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Physical and mathematical sciences 

ʌʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʥʘʫʢʠ 
 

 

ʋɼʂ 519.6 

 

ʆ ʇʈʆɹʃɽʄɽ ɺʓɹʆʈɸ ʉʀʉʊɽʄʓ ɹɸɿʀʉʅʓʍ ʌʋʅʂʎʀʁ 

ʀ ʄɽʊʆɼɽ ʈɽʐɽʅʀʗ ʕʃɽʂʈʆɼʀʅɸʄʀʏɽʉʂʆʁ ɿɸɼɸʏʀ 
 

 ɽ.ɸ. ɸʣʘʰʝʝʚʘ, ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʇʦʚʦʣʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʠ ʠʥʬʦʨʤʘʪʠʢʠ (ʉʘʤʘʨʘ), ʈʦʩʩʠʷ 
 

ɸʥʥʦʪʘʮʠʷ. ʇʨʠ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʨʘʩʯʝʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʢʘ ʥʘ ʠʜʝʘʣʴʥʦ ʧʨʦʚʦʜʷʱʝʤ ʧʣʦʩʢʦʤ 

ʵʢʨʘʥʝ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʚ ʧʨʘʚʠʣʴʥʦʤ ʚʳʙʦʨʝ ʙʘʟʠʩʘ, ʘʜʝʢʚʘʪʥʦʤ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʝ. 

ʅʫʞʥʦ ʚʳʙʨʘʪʴ ʪʘʢʫʶ ʩʠʩʪʝʤʫ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ, ʯʪʦʙʳ ʤʘʪʨʠʮʘ ʠʤʧʝʜʘʥʩʦʚ ʙʳʣʘ ʢʘʢ ʤʦʞʥʦ ʤʝʥʴʰʝʛʦ ʨʘʟ-

ʤʝʨʘ, ʚʨʝʤʷ ʝʝ ʟʘʧʦʣʥʝʥʠʷ ʪʦʞʝ ʤʠʥʠʤʘʣʴʥʳʤ ʠ ʧʦʣʫʯʝʥʥʦʝ ʨʝʰʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʬʠʟʠʯʝʩʢʠʤ ʧʨʝʜʩʪʘʚ-

ʣʝʥʠʷʤ ʦ ʥʝʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʝʡʚʣʝʪ-ʬʫʥʢʮʠʠ, ʤʝʪʦʜ ɻʘʣʝʨʢʠʥʘ, ʫʨʘʚʥʝʥʠʝ ʌʨʝʜʛʦʣʴʤʘ, ʧʩʝʚʜʦʨʘʟʨʝʞʝʥʥʘʷ ʤʘʪ-

ʨʠʮʘ. 

 

ʄʝʪʦʜ ɻʘʣʝʨʢʠʥʘ ʜʣʷ ʜʚʫʤʝʨʥʦʛʦ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʌʨʝʜʛʦʣʴʤʘ ʚʪʦʨʦʛʦ ʨʦʜʘ 

ʈʘʩʩʤʦʪʨʠʤ ʀʋ ʌʨʝʜʛʦʣʴʤʘ ʚʪʦʨʦʛʦ ʨʦʜʘ, ʚ ʦʙʱʝʤ ʚʠʜʝ ʟʘʧʠʩʳʚʘʝʤʦʝ ʢʘʢ:  
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bb . ʇʨʠ ʵʪʦʤ ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʫʶ ʩʝʪʢʫ ʣʠʥʠʡ yx D³D=D . ʅʘ ʢʘʞʜʦʤ ʠʟ ʨʘʟʙʠʝʥʠʡ yx DD,  ʨʘʩʩʤʦʪ-

ʨʠʤ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʧʣʘʡʥʦʚ ʩʪʝʧʝʥʠ m-1 ʜʝʬʝʢʪʘ 1 )1,1,( -D= mSL xx  (ʨʠʩ. 1) ʠ )1,1,( -D= mSL yy ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

[2]. ɹʘʟʠʩ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ yx LLL ³= ʦʙʨʘʟʫʶʪ ʪʝʥʟʦʨʥʳʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ ʚ xL ʠ yL :  

 

)()(),(, yxyx jiji jjj = . 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʦʤ ɹʫʙʥʦʚʘ-ɻʘʣʝʨʢʠʥʘ ʙʫʜʝʤ ʠʩʢʘʪʴ ʨʝʰʝʥʠʝ ʚ ʚʠʜʝ: 

 

)()(),(
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= , 

 

ʛʜʝ )(),( yx ji jj - ʩʧʣʘʡʥʳ ʩʪʝʧʝʥʠ 1-m  ʜʝʬʝʢʪʘ 1 (ʣʠʥʝʡʥʳʝ ʩʧʣʘʡʥʳ). 

 

                                                           
É ɸʣʘʰʝʝʚʘ ɽ.ɸ. / Alasheeva E.A., 2016 
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ʈʠʩʫʥʦʢ 1. ɹʘʟʠʩ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ .xL  

 

ʏʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʟʘʜʘʯʠ 

ʀʩʭʦʜʥʘʷ ʟʘʜʘʯʘ ʤʦʞʝʪ ʙʳʪʴ ʩʚʝʜʝʥʘ ʢ ʩʠʩʪʝʤʝ ʠʥʪʝʛʨʘʣʴʥʳʭ (ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ) ʫʨʘʚʥʝʥʠʡ 

(ʀʋ), ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʪʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʪʦʢʘ ʠʣʠ ʪʘʥʛʝʥʮʠʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ ʩʫʤʤʘʨʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʠʣʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ [1]. ʉʠʩʪʝʤʘ ʀʋ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʠʟ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʜʣʷ ʚʝʢʪʦʨʥʦʛʦ ʠʣʠ 

ʩʢʘʣʷʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʦʚ ʚʪʦʨʠʯʥʦʛʦ ʧʦʣʷ.  
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ɹʫʜʝʤ ʨʝʰʘʪʴ ʵʪʠ ʫʨʘʚʥʝʥʠʷ ʤʝʪʦʜʦʤ ɻʘʣʝʨʢʠʥʘ, ʪ.ʢ. ʫʜʦʙʥʝʝ ʚʩʝʛʦ ʚʳʙʠʨʘʪʴ ʪʦʪ ʤʝʪʦʜ, ʚ ʢʦʪʦʨʦʤ ʚʝʩʦ-

ʚʳʝ ʠ ʙʘʟʠʩʥʳʝ ʬʫʥʢʮʠʠ ʩʦʚʧʘʜʘʶʪ. 

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʨʦʙʣʝʤʘ ʩʦʩʪʦʠʪ ʚ ʧʨʘʚʠʣʴʥʦʤ ʚʳʙʦʨʝ ʙʘʟʠʩʘ, ʘʜʝʢʚʘʪʥʦʤ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʝ. 

ʅʫʞʥʦ ʚʳʙʨʘʪʴ ʪʘʢʫʶ ʩʠʩʪʝʤʫ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ, ʯʪʦʙʳ ʤʘʪʨʠʮʘ ʠʤʧʝʜʘʥʩʦʚ ʙʳʣʘ ʢʘʢ ʤʦʞʥʦ ʤʝʥʴʰʝʛʦ ʨʘʟ-

ʤʝʨʘ, ʚʨʝʤʷ ʝʝ ʟʘʧʦʣʥʝʥʠʷ ʪʦʞʝ ʤʠʥʠʤʘʣʴʥʳʤ ʠ ʧʦʣʫʯʝʥʥʦʝ ʨʝʰʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʬʠʟʠʯʝʩʢʠʤ ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʷʤ ʦ ʥʝʤ. 

ʄʦʞʥʦ, ʢʦʥʝʯʥʦ, ʚʳʙʨʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʠʩʘ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʳʡ ʙʘʟʠʩ, ʠʣʠ, ʢʘʢ ʝʛʦ ʝʱʝ ʥʘʟʳʚʘʶʪ, ʙʘʟʠʩ 

ʠʟ ʩʧʣʘʡʥʦʚ ʧʝʨʚʦʡ ʩʪʝʧʝʥʠ. ʇʨʠ ʪʘʢʦʤ ʚʳʙʦʨʝ ʤʳ ʤʦʛʣʠ ʙʳ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʜʘʞʝ ʚ ʩʣʫʯʘʝ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦʡ 

ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʫ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ (ʧʨʦʩʪʦ ʥʫʞʥʦ ʙʳʣʦ ʙʳ ʚʳʙʨʘʪʴ ʙʦʣʝʝ ʛʫʩʪʫʶ ʩʝʪʢʫ ʨʘʟʙʠʝʥʠʷ 

ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ). ʆʜʥʘʢʦ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦʩʣʦʞʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʨʠ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʠʥʪʝʛʨʘʣʴ-

ʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʦʣʫʯʘʝʪʩʷ ʩʠʩʪʝʤʘ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʩ ʧʣʦʪʥʦʡ ʤʘʪʨʠʮʝʡ. ɸ ʪʘʢʘʷ ʩʠʩʪʝʤʘ 

ʨʝʰʘʝʪʩʷ ʧʨʷʤʳʤʠ ʤʝʪʦʜʘʤʠ, ʥʘʧʨʠʤʝʨ, ɻʘʫʩʩʘ, ʜʦʚʦʣʴʥʦ ʜʦʣʛʦ (ʜʘʞʝ ʫʯʠʪʳʚʘʷ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʕɺʄ, ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ).  

ʊʘʢʞʝ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ ʚʝʡʚʣʝʪ-ʙʘʟʠʩ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʤʘʪʨʠʮʘ ʠʤʧʝʜʘʥʩʦʚ 

ʙʫʜʝʪ ʧʩʝʚʜʦʨʘʟʨʝʞʝʥʥʦʡ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʵʢʦʥʦʤʠʪʴ ʤʘʰʠʥʥʦʝ ʚʨʝʤʷ ʧʨʠ ʨʝʰʝʥʠʠ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʧʘʤʷʪʴ ʕɺʄ 

ʧʨʠ ʟʘʧʦʣʥʝʥʠʠ ʩʘʤʦʡ ʤʘʪʨʠʮʳ, ʠʩʧʦʣʴʟʫʷ ʨʘʟʨʝʞʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ʅʦ ʚ ʜʘʥʥʦʡ ʩʠʪʫʘʮʠʠ ʩʘʤʘ ʤʘʪʨʠʮʘ ʩʠ-

ʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʟʘʧʦʣʥʷʝʪʩʷ ʦʯʝʥʴ ʜʦʣʛʦ, ʪ.ʢ. ʜʦʚʦʣʴʥʦ ʪʨʫʜʥʦ ʧʨʝʜʩʢʘʟʘʪʴ ʧʦʣʦʞʝʥʠʝ çʧʦʯʪʠ ʥʫʣʝʡè 

ʚ ʤʘʪʨʠʮʝ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʪʨʫʜʥʦ ʩʦʟʜʘʪʴ ʵʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʶʱʠʡ ʘʣʛʦʨʠʪʤ. ʉʧʨʘʚʝʜʣʠʚʦʩʪʠ ʨʘʜʠ ʩʪʦʠʪ ʟʘʤʝ-

ʪʠʪʴ, ʯʪʦ ʧʨʠ ʥʝʙʦʣʴʰʦʤ ʫʩʣʦʞʥʝʥʠʠ ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘ ʢʦʪʦʨʫʶ ʥʘʚʝʜʝʥʦ ʠʟʣʫʯʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ, ʧʨʠ-

ʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʙʘʟʠʩʘ ʩʪʘʥʦʚʠʪʩʷ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤ. ʆʜʥʘʢʦ ʦʛʨʘʥʠʯʠʤʩʷ ʨʘʤʢʘʤʠ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʙʣʘʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʜʦʚʦʣʴʥʦ ʧʨʦʩʪʘ, ʧʦʵʪʦʤʫ ʤʦʞʥʦ ʚʳ-

ʙʨʘʪʴ ʙʘʟʠʩ ʧʦʣʥʦʡ ʦʙʣʘʩʪʠ. ʀ ʪ.ʢ. ʚ ʟʘʜʘʯʝ ʤʳ ʥʘʭʦʜʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʫʥʢʮʠʠ ʪʦʢʘ, ʪʦ ʣʦʛʠʯʥʝʝ ʚʩʝʛʦ ʚʳʙʨʘʪʴ 

ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʠʩʘ ʨʘʟʣʦʞʝʥʠʝ ʜʘʥʥʦʡ ʬʫʥʢʮʠʠ ʚ ʜʚʫʤʝʨʥʳʡ ʨʷʜ ʌʫʨʴʝ, ʪ.ʢ. ʧʦ ʬʦʨʤʝ ʦʥ ʙʣʠʟʦʢ ʢ ʠʩʢʦʤʦʤʫ 

ʨʝʟʫʣʴʪʘʪʫ. 

x 

y 

-a/2 a/2 
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ʛʜʝ l ʜʣʠʥʘ ʚʦʣʥʳ. 

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦ ʚʨʝʤʝʥʠ ʨʝʰʝʥʠʷ ʤʦʜʝʣʴʥʦʡ ʟʘʜʘʯʠ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʪʨʝʭ ʚʳʰʝ ʦʧʠ-

ʩʘʥʥʳʭ ʙʘʟʠʩʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʨʝʤʝʥʠ ʥʘʭʦʞʜʝʥʠʷ 

ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʤʦʜʝʣʴʥʦʡ ʟʘʜʘʯʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʙʘʟʠʩʦʚ 

ɹʘʟʠʩʥʳʝ ʬʫʥʢʮʠʠ ɺʨʝʤʷ ʥʘʭʦʞʜʝʥʠʷ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʤʦʜʝʣʴʥʦʡ ʟʘʜʘʯʠ 

ʩʧʣʘʡʥʳ 20 ʯ. 

ʚʝʡʚʣʝʪʳ 5 ʯ. 

ʜʚʫʤʝʨʥʳʡ ʨʷʜ ʬʫʨʴʝ 1 ʤʠʥ. 

 

ʆʩʪʘʝʪʩʷ ʚʳʙʨʘʪʴ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ, ʢʦʪʦʨʘʷ ʧʦʣʫʯʠʪʩʷ ʧʨʠ ʜʠʩʢʨʝʪʠ-

ʟʘʮʠʠ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ. ʊ.ʢ. ʙʘʟʠʩʥʳʝ ʬʫʥʢʮʠʠ ʧʦ ʬʦʨʤʝ ʙʣʠʟʢʠ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ, ʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, 

ʯʪʦ ʜʘʥʥʘʷ ʩʠʩʪʝʤʘ ʥʝ ʙʫʜʝʪ ʠʤʝʪʴ ʚʳʩʦʢʠʡ ʧʦʨʷʜʦʢ, ʥʦ ʤʘʪʨʠʮʘ ʫ ʥʝʝ ʙʫʜʝʪ ʧʣʦʪʥʘʷ. ʇʦʵʪʦʤʫ ʜʣʷ ʝʝ ʨʝʰʝʥʠʷ 

ʤʦʞʥʦ ʥʝ ʚʳʙʠʨʘʪʴ ʠʪʝʨʘʮʠʦʥʥʳʡ ʤʝʪʦʜ. ɺʳʙʝʨʝʤ ʜʣʷ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʧʨʦʩʪʦʡ ʜʣʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʜʦ-

ʚʦʣʴʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʤʝʪʦʜ ɻʘʫʩʩʘ. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. ɸʣʘʰʝʝʚʘ, ɽ.ɸ. ʄʝʪʦʜ ʚʝʡʚʣʝʪ-ɻʘʣʝʨʢʠʥʘ ʨʝʰʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʌʨʝʜʛʦʣʴʤʘ ʚ ʜʚʫʤʝʨʥʳʭ ʦʙʣʘʩʪʷʭ 

[ʊʝʢʩʪ] / ɽ.ɸ. ɸʣʘʰʝʝʚʘ, ʀ.ɸ. ɹʣʘʪʦʚ // ɺʝʩʪʥʠʢ ʉʘʤɻʋ. ï 2006 ï ˉ9 ïʉ. 24-29. 

2. ɸʣʘʰʝʝʚʘ, ɽ.ɸ. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʨʘʩʩʝʷʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʵʣʝʤʝʥʪʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʧʨʦʚʦʜʷʱʠʤ 

ʵʢʨʘʥʦʤ ʢʦʥʝʯʥʳʭ ʨʘʟʤʝʨʦʚ [ʊʝʢʩʪ] / ɽ.ɸ. ɸʣʘʰʝʝʚʘ, ʀ.ɸ. ɹʣʘʪʦʚ, ʄ.ʖ. ʄʘʩʣʦʚ // ʀʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ï 

2007. ï ˉ2. ïʉ. 8-14. 

 

ʄʘʪʝʨʠʘʣ ʧʦʩʪʫʧʠʣ ʚ ʨʝʜʘʢʮʠʶ 22.12.15. 

 

 

ON THE PROBLEM OF CHOICE OF BASIS FUNCTIONS SYSTEM 

AND ON THE SOLUTION METHOD OF ELECTRODYNAMIC PROBLEM  
 

E.A. Alasheeva, Candidate of Physical and Mathematical Sciences, Associate Professor 

Volga State University of Telecommunications and Informatics (Samara), Russia 

 

Abstract. At the solution of the equations for calculation of current distribution on perfectly conducting flat panel 

there is a problem with the right choice of basis adequate to the problem. It is necessary to choose such system of basic 

functions that the impedance matrix has the possible smaller size, time of its filling is minimum and the received solution 

corresponds to physical ideas of it. 

Keywords: wavelet-functions, Galerkin's method, Fredholm equation, the pseudo-sparse matrix. 
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ʋɼʂ 53.02 

500 ʣʝʪ ʛʝʣʠʦʮʝʥʪʨʠʟʤʫ ʅʠʢʦʣʘʷ ʂʦʧʝʨʥʠʢʘ 
 

ʅɸʉʃɽɼʀɽ ʅʀʂʆʃɸʗ ʂʆʇɽʈʅʀʂɸ 

 
 ʖ.ɻ. ɹʝʣʦʩʪʦʮʢʠʡ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʟʘʤʝʩʪʠʪʝʣʴ ʛʝʥʝʨʘʣʴʥʦʛʦ ʜʠʨʝʢʪʦʨʘ 

ʆʆʆ çʕʃʂʆ ʪʝʭʥʦʣʦʛʠʠ ʉʇʙè (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ), ʈʦʩʩʠʷ, e-mail: belost1@mail.ru 

 

ɸʥʥʦʪʘʮʠʷ. ʆʪʢʨʳʪʠʝ ʛʝʣʠʦʮʝʥʪʨʠʟʤʘ ʦʢʘʟʘʣʦ ʦʧʨʝʜʝʣʷʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʚʩʶ ʠʩʪʦʨʠʶ ʨʘʟʚʠʪʠʷ ʮʠ-

ʚʠʣʠʟʘʮʠʠ, ʧʦʵʪʦʤʫ ʪʝʦʨʠʶ ʂʦʧʝʨʥʠʢʘ ʩ ʧʦʣʥʳʤ ʦʩʥʦʚʘʥʠʝʤ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʨʦʛʨʘʤʤʥʫʶ ʜʣʷ ʨʘʟ-

ʚʠʪʠʷ ʯʝʣʦʚʝʯʝʩʪʚʘ ʥʘ ʫʞʝ ʧʨʦʰʝʜʰʠʝ 500 ʣʝʪ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʪʝʦʨʠʠ ʂʦʧʝʨʥʠʢʘ, ʚʧʝʨʚʳʝ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʡ ʨʦʚʥʦ 500 ʣʝʪ ʪʦʤʫ ʥʘʟʘʜ (ʚ 1515 ʛ.), ʥʘ ʩʪʘʥʦʚʣʝʥʠʝ ʥʘʰʝʛʦ ʤʠʨʦʚʦʟʟʨʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ 

ʚʧʝʨʚʳʝ ʦʙʦʟʥʘʯʠʣʘ ʩʦʚʤʝʩʪʥʦʝ ʧʨʦʷʚʣʝʥʠʝ ʛʝʣʠʦʮʝʥʪʨʠʯʥʦʩʪʠ, ʪʷʛʦʪʝʥʠʷ ʠ ʧʨʠʥʮʠʧʘ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. ʉʝʡ-

ʯʘʩ ʵʪʠ ʧʦʥʷʪʠʷ ʧʨʦʯʥʦ ʚʦʰʣʠ ʚ ʥʘʰ ʥʘʫʯʥʳʡ ʦʙʠʭʦʜ ʠ ʫʞʝ ʥʝʦʩʦʟʥʘʥʥʦ ʧʦʚʩʝʤʝʩʪʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʥʘʫʯʥʦʛʦ 

ʧʦʠʩʢʘ, ʠ ʠʤʝʥʥʦ ʵʪʠ ʧʦʥʷʪʠʷ ʣʝʛʣʠ ʚ ʦʩʥʦʚʫ ʥʦʚʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʦʥʠʤʘʥʠʶ ʧʨʦʮʝʩʩʦʚ ʠ ʷʚʣʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ 

ʚʦʢʨʫʛ ʥʘʩ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪ ʧʦʩʪʝʧʝʥʥʦ ʠʟʤʝʥʠʪʴ ʥʘʰʝ ʥʳʥʝʰʥʝʝ ʤʠʨʦʚʦʟʟʨʝʥʠʝ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʂʦʧʝʨʥʠʢ, ʛʝʣʠʦʮʝʥʪʨʠʟʤ, ʛʨʘʚʠʪʘʮʠʷ, ʚʠʭʨʝʚʘʷ ʪʨʫʙʘ, ʵʥʝʨʛʦʧʠʪʘʥʠʝ ʉʦʣʥʮʘ, ʵʥʝʨ-

ʛʝʪʠʢʘ ʛʘʣʘʢʪʠʢ, ʪʝʦʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ, ʤʠʨʦʚʦʟʟʨʝʥʠʝ. 

 

1. ɼʈɸʄɸʊʀʏɽʉʂɸʗ ʉʋɼʔɹɸ ɺɽʃʀʂʆɻʆ ʆʊʂʈʓʊʀʗ 

 

çʄʦʝʡ ʛʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʙʳʣʦ ʧʦʥʷʪʴ, ʢʘʢ ʫʩʪʨʦʝʥʘ  

ɺʩʝʣʝʥʥʘʷ, ʘ ʥʝ, ʢʘʢ ʫ ʤʥʦʛʠʭ, - ʧʨʦʩʪʦ ʠʟʫʯʝʥʠʝ ʥʝʙʦʩʚʦʜʘè,  

ʅʠʢʦʣʘʡ ʂʦʧʝʨʥʠʢ, 1515 ʛ.  

 

 
 

ɿʘʜʦʣʛʦ ʜʦ ʅʠʢʦʣʘʷ ʂʦʧʝʨʥʠʢʘ (1473-1543 ʛ.), ʚ ʥʘʫʢʝ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʛʣʘʚʝʥʩʪʚʦʚʘʣʘ ʢʦʩʤʦʛʦʥʠʯʝʩʢʘʷ 

ʪʝʦʨʠʷ ʇʪʦʣʝʤʝʷ (100-170 ʥ.ʵ.), ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʢʦʩʤʦʣʦʛʠʠ ɸʨʠʩʪʦʪʝʣʷ (384-322 ʜʦ ʥ.ʵ.), ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʚ ʮʝʥ-

ʪʨʝ ʤʠʨʦʟʜʘʥʠʷ ʨʘʩʧʦʣʦʞʝʥʘ ɿʝʤʣʷ, ʘ ʚʩʸ ʚʨʘʱʘʝʪʩʷ ʚʦʢʨʫʛ ʥʝʸ. ʆʩʥʦʚʥʳʤ ʘʨʛʫʤʝʥʪʦʤ ʚ ʧʦʣʴʟʫ ʪʘʢʦʡ ʥʘʫʯʥʦʡ 

ʧʘʨʘʜʠʛʤʳ ʙʳʣʦ ʚʠʜʠʤʦʝ ʜʚʠʞʝʥʠʝ ʉʦʣʥʮʘ ʧʦ ʥʝʙʦʩʚʦʜʫ. ɼʣʷ ʩʚʦʝʛʦ ʚʨʝʤʝʥʠ ʪʝʦʨʠʷ ʇʪʦʣʝʤʝʷ ʙʳʣʘ ʚʝʩʴʤʘ 

ʧʨʦʛʨʝʩʩʠʚʥʦʡ, ʠʙʦ ʦʥʘ ʦʢʘʟʘʣʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ʥʘʫʢʠ ʠ ʚʦ ʤʥʦʛʦʤ ʧʦʤʦʛʣʘ ʨʘʮʠʦʥʘʣʴʥʦʤʫ 

ʦʩʤʳʩʣʝʥʠʶ ʩʣʦʞʥʳʭ ʠ ʜʘʞʝ ʪʘʠʥʩʪʚʝʥʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʪʘʢʘʷ ʪʝʦʨʠʷ ʙʳʣʘ ʙʣʘʛʦʩʢʣʦʥʥʦ 

ʚʦʩʧʨʠʥʷʪʘ ʮʝʨʢʦʚʥʠʢʘʤʠ, ʢʦʪʦʨʳʝ ʜʘʞʝ ʧʦʣʦʞʠʣʠ ʝʸ ʚ ʦʩʥʦʚʫ ʙʦʞʝʩʪʚʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʤʠʨʦʫʩʪʨʦʡʩʪʚʘ (ɿʝʤʣʷ 

ï ʮʝʥʪʨ ɺʩʝʣʝʥʥʦʡ). ɺʝʩʴ ʤʠʨ ʥʘ ʤʥʦʛʦ ʩʪʦʣʝʪʠʡ ʟʘʤʝʨ ʚ ʨʝʣʠʛʠʦʟʥʦʤ ʦʮʝʧʝʥʝʥʠʠ, ʠʟʨʝʜʢʘ ʧʨʝʨʳʚʘʝʤʦʤ ʢʨʦʚʘ-

ʚʳʤʠ ʨʝʣʠʛʠʦʟʥʳʤʠ ʚʦʡʥʘʤʠ ʠ ʢʨʝʩʪʦʚʳʤʠ ʧʦʭʦʜʘʤʠ, ʨʝʣʠʛʠʦʟʥʳʤʠ ʩʫʜʠʣʠʱʘʤʠ ʥʘʜ ʝʨʝʪʠʢʘʤʠ ʠ ʟʣʦʚʝʱʠʤʠ 

ʦʪʙʣʝʩʢʘʤʠ ʢʦʩʪʨʦʚ ʠʥʢʚʠʟʠʮʠʠ...  

ɺʩʸ ʵʪʦ ʚ ʪʝʯʝʥʠʝ ʦʯʝʥʴ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʟʘʱʠʱʘʣʦ ʪʘʢʦʝ ʤʠʨʦʚʦʟʟʨʝʥʠʝ ʦʪ ʩʦʤʥʝʥʠʡ. ʆʜʥʘʢʦ ʟʘ 

ʧʨʦʰʝʜʰʠʝ ʧʦʣʪʦʨʳ ʪʳʩʷʯʠ ʣʝʪ ʚ ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʧʦʩʪʝʧʝʥʥʦ ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʧʨʦʪʠʚʦʨʝʯʠʷ, ʩʚʷʟʘʥʥʳʝ 

ʩ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤ ʥʝʩʦʚʧʘʜʝʥʠʝʤ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʩ ʨʘʩʯʸʪʥʳʤʠ, ʠ ʥʝ ʪʦʣʴʢʦ ʚ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ. ɺʦʟ-

ʥʠʢ ʧʝʨʚʳʡ ʢʨʠʟʠʩ ʚ ʥʘʫʢʝ, ʢʦʪʦʨʳʡ ʥʝʠʟʙʝʞʥʦ ʪʨʝʙʦʚʘʣ ʩʚʦʝʛʦ ʨʘʟʨʝʰʝʥʠʷ ï ʪʨʝʙʦʚʘʣʘʩʴ ʥʦʚʘʷ, ʥʦ ʩʫʛʫʙʦ ʨʝ-

ʚʦʣʶʮʠʦʥʥʘʷ ʧʘʨʘʜʠʛʤʘ (ʤʦʜʝʣʴ ʨʘʟʚʠʪʠʷ). 

ʀ ʵʪʘ ʨʝʚʦʣʶʮʠʷ ʩʚʝʨʰʠʣʘʩʴ ʚ 1515 ʛ. ï ʨʦʚʥʦ 500 ʣʝʪ ʥʘʟʘʜ, ʢʦʛʜʘ ʧʦʣʴʩʢʠʡ ʢʘʥʦʥʥʠʢ ʅʠʢʦʣʘʡ ʂʦʧʝʨʥʠʢ 

ʥʘʧʠʩʘʣ ʥʘ ʣʘʪʠʥʩʢʦʤ ʷʟʳʢʝ ʪʨʘʢʪʘʪ Commentariolus (çʂʦʤʤʝʥʪʘʨʠʠè), ʛʜʝ ʚʧʝʨʚʳʝ ʩʬʦʨʤʫʣʠʨʦʚʘʣ ʦʩʥʦʚʥʳʝ ʧʦ-

ʣʦʞʝʥʠʷ ʛʝʣʠʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʤʠʨʘ ʚ ʚʠʜʝ 6 ʘʢʩʠʦʤ. ʀʭ ʦʩʥʦʚʥʦʡ ʩʤʳʩʣ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ɿʝʤʣʷ, ʢʘʢ ʠ 

                                                           
É ɹʝʣʦʩʪʦʮʢʠʡ ʖ.ɻ. / Belostotskiy Yu.G., 2016 
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ʜʨʫʛʠʝ ʧʣʘʥʝʪʳ, ʦʙʨʘʱʘʝʪʩʷ ʚʦʢʨʫʛ ʉʦʣʥʮʘ, ʘ ʚʠʜʠʤʦʝ ʩʫʪʦʯʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʥʝʙʝʩʥʦʛʦ ʩʚʦʜʘ ï ʣʠʰʴ ʩʣʝʜʩʪʚʠʝ 

ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ ʚʦʢʨʫʛ ʩʚʦʝʡ ʦʩʠé 

ʍʦʪʷ ʵʪʦ ʩʦʯʠʥʝʥʠʝ ʠ ʦʩʪʘʣʦʩʴ ʥʝʟʘʤʝʯʝʥʥʳʤ, ʪ. ʢ. ʥʝ ʙʳʣʦ ʥʘʧʝʯʘʪʘʥʦ ʧʨʠ ʞʠʟʥʠ ʘʚʪʦʨʘ ʠ ʩʯʠʪʘʣʦʩʴ 

ʫʪʝʨʷʥʥʳʤ (ʣʠʰʴ ʚ XIX ʚʝʢʝ ʙʳʣʠ ʥʘʡʜʝʥʳ 2 ʩʦʭʨʘʥʠʚʰʠʝʩʷ ʨʫʢʦʧʠʩʥʳʝ ʢʦʧʠʠ), ʥʦ ʚ ʵʪʦʡ ʨʘʙʦʪʝ ʂʦʧʝʨʥʠʢ 

ʦʢʦʥʯʘʪʝʣʴʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʣ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʛʝʣʠʦʮʝʥʪʨʠʟʤʘ, ʘ ʚ ʜʘʣʴʥʝʡʰʝʤ ʦʥʦ ʧʦʩʣʫʞʠʣʦ ʙʘʟʦʡ ʜʣʷ 

ʥʘʧʠʩʘʥʠʷ ʛʣʘʚʥʦʛʦ ʪʨʫʜʘ: De revolutionibus orbium coelestium (çʆ ʚʨʘʱʝʥʠʷʭ ʥʝʙʝʩʥʳʭ ʩʬʝʨè) [4; 5], ʢʦʪʦʨʳʡ ʠ 

ʙʳʣ ʠʟʜʘʥ ʚ 6 ʯʘʩʪʷʭ ʚ 1543 ʛʦʜʫ, ʢʦʛʜʘ ʩʘʤ ʘʚʪʦʨ ʙʳʣ ʫʞʝ ʧʨʠ ʩʤʝʨʪʠ, ʥʦ ʝʤʫ ʚʩʸ ʞʝ ʫʜʘʣʦʩʴ ʧʦʜʝʨʞʘʪʴ ʚ ʨʫʢʘʭ 

ʩʘʤʳʡ ʧʝʨʚʳʡ, ʧʘʭʥʫʱʠʡ ʩʚʝʞʝʡ ʪʠʧʦʛʨʘʬʩʢʦʡ ʢʨʘʩʢʦʡ, ʵʢʟʝʤʧʣʷʨ ʩʚʦʝʡ ʛʝʥʠʘʣʴʥʦʡ ʢʥʠʛʠ, ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝ-

ʥʠʷ ʢʦʪʦʨʦʡ ʦʞʠʜʘʣʘ ʜʨʘʤʘʪʠʯʝʩʢʘʷ ʩʫʜʴʙʘ.  

ɽʱʸ ʧʨʠ ʞʠʟʥʠ ʂʦʧʝʨʥʠʢ ʧʳʪʘʣʩʷ ʚ ʣʠʯʥʳʭ ʙʝʩʝʜʘʭ ʧʨʝʜʘʪʴ ʛʣʘʩʥʦʩʪʠ ʠʜʝʠ ʛʝʣʠʦʮʝʥʪʨʠʯʥʦʩʪʠ, ʥʦ ʝʛʦ 

ʥʝʠʟʤʝʥʥʦ ʚʳʩʤʝʠʚʘʣʠ ʠ ʜʘʞʝ ʦʙʲʷʚʣʷʣʠ ʥʝʫʯʝʤ, ʩʪʨʝʤʷʱʠʤʩʷ ʨʘʟʨʫʰʠʪʴ ʪʘʢʫʶ ʥʘʫʢʫ, ʢʘʢ ʘʩʪʨʦʥʦʤʠʷ. ɹʳʣʘ 

ʜʘʞʝ ʧʦʩʪʘʚʣʝʥʘ ʢʦʤʝʜʠʷ, ʛʜʝ ʛʣʘʚʥʳʤ ʢʦʤʠʯʝʩʢʠʤ ʧʝʨʩʦʥʘʞʝʤ ʙʳʣ ʚʳʚʝʜʝʥ ʜʫʨʘʢ, ʫʪʚʝʨʞʜʘʚʰʠʡ, ʯʪʦ ɿʝʤʣʷ 

ʚʨʘʱʘʝʪʩʷ ʚʦʢʨʫʛ ʉʦʣʥʮʘ. ɺ ʪʝ ʚʨʝʤʝʥʘ ʘʩʪʨʦʥʦʤʠʷ ʠʤʝʣʘ ʙʦʣʴʰʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ, ʝʶ ʧʦʩʪʦʷʥʥʦ ʧʦʣʴ-

ʟʦʚʘʣʠʩʴ ʪʳʩʷʯʠ ʘʩʪʨʦʣʦʛʦʚ. ʇʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʛʦʨʦʩʢʦʧʦʚ ʥʘʜʦ ʙʳʣʦ ʫʤʝʪʴ ʚʳʯʠʩʣʷʪʴ ʧʦʣʦʞʝʥʠʝ ʧʣʘʥʝʪ ʥʘ ʨʘʟ-

ʣʠʯʥʳʝ ʜʘʪʳ, ʠ ʵʪʠ ʚʳʯʠʩʣʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʛʝʣʠʦʮʝʥʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʂʦʧʝʨʥʠʢʘ ʭʫʞʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʥʘʙʣʶʜʝ-

ʥʠʷʤʠ, ʯʝʤ ʛʝʦʮʝʥʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʇʪʦʣʦʤʝʷ. ʆʰʠʙʢʠ ʫ ʂʦʧʝʨʥʠʢʘ ʙʳʣʠ ʠʥʦʛʜʘ ʚ 2-3 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʇʪʦʣʦ-

ʤʝʷ. ʂʦʧʝʨʥʠʢ ʪʷʞʝʣʦ ʧʝʨʝʞʠʚʘʣ ʩʚʦʶ ʥʝʫʜʘʯʫ ï ʦʥ ʙʳʣ ʫʚʝʨʝʥ ʚ ʧʨʘʚʠʣʴʥʦʩʪʠ ʩʚʦʝʡ ʧʦʟʠʮʠʠ, ʥʦ, ʚʠʜʷ ʚʦʟʥʠ-

ʢʘʶʱʠʝ ʪʨʫʜʥʦʩʪʠ, ʥʝ ʟʥʘʣ, ʢʘʢ ʧʦʧʨʘʚʠʪʴ ʜʝʣʦ. ʀ ʵʪʦ ʤʫʯʠʣʦ ʝʛʦ ʜʦ ʩʘʤʦʡ ʩʤʝʨʪʠ. 

 

 
 

ʊʝʧʝʨʴ ʫʞʝ ʢʪʦ-ʪʦ ʜʨʫʛʦʡ ʜʦʣʞʝʥ ʩʜʝʣʘʪʴ ʩʤʝʣʳʡ ʰʘʛ. ʀ ʵʪʦʪ ʰʘʛ ʙʳʣ ʩʜʝʣʘʥ ʀʦʛʘʥʥʦʤ ʂʝʧʣʝʨʦʤ (1571-

1630), ʢʦʪʦʨʳʡ, ʚʝʨʷ ʚ ʥʘʣʠʯʠʝ ʩʢʨʳʪʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʛʘʨʤʦʥʠʠ ɺʩʝʣʝʥʥʦʡ, ʧʨʝʜʧʦʣʦʞʠʣ, ʯʪʦ ʧʣʘʥʝʪʳ ʜʚʠ-

ʞʫʪʩʷ ʥʝ ʧʦ ʢʨʫʛʦʚʳʤ, ʘ ʧʦ ʵʣʣʠʧʪʠʯʝʩʢʠʤ ʦʨʙʠʪʘʤ. ʂʝʧʣʝʨ ʚʳʚʝʣ ʪʨʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʟʘʢʦʥʘ ʜʚʠʞʝʥʠʷ ʧʣʘʥʝʪ, 

ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʜʚʫʭ ʝʛʦ ʢʥʠʛʘʭ çʅʦʚʘʷ ʘʩʪʨʦʥʦʤʠʷè (1609 ʛ.) ʠ çɻʘʨʤʦʥʠʷ ʤʠʨʘè (1618 ʛ.). 

ʆʪʢʨʳʪʳʝ ʂʝʧʣʝʨʦʤ ʟʘʢʦʥʳ ʧʦʟʚʦʣʠʣʠ ʩʦʩʪʘʚʠʪʴ ʥʦʚʳʝ ʪʘʙʣʠʮʳ ʜʚʠʞʝʥʠʷ ʧʣʘʥʝʪ ʚʦʢʨʫʛ ʉʦʣʥʮʘ, ʠ ʦʥʠ 

ʩʨʘʟʫ ʦʢʘʟʘʣʠʩʴ ʛʦʨʘʟʜʦ ʪʦʯʥʝʝ ʇʪʦʣʝʤʝʝʚʳʭ ʠ ʚʩʝ ʫʯʸʥʳʝ ʪʦʪʯʘʩ ʩʪʘʣʠ ʛʝʣʠʦʮʝʥʪʨʠʩʪʘʤʠ, ʭʦʪʷ ʜʦ ʨʘʙʦʪ ʂʝʧʣʝʨʘ 

ʦʥʠ ʝʜʠʥʦʜʫʰʥʦ ʩʪʦʷʣʠ ʥʘ ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʭ ʧʦʟʠʮʠʷʭ. 

 

 
 

ʂʘʟʘʣʦʩʴ ʙʳ, ʪʨʫʜʥʦʩʪʠ ʚʩʝ ʧʦʟʘʜʠ, ʧʦʷʚʠʣʦʩʴ ʤʥʦʞʝʩʪʚʦ ʧʦʩʣʝʜʦʚʘʪʝʣʝʡ, ʥʘʧʨʠʤʝʨ, ʨʝʣʠʛʠʦʟʥʳʡ ʬʠ-

ʣʦʩʦʬ ɼʞʦʨʜʘʥʦ ɹʨʫʥʦ (1548-1600 ʛ.), ʨʘʟʚʠʚʘʷ ʠʜʝʠ ʂʦʧʝʨʥʠʢʘ ʚʳʩʢʘʟʘʣ ʫʙʝʞʜʝʥʠʝ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʤʥʦʞʝʩʪʚ 

ʤʠʨʦʚ, ʧʦʜʦʙʥʳʭ ʩʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʝ. ʅʦ ʢʦʛʜʘ ʚ 1609 ʛ. ɻʘʣʠʣʝʦ ɻʘʣʠʣʝʡ (1564-1642 ʛ.) ʥʘʯʘʣ ʠʟʫʯʘʪʴ ʥʝʙʝʩʥʳʡ 
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ʩʚʦʜ ʩ ʧʦʤʦʱʴʶ ʩʦʙʩʪʚʝʥʥʦʨʫʯʥʦ ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʪʝʣʝʩʢʦʧʘ, ʠ ʥʘʭʦʜʠʪʴ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʙʝʩʢʦʥʝʯʥʦʩʪʠ ɺʩʝʣʝʥ-

ʥʦʡ, ʢʘʪʦʣʠʯʝʩʢʘʷ ʮʝʨʢʦʚʴ ʚʩʧʦʣʦʰʠʣʘʩʴ ï ʦʥʘ ʝʱʸ ʚ 1600 ʛ. ʟʘ ʪʘʢʫʶ çʥʝʜʦʢʘʟʫʝʤʫʶè ʝʨʝʩʴ ʩʦʞʛʣʘ ʥʘ ʢʦʩʪʨʝ 

ɼʞ. ɹʨʫʥʦ, ʘ ʪʫʪ ʥʘʣʠʮʦ ʷʚʥʳʝ ʧʨʦʪʠʚʦʨʝʯʠʷ ʚʦʟʟʨʝʥʠʷʤ ʉʚʷʱʝʥʥʦʛʦ ʧʠʩʘʥʠʷ: ɿʝʤʣʷ ʠʟ ʙʦʞʝʩʪʚʝʥʥʦʛʦ ʮʝʥʪʨʘ 

ɺʩʝʣʝʥʥʦʡ ʥʠʟʚʦʜʠʣʘʩʴ ʫʯʸʥʳʤʠ ʜʦ ʫʨʦʚʥʷ ʨʷʜʦʚʦʡ ʧʣʘʥʝʪʳ ʠ ʪ. ʧ. ɻʘʣʠʣʝʡ ʪʘʢʞʝ ʧʦʩʪʨʘʜʘʣ ʟʘ ʩʚʦʠ ʫʙʝʞʜʝʥʠʷ, 

ʧʨʘʚʜʘ, ʥʝ ʪʘʢ ʞʝʩʪʦʢʦ... 

ʀ ʚ 1616 ʛʦʜʫ ɺʘʪʠʢʘʥ ʦʬʠʮʠʘʣʴʥʦ ʟʘʧʨʝʪʠʣ ʧʨʠʜʝʨʞʠʚʘʪʴʩʷ ʪʝʦʨʠʠ ʅʠʢʦʣʘʷ ʂʦʧʝʨʥʠʢʘ. ʕʢʟʝʤʧʣʷʨʳ 

ʝʛʦ ʢʥʠʛʠ ʙʳʣʠ ʠʟʲʷʪʳ ʠʟ ʙʠʙʣʠʦʪʝʢ, ʦ ʥʠʭ ʥʝ ʨʘʟʨʝʰʘʣʦʩʴ ʫʧʦʤʠʥʘʪʴ ʥʘ ʣʝʢʮʠʷʭ. ʂʨʦʤʝ ɻ ʪʦʛʦ, ʚ ʪʦʤ ʞʝ ʛʦʜʫ 

ʩʘʤʘ ʢʥʠʛʘ ʙʳʣʘ ʚʥʝʩʝʥʘ ɺʘʪʠʢʘʥʦʤ ʚ çʀʥʜʝʢʩ ʟʘʧʨʝʱʸʥʥʳʭ ʢʥʠʛè ʠ ʦʩʪʘʚʘʣʘʩʴ ʧʦʜ ʟʘʧʨʝʪʦʤ ʚʧʣʦʪʴ ʜʦ 1832 

ʛʦʜʘ... 

 

2. ʅɸʉʃɽɼʀɽ ʅʀʂʆʃɸʗ ʂʆʇɽʈʅʀʂɸ 
ʊʘʢ ʚ ʯʸʤ ʟʥʘʯʠʤʦʩʪʴ ʛʝʣʠʦʮʝʥʪʨʠʟʤʘ ʠ ʜʣʷ ʥʘʩ, ʞʠʚʫʱʠʭ ʚ XXI ʚʝʢʝ?  

ʅʘ ʧʴʝʜʝʩʪʘʣʝ ʧʘʤʷʪʥʠʢʘ ʂʦʧʝʨʥʠʢʫ ʚ ɺʘʨʰʘʚʝ ʚʳʩʝʯʝʥʳ ʩʣʦʚʘ: çʆʩʪʘʥʦʚʠʚʰʠʡ ʉʦʣʥʮʝ, ʩʜʚʠʥʫʚʰʠʡ 

ɿʝʤʣʶè. ɺ ʥʠʭ ʚʩʷ ʩʫʪʴ ʦʪʢʨʳʪʠʷ ʂʦʧʝʨʥʠʢʘ, ʢʦʪʦʨʦʝ ʧʨʦʠʟʚʝʣʦ ʥʘʩʪʦʷʱʫʶ ʨʝʚʦʣʶʮʠʶ ʥʝ ʪʦʣʴʢʦ ʚ ʘʩʪʨʦʥʦʤʠʠ, 

ī ʛʣʘʚʥʦʡ ʥʘʫʢʝ ʝʛʦ ʚʨʝʤʝʥʠ, ʥʦ ʠ ʚʦ ʚʩʝʤ ʯʝʣʦʚʝʯʝʩʢʦʤ ʤʠʨʦʚʦʟʟʨʝʥʠʠ. ɸ ʩ ʧʦʣʫʯʝʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ 

ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʷʚʠʣʘʩʴ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʨʘʟʚʠʪʠʠ ʢʘʢ ʥʝʙʝʩʥʦʡ ʤʝʭʘʥʠʢʠ, ʪʘʢ ʠ ʬʠʟʠʢʠ ʚ ʮʝʣʦʤ, ʯʪʦ 

ʧʦʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʦʩʚʦʙʦʞʜʝʥʠʶ ʚʩʝʡ ʥʘʫʢʠ ʦʪ ʫʩʪʘʨʝʚʰʠʭ ʠ ʩʭʦʣʘʩʪʠʯʝʩʢʠʭ ʪʨʘʜʠʮʠʡ.  

ʇʦʩʣʝ ʂʦʧʝʨʥʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠʨʦʜʳ, ʦʩʚʦʙʦʞʜʘʷʩʴ ʦʪ ʪʦʨʤʦʟʷʱʝʛʦ ʚʣʠʷʥʠʷ ʨʝʣʠʛʠʠ, ʧʦʰʣʦ ʛʠʛʘʥʪ-

ʩʢʠʤʠ ʰʘʛʘʤʠ. ʍʦʪʷ ʚ ʩʚʦʝʡ ʢʥʠʛʝ ʂʦʧʝʨʥʠʢ ʚʧʝʨʚʳʝ ʦʙʦʟʥʘʯʠʣ ʩʦʚʤʝʩʪʥʦʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʛʝʣʠʦʮʝʥʪʨʠʯʥʦʩʪʠ, 

ʪʷʛʦʪʝʥʠʷ ʠ ʧʨʠʥʮʠʧʘ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ, ʥʦ ʥʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʡ ʥʘʫʯʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʪʝʯʝʥʠʝ ʧʷʪʠ ʚʝʢʦʚ 

ʵʪʠ ʪʨʠ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʝ ʥʘʫʯʥʳʝ ʧʦʥʷʪʠʷ (ʢʦʩʤʦʣʦʛʠʯʝʩʢʠʝ ʢʘʪʝʛʦʨʠʠ) ʪʘʢ ʠ ʥʝ ʧʦʣʫʯʠʣʠ ʜʦʣʞʥʦʛʦ ʨʘʟʚʠʪʠʷ. 

ʀʟ-ʟʘ ʵʪʦʛʦ ʜʦ ʩʠʭ ʧʦʨ ʦʪʩʫʪʩʪʚʫʶʪ ʥʘʫʯʥʳʝ, ʘ ʪʝʤ ʙʦʣʝʝ ī ʧʨʘʢʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʦʩʦʟʥʘʥʠʶ ʪʘʢʠʭ ʧʨʦʩʪʝʡʰʠʭ 

ʚʩʝʦʙʱʠʭ ʧʨʠʨʦʜʥʳʭ ʧʨʦʷʚʣʝʥʠʡ, ʢʘʢ ʕʅɽʈɻʀʗ, ʄɸʉʉɸ, ɺʈɽʄʗ, ɻʈɸɺʀʊɸʎʀʗ, ɼɺʀɾɽʅʀɽ ʠ ʪ. ʧ. ʄʳ ʟʥʘ-

ʢʦʤʳ ʩ ʥʠʤʠ, ʥʦ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʧʦʥʠʤʘʝʤ ʠʭ ʩʫʪʠ, ʘ ʧʦʪʦʤʫ ʥʝ ʤʦʞʝʤ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʧʦʪʝʥʮʠʘʣ. 

ʀ ʵʪʦ ʥʝʧʦʥʠʤʘʥʠʝ ʜʣʠʣʦʩʴ ʮʝʣʳʭ 5 ʚʝʢʦʚ.  

 

 
 

ʀ ʚʦʪ, ʥʘ ʩʪʳʢʝ XX ʠ XXI ʚʝʢʦʚ (2000 ʛ.) ʚ ʉʇʙ ʠʟʜʘʪʝʣʴʩʪʚʝ çʅʘʫʢʘè ʈʦʩʩʠʡʩʢʦʡ ɸʢʘʜʝʤʠʠ ʅʘʫʢ ʦʧʫʙ-

ʣʠʢʦʚʘʥʘ ʤʦʥʦʛʨʘʬʠʷ çɽɼʀʅɸʗ ʆʉʅʆɺɸ ʄʀʈʆɿɼɸʅʀʗè [1], ʚ ʢʦʪʦʨʦʡ ʩʜʝʣʘʥʳ ʧʦʧʳʪʢʠ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʟ-

ʚʠʪʴ ʠʜʝʠ ʂʦʧʝʨʥʠʢʘ, ʠ ʦʥʠ ʥʘʢʦʥʝʮ ʥʘʯʘʣʠ ʦʙʨʝʪʘʪʴ ʩʚʦʶ ʦʧʨʝʜʝʣʸʥʥʦʩʪʴ. ɺ ʢʥʠʛʝ ʥʘ ʙʘʟʝ ʤʦʜʝʣʴʥʳʭ ʨʘʟʨʘʙʦ-

ʪʦʢ ʠ ʥʘʪʫʨʥʳʭ (ʥʝ ʤʳʩʣʝʥʥʦ-ʘʙʩʪʨʘʢʪʥʳʭ!) ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʩʥʦʚʦʡ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ 

ɺʩʝʣʝʥʥʦʡ ʷʚʣʷʝʪʩʷ ʢʦʧʝʨʥʠʢʦʚʩʢʘʷ ɻʝʣʠʦʮʝʥʪʨʠʯʥʦʩʪʴ. ʊʘʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʪʝʦʨʠʷ 

ʂʦʧʝʨʥʠʢʘ ʠʤʝʝʪ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʰʠʨʦʢʫʶ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʟʥʘʯʠʤʦʩʪʴ, ʯʝʤ ʵʪʦ ʨʘʥʝʝ ʧʨʝʜʩʪʘʚʣʷʣʦʩʴ.  

ʆʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ, ʧʦʚʣʸʢʰʠʤ ʟʘ ʩʦʙʦʡ ʥʝʦʙʳʯʥʳʝ ʚʳʚʦʜʳ, ʙʳʣʠ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘ, ʧʦʩʪʘʚʣʝʥʥʦʛʦ ʘʚʪʦʨʦʤ, ʩʦ ʩʧʝʮʠʘʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ, ʩʦʩʪʦʷʱʠʤ ʠʟ ʤʘʭʦʚʠʢʘ ʩ ʤʘʩʩʠʚʥʳʤʠ ʩʧʠʮʘʤʠ, 

ʥʦ ʙʝʟ ʮʝʥʪʨʘʣʴʥʦʡ ʚʪʫʣʢʠ (ʩʤ. ʨʠʩʫʥʦʢ 1), ʚʤʝʩʪʦ ʢʦʪʦʨʦʡ ʫʩʪʘʥʦʚʣʝʥ ʥʝʧʦʜʚʠʞʥʳʡ ʛʨʘʚʠʤʝʪʨ.  
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ɺʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʧʨʠ ʨʘʩʢʨʫʯʠʚʘʥʠʠ ʪʘʢʦʛʦ ʤʘʭʦʚʠʢʘ, ʪ. ʝ. ʧʨʠ ʥʘʣʠʯʠʠ ʫʛʣʦʚʳʭ ʫʩʢʦʨʝʥʠʡ, ʫʩʪʘʥʦʚʣʝʥ-

ʥʳʡ ʚʙʣʠʟʠ ʮʝʥʪʨʘ ʚʨʘʱʝʥʠʷ, ʥʝʧʦʜʚʠʞʥʳʡ ʛʨʘʚʠʤʝʪʨ ʩʨʘʟʫ ʨʝʛʠʩʪʨʠʨʫʝʪ ʫʩʠʣʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʛʨʘʚʠʧʦʣʷ. 

ʅʦ ʧʨʠ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʘʚʥʦʤʝʨʥʦʤ ʚʨʘʱʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʨʝʟʢʦ ʫʤʝʥʴʰʘʝʪʩʷ ï ʧʨʦʩʪʝʡ-

ʰʠʡ ʛʨʘʚʠʤʝʪʨ ʥʠʯʝʛʦ ʥʝ ʯʫʚʩʪʚʫʝʪ (ʤ. ʙ. ʥʫʞʥʦ ʧʨʦʩʪʦ ʧʦʚʳʩʠʪʴ ʝʛʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ). ɼʨʫʛʠʝ ʘʚʪʦʨʳ, ʧʦʚʪʦ-

ʨʷʚʰʠʝ ʵʪʦʪ ʵʢʩʧʝʨʠʤʝʥʪ, ʥʠʯʝʛʦ ʥʝ ʫʧʦʤʠʥʘʶʪ ʦ ʧʨʠʦʨʠʪʝʪʥʦʩʪʠ ʫʛʣʦʚʳʭ ʫʩʢʦʨʝʥʠʡ, ʠ ʵʪʦ ʥʘʚʦʜʠʪ ʥʘ ʨʘʟʤʳʰ-

ʣʝʥʠʷé  

ʅʘʚʝʨʥʦʝ, ʪʝʧʝʨʴ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʧʨʠʯʠʥʫ ʥʝʫʜʘʯʠ ʘʤʝʨʠʢʘʥʩʢʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʧʦʪʨʘʪʠʚʰʠʭ 

$5.000.000.000 ʟʘ 6 ʣʝʪ ʙʝʩʧʣʦʜʥʳʭ ʧʦʧʳʪʦʢ ʦʙʥʘʨʫʞʠʪʴ ʛʨʘʚʠʠʟʣʫʯʝʥʠʝ ï ʦʥʠ ʧʨʦʩʪʦ ʥʝ ʤʦʛʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ 

ʝʛʦ ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ʇʦʪʦʤʫ, ʯʪʦ ʥʝ ʪʘʤ ʠʩʢʘʣʠ. ʇʦʵʪʦʤʫ ʥʠʯʝʛʦ ʥʝ ʥʘʰʣʠ.  

ʇʨʠ ʨʘʩʢʨʫʯʠʚʘʥʠʠ ʥʘʰʝʛʦ ʤʘʭʦʚʠʢʘ ʚ ʝʛʦ ʢʦʥʩʦʣʴʥʳʭ ʤʘʩʩʠʚʥʳʭ ʩʧʠʮʘʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʮʝʥʪʨʦʙʝʞʥʳʭ 

ʩʠʣ ʚʦʟʥʠʢʘʶʪ ʷʚʥʦ ʚʳʨʘʞʝʥʥʳʝ ʥʝʨʘʚʥʦʤʝʨʥʳʝ ʫʧʨʫʛʠʝ ʥʘʧʨʷʞʝʥʠʷ ʩʞʘʪʠʷ ï ʤʘʢʩʠʤʫʤ ʫ ʧʝʨʠʬʝʨʠʠ ʚʨʘʱʝʥʠʷ, 

ʤʠʥʠʤʫʤ ʚ ʝʛʦ ʮʝʥʪʨʝ ï ʠʤʝʥʥʦ ʚʦʟʣʝ ʵʪʦʡ ʯʘʩʪʠ ʪʝʣʘ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʠʟʣʫʯʝʥʠʝ. ʊʦʛʜʘ ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʛʝʥʝʨʠ-

ʨʫʝʤʦʝ ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʛʨʘʚʠʠʟʣʫʯʝʥʠʝ ʚ ʤʦʤʝʥʪ ʩʚʦʝʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʘʧʨʘʚʣʝʥʦ (ʩʪʨʝʤʠʪʩʷ) ʢ ʮʝʥʪʨʫ ʚʨʘʱʝ-

ʥʠʷ ʪʝʣʘ, ʧʦʵʪʦʤʫ ʪʘʢʦʝ ʠʟʣʫʯʝʥʠʝ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʎɽʅʊʈʆʉʊʈɽʄʀʊɽʃʔʅʓʄ.  

ʊʘʢ ʚʝʜʫʪ ʩʝʙʷ ʦʪʜʝʣʴʥʳʝ ʪʚʸʨʜʳʝ ʤʘʩʩʠʚʥʳʝ ʪʝʣʘ. ɸ ʯʪʦ ʤʳ ʦʙʥʘʨʫʞʠʤ ʧʨʠ ʚʨʘʱʝʥʠʠ ʦʙʲʝʢʪʘ, ʩʦʩʪʦʷ-

ʱʝʛʦ ʠʟ ʦʪʜʝʣʴʥʳʭ ʥʝ ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʯʘʩʪʠʮ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʚʨʘʱʝʥʠʠ ʛʘʟʘ? ʆʢʘʟʳʚʘʝʪʩʷ, ʪʘʢʠʝ ʵʢʩʧʝ-

ʨʠʤʝʥʪʳ ʜʘʚʥʦ ʠ ʜʦʚʦʣʴʥʦ ʫʩʧʝʰʥʦ ʧʨʦʚʝʜʝʥʳ ʩ ʧʦʤʦʱʴʶ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ çʪʨʫʙʳ ʈʘʥʢʘè, ʚ ʢʦʪʦʨʦʡ ʦʙʥʘʨʫʞʝʥʦ 

ʥʝʦʙʳʯʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʧʦʪʦʢʘ ʛʘʟʘ ʥʘ ʛʦʨʷʯʫʶ ʠ ʭʦʣʦʜʥʫʶ ʩʦʩʪʘʚʣʷʶʱʠʝ. ʅʦ ʥʠʢʪʦ ʚ ʪʝʯʝʥʠʝ ʙʦʣʝʝ ʯʝʤ 80 ʣʝʪ 

ʪʦʣʢʦʤ ʥʝ ʤʦʛ ʵʪʦʛʦ ʦʙʲʷʩʥʠʪʴ. ʀ ʦʧʷʪʴ ʪʘʢʘʷ ʞʝ ʩʠʪʫʘʮʠʷ, ʢʘʢ ʠ ʩ ʤʘʭʦʚʠʢʦʤ ï ɻ ʬʬʝʢʪ ʩʚʷʟʳʚʘʣʠ ʩ ʧʦʠʩʢʦʤ ʪʘʢ 

ʥʘʟʳʚʘʝʤʦʡ çʜʝʤʦʥʘ ʄʘʢʩʚʝʣʣʘè ï ʤʝʭʘʥʠʯʝʩʢʠʤ ʨʘʟʜʝʣʝʥʠʝʤ ʤʦʣʝʢʫʣ ʥʘ ʛʦʨʷʯʠʝ ʠ ʭʦʣʦʜʥʳʝ. ʅʦ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ 

ʚʩʸ ʠʥʘʯʝ: ʚʦ ʚʩʸʤ ʚʠʥʦʚʘʪʦ ʦʧʷʪʴ-ʪʘʢʠ ʠʟʣʫʯʝʥʠʝ. ʅʦ ʵʪʦ ʠʟʣʫʯʝʥʠʝ ʥʝ ʧʨʦʩʪʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʮʝʥʪʨʦʩʪʨʝʤʠ-

ʪʝʣʴʥʦʝ, ʚʭʦʜʷʱʝʝ ʚ ʦʩʝʚʦʡ ʧʦʪʦʢ, ʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʥʬʨʘʢʨʘʩʥʦʝ (ʪʝʧʣʦʚʦʝ) ʮʝʥʪʨʦʙʝʞʥʦʝ, ʠʩʭʦʜʷʱʝʝ ʠʟ ʦʩʝ-

ʚʦʛʦ ʧʦʪʦʢʘ ʛʘʟʘ. ʎʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʦʝ ʠʟʣʫʯʝʥʠʝ ʪʦʞʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ï ʦʥʦ  ʚʦʟʙʫʞʜʘʝʪ ʤʦʣʝʢʫʣʳ ʦʩʝʚʦʛʦ ʛʘʟʦ-

ʚʦʛʦ ʧʦʪʦʢʘ ʪʘʢ, ʯʪʦ ʦʥʠ ʤʛʥʦʚʝʥʥʦ ʩʙʨʘʩʳʚʘʶʪ ʩʚʦʸ ʪʝʧʣʦ ʚ ʚʠʜʝ ʜʣʠʥʥʦʚʦʣʥʦʚʦʛʦ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʦ 

ʩʢʦʨʦʩʪʴʶ 300.000 ʢʤ/ʩ ʠ ʪʘʢʦʡ ʧʦʪʦʢ ʨʝʟʢʦ ʦʭʣʘʞʜʘʝʪʩʷ. ʇʦʵʪʦʤʫ ʪʘʢʦʡ ʧʨʦʮʝʩʩ ʦʯʝʥʴ ʢʦʨʦʪʢʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ (ʠʟʤʝʨʝʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʩʝʚʦʛʦ ʧʦʪʦʢʘ ʠʥʦʛʜʘ ʜʦʩʪʠʛʘʝʪ ï130 ʦʉ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʚʭʦʜʥʦʛʦ ʧʦʪʦʢʘ +15 ʦʉ) ʜʠʘʧʘʟʦʥ ʪʘʢʦʛʦ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʤʛʥʦʚʝʥʥʦ ʩʤʝʱʘʝʪʩʷ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʫʶ 

ʯʘʩʪʴ ʠ ʥʘ ʚʳʭʦʜʝ ʭʦʣʦʜʥʦʛʦ ʧʦʪʦʢʘ ʠʟ ʚʠʭʨʝʚʦʡ ʪʨʫʙʳ ʤʦʞʥʦ ʨʝʘʣʴʥʦ ʥʘʙʣʶʜʘʪʴ ʢʨʘʩʠʚʦʝ ʭʦʣʦʜʥʦʝ ʙʣʝʜʥʦ-

ʛʦʣʫʙʦʝ ʩʚʝʯʝʥʠʝ! ʅʦ ʯʪʦʙʳ ʦʙʥʘʨʫʞʠʪʴ ʪʘʢʦʝ ʩʚʝʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʪʱʘʪʝʣʴʥʦ ʦʩʫʰʠʪʴ ʠʩʧʦʣʴʟʫʝʤʳʡ ʛʘʟ ʜʦ 

ʪʦʯʢʠ ʨʦʩʳ ʥʝ ʤʝʥʝʝ -10ʉʦ ï ʚʣʘʛʘ ʠʥʪʝʥʩʠʚʥʦ ʧʦʛʣʦʱʘʝʪ ʠʟʣʫʯʝʥʠʝ. 
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ɽʩʣʠ ʚʥʫʪʨʝʥʥʝʡ ʧʦʣʦʩʪʠ ʚʠʭʨʝʚʦʡ ʪʨʫʙʳ ʧʨʠʜʘʪʴ ʪʸʤʥʳʡ (ʣʫʯʰʝ ʯʸʨʥʳʡ) ʮʚʝʪ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʡ ʨʝʟ-

ʢʦʤʫ ʧʦʚʳʰʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ [2], ʪʦ ʪʘʢʦʝ ʧʨʦʩʪʝʡʰʝʝ 

ʫʩʪʨʦʡʩʪʚʦ, ʩʦʩʪʦʷʱʝʝ ʚʩʝʛʦ ʣʠʰʴ ʠʟ 3-ʭ ʥʝʧʦʜʚʠʞʥʳʭ ʜʝʪʘʣʝʡ (ʜʚʠʞʝʪʩʷ ʪʦʣʴʢʦ ʛʘʟ), ʚʧʦʣʥʝ ʩʧʦʩʦʙʥʦ ʩʦʩʪʘʚʠʪʴ 

ʢʦʥʢʫʨʝʥʮʠʶ ʩʣʦʞʥʳʤ ʠ ʜʦʨʦʛʠʤ ʭʦʣʦʜʠʣʴʥʳʤ ʤʘʰʠʥʘʤ. ɹʦʣʝʝ ʪʦʛʦ, ʙʣʘʛʦʜʘʨʷ ʩʧʝʮʠʬʠʢʝ ʪʘʢʦʛʦ ʧʨʦʮʝʩʩʘ ʭʦ-

ʣʦʜʦʙʨʘʟʦʚʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʳʯʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʪʝʣʘ (ʚʤʝʩʪʦ ʦʟʦʥʦʨʘʟʨʫʰʘʶʱʠʭ ʬʨʝʦʥʦʚ  

ʠ ʢʨʘʡʥʝ ʷʜʦʚʠʪʳʭ ʘʤʤʠʘʢʦʚ), ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʩʦʟʜʘʥʠʝ ʚʦʟʜʫʰʥʳʭ ʦʭʣʘʜʠʪʝʣʝʡ ʙʦʣʴʰʦʡ ʧʨʦʠʟʚʦ-

ʜʠʪʝʣʴʥʦʩʪʠ (10000 ʤ3/ʯʘʩ ʠ ʙʦʣʝʝ), ʯʪʦ ʧʦʟʚʦʣʠʪ ʫʙʨʘʪʴ ʩ ʬʘʩʘʜʦʚ ʛʦʨʦʜʩʢʠʭ ʟʜʘʥʠʡ ʛʠʨʣʷʥʜʳ ʬʨʝʦʥʦʚʳʭ ʢʦʥ-

ʜʠʮʠʦʥʝʨʦʚ, ʨʘʟʤʝʩʪʠʚ ʚ ʩʣʫʞʝʙʥʳʭ ʧʦʤʝʱʝʥʠʷʭ (ʚ ʧʦʜʚʘʣʝ) ʚʩʝʛʦ ʣʠʰʴ ʦʜʠʥ ʥʘ ʚʩʝʭ ʘʛʨʝʛʘʪ ʠ ʧʦʜʘʚʘʪʴ ʦʭʣʘ-

ʞʜʸʥʥʳʡ ʚʦʟʜʫʭ ʧʦ ʦʙʳʯʥʳʤ ʢʘʥʘʣʘʤ ʚʝʥʪʠʣʷʮʠʠ [3]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʘʷ ʩʠʩʪʝʤʘ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʩʪʘʥʝʪ 

ʥʝʧʨʝʤʝʥʥʦʡ ʩʪʘʥʜʘʨʪʥʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴʶ ʣʶʙʦʛʦ ʟʜʘʥʠʷ, ʢʘʢ ʠ ʵʣʝʢʪʨʠʯʝʩʪʚʦ, ʚʦʜʦʧʨʦʚʦʜ, ʢʘʥʘʣʠʟʘʮʠʷé  

 

 
 

ʅʠ ʦʜʠʥ ʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʥʜʠʮʠʦʥʝʨʦʚ ʥʝ ʩʧʦʩʦʙʝʥ ʦʜʥʠʤ ʘʛʨʝʛʘʪʦʤ ʦʭʣʘʜʠʪʴ 

ʪʘʢʠʝ ʙʦʣʴʰʠʝ ʧʦʤʝʱʝʥʠʷ, ʢʘʢ ʘʵʨʦʧʦʨʪʳ ʠ ʚʦʢʟʘʣʳ, ʩʪʘʥʮʠʠ ʤʝʪʨʦ ʠ ʢʦʥʮʝʨʪʥʳʝ 

ʟʘʣʳ, ʟʘʚʦʜʩʢʠʝ ʮʝʭʘ ʠ ʘʥʛʘʨʳ ʠ ʪ.ʧ. ʇʦʵʪʦʤʫ ʥʦʚʳʡ ʪʠʧ ʢʦʥʜʠʮʠʦʥʝʨʦʚ ʜʣʷ ʧʦʪʝʥ-

ʮʠʘʣʴʥʳʭ ʠʥʚʝʩʪʦʨʦʚ ï ɻ ʪʦ ʙʦʣʝʝ ʯʝʤ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʡ ʦʙʲʝʢʪ, ʪ.ʢ. ʛʣʦʙʘʣʴʥʳʡ 

ʨʳʥʦʢ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ, ʦʙʲʸʤʦʤ ʚ ʩʦʪʥʠ ʠ ʩʦʪʥʠ ʤʠʣʣʠʘʨʜʦʚ ʜʦʣʣʘʨʦʚ, ʝʱʸ ʥʠʢʝʤ 

ʥʝ ʟʘʧʦʣʥʝʥ. 

 

 

ɽʩʣʠ ʧʝʨʝʤʝʩʪʠʪʴ ʥʘʰ ʚʟʛʣʷʜ ʩ ʟʝʤʥʳʭ ʧʨʦʙʣʝʤ ʚ ʢʦʩʤʦʩ, ʪʦ ʪʘʤ ʩʤʦʞʝʤ ʦʙʥʘʨʫʞʠʪʴ ʝʱʸ ʙʦʣʝʝ ʫʜʠʚʠ-

ʪʝʣʴʥʳʝ ʚʝʱʠ. ɺʦ-ʧʝʨʚʳʭ, ʝʱʸ ʩʦ ʚʨʝʤʸʥ ʅʴʶʪʦʥʘ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʜʝʡʩʪʚʠʶ ʛʨʘʚʠʪʘʮʠʠ ʧʦʜʚʝʨʞʝʥʳ ʚʩʝ ʤʘʪʝʨʠ-

ʘʣʴʥʳʝ ʦʙʲʝʢʪʳ ɺʩʝʣʝʥʥʦʡ ʦʪ ʤʠʢʨʦʯʘʩʪʠʮ ʜʦ ʛʠʛʘʥʪʩʢʠʭ ʩʢʦʧʣʝʥʠʡ ʛʘʣʘʢʪʠʢ. ɺʦ-ʚʪʦʨʳʭ, ʙʫʢʚʘʣʴʥʦ ʚʩʸ, ʯʝʤ 

ʥʘʧʦʣʥʝʥʘ ɺʩʝʣʝʥʥʘʷ ʚʨʘʱʘʝʪʩʷ ï ʦʧʷʪʴ-ʪʘʢʠ, ʚʩʸ ʦʪ ʤʠʢʨʦʯʘʩʪʠʮ ʜʦ ʛʘʣʘʢʪʠʢ. ʇʦʵʪʦʤʫ ʠʤʝʝʪʩʷ ʧʦʣʥʦʝ ʦʩʥʦʚʘ-

ʥʠʝ ʧʝʨʝʦʩʤʳʩʣʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʫʚʝʣʠʯʠʚ ʠʭ ʤʘʩʰʪʘʙ. 

ʀʪʘʢ, ʙʣʘʛʦʜʘʨʷ ʂʦʧʝʨʥʠʢʫ ʤʳ ʫʞʝ ʚ ʪʝʯʝʥʠʝ 500 ʣʝʪ ʦʩʚʝʜʦʤʣʝʥʳ, ʯʪʦ ɿʝʤʣʷ ʠ ʦʩʪʘʣʴʥʳʝ ʧʣʘʥʝʪʳ ʚʨʘ-

ʱʘʶʪʩʷ ʚʦʢʨʫʛ ʉʦʣʥʮʘ, ʢʦʪʦʨʦʝ ʩʚʝʪʠʪʩʷ ʧʦ ʥʝʧʦʥʷʪʥʳʤ ʧʨʠʯʠʥʘʤ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʚʦ ʚʩʸʤ ʤʠʨʝ ʠʟ-

ʚʝʩʪʥʳ ʚʩʝʛʦ ʣʠʰʴ 3 ʛʠʧʦʪʝʟʳ, ʧʦʷʩʥʷʶʱʠʝ ʤʝʭʘʥʠʟʤ ʝʛʦ ʵʥʝʨʛʦʧʠʪʘʥʠʷ. ʈ. ʄʘʡʝʨ ʧʨʝʜʧʦʣʦʞʠʣ, ʯʪʦ ʉʦʣʥʮʝ 

ʨʘʟʦʛʨʝʚʘʝʪʩʷ ʦʪ ʥʝʧʨʝʨʳʚʥʦ ʧʘʜʘʶʱʠʭ ʥʘ ʥʝʛʦ ʤʝʪʝʦʨʠʪʦʚ. ʋ. ʊʦʤʧʩʦʥ ʧʨʝʜʧʦʣʦʞʠʣ, ʯʪʦ ʉʦʣʥʮʝ ʨʘʟʦʛʨʝʚʘʝʪʩʷ 

ʦʪ ʥʝʧʨʝʨʳʚʥʦʛʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʩʞʘʪʠʷ. ʍ. ɹʝʪʝ ʚ 1969 ʛ. ʧʦʣʫʯʠʣ ʅʦʙʝʣʝʚʩʢʫʶ ʧʨʝʤʠʶ ʟʘ ʪʝʨʤʦʷʜʝʨʥʫʶ ʤʦ-

ʜʝʣʴ. ʅʦ ʚʩʝ ʵʪʠ ʛʠʧʦʪʝʟʳ ʦʢʘʟʘʣʠʩʴ ʥʝʩʦʩʪʦʷʪʝʣʴʥʳʤʠ. 

ɻʣʘʚʥʳʡ ʚ ʉʉʉʈ ʩʦʣʥʝʯʥʳʡ ʩʧʝʮʠʘʣʠʩʪ ʘʢʘʜʝʤʠʢ ɸ. ʉʝʚʝʨʥʳʡ, ʝʱʸ ʚ 1974 ʛ. ʜʦʢʘʟʘʣ ʦʪʩʫʪʩʪʚʠʝ ʚ ʥʝʜʨʘʭ 

ʥʘʰʝʛʦ ʉʦʣʥʮʘ ʫʩʣʦʚʠʡ ʜʣʷ ʧʨʦʪʝʢʘʥʠʷ ʪʝʨʤʦʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ. ɽʛʦ ʧʦʜʜʝʨʞʘʣʠ ʘʥʛʣʠʡʩʢʠʝ ʘʩʪʨʦʥʦʤʳ, ʦʧʫʙʣʠ-

ʢʦʚʘʚʰʠʝ ʚ ʞʫʨʥʘʣʝ çʐʧʠʛʝʣʴè ʩʚʦʠ ʚʳʚʦʜʳ ʦ ʥʝʩʦʩʪʦʷʪʝʣʴʥʦʩʪʠ ʪʝʨʤʦʷʜʝʨʥʦʡ ʤʦʜʝʣʠ ʵʥʝʨʛʦʧʠʪʘʥʠʷ ʉʦʣʥʮʘ. 

ɸ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʦʷʚʠʣʘʩʴ ʚʘʢʘʥʩʠʷ ʚ ʨʷʜʫ ʵʥʝʨʛʦ-ʩʦʣʥʝʯʥʳʭ ʛʠʧʦʪʝʟ. ʉ ʫʜʦʚʦʣʴʩʪʚʠʝʤ ʵʪʠʤ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʠ 

ʚʳʜʚʠʥʝʤ ʩʚʦʶ, ʪʝʤ ʙʦʣʝʝ, ʯʪʦ ʠ ʩʦʣʥʝʯʥʳʭ ʥʝʡʪʨʠʥʦ, ʦʙʷʟʘʪʝʣʴʥʳʭ ʩʧʫʪʥʠʢʦʚ ʣʶʙʦʡ ʪʝʨʤʦʷʜʝʨʥʦʡ ʨʝʘʢʮʠʠ, 

ʦʙʥʘʨʫʞʝʥʦ ʷʚʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʊʘʢ ʯʪʦ ʞʝ ʧʠʪʘʝʪ ʟʚʸʟʜʳ ʠ ʥʘʰʝ ʉʦʣʥʮʝ?  

ɽʜʠʥʩʪʚʝʥʥʦʡ ʜʝʡʩʪʚʫʶʱʝʡ ʤʦʛʫʯʝʡ ʩʠʣʦʡ, ʬʦʨʤʠʨʫʶʱʝʡ ʦʙʣʠʢ ɺʩʝʣʝʥʥʦʡ, ʷʚʣʷʝʪʩʷ ʛʨʘʚʠʪʘʮʠʷ 

(ʦʩʪʘʣʴʥʳʝ ʥʝ ʩʪʦʣʴ ʟʥʘʯʠʪʝʣʴʥʳ). ʄʦʞʝʪ ʙʳʪʴ, ʦʥʘ ʦʪʚʝʪʩʪʚʝʥʥʘ ʠ ʟʘ ʵʥʝʨʛʝʪʠʢʫ ʥʝʙʝʩʥʳʭ ʦʙʲʝʢʪʦʚ? 

ɸʩʪʨʦʬʠʟʠʢʠ ʧʦʜʩʯʠʪʘʣʠ, ʯʪʦ ʟʘʧʘʩʘ ʪʦʣʴʢʦ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʚʦ ʚʩʝʤ ʦʙʲʝʤʝ ʨʘʩʢʘʣʝʥʥʦʛʦ ʉʦʣʥʮʘ ʭʚʘ-

ʪʠʪ ʝʤʫ ʚʩʝʛʦ ʣʠʰʴ ʥʘ 30 ʤʣʥ ʣʝʪ ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʙʦʪʳ. ʅʦ ʦʙʨʘʪʠʤ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʥʘ ʠʟʚʝʩʪʥʳʡ, ʥʦ ʜʦ ʩʠʭ 

ʧʦʨ ʪʘʢ ʥʠʢʝʤ ʠ ʥʝ ʦʪʤʝʯʝʥʥʳʡ ʬʘʢʪ, ʯʪʦ ʨʦʚʥʦ ʩʪʦʣʴʢʦ ʞʝ ʵʥʝʨʛʠʠ ʩʦʜʝʨʞʠʪʩʷ ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ ʚʩʝʡ 

ʩʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ. ʅʘʣʠʮʦ ʥʘʣʠʯʠʝ ʥʝʢʦʝʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ʚ ʜʚʫʭ ʯʘʩʪʷʭ ʦʜʥʦʡ ʘʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ. ɸ 

ʥʝ ʫʢʘʟʳʚʘʝʪ ʣʠ ʪʘʢʦʝ ʨʘʚʝʥʩʪʚʦ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʵʪʠʤʠ ʜʚʫʤʷ, ʢʘʟʘʣʦʩʴ ʙʳ, ʥʝʟʘʚʠʩʠ-

ʤʳʤʠ, ʷʚʣʝʥʠʷʤʠ? ʅʦ ʝʩʣʠ ʵʪʦ ʪʘʢ, ʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʚʳʜʚʠʥʫʪʴ ʥʦʚʫʶ ʛʠʧʦʪʝʟʫ, ʧʨʦʷʩʥʷʶʱʫʶ ʤʝ-

ʭʘʥʠʟʤ ʵʥʝʨʛʦʧʠʪʘʥʠʷ ʉʦʣʥʮʘ ʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʥ ʦʩʥʦʚʘʥ ʥʘ ʫʯʘʩʪʠʠ ʚ ʥʸʤ ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʛʨʘʚʠʪʘ-

ʮʠʦʥʥʦʛʦ ʧʦʣʷ. ʇʨʠ ʨʘʩʢʨʫʯʠʚʘʥʠʠ ʥʘʰʝʛʦ ʤʘʭʦʚʠʢʘ ʤʳ ʩʧʦʩʦʙʥʳ ʟʘʤʝʪʠʪʴ ʪʦʣʴʢʦ ʦʜʥʫ ʩʪʦʨʦʥʫ ʷʚʣʝʥʠʷ ï ʬʘʢʪ 

ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʦʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʅʦ ʯʪʦ ʟʘ ʵʪʠʤ ʩʢʨʳʚʘʝʪʩʷ, ʥʘʤ ʥʝ ʚʠʜʥʦ. 
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ʆʯʝʥʴ ʤʘʣ ʤʘʩʰʪʘʙ. ʆʜʥʘʢʦ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʠʩʪʝʤʳ ʜʦ ʢʦʩʤʠʯʝʩʢʠʭ ʤʘʩʰʪʘʙʦʚ ʥʘʯʥʝʪ ʧʨʦʷʚʣʷʪʴʩʷ ʜʨʫʛʘʷ 

ʩʪʦʨʦʥʘ ʷʚʣʝʥʠʷ, ʚʝʨʦʷʪʥʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʥʘʷ ʠʤʝʥʥʦ ʩ ʵʥʝʨʛʝʪʠʢʦʡ ʉʦʣʥʮʘ. ʇʨʝʜʧʦʣʘʛʘʝʤʘʷ ʩʭʝʤʘ ʝʛʦ 

ʵʥʝʨʛʦʧʠʪʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʜʚʠʞʫʱʠʝʩʷ ʧʦ ʩʚʦʠʤ ʦʨʙʠʪʘʤ ʧʣʘʥʝʪʳ ʥ ʝ ʧ ʨ ʝ ʨ ʳ ʚ ʥ ʦ ʧʨʝʚʨʘʱʘʶʪ ʩʚʦʝ 

ʚʝʱʝʩʪʚʦ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʛʨʘʚʠʧʦʣʝ. ʇʦʩʣʝʜʥʝʝ ʚ ʚʠʜʝ ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʛʨʘʚʠʠʟʣʫʯʝʥʠʷ ʧʦʩʪʫʧʘʝʪ ʥʘ 

ʉʦʣʥʮʝ ʠ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʝʛʦ ʚʝʱʝʩʪʚʦʤ, ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʪʝʧʣʦ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʦʙʝʩʧʝʯʠʚʘʷ ʥ 

ʝ ʧ ʨ ʝ ʨ ʳ ʚ ʥ ʫ ʶ ʩʚʝʪʠʤʦʩʪʴ. ʇʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʚ ʩʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʝ ʥʝʧʨʝʨʳʚʥʦ ʜʝʡʩʪʚʫʶʪ ʜʚʘ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʭ 
ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʨʦʪʠʚʦʪʦʢʘ: ʧʝʨʚʳʡ ï ʦʪ ʧʣʘʥʝʪ ʢ ʉʦʣʥʮʫ ʚ ʚʠʜʝ ʧʦʪʦʢʘ ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʛʨʘʚʠʠʟʣʫʯʝʥʠʷ, 

ʚʪʦʨʦʡ ï ʦʪ ʉʦʣʥʮʘ ʚ ʦʢʨʫʞʘʶʱʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚ ʚʠʜʝ ʧʦʪʦʢʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʇʨʠʯʝʤ ʨʘʩʭʦʜʳ 

ʤʘʩʩ ʚ ʵʪʠʭ ʧʨʦʪʠʚʦʧʦʪʦʢʘʭ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʩʙʘʣʘʥʩʠʨʦʚʘʥʳ, ʯʪʦ ʦʥʠ ʚʩʝʛʜʘ ʩʪʨʦʛʦ ʨʘʚʥʳ. ʂʘʢ ʫʞʝ ʦʪʤʝʯʝʥʦ, 

ʥʝʯʪʦ ʧʦʭʦʞʝʝ ʦʙʥʘʨʫʞʝʥʦ ʘʚʪʦʨʦʤ ʚ ʦʙʳʯʥʦʡ ʚʠʭʨʝʚʦʡ ʪʨʫʙʝ, ʛʜʝ ʚʨʘʱʘʶʪʩʷ ʧʦʪʦʢʠ ʛʘʟʘ ʩʦ ʩʢʦʨʦʩʪʴʶ 50...300 

ʤ/ʩ. 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʪʘʢʦʛʦ ʤʝʭʘʥʠʟʤʘ ʚʳʷʩʥʠʣʠʩʴ ʥʝʢʦʪʦʨʳʝ ʠʥʪʝʨʝʩʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ. ʎʝʥʪʨʦʩʪʨʝʤʠ-

ʪʝʣʴʥʦʝ ʛʨʘʚʠʠʟʣʫʯʝʥʠʝ ʦʪ ɿʝʤʣʠ ʤʛʥʦʚʝʥʥʦ ʟʘ 0,0016 ʩʝʢʫʥʜʳ1 ʜʦʩʪʠʛʘʝʪ ʮʝʥʪʨʘ ʉʦʣʥʮʘ, ʩʨʘʟʫ ʨʘʟʦʛʨʝʚʘʝʪ ʝʛʦ 

ʥʝʜʨʘ, ʥʦ ʟʘ ʩʯʸʪ ʦʯʝʥʴ ʤʝʜʣʝʥʥʦʡ ʢʦʥʚʝʢʮʠʦʥʥʦʡ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʚ ʪʝʯʝʥʠʝ ʧʦʯʪʠ ʤʠʣʣʠʦʥʘ ʣʝʪ ʚʳʙʠʨʘʝʪʩʷ 

ʥʘʨʫʞʫ ʩʢʚʦʟʴ ʛʠʛʘʥʪʩʢʫʶ ʩʦʣʥʝʯʥʫʶ ʪʦʣʱʫ, ʧʦʩʣʝ ʯʝʛʦ ʚ ʚʠʜʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʩʚʝʪ ʠ ʪʝʧʣʦ) ʯʝʨʝʟ 

8,3 ʤʠʥʫʪʳ ʜʦʩʪʠʛʘʝʪ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. ɺ ʩʘʤʦʤ ʥʘʯʘʣʝ ʩʚʦʝʡ ʞʠʟʥʠ ʚ ʧʨʦʮʝʩʩʝ ʤʝʜʣʝʥʥʦʛʦ ʨʘʟʦʛʨʝʚʘ ʚ ʪʝʯʝ-

ʥʠʝ 30 ʤʣʥ. ʣʝʪ ʟʘ ʩʯʸʪ ʛʨʦʤʘʜʥʦʡ ʤʘʩʩʳ ʠ ʤʝʜʣʝʥʥʦʡ ʪʝʧʣʦʦʪʜʘʯʠ, ʪʫʩʢʣʦʝ ʉʦʣʥʮʝ, ʧʦʩʪʝʧʝʥʥʦ ʘʢʢʫʤʫʣʠʨʫʷ 

ʪʝʧʣʦ, ʤʝʜʣʝʥʥʦ ʨʘʟʦʛʨʝʚʘʣʦʩʴ, ʘ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ 5700 ʦʂ ʫʩʪʘʥʦʚʠʣʩʷ ʙʘʣʘʥʩ ï ʧʨʠʪʦʢ 

(4,3 ʤʣʥ. ʪ. ʤʘʩʩʳ ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʦʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ) ʩʪʨʦʛʦ ʨʘʚʝʥ ʨʘʩʭʦʜʫ (4,3 ʤʣʥ. ʪ. ʤʘʩʩʳ ʮʝʥʪʨʦʙʝʞʥʦʡ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ). ʀ ʚ ʪʘʢʦʤ ʩʦʩʪʦʷʥʠʠ ʉʦʣʥʮʝ ʩʪʘʙʠʣʴʥʦ ʧʨʝʙʳʚʘʝʪ ʫʞʝ ʥʝʩʢʦʣʴʢʦ ʤʠʣʣʠʘʨʜʦʚ ʣʝʪ.  

ɽʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ ʉʦʣʥʮʝ ʝʞʝʩʝʢʫʥʜʥʦ ʠʟʣʫʯʘʝʪ 4,3 ʤʣʥ. ʪʦʥʥ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʤʘʩʩʳ, ʢʦʪʦʨʫʶ ʦʥʦ ʚ 

ʚʠʜʝ ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʛʨʘʚʠʠʟʣʫʯʝʥʠʷ ʚʥʘʯʘʣʝ ʧʦʣʫʯʘʝʪ ʦʪ ʚʩʝʭ ʧʣʘʥʝʪ, ʜʚʠʞʫʱʠʭʩʷ ʚʦʢʨʫʛ ʥʝʛʦ, ʪʦ ʤʦʞʥʦ 

ʧʦʜʩʯʠʪʘʪʴ ʢʘʢʫʶ ʤʘʩʩʫ ʝʞʝʩʝʢʫʥʜʥʦ ʪʝʨʷʝʪ ʧʨʠ ʵʪʦʤ ʢʘʞʜʘʷ ʧʣʘʥʝʪʘ. ʊʘʢ, ʄʝʨʢʫʨʠʡ ʦʪʜʘʸʪ ʉʦʣʥʮʫ 7,8 ʪʳʩ. 

ʪʦʥʥ/ʩ, ɺʝʥʝʨʘ ï 71,3 ʪʳʩ. ʪʦʥʥ/ʩ, ɿʝʤʣʷ ï 56,7 ʪʳʩ. ʪʦʥʥ/ʩ, ʄʘʨʩ ï 4,0 ʪʳʩ. ʪʦʥʥ/ʩ, ʖʧʠʪʝʨ ï 3461,3 ʪʳʩ. ʪʦʥʥ/ʩ, 

ʉʘʪʫʨʥ ï 565,8 ʪʳʩ. ʪʦʥʥ/ʩ, ʋʨʘʥ ï 42,9 ʪʳʩ. ʪʦʥʥ/ʩ, ʅʝʧʪʫʥ ï 32,4 ʪʳʩ. ʪʦʥʥ/ʩ, ʇʣʫʪʦʥ ï 1,3 ʪʳʩ. ʪʦʥʥ/ʩ. ʆʩʪʘʣʴʥʫʶ 

ʤʘʩʩʫ ʜʦʧʦʣʥʷʝʪ ʧʦʷʩ ʘʩʪʝʨʦʠʜʦʚ. ʅʦ ʧʫʩʪʴ ʵʪʠ ʮʠʬʨʳ ʥʝ ʧʫʛʘʶʪ ï ʜʣʷ ʧʦʪʝʨʠ ʧʦʣʦʚʠʥʳ ʩʚʦʝʡ ʤʘʩʩʳ ʧʣʘʥʝʪʳ 

ʜʦʣʞʥʳ ʧʨʦʩʫʱʝʩʪʚʦʚʘʪʴ ʝʱʸ 10 ʤʣʨʜ. ʣʝʪ, ʘ ʠʤ ʚʩʝʛʦ-ʪʦ ʦʢʦʣʦ 4,5 ʤʣʨʜ. ɺʳʷʩʥʷʝʪʩʷ ʝʱʸ ʦʜʠʥ ʠʥʪʝʨʝʩʥʳʡ ʬʘʢʪ. 

ɽʩʣʠ ʧʣʘʥʝʪʫ ʖʧʠʪʝʨ ʩʣʝʛʢʘ ʩʤʝʩʪʠʪʴ ʩʦ ʩʚʦʝʡ ʦʨʙʠʪʳ ʚ ʨʷʜʦʤ ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʧʦʷʩ ʘʩʪʝʨʦʠʜʦʚ, ʪʦ ʨʘʩʯʸʪʳ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʥ ʦʜʠʥ ʙʝʟ ʜʨʫʛʠʭ ʧʣʘʥʝʪ ʩʧʦʩʦʙʝʥ ʦʙʝʩʧʝʯʠʪʴ ʧʦʣʥʦʝ ʵʥʝʨʛʦʧʠʪʘʥʠʝ ʉʦʣʥʮʘ. ʅʦ ʪʫʪ ʞʝ ʚʦʧʨʦʩ: 

ʝʩʣʠ ʧʦʷʩ ʘʩʪʝʨʦʠʜʦʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ï ʦʩʪʘʪʢʠ ʨʘʟʨʫʰʝʥʥʦʡ ʧʣʘʥʝʪʳ, ʪʦ ʥʝ ʧʦʜʚʝʨʛʥʝʪʩʷ ʣʠ ʪʘʢʦʡ ʦʧʘʩʥʦʩʪʠ ʚ 

ʵʪʦʤ ʤʝʩʪʝ ʠ ʖʧʠʪʝʨ? ʀ ʜʘʞʝ ʝʩʣʠ ʖʧʠʪʝʨ ʨʘʟʨʫʰʠʪʩʷ, ʠ ʝʛʦ ʦʩʢʦʣʢʠ ʩʤʦʛʫʪ ʦʙʨʘʟʦʚʘʪʴ ʥʦʚʳʡ ʧʦʷʩ ʘʩʪʝʨʦʠʜʦʚ, 

ʪʦ ʵʪʦ ʥʠʢʘʢ ʥʝ ʩʢʘʞʝʪʩʷ ʥʘ ʩʚʝʪʠʤʦʩʪʠ ʉʦʣʥʮʘ. ʕʪʦ ʧʦʜʩʢʘʟʳʚʘʝʪ ʥʘʤ, ʯʪʦ ʦʜʠʥʦʢʠʭ ʩʚʝʪʷʱʠʭʩʷ ʟʚʸʟʜ ʥʝ ʙʳʚʘʝʪ 

ï ʦʥʠ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʥʳ ʠʤʝʪʴ ʩʧʫʪʥʠʢʘ, ʜʘʞʝ ʝʩʣʠ ʦʥ ʠʟʜʘʣʝʢʘ ʠ ʥʝ ʟʘʤʝʪʝʥ, ʪ.ʢ. çʨʘʟʤʘʟʘʥè ʧʦʷʩʦʤ ʧʦ ʦʨʙʠʪʝ. 

ʇʨʠ ʵʪʦʤ ʵʥʝʨʛʠʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʣʘʥʝʪʳ ʥʝ ʨʘʩʭʦʜʫʝʪʩʷ, ʧʦʜʦʙʥʦ ʥʝʨʘʩʭʦʜʫʝʤʦʡ ʵʥʝʨʛʠʠ ʧʦʜʤʘʛʥʠʯʠ-

ʚʘʥʠʷ ʦʙʤʦʪʢʠ ʚʦʟʙʫʞʜʝʥʠʷ ʚ ʵʣʝʢʪʨʦʤʘʰʠʥʘʭ (ʠʭ ʯʘʩʪʝʥʴʢʦ ʟʘʤʝʥʷʶʪ ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ).  

ɸ ʦʪʢʫʜʘ ʧʣʘʥʝʪʳ ʙʝʨʫʪ ʵʥʝʨʛʠʶ ʜʣʷ ʧʦʜʦʛʨʝʚʘ ʩʚʦʠʭ ʥʝʜʨ, ʥʝʫʞʝʣʠ ʪʦʞʝ ʟʘ ʩʯʸʪ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʨʘʱʝ-

ʥʠʷ? ɺʝʜʴ ʠʟʚʝʨʛʘʶʱʘʷʩʷ ʠʟ ʚʫʣʢʘʥʦʚ ʣʘʚʘ ʥʝʨʘʜʠʦʘʢʪʠʚʥʘ, ʟʥʘʯʠʪ ʪʘʤ ʥʝʪ ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʭ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ, 

ʘ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚʨʘʱʘʶʱʝʡʩʷ ɿʝʤʣʠ ʚ ʚʠʜʝ ʤʦʱʥʦʡ ʜʠʥʘʤʦ-ʤʘʰʠʥʳ ʪʦʞʝ ʥʝ ʚʳʜʝʨʞʠʚʘʝʪ ʢʨʠʪʠʢʠ ï ʪʘʢʦʡ ʤʝ-

ʭʘʥʠʟʤ ʙʝʟ ʚʥʝʰʥʝʛʦ ʧʨʠʚʦʜʘ, ʥʦ ʧʨʠ ʧʦʪʨʝʙʣʝʥʠʠ ʵʥʝʨʛʠʠ ʥʘ ʨʘʟʦʛʨʝʚ, ʜʦʣʞʝʥ ʙʳʩʪʨʦ ʟʘʪʦʨʤʦʟʠʪʴʩʷ!  

 

ɸ ʯʪʦ ʞʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʜʘʣʴʥʝʤ ʢʦʩʤʦʩʝ, ʩʠʷʶʱʝʤ ʙʝʩʢʦʥʝʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʟʚʸʟʜ, ʟʚʸʟʜʥʳʭ ʩʢʦʧʣʝʥʠʡ, 

ʛʘʣʘʢʪʠʢ ʠ ʠʭ ʩʢʦʧʣʝʥʠʡ ʠ ʪ.ʧ.? ʇʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʚʠʜʠʤʳʭ ʦʙʲʝʢʪʦʚ ɺʩʝʣʝʥʥʦʡ ʠʤʝʶʪ ʬʦʨʤʫ ʚʨʘʱʝ-

ʥʠʷ. ɼʘʞʝ ʝʩʣʠ ʦʙʲʝʢʪ ʠʤʝʝʪ ʥʝʧʨʘʚʠʣʴʥʫʶ ʬʦʨʤʫ (ʪʫʤʘʥʥʦʩʪʴ, ʧʳʣʝʚʦʝ ʦʙʣʘʢʦ, ʟʚʸʟʜʥʦʝ ʩʢʦʧʣʝʥʠʝ ʠ ʪ.ʧ.), ʚʧʦ-

ʩʣʝʜʩʪʚʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʨʘʚʠʪʘʮʠʠ ʦʥ ʩʪʷʛʠʚʘʝʪʩʷ ʚ ʢʦʤʧʘʢʪʥʦʝ ʪʝʣʦ ʠ ʦʙʷʟʘʪʝʣʴʥʦ ʥʘʯʠʥʘʝʪ ʚʨʘʱʘʪʴʩʷ, ʘ ʝʛʦ 

ʮʝʥʪʨ ʚʩʸ ʨʘʚʥʦ ʥʘʯʥʸʪ ʩʚʝʪʠʪʴʩʷ, ʨʘʟʦʛʨʝʚʘʷʩʴ ʚʥʘʯʘʣʝ ʟʘ ʩʯʸʪ ʦʙʳʯʥʦʛʦ ʩʞʘʪʠʷ, ʘ ʟʘʪʝʤ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʦʛʦ ʞʝ 

ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʛʨʘʚʠʠʟʣʫʯʝʥʠʷ. ʀ ʯʝʤ ʙʦʣʴʰʝ ʥʘ ʦʨʙʠʪʝ ʨʦʞʜʘʶʱʝʛʦʩʷ ʦʙʲʝʢʪʘ (ʥʘʧʨʠʤʝʨ, ʛʘʣʘʢʪʠʢʠ) 

ʚʨʘʱʘʝʪʩʷ ʤʘʩʩ (ʟʚʸʟʜ), ʪʝʤ ʠʥʪʝʥʩʠʚʥʝʡ ʩʚʝʯʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʝʣʘ. ʊʦʛʜʘ ʩʦʚʩʝʤ ʥʝ ʥʫʞʥʦ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ 

ʪʘʢʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ ʧʨʠʚʣʝʢʘʪʴ, ʫʞʝ ʩʪʘʚʰʝʡ ʥʝʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ, ʪʝʨʤʦʷʜʝʨʥʫʶ ʤʦʜʝʣʴ. ɺʩʸ ʛʦʨʘʟʜʦ ʧʨʦʱʝ 

ï ʚʩʝ ʙʝʟ ʠʩʢʣʶʯʝʥʠʷ ʜʚʠʞʫʱʠʝʩʷ ʚ ʢʦʩʤʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʘʩʩʳ ʥʝʧʨʦʠʟʚʦʣʴʥʦ ʫʯʘʩʪʚʫʶʪ ʚ ʵʥʝʨʛʦʧʠʪʘʥʠʠ 

ʮʝʥʪʨʘ ʠ ʥʝ ʥʫʞʥʦ çʧʨʠʥʫʞʜʘʪʴè ʦʜʥʠ ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʠʩʢʘʪʴ ʚ ʥʝʦʙʦʟʨʠʤʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʨʫʛʠʝ ʘʪʦʤʳ ʜʣʷ 

çɻ ʢʩʪʘʟʘ ʩʣʠʷʥʠʷè, ʢʦʪʦʨʦʤʫ ʥʫʞʥʳ ʦʩʦʙʳʝ ʫʩʣʦʚʠʷ, ʧʦʨʦʶ ʥʝʜʦʩʪʠʞʠʤʳʝ ʜʘʞʝ ʚ ʥʝʜʨʘʭ ʟʚʸʟʜ! 

ɽʩʣʠ ʥʘʰʘ ʛʠʧʦʪʝʟʘ ʦʙ ʵʥʝʨʛʦʧʠʪʘʥʠʠ ʉʦʣʥʮʘ ʚʝʨʥʘ, ʪʦ ʚʳʭʦʜʠʪ, ʯʪʦ ʚʩʝ ʟʚʸʟʜʳ ʩʚʝʪʷʪʩʷ ʟʘ ʩʯʸʪ ʜʚʠʞʝ-

ʥʠʷ ʧʣʘʥʝʪ, ʛʘʣʘʢʪʠʢʠ ʩʚʝʪʷʪʩʷ ʟʘ ʩʯʸʪ ʜʚʠʞʝʥʠʷ ʩʚʝʪʷʱʠʭʩʷ (ʠ ʥʝ ʩʚʝʪʷʱʠʭʩʷ) ʟʚʸʟʜ ʠ ʪ.ʜ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘ-

ʝʪʩʷ, ʯʪʦ ʚʩʝ ʩʚʝʪʷʱʠʝʩʷ ʦʙʲʝʢʪʳ ɺʩʝʣʝʥʥʦʡ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʝʙʷ ʵʥʝʨʛʠʝʡ ʚʩʝʛʦ ʣʠʰʴ ʟʘ ʩʯʸʪ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʨʘ-

ʱʝʥʠʷ ʠ ʪʘʢʘʷ ʵʥʝʨʛʠʷ ʤʦʞʝʪ ʙʳʪʴ ʩʢʦʣʴ ʫʛʦʜʥʦ ʚʝʣʠʢʘ.  

ɿʘʧʘʩ ʵʥʝʨʛʠʠ ʚ ʩʦʙʩʪʚʝʥʥʦʤ ʛʨʘʚʠʧʦʣʝ ʣʶʙʦʡ ʩʚʝʪʷʱʝʡʩʷ ʟʚʝʟʜʳ ʥʘʩʪʦʣʴʢʦ ʚʝʣʠʢ, ʯʪʦ ʝʩʣʠ ʧʣʘʥʝʪʳ 

ʥʝʦʞʠʜʘʥʥʦ ʫʧʘʜʫʪ, ʥʘʧʨʠʤʝʨ, ʠʟ-ʟʘ ʢʘʢʦʡ-ʪʦ ʢʘʪʘʩʪʨʦʬʳ, ʪʦ ʵʥʝʨʛʠʷ ʛʨʘʚʠʪʘʮʠʠ ʩʨʘʟʫ ʧʦʛʣʦʪʠʪʩʷ ʟʚʝʟʜʦʡ ʠ ʝʸ 

ʩʚʝʪʠʤʦʩʪʴ ʩʨʘʟʫ ʚʦʟʨʘʩʪʸʪ ʚ ʤʠʣʣʠʦʥʳ ʨʘʟ ï ʯʝʤ ʥʝ ʚʟʨʳʚ ʉʚʝʨʭʥʦʚʦʡ! 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʠʥʪʝʨʝʩʥʳʡ ʚʦʧʨʦʩ: ʘ ʢʫʜʘ ʜʝʚʘʝʪʩʷ ʠʟʣʫʯʝʥʠʝ ʦʪ ʙʝʩʯʠʩʣʝʥʥʳʭ ʩʚʝʪʷʱʠʭʩʷ 

ʛʘʣʘʢʪʠʢ, ʜʣʷʱʝʝʩʷ ʫʞʝ ʤʠʣʣʠʘʨʜʳ ʣʝʪ ï ʚʝʜʴ ʥʦʯʥʦʝ ʥʝʙʦ ʜʦʣʞʥʦ ʦʩʣʝʧʠʪʝʣʴʥʦ ʩʠʷʪʴ, ʘ ʦʥʦ ʙʝʩʧʨʦʩʚʝʪʥʦ ʪʝʤʥʦ 
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(ʧʘʨʘʜʦʢʩ ʆʣʴʙʝʨʩʘ)? ʇʨʦʩʪʦʡ ʦʪʚʝʪ ʠ ʥʘ ʵʪʦʪ ʞʠʚʦʪʨʝʧʝʱʫʱʠʡ ʚʦʧʨʦʩ ʤʦʞʥʦ ʥʘʡʪʠ ʥʘ ʩʪʨʘʥʠʮʘʭ ʚʳʰʝʫʧʦʤʷ-

ʥʫʪʦʡ ʢʥʠʛʠ çɽʜʠʥʘʷ ʦʩʥʦʚʘ ʤʠʨʦʟʜʘʥʠʷè. 

 

 
 

 

ʂʨʘʩʦʯʥʳʝ ʠ ʞʫʪʢʦʚʘʪʳʝ ʢʘʨʪʠʥʳ ʢʦʩʤʠʯʝʩʢʦʛʦ ʢʘʥʥʠʙʘʣʠʟʤʘ (ʧʦʛʣʦʱʝʥʠʷ ʤʝʥʴʰʝʡ ʛʘʣʘʢʪʠʢʠ ʙʦʣʝʝ 

ʤʘʩʩʠʚʥʦʡ) ʥʝʜʚʫʩʤʳʩʣʝʥʥʦ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʤʘʩʩʳ, ʦʪʙʠʨʘʝʤʳʝ ʫ ʤʣʘʜʰʝʛʦ ʧʘʨʪʥʸʨʘ, ʧʝʨʝʤʝʱʘʶʪʩʷ ʢ ʮʝʥ-

ʪʨʫ ʢʘʥʥʠʙʘʣʘ ʧʦ ʩʧʠʨʘʣʴʥʦʡ ʢʨʠʚʦʡ ï ʥʘʣʠʮʦ ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʧʦ ʩʧʠʨʘʣʠ ʦʪ ʧʝʨʠʬʝʨʠʠ ʢ ʮʝʥ-

ʪʨʫ. ʊʦʛʜʘ ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʩʧʠʨʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ ʛʘʣʘʢʪʠʢ ʦʪʥʶʜʴ ʥʝ ʪʦʣʴʢʦ ʨʝʟʫʣʴʪʘʪ ʧʨʦʩʪʦʛʦ ʜʝʡʩʪʚʠʷ ʮʝʥ-

ʪʨʦʙʝʞʥʳʭ ʩʠʣ, ʘ ʥʝʯʪʦ ï ʙʦʣʝʝ ʩʣʦʞʥʦʝ. ʉʦʚʨʝʤʝʥʥʘʷ ʘʩʪʨʦʬʠʟʠʢʘ ʩʯʠʪʘʝʪ, ʯʪʦ ʠʟ ʷʜʨʘ ʥʝʧʨʝʨʳʚʥʦ ʠʩʪʝʢʘʝʪ 

ʚʝʱʝʩʪʚʦ ʠ ʵʪʦ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʚʨʘʱʝʥʠʝʤ ʚʩʝʡ ʛʘʣʘʢʪʠʢʠ ʨʦʞʜʘʝʪ ʠ ʬʦʨʤʠʨʫʝʪ ʩʧʠʨʘʣʴʥʳʝ ʨʫʢʘʚʘ. ʅʦ ʪʘʢʠʝ ʨʫ-

ʢʘʚʘ ʥʠʢʦʛʜʘ ʥʝ ʥʘʯʠʥʘʶʪʩʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʷʜʨʘ, ʘ ʪʦʣʴʢʦ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʜʘʣʝʥʠʠ, ʠʩʯʠʩʣʷʝ-

ʤʦʤ ʥʝʩʢʦʣʴʢʠʤʠ ʢʠʣʦʧʘʨʩʝʢʘʤʠ ʦʪ ʥʝʛʦ (1ʢʧʢ = 3258 ʩʚ. ʣʝʪ). ʊʦʛʜʘ, ʛʜʝ ʞʝ ʥʘʯʘʣʦ ʨʦʞʜʘʶʱʝʛʦʩʷ ʨʫʢʘʚʘ? ɽʩʣʠ 

ʧʨʠʟʥʘʪʴ ʥʘʣʠʯʠʝ ʜʚʠʞʝʥʠʷ ʛʘʣʘʢʪʠʯʝʩʢʠʭ ʤʘʩʩ ʚʜʦʣʴ ʩʧʠʨʘʣʴʥʳʭ ʨʫʢʘʚʦʚ, ʪʦ ʩʨʘʟʫ ʩʪʘʥʦʚʠʪʩʷ ʧʦʥʷʪʥʳʤ, ʧʦ-

ʯʝʤʫ ʣʠʰʴ ʮʝʥʪʨʘʣʴʥʳʝ ʦʙʣʘʩʪʠ ʛʘʣʘʢʪʠʢ ʚʨʘʱʘʶʪʩʷ ʢʘʢ ʪʚʝʨʜʦʝ ʪʝʣʦ, ʘ ʜʘʣʴʰʝ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʫʙʳ-

ʚʘʝʪ ʩ ʨʘʩʩʪʦʷʥʠʝʤ ʦʪ ʮʝʥʪʨʘ. ɼʘʞʝ ʝʩʣʠ ʧʨʠʥʷʪʴ, ʯʪʦ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚʜʦʣʴ ʩʧʠʨʘʣʠ ʨʫʢʘʚʘ ʧʦʩʪʦʷʥʥʳ, ʪʦ 

ʚʩʸ ʨʘʚʥʦ ʫʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʫ ʨʘʟʥʳʭ ʫʯʘʩʪʢʦʚ ʩʧʠʨʘʣʠ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʟʣʠʯʥʳ, ʯʪʦ ʚʧʦʣʥʝ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʥʘʙʣʶʜʝʥʠʷʤ. ʊʘʢʘʷ ʧʦʟʠʮʠʷ ʧʦʟʚʦʣʷʝʪ ʥʝʩʢʦʣʴʢʦ ʧʝʨʝʩʤʦʪʨʝʪʴ ʩʦʚʨʝʤʝʥʥʫʶ ʘʩʪʨʦʬʠʟʠʯʝʩʢʫʶ ʢʘʨʪʠʥʫ 

ʨʘʟʚʠʪʠʷ ʦʙʲʝʢʪʦʚ ɺʩʝʣʝʥʥʦʡ, ʘ, ʤʦʞʝʪ ʙʳʪʴ, ʜʘʞʝ ʚʥʝʩʪʠ ʩʫʱʝʩʪʚʝʥʥʳʝ ʢʦʨʨʝʢʪʠʚʳ.  

 

3. ʇʈʀʅʎʀʇ ʆʊʅʆʉʀʊɽʃʔʅʆʉʊʀ 
ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʧʝʨʚʳʤ, ʢʪʦ ʩʬʦʨʤʫʣʠʨʦʚʘʣ ʧʨʠʥʮʠʧ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ, ʙʳʣ ɻʘʣʠʣʝʦ ɻʘʣʠʣʝʡ, ʥʦ ʤʘʣʦ 

ʢʪʦ ʦʩʚʝʜʦʤʣʸʥ, ʯʪʦ ʟʘʜʦʣʛʦ ʜʦ ʵʪʦʛʦ ʝʛʦ ʧʨʝʜʚʦʩʭʠʪʠʣ ʂʦʧʝʨʥʠʢ ʚ ʧʦʥʠʤʘʥʠʠ ʧʨʠʥʮʠʧʘ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. 

ʆʜʥʘʢʦ ʧʫʙʣʠʢʘʮʠʷ ʛʘʣʠʣʝʝʚʩʢʦʡ ʢʥʠʛʠ çɼʠʘʣʦʛ ʦ ʜʚʫʭ ʩʠʩʪʝʤʘʭ ʤʠʨʘè (1632 ʛ.) ʟʘʢʨʝʧʠʣʘ ʤʠʨʦʚʦʡ ʧʨʠʦʨʠʪʝʪ 

ʠʤʝʥʥʦ ɻʘʣʠʣʝʷ. ʇʨʘʚʜʘ ʩʝʡʯʘʩ, ʵʪʦʪ ʧʨʠʦʨʠʪʝʪ ʧʣʘʚʥʦ çʧʝʨʝʢʦʯʸʚʳʚʘʝʪè ʦʪ ʠʪʘʣʴʷʥʮʘ ɻʘʣʠʣʝʷ ʢ ʛʦʣʣʘʥʜʮʫ ʃʦ-

ʨʝʥʮʫ, ʦʪ ʃʦʨʝʥʮʘ ʢ ʬʨʘʥʮʫʟʫ ʇʫʘʥʢʘʨʝ, ʦʪ ʇʫʘʥʢʘʨʝ ʢ ʥʝʤʝʮʢʦʤʫ ʬʠʟʠʢʫ ʕʡʥʰʪʝʡʥʫé, ʥʦ ʧʝʨʚʳʤ, ʢʪʦ ʧʦʥʷʣ 

ʵʪʦʪ ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʚʘʞʥʳʭ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʭ ʧʨʠʥʮʠʧʦʚ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʇʨʠʨʦʜʳ, ʚʩʸ ʨʘʚʥʦ ʙʳʣ ʠ ʦʩʪʘʸʪʩʷ 

ʅʠʢʦʣʘʡ ʂʦʧʝʨʥʠʢ, ʟʘʥʠʤʘʚʰʠʡʩʷ ʥʘʙʣʶʜʘʪʝʣʴʥʦʡ ʥʘʫʢʦʡ. 

ʅʦ ɻʘʣʠʣʝʡ ʙʳʣ ʧʝʨʚʳʤ, ʢʪʦ ʧʝʨʝʰʸʣ ʦʪ ʥʘʙʣʶʜʝʥʠʡ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʤ ï ʧʨʦʚʦʜʷ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʥʘʫʯʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ (ʧʦʚʝʜʝʥʠʝ ʤʘʷʪʥʠʢʘ, ʩʚʦʙʦʜʥʦʝ ʧʘʜʝʥʠʝ ʯʫʛʫʥʥʳʭ ʷʜʝʨ ʩ ʇʠʟʘʥʩʢʦʡ ʙʘʰʥʠ ʠ ʜʨ.), ʦʥ ʚʧʣʦʪʥʫʶ 

ʧʦʜʦʰʝʣ ʢ ʠʟʫʯʝʥʠʶ ʟʘʢʦʥʦʚ ʜʚʠʞʝʥʠʷ. ɸ, ʠʟʫʯʘʷ ʟʚʸʟʜʥʦʝ ʥʝʙʦ ʯʝʨʝʟ ʪʝʣʝʩʢʦʧ, ʫʙʝʜʠʣʩʷ ʚ ʧʨʘʚʦʪʝ ʂʦʧʝʨʥʠʢʘ ʠ 

ʩʪʘʣ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʘʢʪʠʚʥʳʭ ʠ ʘʚʪʦʨʠʪʝʪʥʳʭ ʩʪʦʨʦʥʥʠʢʦʚ ʝʛʦ ʛʝʣʠʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʦʙʨʝʪʘʷ ʙʣʘʛʦʜʘʨ-

ʥʦʩʪʴ ʠ ʫʚʘʞʝʥʠʝ ʧʦʪʦʤʢʦʚ, ʠ ʘʢʪʠʚʥʫʶ ʚʨʘʞʜʝʙʥʦʩʪʴ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʩʦʚʨʝʤʝʥʥʠʢʦʚ. 

ʈʘʟʚʠʚʘʷ çʨʦʙʢʦʝè ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʂʦʧʝʨʥʠʢʘ ʦʙ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʜʚʠʞʝʥʠʷ, ɻʘʣʠʣʝʡ ʨʘʩʩʫʞʜʘʣ, ʯʪʦ 

ʥʝʣʴʟʷ ʛʦʚʦʨʠʪʴ ʦ ʜʚʠʞʝʥʠʠ, ʥʝ ʫʪʦʯʥʠʚ, ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʘʢʦʤʫ çʪʝʣʫ ʦʪʩʯʝʪʘè ʦʥʦ ʧʨʦʠʩʭʦʜʠʪ, ʧʦʵʪʦʤʫ, çʥʘʭʦ-

ʜʷʩʴ ʚ ʟʘʢʨʳʪʦʤ ʧʦʤʝʱʝʥʠʠ ʧʦʜ ʧʘʣʫʙʦʡ ʢʦʨʘʙʣʷ, ʥʝʣʴʟʷ ʥʠʢʘʢʠʤʠ ʦʧʳʪʘʤʠ ʫʩʪʘʥʦʚʠʪʴ, ʧʦʢʦʠʪʩʷ ʣʠ ʵʪʘ ʢʘ-

ʙʠʥʘ ʠʣʠ ʞʝ ʜʚʠʞʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦ ʠ ʧʨʷʤʦʣʠʥʝʡʥʦè.  

ʂ ʢʦʥʮʫ XIX ʚʝʢʘ ʪʨʫʜʘʤʠ ʚʳʜʘʶʱʠʭʩʷ ʤʳʩʣʠʪʝʣʝʡ ʩʚʦʝʛʦ ʚʨʝʤʝʥʠ ʙʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ, ʢʘʟʘʣʦʩʴ ʙʳ, 

ʩʪʨʦʡʥʘʷ ʥʘʫʯʥʘʷ ʢʘʨʪʠʥʘ ʤʠʨʦʟʜʘʥʠʷ: ʨʦʜʠʣʘʩʴ ʢʣʘʩʩʠʯʝʩʢʘʷ ʤʝʭʘʥʠʢʘ ʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥ ʟʘʢʦʥ ɺʩʝʤʠʨʥʦʛʦ ʪʷ-

ʛʦʪʝʥʠʷ, ʙʳʣʠ ʩʦʟʜʘʥʳ ʪʝʦʨʠʠ ʚʩʝʭ ʪʨʸʭ ʠʟʚʝʩʪʥʳʭ ʩʦʩʪʦʷʥʠʡ ʤʘʪʝʨʠʠ, ʘ ʠʤʝʥʥʦ ʪʝʦʨʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʪʝʦʨʠʷ 

ʞʠʜʢʦʩʪʠ ʠ ʪʝʦʨʠʷ ʛʘʟʘ ʠ ʪ.ʧ. ʊʦʛʜʘ ʚʧʦʣʥʝ ʦʬʠʮʠʘʣʴʥʦ, ʜʘʞʝ ʩʨʝʜʠ ʚʝʜʫʱʠʭ ʫʯʸʥʳʭ, ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʧʦʟʥʘʥʠʝ 

ʥʘʰʝʛʦ ʤʠʨʘ ʟʘʚʝʨʰʝʥʦ. ʆʩʪʘʸʪʩʷ ʧʦʟʥʘʪʴ ʥʝʢʦʪʦʨʳʝ ʯʘʩʪʥʦʩʪʠ, ʫʪʦʯʥʠʪʴ ʥʝʢʦʪʦʨʳʝ ʧʨʠʨʦʜʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, 

ʯʪʦʙʳ ʦʙʲʷʚʠʪʴ ʦʙ ʵʪʦʤ ʚʩʝʥʘʨʦʜʥʦ. ʆʜʥʘʢʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʦʚʦʤʦʜʥʦʛʦ (ʢ ʪʦʤʫ ʚʨʝʤʝʥʠ) ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʥʝ ʚʧʠ-
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ʩʳʚʘʶʱʝʛʦʩʷ ʚ ʫʞʝ ʩʦʟʜʘʥʥʳʝ ʪʝʦʨʠʠ, ʧʨʠʚʝʣʠ ʢ ʩʦʟʜʘʥʠʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʪʝʦʨʠʠ ʄʘʢʩʚʝʣʣʘ (1865 ʛ.), ʧʦʢʘ-

ʟʘʚʰʝʡ ʚʝʨʦʷʪʥʦʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʦʚʦʡ ʬʦʨʤʳ ʤʘʪʝʨʠʠ ï ʇʦʣʷ, ʢʦʪʦʨʦʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 

ɻ. ɻʝʨʮʝʤ (1888 ʛ.). ɺ ʪʦ ʚʨʝʤʷ ʚʥʘʯʘʣʝ ʩʯʠʪʘʣʦʩʴ, ʝʩʣʠ ʧʦʣʝ ʨʝʘʣʴʥʦ, ʪʦ ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʦʥʦ ʜʦʣʞʥʦ ʪʦʞʝ ʚ 

ʨʝʘʣʴʥʦʡ ʩʨʝʜʝ. 

ɿʘʪʝʤ ʥʝʦʞʠʜʘʥʥʦʝ ʦʪʢʨʳʪʠʝ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʠ ʩʨʘʟʫ ʧʦʩʪʘʚʠʣʦ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ ʪʫʧʠʢ, ʧʦʩʢʦʣʴʢʫ 

ʥʘʢʦʧʣʝʥʥʳʡ ʥʘʫʯʥʳʡ ʙʘʟʠʩ ʦʢʘʟʘʣʩʷ ʥʝ ʧʨʠʩʧʦʩʦʙʣʝʥ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʥʦʚʳʭ ʷʚʣʝʥʠʡ. ɼʝʣʦ ʜʦʰʣʦ ʜʦ ʪʦʛʦ, ʯʪʦ 

ʤʥʦʛʠʝ ʠʟ ʪʝʭ, ʢʪʦ ʛʦʚʦʨʠʣ ʦ ʟʘʢʦʥʯʝʥʥʦʡ ʢʘʨʪʠʥʝ ʤʠʨʘ, ʩʪʘʣʠ ʫʪʚʝʨʞʜʘʪʴ ʦ ʥʝʧʦʟʥʘʚʘʝʤʦʩʪʠ ʇʨʠʨʦʜʳ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʘʟʠʣʩʷ ʢʨʠʟʠʩ, ʥʝʠʟʙʝʞʥʦ ʧʨʠʚʝʜʰʠʡ ʢ ʧʦʷʚʣʝʥʠʶ ʚ 1905 ʛ. ʥʦʚʦʡ ʪʝʦʨʠʠ ï ʊʝʦʨʠʠ 

ʆʪʥʦʩʠʪʝʣʴʥʦʩʪʠ (ʊʆ) ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʘ ʝʸ ʦʩʥʦʚʝ ʥʝʦʙʳʯʥʦʛʦ ʨʝʣʷʪʠʚʠʩʪʩʢʦʛʦ ʤʠʨʦʚʦʟʟʨʝʥʠʷ, ʩʧʦʩʦʙʥʦʛʦ, 

ʢʘʢ ʪʦʛʜʘ ʩʯʠʪʘʣʦʩʴ, ʚʳʚʝʩʪʠ ʬʠʟʠʢʫ ʠʟ ʢʨʠʟʠʩʘ. 

ʇʨʠ ʵʪʦʤ ʤʥʦʛʠʤ ʙʳʣʦ ʷʩʥʦ, ʯʪʦ ʚʠʜʠʤʳʝ ʧʫʪʠ ʚʳʭʦʜʘ ʙʫʜʫʪ ʧʨʦʩʪʳ ʠ ʣʦʛʠʯʥʳ, ʢ ʪʦʤʫ ʞʝ, ʝʱʸ ʨʘʥʴʰʝ, 

ʩʥʘʯʘʣʘ ʚ ʪʨʫʜʘʭ ʨʫʩʩʢʦʛʦ ʫʯʸʥʦʛʦ ʅ.ɸ. ʋʤʦʚʘ [6] ʚʧʝʨʚʳʝ ʧʦʷʚʠʣʘʩʴ ʟʥʘʤʝʥʠʪʘʷ ʬʦʨʤʫʣʘ E = mc2 (1873 ʛ.), ʧʦʪʦʤ 

ʠ ʫ ʘʥʛʣʠʯʘʥʠʥʘ ʆ. ʍʝʚʠʩʘʡʜʘ ʚ 1892 ʛ. ʧʦʷʚʠʣʘʩʴ ʪʘʢʘʷ ʞʝ ʬʦʨʤʫʣʘ [7]. 

 

 
 

ʎʠʪʘʪʘ ʠʟ ʨʘʙʦʪʳ ʧʨʦʬ. ʅ. ʋʤʦʚʘ [6]: çéʕʪʘ ʵʥʝʨʛʠʷ ʷʚʣʷʝʪʩʷ ʵʢʚʠʚʘ-

ʣʝʥʪʥʦʡ ʤʘʩʩʝ, ʢʘʢ ʪʝʧʣʦʪʘ ʠ ʤʝʭʘʥʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ, ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʵʢ-

ʚʠʚʘʣʝʥʪʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʚʘʜʨʘʪʦʤ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘè, 1873.  

 

ʊʫʪ ʞʝ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɼʞ. ʌʠʪʮʜʞʝʨʘʣʴʜʘ (1873 ʛ.) ï ʍʝʥʜʨʠʢʘ ʃʦʨʝʥʮʘ (1892 

ʛ.) ʩ ʠʭ ʟʥʘʤʝʥʠʪʳʤ ʩʢʦʨʦʩʪʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ v2/c2, ʘ ʚ 1898 ʛ. ʇʫʘʥʢʘʨʝ ʥʘʧʠʩʘʣ ʢʦʤʧʣʝʢʩ ʨʘʙʦʪ, ʛʜʝ ʥʝʧʨʦʪʠ-

ʚʦʨʝʯʠʚʦ ʠʟʣʘʛʘʣʠʩʴ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ ʜʣʷ ʪʝʣ ʦʪ ʠʟʤʝʥʝʥʠʷ ʠʭ ʩʢʦʨʦʩʪʠ (ʠʟʤʝʥʝʥʠʝ ʜʣʠʥʳ, ʤʘʩʩʳ, 

ʚʨʝʤʝʥʠ). ʇʨʠʯʸʤ ʇʫʘʥʢʘʨʝ ʪʘʢʠʝ ʠʟʤʝʥʝʥʠʷ ʩʯʠʪʘʣ ʚʧʦʣʥʝ ʨʝʘʣʴʥʳʤʠ ʠ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʨʝʘʣʴ-

ʥʦʡ ʩʨʝʜʦʡ ï ɻʬʠʨʦʤ. ʊʘʢ ʬʘʢʪʠʯʝʩʢʠ ʨʦʜʠʣʘʩʴ ʊʝʦʨʠʷ ʆʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʚ ʝʸ ʥʳʥʝʰʥʝʤ ʚʠʜʝ, ʥʦ ʠʤʝʥʥʦ ʪʝʦʨʠʷ, 

ʘ ʥʝ ʝʸ ʪʨʘʢʪʦʚʢʘ! 

ʅʘʯʘʣʠʩʴ ʧʦʧʳʪʢʠ ʦʙʲʷʩʥʠʪʴ ʧʨʝʜʩʢʘʟʘʥʥʳʝ ʵʬʬʝʢʪʳ ʊʆ, ʩʚʷʟʘʚ ʠʭ ʩ ʨʝʘʣʴʥʳʤ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʵʬʠʨʘ 

ï ʥʘʯʘʣʘ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ɼʠʥʘʤʠʯʝʩʢʘʷ ʊʝʦʨʠʷ ʆʪʥʦʩʠʪʝʣʴʥʦʩʪʠ (ɼ.ʊ.ʆ). ɺ 1887 ʛ. ʙʳʣ ʧʦʩʪʘʚʣʝʥ ʟʥʘʤʝʥʠʪʳʡ 

ʩʝʡʯʘʩ ʵʢʩʧʝʨʠʤʝʥʪ ʄʘʡʢʝʣʴʩʦʥʘ-ʄʦʨʣʠ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʦʙʥʘʨʫʞʝʥʠʝ ʫʚʣʝʯʝʥʠʷ ʪʝʣʦʤ ʵʬʠʨʘ, ʥʦ ʦʥʠ ʪʘʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝ ʦʙʥʘʨʫʞʠʣʠ. ʄʥʦʛʠʝ ʩʜʝʣʘʣʠ ʚʳʚʦʜ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʩʚʝʪʦʥʦʩʥʦʡ ʩʨʝʜʳ. ʀʩʩʣʝʜʦʚʘʪʝʣʝʡ ʵʪʦʪ 

ʬʘʢʪ ʧʦʩʪʘʚʠʣ ʚ ʪʫʧʠʢ, ʦʥʠ ʥʠʢʘʢ ʥʝ ʤʦʛʣʠ ʩʦʛʣʘʩʠʪʴʩʷ, ʯʪʦ ʩʚʝʪ ʩʧʦʩʦʙʝʥ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʯʝʨʝʟ ʘʙʩʦʣʶʪʥʫʶ 

ʧʫʩʪʦʪʫ. ʅʦ ʦʥʠ ʫʧʫʩʪʠʣʠ ʠʟ ʚʠʜʫ ʪʦ, ʯʪʦ ʝʩʣʠ ʙʳ ʵʬʠʨ ʫʚʣʝʢʘʣʩʷ ʙʳ ʜʚʠʞʫʱʠʤʠʩʷ ʪʝʣʘʤʠ, ʪʦ ʧʨʠ ʣʶʙʦʤ ʜʚʠ-

ʞʝʥʠʠ ʚ ʦʪʢʨʳʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʪʘʢʦʡ ʵʬʠʨ ʦʢʘʟʳʚʘʣ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʝʨʝʤʝʱʝʥʠʶ, ʥʦ ʪʘʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʠ 

ʚ ʦʜʥʦʤ ʠʟ ʦʧʳʪʦʚ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ. ʇʦʵʪʦʤʫ ʵʢʩʧʝʨʠʤʝʥʪ ʄʘʡʢʝʣʴʩʦʥʘ-ʄʦʨʣʠ ʠʟʥʘʯʘʣʴʥʦ ʙʳʣ ʣʠʰʝʥ 

ʩʤʳʩʣʘ, ʧʦʩʢʦʣʴʢʫ ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨʳ ʦʰʠʙʦʯʥʦ ʧʳʪʘʣʠʩʴ ʧʨʝʜʩʪʘʚʠʪʴ ʩʝʙʝ ʵʬʠʨ ʚ ʚʠʜʝ ʨʝʘʣʴʥʦʛʦ ʛʘʟʘ (ʠ ʚ ʥʘʰʠ 

ʜʥʠ ʜʝʣʘʶʪʩʷ ʪʘʢʠʝ ʞʝ ʧʦʧʳʪʢʠ ï ʦʯʝʥʴ ʫʜʦʙʥʳʡ ʩʧʦʩʦʙ ʥʝʟʘʤʝʪʥʦ ʫʚʝʩʪʠ ʦʪ ʧʦʠʩʢʘ ʧʨʘʚʠʣʴʥʦʛʦ ʧʫʪʠ ʧʦʥʠ-

ʤʘʥʠʷ!). 

ʅʦ ʵʪʦʡ ʱʝʢʦʪʣʠʚʦʡ ʩʠʪʫʘʮʠʝʡ ʥʝ ʟʘʤʝʜʣʠʣʠ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʦʪʠʚʥʠʢʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʠ 

ʧʨʝʜʣʦʞʠʣʠ ʜʨʫʛʫʶ ʪʨʘʢʪʦʚʢʫ ʊʆ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʩʚʝʪʦʥʦʩʥʘʷ ʩʨʝʜʘ ʜʦʣʞʥʘ ʙʳʪʴ ʟʘʧʨʝʱʝʥʘ, ʧʦʩʢʦʣʴʢʫ ʚ 

çʧʨʘʚʠʣʴʥʦʡè ʪʝʦʨʠʠ ʝʸ ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ ï ʝʸ ʥʫʞʥʦ ʧʨʦʩʪʦ ʦʪʤʝʥʠʪʴ! ʊʘʢ ʨʦʜʠʣʘʩʴ ʩʦʚʨʝʤʝʥʥʘʷ (ʢʠʥʝʤʘʪʠʯʝ-

ʩʢʘʷ) ʪʨʘʢʪʦʚʢʘ ʊʆ ʚ ʝʸ 2-ʭ ʠʧʦʩʪʘʩʷʭ ï ʆʙʱʘʷ ʠ ʉʧʝʮʠʘʣʴʥʘʷ.  

ʅʦ ʠʟ ʵʪʦʛʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʠʯʝʛʦ ʥʝ ʧʦʣʫʯʠʣʦʩʴ: ʪʘʢʘʷ ʥʘʫʢʘ ʥʝ ʩʤʦʛʣʘ ʨʝʰʠʪʴ ʜʘʞʝ ʵʣʝʤʝʥʪʘʨʥʫʶ ʧʨʦ-

ʙʣʝʤʫ ʤʝʭʘʥʠʢʠ ʛʨʘʚʠʪʘʮʠʠ. ʉʧʝʮʠʘʣʠʩʪʳ ʚ ʦʙʣʘʩʪʠ ʩʦʚʨʝʤʝʥʥʦʡ ʊʆ, ʩʯʠʪʘʷ ʝʸ ʚʧʦʣʥʝ ʨʝʘʣʴʥʦʡ, ʥʠʢʘʢ ʥʝ ʤʦʛʫʪ 

ʧʨʠʚʷʟʘʪʴ ʝʸ ʢ ʥʘʰʝʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ. ɸ ʩʚʦʶ ʥʝʢʦʤʧʝʪʝʥʪʥʦʩʪʴ ʦʥʠ ʧʳʪʘʶʪʩʷ ʩʢʨʳʪʴ ʚ ʪʫʤʘʥʥʳʭ ʜʝʙʨʷʭ 

ʩʣʦʞʥʝʡʰʝʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. ɸ ʚʝʜʴ ʇʨʠʨʦʜʘ çʟʥʘʝʪè ʪʦʣʴʢʦ ʣʠʰʴ ʜʚʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʜʝʡʩʪʚʠʷ: ʫʚʝ-

ʣʠʯʠʪʴ-ʧʨʠʙʘʚʠʪʴ (ʩʣʦʞʠʪʴ) ʠ ʫʤʝʥʴʰʠʪʴ-ʦʪʥʷʪʴ (ʚʳʯʝʩʪʴ). ʆʩʪʘʣʴʥʘʷ ʤʘʪʝʤʘʪʠʢʘ ïʪʦʣʴʢʦ ʣʠʰʴ ʢʦʤʙʠʥʘʮʠʠ 
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ʵʪʠʭ ʜʚʫʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʨʠʨʦʜʥʳʭ ʜʝʡʩʪʚʠʡ. ʀ ʫʪʚʝʨʞʜʝʥʠʝ, ʯʪʦ ʇʨʠʨʦʜʘ ʧʦʜʯʠʥʷʝʪʩʷ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʤʘʪʝʤʘ-

ʪʠʯʝʩʢʠʤ ʟʘʢʦʥʘʤ, ʤʷʛʢʦ ʛʦʚʦʨʷ ï ʥʘʠʚʥʦ. ʅʠʢʦʤʫ ʦʥʘ ʥʝ ʧʦʜʯʠʥʷʝʪʩʷ! ʇʨʦʩʪʦ ʤʘʪʝʤʘʪʠʢʘ ï ʫʜʦʙʥʳʡ ʠʥʩʪʨʫʤʝʥʪ 

ʜʣʷ ʠʟʫʯʝʥʠʷ ʝʸ ʩʚʦʡʩʪʚ ʠ ʪʦʣʴʢʦ. 

ɼʘ ʠ ʥʘʰʝ ʥʳʥʝʰʥʝʝ ʚʦʩʧʨʠʷʪʠʝ ʨʝʣʷʪʠʚʠʟʤʘ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʪʦʣʴʢʦ ʚ ʦʙʣʘʩʪʴ ʦʯʝʥʴ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ, 

ʢʘʢ ʥʝʯʪʦ, ʣʠʰʝʥʥʦʝ ʵʣʝʤʝʥʪʘʨʥʦʡ ʣʦʛʠʢʠ ʠ ʩʦʚʩʝʤ ʥʝ ʦʪʥʦʩʷʱʝʝʩʷ ʢ ʥʘʰʝʡ ʨʝʘʣʴʥʦʡ ʞʠʟʥʠ. ʀ ʚʦʪ ʫʞʝ ʙʦʣʝʝ 

ʚʝʢʘ ʪʘʢʘʷ ʬʠʟʠʢʘ ʪʦʣʴʢʦ ʪʝʤ ʠ ʟʘʥʷʪʘ, ʯʪʦ ʧʳʞʠʪʩʷ, ʥʝʧʨʝʨʳʚʥʦ ʧʳʪʘʷʩʴ ʜʦʢʘʟʘʪʴ ʨʝʘʣʴʥʦʩʪʴ ʩʚʦʠʭ ʥʝʜʦʢʘʟʫʝ-

ʤʳʭ ʜʦʛʤ! ʈʝʟʫʣʴʪʘʪ: ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʥʘʫʢʘ ʦʩʪʘʥʦʚʠʣʘʩʴ ʚ ʩʚʦʸʤ ʨʘʟʚʠʪʠʠ ʠ ʫʞʝ ʙʦʣʝʝ ʯʝʤ 100 ʣʝʪ ʪʦʧʯʝʪʩʷ 

ʥʘ ʤʝʩʪʝ ï ʥʘʣʠʮʦ ʝʱʸ ʙʦʣʝʝ ʛʣʫʙʦʢʠʡ ʢʨʠʟʠʩ!  

ʉʪʦʨʦʥʥʠʢʠ ʪʘʢʦʡ ʥʘʫʢʠ, ʭʦʪʷ ʠ ʥʝ ʠʤʝʣʠ ʥʘʜʸʞʥʦʛʦ ʙʘʟʠʩʘ, ʥʦ, ʧʳʪʘʷʩʴ ʩʦʭʨʘʥʠʪʴ ʩʚʦʠ ʰʘʪʢʠʝ ʧʦʟʠʮʠʠ, 

ʦʯʝʥʴ ʞʝʩʪʢʦ, ʠʥʢʚʠʟʠʪʦʨʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʚʦʟʜʝʡʩʪʚʦʚʘʣʠ ʥʘ ʥʝʩʦʛʣʘʩʥʳʭ ï ʫʚʦʣʴʥʝʥʠʷʤʠ, ʪʨʘʚʣʝʡ ʚ ʧʨʝʩʩʝ, 

ʜʘʞʝ ʠʥʦʛʜʘ ʬʠʟʠʯʝʩʢʦʡ ʨʘʩʧʨʘʚʦʡ. ɹʣʘʛʦʜʘʨʷ ʤʦʱʥʦʡ ʧʦʜʜʝʨʞʢʝ ʩʨʝʜʩʪʚʘʤʠ ʤʘʩʩʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʙʳʣʠ ʠʟ-

ʜʘʥʳ ʩʦʪʥʠ ʢʥʠʛ ʤʠʣʣʠʦʥʥʳʤʠ ʪʠʨʘʞʘʤʠ ʠ ʥʘʧʝʯʘʪʘʥʳ ʪʳʩʷʯʠ ʩʪʘʪʝʡ ʚ ʛʘʟʝʪʘʭ ʠ ʞʫʨʥʘʣʘʭ) ʵʪʫ ʪʝʦʨʠʶ ʙʫʢ-

ʚʘʣʴʥʦ ʧʨʠʥʫʜʠʪʝʣʴʥʦ ʧʨʠʥʷʣʠ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʩʦʚʨʝʤʝʥʥʦʡ ʈʝʣʷʪʠʚʠʩʪʩʢʦʡ ʌʠ-

ʟʠʢʠ. ʀ ʜʣʷ ʥʘʰʝʡ ʮʠʚʠʣʠʟʘʮʠʠ ʵʪʦ ʠʤʝʣʦ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ (ʩʤ. ʥʠʞʝ) ʧʦ ʤʘʩʰʪʘʙʫ ʩʨʘʚʥʠʤʳʝ, 

ʥʘʧʨʠʤʝʨ, ʩ ʪʝʤ, ʢʘʢ ʝʩʣʠ ʙʳ ʤʳ ʜʦ ʩʠʭ ʧʦʨ çʧʨʦʜʦʣʞʘʣʠ ʟʥʘʪʴè, ʯʪʦ ʉʦʣʥʮʝ ʚʨʘʱʘʝʪʩʷ ʚʦʢʨʫʛ ʧʣʦʩʢʦʡ ɿʝʤʣʠ! 

ɺʩʷ ʢʣʘʩʩʠʯʝʩʢʘʷ ʬʠʟʠʢʘ ʩʦ ʚʨʝʤʸʥ ʅʴʶʪʦʥʘ ʩʪʨʦʠʣʘʩʴ ʢʘʢ ʄʝʭʘʥʠʢʘ, ʪ. ʝ. ʢʘʢ ʥʘʫʢʘ, ʠʟʫʯʘʶʱʘʷ ʜʚʠʞʝ-

ʥʠʝ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʝʣ. ʅʦ, ʢ ʩʦʞʘʣʝʥʠʶ, ʚʩʝ ʧʦʩʣʝʜʦʚʘʪʝʣʠ ʅʴʶʪʦʥʘ, ʜʘ ʠ ʩʦʚʨʝʤʝʥʥʦʡ ʨʝʣʷ-

ʪʠʚʠʩʪʩʢʦʡ ʬʠʟʠʢʠ, ʪʘʢ ʠ ʥʝ ʜʘʣʠ ʥʘʤ ʦʜʥʦʟʥʘʯʥʦ ʧʦʥʷʪʴ, ʯʪʦ ʦʢʨʫʞʘʶʱʠʡ ʥʘʩ ʤʠʨ ï ɻ ʪʦ ʤʠʨ ʇʨʦʮʝʩʩʦʚ, ʤʠʨ, 

ʥʝʧʨʝʨʳʚʥʦ ʨʝʘʣʠʟʫʶʱʠʡ ɼʚʠʞʝʥʠʝ. ʉʦʚʨʝʤʝʥʥʘʷ ʬʠʟʠʢʘ ʪʨʘʢʪʫʝʪ ʥʘʰ ʤʠʨ, ʚ ʦʩʥʦʚʥʦʤ, ʢʘʢ ʤʠʨ ʉʣʫʯʘʡʥʦʩʪʝʡ 

ʠ ʉʪʘʪʠʢʠ, ʠʛʥʦʨʠʨʫʷ ʩʣʘʚʥʦʝ ʥʘʩʣʝʜʠʝ ʬʠʟʠʢʠ ʢʣʘʩʩʠʯʝʩʢʦʡ, ʢʦʪʦʨʘʷ ʩʦʟʜʘʚʘʣʘʩʴ ʢʘʢ ʜʠʥʘʤʠʢʘ, ʪ. ʝ. ʦʧʠʩʳʚʘʶ-

ʱʘʷ ʇʨʦʮʝʩʩʳ. ʅʦ ʦʙ ʵʪʦʤ ʟʘʙʳʣʠ. ʇʦʨʘ ʥʘʫʯʠʪʴʩʷ ʩʪʘʚʠʪʴ ʇʨʠʨʦʜʝ ʧʨʘʚʠʣʴʥʳʝ ʚʦʧʨʦʩʳ ï ʪʦʛʜʘ ʠ ʙʫʜʝʤ ʧʦʣʫ-

ʯʘʪʴ ʧʨʘʚʠʣʴʥʳʝ ʦʪʚʝʪʳ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʨʝʘʣʴʥʳʝ ʧʨʠʨʦʜʥʳʝ ʷʚʣʝʥʠʷ ʙʫʜʫʪ ʧʨʦʜʦʣʞʘʪʴ ʪʨʘʢʪʦʚʘʪʴʩʷ ʢʘʢ 

ʢʘʞʫʱʠʝʩʷ: ʢʘʢ ʙʫʜʪʦ ʇʨʠʨʦʜʘ, ʘ ʥʝ çʙʣʠʟʦʨʫʢʠʡè ʯʝʣʦʚʝʢ ʩʪʨʘʜʘʝʪ ʛʘʣʣʶʮʠʥʘʮʠʷʤʠ ï ɻʪʦ ʩʣʝʜʫʝʪ ʠʟ ʢʠʥʝʤʘʪʠ-

ʯʝʩʢʦʡ ʪʨʘʢʪʦʚʢʠ ʊʆ. ʅʦ ʚʝʜʴ ʚʩʸ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʇʨʠʨʦʜʝ, ï ʨʝʘʣʴʥʦ ʠ ʦʙ ʵʪʦʤ ʥʘʤ ʧʦʜʩʢʘʟʳʚʘʝʪ ɼ.ʊ.ʆ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʩʦʙʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ ʨʝʘʣʴʥʳʝ ʵʬʬʝʢʪʳ ʊʆ ʩʚʷʟʘʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʢʦ-

ʨʦʩʪʠ ʪʝʣ (ʜʠʥʘʤʠʢʘ ʧʨʦʮʝʩʩʘ), ʘ ʥʝ ʩ ʫʞʝ ʠʟʤʝʥʸʥʥʦʡ (ʧʦʩʪʦʷʥʥʦʡ) ʩʢʦʨʦʩʪʴʶ (ʢʠʥʝʤʘʪʠʢʘ: ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʜʚʠ-

ʞʝʥʠʝ ʝʱʸ ʝʩʪʴ, ʧʨʦʮʝʩʩʘ ʫʞʝ ʥʝʪ). ʀ ʚ ʵʪʦʤ ʟʘʢʣʶʯʘʝʪʩʷ ʧʝʨʚʘʷ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʦʰʠʙʢʘ, ʧʦʩʢʦʣʴʢʫ ʚʩʝ ʵʬ-

ʬʝʢʪʳ ʊʆ ʚʦʟʥʠʢʘʶʪ ʚ ʤʦʤʝʥʪʳ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ, ʪ.ʝ. ʚ ʧʨʦʮʝʩʩʝ ʫʩʢʦʨʝʥʠʷ, ʥʘʧʨ., ʦʰʠʙʢʘ ʚ ʦʙʲʷʩʥʝʥʠʠ çʧʘ-

ʨʘʜʦʢʩʘ ʙʣʠʟʥʝʮʦʚè.  

ɸ ʢʦʛʜʘ ʪʨʝʙʫʝʤʘʷ ʩʢʦʨʦʩʪʴ ʫʞʝ ʜʦʩʪʠʛʥʫʪʘ ï ʚʩʸ ʟʘʢʦʥʯʠʣʦʩʴ ʠ ʚʩʝ ʠʟʤʝʥʝʥʠʷ ʫʞʝ ʧʨʦʠʟʦʰʣʠ. ɺ ʵʪʦʤ 

ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʩʦʚʨʝʤʝʥʥʦʡ (ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ) ʪʨʘʢʪʦʚʢʦʡ ʊʆ ʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʦʨʠʝʡ, ʩʬʦʨ-

ʤʫʣʠʨʦʚʘʥʥʦʡ ʙʦʣʝʝ 100 ʣʝʪ ʥʘʟʘʜ, ʠʟ ʢʦʪʦʨʦʡ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʜʦʣʞʥʘ ʙʳʣʘ ʨʦʜʠʪʴʩʷ ʬʠʟʠʢʘ ʇʨʦʮʝʩʩʦʚ, 

ʘ ʙʳʣʘ ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʦʟʜʘʥʘ ʬʠʟʠʢʘ ʉʪʘʪʠʢʠ, ʬʠʟʠʢʘ ʘʙʩʪʨʘʢʮʠʡ ʠ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʝʡ. 

ɺʪʦʨʘʷ, ʝʱʸ ʙʦʣʝʝ ʛʨʫʙʘʷ ʦʰʠʙʢʘ ï ʚ çʦʪʤʝʥʝè (ʟʘʧʨʝʪʝ) ʩʚʝʪʦʥʦʩʥʦʛʦ ʵʬʠʨʘ (ʚʘʢʫʫʤʘ) ʧʦʚʣʝʢʰʘʷ ʟʘ 

ʩʦʙʦʡ ʦʩʪʘʣʴʥʳʝ: ʟʘʧʨʝʪ ʥʘ ʩʢʦʨʦʩʪʠ, ʧʨʝʚʳʰʘʶʱʠʝ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ, ʟʘʧʨʝʪ ʥʘ ʧʨʦʩʪʦʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʩʣʦʞʝʥʠʝ 

ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʝʡ ʚ ʚʠʜʝ çʣʫʢʘʚʦʛʦè ʨʝʣʷʪʠʚʠʩʪʩʢʦʛʦ ʩʣʦʞʝʥʠʷ ʩʢʦʨʦʩʪʝʡ; ʘʙʩʪʨʘʢʪʥʦʝ (ʥʝʧʦʥʷʪʥʦʝ ʠ ʘʚʪʦʨʘʤ) 

ʨʝʣʷʪʠʚʠʩʪʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʤʘʩʩʳ, ʜʣʠʥʳ, ʚʨʝʤʝʥʠ ʠ ʪ.ʧ., ʧʨʠʯʸʤ ʚʩʝ ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʦʙʲʷʚʣʷʣʠʩʴ ʢʘʞʫʱʠʤʠʩʷ. ɸ 

ʚʝʜʴ ʝʩʣʠ ʧʨʠʟʥʘʪʴ ʚʘʢʫʫʤ (ʵʬʠʨ) ʨʝʘʣʴʥʳʤ, ʪʦ ʚʩʝ ʵʪʠ ʥʝʩʫʨʘʟʥʦʩʪʠ ʩʨʘʟʫ ʩʪʘʥʫʪ ʧʨʝʦʜʦʣʠʤʳ.  

ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʪʘʢ ʦʙʲʷʩʥʠʪʴ ʟʘʛʘʜʦʯʥʦʝ ʨʝʣʷʪʠʚʠʩʪʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʤʘʩʩʳ. ɽʩʣʠ ʤʘʩʩʫ ʪʝʣʘ ʨʘʩʩʤʘʪ-

ʨʠʚʘʪʴ ʢʘʢ ʩʦʩʪʦʷʱʫʶ ʠʟ ʜʚʫʭ ʨʘʚʥʦʧʨʘʚʥʳʭ ʯʘʩʪʝʡ ï ʚʝʱʝʩʪʚʦ ʠ ʧʦʣʝ, ʧʨʠʯʸʤ ʩʚʦʝʡ ʧʦʣʝʚʦʡ ʯʘʩʪʴʶ ʪʝʣʘ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʫʶʪ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ (ʚ ʧʨʦʮʝʩʩʝ ʫʩʢʦʨʝʥʠʷ) ʧʨʦʠʩʭʦʜʠʪ ʧʨʝ-

ʚʨʘʱʝʥʠʝ ʚʝʱʝʩʪʚʘ ʚ ʧʦʣʝ. ɸ ʪ.ʢ. ʠʤʝʥʥʦ ʧʦʣʷʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʪʝʣʘ, ʪʦ ʫʩʢʦʨʠʚʰʝʝʩʷ ʪʝʣʦ ʫʞʝ ʠʤʝʝʪ ʙʦʣʴʰʝʝ 

ʧʦʣʝ, ʧʦʵʪʦʤʫ ʦʥʦ ʩʠʣʴʥʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʜʨʫʛʠʤ ʪʝʣʦʤ, ʘ ʦʪʩʶʜʘ ʚʧʝʯʘʪʣʝʥʠʝ, ʯʪʦ ʚʦʟʨʦʩʣʘ ʤʘʩʩʘ, ʘ ʥʘ ʩʘʤʦʤ 

ʜʝʣʝ ʧʨʦʩʪʦ ʚʦʟʨʦʩʣʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ɸ ʤʦʞʝʪ ʙʳʪʴ ʇʨʠʨʦʜʘ ʠʤʝʥʥʦ ʪʘʢ ʩʧʨʷʪʘʣʘ ʟʘʛʘʜʦʯʥʫʶ çʪʸʤʥʫʶ ʤʘʩʩʫè, 

ʢʦʪʦʨʫʶ ʥʘʩʪʦʡʯʠʚʦ ʠʱʫʪ ʘʩʪʨʦʬʠʟʠʢʠ? ʏʪʦʙʳ ʪʝʦʨʝʪʠʯʝʩʢʠ ʵʪʦ ʦʪʦʙʨʘʟʠʪʴ, ʥʫʞʥʦ ʧʨʦʩʪʦ ʚ ʠʟʚʝʩʪʥʫʶ ʬʦʨʤʫʣʫ 

ʚʩʝʤʠʨʥʦʛʦ ʪʷʛʦʪʝʥʠʷ ʚʚʝʩʪʠ ʩʢʦʨʦʩʪʥʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʃʦʨʝʥʮʘ-ʌʠʪʮʜʞʝʨʘʣʴʜʘ. ʊʘʢʞʝ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦ ʤʦʞʥʦ 

ʧʦʷʩʥʠʪʴ ʠ ʜʨʫʛʠʝ ʠʟʚʝʩʪʥʳʝ ʵʬʬʝʢʪʳ ʊʆ ʠ ʜʘʞʝ ʦʙʥʘʨʫʞʠʪʴ ʥʦʚʳʝ! ʅʘʧʨʠʤʝʨ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ 

ʦʯʝʥʴ ʧʨʦʩʪʦ ʠ ʣʦʛʠʯʥʦ ʧʦʷʩʥʠʪʴ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ, ʟʘʢʣʶʯʸʥʥʳʡ ʚ ʬʦʨʤʫʣʝ E = mc2 [1, ʩ. 85] ʠ ʪ. ʧ.é 

ɸ ʦʪʩʶʜʘ ʧʨʦʩʤʘʪʨʠʚʘʝʪʩʷ ʠ ʪʨʝʪʴʷ ʦʰʠʙʢʘ: ʩʦʚʨʝʤʝʥʥʘʷ ʊʆ çʧʦʩʪʘʨʘʣʘʩʴè ʥʝ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚʝʱʝʩʪʚʦ 

ʚʩʝʛʜʘ ʩʫʱʝʩʪʚʫʝʪ ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʙʩʪʚʝʥʥʳʤ ʧʦʣʝʤ, ʧʦʵʪʦʤʫ ʙʫʜʫʱʘʷ ʊʆ ʜʦʣʞʥʘ ʩʪʨʦʠʪʴʩʷ ʥʘ ʨʘʩʩʤʦʪʨʝʥʠʠ ʜʠ-

ʥʘʤʠʢʠ ʧʨʦʠʩʭʦʜʷʱʝʛʦ ʦʙʷʟʘʪʝʣʴʥʦ ʚ ʨʘʤʢʘʭ ʦʙʲʝʜʠʥʸʥʥʦʡ ʩʠʩʪʝʤʳ ɺɽʑɽʉʊɺʆ-ʇʆʃɽ. ɸ ʦʪʩʶʜʘ ʨʫʢʦʡ ʧʦʜʘʪʴ 

ʜʦ ʷʩʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʩʫʱʥʦʩʪʠ ʕʅɽʈɻʀʀ ï ɻʪʦ ʚʩʝʛʦ ʣʠʰʴ ʧʨʦʮʝʩʩ ʧʨʝʚʨʘʱʝʥʠʷ ʚʝʱʝʩʪʚʘ ʚ ʧʦʣʝ. 

ʕʥʝʨʛʠʷ ʵʪʦ ʥʝ ʢʘʢʘʷ-ʪʦ ʟʘʛʘʜʦʯʥʘʷ ʤʘʪʝʨʠʘʣʴʥʘʷ ʩʫʙʩʪʘʥʮʠʷ, ʘ ʚʩʝʛʦ ʣʠʰʴ ʧʨʦʮʝʩʩ [1; 9]. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʵʣʝ-

ʤʝʥʪʘʨʥʳʡ ʤʘʪʝʨʠʘʣʴʥʳʡ ʥʦʩʠʪʝʣʴ ʵʥʝʨʛʠʠ ʥʝ ʤʦʛ ʙʳʪʴ ʥʘʡʜʝʥ ʠ ʥʠʢʦʛʜʘ ʥʝ ʙʫʜʝʪ ʥʘʡʜʝʥ! ʊʝʧʝʨʴ, ʢʘʢ ʠ ʨʘʥʝʝ 

ʪʝʧʣʦʨʦʜ, ʥʠʯʝʛʦ ʙʦʣʝʝ ʠʩʢʘʪʴ ʥʝ ʥʫʞʥʦ. ʇʦʵʪʦʤʫ ʧʦʥʷʪʠʝ çʚʟʘʠʤʦʧʨʝʚʨʘʱʝʥʠʝ ʤʘʩʩʳ ʠ ʵʥʝʨʛʠʠè ʚʦʦʙʱʝ ʪʝʨʷʝʪ 

ʚʩʷʢʠʡ ʩʤʳʩʣ: çʤʘʩʩʘè ʥʠʢʘʢ ʥʝ ʤʦʞʝʪ ʧʨʝʚʨʘʱʘʪʴʩʷ ʚ çʧʨʦʮʝʩʩè (ʜʣʷ ʤʥʦʛʠʭ ʪʘʢʦʝ ʨʘʩʩʫʞʜʝʥʠʝ ʧʦʢʘʞʝʪʩʷ 

ʩʪʨʘʥʥʳʤ, ʥʦ ʩʦ ʚʨʝʤʝʥʝʤ ï ʧʨʦʡʜʸʪ)! 

ʅʘʤ ʢʘʞʝʪʩʷ, ʯʪʦ ʠ ʤʳ ʩʘʤʠ, ʠ ʥʘʰʠ ʧʨʠʙʦʨʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ɺʝʱʝʩʪʚʘ, ʥʠʢʘʢ ʥʝ ʩʚʷʟʘʥʳ ʩ ʵʬʠʨʦʤ ʠ ʥʝ 

ʟʘʚʠʩʷʪ ʦʪ ʥʝʛʦ. ʅʦ ʥʘ ʩʘʤʦʤ ʜʝʣʝ, ʚʩʸ ʧʨʦʠʩʭʦʜʷʱʝʝ ʩ ʣʶʙʳʤ ʧʨʝʜʤʝʪʦʤ ʥʝʧʨʝʤʝʥʥʦ ʩʚʷʟʘʥʦ ʩ ʵʬʠʨʦʤ (ʚʘʢʫʫ-

ʤʦʤ) ʠ, ʙʦʣʝʝ ʪʦʛʦ, ʙʫʢʚʘʣʴʥʦ ʚʩʝ ʧʨʦʮʝʩʩʳ, ʚ ʪ. ʯ. ʠ ʤʝʭʘʥʠʯʝʩʢʦʝ ʧʝʨʝʤʝʱʝʥʠʝ, ʧʨʦʠʩʭʦʜʷʪ ʧʨʠ ʥʝʧʨʝʤʝʥʥʦʤ 

ʫʯʘʩʪʠʠ ʵʪʦʡ ʟʘʛʘʜʦʯʥʦʡ ʤʠʨʦʚʦʡ ʩʚʝʪʦʥʦʩʥʦʡ ʩʨʝʜʳ.  
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ʇʦʥʷʪʴ, ʢʘʢ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʥʘʤ ʧʦʤʦʞʝʪ ʢʚʘʥʪʦʚʘʷ ʤʝʭʘʥʠʢʘ, ʫʪʚʝʨʞʜʘʶʱʘʷ, ʯʪʦ ʣʶʙʦʝ ʪʝʣʦ, ʩʦʩʪʦʷʱʝʝ 

ʠʟ ʩʠʩʪʝʤʳ ʯʘʩʪʠʮ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʢʠʡ ʩʛʫʩʪʦʢ ʧʫʣʴʩʠʨʫʶʱʠʭ ʧʦʣʝʡ, ʢʦʪʦʨʳʝ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʚʘ-

ʢʫʫʤʦʤ ʥʝʧʨʝʨʳʚʥʦ ʠʩʯʝʟʘʶʪ ʠ, ʧʝʨʝʭʦʜʷ ʯʝʨʝʟ ʚʘʢʫʫʤʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʧʦʷʚʣʷʶʪʩʷ ʚʥʦʚʴ ʥʘ ʵʪʦʤ ʞʝ ʤʝʩʪʝ (ʬʣʫʢ-

ʪʫʠʨʫʶʪ). ɼʣʷ ʥʝʧʦʜʚʠʞʥʦʛʦ ʪʝʣʘ ʪʘʢʦʡ ʧʨʦʮʝʩʩ ʛʨʘʬʠʯʝʩʢʠ ʠʟʦʙʨʘʞʘʝʪʩʷ ʠʟʚʝʩʪʥʦʡ ʩʠʤʤʝʪʨʠʯʥʦʡ ʜʠʘʛʨʘʤʤʦʡ 

ʩʦʩʪʦʷʥʠʷ ʌʝʡʥʤʘʥʘ. 

ʇʨʠ ʵʪʦʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʨʝʤʷ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʝʚʨʘʱʝʥʠʷ 

ʚʠʨʪʫʘʣʴʥʳʭ ʯʘʩʪʠʮ ʥʘʩʪʦʣʴʢʦ ʤʘʣʦ, ʯʪʦ ʠʭ ʩʯʠʪʘʶʪ ʧʨʦʪʝʢʘʶʱʠʤʠ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʪ.ʝ. ʨʦʜʠʚʰʠʡʩʷ ʵʣʝʢʪʨʦʥ ʪʫʪ 

ʞʝ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʧʦʟʠʪʨʦʥ, ʢʦʪʦʨʳʡ ʥʝʤʝʜʣʝʥʥʦ ʧʨʝʚʨʘʱʘʝʪʩʷ ʦʧʷʪʴ ʚ ʪʦʪ ʞʝ ʩʘʤʳʡ ʵʣʝʢʪʨʦʥ. ʊʘʢʠʤʠ ʬʣʫʢʪʫ-

ʘʮʠʷʤʠ ʣʶʙʦʝ ʥʝʧʦʜʚʠʞʥʦʝ ʪʝʣʦ ʠʟʥʘʯʘʣʴʥʦ ʚʩʝʛʜʘ çʧʦʜʛʦʪʦʚʣʝʥʦè ʢ ʥʘʯʘʣʫ ʧʝʨʝʤʝʱʝʥʠʷ. 

 

 
 

ʈʠʩ. 2. ʂʣʘʩʩʠʯʝʩʢʘʷ ʜʠʘʛʨʘʤʤʘ ʌʝʡʥʤʘʥʘ ʜʣʷ ʥʝʧʦʜʚʠʞʥʦʛʦ ʪʝʣʘ (ʜʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ) 
 

ʃʶʙʦʝ ʠʟʤʝʥʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʪʝʣʘ ʠʣʠ ʤʝʣʴʯʘʡʰʝʛʦ ʝʛʦ ʦʪʜʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʥʘʧʨʠʤʝʨ, ʣʶʙʦʡ ʵʣʝʤʝʥ-

ʪʘʨʥʦʡ ʯʘʩʪʠʮʳ, ʧʨʦʠʩʭʦʜʠʪ ʚ ʚʠʨʪʫʘʣʴʥʦʤ (ʚʘʢʫʫʤʥʦʤ) ʩʦʩʪʦʷʥʠʠ, ʪ.ʝ. ʧʨʠ ʬʣʫʢʪʫʘʮʠʠ ʠʩʯʝʟʥʫʚʰʘʷ ʯʘʩʪʠʮʘ 

ʚʥʦʚʴ ʧʦʷʚʣʷʝʪʩʷ, ʥʦ ʫʞʝ ʥʘ ʥʦʚʦʤ ʤʝʩʪʝ, ʦʧʨʝʜʝʣʷʝʤʦʤ ʫʩʣʦʚʠʷʤʠ, ʧʨʝʜʰʝʩʪʚʫʶʱʠʤʠ ʠʩʯʝʟʥʦʚʝʥʠʶ. ɺʩʝ ʯʘ-

ʩʪʠʮʳ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʝʜʠʥʳʡ ʢʦʤʧʣʝʢʩ (ʘʪʦʤ, ʤʦʣʝʢʫʣʫ, ʢʨʠʩʪʘʣʣ ʠ ʪ. ʧ.), ʧʫʣʴʩʠʨʫʶʪ ʩʠʥʭʨʦʥʥʦ, ʧʨʠʯʸʤ ʚ ʚʘ-

ʢʫʫʤʝ ʚʩʪʫʧʘʶʪ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʯʘʩʪʠʮʘʤʠ ʜʨʫʛʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʳ ʤʦʞʝʤ ʦʙʥʘʨʫʞʠʪʴ ʪʝʣʦ ʥʘ 

ʜʨʫʛʦʤ ʤʝʩʪʝ, ʫʚʠʜʝʪʴ ʥʦʚʳʡ ʢʨʠʩʪʘʣʣ, ʧʦʣʫʯʠʪʴ ʥʦʚʦʝ ʚʝʱʝʩʪʚʦ ʠ ʜʘʞʝ ʥʦʚʳʡ ʭʠʤʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ. ɼʣʷ ʜʚʠʞʫ-

ʱʝʛʦʩʷ ʪʝʣʘ ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʥʘʨʫʰʘʝʪʩʷ ʠ ʝʸ ʫʞʝ ʤʦʞʥʦ ʥʘʟʚʘʪʴ çʜʠʘʛʨʘʤʤʦʡ ʜʚʠʞʝʥʠʷè.  

 
 

ʈʠʩ. 3. ɼʠʘʛʨʘʤʤʘ ʜʚʠʞʝʥʠʷ ʌʝʡʥʤʘʥʘ-ɹʝʣʦʩʪʦʮʢʦʛʦ [1; 8] 
 

ɺ ʵʪʦʡ ʫʩʣʦʚʥʦʡ ʩʭʝʤʝ ʦʪʨʘʞʝʥʘ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ī ʙʫʢʚʘʣʴʥʦ ʚʩʸ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚʦ 

ɺʩʝʣʝʥʥʦʡ, ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʵʪʦʡ ʩʭʝʤʝ (ʝʩʪʝʩʪʚʝʥʥʦ, ʧʨʦʮʝʩʩʳ ʨʝʘʣʠʟʫʶʪʩʷ ʥʘ ʵʣʝʤʝʥʪʘʨʥʦʤ ʫʨʦʚʥʝ). ʇʨʠ ʵʪʦʤ 

ʣʶʙʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʨʝʘʣʠʟʫʶʪʩʷ ʪʦʞʝ ʚ ʚʠʨʪʫʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʀ ʚʩʸ ʵʪʦ ï ʟʘʧʨʝʱʸʥʥʳʡ ʚʘʢʫʫʤ, 

ʤʥʦʛʦʩʪʨʘʜʘʣʴʥʳʡ ʵʬʠʨ! 

 

4. ʇʆʉʃɽʉʃʆɺʀɽ 
(ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʦʚʦʛʦ ʤʠʨʦʚʦʟʟʨʝʥʠʷ) 

ʊʘʢ ʚ ʯʸʤ ʟʥʘʯʠʤʦʩʪʴ ʥʦʚʦʡ ʪʨʘʢʪʦʚʢʠ ʩʪʘʨʦʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ? 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʤʠʨʦʚʦʟʟʨʝʥʠʝ ï ɻ ʪʦ ʩʣʦʞʠʚʰʝʝʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʩʪʨʦʝʥʠʠ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʦʢʨʫ-

ʞʘʶʱʝʛʦ ʄʠʨʘ, ʬʦʨʤʠʨʫʶʱʝʝ ʬʠʣʦʩʦʬʩʢʦʝ ʦʩʤʳʩʣʝʥʠʝ ʥʘʰʝʛʦ ʙʳʪʠʷ. ɸ ʩʘʤʘ ʬʠʣʦʩʦʬʠʷ, ʙʫʜʫʯʠ ʧʨʝʜʪʝʯʝʡ 

ʥʘʫʢʠ, ʧʦʤʦʛʘʝʪ ʪʘʢʦʡ ʥʘʫʢʝ ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʬʠʟʠʢʝ, ʬʦʨʤʠʨʦʚʘʪʴ ʙʘʟʠʩ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʙʘʟʠʩ ʨʘʟʚʠʪʠʷ ʚʩʝʡ ʥʘʰʝʡ ʮʠʚʠʣʠʟʘʮʠʠ. ʅʦ ʝʩʣʠ ʚ ʵʪʫ ʮʝʧʦʯʢʫ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ ʚʚʝʩʪʠ çʯʝʨʚʦʪʦ-

ʯʠʥʫè, ʨʘʟʨʳʚʘʶʱʫʶ ʪʘʢʠʝ ʩʚʷʟʠ, ʪʦ ʨʘʟʚʠʪʠʝ ʟʘʪʦʨʤʦʟʠʪʩʷ ʠ ʧʦʡʜʸʪ ʥʝ ʧʦ ʪʦʤʫ ʧʫʪʠ. 

ʄʳ, ʞʠʚʫʱʠʝ ʚ XXI ʚʝʢʝ ʠ, ʧʦʣʴʟʫʶʱʠʝʩʷ ʚʩʝʤʠ ʙʣʘʛʘʤʠ ʮʠʚʠʣʠʟʘʮʠʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʪʝʭʥʠʯʝʩʢʠʤʠ, 
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ʧʦʚʩʝʤʝʩʪʥʦ ʟʘʙʳʚʘʝʤ, ʯʪʦ ʚʩʸ ʵʪʦ ï ʧʣʦʜ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʪʚʦʨʯʝʩʪʚʘ ʫʯʸʥʳʭ ʠ ʠʥʞʝʥʝʨʦʚ, ʷʚʣʷʶʱʠʡʩʷ ʦʩ-

ʥʦʚʦʡ, ʬʦʨʤʠʨʫʶʱʝʡ ʥʘʰʝ ʤʠʨʦʚʦʟʟʨʝʥʠʝ. ʂ ʩʦʞʘʣʝʥʠʶ, ʩʝʡʯʘʩ ʵʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʙʝʩʢʦʥʪʨʦʣʴʥʦ 

ʠ ʦʜʥʦʙʦʢʦ (ʠʜʸʪ ʥʝ ʧʦ ʪʦʤʫ ʧʫʪʠ), ʯʪʦ ʫʞʝ ʧʨʠʚʝʣʦ ʛʣʫʙʦʢʦʤʫ ʛʣʦʙʘʣʴʥʦʤʫ ʩʠʩʪʝʤʥʦʤʫ ʩʦʮʠʘʣʴʥʦʤʫ ʢʨʠʟʠʩʫ, 

ʚʢʣʶʯʠʚʰʝʛʦ ʚ ʩʝʙʷ ʥʨʘʚʩʪʚʝʥʥʦʝ (ʨʘʟʨʫʰʝʥʠʝ ʩʦʟʥʘʥʠʷ: ʫʧʘʜʦʢ ʤʦʨʘʣʠ ï ʨʘʟʨʫʰʝʥʠʝ ʠʥʩʪʠʪʫʪʘ ʩʝʤʴʠ, ʧʨʦʧʘ-

ʛʘʥʜʘ ʜʝʛʝʥʝʨʘʪʠʚʥʦʛʦ ʠʩʢʫʩʩʪʚʘ; ʫʧʘʜʦʢ ʥʨʘʚʩʪʚʝʥʥʦʩʪʠ: ʫʪʨʘʪʘ ʦʩʥʦʚʥʳʭ ʦʪʣʠʯʠʪʝʣʴʥʳʭ ʯʝʣʦʚʝʯʝʩʢʠʭ 

ʯʝʨʪ ï ʩʪʳʜʘ, ʩʦʚʝʩʪʠ ʠ ʯʝʩʪʠ, ʠ ʤʥ. ʜʨ.), ʵʢʦʣʦʛʠʯʝʩʢʦʝ (ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʝ ʥʘʨʫʰʝʥʠʝ ʧʨʠʨʦʜʥʦʛʦ ʵʢʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʙʘʣʘʥʩʘ) ʠ ʜʝʤʦʛʨʘʬʠʯʝʩʢʦʝ ʨʘʟʨʫʰʝʥʠʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ (ʙʝʩʢʦʥʪʨʦʣʴʥʦʝ ʧʝʨʝʥʘʩʝʣʝʥʠʝ, ʥʘʧʨʠ-

ʤʝʨ, ʫʞʝ ʧʨʠʚʝʜʰʝʝ ʢ ʪʨʘʛʠʯʝʩʢʠʤ ʩʦʙʳʪʠʷʤ ʩ ʙʝʞʝʥʮʘʤʠ ʚ ɽʚʨʦʧʝ)é ɺʩʸ ʵʪʦ ʥʝʩʦʚʤʝʩʪʠʤʦ ʩ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ 

ʏʝʣʦʚʝʢʘ ï ʥʝʦʙʭʦʜʠʤʦ ʦʩʦʟʥʘʪʴ, ʯʪʦ ʥʘʩʪʫʧʠʣʘ ʧʦʨʘ çʧʣʘʪʠʪʴ ʧʦ ʩʯʝʪʘʤè, ʥʦ ʵʪʦʛʦ ʪʘʢ ʥʠʢʪʦ ʠ ʥʝ ʧʦʥʷʣ. ʀ ʵʪʦ 

ʪʦʣʴʢʦ çʮʚʝʪʦʯʢʠè! ʉʦʚʨʝʤʝʥʥʘʷ ʮʠʚʠʣʠʟʘʮʠʷ ʩʦʟʜʘʣʘ ʩʝʙʝ ʪʘʢʦʝ ʤʠʨʦʚʦʟʟʨʝʥʠʝ, ʢʦʪʦʨʦʝ ʥʝʩʦʚʤʝʩʪʠʤʦ ʩ ʩʫʱʝ-

ʩʪʚʦʚʘʥʠʝʤ ʩʘʤʦʡ ʮʠʚʠʣʠʟʘʮʠʠ. ʃʠʙʦ ʤʳ ʚʩʝ ʧʦʡʜʝʤ ʜʨʫʛʠʤ, ʛʫʤʘʥʥʳʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʠʨʫ ʧʫʪʝʤ, ʣʠʙʦ ʥʘʰʘ 

ʮʠʚʠʣʠʟʘʮʠʷ ʮʝʣʠʢʦʤ ʥʘʚʩʝʛʜʘ ʠʩʯʝʟʥʝʪ, ʧʦʵʪʦʤʫ ʩʝʡʯʘʩ ʢʨʘʡʥʝ ʥʝʦʙʭʦʜʠʤʘ ʩʤʝʥʘ ʤʠʨʦʚʦʟʟʨʝʥʠʷ.  

ʅʦ ʝʩʣʠ ʙʳ ʥʝ ʙʳʣʦ ʧʨʝʧʷʪʩʪʚʠʡ ʩʪʘʥʦʚʣʝʥʠʶ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʘʢʪʦʚʢʠ ʊʝʦʨʠʠ ʆʪʥʦʩʠʪʝʣʴʥʦʩʪʠ, ʪʦ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʰʝʛʦ ʤʠʨʦʚʦʟʟʨʝʥʠʷ ʧʦʰʣʦ ʙʳ ʩʦʚʩʝʤ ʜʨʫʛʠʤ ʧʫʪʸʤ, ʠ ʥʘʰʘ ʮʠʚʠʣʠʟʘʮʠʷ ʫʞʝ ʩʝʡʯʘʩ ʙʳ ʦʩʚʦ-

ʠʣʘ ʚʩʸ ʦʢʦʣʦʩʦʣʥʝʯʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʘ ʘʩʪʨʦʥʘʚʪʳ ʫʞʝ ʚʩʝʨʴʸʟ ʧʦʩʤʘʪʨʠʚʘʣʠ ʚ ʩʪʦʨʦʥʫ ʜʘʣʸʢʠʭ ʟʚʸʟʜ; ʧʦʣʫʯʠʣʦ 

ʙʳ ʨʘʟʚʠʪʠʝ ʙʝʟʦʧʦʨʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʠ ʥʘʰʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʰʦʩʩʝ, ʤʘʛʠʩʪʨʘʣʠ ʠ ʞʝʣʝʟʥʳʝ ʜʦʨʦʛʠ ʜʘʚʥʦ ʙʳ 

ʟʘʨʦʩʣʠ ʙʫʨʴʷʥʦʤ ʠʣʠ ʙʳʣʠ ʙʳ ʨʘʩʧʘʭʘʥʳ; ʜʘʚʥʦ ʧʨʝʢʨʘʪʠʣʦʩʴ ʙʳ ʠʟʜʝʚʘʪʝʣʴʩʪʚʦ ʥʘʜ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ī ʚʩʝ 

ʫʛʦʣʴʥʳʝ ʰʘʭʪʳ, ʠ ʙʦʣʴʰʠʥʩʪʚʦ ʛʘʟʦʚʳʭ ʠ ʥʝʬʪʷʥʳʭ ʩʢʚʘʞʠʥ ʙʳʣʠ ʙʳ ʟʘʢʨʳʪʳ, ʘ ʤʠʨʦʚʘʷ ʵʥʝʨʛʝʪʠʢʘ ʜʘʚʥʦ ʙʳ 

ʧʦʚʩʝʤʝʩʪʥʦ ʧʝʨʝʰʣʘ ʥʘ ʙʝʟʪʦʧʣʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ; ʣʶʙʳʝ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʷ ʤʦʛʣʠ ʙʳ ʧʨʝ-

ʚʨʘʱʘʪʴʩʷ ʜʨʫʛ ʚ ʜʨʫʛʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʪʨʘʥʩʤʫʪʘʮʠʡ, ʠ ʪ.ʜ. ʠ ʪ.ʧ., ʪ.ʝ. ʩʨʘʟʫ ʙʳ ʠʩʯʝʟʣʠ 

ʧʨʝʜʧʦʩʳʣʢʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʦʝʥʥʳʭ ʢʦʥʬʣʠʢʪʦʚ. ɸʛʨʝʩʩʠʚʥʦ-ʩʳʨʴʝʚʘʷ ʤʠʨʦʚʘʷ ʵʢʦʥʦʤʠʢʘ, ʥʝ ʩʪʝʩʥʷʶʱʘʷʩʷ 

ʠʟʚʣʝʢʘʪʴ ʧʨʠʙʳʣʴ ʜʘʞʝ ʯʝʨʝʟ ʤʘʩʩʦʚʦʝ ʨʘʟʨʫʰʝʥʠʝ, ʩʪʘʥʝʪ ʩʦʮʠʘʣʴʥʦ ʥʘʧʨʘʚʣʝʥʥʦʡ, ʩʦʟʠʜʘʶʱʝʡ, ʘ ʵʪʦ ʚʩʸ ʚʤʝ-

ʩʪʝ ʥʝʠʟʙʝʞʥʦ ʧʨʠʚʝʜʸʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʦʚʝʨʰʝʥʥʦ ʠʥʦʛʦ ʤʠʨʦʚʦʟʟʨʝʥʠʷ, ʩʦʭʨʘʥʷʶʱʝʛʦ ʥʘʰʫ ʮʠʚʠʣʠʟʘʮʠʶ.  

ʅʦ ʠʤʝʥʥʦ ʵʪʦʛʦ ʦʯʝʥʴ ʙʦʷʪʩʷ ʪʝ, ʢʪʦ ʧʨʝʜʥʘʤʝʨʝʥʥʦ ʟʘʛʥʘʣ ʥʘʰʫ ʥʘʫʢʫ ʚ ʪʫʧʠʢ ʠ ʣʠʰʠʣ ʚʩʶ ʥʘʰʫ ʮʠ-

ʚʠʣʠʟʘʮʠʶ ʧʝʨʩʧʝʢʪʠʚ, ʭʦʪʷ ʨʦʩʪʢʠ ʟʜʨʘʚʦʛʦ ʩʤʳʩʣʘ ʚʩʸ ʞʝ ʧʨʦʙʠʚʘʶʪʩʷ ʩʢʚʦʟʴ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʟʘʧʨʝʪʳ, ʢ ʪʦʤʫ 

ʞʝ ʥʝʢʦʪʦʨʳʝ ʩʦʚʨʝʤʝʥʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʚʩʸ ʞʝ ʧʦʟʚʦʣʷʶʪ ʥʘʱʫʧʘʪʴ ʧʫʪʠ ʚʦʟʤʦʞʥʦʛʦ ʚʳʭʦʜʘ ʠʟ ʩʦʟʜʘʚʰʝʡʩʷ 

ʢʨʠʪʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ. ɼʣʷ ʵʪʦʛʦ ʥʫʞʥʦ ʚʝʨʥʫʪʴʩʷ ʢ ʩʣʘʚʥʦʤʫ ʥʘʩʣʝʜʠʶ ʧʨʦʰʣʦʛʦ ʠ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʦʜʩʢʘʟ-

ʢʘʤʠ, ʟʘʣʦʞʝʥʥʳʤʠ ʝʱʸ ʥʘ ʟʘʨʝ ʩʪʘʥʦʚʣʝʥʠʷ ʊʆ. ʅʫʞʥʦ ʣʦʤʘʪʴ ʩʪʝʨʝʦʪʠʧʳ ʥʘʰʝʛʦ ʤʳʰʣʝʥʠʷ ʠ, ʥʘʢʦʥʝʮ, ʧʦʥʷʪʴ, 

ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʴ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʨʦʩʪʦʝ ʩʨʘʚʥʝʥʠʝ ʚ ʨʝʘʣʴʥʦʤ ʜʚʠʞʝʥʠʠ ʠ ʨʝʘʣʴʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ, ʘ ʚʩʷ 

ʜʠʥʘʤʠʢʘ ʨʝʘʣʴʥʳʭ ʪʝʣ ʨʝʘʣʠʟʫʝʪʩʷ ʥʘ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʦʩʨʝʜʩʪʚʦʤ ʚʘʢʫʫʤʘ. ɼʝʣʦ ʟʘ ʤʘʣʳʤ ï ʦʙʥʘʨʫʞʠʪʴ ʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʚʦʡʩʪʚʘ ʚʘʢʫʫʤʘ, ʩʚʷʟʫʶʱʠʤ ʟʚʝʥʦʤ ʤʝʞʜʫ ʢʦʪʦʨʳʤ ʠ ʚʝʱʝʩʪʚʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʛʨʘʚʠʪʘʮʠʷ. ɸ 

ʧʝʨʚʦʡ çʣʘʩʪʦʯʢʦʡè ʚ ʵʪʦʤ ʤʥʦʛʦʦʙʝʱʘʶʱʝʤ ʜʝʣʝ ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ ʧʨʘʢʪʠʯʝʩʢʦʝ ʦʙʥʘʨʫʞʝʥʠʝ ʮʝʥʪʨʦʩʪʨʝʤʠ-

ʪʝʣʴʥʦʡ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʛʨʘʚʠʪʘʮʠʠ, ʢʦʪʦʨʦʝ ʫʞʝ ʩʝʡʯʘʩ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʥʝʢʠʡ ʤʦʩʪʠʢ ʤʝʞʜʫ ʭʦʨʦʰʦ 

ʠʟʫʯʝʥʥʳʤ ɺʝʱʝʩʪʚʦʤ ʠ ʟʘʛʘʜʦʯʥʳʤ, ʪʘʠʥʩʪʚʝʥʥʳʤ ʕʬʠʨʦʤ. ʉʶʜʘ ʞʝ ʤʦʞʥʦ ʧʨʠʩʦʚʦʢʫʧʠʪʴ ʤʘʣʦʧʦʥʷʪʥʳʝ (ʠʣʠ 

ʜʘʞʝ ʩʦʚʩʝʤ ʥʝʧʦʥʷʪʥʳʝ!) ʤʘʛʥʠʪʥʳʝ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʷʚʣʝʥʠʷ.  

 

 

 
 

ʉʦʟʜʘʥʠʝ ʙʝʟʦʧʦʨʥʦʛʦ ʜʚʠʞʠʪʝʣʷ ʚʧʦʣʥʝ ʨʝʘʣʴʥʦ, ʥʘʧʨʠʤʝʨ, ʘʚʪʦʨʦʤ ʠʟʛʦʪʦʚ-

ʣʝʥʳ ʥʝʩʢʦʣʴʢʦ ʧʨʦʩʪʝʡʰʠʭ ʤʦʜʝʣʝʡ ʪʘʢʠʭ ʜʚʠʞʠʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʫʩʧʝʰʥʦ ʧʨʦ-

ʰʣʠ ʠʩʧʳʪʘʥʠʷ, ʪ. ʝ. ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ ʦʜʥʦʤ ʧʣʝʯʝ ʢʦʨʦʤʳʩʣʘ ʢʨʫʪʠʣʴʥʳʭ ʚʝ-

ʩʦʚ (ʩʤ. ʨʠʩʫʥʦʢ), ʠʩʧʨʘʚʥʦ ʠʭ ʟʘʢʨʫʯʠʚʘʶʪ, ʪ.ʝ. ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʧʦʩʦʙʥʦʩʪʴ 

ʠʥʪʝʥʩʠʚʥʦ ʧʝʨʝʤʝʱʘʪʴʩʷ ʟʘ ʩʯʸʪ ʥʝʟʘʚʠʩʠʤʳʭ ʩʦʙʩʪʚʝʥʥʳʭ ʩʠʣ! 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʚʳʰʝʨʘʩʩʤʦʪʨʝʥʥʳʭ ʥʘʫʯʥʳʭ ʥʘʨʘʙʦʪʦʢ ʧʦʷʚʠʣʩʷ ʙʘʟʠʩ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʥʝʦʙʳʯʥʦʡ ʧʝʨʝʜʦʚʦʡ ʥʘʫʯʥʦʡ ʰʢʦʣʳ, ʢʦʪʦʨʘʷ ʩʧʦʩʦʙʥʘ ʩʦʚʝʨʰʠʪʴ ʨʳʚʦʢ ʚ ʥʘʫʢʝ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʦʧʝʨʝʜʠʪʴ ʥʳʥʝʰʥʠʡ ʤʠʨʦʚʦʡ ʫʨʦʚʝʥʴ ʥʝ ʪʦʣʴʢʦ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ, ʥʦ ʠ ʚ ʧʨʠʢʣʘʜʥʦʡ ʦʙʣʘʩʪʠ, ʥʘʧʨʠʤʝʨ, ʧʨʠ-

ʩʪʫʧʠʪʴ ʢ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʥʝʦʙʳʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʙʝʟʪʦʧʣʠʚʥʳʭ (ʘʚʪʦʨʦʤ ʫʞʝ ʧʦʜʛʦʪʦʚ-

ʣʝʥʳ ʜʚʝ ʧʘʪʝʥʪʦʩʧʦʩʦʙʥʳʝ ʨʘʙʦʯʠʝ ʩʭʝʤʳ), ʧʨʠʩʪʫʧʠʪʴ ʢ ʩʦʟʜʘʥʠʶ ʜʝʡʩʪʚʫʶʱʠʭ ʙʝʟʦʧʦʨʥʳʭ ʜʚʠʞʠʪʝʣʝʡ [1; 8; 
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9], ʩʦʟʜʘʚʘʪʴ ʥʦʚʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʪ.ʧ. ʠ, ʯʪʦ ʩʘʤʦʝ ʛʣʘʚʥʦʝ, ʥʘʢʦʥʝʮ, ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠ-

ʢʦʩʥʫʪʴʩʷ ʢ ʩʦʢʨʦʚʝʥʥʳʤ ʪʘʡʥʘʤ ʛʨʘʚʠʪʘʮʠʠ, ʦ ʢʦʪʦʨʦʡ ʅʦʙʝʣʝʚʩʢʠʡ ʣʘʫʨʝʘʪ ʧʦ ʬʠʟʠʢʝ ʄʘʢʩ ɹʦʨʥ ʩʢʘʟʘʣ: çʈʝ-

ʰʝʥʠʝ ʟʘʜʘʯʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʨʘʚʠʪʘʮʠʠ ʧʦ ʟʥʘʯʠʤʦʩʪʠ ʙʫʜʝʪ ʨʘʚʥʷʪʴʩʷ ʩʫʤʤʝ ʚʩʝʭ ʦʪʢʨʳʪʠʡ ʠ 

ʠʟʦʙʨʝʪʝʥʠʡ, ʩʜʝʣʘʥʥʳʭ ʟʘ ʚʩʶ ʠʩʪʦʨʠʶ ʯʝʣʦʚʝʯʝʩʪʚʘ, ʧʦʩʢʦʣʴʢʫ ʮʠʚʠʣʠʟʘʮʠʷ ʧʦʣʫʯʠʪ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʚʩʪʘʪʴ ʥʘ ʥʦʚʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴè. 

ɸ ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʥʘʟʨʝʣʘ ʥʘʩʫʱʥʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʢʘʨʜʠʥʘʣʴʥʦʡ ʧʝʨʝʩʪʨʦʡʢʝ ʧʦʥʠʤʘʥʠʷ ʢʘʨʪʠʥʳ 

ʤʠʨʘ ʠ ʩʦʟʜʘʥʠʷ ʥʦʚʦʡ ʚʧʦʣʥʝ ʦʧʨʝʜʝʣʸʥʥʦʡ ʢʦʤʧʣʝʢʩʥʦʡ ʩʠʩʪʝʤʳ ʟʥʘʥʠʡ (ʦʥʘ ʩʝʡʯʘʩ ʦʪʩʫʪʩʪʚʫʝʪ!) ʟʘ ʩʯʸʪ ʧʝ-

ʨʝʦʩʤʳʩʣʝʥʠʷ ʤʥʦʞʝʩʪʚʘ ʥʘʫʯʥʳʭ ʠʩʪʠʥ, ʥʦ ʦʩʥʦʚʘʥʥʳʭ ʪʦʣʴʢʦ ʥʘ ʜʦʩʪʦʚʝʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʘʭ.  

ʋ ʣʶʙʦʛʦ ʜʘʞʝ ʥʝʙʦʣʴʰʦʛʦ ʛʦʩʫʜʘʨʩʪʚʘ, ʠʤʝʶʱʝʛʦ ʚʤʝʥʷʝʤʦʝ ʨʫʢʦʚʦʜʩʪʚʦ, ʪʝʧʝʨʴ ʧʦʷʚʣʷʝʪʩʷ ʨʝʘʣʴʥʳʡ 

ʰʘʥʩ ʦʧʝʨʝʜʠʪʴ ʜʨʫʛʠʝ ʨʘʟʚʠʪʳʝ ʩʪʨʘʥʳ ʚ ʵʪʦʡ ʚʘʞʥʝʡʰʝʡ ʦʙʣʘʩʪʠ ʠ ʩʪʘʪʴ ʤʠʨʦʚʳʤ ʮʝʥʪʨʦʤ ʧʝʨʝʜʦʚʦʡ ʥʘʫʯʥʦʡ 

ʤʳʩʣʠ, ʝʩʣʠ ʦʥʦ ʨʝʰʠʪʩʷ ʦʨʛʘʥʠʟʦʚʘʪʴ ʧʦʣʫʯʝʥʠʝ ʪʘʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ, (ʥʝ ʧʨʝʩʣʝʜʫʷ, ʘ ʚʩʝʤʝʨʥʦ ʧʦʦʱʨʷʷ ʠʩʩʣʝ-

ʜʦʚʘʪʝʣʝʡ ʠ ʱʝʜʨʦ ʬʠʥʘʥʩʠʨʫʷ ʪʘʢʠʝ ʨʘʟʨʘʙʦʪʢʠ!), ʥʘʧʨʠʤʝʨ, ʩʦʟʜʘʚ ʥʘʮʠʦʥʘʣʴʥʫʶ çʢʫʟʥʠʮʫè ʧʦ ʮʝʣʝʚʦʡ ʧʦʜ-

ʛʦʪʦʚʢʝ ʥʦʙʝʣʝʚʩʢʠʭ ʣʘʫʨʝʘʪʦʚ. ɿʥʘʯʠʤʳʤ ʩʪʠʤʫʣʦʤ ʚ ʵʪʦʤ ʤʦʞʝʪ ʷʚʠʪʴʩʷ ʪʦ, ʯʪʦ ʪʦʣʴʢʦ ʪʘ ʩʪʨʘʥʘ, ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʢʦʪʦʨʦʡ ʧʦʣʫʯʝʥʳ ʠʤʝʥʥʦ ʜʦʩʪʦʚʝʨʥʳʝ (ʪ. ʝ. ʧʦʚʩʝʤʝʩʪʥʦ ʤʥʦʛʦʢʨʘʪʥʦ ʧʦʚʪʦʨʷʝʤʳʝ) ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʝ ʥʘʫʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʤʦʞʝʪ ʠʭ ʩʯʠʪʘʪʴ ʩʚʦʠʤ ʩʦʙʩʪʚʝʥʥʳʤ ʥʘʮʠʦʥʘʣʴʥʳʤ ʜʦʩʪʦʷʥʠʝʤ! 

 

ʇʨʠʤʝʯʘʥʠʝ 

ʈʫʢʦʚʦʜʠʪʝʣʷʤ ʠ ʠʥʚʝʩʪʦʨʘʤ ʧʨʦʛʨʘʤʤʳ ʧʦʠʩʢʘ ʚʥʝʟʝʤʥʳʭ ʮʠʚʠʣʠʟʘʮʠʡ ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʫʧʦʤʷʥʫʪʫʶ ʩʢʦʨʦʩʪʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʛʨʘʚʠʠʟʣʫʯʝʥʠʷ. ʈʘʩʩʪʦʷʥʠʝ ʚ ʦʜʠʥ ʩʚʝʪʦʚʦʡ ʛʦʜ ʪʘʢʦʝ ʠʟʣʫʯʝʥʠʝ ʧʨʝʦʜʦʣʝʝʪ ʚʩʝʛʦ 

ʣʠʰʴ ʟʘ 105 ʩʝʢʫʥʜ! ɹʦʣʝʝ ʨʘʟʚʠʪʳʝ ʮʠʚʠʣʠʟʘʮʠʠ, ʥʘʭʦʜʷʩʴ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʤʥʦʛʠʭ ʩʦʪʝʥ, ʪʳʩʷʯ ʠʣʠ ʤʠʣʣʠʦʥʦʚ 

ʩʚʝʪʦʚʳʭ ʣʝʪ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʥʘʰʝʡ, ʜʘʚʥʦ ʧʦʥʷʣʠ ʙʝʩʩʤʳʩʣʝʥʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʩʚʷʟʠ ʨʘʜʠʦʩʠʛʥʘʣʘ, ʩ ʝʛʦ çʯʝʨʝʧʘʰʴʝʡè 

ʩʢʦʨʦʩʪʴʶ.  
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Abstract. The discovery of heliocentricism has had a significant influence on the whole history of civilization 

development. Therefore, the Copernicusô theory can be considered as a program for human development for the recent 

500 years. The article considers the impact of Copernicusô theory, first formulated 500 years ago (in 1515) on our 

worldview formation, as it first noted the joint existence of heliocentric system, gravitation and relativity principle. Now-

adays these notions are in common scientific use for scientific research. These notions are the basis of the new approach 

to the understanding of processes around us, allowing the change our present worldview. 
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ʋɼʂ 517.946 

 

ʆɹ ʆɼʅʆʄ ʀʊɽʈɸʎʀʆʅʅʆʄ ʄɽʊʆɼɽ ʈɽʐɽʅʀʗ ʋʈɸɺʅɽʅʀʗ ʉʊʆʂʉɸ 
 

 ʐ.ʅ. ʂʫʪʪʳʢʦʞʘʝʚʘ1, ɸ.ɸ. ʅʫʨʧʝʡʩʦʚʘ2, ʃ.ʂ. ɼʶʩʝʤʙʘʝʚʘ3 

1 ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʤʘʪʝʤʘʪʠʢʠ ʠ ʤʝʪʦʜʠʢʠ ʧʨʝʧʦʜʘʚʘʥʠʷ, 
2 ʤʘʛʠʩʪʨ, 3 ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ, ʤʘʛʠʩʪʨ 

1 ʂʦʢʰʝʪʘʫʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʐ. ʋʘʣʠʭʘʥʦʚʘ, 2 ʋʥʠʚʝʨʩʠʪʝʪ çɸʩʪʘʥʘè, 

3 ʂʘʟʘʭʩʢʠʡ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʉ. ʉʝʡʬʫʣʣʠʥʘ (ɸʩʪʘʥʘ), ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʠʪʝʨʘʮʠʦʥʥʳʝ ʩʭʝʤʳ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʅʘʚʴʝ-

ʉʪʦʢʩʘ. ɼʦʢʘʟʳʚʘʝʪʩʷ ʩʢʦʨʦʩʪʴ ʩʭʦʜʠʤʦʩʪʠ ʨʝʰʝʥʠʷ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʦʜ, ʦʙʣʘʩʪʴ, ʞʠʜʢʦʩʪʴ, ʠʪʝʨʘʮʠʦʥʥʳʡ ʤʝʪʦʜ, ʧʨʦʩʪʨʘʥʩʪʚʦ. 

 

 

ʈʘʩʩʤʦʪʨʠʤ ʚ ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʙʣʘʩʪʠ W ʩ ʛʨʘʥʠʮʝʡ S ʢʨʘʝʚʫʶ ʟʘʜʘʯʫ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʉʪʦʢʩʘ 
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 0v    ,0v ==
S

div .          (2) 

 

ɿʘʜʘʯʘ (1), (2) ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʚ ʨʘʙʦʪʘʭ [1, 2] ʤʝʪʦʜʦʤ ʬʠʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ ʩ ʧʨʦʜʦʣʞʝʥʠʝʤ ʧʦ ʤʣʘʜ-

ʰʠʤ ʢʦʵʬʬʠʮʠʝʥʪʘʤ 
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f

x
p =-ÐD eee

e

x
m v-v ,   ʚ  D  ,0v =ediv      (3)  

 

  0v 
1

=Ö
S
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0 
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=
S
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ʛʜʝ ʦʙʣʘʩʪʴ D, ʩʪʨʦʛʦ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʦʙʣʘʩʪʴ W, 1S  - ʛʨʘʥʠʮʘ ʦʙʣʘʩʪʠ D. ʅʘ ʧʨʘʢʪʠʢʝ ʚ ʢʘʯʝʩʪʚʝ ʦʙʣʘʩʪʠ D  

ʙʝʨʝʪʩʷ ʧʨʷʤʦʫʛʦʣʴʥʠʢ ʠʣʠ ʢʚʘʜʨʘʪ. t - ʢʘʩʘʪʝʣʴʥʳʡ ʚʝʢʪʦʨ ʢ ʛʨʘʥʠʮʝ 1S. ɼʣʷ ʧʨʦʩʪʦʪʳ ʙʫʜʝʤ ʧʨʝʜʧʦʣʘʛʘʪʴ 

( )( )21 ,0,0 llD ³=  - ʧʨʷʤʦʫʛʦʣʴʥʠʢ. 

ɺ [2] ʠʩʩʣʝʜʦʚʘʥʘ ʩʭʦʜʠʤʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (3)-(4) ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ (1)-(2)  ʧʨʠ 0­e .  

ɹʫʜʝʤ ʨʝʰʘʪʴ ʟʘʜʘʯʫ (3)-(4) ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ. ʇʦʩʪʨʦʠʤ ʪʨʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʩʝʪʢʠ 

 

( ) ( )( ){ } ( )hjih NjNijhhixxx wwgw \  ,,0   ,1,0  ,,2/1, 12122/11 ==+=-=== -
, 

 

( ) ( )( ){ }2122/11 ,0   ,1,0  ,,2/1, NjNijhhixxxQ jih =+=-=== -
, 

 

ʛʨʘʥʠʮʫ  
4321\ hhhhhhh QQQQQQQ µÇµÇµÇµ==µ  

 

ʛʜʝ:  
2211 // NlNlh == , 

 

( )( ){ }222/11
1 ,0  ,,2/1, NjjhhxxQ jh =-==µ -

, 

( ) ( )( ){ }1202/11
2 ,0  ,0,2/1, NihixxQ ih =-==µ -

, 

( ) ( )( ){ }2122/11
3 ,0  ,,2/1,

1
NjjhhNxxQ jNh =+==µ +

, 

( ) ( )( ){ }1,0  ,,2/1, 1222/11
4

2
+=-==µ - NihNhixxQ Nih

, 

( ) ( )( ){ }1,0  ,,0 ,2/1,, 212/121 +==-== - NjN ihjihxxG jh , 

 

ɻʨʘʥʠʮʫ 

                                                           
É ʂʫʪʪʳʢʦʞʘʝʚʘ ʐ.ʅ., ʅʫʨʧʝʡʩʦʚʘ ɸ.ɸ., ɼʶʩʝʤʙʘʝʚʘ ʃ.ʂ. / Kuttykozhaeva Sh.N., Nurpeisova A.A., Dyussembaeva L.K., 2016 
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4321\ hhhhhhh GGGGGGG µÇµÇµÇµ==µ  

( )( ){ }12/121
1 ,0  ,2/1,, NihihxxG ih =-==µ -

, 

 

( ) ( )( ){ }1,0  ,2/1,, 212/121
2

1
+=-==µ - NjhjhNxxG jNh

, 

( ) ( )( ){ }122/121
3 ,0  ,2/1,,

2
NihNihxxG Nh =+==µ +

, 

( ) ( )( ){ }1,0  ,2/1,0, 22/1210
4 +=-==µ - NjhjxxG jh

. 

 

ɼʘʣʴʥʝʡʰʠʝ ʦʙʦʟʥʘʯʝʥʠʷ ʚʟʷʪʳ ʠʟ ʨʘʙʦʪʳ [3]. ʈʘʩʩʤʦʪʨʠʤ ʨʘʟʥʦʩʪʥʫʶ ʩʭʝʤʫ, ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʫʶ ʟʘ-

ʜʘʯʫ (3), (4): 
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0vvv
21 21 =+= xxhdiv   ʚ  hw , 

 

ʩ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ 

 

0vv   ,0vv 4231 111112 ====
µµµµ hhhh QQQQ

xx , 

0    ,0vv   ,0vv
1

4231 222222 =====
µµµµ g

pxx
hhhh GGGG

,         (6) 

 

ʛʜʝ hD  - ʨʘʟʥʦʩʪʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʦʧʝʨʘʪʦʨʘ ʃʘʧʣʘʩʘ. ʅʘʭʦʜʠʤ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (5), (6) ʠʪʝʨʘʮʠʦʥʥʳʤ ʤʝʪʦ-

ʜʦʤ. 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʷʚʥʫʶ ʩʭʝʤʫ ʪʠʧʘ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ [4] 
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1
1

1 vv
x

nn
nn

pp --=
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        ( )
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1
2/1
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2 vv
x
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0
0
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0
201

0
1    ,v   v,vv pp === .              (12) 

 

ɿʜʝʩʴ 1121    ,    v,v +++ nn/n p  ʟʘʜʘʶʪʩʷ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ (6). 

ɼʣʷ ʜʘʚʣʝʥʠʷ ʚ ʩʠʣʫ (9)-(12) ʧʦʣʫʯʠʤ ʟʘʜʘʯʫ ɼʠʨʠʭʣʝ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʇʫʘʩʩʦʥʘ 

 

()( ) ( )fpFpxKdiv nn
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hhh ,,v1 =Ð +e , 

0
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1
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ɼʘʚʣʝʥʠʝ 
1+np  ʥʘʭʦʜʠʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ, ʩ ʧʦʤʦʱʴʶ ʵʬʬʝʢʪʠʚʥʳʭ ʠʪʝʨʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ, 

ʧʨʝʜʣʦʞʝʥʥʳʭ ʚ ʨʘʙʦʪʝ [6]. 
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ɹʫʜʝʤ ʠʩʩʣʝʜʦʚʘʪʴ ʩʭʦʜʠʤʦʩʪʴ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ (7)-(12). ʋʤʥʦʞʠʤ ʫʨʘʚʥʝʥʠʷ (7)-(8) ʥʘ 
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ʆʮʝʥʠʤ ʧʨʘʚʫʶ ʯʘʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʚʝʥʩʪʚʘ, ʠʩʧʦʣʴʟʫʷ ʥʝʨʘʚʝʥʩʪʚʦ ʐʚʘʨʮʘ: 
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ʉʧʨʘʚʝʜʣʠʚʘ ʩʣʝʜʫʶʱʘʷ 

ʊʝʦʨʝʤʘ 1. ʈʝʰʝʥʠʝ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ (7)-(12) ʩʭʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ (5), (6). 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʆʙʦʟʥʘʯʠʤ ppq nnnnnn -=-=-= ++++++ 112/12/111    v,v   v,v ww  

ʊʦʛʜʘ ʜʣʷ q  ,w  ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʷ 
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ʋʤʥʦʞʘʷ (25) ʥʘ b, ʩʫʤʤʠʨʫʷ ʩ (23), ʟʘʪʝʤ ʧʦʣʘʛʘʷ 
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ʋɼʂ 004 

 

ʄɽʊʆɼ ʆʊʉʃɽɾʀɺɸʅʀʗ ɼɺʀɾɽʅʀʗ ɻʃɸɿ, 

ʀʉʇʆʃʔɿʋʖʑʀʁ ʉʊɸʅɼɸʈʊʅʓɽ WEB-ʂɸʄɽʈʓ 
 

 ɽ.ɸ. ʅʦʚʠʢʦʚ, ʘʩʩʠʩʪʝʥʪ ʢʘʬʝʜʨʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ 

ʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ɹʘʣʪʠʡʩʢʠʡ ʌʝʜʝʨʘʣʴʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʂʘʥʪʘ (ʂʘʣʠʥʠʥʛʨʘʜ), ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɼʘʥʥʳʝ, ʦʧʠʩʳʚʘʶʱʠʝ ʠʟʤʝʥʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʮʝʥʪʨʦʚ ʟʨʘʯʢʦʚ ʚʦ ʚʨʝʤʝʥʠ, ʥʘʟʳʚʘʶʪʩʷ ʦʢʫ-

ʣʦʛʨʘʤʤʘʤʠ. ɸʥʘʣʠʟ ʦʢʫʣʦʛʨʘʤʤ ʠʤʝʝʪ ʰʠʨʦʢʦʝ ʧʨʠʢʣʘʜʥʦʝ ʟʥʘʯʝʥʠʝ ʠ ʠʥʪʝʨʝʩ ʢ ʵʪʦʡ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʦʨʛʘʥʠʟʤʘ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʝʪ. ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʥʦʚʳʡ ʚʘʨʠʘʥʪ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʘ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ ʧʨʦʠʟʚʦʣʴʥʳʭ ʠ ʩʧʨʦʚʦʮʠʨʦʚʘʥʥʳʭ ʜʚʠʞʝʥʠʡ ʛʣʘʟ, ʯʪʦ ʚ ʦʙʱʝʤ 

ʩʣʫʯʘʝ ʥʘʟʳʚʘʝʪʩʷ ʢʦʤʧʴʶʪʝʨʥʦʡ ʦʢʫʣʦʛʨʘʬʠʝʡ. ɺ ʦʩʥʦʚʥʦʤ, ʩʠʩʪʝʤʳ ʢʦʤʧʴʶʪʝʨʥʦʡ ʦʢʫʣʦʛʨʘʬʠʠ ʦʧʠʨʘʶʪʩʷ 

ʥʘ ʘʢʪʠʚʥʦʝ ʠʥʬʨʘʢʨʘʩʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʛʣʘʟ ʧʨʠ ʞʝʩʪʢʦʡ ʬʠʢʩʘʮʠʠ ʛʦʣʦʚʳ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʜʦʨʦʛʦʩʪʦʷʱʠʤ ʠ 

ʥʝ ʜʦʩʪʫʧʥʳʤ ʜʣʷ ʧʨʦʩʪʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʆʜʥʘʢʦ ʙʣʘʛʦʜʘʨʷ ʨʘʟʚʠʪʠʶ ʪʝʭʥʦʣʦʛʠʡ ʨʝʛʠʩʪʨʘʮʠʠ ʮʠʬʨʦʚʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʦʙʱʝʤʫ ʨʦʩʪʫ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ʠ ʧʦʨʪʘʪʠʚʥʳʭ 

ʫʩʪʨʦʡʩʪʚ, ʤʝʪʦʜʳ ʧʘʩʩʠʚʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʥʘʯʠʥʘʶʪ ʥʘʙʠʨʘʪʴ ʧʦʧʫʣʷʨʥʦʩʪʴ. ʇʨʝʜʣʘʛʘʝʤʳʡ 

ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʤʝʪʦʜ ʨʘʩʩʯʠʪʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʤʝʩʪʝ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ ʮʠʬʨʦʚʳʤʠ ʢʘʤʝʨʘʤʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʧʴʶʪʝʨʥʦʝ ʟʨʝʥʠʝ, ʦʢʫʣʦʛʨʘʬʠʷ, ʧʦʠʩʢ ʣʠʮʘ, ʧʦʠʩʢ ʛʣʘʟ, ʧʦʣʦʞʝʥʠʝ ʨʘʜʫʞʥʦʡ ʦʙʦ-

ʣʦʯʢʠ ʠ ʟʨʘʯʢʘ ʛʣʘʟʘ.  

 

ɺʚʝʜʝʥʠʝ 

ʅʘʯʠʥʘʷ ʩ ʜʝʚʷʪʥʘʜʮʘʪʦʛʦ ʚʝʢʘ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʧʨʠʤʝʥʷʣʠʩʴ ʥʘ ʧʨʘʢʪʠʢʝ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʟʘʧʠʩʠ 

ʜʚʠʞʝʥʠʡ ʛʣʘʟ: ʤʝʭʘʥʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʤʝʪʦʜ ʵʣʝʢʪʨʦʦʢʫʣʦʛʨʘʬʠʠ, ʠʥʬʨʘʢʨʘʩʥʳʡ ʤʝʪʦʜ ʠ ʥʘʢʦʥʝʮ ʤʝʪʦʜ ʘʥʘʣʠʟʘ 

ʚʠʜʝʦʠʟʦʙʨʘʞʝʥʠʷ ʛʣʘʟʘ. 

ʀʟʚʝʩʪʥʳʝ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʤʝʪʦʜʳ ʥʝ ʤʦʛʫʪ ʧʦʣʥʦʩʪʴʶ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʧʦʪʨʝʙʥʦʩʪʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ (Kenneth Holmqvist 2011).  

ʀʟ-ʟʘ ʩʚʦʝʡ ʦʯʝʚʠʜʥʦʡ ʧʨʦʩʪʦʪʳ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʩʨʘʚʥʠʪʝʣʴʥʦ ʣʝʛʢʦʡ ʥʘʩʪʨʦʡʢʠ ʠ ʦʧʦʨʝ ʥʘ ʙʳʩʪʨʦ 

ʨʘʟʚʠʚʘʶʱʫʶʩʷ ʠʥʜʫʩʪʨʠʶ ʦʧʪʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ, ʤʝʪʦʜʳ ʢʦʤʧʴʪʝʨʥʦʡ 

ʦʢʫʣʦʛʨʘʬʠʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʚʠʜʝʦʘʥʘʣʠʟʝ, ʩʪʘʥʦʚʷʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤʠ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʜʝʰʝʚʳʡ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʝʪʦʜ, ʧʦʜʨʘʟʫʤʝʚʘʶʱʠʡ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝ ʩʪʘʥʜʘʨʪʥʦʛʦ ʠ ʰʠʨʦʢʦʜʦʩʪʫʧʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʪ ʚʩʪʨʦʝʥʥʳʭ web-ʢʘʤʝʨ ʧʝʨʝʥʦʩʥʳʭ ʛʘʜʞʝʪʦʚ ʜʦ ʧʦʜ-

ʢʣʶʯʘʝʤʳʭ ʢ ʧʝʨʩʦʥʘʣʴʥʦʤʫ ʢʦʤʧʴʶʪʝʨʫ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʫʩʪʨʦʡʩʪʚ ʧʦʣʫʯʝʥʠʷ ʚʠʜʝʦʠʟʦʙʨʘʞʝʥʠʷ ʯʝʣʦʚʝʯʝ-

ʩʢʦʛʦ ʣʠʮʘ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʚʠʜʝʦʘʥʘʣʠʟʝ ʠʟʦʙʨʘʞʝʥʠʷ (ʩʨʝʜʥʝʛʦ ï 1280Ĭ720 ʪʦʯʝʢ ʠ ʥʠʟʢʦʛʦ ʨʘʟʨʝʰʝ-

ʥʠʷ ï 640Ĭ480 ʪʦʯʝʢ) ʣʠʮʘ ʧʘʮʠʝʥʪʘ ʠ ʥʘʮʝʣʝʥ ʥʘ ʵʬʬʝʢʪʠʚʥʳʡ ʠ ʪʦʯʥʳʡ ʧʦʠʩʢ ʧʦʣʦʞʝʥʠʷ ʮʝʥʪʨʦʚ ʟʨʘʯʢʦʚ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʛʦʫʨʦʚʥʝʚʫʶ ʩʭʝʤʫ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʮʝ-

ʣʴʶ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ ʜʚʠʞʝʥʠʡ ʛʣʘʟ, ʥʘʟʳʚʘʝʤʳʭ ʦʢʫʣʦʛʨʘʤʤʘʤʠ.  

1. ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ 

ɺ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʦʙʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ ʚʠʜʝʦʟʘʧʠʩʠ ʚʳʟʚʘʥʥʳʭ ʜʚʠʞʝʥʠʡ ʛʣʘʟ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ 

ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ ï ʵʪʦ ʚʠʜʝʦʬʠʢʩʘʮʠʷ ʧʝʨʝʤʝʱʝʥʠʡ ʟʨʘʯʢʦʚ ʚʦ ʚʨʝʤʷ ʪʝʩʪ-ʧʨʝʟʝʥʪʘʮʠʠ ʩʪʠʤʫʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʠ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʬʘʡʣʘ. 

1.1. ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʠʟʦʙʨʘʞʝʥʠʷ  

ʇʨʝʜʣʘʛʘʝʤʳʡ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʦʜʭʦʜ, ʚ ʢʦʪʦʨʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʙʳʯʥʘʷ ʚʠʜʝʦʢʘʤʝʨʘ (web-ʢʘʤʝʨʘ) ʚ 

ʣʶʙʦʤ ʤʝʩʪʝ, ʥʘʤʥʦʛʦ ʫʜʦʙʥʝʝ ʜʣʷ ʠʩʧʳʪʫʝʤʦʛʦ ʠ ʥʝ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʦʡ ʥʘʩʪʨʦʡʢʠ ʩʦ ʩʪʦʨʦʥʳ ʤʝʜʠʢʘ ʠʣʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷ. ʆʜʥʘʢʦ ʪʘʢʦʡ ʩʧʦʩʦʙ ʷʚʣʷʝʪʩʷ ʢʫʜʘ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ, 

ʧʦʩʢʦʣʴʢʫ ʤʳ ʩʪʘʣʢʠʚʘʝʤʩʷ ʩʦ ʩʣʫʯʘʡʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ, ʪʦ ʝʩʪʴ ʩʪʘʥʦʚʷʪʩʷ ʚʘʞʥʳʤʠ ʪʘʢʠʝ 

ʚʝʱʠ, ʢʘʢ ʦʩʚʝʱʝʥʥʦʩʪʴ, ʧʦʣʦʞʝʥʠʝ ʢʘʤʝʨʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʘʤʦʛʦ ʠʩʧʳʪʫʝʤʦʛʦ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʥʠʚʝʣʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ, ʥʘʤ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʚʝʩʪʠ ʥʝʢʦʪʦʨʫʶ ʧʦʜʛʦʪʦʚʢʫ ʚʠʜʝʦʟʘʧʠʩʠ ʣʠʮʘ ʠʩʧʳʪʫʝʤʦʛʦ, ʧʦʣʫʯʝʥʥʦʡ ʚ ʭʦʜʝ ʧʨʦʩʤʦʪʨʘ ʠʤ ʪʝʩʪ-ʧʨʝʟʝʥ-

ʪʘʮʠʠ. 

ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ, ʢʦʪʦʨʘʷ ʩʪʦʠʪ ʧʝʨʝʜ ʥʘʤʠ ï ʵʪʦ ʥʘʭʦʞʜʝʥʠʝ ʦʙʣʘʩʪʠ ʣʠʮʘ, ʛʣʘʟ ʠ ʮʝʥʪʨʦʚ ʟʨʘʯʢʦʚ. ʅʘ 

ʵʪʘʧʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʝʦʙʭʦʜʠʤʦ ʩʜʝʣʘʪʴ ʵʪʠ ʦʙʣʘʩʪʠ ʢʘʢ ʤʦʞʥʦ ʙʦʣʝʝ ʯʝʪʢʦ ʨʘʟʣʠʯʠʤʳʤʠ, ʘ ʩʘʤʦ 

ʠʟʦʙʨʘʞʝʥʠʝ ï ʢʘʢ ʤʦʞʥʦ ʙʦʣʝʝ çʯʠʩʪʳʤè. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʦʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʚʠʜʝʦʧʦʪʦʢʘ, ʩʥʷʪʦʛʦ ʦʙʳʯʥʦʡ ʢʘʤʝʨʦʡ, ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʥʘ ʠʟʦʙ-

ʨʘʞʝʥʠʠ çʰʫʤʘè, ʩʚʷʟʘʥʥʦʛʦ ʢʘʢ ʩ ʚʥʫʪʨʝʥʥʠʤʠ ʬʘʢʪʦʨʘʤʠ ï ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʤʘʪ-

ʨʠʮʳ, ʪʘʢ ʠ ʩ ʚʥʝʰʥʠʤʠ ï ʧʣʦʭʦʡ, ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʴʶ ʦʙʲʝʢʪʘ. ʇʦʵʪʦʤʫ ʧʝʨʚʦʝ, ʯʪʦ ʥʫʞʥʦ ʩʜʝʣʘʪʴ 

ï ʵʪʦ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʰʫʤʘ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʣʫʯʰʝ ʚʩʝʛʦ ʨʘʙʦʪʘʝʪ ɻʘʫʩʩʦʚʩʢʦʝ ʨʘʟʤʳʪʠʝ. 

                                                           
É ʅʦʚʠʢʦʚ ɽ.ɸ. / Novikov E.A., 2016 
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ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʤʳ ʧʨʦʚʦʜʠʤ ʢʦʨʨʝʢʮʠʶ ʦʩʚʝʱʝʥʥʦʩʪʠ ʦʙʲʝʢʪʘ ʥʘ ʵʢʨʘʥʝ ʤʝʪʦʜʦʤ ʥʘʣʦʞʝʥʠʷ çʧʫ-

ʩʪʦʛʦè ʠʟʦʙʨʘʞʝʥʠʷ (ʨʠʩʫʥʦʢ 1). çʇʫʩʪʦʝè ʠʟʦʙʨʘʞʝʥʠʝ ʩʪʨʦʠʪʩʷ ʧʫʪʝʤ ʨʘʩʯʝʪʘ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ ʷʨʢʦʩʪʠ 

ʧʠʢʩʝʣʝʡ ʧʦ ʦʙʝʠʤ ʦʩʷʤ. ʄʝʪʦʜ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʙʳʩʪʨʳʤ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ. ɺ ʭʦʜʝ ʩʦʙʩʪʚʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʫʣʫʯʰʘʝʪ ʨʝʟʫʣʴʪʘʪ ʧʦʠʩʢʘ ʟʨʘʯ-

ʢʦʚ ʦʪ 5 % ʜʦ 15 %, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʦʩʚʝʱʝʥʠʷ ʣʠʮʘ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ. ʆʧʠʩʘʥʠʝ ʤʝʨʳ 

ʪʦʯʥʦʩʪʠ ʥʘʭʦʜʠʪʩʷ ʚ ʧ. 2.3. 

 

 
 

ʈʠʩ. 1. ʂʦʨʨʝʢʮʠʷ ʦʩʚʝʱʝʥʥʦʩʪʠ ʧʫʪʝʤ ʥʘʣʦʞʝʥʠʷ çʧʫʩʪʦʛʦè ʠʟʦʙʨʘʞʝʥʠʷ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʳ ʧʳʪʘʝʤʩʷ ʜʦʙʠʪʴʩʷ ʢʘʢ ʤʦʞʥʦ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʥʘʠʙʦʣʝʝ ʦʪ-

ʯʝʪʣʠʚʦʛʦ ʚʳʜʝʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʥʘʤ ʦʙʣʘʩʪʝʡ ʙʝʟ ʧʦʪʝʨʠ ʪʦʯʥʦʩʪʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. 

1.2. ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʣʠʮʘ  

ʇʦʩʣʝ ʧʦʜʛʦʪʦʚʢʠ ʠʟʦʙʨʘʞʝʥʠʷ ʤʦʞʥʦ ʧʨʠʩʪʫʧʘʪʴ ʢ ʧʦʠʩʢʫ ʧʦʣʦʞʝʥʠʷ ʣʠʮʘ ʚ ʢʘʜʨʝ. ɼʣʷ ʵʪʦʛʦ ʤʳ ʠʩ-

ʧʦʣʴʟʫʝʤ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʟʚʝʩʪʥʳʭ ʢʘʩʢʘʜʘʭ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ ʍʘʘʨʘ. (Viola, P. and Jones, M. 2004) 

ʂʘʩʢʘʜ ʍʘʘʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʥʝʢʦʪʦʨʳʡ ʥʘʙʦʨ ʧʨʠʤʠʪʠʚʦʚ, ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʢʦʪʦʨʳʭ ʩʯʠʪʘʝʪʩʷ ʝʛʦ 

ʩʚʝʨʪʢʘ ʩ ʠʟʦʙʨʘʞʝʥʠʝʤ. ʇʦʣ ɺʠʦʣʘ ʠ ʄʘʡʢʣ ɼʞʦʥʩ ʧʨʠ ʩʦʟʜʘʥʠʠ ʩʚʦʝʛʦ ʤʝʪʦʜʘ ɺʠʦʣʳ-ɼʞʦʥʩʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦ-

ʚʘʣʠ ʠ ʘʜʘʧʪʠʨʦʚʘʣʠ ʠʜʝʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʝʡʚʣʝʪʦʚ ʍʘʘʨʘ ʚ ʩʚʦʠʭ ʘʣʛʦʨʠʪʤʘʭ. 

ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ ʤʳ ʧʦʣʴʟʫʝʤʩʷ ʩʪʘʥʜʘʨʪʥʦʡ ʚʳʙʦʨʢʦʡ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ. ʆʜʥʘʢʦ ʚ 

ʙʫʜʫʱʝʤ ʥʘʤ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʩʦʙʩʪʚʝʥʥʫʶ ʙʠʙʣʠʦʪʝʢʫ ʩ ʫʯʝʪʦʤ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʚ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʵʢʩʧʣʫ-

ʘʪʠʨʦʚʘʪʴʩʷ ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʩʠʩʪʝʤʘ. ʇʨʠ ʪʱʘʪʝʣʴʥʦʤ ʧʦʜʭʦʜʝ ʢ ʩʦʟʜʘʥʠʶ ʩʦʙʩʪʚʝʥʥʦʡ ʚʳʙʦʨʢʠ ʢʣʘʩʩʠʬʠʢʘʪʦ-

ʨʦʚ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʣʠʮʘ ï ʜʦ 95 % ï ʧʨʠ ʯʘʩʪʦʪʝ ʣʦʞʥʳʭ ʩʨʘ-

ʙʘʪʳʚʘʥʠʡ ʦʢʦʣʦ 0,001. 

1.3. ʆʧʨʝʜʝʣʝʥʠʝ ʮʝʥʪʨʦʚ ʟʨʘʯʢʦʚ  

ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʤʳ ʦʧʨʝʜʝʣʠʣʠ ʧʦʣʦʞʝʥʠʝ ʣʠʮʘ ʚ ʢʘʜʨʝ, ʤʦʞʥʦ ʧʨʠʩʪʫʧʘʪʴ ʢ ʧʦʠʩʢʫ ʩʘʤʦʛʦ ʟʨʘʯʢʘ ʠʩ-

ʧʳʪʫʝʤʦʛʦ. ʅʦ ʧʨʝʞʜʝ ʥʘʤ ʥʫʞʥʦ ʚʳʜʝʣʠʪʴ ʦʙʣʘʩʪʠ ʝʛʦ ʛʣʘʟ (ʨʠʩʫʥʦʢ 2). ɼʣʷ ʵʪʦʛʦ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʧʨʦʩʪʦʡ 

ʵʤʧʠʨʠʯʝʩʢʠʡ ʧʦʜʭʦʜ, ʜʦʧʫʩʢʘʷ, ʯʪʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʛʣʘʟ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʣʠʮʘ ʫ ʚʩʝʭ ʣʶʜʝʡ ʧʨʠʤʝʨʥʦ 

ʦʜʠʥʘʢʦʚʦ. 

 

 
 

ʈʠʩ. 2. ʕʤʧʠʨʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʦʙʣʘʩʪʠ ʛʣʘʟ 

 

ɼʘʣʝʝ ʚ ʢʘʯʝʩʪʚʝ ʠʟʦʙʨʘʞʝʥʠʷ ʤʳ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʣʘʩʪʴ ʧʨʘʚʦʛʦ ʠʣʠ ʣʝʚʦʛʦ ʛʣʘʟʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʠʟʦʙʨʘʞʝʥʠʝ ʛʣʘʟʘ ʢʘʢ ʜʚʫʤʝʨʥʫʶ ʤʘʪʨʠʮʫ ʯʠʩʝʣ, ʛʜʝ ʢʘʞʜʦʝ ʯʠʩʣʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʶ 

ʷʨʢʦʩʪʠ ʦʜʥʦʛʦ ʠʟ ʵʣʝʤʝʥʪʦʚ ʠʟʦʙʨʘʞʝʥʠʷ (ʧʠʢʩʝʣʘ). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʮʝʥʪʨ ʢʨʫʛʣʳʭ ʦʙʲʝʢʪʦʚ ʤʦ-

ʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ ʯʝʨʝʟ ʘʥʘʣʠʟ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ ʛʨʘʜʠʝʥʪʦʚ ʤʘʪʨʠʮʳ ʠʟʦʙʨʘʞʝʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʧʨʠʥ-

ʮʠʧʘ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʮʝʥʪʨʦʚ ʟʨʘʯʢʦʚ ʩ ʫʯʸʪʦʤ ʬʘʢʪʘ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʥʪʨʘʩʪʘ, ʚʦʟʥʠʢʘʶʱʝʛʦ 

ʥʘ ʧʝʨʝʭʦʜʝ ʤʝʞʜʫ ʩʢʣʝʨʦʡ ʠ ʨʘʜʫʞʢʦʡ ʛʣʘʟʘ. (Kothari_and_Mitchell, 1996). ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʨʠʝʥ-

ʪʘʮʠʠ ʢʘʞʜʦʛʦ ʚʝʢʪʦʨʘ ʛʨʘʜʠʝʥʪʘ, ʯʪʦʙʳ ʥʘʨʠʩʦʚʘʪʴ ʣʠʥʠʠ ʯʝʨʝʟ ʚʩʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʵʪʠʭ ʣʠʥʠʡ 

ʧʦʜʩʯʠʪʳʚʘʶʪʩʷ ʠ ʘʢʢʫʤʫʣʠʨʫʶʪʩʷ ʚ ʩʯʝʪʯʠʢʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʪʦʯʢʘʤʠ ʠʟʦʙʨʘʞʝʥʠʷ. ʉʯʝʪʯʠʢ, 

ʥʘʙʨʘʚʰʠʡ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʩʝʯʝʥʠʡ ʚʝʢʪʦʨʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʮʝʥʪʨʫ ʛʣʘʟʘ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʨʘʜʠʝʥʪʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʠʣʴʪʨ ʉʦʙʝʣʷ. ɺ ʢʘʞʜʦʡ 
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ʪʦʯʢʝ ʠʟʦʙʨʘʞʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʤ ʦʧʝʨʘʪʦʨʘ ʉʦʙʝʣʷ ʷʚʣʷʝʪʩʷ ʣʠʙʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʚʝʢʪʦʨ ʛʨʘʜʠʝʥʪʘ, ʣʠʙʦ ʥʦʨʤʘ 

ʵʪʦʛʦ ʚʝʢʪʦʨʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʝʨʳ ʪʦʯʥʦʩʪʠ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʮʝʥʪʨʦʚ ʛʣʘʟ, ʤʳ ʦʮʝʥʠʚʘʝʤ ʥʦʨʤʘʣʠʟʦʚʘʥʥʫʶ ʦʰʠʙʢʫ, 

ʢʦʪʦʨʘʷ ʫʢʘʟʳʚʘʝʪ ʥʘ ʤʘʢʩʠʤʘʣʴʥʫʶ ʠʟ ʜʚʫʭ ʧʦʛʨʝʰʥʦʩʪʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ ʦʙʦʠʭ ʛʣʘʟ. ʕʪʘ ʤʝʨʘ ʙʳʣʘ ʚʚʝʜʝʥʘ 

ɽʩʦʨʩʢʠʤ (Jesorsky O., Kirchberg K., and Frischholz R., 2001) ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ: 

 

e Ò (1 /d )* max(el , er) 

 

ʛʜʝ el, er ʜʠʩʪʘʥʮʠʠ ʤʝʞʜʫ ʥʘʡʜʝʥʥʳʤʠ ʠ ʢʦʨʨʝʢʪʥʳʤʠ ʮʝʥʪʨʘʤʠ ʣʝʚʦʛʦ ʠ ʧʨʘʚʦʛʦ ʛʣʘʟ. ʇʨʠ ʘʥʘʣʠʟʝ ʢʘʯʝʩʪʚʘ 

ʤʝʪʦʜʘ ʧʦʠʩʢʘ ʛʣʘʟ ʜʘʥʥʘʷ ʤʝʨʘ ʜʦʣʞʥʘ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ:  

(1) e Ò 0.25 å ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʮʝʥʪʨʦʤ ʠ ʙʦʢʦʚʳʤʠ ʢʨʘʷʤʠ ʛʣʘʟʘ;  

(2) e Ò 0.10 å ʚʥʝʰʥʠʡ ʜʠʘʤʝʪʨ ʨʘʜʫʞʢʠ; 

(3) e Ò 0.05 å ʜʠʘʤʝʪʨ ʟʨʘʯʢʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʦʜ ʧʦʠʩʢʘ ʛʣʘʟ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʚʘʪʴ ʢʘʯʝʩʪʚʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʥʘ ʫʨʦʚʥʝ e Ò 0.05. 

ʆʰʠʙʢʘ ʥʘ ʫʨʦʚʥʝ 0.25 ʠ ʙʦʣʝʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʪʢʣʦʥʝʥʠʶ ʥʘʡʜʝʥʥʦʛʦ ʟʨʘʯʢʘ ʟʘ ʧʨʝʜʝʣʘʤʠ ʨʝʘʣʴʥʦʛʦ ʛʣʘʟʘ, 

ʯʪʦ ʥʝ ʜʦʧʫʩʪʠʤʦ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʮʝʥʪʨʦʚ ʛʣʘʟ. ʇʦʵʪʦʤʫ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʤʝʪʦ-

ʜʘʤʠ ʤʳ ʙʫʜʝʤ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʩ ʦʰʠʙʢʦʡ e  (ʊʘʙʣʠʮʘ 1). 

 

ʊʘʙʣʠʮʘ 1 

ʉʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʦʣʦʞʝʥʠʷ ʛʣʘʟ ʥʘ ʧʨʠʤʝʨʝ ʦʙʱʝʜʦʩʪʫʧʥʦʡ ʙʘʟʳ ʦʙʨʘʟʮʦʚ ʣʠʮ BioID (BioID Face Database) 
ʄʝʪʦʜ e Ò 0.05 e Ò 0.10 e Ò 0.15 e Ò 0.20 e Ò 0.25 

Asadifard, 2010 47.0 % 86.0 % 89.0 % 93.0 % 96.0 % 

Valenti ʠ Gevers, 2008 77.2 % 82.1 % 86.2 % 93.8 % 96.4 % 

Turkan, 2007 18.6 % 73.7 % 94.2 % 98.7 % 99.6 % 

Campadelli, 2006 62.0 % 85.2 % 87.6 % 91.6 % 96.1 % 

Niu, 2006 75.0 % 93.0 % 95.8 % 96.4 % 97.0 % 

Asteriadis, 2006 44.0 % 81.7 % 92.6 % 96.0 % 97.4 % 

Hamouz, 2005 58.6 % 75.0 % 80.8 % 87.6 % 91.0 % 

Jesorsky, 2001 38.0 % 78.8 % 84.7 % 87.2 % 91.8 % 

ʅʘʰ ʤʝʪʦʜ 81.0 % 92.50 % 94.7 % 96.6 % 98.0 % 

 

ɼʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʭʦʨʦʰʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʟʨʘʯʢʘ ʚ ʦʪʜʝʣʴʥʦʤ ʢʘʜʨʝ, ʦʜʥʘʢʦ, ʝʩʣʠ 

ʨʝʯʴ ʠʜʝʪ ʦʙ ʦʙʨʘʙʦʪʢʝ ʚʠʜʝʦʧʦʪʦʢʘ, ʪʦ ʪʘʢʦʝ ʨʝʰʝʥʠʝ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʟʘʪʨʘʪʥʳʤ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʩʪʘʙʠʣʴ-

ʥʳʤ. ʇʦʵʪʦʤʫ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʦʧʠʩʘʥʥʳʡ ʤʝʪʦʜ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʳʤ ʤʝʪʦʜʦʤ ʧʦʢʘʜʨʦʚʦʛʦ ʦʪʩʣʝʞʠʚʘʥʠʷ ʧʝʨʝʤʝʱʝʥʠʡ ʫʢʘʟʘʥʥʦʛʦ ʦʙʲʝʢʪʘ. ʉʫʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ 

ʚ ʪʦʤ, ʯʪʦ ʧʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʡ ʧʦʟʠʮʠʠ ʮʝʥʪʨʘ ʟʨʘʯʢʘ ʚ ʦʜʥʦʤ ʢʘʜʨʝ (ʥʘʢʦʧʣʝʥʥʘʷ ʦʰʠʙʢʘ ʤʝʞʜʫ ʧʨʝʜʳ-

ʜʫɦʠʤʠ 5 ʢʘʜʨʘʤʠ ecom < 0.25) ʚʩʝ ʧʦʩʣʝʜʫʶʱʠʝ ʢʘʜʨʳ ʙʫʜʫʪ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʥʘ ʧʨʝʜʤʝʪ ʧʝʨʝʤʝʱʝʥʠʷ ʟʘʜʘʥ-

ʥʦʛʦ ʦʙʲʝʢʪʘ (ʟʨʘʯʢʘ) ʘʚʪʦʨʩʢʠʤ ʤʝʪʦʜʦʤ ʅʦʚʠʢʦʚʘ-ʇʘʜʘʣʢʦ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ 

ʘʡʪʨʝʢʝʨʘ ʠ ʫʚʝʣʠʯʠʪ ʝʛʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ. ɸʚʪʦʨʩʢʠʡ ʤʝʪʦʜ ʅʦʚʠʢʦʚʘ-ʇʘʜʘʣʢʦ ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ 

ʣʶʙʦʛʦ ʟʘʜʘʥʥʦʛʦ ʦʙʲʝʢʪʘ ʚ ʚʠʜʝʦʧʦʪʦʢʝ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʨʝʘʣʠʟʫʝʪ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʟʘʜʘʯʝ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ 

ʠ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʢʦʤʙʠʥʘʮʠʠ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʧʨʷʤʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʈʘʜʦʥʘ ʢ ʤʘʪʨʠʮʝ 

ʠʟʦʙʨʘʞʝʥʠʷ, ʦʜʥʦʤʝʨʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʢ ʧʦʣʫʯʝʥʥʳʤ ʠʥʪʝʛʨʘʣʴʥʳʤ ʧʨʦʝʢʮʠʷʤ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʠʥʪʝʛʨʘʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʌʫʨʴʝ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʜʝʩʢʨʠʧʪʦʨʦʚ ʦʙʲʝʢʪʦʚ 

ʠʟʦʙʨʘʞʝʥʠʷ. 

1.4. ʇʦʩʪʨʦʝʥʠʝ ʠ ʘʥʘʣʠʟ ʦʢʫʣʦʛʨʘʤʤ  

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʦʢʫʣʦʛʨʘʤʤʳ ʥʝʦʙʭʦʜʠʤʦ ʩʝʢʚʝʥʠʨʦʚʘʪʴ ʧʦʣʫʯʝʥʥʫʶ ʚʠʜʝʦʟʘʧʠʩʴ ʠ ʜʣʷ ʢʘʞʜʦʛʦ ʢʘʜʨʘ 

ʚʳʧʦʣʥʠʪʴ ʩʣʝʜʫʶʱʠʡ ʘʣʛʦʨʠʪʤ: 

1) ʥʘʡʪʠ ʟʨʘʯʦʢ ʣʝʚʦʛʦ ʛʣʘʟʘ (ʩʤ. ʘʣʛʦʨʠʪʤ, ʦʧʠʩʘʥʥʳʡ ʚʳʰʝ, ʧ. 2.3; 

2) ʥʘʡʪʠ ʟʨʘʯʦʢ ʧʨʘʚʦʛʦ ʛʣʘʟʘ (ʘʥʘʣʦʛʠʯʥʦ); 

3) ʦʧʨʝʜʝʣʠʪʴ ʪʦʯʢʫ ʦʪʩʯʝʪʘ ʜʚʠʞʝʥʠʷ ʛʣʘʟ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ - ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʮʝʥʪʨʘʣʴʥʦʡ ʪʦʯʢʦʡ ʦʪ-

ʩʯʝʪʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʝʨʝʜʠʥʫ ʜʝʪʝʢʪʠʨʦʚʘʥʥʦʛʦ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ ʣʠʮʘ (ʨʠʩʫʥʦʢ 3.); 

4) ʨʘʩʩʯʠʪʘʪʴ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʮʝʥʪʨʘʣʴʥʦʡ ʩʪʘʪʠʯʥʦʡ ʪʦʯʢʦʡ ʠ ʮʝʥʪʨʦʤ ʣʝʚʦʛʦ ʛʣʘʟʘ; 

5) ʨʘʩʩʯʠʪʘʪʴ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʮʝʥʪʨʘʣʴʥʦʡ ʩʪʘʪʠʯʥʦʡ ʪʦʯʢʦʡ ʠ ʮʝʥʪʨʦʤ ʧʨʘʚʦʛʦ ʛʣʘʟʘ. 
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ʈʠʩ. 3. ʅʘʡʜʝʥʥʳʝ ʟʨʘʯʢʠ ʠ ʮʝʥʪʨ ʢʘʜʨʘ 
 

ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʜʣʷ ʢʘʞʜʦʛʦ ʢʘʜʨʘ ʤʳ ʧʦʣʫʯʘʝʤ ʦʢʫʣʦʛʨʘʤʤʫ, ʦʧʠʩʳʚʘʶʱʫʶ ʛʦ-

ʨʠʟʦʥʪʘʣʴʥʳʝ ʠ ʚʝʨʪʠʢʘʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʮʝʥʪʨʘ ʟʨʘʯʢʘ ʠʩʧʳʪʫʝʤʦʛʦ. 

2. ɿʘʢʣʶʯʝʥʠʝ 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʛʣʘʟʦʜʚʠʛʘʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ ʠʤʝʝʪ ʭʦʨʦʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ. ɺʠʜʝʦʢʘʤʝʨʳ, ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʝ ʠ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʥʦʫʪʙʫʢʘʭ, ʧʣʘʥʰʝʪʘʭ ʠ ʪʝʣʝʬʦʥʘʭ, ʜʘʶʪ ʯʘʩʪʦʪʫ ʛʝʥʝʨʘʮʠʠ 

ʢʘʜʨʦʚ ʦʢʦʣʦ 30 ʚ ʩʝʢʫʥʜʫ. ɼʘʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʦʢʫʣʦʛʨʘʤʤ ʠ ʦʙʲʝʢʪʠʚʥʦʛʦ ʩʪʘʪʠ-

ʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʅʦ ʧʨʠ ʯʘʩʪʦʪʝ 50 ʠ ʙʦʣʝʝ ʢʘʜʨʦʚ ʚ ʩʝʢʫʥʜʫ ʦʪʢʨʳʚʘʝʪʩʷ ʙʦʣʴʰʦʡ ʩʧʝʢʪʨ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ. ʅʘʧʨʠʤʝʨ, ʩʪʘʥʦʚʠʪʩʷ ʜʦʩʪʫʧʥʘ ʨʝʛʠʩʪʨʘʮʠʷ ʤʠʢʨʦʜʚʠʞʝʥʠʡ ʛʣʘʟ.  

ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʤʝʪʦʜ ʦʧʠʨʘʝʪʩʷ ʥʘ ʧʘʩʩʠʚʥʳʡ ʚʠʜʝʦʘʥʘʣʠʟ ʠ ʥʘʮʝʣʝʥ ʥʘ ʤʘʩʩʦʚʦʝ ʚʥʝʜʨʝʥʠʝ ʠ ʧʦʚʩʝ-

ʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʢ ʥʘ ʫʨʦʚʥʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʤʝʜʠʮʠʥʩʢʦʛʦ ʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʨʫ-

ʤʝʥʪʘ, ʪʘʢ ʠ ʥʘ ʫʨʦʚʥʝ ʧʦʚʩʝʜʥʝʚʥʦʡ ʧʨʦʚʝʨʢʠ ʩʦʩʪʦʷʥʠʷ ʯʝʣʦʚʝʢʘ. 
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Abstract. The data describing the position change of pupil center through time is called oculogramm. The analysis of 

oculogramms has the applied significance and the interest to this study field of human body is increasing. This article considers 

the new variant of process automation of registration and further analyzing the casual and programmed ocular movements, 

which is called computer oculography. As a rule, computer oculography systems are based on eye IRS at rigid head fixation, 

which is very expensive and unavailable for an average user. However due to the developing digital image registration tech-

nology and the increased computation capacity of PCs and unattached devices, the methods of passive image scanning are 

becoming more popular. The method, suggested in the article, is intended for use with the standard digital cameras. 
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ʇʈʀʈʆɼɸ ʀ ʄɽʍɸʅʀɿʄ ʌʆʈʄʀʈʆɺɸʅʀʗ 

ʕʌʌɽʂʊʆɺ ʐʊɸʈʂɸ ʀ ɿɽɽʄɸʅɸ ɸʊʆʄɸ ɺʆɼʆʈʆɼɸ 
 

 ɸ.ɸ. ʇʦʪʘʧʦʚ, ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʛ. ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʦʧʠʩʘʥʠʷ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʵʬʬʝʢʪʦʚ ʐʪʘʨʢʘ ʠ ɿʝʝʤʘʥʘ 

ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʜʘʥʥʳʭ ʵʬʬʝʢʪʦʚ ʥʘ ʦʩʥʦʚʝ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʟʘʢʦ-

ʥʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ çʤʘʛʥʠʪʥʦʛʦè ʧʦʣʝʡ ʩ ʜʠʧʦʣʴʥʳʤ ʤʦʤʝʥʪʦʤ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʩ ʫʯʝʪʦʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ, ʘʪʦʤ, ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʩʧʝʢʪʨʳ ʐʪʘʨʢʘ ʠ 

ɿʝʝʤʘʥʘ, ʨʘʩʱʝʧʣʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ. 

  

ɸʪʦʤ ʚʦʜʦʨʦʜʘ ʷʚʣʷʝʪʩʷ ʥʝʩʚʦʜʠʤʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʝʜʠʥʠʮʝʡ ʚʝʱʝʩʪʚʘ ʠ ʚʦʟʛʣʘʚʣʷʝʪ ʧʝʨʠʦʜʠʯʝʩʢʫʶ ʪʘʙ-

ʣʠʮʫ ʄʝʥʜʝʣʝʝʚʘ. ʆʥ ʠʤʝʝʪ ʩʨʝʜʠ ʘʪʦʤʦʚ ʩʘʤʦʝ ʧʨʦʩʪʦʝ ʵʣʝʢʪʨʦʥʥʦʝ ʩʪʨʦʝʥʠʝ ʠ ʚ ʵʪʦʡ ʩʚʷʟʠ ʚʳʩʪʫʧʘʝʪ ʥʘʠʙʦʣʝʝ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʦʙʲʝʢʪʦʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʝʱʝʩʪʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʵʬʬʝʢʪʦʚ ʐʪʘʨʢʘ ʠ 

ɿʝʝʤʘʥʘ. 

ɺʤʝʩʪʝ ʩ ʵʪʠʤ ʵʬʬʝʢʪʳ ʐʪʘʨʢʘ ʠ ɿʝʝʤʘʥʘ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʧʨʦʷʚʣʷʶʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʪʦ-

ʨʳʝ ʚʳʨʘʞʘʶʪʩʷ ʚ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʵʥʝʨʛʠʠ ʨʘʩʱʝʧʣʝʥʠʷ ʝʛʦ ʚʦʟʙʫʞʜʝʥʥʳʭ ʫʨʦʚʥʝʡ ʦʪ ʚʦʟʜʝʡʩʪʚʫʶʱʝʛʦ 

ʧʦʣʷ. ʆʙʳʯʥʦ ʵʪʫ çʩʧʝʮʠʬʠʢʫè çʦʙʲʷʩʥʷʶʪè ʦʩʦʙʳʤʠ ʢʚʘʥʪʦʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ, ʢʦʪʦʨʳʝ ʟʘʢʣʶ-

ʯʘʶʪʩʷ ʚ çʷʚʣʝʥʠʠè ʚʳʨʦʞʜʝʥʠʷ ʝʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ, ʢʦʪʦʨʦʝ ʷʢʦʙʳ ʩʥʠʤʘʝʪʩʷ ʧʨʠ ʥʘʣʦʞʝʥʠʠ ʚʥʝʰʥʝʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ [26, 27]. ʊʘʢʦʝ ʦʙʲʷʩʥʝʥʠʝ, ʧʦʩʪʨʦʝʥʥʦʝ ʥʘ ʦʩʥʦʚʝ ʥʝʩʫʱʝʩʪʚʫʶʱʝʛʦ ʷʚʣʝʥʠʷ ʚʳʨʦʞʜʝʥʠʷ ʵʥʝʨʛʝ-

ʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʘʪʦʤʦʚ, ʢʦʥʝʯʥʦ ʞʝ, ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʥʷʪʴ ʧʨʠʨʦʜʫ ʠ ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʬʬʝʢʪʦʚ ʐʪʘʨʢʘ 

ʠ ɿʝʝʤʘʥʘ.  

ɹʦʣʝʝ ʪʦʛʦ, ʜʘʥʥʳʝ ʵʬʬʝʢʪʳ ʚ ʩʚʦʝ ʚʨʝʤʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʵʤʧʠʨʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʜʣʷ 

ʦʧʨʘʚʜʘʥʠʷ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʠʯʝʩʢʦʡ ʤʝʪʦʜʦʣʦʛʠʠ. ʉʝʛʦʜʥʷ ʩʪʘʣʦ ʦʙʱʠʤ ʤʝʩʪʦʤ ʨʘʩʩʤʦʪʨʝʥʠʝ ʵʬʬʝʢʪʦʚ ʐʪʘʨʢʘ 

ʠ ɿʝʝʤʘʥʘ ʧʨʝʜʚʘʨʷʪʴ ʥʘʧʦʤʠʥʘʥʠʝʤ ʦ ʪʦʤ, ʯʪʦ ʢʣʘʩʩʠʯʝʩʢʘʷ ʬʠʟʠʢʘ ʩ ʦʧʠʩʘʥʠʝʤ ʵʪʠʭ ʵʬʬʝʢʪʦʚ ʥʝ ʩʧʨʘʚʠʣʘʩʴ, 

ʠ ʯʪʦ ʪʦʣʴʢʦ ʢʚʘʥʪʦʚʘʷ ʪʝʦʨʠʷ ʩʧʦʩʦʙʥʘ ʨʘʟʨʝʰʠʪʴ ʜʘʥʥʫʶ ʧʨʦʙʣʝʤʫ. ʕʪʘ ʚ ʢʦʨʥʝ ʙʝʟʦʩʥʦʚʘʪʝʣʴʥʘʷ ʫʙʝʞʜʝʥ-

ʥʦʩʪʴ ʚ ʢʚʘʥʪʦʚʫʶ ʪʝʦʨʠʶ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʧʦʚʣʠʷʣʘ ʥʘ ʚʳʙʦʨ ʧʫʪʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʘʪʦʤʥʦʡ 

ʬʠʟʠʢʝ. 

ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʩʫʪʴ ʧʨʦʙʣʝʤʳ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʯʝʪʢʦ ʦʙʦʟʥʘʯʝʥʘ ʄ. ɻʨʠʟʠʥ-

ʩʢʠʤ[3]: çɺ ʢʥʠʛʝ ñʉʪʨʦʝʥʠʝ ʘʪʦʤʘ ʠ ʩʧʝʢʪʨʳò ɸ. ɿʦʤʤʝʨʬʝʣʴʜʘ [5] ʤʦʞʥʦ ʧʨʦʯʝʩʪʴ, ʯʪʦ ʢʣʘʩʩʠʯʝʩʢʘʷ ʜʠʥʘʤʠʢʘ 

ʧʦʪʝʨʧʝʣʘ ʥʝʫʜʘʯʫ ʚ ʦʧʠʩʘʥʠʠ ʵʬʬʝʢʪʘ ʐʪʘʨʢʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʚʘʥʪʦʚʳʝ ʨʘʩʯʝʪʳ ʥʘʭʦʜʷʪʩʷ ʚ ʠʜʝʘʣʴʥʦʤ ʩʦʛʣʘ-

ʩʠʠ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ. ɸʥʘʣʦʛʠʯʥʳʝ ʫʪʚʝʨʞʜʝʥʠʷ ʤʦʞʥʦ ʥʘʡʪʠ ʧʦʯʪʠ ʚ ʣʶʙʦʡ ʢʥʠʛʝ ʧʦ ʘʪʦʤʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʠ ʧʦ ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ ʘʪʦʤʘ.  

ɸʚʪʦʨ, ʫʞʝ ʠʤʝʷ ʥʝʢʦʪʦʨʳʡ ʥʝʛʘʪʠʚʥʳʡ ʦʧʳʪ ʚ ʦʪʥʦʰʝʥʠʝ ʪʘʢʠʭ ʚʦʩʪʦʨʞʝʥʥʳʭ ʫʪʚʝʨʞʜʝʥʠʡ, ʧʦʧʳʪʘʣʩʷ 

ʩʘʤ ʧʦʩʤʦʪʨʝʪʴ, ʥʘ ʯʪʦ ʧʦʭʦʞʝ ʵʪʦ ʧʨʝʢʨʘʩʥʦʝ ʩʦʛʣʘʩʠʝ. ʋʜʠʚʠʪʝʣʴʥʦ, ʯʪʦ ʚʦ ʚʩʝʡ ʣʠʪʝʨʘʪʫʨʝ, ʚʢʣʶʯʘʷ ʬʫʥʜʘ-

ʤʝʥʪʘʣʴʥʳʝ ʢʥʠʛʠ, ʧʨʦʮʠʪʠʨʦʚʘʥʥʳʝ ʚʳʰʝ, ʥʝʚʦʟʤʦʞʥʦ ʥʘʡʪʠ ʧʨʷʤʦʝ ʩʨʘʚʥʝʥʠʝ ʪʝʦʨʠʠ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ. 

ʄʥʦʛʦ ʤʝʩʪʘ ʟʘʥʠʤʘʶʪ ʨʘʩʪʷʥʫʪʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʙʩʫʞʜʝʥʠʷ, ʠʤʝʶʪʩʷ ʩʣʦʚʝʩʥʳʝ ʫʪʚʝʨʞʜʝʥʠʷ, ʯʪʦ ʪʝʦʨʠʷ 

ʥʘʭʦʜʠʪʩʷ ʚ ʙʝʟʫʧʨʝʯʥʦʤ ʩʦʛʣʘʩʠʠ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ, ʥʦ ʥʝʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ! ʆʟʥʘʢʦʤʣʝʥʠʝ ʩ ʦʨʠʛʠ-

ʥʘʣʴʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʩʪʘʪʴʷʤʠ ʠ ʩʨʘʚʥʝʥʠʝ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʷʩʥʠʣʠ ʩʠʪʫʘʮʠʶ. 

ʀʤʝʶʪʩʷ ʥʝʢʦʪʦʨʳʝ, ʩʦʚʝʨʰʝʥʥʦ ʥʝʦʪʲʝʤʣʝʤʳʝ ʨʘʟʥʦʛʣʘʩʠʷ ʤʝʞʜʫ ʧʨʝʜʩʢʘʟʘʥʠʷʤʠ ʪʝʦʨʠʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʦʤ! 

ʇʨʠʚʦʜʷʱʝʝ ʚ ʟʘʤʝʰʘʪʝʣʴʩʪʚʦ ʨʘʟʥʦʛʣʘʩʠʝ ʦʩʦʙʝʥʥʦ ʭʦʨʦʰʦ ʚʠʜʥʦ ʚ ʩʣʫʯʘʝ ʩʝʨʠʠ ʃʘʡʤʘʥʘ (ʚʠʜʠʤʦ, ʵʪʦ ʷʚʣʷ-

ʝʪʩʷ ʧʨʠʯʠʥʦʡ ʪʦʛʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʚʘʞʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʠʟʤʝʨʝʥʠʷʤʠ 

ʧʦ ʣʘʡʤʘʥʦʚʩʢʦʡ ʩʝʨʠʠ [28], ʥʝ ʮʠʪʠʨʫʶʪʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ?)è.  

ʉ ʧʨʠʚʝʜʝʥʥʳʤ ʢʦʤʤʝʥʪʘʨʠʝʤ ʄ. ɻʨʠʟʠʥʩʢʦʛʦ ʥʝʣʴʟʷ ʥʝ ʩʦʛʣʘʩʠʪʴʩʷ. ʀʤ ʚʳʷʚʣʝʥʦ ʧʨʠʩʫʱʝʝ ʜʣʷ ʢʚʘʥ-

ʪʦʚʦʡ ʤʝʭʘʥʠʢʠ ʧʨʦʪʠʚʦʨʝʯʠʝ ʤʝʞʜʫ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʦʧʠʩʘʥʠʝʤ ʠ ʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʦʙʦʩʥʦʚʘʥʠʝʤ [15, 16]. 

ɹʣʠʟʢʠʝ ʧʦ ʩʚʦʝʡ ʩʫʪʠ ʚʳʩʢʘʟʳʚʘʥʠʷ ʚ ʦʪʥʦʰʝʥʠʠ ʵʬʬʝʢʪʦʚ ʐʪʘʨʢʘ ʠ ɿʝʝʤʘʥʘ ʧʨʦʩʘʯʠʚʘʶʪʩʷ ʠ ʚ ʦʬʠʮʠʘʣʴʥʳʭ 

ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʠʟʜʘʥʠʷʭ [2,7].  

ʇʨʦʙʣʝʤʘ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʵʬʬʝʢʪʦʚ ʐʪʘʨʢʘ ʠ ɿʝʝʤʘʥʘ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʩʚʷʟʘʥʘ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʩ ʦʪ-

ʩʫʪʩʪʚʠʝʤ ʜʦʩʪʦʚʝʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʰʪʘʨʢʦʚʩʢʠʤ ʠ ʟʝʝʤʘʥʦʚʩʢʠʤ ʩʧʝʢʪʨʘʤ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦ-

ʨʦʥʳ,  ʩ ʥʝʧʦʥʠʤʘʥʠʝʤ ʤʝʭʘʥʠʟʤʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʪʦʤʦʚ ʩ ʚʦʟʜʝʡʩʪʚʫʶʱʠʤʠ ʧʦʣʷʤʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʥʝʜʦʩʪʘ-

ʪʦʯʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʘʪʦʤʦʚ ʠ ʦʰʠʙʦʯʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʩʫʱʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

1. ʕʬʬʝʢʪ ʐʪʘʨʢʘ 

ʗʚʣʝʥʠʝ ʐʪʘʨʢʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʥʘʣʦʞʝʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘ ʘʪʦʤʳ ʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʫʨʦʚʥʠ ʩʤʝʱʘʶʪʩʷ ʠ ʨʘʩʱʝʧʣʷʶʪʩʷ ʥʘ ʧʦʜʫʨʦʚʥʠ [5, 25]. ʈʘʟʣʠʯʘʶʪ ʣʠʥʝʡʥʳʡ ʠ ʢʚʘʜʨʘʪʠʯʥʳʡ ʵʬʬʝʢʪʳ ʐʪʘʨʢʘ 

ʧʦ ʭʘʨʘʢʪʝʨʫ ʟʘʚʠʩʠʤʦʩʪʠ ʵʥʝʨʛʠʠ ʩʚʷʟʠ Ů ʘʪʦʤʘ ʦʪ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ E.  

                                                           
É ʇʦʪʘʧʦʚ ɸ.ɸ. / Potapov A.A., 2016 
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ʊʝʦʨʠʷ ɹʦʨʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʦʙʲʷʩʥʝʥʠʝ ʵʬʬʝʢʪʘ ʐʪʘʨʢʘ ʩʪʨʦʠʣʦʩʴ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ɹʦʨʘ [1, ʩ. 401], 

ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʘʪʦʤ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ E ʠʩʧʳʪʳʚʘʝʪ ʚʦʟʤʫʱʝʥʠʝ ʝʛʦ ʠʩʭʦʜ-

ʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʠʟʤʝʥʝʥʠʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ЎⱠ◑ ὩὉᾀȟ z ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ çʵʣʝʢʪʨʠ-

ʯʝʩʢʠʤ ʮʝʥʪʨʦʤ ʪʷʞʝʩʪʠè ʠ ʷʜʨʦʤ ʘʪʦʤʘ. ʇʦ ɹʦʨʫ ʚʦʟʤʫʱʝʥʠʝ ʦʨʙʠʪʳ ʩʚʦʜʠʪʩʷ ʢ ʛʘʨʤʦʥʠʯʝʩʢʠʤ ʢʦʣʝʙʘʥʠʷʤ ʩ 

ʯʘʩʪʦʪʦʡ 
 

‫
σ

τ

ὩὉὥ

“Ὤ
ȟ                                                                                           ρ 

 

ʛʜʝ h ï ʧʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ, a ï ʙʦʣʴʰʘʷ ʧʦʣʫʦʩʴ ʦʨʙʠʪʳ. 

ʕʪʦ ʜʦʙʘʚʦʯʥʦʝ ʚʦʟʤʫʱʝʥʠʝ ʥʦʩʠʪ ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ, ʧʦʵʪʦʤʫ ʩʦʛʣʘʩʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʶ ɹʦʨʘ 

ʵʥʝʨʛʠʷ ʚʦʟʤʫʱʝʥʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʢʨʘʪʥʦʡ ʚʝʣʠʯʠʥʝ Ὤʠ ʵʥʝʨʛʠʷ ʨʘʩʱʝʧʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʦʡ[1] ,“2/‫ 

 

ЎⱠ◑
σ

ψ“

ὬὉ

άὩ
ὲὯȟ                                                                                ς 

 

ʛʜʝ m ʠ e  ʤʘʩʩʘ ʠ ʟʘʨʷʜ ʵʣʝʢʪʨʦʥʘ, n - ʛʣʘʚʥʦʝ ʢʚʘʥʪʦʚʦʝ ʯʠʩʣʦ, k  ʢʚʘʥʪʦʚʦʝ ʯʠʩʣʦ, ʦʪʚʝʪʩʪʚʝʥʥʦʝ ʟʘ ʨʘʩʱʝʧ-

ʣʝʥʠʝ ʣʠʥʠʡ ʩʧʝʢʪʨʘ.  

ɺ ʪʝʦʨʠʠ ɹʦʨʘ ʧʨʠʥʷʪʘ ʤʦʜʝʣʴ ʘʪʦʤʘ ɿʦʤʤʝʨʬʝʣʴʜʘ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʦʨʙʠʪʘ ʵʣʝʢʪʨʦʥʘ ʷʚʣʷʝʪʩʷ ʵʣʣʠʧ-

ʪʠʯʝʩʢʦʡ [5]. ʕʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʧʦʟʚʦʣʠʣʦ ʚʚʝʩʪʠ ʚ ʪʝʦʨʠʶ ʢʚʘʥʪʦʚʳʝ ʯʠʩʣʘ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʜʠʩʢʨʝʪʥʦʩʪʴ 

ʰʪʘʨʢʦʚʩʢʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʣʠʥʠʡ ʦʧʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ.  

ʅʦ ʜʚʠʞʝʥʠʝ ʵʣʝʢʪʨʦʥʘ ʚ ʘʪʦʤʝ ʚʦʜʦʨʦʜʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʵʣʣʠʧʪʠʯʝʩʢʠʤ; ʦʥʦ ʷʚʣʷʝʪʩʷ ʢʨʫʛʦʚʳʤ ʠ ʝʛʦ 

ʦʧʠʩʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʦʛʣʘʩʥʦ ʜʠʥʘʤʠʯʝʩʢʦʤʫ ʫʨʘʚʥʝʥʠʶ [15, 16] 
 

Ⱡὶ Ⱡ̠ Ⱡ̃
ὒ

ςάὶ

Ὡὤ

ὶ
ȟ                                                                σ 

 

ʛʜʝ Ⱡ̠ ʠ Ⱡ̃  ʢʠʥʝʪʠʯʝʩʢʘʷ ʠ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, r ï ʜʝʡʩʪʚʠʪʝʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʷʜʨʦʤ 

ʠ ʵʣʝʢʪʨʦʥʦʤ; ὒ ï ʤʦʤʝʥʪ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ, ὒ άὺὶ; v ï ʦʨʙʠʪʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʵʣʝʢʪʨʦʥʘ ʤʘʩʩʦʡ ά; Ὡὤ ï 
ʟʘʨʷʜ ʷʜʨʘ.  

ɼʣʷ ʟʘʜʘʥʥʦʡ ʦʨʙʠʪʳ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʘʪʦʤʘ, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʛʣʘʚʥʳʤ ʢʚʘʥʪʦʚʳʤ ʯʠʩʣʦʤ ʧ, 

ʫʨʘʚʥʝʥʠʝ (3) ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ 
 

Ⱡ
Ὡ

ςὥὲ
ȟ                                                                              τ 

 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʢʨʫʛʦʚʦʡ ʧ-ʦʡ ʦʨʙʠʪʝ.  

ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʢʨʫʛʦʚʦʡ ʦʨʙʠʪʳ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʚʠʞʝʥʠʝ ʵʣʝʢʪʨʦʥʘ ʚ ʮʝʥ-

ʪʨʘʣʴʥʦʤ ʧʦʣʝ ʷʜʨʘ ʚ ʦʪʩʫʪʩʪʚʠʝ ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʘʶʱʠʭ ʬʘʢʪʦʨʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʨʦʛʠʤ ʨʘʚʝʥʩʪʚʦʤ ʟʘʨʷʜʦʚ 

ʷʜʨʘ ʠ ʵʣʝʢʪʨʦʥʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʨʙʠʪʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʵʣʝʢʪʨʦʥʘ ʧʦʩʪʦʷʥʥʘ, ʘ ʜʚʠʞʝʥʠʝ ʧʦ ʢʨʫʛʦʚʦʡ ʦʨʙʠʪʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʘʢ ʠʥʝʨʮʠʦʥʥʦʝ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʜʚʠʞʝʥʠʝ ʵʣʝʢʪʨʦʥʘ ʧʦʜʯʠʥʷʝʪʩʷ ʫʨʘʚʥʝʥʠʶ ʢʦʥʠʯʝʩʢʦʛʦ 

ʩʝʯʝʥʠʷ, ʢʦʪʦʨʦʝ ʚ ʧʦʣʷʨʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ ʠʤʝʝʪ ʚʠʜ [6] 

 
ρ

ὶ

ρ  ̞ὧέί•

̞̒
ȟ                                                                        υ 

 

ʛʜʝ ʵ ï ɻ ʢʩʮʝʥʪʨʠʩʠʪʝʪ, ʩ ï ʧʘʨʘʤʝʪʨ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʥʘ, ʢʦʪʦʨʦʤʫ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 4 ʚʦʟʤʦʞʥʳʭ ʪʠʧʘ 

ʬʫʥʢʮʠʡ: 1) ʛʠʧʝʨʙʦʣʘ, ʧʨʠ ʵ ρ; 2) ʵʣʣʠʧʩ, ʧʨʠ 0 ̞ ρ; 3) ʧʘʨʘʙʦʣʘ, ʧʨʠ  ̞ ρ; 4) ʦʢʨʫʞʥʦʩʪʴ, ʧʨʠ  ̞  π.  
ʀʟ ʚʩʝʛʦ ʩʝʤʝʡʩʪʚʘ ʘʪʦʤʦʚ ʫʩʣʦʚʠʶ ʢʨʫʛʦʚʦʡ ʦʨʙʠʪʳ  ̞  π ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʪʦʣʴʢʦ ʘʪʦʤ ʚʦʜʦʨʦʜʘ. ʊʘʢ 

ʯʪʦ ʠʟ ʬʠʟʠʯʝʩʢʠʭ ʩʦʦʙʨʘʞʝʥʠʡ ʘʪʦʤ ʚʦʜʦʨʦʜʘ ʥʝ ʤʦʞʝʪ ʠʤʝʪʴ ʵʣʣʠʧʪʠʯʝʩʢʫʶ ʦʨʙʠʪʫ. ʇʦʵʪʦʤʫ ʪʝʦʨʠʷ ɹʦʨʘ 

ʥʦʩʠʪ ʯʠʩʪʦ ʬʦʨʤʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʂʚʘʥʪʦʚʦʤʝʭʘʥʠʯʝʩʢʘʷ ʪʝʦʨʠʷ. ɺ ʘʪʦʤʥʦʡ ʬʠʟʠʢʝ ʜʣʷ ʦʧʠʩʘʥʠʷ ʰʪʘʨʢʦʚʩʢʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʥʘʠʙʦʣʴ-

ʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘʭʦʜʠʪ ʢʚʘʥʪʦʚʦʤʝʭʘʥʠʯʝʩʢʠʡ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʷ ʐʨʝʜʠʥʛʝʨʘ 

[25, ʩ. 377], 
 

Ὤ

ψ“ά 
Ў‪ Ⱡ

Ὡὤ

ὶ
‪ ὩᾀὉ‪ȟ                                                                φ 

 

ʛʜʝ ʧʝʨʚʳʡ ʯʣʝʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʠʥʝʪʠʯʝʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʘ, Ů ï ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ, ï 

ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦʥʘ, ‪ï ʚʦʣʥʦʚʘʷ ʬʫʥʢʮʠʷ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʯʣʝʥ ὩᾀὉ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʧʦʣʝ ɽ, 

ʚʦʟʤʫʱʘʶʱʝʝ ʘʪʦʤ.  
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ʈʝʰʝʥʠʝʤ ʫʨʘʚʥʝʥʠʷ (6) ʚʳʩʪʫʧʘʝʪ ʵʥʝʨʛʠʷ [25] 

 

Ⱡ
ὙὬ

ς“ὲ

σὬὉ

ψ“ά
ὲ ὲ ὲ ЎⱠὉȟὲⱩȟὲⱢȟὲȟά                                             χ 

 

ʛʜʝ ʧʝʨʚʳʡ ʯʣʝʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʵʥʝʨʛʠʶ ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (E=0), ʚʪʦʨʦʡ ʯʣʝʥ ï ʵʥʝʨʛʠʶ ʨʘʩʱʝʧʣʝʥʠʷ ʚ 

ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ (ʣʠʥʝʡʥʦʤ ʧʦ E), ʪʨʝʪʠʡ ʯʣʝʥ ï ʵʥʝʨʛʠʶ ʨʘʩʱʝʧʣʝʥʠʷ ʚʦ ʚʪʦʨʦʤ ʧʨʠʙʣʠʞʝʥʠʠ (ʢʚʘʜʨʘʪʠʯ-

ʥʦʤ ʧʦ E) ʢʘʢ ʬʫʥʢʮʠʶ ʢʚʘʥʪʦʚʳʭ ʯʠʩʝʣ ὲⱩȟὲⱢȟὲȟά, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʫʩʣʦʚʠʶ.ὲⱩ ὲⱢ ά ρ ὲȢ ʇʦʷʚʣʝ-

ʥʠʝ ʟʜʝʩʴ ʧʦʙʦʯʥʳʭ ʢʚʘʥʪʦʚʳʭ ʯʠʩʝʣ ὲⱩ ̉ ὲⱢ ʩʚʷʟʘʥʦ ʩ ʚʳʙʦʨʦʤ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʘʪʦʤʘ, ʯʪʦ ʪʘʢʞʝ ʢʘʢ ʠ ʚ 

ʪʝʦʨʠʠ ɹʦʨʘ ʥʝ ʠʤʝʝʪ ʬʠʟʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ. ɸ ʥʘʣʠʯʠʝ ʚ ʫʨʘʚʥʝʥʠʠ (6) ʘʙʩʪʨʘʢʪʥʦʡ ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʠ ʠʩ-

ʢʣʶʯʘʝʪ ʩʘʤʫ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʥʠʤʘʥʠʷ ʧʨʠʨʦʜʳ ʥʘʙʣʶʜʘʝʤʦʛʦ ʷʚʣʝʥʠʷ ʠ ʩʪʘʚʠʪ ʧʦʜ ʩʦʤʥʝʥʠʝ ʧʨʘʚʦʤʝʨʥʦʩʪʴ 

ʢʚʘʥʪʦʚʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʵʬʬʝʢʪʘ ʐʪʘʨʢʘ ʚ ʮʝʣʦʤ.  

ɺ ʮʠʪʠʨʦʚʘʥʥʦʡ ʚʳʰʝ ʨʘʙʦʪʝ ʄ. ɻʨʠʟʠʥʩʢʦʛʦ [3] ʩʜʝʣʘʥ ʘʥʘʣʠʟ, ʢʦʪʦʨʳʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʨʝʜʠ ʥʘʙʣʶʜʘʝ-

ʤʳʭ ʧʝʨʝʭʦʜʦʚ ʰʪʘʨʢʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ ʠʤʝʶʪʩʷ ʧʝʨʝʭʦʜʳ (ʥʝʢʦʪʦʨʳʝ ʣʠʥʠʠ ʩʝʨʠʠ ʃʘʡʤʘʥʘ), ʢʦʪʦʨʳʝ ʚʦʦʙʱʝ 

ʚʳʧʘʜʘʶʪ ʠʟ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ. ʊʝʤ ʩʘʤʳʤ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʧʨʷʤʦʝ ʧʨʦʪʠʚʦʧʦʩʪʘʚʣʝʥʠʝ ʢʚʘʥʪʦʚʦʤʝʭʘʥʠ-

ʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʫ.  

ʂʣʘʩʩʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ 

ɺ ʦʪʥʦʰʝʥʠʠ ʵʬʬʝʢʪʘ ʐʪʘʨʢʘ ʚ ʘʪʦʤʥʦʡ ʬʠʟʠʢʝ ʩʣʦʞʠʣʘʩʴ ʜʦʚʦʣʴʥʦ ʧʘʨʘʜʦʢʩʘʣʴʥʘʷ ʩʠʪʫʘʮʠʷ. ɼʝʣʦ ʚ 

ʪʦʤ, ʯʪʦ ʜʣʷ ʝʛʦ ʦʧʠʩʘʥʠʷ, ʧʦ ʩʫʪʠ, ʚʦʦʙʱʝ ʥʝ ʪʨʝʙʫʝʪʩʷ ʢʘʢʘʷ-ʣʠʙʦ ʪʝʦʨʠʷ. ɺʩʝ ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʝʛʦ ʦʧʠʩʘʥʠʷ 

ʫʞʝ ʝʩʪʴ ʚ ʘʥʥʘʣʘʭ ʢʣʘʩʩʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ. 

ʇʨʝʞʜʝ ʯʝʤ ʧʨʠʩʪʫʧʠʪʴ ʢ ʘʥʘʣʠʟʫ ʚʣʠʷʥʠʷ ʚʥʝʰʥʠʭ ʧʦʣʝʡ ʥʘ ʭʘʨʘʢʪʝʨ ʠʟʣʫʯʝʥʠʷ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ, ʩʣʝ-

ʜʫʝʪ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʠʩʭʦʜʥʳʝ ʧʦʣʦʞʝʥʠʷ:  

1. ɸʪʦʤ ʚʦʜʦʨʦʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʞʝʩʪʢʦ ʩʚʷʟʘʥʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ ʵʣʝʢʪʨʦʥ ʠ ʧʨʦʪʦʥ, ʦʙʨʘʟʫʶʱʠʝ ʵʣʝʢʪʨʠ-

ʯʝʩʢʠʡ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ. ʈʘʜʠʫʩ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʷʚʣʷʝʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʢʦʥʩʪʘʥʪʦʡ. ʄʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ 

ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʦʙʫʩʣʦʚʣʝʥ ʦʨʙʠʪʘʣʴʥʳʤ ʤʦʤʝʥʪʦʤ ʵʣʝʢʪʨʦʥʘ. ʉʦʙʩʪʚʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʫ ʵʣʝʢʪʨʦʥʘ 

ʥʝʪ [16, 18 õ 20, 29].  

2. ʕʣʝʢʪʨʦʥʥʳʝ ʦʨʙʠʪʳ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʷʚʣʷʶʪʩʷ ʢʨʫʛʦʚʳʤʠ. ɼʠʩʢʨʝʪʥʦʩʪʴ ʠʭ ʩʦʩʪʦʷʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʜʠʩʢʨʝʪʥʦʩʪʴʶ ʨʘʜʠʫʩʦʚ ʘʧ = ʧὥʧ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʠ ʝʛʦ ʵʥʝʨʛʠʡ ʩʚʷʟʠ Ⱡ
Ⱡ
, ʢʦʪʦʨʳʝ ʧʨʝʜʦʧʨʝʜʝʣʷʶʪ ʜʠʩ-

ʢʨʝʪʥʦʩʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʦʧʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ. ʇʨʠʨʦʜʘ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʦʧʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʚʦʜʦ-

ʨʦʜʘ ʦʙʲʷʩʥʷʝʪʩʷ ʨʘʟʣʠʯʠʝʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʧʦʛʣʦʱʝʥʠʷ ʠ ʠʩʧʫʩʢʘʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ, ʢʦʪʦʨʦʝ, 

ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʙʫʩʣʦʚʣʝʥʦ ʟʘʚʠʩʠʤʦʩʪʴʶ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʥʘ. ɼʣʷ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ 

ʦʧʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʚʦʜʦʨʦʜʘ ʜʦʩʪʘʪʦʯʥʦ ʠʤʝʪʴ ʦʜʥʦ ʢʚʘʥʪʦʚʦʝ ʯʠʩʣʦ ʧ [16, 18 õ 20, 29].  

3. ʀʟʣʫʯʝʥʠʝ ʘʪʦʤʦʚ ʦʙʫʩʣʦʚʣʝʥʦ ʧʝʨʝʭʦʜʘʤʠ ʵʣʝʢʪʨʦʥʦʚ ʩ ʚʝʨʭʥʠʭ ʫʨʦʚʥʝʡ ʥʘ ʦʜʠʥ ʠʟ ʥʠʞʥʠʭ ʫʨʦʚʥʝʡ. 

ɺʨʝʤʷ ʞʠʟʥʠ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʷʭ ʘʪʦʤʦʚ ʚ ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʤʥʦʛʦ ʙʦʣʴʰʝ ʭʘʨʘʢʪʝʨ-

ʥʦʛʦ ʜʣʷ ʘʪʦʤʦʚ ʚʨʝʤʝʥʠ ʦʙʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʚʦʢʨʫʛ ʷʜʨʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʭ ʢʘʢ ʤʝʪʘʩʪʘʙʠʣʴ-

ʥʳʝ [19, 29]. 

4. ɼʚʠʞʝʥʠʝ ʘʪʦʤʦʚ ʚ ʧʫʯʢʘʭ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʘʢ ʥʝʟʘʚʠʩʠʤʦʝ, ʥʝ ʦʢʘʟʳʚʘʶʱʝʝ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ 

ʥʘ ʧʨʦʮʝʩʩʳ ʠʟʣʫʯʝʥʠʷ.  

5. ɺ ʦʪʩʫʪʩʪʚʠʝ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʜʠʧʦʣʴʥʳʝ ʤʦʤʝʥʪʳ ʘʪʦʤʦʚ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʚʩʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ 

ʨʘʚʥʦʤʝʨʥʦ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʟʣʫʯʝʥʠʝ ʘʥʩʘʤʙʣʷ ʘʪʦʤʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʠʟʦʪʨʦʧʥʦ. 

ʉʫʱʝʩʪʚʝʥʥʳʤ ʜʣʷ ʨʘʩʩʤʦʪʨʝʥʠʷ ʵʬʬʝʢʪʦʚ ʐʪʘʨʢʘ ʠ ɿʝʝʤʘʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʫ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ 

ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ p, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʝʛʦ ʩ ʚʥʝʰʥʠʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ E ʧʦ ʜʝʬʦʨʤʘʮʠ-

ʦʥʥʦʤʫ [13] ʠ ʦʨʠʝʥʪʘʮʠʦʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ [12]. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʘʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʦʣʷʨʠʟʫʝʤʦʩʪʴ 

‌  ʠʤʝʝʪ ʜʚʝ ʩʦʩʪʘʚʣʷʶʱʠʝ, ‌ ‌ ‌. ʆʩʦʙʝʥʥʦʩʪʴ ʦʨʠʝʥʪʘʮʠʦʥʥʦʡ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ‌  ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʘ ʥʦʩʠʪ ʫʧʨʫʛʠʡ ʭʘʨʘʢʪʝʨ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʝʤ ʩʦ ʩʪʦʨʦʥʳ ʮʝʥʪʨʦʙʝʞʥʦʡ 

çʩʠʣʳè ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʥʘ. ʕʪʦʡ ʩʠʣʝ Ὂ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ Ⱡ. ʉ ʫʯʝʪʦʤ ʤʘ-
ʣʦʩʪʠ ʵʥʝʨʛʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ὴὉ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʥʝʨʛʠʝʡ Ⱡ  ʫʧʨʫʛʘʷ ʦʨʠʝʥʪʘʮʠʦʥʥʦ-ʫʧʨʫʛʘʷ ʧʦʣʷʨʠʟʫʝʤʦʩʪʴ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ [16, 19] 
 

‌ ộὴ Ớ
ςὴ

σⱠ
Ȣ                                                                                ψ 

 

ʇʦʜʩʪʘʥʦʚʢʘ ʚ (8) ʠʟʚʝʩʪʥʳʭ ʚʝʣʠʯʠʥ,Ⱡ  13,6 ʵɺ, ὥ 0,53 ¡, ʝ = 4,8Ŀ10-10 ʝʜ. ʉɻʉ ʜʘʝʪ ‌  0,20 B. 

ʅʘ ʜʦʣʶ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʧʨʠʭʦʜʠʪʩʷ ‌ ‌ ‌  (0,667  0,20) B  0,467 B. 

ɼʝʬʦʨʤʘʮʠʦʥʥʘʷ ʧʦʣʷʨʠʟʫʝʤʦʩʪʴ ‌  ʷʚʣʷʝʪʩʷ ʘʪʦʤʥʦʡ ʢʦʥʩʪʘʥʪʦʡ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ 

ʩʚʦʡʩʪʚʦ ʘʪʦʤʦʚ, ʢʦʪʦʨʦʝ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠʭ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʦʣʦʯʝʢ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ɼʝʬʦʨʤʘʮʠʦʥʥʘʷ ʧʦʣʷʨʠʟʫʝʤʦʩʪʴ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʛʦ ʨʘʜʠʫʩʦʤ ʧʦ ʬʦʨʤʫʣʝ [16] 

 

‌ σὥ ,                                                        (9) 
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ʨʘʩʯʝʪ ʧʦ ʢʦʪʦʨʦʡ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʦʣʫʯʝʥʥʳʤ ʚʳʰʝ ʟʥʘʯʝʥʠʝʤ ‌  0,467 B.  

ɼʝʬʦʨʤʘʮʠʦʥʥʫʶ ʧʦʣʷʨʠʟʫʝʤʦʩʪʴ ʘʪʦʤʘ ʪʘʢʞʝ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ɻ. ʃʦʨʝʥʪʮʘ ʠ ʝʛʦ 

ʦʩʮʠʣʣʷʮʠʦʥʥʦʡ ʤʦʜʝʣʠ[8] ‌ , ʛʜʝ e ʠ m ï ʵʣʝʤʝʥʪʘʨʥʳʡ ʟʘʨʷʜ ʠ ʤʘʩʩʘ ʵʣʝʢʪʨʦʥʘ; ‫ ς“Ὢȟ Ὢ  ʩʦʙ-

ʩʪʚʝʥʥʘʷ ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ʘʪʦʤʘ, ‫ 2“6,57Ŀ1015 ɻʮ. ʇʦʜʩʪʘʥʦʚʢʘ ʠʟʚʝʩʪʥʳʭ ʚʝʣʠʯʠʥ ʚ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʧʦʣʷ-

ʨʠʟʫʝʤʦʩʪʠ ʜʘʝʪ ‌  0,1485 ¡3. ʇʦʣʷʨʠʟʫʝʤʦʩʪʴ ʷʚʣʷʝʪʩʷ ʠʟʤʝʨʷʝʤʦʡ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʬʬʝʢʪʠʚʥʦʡ (ʫʩʨʝʜ-

ʥʝʥʥʦʡ) ʚʝʣʠʯʠʥʦʡ ‌ , ʧʦʵʪʦʤʫ ʧʦʣʷʨʠʟʫʝʤʦʩʪʴ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʚʳʜʝʣʝʥʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ɽ, 

ʨʘʚʥʘ ‌ σ‌   0,445 ¡3. ʅʝʙʦʣʴʰʦʝ ʦʪʣʠʯʠʝ ʨʘʩʩʯʠʪʘʥʥʦʡ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʦʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ, 

ʚʦʟʤʦʞʥʦ, ʦʙʲʷʩʥʷʝʪʩʷ ʥʝʫʯʪʝʥʥʦʡ ʧʨʠ ʨʘʩʯʝʪʝ ʠʟʛʠʙʥʦʡ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ [14]. ɺ ʮʝʣʦʤ ʨʘʩʯʝʪ ʧʨʦʜʦʣʴʥʦʡ ʩʦ-

ʩʪʘʚʣʷʶʱʝʡ ʧʦʣʷʨʠʫʝʤʦʩʪʠ ‌ ‌  ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʦʣʫʯʝʥʥʫʶ ʥʘ ʦʩʥʦʚʘʥʠʠ (9) ʚʝʣʠʯʠʥʫ ‌  0,47 B. 

ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʰʪʘʨʢ-ʵʬʬʝʢʪʘ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʨʘʩʢʨʳʚʘʝʪʩʷ ʚ ʜʠʧʦʣʴ-ʦʙʦʣʦʯʝʯʥʦʡ ʤʦʜʝʣʠ[16], ʩʦ-

ʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʘʪʦʤ ʚʦʜʦʨʦʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʘʢ ʚʨʘʱʘʶʱʠʡʩʷ ʜʠʧʦʣʴ ὴ Ὡὥ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʞʝʩʪʢʦ ʩʚʷʟʘʥ-
ʥʳʤʠ ʤʝʞʜʫ ʩʦʙʦʡ ʷʜʨʦʤ ʠ ʵʣʝʢʪʨʦʥʦʤ. ɺʦ ʚʥʝʰʥʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ E ʜʠʧʦʣʴ ʠʩʧʳʪʳʚʘʝʪ ʚʨʘʱʘʪʝʣʴʥʳʡ 

ʤʦʤʝʥʪ ╝ ▬ ╔, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʬʦʨʤʠʨʫʝʪʩʷ ʦʨʠʝʥʪʘʮʠʦʥʥʳʡ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʨʦʨ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ɽớ ʠʥʜʫʮʠʨʫʝʪ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʢʘʢ ὴ ‌ Ȣ˒ 
 

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʨʠʝʥʪʘʮʠʦʥʥʦʡ (ʘ) ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ (ʙ) ʧʦʣʷʨʠʟʘʮʠʠ 

 

ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʨʠʝʥʪʘʮʠʦʥʥʦʛʦ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʨʦʨ (ʨʠʩ.1ʘ) ʠ ʠʥʜʫʮʠ-

ʨʦʚʘʥʥʦʛʦ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʨd (ʨʠʩ. 1ʙ). ɿʜʝʩʴ ʤʛʥʦʚʝʥʥʳʝ ʜʠʧʦʣʴʥʳʝ ʤʦʤʝʥʪʳ ʘʪʦʤʦʚ ʨ, ʢʦʪʦʨʳʝ ʧʝʨʧʝʥʜʠ-

ʢʫʣʷʨʥʳ ʧʦʣʶ ɽớ, ʩʤʝʱʘʶʪʩʷ ʧʦʜ ʝʛʦ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʣʷ ɽớ, ʠ ʠʭ ʩʦʚʦʢʫʧʥʦʩʪʴ ʨʦʨ ʜʘʝʪ ʨʝʟʫʣʴʪʠ-

ʨʫʶʱʫʶ ʦʨʠʝʥʪʘʮʠʦʥʥʫʶ ʧʦʣʷʨʠʟʘʮʠʶ (ʨʠʩ.1ʘ). ʄʛʥʦʚʝʥʥʳʝ ʜʠʧʦʣʴʥʳʝ ʤʦʤʝʥʪʳ ʘʪʦʤʦʚ, ʢʦʪʦʨʳʝ ʧʘʨʘʣ-

ʣʝʣʴʥʳ ʥʘʧʨʘʚʣʝʥʠʶ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ɽớ, ʠʩʧʳʪʳʚʘʶʪ ʫʧʨʫʛʫʶ ʜʝʬʦʨʤʘʮʠʶ ὴ ʘʪʦʤʦʚ ʠ ʪʝʤ ʩʘʤʳʤ ʩʦʟʜʘʶʪ 

ʨʝʟʫʣʴʪʠʨʫʶʱʫʶ ʜʝʬʦʨʤʘʮʠʦʥʥʫʶ ʧʦʣʷʨʠʟʘʮʠʶ (ʨʠʩ. 1ʙ). ʉʦʙʩʪʚʝʥʥʦ, ʠʤʝʥʥʦ ʦʨʠʝʥʪʘʮʠʦʥʥʘʷ ʠ ʜʝʬʦʨʤʘʮʠ-

ʦʥʥʘʷ ʧʦʣʷʨʠʟʘʮʠʠ ʚʳʩʪʫʧʘʶʪ ʚʦʟʤʫʱʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʘʪʦʤʦʚ ʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʤʝʭʘ-

ʥʠʟʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʰʪʘʨʢʦʚʩʢʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ.  

ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʪʦʤʥʦʡ ʩʠʩʪʝʤʳ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ E ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʧʨʷʤʦʤʫ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʤʫ ʤʝʭʘʥʠʟʤʫ ЎⱠ ὴὉ, ʧʨʦʷʚʣʷʶʱʝʤʫʩʷ ʚ ʣʠʥʝʡʥʦʤ ʵʬʬʝʢʪʝ, ʘ ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ (ʚ ʩʣʫʯʘʝ 

ʥʝʣʠʥʝʡʥʦʛʦ ʵʬʬʝʢʪʘ) ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʠʥʜʫʢʮʠʦʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ЎⱠ . ɺ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʵʬʬʝʢʪ ʐʪʘʨʢʘ 

ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʠ ʧʨʠʩʫʱʠʤ ʚʩʝʤ ʘʪʦʤʘʤ.  

ɺ ʩʠʣʫ ʢʨʫʛʦʚʦʛʦ ʚʨʘʱʝʥʠʷ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ, ʧʨʠʨʘʱʝʥʠʷ ʵʥʝʨʛʠʠ ЎⱠ, ʚʳʟʚʘʥʥʳʝ 
ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ɽ, ʩʠʤʤʝʪʨʠʯʥʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʘʯʘʣʴʥʦʤʫ ʩʦʩʪʦʷʥʠʶ Ⱡ ʘʪʦʤʘ. ʕʪʠʤ ʦʙʲʷʩʥʷʝʪʩʷ ʩʠʤ-

ʤʝʪʨʠʯʥʳʡ ʭʘʨʘʢʪʝʨ ʰʪʘʨʢʦʚʩʢʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʦʟʤʫʱʝʥʥʦʡ ʣʠʥʠʠ ʦʧʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ. 

ʋ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʜʝʬʦʨʤʘʮʠʦʥʥʘʷ ʧʦʣʷʨʠʟʫʝʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʘ ʠ ʣʠʥʝʡʥʳʡ ʵʬʬʝʢʪ ʫ ʥʝʛʦ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʘʪʦʤʘʤʠ ʧʨʦʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦ. ʋ ʜʨʫʛʠʭ ʜʠʧʦʣʴʥʳʭ ʘʪʦʤʦʚ (ʥʘʧʨʠʤʝʨ, ʫ ʘʪʦ-

ʤʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʛʘʣʦʠʜʦʚ) ʣʠʥʝʡʥʳʡ ʚʢʣʘʜ ʧʨʝʜʩʪʘʚʣʝʥ ʩʣʘʙʝʝ, ʥʦ ʦʥ ʥʝ ʠʩʢʣʶʯʝʥ ʧʦʣʥʦʩʪʴʶ, ʢʘʢ ʵʪʦ 

ʧʨʠʥʷʪʦ ʫʪʚʝʨʞʜʘʪʴ ʚ ʘʪʦʤʥʦʡ ʬʠʟʠʢʝ. ʊʘʢ, ʫ ʘʪʦʤʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʜʝʬʦʨʤʘʮʠʦʥʥʘʷ ʧʦʣʷʨʠʟʫʝʤʦʩʪʴ ʧʦ-

ʯʪʠ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ, ʧʦʵʪʦʤʫ ʫ ʥʠʭ ʥʘ ʬʦʥʝ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʵʬʬʝʢʪʘ ʣʠʥʝʡʥʳʡ ʚʢʣʘʜ 

ʚ ʰʪʘʨʢʦʚʩʢʦʝ ʨʘʩʱʝʧʣʝʥʠʝ ʧʨʦʩʪʦ ʥʝ ʟʘʤʝʪʝʥ. 

ʅʘʯʥʝʤ ʨʘʩʩʤʦʪʨʝʥʠʝ ʵʬʬʝʢʪʘ ʐʪʘʨʢʘ ʩ ʧʝʨʚʦʡ (ʧʨʦʩʪʝʡʰʝʡ) ʣʠʥʠʠ ʩʝʨʠʠ ʃʘʡʤʘʥʘ LŬ, ʢʦʪʦʨʘʷ ʦʙʨʘʟʫ-

ʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʭʦʜʘ ʩ ʧʝʨʚʦʛʦ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʧ = 2) ʥʘ ʦʩʥʦʚʥʦʡ ʫʨʦʚʝʥʴ (ʧ = 1). ʇʝʨʚʦʝ ʚʦʟ-

ʙʫʞʜʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʟʘʜʘʝʪʩʷ ʫʜʚʦʝʥʥʳʤ ʨʘʜʠʫʩʦʤ ɹʦʨʘ 2ʘɺ ʢʨʫʛʦʚʦʡ ʦʨʙʠʪʳ ʵʣʝʢʪʨʦʥʘ. ʉʫʱʝʩʪʚʝʥʥʳʤ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʨʘʜʠʫʩ ɹʦʨʘ ʘɺ (ʨʘʜʠʫʩ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʚ ʥʝʚʦʟʤʫʱʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ) ʷʚʣʷʝʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴ-

ʥʦʡ ʢʦʥʩʪʘʥʪʦʡ[20] ʠ ʦʥ ʦʧʨʝʜʝʣʷʝʪ ʵʢʚʠʜʠʩʪʘʥʪʥʦʩʪʴ ʥʘʙʣʶʜʘʝʤʦʛʦ ʰʪʘʨʢʦʚʩʢʦʛʦ ʩʧʝʢʪʨʘ. ʇʝʨʝʭʦʜ ʵʣʝʢʪʨʦʥʘ 

ʩ ʦʨʙʠʪʳ ʨʘʜʠʫʩʦʤ 2ʘɺ  ʥʘ ʥʠʞʝʣʝʞʘʱʫʶ ʦʨʙʠʪʫ ʩ ʨʘʜʠʫʩʦʤ ʘɺ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʵʥʝʨʛʠʠ Ⱡ Ⱡ /22) ʚ ʵʥʝʨʛʠʶ ʠʟʣʫʯʝʥʠʷ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʠʟʣʫʯʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʠʧʦʣʴʥʳʤ 

ʤʦʤʝʥʪʦʤ ʘʪʦʤʘ ʨ2 = 2ʝʘɺ.  
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ʅʘʣʦʞʝʥʠʝ ʥʘ ʩʠʩʪʝʤʫ ʚʦʟʙʫʞʜʝʥʥʳʭ ʘʪʦʤʦʚ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ɽớк ʧʨʠʚʦʜʠʪ, ʢʘʢ ʙʳʣʦ ʧʦ-

ʢʘʟʘʥʦ ʚʳʰʝ, ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʤʦʤʝʥʪʘ ʩʠʣ ʄ = Ὂὥ , ʦʨʠʝʥʪʠʨʫʶʱʝʛʦ ʜʠʧʦʣʴʥʳʝ ʤʦʤʝʥʪʳ p2 ʘʪʦʤʦʚ ʚ ʥʘʧʨʘʚ-

ʣʝʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ὴὧέί— (ʛʜʝ —  ʫʛʦʣ  ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʧʦʣʷ Ὁ ʠ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ὴ) ʠ ʪʝʤ 

ʩʘʤʳʤ ʬʦʨʤʠʨʫʶʱʝʛʦ ʦʨʠʝʥʪʘʮʠʦʥʥʫʶ ʧʦʣʷʨʠʟʘʮʠʶ ʘʪʦʤʦʚ. ʅʘʨʷʜʫ ʩ ʦʨʠʝʥʪʘʮʠʦʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ ʚ ʫ ʘʪʦ-

ʤʦʚ ʚʦʟʥʠʢʘʶʪ ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʜʠʧʦʣʴʥʳʝ ʤʦʤʝʥʪʳ ὴ ‌Ὁ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ 

ὴ  ὴ Ўὴ ςὩὥ ςὩЎὥ ʟʘ ʩʯʝʪ ʧʨʠʨʘʱʝʥʠʷ ʨʘʜʠʫʩʘ ʘʪʦʤʘ ὴ Ўὴ ςὩЎὥ ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦ-
ʣʷʨʠʟʘʮʠʠ ʘʪʦʤʘ ʵʥʝʨʛʠʷ ʝʛʦ ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ Ⱡ ʠʟʤʝʥʷʝʪʩʷ ʥʘ ʚʝʣʠʯʠʥʫ ЎⱠ ЎⱠᴼ ὴὉὧέί—. ɿʜʝʩʴ 
ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʵʬʬʝʢʪʘ ʐʪʘʨʢʘ ʚʦʟʤʦʞʥʳ ʜʚʘ ʩʪʘʥʜʘʨʪʥʳʭ ʚʘʨʠʘʥʪʘ: 1) ʢʦʛʜʘ ʚʥʝʰʥʝʝ ʧʦʣʝ Ὁ ʠ ʥʘʙʣʶʜʘʝ-

ʤʦʝ ʠʟʣʫʯʝʥʠʝ Ὁͯ  ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ ὉṶ Ὁͯ  ʠ 2) ʢʦʛʜʘ ʦʥʠ ʧʘʨʘʣʣʝʣʴʥʳ Ὁ  Ὁͯ .  

 
 

ʈʠʩ. 2. ʉʭʝʤʘ ʜʝʬʦʨʤʘʮʠʠ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʘʪʦʤʘ(ʘ) ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʰʪʘʨʢʦʚʩʢʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ(ʙ) ʣʘʡʤʘʥʦʚʩʢʦʡ Ŭ-ʣʠʥʠʠ 

 

ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʧʦʣʝʡ ʚʦʟʤʦʞʥʳ ʜʚʘ ʧʦʜʚʘʨʠʘʥʪʘ, ʢʦʛʜʘ ÃÏÓ— ÃÏÓωπ +1 ʠ ʙ) 

ÃÏÓςχπ =  1, ʪʘʢ ʯʪʦ ЎⱠ ὴὉ ʠ ЎⱠ ὴὉ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʙʣʘʛʦʜʘʨʷ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ 
ʘʪʦʤʘ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʤʦʞʝʪ ʜʝʬʦʨʤʠʨʦʚʘʪʴ ʵʣʝʢʪʨʦʥʥʫʶ ʦʙʦʣʦʯʢʫ ʚ ʧʨʷʤʦʤ ʠʣʠ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʵʣʝʢʪʨʠʯʝʩʢʦʤʫ ʧʦʣʶ Ὁ ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2ʘ. ʕʪʦ ʚʳʟʳʚʘʝʪ ʩʤʝʱʝʥʠʝ ʫʨʦʚʥʷ Ⱡ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʝʛʦ ʨʘʩʱʝʧʣʝʥʠʝ ʥʘ ʜʚʘ ʧʦʜʫʨʦʚʥʷ ЎⱠ , ʩʠʤʤʝʪʨʠʯʥʳʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʝʩʤʝʱʝʥʥʦʡ ʣʠʥʠʠ (ʨʠʩ. 2ʘ). ɺʤʝʩʪʝ 

ʩ ʵʪʠʤ ʙʣʘʛʦʜʘʨʷ ʫʧʨʫʛʦʡ ʦʨʠʝʥʪʘʮʠʦʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʚʦʟʥʠʢʘʝʪ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ Ўὴ ʘʪʦʤʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ Ὁ (ʨʠʩ. 2ʙ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʪʦʤʳ ʠʩʧʳʪʳʚʘʶʪ ʜʝʬʦʨʤʘʮʠʶ ʠ ʠʭ ʦʨʙʠʪʳ ʧʨʠʦʙʨʝʪʘʶʪ ʥʝ-

ʙʦʣʴʰʫʶ ʵʣʣʠʧʪʠʯʥʦʩʪʴ. ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʘʥʠʟʦʪʨʦʧʠʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʘʪʦʤʦʚ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʘʥʠʟʦʪʨʦʧʠʠ ʥʘʙʣʶʜʘʝʤʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʫʩʣʦʞʥʝʥʠʶ ʰʪʘʨʢʦʚʩʢʦʛʦ ʩʧʝʢʪʨʘ. 

ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʧʨʦʜʦʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ὧέί — ὧέί π ὧέί ρψπ0 = 0 ʭʘʨʘʢʪʝʨ ʠʟʣʫʯʝʥʠʷ Ὁͯ  ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ ʚʦʟʤʫʱʝʥʠʝʤ ʵʥʝʨʛʠʠ Ⱡ ʘʪʦʤʘ ʚʥʝʰʥʠʤ ʧʦʣʝʤ ʚ ʧʨʦʜʦʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ЎⱠ π ʠ ʚ ʧʝʨʚʦʤ ʧʨʠ-
ʙʣʠʞʝʥʠʠ ʩʦʭʨʘʥʷʝʪ ʩʚʦʡ ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʚʠʜ (ʨʠʩ. 2ʙ). ʀʟ-ʟʘ ʜʝʬʦʨʤʘʮʠʠ ʦʨʙʠʪʳ ʘʪʦʤʘ ʵʪʘ ʣʠʥʠʷ ʥʝʤʥʦʛʦ 

ʩʤʝʱʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʝ ʠʩʭʦʜʥʦʛʦ ʧʦʣʦʞʝʥʠʷ.  

ɺ ʵʪʦʤ ʩʦʙʩʪʚʝʥʥʦ ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʰʪʘʨʢʦʚʩʢʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʣʠʥʠʡ ʦʧʪʠʯʝʩʢʦʛʦ 

ʩʧʝʢʪʨʘ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ. ʀʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ ʘʪʦʤʘ ʚʦʟʤʫʱʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ ʩ ʝʛʦ ʜʠʧʦʣʴʥʳʤ ʤʦʤʝʥʪʦʤ, ʠ ʵʥʝʨʛʠʷ ʩʚʷʟʠ Ⱡ2 ʜʘʥʥʦʛʦ ʫʨʦʚʥʷ ʨʘʩʱʝʧʣʷʝʪʩʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʜ-

ʫʨʦʚʥʠ. ʐʪʘʨʢʦʚʩʢʦʝ ʨʘʩʱʝʧʣʝʥʠʝ ʠʤʝʝʪ ʩʫʛʫʙʦ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ, ʘ ʤʝʭʘʥʠʟʤ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʟʘʢʦʥʘʤʠ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ. 

ɺ ʩʧʝʢʪʨʝ LŬ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʣʠʥʠʷ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʦʧʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʫʨʦʚʥʝʤ, ʦʪʩʪʦʷʱʠʤ ʦʪ ʦʩʥʦʚʥʦʛʦ ʥʘ ЎⱠ̓Ȣ̒Ȣ  0,33 ʩʤ-1 [5,25]. ɺ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʦʥʘ ʩʤʝʱʘ-

ʝʪʩʷ ʚʤʝʩʪʝ ʩ ʦʩʥʦʚʥʳʤʠ ʧʦʜʫʨʦʚʥʷʤʠ ʠ ʧʦ ʚʝʣʠʯʠʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʵʥʝʨʛʠʝʡ ʨʘʩʱʝʧʣʝʥʠʷ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʫʨʦʚʥʷ 

ʘʪʦʤʘ (ʧ=2).  ʂʨʦʤʝ ʵʪʦʛʦ ʤʦʞʥʦ ʧʨʝʜʩʢʘʟʘʪʴ ʧʦʷʚʣʝʥʠʝ ʚ ʰʪʘʨʢʦʚʩʢʦʤ ʩʧʝʢʪʨʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʣʠʥʠʡ, ʚʳʟʚʘʥ-
ʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ Ὁ ʩ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ, ʠʤʝʥʫʝʤʦʛʦ 

ʤʘʛʥʠʪʥʳʤ ʤʦʤʝʥʪʦʤ (ʩʤ. ʥʠʞʝ). ɽʛʦ ʚʢʣʘʜ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʝʣʠʢ, ʧʦʩʢʦʣʴʢʫ ʚʝʣʠʯʠʥʘ ʵʪʦʛʦ ʤʦʤʝʥʪʘ ʤʝʥʴʰʝ 

ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʨ ʘʪʦʤʘ ʚ 1/Ŭ = 137 ʨʘʟ. 

ʇʨʠ ʧʝʨʝʭʦʜʝ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʩʣʝʜʫʶʱʝʡ ʣʠʥʠʠ Lɓ ʣʘʡʤʦʥʦʚʩʢʦʡ ʩʝʨʠʠ ʭʘʨʘʢʪʝʨ ʚʦʟʤʫʱʝʥʠʷ ʥʘʯʘʣʴ-

ʥʦʛʦ  ʩʦʩʪʦʷʥʠʷ Ⱡ ʠ ʦʙʱʘʷ ʢʘʨʪʠʥʘ ʨʘʩʱʝʧʣʝʥʠʷ ʦʩʪʘʝʪʩʷ ʪʘʢʦʡ ʞʝ, ʢʘʢ ʜʣʷ ʣʠʥʠʠ LŬ. ʆʪʣʠʯʠʝ ʣʠʰʴ ʚ ʪʦʤ, ʯʪʦ, 

ʚʦ-ʧʝʨʚʳʭ, ʨʘʩʱʝʧʣʝʥʠʝ ʣʠʥʠʠ ЎⱠ  ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʩʚʷʟʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʜʠʫʩʘ ʦʨʙʠʪʳ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʘʪʦʤʘ 

ʠ ʝʛʦ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʨʠʨʘʱʝʥʠʷ ʨʘʜʠʫʩʘ ʦʨʙʠʪʳ ʜʦ 3Ўὥ, ʘ, ʚʦ-ʚʪʦʨʳʭ, ʚ ʩʧʝʢ-

ʪʨʝ ʧʦʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʧʘʨʘ ʣʠʥʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʨʘʩʱʝʧʣʝʥʠʝʤ ʥʘʙʣʶʜʘʝʤʦʛʦ ʫʨʦʚʥʷ Ⱡ, ʢʦʪʦʨʘʷ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʦʙʷʟʘʥʘ ʚʦʟʤʫʱʝʥʠʶ ʜʘʥʥʦʡ ʦʨʙʠʪʳ (ʧ = 3) ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ɽ2 ʥʠʞʝʣʝʞʘʱʝʡ ʦʨʙʠʪʳ (ʧ = 2) ʧʦ 
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ʨʘʩʩʤʦʪʨʝʥʥʦʤʫ ʚʳʰʝ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ЎⱠ ὴὉ. ʊʝʦʨʝʪʠʯʝʩʢʠ ʥʘ ʥʘʙʣʶʜʘʝʤʳʡ ʫʨʦʚʝʥʴ ʪʘʢʞʝ 
ʦʢʘʟʳʚʘʝʪ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʝ ʚʦʟʤʫʱʘʶʱʝʝ ʚʣʠʷʥʠʝ ʠ ʚʳʰʝʣʝʞʘʱʠʡ ʫʨʦʚʝʥʴ (ʧ = 4). ɺ ʧʨʦʜʦʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʪʘʢʞʝ ʚʦʟʥʠʢʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʣʠʥʠʷ, ʢʦʪʦʨʘʷ ʦʙʷʟʘʥʘ ʚʦʟʤʫʱʝʥʠʶ ʥʘʙʣʶʜʘʝʤʦʛʦ ʫʨʦʚʥʷ ʩʦ ʩʪʦ-

ʨʦʥʳ ʥʠʞʥʝʛʦ ʫʨʦʚʥʷ (ʧ = 2). 

 

 
 

ʈʠʩ. 3.ʉʭʝʤʘ ʬʦʤʠʨʦʚʘʥʠʷ ʰʪʘʨʢʦʚʩʢʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ Lɓ ʣʠʥʠʠ ʣʘʡʤʦʥʦʚʩʢʦʡ ʩʝʨʠʠ 
 

ʉʣʝʜʫʶʱʘʷ ʣʠʥʠʷ ʃʘʡʤʘʥʘ ὒ ʦʙʷʟʘʥʘ ʢʚʘʥʪʦʚʦʤʫ ʧʝʨʝʭʦʜʫ 41O. ʈʘʩʱʝʧʣʝʥʠʝ ʣʠʥʠʠ ЎⱠ  ʫʚʝʣʠʯʠʚʘ-

ʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʚʝʣʠʯʠʚʰʠʤʩʷ ʨʘʜʠʫʩʦʤ ʦʨʙʠʪʳ ʜʦ 4ὥ. ɺ ʩʧʝʢʪʨʝ ʪʘʢʞʝ ʩʦʭʨʘʥʷʝʪʩʷ ʧʘʨʘ ʣʠʥʠʡ, ʦʙʫ-
ʩʣʦʚʣʝʥʥʘʷ ʚʦʟʤʫʱʝʥʠʝʤ ʥʘʙʣʶʜʘʝʤʦʛʦ ʫʨʦʚʥʷ (ʧ = 4) ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ɽ3 ʥʠʞʝʣʝʞʘʱʝʡ ʦʨʙʠʪʳ (ʧ = 3) ʧʦ 

ʨʘʩʩʤʦʪʨʝʥʥʦʤʫ ʚʳʰʝ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ЎⱠ ὴὉ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʰʠʨʠʥʘ ʨʘʩ-
ʱʝʧʣʝʥʠʷ ʣʠʥʠʠ ЎⱠ .  

ʅʘʙʣʶʜʘʝʤʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʵʥʝʨʛʠʠ ʨʘʩʱʝʧʣʝʥʠʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʛʣʘʚʥʦʛʦ ʯʠʩʣʘ ʧ (ʥʦʤʝʨʘ 

ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ) ʠʤʝʝʪ ʧʨʦʩʪʦʡ ʠ ʷʩʥʳʡ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ. ʕʥʝʨʛʠʷ ʨʘʩʱʝʧʣʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠ-

ʯʠʥʦʡ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ὴ, ʢʦʪʦʨʘʷ ʧʨʠ ʟʘʜʘʥʥʳʭ ʟʘʨʷʜʘʭ ʷʜʨʘ ʠ ʵʣʝʢʪʨʦʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʜʠʫʩʦʤ ὥ ὲὥ  

ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʘʪʦʤʘ.  

ɺ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʧʨʝʜʣʘʛʘʝʤʘʷ ʤʦʜʝʣʴ ʨʘʩʱʝʧʣʝʥʠʷ ʣʠʥʠʡ ʩʝʨʠʠ ʃʘʡʤʘʥʘ ʦʧʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ 

ʚʦʜʦʨʦʜʘ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ [28] (ʨʠʩ. 4).  
 

 
 

ʈʠʩ. 4. ʉʥʠʤʢʠ ʰʪʘʨʢʦʚʩʢʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʣʠʥʠʡ ʣʘʡʤʦʥʦʚʩʢʦʡ ʩʝʨʠʠ, ʩʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʣʥʘʤ ʚʦʣʥ 1215, 1025 ʠ 972 ¡ [28] 
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ʇʝʨʝʭʦʜ ʢ ʙʘʣʴʤʝʨʦʚʩʢʦʡ ʩʝʨʠʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʝʨʝʭʦʜʦʚ ʩ ʚʳʰʝʣʝʞʘʱʠʭ ʫʨʦʚʥʝʡ ʥʘ 

ʧʝʨʚʳʡ ʚʦʟʙʫʞʜʝʥʥʳʡ ʫʨʦʚʝʥʴ (ʧ = 2), ʧʨʠʚʦʜʠʪ ʧʦʷʚʣʝʥʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʣʠʥʠʡ ʚ ʦʧʪʠʯʝʩʢʦʤ ʩʧʝʢʪʨʘ ʩʧʝʢ-

ʪʨʝ ʠ ʢ ʠʭ ʙʦʣʴʰʝʤʫ ʨʘʩʱʝʧʣʝʥʠʶ. ʈʘʩʱʝʧʣʝʥʠʝ ʙʘʣʴʤʝʨʦʚʩʢʦʡ ʩʝʨʠʠ ʥʦʩʠʪ ʙʦʣʝʝ ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ, ʯʪʦ ʩʚʷ-

ʟʘʥʦ ʩ ʙ·ʣʴʰʠʤ ʯʠʩʣʦʤ ʜʠʩʢʨʝʪʥʳʭ ʩʦʩʪʦʷʥʠʡ ʘʪʦʤʘ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʰʪʘʨʢ-ʵʬʬʝʢʪʦʤ. ʈʘʩʩʤʦʪʨʝʥʠʝ ʠ ʘʥʘʣʠʟ 

ʜʠʘʛʨʘʤʤ ʨʘʩʱʝʧʣʝʥʠʷ ʫʩʣʦʞʥʷʝʪʩʷ ʚ ʝʱʝ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʧʨʠ ʫʯʝʪʝ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʧʝʢʪʨʘ, ʢʚʘʜʨʫʧʦʣʴ-

ʥʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʠ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʵʬʬʝʢʪʘ ʐʪʘʨʢʘ.  

ʇʨʦʩʪʝʡʰʝʡ ʠʟ ʙʘʣʴʤʝʨʦʚʩʢʦʡ ʩʝʨʠʠ ʷʚʣʷʝʪʩʷ ʢʚʘʥʪʦʚʳʡ ʧʝʨʝʭʦʜ 32O ʅŬ-ʣʠʥʠʠ. ɺ ʦʙʣʘʩʪʠ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʩʣʘʙʳʭ ʧʦʣʝʡ ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ὉṶ Ὁͯ  ʥʘʙʣʶʜʘʶʪʩʷ 6 ʣʠʥʠʡ (ʧʦ 3 ʣʠʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʩʤʝ-

ʱʝʥʥʦʛʦ ʮʝʥʪʨʘ ʅŬ-ʣʠʥʠʠ) ʠʟ ʯʠʩʣʘ ʢʦʪʦʨʳʭ 4 ʣʠʥʠʠ ʦʙʷʟʘʥʳ ʩʦʙʩʪʚʝʥʥʦ ʰʪʘʨʢʦʚʩʢʦʤʫ ʨʘʩʱʝʧʣʝʥʠʶ 2-ʛʦ ʠ 3-

ʛʦ ʫʨʦʚʥʝʡ, ʪʘʢ ʯʪʦ ЎⱠᴼ Ⱡ Ⱡ  ὩὥὉ, ʠ 2 ʣʠʥʠʠ (ʰʪʨʠʭʦʚʳʝ ʣʠʥʠʠ ʥʘ ʨʠʩ.5), ʧʦ-ʚʠʜʠʤʦʤʫ, ʧʨʝʜʩʪʘʚ-

ʣʷʶʪ ʪʦʥʢʫʶ ʩʪʨʫʢʪʫʨʫ ʦʧʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ; ʦʥʠ çʧʨʠʚʷʟʘʥʳè ʢ ʦʩʥʦʚʥʳʤ ʫʨʦʚʥʷʤ ʠ ʜʘʶʪ ʦʜʠʥʘʢʦʚʳʝ ʚʢʣʘʜʳ 

ʦʪ ʢʘʞʜʦʛʦ ʫʨʦʚʥʷ (ʨʠʩ. 5).  

 

 
 

ʈʠʩ. 5. ʉʭʝʤʘ ʰʪʘʨʢʦʚʩʢʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʅ-ʣʠʥʠʡ ʦʧʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʙʘʣʴʤʝʨʦʚʩʢʦʡ ʩʝʨʠʠ 

 

ɺ ʧʨʦʜʦʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ὉớὉͯ  ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʩʤʝʱʝʥʥʘʷ ʣʠʥʠʷ ʠ ʧʘʨʘ ʣʠʥʠʡ ʩʠʤʤʝʪʨʠʯʥʳʭ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʧʝʨʚʦʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʙʣʘʛʦʜʘʨʷ ʜʝʬʦʨʤʘʮʠʠ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʦʣʦʯʝʢ ʘʪʦʤʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ Ὁ (ʥʘ 

ʨʠʩ.5 ʦʥʠ ʧʦʢʘʟʘʥʳ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʰʪʨʠʭʦʚʳʤʠ ʣʠʥʠʷʤʠ). 

ʉʣʝʜʫʶʱʘʷ Ὄ -ʣʠʥʠʷ Ⱡᴼ  ʚ ʧʦʣʝ Ὁ ʪʘʢ ʞʝ ʢʘʢ ʅŬ-ʣʠʥʠʷ ʨʘʩʱʝʧʣʷʝʪʩʷ ʥʘ ʜʚʝ ʧʘʨʳ ʰʪʘʨʢʦʚʩʢʠʭ ʣʠʥʠʡ 

ʚ ʩʦʧʨʦʚʦʞʜʝʥʠʠ ʣʠʥʠʡ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ. ʂʨʦʤʝ ʵʪʦʛʦ ʚ ʩʧʝʢʪʨʝ ʧʦʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʧʘʨʘ ʣʠʥʠʡ, ʩʠʤ-

ʤʝʪʨʠʯʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘʣʴʥʦʡ ʣʠʥʠʠ, ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʢʦʪʦʨʦʡ, ʥʘʜʦ ʧʦʣʘʛʘʪʴ, ʩʚʷʟʘʥʦ ʩ ʚʦʟʤʫʱʝʥʠʝʤ 

ʠʩʭʦʜʥʳʭ ʫʨʦʚʥʝʡ ʩʦ ʩʪʦʨʦʥʳ ʵʣʝʢʪʨʦʥʦʚ ʘʪʦʤʦʚ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʫʨʦʚʥʝ Ⱡᴼ . ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʨʘʡʥʠʤʠ 

Ὄ -ʣʠʥʠʷʤʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ ЎⱠᴼ Ⱡ Ⱡ  ςὩὥὉ. ɺʩʝʛʦ ʚ Ὄ -ʩʧʝʢʪʨʝ ʥʘʙʣʶʜʘʝʪʩʷ 8 ʣʠʥʠʡ, ʩʠʤʤʝʪ-

ʨʠʯʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘʣʴʥʦʡ ʣʠʥʠʠ. ɺ ʧʨʦʜʦʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ Ὁớ Ὁͯ  ʢ ʪʨʝʤ ʣʠʥʠʷʤ ʰʪʘʨʢʦʚʩʢʦʛʦ Ὄ -

ʩʧʝʢʪʨʘ ʜʦʙʘʚʣʷʝʪʩʷ ʝʱʝ ʧʘʨʘ ʣʠʥʠʡ, ʪʘʢʞʝ ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʫʨʦʚʥʷ Ⱡ ʤʝʞʜʫ ʧʝʨʝ-

ʭʦʜʦʤ Ⱡᴼ  (ʨʠʩ. 5). 

ʋ ʩʣʝʜʫʶʱʝʡ ʙʘʣʴʤʝʨʦʚʩʢʦʡ Ὄ -ʣʠʥʠʠ Ⱡᴼ  ʭʘʨʘʢʪʝʨ ʨʘʩʱʝʧʣʝʥʠʷ ʚ ʧʨʦʜʦʣʴʥʦʤ ʠ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚ-

ʣʝʥʠʷʭ ʥʘʙʣʶʜʝʥʠʷ ʦʩʪʘʝʪʩʷ ʪʘʢʠʤ ʞʝ ʢʘʢ ʠ ʫ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʅŬ- ʠ Ὄ -ʣʠʥʠʡ (ʈʠʩ. 5). ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʨʘʡ-

ʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ ЎⱠᴼ Ⱡ Ⱡ  σὩὥὉ   

ɺ ʩʠʣʴʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʷʭ ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʚʢʣʘʜʦʤ ʚ ʨʘʩʱʝʧʣʝʥʠʝ ʫʨʦʚʥʝʡ ʩʪʘʥʦʚʠʪʩʷ ʢʚʘʜʨʘʪʠʯ-

ʥʳʡ ʵʬʬʝʢʪ ʐʪʘʨʢʘ. ʅʘ ʨʠʩ. 6 ʧʨʠʚʝʜʝʥʳ ʰʪʘʨʢʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʅ-ʣʠʥʠʡ ʦʧʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʙʘʣʴʤʝʨʦʚʩʢʦʡ 

ʩʝʨʠʠ [5, 25]. ʆʥʠ ʠʣʣʶʩʪʨʠʨʫʶʪ ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ ʨʘʩʱʝʧʣʝʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʚ ʩʠʣʴʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʧʦʣʷʭ, ʢʦʛʜʘ ʧʨʦʷʚʣʷʶʪʩʷ ʦʙʘ ʤʝʭʘʥʠʟʤʘ ʨʘʩʱʝʧʣʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ ʊʘʢ, ʫʞʝ ʚ ʧʝʨʚʳʭ ʦʧʳʪʘʭ ʐʪʘʨʢʘ 

ʧʨʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ E = 10,4 ʄɺ/ʩʤ ʥʘʙʣʶʜʘʣʠʩʴ 16 ʧʦʜʫʨʦʚʥʝʡ ʫ ˚ -ʚʦʜʦʨʦʜʘ, 20 ʧʦʜ-

ʫʨʦʚʥʝʡ ʫ  ̊ -, 28 ʧʦʜʫʨʦʚʥʝʡ ʫ ˚ -, 32 ï ʫ ̊-ʚʦʜʦʨʦʜʘ (ʥʘ ʨʠʩ.6 ʩʥʠʤʦʢ ʩʧʨʘʚʘ) [5, 23, 25].  
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ʈʠʩ. 6. ʉʥʠʤʢʠ ʧʝʨʚʳʭ ʰʪʘʨʢʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ ʣʠʥʠʡ ʙʘʣʴʤʝʨʦʚʩʢʦʡ ʩʝʨʠʠ. 

ʉʣʝʚʘ - ʩʥʠʤʦʢ, ʧʦʣʫʯʝʥʥʳʡ ʤʝʪʦʜʦʤ ʃʦ-ʉʫʨʜʦ [5], ʩʧʨʘʚʘ ï ʩʥʠʤʦʢ ʩʧʝʢʪʨʘ, ʧʦʣʫʯʝʥʥʳʡ ʐʪʘʨʢʦʤ [23]  
 

ʄʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʦʙʩʪʚʝʥʥʦ ʰʪʘʨʢʦʚʩʢʠʤ ʣʠʥʠʷʤ ʨʘʩʱʝʧʣʝʥʠʷ, ʣʠʥʠʠ ʪʦʥʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʠ ʣʠʥʠʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʤʫʱʝʥʠʷ ʩʦ ʩʪʦʨʦʥʳ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʫʨʦʚʥʝʡ Ⱡᴼ  ʠ Ⱡᴼ , 

ʦʩʣʘʙʣʷʶʪʩʷ. ʕʪʫ ʪʝʥʜʝʥʮʠʶ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʝʢʪʨʘʭ (ʩʥʠʤʦʢ ʩʣʝʚʘ 

ʥʘ ʨʠʩ.6). ʉʚʦʝʦʙʨʘʟʥʦʝ ʦʯʠʱʝʥʠʝ ʰʪʘʨʢʦʚʩʢʦʛʦ ʩʧʝʢʪʨʘ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʪʘʢʞʝ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʨʠʜʙʝʨʛʦʚ-

ʩʢʠʭ ʩʦʩʪʦʷʥʠʡ ʘʪʦʤʦʚ [24].  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʰʪʘʨʢʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ ʧʨʠʤʝʨʝ ʣʘʡʤʘ-

ʥʦʚʩʢʦʡ ʠ ʙʘʣʴʤʝʨʦʚʩʢʦʡ ʩʝʨʠʡ, ʩʚʦʡʩʪʚʝʥʥʳ ʠ ʜʨʫʛʠʤ ʩʝʨʠʷʤ ʦʧʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ. 

ʊ.ʦ., ʚ ʦʩʥʦʚʝ ʰʪʘʨʢʦʚʩʢʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʣʝʞʘʪ 

ʠʟʚʝʩʪʥʳʝ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʟʘʢʦʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʪʦʤʦʚ ʩ ʚʥʝʰʥʠʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ. ɺ ʦʙʣʘʩʪʠ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʳʭ ʧʦʣʝʡ ʢ ʩʦʙʩʪʚʝʥʥʦ ʰʪʘʨʢʦʚʩʢʠʤ ʣʠʥʠʷʤ ʨʘʩʱʝʧʣʝʥʠʷ ʧʨʠʤʝʰʠʚʘʶʪʩʷ ʣʠʥʠʠ ʪʦʥʢʦʡ ʩʪʨʫʢ-

ʪʫʨʳ ʦʧʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʠ ʣʠʥʠʠ, ʧʦʜʚʝʨʞʝʥʥʳʝ ʚʦʟʤʫʱʝʥʠʶ ʩʦ ʩʪʦʨʦʥʳ ʜʨʫʛʠʭ ʙʣʠʟʣʝʞʘʱʠʭ ʢʚʘʥʪʦʚʳʭ 

ʫʨʦʚʥʝʡ. ɹʝʩʩʧʦʨʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʰʪʘʨʢʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ ʨʘʩʱʝʧʣʝʥʠʷ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ 

ʠ ʠʭ ʦʧʠʩʘʥʠʝ ʚʦʟʤʦʞʥʳ ʚ ʨʘʤʢʘʭ ʢʣʘʩʩʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ.  

2. ɼʠʥʘʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʐʪʘʨʢʘ  
ɺʦʟʤʫʱʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʘʪʦʤʘ ʧʝʨʝʤʝʥʥʳʤ ʧʦʣʝʤ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʵʢ-

ʚʠʚʘʣʝʥʪʥʦʝ ʩʜʚʠʛʫ ʘʪʦʤʥʦʛʦ ʫʨʦʚʥʷ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʪʘʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʣʘʟʝʨʳ, ʘ ʩʜʚʠʛ ʫʨʦʚ-

ʥʝʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʜʠʥʘʤʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ ʐʪʘʨʢʘ [4]. ʕʪʦʤʫ ʚʘʨʠʘʥʪʫ 

ʚʦʟʜʝʡʩʪʚʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʩʣʦʚʠʝ ǩ‫ ЎⱠ, ʛʜʝ  ï ʯʘʩʪʦʪʘ ʚʦʟʜʝʡʩʪʚʫʶʱʝʛʦ ʧʦʣʷ ʠ ЎⱠ ‫  ʨʘʟʥʦʩʪʴ ʵʥʝʨʛʝʪʠ-

ʯʝʩʢʠʭ ʫʨʦʚʥʝʡ. 

ɺʝʣʠʯʠʥʘ ʩʜʚʠʛʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʢʦʪʦʨʦʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʷʤʦ ʧʨʦ-

ʧʦʨʮʠʦʥʘʣʴʥʦ ʢʚʘʜʨʘʪʫ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʠʟʣʫʯʝʥʠʷ. ɺ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʦʧʠʩʘʥʠʝ ʚʦʟʤʫʱʝʥʠʷ ʘʪʦʤʘ ʦʧʪʠʯʝʩʢʠʤ 

ʧʦʣʝʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʚʘʜʨʘʪʠʯʥʦʤʫ ʵʬʬʝʢʪʫ ʐʪʘʨʢʘ. ʆʪʣʠʯʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʐʪʘʨʢʘ ʦʪ ʩʪʘʪʠʯʝʩʢʦʛʦ ʩʚʷ-

ʟʘʥʦ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʩ ʨʘʟʣʠʯʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʜʝʡʩʪʚʫʶʱʝʛʦ ʧʦʣʷ,  ʝʛʦ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʠ ʙʦʣʴʰʠʤ ʜʠʘʧʘʟʦʥʦʤ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ, ʘ, ʩ ʜʨʫʛʦʡ, ï ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʫʯʝʪʘ ʯʘʩʪʦʪʥʦʡ ʜʠʩʧʝʨʩʠʠ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʘʪʦʤʘ. 

ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʐʪʘʨʢʘ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳʭʦʜʠʪʴ ʟʘ 

ʧʨʝʜʝʣʳ ʢʣʘʩʩʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ. 

3. ʕʬʬʝʢʪ ɿʝʝʤʘʥʘ  
ʕʬʬʝʢʪ ɿʝʝʤʘʥʘ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʨʘʩʱʝʧʣʝʥʠʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ ʘʪʦʤʦʚ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ. ʈʘʟʣʠʯʘʶʪ ʥʦʨʤʘʣʴʥʳʡ ʠ ʘʥʦʤʘʣʴʥʳʡ ʵʬʬʝʢʪʳ ɿʝʝʤʘʥʘ [5, 25], ʘ ʪʘʢʞʝ ʧʨʦʜʦʣʴʥʳʡ ʠ ʧʦʧʝʨʝʯʥʳʡ ʵʬ-

ʬʝʢʪʳ, ʧʨʦʷʚʣʷʶʱʠʝʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʅʦʨʤʘʣʴʥʳʡ ʵʬʬʝʢʪ ɿʝʝʤʘʥʘ ʥʘʙʣʶʜʘ-

ʝʪʩʷ ʚ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ. ɺ ʩʣʘʙʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʠʤʝʝʪ ʤʝʩʪʦ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʘʥʦʤʘʣʴʥʳʡ ʵʬʬʝʢʪ 

ɿʝʝʤʘʥʘ. ɼʣʷ ʥʝʛʦ ʭʘʨʘʢʪʝʨʥʦ ʙʦʣʝʝ ʩʣʦʞʥʦʝ ʨʘʩʱʝʧʣʝʥʠʝ ʣʠʥʠʡ.  

ʕʬʬʝʢʪ ɿʝʝʤʘʥʘ ʥʘʭʦʜʠʪ ʩʚʦʝ ʢʘʯʝʩʪʚʝʥʥʦʝ ʦʙʲʷʩʥʝʥʠʝ ʚ ʨʘʤʢʘʭ ʢʣʘʩʩʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ. ʅʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʍ. ʃʦʨʝʪʮʝʤ [8]. ʉʦʛʣʘʩʥʦ ʜʘʥ-

ʥʦʡ ʤʦʜʝʣʠ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʧʨʦʜʦʣʴʥʦʤ ʵʬʬʝʢʪʝ ɿʝʝʤʘʥʘ ʢʘʞʜʘʷ ʩʧʝʢʪʨʘʣʴʥʘʷ ʣʠʥʠʷ ʨʘʩʱʝʧʣʷʝʪʩʷ ʚ ʤʘʛʥʠʪʥʦʤ 

ʧʦʣʝ ʥʘ ʜʚʘ ʢʦʤʧʦʥʝʥʪʘ ʩ ʯʘʩʪʦʪʘʤʠ ‫ Ўï ʯʘʩʪʦʪʘ ʣʠʥʠʠ ʚ ʦʪʩʫʪʩʪʚʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʇʨʠ ʥʦʨʤʘʣʴʥʦʤ ‫ ʛʜʝ ,‫ 

ʧʦʧʝʨʝʯʥʦʤ ʵʬʬʝʢʪʝ ɿʝʝʤʘʥʘ ʥʘʙʣʶʜʘʶʪʩʷ ʪʨʠ ʣʠʥʠʠ ï ʜʫʙʣʝʪ ‫ Ў-ʇʨʠ ʵʪʦʤ ʚʟʘʠʤʦ .‫ ʠ ʥʝʩʤʝʱʝʥʥʘʷ ʣʠʥʠʷ ‫

ʜʝʡʩʪʚʠʝ ʤʘʛʥʠʪʥʦʛʦ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ‘  ʩ ʧʦʣʝʤ ʅ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʘʢ ʤʘʣʦʝ ʚʦʟʤʫʱʝʥʠʝ, ʪʘʢ ʯʪʦ 
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ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʤʘʛʥʠʪʥʳʡ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ (ʤʘʛʥʝʪʦʥ ɹʦʨʘ) ʦʪʥʦʩʠʪʩʷ ʢ ʢʘʪʝʛʦʨʠʠ ʘʪʦʤʥʳʭ ʢʦʥ-
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ʉ ʫʯʝʪʦʤ ʨʘʚʝʥʩʪʚʘ ʤʦʤʝʥʪʘ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ ʧʨʠʚʝʜʝʥʥʦʡ ʧʦʩʪʦʷʥʥʦʡ ʇʣʘʥʢʘ ὒḳ ǩ ʵʪʫ ʬʦʨʤʫʣʫ 

ʤʦʞʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʢ ʚʠʜʫ Ὡὥ‌. ɿʜʝʩʴ ʢʦʵʬʬʠʮʠʝʥʪ İ ʧʦʷʚʠʣʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʰʠʙʦʯʥʦʡ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ [18]. ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʚʦʜʦʨʦʜʘ ʚʩʝ-

ʮʝʣʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʨʙʠʪʘʣʴʥʳʤ ʤʘʛʥʠʪʥʳʤ ʤʦʤʝʥʪʦʤ ʵʣʝʢʪʨʦʥʘ, ʪʘʢ ʯʪʦ ʠʩʧʨʘʚʣʝʥʥʘʷ ʚʝʣʠʯʠʥʘ ʤʘʛʥʠʪʥʦʛʦ 

ʤʦʤʝʥʪʘ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʦʡ ‘ ς‘  ʠ ʦʢʦʥʯʘʪʝʣʴʥʦ ‘ Ὡὥ‌ ‘‌ (ʟʜʝʩʴ Ŭ ï ʧʦʩʪʦʷʥʥʘʷ ʪʦʥʢʦʡ ʩʪʨʫʢ-

ʪʫʨʳ) [18]. 

ʇʨʦʠʩʭʦʞʜʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʩʚʷʟʘʥʦ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ, ʧʨʦʷʚʣʷʶʱʠʤʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʚʝʣʠʯʠʥʳ ʟʘʨʷʜʘ ʵʣʝʢʪʨʦʥʘ ʦʪ ʩʢʦʨʦʩʪʠ ʝʛʦ ʜʚʠʞʝʥʠʷ, Ὡᶻ Ὡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʵʬʬʝʢʪʝ ʃʦʨʝʥʪʮʘ [8, 14], ʪʘʢ ʯʪʦ 

‘ Ὡᶻὥ. ʇʦ ʩʫʪʠ, ʤʘʛʥʠʪʥʳʡ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ‘  ï ʵʪʦ ʦʨʪʦʛʦʥʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦ-

ʤʝʥʪʘ ὴ Ὡὥ, ʪ.ʝ. ‘ ὴ , ʢʦʪʦʨʳʡ ʚʦʟʥʠʢʘʝʪ ʙʣʘʛʦʜʘʨʷ ʦʨʙʠʪʘʣʴʥʦʤʫ ʚʨʘʱʝʥʠʶ ʵʣʝʢʪʨʦʥʘ [8, 18, 20].  

ʇʦʥʷʪʥʦ, ʯʪʦ ʜʘʥʥʳʡ ʚʳʚʦʜ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʙʦʣʝʝ ʦʙʱʝʛʦ ʫʪʚʝʨʞʜʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 

ï ʵʪʦ ʧʦʨʦʞʜʝʥʠʝ ʜʚʠʞʫʱʠʭʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘʨʷʜʦʚ [10, 11]. ɺ ʵʪʦʡ ʩʚʷʟʠ ʥʘʧʦʤʥʠʤ, ʯʪʦ ʤʘʛʥʠʪʥʘʷ ʠʥʜʫʢ-

ʮʠ ̫ὄ ʧʦ ʩʚʦʝʡ ʬʠʟʠʯʝʩʢʦʡ ʩʫʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʩʪʘʚʣʷʶʱʫʶ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ EṶ=ɽ , ʧʝʨ-

ʧʝʥʜʠʢʫʣʷʨʥʫʶ ʧʦʣʶ ɽ, ʪʘʢ ʯʪʦ  ║ ╔ ╔ ρψȟρωȟςω. ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ EṶ ʚʦʟʥʠʢʘʝʪ ʙʣʘʛʦʜʘʨʷ ʠʟʚʝʩʪ-

ʥʦʤʫ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʤʫ ʷʚʣʝʥʠʶ, ʟʘʢʣʶʯʘʶʱʝʤʫʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʟʘ-

ʨʷʜʘ ʦʪ ʩʢʦʨʦʩʪʠ ʝʛʦ ʜʚʠʞʝʥʠʷ [10, 11].  

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʤʝʞʜʫ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʠ ʤʘʛʥʠʪʥʳʤ ʧʦʣʷʤʠ ʥʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʨʘʟʣʠʯʠʡ. ʀʭ ʦʪ-

ʣʠʯʠʝ ʚ ʩʧʦʩʦʙʝ ʠʭ ʩʦʟʜʘʥʠʷ. ɺ ʦʜʥʦʤ ʩʣʫʯʘʝ ʦʥʦ ʩʦʟʜʘʝʪʩʷ ʟʘ ʩʯʝʪ ʩʪʘʪʠʯʝʩʢʠʭ ʟʘʨʷʜʦʚ ʥʘ ʦʙʢʣʘʜʢʘʭ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʘ ʚ ʜʨʫʛʦʤ ï ʟʘ ʩʯʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʪʦʢʦʚ ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ ʪʠʧʘ ʩʦʣʝʥʦʠʜʦʚ. ʊʘʢ ʯʪʦ ʧʨʠʥʮʠ-

ʧʠʘʣʴʥʦʛʦ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʵʬʬʝʢʪʘʤʠ ʐʪʘʨʢʘ ʠ ɿʝʝʤʘʥʘ ʥʝʪ.  

ʉʪʘʥʦʚʠʪʩʷ ʧʦʥʷʪʥʳʤ ʩʤʳʩʣ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʨʘʟʣʠʯʠʷ ʵʬʬʝʢʪʦʚ ʐʪʘʨʢʘ ʠ ɿʝʝʤʘʥʘ, ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘ-

ʝʪʩʷ ʚ ʨʘʟʣʠʯʠʠ ʩʪʘʪʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ɽʩʪ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ (çʤʘʛʥʠʪʥʦʛʦè) ʧʦʣʷ 

ɽʜʠʥ(ḳʅ), ʩʚʷʟʴ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ ɽʜʠʥ =  ɽʩʪ, ʛʜʝ ὺ  ʧʦʩʪʫʧʘʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠ-

ʞʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʚ ʧʨʦʚʦʜʥʠʢʝ, ʩ ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ [10]. ʂʘʟʘʣʦʩʴ ʙʳ, ʩʣʝʜʫʷ ʵʪʦʤʫ ʩʦʦʪʥʦʰʝʥʠʶ ʜʠʥʘʤʠʯʝʩʢʘʷ 

(ʤʘʛʥʠʪʥʘʷ) ʩʦʩʪʘʚʣʷʶʱʘʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ɽʜʠʥ(ḳʅ) ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʝʥʴʰʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 
ʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ɽʩʪ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʩʢʦʨʦʩʪʷʭ ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʚ ʧʨʦʚʦʜʥʠʢʘʭ ʧʦʨʷʜʢʘ 1 õ 10 ʩʤ/ʩ ʢʦʵʬ-

ʬʠʮʠʝʥʪ  ʦʢʘʟʳʚʘʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʤʘʣ. ʆʜʥʘʢʦ ʥʘʜʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʘʪʠʯʝʩʢʠʭ ʧʦʣʝʡ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʯʠʩʣʘ ʧʧʦʚ ʵʣʝʢʪʨʦʥʦʚ, ʢʦʪʦʨʳʝ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʦʥʜʝʥʩʘʪʦ-

ʨʦʚ, ʘ ʜʠʥʘʤʠʯʝʩʢʦʝ (çʤʘʛʥʠʪʥʦʝè) ʧʦʣʝ  ʟʘ ʩʯʝʪ ʯʠʩʣʘ ʧʦʙ ʵʣʝʢʪʨʦʥʦʚ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʚʩʝʤʫ ʦʙʲʝʤʫ ʧʨʦʚʦʜ-

ʥʠʢʦʚ. ʊʘʢ ʯʪʦ ʦʪʥʦʰʝʥʠʝ ʯʠʩʣʘ ʧʧʦʚ/ ʧʦʙ ʵʣʝʢʪʨʦʥʦʚ, ʧʨʦʠʟʚʦʜʷʱʠʭ ʧʦʣʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ɽʩʪ ʠ ɽʜʠʥ(ḳʅ), ʚ ʟʥʘʯʠ-

ʪʝʣʴʥʦʡ ʤʝʨʝ ʢʦʤʧʝʥʩʠʨʫʝʪ ʤʘʣʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ  , ʪʘʢ  ʯʪʦ ʵʪʠ ʧʦʣʷ ʥʘ ʧʨʘʢʪʠʢʝ ʦʢʘʟʳʚʘʶʪʩʷ ʚʧʦʣʥʝ ʩʦʧʦ-

ʩʪʘʚʠʤʳʤʠ. ʄʘʩʰʪʘʙʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʝʞʜʫ ʩʪʘʪʠʯʝʩʢʠʤ ʠ ʜʠʥʘʤʠʯʝʩʢʠʤ ʧʦʣʷʤʠ ʟʘʚʠʩʠʪ ʦʪ 

ʢʦʥʩʪʨʫʢʮʠʡ ʠʩʧʦʣʴʟʫʝʤʳʭ ʫʩʪʘʥʦʚʦʢ ʠ ʦʮʝʥʠʚʘʝʪʩʷ ʜʣʷ ʧʨʝʜʝʣʴʥʳʭ ʚʝʣʠʯʠʥ ʥʘ ʫʨʦʚʥʝ ρπ ʠ ʙʦʣʝʝ. ɺ ʵʪʦʤ 
ʤʦʞʥʦ ʫʙʝʜʠʪʴʩʷ, ʩʨʘʚʥʠʚʘʷ ʵʥʝʨʛʠʠ ʨʘʩʱʝʧʣʝʥʠʷ ʣʠʥʠʡ ʚ ʰʪʘʨʢʦʚʩʢʠʭ ʠ ʟʝʝʤʘʥʦʚʩʢʠʭ ʩʧʝʢʪʨʘʭ [3, 5, 23, 25, 

28].  

ʂʘʢ ʠ ʩʣʝʜʦʚʘʣʦ ʦʞʠʜʘʪʴ, ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ ʨʘʟ-

ʤʝʨʥʦʩʪʴ [ɽ]=[ʅ] = ὒ Ⱦὓ ȾὝ  [9].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʬʬʝʢʪ ɿʝʝʤʘʥʘ ʠʤʝʝʪ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ ʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ ʝʛʦ ʬʦʨ-

ʤʠʨʦʚʘʥʠʷ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʘʪʦʤʘ (ʠʣʠ ʤʦʣʝ-

ʢʫʣʳ) ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ, ʩʦʟʜʘʚʘʝʤʳʤ ʩʠʣʴʥʳʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʪʦʢʘʤʠ. ɺ ʧʨʠʥʮʠʧʝ, ʠʩʭʦʜʷ ʠʟ ʬʠʟʠʯʝ-

ʩʢʦʛʦ ʩʤʳʩʣʘ, ʵʬʬʝʢʪ ɿʝʝʤʘʥʘ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʵʬʬʝʢʪʘ ʐʪʘʨʢʘ.  

ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʵʬʬʝʢʪʳ ʐʪʘʨʢʘ ʠ ɿʝʝʤʘʥʘ ʩ ʝʜʠʥʳʭ ʧʦʟʠʮʠʡ. ʆʙʲʝʜʠ-

ʥʝʥʠʝ ʵʬʬʝʢʪʦʚ ʐʪʘʨʢʘ ʠ ɿʝʝʤʘʥʘ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʫʪʦʯʥʝʥʠʷ ʦʩʥʦʚ ʘʪʦʤʥʦʡ ʬʠʟʠʢʠ ʠ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʥʘ ʵʪʦʡ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʚʝʱʝʩʪʚʘ [16, 17, 21]. 

ɺʳʚʦʜʳ 

ʄʝʞʜʫ ʵʬʬʝʢʪʘʤʠ ʐʪʘʨʢʘ ʠ ɿʝʝʤʘʥʘ ʥʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʨʘʟʣʠʯʠʡ. ʋ ʥʠʭ ʦʜʠʥ ʦʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï 

ʚʦʟʙʫʞʜʝʥʥʳʡ ʘʪʦʤ, ʠ ʫ ʥʠʭ ʦʜʠʥʘʢʦʚʦʝ ʧʦʣʝʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ï ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʠʤʝʝʪ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʣʠʰʴ ʩʧʦʩʦʙʦʤ ʩʦʟʜʘʥʠʷ.  

ʕʬʬʝʢʪʳ ʐʪʘʨʢʘ ʠ ɿʝʝʤʘʥʘ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʧʨʷʤʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʧʣʘʥʝʪʘʨʥʦʡ 

ʤʦʜʝʣʠ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʈʝʟʝʨʬʦʨʜʘ-ɹʦʨʘ.  
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NATURE AND MECHANISM OF FORMATION  

OF STARK AND ZEEMAN EFFECTS OF HYDROGEN ATOM  
 

A.A. Potapov, Doctor of Chemistry, Candidate of Physical and Mathematical Sciences, Professor 

Irkutsk, Russia 

 

Abstract. The issue of the description and interpretation of the Stark and Zeeman effects of the hydrogen atom 

is considered. The classic description of these effects based on electrodynamics laws of interaction of electric and "mag-

netic" fields with the dipole moment of the hydrogen atom in view of electrical origin of the magnetic field is suggested. 

Keywords: dipole moment, atom, electric field strength, spectra of Stark and Zeeman, term splitting. 
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ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ 
 

 

ʋɼʂ 624.13 

 

ɿɸʂʆʅʆʄɽʈʅʆʉʊʀ ɼɽʌʆʈʄʀʈʆɺɸʅʀʗ ɻʈʋʅʊʆɺ 

ʉ ʋʏɽʊʆʄ ʏɸʉʊʆʊʓ ʇʈʀʃʆɾɽʅʀʗ ʎʀʂʃʀʏɽʉʂʆʁ ʅɸɻʈʋɿʂʀ 
 

 ʄ.ʀ. ɸʟʙʝʨʛʝʥ1, ʅ.ʄ. ʀʥʢʘʨʙʝʢ2 

1 ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ; 2 ʠʥʞʝʥʝʨ 
1 ʊʘʨʘʟʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ʍ. ɼʫʣʘʪʠ, 2 ʊʆʆ çʊʘʨʘʟʩʪʨʦʡʜʠʟʘʡʥè (ʊʘʨʘʟ), ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʝʬʦʨʤʠʨʫʝʤʦʩʪʠ ʧʝʩʯʘʥʳʭ ʛʨʫʥʪʦʚ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪʘʭ ʧʨʠʣʦʞʝʥʠʷ ʤʥʦʛʦʢʨʘʪʥʦʡ ʮʠʢʣʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ, ʩʜʝʣʘʥ ʘʥʘʣʠʟ ʚʳʷʚʣʝʥʥʳʭ ʟʘʢʦʥʦ-

ʤʝʨʥʦʩʪʝʡ ʜʝʬʦʨʤʠʨʘʚʘʥʠʷ, ʧʨʝʜʣʘʛʘʶʪʩʷ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʧʨʦʛʥʦʟʘ ʦʙʱʠʭ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʙʲʝʤʥʳʭ ʠ ʩʜʚʠ-

ʛʦʚʳʭ ʜʝʬʦʨʤʘʮʠʡ ʦʪ ʤʥʦʛʦʢʨʘʪʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʚ ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʥʘʛʨʫʞʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʮʠʢʣʠʯʝʩʢʦʝ ʥʘʛʨʫʞʝʥʠʝ, ʯʘʩʪʦʪʘ ʚʦʟʜʝʡʩʪʚʠʷ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʝʬʦʨʤʘʮʠʠ, ʧʨʠʚʝ-

ʜʝʥʥʘʷ ʜʝʬʦʨʤʘʮʠʷ. 

 

ɹʦʣʴʰʠʥʩʪʚʦ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʠʩʧʳʪʳʚʘʶʪ ʥʝ ʪʦʣʴʢʦ ʩʪʘʪʠʯʝʩʢʠʝ (ʦʜʥʦʢʨʘʪʥʦ ʧʨʠʢʣʘʜʳʚʘʝʤʳʝ) 

ʥʘʛʨʫʟʢʠ, ʥʦ ʠ ʧʦʚʪʦʨʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʭʘʨʘʢʪʝʨ ʨʘʙʦʪʳ ʛʨʫʥʪʦʚʳʭ ʦʩʥʦʚʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʨʘʙʦʪʳ ʠʭ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʥʘʛʨʫʟʢʝ. ɼʝʬʦʨʤʠʨʦʚʘʥʠʝ ʛʨʫʥʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʤʥʦ-

ʛʦʢʨʘʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʘʟʚʠʪʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ.  

ɺ ʨʘʙʦʪʘʭ [1, 2, 3] ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʝʬʦʨʤʠʨʫʝʤʦʩʪʠ ʛʨʫʥʪʦʚ 

ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʠʭ ʮʠʢʣʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ, ʧʨʠʚʝʜʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʦʧʠʩʘʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʭ ʦʙʲʝʤ-

ʥʦʛʦ ʠ ʩʜʚʠʛʦʚʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ.  

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʦʣʥʳʝ ʜʝʬʦʨʤʘʮʠʠ (ʦʙʲʝʤʥʳʝ ʠ ʩʜʚʠʛʦʚʳʝ) ʦʪ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʮʠʢʣʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʫʤʤʠʨʦʚʘʥʠʝʤ ʜʝʬʦʨʤʘʮʠʡ ʦʪ ʦʜʥʦʢʨʘʪʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʝʬʦʨʤʘ-

ʮʠʡ ʦʪ ʧʦʚʪʦʨʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʥʘʛʨʫʟʢʠ: 

 
p

NN )()( uuu eee D+= ;                                                                       (1) 

 

p

NiiNi )()( eee D+= ,                                                                                                       (2) 

 

ʛʜʝ ue  ʠ ie - ʦʙʲʝʤʥʘʷ ʠ ʩʜʚʠʛʦʚʘʷ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʦʜʥʦʢʨʘʪʥʦʤ (ʩʪʘʪʠʯʝʩʢʦʤ) ʥʘʛʨʫʞʝʥʠʠ; 
p

N )(ueD  ʠ 

p

Ni )(eD  - ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʙʲʝʤʥʘʷ ʠ ʩʜʚʠʛʦʚʘʷ ʜʝʬʦʨʤʘʮʠʠ, ʥʘʢʦʧʣʝʥʥʳʝ ʟʘ N ʮʠʢʣʦʚ ʧʦʚʪʦʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

ɼʣʷ ʧʨʦʛʥʦʟʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʣʘʩʪʠʯʝʩʢʠʭ (ʦʙʲʝʤʥʳʭ ʠ ʩʜʚʠʛʦʚʳʭ) ʜʝʬʦʨʤʘʮʠʡ ʦʪ N ʮʠʢʣʦʚ ʢʚʘʟʠ-

ʩʪʘʪʠʯʝʩʢʦʛʦ ʥʘʛʨʫʞʝʥʠʷ, ʠʩʧʦʣʴʟʫʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ  
 

)ln1()1()( NBpp

N Ö+D=D uuu ee                                                                     (3) 

 

)ln1()1()( NBi

p

i

p

Ni Ö+D=D ee                                                                    (4) 

 

ʛʜʝ uB  ʠ iB  - ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ.  

ɺʝʣʠʯʠʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʣʘʩʪʠʯʝʩʢʠʭ ʦʙʲʝʤʥʳʭ ʠ ʩʜʚʠʛʦʚʳʭ ʜʝʬʦʨʤʘʮʠʡ ʦʪ ʧʝʨʚʦʛʦ ʮʠʢʣʘ ʥʘʛʨʫ-

ʞʝʥʠʷ (
p

)1(ueD  ʠ 
p

Ni )(eD ) ʭʦʨʦʰʦ ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ ʚʳʨʘʞʝʥʠʷʤʠ 

 

)/ln()/( *

)1( ʦii

p nnÖ=D ub

uu ssae ;                                                            (5) 
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i nni Ö=D
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ʛʜʝ ion aba uu ,,, ʠ ib - ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ. 

ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʯʘʩʪʦʪʳ ʮʠʢʣʠʯʝʩʢʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʥʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʜʝʬʦʨʤʘʮʠʡ ʚ ʛʨʫʥ-

ʪʘʭ ʧʨʦʚʦʜʠʣʠʩʴ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʧʝʩʯʘʥʳʭ ʛʨʫʥʪʘʭ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ ʩʣʦʞʝʥʠʷ. ʆʧʳʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʚ ʧʨʠ-

ʙʦʨʘʭ ʪʨʝʭʦʩʥʦʛʦ ʩʞʘʪʠʷ ʉ-62 ʢʦʥʩʪʨʫʢʮʠʠ ɸʟʙʝʨʛʝʥʘ ʄ.ʀ. [1, 2, 5], ʚ ʢʦʪʦʨʳʭ ʚʧʝʨʚʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʧʨʘʢʪʠʢʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʨʫʥʪʦʚ ʧʨʠʤʝʥʝʥʘ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʩʠʩʪʝʤʘ çʧʨʦʪʠʚʦʜʘʚʣʝʥʠʝè 

[4]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʠʣʦ ʫʩʪʨʘʥʠʪʴ ʥʝʜʦʩʪʘʪʢʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʠʙʦʨʦʚ ï ʫʪʝʯʢʫ ʨʘʙʦʯʝʡ 

ʞʠʜʢʦʩʪʠ ʠ ʪʨʝʥʠʝ ʧʦ ʢʦʥʪʘʢʪʫ çʰʪʦʢ-ʚʪʫʣʢʘè, ʠ ʦʙʝʩʧʝʯʠʣʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʣʫʯʘʝ-

ʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʀʩʧʳʪʘʥʠʶ ʧʦʜʚʝʨʛʘʣʠʩʴ ʦʜʥʦʨʦʜʥʳʝ ʧʝʩʯʘʥʳʝ ʛʨʫʥʪʳ ʜʚʫʭ ʪʠʧʦʚ: ʧʝʩʦʢ ʤʝʣʢʠʡ ʠ ʩʨʝʜʥʝʡ ʢʨʫʧʥʦʩʪʠ. 

ɿʥʘʯʝʥʠʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʮʠʢʣʘ ʥʘʛʨʫʞʝʥʠʷ (tʮ) ʧʨʠʥʠʤʘʣʠʩʴ ʨʘʚʥʳʤʠ 60 ʤʠʥ., 60 ʩʝʢ. ʠ 10 ʩʝʢ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ p

N )(ueD  ʠ  

p

Ni )(eD  ʦʪ ʯʠʩʣʘ N ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʧʨʠʙʣʠʞʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢ ʧʨʝʜʝʣʴʥʦʤʫ 
*

ii ss /  ʠ ʩʪʝʧʝʥʠ 

ʨʘʟʛʨʫʟʢʠ n (ʦʪʥʦʰʝʥʠʷ ʚʝʣʠʯʠʥ ʮʠʢʣʠʯʝʩʢʦʡ ʠ ʩʪʘʪʠʯʝʩʢʦʡ ʥʘʧʨʷʞʝʥʠʡ) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʵʪʠʭ ʜʝʬʦʨ-

ʤʘʮʠʡ ʚʦʟʨʘʩʪʘʶʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʮʠʢʣʦʚ ʥʘʛʨʫʞʝʥʠʷ, ʘ ʧʨʠʨʘʱʝʥʠʷ ʠʭ ʫʤʝʥʴʰʘʶʪʩʷ ʦʪ ʮʠʢʣʘ ʢ ʮʠʢʣʫ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʙʱʠʡ ʭʘʨʘʢʪʝʨ ʨʘʟʚʠʪʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʦʜʠʥʘʢʦʚ, ʫʤʝʥʴʰʝʥʠʝ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʮʠʢʣʘ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʚʝʣʠʯʠʥʫ ʥʘʢʦʧʣʝʥʥʦʡ ʟʘ N ʮʠʢʣʦʚ ʥʘʛʨʫʞʝʥʠʷ 

ʜʝʬʦʨʤʘʮʠʡ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʚʣʠʷʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʮʠʢʣʘ ʥʘ ʨʘʟʚʠʪʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨ-

ʤʘʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʝʧʝʥʠ ʨʘʟʛʨʫʟʢʠ ʠ ʩʪʝʧʝʥʠ ʧʨʠʙʣʠʞʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷ-

ʥʠʷ ʢ ʧʨʝʜʝʣʴʥʦʤʫ. ʋʚʝʣʠʯʝʥʠʝ ʧʦʩʣʝʜʥʝʡ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ ʚʝʣʠʯʠʥʘʭ ʩʜʚʠʛʦʚʳʭ ʜʝʬʦʨʤʘ-

ʮʠʡ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʩʪʝʧʝʥʠ ʨʘʟʛʨʫʟʢʠ n(ʜ)¢0,2 (ʧʨʠ ʥʘʛʨʫʞʝʥʠʠ ʪʦʣʴʢʦ ʚ ʧʨʝʜʝʣʘʭ ʜʝʚʠʘʪʦʨʥʦʡ ʯʘʩʪʠ ʪʨʘ-

ʝʢʪʦʨʠʠ) ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʚʠʪʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ (ʢʘʢ ʦʙʲʝʤʥʳʭ, ʪʘʢ ʠ ʩʜʚʠʛʦʚʳʭ). 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʮʠʢʣʘ ʚʣʠʷʝʪ ʥʝ ʪʦʣʴʢʦ ʥʘ ʟʥʘʯʝʥʠʷ ʥʘʢʦʧʣʝʥʥʳʭ ʜʝʬʦʨʤʘʮʠʡ, ʥʦ ʠ ʦʧʨʝʜʝʣʷʝʪ ʯʠʩʣʦ ʮʠʢ-

ʣʦʚ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʩʪʘʙʠʣʠʟʘʮʠʷ ʜʝʬʦʨʤʘʮʠʡ. ʋʤʝʥʴʰʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʮʠʢʣʘ ʥʘʛʨʫʞʝʥʠʷ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʛʨʫʥʪʦʚ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ (ʢʘʢ ʦʙʲʝʤʥʳʭ, ʪʘʢ ʠ ʩʜʚʠʛʦʚʳʭ). ʇʨʠ ʵʪʦʤ ʫʤʝʥʴʰʝʥʠʝ tʮ ʦʪ 60 ʤʠʥʫʪ ʜʦ 60 ʩʝʢʫʥʜ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʟʥʘʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʧʝʩʢʘ ʩʨʝʜʥʝʡ ʢʨʫʧʥʦʩʪʠ, ʠ ʵʪʦ 

ʚʣʠʷʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʣʘʞʥʦʩʪʠ ʛʨʫʥʪʘ. ɼʣʷ ʧʝʩʢʘ ʞʝ ʤʝʣʢʦʛʦ ʠʟʤʝʥʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʮʠʢʣʘ ʚ ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʨʦʩʪʫ ʟʥʘʯʝʥʠʡ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝ-

ʬʦʨʤʘʮʠʡ, ʥʘʠʙʦʣʴʰʠʝ ʚʝʣʠʯʠʥʳ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʶʪ tʮ=10 ʩʝʢ.  

ɼʘʥʥʳʝ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʨʦʚʝʜʝʥʥʳʭ ʩ ʧʝʩʢʦʤ ʤʝʣʢʠʤ, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʦʪ ʣʦʛʘʨʠʬʤʘ ʯʠʩʣʘ ʮʠʢʣʦʚ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝʣʠʥʝʡʥʳ (ʨʠʩ. 

1), ʘ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʠʚʝʜʝʥʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʂ(N) (ʦʪʥʦʰʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʝʬʦʨʤʘʮʠʡ, ʥʘʢʦʧʣʝʥʥʳʭ ʟʘ N 

ʮʠʢʣʦʚ ʠ ʥʘ ʧʝʨʚʦʤ ʮʠʢʣʝ ʥʘʛʨʫʞʝʥʠʷ) ʦʪ ʣʦʛʘʨʠʬʤʘ ʯʠʩʣʘ ʮʠʢʣʦʚ N ʝʜʠʥʳ ʜʣʷ ʚʩʝʭ ʟʥʘʯʝʥʠʡ ʥʘʧʨʷʞʝʥʠʡ ʛʠʜ-

ʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʦʙʞʘʪʠʷ, ʩʪʝʧʝʥʠ ʧʨʠʙʣʠʞʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢ ʧʨʝʜʝʣʴʥʦʤʫ ʠ ʩʪʝʧʝʥʠ ʨʘʟʛʨʫʟʢʠ 

(ʨʠʩ. 2). ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʮʠʢʣʘ ʥʘʛʨʫʞʝʥʠʷ tʮ ʚ ʠʩʩʣʝʜʦʚʘʥ-

ʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʪʘʢ ʞʝ, ʢʘʢ ʠ ʧʨʠ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʦʤ ʮʠʢʣʠʯʝʩʢʦʤ ʥʘʛʨʫʞʝʥʠʠ (ʧʨʠ tʮ =60 ʤʠʥ), ʩʫʱʝʩʪʚʫʝʪ ʧʦʜʦ-

ʙʠʝ ʧʨʦʮʝʩʩʘ ʨʘʟʚʠʪʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʮʠʢʣʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʝ-

ʤʳʭ ʧʨʠʚʝʜʝʥʥʦʡ ʜʝʬʦʨʤʘʮʠʝʡ ʂ(N). ʉʢʘʟʘʥʥʦʝ ʧʦʟʚʦʣʷʝʪ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʧʨʠʚʝʜʝʥʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʷʚʣʷʝʪʩʷ 

ʬʫʥʢʮʠʝʡ ʪʦʣʴʢʦ ʯʠʩʣʘ ʮʠʢʣʦʚ ʥʘʛʨʫʞʝʥʠʷ.  

ʅʝʣʠʥʝʡʥʦʩʪʴ ʟʘʚʠʩʠʤʦʩʪʠ ʂ(N)(lnN) ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʨʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʮʠʢʣʘ ʥʘʛʨʫʞʝʥʠʷ 

tʮ=10 ʩʝʢ ʥʘʢʦʧʣʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʥʘ ʧʝʨʚʳʭ ʮʠʢʣʘʭ ʧʨʦʠʩʭʦʜʠʪ ʩ ʛʦʨʘʟʜʦ ʤʝʥʴ-

ʰʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ, ʯʝʤ ʧʨʠ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʦʤ ʮʠʢʣʠʯʝʩʢʦʤ ʥʘʛʨʫʞʝʥʠʠ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʜʠʥʘʤʠʯʝʩʢʠʤ ʧʨʠ-

ʣʦʞʝʥʠʝʤ ʥʘʛʨʫʟʢʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʠʥʝʨʮʠʦʥʥʳʝ ʩʠʣʳ ʥʝ ʫʩʧʝʚʘʶʪ ʧʨʠʚʝʩʪʠ ʢ ʟʥʘʯʠʪʝʣʴʥʦ ʧʣʦʪʥʦʡ ʫʧʘ-

ʢʦʚʢʝ ʯʘʩʪʠʮ ʛʨʫʥʪʘ ʥʘ ʧʝʨʚʳʭ 10-12 ʮʠʢʣʦʚ ʥʘʛʨʫʞʝʥʠʷ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ [6]. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ 

ʥʘʛʨʫʞʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʢʦʧʣʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʝ ʧʨʠʚʝʜʝʥ-

ʥr ʤʠ ʜʝʬʦʨʤʘʮʠʷʤʠ, ʣʠʥʝʡʥʦ ʟʘʚʠʩʷʪ ʦʪ ʯʠʩʣʘ ʮʠʢʣʦʚ. ʀʟ ʩʢʘʟʘʥʥʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʛʨʫʥʪʦʚ, ʠʩʧʳʪʳʚʘʶʱʠʭ 

ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʮʠʢʣʦʚ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʟʘʚʠʩʠʤʦʩʪʴ ʂ(N)(lnN) ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ (ʦʪ 
'N  ʜʦ 

N) ʤʦʞʥʦ ʧʨʠʥʠʤʘʪʴ ʣʠʥʝʡʥʦʡ. 
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ʈʠʩʫʥʦʢ 1. ɿʘʚʠʩʠʤʦʩʪʠ ʜʝʬʦʨʤʘʮʠʡ ʠ ʦʪ ʯʠʩʣʘ ʮʠʢʣʦʚ: 1, 4 ʠ 2, 5, ʘ ʪʘʢʞʝ 3 ï ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʩʪʝʧʝʥʠ 

ʧʨʠʙʣʠʞʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢ ʧʨʝʜʝʣʴʥʦʤʫ ʠ ʩʪʝʧʝʥʠ ʨʘʟʛʨʫʟʢʠ. 

 

  
 

ʈʠʩʫʥʦʢ 2. ɿʘʚʠʩʠʤʦʩʪʠ  ʧʨʠʚʝʜʝʥʥʳʭ ʜʝʬʦʨʤʘʮʠʡ )(Nʂu  ʠ  )( Niʂ  ʦʪ ʯʠʩʣʘ ʮʠʢʣʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʥʘʧʨʷʞʝʥʠʡ 

ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʦʙʞʘʪʠʷ, ʩʪʝʧʝʥʠ ʧʨʠʙʣʠʞʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢ ʧʨʝʜʝʣʴʥʦʤʫ ʠ ʩʪʝʧʝʥʠ ʨʘʟʛʨʫʟʢʠ 
 

ʊʦʛʜʘ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʠʚʝʜʝʥʥʳʭ ʦʙʲʝʤʥʳʭ ʠ ʩʜʚʠʛʦʚʳʭ ʜʝʬʦʨʤʘʮʠʡ ʦʪ ʯʠʩʣʘ ʮʠʢʣʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʯʘʩʪʦʪʘʭ ʧʨʠʣʦʞʝʥʠʷ ʤʥʦʛʦʢʨʘʪʥʦʡ ʥʘʛʨʫʟʢʠ ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ ʬʫʥʢʮʠʷʤʠ  
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'N  - ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʠʟ ʦʧʳʪʦʚ 

ʧʨʠ ʪʨʝʭʦʩʥʦʤ ʩʞʘʪʠʠ. 

ʉʨʘʚʥʝʥʠʝ ʜʘʥʥʳʭ ʨʘʩʯʝʪʥʦʛʦ ʧʨʦʛʥʦʟʘ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʜʪʚʝʨʜʠʣʠ ʧʨʘʚʠʣʴʥʦʩʪʴ 

ʚʳʙʨʘʥʥʳʭ ʘʧʧʨʦʢʩʠʤʘʮʠʡ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ (1), (2) ʠ (9), (10) ʜʣʷ ʧʨʦʛʥʦʟʘ ʦʙʱʠʭ ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʙʲʝʤʥʳʭ ʠ ʩʜʚʠʛʦʚʳʭ ʜʝʬʦʨʤʘʮʠʡ ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʳʭ ʮʠʢʣʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʚ ʠʩʩʣʝʜʦ-

ʚʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʥʘʛʨʫʞʝʥʠʷ.  
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Abstract. In this work the research results of deformability of sandy soil at various frequencies of the cyclic 

loading are considered, the analysis of the revealed regularities of deformation is made, the equations for the forecast of 

the general and additional volume and shear deformations after repeated influences in the studied range of loading 

frequencies are offered. 
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Abstract. One general definition, corrosion is the degradation of a material through environmental interaction. 
Keywords: corrosion, current, coating, rate, cathodic, voltage. 

 

WHAT IS CORROSION?  
One general definition of corrosion is the degradation of a material through environmental interaction. This def-

inition encompasses all materials, both naturally occurring and man-made and includes plastics, ceramics, and metals. A 

significant amount of energy is put into a metal when it is extracted from its ores, placing it in a high-energy state. These 

ores are typically oxides of the metal such as hematite (Fe2O3) for steel or bauxite (Al2O3ÂH2O) for aluminum. One 

principle of thermodynamics is that a material always seeks the lowest energy state. In other words, most metals are 

thermodynamically unstable and will tend to seek a lower energy state, which is an oxide or some other compound. The 

process by which metals convert to the lower-energy oxides is called corrosion. 
HOW DO WE DETECT CORROSION? 
The electrochemical nature of the corrosion process provides opportunities to detect and mitigate corrosion of 

underground structures. We can monitor the voltages and the currents associated with the corrosion process. 
When a piece of metal is placed in an electrolyte, such as soil, a voltage will develop across the metalïelectrolyte 

interface because of the electrochemical nature of the corrosion process. We cannot measure this voltage directly but, 

using a voltmeter, we can measure a voltage between two different metals that are placed in the soil. We also can measure 

the voltage difference between a metal and a reference electrode, commonly called a half-cell electrode. This voltage is 

referred to as a corrosion potential, an open circuit potential, or a native potential for that metal in the environment in 

which the measurement is being obtained. For soil environments, the most common reference electrode used is the cop-

perïcopper sulfate reference electrode (CSE). Potential measurements can be used to estimate the relative resistance of 

different metals to corrosion in a given environment. Noble metals, such as gold and platinum, have more positive poten-

tials and are more resistant to corrosion than are the more common engineering metals such as steel and aluminum. A 

galvanic series is a list of metals and alloys arranged according to their relative corrosion potentials in a given environ-

ment. The potentials measured for the different metals in a galvanic series vary somewhat, depending on the nature of the 

environment, but the relative position of the metals is similar for natural environments such as soil and seawater. 
HOW DO WE MITIGATE CORROSION? 
The principal methods for mitigating corrosion on underground pipelines are coatings and cathodic protection 

(CP). Coatings normally are intended to form a continuous film of an electrically insulating material over the metallic 

surface to be protected. The function of such a coating is to isolate the metal from direct contact with the surrounding 

electrolyte (preventing the electrolyte from contacting the metal) and to interpose such a high electrical resistance that the 

electrochemical reactions cannot readily occur. In reality, all coatings, regardless of overall quality, contain holes, referred 

to as holidays, that are formed during application, or during transport or installation of mill-coated pipe. Holidays in 

coatings also develop in service as a result of degradation of the coating, soil stresses, or movement of the pipe in the 

ground. Degradation of the coating in service also can lead to disbanding from the pipe surface, further exposing metal 

to the underground environment. A high corrosion rate at a holiday or within a disbonded region can result in a leak or 

rupture, even where the coating effectively protects a high percentage of the pipe surface. Thus, coatings are rarely used 

on underground pipelines in the absence of CP. The primary function of a coating on a cathodically protected pipe is to 

reduce the surface area of exposed metal on the pipeline, thereby reducing the current necessary to cathodically protect 

the metal. 
One definition of CP is a technique to reduce the corrosion rate of a metal surface by making it the cathode of 

an electrochemical cell. This is accomplished by shifting the potential of the metal in the negative direction by the use of 

an external power source (referred to as impressed current CP) or by utilizing a sacrificial anode. In the case of an im-

pressed current system, a current is impressed on the structure by means of a power supply, referred to as a rectifier, and 

an anode buried in the ground. In the case of a sacrificial anode system, the galvanic relationship between a sacrificial 

anode material, such as zinc or magnesium, and the pipe steel is used to supply the required CP current. 
EFFECTIVENESS OF COATINGS AS A MEANS OF CORROSION CONTROL 
First attempts to control pipeline corrosion relied on the use of coating materials and the reasoning that if the 

pipeline metal could be isolated from contact with the surrounding earth, no corrosion could occur. This concept is entirely 

reasonable and logical. Further-more, a coating would be completely effective as a means of stopping corrosion if the 
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coating material: Is an effective electrical insulator; Can be applied with no breaks whatsoever and will remain so during 

the backfilling process, and Constitutes an initially perfect film that will remain so with time. 
While this is possible with some of the advanced multi-layer systems, it may not be practical from an initial cost 

analysis. Although coatings by themselves may not be the one perfect answer to corrosion control, they are extremely 

effective when properly used. Most operators plan coatings and cathodic protection (CP) for all their pipelines as a matter 

of course. A properly selected and applied coating will provide all the protection necessary on most of the pipeline surface 

to which it is applied. On a typical well-coated pipeline this should be better than 99% and, along with the CP, should 

give total protection. 
Good practice in modern pipeline corrosion control work comprises the use of good coatings in combination 

with CP as the main lines of defense. Supplementary tactics, such as the use of insulated couplings and local environmen-

tal control may be used to reinforce these basic control methods. In selecting a coating system for a given pipeline project, 

one of the most important characteristics to design for is stability. By this we mean a coating combination that will have 

a high electrical resistance after the pipeline has been installed and the backfill stabilized and will lose the least electrical 

resistance over time. Those characteristics are important in any event but particularly so where CP is used to supplement 

the coating. When used with an unstable coating, a CP system that is fully adequate during the early life of a pipeline may 

no longer provide full protection as the coating deteriorates (as indicated by a reduction in the effective electrical re-

sistance of the coating), which will require additional current. This means that continued expenditures will be necessary 

for additional CP installations. The overall economics of the coating- plus-CP concept are adversely affected by poor 

coating performance. In a review of 50 years of literature on pipeline coatings, the following concepts emerged: 
¶ Selection of the best coating and proper application are very important. 
¶ CP must supplement the coating for 100% protection. 
¶ In-the-ground tests are more reliable than laboratory tests. 
¶ Results of adhesion tests do not correlate with those of cathodic disbondment tests. 
¶ Cathodic disbondment tests are the best tests to measure coating performance. 
¶ The current required for CP is the best measure of coating performance. 
¶ Optimum coating thickness is important. 
¶ Soil stress is one of the main problems. 
¶ Resistance to cathodic disbondment and soil stress are very important requirements of a pipe coating. For a 

pipe coating to be effective, it should meet these criteria: adhesion, adequate thickness, low moisture absorption/transfer, 

chemical resistance (especially alkalis from CP), and flexibility. 
¶ Selection of the best appropriate system is important, but proper application is the most important 

consideration. 
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ʂʆʈʈʆɿʀʗ ɺ ʅɽʌʊʗʅʓʍ ʀ ɻɸɿʆɺʓʍ ʊʈʋɹʆʇʈʆɺʆɼɸʍ 
 

ʅ.ʄ. ɻʫʤʘʨʦʚ1, ɽ.ɼ. ʂʦʣʯʠʥ2, ɼ.ʖ. ʊʶʣʶʧʙʝʨʛʝʥʦʚʘ3 
 ʩʪʫʜʝʥʪ, 3 ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ, ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ 

ɸʩʪʨʘʭʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʦʙʱʠʭ ʯʝʨʪʘʭ ʢʦʨʨʦʟʠʶ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʨʘʟʨʫʰʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʚʩʣʝʜʩʪʚʠʝ ʝʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦ ʩʨʝʜʦʡ. 
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 ɸ.ɺ. ɽʛʦʨʦʚ1, ɸ.ʉ. ɻʨʠʱʝʥʢʦ2, ɺ.ʌ. ʂʫʟʥʝʮʦʚʘ3 

ʂʘʬʝʜʨʘ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ, ʖʞʥʳʡ ʌʝʜʝʨʘʣʴʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ (ʊʘʛʘʥʨʦʛ), ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʚ ʯʘʩʪʥʦʩʪʠ ʝʝ ʦʩ-

ʥʦʚʥʳʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʠʭ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝ-

ʥʠʷ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ. ʉʦʩʪʘʚʣʝʥʘ ʩʚʦʜ-

ʥʘʷ ʪʘʙʣʠʮʘ ʚʳʙʨʘʥʥʳʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʢʨʠʪʝʨʠʝʚ, ʚ ʢʦʪʦʨʦʡ ʜʘʥʳ ʠʭ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʤʝʨʳ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ. 

 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʣʶʙʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ (ʀʉ) ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʮʝʥʢʦʡ ʢʘʯʝ-

ʩʪʚʘ ʝʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ʆʩʥʦʚʦʡ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʀʉ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʩʪʘʥʜʘʨʪʳ, ʪʘʢ ʠ ʥʝʢʦʪʦʨʳʝ ʦʙʱʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʩ ʫʯʝʪʦʤ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʨʝʘʣʠʡ ʠ ʩʧʝ-

ʮʠʬʠʢʘʮʠʠ ʩʬʝʨʳ ʧʨʠʤʝʥʝʥʠʷ. 

ʂʘʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ï ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʚʦʡʩʪʚ ʩʠʩʪʝʤʳ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʭ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʝʝ ʥʘʟʥʘʯʝʥʠʝʤ ʧʦʪʨʝʙʥʦʩʪʝʡ [2]. 

ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʵʪʘʧʦʚ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʀʉ. 

ɿʜʝʩʴ ʧʨʦʚʝʨʷʝʪʩʷ ʝʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ, ʚʳʷʚʣʷʶʪʩʷ ʜʝʬʝʢʪʳ ʠ ʦʰʠʙʢʠ, ʜʦʧʫʱʝʥʥʳʝ ʥʘ ʧʨʝʜʳʜʫʱʠʭ ʵʪʘʧʘʭ, 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʩ ʜʨʫʛʠʤʠ ʀʉ.  

ʉʘʤ ʧʨʦʮʝʩʩ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʀʉ ʢʨʘʡʥʝ ʩʣʦʞʝʥ ʚ ʩʠʣʫ ʥʝʢʦʥʢʨʝʪʥʦʩʪʠ ʠ ʨʘʟʥʦʦʙʨʘʟʠʷ ʪʨʝʙʦʚʘʥʠʡ ʧʦʣʴ-

ʟʦʚʘʪʝʣʝʡ ʠ ʦʪʩʫʪʩʪʚʠʷ ʝʜʠʥʦʡ ʤʝʨʳ ʠʟʤʝʨʝʥʠʷ ʢʘʯʝʩʪʚʘ. ʇʦʵʪʦʤʫ ʦʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʫʪʝʤ ʦʮʝʥʠʚʘʥʠʷ ʮʝʣʦʛʦ 

ʨʷʜʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʤʝʥʷʪʴʩʷ ʜʣʷ ʨʘʟʥʳʭ ʀʉ.  

ɺʳʙʦʨ ʢʨʠʪʝʨʠʝʚ ʜʣʷ ʦʮʝʥʢʠ ʠ ʢʘʯʝʩʪʚʘ ʀʉ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʢʘʯʝʩʪʚʦ ʢʘʢʦʡ ʯʘʩʪʠ ʩʠʩʪʝʤʳ ʙʫʜʝʪ ʧʨʦʚʝ-

ʨʷʪʴʩʷ, ʦʪ ʪʨʝʙʦʚʘʥʠʡ ʟʘʢʘʟʯʠʢʘ, ʦʞʠʜʘʝʤʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʠ ʪ.ʧ.  

ɿʜʝʩʴ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʪʦʣʴʢʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ 

(ɸʉʆʀʋ), ʪ.ʢ. ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʨʠʪʝʨʠʝʚ ʢʘʯʝʩʪʚʘ ʚʩʝʭ ʢʣʘʩʩʦʚ ʀʉ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʦʙʲʝʤʥʳʤ ʠ ʩʣʦʞʥʳʤ ʧʨʦʮʝʩ-

ʩʦʤ, ʥʝ ʫʤʝʱʘʶʱʠʤʩʷ ʚ ʨʘʤʢʠ ʜʘʥʥʦʡ ʩʪʘʪʴʠ. 

ɼʣʷ ʢʘʞʜʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʝʨʘ, ʰʢʘʣʘ ʠ ʩʧʦʩʦʙ ʠʟʤʝʨʝʥʠʷ, ʘ ʪʘʢʞʝ ʵʪʘʣʦʥʥʳʝ ʟʥʘʯʝʥʠʷ, ʩ 

ʢʦʪʦʨʳʤʠ ʙʫʜʫʪ ʩʨʘʚʥʠʚʘʪʴʩʷ ʨʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ. ʆʥʠ ʧʨʦʧʠʩʳʚʘʶʪʩʷ ʝʱʝ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʦʧʨʝʜʝ-

ʣʷʶʪʩʷ ʟʘʢʘʟʯʠʢʦʤ, ʪʝʭʥʠʯʝʩʢʠʤʠ ʠ ʘʧʧʘʨʘʪʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ.  

ʉʘʤʠ ʢʨʠʪʝʨʠʠ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 2 ʪʠʧʘ, ʩ ʧʦʟʠʮʠʠ ʩʧʦʩʦʙʘ ʠ ʪʦʯʥʦʩʪʠ ʠʭ ʠʟʤʝʨʝʥʠʷ: 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʠ ʢʘʯʝʩʪʚʝʥʥʳʝ.  

ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʢʨʠʪʝʨʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʥʦʞʝʩʪʚʦʤ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʯʠʩʣʦʚʳʭ ʪʦʯʝʢ, ʦʪʨʘʞʘʶʱʠʭ ʥʝ-

ʧʨʝʨʳʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʦʧʠʩʳʚʘʝʤʳʝ ʠʥʪʝʨʚʘʣʴʥʦʡ ʠʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʰʢʘʣʦʡ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʦʙʲʝʢ-

ʪʠʚʥʦ ʠʟʤʝʨʠʪʴ ʠ ʯʠʩʣʝʥʥʦ ʩʦʧʦʩʪʘʚʠʪʴ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ [3]. 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʢʨʠʪʝʨʠʠ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ ʠ ʦʙʲʝʢʪʠʚʥʦʩʪʴʶ. ʀʟʤʝʨʝʥʠʝ ʚ ʯʠʩʣʦ-

ʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʧʦʟʚʦʣʷʝʪ ʥʘʠʙʦʣʝʝ ʷʨʢʦ ʧʦʢʘʟʘʪʴ ʚʩʝ ʧʣʶʩʳ ʠ ʤʠʥʫʩʳ ʩʠʩʪʝʤʳ. ʆʜʥʘʢʦ, ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ 

ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʟʤʦʞʥʳ ʦʰʠʙʢʠ ʠ ʧʦʛʨʝʰʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʥʝʛʘʪʠʚʥʦ ʧʦʚʣʠʷʶʪ ʥʘ ʚʩʶ ʦʮʝʥʢʫ. ʊʘʢʞʝ ʢʦʣʠ-

ʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʰʢʘʣ, ʛʨʘʬʠʢʦʚ, ʩʭʝʤ. 

ɺʳʜʝʣʷʶʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʢʨʠʪʝʨʠʷ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ: ʥʘʜʝʞʥʦʩʪʴ, ʜʦʩʪʦ-

ʚʝʨʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

ʅʘʜʝʞʥʦʩʪʴ ï ʩʚʦʡʩʪʚʦ ʩʠʩʪʝʤʳ ʩʦʭʨʘʥʷʪʴ ʚʦ ʚʨʝʤʝʥʠ ʚ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʨʝʜʝʣʘʭ ʟʥʘʯʝʥʠʷ ʚʩʝʭ ʧʘʨʘ-

ʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʧʦʣʥʷʪʴ ʪʨʝʙʫʝʤʳʝ ʬʫʥʢʮʠʠ ʚ ʟʘʜʘʥʥʳʭ ʨʝʞʠʤʘʭ ʠ ʫʩʣʦʚʠʷʭ ʧʨʠʤʝ-

ʥʝʥʠʷ [1]. ʇʦ ʜʘʥʥʦʤʫ ʢʨʠʪʝʨʠʶ ʯʘʱʝ ʚʩʝʛʦ ʦʮʝʥʠʚʘʶʪ ʢʘʯʝʩʪʚʦ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʀʉ, ʪʦ ʝʩʪʴ ʝʝ ʘʧʧʘʨʘʪʥʫʶ 

ʯʘʩʪʴ ʠ ʧʦʜʜʝʨʞʠʚʘʶʱʝʝ ʇʆ.  

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ï ʩʚʦʡʩʪʚʦ ʩʠʩʪʝʤʳ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʝʝ ʙʝʟʦʰʠʙʦʯʥʦʩʪʴ ʧʨʦʠʟʚʦʜʠʤʳʭ ʝʶ ʧʨʝʦʙʨʘʟʦʚʘ-

ʥʠʡ ʠʥʬʦʨʤʘʮʠʠ [1]. ɼʘʥʥʳʡ ʢʨʠʪʝʨʠʡ ʦʪʨʘʞʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʷʚʣʷʝʪʩʷ 

ʠʩʪʠʥʥʦʡ, ʠ ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʢʘʯʝʩʪʚʦ ʜʘʥʥʳʭ, ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʩʠʩʪʝʤʫ, ʘ ʪʘʢʞʝ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʭ ʠ 

ʚʳʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʶ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ï ʥʘʙʦʨ ʘʪʨʠʙʫʪʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʩʦʦʪʥʦʰʝʥʠʶ ʤʝʞʜʫ ʫʨʦʚʥʝʤ ʢʘʯʝʩʪʚʘ ʬʫʥʢʮʠʦʥʠʨʦ-

ʚʘʥʠʷ ʇʆ ʠ ʦʙʲʝʤʦʤ ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʝʩʫʨʩʦʚ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. ɼʘʥʥʳʡ ʢʨʠʪʝʨʠʡ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠ-

ʚʘʪʴ ʢʘʢ ʢʘʯʝʩʪʚʦ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʠʩʪʝʤʳ, ʪʘʢ ʠ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʝʨʚʠʩʘ [4]. 

ʂʘʞʜʳʡ ʢʨʠʪʝʨʠʡ ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʧʦʜʢʨʠʪʝʨʠʝʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʙʦʣʝʝ ʪʦʯʥʦ ʠ ʫʟʢʦʥʘʧʨʘʚʣʝʥʥʦ ʦʮʝʥʠʪʴ 

ʢʘʯʝʩʪʚʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ. ʕʪʠ ʧʦʜʢʨʠʪʝʨʠʠ, ʠʭ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʤʝʨʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
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ʊʘʙʣʠʮʘ 1 

ʂʨʠʪʝʨʠʠ, ʧʦʜʢʨʠʪʝʨʠʠ ʠ ʤʝʨʳ ʠʟʤʝʨʝʥʠʷ 

ʂʨʠʪʝʨʠʡ ʦʮʝʥʢʠ ʆʧʨʝʜʝʣʝʥʠʝ ʄʝʨʘ 

ʅʘʜʝʞʥʦʩʪʴ   

ɹʝʟʦʪʢʘʟʥʦʩʪʴ ʉʚʦʡʩʪʚʦ ʩʠʩʪʝʤʳ ʩʦʭʨʘʥʷʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚ ʪʝʯʝʥʠʝ ʥʝʢʦ-

ʪʦʨʦʛʦ ʚʨʝʤʝʥʠ ʠʣʠ ʥʘʨʘʙʦʪʢʠ. 

 

ɺʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘ-

ʙʦʪʳ 

ɺʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʚ ʧʨʝʜʝʣʘʭ ʟʘʜʘʥʥʦʡ ʥʘʨʘʙʦʪʢʠ ʦʪʢʘʟ ʩʠʩʪʝʤʳ ʥʝ 

ʚʦʟʥʠʢʥʝʪ. 

ɹʝʟ ʤʝʨʳ 

ɺʝʨʦʷʪʥʦʩʪʴ ʦʪʢʘʟʘ ʆʙʨʘʪʥʘʷ ʚʝʣʠʯʠʥʘ ʙʝʟʦʪʢʘʟʥʦʩʪʠ, ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʚ ʧʨʝʜʝʣʘʭ ʟʘʜʘʥ-

ʥʦʡ ʥʘʨʘʙʦʪʢʠ ʦʪʢʘʟ ʩʠʩʪʝʤʳ ʚʦʟʥʠʢʥʝʪ. 

ɹʝʟ ʤʝʨʳ 

ʉʨʝʜʥʷʷ ʥʘʨʘʙʦʪʢʘ ʜʦ ʦʪʢʘʟʘ  ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʥʘʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ ʜʦ ʧʝʨʚʦʛʦ ʦʪʢʘʟʘ. ɺʨʝʤʝʥʥʘʷ ʤʝʨʘ 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʢʘʟʘ ʋʩʣʦʚʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʪʢʘʟʘ ʥʝʚʦʩʩʪʘʥʘʚʣʠʚʘʝ-

ʤʦʡ ʩʠʩʪʝʤʳ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ ʧʨʠ 

ʫʩʣʦʚʠʠ, ʯʪʦ ʜʦ ʵʪʦʛʦ ʤʦʤʝʥʪʘ ʦʪʢʘʟ ʥʝ ʚʦʟʥʠʢ. 

ɺʨʝʤʝʥʥʘʷ ʤʝʨʘ 

ʇʘʨʘʤʝʪʨ ʧʦʪʦʢʘ ʦʪʢʘʟʦʚ ʆʪʥʦʰʝʥʠʝ ʩʨʝʜʥʝʛʦ ʯʠʩʣʘ ʦʪʢʘʟʦʚ ʜʣʷ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʟʘ 

ʧʨʦʠʟʚʦʣʴʥʦ ʤʘʣʫʶ ʝʝ ʥʘʨʘʙʦʪʢʫ ʢ ʟʥʘʯʝʥʠʶ ʵʪʦʡ ʥʘʨʘʙʦʪʢʠ. 

ɺʨʝʤʝʥʥʘʷ ʤʝʨʘ 

ɼʦʣʛʦʚʝʯʥʦʩʪʴ ʉʚʦʡʩʪʚʦ ʩʠʩʪʝʤʳ, ʟʘʢʣʶʯʘʶʱʝʝʩʷ ʚ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠ ʢ ʧʨʝʜʫʧʨʝʞʜʝ-

ʥʠʶ ʠ ʦʙʥʘʨʫʞʝʥʠʶ ʧʨʠʯʠʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʪʢʘʟʦʚ, ʧʦʚʨʝʞʜʝʥʠʡ ʠ ʧʦʜ-

ʜʝʨʞʘʥʠʶ, ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʫʪʝʤ ʧʨʦʚʝʜʝ-

ʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʦʚ. 

 

ʉʨʝʜʥʠʡ ʨʝʩʫʨʩ  ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʥʘʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ ʦʪ ʥʘʯʘʣʘ ʝʝ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʠʣʠ ʝʝ ʚʦʟʦʙʥʦʚʣʝʥʠʷ ʧʦʩʣʝ ʨʝʤʦʥʪʘ ʜʦ ʧʝʨʝʭʦʜʘ ʚ ʧʨʝʜʝʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ. 

ɺʨʝʤʝʥʥʘʷ ʤʝʨʘ 

ʉʨʦʢ ʩʣʫʞʙʳ ʂʘʣʝʥʜʘʨʥʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʪ ʥʘʯʘʣʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʠʩʪʝʤʳ ʠʣʠ ʝʝ 

ʚʦʟʦʙʥʦʚʣʝʥʠʷ ʧʦʩʣʝ ʨʝʤʦʥʪʘ ʜʦ ʧʝʨʝʭʦʜʘ ʚ ʧʨʝʜʝʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ. 

ɺʨʝʤʝʥʥʘʷ ʤʝʨʘ 

ʈʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʴ ʉʚʦʡʩʪʚʦ ʩʠʩʪʝʤʳ, ʟʘʢʣʶʯʘʶʱʝʝʩʷ ʚ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠ ʢ ʧʨʝʜʫʧʨʝʞʜʝ-

ʥʠʶ ʠ ʦʙʥʘʨʫʞʝʥʠʶ ʧʨʠʯʠʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʪʢʘʟʦʚ, ʧʦʚʨʝʞʜʝʥʠʡ ʠ ʧʦʜ-

ʜʝʨʞʘʥʠʶ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʫʪʝʤ ʧʨʦʚʝʜʝ-

ʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʦʚ. 

 

ɺʝʨʦʷʪʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ɺʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʥʝ ʧʨʝʚʳʩʠʪ ʟʘʜʘʥʥʦʛʦ. 

ɹʝʟ ʤʝʨʳ 

ʉʨʝʜʥʝʝ ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʚʨʝʤʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʛʦ ʩʦ-

ʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ. 

ɺʨʝʤʝʥʥʘʷ ʤʝʨʘ 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ   

ʉʨʝʜʥʷʷ ʥʘʨʘʙʦʪʢʘ ʥʘ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʫʶ ʦʰʠʙʢʫ 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʥʘʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ ʜʦ ʧʝʨʚʦʡ ʦʰʠʙʢʠ. ɺʨʝʤʝʥʥʘʷ ʤʝʨʘ 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʳʭ ʦʰʠʙʦʢ 

ʆʪʥʦʰʝʥʠʝ ʯʠʩʣʘ ʧʨʦʝʢʪʥʳʭ ʠʣʠ ʢʦʜʠʨʦʚʦʯʥʳʭ ʦʰʠʙʦʢ ʢ ʦʙʱʝʤʫ ʯʠʩʣʫ 

ʢʦʤʘʥʜ. 

ɹʝʟ ʤʝʨʳ 

ɺʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʰʠʙʦʯʥʦʡ ʠʥ-

ʬʦʨʤʘʮʠʠ 

ʆʪʥʦʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʦʰʠʙʦʢ, ʚʳʷʚʣʝʥʥʳʭ ʚ ʠʩʧʳʪʘʥʠʠ, ʢ ʦʙʱʝʤʫ ʯʠʩʣʫ 

ʦʰʠʙʦʢ. 

ɹʝʟ ʤʝʨʳ 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ   

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʢʨʠʪʝʨʠʠ ʍʘʨʘʢʪʝʨʠʟʫʶʪ ʩʪʝʧʝʥʴ ʜʦʩʪʠʞʝʥʠʷ ʧʨʠ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʪʝʭ ʞʝʣʘʝʤʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳ ʧʦʣʴʟʦ-

ʚʘʪʝʣʶ. 

 

ʆʙʲʝʤʥʦ-ʚʨʝʤʝʥʥʳʝ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ  

ʉʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʦʙʲʝʤ ʧʘʤʷʪʠ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠ ʪ. 

ʧ. 

ʂʙ/ʩ, ʂʙ ʠ ʪ.ʜ.  

ʅʘʜʝʞʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ 

ɺʝʨʦʷʪʥʦʩʪʴ ʧʨʘʚʠʣʴʥʦʡ ʧʝʨʝʜʘʯʠ ʠʣʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʫʨʦ-

ʚʝʥʴ ʝʝ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʠ ʠ ʜʨ. 

ɹʝʟ ʤʝʨʳ 

ʈʝʩʫʨʩʥʳʝ ʢʨʠʪʝʨʠʠ ɿʥʘʯʝʥʠʷ ʜʘʥʥʳʭ ʢʨʠʪʝʨʠʝʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʢʦʣʠʯʝʩʪʚʦ ʠ ʢʘʯʝʩʪʚʦ ʨʘʟʣʠʯ-

ʥʦʛʦ ʚʠʜʘ ʨʝʩʫʨʩʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. 

 

ʄʘʪʝʨʠʘʣʴʥʳʝ ʨʝʩʫʨʩʳ ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ 

ʫʩʧʝʰʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. 

ɽʜʠʥʠʮʳ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ ɿʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʜʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. ʢɺʪ 

ʃʶʜʩʢʠʝ ʨʝʩʫʨʩʳ ʂʦʣʠʯʝʩʪʚʦ ʠ ʫʨʦʚʝʥʴ ʧʦʜʛʦʪʦʚʢʠ ʧʝʨʩʦʥʘʣʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʨʝʘʣʠʟʘ-

ʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. 

ɽʜʠʥʠʮʳ ʧʝʨ-

ʩʦʥʘʣʘ 

ɺʨʝʤʝʥʥʳʝ ʨʝʩʫʨʩʳ ʂʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠ-

ʩʪʝʤʳ. 

ʏʝʣʦʚʝʢʦ-ʯʘʩ 

 

ɺʨʝʤʝʥʥʘʷ ʤʝʨʘ, ʫʢʘʟʘʥʥʘʷ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʢʨʠʪʝʨʠʝʚ ʚ ʪʘʙʣʠʮʝ 1, ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʚ ʩʝʢʫʥʜʘʭ, ʤʠ-

ʥʫʪʘʭ, ʯʘʩʘʭ, ʜʥʷʭ ʠ ʪ.ʜ., ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʦʮʝʥʠʚʘʝʤʦʡ ɸʉʆʀʋ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʥʘʯʘʣʝ ʵʪʘʧʘ ʦʮʝʥʢʠ ʢʘ-

ʯʝʩʪʚʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʮʝʥʢʠ ʥʝʢʦʪʦʨʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ 

ɸʉʆʀʋ ʧʦ ʦʩʥʦʚʥʳʤ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʢʨʠʪʝʨʠʷʤ. ɼʘʣʴʥʝʡʰʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʩʨʘʚʥʝ-

ʥʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ɸʉʆʀʋ. 
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ʕʂʉʇɽʈʊʅʓɽ ʆʎɽʅʂʀ ʂɸʏɽʉʊɺɸ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʓʍ 

ʉʀʉʊɽʄ ʆɹʈɸɹʆʊʂʀ ʀʅʌʆʈʄɸʎʀʀ ʀ ʋʇʈɸɺʃɽʅʀʗ 
 

 ɸ.ɺ. ɽʛʦʨʦʚ1, ɸ.ʉ. ɻʨʠʱʝʥʢʦ2, ɼ.ɺ. ʃʘʫʰʢʠʥ3 

ʂʘʬʝʜʨʘ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ, ʖʞʥʳʡ ʌʝʜʝʨʘʣʴʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ (ʊʘʛʘʥʨʦʛ), ʈʦʩʩʠʷ 
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʙʫʜʝʪ ʧʨʦʠʟʚʝʜʝʥ ʦʙʟʦʨ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʘʚʪʦ-

ʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ. ʂʘʞʜʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ʜʘʥʳ ʢʨʠʪʝʨʠʠ, ʢʦʪʦʨʳʝ 

ʪʘʢʞʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ. ʉʫʪʴ ʤʝʪʦʜʠʢʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʪʥʦʡ ʦʮʝʥʢʠ ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʢʨʠ-

ʪʝʨʠʝʚ ʠ ʟʘʪʝʤ ʠʭ ʜʘʣʴʥʝʡʰʝʤ ʩʨʘʚʥʝʥʠʠ ʩ ʧʦʤʦʱʴʶ ʦʙʦʙʱʝʥʥʳʭ ʦʮʝʥʦʢ ʢʘʯʝʩʪʚʘ ʢʨʠʪʝʨʠʝʚ. ʉ ʝʝ ʧʦʤʦʱʴʶ 

ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʦʮʝʥʢʫ ʢʘʯʝʩʪʚʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʚ ʨʘʤʢʘʭ ʚʳʙʨʘʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ, ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʦʙʨʘ-

ʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ. 
 

ɺ ʩʚʷʟʠ ʩ ʧʦʚʳʰʝʥʠʝʤ ʩʣʦʞʥʦʩʪʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ 

(ɸʉʆʀʋ), ʘ ʪʘʢʞʝ ʨʷʜʘ ʚʳʧʦʣʥʷʝʤʳʭ ʬʫʥʢʮʠʡ, ʧʦʚʳʩʠʣʠʩʴ ʠ ʪʨʝʙʦʚʘʥʠʷ ʟʘʢʘʟʯʠʢʘ ʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʢ ʠʭ ʢʘʯʝʩʪʚʫ. 

ʂʘʯʝʩʪʚʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ï ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ʧʦʜʪʚʝʨʜʠʪʴ ʩʚʦʶ ʩʧʝʮʠʬʠʢʘ-

ʮʠʶ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʩʧʝʮʠʬʠʢʘʮʠʷ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʪʦʨʳʝ ʞʝʣʘʝʪ ʧʦʣʫʯʠʪʴ ʧʦʣʴʟʦʚʘʪʝʣʴ. 

ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʵʪʘʧʦʚ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ɸʉʆʀʋ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʧʨʦʚʝʨʷʝʪʩʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʜʝʬʝʢʪʳ 

ʠ ʦʰʠʙʢʠ, ʜʦʧʫʱʝʥʥʳʝ ʥʘ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʢʠ, ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʟʘʢʘʟʯʠʢʦʤ ʪʨʝʙʦʚʘʥʠʷʤ. 

ʈʘʩʩʤʦʪʨʠʤ ʤʝʪʨʠʢʫ, ʠʩʧʦʣʴʟʫʶʱʫʶʩʷ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʀʉ. 

ʂʘʯʝʩʪʚʝʥʥʳʡ ʪʠʧ ʤʝʪʨʠʢʠ ï ʪʠʧ, ʚʢʣʶʯʘʶʱʠʡ ʥʝʩʢʦʣʴʢʦ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʠʣʠ ʦʪʜʝʣʴʥʳʭ ʢʘʪʝʛʦʨʠʡ, ʢʦ-

ʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪʩʷ ʧʦʨʷʜʢʦʚʦʡ ʠʣʠ ʪʦʯʝʯʥʦʡ ʰʢʘʣʦʡ ʥʘʙʦʨʘ ʢʘʪʝʛʦʨʠʡ ʠ ʦʮʝʥʠʚʘʶʪʩʷ ʵʢʩʧʝʨʪʥʦ (ɼʘ-ʅʝʪ, ʦʪ-

ʣʠʯʥʦ, ʭʦʨʦʰʦ, ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʠ ʪ.ʜ.)  

ɼʘʥʥʳʡ ʪʠʧ ʤʝʪʨʠʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʢʦʛʜʘ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʦʮʝʥʠʚʘʪʴ ɸʉʆʀʋ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʧʦʢʘʟʘ-

ʪʝʣʷʤʠ ʢʘʯʝʩʪʚʘ. ʂʦʛʜʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʯʝʩʪʚʘ ʠʤʝʶʪ ʙʦʣʴʰʝ ʦʧʠʩʘʪʝʣʴʥʳʡ, ʢʘʯʝʩʪʚʝʥʥʳʡ ʚʠʜ. 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʢʦʪʦʨʳʝ ʥʘ ʥʘʰ ʚʟʛʣʷʜ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤʠ. 

ʄʦʙʠʣʴʥʦʩʪʴ ï ʧʦʢʘʟʘʪʝʣʴ, ʧʦ ʢʦʪʦʨʦʤʫ ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʜʘʧʪʠʨʫʝʤʦʩʪʴ, ʧʨʦʩʪʦʪʘ ʚ ʫʩʪʘʥʦʚʢʝ, ʩʦʚʤʝʩʪʠ-

ʤʦʩʪʠ ʠ ʦʮʝʥʠʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ. 

ʉʦʧʨʦʚʦʞʜʘʝʤʦʩʪʴ ï ʚʦʟʤʦʞʥʦʩʪʴ ʫʣʫʯʰʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ʠ ʫʩʪʨʘʥʝʥʠʷ ʝʛʦ ʜʝʬʝʢʪʦʚ, ʦʙʥʘ-

ʨʫʞʝʥʥʳʭ ʧʦʩʣʝ ʧʝʨʝʜʘʯʠ ʝʛʦ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ. 

ʄʦʞʝʪ ʠʤʝʪʴ ʦʛʨʘʥʠʯʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʧʦʣʥʦʡ ʟʘʤʝʥʳ ʧʨʦʛʨʘʤʤ ʥʘ ʚʥʦʚʴ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚʝʨʩʠʠ, ʠ ʪʝʤ 

ʩʘʤʳʤ, ʩʣʠʚʘʪʴʩʷ ʩ ʧʨʦʮʝʩʩʘʤʠ ʨʘʟʨʘʙʦʪʢʠ ʠʣʠ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʢʘʢ ʥʝʧʨʝʨʳʚʥʘʷ ʧʦʜʜʝʨʞʢʘ ʤʥʦʞʝʩʪʚʘ ʧʦʣʴʟʦ-

ʚʘʪʝʣʝʡ ʢʦʥʩʫʣʴʪʘʮʠʷʤʠ, ʘʜʘʧʪʘʮʠʷʤʠ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʘʤʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʪʦʛʦ 

ʨʘʟʣʠʯʘʶʪʩʷ ʪʨʫʜʦʝʤʢʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʩʦʧʨʦʚʦʞʜʝʥʠʷ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʢʘʯʝʩʪʚʝʥʥʘʷ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʘ ʧʨʠ ʚʳʙʦʨʝ ʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʵʪʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ʢʘʯʝʩʪʚʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʘʯʝʩʪʚʝʥʥʦ ʤʦʛʫʪ 

ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʳ ʢʨʠʪʝʨʠʠ ʩʦʧʨʦʚʦʞʜʘʝʤʦʩʪʠ ʠ ʚʢʣʶʯʝʥʳ ʪʨʝʙʫʝʤʳʝ ʠʤʠ ʧʘʨʘʤʝʪʨʳ. 

ʂʨʠʪʝʨʠʠ ʩʦʧʨʦʚʦʞʜʘʝʤʦʩʪʠ ï ʘʥʘʣʠʟʠʨʫʝʤʦʩʪʴ, ʩʪʘʙʠʣʴʥʦʩʪʴ. 

ɼʨʫʛʦʡ ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ ɸʉʆʀʋ ï ʧʨʘʢʪʠʯʥʦʩʪʴ (ʧʦʢʘʟʘʪʝʣʴ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʪʨʫʜʦʸʤʢʦ-

ʩʪʴʶ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʠʟʫʯʝʥʠʷ ʬʫʥʢʮʠʡ ʠ ʥʘʨʘʙʦʪʢʠ ʥʘʚʳʢʦʚ ʨʘʙʦʪʳ ʩ ʀʉ). 

ʇʨʘʢʪʠʯʥʦʩʪʴ ʠʤʝʝʪ ʨʷʜ ʢʘʯʝʩʪʚʝʥʥʳʭ ʢʨʠʪʝʨʠʝʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʵʢʩʧʝʨʪʥʦ ʦʮʝʥʠʚʘʪʴʩʷ, ʫʯʠʪʳʚʘʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ɸʉʆʀʋ. 

ʅʘʧʨʠʤʝʨ: ʇʦʥʷʪʥʦʩʪʴ, ʇʨʦʩʪʦʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʇʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ. 

ʉʚʝʜʝʤ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʚ ʪʘʙʣʠʮʫ, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʢʘʯʝʩʪʚʘ, ʤʝʨʫ ʝʸ 

ʠʟʤʝʨʝʥʠʷ ʠ ʰʢʘʣʫ ʦʮʝʥʠʚʘʥʠʷ ʩ ʚʦʟʤʦʞʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. 
 

ʊʘʙʣʠʮʘ 1 

ʉʚʦʜʥʘʷ ʪʘʙʣʠʮʘ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʢʨʠʪʝʨʠʝʚ ʢʘʯʝʩʪʚʘ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʯʝʩʪʚʘ   ʄʝʨʘ ʐʢʘʣʘ 

1. ʇʨʘʢʪʠʯʥʦʩʪʴ ʇ1     

ʇʦʥʷʪʥʦʩʪʴ: ˗̔      

ʯʝʪʢʦʩʪʴ ʢʦʥʮʝʧʮʠʠ ʇʉ ˗  ʧʦʨʷʜʢʦʚʘʷ ʆʪʣʠʯʥʘʷ; 

ʭʦʨʦʰʘʷ; 

ʫʜʦʚʣʝʪʚʦʨʠʪ. 

ʥʝʫʜʦʚʣʝʪʚʦʨʠʪ. 

                                                           
É ɽʛʦʨʦʚ ɸ.ɺ., ɻʨʠʱʝʥʢʦ ɸ.ʉ., ʃʘʫʰʢʠʥ ɼ.ɺ. / Egorov A.V., Grishchenko A.S., Laushkin D.V., 2016 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣʠʮʳ 1 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʯʝʩʪʚʘ   ʄʝʨʘ ʐʢʘʣʘ 

ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ˗   ʧʦʨʷʜʢʦʚʘʷ  ʆʪʣʠʯ.; ʭʦʨʦʰʘʷ; 

ʫʜʦʚʣʝʪ.;ʥʝʫʜʦʚʣ. 

ʥʘʛʣʷʜʥʦʩʪʴ ʠ ʧʦʣʥʦʪʘ ʜʦʢʫʤʝʥʪʘʮʠʠ ˗   ʧʦʨʷʜʢʦʚʘʷ  ʆʪʣʠʯ.; ʭʦʨʦʰʘʷ; 

ʫʜʦʚʣʝʪ.;ʥʝʫʜʦʚʣ. 

ʇʨʦʩʪʦʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ: ˗̔      

ʧʨʦʩʪʦʪʘ ʫʧʨʘʚʣʝʥʠʷ ʬʫʥʢʮʠʷʤʠ ˗  ʧʦʨʷʜʢʦʚʘʷ ʆʪʣʠʯ.; ʭʦʨʦʰʘʷ; 

ʫʜʦʚʣʝʪ.;ʥʝʫʜʦʚʣ. 

ʢʦʤʬʦʨʪʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ˗      

ʇʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ: ˗̔      

ʩʫʙʲʝʢʪʠʚʥʳʝ ʠʣʠ ʵʢʩʧʝʨʪʥʳʝ ʦʮʝʥʢʠ ˗  ʧʦʨʷʜʢʦʚʘʷ ʆʪʣʠʯ.; ʭʦʨʦʰʘʷ; 

ʫʜʦʚʣʝʪ.;ʥʝʫʜʦʚʣ. 

2. ʉʦʧʨʦʚʦʞʜʘʝʤʦʩʪʴ ʇ2 ʧʦʨʷʜʢʦʚʘʷ ʆʪʣʠʯ.; ʭʦʨʦʰʘʷ; 

ʫʜʦʚʣʝʪ.;ʥʝʫʜʦʚʣ. 

ɸʥʘʣʠʟʠʨʫʝʤʦʩʪʴ: ˗̔      

ʧʦʣʥʦʪʘ ʠ ʢʦʨʨʝʢʪʥʦʩʪʴ ʜʦʢʫʤʝʥʪʘʮʠʠ ˗  ʧʦʨʷʜʢʦʚʘʷ ʆʪʣʠʯ.; ʭʦʨʦʰʘʷ; 

ʫʜʦʚʣʝʪ.;ʥʝʫʜʦʚʣ. 

ʉʪʘʙʠʣʴʥʦʩʪʴ: ˗̔      

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʥʝʛʘʪʠʚʥʳʤ ʧʨʦʷʚʣʝʥʠʷʤ ʧʨʠ ʠʟʤʝʥʝ-

ʥʠʷʭ 
˗  ʧʦʨʷʜʢʦʚʘʷ ʆʪʣʠʯ.; ʭʦʨʦʰʘʷ; 

ʫʜʦʚʣʝʪ.;ʥʝʫʜʦʚʣ. 

3. ʄʦʙʠʣʴʥʦʩʪʴ ʇ3     

ʉʦʩʫʱʝʩʪʚʦʚʘʥʠʝ - ʩʦʦʪʚʝʪʩʪʚʠʝ: ˗̔      

ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ ʠʥʪʝʨʬʝʡʩʦʚ ʩ ʘʧʧʘʨʘʪʥʦʡ ʠ ʦʧʝʨʘʮʠ-

ʦʥʥʦʡ ʩʨʝʜʦʡ 
˗  ʧʦʨʷʜʢʦʚʘʷ ʆʪʣʠʯ.; ʭʦʨʦʰʘʷ; 

ʫʜʦʚʣʝʪ.;ʥʝʫʜʦʚʣ. 

4. ʆʮʝʥʠʚʘʝʤʦʩʪʴ ʇ     

ʅʘʣʠʯʠʝ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ˗  ʧʦʨʷʜʢʦʚʘʷ ɼʘ; ʅʝʪ; 

ʇʨʦʩʪʦʪʘ ˗  ʧʦʨʷʜʢʦʚʘʷ ʆʪʣʠʯ.; ʭʦʨʦʰʘʷ; 

ʫʜʦʚʣʝʪ.;ʥʝʫʜʦʚʣ. 

 

˗̖̔, ʍ-ʥʦʤʝʨ ʢʨʠʪʝʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʢʘʟʘʪʝʣʷ, Y- ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʢʨʠʪʝʨʠʷ.  
 

ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʦʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ɸʉʆʀʋ ʧʦ ʩʨʝʜʩʪʚʘʤ ʵʢʩʧʝʨʪʥʦʛʦ ʤʝʪʦʜʘ ʚ ʙʝʟʨʘʟ-

ʤʝʨʥʳʭ ʝʜʠʥʠʮʘʭ. ʇʨʠ ʦʮʝʥʠʚʘʥʠʠ ʩ ʧʦʤʦʱʴʶ ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʧʨʘʚʠʣʘ: 

1. ɺʩʝ ʢʨʠʪʝʨʠʠ ʥʫʤʝʨʫʶʪʩʷ ʧʨʦʠʟʚʦʣʴʥʦ. 

2. ʕʢʩʧʝʨʪʳ ʨʘʥʞʠʨʫʶʪ ʢʨʠʪʝʨʠʠ ʧʦ ʰʢʘʣʝ ʧʦʨʷʜʢʘ. 

3. ʈʘʥʞʠʨʦʚʘʥʥʳʝ ʨʷʜʳ ʦʙʲʝʢʪʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʵʢʩʧʝʨʪʘʤʠ, ʩʨʘʚʥʠʚʘʶʪʩʷ. 

ʂʘʞʜʳʡ ʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʦʜʥʦ ʠʟ ʟʥʘʯʝʥʠʡ: 

ʆʪʣʠʯʥʦ ï 10,9. 

ʍʦʨʦʰʦ ï 8,7. 

ʋʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ï 5,6. 

ʅʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ï 1-4. 

ɽʩʣʠ ʭʦʪʴ ʧʦ ʦʜʥʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ʀʉ ʠʤʝʝʪ ʦʮʝʥʢʫ çʅʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦè, ʪʦ ʝʸ ʥʝʦʙʭʦʜʠʤʦ ʦʪʧʨʘʚʠʪʴ 

ʥʘ ʜʦʨʘʙʦʪʢʫ. 

ʈʘʩʩʤʦʪʨʠʤ ʜʘʥʥʳʡ ʤʝʪʦʜ ʥʘ ʧʨʠʤʝʨʝ: 

ʇʫʩʪʴ ʧʷʪʴ ʵʢʩʧʝʨʪʦʚ ʦ ʦʜʠʥʥʘʜʮʘʪʠ ʢʨʠʪʝʨʠʷʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʩʦʩʪʘʚʠʣʠ ʨʘʥʞʠʨʦʚʘʥʥʳʝ ʨʷʜʳ ʧʦ 

ʚʦʟʨʘʩʪʘʶʱʝʡ ʰʢʘʣʝ ʧʦʨʷʜʢʘ: 

1-ʡ ʵʢʩʧʝʨʪ-˗ ,˗ ,˗ ,˗ ,˗ ,˗ȟ̠ ,˗ ,˗ ,˗ ,˗ . 

2-ʡ ʵʢʩʧʝʨʪ- ˗ ,˗ ,˗ ,˗ ,˗ ,˗ ,˗ȟ̠ ,˗ ,˗ ,˗ . 
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3-ʡ ʵʢʩʧʝʨʪ- ˗ ,˗ ,˗ , ̠ ,˗ , ̠ ,˗ ,˗ ,˗ ,˗ ,˗ . 

4-ʡ ʵʢʩʧʝʨʪ- ˗ ,˗ ,˗ ,˗ ,˗ ,˗ ,˗ ,˗ ,˗ ,˗ ,˗ . 

5-ʡʵʢʩʧʝʨʪ- ˗ ,˗ ,˗ ,˗ ,˗ ,˗ ,˗ ,˗ ,˗ ,˗ ,˗ . 

ʆʙʦʟʥʘʯʘʝʤ ʩʫʤʤʳ ʨʘʥʛʦʚ ʢʘʞʜʦʛʦ ʠʟ ʢʨʠʪʝʨʠʝʚ ʵʢʩʧʝʨʪʥʦʡ ʦʮʝʥʢʠ: 

˗=4+6+4+4+3+4+5+4+8+5=43 

˗=3+3+2+3+4+5+6+5+4+5=40 

˗=6+5+6+5+6+7+8+3+7+5=58 

˗=6+5+6+5+6+4+4+6+5+5=52 

˗=1+1+3+1+1+3+5+7+6+5=33 

˗=4+5+4+5+3+2+6+4+8+4=45 

˗=3+5+5+6+4+3+7+3+7+6=49 

˗=5+5+6+3+5+2+8+5+9+5=53 

˗=6+4+3+2+1+5+9+3+7+4=44 

˗ =4+3+1+2+3+3+2+2+2+2=24 

˗ =3+2+4+5+1+6+1+2+6+5=34 

ɼʘʣʝʝ ʩʦʩʪʘʚʠʤ ʦʙʱʠʡ ʨʘʥʞʠʨʦʚʘʥʥʳʡ ʨʷʜ ʚ ʧʦʨʷʜʢʝ ʚʦʟʨʘʩʪʘʥʠʷ ʚʘʞʥʦʩʪʠ ʢʨʠʪʝʨʠʝʚ: 
 

˗ , ̠ , ̠ , ̠ , ̠ ,  ̠ , ̠ , ̠ , ̠ , ̠ , ˗ . 
 

ʈʘʩʩʯʠʪʳʚʘʝʤ ʦʙʦʙʱʝʥʥʳʝ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʢʨʠʪʝʨʠʝʚ ʧʦ ʬʦʨʤʫʣʝ (1): 
 

Ὧ
В ȟ

В ȟ
ȟ
ȟ

;       (1) 

 

n ï ʢʦʣʠʯʝʩʪʚʦ ʵʢʩʧʝʨʪʦʚ, m ï ʢʦʣʠʯʝʩʪʚʦ ʢʨʠʪʝʨʠʝʚ. 

ὑȟ ïʢʦʵʬʬʠʮʠʝʥʪ ʚʝʩʦʤʦʩʪʠ j-ʛʦ ʢʨʠʪʝʨʠʷ ʚ ʙʘʣʣʘʭ, ʢʦʪʦʨʳʡ ʜʘʣ i-ʡ ʵʢʩʧʝʨʪ.  
 

Ὧ= 0,090;   Ὧ= =0,122;   Ὧ= =0,070;    Ὧ= =0,103; Ὧ= =0,08;    Ὧ= =0,109;    Ὧ= =0,094;    

Ὧ= =0,1115; 

Ὧ= =0,092;   Ὧ =  =0,05;    Ὧ = =0,071;    В Ὧ=1; 

 

ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʪʥʳʤ ʤʝʪʦʜʦʤ ʦʙʦʙʱʝʥʥʳʝ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ, ʤʦʞʥʦ ʩʫʜʠʪʴ, ʯʪʦ ʢʨʠʪʝ-

ʨʠʠ k3 ʠ k8 (ʚʝʩʘ ʧʨʠʤʝʨʥʦ ʨʘʚʥʳ 0.112) ʷʚʣʷʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʵʢʚʠʚʘʣʝʥʪʥʳʤʠ ʠ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ. ʂʨʠʪʝʨʠʡ 

k10 ʷʚʣʷʝʪʩʷ ʥʘʠʤʝʥʝʝ ʚʘʞʥʳʤ, ʘ ʢʨʠʪʝʨʠʠ k3 ʠ k8 ʚ 2.5 ʨʘʟʘ ʚʘʞʥʝʝ ʝʛʦ. 

ʀʩʧʦʣʴʟʫʷ ʧʨʝʜʣʦʞʝʥʥʫʶ ʤʝʪʦʜʠʢʫ, ʚʦʟʤʦʞʥʦ ʧʨʦʚʝʜʝʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ɸʉʆʀʋ ʚ 

ʨʘʤʢʘʭ ʚʳʙʨʘʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʢʦʣʠʯʝʩʪʚʦ ʧʦʢʘʟʘʪʝʣʝʡ ʤʦʞʝʪ ʙʳʪʴ ʫʚʝʣʠʯʝʥʦ ʩ ʮʝʣʴʶ ʫʣʫʯʰʝ-

ʥʠʷ ʢʘʯʝʩʪʚʘ ʨʘʟʨʘʙʦʪʢʠ ɸʉʆʀʋ. 
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EXPERT ESTIMATES OF QUALITY OF AUTOMATED SYSTEMS  

OF INFORMATION PROCESSING AND MANAGEMENT  
 

A.V. Egorov1, A.S. Grishchenko2, D.V. Laushkin3 

Department of System Analysis and Telecommunications, Southern Federal University (Taganrog), Russia 
 

Abstract. In this article the review of quality indicators for an assessment of quality of automated systems of 

information processing and management is given. The authors consodered criteria for each indicator. The essence of 

technique consists in carrying out an expert assessment on each criteria and then their further comparison by the gener-

alized estimates of criteria quality. It is possible to carry out a preliminary estimate of quality of automated systems of 

information processing and management within the chosen indicators. 

Keywords: quality assessment, quality indicators, automated systems of information processing and management. 
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ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʃʆɻʀʉʊʀʏɽʉʂʀʍ ʉʍɽʄ ʀ ʉʈɸɺʅɽʅʀɽ ʄɽʊʆɼʀʂ 

ʆʇʈɽɼɽʃɽʅʀʗ ʇʈʆɺʆɿʅʆʁ ʇʃɸʊʓ ɺ ʀʅʊɽʈʄʆɼɸʃʔʅʓʍ ʇɽʈɽɺʆɿʂɸʍ 
 

 ɾ.ʄ. ʂʫʘʥʳʰʙʘʝʚ1, ʄ.ʀ. ɸʨʧʘʙʝʢʦʚ2, ʄ.ɸ. ʉʘʨʩʝʥʙʠʥʦʚʘ3, ʉ.ʄ. ɽʩʤʫʭʘʥʙʝʪ4  
1, 2 ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, 3, 4 ʤʘʛʠʩʪʨʘʥʪ  

ɽʚʨʘʟʠʡʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʃ.ʅ. ɻʫʤʠʣʸʚʘ (ɸʩʪʘʥʘ), ʂʘʟʘʭʩʪʘʥ 
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʠʷ ʧʨʦʚʦʟʥʦʡ ʧʣʘʪʳ ʩ ʪʘʨʠʬʥʳʤ ʧʝʨʝʣʦʤʦʤ ʠ ʧʦ 

ʩʭʝʤʝ ʩʢʚʦʟʥʦʛʦ ʧʣʝʯʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Rail Tarif ʠ ʤʝʪʦʜʠʢʠ ʄʊʊ. ɺ ʨʘʩʯʝʪʘʭ ʧʨʠ 

ʩʨʘʚʥʝʥʠʠ ʤʝʪʦʜʠʢ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʚʦʟʥʦʡ ʧʣʘʪʳ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʥʘʮʠʦʥʘʣʴʥʳʝ ʚʘʣʶʪʳ, ʪʘʢ ʠ ʥʘʜʥʘʮʠʦʥʘʣʴ-

ʥʘʷ ʚʘʣʶʪʘ ʰʚʝʡʮʘʨʩʢʠʡ ʬʨʘʥʢ. ʇʦʢʘʟʘʥʘ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʚʦʟʥʦʡ 

ʧʣʘʪʳ ʧʦ ʩʭʝʤʝ ʩʢʚʦʟʥʦʛʦ ʧʣʝʯʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʚʦʟʥʘʷ ʧʣʘʪʘ, ʝʜʠʥʳʡ ʪʨʘʥʟʠʪʥʳʡ ʪʘʨʠʬ, ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʪʨʘʥʟʠʪʥʳʡ ʪʘʨʠʬ, 

ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ Rail-Atlas ʠ Rail-Tarif, ʞʝʣʝʟʥʳʝ ʜʦʨʦʛʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ, ʞʝʣʝʟʥʳʝ ʜʦʨʦʛʠ ʈʦʩ-

ʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʞʝʣʝʟʥʳʝ ʜʦʨʦʛʠ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʠ. 
 

ɾʝʣʝʟʥʦʜʦʨʦʞʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʪʘʨʠʬʳ ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ ʢʘʢ ʝʜʠʥʳʝ ʜʣʷ ʚʩʝʡ ʩʪʨʘʥʳ, ʭʦʪʷ ʟʘʪʨʘʪʳ ʧʦ 

ʧʝʨʝʚʦʟʢʝ ʛʨʫʟʦʚ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʫʯʘʩʪʢʘʤ ʜʦʨʦʛ ʠ ʟʘʚʠʩʷʪ ʦʪ ʧʨʦʬʠʣʷ ʧʫʪʠ, ʚʠʜʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʣʦʢʦʤʦʪʠʚʦʚ, 

ʛʨʫʟʦʥʘʧʨʷʞʝʥʥʦʩʪʠ ʫʯʘʩʪʢʦʚ ʜʦʨʦʛ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ. ʊʘʨʠʬʳ ʥʘ ʛʨʫʟʦʚʳʝ ʧʝʨʝʚʦʟʢʠ ʟʘʚʠʩʷʪ ʦʪ ʪʠʧʘ ʧʦʜʚʠʞ-

ʥʦʛʦ ʩʦʩʪʘʚʘ, ʝʛʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ, ʚʠʜʘ ʦʪʧʨʘʚʢʠ, ʩʢʦʨʦʩʪʠ ʠ ʪʘʨʠʬʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʧʝʨʝʚʦʟʢʠ, ʛʨʫʟʦʧʦʜʲʝʤʥʦ-

ʩʪʠ ʚʘʛʦʥʘ, ʦʩʦʙʳʭ ʫʩʣʦʚʠʡ ʧʝʨʝʚʦʟʢʠ. ʇʣʘʪʘ ʟʘ ʧʝʨʝʚʦʟʢʫ ʛʨʫʟʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʥʘ ʦʩʥʦʚʝ ʪʘ-

ʨʠʬʥʳʭ ʩʭʝʤ ʨʘʩʯʝʪʥʳʤ ʪʘʙʣʠʮʘʤ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʚʝʣʠʯʠʥʫ ʧʨʦʚʦʟʥʦʡ ʧʣʘʪʳ ʟʘ ʧʝʨʝʚʦʟʢʫ ʥʘ ʪʘʨʠʬʥʦʝ ʨʘʩ-

ʩʪʦʷʥʠʝ. ʄʠʥʠʤʘʣʴʥʘʷ ʧʣʘʪʘ ʟʘ ʧʝʨʝʚʦʟʢʫ ʛʨʫʟʦʚ ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʚ 50 ʢʤ. 

ʇʨʦʛʨʘʤʤʘ ʨʘʩʯʝʪʘ ʧʨʦʚʦʟʥʦʡ ʧʣʘʪʳ Rail-Tarif ï ʩʦʚʨʝʤʝʥʥʘʷ ʧʝʨʩʧʝʢʪʠʚʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʜʣʷ ʩʧʝʮʠʘʣʠ-

ʩʪʦʚ ʧʦ ʣʦʛʠʩʪʠʢʝ, ʛʨʫʟʦʚʣʘʜʝʣʴʮʝʚ, ʵʢʩʧʝʜʠʪʦʨʦʚ, ʢʦʤʧʘʥʠʡ-ʦʧʝʨʘʪʦʨʦʚ, ʧʨʝʜʧʨʠʷʪʠʡ, ʧʦʣʴʟʫʶʱʠʭʩʷ ʫʩʣʫʛʘʤʠ 

ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ, ʠ ʩʦʪʨʫʜʥʠʢʦʚ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. 

ʇʨʦʛʨʘʤʤʘ ʷʚʣʷʝʪʩʷ ʫʜʦʙʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʨʘʩʯʝʪʘ ʧʨʦʚʦʟʥʦʡ ʧʣʘʪʳ ʧʨʠ ʧʝʨʝʚʦʟʢʝ ʛʨʫʟʦʚ ʧʦ ʞʝ-

ʣʝʟʥʳʤ ʜʦʨʦʛʘʤ ʩʪʨʘʥ ʉʅɻ ʠ ɹʘʣʪʠʠ. ɺ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʥʦʩʠʪʴ ʠʟʤʝʥʝʥʠʷ ʚ 

ʤʘʨʰʨʫʪ ʩʣʝʜʦʚʘʥʠʷ, ʩʪʘʥʮʠʶ ʦʪʧʨʘʚʣʝʥʠʷ, ʩʪʘʥʮʠʶ ʥʘʟʥʘʯʝʥʠʷ; ʨʘʩʯʝʪ ʩʙʦʨʥʦʡ ʦʪʧʨʘʚʢʠ ʧʦ ʚʩʝʤ ʪʠʧʘʤ ʪʘʨʠ-

ʬʦʚ; ʨʘʩʯʝʪ ʥʦʨʤʘʪʠʚʥʦʛʦ ʩʨʦʢʘ ʜʦʩʪʘʚʢʠ ʛʨʫʟʦʚ; ʜʦʙʘʚʣʝʥʠʝ ʵʢʩʧʝʜʠʪʦʨʩʢʠʭ ʩʢʠʜʦʢ ʠ ʧʦʚʳʰʘʶʱʠʭ ʢʦʵʬʬʠʮʠ-

ʝʥʪʦʚ; ʘʥʘʣʠʟ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʦʚ ʠ ʢʦʥʪʝʡʥʝʨʦʚ. ʇʨʦʩʤʦʪʨ ʥʘ ʵʢʨʘʥʝ ʤʦʥʠʪʦʨʘ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ʧʨʦʚʦʟʥʦʡ 

ʧʣʘʪʳ ʩʦ ʚʩʝʤʠ ʧʦʜʨʦʙʥʦʩʪʷʤʠ (ʪʘʨʠʬʥʦʝ ʨʘʩʩʪʦʷʥʠʝ, ʪʠʧ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ; ʚʠʜ ʩʢʦʨʦʩʪʠ, ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ 

ʢʦʥʪʝʡʥʝʨʦʚ), ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʥʘ ʷʟʳʢ ʠʟʣʦʞʝʥʠʷ ʧʝʨʝʚʦʟʦʯʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʚʚʦ-

ʜʷʪʩʷ ʪʝ ʠʣʠ ʠʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʧʨʠ ʥʘʣʠʯʠʠ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʚʝʨʩʠʠ ʩʧʨʘʚʦʯʥʠʢʘ Rail-Atlas. ʄʝʞʜʫʥʘʨʦʜʥʳʡ 

ʪʨʘʥʟʠʪʥʳʡ ʪʘʨʠʬ (ʄʊʊ) ʧʨʠʤʝʥʷʝʪʩʷ ʢ ʦʪʧʨʘʚʢʘʤ ʛʨʫʟʦʚ, ʧʝʨʝʚʦʟʠʤʳʭ ʪʨʘʥʟʠʪʦʤ ʧʦ ʞʝʣʝʟʥʳʤ ʜʦʨʦʛʘʤ-ʫʯʘʩʪ-

ʥʠʮʘʤ ʊʘʨʠʬʘ ʥʘ ʦʩʥʦʚʝ ʉʦʛʣʘʰʝʥʠʷ ʦ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʛʨʫʟʦʚʦʤ ʩʦʦʙʱʝʥʠʠ, ɽʜʠʥʳʭ ʧʨʘʚʦ-

ʚʳʭ ʧʨʝʜʧʠʩʘʥʠʡ ʜʣʷ ʜʦʛʦʚʦʨʘ ʦ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʧʝʨʝʚʦʟʢʝ ʛʨʫʟʦʚ ʧʦ ʞʝʣʝʟʥʳʤ ʜʦʨʦʛʘʤ ʠʣʠ ʜʨʫʛʦʛʦ ʤʝʞʜʫʥʘ-

ʨʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʘʚʘ, ʝʩʣʠ ʧʝʨʝʚʦʟʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ ɿʘʧʘʜ. ɽʜʠʥʦʛʦ ʪʨʘʥʟʠʪʥʦʛʦ ʪʘ-

ʨʠʬʘ (ɽʊʊ) ʧʨʠʤʝʥʷʝʪʩʷ ʢ ʦʪʧʨʘʚʢʘʤ, ʩʣʝʜʫʶʱʠʤ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ ʖʛ ʠ ʖʛʦ-ɺʦʩʪʦʯʥʫʶ ɸʟʠʶ. ʇʝʨʝʚʦʟʢʘ ʛʨʫʟʘ 

ï çʧʦʜʰʠʧʥʠʢʠ ʠʟ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚè ʚ ʩʠʩʪʝʤʝ ʠʥʪʝʨʤʦʜʘʣʴʥʳʭ ʧʝʨʝʚʦʟʦʢ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʫʯʘʩʪʠʝʤ ʞʝʣʝʟ-

ʥʳʭ ʜʦʨʦʛ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ, ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ. ʆʙʱʘʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʤʘʨʰ-

ʨʫʪʘ ʩʦʩʪʘʚʠʣʘ 3821 ʢʤ, ʠʟ ʥʠʭ: ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ï 650 ʢʤ; ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ï 2599 ʢʤ; ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ ï 572 ʢʤ. ʉʦʛʣʘʩʥʦ ʧʨʦʛʨʘʤʤʥʦʤʫ ʢʦʤʧʣʝʢʩʫ Rail-

Atlas ʚʳʙʠʨʘʝʤ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʡ ʤʘʨʰʨʫʪ ʛʨʫʟʦʚʦʛʦ ʧʦʝʟʜʘ (ʨʠʩʫʥʢʠ 1-3). 
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ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʦʚʦʟʥʦʡ ʧʣʘʪʳ ʧʨʠ ʧʝʨʝʚʦʟʢʝ ʛʨʫʟʘ ʧʦ ʞʝʣʝʟʥʳʤ ʜʦʨʦʛʘʤ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʨʠ-

ʩʫʥʢʠ 7-9) 
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ʈʠʩ. 7. ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʦʚʦʟʥʦʡ ʧʣʘʪʳ ʧʦ ʞʝʣʝʟʥʳʤ ʜʦʨʦʛʘʤ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Rail Tarif, ʤʘʨʰʨʫʪ ʂʘʨʪʘʣʳ ï ʂʨʘʩʥʦʝ (CHF) 

 

 
 

ʈʠʩ. 8. ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʦʚʦʟʥʦʡ ʧʣʘʪʳ ʧʦ ʞʝʣʝʟʥʳʤ ʜʦʨʦʛʘʤ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Rail Tarif , ʤʘʨʰʨʫʪ ʂʘʨʪʘʣʳ ï ʂʨʘʩʥʦʝ (RUB) 

 

 
 

ʈʠʩ. 9. ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʦʚʦʟʥʦʡ ʧʣʘʪʳ ʧʦ ʞʝʣʝʟʥʳʤ ʜʦʨʦʛʘʤ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Rail Tarif, ʤʘʨʰʨʫʪ ʂʘʨʪʘʣʳ ï ʂʨʘʩʥʦʝ (EUR) 

 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʦʚʦʟʥʦʡ ʧʣʘʪʳ ʧʨʠ ʧʝʨʝʚʦʟʢʝ ʛʨʫʟʘ ʧʦ ʞʝʣʝʟʥʳʤ ʜʦʨʦʛʘʤ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʠ (ʨʠʩʫʥʢʠ 

10-12) 
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ʈʠʩ. 10. ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʦʚʦʟʥʦʡ ʧʣʘʪʳ ʧʦ ʞʝʣʝʟʥʳʤ ʜʦʨʦʛʘʤ ɹʝʣʘʨʫʩʠ 

ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Rail Tarif, ʤʘʨʰʨʫʪ ʆʩʠʥʦʚʢʘ ï ɹʨʝʩʪ ɺʦʩʪʦʯʥʳʡ (CHF) 
 

 
 

ʈʠʩ. 11. ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʦʚʦʟʥʦʡ ʧʣʘʪʳ ʧʦ ʞʝʣʝʟʥʳʤ ʜʦʨʦʛʘʤ ɹʝʣʘʨʫʩʠ 

ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Rail Tarif, ʤʘʨʰʨʫʪ ʆʩʠʥʦʚʢʘ ï ɹʨʝʩʪ ɺʦʩʪʦʯʥʳʡ (BYR) 
 

 
 

ʈʠʩ. 12. ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʦʚʦʟʥʦʡ ʧʣʘʪʳ ʧʨʠ ʧʝʨʝʚʦʟʢʝ ʛʨʫʟʘ ʧʦ ʞʝʣʝʟʥʳʤ ʜʦʨʦʛʘʤ ɹʝʣʘʨʫʩʠ 

ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Rail Tarif, ʤʘʨʰʨʫʪ ʆʩʠʥʦʚʢʘ ï ɹʨʝʩʪ ɺʦʩʪʦʯʥʳʡ (EUR) 
 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʘʩʯʝʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʚʦʟʥʦʡ ʧʣʘʪʳ ʚʳʧʦʣʥʝʥʳ ʥʘ ʦʩʥʦʚʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

Rail-Tarif, Rail-Atlas. ɿʘʜʘʯʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʩʨʘʚʥʠʪʴ ʧʨʦʚʦʟʥʫʶ ʧʣʘʪʫ ʧʦ ʫʢʘʟʘʥʥʦʤʫ 

ʤʘʨʰʨʫʪʫ ʥʘ ʦʩʥʦʚʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Rail ï Tarif ʠ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʠʢʠ ʄʊʊ (ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʞʝʣʝʟ-

ʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʟʠʪʥʦʛʦ ʪʘʨʠʬʘ). 

ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʨʘʩʯʝʪʘ ʧʨʦʚʦʟʥʦʡ ʧʣʘʪʳ ʧʦ ʤʝʪʦʜʠʢʝ ʄʊʊ ʷʚʣʷʶʪʩʷ ʪʘʨʠʬʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʧʦ 

ʩʭʝʤʝ ʩʢʚʦʟʥʦʛʦ ʧʣʝʯʘ, ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ ʢʦʥʪʝʡʥʝʨʦʚ ʠ ʠʭ ʢʦʣʠʯʝʩʪʚʦ. ʇʨʦʚʦʟʥʘʷ ʧʣʘʪʘ ʦʧʨʝʜʝʣʝʥʘ ʟʘ ʫʢʘʟʘʥʥʦʝ 
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ʪʘʨʠʬʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʜʣʷ ʛʨʫʞʝʥʳʭ ʢʦʥʪʝʡʥʝʨʦʚ ʠ ʚʦʟʚʨʘʪ ʧʦʨʦʞʥʠʭ ʢʦʥʪʝʡʥʝʨʦʚ ʥʘ ʩʪʘʥʮʠʶ ʦʪʧʨʘʚʣʝʥʠʷ. ʇʨʦ-

ʚʦʟʥʘʷ ʧʣʘʪʘ ʠʩʯʠʩʣʷʝʪʩʷ ʧʦ ʤʝʪʦʜʠʢʝ ʄʊʊ (ʪʘʙʣʠʮʘ 1). ʈʘʩʯʝʪʳ ʧʨʦʚʦʟʥʦʡ ʧʣʘʪʳ ʚʳʧʦʣʥʝʥʳ ʜʣʷ ʦʜʠʥʦʯʥʦʛʦ ʢʦʥ-

ʪʝʡʥʝʨʘ ʥʘ ʚʩʝʤ ʧʫʪʠ ʩʣʝʜʦʚʘʥʠʷ. ʋʢʘʞʝʤ ʧʘʨʘʤʝʪʨʳ ʢʦʥʪʝʡʥʝʨʘ: ʢʦʥʪʝʡʥʝʨ 30 ʬʫʪʦʚʳʡ; ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ 18-

22ʪ.; ʥʘ ʧʣʘʪʬʦʨʤʝ ʨʘʟʤʝʱʝʥʳ 2 ʢʦʥʪʝʡʥʝʨʘ. ɿʥʘʯʝʥʠʷ ʧʨʦʚʦʟʥʦʡ ʧʣʘʪʳ ʫʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 2. 
 

ʊʘʙʣʠʮʘ 1 

 
 

ʊʘʙʣʠʮʘ 2 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʦʚʦʟʥʦʡ ʧʣʘʪʳ ʧʦ ʤʝʪʦʜʠʢʝ ʄʊʊ 

ʅʘʧʨʘʚʣʝʥʠʝ 
ʈʘʩʩʪʦʷ-

ʥʠʝ, ʢʤ 

ʉʪʦʠʤʦʩʪʴ 1 

ʢʦʥʪʝʡʥʝʨʘ, 

CHF 

ʂʦʣ-ʚʦ 

ʢʦʥʪʝʡʥʝʨʦʚ 

ɻʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ, 

ʪʦʥʥ 

ʆʙʱʘʷ ʩʪʦ-

ʠʤʦʩʪʴ, 

CHF 

ʆʙʱʘʷ ʩʪʦʠ-

ʤʦʩʪʴ, ú 

ɼʞʝʤʘʥʪʫʟ ï  

ɹʨʝʩʪ ɺʦʩʪʦʯʥʳʡ 
3821 3471 2 18-22 6942 6386,6 

ɺʦʟʚʨʘʪ 3817 1735 2 18-22 3470 3192,4 

ʀʪʦʛʦ: 7638 4665 2 - 10412 9579,04 
 

ʉʨʘʚʥʝʥʠʝ ʧʨʦʚʦʟʥʦʡ ʧʣʘʪʳ ʧʦ ʤʝʪʦʜʠʢʝ Rail ï Tarif ʠ ʤʝʪʦʜʠʢʝ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʪʨʘʥʟʠʪʥʦʛʦ ʪʘʨʠʬʘ 

(ʄʊʊ) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʩʪʫʧʣʝʥʠʝ ʩʨʝʜʩʪʚ ʚ ʙʶʜʞʝʪ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 7168,6 ʰʚʝʡʮʘʨʩʢʠʭ ʬʨʘʥʢʦʚ (ʪʘʙʣʠʮʘ 3).  
 

ʊʘʙʣʠʮʘ 3 

ʉʨʘʚʥʝʥʠʝ ʧʨʦʚʦʟʥʳʭ ʧʣʘʪ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ 
ʇʨʦʚʦʟʥʘʷ ʧʣʘʪʘ, ChF 

ʄʝʪʦʜʠʢʘ Rail ï Tarif ʄʝʪʦʜʠʢʘ ʄʊʊ 

ɼʞʝʤʘʥʪʫʟ ï ɸʢʩʫ 644,43 - 

ʂʘʨʪʘʣʳ ï ʂʨʘʩʥʦʝ 1841,17 - 

ʆʩʠʥʦʚʢʘ ï ɹʨʝʩʪ ɺʦʩʪʦʯʥʳʡ 757,80 - 

ɼʞʝʤʘʥʪʫʟ ï ɹʨʝʩʪ ɺʦʩʪʦʯʥʳʡ 3243,4 10412 

ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ - 7168,6 
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DESIGNING THE LOGISTIC SCHEMES AND COMPARING THE METHODOLOGIES  

OF TARIFF SETTING AT INTERMODAL TRANSPORT  
 

Zh.M. Kuanyshbaev1, M.I. Arpabekov2, M.A. Sarsenbinova3, S.M. Esmukhanbet4 

1, 2 Doctor of Technical Sciences, Professor, 3, 4 Candidate for a Masterôs Degree 

L.N. Gumilyov Eurasian National University (Astana), Kazakhstan 
 

Abstract. The article describes the suggested methodology of tariff setting with the tariff change and according 

to the through shoulder scheme using the software package Rail Tarif and MTT methodology. For the estimation of the 

tariff setting methodologies the national currencies as well as supranational currency ï Swiss franc were used. The 

economic efficiency of the implementation of carriage duty determination using the through shoulder scheme is proved. 

Keywords: carriage duty, uniform transit tariff, international transit tariff, software package Rail-Atlas and 

Rail-Tarif, Kazakh Railways, Russian Railways, Belarus Railways. 
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ʋɼʂ 656.025.4(574+477.87) 
 

ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʃʆɻʀʉʊʀʏɽʉʂʀʍ ʉʍɽʄ ʇʈʀ ʇɽʈɽɺʆɿʂɽ 

ɾɽʃɽɿʅʆʁ ʈʋɼʓ (ʉʊ. ɾɸʅɸɸʋʃ ï ʇʆʈʊ ʃʗʅʔʖʅʔɻɸʅ) 
 

 ɾ.ʄ. ʂʫʘʥʳʰʙʘʝʚ1, ɻ. ɸʣʢʝʙʘʝʚʘ2 

1 ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 2 ʩʪʘʨʰʠʡ ʣʘʙʦʨʘʥʪ 

ɽʚʨʘʟʠʡʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʃ.ʅ. ɻʫʤʠʣʸʚʘ (ɸʩʪʘʥʘ), ʂʘʟʘʭʩʪʘʥ 
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʧʨʦʙʣʝʤʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʧʨʦʚʦʟʥʦʡ ʧʣʘʪʳ ʟʘ ʧʝʨʝʚʦʟʢʠ 

ʤʘʩʩʦʚʳʭ ʛʨʫʟʦʚ ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʪʨʘʥʩʧʦʨʪʝ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʯʝʪʳ ʧʨʦʚʦʟʥʦʡ ʧʣʘʪʳ ʚ ʩʠ-

ʩʪʝʤʝ ʠʥʪʝʨʤʦʜʘʣʴʥʳʭ ʧʝʨʝʚʦʟʦʢ ʩ ʫʯʘʩʪʠʝʤ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʠ ʂʠʪʘʡʩʢʦʡ ʅʘʨʦʜʥʦʡ 

ʈʝʩʧʫʙʣʠʢʠ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʚʦʟʥʦʡ ʧʣʘʪʳ ʩ ʪʘʨʠʬʥʳʤ ʧʝʨʝʣʦʤʦʤ ʠ ʧʦ ʩʭʝʤʝ ʩʢʚʦʟʥʦʛʦ 

ʧʣʝʯʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ Rail-Atlas, Rail-Tarif. ʇʦʢʘʟʘʥʘ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʚʥʝʜʨʝʥʠʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʚʦʟʥʦʡ ʧʣʘʪʳ ʧʦ ʩʭʝʤʝ ʩʢʚʦʟʥʦʛʦ ʧʣʝʯʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʘʥʮʠʷ ʦʪʧʨʘʚʣʝʥʠʷ ɾʘʥʘɸʫʣ, ʧʦʨʪ ʃʷʥʴʶʥʴʛʘʥ, ʤʘʨʰʨʫʪ ʛʨʫʟʦʚʦʛʦ ʧʦʝʟʜʘ, ʧʨʦʚʦʟ-

ʥʘʷ ʧʣʘʪʘ, ʩʭʝʤʘ ʩ ʪʘʨʠʬʥʳʤ ʧʝʨʝʣʦʤʦʤ, ʩʭʝʤʘ ʩʢʚʦʟʥʦʛʦ ʧʣʝʯʘ, ʥʘʮʠʦʥʘʣʴʥʘʷ ʚʘʣʶʪʘ, ʰʚʝʡʮʘʨʩʢʠʡ ʬʨʘʥʢ. 
 

ʊʨʘʥʩʧʦʨʪʥʘʷ ʣʦʛʠʩʪʠʢʘ - ʵʪʦ ʦʙʣʘʩʪʴ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʪʨʫʜʘ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʨʘʩʯʝʪʫ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʤʘʨʰʨʫʪʘʧʝʨʝʚʦʟʢʠ ʛʨʫʟʦʚ. ɻʨʘʤʦʪʥʘʷ ʪʨʘʥʩʧʦʨʪʥʘʷ ʣʦʛʠʩʪʠʢʘ ʫʯʠʪʳʚʘʝʪ ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ ʜʣʷ ʚʳʙʦʨʘ 

ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʘ. ʊʨʘʥʩʧʦʨʪʥʘʷ ʣʦʛʠʩʪʠʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʬʝʨʘ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʚʢʣʶʯʘʶʱʘʷ 

ʩʣʝʜʫʶʱʠʝ ʦʙʣʘʩʪʠ:  

1. ʧʨʦʮʝʩʩ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʨʘʮʠʦʥʘʣʴʥʦʡ ʠ ʥʝʜʦʨʦʛʦʡ ʜʦʩʪʘʚʢʠ (ʧʝʨʝ-
ʚʦʟʢʠ) ʛʨʫʟʦʚ ʦʪ ʤʝʩʪ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʜʦ ʤʝʩʪ ʧʦʪʨʝʙʣʝʥʠʷ;  

2. ʢʦʥʪʨʦʣʴ ʟʘ ʚʩʝʤʠ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʠ ʜʨʫʛʠʤʠ ʦʧʝʨʘʮʠʷʤʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʚ ʧʫʪʠ ʩʣʝʜʦʚʘʥʠʷ ʛʨʫʟʦʚ 
ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʩʨʝʜʩʪʚ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ, ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʜʨʫʛʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦ-

ʛʠʡ;  

3. ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʠʥʬʦʨʤʘʮʠʠ ʛʨʫʟʦʚʣʘʜʝʣʴʮʘʤ. 

ʃʦʛʠʩʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ï ʩʭʝʤʘ ʤʘʨʰʨʫʪʘ ʛʨʫʟʦʚʦʛʦ ʧʦʝʟʜʘ ʚ ʩʠʩʪʝʤʝ ʠʥʪʝʨʤʦʜʘʣʴʥʳʭ ʧʝʨʝʚʦʟʦʢ. ʆʪ 

ʢʘʯʝʩʪʚʘ ʧʨʝʜʣʘʛʘʝʤʦʡ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʩʭʝʤʳ ʟʘʚʠʩʠʪ ʩʦʭʨʘʥʥʦʩʪʴ ʛʨʫʟʘ ʧʨʠ ʧʝʨʝʚʦʟʢʝ. ɺ ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʪʘʪʴʝ 

ʠʩʩʣʝʜʫʝʪʩʷ ʣʦʛʠʩʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʝʨʝʚʦʟʢʠ ʤʘʩʩʦʚʦʛʦ ʛʨʫʟʘ ʧʦ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʝ ʚ ʩʠʩʪʝʤʝ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʧʝʨʝʚʦʟʦʢ. ʇʝʨʝʚʦʟʠʤʳʡ ʛʨʫʟ ï ʞʝʣʝʟʥʘʷ ʨʫʜʘ. ʆʪʧʨʘʚʣʷʝʤ ʩʦ ʩʪʘʥʮʠʠ ɾʘʥʘɸʫʣ (ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ), 

ʩʪʘʥʮʠʷ ʥʘʟʥʘʯʝʥʠʷ ʠ ʦʜʥʦʠʤʝʥʥʳʡ ʧʦʨʪ ʃʷʥʴʶʥʴʛʘʥ (ʂʠʪʘʡʩʢʘʷ ʅʘʨʦʜʥʘʷ ʈʝʩʧʫʙʣʠʢʘ). ʃʦʛʠʩʪʠʯʝʩʢʘʷ ʩʭʝʤʘ 

ʧʦ ʜʘʥʥʦʤʫ ʤʘʨʰʨʫʪʫ ʚ ʩʠʩʪʝʤʝ ʠʥʪʝʨʤʦʜʘʣʴʥʳʭ ʧʝʨʝʚʦʟʦʢ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1: 

ɾʘʥʘɸʫʣ19 ï ʂʘʨʘʛʘʥʜʘ-ʉʦʨʪʠʨʦʚʦʯʥʘʷ359 ï ʄʦʡʳʥʪʳ132 ïɹʘʣʭʘʰ ɯ701 ï ɼʦʩʪʳʢ12 ï ɸʣʘʰʘʥʴʢʦʫ560 ï 

ʋʨʫʤʯʠ1204 ï ʎʟʷʶʡʛʫʘʥʴ770 ï ʃʘʥʴʯʞʦʫ950 ï ʏʞʵʥʯʞʦʫ581 ï ʃʷʥʴʶʥʴʛʘʥ 
 

 
 

ʈʠʩ. 1. ʄʘʨʰʨʫʪ ʛʨʫʟʦʚʦʛʦ ʧʦʝʟʜʘ ɾʘʥʘɸʫʣ-ʧʦʨʪʃʷʥʴʶʥʴʛʘʥ 
 

ʄʘʨʰʨʫʪ: ʩʪ.ɾʘʥʘɸʫʣ ï ʩʪ.ɼʦʩʪʳʢ ï ʩʪ.ɸʣʘʰʘʥʴʢʦʫ ï ʧʦʨʪ ʃʷʥʴʶʥʴʛʘʥ. ɻʨʫʟʦʦʪʧʨʘʚʠʪʝʣʴ 

(ʧʨʝʜʧʨʠʷʪʠʝ) ï ɸʆ ñɸʨʩʝʣʦʨ ʄʠʪʪʘʣ ʊʝʤʠʨʪʘʫò. ʅʘʠʤʝʥʦʚʘʥʠʝ ʛʨʫʟʘ ï ʞʝʣʝʟʥʘʷ ʨʫʜʘ; ʂʦʜ ʛʨʫʟʘ ʧʦ ɽʊʉʅɻ-

141162; ʂʦʜ ʛʨʫʟʘ ʧʦ ɻʅɻ:26011100; ʉʪʘʥʮʠʷ ʦʪʧʨʘʚʣʝʥʠʷ ï ɾʘʥʘAʫʣ (ʂʘʟʘʭʩʪʘʥ); ʉʪʘʥʮʠʷ ʥʘʟʥʘʯʝʥʠʷ ï 

ʃʷʥʴʶʥʴʛʘʥ (ʂʠʪʘʡ); ʇʦʛʨʘʥʠʯʥʘʷ ʩʪʘʥʮʠʷ ʚ ʈʝʩʧʫʙʣʠʠʢʝ ʂʘʟʘʭʩʪʘʥ ï ɼʦʩʪʳʢ; ʇʦʛʨʘʥʠʯʥʘʷ ʩʪʘʥʮʠʷ ʚ 

                                                           
É ʂʫʘʥʳʰʙʘʝʚ ɾ.ʄ., ɸʣʢʝʙʘʝʚʘ ɻ. / Kuanyshbaev Zh.M., Alkebaeva G., 2016 
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ʂʠʪʘʡʩʢʦʡ ʅʘʨʦʜʥʦʡ ʈʝʩʧʫʙʣʠʢʝ ï ɸʣʘʰʘʥʴʢʦʫ; ʆʪʧʨʘʚʢʘ ï ʧʦʚʘʛʦʥʥʘʷ. ʇʦ ʜʘʥʥʦʤʫ ʤʘʨʰʨʫʪʫ ʩʦʟʜʘʝʤ 

ʧʫʪʝʚʦʜʠʪʝʣʴ: 

ʇʦ ʂʘʟʘʭʩʪʘʥʫ: ɾʘʥʘɸʫʣ163 ï ɾʘʨʳʢ68 ï ɸʢʘʜʳʨ137 ï ʄʦʡʳʥʪʳ67 ï ʉʘʨʳʢʫʤ65 ï ɹʘʣʭʘʰ ɯ206 ï ʉʘʷʢ186 ï 

ɸʢʪʦʛʘʡ124 ï ʈʘʟʲʝʟʜ ˉ819 ï ɹʝʩʢʦʣʴ120 ï ɾʘʣʘʥʘʰʢʦʣʴ46 ï ɼʦʩʪʳʢ 
 

 
 

ʈʠʩ. 2. ʄʘʨʰʨʫʪ ʧʦ ʞʝʣʝʟʥʳʤ ʜʦʨʦʛʘʤ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ 
 

ʇʦ ʂʠʪʘʶ 

ɸʣʘʰʘʥʴʢʦʫ560 ï ʋʨʫʤʯʠ1204 ï ʎʟʷʶʡʛʫʘʥʴ770 ï ʃʘʥʴʯʞʦʫ950 ï ʏʞʵʥʯʞʦʫ581 ï ʃʷʥʴʶʥʴʛʘʥ 
 

 
 

ʈʠʩ. 3. ʄʘʨʰʨʫʪ ʧʦ ʞʝʣʝʟʥʳʤ ʜʦʨʦʛʘʤ ʂʠʪʘʡʩʢʦʡ ʅʘʨʦʜʥʦʡ ʈʝʩʧʫʙʣʠʢʠ 
 

ʆʙʱʘʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʧʫʪʝʚʦʜʠʪʝʣʷ ʩʦʩʪʘʚʠʣʦ 5276ʢʤ, ʚ ʪʦʤ ʯʠʩʣʝ: 

1. 1211ʢʤ ï ʧʦ ʂʘʟʘʭʩʪʘʥʫ 

2. 4065ʢʤ ï ʧʦ ʂʠʪʘʶ 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʦʚʦʟʥʦʡ ʧʣʘʪʳ ʧʦ ʩʭʝʤʝ ʪʘʨʠʬʥʦʛʦ ʧʝʨʝʣʦʤʘ ʠ ʧʦ ʩʭʝʤʝ ʩʢʚʦʟʥʦʛʦ ʧʣʝʯʘ 

ʈʘʩʯʝʪʳ ʟʘ ʫʩʣʫʛʠ, ʦʢʘʟʳʚʘʝʤʳʝ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ, ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʪʨʘʥʩʧʦʨʪ-

ʥʳʭ ʪʘʨʠʬʦʚ. 

ʇʦ ʩʭʝʤʝ ʪʘʨʠʬʥʦʛʦ ʧʝʨʝʣʦʤʘ ʧʨʦʚʦʟʥʘʷ ʧʣʘʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʝ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ 

ʥʘ ʦʩʥʦʚʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Rail-Atlas ʠ Rail-Tarif; ʧʦ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʝ ʂʠʪʘʡʩʢʦʡ ʅʘʨʦʜʥʦʡ ʈʝʩʧʫʙʣʠʢʠ 

ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʠʢʠ ɽʜʠʥʦʛʦ ʊʨʘʥʟʠʪʥʦʛʦ ʊʘʨʠʬʘ (ɽʊʊ). ʇʦ ʤʝʪʦʜʠʢʝ ʪʘʨʠʬʥʦʛʦ ʧʝʨʝʣʦʤʘ ʪʘʨʠʬʥʳʝ ʨʘʩʩʪʦʷʥʠʷ 

ʩʦʩʪʘʚʣʷʶʪ ʧʦ ʞʝʣʝʟʥʳʤ ʜʦʨʦʛʘʤ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ï 1211 ʢʤ; ʧʦ ʞʝʣʝʟʥʳʤ ʜʦʨʦʛʘʤ ʂʠʪʘʡʩʢʦʡ ʅʘʨʦʜʥʦʡ 

ʈʝʩʧʫʙʣʠʢʠ ï 4065 ʢʤ. ʇʦ ʩʭʝʤʝ ʩʢʚʦʟʥʦʛʦ ʧʣʝʯʘ ʪʘʨʠʬʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʩʪʘʥʮʠʠ ʦʪʧʨʘʚʣʝʥʠʷ (ɾʘʥʘɸʫʣ) ʜʦ 

ʧʦʨʪʘ ʃʷʥʴʶʥʴʛʘʥ ʩʦʩʪʘʚʠʪ 5276 ʢʤ. 

ʇʦʣʴʟʫʷʩʴ ʧʨʦʛʨʘʤʤʦʡ Rail-ʪʘʨʠʬ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʦʧʨʝʜʝʣʷʝʤ ʧʨʦʚʦʟʥʫʶ ʧʣʘʪʫ ʟʘ ʧʝʨʝ-

ʚʦʟʢʠ ʞʝʣʝʟʥʦʡ ʨʫʜʳ. 

ʇʦ ʂʘʟʘʭʩʪʘʥʫ ʪʘʨʠʬʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 1211 ʢʤ. 
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ʈʠʩ. 4. ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʦʚʦʟʥʦʡ ʧʣʘʪʳ ʧʦ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʝ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ 
 

ʇʦ ʞʝʣʝʟʥʳʤ ʜʦʨʦʛʘʤ ʂʠʪʘʡʩʢʦʡ ʥʘʨʦʜʥʦʡ ʈʝʩʧʫʙʣʠʢʠ ʪʘʨʠʬʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 4065ʢʤ. ʊʦʛʜʘ 

ʧʨʦʚʦʟʥʘʷ ʧʣʘʪʘ ʟʘ ʧʝʨʝʚʦʟʢʫ ʛʨʫʟʘ ʜʣʷ ʧʦʚʘʛʦʥʥʦʡ ʦʪʧʨʘʚʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʛʣʘʩʥʦ ʪʘʙʣʠʮʝ 1:  
 

ʊʘʙʣʠʮʘ 1 

ʇʨʦʚʦʟʥʘʷ ʧʣʘʪʘ ʧʦ ʤʝʪʦʜʠʢʝ ɽʊʊ 

ʈʘʩʩʪʦʷʥʠʝ ʚ ʢʤ ʇʣʘʪʘ ʟʘ 1 ʪʦʥʥʫ ʚ ʰʚʝʡʮʘʨʩʢʠʭ ʬʨʘʥʢʘʭ 
ʇʣʘʪʘ ʩ ʦʩʠ ʚ ʰʚʝʡ-

ʮʘʨʩʢʠʭ ʬʨʘʥʢʘʭ 
ʈʘʩʩʪʦʷʥʠʝ ʚ ʢʤ 

2050-4549 
ʢʣʘʩʩʳ 

2050-4549 
1 2 3 

4050-4149 188,90 94,50 202,40 4050-4149 
 

ʇʦ ʂʠʪʘʶ: 
 

Ὕ  ωτȢυπzφσ υωυσȟυ ὅὌὊ 
 

ʇʦ ʧʨʝʜʣʘʛʘʝʤʦʤʫ ʤʘʨʰʨʫʪʫ ʨʫʟʦʚʦʛʦ ʧʦʝʟʜʘ, ʧʨʦʚʦʟʥʘʷ ʧʣʘʪʘ ʧʦ ʞʝʣʝʟʥʳʤ ʜʦʨʦʛʘʤ ʈʝʩʧʫʙʣʠʢʠ 

ʂʘʟʘʭʩʪʘʥ ʩʦʩʪʘʚʣʷʝʪ: ʊKZ=150327,00KZT, ʧʦ ʂʠʪʘʶ ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ: ʊ=5953,5CHF. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʨʠʚʝʜʝʤ 

ʚ ʪʘʙʣʠʮʝ 2. 
 

ʊʘʙʣʠʮʘ 2 

ʄʘʨʰʨʫʪ ʧʝʨʝʚʦʟʢʠ ʉʪʨʘʥʘ ʈʘʩʩʪʦʷʥʠʝ, ʢʤ ʇʨʦʚʦʟʥʘʷ ʧʣʘʪʘ, ʪʝʥʛʝ ʐʚʝʡʮʘʨʩʢʠʡ ʬʨʘʥʢ 

1. ɾʘʥʘɸʫʣ ï ɼʦʩʪʳʢ ʂʘʟʘʭʩʪʘʥ 1211ʢʤ 150327,00 KZT 775,96 CHF 

2. ɸʣʘʰʘʥʴʢʦʫ-ʃʷʥʴʶʥʛɹʘʥ ʂʠʪʘʡ 4065ʢʤ  5953,5 CHF 

ʀʪʦʛʦ  5276ʢʤ - 6729,46 ʉHF 
 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʦʚʦʟʥʦʡ ʧʣʘʪʳ ʧʦ ʩʭʝʤʝ ʩʢʚʦʟʥʦʛʦ ʧʣʝʯʘ 

ʇʦ ʩʭʝʤʝ ʩʢʚʦʟʥʦʛʦ ʧʣʝʯʘ ʧʨʦʚʦʟʥʘʷ ʧʣʘʪʘ ʧʨʝʜʣʘʛʘʝʤ ʦʧʨʝʜʝʣʷʪʴ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʠʢʠ ɽʊʊ, ʦʪ ʩʪʘʥʮʠʠ 

ʦʪʧʨʘʚʣʝʥʠʷ ɾʘʥʘ-ɸʫʣ ʜʦ ʧʦʨʪʘ ʃʷʥʴʶʥʴʛʘʥ (ʪʘʙʣ.3). ɺ ɽʜʠʥʳʡ ʊʨʘʥʟʠʪʥʳʡ ʊʘʨʠʬ ʚʭʦʜʠʪʴ 17 ʩʪʨʘʥ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʞʝʣʝʟʥʘʷ ʜʦʨʦʛʘ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ï ɸʢʮʠʦʥʝʨʥʦʝ ʦʙʱʝʩʪʚʦ "ʅʘʮʠʦʥʘʣʴʥʘʷ ʢʦʤʧʘʥʠʷ ñʂʘʟʘʢʩʪʘʥ 

ʪʝʤiʨ ʞʦʣʳò (ʂɿʍ), ʂʠʪʘʡʩʢʠʝ ʞʝʣʝʟʥʳʝ ʜʦʨʦʛʠ (ʂɾɼ), ʞʝʣʝʟʥʳʝ ʜʦʨʦʛʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ï ʄʠʥʠʩʪʝʨ-

ʩʪʚʦʪʨʘʥʩʧʦʨʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʈɾɼ) ʠ ʜʨ.  
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ʊʘʙʣʠʮʘ 3 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʦʚʦʟʥʦʡ ʧʣʘʪʳ ʧʦ ʩʭʝʤʝ ʩʢʚʦʟʥʦʛʦ ʧʣʝʯʘ 

ʈʘʩʩʪʦʷʥʠʝ ʚ 

ʢʤ 
ʇʣʘʪʘ ʟʘ 1 ʪʦʥʥʫ ʚ ʰʚʝʡʮʘʨʩʢʠʭ ʬʨʘʥʢʘʭ 

ʇʣʘʪʘ ʩ ʦʩʠ ʚ ʰʚʝʡʮʘʨ-

ʩʢʠʭ ʬʨʘʥʢʘʭ 
ʈʘʩʩʪʦʷʥʠʝ ʚ ʢʤ 

4550-8000 
ʢʣʘʩʩʳ 

4550-8000 
1 2 3 

5250-5349 244,20 122,30 261,62 5250-5349 
 

ʇʨʠ ʠʩʯʠʩʣʝʥʠʠ ʧʣʘʪʳ ʟʘ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʦʚ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
 

Ὕ  Ὕ άz  
 

ʛʜʝ Ὕ  ï ʩʪʘʚʢʘ ɽʊʊ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʨʘʩʩʪʦʷʥʠʷ, ʰʚʝʡʮʘʨʩʢʠʡ ʬʨʘʥʢ ʟʘ ʦʜʥʫ ʪʦʥʥʫ ʛʨʫʟʘ; ά  ï ʨʘʩʯʝʪʥʘʷ 

ʤʘʩʩʘ ʦʪʧʨʘʚʢʠ ʛʨʫʟʘ. 

ʀʪʘʢ, ʧʨʦʚʦʟʥʘʷ ʧʣʘʪʘ ʧʦ ʩʭʝʤʝ ʩʢʚʦʟʥʦʛʦ ʧʣʝʯʘ ʩʦʩʪʘʚʣʷʝʪ: 
 

Ὕ ρςςȟσπzφσ χτπςȟυ ὅὌὊ 
 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʳ ʧʦʩʯʠʪʘʣʠ ʧʨʦʚʦʟʥʫʶ ʧʣʘʪʫ ʧʝʨʝʚʦʟʢʠ ʧʦ ʜʚʫʤ ʤʝʪʦʜʠʢʘʤ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʦ-

ʚʦʟʥʦʡ ʧʣʘʪʳ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʧʨʠʚʝʜʝʤ ʚ ʪʘʙʣʠʮʝ 2 ʥʘ ʦʩʥʦʚʝ ʝʜʠʥʦʡ ʚʘʣʶʪʳ, ʱʚʝʡʮʘʨʩʢʦʛʦ ʬʨʘʥʢʘ.  
 

ʊʘʙʣʠʮʘ 4 

ʉʨʘʚʥʝʥʠʝ ʧʨʦʚʦʟʥʦʡ ʧʣʘʪʳ 
ʅʘʠʤʝʥʦʚʘʥʠʝ ʤʘʨʰʨʫʪʘ ʇʨʦʚʦʟʥʘʷ ʧʣʘʪʘ ʕʢʦʥʦʤʠʯʝʩʢʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʇʦ ʩʭʝʤʝ ʪʘʨʠʬʥʦʛʦ ʧʝʨʝʣʦʤʘ ʇʦ ʩʭʝʤʝ ʩʢʚʦʟʥʦʛʦ ʧʣʝʯʘ 

1. ɾʘʥʘɸʫʣ ï ɼʦʩʪʳʢ 775,96 CHF -  

2. ɸʣʘʰʘʥʴʢʦʫ - ʃʷʥʴʶʥʴʛʘʥ 5953,5 CHF -  

 Ɇ=6729,46 CHF 

KZT  

Ɇ=8480,86 CHF 

KZT  

1751,4 CHF 

KZT  
 

ɿʘʢʣʶʯʝʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʚʦʟʥʦʡ ʧʣʘʪʳ ʧʦ ʩʭʝʤʝ ʩ 

ʪʘʨʠʬʥʳʤ ʧʝʨʝʣʦʤʦʤ ʧʨʠ ʧʝʨʝʚʦʟʢʝ ʞʝʣʝʟʥʦʡ ʨʫʜʳ, ʪ.ʝ. ʧʦ ʞʝʣʝʟʥʳʤ ʜʦʨʦʛʘʤ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ: ʩʪ. ɾʘ-

ʥʘɸʫʣ ïʩʪ. ɼʦʩʪʳʢ (ʨʠʩʫʥʦʢ 2) ʧʨʦʚʦʟʥʘʷ ʧʣʘʪʘ ʨʘʚʥʘ 775.96 CHF; ʧʦ ʞʝʣʝʟʥʳʤ ʜʦʨʦʛʘʤ ʅʘʨʦʜʥʦʡ ʈʝʩʧʫʙʣʠʢʠ 

ʂʠʪʘʡ: ʩʪ. ɸʣʘʰʘʥʴʢʦʫ ïʧʦʨʪ ʃʷʥʴʶʥʴʛʘʥ (ʨʠʩʫʥʦʢ 3) 5953,5 CHF ʠ ʦʙʱʘʷ ʩʫʤʤʘ ʧʨʦʚʦʟʥʦʡ ʧʣʘʪʳ ʩʦʩʪʘʚʣʷʝʪ 

6729,46 CHF. ʇʦ ʩʭʝʤʝ ʩʢʚʦʟʥʦʛʦ ʧʣʝʯʘ ʧʨʦʚʦʟʥʘʷ ʧʣʘʪʘ ʧʨʠ ʧʝʨʝʚʦʟʢʝ ʞʝʣʝʟʥʦʡ ʨʫʜʳ ʦʪ ʩʪʘʥʮʠʠ ʦʪʧʨʘʚʣʝʥʠʷ 

(ɾʘʥʘɸʫʣ) ï ʧʦʨʪ ʃʷʥʴʶʥʴʛʘʥ ʩʦʩʪʘʚʣʷʝʪ 8480,86 CHF.  

ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʚʦʟʥʦʡ ʧʣʘʪʳ ʧʦ ʩʭʝʤʝ ʩʢʚʦʟʥʦʛʦ ʧʣʝʯʘ ʫʚʝʣʠʯʠʪʴ 

ʧʦʩʪʫʧʣʝʥʠʝ ʚ ʙʶʜʞʝʪ ʚ ʩʫʤʤʝ 1751,4CHF ʩ ʝʜʠʥʠʮʳ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ. 
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Abstract. The article deals with the issue of tariff setting for the transporting bulk cargo with railway transport. 

The article presents the carriage duty estimation in the system of intermodal transport by railways of the Republic of 

Kazakhstan and Chinese Peopleôs Republic. The methodology of carriage duty estimation with the tariff change and 

according to the through shoulder scheme using Rail-Atlas, Rail-Tarif. The economic efficiency of implementing carriage 

duty estimation by means of the through shoulder scheme is proved. 
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ʉʈɸɺʅɽʅʀɽ ʄɽʊʆɼʀʂ ʆʇʈɽɼɽʃɽʅʀʗ ʇʈʆɺʆɿʅʆʁ ʇʃɸʊʓ ɺ ʀʅʊɽʈʄʆɼɸʃʔʅʓʍ 

ʇɽʈɽɺʆɿʂɸʍ (ʉʊ. ʐʓʄʂɽʅʊ, ʂʊɾ ï ʉʊ. ʉɸʈɸʍʉ, ʊʋʈʂʄɽʅʀʗ) 
 

 ɾ.ʄ. ʂʫʘʥʳʰʙʘʝʚ1, ʄ.ʀ. ɸʨʧʘʙʝʢʦʚ2, ɸ.ɸ. ʂʝʥʝʩʙʝʢʦʚʘ3, ʉ.ʂ. ʂʦʟʙʘʢʦʚʘ4 

1, 2 ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 3, 4 ʤʘʛʠʩʪʨʘʥʪ 

ɽʚʨʘʟʠʡʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʃ. ʅ. ɻʫʤʠʣʸʚʘ (ɸʩʪʘʥʘ), ʂʘʟʘʭʩʪʘʥ 
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʤʝʪʦʜʠʢ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʚʦʟʥʦʡ ʧʣʘʪʳ ʚ ʠʥʪʝʨ-

ʤʦʜʘʣʴʥʳʭ ʧʝʨʝʚʦʟʢʘʭ. ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʚʦʟʥʘʷ ʧʣʘʪʘ, ʤʝʪʦʜʠʢʘ, ʪʘʨʠʬ, ʛʨʫʟʦʦʙʦʨʦʪ. 
 

ʊʨʘʥʩʧʦʨʪʥʳʤʠ ʪʘʨʠʬʘʤʠ ʥʘʟʳʚʘʶʪʩʷ ʧʣʘʪʘ ʠ ʩʙʦʨʳ, ʠʟʳʩʢʠʚʘʝʤʳʝ ʥʘ ʪʨʘʥʩʧʦʨʪʝ ʟʘ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʦʚ, 

ʧʘʩʩʘʞʠʨʦʚ, ʙʘʛʘʞʘ ʠ ʧʦʯʪʳ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʦʣʦʞʝʥʠʡ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʦʟʤʝ-

ʱʝʥʠʷ ʦʙʱʝʩʪʚʝʥʥʳʭ ʟʘʪʨʘʪ ʥʘ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʦʚ ʠ ʩʦʟʜʘʥʠʝ ʥʘʢʦʧʣʝʥʠʡ ʜʥʷ ʨʘʩʰʠʨʝʥʥʦʛʦ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʊʘʨʠʬʥʘʷ ʧʦʣʠʪʠʢʘ ʤʦʞʝʪ ʧʦʦʱʨʷʪʴ ʠʣʠ ʩʜʝʨʞʠʚʘʪʴ ʪʝ ʠʣʠ ʠʥʳʝ ʧʝʨʝʚʦʟʢʠ, ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʨʘʚʠʣʴʥʦʤʫ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʶ ʛʨʫʟʦʦʙʦʨʦʪʘ ʤʝʞʜʫ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ: 

1. ʧʦʦʱʨʷʪʴ ʧʝʨʝʚʦʟʢʠ ʚ ʧʨʷʤʦʤ ʩʤʝʰʘʥʥʦʤ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦ-ʚʦʜʥʦʤ ʩʦʦʙʱʝʥʠʠ; 

2. ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʘ ʥʘ ʢʦʨʦʪʢʠʝ ʨʘʩʩʪʦʷʥʠʷ; 

3. ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʦʪʧʨʘʚʠʪʝʣʴʩʢʫʶ ʤʘʨʰʨʫʪʠʟʘʮʠʶ; 

4. ʩʜʝʨʞʠʚʘʪʴ ʧʝʨʝʚʦʟʢʠ ʥʘ ʜʘʣʴʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʧʨʦʜʫʢʮʠʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʟʚʝʜʝʥʘ ʥʘ ʤʝʩʪʝ; 

5. ʧʦʦʱʨʷʪʴ ʣʫʯʰʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʚʘʛʦʥʦʚ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʜʝʡʩʪʚʫʶʱʠʭ ʪʘʨʠʬʘʭ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʩʢʠʜʢʘ ʩ ʦʙʱʝʛʦ ʪʘʨʠʬʘ ʧʨʠ ʧʝʨʝʚʦʟʢʝ ʛʨʫʟʦʚ ʚ ʧʨʷ-

ʤʦʤ ʩʤʝʰʘʥʥʦʤ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦ-ʚʦʜʥʦʤ ʩʦʦʙʱʝʥʠʠ. ɼʣʷ ʧʝʨʝʜʘʯʠ ʛʨʫʟʦʚ ʥʘ ʘʚʪʦʤʦʙʠʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ ʫʩʪʘʥʦʚʣʝʥʦ 

ʨʘʩʩʪʦʷʥʠʝ ʚ 50 ʢʤ, ʟʘ ʢʦʪʦʨʦʝ ʚʟʠʤʘʝʪʩʷ ʧʣʘʪʘ (ʜʣʷ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ, ʪʦʨʬʘ, ʩʣʘʥʮʝʚ ï 25ʢʤ). ɼʣʷ ʛʨʫʟʦʚ ʦʜʥʦʛʦ 

ʥʘʠʤʝʥʦʚʘʥʠʷ, ʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʚʠʜʝ ʩʳʨʴʷ ʠʣʠ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ, ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ, ʪʘʨʠʬʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ 

ʧʨʠʤʝʨʥʦ ʨʘʚʥʳʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʧʨʠʷʪʠʷʤ ʵʬʬʝʢʪʠʚʥʝʝ ʧʨʠʥʠʤʘʪʴ ʠʣʠ ʦʪʧʨʘʚʣʷʪʴ ʛʦʪʦʚʫʶ ʧʨʦʜʫʢʮʠʶ, ʢʦ-

ʪʦʨʘʷ ʥʝ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ. ɻʨʫʟʦʚʳʝ ʪʘʨʠʬʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʟʥʘʯʝʥʠʷ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʧʦ 

ʚʠʜʘʤ ʠ ʧʦ ʨʦʜʫ ʦʪʧʨʘʚʦʢ. ʇʦ ʚʠʜʘʤ ʛʨʫʟʦʚʳʝ ʪʘʨʠʬʳ ʜʝʣʷʪʩʷ ʥʘ ʦʙʱʠʝ, ʠʩʢʣʶʯʠʪʝʣʴʥʳʝ, ʣʴʛʦʪʥʳʝ ʠ ʤʝʩʪʥʳʝ. ʆʙ-

ʱʠʤʠ ʪʘʨʠʬʘʤʠ ʥʘʟʳʚʘʶʪ ʪʘʨʠʬʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ ʛʨʫʟʦʚ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʦʙʱʠʤʠ ʪʘʨʠʬʘʤʠ 

ʥʝʣʴʟʷ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʨʝʰʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʟʘʜʘʯ, ʠʤʝʶʱʠʭ ʯʘʩʪʥʦʝ, ʚʨʝʤʝʥʥʦʝ ʠʣʠ ʤʝʩʪʥʦʝ ʟʥʘʯʝʥʠʝ, ʫʩʪʘʥʘʚʣʠʚʘ-

ʶʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʳʝ, ʣʴʛʦʪʥʳʝ ʠ ʤʝʩʪʥʳʝ ʪʘʨʠʬʳ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʮʝʥʘʤʠ, ʦʪʢʣʦʥʷʶʱʠʤʠʩʷ 

ʦʪ ʦʙʱʠʭ ʮʝʥ. ʀʩʢʣʶʯʠʪʝʣʴʥʳʤʠ ʥʘʟʳʚʘʶʪ ʪʘʨʠʬʳ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ ʧʝʨʝʚʦʟʢʫ ʥʝʩʢʦʣʴʢʠʭ ʚʠʜʦʚ ʛʨʫʟʘ ʥʘ ʦʧʨʝʜʝ-

ʣʝʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ, ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʧʫʥʢʪʘʤʠ, ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ. ʆʥʠ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʧʦʥʠʞʝʥ-

ʥʳʤʠ (ʧʦʦʱʨʠʪʝʣʴʥʳʤʠ), ʛʘʢ ʠ ʧʦʚʳʰʝʥʥʳʤʠ (ʟʘʧʨʝʪʠʪʝʣʴʥʳʤʠ). ʀʩʢʣʶʯʠʪʝʣʴʥʳʝ ʪʘʨʠʬʳ ʫʩʪʘʥʦʚʣʝʥʳ ʜʣʷ ʩʪʠʤʫ-

ʣʠʨʦʚʘʥʠʷ ʧʝʨʝʚʦʟʦʢ ʥʘ ʚʦʜʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʠ ʧʝʨʝʚʦʟʦʢ ʚ ʧʨʷʤʦʤ ʩʤʝʰʘʥʥʦʤ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦ-ʚʦʜʥʦʤ ʩʦʦʙʱʝʥʠʠ. 

ʆʥʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʢʘʢ ʧʨʦʮʝʥʪʥʳʝ ʩʢʠʜʢʠ ʠʣʠ ʥʘʜʙʘʚʢʠ ʢ ʦʙʱʝʤʫ ʪʘʨʠʬʫ. ʇʨʠ ʵʪʦʤ ʦʥʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʥʠʞʝ ʩʝ-

ʙʝʩʪʦʠʤʦʩʪʠ ʧʝʨʝʚʦʟʦʢ. ʃʴʛʦʪʥʳʝ ʪʘʨʠʬʳ ʷʚʣʷʶʪʩʷ, ʥʦ ʩʫʱʝʩʪʚʫ, ʪʘʢʞʝ ʠʩʢʣʶʯʠʪʝʣʴʥʳʤʠ ʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʦʥʠ-

ʞʝʥʥʳʤʠ ʧʨʦʪʠʚ ʦʙʱʠʭ ʪʘʨʠʬʦʚ ʥʘ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʦʚ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʃʴʛʦʪʥʳʝ ʪʘʨʠʬʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ, 

ʥʘʧʨʠʤʝʨ, ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʧʨʦʜʦʚʦʣʴʩʪʚʠʷ, ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʜʨʫʛʠʭ ʛʨʫʟʦʚ ʚ ʨʘʡʦʥʳ, ʧʦʩʪʨʘʜʘʚʰʠʝ ʦʪ ʩʪʠ-

ʭʠʡʥʦʛʦ ʙʝʜʩʪʚʠʷ, ʧʝʨʝʚʦʟʢʠ ʵʢʩʧʦʥʘʪʦʚ ʥʘ ʚʳʩʪʘʚʢʠ ʠ ʜʨ. ʄʝʩʪʥʳʝ ʪʘʨʠʬʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘʯʘʣʴʥʠʢʦʤ ʦʪʜʝʣʘ 

ʧʝʨʝʚʦʟʦʢ ʥʘ ʧʝʨʝʚʦʟʢʫ ʛʨʫʟʦʚ ʚ ʤʝʩʪʥʦʤ ʩʦʦʙʱʝʥʠʠ. ʇʦ ʨʦʜʫ ʦʪʧʨʘʚʢʠ ʪʘʨʠʬʳ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʧʦʚʘʛʦʥʥʳʝ ʦʪ-

ʧʨʘʚʢʠ (ʨʘʟʜʝʣ 1, ʩʭʝʤʘ I ʠ 2); ʨʘʟʜʝʣ 2 ʩʦʜʝʨʞʠʪ ʧʣʘʪʳ ʟʘ ʧʝʨʝʚʦʟʢʫ ʛʨʫʟʦʚ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ (ʩʭʝʤʳ ˉ3-8) ʠ 

ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʚʘʛʦʥʘʭ (ʩʭʝʤʳ ˉ9-12); ʨʘʟʜʝʣ 3 ʩʦʜʝʨʞʠʪ ʧʣʘʪʳ ʟʘ ʧʨʦʙʝʛ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ (ʩʭʝʤʘ ˉ13-17) ʚ 

ʪʝʥʛʝ ʩ ʦʜʥʦʡ ʦʩʠ; ʚ ʪʦʤ ʨʘʟʜʝʣʝ ʪʘʢʞʝ ʧʦʤʝʱʝʥʘ ʩʭʝʤʘ ˉ18, ʩʦʜʝʨʞʘʱʘʷ ʧʣʘʪʳ ʟʘ ʚʝʩ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚ ʚʘʛʦʥʘʭ ʜʣʷ ʧʦʛʨʫʟʢʠ ʠ ʢʨʝʧʣʝʥʠʷ ʛʨʫʟʦʚ: ʨʘʟʜʝʣ 4 ʩʦʜʝʨʞʠʪ ʧʣʘʪʳ ʩ ʪʦʥʥʳ ʟʘ ʧʝʨʝʚʦʟʢʫ ʥʘʣʠʚ-

ʥʳʭ ʛʨʫʟʦʚ; ʨʘʟʜʝʣ 5 ʩʦʜʝʨʞʠʪ ʧʣʘʪʳ ʟʘ ʧʝʨʝʚʦʟʢʫ ʥʝʛʘʙʘʨʠʪʥʳʭ ʛʨʫʟʦʚ' ʨʘʟʤʝʨ ʧʣʘʪʳ ʫʩʪʘʥʦʚʣʝʥ ʧʦ ʩʪʝʧʝʥʷʤ ʠ ʚʠʜʘʤ 

ʥʝʛʘʙʘʨʠʪʥʦʩʪʠ ʧʝʨʝʚʦʟʠʤʦʛʦ ʛʨʫʟʘ; ʨʘʟʜʝʣ 6 ʩʦʜʝʨʞʠʪ ʧʣʘʪʳ ʟʘ ʧʝʨʝʚʦʟʢʫ ʛʨʫʟʦʚ (ʢʨʦʤʝ ʜʦʤʘʰʥʠʭ ʚʝʱʝʡ) ʚ ʢʦʥʪʝʡ-

ʥʝʨʘʭ, ʧʣʘʪʳ ʧʨʠʚʝʜʝʥʳ ʚ ʨʫʙʣʷʭ ʟʘ ʢʦʥʪʝʡʥʝʨ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʩʩʳ ʙʨʫʪʪʦ ʢʦʥʪʝʡʥʝʨʘ; ʨʘʟʜʝʣ 7 ʩʦʜʝʨʞʠʪ ʧʣʘʪʳ 

ʟʘ ʧʝʨʝʚʦʟʢʫ ʛʨʫʟʦʚ, ʢʨʦʤʝ ʜʦʤʘʰʥʠʭ ʚʝʱʝʡ ʠ ʣʠʯʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ, ʤʝʣʢʠʤʠ ʠ ʤʘʣʦʪʦʥʥʘʞʥʳʤʠ ʦʪ ʧʨʘʚʢʘʤʠ; ʨʘʟʜʝʣ 

8 ʩʦʜʝʨʞʠʪ ʧʣʘʪʳ ʟʘ ʧʝʨʝʚʦʟʢʫ ʜʦʤʘʰʥʠʭ ʚʝʱʝʡ; ʨʘʟʜʝʣ 9 ʩʦʜʝʨʞʠʪ ʧʣʘʪʳ ʟʘ ʧʝʨʝʚʦʟʢʫ ʛʨʫʟʦʚ ʩ ʧʘʩʩʘʞʠʨʩʢʠʤʠ ʧʦ-

ʝʟʜʘʤʠ. ʇʦʚʘʛʦʥʥʳʝ ʪʘʨʠʬʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚ ʚʠʜʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʣʘʪ ʩ ʚʘʛʦʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʪʠʧʘ ʠ ʛʨʫʟʦ-

ʧʦʜʲʝʤʥʦʩʪʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʚʝʩʘ ʧʦʛʨʫʞʝʥʥʦʛʦ ʛʨʫʟʘ. ʇʦʚʘʛʦʥʥʳʝ ʪʘʨʠʬʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʧʝʨʝʚʦʟʢʫ ʚʩʝʭ ʛʨʫʟʦʚ, 

ʢʨʦʤʝ ʥʘʣʠʚʥʳʭ. ɺ ʦʩʥʦʚʫ ʠʩʯʠʩʣʝʥʠʷ ʧʨʦʚʦʟʥʳʭ ʧʣʘʪ ʟʘ ʧʦʚʘʛʦʥʥʳʝ ʦʪʧʨʘʚʢʠ ʧʨʠʥʠʤʘʶʪʩʷ ʨʘʩʯʝʪʥʳʝ ʥʦʨʤʳ ʟʘ-

ʛʨʫʟʢʠ ʚʘʛʦʥʦʚ ʧʦ ʠʭ ʪʠʧʘʤ ʠ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ. ʉʠʩʪʝʤʘ ʧʦʚʘʛʦʥʥʳʭ ʪʘʨʠʬʦʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʥʘ ʣʫʯʰʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ. ʇʨʠ ʟʘʛʨʫʟʢʝ ʚʘʛʦʥʦʚ ʩʚʝʨʭ ʨʘʩʯʝʪʥʳʭ ʥʦʨʤ (ʩ ʫʯʝʪʦʤ ʜʦʧʫʩʢʘ-

ʝʤʦʛʦ ʧʝʨʝʛʨʫʟʘ) ʩʨʝʜʥʷʷ ʧʣʘʪʘ ʟʘ ʧʝʨʝʚʦʟʢʫ 1 ʪ ʛʨʫʟʘ ʩʥʠʞʘʝʪʩʷ ʠ, ʥʘʦʙʦʨʦʪ, ʧʨʠ ʥʝʜʦʛʨʫʟʝ ʚʘʛʦʥʘ ʧʨʦʪʠʚ ʨʘʩʯʝʪʥʦʡ 
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ʥʦʨʤʳ, ʧʦʚʳʰʘʝʪʩʷ. ʇʨʠʤʝʥʝʥʠʝ ʧʦʚʘʛʦʥʥʳʭ ʪʘʨʠʬʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ ʪʘʨʠʬʥʫʶ ʩʠʩʪʝʤʫ ʠ ʨʘʩʯʝʪʳ ʟʘ ʧʝʨʝ-

ʚʦʟʢʠ ʛʨʫʟʦʚ. ʇʦʪʦʥʥʳʝ ʪʘʨʠʬʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚ ʚʠʜʝ ʧʣʘʪ ʩ ʦʜʥʦʡ ʪʦʥʥʳ ʧʝʨʝʚʦʟʠʤʦʛʦ ʛʨʫʟʘ. ʇʨʠʤʝʥʷʶʪʩʷ ʦʥʠ 

ʧʨʠ ʧʝʨʝʚʦʟʢʘʭ ʥʘʣʠʚʥʳʭ ʛʨʫʟʦʚ ʚ ʮʠʩʪʝʨʥʘʭ ʠ ʙʫʥʢʝʨʥʳʭ ʧʦʣʫʚʘʛʦʥʘʭ. ʊʘʨʠʬʳ ʤʝʣʢʠʭ ʠ ʤʘʣʦʪʦʥʥʘʞʥʳʭ ʦʪʧʨʘʚʦʢ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʟʘ ʧʝʨʝʚʦʟʢʫ ʛʨʫʟʦʚ ʤʝʣʢʠʤʠ ʦʪʧʨʘʚʢʘʤʠ ʠ ʤʘʣʦʪʦʥʥʘʞʥʳʤʠ ʦʪʧʨʘʚʢʘʤʠ ʚʝʩʦʤ ʜʦ 25 ʪʦʥʥ. ʇʨʠ ʚʝʩʝ 

ʩʚʳʰʝ 25 ʪʦʥʥ ʜʦʧʣʘʪʘ ʜʦ ʬʘʢʪʠʯʝʩʢʦʛʦ ʚʝʩʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʟʘ ʢʘʞʜʫʶ ʪʦʥʥʫ. ʊʘʨʠʬʳ ʜʣʷ ʢʦʥʪʝʡʥʝʨʦʚ ʫʩʪʘʥʦʚʣʝʥʳ 

ʟʘ ʧʝʨʝʚʦʟʢʫ ʛʨʫʟʦʚ ʚ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʢʦʥʪʝʡʥʝʨʘʭ ʄʠʥʠʩʪʝʨʩʪʚʘ ʪʨʘʥʩʧʦʨʪʘ ʠ ʢʦʤʤʫʥʠʢʘʮʠʡ ʚ ʚʠʜʝ ʧʣʘʪ ʟʘ ʦʜʠʥ 

ʢʦʥʪʝʡʥʝʨ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ ʙʨʫʪʪʦ 3 ʪʦʥʥʳ.  

ɺ ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʣʦʛʠʩʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʝʨʝʚʦʟʢʠ ʤʘʩʩʦʚʦʛʦ ʛʨʫʟʘ ʧʦ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʝ 

ʚ ʩʠʩʪʝʤʝ ʠʥʪʝʨʤʦʜʘʣʴʥʳʭ ʧʝʨʝʚʦʟʦʢ. ʇʝʨʝʚʦʟʠʤʳʡ ʛʨʫʟ ï çʄʘʩʣʦ ʧʦʜʩʦʣʥʝʯʥʦʝ ʠʣʠ ʩʘʬʣʦʨʦʚʦʝè. ʆʪʧʨʘʚʣʷʝʤ 

ʩʦ ʩʪʘʥʮʠʠ ʐʳʤʢʝʥʪ (ʂʘʟʘʭʩʪʘʥ ʪʝʤʠʨ ʞʦʣʳ), ʩʪʘʥʮʠʷ ʥʘʟʥʘʯʝʥʠʷ ʉʘʨʘʭʩ (ʊʫʨʢʤʝʥʠʷ). ʃʦʛʠʩʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʦ 

ʜʘʥʥʦʤʫ ʤʘʨʰʨʫʪʫ ʚ ʩʠʩʪʝʤʝ ʠʥʪʝʨʤʦʜʘʣʴʥʳʭ ʧʝʨʝʚʦʟʦʢ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1: 
 

 
 

ʈʠʩ. 1. ʄʘʨʰʨʫʪ ʛʨʫʟʦʚʦʛʦ ʧʦʝʟʜʘ ʐʳʤʢʝʥʪ ï ʉʘʨʘʭʩ 
 

ʄʘʨʰʨʫʪ: ʩʪ. ʐʳʤʢʝʥʪ ï ʩʪ. ɼʘʨʙʘʟʘ ï ʩʪ. ʊʘʰʢʝʥʪ-ʊʦʚʘʨʥʳʡ ï ʩʪ. ʂʘʨʘʢʫʣʴ ï ʩʪ. ʉʘʨʘʭʩ. 

ɻʨʫʟʦʦʪʧʨʘʚʠʪʝʣʴ (ʧʨʝʜʧʨʠʷʪʠʝ) ï ʊʆʆ çɽʚʨʘʟʠʘʥ ʌʫʜʩ ʂʦʨʧʦʨʝʡʰʥè. 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʛʨʫʟʘ ï ʤʘʩʣʦ ʧʦʜʩʦʣʥʝʯʥʦʝ ʠʣʠ ʩʘʬʣʦʨʦʚʦʝ. 

ʂʦʜ ʛʨʫʟʘ ʧʦ ɽʊʉʅɻ ï 556208 

ʂʦʜ ʛʨʫʟʘ ʧʦ ɻʅɻ ï 15121900 

ʉʪʘʥʮʠʷ ʦʪʧʨʘʚʣʝʥʠʷ ï ʐʳʤʢʝʥʪ (ʂʘʟʘʭʩʪʘʥ) 

ʉʪʘʥʮʠʷ ʥʘʟʥʘʯʝʥʠʷ ï ʉʘʨʘʭʩ (ʊʫʨʢʤʝʥʠʷ) 

ʇʦʛʨʘʥʠʯʥʘʷ ʩʪʘʥʮʠʷ ʂʘʟʘʭʩʪʘʥʘ ï ɼʘʨʙʘʟʘ 

ʇʦʛʨʘʥʠʯʥʘʷ ʩʪʘʥʮʠʷ ʋʟʙʝʢʠʩʪʘʥʘ ï ʊʘʰʢʝʥʪ-ʊʦʚʘʨʥʳʡ 

ʇʦʛʨʘʥʠʯʥʘʷ ʩʪʘʥʮʠʷ ʊʫʨʢʤʝʥʠʷ - ʂʘʨʘʢʫʣʴ 

ʆʪʧʨʘʚʢʘ: ʂʦʥʪʝʡʥʝʨʥʘʷ 

ʇʦ ʜʘʥʥʦʤʫ ʤʘʨʰʨʫʪʫ ʩʦʟʜʘʝʤ ʧʫʪʝʚʦʜʠʪʝʣʴ: 

ʇʦ ʂʘʟʘʭʩʪʘʥʫ 

ʐʳʤʢʝʥʪ ï ɹʘʜʘʤ ï ɸʨʳʩʴ ï ʄʦʥʪʘʡ-ʊʘʰ ï ɼʘʨʙʘʟʘ 
 

 
 

ʈʠʩ. 2. ʄʘʨʰʨʫʪ ʧʦ ʞʝʣʝʟʥʳʤ ʜʦʨʦʛʘʤ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ 
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ʇʦ ʋʟʙʝʢʠʩʪʘʥʫ 

ɼʘʨʙʘʟʘ ï ʂʝʣʝʩ ï ʊʘʰʢʝʥʪ-ʊʦʚʘʨʥʳʡ ï ʍʘʚʘʩʪ ï ɹʫʣʫʥʛʫʨ ï ʅʘʚʦʠ - ʂʘʨʘʢʫʣʴ 
 

 
 

ʈʠʩ. 3. ʄʘʨʰʨʫʪ ʧʦʛʨʘʥʠʯʥʳʝ ʩʪʘʥʮʠʠ ʩʪ. ɼʘʨʙʘʟʘ (ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ) ï ʩʪ. ʊʘʰʢʝʥʪ-ʊʦʚʘʨʥʳʡ 

(ʈʝʩʧʫʙʣʠʢʘ ʋʟʙʝʢʠʩʪʘʥ) 
 

 
 

ʈʠʩ. 4. ʄʘʨʰʨʫʪ ʧʦ ʞʝʣʝʟʥʳʤ ʜʦʨʦʛʘʤ ʋʟʙʝʢʠʩʪʘʥʘ 
 

ʇʦ ʊʫʨʢʤʝʥʠʠ 

ʂʘʨʘʢʫʣʴ ï ʈʝʧʝʪʝʢ ï ɹʘʡʨʘʤʘʣʳ ï ɸʣʪʳʥ ʉʘʭʨʘ ï ʉʘʨʘʭʩ. 
 

 
 

ʈʠʩ. 5. ʄʘʨʰʨʫʪ ʧʦ ʞʝʣʝʟʥʳʤ ʜʦʨʦʛʘʤ ʈʝʩʧʫʙʣʠʢʠ ʊʫʨʢʤʝʥʠʠ 
 

ʆʙʱʘʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʧʫʪʝʚʦʜʠʪʝʣʷ ʩʦʩʪʘʚʠʣʦ 1405 ʢʤ, ʚ ʪʦʤ ʯʠʩʣʝ: 

1. 696ʢʤ ï ʧʦ ʋʟʙʝʢʠʩʪʘʥʫ 

2. 193ʢʤ ï ʧʦ ʂʘʟʘʭʩʪʘʥʫ 

3. 463ʢʤ ï ʧʦ ʊʫʨʢʤʝʥʠʠ 
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ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʦʚʦʟʥʦʡ ʧʣʘʪʳ ʧʦ ʩʭʝʤʝ ʪʘʨʠʬʥʦʛʦ ʧʝʨʝʣʦʤʘ ʠ ʧʦ ʩʭʝʤʝ ʩʢʚʦʟʥʦʛʦ ʧʣʝʯʘ 

ʈʘʩʯʝʪʳ ʟʘ ʫʩʣʫʛʠ, ʦʢʘʟʳʚʘʝʤʳʝ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ, ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʪʨʘʥʩʧʦʨʪ-

ʥʳʭ ʪʘʨʠʬʦʚ. ʊʘʨʠʬʳ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʧʨʦʚʦʟʥʫʶ ʧʣʘʪʫ, ʚʟʳʩʢʠʚʘʝʤʫʶ ʟʘ ʧʝʨʝʚʦʟʢʫ ʛʨʫʟʦʚ ʠ ʩʙʦʨʳ ʟʘ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʳʝ ʦʧʝʨʘʮʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʝʨʝʚʦʟʢʦʡ ʛʨʫʟʦʚ. ʇʦʣʴʟʫʷʩʴ ʧʨʦʛʨʘʤʤʦʡ Rail-Tarif , ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦ-

ʷʥʠʷ ʧʝʨʝʚʦʟʢʠ ʦʧʨʝʜʝʣʷʝʤ ʧʨʦʚʦʟʥʫʶ ʧʣʘʪʫ ʧʝʨʝʚʦʟʢʠ. ʊʘʨʠʬʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʘʨʰʨʫʪʘ: 193 ʢʤ 
 

1. ʇʦ ʂʘʟʘʭʩʪʘʥʫ (193ʢʤ); 
 

 
 

ʈʠʩ. 6. ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʦʚʦʟʥʦʡ ʧʣʘʪʳ ʧʦ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʝ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ 
 

2. ʇʦ ʋʟʙʝʢʠʩʪʘʥʫ (696 ʢʤ) 
 

 
 

ʈʠʩ. 7. ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʦʚʦʟʥʦʡ ʧʣʘʪʳ ʩʪ. ɼʘʨʙʘʟʘ (ʂʘʟʘʭʩʪʘʥ) ï ʩʪ. ʊʘʰʢʝʥʪ-ʊʦʚʘʨʥʳʡ (ʋʟʙʝʢʠʩʪʘʥ) 
 

  
 

ʈʠʩ. 8. ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʦʚʦʟʥʦʡ ʧʣʘʪʳ ʧʦ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʝ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥʘ 
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3. ʇʦ ʊʫʨʢʤʝʥʠʠ (463 ʢʤ) 

 

  
 

ʈʠʩ. 9. ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʦʚʦʟʥʦʡ ʧʣʘʪʳ ʧʦ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʝ ʊʫʨʢʤʝʥʠʠ 

 

ʇʦ ʤʘʨʰʨʫʪʫ, ʧʦ ʞʝʣʝʟʥʳʤ ʜʦʨʦʛʘʤ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʧʨʦʚʦʟʥʘʷ ʧʣʘʪʘ ʩʦʩʪʘʚʣʷʝʪ: ʊKZ=170432,64 

KZT, ʊKZ =562,48 CHF; ʧʦ ʋʟʙʝʢʠʩʪʘʥʫ ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ: ʊ=712,54 CHF, ʧʦ ʊʫʨʢʤʝʥʠʠ ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ:156,88 

CHF.  

ʇʦ ʋʟʙʝʢʠʩʪʘʥʫ (696 ʢʤ); 

ʇʦ ʋʟʙʝʢʠʩʪʘʥʫ ʦʧʨʝʜʝʣʷʝʤ ʧʨʦʚʦʟʥʫʶ ʧʣʘʪʫ ʟʘ ʧʝʨʝʚʦʟʢʫ ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʭ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʢʦʥʪʝʡʥʝ-

ʨʦʚ ʧʦ ʞʝʣʝʟʥʳʤ ʜʦʨʦʛʘʤ-ʫʯʘʩʪʥʠʮʘʤ ɽʊʊ ʛʨʫʟʦʚʦʡ ʩʢʦʨʦʩʪʴʶ 

 

ʊ=728 CHF 

 

ʇʦ ʤʘʨʰʨʫʪʫ, ʧʦ ʞʝʣʝʟʥʳʤ ʜʦʨʦʛʘʤ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʧʨʦʚʦʟʥʘʷ ʧʣʘʪʘ ʩʦʩʪʘʚʣʷʝʪ: ʊKZ=170432,64 

KZT, ʧʦ ʋʟʙʝʢʠʩʪʘʥʫ ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ: ʊ=728 CHF. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʨʠʚʝʜʝʤ ʧʨʦʚʦʟʥʦʡ ʧʣʘʪʳ ʧʦ ʩʭʝʤʝ ʩ 

ʪʘʨʠʬʥʳʤ ʧʝʨʝʣʤʦʤ ʧʨʠʚʝʜʝʤ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 

ʇʨʦʚʦʟʥʘʷ ʧʣʘʪʘ ʧʦ ʩʭʝʤʝ ʪʘʨʠʬʥʦʛʦ ʧʝʨʝʣʦʤʘ 

ʄʘʨʰʨʫʪ ʧʝʨʝʚʦʟʢʠ ʉʪʨʘʥʘ ʈʘʩʩʪʦʷʥʠʝ, ʢʤ 
ʇʨʦʚʦʟʥʘʷ ʧʣʘʪʘ, 

ʪʝʥʛʝ 
ʐʚʝʡʮʘʨʩʢʠʡ ʬʨʘʥʢ 

1. ʐʳʤʢʝʥʪ-ɼʘʨʙʘʟʘ ʂʘʟʘʭʩʪʘʥ 193 ʢʤ 170432,64 KZT 562,48 CHF 

2.ʊʘʰʢʝʥʪ-ʊʦʚʘʨʥʳʡ - 

ʂʘʨʘʢʫʣʴ 

ʋʟʙʝʢʠʩʪʘʥ 696 ʢʤ 215899,62 KZT 712,54 CHF 

ʀʪʦʛʦ  889 ʢʤ - 1275,02 CHF 

 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʦʚʦʟʥʦʡ ʧʣʘʪʳ ʧʦ ʩʭʝʤʝ ʩʢʚʦʟʥʦʛʦ ʧʣʝʯʘ 

ʆʧʨʝʜʝʣʷʝʤ ʧʨʦʚʦʟʥʫʶ ʧʣʘʪʫ ʧʦ ʩʭʝʤʝ ʩʢʚʦʟʥʦʛʦ ʧʣʝʯʘ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʧʝʨʝʚʦʟʢʠ ʧʦʜʩʦʣʥʝʯʥʦʛʦ 

ʤʘʩʣʘ. ɼʣʷ ʵʪʦʛʦ ʦʧʨʝʜʝʣʷʝʤ ʦʙʱʝʝ ʨʘʩʩʪʦʷʥʠʝ ʧʝʨʝʚʦʟʢʠ ʦʪ ʩʪʘʥʮʠʠ ʦʪʧʨʘʚʣʝʥʠʷ ʐʳʤʢʝʥʪ (ʂʊɾ) ʜʦ ʧʦʛʨʘʥʠʯ-

ʥʦʡ ʩʪʘʥʮʠʠ ʉʘʨʘʭʩ (ʊʫʨʢʤʝʥʠʷ). ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʘʩʯʝʪʦʚ ʧʦ ʧʨʦʛʨʘʤʤʝ Rail-Tarif ʵʪʦ ʨʘʩʩʪʦʷʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 

2810ʢʤ. ʊʝʧʝʨʴ ʦʧʨʝʜʝʣʷʝʤ ʧʨʦʚʦʟʥʫʶ ʧʣʘʪʫ ʧʦ ʩʭʝʤʝ ʩʢʚʦʟʥʦʛʦ ʧʣʝʯʘ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʠʢʠ ɽʊʊ, ʧʨʠʚʝʜʝʥʥʦʡ ʚ 

ʪʘʙʣʠʮʝ 2.  

 

ʊʘʙʣʠʮʘ 2 

ʇʨʦʚʦʟʥʘʷ ʧʣʘʪʘ ʧʦ ʩʭʝʤʝ ʩʢʚʦʟʥʦʛʦ ʧʣʝʯʘ ʧʦ ʤʝʪʦʜʠʢʝ ɽʊʊ 

 

 


