʚʠʜʦʚ ʪʦʧʣʠʚ. ʉʧʦʩʦʙ 

ʜʦʩʪʘʪʦʯʥʦ ʧʝʨʩʧʝʢʪʠʚʝʥ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ 10-20% ʜʦʙʘʚʦʢ ʢ 

ʜʠʟʝʣʴʥʦʤʫ ʪʦʧʣʠʚʫ ʤʦʞʥʦ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʠʟʤʝʥʷʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ɼɺʉ [3]. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ ʥʘ 

ʪʨʘʥʩʧʦʨʪʝ ʷʚʣʷʝʪʩʷ ʧʨʠʨʦʜʥʳʡ ʛʘʟ. ɽʛʦ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠ ʬʠʟʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ, 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠ ʨʝʩʫʨʩʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʨʘʙʦʪʳ ʜʠʟʝʣʷ. 

ʇʨʠʨʦʜʥʳʡ ʛʘʟ (ʤʝʪʘʥ) ʥʘʠʙʦʣʝʝ 

ʧʨʠʛʦʜʝʥ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʪʷʛʦʚʦʤ 

ʘʚʪʦʥʦʤʥʦʤ ʧʦʜʚʠʞʥʦʤ ʩʦʩʪʘʚʝ. ɽʛʦ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠ ʬʠʟʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ - ʧʦʚʳʰʝʥʠʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʠʟʝʣʴʥʳʤ ʪʦʧʣʠʚʦʤ 

ʧʨʠʤʝʨʥʦ ʥʘ 10 % ʤʘʩʩʦʚʦʡ ʢʘʣʦʨʠʡʥʦʩʪʠ, 

ʩʥʠʞʝʥʠʝ ʚʳʙʨʦʩʦʚ ʪʦʢʩʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʩʛʦʨʘʥʠʷ ʚ 1,5-2,0 ʨʘʟʘ, ʫʤʝʥʴʰʝʥʠʝ ʥʘ 

30-40 % ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʩʤʘʟʦʯʥʳʝ ʤʘʩʣʘ, 

ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʠʭ ʩʪʘʨʝʥʠʶ, ʧʦʟʚʦʣʷʶʪ 

ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ, 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠ ʨʝʩʫʨʩʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʨʘʙʦʪʳ ʪʷʛʦʚʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ 

ʩʦʩʪʘʚʘ [4]. 

ʇʨʠ ʚʳʙʦʨʝ ʩʭʝʤ ʧʝʨʝʚʦʜʘ ʜʠʟʝʣʝʡ 

ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʦʝ ʪʦʧʣʠʚʦ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʨʘʙʦʪʳ 

ʜʠʟʝʣʝʡ ʥʘ ʪʨʘʥʩʧʦʨʪʝ: ʯʘʩʪʦʝ ʠʟʤʝʥʝʥʠʝ 

ʥʘʛʨʫʟʢʠ, ʙʳʩʪʨʦʭʦʜʥʦʩʪʴ ʠ ʢʦʤʧʘʢʪʥʦʩʪʴ, 

ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʩʘʥʠʪʘʨʥʦʡ ʪʝʭʥʠʢʠ ʠ ʜʨ. ʆʩʥʦʚʥʦʡ 

ʟʘʜʘʯʝʡ, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʧʨʠ 

ʧʝʨʝʚʦʜʝ ʜʠʟʝʣʝʡ ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʦʝ 

ʪʦʧʣʠʚʦ, ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʩʧʦʩʦʙʘ 

ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʚʦʩʧʣʘʤʝʥʝʥʠʷ 

ʪʦʧʣʠʚʘ [5]. 

ɼʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʝʰʝʥʠʷ 

ʧʨʦʙʣʝʤʳ ʧʦʚʳʰʝʥʠʷ ʵʢʦʥʦʤʠʯʥʦʩʪʠ 

ʪʷʛʦʚʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ 

ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʪʦʧʣʠʚ ʩ 

ʫʯʝʪʦʤ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ ʨʘʟʨʘʙʦʪʘʥʘ 

ʢʦʥʮʝʧʮʠʷ, ʢʦʪʦʨʘʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʩʦʟʜʘʥʠʠ ʩʠʩʪʝʤʳ ʧʦʜʘʯʠ, ʩʤʝʰʠʚʘʥʠʷ ʠ 

ʜʦʟʠʨʦʚʘʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʚ ʜʠʟʝʣʷʭ 

ʪʷʛʦʚʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ. 

ʇʨʠʨʦʜʥʳʡ ʛʘʟ ʚ ʜʠʟʝʣʷʭ ʤʦʞʥʦ 

ʧʨʠʤʝʥʷʪʴ ʧʦ ʧʨʠʥʮʠʧʫ ʩʤʝʰʘʥʥʦʛʦ ʠʣʠ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʷ. 

ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʛʘʟʦʚʦʟʜʫʰʥʘʷ 

ʩʤʝʩʴ ʩʦʟʜʘʝʪʩʷ ʚ ʩʤʝʩʠʪʝʣʝ. ɺʥʝ ʜʚʠʛʘʪʝʣʷ 

ʠ ʧʦʜʘʝʪʩʷ ʚ ʮʠʣʠʥʜʨ ʜʦ ʥʘʯʘʣʘ ʪʘʢʪʘ 

ʩʞʘʪʠʷ, ʪ. ʝ. ʚ ʮʠʣʠʥʜʨʘʭ ʩʞʠʤʘʝʪʩʷ 

ʛʘʟʦʚʦʟʜʫʰʥʘʷ ʩʤʝʩʴ (ʚʥʝʰʥʝʝ 

ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʝ ʧʦ ʛʘʟʫ). ɿʘʪʝʤ ʚ ʢʦʥʮʝ 

ʪʘʢʪʘ ʩʞʘʪʠʷ ʚ ʮʠʣʠʥʜʨʳ ʚʧʨʳʩʢʠʚʘʝʪʩʷ 

ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ (ʚʥʫʪʨʝʥʥʝʝ 

ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʝ), ʙʣʘʛʦʜʘʨʷ 

ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʶ ʢʦʪʦʨʦʛʦ, ʧʨʦʠʩʭʦʜʠʪ 

ʟʘʞʠʛʘʥʠʝ ʛʘʟʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ. 

ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʧʨʠ ʧʝʨʝʚʦʜʝ 

ʜʠʟʝʣʝʡ ʥʘ ʛʘʟ ʷʚʣʷʝʪʩʷ ʚʦʩʧʣʘʤʝʥʝʥʠʝ 

ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʥʝʢʦʪʦʨʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʞʠʜʢʦʛʦ ʪʦʧʣʠʚʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʙʳʩʪʨʳʡ 

ʧʝʨʝʭʦʜ ʩ ʛʘʟʦʚʦʛʦ ʥʘ ʞʠʜʢʦʝ ʪʦʧʣʠʚʦ 
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(ʢʦʥʚʝʨʪʘʮʠʷ), ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʜʚʠʛʘʪʝʣʷ 

ʧʦʯʪʠ ʥʝ ʚʥʦʩʠʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʭ 

ʠʟʤʝʥʝʥʠʡ. ɼʦʙʘʚʣʷʝʪʩʷ ʣʠʰʴ ʛʘʟʦʚʳʡ 

ʩʤʝʩʠʪʝʣʴ ʠ ʥʝʩʢʦʣʴʢʦ ʠʟʤʝʥʷʝʪʩʷ ʩʠʩʪʝʤʘ 

ʛʘʟʦʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʚ ʜʠʟʝʣʴ 

ʧʦʩʪʫʧʘʝʪ ʥʝ ʚʦʟʜʫʭ, ʢʘʢ ʜʣʷ 

ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʦʪ ʩʞʘʪʠʷ, ʘ ʛʘʟʦʚʦʟʜʫʰʥʘʷ 

ʩʤʝʩʴ. ʕʪʦʪ ʩʧʦʩʦʙ ʟʘʞʠʛʘʥʠʷ ʥʘʠʙʦʣʝʝ 

ʧʨʠʝʤʣʝʤ ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʯʝʪʳʨʝʭʪʘʢʪʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ 

ʩʛʦʨʘʥʠʷ ʠ ʠʟʚʝʩʪʝʥ ʢʘʢ ʛʘʟʦʜʠʟʝʣʴʥʳʡ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʜʥʦʨʦʜʥʳʭ ʩʤʝʩʝʡ, 

ʘ ʪʘʢʞʝ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʤʝʩʝʡ ʛʘʟʦʚ 

ʠ ʞʠʜʢʦʩʪʝʡ ʩ ʧʦʣʫʯʝʥʠʝʤ 

ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʦʜʥʦʨʦʜʥʳʭ ʵʤʫʣʴʩʠʡ 

ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʢʘʭ ʥʘ ʢʘʬʝʜʨʝ 

çʃʦʢʦʤʦʪʠʚʳè ʉʘʤʘʨʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʧʫʪʝʡ 

ʩʦʦʙʱʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʦ ʧʝʨʝʤʝʰʠʚʘʶʱʝʝ 

ʫʩʪʨʦʡʩʪʚʦ [4]. 

ʉʭʝʤʘ ʧʝʨʝʤʝʰʠʚʘʶʱʝʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

ʋʩʪʨʦʡʩʪʚʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʤʥʦʛʦʛʨʘʥʥʳʡ ʢʦʨʧʫʩ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʢʘʤʝʨʦʡ ʟʘʢʨʫʯʠʚʘʥʠʷ ʩ ʪʘʥʛʝʥʮʠʘʣʴʥʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʦʪʚʝʨʩʪʠʷʤʠ ʥʘ ʢʘʞʜʦʡ 

ʛʨʘʥʠ ʢʦʨʧʫʩʘ ʠ ʩʦ ʰʪʫʮʝʨʘʤʠ-ʞʠʢʣʝʨʘʤʠ. 

 

 
 

ʈʠʩ. 1- ʉʭʝʤʘ ʧʝʨʝʤʝʰʠʚʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ 

Fig. 1 ï Scheme of the mixing device 

 

ɼʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ʯʝʨʝʟ ʰʪʫʮʝʨʳ-

ʞʠʢʣʝʨʳ 4 ʩ ʫʧʣʦʪʥʠʪʝʣʴʥʳʤʠ ʢʦʣʴʮʘʤʠ 

ʰʪʫʮʝʨʦʚ ʜʣʷ ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ 7 ʩ 

ʰʥʝʢʦʚʳʤʠ ʟʘʚʠʭʨʠʪʝʣʷʤʠ 14 ʠ ʛʘʟ ʯʝʨʝʟ 

ʰʪʫʮʝʨʳ-ʞʠʢʣʝʨʳ 5 ʩ ʫʧʣʦʪʥʠʪʝʣʴʥʳʤʠ 

ʢʦʣʴʮʘʤʠ ʜʣʷ ʧʦʜʘʯʠ ʛʘʟʘ 6 ʩ ʞʠʢʣʝʨʘʤʠ 

13 ʧʦʩʪʫʧʘʶʪ ʠʟ ʥʘʧʦʨʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ 

ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʢʘʤʝʨʫ ʟʘʢʨʫʯʠʚʘʥʠʷ 

15. ʇʨʠ ʵʪʦʤ ʩʪʨʫʠ ʞʠʜʢʦʩʪʠ ʚ ʰʥʝʢʦʚʳʭ 

ʟʘʚʠʭʨʠʪʝʣʷʭ 14 ʟʘʢʨʫʯʠʚʘʶʪʩʷ ʠ 

ʠʥʪʝʥʩʠʚʥʦ ʧʝʨʝʤʝʰʠʚʘʶʪʩʷ ʩʦ ʩʪʨʫʷʤʠ 

ʛʘʟʘ ʟʘ ʩʯʝʪ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʧʦʪʦʢʦʚ ʚ ʟʘʢʨʫʯʝʥʥʦʡ 

ʩʠʩʪʝʤʝ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʜʚʠʛʦʚʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʠ ʦʙʲʝʤʥʳʭ ʩʠʣ ʠʥʝʨʮʠʠ. ʇʨʠ 

ʜʚʠʞʝʥʠʠ ʩʪʨʫʡ ʞʠʜʢʦʩʪʠ ʠ ʛʘʟʘ ʚ 

ʪʘʥʛʝʥʮʠʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʦʪʚʝʨʩʪʠʷʭ 

11 ʟʘ ʩʯʝʪ ʵʬʬʝʢʪʘ ʵʞʝʢʮʠʠ ʚʦʟʥʠʢʘʝʪ 

ʮʠʨʢʫʣʷʮʠʦʥʥʦʝ ʜʚʠʞʝʥʠʝ ʧʦʪʦʢʘ ʚʦʢʨʫʛ 

ʩʪʨʫʡ, ʢʦʪʦʨʦʝ ʧʝʨʝʤʝʰʠʚʘʝʪ ʢʦʤʧʦʥʝʥʪʳ. 

ʅʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʤʝʨʳ 

ʟʘʢʨʫʯʠʚʘʥʠʷ 15 ʧʝʨʝʤʝʰʘʥʥʳʝ ʩʪʨʫʠ 

ʪʦʧʣʠʚʘ ʠ ʛʘʟʘ ʯʝʨʝʜʫʶʪʩʷ ʧʦ ʚʳʩʦʪʝ, 

ʦʙʨʘʟʫʷ ʝʜʠʥʳʡ ʟʘʢʨʫʯʝʥʥʳʡ ʧʦʪʦʢ. ɺ 

ʢʘʤʝʨʝ ʟʘʢʨʫʯʠʚʘʥʠʷ ʧʦʪʦʢʠ ʧʝʨʝʤʝʰʘʥʳ 

ʥʘ ʚʳʭʦʜʝ ʠʟ ʢʘʤʝʨʳ ʟʘʢʨʫʯʠʚʘʥʠʷ ʚ 

ʰʪʫʮʝʨʝ-ʩʦʧʣʝ 3, ʢʦʪʦʨʳʡ ʫʩʪʘʥʦʚʣʝʥ ʚ 

ʪʦʨʮʝʚʦʡ ʩʪʝʥʢʝ ʢʦʨʧʫʩʘ 1, ʧʦʣʫʯʘʝʤ 
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ʦʜʥʦʨʦʜʥʳʡ ʧʝʨʝʤʝʰʘʥʥʳʡ ʧʦʪʦʢ 

ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʵʤʫʣʴʩʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʥʩʪʨʫʢʮʠʷ 

ʧʝʨʝʤʝʰʠʚʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʦʟʚʦʣʠʪ 

ʧʦʚʳʩʠʪʴ ʩʪʝʧʝʥʴ ʦʜʥʦʨʦʜʥʦʩʪʠ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʩʤʝʩʠ ʧʨʠʨʦʜʥʦʛʦ 

ʛʘʟʘ ʠ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʩ ʧʦʣʫʯʝʥʠʝʤ 

ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʦʡ ʵʤʫʣʴʩʠʠ. 

ʈʝʘʣʠʟʘʮʠʷ ʧʨʠʥʮʠʧʘ ʚʥʫʪʨʝʥʥʝʛʦ 

ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʷ ʚʦʟʤʦʞʥʘ ʧʫʪʝʤ ʧʦʜʘʯʠ 

ʚ ʮʠʣʠʥʜʨʳ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʠ 

ʩʞʠʞʝʥʥʦʛʦ ʥʝʬʪʷʥʦʛʦ ʛʘʟʘ, ʩʤʝʰʘʥʥʳʭ ʥʘ 

ʣʠʥʠʠ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ. 

ʉʭʝʤʘ ʩʠʩʪʝʤʳ ʪʦʧʣʠʚʦʧʦʜʘʯʠ 

ʛʘʟʦʜʠʟʝʣʷ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ 

ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠʥʮʠʧ ʚʥʫʪʨʝʥʥʝʛʦ 

ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ  

ʨʠʩʫʥʢʝ 2. 

 

 

 
 

ʈʠʩ. 2 - ʉʠʩʪʝʤʘ ʪʦʧʣʠʚʦʧʦʜʘʯʠ ʛʘʟʦʜʠʟʝʣʷ ʩ ʚʥʫʪʨʝʥʥʠʤ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʝʤ 

Fig. 2 ï Fuel system of gas diesel with internal mixture formation 

 

ʊʦʧʣʠʚʥʘʷ ʩʠʩʪʝʤʘ ʜʠʟʝʣʷ ʩʦʜʝʨʞʠʪ 

ʪʦʧʣʠʚʥʳʝ ʥʘʩʦʩʳ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ 1, 

ʪʦʧʣʠʚʥʳʝ ʬʦʨʩʫʥʢʠ 2, ʪʦʧʣʠʚʥʳʡ ʙʘʢ 3, 

ʪʦʧʣʠʚʦʧʦʜʢʘʯʠʚʘʶʱʠʡ ʥʘʩʦʩ 4, ʬʠʣʴʪʨ 

ʛʨʫʙʦʡ ʦʯʠʩʪʢʠ 5, ʬʠʣʴʪʨ ʪʦʥʢʦʡ ʦʯʠʩʪʢʠ 

6, ʙʘʣʣʦʥʥʫʶ ʨʘʤʧʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʥʝ 

ʤʝʥʝʝ ʪʨʝʭ ʙʘʣʣʦʥʦʚ 7, ʬʠʣʴʪʨ ʛʨʫʙʦʡ 

ʦʯʠʩʪʢʠ ʛʘʟʘ 8, ʨʝʜʫʢʪʦʨ 9, ʩʤʝʩʠʪʝʣʴ 

ʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ ʢʦʥʪʫʨʘ 10, 

ʨʝʜʫʢʮʠʦʥʥʳʡ ʢʣʘʧʘʥ 11, ʣʠʥʠʷ ʫʪʝʯʢʠ 

ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ 12, ʜʠʟʝʣʴ 13, ʬʠʣʴʪʨ 

ʪʦʥʢʦʡ ʦʯʠʩʪʢʠ ʛʘʟʘ 14, 

ʵʣʝʢʪʨʦʫʧʨʘʚʣʷʝʤʳʡ ʜʨʦʩʩʝʣʴʥʳʡ 

ʨʘʩʭʦʜʦʤʝʨ 15, ʩʤʝʩʠʪʝʣʴ ʢʦʥʪʫʨʘ 

ʧʦʜʧʠʪʢʠ 16, ʵʣʝʢʪʨʦʫʧʨʘʚʣʷʝʤʳʝ ʢʣʘʧʘʥʳ 

17, 18, 19, 20, 21, ʚʝʥʪʠʣʠ ʧʝʨʝʧʫʩʢʘ 

ʪʦʧʣʠʚʘ 22, 23, ʵʣʝʢʪʨʦʫʧʨʘʚʣʷʝʤʳʡ 

ʢʣʘʧʘʥ ʨʘʤʧʳ 24, ʪʦʧʣʠʚʥʳʡ 

ʧʦʜʦʛʨʝʚʘʪʝʣʴ 25, ʪʦʧʣʠʚʥʳʡ ʢʦʣʣʝʢʪʦʨ 

26, ʧʦʜʧʦʨʥʳʡ ʢʣʘʧʘʥ 27, ʧʦʜʢʘʯʠʚʘʶʱʠʡ 

ʥʘʩʦʩ ʩʤʝʩʠ 28, ʨʘʩʭʦʜʦʤʝʨ 29, 30, ʨʫʯʥʳʝ 

ʟʘʧʦʨʥʳʝ ʚʝʥʪʠʣʠ 31, 32, 33, ʧʝʨʚʘʷ ʧʘʨʘ 

ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ 34, 41, 

ʚʪʦʨʘʷ ʧʘʨʘ ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 
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ʜʘʚʣʝʥʠʷ 35, 42, ʪʨʝʪʴʷ ʧʘʨʘ ʜʘʪʯʠʢʦʚ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ 36, 43, ʯʝʪʚʝʨʪʘʷ 

ʧʘʨʘ ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ 37, 

44, ʧʷʪʘʷ ʧʘʨʘ ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 
ʜʘʚʣʝʥʠʷ 38, 45, ʰʝʩʪʘʷ ʧʘʨʘ ʜʘʪʯʠʢʦʚ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ 39, 46, ʩʝʜʴʤʘʷ 

ʧʘʨʘ ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ 40, 

47, ʜʘʪʯʠʢ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ 48, ʙʣʦʢ 

ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 49, ʙʣʦʢ 

ʫʧʨʘʚʣʝʥʠʷ 50. 

ʇʨʠ ʨʘʙʦʪʝ ʩʠʩʪʝʤʳ ʥʘ ʜʠʟʝʣʴʥʦʤ 

ʪʦʧʣʠʚʝ, ʧʦʩʪʫʧʘʶʱʝʤ ʠʟ ʪʦʧʣʠʚʥʦʛʦ ʙʘʢʘ 

3 ʠ ʧʨʦʭʦʜʷʱʝʤ ʯʝʨʝʟ ʬʠʣʴʪʨ ʛʨʫʙʦʡ 

ʦʯʠʩʪʢʠ 5, ʠ ʪʦʧʣʠʚʦʧʦʜʢʘʯʠʚʘʶʱʠʡ ʥʘʩʦʩ 

4 ʩ ʨʝʜʫʢʮʠʦʥʥʳʤ ʢʣʘʧʘʥʦʤ 11, ʧʦʩʪʫʧʘʝʪ 

ʥʘ ʬʠʣʴʪʨ ʪʦʥʢʦʡ ʦʯʠʩʪʢʠ 6 ʯʝʨʝʟ 

ʥʦʨʤʘʣʴʥʦ ʦʪʢʨʳʪʳʡ ʵʣʝʢʪʨʦʫʧʨʘʚʣʷʝʤʳʡ 

ʢʣʘʧʘʥ 20, 21, ʘ ʵʣʝʢʪʨʦʫʧʨʘʚʣʷʝʤʳʝ 

ʢʣʘʧʘʥʳ 17, 18, 19 ʟʘʢʨʳʪʳ. ʀʟʣʠʰʢʠ 

ʪʦʧʣʠʚʘ ʠʟ ʪʦʧʣʠʚʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ 26 

ʚʦʟʚʨʘʱʘʶʪʩʷ ʚ ʪʦʧʣʠʚʥʳʡ ʙʘʢ, ʧʨʦʭʦʜʷ 

ʧʦ ʣʠʥʠʠ ʦʩʥʘʱʝʥʥʦʡ ʧʦʜʦʛʨʝʚʘʪʝʣʝʤ 25, 

ʚʝʥʪʠʣʷʤʠ ʧʝʨʝʧʫʩʢʘ 22, 23 ʠ ʧʦʜʧʦʨʥʳʤ 

ʢʣʘʧʘʥʦʤ 27. ɺ ʪʘʢʦʤ ʧʦʣʦʞʝʥʠʠ ʩʠʩʪʝʤʘ 

ʨʘʙʦʪʘʝʪ ʪʦʣʴʢʦ ʥʘ ʜʠʟʝʣʴʥʦʤ ʪʦʧʣʠʚʝ.  

ʇʨʠ ʧʝʨʝʭʦʜʝ ʥʘ ʜʚʫʭʪʦʧʣʠʚʥʫʶ 

ʩʤʝʩʴ ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ʟʘʙʠʨʘʝʪʩʷ ʠʟ 

ʙʘʢʘ 3 ʧʦʜʢʘʯʠʚʘʶʱʠʤ ʥʘʩʦʩʦʤ ʩʤʝʩʠ 28, 

ʦʪʢʨʳʚʘʶʪ ʵʣʝʢʪʨʦʫʧʨʘʚʣʷʝʤʳʝ ʢʣʘʧʘʥʳ 

17, 18, 19 ʠ ʟʘʢʨʳʚʘʶʪ 

ʵʣʝʢʪʨʦʫʧʨʘʚʣʷʝʤʳʝ ʢʣʘʧʘʥʳ 20, 21. ɺ 

ʢʘʯʝʩʪʚʝ ʚʪʦʨʦʛʦ ʪʦʧʣʠʚʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʢʦʤʧʨʠʤʠʨʦʚʘʥʥʳʡ ʛʘʟ ʠʟ ʙʘʣʣʦʥʥʦʡ 

ʨʘʤʧʳ 7, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʥʝ ʤʝʥʝʝ ʪʨʝʭ 

ʙʘʣʣʦʥʦʚ ʩʦ ʩʞʘʪʳʤ ʛʘʟʦʤ ʜʦ 300 ʙʘʨ ʩ 

ʟʘʧʦʨʥʳʤʠ ʚʝʥʪʠʣʷʤʠ 31, 32, 33 ʥʘ ʢʘʞʜʦʤ 

ʙʘʣʣʦʥʝ ʠ ʵʣʝʢʪʨʦʫʧʨʘʚʣʷʝʤʳʤ ʢʣʘʧʘʥʦʤ 

24 ʥʘ ʚʳʭʦʜʝ ʙʘʣʣʦʥʥʦʡ ʨʘʤʧʳ, ʢʦʪʦʨʳʡ 

ʩʦʝʜʠʥʝʥ ʩ ʙʣʦʢʦʤ ʫʧʨʘʚʣʝʥʠʷ 50 ʠ 

ʨʝʛʫʣʠʨʫʝʪʩʷ ʨʝʜʫʢʪʦʨʦʤ 9, ʩ 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʧʝʨʚʦʡ ʧʘʨʦʡ ʜʘʪʯʠʢʦʚ 34, 

41 ʚ ʙʣʦʢʝ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ 49, ʘ ʵʣʝʢʪʨʦʫʧʨʘʚʣʷʝʤʳʤ 

ʜʨʦʩʩʝʣʴʥʳʤ ʨʘʩʭʦʜʦʤʝʨʦʤ 15, ʧʝʨʝʜ 

ʢʦʪʦʨʳʤ ʪʨʝʪʴʷ ʧʘʨʘ ʜʘʪʯʠʢʦʚ 36, 43 

ʬʠʢʩʠʨʫʝʪ ʧʦʢʘʟʘʪʝʣʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʜʘʚʣʝʥʠʷ, ʧʝʨʝʜʘʶʱʠʝʩʷ ʯʝʨʝʟ ʙʣʦʢ 

ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 49, ʘ 

ʜʘʪʯʠʢʦʤ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ 48 

ʢʦʥʪʨʦʣʠʨʫʶʪ ʧʦʜʘʯʫ ʛʘʟʘ, ʧʨʦʭʦʜʷʱʝʛʦ 

ʧʦ ʢʦʥʪʫʨʫ ʯʝʨʝʟ ʬʠʣʴʪʨ ʛʨʫʙʦʡ 8 ʠ ʪʦʥʢʦʡ 

14 ʦʯʠʩʪʢʠ, ʚ ʧʨʦʮʝʥʪʘʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʨʘʩʭʦʜʫ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ, 

ʧʦʩʪʫʧʘʶʱʝʛʦ ʚ ʮʠʨʢʫʣʷʮʠʦʥʥʳʡ ʢʦʥʪʫʨ 

ʯʝʨʝʟ ʵʣʝʢʪʨʦʫʧʨʘʚʣʷʝʤʳʡ ʢʣʘʧʘʥ 17, ʘ 

ʚʪʦʨʘʷ ʧʘʨʘ ʜʘʪʯʠʢʦʚ 35, 42 ʬʠʢʩʠʨʫʝʪ 

ʧʦʢʘʟʘʪʝʣʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ, 

ʧʝʨʝʜʘʶʱʠʝ ʧʦʢʘʟʘʥʠʷ ʚ ʙʣʦʢ ʨʝʛʠʩʪʨʘʮʠʠ 

ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 49. ʈʘʩʭʦʜ ʜʠʟʝʣʴʥʦʛʦ 

ʪʦʧʣʠʚʘ ʠʟʤʝʨʷʝʪʩʷ ʨʘʩʭʦʜʦʤʝʨʘʤʠ 29, 30. 

ʋʪʝʯʢʠ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʠʟ ʪʦʧʣʠʚʥʳʭ 

ʬʦʨʩʫʥʦʢ ʩʦʙʠʨʘʶʪʩʷ ʠ ʯʝʨʝʟ ʣʠʥʠʶ 

ʫʪʝʯʢʠ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ 12 ʧʦʩʪʫʧʘʶʪ ʚ 

ʪʦʧʣʠʚʥʳʡ ʙʘʢ. 

ɻʘʟʦʪʦʧʣʠʚʥʘʷ ʩʤʝʩʴ ʠʟ ʪʦʧʣʠʚʥʦʛʦ 

ʢʦʣʣʝʢʪʦʨʘ 26 ʧʦʜʘʝʪʩʷ ʚ ʪʦʧʣʠʚʥʳʡ ʥʘʩʦʩ 

ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ 1 ʯʝʨʝʟ ʬʦʨʩʫʥʢʠ 2, 

ʯʘʩʪʠʯʥʦ ʧʦʜʘʝʪʩʷ ʚ ʮʠʣʠʥʜʨʳ ʜʠʟʝʣʷ 13, 

ʰʝʩʪʘʷ ʧʘʨʘ ʜʘʪʯʠʢʦʚ 39, 46 ʬʠʢʩʠʨʫʝʪ 

ʧʦʢʘʟʘʪʝʣʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ, 

ʧʝʨʝʜʘʶʱʠʭʩʷ ʯʝʨʝʟ ʙʣʦʢ ʨʝʛʠʩʪʨʘʮʠʠ ʠ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 49. ʉ ʧʦʤʦʱʴʶ ʥʘʩʦʩʘ 

28 ʛʘʟʦʪʦʧʣʠʚʥʘʷ ʩʤʝʩʴ ʯʘʩʪʠʯʥʦ 

ʚʦʟʚʨʘʱʘʝʪʩʷ ʥʘ ʚʭʦʜ ʩʤʝʩʠʪʝʣʷ ʢʦʥʪʫʨʘ 

ʧʦʜʧʠʪʢʠ 16, ʧʷʪʦʡ ʧʘʨʦʡ ʜʘʪʯʠʢʦʚ 38, 45 

ʬʠʢʩʠʨʫʶʪʩʷ ʧʦʢʘʟʘʪʝʣʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʜʘʚʣʝʥʠʷ, ʧʝʨʝʜʘʶʱʠʝʩʷ ʚ ʙʣʦʢ 

ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 49, ʘ ʥʘ 

ʚʳʭʦʜʝ ʩʤʝʩʠʪʝʣʷ ʢʦʥʪʫʨʘ ʧʦʜʧʠʪʢʠ 

ʧʦʜʤʝʰʠʚʘʝʪʩʷ ʢ ʛʘʟʦʪʦʧʣʠʚʥʦʡ ʩʤʝʩʠ, 

ʧʦʩʪʫʧʘʶʱʝʡ ʠʟ ʩʤʝʩʠʪʝʣʷ 

ʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ ʢʦʥʪʫʨʘ 10, ʥʘ ʚʳʭʦʜʝ 

ʢʦʪʦʨʦʛʦ ʫʩʪʘʥʦʚʣʝʥʘ ʯʝʪʚʝʨʪʘʷ ʧʘʨʘ 

ʜʘʪʯʠʢʦʚ 37, 44, ʢʦʪʦʨʳʝ ʬʠʢʩʠʨʫʶʪ 

ʧʦʢʘʟʘʪʝʣʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ, 

ʧʝʨʝʜʘʶʱʠʝʩʷ ʚ ʙʣʦʢ ʨʝʛʠʩʪʨʘʮʠʠ ʠ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 49 ʠ ʯʝʨʝʟ 

ʵʣʝʢʪʨʦʫʧʨʘʚʣʷʝʤʳʡ ʢʣʘʧʘʥ ʧʦʩʪʫʧʘʝʪ ʥʘ 

ʚʭʦʜ ʢʦʣʣʝʢʪʦʨʘ. ɼʘʣʝʝ ʧʨʦʮʝʩʩ 

ʧʦʚʪʦʨʷʝʪʩʷ. ɼʣʷ ʦʯʠʩʪʢʠ ʪʦʧʣʠʚʥʦʡ 

ʩʠʩʪʝʤʳ ʦʪ ʛʘʟʦʪʦʧʣʠʚʥʦʡ ʩʤʝʩʠ ʜʠʟʝʣʴ 

ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʨʘʙʦʪʘʝʪ ʩ ʪʘʢʠʤ 

ʧʦʣʦʞʝʥʠʝʤ ʵʣʝʤʝʥʪʦʚ. ɿʘʪʝʤ ʦʪʢʨʳʚʘʶʪ 

ʵʣʝʢʪʨʦʫʧʨʘʚʣʷʝʤʳʝ ʢʣʘʧʘʥʳ 20, 21, 

ʦʪʢʣʶʯʘʶʪ ʧʦʜʢʘʯʠʚʘʶʱʠʡ ʥʘʩʦʩ ʩʤʝʩʠ 

28, ʟʘʢʨʳʚʘʶʪ ʵʣʝʢʪʨʦʫʧʨʘʚʣʷʝʤʳʝ 

ʢʣʘʧʘʥʳ 17, 18, 19, ʘ ʩʝʜʴʤʘʷ ʧʘʨʘ 

ʜʘʪʯʠʢʦʚ 40, 47 ʬʠʢʩʠʨʫʝʪ ʧʦʢʘʟʘʪʝʣʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ, ʧʝʨʝʜʘʶʱʠʝʩʷ ʚ 

ʙʣʦʢ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 49.  

ʀʟʤʝʥʝʥʠʝ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ 

ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 
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ʵʣʝʢʪʨʦʫʧʨʘʚʣʷʝʤʳʤʠ ʢʣʘʧʘʥʘʤʠ 17, 18, 

19, 20, 21, 24, ʙʣʦʢʦʤ ʨʝʛʠʩʪʨʘʮʠʠ ʠ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 49 ʠ ʙʣʦʢʦʤ ʫʧʨʘʚʣʝʥʠʷ 

50.  

ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʜʦʙʘʚʢʠ ʤʝʪʘʥʘ 

ʥʘ ʨʘʙʦʪʫ ʪʷʛʦʚʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ 

ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʦʮʝʥʦʯʥʳʝ ʠʩʧʳʪʘʥʠʷ ʜʠʟʝʣʷ K6S310DR 

ʪʝʧʣʦʚʦʟʘ ʏʄʕ3 ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʜʠʟʝʣʴʥʦʤ 

ʪʦʧʣʠʚʝ, ʘ ʪʘʢʞʝ ʩ ʜʦʙʘʚʢʘʤʠ ʤʝʪʘʥʘ ʚ 

ʪʦʧʣʠʚʥʫʶ ʩʠʩʪʝʤʫ ʥʘ ʣʠʥʠʠ ʥʠʟʢʦʛʦ 

ʜʘʚʣʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʩʝʨʚʠʩʥʦʛʦ 

ʣʦʢʦʤʦʪʠʚʥʦʛʦ ʜʝʧʦ ʆʨʩʢ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʧʦʜʘʯʠ. 

ɼʣʷ ʧʦʜʘʯʠ ʤʝʪʘʥʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʞʠʢʣʝʨʳ ʩ ʜʠʘʤʝʪʨʘʤʠ ʦʪʚʝʨʩʪʠʡ 0,71; 

1,15; 1,51; 2,05; 2,61 ʤʤ. ɾʠʢʣʝʨʳ 

ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʚ ʧʝʨʝʭʦʜʥʳʡ ʰʪʫʮʝʨ, 

ʢʦʪʦʨʳʡ ʚʚʦʨʘʯʠʚʘʝʪʩʷ ʚ ʛʥʝʟʜʦ 

ʪʦʧʣʠʚʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ. ʄʝʪʘʥ ʧʦʜʘʚʘʣʩʷ 

ʠʟ ʪʨʝʭʙʘʣʦʥʥʦʡ ʪʦʧʣʠʚʥʦʡ ʨʘʤʧʳ ʦʙʱʝʡ 

ʝʤʢʦʩʪʴʶ 270 ʣʠʪʨʦʚ ʩ ʜʘʚʣʝʥʠʝʤ 175 ʙʘʨ 

ʩ ʚʳʭʦʜʦʤ ʥʘ ʨʝʜʫʢʪʦʨ, ʜʘʚʣʝʥʠʝ 

ʢʦʥʪʨʦʣʠʨʦʚʘʣʦʩʴ ʧʦ ʤʘʥʦʤʝʪʨʫ. ʄʝʪʘʥ 

ʧʦʜʘʚʘʣʩʷ ʥʘ ʢʘʞʜʦʡ ʧʦʟʠʮʠʠ ʧʦʩʣʝ 

ʨʝʛʠʩʪʨʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʨʘʙʦʪʝ ʜʠʟʝʣʷ 

ʥʘ ʜʠʟʝʣʴʥʦʤ ʪʦʧʣʠʚʝ.  

ʇʨʠ ʨʘʙʦʪʝ ʜʠʟʝʣʷ ʥʘ ʪʦʧʣʠʚʝ, 

ʦʙʦʛʘʱʝʥʥʳʤ ʤʝʪʘʥʦʤ, ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʚʳʷʩʥʝʥʠʝ, ʚʦ-ʧʝʨʚʳʭ, 

ʭʠʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʥʘʩʳʱʝʥʥʦʛʦ 

ʤʝʪʘʥʦʤ ʪʦʧʣʠʚʘ ʥʘ ʚʥʫʪʨʠʮʠʣʠʥʜʨʦʚʳʝ 

ʧʨʦʮʝʩʩʳ ʠ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʜʚʠʛʘʪʝʣʝʤ, ʘ 

ʥʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʝʪʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʦʮʝʥʠʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: 

ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ (be), 

ʵʬʬʝʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ (Nʝ). 

ʅʘ ʵʪʘʧʝ ʠʩʧʳʪʘʥʠʡ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ 

ʢʦʥʪʨʦʣʴ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʧʦ 

ʧʦʢʘʟʘʥʠʷʤ ʢʦʤʧʣʝʢʩʘ çʂʀʇɸʈʀʉè. 

ɺʳʷʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʛʦ 

ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʜʠʟʝʣʷ ʏʄʕ3 ʩ ʧʦʜʘʯʝʡ ʠ 

ʙʝʟ ʧʦʜʘʯʠ ʤʝʪʘʥʘ ʚ ʪʦʧʣʠʚʦ ʥʘ ʣʠʥʠʠ 

ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 3, 

ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʩʥʠʟʠʣʩʷ ʥʘ 8-12 

% ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʟʠʮʠʠ ʢʦʥʪʨʦʣʣʝʨʘ 

ʤʘʠhʥʠʩʪʘ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʫʜʝʣʴʥʦʛʦ 

ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʥʘ 

ʧʦʟʠʮʠʷʭ ʢʦʥʪʨʦʣʣʝʨʘ ʤʘʰʠʥʠʩʪʘ, ʥʘʯʠʥʘʷ 

ʩ 3-4 ʠ ʚʳʰʝ. ʅʘ ʭʦʣʦʩʪʦʤ ʭʦʜʫ ʠ ʧʝʨʚʳʭ 

ʪʨʝʭ ʧʦʟʠʮʠʷʭ ʜʚʠʛʘʪʝʣʴ ʨʘʙʦʪʘʝʪ ʧʦ 

ʜʠʟʝʣʴʥʦʤʫ ʮʠʢʣʫ, ʪʘʢ ʢʘʢ ʧʨʦʮʝʩʩ 

ʩʛʦʨʘʥʠʷ ʤʝʪʘʥʘ ʥʝʩʪʘʙʠʣʝʥ (ʥʝʚʳʩʦʢʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʨʘʙʦʯʝʛʦ ʮʠʢʣʘ.) 

 

 
 

ʈʠʩ. 3  - ʀʟʤʝʥʝʥʠʝ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ (bʝ) ʧʨʠ ʨʘʙʦʪʝ ʜʠʟʝʣʷ ʪʝʧʣʦʚʦʟʘ ʏʄʕ3 ʥʘ 

ʜʠʟʝʣʴʥʦʤ ʪʦʧʣʠʚʝ ʦʙʦʛʘʱʝʥʥʳʤ ʤʝʪʘʥʦʤ 

Fig. 3 ï Change in specific fuel consumption (bʝ) during diesel engine operation of diesel locomotive 

CHME3 on diesel fuel enriched with methane 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 4, ʥʘʙʣʶʜʘʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʜʠʟʝʣʷ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʟʠʮʠʠ ʢʦʥʪʨʦʣʣʝʨʘ 

ʤʘʰʠʥʠʩʪʘ ʚ ʩʨʝʜʥʝʤ ʥʘ 5-10 % ʧʨʠ ʧʦʜʘʯʝ 

ʤʝʪʘʥʘ ʢ ʜʠʟʝʣʴʥʦʤʫ ʪʦʧʣʠʚʫ, ʪ.ʝ. 

ʪʝʧʣʦʪʚʦʨʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʛʘʟʘ ʥʝ ʷʚʣʷʝʪʩʷ 

ʢʨʠʪʝʨʠʝʤ ʦʛʨʘʥʠʯʝʥʠʷ ʤʦʱʥʦʩʪʠ 

ʛʘʟʦʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. 

 

 
 

ʈʠʩ. 4 -  ʀʟʤʝʥʝʥʠʝ ʤʦʱʥʦʩʪʠ ʧʨʠ ʨʘʙʦʪʝ ʜʠʟʝʣʷ ʪʝʧʣʦʚʦʟʘ ʏʄʕ3 ʧʨʠ ʥʘʩʳʱʝʥʠʠ ʪʦʧʣʠʚʘ 

ʤʝʪʘʥʦʤ 

Fig. 4 ï Change in power when diesel locomotive CHME3 is running when the fuel is saturated with 

methane 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʜʥʠʤ ʠʟ 

ʥʝʜʦʩʪʘʪʢʦʚ ʧʨʠʤʝʥʝʥʠʷ ʛʘʟʦʦʙʨʘʟʥʳʭ 

ʪʦʧʣʠʚ ʚ ʛʘʟʦʚʳʭ ʜʚʠʛʘʪʝʣʷʭ ʷʚʣʷʝʪʩʷ 

ʫʤʝʥʴʰʝʥʠʝ ʠʭ ʤʦʱʥʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ 

ʤʝʥʴʰʝʡ ʪʝʧʣʦʪʚʦʨʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʵʪʠʭ 

ʪʦʧʣʠʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʠʟʝʣʴʥʳʤ 

ʪʦʧʣʠʚʦʤ, ʯʪʦ ʦʪʥʦʩʠʪʩʷ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ, ʢ ʜʚʠʛʘʪʝʣʷʤ ʙʝʟ ʥʘʜʜʫʚʘ, 

ʫʤʝʥʴʰʝʥʠʷ ʤʦʱʥʦʩʪʠ ʫʜʘʣʦʩʴ ʠʟʙʝʞʘʪʴ 

ʟʘ ʩʯʝʪ ʪʫʨʙʦʥʘʜʜʫʚʘ ʠ ʚʥʫʪʨʝʥʥʝʛʦ 

ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʷ (ʨʝʛʫʣʠʨʦʚʢʠ ʜʠʟʝʣʷ). 

ɺʳʚʦʜ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʜʥʠʤ ʠʟ 

ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʧʨʠʤʝʥʝʥʠʷ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙ ʧʦʜʘʯʠ 

ʝʛʦ ʚ ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ʥʘ ʣʠʥʠʠ ʥʠʟʢʦʛʦ 

ʜʘʚʣʝʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʩʳʱʝʥʠʝ ʪʦʧʣʠʚʘ 

ʤʝʪʘʥʦʤ ʚ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ (5% ʦʪ 

ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ) ʠ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ 

ʩʤʝʰʠʚʘʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʩʥʠʞʝʥʠʶ 

ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʠ ʧʦʚʳʰʝʥʠʶ 

ʤʦʱʥʦʩʪʠ ʪʝʧʣʦʚʦʟʘ. 
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2017, Vol. 103, No. 4, pp. 78-83 

 
CAM -SCREW PRESS WITH INCREASED STROKE 

Askarov Erlan Seitkasimovich, Cand.Sci.(Eng.), Professor, Kazakh National Research 

Technical University named after K.I.Satbayev, Almaty, Kazakhstan, erlan57@mail.ru  

Zhankeldi Adilet Zhankeldiuly , PhD doctor student, Kazakh National Research Technical 

University named after K.I.Satbayev, Almaty, Kazakhstan, adilet.zhankeldi@gmail.com  

Kurmangali Dosym Kasimuly, Tutor, Kazakh National Research Technical University named 

after K.I.Satbayev, Almaty, Kazakhstan, kurmangali.dosym@mail.ru  

Myrzakhan Akbota Myrzakhankyzy, Tutor, Kazakh National Research Technical University 

named after K.I.Satbayev, Almaty, Kazakhstan, botawka-93@list.ru  

Abstract. Mechanical engineering is the leading branch of the world industry, which accounts 

for about a third of all products. The main task of mechanical engineering is to provide all other 

industries with technological equipment for efficient work. A special role in the technical progress is 

played by the machine tool industry, which helps automate production processes. The structure of 

machine-tool building includes forging and stamping equipment. 

Modern forging and stamping equipment has several thousand years of history. It all started 

when in the era of the Eneolithic (IV-III millennium BC) people began using copper as a tool of labor. 

All branches of mechanical engineering require the organization of mass production of shaped 

parts or their blanks (semi-finished products) with high mechanical properties and with insignificant 

losses of materials, often of high cost. 

On press machines, it is possible to obtain parts and blanks that do not require significant 

machining, often not requiring machining by cutting. Typical for forging and stamping equipment are 

high productivity, low cost and the possibility of mechanization and automation. 

The development of the country's industry is determined by the volume of the metal produced, 

the production of different, high-quality products from metal and alloys, which, at an enormous level, 

depends on the quality of processing. Knowing the technological capabilities of metal forming 

processes helps to choose the most optimal technological processes, processing and auxiliary equipment 

and use them technically correctly. 

Metals - elements that have the ability to deform, have high viscosity and strength, and 

electrical and thermal conductors. By fusing various metals with different properties, it is possible to 

obtain heat-resistant, high-strength, and other materials. 

This article relates to the field of metal forming, in particular to devices for processing sheet 

metal and thin-walled metallic material of a large length. A detailed mechanism and principle of 

operation of the press with an increased stroke are shown. The press with increased stroke is an 

extension of the technological capabilities of the prototype, in particular, an increase in the working 

stroke of the tool, which will allow processing blanks having a length of more than 3-4 diameters of the 

cross section. 

Keywords: mechanical press, cam-screw press, crank press, mechanical press with increased 

stroke, working stroke. 
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ɽ.ʉ. ɸʩʢʘʨʦʚ
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, ᴄ.ɾ. ɾʘʥʢʝʣʜʽ

1
, ɼ.ʂ. ʂʫʨʤʘʥʛʘʣʠ

1
, ɸ.ʄ. ʄʳʨʟʘʭʘʥ

1
 

1
ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʂ.ʀ. ʉʘʪʧʘʝʚʘ,       

ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

 

ʂʋʃɸʏʂʆɺʆ-ɺʀʅʊʆɺʆʁ ʇʈɽʉʉ ʉ ʋɺɽʃʀʏɽʅʅʓʄ ʍʆɼʆʄ 

 

ɸʥʥʦʪʘʮʠʷ. ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ ʷʚʣʷʝʪʩʷ ʚʝʜʫʱʝʡ ʦʪʨʘʩʣʴʶ ʤʠʨʦʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʜʦʣʷ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ ʪʨʝʪʠ ʚʩʝʡ ʧʨʦʜʫʢʮʠʠ. ɻʣʘʚʥʦʡ ʟʘʜʘʯʝʡ 

ʤʘʠhʥʦʩʪʨʦʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʚʩʝʭ ʜʨʫʛʠʭ ʦʪʨʘʩʣʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ. ʆʩʦʙʫʶ ʨʦʣʴ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʧʨʦʛʨʝʩʩʝ ʠʛʨʘʝʪ 

ʩʪʘʥʢʦʩʪʨʦʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʤʦʛʘʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ. ɺ 

ʩʦʩʪʘʚ ʩʪʘʥʢʦʩʪʨʦʝʥʠʷ ʚʭʦʜʠʪ ʢʫʟʥʝʯʥʦ-ʰʪʘʤʧʦʚʦʯʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. 

ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʦʪʥʦʩʠʪʩʷ ʢ ʦʙʣʘʩʪʠ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ ʜʘʚʣʝʥʠʝʤ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢ 

ʫʩʪʨʦʡʩʪʚʘʤ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʣʠʩʪʦʚʦʛʦ ʠ ʪʦʥʢʦʩʪʝʥʥʦʛʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʙʦʣʴʰʦʡ ʜʣʠʥʳ. ʇʦʢʘʟʘʥ ʧʦʜʨʦʙʥʳʡ ʤʝʭʘʥʠʟʤ ʠ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʧʨʝʩʩʘ ʩ ʫʚʝʣʠʯʝʥʥʳʤ 

ʭʦʜʦʤ. ʇʨʝʩʩ ʩ ʫʚʝʣʠʯʝʥʥʳʤ ʭʦʜʦʤ ʷʚʣʷʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʦʪʦʪʠʧʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʫʚʝʣʠʯʝʥʠʝ ʨʘʙʦʯʝʛʦ ʭʦʜʘ ʠʥʩʪʨʫʤʝʥʪʘ, ʯʪʦ 

ʧʦʟʚʦʣʠʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʟʘʛʦʪʦʚʢʠ, ʠʤʝʶʱʠʭ ʜʣʠʥʫ ʙʦʣʝʝ 3-4 ʜʠʘʤʝʪʨʦʚ ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʝʯʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʭʘʥʠʯʝʩʢʠʡ ʧʨʝʩʩ, ʢʫʣʘʯʢʦʚʦ-ʚʠʥʪʦʚʦʡ ʧʨʝʩʩ, ʢʨʠʚʦʰʠʧʥʳʡ 

ʧʨʝʩʩ, ʤʝʭʘʥʠʯʝʩʢʠʡ ʧʨʝʩʩ ʩ ʫʚʝʣʠʯʝʥʥʳʤ ʭʦʜʦʤ, ʨʘʙʦʯʠʡ ʭʦʜ. 

 

ɺʚʝʜʝʥʠʝ. ʂʨʠʚʦʰʠʧʥʳʝ ʧʨʝʩʩʳ 

ʟʘʥʠʤʘʶʪ ʧʨʠʤʝʨʥʦ 50% ʚʩʝʛʦ ʧʘʨʢʘ 

ʧʨʝʩʩʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺ ʉʉʉʈ ʚ 1975 ʛ. ʙʳʣʦ 

ʠʟʛʦʪʦʚʣʝʥʦ ʦʢʦʣʦ 70 ʪʳʩ. ʝʜʠʥʠʮ ʧʨʝʩʩʦʚ 

ʜʣʷ ʤʝʭʘʥʦʦʙʨʘʙʦʪʢʠ. ʂʦʥʩʪʨʫʢʮʠʷ 

ʢʨʠʚʦʰʠʧʥʦʛʦ ʧʨʝʩʩʘ ʠʟʚʝʩʪʥʘ ʦʢʦʣʦ 300 

ʣʝʪ. ʂʨʠʚʦʰʠʧʥʳʡ ʧʨʝʩʩ ʩʪʨʦʠʪʩʷ ʥʘ 

ʦʩʥʦʚʝ ʨʳʯʘʞʥʦʛʦ ʧʦʣʟʫʥʥʦʛʦ 

ʯʝʪʳʨʝʭʟʚʝʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ. 

ʂʨʠʚʦʰʠʧʥʳʡ ʧʨʝʩʩ ʩʦʩʪʦʠʪ ʠʟ 

ʢʨʠʚʦʰʠʧʘ, ʰʘʪʫʥʘ ʠ ʧʦʣʟʫʥʘ [1]. ɼʘʥʥʳʡ 

ʢʨʠʚʦʰʠʧʥʳʡ ʧʨʝʩʩ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ 

ʥʝʜʦʩʪʘʪʢʠ: ʤʘʣʫʶ ʩʠʣʫ ʧʨʠ ʧʦʜʭʦʜʝ ʢ 

ʥʠʞʥʝʡ ʪʦʯʢʝ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ 

ʚʭʦʜʘ ʚ çʨʘʩʧʦʨè, ʥʝʧʦʩʪʦʷʥʩʪʚʦ ʫʩʠʣʠʷ 

ʩʞʘʪʠʷ, ʥʝʚʳʩʦʢʫʶ ʞʝʩʪʢʦʩʪʴ, ʥʠʟʢʠʡ 

ʂʇɼ [2]. ʄʘʣʳʡ ʭʦʜ ʠʥʩʪʨʫʤʝʥʪʘ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʠʟʜʝʣʠʷ ʙʦʣʴʰʦʡ 

ʜʣʠʥʳ, ʠʤʝʶʱʠʭ ʧʦ ʜʣʠʥʝ ʙʦʣʝʝ                       

3é4 ʜʠʘʤʝʪʨʦʚ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ. ʕʪʦ 

ʧʦʥʠʞʘʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʦʯʝʥʴ 

ʚʳʩʦʢʘ, ʪʘʢ ʢʘʢ ʧʨʝʩʩ ʠʤʝʝʪ ʚʳʩʦʢʠʡ 

ʫʨʦʚʝʥʴ ʦʨʠʛʠʥʘʣʴʥʦʩʪʠ, ʚ ʝʛʦ ʦʩʥʦʚʝ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʡ ʤʝʭʘʥʠʟʤ. 

ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʧʨʝʩʩʘ ʧʦʟʚʦʣʠʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʨʘʙʦʯʠʡ ʭʦʜ 

ʠʥʩʪʨʫʤʝʥʪʘ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʝʩʩʘ. 

ʀʟʚʝʩʪʝʥ ʤʝʭʘʥʠʯʝʩʢʠʡ ʧʨʝʩʩ 

ɸʩʢʘʨʦʚʘ, ʧʨʠʥʷʪʳʡ ʘʚʪʦʨʦʤ ʟʘ ʧʨʦʪʦʪʠʧ, 

ʩʦʜʝʨʞʘʱʠʡ  ʧʨʠʚʦʜʥʦʡ ʚʘʣ, ʧʦʣʟʫʥ, 

ʤʝʭʘʥʠʟʤ ʧʝʨʝʢʣʶʯʝʥʠʷ, ʥʘ ʧʨʠʚʦʜʥʦʤ 

ʚʘʣʫ ʩʦʦʩʥʦ ʫʩʪʘʥʦʚʣʝʥ ʮʠʣʠʥʜʨ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʨʘʱʝʥʠʷ ʚʤʝʩʪʝ ʩ ʧʨʠʚʦʜ-

ʥʳʤ ʚʘʣʦʤ, ʩʚʦʙʦʜʥʦʛʦ ʭʦʜʘ ʚʜʦʣʴ ʦʩʠ ʠ 

ʧʦʚʦʨʦʪʘ ʚʦʢʨʫʛ ʧʨʠʚʦʜʥʦʛʦ ʚʘʣʘ ʚ 

ʢʨʘʡʥʝʤ ʧʦʣʦʞʝʥʠʠ, ʥʘʨʫʞʥʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʮʠʣʠʥʜʨʘ ʚʳʧʦʣʥʝʥʘ ʚ ʚʠʜʝ 

ʚʠʥʪʘ ʩʦ ʩʢʦʩʦʤ ʛʨʝʙʥʝʡ, ʧʨʠ ʵʪʦʤ 

ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʣʟʫʥʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʘʷ 

ʩ ʚʠʥʪʦʤ, ʚʳʧʦʣʥʝʥʘ ʚ ʚʠʜʝ ʧʨʦʬʠʣʴʥʦʛʦ 

ʫʛʣʫʙʣʝʥʠʷ, ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʪʦʨʦʛʦ 

ʦʭʚʘʪʳʚʘʝʪ ʚʠʥʪ ʩ ʧʦʩʪʝʧʝʥʥʳʤ ʧʦʜʥʷʪʠʝʤ 

ʧʨʦʬʠʣʷ, ʘ ʧʦʣʟʫʥ ʧʦʜʞʘʪ ʢ ʚʠʥʪʦʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʫʞʠʥʦʡ, ʥʘ ʧʦʣʟʫʥʝ 

ʫʩʪʘʥʦʚʣʝʥ ʠʥʩʪʨʫʤʝʥʪ (ʈʠʩʫʥʦʢ 1) [3].  
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ʈʠʩ. 1 ï ʉʭʝʤʘ ʤʝʭʘʥʠʟʤʘ ʢʫʣʘʯʢʦʚʦ-ʚʠʥʪʦʚʦʛʦ ʧʨʝʩʩʘ. 1 ï ʚʘʣ, 2 ï ʮʠʣʠʥʜʨ,  

3 ï ʢʦʥʠʯʝʩʢʘʷ ʚʠʥʪʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, 4 ï ʧʦʣʟʫʥ, 5 ï ʢʦʨʧʫʩ, 6 ï ʚʦʛʥʫʪʘʷ ʧʦʚʝʨʭʥʦʩʪʴ,  

7 ï ʧʨʫʞʠʥʘ, 8 ï ʠʥʩʪʨʫʤʝʥʪ, 9 ï ʧʨʫʞʠʥʘ, 10 ï ʤʝʭʘʥʠʟʤ ʧʝʨʝʢʣʶʯʝʥʠʷ,  

11,12 ï ʢʫʣʘʯʢʠ ʤʫʬʪʳ 

Fig. 1 ï Scheme of the mechanism of a cam-screw press. 1 ï shaft, 2 ï cylinder,  

3 ï conical helical surface, 4 ï slider, 5 ï body, 6 ï concave surface, 7 ï spring, 8 ï tool,  

9 ï spring, 10 ï switching mechanism, 11,12 ï clutch cams  

 

ʅʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʛʦ ʧʨʝʩʩʘ 

ʷʚʣʷʝʪʩʷ, ʯʪʦ ʦʥ ʠʤʝʝʪ ʤʘʣʫʶ ʚʝʣʠʯʠʥʫ 

ʭʦʜʘ ʠʥʩʪʨʫʤʝʥʪʘ, ʪʘʢ ʢʘʢ ʩʢʦʩ ʛʨʝʙʥʝʡ, 

ʧʦʜʥʷʪʠʝ ʧʨʦʬʠʣʷ ʦʛʨʘʥʠʯʝʥʦ ʧʦ 

ʚʝʣʠʯʠʥʝ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʙʦʯʠʡ ʭʦʜ 

ʠʥʩʪʨʫʤʝʥʪʘ ʦʛʨʘʥʠʯʝʥ. ʄʘʣʳʡ ʭʦʜ 

ʠʥʩʪʨʫʤʝʥʪʘ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ 

ʜʣʠʥʥʳʝ ʟʘʛʦʪʦʚʢʠ. ʕʪʦ ʫʤʝʥʴʰʘʝʪ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʝʩʩʘ. 

ɿʘʜʘʯʝʡ ʢʫʣʘʯʢʦʚʦ-ʚʠʥʪʦʚʦʛʦ 

ʧʨʝʩʩʘ ʩ ʫʚʝʣʠʯʝʥʥʳʤ ʭʦʜʦʤ ʷʚʣʷʝʪʩʷ 

ʨʘʩʰʠʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʦʪʦʪʠʧʘ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʫʚʝʣʠʯʝʥʠʝ ʨʘʙʦʯʝʛʦ ʭʦʜʘ ʠʥʩʪʨʫʤʝʥʪʘ, 

ʯʪʦ ʧʦʟʚʦʣʠʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʟʘʛʦʪʦʚʢʠ, 

ʠʤʝʶʱʠʭ ʜʣʠʥʫ ʙʦʣʝʝ 3-4 ʜʠʘʤʝʪʨʦʚ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ. ʊʝʭʥʠʯʝʩʢʠʡ 

ʨʝʟʫʣʴʪʘʪ ʜʦʩʪʠʛʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʢʫʣʘʯʢʦʚʦ-

ʚʠʥʪʦʚʦʡ  ʧʨʝʩʩ ʩ ʫʚʝʣʠʯʝʥʥʳʤ ʭʦʜʦʤ, 

ʩʦʜʝʨʞʘʱʠʡ   ʧʨʠʚʦʜʥʦʡ ʚʘʣ, ʧʦʣʟʫʥ, 

ʠʥʩʪʨʫʤʝʥʪ, ʤʝʭʘʥʠʟʤ ʧʝʨʝʢʣʶʯʝʥʠʷ, ʥʘ 

ʧʨʠʚʦʜʥʦʤ ʚʘʣʫ ʩʦʦʩʥʦ ʫʩʪʘʥʦʚʣʝʥ 

ʮʠʣʠʥʜʨ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʨʘʱʝʥʠʷ ʚʤʝʩʪʝ 

ʩ ʧʨʠʚʦʜʥʳʤ ʚʘʣʦʤ, ʩʚʦʙʦʜʥʦʛʦ ʭʦʜʘ ʚʜʦʣʴ 

ʦʩʠ ʠ ʧʦʚʦʨʦʪʘ ʚʦʢʨʫʛ ʧʨʠʚʦʜʥʦʛʦ ʚʘʣʘ ʚ 

ʢʨʘʡʥʝʤ ʧʦʣʦʞʝʥʠʠ, ʥʘʨʫʞʥʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʮʠʣʠʥʜʨʘ ʚʳʧʦʣʥʝʥʘ ʚ ʚʠʜʝ 

ʚʠʥʪʘ ʩʦ ʩʢʦʩʦʤ ʛʨʝʙʥʝʡ, ʧʨʠ ʵʪʦʤ 

ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʣʟʫʥʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʘʷ 

ʩ ʚʠʥʪʦʤ, ʚʳʧʦʣʥʝʥʘ ʚ ʚʠʜʝ ʧʨʦʬʠʣʴʥʦʛʦ 

ʫʛʣʫʙʣʝʥʠʷ, ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʪʦʨʦʛʦ 

ʦʭʚʘʪʳʚʘʝʪ ʚʠʥʪ ʩ ʧʦʩʪʝʧʝʥʥʳʤ ʧʦʜʥʷʪʠʝʤ 

ʧʨʦʬʠʣʷ,   ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʤʝʝʪʩʷ   ʨʳʯʘʛ 

ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʢʦʣʝʙʘʥʠʷ ʚʦʢʨʫʛ 

ʥʝʧʦʜʚʠʞʥʦʡ ʦʩʠ, ʩʚʝʨʭʫ ʥʘ ʨʳʯʘʛ 

ʚʦʟʜʝʡʩʪʚʫʝʪ ʧʦʣʟʫʥ, ʩʥʠʟʫ ʩ ʨʳʯʘʛʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʪʦʣʢʘʪʝʣʴ ʩ ʚʦʟʚʨʘʪʥʦʡ 

ʧʨʫʞʠʥʦʡ, ʥʘ ʪʦʣʢʘʪʝʣʝ ʫʩʪʘʥʦʚʣʝʥ 

ʠʥʩʪʨʫʤʝʥʪ. ʊʦʣʢʘʪʝʣʴ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʚʜʦʣʴ ʦʩʠ 

ʨʳʯʘʛʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʬʠʢʩʘʮʠʝʡ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ 

ʢʫʣʘʯʢʦʚʦ-ʚʠʥʪʦʚʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʧʨʝʩʩʘ ʩ ʫʚʝʣʠʯʝʥʥʳʤ ʭʦʜʦʤ. 
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ʈʠʩ. 2 ï ʂʫʣʘʯʢʦʚʦ-ʚʠʥʪʦʚʦʡ ʧʨʝʩʩ ʩ ʫʚʝʣʠʯʝʥʥʳʤ ʭʦʜʦʤ 

Figure 2 ï Cam-screw press with increased stroke 

 

ʇʨʝʩʩ ʩʦʩʪʦʠʪ ʠʟ ʧʨʠʚʦʜʥʦʛʦ ʚʘʣʘ 1, 

ʮʠʣʠʥʜʨʘ 2, ʩʦʦʩʥʦ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ 

ʚʘʣʫ 1, ʩ ʢʦʥʠʯʝʩʢʦʡ ʚʠʥʪʦʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ 3 ʩ ʫʛʣʦʤ ʥʘʢʣʦʥʘ 

ʦʙʨʘʟʫʶʱʝʡ ɸɽ ʢ ʦʩʠ ʚʘʣʘ 1, ʨʘʚʥʳʤ a. 

ʇʦʚʝʨʭʥʦʩʪʴ 3 ʠʤʝʝʪ ʩʢʦʩ ʧʦʜ ʫʛʣʦʤ b ʢ 

ʛʦʨʠʟʦʥʪʘʣʠ. ʇʦʜ ʮʠʣʠʥʜʨʦʤ 2 ʫʩʪʘʥʦʚʣʝʥ 

ʧʦʣʟʫʥ 4, ʠʤʝʶʱʠʡ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʚʦʙʦʜʥʦʛʦ ʦʩʝʚʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʢʦʨʧʫʩʝ 5. 

ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʦʣʟʫʥʘ 4 ʠʤʝʝʪʩʷ 

ʚʦʛʥʫʪʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 6, ʚʳʧʦʣʥʝʥʥʘʷ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʢʦʥʪʘʢʪʘ ʩ ʚʠʥʪʦʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ 3 ʠ ʠʤʝʶʱʘʷ ʫʛʦʣ ʥʘʢʣʦʥʘ ʢ 

ʛʦʨʠʟʦʥʪʘʣʠ, ʨʘʚʥʳʡ b. 

ʅʘ ʚʘʣʫ 1 ʫʩʪʘʥʦʚʣʝʥʘ ʥʝʧʦʜʚʠʞʥʘʷ 

ʢʫʣʘʯʢʦʚʘʷ ʧʦʣʫʤʫʬʪʘ 7, ʘ ʥʘ ʮʠʣʠʥʜʨʝ 2 

ʠʤʝʝʪʩʷ ʢʫʣʘʯʢʦʚʘʷ ʧʦʣʫʤʫʬʪʘ 8. ɺ 

ʮʠʣʠʥʜʨʝ 2 ʫʩʪʘʥʦʚʣʝʥʘ ʧʨʫʞʠʥʘ 9 

ʦʪʞʠʤʘʶʱʘʷ ʧʦʣʫʤʫʬʪʳ 7 ʠ 8 ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ. ʀʤʝʝʪʩʷ ʤʝʭʘʥʠʟʤ 10 ʧʦʜʞʘʪʠʷ 

ʮʠʣʠʥʜʨʘ 2 ʩ ʧʦʣʫʤʫʬʪʦʡ 8 ʢ ʧʦʣʫʤʫʬʪʝ 7. 

ʅʘ ʢʦʥʮʝ ʧʦʣʟʫʥʘ 4 ʠʤʝʝʪʩʷ ʚʦʛʥʫʪʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ 11, ʢʦʪʦʨʘʷ ʢʦʥʪʘʢʪʠʨʫʝʪ ʩ 

ʚʦʛʥʫʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 12 ʥʘ ʨʳʯʘʛʝ 13, 

ʢʦʪʦʨʳʡ ʫʩʪʘʥʦʚʣʝʥ ʚ ʢʦʨʧʫʩʝ 5 ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʨʘʱʝʥʠʷ. ʅʘ ʨʳʯʘʛʝ 13 

ʠʤʝʝʪʩʷ ʧʦʣʟʫʥ 14, ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʧʝʨʝʤʝʱʝʥʠʷ ʚʜʦʣʴ ʦʩʠ ʨʳʯʘʛʘ 13. ʅʘ 

ʧʦʣʟʫʥʝ 14 ʠʤʝʝʪʩʷ ʚʦʛʥʫʪʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 

15, ʢʦʪʦʨʘʷ ʢʦʥʪʘʢʪʠʨʫʝʪ ʩ ʚʦʛʥʫʪʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ 16, ʨʘʟʤʝʱʝʥʥʦʡ ʩʚʝʨʭʫ ʥʘ 

ʪʦʣʢʘʪʝʣʝ 17, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʚʝʨʪʠʢʘʣʴʥʦ 

ʧʝʨʝʤʝʱʘʪʴʩʷ ʚ ʧʦʜʚʠʞʥʦʤ ʢʦʨʧʫʩʝ 18. ʅʘ 

ʪʦʣʢʘʪʝʣʝ 17 ʠʤʝʝʪʩʷ ʚʦʟʚʨʘʪʥʘʷ ʧʨʫʞʠʥʘ 

19. ʇʦʜʚʠʞʥʳʡ ʢʦʨʧʫʩ 18 ʤʦʞʝʪ 

ʧʝʨʝʤʝʱʘʪʴʩʷ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʨʝʛʫʣʠʨʦʚʦʯʥʦʛʦ ʚʠʥʪʘ 20. ʉʥʠʟʫ ʥʘ 

ʪʦʣʢʘʪʝʣʝ ʫʩʪʘʥʦʚʣʝʥ ʠʥʩʪʨʫʤʝʥʪ 21. 

ʇʨʝʩʩ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ. ʄʝʭʘʥʠʟʤ ʧʦʜʞʘʪʠʷ 10 ʩʮʝʧʣʷʝʪ 

ʧʦʣʫʤʫʬʪʫ 8 ʮʠʣʠʥʜʨʘ 2 ʩ ʧʦʣʫʤʫʬʪʦʡ 7. 

ʇʨʠʚʦʜʥʦʡ ʚʘʣ 1 ʚʨʘʱʘʝʪʩʷ ʩʦʚʤʝʩʪʥʦ ʩ 

ʮʠʣʠʥʜʨʦʤ 2. ʅʠʞʥʷʷ ʦʙʨʘʟʫʶʱʘʷ ɸɺ 

ʚʠʥʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 3 ʜʚʠʛʘʝʪʩʷ ʚʜʦʣʴ 

ʦʩʠ ʚʘʣʘ 1, ʧʨʠʙʣʠʞʘʷʩʴ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 6. 

ʇʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ɸɺ ʥʘ ʜʣʠʥʫ Lx ʦʥʘ 

ʚʩʪʫʧʘʝʪ ʚ ʢʦʥʪʘʢʪ ʩ ʦʙʨʘʟʫʶʱʝʡ CD 

ʧʦʚʝʨʭʥʦʩʪʠ 6, ʚʠʥʪʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 3 ʠ 

ʧʦʚʝʨʭʥʦʩʪʴ 6 ʚʩʪʫʧʘʶʪ ʚ ʢʦʥʪʘʢʪ ʠ ʤʝʞʜʫ 

ʥʠʤʠ ʦʙʨʘʟʫʝʪʩʷ ʧʣʦʱʘʜʢʘ ʢʦʥʪʘʢʪʘ. 
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ɺʠʥʪʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 3 ʜʘʚʠʪ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ 6 ʠ ʧʦʣʟʫʥ 4, ʢʦʪʦʨʳʡ 

ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʥʠʟ, ʜʘʚʠʪ ʥʘ ʨʳʯʘʛ 13. 

ʈʳʯʘʛ 13 ʜʚʠʛʘʝʪʩʷ ʚʥʠʟ ʠ ʯʝʨʝʟ ʧʦʣʟʫʥ 14 

ʜʘʚʠʪ ʥʘ ʪʦʣʢʘʪʝʣʴ 17, ʢʦʪʦʨʳʡ ʚʤʝʩʪʝ ʩ 

ʠʥʩʪʨʫʤʝʥʪʦʤ 21 ʜʚʠʛʘʝʪʩʷ ʚʥʠʟ ʠ 

ʧʨʦʠʟʚʦʜʠʪ ʚʜʘʚʣʠʚʘʥʠʝ ʚ ʟʘʛʦʪʦʚʢʫ W. 

ʇʦʣʟʫʥ 4 ʜʚʠʛʘʝʪʩʷ ʚʥʠʟ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ 

ʪʦʯʢʘ ɸ ʦʙʨʘʟʫʶʱʝʡ ɸɺ ʥʝ ʩʦʚʤʝʩʪʠʪʩʷ ʩ 

ʪʦʯʢʦʡ D ʦʙʨʘʟʫʶʱʝʡ CD. ʅʠʞʥʷʷ 

ʦʙʨʘʟʫʶʱʘʷ ɸɺ ʚ ʵʪʦ ʚʨʝʤʷ ʧʨʦʭʦʜʠʪ ʨʘ-

ʙʦʯʫʶ ʜʣʠʥʫ LP. ʇʦʩʣʝ ʵʪʦʛʦ ʢʦʥʪʘʢʪ 

ʧʦʚʝʨʭʥʦʩʪʠ 3 ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ 6 

ʨʘʟʤʳʢʘʝʪʩʷ ʠ ʪʦʣʢʘʪʝʣʴ 17 ʚʤʝʩʪʝ ʩ 

ʠʥʩʪʨʫʤʝʥʪʦʤ 21 ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʨʫʞʠʥʳ 

7 ʧʦʜʥʠʤʘʝʪʩʷ ʚʚʝʨʭ ʚ ʠʩʭʦʜʥʫʶ ʧʦʟʠʮʠʶ. 

ʈʳʯʘʛ 13, ʪʦʣʢʘʪʝʣʴ 4 ʪʘʢʞʝ ʚʦʟʚʨʘʱʘʶʪʩʷ 

ʚ ʠʩʭʦʜʥʫʶ ʧʦʟʠʮʠʶ. ʇʦʩʣʝ ʯʝʛʦ ʚʠʥʪʦʚʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ 3 ʟʘʚʝʨʰʘʝʪ ʩʚʦʡ ʧʦʣʥʳʡ 

ʦʙʦʨʦʪ. ʇʨʠ ʨʘʟʤʳʢʘʥʠʠ ʢʦʥʪʘʢʪʘ 

ʧʦʚʝʨʭʥʦʩʪʝʡ 3 ʠ 6 ʧʨʫʞʠʥʘ 9 ʨʘʟʤʳʢʘʝʪ 

ʢʦʥʪʘʢʪ ʧʦʣʫʤʫʬʪ 7 ʠ 8. ʎʠʣʠʥʜʨ 2 

ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʘ ʚʘʣ 1 ʧʨʦʜʦʣʞʘʝʪ 

ʚʨʘʱʘʪʴʩʷ. ɼʣʷ ʥʘʯʘʣʘ ʥʦʚʦʛʦ ʨʘʙʦʯʝʛʦ 

ʮʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʚʝʩʪʠ ʚ ʜʝʡʩʪʚʠʝ 

ʤʝʭʘʥʠʟʤ ʧʦʜʞʘʪʠʷ 10. 

ʍʦʜ ʧʦʣʟʫʥʘ 4 ʨʘʚʝʥ h, ʧʦʣʟʫʥ ʜʘʚʠʪ 

ʥʘ ʨʳʯʘʛ 13, ʢʦʪʦʨʳʡ ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʥʘ 

ʥʝʢʦʪʦʨʳʡ ʫʛʦʣ. ʇʝʨʝʤʝʱʝʥʠʝ ʢʘʞʜʦʡ 

ʪʦʯʢʠ ʨʳʯʘʛʘ 13 ʧʦ ʚʝʨʪʠʢʘʣʠ ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʝʛʦ ʜʣʠʥʝ L. ɽʩʣʠ ʚʟʷʪʴ 

ʜʣʠʥʫ ʨʳʯʘʛʘ ʚ ʤʝʩʪʝ ʢʦʥʪʘʢʪʘ ʧʦʣʟʫʥʘ 4 

ʨʘʚʥʦʡ L1, ʘ ʚ ʤʝʩʪʝ ʢʦʥʪʘʢʪʘ ʪʦʣʢʘʪʝʣʷ 17 

ʨʘʚʥʦʡ L2, ʪʦ ʭʦʜ ʅ ʪʦʣʢʘʪʝʣʷ 17 ʨʘʚʝʥ (1): 
 

1

2

L

L
hH Ö=

    (1) 
 

ʀʟʤʝʥʷʷ ʧʦʣʦʞʝʥʠʝ ʧʦʣʟʫʥʘ 14 ʥʘ 

ʨʳʯʘʛʝ, ʤʳ ʠʟʤʝʥʷʝʤ ʟʥʘʯʝʥʠʝ L2 ʠ ʪʝʤ 

ʩʘʤʳʤ ʤʝʥʷʝʤ ʟʥʘʯʝʥʠʝ ʅ, ʪʦ ʝʩʪʴ ʨʘʙʦʯʠʡ 

ʭʦʜ ʪʦʣʢʘʪʝʣʷ ʩ ʠʥʩʪʨʫʤʝʥʪʦʤ 21. ʄʳ 

ʤʦʞʝʤ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʨʘʙʦʯʠʡ ʭʦʜ 

ʠʥʩʪʨʫʤʝʥʪʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʭʦʜʦʤ 

ʧʦʣʟʫʥʘ 4. 

ɺʳʚʦʜʳ. ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʨʝʩʩʘ ʧʦʟʚʦʣʠʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʨʘʙʦʯʠʡ ʭʦʜ 

ʠʥʩʪʨʫʤʝʥʪʘ, ʤʝʥʷʪʴ ʝʛʦ ʟʥʘʯʝʥʠʝ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʝʩʩʘ. 

ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʥʩʪʨʫʤʝʥʪ 

ʙʫʜʝʪ ʜʚʠʛʘʪʴʩʷ ʨʘʚʥʦʤʝʨʥʦ, ʙʝʟ 

ʫʩʢʦʨʝʥʠʷ, ʯʪʦ ʪʘʢʞʝ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ. 
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[1] ʉʚʠʩʪʫʥʦʚ ɺ.ɽ. ʂʫʟʥʝʯʥʦ-ʰʪʘʤʧʦʚʦʯʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. ʂʨʠʚʦʰʠʧʥʳʝ ʧʨʝʩʩʳ. ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ. 

-ʄ.: ʄɻʀʋ, 2008. - 680 ʩ. 

[2] ɸʩʢʘʨʦʚ ɽ.ʉ., ɾʘʥʢʝʣʜʽ ᴄ.ɾ., ʄʫʨʪʘʟʠʥʘ ɹ.ʊ. ʂʨʠʚʦʰʠʧʥʳʡ ʧʨʝʩʩ ï ʧʨʦʙʣʝʤʳ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ 

ʧʫʪʠ ʠʭ ʨʝʰʝʥʠʷ // ɺʝʩʪʥʠʢ ʂʘʟɸʊʂ. ï ɸʣʤʘʪʳ: ʂʘʟɸʊʂ, 2016. - ˉ4 (99). ï ʉ. 48-53. 

[3] ʇʘʪʝʥʪ ʈʂ 2627, ʄʂʀ ɺ30ɺ01/26, ʧʫʙʣ. 15.06. 1998, ʙʶʣ. ˉ 5. 

 
REFERENCES 

[1] Svistunov V.E. Kuznechno-shtampovochnoe oborudovanie. Krivoshipnye pressy. [in Russian: Forging 

and stamping equipment. Crank presses]. Moscow, MGIU [Moscow State Industrial University] Publ., 2008, 680 p.  

[2] Askarov E.S., Zhankeldʽ A.Zh., Murtazina B.T. Krivoshipnyj press ï problemy jekspluatacii i puti ih 

reshenija. [in Russian: Crank press - problems of operation and ways of their solution]. Vestnik KazATK [Bulletin 

of KazATC], Almaty, KazATC Publ., 2016, No. 4 (99), ʨʨ. 48-53. 

[3] Patent RK 2627, International Classification of Inventions B30B0/26.  [in Russian: Patent of Republic 

of Kazakhstan 2627, MKI B30B01/26l] Publ. 15.06. 1998, bul. No. 5. 

 
ʂʋʃɸʏʂʆɺʆ-ɺʀʅʊʆɺʆʁ ʇʈɽʉʉ ʉ ʋɺɽʃʀʏɽʅʅʓʄ ʍʆɼʆʄ 

ɸʩʢʘʨʦʚ ɽʨʣʘʥ ʉʝʡʪʢʘʩʳʤʦʚʠʯ, ʢ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʂ.ʀ. ʉʘʪʧʘʝʚʘ, ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ, 

erlan57@mail.ru  

ɾʘʥʢʝʣʜʽ ᴄʜʽʣʝʪ ɾʘʥʢʝʣʜʽײʣʳ, ʜʦʢʪʦʨʘʥʪ PhD, ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʂ.ʀ. ʉʘʪʧʘʝʚʘ, ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ, 

adilet.zhankeldi@gmail.com  

 

 

mailto:erlan57@mail.ru
mailto:adilet.zhankeldi@gmail.com


́̈˗˗ˍ s ̙̜̜́̂́̑̒ Ο τ ɉρπσɊȟ ςπρχ          )33. ρφπω-1817              The Bulletin of KazATC 
ˏ̆̒̓̎̉̋ ˗́̈ˍ˟˗ Ο τ ɉρπσɊȟ ςπρχ                  ××w.kazatk.kz                2017, Vol. 103, No. 4 

83 

 

ʂʫʨʤʘʥʛʘʣʠ ɼʦʩʳʤ ʂʘʩʳʤʫʣʳ, ʪʴʶʪʦʨ, ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʂ.ʀ. ʉʘʪʧʘʝʚʘ, ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ, kurmangali.dosym@mail.ru  

ʄʳʨʟʘʭʘʥ ɸʢʙʦʪʘ ʄʳʨʟʘʭʘʥʢʳʟʳ, ʪʴʶʪʦʨ, ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʂ.ʀ. ʉʘʪʧʘʝʚʘ, ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ, 

botawka-93@list.ru  

 

 ʈɸʄɸʃʓ ʇʈɽʉʉױʐɸʃʓ-ɹפɼʓʈʓױʈɯʉʊɯ ɾתɸʅ ɾנɸʁʊʓʃנʃױ

ɸʩʢʘʨʦʚ ɽʨʣʘʥ ʉʝʡʪʢʘʩʳʤʦʚʠʯ, ʪ.ס.ʢ., ʧʨʦʬʝʩʩʦʨ, פ.ʀ.ʉᴅʪʙʘʝʚ ʘʪʳʥʜʘסʳ פʘʟʘײ ץʣʪʪʳץ 

ʪʝʭʥʠʢʘʣʳץ ʟʝʨʪʪʝʫ ʫʥʠʚʝʨʩʠʪʝʪʽ, ɸʣʤʘʪʳ פ ,.ץʘʟʘץʩʪʘʥ, erlan57@mail.ru  

ɾʘʥʢʝʣʜʽ ᴄʜʽʣʝʪ ɾʘʥʢʝʣʜʽײʣʳ, PhD ʜʦʢʪʦʨʘʥʪʳ, פ.ʀ.ʉᴅʪʙʘʝʚ ʘʪʳʥʜʘסʳ פʘʟʘײ ץʣʪʪʳץ 

ʪʝʭʥʠʢʘʣʳץ ʟʝʨʪʪʝʫ ʫʥʠʚʝʨʩʠʪʝʪʽ, ɸʣʤʘʪʳ פ ,.ץʘʟʘץʩʪʘʥ, adilet.zhankeldi@gmail.com  

ʂʫʨʤʘʥʛʘʣʠ ɼʦʩʳʤ ʂʘʩʳʤײʣʳ, ʪʴʶʪʦʨ, פ.ʀ.ʉᴅʪʙʘʝʚ ʘʪʳʥʜʘסʳ פʘʟʘײ ץʣʪʪʳץ 

ʪʝʭʥʠʢʘʣʳץ ʟʝʨʪʪʝʫ ʫʥʠʚʝʨʩʠʪʝʪʽ, ɸʣʤʘʪʳ פ ,.ץʘʟʘץʩʪʘʥ, kurmangali.dosym@mail.ru  

ʄʳʨʟʘʭʘʥ ɸʢʙʦʪʘ ʄʳʨʟʘʭʘʥץʳʟʳ, ʪʴʶʪʦʨ, פ.ʀ.ʉᴅʪʙʘʝʚ ʘʪʳʥʜʘסʳ פʘʟʘײ ץʣʪʪʳץ 

ʪʝʭʥʠʢʘʣʳץ ʟʝʨʪʪʝʫ ʫʥʠʚʝʨʩʠʪʝʪʽ, ɸʣʤʘʪʳ פ ,.ץʘʟʘץʩʪʘʥ, botawka-93@list.ru  

ɸשʜʘʪʧʘ. ʄʘʰʠʥʘ ʞʘʩʘʫ ʙʘʨʣʳץ ᴇʥʜʽʨʽʩʪʽװ שʰʪʝʥ ʙʽʨ ʙᴇʣʰʝʛʽʥ ײץʨʘʡʪʳʥ ᴅʣʝʤʜʽʢ 

ᴇʥʜʽʨʽʩʪʽש ʞʝʪʝʢʰʽ ʩʘʣʘʩʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʄʘʰʠʥʘ ʞʘʩʘʫʜʳש ʙʘʩʪʳ ʤʘץʩʘʪʳ ʙʘʩץʘ ʩʘʣʘʣʘʨʜʳ 

ʥᴅʪʠʞʝʣʽ ʞײʤʳʩ ʞʘʩʘʫʳ װʰʽʥ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʞʘʙʜʳץʪʘʨʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʊʝʭʥʠʢʘʣʳץ ʧʨʦʛʨʝʩʩʪʝ ᴇʥʜʽʨʽʩʪʽʢ ʧʨʦʮʝʩʩʪʝʨʜʽ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫסʘ ʢᴇʤʝʢʪʝʩʝʪʽʥ ʙʽʣʜʝʢ ʞʘʩʘʫ 

ʤʘשʳʟʜʳ ʨʦʣʴ ʘʪץʘʨʘʜʳ. ɹʽʣʜʝʢ ʞʘʩʘʫ ײץʨʘʤʳʥʘ ײʩʪʘʣʳץ-ʰʪʘʤʧʪʘʫ ʢʽʨʝʜʽ. 

ʆʩʳ ʤʘץʘʣʘ ʤʝʪʘʣʜʘʨʜʳ ץʳʩʳʤʤʝʥ ᴇשʜʝʫ ʩʘʣʘʩʳʥʘ ץʘʪʳʩʪʳ, ʦʥʳש ʽʰʽʥʜʝ װʣʢʝʥ 

 ʘʥסʘʡʪʳʣסʣױ .ʜʝʫʛʝ ʞʘʪʘʜʳשʘʣʳ ʤʝʪʘʣʣ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ᴇסʘʙʳʨץ ʘץײʞᴅʥʝ ʞ ץʳ ʞʘʣʧʘסʪʘץʟʳʥʜʳײ

ʞװʨʽʩʪʽ ʧʨʝʩʩʪʽש ʪʦʣʳץ ʤʝʭʘʥʠʟʤʽ ʞᴅʥʝ ʞײʤʳʩ ʞʘʩʘʫ ʧʨʠʥʮʠʧʽ ʢᴇʨʩʝʪʽʣʛʝʥ. ױʣסʘʡʪʳʣסʘʥ ʞװʨʽʩʪʽ 

ʧʨʝʩʩ ʧʨʦʪʦʪʠʧʽʥʽש ʪʝʭʥʦʣʦʛʠʷʣʳץ ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ʢʝשʝʡʪʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʦʥʳש ʽʰʽʥʜʝ, 

 ʜʝʫʛʝשʟʳʥ ʙʦʣʘʪʳʥ ʜʘʡʳʥʜʘʤʘʣʘʨʜʳ ᴇײ ʠʤʘʩʳ ʜʠʘʤʝʪʨʽʥʝʥ 3-4 ʝʩʝץ שʳ ʢᴇʣʜʝʥʝסʟʳʥʜʳײ

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʘʩʧʘʧʪʳש ʞײʤʳʩ ʞװʨʽʩʽʥ ײʣסʘʡʪʫ. 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ʤʝʭʘʥʠʢʘʣʳץ ʧʨʝʩʩ, ʞײʜʳʨʳץʰʘʣʳ-ʙײʨʘʤʘʣʳ ʧʨʝʩʩ, ץʦʩʠʽʥʜʽ ʧʨʝʩʩ, 

 .ʨʽʩʽװʤʳʩ ʞײʧʨʝʩʩ, ʞ ץʨʽʩʪʽ ʤʝʭʘʥʠʢʘʣʳװʘʥ ʞסʘʡʪʳʣסʣײ
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Abstract. In this article the results of researches in the area of improvement of inflatable airbags 

system in passenger cars performed by authors are presented. Before the improvement of inflatable 

airbags system in passenger cars the patent search of existing systems was done. The patent search 

demonstrated that nowadays the airbags systems in passenger cars with the protection of driver, front seat 

and back seat passengers are known. Analysis demonstrated that the main flaw of such system is the 

absence of protection of central back seat passenger. The proposed design belongs to the protecting 

devices for passenger cars. The operating principle of developed inflatable airbags system for passenger 

cars matches the following description: the airbag system activates after different types of collision, if the 

hitting force exceeds the adjusted level, the impact sensors transmit the signal to the control unit; the 

control unit processes these data and transfers the signal to switch the gas producers (ensuring the 

deployment and inflation of the airbags) on; the response time of airbags is about 40 ms; after reaching 

the passenger the airbags burst and deflate; depending on the direction of impact only certain airbags are 
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activated ï frontal, side, head or knee; for protection of central back passenger in case of the frontal shock 

the airbag with the gas producer is set up in the back part of the panel located between the driver and 

passenger. The patent of the Republic of Kazakhstan for the developed device has been requested. The 

inflatable airbags system for passenger cars has such advantage as possibility to protect the central 

passenger on the backseat which is respectively increase the safety level in the emergency situations. 

Key words: passengersô safety, central passenger on the backseat, passenger cars, airbags, frontal 

back airback. 
 

ʋɼʂ 629.1.04 
 

ʆ.ʊ. ɹʘʣʘʙʘʝʚ
 1
, ɼ.ʂ. ʉʘʨʞʘʥʦʚ

2
,  ʂ.ʂ. ɸʙʠʰʝʚ

3
 

1
ʂʘʨʘʛʘʥʜʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʂʘʨʘʛʘʥʜʘ, ʂʘʟʘʭʩʪʘʥ 
2
ʂʘʟʘʭʩʢʠʡ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʉ. ʉʝʡʬʫʣʣʠʥʘ,  ʛ. ɸʩʪʘʥʘ, ʂʘʟʘʭʩʪʘʥ  

3
ʇʘʚʣʦʜʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʉ. ʊʦʨʘʡʛʳʨʦʚʘ, ʛ. ʇʘʚʣʦʜʘʨ, ʂʘʟʘʭʩʪʘʥ 

 

ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ ʉʀʉʊɽʄʓ ʅɸɼʋɺʅʓʍ ʇʆɼʋʐɽʂ 

ɹɽɿʆʇɸʉʅʆʉʊʀ ɼʃʗ ʇɸʉʉɸɾʀʈʆɺ ʃɽɻʂʆɺʓʍ ɸɺʊʆʄʆɹʀʃɽʁ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ 

ʨʘʙʦʪ, ʚʳʧʦʣʥʝʥʥʳʭ ʘʚʪʦʨʘʤʠ ʚ ʦʙʣʘʩʪʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʥʘʜʫʚʥʳʭ ʧʦʜʫʰʝʢ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʧʘʩʩʘʞʠʨʦʚ ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ. ʇʝʨʝʜ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ 

ʥʘʜʫʚʥʳʭ ʧʦʜʫʰʝʢ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʧʘʩʩʘʞʠʨʦʚ ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʙʳʣ ʧʨʦʚʝʜʝʥ 

ʧʘʪʝʥʪʥʳʡ ʧʦʠʩʢ ʠʟʚʝʩʪʥʳʭ ʩʠʩʪʝʤ. ʇʘʪʝʥʪʥʳʡ ʧʦʠʩʢ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʠʟʚʝʩʪʥʳ ʩʠʩʪʝʤʳ ʥʘʜʫʚʥʳʭ ʧʦʜʫʰʝʢ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʧʘʩʩʘʞʠʨʦʚ ʣʝʛʢʦʚʳʭ 

ʘʚʪʦʤʦʙʠʣʝʡ, ʚ ʢʦʪʦʨʳʭ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʟʘʱʠʪʘ: ʚʦʜʠʪʝʣʷ, ʧʝʨʝʜʥʝʛʦ ʠ ʟʘʜʥʠʭ 

ʧʘʩʩʘʞʠʨʦʚ. ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʪʘʢʠʭ ʩʠʩʪʝʤ  ʷʚʣʷʝʪʩʷ 

ʦʪʩʫʪʩʪʚʠʝ ʟʘʱʠʪʳ ʜʣʷ ʟʘʜʥʝʛʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʘʩʩʘʞʠʨʘ. ʇʨʝʜʣʘʛʘʝʤʘʷ ʨʘʟʨʘʙʦʪʢʘ 

ʦʪʥʦʩʠʪʩʷ ʢ ʟʘʱʠʪʥʳʤ ʫʩʪʨʦʡʩʪʚʘʤ ʜʣʷ ʧʘʩʩʘʞʠʨʦʚ ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ. ʈʘʙʦʪʘ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘʜʫʚʥʳʭ ʧʦʜʫʰʝʢ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʧʘʩʩʘʞʠʨʦʚ ʣʝʛʢʦʚʳʭ 

ʘʚʪʦʤʦʙʠʣʝʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʜʘʨʘʭ ʚ ʣʝʛʢʦʚʳʭ 

ʘʚʪʦʤʦʙʠʣʷʭ ʧʨʦʠʩʭʦʜʠʪ ʘʢʪʠʚʘʮʠʷ ʩʠʩʪʝʤʳ ʥʘʜʫʚʥʳʭ ʧʦʜʫʰʝʢ ʙʝʟʦʧʘʩʥʦʩʪʠ; ʝʩʣʠ ʩʠʣʘ 

ʫʜʘʨʘ ʧʨʝʚʳʰʘʝʪ ʟʘʜʘʥʥʳʡ ʫʨʦʚʝʥʴ, ʜʘʪʯʠʢʠ ʫʜʘʨʘ ʧʝʨʝʜʘʶʪ ʩʠʛʥʘʣʳ ʚ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ; 

ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʦʙʨʘʙʘʪʳʚʘʝʪ ʜʘʥʥʳʝ ʩ ʜʘʪʯʠʢʦʚ ʠ ʧʦʜʘʝʪ ʩʠʛʥʘʣʳ ʜʣʷ ʚʢʣʶʯʝʥʠʷ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʦʚ (ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʘʩʢʨʳʪʠʝ ʠ ʥʘʜʫʚʘʥʠʝ ʛʘʟʦʤ ʧʦʜʫʰʝʢ) 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʜʫʰʝʢ ʙʝʟʦʧʘʩʥʦʩʪʠ; ʚʨʝʤʷ ʩʨʘʙʘʪʳʚʘʥʠʷ ʧʦʜʫʰʝʢ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 40 ʤʩ; ʧʦʩʣʝ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʩ ʧʘʩʩʘʞʠʨʦʤ ʧʦʜʫʰʢʠ ʨʘʟʨʳʚʘʶʪʩʷ ʠ 

ʩʜʫʚʘʶʪʩʷ; ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʫʜʘʨʘ ʘʢʪʠʚʠʨʫʶʪʩʷ ʪʦʣʴʢʦ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʧʦʜʫʰʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ï ʬʨʦʥʪʘʣʴʥʳʝ, ʙʦʢʦʚʳʝ, ʛʦʣʦʚʥʳʝ, ʢʦʣʝʥʥʳʝ; ʜʣʷ ʟʘʱʠʪʳ ʟʘʜʥʝʛʦ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʘʩʩʘʞʠʨʘ ʧʨʠ ʬʨʦʥʪʘʣʴʥʳʭ ʫʜʘʨʘʭ, ʚ ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʷʭ ʚ ʟʘʜʥʶʶ 

ʯʘʩʪʴ ʧʘʥʝʣʠ ʤʝʞʜʫ ʚʦʜʠʪʝʣʝʤ ʠ ʧʝʨʝʜʥʠʤ ʧʘʩʩʘʞʠʨʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʬʨʦʥʪʘʣʴʥʘʷ ʟʘʜʥʷʷ ʧʦʜʫʰʢʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩ ʛʘʟʦʛʝʥʝʨʘʪʦʨʦʤ. ʊʝʭʥʠʯʝʩʢʠʡ ʨʝʟʫʣʴʪʘʪ 

ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʠʥʞʝʥʝʨʥʦʛʦ ʨʝʰʝʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʩʠʩʪʝʤʫ ʥʘʜʫʚʥʳʭ ʧʦʜʫʰʝʢ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʧʘʩʩʘʞʠʨʦʚ ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ, ʩʦʜʝʨʞʘʱʝʡ ʜʘʪʯʠʢʠ ʫʜʘʨʘ, ʙʣʦʢ 

ʫʧʨʘʚʣʝʥʠʷ, ʛʘʟʦʛʝʥʝʨʘʪʦʨʳ, ʧʦʜʫʰʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʬʨʦʥʪʘʣʴʥʳʝ, ʙʦʢʦʚʳʝ, ʛʦʣʦʚʥʳʝ ʠ 

ʢʦʣʝʥʥʳʝ),  ʚʥʝʩʝʥʳ ʩʣʝʜʫʶʱʠʝ ʠʟʤʝʥʝʥʠʷ: ʚ ʟʘʜʥʶʶ ʯʘʩʪʴ ʧʘʥʝʣʠ ʤʝʞʜʫ ʚʦʜʠʪʝʣʝʤ ʠ 

ʧʝʨʝʜʥʠʤ ʧʘʩʩʘʞʠʨʦʤ ʫʩʪʘʥʦʚʣʝʥʘ ʬʨʦʥʪʘʣʴʥʘʷ ʟʘʜʥʷʷ ʧʦʜʫʰʢʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʦʤ. ʅʘ ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʧʦʜʘʥʘ ʟʘʷʚʢʘ ʥʘ ʧʘʪʝʥʪ ʈʂ. ʉʠʩʪʝʤʘ 

ʥʘʜʫʚʥʳʭ ʧʦʜʫʰʝʢ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʧʘʩʩʘʞʠʨʦʚ ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʠʤʝʝʪ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ ʚʠʜʝ ʚʦʟʤʦʞʥʦʩʪʠ ʟʘʱʠʪʳ ʜʣʷ ʟʘʜʥʝʛʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʘʩʩʘʞʠʨʘ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ  ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʠ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʷʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʘʩʩʘʞʠʨʦʚ, ʟʘʜʥʠʡ ʮʝʥʪʨʘʣʴʥʳʡ ʧʘʩʩʘʞʠʨ, 

ʣʝʛʢʦʚʳʝ ʘʚʪʦʤʦʙʠʣʠ, ʧʦʜʫʰʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʬʨʦʥʪʘʣʴʥʘʷ ʟʘʜʥʷʷ ʧʦʜʫʰʢʘ ʙʝʟʦʧʘʩʥʦʩʪʠ. 
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ɺ ʤʠʨʝ ʝʞʝʛʦʜʥʦ ʧʦʨʷʜʢʘ 1,2 

ʤʠʣʣʠʦʥʘ ʯʝʣʦʚʝʢ ʧʦʛʠʙʘʶʪ ʚ 

ʘʚʪʦʢʘʪʘʩʪʨʦʬʘʭ. ʅʝ ʚ ʧʦʩʣʝʜʥʶʶ ʦʯʝʨʝʜʴ 

ʚʣʠʷʶʪ ʥʘ ʠʩʭʦʜ ʧʨʦʠʩʰʝʩʪʚʠʷ 

ʪʝʭʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʘʚʪʦʤʦʙʠʣʷ, ʝʛʦ 

çʬʘʨʰè. ʇʦʵʪʦʤʫ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʠ, ʠ 

ʘʚʪʦʣʶʙʠʪʝʣʠ ʦʟʘʜʘʯʝʥʳ ʧʦʠʩʢʦʤ ʣʫʯʰʠʭ 

ʟʘʱʠʪʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʠ ʫʩʪʨʦʡʩʪʚ. ʂʘʢ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʠʩʧʳʪʘʥʠʷ, ʧʦʜʫʰʢʘ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʦʜʠʪʝʣʷ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʥʠʞʘʝʪ ʨʠʩʢ ʝʛʦ ʛʠʙʝʣʠ (ʨʠʩʫʥʦʢ 1). 

ʊʦʣʴʢʦ ʧʨʝʜʩʪʘʚʴʪʝ, ʤʘʰʠʥʳ ʩʪʦʣʢʥʫʣʠʩʴ 

ʣʦʙ ʚ ʣʦʙ ʠ ʚ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ ʰʦʬʸʨ 

ʧʦʣʫʯʘʝʪ ʰʘʥʩʦʚ ʚʳʞʠʪʴ ʥʘ 20-25% 

ʙʦʣʴʰʝ [1]. 

ʀʥʪʝʨʝʩʥʳʡ ʬʘʢʪ: ʠʟʥʘʯʘʣʴʥʦ ʤʥʦʛʠʝ 

ʩʯʠʪʘʣʠ, ʯʪʦ ʧʦʜʫʰʢʠ ʩʤʦʛʫʪ ʟʘʤʝʥʠʪʴ 

ʨʝʤʥʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʅʦ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ 

ʥʘʠʙʦʣʴʰʠʡ ʵʬʬʝʢʪ ʜʦʩʪʠʛʘʝʪʩʷ, ʢʦʛʜʘ 

ʤʝʭʘʥʠʟʤʳ ʜʝʡʩʪʚʫʶʪ ʜʫʵʪʦʤ. ʉʫʜʠʪʝ 

ʩʘʤʠ. çʇʦʷʩè ʬʠʢʩʠʨʫʝʪ ʯʝʣʦʚʝʢʘ ʚ ʢʨʝʩʣʝ 

ʠ ʟʘʱʠʱʘʝʪ ʦʪ çʙʦʣʪʘʥʠʷè ʧʦ ʩʘʣʦʥʫ. ɸ 

ʚʦʪ ʧʦʜʫʰʢʘ ʩʪʘʥʦʚʠʪʩʷ ʤʷʛʢʦʡ ʧʨʝʛʨʘʜʦʡ 

ʤʝʞʜʫ ʪʝʣʦʤ ʠ ʞʝʣʝʟʢʘʤʠ: ʟʘʱʠʱʘʝʪ ʥʦʛʠ, 

ʣʠʮʦ ʦʪ ʫʜʘʨʘ ʦ ʙʘʨʘʥʢʫ ʠʣʠ ʧʘʥʝʣʴ 

(ʨʠʩʫʥʦʢ 1, ʙ). ɹʦʣʝʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʦʜʫʰʢʠ ʠ ʥʝ ʧʨʠʩʪʸʛʠʚʘʪʴʩʷ 

ʢʘʪʝʛʦʨʠʯʝʩʢʠ ʥʝʣʴʟʷ. ɺʝʜʴ, ʝʩʣʠ ʯʝʣʦʚʝʢ 

ʩʦ ʚʩʝʡ ʩʠʣʳ ʧʦʣʝʪʠʪ ʥʘʚʩʪʨʝʯʫ 

ʨʘʩʢʨʳʚʘʶʱʝʤʫʩʷ çʤʝʰʢʫè, ʪʦ 

ʧʦʩʣʝʜʩʪʚʠʷ ʤʦʛʫʪ ʙʳʪʴ ʪʨʘʛʠʯʥʳʤʠ. 

ʀʤʝʡʪʝ ʚ ʚʠʜʫ, ʯʪʦ çʥʘʜʫʚʥʳʝè ʟʘʱʠʪʥʠʢʠ 

ʥʝ ʨʘʩʩʯʠʪʘʥʳ ʥʘ ʤʥʦʛʦʨʘʟʦʚʳʡ ʢʦʥʪʘʢʪ. ɺ 

ʩʣʫʯʘʝ ʨʘʩʢʨʳʪʠʷ ʧʦʜʫʰʢʫ ʥʫʞʥʦ ʤʝʥʷʪʴ.  

ʉʦʩʪʦʠʪ ʵʪʦʪ ʤʝʭʘʥʠʟʤ ʩʠʩʪʝʤʳ  

ʧʦʜʫʰʝʢ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʟ ʥʝʩʢʦʣʴʢʠʭ 

ʯʘʩʪʝʡ. ʇʝʨʚʦʝ ï ʩʘʤʘ ʧʦʜʫʰʢʘ. ʂʘʢ 

ʧʨʘʚʠʣʦ, ʦʥʘ ʚʳʧʦʣʥʝʥʘ ʠʟ ʥʝʡʣʦʥʘ ʩ 

ʩʠʣʠʢʦʥʦʚʳʤ ʠʣʠ ʨʝʟʠʥʦʚʳʤ ʧʦʢʨʳʪʠʝʤ. 

ʆʙʲʸʤ ʚʦʜʠʪʝʣʴʩʢʦʡ ʧʦʜʫʰʢʠ ʜʦʩʪʠʛʘʝʪ 80 

ʣʠʪʨʦʚ, ʘ ʧʘʩʩʘʞʠʨʩʢʠʭ ï ʜʦ 130. ɺʪʦʨʦʝ ï 

ʜʘʪʯʠʢʠ ʫʜʘʨʘ ʠ ʠʥʝʨʪʥʳʝ ʜʘʪʯʠʢʠ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʩʧʝʨʝʜʠ ʠ ʥʘ ʙʦʢʘʭ ʢʫʟʦʚʘ. 

ʊʨʝʪʴʝ ï ʙʦʢʩ ʩ ʛʘʟʦʤ ʠʣʠ 

ʧʠʨʦʪʝʭʥʠʯʝʩʢʠʡ ʧʘʪʨʦʥ. ɺ çʢʦʨʦʙʦʯʢʝè 

ʥʘʭʦʜʠʪʩʷ ʩʧʝʮʠʘʣʴʥʘʷ çʚʟʨʳʚʥʘʷè ʩʤʝʩʴ. 

ʏʝʪʚʸʨʪʦʝ ï ʵʣʝʢʪʨʦʥʥʳʡ ʧʨʦʮʝʩʩʦʨ. ʊʘʢ 

ʚʦʪ, ʚʩʝ ʵʪʠ ʩʦʩʪʘʚʣʷʶʱʠʝ ʥʫʞʥʳ, ʯʪʦʙʳ 

ʧʨʠ ɼʊʇ ʤʦʣʥʠʝʥʦʩʥʦ ʩʨʝʘʛʠʨʦʚʘʪʴ ʠ 

çʦʪʢʨʳʪʴ ʧʘʨʘʰʶʪè. ʇʨʠʥʮʠʧ ʪʘʢʦʚ: ʚ 

ʤʦʤʝʥʪ ʫʜʘʨʘ ʩʨʘʙʘʪʳʚʘʝʪ ʢʘʢ ʤʠʥʠʤʫʤ 

ʦʜʠʥ ʠʟ ʜʘʪʯʠʢʦʚ. ʆʥ ʨʝʘʛʠʨʫʝʪ ʥʘ 

ʜʘʚʣʝʥʠʝ ʠʣʠ ʥʘ ʥʝʦʧʨʘʚʜʘʥʥʫʶ ʧʨʠʙʘʚʢʫ 

ʩʢʦʨʦʩʪʠ. ʇʦ ʮʝʧʦʯʢʝ ʜʘʪʯʠʢ ʧʦʩʳʣʘʝʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʠʛʥʘʣ ʥʘ ʤʠʢʨʦʧʣʘʪʫ. 

ʇʨʦʮʝʩʩʦʨ ʩʨʘʙʘʪʳʚʘʝʪ ʠ ʜʘʸʪ ʢʦʤʘʥʜʫ ʦ 

ʨʘʩʢʨʳʪʠʠ ʧʠʨʦʪʝʭʥʠʯʝʩʢʦʤʫ ʧʘʪʨʦʥʫ. ɺ 

ʵʪʦʪ ʤʦʤʝʥʪ ʧʨʦʠʩʭʦʜʠʪ ʤʠʥʠ ʚʟʨʳʚ, 

ʚʩʧʣʝʩʢ ʘʟʦʪʘ ʠ ʧʦʜʫʰʢʘ, ʥʘʧʦʣʥʷʷʩʴ 

ʛʘʟʦʤ, ʚʳʩʢʘʢʠʚʘʝʪ ʚʥʫʪʨʴ ʩʘʣʦʥʘ. 

ʇʦʜʫʰʢʘ ʧʨʠ ʨʘʩʢʨʳʪʠʠ ʟʘʢʨʳʚʘʝʪ 

ʩʦʙʦʡ ʚʦʜʠʪʝʣʷ ʠ ʪʘʢ ʩʤʷʛʯʘʝʪ ʫʜʘʨ. ʊʘʢʞʝ 

ʦʥʘ ʩ ʙʦʣʴʰʦʡ ʜʦʣʝʡ ʚʝʨʦʷʪʥʦʩʪʠ ʥʝ ʜʘʩʪ 

ʯʝʣʦʚʝʢʫ ʚʳʣʝʪʝʪʴ ʯʝʨʝʟ ʣʦʙʦʚʦʝ ʩʪʝʢʣʦ. 

ɺʩʸ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʤʦʣʥʠʝʥʦʩʥʦ, 

ʟʘʥʠʤʘʝʪ ʢʘʢʠʝ-ʪʦ ʜʦʣʠ ʩʝʢʫʥʜʳ (ʚ 

ʩʨʝʜʥʝʤ ʧʦʨʷʜʢʘ 0,25 ʩʝʢʫʥʜʳ). ʅʦ ʥʘ ʵʪʦʤ 

ʨʘʙʦʪʘ ʧʦʜʫʰʢʠ ʥʝ ʟʘʢʘʥʯʠʚʘʝʪʩʷ. 

ɿʘʬʠʢʩʠʨʦʚʘʚ ʧʘʩʩʘʞʠʨʦʚ, ʦʥʘ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʜʫʚʘʝʪʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

çʤʝʰʦʢè ʥʝ ʩʪʘʥʝʪ ʧʨʝʛʨʘʜʦʡ ʠ ʥʠʢʦʛʦ ʥʝ 

ʟʘʞʤʸʪ, ʤʝʰʘʷ ʚʳʙʨʘʪʴʩʷ ʠʟ ʤʘʰʠʥʳ. ʍʦʪʷ 

ʝʩʪʴ ʟʜʝʩʴ ʠ ʥʝʜʦʩʪʘʪʦʢ: ʵʬʬʝʢʪ ʧʦʜʫʰʢʠ 

ʦʜʥʦʨʘʟʦʚʳʡ. ʀ ʝʩʣʠ ʚ ʤʦʤʝʥʪ ʘʚʘʨʠʠ 

ʧʨʦʠʩʭʦʜʠʪ, ʥʘʧʨʠʤʝʨ, ʧʘʨʥʦʝ ʧʦʵʪʘʧʥʦʝ 

ʩʪʦʣʢʥʦʚʝʥʠʝ, ʪʦ ʩʨʘʙʦʪʘʝʪ çʤʝʰʦʢè 

ʪʦʣʴʢʦ ʧʨʠ ʧʝʨʚʦʤ çʙʘʭʝè.  

 

       ʘ)                                                                 ʙ) 

                    
 

ʈʠʩ. 1 ï ʉʠʩʪʝʤʳ ʥʘʜʫʚʥʳʭ ʧʦʜʫʰʝʢ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʧʘʩʩʘʞʠʨʦʚ ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ 

Fig. 1 ï Inflatable airbags systems for passenger cars 
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ɽʩʪʴ ʠ ʨʘʟʥʳʝ ʚʠʜʳ ʧʦʜʫʰʝʢ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. ʆʜʥʠ ʩʦʟʜʘʥʳ, ʯʪʦʙʳ 

ʟʘʱʠʪʠʪʴ ʚʦʜʠʪʝʣʷ. ɼʨʫʛʠʝ ï ʜʣʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʘʩʩʘʞʠʨʦʚ. ɽʩʪʴ çʤʝʰʢʠè 

ʜʣʷ ʩʘʣʦʥʘ ʠ ʪʝ, ʯʪʦ ʢʨʝʧʷʪʩʷ ʩʥʘʨʫʞʠ 

ʘʚʪʦ, ʯʪʦʙʳ ʩʤʷʛʯʠʪʴ ʧʦʩʣʝʜʩʪʚʠʷ ʜʣʷ 

ʧʝʰʝʭʦʜʦʚ. ʆʪʜʝʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʳ ʠ 

ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʚʣʘʜʝʣʴʮʝʚ 

ʤʦʪʦʪʨʘʥʩʧʦʨʪʘ, ʯʪʦʙʳ ʧʨʠ çʚʩʪʨʝʯʝè ʣʦʙ 

ʚ ʣʦʙ ʥʝ ʜʘʪʴ ʥʘʝʟʜʥʠʢʫ ʚʳʣʝʪʝʪʴ ʚʧʝʨʸʜ. 

ʇʦʜʫʰʢʠ ʚ ʩʘʣʦʥʝ ʤʦʛʫʪ ʙʳʪʴ ʙʦʢʦʚʳʤʠ ʠ 

ʬʨʦʥʪʘʣʴʥʳʤʠ. 

ʏʘʱʝ ʚʩʝʛʦ ʩʝʡʯʘʩ ʧʨʠʤʝʥʷʶʪ ʢʘʢ 

ʨʘʟ ʬʨʦʥʪʘʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ (ʨʠʩʫʥʦʢ 2, ʘ), 

ʩʦʟʜʘʶʱʠʝ ʙʣʦʢ ʤʝʞʜʫ ʣʶʜʴʤʠ, ʩʠʜʷʱʠʤʠ 

ʩʧʝʨʝʜʠ, ʠ ʧʝʨʝʜʥʝʡ ʯʘʩʪʴʶ ʤʘʰʠʥʳ. ʕʪʠ 

ʧʦʜʫʰʢʠ ʚʤʦʥʪʠʨʦʚʘʥʳ ʚ ʨʫʣʴ ʠ ʚ ʧʘʥʝʣʴ 

ʥʘʧʨʦʪʠʚ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʢʨʝʩʣʘ. 

ʋʯʠʪʳʚʘʡʪʝ, ʯʪʦ, ʝʩʣʠ ʧʘʩʩʘʞʠʨʩʢʦʝ ʤʝʩʪʦ 

ʚ ʚʘʰʝʡ ʤʘʰʠʥʝ ʦʙʝʩʧʝʯʝʥʦ ʬʨʦʥʪʘʣʴʥʦʡ 

ʧʦʜʫʰʢʦʡ, ʪʦ ʧʘʩʩʘʞʠʨ ʜʦʣʞʝʥ ʙʳʪʴ 

ʧʨʝʜʝʣʴʥʦ ʚʥʠʤʘʪʝʣʝʥ. ɻʣʘʚʥʦʝ ʧʨʘʚʠʣʦ: 

ʥʝ ʜʝʨʞʠʪʝ ʥʠʯʝʛʦ ʢʨʫʧʥʦʛʦ (ʜʘʞʝ ʩʫʤʢʫ) 

ʠ ʥʝ ʧʨʠʞʠʤʘʡʪʝ ʢʦʣʝʥʷʤʠ ʧʘʥʝʣʴ. ʀʥʘʯʝ 

ʧʨʠ ʨʘʩʢʨʳʪʠʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʝʨʴʸʟʥʳʝ 

ʪʨʘʚʤʳ. ʅʦ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʩʪʘʥʦʚʢʠ çʚʦʟʜʫʰʥʳʭ ʤʝʰʢʦʚè ʚ ʩʧʠʥʢʘʭ 

ʧʝʨʝʜʥʠʭ ʢʨʝʩʝʣ ʠ ʚ ʜʚʝʨʷʭ ʩʙʦʢʫ (ʨʠʩʫʥʦʢ 

2, ʙ). ʕʪʦ ʠ ʝʩʪʴ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʟʘʱʠʪʘ, 

ʢʦʪʦʨʘʷ ʧʦʢʘ ʯʘʱʝ ʚʩʝʛʦ ʝʩʪʴ ʪʦʣʴʢʦ ʚ 

ʜʦʨʦʛʠʭ ʤʦʜʝʣʷʭ. ʊʘʢʠʝ ʤʝʭʘʥʠʟʤʳ 

ʩʨʘʙʘʪʳʚʘʶʪ ʦʪ ʤʦʱʥʦʛʦ ʪʦʣʯʢʘ ʚ ʙʦʢ 

ʢʫʟʦʚʘ. ʇʦʜʦʙʥʳʝ ʧʦʜʫʰʢʠ ʥʘʟʳʚʘʶʪ 

çʟʘʥʘʚʝʩʢʘʤʠè ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ, ʚʩʢʨʳʚʘʷʩʴ, 

ʦʥʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʦʢʥʘʭ. ʊʘʢʦʝ 

ʧʦʣʦʞʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʟʘʱʠʪʠʪʴ ʛʦʣʦʚʳ ʠ 

ʰʝʠ ʧʘʩʩʘʞʠʨʦʚ.  

ʇʨʦʮʝʩʩ ʥʝ ʩʪʦʠʪ ʥʘ ʤʝʩʪʝ ʠ ʫʞʝ 

ʠʜʸʪ ʨʘʟʨʘʙʦʪʢʘ çʤʝʰʢʦʚè ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʥʝʢʦʪʦʨʳʝ ʚʘʨʠʘʥʪʳ 

ʥʘʩʪʦʣʴʢʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳ ʠ ʨʘʟʫʤʥʳ, ʯʪʦ 

ʩʧʦʩʦʙʥʳ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ ʦʙ 

ʦʛʨʘʥʠʯʝʥʠʠ ʦʙʲʸʤʘ ʧʨʠ ʦʪʢʨʳʪʠʠ. ʊʘʢʦʡ 

ʩʝʙʝ ʩʘʤʦ-ʩʪʦʧ-ʢʦʥʪʨʦʣʴ. ʕʪʦ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʧʦʜʦʙʨʘʪʴ ʧʘʨʘʤʝʪʨʳ 

çʚʟʜʫʪʠʷè ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʧʘʩʩʘʞʠʨʦʚ ʠ ʧʦʣʦʞʝʥʠʷ ʠʭ ʨʝʤʥʝʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ 

ʠʟʙʝʞʘʪʴ ʤʥʦʛʠʭ ʪʨʘʚʤ. ʏʪʦʙʳ ʫʩʪʨʦʡʩʪʚʦ 

ʤʦʛʣʦ ʧʨʦʚʦʜʠʪʴ ʧʦʜʦʙʥʳʡ ʘʥʘʣʠʟ, 

ʧʨʝʜʫʩʤʦʪʨʝʥ ʩʧʝʮʠʘʣʴʥʳʡ ʩʝʥʩʦʨʥʳʡ 

ʤʝʭʘʥʠʟʤ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʚʩʝ ʥʦʫ-ʭʘʫ, ʯʪʦʙʳ 

çʚʦʟʜʫʰʥʳʝ ʤʝʰʢʠè ʩʨʘʙʦʪʘʣʠ ʧʨʘʚʠʣʴʥʦ, 

ʜʦʣʞʥʳ ʧʦʩʪʘʨʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʤʝʭʘʥʠʟʤʳ, 

ʥʦ ʠ ʣʶʜʠ. ʄʳ ʫʞʝ ʛʦʚʦʨʠʣʠ ʦ ʨʝʤʥʝ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. ʊʘʢ ʚʦʪ ʝʱʸ ʨʘʟ ï ʵʪʦ ʥʝ 

ʦʙʩʫʞʜʘʝʪʩʷ, ʦʥ ʜʦʣʞʝʥ ʙʳʪʴ ʧʨʠʩʪʸʛʥʫʪ. 

ʊʘʢʞʝ ʚʥʫʪʨʠ ʩʘʣʦʥʘ ʞʝʣʘʪʝʣʴʥʦ 

ʧʨʠʥʠʤʘʪʴ ʧʨʷʤʳʝ, ʨʦʚʥʳʝ ʧʦʟʳ. ɺʘʨʠʘʥʪ 

ʝʭʘʪʴ ʧʦʣʫʣʸʞʘ ʥʝ ʧʦʜʭʦʜʠʪ. ʊʘʢʞʝ ʥʝ 

ʟʘʢʨʳʚʘʡʪʝ ʠ ʥʝ ʟʘʢʣʝʠʚʘʡʪʝ 

çʢʨʘʩʠʚʦʩʪʷʤʠè ʦʪʚʝʨʩʪʠʷ ʜʣʷ ʚʳʣʝʪʘ 

ʧʦʜʫʰʝʢ. ʆʩʦʙʝʥʥʦ ʦʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ ʥʘ 

ʫʩʪʨʦʡʩʪʚʦ ʚ ʨʫʣʝ ï ʜʝʨʞʠʪʝ ʨʫʢʠ ʩʙʦʢʫ, ʘ 

ʥʝ ʧʦʚʝʨʭ ʨʫʣʝʚʦʛʦ ʢʦʣʝʩʘ.  

 

          ʘ)                                                                 ʙ) 

            
 

ʈʠʩ. 2 ï ʇʦʜʫʰʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ:  

ʘ) ʬʨʦʥʪʘʣʴʥʳʝ ʧʦʜʫʰʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ; ʙ) ʙʦʢʦʚʘʷ ʧʦʜʫʰʢʘ ʙʝʟʦʧʘʩʥʦʩʪʠ 

Fig. 2 ï Airbags: a) frontal airbags; b) side airbag 
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ʆʪʜʝʣʴʥʳʡ ʧʫʥʢʪ ï ʧʦʝʟʜʢʠ ʩ 

ʜʝʪʴʤʠ. ʄʘʣʳʰʠ ʜʦʣʞʥʳ ʝʭʘʪʴ 

ʧʨʠʩʪʸʛʥʫʪʳʤʠ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʜʝʪʩʢʠʭ 

çʧʝʨʝʚʦʟʢʘʭè, ʢʦʪʦʨʳʝ ʢʨʝʧʷʪʩʷ ʥʘ ʟʘʜʥʝʤ 

ʜʠʚʘʥʝ ʤʘʰʠʥʳ.  

ʅʝʦʙʭʦʜʠʤʦ ʙʳʪʴ ʚʥʠʤʘʪʝʣʴʥʳʤ ʠ 

ʥʝ ʜʦʧʫʩʪʠʪʴ, ʯʪʦʙʳ ʪʝʭʥʦʣʦʛʠʠ, 

ʠʟʦʙʨʝʪʸʥʥʳʝ ʜʣʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, 

ʧʨʠʚʝʣʠ ʢ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤʫ ʵʬʬʝʢʪʫ. ʅʠ 

ʥʘ ʤʠʥʫʪʫ ʥʝ ʟʘʙʳʚʘʪʴ, ʯʪʦ, ʝʩʣʠ ʚ 

ʘʚʪʦʤʦʙʠʣʝ ʝʩʪʴ çʥʘʜʫʚʥʳʝè ʧʦʜʫʰʢʠ ʠ 

ʧʫʩʪʴ ʵʪʦ ʙʫʜʝʪ ʧʦʚʦʜʦʤ ʝʟʜʠʪʴ ʝʱʸ ʙʦʣʝʝ 

ʘʢʢʫʨʘʪʥʦ, ʘ ʥʝ çʙʨʦʩʘʪʴʩʷ ʚ ʩʢʦʨʦʩʪʴ ʩ 

ʛʦʣʦʚʦʡè [1]. 

ʇʝʨʝʜ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ 

ʩʠʩʪʝʤʳ ʥʘʜʫʚʥʳʭ ʧʦʜʫʰʝʢ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʜʣʷ ʧʘʩʩʘʞʠʨʦʚ ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʧʘʪʝʥʪʥʳʡ ʧʦʠʩʢ ʠʟʚʝʩʪʥʳʭ 

ʩʠʩʪʝʤ. ʅʘ ʩʝʛʦʜʥʷ ʠʟʚʝʩʪʥʘ ʩʠʩʪʝʤʘ 

ʥʘʜʫʚʥʳʭ ʧʦʜʫʰʝʢ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ 

ʧʘʩʩʘʞʠʨʦʚ ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ, ʚ 

ʢʦʪʦʨʦʡ ʠʤʝʶʪʩʷ  ʜʘʪʯʠʢʠ ʫʜʘʨʘ, ʙʣʦʢ 

ʫʧʨʘʚʣʝʥʠʷ, ʛʘʟʦʛʝʥʝʨʘʪʦʨʳ ʠ ʧʦʜʫʰʢʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ [2]. ʅʝʜʦʩʪʘʪʢʦʤ ʪʘʢʦʡ 

ʩʠʩʪʝʤʳ  ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʟʘʱʠʪʳ ʜʣʷ 

ʟʘʜʥʝʛʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʘʩʩʘʞʠʨʘ. 

ʅʘʠʙʦʣʝʝ ʙʣʠʟʢʠʤ ʢ ʧʨʝʜʣʘʛʘʝʤʦʤʫ 

ʪʝʭʥʠʯʝʩʢʦʤʫ ʨʝʰʝʥʠʶ ʧʦ ʨʝʰʘʝʤʦʡ 

ʟʘʜʘʯʝ ʠ ʜʦʩʪʠʛʘʝʤʦʤʫ ʪʝʭʥʠʯʝʩʢʦʤʫ 

ʨʝʟʫʣʴʪʘʪʫ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʥʘʜʫʚʥʳʭ 

ʧʦʜʫʰʝʢ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʧʘʩʩʘʞʠʨʦʚ 

ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ 

ʜʘʪʯʠʢʠ ʫʜʘʨʘ, ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ, 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʳ ʠ ʧʦʜʫʰʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ 

[3]. ʉʫʱʥʦʩʪʴ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ 

ʠʟʦʙʨʝʪʝʥʠʷ:  

1. ʉʠʩʪʝʤʘ ʥʘʜʫʚʥʳʭ ʧʦʜʫʰʝʢ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʦʪʣʠʯʘʶʱʘʷʩʷ ʪʝʤ, ʯʪʦ 

ʩʠʩʪʝʤʘ ʥʘʜʫʚʥʳʭ ʧʦʜʫʰʝʢ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʩʦʜʝʨʞʠʪ ʥʘʜʫʚʥʫʶ ʧʦʜʫʰʢʫ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʜʣʷ ʪʘʟʘ/ʛʨʫʜʥʦʡ ʢʣʝʪʢʠ ʠ ʥʘʜʫʚʥʫʶ 

ʧʦʜʫʰʢʫ ʙʝʟʦʧʘʩʥʦʩʪʠ  ʜʣʷ ʛʦʣʦʚʳ, ʧʨʠ 

ʵʪʦʤ ʥʘʜʫʚʥʘʷ ʧʦʜʫʰʢʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ 

ʛʦʣʦʚʳ ʨʘʩʧʦʣʦʞʝʥʘ ʣʠʰʴ ʚ ʟʦʥʝ ʟʘʱʠʪʳ 

ʟʘʜʥʝʛʦ ʨʷʜʘ ʩʠʜʝʥʠʡ ʠ ʚʳʧʦʣʥʝʥʘ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʘʩʧʨʘʚʣʝʥʠʷ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʣʘ ʘʚʪʦʤʦʙʠʣʷ, ʧʨʠʯʝʤ 

ʥʘʜʫʚʥʘʷ ʧʦʜʫʰʢʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ 

ʪʘʟʘ/ʛʨʫʜʥʦʡ ʢʣʝʪʢʠ ʨʘʩʧʦʣʦʞʝʥʘ ʚ 

ʙʦʢʦʚʦʡ ʧʘʥʝʣʠ ʩʘʣʦʥʘ ʘʚʪʦʤʦʙʠʣʷ ʠʣʠ ʚ 

ʩʠʜʝʥʴʝ ʟʘʜʥʝʛʦ ʨʷʜʘ ʩʠʜʝʥʠʡ. 

2. ʉʠʩʪʝʤʘ ʧʦ ʧ.1, ʦʪʣʠʯʘʶʱʘʷʩʷ 

ʪʝʤ, ʯʪʦ ʥʘʜʫʚʥʘʷ ʧʦʜʫʰʢʘ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʜʣʷ ʛʦʣʦʚʳ ʚʳʧʦʣʥʝʥʘ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʨʘʩʧʨʘʚʣʝʥʠʷ ʨʘʚʥʦʥʘʧʨʘʚʣʝʥʥʦ ʢ 

ʚʝʨʪʠʢʘʣʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʣʘ ʘʚʪʦʤʦʙʠʣʷ 

ʠʣʠ ʧʦʜ ʫʛʣʦʤ ʢ ʚʝʨʪʠʢʘʣʠ ʜʦ 25Á, 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʜʦ 50Á, ʚ ʯʘʩʪʥʦʩʪʠ ʜʦ 

75Á. 

3. ʉʠʩʪʝʤʘ ʧʦ ʧ.1, ʦʪʣʠʯʘʶʱʘʷʩʷ 

ʪʝʤ, ʯʪʦ ʥʘʜʫʚʥʘʷ ʧʦʜʫʰʢʘ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʜʣʷ ʛʦʣʦʚʳ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʨʘʤʝ ʢʨʳʰʠ  

ʢʫʟʦʚʘ ʘʚʪʦʤʦʙʠʣʷ. 

4. ʉʠʩʪʝʤʘ ʧʦ ʧ.1, ʦʪʣʠʯʘʶʱʘʷʩʷ 

ʪʝʤ, ʯʪʦ ʥʘʜʫʚʥʘʷ ʧʦʜʫʰʢʘ ʙʝʟʦʧʘʩʥʦʩʪʠ  

ʜʣʷ ʛʦʣʦʚʳ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʟʘʜʥʝʡ ʩʪʦʡʢʝ 

ʢʫʟʦʚʘ ʘʚʪʦʤʦʙʠʣʷ. 

5. ɸʚʪʦʤʦʙʠʣʴ, ʦʪʣʠʯʘʶʱʠʡʩʷ ʪʝʤ, 

ʯʪʦ ʦʥ ʩʥʘʙʞʝʥ ʩʠʩʪʝʤʦʡ ʥʘʜʫʚʥʳʭ 

ʧʦʜʫʰʝʢ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦ ʦʜʥʦʤʫ ʠʟ ʧʧ.1-

4. 

ʆʜʥʘʢʦ ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ ʥʝ 

ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʟʘʱʠʪʘ ʜʣʷ ʟʘʜʥʝʛʦ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʘʩʩʘʞʠʨʘ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʠ 

ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʷʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʢʘʟʘʥʥʦʝ 

ʥʝʩʦʚʝʨʰʝʥʩʪʚʦ ʠʟʚʝʩʪʥʳʭ ʩʠʩʪʝʤ 

ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʧʘʩʩʘʞʠʨʦʚ ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʧʨʠ 

ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʷʭ. 

ɺ 2015 ʛʦʜʫ ʦʙʲʝʜʠʥʝʥʥʳʤ 

ʢʦʣʣʝʢʪʠʚʦʤ ʢʘʬʝʜʨ ʪʝʭʥʠʯʝʩʢʠʭ ʚʫʟʦʚ 

ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ʥʘʜʫʚʥʳʭ 

ʧʦʜʫʰʝʢ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʧʘʩʩʘʞʠʨʦʚ 

ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ (ʨʠʩʫʥʦʢ 3). 

ʈʘʟʨʘʙʦʪʢʘ ʦʪʥʦʩʠʪʩʷ ʢ ʟʘʱʠʪʥʳʤ 

ʫʩʪʨʦʡʩʪʚʘʤ ʜʣʷ ʧʘʩʩʘʞʠʨʦʚ ʣʝʛʢʦʚʳʭ 

ʘʚʪʦʤʦʙʠʣʝʡ. ɿʘʜʘʯʝʡ, ʥʘ ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ 

ʥʘʧʨʘʚʣʝʥʦ ʧʨʝʜʣʘʛʘʝʤʦʝ ʠʟʦʙʨʝʪʝʥʠʝ, 

ʷʚʣʷʝʪʩʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʠʩʪʝʤʳ 

ʥʘʜʫʚʥʳʭ ʧʦʜʫʰʝʢ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ 

ʧʘʩʩʘʞʠʨʦʚ ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ, ʧʫʪʝʤ 

ʫʩʪʘʥʦʚʢʠ ʚ ʟʘʜʥʶʶ ʯʘʩʪʴ ʧʘʥʝʣʠ ʤʝʞʜʫ 

ʚʦʜʠʪʝʣʝʤ ʠ ʧʝʨʝʜʥʠʤ ʧʘʩʩʘʞʠʨʦʤ 

ʧʦʜʫʰʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩ ʛʘʟʦʛʝʥʝʨʘʪʦʨʦʤ. 
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ʈʠʩ. 3 ï ʉʠʩʪʝʤʘ ʥʘʜʫʚʥʳʭ ʧʦʜʫʰʝʢ ʙʝʟʦʧʘʩʥʦʩʪʠ  ʜʣʷ ʧʘʩʩʘʞʠʨʦʚ ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ:  

ʬʨʦʥʪʘʣʴʥʳʝ ʧʦʜʫʰʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ï 1, ʙʦʢʦʚʳʝ ʧʦʜʫʰʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ï 2, ʛʦʣʦʚʥʳʝ ʧʦʜʫʰʢʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ï 3, ʢʦʣʝʥʥʳʝ ʧʦʜʫʰʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ï 4; 

ʬʨʦʥʪʘʣʴʥʘʷ ʟʘʜʥʷʷ ʧʦʜʫʰʢʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ï 5 

Fig. 3 ï Inflatable airbags systems for passenger cars: frontal airbags ï 1, side airbags ï 2,  

head airbags ï 3, knee airbags ï 4; frontal back airbag ï 5 
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ʈʘʙʦʪʘ ʩʠʩʪʝʤʳ ʥʘʜʫʚʥʳʭ ʧʦʜʫʰʝʢ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʧʘʩʩʘʞʠʨʦʚ ʣʝʛʢʦʚʳʭ 

ʘʚʪʦʤʦʙʠʣʝʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ (ʨʠʩʫʥʦʢ 3): ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʫʜʘʨʘʭ ʚ ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʷʭ 

ʧʨʦʠʩʭʦʜʠʪ ʘʢʪʠʚʘʮʠʷ ʩʠʩʪʝʤʳ ʥʘʜʫʚʥʳʭ 

ʧʦʜʫʰʝʢ ʙʝʟʦʧʘʩʥʦʩʪʠ; ʝʩʣʠ ʩʠʣʘ ʫʜʘʨʘ 

ʧʨʝʚʳʰʘʝʪ ʟʘʜʘʥʥʳʡ ʫʨʦʚʝʥʴ, ʜʘʪʯʠʢʠ 

ʫʜʘʨʘ ʧʝʨʝʜʘʶʪ ʩʠʛʥʘʣʳ ʚ ʙʣʦʢ 

ʫʧʨʘʚʣʝʥʠʷ; ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ 

ʦʙʨʘʙʘʪʳʚʘʝʪ ʜʘʥʥʳʝ ʩ ʜʘʪʯʠʢʦʚ ʠ ʧʦʜʘʝʪ 

ʩʠʛʥʘʣʳ ʜʣʷ ʚʢʣʶʯʝʥʠʷ ʛʘʟʦʛʝʥʝʨʘʪʦʨʦʚ 

(ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʘʩʢʨʳʪʠʝ ʠ ʥʘʜʫʚʘʥʠʝ 

ʛʘʟʦʤ ʧʦʜʫʰʝʢ) ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʜʫʰʝʢ 

ʙʝʟʦʧʘʩʥʦʩʪʠ; ʚʨʝʤʷ ʩʨʘʙʘʪʳʚʘʥʠʷ 

ʧʦʜʫʰʝʢ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 

40 ʤʩ; ʧʦʩʣʝ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʩ 

ʧʘʩʩʘʞʠʨʦʤ ʧʦʜʫʰʢʠ ʨʘʟʨʳʚʘʶʪʩʷ ʠ 

ʩʜʫʚʘʶʪʩʷ; ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ 

ʫʜʘʨʘ ʘʢʪʠʚʠʨʫʶʪʩʷ ʪʦʣʴʢʦ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʧʦʜʫʰʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ï ʬʨʦʥʪʘʣʴʥʳʝ, 

ʙʦʢʦʚʳʝ, ʛʦʣʦʚʥʳʝ, ʢʦʣʝʥʥʳʝ; ʜʣʷ ʟʘʱʠʪʳ 

ʟʘʜʥʝʛʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʘʩʩʘʞʠʨʘ ʧʨʠ 

ʬʨʦʥʪʘʣʴʥʳʭ ʫʜʘʨʘʭ, ʚ ʣʝʛʢʦʚʳʭ 

ʘʚʪʦʤʦʙʠʣʷʭ ʚ ʟʘʜʥʶʶ ʯʘʩʪʴ ʧʘʥʝʣʠ ʤʝʞʜʫ 

ʚʦʜʠʪʝʣʝʤ ʠ ʧʝʨʝʜʥʠʤ ʧʘʩʩʘʞʠʨʦʤ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʬʨʦʥʪʘʣʴʥʘʷ ʟʘʜʥʷʷ ʧʦʜʫʰʢʘ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʩ ʛʘʟʦʛʝʥʝʨʘʪʦʨʦʤ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʩʠʩʪʝʤʳ ʧʫʪʝʤ ʫʩʪʘʥʦʚʢʠ ʚ ʟʘʜʥʶʶ ʯʘʩʪʴ 

ʧʘʥʝʣʠ ʤʝʞʜʫ ʚʦʜʠʪʝʣʝʤ ʠ ʧʝʨʝʜʥʠʤ 

ʧʘʩʩʘʞʠʨʦʤ ʧʦʜʫʰʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʦʤ, ʧʦʜʘʥʘ ʟʘʷʚʢʘ ʥʘ ʧʘʪʝʥʪ 

ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ [4]. 

ʀʟʦʙʨʝʪʝʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ ʟʘʱʠʪʥʳʤ 

ʫʩʪʨʦʡʩʪʚʘʤ ʜʣʷ ʧʘʩʩʘʞʠʨʦʚ ʣʝʛʢʦʚʳʭ 

ʘʚʪʦʤʦʙʠʣʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢ ʩʠʩʪʝʤʘʤ 

ʥʘʜʫʚʥʳʭ ʧʦʜʫʰʝʢ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʊʝʭʥʠʯʝʩʢʠʡ ʨʝʟʫʣʴʪʘʪ ʧʨʝʜʣʘʛʘʝʤʦʛʦ 

ʠʥʞʝʥʝʨʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʧʦʚʳʰʝʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʘʩʩʘʞʠʨʦʚ 

ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʧʨʠ ʘʚʘʨʠʡʥʳʭ 

ʩʠʪʫʘʮʠʷʭ. ʕʪʦʪ ʪʝʭʥʠʯʝʩʢʠʡ ʨʝʟʫʣʴʪʘʪ 

ʜʦʩʪʠʛʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʩʠʩʪʝʤʫ ʥʘʜʫʚʥʳʭ 

ʧʦʜʫʰʝʢ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʧʘʩʩʘʞʠʨʦʚ 

ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ, ʩʦʜʝʨʞʘʱʝʡ 

ʜʘʪʯʠʢʠ ʫʜʘʨʘ, ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ, 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʳ, ʧʦʜʫʰʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ 

(ʬʨʦʥʪʘʣʴʥʳʝ, ʙʦʢʦʚʳʝ, ʛʦʣʦʚʥʳʝ ʠ 

ʢʦʣʝʥʥʳʝ),  ʚʥʝʩʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʠʟʤʝʥʝʥʠʷ: ʚ ʟʘʜʥʶʶ ʯʘʩʪʴ ʧʘʥʝʣʠ ʤʝʞʜʫ 

ʚʦʜʠʪʝʣʝʤ ʠ ʧʝʨʝʜʥʠʤ ʧʘʩʩʘʞʠʨʦʤ 

ʫʩʪʘʥʦʚʣʝʥʘ ʬʨʦʥʪʘʣʴʥʘʷ ʟʘʜʥʷʷ ʧʦʜʫʰʢʘ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʩ ʛʘʟʦʛʝʥʝʨʘʪʦʨʦʤ. ɼʣʷ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʨʘʮʠʦʥʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʥʝʦʙʭʦʜʠʤʳ ʜʝʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʮʠʬʨʦʚʦʡ 

ʤʦʜʝʣʠ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ ʧʨʠʢʣʘʜʥʳʭ 

ʧʨʦʛʨʘʤʤ SolidWorks ʠʣʠ  ANSYS. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ 

ʩʠʩʪʝʤʘ ʥʘʜʫʚʥʳʭ ʧʦʜʫʰʝʢ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʜʣʷ ʧʘʩʩʘʞʠʨʦʚ ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ 

ʠʤʝʝʪ ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ ʚʠʜʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʟʘʱʠʪʳ ʜʣʷ ʟʘʜʥʝʛʦ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʧʘʩʩʘʞʠʨʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ  
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Abstract. Road transport is the most accessible means of transportation in our country, and at the 

same time is the most dangerous means, as 95% of all traffic accidents fall on it. Almost 70% of accidents 

entail serious consequences and are a serious social, economic and moral-psychological problem, 

respectively maximally error-free examination of accidents, as well as the impartiality of decisions of 

judicial auto-technical experts play an important role in the transport sector. Examination methodology, 

existing in Kazakhstan now, is imperfect and somewhat incorrect in relation to modern vehicles, as it was 

developed in the 1980s and includes outdated research data on the characteristics of the braking system of 

domestic vehicles. In the calculation formulas of this technique, the influence of operational factors on the 

braking time of vehicles is not taken into account, therefore the values of the measured quantities in 

determining the vehicle speed, time and path of braking may be unreliable. It is proposed to improve the 

existing method of examination, by introducing an additional correction factor Kc. This factor will help to 

adjust the value of the timing parameters of the brake system. 

Key words: road accidents, examination and analysis of accidents, technique of autotechnical 

expertise, braking process, braking time of vehicles, uncertainty of data in calculations. 
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1
ʂʘʟʘʭʩʢʘʷ ʘʢʘʜʝʤʠʷ ʪʨʘʥʩʧʦʨʪʘ ʠ ʢʦʤʤʫʥʠʢʘʮʠʡ ʠʤ. ʄ. ʊʳʥʳʰʧʘʝʚʘ, ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

 

ʉʈɸɺʅʀʊɽʃʔʅɸʗ ʆʎɽʅʂɸ ʄɽʊʆɼʀʂʀ ʕʂʉʇɽʈʊʀɿʓ ɼʆʈʆɾʅʆ-

ʊʈɸʅʉʇʆʈʊʅʓʍ ʇʈʆʀʉʐɽʉʊɺʀʁ ɸɺʊʆʊʈɸʅʉʇʆʈʊʅʓʍ ʉʈɽɼʉʊɺ ɿɸ 

ʈʋɹɽɾʆʄ ʀ ɺ ʈɽʉʇʋɹʃʀʂɽ ʂɸɿɸʍʉʊɸʅ 
 

ɸʥʥʦʪʘʮʠʷ. ɸʚʪʦʤʦʙʠʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʜʦʩʪʫʧʥʳʤ ʩʨʝʜʩʪʚʦʤ 

ʧʝʨʝʜʚʠʞʝʥʠʷ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ, ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ  ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʤ ʩʨʝʜʩʪʚʦʤ, 

ʪʘʢ ʢʘʢ 95% ʚʩʝʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ ʧʨʠʭʦʜʠʪʩʷ ʠʤʝʥʥʦ ʥʘ ʥʝʛʦ. ʇʦʯʪʠ  70 % 

ʜʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ (ʜʘʣʝʝ ɼʊʇ) ʚʣʝʢʫʪ ʟʘ ʩʦʙʦʡ ʪʷʞʝʣʳʝ ʧʦʩʣʝʜʩʪʚʠʷ 

ʠ ʷʚʣʷʶʪʩʷ ʩʝʨʴʸʟʥʦʡ ʩʦʮʠʘʣʴʥʦʡ, ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ ʤʦʨʘʣʴʥʦ-ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʡ 

ʧʨʦʙʣʝʤʦʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʘʢʩʠʤʘʣʴʥʦ-ʙʝʟʦʰʠʙʦʯʥʦʝ ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʪʠʟʳ ɼʊʇ, ʘ 

ʪʘʢʞʝ ʦʙʲʝʢʪʠʚʥʦʩʪʴ ʨʝʰʝʥʠʡ ʩʫʜʝʙʥʳʭ ʘʚʪʦʪʝʭʥʠʯʝʩʢʠʭ ʵʢʩʧʝʨʪʦʚ ʠʛʨʘʶʪ ʚʘʞʥʝʡʰʫʶ 

ʨʦʣʴ ʚ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʡ ʩʬʝʨʝ. ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʪʠʟʳ, ʩʫʱʝʩʪʚʫʶʱʘʷ  ʚ ʂʘʟʘʭʩʪʘʥʝ 

ʩʝʡʯʘʩ, ʥʝʩʦʚʝʨʰʝʥʥʘ  ʠ ʥʝʩʢʦʣʴʢʦ ʥʝʢʦʨʨʝʢʪʥʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʦʚʨʝʤʝʥʥʳʤ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʤ ʩʨʝʜʩʪʚʘʤ, ʪʘʢ ʢʘʢ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʚ 1980-ʝ ʛʦʜʳ ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʫʩʪʘʨʝʚʰʠʝ ʜʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʦʨʤʦʟʥʦʡ ʩʠʩʪʝʤʳ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ 

ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺ ʨʘʩʯʸʪʥʳʭ ʬʦʨʤʫʣʘʭ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ 

ʚʣʠʷʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʚʨʝʤʷ ʪʦʨʤʦʞʝʥʠʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ, ʧʦʵʪʦʤʫ  

ʟʥʘʯʝʥʠʷ ʠʟʤʝʨʷʝʤʳʭ ʚʝʣʠʯʠʥ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʊʉ, ʚʨʝʤʝʥʠ ʠ ʧʫʪʠ 

ʪʦʨʤʦʞʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʥʝʜʦʩʪʦʚʝʨʥʳʤʠ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʠʤʝʶʱʠʡʩʷ 

ʤʝʪʦʜ ʵʢʩʧʝʨʪʠʟʳ, ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ  ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʨʨʝʢʪʠʨʫʶʱʝʛʦ ʢʦʬʬʠʮʠʝʥʪ ʂʢ.  

ɼʘʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ  ʧʦʤʦʞʝʪ  ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʚʨʝʤʝʥʠ 

ʩʨʘʙʘʪʳʚʘʥʠʷ ʪʦʨʤʦʟʥʦʡ ʩʠʩʪʝʤʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɼʊʇ, ʵʢʩʧʝʨʪʠʟʘ ʠ ʘʥʘʣʠʟ ɼʊʇ, ʤʝʪʦʜʠʢʘ ʘʚʪʦʪʝʭʥʠʯʝʩʢʦʡ 

ʵʢʩʧʝʨʪʠʟʳ, ʧʨʦʮʝʩʩ ʪʦʨʤʦʞʝʥʠʷ, ʚʨʝʤʷ ʪʦʨʤʦʞʝʥʠʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ, ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ 

ʜʘʥʥʳʭ ʚ ʨʘʩʯʸʪʘʭ. 
 

ɸʥʘʣʠʟʠʨʫʷ ʜʘʥʥʳʝ ʄʠʥʠʩʪʝʨʩʪʚʘ 

ʥʘʮʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦʤʠʢʠ ʈʝʩʧʫʙʣʠʢʠ 

ʂʘʟʘʭʩʪʘʥ [1] ʩ 2001 ʧʦ 2017 ʛʦʜ                 

(ʈʠʩʫʥʦʢ 1) ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʯʠʩʣʝʥʥʦʩʪʴ ʜʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʧʨʦʠʩʰʝʩʪʚʠʡ ʥʘ ʜʦʨʦʛʘʭ ʈʝʩʧʫʙʣʠʢʠ 

ʂʘʟʘʭʩʪʘʥ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ. 

ʇʦʯʪʠ 70 % ɼʊʇ ʚʣʝʢʫʪ ʟʘ ʩʦʙʦʡ ʪʷʞʝʣʳʝ 

ʧʦʩʣʝʜʩʪʚʠʷ ʠ ʷʚʣʷʶʪʩʷ ʩʝʨʴʸʟʥʦʡ 

ʩʦʮʠʘʣʴʥʦʡ, ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ ʤʦʨʘʣʴʥʦ-

ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʦʡ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʳʷʚʣʝʥʠʝ ʠʩʪʠʥʥʳʭ 

ʧʨʠʯʠʥ ɼʊʇ, ʤʘʢʩʠʤʘʣʴʥʦ-ʙʝʟʦʰʠʙʦʯʥʦʝ 

ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʪʠʟʳ ɼʊʇ, ʘ ʪʘʢʞʝ 

ʦʙʲʝʢʪʠʚʥʦʩʪʴ ʨʝʰʝʥʠʡ ʩʫʜʝʙʥʳʭ 

ʘʚʪʦʪʝʭʥʠʯʝʩʢʠʭ ʵʢʩʧʝʨʪʦʚ ʠʛʨʘʶʪ 

ʚʘʞʥʝʡʰʫʶ ʨʦʣʴ ʚ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʡ 

ʩʬʝʨʝ.  
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ʈʠʩ. 1 - ɼʠʥʘʤʠʢʘ ʜʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ ʥʘ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛʘʭ ʈʂ 

Fig. 1- Dynamics of road accidents on the roads of the Republic of Kazakhstan 

 

ʇʨʠʯʠʥ ʠ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ɼʊʇ, ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʠ ʟʘʯʘʩʪʫʶ ʵʪʦ ʥʝ ʦʜʠʥ, ʘ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ 

ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʩʣʠʚʘʶʪʩʷ ʚ 

ʧʨʠʯʠʥʫ ʧʨʦʠʩʰʝʩʪʚʠʷ. ɺʦʟʤʦʞʥʦʩʪʴ 

ʧʨʝʜʦʪʚʨʘʪʠʪʴ ɼʊʇ ʩʚʷʟʘʥʘ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʧʨʦʮʝʩʩʦʤ ʪʦʨʤʦʞʝʥʠʷ, 

ʩʦʩʪʦʷʥʠʝʤ ʪʦʨʤʦʟʥʦʡ ʩʠʩʪʝʤʦʡ 

ʘʚʪʦʤʦʙʠʣʷ, ʧʩʠʭʦ-ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ 

ʩʦʩʪʦʷʥʠʝʤ ʚʦʜʠʪʝʣʷ ʠ  ʜʨ. ʀʤʝʶʱʠʡʩʷ ʥʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʤʝʪʦʜ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ɼʊʇ   

ʥʝ ʫʯʠʪʳʚʘʝʪ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ 

ʬʘʢʪʦʨʳ. ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʪʠʟʳ, ʢʦʪʦʨʘʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ 

ʂʘʟʘʭʩʪʘʥʝ, ʦʩʥʦʚʘʥʘ ʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ  

ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʦʨʤʦʟʥʦʡ 

ʩʠʩʪʝʤʳ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ 

ʩʦʚʝʪʩʢʦʛʦ  ʧʨʦʠʟʚʦʜʩʪʚʘ, ʠ ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʚ 80-ʝ ʛʦʜʳ ʧʨʦʰʝʜʰʝʛʦ 

ʩʪʦʣʝʪʠʷ. ɸ, ʝʩʣʠ ʩʝʡʯʘʩ ʚʟʛʣʷʥʫʪʴ ʥʘ  

ʘʚʪʦʤʦʙʠʣʴʥʳʡ ʨʳʥʦʢ ʥʘʰʝʡ ʈʝʩʧʫʙʣʠʢʠ,  

ʪʦ ʫʚʠʜʠʤ, ʯʪʦ ʧʦʯʪʠ 90%  ʦʪ ʚʩʝʛʦ 

ʘʚʪʦʧʘʨʢʘ ʂʘʟʘʭʩʪʘʥʘ ʩʦʩʪʘʚʣʷʶʪ 

ʘʚʪʦʤʦʙʠʣʠ ʟʘʨʫʙʝʞʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ 

ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʤʦʱʥʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʝʡ ʪʦʨʤʦʟʥʦʡ ʩʠʩʪʝʤʳ. ʊʘʢʞʝ 

ʠʩʧʦʣʴʟʫʝʤʘʷ ʤʝʪʦʜʠʢʘ ʵʢʩʧʝʨʪʠʟʳ ʥʝ 

ʫʯʠʪʳʚʘʝʪ ʪʘʢʠʝ ʬʘʢʪʦʨʳ ʢʘʢ: ʠʟʥʦʩ 

ʨʘʙʦʯʠʭ ʵʣʝʤʝʥʪʦʚ, ʩʦʩʪʦʷʥʠʝ ʪʦʨʤʦʟʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ, ʢʘʯʝʩʪʚʦ ʧʨʦʚʝʜʝʥʥʳʭ ʊʆ. ʅʘ 

ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʵʪʠ ʬʘʢʪʦʨʳ ʢʘʞʫʪʩʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ, ʪʘʢ ʢʘʢ ʠʭ ʟʥʘʯʝʥʠʷ 

ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʚʨʝʤʷ ʪʦʨʤʦʞʝʥʠʷ ʥʘ ʜʦʣʠ 

ʩʝʢʫʥʜʳ, ʥʦ ʜʘʞʝ ʜʝʩʷʪʳʝ ʠ ʩʦʪʳʝ ʜʦʣʠ 

ʩʝʢʫʥʜʳ ʷʚʣʷʶʪʩʷ ʚʝʩʦʤʳʤʠ, ʢʦʛʜʘ ʨʝʯʴ 

ʠʜʸʪ ʦ ʯʝʣʦʚʝʯʝʩʢʦʡ ʞʠʟʥʠ.    

 ʀʟʫʯʠʚ ʵʪʠ ʚʦʧʨʦʩʳ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʱʘʷ ʤʝʪʦʜʠʢʘ 

ʥʝʩʦʚʝʨʰʝʥʥʘ  ʠ ʥʝʩʢʦʣʴʢʦ ʥʝʢʦʨʨʝʢʪʥʘ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʩʦʚʨʝʤʝʥʥʳʤ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʤ ʩʨʝʜʩʪʚʘʤ. ʕʪʦ 

ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ  ʚʝʨʥʦʩʪʴ ʠʪʦʛʦʚʦʛʦ 

ʟʘʢʣʶʯʝʥʠʷ ʩʫʜʝʙʥʦʛʦ ʠ ʘʚʪʦʪʝʭʥʠʯʝʩʢʦʛʦ 

ʵʢʩʧʝʨʪʘ ʦ ʭʘʨʘʢʪʝʨʝ ʠ  ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ  ɼʊʇ.   

  ɼʣʷ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʛʦ ʨʘʟʲʷʩʥʝʥʠʷ 

ʨʘʩʩʤʦʪʨʠʤ ʜʚʘ ʠʟ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʨʘʩʯʸʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʦʨʤʦʟʥʦʡ 

ʩʠʩʪʝʤʳ ʤʘʰʠʥʳ:  ʢʦʵʬʬʠʮʠʝʥʪ ʩʮʝʧʣʝʥʠʷ 

ʰʠʥ ʩ ʜʦʨʦʞʥʳʤ ʧʦʢʨʳʪʠʝʤ -ű  ʠ ʩʢʦʨʦʩʪʠ 

ʘʚʪʦʤʦʙʠʣʷ ʧʝʨʝʜ ʪʦʨʤʦʞʝʥʠʝʤ- Va . 

ɿʥʘʯʝʥʠʷ  ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʮʝʧʣʝʥʠʷ 

ʰʠʥ ʩ ʜʦʨʦʞʥʳʤ ʧʦʢʨʳʪʠʝʤ ʜʘʶʪʩʷ ʚ 

ʥʦʨʤʘʪʠʚʥʦʤ ʜʦʢʫʤʝʥʪʝ ʧʦ ʵʢʩʧʝʨʪʠʟʝ 

ɼʊʇ [2]. ɽʛʦ ʟʥʘʯʝʥʠʷ ʠʟʤʝʥʷʝʪʩʷ 
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ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʘʯʝʩʪʚʝʥʥʦʤʫ ʩʦʩʪʦʷʥʠʶ 

ʜʦʨʦʛʠ, ʢ ʧʨʠʤʝʨʫ, ʜʣʷ ʩʫʭʦʛʦ ʘʩʬʘʣʴʪʦ-

ʮʝʤʝʥʪʦʙʝʪʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʦʥʦ 

ʚʘʨʴʠʨʫʝʪ ʦʪ 0,68-0,8. ɸ ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ 

ʵʢʩʧʝʨʪ ʚʳʙʠʨʘʝʪ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʝ, ʧʦ 

ʝʛʦ ʤʥʝʥʠʶ, ʟʥʘʯʝʥʠʝ ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ. 

ʊʝʤ ʩʘʤʳʤ ʠʩʢʘʞʘʷ ʪʦʯʥʦʩʪʴ ʠʪʦʛʦʚ 

ʵʢʩʧʝʨʪʠʟʳ.  ɽʩʣʠ ʚʟʷʪʴ ʧʘʨʘʤʝʪʨ  Va , ʪʦ 

ʦʥ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

ὠ ρȟψϽὮϽὸ ςφϽὮϽὛ̟  ˎ    (1) 

 

ʛʜʝ  j - ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʤʝʜʣʝʥʠʷ 

ʘʚʪʦʤʦʙʠʣʷ; 

      t3 - ʚʨʝʤʷ ʥʘʨʘʩʪʘʥʠʷ ʟʘʤʝʜʣʝʥʠʷ; 

     Sʁ  - ʜʣʠʥʘ ʶʟʘ; 

     ɹ- ʙʘʟʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ   

ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʤʝʜʣʝʥʠʷ 

ʘʚʪʦʤʦʙʠʣʷ j ʚʳʙʠʨʘʝʪʩʷ ʠʟ ʩʧʨʘʚʦʯʥʦʡ 

ʣʠʪʝʨʘʪʫʨʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʣʠʥʳ ʶʟʘ 

Sʁ . ʅʦ ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ ï 

ʚʳʙʨʘʥʥʦʝ ʟʥʘʯʝʥʠʝ  ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʟʘʤʝʜʣʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ ʟʘʯʘʩʪʫʶ ʷʚʣʷʝʪʩʷ 

ʥʝʚʝʨʥʳʤ ʚʩʣʝʜʩʪʚʠʝ ʨʷʜʘ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠ 

ʩʦʚʝʨʰʝʥʥʦ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʩʦʩʪʦʷʥʠʝ 

ʪʦʨʤʦʟʥʦʡ ʩʠʩʪʝʤʳ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚ, ʯʪʦ ʚʣʝʯʸʪ ʟʘ ʩʦʙʦʡ  ʥʝʚʝʨʥʦ 

ʨʘʩʩʯʠʪʘʥʥʫʶ  ʩʢʦʨʦʩʪʴ ʘʚʪʦʤʦʙʠʣʷ ʧʝʨʝʜ 

ʪʦʨʤʦʞʝʥʠʝʤ - Va. 

ʇʨʦʙʣʝʤʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ 

ʜʘʥʥʳʭ ʧʨʠ ʵʢʩʧʝʨʪʠʟʝ ʜʦʨʦʞʥʦ-

ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ ʙʳʣʘ ʦʪʢʨʳʪʘ 

ʝʱʸ ʚ ʢʦʥʮʝ 80-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ. 

ɺ.ɸ. ʀʣʣʘʨʠʦʥʦʚ - ʫʯʸʥʳʡ ʚ ʦʙʣʘʩʪʠ 

ʘʚʪʦʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʝʨʪʠʟʳ, ʦʙʲʷʩʥʠʣ, 

ʯʪʦ ʫʯʠʪʳʚʘʷ ʥʝʠʟʙʝʞʥʦʝ ʨʘʩʩʝʷʥʠʝ 

ʩʧʨʘʚʦʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʭ ʪʘʙʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ, ʜʣʷ 

ʨʘʩʯʝʪʦʚ ʧʘʨʘʤʝʪʨʦʚ ʪʦʨʤʦʟʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʚʪʦʤʦʙʠʣʷ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʠʤʝʥʷʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ [3]. ɺ 

ʥʘʫʯʥʳʭ ʪʨʫʜʘʭ ʀʣʣʘʨʠʦʥʦʚʘ ɺ.ɸ. 

ʦʙʦʩʥʦʚʘʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʩʮʝʧʣʝʥʠʷ ʰʠʥ ʩ ʜʦʨʦʞʥʳʤ ʧʦʢʨʳʪʠʝʤ ʥʘ 

ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʫʯʘʩʪʢʝ  ʜʦʨʦʛʠ, ʯʝʨʝʟ 

ʢʘʞʜʳʝ 15-20 ʩʤ ʪʦʨʤʦʟʥʦʛʦ ʧʫʪʠ ʤʦʛʫʪ 

ʠʟʤʝʥʷʪʴʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ                            

30-50%  [3],  [4]. 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ ī ʟʥʘʯʝʥʠʶ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʮʝʧʣʝʥʠʷ, ʨʘʩʩʯʠʪʘʥʥʳʡ 

ʢʘʢ ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʠʡ ʧʦ ʚʩʝʡ ʜʣʠʥʝ 

ʪʦʨʤʦʟʥʦʛʦ ʩʣʝʜʘ,  ʙʫʜʝʪ ʪʘʢʞʝ ʧʨʠʩʫʱʝ 

ʩʣʫʯʘʡʥʦʝ ʨʘʩʩʝʷʥʠʝ. ʇʝʨʝʜ ʩʣʝʜʦʚʘʪʝʣʝʤ 

ʠʣʠ ʵʢʩʧʝʨʪʦʤ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʦʮʝʥʠʪʴ 

ʵʪʦ ʨʘʩʩʝʷʥʠʝ. ʂʘʞʜʳʡ ʠʟ ʥʠʭ ʩʜʝʣʘʪʴ 

ʵʪʦʛʦ ʥʝ ʩʤʦʛʫʪ, ʪ.ʢ. ʥʠ ʚ ʩʧʨʘʚʦʯʥʳʭ 

ʪʘʙʣʠʮʘʭ, ʥʠ ʚ ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ 

ʪʘʢʠʭ ʦʮʝʥʦʢ ʥʝ ʧʨʠʚʦʜʠʪʩʷ [5]. 

ɺ ʈʦʩʩʠʠ ʚ 2000-ʳʭ ʛʦʜʘʭ ʙʳʣ 

ʧʨʦʚʝʜʸʥ ʨʷʜ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʨʝʟʫʣʴʪʘʪʳ 

ʢʦʪʦʨʳʭ ʫʪʦʯʥʠʣʠ ʨʘʩʯʝʪ  ʧʘʨʘʤʝʪʨʦʚ 

ʟʘʤʝʜʣʝʥʠʷ ʚ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʨʘʩʯʝʪʥʳʭ ʬʦʨʤʫʣʘʭ, ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ 

ʩʢʦʨʦʩʪʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ, ʪʦʨʤʦʟʥʦʛʦ ʧʫʪʠ 

ʠ ʫʜʘʣʝʥʠʝ ʦʪ ʤʝʩʪʘ ʥʘʝʟʜʘ ʠʣʠ 

ʩʪʦʣʢʥʦʚʝʥʠʷ ʘʚʪʦʤʦʙʠʣʝʡ. ʈʝʰʝʥʠʝʤ 

ʚʦʧʨʦʩʘ ʩʪʘʣʦ ʚʚʝʜʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ɣ1 

ɣ 2 ɣ 3 ʢʦʨʨʝʢʪʠʨʫʶʱʠʝ ʧʘʨʘʤʝʪʨ 

ʟʘʤʝʜʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʜʦʧʦʣʥʠʪʴ ʪʠʧʳ 

ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ  ʪʨʝʤʷ ʪʠʧʘʤʠ ʢʘʢ: 

ʚʣʘʞʥʳʡ ʘʩʬʘʣʴʪʦʙʝʪʦʥ ʯʠʩʪʳʡ; ʚʣʘʞʥʳʡ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥ ʛʨʷʟʥʳʡ; ʘ ʪʘʢʞʝ ʤʦʢʨʳʡ 

ʩʥʝʛ. ʀ ʨʘʩʩʯʠʪʘʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ɣ 2 ʠ ɣ 

3 ʧʦ ʪʠʧʫ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ ʠ ʩʪʝʧʝʥʠ 

ʟʘʛʨʫʟʢʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ, 

ʧʨʠʚʝʜʸʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 1 . 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʯʸʪʥʘʷ ʩʢʦʨʦʩʪʴ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʦʧʨʝʜʝʣʷʝʪʩʷ  ʧʦ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʡ ʬʦʨʤʫʣʝ:  

 

ὠ̘̑́̒ρȟψὸὐ‪‪‪ ςυȟωςὐ‪‪‪ Ὓ˫ ˎ            (2) 

 

ʛʜʝ: Ὓʖ - ʩʣʝʜ ʶʟʘ ʘ/ʤ; ɹ ð ʙʘʟʘ 

ʘʚʪʦʤʦʙʠʣʷ; t3 - ʚʨʝʤʷ ʥʘʨʘʩʪʘʥʠʷ 

ʟʘʤʝʜʣʝʥʠʷ, JH - ʟʘʤʝʜʣʝʥʠʝ, const.; 

(‪ȟ‪ȟ‪ ) - ʚʚʝʜʝʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʟʘʤʝʜʣʝʥʠʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. 
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ʊʘʙʣʠʮʘ 1 ï ʂʦʵʬʬʠʮʠʝʥʪʳ ʩʮʝʧʣʝʥʠʷ ʰʠʥ ʩ ʜʦʨʦʛʦʡ 

Table 1 ï Coefficients of traction of tires with the road 
 

 

ʉʯ - ʩʫʭʦʡ ʘʩʬʘʣʴʪʦʙʝʪʦʥ ʯʠʩʪʳʡ; 

ʩʛ - ʩʫʭʦʡ ʘʩʬʘʣʴʪʦʙʝʪʦʥ ʛʨʷʟʥʳʡ;                     

ʚʯ -ʚʣʘʞʥʳʡ ʘʩʬʘʣʴʪʦʙʝʪʦʥ ʯʠʩʪʳʡ;                 

ʚʛ -ʚʣʘʞʥʳʡ ʘʩʬʘʣʴʪʦʙʝʪʦʥ ʛʨʷʟʥʳʡ;                 

ʤʯ - ʤʦʢʨʳʡ ʘʩʬʘʣʴʪʦʙʝʪʦʥ ʯʠʩʪʳʡ;                  

ʤʛ - ʤʦʢʨʳʡ ʘʩʬʘʣʴʪʦʙʝʪʦʥ ʛʨʷʟʥʳʡ;              

ʤʝʥ - ʤʦʢʨʳʡ ʩʥʝʛ; ʩʥ - ʩʥʝʛ;                             

ʫʩ - ʫʢʘʪʘʥʥʳʡ ʩʥʝʛ; ʛ - ʛʦʣʦʣʝʜ. 

ɺ ʟʘʨʫʙʝʞʥʦʡ ʧʨʘʢʪʠʢʝ ʠʟ-ʟʘ 

ʨʘʟʚʠʪʦʡ ʩʠʩʪʝʤʳ ʩʪʨʘʭʦʚʘʥʠʷ 

ʧʨʝʦʙʣʘʜʘʝʪ ʫʧʨʦʱʝʥʥʳʡ ʧʦʜʭʦʜ ʢ 

ʵʢʩʧʝʨʪʠʟʝ ʠ ʦʮʝʥʢʝ ɼʊʇ. ʃʠʰʴ ʚ 

ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʷʚʠʣʠʩʴ ʨʘʙʦʪʳ ʧʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʩʠʪʫʘʮʠʡ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʧʦʩʣʝʜʩʪʚʠʡ ɼʊʇ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ [6]. ʉʨʘʚʥʠʚʘʷ 

ʨʘʩʯʸʪʥʳʝ ʬʦʨʤʫʣʳ ʚ ʪʘʙʣʠʮʝ 2, 

ʧʨʠʤʝʥʷʝʤʳʝ  ʟʘ ʨʫʙʝʞʦʤ ʠ ʚ ʥʘʰʝʡ 

ʩʪʨʘʥʝ, ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʧʨʦʩʪʦʪʫ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʬʦʨʤʫʣ ʧʨʠ ʵʢʩʧʝʨʪʠʟʝ 

ɼʊʇ.  

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʘʚʘʨʠʡʥʳʭ 

ʧʨʦʠʩʰʝʩʪʚʠʡ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʳ ʩ 

ʧʨʦʮʝʩʩʦʤ ʪʦʨʤʦʞʝʥʠʷ. ʇʨʦʮʝʩʩ 

ʩʨʘʙʘʪʳʚʘʥʠʷ ʪʦʨʤʦʟʥʦʡ ʩʠʩʪʝʤʳ 

ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ  ʩʦʩʪʦʠʪ ʠʟ 

ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʚʨʝʤʝʥʥʳʭ 

ʠʥʪʝʨʚʘʣʦʚ. ʇʨʝʜʣʘʛʘʝʪʩʷ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʤʝʪʦʜʠʢʫ ʵʢʩʧʝʨʪʠʟʳ 

ɼʊʇ ʧʫʪʸʤ ʚʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʢʦʬʬʠʮʠʝʥʪʘ ʂʢ.  ɼʘʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ  

ʙʫʜʝʪ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʢʘʢ: ʚʨʝʤʝʥʷ ʥʘʨʘʩʪʘʥʠʷ ʟʘʤʝʜʣʝʥʠʷ 

ʘʚʪʦʤʦʙʠʣʷ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠ ʚʨʝʤʝʥʷ 

ʪʦʨʤʦʞʝʥʠʷ ʩ ʫʩʪʘʥʦʚʠʚʰʠʤʩʷ 

ʟʘʤʝʜʣʝʥʠʝʤ. ɿʥʘʯʝʥʠʝ ʜʘʥʥʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʤʝʪʦʜʦʤ, ʧʨʦʚʝʩʪʠ  

ʟʘʤʝʨ:  ʚʨʝʤʝʥʠ ʩʨʘʙʘʪʳʚʘʥʠʷ ʪʦʨʤʦʟʥʦʡ 

ʩʠʩʪʝʤʳ tʪʩ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʥʦʩʪʠ  

ʪʦʣʱʠʥʳ ʬʨʠʢʮʠʦʥʥʦʡ ʥʘʢʣʘʜʢʠ 

ʪʦʨʤʦʟʥʳʭ ʢʦʣʦʜʦʢ ʠʣʠ ʪʦʨʤʦʟʥʳʭ ʜʠʩʢʦʚ 

ʠ ʚʝʣʠʯʠʥʳ ʪʦʨʤʦʟʥʦʛʦ ʫʩʠʣʠʷ ʥʘ ʦʨʛʘʥ 

ʫʧʨʘʚʣʝʥʠʷ ʪʦʨʤʦʟʥʦʡ ʩʠʩʪʝʤʦʡ ʠ ʥʘ 

ʢʘʞʜʦʝ ʢʦʣʝʩʦ ʦʪʜʝʣʴʥʦ.  

ʅʝʦʙʭʦʜʠʤʦ ʙʫʜʝʪ ʫʯʝʩʪʴ 

ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʤʝʭʘʥʠʟʤʦʚ 

ʪʦʨʤʦʟʥʦʡ ʩʠʩʪʝʤʳ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ, ʪʘʢ 

ʢʘʢ ʘʚʪʦʧʘʨʢ ʨʝʩʧʫʙʣʠʢʠ ʩʦʩʪʦʠʪ ʠʟ 60% 

ʘʚʪʦʤʦʙʠʣʝʡ ʚʦʟʨʘʩʪʦʤ ʩʪʘʨʰʝ 10 ʣʝʪ. ʀ 

ʧʦ ʥʝʦʬʠʮʠʘʣʴʥʳʤ ʜʘʥʥʳʤ 70ï80 % 

ʚʣʘʜʝʣʴʮʝʚ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ  ʧʨʦʜʦʣʞʘʶʪ 

ʝʟʜʫ  ʩ ʪʘʣʦʥʘʤʠ ʧʨʦʡʜʝʥʥʦʛʦ ʊʆ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʥʝʟʘʢʦʥʥʳʤ ʧʫʪʸʤ. ɺʨʝʤʷ 

ʩʨʘʙʘʪʳʚʘʥʠʷ ʪʦʨʤʦʟʥʦʡ ʩʠʩʪʝʤʳ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʟʥʘʯʝʥʠʷ  

ʩʚʦʙʦʜʥʦʛʦ ʭʦʜʘ ʧʝʜʘʣʠ ʪʦʨʤʦʟʘ ʪ.ʝ.  

ʟʘʟʦʨʳ ʤʝʞʜʫ ʪʦʨʤʦʟʥʳʤ ʙʘʨʘʙʘʥʦʤ 

(ʪʦʨʤʦʟʥʳʤ ʜʠʩʢʦʤ) ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʧʦ ʧʨʠʯʠʥʝ  

ʠʟʥʦʩʘ ʤʝʭʘʥʠʟʤʦʚ. ʕʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʚʨʝʤʷ 

ʧʦʣʥʦʛʦ ʧʨʠʞʘʪʠʷ ʥʘʢʣʘʜʦʢ ʢ ʪʦʨʤʦʟʥʳʤ 

ʜʠʩʢʘʤ ʦʪ ʤʦʤʝʥʪʘ ʥʘʞʘʪʠʷ ʥʘ ʪʦʨʤʦʟʥʫʶ 

ʧʝʜʘʣʴ, ʪʝʤ ʩʘʤʳʤ ʫʚʝʣʠʯʠʚʘʷ ʪʦʨʤʦʟʥʦʡ 

ʧʫʪʴ). 
 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʩʮʝʧʣʝʥʠʷ ʰʠʥ ʩ ʜʦʨʦʛʦʡ,  ɣ 2 

ʊʠʧ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ 

ʩʯ ʩʛ ʚʯ ʚʛ ʤʯ ʤʛ ʤʩʥ ʩʥ ʫʩ ʛ 

ɺ ʩʥʘʨʷʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ,   ɣ 3 = 1,0 

1,0 0,87 0,82 0,76 0,72 0,57 0,51 0,43 0,29 0,15 

ʉ 25 % ʥʘʛʨʫʟʢʦʡ,  ɣ 3 = 0,9 

1,0 0,88 0,84 0,78 0,73 0,58 0,52 0,43 0,30 0,15 

ʉ 50 % ʥʘʛʨʫʟʢʦʡ, ɣ 3 = 0,97 

1,0 0,89 0,85 0,79 0,74 0,63 0,53 0,44 0,30 0,15 

ʉ 75 % ʥʘʛʨʫʟʢʦʡ,  ɣ 3  = 0,95 

1,0 0,91 0,87 0,80 0,76 0,60 0,54 0,45 0,31 0,15 

ʉ ʧʦʣʥʦʡ ʤʘʩʩʦʡ,  ɣ 3 = 0,92 

1,0 0,93 0,88 0,82 0,77 0,62 0,55 0,46 0,32 0,15 
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ɺʳʚʦʜ. ɺ ʧʨʦʮʝʩʩʝ ʠʟʫʯʝʥʠʷ 

ʩʦʙʨʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ 

ɼʊʇ ʥʘ  ʘʚʪʦʤʦʙʠʣʴʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʚ ʈʂ 

ʷʚʣʷʶʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʨʦʙʣʝʤ ʚ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʘʭ. 

ɺʚʝʜʝʥʠʝ  ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʦʤʦʞʝʪ ʨʝʰʠʪʴ ʚʦʧʨʦʩ ʦ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʨʠ 

ʨʘʩʩʣʝʜʦʚʘʥʠʠ ɼʊʇ. ɼʘʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʙʫʜʝʪ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʚʨʝʤʝʥʠ ʧʨʦʮʝʩʩʘ ʪʦʨʤʦʞʝʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ. 

ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʘʷ ʤʝʪʦʜʠʢʘ  

ʵʢʩʧʝʨʪʠʟʳ ʜʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʧʨʦʠʩʰʝʩʪʚʠʡ ʧʦʟʚʦʣʠʪ ʩʫʜʝʙʥʳʤ ʠ 

ʘʚʪʦʪʝʭʥʠʯʝʩʢʠʤ ʵʢʩʧʝʨʪʘʤ ʫʩʪʘʥʦʚʠʪʴ  

ʟʘʢʣʶʯʝʥʠʝ  ʦ ʭʘʨʘʢʪʝʨʝ ʠ  ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ  ɼʊʇ ʩ ʙʦʣʴʰʝʡ 

ʚʝʨʦʷʪʥʦʩʪʴʶ ʠʩʪʠʥʳ.   
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ʪʘʩʳʤʘʣʜʘʨʳ ʩʘʣʘʩʳʥʜʘ ʤʘשʳʟʜʳ ʨᴇʣ ʘʪץʘʨʘʜʳ ʘʥʳץʪʘʫ, ʪʠʽʩʽʥʰʝ, ʘʫʳʨ ʟʘʨʜʘʧʪʘʨסʘ ᴅʢʝʧ ʞᴅʥʝ 

ʝʣʝʫʣʽ ᴅʣʝʫʤʝʪʪʽʢ, ʵʢʦʥʦʤʠʢʘʣʳץ ʞᴅʥʝ ʤʦʨʘʣʴʜʳץ-ʧʩʠʭʦʣʦʛʠʷʣʳץ  ʤᴅʩʝʣʝ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

 ʳ ʩʘʨʘʧʪʘʤʘ ᴅʜʽʩʪʝʨʽסʦʣʜʘʥʳʩʪʘץ ʩʪʘʥʜʘץʘʟʘפ ʘʪʳʩʪʳץ ʨʘʣʜʘʨʳʥʘײץ ʳ ʘʚʪʦʢᴇʣʽʢסʘʟʽʨʛʽ ʟʘʤʘʥפ

ʪʦʣʳץ ʞᴅʥʝ ʙʽʨʥʝʰʝ ʞʘשʘʨʪʫʣʘʨʜʘ ʝʥʜʽ, 1980 ʞʳʣʳ ᴅʟʽʨʣʝʥʛʝʥ ʞᴅʥʝ ʝʩʢʽʨʛʝʥ ʜʝʨʝʢʪʝʨʜʽ ʦʪʘʥʜʳץ 

ᴇʥʜʽʨʽʩʪʝ ʪʝʞʝʛʽʰ ʤʦʪʦʨ ʞװʡʝʩʽ ᴇʥʽʤʜʽʣʽʛʽʥ ʟʝʨʪʪʝʫʣʝʨ ʢʽʨʛʝʥ ʙʦʣʘʪʳʥ. ʂᴇʣʽʢ ʞʳʣʜʘʤʜʳסʳʥ, 

ʫʘץʳʪ ʧʝʥ ʪʝʞʝʫ ʞʦʣʳʥ ʘʥʳץʪʘʫʜʘ ᴇʣʰʝʥʛʝʥ ʤᴅʥʜʝʨ ʩʝʥʽʤʩʽʟ ʙʦʣʫʳ ʤװʤʢʽʥ, ʩʦʥʜʳץʪʘʥ ʦʩʳ 

ʪʝʭʥʠʢʘʥʳש ʝʩʝʧʪʝʫ ʬʦʨʤʫʣʘʣʘʨʳ, ʢᴇʣʽʢ ʪʝʞʝʫ ʢʝʟʽʥʜʝ ʞʝʜʝʣ ʬʘʢʪʦʨʣʘʨʜʳש ᴅʩʝʨʽ 

 ʳ ʩʘʨʘʧʪʘʫ ᴅʜʽʩʽʥסʦʣʜʘʥʳʩʪʘץ ʳʣʳץʦʩʳʤʰʘ ʪʝʢʩʝʨʫ ʢʦʵʬʬʠʮʠʝʥʪʽʥ ʝʥʛʽʟʫ ʘʨפ .ʘʨʘʩʪʳʨʳʣʤʘʡʜʳץ

ʞʝʪʽʣʜʽʨʫ ײʩʳʥʳʣʘʜʳ. ɹײʣ ʬʘʢʪʦʨ ʪʝʞʝʛʽʰ ʞװʡʝʩʽʥʽש ʫʘץʳʪ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʘʥʳץʪʘʫסʘ ʢᴇʤʝʢʪʝʩʝʜʽ. 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨʽ: ɾʂʆ, ʞʘʟʘʪʘʡʳʤ ʦץʠסʘʣʘʨʜʳ ʩʘʨʘʧʪʘʫ ʞᴅʥʝ ʪʘʣʜʘʫ, ʘʚʪʦʪʝʭʥʠʢʘʣʳץ 
ʩʘʨʘʧʪʘʫ ᴅʜʽʩʽ, ʪʝʞʝʫ װʨʜʽʩʽ, ʢᴇʣʽʢ ײץʨʘʣʜʘʨʳʥʘ ʪʝʞʝʫ ʫʘץʳʪʳ,  ʝʩʝʧʪʝʫʣʝʨʜʝʛʽ ʜʝʨʝʢʪʝʨʜʽש 
ʙʝʣʛʽʩʽʟʜʽʛʽ. 
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Abstract. In recent years, there has been an increase in the car fleet and an increase in traffic in 

Kazakhstan. Along with this, the negative trends of motorization are also more clearly manifested, which 

are accompanied by significant negative consequences. The most significant of them is the increase in the 

number of road traffic accidents and the severity of their consequences. Road traffic accidents cause great 

damage to the state and society in comparison with accidents on other modes of transport. The number of 

dead and wounded in road traffic accidents outstrips other modes of transport by several orders of 

magnitude. The situation with accidents in road transport is aggravated by such trends as the constantly 

increasing mobility of the population. 

Object of research: Statistics of data on road traffic accidents. 

Objective: The analysis of accidents on motor transport in the Republic of Kazakhstan. 

Research methods: Methods of statistical data analysis. 

Results. The article presents the results of traffic accidents analysis that occurred in Kazakhstan 

over the years and by the severity of the consequences, causes and types of accidents, as a whole in the 

country and in the context of regions. The theoretical foundations of the statistical analysis of accidents 

and methods of their practical application are revealed. Particular attention is paid to identifying the 

causes of road traffic accident.  

Conclusions: The results of the analysis of accidents in motor transport indicate that the level of 

road traffic injuries in Kazakhstan is still extremely high. It was revealed that non-compliance with the 

speed limit, violation of the rules for the passage of intersections, departure to the oncoming traffic area 
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remain the main causes of the road traffic accidents. The main factor in the occurrence of a road traffic 

accident is the low transport discipline of the drivers. The main place of the road accident is roads with 

high traffic intensity and traffic density. 

It has been established that the most amount of road traffic accidents falls on such types as 

pedestrian hitting and vehicles collision. A large number of accidents is associated with the overturning of 

vehicles and collisions with a road obstacle. A significant number of accidents is associated with the fall 

of passengers, hitting a bicyclist and collisions with a standing vehicle. 

The above-mentioned facts indicate an alarming situation in terms of the level of road traffic 

accidents in Kazakhstan. 

Keywords: motor transport, traffic accident rates, statistical analysis, road traffic accidents, 

transport process safety. 

 

ʋɼʂ 656.11 
 

ɸ.ʄ. ɾʘʥʜʘʨʙʝʢʦʚʘ
1
, ʂ.ɸ. ʄʫʨʟʘʙʝʢʦʚʘ

2 

1
ʂʘʟʘʭʩʢʠʡ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʉ. ʉʝʡʬʫʣʣʠʥʘ, ʛ. ɸʩʪʘʥʘ, ʂʘʟʘʭʩʪʘʥ 

2
ʂʘʟʘʭʩʢʘʷ ʘʢʘʜʝʤʠʷ ʪʨʘʥʩʧʦʨʪʘ ʠ ʢʦʤʤʫʥʠʢʘʮʠʡ ʠʤ. ʄ. ʊʳʥʳʰʧʘʝʚʘ, ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

 

ɸʅɸʃʀɿ ɼʆʈʆɾʅʆ-ʊʈɸʅʉʇʆʈʊʅʓʍ ʇʈʆʀʉʐɽʉʊɺʀʁ, 

ʇʈʆʀɿʆʐɽɼʐʀʍ ʅɸ ʊɽʈʈʀʊʆʈʀʀ ʈɽʉʇʋɹʃʀʂʀ ʂɸɿɸʍʉʊɸʅ 

 

ɸʥʥʦʪʘʮʠʷ.  ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʦʚ ɼʊʇ, ʧʨʦʠʟʦʰʝʜʰʠʭ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʂʘʟʘʭʩʪʘʥʘ ʧʦ ʛʦʜʘʤ ʠ ʪʷʞʝʩʪʠ ʧʦʩʣʝʜʩʪʚʠʡ, ʧʨʠʯʠʥʘʤ ʠ ʚʠʜʘʤ ɼʊʇ, ʚ ʮʝʣʦʤ 

ʧʦ ʨʝʩʧʫʙʣʠʢʝ ʠ ʚ ʨʘʟʨʝʟʝ ʧʦ ʦʙʣʘʩʪʷʤ. ʈʘʩʢʨʳʪʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʧʨʦʚʝʜʝʥʠʷ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ɼʊʇ ʠ  ʤʝʪʦʜ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʝʥʦ ʚʳʷʚʣʝʥʠʶ ʧʨʠʯʠʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ɼʊʇ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʝʩʦʙʣʶʜʝʥʠʝ 

ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ, ʥʘʨʫʰʝʥʠʝ ʧʨʘʚʠʣ ʧʨʦʝʟʜʘ ʧʝʨʝʢʨʝʩʪʢʦʚ, ʚʳʝʟʜ ʥʘ ʧʦʣʦʩʫ 

ʚʩʪʨʝʯʥʦʛʦ ʜʚʠʞʝʥʠʷ ʦʩʪʘʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ɼʊʇ. 

ɺr ʰʝʫʢʘʟʘʥʥʳʝ ʬʘʢʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʨʝʚʦʞʥʦʡ ʩʠʪʫʘʮʠʠ ʧʦ ʫʨʦʚʥʶ ɼʊʇ ʚ 

ʂʘʟʘʭʩʪʘʥʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʦʙʠʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ, ʧʦʢʘʟʘʪʝʣʠ ʘʚʘʨʠʡʥʦʩʪʠ,  ʜʦʨʦʞʥʦ-

ʪʨʘʥʩʧʦʨʪʥʳʝ ʧʨʦʠʩʰʝʩʪʚʠʷ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʂʘʟʘʭʩʪʘʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʧʘʨʢʘ ʠ 

ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ ʧʝʨʝʚʦʟʦʢ [1-3]. ʅʘʨʷʜʫ 

ʩ ʵʪʠʤ ʙʦʣʝʝ ʦʪʯʝʪʣʠʚʦ ʧʨʦʷʚʣʷʶʪʩʷ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʪʝʥʜʝʥʮʠʠ ʘʚʪʦʤʦʙʠ-

ʣʠʟʘʮʠʠ, ʢʦʪʦʨʳʝ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʥʝʛʘʪʠʚʥʳʤʠ 

ʧʦʩʣʝʜʩʪʚʠʷʤʠ. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤ ʠʟ ʥʠʭ 

ʷʚʣʷʝʪʩʷ ʨʦʩʪ ʯʠʩʣʘ ʜʦʨʦʞʥʦ-

ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ (ɼʊʇ) ʠ 

ʪʷʞʝʩʪʠ ʠʭ ʧʦʩʣʝʜʩʪʚʠʡ [1]. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ɼʊʇ ʧʨʠʯʠʥʷʶʪ ʙʦʣʴʰʦʡ 

ʫʱʝʨʙ ʛʦʩʫʜʘʨʩʪʚʫ ʠ ʦʙʱʝʩʪʚʫ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʘʚʘʨʠʡʥʦʩʪʴʶ ʥʘ ʜʨʫʛʠʭ 

ʚʠʜʘʭ ʪʨʘʥʩʧʦʨʪʘ, ʯʠʩʣʦ ʧʦʛʠʙʰʠʭ ʠ 

ʨʘʥʝʥʳʭ ʚ ʥʠʭ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ 

ʦʧʝʨʝʞʘʝʪ ʜʨʫʛʠʝ ʚʠʜʳ ʪʨʘʥʩʧʦʨʪʘ. 

ʉʠʪʫʘʮʠʷ ʩ ʘʚʘʨʠʡʥʦʩʪʴʶ ʥʘ 

ʘʚʪʦʤʦʙʠʣʴʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʫʩʫʛʫʙʣʷʝʪʩʷ 

ʪʘʢʠʤʠ ʪʝʥʜʝʥʮʠʷʤʠ, ʢʘʢ ʧʦʩʪʦʷʥʥʦ 

ʚʦʟʨʘʩʪʘʶʱʘʷ ʤʦʙʠʣʴʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ, 

ʩʥʠʞʝʥʠʝ ʦʙʲʝʤʦʚ ʧʝʨʝʚʦʟʦʢ 

ʦʙʱʝʩʪʚʝʥʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ, ʨʦʩʪʦʤ ʯʠʩʣʘ 

ʣʠʯʥʳʭ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ (ɸʊʉ), 

ʥʘʨʘʩʪʘʶʱʝʡ ʜʠʩʧʨʦʧʦʨʮʠʝʡ ʤʝʞʜʫ 

ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ  ɸʊʉ ʠ 

ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʜʦʨʦʞʥʦʡ ʩʝʪʠ, ʥʝ 

ʨʘʩʩʯʠʪʘʥʥʦʡ ʥʘ ʩʦʚʨʝʤʝʥʥʳʝ 

ʪʨʘʥʩʧʦʨʪʥʳʝ ʧʦʪʦʢʠ.  

ʉʦʛʣʘʩʥʦ ʤʘʪʝʨʠʘʣʘʤ ʂʦʤʠʪʝʪʘ ʧʦ 

ʧʨʘʚʦʚʦʡ ʩʪʘʪʠʩʪʠʢʝ ʠ ʩʧʝʮʠʘʣʴʥʳʤ 

ʫʯʝʪʘʤ (ʂʇʉ ʠ ʉʋ) ɻʝʥʝʨʘʣʴʥʦʡ 

ʧʨʦʢʫʨʘʪʫʨʳ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʟʘ 

2011ï2015 ʛʛ. ʥʘ ʜʦʨʦʛʘʭ ʩʪʨʘʥʳ 

ʧʨʦʠʟʦʰʣʦ 88750 ɼʊʇ, ʚ ʢʦʪʦʨʳʭ ʧʦʛʠʙʣʦ 

ʙʦʣʝʝ ʯʝʤ 13 ʪʳʩ. ʯʝʣ. ʠ ʩʚʳʰʝ 120 ʪʳʩ. 

ʯʝʣ. ʧʦʣʫʯʠʣʠ ʨʘʥʝʥʠʷ (ʪʘʙʣ. 1) [3, 4]. 
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ʊʘʙʣʠʮʘ 1 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ɼʊʇ, ʧʨʦʠʟʦʰʝʜʰʠʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʘʟʘʭʩʪʘʥʘ ʧʦ ʛʦʜʘʤ ʠ 

ʪʷʞʝʩʪʠ ʧʦʩʣʝʜʩʪʚʠʡ (2011ï2015 ʛʛ.) 

Table 1 ï Distribution of traffic accidents that occurred on the territory of Kazakhstan by years, 

and severity of consequences (2011-2015) 

 
                                   ɻʦʜʳ 2011 2012 2013 2014 2015 ʉʨʝʜ. ʟʥʘʯ. 

ʇʦʢʘʟʘʪʝʣʠ       

ʂʦʣʠʯʝʩʪʚʦ ɼʊʇ, ʝʜ. 11955 14168 23359 20378 18 890 5917 

ʂʦʣʠʯʝʩʪʚʦ ʧʦʩʪʨʘʜʘʚʰʠʭ, ʯʝʣ. 25351 20510 32909 28527 26508 8920 

                   ʨʘʥʝʥʳʝ 22902 17488 29872 25942 24055 8017 

                   ʧʦʛʠʙʰʠʝ 2449 3022 3037 2 585 2453 903 

 

ɸʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʢʘʟʘʪʝʣʷ 

ʘʚʘʨʠʡʥʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ɸʊʉ, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʂʘʟʘʭʩʪʘʥʘ,  ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩ 2011 ʧʦ 

2013 ʛʛ. ʩ ʨʦʩʪʦʤ ɸʊʉ ʚʦʟʨʘʩʪʘʝʪ 

ʯʠʩʣʝʥʥʦʩʪʴ ɼʊʇ,  ʩ 2014 ʧʦ 2015 ʛʛ. 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʢʦʪʦʨʦʝ  ʠʭ ʩʥʠʞʝʥʠʝ               

(ʨʠʩ 1.).  

 

 
 

ʈʠʩ. 1 ï ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʢʘʟʘʪʝʣʷ ʘʚʘʨʠʡʥʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ɸʊʉ 

Fig. 1 ï Dependence of the accident rate on the number of vehicles   
 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʥʦʛʦ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ ʘʚʘʨʠʡʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ ʩʦʧʦʩʪʘʚʣʝʥʠʷ. 

 ɿʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ 

ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ɼʊʇ ʠ ʪʷʞʝʩʪʴ ʠʭ 

ʧʦʩʣʝʜʩʪʚʠʡ ʚ ʩʪʨʘʥʝ ʠʤʝʣʦ ʤʝʩʪʦ ʚ 2013 ʛ. 

ɺ ʮʝʣʦʤ ʩʪʘʪʠʩʪʠʢʘ ʘʚʘʨʠʡʥʦʩʪʠ ʟʘ 2011ï

2015 ʛʛ. ʦʪʨʘʞʘʝʪ ʥʝʛʘʪʠʚʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ 

ʪʝʤʧʦʚ ʘʚʪʦʤʦʙʠʣʠʟʘʮʠʠ ʚ ʨʝʩʧʫʙʣʠʢʝ 

(ʨʠʩ. 2).  
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ʈʠʩ. 2 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʷʞʝʩʪʠ ʧʦʩʣʝʜʩʪʚʠʡ ɼʊʇ 

Fig. 2 ï Distribution of burden of traffic accident consequences 

 

ʉʦʛʣʘʩʥʦ ʩʚʝʜʝʥʠʷʤ ʙʘʥʢʘ ʜʘʥʥʳʭ 

ʫʯʝʪʘ ɼʊʇ ʠ ʣʠʮ, ʚ ʥʠʭ ʧʦʩʪʨʘʜʘʚʰʠʭ, ʟʘ 

12 ʤʝʩʷʮʝʚ 2015 ʛ. ʧʦ ʨʝʩʧʫʙʣʠʢʝ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 18890 ɼʊʇ ʧʨʦʪʠʚ 20378 

ɼʊʇ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚ 2014 ʛ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚ ʠʩʪʝʢʰʝʤ ʧʝʨʠʦʜʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʥʠʞʝʥʠʝ ʯʠʩʣʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ɼʊʇ 

ʥʘ  1488 ʬʘʢʪ, ʠʣʠ 7,3%. ʂʦʣʠʯʝʩʪʚʦ 

ʧʦʩʪʨʘʜʘʚʰʠʭ ʚ ɼʊʇ ʟʘ ʵʪʦʪ ʧʝʨʠʦʜ 

ʩʦʢʨʘʪʠʣʦʩʴ ʥʘ 7%, ʘ ʧʦʛʠʙʰʠʭ ʥʘ 5,1%.  

ɼʘʥʥʦʤʫ ʬʘʢʪʫ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʠ ʪʦ, ʯʪʦ ʩ 

7 ʷʥʚʘʨʷ 2015 ʛ. ʚ ʂʘʟʘʭʩʪʘʥʝ ʜʝʡʩʪʚʫʝʪ 

ʪʨʝʙʦʚʘʥʠʝ, ʦʙʷʟʳʚʘʶʱʝʝ ʚʦʜʠʪʝʣʝʡ ʚ 

ʣʶʙʦʝ ʚʨʝʤʷ ʩʫʪʦʢ ʝʟʜʠʪʴ ʩ ʚʢʣʶʯʝʥʥʳʤʠ 

ʬʘʨʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʙʣʘʛʦʜʘʨʷ ʚʚʝʜʝʥʠʶ 

ʥʦʨʤʳ ʦʙ ʦʙʷʟʘʪʝʣʴʥʦʡ ʧʝʨʝʚʦʟʢʝ ʜʝʪʝʡ ʜʦ 

12 ʣʝʪ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʜʝʪʩʢʠʭ ʘʚʪʦʢʨʝʩʣʘʭ 

ʚ 2015 ʛ. ʦʪʤʝʯʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʧʦʩʪʨʘʜʘʚʰʠʭ ʜʝʪʝʡ ʚ ʜʦʨʦʞʥʳʭ      

ʘʚʘʨʠʷʭ [5].   

ʆʩʥʦʚʥʳʤ ʤʝʩʪʦʤ ʩʦʚʝʨʰʝʥʠʷ ɼʊʇ 

ʷʚʣʷʶʪʩʷ ʜʦʨʦʛʠ ʩ ʚʳʩʦʢʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʠ ʧʣʦʪʥʦʩʪʴʶ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʘ. ʇʦ-ʧʨʝʞʥʝʤʫ 

ʛʣʘʚʥʳʤ ʬʘʢʪʦʨʦʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ɼʊʇ 

ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ ʪʨʘʥʩʧʦʨʪʥʘʷ ʜʠʩʮʠʧʣʠʥʘ 

ʚʦʜʠʪʝʣʴʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʇʨʠ ʵʪʦʤ 

ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟ ʚʩʝʭ 

ʫʯʘʩʪʥʠʢʦʚ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ ʥʘʠʙʦʣʝʝ 

ʥʝʟʘʱʠʱʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʧʝʰʝʭʦʜʳ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ɼʊʇ ʚ ʨʘʟʨʝʟʝ 

ʢʘʞʜʦʡ ʦʙʣʘʩʪʠ ʟʘ 2015 ʛ. ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʥʘʠʙʦʣʴʰʝʝ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʩʦʚʝʨʰʝʥʦ ʚ ʛ. 

ɸʣʤʘʪʳ ï 5552, ʖʞʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʦʡ ï 

2251, ɸʣʤʘʪʠʥʩʢʦʡ ï 1694, ɺʦʩʪʦʯʥʦ-

ʂʘʟʘʭʩʪʘʥʩʢʦʡ ï 1 583, ɾʘʤʙʳʣʩʢʦʡ 

ʦʙʣʘʩʪʷʭ ï 1 298. 

ɺ ʩʨʝʜʥʝʤ ʥʘ 100 000 ʥʘʩʝʣʝʥʠʷ 

ʧʨʠʭʦʜʠʪʩʷ 108 ɼʊʇ. ʇʦ ʠʪʦʛʘʤ 2015 ʛ. ʚ 

ʨʝʟʫʣʴʪʘʪʝ ɼʊʇ ʧʦʛʠʙʣʠ ʙʦʣʝʝ 2  ʪʳʩ. ʯʝʣ., 

24 ʪʳʩ. ʯʝʣ. ʧʦʣʫʯʠʣʠ ʨʘʟʣʠʯʥʳʝ ʨʘʥʝʥʠʷ 

(ʨʠʩ. 1). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʷʞʝʩʪʴ 

ʧʦʩʣʝʜʩʪʚʠʡ ɼʊʇ ʨʘʟʣʠʯʘʝʪʩʷ ʧʦ ʩʪʝʧʝʥʠ 

ʪʷʞʝʩʪʠ ʚ ʨʘʟʨʝʟʝ ʧʦ ʦʙʣʘʩʪʷʤ ʨʝʩʧʫʙʣʠʢʠ. 

ʇʨʠ ʵʪʦʤ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʣʠʮ (ʯʝʣ.), 

ʧʦʛʠʙʰʠʭ  ʚ ɼʊʇ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʚ 

ɸʣʤʘʪʠʥʩʢʦʡ 463, ʖʞʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʦʡ ï 

390, ʚ ɾʘʤʙʳʣʩʢʦʡ ï 243, ɺʦʩʪʦʯʥʦ-

ʂʘʟʘʭʩʪʘʥʩʢʦʡ ï 178, ʂʘʨʘʛʘʥʜʠʥʩʢʦʡ 

ʦʙʣʘʩʪʷʭ ï 173 ʠ ʚ ʛ. ɸʣʤʘʪʳ ï 159 [3].  

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ɼʊʇ, ʧʨʦʠʟʦʰʝʜʰʠʭ 

ʚ 2015 ʛ. ʧʦ ʠʭ ʚʠʜʘʤ,  ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ɼʊʇ ʧʨʠʭʦʜʠʪʩʷ 

ʥʘ ʪʘʢʠʝ ʚʠʜʳ, ʢʘʢ ʥʘʝʟʜ ʥʘ ʧʝʰʝʭʦʜʦʚ 

(8175) ʠ ʩʪʦʣʢʥʦʚʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚ (ʊʉ) (6522). ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ɼʊʇ ʩʚʷʟʘʥʦ ʩ ʦʧʨʦʢʠʜʳʚʘʥʠʝʤ ʊʉ (1673) 

ʠ ʥʘʝʟʜʘʤʠ ʥʘ ʧʨʝʧʷʪʩʪʚʠʝ (916). 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ɼʊʇ ʩʚʷʟʘʥʦ ʩ 

ʧʘʜʘʥʠʝʤ ʧʘʩʩʘʞʠʨʦʚ (589), ʩ ʥʘʝʟʜʦʤ ʥʘ 

ʚʝʣʦʩʠʧʝʜʠʩʪʦʚ (396) ʠ ʥʘʝʟʜʦʤ ʥʘ ʩʪʦʷʱʝʝ 

ʊʉ (291). ʅʘʝʟʜ ʥʘ ʞʠʚʦʪʥʳʭ ʩʦʩʪʘʚʠʣ 104 

ʩʣʫʯʘʡ, ʜʨʫʛʠʝ ʚʠʜʳ ʧʨʦʠʩʰʝʩʪʚʠʡ  

ʩʦʩʪʘʚʠʣʠ 224 ʩʣʫʯʘʝʚ (ʪʘʙʣ. 2). 
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ɻʦʜʳ 

ʂʦʣʠʯʝʩʪʚʦ ʨʘʥʝʥʥʳʭ, ʯʝʣ ʂʦʣʠʯʝʩʪʚʦ ʧʦʛʠʙʰʠʭ, ʯʝʣ 
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ʊʘʙʣʠʮʘ  2 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ɼʊʇ, ʧʨʦʠʟʦʰʝʜʰʠʭ  ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʘʟʘʭʩʪʘʥʘ  ʧʦ ʚʠʜʘʤ                   

(2015 ʛ.) 

Table 2 ï Distribution of traffic accidents that occurred in Kazakhstan by kinds (2015) 

 
ɺʠʜʳ ɼʊʇ ʏʠʩʣʦ ʜʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ 

ʚʩʝʛʦ ʚ % ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ 

ɼʊʇ 

ʥʘʝʟʜ ʥʘ ʧʝʰʝʭʦʜʘ  8 175 43,3 

ʩʪʦʣʢʥʦʚʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ 6 522 34,5 

ʚʩʣʝʜʩʪʚʠʝ ʦʧʨʦʢʠʜʳʚʘʥʠʷ 1 673 8,9 

ʥʘʝʟʜ ʥʘ ʧʨʝʧʷʪʩʪʚʠʝ 916 4,8 

ʚʩʣʝʜʩʪʚʠʝ ʧʘʜʝʥʠʷ ʧʘʩʩʘʞʠʨʘ 589 3,1 

ʥʘʝʟʜ ʥʘ ʚʝʣʦʩʠʧʝʜʠʩʪʦʚ 396 2,1 

ʥʘʝʟʜ ʥʘ ʩʪʦʷʱʠʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ 291 1,5 

ʥʘʝʟʜ ʥʘ ʞʠʚʦʪʥʳʭ 104 0,6 

ʜʨʫʛʠʝ ʚʠʜʳ ʧʨʦʠʩʰʝʩʪʚʠʡ 224 1,2 

ɺʩʝʛʦ 18 890 100,0 

 

ʉʪʘʪʠʩʪʠʢʘ ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʥʝʩʦʙʣʶʜʝʥʠʝ ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ, 

ʥʘʨʫʰʝʥʠʝ ʧʨʘʚʠʣ ʧʨʦʝʟʜʘ ʧʝʨʝʢʨʝʩʪʢʦʚ, 

ʚʳʝʟʜ ʥʘ ʧʦʣʦʩʫ ʚʩʪʨʝʯʥʦʛʦ ʜʚʠʞʝʥʠʷ ʠ 

ʧʝʨʝʭʦʜ ʧʝʰʝʭʦʜʘʤʠ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ ʚ 

ʥʝʫʩʪʘʥʦʚʣʝʥʥʦʤ ʤʝʩʪʝ ʦʩʪʘʶʪʩʷ 

ʦʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ɼʊʇ (ʪʘʙʣ. 3). ʊʘʢ, ʚ 2015 ʛ. ʠʟ-ʟʘ 

ʥʝʩʦʙʣʶʜʝʥʠʷ ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ 

ʧʨʦʠʟʦʰʣʦ 6138 ʧʨʦʠʩʰʝʩʪʚʠʡ, ʥʘʨʫʰʝʥʠʷ 

ʧʨʦʝʟʜʘ ʧʝʰʝʭʦʜʥʳʭ ʧʝʨʝʭʦʜʦʚ ï 1685, 

ʚʳʝʟʜʘ ʥʘ ʧʦʣʦʩʫ ʚʩʪʨʝʯʥʦʛʦ ʜʚʠʞʝʥʠʷ ï 

1211, ʧʝʨʝʭʦʜ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ ʥʝ ʚ 

ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʤʝʩʪʝ -773. 

 
ʊʘʙʣʠʮʘ 3 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ɼʊʇ, ʧʨʦʠʟʦʰʝʜʰʠʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʘʟʘʭʩʪʘʥʘ ʧʦ ʧʨʠʯʠʥʘʤ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ (2015 ʛ.) 

Table 3 ï Distribution of traffic accidents that occurred in the territory of Kazakhstan for reasons 

of occurrence (2015) 

 

˽͙ͪ;͙ͤ· ͒ͦͪͦ͗ͤͦ-ͭͪ͊ͤͫͨͦͪͭͤ·ͻ ͙ͨͪͦͫ΄͔͍͙͚ͫͭ  ͙̉ͫͦ͡ ˨́˽ 

͔͒Φ % 

͔͍ͨͪ·΄͔͙͔ͤ ͙ͫͦͪͦͫͭ͟ 6 138 32,5 

͙ͨͪ ͔͔ͨͪͦ͒͘ ͔ͨ΄͔ͻͦ͒ͤ·ͻ ͔͔ͨͪͻ͍ͦ͒ͦ 1 685 8,9 

͍·͔͒͘ ͤ͊ ͨͦͦͫͯ͡ ͍͔ͫͭͪ;͎ͤͦͦ ͍͙͔͙͒͗ͤΎ 1 211 6,4 

͔͔ͨͪͻͦ͒ ͔ͨ΄͔ͻ͙ͦ͒͊ͣ ͔͔͚ͨͪͦ͗͘ ;͙͊ͫͭ ͍ ͔͍͔ͤͯͫͭ͊ͤͦͤͤͦͣ͡ ͔͔ͣͫͭ 773 4,1 

͎͙͔͒ͪͯ 9 083 48,1 

ˤ͔͎ͫͦ  18 890 100,0 

 

ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ɼʊʇ ʷʚʣʷʝʪʩʷ 

ʥʝʩʦʙʣʶʜʝʥʠʝ ʚʦʜʠʪʝʣʷʤʠ ʊʉ 

ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ 

ʜʚʠʞʝʥʠʷ. ɺ 2015 ʛ. ʧʦ ʫʢʘʟʘʥʥʦʡ ʧʨʠʯʠʥʝ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 32,5%  ʧʨʦʠʩʰʝʩʪʚʠʡ. 

ɸʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʘʚʘʨʠʡʥʦʩʪʠ ʥʘ ʘʚʪʦʤʦʙʠʣʴʥʦʤ ʪʨʘʥʩʧʦʨʪʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʫʨʦʚʝʥʴ 

ʜʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʪʨʘʚʤʘʪʠʟʤʘ ʚ 

ʂʘʟʘʭʩʪʘʥʝ ʚʩʝ ʝʱʝ ʦʩʪʘʝʪʩʷ ʢʨʘʡʥʝ 

ʚʳʩʦʢʠʤ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʙʦʣʴʰʠʤ 

ʯʠʩʣʦʤ ʧʦʛʠʙʰʠʭ ʚ ɼʊʇ ʥʘ 100 ʪʳʩ. 

ʥʘʩʝʣʝʥʠʷ (ʚ 2015 ʛ. ʚ ʂʘʟʘʭʩʪʘʥʝ 

ʩʦʩʪʘʚʠʣʦ 14 ʯʝʣ. ʥʘ 100 ʪʳʩ. ʥʘʩʝʣʝʥʠʷ). 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʚʪʦʤʦʙʠʣʴʥʳʡ 

ʪʨʘʥʩʧʦʨʪ, ʢʘʢ ʧʦ ʯʠʩʣʫ ʧʦʛʠʙʰʠʭ, ʪʘʢ ʠ 

ʧʦ ʯʠʩʣʫ ʨʘʥʝʥʳʭ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ 

ʦʧʝʨʝʞʘʝʪ ʜʨʫʛʠʝ ʚʠʜʳ ʪʨʘʥʩʧʦʨʪʘ.  

ɺʳʚʦʜʳ. ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʨʝʚʦʞʥʦʡ ʩʠʪʫʘʮʠʠ ʧʦ 

ʫʨʦʚʥʶ ʘʚʘʨʠʡʥʦʩʪʠ ʚ ʩʪʨʘʥʝ ʟʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ. ɺʳʷʚʣʝʥʦ, ʯʪʦ 
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ʦʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʘʚʘʨʠʡʥʦʩʪʠ ʥʘ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʝ ʷʚʣʷʶʪʩʷ ʥʝʩʦʙʣʶʜʝʥʠʝ 

ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ, ʥʘʨʫʰʝʥʠʝ ʧʨʘʚʠʣ 

ʧʨʦʝʟʜʘ ʧʝʨʝʢʨʝʩʪʢʦʚ, ʚʳʝʟʜ ʥʘ ʧʦʣʦʩʫ 

ʚʩʪʨʝʯʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʧʝʨʝʭʦʜ 

ʧʝʰʝʭʦʜʘʤʠ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ ʚ 

ʥʝʫʩʪʘʥʦʚʣʝʥʥʦʤ ʤʝʩʪʝ.  
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ʞᴅʥʝ ʘʫʳʨʣʳץ ʩʘʣʜʘʨʳ, ɾʂʆ ʩʝʙʝʧʪʝʨʽ ʤʝʥ ʪװʨʣʝʨʽ, ʪײʪʘʩ ʨʝʩʧʫʙʣʠʢʘ ʙʦʡʳʥʰʘ ʞᴅʥʝ ʦʙʣʳʩʪʘʨ 

ʢʝʩʢʽʥʽʥʜʝ ʪʘʣʜʘʫʜʳש ʥᴅʪʠʞʝʣʝʨʽ ʢʝʣʪʽʨʽʣʛʝʥ. ɾʂʆ ʩʪʘʪʠʩʪʠʢʘʣʳץ ʪʘʣʜʘʫʳʥ ʞװʨʛʽʟʫʜʽש 

ʪʝʦʨʠʷʣʳץ ʥʝʛʽʟʜʝʨʽ ʞᴅʥʝ ʦʣʘʨʜʳ ʪᴅʞʽʨʠʙʝʜʝ ץʦʣʜʘʥʫʜʳש ᴅʜʽʩʪʝʨʽ ʘʰʳʣסʘʥ. ɾʂʆ ʩʝʙʝʧʪʝʨʽʥ 

ʘʥʳץʪʘʫסʘ ʝʨʝʢʰʝ ʤᴅʥ ʙʝʨʽʣʛʝʥ. ɾʳʣʜʘʤʜʳץ ʨʝʞʠʤʽʥ ʩʘץʪʘʤʘʫ, ʢᴇʰʝ ץʠʳʣʳʩʪʘʨʳʥʘʥ ʞװʨʫ 

ʝʨʝʞʝʣʝʨʽʥ ʙײʟʫ, ץʘʨʘʤʘ-ץʘʨʩʳ ץʦʟסʘʣʳʩ ʞʦʣʘסʳʥʘ ʰʳסʳʧ ʢʝʪʫ ɾʂʆ ʧʘʡʜʘ ʙʦʣʫʜʳש ʥʝʛʽʟʛʽ 

ʩʝʙʝʧʪʝʨʽ ʝʢʝʥʽ ʘʥʳץʪʘʣסʘʥ. ɸʪʘʣסʘʥ ʬʘʢʪʽʣʝʨ פʘʟʘץʩʪʘʥʜʘ ɾʂʆ ʜʝשʛʝʡʽ ʙʦʡʳʥʰʘ ץʘʫʽʧʪʽ 

ʞʘסʜʘʡʜʳ ʢᴇʨʩʝʪʝʜʽ.  

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ɸʚʪʦʤʦʙʠʣʴ ʢᴇʣʽʛʽ, ʘʧʘʪ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ, ʞʦʣ-ʢᴇʣʽʢ ʦץʠסʘʣʘʨʳ, ʢᴇʣʽʢ 

 .ʘʫʽʧʩʽʟʜʽʛʽץ שʨʜʽʩʪʝʨʽʥʽװ
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STUDY OF THE DYNAMICS OF THE EXECUTIVE MECHANISM OF THE EXCOSELET 

WITH THE REACTIONS OF THE REFERENCE SURFACE  

Isabekov Zhanibek Nazarbekuly, Tutor, Kazakh National Research Technical University 

named after K.I.Satbayev, Almaty, Kazakhstan, janibek_23.93@mail.ru  

Ermekbaeva Alya Omirbekovna, senior-lecturer, Kazakh National Research Technical 

University named after K.I.Satbayev, Almaty, Kazakhstan, ermekbaeva.1962@mail.ru  

Kovalchuk Alexander Kondratevich, Cand.Sci.(Eng.), Associate Professor, Moscow State 

Technical University named after N.E. Bauman, Moscow, Russia , aleksandr.alexkov@yandex.ru  

Abstract. One of the main stages of creating robotic systems is to conduct mathematical 

modeling of their dynamics. To date, many methods for solving this problem have been proposed. 

Methods of mathematical description of kinematics and dynamics of actuator robots are devoted to the 

publication. According to the results of the review, it follows that in the Russian Federation there is a 

significant lag in this area of research.  

Developments in robotic systems include a large number of sub-tasks from various fields of 

science and technology. The robot can be on a wheeled platform, caterpillar, walking or flying. It can 

have various manipulators for interaction with the outside world and a lot of sensors, the data from which 

it is necessary to receive and process. Without the knowledge of kinematics, dynamics, electronics, 

machine vision, navigation and other highly specialized disciplines, it is impossible to create a robotic 

system that meets modern requirements. The optimal approach to constructing a mathematical model of 

the dynamics of the IM exoskeleton is the use of the modified coordinate system of Denavite-Hartenberg 

and the D'Alembert principle, which allows one to determine its motion taking into account the external 

forces and moments applied to it, as well as the forces and moments from the superimposed on it external 

kinematic connections and calculate the forces and moments of reactions of these bonds these links. 

Equations of dynamics are obtained using the D'Alember principle. The results of the study of the 

dynamics of the executive mechanism of the exoskeleton are presented. A 3D model of the executive 

mechanism of the exoskeleton is developed in the SolidWorks software package. In the MATLAB 

software complex, the dependencies of the moments and powers in the joints on time are constructed. 

Keywords: exoskeleton, synthesis of the kinematic structure, equation of the dynamics of the 

exoskeleton, mathematical modeling 
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ɾ.ʅ. ʀʩʘʙʝʢʦʚ
1
, ɸ.ʆ.ɽʨʤʝʢʙʘʝʚʘ

1
, ɸ.ʂ.ʂʦʚʘʣʴʯʫʢ

2 

1
 ʩʪʘʥץʂʘʟʘ ,.ץ ʟʝʨʪʪʝʫ ʫʥʠʚʝʨʩʠʪʝʪʽ, ɸʣʤʘʪʳ ץʪʝʭʥʠʢʘʣʳ ץʣʪʪʳײ ץʘʟʘפ ʳסʀ.ʉᴅʪʙʘʝʚ ʘʪʳʥʜʘ.פ

2
ʅ.ʕ. ɹʘʫʤʘʥ ʘʪʳʥʜʘסʳ ʄᴅʩʢʝʫ ʤʝʤʣʝʢʝʪʪʽʢ ʪʝʭʥʠʢʘʣʳץ ʫʥʠʚʝʨʩʠʪʝʪ, ʄᴅʩʢʝʫ, ʈʝʩʝʡ 

 

ʊɯʈɽʂ ɹɽʊɯʅɯר ʈɽɸʂʎʀʗʉʓʅ ɽʉʂɽʈɽ ʆʊʓʈʓʇ, ʕʂɿʆʉʂɽʃɽʊʊɯר 

ɸʊפɸʈʋʐʓ ʄɽʍɸʅʀɿɯʄɯʅɯר ɼʀʅɸʄʀʂɸʉʓʅ ɿɽʈʊʊɽʋ 

 

ɸשʜʘʪʧʘ. ʆʩʳ ʤʘץʘʣʘʜʘ ʙʽʟ ʵʢʟʦʩʢʝʣʝʪʪʽש ʘסʘʰ ʪᴅʨʽʟʜʝʩ ʘʪץʘʨʫʰʳ ʤʝʭʘʥʠʟʤʽʥʽש 

(ɸʄ) ʢʠʥʝʤʘʪʠʢʘʣʳץ ʩʭʝʤʘʩʳʥ (ʂʉ) ץʘʨʘʩʪʳʨʘʤʳʟ. ɼʠʥʘʤʠʢʘʥʳש ʪʝשʜʝʫʽ ɼôɸʣʘʤʙʝʨ 

ʧʨʠʥʮʠʧʽʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʘʣʳʥסʘʥ. ʕʢʟʦʩʢʝʣʝʪʪʽש ʘʪץʘʨʫʰʳ ʤʝʭʘʥʠʟʤʽʥʽש ʜʠʥʘʤʠʢʘʩʳʥ 

ʟʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʢʝʣʪʽʨʽʣʛʝʥ. ʕʢʟʦʩʢʝʣʝʪʪʽש ʘʪץʘʨʫʰʳ ʤʝʭʘʥʠʟʤʽʥʽ3 שD ʤʦʜʝʣʽ 

SolidWorks ʙʘסʜʘʨʣʘʤʘʣʳץ ʢʝʰʝʥʽʥʜʝ ʞʘʩʘʣʜʳ. MATLAB ʙʘסʜʘʨʣʘʤʘʣʳץ ʢʝʰʝʥʽʥʜʝ 

ʤʦʤʝʥʪʪʝʨ ʤʝʥ ץʫʘʪʪʘʨʜʳש ʫʘץʳʪץʘ ʪᴅʫʝʣʜʽʣʽʢʪʝʨʽ ʩʘʣʳʥסʘʥ. 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ʵʢʟʦʩʢʝʣʝʪ, ʢʠʥʝʤʘʪʠʢʘʣʳײץ ץʨʳʣʳʤʥʳש ʩʠʥʪʝʟʽ, ʵʢʟʦʩʢʝʣʝʪʪʽש 

ʜʠʥʘʤʠʢʘʣʳץ ʪʝשʜʝʫʽ, ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴʜʝʫ. 

 

 

mailto:janibek_23.93@mail.ru
mailto:ermekbaeva.1962@mail.ru
mailto:aleksandr.alexkov@yandex.ru


́̈˗˗ˍ s ̙̜̜́̂́̑̒ Ο τ ɉρπσɊȟ ςπρχ          )33. ρφπω-1817              The Bulletin of KazATC 
ˏ̆̒̓̎̉̋ ˗́̈ˍ˟˗ Ο τ ɉρπσɊȟ ςπρχ                  ××w.kazatk.kz                2017, Vol. 103, No. 4 

104 

 

ʂʽʨʽʩʧʝ. ʈʦʙʦʪʦʪʝʭʥʠʢʘʣʳץ ʞװʡʝʥʽ 

 שʜʝʨʽ ʙʦʣʳʧ, ʦʥʳשʥʝʛʽʟʛʽ ʢʝʟʝ שʨʫʜʳײץ

ʜʠʥʘʤʠʢʘʩʳʥʘ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴʜʝʫ 

ʞװʨʛʽʟʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹװʛʽʥʛʽ ʪʘשʜʘ ʙײʣ 

ʤᴅʩʝʣʝʥʽ ʰʝʰʫʜʽש ʢᴇʧʪʝʛʝʥ ᴅʜʽʩʪʝʨʽ 

 שʘʥ [1]. ɸʄ ʨʦʙʦʪʪʘʨʳʥʳסʩʳʥʳʣײ

ʢʠʥʝʤʘʪʠʢʘʩʳ ʤʝʥ ʜʠʥʘʤʠʢʘʩʳʥ 

ʤʘʪʝʤʘʪʠʢʘʣʳץ ʩʠʧʘʪʪʘʫ ᴅʜʽʩʪʝʨʽ 

ʞʘʨʠʷʣʘʥסʘʥ [2-3]. ʐʦʣʫʜʳש ʥᴅʪʠʞʝʣʝʨʽʥʝ 

ʩᴅʡʢʝʩ [4], ʈʝʩʝʡ ʌʝʜʝʨʘʮʠʷʩʳʥʜʘ ʦʩʳ 

ʩʘʣʘʜʘסʳ ʟʝʨʪʪʝʫʣʝʨ ʙʦʡʳʥʰʘ ʘʡʪʘʨʣʳץʪʘʡ 

ʘʨʪʪʘ ץʘʣʫʳ ʙʘʡץʘʣʘʜʳ.  

ʈʦʙʦʪʦʪʝʭʥʠʢʘʣʳץ ʞװʡʝʣʝʨʽʥʽש 

ʟʝʨʪʪʝʤʝʣʝʨʽ סʳʣʳʤ ʤʝʥ ʪʝʭʥʠʢʘʥʳש 

ᴅʨʪװʨʣʽ ʩʘʣʘʣʘʨʳʥʜʘסʳ ʢᴇʧʪʝʛʝʥ ץʦʩʘʣץʳ 

ʪʘʧʩʳʨʤʘʣʘʨʜʳ ץʘʤʪʠʜʳ [5]. ʈʦʙʦʪ 

ʜᴇשʛʝʣʝʢʪʽ ʧʣʘʪʬʦʨʤʘʜʘ, ʰʳʥʞʳʨ 

ʪʘʙʘʥʜʳ, ʘʜʳʤʜʘʫʰʳ ʥʝʤʝʩʝ ײʰʘʪʳʥ 

ʙʦʣʫʳ ʤװʤʢʽʥ. ʆʣ ʩʳʨʪץʳ ᴅʣʝʤʤʝʥ ᴇʟʘʨʘ 

ᴅʨʝʢʝʪʪʝʩʫ װʰʽʥ ᴅʨʪװʨʣʽ ʤʘʥʠʧʫʣʷʪʦʨʣʘʨסʘ 

ʞᴅʥʝ ʢᴇʧʪʝʛʝʥ ʩʝʥʩʦʨʣʘʨסʘ ʠʝ ʙʦʣʫʳ 

ʤװʤʢʽʥ, ʦʣʘʨʜʘʥ ʢʝʣʝʪʽʥ ʜʝʨʝʢʪʝʨʜʽ 

 ,ʘʞʝʪ. ʂʠʥʝʤʘʪʠʢʘץ ʜʝʫשʘʙʳʣʜʘʫ ʞᴅʥʝ ᴇץ

ʜʠʥʘʤʠʢʘ, ʵʣʝʢʪʨʦʥʠʢʘ, ʤʘʰʠʥʘʣʘʨʜʳ 

ʢᴇʨʫ, ʥʘʚʠʛʘʮʠʷ ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʞʦסʘʨʳ 

ʤʘʤʘʥʜʘʥʜʳʨʳʣסʘʥ ʧᴅʥʜʝʨʜʽ ʙʽʣʤʝʡ, 

ʟʘʤʘʥʘʫʠ ʪʘʣʘʧʪʘʨסʘ ʩʘʡ ʢʝʣʝʪʽʥ 

ʨʦʙʦʪʦʪʝʭʥʠʢʘʣʳץ ʞװʡʝʥʽ ײץʨʫ ʤװʤʢʽʥ 

ʝʤʝʩ. ɸʄ ʵʢʟʦʩʢʝʣʝʪʽʥʽש ʜʠʥʘʤʠʢʘʩʳʥʳש 

ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʽʥ ײץʨʫʜʳש ʦשʪʘʡʣʳ 

ʪᴅʩʽʣʽ ïɼʝʥʘʚʠʪ-ʍʘʨʪʝʥʙʝʨʛʪʽש 

ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʦʦʨʜʠʥʘʪʪʘʨ ʞװʡʝʩʽ 

(ʂɾ) ʞᴅʥʝ ɼôɸʣʘʤʙʝʨ ʧʨʠʥʮʠʧʽʥ 

ʧʘʡʜʘʣʘʥʳʣʫʳ, ʦʣ ʩʳʨʪץʳ ʢװʰʪʝʨ ʤʝʥ ʦסʘʥ 

 ,ʦʣʜʘʥʳʣʘʪʳʥ ʤʦʤʝʥʪʪʝʨʜʽ ʝʩʢʝʨʝ ʦʪʳʨʳʧץ

ʦʥʳץ שʦʟסʘʣʳʩʳʥ ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ, ʩʦʥʜʘʡ-ʘץ ʦסʘʥ ץʦʡʳʣסʘʥ ʢװʰʪʝʨ 

ʤʝʥ ʤʦʤʝʥʪʪʝʨʜʽ ʩʳʨʪץʳ ʢʠʥʝʤʘʪʠʢʘʣʳץ 

 ʦʩʳʣʳʩʪʘʨ ʤʝʥ ʪʫʳʥʜʘʡʪʳʥ ʦʩʳץ

ʙʘʡʣʘʥʳʩ ʨʝʘʢʮʠʷʣʘʨʳʥʳש ʢװʰʪʝʨʽ ʤʝʥ 

ʤʦʤʝʥʪʪʝʨʽʥ ʝʩʝʧʪʝʡʜʽ. 

 

1.ɼʝʥʘʚʠʪ-ʍʘʨʪʝʥʙʝʨʛ ʧʘʨʘʤʝʪʨʣʝʨʽ 
 

ʕʢʟʦʩʢʝʣʝʪʪʽש ʞᴅʥʝ ʦʥʳ3 שD ʤʦʜʝʣʽʥʽש ʢʠʥʝʤʘʪʠʢʘʣʳץ ʩʭʝʤʘʩʳ [4, 6, 14] 1 ʞᴅʥʝ 

2 ʩʫʨʝʪʪʝʨʜʝ ʪʠʽʩʽʥʰʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 
 

 

 

  

 

1 - ʩʫʨʝʪ.  ʕʢʟʦʩʢʝʣʝʪʪʽש ʘʪץʘʨʫʰʳ 

ʤʝʭʘʥʠʟʤʽʥʽש ʢʠʥʝʤʘʪʠʢʘʣʳץ ʩʭʝʤʘʩʳ 

Fig. 1 ï The kinematic scheme of the 

executive mechanism of the exoskeleton 

 2 - ʩʫʨʝʪ.  ɸM ʵʢʟʦʩʢʝʣʝʪʽʥʽש ʞʘʣʧʳ 

ʢᴇʨʽʥʽʩʽʥʽ3 שD ʤʦʜʝʣʽ 

Fig. 2 ï 3D model of the general view of 

the actuator exoskeleton 
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ʕʢʟʦʩʢʝʣʝʪʪʽש ʘʪץʘʨʫʰʳ 

ʤʝʭʘʥʠʟʽʤʽʥʽש ʥʝʛʽʟʛʽ ʞᴅʥʝ ץʦʩʘʣץʳ 

ʢʦʦʨʜʠʥʘʪʘʣʘʨ ʞװʡʝʣʝʨʽʥʽש ɼʝʥʘʚʠʪ-

ʍʘʨʪʝʥʙʝʨʛʪʽש ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ 

ʢᴇʨʩʝʪʢʽʰʪʝʨʽ [14]  ʩᴅʡʢʝʩ ʘʣʳʥסʘʥ. 

 ɸM ʵʢʟʦʩʢʝʣʝʪʽʥʽש ʜʠʥʘʤʠʢʘʩʳʥ 

ʝʩʝʧʪʝʫ װʰʽʥ ʙʘʩʪʘʧץʳ ʜʝʨʝʢʪʝʨ [7]:  

¶ di [ʤ], ai [ʤ], ‌ [ʨʘʜ] ï 

ʵʢʟʦʩʢʝʣʝʪʪʽש ʥʝʛʽʟʛʽ ʞᴅʥʝ ץʦʩʘʣץʳ ʂɾ 

ɼʝʥʘʚʠʪ-ʍʘʨʪʝʥʙʝʨʛ ʧʘʨʘʤʝʪʨʣʝʨʽ, ʩʦʥʜʘʡ-

ʘץ f(i) ʠ ns(i) ʧʘʨʘʤʝʪʨʣʝʨʽ, ʦʩʳʜʘʥ f(i)- 

ʙʫʳʥ ʥᴇʤʽʨʽ- i ʙʫʳʥʳʥʳש ᴅʢʝʩʽ ʞᴅʥʝ ns(i) ï 

i ʙʫʳʥʳ f(i) ʰʦʪ ʙʦʡʳʥʰʘ ʥʝʩʽʥʰʽ ײʣʳ 

ʙʦʣʘʪʳʥʳʥ ʢᴇʨʩʝʪʝʪʽʥ ʧʘʨʘʤʝʪʨ;  

¶ ɸʄ ʙʫʳʥʜʘʨʳʥʳש 

ʧʘʨʘʤʝʪʨʣʝʨʽ: ʤʘʩʩʘʩʳ, ʠʥʝʨʮʠʷ 

ʪʝʥʟʦʨʣʘʨʳ, ײץʨʳʣʳʤʥʳ3 שD ʤʦʜʝʣʴʜʝʫ 

ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʘʣʳʥסʘʥ 

ʙʘʡʣʘʥʳʩʪʳש ʤʘʩʩʘʣʳץ ʦʨʪʘʣʳץʪʘʨʳʥʳש 

ʢʦʦʨʜʠʥʘʪʪʘʨʳ; 

¶ ʩʳʨʪץʳ ʢװʰʪʝʨʜʽש ʪװʩʫ 

ʥװʢʪʝʣʝʨʽʥʽש ʢʦʦʨʜʠʥʘʪʪʘʨʳ; 

¶ ʩʳʨʪץʳ ʙʘʡʣʘʥʳʩʪʳʨʫ 

ʥװʢʪʝʣʝʨʽʥʽש ʢʦʦʨʜʠʥʘʪʪʘʨʳ. 
 

2. ɹʝʣʩʝʥʜʽ ʵʢʟʦʩʢʝʣʝʪʪʽש ɸʄ ʘסʘʰ ʪᴅʨʽʟʜʽ  ʜʠʥʘʤʠʢʘʩʳʥʳש ʪʝשʜʝʫʽ. 
 

ɹʽʟ ʞʘʣʧʳʣʘʥסʘʥ ʢʦʦʨʜʠʥʘʪʪʘʨ ʤʝʥ 

ʦʣʘʨʜʳש ʪʫʳʥʜʳʣʘʨʳ ʘʨץʳʣʳ ʞʝʪʝʢʪʝʨʤʝʥ 

ʜʘʤʳʪʳʣסʘʥ ʢװʰʪʝʨʜʽ ʙʽʣʜʽʨʝʤʽʟ [8]. 

ʄʘʪʨʠʮʘʤʝʥ ץʦʣ ʞʝʪʝʨʣʽʢ ʙʫʳʥʜʘʨʜʳ D, 

ʙʣʦʢʪʳץ ʚʝʢʪʦʨʜʳz
0   ʞᴅʥʝ ʜʠʘʛʦʥʘʣʴʜʳ 

ʤʘʪʨʠʮʘʥʳ s ʘʥʳץʪʘʫ ʘʨץʳʣʳ ʂɾ ʘסʘʰ 

ʪᴅʨʽʟʜʝʩ ɸʄ ʨʦʙʦʪʪʘʨʜʳש ʢᴇʙʝʡʪʢʽʰʪʝʨʜʽ 

ʪʦʧʪʘʩʪʳʨʫ q# ʞᴅʥʝ q##ʘʨץʳʣʳ 

ʜʠʥʘʤʠʢʘʩʳʥʳש ʪʝשʜʝʫʽ ʘʣʳʥʜʳ [14]. 

ɹʝʣʩʝʥʜʽ ʵʢʟʦʩʢʝʣʝʪʪʽץ שʦʟסʘʣʳʩ 

 ʪʘʙʘʥʳ ʪʽʨʝʢ ʙʝʪʽʤʝʥ שʜʝʨʽʩʽ ʢʝʟʽʥʜʝ ʦʥʳװ

ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʝʜʽ. ʉʦʥʜʘ ʩʳʨʪץʳ ʢװʰʪʝʨ 

ʤʝʥ ʤʦʤʝʥʪʪʽש ᴅʩʝʨʽ ʤʝʥ ʩʳʨʪץʳ 

ʢʠʥʝʤʘʪʠʢʘʣʳץ ʙʘʡʣʘʥʳʩʪʘʨʜʳ ʝʩʝʧʢʝ ʘʣʘ 

ʦʪʳʨʳʧ, ɸʄ ʵʢʟʦʩʢʝʣʝʪʽʥʽש ʜʠʥʘʤʠʢʘʩʳʥʘ 

ʘʨʥʘʣסʘʥ ʪʝשʜʝʫ ʢʝʣʝʩʽ ʪװʨʜʝ ʞʘʟʳʣʫʳ 

ʤװʤʢʽʥ: 

 

                   0 2
0 00

q (q,q) (q) F Ű(q) (q)
, ( )

R P(q)(q)

T

ʚV R

ft

B LA J

J

å õ å õ Ö- å õ å õ å õ
Ö + - =æ ö æ öæ ö æ ö æ ö

ç ÷ ç ÷ ç ÷ç ÷ ç ÷
 

 

ʤײʥʜʘסʳ ʙʣʦʢʪʳץ ʚʝʢʪʦʨʣʘʨ ʤʝʥ ʪʝשʜʝʫʜʽש ʤʘʪʨʠʮʘʣʘʨʳʥʳ(2) ש  ʤᴅʥʜʝʨʽ [8] ʩᴅʡʢʝʩ 

ʘʥʳץʪʘʣʘʜʳ. 

 

2.1. ʕʢʟʦʩʢʝʣʝʪʪʽש ʙʫʳʥʜʘʨʳʥʳש ʘʪץʘʨʫʰʳ ʤʝʭʘʥʠʟʤʽʥʽש ʤʘʩʩʘʣʳץ ʤᴅʥʜʝʨʽʥ, ʤʘʩʩʘ 

ʦʨʪʘʣʳסʳʥʳש ʢʦʦʨʜʠʥʘʪʪʘʨʳʥ, ʠʥʝʨʮʠʷ ʪʝʥʟʦʨʣʘʨʳʥ ʝʩʝʧʪʝʫ 

 

ɹʫʳʥʜʘʨʜʳש ʢʝʣʝʩʽ ʧʘʨʘʤʝʪʨʣʝʨʽʥ 

ʘʥʳץʪʘʡʳץ: 

¶ ʤʘʩʩʘʩʳʥ; 

¶ ʙʫʳʥʜʘʨʜʳש ʤʘʩʩʘʣʳץ 

ʦʨʪʘʣʳץʪʘʨʳʥʳש ʢʦʦʨʜʠʥʘʪʪʘʨʳ ʦʩʳ 

ʙʫʳʥʜʘʨʜʳש ʥʝʛʽʟʛʽ ʂɾ ʙʘʡʣʘʥʳʩʳʥ; 

¶ ʦʩʴʪʝʨʽ ʦʩʳ ʙʫʳʥʜʘʨʜʳש ʥʝʛʽʟʛʽ 

 ʦʩʽʥʝ ʧʘʨʘʣʣʝʣʴ ʙʦʣʘʪʳʥ שʘʥ ʂɾ-ʽʥʽסʦʩʳʣץ

ʂɾ-ʛʝ ץʘʪʳʩʪʳ ʙʫʳʥʜʘʨʜʳש ʠʥʝʨʮʠʷʣʳ 

ʪʝʥʟʦʨʣʘʨʳ ʞᴅʥʝ ʰʳסʫ ʪʝʛʽ ʎʄ 

ʙʫʳʥʜʘʨʳʥʜʘ; 

¶ ʘʪץʘʨʫʰʳ ʤʝʭʘʥʠʟʤʛʝ ʙʘʡʣʘʥʳʩʪʳ 
ʂɾ ʙʫʳʥʜʘʨʳ ʤʝʥ ʙʫʳʥʜʘʨסʘ ʪװʩʝʪʽʥ 

ʩʳʨʪץʳ ʢװʰ ʢʦʦʨʜʠʥʘʪʘ ʥװʢʪʝʣʝʨʽʥʽש 

ʘʨʩʳʥʜʘסʳ ʙʘʡʣʘʥʳʩ; 

¶ ʂɾ ʙʘʡʣʘʥʳʩʪʳ ʤʝʭʘʥʠʟʤ 

ʙʫʳʥʜʘʨʳʥʘ ʪװʩʝʪʽʥ ʨʝʘʢʮʠʷ ʢװʰʪʝʨʽʥʽש 

ʢʦʦʨʜʠʥʘʪʘʣʳץ ʥװʢʪʝʣʝʨʽ. 

SolidWorks ʞװʡʝʩʽʥʜʝ 3D-

ʤʦʜʝʣʴʜʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ɸʄ 

ʵʢʟʦʩʢʝʣʝʪʪʽש ʤʘʩʩʘ-ʠʥʝʨʮʠʷʣʳץ 

ʧʘʨʘʤʝʪʨʣʝʨʽ ʘʣʳʥסʘʥ [14]. 

ɾʝʪʝʢʪʝʨʤʝʥ ʞʘʙʜʳץʪʘʣסʘʥ 

 ʘʥסʰʽʥ ʞʘʣʧʳʣʘʥװ ʦʩʳʣʳʩʪʘʨץ

ʢʦʦʨʜʠʥʘʪʪʘʨʜʳש ʟʘשʜʘʨʳ ʤʝʥ ʘʫʳʪץʫ 

ʜʠʘʧʘʟʦʥʜʘʨʳʥ ʞʘʟʘʡʳץ: 

1. ή ὸ ή ὸ τυÁϽίὭὲωπϽὸ  
ʞʘʤʙʘʩʪʳץ ʙʫʳʥʜʘʩʫ; 

2. ή ὸ ή ὸ τυÁϽίὭὲωπϽὸ  
ʪʽʟʝʣʽʢ ʙʫʳʥʜʘʩʫ. 
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3 ʩʫʨʝʪ ï ʕʢʟʦʩʢʝʣʝʪʪʽש ʟʝʨʪʪʝʣʛʝʥ ʞʘסʜʘʡʳ 

Fig. 3 ï The subject position of the exoskeleton 
 

ʊᴇʤʝʥʜʝ MATLAB ʧʨʦʛʨʘʤʤʘʩʳʥʘʥ ʽʩʢʝ ץʦʩʫ ʬʘʡʣʳʥʘʥ ʟʝʨʪʪʝʣʝʪʽʥ ʙʫʳʥʜʘʨʳ 

 :ʰʽʥ ʢʦʜʪʘʨ ʙʝʨʽʣʛʝʥװ
 

    s.q(9)=   -(pi/4)*sin((pi/2)*time); 

    s.dq(9)=  -(pi/2)*(pi/4)*cos((pi/2)*time); 

    s.ddq(9)= (pi/2)*(pi/2)*(pi/4)*sin((pi/2)*time); 

    s.q(10)=   (pi/4)*sin((pi/2)*time); 

    s.dq(10)=  (pi/2)*(pi/4)*cos((pi/2)*time); 

    s.ddq(10)= -(pi/2)*(pi/2)*(pi/4)*sin((pi/2)*time). 

 

3. ʊʝʦʨʠʷʣʳץ ʟʝʨʪʪʝʫʣʝʨʜʽש ʥᴅʪʠʞʝʣʝʨʽ 
 

MATLAB ʙʘסʜʘʨʣʘʤʘʣʳץ ʢʝʰʝʥʽʥʜʝ 

ʪʽʨʝʢ ʨʝʘʢʮʠʷʣʘʨʳʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, 

 .ʘʥסʘ ʪᴅʫʝʣʜʽʣʽʛʽ ʩʘʣʳʥץʳʪץʫʘ שʫʘʪʪʳץ

ʊײʪʳʥʳʣʘʪʳʥ ץʫʘʪʪʳ ʘʟʘʡʪʫ ʤʘץʩʘʪʳʥʜʘ 

ʞʦʙʘʣʘʫʰʳʣʘʨ ʢװʰʪʽʢ ץʦʥʜʳʨסʳʣʘʨʜʳ 

ᴅʟʽʨʣʝʫʛʝ, ᴅʨ ʪװʨʣʽ ʞʝʪʝʢʪʝʨʜʽ ʟʝʨʪʪʝʫʛʝ 

ʞᴅʥʝ ʵʥʝʨʛʠʷʥʳ ʪʠʽʤʜʽ ʙʘʩץʘʨʫ ʪᴅʩʽʣʜʝʨʽʥ 

ʪʘʙʫסʘ ײʤʪʳʣʘʜʳ [9, 10].  [11, 12] 

ʨʦʙʦʪʪʘʨʜʘ ײʩʳʥʳʣסʘʥ ᴅʜʽʩʽ ʂɾ ɸʄ 

ʵʢʟʦʩʢʝʣʝʪʪʽ ʩʠʥʪʝʟʜʝʫ ᴅʜʽʩʽ, ᴇʥʽʤʥʽש 

ʙʘʨʣʳץ ʜʘʤʫ װʜʝʨʽʩʽʥʜʝ ʵʢʟʦʩʢʝʣʝʪʪʽש 

ʵʥʝʨʛʝʪʠʢʘʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʝʩʝʧʪʝʫʛʝ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʊᴇʤʝʥʛʽ ʩʫʨʝʪʪʝ 

ʵʢʟʦʩʢʝʣʝʪʪʽש ʟʝʨʪʪʝʣʽʧ ʦʪʳʨסʘʥ 

 ʫʘʪץ ʘʥʰʘץ ʘʣʳʩʳʥʘ ʤʘʢʩʠʤʘʣʜʳסʦʟץ

ʢʝʨʝʢ ʝʢʝʥʽ ʛʨʘʬʠʢʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

 
 

4  ʩʫʨʝʪ ï 9-ʰʳ ʤװʰʝʩʽʥʝ ʢʝʨʝʢʪʽ ʤʘʢʩʠʤʘʣʜʳ ץʫʘʪ 

Fig. 4 ï The maximum power to the 9-th joint 
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 שʦʨʳʪʳʥʜʳ. ʕʢʟʦʩʢʝʣʝʪʪʽפ

ʵʥʝʨʛʝʪʠʢʘʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʝʩʝʧʪʝʫʛʝ 

ʘʨʥʘʣסʘʥ ʙײʣ ᴅʜʽʩ, ʞʝʪʝʢʪʝʨʜʽש 

ʵʥʝʨʛʝʪʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʩʳʥ ʙʦʣʞʘʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ [13]. ʊʝʦʨʠʷʣʳץ 

ʟʝʨʪʪʝʫʣʝʨʜʽש ʥᴅʪʠʞʝʣʝʨʽ ʵʢʟʦʩʢʝʣʝʪʪʽש 

 ʘʨʳסʪʳʥʫ ʢᴇʨʩʝʪʢʽʰʽ ᴇʪʝ ʞʦײʫʘʪʪʳ ʪץ

ʝʢʝʥʜʽʛʽʥ ʢᴇʨʩʝʪʪʽ. פʫʘʪʪʳ ʘʟʘʡʪʫ װʰʽʥ 

ʵʢʟʦʩʢʝʣʝʪʪʽש ʘʷץʪʘʨʳʥ ײʟʘʨʪʫ ʢʝʨʝʢ ʞᴅʥʝ 

ʞʝʪʝʢʪʝʨʜʽ ʙʘʩץʘʨʫʜʳש ʵʥʝʨʛʦʪʠʽʤʜʽ 

ʪᴅʩʽʣʜʝʨʽʥ ʟʝʨʪʪʝʫ ʢʝʨʝʢ, ʩʝʙʝʙʽ ʦʥʳש 

ʞʠʽʣʽʛʽ ʵʢʟʦʩʢʝʣʝʪʪʽש ʢʦʨʧʫʩʳʥʳש 

ʞʳʣʜʘʤʜʳסʳʥʘ ʙʘʡʣʘʥʳʩʪʳ. 
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ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ SolidWorks. ɺ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ MATLAB  ʧʦʩʪʨʦʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 

ʤʦʤʝʥʪʦʚ ʠ ʤʦʱʥʦʩʪʝʡ ʚ ʩʦʯʣʝʥʝʥʠʷʭ ʦʪ ʚʨʝʤʝʥʠ. 
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ʵʢʟʦʩʢʝʣʝʪʘ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 
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DEVELOPMENT OF METHODS AND SOFTWARE FOR PLANNING OF PRODUCTION 

PROGRAM ON MAINTENANCE AND REPAIR OF SHUBARKOL KOMIR JSC OPEN -PIT 
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Abstract. Investigation of the reliability of open-pit dump trucks' units in operation has shown 

that engines, hydro-mechanical gearboxes, undercarriage, transmissions failure takes place the most 

frequently. Therefore, the article examines the development of methods and software for planning 

production program on dump trucks maintenance, which is ultimately the organization of summary tables 

for each car group. Endurance sample, codes of failures will also be automated in the PivotTable. The 

production program for maintenance and repair of transport equipment includes the calculation of the 

number of impacts that the vehicle is subjected to during operation to maintain a given level of reliability 

and durability. Objective calculation of labor costs for maintenance and repair allows you to calculate the 

number of workers, calculate the number of posts in the maintenance and repair area, and also provide 

calendar planning and actual account of preventive actions. The calculation is conducted on the basis of 

regulatory documents, which determine the types of impact, standards, corrective factors that take into 

account the real factors of the existing auto enterprise - Shubarkol Komir JSC. The methodology for 

calculating the annual and daily number of impacts is based on the cycle run. The cycle takes an adjusted 

mileage before major repairs. The number of technical impacts per vehicle in one cycle is determined by 

the cyclic operating time-to-the impact time-ratio. Work of such database can be continued after testing in 

practical terms and received recommendations from users. The article also provides illustrations 

demonstrating the capabilities of the production program made in Microsoft Office Excel. 

Keywords: repair, dump truck, transport, exposure, running, failure. 
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1
ʂʘʨʘʛʘʥʜʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʪʠʪʝʪ, ʛ. ʂʘʨʘʛʘʥʜʘ, ʂʘʟʘʭʩʪʘʥ 

 

ʈɸɿʈɸɹʆʊʂɸ ʄɽʊʆɼʀʂʀ ʀ ʇʈʆɻʈɸʄʄʅʆɻʆ ʆɹɽʉʇɽʏɽʅʀʗ 

ʇʃɸʅʀʈʆɺɸʅʀʗ ʇʈʆʀɿɺʆɼʉʊɺɽʅʅʆʁ ʇʈʆɻʈɸʄʄʓ ʇʆ ʊʆ ʀ ʈɽʄʆʅʊʋ 

ʂɸʈʔɽʈʅʓʍ ɸɺʊʆʉɸʄʆʉɺɸʃʆɺ ɸʆ çʐʋɹɸʈʂʆʃʔ ʂʆʄʀʈè 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʦʙʩʣʫʞʠʚʘʥʠʶ 

ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ,  ʢʦʥʝʯʥʳʤ  ʠʪʦʛʦʤ  ʢʦʪʦʨʦʡ  ʷʚʣʷʝʪʩʷ  ʦʨʛʘʥʠʟʘʮʠʷ  ʩʚʦʜʥʳʭ   ʪʘʙʣʠʮ   ʧʦ  
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ʢʘʞʜʦʡ ʛʨʫʧʧʝ ʘʚʪʦʤʦʙʠʣʝʡ. ɺʳʙʦʨʢʘ ʧʦ ʧʨʦʙʝʛʘʤ, ʢʦʜʘʤ ʦʪʢʘʟʦʚ ʚ ʩʚʦʜʥʦʡ ʪʘʙʣʠʮʝ 

ʙʫʜʝʪ ʪʘʢʞʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʘ. ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʧʦ ʊʆ ʠ ʨʝʤʦʥʪʫ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʪʝʭʥʠʢʠ ʚʢʣʶʯʘʝʪ ʨʘʩʯʸʪ ʢʦʣʠʯʝʩʪʚʘ ʚʦʟʜʝʡʩʪʚʠʡ, ʢʦʪʦʨʳʤ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ 

ʥʘʜʸʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ. ʆʙʲʝʢʪʠʚʥʳʡ ʨʘʩʯʸʪ ʪʨʫʜʦʚʳʭ ʟʘʪʨʘʪ ʥʘ ʊʆ ʠ ʨʝʤʦʥʪ 

ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʠʪʴ ʨʘʩʯʸʪ ʯʠʩʣʘ ʨʘʙʦʯʠʭ ʠʩʧʦʣʥʠʪʝʣʝʡ, ʨʘʩʯʸʪ ʯʠʩʣʘ ʧʦʩʪʦʚ ʚ ʟʦʥʝ ʊʆ 

ʠ ʊʈ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʪʴ ʢʘʣʝʥʜʘʨʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʬʘʢʪʠʯʝʩʢʠʡ ʫʯʸʪ 

ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʤʦʥʪ, ʘʚʪʦʩʘʤʦʩʚʘʣ, ʪʨʘʥʩʧʦʨʪ, ʚʦʟʜʝʡʩʪʚʠʷ, ʧʨʦʙʝʛ, ʦʪʢʘʟ. 

 

ɻʣʦʩʩʘʨʠʡ: 

ʃʂʄ ï ʣʝʚʘʷ ʢʣʘʚʠʰʘ ʤʳʰʠ 

ʂʊɻ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʭʥʠʯʝʩʢʦʡ ʛʦʪʦʚʥʦʩʪʠ 

ʇʇ ʊʆ ʠ ʈ ï ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʊʆ ʠ ʨʝʤʦʥʪʦʚ 

ʊʈ ï ʪʝʢʫʱʠʡ ʨʝʤʦʥʪ 

ɿʏ  ï ʟʘʧʘʩʥʳʝ ʯʘʩʪʠ 

ʇʨʦʤ. ʊʆ ï ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʊʆ 

ʇʈ-1, ʇʈ-2 ï ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʳʡ ʨʝʤʦʥʪ 1,2 

ʇʉ ï ʧʦʜʚʠʞʥʦʡ ʩʦʩʪʘʚ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ 

ɹɼ ʩʭʦʜʦʚ ï ʙʘʟʘ ʜʘʥʥʳʭ ʩʭʦʜʦʚ 

 

ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʧʦ ʊʆ 

ʠ ʨʝʤʦʥʪʫ ʪʨʘʥʩʧʦʨʪʥʦʡ ʪʝʭʥʠʢʠ ʚʢʣʶʯʘʝʪ 

ʨʘʩʯʸʪ ʢʦʣʠʯʝʩʪʚʘ ʚʦʟʜʝʡʩʪʚʠʡ, ʢʦʪʦʨʳʤ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ ʚ 

ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ ʥʘʜʸʞʥʦʩʪʠ ʠ 

ʜʦʣʛʦʚʝʯʥʦʩʪʠ. ʆʙʲʝʢʪʠʚʥʳʡ ʨʘʩʯʸʪ 

ʪʨʫʜʦʚʳʭ ʟʘʪʨʘʪ ʥʘ ʊʆ ʠ ʨʝʤʦʥʪ ʧʦʟʚʦʣʷʝʪ 

ʚʳʧʦʣʥʠʪʴ ʨʘʩʯʸʪ ʯʠʩʣʘ ʨʘʙʦʯʠʭ 

ʠʩʧʦʣʥʠʪʝʣʝʡ, ʨʘʩʯʸʪ ʯʠʩʣʘ ʧʦʩʪʦʚ ʚ ʟʦʥʝ 

ʊʆ ʠ ʊʈ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʪʴ ʢʘʣʝʥʜʘʨʥʦʝ 

ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʬʘʢʪʠʯʝʩʢʠʡ ʫʯʸʪ 

ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. ʈʘʩʯʸʪ 

ʚʝʜʸʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʭ 

ʜʦʢʫʤʝʥʪʦʚ, ʢʦʪʦʨʳʤʠ ʦʧʨʝʜʝʣʝʥʳ ʚʠʜʳ 

ʚʦʟʜʝʡʩʪʚʠʷ, ʥʦʨʤʘʪʠʚʳ, ʢʦʨʨʝʢʪʠʨʫʶʱʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ, ʫʯʠʪʳʚʘʶʱʠʝ ʨʝʘʣʴʥʳʝ 

ʬʘʢʪʦʨʳ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʘʚʪʦʧʨʝʜʧʨʠʷʪʠʷ 

ï ɸʆ çʐʫʙʘʨʢʦʣʴ ʂʦʤʠʨè. ɺʳʙʦʨ ʠ 

ʢʦʨʨʝʢʪʠʨʦʚʘʥʠʝ ʥʦʨʤʘʪʠʚʦʚ ʊʆ ʠ 

ʨʝʤʦʥʪʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ 

ʙʦʣʴʰʦʡ ʛʨʫʟʦʧʦʜʲʸʤʥʦʩʪʠ ʦʩʥʦʚʘʥ ʥʘ 

ʜʘʥʥʳʭ ʇʦʣʦʞʝʥʠʷ ʦ ʊʆ ʠ ʊʈ 

ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ ɹʝʣɸɿ, ʢʦʪʦʨʳʤ 

ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʧʨʦʚʝʜʝʥʠʝ ʩʣʝʜʫʶʱʠʭ 

ʚʠʜʦʚ ʚʦʟʜʝʡʩʪʚʠʡ: ɽʆ, ʊʆ-1, ʊʆ-2, ʊʆ-3, 

ʉʆ, ʊʈ, ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʳʝ ʨʝʤʦʥʪʳ ʇʈ-1, 

ʇʈ-2. ʄʝʪʦʜʠʢʘ ʨʘʩʯʸʪʘ ʠ ʨʘʩʯʸʪʥʳʝ 

ʬʦʨʤʫʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʪʯʸʪʝ ʧʦ 1 

ʵʪʘʧʫ. ʄʝʪʦʜʠʢʘ ʨʘʩʯʸʪʘ ʛʦʜʦʚʦʛʦ ʠ 

ʩʫʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʦʟʜʝʡʩʪʚʠʡ 

ʦʩʥʦʚʘʥʘ ʥʘ ʮʠʢʣʦʚʦʤ ʧʨʦʙʝʛʝ. ɿʘ ʮʠʢʣ 

ʧʨʠʥʠʤʘʝʪʩʷ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʡ ʧʨʦʙʝʛ 

ʜʦ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ. ʏʠʩʣʦ 

ʪʝʭʥʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʦʜʠʥ 

ʘʚʪʦʤʦʙʠʣʴ ʟʘ ʮʠʢʣ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʦʪʥʦʰʝʥʠʝʤ ʮʠʢʣʦʚʦʡ ʥʘʨʘʙʦʪʢʠ ʢ 

ʥʘʨʘʙʦʪʢʝ ʜʦ ʜʘʥʥʦʛʦ ʚʠʜʘ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʊʘʢ ʢʘʢ ʮʠʢʣʦʚʘʷ ʥʘʨʘʙʦʪʢʘ tʮ ʚ ʜʘʥʥʦʤ 

ʨʘʩʯʸʪʝ ʧʨʠʥʷʪʘ ʨʘʚʥʦʡ ʥʘʨʘʙʦʪʢʝ tʢʨ 

ʘʚʪʦʤʦʙʠʣʷ ʜʦ ʂʈ, ʪʦ ʯʠʩʣʦ ʂʈ ʦʜʥʦʛʦ 

ʘʚʪʦʤʦʙʠʣʷ ʟʘ ʮʠʢʣ ʙʫʜʝʪ ʨʘʚʥʦ ʝʜʠʥʠʮʝ. 

ʇʝʨʠʦʜʠʯʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʝʞʝʜʥʝʚʥʳʭ 

ʦʙʩʣʫʞʠʚʘʥʠʡ (ɽʆ) ʧʨʠʥʷʪʘ ʨʘʚʥʦʡ 

ʩʨʝʜʥʝʩʫʪʦʯʥʦʤʫ ʧʨʦʙʝʛʫ [1]. 

ʈʘʩʯʸʪ ʢʦʣʠʯʝʩʪʚʘ ʚʦʟʜʝʡʩʪʚʠʡ ʂʈ 

(Nʢ), ʊʆ-3 (N3), ʊʆ-2 (N2), ʊʆ-1 (N1) ʠ ɽʆ 

(Nɽʆ), ʘ ʪʘʢʞʝ ʇʈ-1 (Nʧʨ-1), ʇʈ-2 (Nʧʨ-2) ʟʘ 

ʮʠʢʣ ʥʘ ʦʜʠʥ ʘʚʪʦʤʦʙʠʣʴ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ 

ʬʦʨʤʫʣʘʤ, ʢʦʪʦʨʳʝ ʚʚʝʜʝʥʳ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʷʯʝʡʢʠ ʵʣʝʢʪʨʦʥʥʦʡ 

ʪʘʙʣʠʮʳ: 

 

 

 

 



́̈˗˗ˍ s ̙̜̜́̂́̑̒ Ο τ ɉρπσɊȟ ςπρχ          )33. ρφπω-1817              The Bulletin of KazATC 
ˏ̆̒̓̎̉̋ ˗́̈ˍ˟˗ Ο τ ɉρπσɊȟ ςπρχ                  ××w.kazatk.kz                2017, Vol. 103, No. 4 

111 

 

ὔ̠ ˝
̗

˗˝
       (1) 

 

ὔ ̗

˟˛
ὔ̠  ̋      (2) 

 

ὔ ̗

˟˛
ὔ ὔ̠  ̋     (3) 

 

ὔ ̗

˟˛
ὔ ὔ ὔ̠  ̋    (4) 

 

ὔ̐ ̑̏Ȣ̍  ˟˛
̗

̐̑̏Ȣ̍  ˟˛
ὔ ὔ ὔ ὔ̠  ̋   (5) 

 

ὔ˒ ˛
̗

       (6) 

 

ʈʘʩʯʸʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ 

ʧʨʦʛʨʘʤʤʳ ʜʦʩʪʘʪʦʯʥʦ ʸʤʦʢ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʨʫʯʥʳʤ ʩʧʦʩʦʙʦʤ, ʧʦʵʪʦʤʫ 

ʜʣʷ ʫʙʳʩʪʨʝʥʠʷ ʧʨʦʮʝʩʩʘ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʘ 

ʪʘʢʞʝ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʵʣʝʢʪʨʦʥʥʘʷ 

ʧʨʦʛʨʘʤʤʘ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ [2]. 

ɼʣʷ ʨʘʩʯʸʪʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ 

ʧʨʦʛʨʘʤʤʳ ʧʦ ʊʆ ʠ ʨʝʤʦʥʪʫ ʧʨʠʤʝʥʷʝʪʩʷ 

ʵʣʝʢʪʨʦʥʥʘʷ ʪʘʙʣʠʮʘ EXCEL ʚ ʬʘʡʣʝ 

ʈɻʇʇ_ʚʘʨʍʍʍ_ʟʘʛʦʪʦʚʢʘ.xls. ʋʢʘʟʘʥʥʳʡ 

ʬʘʡʣ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʟʘʛʦʪʦʚʢʘ, ʧʦʵʪʦʤʫ 

ʧʦʩʣʝ ʟʘʧʫʩʢʘ ʝʛʦ ʥʝʦʙʭʦʜʠʤʦ 

ʧʝʨʝʠʤʝʥʦʚʘʪʴ (ʥʘʧʨʠʤʝʨ, ʩʦʭʨʘʥʠʪʴ ʢʘʢ 

ʈɻʇʇ_ʚʘʨ12052015.xls).  

ɺ ʬʘʡʣʝ ʠʤʝʝʪʩʷ ʥʝʩʢʦʣʴʢʦ 

ʟʘʢʣʘʜʦʢ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʩʪʨʘʥʠʮʳ. 

ʅʘʯʠʥʘʪʴ ʥʘʜʦ ʨʘʙʦʪʘʪʴ ʩ ʧʝʨʚʦʡ ʟʘʢʣʘʜʢʠ 

ï çʂʊɻ ʠ ʇʇ ʊʆ ʠ ʈè, ʛʜʝ ʚʚʝʜʝʥʳ 

ʥʦʨʤʘʪʠʚʥʳʝ ʠ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ. ɺ 

ʪʘʙʣʠʮʫ 1 ʚʚʦʜʠʪʩʷ ʩʨʝʜʥʝʩʫʪʦʯʥʳʡ 

ʧʨʦʙʝʛ (ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦʙʨʘʙʦʪʢʠ 

ʧʫʪʝʚʳʭ ʣʠʩʪʦʚ ʟʘ ʛʦʜ), ʥʦʨʤʘʪʠʚʥʳʝ 

ʧʨʦʩʪʦʠ ʚ ʂʈ, ʚ ʊʆ-2 ʠ ʊʈ, ʩʫʤʤʘʨʥʦʝ 

ʚʨʝʤʷ ʟʘ ʛʦʜ ʦʞʠʜʘʥʠʷ ʊʈ, ʚʨʝʤʷ ʥʘ 

ʧʨʦʮʝʩʩ ʊʈ ʠ ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ɿʏ 

(ʩʪʘʪʠʩʪʠʢʘ ʧʨʝʜʧʨʠʷʪʠʷ). ɼʣʷ ʦʙʣʝʛʯʝʥʠʷ 

ʦʨʠʝʥʪʠʨʦʚʢʠ ʵʪʠ ʧʦʣʷ ʟʘʢʨʘʰʝʥʳ ʚ ʷʨʢʦ-

ʞʸʣʪʳʡ ʮʚʝʪ. 

ɺʦ ʚʪʦʨʦʡ ʪʘʙʣʠʮʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 

ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʢʦʨʨʝʢʪʠʨʦʚʘʥʠʷ ʪʨʫʜʦʸʤʢʦʩʪʠ ʨʝʤʦʥʪʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ çʚʦʟʨʘʩʪʘè ʘʚʪʦʤʦʙʠʣʝʡ ʧʦ 

ʬʦʨʤʫʣʝ: 
 

Ὧ̒ Ȣ̑  ̃̈Ȣ̃
В

В
 ,                 (7) 

 

ʛʜʝ ὃ ï ʨʘʩʯʸʪʥʘʷ ʧʦʜʛʨʫʧʧʘ 

ʘʚʪʦʤʦʙʠʣʝʡ; 

 Ὧ ï ʢʦʨʨʝʢʪʠʨʫʶʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʜʣʷ ʜʘʥʥʦʡ ʧʦʜʛʨʫʧʧʳ ʘʚʪʦʤʦʙʠʣʝʡ. 

ɺ ʞʸʣʪʳʝ ʧʦʣʷ ʚʚʦʜʠʪʩʷ ʢʦʣʠʯʝʩʪʚʦ 

ʘʚʪʦʤʦʙʠʣʝʡ ʧʦ ʚʦʟʨʘʩʪʥʳʤ ʛʨʫʧʧʘʤ, ʚ 

ʥʠʞʥʠʭ ʩʪʨʦʢʘʭ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 

ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠ 

ʢʦʣʠʯʝʩʪʚʦ ʘʚʪʦʤʦʙʠʣʝʡ ʚ ʨʘʩʯʸʪʥʦʡ 

ʛʨʫʧʧʝ. 

ɺ ʪʘʙʣʠʮʝ 3 ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʨʘʩʯʸʪ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʣʷ ʢʦʨʨʝʢʪʠʨʦʚʘʥʠʷ 

ʪʨʫʜʦʸʤʢʦʩʪʠ ʊʈ (ʧʦʣʷ ʦʢʨʘʰʝʥʳ ʚ ʩʚʝʪʣʦ-

ʟʝʣʸʥʳʡ ʮʚʝʪ), ʢʦʪʦʨʳʡ ʪʘʢʞʝ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʝʨʝʥʦʩʠʪʩʷ ʚ ʨʘʩʯʸʪʥʫʶ 

ʪʘʙʣʠʮʫ 1. ʊʘʙʣʠʮʳ 4 ʠ 5 ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʘ ʜʘʥʥʳʝ ʚ ʥʠʭ ʟʘʥʦʩʷʪʩʷ 

ʠʟ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ. ʀʪʦʛʦʤ 

ʨʘʩʯʸʪʦʚ ʚ ʪʘʙʣʠʮʝ 1 ʷʚʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ 

ʚʦʟʜʝʡʩʪʚʠʡ ʟʘ ʮʠʢʣ, ʛʦʜ (ʯʝʨʝʟ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʭʦʜʘ ʦʪ ʮʠʢʣʘ ʢ ʛʦʜʫ ï 

ʂʧʮʛ) ʠ ʩʫʪʢʠ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ. ʂʀʇ 

ʧʨʦʛʨʘʤʤʦʡ ʨʘʩʯʸʪʘ ʙʝʨʸʪʩʷ ʩ 18 ʩʪʨʦʢʠ, ʚ 

ʢʦʪʦʨʫʶ ʧʝʨʝʥʦʩʷʪʩʷ ʨʘʩʯʸʪʥʳʝ ʠʣʠ 

ʬʘʢʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ. ɻʦʜʦʚʦʡ ʧʨʦʙʝʛ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʚ 14 ʩʪʨʦʢʝ ʠ ʢʦʣʦʥʢʘʭ G, 

H ʠ I, ʘ ʟʘʪʝʤ ʪʦʞʝ ʧʝʨʝʥʦʩʷʪʩʷ ʪʦʣʴʢʦ 

ʟʥʘʯʝʥʠʷ ʚ ʞʸʣʪʳʝ ʧʦʣʷ D, E, F. ʕʪʦ 

ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʥʝ ʙʳʣʦ 

ʟʘʮʠʢʣʠʚʘʥʠʷ ʧʨʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʘʩʯʸʪʝ. 
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ɺ ʟʘʢʣʘʜʢʝ çʛʦʜ ʪʨʫʜʦʸʤʢʦʩʪʴè ʚ 

ʪʘʙʣʠʮʝ 1 ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʢʦʨʨʝʢʪʠʨʦʚʘʥʠʝ ʥʦʨʤʘʪʠʚʦʚ. ʅʝʦʙʭʦʜʠʤʦ 

ʪʦʣʴʢʦ ʚʚʝʩʪʠ ʥʦʨʤʘʪʠʚʥʳʝ ʜʘʥʥʳʝ ʠʟ 

ʇʦʣʦʞʝʥʠʷ ʦ ʊʆ ʠ ʨʝʤʦʥʪʝ ʘʚʪʦʤʦʙʠʣʝʡ. 

ɺ ʪʘʙʣʠʮʝ 2 ʧʨʦʠʟʚʦʜʠʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ 

ʨʘʩʯʸʪ ʪʨʫʜʦʚʳʭ ʟʘʪʨʘʪ ʚ ʯʝʣĬʯʘʩ. ɺ 

ʪʘʙʣʠʮʫ 3 ʚʳʥʦʩʠʪʩʷ ʛʦʜʦʚʦʡ ʦʙʲʝʤ 

ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʨʘʙʦʪ ʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 

ʷʚʦʯʥʦʝ ʠ ʰʪʘʪʥʦʝ ʯʠʩʣʦ ʨʘʙʦʯʠʭ 

ʠʩʧʦʣʥʠʪʝʣʝʡ. 

ɺ ʟʘʢʣʘʜʢʝ çʨʘʩʧʨʝʜʝʣʝʥʠʝ ʊʈè 

ʧʦʣʫʯʝʥʥʳʡ ʦʙʲʸʤ ʨʘʙʦʪ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ 

ʧʦ ʧʦʩʪʘʤ ʠ ʫʯʘʩʪʢʘʤ, ʘ ʪʘʢʞʝ ʧʦ ʚʠʜʘʤ 

ʨʘʙʦʪ. ʢʨʦʤʝ ʪʦʛʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʦʩʥʦʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʝʦʙʭʦʜʠʤʦ 

ʧʣʘʥʠʨʦʚʘʪʴ ʛʦʜʦʚʦʡ ʦʙʲʸʤ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʨʘʙʦʪ, ʚʢʣʶʯʘʶʱʠʡ 

ʨʘʙʦʪʳ ʧʦ ʩʘʤʦʦʙʩʣʫʞʠʚʘʥʠʶ ɸʊʇ ʠ 

ʦʙʱʝʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʨʘʙʦʪʳ. ɼʘʥʥʳʝ 

ʨʘʙʦʪʳ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʳ ʚ ʵʪʦʡ ʞʝ 

ʪʘʙʣʠʮʝ. 

ɺ ʟʘʢʣʘʜʢʝ çʧʨʦʬʠʣʘʢʪʠʢʘè ʛʦʜʦʚʦʡ 

ʦʙʲʸʤ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʨʘʙʦʪ 

ʨʘʩʧʨʝʜʝʣʸʥ ʧʦ ʚʠʜʘʤ ʠ ʚʳʧʦʣʥʝʥ 

ʫʪʦʯʥʷʶʱʠʡ ʨʘʩʯʸʪ ʷʚʦʯʥʦʛʦ ʠ ʰʪʘʪʥʦʛʦ 

ʯʠʩʣʘ ʨʘʙʦʯʠʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʠʜʘʤʠ 

ʨʘʙʦʪ. 

ɺ ʟʘʢʣʘʜʢʝ çʨʘʩʯʸʪ ʯʠʩʣʘ ʨʘʙʦʯʠʭè 

ʚʩʝ ʜʘʥʥʳʝ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʨʘʙʦʯʠʭ ʩʚʝʜʝʥʳ 

ʚ ʠʪʦʛʦʚʫʶ ʪʘʙʣʠʮʫ. ʇʝʨʝʥʦʩ ʜʘʥʥʳʭ ʠ ʠʭ 

ʩʫʤʤʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ. 

ɺ ʟʘʢʣʘʜʢʝ çʈʘʩʯʸʪ ʯʠʩʣʘ ʧʦʩʪʦʚè 

ʩʬʦʨʤʠʨʦʚʘʥʳ ʪʘʙʣʠʮʘ 1 ï çʈʘʩʯʸʪ ʯʠʩʣʘ 

ʧʦʩʪʦʚ ʟʦʥʳ ʊʆè ʠ ʪʘʙʣʠʮʘ 2 ï çʈʘʩʯʸʪ 

ʯʠʩʣʘ ʧʦʩʪʦʚ ʟʦʥʳ ʊʈè. ɺ ʞʸʣʪʳʝ ʧʦʣʷ 

ʚʚʦʜʷʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʭʦʜʥʳʝ 

ʜʘʥʥʳʝ, ʠ ʚʝʩʴ ʨʘʩʯʸʪ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ. ɼʨʦʙʥʦʝ ʨʘʩʯʸʪʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʦʩʪʦʚ ʦʢʨʫʛʣʷʝʪʩʷ ʜʦ ʮʝʣʦʛʦ 

ʯʠʩʣʘ ʚ ʦʪʜʝʣʴʥʦʡ ʛʨʘʬʝ [3]. 

ɺ ʟʘʢʣʘʜʢʝ çʃʠʩʪ 2è ʜʘʥʘ 

ʩʧʨʘʚʦʯʥʘʷ ʪʘʙʣʠʮʘ ʠʟ ʇʦʣʦʞʝʥʠʷ ʦ ʊʆ ʠ 

ʨʝʤʦʥʪʝ ʘʚʪʦʤʦʙʠʣʝʡ ɹʝʣɸɿ ʧʦ 

ʢʦʨʨʝʢʪʠʨʫʶʱʠʤ ʢʦʵʬʬʠʮʠʝʥʪʘʤ. 

ɺʚʦʜʠʤʳʝ ʥʦʨʤʘʪʠʚʥʳʝ ʜʘʥʥʳʝ ʠʤʝʶʪ 

ʭʘʨʘʢʪʝʨ ʧʦʩʪʦʷʥʥʳʭ ʚʝʣʠʯʠʥ, ʜʨʫʛʠʝ 

ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʤʝʥʷʪʴʩʷ. 

ɺʘʨʴʠʨʫʷ ʧʝʨʝʤʝʥʥʳʝ ʚʝʣʠʯʠʥʳ, ʨʘʩʯʸʪʳ 

ʤʦʞʥʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʦ 

ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʤ ʢʨʠʪʝʨʠʷʤ. 

ʈʘʟʨʘʙʦʪʢʘ ʛʨʘʬʠʢʘ ʊʆ ʠ ʨʝʤʦʥʪʦʚ 

ʇʉ ɸʊʇ. ɼʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʧʣʘʥ-ʛʨʘʬʠʢʘ 

ʊʆ ʦʪʢʨʳʪʴ ʬʘʡʣ çʇʣʘʥ-ʛʨʘʬʠʢ ʊʆ.xlsè, 

ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʟʘʛʦʪʦʚʢʦʡ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʡ ʨʘʙʦʪʳ. ɼʘʥʥʳʡ ʬʘʡʣ ʪʘʢʞʝ 

ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʠʤʝʥʦʚʘʪʴ, ʥʘʧʨʠʤʝʨ: 

çʇʣʘʥ-ʛʨʘʬʠʢ ʊʆ_1_ʛʨʫʧʧʘ.xlsè. ɺ ʜʘʥʥʦʤ 

ʬʘʡʣʝ ʜʚʝ ʟʘʢʣʘʜʢʠ: ɹɼ ʩʭʦʜʦʚ ʠ ʣʠʯʥʘʷ 

ʢʘʨʪʦʯʢʘ ʘʚʪʦʤʦʙʠʣʷ ʧʦ ʝʛʦ ʛʘʨʘʞʥʦʤʫ 

ʥʦʤʝʨʫ 1456. ʃʠʯʥʫʶ ʢʘʨʪʦʯʢʫ (ʟʘʢʣʘʜʢʫ) 

ʥʝʦʙʭʦʜʠʤʦ ʩʢʦʧʠʨʦʚʘʪʴ ʩʪʦʣʴʢʦ ʨʘʟ, 

ʩʢʦʣʴʢʦ ʘʚʪʦʤʦʙʠʣʝʡ ʚ ʨʘʩʯʸʪʥʦʡ ʛʨʫʧʧʝ. 

ɼʣʷ ʢʦʧʠʨʦʚʘʥʠʷ ʟʘʢʣʘʜʢʠ ʥʘʚʝʩʪʠ ʢʫʨʩʦʨ 

ʥʘ ʠʤʷ ʟʘʢʣʘʜʢʠ ʠ ʥʘʞʘʪʴ ʇʂʄ [4]. 

ʌʘʡʣʦʚ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ 

ʩʪʦʣʴʢʦ, ʩʢʦʣʴʢʦ ʠʤʝʝʪʩʷ ʨʘʩʯʸʪʥʳʭ ʛʨʫʧʧ 

ʘʚʪʦʤʦʙʠʣʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ 

ʘʚʪʦʤʦʙʠʣʠ ʨʘʩʯʸʪʥʳʭ ʛʨʫʧʧ ʙʫʜʫʪ 

ʦʭʚʘʯʝʥʳ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʫʯʸʪʦʤ. ɼʘʣʝʝ ʤʦʞʥʦ 

ʙʫʜʝʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʩʚʦʜʥʫʶ ʪʘʙʣʠʮʫ ʩ 

ʠʪʦʛʦʚʳʤʠ ʜʘʥʥʳʤʠ, ʚ ʢʦʪʦʨʫʶ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʦʡʜʫʪ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 

ʘʥʘʣʠʟʘ ʩʚʝʜʝʥʠʷ.  

ɼʘʥʥʘʷ ʣʠʯʥʘʷ ʢʘʨʪʦʯʢʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʠ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʧʣʘʥ-

ʛʨʘʬʠʢʘ ʊʆ, ʘ ʪʘʢʞʝ ʜʣʷ ʚʥʝʩʝʥʠʷ 

ʬʘʢʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ: ʩʤʝʥʥʳʡ ʧʨʦʙʝʛ ʩ 

ʨʘʩʯʸʪʦʤ ʩʨʝʜʥʝʩʫʪʦʯʥʦʛʦ, ʬʘʢʪʠʯʝʩʢʠ 

ʚʳʧʦʣʥʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ. ʇʨʠ ʬʠʢʩʘʮʠʠ 

ʊʈ ʧʨʦʠʟʚʦʜʠʪʩʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ 

ʚʳʙʦʨ ʫʟʣʘ ʘʚʪʦʤʦʙʠʣʷ, ʷʚʣʷʶʱʝʛʦʩʷ 

ʧʨʠʯʠʥʦʡ ʩʭʦʜʘ ʩ ʣʠʥʠʠ, ʪʘʢʞʝ 

ʬʠʢʩʠʨʫʶʪʩʷ ʜʘʥʥʳʝ ʧʦ ʢʫʤʫʣʷʪʠʚʥʦʤʫ 

ʧʨʦʙʝʛʫ ʠ ʚʨʝʤʝʥʠ ʦʞʠʜʘʥʠʷ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʚʦʟʜʝʡʩʪʚʠʡ. ɼʣʷ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ 

ʢʫʨʩʦʨ ʚ ʢʦʣʦʥʢʫ G ʥʘ ʪʫ ʷʯʝʡʢʫ, ʩ ʢʦʪʦʨʦʡ 

ʜʦʣʞʝʥ ʥʘʯʠʥʘʪʴʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʧʨʦʮʝʩʩ ʊʆ-1. ɺʩʷ ʨʘʟʙʠʚʢʘ ʧʦ ʜʘʪʘʤ 

ʚʝʜʸʪʩʷ ʩ ʫʯʸʪʦʤ ʢʨʘʪʥʦʩʪʠ ʧʨʦʙʝʛʦʚ 

ʩʨʝʜʥʝʩʫʪʦʯʥʦʤʫ ʧʨʦʙʝʛʫ ʠ ʤʝʞʜʫ ʚʠʜʘʤʠ 

ʦʙʩʣʫʞʠʚʘʥʠʷ. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ 

ʦʪʨʘʞʝʥʳ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʪʘʙʣʠʮʳ.  

ʅʘʧʨʠʤʝʨ, ʚʳ ʩʦʙʠʨʘʝʪʝʩʴ 

ʟʘʧʣʘʥʠʨʦʚʘʪʴ ʊʆ-1 ʩʦ 2 ʷʥʚʘʨʷ, ʟʥʘʯʠʪ, 

ʢʫʨʩʦʨ ʩʪʘʚʠʪʩʷ ʚ ʷʯʝʡʢʫ G10. ʇʦ ʵʪʦʡ 

ʷʯʝʡʢʝ ʢʣʠʢʥʫʪʴ ʃʂʄ ʜʚʘ ʨʘʟʘ (ʙʳʩʪʨʦ) ʠ 
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ʦʪ ʵʪʦʡ ʪʦʯʢʠ ʙʫʜʫʪ ʚʳʩʪʘʚʣʝʥʳ ʚʩʝ 

ʧʣʘʥʦʚʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ï ʧʨʦʤʝʞʫʪʦʯʥʦʝ 

ʊʆ, ʊʆ-1, ʊʆ-2, ʊʆ-3 ʥʘ ʚʝʩʴ ʪʝʢʫʱʠʡ ʛʦʜ. 

ɺ ʢʦʣʦʥʢʠ C ʠ D ʝʞʝʜʥʝʚʥʦ ʚʚʦʜʠʪʩʷ ʠʟ 

ʧʫʪʝʚʳʭ ʣʠʩʪʦʚ ʩʤʝʥʥʳʡ ʧʨʦʙʝʛ ʚ ʢʤ. ɺ 

ʢʦʣʦʥʢʝ ɽ ʧʨʦʙʝʛ ʧʦ ʩʤʝʥʘʤ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʫʤʤʠʨʫʝʪʩʷ ʠ ʧʦʣʫʯʘʝʪʩʷ 

ʧʨʦʙʝʛ ʟʘ ʩʫʪʢʠ [5].  

ɽʩʣʠ ʚ ʢʘʢʦʡ-ʣʠʙʦ ʩʤʝʥʝ ʚʦʟʥʠʢʣʘ 

ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʧʨʦʚʝʜʝʥʠʠ 

ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʠʣʠ ʨʝʤʦʥʪʥʳʭ 

ʚʦʟʜʝʡʩʪʚʠʡ, ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʢʫʨʩʦʨ ʥʘ 

ʵʪʫ ʷʯʝʡʢʫ ʠ ʚʳʧʦʣʥʷʝʪʩʷ ʜʚʦʡʥʦʡ ʢʣʠʢ 

ʃʂʄ. ʇʦʷʚʠʪʩʷ ʦʢʥʦ ʜʣʷ ʚʳʙʦʨʘ ʚʠʜʘ 

ʚʦʟʜʝʡʩʪʚʠʷ (ʨʠʩ. 1).  

 

 
 

ʈʠʩ. 1 ï ɺʠʜ ʵʢʨʘʥʘ ʧʦʩʣʝ ʜʚʦʡʥʦʛʦ ʢʣʠʢʘ ʃʂʄ ʧʦ ʷʯʝʡʢʝ ʉ30 

Fig. 1 ï Screen layout after double click LMB on the cell C30 

 

ʊʘʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʢʘʢ ʇʨʦʤ. ʊʆ, 

ʊʆ-1, ʊʆ-2, ʊʆ-3, ʇʈ-1, ʇʈ-2 ʧʦʩʣʝ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʢʥʦʧʢʦʡ ʬʦʨʤʳ 

çʇʦʜʪʚʝʨʜʠʪʴ ʚʳʙʦʨè (ʟʝʣʸʥʳʡ ʮʚʝʪ 

ʢʥʦʧʢʠ) ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ 

ʷʯʝʡʢʫ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʉ30).  

ʇʨʠ ʚʳʙʦʨʝ ʊʈ, ʧʦʷʚʣʷʝʪʩʷ ʜʨʫʛʘʷ 

ʬʦʨʤʘ, ʛʜʝ ʧʦ ʟʘʧʨʦʩʘʤ ʚ ʦʢʥʘʭ ʠʣʠ 

ʚʳʙʠʨʘʝʪʩʷ, ʠʣʠ ʚʚʦʜʠʪʩʷ ʚʨʫʯʥʫʶ ʚ 

ʪʝʢʩʪʦʚʫʶ ʩʪʨʦʢʫ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʟʘʧʠʩʴʶ 

ʚ ɹɼ ʩʭʦʜʦʚ. ɹɼ ʩʭʦʜʦʚ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʘ 

ʧʦ ʪʨʸʤ ʧʦʟʠʮʠʷʤ, ʦʪʨʘʞʘʝʤʳʭ ʚ ʢʦʜʝ 

ʩʭʦʜʘ (ʟʝʣʸʥʦʝ ʦʢʥʦ,  ʨʠʩ. 2). 
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ʈʠʩ. 2 ï ɺʠʜ ʵʢʨʘʥʘ ʧʨʠ ʥʘʞʘʪʠʠ ʢʥʦʧʢʠ çʇʦʜʪʚʝʨʜʠʪʴ ʚʳʙʦʨè 

Fig. 2 ï Screen layout after clicking the button ñConfirm selectionò 

 

ɺʳʙʦʨ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʸʤ 

ʦʜʥʦʢʨʘʪʥʦʛʦ ʢʣʠʢʘ ʃʂʄ ʧʦ ʥʫʞʥʦʡ 

ʩʪʨʦʢʝ ʦʢʥʘ. ʇʨʠ ʵʪʦʤ ʚʳʜʝʣʷʝʤʘʷ ʩʪʨʦʢʘ 

ʦʢʨʘʰʠʚʘʝʪʩʷ ʚ ʪʸʤʥʦ-ʩʠʥʠʡ ʮʚʝʪ.  

ɺʳʚʦʜ. ʆʧʪʠʤʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ 

ʦʨʛʘʥʠʟʘʮʠʷ ʦʜʥʦʛʦ ʬʘʡʣʘ ʥʘ ʛʨʫʧʧʫ 

ʘʚʪʦʤʦʙʠʣʝʡ ʦʧʨʝʜʝʣʸʥʥʦʡ 

ʛʨʫʟʦʧʦʜʲʸʤʥʦʩʪʠ. ɽʩʣʠ ʫʯʸʪ ʧʦ ʢʘʞʜʦʤʫ 

ʘʚʪʦʤʦʙʠʣʶ ʙʫʜʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʨʝʛʫʣʷʨʥʦ, 

ʪʦ ʜʘʥʥʳʝ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ 

ʙʫʜʫʪ ʦʙʲʝʢʪʠʚʥʳ ʠ ʧʨʠʥʷʪʦʝ ʨʝʰʝʥʠʝ ʦʙ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʠʟʤʝʥʝʥʠʷʭ ʙʫʜʫʪ ʦʙʦʩʥʦʚʘʥʳ ʠ 

ʧʦʜʪʚʝʨʞʜʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ. 

ʂʦʥʝʯʥʳʤ ʠʪʦʛʦʤ ʷʚʣʷʝʪʩʷ ʦʨʛʘʥʠʟʘʮʠʷ 

ʩʚʦʜʥʳʭ ʪʘʙʣʠʮ ʧʦ ʢʘʞʜʦʡ ʛʨʫʧʧʝ 

ʘʚʪʦʤʦʙʠʣʝʡ. ɺʳʙʦʨʢʘ ʧʦ ʧʨʦʙʝʛʘʤ, ʢʦʜʘʤ 

ʦʪʢʘʟʦʚ ʚ ʩʚʦʜʥʦʡ ʪʘʙʣʠʮʝ ʙʫʜʝʪ ʪʘʢʞʝ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʘ. ʇʨʦʛʨʘʤʤʘ, ʩʜʝʣʘʥʥʘʷ 

ʥʘ ʙʘʟʝ Microsoft office excel, ʤʦʞʝʪ 

ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʘ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʜʣʷ 

ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʛʨʘʤʤ ʧʦ ʊʆ ʠ 

ʨʝʤʦʥʪʫ.  
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