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ʅʘʩʪʦʷʱʠʡ ʩʙʦʨʥʠʢ ʩʦʩʪʘʚʣʝʥ ʧʦ ʤʘʪʝʨʠʘʣʘʤ XVII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-
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ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʨʝʜʘʢʪʦʨ: 

ɻʫʣʷʝʚ ɻʝʨʤʘʥ ʖʨʴʝʚʠʯ ï ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ 

 

ʉʦʩʪʘʚ ʨʝʜʘʢʮʠʦʥʥʦʡ ʢʦʣʣʝʛʠʠ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʢʦʤʠʪʝʪʘ:  

ɸʛʘʨʢʦʚʘ ʃʶʙʦʚʴ ɺʘʩʠʣʴʝʚʥʘ ï 

ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɸʥʘʥʯʝʥʢʦ ʀʛʦʨʴ ɺʠʢʪʦʨʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɸʥʪʠʧʦʚ ɸʣʝʢʩʘʥʜʨ ɻʝʥʥʘʜʴʝʚʠʯ ï  

ʜʦʢʪʦʨ ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ɹʘʙʘʥʦʚʘ ʖʣʠʷ ɺʣʘʜʠʤʠʨʦʚʥʘ ï  

ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɹʘʛʘʤʘʝʚ ɹʘʛʘʤ ʄʘʥʘʧʦʚʠʯ ï  

ʜʦʢʪʦʨ ʚʝʪʝʨʠʥʘʨʥʳʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɹʘʞʝʥʦʚʘ ʆʣʴʛʘ ʇʨʦʢʦʧʴʝʚʥʘ ï  

ʜʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɹʦʷʨʩʢʠʡ ʃʝʦʥʠʜ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ï  

ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ 

ɹʫʟʥʠ ɸʨʪʝʤʠʡ ʅʠʢʦʣʘʝʚʠʯ ï  

ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɹʫʨʦʚ ɸʣʝʢʩʘʥʜʨ ʕʜʫʘʨʜʦʚʠʯ ï  

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɺʘʩʠʣʴʝʚ ʉʝʨʛʝʡ ʀʚʘʥʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɺʣʘʩʦʚʘ ɸʥʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ ï  

ʜʦʢʪʦʨ ʠʩʪʦʨʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ɻʝʪʤʘʥʩʢʘʷ ɽʣʝʥʘ ɺʘʣʝʥʪʠʥʦʚʥʘ ï  

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɻʨʠʮʘʡ ʃʶʜʤʠʣʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɼʘʚʣʝʪʰʠʥ ʈʘʰʠʪ ɸʭʤʝʪʦʚʠʯ ï  

ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʀʚʘʥʦʚʘ ʀʨʠʥʘ ɺʠʢʪʦʨʦʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 

ʀʛʣʠʥ ɸʣʝʢʩʝʡ ɺʣʘʜʠʤʠʨʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʶʨʠʜʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʀʣʴʠʥ ʉʝʨʛʝʡ ʖʨʴʝʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʀʩʢʘʥʜʘʨʦʚʘ ɻʫʣʴʥʘʨʘ ʈʠʬʦʚʥʘ ï  

ʜʦʢʪʦʨ ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʂʘʟʜʘʥʷʥ ʉʫʩʘʥʥʘ ʐʘʣʚʦʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʂʘʯʘʣʦʚʘ ʃʶʜʤʠʣʘ ʇʘʚʣʦʚʥʘ ï  

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ʂʦʞʘʣʠʝʚʘ ʏʠʥʘʨʘ ɹʘʢʘʝʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 

ʂʦʣʝʩʥʠʢʦʚ ɻʝʥʥʘʜʠʡ ʅʠʢʦʣʘʝʚʠʯ ï  

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʂʦʨʥʝʚ ɺʷʯʝʩʣʘʚ ɺʷʯʝʩʣʘʚʦʚʠʯ ï  

ʜʦʢʪʦʨ ʬʠʣʦʩʦʬʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ʂʨʝʤʥʝʚʘ ʊʘʪʴʷʥʘ ʃʝʦʥʠʜʦʚʥʘ ï  

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʂʨʳʣʦʚʘ ʄʘʨʠʷ ʅʠʢʦʣʘʝʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ʂʫʥʮ ɽʣʝʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ ï  

ʜʦʢʪʦʨ ʶʨʠʜʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʂʫʨʣʝʥʷ ʄʠʭʘʠʣ ɺʣʘʜʠʤʠʨʦʚʠʯ ï  

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʄʘʣʢʦʯ ɺʠʪʘʣʠʡ ɸʥʘʪʦʣʴʝʚʠʯ ï  

ʜʦʢʪʦʨ ʠʩʢʫʩʩʪʚʦʚʝʜʯʝʩʢʠʭ ʥʘʫʢ 

ʄʘʣʦʚʘ ʀʨʠʥʘ ɺʠʢʪʦʨʦʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʄʝʩʝʥʷʰʠʥʘ ʃʶʜʤʠʣʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ ï 

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʅʝʢʨʘʩʦʚ ʉʪʘʥʠʩʣʘʚ ʅʠʢʦʣʘʝʚʠʯ ï  

ʜʦʢʪʦʨ ʬʠʣʦʩʦʬʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʅʝʧʦʤʥʷʱʠʡ ʆʣʝʛ ɺʣʘʜʠʤʠʨʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʆʨʦʙʝʮ ɺʣʘʜʠʤʠʨ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ï 

ʜʦʢʪʦʨ ʚʝʪʝʨʠʥʘʨʥʳʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ʇʦʧʦʚʘ ʀʨʠʥʘ ɺʠʪʘʣʴʝʚʥʘ ï  

ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʇʳʨʢʦʚ ɺʷʯʝʩʣʘʚ ɽʚʛʝʥʴʝʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʈʫʢʘʚʠʰʥʠʢʦʚ ɺʠʢʪʦʨ ʉʪʝʧʘʥʦʚʠʯ ï  

ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʉʝʤʝʥʦʚʘ ʃʠʜʠʷ ʕʜʫʘʨʜʦʚʥʘ ï  

ʜʦʢʪʦʨ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʋʜʫʪ ɺʣʘʜʠʤʠʨ ɺʘʩʠʣʴʝʚʠʯ ï  

ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʌʠʦʥʦʚʘ ʃʶʜʤʠʣʘ ʈʠʤʦʚʥʘ ï  

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʏʠʩʪʦʚ ɺʣʘʜʠʤʠʨ ɺʣʘʜʠʤʠʨʦʚʠʯ ï  
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STUDY OF THE SELF-OSCILLATION MODE USING THE HARMONIC LINEARIZATION METHOD USING 

THE EXAMPLE OF THE FRODE PENDULUM 
 

Dikareva Olga Nikolaevna, 
Derbush Daniil Alexandrovich 

 
Abstract: The article deals with the application of an algorithm for constructing periodic solutions of nonlinear 
systems by the harmonic linearization method on the example of a differential equation describing the behav-
ior of the Frode pendulum. 
Keywords: nonlinear equation, the pendulum Frodo, the method of harmonic linearization. 

 
ʈʝʞʠʤ ʘʚʪʦʢʦʣʝʙʘʥʠʡ, ʢʘʢ ʦʪʤʝʯʘʶʪ ʤʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ, ʜʦʩʪʘʪʦʯʥʦ ʦʙʲʝʢʪʠʚʥʦ ʭʘʨʘʢʪʝʨʠ-

ʟʫʝʪʩʷ ʜʚʫʤʷ ʧʘʨʘʤʝʪʨʘʤʠ: ʘʤʧʣʠʪʫʜʦʡ ɸ ʠ ʯʘʩʪʦʪʦʡ ʘʚʪʦʢʦʣʝʙʘʥʠʡ w. ɺʝʣʠʯʠʥʘ ɸ ʦʧʨʝʜʝʣʷʝʪ ʪʦʯ-
ʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʘ: ʯʝʤ ʦʥʘ ʙʦʣʴʰʝ, ʪʝʤ ʥʠʞʝ ʪʦʯʥʦʩʪʴ ʠ ʥʘʦʙʦʨʦʪ. ʏʘʩʪʦʪʘ 
ʘʚʪʦʢʦʣʝʙʘʥʠʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʝʨʝʢʣʶʯʝʥʠʡ, ʩʨʘʙʘʪʳʚʘʥʠʡ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡ-
ʩʪʚʘ, ʯʪʦ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʧʦʢʘʟʘʪʝʣʷʭ ʥʘʜʝʞʥʦʩʪʠ ʩʠʩʪʝʤʳ. 

ʆʜʥʠʤ ʠʟ ʧʨʠʙʣʠʞʝʥʥʳʭ ʤʝʪʦʜʦʚ ʪʝʦʨʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʛʘʨʤʦʥʠ-
ʯʝʩʢʦʡ ʣʠʥʝʘʨʠʟʘʮʠʠ (ʠʣʠ ʤʝʪʦʜ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ), ʧʨʝʜʣʦʞʝʥʥʳʡ ʅ.ʄ. ʂʨʳʣʦʚʳʤ ʠ 
ʅ.ʅ. ɹʦʛʦʣʶʙʦʚʳʤ [1]. ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ ʧʦʠʩʢʝ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʚ ʚʠʜʝ ʛʘʨʤʦ-

ʥʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ 0* sin( t)= + wx A A , ʚ ʜʘʣʴʥʝʡʰʝʤ, ʟʘʜʘʯʘ ʠʩʩʣʝʜʦʚʘʪʝʣʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝ-

ʜʝʣʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 0, ,wA A . 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʚʠʜʘ 

( ) x R( )F(x, ) 0l + l l =Q x      (1), 

ʚ ʢʦʪʦʨʦʤ ʩʠʤʚʦʣʦʤ ɚ ʦʙʦʟʥʘʯʘʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʦʧʝʨʘʪʦʨ ʧʦ ʚʨʝʤʝʥʠ t, ʘ ʠʤʝʥʥʦ, 

l¹
d

dt
, ʚʳʨʘʞʝʥʠʷ ( )lQ  ʠ R( )l ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʣʠʥʦʤʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʧʝʨʘʪʦʨʘ ɚ, ʥʝ-
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ʣʠʥʝʡʥʘʷ ʬʫʥʢʮʠʷ F ʟʘʚʠʩʠʪ ʦʪ ʧʝʨʝʤʝʥʥʳʭ x  ʠ x  (l ¹x x ). 

ʇʨʠʜʝʨʞʠʚʘʷʩʴ ʦʩʥʦʚʥʳʭ ʧʦʣʦʞʝʥʠʡ ʤʝʪʦʜʘ, ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʠʩʢʦʤʦʝ ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʨʝʰʝ-
ʥʠʝ (1) ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʦ ʢ ʩʠʥʫʩʦʠʜʘʣʴʥʦʤʫ ʨʝʰʝʥʠʶ ʠ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʦ ʚ ʚʠʜʝ 

0 sinº + wx A A t      (2), 

cosº w wx A t      (3), 

ɼʘʣʴʥʝʡʰʠʝ ʵʪʘʧʳ ʨʝʰʝʥʠʷ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʧʦʠʩʢʝ ʥʝʠʟʚʝʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 
ʇʦʰʘʛʦʚʘʷ ʨʝʘʣʠʟʘʮʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʤʝʪʦʜʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʘʣʛʦʨʠʪʤʘ 

(ʨʠʩ. 1). 
 

 
ʉʡʪ. 1. ɹʤʜʧʩʡʫʥ ʩʞʱʞʦʡʸ ʦʞʤʡʦʞʢʦʧʜʧ ʝʡʭʭʞʩʞʦʯʡʙʤʵʦʧʜʧ ʬʩʙʛʦʞʦʡʸ ʥʞʫʧʝʧʥ ʜʙʩʥʧʦʡʰʞʪʣʧʢ 

ʤʡʦʞʙʩʡʠʙʯʡʡ 
 
ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʣʠʥʝʘʨʠʟʘʮʠʠ ʢ ʧʦʠʩʢʫ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ 

ʫʨʘʚʥʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʝʛʦ ʧʦʚʝʜʝʥʠʝ ʤʘʷʪʥʠʢʘ ʌʨʦʫʜʘ. 
ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ ʠʤʝʝʪ ʚʠʜ: 

3( ax bx )+ = - -x x c     (4), 
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ʛʜʝ ʘ, b ʠ c ï ʠʟʚʝʩʪʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ: ʤʘʩʩʳ ʤʘʷʪʥʠʢʘ, 
ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʦʩʠ ʚʨʘʱʝʥʠʷ ʜʦ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ, ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʜʨʫʛʠʭ. 

ʉʦʛʣʘʩʥʦ ʘʣʛʦʨʠʪʤʫ ʤʝʪʦʜʘ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʚʝʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚ-
ʥʝʥʠʝ ʢ ʚʠʜʫ (1). 

ʋʨʘʚʥʝʥʠʝ (4) ʧʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʟʘʧʠʰʝʪʩʷ ʚ ʚʠʜʝ 
3ax cbx 0+ + + =x x c     (5) 

ʇʨʠ ʵʪʦʤ 
2( ) 1l =l + l+Q ca , ( )l =R cb, ( )

33(x, x)l = = lF x x  

ɹʫʜʝʤ ʠʩʢʘʪʴ ʧʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʚ ʚʠʜʝ (3), ʩʣʝʜʦʚʘʪʝʣʴʥʦ,* cos= w wx A t  ʠ ʥʝʣʠʥʝʡʥʘʷ 

ʬʫʥʢʮʠʷ ( )
33(x, x)l = = lF x x  ʧʨʝʜʩʪʘʚʠʪʩʷ ʚ ʚʠʜʝ 

3 3 3(x*, x*) cosl = w wF A t    (6) 

ʉʧʝʮʠʘʣʴʥʦʛʦ ʚʠʜʘ ʢʦʵʬʬʠʮʠʝʥʪʳ - ʢʦʵʬʬʠʮʠʝʥʪʳ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʣʠʥʝʘʨʠʟʘʮʠʠ ï ʥʘʭʦʜʷʪʩʷ ʧʦ 
ʬʦʨʤʫʣʘʤ: 

2

1
0 0

0

1
(A ,A, ) (A Asinu,A cosu)sin

p

= w = = + w
pñ

F
q q F udu

A A
  (7) 

2

1
0 0

0

1
(A ,A, ) (A Asinu,A cosu)cos

p

¡ ¡= w = = + w
pñ

F
q q F udu

A A
  (8) 

ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʨʦʮʝʩʩʘ ʠʩʢʦʤʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʣʠʥʝʘʨʠ-
ʟʘʮʠʠ 

0=q , 

2 33

4

w
¡=

A
q      (9) 

ɼʘʣʴʥʝʡʰʠʡ ʵʪʘʧ ʘʣʛʦʨʠʪʤʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʟʘʤʝʥʫ ʬʫʥʢʮʠʶ ( )
33(x, x)l = = lF x x  ʥʘ ʬʫʥʢ-

ʮʠʶ 

2 3 2 23 3
0 * *

4 4

å õw w l
+ l Ö = Öæ ö

wç ÷

A A
x x , ʯʪʦʙʳ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʥʝʣʠʥʝʡʥʦʩʪʠ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʛʘʨʤʦʥʠʯʝʩʢʠ ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠʤʝʪ ʚʠʜ: 
2 2

2 3
1 0

4

wl
l + l+ + Ö =

A
ca cb     (10) 

ʠʣʠ 

2 2
2 3

1 0
4

å õw
l + + Ö l+ =æ ö
ç ÷

A
ca cb                                                                                        (11) 

ʇʦʣʦʞʠʤ ʚ ʫʨʘʚʥʝʥʠʠ (11) l= wi , ʧʦʣʫʯʠʤ 

( )
2 2

2 3
1 0

4

å õw
w + + w+ =æ ö

ç ÷

A cb
i ca i    (12) 

ʇʨʠʨʘʚʥʠʚʘʷ ʢ ʥʫʣʶ ʜʝʡʩʪʚʠʪʝʣʴʥʫʶ ʠ ʤʥʠʤʫʶ ʯʘʩʪʠ ʨʘʚʝʥʩʪʚʘ (12), ʠʤʝʝʤ  
2

2 2

1 0

3
0

4

-w + =

å õw
+ w=æ ö

ç ÷

A b
a

    (13) 

ɼʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʩʠʩʪʝʤʳ, ʥʝʦʙʭʦʜʠʤʦ ʪʨʝʪʴʝ ʫʨʘʚʥʝʥʠʝ 0 0(0)A (0)F 0+ =Q R . 
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ʀʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ ʜʣʷ 0F , ʧʦʣʫʯʠʤ: ( )( )
2

3 3 3

0

0

1
cos 0

p

= w w w =
pñ

F A t d t
A

. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 0(0) 1, F 0= = ÝQ  

ʉʠʩʪʝʤʘ ʥʫʞʥʳʭ ʥʘʤ ʫʨʘʚʥʝʥʠʡ ʠʤʝʝʪ ʚʠʜ: 

2

02 2

0

1 0
0

3
0 1

4
4

0
3

ë
ë-w + = î =î

îå õwî î
+ w= Ú w=°ì ìæ ö

ç ÷î î
-î î==í îí

A
A b

a

a
AA

b

    (14) 

ʅʘʡʜʝʥʳ ʯʠʩʣʦʚʳʝ ʧʘʨʘʤʝʪʨʳ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʣʠʥʝʘʨʠʟʘʮʠʠ; ʧʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʜʠʬʬʝ-
ʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (4) ʠʤʝʝʪ ʚʠʜ 

4
* sin

3

-
=

a
x t

b
      (15) 

ɿʘʤʝʪʠʤ, ʯʪʦ ʨʝʰʝʥʠʝ ʚʠʜʘ (15) ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʨʦʚʝʨʢʠ ʝʛʦ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ. 
 

ʊʨʡʪʧʣ ʤʡʫʞʩʙʫʬʩʴ 
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ʥʳʭ ʟʘʚʝʜʝʥʠʡ / ɺ. ɼ. ɻʦʨʷʯʝʥʢʦ. ï ʄ.: ɺʳʩʰʘʷ ʰʢʦʣʘ, 2001. - 395 ʩ. 

3. ʃʘʟʘʨʝʚ ɺ. ʃ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʚʪʦʢʦʣʝʙʘʥʠʡ ʚ ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤʘʭ. ʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ 
ʢ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ /  ɺ. ʃ. ʃʘʟʘʨʝʚ, ɸ. ʖ. ʂʠʨʠʢʦʚ ï ʉʧʙ.: ʉʇʙɻʋʅʠʇʊ, 2006. ï 28 ʩ. 

4. ʇʨʠʛʦʨʦʚʩʢʠʡ ɸ. ʃ. ɿʘʜʘʯʠ ʧʦ ʪʝʦʨʠʠ ʢʦʣʝʙʘʥʠʡ, ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʚʠʞʝʥʠʷ ʠ ʢʘʯʝʩʪʚʝʥʥʦʡ 
ʪʝʦʨʠʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʏʘʩʪʴ 5. ʄʝʪʦʜ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʣʠʥʝʘʨʠʟʘʮʠʠ / 
ɸ. ʃ. ʇʨʠʛʦʨʦʚʩʢʠʡ, ɺ. ʄ. ʉʘʥʜʘʣʦʚ, ʅ. ɺ. ʄʫʜʨʘʢ ï ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ: ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩ. ʫʥʠʚʝʨʩʠʪʝʪ, 
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ǲǣǩ 311  

ǡǤǱǯǭǣǡǧǢǟǱǤǪǻ ǰ ǰǧǪǭǡǺǫǧ 
ǼǪǤǫǤǬǱǟǫǧ ǡ ǡǧǣǤ ǡǯǟǸǟǽǸǧǴǰǾ 
ǵǧǪǧǬǣǯǭǡ ǰ ǧǰǮǭǪǻǦǭǡǟǬǧǤǫ ǼǳǳǤǩǱǟ 
ǫǟǢǬǲǰǟ  

ǱǿȌǿȗȄȁǿ ǬǿȆȂȒȊț ǩǿȃȚȏǿȊȇȄȁȌǿ 
ʜʦʢʪʦʨ PhD, ʜʦʮʝʥʪ 

 ǠǿȔȑȚȀȄȉȍȁǿ ǟȐȄȋ ǯǿȁȗǿȌȀȄȉȍȁȌǿ 
ʜʦʢʪʦʨʘʥʪ PhD 

ʂʘʨʘʛʘʥʜʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ.ʘʢʘʜ.ɽ.ɸ.ɹʫʢʝʪʦʚʘ 

ǟȊȑȄȌȍȁǿ ǥǿȌȄȏȉȄ ǱȊȄȒȀǿȄȁȌǿ 
ʤʘʛʠʩʪʨʘʥʪ 

ʂʦʢʰʝʪʘʫʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʐ. ʋʘʣʠʭʘʥʦʚʘ 
 

ɹʦʦʧʫʙʯʡʸ: ʕʬʬʝʢʪ ʄʘʛʥʫʩʘ- ʷʚʣʝʥʠʝ ʠʟʚʝʩʪʥʦʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩ ʥʝʜʘʚʥʠʭ ʚʨʝʤʝʥ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 
ʜʘʥʥʦʛʦ ʵʬʬʝʢʪʘ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʡ ʩʠʣʳ ʜʣʷ ʣʦʧʘʩʪʝʡ ʚ ʚʠʜʝ ʚʨʘʱʘʶʱʠʭʩʷ ʮʠʣʠʥʜʨʦʚ, ʷʚʣʷʝʪʩʷ 
ʵʬʬʝʢʪʠʚʥʦʡ, ʢʦʪʦʨʳʡ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʨʷʜ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʵʬʬʝʢʪʦʚ ʚ ʚʠʜʝ, ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ 
ʚʳʨʘʙʦʪʢʠ ʵʥʝʨʛʠʠ ʧʨʠ ʤʘʣʳʭ ʩʢʦʨʦʩʪʷʭ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʘʚʪʦʨʳ ʧʨʦʚʝʣʠ ʘʥʘʣʠʟ ʠ 
ʦʙʟʦʨ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʟʫʯʝʥʠʶ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʶ ʵʬʬʝʢʪʘ ʄʘʛʥʫʩʘ. 
ʃʤʷhʞʛʴʞ ʪʤʧʛʙ: ʚʝʪʨʦʪʫʨʙʠʥʘ, ʵʬʬʝʢʪ ʄʘʛʥʫʩʘ, ʣʦʧʘʩʪʴ, ʮʠʣʠʥʜʨ, ʚʠʭʨʝʚʦʝ ʜʚʠʞʝʥʠʝ. 
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Abstract: The Magnus effect is a relatively well-known phenomenon. The use of this effect as a working force 
for blades in the form of rotating cylinders is effective, which entails a number of positive effects in the form, 
performance and energy production at low air flow rates. In this work, the authors analyzed and reviewed the 
works devoted to the study and application of the Magnus effect. 
Key words: wind turbine, Magnus effect, blade, cylinder, vortex motion. 

 
ʕʬʬʝʢʪ ʄʘʛʥʫʩʘ - ʵʪʦ ʬʠʟʠʯʝʩʢʦʝ ʷʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʚʦʟʥʠʢʘʝʪ, ʢʦʛʜʘ ʞʠʜʢʦʩʪʴ ʠʣʠ ʛʘʟ ʦʙʪʝʢʘʝʪ 

ʚʦʢʨʫʛ ʚʨʘʱʘʶʱʝʛʦʩʷ ʪʝʣʘ. ʉʫʪʴ ʵʪʦʛʦ ʵʬʬʝʢʪʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚʨʘʱʘʶʱʝʛʦʩʷ ʪʝʣʘ 
ʥʘ ʥʝʛʦ ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʪʦʢʘ (ʨʠʩ. 1). ʕʪʦ ʨʝʟʫʣʴʪʘʪ 
ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʜʝʡʩʪʚʠʷ ʵʬʬʝʢʪʘ ɹʝʨʥʫʣʣʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʚ ʦʢʨʫʞʘʶʱʝʡ 
ʩʨʝʜʝ ʚʦʢʨʫʛ ʦʙʪʝʢʘʝʤʦʛʦ ʪʝʣʘ. ʂʨʫʪʷʱʠʡ ʦʙʲʝʢʪ ʬʦʨʤʠʨʫʝʪ ʚʠʭʨʝʚʦʝ ʜʚʠʞʝʥʠʝ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. 
ʅʘ ʦʜʥʦʡ ʩʪʦʨʦʥʝ ʦʙʲʝʢʪʘ ʥʘʧʨʘʚʣʝʥʠʝ ʚʠʭʨʷ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʦʪʦʢʘ, ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 
ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʢʦʨʦʩʪʴ ʩʨʝʜʳ. ʅʘ ʜʨʫʛʦʡ ʩʪʦʨʦʥʝ ʦʙʲʝʢʪʘ ʥʘʧʨʘʚʣʝʥʠʝ ʚʠʭʨʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ 
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ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʪʦʢʘ, ʠ ʩʢʦʨʦʩʪʴ ʩʨʝʜʳ ʫʤʝʥʴʰʘʝʪʩʷ. ʋʯʠʪʳʚʘʷ ʵʪʫ ʨʘʟʥʠʮʫ ʚ ʩʢʦʨʦʩʪʠ, ʩʫʱʝʩʪʚʫʝʪ 
ʨʘʟʥʠʮʘ ʜʘʚʣʝʥʠʡ ʤʝʞʜʫ ʪʝʣʦʤ ʚʨʘʱʝʥʠʷ ʥʘ ʢʦʪʦʨʦʤ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ, ʠ ʚʝʢʪʦʨʘ ʧʦʪʦʢʘ 
ʥʘʧʨʘʚʣʝʥʳ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʢ ʩʪʦʨʦʥʝ, ʥʘ ʢʦʪʦʨʦʡ ʵʪʠ ʥʘʧʨʘʚʣʝʥʠʷ ʦʜʠʥʘʢʦʚʳ [1,2]. 

 

 
ʉʡʪ. 1. ʖʭʭʞʣʫ ʅʙʜʦʬʪʙ 

 
ɺʧʝʨʚʳʝ ʠʟʚʝʩʪʥʳʡ ʬʠʟʠʢ ɻʝʥʨʠʭ ʄʘʛʥʫʩ ʦʧʠʩʘʣ ʜʝʡʩʪʚʠʝ ʚ 1853 ʛʦʜʫ, ʥʦ ʩʦʛʣʘʩʥʦ ɼʞʝʡʤʩʫ ɻʣʝʡ-

ʢʫ [3] ʧʦʩʣʝ ʥʘʙʣʶʜʝʥʠʷ ʪʝʥʥʠʩʠʩʪʦʚ ʚ ʢʦʣʣʝʜʞʝ ʂʝʤʙʨʠʜʞʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʀʩʘʘʢ ʅʴʶʪʦʥ ʦʧʠʩʘʣ ʵʪʦ 
ʷʚʣʝʥʠʝ 180 ʣʝʪ ʥʘʟʘʜ. ʇʝʨʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʰʣʦ ʚ ʢʦʨʘʙʣʝ. ɺ 1926, ʫʨʦʞʝʥʝʮ ɻʝʨʤʘʥʠʠ ʘʚʠʘʮʠʦʥʥʳʡ 
ʠʥʞʝʥʝʨ ɸʥʪʦʥ ʌʣʝʪʥʝʨ ʧʦʩʪʨʦʠʣ ʨʦʪʦʨ ʜʣʷ ʢʦʨʘʙʣʷ, ʠʩʧʦʣʴʟʦʚʘʚʰʠʡ ʵʥʝʨʛʠʶ ʥʘ ʦʩʥʦʚʝ ʵʬʬʝʢʪ ʄʘʛʥʫ-
ʩʘ, ʜʣʷ ʜʚʠʞʝʥʠʷ ʢʦʨʘʙʣʷ, ʩʜʝʣʘʚ ʫʩʧʝʰʥʳʡ ʨʝʡʩ ʯʝʨʝʟ ɸʪʣʘʥʪʠʯʝʩʢʠʡ ʦʢʝʘʥ (ʨʠʩ. 2). ʆʜʥʠʤ ʠʟ ʧʝʨʚʳʭ 
ʚʝʪʨʦʜʚʠʛʘʪʝʣʝʡ, ʠʩʧʦʣʴʟʦʚʘʚʰʠʭ ʵʬʬʝʢʪ ʚʨʘʱʘʶʱʠʭʩʷ ʮʠʣʠʥʜʨʦʚ ïʤʦʨʩʢʦʡ ʢʦʨʘʙʣʴ. ʄʦʨʩʢʦʡ ʢʦʨʘʙʣʴ 
ʌʣʝʪʪʥʠʨʘ ʠʣʠ Ăʈʦʪʦʨ ʌʣʝʪʪʥʝʨʘ" ʦʙʣʘʜʘʝʪ ʠʥʪʝʨʝʩʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʥʝʚʦʟʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 
ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʢʦʥʮʝʧʮʠʷʤʠ ʜʘʚʣʝʥʠʷ ʚʝʪʨʘ, ʜʦʩʪʘʪʦʯʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʚʨʘʱʘʶ-
ʱʠʡʩʷ ʮʠʣʠʥʜʨ, ʜʦʣʞʥʘ ʙʳʪʴ ʚ 10-15 ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ ʧʘʨʫʩ ʩ ʪʘʢʦʡ ʞʝ ʚʠʜʠʤʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. 

 

 
ʉʡʪ. 2. ʃʧʩʙʚʤʵ ɹʦʫʧʦʙ ʍʤʞʫʫʦʞʩʙ 

 
ɼʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʜʘʥʥʦʛʦ ʚʦʧʨʦʩʘ ʠʟʚʝʩʪʥʳʡ ʥʝʤʝʮʢʠʡ ʬʠʟʠʢ ʄʘʛʥʫʩ, ʧʨʦʠʟʚʝʣ ʚ 1852 

ʛ. ʥʝʢʦʪʦʨʳʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʦʧʳʪʳ. ʉʫʪʴ ʦʜʥʦʛʦ ʠʟ ʵʪʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʟʘʢʣʶʯʘʣʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. ʎʠ-
ʣʠʥʜʨ ʠʟ ʣʘʪʫʥʠ ʤʦʛ ʩʦʚʝʨʰʘʪʴ ʚʨʘʱʘʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʝ ʤʝʞʜʫ 2 ʦʩʪʨʠʷʤʠ; ʙʳʩʪʨʦʝ ʚʨʘʱʝʥʠʝ ʮʠʣʠʥ-
ʜʨʘ ʩʦʦʙʱʘʣʦʩʴ, ʩʦʦʙʱʘʣʦʩʴ, ʢʘʢ ʚ ʚʦʣʯʢʝ, ʰʥʫʨʦʤ. ɺʨʘʱʘʶʱʠʡʩʷ ʮʠʣʠʥʜʨ ʟʘʢʨʝʧʣʷʣʩʷ ʚ ʨʘʤʫ, ʢʦʪʦʨʘʷ 
ʙʝʟ ʪʨʫʜʘ ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ. ɺ ʵʪʫ ʩʠʩʪʝʤʫ ʟʘʧʫʩʢʘʣʠ ʩʠʣʴʥʫʶ ʚʦʟʜʫʰʥʫʶ ʩʪʨʫʶ ʩ ʧʦʤʦʱʴʶ ʥʝʙʦʣʴʰʦʛʦ 
ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʥʘʩʦʩʘ. ʎʠʣʠʥʜʨ ʙʳʣ ʥʘʢʣʦʥʝʥ ʚʥʫʪʨʴ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʚʦʟʜʫʰʥʦʡ ʩʪʨʫʝ ʠ ʦʩʠ ʮʠʣʠʥ-
ʜʨʘ, ʧʨʠ ʵʪʦʤ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʨʘʱʝʥʠʷ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʩʪʨʫʠ ʙʳʣʠ ʦʜʠʥʘʢʦʚʳʤʠ. ʄʘʛʥʫʩ ʩʯʠʪʘʣ, ʯʪʦ 
ʥʘʧʨʘʚʣʝʥʠʝ ʦʪʢʣʦʥʝʥʠʷ, ʢʘʢ ʠ ʚ ʘʨʪʠʣʣʝʨʠʡʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʦʜʠʥʘʢʦʚʦʝ, ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʦʥ ʥʝ ʠʟ-
ʤʝʨʷʣ ʦʪʢʣʦʥʷʶʱʫʶ ʚʝʣʠʯʠʥʫ. ʉ ʵʪʠʭ ʚʨʝʤʝʥ ʜʘʥʥʦʝ ʷʚʣʝʥʠʝ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ çʵʬʬʝʢʪ ʄʘʛʥʫʩʘè. 

ɺ ʩʚʷʟʠ ʩʦ ʩʚʦʠʤʠ ʦʧʳʪʘʤʠ ʄʘʛʥʫʩ ʧʨʝʜʣʦʞʠʣ ʦʙʲʷʩʥʝʥʠʝ, ʢʦʪʦʨʦʝ ʭʦʪʷ ʠ ʜʝʣʘʝʪ ʷʚʣʝʥʠʝ ʥʝ-
ʩʢʦʣʴʢʦ ʧʦʥʷʪʥʳʤ, ʚ ʪʦ ʚʨʝʤʷ ʛʠʜʨʦʜʠʥʘʤʠʢʘ ʥʘʭʦʜʠʣʘʩʴ ʝʱʝ ʚ ʧʨʠʤʠʪʠʚʥʦʤ ʩʦʩʪʦʷʥʠʠ. ɿʥʘʯʠʪʝʣʴʥʦ 
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ʙʦʣʴʰʝ ʜʘʝʪ ʪʦʣʢʦʚʘʥʠʝ, ʦʧʫʙʣʠʢʦʚʘʥʥʦʝ ʚ 1877 ʛ. ʈʵʣʝʝʤ ʚ ʩʚʷʟʠ ʩ ʚʦʧʨʦʩʦʤ ʦ ʪʨʘʝʢʪʦʨʠʠ ʩʨʝʟʘʥʥʳʭ 
ʪʝʥʥʠʩʥʳʭ ʤʷʯʝʡ. ɻʠʜʨʦʜʠʥʘʤʠʢʘ ʢ ʵʪʦʤʫ ʚʨʝʤʝʥʠ ʧʦʣʫʯʠʣʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʚ ʨʘʙʦʪʘʭ ɻʝʣʴʤ-
ʛʦʣʴʮʘ, ɺ. ʊʦʤʩʦʥʘ ʠ ʜʨʫʛʠʭ, ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʜʣʷ ʩʣʫʯʘʷ Ăʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ" ʙʝʟ ʪʨʝʥʠʷ ʠ ʩʞʠʤʘʝʤʦ-
ʩʪʠ. ʈʘʩʯʝʪʳ ʈʵʣʝʷ ʦʪʥʦʩʷʪʩʷ ʢ ʧʦʪʦʢʫ ʪʘʢʦʡ ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʦʢʦʣʦ ʙʝʩʢʦʥʝʯʥʦʛʦ ʚ ʦʩʝʚʦʤ ʥʘʧʨʘʚ-
ʣʝʥʠʠ ʢʨʫʛʣʦʛʦ ʮʠʣʠʥʜʨʘ. ʈʵʣʝʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʩʦʩʪʦʷʥʠʝ ʧʦʪʦʢʘ, ʢʦʛʜʘ ʥʘ ʦʙʳʯʥʳʡ Ăʧʦʪʦʢ ʧʦʪʝʥʮʠʘʣʴ-
ʥʳʡ" ʥʘʣʘʛʘʝʪʩʷ Ăʮʠʨʢʫʣʷʮʠʦʥʥʳʡ ʧʦʪʦʢ"; ʦʥ ʚʳʯʠʩʣʷʝʪ ʩʠʣʫ, ʧʨʦʠʟʚʦʜʠʤʫʶ ʥʘ ʮʠʣʠʥʜʨ ʠʟ ʨʘʩʧʨʝʜʝʣʝ-
ʥʠʷ ʜʘʚʣʝʥʠʷ ʦʢʦʣʦ ʮʠʣʠʥʜʨʘ. ʈʵʣʝʡ ʚ ʪʦ ʚʨʝʤʷ ʩʘʤ ʫʢʘʟʳʚʘʣ ʩʣʘʙʳʡ ʧʫʥʢʪ ʩʚʦʝʡ ʪʝʦʨʠʠ, ʪʘʢ ʢʘʢ ʨʘʩ-
ʯʝʪʳ ʩʧʨʘʚʝʜʣʠʚʳ ʪʦʣʴʢʦ ʜʣʷ ʞʠʜʢʦʩʪʠ ʙʝʟ ʪʨʝʥʠʷ. ʇʦ ʪʝʦʨʝʤʝ ʊʦʤʩʦʥʘ, ʦʜʥʘʢʦ, ʚ ʦʪʩʫʪʩʪʚʠʠ ʪʨʝʥʠʷ 
ʚʠʭʨʝʚʦʝ ʜʚʠʞʝʥʠʝ ʥʝ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ, ʠʣʠ ʝʩʣʠ ʦʥʦ ʩʫʱʝʩʪʚʦʚʘʣʦ, ʪʦ ʥʝ ʤʦʞʝʪ ʠʟʤʝʥʠʪʴʩʷ. 

ʉʦʛʣʘʩʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʤ ʄʘʛʥʫʩʘ, ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʦʙʱʝʜʦʩʪʫʧʥʦʝ ʦʙʲʷʩʥʝʥʠʝ ʵʪʠʤ ʷʚʣʝʥʠʝʤ. ɺ 
1877 ʛʦʜʫ ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʨʘʙʦʪʘ ʈʝʣʝʷ, ʚ ʢʦʪʦʨʦʤ ʙʳʣʦ ʨʘʩʰʠʨʝʥʥʦʝ ʦʙʲʷʩʥʝʥʠʝ ʩʨʝʟʘʥʥʳʭ ʪʝʥʥʠʩ-
ʥʳʭ ʤʷʯʝʡ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʛʠʜʨʦʜʠʥʘʤʠʢʘ ʧʦʣʫʯʠʣʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʚ ʨʘʙʦʪʘʭ ɻʝʣʴʤʛʦʣʴ-
ʮʘ, ɺ. ʊʦʤʩʦʥʘ ʠ ʜʨ., ʢʦʪʦʨʳʝ ʥʘʧʨʘʚʣʝʥʳ ʜʣʷ ʠʟʫʯʝʥʠʷ çʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠè, ʥʝ ʫʯʠʪʳʚʘʷ ʪʨʝʥʠʷ. ʈʵ-
ʣʝʡ ʨʘʩʩʯʠʪʘʣ ʠʜʝʘʣʴʥʦʝ ʪʝʯʝʥʠʝ ʞʠʜʢʦʩʪʠ ʚʦʢʨʫʛ ʦʩʠ ʙʝʩʢʦʥʝʯʥʦʛʦ ʢʨʫʛʦʚʦʛʦ ʮʠʣʠʥʜʨʘ. ʈʝʣʝʡ ʫʯʠʪʳʚʘ-
ʝʪ ʩʦʩʪʦʷʥʠʝ ʧʦʪʦʢʘ, ʢʦʛʜʘ ʥʘ ʪʨʘʜʠʮʠʦʥʥʳʡ çʧʦʪʦʢ ʧʦʪʝʥʮʠʘʣʴʥʳʡè ʥʘʣʘʛʘʝʪʩʷ çʮʠʨʢʫʣʷʮʠʦʥʥʳʡ ʧʦʪʦʢè; 
ʦʥ ʨʘʩʩʯʠʪʳʚʘʝʪ ʩʠʣʫ, ʥʘʧʨʘʚʣʝʥʥʫʶ ʥʘ ʮʠʣʠʥʜʨ ʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʦʢʦʣʦ ʮʠʣʠʥʜʨʘ. ʈʵʣʝʡ 
ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʩʣʘʙʦʩʪʴ ʩʚʦʝʡ ʪʝʦʨʠʠ, ʧʦʪʦʤʫ ʯʪʦ ʨʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʪʦʣʴʢʦ ʜʣʷ ʞʠʜʢʦʩʪʝʡ ʙʝʟ 
ʪʨʝʥʠʷ. ʆʜʥʘʢʦ, ʩʦʛʣʘʩʥʦ ʪʝʦʨʠʠ ʊʦʤʩʦʥʘ, ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʪʨʝʥʠʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʚʠʭʨʝʚʦʛʦ ʜʚʠʞʝʥʠʷ. 

ʉʤʦʪʨʷ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʠʭʨʝʚʦʛʦ ʜʚʠʞʝʥʠʷ, ʥʘʣʦʞʝʥʠʝ ʧʦʪʦʢʦʚ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʣʠʯʥʳʤ ʬʦʨ-
ʤʘʤ; ʦʜʥʘ ʠʟ ʪʘʢʠʭ ʬʦʨʤ ʜʣʷ ʩʣʫʯʘʷ ʫʤʝʨʝʥʥʦʛʦ ʚʨʘʱʝʥʠʷ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 3.ʘ, ʜʨʫʛʘʷ, ʜʣʷ ʙʦʣʝʝ 
ʩʠʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ, ʥʘ ʨʠʩ. 3.ʙ. 

 

 
ʘ)                                                 ʙ) 
ʉʡʪ. 3. ɻʡʮʩʞʛʧʞ ʝʛʡʟʞʦʡʞ: 

ʙ) ʝʤʸ ʬʥʞʩʞʦʦʧʜʧ ʛʩʙʲʞʦʡʸ; ʚ) ʝʤʸ ʪʡʤʵʦʧʜʧ ʛʩʙʲʞʦʡʸ 
 
ɺ ʨʘʙʦʪʝ ʨʦʩʩʠʡʩʢʦʛʦ ʫʯʝʥʦʛʦ ʂʣʠʤʦʚʘ ɺ.ʉ. ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʝʪʨʦʫʩʪʘʥʦʚʢʘ, ʦʪʥʦʩʠʪʩʷ ʢ ʚʝʪʨʦ-

ʵʥʝʨʛʝʪʠʢʝ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚʝʪʨʦʚʦʛʦ ʧʦʪʦʢʘ ʚ ʤʝʭʘʥʠʯʝ-
ʩʢʫʶ ʵʥʝʨʛʠʶ ʚʨʘʱʝʥʠʷ [4]. ɺʝʪʨʦʜʚʠʛʘʪʝʣʴ (ʨʠʩʫʥʦʢ 4) ʤʥʦʛʦʨʦʪʦʨʥʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʝʪʨʦʚʦʝ 
ʢʦʣʝʩʦ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʴʶ ʚʨʘʱʝʥʠʷ, ʚ ʩʪʫʧʠʮʝ ʢʦʪʦʨʦʛʦ ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʟʘʢʨʝʧʣʝʥʳ 
ʦʩʠ ʨʦʪʦʨʥʳʭ ʚʝʪʨʦʜʚʠʛʘʪʝʣʝʡ ʩ ʩʠʣʦʚʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʧʨʦʬʠʣʷ - ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʩʧʠʨʘʣʠ. 

 

 
ʉʡʪ. 4. ɻʞʫʩʧʝʛʡʜʙʫʞʤʵ ʥʦʧʜʧʩʧʫʧʩʦʴʢ ʪ ʜʧʩʡʠʧʦʫʙʤʵʦʧʢ ʧʪʵʷ ʛʩʙʲʞʦʡʸ 
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ɺ ʨʘʙʦʪʝ ʨʦʩʩʠʡʩʢʦʛʦ ʫʯʝʥʦʛʦ ɹʳʯʢʦʚʘ ʅ.ʄ. ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʫʩʪʘʥʦʚʢʘ ʩ 
ʚʨʘʱʘʶʱʠʤʠʩʷ ʮʠʣʠʥʜʨʘʤʠ, ʜʣʷ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʫʶʱʠʝ ʵʬʬʝʢʪ ʄʘʛʥʫʩʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʙʨʘʟʫʝʪʩʷ ʧʦʜʲ-
ʝʤʥʘʷ ʩʠʣʘ (ʩʠʣʳ ʄʘʛʥʫʩʘ) ʧʨʠ ʚʨʘʱʝʥʠʠ ʮʠʣʠʥʜʨʘ ʚ ʧʦʧʝʨʝʯʥʦʤ ʧʦʪʦʢʝ. ʕʪʘ ʩʠʣʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 
ʚʨʘʱʝʥʠʷ ʚʝʪʨʦʢʦʣʝʩʘ, ʘʥʘʣʦʛʠʯʥʦ ʧʦʜʲʝʤʥʦʡ ʩʠʣʝ ʣʦʧʘʩʪʠ, ʥʦ ʠʤʝʝʪ ʛʦʨʘʟʜʦ ʙʦʣʴʰʫʶ ʚʝʣʠʯʠʥʫ [5].  

ɺʝʪʨʦʫʩʪʘʥʦʚʢʘ (ʨʠʩ.5) ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʝʪʨʦʢʦʣʝʩʦ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʴʶ ʚʨʘʱʝʥʠʷ ʠ ʨʘʜʠ-
ʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʨʦʪʦʨʘʤʠ ʥʘ ʦʩʥʦʚʝ ʄʘʛʥʫʩʘ ʚ ʚʠʜʝ ʮʠʣʠʥʜʨʦʚ, ʘ ʪʘʢʞʝ ʧʨʠʚʦʜ ʮʠʣʠʥʜʨʦʚ ʠ 
ʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨ. 

 

 
ʉʡʪ. 5. ʇʚʲʡʢ ʛʡʝ ʛʞʫʩʧʬʪʫʙʦʧʛʣʡ 

 
ʀʟ ʧʨʠʚʝʜʝʥʥʦʛʦ ʦʙʟʦʨʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʠʟʚʝʩʪʥʳʝ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ ʩ ʛʦʨʠʟʦʥʪʘʣʴ-

ʥʦʡ ʦʩʴʶ ʚʨʘʱʝʥʠʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʩʩʯʠʪʘʥʳ ʥʘ ʨʘʙʦʪʫ ʧʨʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʦʪ 8 ʜʦ 25 ʤ/ʩ, ʪʨʝ-
ʙʫʶʪ ʩʧʝʮʠʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʧʦʚʦʨʦʪʘ ʚʝʪʨʦʢʦʣʝʩʘ ʧʨʠ ʨʝʟʢʦʤ ʠʟʤʝʥʝʥʠʠ ʝʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. ʄʥʦ-
ʛʠʝ ʚʝʪʨʦʫʩʪʘʥʦʚʢʠ ʥʝʧʨʠʛʦʜʥʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʤʳʭ ʚʝʪʨʦʚʳʭ ʫʩʣʦʚʠʷʭ, 
ʪʘʢ ʢʘʢ ʦʪʢʣʶʯʘʶʪʩʷ ʧʨʠ ʥʘʠʙʦʣʝʝ ʰʪʦʨʤʦʚʳʭ ʚʝʪʨʘʭ (ʧʨʠ ʩʢʦʨʦʩʪʠ ʙʦʣʝʝ 20 ʤ/ʩ) ʠʣʠ ʧʨʦʩʪʘʠʚʘʶʪ ʧʨʠ 
ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ, ʤʝʥʴʰʝ (3-5) ʤ/ʩ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʙʦʣʴʰʠʥʩʪʚʦ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ ʠʤʝʶʪ ʚʝʨʪʠʢʘʣʴʥʫʶ ʦʩʴ 
ʚʨʘʱʝʥʠʷ ʚʝʪʨʦʜʚʠʛʘʪʝʣʠ, ʠ, ʥʘʨʷʜʫ ʩ ʥʝʦʩʧʦʨʠʤʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ, ʠʤʝʶʪ ʦʧʨʝʜʝʣʸʥʥʳʝ ʦʛʨʘʥʠʯʝ-
ʥʠʷ, ʘ ʠʤʝʥʥʦ, ʙʦʣʴʰʦʡ ʚʝʩ ʥʘ ʝʜʠʥʠʮʫ ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʤʦʱʥʦʩʪʠ ʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʚ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʢʘʭ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʵʬʬʝʢʪʝ 
ʄʘʛʥʫʩʘ [6] ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʦʣʝʝ ʘʢʪʠʚʥʳʡ ʟʘʭʚʘʪ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ, ʟʘ ʩʯʝʪ ʚʨʘʱʝʥʠʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʣʦ-
ʧʘʩʪʝʡ ʩʦ ʩʬʝʨʠʯʝʩʢʠʤʠ ʪʦʨʮʘʤʠ ʩ ʰʝʨʦʭʦʚʘʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʥʠʢʘʶʱʝʡ ʜʦʧʦʣʥʠ-
ʪʝʣʴʥʦʡ ʩʠʣʳ. ʇʝʨʝʤʝʥʥʦʩʪʴ ʩʝʯʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʨʘʱʘʶʱʠʤʩʷ ʵʣʝʤʝʥʪʘʤ ʦʧʪʠʤʘʣʴʥʦʝ ʘʵʨʦʜʠʥʘ-
ʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ ʩʠʣʫ ʪʷʛʠ ʚ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʩʢʦʨʦʩʪʝʡ. 
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ɹʦʦʧʫʙʯʡʸ: ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʦʙʣʝʤʘ ʠ ʧʦʩʣʝʜʩʪʚʠʷ ʠʥʚʘʟʠʡ, ʢʘʢ ʥʝʧʨʝʜʥʘʤʝʨʝʥʥʦʛʦ ʚʩʝʣʝ-
ʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʦʚʳʭ ʚʠʜʦʚ ʚ ʘʢʚʘʪʦʨʠʷʭ, ʛʜʝ ʦʥʠ ʨʘʥʝʝ ʦʪʩʫʪʩʪʚʦʚʘʣʠ ʧʫʪʝʤ ʧʝʨʝʥʦʩʘ ʩ ʙʘʣ-
ʣʘʩʪʥʳʤʠ ʚʦʜʘʤʠ ʩʫʜʦʚ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ ʦʯʠʩʪʢʠ ʙʘʣʣʘʩʪʥʳʭ ʚʦʜ ʩʫʜʦʚ, ʘ ʪʘʢʞʝ 
ʩʫʱʝʩʪʚʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠʭ ʬʠʟʠʯʝʩʢʦʡ, ʭʠʤʠʯʝʩʢʦʡ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʦʚʨʝ-
ʤʝʥʥʳʝ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʠ ʙʝʟʦʧʘʩʥʳʝ ʫʩʪʘʥʦʚʢʠ ʦʯʠʩʪʢʠ ʙʘʣʣʘʩʪʥʳʭ ʚʦʜ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʠʥʚʘʟʠʠ, ʙʘʣʣʘʩʪʥʳʝ ʚʦʜʳ, ʩʠʩʪʝʤʳ ʦʯʠʩʪʢʠ ʙʘʣʣʘʩʪʥʳʭ ʚʦʜ, ʬʠʣʴʪʨʘʮʠʷ, ʦʙʝʟʟʘ-
ʨʘʞʠʚʘʥʠʝ. 
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Abstract: The article presents the problem and consequences of infestations, as the unintentional introduction 
and spread of new species in water areas where they were previously absent by transfer with the ballast water 
of ships. The analysis of the main stages of the ballast water treatment of ships, as well as the existing tech-
nologies of their physical, chemical and mechanical treatment, is carried out. The modern most efficient and 
safe ballast water treatment plants are presented. 
Key words: infestations, ballast water, ballast water treatment systems, filtration, decontamination. 

 
ʇʝʨʝʥʦʩ ʠ ʚʚʝʜʝʥʠʝ ʯʫʞʝʨʦʜʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʚ ʥʦʚʳʝ ʜʣʷ ʥʠʭ ʧʨʠʨʦʜʥʳʝ ʫʩʣʦʚʠʷ ʧʦʩʨʝʜʩʪʚʦʤ 

ʩʫʜʦʚʳʭ ʙʘʣʣʘʩʪʥʳʭ ʚʦʜ ʫʛʨʦʞʘʶʪ ʩʦʭʨʘʥʝʥʠʶ ʠ ʫʩʪʦʡʯʠʚʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʥʦ-
ʦʙʨʘʟʠʷ. ɺʦʜʥʳʡ ʙʘʣʣʘʩʪ ʥʝʟʘʤʝʥʠʤ ʧʨʠ ʙʝʟʦʧʘʩʥʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʨʩʢʦʛʦ ʪʨʘʥʩʧʦʨ-
ʪʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʦʩʪʦʡʯʠʚʦʩʪʴ ʩʫʜʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚʦʜʥʳʡ ʙʘʣʣʘʩʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʝʨʴʝʟʥʫʶ ʧʨʦʙʣʝʤʫ 
ʠ ʫʛʨʦʟʫ ʜʣʷ ʧʨʠʨʦʜʳ, ʟʜʦʨʦʚʴʷ ʣʶʜʝʡ ʠ ʵʢʦʥʦʤʠʢʠ. 

ʇʦ ʦʮʝʥʢʘʤ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʚʝʥʮʠʠ ʧʦ ʢʦʥʪʨʦʣʶ ʠ ʫʧʨʘʚʣʝʥʠʶ ʩʫʜʦʚʳʤʠ ʙʘʣʣʘʩʪʥʳʤʠ ʚʦ-
ʜʘʤʠ ʠ ʦʩʘʜʢʘʤʠ (Ballast water management, BWM) ʝʞʝʛʦʜʥʦ ʩʫʜʘ ʧʝʨʝʥʦʩʷʪ 10 ʤʠʣʣʠʘʨʜʦʚ ʪʦʥʥ ʙʘʣ-
ʣʘʩʪʥʳʭ ʚʦʜ, ʘ ʧʝʨʝʥʦʩʠʪʩʷ ʝʞʝʜʥʝʚʥʦ ʦʢʦʣʦ 7000 ʚʠʜʦʚ.  ʇʨʠ ʵʪʦʤ ʛʠʜʨʦʙʠʦʥʪʳ ʥʝ ʪʦʣʴʢʦ ʚʳʞʠʚʘʶʪ 
ʚ ʙʘʣʣʘʩʪʥʳʭ ʚʦʜʘʭ, ʥʦ ʠ ʫʩʧʝʰʥʦ ʘʜʘʧʪʠʨʫʶʪʩʷ ʢ ʥʦʚʳʤ ʫʩʣʦʚʠʷʤ ʚ ʧʦʨʪʘʭ ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʘʢʚʘʪʦʨʠ-
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ʷʭ ʧʨʠ ʩʙʨʦʩʝ ʙʘʣʣʘʩʪʘ. ɸʢʢʣʠʤʘʪʠʟʘʮʠʷ ʚʠʜʦʚ ʚ ʥʦʚʳʭ ʜʣʷ ʥʠʭ ʵʢʦʩʠʩʪʝʤʘʭ ʯʘʱʝ ʚʩʝʛʦ ʤʦʞʝʪ ʧʨʠʚʝ-
ʩʪʠ ʢ ʧʝʨʝʩʪʨʦʡʢʝ ʚʠʜʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʦʙʱʝʩʪʚ, ʚʳʪʝʩʥʝʥʠʶ ʘʙʦʨʠʛʝʥʥʳʭ ʚʠʜʦʚ ʚʩʣʝʜʩʪʚʠʝ ʭʠʱʥʠ-
ʯʝʩʪʚʘ ʠʣʠ ʢʦʥʢʫʨʝʥʮʠʠ ʟʘ ʨʝʩʫʨʩʳ, ʛʠʙʨʠʜʠʟʘʮʠʠ, ʧʝʨʝʥʦʩʫ ʠʥʬʝʢʮʠʦʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʢ ʢʦʪʦʨʳʤ 
ʚʠʜʳ-ʘʙʦʨʠʛʝʥʳ ʥʝ ʫʩʪʦʡʯʠʚʳ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʥʠʞʝʥʠʶ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʵʢʦʩʠ-
ʩʪʝʤ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʧʨʷʤʦʡ ʫʱʝʨʙ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʚ ʧʨʠ-
ʙʨʝʞʥʳʭ ʟʦʥʘʭ. 

ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠʥʚʘʟʠʡ ʩʦʛʣʘʩʥʦ ʂʦʥʚʝʥʮʠʠ ʧʦ ʢʦʥʪʨʦʣʶ ʠ ʫʧʨʘʚʣʝʥʠʶ ʩʫʜʦʚʳʤʠ ʙʘʣ-
ʣʘʩʪʥʳʤʠ ʚʦʜʘʤʠ ʩʪʨʘʥʘʤʠ-ʫʯʘʩʪʥʠʢʘʤʠ ʙʳʣʠ ʫʪʚʝʨʞʜʝʥʳ ʠ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦ-
ʛʠʠ ʦʯʠʩʪʢʠ, ʦʙʨʘʙʦʪʢʠ ʙʘʣʣʘʩʪʥʳʭ ʚʦʜ [1]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʦʯʠʩʪʢʠ ʙʘʣʣʘʩʪʥʳʭ ʚʦʜ ʧʦʟʚʦʣʷʶʪ ʩʫʜʘʤ ʧʦʣʫʯʠʪʴ ʨʘʟʨʝʰʝʥʠʝ ʥʘ ʠʭ 
ʩʙʨʦʩ ʚ ʧʦʨʪʦʚʳʭ ʟʦʥʘʭ. ɸʥʘʣʠʟ ʠ ʩʨʘʚʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʦʯʠʩʪʢʠ ʩʦʚʨʝʤʝʥʥʳʭ ʩʫʜʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʧʦʟ-
ʚʦʣʠʪ ʜʘʪʴ ʦʮʝʥʢʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʚʳʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʆʯʠʩʪʢʘ ʞʠʜʢʦʛʦ ʙʘʣʣʘʩʪʘ ʧʨʝ-
ʠʤʫʱʝʩʪʚʝʥʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ ʩ ʫʯʝʪʦʤ ʨʘʟʤʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʨʛʘʥʠʟʤʦʚ ʠ 
ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ (ʧʝʩʢʘ, ʢʘʤʥʝʡ ʠ ʜʨ.). ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʦʯʠʩʪʢʠ ʙʘʣʣʘʩʪʥʳʭ ʚʦʜ 
ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
ʉʡʪ. 1. ʈʩʡʦʯʡʨʡʙʤʵʦʙʸ ʪʮʞʥʙ ʪʡʪʫʞʥʴ ʧʰʡʪʫʣʡ ʚʙʤʤʙʪʫʦʴʮ ʛʧʝ ʦʙ ʨʩʡʥʞʩʞ ʪʡʪʫʞʥʴ 

GloEn-PatrolTM Ballast 
 
ʎʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝ ï ʤʝʪʦʜ, ʧʨʠʤʝʥʷʝʤʳʡ ʣʠʰʴ ʚ ʥʝʩʢʦʣʴʢʠʭ ʩʠʩʪʝʤʘʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʯʠʩʪ-

ʢʠ ʙʘʣʣʘʩʪʘ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʪʜʝʣʝʥʠʠ ʚʦʜʳ ʦʪ ʢʨʫʧʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʯʘʩʪʠʮ. ɻʠʜʨʦʮʠʢʣʦʥʳ, ʤʫʣʴʪʠ-
ʮʠʢʣʦʥʳ ʠ ʮʝʥʪʨʦʙʝʞʥʳʝ ʩʝʧʘʨʘʪʦʨʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʫʩʪʘʥʦʚʢʘʭ Peraclean Ocean, Greenship Sedinox ʠ 
PureBallast System, ʛʜʝ ʧʦʜ ʜʝʠ↑ʩʪʚʠʝʤ ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘʢʨʫʪʢʠ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ ʚʟʚʝʰʝʥ-
ʥʳʝ ʯʘʩʪʠʮʳ, ʠʤʝʶʱʠʝ ʧʣʦʪʥʦʩʪʴ ʙʦʣʴʰʫʶ, ʯʝʤ ʚʦʜʘ ʚʳʪʝʩʥʷʶʪʩʷ ʢ ʩʪʝʥʢʝ ʠ ʚʜʦʣʴ ʥʝʝ ʧʦʜ 
ʜʝʠ↑ʩʪʚʠʝʤ ʩʠʣ ʪʷʞʝʩʪʠ ʦʩʘʞʜʘʶʪʩʷ ʠ ʦʪʚʦʜʷʪʩʷ ʯʝʨʝʟ ʨʘʟʛʨʫʟʦʯʥʦʝ ʦʪʚʝʨʩʪʠʝ. 

ʌʠʣʴʪʨʘʮʠʷ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʠ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʩʠʩʪʝʤʳ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʯʠʩʪ-
ʢʠ ʙʘʣʣʘʩʪʥʳʭ ʚʦʜ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʬʠʣʴʪʨʦʚ ʩ ʨʘʟʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʷʯʝʠ ʧʦʟʚʦʣʷʝʪ ʦʪʜʝʣʠʪʴ 
ʩʥʘʯʘʣʘ ʢʨʫʧʥʳʝ ʦʨʛʘʥʠʟʤʳ (ʥʝʢʪʦʥ, ʤʘʢʨʦʙʝʥʪʦʩ, ʟʦʦʧʣʘʥʢʪʦʥ ʠ ʪ.ʜ), ʟʘʪʝʤ ʙʦʣʝʝ ʤʝʣʢʠʝ (ʙʘʢʪʝʨʠʠ, 
ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ) ʜʦ 10 ʤʠʢʨʦʤʝʪʨʦʚ, ʥʝ ʜʦʧʫʩʢʘʷ ʠʭ ʟʘʢʫʧʦʨʠʚʘʥʠʷ. 

ʆʙʝʟʟʘʨʘʞʠʚʘʥʠʝ ï ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʫʩʪʘʥʦʚʦʢ ʟʘʚʝʨʰʘʶʱʠʡ ʵʪʘʧ ʦʯʠʩʪʢʠ ʚʦʜʳ, 
ʧʦʜʘʚʣʷʶʱʠʭ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʠ ʟʦʦʧʣʘʥʢʪʦʥʘ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ 
ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ ï ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʠ ʦʟʦʥʠʨʦʚʘʥʠʝ (ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʫʩʪʘʥʦʚʢʘʭ Special 
Pipe Ballast Water System, PureBallast System, Resource Ballast Technologies, GloEn-PatrolTM Ballast ʠ 
ʜʨ.). ʊʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʝ ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ, ʩʦʝʜʠʥʝʥʠʷʤʠ ʙʨʦʤʘ ʠ ʭʣʦʨʘ (ʫʩʪʘ-
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ʥʦʚʢʠ TG Ballastcleaner, Ecochlor, Blue Ocean Shield ʠ ʜʨ.), ʦʜʥʘʢʦ ʵʪʠ ʤʝʪʦʜʳ ʧʨʠʚʦʜʷʪ ʢ ʟʘʛʨʷʟʥʝʥʠʶ 
ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʠ ʩʙʨʦʩʝ ʙʘʣʣʘʩʪʘ, ʫʩʢʦʨʝʥʥʦʡ ʢʦʨʨʦʟʠʠ ʤʝʪʘʣʣʘ ʚ ʙʘʣʣʘʩʪʥʳʭ ʪʘʥʢʘʭ, ʘ ʪʘʢʞʝ 
ʫʚʝʣʠʯʝʥʠʶ ʨʠʩʢʘ ʜʣʷ ʟʜʦʨʦʚʴʷ ʵʢʠʧʘʞʘ ʩʫʜʥʘ [3, c. 193].  

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʚ ʫʩʪʘʥʦʚʢʘʭ ʧʦ ʦʯʠʩʪʢʝ ʞʠʜʢʦʛʦ ʙʘʣʣʘʩʪʘ ʠʩʧʦʣʴʟʫʶʪ ʠ ʜʨʫʛʠʝ ʪʝʭʥʦʣʦʛʠʠ. 
ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʵʣʝʢʪʨʦ-ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ (AEOP), ʠʩʧʦʣʴʟʫʝʤʳʡ 
ʚ ʩʠʩʪʝʤʝ ʦʯʠʩʪʢʠ OceanGuard Ballast Water Management System, ʜʣʷ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, 
ʚʠʨʫʩʦʚ, ʩʧʦʨ, ʮʠʩʪ ʦʜʥʦʢʣʝʪʦʯʥʳʭ ʧʘʨʘʟʠʪʦʚ ʠ ʣʠʯʠʥʦʢ ʚ ʚʦʜʝ ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝ-
ʨʠʘʣʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ (-ʆʅ), ʦʙʨʘʟʦʚʘʥʥʳʭ ʤʦ-
ʣʝʢʫʣʘʤʠ ʚʦʜʳ. ɻʠʜʨʦʢʩʦʛʨʫʧʧʳ (-OH) ʚʝʱʝʩʪʚ ʚ ʧʨʦʮʝʩʩʝ ʵʣʝʢʪʨʦ-ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ 
ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʤʠ ʠ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ 
ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʤʘʢʨʦʤʦʣʝʢʫʣʳ, ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʠ ʜʨʫʛʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʟʘʛʨʷʟʥʠʪʝʣʠ. ʂʦʥʝʯʥʳʤʠ ʧʨʦ-
ʜʫʢʪʘʤʠ ʨʝʘʢʮʠʠ ʷʚʣʷʶʪʩʷ CO2, H2O ʠ ʩʣʝʜʳ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʣʝʡ [4].   

ʉʣʝʜʫʶʱʠʤ ʥʝ ʤʝʥʝʝ ʧʦʧʫʣʷʨʥʳʤ ʤʝʪʦʜʦʤ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʣʠʟ, ʠʣʠ ʵʣʝʢʪʨʦʭʣʦʨʠʨʦʚʘʥʠʝ ʙʘʣ-
ʣʘʩʪʥʦʡ ʚʦʜʳ. ʇʨʦʮʝʩʩ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ ʚʦʜʳ ʦʩʥʦʚʘʥ ʥʘ ʪʦʤ, ʯʪʦ ʯʝʨʝʟ ʵʣʝʢʪʨʦʜʳ ʧʦʜʘʝʪʩʷ ʵʣʝʢʪʨʠ-
ʯʝʩʢʠʡ ʪʦʢ, ʧʨʠ ʵʪʦʤ ʝʛʦ ʧʨʦʭʦʞʜʝʥʠʝ ʯʝʨʝʟ ʦʙʨʘʙʘʪʳʚʘʝʤʫʶ ʚʦʜʫ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʷʜʦʤ ʵʣʝʢʪʨʦʭʠ-
ʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʚ ʚʦʜʝ ʦʙʨʘʟʫʶʪʩʷ ʥʦʚʳʝ ʚʝʱʝʩʪʚʘ: ʘʪʦʤʘʨʥʳʡ ʢʠʩʣʦʨʦʜ, ʧʝ-
ʨʝʢʠʩʴ ʚʦʜʦʨʦʜʘ, ʨʘʜʠʢʘʣʳ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʩʠʣʴʥʳʤʠ ʦʢʠʩʣʠʪʝʣʷʤʠ,  ʘ ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʦʙʨʘʙʘʪʳʚʘ-
ʝʤʦʡ ʚʦʜʝ  ʙʦʣʝʝ 20 ʤʛ\ʣ ʭʣʦʨʠʜʦʚ,  ʠʜʫʪ ʧʘʨʘʣʣʝʣʴʥʦ ʨʝʘʢʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʚʦʙʦʜʥʦʛʦ ʭʣʦʨʘ, ʜʠ-
ʦʢʩʠʜʘ ʭʣʦʨʘ, ʭʣʦʨʥʦʚʘʪʠʩʪʦʡ ʢʠʩʣʦʪʳ, ʩʧʦʩʦʙʥʳʭ ʦʙʝʟʟʘʨʘʟʠʪʴ ʚʦʜʫ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʩʪʘʪʦʯʥʦʛʦ ʭʣʦ-
ʨʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʘʥʠʪʘʨʥʳʤʠ ʥʦʨʤʘʤʠ. ʇʨʠ ʵʪʦʤ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʠʝ ʥʝʜʦʩʪʘʪʢʠ ʤʝʪʦʜʘ: 
ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʭʦʪʷ ʙʳ ʤʠʥʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʩʦʣʝʥʦʩʪʠ ʚʦʜʳ; ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʞʝʣʘʪʝʣʴ-
ʥʳʭ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʠʣʳ ʪʦʢʘ ʠ ʪʠʧʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʵʣʝʢʪʨʦʜʦʚ; ʧʦʯʪʠ ʚʩʝʛʜʘ 
ʪʨʝʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʩʪʘʜʠʷ ʥʝʡʪʨʘʣʠʟʘʮʠʠ; ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʭʣʦʨʘ ʫʩʠʣʠʚʘʝʪ ʢʦʨʨʦʟʠʶ [2]. 

ʊʘʢʞʝ ʠʟʚʝʩʪʥʦ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʠʢʠ ʢʦʘʛʫʣʷʮʠʠ, ʦʜʥʘʢʦ ʦʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʨʝʞʝ ʚ 
ʩʠʩʪʝʤʘʭ ʦʯʠʩʪʢʠ ʚʦʜ ʚ ʙʘʣʣʘʩʪʥʳʭ ʪʘʥʢʘʭ, ʪʘʢ ʢʘʢ ʵʬʬʝʢʪʠʚʥʘ ʣʠʰʴ ʧʨʠ ʦʯʠʱʝʥʠʠ ʚʦʜʳ ʦʪ ʚʟʚʝʰʝʥ-
ʥʳʭ ʠ ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ.  

ʂʦʘʛʫʣʷʥʪʳ ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʚ ʙʘʣʣʘʩʪʥʫʶ ʚʦʜʫ ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠʶ ʛʠʜʨʦʣʠʟʘ, ʦʙʨʘʟʦʚʳʚʘʷ ʤʘ-
ʣʦʨʘʩʪʚʦʨʠʤʳʝ ʛʠʜʨʦʢʩʠʜʳ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʚʳʧʘʜʘʶʪ ʚ ʦʩʘʜʦʢ ʚ ʚʠʜʝ ʭʣʦʧʴʝʚ. ʂʨʦʤʝ ʪʦʛʦ, ʵʬʬʝʢʪʠʚ-
ʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʢʦʘʛʫʣʷʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʨʝʞʠʤʦʤ (30-40 Áʉ), ʟʥʘʯʝʥʠʝʤ ʨʅ ʩʨʝʜʳ ʠ 
ʜʦʟʠʨʦʚʢʦʡ ʢʦʘʛʫʣʷʥʪʘ [5, c. 36]. ʆʙʨʘʟʫʶʱʠʡʩʷ ʦʩʘʜʦʢ ʚ ʩʣʝʜʩʪʚʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠ-
ʩʪʘʝʪ ʢ ʩʪʝʥʢʘʤ ʙʘʣʣʘʩʪʥʳʭ ʪʘʥʢʦʚ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʵʪʦʛʦ ʩʧʦʩʦʙʘ, ʪʘʢ ʢʘʢ ʫʜʘʣʠʪʴ 
ʵʪʦʪ ʦʩʘʜʦʢ ʚʝʩʴʤʘ ʪʨʫʜʥʦ [5, c. 29-31].  

ɺ ʟʘʢʣʶʯʝʥʠʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʮʝʩʩ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠʥʚʘʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʫʯʠʪʳʚʘʷ 
ʚʩʶ ʩʝʨʴʝʟʥʦʩʪʴ ʠʭ ʦʧʘʩʥʦʩʪʠ, ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʟʘʚʠʩʠʪ ʧʦʣʥʦʩʪʴʶ ʦʪ ʪʝʭʥʠʯʝʩʢʦʡ ʦʩʥʘʱʝʥʥʦʩʪʠ 
ʩʫʜʦʚ ʠ ʧʦʨʪʦʚ ʩʠʩʪʝʤʘʤʠ ʦʯʠʩʪʢʠ ʙʘʣʣʘʩʪʥʳʭ ʚʦʜ. ʇʨʠ ʵʪʦʤ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʤʝʥʷʪʴ ʢʦʤʧʣʝʢʩʥʫʶ 
ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʙʘʣʣʘʩʪʥʳʭ ʚʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʠʣʴʪʨʦʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ, ʭʠʤʠ-
ʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ ʚ ʜʦʧʫʩʪʠʤʳʭ ʜʦʟʠʨʦʚʢʘʭ, ʘ ʪʘʢʞʝ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠ ʦʟʦʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ.  

ʎʝʣʝʩʦʦʙʨʘʟʥʝʝ ʧʨʠʤʝʥʷʪʴ ʪʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʠʩʢʣʶʯʘʶʪ ʦʙʨʘʟʦʚʘʥʠʝ ʦʩʘʜʢʦʚ ʨʘʟʣʠʯʥʳʭ ʪʠ-
ʧʦʚ ʠ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʦʧʘʩʥʦʩʪʴ ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʘʢʚʘʪʦʨʠʡ. ʀʩʭʦʜʷ ʠʟ ʚʳʰʝ ʩʢʘ-
ʟʘʥʥʦʛʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳ ʠ ʙʝʟʦʧʘʩʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʩʫʜʦʚʳʝ ʫʩʪʘʥʦʚʢʠ ʦʯʠʩʪʢʠ ʙʘʣʣʘʩʪʥʳʭ ʚʦʜ 
PureBallast System (ʐʚʝʮʠʷ), Special Pipe Ballast Water System (ʗʧʦʥʠʷ), NK Ballast Water Treatment 
System (ʂʦʨʝʷ), Resource Ballast Technologies (ʖɸʈ), GloEn-PatrolTM Ballast (ʂʦʨʝʷ) ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ. 
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ɹʦʦʧʫʙʯʡʸ: ʋʛʣʝʨʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩʯʠʪʘʶʪʩʷ ʦʜʥʠʤ ʠʟ ʩʪʘʨʝʡʰʠʭ ʠ ʰʠʨʦʢʦ ʠʟʫʯʝʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 
ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʘʜʩʦʨʙʮʠʝʡ ʛʘʟʦʚ, ʥʘʢʦʧʣʝʥʠʝʤ ʵʥʝʨʛʠʠ ʠ ʦʯʠʩʪʢʦʡ ʩʪʦʯʥʳʭ ʚʦʜ ʜʣʷ ʫʜʘ-
ʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʝʥʠʡ. ʕʬʬʝʢʪʠʚʥʘʷ ʘʜʩʦʨʙʮʠʷ ʥʘ ʘʢʪʠʚʠʨʦʚʘʥʥʦʤ ʫʛʣʝ ʚ 
ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʪʝʢʩʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʩʥʦʚ-
ʥʦʛʦ ʢʘʨʢʘʩʘ. ʆʩʥʦʚʥʦʡ ʫʧʦʨ ʜʣʷ ʫʯʝʥʳʭ ʜʝʣʘʝʪʩʷ ʥʘ ʠʥʥʦʚʘʮʠʶ ʠʣʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʘʢ-
ʪʠʚʘʮʠʠ ʦʧʪʠʤʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʧʫʪʝʤ ʚʳʙʦʨʘ ʧʦʜʭʦʜʷʱʠʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʜʣʷ ʞʝʣʘʝʤʦʡ ʘʜʩʦʨʙ-
ʮʠʠ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʫʛʣʝʡ ʩ ʭʠʤʠʯʝʩʢʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʠʩʧʦʣʴʟʦ-
ʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ, ʚʢʣʶʯʘʷ ʢʠʩʣʦʪʥʫʶ ʦʙʨʘʙʦʪʢʫ, ʙʘʟʦʚʫʶ ʦʙʨʘʙʦʪʢʫ ʠ ʤʝʪʦʜʳ ʧʨʦʧʠʪʢʠ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʫʛʦʣʴ; ʤʦʜʠʬʠʢʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ; ʥʘʢʦʧʣʝʥʠʝ ʵʥʝʨʛʠʠ; ʯʠʩʪʘʷ 
ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ. 
 

MODERN PROGRESS IN THE FIELD OF SURFACE CHEMICAL MODIFICATION OF CARBON-
CONTAINING MATERIALS 
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Abstract: Carbon materials are considered one of the oldest and most widely studied areas of research 
related to gas adsorption, energy storage, and wastewater treatment for the removal of organic and inorganic 
contaminants. The effective adsorption on activated carbon largely depends on the chemical composition of 
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the surface and the textural features of the main frame. The main focus for scientists is on innovating or 
improving activation methods in an optimal way by selecting suitable precursors for the desired adsorption. 
Various approaches have been used to create activated carbons with chemically modified surfaces, including 
acid treatment, base treatment, and impregnation methods. 
Keywords: activated carbon; surface modification; energy storage; clean environment. 

 
ɸʢʪʠʚʠʨʦʚʘʥʥʳʡ ʫʛʦʣʴ (ɸʋ) ʦʙʳʯʥʦ ʦʪʥʦʩʠʪʩʷ ʢ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʤ ʤʘʪʝʨʠʘʣʘʤ, ʠʟʛʦʪʦʚʣʝʥʥʳʤ 

ʠʟ ʨʘʟʣʠʯʥʳʭ ʙʦʛʘʪʳʭ ʫʛʣʝʨʦʜʦʤ ʠʩʪʦʯʥʠʢʦʚ, ʪʘʢʠʭ ʢʘʢ ʜʨʝʚʝʩʠʥʘ, ʙʫʨʳʡ ʫʛʦʣʴ, ʫʛʦʣʴ ʠ ʩʢʦʨʣʫʧʘ ʢʦʢʦ-
ʩʦʚʳʭ ʦʨʝʭʦʚ [1]. ɸʋ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʠʟ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʫʪʝʤ ʧʨʦʮʝʩʩʘ ʢʘʨʙʦʥʠʟʘʮʠʠ. ɺʦ ʚʨʝʤʷ 
ʢʘʨʙʦʥʠʟʘʮʠʠ ʚʣʘʛʘ ʠ ʣʝʪʫʯʠʝ ʩʦʝʜʠʥʝʥʠʷ ʫʜʘʣʷʶʪʩʷ, ʦʩʪʘʚʣʷʷ ʧʦʩʣʝ ʩʝʙʷ ʦʙʫʛʣʠʚʘʥʠʝ. ʕʪʠ ʫʛʣʝʨʦ-
ʜʠʩʪʳʝ ʤʘʪʝʨʠʘʣʳ ʰʠʨʦʢʦ ʠʟʫʯʘʶʪʩʷ ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʝ ʘʜʩʦʨʙʝʥʪʳ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢ-
ʪʫʨʝ, ʚʳʩʦʢʦʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʙʦʛʘʱʝʥʥʦʡ ʭʠʤʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʚʳʩʦʢʦʨʝʘʢʪʠʚʥʳʤʠ ʧʦʚʝʨʭ-
ʥʦʩʪʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɻʝʪʝʨʦʘʪʦʤʥʦʝ ʣʝʛʠʨʦʚʘʥʠʝ ɸʋ ʚ ʢʘʯʝʩʪʚʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 
ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʧʨʘʢʪʠʢʦʡ. ʕʪʠ ʛʝʪʝʨʦʘʪʦʤʳ 
ʚʢʣʶʯʘʶʪ ʢʠʩʣʦʨʦʜ, ʚʦʜʦʨʦʜ, ʩʝʨʫ ʠ ʘʟʦʪ. ʈʘʩʩʤʘʪʨʠʚʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʘʜʩʦʨʙʝʥʪʘ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 
ʧʝʨʚʠʯʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ, ʢʦʪʦʨʳʝ, ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʭ ʚʤʝʩʪʝ, ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʫʜʘʣʝ-
ʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʢʘʨʙʦʢʩʠʣʴʥʳʝ, ʢʘʨʙʦʥʠʣʴʥʳʝ, 
ʬʝʥʦʣʴʥʳʝ, ʣʘʢʪʦʥʦʚʳʝ ʠ ʭʠʥʦʥʦʚʳʝ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʛʨʦʤʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʫʩʠʣʠʷ ʧʦʩʚʷʱʝʥʳ ʤʦʜʠʬʠʢʘʮʠʠ ʘʢʪʠʚʠʨʦʚʘʥ-
ʥʳʭ ʫʛʣʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʪʝʢʩʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʩ ʮʝʣʴʶ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʦʪʨʝʙʥʦ-
ʩʪʝʡ ʚ ʙʦʣʝʝ ʯʠʩʪʦʡ ʚʦʜʝ ʠ ʚʦʟʜʫʭʝ [2]. ɻʝʪʝʨʦʘʪʦʤʥʦʝ ʣʝʛʠʨʦʚʘʥʠʝ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʘʟʦʪʥʦʝ ʣʝʛʠʨʦʚʘʥʠʝ 
ʪʘʢʞʝ ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ, ʠ ʪʘʢʠʝ ʫʛʣʠ ʧʦʢʘʟʘʣʠ ʧʦʚʳʰʝʥʥʫʶ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʠ ʦʢʠʩʣʝʥʠʠ. 
ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʫʛʦʣʴ ʷʚʣʷʝʪʩʷ ʥʦʚʦʡ ʦʙʣʘʩʪʴʶ ʠʥʪʝʨʝʩʘ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ, 
ʪʦʯʥʳʝ ʤʝʭʘʥʠʟʤʳ ʘʜʩʦʨʙʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʝʥʥʳʭ ʚʝʱʝʩʪʚ ʚʩʝ ʝʱʝ ʥʝʷʩʥʳ. 
ʅʝʜʘʚʥʦ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʤʝʭʘʥʠʟʤ ˊḯ  ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʣʷ ʘʜʩʦʨʙʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ 
ʩʦʝʜʠʥʝʥʠʡ [3]. ʕʪʦʪ ʤʝʭʘʥʠʟʤ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʚʠʜʳ ʠ ʙʘʟʘʣʴʥʳʝ ʧʣʦʩʢʦʩʪʠ ʚ ʫʛʣʝʨʦʜʝ 
ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ˊ-ɻ ʣʝʢʪʨʦʥʘʤʠ ʚ ʢʘʞʜʦʡ ʩʠʩʪʝʤʝ.  

ʇʦʩʣʝʜʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʜʝʣʘʣʠ ʘʢʮʝʥʪ ʥʘ ʤʦʜʠʬʠʢʘʮʠʠ ʵʪʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, 
ʦʙʦʙʱʝʥʳ ʫʩʧʝʭʠ, ʜʦʩʪʠʛʥʫʪʳʝ ʟʘ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʚ ʦʙʣʘʩʪʠ ʩʠʥʪʝʟʘ ʧʦʚʝʨʭʥʦʩʪʥʦ-
ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʫʛʣʝʡ ʠ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʤʦʜʠʬʠʢʘʮʠʠ, ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʥʘʢʦʧ-
ʣʝʥʠʝ ʵʥʝʨʛʠʠ, ʘʜʩʦʨʙʮʠʶ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʠʟ ʛʘʟʦʦʙʨʘʟʥʦʡ ʠ ʞʠʜʢʦʡ ʬʘʟ.  

 
ʈʧʛʞʩʮʦʧʪʫʦʴʞ ʮʡʥʡʰʞʪʣʡʞ ʮʙʩʙʣʫʞʩʡʪʫʡʣʡ 
ʍʠʤʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʘ ʚ ʦʩʥʦʚʥʦʤ ʦʧʠʨʘʝʪʩʷ ʥʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ 

ʭʠʤʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩ ʨʘʟʤʝʱʝʥʠʝʤ ʛʝʪʝʨʦʘʪʦʤʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ɻʝʪʝʨʦʘʪʦʤʳ 
ʦʙʳʯʥʦ ʥʘʟʳʚʘʶʪ ʛʨʫʧʧʦʡ ʘʪʦʤʦʚ, ʦʪʣʠʯʥʳʭ ʦʪ ʫʛʣʝʨʦʜʘ, ʢʦʪʦʨʳʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʨʦʜʠʪʝʣʴʩʢʦʡ ʤʘʪʨʠ-
ʮʝ, ʥʘʧʨʠʤʝʨ, ʢʠʩʣʦʨʦʜ, ʘʟʦʪ, ʚʦʜʦʨʦʜ, ʩʝʨʘ ʠ ʬʦʩʬʦʨ. ʇʨʠʨʦʜʘ ʠ ʤʝʨʘ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʟʘʚʠʩʠʪ ʦʪ 
ʧʨʠʨʦʜʳ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʠʣʠ ʤʝʪʦʜʦʚ ʠʥʦʢʫʣʷʮʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʧʨʦʮʝʩʩʝ ʘʢʪʠʚʘʮʠʠ [4].  

ʂʠʩʣʦʪʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ. ɸʢʪʠʚʠʨʦʚʘʥʥʳʝ ʫʛʣʠ ʩ ʢʠʩʣʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʚ ʦʩʥʦʚʥʦʤ ʚʢʣʶʯʘʶʪ 
ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ. ʊʘʢʠʝ ʛʨʫʧʧʳ ʦʙʳʯʥʦ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʚʥʝʰʥʠʭ ʧʦ-
ʚʝʨʭʥʦʩʪʷʭ ʠʣʠ ʢʨʘʷʭ ʙʘʟʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʠ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʢʦʥʪʨʦʣʝ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʫʛ-
ʣʝʨʦʜʘ. ʆʙʰʠʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘ ʫʛʣʝʨʦʜʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʦʙʳʯʥʦ 
ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ, ʩʦʜʝʨʞʘʱʠʭ ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʘʨʙʦʥʦʚʳʝ, ʭʨʦʤʝʥʦʚʳʝ, 
ʣʘʢʪʦʥʥʳʝ, ʬʝʥʦʣʴʥʳʝ, ʭʠʥʦʥʦʚʳʝ, ʧʠʨʦʥʦʚʳʝ, ʢʘʨʙʦʥʠʣʴʥʳʝ ʠ ʧʨʦʩʪʳʝ ʵʬʠʨʳ. ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ 
ʛʨʫʧʧʳ ʩ ʢʘʨʙʦʥʦʚʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʦʙʳʯʥʦ ʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ ʢʠʩʣʦʪʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ [5]. ɼʨʫʛʠʝ ʧʦ-
ʚʝʨʭʥʦʩʪʥʳʝ ʢʠʩʣʦʪʥʳʝ ʛʨʫʧʧʳ ʚʢʣʶʯʘʶʪ ʢʘʨʙʦʥʦʚʳʝ ʘʥʛʠʜʨʠʜʳ, ʣʘʢʪʦʥʳ ʠ ʬʝʥʦʣʴʥʳʡ ʛʠʜʨʦʢʩʠʣ. 

ʆʩʥʦʚʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ. ɼʚʝ ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʦʩʥʦʚʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ 
ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʷ: (ɯ) ʜʝʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ˊ-ɻ ʣʝʢʪʨʦʥʳ ʧʣʘʚʣʝʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʠ (ɯɯ) ʦʩ-
ʥʦʚʥʳʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ (ʥʘʧʨʠʤʝʨ, ʦʙʦʛʘʱʝʥʥʳʝ ʘʟʦʪʦʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 
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ʛʨʫʧʧʳ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʚʷʟʳʚʘʪʴ ʧʨʦʪʦʥʳ [6]. ʆʙʰʠʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʩʥʦʚʥʦʩʪʴ 
ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʫʛʣʝʡ ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʨʝʟʦʥʠʨʫʶʱʠʭ ˊ-ɻ ʣʝʢʪʨʦʥʦʚ ʚ ʫʛʣʝʨʦʜʥʦʡ ʤʘʪʨʠʮʝ. ʏʪʦʙʳ ʫʪʦʯ-
ʥʠʪʴ, ˊ-ɻ ʣʝʢʪʨʦʥʳ ʚ ʫʛʣʝʨʦʜʥʳʭ ʩʣʦʷʭ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʩʘʡʪʦʚ ʃʴʶʠʩʘ. ʆʩʥʦʚʥʦʡ 
ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʭʘʨʘʢʪʝʨ ʜʚʫʭ ʩʝʨʠʡ ʫʛʣʝʨʦʜʦʚ ʠ ʜʦʢʘʟʘʣʠ, ʯʪʦ ʙʝʩʢʠʩʣʦʨʦʜʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʧʦʚʝʨʭʥʦ-
ʩʪʠ ʤʦʛʫʪ ʵʬʬʝʢʪʠʚʥʦ ʘʜʩʦʨʙʠʨʦʚʘʪʴ ʧʨʦʪʦʥʳ ʠʟ ʚʦʜʥʳʭ ʩʨʝʜ. ʆʪʣʠʯʥʳʝ ʘʜʩʦʨʙʮʠʦʥʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ 
ʧʨʠʧʠʩʳʚʘʶʪʩʷ ʫʯʘʩʪʢʘʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʚ ʙʦʛʘʪʳʭ ˊ-ɻ ʣʝʢʪʨʦʥʘʤʠ ʦʙʣʘʩʪʷʭ ʙʘʟʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʫʛ-
ʣʝʨʦʜʥʳʭ ʢʨʠʩʪʘʣʣʠʪʦʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʪʠ ʦʙʣʘʩʪʠ ʦʙʣʘʜʘʶʪ ʙʘʟʦʚʳʤ ʭʘʨʘʢʪʝʨʦʤ ʃʴʶʠʩʘ [7]. ʊʦʯʥʦ 
ʪʘʢ ʞʝ ʭʠʤʠʯʝʩʢʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʦʙʦʛʘʱʝʥʥʳʭ ʘʟʦʪʦʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ 
ʧʦʚʝʨʭʥʦʩʪʴ ʫʛʣʝʨʦʜʘ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʘʜʩʦʨʙʮʠʠ CO2 ʠʟ ʘʪʤʦʩʬʝʨʳ.  

 
ʈʧʛʞʩʮʦʧʪʫʦʙʸ ʮʡʥʡʰʞʪʣʙʸ ʥʧʝʡʭʡʣʙʯʡʸ ʙʣʫʡʛʡʩʧʛʙʦʦʴʮ ʬʜʤʞʢ 
ɸʢʪʠʚʠʨʦʚʘʥʥʳʝ ʫʛʣʠ ʦʙʣʘʜʘʶʪ ʪʨʝʤʷ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʭʠʤʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ (ʢʠʩʣʦʡ, ʦʩ-

ʥʦʚʥʦʡ ʠ ʥʝʡʪʨʘʣʴʥʦʡ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʬʫʥʢʮʠʡ. ʕʪʠ ʭʠʤʠʯʝʩʢʠʝ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʛʫʪ ʙʳʪʴ ʠʟʤʝʥʝʥʳ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ; ʵʪʦ 
ʙʫʜʝʪ ʦʙʲʷʩʥʝʥʦ ʚ ʵʪʦʤ ʨʘʟʜʝʣʝ. ɺ ʪʘʙʣʠʮʝ 1 ʦʙʦʙʱʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ 
ʤʦʜʠʬʠʢʘʮʠʶ ʫʛʣʝʨʦʜʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʞʝʣʘʝʤʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʜʣʷ 
ʫʣʫʯʰʝʥʠʷ ʧʦʛʣʦʱʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. 

 
ʋʙʚʤʡʯʙ 1 

ʁʪʪʤʞʝʧʛʙʦʡʸ ʨʧ ʥʧʝʡʭʡʣʙʯʡʡ ʬʜʤʞʩʧʝʦʴʮ ʨʧʛʞʩʮʦʧʪʫʞʢ ʝʤʸ ʪʧʠʝʙʦʡʸ 
ʪʨʞʯʡʭʡʰʞʪʣʡʮ ʨʧʛʞʩʮʦʧʪʫʦʴʮ ʭʬʦʣʯʡʧʦʙʤʵʦʴʮ ʛʧʠʥʧʟʦʧʪʫʞʢ ʝʤʸ ʬʪʡʤʞʦʦʧʜʧ 

ʬʝʙʤʞʦʡʸ ʥʞʫʙʤʤʡʰʞʪʣʡʮ ʰʙʪʫʡʯ 
ʀʩʧʦʣʴʟʫʝʤʳʝ ʤʝʪʦʜʳ ʇʨʠʨʦʜʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 

ʀʥʜʫʮʠʨʦʚʘʥʥʳʝ ʛʨʫʧʧʳ 
ʇʨʠʣʦʞʝʥʠʷ 

ʆʢʠʩʣʝʥʠʝ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ ʩʣʘʙʦʢʠʩʣʳʝ ʠ ʥʝʢʠʩʣʳʝ ʋʜʘʣʝʥʠʝ Cr(III) ʠ Cr(IV) 

ʆʢʠʩʣʝʥʠʝ ʘʟʦʪʥʦʡ ʠ 
ʬʪʦʨʠʩʪʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʦʡ 

ʩʣʘʙʦʢʠʩʣʳʡ ʋʜʘʣʝʥʠʝ Cu2+ 

ʆʢʠʩʣʝʥʠʝ ʧʝʨʩʫʣʴʬʘʪʦʤ ʘʤʤʦʥʠʷ ʠ 
ʨʘʩʪʚʦʨʦʤ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ 

ʩʣʘʙʦʢʠʩʣʳʡ ʋʜʘʣʝʥʠʝ Zn2+ 

ʆʙʨʘʙʦʪʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Nʘ2S ʩʣʘʙʦʢʠʩʣʳʡ ʋʜʘʣʝʥʠʝ Pb2+ 

ʊʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʚ H2S ʥʘ ʦʩʥʦʚʝ ʩʝʨʳ ʋʜʘʣʝʥʠʝ  ʨʪʫʪʴʶ  (HgCl2 ) 

ʆʢʠʩʣʝʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʟʦʪʥʦʡ 
ʢʠʩʣʦʪʳ, ʧʝʨʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ 

ʩʣʘʙʦʢʠʩʣʳʡ ʋʜʘʣʝʥʠʝ Cu2+ 

ʆʢʠʩʣʝʥʠʝ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ ʩʣʘʙʦʢʠʩʣʳʡ ʋʜʘʣʝʥʠʝ Cd2+ 

 
ʇʚʩʙʚʧʫʣʙ ʣʡʪʤʧʫʙʥʡ 
ɼʣʷ ʧʦʜʢʠʩʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʷ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʳʯʥʦ ʦʢʠʩʣʷʝʪʩʷ, ʧʦʩʢʦʣʴʢʫ 

ʦʥʘ ʫʩʠʣʠʚʘʝʪ ʢʠʩʣʦʪʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʛʠʜʨʦʬʠʣʴʥʫʶ ʧʨʠʨʦʜʫ ʧʦʚʝʨʭʥʦʩʪʠ ʫʛʣʝʨʦʜʘ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ 
ʩʦʜʝʨʞʘʥʠʷ ʤʠʥʝʨʘʣʦʚ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʟʦʪʥʘʷ ʢʠʩʣʦʪʘ, ʩʝʨʥʘʷ ʢʠʩʣʦʪʘ  ʠ ʬʦʩ-
ʬʦʨʥʘʷ ʢʠʩʣʦʪʘ [6]. ɺ ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʫʛʣʝʨʦʜʘ ʦʙʨʘʟʫʶʪʩʷ ʦʙʦʛʘʱʝʥʥʳʝ ʢʠʩʣʦʨʦ-
ʜʦʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ, ʚʢʣʶʯʘʷ ʢʘʨʙʦʥʦʚʳʝ, ʣʘʢʪʦʥʦʚʳʝ ʠ ʬʝʥʦʣʴʥʳʝ ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ. ɺ 
ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʝʡ ʧʨʠ ʛʘʟʦʬʘʟʥʦʤ ʦʢʠʩʣʝʥʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ, ʢʠʩʣʦʨʦʜ, ʧʘʨ ʠ ʚʦʟʜʫʭ. 
ʆʢʠʩʣʝʥʠʝ ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʠʣʴʥʳʭ ʢʠʩʣʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, 
ʪʦʛʜʘ ʢʘʢ ʧʦʚʳʰʝʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʪʚʝʪʩʪʚʝʥʥʘ ʟʘ ʦʙʨʘʟʦʚʘʥʠʝ ʩʣʘʙʳʭ ʢʠʩʣʳʭ ʛʨʫʧʧ. ɾʠʜʢʦʬʘʟʥʦʝ 
ʦʢʠʩʣʝʥʠʝ ʧʦʪʨʝʙʣʷʝʪ ʤʝʥʴʰʝ ʵʥʝʨʛʠʠ, ʪʘʢ ʢʘʢ ʦʢʠʩʣʝʥʠʝ ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 
ʙʦʣʝʝ ʚʳʩʦʢʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʢʠʩʣʦʨʦʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʘʟʦʬʘʟʥʳʤ ʦʢʠʩʣʝʥʠʝʤ. ʉ 
ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʵʪʠ ʢʠʩʣʦʪʥʳʝ ʛʨʫʧʧʳ (ʪʦ ʝʩʪʴ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ 
ʚ ʢʘʯʝʩʪʚʝ ʜʦʥʦʨʦʚ ʧʨʦʪʦʥʦʚ) ʥʘ ʫʛʣʝʨʦʜʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʘʜʩʦʨ-
ʙʝʥʪʦʚ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠʟ ʚʦʜʥʳʭ ʩʨʝʜ ʧʫʪʝʤ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʤʝʞʜʫ ʠʦʥʘʤʠ 
ʤʝʪʘʣʣʦʚ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʤʠ ʢʠʩʣʦʪʥʳʤʠ ʛʨʫʧʧʘʤʠ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 
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XVII ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʨʘʙʦʪʳ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʫʛʣʝʨʦʜʘ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʢʠʩʣʳʭ ʛʨʫʧʧ ʜʣʷ 
ʫʩʠʣʝʥʠʷ ʫʜʘʣʝʥʠʷ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ (ʪʘʙʣ. 2). 
ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʩ ʤʝʪʘʣʣʘʤʠ ʦʩʥʦʚʥʦʡ ʛʨʫʧʧʳ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ῼ ὅὕὕὌP ὅὕὕὓ ὲὌ 
 

ʋʙʚʤʡʯʙ 2 
ʃʡʪʤʧʫʙ ʧʚʩʙʚʙʫʴʛʙʤʙ ʬʜʤʡ ʛ ʣʙʰʞʪʫʛʞ ʚʡʧʪʧʩʚʞʦʫʧʛ 

ʇʨʦʙʘ ʇʨʠʤʝʥʝʥʠʝ ʚ ʢʠʩʣʦʪʘʭ ɺʠʜʳ ɹʠʦʩʦʨʙʠʨʫʶʪʩʷ 

ɺʦʜʥʳʭ ʩʦʨʥʷʢʦʚ H2SO4 Cr(III), Cr(VI) 

ʉʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʦʪʭʦʜʳ H3PO4, H2O2 Cd 

ʊʚʝʨʜʳʡ ʦʩʪʘʪʦʢ ʦʣʠʚʢʦʚʦʡ 
ʤʝʣʴʥʠʮʳ 

HCl ʌʝʥʦʣ 

ɸʢʪʠʚʠʨʦʚʘʥʥʳʡ ʫʛʦʣʴ ʢʦʢʦʩʦʚʦʡ 
ʩʢʦʨʣʫʧʳ 

H3PO4 Zn(II) 

ʈʠʩʦʚʳʝ ʦʪʨʫʙʠ HNO3 Cd(II), Cu(II), Pb(II), Zn(II) 

ʆʣʠʚʢʦʚʳʡ ʢʦʩʪʦʯʝʢ H2SO4, HNO3 Pb(II) 

 
ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʧʫʪʝʤ ʢʘʪʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʤʝʞʜʫ ʢʘʪʠʦʥʦʤ ʤʝʪʘʣʣʘ ʠ ʠʦʥʦʤ ʚʦʜʦʨʦʜʘ, 

ʧʨʠʩʦʝʜʠʥʝʥʥʳʤ ʢ ʢʘʨʙʦʥʦʚʦʡ ʛʨʫʧʧʝ. ʇʦʤʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʣʴʥʳʭ ʢʠʩʣʦʪ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʝʡ, 
ʪʘʢʠʭ ʢʘʢ ʘʟʦʪʥʘʷ ʢʠʩʣʦʪʘ ʠ ʩʝʨʥʘʷ ʢʠʩʣʦʪʘ, ʜʨʫʛʠʝ ʭʠʤʠʯʝʩʢʠʝ ʦʢʠʩʣʠʪʝʣʠ, ʪʘʢʠʝ ʢʘʢ ʧʝʨʝʢʠʩʴ 
ʚʦʜʦʨʦʜʘ, ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ ʠ ʢʠʩʣʦʨʦʜ, ʪʘʢʞʝ ʤʦʛʫʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʢʠʩʣʦʪʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ. 
ʆʙʨʘʙʦʪʢʘ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ ʫʤʝʥʴʰʘʝʪ ʫʜʝʣʴʥʫʶ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʙʱʠʡ ʦʙʲʝʤ ʧʦʨ ʥʘ 9,2% ʠ 
8,8% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʛʜʝ ʧʦʨʳ ʙʣʦʢʠʨʫʶʪʩʷ ʚʥʦʚʴ ʦʙʨʘʟʫʶʱʠʤʠʩʷ ʛʨʫʧʧʘʤʠ ʢʠʩʣʦʨʦʜʘ. ʆʜʥʠʤ ʠʟ 
ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʠʩʣʦʨʦʜʥʦʡ ʧʣʘʟʤʳ [7]. ʆʙʱʝʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʘʟʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʢʠʩʣʷʶʱʠʝ ʯʘʩʪʠʮʳ ʥʝ ʧʨʦʥʠʢʘʶʪ ʚʥʫʪʨʴ 
ʫʛʣʝʨʦʜʘ. ɺʳʩʦʢʦʨʝʘʢʪʠʚʥʳʝ ʤʦʥʦʢʠʩʣʦʨʦʜʥʳʝ ʨʘʜʠʢʘʣʳ ʪʨʘʚʷʪ ʧʦʚʝʨʭʥʦʩʪʴ ʫʛʣʝʨʦʜʘ,ʥʝ ʨʘʟʨʫʰʘʷ 
ʤʠʢʨʦʧʦʨʠʩʪʦʩʪʴ. ʍʠʤʠʯʝʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʛʨʫʧʧʳ, ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʢʠʩʣʦʨʦʜʥʦʡ ʧʣʘʟʤʦʡ, 
ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʪʝ, ʢʦʪʦʨʳʝ ʛʝʥʝʨʠʨʫʶʪʩʷ ʦʙʨʘʙʦʪʢʘʤʠ ʚ ʚʦʜʥʳʭ 
ʩʨʝʜʘʭ (NH4)2S2O8 ʠ H2O2, ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʚʥʝʰʥʝʡ ʠ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʷʭ. ʇʨʠ ʦʢʠʩʣʝʥʠʠ 
ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʷ ʵʪʦʡ ʧʣʘʟʤʦʡ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʜʩʦʨʙʮʠʷ Fe2+ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʫʣʫʯʰʠʣʘʩʴ ʚ 
3,8 ʨʘʟʘ. ʆʜʥʘʢʦ ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʫʤʝʥʴʰʠʣʘʩʴ ʥʘ ʮʝʣʳʭ 22,5% ʠʟ-ʟʘ ʨʘʟʨʫʰʝʥʠʷ ʩʪʝʥʦʢ ʧʦʨ 
ʧʫʪʝʤ ʛʘʟʠʬʠʢʘʮʠʠ ʫʛʣʝʨʦʜʘ ʠ ʟʘʢʫʧʦʨʢʠ ʧʦʨ.  

 
ɻʴʛʧʝ 
ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʤʝʪʦʜʘʭ ʤʦʜʠʬʠʢʘʮʠʠ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ 

ʫʛʣʷ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʚʦʜʝ ʠ 
ʚʦʟʜʫʭʝ. ʈʘʟʣʠʯʥʳʝ ʘʢʪʠʚʠʨʫʶʱʠʝ ʘʛʝʥʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʠʥʜʫʮʠʨʦʚʘʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ 
ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ. ʆʙʳʯʥʦ, ʧʦʛʣʦʱʝʥʠʝ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʠʟ ʚʦʜʥʦʡ ʩʨʝʜʳ ʪʨʝʙʫʝʪ 
ʢʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʠʥʜʫʮʠʨʦʚʘʥʠʝ ʦʩʥʦʚʥʦʩʪʠ ʥʘʩʪʦʷʪʝʣʴʥʦ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ 
ʫʜʘʣʝʥʠʷ ʘʥʠʦʥʥʳʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʦʨʛʘʥʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʠ CO2 ʠʟ ʚʦʟʜʫʭʘ. ʀʟʫʯʠʚ ʚʩʝ 
ʚʦʟʤʦʞʥʳʝ ʤʝʪʦʜʳ ʤʦʜʠʬʠʢʘʮʠʠ, ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ, ʯʪʦ ʢʠʩʣʦʪʥʘʷ ʦʙʨʘʙʦʪʢʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʷʚʣʷʝʪʩʷ 
ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʤ ʠ ʠʩʧʦʣʴʟʫʝʤʳʤ ʤʝʪʦʜʦʤ, ʚʦʟʤʦʞʥʦ, ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʧʨʦʩʪʦʪʝ, ʣʝʛʢʦʩʪʠ 
ʧʨʠʤʝʥʝʥʠʷ, ʥʘʣʠʯʠʶ ʤʥʦʛʠʭ ʦʢʠʩʣʠʪʝʣʝʡ ʠ ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ʦʢʠʩʣʝʥʠʷ, ʢʦʪʦʨʳʡ 
ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʪʝʯʝʥʠʝ ʤʥʦʛʠʭ ʣʝʪ.  
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ǲǣǩ 54.74 
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ʤʝʪʘʥʦʣʘ ʚ ʤʝʞʩʣʦʡʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʢʘʦʣʠʥʠʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʝʜʠʥʝʥʠʷ ʢʘʦʣʠʥʠʪ/ʤʝʪʘʥʦʣ ʚ 
ʢʘʯʝʩʪʚʝ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʉʦʝʜʠʥʝʥʠʝ ʢʘʦʣʠʥʠʪ/ʤʝʪʘʥʦʣ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʤʝʪʦʜʦʤ ʚʳʪʝʩʥʝ-
ʥʠʷ ʛʦʩʪʝʤ ʢʦʤʧʣʝʢʩʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʠʥʪʝʨʢʘʣʷʮʠʠ ʢʘʦʣʠʥʠʪ/N-ʤʝʪʠʣʬʦʨʤʘʤʠʜ ʩ ʤʝʪʘʥʦʣʦʤ. 
ʉʪʨʫʢʪʫʨʥʳʝ, ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠ ʪʝʨʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʠʙʨʠʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʚʠʜʦʚ 
ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʮʠʠ, ʠʥʬʨʘʢʨʘʩʥʦʛʦ 
ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ, ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʠʟʤʝʨʝʥʠʷ 
ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʂʘʦʣʠʥʠʪ, ʢʦʚʘʣʝʥʪʥʘʷ ʧʨʠʚʠʚʢʘ, ʛʠʙʨʠʜʥʳʡ ʦʨʛʘʥʦ-ʛʣʠʥʠʩʪʳʡ ʤʘʪʝʨʠʘʣ, ʧʠʨʠʜʠʥ-
2-ʤʝʪʘʥʦʣ. 
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ʂʘʦʣʠʥʠʪ ʫʜʝʨʞʠʚʘʝʪ ʦʨʛʘʥʠʯʝʩʢʠʝ ʤʦʣʝʢʫʣʳ ʤʝʞʜʫ ʩʚʦʠʤʠ ʩʣʦʷʤʠ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝ-
ʨʠʘʣʘ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʦʩʦʙʦʡ ʩʙʦʨʢʝ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʩʣʦʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ ʪʠʧʘ 1:1 ʩ ʦʩʥʦʚʥʳʤ 
ʙʣʦʢʦʤ, ʩʦʩʪʦʷʱʠʤ ʠʟ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʛʦ ʣʠʩʪʘ SiO4 ʠ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʣʠʩʪʘ AlO2(OH)4 ʠ ʩʣʦʞʝʥʥʳʭ 
ʩʣʦʝʚ, ʩʚʷʟʘʥʥʳʭ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʤ ʧʨʠʪʷʞʝʥʠʝʤ ʠ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ. ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦ-
ʚʘʥʠʠ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʦʤʘʥʘ ʛʠʙʨʠʜʥʳʭ ʦʨʛʘʥʦ-ʛʣʠʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘ-
ʣʘ, ʢʦʪʦʨʳʡ ʙʳʣ ʧʦʜʛʦʪʦʚʣʝʥ ʧʨʠʚʠʚʢʠ ʧʠʨʠʜʠʥ-2-ʤʝʪʘʥʦʣ (PM) ʚ ʧʨʦʩʣʦʷʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʦʣʠʥʠʪ 
ʢʘʦʣʠʥʠʪïʤʝʪʘʥʦʣ (ʂïmetOH) ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ, ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʚ-
ʩʢʦʡ ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʮʠʠ (XRPD), ʠʥʬʨʘʢʨʘʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʌʫʨʴʝ (ʀʂ-
ʌʫʨʴʝ), ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷ-ʧʨʦʠʟʚʦʜʥʳʝ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ (ʪʛ-ɼʊɸ) ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʪʝʨʤʠʯʝʩʢʦʛʦ 
(ɼʊɸ) ʘʥʘʣʠʟʦʚ, ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʉʕʄ) ʠ ʧʣʦʱʘʜʴ ʠʟʤʝʨʝʥʠʷ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʳʭ ʠ ʧʨʠʚʠʪʳʭ ʚʠʜʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʘʦʣʠʥʠʪ (K, Sigma, 212 ʣʤ), N-
ʤʝʪʠʣʬʦʨʤʘʤʠʜ (NMF, Aldrich, 99,00%) ʠ ʧʠʨʠʜʠʥ-2-ʤʝʪʘʥʦʣ (Sigma, 98,00%). ʊʨʠ gʂ ʪʱʘʪʝʣʴʥʦ ʩʤʝʰʠʚʘ-
ʣʠ ʩ 40 ʤʣ NMF ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 4 ʜʥʝʡ. ʉʫʧʝʨʥʘʪʘʥʪ ʦʪʙʨʘʩʳʚʘʣʠ, ʘ ʦʩʘʜʦʢ ʧʨʦʤʳ-
ʚʘʣʠ ʵʪʘʥʦʣʦʤ. ʊʚʝʨʜʳʡ ʧʨʦʜʫʢʪ (ʂï NMF) ʩʫʰʠʣʠ ʧʨʠ 60 Á ʉ ʚ ʪʝʯʝʥʠʝ 1 ʩʫʪ ʠ ʧʨʦʩʝʠʚʘʣʠ ʜʦ 212 ʣʤ.  

ʈʝʥʪʛʝʥʦʛʨʘʤʤʳ ʙʳʣʠ ʚʟʷʪʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʜʠ-
ʬʨʘʢʪʦʤʝʪʨʝ Rigaku 2000 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Ni-ʬʠʣʴʪʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ CuKa (k = 1,54050 ɸ; 40 ʢɺ ʠ 
40 ʤɸ). ɿʘʢʦʥ ɹʨʵʛʛʘ, ʦʧʨʝʜʝʣʝʥʥʳʡ ʢʘʢ nk = 2dSinh, ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʢʨʠʩʪʘʣʣʦʛʨʘ-
ʬʠʯʝʩʢʦʛʦ ʨʘʩʩʪʦʷʥʠʷ (d) ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʢʘʦʣʠʥʠʪʘ. ʉʧʝʢʪʨʳ FTIR ʦʙʨʘʟʮʦʚ ʢʘʦʣʠʥʠʪʘ 
ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʘ V-ʩʧʝʢʪʨʦʤʝʪʨʝ Bruker Vertex 80, ʦʩʥʘʱʝʥʥʦʤ ʜʝʪʝʢʪʦʨʦʤ MCT/A, ʚ ʦʙʣʘʩʪʠ 4000-
400 ʩʤ1 ʩ ʨʘʟʨʝʰʝʥʠʝʤ 4 ʩʤ1 ʤʝʪʦʜʦʤ ʛʨʘʥʫʣ KBr. ʂʨʠʚʳʝ ʊɻ ʠ ɼʊɸ ʩʢʘʥʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʘʧʧʘʨʘʪʘ 
PYRIS Diamond TG/DTG ʚ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʦʟʜʫʰʥʦʡ ʘʪʤʦʩʬʝʨʝ (ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ: 10Áʉ ʤʠʥ1, ʧʣʘʪʠ-
ʥʦʚʳʝ ʪʠʛʣʠ, ʤʘʩʩʘ 10 ʤʛ ʠ ʜʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ 30-1000Á ʉ). 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʉʕʄ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʠʙʦʨʘ SEM A LEO EVO 40 VP.ʈʝʥʪʛʝʥʦʚʩʢʠʝ 
ʜʘʥʥʳʝ ʦʙʨʘʟʮʦʚ ʨʠʩʫʥʦʢ. ʅʘ ʨʠʩʫʥʦʢ 1 ʧʦʢʘʟʘʥʳ ʨʝʥʪʛʝʥʦʛʨʘʤʤʳ ʦʙʨʘʟʮʦʚ K, KïNMF, ʚʣʘʞʥʦʛʦ Kï
MetOH, ʩʫʭʦʛʦ KïMetOH ʠ KïPM. ɼʠʬʨʘʢʮʠʠ ʯʠʩʪʦʛʦ ʢʘʦʣʠʥʠʪʘ d001, d020, d1 10, d11 1, d1 1 1 ʠ d002 
ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ 12,32, 19,84, 20,32, 21,08, 21,44 ʠ 24,84(2h) ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ 7,18, 4,47, 4,37, 4,21, 4,14 
ʠ 3,58 ¡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 1ʘ). ʈʝʥʪʛʝʥʦʛʨʘʤʤʘ ʢʘʦʣʠʥʠʪʘ ʥʝ ʚʳʷʚʠʣʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ. 
ʅʦʚʳʡ ʧʠʢ ʧʦʷʚʣʷʝʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 10,67 ¡ ʧʨʠ 8,28(2h) (ʨʠʩ. 1ɹ) ʦʟʥʘʯʘʝʪ, ʯʪʦ ʤʦʣʝʢʫʣʳ ʥʘʪʫʨʘʣʴ-
ʥʦʛʦ ʫʚʣʘʞʥʷʶʱʝʛʦ ʬʘʢʪʦʨʘ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʩʪʘʚʣʝʥʥʫʶ ʚ ʢʘʦʣʠʥʠʪ ʤʠʥʝʨʘʣ ʧʦ ʩʦʛʣʘʩʦʚʘʥʠʶ ʩ 
ʧʨʝʜʳʜʫʱʠʤ ʣʠʪʝʨʘʪʫʨʘ. ɹʘʟʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʢʘʦʣʠʥʠʪʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 3,49 ¡ (ʩ 7,18 ʜʦ 10,67 ¡), 
ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʝ NMF-ʚʠʜʦʚ ʚ ʤʝʞʩʣʦʡʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʢʘʦʣʠʥʠʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʜʠ-
ʬʨʘʢʮʠʦʥʥʳʝ ʧʠʢʠ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʧʣʦʩʢʦʩʪʷʤ d001 ʠ d002 ʢʘʦʣʠʥʠʪʘ, ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ 12,40(2h) ʠ 
24,92(2h) ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ 7,13 ʠ 3,57 ¡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠc.1b). ɹʘʟʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʚʣʘʞʥʦʛʦ Kï 
MetOH ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʢʘʢ 11,1 ¡ (ʨʠʩ. 1ʩ), ʢʦʪʦʨʳʡ ʙʳʣ ʧʦʣʫʯʝʥ ʪʦʣʴʢʦ ʧʨʠ ʭʨʘʥʝʥʠʠ ʦʙʨʘʟʮʘ ʚʦ 
ʚʣʘʞʥʳʭ ʫʩʣʦʚʠʷʭ ʩ ʤʝʪʘʥʦʣʦʤ. ʇʦʩʣʝ ʩʫʰʢʠ ʟʥʘʯʝʥʠʝ d001 ʩʫʭʦʛʦ KïmetOH ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʢʘʢ 
8,69 ¡ ʧʨʠ 10,17(2h) (ʨʠʩ. 1d). ʇʨʷʤʦʝ ʚʚʝʜʝʥʠʝ ʤʦʣʝʢʫʣ PM ʚ ʤʝʞʩʣʦʡʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʢʘʦʣʠʥʠʪʘ ʥʝ 
ʙʳʣʦ ʫʩʧʝʰʥʳʤ, ʥʦ ʦʥʠ ʙʳʣʠ ʧʨʠʚʠʪʳ ʚ ʧʨʦʩʣʦʡʢʫ ʢʘʦʣʠʥʠʪʘ, ʢʦʛʜʘ ʚʣʘʞʥ Kï metOH ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ 
ʢʘʯʝʩʪʚʝ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. ɺʢʣʶʯʝʥʠʝ ʤʦʣʝʢʫʣ PM ʚ ʤʝʞʩʣʦʡʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ KïmetOH ʧʨʠ-
ʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ ʧʠʢʘ ʩ ʨʘʩʩʪʦʷʥʠʝʤ 13,57 ¡, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʦʡ ʜʠʬʨʘʢʮʠʦʥʥʦʡ 
ʧʣʦʩʢʦʩʪʠ ʧʨʠ 6,51(2h) (ʨʠʩ. 1e). ʀʩʯʝʟʥʦʚʝʥʠʝ ʦʪʨʘʞʝʥʠʡ metOH ʠ ʧʦʷʚʣʝʥʠʝ ʯʝʪʢʦ ʦʧʨʝʜʝʣʝʥʥʦʡ 
ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠ 6.51(2h) ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʚʠʜʳ metOH ʙʳʣʠ ʵʬʬʝʢʪʠʚʥʦ ʟʘʤʝʱʝʥʳ ʤʦʣʝʢʫʣʘʤʠ 
PM. ʈʘʩʰʠʨʝʥʠʝ ʥʘ 6,39 ¡ ʨʘʩʩʪʦʷʥʠʷ d001 ʢʘʦʣʠʥʠʪʘ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ KïPM ʧʦʜʪʚʝʨʜʠʣʦ, ʯʪʦ ʤʦʣʝ-
ʢʫʣʳ PM ʙʳʣʠ ʚʩʪʘʚʣʝʥʳ ʤʝʞʜʫ ʩʣʦʷʤʠ ʢʘʦʣʠʥʠʪʘ. ʕʪʦ ʫʚʝʣʠʯʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ ʠ ʨʘʩʧʦʣʦʞʝ-
ʥʠʷ ʛʦʩʪʝʚʦʡ ʤʦʣʝʢʫʣʳ. ʕʪʘ ʨʘʟʥʠʮʘ ʚ ʙʘʟʘʣʴʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʨʘʥʝʝ ʙʳʣʘ ʦʪʥʝʩʝʥʘ ʢ ʥʝʧʘʨʘʣʣʝʣʴʥʦʡ 
ʦʨʠʝʥʪʘʮʠʠ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ PM ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʦʷ ʭʦʟʷʠʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʢʦʣʴʢʫ ʤʦʣʝʢʫ-
ʣʷʨʥʳʡ ʨʘʟʤʝʨ PM (6 ¡) ʙʦʣʴʰʝ ʵʪʦʛʦ ʟʥʘʯʝʥʠʷ, ʪʦ ʚʠʜ PM ʜʦʣʞʝʥ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʞʩ-
ʣʦʡʥʦʡ ʧʣʦʩʢʦʩʪʠ ʚ ʤʦʥʦʩʣʦʡʥʦʤ ʚʳʨʘʚʥʠʚʘʥʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʧʠʢʠ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ 
ʧʣʦʩʢʦʩʪʷʤ d001 ʠ d002 ʢʘʦʣʠʥʠʪʘ, ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ 12,53(2h) ʠ 25,03(2h) ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ 7,06 ʠ 3,55 
¡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʦʧʨʝʜʝʣʝʥʥʘʷ ʯʘʩʪʴ ʯʠʩʪʦʛʦ ʢʘʦʣʠʥʠʪʘ ʦʩʪʘʣʘʩʴ ʧʦʩʣʝ ʧʨʦ-
ʮʝʩʩʘ ʧʨʠʚʠʚʢʠ. ʕʪʘ ʩʠʪʫʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʘ ʤʝʭʘʥʠʟʤʦʤ ʚʩʪʘʚʢʠ PM ʤʝʞʜʫ ʩʣʦʷʤʠ, ʢʦʪʦʨʳʡ 
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ʦʙʷʟʘʪʝʣʴʥʦ ʚʳʪʝʩʥʷʝʪ ʤʦʣʝʢʫʣ-rʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ ʠʟ ʤʝʞʩʣʦʡʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɺ ʙʦʣʴʰʝʡ ʯʘʩʪʠ 
ʧʨʦʩʣʦʡʢʠ ʨʘʥʝʝ ʩʫʱʝʩʪʚʦʚʘʚʰʠʝ ʤʦʣʝʢʫʣʳ-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ ʙʳʣʠ ʟʘʤʝʱʝʥʳ PM, ʚ ʟʥʘʯʠʪʝʣʴʥʦʤ 
ʯʠʩʣʝ ʤʝʞʩʣʦʡʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʤʦʣʝʢʫʣʳ-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ ʜʝʩʦʨʙʠʨʦʚʘʣʠʩʴ, ʥʦ ʙʝʟ ʟʘʤʝʥʳ ʥʘ PM 
(ʤʦʣʝʢʫʣʳ-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ ʤʦʛʫʪ ʧʦʢʠʜʘʪʴ ʤʝʞʩʣʦʡʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʙʳʩʪʨʝʝ, ʯʝʤ PM ʚʭʦʜʠʪ ʚ ʥʝ-
ʛʦ), ʪʦ ʝʩʪʴ ʩʣʦʠ ʩʥʦʚʘ ʩʪʘʥʦʚʠʣʠʩʴ ʥʝʢʘʣʠʨʦʚʘʥʥʳʤʠ (ʩʣʦʠ ʢʦʣʣʘʧʩʠʨʦʚʘʣʠ ʦʙʨʘʪʥʦ ʚ ʩʪʨʫʢʪʫʨʫ ʢʘʦ-
ʣʠʥʠʪʘ). ʀʥʪʝʥʩʠʚʥʦʩʪʠ ʵʪʠʭ ʧʠʢʦʚ, ʢʦʪʦʨʳʝ ʥʘʙʣʶʜʘʣʠʩʴ ʟʜʝʩʴ ʜʣʷ ʧʨʠʚʠʪʳʭ ʠ ʚʩʝʭ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥ-
ʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʫʤʝʥʴʰʘʣʠʩʴ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʥʪʝʨʢʘʣʷʮʠʠ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʠʥʪʝʨʢʘ-
ʣʷʮʠʠ (ʘ) ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʨʘʞʝʥʠʡ ʘ = 
[I(001)ʢʦʤʧʣʝʢʩ/(I(001)ʢʦʤʧʣʝʢʩ + I(001) ʢʘʦʣʠ-ʥʠʪ)] 100, ʛʜʝ I(001)ʢʦʤʧʣʝʢʩ ʠ I(001)ʢʘʦʣʠʥʠʪ ʧʨʝʜʩʪʘʚ-
ʣʷʶʪ ʙʘʟʘʣʴʥʫʶ ʧʠʢʦʚʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʤʧʣʝʢʩʘ ʠ ʥʝʨʘʩʰʠʨʝʥʥʦʛʦ (ʦʩʪʘʪʦʯʥʦʛʦ) ʢʦʤʧʦʥʝʥʪʘ ʢʘʦʣʠ-
ʥʠʪʘ ʚ ʢʦʤʧʣʝʢʩʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʠʥʪʝʨʢʘʣʷʮʠʠ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʜʘʥʥʳʤ XRPD ʜʣʷ 
KïNMF, ʩʫʭʠʭ ʚʠʜʦʚ KïmetOH ʠ KïPM, ʩʦʩʪʘʚʣʷʶʪ 93%, 70% ʠ 55% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʪʘʙʣʠʮʘ 1). 

 

 
ʉʡʪ. 1. ʃʙʩʫʡʦʴ XRPD (ʙ) ʃ (b) ʣðNMF, (c) ʛʤʙʟʦʧʢ KðmetOH, (d) ʪʬʮʧʢ ʣðmetOH, 

ʡ (e) ʃðPM ʪʧʞʝʡʦʞʦʡʢ 
 

ʋʙʚʤʡʯʙ 1 
d001 ʉʙʪʪʫʧʸʦʡʸ K, KðNMF, ʪʬʮʡʮ ʪʧʞʝʡʦʞʦʡʢ KðmetOH ʡ KðPM, ʠʦʙʰʞʦʡʸ ʥʞʟʪʤʧʢʦʧʜʧ ʩʙʪʱʡ-
ʩʞʦʡʸ (Dd) ʡ ʣʧʶʭʭʡʯʡʞʦʫʙ ʡʦʫʞʩʣʙʤʸʯʡʡ (a), ʧʨʩʞʝʞʤʞʦʦʴʞ ʨʧ ʝʙʦʦʴʥ ʩʞʦʫʜʞʦʧʛʪʣʧʜʧ ʡ ʫʞʩ-

ʥʡʰʞʪʣʧʜʧ ʙʦʙʤʡʠʙ 

ʆʙʨʘʟʝʮ d001 (¡) Ўd (¡) Ŭ ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ 
XRPD (%) 

Ŭ ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʪʝʨʤʠʯʝ-
ʩʢʦʛʦ ʘʥʘʣʠʟʘ (%) 

K 7.18 - - - 

K-NMF 10.67 3.49 93.0 80.0 

K-metOH 8.69 1.51 70.0 38.0ʧʨʠʚ. 

K-PM 13.57 6.39 55.0 24.0 ʧʨʠʚ.+ 16.0ʠʥʪ. 
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ɻʴʛʧʝ. ʆʩʣʘʙʣʝʥʠʝ ʧʠʢʦʚ ʨʘʩʪʷʞʝʥʠʷ ʠ ʜʝʬʦʨʤʘʮʠʠ ʚʥʫʪʨʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʛʠʜʨʦʢʩʠʣʦʚ ʢʘʦʣʠ-
ʥʠʪʘ ʧʨʠ 3696, 3667, 3650 ʩʤ1 ʠ 938 ʩʤ1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 
ʭʦʟʷʠʥïʛʦʩʪʴ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʢʘʦʣʠʥʠʪʘ ʠ PM. ʍʘʨʘʢʪʝʨʥʳʝ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʛʠʙʨʠʜʥʳʭ 
ʤʘʪʝʨʠʘʣʦʚ ʧʦʜʪʚʝʨʞʜʘʣʠʩʴ ʜʘʥʥʳʤʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʢʘʨʪʠ-
ʥʦʡ. ɼʘʥʥʳʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠʚʠʪʳʝ ʚʠʜʳ PM ʪʝʨʤʠʯʝʩʢʠ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳ, ʯʝʤ 
ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ ʚ ʤʝʞʩʣʦʡʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʢʘʦʣʠʥʠʪʘ. ʆʙʨʘʟʦʚʘʥʠʝ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ 
(AlïOïC) ʤʝʞʜʫ ʆʅ-ʛʨʫʧʧʦʡ ʤʦʣʝʢʫʣʳ PM ʠ ʚʥʫʪʨʠ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʛʠʜʨʦʢʩʠʣʘʤʠ ʢʘʦʣʠʥʠʪʘ ʷʚʣʷʝʪʩʷ 
ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʧʦʚʳʰʝʥʠʷ ʪʝʨʤʦʩʪʦʡʢʦʩʪʠ ʛʠʙʨʠʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɺʚʝʜʝʥʠʝ PM ʚ ʩʣʦʠ ʢʘʦʣʠʥʠʪʘ 
ʚʳʟʚʘʣʦ ʨʘʩʰʠʨʝʥʠʝ ʙʘʟʘʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʩ 7,18 ʜʦ 13,57 ɸ (ʫʚʝʣʠʯʝʥʠʝ ʥʘ 6,39 ɸ), ʠ ʥʘ ʦʩʥʦʚʝ ʵʪʦ-
ʛʦ ʨʘʩʰʠʨʝʥʠʷ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʤʦʣʝʢʫʣʳ PM ʤʦʛʫʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʚ ʚʠʜʝ ʤʦʥʦʩʣʦʷ.  

 
ʊʨʡʪʧʣ ʤʡʫʞʩʙʫʬʩʴ 

 
1. Moretti E., Storaro L., Chessa G., Talon A., Callone E., Mueller K.J.,Enrichi F., Lenarda M. J. Col-

loid Interface Sci. 5̄ (2012) P.112.  
2. Li Z., Bowman R.S., Water Res. 3̄5 (2001) P. 371.  
3. Komori Y., Sugahara Y., Kuroda K., Appl. Clay Sci. 1̄5 (1999) P. 241.  
4. Cabedo L., Gimenez E., Lagaron J.M., Gavara R. Polymer 4̄5 (2004) P. 233.  
5. Matusik J., Gawel A., Bahranowski K. Appl. Clay Sci. 5̄6 (2012) P.63. 
6. Bhattacharyya K.G., Gupta S.S. Adv.Colloid Interface Sci. 1̄40 (2008) P.114.  
7. Newman A.C.D., Brown G. in: A.C.D. Newman (Eds.), Chemistry of Clays and Clay Minerals, Min-

eralogical Society, London, 1987, P 11. 
8. Olejnik S., Posner A.M., Quirk J.P. Clays Clay Miner. ̄19 (1971) P.83. 
9. Adams J.M., Clays Clay Miner. 2̄6 (1978) P.169. 
10. Weiss A., Orth H., Naturforsch Z. 2̄8 (1973) P.252.  

  



32 ǰǭǡǯǤǫǤǬǬǟǾ Ǭǟǲǩǟ 

 

XVII ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

 
 
 

ǠǧǭǪǭǢǧǶǤǰǩǧǤ Ǭǟǲǩǧ 
  



ǰǭǡǯǤǫǤǬǬǟǾ Ǭǟǲǩǟ 33 

 

XVII International scientific conference | www.naukaip.ru 

ǲǣǩ 36/,7 &-2).001.11+502.72:58(-2) 

ǭǭǮǱ ǡ ǢǭǯǭǣǟǴ8 ǧǰǱǭǯǧǾ* ǱǤǭǯǧǾ* 
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ǥȒȉȍȁ ǟȌȃȏȄȈ ǽȏțȄȁȇȖ 
ʜʠʨʝʢʪʦʨ 

ɹʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʋʜʤʫʨʪʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ  
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ɹʦʦʧʫʙʯʡʸ: ʈʘʩʩʤʦʪʨʝʥʘ ʠʩʪʦʨʠʷ ʩʪʘʥʦʚʣʝʥʠʷ ʩʠʩʪʝʤʳ ʆʆʇʊ ʚ ʛʦʨʦʜʘʭ ʈʦʩʩʠʠ ʩ 1911ʛ. ʋʢʘʟʘʥʳ ʪʝʦ-
ʨʝʪʠʯʝʩʢʠʝ ʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʠʩʪʝʤʳ ʛʦʨʦʜʩʢʠʭ ʆʆʇʊ. 
ʋʢʘʟʘʥʳ ʥʘʧʨʘʚʣʝʥʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʆʆʇʊ ʚ ʛʦʨʦʜʘʭ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʆʆʇʊ, ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʡ ʣʘʥʜʰʘʬʪ, ʠʩʪʦʨʠʷ ʆʆʇʊ, ʧʘʤʷʪʥʠʢ ʧʨʠʨʦʜʳ, ʟʘʢʘʟʥʠʢ. 
 

PROTECTED AREAS IN CITIES: HISTORY, THEORY, PRACTICE 
 

Ilminskikh N. G., 
Zhukov A. Yu. 

 
Abstract: The history of the formation of the system of protected areas in Russian cities since 1911 is consid-
ered. The theoretical and methodological foundations of the activity on the formation of the system of urban 
protected areas are indicated. The directions of functioning of protected areas in cities are indicated. 
Key words: Protected areas, urban landscape, history of protected areas, nature monument, nature reserve. 

 
ʀʟʥʘʯʘʣʴʥʦʝ ʙʦʛʘʪʩʪʚʦ ʦʢʨʝʩʪʥʦʩʪʝʡ ʛʦʨʦʜʦʚ ʨʝʜʢʠʤʠ ʪʘʢʩʦʥʘʤʠ (ʦʜʥʦ ʠʟ ʧʨʦʷʚʣʝʥʠʡ ʫʨʙʘʥʦ-

ʵʢʦʪʦʥʘ ï ʀʣʴʤʠʥʩʢʠʭ, 2014) ʠ ʠʭ ʥʝʫʢʣʦʥʥʦʝ ʫʥʠʯʪʦʞʝʥʠʝ ʧʦʨʦʜʠʣʠ ʙʦʛʘʪʫʶ ʧʨʠʨʦʜʦʦʭʨʘʥʥʫʶ ʣʠʪʝ-
ʨʘʪʫʨʫ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʤʥʦʛʠʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ ʫʨʙʘʥʠʟʘʮʠʷ ʪʝʨʨʠʪʦʨʠʠ ʠ ʩʦʭʨʘʥʝʥʠʝ ʧʨʠ ʵʪʦʤ ʥʘ 
ʥʝʡ ʨʝʜʢʠʭ ʚʠʜʦʚ ï ʟʘʜʘʯʠ ʥʝʩʦʚʤʝʩʪʠʤʳʝ. ɼʦ ʩʠʭ ʧʦʨ ʚʧʦʣʥʝ ʘʢʪʫʘʣʴʥʳʤ ʦʩʪʘʝʪʩʷ ʫʪʚʝʨʞʜʝʥʠʝ 
ʇ. ʂʦʚʘʣʴʩʢʦʡ-ʀʣʴʠʥʦʡ (1930, ʩ. 3) ʦ ʪʦʤ, ʯʪʦ çʩʘʤʳʝ ʤʝʪʦʜʳ ʦʭʨʘʥʳ ʧʨʠʨʦʜʳ ʚ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ 
ʥʝ ʚʧʦʣʥʝ ʫʩʪʘʥʦʚʣʝʥʳ ʠ ʤʘʣʦ ʨʘʟʨʘʙʦʪʘʥʳè. 

ʇʦ ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ, ʧʨʠ ʚʳʨʘʙʦʪʢʝ ʧʨʠʨʦʜʦʦʭʨʘʥʠʪʝʣʴʥʦʡ ʧʦʣʠʪʠʢʠ ʢʘʢ ʚʦʦʙʱʝ, 
ʪʘʢ ʠ ʚ ʫʩʣʦʚʠʷʭ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʣʘʥʜʰʘʬʪʘ, ʩʣʝʜʫʝʪ ʦʧʠʨʘʪʴʩʷ ʥʘ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʡ ʪʝʟʠʩ ʦ ʪʦʤ, 
ʯʪʦ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʝ ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʩʨʝʜʳ ʥʝʠʟʙʝʞʥʦ. ʉʪʨʝʤʣʝʥʠʝ ʣʶʙʦʡ ʮʝʥʦʡ ʩʦʭʨʘ-
ʥʠʪʴ ʧʨʠʨʦʜʫ ʚ ʫʩʣʦʚʠʷʭ ʫʨʙʘʥʠʟʘʮʠʠ ʚ ʝʝ ʧʝʨʚʦʟʜʘʥʥʦʤ, çʝʩʪʝʩʪʚʝʥʥʦʤè ʩʦʩʪʦʷʥʠʠ ʧʨʦʪʠʚʦʨʝʯʠʪ ʠ 
ʪʝʦʨʠʠ, ʠ ʧʨʘʢʪʠʢʝ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚʩʝ ʙʦʣʝʝ ʢʨʝʧʣʦ ʫʙʝʞʜʝʥʠʝ, ʯʪʦ ʧʨʦʮʝʩʩʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʫʨʙʘʥʠ-
ʟʘʮʠʠ, ʢʦʛʜʘ ʚʦʟʨʘʩʪʘʶʱʠʝ ʤʘʩʰʪʘʙʳ ʠ ʪʝʤʧʳ ʟʘʩʪʨʦʡʢʠ, çʧʝʨʝʤʘʣʳʚʘʶʱʠʝè ʙʳʣʳʝ ʧʨʠʨʦʜʥʳʝ 
ʣʘʥʜʰʘʬʪʳ, ʚʝʜʫʪ ʢ ʩʪʨʝʤʠʪʝʣʴʥʦʤʫ ʦʙʝʜʥʝʥʠʶ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʠ ʩʧʘ-
ʩʘʪʴ ʨʘʨʠʪʝʪʳ ʙʠʦʪʳ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʛʦʨʦʜʦʚ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚ ʵʪʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʦʟʤʦʞʥʳ ʜʚʘ ʧʦʜʭʦʜʘ ï ʵʢʩʪʝʨʨʠʪʦʨʠʘʣʴʥʳʡ (ʧʦʩʪʘʥʦʚʣʝʥʠʷ 
ʧʦ ʦʭʨʘʥʝ ʚʠʜʦʚ, ʟʘʧʨʝʪʳ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʦʨʝʩʫʨʩʦʚ, ʂʨʘʩʥʳʝ ʢʥʠʛʠ ʠ ʜʨ.) ʠ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʡ 
(ʦʭʨʘʥʘ ʪʝʨʨʠʪʦʨʠʡ, ʛʜʝ ʦʙʠʪʘʶʪ ʨʝʜʢʠʝ ʠ ʠʩʯʝʟʘʶʱʠʝ ʚʠʜʳ ʨʘʩʪʝʥʠʡ ʠ ʞʠʚʦʪʥʳʭ ʩ ʩʦʟʜʘʥʠʝʤ ʆʆʇʊ).  

ɺʥʘʯʘʣʝ ʩʪʘʣ ʚʩʝ ʙʦʣʝʝ ʠ ʙʦʣʝʝ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʪʴʩʷ ʧʝʨʚʳʡ ʧʦʜʭʦʜ ï ʵʢʩʪʝʨʨʠʪʦʨʠʘʣʴʥʳʡ. 
ʉʧʝʮʠʘʣʴʥʳʝ ʧʦʩʪʘʥʦʚʣʝʥʠʷ ʧʦ ʦʭʨʘʥʝ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʛʦʨʦʜʦʚ ʥʘʠʙʦʣʝʝ ʨʝʜʢʠʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʠʤʝ-
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ʶʪ ʥʝʢʦʪʦʨʦʝ ʟʥʘʯʝʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʥʝʚʳʩʦʢʦʡ ʦʙʱʝʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ ʥʘʩʝʣʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, 
ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʧʨʝʩʩʘ ʥʘ ʜʝʢʦʨʘʪʠʚʥʳʝ ʚʠʜʳ, ʦʩʦʙʦ ʩʪʨʘʜʘʶʱʠʝ ʧʨʠ ʨʝʢʨʝʘʮʠʠ (ʅʠʢʠʪʠʥ, 1917; 
ʍʨʝʙʪʦʚ, 1925; ʂʫʰʭʦʚ, 1971; ʊʠʭʦʤʠʨʦʚ ʠ ʜʨ., 1974; ʀʚʘʰʠʥ, 1976; ɸʨʪʘʤʦʥʦʚʘ ʠ ʜʨ., 1985; ʃʶʙʯʝʥʢʦ, 
1987; ʇʦʧʦʚʘ, 1987). ʆʜʥʘʢʦ ʵʪʘ ʤʝʨʘ ʥʝ ʩʧʦʩʦʙʥʘ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ, ʧʦʩʢʦʣʴʢʫ ʚʳʤʠʨʘʥʠʝ ʙʦʣʴʰʠʥ-
ʩʪʚʘ ʚʠʜʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚʩʣʝʜʩʪʚʠʝ ʠʟʤʝʥʝʥʠʷ ʤʝʩʪʦʦʙʠʪʘʥʠʡ (Sukopp, Trepl, 1987).  

ɼʨʫʛʦʡ, ʙʦʣʝʝ ʢʦʥʢʨʝʪʥʳʡ ʧʫʪʴ ï ʧʝʨʝʩʘʜʢʘ ʨʝʜʢʠʭ ʚʠʜʦʚ ʚ ʙʦʪʘʥʠʯʝʩʢʠʝ ʩʘʜʳ. ʅʦ ʧʝʨʝʩʘʜʢʘ 
ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʣʠʰʴ ʢʘʢ ʢʨʘʡʥʷʷ ʤʝʨʘ, ʥʦ ʥʝ ʥʦʨʤʘ, ʪ.ʢ. ʦʥʘ ʤʦʞʝʪ ʩʧʘʩʪʠ ʚʠʜʦʚʦʝ ʨʘʟʥʦʦʙʨʘ-
ʟʠʝ ʬʣʦʨʳ, ʥʦ ʥʝ ʤʦʞʝʪ ʩʦʭʨʘʥʠʪʴ ʝʝ ʛʝʥʦʬʦʥʜ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʩʦʭʨʘʥʝʥʠʝ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʚʝʢʘʤʠ, 
ʧʨʦʷʚʣʝʥʥʦʛʦ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʛʝʥʦʪʠʧʠʯʝʩʢʦʛʦ ʙʦʛʘʪʩʪʚʘ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ ʚʥʝ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʡ 
ʥʝʚʦʟʤʦʞʥʦ, ʪʦʯʥʦ ʪʘʢ ʞʝ ʥʝʚʦʟʤʦʞʥʘ ʦʭʨʘʥʘ ʦʜʥʦʛʦ ʚʠʜʘ ʙʝʟ ʦʭʨʘʥʳ ʜʨʫʛʠʭ, ʬʫʥʢʮʠʦʥʘʣʴʥʦ (ʢʦʥʩʦʨ-
ʪʠʚʥʦ) ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤ ʚ ʧʨʠʨʦʜʝ ʚʠʜʦʚ (ɻʦʣʫʙʝʮ, ɿʘʚʝʨʫʭʘ, 1987). 

ʆʯʝʚʠʜʥʦ, ʥʘʠʙʦʣʝʝ ʮʝʥʥʳʝ ʪʘʢʩʦʥʳ ʥʝʦʙʭʦʜʠʤʦ ʟʘʱʠʱʘʪʴ ʚ ʩʦʩʪʘʚʝ ʩʧʝʮʠʘʣʴʥʦ ʩʦʟʜʘʚʘʝʤʦʡ 
ʩʠʩʪʝʤʳ ʦʭʨʘʥʷʝʤʳʭ ʧʨʠʨʦʜʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. ʆʜʥʘʢʦ, ʧʨʠʥʮʠʧ ʩʦʟʜʘʥʠʷ çʧʦʣʷʨʠʟʦʚʘʥʥʦʡ ʙʠʦʩʬʝʨʳè 
(ʈʦʜʦʤʘʥ, 1974) ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʥʷʪ, ʪ.ʢ. ʧʦʣʥʦʩʪʴʶ ʠʛʥʦʨʠʨʫʝʪ çʬʣʦʨʠʩʪʠʯʝʩʢʠʝ 
ʩʛʫʱʝʥʠʷè, ʧʨʠʫʨʦʯʝʥʥʳʝ ʢ ʵʢʦʪʦʥʘʤ, ʛʜʝ ʢʘʢ ʨʘʟ ʙʣʠʟ ʛʦʨʦʜʦʚ, ʚ çʫʟʣʘʭè ʩʝʪʠ çʧʦʣʷʨʠʟʦʚʘʥʥʦʡ ʙʠʦ-
ʩʬʝʨʳè ʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʝʨʝʜʢʦ ʥʘʠʙʦʣʝʝ ʮʝʥʥʳʝ ʧʨʠʨʦʜʥʳʝ ʫʯʘʩʪʢʠ, ʨʝʬʫʛʠʫʤʳ ʨʝʜʢʠʭ ʚʠʜʦʚ. 

ɼʦʚʦʣʴʥʦ ʙʦʛʘʪʳʡ ʟʘʨʫʙʝʞʥʳʡ ʦʧʳʪ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚ ʧʦʣʴʟʫ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʞʝʣʘʪʝʣʴʥʦʩʪʠ ʩʦ-
ʭʨʘʥʝʥʠʷ ʚ ʛʦʨʦʜʘʭ ʟʘʧʦʚʝʜʥʳʭ ʫʯʘʩʪʢʦʚ. ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʝʜʠʥʩʪʚʝʥʥʦ ʚʝʨʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʠʥʮʠʧ ʦʨʛʘ-
ʥʠʯʥʦʛʦ ʚʢʣʶʯʝʥʠʷ ʩʝʪʠ ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʳʭ ʧʨʠʨʦʜʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʚ ʪʢʘʥʴ ʩʘʤʦʛʦ ʫʨʙʘʥʠʟʠʨʫʝʤʦʛʦ 
ʣʘʥʜʰʘʬʪʘ (ʀʣʴʤʠʥʩʢʠʭ, 1989). ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʜʦʣʞʥʦ ʩʪʘʪʴ ʧʨʠʟʥʘʥʠʝ 
ʪʦʛʦ, ʯʪʦ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʚ ʫʨʙʘʥʠʟʠʨʫʝʤʦʤ ʤʠʨʝ ʩʦʭʨʘʥʠʪʴ ʚ ʠʭ çʧʝʨʚʦʟʜʘʥʥʦʤè ʩʦʩʪʦʷʥʠʠ 
ʥʝʚʦʟʤʦʞʥʦ, ʥʦ ʥʝʪ ʥʠʢʘʢʠʭ ʦʙʲʝʢʪʠʚʥʳʭ ʧʨʠʯʠʥ ʜʣʷ ʠʭ ʥʝʠʟʙʝʞʥʦʛʦ ʫʭʫʜʰʝʥʠʷ (ʐʚʘʨʮ, 1975, 1977; 
ʄʘʨʪʠʥ, 1977; ɸʭʠʝʟʝʨ, 1984; ʃʠʥʯ, 1986). 

ɺ ʈʦʩʩʠʠ ʦʧʳʪ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤʳ (ʩʝʪʠ, ʩʭʝʤʳ) ʆʆʇʊ, ʪ.ʝ. ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʳʭ ʧʨʠʨʦʜʥʳʭ ʪʝʨʨʠ-
ʪʦʨʠʡ ʚ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʣʘʥʜʰʘʬʪʘʭ ʠʤʝʝʪ ʜʣʠʪʝʣʴʥʫʶ ʠʩʪʦʨʠʶ. ɽʱʝ ʜʦ ʨʝʚʦʣʶʮʠʠ ʧʦʷʚʠʣʠʩʴ 
ʧʨʠʟʳʚʳ ʩ ʧʦʧʳʪʢʘʤʠ ʯʘʩʪʠʯʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʟʘʧʦʚʝʜʘʪʴ ʥʘʠʙʦʣʝʝ ʮʝʥʥʳʝ ʧʨʠʨʦʜʥʳʝ ʫʯʘʩʪʢʠ ʚ ʛʦʨʦ-
ʜʘʭ ʠ ʠʭ ʦʢʨʝʩʪʥʦʩʪʷʭ. ʆʜʥʠʤʠ ʠʟ ʧʝʨʚʳʭ ʙʳʣʠ ʀ.ɺ. ʅʦʚʦʧʦʢʨʦʚʩʢʠʡ (1911) ʧʦ ʟʘʱʠʪʝ ʥʘʠʙʦʣʝʝ ʮʝʥ-
ʥʳʭ ʫʯʘʩʪʢʦʚ ʩʪʝʧʠ, ʠ ʅ.ɸ. ʅʠʢʠʪʠʥ (1917) ʧʦ ʩʦʭʨʘʥʝʥʠʶ ʦʩʦʙʦ ʮʝʥʥʳʭ ʪʘʝʞʥʳʭ ʫʯʘʩʪʢʦʚ. 

ʋʞʝ ʚ ʩʦʚʝʪʩʢʠʝ ʛʦʜʳ ʩ ʧʨʠʟʳʚʘʤʠ (ʦʪʯʘʩʪʠ ʨʝʘʣʠʟʦʚʘʥʥʳʤʠ) ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ, ʛʦʚʦʨʷ ʩʦʚʨʝʤʝʥ-
ʥʳʤ ʷʟʳʢʦʤ, ʆʆʇʊ ʥʘ ʛʦʨʦʜʩʢʠʭ ʪʝʨʨʠʪʦʨʠʷʭ, ʥʘʯʘʣʠ ʚʳʩʪʫʧʘʪʴ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʝ ʝʩʪʝʩʪʚʦʠʩʧʳʪʘ-
ʪʝʣʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ɸ.ɸ. ʍʨʝʙʪʦʚʘ (1925) ʠ ɹ.ʄ. ɾʠʪʢʦʚʘ (1935). ʆʜʥʘʢʦ ʧʦʟʜʥʝʝ ʜʚʠ-
ʞʝʥʠʝ ʧʦ ʩʦʟʜʘʥʠʶ ʦʭʨʘʥʷʝʤʳʭ ʧʨʠʨʦʜʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʚ ʛʦʨʦʜʘʭ ʠ ʠʭ ʦʢʨʝʩʪʥʦʩʪʷʭ ʟʘʭʣʝʙʥʫʣʦʩʴ. 
ʇʨʠʯʠʥʦʡ ʩʪʘʣʦ ʪʦ, ʯʪʦ ʪʘʢʦʝ ʜʚʠʞʝʥʠʝ ʨʘʟʚʠʚʘʣʦʩʴ ʚ ʥʝʜʨʘʭ ʢʨʘʝʚʝʜʝʥʠʷ, ʘ ʩ ʧʨʠʟʥʘʥʠʝʤ ʚ ʥʘʯʘʣʝ 
1930-ʭ ʛʦʜʦʚ ʢʨʘʝʚʝʜʝʥʠʷ çʚʨʝʜʥʦʡ ʥʘʫʢʦʡè ʫʯʝʥʳʝ-ʢʨʘʝʚʝʜʳ ʩʪʘʣʠ ʧʦʜʚʝʨʛʘʪʴʩʷ ʥʘʧʘʜʢʘʤ ʠ ʜʘʞʝ 
ʨʝʧʨʝʩʩʠʷʤ (ʀʣʴʤʠʥʩʢʠʭ, 2014). ʇʦʪʨʝʙʦʚʘʣʦʩʴ ʙʦʣʝʝ 30 ʣʝʪ ʜʣʷ ʚʦʟʨʦʞʜʝʥʠʷ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ: ʨʘ-
ʙʦʪʘ ʄ.ɸ. ʈʦʜʠʦʥʦʚʘ (1964) ʧʦ ʨʘʩʩʤʦʪʨʝʥʠʶ ʧʘʤʷʪʥʠʢʦʚ ʧʨʠʨʦʜʳ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʛʦʨʦʜʘ ʃʝʥʠʥʛʨʘʜʘ ʠ 
ʂ.ʅ. ɹʣʘʛʦʩʢʣʦʥʦʚʘ (1967) ʧʦ ʩʦʟʜʘʥʠʶ çʤʠʢʨʦʟʘʧʦʚʝʜʥʠʢʦʚè (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʨʥʠʪʦʣʦʛʠʯʝʩʢʠʭ) ʚ 
ʛʦʨʦʜʝ ʄʦʩʢʚʘ, ʥʦ ʟʘʧʦʚʝʜʥʦʩʪʴ ʢʦʪʦʨʳʭ, ʢʘʢ ʩ ʛʦʨʝʯʴʶ ʧʠʩʘʣ ʘʚʪʦʨ, ʥʝ ʩʦʙʣʶʜʘʝʪʩʷ. ʊʘʢʠʝ ʨʘʙʦʪʳ 
ʩʪʘʣʠ ʧʦʷʚʣʷʪʴʩʷ ʠ ʚ ʜʨʫʛʠʭ ʛʦʨʦʜʘʭ ʈʦʩʩʠʠ. 

ʅʘʧʨʘʚʣʝʥʠʝ ʧʦ ʩʦʟʜʘʥʠʶ ʆʆʇʊ ʚ ʛʦʨʦʜʘʭ, ʨʘʟʚʠʚʘʝʤʦʝ ʵʥʪʫʟʠʘʩʪʘʤʠ, ʚʩʢʦʨʝ ʦʬʦʨʤʠʣʦʩʴ ʚ 
ʜʚʫʭ ʦʬʠʮʠʘʣʴʥʳʭ ʜʦʢʫʤʝʥʪʘʭ, ʢʦʪʦʨʳʝ ʚʳʰʣʠ ʧʦʯʪʠ ʦʜʥʦʚʨʝʤʝʥʥʦ: ʧʝʨʚʳʡ ʙʳʣ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʳʤ, 
ʚʪʦʨʦʡ ï ʥʘʫʯʥʳʤ. 

çʉʦʭʨʘʥʝʥʠʝ ʧʨʠ ʟʘʩʪʨʦʡʢʝ ʫʯʘʩʪʢʦʚ ʩ ʮʝʥʥʳʤʠ ʧʨʠʨʦʜʥʳʤʠ ʣʘʥʜʰʘʬʪʘʤʠè ʧʨʠʟʥʘʥʦ ʥʝʦʙʭʦ-
ʜʠʤʳʤ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ, ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʦʡ ɻʝʥʝʨʘʣʴʥʦʡ ʩʭʝʤʝ ʨʘʩʩʝʣʝʥʠʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʉʉʈ, 
ʫʪʚʝʨʞʜʝʥʥʦʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʢʦʤʠʪʝʪʦʤ ʧʦ ʛʨʘʞʜʘʥʩʢʦʤʫ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʠ ʘʨʭʠʪʝʢʪʫʨʝ ʧʨʠ ɻʦʩʩʪʨʦʝ 
ʉʉʉʈ (ɹʝʣʦʫʩʦʚ, 1977). 

çʋʯʠʪʳʚʘʷ ʦʛʨʦʤʥʦʝ ʟʥʘʯʝʥʠʝ ʠ ʪʝʤʧʳ ʫʨʙʘʥʠʟʘʮʠʠ, ʩʯʠʪʘʪʴ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʨʝʢʦʤʝʥʜʦʚʘʪʴ 
ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ ʠʥʩʪʠʪʫʪʘʤ, ʚʫʟʘʤ ʠ ʤʝʩʪʥʳʤ ʦʨʛʘʥʠʟʘʮʠʷʤ ɺʩʝʨʦʩʩʠʡʩʢʦʛʦ ʦʙʱʝʩʪʚʘ 
ʦʭʨʘʥʳ ʧʨʠʨʦʜʳ ʥʘʯʘʪʴ ʰʠʨʦʢʠʡ ʢʦʤʧʣʝʢʩ ʨʘʙʦʪ ʧʦ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʫʨʙʘʥʠʟʘʮʠʠ ʥʘ ʧʨʠʨʦʜʥʳʝ 
ʢʦʤʧʣʝʢʩʳ ʚ ʮʝʣʷʭ ʩʦʭʨʘʥʝʥʠʷ ʠʭ ʥʘ ʛʦʨʦʜʩʢʠʭ ʪʝʨʨʠʪʦʨʠʷʭè (ʈʝʰʝʥʠʝ ʚʪʦʨʦʛʦ ʟʦʥʘʣʴʥʦʛʦ ʩʝʤʠʥʘʨʘ-
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ʩʦʚʝʱʘʥʠʷ 27-30 ʥʦʷʙʨʷ 1978 ʛʦʜʘ, 1979). ʕʪʦʪ ʪʝʢʩʪ ʥʳʥʝ ʫʞʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʠʩʪʦʨʠʯʝʩʢʠʤ: ʚ ʨʝʟʦʣʶ-
ʮʠʶ ʩʦʚʝʱʘʥʠʷ ʧʦ ʤʝʣʠʦʨʘʮʠʠ ʩ ʪʨʫʜʦʤ, ʧʦ ʥʘʩʪʦʷʥʠʶ ʧʝʨʚʦʛʦ ʩʦʘʚʪʦʨʘ ʵʪʦʡ ʩʪʘʪʴʠ, ʪʦʛʜʘ, ʚ ʛ. ʀʚʘ-
ʥʦʚʦ, ʫʜʘʣʦʩʴ çʚʪʠʩʥʫʪʴè ɻʪʦ ʧʦʣʦʞʝʥʠʝ, ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʚ ʪʝ ʛʦʜʳ ʢʘʟʘʚʰʝʝʩʷ ʯʫʪʴ ʣʠ ʥʝ ʢʘʢʠʤ-ʪʦ ʵʢ-
ʟʦʪʠʯʝʩʢʠʤ.  

ʆʬʠʮʠʘʣʴʥʦʝ ʧʨʠʟʥʘʥʠʝ ʩʪʠʤʫʣʠʨʦʚʘʣʦ ʨʘʟʚʠʪʠʝ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʈʦʩʩʠʠ.  
ʇʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʠʟʤʝʥʷʣʘʩʴ ʠ ʥʦʤʠʥʘʮʠʷ ʆʆʇʊ ʚ ʛʦʨʦʜʘʭ. ɼʣʷ ʛʦʨʦʜʩʢʠʭ ʠ 

ʧʨʠʛʦʨʦʜʥʳʭ ʦʭʨʘʥʷʝʤʳʭ ʧʨʠʨʦʜʥʳʭ ʫʯʘʩʪʢʦʚ ʧʨʝʜʣʘʛʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʧʨʠʨʦʜʦʦʭʨʘʥʥʦʛʦ 
ʩʪʘʪʫʩʘ ʠ ʥʘʠʤʝʥʦʚʘʥʠʷ: ʟʘʱʠʪʥʳʝ ʫʯʘʩʪʢʠ (ʅʦʚʦʧʦʢʨʦʚʩʢʠʡ, 1911), ʟʘʧʦʚʝʜʥʠʢʠ (ʅʠʢʠʪʠʥ, 1917; ʍʨʝʙ-
ʪʦʚ, 1925), ʧʨʠʛʦʨʦʜʥʳʝ ʟʘʧʦʚʝʜʥʠʢʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʪʠʧʘ (ɾʠʪʢʦʚ, 1935), ʧʘʤʷʪʥʠʢʠ ʧʨʠʨʦʜʳ (ʄ.ʇ. ʐʠ-
ʣʦʚ, 1979; ɸʚʠʣʦʚʘ, 1990), ʟʘʢʘʟʥʠʢʠ (ʂʦʣʝʩʥʠʢ, ʂʫʯʝʨʷʚʘʷ, 1988).  

ʅʘʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ ʧʦ ʨʝʞʠʤʫ ʧʦʣʴʟʦʚʘʥʠʷ, ʧʦ ʧʣʘʩʪʠʯʥʦʩʪʠ ʩʚʦʠʭ ʨʘʟʤʝʨʦʚ, ʜʘʞʝ ʧʦ ʵʪʠ-
ʤʦʣʦʛʠʯʝʩʢʠʤ ʩʦʦʙʨʘʞʝʥʠʷʤ, ʪʘʢʠʝ ʦʭʨʘʥʷʝʤʳʝ ʪʝʨʨʠʪʦʨʠʠ ʚ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʦʤ ʣʘʥʜʰʘʬʪʝ ʜʦʣʞʥʳ 
ʠʤʝʪʴ ʩʪʘʪʫʩ ʠ ʥʘʟʚʘʥʠʝ ʧʘʤʷʪʥʠʢʦʚ ʧʨʠʨʦʜʳ (ʀʣʴʤʠʥʩʢʠʭ, 1978, 1985, 1989; ʀʣʴʤʠʥʩʢʠʭ, ʇʦʨʬʠʨʴʝʚ, 
1979; ʀʣʴʤʠʥʩʢʠʭ, ʊʘʨʘʩʦʚʘ, 1992). 

ɺ ʧʨʦʮʝʩʩʝ ʩʚʦʝʛʦ ʨʦʩʪʘ ʛʦʨʦʜʘ ʥʝʠʟʙʝʞʥʦ ʟʘʭʚʘʪʷʪ ʚ ʩʚʦʶ ʦʨʙʠʪʫ ʨʘʟʣʠʯʥʳʝ ʟʘʧʦʚʝʜʥʳʝ ʦʙʲ-
ʝʢʪʳ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʚʦʟʨʘʩʪʘʝʪ ʩ ʨʘʟʚʠʪʠʝʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʩʠʣ, ʫʞʝ ʧʦʟʚʦʣʷʶʱʠʭ 
ʚʦʚʣʝʢʘʪʴ ʚ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ çʥʝʫʜʦʙʥʳʝè ʟʝʤʣʠ: ʢʨʫʪʳʝ ʩʢʣʦʥʳ, ʦʚʨʘʛʠ, 
ʙʦʣʦʪʘ, ʧʦʡʤʳ ʠ ʪ.ʧ., ʢʦʪʦʨʳʝ ʢʘʢ ʨʘʟ ʠ ʷʚʣʷʶʪʩʷ ʨʝʬʫʛʠʫʤʘʤʠ, ʪ.ʝ. ʫʙʝʞʠʱʘʤʠ ʨʝʜʢʠʭ ʚʠʜʦʚ ʬʘʫʥʳ ʠ 
ʬʣʦʨʳ ʚ ʛʦʨʦʜʩʢʦʤ ʣʘʥʜʰʘʬʪʝ. ʅʝʦʙʭʦʜʠʤʦ ʩʨʦʯʥʦ ʚʳʷʚʠʪʴ, ʦʧʠʩʘʪʴ ʠ ʫʪʚʝʨʜʠʪʴ ʚ ʢʘʯʝʩʪʚʝ ʧʘʤʷʪʥʠ-
ʢʦʚ ʧʨʠʨʦʜʳ ʟʘʩʣʫʞʠʚʘʶʱʠʝ ʦʭʨʘʥʳ ʫʯʘʩʪʢʠ ʩ ʮʝʣʴʶ ʠʭ ʩʦʭʨʘʥʝʥʠʷ. 

ɻʦʨʦʜʩʢʠʝ ʆʆʇʊ, ʧʦʤʠʤʦ ʩʚʦʠʭ ʙʠʦʩʬʝʨʥʦ-ɻ ʢʦʩʠʩʪʝʤʥʳʭ ʬʫʥʢʮʠʡ, ʙʫʜʫʪ ʚʳʧʦʣʥʷʪʴ ʦʟʜʦʨʦʚʠ-
ʪʝʣʴʥʳʝ, ʵʩʪʝʪʠʯʝʩʢʠʝ, ʥʘʫʯʥʳʝ ʬʫʥʢʮʠʠ. ʆʥʠ ʤʦʛʫʪ ʩʪʘʪʴ ʩʪʘʮʠʦʥʘʨʥʳʤʠ ʧʫʥʢʪʘʤʠ ʧʦ ʤʦʥʠʪʦʨʠʥʛʫ 
ʘʜʘʧʪʘʮʠʠ ʙʠʦʪʳ ʢ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʦʡ ʩʨʝʜʝ, ʩʝʤʝʥʥʠʢʘʤʠ ʜʣʷ ʩʙʦʨʘ ʩʝʤʷʥ ʜʠʢʦʨʦʩʦʚ ʠ, ʩʦʦʪʚʝʪ-
ʩʪʚʝʥʥʦ, ʮʝʥʪʨʘʤʠ ʨʝʧʘʪʨʠʘʮʠʠ ʨʝʜʢʠʭ ʚʠʜʦʚ ʬʣʦʨʳ. 

ʉʝʪʴ ʛʦʨʦʜʩʢʠʭ ʆʆʇʊ ʩʪʘʥʝʪ ʦʩʥʦʚʦʡ ʦʩʝʡ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʘʨʢʘʩʘ ʛʦʨʦʜʩʢʦʛʦ ʣʘʥʜʰʘʬʪʘ. ʌʦʢʫ-
ʩʠʨʦʚʘʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʠʤʠ ʨʝʢʨʝʘʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ ʥʝʞʝʣʘʪʝʣʴʥʦ: ʥʘʧʣʳʚ ʦʪʜʳʭʘʶʱʠʭ 
ʠʭ ʤʦʞʝʪ ʧʦʛʫʙʠʪʴ. ʄʘʢʩʠʤʫʤ ʢ ʯʝʤʫ ʤʦʛʫʪ ʙʳʪʴ ʪʦʣʝʨʘʥʪʥʳ ʛʦʨʦʜʩʢʠʝ ʆʆʇʊ ï ʵʪʦ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʪʨʦ-
ʧʳ, ʚ ʯʝʤ ʫʙʝʞʜʘʝʪ ʟʘʨʫʙʝʞʥʳʡ ʦʧʳʪ (ʥʘʧʨʠʤʝʨ: Teagle, 1978). 
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Abstract: This article identifies promising directions for the automation of dendrochronological expert re-
search. The structure and functions of the automated workstation çDendroExpè are considered; the general 
principles of its functioning are described. Specific examples of the AW use are demonstrated, some practical 
recommendations for interpretation of the results obtained are given. 
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ɺ ʵʢʩʧʝʨʪʥʦ-ʢʨʠʤʠʥʘʣʠʩʪʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʦʯʝʥʴ ʯʘʩʪʦ ʧʨʠ ʨʘʩʩʣʝʜʦʚʘʥʠʠ ʬʘʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʥʝʟʘʢʦʥʥʳʤʠ ʨʫʙʢʘʤʠ ʣʝʩʘ, ʚʩʪʘʝʪ ʚʦʧʨʦʩ ʦ ʪʦʤ, ʥʝ ʩʦʩʪʘʚʣʷʣʠ ʣʠ ʨʘʥʝʝ ʦʪʜʝʣʴʥʳʝ ʦʪʨʝʟʢʠ (ʯʘʩʪʠ) 
ʜʨʝʚʝʩʠʥʳ ʝʜʠʥʦʝ ʮʝʣʦʝ [1, c. 66].  

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʩʪʘʥʦʚʣʝʥʠʝ ʮʝʣʦʛʦ ʧʦ ʯʘʩʪʷʤ, ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʚʠʜʦʤ ʠʜʝʥ-
ʪʠʬʠʢʘʮʠʦʥʥʦʡ ʢʨʠʤʠʥʘʣʠʩʪʠʯʝʩʢʦʡ ʵʢʩʧʝʨʪʠʟʳ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʘʜʘʯʫ ʠ ʨʝʟʫʣʴʪʘʪ ʠʩʩʣʝʜʦʚʘ-
ʥʠʷ ʚʝʱʝʩʪʚʝʥʥʳʭ ʜʦʢʘʟʘʪʝʣʴʩʪʚ, ʢʦʪʦʨʦʝ ʧʨʦʚʦʜʠʪʩʷ ʚ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʬʦʨʤʝ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʟʘʠʤʥʦʡ 
ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʯʘʩʪʝʡ. ʇʨʠ ʵʪʦʤ ʠʜʝʥʪʠʬʠʮʠʨʫʝʤʳʤ ʦʙʲʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʦʙʲʝʢʪ ʜʦ ʝʛʦ ʨʘʟʨʫʰʝʥʠʷ, ʘ 
ʠʜʝʥʪʠʬʠʮʠʨʫʶʱʠʤʠ ʦʙʲʝʢʪʘʤʠ ï ʠʩʩʣʝʜʫʝʤʳʝ ʯʘʩʪʠ. 

ɽʩʣʠ ʠʩʩʣʝʜʫʝʤʳʝ ʦʪʨʝʟʢʠ ʩʦʜʝʨʞʘʪ ʟʦʥʳ ʧʨʷʤʦʩʣʦʡʥʦʡ ʜʨʝʚʝʩʠʥʳ, ʠʭ ʚʟʘʠʤʥʘʷ, ʧʨʠʥʘʜʣʝʞ-
ʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʘ ʧʫʪʝʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʩʦʚʤʝʱʝʥʠʷ ʛʦʜʠʯʥʳʭ ʢʦʣʝʮ. ɼʣʷ ʵʪʦʛʦ ʧʦ-
ʚʝʨʭʥʦʩʪʠ ʧʦʧʝʨʝʯʥʳʭ ʩʨʝʟʦʚ ʛʣʘʜʢʦ ʟʘʯʠʱʘʶʪ (ʰʣʠʬʫʶʪ, ʧʦʣʠʨʫʶʪ). ɻʦʜʠʯʥʳʝ ʢʦʣʴʮʘ ʩʦʚʤʝʱʘʶʪ 
ʠʣʠ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʦʙʲʝʢʪʘʭ, ʠʣʠ ʥʘ ʬʦʪʦʩʥʠʤʢʘʭ. ʇʨʠ ʵʪʦʤ ʢʘʞʜʦʤʫ ʛʦʜʠʯʥʦʤʫ ʢʦʣʴʮʫ ʦʜʥʦʛʦ 
ʦʙʨʘʟʮʘ ʜʦʣʞʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʛʦʜʠʯʥʦʝ ʢʦʣʴʮʦ ʚʪʦʨʦʛʦ ʦʙʨʘʟʮʘ, ʘ ʚʥʫʪʨʠ ʢʘʞʜʦʛʦ ʢʦʣʴʮʘ ʜʦʣʞʥʳ 
ʩʦʚʧʘʜʘʪʴ ʟʦʥʳ ʨʘʥʥʝʡ ʠ ʧʦʟʜʥʝʡ ʜʨʝʚʝʩʠʥʳ. ʈʘʟʣʠʯʠʷ ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʪʦʣʴʢʦ ʚʥʝ ʟʦʥʳ ʧʨʷʤʦ-
ʩʣʦʡʥʦʡ ʜʨʝʚʝʩʠʥʳ ï ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʩʪʚʦʣʘ. ʕʪʦʪ ʤʝʪʦʜ ʥʝ ʫʥʠʚʝʨʩʘʣʝʥ. ɺ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʟʦʥʳ 
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ʧʨʷʤʦʩʣʦʡʥʦʡ ʜʨʝʚʝʩʠʥʳ ʦʪʩʫʪʩʪʚʫʶʪ, ʣʠʙʦ ʪʦʣʱʠʥʘ ʠ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʠʭ ʥʝʟʥʘʯʠʪʝʣʴʥʳ, ʧʦʣʴʟʫʶʪʩʷ 
ʜʝʥʜʨʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʜʨʝʚʝʩʠʥʳ, ʢʦʪʦʨʳʡ ʦʩʥʦʚʘʥ ʥʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ 
ʨʘʟʚʠʪʠʷ ʜʝʨʝʚʘ ʠ ʠʟʤʝʥʝʥʠʷʭ ʰʠʨʠʥʳ ʛʦʜʠʯʥʳʭ ʢʦʣʝʮ ʧʦ ʚʳʩʦʪʝ ʩʪʚʦʣʘ. ʆʥ ʨʘʟʨʘʙʦʪʘʥ ʩʧʝʮʠʘʣʴʥʦ 
ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʦʙʱʠʭ ʣʠʥʠʡ ʨʘʟʜʝʣʝʥʠʷ [2, ʩ. 53]. 

ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʘʙʩʦʣʶʪʥʳʭ ʨʘʟʤʝʨʦʚ ʛʦʜʠʯʥʳʭ ʢʦʣʝʮ ʧʦ ʚʳʩʦʪʝ ʩʪʚʦʣʘ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʰʠʨʠ-
ʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʳʤʠ ʢʦʣʴʮʘʤʠ ʜʘʥʥʦʛʦ ʦʙʨʘʟʮʘ ʥʝ ʠʟʤʝʥʷʝʪʩʷ (ʫʟʢʠʝ ʩʣʦʠ ʦʩʪʘʶʪʩʷ ʫʟʢʠʤʠ, 
ʘ ʰʠʨʦʢʠʝ ï h ʠʨʦʢʠʤʠ). 

ʇʨʦʠʣʣʶʩʪʨʠʨʫʝʤ ʚʳʰʝʩʢʘʟʘʥʥʦʝ ʥʘ ʧʨʠʤʝʨʝ. ʅʘ ʨʘʟʨʝʰʝʥʠʝ ʵʢʩʧʝʨʪʠʟʳ ʙʳʣ ʧʦʩʪʘʚʣʝʥ ʚʦ-
ʧʨʦʩ: ʩʦʩʪʘʚʣʷʣʠ ʣʠ ʨʘʥʝʝ ʝʜʠʥʦʝ ʮʝʣʦʝ ʠ ʷʚʣʷʣʠʩʴ ʣʠ ʝʜʠʥʳʤ ʜʝʨʝʚʦʤ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ʥʘ ʠʩʩʣʝ-
ʜʦʚʘʥʠʝ ʯʝʪʳʨʝ ʬʨʘʛʤʝʥʪʘ ʩʪʚʦʣʘ ʜʝʨʝʚʘ ʙʝʨʝʟʳ? 

ʋʯʠʪʳʚʘʷ ʦʙʱʝʠʟʚʝʩʪʥʳʡ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʪ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʪʦʤ, ʯʪʦ ʩʪʚʦʣ ʜʝʨʝʚʘ ʧʨʝʜ-
ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʥʫʩʦʦʙʨʘʟʥʦ ʟʘʦʩʪʨʝʥʥʫʶ ʢʦʣʦʥʥʫ, ʘ ʪʘʢʞʝ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʢʦʨʳ ʧʨʝʜ-
ʩʪʘʚʣʝʥʥʳʭ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʨʘʛʤʝʥʪʦʚ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʥʠ ʠʟʥʘʯʘʣʴʥʦ ʥʘʭʦʜʠʣʠʩʴ ʚ 
ʩʣʝʜʫʶʱʝʤ ʧʦʣʦʞʝʥʠʠ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ: ʬʨʘʛʤʝʥʪ ˉ4 Ÿ 
ʬʨʘʛʤʝʥʪ ˉ3 Ÿ ʬʨʘʛʤʝʥʪ ˉ2 Ÿ ʬʨʘʛʤʝʥʪ ˉ1. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʝʥʜʨʦʭʨʦʥʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩ ʥʠʞʥʝʡ ʠ ʚʝʨʭʥʝʡ ʪʦʨʮʝʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 
ʢʘʞʜʦʛʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʨʘʛʤʝʥʪʦʚ ˉˉ1-4 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʨʫʛʦʚʳʝ ʧʦʧʝʨʝʯ-
ʥʳʝ ʦʙʨʘʟʮʳ (ʩʧʠʣʳ) ʪʦʣʱʠʥʦʡ ʦʢʦʣʦ 3 ʩʤ ʧʫʪʝʤ ʩʧʠʣʠʚʘʥʠʷ ʜʠʩʢʦʚʦʡ ʧʠʣʦʡ. ʅʘ ʢʘʞʜʦʤ ʩʧʠʣʝ ʦʪʤʝ-
ʯʘʣʘʩʴ ʚʝʨʭʥʷʷ ʠ ʥʠʞʥʷʷ ʩʪʦʨʦʥʳ. 

ɺ ʭʦʜʝ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʧʠʣ ʦʪ ʦʙʨʘʟʮʘ ˉ4 (ʦʪ ʥʠʞʥʝʡ ʯʘʩʪʠ) ʠ ʩʧʠʣ ʦʪ ʦʙʨʘʟʮʘ ˉ1 
(ʦʪ ʚʝʨʭʥʝʡ ʯʘʩʪʠ) ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ. 

ʇʝʨʝʜ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʧʨʦʚʝʜʝʥʠʝʤ ʜʝʥʜʨʦʭʨʦʥʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʣʫʯʝʥ-
ʥʳʭ ʩʧʠʣʦʚ ʜʨʝʚʝʩʠʥʳ ʙʝʨʝʟʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʜʛʦʪʘʚʣʠʚʘʣʘʩʴ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʢʦʥʪʨʘʩʪʥʦʩʪʠ 
ʛʦʜʠʯʥʳʭ ʩʣʦʝʚ. 

ʇʨʦʙʦʧʦʜʛʦʪʦʚʢʘ ʩʦʩʪʦʷʣʘ ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ: 
1. ʐʣʠʬʦʚʢʘ ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʠʟ-ʟʘ ʤʘʣʦʛʦ ʜʠʘʤʝʪʨʘ ʜʝʨʝʚʘ) ʦʨʙʠʪʘʣʴʥʦʡ ʰʣʠʬʦʚʘʣʴ-

ʥʦʡ ʤʘʰʠʥʦʡ.  
ʀʩʧʦʣʴʟʦʚʘʣʠ ʰʣʠʬʦʚʘʣʴʥʳʝ ʢʨʫʛʠ ʨʘʟʥʦʡ ʟʝʨʥʠʩʪʦʩʪʠ. ʉʥʘʯʘʣʘ ʰʣʠʬʦʚʘʣʠ ʢʨʫʛʘʤʠ ʩ ʢʨʫʧʥʳʤ 

(ˉ40) ʠ ʩʨʝʜʥʠʤ (ˉ80) ʟʝʨʥʦʤ, ʟʘʪʝʤ ʯʪʦʙʳ ʧʨʠʜʘʪʴ ʛʣʘʜʢʦʩʪʴ ʜʝʨʝʚʫ ʰʣʠʬʦʚʘʣʠ ʢʨʫʛʘʤʠ ʩ ʤʝʣʢʠʤ 
ʟʝʨʥʦʤ (ˉ120). 

2. ʉʤʘʯʠʚʘʥʠʝ ʠʩʩʣʝʜʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʠʣʘ ʚʦʜʦʡ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʟʚʦʣʷʣʦ ʫʣʫʯʰʠʪʴ 
ʚʠʜʠʤʦʩʪʴ ʛʦʜʠʯʥʳʭ ʩʣʦʝʚ, ʪʘʢ ʢʘʢ ʚʣʘʞʥʳʝ ʦʙʨʘʟʮʳ ʠʤʝʶʪ ʙʦʣʝʝ ʷʨʢʫʶ ʦʢʨʘʩʢʫ.  

ʇʦʩʣʝ ʧʝʨʚʠʯʥʦʡ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʩʧʠʣʳ ʩʢʘʥʠʨʦʚʘʣʠ ʠ ʜʘʣʝʝ ʧʦ ʦʪʩʢʘʥʠʨʦʚʘʥʥʳʤ ʠʟʦʙʨʘʞʝ-
ʥʠʷʤ ʧʨʦʚʦʜʠʣʠ ʠʟʤʝʨʝʥʠʝ ʰʠʨʠʥʳ ʢʘʞʜʦʛʦ ʛʦʜʠʯʥʦʛʦ ʩʣʦʷ ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʨʘʙʦʯʝʛʦ 
ʤʝʩʪʘ çDendroExpè [3-5]. ʅʘ ʢʘʞʜʦʤ ʩʧʠʣʝ ʟʘʤʝʨʷʣʠ ʰʠʨʠʥʫ ʛʦʜʠʯʥʳʭ ʩʣʦʝʚ ʧʦ 5 ʨʘʜʠʫʩʘʤ. ɿʘʪʝʤ ʧʦ-
ʣʫʯʘʣʠ ʫʩʨʝʜʥʝʥʥʳʡ ʨʷʜ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʟʘʤʝʨʦʚ ʩʪʨʦʠʣʠʩʴ ʜʨʝʚʝʩʥʦ-ʢʦʣʴʮʝʚʳʝ ʭʨʦʥʦʣʦʛʠʠ (ʜʘʣʝʝ ï ɼʂʍ) 
ʜʣʷ ʩʨʘʚʥʠʚʘʝʤʳʭ ʦʙʨʘʟʮʦʚ. ʅʘ ʦʩʠ ʘʙʩʮʠʩʩ ʦʪʢʣʘʜʳʚʘʣʠʩʴ ʛʦʜʳ, ʘ ʥʘ ʦʩʠ ʦʨʜʠʥʘʪ ï ʟʥʘʯʝʥʠʷ ʰʠʨʠ-
ʥʳ ʛʦʜʠʯʥʳʭ ʩʣʦʝʚ ʚ ʤʠʣʣʠʤʝʪʨʘʭ ʧʦ ʛʦʜʘʤ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʨʝʚʝʩʥʦ-ʢʦʣʴʮʝʚʳʝ ʭʨʦʥʦʣʦʛʠʠ ʩʧʠʣʦʚ ʠʤʝʶʪ ʩʭʦʞʫʶ ʬʦʨʤʫ ʠ ʧʝʨʠ-
ʦʜʳ ʨʝʟʢʠʭ ʫʛʥʝʪʝʥʠʡ ʠ ʙʦʣʴʰʠʭ ʢʫʣʴʤʠʥʘʮʠʡ ʨʦʩʪʘ ʚ ʩʦʧʦʩʪʘʚʣʷʝʤʳʭ ɼʂʍ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʨʫʛ ʜʨʫʛʫ. 

ɼʘʣʝʝ ʧʨʦʚʦʜʠʣʠ ʧʦʩʪʨʦʝʥʠʝ 2-ʭ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʤʘʪʨʠʮ ʚ ʧʨʦʛʨʘʤʤʝ Microsoft Excel: ʘ) ʜʣʷ ʦʙ-
ʨʘʟʮʦʚ ˉ4 (ʦʪ ʚʝʨʭʥʝʡ ʯʘʩʪʠ), ˉ3 (ʦʪ ʥʠʞʥʝʡ ʯʘʩʪʠ), ˉ3(ʦʪ ʚʝʨʭʥʝʡ ʯʘʩʪʠ) ʠ ˉ2 (ʦʪ ʥʠʞʥʝʡ ʯʘʩʪʠ); ʙ) 
ʜʣʷ ʦʙʨʘʟʮʦʚ ˉ3(ʦʪ ʚʝʨʭʥʝʡ ʯʘʩʪʠ), ˉ2 (ʦʪ ʥʠʞʥʝʡ ʯʘʩʪʠ), ˉ2 (ʦʪ ʚʝʨʭʥʝʡ ʯʘʩʪʠ) ʠ ˉ1(ʦʪ ʥʠʞʥʝʡ ʯʘ-
ʩʪʠ) (ʪʘʙʣ. 1 ʠ 2). 

ʆʙʱʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ ʥʝ ʩʪʨʦʠʣʘʩʴ ʚʚʠʜʫ ʤʘʣʦʛʦ ʧʝʨʝʢʨʳʪʠʷ (ʪʦʣʴʢʦ 6 ʣʝʪ) ʜʣʷ ʭʨʦ-
ʥʦʣʦʛʠʡ ʧʝʨʚʦʡ ʠ ʪʨʝʪʴʝʡ ʩʨʘʚʥʠʚʘʝʤʳʭ ʧʘʨ.  
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ʋʙʚʤʡʯʙ 1 
ʊʩʙʛʦʡʛʙʞʥʴʞ ʬʪʩʞʝʦʞʦʦʴʞ ɽʃʎ, ʨʧ ʣʧʫʧʩʴʥ ʪʫʩʧʡʤʡʪʵ ʣʧʩʩʞʤʸʯʡʧʦʦʴʞ ʥʙʫʩʡʯʴ 

ɻʦʜ 

ʉʧʠʣ ʦʪ ʦʙ-
ʨʘʟʮʘ ˉ4 
(ʦʪ ʚʝʨʭʥʝʡ 
ʯʘʩʪʠ) 

ʉʧʠʣ ʦʪ ʦʙ-
ʨʘʟʮʘ ˉ3 (ʦʪ 
ʥʠʞʥʝʡ ʯʘ-
ʩʪʠ) 

ʉʧʠʣ ʦʪ ʦʙ-
ʨʘʟʮʘ ˉ3 (ʦʪ 
ʚʝʨʭʥʝʡ ʯʘ-
ʩʪʠ) 

ʉʧʠʣ ʦʪ ʦʙ-
ʨʘʟʮʘ ˉ2 (ʦʪ 
ʥʠʞʥʝʡ ʯʘ-
ʩʪʠ) 

ʉʧʠʣ ʦʪ ʦʙ-
ʨʘʟʮʘ ˉ2 (ʦʪ 
ʚʝʨʭʥʝʡ ʯʘ-
ʩʪʠ) 

ʉʧʠʣ ʦʪ ʦʙ-
ʨʘʟʮʘ ˉ1 (ʦʪ 
ʥʠʞʥʝʡ ʯʘ-
ʩʪʠ) 

ʇʝʨʚʘʷ ʩʨʘʚʥʠʚʘʝʤʘʷ ʧʘʨʘ ɻʫʧʩʙʸ ʪʩʙʛʦʡʛʙʞʥʙʸ ʨʙʩʙ ʊʨʝʪʴʷ ʩʨʘʚʥʠʚʘʝʤʘʷ ʧʘʨʘ 

2016 
  

0,69 0,65 0,77 0,8 

2015 
  

0,66 0,57 0,55 0,66 

2014 
  

0,77 0,69 0,63 0,72 

2013 
  

1,18 1,22 1,2 1,25 

2012 
  

0,52 0,51 0,5 0,54 

2011 
  

1,33 1,17 1,19 1,28 

2010 0,93 0,81 0,82 0,81 0,93 0,85 

2009 1,45 1,38 1,57 1,41 1,42 1,48 

2008 1,48 1,42 1,61 1,49 2,04 2,02 

2007 1,91 1,83 2,12 1,99 2,51 2,43 

2006 1,29 1,27 1,29 1,13 2,28 2,32 

2005 1,67 1,58 1,98 1,86 1,55 1,61 

2004 1,19 1,18 1,28 1,26 
  2003 1,2 1,25 1,55 1,5 
  2002 1,49 1,52 1,72 1,86 
  2001 1,69 1,66 1,57 1,58 
  2000 1,07 1,18 

    1999 0,55 0,61 
    1998 1,44 1,44 
    1997 1,52 1,47 
     

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʙʱʘʷ ʪʝʥʜʝʥʮʠʷ ʛʨʘʬʠʢʦʚ ʨʘʜʠʘʣʴʥʦʛʦ ʧʨʠʨʦʩʪʘ (ɼʂʍ) ʠʩʩʣʝʜʫʝ-
ʤʳʭ ʦʙʨʘʟʮʦʚ. 

 

 
ʉʡc. 1. ʊʩʙʛʦʡʛʙʞʥʴʞ ʬʪʩʞʝʦʞʦʦʴʞ ɽʃʎ 
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ʋʙʚʤʡʯʙ 2  
ʃʧʩʩʞʤʸʯʡʧʦʦʴʞ ʥʙʫʩʡʯʴ ʙ) ʡ ʚ) 

ʙ) 
ʉʧʠʣ ʦʪ ʦʙʨʘʟʮʘ 
ˉ4 (ʦʪ ʚʝʨʭʥʝʡ 
ʯʘʩʪʠ) 

ʉʧʠʣ ʦʪ ʦʙʨʘʟʮʘ 
ˉ3 (ʦʪ ʥʠʞʥʝʡ 
ʯʘʩʪʠ) 

ʉʧʠʣ ʦʪ ʦʙʨʘʟʮʘ 
ˉ3 (ʦʪ ʚʝʨʭʥʝʡ 
ʯʘʩʪʠ) 

ʉʧʠʣ ʦʪ ʦʙʨʘʟʮʘ 
ˉ2 (ʦʪ ʥʠʞʥʝʡ 
ʯʘʩʪʠ) 

ʉʧʠʣ ʦʪ ʦʙʨʘʟʮʘ ˉ4 
(ʦʪ ʚʝʨʭʥʝʡ ʯʘʩʪʠ) 

1 - - - 

ʉʧʠʣ ʦʪ ʦʙʨʘʟʮʘ ˉ3 
(ʦʪ ʥʠʞʥʝʡ ʯʘʩʪʠ) 

0,983911 1 - - 

ʉʧʠʣ ʦʪ ʦʙʨʘʟʮʘ ˉ3 
(ʦʪ ʚʝʨʭʥʝʡ ʯʘʩʪʠ) 

0,906968 0,923138 1 - 

ʉʧʠʣ ʦʪ ʦʙʨʘʟʮʘ ˉ2 
(ʦʪ ʥʠʞʥʝʡ ʯʘʩʪʠ) 

0,870838 0,909299 0,984966 1 

ʚ) 
ʉʧʠʣ ʦʪ ʦʙʨʘʟʮʘ 
ˉ3 (ʦʪ ʚʝʨʭʥʝʡ 
ʯʘʩʪʠ) 

ʉʧʠʣ ʦʪ ʦʙʨʘʟʮʘ 
ˉ2 (ʦʪ ʥʠʞʥʝʡ 
ʯʘʩʪʠ) 

ʉʧʠʣ ʦʪ ʦʙʨʘʟʮʘ 
ˉ2 (ʦʪ ʚʝʨʭʥʝʡ 
ʯʘʩʪʠ) 

ʉʧʠʣ ʦʪ ʦʙʨʘʟʮʘ 
ˉ1 (ʦʪ ʥʠʞʥʝʡ 
ʯʘʩʪʠ) 

ʉʧʠʣ ʦʪ ʦʙʨʘʟʮʘ ˉ3 
(ʦʪ ʚʝʨʭʥʝʡ ʯʘʩʪʠ) 

1 
   

ʉʧʠʣ ʦʪ ʦʙʨʘʟʮʘ ˉ2 
(ʦʪ ʥʠʞʥʝʡ ʯʘʩʪʠ) 

0,984966 1 
  

ʉʧʠʣ ʦʪ ʦʙʨʘʟʮʘ ˉ2 
(ʦʪ ʚʝʨʭʥʝʡ ʯʘʩʪʠ) 

0,843133 0,828097 1 
 

ʉʧʠʣ ʦʪ ʦʙʨʘʟʮʘ ˉ1 
(ʦʪ ʥʠʞʥʝʡ ʯʘʩʪʠ) 

0,849272 0,829517 0,996533 1 

ʇʨʠʤʝʯʘʥʠʝ:*ʂʨʘʩʥʳʤ ʚʳʜʝʣʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ ʇʠʨʩʦʥʘ 
(p > 0,05) 

 
ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ (ʨʘʩʩʯʠʪʘʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ ʇʠʨʩʦʥʘ), ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 6, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʪʦʤ, ʯʪʦ:  

- ʧʝʨʚʘʷ ʩʨʘʚʥʠʚʘʝʤʘʷ ʧʘʨʘ ʧʨʠʥʘʜʣʝʞʠʪ ʚʪʦʨʦʡ ʩʨʘʚʥʠʚʘʝʤʦʡ ʧʘʨʝ (ʪʘʙʣ. 2, ʘ);  

- ʚʪʦʨʘʷ ʩʨʘʚʥʠʚʘʝʤʘʷ ʧʘʨʘ ʧʨʠʥʘʜʣʝʞʠʪ ʪʨʝʪʴʝʡ ʩʨʘʚʥʠʚʘʝʤʦʡ ʧʘʨʝ (ʪʘʙʣ. 2, ʙ). 
ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʘʢ ʢʘʢ ʚʪʦʨʘʷ ʩʨʘʚʥʠʚʘʝʤʘʷ ʧʘʨʘ ʧʨʠʥʘʜʣʝʞʠʪ ʠ ʧʝʨʚʦʡ ʠ ʪʨʝʪʴʝʡ ʩʨʘʚʥʠʚʘʝ-

ʤʳʤ ʧʘʨʘʤ, ʟʥʘʯʠʪ, ʧʝʨʚʘʷ ʩʨʘʚʥʠʚʘʝʤʘʷ ʧʘʨʘ ʧʨʠʥʘʜʣʝʞʠʪ ʪʨʝʪʴʝʡ ʩʨʘʚʥʠʚʘʝʤʦʡ ʧʘʨʝ.  
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʮʝʥʠʚʘʷ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʜʝʥʜʨʦʭʨʦʥʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʧʦʜʪʚʝʨ-

ʞʜʝʥʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʜʝʥʜʨʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʬʨʘʛʤʝʥ-
ʪʳ ʜʨʝʚʝʩʠʥʳ ˉ1, ˉ2, ˉ3 ʠ ˉ4 ʨʘʥʝʝ ʷʚʣʷʣʠʩʴ ʯʘʩʪʷʤʠ ʩʪʚʦʣʘ ʦʜʥʦʛʦ ʜʝʨʝʚʘ. 

 
ʊʨʡʪʧʣ ʤʡʫʞʩʙʫʬʩʴ 
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ʜʦʮʝʥʪ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 
ʌɻɹʆʋ ɺʆ çʂʘʣʤʳʮʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɹ.ɹ. ɻʦʨʦʜʦʚʠʢʦʚʘè, 

ʈʌ, ʛ.ʕʣʠʩʪʘ 
 

ɹʦʦʧʫʙʯʡʸ: ɾʠʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʳʡ ʩʝʢʪʦʨ ʚʩʝʛʜʘ ʪʨʝʙʫʝʪ ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ. ʂʘʣʤʳʢʠʷ ʷʚʣʷʝʪʩʷ 
ʜʦʪʘʮʠʦʥʥʦʡ ʨʝʩʧʫʙʣʠʢʦʡ ʚ ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ. ɺʩʷ ʵʥʝʨʛʠʷ ʧʦʩʪʫʧʘʝʪ ʠʟ ʩʦʩʝʜʥʠʭ ʨʝʛʠʦʥʦʚ. ʎʝʣʴ 
ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʝʣʴʥʳʭ ʜʣʷ ʦʪʦʧʣʝʥʠʷ ʠ ʧʦʣʫʯʝʥʠʷ ʛʦʨʷʯʝʡ ʚʦʜʳ ʜʣʷ ʞʠʪʝ-
ʣʝʡ ʨʝʛʠʦʥʘ. ʇʣʘʥʠʨʦʚʘʥʠʝ, ʪʝʭʥʦʣʦʛʠʷ ʠ ʫʪʠʣʠʟʘʮʠʷ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤʠ ʚʦʧʨʦʩʘʤʠ ʵʢʦʥʦʤʠʢʠ ʥʘʩʝ-
ʣʝʥʥʳʭ ʧʫʥʢʪʦʚ. ʉʪʨʦʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʂʘʣʤʳʢʠʠ ʩʚʷʟʘʥ ʩ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ ʧʦ ʨʝʛʠʦʥʫ. ʆʩ-
ʥʦʚʥʦʡ ʛʠʧʦʪʝʟʦʡ ʧʨʠʥʷʪʘ ʩʠʩʪʝʤʘ ʨʘʚʥʦʚʝʩʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʦ-ɻ ʢʦʣʦʛʠʷ. ʕʪʠ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʪ ʠʩʧʦʣʴ-
ʟʦʚʘʪʴ ʠʭ ʚ ʥʘʧʠʩʘʥʠʷ ʢʫʨʩʦʚʳʭ ʠ ʚʳʧʫʩʢʥʳʭ ʨʘʙʦʪ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʞʠʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʳʡ ʩʝʢʪʦʨ; ʩʪʨʦʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ; ʈʝʩʧʫʙʣʠʢʘ ʂʘʣʤʳʢʠʷ; 
ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ; ʢʣʠʤʘʪ. 
 
PREDICTION AND OPTIMIZATION OF PARAMETERS OF TECHNOLOGICAL PROCESSES OF HOUSING 
AND UTILITIES AND THEIR UTILIZATION AS A SECONDARY RAW MATERIAL IN THE INDUSTRY OF 

BUILDING MATERIALS 
 

Abstract: The housing and utilities sector always requires energy consumption. Kalmykia is a subsidized re-



ǰǭǡǯǤǫǤǬǬǟǾ Ǭǟǲǩǟ 45 

 

XVII International scientific conference | www.naukaip.ru 

public for energy production. All energy comes from neighboring regions. The purpose of the presented work 
is the use of boiler houses for heating and obtaining hot water for residents of the region. Planning, technology 
and recycling are the main issues of the economy of settlements. The construction complex of Kalmykia is as-
sociated with environmental data for the region. The main hypothesis is the construction-ecology balance sys-
tem. These data will allow you to use them in writing term papers and graduate works. 
Key words: housing and communal sector; construction process; Republic of Kalmykia; Environment; climate. 

 
ɻʛʞʝʞʦʡʞ. ɺ ʨʝʩʧʫʙʣʠʢʝ ʞʠʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʦʝ ʭʦʟʷʡʩʪʚʦ ʚ ʦʩʥʦʚʥʦʤ ʨʘʟʚʠʪʦ ʚ ʨʘʡʦʥʥʳʭ ʮʝʥ-

ʪʨʘʭ ʠ ʛʦʨʦʜʘʭ ʨʝʩʧʫʙʣʠʢʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʠ ʧʨʦʙʣʝʤʫ ʫʪʠʣʠʟʘʮʠʠ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ ʥʘ 
ʧʨʠʤʝʨʝ ʩʪʦʣʠʮʳ ʂʘʣʤʳʢʠʠ ʛʦʨʦʜʘ ʕʣʠʩʪʘ. ʅʘ ʜʘʥʥʦʝ ʚʨʝʤʷ ʧʨʦʞʠʚʘʶʪ ʚ ʛʦʨʦʜʝ ʦʢʦʣʦ 100 ʪʳʩ.ʯʝʣ. 
ʂʦʣʠʯʝʩʪʚʦ ʥʝ ʪʦʯʥʦʝ, ʪʘʢ ʢʘʢ ʯʘʩʪʴ ʞʠʪʝʣʝʡ ʚʳʝʟʞʘʝʪ ʥʘ ʟʘʨʘʙʦʪʢʠ ʟʘ ʧʨʝʜʝʣʳ ʨʝʩʧʫʙʣʠʢʠ. ʕʪʦ ʤʠ-
ʛʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʪʨʫʜʥʦ ʧʨʦʩʣʝʜʠʪʴ. 

ɺ ʩʪʦʣʠʮʝ ʥʘʩʯʠʪʳʚʘʝʪʩʷ 29 ʢʦʪʝʣʴʥʳʭ, 2 ʠʟ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʨʠʛʦʨʦʜʝ ʛ.ʕʣʠʩʪʘ. ʂʦ-
ʪʝʣʴʥʳʝ ʦʙʩʣʫʞʠʚʘʝʪ ʧʦʯʪʠ 90% ʧʦʪʨʝʙʠʪʝʣʝʡ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ: ʵʪʦ ʞʠʪʝʣʠ ʯʘʩʪʥʳʭ ʜʦʤʦʚʣʘʜʝʥʠʡ ʠ 
ʤʥʦʛʦʢʚʘʨʪʠʨʥʳʭ ʟʜʘʥʠʡ (363 ʤʥʦʛʦʵʪʘʞʝʢ). ɻʦʨʷʯʠʤ ʚʦʜʦʩʥʘʙʞʝʥʠʝʤ ʧʦʣʴʟʫʶʪʩʷ 146 ʤʥʦʛʦʵʪʘʞʥʳʭ 
ʜʦʤʦʚ. ɺʩʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʠ ʜʨʫʛʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʪʘʢʞʝ ʧʦʣʴʟʫʶʪʩʷ ʫʩʣʫʛʘʤʠ ʢʦʪʝʣʴʥʦʡ. 

ʅʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʪʘʢʞʝ ʦʩʪʘʚʣʷʶʪ ʞʝʣʘʪʴ ʣʫʯʰʝʛʦ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʣʫ-
ʯʝʥʠʷ ʪʝʧʣʘ ʠ ʛʦʨʷʯʝʡ ʚʦʜʳ. ɹʳʣʠ ʠʟʫʯʝʥʳ ʧʨʦʙʣʝʤʳ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚʣʠʷʶʱʠʝ ʥʘ ʪʝʭʥʦʣʦ-
ʛʠʶ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ [1,6]. ʋʯʪʝʥʳ ʦʪʯʝʪʥʳʝ ʜʘʥʥʳʝ ʤʠʥʠʩʪʝʨʩʪʚ ʠ ʜʨʫʛʠʭ ʦʨʛʘʥʠʟʘʮʠʡ ʦʙ ʵʢʦ-
ʣʦʛʠʯʝʩʢʦʤ ʠ ʩʦʮʠʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʝ ʚ ʈʝʩʧʫʙʣʠʢʝ ʂʘʣʤʳʢʠʷ [2]. ʈʘʩʩʤʦʪʨʝʥʳ ʧʨʦʙʣʝʤʳ, ʚʦʟʥʠʢʘʶʱʠʝ 
ʦʪ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ [3]. 

ʂʦʪʝʣʴʥʳʝ, ʩʠʩʪʝʤʘ ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʦʪʦʧʣʝʥʠʷ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦʡ ʚʦʜʳ. 
ʉʠʣʴʥʦ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʘʷ ʚʦʜʘ ʦʩʪʘʚʣʷʝʪ ʩʚʦʡ ʩʣʝʜ ʚ ʩʠʩʪʝʤʝ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʢʦʪʝʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʚ 
ʚʠʜʝ ʥʘʢʠʧʠ ʩʦʣʝʡ. ʊʘʢʞʝ ʢʘʯʝʩʪʚʦ ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʳ ʚʣʠʷʝʪ ʥʘ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ, ʦʩʦʙʝʥʥʦ ʜʝʪʝʡ 
[4]. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʥʘʩʝʣʝʥʠʷ ʛʦʨʦʜʘ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʧʠʪʴʷ ʧʨʠʚʦʟʥʫʶ ʚʦʜʫ ʠʟ ʩʢʚʘʞʠʥ ʠ ʨʦʜʥʠʢʦʚ, ʠʣʠ 
ʩʧʝʮʠʘʣʴʥʦ ʦʯʠʱʝʥʥʳʭ ʦʪ ʩʦʣʝʡ.  

ʇʨʦʮʝʩʩ ʦʧʫʩʪʳʥʠʚʘʥʠʷ, ʧʳʣʴ, ʩʫʭʦʚʝʠ ʚʣʠʷʶʪ ʥʘ ʢʘʯʝʩʪʚʦ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ [5]. 
ʈʘʙʦʪʘ ʢʦʪʝʣʴʥʳʭ ʪʨʝʙʫʝʪ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ. ʇʦʯʪʠ ʚʩʝ ʢʦʪʝʣʴʥʳʝ ʨʘʙʦʪʘʶʪ ʟʘ ʩʯʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʘʟʦʚʦʛʦ ʪʦʧʣʠʚʘ ʠ ʵʣʝʢʪʨʠʯʝʩʪʚʘ. ɸ ʨʝʩʧʫʙʣʠʢʘ ʥʝ ʠʤʝʝʪ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ. ɺ ʧʦʩʣʝʜʥʠʝ 
ʛʦʜʳ ʩʪʘʣʠ ʩʪʨʦʠʪʴ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ. ʅʦ ʥʘ ʜʘʥʥʦʝ ʚʨʝʤʷ ʦʥʠ ʪʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʶʪ 
ʩʪʦʠʤʦʩʪʴ ʝʜʠʥʠʮʳ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ. 

ʇʪʦʧʛʦʙʸ ʰʙʪʫʵ. ʂʨʦʤʝ ʚʳʰʝ ʥʘʟʚʘʥʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ, 77 ʩʦʮʠʘʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʪʘʢʞʝ ʧʦ-
ʣʫʯʘʶʪ ʪʝʧʣʦ ʠ ʚʦʜʫ ʩ ʛʦʨʦʜʩʢʠʭ ʩʠʩʪʝʤ. 

ɺ ʦʩʥʦʚʥʦʤ ʢʦʪʝʣʴʥʳʝ ʨʘʙʦʪʘʶʪ ʦʪ ʛʘʟʘ ʠ ʤʘʟʫʪʘ, ʵʣʝʢʪʨʠʯʝʩʪʚʘ. ɼʘʚʣʝʥʠʝ ʛʘʟʘ ʚ ʢʦʪʝʣʴʥʦʡ ʜʣʷ 
ʦʪʦʧʣʝʥʠʷ ʞʠʣʦʛʦ ʜʦʤʘ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ ʜʦ 5 ʢʇʘ, ʘ ʚ ʩʘʤʦʡ ʢʦʪʝʣʴʥʦʡ ʜʦʩʪʠʛʘʝʪ ʜʦ 0,3 ʄʇʘ. 
ɼʨʫʛʠʤ ʛʣʘʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʚʦʜʘ, ʢʘʢ ʦʩʥʦʚʥʦʡ ʥʦʩʠʪʝʣʴ ʪʝʧʣʘ. ʊʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ ʠ ʩʦ-
ʩʪʘʚʫ ʚʦʜʳ ʦʯʝʥʴ ʩʧʝʮʠʬʠʯʝʩʢʠʝ. ʏʪʦʙʳ ʫʩʪʘʥʦʚʢʘ ʨʘʙʦʪʘʣʘ ʥʘʜʝʞʥʦ ʠ ʜʦʣʛʦʚʝʯʥʘ ʚʦʜʫ ʥʫʞʥʦ ʤʥʦʛʦ 
ʠ ʦʥʘ ʜʦʣʞʥʘ ʙʳʪʴ ʦʯʝʥʴ ʤʷʛʢʦʡ. 

ʀʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠʟʳʩʢʘʥʠʷ ʧʦʢʘʟʘʣʠ ʩʠʣʴʥʫʶ ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʚʦʜʳ, ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʦ ʩ 
ʥʘʢʦʧʣʝʥʠʝʤ ʩʦʣʝʡ ʚ ʧʦʯʚʝʥʥʦʤ ʩʣʦʝ.  

ʕʥʝʨʛʠʶ ʚ ʨʝʩʧʫʙʣʠʢʝ ʥʝ ʚʳʨʘʙʘʪʳʚʘʶʪ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʨʘʟʨʘʙʦʪʘʥʘ ʩʭʝʤʘ ʨʘʟʚʠʪʠʷ ʵʥʝʨʛʝ-
ʪʠʢʠ ʟʘ ʵʥʝʨʛʠʠ ʩʦʣʥʮʘ ʠ ʚʝʪʨʘ [7]. ʇʘʨʘʤʝʪʨʳ ʜʘʥʥʳʭ ʧʦ ʠʥʩʦʣʷʮʠʠ ʚ ʨʝʛʠʦʥʝ ʧʦʟʚʦʣʷʶʪ ʜʦ 250 ʜʥʝʡ 
ʚ ʛʦʜʫ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʥʝʨʛʠʶ ʩʦʣʥʮʘ. ɸ ʩʠʣʴʥʳʝ ʚʝʪʨʘ ʜʫʶʱʠʝ ʥʘ ʚʳʩʦʪʝ 5 ʤʝʪʨʦʚ ʩ ʩʢʦʨʦʩʪʴʶ ʙʦʣʝʝ 5 
ʤ/ʩ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʳ. ʅʘ ʚʳʩʦʪʘʭ ʙʦʣʝʝ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʜʦʩʪʠʛʘʝʪ ʜʦ 25 ʤ/ʩ ʠ 
ʚʳʰʝ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʚʠʜʥʦ ʥʘ ʚʦʟʚʳʰʝʥʥʦʩʪʷʭ. ʉʦʪʨʫʜʥʠʢʘʤʠ ʂʘʣʤɻʋ ʩʦʚʤʝʩʪʥʦ ʩ ʣʘʙʦʨʘʪʦʨʠʝʡ ʚʦʟ-
ʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʧʨʠ ʛʝʦʛʨʘʬʠʯʝʩʢʦʤ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʝʨʠʠ ʵʢʩʧʝʜʠ-
ʮʠʡ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʚʳʰʝ ʥʘʟʚʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦ ʩʦʣʥʮʫ ʠ ʚʝʪʨʫ. ɺ ʨʝʩʧʫʙʣʠʢʝ ʧʦʛʦʣʦʚʴʝ ʩʢʦʪʘ 
ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʙʦʣʝʝ 2,5 ʤʣʥ.ʛʦʣʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʥʝʨʛʠʶ ʙʠʦʛʘʟʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʦʧʦʣ-
ʥʠʪʝʣʴʥʦʛʦ ʪʝʧʣʘ ʚ ʫʜʘʣʝʥʥʳʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ. 
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ʀʙʣʤʷʰʞʦʡʸ, ʛʴʛʧʝʴ. ɼʣʷ ʨʘʙʦʪʳ ʢʦʪʝʣʴʥʳʭ ʥʫʞʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ. ɼʣʷ ʵʪʦʛʦ ʨʝʢʦʤʝʥʜʦʚʘʥʦ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʥʝʨʛʠʶ ʩʦʣʥʮʘ, ʚʝʪʨʘ ʠ ʙʠʦʛʘʟʘ. ʂʦʣʠʯʝʩʪʚʘ ʪʝʧʣʘ, ʧʦʜʘʚʘʝʤʘʷ ʜʣʷ ʞʠʪʝʣʝʡ ʨʝʩʧʫʙʣʠ-
ʢʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʣʷ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʥʘʭʦʜʷʱʠʝ ʥʘ ʛʨʘʥʠ ʢʘʧʠʪʘʣʴʥʳʭ ʨʝʤʦʥʪʦʚ. 

ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʪʨʫʙʳ ʠ ʜʨʫʛʦʡ ʤʘʪʝʨʠʘʣ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʜʨʝʥʘʞʥʦʡ ʦʩʥʦʚʳ 
ʥʘ ʪʨʘʩʩʘʭ ʘʚʪʦʜʦʨʦʛ. 
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ǰǯǟǡǬǧǱǤǪǻǬǺǨ ǟǬǟǪǧǦ ǰǤǱǤǨ 
ǟǠǭǬǤǬǱǰǩǭǢǭ ǣǭǰǱǲǮǟ Ǭǟ ǭǰǬǭǡǤ 
ǱǤǴǬǭǪǭǢǧǨ ETHERNET ǧ POLAN 

ǡǿȐȝȌȍȁ ǤȁȂȄȌȇȈ ǧȂȍȏȄȁȇȖ, 
ǫȄȏȉȒȊȍȁ ǮǿȁȄȊ ǟȊȄȉȐǿȌȃȏȍȁȇȖ 

ʩʦʪʨʫʜʥʠʢʠ 
ɸʢʘʜʝʤʠʠ ʌʉʆ ʈʦʩʩʠʠ 

 

ɹʦʦʧʫʙʯʡʸ: ʇʨʝʜʩʪʘʚʣʝʥʳ ʧʝʨʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʚʦʜʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝ-
ʜʘʯʠ ʜʘʥʥʳʭ ʥʘ ʙʘʟʝ Ethernet ʠ POLAN. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʧʘʩʩʠʚʥʳʭ 
ʦʧʪʠʯʝʩʢʠʭ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ, ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʝʪʷʭ ʘʙʦʥʝʥʪʩʢʦʛʦ ʜʦʩʪʫʧʘ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ, Ethernet, ʧʘʩʩʠʚʥʘʷ ʦʧʪʠʯʝʩʢʘʷ ʣʦʢʘʣʴʥʘʷ ʩʝʪʴ, ʜʦʩʪʦʠʥ-
ʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. 
 

COMPARATIVE ANALYSIS OF SUBSCRIBER ACCESS NETWORKS BASED ON ETHERNET AND 
POLAN TECHNOLOGIES 

 
Vasyunov Evgeniy Igorevich, 

Merkulov Pavel Aleksandrovich 
 
Abstract: The first results of a comparative analysis of wired data transmission technologies based on Ether-
net and POLAN are presented. The main advantages and disadvantages of passive optical local networks, the 
relevance of their use in subscriber access networks are considered. 
Keywords: comparative analysis, Ethernet, Passive Optical LAN, Advantages and Disadvantages. 

 
Passive Optical LAN (POL) ï ʵʪʦ ʢʦʨʧʦʨʘʪʠʚʥʘʷ ʩʝʪʴ, ʠʩʧʦʣʴʟʫʶʱʘʷ ʪʝʭʥʦʣʦʛʠʶ, ʨʘʟʨʘʙʦʪʘʥʥʫʶ 

ʜʣʷ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʩʝʪʝʡ ʜʦʩʪʫʧʘ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʧʘʩʩʠʚʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʩʝʪʠ 
(PON) ʚ ʩʨʝʜʝ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ (LAN), ʦʩʥʦʚʥʦʤ ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʦʡ ʩʠʩʪʝʤʦʡ FTTx.  

Ethernet ï ʵʪʦ ʩʪʘʥʜʘʨʪʥʳʡ ʧʨʦʪʦʢʦʣ ʩʚʷʟʠ, ʚʩʪʨʦʝʥʥʳʡ ʚ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠ ʘʧʧʘʨʘʪ-
ʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ (LAN). ʆʥ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʚ 1973 ʛʦʜʫ, 
ʠ ʙʣʘʛʦʜʘʨʷ ʫʩʠʣʠʷʤ Digital, Intel ʠ ʍerox, ʣʦʢʘʣʴʥʘʷ ʩʝʪʴ çDIXè ʩʪʘʣʘ ʙʘʟʦʚʦʡ ʤʦʜʝʣʴʶ ʜʣʷ ʩʝʪʝʡ ʧʦ 
ʚʩʝʤʫ ʤʠʨʫ. 

ʂʨʘʪʢʦʝ ʠʟʣʦʞʝʥʠʝ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʦʮʝʥʢʝ ʧʘʩʩʠʚʥʳʭ ʦʧʪʠ-
ʯʝʩʢʠʭ ʩʝʪʝʡ, ʥʘʭʦʜʠʪʩʷ ʚ ʪʘʙʣʠʮʝ (ʪʘʙʣ.1). (Passive Optical LAN: WHY ALL THE HYPE?A Comprehensive 
Analysis [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] 2010 CommScope, Inc ) 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʝʜʥʦʛʦ Ethernet ʦʧʪʠʯʝʩʢʘʷ ʩʝʪʴ ʪʨʝʙʫʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʭ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ 
ʚʣʦʞʝʥʠʡ ʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʯʠʩʣʘ ʘʢʪʠʚʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ (ʪʘʙʣ. 2), ʘʢʪʠʚʥʘʷ 
ʩʝʪʴ ʜʣʷ 512 ʘʙʦʥʝʥʪʦʚ, ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ ʤʝʜʥʳʭ ʢʦʤʧʦʥʝʥʪʘʭ, ʚ 18 ʨʘʟ ʜʝʰʝʚʣʝ, ʯʝʤ ʦʧʪʠʯʝʩʢʠʡ 
Ethernet ʧʦʜʚʝʜʝʥʥʳʡ ʢ ʪʘʢʦʤʫ ʞʝ ʯʠʩʣʫ ʢʣʠʝʥʪʦʚ, ʠ ʚ 17 ʨʘʟ ʤʝʥʝʝ ʜʦʨʦʛʘʷ, ʯʝʤ ʨʝʰʝʥʠʝ ʥʘ ʙʘʟʝ ʚ 
ʈʆN. (ʉʨʘʚʥʝʥʠʝ GPON ʠ Ethernet [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] TELSIS, 2015-2020) 
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ʋʙʚʤʡʯʙ 1 
ʇʚʧʚʲʞʦʦʴʢ ʙʦʙʤʡʠ 

ʌʘʢʪʦʨʳ ʊʨʘʜʠʮʠʦʥʥʘʷ ʢʦʤʤʫʪʠʨʫ-
ʝʤʘʷ ʩʝʪʴ ʪʦʯʢʘ-ʪʦʯʢʘ 

ʇʘʩʩʠʚʥʘʷ ʦʧʪʠʯʝʩʢʘʷ ʩʝʪʴ LAN 

ʉʪʦʠʤʦʩʪʴ 
Å CapEx 
Å OpEx 
Åʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙ-
ʥʦʩʪʴ 

 
ʋʤʝʨʝʥʥʦ ʙʦʣʴʰʝ 

 
ʋʤʝʨʝʥʥʦ ʤʝʥʴʰʝ 

ʯʫʪʴ-ʯʫʪʴ ʙʦʣʴʰʝ ʯʫʪʴ-ʯʫʪʴ ʜʦ ʫʤʝʨʝʥʥʦ ʤʝʥʴʰʝ 

ʅʘʤʥʦʛʦ ʙʦʣʝʝ ʥʠʟʢʘʷ ʩʪʦ-
ʠʤʦʩʪʴ çʙʠʪè 
ʧʝʨʝʜʘʥʥʳʭ ʠʣʠ ʙʦʣʝʝ ʜʦ-
ʩʪʫʧʥʳʭ çʙʠʪʦʚè ʥʘ ʢʘʞ-
ʜʳʡ ʧʦʪʨʘʯʝʥʥʳʡ ʜʦʣʣʘʨ 

ʅʘʤʥʦʛʦ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ çʙʠʪè 
ʧʝʨʝʜʘʝʪʩʷ ʠʣʠ ʤʝʥʴʰʝ çʙʠʪʦʚè ʜʦʩʪʫʧʥʦ ʥʘ ʢʘʞʜʳʡ 
ʧʦʪʨʘʯʝʥʥʳʡ ʜʦʣʣʘʨ 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ɺʳʩʦʯʘʡʰʘʷ ʧʨʦʧʫʩʢʥʘʷ 
ʩʧʦʩʦʙʥʦʩʪʴ ʩ ʚʳʜʝʣʝʥʥʦʡ 
ʩʠʤʤʝʪʨʠʯʥʦʡ ʧʦʣʦʩʦʡ 
ʧʨʦʧʫʩʢʘʥʠʷ 

ʆʛʨʘʥʠʯʝʥʥʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩ ʘʩʠʤʤʝʪ-
ʨʠʯʥʦʡ ʠ ʦʙʱʝʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʇʦʜʜʝʨʞʢʘ ʢʦʥʚʝʨ-
ʛʝʥʮʠʠ 

ʃʫʯʰʠʡ ʧʦʪʝʥʮʠʘʣ ʆʛʨʘʥʠʯʝʥʥʳʡ ʧʦʪʝʥʮʠʘʣ 

IT-ʈʝʩʫʨʩʳ ʅʝʡʪʨʘʣʴʥʳʝ ʅʝʡʪʨʘʣʴʥʳʝ 

ɼʦʨʦʞʢʠ ʠ ʇʨʦʩʪʨʘʥ-
ʩʪʚʘ 

ʊʨʝʙʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ 
ʙʦʣʴʰʝ ʤʝʩʪʘ, ʥʦ ʟʘʚʠʩʠʪ 
ʦʪ ʘʨʭʠʪʝʢʪʫʨʳ, 
ʪʦ ʝʩʪʴ FTTD, FTTE ʠʣʠ 
ʠʝʨʘʨʭʠʯʝʩʢʘʷ ʟʚʝʟʜʘ 

ʊʨʝʙʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʤʝʩʪʘ 

ʃʝʛʢʦʩʪʴ ʨʘʟʚʝʨʪʳ-
ʚʘʥʠʷ 

ʊʨʝʙʫʝʪʩʷ ʙʦʣʴʰʝ ʨʝʩʫʨ-
ʩʦʚ, ʥʘʚʳʢʦʚ ʠ ʚʨʝʤʝʥʠ 
ʜʣʷ ʦʙʳʯʥʦʛʦ ʨʘʟʚʝʨʪʳʚʘ-
ʥʠʷ, ʥʦ ʪʘʢʞʝ ʤʦʞʥʦ ʠʩ-
ʧʦʣʴʟʦʚʘʪʴ ʧʦʜʭʦʜ Plug-n-
Play 

Plug-n-Play, ʙʳʩʪʨʳʡ ʠ ʤʝʥʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʢ 
ʢʨʘʬʪʫ 

ɹʝʟʦʧʘʩʥʦʩʪʴ 
Å ʌʠʟʠʯʝʩʢʘʷ 
 
Å ʃʦʛʠʯʝʩʢʘʷ 

ɿʘʚʠʩʠʪ ʦʪ ʘʨʭʠʪʝʢʪʫʨʳ, 
ʪʦ ʝʩʪʴ FTTD, FTTE ʠʣʠ 
ʠʝʨʘʨʭʠʯʝʩʢʘʷ ʟʚʝʟʜʘ 

ɺʩʝ ʚʦʣʦʢʥʘ ʥʘʠʙʦʣʝʝ ʥʘʜʝʞʥʳ 

ʩʦʝʜʠʥʝʥʠʝ ʪʦʯʢʘ-ʪʦʯʢʘ 
ʩʘʤʦʝ ʙʝʟʦʧʘʩʥʦʝ 

ʊʨʘʥʩʣʠʨʫʝʪ ʚʩʝ ʜʘʥʥʳʝ ʥʘ ʚʩʝ ʥʘʠʤʝʥʝʝ ʙʝʟʦʧʘʩ-
ʥʳʝ ʧʦʨʪʳ 

ʈʝʟʝʨʚʠʨʦʚʘʥʠʝ ʍʦʨʦʰʝʝ, ʦʙʳʯʥʦ ʚʩʪʨʦʝʥ-
ʥʦʝ 

ɹʝʜʥʦʝ, ʦʯʝʥʴ ʦʛʨʘʥʠʯʝʥʥʦʝ 

ʄʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ɺʝʣʠʢʦʣʝʧʥʳʡ ʧʦʪʝʥʮʠʘʣ ʆʛʨʘʥʠʯʝʥʥʳʡ ʧʦʪʝʥʮʠʘʣ 

ʉʪʘʥʜʘʨʪʠʟʘʮʠʷ ʂʨʘʝʫʛʦʣʴʥʳʡ ʢʘʤʝʥʴ ʢʦʨ-
ʧʦʨʘʪʠʚʥʳʭ ʩʪʘʥʜʘʨʪʦʚ 

ʅʝʪ ʧʦʜʜʝʨʞʠʚʘʝʤʦʛʦ ʩʪʘʥʜʘʨʪʘ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʷ 

ʕʢʦʣʦʛʠʯʥʦʩʪʴ ʇʦʜʜʝʨʞʠʚʘʝʪ ʮʝʥʪʨʘʣʠ-
ʟʦʚʘʥʥʫʶ ʠ ʧʨʦʤʝʞʫʪʦʯʥʫʶ 
PoE ʠ ʢʦʥʚʝʨʛʝʥʮʠʶ, ʯʪʦ 
ʧʦʟʚʦʣʷʝʪ ʟʜʘʥʠʶ ʩʪʘʪʴ 
ʙʦʣʝʝ çʟʝʣʝʥʳʤè 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ çʵʢʦʣʦʛʠʯʥʝʝè, ʥʦ ʥʝ ʧʦʜʜʝʨʞʠʚʘʝʪ 
ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ PoE ʠʣʠ ʵʬʬʝʢʪʠʚʥʳʡ ʧʝʨʝʭʦʜ ʢ 
ʢʦʥʚʝʨʛʝʥʮʠʠ, ʧʦʵʪʦʤʫ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ 
ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʝʝ çʟʝʣʝʥʳʤè 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʨʪʘ ʎʝʥʪʨʘʣʠʟʦʚʘʥʥʳʝ ʢʦʤʤʫ-
ʪʘʪʦʨʳ, ʯʪʦ ʦʟʥʘʯʘʝʪ ʙʦ-
ʣʝʝ ʚʳʩʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʝ ʧʦʨʪʦʚ 

ʈʘʩʧʨʝʜʝʣʝʥʥʳʝ ʢʦʤʤʫʪʘʪʦʨʳ, ʧʦʵʪʦʤʫ ʫʤʝʨʝʥʥʦʝ 
ʠʣʠ ʥʠʟʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʨʪʦʚ 
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ʋʙʚʤʡʯʙ 2 
ʊʩʙʛʦʞʦʡʞ ʧʨʞʩʙʫʧʩʪʣʧʢ ʪʞʫʡ ʦʙ 512 ʙʚʧʦʞʦʫʧʛ ʦʙ ʚʙʠʞ ʙʣʫʡʛʦʴʮ ʡ ʨʙʪʪʡʛʦʴʮ ʣʧʥʨʧʦʞʦʫʧʛ 

ʄʦʜʝʣʴ ʆʧʠʩʘʥʠʝ ʉʪʦʠʤʦʩʪʴ, $ ʂʦʣ-ʚʦ ʉʫʤʤʘ, $ 

ʅʞʝʦʧʞ Ethernet-ʩʞʱʞʦʡʞ ʦʙ 512 ʙʚʧʦʞʦʫʧʛ 

DGS-3420-
26SC 

24-ʧʦʨʪʘ SFPL2 Stackable Management Switch c 4 
Combo-ʧʦʨʪʘʤʠ 10/100/10000Base-T/SFP ʠ 2 ʧʦʨ-
ʪʘʤʠ SFP+ 

1150 1 1150 

DES-1210-
28/me/B2A 

WEB Smart III Switch ʩ 24 ʧʦʨʪʘʤʠ 10/100Base-TX, 
ʜʚʘ Combo- ʧʦʨʪʘ 10/100/1000BASE-T/SFP,2 SFP-
ʧʦʨʪʘ 

180 19 3420 

DEM-302S-
LX 

ʇʦʨʪ mini-GBIC 1000Base-LX SMF SFP Tranciever 
(ʜʦ 2 ʢʤ) 

17 38 646 

ʀʪʦʛʦ: 4066 

ʇʨʫʡʰʞʪʣʧʞ Ethernet-ʩʞʱʞʦʡʞ ʦʙ 512 ʙʚʧʦʞʦʫʧʛ 

DGS-3420-
26SC 

24-ʧʦʨʪʘ SFPL2 Stackable Management Switch c 4 
Combo-ʧʦʨʪʘʤʠ 10/100/10000Base-T/SFP ʠ 2 ʧʦʨ-
ʪʘʤʠ SFP+ 

1150 1 1150 

DES-3200-
28F/E 

24-ʧʦʨʪʘ 100Mbps SFP open slots+ 4 combo-ʧʦʨʪʘ 
1000BASE-T/SFP L2 Management Switch 

495 19 9405 

DEM-302S-
LX 

ʇʦʨʪ mini-GBIC 1000Base-LX SMF SFP Tranciever 
(ʜʦ 2 ʢʤ) 

17 38 646 

DEM-220R ʊʨʘʥʩʠʚʝʨ 100Base-BX-U (ʜʦ 20 ʢʤ) SFP Transceiv-
er (TX-1310/RX-1550 ʥʤ) 

39,5 512 20224 

DMC-
920T/E 

ʄʝʜʠʘ-ʢʦʥʚʝʨʪʦʨ 10/100BASE-TX to BASE-FX Sin-
gle-mode Fiber (ʜʦ 20 ʢʤ) Dual-wavelength Media 
Convertor 

79 512 40448 

DIR-
300/A/D1 

ɼʦʤʘʰʥʠʡ 5-ʧʦʨʪʦʚʳʡ (10/100BASE-TX) Ethernet-
ʤʘʨʰʫʨʪʠʟʘʪʦʨ ʩ Wi-Fi (802.11a/b/n) 

18 512 9216 

ʀʪʦʛʦ: 81089 

GPON-ʩʞʱʞʦʡʞ ʦʙ 512 ʙʚʧʦʞʦʫʧʛ 

DPN-6608 GPON OLT 12750 1 12750 

DEM_PB1
S-OLT 

ʊʨʘʥʩʠʚʝʨ GPON OLT (ʩʦʚʤʝʩʪʠʤʳʡ ʩ OLT DPN-
6608) 

215 8 1720 

DPN-5402 ʐʣʶʟ GPON OLT Gigabit VoIP Gateway 105 512 53760 

ʀʪʦʛʦ: 68230 

 
ɺ ʨʘʩʯʝʪʘʭ ʥʝ ʫʯʠʪʳʚʘʣʠʩʴ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ ʮʝʥʘ ʢʘʙʝʣʝʡ, ʤʦʥʪʘʞʥʳʭ ʨʘʙʦʪ, ʩʪʦʠʤʦʩʪʴ ʩʦ-

ʜʝʨʞʘʥʠʷ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʝʪʠ (ʚ ʪ.ʯ. ʦʧʣʘʪʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ). ʅʦ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʧʦʣʫʯʝʥʥʳʝ ʧʦʢʘʟʘ-
ʪʝʣʠ ʚʝʩʴʤʘ ʥʘʛʣʷʜʥʳ ʠ ʧʦʟʚʦʣʷʶʪ ʫʚʠʜʝʪʴ ʧʦʨʷʜʦʢ ʩʫʤʤ ʧʨʠ ʦʮʝʥʢʝ ʩʪʦʠʤʦʩʪʠ ʨʝʰʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ 
ʧʨʠʤʝʨʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʟʷʪʳ ʧʨʦʜʫʢʪʳ ʢʦʤʧʘʥʠʠ D-Link, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʟʘʥʠʤʘʶʪ ʩʨʝʜʥʠʡ ʜʠʘʧʘʟʦʥ ʥʘ 
ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ ʢʘʢ ʚ ʩʤʳʩʣʝ ʩʪʦʠʤʦʩʪʠ, ʪʘʢ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ. ɿʘʤʝʥʘ ʫʧʦʤʷʥʫʪʳʭ 
ʧʨʦʜʫʢʪʦʚ ʘʥʘʣʦʛʘʤʠ ʜʨʫʛʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ (ʩ ʪʦʡ ʞʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴʶ) ʥʝ ʜʘʝʪ ʨʘʜʠʢʘʣʴʥʦʛʦ ʚʳ-
ʠʛʨʳʰʘ ʚ ʮʝʥʝ ʚʩʝʛʦ ʨʝʰʝʥʠʷ. 

ɺ ʜʝʥʝʞʥʦʤ ʵʢʚʠʚʘʣʝʥʪʝ ʦʙʘ ʨʝʰʝʥʠʷ ʦʢʘʟʳʚʘʶʪʩʷ ʧʨʠʤʝʨʥʦ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ. ɿʘʪʨʘʯʝʥʥʘʷ ʥʘ 
ʫʩʪʘʥʦʚʢʫ Ethernet ʩʝʪʠ ʩʫʤʤʘ ʪʦʣʴʢʦ ʢʘʞʝʪʩʷ ʤʝʥʴʰʝ. ʋ GPON ʧʨʠʤʝʨʥʦ ʥʘ ʪʨʝʪʴ ʙʦʣʴʰʝ ʢʦʣʠʯʝʩʪʚʦ 
ʘʙʦʥʝʥʪʦʚ, ʘ ʫ Ethernet ʥʘ ʪʫ ʞʝ ʪʨʝʪʴ ʤʝʥʴʰʝ ʨʘʩʭʦʜʦʚ. 

ʆʜʥʘʢʦ: 

¶ POL ʤʦʞʝʪ ʩʥʠʟʠʪʴ ʩʦʚʦʢʫʧʥʫʶ ʩʪʦʠʤʦʩʪʴ ʚʣʘʜʝʥʠʷ ʥʘ 47 ʧʨʦʮʝʥʪʦʚ ʟʘ ʦʜʠʥ ʛʦʜ, ʧʨʝʜʦ-
ʩʪʘʚʣʷʷ ʝʜʠʥʫʶ ʫʧʨʦʱʝʥʥʫʶ ʩʝʪʴ ʩ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʚʩʝʭ ʫʩʣʫʛ. 
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¶ POL ʩʥʠʞʘʝʪ ʟʘʪʨʘʪʳ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ, ʧʦʪʦʤʫ ʯʪʦ ʧʘʩʩʠʚʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʥʝ ʪʨʝʙʫʝʪ ʧʠ-
ʪʘʥʠʷ ʠʣʠ ʦʭʣʘʞʜʝʥʠʷ, ʘ POL ʩʥʠʞʘʝʪ ʨʘʩʭʦʜʳ ʥʘ ʢʘʙʝʣʠ, ʟʘʤʝʥʷʷ ʛʨʦʤʦʟʜʢʠʝ ʤʝʜʥʳʝ ʞʛʫʪʳ ʚʦʣʦʢʥʦʤ. 

¶ POL ʦʩʚʦʙʦʞʜʘʝʪ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚ ʧʦʤʝʱʝʥʠʷʭ ʢʣʠʝʥʪʦʚ, ʫʩʪʨʘʥʷʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʰʢʘʬʘʭ 
ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʢʘʞʜʦʤ ʵʪʘʞʝ. ʇʘʩʩʠʚʥʘʷ ʧʨʠʨʦʜʘ ʩʝʪʠ ʪʨʝʙʫʝʪ ʤʝʥʴʰʝ ʩʪʦ-
ʝʢ, ʢʦʤʤʫʪʘʪʦʨʦʚ ʠ ʢʦʤʤʫʪʘʮʠʦʥʥʳʭ ʧʘʥʝʣʝʡ, ʯʝʤ Ethernet ʥʘ ʦʩʥʦʚʝ ʤʝʜʠ. 

ɺ ʟʘʚʝʨʰʝʥʠʠ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʣʘʛʦʜʘʨʷ ʵʢʦʥʦʤʠʠ ʢʘʢ ʢʘʧʠʪʘʣʴʥʳʭ, ʪʘʢ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 
ʨʘʩʭʦʜʦʚ POL ʧʨʝʜʣʘʛʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʢʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʚ ʦʙʱʝʡ ʩʪʦʠʤʦʩʪʠ ʚʣʘʜʝʥʠʷ. 
ʇʨʦʩʪʦ ʠʟ-ʟʘ ʵʪʦʛʦ POL ʥʝʣʴʟʷ ʠʛʥʦʨʠʨʦʚʘʪʴ ʠ ʚʩʝʛʜʘ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ. ʋʩʪʘʥʦʚʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʦʧʪʦʚʦʣʦʢʦʥʥʦʛʦ POL ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʵʢʦʥʦʤʠʶ ʟʘʪʨʘʪ ʜʦ 30-50% ʚ ʧʘʩʩʠʚʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ, ʚ ʟʘ-
ʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ, ʫʨʦʚʥʷ ʢʦʤʬʦʨʪʘ ʨʘʙʦʪʳ ʠ ʠʟʙʳʪʦʯʥʦʩʪʠ ʚʘʰʝʡ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 
ʩʝʪʴ POL ʠʤʝʝʪ ʩʤʳʩʣ ʚ ʢʘʯʝʩʪʚʝ ʦʙʥʦʚʣʝʥʠʷ ʩʨʝʜʳ, ʚ ʢʦʪʦʨʦʡ ʧʨʝʦʙʣʘʜʘʝʪ ʤʝʜʴ. ɽʱʝ ʦʜʥʠʤ ʧʨʝʠʤʫ-
ʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʜʣʷ POL ʪʨʝʙʫʝʪʩʷ ʤʝʥʴʰʘʷ ʧʣʦʱʘʜʴ ʢʘʙʝʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʆʥ ʧʝʨʝ-
ʤʝʱʘʝʪ ʵʣʝʢʪʨʦʥʠʢʫ ʫʨʦʚʥʷ ʜʦʩʪʫʧʘ ʢ ʨʘʙʦʯʝʡ ʟʦʥʝ, ʧʦʵʪʦʤʫ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ 
ʧʝʨʝʢʣʶʯʘʪʝʣʷʭ ʜʦʩʪʫʧʘ ʚʥʫʪʨʠ ʥʘʧʦʣʴʥʳʭ ʨʘʩʧʨʝʜʝʣʠʪʝʣʝʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʥ ʤʦʞʝʪ ʫʤʝʥʴʰʠʪʴ ʠʣʠ 
ʜʘʞʝ ʫʩʪʨʘʥʠʪʴ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʥʘʧʦʣʴʥʳʭ ʨʘʩʧʨʝʜʝʣʠʪʝʣʷʭ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʩʚʦʙʦʞʜʘʝʪ ʨʘ-
ʙʦʯʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʣʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʘʙʦʯʠʭ ʩʪʘʥʮʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 
ʩʚʷʟʠ ʪʨʝʙʫʝʪʩʷ ʚʩʝ ʤʝʥʴʰʝ ʠ ʤʝʥʴʰʝ ʩʝʪʝʚʳʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʢʦʤʧʘʢʪʥʳʡ ʦʧʪʦʚʦʣʦʢʦʥʥʳʡ ʢʘʙʝʣʴ ʟʘʤʝ-
ʥʷʝʪ ʛʨʦʤʦʟʜʢʠʝ ʤʝʜʥʳʝ ʢʘʙʝʣʴʥʳʝ ʧʫʯʢʠ. ʀ ʵʪʦ ʪʘʢʞʝ ʫʤʝʥʴʰʠʪ ʪʝʧʣʦʚʫʶ ʥʘʛʨʫʟʢʫ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʝ ʦʜʥʦʤʦʜʦʚʦʛʦ ʚʦʣʦʢʥʘ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪ ʦʞʠʜʘʝʤʳʡ ʩʨʦʢ ʩʣʫʞʙʳ ODN, ʧʦʩʢʦʣʴʢʫ ʩ ʨʦ-
ʩʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ ʢʘʙʝʣʴʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʥʝ ʜʦʣʞʥʘ ʟʘʤʝʥʷʪʴʩʷ. POL ï ʵʪʦ 
ʧʨʦʚʝʨʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʪʝʭʥʦʣʦʛʠʠ GPON ʜʣʷ ʦʧʪʦʚʦʣʦʢʥʘ, ʧʦʵʪʦʤʫ ʦʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 
ʥʘʜʝʞʥʦʩʪʴ, ʥʘʜʝʞʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʷ (QoS) ʦʧʝʨʘʪʦʨʩʢʦʛʦ ʢʣʘʩʩʘ. ʂʨʦʤʝ ʪʦʛʦ, GPON - ʵʪʦ 
ʟʨʝʣʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʜʣʷ ʧʨʦʩʪʦʪʳ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʧʨʦʩʪʘ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ. 

ʍʦʪʷ ʧʘʩʩʠʚʥʘʷ ʦʧʪʠʯʝʩʢʘʷ ʣʦʢʘʣʴʥʘʷ ʩʝʪʴ ʠʤʝʝʪ ʥʝʢʦʪʦʨʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʝʨʝʜ ʪʨʘʜʠʮʠʦʥʥʦʡ 
ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʟʚʝʟʜʦʦʙʨʘʟʥʦʡ ʩʝʪʴʶ Ethernet, ʥʝʦʙʭʦʜʠʤʦ ʪʱʘʪʝʣʴʥʦ ʧʨʦʜʫʤʳʚʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ 
ʩʠʪʫʘʮʠʠ ʠ ʧʦʪʨʝʙʥʦʩʪʠ. ʇʦʜʭʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʩʩʠʚʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʩʝʪʝʡ ʦʪʣʠʯʥʦ ʧʦʜʭʦʜʠʪ ʜʣʷ 
ʨʳʥʢʘ ʞʠʣʦʡ ʥʝʜʚʠʞʠʤʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʯʘʩʪʥʳʤ ʧʦʪʨʝʙʠʪʝʣʷʤ ʥʝ ʪʨʝʙʫʝʪʩʷ ʚʳʜʝʣʝʥʥʘʷ ʩʠʤʤʝʪʨʠʯʥʘʷ 
ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ, ʥʝʪ ʪʝʭ ʞʝ ʧʨʦʙʣʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʦʨʤʘʪʠʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʠʣʠ ʩʪʘʥʜʘʨʪʦʚ ʵʬ-
ʬʝʢʪʠʚʥʦʩʪʠ, ʢʦʪʦʨʳʤ ʥʝʦʙʭʦʜʠʤʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ. ɺ ʞʠʣʳʭ ʧʦʤʝʱʝʥʠʷʭ ʩʘʤʳʤ ʢʨʫʧʥʳʤ ʧʦʪʨʝʙʠʪʝ-
ʣʝʤ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʪʦʢʦʚʦʝ ʚʠʜʝʦ, ʢʦʪʦʨʦʝ ʩʝʛʦʜʥʷ ʪʨʝʙʫʝʪ ʪʦʣʴʢʦ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦ-
ʩʦʙʥʦʩʪʠ ʥʠʩʭʦʜʷʱʝʛʦ ʧʦʪʦʢʘ. ɼʣʷ ʪʝʭ ʧʨʠʣʦʞʝʥʠʡ, ʢʦʪʦʨʳʤ ʪʨʝʙʫʝʪʩʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʚʦʩʭʦ-
ʜʷʱʝʛʦ ʧʦʪʦʢʘ, ʜʦʤʘʰʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʦʙʳʯʥʦ ʧʨʠʥʠʤʘʶʪ ʦʞʠʜʘʥʠʝ ʟʘʛʨʫʟʢʠ ʤʫʣʴʪʠʤʝʜʠʡʥʳʭ ʬʘʡ-
ʣʦʚ ʠ ʬʘʡʣʦʚ ʜʘʥʥʳʭ, ʧʦʩʢʦʣʴʢʫ ʵʪʦ ʥʝ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʩʣʝʜʩʪʚʠʡ. (ʉʨʘʚʥʝʥʠʝ 
GPON ʠ Ethernet [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] TELSIS, 2015-2020) 
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ʧʘʩʩʠʚʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ. ɿʘ ʦʩʥʦʚʫ ʘʥʘʣʠʟʘ ʙʳʣ ʚʟʷʪ ʧʦʢʘʟʘʪʝʣʴ ʩʪʦʠʤʦʩʪʠ ʜʘʥʥʦʡ 
ʪʝʭʥʦʣʦʛʠʠ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʟʘʪʨʘʪʳ ʠ ʚʣʦʞʝʥʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ POLAN, ʘ ʪʘʢʞʝ ʦʙʦʩʥʦʚʘ-
ʥʘ ʚʳʛʦʜʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʨʝʰʝʥʠʷ. 
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ANALYSIS OF SUBSCRIBER ACCESS NETWORKS BASED ON POLAN TECHNOLOGY IN COST 
 

Vasyunov Evgeniy Igorevich, 
Merkulov Pavel Aleksandrovich 

 
Abstract: The analysis of a promising technology of subscriber access networks based on passive optical lo-
cal networks is presented. The analysis was based on the cost indicator of this technology. The main costs 
and possibilities of using POLAN are considered, the profitability of using this solution is also justified. 
Keywords: cost metric, POLAN, cost model, bandwidth cost. 

 
ɺ ʩʚʷʟʠ ʩ ʨʘʩʪʫʱʠʤ ʫʩʧʝʭʦʤ ʨʘʟʚʝʨʪʳʚʘʥʠʡ PON ʚʦ ʚʩʝʤ ʤʠʨʝ ʠ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴʶ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʵʬʬʝʢʪʠʚʥʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʢʦʥʚʝʨʛʝʥʪʥʫʶ ʩʝʪʴ ʜʦʤʘʰʥʝʛʦ ʘʙʦʥʝʥʪʘ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʜʧʨʠʥʠ-
ʤʘʶʪʩʷ ʫʩʠʣʠʷ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʵʪʦʡ ʞʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʨʝʜʝ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ. ʕʪʦʪ 
ʧʦʜʭʦʜ ʥʘʟʳʚʘʝʪʩʷ ʧʘʩʩʠʚʥʳʤʠ ʦʧʪʠʯʝʩʢʠʤʠ ʣʦʢʘʣʴʥʳʤʠ ʩʝʪʷʤʠ, ʩʦʢʨʘʱʝʥʥʦ POL. 

Passive Optical LAN (POL) - ʵʪʦ ʢʦʨʧʦʨʘʪʠʚʥʘʷ ʩʝʪʴ, ʠʩʧʦʣʴʟʫʶʱʘʷ ʪʝʭʥʦʣʦʛʠʶ, ʨʘʟʨʘʙʦʪʘʥʥʫʶ 
ʜʣʷ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʩʝʪʝʡ ʜʦʩʪʫʧʘ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʧʘʩʩʠʚʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʩʝʪʠ 
(PON) ʚ ʩʨʝʜʝ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ (LAN), ʦʩʥʦʚʥʦʤ ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʦʡ ʩʠʩʪʝʤʦʡ FTTx. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʧʨʝ-
ʜʝʣʝʥʥʳʤ PON-ʧʨʘʚʠʣʘʤ ʠ ʪʦʧʦʣʦʛʠʷʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʪ 1 ʜʦ n ʧʦ ʦʧʪʠʯʝʩʢʠʤ ʨʘʟ-
ʜʝʣʠʪʝʣʷʤ) ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʩʝʭ ʩʝʨʚʠʩʦʚ ICT ʚ ʟʜʘʥʠʷʭ ʧʦ ʝʜʠʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʧʦ ʚʩʝʤʫ ʧʨʝʜ-
ʧʨʠʷʪʠʶ.( ʉʨʘʚʥʝʥʠʝ GPON ʠ Ethernet [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] TELSIS, 2015-2020 )  

ʊʠʧʠʯʥʦʝ ʨʝʰʝʥʠʝ POL ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ: 

¶ OLT (MA5800) 

¶ ɺʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʡ 

¶ ONT (HS8245W GPON Terminal) 
 

ʅʧʝʞʤʵ ʠʙʫʩʙʫ ʦʙ ʨʙʪʪʡʛʦʬʷ ʧʨʫʡʰʞʪʣʬʷ ʤʧʣʙʤʵʦʬʷ ʪʞʫʵ 
CapEx: ʉʦʛʣʘʩʥʦ ʥʝʢʦʪʦʨʳʤ ʧʫʙʣʠʢʘʮʠʷʤ ʧʦ ʧʘʩʩʠʚʥʳʤ ʦʧʪʠʯʝʩʢʠʤ ʃɺʉ, POL ʧʦʢʘʟʳʚʘʝʪ ʵʢʦ-

ʥʦʤʠʶ ʢʘʧʠʪʘʣʴʥʳʭ ʟʘʪʨʘʪ ʦʪ 40% ʜʦ 68% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʟʚʝʟʜʦʦʙʨʘʟ-
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ʥʦʡ ʩʝʪʴʶ. ʇʨʠ ʘʥʘʣʠʟʝ ʠʭ ʤʦʜʝʣʠ ʟʘʪʨʘʪ ʩʪʘʥʦʚʠʪʩʷ ʦʯʝʚʠʜʥʳʤ, ʯʪʦ ʵʪʘ ʵʢʦʥʦʤʠʷ ʟʘʪʨʘʪ ʥʝʤʥʦʛʦ ʠʩ-
ʢʘʞʝʥʘ. ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʜʣʷ ʦʙʥʦʚʣʝʥʠʷ ʜʦ 10 GbE ʪʨʝʙʫʝʪʩʷ 
ʦʜʥʦʤʦʜʦʚʘʷ ʵʣʝʢʪʨʦʥʠʢʘ. ʇʨʦʙʣʝʤʘ ʩ ʵʪʠʤ ʧʨʝʜʧʦʣʦʞʝʥʠʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʩʨʝʜʥʝʤ ʦʜʥʦ-
ʤʦʜʦʚʘʷ ʵʣʝʢʪʨʦʥʠʢʘ ʩʪʦʠʪ ʧʨʠʤʝʨʥʦ ʥʘ 50-60% ʙʦʣʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʤ ʞʝ ʧʨʠʣʦʞʝʥʠʝʤ, ʠʩʧʦʣʴ-
ʟʫʶʱʠʤ ʤʥʦʛʦʤʦʜʦʚʫʶ ʵʣʝʢʪʨʦʥʠʢʫ. 

ʇʨʠʤʝʥʝʥʠʝ ʤʥʦʛʦʤʦʜʦʚʦʛʦ ʚʦʣʦʢʥʘ 10GBASE-SR ʙʳʣʦ ʩʪʘʥʜʘʨʪʦʤ ʩ 2002 ʛʦʜʘ, ʙʳʣʦ ʭʦʨʦʰʦ 
ʘʜʘʧʪʠʨʦʚʘʥʦ ʠ ʨʘʟʚʝʨʥʫʪʦ ʠ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʵʢʦʥʦʤʠʯʥʳʤ ʨʝʰʝʥʠʝʤ. ʋʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʦʜʥʦʤʦʜʦʚʳʡ 
ʨʝʞʠʤ ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʠʣʠ ʨʝʢʦʤʝʥʜʫʝʤʳʤ ʩʧʦʩʦʙʦʤ ʨʘʟʚʝʨʪʳʚʘʥʠʷ 10 GbE ʚ ʢʦʨʧʦʨʘ-
ʪʠʚʥʦʡ ʩʨʝʜʝ, ʥʝʚʝʨʥʦ ʠ ʧʨʠʚʦʜʠʪ ʢ ʥʝʚʝʨʥʦʤʫ ʩʨʘʚʥʝʥʠʶ ʨʝʘʣʴʥʳʭ ʟʘʪʨʘʪ. ʆʧʷʪʴ ʞʝ, GPON ʙʳʣ ʨʘʟ-
ʨʘʙʦʪʘʥ ʜʣʷ ʞʠʣʠʱʥʦʛʦ ʨʳʥʢʘ FTTH, ʛʜʝ ʦʜʥʦʤʦʜʦʚʳʡ ʨʝʞʠʤ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʚʳʙʦʨʦʤ ʠʟ-ʟʘ 
ʨʘʩʩʪʦʷʥʠʷ; ʦʜʥʘʢʦ ʨʳʥʦʢ Enterprise ʦʪʣʠʯʘʝʪʩʷ, ʧʦʩʢʦʣʴʢʫ ʨʘʩʩʪʦʷʥʠʷ ʦʙʳʯʥʦ ʥʘʤʥʦʛʦ ʢʦʨʦʯʝ ʠ ʭʦʨʦ-
ʰʦ ʦʙʩʣʫʞʠʚʘʶʪʩʷ ʥʝʜʦʨʦʛʠʤʠ ʤʥʦʛʦʤʦʜʦʚʳʤʠ ʨʝʰʝʥʠʷʤʠ. 

ɼʨʫʛʦʝ ʜʦʧʫʱʝʥʠʝ ʚ ʠʭ ʤʦʜʝʣʠ ʟʘʪʨʘʪ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ ʧʝʨʝʭʦʜʘ ʥʘ ʚʦʩʭʦʜʷʱʠʝ ʢʘʥʘʣʳ 10 
GbE ʥʘ ʢʦʤʤʫʪʘʪʦʨʘʭ ʟʘʢʘʟʯʠʢ ʜʦʣʞʝʥ ʙʫʜʝʪ ʧʨʦʚʝʩʪʠ ʩʝʨʴʝʟʥʫʶ ʤʦʜʝʨʥʠʟʘʮʠʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʢʘʢ 
ʜʣʷ ʦʧʪʦʚʦʣʦʢʦʥʥʦʡ, ʪʘʢ ʠ ʜʣʷ ʤʝʜʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʨʘʚʜʦʡ; 
ʪʝʤ ʥʝ ʤʝʥʝʝ, OM3, ʤʥʦʛʦʤʦʜʦʚʦʝ ʚʦʣʦʢʥʦ 50 ʤʢʤ, ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʝ ʜʣʷ ʣʘʟʝʨʘ, ʧʨʦʜʘʝʪʩʷ ʩ 2000 
ʛʦʜʘ ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ. ɽʩʣʠ ʢʣʠʝʥʪ ʫʞʝ ʫʩʪʘʥʦʚʠʣ ʤʥʦʛʦʤʦʜʦʚʳʡ ʤʦʜʫʣʴ OM3 ʚ ʤʘʛʠʩʪʨʘʣʠ 
ʤʝʞʜʫ ʧʦʤʝʱʝʥʠʷʤʠ ʩʚʷʟʠ ʠ ʧʦʤʝʱʝʥʠʝʤ ʩ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʪʦ ʚ ʦʙʥʦʚʣʝʥʠʠ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. ɺ 
ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʢʦʨʦʩʪʴ 10/100/1000 ʄʙʠʪ/ʩ ʜʦ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ ʷʚʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪʦʤ ʚ 
ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ ʠ ʣʝʛʢʦ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʥʦʩʠʪʝʣʷʤʠ ʢʘʪʝʛʦʨʠʡ 5e, 6 ʠʣʠ 6A. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ 
ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʝʩʣʠ ʟʘʢʘʟʯʠʢ ʫʞʝ ʠʤʝʝʪ OM3, ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʝ ʜʣʷ ʣʘʟʝʨʘ ʤʥʦʛʦʤʦʜʦʚʦʝ ʚʦʣʦʢ-
ʥʦ 50 ʤʢʤ, ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʚ ʝʛʦ ʤʘʛʠʩʪʨʘʣʷʭ, ʠ UTP ʢʘʪʝʛʦʨʠʠ 5e, 6 ʠʣʠ 6A, ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʚ ʝʛʦ ʛʦʨʠ-
ʟʦʥʪʘʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʦʙʥʦʚʣʝʥʠʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ɺʦʣʦʢʥʦ OM3 ʤʦʞʝʪ ʣʝʛ-
ʢʦ ʧʝʨʝʡʪʠ ʥʘ ʚʦʩʭʦʜʷʱʠʝ ʢʘʥʘʣʳ 10GbE, ʘ ʪʘʢʞʝ 40GbE ʠ 100GbE, ʘ UTP ʢʘʪʝʛʦʨʠʠ 5e, 6 ʠʣʠ 6A ʙʫʜʫʪ 
ʧʦʜʜʝʨʞʠʚʘʪʴ ʩʢʦʨʦʩʪʴ 1 ɻʙʠʪ/ʩ ʠʟ ʢʦʤʤʫʪʘʪʦʨʦʚ ʨʘʙʦʯʝʡ ʛʨʫʧʧʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʜʥʦʤʦʜʦʚʳʭ ʜʦʧʫ-
ʱʝʥʠʡ ʚ ʨʘʩʯʝʪʘʭ ʜʣʷ ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʝʪʠ ʥʝ ʷʚʣʷʝʪʩʷ ʪʦʯʥʳʤ ʠʣʠ ʜʘʞʝ ʨʝʘʣʠʩʪʠʯʥʳʤ ʩʨʘʚʥʝʥʠʝʤ. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʦ ʤʦʜʝʣʠ ʟʘʪʨʘʪ ʥʘ POL ʫʢʘʟʘʥʦ, ʯʪʦ ʢʦʤʤʫʪʠʨʫʝʤʘʷ ʩʝʪʴ ʠʩʧʦʣʴʟʫʝʪ ʢʦʤʤʫʪʘʪʦʨʳ 
ʨʘʙʦʯʝʡ ʛʨʫʧʧʳ ʩ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤʠ ʧʦʨʪʘʤʠ 100 ʄʙʠʪ /ʩ ʠ ʦʜʥʦʤʦʜʦʚʳʤʠ ʚʦʩʭʦʜʷʱʠʤʠ ʣʠʥʠʷʤʠ 10 
GbE. ʆʜʥʘʢʦ ʚ ʥʦʨʤʘʣʴʥʦʡ ʩʨʝʜʝ ʢʦʤʤʫʪʘʪʦʨ ʨʘʙʦʯʝʡ ʛʨʫʧʧʳ ʙʫʜʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ 
ʧʦʨʪʳ 10/100/1000 ʄʙʠʪ/ʩ ʠ ʤʥʦʛʦʤʦʜʦʚʳʝ ʚʦʩʭʦʜʷʱʠʝ ʢʘʥʘʣʳ 1 GbE. ʉʪʦʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʥʦ-
ʛʦʤʦʜʦʚʳʭ ʚʦʩʭʦʜʷʱʠʭ ʢʘʥʘʣʦʚ 1 GbE ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ, ʯʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʜʥʦʤʦʜʦʚʳʭ ʚʦʩʭʦʜʷʱʠʭ 
ʢʘʥʘʣʦʚ 10 GbE, ʧʦʵʪʦʤʫ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʦʤʦʜʦʚʳʝ ʚʦʩʭʦʜʷʱʠʝ ʢʘʥʘʣʳ 10 GbE ʥʝ ʰʠʨʦʢʦ ʠʩ-
ʧʦʣʴʟʫʶʪʩʷ ʚ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʢʦʤʤʫʪʘʪʦʨʘʭ LAN. ɺʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ: ʧʦʯʝʤʫ ʜʣʷ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʩʝʪʝʚʦʛʦ 
ʩʮʝʥʘʨʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚʦʩʭʦʜʷʱʠʝ ʢʘʥʘʣʳ 10 GbE. ʂʘʢ ʫʞʝ ʛʦʚʦʨʠʣʦʩʴ, GPON ʠʤʝʝʪ ʦʙʱʫʶ ʤʘʢʩʠ-
ʤʘʣʴʥʫʶ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʜʣʷ ʥʠʩʭʦʜʷʱʝʛʦ ʧʦʪʦʢʘ 2,4 ɻʙʠʪ/ʩ ʠ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʚʦʩʭʦ-
ʜʷʱʝʛʦ ʧʦʪʦʢʘ 1,2 ɻʙʠʪ /ʩ, ʯʪʦ ʜʝʣʘʝʪ ʵʪʦ ʦʯʝʥʴ ʧʨʝʜʚʟʷʪʳʤ ʠ ʥʝʨʝʘʣʠʩʪʠʯʥʳʤ ʩʨʘʚʥʝʥʠʝʤ?  

 
ʅʦʧʜʧʥʧʝʧʛʙʸ ʥʧʝʞʤʵ ʛʧʪʮʧʝʸʲʞʜʧ ʣʙʦʙʤʙ 1 ɼʚʡʫ/ʪ. 

ʉʣʝʜʫʶʱʠʤ ʠʩʪʦʯʥʠʢʦʤ ʵʢʦʥʦʤʠʠ ʩʨʝʜʩʪʚ, ʩʦʛʣʘʩʥʦ ʠʤʝʶʱʝʡʩʷ ʣʠʪʝʨʘʪʫʨʝ ʧʦ POL, ʷʚʣʷʝʪʩʷ ʦʪ-
ʢʘʟ ʦʪ ʧʝʨʝʢʣʶʯʘʪʝʣʝʡ ʨʘʙʦʯʠʭ ʛʨʫʧʧ. ʆʜʥʘʢʦ ʢʘʞʜʳʡ 24-ʧʦʨʪʦʚʳʡ ʢʦʤʤʫʪʘʪʦʨ ʨʘʙʦʯʝʡ ʛʨʫʧʧʳ, ʫʜʘ-
ʣʝʥʥʳʡ ʠʟ TR, ʟʘʤʝʥʷʝʪʩʷ ʤʠʥʠʤʫʤ ʰʝʩʪʴʶ ʦʧʪʠʯʝʩʢʠʤʠ ʩʝʪʝʚʳʤʠ ʪʝʨʤʠʥʘʣʘʤʠ, ʢʦʪʦʨʳʝ ʨʘʩʧʨʝʜʝʣʝ-
ʥʳ ʚ ʨʘʙʦʯʠʭ ʟʦʥʘʭ. ɹʳʩʪʨʳʡ ʧʦʠʩʢ ʚ ʀʥʪʝʨʥʝʪʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʪʦʠʤʦʩʪʴ ONT ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 230 
ʜʦʣʣʘʨʦʚ, ʪʦ ʝʩʪʴ ʰʝʩʪʴ ONT ʩʪʦʷʪ ʧʨʠʤʝʨʥʦ 1380 ʜʦʣʣʘʨʦʚ. ʊʠʧʠʯʥʳʡ 24-ʧʦʨʪʦʚʳʡ ʢʦʤʤʫʪʘʪʦʨ ʜʣʷ 
ʨʘʙʦʯʝʡ ʛʨʫʧʧʳ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʜʦʣʣʘʨʦʚ ʜʦ ʧʘʨʳ ʪʳʩʷʯ ʜʦʣʣʘʨʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʪʦʨʛʦʚʦʡ ʤʘʨʢʠ, ʧʦʜʜʝʨʞʠʚʘʝʤʦʛʦ ʫʨʦʚʥʷ ʠ ʜʦʩʪʫʧʥʳʭ ʦʧʮʠʡ. ONT, ʨʘʟʚʝʨʥʫʪʳʝ ʚ ʘʨʭʠʪʝʢʪʫʨʝ POL, 
ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʦʣʴʢʦ ʢʦʤʤʫʪʘʪʦʨʳ ʫʨʦʚʥʷ 2. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʙʳ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʟʘʪʨʘʪ ʠʩ-
ʧʦʣʴʟʦʚʘʣʩʷ ʩʦʧʦʩʪʘʚʠʤʳʡ ʢʦʤʤʫʪʘʪʦʨ ʨʘʙʦʯʝʡ ʛʨʫʧʧʳ ʫʨʦʚʥʷ 2, ʪʦ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʦʜʭʦʜʘ POL ʩ ʪʦʯʢʠ 
ʟʨʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʙʳʣʦ ʙʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʮʝʥʪʨʘʣʠʟʦ-
ʚʘʥʥʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ ʨʘʙʦʯʝʡ ʛʨʫʧʧʳ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤ ONT ɻ ʢʦʥʦʤʠʷ ʥʘ ʵʣʝʢʪʨʦʥʠʢʝ ʥʝʟʥʘʯʠʪʝʣʴʥʘ. 

OpEx: ʏʪʦ ʢʘʩʘʝʪʩʷ ʢʘʪʝʛʦʨʠʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʦ POL ʫʪʚʝʨʞʜʘʝʪʩʷ, 
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ʯʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʵʢʦʥʦʤʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ, ʪʘʢ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ 
ʫʤʝʥʴʰʘʝʪʩʷ ʟʘ ʩʯʝʪ ʠʩʢʣʶʯʝʥʠʷ ʧʝʨʝʢʣʶʯʘʪʝʣʷ ʨʘʙʦʯʝʡ ʛʨʫʧʧʳ. ɽʩʣʠ ʫʜʘʣʷʝʪʩʷ ʪʦʣʴʢʦ ʢʦʤʤʫʪʘʪʦʨ 
ʨʘʙʦʯʝʡ ʛʨʫʧʧʳ, ʪʦ ʵʪʦ ʚʚʦʜʠʪ ʚ ʟʘʙʣʫʞʜʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʟʘʤʝʥʘ ʦʜʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʮʝʥʪʨʝ 24-
ʧʦʨʪʦʚʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ ʰʝʩʪʴʶ 4-ʧʦʨʪʦʚʳʤʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʢʦʤʤʫʪʘʪʦʨʘʤʠ (ONT) ʬʘʢʪʠʯʝʩʢʠ ʥʝ 
ʩʥʠʞʘʝʪ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ. ʃʶʙʘʷ ʨʝʘʣʴʥʘʷ ʵʢʦʥʦʤʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʧʨʠ 
ʨʘʟʤʝʱʝʥʠʠ ONT ʚ ʨʘʙʦʯʝʡ ʟʦʥʝ ʦʪʧʘʜʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ 
ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʢʦʤʥʘʪʝ. ʅʦ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʛʜʝ ʦʥʦ ʛʝʥʝʨʠʨʫʝʪʩʷ, ʪʝʧʣʦ, ʨʘʩʩʝʠʚʘʝʤʦʝ 
ONT, ʜʦʣʞʥʦ ʧʦ-ʧʨʝʞʥʝʤʫ ʦʙʨʘʙʘʪʳʚʘʪʴʩʷ ʩʠʩʪʝʤʦʡ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ, ʧʦʵʪʦʤʫ ʯʠʩʪʘʷ ʵʢʦ-
ʥʦʤʠʷ ʦʧʝʨʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ ʥʘ ʧʦʨʪ ʷʚʣʷʝʪʩʷ ʥʫʣʝʚʦʡ. ʀ ʥʘʦʙʦʨʦʪ, ʫʯʠʪʳʚʘʷ 4-ʧʦʨʪʦʚʫʶ ʘʨʭʠʪʝʢʪʫʨʫ 
ONT, ʚ POL ʤʦʞʝʪ ʙʳʪʴ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ ʥʝʠʩʧʦʣʴʟʫʝʤʳʭ ʧʦʨʪʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ ʢʦʤʤʫ-
ʪʠʨʫʝʤʦʡ LAN. ɺ POL ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʨʪʦʚ ʙʦʣʴʰʝ ʥʝ ʚʳʠʛʨʳʚʘʝʪ ʦʪ ʦʙʲʝʜʠʥʝʥʠʷ 
ʧʦʨʪʦʚ ʚ ʢʣʘʩʪʝʨʳ ʨʘʙʦʯʠʭ ʛʨʫʧʧ ʚ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʢʦʤʥʘʪʝ. ʉʢʦʨʝʝ ʚʩʝʛʦ, 4-ʧʦʨʪʦʚʳʝ ONT ʤʦ-
ʛʫʪ ʯʘʩʪʦ ʩʚʷʟʳʚʘʪʴ ʧʦʨʪʳ ʚ ʦʬʠʩʥʳʭ ʧʦʤʝʱʝʥʠʷʭ, ʢʦʪʦʨʳʤ ʪʨʝʙʫʝʪʩʷ ʤʝʥʴʰʝ ʧʦʨʪʦʚ. ʕʪʠ ʥʝʠʩʧʦʣʴ-
ʟʫʝʤʳʝ ʧʦʨʪʳ ʥʝ ʪʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʶʪ ʢʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ, ʥʦ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʶʪ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ 
ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʥʘʛʨʫʟʢʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ. 

ʆʯʝʚʠʜʥʳʤ ʵʣʝʤʝʥʪʦʤ ʤʦʜʝʣʠ ʟʘʪʨʘʪ ʥʘ POL ʷʚʣʷʝʪʩʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʧʠʪʘʥʠʠ ʜʣʷ ONT. ʕʪʠʤ 
ONT ʧʦʪʨʝʙʫʝʪʩʷ ʦʩʥʦʚʥʦʝ ʧʠʪʘʥʠʝ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʨʝʟʝʨʚʥʦʝ ʧʠʪʘʥʠʝ, ʠ ʵʪʫ ʩʪʦʠʤʦʩʪʴ ʥʝʦʙʭʦʜʠʤʦ 
ʫʯʠʪʳʚʘʪʴ. ʋʩʪʨʦʡʩʪʚʦ ONT ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʟʝʨʚʥʦʛʦ ʧʠʪʘʥʠʷ ʦʪ ʙʘʪʘʨʝʠ, ʥʦ ʵʪʘ ʦʧʮʠʷ ʙʳʣʘ 
ʚʢʣʶʯʝʥʘ ʚ ʨʘʩʯʝʪ, ʠ ʝʩʣʠ ʪʘʢ, ʪʦ ʢʘʢ ʥʘʩʯʝʪ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʟʘʤʝʥʳ ʠʟ ʵʪʠʭ ʙʘʪʘʨʝʡ ʚ ʪʝʯʝʥʠʝ ʧʨʝʜ-
ʧʦʣʘʛʘʝʤʦʛʦ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ? ɽʩʣʠ ʨʝʟʝʨʚʥʦʝ ʧʠʪʘʥʠʝ ʦʪ ʙʘʪʘʨʝʠ ʥʝ ʙʳʣʦ ʚʢʣʶʯʝʥʦ, ʪʦ ʢʘʢʠʤ ʦʙʨʘ-
ʟʦʤ ONT ʙʫʜʫʪ ʠʤʝʪʴ ʢʘʢʦʡ-ʣʠʙʦ ʨʝʟʝʨʚʥʳʡ ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ, ʢʨʦʤʝ ʚʳʜʝʣʝʥʥʳʭ ʨʦʟʝʪʦʢ ʚ ʨʘʙʦʯʝʡ 
ʟʦʥʝ, ʠ ʙʳʣʘ ʣʠ ʵʪʘ ʩʪʦʠʤʦʩʪʴ ʫʯʪʝʥʘ? ʂʨʦʤʝ ʪʦʛʦ, ʜʘʞʝ ʝʩʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʟʝʨʚʥʘʷ ʘʢʢʫʤʫʣʷʪʦʨʥʘʷ 
ʙʘʪʘʨʝʷ, ʚʩʝ ʨʘʚʥʦ ʙʫʜʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʚʳʜʝʣʝʥʥʳʭ ʨʦʟʝʪʢʘʭ ʚ ʨʘʙʦʯʝʡ ʟʦʥʝ, ʧʦʪʦʤʫ ʯʪʦ ʚ ʩʦʦʪʚʝʪ-
ʩʪʚʠʠ ʩʦ ʩʪʘʥʜʘʨʪʘʤʠ ANSI / TIA-568 ʩʝʪʝʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʦʣʞʥʦ ʧʦʜʢʣʶʯʘʪʴʩʷ ʢ ʚʳʜʝʣʝʥʥʳʤ ʨʦ-
ʟʝʪʢʘʤ ʦʪʜʝʣʴʥʦ ʦʪ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʚʨʝʞʜʝʥʠʝ ʩʝʪʝʚʦʛʦ 
ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʨʝʜʦʩʪʘʚʣʝʥʠʝ ʚʳʜʝʣʝʥʥʦʛʦ ʧʠʪʘʥʠʷ ʚʩʝʤ ʵʪʠʤ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤ ONT ʯʝʨʝʟ ʚʪʦʨʫʶ 
ʩʠʩʪʝʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʠʪʘʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʦʙʱʫʶ ʩʪʦʠʤʦʩʪʴ ʨʝʰʝʥʠʷ POL. ɺʢʣʶʯʝʥʠʝ 
ONT ʦʩʪʘʝʪʩʷ ʙʦʣʴʰʦʡ ʧʨʦʙʣʝʤʦʡ ʜʣʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʆʜʥʦ ʠʟ ʬʘʢʪʠʯʝʩʢʠʭ ʩʦʢʨʘʱʝʥʠʡ ʟʘʪʨʘʪ ʥʘ ʘʨʭʠʪʝʢʪʫʨʫ POL ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ ʜʦʣ-
ʛʦʩʨʦʯʥʳʭ ʢʦʥʪʨʘʢʪʦʚ ʥʘ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʩ ʧʦʩʪʘʚʱʠʢʘʤʠ ʢʦʤʤʫʪʘʪʦʨʦʚ. ɺ ʪʨʘʜʠʮʠʦʥʥʦʡ 
ʩʝʪʠ ʢʦʥʪʨʘʢʪʳ ʥʘ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʩ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʢʦʤʤʫʪʘʪʦʨʦʚ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʠ ʛʘ-
ʨʘʥʪʠʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʫʨʦʚʥʷ ʥʘʜʝʞʥʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʪʝʢʫʱʠʤʠ ʨʘʩʭʦʜʘʤʠ. ɿʘ ʩʯʝʪ 
ʠʩʢʣʶʯʝʥʠʷ ʧʝʨʝʢʣʶʯʘʪʝʣʝʡ ʨʘʙʦʯʝʡ ʛʨʫʧʧʳ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʪʘʢʠʭ ʜʦʣʛʦʩʨʦʯʥʳʭ ʢʦʥʪʨʘʢʪʘʭ ʥʘ ʪʝʭʥʠ-
ʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ. ʅʦ ʵʪʦ ʥʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ POL ʥʝ ʪʨʝʙʫʝʪ ʦʙʩʣʫʞʠʚʘʥʠʷ. 
ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʢʘʢ ʠ ʣʶʙʦʡ ʢʨʠʪʠʯʝʩʢʠʡ ʨʝʩʫʨʩ, ʵʣʝʢʪʨʦʥʠʢʘ ʪʨʝʙʫʝʪ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ʇʨʠ ʦʜʠʥʘʢʦʚʦʤ ʩʨʘʚʥʝʥʠʠ ʚʩʝʭ ʬʘʢʪʦʨʦʚ ʧʘʩʩʠʚʥʘʷ ʦʧʪʠʯʝʩʢʘʷ ʣʦʢʘʣʴʥʘʷ ʩʝʪʴ ʤʦʞʝʪ ʧʦ-
ʧʨʝʞʥʝʤʫ ʠʤʝʪʴ ʥʝʙʦʣʴʰʫʶ ʠʣʠ ʫʤʝʨʝʥʥʫʶ ʵʢʦʥʦʤʠʶ ʟʘʪʨʘʪ, ʥʦ ʦʥʘ ʙʫʜʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʟʘʷʚ-
ʣʝʥʥʳʭ ʦʙʱʠʭ 40% - 55%. ʇʦʤʥʠʪʝ, ʯʪʦ ʵʢʦʥʦʤʠʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʥʦʚʦʛʦ ʩʪʨʦʠʪʝʣʴ-
ʩʪʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʜʝʨʥʠʟʘʮʠʝʡ ʠ ʦʪ ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʧʨʦʪʠʚ ʢʨʘʪʢʦʩʨʦʯʥʦʛʦ. ʂʦʥʝʯʥʦ, ʚ ʢʨʘʪʢʦʩʨʦʯ-
ʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʧʨʠ ʥʦʚʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ POL ʙʫʜʝʪ ʨʝʥʪʘʙʝʣʴʥʳʤ. ɺ ʜʦʣʛʦʩʨʦʯʥʦʤ ʩʮʝʥʘʨʠʠ ʧʝʨʝ-
ʭʦʜʘ ʢ ʢʦʥʚʝʨʛʝʥʪʥʳʤ ʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʤ ʚʦʟʤʦʞʥʦʩʪʷʤ ʦʪʩʫʪʩʪʚʠʝ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʠ ʜʦʩʪʫʧʥʦʡ 
ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʨʭʠʪʝʢʪʫʨʳ POL. ʊʘʢʠʤ ʦʙʨʘ-
ʟʦʤ, ʝʩʣʠ ʧʝʨʚʦʥʘʯʘʣʴʥʘʷ ʧʨʝʜʧʦʣʘʛʘʝʤʘʷ ʩʪʦʠʤʦʩʪʴ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʬʘʢʪʦʨʦʤ, ʠʩʧʦʣʴʟʫʝ-
ʤʳʤ ʜʣʷ ʦʮʝʥʢʠ, ʪʦʛʜʘ POL ʙʫʜʝʪ ʙʣʘʛʦʧʨʠʷʪʥʳʤ; ʦʜʥʘʢʦ, ʝʩʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʦʙʱʫʶ ʨʝʘʣʴʥʫʶ 
ʩʪʦʠʤʦʩʪʴ ʩʝʪʠ, ʢʘʨʪʠʥʘ ʤʦʞʝʪ ʚʳʛʣʷʜʝʪʴ ʠʥʘʯʝ. 

 
ʊʫʧʡʥʧʪʫʵ ʨʧʤʧʪʴ ʨʩʧʨʬʪʣʙʦʡʸ 

ʂʘʢ ʫʢʘʟʘʥʦ ʚʳʰʝ, ʢʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ POL ʜʦʣʞʥʳ ʙʳʪʴ ʥʠʞʝ, ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʦʣʴʢʦ 
ʩʪʦʠʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʫʩʪʘʥʦʚʢʠ. ʆʜʥʘʢʦ, ʧʦʩʢʦʣʴʢʫ ʧʣʘʪʬʦʨʤʘ GPON ʠʩʧʦʣʴʟʫʝʪ ʨʘʟʣʠʯʥʳʝ ʤʝ-
ʪʦʜʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ ʜʚʫʭʪʦʯʝʯʥʦʡ ʣʦʢʘʣʴʥʦʡ ʩʝ-
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ʪʴʶ Ethernet, ʪʦ ʢʘʢʦʚʘ ʨʝʘʣʴʥʘʷ ʩʪʦʠʤʦʩʪʴ ʩʝʪʠ? ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ 40% ʵʢʦʥʦʤʠʠ CapEx ʚʝʨʥʳ. ɽʩʣʠ 
ʩʪʦʠʤʦʩʪʴ ʧʦʨʪʘ POL ʩʦʩʪʘʚʣʷʝʪ 200 ʜʦʣʣʘʨʦʚ, ʪʦʛʜʘ ʩʪʦʠʤʦʩʪʴ ʧʦʨʪʘ ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʝʪʠ ʩʦʩʪʘʚʠʪ 
ʦʢʦʣʦ 333 ʜʦʣʣʘʨʦʚ. ʉ GPON ʢʘʞʜʳʡ ʧʦʨʪ ʙʫʜʝʪ ʠʤʝʪʴ 18,75 ʄʙʠʪ/ʩ ʜʣʷ ʥʠʩʭʦʜʷʱʝʛʦ ʧʦʪʦʢʘ ʠ 9,4 
ʄʙʠʪ/ʩ ʜʣʷ ʚʦʩʭʦʜʷʱʝʛʦ ʧʦʪʦʢʘ ʙʝʟ ʚʳʜʝʣʝʥʥʦʡ ʧʘʢʝʪʥʦʡ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ. (2,4 ɻʙʠʪ/ʩ ʠʣʠ 1,2 
ɻʙʠʪ/ʩ  (32 ONT x 4 ʧʦʨʪʘ)) . ʕʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ 93,75 ʂʙʠʪ/ʩ ʥʘ ʜʦʣʣʘʨ, ʧʦʪʨʘʯʝʥʥʳʡ ʥʘ ʥʠʩʭʦʜʷʱʠʡ 
ʧʦʪʦʢ, ʠʣʠ 46,9 ʂʙʠʪ/ʩ ʥʘ ʜʦʣʣʘʨ, ʧʦʪʨʘʯʝʥʥʳʡ ʥʘ ʚʦʩʭʦʜʷʱʠʡ ʧʦʪʦʢ ʜʣʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. ɼʣʷ 
ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʩʝʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 100 ʄʙʠʪ/ʩ ʥʘ ʧʦʨʪ ʵʪʦ ʜʘʩʪ ʩʠʤʤʝʪʨʠʯʥʫʶ ʧʦ-
ʣʦʩʫ ʧʨʦʧʫʩʢʘʥʠʷ 300 ʂʙʠʪ/ʩ ʥʘ ʢʘʞʜʳʡ ʧʦʪʨʘʯʝʥʥʳʡ ʜʦʣʣʘʨ. ʕʪʦ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 69% ʵʢʦʥʦʤʠʠ 
ʥʘ ʙʠʪ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʝʪʠ ʥʘ ʙʘʟʝ Ethernet ʚ ʥʠʩʭʦʜʷʱʝʤ ʧʦʪʦʢʝ ʠ 84% ʵʢʦʥʦʤʠʠ ʥʘ 
ʜʦʣʣʘʨ, ʧʦʪʨʘʯʝʥʥʳʡ ʥʘ ʧʦʣʦʩʫ ʧʨʦʧʫʩʢʘʥʠʷ ʚʦʩʭʦʜʷʱʝʛʦ ʧʦʪʦʢʘ. ɼʨʫʛʦʡ ʩʧʦʩʦʙ ʚʟʛʣʷʥʫʪʴ ʥʘ ʵʪʦ ï 
ʩʢʘʟʘʪʴ, ʯʪʦ ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʝʪʴʶ ʥʘ ʢʘʞʜʳʡ ʧʦʪʨʘʯʝʥʥʳʡ ʜʦʣʣʘʨ ʚʳ ʧʦʣʫʯʘʝʪʝ ʚ 3,2 ʨʘʟʘ ʙʦʣʴʰʝ 
ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʥʠʩʭʦʜʷʱʝʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʚ 6,4 ʨʘʟʘ ʙʦʣʴʰʝ ʚ ʚʦʩʭʦʜʷʱʝʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

ʉ GPON ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʥʝ ʤʘʩʰʪʘʙʠʨʫʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ, ʧʦʵʪʦʤʫ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦ-
ʩʦʙʥʦʩʪʴ ʥʝ ʠʟʤʝʥʠʪʩʷ ʙʝʟ ʦʙʥʦʚʣʝʥʠʷ ʜʦ ʧʣʘʪʬʦʨʤʳ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 
ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʚʘʨʠʘʥʪʦʚ ʦʙʥʦʚʣʝʥʠʷ ʜʣʷ ʧʦʜʭʦʜʦʚ GPON ʠ POL ʩʣʝʜʫʶʱʠʤ ʫʨʦʚʥʝʤ ʙʫʜʝʪ 
10GPON, ʢʦʪʦʨʳʡ ʝʱʝ ʥʝ ʜʦʩʪʫʧʝʥ, ʥʦ ʙʫʜʝʪ ʠʤʝʪʴ ʧʨʝʜʣʘʛʘʝʤʫʶ ʧʦʣʦʩʫ ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʥʠʩʭʦʜʷʱʝʤ 
ʧʦʪʦʢʝ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 10 ɻʙʠʪ/ʩ ʠ ʧʨʝʜʣʘʛʘʝʤʫʶ ʧʦʣʦʩʫ ʧʨʦʧʫʩʢʘʥʠʷ ʚʦʩʭʦʜʷʱʝʛʦ ʧʦʪʦʢʘ ʪʦʣʴʢʦ 2,5 
ɻʙʠʪ/ʩ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʞʝ ʧʨʠ ʜʦʨʦʛʦʩʪʦʷʱʝʤ ʦʙʥʦʚʣʝʥʠʠ, ʧʦʢʘ ʥʝʜʦʩʪʫʧʥʦʤ, ʜʦʩʪʫʧʥʘʷ ʦʙʱʘʷ ʧʨʦ-
ʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʚʦʩʭʦʜʷʱʝʛʦ ʧʦʪʦʢʘ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʪʦʣʴʢʦ ʫʜʚʘʠʚʘʝʪʩʷ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʥʘʩʪʦʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ʩʝʛʦʜʥʷ ʩʪʘʥʜʘʨʪʥʦ ʧʦʩʪʘʚʣʷʶʪʩʷ ʩ ʨʝʟʠʜʝʥʪʥʳʤ ʩʝʪʝ-
ʚʳʤ ʠʥʪʝʨʬʝʡʩʦʤ 10/100/1000 ʄʙʠʪ/ʩ ʥʘ ʤʘʪʝʨʠʥʩʢʦʡ ʧʣʘʪʝ. ʀʪʘʢ, ʪʝʧʝʨʴ ʥʘ ʢʘʞʜʳʡ ʧʦʪʨʘʯʝʥʥʳʡ 
ʜʦʣʣʘʨ ʚʳ ʧʦʣʫʯʘʝʪʝ ʩʠʤʤʝʪʨʠʯʥʫʶ ʧʦʣʦʩʫ ʧʨʦʧʫʩʢʘʥʠʷ 3 ʄʙʠʪ/ʩ, ʯʪʦ ʚ 32 ʨʘʟʘ ʙʦʣʴʰʝ ʧʦʣʦʩʳ ʧʨʦ-
ʧʫʩʢʘʥʠʷ ʥʘ ʢʘʞʜʳʡ ʧʦʪʨʘʯʝʥʥʳʡ ʜʦʣʣʘʨ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʢʫʱʝʡ ʥʠʩʭʦʜʷʱʝʡ ʤʦʜʝʣʴʶ GPON. ʇʨʠ 
ʦʙʥʦʚʣʝʥʠʠ ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʝʪʠ ʢʘʞʜʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʦʣʫʯʠʪ 10-ʢʨʘʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦ-
ʩʦʙʥʦʩʪʠ ʧʨʠʤʝʨʥʦ ʚʜʚʦʝ ʜʦʨʦʞʝ, ʧʦʵʪʦʤʫ ʦʙʱʘʷ ʩʪʦʠʤʦʩʪʴ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʙʫʜʝʪ ʩʫʱʝ-
ʩʪʚʝʥʥʦ ʥʠʞʝ. ʇʦʤʥʠʪʝ, ʚʩʝ ʵʪʦ ʦʩʥʦʚʘʥʦ ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦ 40% ʵʢʦʥʦʤʠʠ CapEx ʩ ʧʦʤʦʱʴʶ POL. 
ʌʘʢʪʠʯʝʩʢʘʷ ʵʢʦʥʦʤʠʷ ʥʘ ʧʘʩʩʠʚʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʃɺʉ, ʚʝʨʦʷʪʥʦ, ʙʫʜʝʪ ʥʘʤʥʦʛʦ ʥʠʞʝ, ʝʩʣʠ ʚʩʝ ʬʘʢʪʦʨʳ 
ʙʫʜʫʪ ʫʯʪʝʥʳ ʦʜʠʥʘʢʦʚʦ, ʘ ʵʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʜʝʣʘʝʪ ʩʪʦʠʤʦʩʪʴ ʝʜʠʥʠʮʳ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ 
ʥʘʤʥʦʛʦ ʙʦʣʝʝ ʚʳʛʦʜʥʦʡ ʜʣʷ ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʝʪʠ Ethernet ʪʦʯʢʘ-ʪʦʯʢʘ. 

 
IT-ʩʞʪʬʩʪʴ 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʫʧʨʘʚʣʝʥʠʷ ʩʝʪʴʶ ʧʘʩʩʠʚʥʘʷ ʦʧʪʠʯʝʩʢʘʷ LAN ʨʝʢʣʘʤʠʨʫʝʪʩʷ ʢʘʢ ʦʪʣʠʯʥʳʡ ʩʧʦʩʦʙ 
ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ IT-ʨʝʩʫʨʩʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʝʪʠ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ, ʧʦ-
ʩʢʦʣʴʢʫ ʚʩʝ ʦʩʥʦʚʥʳʝ ʢʦʤʤʫʪʘʪʦʨʳ ʮʝʥʪʨʘʣʠʟʦʚʘʥʳ ʚ ʢʦʤʧʴʶʪʝʨʥʦʤ ʟʘʣʝ ʠ ʥʝʪ ʢʦʤʤʫʪʘʪʦʨʦʚ ʨʘʙʦʯʠʭ 
ʛʨʫʧʧ, ʢʦʪʦʨʳʝ ʥʫʞʥʦ ʦʙʩʣʫʞʠʚʘʪʴ, ʪʨʝʙʫʝʪʩʷ ʤʝʥʴʰʝ IT-ʨʝʩʫʨʩʦʚ. ʅʦ ʧʦʤʥʠʪʝ, ʯʪʦ ʧʨʠ ʟʘʤʝʥʝ ʢʘʞʜʦ-
ʛʦ ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʮʝʥʪʨʝ 24-ʧʦʨʪʦʚʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ ʨʘʙʦʯʝʡ ʛʨʫʧʧʳ; ʙʫʜʝʪ ʦʙʩʣʫʞʠʚʘʪʴʩʷ ʰʝʩʪʴ 
ONT. ʀ ʵʪʠ ONT ʙʦʣʴʰʝ ʥʝ ʥʘʭʦʜʷʪʩʷ ʚ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʤ ʟʘʱʠʱʝʥʥʦʤ TR; ʚʤʝʩʪʦ ʵʪʦʛʦ ONT ʨʘʩʧʦ-
ʣʘʛʘʝʪʩʷ ʚ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ, ʦʙʳʯʥʦ ʧʦ ʦʜʥʦʤʫ ʥʘ ʢʘʞʜʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠʣʠ ʩʦʚʤʝʩʪʥʦ ʩ ʜʚʫʤʷ ʧʦʣʴ-
ʟʦʚʘʪʝʣʷʤʠ. ʏʪʦʙʳ ʧʨʝʜʩʪʘʚʠʪʴ ʵʪʦ ʚ ʧʝʨʩʧʝʢʪʠʚʝ, ʝʩʣʠ ʫ ʚʘʩ ʝʩʪʴ ʯʝʪʳʨʝʭʵʪʘʞʥʦʝ ʟʜʘʥʠʝ ʩ 10 000 
ʢʚʘʜʨʘʪʥʳʭ ʬʫʪʦʚ ʧʦʣʝʟʥʦʡ ʧʣʦʱʘʜʠ ʥʘ ʵʪʘʞ, ʪʦ ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʩʪʘʥʜʘʨʪʘʭ ANSI / TIA-568; ʫ ʚʘʩ ʤʦ-
ʞʝʪ ʙʳʪʴ ʤʠʥʠʤʫʤ 100 ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʘ ʵʪʘʞʝ. ɽʩʣʠ ʢʘʞʜʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʶ ʥʘʟʥʘʯʝʥʦ ʜʚʘ ʧʦʨʪʘ, ʪʦ 
ʧʦʪʨʝʙʫʝʪʩʷ 200 ʧʦʨʪʦʚ ʥʘ ʵʪʘʞ. ʇʨʠ ʪʨʘʜʠʮʠʦʥʥʦʤ ʠʝʨʘʨʭʠʯʝʩʢʦʤ ʟʚʝʟʜʦʦʙʨʘʟʥʦʤ ʧʦʜʭʦʜʝ ʵʪʦ ʙʫʜʝʪ 
ʦʟʥʘʯʘʪʴ, ʯʪʦ ʜʣʷ ʢʘʞʜʦʡ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʢʦʤʥʘʪʳ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʝʚʷʪʴ 24-ʧʦʨʪʦʚʳʭ 
ʢʦʤʤʫʪʘʪʦʨʦʚ ʨʘʙʦʯʠʭ ʛʨʫʧʧ. ɼʣʷ ʧʝʨʝʭʦʜʘ ʥʘ ʘʨʭʠʪʝʢʪʫʨʫ POL ʵʪʠ 9 ʮʝʥʪʨʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʢʦʤ-
ʤʫʪʘʪʦʨʦʚ ʙʫʜʫʪ ʟʘʤʝʥʝʥʳ 50 ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ONT ʥʘ ʢʘʞʜʦʤ ʵʪʘʞʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʟʜʘʥʠʷ 
ʚʤʝʩʪʦ 36 ʢʦʤʤʫʪʘʪʦʨʦʚ ʨʘʙʦʯʠʭ ʛʨʫʧʧ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʦʙʩʣʫʞʠʚʘʪʴ ʚ ʯʝʪʳʨʝʭ ʟʘʱʠʱʝʥʥʳʭ ʮʝʥ-
ʪʨʘʣʠʟʦʚʘʥʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ TR, ʫ ʚʘʩ ʙʫʜʝʪ 200 ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ONT ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʧʦʪʝʥʮʠ-
ʘʣʴʥʦ 200 ʨʘʟʣʠʯʥʳʭ ʦʬʠʩʘʭ ʠʣʠ ʤʝʩʪʘʭ. ʍʦʪʷ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʦʙʥʦʚʣʝʥʠʡ ʜʣʷ ʵʪʠʭ 
ONT ʤʦʞʥʦ ʚʳʧʦʣʥʷʪʴ ʫʜʘʣʝʥʥʦ, ʢʘʢ ʠ ʩ ʢʦʤʤʫʪʘʪʦʨʘʤʠ ʨʘʙʦʯʝʡ ʛʨʫʧʧʳ, ʬʘʢʪ ʦʩʪʘʝʪʩʷ ʬʘʢʪʦʤ: ʢʦʣʠ-
ʯʝʩʪʚʦ ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʘʢʪʠʚʥʳʭ ʫʩʪʨʦʡʩʪʚ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ. 
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ɸʨʛʫʤʝʥʪ ʚ ʧʦʣʴʟʫ ʤʝʥʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʢʪʠʚʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʚ ʩʨʘʚʥʝʥʠʠ POL ʜʝʡʩʪʚʠʪʝʣʴʥʦ 
ʧʨʠʤʝʥʠʤ ʪʦʣʴʢʦ ʢ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʤ ʢʦʤʤʫʪʘʪʦʨʘʤ ʚ ʫʥʠʚʝʨʩʠʪʝʪʩʢʦʡ ʩʨʝʜʝ, ʛʜʝ ʥʝʩʢʦʣʴʢʦ ʟʜʘʥʠʡ 
ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʜʢʣʶʯʝʥʳ ʢ ʛʣʘʚʥʦʤʫ ʢʦʤʧʴʶʪʝʨʥʦʤʫ ʟʘʣʫ. ɺ ʵʪʦʤ ʩʮʝʥʘʨʠʠ ʧʦʪʨʝʙʫʝʪʩʷ ʧʦʜʜʝʨʞʠʚʘʪʴ 
ʙʦʣʴʰʝ ʢʦʤʤʫʪʘʪʦʨʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʪʨʘʜʠʮʠʦʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ ʠʟ-ʟʘ ʜʦʙʘʚʣʝʥʠʷ ʪʨʝʪʴʝʛʦ ʫʨʦʚʥʷ 
ʢʦʤʤʫʪʘʪʦʨʦʚ. ʆʜʥʘʢʦ ʚ ʩʨʝʜʝ ʩ ʦʜʥʠʤ ʟʜʘʥʠʝʤ, ʠʩʧʦʣʴʟʫʶʱʝʡ ʪʦʣʴʢʦ ʜʚʫʭʫʨʦʚʥʝʚʳʡ ʧʦʜʭʦʜ ʢ ʢʦʤʤʫ-
ʪʘʪʦʨʘʤ, ʢʦʣʠʯʝʩʪʚʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ POL ʙʫʜʝʪ ʙʦʣʴʰʝ, ʯʝʤ ʜʣʷ ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʝʪʠ ʪʦʯʢʘ-ʪʦʯʢʘ. 

ɼʨʫʛʦʡ ʚʘʞʥʳʡ ʬʘʢʪʦʨ ï ʪɻʦ ʢʦʤʤʫʪʘʪʦʨ ʷʜʨʘ. ɿʜʝʩʴ POL ʠʤʝʝʪ ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ ʧʣʦʪʥʦʩʪʠ ʧʦʨ-
ʪʦʚ. ʆʜʠʥ ʠʟ ʟʘʷʚʣʝʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʣʠʥʝʡʥʳʭ ʪʝʨʤʠʥʘʣʦʚ (OLT) ʚʤʝʱʘʝʪ ʜʦ 7168 ʧʦʨʪʦʚ ʚ ʧʨʦʩʪʨʘʥ-
ʩʪʚʝ 13 RU. ɺ ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʝʪʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʦʜʠʥʘʢʦʚʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʨʪʦʚ ʧʦʪʨʝʙʫʝʪʩʷ ʥʝ-
ʩʢʦʣʴʢʦ h ʘʩʩʠ. 

ɽʱʝ ʦʜʥʘ ʧʨʦʙʣʝʤʘ, ʢʦʪʦʨʫʶ ʩʣʝʜʫʝʪ ʧʨʠʥʷʪʴ ʚʦ ʚʥʠʤʘʥʠʝ, - ʵʪʦ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ IT-
ʧʝʨʩʦʥʘʣʘ ʨʘʙʦʪʘʝʪ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʝʪʷʤʠ Ethernet ʚ ʪʝʯʝʥʠʝ ʤʥʦʛʠʭ ʣʝʪ ʠ ʧʦʣʥʦʩʪʴʶ ʧʦʥʠʤʘʝʪ ʚʩʝ 
ʪʦʥʢʦʩʪʠ ʨʘʟʚʝʨʪʳʚʘʥʠʷ, ʥʘʩʪʨʦʡʢʠ ʠ ʫʩʪʨʘʥʝʥʠʷ ʥʝʧʦʣʘʜʦʢ ʚ ɻ ʪʦʡ ʩʨʝʜʝ. ʉ ʧʘʩʩʠʚʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʃɺʉ 
ʧʦʪʨʝʙʫʝʪʩʷ ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʳʡ ʫʨʦʚʝʥʴ ʟʥʘʥʠʡ ʜʣʷ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʠʩʪʝʤʳ. ʂʨʦʤʝ 
ʪʦʛʦ, ʚ ʘʨʭʠʪʝʢʪʫʨʝ POL ʠʟ-ʟʘ ʩʭʝʤʳ ʨʘʟʜʝʣʝʥʠʷ ʠ ʨʘʟʜʝʣʝʥʠʷ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʧʦ ʦʜʥʦʤʫ ʚʦʣʦʢʥʫ 
ʫʩʪʨʘʥʝʥʠʝ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʪʨʫʜʥʳʤ, ʯʝʤ ʚ ʪʨʘʜʠʮʠʦʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ ʪʦʯʢʘ-ʪʦʯʢʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ IT-ʨʝʩʫʨʩʦʚ, POL ʤʦʞʝʪ ʠʤʝʪʴ ʥʝʢʦʪʦʨʳʝ ʥʝʟʥʘ-
ʯʠʪʝʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʨʝʜʦʡ ʙʘʟʦʚʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ ʠ ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʦʡ ʧʨʦ-
ʛʨʘʤʤʥʦʡ ʧʣʘʪʬʦʨʤʦʡ, ʥʦ ʯʪʦ ʢʘʩʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʘ ʬʘʢʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʢʦʣʠʯʝʩʪʚʘ ʧʝʨʩʦʥʘ-
ʣʘ ʜʣʷ ʧʦʜʜʝʨʞʢʠ 6-ʢʨʘʪʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʢʦʤʤʫʪʘʪʦʨʦʚ, ʤʘʪʝʤʘʪʠʢʘ ʚ ʣʫʯʰʝʤ ʩʣʫʯʘʝ 
ʩʙʠʚʘʝʪ ʩ ʪʦʣʢʫ. (Passive Optical LAN: WHY ALL THE HYPE?A Comprehensive Analysis [ʕʣʝʢʪʨʦʥʥʳʡ 
ʨʝʩʫʨʩ] 2010 CommScope, Inc) 
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ʇʦʩʣʝʜʥʠʝ ʛʦʜʳ ʭʘʨʘʢʪʝʨʥʳ ʰʠʨʦʢʠʤ ʧʨʦʥʠʢʥʦʚʝʥʠʝʤ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʨʝʰʝʥʠʝ ʟʘ-

ʜʘʯ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʦʙʲʝʢʪʦʚ [1, 3]. ʀʤʝʥʥʦ ʥʘ ʵʪʦʤ ʧʫʪʠ, ʩʚʷʟʘʥʥʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʜʘʧ-
ʪʠʚʥʳʭ ʧʨʦʮʝʜʫʨ ʥ ʤʝʪʦʜʦʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 
ʨʝʰʝʥʠʡ ʪʨʫʜʥʳʭ ʧʨʦʙʣʝʤ ʨʘʜʠʦʥʘʚʠʛʘʮʠʠ. 

ʇʝʨʝʯʠʩʣʠʤ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʦʧ-
ʪʠʤʠʟʘʮʠʦʥʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʟʘʜʘʯʘʭ ʩʠʥʪʝʟʘ ʩʠʩʪʝʤ ɼʈʅ. ʉʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʧʨʠʥʮʠʧʦʚ ʜʦʣʞ-
ʥʦ ʦʙʝʩʧʝʯʠʪʴ ʝʜʠʥʳʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʤʝʩʪʦʦʧʨʝʜʝʣʝʥʠʷ ʜʚʠʞʫʱʝʛʦʩʷ ʦʙʲʝʢʪʘ ʥʝʟʘʚʠʩʠʤʦ ʦʪ 
ʧʨʠʨʦʜʳ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʦʣʝʡ, ʧʦʣʦʞʝʥʥʳʭ ʚ ʦʩʥʦʚʫ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ. 

ʇʨʠʥʮʠʧ ʯʘʩʪʠʯʥʦʛʦ ʩʠʥʪʝʟʘ ʩʠʩʪʝʤʳ ɼʈʅ. ɿʘʜʘʯʘ ʧʦʣʥʦʛʦ ʩʠʥʪʝʟʘ ʩʠʩʪʝʤʳ ɼʈʅ ʚʢʣʶʯʘʝʪ ʚ ʩʝ-
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ʙʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʠ ʨʘʟʨʘʙʦʪʢʫ ʩʨʝʜʩʪʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʨʘʜʠʦ-
ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʦʙʲʝʢʪʘ (ʟʘʜʘʯʠ ʩʠʥʪʝʟʘ ʠʟʣʫʯʘʪʝʣʝʡ ʠ ʧʨʠ-
ʝʤʥʠʢʦʚ). ɽʩʪʝʩʪʚʝʥʥʦ ʦʞʠʜʘʪʴ ʥʘʠʙʦʣʴʰʝʛʦ ʚʳʠʛʨʳʰʘ ʧʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʚʩʝʡ ʩʠʩʪʝʤʳ ɼʈʅ ʚ ʮʝʣʦʤ. 
ʆʜʥʘʢʦ ʥʘʠʙʦʣʴʰʘʷ ʯʘʩʪʴ ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪ ʪʨʝʙʫʝʪʩʷ ʥʘ ʩʦʟʜʘʥʠʝ ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʦʣʝʡ ʠ 
ʵʪʠ ʟʘʪʨʘʪʳ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʨʘʜʠʦʥʘʚʠʛʘʮʠʠ ʫʞʝ ʧʨʦʠʟʚʝʜʝʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʝʩʢʦʣʴ-
ʢʠʭ ʪʠʧʦʚ ʧʦʣʝʡ (2).  

 
ɻʇʀʅʇɿʆʔɾ ʈʇɽʎʇɽʔ ʃ ʊʁʆʋɾʀʌ 

ʇʨʠʥʮʠʧ ʘʜʘʧʪʘʮʠʠ ʤʦʜʝʣʝʡ ʦʧʪʠʤʠʟʘʮʠʠ. ʃʶʙʘʷ ʩʠʩʪʝʤʘ ɼʈʅ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʷ-
ʜʘ ʤʦʜʝʣʝʡ ʚ ʧʨʦʮʝʩʩʝ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ, ʢ ʪʘʢʠʤ ʤʦʜʝʣʷʤ ʦʪʥʦʩʷʪʩʷ: ʤʦʜʝʣʠ ʠʟʣʫʯʝʥʠʷ ʨʘʜʠʦ-
ʩʠʛʥʘʣʦʚ ʠ ʨʘʜʠʦʪʨʘʩʩʳ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʩʪʨʫʢʪʫʨʳ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʤʦʜʝʣʠ 
ʜʚʠʞʝʥʠʷ ʧʨʠʝʤʥʠʢʘ ʠ ʠʟʣʫʯʘʪʝʣʷ ʠ ʪ. ʜ. ʋʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʯʪʦ ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʦʚʨʝ-
ʤʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ɼʈʅ, ʦʪʥʦʩʷʪʩʷ ʢ ʢʣʘʩʩʫ ʤʦʜʝʣʝʡ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʩʪʨʫʢʪʫʨʦʡ ʠ ʧʘʨʘʤʝʪʨʘʤʠ. ɺ 
ʜʘʥʥʦʡ ʢʥʠʛʝ ʘʣʛʦʨʠʪʤʳ ʤʝʩʪʦʦʧʨʝʜʝʣʝʥʠʷ ʙʫʜʫʪ ʩʠʥʪʝʟʠʨʦʚʘʪʴʩʷ ʥʘ ʙʘʟʝ ʤʦʜʝʣʝʡ, ʫ ʢʦʪʦʨʳʭ ʬʠʢʩʠ-
ʨʦʚʘʥʳ ʩʪʨʫʢʪʫʨʘ ʠ ʪʦʣʴʢʦ ʯʘʩʪʴ ʧʘʨʘʤʝʪʨʦʚ. ɼʨʫʛʘʷ ʞʝ ʯʘʩʪʴ ʧʘʨʘʤʝʪʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʪʝ, ʢʦʪʦʨʳʝ 
ʟʘʚʠʩʷʪ ʦʪ ʢʦʦʨʜʠʥʘʪ ʦʙʲʝʢʪʘ, ʜʦʣʞʥʳ ʦʧʨʝʜʝʣʷʪʴʩʷ (ʧʦʜʩʪʨʘʠʚʘʪʴʩʷ) ʚ ʭʦʜʝ ʩʘʤʦʛʦ ʧʨʦʮʝʩʩʘ ʚʳʯʠʩ-
ʣʝʥʠʷ ʠʩʢʦʤʳʭ ʢʦʦʨʜʠʥʘʪ. ʊʘʢʠʝ ʤʦʜʝʣʠ ʦʪʥʦʩʷʪʩʷ ʢ ʢʣʘʩʩʫ ʘʜʘʧʪʠʚʥʳʭ. ʀʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʟʚʦʣʠʪ 
ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʙʦʨʪʦʚʳʝ ʫʩʪʨʦʡʩʪʚʘ ʩʠʩʪʝʤ ɼʈʅ, ʪʨʝʙʫʶʱʠʝ ʤʝʥʴʰʝʛʦ ʦʙʲʝʤʘ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘ-
ʮʠʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. 

ʕʢʩʪʨʝʤʘʣʴʥʳʝ ʧʨʠʥʮʠʧʳ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ. ʄʦʜʝʣʠ ʤʦʞʥʦ ʧʦʜʩʪʨʘʠʚʘʪʴ, ʧʦʣʴʟʫʷʩʴ ʨʘʟ-
ʣʠʯʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʘʜʘʧʪʘʮʠʠ. ɺ ʜʘʥʥʦʡ ʢʥʠʛʝ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʝʜʠʥʳʡ ʧʦʜʭʦʜ, ʟʘʢʣʶʯʘʶ-
ʱʠʡʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. ʇʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʙʫʜʫʪ ʧʦʜʩʪʨʘʠʚʘʪʴʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʜʦʩʪʠʛʘʣʩʷ ʵʢʩ-
ʪʨʝʤʫʤ (ʤʘʢʩʠʤʫʤ ʠʣʠ ʤʠʥʠʤʫʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ ʟʘʜʘʯʠ) ʚʳʙʨʘʥʥʦʛʦ ʢʨʠʪʝʨʠʷ, ʦʮʝʥʠʚʘʶ-
ʱʝʛʦ ʩʪʝʧʝʥʴ ʙʣʠʟʦʩʪʠ ʤʦʜʝʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʢ ʨʝʘʣʴʥʦʤʫ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤʠ ʧʨʠʥʮʠʧʘʤʠ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʧʦʜʚʠʞʥʦʛʦ ʦʙʲʝʢʪʘ 
ʠ ʚ ʫʩʣʦʚʠʷʭ ʘʧʨʠʦʨʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʦ ʩ ʧʦʤʦʱʴʶ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʧʨʦʮʝʜʫʨ: 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʮʝʥʢʠ ʧʨʠʥʠʤʘʝʤʦʛʦ ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ s ʥʘ ʦʩʥʦʚʝ ʠʤʝʶʱʠʭʩʷ ʩʚʝ-
ʜʝʥʠʡ ʦ ʧʨʦʮʝʩʩʘʭ ʠʟʣʫʯʝʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ, ʦ ʜʚʠʞʝʥʠʠ ʠʟʣʫʯʘʪʝʣʷ ʠ ʦʧʨʝʜʝʣʷʝʤʦʛʦ 
ʦʙʲʝʢʪʘ; ʩʨʘʚʥʝʥʠʷ ʧʦʣʫʯʝʥʥʦʡ ʦʮʝʥʢʠ s ʩ ʨʝʘʣʴʥʳʤ ʩʠʛʥʘʣʦʤ s ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʙʨʘʥʥʳʤ ʢʨʠʪʝʨʠ-
ʝʤ ʩʪʝʧʝʥʠ ʠʭ ʙʣʠʟʦʩʪʠ / (s, s, ʩ), ʛʜʝ ʩ ð ʚʝʢʪʦʨ ʥʝʠʟʚʝʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʝʡ; ʧʦʠʩʢʘ ʪʘʢʦʛʦ ʚʝʢ-
ʪʦʨʘ ʦʮʝʥʦʢ ʩ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʢʩʪʨʝʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʚʳʙʨʘʥʥʦʛʦ ʢʨʠʪʝʨʠʷ J. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʬʦʨʤʘʣʴʥʦ ʢ ʩʣʝʜʫʶʱʝʡ: Wf(p) = k^e~pTf, 
ʛʜʝ W ð ʦʙʣʘʩʪʴ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʝʡ. 

 
ʉʡʪ. 2. ʃʙʦʙʤ ʙʠʡʥʬʫʙ ʪʡʪʫʞʥʴ VOR/DME: 

ʘ ï ʫʧʨʦʱʝʥʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʙʦʨʪʦʚʦʡ ʘʧʧʘʨʘʪʫʨʳ; ʙ ï ʩʧʝʢʪʨ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ 
 

ɸʟʠʤʫʪʘʣʴʥʳʡ ʩʠʛʥʘʣ ɸʉ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʥʫʩʦʠʜʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩ ʯʘʩʪʦʪʦʡ Ὂˏ˝

σπ ː ,̗ ʚʳʜʝʣʝʥʥʦʝ ʠʟ ʦʛʠʙʘʶʱʝʡ ʧʨʠʥʠʤʘʝʤʦʛʦ AM ʩʠʛʥʘʣʘȢ ʕʪʦʪ ʩʠʛʥʘʣ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʩʠʛʥʘʣʦʤ 
ʧʝʨʝʤʝʥʥʦʡ ʬʘʟʳ, ʪʘʢ ʢʘʢ ʝʛʦ ʬʘʟʘ ʯʠʩʣʝʥʥʦ ʨʘʚʥʘ ʘʟʠʤʫʪʫ ʪʦʯʢʠ ʧʨʠʝʤʘ. 

ʇʈʄ 

ʉɺʆʇ 

ʉɺɸʇ 

ʀʌ 

a 
ʆʉ 

ɸ 

Ὢ f0+Fʧ 

 
f0 f0-Fʧ 

 

ʙ 

f0-Fʚʨ 

 

f0+Fʚʨ 

 

ɸʉ ʆʉ 



58 ǰǭǡǯǤǫǤǬǬǟǾ Ǭǟǲǩǟ 

 

XVII ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ɺ ʘʥʪʝʥʥʝ ʧʨʠʝʤʥʠʢʘ ʥʘʚʦʜʠʪʩʷ ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʩʠʛʥʘʣ, ʨʘʚʥʳʡ ʩʫʤʤʝ ʩʦʩʪʘʚʣʷʶʱʠʭ Ὗ  ʠ 
Ὗ̐ ̏̅̎: 

Ὗ Ὗ ρ άÓÉÎɱ̃ ὸ̑ ɀ! ά̐ ÓÉÎʖ̐ὸ ɀάʕ Ã̇ÏÓ ɱ̃ ὸ̑ÓÉÎʖὸȢ               σ 

ʉʧʝʢʪʨ ʦʧʦʨʥʦʛʦ ʩʠʛʥʘʣʘ ʆʉ (ʨʠʩ. 2, ʙ) ʩʦʜʝʨʞʠʪ ʩʦʩʪʘʚʣʷʶʱʠʝ ʧʦʜʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ  ʖ ʖ̐  
ʠ ʝʝ ʛʘʨʤʦʥʠʢʠ ʩ ʯʘʩʪʦʪʘʤʠ ʖ ʖ̐ ὲɱ̃ ȟ̑̄ ̅ ̆ὲ  ʮʝʣʦʝ ʯʠʩʣʦ ʠʟ ʥʘʪʫʨʘʣʴʥʦʛʦ ʨʷʜʘ, ʧʨʠʥʠ-

ʤʘʶʱʝʝ ʟʥʘʯʝʥʠʷ ʦʪ ɀὯ ʜʦ Ὧ, ʧʨʠʯʝʤ Ὧ ά̐ ρȢ 
ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ɹɸ VOR (ʨʠʩ. 3.) ʩʦʜʝʨʞʠʪ ʧʨʠʝʤʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʢ ʚʳʭʦʜʫ ʢʦʪʦʨʦʛʦ ʧʦʜʢʣʶ-

ʯʝʥʳ ʬʠʣʴʪʨʳ ʌ-30 ʠ ʌ-9960 ɻʮ ʠ ʠʟʤʝʨʠʪʝʣʴ ʬʘʟʳ ʀʌ, ʩʦʜʝʨʞʘʱʠʡ ʨʝʛʫʣʠʨʫʝʤʳʡ ʬʘʟʦʚʨʘʱʘʪʝʣʴ 

ʌɺ, ʬʘʟʦʩʜʚʠʛʘʶʱʫʶ ʮʝʧʦʯʢʫ ʥʘ ʌςϳȟ ʬʘʟʦʚʳʡ ʜʠʩʢʨʠʤʠʥʘʪʦʨ ʌɼ, ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʧʦʩʪʦʷʥʥʦʛʦ 
ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʝʨʝʤʝʥʥʦʝ ʇʨ ʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʕɼ ʩʦʝʜʠʥʝʥʥʳʡ ʩ ʦʩʴʶ ʬʘʟʦʚʨʘʱʘʪʝʣʷ. 

 
ʉʡʪ. 3. ʊʫʩʬʣʫʬʩʦʙʸ ʪʮʞʥʙ ʚʧʩʫʧʛʧʢ ʙʨʨʙʩʙʫʬʩʴ VOR 

 

ʌʠʣʴʪʨ ʌ-30 ɻʮ ʚʳʜʝʣʷʝʪ ʩʠʛʥʘʣ ʧʝʨʝʤʝʥʥʦʡ ʬʘʟʳ ό̱, ʢʦʪʦʨʳʡ ʧʦʩʣʝ ʫʩʠʣʠʪʝʣʷ ʧʦʜʘʝʪʩʷ ʥʘ 
ʦʜʠʥ ʠʟ ʚʭʦʜʦʚ ʬʘʟʦʚʦʛʦ ʜʠʩʢʨʠʤʠʥʘʪʦʨʘ ʌɼ, ʢʦʪʦʨʳʡ ʩʣʫʞʠʪ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʩʣʝʜʷʱʝʛʦ 
ʠʟʤʝʨʠʪʝʣʷ ʬʘʟʳ ʀʌ. 

ʆʧʦʨʥʳʡ ʩʠʛʥʘʣ ʚʳʜʝʣʷʝʪʩʷ ʬʠʣʴʪʨʦʤ ʌ-9960 ɻʮ ʠ ʜʘʣʝʝ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʫʩʠʣʠʪʝʣʴ-
ʦʛʨʘʥʠʯʠʪʝʣʴ ʋʆ, ʫʩʪʨʘʥʷʶʱʠʡ ʧʘʨʘʟʠʪʥʫʶ ʘʤʧʣʠʪʫʜʥʫʶ ʤʦʜʫʣʷʮʠʶ. ʆʛʨʘʥʠʯʝʥʥʳʡ ʧʦ ʘʤʧʣʠʪʫʜʝ 
ʩʠʛʥʘʣ ʧʦʜʘʝʪʩʷ ʥʘ ʯʘʩʪʦʪʥʳʡ ʜʝʪʝʢʪʦʨ ʏɼ, ʛʜʝ ʚʳʜʝʣʷʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ ʦʧʦʨʥʦʡ ʬʘʟʳ ʠʦ, ʧʦʜʘʚʘʝʤʦʝ 

ʥʘ ʚʭʦʜ ʌɺ ʠʟʤʝʨʠʪʝʣʷ ʬʘʟʳ. ɺ ʬʘʟʦʚʨʘʱʘʪʝʣʝ ʌɺ ʬʘʟʘ ʩʠʛʥʘʣʘ ό̨ ʠʟʤʝʥʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦ-
ʜʚʠʛʘʪʝʣʷ ʥʘ Ɋʌɺ, ʘ ʜʘʣʝʝ ʬʘʟʦʚʨʘʱʘʪʝʣʝʤ ʌςϳ  ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʜʚʠʛʘʝʪʩʷ ʥʘ 90Á. ɺʳʭʦʜʥʦʝ ʥʘʧʨʷ-
ʞʝʥʠʝ ʬʘʟʦʚʨʘʱʘʪʝʣʷ ʌςϳ  ʧʦʜʘʝʪʩʷ ʥʘ ʚʪʦʨʦʡ ʚʭʦʜ ʌɼ. 

ʌʘʟʦʚʳʡ ʜʠʩʢʨʠʤʠʥʘʪʦʨ, ʠʤʝʶʱʠʡ ʢʦʩʠʥʫʩʦʠʜʘʣʴʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ, ʚʳʜʝʣʷʝʪ, ʩ ʫʯʝʪʦʤ ʩʜʚʠ-

ʛʘ ʬʘʟ ʥʘ ʌςϳȟ ʩʠʛʥʘʣ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ ʩʠʥʫʩʫ ʨʘʟʥʦʩʪʠ ʬʘʟ 

ЎὟ̕ ̅ Ὗ̕ Ã̅ÏÓʕ̱ ʕ̕ ̃ πȟυʌ Ὗ̕ Ó̅ÉÎʕ̱ ʕ̕ ̃Ȣ                        τ 

ɺ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʥʝʩʢʦʣʴʢʦ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ɺʈʄ ʪʠʧʘ VOR (very high 
freguency omnidirectional range beacon). ʈʘʜʠʦʤʘʷʢʠ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʘʚʪʦʥʦʤʥʦ ʠʣʠ ʩʦʚʤʝʩʪʥʦ ʩ 
ʜʘʣʴʥʦʤʝʨʥʦʡ ʩʠʩʪʝʤʦʡ DME (Distance measuring eguipment). 

ʇʨʠ ʧʨʠʝʤʝ ʩʠʛʥʘʣʦʚ ɺʈʄ VOR ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʚʥʦʩʷʪ ʧʦʛʨʝʰʥʦʩʪʠ, 
ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʚʣʠʷʥʠʝʤ ʦʪʨʘʞʝʥʠʡ ʦʪ ʥʝʨʦʚʥʦʩʪʝʡ ʨʝʣʴʝʬʘ ʠ ʤʝʩʪʥʳʭ ʧʨʝʜʤʝʪʦʚ. ʉʨʝʜʥʷʷ ʢʚʘʜʨʘ-
ʪʠʯʝʩʢʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʘʟʠʤʫʪʘ ʧʦ ɺʈʄ 0,5 é 1Á. ɺ ʩʠʩʪʝʤʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʦʧʦʟʥʘʚʘʥʠʝ 
ɺʈʄ. ɼʣʷ ʵʪʦʛʦ ʠʟʣʫʯʘʝʤʳʡ ʩʠʛʥʘʣ ʤʦʜʫʣʠʨʫʝʪʩʷ ʥʠʟʢʦʯʘʩʪʦʪʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʢʦʜʘ ʄʦʨʟʝ ʠʣʠ ʨʝ-
ʯʝʚʳʤʠ ʧʦʟʳʚʥʳʤʠ, ʚʳʜʘʚʘʝʤʳʤʠ ʩ ʤʘʛʥʠʪʥʦʡ ʣʝʥʪʳ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʠʤʝʶʱʠʭʩʷ ʜʘʥʥʳʭ, ʩʣʝʜʫʝʪ 
ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʚʠʛʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʆʇʈʉ ʠ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʜʦʣʞʥʳ ʙʳʪʴ ʜʦʨʘʙʦʪʘʥʳ ʠʣʠ ʮʠʬʨʦʚʠ-
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ʟʦʚʘʥʳ. ʂʘʢ ʚʘʨʠʘʥʪ ʧʝʨʝʭʦʜ ʥʘ ʩʠʩʪʝʤʳ ʩʣʝʜʫʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ. ɺʩʝ ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʘʙʳ ʧʨʠʚʝʩʪʠ ʢ 
ʤʝʥʴʰʝʤʫ ʢʦʣʠʯʝʩʪʚʫ ʦʰʠʙʦʢ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʙʦʣʴʰʝʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʊʨʝʙʦʚʘʥʠʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʳ, 
ʦʩʦʙʝʥʥʦ ʚ ʨʘʡʦʥʘʭ ʢʨʘʡʥʝʛʦ ʩʝʚʝʨʘ, ʪʨʫʜʥʦʦʙʝʩʧʝʯʠʚʘʝʤʳʭ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʦʙʩʣʫʞʠ-
ʚʘʥʠʷ ʠ ʚ ʤʝʩʪʘʭ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʵʢʩʪʨʝʤʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ɺʉ. 
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ɸʢʘʜʝʤʠʷ ʌʉʆ ʈʦʩʩʠʠ 
 

ɹʦʦʧʫʙʯʡʸ: ʉʦʚʨʝʤʝʥʥʳʡ ʤʠʢʨʦʬʦʥ ʠʤʝʝʪ ʧʣʦʭʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʘʪʘʢʘʤ, ʯʪʦ ʜʝʣʘʝʪ ʘʣ-
ʛʦʨʠʪʤ ʰʠʬʨʦʚʘʥʠʷ ʨʝʯʝʚʦʛʦ ʩʠʛʥʘʣʘ ʫʷʟʚʠʤʳʤ. ʇʦʵʪʦʤʫ, ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʝʨʸʤ 
ʤʠʢʨʦʬʦʥ ʤʦʙʠʣʴʥʦʡ ʩʝʪʠ, ʚ ʢʦʪʦʨʦʤ ʧʨʠʤʝʥʷʝʪʩʷ ʘʣʛʦʨʠʪʤ ʰʠʬʨʦʚʘʥʠʷ 3DES-ECC. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ 
ʫʩʠʣʠʪʴ ʟʘʱʠʪʫ, ʨʘʟʨʘʙʦʪʘʥ ʫʣʫʯʰʝʥʥʳʡ ʤʠʢʨʦʬʦʥ, ʢʦʪʦʨʳʡ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʘʣʛʦʨʠʪʤ 3DES ʠ ECC 
ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʰʠʬʨʦʚʘʥʠʷ ʨʝʯʝʚʦʛʦ ʩʠʛʥʘʣʘ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: 3DES-ECC, ʤʦʙʠʣʴʥʘʷ ʩʝʪʴ, ʰʠʬʨʦʚʘʥʠʝ, ʤʠʢʨʦʬʦʥ, ʙʝʟʦʧʘʩʥʦʩʪʴ. 
 
ENCRYPTION TECHNOLOGY OF VOICE TRANSMISSION IN MOBILE NETWORK BASED ON 3DES-ECC 

ALGORITHM 
 

Maltcev Ilia Yurievich 
 

Abstract: Modern microphones have bad ability to resist attacks, which makes the speech encryption algo-
rithm vulnerable. Therefore, as an object of research, we take a microphone of a mobile network, which uses 
the 3DES-ECC encryption algorithm. In order to enhance protection, an improved microphone has been de-
veloped that combines 3DES and ECC algorithms to implement speech encryption.  
Key words: 3DES-ECC, mobile network, encryption, microphone, security. 

 
ɺʚʝʜʝʥʠʝ 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʤʦʙʠʣʴʥʳʝ ʪʝʣʝʬʦʥʳ ʩʪʘʣʠ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʞʠʟʥʠ ʣʶʜʝʡ. ʇʦʤʠʤʦ 
ʣʠʯʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʫʩʣʫʛʠ ʤʦʙʠʣʴʥʦʡ ʛʦʣʦʩʦʚʦʡ ʩʚʷʟʠ ʪʘʢʞʝ ʧʨʠʥʝʩʣʠ ʤʥʦʛʦ ʧʦʣʝʟʥʦʛʦ ʚ ʘʜʤʠʥʠ-
ʩʪʨʘʪʠʚʥʫʶ, ʚʦʝʥʥʫʶ, ʜʝʣʦʚʫʶ ʠ ʜʨʫʛʠʝ ʩʬʝʨʳ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʇʦʢʘ ʣʶʜʠ ʧʦʣʴʟʫʝʪʩʷ ʫʜʦʙʩʪʚʦʤ ʙʣʘʛʦ-
ʜʘʨʷ ʤʦʙʠʣʴʥʦʡ ʛʦʣʦʩʦʚʦʡ ʩʚʷʟʠ, ʦʥʠ ʪʘʢʞʝ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʧʨʦʙʣʝʤʘʤʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʚʷʟʠ, ʢʦʪʦʨʫʶ 
ʥʝʣʴʟʷ ʠʛʥʦʨʠʨʦʚʘʪʴ.  

ʇʨʦʩʣʫʰʠʚʘʥʠʝ ʛʦʣʦʩʦʚʦʛʦ ʢʦʥʪʝʥʪʘ - ʦʜʥʘ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʨʦʙʣʝʤ. ɺ ʥʘʩʪʦʷʱʝʝ 
ʚʨʝʤʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʟʚʦʥʢʦʚ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʩʪʘʣʘ ʮʝʥʪʨʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘ-
ʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʝʭʘʥʠʟʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʝʜʫʩʤʦʪʨʝʥʳ 
ʚ ʦʩʥʦʚʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʝʪʠ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ ʜʣʷ ʟʘʱʠʪʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʥʥʳʭ, ʪʘʤ ʝʩʪʴ ʣʘʟʝʡʢʠ, 
ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʫʪʝʯʢʝ ʠʥʬʦʨʤʘʮʠʠ. ʄʦʙʠʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ ʫʷʟʚʠʤʳ-
ʤʠ, ʯʪʦ ʥʝʣʴʟʷ ʠʛʥʦʨʠʨʦʚʘʪʴ.  

ʇʦʩʣʝʜʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʠʟʦʰʣʦ ʙʦʣʝʝ 6600 ʩʣʫʯʘʝʚ ʢʨʘʞʠ ʠʥʬʦʨʤʘʮʠʠ ʪʦʣʴ-
ʢʦ ʚʨʝʜʦʥʦʩʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ ʜʣʷ ʧʨʦʩʣʫʰʠʚʘʥʠʷ ʩʦʦʙʱʝʥʠʡ ʢʘʞʜʳʡ ʜʝʥʴ. ɼʘʥʥʦʝ ʇʆ ʦʯʝʥʴ ʪʨʫʜʥʦ 
ʦʪʩʣʝʜʠʪʴ. ɺʩʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ, ʦʙʥʦʚʣʝʥʠʝ ʤʦʙʠʣʴʥʦʡ ʩʝʪʠ ʩʚʷʟʠ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʦʙʠʣʴʥʳʭ 
ʫʩʪʨʦʡʩʪʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʯʝʥʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ. ʇʦʪʦʤʫ ʯʪʦ ʰʠʬʨʦʚʘʥʠʝ ʩʝʪʝʚʳʭ ʜʘʥʥʳʭ ʦʯʝʥʴ 
ʚʘʞʥʦ ʜʣʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ.  
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ʊʘʢʞʝ ʩʫʱʝʩʪʚʫʝʪ ʘʣʛʦʨʠʪʤ ʰʠʬʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʩʞʘʪʠʷ ʦʪʢʨʳʪʦʛʦ ʢʣʶʯʘ FPGA. ɼʘʥʥʳʡ ʘʣʛʦ-
ʨʠʪʤ ʛʝʥʝʨʘʮʠʠ ʣʘʟʝʡʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʘʪʘʢʠ Stehle ʩ ʦʪʢʨʳʪʳʤ ʪʝʢʩʪʦʤ 
(CPA). ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʚʳʙʨʘʪʴ ʩʭʝʤʫ ʩʞʘʪʠʷ ʦʪʢʨʳʪʦʛʦ ʢʣʶʯʘ, ʥʦ ʚʨʝʤʷ ʰʠʬʨʦʚʘʥʠʷ ʦʛʨʘʥʠʯʝ-
ʥʦ ʚ ʜʘʥʥʦʤ ʘʣʛʦʨʠʪʤʝ. ʇʦʵʪʦʤʫ ʩʣʦʞʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʰʠʬʨʦʚʘʥʠʷ ʩʭʝʤʳ ʩʞʘʪʠʷ ʦʪʢʨʳʪʦʛʦ 
ʢʣʶʯʘ ʰʠʬʨʦʚʘʥʠʷ ʥʠʟʢʘʷ.  

ɸʣʛʦʨʠʪʤ ʰʠʬʨʦʚʘʥʠʷ AES ʩ ʦʙʤʝʥʦʤ ʢʣʶʯʘʤʠ DH ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʰʠʬʨʦʚʘʥʠʷ 
VoIP ʚ ʤʦʙʠʣʴʥʳʭ ʩʝʪʷʭ ʥʘ ʙʘʟʝ ʧʨʦʪʦʢʦʣʘ SIP [1, ʩ. 37]. ʆʜʥʘʢʦ, ʧʦʩʢʦʣʴʢʫ ʧʨʦʪʦʢʦʣ SIP ʦʯʝʥʴ ʟʘʚʠʩʠʪ 
ʦʪ ʦʪʢʨʳʪʦʡ IP-ʩʝʪʠ, ʝʛʦ ʙʝʟʦʧʘʩʥʦʩʪʴ ʦʩʪʘʚʣʷʝʪ ʞʝʣʘʪʴ ʣʫʯʰʝʛʦ.  

ɺʳʰʝʫʢʘʟʘʥʥʳʝ ʤʝʪʦʜʳ ʨʝʰʘʶʪ ʤʥʦʞʝʩʪʚʦ ʧʨʦʙʣʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʤʦʙʠʣʴʥʦʡ ʩʝʪʠ ʩʚʷʟʠ, ʥʦ 
ʩʧʦʩʦʙʥʦʩʪʴ ʟʘʱʠʪʳ ʦʪ ʘʪʘʢ ʥʠʟʢʦʛʦ ʢʘʯʝʩʪʚʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʦʚʳʡ ʪʠʧ ʤʠʢʨʦʬʦʥʘ ʨʘʟʨʘʙʦʪʘʥ ʧʫʪʝʤ 
ʦʙʲʝʜʠʥʝʥʠʷ ʘʣʛʦʨʠʪʤʦʚ 3DES ʠ ECC. 168-ʙʠʪʥʳʡ ʢʣʶʯ ʛʝʥʝʨʠʨʫʝʪʩʷ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʠ ʩʛʨʫʧʧʠ-
ʨʦʚʘʥ ʧʦ 56 ʙʠʪʘʤ. ʕʪʦʪ ʢʣʶʯ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʢʣʶʯ ʘʣʛʦʨʠʪʤʘ 3DES ʜʣʷ ʟʘʰʠʬʨʦʚʘʥʠʷ ʦʪʢʨʳʪʦʛʦ 
ʪʝʢʩʪ ʠ ʩʦʟʜʘʝʪ ʟʘʰʠʬʨʦʚʘʥʥʳʡ ʪʝʢʩʪ. ʉʨʦʢ ʜʝʡʩʪʚʠʷ ʤʝʪʦʜʘ ʰʠʬʨʦʚʘʥʠʷ ʨʝʯʝʚʦʛʦ ʩʠʛʥʘʣʘ ʚ ʤʦʙʠʣʴ-
ʥʦʡ ʩʝʪʠ ʧʦʜʪʚʝʨʞʜʝʥʘ ʦʧʳʪʥʳʤ ʧʫʪʝʤ.  

 
3DES algorithm 

ɸʣʛʦʨʠʪʤ ʰʠʬʨʦʚʘʥʠʷ 3DES ʧʨʝʜʥʘʟʥʘʯʝʥ ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʤʦʜʫʣʝʡ ʜʘʥʥʳʭ ʯʪʦʙʳ 
ʜʦʩʪʠʯʴ ʠʪʝʨʘʪʠʚʥʦʛʦ ʰʠʬʨʦʚʘʥʠʷ DES, ʚ ʪʝʯʝʥʠʠ 3 ʨʘʟ. ʆʥ ʟʘʰʠʬʨʦʚʳʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʣʶʯʘ ʙʝʟ-
ʦʧʘʩʥʦʩʪʠ 192 ʙʠʪ ʯʝʪʳʨʴʤʷ ʦʧʝʨʘʮʠʷʤʠ ʟʘʤʝʥʳ, ʧʦʜʩʪʘʥʦʚʢʠ ʠ ʩʜʚʠʛʘ, ʠʟ ʢʦʪʦʨʳʭ ʦʩʪʘʝʪʩʷ 168 ʙʠʪ 
ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʢʣʶʯʘ.  

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʰʠʬʨʦʚʘʥʠʷ DES, ʫ ʥʝʛʦ ʙʦʣʴʰʝ ʧʨʝʠʤʫʱʝʩʪʚ, ʧʦ-
ʪʦʤʫ ʯʪʦ ʧʨʠ ʪʨʘʜʠʮʠʦʥʥʦʤ ʧʨʦʮʝʩʩʝ ʰʠʬʨʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʝʪʩʷ 64-ʙʠʪʥʳʡ ʢʣʶʯ, 56 ʙʠʪ ʠʟ ʢʦʪʦʨʳʭ 
ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ, ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʝʥʴʰʝ, ʯʝʤ ʚ 3DES, ʘ ʫ ʘʣʛʦʨʠʪʤʘ 3DES ʚʳ-
ʰʝ ʩʢʦʨʦʩʪʴ ʰʠʬʨʦʚʘʥʠʷ [3]. ʆʜʥʘʢʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʫʷʟʚʠʤʦʩʪʠ, ʚʦ ʚʨʝʤʷ ʰʠʬʨʦʚʘʥʠʠ ʠ ʜʝʰʠʬʨʦʚʘ-
ʥʠʷ 3DES, ʢʣʶʯ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ, ʧʦʵʪʦʤʫ ʨʠʩʢ ʢʦʤʧʨʦʤʝʪʘʮʠʠ ʢʣʶʯʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢ. ʀʩʭʦ-
ʜʷ ʠʟ ʵʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ ʫʧʨʘʚʣʝʥʠʝ ʢʣʶʯʘʤʠ, ʨʝʘʣʠʟʘʮʠʷ ʢʦʪʦʨʦʛʦ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʘ. 

 
ʉʨʘʚʥʝʥʠʝ ʮʝʣʦʩʪʥʦʩʪʠ ʜʘʥʥʳʭ 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʘʣʛʦʨʠʪʤʘ ʰʠʬʨʦʚʘʥʠʷ ʨʝʯʝʚʦʛʦ ʩʠʛʥʘʣʘ, 
ʩʨʘʚʥʠʤ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩ ʜʨʫʛʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ. 

ʎʝʣʦʩʪʥʦʩʪʴ ʜʘʥʥʳʭ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʧʦʩʣʝ ʰʠʬʨʦʚʘʥʠʷ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ. ʂʦʛʜʘ 
ʦʙʲʝʤ ʜʘʥʥʳʭ ʩʦʩʪʘʚʣʷʝʪ 50 ɻɹ, ʮʝʣʦʩʪʥʦʩʪʴ ʜʘʥʥʳʭ ʘʣʛʦʨʠʪʤʘ FPGA ʩʦʩʪʘʚʣʷʝʪ 69%, ʘ ʮʝʣʦʩʪʥʦʩʪʴ 
ʜʘʥʥʳʭ ʚ ʘʣʛʦʨʠʪʤʝ AES ʩʦʩʪʘʚʣʷʝʪ 78%. ʅʦ ʮʝʣʦʩʪʥʦʩʪʴ ʜʘʥʥʳʭ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʘʣʛʦʨʠʪʤʘ ʰʠʬʨʦʚʘ-
ʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 96%, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ, ʯʝʤ ʫ ʦʩʪʘʣʴʥʳʭ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʧʨʝʜʣʘʛʘʝʤʳʡ 
ʘʣʛʦʨʠʪʤ ʠʤʝʝʪ ʥʘʠʣʫʯʰʫʶ ʮʝʣʦʩʪʥʦʩʪʴ ʜʘʥʥʳʭ, ʧʦʪʦʤʫ ʯʪʦ ʚ ʜʘʥʥʦʤ ʘʣʛʦʨʠʪʤʝ ʛʝʥʝʨʠʨʫʝʪʩʷ ʩʣʫʯʘʡ-
ʥʳʡ ʢʣʶʯ ʠ ʛʨʫʧʧʠʨʫʝʪ ʝʛʦ ʧʦ 56 ʙʠʪ ʢʘʢ 3DES ʢʣʶʯ, ʘ ʟʘʪʝʤ ʰʠʬʨʫʝʪ ʦʪʢʨʳʪʳʡ ʪʝʢʩʪ ʩ ʧʦʤʦʱʴʶ ʢʣʶʯʘ 
ʜʣʷ ʩʦʟʜʘʥʠʷ ʟʘʰʠʬʨʦʚʘʥʥʦʛʦ ʪʝʢʩʪʘ, ʪʘʢ ʯʪʦ ʮʝʣʦʩʪʥʦʩʪʴ ʜʘʥʥʳʭ ʚʳʩʦʢʘ ʠ ʧʦʤʝʭʠ, ʧʨʘʢʪʠʯʝʩʢʠ, ʥʝ-
ʟʘʤʝʪʥʳ. 

 
ʉʨʘʚʥʝʥʠʝ ʦʙʲʸʤʘ ʧʦʪʝʨʷʥʥʳʭ ʜʘʥʥʳʭ 

ɸʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʙʲʸʤ ʧʦʪʝʨʷʥʥʳʭ ʜʘʥʥʳʭ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 
ʩʝʪʝʚʳʭ ʘʪʘʢ. ʂʦʛʜʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʝʪʝʚʦʡ ʘʪʘʢʠ ï 0,2 , ʦʙʲʸʤ ʧʦʪʝʨʷʥʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʘʣʛʦʨʠʪ-
ʤʘ FPGA ʩʦʩʪʘʚʣʷʝʪ 0,9% [5, ʩ. 79], ʦʙʲʸʤ ʧʦʪʝʨʷʥʥʳʭ ʜʘʥʥʳʭ ʜʣʷ AES ʩʦʩʪʘʚʣʷʝʪ 1,6%, ʘ ʦʙʲʸʤ ʧʦ-
ʪʝʨʷʥʥʳʭ ʜʘʥʥʳʭ ʧʨʝʜʣʘʛʘʝʤʳʤ ʤʝʪʦʜʦʤ 0,05%. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʜʦ 1,5 ʧʦʪʝʨʷ 
ʜʘʥʥʳʭ ʘʣʛʦʨʠʪʤʘ FPGA ʩʦʩʪʘʚʣʷʝʪ 9,8%, ʧʦʪʝʨʷ ʜʘʥʥʳʭ ʜʣʷ AES ʩʦʩʪʘʚʣʷʝʪ 12%, ʘ ʢʦʵʬʬʠʮʠʝʥʪ 
ʧʦʪʝʨʷ ʜʘʥʥʳʭ ʧʨʝʜʣʘʛʘʝʤʳʤ ʤʝʪʦʜ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 1%, ʚʩʝʛʦ 0,33%. ɼʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʫʢʘʟʳʚʘʶʪ 
ʥʘ ʚʘʞʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ï ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʩʦʢʦʛʦ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʘʪʘʢʠ, ʤʝʪʦʜʦʤ 
ʛʝʥʝʨʘʮʠʠ ʩʣʫʯʘʡʥʦʛʦ ʢʣʶʯʘ. ʇʦʩʣʝ ʛʨʫʧʧʠʨʦʚʢʠ ʧʦ 56 ʙʠʪʘʤ ʧʦʣʫʯʘʝʪʩʷ ʥʦʚʳʡ ʢʣʶʯ 3DES, ʯʪʦ ʫʩʣʦʞ-
ʥʝ̫ʪ ʧʨʦʮʝʩʩ ʰʠʬʨʦʚʘʥʠʷ. ʆʪʢʨʳʪʳʡ ʢʣʶʯ ECC ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʰʠʬʨʦʚʘʥʠʷ ʩʣʫʯʘʡʥʦʛʦ ʢʣʶʯʘ ʜʚʘ-
ʞʜʳ, ʯʪʦʙʳ ʟʘʰʠʬʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʣʫʯʰʝ ʟʘʱʠʱʘʣʠʩʴ ʦʪ ʘʪʘʢ ʧʨʦʪʠʚʥʠʢʘ. 
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ɺʳʚʦʜʳ 
ɺ ʩʚʷʟʠ ʩ ʧʨʘʢʪʠʯʝʩʢʠʤʠ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʰʠʬʨʦʚʘʥʠʝ ʨʝʯʝʚʦʛʦ 

ʩʠʛʥʘʣʘ ʥʘ ʙʘʟʝ ʘʣʛʦʨʠʪʤʘ 3DES-ECC. ʐʠʬʨʦʚʘʥʠʝ ʨʝʯʝʚʳʭ ʜʘʥʥʳʭ ʨʝʘʣʠʟʫʝʪʩʷ ʢʦʤʙʠʥʘʮʠʝʡ ʘʣʛʦ-
ʨʠʪʤʘ 3DES ʠ ʘʣʛʦʨʠʪʤʘ ECC. ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʳʭ ʦʧʳʪʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

(1) ʕʪʦʪ ʤʝʪʦʜ ʤʦʞʝʪ ʵʬʬʝʢʪʠʚʥʦ ʰʠʬʨʦʚʘʪʴ ʨʝʯʝʚʦʡ ʩʠʛʥʘʣ. ɼʣʷ ʤʥʦʛʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚʨʝ-
ʤʷ ʰʠʬʨʦʚʘʥʠʷ ʤʝʥʴʰʝ 1 ʩ, ʩʢʦʨʦʩʪʴ ʰʠʬʨʦʚʘʥʠʷ ʚʳʩʦʢʘʷ. 

(2) ʇʦʩʣʝ ʰʠʬʨʦʚʘʥʠʷ ʮʝʣʦʩʪʥʦʩʪʴ ʜʘʥʥʳʭ ʚʳʩʦʢʘʷ. ʂʦʛʜʘ ʦʙʲʝʤ ʰʠʬʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʜʦʩʪʠ-
ʛʘʝʪ 50 ɻɹ, ʮʝʣʦʩʪʥʦʩʪʴ ʜʘʥʥʳʭ ʜʦʩʪʠʛʘʝʪ 96%, ʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʰʠʬʨʦʚʘʥʠʷ ʭʦʨʦʰʘʷ. 

(3) ʇʦʩʣʝ ʰʠʬʨʦʚʘʥʠʷ ʦʙʲʸʤ ʧʦʪʝʨʷʥʥʳʭ ʜʘʥʥʳʭ ʤʠʥʠʤʘʣʴʥʳʡ. ʂʦʛʜʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 
ʘʪʘʢʠ 1,5, ʦʙʲʸʤ ʧʦʪʝʨʷʥʥʳʭ ʜʘʥʥʳʭ ʩʦʩʪʘʚʠʣ ʚʩʝʛʦ 0,33%, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʩʦʢʦʛʦ 
ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʘʪʘʢʠ. ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʰʠʬʨʘʪʦʨʘ. ʀʩʧʦʣʴʟʫʷ ʭʘʨʘʢ-
ʪʝʨʠʩʪʠʢʠ ʘʣʛʦʨʠʪʤʦʚ 3DES ʠ ECC, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʩʣʫʯʘʡʥʳʡ ʢʣʶʯ ʜʣʷ ʰʠʬʨʦʚʘʥʠʷ ʦʪ-
ʢʨʳʪʦʛʦ ʪʝʢʩʪʘ, ʫʣʫʯʰʝʥ ʤʠʢʨʦʬʦʥ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʰʠʬʨʦʚʘʥʠʷ ʨʝʯʝʚʦʛʦ ʩʠʛʥʘʣʘ. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʪʜʝʣʘʤ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʧʦʚʳʩʠʪʴ ʩʚʦʶ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʴ ʚ ʩʬʝʨʝ ʠʥʬʦʨ-
ʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʫʣʫʯʰʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʘʥʘʣʠʟʘ ʢʨʠʧʪʦʘʪʘʢ, ʧʦʚʳʰʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʡ ʧʦʜʛʦ-
ʪʦʚʢʠ ʠ ʦʙʫʯʝʥʠʷ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʙʝʟʦʧʘʩʥʫʶ ʦʥʣʘʡʥ-ʩʨʝʜʫ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʝʪʠ. 
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ǩȏǿȐȝȉȍȁ ǤȂȍȏ ǟȌȃȏȄȄȁȇȖ 
ʩʪʫʜʝʥʪ 

ʌɻɹʆʋ ɺʆ çɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʌʝʜʝʨʘʣʴʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪè 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʦʣʥʝʯʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ PV/T ʪʠʧʘ, ʚ 
ʢʦʪʦʨʳʭ ʮʠʨʢʫʣʷʮʠʷ ʚʦʟʜʫʭʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ ʧʫʪʝʤ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʢʪʫʘʣʴʥʳʝ ʧʨʦ-
ʙʣʝʤʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʣʘʩʩʠʯʝʩʢʠʭ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ. ʇʨʠʚʦʜʠʪʩʷ ʩʭʝʤʘ ʧʨʦʩʪʝʡʰʝʡ PV/T ʫʩʪʘʥʦʚ-
ʢʠ ʩ ʝʩʪʝʩʪʚʝʥʥʦʡ ʮʠʨʢʫʣʷʮʠʝʡ ʚʦʟʜʫʭʘ, ʘ ʪʘʢʞʝ ʝʝ ʧʨʝʠʤʫʱʝʩʪʚʘ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ɻʣʦʙʘʣʴʥʦʡ ʧʦʪʝʧʣʝʥʠʝ, ʘʢʢʫʤʫʣʷʮʠʷ ʪʝʧʣʘ, ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ, PV/T. 
 

PV/T-PANELS WITH NATURAL WORKING FLUID CIRCULATION 
 

Krasiukov Egor Andreevich 
 

Abstract: In this article PV/T panels with natural working fluid circulation are reviewed. Current problems of 
using regular PV-panels are reviewed. Image of a simple PV/T set with natural working fluid circulation and itôs 
advantages are given. 
Key words: Global warming, heat accumulation, solar power, PV/T. 

 
ʊʧʛʩʞʥʞʦʦʴʞ ʨʩʧʚʤʞʥʴ ʡʪʨʧʤʵʠʧʛʙʦʡʸ ʣʤʙʪʪʡʰʞʪʣʡʮ ʪʧʤʦʞʰʦʴʮ ʨʙʦʞʤʞʢ PV-ʫʡʨʙ 
ʂʣʘʩʩʠʯʝʩʢʠʝ ʩʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ PV-ʪʠʧʘ ʠʟʚʝʩʪʥʳ ʩʚʦʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʣʦʢʘʣʴʥʦ ʧʦʚʳʰʘʪʴ ʪʝʤ-

ʧʝʨʘʪʫʨʫ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ. ɻʣʦʙʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ ʪʘʢʦʛʦ ʪʠʧʘ ʩʪʘʚʠʪ ʧʦʜ 
ʫʛʨʦʟʫ ʢʣʠʤʘʪʠʯʝʩʢʠʡ ʙʘʣʘʥʩ ʥʘʰʝʡ ʧʣʘʥʝʪʳ. ʇʨʠʯʠʥʦʡ ʪʦʤʫ ʷʚʣʷʝʪʩʷ ʥʠʟʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ 
ʜʝʡʩʪʚʠʷ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ: 85% ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʩʪʘʥʦʚʷʪʩʷ çʦʪʭʦʜʘʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘè. ʊʘʢʦʡ ʙʦʣʴʰʦʡ 
ʦʙʲʝʤ ʧʦʪʝʨʴ ʧʨʠʚʦʜʠʪ ʢ ʩʪʨʝʤʠʪʝʣʴʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʩʨʝʜʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ɿʝʤʣʝ. ʉʦʛʣʘʩʥʦ ʨʘʩʯʝʪ-
ʥʳʤ ʜʘʥʥʳʤ, ʛʦʜʦʚʦʝ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʦʩʪʘʚʣʷʝʪ 0,024 Áʉ. ʊʘʢʦʡ ʧʘʨʘ-
ʤʝʪʨ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʯʝʪʳʨʝ ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʝ ʟʘ 
ʧʦʩʣʝʜʥʠʝ 100 ʣʝʪ. ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʚ ʦʙʦʩʥʦʚʘʥʠʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ 
ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ, ʪʘʢʞʝ ʩʧʦʩʦʙʥʳʭ ʫʤʝʥʴʰʘʪʴ ʦʙʲʝʤ ʪʝʧʣʦʚʳʭ ʦʪʭʦʜʦʚ. 

ʇʦʤʠʤʦ ʥʠʟʢʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʂʇɼ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʨʘʚʥʠʪʝʣʴʥʦ ʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʧʦʚʳʰʝʥʠʷ 
ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ, ʨʦʣʴ ʪʘʢʞʝ ʠʛʨʘʝʪ ʪʘʢʦʡ ʬʘʢʪʦʨ ʢʘʢ ʧʦʪʨʝʙʣʝʥʠʝ ʪʝʧʣʘ ʥʘʩʝʣʝʥʠ-
ʝʤ ɿʝʤʣʠ. ʉʦʛʣʘʩʥʦ ʥʘʫʯʥʳʤ ʜʘʥʥʳʤ, ʙʦʣʝʝ 50% ʧʦʪʨʝʙʣʷʝʤʦʡ ʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ ʪʝʧʣʦʚʦʡ. ʂʦʥʩʪʨʫʢ-
ʮʠʷ ʠ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ ʧʦʟʚʦʣʷʶʪ ʙʝʟ ʪʨʫʜʘ ʠ ʧʨʠ ʚʳʩʦʢʠʭ ʧʦʢʘʟʘʪʝʣʷʭ ʧʨʝʦʙʨʘʟʦ-
ʚʳʚʘʪʴ ʵʥʝʨʛʠʶ ʉʦʣʥʮʘ ʚ ʵʥʝʨʛʠʶ ʪʝʧʣʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ ʤʦʞʝʪ 
ʧʦʟʚʦʣʠʪʴ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʥʫʞʜʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ. 

ɺʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʦʩʥʦ-
ʚʝ ʬʦʪʦʵʣʝʤʝʥʪʦʚ, ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʢʦʪʦʨʦʛʦ ʧʦʟʚʦʣʠʣʠ ʙʳ ʩʥʠʟʠʪʴ ʥʝʛʘʪʠʚʥʳʡ ʵʬʬʝʢʪ ʦʪ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʷ ʢʣʘʩʩʠʯʝʩʢʠʭ ʧʘʥʝʣʝʡ PV-ʪʠʧʘ. 
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PV/T ʪʡʪʫʞʥʴ 
PV/T ʩʠʩʪʝʤʳ, ʦʙʳʯʥʦ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʦʩʪʳʝ PV-ʧʘʥʝʣʠ, ʜʦʦʩʥʘʱʝʥʥʳʝ ʪʝʧʣʦʪʝʭʥʠʯʝ-

ʩʢʠʤʠ ʘʛʨʝʛʘʪʘʤʠ ʠ ʩʠʩʪʝʤʘʤʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʤʠ ʜʣʷ ʙʳʩʪʨʦʛʦ ʦʪʚʝʜʝʥʠʷ ʪʝʧʣʘ ʦʪ ʥʘʛʨʝʪʳʭ ʧʦʚʝʨʭ-
ʥʦʩʪʝʡ ʠ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʫʩʪʘʥʦʚʢʠ ʜʦ ʟʥʘʯʝʥʠʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʂʣʘʩʩʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʠʩ-
ʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ ʩʠʣʦʚʳʝ ʘʛʨʝʛʘʪʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʮʠʨʢʫʣʷʮʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ. ʊʘʢʦʡ ʧʦʜ-
ʭʦʜ, ʨʘʟʫʤʝʝʪʩʷ, ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. ʊʘʢʞʝ ʚ ʜʘʥʥʳʭ ʩʠ-
ʩʪʝʤʘʭ ʪʨʫʜʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟ-ʟʘ ʜʦʚʦʣʴʥʦ ʧʨʦʪʷʞʝʥʥʦʛʦ ʧʫʪʠ 
ʧʨʦʪʝʢʘʥʠʷ ʞʠʜʢʦʩʪʠ. ɺʜʦʙʘʚʦʢ, ʜʣʠʥʥʳʡ ʧʫʪʴ ʧʨʦʪʝʢʘʥʠʷ ʞʠʜʢʦʩʪʠ ʦʟʥʘʯʘʝʪ ʧʦʚʳʰʝʥʠʝ ʧʦʪʝʨʴ ʚ 
ʦʢʨʫʞʘʶʱʠʡ ʚʦʟʜʫʭ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʥʠʞʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʚʩʝʡ ʩʠʩʪʝʤʳ. 

ɽʱʝ ʦʜʥʠʤ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʵʣʝʤʝʥʪʦʤ, ʪʨʝʙʫʶʱʠʤ ʚʥʠʤʘʥʠʷ, ʷʚʣʷʝʪʩʷ ʟʘʱʠʪʥʦʝ ʩʪʝʢʣʦ ʧʘʥʝ-
ʣʠ. ʆʥʦ ʤʦʞʝʪ ʢʘʢ ʠʤʝʪʴ, ʪʘʢ ʠ ʥʝ ʠʤʝʪʴ ʧʦʢʨʳʪʠʝ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʪʦʛʦ ʧʨʦʮʝʥʪ ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ 
ʫʩʪʘʥʦʚʢʠ ʤʦʞʝʪ ʧʦʚʳʰʘʪʴʩʷ ʠʣʠ ʩʥʠʞʘʪʴʩʷ. ɻʣʘʟʫʨʦʚʘʥʥʳʝ ʩʪʝʢʣʘ ʩʧʦʩʦʙʥʳ ʧʨʠʚʦʜʠʪʴ ʢ ʩʥʠʞʝʥʠʶ 
ʧʦʪʝʨʴ, ʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʦʥʠ ʩʥʠʞʘʶʪ ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠʟ-
ʟʘ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ ʟʥʘʯʝʥʠʡ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʤʘʪʝʨʠʘʣʳ 
ʥʘʯʠʥʘʶʪ ʪʝʨʷʪʴ ʩʚʦʠ ʩʚʦʡʩʪʚʘ. 

ʆʜʥʠʤ ʠʟ ʥʦʚʳʭ ʚʘʨʠʘʥʪʦʚ PV/T ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʷ, ʚ ʢʦʪʦʨʦʡ ʦʪʚʦʜ ʪʝʧʣʘ ʦʩʫ-
ʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʝʩʪʝʩʪʚʝʥʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʧʨʦ-
ʪʷʞʝʥʥʦʩʪʴ ʧʫʪʝʡ ʮʠʨʢʫʣʷʮʠʠ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ, ʯʪʦ ʥʝʧʨʝʤʝʥʥʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʪʝʧʣʦʚʳʭ ʧʦ-
ʪʝʨʴ. ʊʘʢʞʝ ʩʥʠʞʝʥʳ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʧʠʪʘʥʠʠ ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ. ʊʘʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʩʧʦʩʦʙʥʘ ʦʪʚʦʜʠʪʴ 
ʪʝʧʣʦ ʥʝ ʪʦʣʴʢʦ ʩ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʦ ʠ ʩ ʚʥʫʪʨʝʥʥʝʡ ʧʦʣʦʩʪʠ ʧʘʥʝʣʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʜʝʨʞʠʚʘʪʴ 
ʪʝʤʧʝʨʘʪʫʨʫ ʧʘʥʝʣʴʥʦʡ ʢʦʨʦʙʢʠ ʚ ʧʨʝʜʝʣʘʭ ʟʥʘʯʝʥʠʡ, ʙʣʠʟʢʠʭ ʢ ʟʥʘʯʝʥʠʷʤ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ 
ʩʨʝʜʳ. ɼʣʷ ʟʘʱʠʪʳ ʦʪ ʟʘʤʝʨʟʘʥʠʷ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʚ ʭʦʜʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠ ʧʦʥʠʞʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 
ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʟʘʤʝʨʟʘʶʱʠʝ ʨʘʩʪʚʦʨʳ ʩ ʧʨʠʤʝʥʝʥʝʥʠʝʤ ʵʪʘʥʦʣʘ. ʊʘʢʞʝ ʜʣʷ ʧʦʚʳʰʝ-
ʥʠʷ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʜʘʥʥʦʡ ʫʩʪʘʥʦʚʢʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʛʣʘʟʫʨʦʚʘʥʥʳʝ ʚʥʝʰʥʠʝ ʩʪʝʢʣʘ. 

ʉʭʝʤʘ ʜʘʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 
 

 
ʉʡʪ. 1. ʊʮʞʥʙ ʬʪʫʙʦʧʛʣʡ PV/T-ʫʡʨʙ ʪ ʞʪʫʞʪʫʛʞʦʦʧʢ ʯʡʩʣʬʤʸʯʡʞʢ ʩʙʚʧʰʞʢ ʟʡʝʣʧʪʫʡ 

 
ʊʝʧʣʦʥʘʢʦʧʠʪʝʣʴ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʠʪ ʠʟ ʤʝʜʥʳʭ ʪʨʫʙʦʢ. ʀʩʢʣʶʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʣʠʰʴ ʚʦʟʚʨʘʪʥʘʷ 

ʪʨʫʙʢʘ, ʩʜʝʣʘʥʥʘʷ ʠʟ ʧʨʦʟʨʘʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚʠʥʠʣʭʣʦʨʠʜʘ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʚʳʙʨʘʥ ʨʘʩ-
ʪʚʦʨ ʵʪʘʥʦʣʘ. 

ʅʘʛʨʝʚʘʷʩʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ, ʨʘʙʦʯʘʷ ʞʠʜʢʦʩʪʴ ʧʨʦʜʚʠʛʘʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʫʢʘʟʘʥʥʦʤ 
ʢʨʘʩʥʦʡ ʩʪʨʝʣʢʦʡ ʥʘ ʨʠʩʫʥʢʝ 1. ʅʘʢʘʧʣʠʚʘʷʩʴ ʚ ʚʠʜʝ ʢʘʧʝʣʝʢ ʞʠʜʢʦʩʪʠ ʚ ʢʦʥʜʝʥʩʘʪʦʨʝ, ʨʘʙʦʯʝʝ ʪʝʣʦ 
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ʚʦʟʚʨʘʱʘʝʪʩʷ ʢ ʤʝʩʪʫ ʠʩʧʘʨʝʥʠʷ, ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʝʪ ʩʠʣ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʊʘʢʠʤ ʦʙʨʘ-
ʟʦʤ, ʚ ʭʦʜʝ ʮʠʢʣʘ ʠʩʧʘʨʝʥʠʷ ʥʝʢʦʪʦʨʘʷ ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʉʦʣʥʮʘ, ʧʨʝʚʨʘʱʝʥʥʦʡ ʚ ʪʝʧʣʦ, ʧʝʨʝʜʘʝʪʩʷ ʨʘ-
ʙʦʯʝʤʫ ʪʝʣʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʫ ʵʥʝʨʛʠʶ ʜʣʷ ʣʶʙʳʭ ʮʝʣʝʡ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ, ʨʘʟʫʤʝʝʪʩʷ, ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʫʩʪʘʥʦʚʢʠ, ʧʦʚʳʩʠʪʴ ʝʝ ʵʬʬʝʢʪʠʚ-
ʥʦʩʪʴ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ. 

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʫʩʪʘʥʦʚʢʠ ʜʘʥʥʦʛʦ ʪʠʧʘ ʤʦʞʥʦ ʥʘʟʚʘʪʴ: 
1) ɺʩʝʛʜʘ ʚʣʘʞʥʘʷ ʚʥʫʪʨʝʥʥʷʷ ʧʦʣʦʩʪʴ ʤʝʜʥʳʭ ʪʨʫʙʦʢ ʠʟ-ʟʘ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʠʩʧʘʨʝ-

ʥʠʷ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʧʣʦʱʘʜʴ ʠʩʧʘʨʝʥʠʷ, ʜʝʣʘʷ ʧʨʦʮʝʩʩ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʤ; 
2) ɿʘ ʩʯʝʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʝʝ ʦʙʲʝʤʝ ʞʠʜ-

ʢʦʩʪʴ ʥʝ ʫʩʪʨʝʤʣʷʝʪʩʷ ʚʥʠʟ ʚ ʟʦʥʝ ʠʩʧʘʨʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʵʪʦʤʫ ʧʨʝʧʷʪʩʪʚʫʝʪ ʜʘʚʣʝʥʠʝ ʥʠʟʢʦʪʝʤʧʝʨʘ-
ʪʫʨʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʚʦʟʚʨʘʪʥʦʡ ʪʨʫʙʢʝ; 

3) ʇʨʠ ʨʘʟʤʝʱʝʥʠʠ ʚʦʟʚʨʘʪʥʦʡ ʪʨʫʙʢʠ ʚʥʫʪʨʠ ʢʦʨʧʫʩʘ ʫʩʪʘʥʦʚʢʠ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʫʤʝʥʴʰʝʥʠʷ 
ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʚʥʫʪʨʠ ʫʩʪʘʥʦʚʢʠ ʜʦ ʟʥʘʯʝʥʠʡ ʤʝʥʝʝ 45 Áʉ ʜʘʞʝ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘ-
ʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʚ ʟʦʥʝ ʠʩʧʘʨʝʥʠʷ 60 Áʉ ʠ ʚʳʰʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡ-
ʩʪʚʠʷ ʩʦʣʥʝʯʥʦʡ ʩʪʘʥʮʠʠ; ʫʣʫʯʰʠʪʴ ʝʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ; ʩʦʢʨʘʪʠʪʴ ʦʙʲʝʤ ʪʝʧʣʦʚʳʭ ʚʳʙʨʦ-
ʩʦʚ ʚ ʘʪʤʦʩʬʝʨʫ. ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʘʢʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʠʟʤʝʨʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ-
ʚʝʨʭʥʦʩʪʠ ʧʘʥʝʣʠ, ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʩ  ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 
55 Áʉ ʜʦ ʧʦʨʷʜʢʘ 40 Áʉ. 
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ʌɻɹʆʋ ɺʆ çʂʘʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɹʦʦʧʫʙʯʡʸ: ʧʨʦʛʨʝʩʩ ʥʝ ʩʪʦʠʪ ʥʘ ʤʝʩʪʝ. ʉʝʡʯʘʩ ʥʘ ʩʤʝʥʫ ʦʛʨʦʤʥʳʤ ʰʢʘʬʘʤ ʩ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʧʨʠʭʦ-
ʜʷʪ ʢʦʤʧʘʢʪʥʳʝ ʢʦʥʪʨʦʣʣʝʨʳ, ʩʦʝʜʠʥʝʥʥʳʝ ʚ ʝʜʠʥʫʶ ʩʝʪʴ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʩʪʦʷʥʥʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ 
ʦʙʥʦʚʣʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʩʪʦʠʪ ʟʘʜʘʯʘ ʧʦ ʚʥʝʜʨʝʥʠʶ ʛʠʙʢʠʭ ʠ ʧʨʦʩʪʳʭ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ 
ʧʨʦʪʦʢʦʣʦʚ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʠʜʝʪ ʦʙʤʝʥ ʠʥʬʦʨʤʘʮʠʠ ʤʝʞʜʫ ʫʩʪʨʦʡʩʪʚʘʤʠ ʚ ʩʝʪʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ɸʉʋʊʇ, Modbus, ʧʨʦʪʦʢʦʣ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, RS-485, ʠʥʪʝʨʬʝʡʩ, ʚʠʪʘʷ ʧʘʨʘ. 
 

MODBUS - DATA TRANSFER PROTOCOL 
 

Evdokimov Denis Aleksandrovich, 
Yarysh Raviya Foatovna 

 
Abstract: progress is not static. Now the huge cabinets with the equipment are replaced by compact control-
lers connected to a network. As a result of the continuous modernization and renewal of industrial enterprises, 
the challenge is to implement flexible and easy-to-use data transfer protocols, by means of which information 
is exchanged between devices in the network. 
Key words: I&C, Modbus, data transfer protocol, RS-485, interface, twisted pair. 

 
ɸʉʋʊʇ - ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ. ʕʪʘ ʯʝʣʦʚʝʢʦ-

ʤʘʰʠʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʩʙʦʨ ʠ ʦʙʨʘʙʦʪʢʫ ʠʥʬʦʨ-
ʤʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ ʧʦ ʧʨʠʥʷʪʳʤ ʢʨʠʪʝʨʠʷʤ. 
ʂ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʦʙʲʝʢʪʘʤ ʦʪʥʦʩʷʪʩʷ: 

- ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʘʛʨʝʛʘʪʳ ʠ ʫʩʪʘʥʦʚʢʠ; 

- ʦʪʜʝʣʴʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʣʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ ʮʝʣʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. 
ʌʫʥʢʮʠʷ ɸʉʋʊʇ - ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʜʝʡʩʪʚʠʡ ʩʠʩʪʝʤʳ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʧʦʩʪʘʚʣʝʥ-

ʥʦʡ ʮʝʣʠ ʫʧʨʘʚʣʝʥʠʷ. ʌʫʥʢʮʠʠ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠ ʫʧʨʘʚʣʷʶ-
ʱʠʝ. ʂ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ ʦʪʥʦʩʷʪʩʷ ʬʫʥʢʮʠʠ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʝʰʝʥʠʝ ʚʥʫʪʨʠʩʠʩʪʝʤʥʳʭ ʟʘʜʘʯ 
(ʢʦʥʪʨʦʣʴ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʩʠʩʪʝʤʳ, ʭʨʘʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʠ ʪ.ʜ.). ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʦʩʫʱʝʩʪʚ-
ʣʷʝʪ ʩʙʦʨ, ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ, ʧʝʨʝʜʘʯʫ ʠ ʦʙʨʘʙʦʪʢʫ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ. 
ʋʧʨʘʚʣʷʶʱʘʷ ʬʫʥʢʮʠʷ ɸʉʋʊʇ - ʵʪʦ ʬʫʥʢʮʠʷ, ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʚʳʨʘʙʦʪʢʘ ʠ ʨʝʘʣʠʟʘʮʠʷ 
ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʦʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷ [1, ʩ. 8].  

ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʚʩʝʡ ʵʪʦʡ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʤʝʞʜʫ ʜʘʪʯʠʢʘʤʠ, ʢʦʥʪʨʦʣʣʝʨʘʤʠ ʠ ʠʩ-
ʧʦʣʥʠʪʝʣʴʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʠʥʪʝʨʬʝʡʩʦʚ ʠ ʧʨʦʪʦʢʦʣʦʚ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 
(Modbus, Ethernet, CAN, PROFIBUS ʠ ʧʨ.). ʇʨʦʪʦʢʦʣʳ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ, ʫʯʠʪʳʚʘʷ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʠʟ-
ʚʦʜʩʪʚʘ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʠ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʘʜʝʞʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʠ ʪʦʯʥʦʩʪʴ ʧʝʨʝʜʘʯʠ 
ʜʘʥʥʳʭ ʤʝʞʜʫ ʫʩʪʨʦʡʩʪʚʘʤʠ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʩʠʩʪʝʤʳ ɸʉʋʊʇ ʜʦʣʞʥʳ ʙʳʪʴ ʛʠʙʢʠʤʠ ʚ ʧʦʩʪʨʦʝʥʠʠ, ʧʨʦ-
ʩʪʳʤʠ ʚ ʦʙʩʣʫʞʠʚʘʥʠʠ ʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʩʪʘʥʜʘʨʪʘʤ. 

ʉʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʚ ʤʠʨʝ ʩʨʝʜʠ ʧʨʦʪʦʢʦʣʦʚ ʷʚʣʷʝʪʩʷ ʧʨʦʪʦʢʦʣ Modbus. ʈʘʟʨʘʙʦʪʘʥʥʳʡ 
ʙʦʣʝʝ ʩʦʨʦʢʘ ʣʝʪ ʥʘʟʘʜ ʦʥ ʥʝ ʪʦʣʴʢʦ ʥʝ ʫʩʪʘʨʝʣ, ʥʦ, ʥʘʦʙʦʨʦʪ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʦʟʨʦʩʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 
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ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʥʝʛʦ ʧʨʦʝʢʪʦʚ. ʄʠʣʣʠʦʥʳ ʫʩʪʨʦʡʩʪʚ ʧʦ ʤʠʨʫ ʨʘʙʦʪʘʶʪ ʥʘ ʵʪʦʤ ʧʨʦʪʦʢʦʣʝ.  
ʉʫʱʝʩʪʚʫʝʪ 3 ʬʦʨʤʘʪʘ ʧʨʦʪʦʢʦʣʘ Modbus: 

- Modbus ASCII- ʚ ʢʦʪʦʨʦʤ ʜʘʥʥʳʝ ʢʦʜʠʨʫʶʪʩʷ ʩʠʤʚʦʣʘʤʠ ʠʟ ʪʘʙʣʠʮʳ ASCII (ʨʠʩ. 1) ʠ ʧʝʨʝ-
ʜʘʶʪʩʷ ʚ h ʝʩʪʥʘʜʮʘʪʝʨʠʯʥʦʤ ʬʦʨʤʘʪʝ ʠ ʜʘʥʥʳʡ ʬʦʨʤʘʪ ʧʨʦʪʦʢʦʣʘ ʚʩʪʨʝʯʘʝʪʩʷ ʜʦʚʦʣʴʥʦ ʨʝʜʢʦ; 

- Modbus TCP- ʜʘʥʥʳʝ ʢʦʜʠʨʫʶʪʩʷ ʚ ʜʚʦʠʯʥʦʤ ʬʦʨʤʘʪʝ ʠ ʫʧʘʢʦʚʳʚʘʶʪʩʷ ʚ TCP- ʧʘʢʝʪ, ʜʣʷ 
ʧʝʨʝʜʘʯʠ ʧʦ IP-ʩʝʪʷʤ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʨʘʙʦʪʳ ʚ ʣʦʢʘʣʴʥʳʭ ʩʝʪʷʭ; 

- Modbus RTU ïʩʘʤʳʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʚʘʨʠʘʥʪ ʧʨʦʪʦʢʦʣʘ Modbus, ʢʦʪʦʨʳʡ ʢʦʜʠʨʫʝʪ ʜʘʥ-
ʥʳʝ ʚ ʜʚʦʠʯʥʦʤ ʬʦʨʤʘʪʝ ʠ ʨʘʟʜʝʣʷʝʪ ʧʘʢʝʪʳ ʩ ʧʦʤʦʱʴʶ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ. 

 

 
ʉʡʪ. 1. ʊʡʥʛʧʤʴ ASCII 

 
ʇʦʩʢʦʣʴʢʫ ʩʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʧʨʦʪʦʢʦʣʦʤ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʷʚʣʷʝʪʩʷ Modbus RTU, ʪʦ 

ʜʘʣʝʝ ʙʫʜʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʠʤʝʥʥʦ ʦʥ. ɼʘʥʥʳʡ ʩʪʘʥʜʘʨʪ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʠʥʪʝʨʬʝʡʩʦʚ 
RS-485, RS-422 ʠʣʠ RS-232. ɹʦʣʴʰʝ ʚʩʝʛʦ ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʩʝʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʚʫʭʧʨʦʚʦʜʥʦʡ ʠʥʪʝʨ-
ʬʝʡʩ RS-485 (ʨʠʩ. 2). ʀʟ ʚʩʝʭ ʫʢʘʟʘʥʥʳʭ ʨʘʥʝʝ ʠʥʪʝʨʬʝʡʩʦʚ ʦʥ ʷʚʣʷʝʪʩʷ ʣʫʯʰʠʤ ʧʦ ʪʘʢʠʤ ʧʘʨʘʤʝʪʨʘʤ: 

- ʜʚʫʭʩʪʦʨʦʥʥʠʡ ʦʙʤʝʥ ʜʘʥʥʳʭ ʧʦ ʦʜʥʦʡ ʚʠʪʦʡ ʧʘʨʝ; 

- ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʢʣʶʯʝʥʠʷ ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ ʧʨʠʝʤʥʠʢʦʚ; 

- ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ; 

- ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ; 

- ʙʦʣʴʰʘʷ ʜʣʠʥʘ ʣʠʥʠʠ. 
 

 
ʉʡʪ. 2. ʊʧʞʝʡʦʞʦʡʞ ʫʩʞʮ ʬʪʫʩʧʢʪʫʛ ʪ ʡʦʫʞʩʭʞʢʪʧʥ RS-485 

 
ɺʩʝ ʫʩʪʨʦʡʩʪʚʘ Modbus ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʧʦ ʧʨʠʥʮʠʧʫ master-slave. ɿʘʧʨʦʩʳ ʠʥʠʮʠʠʨʫʝʪ master-

ʫʩʪʨʦʡʩʪʚʦ, ʘ slave-ʫʩʪʨʦʡʩʪʚʘ ʣʠʰʴ ʦʪʚʝʯʘʶʪ. ʋ ʢʘʞʜʦʛʦ ʧʨʦʪʦʢʦʣʘ ʬʦʨʤʘʪʳ ʧʘʢʝʪʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 
ʨʘʟʣʠʯʘʶʪʩʷ. ɺ ʧʨʦʪʦʢʦʣʝ Modbus RTU ʩʦʦʙʱʝʥʠʷ (ʨʠʩ. 3) ʨʘʟʜʝʣʷʶʪʩʷ ʧʘʫʟʦʡ, ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʥʝ ʤʝ-
ʥʝʝ 14 ʙʠʪ, ʚ ʩʝʢʫʥʜʘʭ ʚʝʣʠʯʠʥʘ ʧʘʫʟʳ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ɺ ʩʦʦʙʱʝʥʠʠ ʫʢʘʟʳʚʘʝʪʩʷ: 

- ʘʜʨʝʩ ʧʦʣʫʯʘʪʝʣʷ (0, ʝʩʣʠ ʩʦʦʙʱʝʥʠʝ ʜʣʷ ʚʩʝʭ slave-ʫʩʪʨʦʡʩʪʚ); 

- ʢʦʜ ʬʫʥʢʮʠʠ (ʢʘʢʦʡ ʪʠʧ ʜʘʥʥʳʭ ʩʦʜʝʨʞʠʪ ʩʦʦʙʱʝʥʠʝ); 
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- ʜʘʥʥʳʝ (ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʘʨʘʤʝʪʨʘʭ, ʟʘʧʨʦʰʝʥʥʳʭ master-ʫʩʪʨʦʡʩʪʚʦʤ ʠʣʠ ʦʪʧʨʘʚʣʝʥʥʳʭ ʚ 
ʦʪʚʝʪ slave-ʫʩʪʨʦʡʩʪʚʦʤ); 

- ʢʦʥʪʨʦʣʴʥʘʷ ʩʫʤʤʘ (ʢʦʜ, ʩʦʟʜʘʚʘʝʤʳʡ ʜʣʷ ʧʨʦʚʝʨʢʠ ʮʝʣʦʩʪʥʦʩʪʠ ʧʘʢʝʪʘ). Master, ʧʝʨʝʜʘʚʘʷ 
ʟʘʧʨʦʩ, ʚʳʯʠʩʣʷʝʪ CRC-ʢʦʜ ʠ ʜʦʙʘʚʣʷʝʪ ʝʛʦ ʚ ʢʦʥʝʮ ʩʦʦʙʱʝʥʠʷ. Slave, ʧʦʣʫʯʠʚ ʩʦʦʙʱʝʥʠʝ, ʧʨʦʚʝʨʷʝʪ 
ʩʦʦʙʱʝʥʠʝ ʥʘ ʮʝʣʦʩʪʥʦʩʪʴ ʩʦʛʣʘʩʥʦ ʘʣʛʦʨʠʪʤʫ CRC. ɿʘʪʝʤ ʧʦʜʯʠʥʸʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩʦʩʪʘʚʣʷʝʪ ʦʪʚʝʪ, 
ʪʦʯʥʦ ʪʘʢ ʞʝ ʚʳʯʠʩʣʷʝʪ ʜʣʷ ʥʝʛʦ CRC ʠ ʜʦʙʘʚʣʷʝʪ ʚ ʢʦʥʝʮ ʧʘʢʝʪʘ.) [3, ʩ. 91]. 

 

 
ʉʡʪ. 3. ʍʧʩʥʙʫ ʣʙʝʩʙ ʨʩʧʫʧʣʧʤʙ Modbus RTU 

 
ɹʦʣʴʰʠʥʩʪʚʦ ʢʦʤʧʘʥʠʡ ʧʦʜ ʩʚʦʠ ʧʨʦʝʢʪʳ ʚʳʙʠʨʘʶʪ ʜʘʥʥʳʡ ʧʨʦʪʦʢʦʣ ʙʣʘʛʦʜʘʨʷ ʩʣʝʜʫʶʱʠʤ ʜʦ-

ʩʪʦʠʥʩʪʚʘʤ: 

- ʣʝʛʢʦʩʪʴ ʚ ʨʘʟʚʝʨʪʳʚʘʥʠʠ (ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʟʘ ʧʘʨʫ ʜʥʝʡ); 

- ʧʨʦʩʪʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʠ ʥʘʩʪʨʦʡʢʘ; 

- ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʙʦʣʴʰʠʥʩʪʚʦʤ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ; 

- ʘʜʝʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 
ʅʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʪʘʢʠʝ ʢʘʢ: 

- ʥʝʪ ʟʘʱʠʪʳ ʦʪ ʩʪʦʨʦʥʥʠʭ ʢʦʤʘʥʜ, ʥʝ ʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʦʧʝʨʘʪʦʨʦʤ (ʥʝʣʴʟʷ ʧʝʨʝʜʘʚʘʪʴ 
ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʝ ʜʘʥʥʳʝ); 

- ʪʦʣʴʢʦ ʦʜʥʦ ʚʝʜʫʱʝʝ ʫʩʪʨʦʡʩʪʚʦ, ʧʦʵʪʦʤʫ master ʜʦʣʞʝʥ ʚʩʝʛʜʘ ʩʘʤ ʠʥʠʮʠʠʨʦʚʘʪʴ ʧʝʨʝʜʘʯʫ 
ʜʘʥʥʳʭ; 

- slave-ʫʩʪʨʦʡʩʪʚʦ ʥʝ ʚʠʜʠʪ ʧʦʪʝʨʶ ʩʚʷʟʠ ʩ master-ʫʩʪʨʦʡʩʪʚʦʤ. 
ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʦʪʢʨʳʪʦʩʪʠ (ʙʝʩʧʣʘʪʥʳʝ ʪʝʢʩʪʳ ʩʪʘʥʜʘʨʪʦʚ ʤʦʞʥʦ ʩʢʘʯʘʪʴ ʩ ʩʘʡʪʘ 

www.modbus.org), ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʣʝʛʢʦ ʦʙʲʝʜʠʥʠʪʴ ʨʘʟʣʠʯʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʚ ʝʜʠʥʫʶ ʩʠʩʪʝ-
ʤʫ, ʥʝʪʨʝʙʦʚʘʪʝʣʴʥʦʩʪʠ ʢ ʨʝʩʫʨʩʘʤ (ʥʝ ʥʫʞʥʳ ʩʧʝʮʠʘʣʴʥʳʝ ʠʥʪʝʨʬʝʡʩʥʳʝ ʢʦʥʪʨʦʣʣʝʨʳ), ʧʨʦʩʪʦʪʝ ʠ 
ʥʘʜʝʞʥʦʩʪʠ Modbus ʙʫʜʝʪ ʝʱʝ ʜʦʣʛʦ ʷʚʣʷʪʴʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʜʣʷ ɸʉʋʊʇ.  

 
ʊʨʡʪʧʣ ʤʡʫʞʩʙʫʬʩʴ 

 
1. ɺʪʶʨʠʥ ɺ.ɸ. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʆʩ-

ʥʦʚʳ ɸʉʋʊʇ: ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 220301 "ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 
ʧʨʦʮʝʩʩʦʚ ʠ ʧʨʦʠʟʚʦʜʩʪʚ". - ʉʇʙ: ʉʇʙɻʃʊɸ. 2006. ï 152 ʩ.  

2. ʋʨʦʢ 56. ʇʨʦʪʦʢʦʣ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ Modbus RTU [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ].- 
ʈʝʞʠʤ ʜʦʩʪʫʧʘ: URL: http://www.mypractic.ru/ urok-56-protokol-posledovatelnoj-peredachi-dannyx-modbus-
rtu.html (02.02.2021) 

3. ɼʝʥʠʩʝʥʢʦ ɺ. ʇʨʦʪʦʢʦʣʳ ʠ ʩʝʪʠ Modbus ʠ Modbus TCP/ ɺ. ɼʝʥʠʩʝʥʢʦ // ʉʊɸ.-2010.- ˉ4.- 
ʉ.90-94. 
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ǰǧǬǴǯǭǬǬǺǤ ǪǧǬǤǨǬǺǤ 
ǼǪǤǩǱǯǭǣǡǧǢǟǱǤǪǧ ǩǟǩ ǮǤǯǰǮǤǩǱǧǡǬǺǨ 
ǼǪǤǩǱǯǭǮǯǧǡǭǣ ǣǪǾ ǮǯǭǧǦǡǭǣǰǱǡǤǬǬǺǴ 
ǮǯǧǫǤǬǤǬǧǨ ǧ ǱǯǟǬǰǮǭǯǱǬǺǴ ǰǯǤǣǰǱǡ  

ǩǿȊȇȋȒȊȊȇȌ ǰǿȊǿȁǿȑ ǯǿȗȇȑȍȁȇȖ*  
ǴȒȃȇȞȏȍȁ ǫǿȉȐȇȋ ǡǿȃȇȋȍȁȇȖ 

cʪʫʜʝʥʪʳ ʢʘʬʝʜʨʳ ʵʣʝʢʪʨʦʤʝʭʘʥʠʢʠ  
ʌɻɹʆʋ ɺʆ çʋʬʠʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʚʠʘʮʠʦʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʛʦʨʦʜ ʋʬʘ 

 

ɹʦʦʧʫʙʯʡʸ: ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ, ʬʫʥʢʮʠʠ ʠ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʩʠʥʭʨʦʥ-
ʥʳʭ ʣʠʥʝʡʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʚʳʷʚʣʝʥʳ ʥʝʜʦʩʪʘʪʢʠ ʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʩʠʥʭʨʦʥʥʳʭ ʣʠʥʝʡʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʧʦ 
ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʧʨʠʚʦʜʦʚ. ʇʨʝʜʣʦʞʝʥʳ ʧʫʪʠ ʠʭ ʨʘʟʚʠʪʠʷ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʣʠʥʝʡʥʳʝ ʜʚʠʛʘʪʝʣʠ; ʣʠʥʝʡʥʳʝ ʩʠʥʭʨʦʥʥʳʝ ʜʚʠʛʘʪʝʣʠ; ʣʠʥʝʡʥʳʝ ʘʩʠʥʭʨʦʥʥʳʝ 
ʜʚʠʛʘʪʝʣʠ; ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ. 
 
SYNCHRONOUS LINEAR ELECTRIC MOTORS AS A PROMISING ELECTRIC DRIVE FOR INDUSTRIAL 

PURPOSES AND VEHICLES 
 

Kalimullin Salavat Rashitovich, 
Khudiarov Maxim Vadimovich 

 
Abstract: in this paper, the principles of operation, functions and applications of synchronous linear motors 
are considered, the disadvantages and advantages of synchronous linear motors in comparison with other 
types of drives are revealed. The ways of their development and improvement are suggested. 
Keywords: linear motors; linear synchronous motors; linear asynchronous motors; translational motion. 

 
ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʪʝʭʥʠʢʘ ʚʩʝ ʙʦʣʴʰʝ ʚʩʪʫʧʘʝʪ ʚ ʧʦʚʩʝʜʥʝʚʥʫʶ ʞʠʟʥʴ ʢʘʞʜʦʛʦ ʯʝʣʦʚʝʢʘ ʠ ʚʩʝ 

ʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʦʙʨʝʪʘʶʪ ʵʣʝʢʪʨʦʧʨʠʚʦʜʳ. ʇʨʠʤʝʥʝʥʠʝ ʣʠʥʝʡʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʧʦʟʚʦʣʷ-
ʝʪ ʫʧʨʦʩʪʠʪʴ ʠʣʠ ʚʦʚʩʝ ʠʩʢʣʶʯʠʪʴ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʝʨʝʜʘʯʫ, ʧʦʚʳʩʠʪʴ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʨʘ-
ʙʦʪʳ ʧʨʠʚʦʜʘ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʣʠʥʝʡʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ, ʚ ʮʝʣʦʤ.  

ʂʘʞʜʳʡ ʣʠʥʝʡʥʳʡ ʜʚʠʛʘʪʝʣʴ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ ï ʩʪʘʪʦʨʘ (ʠʥʜʫʢʪʦʨ) ʠ ʨʦʪʦʨʘ (ʨʝʘʢʪʠʚʥʘʷ 
ʧʦʣʦʩʘ). [1] ʄʝʞʜʫ ʩʪʘʪʦʨʦʤ ʠ ʨʦʪʦʨʦʤ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠ ʨʘʚʥʦʤʝʨʥʦʡ ʩʠʣʳ ʪʷʛʠ ʥʝʦʙ-
ʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʦʩʪʦʷʥʥʫʶ ʚʝʣʠʯʠʥʫ ʚʦʟʜʫʰʥʦʛʦ ʟʘʟʦʨʘ. ʇʦ ʧʨʠʥʮʠʧʫ ʜʝʡʩʪʚʠʷ ʩʠʥʭʨʦʥʥʳʡ ʣʠ-
ʥʝʡʥʳʡ ʜʚʠʛʘʪʝʣʴ ʘʥʘʣʦʛʠʯʝʥ ʪʨʘʜʠʮʠʦʥʥʦʤʫ ʚʨʘʱʘʶʱʝʤʫʩʷ ʩʠʥʭʨʦʥʥʦʤʫ ʜʚʠʛʘʪʝʣʶ, ʥʦ ʝʛʦ ʩʪʘʪʦʨ ʠ 
ʨʦʪʦʨ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʦʪʣʠʯʘʶʪʩʷ. [2] 

ɹʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʩʠʥʭʨʦʥʥʳʤ ʣʠʥʝʡʥʳʤ ʜʚʠʛʘʪʝʣʷʤ ʫʜʝʣʷʶʪ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚʳʩʦʢʦʩʢʦʨʦʩʪ-
ʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʥʘʧʨʠʤʝʨ, ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʘʛʣʝʚʦʚ. ʄʘʛʣʝʚ - ʵʪʦ ʧʦʝʟʜ, ʫʜʝʨʞʠʚʘʝʤʳʡ ʥʘʜ ʧʦʣʦʪʥʦʤ 
ʜʦʨʦʛʠ, ʜʚʠʞʠʤʳʡ ʠ ʫʧʨʘʚʣʷʝʤʳʡ ʩʠʣʦʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. [3] ʊʘʢʦʡ ʩʦʩʪʘʚ ʚʦ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʥʝ ʩʦ-
ʧʨʠʢʘʩʘʝʪʩʷ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʨʝʣʴʩʘ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʧʨʝʥʝʙʨʝʛʘʷ ʩʠʣʦʡ ʪʨʝ-
ʥʠʷ. ʕʪʠ ʧʦʝʟʜʘ ʷʚʣʷʶʪʩʷ ʦʯʝʥʴ ʵʢʦʥʦʤʠʯʥʳʤʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʤʠ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʚʣʦʞʠʪʴ 
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ʥʝʤʘʣʳʡ ʚʢʣʘʜ ʚ ʩʦʭʨʘʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʝ. ʇʦʜʦʙʥʳʝ ʚʠʜʳ ʧʨʦʨʳʚʦʚ ʩʦ-
ʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʶʪʩʷ ʦʯʝʥʴ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ, ʚʝʜʴ ʧʦʠʩʢ ʥʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ï ʚ̫-
ʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʚ ʨʝʰʝʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ. 

 

 
ʉʡʪ. 1. ʌʪʫʩʧʢʪʫʛʧ ʥʙʜʤʞʛʙ 

 
ɹʣʘʛʦʜʘʨʷ ʩʠʥʭʨʦʥʥʳʤ ʣʠʥʝʡʥʳʤ ʜʚʠʛʘʪʝʣʷʤ ʵʢʩʧʣʫʘʪʘʮʠʷ ʪʝʭʥʠʢʠ ʩʪʘʥʦʚʠʪʩʷ ʵʢʦʥʦʤʠʯʥʳʤ ʠ 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʣʘʚʥʦʝ ʜʚʠʞʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʥʘʠʙʦʣʴʰʝʛʦ ʢʦʤʬʦʨʪʘ 
ʜʣʷ ʧʘʩʩʘʞʠʨʦʚ. [4] ɼʣʷ ʧʨʠʤʝʥʝʥʠʷ ʩʠʥʭʨʦʥʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʚ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʪʨʘʥʩʧʦʨʪʝ 
ʥʘ ʤʘʛʥʠʪʥʳʭ ʧʦʜʚʝʩʘʭ ʚʘʞʥʦ ʜʦʙʠʪʴʩʷ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʳ ʚʦʟʜʫʰʥʦʛʦ ʟʘʟʦʨʘ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʣʠʥʝʡʥʳʝ ʩʠʥʭʨʦʥʥʳʝ ʜʚʠʛʘʪʝʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʚʳʩʦʢʦʩʢʦʨʦʩʪ-
ʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʥʘ ʤʘʛʥʠʪʥʦʡ ʧʦʜʫʰʢʝ, ʥʦ ʠ ʚ ʜʨʫʛʠʭ ʩʬʝʨʘʭ: ʚ ʩʪʘʥʢʦʩʪʨʦʝʥʠʠ, ʚ ʜʝʨʝʚʦʦʙʨʘʙʦʪʢʝ, ʚ 
ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʧʝʮʠʘʣʴʥʳʭ ʤʘʰʠʥ, ʚ ʫʜʘʨʥʳʭ ʦʙʦʨʫʜʦʚʘʥʠʷʭ, ʚ ʩʠʩʪʝʤʘʭ ʧʝʨʝʨʘʙʦʪʢʠ ʨʘʟʣʠʯʥʳʭ ʤʘ-
ʪʝʨʠʘʣʦʚ (ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ), ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʦʯʥʦʩʪʴ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʜʠʥʘʤʠʢʘ, ʚʳ-
ʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʠ ʫʩʢʦʨʝʥʠʝ, ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʠʟʥʦʩʘ.[5] ʊʘʢʞʝ ʥʘ ʧʨʠʥʮʠʧʝ ʨʘʙʦʪʳ ʣʠ-
ʥʝʡʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩʪʨʦʷʪʩʷ ʤʘʛʥʠʪʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʥʘʩʦʩʳ, ʢʦʪʦʨʳʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʤʝ-
ʪʘʣʣʫʨʛʠʠ ʜʣʷ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʞʠʜʢʦʛʦ ʤʝʪʘʣʣʘ, ʘ ʪʘʢʞʝ ʥʘ ɸʕʉ ʜʣʷ ʧʝʨʝʢʘʯʢʠ 
ʞʠʜʢʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ.  

ʃʠʥʝʡʥʳʝ ʩʠʥʭʨʦʥʥʳʝ ʜʚʠʛʘʪʝʣʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʧʨʠʚʦʜʘʤʠ ʩ ʰʘʨʠʢʦ-
ʚʠʥʪʦʚʦʡ ʧʝʨʝʜʘʯʝʡ, ʚʳʠʛʨʳʚʘʶʪ ʟʘ ʩʯʝʪ ʦʪʩʫʪʩʪʚʠʷ: ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʝʨʝʜʘʯʠ ʢ ʨʘʙʦʯʝʤʫ 
ʦʨʛʘʥʫ, ʧʝʨʝʜʘʯ ʵʥʝʨʛʠʠ ʥʘ ʨʘʙʦʯʠʡ ʦʨʛʘʥ, ʧʦʪʝʨʠ ʥʘ ʪʨʝʥʠʝ, ʵʣʝʤʝʥʪʦʚ ʩ ʫʧʨʫʛʠʤʠ ʜʝʬʦʨʤʘʮʠʷʤʠ, 
ʵʣʝʤʝʥʪʦʚ ʩ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʜʝʬʦʨʤʘʮʠʷʤʠ ʚ ʧʨʠʚʦʜʝ, ʠʟʥʘʰʠʚʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠʚʦʜʘ, ʦʙʷʟʘ-
ʪʝʣʴʥʳʭ ʟʦʥ ʜʣʷ ʩʤʘʟʢʠ, ʤʘʣʝʥʴʢʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʟʦʥ ʟʘʛʨʷʟʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʣʝʛʢʦ ʫʩʪʨʘʥʷʶʪʩʷ. [6] 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʠʟʢʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʨʘʟʦʤʢʥʫʪʦʩʪʴʶ 
ʤʘʛʥʠʪʥʦʡ ʮʝʧʠ ʠ ʙʦʣʴʰʠʤʠ ʨʘʙʦʯʠʤʠ ʟʘʟʦʨʘʤʠ, ʩʣʦʞʥʦʩʪʴ ʠ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʜʨ. 

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʨʘʥʝʝ, ʣʠʥʝʡʥʳʝ ʩʠʥʭʨʦʥʥʳʝ ʜʚʠʛʘʪʝʣʠ ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʜʣʷ 
ʪʘʢʠʭ ʧʨʠʤʝʥʝʥʠʡ ʢʘʢ ʧʨʠʚʦʜʳ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʣʠʥʠʡ, ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʨʘʥʩʧʦʨʪ-
ʥʳʭ ʩʨʝʜʩʪʚ, ʥʦ ʫ ʥʠʭ ʝʩʪʴ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʥʝʜʦʯʝʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʟʦʤʢʥʫʪʦʩʪʴʶ ʤʘʛʥʠʪʥʦʡ ʮʝʧʠ ʠ 
ʙʦʣʴʰʠʤʠ ʨʘʙʦʯʠʤʠ ʟʘʟʦʨʘʤʠ. ʉʧʨʦʝʢʪʠʨʦʚʘʚ ʩʠʥʭʨʦʥʥʳʡ ʣʠʥʝʡʥʳʡ, ʚ ʢʦʪʦʨʦʤ ʚʳʰʝʫʢʘʟʘʥʥʳʝ ʥʝʜʦ-
ʩʪʘʪʢʠ ʙʫʜʫʪ ʫʩʪʨʘʥʝʥʳ, ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʂʇɼ ʩʠʥʭʨʦʥʥʳʭ ʣʠʥʝʡʥʳʭ ʵʣʝʢ-
ʪʨʦʜʚʠʛʘʪʝʣʝʡ ʠ ʫʣʫʯʰʝʥʠʝ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʣʠʥʝʡʥʳʝ ʩʠʥʭʨʦʥʥʳʝ ʜʚʠʛʘʪʝʣʠ ʥʘʜʝʞʥʳʝ, ʥʝ ʪʝʨʷʶʪ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʧʦʢʘʟʳʚʘʶʪ ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʫʩʢʦʨʝʥʠʠ 
ʠ ʟʘʤʝʜʣʝʥʠʠ. 

ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʥʭʨʦʥʥʳʭ ʣʠʥʝʡʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʤʘʛʣʝ-
ʚʦʚ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʣʠʥʠʡ ʦʥʠ ʩʪʘʥʫʪ ʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ, ʝʩʣʠ ʩʚʝʩʪʠ 
ʥʘ ʥʝʪ ʨʷʜ ʠʭ ʥʝʜʦʩʪʘʪʢʦʚ: ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʨʝʘʢʪʠʚʥʦʡ ʰʠʥʳ (ʪʘʢ ʢʘʢ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠ-
ʘʣʘ ʚʳʩʪʫʧʘʝʪ ʮʚʝʪʥʦʡ ʤʝʪʘʣʣʘ), ʪʨʫʜʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʫʯʘʩʪʢʦʚ ʧʫʪʠ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ 
ʦʙʝʩʧʝʯʝʥʠʷ ʧʠʪʘʥʠʷ ʪʨʝʭʬʘʟʥʳʤ ʪʦʢʦʤ ʧʨʠ ʧʝʨʝʤʝʥʥʳʭ ʥʘʧʨʷʞʝʥʠʷʭ ʠ ʯʘʩʪʦʪʝ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʜ-












































































































































































































































































