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ʈʝʜʘʢʮʠʷ ʘʣץʘʩʳ: 

ʈʝʜʘʢʮʠʦʥʥʘʷ ʢʦʣʣʝʛʠʷ: 

 

ɹʘʩ ʨʝʜʘʢʪʦʨʳ 

ɻʣʘʚʥʳʡ ʨʝʜʘʢʪʦʨ 

ɼʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɼʞʘʤʘʥʙʘʣʠʥ ʂ. ʂ. 

ɹʘʩ ʨʝʜʘʢʪʦʨʜʳϬ ʦʨʳʥʙʘʩʘʨʳ 

ɿʘʤ. ʛʣʘʚʥʦʛʦ ʨʝʜʘʢʪʦʨʘ 

ɼʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɹʘʡʤʫʭʘʤʝʜʦʚ ʄ. ʌ. 
ɾʘʫʘʧʪʳ ʭʘʪʰ r

ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʩʝʢʨʝʪʘʨʴ 

ʂʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ 

ʄʝʜʝʪʦʚ ʅ.ɸ. 

 

ʈʝʜʘʢʮʠʷ ʘʣץʘʩʳʥʳש ʤhװ ʝʣʝʨi 

ʈʝʜʘʢʮʠʦʥʥʦ-ʠʟʜʘʪʝʣʴʩʢʠʡ ʩʦʚʝʪ: 

ɼʦʢʪʦʨ   ʬʠʣʦʩʦʬʠʠ (PhD)   ɸʢʠʚʘ   ʌʨʘʜʢʠʥ,    ʜ.ʪ.ʥ.  ʉʢʦʨʤʠʥ ɺ.ɺ. (ʉʐɸ), 

ʜ. ʬ-ʤ. ʥ. ɻʝʨʘʩʠʤʝʥʢʦ ʅ. ʅ., ʜ.ʪ.ʥ. ʐʘʥʯʫʨʦʚ ʉ. ʄ., ʜ.ʪ.ʥ. ʂʥʷʟʝʚ ʉ. ʊ., ʜ.ʪ.ʥ. 

ʅʝʚʦʣʠʥ ɼ.ɻ., ʜ.ʪ.ʥ. ʉʘʤʫʡʣʦʚ ɺ.ʄ..(ʈʦʩʩʠʷ);ʜ.ʪ.ʥ. ɹʘʪʳʨʢʘʥʦʚ ɾ.ʀ., ʜ.ʪ.ʥ., 

ʐʘʨʰʝʥʘʣʠʝʚ ɾ. ʐ. (ʂʳʨʛʳʟʩʪʘʥ);  ʜ. ʬ-ʤ. ʥ. ɼʞʘʤʘʥʙʘʣʠʥ ʂ. ʂ.., ʜ. ʪ. ʥ. ɸʰʠʤʦʚ 

ɸ. ɸ., ʜ. ʪ. ʥ. ɹʘʡʤʫʭʘʤʝʜʦʚ ʄ. ʌ., ʜ.ʪ.ʥ. ɹʝʡʩʝʥʙʠ ʄ. ɸ., ʜ.ʪ.ʥ.   ɹʠʷʰʝʚ   ʈ. ɻ.,    

ʜ.ʪ.ʥ.    ʐʘʨʠʧʙʘʝʚ   ɸ.ɸ.,    ʜ.ʪ.ʥ.     ɸʪʘʥʦʚ    ʉ.ʂ.,  ʜʦʢʪʦʨ  PhD   ɸʣʜʘʤʞʘʨʦʚʘ 

ɻ.ɿ. ,   ʢ. ʬ-ʤ. ʥ.   ʄʝʜʝʪʦʚ  ʅ. ɸ. .   (ʂʘʟʘʭʩʪʘʥ) 

 

ɾʫʨʥʘʣ פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳש ʤᴅʜʝʥʠʝʪ, ʘץʧʘʨʘʪ ʞᴅʥʝ ץʦסʘʤʜʳץ ʢʝʣʽʩʽʤ 

ʤʠʥʠʩʪʝʨʣʽʛʽʥʜʝ ʙʘʣʘʩʳʤ ʨʝʪʽʥʜʝ ʪʽʨʢʝʣʽʧ, 5120-ɾ ʢʫᴅʣiʢ ʙʝʨiʣʛʝʥ. ʊʘʨʘʣʳʤʳ 300 ʜʘʥʘ.  

ɹʘʩʳʣʳʤ ʤʝʨʟiʤi ï ʞʳʣʳʥʘ 2 ʨʝʪ. 

ʀʟʜʘʥʠʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʢʫʣʴʪʫʨʳ, ʠʥʬʦʨʤʘʮʠʠ ʠ ʦʙʱʝʩʪʚʝʥʥʦʛʦ  

ʩʦʛʣʘʩʠʷ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ. ʈʝʛ. ʩʚʠʜʝʪʝʣʴʩʪʚʦ ˉ 5120-ɾ. ʊʠʨʘʞ 300 ʵʢʟʝʤʧʣʷʨʦʚ.  

ʇʝʨʠʦʜʠʯʥʦʩʪʴ ʠʟʜʘʥʠʷ ï 2 ʥʦʤʝʨʘ ʚ ʛʦʜ. 

ʈʝʰʝʥʠʝʤ ʀʥʩʪʠʪʫʪʘ ʠʥʞʠʥʠʨʠʥʛʘ ʠ ʪʝʭʥʦʣʦʛʠʡ (The Institution of Electrical Engineers, 

IEE, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ)  ɺʝʩʪʥʠʢ ʥʘʫʢʠ ʂʉʊʋ ʠʤ. ʘʢʘʜʝʤʠʢʘ ɿ.ɸʣʜʘʤʞʘʨ  ʚʢʣʶʯʝʥ ʚ 

ʤʝʞʜʫʥʘʨʦʜʥʫʶ ɹɼ çInspec Direct». 

 

 

 

 

ˠ̘̑̆̅̉̓̆̌̉ȡ 

ʂʦʩʪʘʥʘʡʩʢʠʡ ʩʦʮʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʘʢʘʜʝʤʠʢʘ ɿʫʣʭʘʨʥʘʡ 

ɸʣʜʘʤʞʘʨ, 

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʠʥʥʦʚʘʮʠʦʥʥʦ-

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʢʦʥʩʦʨʮʠʫʤ. 
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ʊʝʭʥʠʢʘʣʳס ץʳʣʳʤʜʘʨʳ 

ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ 
 

 

ɸʡʪʯʘʥʦʚ ɹ.ʍ. , ɸʣʜʠʙʝʢʦʚʘ ʅ.ɸ. 

ʇʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʦʤʘʛʥʠʯʠʚʘʥʠʝʤ ʤʦʣʦʢʘ.....6 

ɸʣʜʘʙʝʨʛʝʥʦʚ ɸ.ʂ. 

ʄʘʪʝʨʠʘʣʜʘʨ ʢʝʜʝʨʛʽʩʽʥʽש ʢװʨʜʝʣʽ ʝʩʝʧʪʝʨʽʥ  

ᴅʜʝʪʪʝʛʽʜʝʡ ʝʤʝʩ ᴅʜʽʩʧʝʥ ʰʝʰʫ........................................................................15 

ɸʣʜʘʙʝʨʛʝʥʦʚ ɸ.ʂ. 

ʄʘʪʝʨʠʘʣʜʘʨ ʢʝʜʝʨʛʽʩʽʥʽשʽ ᴅʜʝʪʪʝʛʽʜʝʡ ʝʤʝʩ ʞʦʣʜʘʨʳ .................................19 

ɹʘʡʤʫʭʘʤʝʜʦʚ ʄ.ʌ., ɸʙʞʘʭʘʥʦʚ ʂ.ɼ. 

ʈʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʝʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ ʥʘ ʙʘʟʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳéééé...22 

ɹʘʡʤʫʭʘʤʝʜʦʚ ʄ.ʌ., ʊʫʣʝʛʝʥʦʚ ɼ.ʉ. 
ʇʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ  

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʩʪʘʥʮʠʠééééééééééééééééééé...29 

ɹʘʪʳʨʢʘʥʦʚ ɾ.ʀ., ɹʦʩʢʝʙʝʝʚ ʂ.ɼ. 

ʄʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʥʘ ʦʩʥʦʚʝ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʤʥʦʞʝʩʪʚʘéé35 

ɹʘʪʳʨʢʘʥʦʚ ɾ.ʀ., ʂʘʜʳʨʢʫʣʦʚʘ ʂ.ʂ. 
ʉʠʥʪʝʟ ʟʘʢʦʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʦʩʫʱʝʩʪʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ ʧʦ ʧʨʝʜʧʠʩʘʥʥʦʡ 

ʧʨʦʛʨʘʤʤʝéééééééééééééééééééééééééé...40 

ɹʠʪʪʝʝʚ ʐ.ɹ. 
ʆʧʪʠʤʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʯʥʦʩʪʴʶ ʙʝʪʦʥʘééééééé...46 

ɼʝʡʥʝʛʘ ɺ.ɺ., ʉʘʧʘʥʦʚ ɽ.ʂ. 
ʏʪʦ ʞʜʘʪʴ ʦʪ ʧʦʛʦʜʳ ʠ ʢʘʢ ʤʦʞʥʦ ʧʨʝʜʩʢʘʟʘʪʴ ʝʝéééééééééé.50 

ʂʘʙʳʣʙʝʢʦʚʘ ʋ.ʄ. 
ʅʝʣʠʥʝʡʥʘʷ  ʜʠʬʬʫʟʠʷ ʢʘʢ ʦʩʥʦʚʘ ʧʨʦʯʥʦʩʪʠ ʠ ʧʦʨʠʩʪʦʩʪʠ 

 ʩʪʨʦʠʪʝʣʴʥʳʭ ʠʟʜʝʣʠʡééééééééééééééééééééé..54 

ʂʣʘʩʩʝʥ ʖ.ɺ., ʉʘʧʘʥʦʚ ɽ.ʂ., ʈʦʩʪʠʩʣʘʚʦʚ ʆ.ɸ., ʏʘʫʟʦʚʘ ʊ.ʅ. 
ɸʣʪɹʝʨʥʘʪʠʚʥʦʝ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʝ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʥʝʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ ʜʣʷ ʛʦʨʦʜʦʚ 

ʠ ʨʘʡʦʥʦʚ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥéééééééééé...é60 

ʈʘʩʠʤ ɼʫʨʤʘʟ 

ʄʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʦʨʛʘʥʠʟʘʮʠʠéééééééééééé..64 

ʉʘʠʪʦʚ ʅ.ɾ., ɹʘʙʘʝʚ ɹ.ʅ. 

ʈʘʟʨʘʙʦʪʢʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ çAVN SʉHEDULEè ʜʣʷ 

ʩʦʩʪʘʚʣʝʥʠʷ ʨʘʩʧʠʩʘʥʠʷ  ʟʘʥʷʪʠʡ ʚ ʚʫʟʘʭééééééééééééé..68 

ʉʘʠʪʦʚ ʅ.ɾ,, ʐʘʙʳʨʘʣʠʝʚʘ ɸ.ʉ. 

ʉʠʩʪʝʤʘ ʦʮʝʥʢʠ ʟʥʘʥʠʡ ʩʪʫʜʝʥʪʦʚéééééééééééééééé.74 
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ʉʘʧʘʥʦʚ ɽ.ʂ., ʂʣʘʩʩʝʥ ʖ.ɺ., ʈʦʩʪʠʩʣʘʚʦʚ ʆ.ɸ., ʏʘʫʟʦʚʘ ʊ.ʅ. 
ɺʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ - ʦʩʥʦʚʥʦʡ ʠʩʪʦʯʥʠʢ çʟʝʣʝʥʦʡè ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ʂʘʟʘʭʩʪʘʥʘéééééééééééééééééé..é81 

ʉʫʣʝʡʤʝʥʦʚ ɹ.ɸ., ɺʦʡʮʠʢ ɺ., ʇʦʨʫʙʦʚ ɼ.ɸ. 

ʆʧʪʠʤʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʢʘʨʴʝʨʥʳʤ ʘʚʪʦʤʦʙʠʣʴʥʳʤ 

ʪʨʘʥʩʧʦʨʪʦʤééééééééééééééééééééééééé...86 

ʉʫʣʝʡʤʝʥʦʚ ɹ.ɸ., ɾʫʥʠʩʙʝʢʦʚ ʄ.ʐ., ʉʫʛʫʨʦʚʘ ʃ.ɸ., ʉʫʣʝʡʤʝʥʦʚ ɸ.ɹ. 
ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʠ ʛʠʙʨʠʜʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ 

ʧʨʦʮʝʩʩʘʤʠ: ʪʝʦʨʠʷ, ʤʝʪʦʜʳ ʠ ʧʨʠʣʦʞʝʥʠʷéééééééééééé...98 

ʉʫʣʝʡʤʝʥʦʚ ɹ.ɸ., ɾʫʥʠʩʙʝʢʦʚ ʄ.ʐ., ʉʫʛʫʨʦʚʘ ʃ.ɸ., ʉʫʣʝʡʤʝʥʦʚ ɸ.ɹ. 

ʄʝʪʦʜʠʢʘ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ ʦʧʝʨʘʪʠʚʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʩʦʩʪʦʷʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷééééééééééééééééé107  

ʇʨʘʚʠʣʘ ʦʬʦʨʤʣʝʥʠʷ ʩʪʘʪʝʡééééééééééééééééé...119 
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ʊʝʭʥʠʢʘʣʳס ץʳʣʳʤʜʘʨʳ 

ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ 
 

ʋɼʂ 539.143.43.681.501 

 

ʇɸʈɸʄɽʊʈʀʏɽʉʂʀʁ ʉʀʅʊɽɿ ʉʀʉʊɽʄʓ ʋʇʈɸɺʃɽʅʀʗ 

ʆʄɸɻʅʀʏʀɺɸʅʀɽʄ ʄʆʃʆʂɸ 

 

ɹ.ʍ.
 
ɸʡʪʯʘʥʦʚ 

1
, ɸ.ʅ. ɸʣʜʠʙʝʢʦʚʘ 

2
, 

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ
 1
, ʜʦʢʪʦʨʘʥʪ

 2
, 

ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʂ.ʀ. ʉʘʪʧʘʝʚʘ (ʂʘʟʘʭʩʪʘʥ) 
 

ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʮʝʥʟʠʠ ʜʘʥʳ ʜ.ʪ.ʥ. ʂʫʰʥʠʨ ɺ.ɻ. 

ʠ ʢ.ʪ.ʥ. ʂʫʜʫʙʘʝʚʦʡ ʉ.ɸ. 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ 

ʩʠʥʪʝʟʘ ʯʘʩʪʦʪʥʦ-ʠʤʧʫʣʴʩʥʳʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

(ʏʀʉɸʋ) ʧʨʦʮʝʩʩʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʤʦʣʦʯʥʦʡ 

ʧʨʦʜʫʢʮʠʠ. ʌʠʣʴʪʨ ʯʘʩʪʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʤʦʜʫʣʷʮʠʝʡ ʨʝʘʣʠʟʦʚʘʥ ʚ ʚʠʜʝ 

ʘʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʟʚʝʥʘ 2-ʧʦʨʷʜʢʘ (ʏʀʄ ʩ ʌɸɿ). 

ʇʦʩʪʨʦʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʤʦʜʝʣʴ ʏʀʄ ʩ ʌɸɿ 2-ʧʦʨʷʜʢʘ, ʘ ʪʘʢʞʝ 

ʧʦʣʫʯʝʥʳ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʨʝʞʠʤʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʣʦʢʘ. 

ʇʨʝʜʣʘʛʘʶʪʩʷ ʧʦʜʭʦʜʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ, 

ʢʦʪʦʨʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʨʝʰʘʶʪ ʧʦʩʪʘʚʣʝʥʥʫʶ ʟʘʜʘʯʫ. 

ʇʦʣʫʯʝʥʥʘʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʪʨʫʢʪʫʨʥʘʷ ʤʦʜʝʣʴ ʤʦʜʫʣʷʪʦʨʘ 

ʩʣʫʞʠʪ ʦʩʥʦʚʦʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ  ʤʦʜʝʣʝʡ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʯʘʩʪʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʢʘʯʝʩʪʚʘ 

ʤʦʣʦʯʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʨʘʟʨʘʙʦʪʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʧʦ ʪʦʯʥʦʩʪʠ ʠ ʪʨʫʜʦʝʤʢʦʩʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʜʫʨ 

ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʠ ʩʠʥʪʝʟʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʚ ʩʪʘʪʴʝ ʢʣʘʩʩʘ ʩʠʩʪʝʤ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʣʦʢʘ  ʯʘʩʪʦʪʥʦ-ʠʤʧʫʣʴʩʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʯʘʩʪʦʪʥʦ-ʠʤʧʫʣʴʩʥʘʷ ʤʦʜʫʣʷʮʠʷ, ʘʧʝʨʠʦʜʠʯʝʩʢʦʝ 

ʟʚʝʥʦ 2-ʧʦʨʷʜʢʘ, ʦʤʘʛʥʠʯʠʚʘʥʠʝ ʤʦʣʦʢʘ, ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʩʠʥʪʝʟ, 

ʚʦʣʴʪʝʨʨʦʚʩʢʘʷ ʤʦʜʝʣʴ. 

 

ɺ ʫʩʪʨʦʡʩʪʚʘʭ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʦʤʘʛʥʠʯʠʚʘʥʠʷ ʤʦʣʦʢʘ, ʢʦʪʦʨʦʝ 

ʤʝʥʷʝʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʩʣʝʜʥʝʛʦ ʚ ʩʪʦʨʦʥʫ ʫʣʫʯʰʝʥʠʷ,  

ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʧʦʩʪʦʷʥʥʳʤʠ ʥʝʩʢʦʣʴʢʦ ʧʘʨʘʤʝʪʨʦʚ. ɼʣʷ 

ʧʦʣʫʯʝʥʠʷ ʩʪʘʙʠʣʴʥʳʭ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘʜʦ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 

ʪʦʯʥʦʩʪʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʢʦʨʦʩʪʴ ʤʦʣʦʢʘ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʫ ʠ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʝʸ ʧʦʩʪʦʷʥʥʦ  ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʵʪʦ ʩ ʦʜʥʦʡ 
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ʩʪʦʨʦʥʳ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʜʦʣʞʝʥ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʢʦʥʪʨʦʣʴ ʟʘ 

ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʝʛʦ ʩʪʘʙʠʣʠʟʘʮʠʝʡ. 

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʚ ʨʘʙʦʪʝ [1] ʧʨʝʜʣʦʞʝʥʘ ʩʠʩʪʝʤʘ 

ʦʤʘʛʥʠʯʠʚʘʥʠʷ ʯʘʩʪʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʛʦ ʤʦʜʫʣʷʪʦʨʘ ʩ ʬʠʣʴʪʨʦʤ ʚ ʚʠʜʝ 

ʘʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʟʚʝʥʘ 2-ʧʦʨʷʜʢʘ (ʏʀʄ ʩ ʌɸɿ). 

ʂʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠ  ʨʝʛʫʣʠʨʦʚʘʪʴ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʤʦʞʥʦ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ [2], ʘ ʦʧʨʝʜʝʣʠʪʴ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʢʘʯʝʩʪʚʦ 

ʧʨʦʜʫʢʮʠʠ ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʩ ʧʦʤʦʱʴʶ ʩʠʛʥʘʣʘ ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʨʝʟʦʥʘʥʩʘ (ʗʄʈ) ʦʪ ʭʠʤʠʯʝʩʢʠʭ (ʚʳʙʨʘʥʥʳʭ) ʵʣʝʤʝʥʪʦʚ (ʥʘʧʨʠʤʝʨ, ʘʪʦʤʘ 

). ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʪʴ ʧʝʨʚʠʯʥʳʡ ʜʘʪʯʠʢ ʩʠʛʥʘʣʘ ʗʄʈ 

[3]. ʊʝʦʨʠʷ ʨʘʙʦʪʳ ʜʘʪʯʠʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʩʪʘʪʴʝ [4]. 

ʅʠʞʝ ʥʘʤʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʜʣʷ ʮʝʣʝʡ  ʦʤʘʛʥʠʯʠʚʘʥʠʷ ʞʠʜʢʦʡ 

ʧʨʦʜʫʢʮʠʠ (ʤʦʣʦʢʘ) ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʤʧʫʣʴʩʥʳʝ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ, ʢʦʪʦʨʳʝ 

ʫʧʨʘʚʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ  ʏʀʄ ʩ ʌɸɿ 2-ʧʦʨʷʜʢʘ. 

ʇʦʩʪʨʦʝʥʥʘʷ ʚ ʨʘʙʦʪʝ [1] ʩʪʨʫʢʪʫʨʥʘʷ ʤʦʜʝʣʴ ʯʘʩʪʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʡ 

ʩʠʩʪʝʤʳ ʦʤʘʛʥʠʯʠʚʘʥʠʷ ʞʠʜʢʦʩʪʠ ʩ ʬʠʣʴʪʨʦʤ ʚ ʚʠʜʝ ʘʧʝʨʠʦʜʠʯʝʩʢʦʛʦ 

ʟʚʝʥʘ 2-ʧʦʨʷʜʢʘ  ʩʣʫʞʘʪ  ʦʩʥʦʚʦʡ  ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʝʡ ʠ ʤʝʪʦʜʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʯʘʩʪʦʪʥʦ-ʠʤʧʫʣʴʩʥʳʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ (ʏʀʉɸʋ)  ʩ ʌɸɿ 2-ʧʦʨʷʜʢʘ ʥʘ ʦʩʥʦʚʝ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ 

ʢʨʠʪʝʨʠʷ. ʆʩʥʦʚʦʡ ʜʣʷ ʩʠʥʪʝʟʘ  ʩʣʫʞʠʪ ʩʪʨʫʢʪʫʨʥʘʷ ʤʦʜʝʣʴ ʩʠʩʪʝʤ 

ʧʨʠʚʝʜʝʥʥʦʡ ʚ ʨʘʙʦʪʝ [5] ʨʠʩ 1. 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1 - ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʏʀʉɸʋ  ʩ ʌɸɿ 2-ʧʦʨʷʜʢʘ  

 

ʏʀʉɸʋ ʩ ʌɸɿ 2-ʧʦʨʷʜʢʘ ʦʤʘʛʥʠʯʠʚʘʥʠʷ ʤʦʣʦʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʟʘʤʢʥʫʪʫʶ ʩʠʩʪʝʤʫ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ. ɺ ʧʨʷʤʦʡ ʮʝʧʠ 

ʩʠʩʪʝʤʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʢʣʶʯʝʥʳ  ʯʘʩʪʦʪʥʦ-ʠʤʧʫʣʴʩʥʳʡ ʤʦʜʫʣʷʪʦʨ 

ʏʀʄ ʩ ʌɸɿ 2-ʧʦʨʷʜʢʘ ʠ ʧʨʠʚʝʜʝʥʥʘʷ ʥʝʧʨʝʨʳʚʥʘʷ ʯʘʩʪʴ (ʇʅʏ), 

ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ  ʬʦʨʤʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʌʕ ʠ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʤʝʭʘʥʠʟʤʘ ʀʄ. ʅʘ ʚʭʦʜʝ ʩʠʩʪʝʤʳ ʜʝʡʩʪʚʫʝʪ ʩʣʫʯʘʡʥʳʡ ʩʪʘʮʠʦʥʘʨʥʳʡ 

ʧʨʦʮʝʩʩ f (t) ʠ ʠ ʥʘ ʦʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷ ʚʦʟʜʝʡʩʪʚʫʝʪ ʙʝʣʳʡ ʰʫʤ ɛ(t) . 

ʈʘʩʩʤʘʪʨʠʚʘʝʤ  ʏʀʉɸʋ ʦʙʲʝʢʪʘʤʠ ʩ ʟʘʧʘʟʜʳʚʘʥʠʝʤ, ʩʪʨʫʢʪʫʨʥʘʷ 

ʩʭʝʤʘ ʢʦʪʦʨʦʡ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ.1[6]. 

ͫ͋ͪͦͫ 

̉ˮ˸ ͫ ̅ˢ˭ н-ͨͦͪΎ͒͊͟ 

?(t) 

ˮ  ̂ ̅

y(t) f(t) x(t) y
Å
(t) 

 
z(t) 

̅̏  ˮ  ˸ ˻  ˭

g(t) u(t) 

˽˹ ̉
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ʉʦʜʝʨʞʘʪʝʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭʩʷ ʚ 

ʩʠʩʪʝʤʝ, ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʏʀʉɸʋ ʦʙʲʝʢʪʘʤʠ ʩ ʟʘʧʘʟʜʳʚʘʥʠʝʤ 

ʧʦʜʨʦʙʥʦ ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʘʭ[1, 6- 9] . 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ (ʨʠʩ. 1) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʢʨʠʪʝʨʠʝʤ [7]: 

                                             ,MQ(x)I=                                                     (1) 

ʛʜʝ Mïʟʥʘʢ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ; Q(x)ï ʟʘʜʘʥʥʘʷ ʬʫʥʢʮʠʷ ʦʪ 

ʦʰʠʙʢʠ. 

ʕʪʦʪ ʢʨʠʪʝʨʠʡ ʦʭʚʘʪʳʚʘʝʪ ʤʥʦʛʠʝ ʠʟʚʝʩʪʥʳʝ ʚʠʜʳ ʢʨʠʪʝʨʠʝʚ 

ʢʘʯʝʩʪʚʘ [8]. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ 

                                            
2 xQ(x) = ,                                                       (2) 

ʪʦ ʧʦʣʫʯʠʤ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʰʠʙʢʠ. ɽʩʣʠ 

                                             í
ì
ë

<>

¢¢
=

12

21

,,1

,0
)(

dxdx

dxd
xQ ,                                  (3) 

ʪʦ ʧʦʣʫʯʠʤ ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʭʦʜʘ ʦʰʠʙʢʠ ʠʟ ʟʘʜʘʥʥʳʭ ʜʦʧʫʩʢʦʚ (d1,d2) 

ʂʘʢ ʚʠʜʥʦ ʠʟ  ʦʧʠʩʘʥʠʷ ʤʦʜʫʣʷʪʦʨʘ, ʧʨʠʤʝʥʷʝʤʦʛʦ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʦʙʲʝʢʪʘʤʠ ʩ ʟʘʧʘʟʜʳʚʘʥʠʝʤ [10]: 

                                          ]tt/)(g),(z,,[H)t(z 00 ¢t¢tttl= ,                    (4) 

ʛʜʝ H ï ʥʝʧʨʝʨʳʚʥʳʡ ʥʝʣʠʥʝʡʥʳʡ ʬʫʥʢʮʠʦʥʘʣ; ʧʘʨʘʤʝʪʨ l 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʣʫʯʘʡʥʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʬʫʥʢʮʠʦʥʘʣʘ H; )t(g  ï 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʫʧʨʘʚʣʷʶʱʠʭ ʩʣʫʯʘʡʥʳʭ ʠʤʧʫʣʴʩʦʚ ʟʘʜʘʥʥʦʡ ʬʦʨʤʳ; 

0tï ʚʨʝʤʷ ʟʘʧʘʟʜʳʚʘʥʠʷ ʫʧʨʘʚʣʷʝʤʦʛʦ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ; 

                                          ]tt/)(x),(y[ʌ)t(y 0 ¢t¢tt=                           (5) 

ʛʜʝ ʌ ï ʥʝʧʨʝʨʳʚʥʳʡ ʥʝʣʠʥʝʡʥʳʡ ʬʫʥʢʮʠʦʥʘʣ ʩ ʧʦʩʪʦʷʥʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ; 

                                        ]tt/)t(y),(x[W)t(y 00 ¢t¢t=
C                           (6) 

ʛʜʝ W ï ʦʧʝʨʘʪʦʨ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʭʦʜ ï ʚʳʭʦʜ, ʦʩʫʱʝʩʪʚʣʷʝʤʦʛʦ ʚ 

ʬʠʣʴʪʨʝ ʌ; )t(y 0

C
ï ʚʝʢʪʦʨ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ; 

                       ,]00/)([)0( 111 D=-¢¢+=- +++ nnnn ttxWty ltt                          (7) 

ʛʜʝ 

                      ]00/)([ 11 -¢¢+= ++ nnn ttxWsiqn ttl ,                                      (8) 

Dï ʧʦʨʦʛ ʠʤʧʫʣʴʩʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʀʋ; 

ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʏʀʄ   ʩ ʌɸɿ 2-ʧʦʨʷʜʢʘ: 

                         
ä -=*

n

nn ttty )()( dl ;                                                          (9) 

                  ,]0tt/)(x[W)0t(y 1n1nmn1n Dl=-¢t¢t+t=- +++                    (10) 

ʛʜʝ 

                            )0t(y 1n1n -=l ++ ,                                                      (11) 

mtï ʧʘʨʘʤʝʪʨ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʯʘʩʪʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʛʦ ʤʦʜʫʣʷʪʦʨʘ, 

ʫʯʠʪʳʚʘʶʱʠʡ ʵʬʬʝʢʪ ʟʘʧʘʟʜʳʚʘʥʠʷ ʫʧʨʘʚʣʷʝʤʦʛʦ ʦʙʲʝʢʪʘ (mt 0t² ). 

ʍʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʩʚʦʠʭ ʧʘʨʘʤʝʪʨʦʚ c1, » ,cn . 
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ʏʀʄ ʩ ʌɸɿ 2-ʧʦʨʷʜʢʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʝʢʪʦʨʦʤ, ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʩʝʤʴ ʧʘʨʘʤʝʪʨʦʚ: 

                       
Tccccccc ],,,,,[ 654321=

C
                                              (12) 

ʛʜʝ 762514321 ,,,cɔ,,cȹ cccckcA m ======= taam . 

ɿʜʝʩʴ 

Dï ʧʦʨʦʛ ʠʤʧʫʣʴʩʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʀʋ; 
ɸ-ʘʤʧʣʠʪʫʜʘ ʠʤʧʫʣʴʩʘ; 

- ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ; 

kɛ-ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʘʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʟʚʝʥʘ 2-ʧʦʨʷʜʢʘ; 

21,aa - ʧʦʩʪʦʷʥʥʳʝ ʚʨʝʤʝʥʠ; 

mtï ʧʘʨʘʤʝʪʨ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʯʘʩʪʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʛʦ ʤʦʜʫʣʷʪʦʨʘ, 

ʫʯʠʪʳʚʘʶʱʠʡ ʵʬʬʝʢʪ ʟʘʧʘʟʜʳʚʘʥʠʷ ʫʧʨʘʚʣʷʝʤʦʛʦ ʦʙʲʝʢʪʘ (mt 0t² ) ( 0t ï 

ʚʨʝʤʷ ʟʘʧʘʟʜʳʚʘʥʠʷ ʦʙʲʝʢʪʘ). 

ȹ, kɛ , 21,aa - ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙʣʦʢʘ ʩʙʨʦʩʘ; 

ɸ, , mt -ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ɹʌʀ (ʫʧʨʘʚʣʷʶʱʠʡ ʠʤʧʫʣʴʩ) 

ɺ ʩʣʫʯʘʝ ʣʠʥʝʡʥʦʛʦ ʬʠʣʴʪʨʘ ʏʀʄ ʩ ʌɸɿ 2-ʧʦʨʷʜʢʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

)3( 0

1 ++ll  - ʤʝʨʥʳʤ ʚʝʢʪʦʨʦʤ[7]: 

                                     
.],,,[

)3(21 0
1

T

ll
cccc

++
= 2
C

                                        
 (13) 

ɺ ʥʝʣʠʥʝʡʥʦʤ ʩʣʫʯʘʝ ʏʀʄ ʩ ʌɸɿ 2-ʧʦʨʷʜʢʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʚʝʢʪʦʨʦʤ ʠʟ ʧʦʩʪʦʷʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

                              
T

nccc ),,( 1 2
C
=

                                                  (14) 

ʨʘʟʤʝʨʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʠʩʣʦʤ ʠʩʧʦʣʴʟʫʝʤʳʭ ʯʣʝʥʦʚ 

ʨʷʜʘ ɺʦʣʴʪʝʨʨʘ. 

ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʤʦʛʫʪ ʚʳʙʠʨʘʪʴʩʷ ʠʟ ʜʦʧʫʩʪʠʤʦʡ ʦʙʣʘʩʪʠ, 

ʟʘʜʘʚʘʝʤʦʡ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʚ ʚʠʜʝ 

                         0)x(t)ɟ( ¢M .                                                              (15). 

 

ʇʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʏʀʄ, ʬʠʣʴʪʨ ʢʦʪʦʨʦʛʦ ʨʝʘʣʠʟʦʚʘʥ ʚ ʚʠʜʝ 

ʘʧʝʨʠʦʜʠʯʝʩʢʦʝ ʟʚʝʥʘ 2-ʧʦʨʷʜʢʘʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ:  

                        ba ++
=

pp

k
pW

2
)(

                                                          
(16) 

ɽʩʣʠ  ʚ ʬʠʣʴʪʨʝ ʤʦʜʫʣʷʪʦʨʘ ʢʦʨʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʧʦʣʠʥʦʤʘ 

ʚʝʱʝʩʪʚʝʥʥʳʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ, ʪʦ ʫʢʘʟʘʥʥʫʶ ʬʫʥʢʮʠʶ ʤʦʞʥʦ ʨʘʟʣʦʞʠʪʴ 

ʚ ʚʠʜʝ:  

              
)

11
()(

1212 aaaa +
-

+-
=

pp

k
pW

                                                   
(17) 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ ʧʨʦʩʪʦʪʳ ʩʠʩʪʝʤʳ ʦʙʦʟʥʘʯʠʤ 
12 aa-

k
=kɛ. 

ʛʜʝkɛ-ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʘʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʟʚʝʥʘ 2-ʧʦʨʷʜʢʘ; 

ɺ ʩʚʷʟʠ ʩ ʧʨʠʚʝʜʝʥʥʦʡ [8] ʬʦʨʤʘʣʠʟʘʮʠʝʡ ʧʨʦʮʝʩʩʘ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩ  ʯʘʩʪʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʡ 

ʤʦʜʫʣʷʮʠʝʡ,  ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʦʙʲʝʢʪʘʤʠ ʩ ʟʘʧʘʟʜʳʚʘʥʠʝʤ 
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(ʨʠʩ. 1), ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʝʝ ʧʘʨʘʤʝʪʨʦʚ c
C

 (12)-(14) ʠʟ 

ʫʩʣʦʚʠʷ ʤʠʥʠʤʫʤʘ ʢʨʠʪʝʨʠʷ ʢʘʯʝʩʪʚʘ ʚʠʜʘ (1) ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʦʛʨʘʥʠʯʝʥʠʷʭ: 

                                     )()()( tztftx -= ,                                                  (18) 

                                  
])([)(

1

ä
¤

=

¶Ã=
r

r

r tyhtz ,                                           (19) 

                                    )()( tuty Ã¡=¶ d ,                                           (20) 

                                       ))(()( tutv j= ,                                                     (21) 

                                 
]}

1
)()([1{)(

1
)(

D
Ã+

D
= tstytytu ,                                  (22) 

                                     
)]()[(

1
)( tvtyts Ã
D
= d ,                                           (23) 

              

)]()([
1

[)]}()[({)]([)( tsty
k

qtsqtxqtxqty
m

m

t Ã-ÃÃ-Ã= ,              (24) 

ʛʜʝ ʩʠʤʚʦʣʦʤ  )]([ tyh
r

r

¶Ã  ʦʙʦʟʥʘʯʝʥʘ  r -ʤʝʨʥʘʷ ʩʚʝʨʪʢʘ ʠʤʧʫʣʴʩʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʲʝʢʪʘ ʩ ʟʘʧʘʟʜʳʚʘʥʠʝʤ ),,,( 210 rrh tttt ÖÖÖ  ʠ ʬʫʥʢʮʠʠ 

)( ity t-¶ , t,1=i , ʪ.ʝ[7]. 

Ôññ
=

¶

¤¤

¶ -ÖÖÖÖÖÖ=Ã
r

i

irr

r

r tyhrtyh
10

10

0

)(),...,()]([ tttt , 

0t- ʚʨʝʤʷ ʟʘʧʘʟʜʳʚʘʥʠʷ ʦʙʲʝʢʪʘ; )}({)( 1 pGLtq -= , )p(G - ʧʝʨʝʜʘʪʦʯʥʘʷ 

ʬʫʥʢʮʠʷ ʬʠʣʴʪʨʘ ʌ ʏʀʄ ʩ ʌɸɿ 2-ʧʦʨʷʜʢʘ;  ))(( tuj  - ʨʝʣʝʡʥʦ-

ʛʠʩʪʝʨʝʟʠʩʥʳʡ ʥʝʣʠʥʝʡʥʳʡ ʵʣʝʤʝʥʪʚ ʨʘʙʦʪʝ [9] (ʨʠʩ.3); )]([)( 1 pGLtq
mm tt

-= ; 

p

e
pG

pm

m

t

t

-
-

=
1

)( ; mt - ʧʘʨʘʤʝʪʨ ʏʀʄ ʩ ʌɸɿ 2-ʧʦʨʷʜʢʘ, ʫʯʠʪʳʚʘʶʱʠʡ 

ʵʬʬʝʢʪ ʟʘʧʘʟʜʳʚʘʥʠʷ ʦʙʲʝʢʪʘ. 

 ɿʘʜʘʯʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʏʀʉɸʋc ʌɸɿ 2-  
min)]([ txMQ  

ʉʤʳʩʣ ʧʨʝʜʣʘʛʘʝʤʦʡ ʚ ʨʘʙʦʪʝ ʤʝʪʦʜʠʢʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʠʩʭʦʜʥʦʡ ʟʘʜʘʯʠ ʢ ʟʘʜʘʯʝ ʧʦʠʩʢʘ ʵʢʩʪʨʝʤʫʤʘ ʬʫʥʢʮʠʠ ʤʥʦʛʠʭ ʧʝʨʝʤʝʥʥʳʭ 

[11]: 

                          min)( cF
C

, ʧʨʠ 0)( ¢cP
C

                                         (25) 

ʧʫʪʝʤ ʠʩʢʣʶʯʝʥʠʷ ʠʟ ʫʨʘʚʥʝʥʠʡ (18)-(24) ʧʝʨʝʤʝʥʥʳʭ x, y, z. 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʤʦʞʝʪ ʙʳʪʴ 

ʦʩʫʱʝʩʪʚʣʝʥʦ ʨʘʟʥʳʤʠ ʧʫʪʷʤʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʢ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʪʨʠ ʧʦʜʭʦʜʘ: 

1. ʀʩʭʦʜʥʘʷ ʤʦʜʝʣʴ; 

2. ʅʘ ʦʩʥʦʚʝ ʚʦʣʴʪʝʨʦʚʩʢʦʡ ʤʦʜʝʣʠ; 

3. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʣʠʥʝʘʨʠʟʘʮʠʷ. 

ʕʪʠ ʧʦʜʭʦʜʳ,  ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʨʝʰʘʶʪ ʠʩʭʦʜʥʫʶ 

ʟʘʜʘʯʫ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʢʘʞʜʳʡ ʧʨʝʜʳʜʫʱʠʡ ʧʫʪʴ ʩʣʫʞʠʪ ʦʩʥʦʚʘʥʠʝʤ 

ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ, ʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. 
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ʇʨʦʮʝʜʫʨʘ ʠʩʢʣʶʯʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ x, y, z ʠʟ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʠʩʭʦʜʥʦʡ ʩʠʩʪʝʤʳ ʩʦʜʝʨʞʠʪ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ. ʂʘʢ ʚʠʜʥʦ ʠʟ 

ʫʨʘʚʥʝʥʠʡ (18)ï(24), ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʩʠʩʪʝʤʳ ʩʦʜʝʨʞʠʪ ʥʝʷʚʥʦʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ (22).  

ʇʝʨʚʳʡ ʧʫʪʴ, ʧʨʝʜʣʘʛʘʝʤʳʡ ʚ ʨʘʙʦʪʝ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦʙʳ ʥʘʡʪʠ 

ʪʘʢʫʶ ʩʪʨʫʢʪʫʨʫ ʯʘʩʪʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʪʦʯʥʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʠʩʭʦʜʥʦʡ ʩʠʩʪʝʤʝ, 

ʧʨʠʚʝʜʝʥʥʦʡ ʚ ʨʘʙʦʪʝ [7] (ʨʠʩ.4.1), ʠ ʩ ʜʨʫʛʦʡ ï ʠʩʢʣʶʯʘʝʪ 

ñʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝò ʦʙʨʘʪʥʳʝ ʩʚʷʟʠ. ɿʘʤʝʥʘ ʏʀʄ c ʌɸɿ 2-ʧʦʨʷʜʢʘ 

ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʠʟ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ ʥʝʷʚʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ ʩ ʣʠʥʝʡʥʳʤ ʬʠʣʴʪʨʦʤ ʩ ʧʨʦʩʪʳʤʠ 

ʧʦʣʶʩʘʤʠ ʧʨʠʦʙʨʝʪʘʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ [10]: 

                                     z(t)-f(t)x(t)= ;                                                  (26) 

                          
)()()(

1

* ttyhtz
k

k

k m³Ã=ä
¤

=

;                                       (27) 

                                        )()(* tvty #= ;                                                   (28) 

                       )()( yt j=J ;                                                          (29) 

))()()]()([(
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1 0 0

)()(
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                            (30) 

                    
ñ
¤

-=
0

)()()()( tttm t dstqtxt
m

;                                                 (31) 

                               |)(|)( tvts #= ,                                                            (32) 

ʛʜʝ x(t) ï ʩʠʛʥʘʣ ʦʰʠʙʢʠ ʩʠʩʪʝʤʳ, f(t) ï ʚʭʦʜʥʦʡ ʩʪʘʮʠʦʥʘʨʥʳʡ 

ʩʣʫʯʘʡʥʳʡ ʧʨʦʮʝʩʩ ʩʠʩʪʝʤʳ, z(t) ï ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʥʝʧʨʝʨʳʚʥʦʡ ʯʘʩʪʠ, ʚ 

ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ ʧʦʤʠʤʦ ʫʧʨʘʚʣʷʝʤʦʛʦ ʦʙʲʝʢʪʘ ʩ ʟʘʧʘʟʜʳʚʘʥʠʝʤ ʚʭʦʜʠʪ 

ʬʦʨʤʦʟʘʜʘʶʱʠʡ ʬʠʣʴʪʨ, )(* ty ïʩʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ ʏʀʄ ʩ ʌɸɿ 2-ʧʦʨʷʜʢʘ, 

Dï ʧʦʨʦʛ ʩʨʘʙʘʪʳʚʘʥʠʷ ʠʤʧʫʣʴʩʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, v(t) ï ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ 

ʙʣʦʢʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ, s(t) ï ʩʠʛʥʘʣ ʩʙʨʦʩʘ, ]
1

[)( 1

p

e
Ltq

pm

m

t

t

-
- -

= ;  

y(t) ï ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʬʠʣʴʪʨʘ ʚ ʏʀʄ ʩ ʌɸɿ 2-ʧʦʨʷʜʢʘ: 
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(33) 

 

yi(t) ï ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʟʚʝʥʘ ʬʠʣʴʪʨʘ, ʧʦʣʫʯʘʶʱʝʛʦʩʷ ʧʨʠ 
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ʨʘʟʣʦʞʝʥʠʠ ʬʠʣʴʪʨʘ ʥʘ l ʧʘʨʘʣʣʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʟʚʝʥʴʝʚ ʩ 

ʧʝʨʝʜʘʪʦʯʥʳʤʠ ʬʫʥʢʮʠʷʤʠ (17). ʉ ʫʯʝʪʦʤ ʫʨʘʚʥʝʥʠʡ (18)ï(24) ʠʩʭʦʜʥʘʷ 

ʟʘʜʘʯʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʧʨʠʤʝʪ ʚʠʜ [7] 

                                                                  min)( xMQ  

ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʷʭ 

                                                          ,0ɟ(x(t))¢M  
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;                                 (34) 

                                                       )()(* tvty #= ; 

                                                       )()( ytv j= ; 
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                                                     |)(|)( tvts #= . 

ɺʪʦʨʦʡ ʧʦʜʭʦʜ ʢ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʠʩʭʦʜʥʦʡ ʟʘʜʘʯʠ ʢ ʚʠʜʫ (25), 

ʧʨʝʜʣʘʛʘʝʤʳʡ ʚ ʨʘʙʦʪʝ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʠʤʝʥʝʥʠʠ ʘʧʧʘʨʘʪʘ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʨʷʜʦʚ ɺʦʣʴʪʝʨʨʘ ʢ ʟʘʜʘʯʝ (1) [11]. ɺ ʨʘʙʦʪʝ [7] ʧʦʢʘʟʘʥʘ 

ʧʨʦʮʝʜʫʨʘ ʧʦʩʪʨʦʝʥʠʷ ʚʦʣʴʪʝʨʨʦʚʩʢʦʡ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʨʘʟʤʳʢʘʥʠʠ ʟʘʤʢʥʫʪʳʭ ʢʦʥʪʫʨʦʚ ʥʘ 

ʦʩʥʦʚʝ ʨʝʰʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʨʘʚʥʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʨʷʜʦʚ ɺʦʣʴʪʝʨʨʘ. ɺʳʰʝ ʧʦʣʫʯʝʥʘ ʚʦʣʴʪʝʨʨʦʚʩʢʘʷ ʤʦʜʝʣʴ ʏʀʋʉc ʌɸɿ 2-

ʧʦʨʷʜʢʘ ʦʙʲʝʢʪʘʤʠ ʩ ʟʘʧʘʟʜʳʚʘʥʠʝʤ ʚ ʚʠʜʝ: 

                                 
ä
¤

=

Ã+=
1

0 )()(
k

r

r tfcctx                                         (35) 

ʛʜʝ ʩr(t1, » , tr, c) ï ʠʤʧʫʣʴʩʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ, 

ʟʘʚʠʩʷʱʠʝ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʫʣʷʪʦʨʘ. 

ɺʦʣʴʪʝʨʨʦʚʩʢʘʷ ʤʦʜʝʣʴ (35) ʦʧʠʩʳʚʘʝʪ ʷʚʥʫʶ ʩʚʷʟʴ ʤʝʞʜʫ 

ʧʨʦʮʝʩʩʦʤ ʦʰʠʙʢʠ x(t) ʠ ʚʭʦʜʥʳʤ ʧʨʦʮʝʩʩʦʤ f(t) ʩʠʩʪʝʤʳ. ʉ ʧʦʤʦʱʴʶ 

ʵʪʦʡ ʤʦʜʝʣʠ ʠʩʢʣʶʯʘʶʪʩʷ ʧʝʨʝʤʝʥʥʳʝ x, y, z ʠʟ ʫʨʘʚʥʝʥʠʡ ʟʘʜʘʯʠ (1) [11], 

ʠ ʟʘʜʘʯʘ ʧʨʠʚʦʜʠʪʩʷ ʢ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤʫ ʚʠʜʫ (24) 

ä
¤

=

Ã+
1

0 min)]([
k

k

k tfnnMQ  

ʧʨʠ 

                                   
ä
¤

=

¢Ã+
1

0 0)]([
k

k

k tfnnMr .                                      (36) 

ɺʦ ʤʥʦʛʠʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʩʣʫʯʘʷʭ ʫʜʦʙʥʦ ʚʤʝʩʪʦ ʟʘʜʘʯʠ (1) 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʘʜʘʯʫ, ʧʦʣʫʯʝʥʥʫʶ ʧʫʪʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʣʠʥʝʘʨʠʟʘʮʠʠ 
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ʚʦʣʴʪʝʨʨʦʚʩʢʦʡ ʤʦʜʝʣʠ (35). ʃʠʥʝʡʥʘʷ ʤʦʜʝʣʴ ʏʀʋʉ c ʌɸɿ 2-ʧʦʨʷʜʢʘ 

ʧʦʣʫʯʝʥʘ ʚ ʚʠʜʝ[10] 

               
ññ
¤¤

-+=
0

0

01

0

00 )(),,,(),,,()( ttttttttt dtfcldmcltx m

i

fm

i CC

             

(37) 

ʛʜʝ ʠʥʜʝʢʩ i ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʟʣʠʯʠʝ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤʧʫʣʴʩʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ),,,( 00 cl m

i C
ttt , ),,,( 01 cl m

i C
ttt . 

ʅʘ ʦʩʥʦʚʝ ʣʠʥʝʡʥʦʡ ʤʦʜʝʣʠ (37) ʟʘʜʘʯʘ, ʨʝʰʘʝʤʘʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ 

    
min))(),,,(),,,((
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i CC

              

(38) 
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0))(),,,(),,,((
0 0

0

0100 ¢-+ñ ñ
¤ ¤

tttttttttr dtfcldmclM m

i

fm

i CC
. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠ ʩʠʥʪʝʟʝ ʯʘʩʪʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʩʠʩʪʝʤʳ ʝʝ 

ʚʦʣʴʪʝʨʨʦʚʩʢʦʡ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ  ʪʦʯʥʳʡ ʨʝʟʫʣʴʪʘʪ. ɺ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʷʭ ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ ʚʦʣʴʪʝʨʨʦʚʩʢʦʡ ʤʦʜʝʣʠ 

ʩʠʩʪʝʤʳ  ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʧʦʛʨʝʰʥʦʩʪʠ. ʆʜʥʘʢʦ ʵʪʫ 

ʧʦʛʨʝʰʥʦʩʪʴ ʤʦʞʥʦ ʫʤʝʥʴʰʠʪʴ ʫʚʝʣʠʯʠʚʘʷ ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ ʤʦʜʝʣʠ. ʀ 

ʥʘʢʦʥʝʮ, ʚʦʣʴʪʝʨʨʦʚʩʢʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ 

ʣʠʥʝʡʥʳʭ ʤʦʜʝʣʝʡ, ʵʪʦ ʜʝʣʘʝʪ ʤʝʪʦʜ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ 

ʧʨʠʙʣʠʞʝʥʥʳʤ, ʥʦ ʟʘʪʦ ʙʦʣʝʝ ʧʨʦʩʪʳʤ ʩ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. 
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Cתʊʊɯ ʄɸɻʅʀʊʊɽʋɼɯ ɹɸʉפɸʈʋ ɾתʁɽʉɯʅɯר ʇɸʈɸʄɽʊʈʃɯʂ 

ʉʀʅʊɽɿɯ 

ʄʘϨʘʣʘʜʘ ʩϮʪ Ϻʥʽʤʜʝʨʽʥ Ϻʥʜʽʨʫ ʤʝʥ ʩʘʧʘʩʳʥ ʙʘϨʳʣʘʫ Ϯʨʜʽʩʽʥ 

ʞʠʽʣʽʢʪʽ-ʠʤʧʫʣʴʩʪʽʢ ʙʘʩϨʘʨʫ ʞϮʡʝʩʽʥʽϬ ʧʘʨʘʤʝʪʨʣʽʢ ʩʠʥʪʝʟʜʝʨʽʥʽϬ 

ϸʜʽʩʪʝʨʽʥ ʞʘʩʘʫ ϨʘʨʘʩʪʳʨʳʣϤʘʥ. ɾʠʽʣʽʢʪʽ-ʠʤʧʫʣʴʩʪʽʢ ʤʦʜʫʣʷʮʠʷ ʬʠʣʴʪʨʽ 

ʝʢʽʥʰʽ ʨʝʪʪʽ ʘʧʝʨʠʦʜʪʪʳ ʙʫʳʥ ʪϮʨʽʥʜʝ ʞϮʟʝʛʝ ʘʩʳʨʳʣϤʘʥ.  

ʉʦʥʜʘʡ-ʘϨ, ϨʦʡʳʣϤʘʥ ʪʘʧʩʳʨʤʘʥʳ ʦϬʘʡ ʰʝʰʝʪʽʥ ʧʘʨʘʤʝʪʨʣʽʢ 

ʩʠʥʪʝʟʜʽϬ ʪϮʨʣʝʥʜʽʨʫ ʪϸʩʽʣʜʝʨʽ ϰʩʳʥʳʣʘʜʳ. 

ʊϮʡʽʥ ʩϺʟʜʝʨ: ʞʠʽʣʽʢʪʽ-ʠʤʧʫʣʴʩʪʽʢ ʤʦʜʫʣʷʮʠʷ, ʝʢʽʥʰʽ ʨʝʪʪʽ 

ʘʧʝʨʠʦʜʪʳϨ ʙʫʳʥ, ʩϮʪʪʽϬ ʤʘʛʥʠʪʪʝʣʫʽ, ʧʘʨʘʤʝʪʨʣʽʢ ʩʠʥʪʝʟ, ʚʦʣʴʪʝʨʨʣʽʢ 

ʤʦʜʝʣʴ. 

 

PARAMETRIC SYNTHESIS CONTROL SYSTEMS 

MAGNETIZATION MILK  

The article is devoted to development of the parametric synthesis methods 

of the pulse-frequency systems of the production's automatic control and control 

of the quality of the milk products. Pulse-frequency modulation filter is realized 

as the second order system. In article proposed approach for the transformation 

of the parametric synthesis, which solves considered problem. 

Keywords. Pulse-frequency modulation, aperiodic element of the 2-order, 

magnetization milk parametric synthesis, Volterra model. 

 

 

 

 

 

 



15 

 

0j
a ad

R

y

y

C

B

O
DK

z

z dz

dy

z

ʋɼʂ 539.3.6 

ʄɸʊɽʈʀɸʃɼɸʈ ʂɽɼɽʈɻɯʉɯʅɯר ʂתʈɼɽʃɯ ɽʉɽʇʊɽʈɯʅ  

ᴄɼɽʊʊɽɻɯɼɽʁ ɽʄɽʉ ᴄɼɯʉʇɽʅ ʐɽʐʋ 

 

ɸ. ʂ. ɸʣʜʘʙʝʨʛʝʥʦʚ,  

ʪʝʭʥʠʢʘ סʳʣʳʤʳʥʳש ʢʘʥʜʠʜʘʪ,r ʧʨʦʬʝʩʩʦʨ, 

ʂʦʩʪʘʥʘʡ  ʠʥʞʝʥʝʨʣʽʢ ï ʵʢʦʥʦʤʠʢʘʣʳץ  ʫʥʠʚʝʨʩʠʪʝʪʽ (פʘʟʘץʩʪʘʥ) 
 

ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʮʝʥʟʠʠ ʜʘʥʳ ʜ.ʪ.ʥ. ʂʫʨʤʘʥʦʚʳʤ ɸ.ʂ. 

ʠ ʢ.ʪ.ʥ. ʂʫʜʫʙʘʝʚʦʡ ʉ.ɸ. 

 

ʄʘϨʘʣʘʜʘ ʞʘʟʳϨ ʬʠʛʫʨʘʣʘʨʜʳϬ  ʛʝʦʤʝʪʨʠʷʣʳϨ ʩʠʧʘʪʪʘʤʣʘʨʳʥ 

ʝʩʝʧʪʝʫʜʽϬ ϸʜʝʪʪʝʛʽʜʝʡ ʝʤʝʩ ʞʦʣʜʘʨʳ ʢʝʣʪʽʨʽʣʛʝʥ. ʉʝʢʪʦʨʜʳϬ, 

ʰʝϬʙʝʨʜʽϬ ʰʠʨʝʢ ʙϺʣʽʛʽʥʽϬ ʞϸʥʝ  ʙʘʩϨʘ ϨʠʤʘʥʳϬ ʠʥʝʨʮʠʷ ʤʦʤʝʥʪʪʝʨʽ 

ʘʥʳϨʪʘʣϤʘʥ. 

ʊϮʡʽʥ ʩϺʟʜʝʨ: ʞʘʣʧʘϨ ʙʝʡʥʝ, ʝʩʝʧʪʝʫ ϸʜʽʩʽ, ʩʝʨʧʽʥ ʩʝʢʪʦʨʳ, 

ʰʝϬʙʝʨʜʽϬ ʪϺʨʪʪʝʥ ʙʽʨ ʙϺʣʽʛʽ. 

 

ʂʝʡʙʽʨ ץʘʨʘʧʘʡʳʤ ʬʠʛʫʨʘʣʘʨʜʳש ʠʥʝʨʮʠʷ ʤʦʤʝʥʪʪʝʨʽʥ ᴅʜʝʪʪʝʛʽʜʝʡ 

ʝʤʝʩ ᴅʜʽʩʧʝʥ ʘʥʳץʪʘʫ ʞʦʣʳʥ ʢᴇʨʩʝʪʝʣʽʢ. ᴄʜʝʪʪʝ ʦʩʴʢʝ ץʘʨʘסʘʥʜʘסʳ 

ʠʥʝʨʮʠʷ ʤʦʤʝʥʪʽʥ ʪʘʙʫ װʰʽʥ ʵʣʝʤʝʥʪʘʨʣʳץ ʞʦʣʘץʪʳ ʦʩʳ ʦʩʴʢʝ ʧʘʨʘʣʣʝʣʴ 

 ʘʥ ʦʩʴʢʝסʘʨʘʩʪʳʨʳʣʳʧ ʦʪʳʨץ ʪʳץʤʳʩʪʘ ʞʦʣʘײʣ ʞײʳʣrʧ ʘʣʘʜʳ. ɸʣ ʙץ

ʧʝʨʧʝʥʜʠʢʫʣʷʨ ץʳʣʳʧ ʘʣʫ ײʩʳʥʳʣʘʜʳ. ᴄʜʽʩ ʥʝʛʽʟʽʥʜʝ  ʪʽʢ ʪᴇʨʪʙײʨʳʰʪʳש 

ʠʥʝʨʮʠʷ ʤʦʤʝʥʪʽʥʽש ʙʝʣʛʽʣʽ ᴇʨʥʝʛʽ ʞʘʪʘʜʳ. 

1.  ʆʨʪʘʣʳץ ʙײʨʳʰʳ 02jï ʛʝʪʝש ʰʝשʙʝʨʣʽʢ BCDʩʝʛʤʝʥʪʽʥʽש 

zʞᴅʥʝyʦʩʴʪʝʨʽʥʝ ץʘʨʘסʘʥʜʘסʳ ʠʥʝʨʮʠʷ ʤʦʤʝʥʪʪʝʨʽʥ  ʘʥʳץʪʘʫ (ʩʫʨʝʪ). 

 

:  

 

 

 

 

 

 

 

 

ʉʫʨʝʪʪʝʥ ʘʣʳʥʘʜʳ 

0jRCosOK= ;   0jRSinBK= ;                                     (1) 

ɽʥd̔zʵʣʝʤʝʥʪʘʨʣʳץ ʞʦʣʘץʪʳ z ʦʩʴʽʥʝ  

ʧʝʨʧʝʥʜʠʢʫʣʷʨ  ʝʪʽʧ ʘʣʘʡʳץ. ʆʥʳש ʦʩʳ ʦʩʴʢʝ 

  :שʳ ʠʥʝʨʮʠʷ ʤʦʤʝʥʪʽ ʪʝסʘʥʜʘסʘʨʘץ 
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)2( 3dzy
dIz= .                                                                 (2) 
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ʐʝשʙʝʨʜʽש ʪʝשʜʝʫʽ ʤʳʥʘ ʪװʨʜʝ ʞʘʟʳʣʘʜʳ 22 zRy -°= . ʀʥʪʝʛʨʘʣʜʘʫ 

ʞװʨʛʽʟʛʝʥʜʝ  ʘʡʥʳʤʘʣʳ ʰʘʤʘʥʳ 

ʘʫʳʩʪʳʨʘʤʳʟintRSy= ʥʝʤʝʩʝ dtRCostdy Ö= . ʆʩʳ ᴇʨʥʝʢʪʝʨʜʽ ʝʩʢʝʨʽʧ, (2) 

ᴇʨʥʝʛʽʥ zïʪʽש ᴇʟʛʝʨʫ ʰʝʢʪʝʨʽ0jRCos ,R  ( 02
j

p
-=t ,

2

p
=t ) ʙʦʡʳʥʰʘ 

ʠʥʪʝʛʨʘʣʜʘʩʘץ, ʪʘʙʳʣʘʜʳ:  
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ʕʣʝʤʝʥʪʘʨʣʳץ ʞʦʣʘץʪʳ ʫʦʩʴʽʥʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨ ʝʪʽʧ ʘʣʩʘץ (ʩʫʨʝʪʪʽ 

 ʳ ʠʥʝʨʮʠʷסʘʥʜʘסʘʨʘץ ʦʩʳ ʦʩʴʢʝ שʘʨʘ), (1) ïʜʽ  ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʩʝʛʤʝʥʪʪʽץ

ʤʦʤʝʥʪʽʥ ʘʥʳץʪʘʫסʘ ʙʦʣʘʜʳ: 
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ʂװʪʢʝʥʜʝʡ, ᴅʜʝʪʪʝʛʽʜʝʡ ʝʤʝʩ ʞᴅʥʝ ᴅʜʝʪʪʝʛʽʜʝʡ ᴅʜʽʩʪʝʨʤʝʥ ʝʩʝʧʪʝʫ 

ʥᴅʪʠʞʝʣʝʨʽ ʙʽʨʜʝʡ ʙʦʣʳʧ ʰʳץץʘʥʳʥ ʙʘʡץʘʡʤʳʟ. 

 

2.ʐʠʨʝʢ ʰʝשʙʝʨʜʽש ʘʫʳʨʣʳץ ʮʝʥʪʨʽʥ ʞᴅʥʝ ʮʝʥʪʨʣʽʢ ʙʘʩ ʦʩʴʪʝʨʛʝ 

 .ʳ ʠʥʝʨʮʠʷ ʤʦʤʝʥʪʪʝʨʽʥ ʪʘʙʫסʘʥʜʘסʘʨʘץ

 

 

 

 

 

 

 

 

ʕʣʝʤʝʥʪʘʨʣʳץ ʞʦʣʘץʪʳש  )( zby= ʫ  ʦʩʴʽʥʝ ץʘʨʘסʘʥʜʘסʳ ʠʥʝʨʮʠʷ 

ʤʦʤʝʥʪʽ ʪʝש: 
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)( 3dyz
dI y= .                                                           (3) 

ʀʥʪʝʛʨʘʣʜʘʫ ʞװʨʛʽʟʛʝʥʜʝ  ʘʡʥʳʤʘʣʳ ʰʘʤʘʥʳ  

ʘʫʳʩʪʳʨʘʤʳʟintRSy= .ʐʝשʙʝʨ ʪʝשʜʽʛʽ 



17 

 

)( 22 yRz -°=  ʞᴅʥʝ0=y ʙʦʣסʘʥʜʘ,0=t , ʘʣRy=  ʙʦʣסʘʥʜʘ,2/p=t  

ʝʢʝʥʽʥ ʝʩʢʝʨʽʧ, (3) ᴇʨʥʝʛʥʽʥ ʠʥʪʝʛʨʘʣʜʘסʘʥʥʘʥ ʢʝʡʽʥ ʘʣʳʥʜʳ:  
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(6) ʪʝשʜʽʛʽʥ ʝʩʢʝʨʽʧ, ʙʝʣʛʽʣʽ ʢʝʡʽʧʪʝʤʝ ʙʦʡʳʥʰʘ ʮʝʥʪʨʣʽʢ ʙʘʩ ʦʩʴʪʝʨʛʝ 

 :ʳ  ʠʥʝʨʮʠʷ ʤʦʤʝʥʪʪʝʨʽʪʘʙʳʣʘʜʳסʘʥʜʘסʘʨʘץ
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0z ʞᴅʥʝ0y ʦʩʴʪʝʨʽʥʝ ץʘʨʘסʘʥʜʘסʳ ʮʝʥʪʨʜʝʥ ʪʝʧʢʽʰ ʠʥʝʨʮʠʷ ʤʦʤʝʥʪʽ 

ʩʦʣ ʪʘשʙʘʣʳ ʙʦʣסʘʥʜʳץʪʘʥ vʦʩʴʽ ʙʽʨʽʥʰʽ ʞᴅʥʝ װʰʽʥʰʽ ʢʚʘʜʨʘʥʪʪʘʨ ʘʨץʳʣʳ 
ᴇʪʝʜʽ. 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ (4)ʧʝʥ (5) ï ʪʽ ʝʩʢʝʨʩʝʢ, (7) ʘʥʘʣʦʛʽ 

ʙʦʡʳʥʰʘʆ ʥװʢʪʝʩʽʥʝʥ ᴇʪʝʪʽʥ ʙʘʩ ʦʩʴʪʝʨʛʝ ץʘʨʘסʘʥʜʘסʳ ʠʥʝʨʮʠʷ 

ʤʦʤʝʥʪʪʝʨʽʥ ʝʩʝʧʪʝʫʛʝ ʙʦʣʘʜʳ: 

11
,vuI = 419625.0 R ° 4125.0 R ; 

1
vI = 432125.0 R ;   

1
uI = 407125.0 R . 

ʂᴇשʽʣ ʘʫʜʘʨʳשʳʟʜʘʨvI ʠʥʝʨʮʠʷ ʤʦʤʝʥʪʽ ʪʦʣʳץ ʰʝשʙʝʨʜʽש ʠʥʝʨʮʠʷ 

ʤʦʤʝʥʪʽʥʽש ʪᴇʨʪʪʝʥ ʙʽʨʽʥʝ ʪʝש ʙʦʣʤʘʡʜʳ. ᴆʡʪʢʝʥʽ  ʪᴇʨʪ ʩʝʢʪʦʨ ʦʩʳ ʦʩʴʢʝ 

 ʨʣʽװʪʘʥ, ʠʥʝʨʮʠʷ ʤʦʤʝʥʪʪʝʨʽ ᴅʨ ʪץʘʥ, ʩʦʥʜʳסʘʥʜʘ ʙʽʨʢʝʣʢʽ ʦʨʥʘʣʘʩʧʘסʘʨʘץ

ʙʦʣʘʜʳ.ɹײʣ ʞʝʨʜʝ ʪʝʢ ʤʳʥʘ ʪʝשʜʽʢ ʦʨʳʥ ʘʣʘʜʳ: 

2
1

vI +2
1

uI = 4
4

785.0
4

R
R
=

p
. 

3.ʉʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ ʬʠʛʫʨʘʥʳש ʠʥʝʨʮʠʷ ʤʦʤʝʥʪʪʝʨʽʥ ʘʥʳץʪʘʫ. 
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ʕʣʝʤʝʥʪʘʨʣʳץ ʞʦʣʘץ zdy 2³ ( zb
y

2=  ʳסʘʥʜʘסʘʨʘץ ʰʽʥ ʫ  ʦʩʴʽʥʝװ (

ʠʥʝʨʮʠʷ ʤʦʤʝʥʪʽ ʪʝש: 

12

)2( 3dyz
dI y = .                                  (1) 

(1) ʪʝשʜʽʛʽʥ ʫ ï ʪʽש ᴇʟʛʝʨʫ ʰʝʢʪʝʨʽʥʜʝ (h- ,h) 

ʠʥʪʝʛʨʘʣʜʘʩʘץ, ʘʣʳʥʘʜʳ:                                             

ñ
-

=

h

h
y

dyz
I

12

)2( 3

.                                                       (2) 

ʐʝשʙʝʨ ʪʝשʜʽʛʽʥ ʝʩʢʝʨʽʧ, ʘʡʥʳʤʘʣʳ ʰʘʤʘʥʳ ʘʫʳʩʪʳʨʳʧ ʞᴅʥʝ ʫ 

= h-ʙʦʣסʘʥʜʘ,j-=t , ʘʣ ʫ =hʙʦʣסʘʥʜʘj=t  ʝʢʝʥʽʥ ʝʩʢʝʨʩʝʢ, (2) ʪʝשʜʽʛʽ 

ʤʳʥʘ ʥᴅʪʠʞʝʥʽ ʙʝʨʝʜʽ:   

dyyRI
h

h
y Öñ

-

-= 322 )(
3

2
= j

j-+++ )4
8

1

2

1
2(

6

4

tSinttSint
R

= )42812(
24

4
jjj SinSin

R
++ . 

ɸʡʪʘ ʢʝʪʝʣʽʢ, ʙײʣ ʬʠʛʫʨʘʥʳש z ʦʩʴʽʥʝ ץʘʨʘסʘʥʜʘסʳ ʠʥʝʨʮʠʷ 

ʤʦʤʝʥʪʽʥ ʙʽʨ ʪײʪʘʩ ʜʝʥʝ ʨʝʪʽʥʜʝ ʘʥʳʪʘʤʘץ ʙʦʣʩʘץ, ᴅʜʝʪʪʝʛʽʜʝʡ ʝʤʝʩ ᴅʜʽʩʪʽ 

 ʘʥסʘ ʙʦʣʤʘʡʜʳ. ᴆʡʪʢʝʥʽ, ʦʩʳ ʦʩʴʢʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨ ʘʣʳʥסʦʣʜʘʥʫץ

ʵʣʝʤʝʥʪʘʨʣʳץ ʞʦʣʘץʪʘʨʜʳש ʠʥʝʨʮʠʷ ʤʦʤʝʥʪʪʝʨ ץᴇʨʥʝʢʪʝʨʽ ᴅʨ ʪװʨʣʽ 

ʙʦʣʘʜʳ. ɹײʣ ᴅʜʽʩʪʽ ץʦʣʜʘʥʫ װʰʽʥ ʬʠʛʫʨʘʥʳ ʝʢʽ ʩʝʛʤʝʥʪʢʝ ʞᴅʥʝ ʪʽʢ 

ʪᴇʨʪʙײʨʳʰץʘ ʙᴇʣʫ ץʘʞʝʪ. 

ᴄʜʝʪʪʝʛʽʜʝʡ ʝʤʝʩ ᴅʜʽʩʪʝʨʤʝʥ ʪʘʥʳʩʫ ʞʘʩ ʦץʳʪʫʰʳʣʘʨסʘ, 

ʤʘʛʠʩʪʨʘʥʪʪʘʨסʘ, ʩʪʫʝʥʪʪʝʨʛʝ ʞᴅʥʝ ʵʣʝʤʝʥʪ ʙʝʨʽʢʪʽʛʽʤʝʥ ʘʡʥʘʣʳʩʘʪʳʥ 

ʦץʳʨʤʘʥʜʘʨסʘ ʧʘʡʜʘʣʳ.  

 

ʈɽʐɽʅʀɽ ʅɽʇʈʆʉʊʓʍ ɿɸɼɸʏ ʉʆʇʈʆʊʀɺʃɽʅʀʗ 

ʄɸʊɽʈʀɸʃɸ ʅɽʊʈɸɼʀʎʀʆʅʅʓʄ ʄɽʊʆɼʆʄ» 

ɺ ʩʪʘʪʴʝ  ʧʨʠʚʦʜʠʪʩʷ ʥʦʚʳʡ  ʧʦʜʭʦʜ ʢ ʚʳʯʠʩʣʝʥʠʶ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʣʦʩʢʠʭ ʬʠʛʫʨ. ʇʦʢʘʟʘʥʳ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ 

ʩʝʢʪʦʨʘ, ʯʝʪʚʝʨʪʠ ʢʨʫʛʘ ʠ ʜʨʫʛʦʛʦ ʩʝʯʝʥʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʣʦʩʢʠʝ ʬʠʛʫʨʳ, ʤʝʪʦʜʳ ʠʩʯʠʩʣʝʥʠʷ, ʠʥʝʨʮʠʷ 

ʩʝʢʪʦʨʘ, ʯʝʪʚʝʨʪʴ ʢʨʫʛʘ. 

 

SOLUTION OF COMPLEX PROBLEMS OF THE STRENGTH OF 

MATERIALS USING NONCONVENTIONAL METHOD 

This article provides new approach to calculation of geometrical 

characteristics of the plane figures. The article illustrates the definition of the 

moments of inertia of a sector, quadrant, and any other section.  

Keywords: plane figures, methods of calculation, the inertia of the sector, 

a quarter of a circle. 
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ʄɸʊɽʈʀɸʃɼɸʈ ʂɽɼɽʈɻɯʉɯʅɯרɯ ᴄɼɽʊʊɽɻɯɼɽʁ ɽʄɽʉ 

ɾʆʃɼɸʈʓ  

 

ɸ. ʂ. ɸʣʜʘʙʝʨʛʝʥʦʚ,  

ʪʝʭʥʠʢʘ סʳʣʳʤʳʥʳש ʢʘʥʜʠʜʘʪ,r ʧʨʦʬʝʩʩʦʨ, 

ʂʦʩʪʘʥʘʡ  ʠʥʞʝʥʝʨʣʽʢ ï ʵʢʦʥʦʤʠʢʘʣʳץ  ʫʥʠʚʝʨʩʠʪʝʪʽ (פʘʟʘץʩʪʘʥ) 
 

ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʮʝʥʟʠʠ ʜʘʥʳ ʜ.ʪ.ʥ. ɸʭʤʝʪʦʚʳʤ ʀ.ʉ. 

ʠ ʢ.ʪ.ʥ. ɾʠʢʝʝʚʳʤ ɸ.ɸ. 

 

ʄʘϨʘʣʘʜʘ  ʞʘʟʳϨ ʬʠʛʫʨʘʣʘʨʜʳϬ  ʛʝʦʤʝʪʨʠʷʣʳϨ ʩʠʧʘʪʪʘʤʣʘʨʳʥ 

ʝʩʝʧʪʝʫʜʽϬ ϸʜʝʪʪʝʛʽʜʝʡ ʝʤʝʩ ʞʦʣʜʘʨʳ ʢʝʣʪʽʨʽʣʛʝʥ. ʊʽʢ ʪϺʨʪʙϰʨʳʰʪʳϬ, 

ϮʰʙϰʨʳʰʪʳϬ, ʪʨʘʧʝʮʠʷʥʳϬ ʘʫʳʨʣʳϨ ʮʝʥʪʨʣʝʨʽʥʽϬ ʦʨʳʥʜʘʨʳ 

ʘʥʳϨʪʘʣϤʘʥ. 

ʊϮʡʽʥ ʩϺʟʜʝʨ:  ʞʘʣʧʘϨ ʙʝʡʥʝ, ʝʩʝʧʪʝʫ ϸʜʽʩʽ, ʪʽʢʙϰʨʳʰʪʳϬ  ʪϮʩʫ 

ʦʨʪʘʣʳϤʳ, Ϯʰʙϰʨʳʰ ʞϸʥʝ ʪʨʘʧʝʮʠʷ. 

 

ᴄʜʝʪʪʝ ʞʘʟʳץ ץʠʤʘʥʳש ʘʫʳʨʣʳץ ʮʝʥʪʨʽʥʽש ʢʦʦʨʜʠʥʘʪʘʣʘʨʳʥ 

ʘʥʳץʪʘסʘʥʜʘ ʘʣʜʳʤʝʥ ʘʫʜʘʥʥʳש ʩʪʘʪʠʢʘʣʳץ ʤʦʤʝʥʪʽʥ ʝʩʝʧʪʝʡʜʽ ʜʝ, ʦʥʳ 

 ,ʘʡʣʳסשʣ ʳײʝʩʝʧʪʝʨʜʝ ʙ ץʘʫʜʘʥ ʰʘʤʘʩʳʥʘ ʙᴇʣʝʜʽ. ʇʨʘʢʪʠʢʘʣʳ שʠʤʘʥʳץ

ʩʦʥʜʳץʪʘʥ ʞʠʽ ץʦʣʜʘʥʳʣʘʜʳ. נʳʣʳʤʠ ʪײʨסʳʜʘʥ ʤʳʥʘ ʙʽʨ ᴅʩʝʤ ᴅʜʽʩ 

 ʘʥסʽʨʝʛʽʥʜʝ ʘʡʥʘʣשʥʝʛʽʟʽ ʤʳʥʘʜʘ: ʦʩʴ ʪᴇ שʪʫʜʳʨʘʜʳ. ʆʥʳ ץʫʰʳʣʳסʳʟʳץ

ʘʫʜʘʥʥʘʥ ʘʣʳʥסʘʥ ʜʝʥʝ ʢᴇʣʝʤʽ Vʦʩʳ ʘʫʜʘʥʥʳש ɸ ʦʥʳש ʮʝʥʪʨʽ ʪʦʣʳץ ʙʽʨ 

ʘʡʥʘʣסʘʥʜʘ ᴇʪʝʪʽʥ  ʞʦʣ ײʟʳʥʜʳסʳ Lʢᴇʙʝʡʪʽʥʜʽʩʽʥʝ ʪʝש ʝʢʝʥʽ ʙʝʣʛʽʣʽ, 

ʷסʥʠ LAV Ö=  ʨʳʰ ʞᴅʥʝײʰʙװ ,ʨʳʰײʘʨʘʧʘʡʳʤ ʬʠʛʫʨʘʣʘʨ: ʪʽʢ ʪᴇʨʪʙפ .

ʪʨʘʧʝʮʠʷ  ʝʩʝʧʪʝʨʽʥʜʝ ᴅʜʽʩʪʽש  ʪʝʪʽʛʽʥ ʘʰʳʧ ʢᴇʨʩʝʪʝʡʽʢ. 

1.ʊʽʢ ʪᴇʨʪʙײʨʳʰ.  ʆʥʳש ʘʫʜʘʥʳbhA= . ɽʛʝʨ ʪʽʢ ʪᴇʨʪʙײʨʳʰʪʳ ʫʦʩʴʽ 

ʪᴇשʽʨʝʛʽʥʜʝ ʘʡʥʘʣʜʘʨʩʘץ, ʘʣʳʥסʘʥ ʜʝʥʝ ʪʘʙʘʥ ʨʘʜʠʫʩʳ bʞᴅʥʝ ʙʠʽʢʪʽʛʽh  

ʮʠʣʠʥʜʨ ʙʦʣʘʜʳ. ʆʥʜʘ ʪʽʢ ʪᴇʨʪʙײʨʳʰʪʳש ʘʫʳʨʣʳץ ʮʝʥʪʨʽ  ʉ ʰʝשʙʝʨ 

ʩʳʟʘʜʳ ʜʘ, ʦʣ ᴇʪʢʝʥ ʞʦʣ  ײʟʳʥʜʳסʳ ʪʝש L czp2= .  

 

 

 

 

 

 

 

ʎʠʣʠʥʜʨ ʢᴇʣʝʤʽ ʤʳʥʘ hbV 2p=  ʢʝʡʽʧʪʝʤʝʤʝʥ ʘʥʳץʪʘʣʘʪʳʥʳʥ 

ʝʩʢʝʨʩʝʢ, ʪʘʙʳʣʘʜʳ: 
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b
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V
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Ö
=

p
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ʊʽʢ ʪᴇʨʪʙײʨʳʰʪʳ z ʦʩʴʽ ʪᴇשʽʨʝʛʽʥʜʝ ʘʡʥʘʣʜʳʨʩʘ, ʪʘסʳ ʜʘ ʪʘʙʘʥ 

ʨʘʜʠʫʩʳh  ʞᴅʥʝ ʙʠʽʢʪʽʛʽ b ʮʠʣʠʥʜʨʽ ʰʳסʘʜʳ. ʂᴇʣʝʤ ʤʝʥ ʞʦʣ ײʟʳʥʜʳסʳʥ 

ʘʥʳץʪʘסʘʥʥʘʥ ʢʝʡʽʥ ʘʣʳʥʘʜʳ:  

22

2 h

bh

bh
yc =

Ö
=

p

p
. 

 ʘʥʜʘסʽʨʝʛʝʥʜʝ ʘʡʥʘʣʜʳʨשʨʳʰʳʥ z ʦʩʴʽ ʪᴇײʰʙװ ʨʳʰ.  123ײʰʙת .2

ʘʣʳʥʘʪʳʥ ʜʝʥʝ ʨʘʜʠʫʩʳ h  ʞʘʣʧʳ ʪʘʙʘʥʜʳ ʝʢʽ ʢʦʥʫʩʪʘʥ (1303¡ʞᴅʥʝ שʘ ʪʝץ - 

2303¡)  ʪײʨʘʜʳ. תʰʙײʨʳʰ ʘʫʜʘʥʳ)(
2

1
bahA += ,ʘʡʥʘʣʜʳʨʫʜʘʥ ʘʣʳʥסʘʥ 

ʜʝʥʝ (ʝʢʽ ʢʦʥʫʩ) ʢᴇʣʝʤʽ ï )(
3

1 2 bahV += p , ʘʣ ʘʫʳʨʣʳץ ʮʝʥʪʨʽʥʽש ʞװʨʛʝʥ 

ʞʦʣʳ ï cyL p2= . 

 

 

 

 

 

 

 

ʆʣʘʡ ʙʦʣʩʘ,  ʪʘʙʳʣʘʜʳ: 

32)(
2

1

)(
3

1 2

h

hba

bah
yc =

Ö+

+
=

p

p
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ɸʫʳʨʣʳץ ʮʝʥʪʨʜʽש ʝʢʽʥʰʽ ʢʦʦʨʜʠʥʘʪʘʩʳʥ ʪʘʙʫ װʰʽʥ  123 

 ʨʳʰײʰ ʙת  .ʘʞʝʪץ ʽʨʝʛʽʥʜʝ ʘʡʥʘʣʜʳʨʫשʨʳʰʳʥ ʫ ʦʩʴʽ ʪᴇײʰʙװ

ʘʫʜʘʥʳ )(
2

1
bahA += . ɸʡʥʘʣʜʳʨסʘʥʥʘʥ ʢʝʽʥ ʘʣʳʥʘʪʳʥ ʜʝʥʝ  װʰ ʢʦʥʫʩʪʘʥ: 

141'2; 343'0 ʞᴅʥʝ 323'0 ʪײʨʘʜʳ. ʉʦסשʳ ʝʢʽ ʢʦʥʫʩ ʞʘʣʧʳ ʪʘʙʘʥʜʳ. ʊʘʙʘʥ 

ʘʫʜʘʥʳ2ap .  ɹʽʨʽʥʰʽ װʣʢʝʥ ʢʦʥʫʩʪʳ2¡141  ש  ʙʠʽʢʪʽʛʽ ʪʝש h
b

ba+ . ɹʘʨʣʳװ ץʰ 

ʢʦʥʫʩʪʘʨʜʳש ʢᴇʣʝʤʽ ʙʳʣʘʡ ʘʥʳץʪʘʣʘʜʳ:  

h
b

bababh
b

baah
b

babaV ++=+-++= )2(
3

1

3

1
)(

3

1 222 ppp . 
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ɸʫʜʘʥ ʪʦʣʳץ ʙʽʨ ʘʡʥʘʣסʘʥʜʘ ʘʫʳʨʣʳץ ʮʝʥʪʨ ʉ ᴇʪʝʪʽʥ ʞʦʣ 

ʪʝשL czp2= .  

ʆʩʳ ʙʝʣʛʽʣʽ ʰʘʤʘʣʘʨʜʳ ʝʩʢʝʨʩʝʢ, ʪʘʙʳʣʘʜʳ: 

3
2

2)(
2

1

)2(
3

1 2

ba

hba

h
b

babab
zc

+=

Ö+

++
=

p

p
.  

ɹײʣ ʥᴅʪʠʞʝ ᴅʜʝʪʪʝʛʽʜʝʡ ᴅʜʽʩʧʝʥ ʜʝ ʘʣʳʥʘʜʳ:       
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3. ʊʨʘʧʝʮʠʷ. ʊʨʘʧʝʮʠʷ ʘʫʜʘʥʳ ʪʝשh
ba

A
2

+
= . ɸʫʜʘʥʜʳzʦʩʴʽ 

ʪᴇשʽʨʝʛʽʥʜʝ ʘʡʥʘʣʜʳʨסʘʥʜʘ ʪʘʙʘʥ ʨʘʜʠʫʩʳ h  ʮʠʣʠʥʜʨ ʞᴅʥʝ ʦʩʳ ʪʘʙʘʥʜʳ 

ʝʢʽ ʢʦʥʫʩ ʘʣʳʥʘʜʳ. 
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3 R

R
Ryc =Ö= .  

ʂʝʣʪʽʨʽʣʛʝʥ ʘʫʳʨʣʳץ ʮʝʥʪʨ ʢʦʦʨʜʠʥʘʪʘʩʳʥ ʘʥʳץʪʘʡʪʳʥ ᴅʜʝʪʪʝʛʽʜʝʡ 

ʝʤʝʩ ᴅʜʽʩ ʩʪʫʜʝʥʪʪʝʨʜʽ, ʤʘʛʠʩʪʨʘʥʪʪʘʨʜʳ ʞᴅʥʝ ʞʘʩ ʦץʳʪʫʰʳʣʘʨʜʳ 

  .ʘ ʪʠʽʩסʪʳʨʫץʳʟʳץ
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ʅɽʊʈɸɼʀʎʀʆʅʅʓɽ ʇʆɼʍʆɼʓ ɺ ʉʆʇʈʆʊʀɺʃɽʅʀʀ 

ʄɸʊɽʈʀɸʃʆɺ 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʚʳʯʠʩʣʝʥʠʶ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʣʦʩʢʠʭ ʬʠʛʫʨ. ʇʦʢʘʟʘʥʳ ʦʧʨʝʜʝʣʝʥʠʝ ʮʝʥʪʨʦʚ ʪʷʞʝʩʪʠ 

ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ, ʪʨʝʫʛʦʣʴʥʠʢʘ ʠ ʪʨʘʧʝʮʠʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʣʦʩʢʠʝ ʬʠʛʫʨʳ, ʤʝʪʦʜʳ ʠʩʯʠʩʣʝʥʠʷ, ʮʝʥʪʨ 

ʪʷʞʝʩʪʠ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ, ʪʨʝʫʛʦʣʴʥʠʢʘ ʠ ʪʨʘʧʝʮʠʠ.  

 

NONCONVENTIONAL APPROACHES OF THE STRENGTH OF 

MATERIALS 

This article provides new approach to calculation of geometrical 

characteristics of the plane figures. The article illustrates the definition of the 

centers of gravity of rectangle, triangle, and trapezium.  

Keywords: plane figures, methods of calculation, the center of gravity of a 

rectangle, a triangle and a trapezoid. 
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ʈɸɿʈɸɹʆʊʂɸ ʄʆɼɽʃɽʁ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆʁ ʉʀʉʊɽʄʓ 

ɼʀʉʊɸʅʎʀʆʅʅʆɻʆ ʆɹʋʏɽʅʀʗ ʅɸ ɹɸɿɽ ʀʅʊɽɻʈʀʈʆɺɸʅʅʆʁ 

ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ʉʀʉʊɽʄʓ 

 

ʄ.ʌ. ɹʘʡʤʫʭʘʤʝʜʦʚ
1
, ʂ.ɼ.ɸʙʞʘʭʘʥʦʚ 

2
 , 

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

ʂʦʩʪʘʥʘʡʩʢʠʡ ʩʦʮʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤ. ʘʢʘʜʝʤʠʢʘ ɿ.ɸʣʜʘʤʞʘʨ
1
,ʠʥʞʝʥʝʨ (ʂʘʟʘʭʩʪʘʥ)

2
 

 

ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʮʝʥʟʠʠ ʜʘʥʳ ʜ.ʪ.ʥ. ʂʫʰʥʠʨ ɺ.ɻ. 

ʠ ʢ.ʪ.ʥ. ʍʘʩʝʥʦʚʳʤ ʋ.ɹ. 

 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʦʜʝʣʠ ʜʣʷ ʢʦʤʧʦʥʝʥʪʦʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʩʠʩʪʝʤʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ʪʝʭʥʠʯʝʩʢʠʭ ʚʫʟʦʚ. 

ʇʨʠʚʦʜʠʪʩʷ ʤʦʜʝʣʴ ʛʠʧʝʨʪʝʢʩʪʦʚʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʦʙʫʯʘʶʱʝʡ 

ʩʠʩʪʝʤʳ ʠ ʝʝ ʦʧʠʩʘʥʠʝ, ʘ ʪʘʢʞʝ ʤʦʜʝʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʮʝʥʦʢ 

çʧʘʨʘʤʝʪʨʦʚ ʩʣʦʞʥʦʩʪʠ ʠʟʫʯʘʝʤʦʡ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʭʥʠʢʠè ʠ çʚʘʞʥʦʩʪʠ 

ʠʟʫʯʝʥʥʳʭ ʨʘʥʝʝ ʠʥʞʝʥʝʨʥʳʭ ʜʠʩʮʠʧʣʠʥè, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʤʝʪʦʜʝ 

ʵʢʩʧʝʨʪʥʦʡ ʦʮʝʥʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʧʣʳʚʯʘʪʳʭ ʢʘʪʝʛʦʨʠʡ(ʥʝʯʝʪʥʳʭ 

ʤʥʦʞʝʩʪʚ). ʆʧʨʝʜʝʣʷʝʪʷ ʫʨʦʚʝʥʴ ʦʙʫʯʘʝʤʦʩʪʠ ʩʪʫʜʝʥʪʦʚ ʚ ʪʝʭʥʠʯʝʩʢʦʤ 

ʚʫʟʝ ʩ ʧʦʤʦʱʴʶ ʪʝʩʪʠʨʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʜʝʣʠ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ, 

ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ, ʫʩʧʝʚʘʝʤʦʩʪʴ, ʫʨʦʚʝʥʴ ʟʥʘʥʠʡ.  
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ʆʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʦʙʫʯʝʥʠʝʤ ʩʪʫʜʝʥʪʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʚʫʟʘ ʷʚʣʷʶʪʩʷ: ʧʦʚʳʰʝʥʠʝ  ʫʩʧʝʚʘʝʤʦʩʪʠ, ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʫʯʝʙʥʦ ï 

ʚʦʩʧʠʪʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʦʙʝʩʧʝʯʝʥʠʝ ʤʦʪʠʚʘʮʠʠ ʦʙʫʯʝʥʠʷ, ʩʥʠʞʝʥʠʝ 

ʟʘʪʨʘʪ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʭʥʠʢʠ [1]. 

ʈʘʩʩʤʘʪʨʠʤ ʟʘʜʘʯʫ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʝʡ ʢʦʤʧʦʥʝʥʪʦʚ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ (ɸʉɼʆ) ʜʣʷ 

ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠ ʩʪʫʜʝʥʪʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʚʫʟʘ ʥʘ ʙʘʟʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ (ʀʀʉ). ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ 

ʛʠʧʝʨʪʝʢʩʪʦʚʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʦʙʫʯʘʶʱʝʡ ʩʠʩʪʝʤʳ (ɻɸʆʉ). ʗʜʨʦʤ 

ɻɸʆʉ  ʷʚʣʷʝʪʩʷ ʙʘʟʘ ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʯʝʪʳʨʝʭ ʪʠʧʦʚ ʤʦʜʝʣʝʡ (ʩʚʦʙʦʜʥʘʷ, ʬʦʨʤʫʣʠʨʫʶʱʘʷ, 

ʬʦʨʤʠʨʫʶʱʘʷ, ʨʘʟʚʠʚʘʶʱʘʷ) ʠ ʤʝʪʦʜʦʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ 

(ʧʨʦʙʣʝʤʥʳʡ, ʵʚʨʠʩʪʠʯʝʩʢʠʡ, ʨʝʧʨʦʜʫʢʪʠʚʥʳʡ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ ï 

ʨʝʮʝʧʪʠʚʥʳʡ), ʧʨʠ ʵʪʦʤ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʫʨʦʚʝʥʴ ʟʥʘʥʠʡ ʜʣʷ ʢʘʞʜʦʛʦ 

ʩʪʫʜʝʥʪʘ ʩʧʨʦʛʥʦʟʠʨʦʚʘʥ ʟʘʨʘʥʝʝ ʠ ʟʘʧʠʩʘʥ ʚ ʙʘʟʫ ʜʘʥʥʳʭ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ  ʢʦʥʪʨʦʣʷ ʫʩʧʝʚʘʝʤʦʩʪʠ ʚʫʟʘ. ʊʦʛʜʘ ʜʣʷ  j -ʛʦ 

ʩʪʫʜʝʥʪʘ, ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʛʦʪʦʚʷʱʝʛʦʩʷ ʢ ʧʨʘʢʪʠʯʝʩʢʦʤʫ ʟʘʥʷʪʠʶ ʧʦ ʢ-ʦʡ 

ʪʝʤʝ q-ʦʡ  ʜʠʩʮʠʧʣʠʥʳ ʩ ʫʯʝʪʦʤ ʩʪʵʥʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʣʠʯʥʦʩʪʠ (-Kʇʇʇ  ʧʦʟʥʘʚʘʪʝʣʴʥʳʝ ʧʩʠʭʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ; 

ʘʩK  - ʘʜʘʧʪʠʚʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ; ʇʄK  - ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʤʦʪʠʚʘʮʠʷ) 

ʧʨʠ ʠʤʝʶʱʠʭʩʷ ʜʘʥʥʳʭ ʦʙ ʫʩʧʝʚʘʝʤʦʩʪʠ ʩʪʫʜʝʥʪʦʚ, ʦʙʫʯʘʚʰʠʭʩʷ ʟʘ 

ʧʨʝʜʳʜʫʱʠʝ ʛʦʜʳ ʠ ʜʠʥʘʤʠʢʝ ʠʟʫʯʝʥʠʷ  h - ʛʦ ʦʙʨʘʟʮʘ ʩʧʝʮʠʘʣʴʥʦʡ 

ʪʝʭʥʠʢʠ ʚ ʪʝʢʫʱʝʤ ʩʝʤʝʩʪʨʝ, ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʪʘʢʦʡ ʤʦʜʫʣʴ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʦʙʫʯʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʙʫʯʘʝʤʳʡ ʜʦʩʪʠʛʥʝʪ 

ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ ʟʥʘʥʠʡ, ʥʘʚʳʢʦʚ ʠ ʫʤʝʥʠʡ. ɺʳʙʦʨ ʪʘʢʦʛʦ ʤʦʜʫʣʷ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ ʧʨʦʚʦʜʠʪʩʷ ʚ ʪʨʠ ʵʪʘʧʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʘ ʪʘʢʩʦʥʦʤʠʠ ʢʣʘʩʩʘ < FOREL> ʦʧʨʝʜʝʣʠʤ 

ʢʘʞʜʦʤʫ j- ʤʫ ʩʪʫʜʝʥʪʫ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʚʳʙʦʨʢʫ ʠʟ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʦʙʫʯʘʝʤʳʭ ʠʤʝʶʱʠʭ ʩʭʦʞʠʡ ʥʘʙʦʨ ʦʮʝʥʦʢ ʧʨʠ ʠʟʫʯʝʥʠʠ ʜʨʫʛʠʭ ʦʙʨʘʟʮʦʚ 

ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʭʥʠʢʠ (ʣʠʙʦ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʚʩʪʫʧʠʪʝʣʴʥʳʭ 

ʢʦʥʢʫʨʩʥʳʭ ʠʩʧʳʪʘʥʠʡ), ʪ.ʝ. ʧʦ k  -ʦʡ ʪʝʤʝ  q -ʦʡ ʜʠʩʮʠʧʣʠʥʳ ʪʘʢʩʦʥ  

ʠʤʝʶʪ ʦʮʝʥʢʫ. 
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.jF rS=  

ʀʟ ʧʦʣʫʯʝʥʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ,in  ʧʦʜʩʯʠʪʳʚʘʝʤ ʢʦʣʠʯʝʩʪʚʦ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʣʷ h  -1 ʦʙʨʘʟʮʘ ʩʧʝʮʠʘʣʴʥʦʡ 

ʪʝʭʥʠʢʠ 1,2,3,4,5,6,7,8 ʢʘʪʝʛʦʨʠʠ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

).;;;;;; 123;45678 nnnnnnnn  ʜʣʷ q-ʡ ʜʠʩʮʠʧʣʠʥʳ. ʀʤʝʷ  ʵʪʠ ʜʘʥʥʳʝ, 

ʚʳʯʠʩʣʠʤ ʯʘʩʪʦʪʳ ʠʭ ʧʦʣʫʯʝʥʠʷ. ʕʪʠ ʯʘʩʪʦʪʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʳ 
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ʠ ʷʚʣʷʶʪʩʷ ʩʣʫʯʘʡʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʦ 

ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʩ ʧʘʨʘʤʝʪʨʘʤʠ: 
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ʊʦʛʜʘ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʧʨʦʛʥʦʟʠʨʫʝʤʦʡ ʦʮʝʥʢʠ iCʩʪʫʜʝʥʪʦʤ 
ʧʨʠ ʠʟʫʯʝʥʠʠ h-ʛʦ ʦʙʨʘʟʮʘ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʭʥʠʢʠ ʜʠʩʮʠʧʣʠʥʳ q ʧʨʠ 

ʫʩʣʦʚʠʠ ʚʳʙʦʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʤʦʜʫʣʷ ʦʙʫʯʝʥʠʷ 

ʦʧʨʝʜʝʣʠʤ ʧʦ ʬʦʨʤʫʣʝ: 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʜʘʥʥʦʛʦ ʩʪʫʜʝʥʪʘ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʪʘʢʠʝ 

ʤʦʜʝʣʠ ʠ ʤʝʪʦʜʳ ʪʝʭʥʦʣʦʛʠʠ ʦʙʫʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʩ ʥʘʠʙʦʣʴʰʝʡ 

ʚʝʨʦʷʪʥʦʩʪʴʶ ʧʨʠ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ² 90% ʦʙʝʩʧʝʯʘʪ ʫʩʚʦʝʥʠʝ 

ʠʤ ʟʘʜʘʥʥʦʛʦ ʥʘʙʦʨʘ ʟʥʘʥʠʡ, ʥʘʚʳʢʦʚ ʠ ʫʤʝʥʠʡ, ʪ.ʝ. ʧʦʣʫʯʝʥʠʝ 

ʧʨʦʛʥʦʟʠʨʫʝʤʦʡ ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ 

ʫʩʧʝʚʘʝʤʦʩʪʠ (ɸʉʂʋ) ʦʮʝʥʢʠ [2]. 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʤʦʜʝʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʮʝʥʦʢ çʧʘʨʘʤʝʪʨʦʚ 

ʩʣʦʞʥʦʩʪʠ ʠʟʫʯʘʝʤʦʡ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʭʥʠʢʠè ʠ çʚʘʞʥʦʩʪʠ ʠʟʫʯʝʥʥʳʭ ʨʘʥʝʝ 

ʠʥʞʝʥʝʨʥʳʭ ʜʠʩʮʠʧʣʠʥè, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʤʝʪʦʜʝ ʵʢʩʧʝʨʪʥʦʡ ʦʮʝʥʢʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʧʣʳʚʯʘʪʳʭ ʢʘʪʝʛʦʨʠʡ (ʥʝʯʝʪʥʳʭ ʤʥʦʞʝʩʪʚ). ɼʣʷ 

ʛʨʫʧʧʳ ʵʢʩʧʝʨʪʦʚ (ʧʨʝʧʦʜʘʚʘʪʝʣʠ ʢʘʬʝʜʨ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʠʟʫʯʝʥʠʝ 
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ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠ ʜʨʫʛʠʝ ʃʇʈ) ʦʧʨʝʜʝʣʷʝʤ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ: 

ʦʪʦʙʨʘʥʥʳʝ ʪʝʤʳ q ï ʦʡ ʜʠʩʮʠʧʣʠʥʳ ʧʨʠ ʠʟʫʯʝʥʠʠ ʦʙʨʘʟʮʘ h, ʩʣʦʞʥʦʩʪʴ 

ʦʩʚʦʝʥʠʷ ʢʦʪʦʨʦʛʦ ʥʫʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ï ʜʣʷ ʩʣk   ʠ ʦʪʦʙʨʘʥʥʳʝ ʪʝʤʳ m ï 

ʜʠʩʮʠʧʣʠʥ ʩʤʝʞʥʳʭ  ʢʘʬʝʜʨ, ʠʟʫʯʝʥʠʝ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʫʝʪ ʫʩʧʝʰʥʦʩʪʴ 

ʦʩʚʦʝʥʠʷ h ï ʦʛʦ ʦʙʨʘʟʮʘ ʪʝʭʥʠʢʠ, ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ 

(ʫʨʦʚʝʥʴ ʟʥʘʥʠʡ, ʥʘʚʳʢʦʚ, ʫʤʝʥʠʡ), ʦʧʳʪ ʧʨʝʧʦʜʘʚʘʥʠʷ ʠʥʞʝʥʝʨʥʳʭ 

ʜʠʩʮʠʧʣʠʥ ʚ ʚʦʝʥʥʦʤ ʚʫʟʝ, ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʦʨʛʘʥʠʟʘʮʠʠ ʠʟʫʯʝʥʠʷ 

ʧʦʜʦʙʥʳʭ ʜʠʩʮʠʧʣʠʥ ʚ ʜʨʫʛʠʭ ʚʫʟʘʭ. ʕʢʩʧʝʨʪʘʤ ʪʨʫʜʥʦ ʜʘʪʴ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ ʫʢʘʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʦʵʪʦʤʫ ʧʨʠ ʦʪʚʝʪʘʭ ʥʘ 

ʧʦʩʪʘʚʣʝʥʥʳʝ ʚ ʘʥʢʝʪʘʭ ʚʦʧʨʦʩʳ ʜʦʩʪʘʪʦʯʥʦ ʦʧʝʨʠʨʦʚʘʪʴ ʧʦʢʘʟʘʪʝʣʷʤʠ: 

ʦʯʝʥʴ ʪʨʫʜʥʦ; ʜʦʩʪʘʪʦʯʥʦ ʪʨʫʜʥʦ; ʪʨʫʜʥʦ; ʥʝʜʦʩʪʘʪʦʯʥʦ ʪʨʫʜʥʦ; ʧʦʯʪʠ 

ʣʝʛʢʦ; ʣʝʛʢʦ (ʜʣʷ ʩʣK ); ʦʯʝʥʴ ʚʘʞʥʦ; ʜʦʩʪʘʪʦʯʥʦ ʚʘʞʥʦ; ʚʘʞʥʦ; ʥʝ ʦʯʝʥʴ 

ʚʘʞʥʦ; ʥʝʚʘʞʥʦ (ʜʣʷ ʚʘʞʥK ), ʷʚʣʷʶʱʠʝʩʷ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʤʠ 

ʧʝʨʝʤʝʥʥʳʤʠ ʨʘʩʧʣʳʚʯʘʪʳʭ ʢʘʪʝʛʦʨʠʡ. ʊʦʛʜʘ ʦʮʝʥʢʠ, ʧʦʣʫʯʝʥʥʳʝ, ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʪʥʦʛʦ ʦʧʨʦʩʘ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʜʚʫʭ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ:  ɸ ï 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʣʦʞʥʦʩʪʴ ʠʟʫʯʘʝʤʦʛʦ ʦʙʨʘʟʮʘ ʪʝʭʥʠʢʠ ʠ ɺ ï ʚʘʞʥʦʩʪʴ 

ʠʥʞʝʥʝʨʥʳʭ ʜʠʩʮʠʧʣʠʥ.  

ʅʝʯʝʪʢʠʝ ʤʥʦʞʝʩʪʚʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʘʨ ʚʠʜʘ 

)(, xx m  ʜʣʷ ɸ ʠ ʫ, -)(ʫm ʜʣʷ ɺ, ʛʜʝ  [ ]-ÍÍ 1,0;, ʭYʫXx  ʬʫʥʢʮʠʠ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʥʝʯʝʪʢʦʛʦ ʤʥʦʞʝʩʪʚʘ. ʂʘʞʜʳʡ ʵʣʝʤʝʥʪ ʭ ʠ ʫ ʧʨʝʜʩʪʘʚʠʤ  

ʬʫʥʢʮʠʝʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ   )(xm ʠ  ).(ʫm ʆʮʝʥʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʦʪ 

ʚʩʝʭ ʵʢʩʧʝʨʪʦʚ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʚʦʧʨʦʩ, ʫʩʨʝʜʥʷʶʪʩʷ. ʉʦʚʦʢʫʧʥʘʷ 

ʬʫʥʢʮʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʜʣʷ ʦʧʠʩʘʥʠʷ  ʪʨk  ʦʧʠʩʳʚʘʝʪʩʷ: 
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ʛʜʝ  -)( ixm ʦʪʚʝʪ ʥʘ j ï ʳʡ ʚʦʧʨʦʩ; 

minmax )()()( xxx mmm -=D  

ʉʦʚʦʢʫʧʥʘʷ ʬʫʥʢʮʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʥʝʯʝʪʢʦʛʦ ʤʥʦʞʝʩʪʚʘ ʜʣʷ 

ʦʧʠʩʘʥʠʷ  ʄɼʉK (ʧʨʠ ʦʪʚʝʪʝ ʥʘ j- ʳʡ ʚʦʧʨʦʩ). 
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ʉʦʚʦʢʫʧʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʫʩʨʝʜʥʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʡ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʝʯʝʪʢʠʝ ʤʥʦʞʝʩʪʚʘ ʚʠʜʘ 
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ɿʘʪʝʤ ʚʳʯʠʩʣʷʶʪʩʷ ʚʳʧʫʢʣʳʝ ʢʦʤʙʠʥʘʮʠʠ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ  

1Aʠ 1Bʩ ʬʫʥʢʮʠʝʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʚʠʜʘ: 

 

   )()( 1

11 xx
A

A

-S = mlm  ʠ  ),()( 1

11 yy
B

B

-S = mlm ʛʜʝ 

.0²l  (9) 

ɺʳʙʦʨ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 1l ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚʘʞʥʦʩʪʠ ʚʦʧʨʦʩʦʚ ʚ ʚʳʜʝʣʝʥʥʳʭ ʛʨʫʧʧʘʭ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʪʥʦʛʦ 

ʦʧʨʦʩʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʥʦʨʤʠʨʫʶʪʩʷ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʘʥʘʣʠʟʝ 

ʫʯʝʙʥʦʡ ʩʠʪʫʘʮʠʠ ʠ ʧʨʠʥʷʪʠʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʢʦʨʨʝʢʪʠʨʦʚʢʫ ʫʯʝʙʥʦ ï ʤʝʪʦʜʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʠʣʠ  ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ. 

ʇʨʠʚʝʜʝʤ ʤʦʜʝʣʴ ʦʧʨʝʜʝʣʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʩʪʫʜʝʥʪʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʠʟʫʯʝʥʠʝ ʦʙʨʘʟʮʦʚ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʭʥʠʢʠ -  

ʩʧʦʩʦʙʥʦʩʪʴ ʙʳʩʪʨʦ ʠ ʣʝʛʢʦ ʧʨʠʦʙʨʝʪʘʪʴ ʥʦʚʳʝ ʟʥʘʥʠʷ ʠ ʥʘʚʳʢʠ, ʘ ʪʘʢʞʝ  

ʢʘʯʝʩʪʚʝʥʥʦ ʫʩʚʘʠʚʘʪʴ ʫʯʝʙʥʳʡ ʤʘʪʝʨʠʘʣ. ʆʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʷ 

ʦʙʫʯʘʝʤʦʩʪʠ ʩʪʫʜʝʥʪʦʚ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʚʫʟʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʨʦʬʧʨʠʛʦʜʥʦʩʪʠ ʧʦ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʳʤ  

ʧʦʢʘʟʘʪʝʣʷʤ: 

 

),,,( ʇʄʇʇʇɸʉʢʫʨʩʘʥʪʘ StStStfQ =I                (10) 

ʛʜʝ  -ɸʉSt ʧʦʢʘʟʘʪʝʣʴ ʘʜʘʧʪʠʚʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ; 

ʇʇʇSt - ʧʦʢʘʟʘʪʝʣʴ ʧʦʟʥʘʚʘʪʝʣʴʥʦ ï ʧʩʠʭʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ; 

-ʇʄSt ʧʦʢʘʟʘʪʝʣʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʤʦʪʠʚʘʮʠʠ 

ʇʝʨʝʚʦʜ ʧʦʣʫʯʝʥʥʳʭ ʦʮʝʥʦʢ ʚ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʳʝ ʠ ʧʦʩʪʨʦʝʥʠʝ  

ʩʪʝʥʦʚʳʭ ʰʢʘʣ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʢʘʟʘʪʝʣʷ  ʦʙʫʯʘʝʤʦʩʪʠ  ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ: 

              
5,5

)(2
+

-
=

s

XXx
St

                              (11) 

ʍ ï ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʵʪʘʣʦʥʥʘʷ ʦʮʝʥʢʘ; 
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-C  ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʧʦʢʘʟʘʪʝʣʷ; 

-s ʩʨʝʜʥʝʝ ʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʩʣʝʜʦʚʘʥʠʷ ʩʪʫʜʝʥʪʳ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʚ ʦʜʥʫ ʠʟ 

ʯʝʪʳʨʝʭ ʛʨʫʧʧ ʧʨʦʬʧʨʠʛʦʜʥʦʩʪʠ. ʉʪʫʜʝʥʪʳ, ʧʦʧʘʚʰʠʝ ʚ I ʛʨʫʧʧʫ 

ʧʨʦʬʧʨʠʛʦʜʥʦʩʪʠ,  ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʫʩʧʝʰʥʦʩʪʠ ʦʙʫʯʝʥʠʷ ʷʚʣʷʶʪʩʷ 

ʣʫʯʰʠʤʠ ʚ ʛʨʫʧʧʘʭ ʠ ʥʝ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ  ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʫʯʝʙʥʦ  -  

ʚʦʩʧʠʪʘʪʝʣʴʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʧʨʠ ʚʦʟʥʠʢʘʶʱʠʭ ʫʯʝʙʥʳʭ ʩʠʪʫʘʮʠʷʭ. 

ʉʪʫʜʝʥʪʳ, ʧʦʧʘʚʰʠʝ ʚʦ 2 ʛʨʫʧʧʫ ʧʨʦʬʧʨʠʛʦʜʥʦʩʪʠ, ʪʨʝʙʫʶʪ ʤʠʥʠʤʘʣʴʥʳʭ 

ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. ʉʪʫʜʝʥʪʳ, ʧʦʧʘʚʰʠʝ ʚ 3 ʛʨʫʧʧʫ 

ʧʨʦʬʧʨʠʛʦʜʥʦʩʪʠ,  ʪʨʝʙʫʶʪ ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʥʦʛʦ ʢʦʤʧʣʝʢʩʘ  ʫʯʝʙʥʦ ï 

ʚʦʩʧʠʪʘʪʝʣʴʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʘ ʧʦʧʘʚʰʠʝ ʚ 4 ʛʨʫʧʧʫ -  ʥʫʞʜʘʶʪʩʷ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʨʘʙʦʪʝ ʩʦ ʩʪʦʨʦʥʳ ʧʨʦʬʝʩʩʦʨʩʢʦ ï 

ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʥʘʙʣʶʜʝʥʠʠ  ʫ ʧʩʠʭʦʣʦʛʘ. 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʥʘʤʠ ʤʦʜʝʣʠ ɸʉɼʆ ʙʫʜʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ  

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʚʫʟʝ ʠ ʧʦʚʳʰʝʥʠʶ 

ʢʘʯʝʩʪʚʘ ʦʙʫʯʝʥʠʷ. 
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ɸפʇɸʈɸʊʊʓפ ɾתʁɽ ɹɸɿɸʉʓ ʅɽɻɯɿɯʅɼɽ ɸʈɸפɸʐʓפʊʓפ 

ʆפʓʊʋɼɸ ɸɺʊʆʄɸʊʊɸʅɼʓʈʓʃנɸʅ ɾתʁɽʅɯת רʃɻɯʃɽʈɼɯ 

 ɸʈʉʊʓʈʋױפ

ʊʝʭʥʠʢʘʣʳϨ ɾʆʆʥʳϬ ʩʪʫʜʝʥʪʪʝʨʜʽϬ ʘʨʘϨʘʰʳϨʪʳϨ ʦϨʳʪʫ 

ʘʚʪʦʤʘʪʪʘʥʜʳʨʳϤʘʥ ʞϮʡʝʩʽ ϨʘʨʘʩʪʳʨʳʣϤʘʥ. ɻʠʧʝʨʪʝʢʩʪʽʢ 

ʘʚʪʦʤʘʪʪʘʥʜʳʨʳϤʘʥ ʙʘϤʜʘʨʣʘʤʘʩʳ ʞϸʥʝ ʦʥʳϬ ʩʠʧʧʘʪʘʤʘʩʳ 

ϨʘʨʘʩʪʳʨʳʣϤʘʥ. ʊʝʩʪ ʢϺʤʝʢʧʝʥ ʪʝʭʥʠʢʘʣʳϨ ʞʦʦʜʘ ʩʪʫʜʝʥʪʪʝʨʜʽϬ 

ʩʘʫʘʪʪʘʥʘʪʳʥʜʳϨʪʘʨʳʥʳϬ  ʜʝϬʛʝʡʽ ʘʥʳϨʪʘʣʘʜʳ. 

ʊϮʡʽʥ ʩϺʟʜʝʨ:Ϯʣʛʽʣʝʨ, ʘʚʪʦʤʘʪʪʘʥʜʳʨʳϤʘʥ ʞϮʡʝ, ʘʨʘϨʘʰʳϨʪʳϨ 

ʦϨʳʪʫʳ, ʦϨʫ ʧʨʦʮʝʩʩʽ, ʙʽʣʽʤ ʜʝϬʛʝʡʽ.  

 

MODELLING THE AUTOMATED SYSTEM BASED ON DISTANCE 

LEARNING INTEGRATED INFORMATION SYSTEM 
Consider models for the components of the automated system of distance learning 

students of technical colleges. A model Hypertext automated training system and its 

description,as well as the model of the count "parameter complexity of the study of special 

equipment" and "the importance of the previously studied engineering disciplines", based on 

the method of expert evaluation using vague categories (odd sets). Opredelyaetya level of 

learning of students in a technical college with the help of testing. 
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ʇʈʀʅʎʀʇʓ ʇʆʉʊʈʆɽʅʀʗ ʀʄʀʊɸʎʀʆʅʅʆʁ ʄʆɼɽʃʀ 

ɾɽʃɽɿʅʆɼʆʈʆɾʅʆʁ ʉʊɸʅʎʀʀ 

ʄ.ʌ. ɹʘʡʤʫʭʘʤʝʜʦʚ
1
, ɼ.ʉ.ʊʫʣʝʛʝʥʦʚ

2
 , 

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

ʂʦʩʪʘʥʘʡʩʢʠʡ ʩʦʮʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤ. ʘʢʘʜʝʤʠʢʘ ɿ.ɸʣʜʘʤʞʘʨ
1
, 

ʙʠʟʥʝʩ-ʘʥʘʣʠʪʠʢ, ɸʩʪʘʥʘ-ʄʦʪʦʨʩ
2
 (ʂʘʟʘʭʩʪʘʥ) 

 

ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʮʝʥʟʠʠ ʜʘʥʳ ʜ.ʪ.ʥ. ʂʫʰʥʠʨ ɺ.ɻ. 

ʠ ʢ.ʪ.ʥ. ʂʫʜʫʙʘʝʚʦʡ ʉ.ɸ. 

 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʧʦʩʪʨʦʝʥʠʷ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʩʪʘʥʮʠʡ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ  ʠʭ ʨʘʩʯʝʪʦʚ . ʆʪʤʝʯʘʶʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʝʨʝʜ ʜʨʫʛʠʤʠ 

ʤʝʪʦʜʘʤʠ ʨʘʩʯʝʪʘ ʩʣʦʞʥʳʭ ʦʙʲʝʢʪʦʚ. ʆʙʦʩʥʦʚʳʚʘʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʩʦʟʜʘʥʠʷ ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ, ʧʨʠʛʦʜʥʦʡ ʜʣʷ 

ʩʪʘʥʮʠʡ ʩ ʣʶʙʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʪʝʭʥʦʣʦʛʠʝʡ ʨʘʙʦʪʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʝ ʩʪʘʥʮʠʠ, ʠʤʠʪʘʮʠʦʥʥʘʷ 

ʤʦʜʝʣʴ, ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ, ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʠʩʪʝʤʳ, ʷʟʳʢʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ ʩʣʦʞʠʣʦʩʴ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯ, ʚʦʟʥʠʢʘʶʱʠʭ ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ 

ʪʨʘʥʩʧʦʨʪʝ. 

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʯʝʪʳʨʝ ʢʨʠʪʝʨʠʷ, ʢʦʪʦʨʳʤ ʜʦʣʞʝʥ ʫʜʦʚʣʝʪʚʦʨʷʪʴ 

ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʪʘʢʠʭ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ, ʢʘʢ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʝ ʩʪʘʥʮʠʠ: 

- ʭʦʨʦʰʦ ʦʪʦʙʨʘʞʘʪʴ ʩʭʝʤʫ ʧʫʪʝʚʦʛʦ ʨʘʟʚʠʪʠʷ ʩʪʘʥʮʠʠ, ʧʦʩʢʦʣʴʢʫ 

ʩʭʝʤʘ -ʢʘʯʝʩʪʚʝʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʪʘʥʮʠʠ, ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʱʘʷ 

ʥʘ ʝʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ; 

- ʦʪʦʙʨʘʞʘʪʴ ʪʝʭʥʦʣʦʛʠʶ ʨʘʙʦʪʳ, ʪ.ʢ. ʦʥʘ ʤʦʞʝʪ ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʭʝʤʝ ʧʫʪʝʚʦʛʦ ʨʘʟʚʠʪʠʷ, ʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʝʭʥʦʣʦʛʠʠ  

ʨʘʙʦʪʳ   ʠ   ʩʭʝʤʳ   ʧʫʪʝʚʦʛʦ ʨʘʟʚʠʪʠʷ ʚʣʠʷʝʪ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʨʘʙʦʪʳ; 

- ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʩʣʫʯʘʡʥʳʝ ʧʨʦʮʝʩʩʳ; 

- ʫʯʠʪʳʚʘʪʴ ʫʧʨʘʚʣʝʥʠʝ ʚ ʩʠʩʪʝʤʝ, ʧʦʩʢʦʣʴʢʫ ʚʳʙʦʨ 

ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʩʠʩʪʝʤʫ ʟʘʚʠʩʠʪ ʦʪ ʨʝʘʣʴʥʦʛʦ ʝʝ 

ʩʦʩʪʦʷʥʠʷ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ.  
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ʄʥʦʛʠʝ ʩʣʦʞʠʚʰʠʝʩʷ ʢ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʥʝ 

ʫʯʠʪʳʚʘʶʪ ʠʣʠ ʫʯʠʪʳʚʘʶʪ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʚʩʝ ʚʳʰʝʫʢʘʟʘʥʥʳʝ 

ʢʨʠʪʝʨʠʠ. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʢʘʢ ʤʝʪʦʜ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʩʪʘʥʮʠʡ ʧʦʣʫʯʘʝʪ ʠʤʠʪʘʮʠʦʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʇʝʨʚʳʝ ʠʤʠʪʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ ʙʳʣʠ 

ʧʨʝʜʣʦʞʝʥʳ ɺ.ɸ. ʇʝʨʩʠʘʥʦʚʳʤ ʠ ʅ.ʉ. ʋʩʢʦʚʳʤ [1]. ʂ.ʂ. ʊʘʣʝʤ ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʝʢʪʥʳʭ 

ʨʝʰʝʥʠʡ ʧʦ ʨʘʟʚʠʪʠʶ ʩʪʘʥʮʠʡ ʠ ʫʟʣʦʚ [2], ʢʦʪʦʨʘʷ ʧʨʠʤʝʥʷʣʘʩʴ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʥʦʚʳʭ ʩʪʘʥʮʠʡ. ʂ ʠʤʠʪʘʮʠʦʥʥʦʤʫ ʤʝʪʦʜʫ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʠ ʨʷʜ ʨʘʙʦʪ [3,4,5], ʚ ʢʦʪʦʨʳʭ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʧʧʘʨʘʪ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʜʣʷ ʨʝʰʝʥʠʷ 

ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ ʚʳʚʝʜʝʥʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʣʠʙʦ 

ʦʪʩʫʪʩʪʚʫʶʪ, ʣʠʙʦ ʜʘʶʪ ʥʝʜʦʧʫʩʪʠʤʫʶ ʧʦʛʨʝʰʥʦʩʪʴ. ʇʦ ʤʥʝʥʠʶ 

ʠʟʚʝʩʪʥʳʭ ʘʚʪʦʨʠʪʝʪʦʚ ʚ ʦʙʣʘʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ɽ.ʉ. ɺʝʥʪʮʝʣʷ ʠ ʅ.ʅ. ʄʦʠʩʝʝʚʘ, ʦʪʣʠʯʠʝ ʦʪ ʠʤʠʪʘʮʠʦʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʜʝʩʴ ʟʘʢʣʶʯʘʝʪʩʷ ʣʠʰʴ ʚ ʦʙʨʘʙʦʪʢʝ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʨʝʟʫʣʴʪʘʪʦʚ [6]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʩʪʘʥʮʠʡ ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʜʦʣʞʘʝʪ 

ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʪʴʩʷ.  

ʇʨʝʦʙʣʘʜʘʶʱʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʦʥʦ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʯʘʩʪʠʯʥʦ 

ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʟʥʘʥʠʡ. ɼʦʣʷ ʟʥʘʥʠʡ ʪʘʢʦʛʦ ʭʘʨʘʢʪʝʨʘ ʚ ʦʙʣʘʩʪʠ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ, ʢʘʢ ʫʢʘʟʳʚʘʣʦʩʴ ʚʳʰʝ, ʠ ʩʝʡʯʘʩ 

ʦʩʪʘʝʪʩʷ ʜʦʚʦʣʴʥʦ ʟʥʘʯʠʪʝʣʴʥʦʡ. 

K ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʝʨʝʜ ʜʨʫʛʠʤʠ 

ʤʝʪʦʜʘʤʠ ʨʘʩʯʝʪʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

- ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʛʦ ʫʯʝʪʘ ʚʟʘʠʤʦʩʚʷʟʝʡ, 

ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʩʠʩʪʝʤʝ; 

- ʦʪʦʙʨʘʞʝʥʠʝ ʚʣʠʷʥʠʷ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ ʥʘ ʭʘʨʘʢʪʝʨ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʦʜʝʣʠ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʥʝʷʚʥʦʛʦ ʟʘʜʘʥʠʷ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ  ʠ ʦʛʨʘʥʠʯʝʥʠʡ 
ʜʣʷ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʳ. 

ʆʜʥʘʢʦ ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʙʣʘʜʘʝʪ ʠ 

ʥʝʜʦʩʪʘʪʢʘʤʠ, ʷʚʣʷʶʱʠʤʠʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ ʝʛʦ ʜʦʩʪʦʠʥʩʪʚ: 

- ʟʥʘʯʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʠ ʪʨʫʜʘ ʚ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ 

ʤʦʜʝʣʠ; 

- ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʤʝʪʦʜʠʢ ʠ ʧʨʘʚʠʣ  ʧʨʦʮʝʩʩ  
ʩʦʟʜʘʥʠʷ ʢʘʞʜʦʡ ʥʦʚʦʡ ʤʦʜʝʣʠ ʚʦ ʤʥʦʛʦʤ ʫʥʠʢʘʣʝʥ; 

- ʩʣʦʞʥʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ, ʧʦʩʢʦʣʴʢʫ ʨʝʰʝʥʠʝ, 
ʧʦʣʫʯʝʥʥʦʝ ʧʨʠ ʨʘʩʯʝʪʝ ʥʘ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ, ʚʩʝʛʜʘ ʥʦʩʠʪ ʯʘʩʪʥʳʡ 

ʭʘʨʘʢʪʝʨ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʝʨʝʜ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʨʘʩʯʝʪʘ ʠ 

ʘʥʘʣʠʟʘ ʨʘʙʦʪʳ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʩʪʘʮʠʡ, ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 
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(ʀʄ) ʢ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʪʘʢ ʠ ʥʝ ʩʪʘʣʦ  ʦʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʨʘʩʯʝʪʘ ʥʘ 

ʧʨʘʢʪʠʢʝ. ʇʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʨʠ  ʀʄ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʦʚʘʪʴ 

ʠʤʠʪʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ  ʚʝʩʴʤʘ ʙʦʣʴʰʦʡ ʩʣʦʞʥʦʩʪʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ  ʦʩʥʦʚʥʳʤ ʩʨʝʜʩʪʚʦʤ ʦʧʠʩʘʥʠʷ ʤʦʜʝʣʠʨʫʝʤʦʛʦ 

ʦʙʲʝʢʪʘ ʷʚʣʷʶʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʷʟʳʢʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʦ 

ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʠ ʚʦʟʤʦʞʥʦʩʪʷʤ ʙʣʠʟʢʠ ʢ ʷʟʳʢʘʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʷʟʳʢʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʦʟʣʘʛʘʝʪ ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʦʧʝʨʘʮʠʠ ʧʦ ʩʦʟʜʘʥʠʶ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ï ʦʪ 

ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʦ ʩʠʩʪʝʤʝ ʜʦ ʩʦʩʪʘʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤʳ, ʦʩʪʘʚʣʷʷ ʟʘ ʕɺʄ 

ʪʦʣʴʢʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʇʨʘʢʪʠʢʘ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʤʝʥʥʦ ʵʪʦʪ ʤʦʤʝʥʪ ʩʣʫʞʠʪ ʦʩʥʦʚʦʡ ʩʣʘʙʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʀʄ ʢʘʢ ʤʝʪʦʜʘ ʨʘʩʯʝʪʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʩʪʘʮʠʡ ʥʘ 

ʧʨʘʢʪʠʢʝ. 

ʅʠʞʝ, ʥʘ ʨʠʩ.1 ʧʦʢʘʟʘʥ  ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ. 

ʗʚʣʷʷʩʴ ʤʦʱʥʳʤ ʩʨʝʜʩʪʚʦʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʝʡ, ʧʨʠʤʝʥʝʥʠʝ 

ʷʟʳʢʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʤʝʝʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ: 

- ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʩʣʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʫʝʤʳʭ ʦʙʲʝʢʪʦʚ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʶʪ ʪʨʫʜʥʦʩʪʴ ʠ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʥʘ ʧʦʩʪʨʦʝʥʠʝ 

ʤʦʜʝʣʝʡ (ʬʦʨʤʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʤʦʜʝʣʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʥʠʤʠ, ʩʦʩʪʘʚʣʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʨʘʙʦʪʳ ʤʦʜʝʣʠ ʠ 

ʪ.ʜ.) ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʭ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ( ʚʚʦʜ ʜʘʥʥʳʭ ʚ 

ʢʦʤʧʴʶʪʝʨ, ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ) ; 

- ʟʤʝʥʝʥʠʷ, ʚʥʦʩʠʤʳʝ ʚ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʪʨʝʙʫʶʪ ʦʙʳʯʥʦ 

ʚʝʩʴʤʘ ʙʦʣʴʰʦʡ ʨʘʙʦʪʳ ʧʦ ʧʝʨʝʩʪʨʦʡʢʝ ʤʦʜʝʣʠ; 

- ʦʧʳʪ ʧʦʩʪʨʦʝʥʠʷ ʢʘʞʜʦʡ ʥʦʚʦʡ ʤʦʜʝʣʠ ʚʦ ʤʥʦʛʦʤ ʫʥʠʢʘʣʝʥ 
ʠ ʩʣʘʙʦ ʧʝʨʝʥʦʩʠʤ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ; 

-  ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʪʨʝʙʫʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʩʧʝʮʠʘʣʴʥʳʝ ʟʥʘʥʠʷ ʧʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ, ʬʦʨʤʘʣʠʟʘʮʠʠ ʪʨʝʙʫʝʤʦʡ ʟʘʜʘʯʠ ʠ ʧʨ. 

ʕʪʠ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʟʘʤʝʪʥʦ ʩʫʞʘʶʪ ʩʬʝʨʫ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ. 
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ʈʠʩʫʥʦʢ  1 - ʉʦʟʜʘʥʠʝ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ 

ʅʘ ʨʠʩ. 1. ʮʠʬʨʘʤʠ ʦʙʦʟʥʘʯʝʥʳ: 

1 - ʧʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ ʦ ʤʦʜʝʣʠʨʫʝʤʦʡ ʩʠʩʪʝʤʝ; 

2 - ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ; 

3 - ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ; 

4 - ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʚ ʪʝʨʤʠʥʘʭ ʤʦʜʝʣʠ; 

5 - ʧʦʜʛʦʪʦʚʢʘ ʜʘʥʥʳʭ; 

6 - ʩʦʟʜʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʚ ʪʝʨʤʠʥʘʭ ʤʦʜʝʣʠ; 

7 - ʩʦʩʪʘʚʣʝʥʠʝ ʧʨʦʛʨʘʤʤʳ; 

8 -   ʧʨʦʚʝʜʝʥʠʝ   ʵʢʩʧʝʨʠʤʝʥʪʦʚ   (ʨʘʩʯʝʪ   ʩʦʩʪʘʚʣʝʥʥʦʡ   

ʧʨʦʛʨʘʤʤʳ   ʤʦʜʝʣʠ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʪ.ʜ.); 

9 - ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ (ʧʝʨʝʭʦʜ ʢ ʥʦʚʦʤʫ ʚʘʨʠʘʥʪʫ 

ʤʦʜʝʣʠ); 

10 - ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. 

 

ʗʟʳʢʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʤʦʱʥʳʤ ʠ ʵʬʬʝʢʪʠʚʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʩʦʟʜʘʥʠʷ ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʢʨʫʛʘ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʨʝʰʘʶʱʠʭ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʥʘʫʯʥʳʝ ʟʘʜʘʯʠ. ɼʣʷ 

ʦʙʳʯʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʜʦʣʞʥʳ ʨʘʟʨʘʙʘʪʳʚʘʪʴʩʷ ʙʦʣʝʝ ʧʨʦʩʪʳʝ 

ʩʨʝʜʩʪʚʘ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʝʡ ʠ ʦʙʱʝʥʠʷ ʩ ʢʦʤʧʴʶʪʝʨʦʤ. ʅʘ ʵʪʘʧʘʭ 

ʧʦʩʪʨʦʝʥʠʷ ʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʤʦʜʝʣʝʡ ʧʦʣʴʟʦʚʘʪʝʣʴ ʙʦʣʝʝ ʚʩʝʛʦ 

ʥʫʞʜʘʝʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚʘʭ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʣʝʛʢʦ 

ʥʘʩʪʨʘʠʚʘʪʴʩʷ ʥʘ ʧʨʝʜʤʝʪʥʫʶ ʦʙʣʘʩʪʴ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʟʘʜʘʯʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʜʦʧʫʩʢʘʪʴ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠʚʳʯʥʳʭ ʪʝʨʤʠʥʦʚ ʠ ʧʨʠʝʤʦʚ 

ʝʝ ʦʧʠʩʘʥʠʷ. ʕʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʩʨʝʜʩʪʚ 

ʄʦʜʝʣʠʨʫʝʤʘʷ ʩʠʩʪʝʤʘ 

ʕʤʧʠʨʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʉʦʜʝʨʞʘʪʝʣʴʥʦʝ ʦʧʠʩʘʥʠʝ 

ʈʝʟʫʣʴʪʘʪʳ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʌʦʨʤʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ 

ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ 

ʇʨʦʛʨʘʤʤʘ-ʠʤʠʪʘʪʦʨ 

ʈʝʟʫʣʴʪʘʪʳ 
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ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʙʳ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʤʝʥʴʰʘʣʠ ʪʨʫʜʦʝʤʢʦʩʪʴ ʠ ʚʨʝʤʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ, ʘ ʪʘʢʞʝ ʩʥʠʞʘʣʠ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʦʜʛʦʪʦʚʢʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʜʦ ʫʨʦʚʥʷ ʝʛʦ ʯʠʩʪʦ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʥʘʥʠʡ ʠ ʦʙʱʠʭ ʥʘʚʳʢʦʚ ʨʘʙʦʪʳ ʥʘ ʢʦʤʧʴʶʪʝʨʝ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ [16, 37] ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʞʝʣʝʟʥʦʜʦʨʦʞʥʫʶ ʩʪʘʥʮʠʶ 

ʣʶʙʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʫʪʝʡ, ʪʝʭʥʦʣʦʛʠʠ ʨʘʙʦʪʳ ʠ ʥʘʣʠʯʠʝ ʪʝʭ ʠʣʠ ʠʥʳʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʩʧʝʮʠʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʠʭ ʨʘʙʦʪʳ, ʟʘʧʠʩʘʥʥʳʭ ʚ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʀʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʩʪʘʥʮʠʠ ʵʣʝʤʝʥʪʳ ʜʝʣʷʪʩʷ ʥʘ ʜʚʝ ʢʘʪʝʛʦʨʠʠ -ʣʦʛʠʯʝʩʢʠʝ ʠ ʙʫʥʢʝʨʥʳʝ. 

ʕʣʝʤʝʥʪʳ ʢʘʞʜʦʡ ʢʘʪʝʛʦʨʠʠ ʫʥʠʚʝʨʩʘʣʴʥʳ, ʪ.ʝ. ʩʧʦʩʦʙʥʳ ʦʧʠʩʳʚʘʪʴ 

ʩʪʨʫʢʪʫʨʫ ʠ ʪʝʭʥʦʣʦʛʠʶ ʣʶʙʦʡ ʩʪʘʥʮʠʠ. ʆʪʩʶʜʘ ʧʦʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʩʦʟʜʘʥʠʷ ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ, ʧʨʠʛʦʜʥʦʡ ʜʣʷ 

ʩʪʘʥʮʠʡ ʩ ʣʶʙʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʪʝʭʥʦʣʦʛʠʝʡ ʨʘʙʦʪʳ. ʋʯʠʪʳʚʘʷ 

ʚʳʰʝʫʢʘʟʘʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʢ ʪʘʢʦʡ 

ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʝ ʜʦʣʞʥʳ ʧʨʝʜʲʷʚʣʷʪʴʩʷ ʩʣʝʜʫʶʱʠʝ 

ʪʨʝʙʦʚʘʥʠʷ: 

- ʨʘʟʣʠʯʠʝ ʤʦʜʝʣʠʨʫʝʤʳʭ ʩʪʘʥʮʠʡ ʧʦ ʩʦʩʪʘʚʫ ʠ ʭʘʨʘʢʪʝʨʫ ʨʘʙʦʪʳ 

ʥʝ ʜʦʣʞʥʦ ʚʣʠʷʪʴ ʥʘ ʩʘʤʫ ʧʨʦʛʨʘʤʤʫ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ, ʘ ʫʯʠʪʳʚʘʪʴʩʷ ʚ 

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʠ; 

- ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʟʘʜʘʚʘʪʴ, ʦʧʝʨʠʨʫʷ ʩʦ 

ʟʥʘʢʦʤʳʤʠ ʝʤʫ ʧʦʥʷʪʠʷʤʠ - ʧʫʪʴ, ʧʝʨʝʛʦʥ, ʣʦʢʦʤʦʪʠʚ, ʙʨʠʛʘʜʘ ʇʊʆ ʠ 

ʪ.ʜ.; 

- ʚʩʝ ʧʨʦʮʝʜʫʨʳ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʛʨʘʤʤʦʡ ʠʩʭʦʜʥʳʭ 

ʜʘʥʥʳʭ (ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʨʘʙʦʪʳ ʩʪʘʥʮʠʠ ʚ 

ʵʣʝʤʝʥʪʘʭ ʤʦʜʝʣʠ, ʧʦʩʪʨʦʝʥʠʝ ʦʧʝʨʘʮʠʡ, ʨʘʩʯʝʪ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ) ʜʦʣʞʥʳ ʙʳʪʴ ʩʢʨʳʪʳ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ; 

- ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʚ ʩʪʨʫʢʪʫʨʝ ʩʪʘʥʮʠʠ ʠʣʠ ʪʝʭʥʦʣʦʛʠʠ 

ʨʘʙʦʪʳ ʧʦʣʴʟʦʚʘʪʝʣʶ ʜʦʩʪʘʪʦʯʥʦ ʚ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠʟʤʝʥʠʪʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ, ʪ.ʝ. ʥʝ ʪʨʝʙʫʝʪʩʷ ʢʨʦʧʦʪʣʠʚʘʷ ʨʘʙʦʪʘ ʧʦ 

ʧʨʘʚʢʝ ʩʘʤʦʛʦ ʪʝʢʩʪʘ ʤʦʜʝʣʠ; 

- ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʤʦʜʝʣʠ ʜʦʣʞʥʳ ʚʳʜʘʚʘʪʴʩʷ ʧʦʣʴʟʦʚʘʪʝʣʶ ʚ 

ʫʜʦʙʥʦʡ ʠ ʧʦʥʷʪʥʦʡ ʜʣʷ ʥʝʛʦ ʬʦʨʤʝ; 

- ʧʨʦʛʨʘʤʤʘ ʜʦʣʞʥʘ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ çʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡè, ʪ.ʝ. 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ ʠ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʦʰʠʙʢʠ, ʢʦʪʦʨʳʝ ʤʦʞʝʪ 

ʜʦʧʫʩʪʠʪʴ ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʨʠ ʟʘʜʘʥʠʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʨʘʙʦʪʝ ʩ 

ʤʦʜʝʣʴʶ. 

ʀʟʣʦʞʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ 

ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ 

ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʜʦʣʞʥʘ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ: 

- ʚʚʦʜ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦ ʩʪʨʫʢʪʫʨʝ ʠ 

ʪʝʭʥʦʣʦʛʠʠ ʨʘʙʦʪʳ ʩʪʘʥʮʠʠ ʚ ʫʜʦʙʥʦʡ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʬʦʨʤʝ; 
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- ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ  ʧʦʣʫʯʝʥʥʳʭ  ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ  ʢ  ʩʪʘʥʜʘʨʪʥʦʤʫ  

ʚʠʜʫ (ʥʘʧʨʠʤʝʨ, ʢ ʪʝʨʤʠʥʘʤ ʷʟʳʢʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʣʠ ʜʨʫʛʦʡ ʬʦʨʤʝ); 

- ʨʘʩʯʝʪ ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ; 

- ʦʙʨʘʙʦʪʢʫ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ. 

ʌʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʠ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʳʝ ʟʘʨʘʥʝʝ 

ʘʣʛʦʨʠʪʤʳ, ʚʳʧʦʣʥʷʶʱʠʝ ʵʪʠ ʬʫʥʢʮʠʠ, ʠʟʙʘʚʷʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʦʪ 

ʜʦʩʪʘʪʦʯʥʦ ʪʨʫʜʦʝʤʢʦʡ ʠ ʟʘʯʘʩʪʫʶ ʥʝʩʚʦʡʩʪʚʝʥʥʦʡ ʝʤʫ ʟʘʜʘʯʠ - ʦʧʠʩʘʥʠʷ 

ʩʪʘʥʮʠʠ ʥʘ ʷʟʳʢʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦʛʦ ʚʥʝʩʝʥʠʷ 

ʠʟʤʝʥʝʥʠʡ ʚ ʩʦʩʪʘʚ ʤʦʜʝʣʠ ʩʧʦʩʦʙʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ 

ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʥʘ ʧʨʘʢʪʠʢʝ. 

ɽʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ ʤʦʜʝʣʴ, ʥʘʧʨʠʤʝʨ, ʢʨʫʧʥʦʡ ʩʦʨʪʠʨʦʚʦʯʥʦʡ ʩʪʘʥʮʠʠ 

ʩʦʜʝʨʞʠʪ ʧʦʨʷʜʢʘ 600 ʵʣʝʤʝʥʪʦʚ ʠ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 30000 ʩʪʨʦʢ 

ʪʝʢʩʪʘ, ʵʪʠ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʩʧʦʩʦʙʥʳ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʪʴ ʢʨʫʛ ʣʠʮ, 

ʠʩʧʦʣʴʟʫʶʱʠʭ ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʘʙʦʪʝ. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʚʩʝʭ ʧʨʦʮʝʜʫʨ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ, 

ʨʘʩʯʝʪʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʤʥʦʞʝʥʥʘʷ ʥʘ ʚʦʟʤʦʞʥʦʩʪʠ 

ʩʦʚʨʝʤʝʥʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʩʧʦʩʦʙʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ 

ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʘʢ ʤʝʪʦʜʘ ʨʘʩʯʝʪʘ 

ʩʪʘʥʮʠʡ. 
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ʊɽʄɯʈ ɾʆʃ ʉʊɸʅʎʀʗ ʀʄʀʊɸʎʀʗʃʓת פʃɻɯʅɯ ױפʈɸʉʊʓʈʋ 

 ʀɼɸʃɸʈʓנɸפ

ʊʝʤʽʨʞʦʣ ʩʪʘʥʮʠʷʣʘʨʜʳϬ ʠʤʠʪʘʮʠʷʣʳϨ Ϯʣʛʽʣʝʨ ʞϸʥʝ ʦʣʘʨʜʳ 

ʝʩʝʧʪʝʫ ʤϸʩʝʣʝʩʽ Ϩʘʨʘʩʪʳʨʳʣʘʜʳ. ϧʠʳʥ ʦʙʲʝʢʪʽʣʝʨʜʽϬ ʝʩʝʧʪʝʫ ϸʜʽʩʽ 

ʽʰʽʥʜʝ ʠʤʠʪʘʮʠʷʣʳϨ ϮʣʛʽʥʽϬ ʘʨʪʳϨʰʳʣʳϤʳ ʢϺʨʩʝʪʽʣʝʛʝʥ. ʀʤʠʪʘʮʠʷʣʳϨ 

ϮʣʛʽʣʝʨʜʽϬ ʘʚʪʦʤʘʪʪʳ ʞʘʩʘʫʣʘʨ ϸʤʙʝʙʘʧ ʙʘϤʜʘʨʣʘʤʘʣʘʨ Ϩϰʨʘʩʪʳʨʫ 

ʤϮʤʢʽʥʜʽʛʽ ʥʝʛʽʟʜʝʣʛʝʥ. 

ʊϮʡʽʥ ʩϺʟʜʝʨ:ʪʝʤʽʨ ʞʦʣ ʩʪʘʥʮʠʷ,ʠʤʠʪʘʮʠʷʣʳϨ Ϯʣʛʽ, ʝʩʝʧ ʘʡʳʨʳʩʫ 

ϸʜʽʩʪʝʨʽ, ʢϺʣʽʢ ʞϮʡʩʽ, ʧʽʰʽʥʜʝʫ ʪʽʣʽ. 
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CONSTRUCTION PRINCIPLES OF SIMULATION MODEL TRAIN 

STATION 

Considered problem of constructing a simulation model of train stations, 

used for their calculation. The advantages of simulation over other methods of 

calculation of complex objects. The possibility of building a universal program 

of automated creation of simulation models suitable for plants with any 

structure and technology of work. 

Keywords: railway stations, simulation model, calculation methods, 

transport systems, modeling languages. 
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ʄʆɼɽʃʀ ʇʈɽɼʉʊɸɺʃɽʅʀʗ ɿʅɸʅʀʁ ʅɸ ʆʉʅʆɺɽ 

ʇʈʀɹʃʀɾɽʅʅʆɻʆ ʄʅʆɾɽʉʊɺɸ 

 

ɾ.ʀ. ɹʘʪʳʨʢʘʥʦʚ
1
, ʂ.ɼ.ɹʦʩʢʝʙʝʝʚ 

2
, 

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ
1
, 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ
2
, 

ʂʳʨʛʳʟʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤ. ʀ.ʈʘʟʟʘʢʦʚʘ (ʂʳʨʛʳʟʩʪʘʥ) 

 

ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʮʝʥʟʠʠ ʜʘʥʳ ʜ.ʪ.ʥ. ɸʭʤʝʪʦʚʳʤ  ʀ.ʉ. 

ʠ ʢ.ʪ.ʥ. ɹʫʪʢʦ ɺ.ʅ. 

 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʧʝʨʘʪʦʨʳ ʦʙʲʝʜʠʥʝʥʠʷ ʠ 

ʧʝʨʝʩʝʯʝʥʠʷ ʠʟ ʪʝʦʨʠʠ ʤʥʦʞʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʨʝʣʷʮʠʦʥʥʦʡ 

ʘʣʛʝʙʨʝ. ʃʶʙʦʝ ʚʳʨʘʞʝʥʠʝ, ʧʦʩʪʨʦʝʥʥʦʝ ʩ ʧʦʤʦʱʴʶ ʵʪʠʭ ʦʧʝʨʘʪʦʨʦʚ ʠ 

ʦʪʥʦʰʝʥʠʡ, ʥʘʟʳʚʘʝʪʩʷ ʘʣʛʝʙʨʘʠʯʝʩʢʠʤ ʚʳʨʘʞʝʥʠʝʤ.ʀʩʧʦʣʴʟʫʝʤʳʝ 

ʤʥʦʞʝʩʪʚʘ ʜʦʤʝʥʦʚ, ʤʥʦʞʝʩʪʚʘ ʘʪʨʠʙʫʪʦʚ ʠ ʤʥʦʞʝʩʪʚʘ ʩʨʘʚʥʝʥʠʡ 

ʬʘʢʪʠʯʝʩʢʠ ʦʛʨʘʥʠʯʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʦʪʦʙʨʘʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ. ɺ ʩʪʘʪʴʝ ʩʨʘʚʥʠʚʘʝʪʩʷ ʚʳʨʘʟʠʪʝʣʴʥʘʷ ʩʠʣʘ ʨʝʣʷʮʠʦʥʥʦʡ 

ʘʣʛʝʙʨʳ ʠ ʜʨʫʛʠʭ ʩʠʩʪʝʤ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ ʦʪʥʦʰʝʥʠʷʤʠ, ʨʘʟʣʠʯʠʝ 

ʚʳʷʚʣʷʝʪʩʷ ʠʤʝʥʥʦ ʧʦ ʵʪʠʤ ʧʘʨʘʤʝʪʨʘʤ. ʇʦ ʵʪʦʤʫ ʧʦʚʦʜʫ ʥʝʦʙʭʦʜʠʤ 

ʬʦʨʤʘʣʠʟʤ ʦʧʠʩʘʥʠʷ ʟʥʘʥʠʡ ʥʘ ʦʩʥʦʚʝ ʧʨʠʙʣʠʞʝʥʥʦʛʦʠ ʥʝʯʝʪʢʦʛʦ 

ʤʥʦʞʝʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʜʝʣʠ,ʦʧʝʨʘʪʦʨʳ,ʦʧʠʩʘʥʠʝ ʟʥʘʥʠʡ, ʥʝʯʝʪʢʠʝ 

ʤʥʦʞʝʩʪʚʘ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ. 

 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʦʙʫʯʝʥʠʝ ʢʘʢ ʤʥʦʛʦʘʩʧʝʢʪʥʫʶ 

ʩʠʩʪʝʤʫ, ʥʦ ʧʨʠ ʵʪʦʤ ʦʨʛʘʥʠʟʦʚʘʪʴ ʧʨʦʮʝʩʩ ʦʩʚʦʝʥʠʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʥʘʨʘʱʠʚʘʝʪʩʷ ʧʦʥʠʤʘʥʠʝ ʷʚʣʝʥʠʷ ʦʙʫʯʘʝʤʳʤ, 
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ʦʙʦʛʘʱʘʶʪʩʷ ʝʛʦ ʚʠʜʝʥʠʝ, ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʩʢʨʳʪʳʝ ʤʝʭʘʥʠʟʤʳ ʠ 

ʩʫʱʝʩʪʚʦ ʧʨʦʠʩʭʦʜʷʱʠʭ ʠʟʤʝʥʝʥʠʡ, ʨʘʟʚʠʪʠʝ ʦʙʲʝʢʪʘ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʵʪʠʭ ʮʝʣʝʡ ʚʘʞʥʳ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʠ 

ʥʝʯʝʪʢʦʛʦ ʤʥʦʞʝʩʪʚʘ. 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʥʝʪʦʯʥʳʤ ʟʥʘʥʠʷʤ, ʠʭ ʥʝʦʙʭʦʜʠʤʦ ʜʦʧʦʣʥʠʪʴ 

ʩʣʝʜʫʶʱʠʤʠ ʧʦʣʦʞʝʥʠʷʤʠ ʠʟ ʪʝʦʨʠʠ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ ʠ ʥʝʯʝʪʢʠʭ 

ʚʳʚʦʜʦʚ.  

ʄʦʜʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ  ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʦʝ 

ʨʘʩʰʠʨʝʥʠʝ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʤʥʦʞʝʩʪʚʘ, ʷʚʣʷʶʱʘʷʩʷ ʦʙʦʙʱʝʥʠʝʤ ʠ 

ʜʘʣʴʥʝʡʰʠʤ ʨʘʟʚʠʪʠʝʤ ʩʘʤʦʤʦʜʠʬʠʮʠʨʫʝʤʳʭ [1, 2], ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ [3], ʠ 

ʨʘʥʝʝ ʥʘʤʠ ʧʨʝʜʣʦʞʝʥʥʳʭ ʨʘʩʰʠʨʝʥʠʡ [4], ʠ ʦʙʣʘʜʘʶʱʘʷ ʫʥʠʚʝʨʩʘʣʴʥʦʡ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʟʥʘʥʠʡ. 

ʇʨʠ ʧʦʤʦʱʠ ʧʦʥʷʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ [1] ʧʨʝʜʩʪʘʚʠʤ 

ʵʣʝʤʝʥʪʳ (ʯʝʪʢʠʝ ʠ ʥʝʯʝʪʢʠʝ) ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʤʥʦʞʝʩʪʚʫ U, ʧʦʩʨʝʜʩʪʚʦʤ 

ʢʦʥʝʯʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʟʥʘʯʝʥʠʡ ʦʧʠʩʳʚʘʶʱʠʭ ʠʭ ʘʪʨʠʙʫʪʦʚ, ʘ 

ʪʘʢʞʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʥʦʰʝʥʠʷ ʥʝʨʘʟʣʠʯʠʤʦʩʪʠ 

. ʊʘʙʣʠʮʫ ʨʝʰʝʥʠʡ [2] ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ 

(1) 

ʛʜʝ ʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ, ʫʥʠʚʝʨʩʫʤ; 

 ʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʫʩʣʦʚʥʳʭ ʘʪʨʠʙʫʪʦʚ;  

ʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʨʝʰʘʶʱʠʭ ʘʪʨʠʙʫʪʦʚ; 

ɽ-ʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʘʪʨʠʙʫʪʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʥʝʯʝʪʢʦʩʪʴ 

ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʲʝʢʪʝ; 

ʜʦʤʝʥ ʘʪʨʠʙʫʪʘ  a, 

ʨʝʰʘʶʱʘʷ 

ʬʫʥʢʮʠʷ ʪʘʢʘʷ, ʯʪʦ ʜʣʷ ʠ  . 

ʇʨʘʚʠʣʦ ʨʝʰʝʥʠʷ ʥʘʟʳʚʘʝʪʩʷ ʜʝʪʝʨʤʠʥʠʩʪʠʯʝʩʢʠʤ, ʝʩʣʠ ʜʣʷ 

ʢʘʞʜʦʛʦ , ʠʟ ʚʳʪʝʢʘʝʪ . 

ʇʨʘʚʠʣʦ fxoʥʘʟʳʚʘʝʪʩʷ ʥʝʯʝʪʢʠʤ, ʝʩʣʠ 

(2) 

ʆʙʦʟʥʘʯʠʤ ʵʪʦ ʤʥʦʞʝʩʪʚʦ PN ʠ ʜʣʷ ʥʝʛʦ ʚʳʧʦʣʥʷʝʪʩʷ 

ʜʣʷ ʚʩʝʭ  

ʄʥʦʞʝʩʪʚʦ ʵʪʠʭ ʧʨʘʚʠʣ ʦʙʨʘʟʫʶʪ ʧʦʣʥʫʶ ʩʠʩʪʝʤʫ 

 (3) 

ʛʜʝ F- ʬʫʥʢʮʠʷ ʧʦʣʥʦʪʳ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʥʢʨʝʪʥʦʡ ʬʦʨʤʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʥʝʯʝʪʢʦʩʪʠ. 
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ʆʜʥʘ ʠʟ ʧʨʦʩʪʝʡʰʠʭ ʤʦʜʝʣʝʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʠʩʪʝʤʫ ʟʥʘʥʠʡ ʢʘʢ 

ʠʝʨʘʨʭʠʶ ʧʦʥʷʪʠʡ. ʅʘ ʩʘʤʦʤ ʚʝʨʭʫ ʠʝʨʘʨʭʠʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘʠʙʦʣʝʝ 

ʦʙʱʠʝ ʧʦʥʷʪʠʷ. ʇʦ ʤʝʨʝ ʧʨʦʜʚʠʞʝʥʠʷ ʚʥʠʟ ʧʦʩʪʝʧʝʥʥʦ ʧʝʨʝʭʦʜʠʤ ʢ 

ʧʦʥʷʪʠʷʤ ʚʩʝ ʤʝʥʝʝ ʦʙʱʠʤ, ʧʦʢʘ ʥʝ ʜʦʩʪʠʛʥʝʤ ʧʦʜʥʦʞʠʷ, ʛʜʝ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʨʦʩʪʝʡʰʠʝ ʠ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʝ ʧʦʥʷʪʠʷ - ʵʣʝʤʝʥʪʳ 

ʩʠʩʪʝʤʳ ʟʥʘʥʠʡ. ʉʠʩʪʝʤʘ ʟʥʘʥʠʡ ʵʪʦ ʪʦ, ʯʪʦ ʪʨʝʙʫʝʪʩʷ ʜʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʷʤ 

ʠʣʠ ʜʨʫʛʠʤ ʢʘʪʝʛʦʨʠʷʤ ʦʙʫʯʘʝʤʳʭ. ɿʥʘʥʠʷ ʚʘʞʥʳ ʥʝ ʩʘʤʠ ʧʦ ʩʝʙʝ. ʆʥʠ 

ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʡ, ʘ ʟʥʘʯʠʪ, ʠʭ ʥʘʜʦ ʧʝʨʝʜʘʪʴ ʩʫʙʲʝʢʪʫ. 

ʆʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ ʚʦʧʨʦʩ ʦ ʪʦʤ, ʢʘʢ ʧʨʝʜʩʪʘʚʠʪʴ ʟʥʘʥʠʷ ʠ ʢʘʢ ʚ 

ʧʦʩʣʝʜʫʶʱʝʤ ʠʭ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ. ʄʳ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʟʥʘʥʠʷ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ ʩʤʳʩʣʘ [4]. ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʩ ʜʨʫʛʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. 

ɼʣʷ ʧʦʣʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʜʘʯʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʦʧʠʰʝʤ ʝʝ 

ʚ ʪʝʦʨʝʪʠʢʦ-ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʥʦʪʘʮʠʠ. ʕʣʝʤʝʥʪʳ - ʵʪʦ ʦʧʨʝʜʝʣʝʥʠʷ ʠ 

ʧʦʥʷʪʠʷ. ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ ʆ - ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʯʝʨʝʟ ʈ - ʧʦʥʷʪʠʷ. ʀʪʘʢ, ʥʘ 

ʤʥʦʞʝʩʪʚʝ ʦʧʨʝʜʝʣʝʥʠʡ ʠ ʧʦʥʷʪʠʡ ʟʘʜʘʥʳ ʦʪʥʦʰʝʥʠʷ D. ʕʪʦ 

ʧʦʜʤʥʦʞʝʩʪʚʦ ʜʝʢʘʨʪʦʚʘ ʧʨʦʠʟʚʝʜʝʥʠʷ ʧʦʥʷʪʠʡ ʠ ʦʧʨʝʜʝʣʝʥʠʡ, ʜʣʷ 

ʢʦʪʦʨʳʭ ʩʧʨʘʚʝʜʣʠʚʦ, ʯʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʩʢʨʳʚʘʝʪ ʩʦʜʝʨʞʘʥʠʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʥʷʪʠʡ 

(4) 

ɺ ʧʨʝʜʣʦʞʝʥʥʦʤ ʚʘʨʠʘʥʪʝ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʧʨʘʚʠʣʘ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ 

ʦʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʘʪʨʠʙʫʪʘ 

ʜʝʡʩʪʚʠʷ.ɻʣʘʚʝʥʩʪʚʫʶʱʫʶ ʨʦʣʴ ʚ ʩʪʨʫʢʪʫʨʝ ʣʶʙʦʡ ʜʠʩʮʠʧʣʠʥʳ ʠʛʨʘʶʪ 

ʦʪʥʦʰʝʥʠʷ çʨʦʜ - ʚʠʜè.  

ʆʪʥʦʰʝʥʠʝ ʨʦʜ-ʚʠʜ ʦʧʠʩʳʚʘʝʪʩʷ ʥʠʞʝ : 

(5) 

ɻʜʝ:R- ʨʦʜ-ʚʠʜ. 

ɼʦʩʪʘʪʦʯʥʦ ʚʩʧʦʤʥʠʪʴ, ʢʘʢ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦʥʷʪʠʷ. ʆʙʳʯʥʦ 

ʦʧʨʝʜʝʣʝʥʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʜʚʝʜʝʥʠʠ ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʧʦʥʷʪʠʷ ʧʦʜ 

ʜʨʫʛʦʝ, ʙʦʣʝʝ ʦʙʱʝʝ, ʨʦʜʦʚʦʝ, ʧʦʩʣʝ ʯʝʛʦ ʫʢʘʟʳʚʘʶʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ, ʦʪʣʠʯʘʶʱʠʝ ʦʧʨʝʜʝʣʷʝʤʦʝ ʧʦʥʷʪʠʝ ʦʪ ʜʨʫʛʠʭ ʚʠʜʦʚʳʭ. 

ʃʶʙʘʷ ʥʘʫʢʘ ʠʣʠ ʜʠʩʮʠʧʣʠʥʘ ʦʙʷʟʘʪʝʣʴʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʢʦʪʦʨʫʶ 

ʢʣʘʩʩʠʬʠʢʘʮʠʶ. ʇʨʦʮʝʩʩ ʧʦʟʥʘʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ, ʢʘʢ ʥʝʧʨʝʤʝʥʥʳʡ 

ʵʣʝʤʝʥʪ, ʘʙʩʪʨʘʛʠʨʦʚʘʥʠʝ. ɺʩʝ ʚʪʦʨʦʩʪʝʧʝʥʥʦʝ ʦʪʙʨʘʩʳʚʘʝʪʩʷ. ɺʳʷʚʣʷʝʪʩʷ 

ʟʘʢʦʥʦʤʝʨʥʦʝ ʠ ʩʫʱʝʩʪʚʝʥʥʦʝ. ɿʥʘʥʠʝ ʩʪʨʦʠʪʩʷ ʢʘʢ ʩʠʩʪʝʤʘ ʢʣʘʩʩʦʚ 

ʧʦʥʷʪʠʡ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʦʙʱʥʦʩʪʠ. ʆʩʥʦʚʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʷʚʣʷʶʪʩʷ 

ʨʦʜʦʚʠʜʦʚʳʝ ʦʪʥʦʰʝʥʠʷ (ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʝ ʦʪʥʦʰʝʥʠʷ). 

ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʦʥʷʪʠʝ ʚʚʦʜʠʪʩʷ ʜʨʫʛʠʤ ʩʧʦʩʦʙʦʤ, ʧʫʪʝʤ 

ʧʝʨʝʯʠʩʣʝʥʠʷ ʝʛʦ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ. ɺ ʵʪʦʤ ʚʘʨʠʘʥʪʝ ʜʨʫʛʦʡ, ʧʦʞʘʣʫʡ, ʥʝ 

ʤʝʥʝʝ ʚʘʞʥʳʡ ʚʠʜ ʦʪʥʦʰʝʥʠʡ - ʦʪʥʦʰʝʥʠʝ çʮʝʣʦʝ - ʯʘʩʪʴè.  

ʆʪʥʦʰʝʥʠʝ ʮʝʣʦʝ-ʯʘʩʪʴ: 

(6) 

ɻʜʝ:C -  ʮʝʣʦʝ-ʯʘʩʪʴ. 
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ɺ ʥʝʢʦʪʦʨʦʤ ʩʤʳʩʣʝ ʵʪʦʪ ʚʠʜ ʦʪʥʦʰʝʥʠʡ ʘʥʘʣʦʛʠʯʝʥ ʧʨʝʜʳʜʫʱʝʤʫ, 

ʥʦ ʧʦʢʘʟʳʚʘʝʪ ʥʝʥʘʣʠʯʠʝ ʦʙʱʠʭ ʯʝʨʪ, ʘ çʦʙʲʝʤè ʧʦʥʷʪʠʷ. ʉʣʦʞʥʦʩʪʴ ʦʙʲʝʢʪʘ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥ ʩʦʩʪʦʠʪ ʠʟ ʯʘʩʪʝʡ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʪʘʢʞʝ 

ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʯʣʝʥʝʥʳ. ʇʨʠʯʝʤ ʪʘʢʦʝ ʨʘʩʯʣʝʥʝʥʠʝ ʦʙʲʝʢʪʘ ʤʦʞʝʪ 

ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʧʦ ʨʘʟʣʠʯʥʳʤ ʧʨʠʟʥʘʢʘʤ (ʦʩʥʦʚʘʥʠʷʤ). ʄʝʞʜʫ ʮʝʣʳʤ ʠ ʯʘʩʪʷʤʠ 

ʩʫʱʝʩʪʚʫʶʪ ʦʪʥʦʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʪʘʢ ʠ ʥʘʟʳʚʘʶʪ - ʦʪʥʦʰʝʥʠʷ "ʮʝʣʦʝ - 

ʯʘʩʪʴ". ɼʨʫʛʦʝ, ʥʝʨʝʜʢʦ ʚʩʪʨʝʯʘʶʱʝʝʩʷ ʥʘʟʚʘʥʠʝ - ʦʪʥʦʰʝʥʠʷ ʘʛʨʝʛʘʮʠʠ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ ʦʩʥʦʚʘʥʠʷ ʜʝʣʝʥʠʷ ʫʞʝ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʦʪʥʦʰʝʥʠʷ ʵʪʦʛʦ 

ʪʠʧʘ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦʦʙʨʘʟʥʳ. 

ʆʙʲʝʢʪ ʩʫʱʝʩʪʚʫʝʪ ʠ ʨʘʟʚʠʚʘʝʪʩʷ ʚʦ ʚʨʝʤʝʥʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʥ 

ʜʦʣʞʝʥ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ. ʕʣʝʤʝʥʪ ʜʠʥʘʤʠʢʠ 

ʧʨʠʚʥʦʩʠʪʩʷ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʤʠ ʦʪʥʦʰʝʥʠʷʤʠ. ʆʥʠ ʦʙʫʩʣʦʚʣʠʚʘʶʪ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʮʝʧʦʯʝʢ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʧʨʦʮʝʩʩʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ. ɹʝʟ ʦʪʥʦʰʝʥʠʡ ʵʪʦʛʦ 

ʪʠʧʘ ʤʳ ʤʦʞʝʤ ʧʦʣʫʯʠʪʴ ʪʦʣʴʢʦ ʚʨʝʤʝʥʥʦʡ ʩʨʝʟ, ʩʦʩʪʦʷʥʠʝ ʚ ʦʪʜʝʣʴʥʳʡ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʙʝʟʞʠʟʥʝʥʥʫʶ "ʬʦʪʦʛʨʘʬʠʶ" ʦʙʲʝʢʪʘ, ʯʪʦ, ʢʦʥʝʯʥʦ, ʥʝ 

ʤʦʞʝʪ ʪʨʘʢʪʦʚʘʪʴʩʷ ʢʘʢ ʧʦʣʥʦʮʝʥʥʘʷ ʪʝʦʨʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʨʝʪʠʡ ʚʠʜ 

ʦʪʥʦʰʝʥʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʘʩʧʝʢʪ ʚ ʩʠʩʪʝʤʝ ʟʥʘʥʠʡ, 

ʦʪʥʦʰʝʥʠʝ çʧʨʠʯʠʥʘ - ʩʣʝʜʩʪʚʠʝè. 

ʆʪʥʦʰʝʥʠʝ ʧʨʠʯʠʥʘ-ʩʣʝʜʩʪʚʠʝ: 

(7) 

ɻʜʝ:S -  ʧʨʠʯʠʥʘ-ʩʣʝʜʩʪʚʠʝ. 

ʕʪʦʪ ʚʠʜ ʚ ʢʦʨʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʨʝʜʳʜʫʱʠʭ ʜʚʫʭ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ 

ʩʨʝʜʩʪʚʘ ʦʪʦʙʨʘʞʝʥʠʷ ʦʪʥʦʰʝʥʠʡ ʵʪʦʛʦ ʪʠʧʘ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʙʫʜʫʪ ʦʪʣʠʯʘʪʴʩʷ 

ʦʪ ʩʨʝʜʩʪʚ ʦʪʦʙʨʘʞʝʥʠʷ ʜʨʫʛʠʭ ʚʠʜʦʚ ʦʪʥʦʰʝʥʠʡ. 

ʊʨʠ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʪʠʧʘ ʦʪʥʦʰʝʥʠʡ ʷʚʣʷʶʪʩʷ ʧʨʝʜʝʣʴʥʦ ʦʙʱʠʤʠ. ʆʥʠ 

ʩʚʦʡʩʪʚʝʥʥʳ ʣʶʙʦʡ ʜʠʩʮʠʧʣʠʥʝ. ʂʨʦʤʝ ʪʦʛʦ, ʩʫʱʝʩʪʚʫʶʪ ʜʨʫʛʠʝ ʢʘʢ ʦʙʱʠʝ, 

ʪʘʢ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʚʠʜʳ ʦʪʥʦʰʝʥʠʡ. ʄʳ ʧʦʢʘ ʦʛʨʘʥʠʯʠʤʩʷ 

ʧʝʨʝʯʠʩʣʝʥʥʳʤʠ ʪʠʧʘʤʠ ʠ ʚʝʨʥʝʤʩʷ ʢ ʵʪʘʧʘʤ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ ʟʥʘʥʠʡ. 

ɺ ʨʘʟʨʝʟʝ ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ ʦʪʥʦʰʝʥʠʡ ʩʪʨʦʷʪʩʷ ʩʪʨʫʢʪʫʨʳ. ʉʫʪʴ ʵʪʦʛʦ 

ʧʨʦʮʝʩʩʘ ʚ ʚʳʷʚʣʝʥʠʠ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʦʪʥʦʰʝʥʠʷʤʠ. ʅʘ ʵʪʦʡ ʦʩʥʦʚʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʩʠʩʪʝʤʳ ʟʥʘʥʠʡ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʘʩʧʝʢʪʝ. ɿʘʪʝʤ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʠʥʪʝʟ ʨʘʟʥʦʘʩʧʝʢʪʥʳʭ ʩʪʨʫʢʪʫʨ - ʦʙʲʝʜʠʥʝʥʠʝ ʠʭ ʚ 

ʝʜʠʥʫʶʩʠʩʪʝʤʫ. ʈʝʟʫʣʴʪʘʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʦʣʴʰʫʶ (ʤʥʦʛʦʫʨʦʚʥʝʚʫʶ) 

ʠ ʩʣʦʞʥʫʶ (ʤʥʦʛʦʘʩʧʝʢʪʥʫʶ) ʩʠʩʪʝʤʫ. 

ɺʳʧʦʣʥʝʥʠʝ ʬʫʥʢʮʠʡ ʘʥʘʣʠʟʘ ʠ ʩʠʥʪʝʟʘ ʟʥʘʥʠʡ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʮʝʣʴ ʠʣʠ ʩʦʚʦʢʫʧʥʦʩʪʴ ʮʝʣʝʡ, ʩʪʦʷʱʘʷ 

ʧʝʨʝʜ ʩʫʙʲʝʢʪʦʤ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʵʪʦ - ʧʨʝʧʦʜʘʚʘʪʝʣʴ. ʈʝʟʫʣʴʪʘʪʦʤ 

ʚʳʧʦʣʥʝʥʠʷ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʬʫʥʢʮʠʡ  ʙʫʜʝʪ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʠ 

ʬʦʨʤʘʣʠʟʦʚʘʥʥʘʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʟʥʘʥʠʡ. ɼʣʷ ʝʝ ʦʨʛʘʥʠʟʘʮʠʠ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʨʝʙʫʝʪʩʷ ʚʳʙʨʘʪʴ ʬʦʨʤʘʣʠʟʤʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ, 

ʪʠʧʳ ʩʪʨʫʢʪʫʨ, ʢʦʪʦʨʳʝ ʩʤʦʛʫʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʠʭ ʦʪʥʦʰʝʥʠʷ, ʨʘʟʨʘʙʦʪʘʪʴ 

ʤʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʦʚ 
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ʦʙʫʯʝʥʠʷ (ʫʩʚʦʝʥʠʷ ʟʥʘʥʠʡ, ʚʳʨʘʙʦʪʢʠ ʥʘʚʳʢʦʚ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ) ʩ 

ʘʜʘʧʪʘʮʠʝʡ ʢ ʦʩʦʙʝʥʥʦʩʪʷʤ ʦʙʫʯʘʝʤʦʛʦ. 

ʆʜʥʘ ʠʟ ʧʨʦʩʪʝʡʰʠʭ ʤʦʜʝʣʝʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʠʩʪʝʤʫ ʟʥʘʥʠʡ ʢʘʢ 

ʠʝʨʘʨʭʠʶ ʧʦʥʷʪʠʡ. ʅʘ ʩʘʤʦʤ ʚʝʨʭʫ ʠʝʨʘʨʭʠʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘʠʙʦʣʝʝ 

ʦʙʱʠʝ ʧʦʥʷʪʠʷ. ʇʦ ʤʝʨʝ ʧʨʦʜʚʠʞʝʥʠʷ ʚʥʠʟ ʧʦʩʪʝʧʝʥʥʦ ʧʝʨʝʭʦʜʠʤ ʢ 

ʧʦʥʷʪʠʷʤ ʚʩʝ ʤʝʥʝʝ ʦʙʱʠʤ, ʧʦʢʘ ʥʝ ʜʦʩʪʠʛʥʝʤ ʧʦʜʥʦʞʠʷ, ʛʜʝ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʨʦʩʪʝʡʰʠʝ ʠ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʝ ʧʦʥʷʪʠʷ - ʵʣʝʤʝʥʪʳ 

ʩʠʩʪʝʤʳ ʟʥʘʥʠʡ.  

ʆʜʥʘʢʦ ʪʘʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʥʝʧʦʣʥʳʤ. ʆʥʦ ʦʜʥʦʤʝʨʥʦ 

(ʦʜʥʦʘʩʧʝʢʪʥʦ) ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʠʩʪʝʤʫ ʟʥʘʥʠʡ ʣʠʰʴ ʩ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ.ʅʘʧʨʘʚʣʝʥʠʝ ʧʦʚʳʰʝʥʠʷ ʩʪʝʧʝʥʠ ʦʙʱʥʦʩʪʠ ʧʦʥʷʪʠʡ. 

ʄʦʜʝʣʴ ʢʦʥʢʨʝʪʥʦʡ ʦʙʣʘʩʪʠ ʟʥʘʥʠʷ, ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʘʩʧʝʢʪʦʚ ʧʦ 

ʯʠʩʣʫ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʭ ʪʠʧʦʚ ʩʚʷʟʝʡ. ʅʘʨʷʜʫ ʩ ʪʘʢʠʤʠ ʦʙʱʠʤʠ ʜʣʷ 

ʤʥʦʛʠʭ ʥʘʫʢ ʠ ʜʠʩʮʠʧʣʠʥ ʘʩʧʝʢʪʘʤʠ, ʢʘʞʜʘʷ ʯʘʩʪʥʘʷ ʦʙʣʘʩʪʴ ʟʥʘʥʠʷ ʠʣʠ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʦʞʝʪ ʠʤʝʪʴ ʩʚʦʠ, ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʜʣʷ ʥʝʝ ʧʨʠʟʥʘʢʠ ʠʣʠ 

ʪʦʯʢʠ ʟʨʝʥʠʷ. ʆʥʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʥʝ ʦʪʨʘʞʝʥʳ ʚ ʪʝʦʨʠʠ, ʘ ʟʥʘʯʠʪ ʠ ʷʟʳʢ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʪʝʦʨʠʠ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ ʩʨʝʜʩʪʚʘ ʜʣʷ ʚʳʨʘʞʝʥʠʷ 

ʦʪʥʦʰʝʥʠʡ ʵʪʦʛʦ ʪʠʧʘ.  

ʉʣʘʙʦ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʦʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷ, ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʢʣʘʩʩʫ 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʠ ʩʣʘʙʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʧʨʦʙʣʝʤ ʫʧʨʘʚʣʝʥʠʷ 

ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʤʝʪʦʜʦʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʥʝʯʝʪʢʦʛʦ ʤʥʦʞʝʩʪʚʘ. 

ɺ ʦʩʥʦʚʝ ʪʝʦʨʠʠ [3] ʣʝʞʘʪ ʧʦʥʷʪʠʷ çʥʝʯʝʪʢʦʝ ʤʥʦʞʝʩʪʚʦè ʠ çʬʫʥʢʮʠʠ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠè. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʘʜʝʢʚʘʪʥʦʡ ʤʦʜʝʣʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʦ ʜʚʫʭ ʜʝʩʷʪʢʦʚ ʧʨʠʟʥʘʢʦʚ, ʘ ʧʦʩʪʨʦʝʥʠʝ ʬʫʥʢʮʠʡ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ  ʩ ʧʦʤʦʱʴʶ ʥʝʩʢʦʣʴʢʠʭ ʵʢʩʧʝʨʪʦʚ, ʧʦʩʣʝ 

ʯʝʛʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ çʩʛʣʘʞʠʚʘʶʱʠʝè ʚʳʯʠʩʣʝʥʠʷ. 

ʆʙʲʝʜʠʥʷʷ ʪʝʦʨʠʶ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʤʥʦʞʝʩʪʚʘ, ʚʳʰʝ ʦʧʠʩʘʥʥʦʛʦ ʩ ʪʝʦʨʠʝʡ 

ʥʝʯʝʪʢʦʛʦ ʤʥʦʞʝʩʪʚʘ. ʄʦʞʥʦ ʨʝʰʘʪʴ ʨʘʟʣʠʯʥʳʝ ʥʝʦʧʨʝʜʝʣʝʥʥʳʝ ʟʘʜʘʯʠ. 

ɺʳʚʦʜʳ: 

¶ ʇʨʝʜʣʦʞʝʥʘ  ʟʥʘʥʠʷ ʢʘʢ ʤʥʦʛʦʫʨʦʚʥʝʚʘʷ ʠ ʤʥʦʛʦʘʩʧʝʢʪʥʘʷ 

ʩʠʩʪʝʤʘ. 

¶ ʥʝʯʝʪʢʠʝ ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ ʤʦʩʪʦʤ ʤʝʞʜʫ ʜʚʫʤʷ ʧʦʜʭʦʜʘʤʠ ï 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʠ ʢʘʯʝʩʪʚʝʥʥʳʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ, ʠ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ 

ʧʨʠʝʤʣʝʤʳʤʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ; 
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ʄʘϨʘʣʘʜʘ ʨʝʣʷʮʠʷʣʳϨ ʘʣʛʝʙʨʘϤʘ ʞʘʪʘʪʳʥ ʞʫʳϨ ʰʘʤʘ 

ʪʝʦʨʠʷʩʳʥʳϬ Ϩʠʳʣʳʩʳ ʤʝʥ ʙʽʨʽʢʪʽʨʫ ʦʧʝʨʘʪʦʨʣʘʨʜʳ ʧʘʡʜʘʣʘʥʫʳ 

Ϩʘʨʘʩʪʳʨʳʣʘʜʳ. ʆʩʳ ʦʧʝʨʘʪʦʨʤʝʥ ʧʘʡʜʘ ʙʦʣϤʘʥ ϸʨ ʪϮʨʣʽ ʰʘʨʪʪʳ 

ʘʣʛʝʙʨʘʣʳϨ ʰʘʨʪʪʳ ʜʝʧ ʘʪʘʣʘʜʳ. ʄʘϨʘʣʘʜʘ ʨʝʣʷʮʠʷʣʳϨ ʘʣʛʝʙʨʘʥʳ ʞϸʥʝ  

ʙʘʩϨʘ ʞϮʡʝʣʝʨʤʝʥ ʩʘʣʳʪʳʨϤʘʥʜʘ ʢϺʨʩʝʪʫ ʢϮʰʽ ʢϺʨʩʝʪʽʣʛʝʥ. 

ʊϮʡʽʥ ʩϺʟʜʝʨ:Ϯʣʛʽʣʝʨ, ʦʧʝʨʘʪʦʨʜʘʨ, ʙʽʣʽʤʜʽ ʢϺʨʩʝʪʽ, ʞʫʳϨ ʰʘʤʘ, 

ʘϨʧʘʨʘʪʪʳϨ ʞϮʡʝʣʝʨ. 

 

MODEL OF KNOWLEDGE REPRESENTATION BASED ON 

APPROXIMATE SETS 

In this paper, we use the operators union and intersection of set theory, 

which belong to the relational algebra. Any expression built with the help of 

these operators and relations, is called an algebraic expression. Used by 

multiple domains, the set of attributes and multiple comparisons actually limit 

the ability to display, which can be determined. The paper compares the 

expressive power of relational algebra and other systems relations, the 

difference is detected according to these parameters. In this regard, necessary 

knowledge description formalism based on fuzzy set knowledge representation 

of artificial intelligence.  

Keywords: model, the operators, the description of knowledge, fuzzy sets, 

information systems. 

 

 

 

ʋɼʂ 62-50 
ʉʀʅʊɽɿ ɿɸʂʆʅʆɺ ʋʇʈɸɺʃɽʅʀʗ ʇʆ ʆʉʋʑɽʉʊɺʃɽʅʀʖ ɼɺʀɾɽʅʀʗ ʇʆ 

ʇʈɽɼʇʀʉɸʅʅʆʁ ʇʈʆɻʈɸʄʄɽ 

ɾ.ʀ. ɹʘʪʳʨʢʘʥʦʚ
1
, ʂ.ʂ.ʂʘʜʳʨʢʫʣʦʚʘ 

2
, 

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ
1
, 

ʘʩʧʠʨʘʥʪ
2
, ʂʳʨʛʳʟʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤ. ʀ.ʈʘʟʟʘʢʦʚʘ (ʂʳʨʛʳʟʩʪʘʥ) 

 

ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʮʝʥʟʠʠ ʜʘʥʳ ʜ.ʪ.ʥ. ʂʫʰʥʠʨ ɺ.ɻ. 

ʠ ʢ.ʪ.ʥ. ʍʘʩʝʥʦʚʳʤ ʋ.ɹ. 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʳʡ ʧʦʜʭʦʜ ʩʠʥʪʝʟʘ ʟʘʢʦʥʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʦʩʫʱʝʩʪʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ ʦʙʲʝʢʪʘ ʧʦ ʧʨʝʜʧʠʩʘʥʥʦʡ 

ʧʨʦʛʨʘʤʤʝ.  

ʈʘʩʩʤʦʪʨʝʥʘ ʧʨʦʮʝʜʫʨʘ ʩʠʥʪʝʟʘ ʚ ʜʚʫʭ ʩʣʫʯʘʷʭ: 

1)ʧʦʩʪʨʦʝʥʠʝ ʟʘʢʦʥʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʛʜʘ ʧʨʝʜʧʠʩʘʥʥʘʷ ʪʨʘʝʢʪʦʨʠʷ 

ʟʘʜʘʝʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠ, 2) ʩʠʥʪʝʟ ʟʘʢʦʥʦʚ ʚ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʛʜʘ 

ʧʨʝʜʧʠʩʘʥʥʘʷ ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʦʙʲʝʢʪʘ ʟʘʜʘʝʪʩʷ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ, ʩʠʥʪʝʟ, ʜʚʠʞʝʥʠʝ ʦʙʲʝʢʪʘ, 

ʪʨʘʝʢʪʦʨʠʷ, ʧʨʝʜʧʠʩʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ. 
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ɺʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ï ʨʦʙʦʪʦʪʝʭʥʠʢʠ, ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ, ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ ʠ ʚ ʜʨʫʛʠʭ ï ʩʪʘʚʷʪʩʷ ʟʘʜʘʯʠ ʩʠʥʪʝʟʘ 

ʟʘʤʢʥʫʪʳʭ ʩʠʩʪʝʤ ʧʦ ʦʩʫʱʝʩʪʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ ʧʦ ʧʨʝʜʧʠʩʘʥʥʳʤ 

ʪʨʘʝʢʪʦʨʠʷʤ (ʧʨʦʛʨʘʤʤʘʤ). ʕʪʠ ʟʘʜʘʯʠ ʦʪʥʦʩʷʪʩʷ ʢ ʥʝʢʣʘʩʩʠʯʝʩʢʠʤ 

ʟʘʜʘʯʘʤ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ. 

ɺ ʥʘʯʘʣʝ ʨʘʩʩʤʦʪʨʠʤ ʤʝʪʦʜʠʢʫ ʩʠʥʪʝʟʘ ʟʘʢʦʥʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʛʜʘ 

ʧʨʝʜʧʠʩʘʥʥʳʝ ʧʨʦʛʨʘʤʤʳ ʟʘʜʘʶʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʨʝʜʧʠʩʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ 

ʜʚʠʞʝʥʠʷ ʦʧʠʩʳʚʘʝʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠ, ʪʦ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʠ 

ʧʦʜʭʦʜʳ ʨʝʰʝʥʠʷ ʩʪʘʚʷʱʠʭʩʷ ʟʘʜʘʯ.   ʕʪʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ʨʘʙʦʪʳ ʇ.ɼ 

ʂʨʫʪʴʢʦ, ɾ.ʀ. ɹʘʪʳʨʢʘʥʦʚʘ.  

ɿʜʝʩʴ ʧʨʠʚʝʜʝʤ ʧʦʜʭʦʜʳ ʩʠʥʪʝʟʘ, ʢʦʪʦʨʳʝ ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʘʭ 

ɹʘʪʳʨʢʘʥʦʚʘ ɾ.ʀ. ʠ ʝʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʝʡ [1,2]. 

ʉʫʪʴ ʧʨʝʜʣʘʛʘʝʤʳʭ ʧʦʜʭʦʜʦʚ ʩʠʥʪʝʟʘ ʨʘʩʢʨʦʝʤ ʥʘ ʧʨʠʤʝʨʝ, ʢʦʛʜʘ 

ʧʨʝʜʧʠʩʘʥʥʘʷ ʪʨʘʝʢʪʦʨʠʷ ʟʘʜʘʝʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠ ʚ ʚʠʜʝ ʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ. 

ʇʫʩʪʴ ʫʧʨʘʚʣʷʝʤʳʡ ʦʙʲʝʢʪ ʦʧʠʩʳʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ:  

,                                                                         (1) 

ʛʜʝx , 

 
ʇʨʝʜʧʠʩʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʜʚʠʞʝʥʠʷ ʦʧʠʩʳʚʘʝʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠ ʚ 

ʚʠʜʝ: 

                                                                                           (2) 

ɼʣʷ ʦʪʳʩʢʘʥʠʷ ʫʧʨʘʚʣʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʣʥʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʧʦ 

ʚʨʝʤʝʥʠ ʬʫʥʢʮʠʠ  ʥʘ ʜʚʠʞʝʥʠʷʭ ʩʠʩʪʝʤʳ.ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (2) ʠʤʝʝʤ: 

                                                                (3) 

ʉ ʫʯʝʪʦʤ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʩʠʩʪʝʤʳ ʠʤʝʝʤ: 

                                                     (4) 

ʈʘʟʨʝʰʘʷ ʵʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʢʦʤʦʡ ʬʫʥʢʮʠʠ, 

ʥʘʭʦʜʠʤ ʠʩʢʦʤʳʡ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʜʚʠʞʝʥʠʝ ʦʙʲʝʢʪʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʧʨʝʜʧʠʩʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. ʅʦ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʟʘʜʘʯʘ ʩʠʥʪʝʟʘ ʙʫʜʝʪ ʨʝʰʝʥʘ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʘʢʞʝ ʚʦʟʚʨʘʱʝʥʠʝ ʪʦʯʢʠ ʥʘ ʧʨʝʜʧʠʩʘʥʥʫʶ 

ʪʨʘʝʢʪʦʨʠʶ  ʝʩʣʠ ʧʦ ʢʘʢʠʤ-ʣʠʙʦ ʧʨʠʯʠʥʘʤ ʦʥʘ ʦʢʘʞʝʪʩʷ ʚʥʝ ʝʝ. 

ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʝ ʪʦʣʴʢʦ 

ʧʨʦʮʝʩʩ ʜʚʠʞʝʥʠʷ ʧʦ ʧʨʝʜʧʠʩʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ, ʥʦ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʩʪʘʙʠʣʠʟʘʮʠʶ ʪʨʝʙʫʝʤʦʛʦ ʜʚʠʞʝʥʠʷ. ɼʣʷ ʪʘʢʦʛʦ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ, 

ʦʯʝʚʠʜʥʦ, ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʩʦʦʪʥʦʰʝʥʠʝ: 

                                                            (5) 
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ʛʜʝ -ʧʨʦʠʟʚʦʣʴʥʘʷ ʬʫʥʢʮʠʷ, ʦʙʨʘʱʘʶʱʘʷʩʷ ʚ ʥʫʣʴ ʥʘ ʢʨʠʚʦʡ 

(2),ʪ.ʝ. 

                                                                                                (6) 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʝʩʣʠ ʪʦʯʢʘ ) ʦʢʘʞʝʪʩʷ ʚʥʝ 

ʧʨʝʜʧʠʩʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ  (2),   ʪʦ   . 

ʀ ʧʦʵʪʦʤʫ  ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʢʣʦʥʝʥʠʝ ʬʘʢʪʠʯʝʩʢʦʡ 

ʪʨʘʝʢʪʦʨʠʠ ʦʪ ʧʨʝʜʧʠʩʘʥʥʦʡ ʠ ʧʝʨʝʭʦʜʥʦʡ ʧʨʦʮʝʩʩ ʜʣʷ ʦʪʢʣʦʥʝʥʠʷ 

ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ: 

                                                                            (7) 

ʀʟ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʩʠʥʪʝʟʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʳʪʝʢʘʝʪ, ʯʪʦ ʜʦʣʞʥʦ 

ʚʳʧʦʣʥʷʪʴʩʷ ʫʩʣʦʚʠʷ   ʧʨʠ t . ʕʪʦ ʫʩʣʦʚʠʝ ʥʘʢʣʘʜʳʚʘʝʪ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʥʘ ʚʳʙʦʨ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʫʥʢʮʠʠ . 

ʅʘʧʨʠʤʝʨ, ʬʫʥʢʮʠʷ  ʧʦʜʙʠʨʘʝʪʩʷ ʠʟ ʫʩʣʦʚʠʷ ʟʘʜʘʥʥʦʛʦ ʚʨʝʤʝʥʠ 

ʦʪʨʘʙʦʪʢʠ ʥʘʯʘʣʴʥʦʛʦ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ  ʠ ʫʩʣʦʚʠʡ ʬʠʟʠʯʝʩʢʦʡ 

ʨʝʘʣʠʟʫʝʤʦʩʪʠ. ʅʘ ʵʪʠʭ ʤʦʤʝʥʪʘʭ ʩʝʡʯʘʩ ʥʝ ʙʫʜʝʤ ʦʩʪʘʥʘʚʣʠʚʘʪʴʩʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʢʦʤʳʡ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ ʩ ʫʯʝʪʦʤ  (5) 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ: 

                                                                  (8) 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʩʢʦʤʦʛʦ ʫʨʘʚʥʝʥʠʷ ʠʟ ʵʪʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ (8),  

ʧʨʝʜʩʪʘʚʠʤ ʝʛʦ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʦ ʩʢʘʣʷʨʥʳʤ ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʚ ʩʣʝʜʫʶʱʝʤ 

ʨʘʚʥʦʩʠʣʴʥʦʤ ʚʠʜʝ:  

                                                                      (9) 

ʛʜʝ()- ʩʠʤʚʦʣ ʩʢʘʣʷʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʣʠʥʝʡʥʦʛʦ ʦʙʲʝʢʪʘ 

                                                                                 (10) 

ʆʩʥʦʚʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ (9) ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʝʜʩʪʘʚʠʪʩʷ:  

 
ʠʣʠ ʦʪʩʶʜʘ 

                                 (11) 
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʩʢʦʤʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʩʢʘʣʷʨʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʫʝʤ ʨʝʟʫʣʴʪʘʪ ʈ. ɹʝʣʣʤʘʥʘ ʠʟ ʣʠʥʝʡʥʦʡ ʘʣʛʝʙʨʳ, ʛʜʝ 

ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʥʘʭʦʞʜʝʥʠʷ ʚʝʢʪʦʨʘ, ʣʝʞʘʱʝʛʦ ʚ ʟʘʜʘʥʥʦʡ 

ʛʠʧʝʨʧʣʦʩʢʦʩʪʠ 

                                                                                              (12) 

ʠ ʠʤʝʶʱʝʛʦ ʤʠʥʠʤʘʣʴʥʫʶ ʥʦʨʤʫ . 

ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʜʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ: 

                                                                                 (13) 

ʇʦʣʴʟʫʷʩʴ ʪʝʧʝʨʴ ʘʥʘʣʦʛʠʝʡ ʤʝʞʜʫ ʚʳʨʘʞʝʥʠʷʤʠ (11) ʠ (12)   ʥʘ 

ʦʩʥʦʚʘʥʠʠ (13),  ʠʩʢʦʤʳʡ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʚʠʜʝ:  

                                                       (14)    

ʛʜʝ ʬʫʥʢʮʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ: 

                                                      (15) 

ʇʨʠ ʵʪʦʤ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʦʤ 
 

ɺ ʢʦʥʮʝ ʜʘʥʥʦʛʦ ʧʫʥʢʪʘ ʩʜʝʣʘʝʤ ʩʣʝʜʫʶʱʝʝ ʟʘʤʝʯʘʥʠʝ. ɿʘʢʦʥ 

ʫʧʨʘʚʣʝʥʠʷ ʩʫʱʝʩʪʚʫʝʪ ʪʦʣʴʢʦ ʜʣʷ ʪʝʭ ʪʨʝʙʫʝʤʳʭ ʪʨʘʝʢʪʦʨʠʡ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʚʝʢʪʦʨ   ʥʝ ʷʚʣʷʝʪʩʷ ʥʫʣʝʚʳʤ. ʕʪʦ ʫʪʚʝʨʞʜʝʥʠʝ ʚʳʪʝʢʘʝʪ ʠʟ 

ʩʦʦʪʥʦʰʝʥʠʷ (11). 

ʊʝʧʝʨʴ ʦʩʪʘʥʦʚʠʪʴʩʷ ʥʘ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʨʝʜʧʠʩʘʥʥʘʷ ʪʨʘʝʢʪʦʨʠʷ ʥʝ 

ʤʦʞʝʪ ʙʳʪʴ ʟʘʜʘʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʩʪʘʝʪʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʧʫʪʴ 

ï ʦʧʠʩʘʥʠʝ ʵʪʦʡ ʪʨʘʝʢʪʦʨʠʠ ʪʘʙʣʠʯʥʳʤ ʩʧʦʩʦʙʦʤ. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ. 

ʄʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ: ʆʩʥʦʚʥʘʷ ʩʫʪʴ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʦʜʭʦʜʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. 

ʇʫʩʪʴ ʫʧʨʘʚʣʷʝʤʳʡ ʦʙʲʝʢʪ ʦʧʠʩʳʚʘʝʪʩʷ   ʫʨʘʚʥʝʥʠʝʤ: 

                                                                                             (16) 

ʛʜʝ,  

 
ʊʨʝʙʫʝʪʩʷ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʦʩʫʱʝʩʪʚʣʝʥʠʶ 

ʜʚʠʞʝʥʠʷ ʫʧʨʘʚʣʷʝʤʦʡ ʩʠʩʪʝʤʳ ʧʦ ʧʨʝʜʧʠʩʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʟʘʜʘʥʥʦʡ ʚ 

ʪʘʙʣʠʯʥʦʡ ʬʦʨʤʝ (ʪʘʙʣʠʮʘ 1). 
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ʊʘʙʣʠʮʘ 1 -ʇʨʝʜʧʠʩʘʥʥʘʷ ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ 

 

      

      

      

      

      
 

ɼʣʷ  ʫʜʦʙʩʪʚʘ ʧʨʠʤʝʤ  = ,  = 0,1,2,... ,ʪʦ ʝʩʪʴ, ʚʚʝʜʝʤ ʘʙʩʪʨʘʢʪʥʳʝ 

ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ. 

ʋʨʘʚʥʝʥʠʝ ʩʠʩʪʝʤʳ ʧʦʩʣʝ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 
ʠʣʠ  

                                                                        (17) 

                                           (18) 

ʛʜʝ  - ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ, ʩʦʩʪʦʷʥʠʝ ʥʘ ʩʣʝʜʫʶʱʝʤ ʰʘʛʝ. 

ʕʪʦ ʚʳʨʘʞʝʥʠʝ ʩʚʷʟʳʚʘʝʪ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ , ʪʝʢʫʱʝʝ ʫʧʨʘʚʣʝʥʠʝ  

ʠ ʩʦʩʪʦʷʥʠʝ  ʚ ʩʣʝʜʫʶʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ . 

ʀʟ ʚʳʨʘʞʝʥʠʷ (17) ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ  

 
ʅʦ   ʪʘʢʦʡ ʩʧʦʩʦʙ ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ ʫʩʪʦʡʯʠʚʦʛʦ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʜʚʠʞʝʥʠʷ  ʧʦ  ʪʨʝʙʫʝʤʳʤ   ʧʨʝʜʧʠʩʘʥʥʳʤ ʜʠʩʢʨʝʪʥʳʤ ʪʦʯʢʘʤ  ʜʚʠʞʝʥʠʷ.   

ʇʦʵʪʦʤʫ, ʠʩʢʦʤʦʝ ʫʧʨʘʚʣʝʥʠʝ ʙʫʜʝʤ ʠʩʢʘʪʴ ʧʫʪʝʤ ʤʠʥʠʤʠʟʘʮʠʠ 

ʢʚʘʜʨʘʪʘ ʥʝʚʷʟʢʠ ʤʝʞʜʫ ʪʨʝʙʫʝʤʳʤʠ ʠ ʪʝʢʫʱʠʤʠ ʜʠʩʢʨʝʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʩʦʩʪʦʷʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʫʧʨʘʚʣʝʥʠʝ ʙʫʜʝʤ ʠʩʢʘʪʴ ʚ ʚʠʜʝ: 

                                                            (19)
 

ʛʜʝ -ʪʘʙʣʠʯʥʦʝ ʟʥʘʯʝʥʠʝ, -ʪʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ. 

ʈʘʩʧʠʰʝʤ ʚʳʨʘʞʝʥʠʝ (18) ʧʦʜʨʦʙʥʦ: 

 

 
ɿʘʪʝʤ, ʚʟʷʚ ʯʘʩʪʥʫʶ ʧʨʦʠʟʚʦʜʥʫʶ ʧʦ  u(k)  ʠʟ ʵʪʦʛʦ ʚʳʨʘʞʝʥʠʷ, ʪʝʤ 

ʩʘʤʳʤ ʥʘʡʜʝʤ ʥʝʦʙʭʦʜʠʤʦʝ ʫʧʨʘʚʣʝʥʠʝ 

 
ʈʘʩʧʠʰʝʤ ʵʪʫ ʧʨʦʮʝʜʫʨʫ ʜʣʷ ʣʠʥʝʡʥʦʛʦ ʦʙʲʝʢʪʘ 

 
ʠʣʠ  

 .                                                       (20) 

ʇʦʜʩʪʘʚʠʚ ʢʦʥʢʨʝʪʥʳʝ ʚʳʨʘʞʝʥʠʷ, ʚʦʟʴʤʝʤ ʩʢʘʣʷʨʥʳʝ ʧʨʦʠʟʚʝʜʝʥʠʷ 

ʠ ʧʦʣʫʯʠʤ ʦʙʱʝʝ ʚʳʨʘʞʝʥʠʝ: 
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ɺʦʟʴʤʝʤ ʯʘʩʪʥʫʶ ʧʨʦʠʟʚʦʜʥʫʶ ʧʦ: 

 ʆʢʦʥʯʘʪʝʣʴʥʦ, ʫʧʨʘʚʣʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʚʠʜʝ: 

 (21)

 
ʀʪʘʢ, ʤʳ ʨʘʩʩʤʦʪʨʝʣʠ ʧʨʦʮʝʜʫʨʫ ʩʠʥʪʝʟʘ ʚ ʨʘʟʣʠʯʥʳʭ ʩʣʫʯʘʷʭ: 

1) ɿʘʜʘʯʫ ʧʦʩʪʨʦʝʥʠʷ ʟʘʢʦʥʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʛʜʘ ʧʨʝʜʧʠʩʘʥʥʘʷ 

ʪʨʘʝʢʪʦʨʠʷ ʟʘʜʘʝʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠ. 2) ʉʠʥʪʝʟ ʟʘʢʦʥʦʚ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ 

ʧʨʝʜʧʠʩʘʥʥʘʷ ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʟʘʜʘʝʪʩʷ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ. 
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ɹɸנɼɸʈʃɸʄɸ ױʁנɸʈʓʄʓ ɹʆʁʓʅʐɸ פʆɿנɸʃʓʉʓʅ  ɾתɿɽɻɽ ɸʉʓʈʋ 

ʂɽɿɯʅɼɽ ɿɸרɼɸʈɼʓ ɹɸʉפɸʈʋ ʉʀʅʊɽɿɯ 

ʄʘϨʘʣʘʜʘ ʙʘϤʜʘʨʣʘʤʘ ϰʡϤʘʨʳʤʳ ʙʦʡʳʥʰʘ ϨʦʟϤʘʣʳʩʳʥ ʞϮʟʝʛʝ ʘʩʳʨʫ  

ʢʝʟʽʥʜʝ ʟʘϬʜʘʨʜʳ ʙʘʩϨʘʨʫ ʩʠʥʪʝʟʽ Ϩʘʨʘʩʪʳʨʳʣʘʜʳ. 

ɽʢʽ ʪϮʨʣʽ ʩʠʥʪʝʟʜʽϬ ʧʨʦʮʝʜʫʨʘʩʳ ϨʘʨʘʩʪʳʨʳʣϤʘʥ:  

1)ʙʘϤʜʘʨʣʘʤʘ ϰʡϤʳʨʳʤʳ ʙʦʡʳʥʰʘ ʪʨʘʝʢʪʦʨʠʷ ʘʥʘʣʠʪʠʢʘʣʳϨ 

ʙϺʩʢʝʥ ʢʝʟʜʝ, ʙʘʩϨʘʨʫ ʟʘϬʜʳ Ϩϰʨʘʩʪʳʨʫʳ, 2) ʢʝʩʪʝ ʪϮʨʽ ʨʝʪʽʥʜʝ 

ʦʙʲʝʢʪʽʥʽϬ  ϨʦʟϤʘʣʳʩ ϰʡϤʘʨʳʤʳ ʙʝʨʽʣʛʝʥ, ʙʘʩϨʘʨʫ ʟʘϬʥʳϬ ʩʠʥʪʝʟʽ. 

ʊϮʡʽʥ ʩϺʟʜʝʨ:ʙʘʩϨʘʨʫ ʟʘϬʳ, ʩʠʥʪʝʟ, ʣʙʲʝʢʪ ϨʦʟϤʘʣʳʩʳ, 

ʪʨʘʝʢʪʦʨʠʷʩʳ, ʙʘϤʜʘʨʣʘʤʘ ϰʡϤʘʨʳʤʳ. 

 
SYNTHESIS OF CONTROL LAWS FOR THE IMPLEMENTATION OF TRAFFIC 

ON THE PRESCRIBED PROGRAM 
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In this paper, propose a new approach of synthesis of control laws for the 

implementation of object motion in a prescribed program. 

A procedure for the synthesis of two cases: 

1) construction of the control laws, when the prescribed trajectory is 

given analytically, 2) synthesis of the laws in control when prescribed trajectory 

of the object is given in the table. 

Keywords: control law synthesis, movement of the object, the trajectory 

prescribed program. 

 

 

 

ʋɼʂ 681.53 

 

ʆʇʊʀʄʀɿɸʎʀʗ ʇʈʆʎɽʉʉɸ ʋʇʈɸɺʃɽʅʀʗ ʇʈʆʏʅʆʉʊʔʖ 

ɹɽʊʆʅɸ 

ʐ.ɹ.ɹʠʪʪʝʝʚ, 

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

ʂʘʟʘʭʩʢʘʷ ʘʢʘʜʝʤʠʷ ʪʨʘʥʩʧʦʨʪʘ ʠ ʢʦʤʤʫʥʠʢʘʮʠʡ ʠʤ. ʄ.ʊʳʥʳʰʧʘʝʚʘ 

(ʂʘʟʘʭʩʪʘʥ)  
 

ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʮʝʥʟʠʠ ʜʘʥʳ ʜ.ʪ.ʥ. ʂʫʨʤʘʥʦʚʳʤ  ɸ.ʂ. 

ʠ ʢ.ʪ.ʥ. ʂʫʜʫʙʘʝʚʦʡ ʉ.ɸ. 

 

ɺ ʩʪʘʪʴʝ ʦʧʠʩʘʥʦ ʦʧʪʠʤʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʯʥʦʩʪʴʶ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʠʟʜʝʣʠʡ. ʇʨʝʜʣʦʞʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʯʥʦʩʪʴʶ ʠʟʜʝʣʠʡ ʠʟ ʙʝʪʦʥʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʧʪʠʤʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʧʨʦʯʥʦʩʪʴ ʙʝʪʦʥʘ, 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʢʨʠʪʝʨʠʠ ʧʨʦʯʥʦʩʪʠ. 

 

ɿʘʜʘʯʘ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʚʦʜʠʪʩʷ ʢ ʩʠʥʪʝʟʫ ʪʘʢʦʛʦ ʟʚʝʥʘ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, 

ʢʦʪʦʨʳʡ ʙʳ ʦʙʝʩʧʝʯʠʚʘʣ ʵʢʩʪʨʝʤʫʤ ʟʘʜʘʥʥʦʡ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ 

ʦʧʪʠʤʠʟʘʮʠʠ, ʪ. ʝ. ʦʧʪʠʤʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʯʥʦʩʪʴʶ ʙʝʪʦʥʘ 

ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʪʘʢʦʡ ʩʪʨʘʪʝʛʠʠ ʢʦʨʨʝʢʮʠʠ ʩʦʩʪʘʚʘ, ʨʝʟʫʣʴʪʘʪ 

ʩʘʤʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʦʟʤʦʞʥʳ ʜʚʘ ʧʦʜʭʦʜʘ ʢ ʚʳʙʦʨʫ 

ʢʨʠʪʝʨʠʘʣʴʥʦʡ ʬʫʥʢʮʠʠ: 

1. ʄʘʢʩʠʤʠʟʘʮʠʷ ʧʦʢʘʟʘʪʝʣʷ ʢʘʯʝʩʪʚʘ k  ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ ʧʨʠ 

ʦʛʨʘʥʠʯʝʥʠʷʭ ʩʚʝʨʭʫ ʥʘ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʝ ʟʘʪʨʘʪʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ, 

ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ ʣʶʜʩʢʠʭ ʨʝʩʫʨʩʦʚ E : 

 

í
ì
ë

¢



.

max

ĽEE

K
          (1) 
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2. ʄʠʥʠʤʠʟʘʮʠʷ ʟʘʪʨʘʪ ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʠ ʩʥʠʟʫ ʥʘ ʫʨʦʚʝʥʴ 

ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʦʛʦ ʢʘʯʝʩʪʚʘ Ľk : 

 

í
ì
ë

²



.

min

ĽKK

E
          (2) 

 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʦʩʪʘʚʣʝʥʥʦʡ ʧʨʦʙʣʝʤʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʯʥʦʩʪʴʶ ʙʝʪʦʥʘ ʧʝʨʚʳʡ ʧʦʜʭʦʜ ʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳʧʫʩʢʘ 

ʠʟʜʝʣʠʡ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʯʥʦʩʪʴʶ ʧʨʠ ʟʘʜʘʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʷʭ ʥʘ 

ʨʘʩʭʦʜ ʤʘʪʝʨʠʘʣʦʚ, ʵʥʝʨʛʠʠ ʠ ʪʨʫʜʦʚʳʭ ʨʝʩʫʨʩʦʚ: 

 

í
ì
ë

¢



.

max

ĽEE

R
          (3) 

 

ʆʜʥʘʢʦ ʜʘʥʥʳʡ ʢʨʠʪʝʨʠʡ ʥʝ ʦʪʚʝʯʘʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʧʦʩʢʦʣʴʢʫ ʫʨʦʚʝʥʴ ʢʘʯʝʩʪʚʘ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʦʯʥʦʩʪʠ) ʦʧʨʝʜʝʣʝʥ 

ʠʩʭʦʜʷ ʠʟ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʟʘʜʘʯʝʡ 

ʧʨʝʜʧʨʠʷʪʠʷ ʷʚʣʷʝʪʩʷ ʚʳʧʫʩʢ ʠʟʜʝʣʠʡ ʩ ʟʘʜʘʥʥʦʡ ʧʨʦʯʥʦʩʪʴʶ ʙʝʪʦʥʘ. 

ɺʳʧʫʩʢ ʧʨʦʜʫʢʮʠʠ ʩ ʧʨʦʯʥʦʩʪʴʶ ʙʝʪʦʥʘ ʢʘʢ ʥʠʞʝ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʦʛʦ 

ʫʨʦʚʥʷ, ʪʘʢ ʠ ʚʳʰʝ, ʥʝ ʦʪʚʝʯʘʶʱʝʡ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʚʝʜʝʪ ʚ 

ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʢ ʧʦʪʝʨʝ, ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʚ ʧʨʦʮʝʩʩʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʚʦ ʚʪʦʨʦʤ ï ʚ ʧʨʦʮʝʩʩʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʪʦʨʦʡ ʧʦʜʭʦʜ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʤʠʥʠʤʠʟʘʮʠʠ ʨʘʩʭʦʜʘ ʤʘʪʝʨʠʘʣʦʚ, ʵʥʝʨʛʠʠ ʠ ʪʨʫʜʦʚʳʭ ʨʝʩʫʨʩʦʚ ʧʨʠ 

ʦʛʨʘʥʠʯʝʥʠʠ ʩʥʠʟʫ ʥʘ ʧʨʦʯʥʦʩʪʴ ʙʝʪʦʥʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʢʦʥʢʨʝʪʥʳʤʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʫʩʣʦʚʠʷʤʠ: 

 

í
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,

min

ĽRR

E
          (4) 

 

ʦʪʨʘʞʘʝʪ ʮʝʣʴ ʧʨʝʜʧʨʠʷʪʠʷ, ʚʳʧʫʩʢʘʶʱʝʛʦ ʩʙʦʨʥʳʡ ʞʝʣʝʟʦʙʝʪʦʥ, ʠ 

ʥʝ ʥʘʨʫʰʘʝʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʳʧʫʩʢʘʝʤʳʭ ʠʟʜʝʣʠʡ. 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʝʜʠʥʩʪʚʝʥʥʦʡ ʫʧʨʘʚʣʷʝʤʦʡ ʧʝʨʝʤʝʥʥʦʡ, 

ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʧʨʦʯʥʦʩʪʴ ʙʝʪʦʥʘ, ʷʚʣʷʝʪʩʷ 

ʩʦʩʪʘʚ ʙʝʪʦʥʘ, ʢʦʨʨʝʢʮʠʷ ʢʦʪʦʨʦʛʦ ʥʝ ʠʟʤʝʥʷʝʪ ʩʪʦʠʤʦʩʪʥʳʝ ʟʥʘʯʝʥʠʷ 

ʜʨʫʛʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʦ ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʩʪʦʠʤʦʩʪʴʶ ʢʦʤʧʦʥʝʥʪʦʚ (ʮʝʤʝʥʪ, ʚʦʜʘ, ʧʝʩʦʢ, 

ʱʝʙʝʥʴ) ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʠ ʩʥʠʟʫ ʥʘ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʫʶ ʧʨʦʯʥʦʩʪʴ ʙʝʪʦʥʘ: 
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ʆʜʥʘʢʦ, ʪʘʢ ʢʘʢ ʫʜʝʣʴʥʘʷ ʩʪʦʠʤʦʩʪʴ ʮʝʤʝʥʪʘ ʚ ʙʝʪʦʥʝ ʚʳʰʝ ʜʨʫʛʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʢʦʨʨʝʢʮʠʷ ʝʛʦ ʨʘʩʭʦʜʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʩʪʦʠʤʦʩʪʴ 

ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʪʦ ʧʦʩʣʝʜʥʠʡ ʢʨʠʪʝʨʠʡ ʵʢʚʠʚʘʣʝʥʪʝʥ ʤʠʥʠʤʠʟʘʮʠʠ 

ʨʘʩʭʦʜʘ ʮʝʤʝʥʪʘ ʥʘ ʝʜʠʥʠʮʫ ʧʨʦʜʫʢʮʠʠ ʧʨʠ ʪʦʤ ʞʝ ʦʛʨʘʥʠʯʝʥʠʠ: 

 

í
ì
ë

²



,

min

ĽRR

¥
          (6) 

 

ʪ. ʝ. ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʝʡ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʤʠʥʠʤʫʤ ʨʘʩʭʦʜʘ 

ʮʝʤʝʥʪʘ ʧʨʠ ʚʳʧʫʩʢʝ ʠʟʜʝʣʠʡ ʩ ʧʨʦʯʥʦʩʪʴʶ, ʥʝ ʥʠʞʝ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʦʡ. 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʩʭʦʜʦʤ 

ʮʝʤʝʥʪʘ, ʥʘʠʙʦʣʝʝ ʜʦʨʦʛʦʩʪʦʷʱʝʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦʙ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʩʪʘʥʦʚʢʠ ʪʘʢʦʡ ʟʘʜʘʯʠ. 

ʀʟʤʝʥʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʘ ʥʘ ʚʳʭʦʜʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʩʫʤʤʫ ʠʟʤʝʥʝʥʠʡ ʧʨʦʯʥʦʩʪʠ, ʚʳʟʚʘʥʥʳʭ 

ʠʟʤʝʥʝʥʠʝʤ ʨʘʩʭʦʜʘ ʮʝʤʝʥʪʘ )( ¥RDD  ʠ ʠʟʤʝʥʝʥʠʝʤ ʦʙʦʙʱʝʥʥʦʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ĎD : 

 

Ď¥RR D+DD=D )( .        (7) 

 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʠʩʧʝʨʩʠʷ ʧʨʦʯʥʦʩʪʠ ʙʫʜʝʪ: 

Ď¥RĎ¥Ď¥R
d¥

dR
ssrsss Ö++ö

÷

õ
æ
ç

å
= )(,

2

2

2 2 ,     (8) 

ʛʜʝ Ď¥,r  ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʦʙʦʙʱʝʥʥʳʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ ʠ ʨʘʩʭʦʜʦʤ ʮʝʤʝʥʪʘ. 

ʅʝʧʦʩʪʦʷʥʩʪʚʦ ʦʙʦʙʱʝʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʚʳʟʳʚʘʝʪ ʠ 

ʠʟʤʝʥʝʥʠʝ ʦʪʧʫʩʢʥʦʡ ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʘ. ʆʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳʧʫʩʢʘ 

ʧʨʦʜʫʢʮʠʠ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʧʨʦʯʥʦʩʪʴʶ ʙʝʪʦʥʘ, ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ, ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʫʚʝʣʠʯʝʥʠʷ ʨʘʩʭʦʜʘ ʮʝʤʝʥʪʘ ʥʘ ʚʝʣʠʯʠʥʫ, ʢʦʤʧʝʥʩʠʨʫʶʱʫʶ ʚʘʨʠʘʮʠʶ 

ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʘ (ʚʳʟʚʘʥʥʦʡ ʚʘʨʠʘʮʠʝʡ ʦʙʦʙʱʝʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʬʘʢʪʦʨʘ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʣʠʯʠʥʘ ʨʘʩʭʦʜʘ ʮʝʤʝʥʪʘ ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ: 

 

)( Rp¥ tRk¥¥ sb+=D+ ,       (9) 
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ʛʜʝ ¥k  ï ʢʦʵʬʬʠʮʠʝʥʪ, ʩʚʷʟʳʚʘʶʱʠʡ ʠʟʤʝʥʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʘ ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʨʘʩʭʦʜʘ ʮʝʤʝʥʪʘ; bt  ï ʢʚʘʥʪʠʣʴ ʟʘʜʘʥʥʦʡ ʜʦʚʝʨʠʪʝʣʴʥʦʡ 

ʚʝʨʦʷʪʥʦʩʪʠ b. 

ʀʟ ʚʳʨʘʞʝʥʠʷ (8) ʚʠʜʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʧʨʦʯʥʦʩʪʴ ʙʝʪʦʥʘ ʥʘ ʚʳʭʦʜʝ ʧʨʦʮʝʩʩʘ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ 

ʨʘʩʭʦʜʘ ʮʝʤʝʥʪ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʨʠʨʘʚʥʠʚʘʥʠʝ ʚʳʨʘʞʝʥʠʷ (8) ʢ ʥʫʣʶ, 

ʧʦʣʫʯʠʤ ʫʩʣʦʚʠʝ ʠʜʝʘʣʴʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʘ: 

 

d¥dR

Ď
¥

/

s
s = , 1, -=Ď¥r .       (10) 

 

ʊ. ʝ. ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʢʦʨʨʝʢʮʠʠ ʨʘʩʭʦʜʘ ʮʝʤʝʥʪʘ, ʨʘʚʥʦʡ 

 

)//( d¥dRĎ¥ D-=D ,        (11) 

 

ʧʦʣʫʯʘʝʤ ʠ ʠʜʝʘʣʴʥʫʶ ʩʪʘʙʠʣʠʟʘʮʠʶ ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʘ, ʧʨʠ ʵʪʦʤ 

ʚʩʷ ʧʨʦʜʫʢʮʠʷ ʦʪʚʝʯʘʝʪ ʧʨʦʯʥʦʩʪʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ (ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ 

ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ). 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʨʘʩʭʦʜʘ ʮʝʤʝʥʪʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ: 

 

p¥¥ RkM Ö= .         (12) 

 

ʕʪʦ ʚʳʨʘʞʝʥʠʝ ʠ ʦʧʨʝʜʝʣʷʝʪ ʩʨʝʜʥʠʡ ʨʘʩʭʦʜ ʮʝʤʝʥʪʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʚʳʧʫʩʢ ʧʨʦʜʫʢʮʠʠ ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ ʧʨʦʯʥʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʠʥʠʤʠʟʘʮʠʷ ʚʘʨʠʘʮʠʠ ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʘ ʧʨʠʚʦʜʠʪ 

ʠ ʢ ʤʠʥʠʤʠʟʘʮʠʠ ʨʘʩʭʦʜʘ ʮʝʤʝʥʪʘ. 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʨʘʞʝʥʠʷ (11) ʜʣʷ ʢʦʨʨʝʢʮʠʠ 

ʨʘʩʭʦʜʘ ʮʝʤʝʥʪʘ, ʦʯʝʚʠʜʥʦ, ʥʝʚʦʟʤʦʞʥʦ, ʚ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʦʮʝʥʢʘ 

ʦʙʦʙʱʝʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʚ ʫʨʘʚʥʝʥʠʠ ʠʟʚʝʩʪʥʘ ʩ 

ʦʧʦʟʜʘʥʠʝʤ (ʧʦʩʣʝ ʚʳʭʦʜʘ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ), ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʚʳʨʘʞʝʥʠʝ 

(11) ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʠʩʘʪʴ ʢʘʢ: 

 

)//()()( dUdRTtĎt¥ +D-=D ,      (13) 

 

ʛʜʝ )(t¥D  ï ʢʦʨʨʝʢʮʠʷ ʮʝʤʝʥʪʥʦ-ʚʦʜʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʚ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ t ; T  ï ʧʝʨʠʦʜ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ; )( TtĎ +D  ï ʠʟʤʝʥʝʥʠʝ 

ʦʙʦʙʱʝʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ, ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʚ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ Tt+ . 

ʊʦʛʜʘ )( TtĎ +D  ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ ʝʛʦ ʧʨʦʛʥʦʟʦʤ )(* TtĎ +D : 

 

dTdR
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t¥
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* +D
-=D .        (14) 
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ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʘʩʪʦʪʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʙʦʙʱʝʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ, ʢʦʪʦʨʳʝ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʯʘʩʪʦʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʠ ʥʝʫʯʠʪʳʚʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

 

OPTIMIZATION OF CONTROL CONCRETE STRENGTH 

ʄʘϨʘʣʘʜʘ ʪʝʤʽʨʙʝʪʦʥ ʙϰʡʳʤʜʘʨʜʳ Ϻʥʜʽʨʫ ʧʨʦʮʝʩʪʝ ʙʝʨʽʢʪʽʢʧʝʥ 

ϰʪʳʤʜʳ ʙʘʩϨʘʨʫ Ϩʘʨʘʩʪʳʨʳʣʘʜʳ. ɹʝʪʦʥʥʘʥ ʞʘʩʘϤʘʥ ʙϰʡʳʤʜʘʨʜʳ 

ʙʘʩϨʘʨʫ ʤʘʪʝʤʘʪʠʢʘʣʳϨ Ϯʣʛʽʩʽ ʢϺʨʩʝʪʽʣʛʝʥ. 

ʊϮʡʽʥ ʩϺʟʜʝʨ:ϰʪʳʤʜʳ ʙʘʩϨʘʨʫ, ʙʝʪʦʥʥʳʥ ʙʝʨʽʢʪʽʛʽ, 

ʤʘʪʝʤʘʪʠʢʘʣʳϨ Ϯʣʛʽ, ʙʝʨʽʢʪʽʢʪʽϬ ʙʝʣʛʽʣʝʨʽ. 

 

ɹɽʊʆʅʅʓϫ ɹɽʈɯʂʊɯɻɯʄɽʅ ɹɸʉϧɸʈʋ ʇʈʆʎɽʉʉɯʅ 

ʆϫʊɸʁʃɸʅɼʓʈʋʓ 

This article describes the optimal control strength in the production of 

concrete products. ʈroposed mathematical model of the control strength of 

concrete products. 

Keywords: optimal control, the strength of concrete, mathematical model, 

the strength criteria. 

 

 

 

ʋɼʂ 523.5 

 

ʏʊʆ ɾɼɸʊʔ ʆʊ ʇʆɻʆɼʓ ʀ ʂɸʂ ʄʆɾʅʆ ʇʈɽɼʉʂɸɿɸʊʔ ɽɽ 

ɺ.ɺ.ɼʝʡʥʝʛʘ
1
,  ɽ.ʂ.ʉʘʧʘʥʦʚ

2
, 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

ʂʦʩʪʘʥʘʡʩʢʠʡ ʠʥʞʝʥʝʨʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤ. ʄ.ɼʫʣʘʪʦʚʘ
1
, 

ʢʘʥʜʠʜʘʪ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ, ʜʦʮʝʥʪ, 

ʂʦʩʪʘʥʘʡʩʢʠʡ ʩʦʮʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤ. ʘʢʘʜʝʤʠʢʘ ɿ.ɸʣʜʘʤʞʘʨ
2
 (ʂʘʟʘʭʩʪʘʥ) 

 

ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʮʝʥʟʠʠ ʜʘʥʳ ʜ.ʪ.ʥ. ʂʫʰʥʠʨ ɺ.ɻ. 

ʠ ʢ.ʪ.ʥ. ɾʠʢʝʝʚʳʤ  ɸ.ɸ. 

 

ʂʨʫʛʦʚʦʨʦʪ ʚʦʜʳ ʚʝʯʝʥ, ʠ ʣʶʜʠ ʚʩʝʛʜʘ  

ʙʫʜʫʪ ʩʪʨʝʤʠʪʴʩʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʝʛʦ. 

 

ʅʝʦʮʝʥʠʤʘ ʨʦʣʴ ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʚ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ. ʈʦʣʴ 

ʘʪʤʦʩʬʝʨʥʦʡ ʚʦʜʳ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʧʦ ʩʫʱʝʩʪʚʫ ʠ 

ʝʜʠʥʩʪʚʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʚʦʜʳ ʠ ʞʠʟʥʠ ʥʘ ʟʝʤʣʝ.  
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʠʪʴʝʚʘʷ ʚʦʜʘ, ʨʦʣʴ ʘʪʤʦʩʬʝʨʥʦʡ ʚʦʜʳ, 

ʢʘʧʝʣʴʥʦʞʠʜʢʘʷ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʚʦʜʘ, ʘʪʤʦʩʬʝʨʥʦʝ ʵʣʝʢʪʨʠʯʝʩʪʚʦ 

,ʩʪʨʫʢʪʫʨʝ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ, ʟʘʧʘʩʳ ʛʠʜʨʦʩʬʝʨʳ. 

 

ʆ ʚʦʜʝ ʩʢʘʟʘʥʦ ʥʝʤʘʣʦ, - ʥʦ ʝʱʝ ʙʦʣʴʰʝ ʧʨʝʜʩʪʦʠʪ ʠʩʩʣʝʜʦʚʘʪʴ ʠ 

ʜʝʣʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ. 

ɽʩʣʠ ʛʦʚʦʨʠʪʴ ʦ ʧʠʪʴʝʚʦʡ ʚʦʜʝ, ʪʦ ʝʝ ʥʘʜʦ ʙʨʘʪʴ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʜʦʩʪʫʧ ʯʝʣʦʚʝʢʘ ʢ ʥʝʡ. ʇʦʣʠʚʥʫʶ ʚʦʜʫ, ʢʘʢ ʛʦʚʦʨʷʪ ʚ ʥʘʨʦʜʝ, - ʥʘʜʦ ʞʜʘʪʴ 

ʩ ʥʝʙʝʩ. ʆʙʲʝʤ ʦʩʘʜʢʦʚ ʚ ʥʝʦʙʭʦʜʠʤʳʡ ʧʝʨʠʦʜ ʩʦʩʪʘʚʠʣ ʧʦʯʪʠ ʚ 2 ʨʘʟʘ 

ʙʦʣʴʰʝ ʩʨʝʜʥʝʛʦʜʦʚʳʭ ʧʨʦʰʣʳʭ ʣʝʪ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʥʝ ʟʘʤʝʜʣʠʣʦʩʴ 

ʫʨʦʞʘʡʥʦʩʪʴ ʦʚʦʱʝʡ: ʢʘʧʫʩʪʳ, ʢʘʨʪʦʬʝʣʷ ʠ ʪ.ʜ. ʀ, ʢʦʥʝʯʥʦ, ʧʨʘʚʠʣʥɹʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʚʦʜʦʩʙʝʨʝʞʝʥʠʷ, ʘʛʨʦʪʝʭʥʠʢʘ ʠ ʩʣʦʞʥʳʡ ʪʨʫʜ ʘʛʨʘʨʠʝʚ ʚ ʵʪʠʭ 

ʫʩʣʦʚʠʷʭ ʜʘʣʠ ʨʝʢʦʨʜʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʩʙʦʨʫ ʟʝʨʥʘ ʥʘʰʝʡ ʦʙʣʘʩʪʠ.  

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʫʢʠ ʵʪʦ ʥʘʜʦ ʢʚʘʣʠʬʠʮʠʨʦʚʘʪʴ ʢʘʢ ʚʥʝʜʨʝʥʠʝ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʪ.ʝ. ʧʦʣʫʯʝʥʠʝ ʙʦʣʴʰʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʨʘʙʦʪʝ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʨʦʣʴ ʘʪʤʦʩʬʝʨʥʦʡ ʚʦʜʳ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʧʦ 

ʩʫʱʝʩʪʚʫ ʠ ʝʜʠʥʩʪʚʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʚʦʜʳ ʠ ʞʠʟʥʠ ʥʘ ʟʝʤʣʝ. ʇʨʠʤʝʨʥʦ 

ʟʘ 9-10 ʜʥʝʡ ʚʩʝ ʚʦʜʥʳʝ ʧʘʨʳ ʚ ʘʪʤʦʩʬʝʨʝ ʧʦʣʥʦʩʪʴʶ ʦʙʥʦʚʣʷʶʪʩʷ. 

ʅʘʭʦʜʷʱʠʡʩʷ ʚ ʥʝʡ ʚʦʜʷʥʦʡ ʧʘʨ ʢʦʥʜʝʥʩʠʨʫʝʪʩʷ, ʦʙʨʘʟʫʷ ʦʙʣʘʢʘ, 

ʧʨʦʣʠʚʘʶʱʠʝʩʷ ʜʦʞʜʷʤʠ, ʘ ʚʟʘʤʝʥ ʠʭ ʧʦʩʪʫʧʘʶʪ ʥʦʚʳʝ ʧʦʨʮʠʠ 

ʠʩʧʘʨʠʚʰʝʡʩʷ ʚʣʘʛʠ.  

ɺʦʜʘ ʚ ʘʪʤʦʩʬʝʨʝ ʥʘʭʦʜʠʪʩʷ ʚʦ ʚʩʝʭ ʪʨʝʭ ʘʛʨʝʛʘʪʥʳʭ ʩʦʩʪʦʷʥʠʷʭ: 

ʛʘʟʦʦʙʨʘʟʥʦʤ, ʞʠʜʢʦʤ ʠ ʪʚʝʨʜʦʤ. ɻʘʟʦʦʙʨʘʟʥʘʷ ʚʦʜʘ ʥʘʛʣʷʜʥʦ ʧʨʦʷʚʣʷʝʪ 

ʩʝʙʷ, ʩʤʷʛʯʘʷ ʩʠʥʝʚʫ ʥʝʙʘ ʠ ʧʨʠʜʘʚʘʷ ʟʦʨʷʤ ʙʦʛʘʪʫʶ ʠ ʨʘʟʥʦʦʙʨʘʟʥʫʶ 

ʦʢʨʘʩʢʫ. ʂʘʧʝʣʴʥʦʞʠʜʢʘʷ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʚʦʜʘ ʬʦʨʤʠʨʫʶʪ ʦʙʣʘʢʘ ʠ 

ʚʳʧʘʜʘʶʱʠʝ ʠʟ ʥʠʭ ʦʩʘʜʢʠ. ʀʟ-ʟʘ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʘ ʯʘʩʪʦ 

ʤʝʥʷʝʪ ʩʚʦʝ ʩʦʩʪʦʷʥʠʝ, ʧʦʛʣʦʱʘʷ ʠʣʠ, ʥʘʦʙʦʨʦʪ, ʚʳʜʝʣʷʷ ʧʨʠ ʵʪʦʤ ʤʥʦʛʦ 

ʩʢʨʳʪʦʛʦ ʪʝʧʣʘ (600 ʢʘʣʦʨʠʡ ʧʨʠ ʠʩʧʘʨʝʥʠʠ ï ʢʦʥʜʝʥʩʘʮʠʠ  80 ʢʘʣʦʨʠʡ 

ʧʨʠ ʟʘʤʝʨʟʘʥʠʠ ï ʪʘʷʥʠʷ ʚʦʜʳ 1 ʛ. ʚʦʜʳ). 

ʇʨʠ ʠʩʧʘʨʝʥʠʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʦʝʤʦʚ ʠ ʫʚʣʘʞʥʝʥʥʦʡ ʧʦʯʚʳ, ʘ 

ʪʘʢʞʝ ʧʨʠ ʪʨʘʥʩʧʠʨʘʮʠʠ ʚʦʜʳ ʨʘʩʪʝʥʠʷʤʠ ʧʦʛʣʦʱʘʝʪʩʷ ʜʦ 70 %, ʘ ʠʥʦʛʜʘ ʠ 

ʙʦʣʴʰʝ ʩʦʣʥʝʯʥʦʛʦ ʪʝʧʣʘ, ʧʨʠʭʦʜʷʱʝʛʦ ʥʘ ʟʝʤʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ɺʤʝʩʪʝ ʩ 

ʚʦʜʷʥʳʤ ʧʘʨʦʤ ʩʢʨʳʪʦʝ ʪʝʧʣʦ ʧʝʨʝʥʦʩʠʪʩʷ ʚ ʘʪʤʦʩʬʝʨʫ ʠ ʚʳʜʝʣʷʝʪʩʷ ʚ ʪʝʭ 

ʝʝ ʩʣʦʷʭ, ʛʜʝ ʚʦʜʷʥʦʡ ʧʘʨ ʢʦʥʜʝʥʩʠʨʫʝʪʩʷ, ʠ ʦʙʨʘʟʫʶʪʩʷ ʦʙʣʘʢʘ. ʕʪʘ ʞʝ 

ʧʨʠʯʠʥʘ ʩʥʠʞʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʠʩʧʘʨʷʶʱʝʡʩʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʧʨʠʣʝʛʘʶɦ ʝʛʦ ʢ ʥʝʡ ʚʦʟʜʫʭʘ. ʀʟ-ʟʘ ʵʪʦʛʦ ʜʥʝʚʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʧʣʦʛʦ 

ʚʨʝʤʝʥʠ ʛʦʜʘ ʫ ʚʦʜʦʝʤʦʚ ʠ ʚʣʘʞʥʳʭ ʨʝʛʠʦʥʘʭ ʥʠʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤʠ ʨʘʡʦʥʘʤʠ, ʧʦʣʫʯʘʶʱʠʤʠ ʩʪʦʣʴʢʦ ʞʝ ʩʦʣʥʝʯʥʦʛʦ ʪʝʧʣʘ.  

ʂʨʦʤʝ ʪʦʛʦ, ʚʦʜʷʥʦʡ ʧʘʨ ʠ ʦʙʣʘʢʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ 

ʨʘʜʠʘʮʠʦʥʥʳʡ ʨʝʞʠʤ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʧʦʛʣʦʱʘʷ ʠ ʦʪʨʘʞʘʷ ʩʦʣʥʝʯʥʫʶ 

ʨʘʜʠʘʮʠʶ, ʘ ʩ ʜʨʫʛʦʡ ï ʚʩʪʨʝʯʥʳʤ ʧʦʪʦʢʦʤ ʜʣʠʥʥʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʫʤʝʥʴʰʘʷ ʧʦʪʝʨʠ ʪʝʧʣʘ ʧʫʪʝʤ ʨʘʜʠʘʮʠʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. 

ʂʘʞʜʳʡ ʠʟ ʥʘʩ ʟʘʤʝʯʘʝʪ, ʯʪʦ ʚ ʣʝʪʥʶʶ ʧʘʩʤʫʨʥʫʶ ʧʦʛʦʜʫ ʜʥʝʤ 

ʧʨʦʭʣʘʜʥʝʝ, ʘ ʥʦʯʴʶ ʥʘʦʙʦʨʦʪ, ʪʝʧʣʝʝ. ʃʝʪʦʤ ʥʦʯʴʶ, ʘ ʟʠʤʦʡ ʚ ʪʝʯʝʥʠʝ 

ʚʩʝʭ ʩʫʪʦʢ ʦʙʣʘʢʘ ʢʘʢ ʙʳ ʟʘʱʠʱʘʁ ʪ ʟʝʤʣʶ ʦʪ ʧʦʪʝʨʴ ʪʝʧʣʘ ʧʫʪʝʤ 
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ʨʘʜʠʘʮʠʠ ʚ ʤʝʞʧʣʘʥʝʪʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ɺʩʝ ʵʪʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʦʧʨʝʜʝʣʷʝʪ ʧʦʛʦʜʦʦʙʨʘʟʫʶʱʫʶ ʨʦʣʴ ʘʪʤʦʩʬʝʨʥʦʡ ʚʦʜʳ.  

ʇʦ ʵʪʠʤ ʥʘʫʯʥʳʤ ʚʳʢʣʘʜʢʘʤ  ʤʫʜʨʳʝ ʣʶʜʠ ʧʦ ʧʨʠʤʝʪʘʤ 

ʧʨʝʜʩʢʘʟʳʚʘʣʠ ʧʦʛʦʜʫ ʥʘ ʟʝʤʣʝ. ʄʥʦʛʦ ʟʘʛʘʜʦʢ ʪʘʠʪ ʚ ʩʝʙʝ ʚʝʯʥʘʷ 

ʩʧʫʪʥʠʮʘ ɿʝʤʣʠ. ʃʫʥʘ ʪʦ ʨʘʩʪʝʪ, ʪʦ ʫʙʳʚʘʝʪ, ʠʥʦʛʜʘ ʩʦʚʩʝʤ ʧʨʦʧʘʜʘʝʪ ʩ 

ʚʠʜʫ. ʂʘʞʜʳʡ ʜʝʥʴ ʦʥʘ ʚʦʩʭʦʜʠʪ ʠ ʟʘʭʦʜʠʪ. ɺ ʨʘʟʥʳʝ ʜʥʠ  ʤʝʩʷʮʝ, ʚ  

ʨʘʟʥʳʝ ʛʦʜʳ ʃʫʥʘ ʧʦʜʥʠʤʘʝʪʩʷ ʥʘʜ ʛʦʨʠʟʦʥʪʦʤ ʪʦ ʚʳʰʝ, ʪʦ ʥʠʞʝ. ʀʤʝʥʥʦ 

ʧʦ ʚʳʩʦʪʝ ʃʫʥʳ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʧʦʛʦʜʝ. ʉʘʤʘʷ ʚʳʩʦʢʘʷ ʃʫʥʘ ʙʳʣʘ ʚ 2005 

ʛ, ʩʘʤʘʷ ʥʠʟʢʘʷ ʙʫʜʝʪ ʚ 2014 ʛʦʜʫ. ʇʨʦʚʦʜʠʤʘʷ ʥʘʫʯʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʟʘ 

ʧʨʠʨʦʜʥʳʤʠ ʨʠʪʤʘʤʠ ʚ ʜʘʥʥʦʡ ʤʝʩʪʥʦʩʪʠ ʤʦʛʫʪ ʫʚʝʣʠʯʠʚʘʪʴ ʚʝʨʦʷʪʥʦʩʪʠ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʨʦʛʥʦʟʘ ʧʦʛʦʜʳ. ʍʦʪʷ ʩʝʛʦʜʥʷʰʥʷʷ ʥʘʫʢʘ ʩʬʦʨʤʫʣʠʨʦʚʘʣʘ 

ʵʪʦ ʝʜʠʥʳʤ ʧʨʦʮʝʩʩʦʤ ï ʢʨʫʛʦʚʦʨʦʪʦʤ ʚʦʜʳ. ʅʝʜʦʩʪʘʪʦʢ ʚʣʘʞʥʦʩʪʠ 

ʥʘʥʦʩʠʪ ʙʦʣʴʰʦʡ ʫʨʦʥ ʩʝʣʴʩʢʦʤʫ ʭʦʟʷʡʩʪʚʫ, ʠ ʥʝ ʪʦʣʴʢʦ. ʇʦʵʪʦʤʫ 

ʨʝʛʫʣʠʨʦʚʘʪʴ ʚʣʘʞʥʦʩʪʴ ʦʩʦʙʝʥʥʦ ʧʨʠʟʝʤʥʳʭ ʩʣʦʝʚ ʚʦʟʜʫʭʘ ʧʦʜʚʣʘʩʪʥʦ 

ʯʝʣʦʚʝʢʫ, ʫʧʨʘʚʣʷʷ ʦʙʣʘʢʘʤʠ, ʵʪʦ ʫʞʝ ʧʨʠʝʤʣʝʤʦ ʚ ʩʪʦʣʠʯʥʳʭ ʛʦʨʦʜʘʭ ʚʦ 

ʚʨʝʤʷ ʤʘʩʩʦʚʳʭ ʤʝʨʦʧʨʠʷʪʠʷʭ. ʇʦʚʳʰʘʷ ʚʣʘʞʥʦʩʪʴ ʦʨʦʰʝʥʠʝʤ, ʪʨʘʚʦʩʪʦʝ 

ʧʦʣʝ ʧʰʝʥʠʮʳ, ʤʦʞʝʪ ʧʦʚʳʰʘʪʴ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ ʥʘ 20-30 %. 

ʇʦʣʝʟʘʱʠʪʥʦʝ ʣʝʩʦʨʘʟʚʝʜʝʥʠʝ ʧʦʯʪʠ ʥʝ ʚʣʠʷʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ 

ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʦʣʝʡ, ʭʦʪʷ ʥʝʤʥʦʛʦ ʠ ʟʘʱʠʱʘʝʪ 

ʠʭ ʦʪ ʚʨʝʜʥʦʛʦ ʜʝʡʩʪʚʠʷ ʩʫʭʦʚʝʝʚ. ʃʝʩʥʳʝ ʧʦʣʦʩʳ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʠʭ ʢʦʥʩʪʨʫʢʮʠʠ ʦʩʣʘʙʣʷʶʪ ʧʦʨʳʚ ʚʝʪʨʘ ʠ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 

ʫʩʠʣʠʚʘʶʱʝʛʦ ʠʩʧʘʨʝʥʠʝ ʚʣʘʛʠ.  

ʉʦʜʝʨʞʘʥʠʝ ʚʣʘʛʠ ʚ ʘʪʤʦʩʬʝʨʝ ʫʯʠʪʳʚʘʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ 

ʢʫʙʦʤʝʪʨʘʭ ʚʦʜʳ. ʈʘʩʯʝʪ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʢʨʫʛʦʚʦʨʦʪʘ ʚʦʜʳ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʘʪʤʦʩʬʝʨʝ ʟʝʤʥʦʛʦ ʰʘʨʘ ʩʦʜʝʨʞʠʪʩʷ ʦʢʦʣʦ 12-13 ʪʳʩ. 

ʢʤ
3
 ʚʦʜʳ ʚ ʛʘʟʦʦʙʨʘʟʥʦʤ ʩʦʩʪʦʷʥʠʠ. ɹʦʣʝʝ ʪʦʛʦ, ʨʘʩʯʝʪ ʧʨʠʚʦʜʠʪ ʢ ʚʳʚʦʜʫ 

ʦ ʥʘʣʠʯʠʠ çʘʪʤʦʩʬʝʨʥʳʭ ʚʦʜʦʝʤʦʚè, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʢʦʩʚʝʥʥʦ ʚ 

ʟʘʪʦʧʣʝʥʠʠ ʦʪʜʝʣʴʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʧʣʘʥʝʪʳ ʦʙʲʝʤʘʤʠ ʚʦʜʳ, 

ʧʨʝʚʳʰʘʶʱʠʭ ʘʙʩʦʣʶʪʥʳʡ ʦʙʲʝʤ ʢʨʫʛʦʚʦʨʦʪʘ.  

ʇʨʘʢʪʠʯʝʩʢʠ ʵʪʦ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʉʐɸ ʚ ʚʦʡʥʝ ʩ ɺʴʝʪʥʘʤʦʤ, 

ʢʦʛʜʘ ʚʟʨʳʚʘʤʠ ʙʦʤʙ ʩʦʟʜʘʚʘʣʠ ʚʘʢʫʫʤ ʚ ʘʪʤʦʩʬʝʨʝ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʚʦʜʦʝʤʦʚ ʠ ʜʣʠʪʝʣʥɹʦʤʫ ʟʘʪʦʧʣʝʥʠʶ ʪʝʨʨʠʪʦʨʠʠ.  

ʇʦʢʘ ʥʝʪ ʥʘʫʯʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʥʝʩʪʘʥʜʘʨʪʥʳʤ ʜʣʠʪʝʣʴʥʳʤ 

ʧʨʦʣʠʚʥʳʤ ʜʦʞʜʷʤ ʚ ʦʙʲʝʤʘʭ ʩʦʠʟʤʝʨʠʤʳʭ ɸʨʘʣʴʩʢʦʤʫ ʤʦʨʶ ʠ 

ʟʘʪʦʧʣʝʥʠʶ ɿʘʧʘʜʥʦʡ ɽʚʨʦʧʳ. ʆʩʪʘʝʪʩʷ ʥʝʫʧʨʘʚʣʷʝʤʦʝ ʘʪʤʦʩʬʝʨʥʦʝ 

ʵʣʝʢʪʨʠʯʝʩʪʚʦ ʠ ʜʨʫʛʠʝ ʷʚʣʝʥʠʷ ʧʨʠʨʦʜʳ. ʂʦʩʤʦʥʘʚʪʠʢʘ ʟʘ ʧʦʩʣʝʜʥʝʝ 

ʚʨʝʤʷ ʚʦʟʚʝʣʘ ʦʙʲʝʢʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʫʚʝʣʠʯʠʪʴ ʚʳʨʘʙʦʪʢʫ 

ʵʥʝʨʛʠʠ ʥʘ ʚʳʩʦʪʝ ʚʝʪʨʘʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ, ʦʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʥʦ 

ʛʝʥʝʨʠʨʫʶʪ ʵʣʝʢʪʨʠʯʝʩʪʚʦ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʚ ʥʝʘʪʤʦʩʬʝʨʥʳʭ ʩʣʦʷʭ. 

ʄʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʵʥʝʨʛʦʠʩʪʦʯʥʠʢʦʚ 

ʥʘʭʦʜʷʪʩʷ çʙʣʠʞʝ ʢ ʉʦʣʥʮʫè, ʯʪʦ ʝʱʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʯʝʣʦʚʝʯʝʩʪʚʦʤ. ɸ 

ʢʨʫʛʦʚʦʨʦʪ ʚʦʜʳ ʚ ʧʨʠʨʦʜʝ ï ʵʪʦ ʝʩʪʝʩʪʚʝʥʥʳʡ ʬʘʢʪʦʨ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʥʘ ɿʝʤʣʝ. 

ʉʦʣʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ ʧʨʦʭʦʜʠʪ ʧʫʪʴ ʦʪ ʉʦʣʥʮʘ ʜʦ ɿʝʤʣʠ ʟʘ ʚʦʩʝʤʴ 

ʤʠʥʫʪ, ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ ʝʛʦ ʩʦʩʪʘʚʣʷʝʪ 1360 ɺʪ/ʤĮ, ʜʦ ɿʝʤʣʠ 
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ʜʦʭʦʜʠʪ ʣʠʰʴ ʯʘʩʪʴ ʵʪʦʡ ʵʥʝʨʛʠʠ ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ ʩʫʪʦʢ, ʩʝʟʦʥʘ ʠ 

ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ. 

 

 

    ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʜʠʘʮʠʠ ʜʦʩʪʠʛʘʶʱʝʡ ʟʝʤʣʠ (100%) 

 
 

ɿʘʜʘʯʠ ʥʘʫʢʠ ʦʮʝʥʠʪʴ ʵʪʠ ʦʙʲʝʢʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ ʤʘʪʝʨʠʘʣʴʥʦʛʦ 

ʤʠʨʘ ʠ ʥʘʡʪʠ ʧʫʪʠ ʫʧʨʘʚʣʝʥʠʷ ʧʦʛʦʜʦʡ ʥʘ ɿʝʤʣʝ. ɺ ʧʨʝʜʝʣʘʭ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʟʦʥ ʧʨʠʨʦʜʥʳʝ ʫʩʣʦʚʠʷ ʦʙʳʯʥʦ ʨʘʟʥʦʦʙʨʘʟʥʳ ʠ ʵʪʦ 

ʦʪʨʘʞʘʝʪʩʷ ʚ ʩʪʨʫʢʪʫʨʝ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʠ ʧʦʛʦʜʝ. ʅʘʫʢʦʡ ʩʝʛʦʜʥʷ 

ʠʩʩʣʝʜʫʶʪʩʷ ʟʘʧʘʩʳ ʛʠʜʨʦʩʬʝʨʳ: ʤʠʨʦʚʦʡ ʦʢʝʘʥ ï 1460 ʤʤ. ʢʤ
3
, ʚʦʜʘ ï 

ʩʫʰʘ ï 90 ʤʤ. ʢʤ
3
 (6,1%), ʚ ʘʪʤʦʩʬʝʨʝ ï 12 ï 13 ʪʳʩ. ʢʤ

3
 (0,1 %),  

ʅʘʠʙʦʣʝʝ ʫʧʨʘʚʣʷʝʤʳʝ ʯʝʣʦʚʝʢʦʤ ï ʟʝʤʥʳʝ ʚʦʜʦʝʤʳ. ʂ ʩʦʞʘʣʝʥʠʶ, 

ʥʝʜʦʦʮʝʥʠʚʘʷ ʵʪʠ ʬʘʢʪʦʨʳ, ʤʳ ʤʘʣʦ ʟʘʥʠʤʘʝʤʩʷ ʛʠʜʨʦʩʦʦʨʫʞʝʥʠʷʤʠ, ʧʦʨʘ 

ʚʟʷʪʴ ʥʘ ʫʯʝʪ ʚʩʝ ʚʦʜʦʝʤʳ, ʨʝʢʠ, ʦʟʝʨʘ, ʨʫʯʝʡʢʠ ʠ ʧʣʦʪʠʥʳ, ʫʜʝʨʞʠʚʘʶʱʠʝ 

ʚʦʜʫ. ʆʧʨʝʜʝʣʠʚ ʥʦʨʤʘʪʠʚʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʥʘʜʝʞʥʦʩʪʠ, ʦʙʦʨʫʜʦʚʘʣʠ ʠʭ 

ʧʨʠʙʦʨʘʤʠ ʢʦʥʪʨʦʣʷ, ʢʦʪʦʨʳʭ ʩʥʠʤʘʣʠ ʦʢʦʣʦ 100 ʧʦʢʘʟʘʪʝʣʝʡ (ʫʨʦʚʝʥʴ 

ʚʦʜʳ, ʦʙʚʘʣ, ʩʙʨʦʩ ʚʦʜʳ, ʬʠʣʴʪʨʘʮʠʷ ʠ ʪ.ʜ.). ʅʘʧʨʠʤʝʨ, ʚ ʂʠʪʘʝ ʧʣʦʪʠʥʘ 

ʪʨʠ  ʋʱʝʣʴʷ ʠʤʝʝʪ ʙʦʣʝʝ 1 ʪʳʩ. ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ.  

ʊʦʛʜʘ ʥʝ ʙʫʜʝʪ ʫ ʥʘʩ ʛʠʜʨʦʩʦʦʨʫʞʝʥʠʡ, ʥʘʚʦʜʷʱʠʭ ʩʪʨʘʭ ʥʘ 

ʥʘʩʝʣʝʥʠʝ, ʘ ʩʢʦʨʝʝ ʙʫʜʫʪ ʫʣʫʯʰʘʪʴ ʧʨʠʨʦʜʫ, ʢʣʠʤʘʪ ʥʘ ʙʣʘʛʦ ʜʣʷ 

ʯʝʣʦʚʝʢʘ.    

ɸ ʤʠʬ ʩʪʘʥʦʚʠʪʩʷ ʠʩʪʠʥʦʡ, ʯʪʦ ʪʦʣʴʢʦ ʚʦʜʘ ʤʦʞʝʪ ʩʧʨʘʚʠʪʩʷ ʩ ʦʛʥʝʤ 

ʠ ʧʨʝʚʟʦʡʜʝʪ ʵʥʝʨʛʠʶ ʧʣʘʟʤʳ. ɿʘʜʘʯʘ ʥʘʫʢʠ ʦʧʝʨʝʞʘʪʴ ʬʘʥʪʘʟʠʠ ʠ 

ʧʨʦʨʦʯʝʩʪʚʘ. 

 

ɸʋɸ ʈɸʁʓʅɸʅ ʅɽ ʊʆʉʋ ʂɽʈɽʂ ɾᴄʅɽ ʆʅʓ פɸʃɸʁ 

ɹʆʃɾɸʋנɸ ɹʆʃɸɼʓ 

ɸʜʘʤ Ϻʤʽʨʜʝ ʘʫʳʟ ʩʫʜʳϬ ʙʘϤʘʣʘʥʙʘϤʘʥ ʨϺʣʽ. ɸʪʤʦʩʬʝʨʘʣʳϨ ʩʫʜʳϬ 

ʨϺʣʽ ʥʝʛʽʟʛʽ ʬʘʢʪʦʨʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ ʞϸʥʝ ʞʝʨʜʝ ʩʫ ʤʝʥ ϺʤʽʨʜʽϬ ʞʘʣϤʳʟ 

ʢϺʟʽ 

ʊϮʡʽʥ ʩϺʟʜʝʨ:ʘʫʳʟ ʩʫʳ, ʘʪʤʦʩʬʝʨʘʣʳϨ ʩʫʳʥʳϬ ʨϺʣʽ, ʢʨʠʩʪʘʣʜʳϨ 

ʞϸʥʝ ʪʘʤʰʳ ʩʫʳ, ʘʪʤʦʩʬʝʨʘʣʳϨ ʵʣʝʢʪʨ ʵʥʝʨʛʝʪʠʢʘʩʳ, ʩʫ ʙʘʣʘʥʩʳʥʳϬ 

Ϩϰʨʘʤʳ,  ʛʠʜʨʦʩʬʝʨʘʥʳϬ ʪʘϬʛʝʨʽʤʽ. 
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WHAT TO EXPECT FROM THE WEATHER AND HOW  

TO PREDICT IT 

Invaluable role of drinking water in human life. The role of atmospheric 

water is a major factor on the merits and the only source of water and life on 

earth.  

Keywords: drinking water, the role of atmospheric water, liquid droplet 

and crystalline water, atmospheric electricity, the structure of the water 

balance, reserves the hydrosphere. 

 

 

 

ʋɼʂ 539.2 

  

ʅɽʃʀʅɽʁʅɸʗ  ɼʀʌʌʋɿʀʗ ʂɸʂ ʆʉʅʆɺɸ ʇʈʆʏʅʆʉʊʀ ʀ 

ʇʆʈʀʉʊʆʉʊʀ ʉʊʈʆʀʊɽʃʔʅʓʍ ʀɿɼɽʃʀʁ 

 

ʋ. ʄ. ʂʘʙʳʣʙʝʢʦʚʘ, 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, 

ɽʚʨʘʟʠʡʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʃ.ʅ.ɻʫʤʠʣʝʚʘ (ʂʘʟʘʭʩʪʘʥ) 
 

ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʮʝʥʟʠʠ ʜʘʥʳ ʜ.ʪ.ʥ. ʂʫʨʤʘʥʦʚʳʤ  ɸ.ʂ. 

ʠ ʢ.ʪ.ʥ. ʍʘʩʝʥʦʚʳʤ ʋ.ɹ. 

 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʷʚʣʝʥʠʝ ʥʝʣʠʥʝʡʥʦʡ 

ʜʠʬʬʫʟʠʠ, ʧʨʦʠʩʭʦʜʷʱʝʝ ʚ ʧʨʦʮʝʩʩʝ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʙʝʪʦʥʥʳʭ 

ʠʟʜʝʣʠʡ ʥʘ ʣʝʛʢʠʭ ʟʘʧʦʣʥʠʪʝʣʷʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʪʚʝʨʜʝʥʠʝ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʘʢ ʩʠʩʪʝʤʘ ʩ ʥʝʣʠʥʝʡʥʦʡ  ʜʠʬʬʫʟʠʝʡ, ʜʠʥʘʤʠʢʘ ʢʦʪʦʨʦʡ 

ʦʧʠʩʳʚʘʝʪʩʷ ʩ ʥʝʣʠʥʝʡʥʳʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʚ ʯʘʩʪʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʠ ʠʭ  ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʣʦʞʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʬʬʫʟʠʷ, ʧʨʦʯʥʦʩʪʴ, ʧʦʨʠʩʪʦʩʪʴ, ʩʪʨʦʠʪʝʣʴʥʳʝ 

ʠʟʜʝʣʠʷ, ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʝ, ʮʝʤʝʥʪʥʳʡ ʢʘʤʝʥʴ. 

 

ʆʜʥʠʤ ʠʟ  ʩʠʩʪʝʤ, ʚ ʢʦʪʦʨʳʭ  ʠʤʝʝʪ ʤʝʩʪʦ ʥʝʣʠʥʝʡʥʘʷ  ʜʠʬʬʫʟʠʷ, 

ʵʪʦ ʧʨʦʮʝʩʩ ʪʚʝʨʜʝʥʠʷ  ʩʪʨʦʠʪʝʣʴʥʳʭ  ʠʟʜʝʣʠʡ  ʥʘ  ʣʝʛʢʠʭ  ʟʘʧʦʣʥʠʪʝʣʷʭ. 

ʇʦ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ  ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ  

ʦʪʧʫʩʢʥʘʷ  ʧʨʦʯʥʦʩʪʴ ʠ ʜʨʫʛʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʩʪʨʦʠʪʝʣʴʥʳʭ  ʠʟʜʝʣʠʡ ʥʘ  ʣʝʛʢʠʭ ʟʘʧʦʣʥʠʪʝʣʷʭ  ʪʚʝʨʜʝʶʱʠʝ ʚ 

ʝʩʪʝʩʪʚʝʥʥʦ ï ʚʦʟʜʫʰʥʳʭ ʫʩʣʦʚʠʷʭ, ʚ ʦʩʥʦʚʥʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤ  ʩʦʩʪʘʚʦʤ ʮʝʤʝʥʪʥʳʭ ʚʷʞʫʱʠʭ, ʚʠʜʦʤ ʢʨʫʧʥʳʭ ʠ 

ʤʝʣʢʠʭ ʟʘʧʦʣʥʠʪʝʣʝʡ, ʚʦʜʦʮʝʤʝʥʪʥʦʛʦ ʦʪʥʦʰʝʥʠʷ (ɺ/ʎ), ʘ ʪʘʢʞʝ ʩʪʝʧʝʥʠ 

ʛʠʜʨʘʪʘʮʠʠ ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ  ʥʘʯʘʣʴʥʫʶ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ  [1]. ʀʟʤʝʥʝʥʠʝ 

ʚʦʜʦʮʝʤʝʥʪʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ɺ/ʎ  ʚ ʧʨʦʮʝʩʩʝ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʠ ʣʝʛʢʦʛʦ 
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ʙʝʪʦʥʘ ʥʘ ʧʦʨʠʩʪʳʭ ʟʘʧʦʣʥʠʪʝʣʷʭ, ʥʘʙʣʶʜʘʝʪʩʷ ʟʘ ʩʯʝʪ ʵʬʬʝʢʪʘ 

ʩʘʤʦʚʘʢʫʫʤʠʨʦʚʘʥʠʷ; ʦʪʩʘʩʳʚʘʥʠʷ ʚʣʘʛʠ ʟʘʧʦʣʥʠʪʝʣʝʤ ʚ ʥʘʯʘʣʝ ʪʚʝʨʜʝʥʠʷ 

ʠ ʝʝ ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʦʟʚʨʘʱʝʥʠʷ ʠʟ ʟʘʧʦʣʥʠʪʝʣʷ ʧʦ ʤʝʨʝ ʛʠʜʨʘʪʘʮʠʠ. ɺ 

ʥʘʯʘʣʝ ʪʚʝʨʜʝʥʠʷ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʚʦʜʳ ʫʭʦʜʠʪ ʚ ʧʦʨʳ ʟʘʧʦʣʥʠʪʝʣʷ  ʠʟ-ʟʘ 

ʙʦʣʴʰʦʛʦ ʩʪʷʞʝʥʠʷ ʢʘʧʠʣʣʷʨʥʳʭ ʩʠʣ  [2].  ʉʮʝʧʣʝʥʠʝ  ʚʷʞʫʱʝʛʦ ʩ 

ʧʦʨʠʩʪʳʤ ʟʘʧʦʣʥʠʪʝʣʝʤ ʚʦʟʨʘʩʪʘʝʪ ʚʩʣʝʜʩʪʚʠʝ ʭʠʤʠʯʝʩʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʬʘʟ. ʆ  ʢʘʯʝʩʪʚʝ  ʢʦʥʪʘʢʪʥʦʡ ʟʦʥʳ 

ʤʦʞʥʦ ʩʫʜʠʪʴ ʠ ʧʦ  ʝʝ  ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʠʥʝʪʠʢʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ  ʧʦʨʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʧʨʦʮʝʩʩʝ  ʪʚʝʨʜʝʥʠʷ  ʮʝʤʝʥʪʥʦʛʦ 

ʢʘʤʥʷ, ʘ ʪʘʢʞʝ ʚʳʷʩʥʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ  ʤʝʞʜʫ  ʧʨʦʮʝʩʩʦʤ ʛʠʜʨʘʪʘʮʠʠ  

ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʠ ʢʠʥʝʪʠʢʦʡ  ʨʘʟʚʠʪʠʷ ʝʛʦ ʧʦʨʦʚʦʡ ʩʪʨʫʢʪʫʨʳ 

ʧʨʝʜʩʪʘʚʣʷʝʪ  ʙʦʣʴʰʦʡ  ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʡ  ʠʥʪʝʨʝʩ, ʪʘʢ ʢʘʢ ʧʦʨʦʚʘʷ 

ʩʪʨʫʢʪʫʨʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ  ʤʝʨʝ  ʦʧʨʝʜʝʣʷʝʪ ʧʨʦʯʥʦʩʪʥʳʝ  

ʬʠʣʴʪʨʘʮʠʦʥʥʳʝ  ʠ ʤʥʦʛʠʝ  ʜʨʫʛʠʝ  ʩʚʦʡʩʪʚʘ  ʙʝʪʦʥʦʚ ʥʘ ʣʝʛʢʠʭ 

ʟʘʧʦʣʥʠʪʝʣʷʭ. ʆʙʨʘʟʮʳ  ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ  ʦʜʠʥʘʢʦʚʦʡ ʧʦʨʠʩʪʦʩʪʠ, ʥʦ 

ʩʦʜʝʨʞʘʱʠʝ ʨʘʟʥʦʝ ʢʦʣʠʯʝʩʪʚʦ  ʛʠʜʨʘʪʠʨʦʚʘʥʥʦʡ ʬʘʟʳ, ʤʦʛʫʪ ʩʠʣʴʥʦ 

ʨʘʟʣʠʯʘʪʴʩʷ ʧʦ  ʧʨʦʯʥʦʩʪʠ. ʕʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʢʘʢ ʨʘʟʣʠʯʠʝʤ  ʧʦʨ ʚ 

ʩʨʘʚʥʠʚʘʝʤʳʭ  ʦʙʨʘʟʮʘʭ  ʧʦ  ʬʦʨʤʝ ʠ ʨʘʟʤʝʨʘʤ,  ʪʘʢ ʠ  ʨʘʟʥʳʤ ʭʘʨʘʢʪʝʨʦʤ  

ʟʘʧʦʣʥʝʥʠʷ ʠʭ  ʮʝʤʝʥʪʥʳʤ ʛʝʣʝʤ, ʚʣʠʷʶʱʠʭ ʥʘ  ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʠʨʦʚʘʥʠʷ  

ʦʪʜʝʣʴʥʳʭ  ʢʨʠʩʪʘʣʣʠʢʦʚ  ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʝ ʚʠʜʦʤ 

ʜʠʬʬʫʟʠʦʥʥʳʭ  ʧʨʦʮʝʩʩʦʚ,  ʚ ʨʝʟʫʣʴʪʘʪʝ  ʯʝʛʦ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʯʥʦʩʪʠ 

ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʦʪ ʧʦʨʠʩʪʦʩʪʠ    ʷʚʣʷʝʪʩʷ ʥʝʣʠʥʝʡʥʦʡ [2,3]. ɺ ʧʨʦʮʝʩʩʝ 

ʛʠʜʨʘʪʘʮʠʠ ʦʙʱʘʷ  ʧʦʨʠʩʪʦʩʪʴ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ   ʫʤʝʥʴʰʘʝʪʩʷ, ʦʜʥʘʢʦ 

ʢʘʧʠʣʣʷʨʥʘʷ  ʧʦʨʠʩʪʦʩʪʴ  ʩʥʠʞʘʝʪʩʷ ʙʳʩʪʨʝʝ, ʪʘʢ ʢʘʢ ʚ ʥʝʡ  ʥʘʭʦʜʠʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʘʪʝʨʠʘʣʦʚ (ʤʝʪʘʩʪʘʙʠʣʴʥʳʝ ʛʠʜʨʘʪʳ)  ʠʤʝʶʱʠʝ   

ʩʣʘʙʳʝ  ʭʠʤʠʯʝʩʢʠʝ ʩʚʷʟʠ ʘʪʦʤʦʚ  ʧʨʠʤʝʩʠ ʩ ʨʝʰʝʪʢʦʡ.  ʆʙʳʯʥʦ  ʧʦʨʦʚʘʷ 

ʚʣʘʛʘ  ʥʘʩʳʱʝʥʘ  ʛʠʜʨʘʪʦʤ  ʦʢʠʩʠ  ʢʘʣʴʮʠʷ, ʘ  ʪʘʢ  ʢʘʢ  ʙʦʣʴʰʠʥʩʪʚʦ  

ʧʦʨʠʩʪʳʭ ʟʘʧʦʣʥʠʪʝʣʝʡ: ʢʝʨʘʤʟʠʪ, ʘʛʣʦʧʦʨʠʪ  ʠ  ʜʨʫʛʠʝ  ʩʦʜʝʨʞʘʪ 

ʘʤʦʨʬʥʳʡ SiO2, ʩʧʦʩʦʙʥʳʡ ʭʠʤʠʯʝʩʢʠ ʨʝʘʛʠʨʦʚʘʪʴ ʩ Ca (OH)2,  ʪʦ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʘʢʪʘ  ʟʘʧʦʣʥʠʪʝʣʷ ʩ ʮʝʤʝʥʪʥʳʤ ʪʝʩʪʦʤ, ʦʙʨʘʟʫʝʪʩʷ 

ʥʝʨʘʩʪʚʦʨʠʤʳʡ ʚ ʚʦʜʝ ʛʠʜʨʦʩʠʣʠʢʘʪ ʢʘʣʴʮʠʷ CaO2 2SiO nH OÖ Ö  ʠ ʩʦʝʜʠʥʝʥʠʷ 

ʩʦʩʪʘʚʘ 2 3 3 2 23 ( , ) (6 2 ) ,CaO Al O FeO SiO x H O³ ³ -  ʫʧʨʦʯʥʷʶʱʠʝ ʢʦʥʪʘʢʪʥʳʡ ʩʣʦʡ  

çʧʦʨʠʩʪʦʝ ʟʝʨʥʦ-ʮʝʤʝʥʪʥʳʡ ʢʘʤʝʥʴè [2,3]. 

ʉ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʯʪʦ, ʧʨʦʮʝʩʩ 

ʦʙʨʘʟʦʚʘʥʠʝ  ʚʦʜʥʳʭ ʘʣʶʤʦʩʠʣʠʢʘʪʦʚ  ʩ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʡ ʩʣʦʠʩʪʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʠ ʪʨʫʙʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ ʛʠʜʨʦʩʠʣʠʢʘʪʦʚ  ʢʘʣʴʮʠʷ ʦʙʨʘʟʫʶʪ 

ʨʳʭʣʳʝ ʫʯʘʩʪʢʠ ʦʙʦʣʦʯʢʠ, ʩʦʟʜʘʶʱʠʝ ʫʩʣʦʚʠʷ ʧʝʨʝʤʝʱʝʥʠʷ ʧʨʠʤʝʩʥʳʭ  

ʘʪʦʤʦʚ ʧʦ ʤʝʞʜʦʫʟʣʠʷʤ  ʨʝʰʝʪʢʠ ʢʨʠʩʪʘʣʣʘ (ʧʨʠʤʝʩʥʳʝ  ʘʪʦʤʳ 

ʚʥʝʜʨʝʥʠʷ), ʯʝʨʝʟ ʢʦʪʦʨʳʭ ʚʦʜʘ ʜʠʬʬʫʥʜʠʨʫʝʪ ʠʥʪʝʥʩʠʚʥʝʝ, ʧʦʵʪʦʤʫ ʧʦ 

ʤʝʨʝ  ʭʠʤʠʯʝʩʢʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʚʦʜʳ (ʚ ʧʨʦʮʝʩʩʝ ʛʠʜʨʘʪʘʮʠʠ) ʧʨʦʠʩʭʦʜʠʪ 

ʚʳʜʝʣʝʥʠʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʦʚ ʚ ʪʦʣʱʝ ʮʝʤʝʥʪʥʦʡ ʯʘʩʪʠʮʳ 

ʧʦʜ  ʦʙʦʣʦʯʢʦʡ (ʩʘʤʦʜʠʬʬʫʟʠʷ  ʩʦʙʩʪʚʝʥʥʳʭ ʘʪʦʤʦʚ, ʚʳʪʝʩʥʝʥʥʳʭ ʚ  

ʤʝʞʜʦʫʟʣʠʷ ʠʟ ʫʟʣʦʚ). ʕʪʠ  ʚʪʦʨʠʯʥʦ ʦʙʨʘʟʫʶʱʠʝʩʷ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʳ  ʥʘ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʘʜʠʠ  ʨʘʟʨʫʰʘʶʪ ʧʝʨʚʠʯʥʫʶ ʦʙʦʣʦʯʢʫ (ʢʦʪʦʨʘʷ 
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ʥʘʟʳʚʘʝʪʩʷ  ʜʠʩʣʦʢʘʮʠʝʡ), ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʥʘʯʘʣʦ ʪʢʘʥʝʨʘʩʪʚʦʨʠʤʳʭ  

ʤʠʢʨʦʢʨʠʩʪʘʣʣʦʚ [4,5]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʭʘʥʠʟʤ  ʭʠʤʠʯʝʩʢʠʭ  ʨʝʘʢʮʠʠ ʠ ʜʠʬʬʫʟʠʠ  ʥʘ ʵʪʦʤ  

ʵʪʘʧʝ ʦʯʝʥʴ ʩʣʦʞʝʥ, ʠ, ʥʝʩʤʦʪʨʷ, ʥʘ  ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʡ,  ʤʦʞʝʪ 

ʙʳʪʴ ʚʳʨʘʞʝʥ  ʦʜʥʠʤ  ʠʟ  ʩʘʤʳʭ  ʧʨʦʩʪʳʭ ʥʝʣʠʥʝʡʥʳʭ  ʫʨʘʚʥʝʥʠʡ  

ʜʠʬʬʫʟʠʠ [5,6], 

         (1) 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʨʝʰʝʥʠʷ  ʫʨʘʚʥʝʥʠʝ (1)  ʤʦʛʫʪ  ʙʳʪʴ  ʥʘʡʜʝʥʳ ʚ ʬʦʨʤʝ 

ʨʝʰʝʥʠʷ  ʙʝʛʫʱʝʡ  ʚʦʣʥʳ  ɝ),  ʛʜʝ ɝ  

ʊʦʛʜʘ 

 =      ʠ                   (2) 

ɺ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʨʝʰʝʥʠʝ ʠʤʝʝʪ  ʚʠʜ  ʙʝʛʫʱʝʡ ʚʦʣʥʳ, 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ  ʫʨʘʚʥʝʥʠʝ ʚ ʯʘʩʪʥʳʭ  ʧʨʦʠʟʚʦʜʥʳʭ (1) ʤʦʞʝʪ  ʙʳʪʴ  

ʧʨʝʦʙʨʘʟʦʚʘʥʦ ʚ ʦʙʳʢʥʦʚʝʥʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ  ʫʨʘʚʥʝʥʠʝ (ʆɼʋ) ʚʠʜʘ 

  +  ),        (3) 

ʢʦʪʦʨʦʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ  ʤʦʞʝʪ  ʙʳʪʴ  ʧʝʨʝʧʠʩʘʥʦ ʚ ʬʦʨʤʝ  ʩʠʩʪʝʤʳ  

ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ 

 )         (4) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʣʠʥʝʡʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʚ ʯʘʩʪʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ (1) ʩʚʦʜʠʪʩʷ ʢ ʥʝʣʠʥʝʡʥʦʤʫ ʦʙʳʢʥʦʚʝʥʥʦʤʫ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤʫ ʫʨʘʚʥʝʥʠʶ (ʆɼʋ). ʆʜʥʘʢʦ ʚ ʵʪʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 

ʩʢʦʨʦʩʪʴ ʙʝʛʫʱʝʡ  ʚʦʣʥʳ  ʷʚʣʷʝʪʩʷ  ʥʝʠʟʚʝʩʪʥʳʤ  ʧʘʨʘʤʝʪʨʦʤ,  ʢʦʪʦʨʳʡ  

ʜʦʣʞʝʥ ʙʳʪʴ  ʦʧʨʝʜʝʣʝʥ  ʧʨʠ  ʜʘʣʴʥʝʡʰʝʤ  ʘʥʘʣʠʟʝ.  

ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʩʦʩʪʦʠʪ  ʚ ʚʳʙʦʨʝ ʥʝʣʠʥʝʡʥʦʛʦ  ʯʣʝʥʘ    

ɽʩʣʠ ʚʳʙʨʘʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ, 

f(u) =  u(u-a) (u -1)          (5) 

ʪʦ ʨʝʰʝʥʠʷ ʙʝʛʫʱʝʡ ʚʦʣʥʳ ʜʣʷ ʫʨʘʚʥʝʥʠʷ (1) ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ  ʚʠʜʝ  

ʢʫʙʠʯʝʩʢʦʡ  ʬʫʥʢʮʠʠ  [4 ].  

ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ ʯʪʦ, ʚ ʢʘʯʝʩʪʚʝ ʤʦʞʥʦ  ʠʩʧʦʣʴʟʦʚʘʪʴ  ʥʝ  

ʪʦʣʴʢʦ ʨʘʩʩʤʦʪʨʝʥʥʳʡ ʤʥʦʛʦʯʣʝʥ, ʥʦ ʠ ʣʶʙʫʶ ʜʨʫʛʫʶ ʬʫʥʢʮʠʶ,  

ʠʤʝʶʱʫʶ  ʚʠʜ  ʢʫʙʠʯʝʩʢʦʡ ʢʨʠʚʦʡ. ʅʘʧʨʠʤʝʨ,  ʦʜʥʠʤ  ʠʟ  ʪʘʢʠʭ  ʬʫʥʢʮʠʡ 

ʷʚʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴ ʛʠʜʨʘʪʘʮʠʠw) ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ, ʦʧʨʝʜʝʣʷʶʱʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʢʣʦʥʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʫʩʣʦʚʠʡ ʨʘʚʥʦʚʝʩʠʷ  

(ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ ʚʠʜ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ.1). ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʨʘʚʜʦʧʦʜʦʙʥʘʷ  

ʛʠʧʦʪʝʟʘ, ʩʦʛʣʘʩʥʦ  ʢʦʪʦʨʦʡ ʧʦʷʚʣʝʥʠʝ  ʢʦʣʝʙʘʥʠʡ  ʩʚʷʟʘʥʦ ʩ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʝʡ ʩʪʨʫʢʪʫʨʳ  ʙʝʪʦʥʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʟʘʪʫʭʘʶʱʠʡ 

ʨʠʪʤʠʯʝʩʢʠʡ  ʧʨʦʮʝʩʩ ʪʠʧʘ ʩʦʚʦʢʫʧʥʦʩʪʠ  ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʨʝʘʢʮʠʡ [7]. ɺ ʯʘʩʪʥʦʩʪʠ ʤʦʞʥʦ  ʩʯʠʪʘʪʴ, ʯʪʦ ʥʘ ʧʝʨʚʳʡ ʩʪʘʜʠʠ ʪʚʝʨʜʝʥʠʷ  

ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʷʚʣʷʝʪʩʷ  ʩʦʚʦʢʫʧʥʦʩʪʴʶ  ʷʯʝʝʢ ʩʦ 



57 

 

ʩʪʝʥʢʘʤʠ, ʩʦʩʪʦʷʱʠʤʠ ʠʟ ʤʘʣʦʨʘʩʪʚʦʨʠʤʳʭ ʵʪʪʨʠʥʛʠʪʦʚ ʠ ʟʘʧʦʣʥʝʥʠʡ, 

ʩʦʜʝʨʞʘʱʠʭ ʧʝʨʝʥʘʩʳʱʝʥʥʳʝ ʨʘʩʪʚʦʨʳ ʨʘʟʣʠʯʥʳʭ  ʩʦʣʝʡ (ʜʣʷ  ʧʨʠʤʝʩʥʳʭ 

ʘʪʦʤʦʚ - ʵʪʦ ʜʠʬʬʫʟʠʷ ʚ ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ ʟʘʤʝʱʝʥʠʷ). ʅʘ  ʚʪʦʨʦʡ ʩʪʘʜʠʠ  

ʧʨʦʠʩʭʦʜʠʪ ʯʘʩʪʠʯʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʷʯʝʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ,  ʨʘʩʧʘʜ  

ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʛʠʜʨʘʪʦʚ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ  ʠʦʥʦʚ  ʢʘʣʴʮʠʷ ʚ 

ʨʘʩʪʚʦʨʝ (ʩʘʤʦʜʠʬʬʫʟʠʷ ʩʦʙʩʪʚʝʥʥʳʭ  ʘʪʦʤʦʚ, ʚʳʪʝʩʥʝʥʥʳʭ  ʚ ʤʝʞʜʦʫʟʣʠʝ 

ʠʟ  ʫʟʣʦʚ). ʀʩʪʦʯʥʠʢʦʤ  ʢʦʣʝʙʘʥʠʡ ʷʚʣʷʝʪʩʷ  ʩʚʦʙʦʜʥʘʷ  ʵʥʝʨʛʠʷ  

ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʡ  ʨʝʘʢʮʠʠ  ʩ ʘʥʘʣʦʛʠʯʥʳʤ  ʧʦ ʜʠʥʘʤʠʢʝ ʠ ʬʠʟʠʢʝ  

ʧʨʦʪʝʢʘʥʠʷ  ʧʨʦʮʝʩʩʘʤʠ  ʦʧʠʩʘʥʥʳʤʠ ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʢʥʠʛʝ ʕ.ʉʢʦʪʪ [4].  

ɺʤʝʩʪʝ ʩ ʪʝʤ,  ʠʥʪʝʨʧʨʝʪʘʮʠʷ  ʢʦʣʝʙʘʥʠʡ  ʢʘʢ  ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ   

ʩʪʨʫʢʪʫʨ ʧʨʠʚʦʜʠʪ ʢ  ʚʳʚʦʜʘʤ ʭʦʨʦʰʦ  ʩʦʛʣʘʩʫʶʱʠʤʠʩʷ ʩ  

ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ (ʈʠʩ.2) [5]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʫʯʝʪʘ  ʚʝʣʠʯʠʥʫ,  

ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʭ ʢʦʣʝʙʘʪʝʣʴʥʳʡ  ʭʘʨʘʢʪʝʨ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ  ʚʚʝʩʪʠ  ʝʱʝ 

ʦʜʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʨʦʮʝʩʩʘ - ʢʦʵʬʬʠʮʠʝʥʪʘ  ʜʠʬʬʫʟʠʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ  ʢʦʵʬʬʠʮʠʝʥʪ ʘ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ g.  ʊʘʢʠʤ  

ʦʙʨʘʟʦʤ, ʧʦʩʣʝ   ʥʝʩʣʦʞʥʳʭ  ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʫʨʘʚʥʝʥʠʝ  ʨʝʘʢʮʠʠ-

ʜʠʬʬʫʟʠʠ (3) ʤʦʞʝʪ  ʙʳʪʴ ʧʝʨʝʧʠʩʘʥʦ ʚ ʩʣʝʜʫʶʱʝʤ  ʚʠʜʝ 

                                                                              (6) 

ʛʜʝ - ʫʩʪʘʥʦʚʠʚʰʝʝʩʷ ʩʦʜʝʨʞʘʥʠʝ ʍʉɺ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʮʝʩʩ 

ʛʠʜʨʘʪʘʮʠʠ ʧʨʝʢʨʘʱʘʝʪʩʷ;  

w = w (t) - ʩʦʜʝʨʞʘʥʠʝ  ʍʉɺ  ʚ  ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ  (ʨʠʩ.2). 

f(w) - ʬʫʥʢʮʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʛʠʜʨʘʪʘʮʠʠ 

ʦʪ ʦʪʢʣʦʥʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʩʣʦʚʠʡ ʨʘʚʥʦʚʝʩʠʷ  (ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ ʚʠʜ 

ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ.1). 

g - ʢʦʵʬʬʠʮʠʝʥʪ  ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ   ʫʩʢʦʨʝʥʠʷ ʠʣʠ ʟʘʤʝʜʣʝʥʠʷ 

ʨʝʘʢʮʠʠ ʠ ʜʠʬʬʫʟʠʠ  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʪʘʧʘ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ, (ʚ 

ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝʤ ʨʝʘʢʮʠʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ  ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ). ʇʨʠ g>0 ʩʦʜʝʨʞʘʥʠʝ  ʍʉɺ  

ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ (6) ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʧʨʠ g<0 ʫʤʝʥʴʰʘʝʪʩʷ, ʧʨʠ g=0 

ʧʨʦʮʝʩʩ ʛʠʜʨʘʪʘʮʠʠ ʧʨʝʢʨʘʱʘʝʪʩʷ. ʇʦʵʪʦʤʫ ʷʚʣʝʥʠʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ 

ʨʘʩʧʘʜʘ ʩʪʨʫʢʪʫʨ ʤʦʞʥʦ ʦʧʠʩʘʪʴ, ʟʘʜʘʚ ʝʜʠʥʩʪʚʝʥʥʦʡ ʢʨʠʚʦʡ (ʈʠʩ.2).  ɺ  

ʪʠʧʠʯʥʳʭ  ʩʣʫʯʘʷʭ g ʠʤʝʝʪ  ʚʠʜ  ʟʘʪʫʭʘʶʱʠʭ ʢʦʣʝʙʘʥʠʡ, ʧʦʣʫʧʝʨʠʦʜ  

ʢʦʪʦʨʳʭ ʧʨʠʤʝʨʥʦ ʨʘʚʝʥ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʝʨʚʦʛʦ ʚʳʙʨʦʩʘ, ʘ ʘʤʧʣʠʪʫʜʘ 

ʙʳʩʪʨʦ ʫʙʳʚʘʝʪ (ʈʠʩ.3). 

 
ʈʠʩʫʥʦʢ 1 - ɿʘʚʠʩʠʤʦʩʪʴ  ʩʢʦʨʦʩʪʠ  ʛʠʜʨʘʪʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ  ʙʣʠʟʢʠʭ  

ʨʘʚʥʦʚʝʩʥʳʤ 
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ʈʠʩʫʥʦʢ  2 -  ʂʠʥʝʪʠʢʘ  ʍʉɺ  ʚ ʧʨʦʮʝʩʩʝ  ʪʚʝʨʜʝʥʠʷ 

 
ʈʠʩʫʥʦʢ 3 -  ʂʠʥʝʪʠʢʘ  ʢʦʵʬʬʠʮʠʝʥʪʘ g  ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ (6) ʧʨʠʤʝʥʠʤʘ ʢ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ, ʩʚʷʟʘʥʥʳʤ ʩ  ʪʚʝʨʜʝʥʠʝʤ ʙʝʪʦʥʥʳʭ  ʠʟʜʝʣʠʡ. 

ɽʝ  ʧʨʘʢʪʠʯʝʩʢʘʷ  ʮʝʥʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʘ  ʧʦʟʚʦʣʷʝʪ  ʠʟʫʯʠʪʴ 

ʦʩʦʙʝʥʥʦʩʪʠ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʧʨʦʮʝʩʩʝ 

ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʠ  ʫʩʪʘʥʦʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ  ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʜʠʬʬʫʟʠʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ  ʥʝʦʙʭʦʜʠʤʳʝ 

ʩʚʦʡʩʪʚʘ ʪʚʝʨʜʳʭ ʪʝʣ. ʂʨʦʤʝ ʪʦʛʦ ʟʥʘʥʠʝ ʟʘʢʦʥʦʚ  ʜʠʬʬʫʟʠʠ  ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʠʪʴ  ʚʘʞʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚʝʱʝʩʪʚʘ, ʘ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʠʪʴ ʢʦʨʨʝʢʮʠʶ  

ʭʦʜʘ ʪʚʝʨʜʝʥʠʷ. 
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