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ɼ. ɺ. ɸʙʨʘʤʦʚ
1
 

 

ɺʀɿʅɸʏɽʅʅʗ ɯʅɼɽʂʉʋ ɼʀʅɸʄɯʏʅʆʉʊɯ ʇʈʀ ʈʆɿɻʆʅɯ 

ɹʈʆʅʔʆɺɸʅʆɻʆ ɸɺʊʆʄʆɹɯʃʗ ʇɯɼ ʂɽʈʋɺɸʅʅʗʄ ɺʆɼɯɰɺ  

ɿ ʈɯɿʅʆʖ ʂɺɸʃɯʌɯʂɸʎɯɭʖ 

 
1
ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʇʦʚʽʪʨʷʥʠʭ ʉʠʣ  

ʽʤʝʥʽ ɯʚʘʥʘ ʂʦʞʝʜʫʙʘ 

 

ɸʥʦʪʘʮʽ ̫

ɺ ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʟʥʘʯʝʥʽ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʽʥʜʝʢʩʠ ʜʠʥʘʤʽʯʥʦʩʪʽ ʧʨʠ 

ʨʦʟʛʦʥʽ ʙʨʦʥʴʦʚʘʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʂʨɸɿ çʐʨʝʢè ʧʽʜ ʢʝʨʫʚʘʥʥʷʤ ʚʦʜʽʾʚ ʟ 

ʨʽʟʥʦʶ ʢʚʘʣʽʬʽʢʘʮʽʻʶ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʢʽʣʴʢʽʩʥʦ ʦʮʽʥʠʪʠ ʩʪʫʧʽʥʴ ʨʝʘʣʽʟʘʮʽʾ 

ʥʘʷʚʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʘʚʪʦʤʦʙʽʣʷ ʪʘ ʦʮʽʥʠʪʠ ʤʘʡʩʪʝʨʥʽʩʪʴ 

ʚʦʜʽʾʚ   

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʙʨʦʥʝʘʚʪʦʤʦʙʽʣʴ, ʚʦʜʽʡ, ʽʥʪʝʥʩʠʚʥʠʡ ʨʦʟʛʽʥ, 

ʰʚʠʜʢʽʩʪʴ, ʧʨʠʩʢʦʨʝʥʥʷ, ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʽʥʜʝʢʩ ʜʠʥʘʤʽʯʥʦʩʪʽ    

Abstract 

Individual dynamic indices during acceleration armored vehicle KrAZ 

"Shrek" under the control of drivers with different qualification are identified in 

the research. It is allowed quantify the degree of realization available dynamic 

properties of the car and estimate the skills of drivers 

Keywords: armored vehicle, driver, an intense acceleration, velocity, 

individual dynamic index 

 

ʆʩʥʦʚʥʘ ʬʫʥʢʮʽʷ ʙʨʦʥʴʦʚʘʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ï ʮʝ ʧʝʨʝʚʝʟʝʥʥʷ 

ʦʩʦʙʦʚʦʛʦ ʩʢʣʘʜʫ ʘʙʦ ʚʘʥʪʘʞʽʚ ʪʘ ʩʫʧʨʦʚʦʜʞʝʥʥʷ ʽʥʰʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ ʧʨʠ ʨʫʩʽ ʫ ʩʢʣʘʜʽ ʢʦʣʦʥ. ɺ ʭʦʜʽ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ ʟʘ ʧʨʠʟʥʘʯʝʥʥʷʤ, 

ʙʨʦʥʴʦʚʘʥʽ ʘʚʪʦʤʦʙʽʣʽ ʤʦʞʫʪʴ ʧʦʪʨʘʧʣʷʪʠ ʫ ʟʦʥʠ ʦʙʩʪʨʽʣʫ ʚʦʨʦʛʦʤ, ʫ 

ʟʘʩʽʜʢʠ. ʑʦʙ ʤʘʢʩʠʤʘʣʴʥʦ ʰʚʠʜʢʦ ʧʦʢʠʥʫʪʠ ʥʝʙʝʟʧʝʯʥʽ ʜʽʣʷʥʢʠ 

ʤʘʨʰʨʫʪʫ, ʙʨʦʥʴʦʚʘʥʠʡ ʘʚʪʦʤʦʙʽʣʴ ʧʦʚʠʥʝʥ ʤʘʪʠ ʚʠʩʦʢʽ ʜʠʥʘʤʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʘ ʢʚʘʣʽʬʽʢʘʮʽʷ ʚʦʜʽʷ ʧʦʚʠʥʥʘ ʜʦʟʚʦʣʷʪʠ ʾʭ ʨʝʘʣʽʟʦʚʫʚʘʪʠ.  

ʉʪʫʧʽʥʴ ʨʝʘʣʽʟʘʮʽʾ ʚʦʜʽʻʤ ʥʘʷʚʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ 

ʘʚʪʦʤʦʙʽʣʽʚ ʢʽʣʴʢʽʩʥʦ ʤʦʞʣʠʚʦ ʦʮʽʥʠʪʠ ʟʘ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤ ʽʥʜʝʢʩʦʤ 

ʜʠʥʘʤʽʯʥʦʩʪʽ ʪʘ ʽʥʪʝʛʨʘʣʴʥʠʤ ʚʽʜʥʦʩʥʠʤ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤ ʽʥʜʝʢʩʦʤ 

ʜʠʥʘʤʽʯʥʦʩʪʽ.  

ɯʥʜʠʚʽʜʫʘʣʴʥʠʡ ʽʥʜʝʢʩ ʜʠʥʘʤʽʯʥʦʩʪʽ ʧʨʠ ʨʫʩʽ ʟʽ ʰʚʠʜʢʽʩʪʶ Vai 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ [1] 

 

max
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i
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#
=  ,                                                 (1) 
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ʜʝ 
maxaiV#  ï ʤʘʢʩʠʤʘʣʴʥʝ ʧʨʠʩʢʦʨʝʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ʧʽʜ ʢʝʨʫʚʘʥʥʷʤ 

ʢʦʥʢʨʝʪʥʦʛʦ ʚʦʜʽʷ; 
maxaNV#  ï ʤʘʢʩʠʤʘʣʴʥʝ ʤʦʞʣʠʚʝ ʧʨʠʩʢʦʨʝʥʥʷ ʘʚʪʦʤʦʙʽʣʷ, 

ʦʙʫʤʦʚʣʝʥʝ ʧʦʪʫʞʥʽʩʪʶ ʡʦʛʦ ʜʚʠʛʫʥʘ.  

ɯʥʪʝʛʨʘʣʴʥʠʡ ʚʽʜʥʦʩʥʠʡ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʽʥʜʝʢʩ ʜʠʥʘʤʽʯʥʦʩʪʽ 

ʚʠʟʥʘʯʘʶʪʴ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʧʣʦʱʽ ʧʽʜ ʛʨʘʬʽʢʦʤ ʟʘʣʝʞʥʦʩʪʽ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ 

ʽʥʜʝʢʩʫ ʜʠʥʘʤʽʯʥʦʩʪʽ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ ʥʘ ʽʥʪʝʨʚʘʣʽ ʤʽʞ 

ʤʽʥʽʤʘʣʴʥʦʶ Vamin ̔  ʤʘʢʩʠʤʘʣʴʥʦʶ Vamax h ʚʠʜʢʦʩʪʷʤʠ [1]. 

ɺ ʧʨʦʮʝʩʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʨʦʥʴʦʚʘʥʠʡ ʘʚʪʦʤʦʙʽʣʴ 

ʂʨɸɿ çʐʨʝʢè ʧʽʜ ʢʝʨʫʚʘʥʥʷʤ ʚʦʜʽʾʚ ʟ ʨʽʟʥʠʤ ʨʽʚʥʝʤ ʢʚʘʣʽʬʽʢʘʮʽʾ (ʨʠʩ. 1) 

ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʜʽʣʷʥʮʽ ʜʦʨʦʛʠ ʟʜʽʡʩʥʶʚʘʚ ʽʥʪʝʥʩʠʚʥʠʡ ʨʦʟʛʽʥ ʟ ʤʽʩʮʷ ʜʦ 

ʰʚʠʜʢʦʩʪʽ 17 ʤ/ʩ. ʇʽʜ ʯʘʩ ʟʘʾʟʜʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʝʻʩʪʨʘʮʽʡʥʦ-

ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʥʘ ʙʘʟʽ ʪʨʠʢʦʦʨʜʠʥʘʪʥʠʭ ʜʘʪʯʠʢʽʚ ʧʨʠʩʢʦʨʝʥʥʷ [2] 

ʬʽʢʩʫʚʘʣʠʩʷ ʧʦʟʜʦʚʞʥʽ ʣʽʥʽʡʥʽ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʪʘ ʧʨʠʩʢʦʨʝʥʥʷ. ʅʘ ʨʠʩ. 2 ʽ 

ʚ ʪʘʙʣʠʮʽ 1 ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ɹʨʦʥʴʦʚʘʥʠʡ ʘʚʪʦʤʦʙʽʣʴ ʂʨɸɿ çʐʨʝʢè ʧʽʜ ʯʘʩ ʚʠʧʨʦʙʫʚʘʥʴ 
 

 
 

ʈʠʩʫʥʦʢ 2 ï ɻʨʘʬʽʢʠ ʟʤʽʥʠ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʽʥʜʝʢʩʫ ʜʠʥʘʤʽʯʥʦʩʪʽ ʚʦʜʽʷ ʚʽʜ 

ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʙʨʦʥʴʦʚʘʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʂʨɸɿ çʐʨʝʢè ʧʨʠ ʽʥʪʝʥʩʠʚʥʦʤʫ 

ʨʦʟʛʦʥʽ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʜʽʣʷʥʮʽ ʜʦʨʦʛʠ:  

1 ï ʧʽʜ ʢʝʨʫʚʘʥʥʷʤ 1-ʛʦ ʚʦʜʽʷ; 2 ï ʧʽʜ ʢʝʨʫʚʘʥʥʷʤ 2-ʛʦ ʚʦʜʽʷ;  

3 ï ʧʽʜ ʢʝʨʫʚʘʥʥʷʤ 3-ʛʦ ʚʦʜʽʷ 

 

0
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ɯʥʜʠʚʽʜʫʘʣʴʥʠʡ ʽʥʜʝʢʩ ʜʠʥʘʤʽʯʥʦʩʪʽ ʙʫʚ ʙʣʠʟʴʢʠʡ ʜʦ q=̔1 ʫ ʧʝʨʰʦʛʦ 

ʚʦʜʽʷ ʧʨʠ ʢʝʨʫʚʘʥʥʽ ʙʨʦʥʴʦʚʘʥʠʤ ʘʚʪʦʤʦʙʽʣʝʤ ʂʨɸɿ çʐʨʝʢè ʚ ʜʽʘʧʘʟʦʥʽ 

ʰʚʠʜʢʦʩʪʝʡ ʨʫʭʫ Va = 10,5é13,5 ʤ/c. ʅʘʡʤʝʥʰʽ ʟʥʘʯʝʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ 

ʽʥʜʝʢʩʫ ʜʠʥʘʤʽʯʥʦʩʪʽ q=̔0,4 ʧʦʢʘʟʘʚ 3-ʡ ʚʦʜʽʡ ʚ ʽʥʪʝʨʚʘʣʽ ʰʚʠʜʢʦʩʪʝʡ ʨʫʭʫ 

ʙʨʦʥʴʦʚʘʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ Va =0é3 ʤ/c. 

 

ʊʘʙʣʠʮʷ 1 ï ɿʥʘʯʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʚʽʜʥʦʩʥʦʛʦ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ 

ʽʥʜʝʢʩʫ ʜʠʥʘʤʽʯʥʦʩʪʽ ʥʘ ʚʽʜʧʦʚʽʜʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ 

ʙʨʦʥʴʦʚʘʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʂʨɸɿ çʐʨʝʢè 

 

ɯʥʪʝʨʚʘʣ 

ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ 

Va, ʤ/ʩ 

ɯʥʪʝʛʨʘʣʴʥʠʡ ʚʽʜʥʦʩʥʠʡ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʽʥʜʝʢʩ 

ʜʠʥʘʤʽʯʥʦʩʪʽ 

ɺʦʜʽʡ 1 ɺʦʜʽʡ 2 ɺʦʜʽʡ 3 

1-17 0,817 0,71 0,614 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʪʘ ʽʥʪʝʛʨʘʣʴʥʠʡ ʚʽʜʥʦʩʥʠʡ ʽʥʜʝʢʩʠ 

ʜʠʥʘʤʽʯʥʦʩʪʽ ʜʦʟʚʦʣʷʶʪʴ ʧʦʨʽʚʥʶʚʘʪʠ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʦʜʽʾʚ 

ʙʨʦʥʴʦʚʘʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʤʽʞ ʩʦʙʦʶ ʪʘ ʟ ʪʝʦʨʝʪʠʯʥʠʤ ʤʘʢʩʠʤʘʣʴʥʠʤ  

ʨʽʚʥʝʤ. ɺʠʷʚʣʝʥʠʡ ʥʝʜʦʩʪʘʪʥʽʡ ʨʽʚʝʥʴ ʢʚʘʣʽʬʽʢʘʮʽʾ ʚʦʜʽʾʚ ʤʦʞʣʠʚʦ 

ʧʽʜʚʠʱʠʪʠ ʰʣʷʭʦʤ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʾʭ ʤʘʡʩʪʝʨʥʦʩʪʽ ʪʨʝʥʫʚʘʥʥʷʤʠ ʟ 

ʧʘʨʘʣʝʣʴʥʠʤ ʤʦʥʽʪʦʨʠʥʛʦʤ ʾʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʶ ʤʝʪʦʜʠʢʦʶ.   
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ʇ. ɹ. ɸʙʭʘʨʠ
1
 

 

ɺʓɼɸɺʃʀɺɸʅʀɽ ɼɽʊɸʃɽʁ ʉ ɹʆʂʆɺʓʄʀ ʆʊʈʆʉʊʂɸʄʀ 

 
1
ɼʦʥʙʘʩʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʘʷ ʘʢʘʜʝʤʠʷ 

 

ɸʥʦʪʘʮʽʷ  

ʈʦʟʛʣʷʥʫʪʦ ʬʦʨʤʦʟʤʽʥʫ ʽ ʢʽʥʝʤʘʪʠʯʥʽ ʚʘʨʽʘʥʪʠ ʚ ʧʨʦʮʝʩʽ ʙʽʯʥʦʛʦ 

ʚʠʜʘʚʣʶʚʘʥʥʷ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ 

ʧʨʦʜʫʢʪʫ DEFORM 3D. ʅʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʙʫʜʦʚʘʥʦ 

ʛʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ ʟʫʩʠʣʣʷ ʚʠʜʘʚʣʶʚʘʥʥʷ ʚʽʜ ʭʦʜʫ ʧʨʦʮʝʩʫ ʜʣʷ ʨʽʟʥʠʭ 

ʢʽʥʝʤʘʪʠʯʥʠʭ ʚʘʨʽʘʥʪʽʚ 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʙʽʯʥʝ ʚʠʜʘʚʣʶʚʘʥʥʷ; ʢʽʥʝʤʘʪʠʢʘ; ʬʦʨʤʦʟʤʽʥʘ  

Abstract  
Shape of deformation and variants of kinematic in the lateral extrusion 

process with finite element method by DEFORM 3D are considered. Based on 

simulation results, diagrams of process force from punch displacement for 

different kinematic variant are drawn 

Keywords: lateral extrusion; kinematics; deformation 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʤʥʦʛʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʚʳʧʫʩʢʘʝʪʩʷ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʞʥʦʧʨʦʬʠʣʠʨʦʚʘʥʥʳʭ ʩʪʝʨʞʥʝʚʳʭ ʜʝʪʘʣʝʡ ʩ ʦʪʨʦʩʪʢʘʤʠ ʠ ʩ 

ʬʣʘʥʮʝʤ. ʇʦʧʝʨʝʯʥʦʝ (ʙʦʢʦʚʦʝ) ʚʳʜʘʚʣʠʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʤ ʤʝʪʦʜʦʤ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʧʣʦʰʥʳʭ ʘʩʠʤʤʝʪʨʠʯʥʳʭ 

ʜʝʪʘʣʝʡ ʩ ʙʦʢʦʚʳʤʠ ʦʪʨʦʩʪʢʘʤʠ ʨʘʟʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ ʩʝʯʝʥʠʷ. ɺ ʨʘʙʦʪʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʚʘʨʠʘʥʪʳ ʧʨʦʮʝʩʩʘ ʙʦʢʦʚʦʛʦ ʚʳʜʘʚʣʠʚʘʥʠʷ 

ʦʪʨʦʩʪʢʘ (ʨʠʩ. 1) ʠ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʫʩʠʣʠʷ ʚʳʜʘʚʣʠʚʘʥʠʷ ʦʪ ʭʦʜʘ 

ʠʥʩʪʨʫʤʝʥʪʘ (ʨʠʩ. 2) [1, 2]. 

 
ʘ          ʙ 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʳ ʚʳʜʘʚʣʠʚʘʥʠʷ ʙʦʢʦʚʳʭ ʦʪʨʦʩʪʢʦʚ ʩ ʦʜʥʦʩʪʦʨʦʥʥʝʡ (ʘ), 

ʠ ʜʚʫʩʪʦʨʦʥʥʝʡ (ʙ) ʧʦʜʘʯʝʡ 
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ʘ       ʙ 

ʈʠʩʫʥʦʢ 2 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʫʩʠʣʠʷ ʚʳʜʘʚʣʠʚʘʥʠʷ ʧʨʠ 

ʦʜʥʦʩʪʦʨʦʥʥʝʡ ʧʦʜʘʯʝʡ (ʘ), (1 ï h/2Ϊ=0,5; 2 ï h/2Ϊ=0,75;; 3 ï h/2Ϊ=1,0),  

ʠ ʩʨʘʚʥʝʥʠʝ ʫʩʠʣʠʷ ʚʳʜʘʚʣʠʚʘʥʠʷ ʩ ʦʜʥʦʩʪʦʨʦʥʥʝʡ (1) ʠ ʜʚʫʩʪʦʨʦʥʥʝʡ (2) 

ʧʦʜʘʯʘʤʠ ʧʨʠ h/2Ϊ=0,75 (ʙ) ʦʪ ʭʦʜʘ ʠʥʩʪʨʫʤʝʥʪʘ, r=1ʤʤ 
 

ʀʟ ʨʠʩʫʥʢʘ 2-ʘ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʦʜʥʦʩʪʦʨʦʥʥʝʡ ʧʦʜʘʯʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʳʩʦʪʳ ʬʣʘʥʮʘ (h/R0) ʦʪ 0,5 ʜʦ 1,0 ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ 

ʫʩʠʣʠʷ ʚʳʜʘʚʣʠʚʘʥʠʷ ʠʟ-ʟʘ ʫʤʝʥʴʰʝʥʠʷ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ ʤʝʪʘʣʘ, ʘ 

ʪʘʢʞʝ ʠʟ-ʟʘ ʫʚʝʣʠʯʝʥʠʷ ʟʦʥʳ ʢʦʥʪʘʢʪʘ ʟʘʛʦʪʦʚʢʠ (ʦʯʘʛ ʜʝʬʦʨʤʘʮʠʠ) ʩ 

ʧʦʣʦʩʪʴʶ ʤʘʪʨʠʮʳ. ʉʨʘʚʥʝʥʠʝ ʫʩʠʣʠʷ ʚʳʜʘʚʣʠʚʘʥʠʷ ʩ ʦʜʥʦʩʪʦʨʦʥʥʝʡ ʠ 

ʜʚʫʩʪʦʨʦʥʥʝʡ ʧʦʜʘʯʘʤʠ ʧʨʠ h/R0=0,75 (ʨʠʩ. 2-ʙ) ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʠ  

ʜʚʫʩʪʦʨʦʥʥʝʡ ʧʦʜʘʯʝʡ ʪʨʝʙʫʝʪ ʤʝʥʴʰʝʝ ʫʩʠʣʠʝ, ʚ ʩʨʝʜʥʝʤ ʥʘ 10-25%, ʯʝʤ 

ʧʨʠ ʚʳʜʘʚʣʠʚʘʥʠʠ ʩ ʦʜʥʦʩʪʦʨʦʥʥʝʡ ʧʦʜʘʯʝʡ. ʕʪʦ ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ 

ʦʙʣʝʛʯʝʥʠʠ ʩʠʣʦʚʦʛʦ ʨʝʞʠʤʘ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʫʤʝʥʴʰʝʥʠʷ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ ʠ ʩʦʢʨʘʱʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʘʢʪʘ 

ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʟʘʛʦʪʦʚʢʠ. 
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ʇʈʆʇʆɿʀʎɯɰ ʑʆɼʆ ɿɸʉʊʆʉʋɺɸʅʅʗ ɼʀʉʊɸʅʎɯʁʅʆɻʆ 

ɺʀʉʆʊʆʄɯʈʋ ɿ ʄɽʊʆʖ ʋɼʆʉʂʆʅɸʃɽʅʅʗ  

ʇɸʈɸʐʋʊʅʆ-ʈɽɸʂʊʀɺʅʆɰ ʉʀʉʊɽʄʀ 

 
1
ɺʽʡʩʴʢʦʚʘ ʘʢʘʜʝʤʽʷ, ʤ. ʆʜʝʩʘ 

2
ʆʜʝʩʴʢʘ ʜʝʨʞʘʚʥʘ ʘʢʘʜʝʤʽʷ ʪʝʭʥʽʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʷʢʦʩʪʽ 

 

ɸʥʦʪʘʮʽʷ 

ʇʨʝʜʩʪʘʚʣʝʥʦ ʧʦʪʝʥʮʽʡʥʫ ʟʘʤʽʥʫ ʪʨʘʜʠʮʽʡʥʦʛʦ ʤʝʭʘʥʽʯʥʦʛʦ 

ʚʠʩʦʪʦʤʽʨʫ-ʱʫʧʘ, ʷʢʠʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʠ ʜʝʩʘʥʪʫʚʘʥʥʽ ʚʘʞʢʦʾ ʪʝʭʥʽʢʠ, 

ʨʘʜʽʦʚʠʩʦʪʦʤʽʨʦʤ ʥʘ ʙʘʟʽ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʙʣʠʞʥʴʦʛʦ ʜʽʘʧʘʟʦʥʫ 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʘʨʘʰʫʪʥʦ-ʨʝʘʢʪʠʚʥʘ ʩʠʩʪʝʤʘ (ʇʈʉ), ʨʘʜʽʦʣʦʢʘʮʽʡʥʘ 

ʩʠʩʪʝʤʘ, ʪʝʨʤʽʥʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʟʥʠʞʝʥʥʷ, ʘʪʤʦʩʬʝʨʥʠʡ ʪʠʩʢ 

Abstract  
This article proposes the possible replacement of the traditional mechanical 

altimeter in vehicle airdrop operations by radio altimeter on the basis of short-

range radar system 

Keywords: altimeter, radar system, terminal velocity, atmospheric pressure 

 

ɼʝʩʘʥʪʫʚʘʥʥʷ ʚʘʞʢʦʾ ʪʝʭʥʽʢʠ ʪʘ ʚʘʥʪʘʞʽʚ ʟ ʣʽʪʘʢʽʚ ʧʦʚôʷʟʘʥʦ ʟ 

ʥʝʦʙʭʽʜʥʽʩʪʶ ʜʦʩʪʘʚʢʠ ʾʾ ʫ ʨʘʡʦʥ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘ ʧʨʠʟʥʘʯʝʥʥʷʤ ʫ 

ʥʘʡʢʦʨʦʪʰʽ ʪʝʨʤʽʥʠ. ʅʘ ʩʴʦʛʦʜʥʽ ʥʘʡʙʽʣʴʰʫ ʰʚʠʜʢʽʩʪʴ, ʥʘʜʽʡʥʽʩʪʴ ʪʘ 

ʪʦʯʥʽʩʪʴ ʧʨʠʟʝʤʣʝʥʥʷ ʪʝʭʥʽʢʠ, ʷʢʘ ʜʝʩʘʥʪʫʻʪʴʩʷ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʘʨʘʰʫʪʥʦ-

ʨʝʘʢʪʠʚʥʽ ʩʠʩʪʝʤʠ (ʇʈʉ). ɼʣʷ ʩʚʦʻʯʘʩʥʦʛʦ ʟʘʧʘʣʝʥʥʷ ʧʦʨʦʭʦʚʦʛʦ ʟʘʨʷʜʫ 

ʨʝʘʢʪʠʚʥʦʛʦ ʜʚʠʛʫʥʘ ʧʘʨʘʰʫʪʥʦ-ʨʝʘʢʪʠʚʥʦʾ  ʩʠʩʪʝʤʠ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʤ ʻ 

ʧʠʪʘʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʫʩʪʘʥʦʚʢʠ ʥʝʦʙʭʽʜʥʦʾ ʜʦʚʞʠʥʠ ʾʾ ʱʫʧʽʚ. 

ɯʩʥʫʶʯʠʡ ʚʘʨʽʘʥʪ ʜʝʩʘʥʪʥʦʾ ʩʠʩʪʝʤʠ ʢʦʤʧʣʝʢʪʫʻʪʴʩʷ (ʟʘʟʚʠʯʘʡ) ʜʚʦʤʘ 

ʱʫʧʘʤʠ, ʱʦ ʽʥʽʮʽʶʶʪʴ ʟʘʧʫʩʢ ʛʘʣʴʤʽʚʥʦʾ ʩʠʩʪʝʤʠ ʫ ʤʦʤʝʥʪ ʤʝʭʘʥʽʯʥʦʛʦ 

ʢʦʥʪʘʢʪʫ ʱʫʧʘ ʟ ʧʦʚʝʨʭʥʝʶ ʟʝʤʣʽ (ʘʙʦ ʽʥʰʦʶ ʧʝʨʝʰʢʦʜʦʶ). ɼʦʚʞʠʥʘ 

ʱʫʧʽʚ ʚʠʩʪʘʚʣʷʻʪʴʩʷ ʧʝʨʝʜ ʜʝʩʘʥʪʫʚʘʥʥʷʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʷʢ ʤʘʩʠ ʙʦʡʦʚʦʾ 

ʤʘʰʠʥʠ, ʪʘʢ ʽ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʫʤʦʚ ï ʪʝʤʧʝʨʘʪʫʨ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʪʘ 

ʧʦʨʦʭʫ ʨʝʘʢʪʠʚʥʦʾ ʛʘʣʴʤʽʚʥʦʾ ʩʠʩʪʝʤʠ. ʆʩʥʦʚʥʠʤʠ ʥʝʜʦʣʽʢʘʤʠ ʮʽʻʾ 

ʩʠʩʪʝʤʠ ʻ ʥʝʤʦʞʣʠʚʽʩʪʴ ʪʦʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʚ ʤʦʤʝʥʪ 

ʜʝʩʘʥʪʫʚʘʥʥʷ, ʥʝʤʦʞʣʠʚʽʩʪʴ ʚʨʘʭʫʚʘʥʥʷ ʥʘʷʚʥʦʩʪʽ ʪʘ ʧʦʪʫʞʥʦʩʪʽ 

ʚʠʩʭʽʜʥʠʭ ʧʦʪʦʢʽʚ ʧʦʚʽʪʨʷ, ʚʠʩʦʢʘ ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʭʠʙʢʠ ʫ ʚʠʟʥʘʯʝʥʥʽ 

ʧʦʚʥʦʾ ʤʘʩʠ ʙʦʡʦʚʦʾ ʤʘʰʠʥʠ ʧʝʨʝʜ ʜʝʩʘʥʪʫʚʘʥʥʷʤ ʪʘ ʽʥʰʽ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʡ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʤʽʥʠ ʱʫʧʽʚ ʧʽʩʣʷ ʜʝʩʘʥʪʫʚʘʥʥʷ. 
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ɸʢʪʫʘʣʴʥʽʩʪʴ ʧʠʪʘʥʥʷ ʨʦʟʚʠʪʢʫ ʟʘʩʦʙʽʚ ʜʝʩʘʥʪʫʚʘʥʥʷ ʩʧʝʮʽʘʣʴʥʦʾ 

ʪʝʭʥʽʢʠ ʽ ʚʘʥʪʘʞʽʚ, ʩʧʦʥʫʢʘʻ ʜʦ ʧʨʦʜʦʚʞʝʥʥʷ ʨʦʙʦʪʠ ʫ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʟ 

ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ, ʪʦʯʥʦʩʪʽ ʪʘ ʙʝʟʧʝʯʥʦʩʪʽ ʜʝʩʘʥʪʫʚʘʥʥʷ. 

ɺʠʤʦʛʠ ʜʦ ʧʦʪʝʥʮʽʡʥʦʾ ʟʘʤʽʥʠ ʽʩʥʫʶʯʠʭ ʤʝʭʘʥʽʯʥʠʭ ʚʠʩʦʪʦʤʽʨʽʚ, 

ʥʝʤʝʭʘʥʽʯʥʠʤ ʧʨʠʥʮʠʧʦʤ ʜʽʾ  ʻ ʜʦʚʦʣʽ ʞʦʨʩʪʢʠʤʠ: ʚʠʩʦʪʦʤʽʨ ʧʦʚʠʥʝʥ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʚʠʩʦʪʠ ʥʘʜ ʟʝʤʣʝʶ ʪʘ ʰʚʠʜʢʦʩʪʽ 

ʟʥʠʞʝʥʥʷ, ʙʫʪʠ ʩʪʽʡʢʠʤ ʜʦ ʥʘʷʚʥʦʩʪʽ ʪʫʤʘʥʫ ʪʘ ʟʘʜʠʤʣʝʥʥʷ, ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ ʨʦʙʦʪʠ, ʜʦʩʪʘʪʥʶ ʜʣʷ ʪʦʯʥʦʛʦ ʚʚʽʤʢʥʝʥʥʷ ʛʘʣʴʤʽʚʥʦʾ 

ʩʠʩʪʝʤʠ. 

ʐʚʠʜʢʽʩʪʴ ʟʥʠʞʝʥʥʷ ʻ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʻ 

ʦʧʪʠʤʘʣʴʥʫ ʚʠʩʦʪʫ ʚʚʽʤʢʥʝʥʥʷ ʨʝʘʢʪʠʚʥʦʾ ʛʘʣʴʤʽʚʥʦʾ ʩʠʩʪʝʤʠ.  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʚʝʨʪʠʢʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʨʠʟʝʤʣʝʥʥʷ ʫ 

ʚʩʪʘʥʦʚʣʝʥʦʤʫ ʥʦʨʤʘʤʠ ʜʽʘʧʘʟʦʥʽ 0-5 ʤ/ʩ ʜʘʣʝʢʦʤʽʨ ʧʦʚʠʥʝʥ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʠʩʦʢʫ ʯʘʩʪʦʪʫ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʩʦʪʠ ʪʘ ʰʚʠʜʢʦʩʪʽ ʟʥʠʞʝʥʥʷ 

ï ʥʝ ʤʝʥʰ ʥʽʞ 50-100 ɻʮ ʫ ʨʘʟʽ ʚʽʜʩʫʪʥʦʩʪʽ ʜʦʜʘʪʢʦʚʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʧʨʦʚʦʜʠʪʠʤʝ ʽʥʪʝʨʧʦʣʷʮʽʶ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ. ʇʦʭʠʙʢʘ ʫ 

ʚʠʤʽʨʶʚʘʥʥʽ ʚʠʩʦʪʠ ʧʦʚʠʥʥʘ ʩʪʘʥʦʚʠʪʠ < 1 ʤ, ʘ ʧʦʭʠʙʢʘ ʫ ʚʠʟʥʘʯʝʥʥʽ 

ʰʚʠʜʢʦʩʪʽ ï < 0.5 ʤ/ʩ (ʟʚʽʩʥʦ, ʚʢʘʟʘʥʽ ʟʥʘʯʝʥʥʷ ʻ ʥʘʙʣʠʞʝʥʠʤʠ ʪʘ ʩʠʣʴʥʦ 

ʟʘʣʝʞʘʪʴ ʦʜʥʝ ʚʽʜ ʽʥʰʦʛʦ, ʘ ʪʘʢʦʞ ʚʽʜ ʧʨʠʧʫʩʪʠʤʠʭ ʧʦʤʠʣʦʢ ʫ ʚʠʟʥʘʯʝʥʥʽ 

ʤʘʩʠ ʤʘʰʠʥʠ ʪʘ ʜʠʥʘʤʽʢʠ ʟʛʦʨʷʥʥʷ ʧʦʨʦʭʦʚʦʛʦ ʟʘʨʷʜʫ ʨʝʘʢʪʠʚʥʦʾ 

ʩʠʩʪʝʤʠ). 

ʐʚʠʜʢʦʜʽʶʯʠʡ ʚʠʩʦʪʦʤʽʨ ʜʦʟʚʦʣʷʻ ʥʝ ʪʽʣʴʢʠ ʚʠʟʥʘʯʘʪʠ ʧʦʪʦʯʥʝ 

ʧʦʣʦʞʝʥʥʷ ʙʦʡʦʚʦʾ ʤʘʰʠʥʠ ʧʽʜ ʯʘʩ ʧʘʨʘʰʫʪʥʦʛʦ ʩʧʫʩʢʫ, ʘʣʝ ʡ ʚʠʟʥʘʯʘʪʠ 

ʤʠʪʪʻʚʫ ʰʚʠʜʢʽʩʪʴ ʟʥʠʞʝʥʥʷ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʚʠʩʦʪʦʤʽʨʫ ʧʽʜ ʯʘʩ 

ʟʥʠʞʝʥʥʷ ʜʦʟʚʦʣʷʻ, ʰʣʷʭʦʤ ʧʨʷʤʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʟʥʠʞʝʥʥʷ, 

ʧʦʚʥʽʩʪʶ ʧʦʟʙʘʚʠʪʠʩʴ ʚʽʜ ʦʜʥʦʛʦ ʟ ʥʝʷʚʥʦ ʚʠʟʥʘʯʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ï 

ʪʝʤʧʝʨʘʪʫʨʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ (ʷʢʘ ʛʨʘʻ ʨʦʣʴ ʫ ʚʠʟʥʘʯʝʥʥʽ ʰʚʠʜʢʦʩʪʽ 

ʟʥʠʞʝʥʥʷ), ʘ ʪʘʢʦʞ ʯʘʩʪʢʦʚʦ ʥʽʚʝʣʶʚʘʪʠ ʚʘʞʣʠʚʽʩʪʴ ʽʥʰʦʛʦ ʧʘʨʘʤʝʪʨʘ ï 

ʤʘʩʠ ʙʦʡʦʚʦʾ ʤʘʰʠʥʠ, ʷʢʘ ʚʧʣʠʚʘʻ ʷʢ ʥʘ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʟʥʠʞʝʥʥʷ, ʪʘʢ 

ʽ ʥʘ ʜʠʥʘʤʽʢʫ ʛʘʣʴʤʫʚʘʥʥʷ ʧʽʩʣʷ ʚʚʽʤʢʥʝʥʥʷ ʨʝʘʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ. ʇʦʭʠʙʢʠ 

ʫ ʚʠʟʥʘʯʝʥʥʽ ʧʦʣʴʦʪʥʦʾ ʤʘʩʠ ʤʘʰʠʥʠ ʧʨʠʟʚʦʜʠʪʠʤʫʪʴ ʜʦ ʟʥʘʯʥʦ ʤʝʥʰʠʭ 

ʧʦʭʠʙʦʢ ʫ ʚʠʟʥʘʯʝʥʥʽ ʦʧʪʠʤʘʣʴʥʦʾ ʚʠʩʦʪʠ ʧʦʯʘʪʢʫ ʛʘʣʴʤʫʚʘʥʥʷ, ʷʢʱʦ 

ʰʚʠʜʢʽʩʪʴ ʟʥʠʞʝʥʥʷ ʙʫʜʝ ʚʽʜʦʤʘ ʟ ʧʨʷʤʠʭ ʚʠʤʽʨʶʚʘʥʴ. 

ʉʝʨʝʜ ʜʠʩʪʘʥʮʽʡʥʠʭ ʚʠʩʦʪʦʤʽʨʽʚ ʧʨʠʣʘʜʠ ʨʘʜʽʦʭʚʠʣʴʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ ʻ 

ʟʥʘʯʥʦ ʩʪʽʡʢʽʰʠʤʠ ʜʦ ʪʘʢʠʭ ʧʝʨʝʰʢʦʜ, ʷʢ ʥʘʷʚʥʽʩʪʴ ʪʫʤʘʥʫ, ʟʘʜʠʤʣʝʥʥʷ, 

ʜʦʱʦʚʽ ʢʘʧʝʣʽ ʪʘ ʽʥʰʠʭ ʧʦʜʽʙʥʠʭ ʘʪʤʦʩʬʝʨʥʠʭ ʷʚʠʱ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʦʙʨʘʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʜʦʚʞʠʥ ʭʚʠʣʴ, ʤʦʞʫʪʴ ʽʛʥʦʨʫʚʘʪʠ ʣʠʩʪʷ ʽ ʛʽʣʢʠ ʜʝʨʝʚ 

ʪʘ ʽʥʰʽ ʜʨʽʙʥʽ ʧʝʨʝʰʢʦʜʠ. 

ʄʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʩʧʨʦʤʦʞʥʦʾ 

ʟʘʜʦʚʦʣʴʥʠʪʠ ʜʘʥʠʤ ʚʠʤʦʛʘʤ, ʤʦʞʥʘ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ ʥʘ ʧʨʠʢʣʘʜʽ Delphi 

Electronically Scanning Radar ï ʬʘʟʦʚʘʥʦʾ ʨʘʜʘʨʥʦʾ ʨʝʰʽʪʢʠ ʤʽʣʽʤʝʪʨʦʚʦʛʦ 
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ʜʽʘʧʘʟʦʥʫ (173ʭ90ʭ49 ʤʤ, 575 ʛ), ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʩʫʯʘʩʥʠʭ 

ʘʚʪʦʤʦʙʽʣʷʭ ʟ ʬʫʥʢʮʽʻʶ ʘʚʪʦʧʽʣʦʪʫ. ɿʚʽʩʥʦ, ʜʘʥʘ ʩʠʩʪʝʤʘ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ 

ʪʘ ʥʘʣʘʰʪʦʚʘʥʘ ʜʣʷ ʟʘʜʘʯ ʟʦʚʩʽʤ ʽʥʰʦʛʦ ʪʠʧʫ, ʜʝ ʚʘʞʣʠʚʠʤʠ ʻ ʥʝ ʩʪʽʣʴʢʠ 

ʰʚʠʜʢʽʩʪʴ ʨʦʙʦʪʠ ʪʘ ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜʩʪʘʥʽ, ʘ ʚʽʜʥʦʩʥʦ ʰʠʨʦʢʝ 

ʧʦʣʝ ʟʦʨʫ ʪʘ ʩʧʨʦʤʦʞʥʽʩʪʴ ʟʥʘʭʦʜʠʪʠ ʪʘ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 

ʦʙôʻʢʪʽʚ ʚ ʥʴʦʤʫ ʧʨʠ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʽʡ ʤʘʢʩʠʤʘʣʴʥʽʡ ʚʽʜʩʪʘʥʽ ʨʦʙʦʪʠ. 

ʅʘʚʝʜʝʥʘ ʩʠʩʪʝʤʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʯʘʩʪʦʪʦʶ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʫ 

20 ɻʮ, ʤʘʢʩʠʤʘʣʴʥʦʶ ʜʘʣʴʥʽʩʪʴ ʨʦʙʦʪʠ 174 ʤ, ʪʦʯʥʽʩʪʶ ʚʠʟʥʘʯʝʥʥʷ 

ʚʽʜʩʪʘʥʽ Ñ0.5 ʤ Ñ5% ʚ ʨʝʞʠʤʽ ʚʝʣʠʢʦʾ ʜʘʣʴʥʦʩʪʽ (ʜʦ 174 ʤ) ʪʘ Ñ0.25 ʤ Ñ5% ʚ 

ʨʝʞʠʤʽ ʩʝʨʝʜʥʴʦʾ ʜʘʣʴʥʦʩʪʽ (ʜʦ 60 ʤ). ʊʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʩʪʘʥʦʚʠʪʴ Ñ0.12 ʤ/ʩ, ʘ ʜʽʘʧʘʟʦʥ ʚʠʤʽʨʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʝʡ ï ʚʽʜ ï100 ʜʦ  

+40 ʤ/ʩ. 

ʇʽʜʩʫʤʦʚʫʶʯʠ, ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʜʦʦʧʨʘʮʶʚʘʥʥʷ ʜʘʥʦʛʦ (ʘʙʦ 

ʧʦʜʽʙʥʦʛʦ ʡʦʤʫ) ʧʨʠʣʘʜʫ ʨʘʟʦʤ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʦʜʘʪʢʦʚʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ (ʷʢ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʽʣʴʰ ʪʦʯʥʠʭ ʨʘʜʘʨʥʠʭ ʩʠʩʪʝʤ, ʫ ʨʘʟʽ ʾʭ 

ʜʦʩʪʫʧʥʦʩʪʽ) ʧʨʠʚʝʜʝ ʜʦ ʟʥʘʯʥʦʛʦ ʧʦʣʽʧʰʝʥʥʷ ʚʢʘʟʘʥʠʭ ʚʠʱʝ ʧʘʨʘʤʝʪʨʽʚ 

ʪʘ ʜʦʟʚʦʣʠʪʴ ʽʩʪʦʪʥʦ ʟʤʝʥʰʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʞʦʨʩʪʢʦʛʦ ʧʨʠʟʝʤʣʝʥʥʷ. 

ʑʝ ʨʘʟ ʟʘʫʚʘʞʠʤʦ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʩʠʩʪʝʤʘ ʧʦʚʥʽʩʪʶ ʩʢʘʩʦʚʫʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʪʘʥʫ ʘʪʤʦʩʬʝʨʠ (ʾʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʪʠʩʢʫ ʪʘ 

ʰʚʠʜʢʦʩʪʽ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʫʭʫ ʧʦʚʽʪʨʷ) ʪʘ ʚʽʜʯʫʪʥʦ ʟʤʝʥʰʫʻ ʚʧʣʠʚ 
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ʀ. ʉ. ɸʣʠʝʚ
1
 

ɼ. ɸ. ʂʘʨʪʘʤʳʰʝʚ
1
 

ʃ. ɺ. ʊʘʛʘʥ
1
 

 

ʈɽʉʋʈʉʆʉɹɽʈɽɻɸʖʑʀɽ ʇʈʆʎɽʉʉʓ ʐʊɸʄʇʆɺʂʀ 

ʂʆʅʀʏɽʉʂʀʍ ʇʆʃʓʍ ɼɽʊɸʃɽʁ 
 

1
ɼʦʥʙʘʩʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʘʷ ʘʢʘʜʝʤʠʷ 

 

ɸʥʦʪʘʮʽʷ  
ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʚʠʜʘʚʣʶʚʘʥʥʷ ʧʦʨʦʞʥʠʩʪʠʭ 

ʢʦʥʽʯʥʠʭ ʜʝʪʘʣʝʡ. ɿʜʽʡʩʥʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʚʦʨʦʪʥʦʛʦ, ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʽ 
ʧʨʷʤʦʛʦ ʚʠʜʘʚʣʶʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ DEFORM 
3D. ʈʦʟʧʦʜʽʣ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʝʬʦʨʤʘʮʽʾ ʧʦʢʘʟʘʚ ʟʥʘʯʥʽ ʚʝʣʠʯʠʥʽ ʜʣʷ 
ʯʘʩʪʠʥʴ ʤʝʪʘʣʫ, ʱʦ ʧʨʠʤʠʢʘʶʪʴ ʜʦ ʚʥʫʪʨʽʰʥʴʦʾ ʩʪʽʥʢʠ ʯʘʰʽ 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʦʥʽʯʥʽ ʜʝʪʘʣʽ; ʢʦʤʙʽʥʦʚʘʥʝ ʚʠʜʘʚʣʶʚʘʥʥʷ; 
ʬʦʨʤʦʟʤʽʥʘ  

Abstract  
ʉomparing the existing methods of extrusion hollow conical parts is 

performed. Simulation of backward, combined and direct extrusion with 
distribution is carried out by finite element software package De-Form 3D. The 
strain intensity distribution is showed significant elaborate metal adjacent to the 
inner wall of the cup  

Keywords: conical parts; combined extrusion; deformation 
 

ʇʦʣʳʝ ʢʦʥʠʯʝʩʢʠʝ ʜʝʪʘʣʠ (ʰʪʫʮʝʨʳ, ʧʝʨʝʭʦʜʥʠʢʠ, ʩʦʧʣʘ, ʢʦʨʧʫʩʘ 
ʩʥʘʨʷʜʦʚ) ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʆʜʥʠʤ 
ʠʟ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʷʚʣʷtʪʩʷ ʪʦʯʥʘʷ ʦʙʲʝʤʥʘʷ 
ʰʪʘʤʧʦʚʢʘ (ʊʆʐ). ʊʨʘʜʠʮʠʦʥʥʳʤ ʩʧʦʩʦʙʦʤ ʍʆʐ ʧʦʣʫʯʝʥʠʷ ʧʦʣʳʭ 
ʢʦʥʠʯʝʩʢʠʭ ʜʝʪʘʣʝʡ ʷʚʣʷʝʪʩʷ), ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝʩʷ ʫʩʪʘʥʦʚʢʦʡ ʟʘʛʦʪʦʚʢʠ 
ʥʘ ʚʝʨʭʥʝʤ ʪʦʨʮʝ ʧʨʦʪʠʚʦʧʫʘʥʩʦʥʘ. ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ 
ʦʙʨʘʪʥʦʛʦ (ʨʠʩ. 1ʘ), ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ (ʨʠʩ. 1ʙ) ʧʨʷʤʦʛʦ ʩ ʨʘʟʜʘʯʝʡ  
(ʨʠʩ. 1ʚ) ʚʳʜʘʚʣʠʚʘʥʠʷ [1].  

   

ʘ) ʙ) ʚ) 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʳ ʚʳʜʘʚʣʠʚʘʥʠʷ ʧʦʣʦʡ ʢʦʥʠʯʝʩʢʦʡ ʜʝʪʘʣʠ:  
ʘ) ʦʙʨʘʪʥʦʝ; ʙ) ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ; ʚ) ʧʨʷʤʦʝ ʩ ʨʘʟʜʘʯʝʡ 
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ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʚʳʜʘʚʣʠʚʘʥʠʷ ʧʦʣʳʭ ʢʦʥʠʯʝʩʢʠʭ ʜʝʪʘʣʝʡ 
ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ DeForm 3D. ʇʨʦʨʘʙʦʪʢʫ ʩʪʨʫʢʪʫʨʳ 
ʤʝʪʘʣʣʘ ʭʦʣʦʜʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʝʡ ʧʦ ʩʝʯʝʥʠʶ ʩʪʝʥʦʢ ʠ ʜʦʥʥʦʡ 
ʯʘʩʪʠ ʠʟʜʝʣʠʷ ʦʮʝʥʠʚʘʣʠ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ Ů̔ . 
(ʨʠʩ. 2). 

 

 

    
 
ʈʠʩʫʥʦʢ 2 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ Ůi  

ʧʨʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ ʚʳʜʘʚʣʠʚʘʥʠʠ 
  
ʇʨʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ ʚʳʜʘʚʣʠʚʘʥʠʠ ʧʨʦʨʘʙʦʪʢʘ ʩʪʨʫʢʪʫʨʳ ʠ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦ ʠ ʩ ʙʦʣʴʰʠʤʠ ʩʜʚʠʛʦʚʳʤʠ 
ʢʦʤʧʦʥʝʥʪʘʤʠ, ʘ ʩʠʣʦʚʦʡ ʨʝʞʠʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʜʝʬʦʨʤʠʨʫʝʤʦʩʪʴ 
ʟʘʛʦʪʦʚʢʠ ʠʤʝʶʪ ʙʣʘʛʦʧʨʠʷʪʥʳʡ ʭʘʨʘʢʪʝʨ.  

 

ʉʇʀʉʆʂ ʀʉʇʆʃʔɿʆɺɸʅʅʆʁ ʃʀʊɽʈɸʊʋʈʓ 
1. ɸʣʠʝʚ ʀ. ʉ. ʂʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʚʳʜʘʚʣʠʚʘʥʠʝ ʧʦʣʳʭ ʢʦʥʠʯʝʩʢʠʭ 

ʜʝʪʘʣʝʡ ʠʟ ʟʘʛʦʪʦʚʦʢ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ / ʀ. ʉ. ɸʣʠʝʚ, ʇ. ɺ. ɻʥʝʟʜʠʣʦʚ // 
ʆʙʨʘʙʦʪʢʘ ʤʘʪʝʨʠʘʣʦʚ ʜʘʚʣʝʥʠʝʤ : ʩʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ, ʂʨʘʤʘʪʦʨʩʢ: 
ɼɻʄɸ ï 2015. ï ˉ2 (41). ï ʉ.162-165. 
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ʃ. ʀ. ɸʣʠʝʚʘ
1
 

ɼ. ɸ. ʂʘʨʪʘʤʳʰʝʚ
1
 

 

ʂʆʄɹʀʅʀʈʆɺɸʅʅʆɽ ʈɸɼʀɸʃʔʅʆ-ʇʈʗʄʆɽ ɺʓɼɸɺʃʀɺɸʅʀɽ 

ʇʆʃʓʍ ɼɽʊɸʃɽʁ ʊʀʇɸ ɻʀʃʔɿ 
 

1
ɼʦʥʙʘʩʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʘʷ ʘʢʘʜʝʤʠʷ 

 

ɸʥʦʪʘʮʽʷ  

ʈʦʟʛʣʷʥʫʪʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʮʝʩʫ ʨʘʜʽʘʣʴʥʦ-ʧʨʷʤʦʛʦ ʚʠʜʘʚʣʶʚʘʥʥʷ 

ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʦʨʦʞʥʠʩʪʠʭ ʜʝʪʘʣʝʡ ʪʠʧʫ ʛʽʣʴʟ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ DEFORM 3D. ʅʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʦʙʫʜʦʚʘʥʦ ʛʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ ʟʫʩʠʣʣʷ ʚʠʜʘʚʣʶʚʘʥʥʷ ʚʽʜ ʭʦʜʫ ʧʨʦʮʝʩʫ 

ʜʣʷ ʨʽʟʥʠʭ ʢʽʥʝʤʘʪʠʯʥʠʭ ʚʘʨʽʘʥʪʽʚ 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʽʣʴʟʘ; ʨʘʜʽʘʣʴʥʦ-ʧʨʷʤʝ ʚʠʜʘʚʣʶʚʘʥʥʷ; ʬʦʨʤʦʟʤʽʥʘ  

Abstract  
The application of the radial-forward extrusion for the manufacture of 

hollow parts such as cartridge case using software DEFORM 3D are considered. 

Based on simulation results, diagrams of process force from punch displacement 

for different kinematic variant are drawn 

Keywords: cartridge case; kinematics; deformation 

 

ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʜʝʪʘʣʝʡ ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʥʘʧʨʠʤʝʨ, 

ʛʠʣʴʟ, ʧʠʨʦʩʪʘʢʘʥʦʚ ʠ ʵʣʝʤʝʥʪʦʚ ʩʪʨʝʣʢʦʚʦʛʦ ʦʨʫʞʠʷ ʧʨʠʤʝʥʷʶʪ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʣʠʩʪʦʚʦʡ ʰʪʘʤʧʦʚʢʠ ʇʨʠ ʵʪʦʤ ʧʦʪʝʨʠ ʤʘʪʝʨʠʘʣʘ 

ʜʦʩʪʠʛʘʶʪ 40 %. ʇʦʵʪʦʤʫ ʧʝʨʩʧʝʢʪʠʚʥʦ ʧʨʠʤʝʥʝʥʠʝ ʧʨʫʪʢʦʚʳʭ ʟʘʛʦʪʦʚʦʢ c 

ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʜʘʚʣʠʚʘʥʠʝʤ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʣʳʭ ʛʠʣʴʟ [1]. 

ɺʳʩʦʢʠʝ ʫʜʝʣʴʥʳʝ ʥʘʛʨʫʟʢʠ ʷʚʣʷʶʪʩʷ ʦʛʨʘʥʠʯʝʥʠʝʤ ʧʨʦʮʝʩʩʦʚ 

ʭʦʣʦʜʥʦʛʦ ʚʳʜʘʚʣʠʚʘʥʠʷ. ʉʥʠʟʠʪʴ ʥʘʛʨʫʟʢʠ ʤʦʞʥʦ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʨʘʜʠʘʣʴʥʦ-ʧʨʷʤʦʛʦ ʚʳʜʘʚʣʠʚʘʥʠʷ (ʨʠʩ. 1). ʊʘʢ ʢʘʢ 

ʠʩʭʦʜʥʘʷ ʟʘʛʦʪʦʚʢʘ ʠʤʝʝʪ ʤʝʥʴʰʠʡ ʜʠʘʤʝʪʨ, ʯʝʤ ʰʪʘʤʧʫʝʤʘʷ ʜʝʪʘʣʴ, ʵʪʦ 

ʪʨʝʙʫʝʪ ʤʝʥʴʰʠʭ ʩʠʣ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ [2].  

  
ʘ       ʙ 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʨʘʜʠʘʣʴʥʦ-ʧʨʷʤʦʛʦ ʚʳʜʘʚʣʠʚʘʥʠʷ ʛʠʣʴʟʳ (ʘ)  

ʠ ʂʕ-ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʚ ʢʦʤʧʣʝʢʩʝ DEFORM 3D (ʙ) 
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ʈʘʟʥʦʠʤʝʥʥʘʷ ʩʭʝʤʘ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠ ʨʘʜʠʘʣʴʥʦ-ʧʨʷʤʦʤ 

ʚʳʜʘʚʣʠʚʘʥʠʠ ʩ ʨʘʟʜʘʯʝʡ ʤʝʪʘʣʣʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ 

ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʦʯʘʛʝ ʜʝʬʦʨʤʘʮʠʠ ʠ ʩʫʱʝʩʪʚʝʥʥʦʤʫ (ʥʘ 30-

40 %) ʩʥʠʞʝʥʠʶ ʥʘʛʨʫʟʦʢ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʪʥʳʤ ʠʣʠ ʧʨʷʤʳʤ 

ʚʳʜʘʚʣʠʚʘʥʠʝʤ ʧʦʣʳʭ ʜʝʪʘʣʝʡ ʪʠʧʘ ʩʪʘʢʘʥʘ ʠ ʛʠʣʴʟ. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ɻʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʩʠʣʳ ʚʳʜʘʚʣʠʚʘʥʠʷ ʥʘ ʢʦʥʪʨʧʫʘʥʩʦʥʝ (1), 

ʤʘʪʨʠʮʝ (2) ʠ ʧʦʜʚʠʞʥʦʤ ʧʫʘʥʩʦʥʝ (3) 
 

ʅʘ ʜʠʘʛʨʘʤʤʝ çʇʫʪʴ-ʉʠʣʘè ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʭʘʨʘʢʪʝʨʥʳʭ ʵʪʘʧʘ 

ʨʦʩʪʘ ʩʠʣ ʚʳʜʘʚʣʠʚʘʥʠʷ ʥʘ ʤʘʪʨʠʮʝ, ʢʦʥʪʨʧʫʘʥʩʦʥʝ ʠ ʧʫʘʥʩʦʥʝ: ʟʦʥʘ 

ʩʚʦʙʦʜʥʦʛʦ ʨʘʜʠʘʣʴʥʦʛʦ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ, ʟʦʥʘ ʨʘʟʚʦʨʦʪʘ ʠʩʪʝʯʝʥʠʷ 

ʤʝʪʘʣʣʘ ʚ ʧʨʷʤʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʟʦʥʘ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʪʝʯʝʥʠʷ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ ʫʩʪʦʡʯʠʚʦʛʦ ʦʙʲʝʤʘ (ʨʠʩ.2).  
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ʊɽʍʅʆʃʆɻʀʗ ʆʇɽʈɽɾɸʖʑʀʍ ʏʀʉʃɽʅʅʓʍ 

ʀʉʉʃɽɼʆɺɸʅʀʁ ʇʈʆʎɽʉʉʆɺ ɺ ʉʊɺʆʃʔʅʆʄ  

ʀ ʈɸʂɽʊʅʆʄ ɺʆʆʈʋɾɽʅʀʀ 

 
1
ʅʘʮʠʦʥʘʣʴʥʳʡ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ. ɽ. ɾʫʢʦʚʩʢʦʛʦ 

çʍʘʨʴʢʦʚʩʢʠʡ ʘʚʠʘʮʠʦʥʥʳʡ ʠʥʩʪʠʪʫʪè 
2
ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ çʍʘʨʴʢʦʚʩʢʦʝ ʂʦʥʩʪʨʫʢʪʦʨʩʢʦʝ ɹʶʨʦ ʧʦ 

ʄʘʰʠʥʦʩʪʨʦʝʥʠʶ ʠʤ. ɸ. ɸ. ʄʦʨʦʟʦʚʘè 

 

ɸʥʦʪʘʮʽʷ 

ʅʘʚʝʜʝʥʦ ʪʝʭʥʦʣʦʛʽʶ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʱʦ ʻ ʢʦʤʧʣʝʢʩʥʠʤʠ ʟʘʩʦʙʦʤ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʧʝʨʝʜʞʘʶʯʠʭ ʯʠʩʝʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʢʦʤʧʣʝʢʩʥʦ-ʩʧʨʷʞʝʥʠʭ ʤʦʜʝʣʷʭ 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʽʤʧʫʣʴʩʥʽ ʪʝʧʣʦʚʽ ʤʘʰʠʥʠ, ʯʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, 

ʧʨʦʩʪʦʨʦʚʦ-ʭʚʠʣʴʦʚʽ ʯʠʥʥʠʢʠ 

Abstract 

A design technology is described that is a complex means of providing 

advanced numerical studies and is based on complex conjugate models 

Keywords: pulse heat machines, numerical simulation, space-wave effects 

 

ʆʙʦʩʪʨʝʥʠʝ ʢʦʥʢʫʨʝʥʪʥʦʡ ʙʦʨʴʙʳ ʥʘ ʨʳʥʢʝ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ 

ʚʦʦʨʫʞʝʥʠʷ ʠ ʚʦʝʥʥʦʡ ʪʝʭʥʠʢʠ (ɺɺʊ) ʚʳʥʫʞʜʘʝʪ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʚʥʝʜʨʷʪʴ 

ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʝ ʤʝʪʦʜʳ ʩʠʩʪʝʤʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʇʨʠ 

ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʝ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʢʠ ʚʦʦʨʫʞʝʥʠʡ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʨʝʰʝʥʠʶ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʥʝʧʨʦʜʫʢʪʠʚʥʳ, ʘ 

ʤʥʦʛʦʚʘʨʠʘʥʪʥʳʝ ʵʪʘʧʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʜʦʚʦʜʢʠ ʥʘʪʫʨʥʳʭ ʦʙʨʘʟʮʦʚ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʧʨʠʝʤʣʝʤʳ. ɽʜʠʥʩʪʚʝʥʥʦ 

ʚʦʟʤʦʞʥʳʤ ʚʳʭʦʜʦʤ ʠʟ ʩʣʦʞʠʚʰʝʡʩʷ ʩʠʪʫʘʮʠʠ ʷʚʣʷʝʪʩʷ ʨʘʜʠʢʘʣʴʥʘʷ 

ʧʝʨʝʩʪʨʦʡʢʘ ʧʨʦʛʨʘʤʤ ʅʀʆʂʈ ʟʘ ʩʯʝʪ ʰʠʨʦʢʦʛʦ ʚʥʝʜʨʝʥʠʷ ʦʧʝʨʝʞʘʶʱʠʭ 

ʨʘʩʯʝʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʀʟʚʝʩʪʥʳʝ ʨʘʟʨʘʙʦʪʯʠʢʠ ʚʠʨʪʫʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʣʠʙʦ ʢʨʘʡʥʝ ʦʛʨʘʥʠʯʝʥʳ ʚ ʚʦʟʤʦʞʥʦʩʪʷʭ (ʥʘʧʨʠʤʝʨ, Flow Works), ʣʠʙʦ 

ʜʦʩʪʫʧʥʳ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʨʝʞʠʤʝ ʥʘʩʪʨʦʝʢ ʠ ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʚʩʪʘʚʦʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ API- ʠʣʠ UDF-ʬʫʥʢʮʠʡ (ʥʘʧʨʠʤʝʨ, 

ANSYS Fluent). ʉʘʤʦ ʞʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʷʜʨʦ ʧʨʠʣʦʞʝʥʠʷ ʦʩʪʘʝʪʩʷ ʜʣʷ 

ʧʦʣʴʟʦʚʘʪʝʣʷ çʯʝʨʥʳʤ ʷʱʠʢʦʤè ʠ ʧʦʵʪʦʤʫ ʥʝ ʧʦʟʚʦʣʷʝʪ ʜʝʣʘʪʴ 

ʦʜʥʦʟʥʘʯʥʦʝ ʟʘʢʣʶʯʝʥʠʝ ʦ ʧʨʠʤʝʥʠʤʦʩʪʠ ʧʘʢʝʪʘ ʢ ʩʧʝʮʠʬʠʯʝʩʢʦʤʫ ʚʠʜʫ 

ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ. ʇʦʵʪʦʤʫ ʨʘʟʚʠʪʠʝ ɺɺʊ ʚ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ 
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ʩʜʝʨʞʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʷʤʠ çʯʫʞʠʭè ʧʨʦʛʨʘʤʤ, ʘ ʟʥʘʯʠʪ ʧʨʦʙʣʝʤʘ 

ʨʘʟʨʘʙʦʪʢʠ ʩʦʙʩʪʚʝʥʥʳʭ, ʦʙʣʘʜʘʶʱʠʭ ʩ ʰʠʨʦʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ, 

ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʘʢʪʫʘʣʴʥʦʡ. 

ʉʦʟʜʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʦʧʝʨʝʞʘʶʱʠʭ ʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʪʨʘʝʢʪʦʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ (ʥʘʧʨʠʤʝʨ, ʨʠʩ. 1), ʨʘʙʦʯʠʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʪʝʧʣʦʚʳʭ ʜʚʠʛʘʪʝʣʷʭ, ʠʤʧʫʣʴʩʥʳʭ ʨʘʩʰʠʨʠʪʝʣʴʥʳʭ ʤʘʰʠʥʘʭ 

ʠ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʜʣʷ ʝʝ ʤʘʰʠʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ. ɺʦ-ʧʝʨʚʳʭ, 

ʪʝʭʥʦʣʦʛʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʘʚʪʦʨʩʢʠʡ ʧʘʢʝʪ ʧʨʦʛʨʘʤʤ ʜʣʷ ʛʝʥʝʨʘʮʠʠ 

ʩʝʪʦʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 3D ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʪʝʣ [1], ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʥʘ 

ʷʟʳʢʝ Visual Basic 6.0. ʇʘʢʝʪ ʧʦʟʚʦʣʷʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ 

ʤʘʩʦʢ: ʪʝʣʝʩʥʳʝ ʛʝʢʩʘʵʜʨʘʣʴʥʳʝ, ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʥʝʧʨʦʥʠʮʘʝʤʳʝ, ʯʘʩʪʠʯʥʦ 

ʧʨʦʥʠʮʘʝʤʳʝ, ʦʩʨʝʜʥʝʥʥʳʭ ʥʦʨʤʘʣʝʡ. ɺʦ-ʚʪʦʨʳʭ, ʚ ʪʝʭʥʦʣʦʛʠʶ ʚʭʦʜʠʪ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʠ ʘʣʛʦʨʠʪʤ ʝʛʦ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʜʣʷ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʥʝʦʜʥʦʨʦʜʥʳʭ ʠ 

ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʠʤʧʫʣʴʩʥʳʭ ʪʝʧʣʦʚʳʭ ʨʘʩʰʠʨʠʪʝʣʴʥʳʭ 

ʤʘʰʠʥʘʭ [2]. ɸʧʧʘʨʘʪ ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Visual 

Fortran 6 ʠ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʧʦʜʚʠʞʥʦʩʪʴ ʚʥʫʪʨʝʥʥʠʭ ʛʨʘʥʠʮ 

ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʛʦʨʝʥʠʝ ʞʠʜʢʦʛʦ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʠʣʠ ʪʚʝʨʜʦʛʦ 

ʪʦʧʣʠʚʘ. ɺ-ʪʨʝʪʴʠʭ, ʨʘʟʨʘʙʦʪʘʥʳ ʩʨʝʜʩʪʚʘ ʚʠʟʫʘʣʠʟʘʮʠʠ ʯʠʩʣʝʥʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʩʠʥʭʨʦʥʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʤʦʜʝʣʠʨʫʝʤʦʛʦ 

ʦʙʲʝʢʪʘ ʚ ʚʠʜʝ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʚʠʨʪʫʘʣʴʥʦʛʦ ʦʙʨʘʟʘ [3]. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʄʦʜʝʣʴ ʩʪʘʨʪʘ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ.  

ʄʦʤʝʥʪ ʩʭʦʜʘ ʩ ʥʘʧʨʘʚʣʷʶʱʝʡ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʪʨʫʠ ʩ ʦʪʙʦʡʥʠʢʦʤ 
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ʇʨʝʜʣʘʛʘʝʤʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʘʯʝʩʪʚʝʥʥʦ 

ʥʦʚʳʡ ʫʨʦʚʝʥʴ ʧʨʦʝʢʪʥʳʭ ʨʘʙʦʪ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʨʠʩʢʘ ʠ ʵʢʦʥʦʤʠʠ ʨʝʩʫʨʩʦʚ ʥʘ ʵʪʘʧʝ ʥʘʪʫʨʥʦʡ ʜʦʚʦʜʢʠ ʦʙʲʝʢʪʘ. 
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ɯɿʆʊɽʈʄɯʏʅɽ ɺʆʃʆʏɯʅʅʗ ɼʈʆʊʋ ɼʃʗ ɿɺɸʈʖɺɸʅʅʗ 

ʊʀʊɸʅʆɺʀʍ ʃʀʉʊɯɺ ʂʆʈʇʋʉɯɺ ʇɯɼɺʆɼʅʀʍ ʇʃɸɺɿɸʉʆɹɯɺ 

 
1
ʇʨʠʘʟʦʚʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʄʘʨʽʫʧʦʣʴ 

 

ɸʥʦʪʘʮʽʷ 

ʅʘʚʝʜʝʥʘ ʥʦʚʘ ʪʝʭʥʦʣʦʛʽʷ ʽʟʦʪʝʨʤʽʯʥʦʛʦ ʚʦʣʦʯʽʥʥʷ ʜʨʦʪʫ ʟ ʪʠʪʘʥʦʚʦʛʦ 

ʩʧʣʘʚʫ ʇʊ-7ʩʚ ʜʣʷ ʟʚʘʨʶʚʘʥʥʷ ʪʠʪʘʥʦʚʠʭ ʣʠʩʪʽʚ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ 

ʢʦʨʧʫʩʽʚ ʧʽʜʚʦʜʥʠʭ ʧʣʘʚʟʘʩʦʙʽʚ. ʇʦʢʘʟʘʥʠʡ ʚʧʣʠʚ ʙʝʟʬʽʣʴʻʨʥʦʛʦ ʚʦʣʦʯʽʥʥʷ 

ʪʘ ʨʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʚʨʘʭʫʚʘʥʥʷ ʮʴʦʛʦ ʚʧʣʠʚʫ ʥʘ ʢʽʥʮʝʚʽ ʨʦʟʤʽʨʠ ʜʨʦʪʫ 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʜʨʽʪ, ʽʟʦʪʝʨʤʽʯʥʝ ʚʦʣʦʯʽʥʥʷ, ʟʚʘʨʶʚʘʥʥʷ, ʪʠʪʘʥʦʚʽ 

ʣʠʩʪʠ 

Abstract  
New technology isothermal wire of titanium alloy PT-7sv for welding 

titanium sheets in the manufacture of submarine hulls and apparatus as 

presented. Influence of wire drawing dies-free after. The method of taking into 

account the impact on the final size of the wire 

Keywords: wire, isothermal drawing, welding, titanium sheets 

 

ɼʣʷ ʢʦʨʧʫʩʽʚ ʘʪʦʤʥʠʭ ʩʫʙʤʘʨʠʥ, ʢʫʣʴ-ʙʘʣʦʥʽʚ ʧʽʜʚʦʜʥʠʭ ʧʣʘʚʟʘʩʦʙʽʚ 

ʨʘʜʽʦʟʚôʷʟʢʫ ʩʫʙʤʘʨʠʥ ʪʘ ʩʪʝʞʝʥʥʷ ʟʘ ʥʘʜʚʦʜʥʠʤʠ ʩʫʜʥʘʤʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʣʠʩʪʠ ʟ ʪʠʪʘʥʦʚʠʭ ʩʧʣʘʚʽʚ, ʟôʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ 

ʟʚʘʨʶʚʘʥʥʷʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʜʨʦʪʫ ʟʽ ʩʧʣʘʚʫ ʇʊ-7ʩʚ. 

ʅʘʡʧʦʰʠʨʝʥʽʰʘ ʪʝʭʥʦʣʦʛʽʷ ʪʘʢʦʛʦ ʜʨʦʪʫ ʰʣʷʭʦʤ ʭʦʣʦʜʥʦʛʦ ʚʦʣʦʯʽʥʥʷ ʟʽ 

ʩʢʣʦʤʘʩʪʠʣʘʤʠ ʩʝʙʝ ʥʝ ʚʠʧʨʘʚʜʦʚʫʻ, ʦʩʢʽʣʴʢʠ ʝʬʝʢʪʠʚʥʘ ʣʠʰʝ ʫ ʩʝʨʽʡʥʦʤʫ 

ʚʠʨʦʙʥʠʮʪʚʽ. 

ɹʫʣʦ ʚʧʨʦʚʘʜʞʝʥʦ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʫ ʪʝʭʥʦʣʦʛʽʶ ʽʟʦʪʝʨʤʽʯʥʦʛʦ 

ʚʦʣʦʯʽʥʥʷ ʜʨʦʪʫ ʟʽ ʩʧʣʘʚʫ ʇʊ-7ʩʚ, ʷʢʘ ʚʢʣʶʯʘʻ ʦʧʝʨʘʮʽʾ ʪʨʘʚʣʝʥʥʷ ʚʠʭʽʜʥʦʾ 

ʢʘʪʘʥʢʠ, ʥʘʥʝʩʝʥʥʷ ʧʽʜ ʤʘʩʪʠʣʴʥʦʛʦ ʰʘʨʫ ʥʘ ʧʦʚʝʨʭʥʶ ʜʨʦʪʫ, ʡʦʛʦ ʥʘʛʨʽʚ ʟ 

ʦʧʣʘʚʣʝʥʥʷʤ ʧʽʜ ʤʘʩʪʠʣʴʥʦʛʦ ʰʘʨʫ, ʥʘʥʝʩʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʶ ʥʘʛʨʽʪʦʛʦ 

ʜʨʦʪʫ ʧʦʨʦʰʢʫ ʛʨʘʬʽʪʫ ʪʘ ʽʟʦʪʝʨʤʽʯʥʝ ʚʦʣʦʯʽʥʥʷ ʟʘ ʙʘʛʘʪʦ ʧʨʦʭʦʜʽʚ ʽ 

ʥʘʛʨʽʪʽʡ ʚʦʣʦʮʽ [1]. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʥʠʟʴʢʫ ʰʚʠʜʢʽʩʪʴ ʚʦʣʦʯʽʥʥʷ, ʪʝʭʥʦʣʦʛʽʷ ʟʘʙʝʟʧʝʯʫʚʘʣʘ 

ʩʫʪʪʻʚʝ ʟʙʽʣʴʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʚʠʪʷʞʢʠ ʟʘ ʧʨʦʭʽʜ (ʚ 1,5-3 ʨʘʟʠ), ʫʩʫʥʝʥʥʷ 

ʤʝʞ ʦʧʝʨʘʮʽʡʥʠʭ ʚʽʜʧʘʣʽʚ ʪʘ ʦʩʴʦʚʦʾ ʨʠʭʣʦʩʪʽ ʽ ʟʘ ʨʘʭʫʥʦʢ ʮʠʭ ʬʘʢʪʦʨʽʚ ʚ 

2-2,5 ʨʘʟʠ ʟʤʝʥʰʠʪʠ ʪʨʠʚʘʣʽʩʪʴ ʧʦʚʥʦʛʦ ʮʠʢʣʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʨʦʪʫ ʟ 

ʧʦʪʨʽʙʥʠʤʠ ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ɺʽʜʥʦʩʥʦ ʥʠʟʴʢʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 
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ʧʨʦʮʝʩʫ ʥʝ ʙʫʣʘ ʢʨʠʪʠʯʥʠʤ ʬʘʢʪʦʨʦʤ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʪʦʤʫ ʱʦ ʦʙôʻʤʠ 

ʧʦʩʪʘʚʦʢ ʜʨʦʪʫ ʙʫʣʠ ʥʝʚʝʣʠʢʠʤʠ. 

ʆʜʥʘʢ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʽʟʦʪʝʨʤʽʯʥʝ ʚʦʣʦʯʽʥʥʷ ʜʨʦʪʫ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʙʽʣʴʰʝ ʥʽʞ 550 
0
ʉ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʡʦʛʦ ʙʝʟʬʽʣʴʻʨʥʠʤ 

ʚʦʣʦʯʽʥʥʷʤ (ɹʌɺ) ʥʘ ʜʽʣʴʥʠʮʽ ʤʽʞ ʬʽʣʴʻʨʦʶ ʪʘ ʙʘʨʘʙʘʥʦʤ ʚʦʣʦʯʠʣʴʥʦʛʦ 

ʩʪʘʥʫ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʨʦʪʫ 700-800 
0
ʉ ɹʌɺ ʟʤʝʥʰʫʻ ʜʽʘʤʝʪʨ ʜʨʦʪʫ ʥʘ 

2-13 %. ʎʝ ʧʨʠʤʫʰʫʻ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʟʙʽʣʴʰʫʚʘʪʠ ʚʝʣʠʯʠʥʫ ʛʨʘʥʠʯʥʠʭ 

ʚʽʜʭʠʣʝʥʴ ʥʘ ʨʦʟʤʽʨʠ ʜʨʦʪʫ ʜʦ ʨʽʚʥʷ 10-12 ʢʚʘʣʽʪʝʪʽʚ (ɻʆʉʊ 2772). 

ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ ʪʦʯʥʦʩʪʽ ʨʦʟʤʽʨʽʚ ʜʽʘʤʝʪʨʫ ʜʨʦʪʫ ʙʫʣʦ ʚʠʢʦʥʘʥʦ 

ʢʦʨʠʛʫʚʘʥʥʷ ʡʦʛʦ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ 

ʚʦʣʦʯʽʥʥʷ ʷʢ ʫ ʬʽʣʴʻʨʘʭ, ʪʘʢ ʽ ʧʦʟʘ ʥʠʤʠ. ʅʘʨʘʟʽ ʙʫʣʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ 

ʬʦʨʤʫʣʘ ʨʦʟʨʘʭʫʥʢʽʚ ʟʤʽʥʠ ʜʽʘʤʝʪʨʫ ʜʨʦʪʫ ʧʨʠ ɹʌɺ: 
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ʜʝ D0  i   D ï ʜʽʘʤʝʪʨʠ ʜʨʦʪʫ ʥʘ ʚʠʭʦʜʽ ʟ ʬʽʣʴʻʨʠ ʪʘ ʧʽʩʣʷ ɹʌɺ;  

n = 1/m, ï ʢʦʝʬʽʮʽʻʥʪ ʰʚʠʜʢʽʩʥʦʛʦ ʟʤʽʮʥʝʥʥʷ, ʜʣʷ ʩʧʣʘʚʫ ʇʊ-7ʩʚ m = 0,229;  

Ŭ, k ï ʢʦʥʩʪʘʥʪʠ, Ŭ = -0,804, k = 113,54;  t = T/1000, T ï ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʦʣʦʯʽʥʥʷ;  Ű = 1,16D0 /ɛ, ɛ ï ʚʠʪʷʞʢʘ ʟʘ ʦʜʠʥ ʧʨʦʭʽʜ; ʈ ï ʟʫʩʠʣʣʷ 

ʚʦʣʦʯʽʥʥʷ. 

 

ʇʘʨʘʤʝʪʨ ʈ ʜʦʮʽʣʴʥʦ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʟʘ ʬʦʨʤʫʣʦʶ 
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    (2) 

ʜʝ ʘ = fĀtg(ɔ), b = 1 + tg(ɔ); f ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ, f = 0,08; ɔ -  ʥʘʧʽʚʢʫʪ 

ʬʽʣʴʻʨʠ, ʜʦʨʽʚʥʶʻ 7 
0
;  ʨ ï ʦʧʽʨ ʜʝʬʦʨʤʘʮʽʾ ʩʧʣʘʚʘ ʇʊ-7ʩʚ, ʚ ʜʘʥʦʤʫ 

ʚʠʧʘʜʢʫ ʜʦʨʽʚʥʶʻ  ʥʘʧʨʫʟʽ ɹʌɺ ʽ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

 ʨ = 113,54t
-0,804Ű
ɝ

0/229
, ɝ ï  h ʚʠʜʢʽʩʪʴ ʜʝʬʦʨʤʘʮʽʾ. 

ɹʫʣʦ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʜʽʘʤʝʪʨ ʜʨʦʪʫ ʥʘ ʚʠʭʦʜʽ ʟ ʬʽʣʴʻʨ ʤʘʡʞʝ ʥʝ 

ʟʤʽʥʠʪʴʩʷ, ʷʢʱʦ ʚʦʣʦʯʽʥʥʷ ʧʨʦʚʦʜʠʪʠ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʧʫʩʪʠʤʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ. ɺ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʥʘʚʽʪʴ ʧʨʠ ɛ = 1,3-1,5 ʪʘ ʰʚʠʜʢʦʩʪʽ 

ʚʦʣʦʯʽʥʥʷ 145 ʤʤ/ʩ ʜʽʘʤʝʪʨ D0 ʟʤʝʥʰʠʪʴʩʷ ʥʝ ʙʽʣʴʰ ʥʽʞ ʥʘ 0,2 ʤʤ, ʱʦ 

ʜʦʟʚʦʣʝʥʦ ɻʆʉʊ 27765 ʥʘ ʪʠʪʘʥʦʚʠʡ ʜʨʽʪ. ɸʣʝ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʣʦʯʽʥʥʷ ʥʝ 

ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ Ŭ+ɓ-ʧʝʨʝʭʦʜʫ ʚ ʩʧʣʘʚʽ ʇʊ-7ʩʚ. ʜʦ ʪʦʛʦ 

ʞ ʧʨʠ ʊ > 600 
0
ʉ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʝ ʟʙʽʣʴʰʝʥʥʷ ʚʦʜʥʶ ʚ ʩʧʣʘʚʽ. ʆʪʞʝ 

ʥʘ ʦʩʪʘʥʥʽʭ ʧʨʦʭʦʜʘʭ ʜʨʽʪ ʪʨʝʙʘ ʚʦʣʦʯʠʪʠ ʧʨʠ ʊ = 750-800 
0
ʉ ʽ  ɛ = 1,2-1,3. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʧʨʠʢʣʘʜ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʨʦʪʫ ʜʽʘʤʝʪʨʦʤ 1.5 ʤʤ 

ʧʝʨʝʜʙʘʯʘʻ ʽʟʦʪʝʨʤʽʯʥʝ ʚʦʣʦʯʽʥʥʷ ʟʘ 11 ʧʨʦʭʦʜʽʚ ʢʘʪʘʥʢʠ ʜʽʘʤʝʪʨʦʤ 7,0 ʤʤ 

ʟ ʚʠʪʷʞʢʦʶ, ʱʦ ʟʤʝʥʰʫʻʪʴʩʷ ʟ 1,44 ʜʦ 1,22, ʰʚʠʜʢʽʩʪʶ ʚʦʣʦʯʽʥʥʷ, ʱʦ 

ʟʨʦʩʪʘʻ ʟ 100 ʜʦ 260 ʤʤ/ʩ ʽ ʪʝʤʧʝʨʘʪʫʨʦʶ, ʱʦ ʟʥʠʞʫʻʪʴʩʷ ʟ 850 ʜʦ 750 
0
ʉ. 
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ɼʽʘʤʝʪʨ D0 ʬʽʣʴʻʨʠ ʥʘ 11-ʤʫ ʧʨʦʭʦʜʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ɹʌɺ ʽ ʪʝʤʧʝʨʘʪʫʨʠ 

ʫʩʘʜʢʠ ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ 1,63 ʤʤ. 
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ɯɿʆʊɽʈʄɯʏʅɽ ɼɽʌʆʈʄʋɺɸʅʅʗ ʃʀʉʊʆɺʀʍ ɸʅʆɼɯɺ  

ɿɸʍʀʉʊʋ ʂʆʈʇʋʉɯɺ ɺɯʁʉʔʂʆɺʀʍ ʉʋɼɽʅ ɺɯɼ ʂʆʈʆɿɯɰ 

 
1
ʇʨʠʘʟʦʚʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʄʘʨʽʫʧʦʣʴ 

 

ɸʥʦʪʘʮʽʷ 

ʅʘʚʝʜʝʥʘ ʥʦʚʘ ʪʝʭʥʦʣʦʛʽʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʘʥʦʜʽʚ ʜʣʷ ʟʘʭʠʩʪʫ ʢʦʨʧʫʩʽʚ 

ʩʫʜʝʥ ʚʽʜ ʢʦʨʦʟʽʾ. ʊʝʭʥʦʣʦʛʽʷ ʚʤʽʱʫʻ ʥʘʛʨʽʚ ʪʘ ʜʝʬʦʨʤʫʚʘʥʥʷ ʚ 

ʽʟʦʪʝʨʤʽʯʥʠʭ ʫʤʦʚʘʭ ʧʘʢʝʪʽʚ ʪʠʪʘʥ+ʤʽʜʴ ʟ ʧʦʜʘʣʴʰʦʶ ʚʠʪʨʠʤʢʦʶ ʧʽʜ 

ʪʠʩʢʦʤ ʚ ʽʟʦʪʝʨʤʽʯʥʦʤʫ ʰʪʘʤʧʦʚʦʤʫ ʙʣʦʮʽ, ʘ ʪʘʢʦʞ ʥʘʩʪʫʧʥʫ ʧʨʦʢʘʪʢʫ 

ʧʘʢʝʪʫ ʜʦ ʨʦʟʤʽʨʽʚ ʙʽʤʝʪʘʣʽʯʥʦʛʦ ʣʠʩʪʦʚʦʛʦ ʘʥʦʜʫ. ʊʝʭʥʦʣʦʛʽʷ ʚʠʢʣʶʯʘʻ 

ʧʨʦʢʘʪʢʫ ʚ ʽʥʝʨʪʥʽʡ ʘʪʤʦʩʬʝʨʽ, ʱʦ ʟʤʝʥʰʫʻ ʩʦʙʽʚʘʨʪʽʩʪʴ ʘʥʦʜʽʚ ʪʘ 

ʧʦʣʽʧʰʫʻ ʫʤʦʚʠ ʧʨʘʮʽ 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʥʦʜʠ, ʙʽʤʝʪʘʣ, ʽʟʦʪʝʨʤʽʯʥʝ ʜʝʬʦʨʤʫʚʘʥʥʷ, ʽʥʝʨʪʥʘ 

ʘʪʤʦʩʬʝʨʘ, ʧʨʦʢʘʪʢʘ 

Abstract  
New technology for the fabrication of anodes to protect ship hulls from 

corrosion as presented. Technology holds the heating and deformation under 

isothermal conditions packet titanium+copper followed by endurance under 

pressure in an isothermal die block and rolling the following package sizes to a 

bimetallic anode sheet. In technology there rolling operation in an inert 

atmosphere, which reduces the cost of anodes and improved working conditions. 

Keywords: anodes, bimetal, isothermal deformation, inert atmosphere, 

rolling 

 

ɼʣʷ ʟʘʭʠʩʪʫ ʢʦʨʧʫʩʽʚ ʚʽʜ ʢʦʨʦʟʽʾ, ʥʘʣʠʧʘʥʥʷ ʚʦʜʦʨʦʩʪʝʡ, ʤʦʣʶʩʢʽʚ ʪʘ 

ʽʥʰʝ ʥʘ ʚʽʡʩʴʢʦʚʠʭ ʩʫʜʥʘʭ, ʱʝ ʟ ʯʘʩʽʚ ʈʘʜʷʥʩʴʢʦʛʦ ʉʦʶʟʫ, 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʠʩʪʝʤʘ ʢʘʪʦʜʥʦʛʦ ʟʘʭʠʩʪʫ. ʏʝʨʝʟ ʘʥʦʜʽ ʪʘ ʢʘʪʦʜʽ, ʱʦ 

ʚʩʪʘʥʦʚʣʝʥʽ ʚʽʜʧʦʚʽʜʥʦ ʚ ʥʦʩʦʚʽʡ ʪʘ ʢʦʨʤʦʚʽʡ ʯʘʩʪʠʥʘʭ, ʘ ʪʘʢʦʞ ʤʦʨʩʴʢʫ 

ʚʦʜʫ ʤʽʞ ʥʠʤʠ ʧʨʦʧʫʩʢʘʶʪʴ ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ, ʷʢʠʡ ʽ ʟʘʙʝʟʧʝʯʫʻ 

ʜʦʩʷʛʥʝʥʥʷ ʚʠʱʝʥʘʚʝʜʝʥʦʾ ʤʝʪʠ. 

ʉʧʦʯʘʪʢʫ ʘʥʦʜʠ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʶ ʚʫʟʴʢʽ ʙʽʤʝʪʘʣʽʯʥʽ ʣʠʩʪʠ 

ʪʠʪʘʥ+ʤʽʜʴ, ʪʠʪʘʥ+ʧʣʘʪʠʥʘ. ɺ ʫʜʦʩʢʦʥʘʣʝʥʦʤʫ ʚʘʨʽʘʥʪʽ ʩʪʘʣʠ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʥʦʜʠ ʥʽʦʙʽʡ+ʧʣʘʪʠʥʘ, ʚ ʷʢʠʭ ʧʣʘʢʠʨʫʶʯʠʡ ʰʘʨ ʧʣʘʪʠʥʠ 

ʪʦʚʱʠʥʦʶ 120 ʤʢʤ ʧʨʠ ʧʝʨʝʩʫʚʘʥʥʽ ʩʫʜʥʘ ʚʠʧʫʩʢʘʚ ʝʣʝʢʪʨʦʥʠ ʚ ʥʘʧʨʷʤʢʫ 

ʢʘʪʦʜʽʚ, ʧʦʩʪʫʧʦʚʦ ʟʥʠʢʘʶʯʠ ʟ ʧʦʚʝʨʭʥʽ ʥʽʦʙʽʶ ʟʘ 1,5-2 ʨʦʢʠ 

ʝʢʩʧʣʫʘʪʫʚʘʥʥʷ. 
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ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʘ ʪʝʭʥʦʣʦʛʽʷ ʙʽʤʝʪʘʣʫ ʥʽʦʙʽʡ+ʧʣʘʪʠʥʘ, ʷʢʘ 

ʧʝʨʝʜʙʘʯʘʻ ʝʣʝʢʪʨʦʣʽʪʠʯʥʝ ʦʩʘʜʞʝʥʥʷ ʧʣʘʪʠʥʠ ʥʘ ʧʦʚʝʨʭʥʶ ʥʽʦʙʽʻʚʦʾ 

ʧʽʜʢʣʘʜʢʠ, ʥʝ ʟʘʙʝʟʧʝʯʫʚʘʣʘ ʥʘʣʝʞʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʘʥʦʜʽʚ. ɺ 

ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʘʥʦʜʠ ʚʠʛʦʪʦʚʣʷʣʠ ʛʘʨʷʯʦʶ ʧʨʦʢʘʪʢʦʶ ʥʽʦʙʽʻʚʠʭ ʰʪʘʙʠʢʽʚ 

ʪʘ ʧʣʘʪʠʥʦʚʦʾ ʬʦʣʴʛʠ ʚ ʘʪʤʦʩʬʝʨʽ ʘʨʛʦʥʫ. 

ʊʝʭʥʦʣʦʛʽʶ ʟʜʽʡʩʥʶʚʘʣʠ ʚ ʢʘʤʝʨʽ çɸʪʤʦʩʬʝʨʘ-9è, ʱʦ ʥʘʩʝʣʝʥʘ. ɺ 

ʢʘʤʝʨʽ ʟʘʭʦʜʠʣʠʩʴ ʦʜʥʦʢʣʽʪʴʦʚʠʡ ʩʪʘʥ ʜʫʦ-230 ʽ ʥʘʛʨʽʚʘʣʴʥʘ ʧʽʯ. ʇʽʩʣʷ 

ʧʦʜʚʽʡʥʦʛʦ ʦʯʠʱʝʥʥʷ ʢʘʤʝʨʠ ʚʽʜ ʧʦʚʽʪʨʷ ʽ ʟʘʧʦʚʥʝʥʥʷ ʾʾ ʦʩʦʙʣʠʚʦ ʯʠʩʪʠʤ 

ʘʨʛʦʥʦʤ ʧʨʦʢʘʪʥʠʢʠ, ʱʦ ʟʥʘʭʦʜʠʣʠʩʷ ʚ ʥʽʡ ʫ ʚʦʜʦʣʘʟʥʠʭ ʩʢʘʬʘʥʜʨʘʭ, 

ʥʘʛʨʽʚʘʣʠ ʰʪʘʙʠʢʽ ʚ ʝʣʝʢʪʨʠʯʥʽʡ ʧʝʯʽ, ʥʘʢʣʘʜʘʣʠ ʬʦʣʴʛʫ ʥʘ ʰʪʘʙʠʢ ʽ 

ʧʨʦʢʘʪʫʚʘʣʠ ʘʥʦʜ ʟʘ ʢʽʣʴʢʘ ʧʨʦʭʦʜʽʚ ʚ ʛʣʘʜʢʠʭ ʚʘʣʢʘʭ ʩʪʘʥʘ. 

ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʭʘʨʘʢʪʝʨʠʟʫʚʘʚʩʷ ʚʠʩʦʢʦʶ ʪʨʫʜʦʤʽʩʪʢʽʩʪʶ ʪʘ 

ʥʝʙʝʟʧʝʢʦʶ ʜʣʷ ʞʠʪʪʷ ʧʨʦʢʘʪʥʠʢʽʚ. ʃʽʢʚʽʜʫʚʘʪʠ ʮʽ ʥʝʜʦʣʽʢʠ ʤʦʞʥʘ ʙʫʣʦ ʙ, 

ʷʢʙʠ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʘʤʝʨʫ, ʱʦ ʥʘʩʝʣʝʥʘ. ɸʣʝ ʤʽʮʥʝ ʟôʻʜʥʘʥʥʷ 

ʰʪʘʙʠʢʽʚ ʟ ʬʦʣʴʛʦʶ ʤʦʞʣʠʚʦ ʣʠʰʝ ʧʨʠ ʛʘʨʘʥʪʦʚʘʥʽʡ ʚʽʜʩʫʪʥʦʩʪʽ 

ʦʢʠʩʣʝʥʥʷ ʥʘʛʨʽʪʠʭ ʧʦʚʝʨʭʦʥʴ, ʱʦ ʟôʻʜʥʫʶʪʴ, ʪʦʙʪʦ ʚ ʽʥʝʨʪʥʦʤʫ 

ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ʅʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʤʽʥʠʪʠ ʪʝʨʤʦʤʝʭʘʥʽʯʥʠʡ ʨʝʞʠʤ ʜʝʬʦʨʤʫʚʘʥʥʷ 

ʘʥʦʜʽʚ ʰʣʷʭʦʤ ʩʫʤʽʱʝʥʥʷ ʥʘʛʨʽʚʫ ʽ ʧʣʘʢʫʚʘʥʥʷ ʥʽʦʙʽʶ ʧʣʘʪʠʥʦʶ ʚ ʽʥʝʨʪʥʽʡ 

ʘʪʤʦʩʬʝʨʽ ʚ ʰʪʘʤʧʦʚʦʤʫ ʙʣʦʮʽ ʽʟʦʪʝʨʤʽʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʝʪʘʣʽʚ [1] ʪʘ 

ʧʦʜʘʣʴʰʦʾ ʧʨʦʢʘʪʢʠ ʙʽʤʝʪʘʣʽʯʥʦʾ ʟʘʛʦʪʦʚʢʠ ʜʦ ʢʽʥʮʝʚʠʭ ʨʦʟʤʽʨʽʚ ʘʥʦʜʘ ʫ 

ʚʽʜʩʫʪʥʦʩʪʽ ʽʥʝʨʪʥʦʾ ʘʪʤʦʩʬʝʨʠ, ʪʦʙʪʦ ʧʦʟʘ ʢʘʤʝʨʦʶ, ʱʦ ʥʘʩʝʣʝʥʘ. 

ɺ ʟʚôʷʟʢʫ ʟ ʚʠʩʦʢʦʶ ʚʘʨʪʽʩʪʶ ʥʽʦʙʽʶ ʽ ʧʣʘʪʠʥʠ ʝʢʩʧʝʨʠʤʝʥʪʠ 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʟʘʛʦʪʦʚʢʘʭ ʟ ʪʠʪʘʥʫ ʪʘ ʤʽʜʽ ʪʦʚʱʠʥʦʶ ʚʽʜʧʦʚʽʜʥʦ 10 ʽ 1 ʤʤ. 

ʇʘʢʝʪ ʟʘʛʦʪʦʚʦʢ ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʚ ʛʣʫʭʫ ʧʦʨʦʞʥʠʥʫ ʢʽʣʴʮʝʚʦʾ ʤʘʪʨʠʮʽ, ʱʦ 

ʙʫʣʘ ʨʦʟʪʘʰʦʚʘʥʘ ʚ ʽʟʦʪʝʨʤʽʯʥʦʤʫ ʰʪʘʤʧʦʚʦʤʫ ʙʣʦʮʽ ɹʀɻ-280 ʛʘʟʦʚʦʛʦ 

ʥʘʛʨʽʚʫ ʟʘʛʦʪʦʚʦʢ, ʷʢʠʡ ʙʫʚ ʨʦʟʤʽʱʝʥʠʡ ʥʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʤʫ ʛʽʜʨʦʧʨʝʩʽ 

ʜʣʷ ʽʟʦʪʝʨʤʽʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʦʜʝʣʽ ʇɸ 2638 ʟʫʩʠʣʣʷʤ 6,3 ʄʅ. ʏʝʨʝʟ 

ʦʪʚʽʨ ʚ ʙʦʢʦʚʽʡ ʩʪʽʥʮʽ ʚ ʧʦʨʦʞʥʠʥʫ ʤʘʪʨʠʮʽ ʧʦʜʘʚʘʣʠ ʘʨʛʦʥ, ʷʢʠʡ 

ʩʪʚʦʨʶʚʘʚ ʽʥʝʨʪʥʫ ʘʪʤʦʩʬʝʨʫ ʚ ʙʣʦʮʽ. ʇʽʩʣʷ ʥʘʛʨʽʚʫ ʜʦ 820é850 
0
ʉ ʧʘʢʝʪ 

ʪʠʪʘʥ+ʤʽʜʴ ʦʩʘʜʞʫʚʘʣʠ ʚ ʽʟʦʪʝʨʤʽʯʥʠʭ ʫʤʦʚʘʭ ʥʘ 10é20 % ʟ ʰʚʠʜʢʦʩʪʷʤʠ 

ʜʝʬʦʨʤʫʚʘʥʥʷ 0,2é1,0 ʤʤ/ʩ, ʘ ʧʦʪʽʤ ʚʠʪʨʠʤʫʚʘʣʠ ʧʽʜ ʪʠʩʢʦʤ ʚʧʨʦʜʦʚʞ 

15é600 ʩʝʢʫʥʜ. 

ɼʽʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ ʥʘʛʨʽʚʫ ʙʫʚ ʚʠʙʨʘʥʠʡ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ 

ʚʠʢʣʶʯʠʪʠ ʩʪʚʦʨʝʥʥʷ ʨʽʜʢʦʾ ʝʚʪʝʢʪʠʢʠ ʧʨʠ ʽʟʦʪʝʨʤʽʯʥʦʤʫ ʜʝʬʦʨʤʫʚʘʥʥʽ 

(ʙʽʥʘʨʥʘ ʩʠʩʪʝʤʘ ʥʽʦʙʽʡ+ʧʣʘʪʠʥʘ ʧʝʨʝʜʙʘʯʘʻ ʥʘʷʚʥʽʩʪʴ ʝʚʪʝʢʪʠʢ ʟ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʧʣʘʚʣʝʥʥʷ 870 ʽ 1083 
0
ʉ, ʚ ʩʠʩʪʝʤʽ ʪʠʪʘʥ+ʤʽʜʴ ʝʚʪʝʢʪʠʢʘ 

ʧʣʘʚʠʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 870 
0
ʉ). 

ɽʢʩʧʝʨʠʤʝʥʪʠ ʽ ʥʘʩʪʫʧʥʽ ʤʝʪʘʣʦʛʨʘʬʽʯʥʽ ʜʦʩʣʽʜʠ ʧʝʨʝʨʽʟʫ ʙʽʤʝʪʘʣʫ 

ʧʦʢʘʟʘʣʠ, ʱʦ ʥʝʩʫʮʽʣʴʥʦʩʪʽ ʟôʻʜʥʘʥʥʷ ʪʠʪʘʥʘ ʪʘ ʤʽʜʽ ʚʽʜʩʫʪʥʽ ʧʨʠ 

ʪʝʨʤʦʤʝʭʘʥʽʯʥʠʭ ʨʝʞʠʤʘʭ ʜʝʬʦʨʤʫʚʘʥʥʷ, ʱʦ ʙʣʠʟʴʢʽ ʜʦ ʤʽʥʽʤʘʣʴʥʦʾ 

ʰʚʠʜʢʦʩʪʽ ʜʝʬʦʨʤʫʚʘʥʥʷ ʽ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʧʫʩʪʠʤʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘʛʨʽʚʫ, 
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ʘ ʪʘʢʦʞ ʩʪʫʧʝʥʷ ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʪʝʨʤʽʥʫ ʚʠʪʨʠʤʢʠ ʧʽʜ ʪʠʩʢʦʤ. ɼʦ ʪʦʛʦ ʞ 

ʦʙʦʚôʷʟʢʦʚʦʶ ʫʤʦʚʦʶ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʝʣʴʤʠ ʭʽʤʽʯʥʦ ʯʠʩʪʦʛʦ ʘʨʛʦʥʫ 

(ʩʢʣʘʜ ʜʦʤʽʰʦʢ ʚ ʦʙôʻʤʥʠʭ ʚʽʜʩʦʪʢʘʭ ï ʥʝ ʙʽʣʴʰ ʥʽʞ 0,001 ʆ2, 0,01 N2 ʽ 

0,003 ʅ2ʆ). ɸʨʛʦʥ ʩʪʘʥʜʘʨʪʥʦʾ ʯʠʩʪʦʪʠ ʚ ʙʘʣʦʥʘʭ ʥʝ ʟʘʙʝʟʧʝʯʫʚʘʚ ʧʦʚʥʝ 

ʦʯʠʱʝʥʥʷ ʧʦʚʝʨʭʥʽ ʪʠʪʘʥʘ ʽ ʤʽʜʽ ʚʽʜ ʦʢʨʝʤʠʭ ʤʦʣʝʢʫʣ ʧʦʚʽʪʨʷ, ʷʢʽ ʙʫʣʠ 

ʧʦʪʽʤ ʮʝʥʪʨʘʤʠ ʩʪʚʦʨʝʥʥʷ ʥʝʩʫʮʽʣʴʥʦʩʪʝʡ ʧʨʠ ʜʝʬʦʨʤʫʚʘʥʥʽ ʧʘʢʝʪʫ. 

ɸʣʝ ʮʽ ʨʝʞʠʤʠ ʩʝʨʝʜ ʤʦʞʣʠʚʠʭ ʦʙʫʤʦʚʣʶʚʘʣʠ ʥʘʡʙʽʣʴʰʫ 

ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʙʽʤʝʪʘʣʫ ʪʠʪʘʥ+ʤʽʜʴ. ʅʘʩʪʫʧʥʘ ʦʧʪʠʤʽʟʘʮʽʷ 

ʪʝʭʥʦʣʦʛʽʾ ʚ ʥʘʧʨʷʤʢʫ ʟʤʝʥʰʝʥʥʷ ʪʨʫʜʦʤʽʩʪʢʦʩʪʽ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʷʢʦʩʪʽ 

ʟôʻʜʥʘʥʥʷ ʤʝʪʘʣʽʚ ʜʦʟʚʦʣʠʣʘ ʚʠʟʥʘʯʠʪʠ ʥʘʡʣʽʧʰʽ ʨʝʞʠʤʠ ʪʝʨʤʦʤʝʭʘʥʽʯʥʦʾ 

ʦʙʨʦʙʢʠ: ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʽʚʫ ʽ ʜʝʬʦʨʤʫʚʘʥʥʷ ï 850-10
 0
ʉ, ʰʚʠʜʢʽʩʪʴ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ï 0,8 ʤʤ/ʩ, ʩʪʫʧʽʥʴ ʜʝʬʦʨʤʘʮʽʾ ʧʨʠ ʦʩʘʜʞʫʚʘʥʥʽ ʧʘʢʝʪʘ ï    

20 %, ʯʘʩ ʚʠʪʨʠʤʢʠ ʧʽʜ ʪʠʩʢʦʤ 1,3é1,5 ʄʇʘ ï 500 ʩʝʢʫʥʜ. 

ɺʠʛʦʪʦʚʣʝʥʽ ʙʽʤʝʪʘʣʽʯʥʽ ʟʘʛʦʪʦʚʢʠ ʚ ʧʦʜʘʣʴʰʦʤʫ ʙʫʣʠ ʧʨʦʢʘʪʘʥʽ 

ʥʘʛʘʨʷʯʦ ʪʘ ʥʘʭʦʣʦʜʥʦ ʥʘ ʧʦʚʽʪʨʽ. ʉʫʮʽʣʴʥʽʩʪʴ ʟ/ʻʜʥʘʥʥʷ ʰʘʨʽʚ ʙʽʤʝʪʘʣʫ 

ʙʫʣʘ ʟʙʝʨʝʞʝʥʘ ʧʨʠ ʧʨʦʢʘʪʮʽ ʟʘʛʦʪʦʚʦʢ ʟ ʥʘʛʨʽʚʦʤ ʟ ʩʫʤʘʨʥʠʤ ʦʙʪʠʩʢʦʤ   

36 %, ʭʦʣʦʜʥʠʭ ʟʘʛʦʪʦʚʦʢ ï ʟ ʩʫʤʘʨʥʠʤ ʦʙʪʠʩʢʦʤ 16 %. ʊʘʢʠʤ ʯʠʥʦʤ ʙʫʣʘ 

ʜʦʚʝʜʝʥʘ ʧʨʠʥʮʠʧʦʚʘ ʤʦʞʣʠʚʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʘʥʦʜʽʚ ʟ ʨʦʟʤʽʨʘʤʠ, ʱʦ 

ʧʝʨʝʚʠʱʫʶʪʴ ʛʘʙʘʨʠʪʥʽ ʨʦʟʤʽʨʠ ʨʦʙʦʯʦʛʦ ʧʨʦʩʪʦʨʫ ʰʪʘʤʧʘ. 
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ɸʥʥʦʪʘʮʠʷ  
ʇʨʝʜʣʦʞʝʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʩʚʝʨʭʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʥʘ ʦʧʪʠʯʝʩʢʠ ʧʨʦʟʨʘʯʥʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʩʦʟʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʜʠʝʥʦʚʳʭ ʠ 

ʚʠʥʠʣʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʧʦʣʷʨʥʦʛʦ ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʠ 

ʥʝʦʢʨʘʰʠʚʘʶʱʝʛʦ ʩʪʘʙʠʣʠʟʘʪʦʨʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʩʢʦʨʦʩʪʥʦʛʦ 

ʫʧʨʦʯʥʝʥʠʷ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʦʪ 0,2 ʜʦ 1,0 ʚ ʠʥʪʝʨʚʘʣʘʭ 

ʩʢʦʨʦʩʪʝʡ ʩʚʝʨʭʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʚʝʨʭʧʣʘʩʪʠʯʥʦʩʪʴ, ʤʘʪʝʨʠʘʣ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ, 

ʫʛʣʝʚʦʜʦʨʦʜʳ, ʩʢʦʨʦʩʪʥʦʝ ʫʧʨʦʯʥʝʥʠʝ  

Abstract 

It is proposed to model the processes of superplastic deformation on 

optically transparent materials created on the basis of dienic and vinylaromatic 

hydrocarbons, a polar plasticizer and a non-color stabilizer. It is shown that the 

coefficient of high-speed hardening of such materials can vary from 0.2 to 1.0 in 

the intervals of superplastic strain rates 

Keywords: superplasticity, material, modeling, hydrocarbons, high-speed, 

hardening 

 

ʉʦʩʪʦʷʥʠʝ ʩʚʝʨʭʧʣʘʩʪʠʯʥʦʩʪʠ ʤʝʪʘʣʣʦʚ (ʉʇʄ) ʚʧʝʨʚʳʝ ʥʘʙʣʶʜʘʣ 

ʝʱʝ ʚ 1912 ʛʦʜʫ Bengough [1, 2], ʜʦʩʪʠʛʰʠʡ ʫʜʣʠʥʝʥʠʷ 160 % ʚ ʧʨʦʮʝʩʩʝ 

ʨʘʩʪʷʞʝʥʠʷ ʙʨʦʥʟʦʚʦʛʦ ʦʙʨʘʟʮʘ ʧʨʠ 700 
0
ʉ. ʉʧʫʩʪʷ ʩʪʦʣʝʪʠʝ ʉʇʄ ʠʟ 

ʦʙʲʝʢʪʘ ʵʢʟʦʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʚʨʘʪʠʣʦʩʴ ʚ ʵʬʬʝʢʪʠʚʥʫʶ ʦʩʥʦʚʫ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʦʙʨʘʙʦʪʢʠ ʜʘʚʣʝʥʠʝʤ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʫʥʠʢʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ ʜʝʪʘʣʝʡ ʠ 

ʚʳʩʦʢʫʶ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ.  

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʚʝʨʭʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʩʥʦʚʥʳʭ ʦʧʝʨʘʮʠʡ ʦʙʨʘʙʦʪʢʠ 

ʤʘʪʝʨʠʘʣʦʚ ʧʫʪʝʤ: 1) ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʧʳʪʥʳʭ ʧʘʨʪʠʡ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ; 2) ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 3) ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
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ʪʝʭʧʨʦʮʝʩʩʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʝʨʚʳʡ ʚʘʨʠʘʥʪ 

ʜʘʝʪ ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʦʜʥʘʢʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʚʳʩʦʢʠʝ 

ʪʨʫʜʦʟʘʪʨʘʪʳ, ʢʦʪʦʨʳʝ ʥʝ ʚʩʝʛʜʘ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʳ. ɺʪʦʨʦʡ 

ʚʘʨʠʘʥʪ ʥʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʤʘʪʝʨʠʘʣʴʥʳʝ ʟʘʪʨʘʪʳ, ʥʦ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ 

ʦʪ ʩʫʙʲʝʢʪʠʚʥʳʭ ʤʥʝʥʠʡ ʩʦʩʪʘʚʠʪʝʣʝʡ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ, 

ʠʩʧʦʣʴʟʫʶʱʠʭ ʧʦ ʩʚʦʝʤʫ ʫʩʤʦʪʨʝʥʠʶ ʥʘʙʦʨ ʪʝʭ ʠʣʠ ʠʥʳʭ ʤʦʜʝʣʝʡ 

ʜʝʬʦʨʤʘʮʠʠ, ʤʝʪʦʜʦʚ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʦʚ ʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʬʦʨʤʫʣ. 

ʊʨʝʪʠʡ ʚʘʨʠʘʥʪ ʷʚʣʷʝʪʩʷ ʫʧʨʦʱʝʥʥʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʴʶ ʧʝʨʚʦʛʦ ʠ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʪʨʫʜʦʟʘʪʨʘʪ ʟʘ ʩʯʝʪ ʚʳʙʦʨʘ 

ʩʧʝʮʠʘʣʴʥʳʭ ʤʦʜʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʣʠʙʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʰʝʚʳ, 

ʣʠʙʦ ʫʧʨʦʱʘʶʪ ʪʝʭʥʦʣʦʛʠʶ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʦʚʳʰʘʶʪ ʝʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʚʘʣʠʨʫʝʪ ʚʪʦʨʦʡ ʚʘʨʠʘʥʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʭʦʪʷ 

ʢʦʤʧʴʶʪʝʨʥʳʝ ʤʝʪʦʜʳ ʨʘʩʯʝʪʦʚ ʧʨʦʮʝʩʩʦʚ ʜʝʬʦʨʤʘʮʠʠ ʚʩʝ ʯʘʱʝ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʩʝʨʴʝʟʥʦʡ ʢʨʠʪʠʢʝ [3]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʢʪʫʘʣʴʥʳ ʧʦʠʩʢʠ 

ʥʦʚʳʭ ʤʦʜʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʳ ʧʝʨʚʳʤ ʜʚʫʤ ʚʘʨʠʘʥʪʘʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʇʦ ʫʩʪʦʷʚʰʝʤʫʩʷ ʤʥʝʥʠʶ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ [2, 4, 5] ʥʘʠʣʫʯʰʠʤ 

ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʩʚʝʨʭʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʷʚʣʷʝʪʩʷ ʵʚʪʝʢʪʠʯʝʩʢʠʡ ʩʧʣʘʚ Sn-38%Pb. ɺʳʙʦʨ ʵʪʦʛʦ ʩʧʣʘʚʘ ʦʙʫʩʣʦʚʣʝʥ 

ʩʣʝʜʫʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ: 

- ʧʨʦʩʪʦʪʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʣʴʪʨʘʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʩʚʝʨʭʧʣʘʩʪʠʯʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʚ ʩʧʣʘʚʝ (ʠʥʪʝʥʩʠʚʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʧʦʩʣʝ ʞʝʣʘʪʝʣʴʥʦ ʙʳʩʪʨʦʡ 

ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʨʘʩʧʣʘʚʘ); 

- ʚʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʥʘʧʨʷʞʝʥʠʷ ʪʝʯʝʥʠʷ ʢ ʩʢʦʨʦʩʪʠ 

ʜʝʬʦʨʤʘʮʠʠ, ʦʧʨʝʜʝʣʷʝʤʘʷ, ʦʙʳʯʥʦ, ʧʦ ʚʝʣʠʯʠʥʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʩʢʦʨʦʩʪʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ m = d(lnů) / d(lnɝ) (ů ï ʥʘʧʨʷʞʝʥʠʝ ʪʝʯʝʥʠʷ, ɝ ï 

ʩʢʦʨʦʩʪʴ ʜʝʬʦʨʤʘʮʠʠ); 

- ʥʠʟʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʪʝʯʝʥʠʷ ʠ ʙʦʣʴʰʠʝ ʧʨʝʜʝʣʴʥʳʝ ʩʪʝʧʝʥʠ 

ʜʝʬʦʨʤʘʮʠʠ ʩʧʣʘʚʘ;  

- ʜʠʘʧʘʟʦʥ ʦʧʪʠʤʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʩʚʝʨʭʧʣʘʩʪʠʯʥʦʩʪʠ ʵʚʪʝʢʪʠʢʠ Sn-

38%Pb ʚʢʣʶʯʘʝʪ ʠ ʢʦʤʥʘʪʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ, ʯʪʦ ʫʩʪʨʘʥʷʝʪ ʧʨʦʙʣʝʤʳ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʥʘʛʨʝʚʦʤ ʦʙʨʘʟʮʦʚ.  

ʆʜʥʘʢʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʠʛʜʝ ʥʝ ʫʧʦʤʷʥʫʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʦʩʣʝ 

ʠʥʪʝʥʩʠʚʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʟʘʛʦʪʦʚʢʠ ʠʟ ʩʧʣʘʚʘ Sn-38%Pb ʥʝʦʙʭʦʜʠʤʦ 

ʭʨʘʥʠʪʴ ʚ ʤʦʨʦʟʠʣʴʥʠʢʝ ʚʦ ʠʟʙʝʞʘʥʠʝ ʨʦʩʪʘ ʟʝʨʝʥ, ʧʨʦʠʩʭʦʜʷʱʝʛʦ ʚ 

ʩʧʣʘʚʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɼʝʬʦʨʤʠʨʦʚʘʥʠʝ ʩʧʣʘʚʘ ʚ ʦʧʪʠʯʝʩʢʠ 

ʧʨʦʟʨʘʯʥʦʤ ʠʥʩʪʨʫʤʝʥʪʝ (ʥʘʧʨʠʤʝʨ, ʚ ʧʨʦʟʨʘʯʥʦʡ ʤʘʪʨʠʮʝ ʧʨʠ 

ʩʚʝʨʭʧʣʘʩʪʠʯʝʩʢʦʡ ʬʦʨʤʦʚʢʝ) ʧʦʟʚʦʣʷʝʪ ʥʘʙʣʶʜʘʪʴ ʚ ʜʠʥʘʤʠʢʝ ʠʟʤʝʥʝʥʠʝ 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʘʛʦʪʦʚʢʠ, ʥʦ ʵʪʦ ʢʘʩʘʝʪʩʷ ʪʦʣʴʢʦ ʝʝ 
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ʧʦʚʝʨʭʥʦʩʪʠ, ʝʩʣʠ ʥʘ ʥʝʝ ʥʘʥʝʩʝʥʘ ʢʦʦʨʜʠʥʘʪʥʘʷ ʩʝʪʢʘ. ɼʝʬʦʨʤʘʮʠʶ 

ʚʥʫʪʨʝʥʥʠʭ ʩʣʦʝʚ ʩʧʣʘʚʘ ʤʦʞʥʦ ʠʟʫʯʘʪʴ ʣʠʰʴ ʧʦʩʣʝ ʧʨʝʢʨʘʱʝʥʠʷ ʩʘʤʦʛʦ 

ʧʨʦʮʝʩʩʘ ʜʝʬʦʨʤʘʮʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʘʟʜʝʣʝʥʠʷ ʟʘʛʦʪʦʚʢʠ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤ ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʡ, 

ʢʨʦʤʝ ʧʨʝʠʤʫʱʝʩʪʚ ʵʚʪʝʢʪʠʢʠ Sn-38%Pb, ʦʙʣʘʜʘʝʪ ʩʪʘʙʠʣʴʥʳʤʠ ʚʦ 

ʚʨʝʤʝʥʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ  

ʧʦʟʚʦʣʷʝʪ ʥʘʙʣʶʜʘʪʴ ʜʝʬʦʨʤʘʮʠʶ ʢʘʢ ʧʦʚʝʨʭʥʦʩʪʥʳʭ, ʪʘʢʠ ʚʥʫʪʨʝʥʥʠʭ 

ʩʣʦʝʚ ʟʘʛʦʪʦʚʢʠ, ʪʦ ʝʩʪʴ ʙʳʪʴ ʦʧʪʠʯʝʩʢʠ ʧʨʦʟʨʘʯʥʳʤ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝʤ ʵʪʠʤ ʫʩʣʦʚʠʷʤ ʫʜʦʚʣʝʪʚʦʨʷʣʠ ʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʳ ʥʘ 

ʦʩʥʦʚʝ ʜʠʝʥʦʚʳʭ ʠ ʚʠʥʠʣʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ [6]. ɼʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʩʩʦʚʘʥʠʷ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʩʦʩʪʘʚʥʳʝ ʧʦ 

ʜʠʘʤʝʪʨʘʣʴʥʦʤʫ ʩʝʯʝʥʠʶ ʦʙʨʘʟʮʳ ʨʘʟʤʝʨʘʤʠ Ï20ʭ30 ʤʤ ʠʟ ʥʝʣʠʥʝʡʥʦ-

ʚʷʟʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʦʩʪʘʚʘ ʧʦʣʠʙʫʪʘʜʠʝʥ - 25% ʧʦʣʠʩʪʠʨʦʣ. ʅʘ ʧʣʦʩʢʦʩʪʠ 

ʨʘʟʲʝʤʘ ʪʫʰʴʶ ʥʘʥʦʩʠʣʠ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʢʦʦʨʜʠʥʘʪʥʫʶ ʩʝʪʢʫ, ʧʦʩʣʝ ʯʝʛʦ 

ʟʘʛʦʪʦʚʢʫ ʧʦʤʝʱʘʣʠ ʚ ʦʧʪʠʯʝʩʢʠ ʧʨʦʟʨʘʯʥʳʡ ʰʪʘʤʧʦʚʳʡ ʠʥʩʪʨʫʤʝʥʪ ʠ 

ʧʨʠʢʣʘʜʳʚʘʣʠ ʢ ʥʝʡ  ʜʝʬʦʨʤʠʨʫʶʱʫʶ ʥʘʛʨʫʟʢʫ. 

 

ʊʘʙʣʠʮʘ 1 - ʉʦʩʪʘʚ ʥʝʣʠʥʝʡʥʦ-ʚʷʟʢʠʭ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʡ 

ʂʦʤʧʦʥʝʥʪʳ 
ʉʦʜʝʨʞʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ, ʤʘʩ.ʯ. ʚ ʚʘʨʠʘʥʪʘʭ ʢʦʤʧʦʟʠʮʠʠ 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

ɹʫʪʘʜʠʝʥʩʪʠʨʦʣʴ-

ʥʳʡ ʙʣʦʢ-

ʩʦʧʦʣʠʤʝʨ 

100 100 100 100 100 100 100 100 100 100 100 100 - - 

ʀʟʦʧʨʝʥʩʪʠʨʦʣʴ-

ʥʳʡ ʙʣʦʢ-

ʩʦʧʦʣʠʤʝʨ 

- - - - - - - - - - - - 100 - 

ɹʫʪʘʜʠʝʥ-Ŭ-

ʤʝʪʠʣʩʪʠʨʦʣʴʥʳʡ 

ʙʣʦʢ-ʩʦʧʦʣʠʤʝʨ 

- - - - - - - - - - - - - 100 

2,6-ʜʠ-ʪʨʝʪ-

ʙʫʪʠʣ-4-

ʤʝʪʠʣʬʝʥʦʣ 

0,5 0,5 0,5 0,5 0,5 0,5 0,5 0,5 0,5 0,5 0,5 0,5 0,5 0,5 

ɼʠʙʫʪʠʣʬʪʘʣʘʪ 5 10 15 20 30 40 - - - - - - 20 30 

ɼʠʙʫʪʠʣʩʝʙʘ-

ʮʠʥʘʪ 
- - - - - - 5 10 15 20 30 40 - - 

 

ʍʘʨʘʢʪʝʨ ʪʝʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʠ ʠʩʢʘʞʝʥʠʝ ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʝʪʢʠ ʚ 

ʧʨʦʮʝʩʩʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʬʠʢʩʠʨʦʚʘʣʠ ʥʘ ʚʠʜʝʦʢʘʤʝʨʫ ʥʘ ʚʩʝʤ 

ʧʨʦʪʷʞʝʥʠʠ ʬʦʨʤʦʠʟʤʝʥʝʥʠʷ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʩʧʣʘʚʝ Sn-

38%Pb ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ, ʢʨʦʤʝ ʜʘʥʥʳʭ ʧʦ ʜʝʬʦʨʤʘʮʠʠ ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʝʪʢʠ 

ʫʜʘʣʦʩʴ ʧʦʩʪʨʦʠʪʴ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʢʘʨʪʠʥʳ ʧʨʦʮʝʩʩʘ ʧʨʝʩʩʦʚʘʥʠʷ ʧʦ 

ʣʠʥʠʷʤ ʪʦʢʘ, ʪʦ ʝʩʪʴ ʫʚʝʣʠʯʠʪʴ ʦʙʲʝʤ ʠ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. 
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ʊʘʙʣʠʮʘ 2 - ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʡ 

ʇʦʢʘʟʘʪʝʣʴ 
ɺʘʨʠʘʥʪ ʢʦʤʧʦʟʠʮʠʠ 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

ʋʩʣʦʚʥʘʷ 

ʧʨʦʯʥʦʩʪʴ ʧʨʠ 

ʨʘʩʪʷʞʝʥʠʠ, ʄʇʘ 

6,5 2,9 1,12 0,45 0,31 0,14 4,17 1,82 0,84 0,38 0,20 0,1 0,19 0,42 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ 

ʫʜʣʠʥʝʥʠʝ ʜʦ 

ʨʘʟʨʳʚʘ, % 

615 502 463 268 214 145 635 560 490 312 215 167 392 309 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ 

ʦʩʪʘʪʦʯʥʘʷ 

ʜʝʬʦʨʤʘʮʠʷ 

ʧʦʩʣʝ ʨʘʟʨʳʚʘ, % 

18 24 52 37 26 18 22 29 56 47 32 21 41 27 

ʇʣʘʩʪʠʯʥʦʩʪʴ ʧʦ 

ʂʘʨʨʝʨʫ 
0,29 0,51 0,59 0,64 0,72 0,90 0,34 0,54 0,63 0,70 0,77 0,92 0,68 0,60 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʩʢʦʨʦʩʪʥʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ   

m ʧʨʠ ʩʢʦʨʦʩʪʷʭ 

ʜʝʬʦʨʤʘʮʠʠ          

10
-3

-10
-4

 ʩ
-1 

0,29 0.37 0,42 0,51 0,56 1,0 0,26 0,39 0,52 0,72 1,0 1,0 0,49 0,61 

 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʨʫʛʠʭ ʧʨʦʮʝʩʩʦʚ ʆʄɼ [6] ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚ ʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʳ ʜʦʙʘʚʠʪʴ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʦʣʷʨʥʦʛʦ ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʠ ʥʝʦʢʨʘʰʠʚʘʶʱʝʛʦ ʩʪʘʙʠʣʠʟʘʪʦʨʘ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʚʝʨʭʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʙʳʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʨʷʜ ʩʦʩʪʘʚʦʚ ʥʝʣʠʥʝʡʥʦ-ʚʷʟʢʠʭ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʡ, 

ʩʦʜʝʨʞʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣ. 1. ɹʣʦʢ-ʩʦʧʦʣʠʤʝʨʳ ʩ 

ʥʝʦʢʨʘʰʠʚʘʶʱʠʤ ʩʪʘʙʠʣʠʟʘʪʦʨʦʤ ʚʘʣʴʮʝʚʘʣʠ ʧʨʠ 70-75 
0
ʉ ʚ ʪʝʯʝʥʠʝ 2 

ʤʠʥʫʪ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʵʣʘʩʪʠʯʥʦʡ ʣʝʥʪʳ, ʟʘʪʝʤ ʚʚʦʜʠʣʠ ʧʦʣʷʨʥʳʡ  

ʧʣʘʩʪʠʬʠʢʘʪʦʨ (ʜʠʙʫʪʠʣʬʪʘʣʘʪ ʠʣʠ ʜʠʙʫʪʠʣʩʝʙʘʮʠʥʘʪ). ʉʤʝʩʴ 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʚʘʣʴʮʘʭ ʧʫʪʝʤ ʯʘʩʪʠʯʥʦʡ ʩʨʝʟʢʠ ʝʝ ʩ ʚʘʣʢʦʚ. ʆʙʨʘʟʮʳ ʜʣʷ 

ʠʩʧʳʪʘʥʠʡ ʧʨʝʩʩʦʚʘʣʠ ʥʘ ʛʠʜʨʦʧʨʝʩʩʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʠʪ 150 
0
ʉ ʠ 

ʜʘʚʣʝʥʠʠ 7,5 ʄʇʘ, ʧʦʩʣʝ ʯʝʛʦ ʦʭʣʘʞʜʘʣʠ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 

30 
0
ʉ. 

ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ɻʆʉʊ 269, 270 ʜʣʷ ʨʝʟʠʥ, ʢʦʵʬʬʠʮʠʝʥʪ m ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ 

ʨʝʣʘʢʩʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ [4] ʥʘ ʦʙʨʘʟʮʘʭ ʩ ʨʘʟʤʝʨʘʤʠ Ï20ʭ30 ʤʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 2. 

ʊʘʙʣʠʮʘ 2 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʥʘʧʨʷʞʝʥʠʷ ʪʝʯʝʥʠʷ ʢ 

ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ ʧʨʝʜʣʘʛʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʝʪ 

ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʟʘ ʩʯʝʪ ʥʝʙʦʣʴʰʠʭ 

ʜʦʙʘʚʦʢ ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ. ɺʚʦʜ ʠ ʠʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ 

ʚ ʢʦʤʧʦʟʠʮʠʠ ʚʳʟʳʚʘʝʪ ʫʤʝʥʴʰʝʥʠʝ ʫʩʣʦʚʥʦʡ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ 

(ʫʧʨʦʱʝʥʠʝ ʫʩʣʦʚʠʡ ʤʦʜʝʣʠʨʦʚʘʥʠʷ) ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʤʘʪʝʨʠʘʣʘʤʠ ʙʝʟ 
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ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ, ʤʝʥʷʶʪʩʷ ʪʘʢʞʝ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʦʤʧʦʟʠʮʠʡ, ʦʜʥʘʢʦ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʜʦ ʨʘʟʨʳʚʘ ʦʩʪʘʝʪʩʷ 

ʩʪʘʙʠʣʴʥʦ ʚʳʩʦʢʠʤ. 

ʂʨʦʤʝ ʵʪʦʛʦ, ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʘ m ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʟʘ ʩʯʝʪ ʚʳʙʦʨʘ 

ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʘ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʩʦʜʝʨʞʘʥʠʝ 

ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʥʝ ʜʦʣʞʥʦ ʩʦʩʪʘʚʣʷʪʴ ʙʦʣʝʝ, ʯʝʤ 40 % ʦʪ ʤʘʩʩʦʚʦʡ ʯʘʩʪʠ 

ʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʘ, ʧʦʩʢʦʣʴʢʫ, ʚʦ-ʧʝʨʚʳʭ, ʩʚʝʨʭʧʣʘʩʪʠʯʥʳʭ ʤʝʪʘʣʣʦʚ ʠ 

ʩʧʣʘʚʦʚ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ m = 1 ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʫʱʝʩʪʚʫʝʪ, ʘ ʚʦ-ʚʪʦʨʳʭ, 

ʤʘʪʝʨʠʘʣ ʨʘʟʤʷʛʯʘʝʪʩʷ ʠ ʧʣʦʭʦ ʜʝʨʞʠʪ ʬʦʨʤʫ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣ. 1 ʢʦʤʧʦʟʠʮʠʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʟʘʛʦʪʦʚʦʢ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʦʩʘʜʢʠ 

ʤʝʪʘʣʣʘ ʚ ʩʦʩʪʦʷʥʠʠ ʩʚʝʨʭʧʣʘʩʪʠʯʥʦʩʪʠ. ʉʦʩʪʘʚʥʫʶ ʟʘʛʦʪʦʚʢʫ ʦʪʣʠʚʘʣʠ ʚ 

ʤʘʪʨʠʮʫ ʧʦ ʯʘʩʪʷʤ, ʧʦ ʧʣʦʩʢʦʩʪʠ ʨʘʟʲʝʤʘ ʪʫʰʴʶ ʥʘʥʦʩʠʣʠ ʧʨʷʤʦʫʛʦʣʴʥʫʶ 

ʢʦʦʨʜʠʥʘʪʫʥʫʶ ʩʝʪʢʫ. 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʘ ʦʩʘʜʢʠ ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʟʘʛʦʪʦʚʢʠ 

ʚʤʝʩʪʝ ʩ ʠʥʩʪʨʫʤʝʥʪʦʤ ʦʧʫʩʢʘʣʠ ʚ ʦʧʪʠʯʝʩʢʠ ʧʨʦʟʨʘʯʥʫʶ ʧʨʷʤʦʫʛʦʣʴʥʫʶ 

ʚʘʥʥʫ, ʥʘʧʦʣʥʝʥʥʫʶ ʚʦʜʦʡ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʠʩʢʘʞʝʥʠʡ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʥʝʥʠʷ ʢʨʠʚʠʟʥʳ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʛʦʪʦʚʦʢ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʟʚʦʣʠʣʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʩʪʨʦʠʪʴ ʚ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʛʨʘʬʠʢʠ ů = f(ɝ) ʠ ʦʧʨʝʜʝʣʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ 

m ʧʦ ʪʘʥʛʝʥʩʫ ʫʛʣʘ ʥʘʢʣʦʥʘ ʛʨʘʬʠʢʦʚ ʢ ʦʩʠ ɝ  (ʨʠʩ. 1). 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʢʦʨʦʩʪʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ  

ʦʪ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʦʩʘʜʢʝ ʦʧʪʠʯʝʩʢʠ ʧʨʦʟʨʘʯʥʳʭ  

ʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʦʚ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ ʩʦʛʣʘʩʥʦ ʪʘʙʣ. 1 
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ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩ.1, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʘʢ ʞʝ, 

ʢʘʢ ʠ ʜʣʷ ʩʚʝʨʭʧʣʘʩʪʠʯʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ, ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ 

ʠʟ ʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʥʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʥʘʧʨʷʞʝʥʠʷ ʪʝʯʝʥʠʷ, ʢʦʵʬʬʠʮʠʝʥʪ ʩʢʦʨʦʩʪʥʦʛʦ 

ʫʧʨʦʯʥʝʥʠʷ m ʠʤʝʝʪ ʤʘʢʩʠʤʫʤ ʚ ʪʦʤ ʞʝ ʜʠʘʧʘʟʦʥʝ ʩʢʦʨʦʩʪʝʡ ʜʝʬʦʨʤʘʮʠʠ, 

ʯʪʦ ʠ ʜʣʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʅʝʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʧʦʟʚʦʣʷʝʪ 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʣʠʙʦ ʧʦʚʝʜʝʥʠʝ ʩʧʣʘʚʘ ʩ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʚʝʨʭʧʣʘʩʪʠʯʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ, ʣʠʙʦ ʪʝ ʠʣʠ ʠʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʫʩʣʦʚʠʷ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ. 

ɺʳʚʦʜʳ.  

1. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʩʚʝʨʭʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʩ 

ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʠ ʧʨʦʟʨʘʯʥʳʭ, ʥʝʣʠʥʝʡʥʦ-ʚʷʟʢʠʭ ʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʦʚ ʥʘ 

ʦʩʥʦʚʝ ʜʠʝʥʦʚʳʭ ʠ ʚʠʥʠʣʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʧʦʣʷʨʥʦʛʦ 

ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʠ ʥʝʦʢʨʘʰʠʚʘʶʱʝʛʦ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʧʦʟʚʦʣʷʝʪ ʥʘʛʣʷʜʥʦ 

ʥʘʙʣʶʜʘʪʴ ʧʨʦʮʝʩʩ ʬʦʨʤʦʠʟʤʝʥʝʥʠʷ ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ 

ʦʙʨʘʟʮʦʚ. 

2. ʉ ʧʦʤʦʱʴʶ ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʝʪʢʠ, ʥʘʥʝʩʝʥʥʦʡ ʥʘ ʜʠʘʤʝʪʨʘʣʴʥʫʶ 

ʧʣʦʩʢʦʩʪʴ ʪʘʢʠʭ ʦʙʨʘʟʮʦʚ, ʠ ʚʠʜʝʦʩʲʝʤʢʠ ʧʨʦʮʝʩʩʘ ʜʝʬʦʨʤʘʮʠʠ ʤʦʞʥʦ 

ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʧʦ ʚʩʝʤʫ 

ʦʙʲʝʤʫ ʦʙʨʘʟʮʦʚ ʚ ʣʶʙʦʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ. 
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ɸ. ʆ. ɹʘʙʘʨʠʢʘ
1
 

ʉ. ʄ. ʊʘʙʝʥʩʴʢʠʡ
1
 

 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʄʆɾʃʀɺʆʉʊɽʁ ʅɽʁʈʆʅʅʀʍ ʄɽʈɽɾ  

ɼʃʗ ɺʀʈɯʐɽʅʅʗ ɿɸɼɸʏ ʈʆɿʇɯɿʅɸɺɸʅʅʗ ʆɹʈɸɿɯɺ 

 
1
ʅʘʮʽʦʥʘʣʴʥʘ ɸʢʘʜʝʤʽʷ ɼʝʨʞʘʚʥʦʾ ʇʨʠʢʦʨʜʦʥʥʦʾ ʩʣʫʞʙʠ ʋʢʨʘʾʥʠ  

ʽʤʝʥʽ ɹʦʛʜʘʥʘ ʍʤʝʣʴʥʠʮʴʢʦʛʦ 

 

ɸʥʦʪʘʮʽʷ 

ʆʙôʻʢʪʦʤ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʚ 

ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ. ɸʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʧʝʨʝʚʘʛ ʪʘ 

ʥʝʜʦʣʽʢʽʚ 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ, ʥʝʡʨʦʥ, ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ, 

MegaFace 

Abstract  
The object of this study is the use of neural networks in automatic pattern 

recognition. Analysis of the main advantages and disadvantages 

Keywords: pattern recognition, neuron, neural networks, MegaFace 

 

ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ ï ʮʝ ʥʘʫʢʦʚʘ ʜʠʩʮʠʧʣʽʥʘ, ʤʝʪʦʶ ʷʢʦʾ ʻ 

ʢʣʘʩʠʬʽʢʘʮʽʷ ʦʙôʻʢʪʽʚ ʧʦ ʜʝʢʽʣʴʢʦʤ ʢʘʪʝʛʦʨʽʷʤ ʯʠ ʢʣʘʩʘʤ. ʆʙôʻʢʪʠ 

ʥʘʟʠʚʘʶʪʴʩʷ ʦʙʨʘʟʘʤʠ. 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʝʮʝʥʜʝʥʪʘʭ. ʇʨʝʮʝʜʝʥʪ ï ʮʝ ʦʙʨʘʟ, 

ʧʨʘʚʠʣʴʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʢʦʪʨʦʛʦ ʚʞʝ ʚʽʜʦʤʘ. ʊʦʙʪʦ ʧʨʝʮʝʜʝʥʪ- ʮʝ ʚʞʝ 

ʢʣʘʩʠʬʽʢʦʚʘʥʠʡ ʦʙôʻʢʪ, ʱʦ ʧʨʠʡʤʘʻʪʴʩʷ ʷʢ ʟʨʘʟʦʢ ʧʨʠ ʨʽʰʝʥʥʽ ʟʘʜʘʯ 

ʢʣʘʩʠʬʽʢʘʮʽʾ. ɺ ʪʝʦʨʽʾ ʨʦʟʧʽʟʥʘʚʥʥʷ ʦʙʨʘʟʽʚ ʫʩʽ ʦʙôʻʢʪʠ ʨʦʟʙʠʪʽ ʥʘ ʧʝʚʥʝ 

ʯʠʩʣʦ ʢʣʘʩʽʚ. ɼʣʷ ʢʦʞʥʦʛʦ ʢʣʘʩʘ ʚʽʜʦʤʦ ʪʘ ʚʠʚʯʝʥʦ ʧʝʚʥʝ ʯʠʩʣʦ ʦʙôʻʢʪʽʚ ï 

ʧʨʝʮʝʜʝʥʪʽʚ. ɿʘʜʘʯʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʽʜʥʝʩʪʠ 

ʥʦʚʠʡ ʨʦʟʧʽʟʥʘʚʘʻʤʠʡ ʦʙôʻʢʪ ʜʦ ʧʝʚʥʦʛʦ ʢʣʘʩʫ. 

ɺʠʤʽʨʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʦʙʨʘʟʽʚ ʥʘʟʠʚʘʶʪʴʩʷ 

ʧʨʠʟʥʘʢʘʤʠ. ʇʨʠʟʥʘʢ ï ʮʝ ʧʝʚʥʠʡ ʢʽʣʴʢʽʩʥʠʡ ʚʠʤʽʨ ʙʫʜʴ-ʷʢʦʛʦ ʦʙôʻʢʪʘ. 

ʉʫʢʫʧʥʽʩʪʴ ʧʨʠ ʟʥʘʢʽʚ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʦʜʥʦʛʦ ʦʙʨʘʟʫ, ʥʘʟʠʚʘʻʪʴʩʷ 

ʚʝʢʪʦʨʦʤ ʧʨʠ ʟʥʘʢʽʚ. ɺʝʢʪʦʨʠ ʧʨʠʟʥʘʢʽʚ ʧʨʠʡʤʘʶʪʴ ʟʥʘʯʝʥʥʷ ʚ ʧʨʦʩʪʦʨʽ 

ʧʨʠʟʥʘʢʽʚ. ʂʦʞʥʦʤʫ ʦʙʨʘʟʫ ʚʽʜʧʦʚʽʜʘʻ ʻʜʠʥʝ ʟʥʘʯʝʥʥʷ ʚʝʢʪʦʨʘ ʧʨʠ ʟʥʘʢʽʚ, 

ʪʘ ʥʘʚʧʘʢʠ: ʢʦʞʥʦʤʫ ʟʥʘʯʝʥʥʶ ʚʝʢʪʦʨʘ ʧʨʠ ʟʥʘʢʽʚ ʚʽʜʧʦʚʽʜʘʻ ʻʜʠʥʠʡ 

ʦʙʨʘʟ. ʂʣʘʩʠʬʽʢʘʪʦʨʦʤ ʘʙʦ ʚʠʨʽʰʫʶʯʠʤ ʧʨʘʚʠʣʦʤ ʥʘʟʠʚʘʻʪʴʩʷ ʧʨʘʚʠʣʦ 

ʚʽʜʥʝʩʝʥʥʷ ʦʙʨʘʟʫ ʜʦ ʦʜʥʦʛʦ ʟ ʢʣʘʩʽʚ ʥʘ ʦʩʥʦʚʽ ʡʦʛʦ ʚʝʢʪʦʨʘ ʧʨʠʟʥʘʢʽʚ [1]. 

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʯʠ ʚʽʜʩʫʪʥʦʩʪʽ ʧʨʝʮʝʜʝʥʪʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʨʦʟʨʽʟʥʷʶʪʴ ʟʘʜʘʯʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟ ʥʘʚʯʘʥʥʷʤ ʪʘ ʙʝʟ ʥʘʚʯʘʥʥʷ. ɿʘʜʘʯʘ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʥʘʷʚʥʦʾ ʤʥʦʞʠʥʠ ʧʨʝʮʝʜʝʥʪʽʚ ʥʘʟʠʚʘʻʪʴʩʷ 

ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʟ ʥʘʚʯʘʥʥʷʤ (ʟ ʫʯʠʪʝʣʝʤ). ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʻ ʤʥʦʞʠʥʘ 
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ʚʝʢʪʦʨʽʚ ʧʨʠʟʥʘʢʽʚ, ʦʪʨʠʤʘʥʠʭ ʜʣʷ ʜʝʷʢʦʛʦ ʥʘʙʦʨʘ ʦʙʨʘʟʽʚ, ʘʣʝ ʧʨʘʚʠʣʴʥʘ 

ʢʣʘʩʠʬʽʢʘʮʽʷ ʮʠʭ ʦʙʨʘʟʽʚ ʥʝʚʽʜʦʤʘ, ʚʠʥʠʢʘʻ ʟʘʜʘʯʘ ʨʦʟʜʽʣʝʥʥʷ ʮʠʭ ʦʙʨʘʟʽʚ 

ʥʘ ʢʣʘʩʠ ʧʦ ʧʦʜʽʙʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʠʭ ʚʝʢʪʦʨʽʚ ʧʨʠ ʟʥʘʢʽʚ. ʎʷ ʟʘʜʘʯʘ 

ʥʘʟʠʚʘʻʪʴʩʷ ʢʣʘʩʪʝʨʠʟʘʮʽʻʶ, ʘʙʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷʤ ʙʝʟ ʥʘʚʯʘʥʥʷ[2]. 

ɺ ʪʝʦʨʽʾ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʽʩʥʫʶʪʴ ʪʘʢʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʝʪʦʜʠ ʷʢ ʢʣʘʩʠʬʽʢʘʮʽʷ ʥʘ ʦʩʥʦʚʽ ɹʘʡʻʩʦʚʩʴʢʦʾ 

ʪʝʦʨʽʾ ʨʽʰʝʥʴ, ʘʣʛʦʨʠʪʤ ʧʝʨʩʝʧʪʨʦʥʘ, ʦʧʪʠʤʘʣʴʥʘ ʨʦʟʜʽʣʷʻʤʘ 

ʛʽʧʝʨʧʣʦʱʠʥʘ, ʙʘʛʘʪʦʰʘʨʦʚʠʡ  ʧʝʨʩʝʧʪʨʦʥ,  ʤʝʪʦʜ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʬʫʥʢʮʽʡ, 

ʢʦʤʽʪʝʪʥʽ ʤʝʪʦʜʠ ʨʽʰʝʥʥʷ ʟʘʜʘʯ ʨʦʟʧʽʟʥʘʚʘʥʥʷ, ʢʣʘʩʠʬʽʢʘʮʽʷ ʥʘ ʦʩʥʦʚʽ 

ʧʦʨʽʚʥʷʥʥʷ ʟ ʝʪʘʣʦʥʦʤ, ʢʦʥʪʝʩʪʥʦ-ʟʘʣʝʞʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʪʘ ʽʥ.. 

ʉʝʨʝʜ ʨʦʟʨʦʙʥʠʢʽʚ ʩʠʩʪʝʤ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ ʥʘʡʙʽʣʴʰ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʚʚʘʞʘʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ 

ʤʝʨʝʞ ʚ ʟʘʜʘʯʽ ʢʣʘʩʠʬʽʢʘʮʽʾ. ɹʘʟʠʩʥʠʤ ʝʣʝʤʝʥʪʦʤ ʚ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞʘʭ ʻ 

ʰʪʫʯʥʠʡ ʥʝʡʨʦʥ, ʷʢʠʡ ʷʚʣʷʻ ʩʦʙʦʶ ʧʝʚʥʫ ʥʝʣʽʥʽʡʥʫ ʬʫʥʢʮʽʶ ʚʽʜ ʣʽʥʽʡʥʦʾ 

ʢʦʤʙʽʥʘʮʽʾ ʫʩʽʭ ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ. ʊʘʢʫ ʬʫʥʢʮʽʶ ʥʘʟʠʚʘʶʪʴ ʬʫʥʢʮʽʻʶ 

ʘʢʪʠʚʘʮʽʾ. ʆʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʧʦʩʠʣʘʻʪʴʩʷ ʥʘ ʻʜʠʥʠʡ ʚʠʭʽʜ.  

ʅʘ ʚʭʽʜ ʰʪʫʯʥʦʛʦ ʥʝʡʨʦʥʘ ʧʦʩʪʫʧʘʻ ʧʝʚʥʘ ʢʽʣʴʢʽʩʪʴ ʩʠʛʥʘʣʽʚ. ʂʦʞʝʥ 

ʚʭʽʜ ʤʥʦʞʠʪʴʩʷ ʥʘ ʚʽʜʧʦʚʽʜʥʫ ʚʘʛʫ, ʚʽʜʧʦʚʽʜʥʫ ʩʠʥʘʧʪʠʯʥʽʡ ʩʠʣʽ, ʪʘ ʫʩʽ 

ʨʝʟʫʣʴʪʘʪʠ ʩʫʤʫʶʪʴʩʷ, ʚʠʟʥʘʯʘʶʯʠ ʨʽʚʝʥʴ ʘʢʪʠʚʘʮʽʾ ʥʝʡʨʦʥʘ. ʐʪʫʯʥʽ 

ʥʝʡʨʦʥʠ ʦʙôʻʜʥʫʶʪʴʩʷ ʚ ʤʝʨʝʞʽ, ʱʦ ʟôʻʜʥʫʶʪʴ ʚʠʭʦʜʠ ʦʜʥʠʭ ʥʝʡʨʦʥʽʚ ʟ 

ʚʭʦʜʘʤʠ ʽʥʰʠʭ.  ʐʪʫʯʥʽ ʥʝʡʨʦʥʠ, ʙʫʜʫʯʠ ʦʙôʻʜʥʘʥʠʤʠ ʚ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʫ 

ʤʝʨʝʞʫ ʟ ʫʧʨʘʚʣʷʻʤʦʶ ʚʟʘʻʤʦʜʽʻʶ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ ʜʦʚʦʣʽ ʩʢʣʘʜʥʽ 

ʟʘʜʘʯʽ. ʅʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʥʝ ʧʨʦʛʨʘʤʫʶʪʴʩʷ ʫ ʟʚʠʯʥʦʤʫ ʨʦʟʫʤʽʥʥʽ, ʘ ʚʦʥʠ 

ʥʘʚʯʘʶʪʴʩʷ. ʄʦʞʣʠʚʽʩʪʴ ʥʘʚʯʘʥʥʷ ʻ ʦʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʧʝʨʝʚʘʛ ʥʝʡʨʦʥʥʠʭ 

ʤʝʨʝʞ ʧʝʨʝʜ ʪʨʘʜʠʮʽʡʥʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ. ʊʝʭʥʽʯʥʦ ʧʨʦʮʝʩ ʥʘʚʯʘʥʥʷ 

ʧʦʣʷʛʘʻ ʫ ʟʥʘʭʦʜʞʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ ʤʽʞ ʥʝʡʨʦʥʘʤʠ. ɺ 

ʧʨʦʮʝʩʽ ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʤʦʞʝ ʟʥʘʭʦʜʠʪʠ ʩʢʣʘʜʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʤʽʞ ʚʭʽʜʥʠʤʠ ʪʘ ʚʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ, ʘ ʪʘʢʦʞ ʚʠʢʦʥʫʚʘʪʠ ʫʟʘʛʘʣʴʥʝʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʚʠʧʘʜʢʫ ʫʩʧʽʰʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʤʦʞʝ 

ʚʠʜʘʪʠ ʚʽʨʥʠʡ ʨʝʟʫʣʴʪʘʪ ʥʘʚʽʪʴ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʱʦ ʥʝ ʙʫʣʠ ʫ ʥʘʚʯʘʻ ʤʽʡ 

ʚʠʙʦʨʮʽ, ʘʙʦ ʥʘʚʽʪʴ ʧʨʠ ʯʘʩʪʢʦʚʦ ʩʧʦʪʚʦʨʝʥʠʭ ʚʭʽʜʥʠʭ ʜʘʥʠʭ. 

ɯʩʥʫʻ ʜʝʢʽʣʴʢʘ ʨʽʟʥʦʚʠʜʽʚ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʟʘʜʘʯʘʭ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ. ʉʘʤʝ ʧʨʠ ʨʦʟʨʦʙʮʽ ʩʠʩʪʝʤʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʦʙʨʘʟʽʚ ʧʝʨʝʜ ʚʯʝʥʠʤʠ ʧʦʣʷʛʘʻ ʟʘʚʜʘʥʥʷ  ʚʠʙʦʨʫ ʪʦʧʦʣʦʛʽʾ ʥʝʡʨʦʥʥʦʾ 

ʤʝʨʝʞʠ, ʚʠʙʽʨ ʘʨʭʽʪʝʢʪʫʨʠ ʪʘ ʤʝʪʦʜʫ ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ.  

ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʧʦʢʘʟʫʶʪʴ ʽ ʩʫʯʘʩʥʽ 

ʨʦʟʨʦʙʢʠ ʪʘʢʠʭ ʧʨʦʚʽʜʥʠʭ ʢʦʤʧʘʥʽʡ ʷʢ Google, Microsoft, IBM, Facebook, 

Baidu ʪʘ ʽʥ. ʂʦʤʧʘʥʽʷ Google ʪʘ ʾʾ ʧʽʜʨʦʟʜʽʣ  Google DeepMind, ʩʪʚʦʨʠʣʠ 

ʤʝʨʝʞʽ  AlphaGo, ʠ Google Brain. ɺʣʘʩʥʽ ʨʦʟʨʦʙʢʠ ʻ ʽ ʚ  Microsoft ð ʥʠʤʠ 

ʟʘʡʤʘʻʪʴʩʷ ʣʘʙʦʨʘʪʦʨʽʷ Microsoft Research. ʉʪʚʦʨʝʥʥʷʤ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ 

ʟʘʡʤʘʶʪʴʩʷ ʽ ʚ IBM, Facebook (ʧʽʜʨʦʟʜʽʣ Facebook AI Research), Baidu 
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(Baidu Institute of Deep Learning) ʪʘ ʽʥʰʽ ʢʦʤʧʘʥʽʾ. ɼʦʩʠʪʴ ʙʘʛʘʪʦ  ʨʦʟʨʦʙʦʢ 

ʚʝʜʝʪʴʩʷ ʚ ʪʝʭʥʽʯʥʠʭ ʫʥʠʚʝʨʩʠʪʝʪʘʭ ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʽ.  

ɸʥʘʣʽʟ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ 

ʪʘʢʠʭ ʨʝʩʫʨʩʘʭ ʷʢ MegaFace [3]. ʋ 2016 ʨʦʮʽ ʨʦʩʽʡʩʴʢʘ ʢʦʤʧʘʥʽʷ çɺʦʢʦʨʜè 

ʟ ʘʣʛʦʨʠʪʤʦʤ Vocord DeepVo1 ʟʘʡʥʷʣʘ ʧʝʨʰʝ ʤʽʩʮʝ ʚ ʨʝʡʪʠʥʛʫ MegaFace, 

ʜʨʫʛʝ ʤʽʩʮʝ ʟʘʡʥʷʚ ʘʣʛʦʨʠʪʤ Large ʢʦʤʧʘʥʽʾ Deepsense, ʩʪʚʦʨʝʥʠʡ ʛʨʫʧʦʶ 

ʚʯʝʥʠʭ ʪʘ ʢʦʣʠʰʥʽʭ ʧʨʦʛʨʘʤʽʩʪʽʚ ʽʟ Google, Facebook ʪʘ Microsoft. ʊʨʝʪʻ 

ʤʽʩʮʝ ʟʘʡʥʷʚ ʘʣʛʦʨʠʪʤ Tech ʨʦʟʨʦʙʥʠʢʽʚ ʽʟ ʐʘʥʭʘʡʩʴʢʦʛʦ ʪʝʭʥʦʣʦʛʠʯʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʫ. ʋʩʽ ʚʠʱʝ ʧʝʨʝʣʽʯʝʥʽ ʘʣʛʦʨʠʪʤʠ ʦʩʥʦʚʘʥʽ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ.  

ʆʪʞʝ ʚʨʘʭʦʚʫʶʯʠ ʤʦʞʣʠʚʦʩʪʽ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʪʘ ʪʝʥʜʝʥʮʽʾ 

ʩʚʽʪʦʚʦʛʦ ʨʦʟʚʠʪʢʫ ʱʦʜʦ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʦʙʨʘʟʽʚ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʥʘʜʟʚʠʯʘʡʥʫ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ 

ʨʦʟʨʦʙʦʢ ʘʣʛʦʨʠʪʤʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ ʦʩʥʦʚʘʥʠʭ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. 
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ʖ. ʆ. ɹʘʙʽʡ
1 

 

ʋɼʆʉʂʆʅɸʃɽʅʅʗ ʄɸʊɽʄɸʊʀʏʅʆɰ ʄʆɼɽʃɯ ɺʀɿʅɸʏɽʅʅʗ 

ɼɸʃʔʅʆʉʊɯ ɺʀʗɺʃɽʅʅʗ ʈɸɼɯʆʃʆʂɸʎɯʁʅʆɰ ʉʊɸʅʎɯɰ  

ʇʈʀ ɺʇʃʀɺɯ ʉɽɿʆʅʅʆɰ ʄɯʅʃʀɺʆʉʊɯ ɺʀʉʆʊʀ ʇɽʈɽʐʂʆɼ  

ʊɸ ʂʈʀɺʀɿʅʀ ʇʆɺɽʈʍʅɯ ɿɽʄʃɯ 

 
1
ʅʘʮʽʦʥʘʣʴʥʘ ʘʢʘʜʝʤʽʷ ɼʝʨʞʘʚʥʦʾ ʧʨʠʢʦʨʜʦʥʥʦʾ ʩʣʫʞʙʠ ʋʢʨʘʾʥʠ 

 ʽʤʝʥʽ ɹʦʛʜʘʥʘ ʍʤʝʣʴʥʠʮʴʢʦʛʦ 

 

ɸʥʦʪʘʮʽʷ 

ʆʙôʻʢʪʦʤ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʤʝʪʦʜ ʦʮʽʥʢʠ ʜʘʣʴʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ 

ʜʦʧʣʝʨʽʚʩʴʢʦʾ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʩʪʘʥʮʽʾ ʧʨʠ ʨʦʟʨʦʙʮʽ ʷʢʦʛʦ ʚʨʘʭʦʚʘʥʦ 

ʩʫʢʫʧʥʽʩʪʴ ʪʘʢʠʭ ʬʘʢʪʦʨʽʚ ʷʢ ʚʧʣʠʚ ʛʽʜʨʦʤʝʪʝʦʨʽʚ, ʜʦʧʧʣʝʨʽʚʩʴʢʠʡ ʟʩʫʚ 

ʯʘʩʪʦʪʠ, ʩʝʟʦʥʥʽ ʟʤʽʥʠ ʚʠʩʦʪʠ ʧʝʨʝʰʢʦʜ ʪʘ ʢʨʠʚʠʟʥʠ ʧʦʚʝʨʭʥʽ ʟʝʤʣʽ ʧʨʠ 

ʨʦʟʨʘʭʫʥʢʫ ʜʘʣʴʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʨʫʭʦʤʦʛʦ ʦʙôʻʢʪʫ ï ʧʨʘʚʦʧʦʨʫʰʥʠʢʘ 

ʢʦʨʜʦʥʫ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʶ ʩʪʘʥʮʽʻʶ 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʜʘʣʴʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ, ʨʫʭʦʤʠʡ ʦʙôʻʢʪ, ʨʘʜʽʦʣʦʢʘʮʽʡʥʘ 

ʩʪʘʥʮʽʷ 

Abstract  
The object of this study is the estimation method detection range of 

Doppler radar in the development which takes into account a set of factors such 

as the impact of hydrometeors, Doppler frequency shift, seasonal changes of 

curvature and height of obstacles in the calculation of the ground moving object 

detection range - the offender border radar station 

Keywords: range detection, a moving object, radar 

 

ɺʘʞʣʠʚʠʤʠ ʬʘʢʪʦʨʘʤʠ ʚʧʣʠʚʫ ʥʘ ʜʘʣʴʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʜʦʧʧʣʝʨʽʚʩʴʢʦʾ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʩʪʘʥʮʽʾ (ʈʃʉ) ʻ ʢʨʠʚʠʟʥʘ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ʽ ʥʘʷʚʥʽʩʪʴ 

ʨʦʩʣʠʥʥʦʩʪʽ, ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʷʢʫ ʧʦʪʨʝʙʫʻ ʱʦʨʽʯʥʦʾ ʢʦʨʝʢʪʫʨʠ. ɼʦ ʪʦʛʦ ʞ 

ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʫ ʮʠʬʨʦʚʠʭ ʢʘʨʪʘʭ ʤʽʩʮʝʚʦʩʪʽ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʫ ɼʇʉʋ 

ʟʤʽʥʘ ʚʠʩʦʪʠ ʨʦʩʣʠʥʥʦʩʪʽ, ʟʦʢʨʝʤʘ ʣʠʩʪʷʥʦʛʦ ʣʽʩʫ, ʟʽ ʟʤʽʥʦʶ ʧʦʨʠ ʨʦʢʫ. 

ɿʘʟʥʘʯʝʥʝ ʧʦʪʨʝʙʫʻ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʦʜʝʣʽ [1]. ʉʠʛʥʘʣ ʚʽʜ ʈʃʉ 

ʨʦʟʧʦʚʩʶʜʞʫʚʘʪʠʤʝʪʴʩʷ ʟʘ ʫʤʦʚʠ [2]: 

 

mink ke e² ,                                               (1) 

 

ʜʝ 
keï ʢʫʪ ʤʽʩʮʷ ʣʽʥʽʾ ʧʨʷʤʦʾ ʨʘʜʽʦʚʠʜʠʤʦʩʪʽ; minke ï ʤʽʥʽʤʘʣʴʥʦ 

ʜʦʧʫʩʪʠʤʠʡ ʢʫʪ ʤʽʩʮʷ ʣʽʥʽʾ ʧʨʷʤʦʾ ʨʘʜʽʦʚʠʜʠʤʦʩʪʽ. 

 

ʂʫʪ ʤʽʩʮʷ ʣʽʥʽʾ ʧʨʷʤʦʾ ʨʘʜʽʦʚʠʜʠʤʦʩʪʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʚʠʨʘʟʫ [2]: 



43 

2

2
k

k
e

k
k

D
H h

R
tg

D

a

e

è ø
- +é ù
ê ú= ,                                     (2) 

ʜʝ eR  ï ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʨʘʜʽʫʩ ɿʝʤʣʽ, 6370 000 ʤ; kD  ï ʜʘʣʴʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ 

ʈʃʉ ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʽ ʧʨʷʤʦʾ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʚʠʜʠʤʦʩʪʽ; H
k
ï ʚʠʩʦʪʘ ʘʥʪʝʥʠ 

ʈʃʉ; ha ï ʚʠʩʦʪʘ ʮʽʣʽ; eR  ï ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʨʘʜʽʫʩ ɿʝʤʣʽ, 6370 000 ʤ;  

 

ʄʽʥʽʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʠʡ ʢʫʪ ʤʽʩʮʷ ʣʽʥʽʾ ʧʨʷʤʦʾ ʨʘʜʽʦʚʠʜʠʤʦʩʪʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʚʠʨʘʟʫ: 

max
min

s
k

s

H h
tg

D

ae
-

= ,                                       (3) 

ʜʝ maxsH  ï ʚʠʩʦʪʘ ʤʘʢʩʠʤʘʣʴʥʦʾ ʥʘʟʝʤʥʦʾ ʧʝʨʝʰʢʦʜʠ ʚ ʥʘʧʨʷʤʢʫ ʈʃʉ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʢʨʠʚʠʟʥʠ ɿʝʤʣʽ; sD  ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʘʥʪʝʥʠ ʈʃʉ ʜʦ ʥʘʡʚʠʱʦʾ 

ʥʘʟʝʤʥʦʾ ʧʝʨʝʰʢʦʜʠ. 

 

ɺʠʩʦʪʘ ʤʘʢʩʠʤʘʣʴʥʦʾ ʥʘʟʝʤʥʦʾ ʧʝʨʝʰʢʦʜʠ ʚ ʥʘʧʨʷʤʢʫ ʈʃʉ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʢʨʠʚʠʟʥʠ ɿʝʤʣʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʚʠʨʘʟʫ [2]: 
2

max 0
2

s
s s

e

D
H H

R
= - ,                                                (4) 

ʜʝ 0sH  ï ʘʙʩʦʣʶʪʥʘ ʚʠʩʦʪʘ ʥʘʟʝʤʥʦʾ ʧʝʨʝʰʢʦʜʠ. 

ʊʦʜʽ, ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʧʦʧʝʨʝʜʥʽʭ ʚʠʢʣʘʜʦʢ ʦʪʨʠʤʘʻʤʦ ʫʜʦʩʢʦʥʘʣʝʥʫ 

ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʩʪʘʥʽ ʚʽʜ ʘʥʪʝʥʠ ʈʃʉ ʜʦ ʥʘʡʚʠʱʦʾ 

ʥʘʟʝʤʥʦʾ ʧʝʨʝʰʢʦʜʠ. ɺʠʷʚʣʝʥʥʷ ʮʽʣʽ ʟʜʽʡʩʥʶʚʘʪʠʤʝʪʴʩʷ ʥʘ ʜʘʣʴʥʦʩʪʽ, ʷʢʫ 

ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟ ʨʽʚʥʷʥʥʷ:  

2
2 0

02 2

S
k S

DD sD h ò H D D H h
k s kR R
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å õ
- æ ö è ø+ + - + - =

ê úæ ö
ç ÷

,  (5) 

ʜʝ ò  ï ʢʦʝʬʽʮʽʻʥʪ ʟʤʝʥʰʝʥʥʷ ʘʙʩʦʣʶʪʥʦʾ ʚʠʩʦʪʠ ʥʘʟʝʤʥʦʾ ʧʝʨʝʰʢʦʜʠ, 

ʷʢʦʶ ʻ ʣʠʩʪʷʥʠʡ ʣʽʩ, ʧʽʩʣʷ ʪʦʛʦ ʷʢ ʦʧʘʜʝ ʣʠʩʪʷ.  

ʇʨʠ ʩʢʣʘʜʘʥʥʽ ʨʽʚʥʷʥʥʷ (5) ʧʨʠʧʫʩʢʘʻʤʦ, ʱʦ mink ke e= . 

ɺʠʨʽʰʝʥʥʷ ʨʽʚʥʷʥʥʷ ʜʦʟʚʦʣʷʻ ʟʘʚʯʘʩʥʦ ʚʠʟʥʘʯʠʪʠ ʚʽʜʩʪʘʥʴ ʚʽʜ ʈʃʉ ʜʦ 

ʥʘʡʚʠʱʦʾ ʥʘʟʝʤʥʦʾ ʧʝʨʝʰʢʦʜʠ. ʗʢʱʦ ʪʘʢʦʶ ʧʝʨʝʰʢʦʜʦʶ ʻ ʣʽʩ, ʦʩʦʙʣʠʚʦ 

ʣʠʩʪʷʥʠʡ, ʪʦ ʟʥʘʯʝʥʥʷ 
0

H
s
 ʘʙʩʦʣʶʪʥʦʾ ʚʠʩʦʪʠ ʥʘʟʝʤʥʦʾ ʧʝʨʝʰʢʦʜʠ ʤʦʞʝ 

ʟʤʝʥʰʫʚʘʪʠʩʷ ʧʽʩʣʷ ʪʦʛʦ, ʷʢ ʦʧʘʜʝ ʣʠʩʪʷ, ʱʦ ʤʦʞʝ ʟʙʽʣʴʰʠʪʠ ʜʘʣʴʥʽʩʪʴ. 

ʋʜʦʩʢʦʥʘʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ (5) ʜʦʟʚʦʣʷʻ ʙʽʣʴʰ ʢʦʨʝʢʪʥʽʰʝ 

ʟʜʽʡʩʥʶʚʘʪʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʦʥ ʥʝ ʚʠʷʚʣʝʥʥʷ ʩʠʩʪʝʤʠ ʦʧʪʠʢʦ-

ʝʣʝʢʪʨʦʥʥʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. ɿʘʩʪʦʩʦʚʫʶʯʠ ʟʛʦʨʪʢʫ ʧʦʢʘʟʥʠʢʽʚ, ʦʩʪʘʪʦʯʥʦ 

ʜʘʣʴʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʨʫʭʦʤʦʛʦ ʦʙôʻʢʪʫ ʈʃʉ ʧʨʠ ʚʧʣʠʚʽ ʩʫʢʫʧʥʦʩʪʽ 

ʬʘʢʪʦʨʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʟ ʩʠʩʪʝʤʠ ʥʝʨʽʚʥʦʩʪʝʡ: 
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     (6) 

ʜʝ D  ï ʜʘʣʴʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʜʦʧʣʝʨʽʚʩʴʢʦʶ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʶ ʩʪʘʥʮʽʻʶ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʩʫʢʫʧʥʦʩʪʽ ʧʨʠʨʦʜʥʦ-ʢʣʽʤʘʪʠʯʥʠʭ ʬʘʢʪʦʨʽʚ ʽ ʨʫʭʫ 

ʧʨʘʚʦʧʦʨʫʰʥʠʢʘ ʜʝʨʞʘʚʥʦʛʦ ʢʦʨʜʦʥʫ. 

ɺʨʘʭʫʚʘʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʬʘʢʪʦʨʽʚ ʧʨʠʚʝʜʝ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʧʨʠʚʝʜʝʥʦʾ 

ʚʘʨʪʦʩʪʽ ʩʠʩʪʝʤʠ, ʱʦ ʧʦʪʨʝʙʫʚʘʪʠʤʝ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʽʟʥʠʭ ʪʠʧʽʚ 

ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʦʭʦʨʦʥʠ ʜʣʷ ʧʦʰʫʢʫ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ 

ʟʜʽʡʩʥʝʥʥʷ ʦʭʦʨʦʥʠ ʩʫʭʦʧʫʪʥʦʛʦ ʢʦʨʜʦʥʫ, ʘ ʨʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ (6) ʤʦʞʝ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʫ ʙʽʣʴʰ ʟʘʛʘʣʴʥʽʡ ʦʮʽʥʮʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʦʭʦʨʦʥʠ ʢʦʨʜʦʥʫ. 

ʆʪʞʝ, ʫʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʦʮʽʥʢʠ ʜʘʣʴʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ 

ʜʦʧʣʝʨʽʚʩʴʢʦʾ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʩʪʘʥʮʽʾ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʩʫʢʫʧʥʦʩʪʽ 

ʧʨʠʨʦʜʥʦ-ʢʣʽʤʘʪʠʯʥʠʭ ʬʘʢʪʦʨʽʚ ʽ ʨʫʭʫ ʧʨʘʚʦʧʦʨʫʰʥʠʢʘ ʜʝʨʞʘʚʥʦʛʦ 

ʢʦʨʜʦʥʫ. ʉʫʪʥʽʩʪʴ ʥʘʫʢʦʚʦʾ ʥʦʚʠʟʥʠ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʫ ʚʨʘʭʫʚʘʥʥʽ 

ʩʫʢʫʧʥʦʩʪʽ ʪʘʢʠʭ ʬʘʢʪʦʨʽʚ ʷʢ ʚʧʣʠʚ ʛʽʜʨʦʤʝʪʝʦʨʽʚ, ʩʝʟʦʥʥʠʭ ʟʤʽʥ ʚʠʩʦʪʠ 

ʧʝʨʝʰʢʦʜ, ʢʨʠʚʠʟʥʠ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ʪʘ ʜʦʧʧʣʝʨʽʚʩʴʢʦʛʦ ʟʩʫʚʫ ʯʘʩʪʦʪʠ ʧʨʠ 

ʦʮʽʥʮʽ ʜʘʣʴʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʩʪʘʥʮʽʾ ʟʘ ʫʤʦʚʠ ʚʽʜʦʤʦʾ 

ʜʘʣʴʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʙʝʟ ʚʧʣʠʚʫ ʟʘʟʥʘʯʝʥʠʭ ʬʘʢʪʦʨʽʚ. ʄʝʪʦʜ ʚʽʜʨʽʟʥʷʻʪʴʩʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʬʫʥʢʮʽʾ ʃʘʤʙʝʨʪʘ ʽ ʟʛʦʨʪʢʠ ʧʦʢʘʟʥʠʢʽʚ ʦʮʽʥʢʠ ʨʽʟʥʠʭ 

ʬʘʢʪʦʨʽʚ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʦʪʨʠʤʘʪʠ ʘʥʘʣʽʪʠʯʥʦ ʪʦʯʥʝ ʨʽʰʝʥʥʷ ʨʽʚʥʷʥʥʷ 

ʜʘʣʴʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʜʦʧʣʝʨʽʚʩʴʢʦʾ ʈʃʉ ʧʨʠ ʚʧʣʠʚʽ ʟʘʟʥʘʯʝʥʠʭ ʬʘʢʪʦʨʽʚ. 
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ɸʂʊʋɸʃʔʅɯ ʇʈʆɹʃɽʄʀ ɽʂʉʇʃʋɸʊɸʎɯɰ ʆʉʅʆɺʅʆɻʆ 

ʆɿɹʈʆɭʅʅʗ ɹʆʁʆɺʀʍ ʄɸʐʀʅ ʇɯʍʆʊʀ ɹʄʇ-2 
 

1
ʅʘʮʽʦʥʘʣʴʥʘ ʘʢʘʜʝʤʽʷ ʩʫʭʦʧʫʪʥʠʭ ʚʽʡʩʴʢ  
ʽʤʝʥʽ ʛʝʪʴʤʘʥʘ ʇʝʪʨʘ ʉʘʛʘʡʜʘʯʥʦʛʦ 

 
ɸʥʦʪʘʮʽʷ 
ɺ ʜʘʥʽʡ ʩʪʘʪʪʽ ʘʥʘʣʽʟʫʻʪʴʩʷ ʜʦʩʚʽʜ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʤʘʪʠʯʥʠʭ ʛʘʨʤʘʪ 

ʙʦʡʦʚʠʭ ʤʘʰʠʥ ʧʽʭʦʪʠ (ɹʄʇ-2) ʚ ʧʽʜʨʦʟʜʽʣʘʭ ʚʽʡʩʴʢʦʚʠʭ ʯʘʩʪʠʥ ʉɺ ɿʉʋ. 
ɸʥʘʣʽʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʤʘʪʠʯʥʠʭ ʛʘʨʤʘʪ ʚʠʩʚʽʪʣʶʻ ʨʷʜ ʧʨʦʙʣʝʤ ʷʢʽ 
ʚʧʣʠʚʘʶʪʴ ʥʘ ʙʦʡʦʚʫ ʛʦʪʦʚʥʽʩʪʴ ʦʟʙʨʦʻʥʥʷ  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʝʢʩʧʣʫʘʪʘʮʽʷ, ʧʦʣʦʤʢʘ, ʧʦʰʢʦʜʞʝʥʥʷ, ʨʝʤʦʥʪ 
Abstract  
This article analyses the experience of operating automatic guns infantry 

fighting vehicles (BMP-2) in units of SV military units of the APU. Analysis of 
operating automatic guns highlights a number of issues that impact on the 
combat readiness of weapons 

Keywords: exploitation, failure, damage, repair 
 
30 ʤʤ ʘʚʪʦʤʘʪʠʯʥʘ ʛʘʨʤʘʪʘ ɿʊʄ-2 ʻ ʦʩʥʦʚʥʠʤ ʦʟʙʨʦʻʥʥʷʤ ʙʦʡʦʚʦʾ 

ʤʘʰʠʥʠ ʧʽʭʦʪʠ ɹʄʇ-2 ʪʘ ʤʘʻ ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʧʦʣʽ ʙʦʶ: 
ʙʦʨʦʪʴʙʘ ʟ ʣʝʛʢʦʙʨʦʥʴʦʚʘʥʠʤʠ ʪʘ ʥʝʙʨʦʥʴʦʚʘʥʠʤʠ ʟʘʩʦʙʘʤʠ, ʞʠʚʦʶ 
ʩʠʣʦʶ, ʘ ʪʘʢʦʞ ʥʠʟʴʢʦʣʽʪʥʠʤʠ ʧʦʚʽʪʨʷʥʠʤʠ ʮʽʣʷʤʠ. ɼʦʩʚʽʜ ʙʦʡʦʚʠʭ ʜʽʡ 
ʧʦʢʘʟʘʚ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʛʘʨʤʘʪ ʱʦʜʦ ʫʨʘʞʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʮʽʣʝʡ 
ʥʘ ʧʦʣʽ ʙʦʶ ʚʢʣʶʯʘʶʯʠ ʡ ʙʨʦʥʴʦʚʘʥʽ (ʪʘʥʢʠ). ʈʘʟʦʤ ʟ ʪʠʤ ʚ ʧʨʦʮʝʩʽ 
ʝʢʩʧʣʫʘʪʘʮʽʾ (ʧʽʜʛʦʪʦʚʢʠ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘ ʧʨʠʟʥʘʯʝʥʥʷʤ, ʪʝʭʥʽʯʥʦʛʦ 
ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʝʚʘʢʫʘʮʽʾ ʪʘ ʨʝʤʦʥʪʫ) ʘʚʪʦʤʘʪʠʯʥʠʭ 
ʛʘʨʤʘʪ ʝʢʽʧʘʞʽ ʙʦʡʦʚʠʭ ʤʘʰʠʥ ʟʽʪʢʥʫʣʠʩʴ ʟ ʨʷʜʦʤ ʧʨʦʙʣʝʤ.  
ɺʽʡʩʴʢʦʚʠʡ ʜʦʩʚʽʜ ʝʢʩʧʣʫʘʪʘʮʽʾ ʛʘʨʤʘʪʠ ɿʊʄ-2, ʷʢ ʚ ʟʦʥʽ ɸʊʆ ʪʘʢ ʽ ʧʽʜ 

ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʩʪʨʽʣʴʙ ʚ ʭʦʜʽ ʙʦʡʦʚʦʾ ʧʽʜʛʦʪʦʚʢʠ ʚʽʡʩʴʢ, ʚʠʷʚʠʚ 
ʾʾ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʷʢʽ ʫʩʢʣʘʜʥʶʶʪʴ ʚʟʘʻʤʦʟʘʤʽʥʥʽʩʪʴ ʟ 
ʘʥʘʣʦʛʽʯʥʠʤ ʟʨʘʟʢʦʤ, ʛʘʨʤʘʪʦʶ 2ɸ42 ʥʘ ʙʦʡʦʚʠʭ ʤʘʰʠʥʘʭ ʧʽʭʦʪʠ ɹʄʇ-2 
(ɹʄɼ-2), ʱʦ ʚʠʧʫʩʢʘʣʠʩʴ ʧʽʩʣʷ 1986 ʨʦʢʫ. ʉʫʪʴ ʧʨʦʙʣʝʤʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, 
ʱʦ ʥʘ ʙʦʡʦʚʠʭ ʤʘʰʠʥʘʭ ɹʄʇ-2 (ɹʄɼ-2), ʷʢʽ ʚʠʧʫʩʢʘʣʠʩʴ ʧʽʩʣʷ 1986 ʨʦʢʫ, 
ʢʘʟʝʥʥʠʢ ʛʘʨʤʘʪʠ 2ɸ42 ʧʦʩʠʣʝʥʠʡ ʩʧʝʮʽʘʣʴʥʠʤʠ ʧʨʠʣʠʚʘʤʠ. ɺʥʘʩʣʽʜʦʢ 
ʮʴʦʛʦ ʬʣʘʥʝʮʴ, ʜʦ ʷʢʦʛʦ ʢʨʽʧʠʪʴʩʷ ʛʘʨʤʘʪʘ 2ɸ42, ʤʘʻ ʚʽʜʧʦʚʽʜʥʽ 
ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʱʦ ʥʝ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʠʪʠ ʚʟʘʻʤʦʟʘʤʽʥʥʽʩʪʴ ʟ 
ʛʘʨʤʘʪʦʶ ɿʊʄ-2 ʙʝʟ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʾʾ ʢʘʟʝʥʥʠʢʘ (ʩʧʠʣʶʚʘʥʥʷ 
ʧʨʠʣʠʚʽʚ). ʊʘʢʠʡ ʩʧʦʩʽʙ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʥʘ ʤʽʩʮʷʭ (ʥʝ ʚ ʟʘʚʦʜʩʴʢʠʭ 
ʫʤʦʚʘʭ) ʚʧʣʠʚʘʻ ʥʘ ʧʦʜʘʣʴʰʫ ʝʢʩʧʣʫʘʪʘʮʽʶ ʛʘʨʤʘʪʠ. ɿʥʠʞʫʻʪʴʩʷ 
ʥʘʜʽʡʥʽʩʪʴ ʢʨʽʧʣʝʥʥʷ ʛʘʨʤʘʪʠ, ʣʶʬʪʠ ʫ ʚʫʟʣʽ ʢʨʽʧʣʝʥʥʷ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ 
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ʪʝʭʥʽʯʥʠʤ ʥʦʨʤʘʤ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʣʦʱʘ ʨʦʟʩʽʶʚʘʥʥʷ ʩʥʘʨʷʜʽʚ ʪʘ 
ʟʥʠʞʫʻʪʴʩʷ ʜʽʡʩʥʽʩʪʴ ʩʪʨʽʣʴʙʠ. 
ʇʽʜ ʯʘʩ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʘʨʤʘʪʠ ɿʊʄ-2 ʧʽʩʣʷ ʟʜʽʡʩʥʝʥʥʷ 400-500 

ʧʦʩʪʨʽʣʽʚ ʧʦʯʠʥʘʶʪʴ ʚʠʥʠʢʘʪʠ ʟʘʪʨʠʤʢʠ, ʚʽʜʢʘʟʠ, ʧʦʰʢʦʜʞʝʥʥʷ ʪʘ ʧʦʣʦʤʢʠ 
ʯʘʩʪʠʥ ʽ ʤʝʭʘʥʽʟʤʽʚ. ʅʘʡʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʽ ʟ ʥʠʭ ʤʦʞʥʘ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʟʘ 
ʛʨʫʧʘʤʠ: 
ʘ) ʏʘʩʪʠʥʠ ʘʛʨʝʛʘʪʫ ʩʪʚʦʣʘ.  
ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʯʠʩʣʘ ʧʦʩʪʨʽʣʽʚ ʟ ʛʘʨʤʘʪʠ ʯʘʩʪʦ ʚʠʥʠʢʘʻ ʨʦʟʜʫʪʪʷ  

(ʫʪʚʦʨʝʥʥʷ ʢʽʣʴʮʝʚʦʾ ʚʠʾʤʢʠ) ʧʘʪʨʦʥʥʠʢʘ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʟʜʫʪʪʷ 
ʛʽʣʴʟʠ ʧʘʪʨʦʥʘ ʪʘ ʚ ʧʨʦʮʝʩʽ ʧʝʨʝʟʘʨʷʜʞʘʥʥʷ, ʧʽʩʣʷ ʧʦʩʪʨʽʣʫ, ʫʥʝʤʦʞʣʠʚʣʶʻ 
ʾʾ ʝʢʩʪʨʘʢʮʽʶ ʽ ʜʝʬʦʨʤʫʻ ʜʝʪʘʣʽ ʟʘʪʚʦʨʫ. 
ʇʦʣʦʤʢʘ ʧʨʫʞʠʥʠ ʩʪʚʦʣʘ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʢʨʽʧʣʝʥʥʷ ʛʘʨʤʘʪʠ ʪʘʢ ʷʢ ʝʥʝʨʛʽʷ ʚʽʜʜʘʯʽ ʥʝ ʧʦʛʣʠʥʘʻʪʴʩʷ ʧʨʫʞʠʥʦʶ 
ʩʪʚʦʣʘ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʙʨʠʚ ʙʦʣʪʽʚ ʢʨʽʧʣʝʥʥʷ ʛʘʨʤʘʪʠ.  
ɺʽʜʣʘʤʫʚʘʥʥʷ (ʩʢʦʣʠ) ʙʦʡʦʚʠʭ ʫʧʦʨʽʚ ʢʘʟʝʥʥʠʢʘ, ʱʦ ʽ ʚʠʢʣʠʢʘʻ 

ʧʦʧʝʨʝʯʥʝ ʦʙʨʠʚʘʥʥʷ ʛʽʣʴʟʠ, ʜʝʬʦʨʤʘʮʽʶ ʘʙʦ ʧʦʣʦʤʢʫ ʯʘʩʪʠʥ ʟʘʪʚʦʨʫ.  
ʙ) ʄʝʭʘʥʽʟʤ ʧʦʜʘʯʽ ʧʘʪʨʦʥʘ ʜʦ ʧʨʠʡʤʘʣʴʥʠʭ ʚʽʢʦʥ ʛʘʨʤʘʪʠ (ʧʨʦʧʫʩʢ 

ʧʦʜʘʯʽ).  
ʇʦʣʦʤʢʘ ʧʨʫʞʠʥ ʬʽʢʩʘʪʦʨʘ ʩʪʨʽʯʢʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʝʨʝʢʦʩʫ ʩʪʨʽʯʢʠ ʪʘ 

ʟʘʢʣʠʥʶʚʘʥʥʷ ʾʾ ʫ ʧʨʠʡʤʘʯʽ ʛʘʨʤʘʪʠ.  
ʚ) ʈʫʭʦʤʘ ʩʠʩʪʝʤʘ (ʯʘʩʪʠʥʠ ʘʚʪʦʤʘʪʠʢʠ). 
ɺʥʘʩʣʽʜʦʢ ʜʝʬʦʨʤʘʮʽʾ ʛʽʣʴʟ ʧʽʜ ʯʘʩ ʩʪʨʽʣʴʙʠ ʟʘʪʚʦʨʥʘ ʨʘʤʘ ʫ ʧʝʨʝʜʥʻ 

ʧʦʣʦʞʝʥʥʷ ʥʝ ʜʦʭʦʜʠʪʴ - ʮʠʢʣʫ ʧʝʨʝʟʘʨʷʜʞʘʥʥʷ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ. 
ʛ) ɺʠʙʽʨʢʦʚʽʩʪʴ ʙʦʻʧʨʠʧʘʩʽʚ. 
ʅʝʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʩʶ ʥʦʤʝʥʢʣʘʪʫʨʫ ʙʦʻʧʨʠʧʘʩʽʚ, ʱʦ ʻ 

ʥʘ ʦʟʙʨʦʻʥʥʽ. ʇʽʜ ʯʘʩ ʩʪʨʽʣʴʙʠ ʧʘʪʨʦʥʘʤʠ ʜʝʷʢʠʭ ʧʘʨʪʽʡ, ʚʠʥʠʢʘʶʪʴ 
ʟʘʪʨʠʤʢʠ. ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʩʪʨʽʣʴʙ 30 ʤʤ ʧʘʪʨʦʥʘʤʠ ʩ ʆʌɿ ʩʥʘʨʷʜʦʤ 
ʧʘʨʪʽʾ 57-82, ʆʌɿ ʀʅ ʩʥʘʨʷʜʦʤ (ʧʘʨʪʽʡ 12-85, 86-87, 16-87, 183-91), ɹʊ 
ʩʥʘʨʷʜʦʤ (99-90) ʚʽʜʙʫʚʘʣʦʩʴ ʫʪʨʫʜʥʝʥʥʷ ʫ ʚʠʣʫʯʝʥʥʽ (ʝʢʩʪʨʘʢʮʽʾ) ʛʽʣʴʟʠ ʪʘ 
ʨʫʡʥʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʛʽʣʴʟʠ (ʪʘʙʣʠʮʷ 1). ʇʨʠ ʥʦʨʤʘʣʴʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 
+15Üʉ ʧʦʯʘʪʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʆʌɿ ʩʥʘʨʷʜʘ ʧʦʚʠʥʥʘ ʙʫʪʠ 960Ñ10 ʤ/ʩ, ɹʊ 
ʩʥʘʨʷʜʘ 970Ñ10 ʤ/ʩ, ʤʘʢʩʠʤʘʣʴʥʠʡ ʪʠʩʢ ʧʦʨʦʭʦʚʠʭ ʛʘʟʽʚ Ò 3600 ʢʛʩ/ʩʤĮ. 
ɺ ʥʘʩʣʽʜʦʢ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ ʧʦʨʦʭʦʚʠʭ ʛʘʟʽʚ ʧʽʜ ʯʘʩ ʧʦʩʪʨʽʣʫ ʫʪʨʫʜʥʝʥʘ 

(ʪʫʛʘ) ʝʢʩʪʨʘʢʮʽʷ ʛʽʣʴʟ, ʨʫʡʥʫʶʪʴʩʷ ʂɺ-30 ʟ ʫʪʚʦʨʝʥʥʷʤ ʥʘʩʢʨʽʟʥʦʛʦ ʦʪʚʦʨʫ 
ʪʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʢʣʠʥʶʚʘʥʥʷ ʟʘʪʚʦʨʘ. ʋʪʨʫʜʥʝʥʘ (ʪʫʛʘ) ʘʙʦ ʥʝʤʦʞʣʠʚʽʩʪʴ 
ʝʢʩʪʨʘʢʮʽʾ ʛʽʣʴʟ ʚʧʣʠʚʘʻ ʥʘ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʤʝʭʘʥʽʟʤʫ (ʚʫʟʣʫ) ʚʠʪʷʛʘʥʥʷ 
ʛʽʣʴʟ ʟ ʧʘʪʨʦʥʥʠʢʘ ï ʚʠʪʷʛʘʯ ʨʫʡʥʫʻʪʴʩʷ. ʈʫʡʥʫʚʘʥʥʷ ʂɺ-30 ʟ ʫʪʚʦʨʝʥʥʷʤ 
ʥʘʩʢʨʽʟʥʦʛʦ ʦʪʚʦʨʫ ʧʽʜʚʠʱʫʻ ʟʘʛʘʟʦʚʘʥʽʩʪʴ ʫ ʩʪʚʦʣʴʥʽʡ ʢʦʨʦʙʮʽ. 
ʋʪʚʦʨʶʻʪʴʩʷ ʰʘʨ ʧʦʨʦʭʦʚʦʛʦ ʥʘʛʘʨʫ ʚ ʧʘʪʨʦʥʥʠʢʫ, ʥʘ ʯʘʩʪʠʥʘʭ ʪʘ 
ʧʦʚʝʨʭʥʷʭ, ʱʦ ʪʨʫʪʴʩʷ ʨʫʭʦʤʦʾ ʩʠʩʪʝʤʠ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʫʪʨʫʜʥʶʻʪʴʩʷ 
ʨʦʙʦʪʘ ʘʚʪʦʤʘʪʠʢʠ (ʨʫʭʦʤʽ ʯʘʩʪʠʥʠ ï ʟʘʪʚʦʨʥʘ ʨʘʤʘ ʥʝ ʟʥʽʤʘʻʪʴʩʷ ʟ 
ʰʝʧʪʘʣʘ ʘʙʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝ ʜʦʭʽʜ ʫ ʧʝʨʝʜʥʻ ʧʦʣʦʞʝʥʥʷ), ʧʽʜʚʠʱʫʻʪʴʩʷ 
ʟʥʦʩ ʜʝʪʘʣʝʡ ʪʘ ʧʝʨʝʜʯʘʩʥʠʡ ʚʠʭʽʜ ʟ ʣʘʜʫ. 
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ʊʘʙʣʠʮʷ 1 ï ʇʘʨʘʤʝʪʨʠ ʩʪʨʽʣʴʙʠ ʧʘʪʨʦʥʘʤʠ ʜʝʷʢʠʭ ʧʘʨʪʽʡ 

ʇʘʪʨʦʥʠ 
ʇʦʯʘʪʢʦʚʘ 
ʰʚʠʜʢʽʩʪʴ, 
ʤ/ʩ 

ʄʘʢʩʠʤʘʣʴʥʠʡ 
ʪʠʩʢ ʧʦʨʦʭʦʚʠʭ 
ʛʘʟʽʚ, ʢʛʩ/ʩʤĮ 

ʇʨʠʤʽʪʢʘ 

ɹʊ 
983,9 3835 

ʊʫʛʘ ʝʢʩʪʨʘʢʮʽʷ ʛʽʣʴʟ. 
ʈʫʡʥʫʚʘʥʥʷ ʂɺ-30 ʟ ʫʪʚʦʨʝʥʥʷʤ 
ʥʘʩʢʨʽʟʥʦʛʦ ʦʪʚʦʨʫ 988,7 4026 

ʆʌɿ ʀʅ 994,8 3904 

ʊʫʛʘ ʝʢʩʪʨʘʢʮʽʷ ʛʽʣʴʟ. 
ʈʫʡʥʫʚʘʥʥʷ ʂɺ-30 ʟ ʫʪʚʦʨʝʥʥʷʤ 
ʥʘʩʢʨʽʟʥʦʛʦ ʦʪʚʦʨʫ. 
ɿʘʢʣʠʥʶʚʘʥʥʷ ʟʘʪʚʦʨʘ 

ʆʌɿ 985,5 4180 

ʊʫʛʘ ʝʢʩʪʨʘʢʮʽʷ ʛʽʣʴʟ. 
ʈʫʡʥʫʚʘʥʥʷ ʂɺ-30 ʟ ʫʪʚʦʨʝʥʥʷʤ 
ʥʘʩʢʨʽʟʥʦʛʦ ʦʪʚʦʨʫ. 
ɿʘʢʣʠʥʶʚʘʥʥʷ ʟʘʪʚʦʨʘ 

ʈʝʤʦʥʪ ʛʘʨʤʘʪ ʚ ʭʦʜʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʘʻ ʧʨʦʙʣʝʤʥʠʡ ʭʘʨʘʢʪʝʨ ʚʽʥ ʜʦʩʠʪʴ 
ʩʢʣʘʜʥʠʡ ʪʘ ʝʢʦʥʦʤʽʯʥʦ ʟʘʪʨʘʪʥʠʡ. ɿʘʤʽʥʘ ʯʘʩʪʠʥ ʪʘ ʤʝʭʘʥʽʟʤʽʚ, ʱʦ 
ʧʝʨʝʜʙʘʯʝʥʘ ʽʥʩʪʨʫʢʮʽʻʶ ʧʦ ʝʢʩʧʣʫʘʪʘʮʽʾ ʛʘʨʤʘʪʠ [3, 50-51],  ʥʝ ʧʝʨʝʜʙʘʯʘʻ 
ʟʘʤʽʥʫ ʜʝʪʘʣʝʡ ʜʦ ʚʽʜʩʪʨʽʣʶʚʘʥʥʷ 3000 ʧʦʩʪʨʽʣʽʚ (ʘ ʾʭ ʧʦʣʦʤʢʘ ʚʽʜʙʫʚʘʻʪʴʩʷ 
ʟʥʘʯʥʦ ʨʘʥʽʰʝ). ʈʝʤʦʥʪʥʠʡ ʢʦʤʧʣʝʢʪ ʛʘʨʤʘʪʠ ʥʝ ʧʝʨʝʜʙʘʯʘʻ ʥʘʷʚʥʽʩʪʴ 
ʜʝʷʢʠʭ ʟʘʧʘʩʥʠʭ ʯʘʩʪʠʥ ʷʢʽ ʚʠʭʦʜʷʪʴ ʟ ʣʘʜʫ, ʙʝʟ ʟʘʤʽʥʠ ʷʢʠʭ ʚʽʜʥʦʚʣʝʥʥʷ 
ʛʘʨʤʘʪʠ ʩʪʘʻ ʥʝʤʦʞʣʠʚʠʤ. 
ɽʢʩʧʣʫʘʪʘʮʽʷ ʛʘʨʤʘʪ ʫ ʚʽʡʩʴʢʦʚʠʭ ʯʘʩʪʠʥʘʭ ʚʠʤʘʛʘʻ ʥʘʷʚʥʦʩʪʽ ʬʘʭʽʚʮʽʚ 

ʟ ʨʝʤʦʥʪʫ ʦʟʙʨʦʻʥʥʷ ʚʠʩʦʢʦʾ ʢʚʘʣʽʬʽʢʘʮʽʾ. 
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ʉ. ʄ. ɹʝʟʧʘʣʠʡ
1
  

 

ʇɽʈʉʇɽʂʊʀɺʀ ɺʀʂʆʈʀʉʊɸʅʅʗ ʇɯʉʊʆʃɽʊɯɺ-ʂʋʃɽʄɽʊɯɺ 

çʌʆʈʊ-224è ʊɸ çʌʆʈʊ-226è ʇɯɼʈʆɿɼɯʃɸʄʀ ʇʆʃɯʎɯɰ 
 

1
ʅʘʮʽʦʥʘʣʴʥʘ ʘʢʘʜʝʤʽʷ ʚʥʫʪʨʽʰʥʽʭ ʩʧʨʘʚ 

 

ɸʥʦʪʘʮʽʷ 
ʋ ʨʦʙʦʪʽ ʚʠʩʚʽʪʣʝʥʦ ʧʨʠʯʠʥʠ, ʱʦ ʦʙʫʤʦʚʣʶʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʤʽʥʠ 

ʦʟʙʨʦʻʥʥʷ ʧʽʜʨʦʟʜʽʣʽʚ ʧʦʣʽʮʽʾ ʄɺʉ ʋʢʨʘʾʥʠ, ʘ ʪʘʢʦʞ ʨʦʟʢʨʠʪʦ ʧʝʨʝʚʘʛʠ 
ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʟʨʘʟʢʽʚ ʩʪʨʽʣʝʮʴʢʦʾ ʟʙʨʦʾ 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʭʝʤʘ çʙʫʣʧʘʧè, ʟʙʨʦʷ, ʰʪʫʨʤʦʚʘ ʛʚʠʥʪʽʚʢʘ, ʧʦʣʽʮʽʷ 

Abstract 
The reasons of needs to replace the armed of police of Internal Affairs of 

Ukraine and the advantages of modern small arms are highlight in the work 
Keywords: scheme çbullpupè, weapon, assault rifle, police 
 
ɺ ʋʢʨʘʾʥʽ ʘʙʩʦʣʶʪʥʘ ʙʽʣʴʰʽʩʪʴ ʧʦʣʽʮʝʡʩʴʢʠʭ ʦʟʙʨʦʻʥʽ ʧʽʩʪʦʣʝʪʘʤʠ 

ʄʘʢʘʨʦʚʘ (ʇʄ) ʪʘ ʘʚʪʦʤʘʪʘʤʠ ʂʘʣʘʰʥʠʢʦʚʘ (ɸʂʉ-74ʋ), ʷʢʽ ʥʝ 
ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ʜʦ ʧʦʣʽʮʝʡʩʴʢʦʾ ʟʙʨʦʾ ʟ ʜʝʢʽʣʴʢʦʭ ʧʨʠʯʠʥ. ʊʘʢ, ʇʄ 
ʤʘʻ ʤʘʛʘʟʠʥ ʤʘʣʦʾ ʻʤʢʦʩʪʽ, ʘ ʢʫʣʷ ʧʘʪʨʦʥʫ 9ʭ18-ʤʤ ʇʄ ʤʘʻ ʤʘʣʫ ʧʨʦʙʠʚʥʫ 
ʪʘ ʚʙʠʚʯʫ ʩʠʣʫ, ʱʦ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʥʝʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʩʪʨʽʣʴʙʠ ʫʩʢʣʘʜʥʶʻ 
ʤʦʞʣʠʚʽʩʪʴ ʜʣʷ ʧʦʣʽʮʝʡʩʴʢʦʛʦ ʚʠʡʪʠ ʧʝʨʝʤʦʞʮʝʤ ʫ ʚʦʛʥʝʚʦʤʫ ʢʦʥʪʘʢʪʽ ʟ 
ʧʨʘʚʦʧʦʨʫʰʥʠʢʦʤ [1]. ɸʚʪʦʤʘʪ ʂʘʣʘʰʥʠʢʦʚʘ ʟ ʚʢʦʨʦʯʝʥʠʤ ʩʪʚʦʣʦʤ (ɸʂʉ-
74ʋ) ʙʫʚ ʩʪʚʦʨʝʥʠʡ ʚ ʢʽʥʮʽ 70-ʭ ʨʦʢʽʚ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ ʥʘ ʙʘʟʽ ʘʚʪʦʤʘʪʘ 
ɸʂ-74 ʡ ʧʨʠʟʥʘʯʘʚʩʷ ʥʝ ʜʣʷ ʦʟʙʨʦʻʥʥʷ ʤʽʣʽʮʽʾ, ʘ ʜʣʷ ʝʢʽʧʘʞʽʚ ʙʦʡʦʚʠʭ 
ʤʘʰʠʥ, ʦʙʩʣʫʛʠ ʛʘʨʤʘʪ ʪʘ ʽʥʰʠʭ ʚʽʡʩʴʢʦʚʦʩʣʫʞʙʦʚʮʽʚ, ʜʣʷ ʷʢʠʭ 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʚʪʦʤʘʪʘ ɸʂ-74 ʩʪʚʦʨʶʚʘʣʦ ʟʥʘʯʥʽ ʪʨʫʜʥʦʱʽ. ʂʨʽʤ ʪʦʛʦ, 
ɸʂʉ-74ʋ ʤʘʻ ʤʘʣʫ ʪʦʯʥʽʩʪʴ ʩʪʨʽʣʴʙʠ ʟʘ ʚʝʣʠʢʦʾ ʜʘʣʴʥʦʩʪʽ ʧʦʣʴʦʪʫ ʢʫʣʽ, ʥʘ 
ʷʢʽʡ ʟʙʝʨʽʛʘʻʪʴʩʷ ʾʾ ʚʙʠʚʯʘ ʩʠʣʘ, ʱʦ ʤʦʞʝ ʩʪʘʪʠ ʧʨʠʯʠʥʦʶ ʫʨʘʞʝʥʥʷ 
ʩʪʦʨʦʥʥʽʭ ʦʩʽʙ [1]. ʆʪʞʝ, ʦʟʙʨʦʻʥʥʷ ʧʽʜʨʦʟʜʽʣʽʚ ʧʦʣʽʮʽʾ ʄɺʉ ʋʢʨʘʾʥʠ 
ʤʦʨʘʣʴʥʦ ʟʘʩʪʘʨʽʣʦ, ʘ ʧʠʪʘʥʥʷ ʱʦʜʦ ʡʦʛʦ ʟʘʤʽʥʠ ʜʦʩʽ ʥʝ ʚʠʨʽʰʝʥʝ, ʭʦʯʘ 
ʪʘʢʽ ʩʧʨʦʙʠ ʚʞʝ ʙʫʣʠ.  

ʅʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʢʦʞʥʠʡ ʧʽʜʨʦʟʜʽʣ ʄɺʉ ʋʢʨʘʾʥʠ ʤʘʻ ʩʚʦʾ 
ʟʘʚʜʘʥʥʷ ʪʘ ʚʽʜʧʦʚʽʜʥʝ ʦʟʙʨʦʻʥʥʷ ʜʣʷ ʾʭ ʚʠʢʦʥʘʥʥʷ. ʇʨʦʪʝ, ʷʢ ʧʦʢʘʟʫʻ 
ʧʨʘʢʪʠʢʘ, ʚ ʫʤʦʚʘʭ ʫʩʢʣʘʜʥʝʥʥʷ ʢʨʠʤʽʥʦʛʝʥʥʦʾ ʦʙʩʪʘʥʦʚʢʠ ʧʦʣʽʮʝʡʩʴʢʽ 
ʧʦʚʠʥʥʽ ʤʘʪʠ ʟʙʨʦʶ, ʟ ʷʢʦʶ ʚʦʥʠ ʤʦʞʫʪʴ ʧʨʦʪʠʩʪʦʷʪʠ ʢʨʠʤʽʥʘʣʴʥʠʤ 
ʫʛʨʫʧʦʚʘʥʥʷʤ, ʦʟʙʨʦʻʥʠʤ ʩʫʯʘʩʥʦʶ ʟʙʨʦʻʶ. 

ʈʦʙʦʪʘ ʥʘʜ ʢʦʥʩʪʨʫʶʚʘʥʥʷʤ ʟʙʨʦʾ, ʨʦʟʨʦʙʣʝʥʦʾ ʟʘ ʩʭʝʤʦʶ çʙʫʣʧʘʧè 
(ʘʥʛʣ. Bullpup), ʚ ʷʢʽʡ ʫʜʘʨʥʠʡ ʤʝʭʘʥʽʟʤ ʽ ʤʘʛʘʟʠʥ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʧʨʠʢʣʘʜʽ 
ʧʦʟʘʜʫ ʩʧʫʩʢʦʚʦʛʦ ʛʘʯʢʘ, ʚ ʙʽʣʴʰʦʩʪʽ ʧʨʦʚʽʜʥʠʭ ʢʨʘʾʥ ʩʚʽʪʫ ʨʦʟʧʦʯʘʣʘʩʷ ʱʝ 
ʚ ʜʨʫʛʽʡ ʧʦʣʦʚʠʥʽ ʍʍ ʩʪʦʣʽʪʪʷ [2]. ʇʦ-ʧʝʨʰʝ, ʧʦʰʫʢ ʥʦʚʠʭ ʩʭʝʤ 
ʤʘʣʦʛʘʙʘʨʠʪʥʦʾ ʟʙʨʦʾ ʙʫʚ ʟʫʤʦʚʣʝʥʠʡ ʥʝʦʙʭʽʜʥʽʩʪʶ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ 
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ʩʦʣʜʘʪʘʤʠ, ʨʦʟʤʽʱʝʥʠʤʠ ʚʩʝʨʝʜʠʥʽ ʥʦʚʦʩʪʚʦʨʝʥʠʭ ʙʦʡʦʚʠʭ ʤʘʰʠʥ ʧʽʭʦʪʠ, 
ʙʨʦʥʝʪʨʘʥʩʧʦʨʪʝʨʽʚ ʽ ʜʝʩʘʥʪʥʠʭ ʚʝʨʪʦʣʴʦʪʽʚ, ʘ ʪʘʢʦʞ ʧʦʪʨʝʙʦʶ ʟʤʝʥʰʝʥʥʷ 
ʚʘʛʠ ʪʘ ʨʦʟʤʽʨʽʚ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʝʢʽʧʽʨʫʚʘʥʥʷ ʡ ʦʟʙʨʦʻʥʥʷ 
ʚʽʡʩʴʢʦʚʦʩʣʫʞʙʦʚʮʽʚ. ʇʦ-ʜʨʫʛʝ, ʦʩʥʦʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʦʾ 
ʩʪʨʽʣʝʮʴʢʦʾ ʟʙʨʦʾ ʩʪʘʣʦ ʾʾ ʤʦʜʝʣʶʚʘʥʥʷ ʷʢ ʻʜʠʥʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʱʦ ʥʘʜʘʻ 
ʤʦʞʣʠʚʽʩʪʴ ʩʪʨʽʣʴʮʶ ʰʚʠʜʢʦ ʧʝʨʝʦʙʣʘʜʥʫʚʘʪʠ ʡʦʛʦ ʟ ʦʜʥʦʛʦ ʟʨʘʟʢʘ ʚ 
ʽʥʰʠʡ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʥʘʷʚʥʦʛʦ ʚʦʛʥʝʚʦʛʦ ʟʘʚʜʘʥʥʷ ʱʦʜʦ 
ʟʥʠʱʝʥʥʷ ʧʨʦʪʠʚʥʠʢʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʠʭ ʙʦʻʧʨʠʧʘʩʽʚ. ɼʝʷʢʽ ʟʨʘʟʢʠ 
ʟʙʨʦʾ, ʱʦ ʤʘʶʪʴ ʩʪʘʪʠ ʙʘʟʦʶ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʚʞʝ ʨʦʟʨʦʙʣʝʥʽ, 
ʚʠʧʫʩʢʘʶʪʴʩʷ ʽ ʥʘʚʽʪʴ ʧʝʨʝʙʫʚʘʶʪʴ ʥʘ ʦʟʙʨʦʻʥʥʽ ʨʷʜʫ ʢʨʘʾʥ. ʆʪʞʝ, 
ʧʝʨʝʚʘʛʘʤʠ ʩʭʝʤʠ çʙʫʣʧʘʧè ʻ ʢʦʤʧʘʢʪʥʽʩʪʴ, ʚʠʩʦʢʘ ʢʫʧʯʘʩʪʽʩʪʴ ʙʦʶ, 
ʟʨʫʯʥʝ ʧʝʨʝʟʘʨʷʜʞʝʥʥʷ ʧʽʜ ʯʘʩ ʩʪʨʽʣʴʙʠ ʯʝʨʝʟ ʙʽʡʥʠʮʽ [2, 3].  

ʇʨʦʪʝ ʟʙʨʦʷ, ʨʦʟʨʦʙʣʝʥʘ ʟʘ ʩʭʝʤʦʶ çʙʫʣʧʘʧè ʤʘʻ ʡ ʨʷʜ ʥʝʜʦʣʽʢʽʚ, 
ʧʦʚôʷʟʘʥʠʭ ʟ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʾʭʥʴʦʾ ʢʦʥʩʪʨʫʢʮʽʾ: ʚʠʭʽʜ ʧʦʨʦʭʦʚʠʭ ʛʘʟʽʚ ʪʘ 
ʝʢʩʪʨʘʢʮʽʷ ʩʪʨʽʣʷʥʠʭ ʛʽʣʴʟ ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʣʠʟʴʢʦ ʜʦ ʦʙʣʠʯʯʷ ʩʪʨʽʣʴʮʷ, ʱʦ 
ʨʘʟʦʤ ʟ ʤʘʣʦʶ ʜʦʚʞʠʥʦʶ ʧʨʠʮʽʣʴʥʦʾ ʣʽʥʽʾ ʪʘ ʚʠʩʦʢʠʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ 
ʧʨʠʮʽʣʴʥʠʭ ʧʨʠʩʪʦʩʫʚʘʥʴ ʫʩʢʣʘʜʥʶʻ ʪʦʯʥʽʩʪʴ ʧʨʠʮʽʣʶʚʘʥʥʷ [3].  

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ ʧʨʦʙʣʝʤ ʚ ʋʢʨʘʾʥʽ ʟ 2009 ʨʦʢʫ 
ʂʘʟʝʥʥʝ ʥʘʫʢʦʚʦ-ʚʠʨʦʙʥʠʯʝ ʦʙôʻʜʥʘʥʥʷ çʌʦʨʪè ʚʠʨʦʙʣʷʻ ʤʦʜʠʬʽʢʘʮʽʾ 
ʽʟʨʘʾʣʴʩʴʢʦʾ ʰʪʫʨʤʦʚʦʾ ʛʚʠʥʪʽʚʢʠ TAR-21, ʨʦʟʨʦʙʣʝʥʽ ʟʘ ʩʭʝʤʦʶ çʙʫʣʧʘʧè, 
ʱʦ ʚʠʧʫʩʢʘʶʪʴʩʷ ʧʽʜ ʤʘʨʢʘʤʠ çʌʦʨʪ-221è, çʌʦʨʪ-222è, çʌʦʨʪ-223è, 
çʌʦʨʪ-224è, çʌʦʨʪ-226è ʟ ʚʣʘʩʥʠʭ ʢʦʤʧʣʝʢʪʫʶʯʠʭ.  

ʇʽʩʪʦʣʝʪ-ʢʫʣʝʤʝʪ çʌʦʨʪ-224è, ʨʦʟʨʦʙʣʝʥʠʡ ʧʽʜ ʧʘʪʨʦʥ 9ʭ19-ʤʤ Luger, 
ʧʣʘʥʫʻʪʴʩʷ ʧʨʠʡʥʷʪʠ ʥʘ ʦʟʙʨʦʻʥʥʷ ʧʦʣʽʮʽʾ ʥʘ ʟʤʽʥʫ ʤʦʨʘʣʴʥʦ ʟʘʩʪʘʨʽʣʠʭ 
ɸʂʉ-74ʋ. ʈʦʙʦʪʘ ʘʚʪʦʤʘʪʠʢʠ ʧʽʩʪʦʣʝʪʘ-ʢʫʣʝʤʝʪʘ çʌʦʨʪ-224è ˇʨʫʥʪʫʻʪʴʩʷ 
ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʝʥʝʨʛʽʾ ʛʘʟʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʛʦʣʦʚʢʫ ʧʦʨʰʥʷ. 
ʇʦʻʜʥʫʶʯʠ ʚ ʩʦʙʽ ʧʦʨʪʘʪʠʚʥʽʩʪʴ ʧʽʩʪʦʣʝʪʘ ʟ ʙʝʟʧʝʨʝʨʚʥʽʩʪʶ ʢʫʣʝʤʝʪʥʦʛʦ 
ʚʦʛʥʶ, ʚʦʥʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʫʨʘʞʝʥʥʷ ʮʽʣʝʡ ʥʘ ʜʘʣʴʥʦʩʪʽ 200 ʤ ʚ ʫʤʦʚʘʭ 
ʤʽʩʪʘ, ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʭʦʨʦʰʦʶ ʩʪʽʡʢʽʩʪʶ ʜʦ ʫʜʘʨʽʚ, ʢʦʤʬʦʨʪʥʽʩʪʶ 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʽ ʪʦʯʥʽʩʪʶ ʧʨʠʮʽʣʶʚʘʥʥʷ, ʱʦ ʻ ʚʢʨʘʡ ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ 
ʚʝʜʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʛʦ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʦʛʥʶ. ʇʽʩʪʦʣʝʪ-ʢʫʣʝʤʝʪ ʤʦʞʥʘ 
ʣʝʛʢʦ ʧʝʨʝʦʙʣʘʜʥʘʪʠ ʚ ʰʪʫʨʤʦʚʫ ʛʚʠʥʪʽʚʢʫ ʡ ʥʘʚʧʘʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 
ʢʦʥʚʝʨʩʽʡʥʦʛʦ ʢʦʤʧʣʝʢʪʫ, ʱʦ ʤʽʩʪʠʪʴ ʩʪʚʦʣ, ʟʘʪʚʦʨʥʫ ʨʘʤʫ ʽ ʧʨʠʡʤʘʯ 
ʤʘʛʘʟʠʥʫ. ɿʙʨʦʷ ʤʦʞʝ ʜʦʧʦʚʥʶʚʘʪʠʩʷ ʪʘʢʪʠʯʥʠʤ ʣʽʭʪʘʨʝʤ, ʣʘʟʝʨʥʠʤ 
ʧʦʢʘʞʯʠʢʦʤ, ʦʧʪʠʯʥʠʤ ʽ ʥʽʯʥʠʤ ʧʨʠʮʽʣʦʤ ʟ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ 
ʽʥʬʨʘʯʝʨʚʦʥʦʾ, ʦʧʪʠʯʥʦʾ ʪʘ ʟʚʫʢʦʚʦʾ ʧʦʤʽʪʥʦʩʪʽ [2, 3].  

ʇʽʩʪʦʣʝʪ-ʢʫʣʝʤʝʪ çʌʦʨʪ-226è ʻ ʚʜʦʩʢʦʥʘʣʝʥʠʤ ʚʘʨʽʘʥʪʦʤ 
ʽʟʨʘʾʣʴʩʴʢʦʛʦ ʧʽʩʪʦʣʝʪʘ-ʢʫʣʝʤʝʪʘ Micro-Uzi, ʚʽʜ ʷʢʦʛʦ ʚʽʥ ʚʽʜʨʽʟʥʷʻʪʴʩʷ 
ʧʦʣʽʧʰʝʥʦʶ ʝʨʛʦʥʦʤʽʢʦʶ, ʥʘʷʚʥʽʩʪʶ ʪʨʴʦʭ ʧʣʘʥʦʢ ʇʽʢʘʪʽʥʽ ʥʘ ʢʨʠʰʮʽ 
ʩʪʚʦʣʴʥʦʾ ʢʦʨʦʙʢʠ ʪʘ ʟ ʙʦʢʽʚ. ʈʫʯʢʘ ʟʚʝʜʝʥʥʷ ʟʘʪʚʦʨʘ ʧʝʨʝʥʝʩʝʥʘ ʟʚʝʨʭʫ ʥʘ 
ʣʽʚʫ ʩʪʦʨʦʥʫ ʩʪʚʦʣʴʥʦʾ ʢʦʨʦʙʢʠ, ʱʦ ʥʘʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʚʩʪʘʥʦʚʠʪʠ ʥʘ ʮʝ 
ʤʽʩʮʝ ʜʦʜʘʪʢʦʚʫ ʧʣʘʥʢʫ ʇʽʢʘʪʽʥʽ. ʋʜʘʨʥʦ-ʩʧʫʩʢʦʚʠʡ ʤʝʭʘʥʽʟʤ ʥʘʜʘʻ 
ʤʦʞʣʠʚʽʩʪʴ ʜʣʷ ʚʝʜʝʥʥʷ ʩʪʨʽʣʴʙʠ ʯʝʨʛʘʤʠ ʽ ʧʦʦʜʠʥʦʢʠʤʠ ʧʦʩʪʨʽʣʘʤʠ.  
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ʂʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʟʘʟʥʘʯʝʥʠʭ ʟʨʘʟʢʽʚ ʟʙʨʦʾ ʻ 
ʤʦʞʣʠʚʽʩʪʴ ʾʭʥʴʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʙʘʟʠ ʜʣʷ ʤʦʜʫʣʴʥʦʛʦ ʩʪʨʽʣʝʮʴʢʦ-
ʛʨʘʥʘʪʦʤʝʪʥʦʛʦ ʢʦʤʧʣʝʢʩʫ. ʂʦʨʧʫʩ ʰʪʫʨʤʦʚʠʭ ʛʚʠʥʪʽʚʦʢ ʚʠʛʦʪʦʚʣʝʥʠʡ ʟ 
ʚʠʩʦʢʦʤʽʮʥʠʭ ʧʦʣʽʤʝʨʽʚ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʣʝʛʢʠʤʠ ʩʧʣʘʚʘʤʠ. ʋʜʘʨʦʩʪʽʡʢʠʡ 
ʢʦʨʧʫʩ ʫ ʥʘʡʙʽʣʴʰ ʚʨʘʟʣʠʚʠʭ ʤʽʩʮʷʭ ʧʦʩʠʣʝʥʦ ʩʪʘʣʝʚʠʤʠ ʚʩʪʘʚʢʘʤʠ. 
ɻʘʟʦʚʽʜʚʽʜʥʠʡ ʚʫʟʦʣ ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘʜ ʩʪʚʦʣʦʤ ʽ ʧʦʚʥʽʩʪʶ ʧʨʠʭʦʚʘʥʠʡ 
ʢʦʨʧʫʩʦʤ ʟʙʨʦʾ. ɻʘʟʦʚʠʡ ʧʦʨʰʝʥʴ ʤʘʻ ʜʦʚʛʠʡ ʨʦʙʦʯʠʡ ʭʽʜ ʽ ʞʦʨʩʪʢʦ 
ʟʘʬʽʢʩʦʚʘʥʠʡ ʥʘ ʨʘʤʽ ʟʘʪʚʦʨʘ. ɿʘʪʚʦʨ ʧʦʚʦʨʦʪʥʠʡ, ʟʘʤʠʢʘʻʪʴʩʷ ʟʘ ʩʪʚʦʣ ʥʘ 
7 ʙʦʡʦʚʠʭ ʫʧʦʨʽʚ. ɺʠʢʠʜʘʯ ʽ ʚʽʜʙʠʚʘʯ ʟʘʢʨʽʧʣʝʥʽ ʥʘ ʟʘʪʚʦʨʽ. ʂʦʤʧʣʝʢʪ ʟʙʨʦʾ 
ʤʽʩʪʠʪʴ ʜʚʘ ʚʟʘʻʤʦʟʘʤʽʥʥʠʭ ʚʘʨʽʘʥʪʠ ʟʘʪʚʦʨʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʢʠʜ 
ʩʪʨʽʣʷʥʠʭ ʛʽʣʴʟ ʥʘ ʧʨʘʚʫ ʘʙʦ ʥʘ ʣʽʚʫ ʩʪʦʨʦʥʫ ʟʙʨʦʾ, ʘ ʚ ʢʦʨʧʫʩʽ ʟʙʨʦʾ 
ʟʨʦʙʣʝʥʽ ʜʚʘ ʚʽʢʥʘ ʜʣʷ ʚʠʢʠʜʫ ʩʪʨʽʣʷʥʠʭ ʛʽʣʴʟ. ɿʘʪʚʦʨʥʘ ʨʘʤʘ ʨʫʭʘʻʪʴʩʷ 
ʚʩʝʨʝʜʠʥʽ ʢʦʨʧʫʩʫ ʥʘ ʦʜʥʦʤʫ ʥʘʧʨʷʤʥʦʤʫ ʱʘʙʣʽ, ʘ ʥʘʜ ʥʠʤ 
ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʧʦʚʦʨʦʪʥʘ ʧʨʫʞʠʥʘ, ʯʘʩʪʢʦʚʦ ʧʨʠʭʦʚʘʥʘ ʚʩʝʨʝʜʠʥʽ 
ʧʦʨʦʞʥʴʦʛʦ ʰʪʦʢʘ ʛʘʟʦʚʦʛʦ ʧʦʨʰʥʷ [2, 3].  

ʅʝʧʦʚʥʝ ʨʦʟʙʠʨʘʥʥʷ ʰʪʫʨʤʦʚʠʭ ʛʚʠʥʪʽʚʦʢ ʪʘ ʧʽʩʪʦʣʝʪʽʚ-ʢʫʣʝʤʝʪʽʚ 
çʌʦʨʪè ʣʝʛʢʦ ʟʜʽʡʩʥʠʪʠ ʚ ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʽʚ. 
ɼʣʷ ʪʦʛʦ, ʱʦʙ ʨʦʟʽʙʨʘʪʠ ʟʙʨʦʶ, ʜʦʩʠʪʴ ʚʠʰʪʦʚʭʥʫʪʠ ʟôʻʜʥʫʚʘʣʴʥʠʡ 
ʩʪʝʨʞʝʥʴ ʫ ʚʝʨʭʥʽʡ ʟʘʜʥʽʡ ʯʘʩʪʠʥʽ ʧʨʠʢʣʘʜʫ, ʧʽʩʣʷ ʯʦʛʦ ʚʽʜʢʠʥʫʪʠ ʥʘʟʘʜ-
ʚʥʠʟ ʟʘʪʠʣʴʥʠʢ ʧʨʠʢʣʘʜʫ ʡ ʚʠʪʷʛʥʫʪʠ ʟʘʪʚʦʨʥʫ ʨʘʤʫ.  

ʇʽʜʩʫʤʦʚʫʶʯʠ ʚʠʱʝʚʠʢʣʘʜʝʥʝ ʤʦʞʥʘ ʢʦʥʩʪʘʪʫʚʘʪʠ, ʱʦ ʚ ʋʢʨʘʾʥʽ ʚʞʝ 
ʨʦʟʧʦʯʘʚʩʷ ʚʠʧʫʩʢ ʟʙʨʦʾ, ʷʢʠʤʠ ʚ ʧʝʨʩʧʝʢʪʠʚʽ ʤʦʞʫʪʴ ʙʫʪʠ ʦʟʙʨʦʻʥʽ 
ʧʽʜʨʦʟʜʽʣʠ ʧʦʣʽʮʽʾ. ʇʨʦʪʝ, ʟʘʣʠʰʘʶʪʴʩʷ ʥʝ ʚʠʨʽʰʝʥʠʤʠ ʧʠʪʘʥʥʷ ʱʦʜʦ 
ʩʝʨʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘʟʥʘʯʝʥʠʭ ʟʨʘʟʢʽʚ ʟʙʨʦʾ ʪʘ ʦʟʙʨʦʻʥʥʷ ʥʠʤʠ 
ʧʽʜʨʦʟʜʽʣʽʚ ʧʦʣʽʮʽʾ ʟʛʽʜʥʦ ʟ ʾʭ ʟʘʚʜʘʥʥʷʤʠ. 
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ʋɼʆʉʂʆʅɸʃɽʅʅʗ ʂʆʅʉʊʈʋʂʎɯɰ ɻʈɸʅɸʊʀ ʈɻɼ-5  

ɿ ʄɽʊʆʖ ʇɯɼɺʀʑɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ɰɰ ɿɸʉʊʆʉʋɺɸʅʅʗ 

 
1
ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɸʥʦʪʘʮʽʷ 

ʇʨʝʜʩʪʘʚʣʝʥʦ ʦʛʣʷʜ ʢʦʥʩʪʨʫʢʮʽʾ ʨʫʯʥʦʾ ʛʨʘʥʘʪʠ ʈɻɼ-5. ɿʘʧʨʦʧʦʥʦʚʘʥʦ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʛʨʘʥʘʪʠ ʈɻɼ-5 ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʨʘʥʘʪʘ, ʚʠʙʫʭʦʚʘ ʨʝʯʦʚʠʥʘ, ʫʣʘʤʢʠ, ʜʝʪʦʥʘʪʦʨ, 

ʚʨʘʞʘʶʯʠʡ ʝʣʝʤʝʥʪ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʫʨʘʞʝʥʥʷ ʮʽʣʽ  

Abstract  

The review of design of hand grenade RGD-5 are presented. Describe its 

advantages and disadvantages. An improvement of construction grenades RGD-

5 to increase the efficiency of its use is proposed 

Keywords: grenade, explosive, debris, detonator, striking element, 

efficacy, destruction of the target 

 

ʈʫʯʥʘ ʛʨʘʥʘʪʘ ʈɻɼ-5 ï ʧʨʦʪʠʧʽʭʦʪʥʘ ʫʣʘʤʢʦʚʘ ʨʫʯʥʘ ʛʨʘʥʘʪʘ 

ʜʠʩʪʘʥʮʽʡʥʦʾ ʜʽʾ, ʥʘʩʪʫʧʘʣʴʥʦʛʦ ʪʠʧʫ. ʆʩʥʦʚʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ʛʨʘʥʘʪʠ ʈɻɼ-5 

ï ʫʨʘʞʝʥʥʷ ʦʩʦʙʦʚʦʛʦ ʩʢʣʘʜʫ ʩʫʧʨʦʪʠʚʥʠʢʘ ʫʣʘʤʢʘʤʠ ʢʦʨʧʫʩʫ. 

ɻʨʘʥʘʪʘ ʈɻɼ-5 (ʨʠʩ. 1) ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʦʨʧʫʩʫ, ʚʠʙʫʭʦʚʦʛʦ ʟʘʨʷʜʫ ʪʘ 

ʟʘʧʘʣʫ. ʂʦʨʧʫʩ ʩʣʫʞʠʪʴ ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʨʦʟʨʠʚʥʦʛʦ ʟʘʨʷʜʫ ʡ ʪʨʫʙʢʠ ʜʣʷ 

ʟʘʧʘʣʫ ʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʝʨʭʥʴʦʾ ʡ ʥʠʞʥʴʦʾ ʯʘʩʪʠʥ. ɼʦ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ 

ʢʦʨʧʫʩʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʥʞʝʪʠ ʧʨʠʻʜʥʫʻʪʴʩʷ ʪʨʫʙʢʘ ʜʣʷ ʟʘʧʘʣʫ, ʱʦ 

ʩʣʫʞʠʪʴ ʜʣʷ ʧʨʠʻʜʥʘʥʥʷ ʟʘʧʘʣʫ ʜʦ ʛʨʘʥʘʪʠ ʡ ʛʝʨʤʝʪʠʟʘʮʽʾ ʨʦʟʨʠʚʥʦʛʦ 

ʟʘʨʷʜʫ ʚ ʢʦʨʧʫʩʽ [1]. 

ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʪʨʫʙʢʠ ʚ ʥʝʾ ʚʛʚʠʥʯʫʻʪʴʩʷ ʧʣʘʩʪʤʘʩʦʚʘ 

ʧʨʦʙʢʘ. 

ʇʦʚʥʘ ʚʘʛʘ ʛʨʘʥʘʪʠ ʟ ʟʘʧʘʣʦʤ ʩʪʘʥʦʚʠʪʴ 310 ʛʨ., ʟʘʨʷʜ ʚʠʙʫʭʦʚʦʾ 

ʨʝʯʦʚʠʥʠ ï ʮʝ ʪʨʦʪʠʣ, ʚʘʛʦʶ 110 ʛʨ. 

ʅʝʜʦʣʽʢʦʤ ʨʫʯʥʦʾ ʛʨʘʥʘʪʠ ʈɻɼ-5 ʻ ʪʝ, ʱʦ ʩʧʨʘʮʶʚʘʥʥʷ ʛʨʘʥʘʪʠ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʟʨʠʚʫ ʢʦʨʧʫʩʫ ʥʘ ʥʝʦʜʥʘʢʦʚʽ ʫʣʘʤʢʠ. 

ʆʪʞʝ, ʚ ʦʩʥʦʚʫ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʛʨʘʥʘʪʠ ʧʦʩʪʘʚʣʝʥʦ ʟʘʜʘʯʫ ʟʘʙʝʟʧʝʯʠʪʠ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫʜʦʩʢʦʥʘʣʝʥʦʾ ʨʫʯʥʦʾ ʛʨʘʥʘʪʠ 

ʈɻɼ-5, ʧʦʨʽʚʥʷʥʦ ʟ ʙʘʟʦʚʠʤ ʚʘʨʽʘʥʪʦʤ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʫʪʚʦʨʝʥʥʷ 

ʜʨʫʛʦʾ ʭʚʠʣʽ ʫʣʘʤʢʽʚ ʦʜʥʘʢʦʚʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ, ʱʦ ʥʘʜʘʻ ʟʤʦʛʫ 
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ʚʨʘʞʘʪʠ ʮʽʣʽ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʫʢʨʠʪʪʷʭ ʘʙʦ ʟʘ ʧʝʨʝʰʢʦʜʘʤʠ, ʧʨʠ ʮʴʦʤʫ 

ʟʙʽʣʴʰʫʶʯʠ ʚʽʨʦʛʽʜʥʽʩʪʴ ʚʨʘʞʝʥʥʷ ʮʽʣʝʡ ʚ ʟʦʥʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʾ ʛʨʘʥʘʪʠ. 

 

 
ʘ 

 
ʙ 

ʈʠʩʫʥʦʢ 1 ï  ʈʫʯʥʘ ʛʨʘʥʘʪʘ ʈɻɼ-5: 

ʘ ï ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ; ʙ ï ʢʦʥʩʪʨʫʮʽʷ;  

1 - ʨʦʟʨʠʚʥʠʡ ʟʘʨʷʜ; 2 - ʢʦʨʧʫʩ; 3 - ʢʦʚʧʘʢ; 4 - ʚʢʣʘʜʠʰ ʢʦʚʧʘʢʘ; 5 - ʪʨʫʙʢʘ 

ʜʣʷ ʟʘʧʘʣʫ; 6 - ʤʘʥʞʝʪʘ; 7 - ʟʘʧʘʣ; 8 - ʧʽʜʜʦʥ; 9 - ʚʢʣʘʜʠʰ ʧʽʜʜʦʥʘ 

 

ʋʜʦʩʢʦʥʘʣʝʥʘ ʨʫʯʥʘ ʦʩʢʦʣʦʯʥʘ ʛʨʘʥʘʪʘ ʈɻɼ-5 ʩʢʣʘʜʘʻʪʴʩʷ ʟ (ʨʠʩ. 2) 

ʢʦʨʧʫʩʫ 1, ʤʝʪʘʣʴʥʦʛʦ ʟʘʨʷʜʫ 2, ʦʪʚʽʨʫ ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʤʝʭʘʥʽʟʤʫ 

ʧʨʠʚʝʜʝʥʥʷ ʚ ʜʽʶ ʤʝʪʘʣʴʥʦʛʦ ʟʘʨʷʜʫ 3, ʤʝʭʘʥʽʟʤʫ ʧʨʠʚʝʜʝʥʥʷ ʚ ʜʽʶ 

ʤʝʪʘʣʴʥʦʛʦ ʟʘʨʷʜʫ 4, ʢʦʨʧʫʩʫ ʤʝʭʘʥʽʟʤʫ ʧʨʠʚʝʜʝʥʥʷ ʚ ʜʽʶ ʤʝʪʘʣʴʥʦʛʦ 

ʟʘʨʷʜʫ 5, ʚʠʙʫʭʦʚʦʾ ʨʝʯʦʚʠʥʠ 6, ʢʘʧʩʫʣʴ-ʟʘʧʘʣʶʚʘʯʘ 7, ʫʧʦʚʽʣʴʥʶʚʘʯʘ 8, 

ʢʘʧʩʫʣʴ-ʜʝʪʦʥʘʪʦʨʘ 9, ʫʜʘʨʥʠʢʘ 10, ʧʨʫʞʠʥʠ 11, ʯʝʢʠ 12, ʢʽʣʴʮʷ 13, ʚʘʞʝʣʷ 

14, ʚʨʘʞʘʶʯʠʭ ʝʣʝʤʝʥʪʽʚ 15, ʚʝʨʭʥʴʦʾ ʝʢʨʘʥʫʶʯʦʾ ʧʣʘʩʪʠʥʠ 16, ʥʠʞʥʴʦʾ 

ʝʢʨʘʥʫʶʯʦʾ ʧʣʘʩʪʠʥʠ 17, ʫʧʦʚʽʣʴʥʶʚʘʯʘ ʚʨʘʞʘʶʯʦʛʦ ʝʣʝʤʝʥʪʫ 18, 

ʤʝʪʘʣʴʥʦʛʦ ʟʘʨʷʜʫ ʚʨʘʞʘʶʯʦʛʦ ʝʣʝʤʝʥʪʫ 19, ʚʨʘʞʘʶʯʠʭ ʩʝʛʤʝʥʪʽʚ 20, 

ʢʦʥʮʝʥʪʨʘʪʦʨʽʚ ʥʘʧʨʫʛʠ 21. 

ʋʜʦʩʢʦʥʘʣʝʥʘ ʛʨʘʥʘʪʘ ʈɻɼ-5 ʩʧʨʘʮʴʦʚʫʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ɼʣʷ 

ʧʨʠʚʝʜʝʥʥʷ ʚ ʜʽʶ ʛʨʘʥʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʽʣʴʮʷ 13 ʚʠʪʷʛʫʻʪʴʩʷ ʯʝʢʘ 12 

ʤʝʭʘʥʽʟʤʫ ʧʨʠʚʝʜʝʥʥʷ ʚ ʜʽʶ ʤʝʪʘʣʴʥʦʛʦ ʟʘʨʷʜʫ 4, ʷʢʠʡ ʢʦʥʪʘʢʪʫʻ ʟ 

ʢʦʨʧʫʩʦʤ 1 ʟʘʚʜʷʢʠ ʢʦʥʪʘʢʪʫʚʘʥʥʶ ʥʘʨʽʟʽ ʢʦʨʧʫʩʫ ʤʝʭʘʥʽʟʤʫ ʧʨʠʚʝʜʝʥʥʷ ʚ 

ʜʽʶ ʤʝʪʘʣʴʥʦʛʦ ʟʘʨʷʜʫ 5 ʪʘ ʥʘʨʽʟʽ ʦʪʚʦʨʫ ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʤʝʭʘʥʽʟʤʫ 

ʧʨʠʚʝʜʝʥʥʷ ʚ ʜʽʶ ʤʝʪʘʣʴʥʦʛʦ ʟʘʨʷʜʫ 3 ʫ ʚʝʨʭʥʽʡ ʝʢʨʘʥʫʶʯʽʡ ʧʣʘʩʪʠʥʽ 16 

(ʜʠʚ. ʨʠʩ. 2).  ʇʽʩʣʷ  ʪʦʛʦ,  ʷʢ  ʯʝʢʘ  12 ʟʚʽʣʴʥʠʪʴ ʚʽʜ ʫʪʨʠʤʘʥʥʷ ʫʜʘʨʥʠʢ 10,  


















































































































































































































































































































































































































































































































































































































































































































