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ʩʪʘʚʷʪʩʷ ʥʝ ʪʦʣʴʢʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ, ʪ.ʝ. 

ʬʫʥʢʮʠʡ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʩʠʩʪʝʤʝ ʂʦʰʠïʈʠʤʘʥʘ, ʥʦ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʫʥʢʮʠʡ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʨʘʟʣʠʯʥʳʤ 

ʫʨʘʚʥʝʥʠʷʤ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʪʠʧʘ. ɽʩʣʠ ʚ ʪʝʦʨʠʠ ʢʨʘʝʚʳʭ ʟʘʜʘʯ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʦʨʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʡ ʠ ʢʦʥʬʦʨʤʥʳʝ ʦʪʦʙʨʘʞʝʥʠʷ, ʪʦ ʚ ʪʝʦʨʠʠ ʢʨʘʝʚʳʭ ʟʘʜʘʯ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʫʥʢʮʠʡ ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʫʨʘʚʥʝʥʠʷʤ 

ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʪʠʧʘ, ʘʥʘʣʦʛʠʯʥʫʶ ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʪʝʦʨʠʷ 

ʦʙʦʙʱʝʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʠ ʢʚʘʟʠʢʦʥʬʦʨʤʥʳʝ 

ʦʪʦʙʨʘʞʝʥʠʷ. ʂʚʘʟʠʢʦʥʬʦʨʤʥʳʝ ʦʪʦʙʨʘʞʝʥʠʷ ʙʳʣʠ ʧʨʝʜʤʝʪʦʤ 

ʛʣʫʙʦʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʄ.ɸ. ʃʘʚʨʝʥʪʴʝʚʘ, ʃ. ɸʣʴʬʦʨʩʘ, ʀ.ʅ. 

ɺʝʢʫʘ, ʇ.ʇ. ɹʝʣʠʥʩʢʦʛʦ, ɹ.ɺ. ɹʦʷʨʩʢʦʛʦ, ʃ.ʀ. ɺʦʣʢʦʚʳʩʢʦʛʦ ʠ 

ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ. 

ʈʘʟʚʠʪʳʝ ʚ ʨʘʙʦʪʘʭ ʄ.ɸ. ʃʘʚʨʝʥʪʴʝʚʘ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʠʣʠ ʧʦʩʪʨʦʠʪʴ ʚ ʠʟʚʝʩʪʥʦʤ 

ʩʤʳʩʣʝ ʟʘʢʦʥʯʝʥʥʫʶ ʪʝʦʨʠʶ ʢʚʘʟʠʢʦʥʬʦʨʤʥʳʭ ʦʪʦʙʨʘʞʝʥʠʡ. 

ʅʝʩʢʦʣʴʢʦ ʠʥʦʡ ʧʦʜʭʦʜ ʢ ʵʪʠʤ ʟʘʜʘʯʘʤ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʚ 1954ʛ. 

ʀ.ʅ. ɺʝʢʫʘ ʚ ʨʘʙʦʪʝ [1]. ʆʥ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʚʦʡʩʪʚ 

ʥʝʢʦʪʦʨʳʭ ʩʠʥʛʫʣʷʨʥʳʭ ʠʥʪʝʛʨʘʣʦʚ. ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʵʪʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʩʪʨʦʠʪʴ 

ʢʚʘʟʠʢʦʥʬʦʨʤʥʳʝ ʦʪʦʙʨʘʞʝʥʠʷ ʧʦ ʟʘʜʘʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. 



ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʜʥʦʨʦʜʥʫʶ ʵʣʣʠʧʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ 

ʫʨʘʚʥʝʥʠʡ ʩ ʯʘʩʪʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʦʙʱʝʛʦ 
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ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʠʤʝʨʳ [2], ʦʪʦʙʨʘʞʝʥʠʷ, 

ʦʩʫʱʝʩʪʚʣʷʝʤʳʝ ʨʝʰʝʥʠʷʤʠ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (2) ʤʦʛʫʪ ʙʳʪʴ 

ʢʚʘʟʠʢʦʥʬʦʨʤʥʳʤʠ, ʦʜʥʘʢʦ ʤʦʛʫʪ ʠ ʨʝʟʢʦ ʦʪʣʠʯʘʪʴʩʷ ʦʪ 

ʢʚʘʟʠʢʦʥʬʦʨʤʥʳʭ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʯʝʥʴ ʚʘʞʥʦ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʦʧʨʝʜʝʣʝʥʥʫʶ ʪʨʫʜʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʝ ʪʘʢʠʭ ʦʙʦʙʱʝʥʥʳʭ 

ʨʝʰʝʥʠʡ ʫʨʘʚʥʝʥʠʷ (2), ʢʦʪʦʨʳʝ ʜʘʶʪ ʠʩʢʦʤʳʝ 

ʢʚʘʟʠʢʦʥʬʦʨʤʥʳʝ ʦʪʦʙʨʘʞʝʥʠʷ. ʊʘʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ [3,4,5]. ɼʘʣʝʝ ʟʘʡʤʝʤʩʷ ʧʦʩʪʨʦʝʥʠʝʤ 

ʦʪʦʙʨʘʞʝʥʠʡ, ʨʝʘʣʠʟʫʝʤʳʝ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʷ ʚʠʜʘ 

 

 

(4) 

 

ʛʜʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ),(),,(),,(),,( 2211 yxbyxayxbyxa  
ʟʘʜʘʥʥʳʝ 

ʬʫʥʢʮʠʠ ʚ ʥʝʢʦʪʦʨʦʡ ʦʙʣʘʩʪʠ D. 

ʈʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (4), ʨʝʘʣʠʟʫʶʱʠʝ 

ʢʚʘʟʠʢʦʥʬʦʨʤʥʳʝ ʦʪʦʙʨʘʞʝʥʠʷ ʙʫʜʫʪ ʨʘʟʳʩʢʠʚʘʪʴʩʷ ʩʨʝʜʠ 
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ʛʜʝ ),(),,(),,(),,( yxdyxcyxbyxa  ʟʘʜʘʥʥʳʝ ʬʫʥʢʮʠʠ ʚ 

ʦʙʣʘʩʪʠ D.  

ʋʩʣʦʚʠʝ ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʧʨʠʤʝʪ ʚʠʜ 

 

,0)(
4

1
1

2dbac
 

.1 const                  (6) 

 

ʀʟʚʝʩʪʥʦ [3], ʯʪʦ ʢʘʞʜʦʝ ʨʝʰʝʥʠʝ ),(),,( yxvvyxuu  

ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (5) ʦʩʫʱʝʩʪʚʣʷʝʪ ʢʚʘʟʠʢʦʥʬʦʨʤʥʦʝ 
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ʠ ʧʦʜʩʪʘʚʣʷʷ ʚ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (4) ʧʦʣʫʯʠʤ 

 

(7) 

 

ʀʟ (7) ʠʩʢʣʶʯʘʝʤ ʬʫʥʢʮʠʶ , ʪ.ʝ. ʠʟ ʧʝʨʚʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʩʠʩʪʝʤʳ ʥʘʭʦʜʠʤ  
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ʠ ʧʦʜʩʪʘʚʣʷʷ ʚʪʦʨʦʝ ʫʨʘʚʥʝʥʠʝ ʩʠʩʪʝʤʳ ʠʤʝʝʤ 
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ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʵʪʦʤʫ ʫʨʘʚʥʝʥʠʶ ʩʠʩʪʝʤʘ 

ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠʤʝʝʪ ʚʠʜ 
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ʈʝʰʝʥʠʝ ʵʪʦʡ ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʚʝʥʩʪʚʘʤʠ  
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ʠ ʦʙʱʠʡ ʠʥʪʝʛʨʘʣ ʠʤʝʝʪ ʚʠʜ 
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ʛʜʝ  ï ʧʨʦʠʟʚʦʣʴʥʘʷ ʥʝʧʨʝʨʳʚʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʘʷ 

ʬʫʥʢʮʠʷ. 

ʊʝʧʝʨʴ ʠʟ (11) ʠ (8) ʧʫʪʝʤ ʧʦʜʭʦʜʷʱʝʛʦ ʚʳʙʦʨʘ ʬʫʥʢʮʠʠ  

ʥʘʭʦʜʠʪʩʷ ʬʫʥʢʮʠʠ ),,(),,( yxvvyxuu  
ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ 

ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ ʂʘʨʣʝʤʘʥʘ-ɺʝʢʫʘ (4). 

ʇʨʠʤʝʨʦʤ ʠʣʣʶʩʪʨʠʨʫʝʤ ʩʢʘʟʘʥʥʦʝ. 

ʉʠʩʪʝʤʳ (4) ʠ (5) ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 

 

 

 

 



ʚ ʝʜʠʥʠʯʥʦʤ ʢʨʫʛʝ  ʠʤʝʝʪ ʨʝʰʝʥʠʝ 
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ʷʢʦʙʠʘʥ ʢʦʪʦʨʦʛʦ  

ʌʫʥʢʮʠʷ (12) ʦʪʦʙʨʘʞʘʝʪ ʝʜʠʥʠʯʥʳʡ ʢʨʫʛ ʚ 

ʥʝʢʦʪʦʨʳʡ ʵʣʣʠʧʩ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʫʨʘʚʥʝʥʠʝ (9) ʠʤʝʝʪ ʚʠʜ 
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ʊʦʛʜʘ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʦʙʳʢʥʦʚʝʥʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (10) ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʘʚʝʥʩʪʚʘʤʠ 

 

 

 

 

ʠ ʦʙʱʠʡ ʠʥʪʝʛʨʘʣ (11) ʠʤʝʝʪ ʚʠʜ 
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ʆʪʩʶʜʘ ʚʳʙʠʨʘʷ ʬʫʥʢʮʠʶ  ʚ ʚʠʜʝ 

 

 
 

ʧʦʣʫʯʠʤ ʨʝʰʝʥʠʝ (12). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʨʝʰʝʥʠʝ ʦʙʱʝʡ ʩʠʩʪʝʤʳ 

ʚʠʜʘ (4), ʜʘʶʱʠʝ ʚʥʫʪʨʝʥʥʠʝ ʦʪʦʙʨʘʞʝʥʠʷ ʥʝʢʦʪʦʨʦʡ 

ʦʜʥʦʩʚʷʟʥʦʡ ʦʙʣʘʩʪʠ ʥʘ ʜʨʫʛʫʶ ʦʜʥʦʩʚʷʥʫʶ ʦʙʣʘʩʪʴ. 

 



ʃʠʪʝʨʘʪʫʨʘ ʠ ʧʨʠʤʝʯʘʥʠʷ:  

[1] ɺʝʢʫʘ ʀ.ʅ. ʆʙʦʙʱʝʥʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ. ï

ʄ.: ʅʘʫʢʘ. ʌʠʟ.-ʤʘʪ. ʣʠʪ., 1988. ï512ʩ. 

[2] ʐʘʙʘʪ ɹ.ɺ. ʆʙ ʦʪʦʙʨʘʞʝʥʠʷʭ, ʦʩʫʱʝʩʪʚʣʷʝʤʳʭ 

ʨʝʰʝʥʠʷʤʠ ʩʠʩʪʝʤʳ ʂʘʨʣʝʤʘʥʘ. //ʋʩʧʝʭʠ ʤʘʪ. ʥʘʫʢ. ï1956. ï

ʊ.11, ïɺ.3(69). ï ʉ.203ï206. 

[3] ʄʦʥʘʭʦʚ ɺ.ʅ. ʂʨʘʝʚʳʝ ʟʘʜʘʯʠ ʩʦ ʩʚʦʙʦʜʥʳʤʠ 

ʛʨʘʥʠʮʘʤʠ ʜʣʷ ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʫʨʘʚʥʝʥʠʡ. ï 

ʅʦʚʦʩʠʙʠʨʩʢ: ʅʘʫʢʘ,1977.ï424ʩ. 

[4] ɹʦʷʨʩʢʠʡ ɹ.ɺ. ʆʙʦʙʱʝʥʥʳʝ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ɼʋ  

I-ʧʦʨʷʜʢʘ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʪʠʧʘ ʩ ʨʘʟʨʳʚʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 

//ʄʘʪ. ʩʙʦʨʥʠʢ. ï1957. ïʊ.43, ˉ4. ï ʉ.451ï503. 

[5] ɺʦʣʢʦʚʳʩʢʠʡ ʃ.ʀ. ʂʚʘʟʠʢʦʥʬʦʨʤʥʳʝ ʦʪʦʙʨʘʞʝʥʠʷ.  

ï ʃʴʚʦʚ: ʀʟʜʘʪʝʣʴʩʪʚʦ ʃʴʚʦʚʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ,1955. ï154 ʩ. 

 

É ʂ.ʄ. ʀʜʠʨʠʩʦʚ, 2019 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ϣ.ʍ. ʀʩʤʘʠʣ, 
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ʇʈʆɻʈɽʉʉʀʗʃɸʈ ɾɸʁʃʓ ɸʃנɸʐפʓ 

ʄɸʊɽʄɸʊʀʂɸʃʓפ ʊɸʇʉʓʈʄɸʃɸʈ 

 

ɸשʜʘʪʧʘ: ʄʘץʘʣʘʜʘ ʧʨʦʛʨʝʩʩʠʷ סײʳʤʳ, ʘʨʠʬʤʝʪʠʢʘʣʳץ 

ʞᴅʥʝ ʛʝʦʤʝʪʨʠʷʣʳץ ʧʨʦʛʨʝʩʩʠʷʣʘʨ ʞʘʡʣʳ ʘʣסʘʰץʳ 

ʪʘʧʩʳʨʤʘʣʘʨ, ʦʣʘʨʜʳש ʰʳסʘʨʫ ʞʦʣʜʘʨʳ ץʘʨʘʩʪʳʨʳʣסʘʥ. 

ʊʽʨʝʢ ʩᴇʟʜʝʨ: ʧʨʦʛʨʝʩʩʠʷ, ץʘʪʘʨ, ʩʘʥ ʪʽʟʙʝʛʽ, 

ʘʨʠʬʤʝʪʠʢʘʣʳץ ʧʨʦʛʨʝʩʩʠʷ, ʛʝʦʤʝʪʨʠʷʣʳץ ʧʨʦʛʨʝʩʩʠʷ.  

 

ʇʨʦʛʨʝʩʩʠʷ סײʳʤʳʥ ʣʘʪʳʥ ʪʽʣʽʥʝʥ ץʘʟʘץ ʪʽʣʽʥʝ ʘʫʜʘʨסʘʥʜʘ 

çʘʣסʘ ץʘʨʘʡ ʞʳʣʞʫè ʜʝʛʝʥ ʤʘסʳʥʘʥʳ ʙʝʨʝʜʽ. ɽʞʝʣʛʽ 

ʟʘʤʘʥʜʘʨʜʘʥ ʙʘʩʪʘʧ ʘʜʘʤʟʘʪ ʘʨʠʬʤʝʪʠʢʘʣʳץ ʞᴅʥʝ ʛʝʦʤʝʪʨʠʷʣʳץ 

ʧʨʦʛʨʝʩʩʠʷʣʘʨʜʳש ʟʘשʜʳʣʳץʪʘʨʳʥ ץʦʣʜʘʥʘ ʙʽʣʛʝʥ. ʄʳʩʘʣסʘ, 

ʙʽʟʜʽש ʟʘʤʘʥʳʤʳʟסʘ ʜʝʡʽʥʛʽ ʝʞʝʣʛʽ ʚʘʚʠʣʦʥʜʳץʪʘʨʜʳש ʩʳʥʘ ʞʘʟʫ 

(ʢʣʠʥʦʧʠʩʴ) ʢʝʩʪʝʣʝʨʽʥʜʝ, ʝʞʝʣʛʽ ʤʳʩʳʨʣʳץ ʞᴅʥʝ ʛʨʝʢʪʝʨʜʽש 

ʧʘʧʠʨʫʩʪʘʨʳʥʜʘ ʘʨʠʬʤʝʪʠʢʘʣʳץ ʞᴅʥʝ ʛʝʦʤʝʪʨʠʷʣʳץ 

ʧʨʝʛʨʝʩʩʠʷʣʘʨסʘ ʙʘʡʣʘʥʳʩʪʳ ʢᴇʧʪʝʛʝʥ ʤʳʩʘʣʜʘʨ ʢʝʟʜʝʩʝʜʽ. 

ɽʞʝʣʛʽ ʛʨʝʢ סʘʣʳʤʜʘʨʳ ʧʨʦʛʨʝʩʩʠʷʣʘʨʜʳש ʢʝʡʙʽʨ ץʘʩʠʝʪʪʝʨʽʥ 

ʞᴅʥʝ ʦʣʘʨʜʳץ שʦʩʳʥʜʳʩʳʥ ʪʘʙʘ ʙʽʣʛʝʥ. ɾʘʣʧʳ, ʘʨʠʬʤʝʪʠʢʘʣʳץ 

ʧʨʦʛʨʝʩʩʠʷ ʘʪʘʫʳ ʩʘʥʜʘʨʜʳש ʘʨʠʬʤʝʪʠʢʘʣʳץ ʦʨʪʘʩʳ 

(ʬʦʨʤʫʣʘʩʳ) סײʳʤʳʥʘʥ ʘʫʳʩץʘʥ, ʘʣ ʛʝʦʤʝʪʨʠʷʣʳץ ʧʨʦʛʨʝʩʩʠʷ 

ʘʪʘʫʳ ʢʝʩʽʥʜʽʣʝʨʽʥʽש ʛʝʦʤʝʪʨʠʷʣʳץ ʧʨʦʧʦʨʮʠʦʥʘʣʜʳסʳʥʘʥ 

(ʬʦʨʤʫʣʘʩʳ) ʘʫʳʩץʘʥ. ɸʨʠʬʤʝʪʠʢʘʣʳץ ʧʨʦʛʨʝʩʩʠʷ ʤװʰʝʣʝʨʽ 

 ʳʤʳʩʪʳʩʳ ɼʠʦʬʘʥʪץʬʦʨʤʫʣʘʩʳʥ ʛʨʝʢ ʦ שʦʩʳʥʜʳʩʳʥʳץ

ʜᴅʣʝʣʜʝʛʝʥ. ɻʝʦʤʝʪʨʠʷʣʳץ ʧʨʦʛʨʝʩʩʠʷ ʤװʰʝʣʝʨʽʥʽש 

 çɹʘʩʪʘʤʘʣʘʨʳʥʜʘè שʬʦʨʤʫʣʘʩʳ ɽʚʢʣʠʜʪʽ שʦʩʳʥʜʳʩʳʥʳץ

ʢʝʟʜʝʩʝʜʽ. ʇʨʦʛʨʝʩʩʠʷ ץʘʪʳʩʪʳ ʙʽʨץʘʪʘʨ ʜʝʨʝʢʪʝʨ ʠʪʘʣʴʷʥ 

ʤʘʪʝʤʘʪʠʛʽ ʃ. ʌʠʙʦʥʘʯʯʠʜʽש çɸʙʘʢ ʢʽʪʘʙʳʥʜʘè (1202) ʢʝʟʜʝʩʝʜʽ. 

ɸʣ ʰʝʢʩʽʟ ʢʝʤʽʤʝʣʽ ʛʝʦʤʝʪʨʠʷʣʳץ ʧʨʦʛʨʝʩʩʠʷ ʤװʰʝʣʝʨʽʥʽש 

 ʪʘʫ ʬʦʨʤʫʣʘʣʘʨʳʥ ʬʨʘʥʮʫʟ ʤʘʪʝʤʘʪʠʛʽץʦʩʳʥʜʳʩʳʥ ʘʥʳץ

ʅʠʢʦʣʘ ʐʶʢʝʥʥʽש çתʰ ʙᴇʣʽʢʪʪʝʥ ʪײʨʘʪʳʥ ʩʘʥʜʘʨ ʪʫʨʘʣʳ 

 ץʙʝʛʽʥʜʝ ʙʝʨʽʣʛʝʥ. ɸʨʠʬʤʝʪʠʢʘʣʳשʳʣʳʤè (1484) ʘʪʪʳ ʝס



ʧʨʦʛʨʝʩʩʠʷʥʳש ʘʣסʘʰץʳ n ʤװʰʝʩʽʥʽש ʬʦʨʤʫʣʘʩʳʥʘ ʙʘʡʣʘʥʳʩʪʳ 

ʘʪʘץʪʳ ʥʝʤʽʩ ʤʘʪʝʤʘʪʠʛʽ ʂʘʨʣ ʌʨʝʜʨʠʭ ɻʘʫʩʩʪʳ(1777-1855) ש 

ᴇʤʽʨʽʥʝʥ ץʳʟʳץʪʳ ʵʧʠʟʦʜ ʘשʳʟסʘ ʘʡʥʘʣסʘʥ. ʄסײʘʣʽʤ ᴇʟʛʝ ʩʳʥʳʧ 

ʦץʫʰʳʣʘʨʳʥʳש ʞײʤʳʩʪʘʨʳʥ ʪʝʢʩʝʨʫ ʤʘץʩʘʪʳʥʜʘ ʘʣʜʳʥʜʘסʳ 

ʦץʫʰʳʣʘʨʳʥʘ 1-ʜʝʥ 40-ץʘ ʜʝʡʽʥʛʽ ʩʘʥʜʘʨʜʳץ שʦʩʳʥʜʳʩʳʥ 

ʪʘʙʫʜʳ ʪʘʧʩʳʨʜʳ. ɹײʣ ʝʩʝʧʪʽ 9 ʞʘʩʘʨ ɻʘʫʩʩ ʙʽʨ ʤʠʥʫʪʪʘ 

ʰʳסʘʨʳʧ, ʞʘʫʘʙʳʥ ʘʡʪץʘʥ. ʆʥʳש ʝʩʝʧʪʽ ʰʳסʘʨʫ ʪᴅʩʽʣʽ ʤʳʥʘʜʘʡ 

ʝʜʽ. 1, 2, 3, ..., 20, ...., 40. ɹʽʨʽʥʰʽ ʞᴅʥʝ ʩʦסשʳ ʩʘʥʜʘʨʜʳש 

 ʳסʘʣʜʳʥʜʘ שʳ ʩʘʥʥʳסשɽʢʽʥʰʽ ʞᴅʥʝ ʩʦ .שʦʩʳʥʜʳʩʳ 41-ʪʝץ

ʩʘʥʜʘʨʜʳץ שʦʩʳʥʜʳʩʳ ʜʘ 41-ʛʝ ʪʝש. ʆʩʳʣʘʡ ʞʘʣסʘʩʘ ʙʝʨʝʜʽ. 

41,41,41,..., 41 ʄײʥʜʘʡ ʧʘʨʣʘʨ ʩʘʥʳ 20 ʙʦʣסʘʥʜʳץʪʘʥ, ʙʝʨʽʣʛʝʥ 

 ץʥʠ ɻʘʫʩʩ ʘʨʠʬʤʝʪʠʢʘʣʳסʷ ,שʘ ʪʝס-ʦʩʳʥʜʳ 41*20=820ץ

ʧʨʦʛʨʝʩʩʠʷ ʟʘשʜʳʣʳץʪʘʨʳʥ ץʦʣʜʘʥʜʳ [1]. 

ɹʘʪʳʩ ʝʚʨʦʧʘʣʳץʪʘʨʜʘ ʢʝʟ ʢʝʣʛʝʥ ʘʨʠʬʤʝʪʠʢʘʣʳץ 

ʧʨʦʛʨʝʩʩʠʷʥʳץ שʦʩʳʥʜʳʩʳʥ ʪʘʙʫ ʝʨʝʞʝʩʽ, ʘʣסʘʰ ʨʝʪ ʃʝʦʥʘʨʜʦ 

ʇʠʟʘʥʩʢʠʜʽש çʂʥʠʛʘ ʦʙ ʘʙʘʢʝè (1202 ʛ.) ʘʪʪʳ ʰʳסʘʨʤʘʩʳʥʜʘ 

ʢʝʟʜʝʩʝʜʽ. çʂʥʠʛa ʘʙʘʢʘè ʩʦʣ ʟʘʤʘʥʜʘסʳ ɹʘʪʳʩ ɽʚʨʦʧʘʜʘ 

ʤʘʪʝʤʘʪʠʢʘʥʳש ʜʘʤʫʳʥʜʘ ʤʘשʳʟʜʳ ʨʦʣʴ ʘʪץʘʨʘʪʳʥ ʙʘʨʣʳץ 

ʘʨʠʬʤʝʪʠʢʘʣʳץ ʞᴅʥʝ ʘʣʛʝʙʨʘʣʳץ ʤᴅʣʽʤʝʪʪʝʨ ʞʘʨʠʷʣʘʥʜʳ. 

ɽʚʨʦʧʘʣʳץʪʘʨ ʦʩʳ ʢʽʪʘʧ ʘʨץʳʣʳ װʥʜʽ, ʘʨʘʙ ʮʠʬʨʣʘʨʳʤʝʥ 

ʪʘʥʳʩʪʳ. ʌʠʙʦʥʘʯʯʠʜʽש ʝש ʪʘʥʳʤʘʣ ʝʩʝʧʪʝʨʽʥʽש ʙʽʨʽ ï 

çץʦʷʥʜʘʨʜʳש ʢᴇʙʝʶʽ ʪʫʨʘʣʳè ʝʩʝʧ. 

ʌʠʙʦʥʘʯʯʠ ʝʩʝʙʽ:  

ɹʽʨ ʘʜʘʤ ץʦʷʥʜʘʨ ʞײʙʳʥ, ץʦʨʰʘʣסʘʥ ʙʽʨ ʞʝʨʛʝ 

ʦʨʥʘʣʘʩʪʳʨʜʳ. ʆʣ ʙʽʨ ʞʳʣʜʘ ץʘʥʰʘ ץʦʷʥʜʘʨ ʞײʙʳ ʪʫʘʪʳʥʳʥ 

ʙʽʣʛʽʩʽ ʢʝʣʜʽ. פʦʷʥʜʘʨʜʳש ʪʘʙʠסʘʪʳʥʜʘ, ᴅʨʙʽʨ ʞײʧ ʙʽʨ ʘʡʜʘʥ ʩʦש, 

ʜװʥʠʝʛʝ ʙʽʨ ʞײʧ ᴅʢʝʣʝʜʽ, ʘʣ ץʦʷʥʜʘʨ ʪʫʳʣסʘʥʥʘʥ ʢʝʡʽʥ ʝʢʽ ʘʡʜʘʥ 

ʩʦש ʙʘʣʘʣʘʡʜʳ. ɽʛʝʨ ʙʽʟ ʘʣסʘʰץʳ ʞײʧʪʳש ʞʘשʘ ʪʫסʘʥʳʥ 

ʝʩʢʝʨʩʝʢ, ʝʢʽʥʰʽ ʘʡʜʘ ʜʘ ʙײʨʳʥסʳʜʘʡ, ʙʽʨ ʞײʧ ʙʦʣʘʜʳ; װʰʽʥʰʽ 

ʘʡʜʘ 1+1=2; ʪᴇʨʪʽʥʰʽ ʘʡʜʘ 2+1=3 (ʤײʥʜʘסʳ ʝʢʽ ʞײʧʪʳש ʙʽʨʝʫʽ 

 ʰʽʥʰʽװ) ʙʝʨʝʪʽʥʽʥ ʝʩʢʝʨʝʤʽʟ); ʙʝʩʽʥʰʽ ʘʡʜʘ 3+2=5 ץʨʧʘײ ʘʥʘס

ʘʡʜʘ ʪʫסʘʥ ʞײʧ ײʨʧʘץ ʙʝʨʜʽ); ʘʣʪʳʥʰʳ ʘʡʜʘ 5+3=8 ʞײʧ 

(ʪᴇʨʪʽʥʰʽ ʘʡʜʘ ʪʫסʘʥ ʞײʧʪʘʨ סʘʥʘ ײʨʧʘץ ʙʝʨʝʜʽ) ʪ.ʩ.ʩ. ɹʽʨ ʞײʧʪʘʥ 

ʞʳʣʳʥʘ ץʘʥʰʘ ײʨʧʘץ ʪʘʨʘʡʜʳ? 

0, 1, 1, 2, 3, 5, 8, 13, 21, 34, 55 ʞᴅʥʝ ʩʦʣ ʩʠʷץʪʳ ʩʘʥʜʘʨ ץʘʪʘʨʳ 



ʌʠʙʦʥʘʯʯʠ ץʘʪʘʨʳ ʙʦʣʳʧ ʪʘʙʳʣʳʪʳʥʳʥ ʙʽʟ ʙʽʣʝʤʽʟ. ɹײʣ 

 :ʝʨʝʢʰʝʣʽʛʽ שʘʪʘʨʜʳץ

2 + 3 = 5; 3 + 5 = 8; 5 + 8 = 13, 8 + 13 = 21; 13 + 21 = 34 

ʞᴅʥʝ ʪ.ʩ.ʩ. ʆʩʳʣʘʡʰʘ n ʘʡʜʘʥ ʢʝʡʽʥʛʽ ʞײʧʪʘʨʜʳש ʩʘʥʳʥ 

k
u  ʜʝʧ ʙʝʣʛʽʣʝʩʝʢ, ʦʥʜʘ 

21 ,13 ,8 ,5 ,3 ,2 ,1 ,1
87654321

uuuuuuuu

 ʞᴅʥʝ ʪ.ʩ.ʩ. ɹײʣʘʨ ʦʨʪʘץ ʟʘשʤʝʥ ʨʝʪʪʝʣʝʜʽ: 

.2   ,
21

nuuu
nnn

 

1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89, 144, 233, 377, 610, 987, 

1597 é 

ʩʘʥ ʪʽʟʙʝʛʽʥ ʞʘʣסʘʩʪʳʨʩʘץ, ʌʠʙʦʥʘʯʯʠ ץʘʪʘʨʳʥ ʘʣʘʤʳʟ. 

ʌʠʙʦʥʘʯʯʠ ʩʘʥʜʘʨʳ ï ʩʘʥʜʳץ ʪʽʟʙʝʢʪʽש ʵʣʝʤʝʥʪʝʨʽ װʰʽʥʰʽʩʽʥʝʥ 

ʙʘʩʪʘʧ ᴅʨʙʽʨ ʩʘʥ ᴇʟʽʥʽש ʘʣʜʳʥʜʘסʳ ʝʢʽ ʩʘʥʥʳץ שʦʩʳʥʜʳʩʳ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. 

ʊʽʟʙʝʢʪʽץ שʘʨʘʧʘʡʳʤ ץʘʩʠʝʪʪʝʨʽ: 

1. ʌʠʙʦʥʘʯʯʠʜʽש ʘʣסʘʰץʳ n ʩʘʥʳʥʳץ שʦʩʳʥʜʳʩʳ: 

.1...
221 nn

uuuu  

2. ʌʠʙʦʥʘʯʯʠʜʽש ʪʘץ ʥᴇʤʽʨʣʽ ʩʘʥʜʘʨʳʥʳץ שʦʩʳʥʜʳʩʳ: 

....
212531 nn

uuuuu  

3. ʌʠʙʦʥʘʯʯʠʜʽש ʞײʧ ʥᴇʤʽʨʣʽ ʩʘʥʜʘʨʳʥʳץ שʦʩʳʥʜʳʩʳ: 

.1...
122642 nn

uuuuu  

4. ʌʠʙʦʥʘʯʯʠʜʽש ʘʣסʘʰץʳ n ʩʘʥʳʥʳש ʢʚʘʜʨʘʪʪʘʨʳʥʳש 

 ʧ, ᴅʨʙʽʨײʰʽʥʰʽ ʩʘʥ ï ʞװ ʦʩʳʥʜʳʩʳ: ʌʠʙʦʥʘʯʯʠ ʪʽʟʙʝʛʽʥʜʝ ᴅʨʙʽʨץ

ʪᴇʨʪʽʥʰʽʩʽ 3-ʢʝ ʙᴇʣʽʥʝʜʽ, ᴅʨʙʽʨ ʙʝʩʽʥʰʽʩʽ 5-ʢʝ ʙᴇʣʽʥʝʜʽ, ᴅʨʙʽʨ ʦʥ 

ʙʝʩʽʥʰʽʩʽ 10-סʘ ʙᴇʣʽʥʝʜʽ. 
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ʉʦʥʳʤʝʥ, ʌʠʙʦʥʘʯʯʠ ʩʘʥʜʘʨʳʥʜʘסʳ ʨʝʪʪʽʢ ʥᴇʤʽʨʣʝʨʽʥʽש 

ʘʡʳʨʤʘʰʳʣʳסʳ ʝʢʽʛʝ ʪʝש, ʝʢʽ ʩʘʥʳʥʳש ʢʚʘʜʨʘʪʪʘʨʳʥʳש 

ʘʡʳʨʳʤʳ ʜʘ ʌʠʙʦʥʘʯʯʠ ʩʘʥʳ ʙʦʣʘʜʳ. 

2) m=2n ʙʦʣʩʳʥ  ɽʛʝʨ 

n ï ʦʨʳʥʳʥʳש ʥᴇʤʽʨʽ ʙʦʣʩʘ, ʦʥʜʘ ʌʠʙʦʥʘʯʯʠ ץʘʪʘʨʳʥʳש ʢʝʟ 

ʢʝʣʛʝʥ ʤװʰʝʩʽʥ (1) ʬʦʨʤʫʣʘʤʝʥ ʪʘʙʫסʘ ʙʦʣʘʜʳ. 

ɽʞʝʣʛʽ ɽʛʠʧʝʪʪʝ ʘʨʠʬʤʝʪʠʢʘʣʳץ ʧʨʦʛʨʝʩʩʠʷʥʳ סʘʥʘ ʝʤʝʩ, 

ʪʽʧʪʽ ʛʝʦʤʝʪʨʠʷʣʳץ ʧʨʦʛʨʝʩʩʠʷʥʳ ʜʘ ץʦʣʜʘʥʘ ʙʽʣʛʝʥ. ɹײʣ ʪʫʨʘʣʳ 

ʈʘʡʥʜ ʧʘʧʠʨʫʩʳʥʜʘסʳ ʤʳʥʘ ʝʩʝʧʪʝʥ ʢᴇʨʫʛʝ ʙʦʣʘʜʳ: 

7 ʘʜʘʤʥʳש ᴅʨ ץʘʡʩʳʩʳʥʜʘ 7 ʤʳʩʳץʪʘʥ ʙʘʨ, ᴅʨ ʤʳʩʳ7 ץ 

ʪʳʰץʘʥʥʘʥ ʞʝʡʜʽ, ᴅʨ ʪʳʰץʘʥ 7 ʤʘʩʘץʪʘʥ ʞʝʡʜʽ, ᴅʨ ʤʘʩʘץʪʘ 7 

ʜᴅʥʥʝʥ ʙʦʣסʘʥ. ɹײʣ ץʘʪʘʨʜʘסʳ ʩʘʥʜʘʨʜʳץ שʦʩʳʥʜʳʩʳʥʳש 

ʰʘʤʘʩʳ ץʘʥʰʘʣʳץʪʳ װʣʢʝʥ ʞᴅʥʝ ʥʝʛʝ ʪʝש? 

ʐʝʰʫʽ: ʘʜʘʤ ʩʘʥʳ 7, ʤʳʩʳ4972 ץ
, ʪʳʰץʘʥ ʩʘʥʳ 

34373
, ʪʳʰץʘʥ ʞʝʛʝʥ ʤʘʩʘץʪʳש ʩʘʥʳ 240174

, 

ʤʘʩʘץʪʳש ʜᴅʥʽ 1680775
ʪʝש. ɹײʣ ʩʘʥʜʘʨʜʳץ שʦʩʳʥʜʳʩʳ 

19607. 

ɹײʣ ʝʩʝʧʪʽ ʛʝʦʤʝʪʨʠʷʣʳץ ʧʨʦʛʨʝʩʩʠʷʥʳש ʘʣסʘʰץʳ n 

ʤװʰʝʩʽʥʽץ שʦʩʳʥʜʳʩʳ ʬʦʨʤʫʣʘʩʳʤʝʥ ʰʳסʘʨʘʡʳץ. 

 
ʷסʥʠ, ʙʽʟʜʝ 7

1
b , 7q , 5n  ʙʦʣʘʜʳ. ɽʥʜʽ ʬʦʨʤʫʣʘסʘ 

 :ʘʨʘʤʳʟסʦʡʳʧ ʰʳץ

 
ʉʦʣ ʩʠʷץʪʳ ʦʨʳʩ סʘʣʳʤʳ ʃ.ʌ. ʄʘʛʥʠʮʢʠʡʜʳש 

çɸʨʠʬʤʝʪʠʢʘʩʳʥʜʘè ʜʝʛʝʥ ʝשʙʝʛʽʥʜʝ ʤʳʥʘʥʜʘʡ ʝʩʝʧ ʙʘʨ. 

ɹʽʨ ʘʜʘʤ ʘʪʳʥ ʩʘʪʫסʘ ʰʳסʘʨʘʜʳ ʞᴅʥʝ ʦסʘʥ 1000 ʨʫʙʣʴ 

http://www.etudes.ru/ru/mov/magn/index.php


ʩײʨʘʡʜʳ. ʉʘʫʜʘʛʝʨ ʢʝʣʽʧ çʉʽʟ ʙײʣ ʘʪץʘ ᴇʪʝ ʞʦסʘʨʳ ʙʘסʘ ʩײʨʘʧ 

ʪײʨʩʳʟè ï ʜʝʡʜʽ. çɾʘʨʘʡʜʳ, -ʜʝʡʜʽ ʩʘʪʫʰʳ, ï ʝʛʝʨ ʘʪʪʳ ץʳʤʙʘʪ 

ʜʝʩʝשʽʟ ʦʥʜʘ ʩʽʟ ʙײʣ ʘʪʪʳ ʪʝʛʽʥ ʘʣʳשʳʟ, ʪʝʢ ʘʪʪʳש ʪʘסʘʩʳʥʘ 

ʘʜʘ 6 hסʘʥʳ. ɹʽʨ ʪʘסʽʟ ʙʦʣשʰʘʩʳʥ ʪᴇʣʝʩʝץʘ שʘʥ ʰʝʛʝʥʽסʳʣסʘץ ʝʛʝ 

ʙʘʨ, 4 ʪʘסʘʜʘ 24 ʰʝʛʝ ʙʘʨ. ɹײʣ ʰʝʛʝʣʝʨʛʝ ʘץʰʘʥʳ ʙʳʣʘʡ 

ʪᴇʣʝʡʩʽʟ: ʙʽʨʽʥʰʽ ʰʝʛʝʛʝ ʨʫʙʣʜʽש 
4

1
 ʪᴇʣʝʡʩʽʟ, ʝʢʽʥʰʽ ʰʝʛʝʛʝ 1 

ʨʫʙʣʜʽש ʞʘʨʪʳʩʳʥ ʙʝʨʝʩʽʟ, װʰʽʥʰʽ ʰʝʛʝʛʝ 1 ʨʫʙʣʴ ʙʝʨʝʩʽʟ, 

ʩᴇʡʪʽʧ ᴅʨ ʢʝʣʝʩʽ ʰʝʛʝʛʝ ʘʣʜʳסשʳʩʳʥʘʥ 2 ʝʩʝ ʢᴇʧ ʪᴇʣʝʡʩʽʟè ï 

ʜʝʡʜʽ. ʉʘʫʜʘʛʝʨ ʦʡʣʘʥʳʧ, 1000 ʨʫʙʣʜʝʥ ʘʟ ʪᴇʣʝʡʜʽ ʝʢʝʥʤʽʥ ʜʝʧ, 

ʢʝʣʽʩʝʜʽ. ʉʘʫʜʘʛʝʨ ײʪʳʣʜʳ ʤʘ, ײʪʳʣʩʘ ץʘʥʰʘ ײʪʳʣʜʳ? 

ʐʝʰʫʽ: 24 h ʝʛʝʛʝ ʪᴇʣʝʥʝʪʽʥ ʪʠʳʥ  
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ɹײʣ ʩʘʥʜʘʨʜʳץ שʦʩʳʥʜʳʩʳ ʤʳʥʘסʘʥ ʪʝש 
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ʪʠʳʥ, ʩʦʥʜʘ 42 ʤʳש ʨʫʙʣʴ ʙʦʣʘʜʳ. 

ɽʩʝʧʪʽ ʛʝʦʤʝʪʨʠʷʣʳץ ʧʨʦʛʨʝʩʩʠʷʥʳש ʘʣסʘʰץʳ n 

ʤװʰʝʩʽʥʽץ שʦʩʳʥʜʳʩʳ ʬʦʨʤʫʣʘʩʳʤʝʥ ʰʳסʘʨʘʡʳץ.  

2
1

b , 2q , 21n  ʪʝש ʙʦʣʘʜʳ. 

 

ʐʳץץʳʥ ʩʘʥסʘ 1,
2

1
,

4

1
 ʦʩʘʤʳʟ, ʩʦʥʜʘץ 

.75,41943031
2

1

4

1
4194302  

ɾʘʫʘʙʳ: 4194303,75 [2]. 

ɹײʣ ʤʳʩʘʣʜʘʨʜʘʥ ʰʳסʘʪʳʥ ץʦʨʳʪʳʥʜʳ, ʙװʛʽʥʛʽ ʤʝʢʪʝʧ 

ʤʘʪʝʤʘʪʠʢʘ ʤʘʟʤײʥʳʥʜʘסʳ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʘʥʘʣʠʟ 

ʵʣʝʤʝʥʪʪʝʨʽʥʽש ʥʝʛʽʟʛʽ ʩʘʣʘʣʘʨʳʥʳש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ 



ʘʨʠʬʤʝʪʠʢʘʣʳץ ʞᴅʥʝ ʛʝʦʤʝʪʨʠʷʣʳץ ʧʨʦʛʨʝʩʩʠʷʣʘʨ סײʳʤʳ ʝʨʪʝ 

ʢʝʟʜʝʥ-ʘץ ʘʜʘʤʜʘʨʜʳש ʧʨʘʢʪʠʢʘʣʳץ ʧʨʦʙʣʝʤʘʣʘʨʳʥ ʰʝʰʫʛʝ 

 .ʙʽʨʽ ʜʝʤʝʢʰʽʤʽʟ שʘʥ ʤᴅʩʝʣʝʣʝʨʜʽסʳʟʤʝʪ ʞʘʩʘץ

 

ʇʘʡʜʘʣʘʥϤʘʥ ʝϬʙʝʢʪʝʨ ʪʽʟʽʤʽ: 
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ʛ. ʄʦʩʢʚʘ 

 

ʇʆɺʓʐɽʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʀ 

ʄʀʂʈʆɹʀʆʃʆɻʀʏɽʉʂʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ ʈʓɹʓ 

 

ɸʥʥʦʪʘʮʠʷ: ʜʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʫʩʪʘʥʦʚʣʝʥʠʶ 

ʩʪʝʧʝʥʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʚʳʷʚʣʝʥʠʝ ʧʫʪʝʡ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʣʦʥʛʠʨʦʚʘʥʠʷ ʩʨʦʢʦʚ ʩʚʝʞʝʩʪʠ 

ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʛʦ ʩʳʨʴʷ ʨʳʙʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʥʪʠʤʠʢʨʦʙʥʳʝ ʨʘʩʪʚʦʨʳ; ʢʘʯʝʩʪʚʦ; 

ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʝ; ʧʠʱʝʚʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ; ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʘʷ 

ʦʙʨʘʙʦʪʢʘ. 

 

ɻʣʘʚʥʳʡ ʧʨʠʥʮʠʧ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʧʠʱʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʪʩʫʪʩʪʚʠʠ ʚʨʝʜʘ ʜʣʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ ʚ 

ʧʣʘʥʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠʥʬʝʢʮʠʦʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʀʩʭʦʜʷ ʠʟ 

ʵʪʦʛʦ ʦʩʥʦʚʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʧʨʠ ʛʠʛʠʝʥʠʯʝʩʢʦʡ ʦʮʝʥʢʝ 

ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʚ ʥʠʭ ʧʘʪʦʛʝʥʥʳʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠʣʠ ʪʦʢʩʠʯʝʩʢʠʭ ʤʝʪʘʙʦʣʠʪʦʚ. ɺ ʮʝʣʷʭ 

ʟʘʱʠʪʳ ʟʜʦʨʦʚʴʷ ʥʘʩʝʣʝʥʠʷ ʩʦʟʜʘʥʘ ʩʠʩʪʝʤʘ ʤʝʨ, ʚ ʨʘʤʢʘʭ 

ʢʦʪʦʨʦʡ ʨʝʛʣʘʤʝʥʪʠʨʫʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʢ ʤʠʢʨʦï ʙʠʦʣʦʛʠʯʝʩʢʠʤ 

ʧʦʢʘʟʘʪʝʣʷʤ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʬʘʢʪʦʨʘʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʥʠʭ 

[3]. ʈʳʙʘ ʙʣʘʛʦʜʘʨʷ ʧʣʘʩʪʠʯʥʦʡ ʢʦʣʣʦʠʜʥʦʡ ʩʪʨʫʢʪʫʨʝ ʪʢʘʥʝʡ, 

ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʚʦʜʳ ʠ ʥʝʥʘʩʳʱʝʥʥʳʭ ʞʠʨʥʳʭ 

ʢʠʩʣʦʪ ʙʦʣʝʝ ʪʨʝʙʦʚʘʪʝʣʴʥʘ ʢ ʫʩʣʦʚʠʷʤ ʭʨʘʥʝʥʠʷ, ʯʝʤ ʜʨʫʛʠʝ 

ʧʨʦʜʫʢʪʳ ʞʠʚʦʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʉʦʟʜʘʥʠʝ 



ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʩʣʦʚʠʡ ʜʣʷ ʭʨʘʥʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʠ ʛʦʪʦʚʳʭ 

ʙʣʶʜ ï ʦʜʥʘ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʧʨʝʜʧʨʠʷʪʠʷ ʠʥʜʫʩʪʨʠʠ 

ʧʠʪʘʥʠʷ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ 

ʩʧʦʩʦʙʦʚ ʩʦʭʨʘʥʝʥʠʷ ʢʘʯʝʩʪʚʘ, ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʧʨʦʜʣʝʥʠʷ 

ʩʨʦʢʦʚ ʛʦʜʥʦʩʪʠ ʩʚʝʞʝʡ ʨʳʙʳ ʷʚʣʷʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠʤʝʥʝʥʠʷ 

ʣʴʜʘ ʠʟ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ (ʕʍɸ) ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʦʚ, ʦʙʣʘʜʘʶʱʝʛʦ ʙʘʢʪʝʨʠʮʠʜʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʩʧʦʩʦʙʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ï ʵʪʦ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ 

ʚʝʱʝʩʪʚ ʫʥʠʧʦʣʷʨʥʳʤ (ʘʥʦʜʥʳʤ ʠʣʠ ʢʘʪʦʜʥʳʤ) 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠʭ ʚʝʱʝʩʪʚ ʚ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʘʭ ʚ ʧʝʨʠʦʜ ʩʦʭʨʘʥʝʥʠʷ ʠʤʠ ʧʦʚʳʰʝʥʥʦʡ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʦʡ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʆʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ 

ʩʦʭʨʘʥʝʥʠʷ ʢʘʯʝʩʪʚʘ, ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʧʨʦʜʣʝʥʠʷ ʩʨʦʢʦʚ 

ʛʦʜʥʦʩʪʠ ʩʚʝʞʝʡ ʨʳʙʳ ʷʚʣʷʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠʤʝʥʝʥʠʷ ʣʴʜʘ ʩ 

ʙʘʢʪʝʨʠʮʠʜʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʠ ʭʨʘʥʝʥʠʷ ʩʳʨʴʷ.  

ɼʣʷ ʢʘʞʜʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʠʥʜʫʩʪʨʠʠ ʧʠʪʘʥʠʷ, 

ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʨʳʙʫ, ʘʢʪʫʘʣʴʥʘ ʧʨʦʙʣʝʤʘ ʥʝ ʪʦʣʴʢʦ 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʦ ʠ ʧʦʚʳʰʝʥʥʦʛʦ ʩʨʦʢʘ 

ʭʨʘʥʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʙʳʩʪʨʘʷ ʧʦʨʯʘ ʨʳʙʳ ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʦʪʝʨʷʤ. ɺ ʩʚʷʟʠ ʩ ʝʞʝʜʥʝʚʥʳʤ 

ʨʦʩʪʦʤ ʩʧʨʦʩʘ ʥʘ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʜʣʠʪʝʣʴʥʳʡ 

ʩʨʦʢ ʭʨʘʥʝʥʠʷ ʨʳʙʳ ʠ ʧʨʦʜʫʢʪʦʚ ʥʘ ʝʝ ʦʩʥʦʚʝ, ʚʘʞʥʳʤʠ 

ʷʚʣʷʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʠʩʢ ʠ ʨʘʟʨʘʙʦʪʢʫ 

ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʜʣʝʥʠʷ ʩʚʝʞʝʩʪʠ ʠ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʨʯʠ. 

ʆʜʥʘʢʦ, ʠʤʝʥʥʦ ʙʣʘʛʦʜʘʨʷ ʙʦʣʴʰʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʙʝʣʢʦʚ 

(14-24%) ʠ ʚʣʘʛʠ (71-76%), ʢʦʪʦʨʳʝ ʩ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʠʪʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ, 

ʩʦʟʜʘʶʱʠʝ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʩʳʨʘʷ ʨʳʙʥʘʷ ʧʨʦʜʫʢʮʠʷ ʷʚʣʷʝʪʩʷ 

ʩʢʦʨʦʧʦʨʪʷʱʠʤʩʷ ʧʨʦʜʫʢʪʦʤ [1]. ʂʨʦʤʝ ʪʦʛʦ, ʪʘʢʠʝ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʝ ʬʘʢʪʦʨʳ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ ʭʨʘʥʝʥʠʷ, ʜʦʩʪʫʧ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, ʥʘʣʠʯʠʝ ʵʥʜʦʛʝʥʥʳʭ ʬʝʨʤʝʥʪʦʚ, 

ʩʦʜʝʨʞʘʥʠʝ ʚʣʘʛʠ, ʩʚʝʪʘ ʠ, ʩʘʤʦʝ ʛʣʘʚʥʦʝ, ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, 

ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʨʦʢ ʛʦʜʥʦʩʪʠ ʠ ʩʚʝʞʝʩʪʴ 



ʤʷʩʘ [4].  

ʇʨʠʤʝʥʝʥʠʝ ʣʴʜʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʨʘʩʪʚʦʨʘ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʜʣʷ 

ʩʦʭʨʘʥʝʥʠʷ ʢʘʯʝʩʪʚʘ ʨʳʙʳ ʠ ʧʨʦʜʣʝʥʠʷ ʩʨʦʢʦʚ ʛʦʜʥʦʩʪʠ ʩʳʨʴʷ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʵʢʦʥʦʤʠʯʥʦʩʪʠ, 

ʧʨʦʩʪʦʪʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʩʧʦʩʦʙʥʦʩʪʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʚʣʠʷʥʠʝ ʤʠʢʨʦʬʣʦʨʳ ʥʘ ʢʘʯʝʩʪʚʦ 

ʦʭʣʘʞʜʝʥʥʦʡ ʨʳʙʳ. ʋʢʘʟʘʥʥʳʡ ʩʧʦʩʦʙ ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʪʘʜʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ï ʘʧʨʦʙʘʮʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʝ 

ʩʪʝʧʝʥʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʜʣʷ 

ʩʦʭʨʘʥʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠ ʧʨʦʜʣʝʥʠʷ ʩʨʦʢʦʚ ʛʦʜʥʦʩʪʠ ʨʳʙʥʦʡ 

ʧʨʦʜʫʢʮʠʠ. ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʧʣʘʥʠʨʦʚʘʥʦ ʧʦʣʫʯʝʥʠʝ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʧʨʠʤʝʥʝʥʠʶ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʜʣʷ 

ʦʭʣʘʞʜʝʥʠʷ ʠ ʭʨʘʥʝʥʠʷ ʨʳʙʳ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʴʜʘ ʩ 

ʙʘʢʪʝʨʠʮʠʜʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ 

ʩʣʝʜʫʶʱʝʝ ʩʳʨʴʝ, ʤʘʪʝʨʠʘʣʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ: 

1. ʌʦʨʝʣʴ ʨʘʜʫʞʥʘʷ (Salmo irideus), ʩ ʞʠʨʥʦʩʪʴʶ 8%, 

ʦʭʣʘʞʜʸʥʥʘʷ. 

2. ɼʝʟʠʥʬʠʮʠʨʫʶʱʠʡ ʨʘʩʪʚʦʨ çɸʥʦʣʠʪ ɸʅʂ ʉʋʇɽʈè 
(ʆʆʆ çɼʝʣʬʠʥ ɸʢʚʘè, ʈʦʩʩʠʷ), ʜʘʣʝʝ ï ʘʥʦʣʠʪ. 

3. çʇʝʪʨʠʪʝʩʪè ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʙʘʢʪʝʨʠʠ ʛʨʫʧʧʳ 

ʢʠʰʝʯʥʦʡ ʧʘʣʦʯʢʠ (ʅʇʆ çɸʣʴʪʝʨʥʘʪʠʚʘè, ʈʦʩʩʠʷ). 

4. çʇʝʪʨʠʪʝʩʪè ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʦʙʱʝʛʦ ʤʠʢʨʦʙʥʦʛʦ ʯʠʩʣʘ, 
ʂʄɸʌɸʥʄ (ʅʇʆ çɸʣʴʪʝʨʥʘʪʠʚʘè, ʈʦʩʩʠʷ). 

5. ʃʴʜʦʛʝʥʝʨʘʪʦʨ (ʂʠʪʘʡ). 

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʨʘʩʪʚʦʨ çɸʥʦʣʠʪ ɸʅʂ ʉʋʇɽʈè (ʘʥʦʣʠʪ), [9]: 

ʧʨʝʩʥʳʡ (ʤʝʥʝʝ 0,9 ʛ/ʣ) ʧʝʨʦʢʩʦʢʘʨʙʦʥʘʪʥʳʡ ʨʘʩʪʚʦʨ ï 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʝ ʜʝʟʠʥʬʠʮʠʨʫʶʱʝʝ, ʩʪʝʨʠʣʠʟʫʶʱʝʝ 

ʩʨʝʜʩʪʚʦ, ʵʬʬʝʢʪʠʚʥʦʝ ʧʨʦʪʠʚ ʚʩʝʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ɸʥʦʣʠʪ 

ʥʝʪʦʢʩʠʯʝʥ (ʦʪʥʦʩʠʪʩʷ ʢ IV ʢʣʘʩʩʫ ʪʦʢʩʠʯʥʦʩʪʠ), ʥʝ ʦʢʘʟʳʚʘʝʪ 

ʚʨʝʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʨʝʣʘʢʩʠʨʫʝʪ ʚʦ 

ʚʨʝʤʝʥʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʝʩʥʦʡ ʚʦʜʳ ʠ ʚʳʜʝʣʝʥʠʝʤ ʢʠʩʣʦʨʦʜʘ, 

ʪʦʢʩʠʯʥʦʩʪʴ ʜʣʷ ʬʣʦʨʳ ʠ ʬʘʫʥʳ ʦʪʩʫʪʩʪʚʫʝʪ. ʇʨʦʜʫʢʪʳ 



ʨʘʟʣʦʞʝʥʠʷ: ʧʨʝʩʥʘʷ ʚʦʜʘ ʠ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ. pH ʨʘʩʪʚʦʨʘ: 5,0-

6,5.ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʠʩʧʦʣʴʟʫʝʤʦʛʦ 

ʘʥʦʣʠʪʘ 550 ʤɺ. 

 

ʊʘʙʣʠʮʘ 1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʩʪʚʦʨʘ ʘʥʦʣʠʪʘ ʜʦ ʠ ʧʦʩʣʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʧʦʢʘʟʘʪʝʣʷ 

ɼʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʇʦʩʣʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

pH 5,8 5,91 

ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʦʢʩʠʜʘʥʪʦʚ ʚ 

ʵʢʚʠʚʘʣʝʥʪʝ 

ʘʢʪʠʚʥʦʛʦ ʭʣʦʨʘ, 

ʤʛ/ʣ 

94,6 ʥʝ ʦʙʥʘʨʫʞʝʥʳ 

 

ɼʣʷ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʩʨʦʢʘʤʠ ʩʚʝʞʝʩʪʠ ʠ ʩʦʩʪʦʷʥʠʝʤ ʨʳʙʳ 

ʚ ʧʨʦʮʝʩʩʝ ʭʨʘʥʝʥʠʷ ʙʳʣʦ ʦʪʦʙʨʘʥʦ ʧʦ 2 ʦʙʨʘʟʮʘ: ʙʝʟ ʦʙʨʘʙʦʪʢʠ 

(ʢʦʥʪʨʦʣʴʥʳʝ ʧʨʦʙʳ) ʠ ʦʙʨʘʙʦʪʘʥʥʳʝ ʘʥʦʣʠʪʦʤ (ʦʧʳʪʥʳʝ 

ʧʨʦʙʳ) ʤʘʩʩʦʡ ʧʦ 5 ʛʨʘʤʤ ʢʘʞʜʳʡ, ʧʦʤʝʱʝʥʥʳʝ ʚ ʭʦʣʦʜʠʣʴʥʠʢ 

ʜʣʷ ʥʘʙʣʶʜʝʥʠʡ ʠ ʧʨʦʚʝʜʝʥʠʷ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʠ 

ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ.  

 

  
 

ʈʠʩʫʥʦʢ 1 ï ʆʪʩʫʪʩʪʚʠʝ ɹɻʂʇ 

ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʘʭ 

ʬʦʨʝʣʠ ʩʚʝʞʝʡ 

 

ʈʠʩʫʥʦʢ 2 ï ʆʪʩʫʪʩʪʚʠʝ ɹɻʂʇ 

ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʘʭ 

ʬʦʨʝʣʠ ʦʭʣʘʞʜʸʥʥʦʡ 

 

ʉʦʛʣʘʩʥʦ ʊʝʭʥʠʯʝʩʢʦʤʫ ʨʝʛʣʘʤʝʥʪʫ ʊʘʤʦʞʝʥʥʦʛʦ ʩʦʶʟʘ 

ʊʈ ʊʉ 021/2011 çʆ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʮʠʠè ʨʳʙʥʘʷ 

ʧʨʦʜʫʢʮʠʷ, ʩʦʜʝʨʞʘʱʘʷ ʙʘʢʪʝʨʠʠ ʛʨʫʧʧʳ ʢʠʰʝʯʥʳʭ ʧʘʣʦʯʝʢ, ʥʘ 



ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʝ ʜʦʧʫʩʢʘʝʪʩʷ. ʄʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʬʦʨʝʣʠ (ʨʠʩ. 1, 2) ʧʦʢʘʟʘʣ ʦʪʩʫʪʩʪʚʠʝ 

ɹɻʂʇ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʚʦʜʠʣʩʷ ʘʥʘʣʠʟ ʦʙʱʝʛʦ ʤʠʢʨʦʙʥʦʛʦ ʯʠʩʣʘ (ʆʄʏ, 

ʂʄɸʌɸʥʄ). ʥʘ ʧʝʨʚʳʝ ʩʫʪʢʠ ʭʨʘʥʝʥʠʷ ʚ ʢʦʥʪʨʦʣʴʥʦʤ ʦʙʨʘʟʮʝ 

ʬʦʨʝʣʠ ʨʘʜʫʞʥʦʡ (ʨʠʩ. 3), ʢʦʪʦʨʳʡ ʭʨʘʥʠʣʩʷ ʚʦ ʣʴʜʫ ʠʟ 

ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʳ, ʥʘʙʣʶʜʘʣʩʷ ʩʧʣʦʰʥʦʡ ʨʦʩʪ ʢʦʣʦʥʠʡ ʠ 

ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ. ʋ ʦʙʨʘʟʮʦʚ ʨʳʙʳ, ʭʨʘʥʷʱʠʭʩʷ ʚ 

ʙʘʢʪʝʨʠʮʠʜʥʦʤ ʣʴʜʫ (ʨʠʩ. 4), ʥʘʙʣʶʜʘʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʩʥʠʞʝʥʠʝ ʦʙʱʝʛʦ ʤʠʢʨʦʙʥʦʛʦ ʯʠʩʣʘ. 

 

  

ʈʠʩʫʥʦʢ 3 ï

ʄʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʡ ʵʢʩʧʨʝʩʩ-

ʘʥʘʣʠʟ ʦʙʱʝʛʦ ʤʠʢʨʦʙʥʦʛʦ 

ʯʠʩʣʘ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʨʘʟʮʘ 

ʬʦʨʝʣʠ, ʥʘ 1 ʩʫʪʢʠ ʭʨʘʥʝʥʠʷ 

 

ʈʠʩʫʥʦʢ 4 ï 

ʄʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʡ 

ʵʢʩʧʨʝʩʩ-ʘʥʘʣʠʟ ʦʙʱʝʛʦ 

ʤʠʢʨʦʙʥʦʛʦ ʯʠʩʣʘ ʦʙʨʘʟʮʘ 

ʬʦʨʝʣʠ, ʦʭʣʘʞʜʝʥʥʦʡ 

ʢʫʙʠʢʘʤʠ ʙʘʢʪʝʨʠʮʠʜʥʦʛʦ 

ʣʴʜʘ, ʥʘ 1 ʩʫʪʢʠ ʭʨʘʥʝʥʠʷ 

 

ɺʪʦʨʦʡ ʵʪʘʧ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʩʝʜʴʤʳʝ ʩʫʪʢʠ ʭʨʘʥʝʥʠʷ 

ʧʦʢʘʟʘʣ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ. ɺ ʢʦʥʪʨʦʣʴʥʦʤ ʦʙʨʘʟʮʝ ʬʦʨʝʣʠ 

ʨʘʜʫʞʥʦʡ (ʨʠʩ. 5), ʢʦʪʦʨʳʡ ʭʨʘʥʠʣʩʷ ʚʦ ʣʴʜʫ ʠʟ ʚʦʜʦʧʨʦʚʦʜʥʦʡ 

ʚʦʜʳ ʩʝʤʴ ʩʫʪʦʢ, ʥʘʙʣʶʜʘʣʩʷ ʩʧʣʦʰʥʦʡ ʨʦʩʪ ʢʦʣʦʥʠʡ. 

ʄʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʬʦʨʝʣʠ 

ʧʦʩʣʝ 7 ʩʫʪʦʢ ʭʨʘʥʝʥʠʷ ʚ ʙʘʢʪʝʨʠʮʠʜʥʦʤ ʣʴʜʫ (ʨʠʩ. 6) ʠʤʝʣʠ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ. 



 
 

ʈʠʩʫʥʦʢ 5 ï 

ʄʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʡ 

ʵʢʩʧʨʝʩʩ-ʘʥʘʣʠʟ ʦʙʱʝʛʦ 

ʤʠʢʨʦʙʥʦʛʦ ʯʠʩʣʘ 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʨʘʟʮʘ ʬʦʨʝʣʠ, 

ʥʘ 7 ʩʫʪʢʠ ʭʨʘʥʝʥʠʷ 

 
 

ʈʠʩʫʥʦʢ 6 ï 

ʄʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʡ 

ʵʢʩʧʨʝʩʩ-ʘʥʘʣʠʟ ʦʙʱʝʛʦ 

ʤʠʢʨʦʙʥʦʛʦ ʯʠʩʣʘ 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʨʘʟʮʘ 

ʬʦʨʝʣʠ, ʥʘ 7 ʩʫʪʢʠ ʭʨʘʥʝʥʠʷ 

 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ 

ʘʢʪʠʚʘʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʩʪʝʧʝʥʠ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʦʙ ʠ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʦʩʥʦʚʦʡ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʩʧʦʩʦʙʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʳʙʳ ʧʨʠ ʭʨʘʥʝʥʠʠ. 

ʆʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʥʘʜ ʦʪʦʙʨʘʥʥʳʤʠ 

ʚ ʧʝʨʚʳʡ ʜʝʥʴ ʠ ʭʨʘʥʷʱʠʤʠʩʷ ʚ ʭʦʣʦʜʠʣʴʥʠʢʝ ʦʙʨʘʟʮʘʤʠ: ʥʘ 2-3 

ʩʫʪʢʠ ʥʘʜ ʢʦʥʪʨʦʣʴʥʳʤʠ ʦʙʨʘʟʮʘʤʠ (ʪʘʙʣʠʮʘ 2), ʥʘ 2-5 ʩʫʪʢʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘʜ ʦʧʳʪʥʳʤʠ ʦʙʨʘʟʮʘʤʠ (ʪʘʙʣʠʮʘ 3).  

 

ʊʘʙʣʠʮʘ 2 ï ʆʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʨʳʙʥʦʛʦ ʩʳʨʴʷ, 

ʢʦʥʪʨʦʣʴʥʳʝ ʧʨʦʙʳ 

ʇʦʢʘʟʘʪʝʣʴ 
ʇʝʨʠʦʜ ʭʨʘʥʝʥʠʷ 

ʩʫʪʢʠ 2 ʩʫʪʢʠ 3 ʇʨʠʤʝʯʘʥʠʝ 

ʎʚʝʪ ʨʦʟʦʚʳʡ 
ʪʝʤʥʦ-

ʨʦʟʦʚʳʡ 
 

ʵʢʩʧʝʨʠʤʝʥʪ 

ʦʢʦʥʯʝʥ ʧʦ 

ʧʨʠʯʠʥʝ 

ʧʦʨʯʠ 

ʨʳʙʥʦʛʦ 

ʩʳʨʴʷ 

ɿʘʧʘʭ 

ʩʚʦʡʩʪʚʝʥʥʳʡ 

ʨʳʙʥʦʤʫ 

ʩʳʨʴʶ 

ʠʩʧʦʨʯʝʥʥʦʛʦ 

ʨʳʙʥʦʛʦ 

ʩʳʨʴʷ 

ʂʦʥʩʠʩʪʝʥʮʠʷ 

ʚʣʘʞʥʘʷ, 

ʧʦʷʚʠʣʘʩʴ 

ʣʠʧʢʦʩʪʴ 

ʚʣʘʞʥʘʷ, 

ʩʠʣʴʥʘʷ 

ʣʠʧʢʦʩʪʴ 

 



ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʪʘʙʣʠʮʳ ʢʦʥʪʨʦʣʴʥʳʝ ʦʙʨʘʟʮʳ 

ʨʳʙʥʦʛʦ ʩʳʨʴʷ, ʠʩʧʦʨʪʠʣʠʩʴ ʥʘ 3 ʩʫʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘ: 

ʧʦʷʚʠʣʘʩʴ ʩʠʣʴʥʘʷ ʣʠʧʢʦʩʪʴ, ʟʘʪʭʣʳʡ, ʩʚʦʡʩʪʚʝʥʥʳʡ 

ʠʩʧʦʨʯʝʥʥʦʤʫ ʤʷʩʫ ʨʳʙʳ ʟʘʧʘʭ. 

 

ʊʘʙʣʠʮʘ 3 ï ʆʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʨʳʙʥʦʛʦ ʩʳʨʴʷ, 

ʦʧʳʪʥʳʝ ʧʨʦʙʳ 

ʇʦʢʘʟʘʪʝʣʴ 
ʇʝʨʠʦʜ ʭʨʘʥʝʥʠʷ  

ʩʫʪʢʠ 2 ʩʫʪʢʠ 3 ʩʫʪʢʠ 4 ʩʫʪʢʠ 5 

ʎʚʝʪ 
ʩʚʝʪʣʦ-

ʨʦʟʦʚʳʡ 
ʨʦʟʦʚʳʡ ʨʦʟʦʚʳʡ 

ʪʝʤʥʦ-ʨʦ-

ʟʦʚʳʡ 

ɿʘʧʘʭ 

ʩʚʦʡʩʪʚʝʥ-

ʥʳʡ 

ʨʳʙʥʦʤʫ 

ʩʳʨʴʶ 

ʩʚʦʡʩʪʚʝʥ-

ʥʳʡ ʨʳʙ-

ʥʦʤʫ 

ʩʳʨʴʶ 

ʩʚʦʡʩʪʚʝʥ-

ʥʳʡ ʨʳʙ-

ʥʦʤʫ ʩʳ-

ʨʴʶ 

ʠʩʧʦʨʯʝʥʥʦʛʦ 

ʨʳʙʥʦʛʦ 

ʩʳʨʴʷ 

ʂʦʥʩʠʩʪʝʥʮʠʷ ʚʣʘʞʥʘʷ ʚʣʘʞʥʘʷ 

ʚʣʘʞʥʘʷ, 

ʧʦʷʚʠʣʘʩʴ 

ʣʠʧʢʦʩʪʴ 

ʚʣʘʞʥʘʷ, 

ʩʠʣʴʥʘʷ 

ʣʠʧʢʦʩʪʴ 

 

ʆʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʧʨʦʣʦʥʛʘʮʠʶ ʥʘ 2 

ʩʫʪʦʢ ʧʝʨʠʦʜʘ ʭʨʘʥʝʥʠʷ ʦʧʳʪʥʳʭ ʧʨʦʙ ʨʳʙʳ ʚ ʦʭʣʘʞʜʝʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʯʠʪʘʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʨʝʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʥʘʜʝʷʪʴʩʷ ʥʘ 

ʫʩʧʝʰʥʫʶ ʘʧʨʦʙʘʮʠʶ ʥʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚ 

ʫʩʣʦʚʠʷʭ ʨʝʘʣʴʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ.  

ʈʝʟʶʤʠʨʫʷ ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ, 

ʯʪʦ ʧʨʠʤʝʥʷʝʤʳʡ ʚ ʮʝʣʷʭ ʘʥʘʣʠʟʘ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʣʦʥʛʘʮʠʠ 

ʩʨʦʢʦʚ ʩʚʝʞʝʩʪʠ ʨʳʙʥʦʛʦ ʩʳʨʴʷ (2 ʩʫʪʦʢ) ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʨʘʩʪʚʦʨ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʙʝʟʦʧʘʩʥʳʤ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʧʨʠʝʤʳ ʥʝ ʠʟʤʝʥʷʶʪ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʳʙʥʦʛʦ 

ʩʳʨʴʷ, ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʫʭʫʜʰʝʥʠʷ ʢʘʯʝʩʪʚʘ, ʚʥʝʰʥʝʛʦ ʚʠʜʘ, 

ʮʚʝʪʘ, ʟʘʧʘʭʘ (ʚ ʪ.ʯ. ʦʪʩʫʪʩʪʚʫʝʪ ʟʘʧʘʭ ʭʣʦʨʘ).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʕʍɸ-ʨʘʩʪʚʦʨʦʚ 

ʚ ʠʥʜʫʩʪʨʠʠ ʧʠʪʘʥʠʷ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʦ ʠ ʜʣʷ ʧʨʦʜʣʝʥʠʷ ʩʨʦʢʦʚ 

ʩʚʝʞʝʩʪʠ ʨʳʙʥʦʛʦ ʩʳʨʴʷ. ʂʦʥʝʯʥʦ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ 



ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʪʨʝʙʫʶʪ ʧʨʦʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʘʧʨʦʙʘʮʠʠ, ʥʦ ʫʞʝ ʩʝʡʯʘʩ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ 

ʚʳʩʦʢʦʤ ʧʦʪʝʥʮʠʘʣʝ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʠʱʝʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
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ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʋʉʃʆɺʀʁ ʈɸɹʆʊʓ ʉʈɽɼʉʊɺ 

ʄɽʍɸʅʀɿɸʎʀʀ ɼʃʗ ʋɼɸʃɽʅʀʗ ʈɸʉʊʀʊɽʃʔʅʆʉʊʀ ɺ 

ʉɸɼɸʍ  

 

ɸʥʥʦʪʘʮʠʷ: ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ ʫʩʣʦʚʠʡ 

ʨʘʙʦʪʳ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʚ ʛʦʨʥʦʤ ʩʘʜʦʚʦʜʩʪʚʝ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʦʢʘʟʳʚʘʶʱʠʤʠ ʚʣʠʷʥʠʝ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʨʝʜʩʪʚ ʤʝʭʘʥʠʟʘʮʠʠ ʚ ʩʘʜʘʭ, ʷʚʣʷʶʪʩʷ ʰʠʨʠʥʘ 

ʤʝʞʜʫʨʷʜʠʡ, ʬʦʨʤʘ ʠ ʨʘʟʤʝʨ ʥʘʟʝʤʥʦʡ ʯʘʩʪʠ ʜʝʨʝʚʴʝʚ, ʜʠʘʤʝʪʨ 

ʰʪʘʤʙʘ ʜʝʨʝʚʴʝʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʘʜʦʚʦʜʩʪʚʦ, ʧʣʦʜʦʚʳʝ ʥʘʩʘʞʜʝʥʠʷ, 

ʧʘʨʘʤʝʪʨʳ, ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʵʨʦʟʠʷ.  

 

ʂ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʝ, ʨʘʙʦʪʘʶʱʝʡ ʚ ʛʦʨʥʦʡ ʠ 

ʧʨʝʜʛʦʨʥʦʡ ʟʦʥʘʭ, ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʦʩʦʙʳʝ ʪʨʝʙʦʚʘʥʠʷ, 

ʚʳʪʝʢʘʶʱʠʝ ʠʟ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʵʪʠʭ ʟʦʥ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʵʪʠ ʤʘʰʠʥʳ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʦʡ ʤʘʥʝʚʨʝʥʥʦʩʪʴʶ ʠ 

ʧʨʦʭʦʜʠʤʦʩʪʴʶ, ʤʘʣʳʤ ʚʝʩʦʤ ʠ ʚʳʩʦʢʠʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ [1, 2]. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ 

ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʧʦʚʳʰʝʥʠʶ ʵʨʦʟʠʦʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ 

ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ, ʩʥʠʞʝʥʠʶ 

ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ [3-5]. 

ʋʩʣʦʚʠʷ ʨʘʙʦʪʳ ʩʨʝʜʩʪʚ ʤʝʭʘʥʠʟʘʮʠʠ ʜʣʷ ʫʜʘʣʝʥʠʷ 



ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚ ʩʘʜʘʭ ʚ ʛʦʨʥʦʡ ʠ ʧʨʝʜʛʦʨʥʦʡ ʟʦʥʘʭ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʘʢʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʢʘʢ ʰʠʨʠʥʘ ʤʝʞʜʫʨʷʜʠʡ, 

ʬʦʨʤʘ ʠ ʨʘʟʤʝʨ ʥʘʟʝʤʥʦʡ ʯʘʩʪʠ ʜʝʨʝʚʴʝʚ, ʜʠʘʤʝʪʨ ʰʪʘʤʙʘ 

ʜʝʨʝʚʴʝʚ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʵʪʠ ʬʘʢʪʦʨʳ ʟʘʚʠʩʷʪ ʦʪ ʧʦʯʚʝʥʥʦ-

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʧʣʦʜʦʚʳʭ ʜʝʨʝʚʴʝʚ, 

ʚʦʟʨʘʩʪʘ ʠ ʩʦʨʪʘ ʠ ʧʨ. 

ʋʩʣʦʚʠʷ ʨʦʩʪʘ ʠ ʧʣʦʜʦʥʦʰʝʥʠʷ ʧʣʦʜʦʚʳʭ ʢʫʣʴʪʫʨ ʥʘ 

ʩʢʣʦʥʘʭ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʨʠʝʥʪʘʮʠʝʡ 

ʧʦʩʣʝʜʥʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʦʨʦʥ ʩʚʝʪʘ, ʢʨʫʪʠʟʥʦʡ, 

ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʩʢʣʦʥʘ ʠ ʧʨ.  

ɹʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʦʩʪʘ ʠ ʧʣʦʜʦʥʦʰʝʥʠʷ 

ʧʣʦʜʦʚʳʭ ʥʘʩʘʞʜʝʥʠʡ ʦʪʤʝʯʝʥʳ ʥʘ ʩʝʚʝʨʥʳʭ ʠ ʩʤʝʞʥʳʭ ʩ ʥʠʤ 

ʩʢʣʦʥʘʭ. ɺ ʛʦʨʥʦ-ʩʪʝʧʥʦʡ ʟʦʥʝ ʚ ʫʩʣʦʚʠʷʭ ʦʨʦʰʝʥʠʷ ʧʣʦʜʦʚʳʝ 

ʜʝʨʝʚʴʷ ʷʙʣʦʥʠ ʣʫʯʰʝ ʧʣʦʜʦʥʦʩʷʪ ʥʘ ʶʞʥʳʭ, ʙʦʣʝʝ 

ʧʨʦʛʨʝʚʘʝʤʳʭ ʩʢʣʦʥʘʭ. 

ʆʜʥʘʢʦ ʥʘ ʪʘʢʠʭ ʩʢʣʦʥʘʭ ʧʦʯʚʘ ʩʠʣʴʥʝʝ ʠʩʩʫʰʘʝʪʩʷ ʠ ʦʥʘ 

ʙʝʜʥʝʝ ʵʣʝʤʝʥʪʘʤʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ. 

ʅʝʨʘʚʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʦʩʪʘ ʧʣʦʜʦʚʳʭ ʜʝʨʝʚʴʝʚ 

ʩʢʣʘʜʳʚʘʶʪʩʷ ʠ ʚ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ ʩʢʣʦʥʦʚ (ʚʝʨʭʥʝʡ, ʩʨʝʜʥʝʡ ʠ 

ʥʠʞʥʝʡ). ɺ ʧʦʯʚʝ ʥʠʞʥʝʡ ʯʘʩʪʠ ʩʢʣʦʥʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʙʦʣʴʰʝ 

ʚʣʘʛʠ ʠ ʵʣʝʤʝʥʪʦʚ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ. 

ʅʘʨʷʜʫ ʩ ʵʪʠʤ, ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʩʢʣʦʥʦʚ, ʥʘʙʣʶʜʘʝʪʩʷ ʠ 

ʧʦʚʳʰʝʥʥʘʷ ʥʠʪʨʠʬʠʢʘʮʠʦʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʦʯʚʳ. ɿʜʝʩʴ 

ʙʦʣʴʰʝ, ʯʝʤ ʥʘ ʜʨʫʛʠʭ ʯʘʩʪʷʭ ʩʢʣʦʥʦʚ, ʩʦʜʝʨʞʠʪʩʷ ʠ ʬʦʩʬʦʨʥʦʡ 

ʢʠʩʣʦʪʳ. 

ɻʫʩʪʦʪʘ ʧʦʩʘʜʢʠ ʜʝʨʝʚʴʝʚ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ 

ʦʛʨʘʥʠʯʠʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ. 

ʇʨʠʤʝʨʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʜʝʨʝʚʴʷʤʠ ʚ ʩʘʜʘʭ ʎʝʥʪʨʘʣʴʥʦʡ 

ʯʘʩʪʠ ʉʝʚʝʨʥʦʛʦ ʂʘʚʢʘʟʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1. 

ʈʘʟʤʝʨ ʥʘʟʝʤʥʦʡ ʯʘʩʪʠ ʧʣʦʜʦʚʳʭ ʜʝʨʝʚʴʝʚ, ʢʨʦʤʝ ʚʩʝʛʦ 

ʧʨʦʯʝʛʦ, ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʩʦʨʪʘ ʠ ʚʦʟʨʘʩʪʘ. ɿʘʯʘʩʪʫʶ ʜʝʨʝʚʴʷ 

ʠʤʝʶʪ ʙʦʣʴʰʠʝ ʠ ʰʠʨʦʢʠʝ ʢʨʦʥʳ ʧʨʠ ʥʠʟʢʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ 

ʚʝʪʚʝʡ, ʯʪʦ, ʢʘʢ ʫʢʘʟʳʚʘʣʦʩʴ ʚʳʰʝ, ʟʘʪʨʫʜʥʷʝʪ ʨʘʙʦʪʫ ʩʨʝʜʩʪʚ 

ʤʝʭʘʥʠʟʘʮʠʠ (ʪʘʙʣ. 2). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʨʝʜʩʪʚ ʤʝʭʘʥʠʟʘʮʠʠ ʜʣʷ 

ʛʦʨʥʦʛʦ ʠ ʧʨʝʜʛʦʨʥʦʛʦ ʩʘʜʦʚʦʜʩʪʚʘ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʙʦʣʴʰʦʡ ʩʧʝʢʪʨ ʬʘʢʪʦʨʦʚ, ʥʘʢʣʘʜʳʚʘʶʱʠʭ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʘʨʘʤʝʪʨʳ 



ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ ʜʣʷ ʤʝʭʘʥʠʟʘʮʠʠ ʪʨʫʜʦʝʤʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʩʘʜʦʚʦʜʩʪʚʝ. 

 

ʊʘʙʣʠʮʘ 1 ï ʇʨʠʤʝʨʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʜʝʨʝʚʴʷʤʠ ʚ ʨʷʜʘʭ ʥʘ 

ʪʝʨʨʘʩʘʭ (ʤ) ʚ ʨʘʟʣʠʯʥʳʭ ʧʣʦʜʦʚʳʭ ʟʦʥʘʭ ʎʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 

ʉʝʚʝʨʥʦʛʦ ʂʘʚʢʘʟʘ 

ʇʣʦʜʳ ʠ ʛʨʫʧʧʘ 

ʩʦʨʪʦʚ 

(ʧʦ ʩʠʣʝ ʨʦʩʪʘ) 

ʇʣʦʜʦʚʳʝ ʟʦʥʳ 

ʧʨʝʜʛʦʨʥʘʷ ʛʦʨʥʦ-ʣʝʩʥʘʷ ʛʦʨʥʦ-ʩʪʝʧʥʘʷ 

ʗʙʣʦʥʷ 

ʉʠʣʴʥʦʨʦʩʣʳʝ 

ʉʨʝʜʥʝʨʦʩʣʳʝ 

ʉʣʘʙʦʨʦʩʣʳʝ 

 

4é5 

4 

3 

 

5é6 

4é5 

3é4 

 

3é4 

3 

2é3 

ɻʨʫʰʘ 

ʉʠʣʴʥʦʨʦʩʣʳʝ 

ʉʨʝʜʥʝʨʦʩʣʳʝ 

ʉʣʘʙʦʨʦʩʣʳʝ 

 

4 

3 

3 

 

4é5 

3é4 

3é4 

 

3é4 

3é4 

2é3 

ɸʡʚʘ 3 3é4 2é3 

ʉʣʠʚʘ 3 3é4 2é3 

ɺʠʰʥʷ - - 2é3 

ʏʝʨʝʰʥʷ 4é5 - - 

 

ʊʘʙʣʠʮʘ 2 ï ʈʘʟʤʝʨʳ ʥʘʟʝʤʥʦʡ ʯʘʩʪʠ ʷʙʣʦʥʠ ʚ ʧʝʨʠʦʜ ʫʙʦʨʢʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʨʪʘ 

ʉʦʨʪ ʷʙʣʦʥʠ 

ʈʘʟʤʝʨʳ ʜʝʨʝʚʘ, 

ʤ 

ʈʘʟʤʝʨʳ 

ʰʪʘʤʙʘ, ʩʤ 

ʋʛʦʣ 

ʦʪʭʦʞ-

ʜʝʥʠʷ 

ʚʝʪʚʝʡ, 

ʛʨʘʜ 
ʚʳʩʦʪʘ 

ʜʠʘʤʝʪʨ 

ʢʨʦʥʳ 
ʚʳʩʦʪʘ 

ɼʠʘ-

ʤʝʪʨ 

ɸʥʪʦʥʦʚʢʘ 

ʦʙʳʢʥʦʚʝʥʥʘʷ 
6,9 8,8 62 24 68 

ɻʨʫʰʦʚʢʘ 

ʤʦʩʢʦʚʩʢʘʷ 
6,8 8,3 62 22 64 

ʇʝʧʠʥ 

ʐʘʬʨʘʥʥʳʡ 
5,2 7,0 61 24 60 
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ɸʥʥʦʪʘʮʠʷ: ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʦʮʝʩʩʘ ʨʘʙʦʪʳ ʨʦʪʘʮʠʦʥʥʦʡ ʢʦʩʠʣʢʠ ʜʣʷ 

ʩʢʘʰʠʚʘʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚ ʤʝʞʜʫʨʷʜʴʷʭ ʧʣʦʜʦʚʳʭ 

ʥʘʩʘʞʜʝʥʠʡ. ʇʦʣʫʯʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʫʩʪʘʥʦʚʠʪʴ ʨʘʮʠʦʥʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʝʝ ʦʩʥʦʚʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʘʜʦʚʦʜʩʪʚʦ, ʧʣʦʜʦʚʳʝ ʥʘʩʘʞʜʝʥʠʷ, 

ʤʝʞʜʫʨʷʜʴʷ, ʨʦʪʘʮʠʦʥʥʘʷ ʢʦʩʠʣʢʘ, ʧʘʨʘʤʝʪʨʳ.  

 

ʈʦʪʘʮʠʦʥʥʘʷ ʢʦʩʠʣʢʘ ʵʰʝʣʦʥʠʨʦʚʘʥʥʦʛʦ ʨʝʟʘʥʠʷ [1-4] 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ, ʵʰʝʣʦʥʠʨʦʚʘʥʥʦʝ 

ʨʘʟʨʝʟʘʥʠʝ ʨʘʩʪʝʥʠʷ ʥʘ ʢʦʨʥʶ ʥʘ ʯʘʩʪʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʣʫʯʰʝʤʫ ʠʟʤʝʣʴʯʝʥʠʶ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʶ 

ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʇʨʠ ʙʝʩʧʦʜʧʦʨʥʦʤ ʩʨʝʟʝ, ʢʨʦʤʝ ʵʥʝʨʛʠʠ, ʨʘʩʭʦʜʫʝʤʦʡ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʨʘʟʨʫʰʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʩʪʝʙʣʷ, ʵʥʝʨʛʠʷ 

ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʝʛʦ ʠʟʛʠʙ, ʪʨʝʥʠʝ ʩʪʝʨʥʠ ʦ ʥʠʞʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ 

ʜʠʩʢʘ ʠ ʥʘ ʦʪʙʨʘʩʳʚʘʥʠʝ ʩʨʝʟʘʝʤʦʡ ʯʘʩʪʠ ʨʘʩʪʝʥʠʡ, ʧʦʵʪʦʤʫ 

ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʨʦʪʘʮʠʦʥʥʳʭ ʢʦʩʠʣʦʢ ʙʦʣʴʰʝ, ʯʝʤ ʢʦʩʠʣʦʢ ʩ 

ʚʦʟʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ ʥʦʞʘ. 

ʉʠʣʘ ʧʝʨʝʨʝʟʘʥʠʷ ʦʜʥʦʛʦ ʩʪʝʙʣʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʟʘʚʠʩʠʤʦʩʪʴʶ: 



, 
(1) 

ʠ ʚʳʨʘʞʘʝʪʩʷ ʵʤʧʠʨʠʯʝʩʢʦʡ ʬʦʨʤʫʣʦʡ: 

, (2) 

ʛʜʝ a, b ʠ ʩ ï ʢʦʵʬʬʠʮʠʝʥʪʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ; 

 ï ʦʢʨʫʞʥʘʷ ʩʢʦʨʦʩʪʴ ʨʦʪʦʨʘ, ʤ/ʩ.   

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʠ ʨʘʙʦʪʘ ʨʝʟʘʥʠʷ ʫʤʝʥʴʰʘʶʪʩʷ ʧʦ ʤʝʨʝ 

ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ. ʋʩʠʣʠʝ ʥʘ ʨʝʞʫʱʝʡ ʬʘʩʢʝ ʣʝʟʚʠʷ 

ʥʦʞʘ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʜʚʫʭ ʩʦʩʪʘʚʣʷʶʱʠʭ: ʩʠʣʳ ʩʤʷʪʠʷ, 

ʚʳʟʚʘʥʥʦʡ ʨʘʟʜʚʠʛʘʥʠʝʤ ʤʘʪʝʨʠʘʣʘ ʬʘʩʢʘʤʠ ʣʝʟʚʠʷ, ʠ ʫʩʠʣʠʷ 

ʟʘʱʝʤʣʝʥʠʷ ʚʩʣʝʜʩʪʚʠʠ ʠʟʛʠʙʘ ʩʪʝʙʣʷ. ʅʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʨʝʟʘʥʠʶ ʪʘʢʞʝ ʚʣʠʷʝʪ ʨʘʩʧʦʣʦʞʝʥʠʝ ʬʘʩʦʢ ʥʘ ʨʝʞʫʱʝʡ ʯʘʩʪʠ 

ʥʦʞʘ. ʄʠʥʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ ʧʨʠ ʥʠʞʥʝʡ ʟʘʪʦʯʢʝ ʥʘ 

8é12% ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ ʚʝʨʭʥʝʡ ʟʘʪʦʯʢʝ ʣʝʟʚʠʷ. 

ʊʘʢ ʢʘʢ ʨʘʙʦʯʘʷ ʩʢʦʨʦʩʪʴ ʢʦʩʠʣʢʠ ʤʝʥʴʰʝ ʦʢʨʫʞʥʦʡ 

ʩʢʦʨʦʩʪʠ ʣʝʟʚʠʡ, ʪʦ ʚʩʝ ʪʦʯʢʠ ʨʦʪʦʨʘ ʚ ʘʙʩʦʣʶʪʥʦʤ ʜʚʠʞʝʥʠʠ 

ʦʧʠʩʳʚʘʶʪ ʮʠʢʣʦʠʜʘʣʴʥʳʝ ʪʨʘʝʢʪʦʨʠʠ. ʋʨʘʚʥʝʥʠʷ ʥʘʨʫʞʥʳʭ 

(1) ʠ ʚʥʫʪʨʝʥʥʠʭ (2) ʪʦʯʝʢ ʣʝʟʚʠʷ ʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʝ 

ʠʤʝʶʪ ʚʠʜ: 

, (3) 

, 
(4) 

ʛʜʝ  ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ʨʦʪʦʨʘ ʜʦ ʢʨʘʡʥʠʭ ʪʦʯʝʢ 

ʨʝʞʫʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʤ; 

 ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʦʚ, ʩ
-1
; 

 ï ʚʨʝʤʷ, ʩ; 

 ï ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʨʦʪʦʨʘ, ʨʘʜ; 

 ï ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʘʛʨʝʛʘʪʘ, ʤ/ʩ; 

 ï ʜʣʠʥʘ ʣʝʟʚʠʷ ʥʦʞʘ, ʨʘʩʩʯʠʪʳʚʘʝʤʘʷ ʧʦ ʚʳʨʘʞʝʥʠʶ: 

. (5) 
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ʇʨʠ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʤʦʡ ʨʦʪʘʮʠʦʥʥʦʡ ʢʦʩʠʣʢʠ 

ʵʰʝʣʦʥʠʨʦʚʘʥʥʦʛʦ ʨʝʟʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʪʨʘʝʢʪʦʨʠʷ 

ʨʝʞʫʱʠʭ ʵʣʝʤʝʥʪʦʚ ʩʦʩʝʜʥʠʭ ʨʦʪʦʨʦʚ ʥʝʩʢʦʣʴʢʦ ʧʝʨʝʢʨʳʚʘʣʠ 

ʦʜʥʘ ʜʨʫʛʫʶ, ʚʦ ʠʟʙʝʞʘʥʠʝ ʧʨʦʧʫʩʢʘ ʥʝʩʨʝʟʘʥʥʳʭ ʫʯʘʩʪʢʦʚ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. 

ɺʝʣʠʯʠʥʫ ʧʝʨʝʢʨʳʪʠʷ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʚʳʨʘʞʝʥʠʶ: 

, 

(6) 

ʛʜʝ q ï ʧʦʢʘʟʘʪʝʣʴ;  

 Zʥ ï ʯʠʩʣʦ ʥʦʞʝʡ ʥʘ ʨʦʪʦʨʝ, ʰʪ.  

ʇʦʢʘʟʘʪʝʣʴ q ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʚʳʨʘʞʝʥʠʶ: 

. (7) 

ɺʝʢʪʦʨ ʘʙʩʦʣʶʪʥʦʡ ʩʢʦʨʦʩʪʠ ʪʦʯʝʢ ʣʝʟʚʠʷ  

ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʨʝʟʘʥʠʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʠ ʧʦ ʟʥʘʯʝʥʠʶ 

ʦʪ ʥʘʠʤʝʥʴʰʝʛʦ ʜʦ ʥʘʠʙʦʣʴʰʝʛʦ. ɼʣʷ ʙʝʩʧʦʜʧʦʨʥʦʛʦ ʩʨʝʟʘ 

ʨʘʩʪʝʥʠʡ ʨʦʪʘʮʠʦʥʥʳʤ ʨʝʞʫʱʠʤ ʘʧʧʘʨʘʪʦʤ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ 

ʟʥʘʯʝʥʠʝ  ʧʨʝʚʦʩʭʦʜʠʣʦ ʟʥʘʯʝʥʠʝ . 

ʋʛʦʣ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʥʦʞʘʤʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ 

ʚʳʨʘʞʝʥʠʶ: 

. (8) 

ʉʫʤʤʘʨʥʘʷ ʨʘʙʦʯʘʷ ʜʣʠʥʘ ʣʝʟʚʠʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ: 

. (9) 

ʛʜʝ ï ʢʦʣʠʯʝʩʪʚʦ ʨʦʪʦʨʦʚ, ʰʪ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʝʟʚʠʷ ʤʦʞʝʪ 

ʙʳʪʴ ʨʘʩʩʯʠʪʘʥ ʧʦ ʬʦʨʤʫʣʝ: 

. (10) 

ʇʣʦʱʘʜʴ, ʩʢʘʰʠʚʘʝʤʘʷ ʣʝʟʚʠʝʤ ʟʘ ʦʜʠʥ ʦʙʦʨʦʪ ʨʘʚʥʘ: 

. (10) 

D

V
q a

min

2

ʘʙʩ ʈ ʇV R V

ʘʙʩV minV

ʥZ

2

qDKL pp

PK

?min

2

ʥ

a
ʣ

Z

V
K

min

DV
S a



ʂʦʥʩʪʨʫʢʪʠʚʥʳʡ ʨʘʜʠʫʩ ʨʦʪʦʨʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ 

ʚʳʨʘʞʝʥʠʶ: 

. (12) 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʦʥʳ ʩʨʝʟʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ: 

. 

(13) 
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ɸʥʥʦʪʘʮʠʷ: ʇʨʦʠʟʚʝʜʝʥ ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ 

ʧʠʨʦʣʠʪʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ ʭʨʦʤʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʫʚʝʣʠʯʝʥʠʷ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʦʥʪʘʢʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʥʪʘʢʪʳ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʦʥʪʘʢʪʦʚ, ʪʝʨʤʠʯʝʩʢʦʝ 

ʨʘʟʣʦʞʝʥʠʝ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʭʨʦʤʘ. 

 

ɺʳʩʦʢʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʭʨʦʤʦʚʳʭ 

ʧʦʢʨʳʪʠʡ, ʧʨʝʜʣʘʛʘʝʤʳʭ ʜʣʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʢʦʥʪʘʢʪʥʳʭ 

ʫʟʣʦʚ, ʩʚʷʟʘʥʳ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʧʦʣʫʯʘʝʤʳʭ ʦʩʘʜʢʦʚ, ʢʦʪʦʨʘʷ 

ʥʘʭʦʜʠʪʩʷ ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʦʚ 

ʦʩʘʞʜʝʥʠʷ [1]. 

ʄʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ ʥʘ ʧʦʧʝʨʝʯʥʳʭ ʰʣʠʬʘʭ 

ʩʠʣʫʤʠʥʘ ɸʃ9 ʩ ʧʦʢʨʳʪʠʝʤ ʧʨʠ ʪʨʘʚʣʝʥʠʠ ʚ 50% ʨʘʩʪʚʦʨʝ 

ʢʠʧʷʱʝʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ, ʚʦ-ʧʝʨʚʳʭ, 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʨʝʞʠʤʦʚ ʦʩʘʞʜʝʥʠʷ ʚʩʝ ʧʦʢʨʳʪʠʷ ʠʤʝʶʪ 

ʩʣʦʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ (ʨʠʩʫʥʦʢ 1ʘ); ʚʦ ʚʪʦʨʳʭ, ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʪʝʤʧʝʨʘʪʫʨ ʧʦʜʣʦʞʢʠ ʠ ʠʩʧʘʨʠʪʝʣʷ, ʘ ʪʘʢʞʝ ʜʘʚʣʝʥʠʷ 

ʚ ʨʝʘʢʪʦʨʝ, ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʩʪʦʣʙʯʘʪʳʭ ʩʪʨʫʢʪʫʨ ʩ 

ʭʘʨʘʢʪʝʨʥʦʡ ʩʣʦʠʩʪʦʩʪʴʶ (ʨʠʩʫʥʦʢ 1ʚ), ʪʘʢ ʢʘʢ ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷ ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʶʪ ʦʙʨʘʟʦʚʘʥʠʶ ʠ ʨʦʩʪʫ ʙʦʣʴʰʠʭ ʧʦ 

ʦʙʲʝʤʫ ʢʨʠʪʠʯʝʩʢʠʭ ʟʘʨʦʜʳʰʝʡ.  

ʇʨʦʤʝʞʫʪʦʯʥʳʡ ʚʘʨʠʘʥʪ ʩʪʨʫʢʪʫʨ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 1ʙ, 

ʥʘ ʢʦʪʦʨʳʡ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ 

ʩʪʨʫʢʪʫʨʳ ʧʦʜʣʦʞʢʠ (ʨʠʩʫʥʦʢ 2). 



                           
x 500                      x 500                            x 500 

 

 ʘ)   ʙ)   ʚ) 

x 1000                        x 1000                              x 1000 

 

tʧ=350
0
C                    tʧ=400

0
C                         tʧ=450

0
C 

P=650 ʇʘ                   P=650 ʇʘ                        P=845 ʇʘ 

tʠ=200
0
ʉ                    tʧ=200

0
ʉ                         tʧ=240

0
ʉ 

Ű=40 ʤʠʥ                   Ű=30 ʤʠʥ                        Ű=40 ʤʠʥ 

 

ʈʠʩʫʥʦʢ 1 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʳ ʛʘʟʦʬʘʟʥʳʭ ʭʨʦʤʦʚʳʭ ʧʦʢʨʳʪʠʡ 



 
 

x 500 

 

ʈʠʩʫʥʦʢ 2 ï ɺʣʠʷʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʩʠʣʫʤʠʥʘ ɸʃ9 

ʥʘ ʩʪʨʦʝʥʠʝ ʧʦʢʨʳʪʠʷ 

 

ʉʪʦʣʙʯʘʪʳʝ ʩʪʨʫʢʪʫʨʳ, ʧʨʦʩʪʠʨʘʶʱʠʝʩʷ ʦʪ ʧʦʜʣʦʞʢʠ ʢ 

ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʨʳʪʠʷ, ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ ʚʳʜʝʨʞʠʚʘʪʴ 

ʙʦʣʴʰʠʝ ʪʘʥʛʝʥʮʠʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚʚʠʜʫ ʧʣʦʭʦʡ ʩʚʷʟʠ 

ʦʪʜʝʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʭʦʪʷ ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʦʥʠ 

ʜʦʚʦʣʴʥʦ ʧʨʦʯʥʳ. ʇʦʵʪʦʤʫ ʨʝʞʠʤʳ, ʜʘʶʱʠʝ ʪʘʢʠʝ ʩʪʨʫʢʪʫʨʳ ʚ 

ʥʘʥʦʩʠʤʦʤ ʧʦʢʨʳʪʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʚ 

ʠʩʢʣʶʯʠʪʝʣʴʥʳʭ ʩʣʫʯʘʷʭ. 

ʉʣʦʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʛʘʟʦʬʘʟʥʳʭ ʭʨʦʤʦʚʳʭ ʧʦʢʨʳʪʠʡ 

ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʤʥʦʛʦʦʙʨʘʟʥʳʭ ʠ ʩʣʦʞʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʨʘʟʣʦʞʝʥʠʠ 

ʭʨʦʤʦʦʨʛʘʥʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ çɹɸʈʍʆʉè. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʝʝ 

ʦʙʨʘʟʦʚʘʥʠʝ ʦʙʲʷʩʥʷʝʪʩʷ ʮʠʢʣʠʯʝʩʢʦʡ ʧʦʜʘʯʝʡ 

ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ (ʄʆʉ) ʭʨʦʤʘ ʚ ʠʩʧʘʨʠʪʝʣʝ 

(ʯʝʨʝʟ ʢʘʞʜʳʝ 30 ʩ ʧʦ 0,5 ʤʣ). 

ɺʪʦʨʦʡ ʧʨʠʯʠʥʦʡ ʩʣʦʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʷʚʣʷʝʪʩʷ ʢʦʣʝʙʘʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʜʣʦʞʢʠ ʠ ʜʘʚʣʝʥʠʷ ʚ ʨʝʘʢʪʦʨʝ. 

ʄʝʭʘʥʠʟʤ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʨʝʞʠʤʘ ʦʩʘʞʜʝʥʠʷ ʭʨʦʤʘ ʠʟ 

ʧʘʨʦʚʦʡ ʬʘʟʳ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ. ʆʙʨʘʟʫʶʱʠʝʩʷ 

ʧʨʦʜʫʢʪʳ ʨʘʩʧʘʜʘ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʧʘʨʦʚ 



ʄʆʉ ʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʢʦʪʦʨʳʝ ʚʩʝʛʜʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ 

ʞʠʜʢʦʩʪʠ çɹɸʈʍʆʉè, ʚʳʟʳʚʘʶʪ ʫʤʝʥʴʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʄʆʉ ʚʙʣʠʟʠ ʧʦʜʣʦʞʢʠ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʧʨʠʯʠʥʝ ʪʦʛʦ, ʯʪʦ 

ʩʢʦʨʦʩʪʴ ʨʘʩʰʠʨʝʥʠʷ ʧʘʨʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʘʩʧʘʜʘ ʥʘʤʥʦʛʦ 

ʙʦʣʴʰʝ ʩʢʦʨʦʩʪʠ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʄʆʉ ʠʟ ʦʙʲʝʤʘ ʢ ʧʦʜʣʦʞʢʝ. 

ɺʦʟʨʘʩʪʘʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʜʫʢʪʦʚ ʨʘʩʧʘʜʘ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʘʜʩʦʨʙʮʠʠ ʠʭ ʥʘ ʦʩʘʞʜʘʶʱʝʡ ʧʣʝʥʢʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʣʝʛʠʨʦʚʘʥʠʶ ʭʨʦʤʘ ʫʛʣʝʨʦʜʦʤ. ʋʜʘʣʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʨʘʩʧʘʜʘ ʟʘ 

ʩʯʝʪ ʦʪʢʘʯʢʠ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ 

ʄʆʉ ʚ ʧʘʨʦʚʦʡ ʬʘʟʝ. ʇʨʦʮʝʩʩ ʦʩʘʞʜʝʥʠʷ ʫʩʢʦʨʷʝʪʩʷ ʠ ʮʠʢʣ 

ʧʦʚʪʦʨʷʝʪʩʷ. ʂʦʣʝʙʘʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʄʆʉ ʠ 

ʧʨʦʜʫʢʪʦʚ ʨʘʩʧʘʜʘ ʦʢʦʣʦ ʧʦʜʣʦʞʢʠ ʧʨʠʚʦʜʠʪ ʢ ʦʩʘʞʜʝʥʠʶ 

ʩʣʦʠʩʪʦʛʦ ʭʨʦʤʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʫʛʣʝʨʦʜʘ (ʪʝʤʥʳʝ ʫʯʘʩʪʢʠ ʝʛʦ ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʝ, ʩʚʝʪʣʳʝ ï 

ʤʝʥʴʰʝ). ʂʘʪʘʣʠʪʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʚʳʜʝʣʷʶʱʝʛʦʩʷ ʤʝʪʘʣʣʘ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʢʦʣʝʙʘʪʝʣʴʥʦʤʫ ʧʨʦʮʝʩʩʫ. ʋʤʝʥʴʰʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʄʆʉ ʚ ʧʘʨʦʚʦʡ ʬʘʟʝ ʟʘ ʩʯʝʪ ʢʦʥʜʝʥʩʘʮʠʠ 

ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ ʄʆʉ ʩʦʟʜʘʝʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ 

ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʨʝʞʠʤʘ [2]. 

ɸʜʩʦʨʙʮʠʷ ʠ ʭʝʤʦʩʦʨʙʮʠʷ ʧʨʦʜʫʢʪʦʚ ʨʘʩʧʘʜʘ ʷʚʣʷʶʪʩʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʪʘʢʞʝ ʢ ʠʟʤʝʥʝʥʠʷʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ, ʥʘ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʧʦʢʨʳʪʠʷ. ʇʦʵʪʦʤʫ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʝ (10-30
0
ʉ) ʢʦʣʝʙʘʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʚʝʜʫʪ ʢ ʢʦʣʝʙʘʥʠʷʤ ʩʢʦʨʦʩʪʠ ʘʜʩʦʨʙʮʠʠ ʠ 

ʭʝʤʦʩʦʨʙʮʠʠ ʧʨʦʜʫʢʪʦʚ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʩʣʦʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ. ʆʙʱʝʡ ʧʨʠʯʠʥʦʡ ʠʟʤʝʥʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʧʦʜʣʦʞʢʠ ʷʚʣʷʝʪʩʷ ʵʥʜʦʪʝʨʤʠʯʥʦʩʪʴ 

ʧʨʦʮʝʩʩʘ ʨʘʩʧʘʜʘ ʄʆʉ, ʘ ʪʘʢʞʝ ʩʦʚʝʨʰʝʥʩʪʚʦ ʝʝ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʨʝʛʫʣʠʨʦʚʢʠ. 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʨʝʞʠʤʘʭ ʦʩʘʞʜʝʥʠʷ ʚʦʟʤʦʞʥʦ 

ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʟʘʨʦʜʳʰʝʡ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʠ ʥʘ 

ʧʦʜʣʦʞʢʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʩʪʨʫʢʪʫʨʫ ʚʭʦʜʷʪ ʦʪʣʠʯʘʶʱʠʝʩʷ 

ʜʠʩʢʨʝʪʥʳʝ ʘʛʨʝʛʘʪʳ, ʚʨʦʩʰʠʝ ʚ ʥʦʨʤʘʣʴʥʳʡ ʦʩʘʜʦʢ. ʊʘʢʠʝ 

ʩʪʨʫʢʪʫʨʳ ʥʘʟʳʚʘʶʪ ʙʠʤʦʜʘʣʴʥʳʤʠ (ʨʠʩʫʥʦʢ 3). 

 

 

 



 
 

ʈʠʩʫʥʦʢ 3 ï ɹʠʤʦʜʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʛʘʟʦʬʘʟʥʦʛʦ ʭʨʦʤʦʚʦʛʦ 

ʧʦʢʨʳʪʠʷ (tʧ=450
0
C; P=1040 ʇʘ; tʠ=280

0
ʉ; Ű=30 ʤʠʥ) 

 

ʆʙʨʘʟʦʚʘʥʠʝ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʧʨʦʠʩʭʦʜʠʪ ʚʩʣʝʜʩʪʚʠʝ 

ʙʦʣʴʰʦʛʦ ʧʝʨʝʩʳʱʝʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʚ ʦʙʲʝʤʝ ʨʝʘʢʪʦʨʘ ʠ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠʩʧʘʨʠʪʝʣʷ ʠ ʧʦʜʣʦʞʢʠ. ɹʠʤʦʜʘʣʴʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ʛʘʟʦʬʘʟʥʳʭ ʭʨʦʤʦʚʳʭ ʧʦʢʨʳʪʠʡ ʷʚʣʷʶʪʩʷ ʢʘʢ ʙʳ 

ʩʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʧʦʩʣʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩʪʦʣʙʯʘʪʳʭ ʩʪʨʫʢʪʫʨ ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʝʱʝ ʙʦʣʴʰʠʤ ʨʘʟʨʳʭʣʝʥʠʝʤ ʧʦʢʨʳʪʠʷ. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʘʟʦʬʘʟʥʳʭ 

ʭʨʦʤʦʚʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʧʦʜʣʦʞʢʝ ʦʙʲʝʤʥʘʷ ʢʦʥʜʝʥʩʘʮʠʷ 

ʚʦʟʤʦʞʥʘ ʧʦ ʛʦʤʦʛʝʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʘ 

ʜʠʘʛʨʘʤʤʘ ʚʣʠʷʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʦʩʘʞʜʝʥʠʷ ʥʘ 

ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʢʨʳʪʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 

4. 

 



 
 

ʈʠʩʫʥʦʢ 4 ï ɼʠʘʛʨʘʤʤʳ ʚʣʠʷʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ 

ʦʩʘʞʜʝʥʠʷ ʥʘ ʩʪʨʫʢʪʫʨʫ ʧʦʢʨʳʪʠʡ: ʘ) ʩʣʦʠʩʪʘʷ,  

ʙ) ʧʨʦʤʝʞʫʪʦʯʥʘʷ, ʚ) ʩʪʦʣʙʯʘʪʘʷ 

 

ʅʘ ʨʠʩʫʥʢʝ 5 ʧʨʠʚʝʜʝʥʳ ʪʦʣʩʪʦʩʣʦʡʥʳʝ (> 50 ʤʢʤ) 

ʛʘʟʦʬʘʟʥʳʝ ʭʨʦʤʦʚʳʝ ʧʦʢʨʳʪʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʨʝʞʠʤʘʤ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʩʣʦʠʩʪʳʤ ʩʪʨʫʢʪʫʨʘʤ. 

 

 h=100 ʤʢʤ           h=130 ʤʢʤ 

 x 500      ʧʨʠ Ű=65 ʤʠʥ          x 500           ʧʨʠ Ű=75 ʤʠʥ 

 ʘ)                                                ʙ) 

 

ʈʠʩʫʥʦʢ 5 ï ʊʦʣʩʪʦʩʣʦʡʥʳʝ ʧʠʨʦʣʠʪʠʯʝʩʢʠʝ ʭʨʦʤʦʚʳʝ 

ʧʦʢʨʳʪʠʷ (tʧ=400
0
C; P=650 ʇʘ; tʠ=200

0
ʉ) 

ʇʦʣʫʯʘʝʤʳʡ ʩʧʝʢʪʨ ʧʦʢʨʳʪʠʡ ʢʘʢ ʧʦ ʪʦʣʱʠʥʝ, ʪʘʢ ʠ ʧʦ 



ʩʪʨʫʢʪʫʨʝ ʧʦʢʘʟʳʚʘʝʪ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʤʝʪʦʜʘ ʧʦʣʫʯʝʥʠʷ 

ʛʘʟʦʬʘʟʥʳʭ ʧʦʢʨʳʪʠʡ ʠʟ ʭʨʦʤʦʩʦʜʝʨʞʘʱʝʡ ʞʠʜʢʦʩʪʠ 

çɹɸʈʍʆʉè ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʦʩʦʙʝʥʥʦ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʩʢʦʣʴʟʷʱʠʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʢʦʥʪʘʢʪʘʤ, ʢ ʢʦʥʪʘʢʪʘʤ ʩ ʙʦʣʴʰʦʡ 

ʯʘʩʪʦʪʦʡ ʩʨʘʙʘʪʳʚʘʥʠʷ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʫʛʣʝʨʦʜʘ ʚ ʧʦʢʨʳʪʠʠ (ʜʦ 12 %). 

 

ʃʠʪʝʨʘʪʫʨʘ ʠ ʧʨʠʤʝʯʘʥʠʷ: 
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ʂ ʅɸʋʏʅʆʄʋ ʆɹʆʉʅʆɺɸʅʀʖ ʄʆɼɽʃʀ 

ʄɸʐʀʅʅʆɻʆ ɸɻʈɽɻɸʊɸ ʇʆ ɸ.ʉ.ʉʉʉʈ ˉ1353332. 

ʇʆʏɺʆʆɹʈɸɹɸʊʓɺɸʖʑɸʗ ʄɸʐʀʅɸ 

 

ɸʥʥʦʪʘʮʠʷ: ʜʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʥʘʫʯʥʦʤʫ 

ʦʙʦʩʥʦʚʘʥʠʶ ʠʟʦʙʨʝʪʝʥʠʷ ʨʘʙʦʯʝʡ ʤʦʜʝʣʠ ʤʘʰʠʥʥʦʛʦ ʘʛʨʝʛʘʪʘ 

ʩ ʧʝʨʝʜʘʪʦʯʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʛʠʙʢʦʛʦ ʪʨʦʡʥʦʛʦ 

ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ, ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ ʤʘʰʠʥʘʤ, 

ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ ʢʦʪʦʨʳʭ ʠʤʝʶʪ ʧʨʠʚʦʜ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ 

ʥʘʜʝʞʥʦʩʪʴ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʝʨʝʜʘʪʦʯʥʳʡ ʤʝʭʘʥʠʟʤ, ʛʠʙʢʠʝ ʩʚʷʟʠ, 

ʪʨʦʡʥʦʡ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤ.  

 

ʈʘʙʦʯʘʷ ʤʦʜʝʣʴ ʤʘʰʠʥʥʦʛʦ ʘʛʨʝʛʘʪʘ ʩ ʧʝʨʝʜʘʪʦʯʥʳʤ 

ʤʝʭʘʥʠʟʤʦʤ ʛʠʙʢʦʛʦ ʪʨʦʡʥʦʛʦ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ.  

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʘʤʦʫʩʪʘʥʘʚʣʠʚʘʶʱʠʡʩʷ ʤʝʭʘʥʠʟʤ ʪʨʦʡʥʦʛʦ 

ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ ʩ ʪʨʝʤʷ ʛʠʙʢʠʤʠ ʩʚʷʟʷʤʠ ʚ ʟʘʤʢʥʫʪʦʤ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʤ ʢʦʥʪʫʨʝ. 

 

ʌʦʨʤʫʣʘ ʩʪʨʦʝʥʠʷ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʠʤʝʝʪ ʚʠʜ 



ʟʘʧʠʩʠ [1-12]: 

      (1) 

ʉʪʨʫʢʪʫʨʥʦʝ ʯʠʩʣʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʤʝʭʘʥʠʟʤʘ ʪʨʦʡʥʦʛʦ 

ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ ʨʘʚʥʘ ʝʜʠʥʠʮʝ, ʤʝʭʘʥʠʟʤ ʥʝ ʠʤʝʝʪ 

ʠʟʙʳʪʦʯʥʳʭ ʩʚʷʟʝʡ ʠ ʣʠʰʥʠʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ [1,4,11]. 

 

 
 

ʅʘ ʨʠʩ.2 ʠʟʦʙʨʘʞʝʥʘ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʘʷ ʤʘʰʠʥʘ. 

ʄʘʰʠʥʘ ʩʦʩʪʦʠʪ ʠʟ ʨʘʤʳ 1, ʬʨʝʟ ʙʘʨʘʙʘʥʘ 2, ʧʝʨʝʜʘʪʦʯʥʦʛʦ 

ʤʝʭʘʥʠʟʤʘ ï ʛʠʙʢʦʛʦ ʪʨʦʡʥʦʛʦ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ 3, ʤʝʭʘʥʠʟʤʘ 

ʧʨʠʚʦʜʘ 4, ʚʳʭʦʜʥʦʛʦ ʚʘʣʘ 5, ʦʧʦʨʥʳʭ ʢʦʣʝʩ 6. ʈʘʤʘ 1 ʩʦʜʝʨʞʠʪ 

ʥʘʚʝʩʥʦʝ ʫʩʪʨʦʡʩʪʚʦ 7, ʙʦʢʦʚʠʥʳ 8. ʌʨʝʟ ʙʘʨʘʙʘʥ 2 ʩʦʩʪʦʠʪ ʠʟ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʚʘʣʘ 9 ʠ ʥʦʞʝʡ 10.  

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʇʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʘʷ ʤʘʰʠʥʘ 

 

ʊʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ (ɸ.ʉ.ʉʉʉʈ ˉ1353332, 

ʇʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʘʷ ʤʘʰʠʥʘ, 1985ʛ, ʅʘʫʨʳʟʙʘʝʚ ʈ.ʂ.) 

ʦʪʥʦʩʠʪʩʷ ʢ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤʫ ʤʘʰʠʥʦʩʪʨʦʝʥʠʶ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʢ ʤʘʰʠʥʘʤ, ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ ʢʦʪʦʨʳʭ ʠʤʝʶʪ ʧʨʠʚʦʜ. 

ʎʝʣʴ ʠʟʦʙʨʝʪʝʥʠʷ ï ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ. ʇʝʨʝʜʘʪʦʯʥʳʡ 

ʤʝʭʘʥʠʟʤ ʤʘʰʠʥʳ ʩʦʩʪʦʠʪ ʠʟ ʟʘʢʨʝʧʣʝʥʥʳʭ ʥʘ ʚʳʭʦʜʥʦʤ ʚʘʣʫ 5 

ʠ ʚʘʣʫ 9 ʬʨʝʟ ʙʘʨʘʙʘʥʘ 2 ʵʢʩʮʝʥʪʨʠʢʦʚ 11, ʧʨʦʪʠʚʦʩʪʦʷʱʠʝ ʠʟ 

ʢʦʪʦʨʳʭ ʧʦʧʘʨʥʦ ʩʦʝʜʠʥʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʛʠʙʢʠʤʠ, 



ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʳʤʠ ʩʚʷʟʷʤʠ 12. ʂʘʞʜʘʷ ʠʟ ʛʠʙʢʠʭ 

ʩʚʷʟʝʡ ʩʦʝʜʠʥʷʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ, ʦʙʨʘʟʫʷ ʦʙʳʯʥʫʶ 

ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ ʧʘʨʫ ʧʷʪʦʛʦ ʢʣʘʩʩʘ. ʇʨʠ ʨʘʙʦʪʝ ʤʘʰʠʥʳ ʚ 

ʧʝʨʝʜʘʪʦʯʥʦʤ ʤʝʭʘʥʠʟʤʝ ʦʪʩʫʪʩʪʚʫʶʪ ʟʘʟʦʨʳ ʚ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ 

ʧʘʨʘʭ, ʯʪʦ ʩʥʠʞʘʝʪ ʫʨʦʚʝʥʴ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʚ ʧʘʨʘʭ. 

ʋʤʝʥʴʰʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʥʘ ʰʘʨʥʠʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʫʚʝʣʠʯʠʚʘʝʪ ʠʭ ʜʦʣʛʦʚʝʯʥʦʩʪʴ [3,4,6,7 ʠ ʜʨ.]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʝʨʝʜʘʪʦʯʥʳʡ ʤʝʭʘʥʠʟʤ 

ʩʦʩʪʦʠʪ ʠʟ ʧʘʨʘʣʣʝʣʴʥʳʭ ʛʠʙʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ʩ ʩʠʥʭʨʦʥʥʳʤʠ 

ʜʚʠʞʝʥʠʷʤʠ ʠʭ ʵʢʩʮʝʥʪʨʠʢʦʚ. ɺʦʟʤʦʞʥʦ ʚʳʧʦʣʥʝʥʠʝ 

ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʤʝʭʘʥʠʟʤʘ 3 ʩ ʦʭʚʘʪʳʚʘʶʱʠʤʠ ʵʢʩʮʝʥʪʨʠʢʘʤʠ 

11 ʚʪʫʣʢʘʤʠ 13 (ʩʤ.ʨʠʩ.3).  

  

 
 

ʈʠʩʫʥʦʢ 3 ï ʇʝʨʝʜʘʪʦʯʥʳʡ ʤʝʭʘʥʠʟʤ 

 

ɺ ʤʝʭʘʥʠʟʤʘʭ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʣʠʥʥʳʤʠ ʰʘʪʫʥʘʤʠ ʧʨʠ 

ʦʙʝʩʧʝʯʝʥʠʠ ʧʨʦʯʥʦʩʪʠ ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʛʠʙʢʠʭ 

ʩʚʷʟʝʡ ʦʢʘʟʳʚʘʝʪʩʷ ʚʦ ʤʥʦʛʦ ʨʘʟ ʤʝʥʴʰʝ ʧʣʦʱʘʜʠ ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʝʯʝʥʠʷ ʞʝʩʪʢʦʛʦ ʰʘʪʫʥʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʷ ʛʠʙʢʠʭ ʩʚʷʟʝʡ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʜʥʦʩʪʦʨʦʥʥʠʡ ʢʦʥʪʘʢʪ ʵʣʝʤʝʥʪʦʚ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨ. ʄʝʭʘʥʠʟʤ ʨʘʙʦʪʘʝʪ ʢʘʢ çʙʝʟʟʘʟʦʨʥʳʡè, 

ʧʨʠ ʵʪʦʤ ʩʥʠʞʘʝʪʩʷ ʫʨʦʚʝʥʴ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʚ ʧʘʨʘʭ. 

ʄʘʣʘʷ ʧʦʧʝʨʝʯʥʘʷ ʞʝʩʪʢʦʩʪʴ ʛʠʙʢʠʭ ʩʚʷʟʝʡ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʥʠʞʘʝʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʤʝʭʘʥʠʟʤʘ ʢ ʥʝʪʦʯʥʦʩʪʷʤ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʤʝʥʴʰʝʥʠʝ 



ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʥʘ ʰʘʨʥʠʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪ 

ʠʭ ʜʦʣʛʦʚʝʯʥʦʩʪʴ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʟʦʙʨʝʪʝʥʠʷ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʦʪʘʮʠʦʥʥʳʭ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʤʘʰʠʥʘʭ, ʫ ʢʦʪʦʨʳʭ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʥʘ ʚʘʣ ʨʦʪʦʨʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʙʦʨʪʦʚʳʝ 

ʧʝʨʝʜʘʯʠ ʩ ʤʝʞʮʝʥʪʨʦʚʳʤ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʚʝʜʫʱʠʤ ʠ 

ʚʝʜʦʤʳʤ ʚʘʣʘʤʠ 0,5ʤ ʠ ʙʦʣʝʝ. ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʢʫʣʴʪʠʚʘʪʦʨʘ ʬʨʝʟʝʨʥʦʛʦ ʨʳʭʣʠʪʝʣʷ ʂʌɻ-3,6; ʬʨʝʟʳ ʩʝʷʣʢʠ 

ʂʌʉ-3,6 ʠ ʜʨ., ʩʦʜʝʨʞʘʱʠʝ 4-ʭ
 
ʩʪʫʧʝʥʯʘʪʳʝ ʙʦʨʪʦʚʳʝ 

ʨʝʜʫʢʪʦʨʳ (ʧʷʪʴʶ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤʠ ʟʫʙʯʘʪʳʤʠ ʢʦʣʝʩʘʤʠ); 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠ ʜʦʨʘʙʦʪʢʝ ʨʦʪʘʮʠʦʥʥʦʛʦ ʧʣʫʛʘ ʇʈ-2,7. 

ʇʦʜʦʙʥʳʝ ʧʝʨʝʜʘʪʦʯʥʳʝ ʤʝʭʘʥʠʟʤʳ ʩ ʛʠʙʢʠʤʠ ʩʚʷʟʷʤʠ ʚ 

ʟʘʤʢʥʫʪʦʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʤ ʢʦʥʪʫʨʝ ʨʘʙʦʪʘʶʪ 

ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟ ʩʤʘʟʢʠ, ʫʩʪʦʡʯʠʚʳ ʢ ʜʝʡʩʪʚʠʶ ʘʙʨʘʟʠʚʥʳʭ ʠ 

ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ, ʧʨʠ ʧʨʘʚʠʣʴʥʦʤ ʚʳʙʦʨʝ ʩʪʨʫʢʪʫʨʳ 

ʙʝʟʦʪʢʘʟʥʳ, ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʥʘʛʨʫʟʦʯʥʦʡ ʠ 

ʢʦʤʧʝʥʩʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ [1-12 ʠ ʜʨ.]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʤʝʭʘʥʠʟʤʘ 

ʧʨʠʚʦʜʘ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʤʘʰʠʥʳ (ʨʠʩ.3) 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʦʚʳʝ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʳ 

ʤʝʭʘʥʠʟʤʳ ʩ ʜʚʫʤʷ, ʪʨʝʤʷ, ʯʝʪʳʨʴʤʷ, ʧʷʪʴʶ ʛʠʙʢʠʤʠ ʩʚʷʟʷʤʠ. 

ʇʝʨʝʜʘʪʦʯʥʳʝ ʤʝʭʘʥʠʟʤʳ ʩʘʤʦʫʩʪʘʥʘʚʣʠʚʘʶʱʠʝʩʷ, ʥʝ ʠʤʝʶ 

ʠʟʙʳʪʦʯʥʳʝ ʩʚʷʟʠ [1-10 ʠ ʜʨ.]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʛʨʘʤʤʘ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʥʘʯʘʣʴʥʦʛʦ ʵʪʘʧʘ ʠʤʝʣʘ ʩʣʝʜʫʶʱʫʶ ʮʝʣʝʚʫʶ ʟʘʜʘʯʫ: 

 ʅʘʫʯʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʨʘʙʦʯʝʡ ʤʦʜʝʣʠ ʤʘʰʠʥʥʦʛʦ 

ʘʛʨʝʛʘʪʘ ʩ ʧʝʨʝʜʘʪʦʯʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʛʠʙʢʦʛʦ ʪʨʦʡʥʦʛʦ 

ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ [1-11]. ʕʪʦ ʥʦʚʦʝ, ʚʝʩʴʤʘ ʦʨʠʛʠʥʘʣʴʥʦʝ ʠ 

ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ, ʦʪʥʦʩʠʪʩʷ ʢ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʶ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʢ ʤʘʰʠʥʘʤ, ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ ʢʦʪʦʨʳʭ ʠʤʝʶʪ ʧʨʠʚʦʜ. 

ʎʝʣʴ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ï ʠʟʦʙʨʝʪʝʥʠʷ ï ʧʦʚʳʰʝʥʠʝ 

ʥʘʜʝʞʥʦʩʪʠ. 
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ʋʃʔʊʈɸɿɺʋʂʆɺʆʁ ʀɿʄɽʈʀʊɽʃʔ ʈɸʉʉʊʆʗʅʀʗ ʅɸ 

ʆʉʅʆɺɽ ɼɸʊʏʀʂɸ HC-SR04 

 

ɸʥʥʦʪʘʮʠʷ: ʜʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ 

ʫʩʪʨʦʡʩʪʚʘ ʠʟʤʝʨʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʣʴʪʨʘʟʚʫʢ, ʠʟʤʝʨʠʪʝʣʴ ʨʘʩʩʪʦʷʥʠʷ, 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ, ʜʘʣʴʥʦʤʝʨ. 

 

ɿʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ 

ʦʙʲʝʢʪʦʚ ʨʝʰʘʝʪʩʷ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. ʇʨʠ ʵʪʦʤ ʜʘʪʯʠʢʠ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʧʨʠʥʮʠʧʳ ʠʟʤʝʨʝʥʠʡ: ʠʥʜʫʢʪʠʚʥʳʡ, 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʠʣʠ ʦʧʪʠʯʝʩʢʠʡ, ʦʜʥʘʢʦ ʚʩʝ ʦʥʠ ʠʤʝʶʪ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʨʘʩʩʪʦʷʥʠʶ ʜʦ ʠʟʤʝʨʷʝʤʦʛʦ ʦʙʲʝʢʪʘ.  

ʋʣʴʪʨʘʟʚʫʢʦʚʳʝ ʜʘʪʯʠʢʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʜʘʪʯʠʢʦʚ ʧʨʠʙʣʠʞʝʥʠʷ, ʜʣʷ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʠ 

ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʠʟʤʝʨʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ [1]. ʂʘʢ ʧʨʘʚʠʣʦ, 

ʜʘʪʯʠʢʠ ʨʘʙʦʪʘʶʪ ʧʫʪʝʤ ʧʦʩʳʣʢʠ ʢʦʨʦʪʢʦʛʦ ʧʘʢʝʪʘ 

ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʚʦʣʥ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʙʲʝʢʪʘ ʦʙʥʘʨʫʞʝʥʠʷ, 

ʢʦʪʦʨʳʡ, ʦʪʨʘʟʠʚʰʠʩʴ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʘ, ʚʦʟʚʨʘʱʘʝʪʩʷ 

ʦʙʨʘʪʥʦ. ɿʘʪʝʤ, ʵʣʝʢʪʨʦʥʥʘʷ ʩʭʝʤʘ ʧʨʦʠʟʚʦʜʠʪ ʨʘʩʯʝʪ ʚʨʝʤʝʥʠ 

ʤʝʞʜʫ ʤʦʤʝʥʪʦʤ ʧʦʩʳʣʢʠ ʩʠʛʥʘʣʘ ʠ ʤʦʤʝʥʪʦʤ ʧʨʠʝʤʘ 

ʦʪʨʘʞʝʥʥʦʛʦ ʵʭʘ. ʇʨʠ ʵʪʦʤ ʨʘʩʩʪʦʷʥʠʝ ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ 

ʟʘʚʠʩʷʱʝʡ ʦʪ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. 

ɺʘʞʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʨʠʤʝʥʝʥʠʷ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ 

ʜʘʪʯʠʢʦʚ ʷʚʣʷʶʪʩʷ: ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʜʦ 

ʦʙʲʝʢʪʘ ʚ ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ; ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʤʦʱʠ ʧʨʠ ʧʘʨʢʦʚʢʝ 

ʘʚʪʦʤʦʙʠʣʷ; ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʠ ʫʜʘʣʝʥʥʦʩʪʠ ʦʙʲʝʢʪʘ ʚ 

ʨʘʟʣʠʯʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʣʘʩʪʷʭ. 



ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʨʳʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥ ʰʠʨʦʢʠʡ ʚʳʙʦʨ 

ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʜʘʪʯʠʢʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʠʩʧʦʣʥʝʥʠʷʭ, ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʨʘʟʣʠʯʥʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʯʘʩʪʦʪʘʭ.  

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʝʪʩʷ ʠʟʤʝʨʠʪʝʣʴ ʨʘʩʩʪʦʷʥʠʷ ʥʘ 

ʦʩʥʦʚʝ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʘʪʯʠʢʘ ʪʠʧʘ HC-SR04. 

ʂʨʦʤʝ ʠʟʣʫʯʘʪʝʣʷ ʠ ʧʨʠʸʤʥʠʢʘ, ʩʦʚʨʝʤʝʥʥʳʡ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʜʘʪʯʠʢ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʦʙʲʝʢʪʦʚ, ʜʦʣʞʝʥ ʠʤʝʪʴ ʚ ʩʚʦʸʤ 

ʩʦʩʪʘʚʝ ʵʣʝʢʪʨʦʥʥʫʶ ʩʭʝʤʫ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝʤ 

ʚʳʭʦʜʥʦʛʦ ʢʘʩʢʘʜʘ ʜʘʪʯʠʢʘ (ʨʠʩ. 1). ʊʘʢ ʢʘʢ ʵʣʝʢʪʨʦʥʥʘʷ ʯʘʩʪʴ 

ʜʘʪʯʠʢʘ ʜʦʣʞʥʘ ʨʝʰʘʪʴ ʩʣʦʞʥʳʝ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ, 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʧʨʠʤʝʥʷʪʴ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʫʶ ʩʭʝʤʫ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ɹʣʦʢ-ʩʭʝʤʘ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʘʪʯʠʢʘ 

 

ʋʣʴʪʨʘʟʚʫʢʦʚʦʡ ʜʘʣʴʥʦʤʝʨ HC-SR04 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʨʦʩʪʦʝ ʠ ʜʝʰʝʚʦʝ ʩʨʝʜʩʪʚʦ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ, ʥʝ 

ʧʨʝʚʳʰʘʶʱʝʛʦ 4 ʤ. ɹʣʘʛʦʜʘʨʷ ʚʩʪʨʦʝʥʥʦʡ ʵʣʝʢʪʨʦʥʠʢʝ 

ʜʘʣʴʥʦʤʝʨ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʨʝʘʣʠʟʦʚʘʪʴ ʧʨʦʛʨʘʤʤʥʦ ʘʣʛʦʨʠʪʤ 

ʠʟʤʝʨʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ. 

ɼʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʩʭʝʤʝ ʠʟʤʝʨʝʥʠʷ ʜʘʪʯʠʢ ʦʩʥʘʱʝʥ 4 

ʚʳʚʦʜʘʤʠ. ɼʚʘ ʠʟ ʥʠʭ ʩʣʫʞʘʪ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʧʠʪʘʥʠʷ. ʅʘ 

ʚʭʦʜ Trig ʧʦʜʘʝʪʩʷ ʟʘʧʫʩʢʘʶʱʠʡ ʠʤʧʫʣʴʩ, ʘ ʩ ʚʳʭʦʜʘ Echo 

ʩʥʠʤʘʝʪʩʷ ʩʠʛʥʘʣ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʠʟʤʝʨʝʥʥʦʤʫ ʨʘʩʩʪʦʷʥʠʶ. 


