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ʊʦʤʩʢ ï 2018 



     6 ʘʧʨʝʣʷ 2018 ʛʦʜʘ ʚ ʆɻɹʆʋ çʊʦʤʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʣʠʮʝʡè ʧʨʦʰʣʘ ʝʞʝʛʦʜʥʘʷ 

ʰʢʦʣʴʥʘʷ ʫʯʝʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʅʘʫʢʘ. ʊʝʭʥʠʢʘ. ʂʫʣʴʪʫʨʘè. 

ʅʘ ʢʦʥʬʝʨʝʥʮʠʠ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ 71 ʜʦʢʣʘʜ ʧʦ ʩʝʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤ: 

1. ʌʠʟʠʯʝʩʢʦʝ  

2. ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ  

3. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ  

4. ɻʫʤʘʥʠʪʘʨʥʦʝ  

5. ɽʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʦʝ  

6. ʉʦʮʠʘʣʴʥʦʝ  

7. ʃʠʥʛʚʠʩʪʠʯʝʩʢʦʝ  
 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ʧʨʦʝʢʪʘ 

 ̄ ʉʦʜʝʨʞʘʥʠʝ ʵʪʘʧʘ ɼʝʷʪʝʣʴʥʦʩʪʴ  

ʨʘʟʨʘʙʦʪʯʠʢʘ ʧʨʦʝʢʪʘ 

ʈʝʟʫʣʴʪʘʪ 

1. ʇʦʜʛʦʪʦʚʠʪʝʣʴʥʳʡ ʵʪʘʧ 

1.1

. 

ʆʧʨʝʜʝʣʝʥʠʝ 

ʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʧʦʣʷ ʠ ʪʝʤʳ 

ʧʨʦʝʢʪʘ. 

ʂʦʥʢʨʝʪʠʟʘʮʠʷ 

ʪʝʤʳ ʧʨʦʝʢʪʘ. 

1. ɿʥʘʢʦʤʩʪʚʦ  ʩ ʪʝʤʘʪʠʢʦʡ, 

ʢʦʪʦʨʫʶ ʧʨʝʜʣʦʞʠʣʠ ʧʝʜʘʛʦʛʠ.   

2. ɸʥʘʣʠʟ ʩʚʦʠʭ ʧʨʝʜʧʦʯʪʝʥʠʡ 

3. ɺʳʙʦʨ ʪʝʤʳ 

ʊʝʤʘ ʧʨʦʝʢʪʘ 

1.2

. 

ʇʦʩʪʘʥʦʚʢʘ 

ʧʨʦʙʣʝʤʳ  

-ʪʝʦʨʝʪʠʯʝʩʢʠʝ  

- ʧʨʘʢʪʠʯʝʩʢʠʝ 

(ʪʝʭʥʠʯʝʩʢʠʝ, 

ʭʫʜʦʞʝʩʪʚʝʥʥʳʝ, 

ʩʦʮʠʘʣʴʥʳʝ, ʜʨ.) 

1. ʀʱʝʪ ʧʨʦʪʠʚʦʨʝʯʠʷ  

2. ʆʧʠʩʳʚʘʝʪ ʩʠʪʫʘʮʠʠ (ʧʨʠʯʠʥʳ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʧʨʦʙʣʝʤʳ, ʚ ʯʝʤ 

ʩʦʩʪʦʠʪ ʝʝ ʩʫʱʥʦʩʪʴ) 

3. ʌʦʨʤʫʣʠʨʫʝʪ ʧʨʦʙʣʝʤʫ 

ʉʬʦʨʤʫʣʠʨʦʚʘʥʥʘʷ ʚ 

ʬʦʨʤʝ ʧʨʦʪʠʚʦʨʝʯʠʷ 

ʧʨʦʙʣʝʤʘ 

1.3

. 

ɸʢʪʫʘʣʠʟʘʮʠʷ 

ʧʨʦʝʢʪʘ  

ɺʳʷʚʣʷʝʪ ʩʧʨʦʩ ʥʘ ʨʝʰʝʥʠʝ 

ʧʨʦʙʣʝʤʳ  ʠ ʧʨʝʜʣʦʞʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʧʨʦʙʣʝʤʥʦʡ ʩʠʪʫʘʮʠʠ 

1.4

. 

ʎʝʣʝʧʦʣʘʛʘʥʠʝ 1. ʆʧʨʝʜʝʣʷʝʪ, ʯʪʦ  ʧʨʦʝʢʪʠʨʫʝʪ ʠ 

ʜʣʷ ʯʝʛʦ (ʢʦʛʦ). 

2. ʌʦʨʤʫʣʠʨʫʝʪ ʮʝʣʴ  

ʎʝʣʴ ʧʨʦʝʢʪʘ 

1.5 ʆʧʨʝʜʝʣʝʥʠʝ 

ʢʣʶʯʝʚʳʭ ʧʦʥʷʪʠʡ 

ɺʳʷʚʣʷʝʪ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʥʘʥʠʷ, 

ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʨʝʰʘʪʴ 

ʧʨʦʙʣʝʤʫ 

ʇʝʨʝʯʝʥʴ ʢʣʶʯʝʚʳʭ 

ʧʦʥʷʪʠʡ 

 ʇʦʠʩʢ ʩʧʦʩʦʙʘ 

ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ 

ʧʨʦʝʢʪʘ 

ɸʥʘʣʠʟ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʨʝʰʝʥʠʡ  ʆʧʪʠʤʘʣʴʥʳʡ ʩʧʦʩʦʙ 

ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʧʨʦʝʢʪʘ  

1.6

. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ ʆʧʨʝʜʝʣʷʝʪ ʢʦʥʢʨʝʪʥʳʝ ʩʧʦʩʦʙʳ 

ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ 

ʉʧʠʩʦʢ ʟʘʜʘʯ. 

 

1.7

.  

ʆʞʠʜʘʝʤʳʝ 

ʨʝʟʫʣʴʪʘʪʳ 

ʆʧʠʩʳʚʘʝʪ ʦʞʠʜʘʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ 

 

ʇʝʨʝʯʝʥʴ ʦʞʠʜʘʝʤʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ 

2. ʆʨʛʘʥʠʟʘʮʠʦʥʥʳʡ ʵʪʘʧ 

2.1

. 

ʇʣʘʥʠʨʦʚʘʥʠʝ 

ʨʝʩʫʨʩʦʚ 

ʆʩʫʱʝʩʪʚʣʷʝʪ ʘʥʘʣʠʟ ʨʝʩʫʨʩʦʚ: 

ʢʘʢʠʝ ʨʝʩʫʨʩʳ, ʠ ʚ ʢʘʢʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʘ 

ʇʝʨʝʯʝʥʴ ʨʝʩʫʨʩʦʚ 

2.2

. 

ʇʣʘʥʠʨʦʚʘʥʠʝ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ 

ʆʧʨʝʜʝʣʷʝʪ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʜʝʡʩʪʚʠʡ ʠ ʩʧʦʩʦʙʦʚ ʠʭ 

ʇʣʘʥ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ 

(ʧʨʠʣʘʛʘʝʪʩʷ) 



ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʦʝʢʪʘ  

ʚʳʧʦʣʥʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʝʰʝʥʠʝ ʟʘʜʘʯ 

2.3

. 

ʋʧʨʘʚʣʝʥʠʝ 

ʧʨʦʝʢʪʦʤ 

ʈʘʟʨʘʙʘʪʳʚʘʝʪ ʢʘʣʝʥʜʘʨʥʳʡ 

ʛʨʘʬʠʢ ʨʘʙʦʪ ʧʦ ʧʨʦʝʢʪʫ 

ɻʨʘʬʠʢ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ 

 

3.  ʇʨʦʜʫʢʪʠʚʥʳʡ ʵʪʘʧ 

3.1 ʈʝʘʣʠʟʘʮʠʷ 

ʧʨʦʝʢʪʘ 

ʉʦʟʜʘʥʠʝ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ 

ʧʨʦʝʢʪʘ 

ʇʨʦʜʫʢʪ ʧʨʦʝʢʪʘ 

3.2

.  

ʆʬʦʨʤʣʝʥʠʝ 

ʧʨʦʝʢʪʘ 

ʇʦʜʛʦʪʘʚʣʠʚʘʝʪ ʪʝʟʠʩʳ 

ʈʘʟʨʘʙʘʪʳʚʘʝʪ ʧʨʝʟʝʥʪʘʮʠʶ 

ʉʦʩʪʘʚʣʷʝʪ ʜʦʢʣʘʜ 

ʆʬʦʨʤʣʷʝʪ ʩʪʝʥʜʦʚʳʡ ʜʦʢʣʘʜ 

ʇʘʢʝʪ ʤʘʪʝʨʠʘʣʦʚ, 

ʥʝʦʙʭʦʜʠʤʳʡ ʢ ʟʘʱʠʪʝ 

ʧʨʦʝʢʪʘ 

3.3

. 

ɿʘʱʠʪʘ ʧʨʦʝʢʪʘ ɺʳʩʪʫʧʘʝʪ ʩ ʜʦʢʣʘʜʦʤ ʥʘ 

ʢʦʥʬʝʨʝʥʮʠʠ   

ʅʘʛʨʘʜʥʦʡ ʜʦʢʫʤʝʥʪ 

 

 
ɺʃʀʗʅʀɽ ɼʀʕʃɽʂʊʈʀʏɽʉʂʆʁ ʇʈʆʅʀʎɸɽʄʆʉʊʀ ʀɿʆʃʗʎʀʆʅʅʆɻʆ ʄɸʊɽʈʀɸʃɸ ʅɸ 

ʇʆɻʆʅʅʓɽ ʇɸʈɸʄɽʊʈʓ ʀ ʂʆʕʌʌʀʎʀɽʅʊ ʇɽʈɽɼɸʏʀ ʉʐʕʇ 

 

ɼ.ɼ. ʄʠʪʨʠʯʝʥʢʦ, ɸ.ɽ. ʐʝʩʪʝʨʠʢʦʚ, 10 ʢʣʘʩʩ,  

ʉ.ɸ. ʊʝʨʥʦʚ, ʠʥʞʝʥʝʨ çʅʀʃ ɹʕʄʉ ʈʕʉè ʊʋʉʋʈ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʨʝʰʝʥʠʡ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʩʠʣʦʚʳʭ ʰʠʥ 

ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ (ʉʐʕʇ) ʜʣʷ ʤʠʥʠʤʘʣʴʥʦʡ ʧʦʪʝʨʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʤʝʞʜʫ ʠʩʪʦʯʥʠʢʦʤ ʠ 

ʧʦʪʨʝʙʠʪʝʣʝʤ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʚʥʝʰʥʝʡ ʬʦʨʤʳ ʉʐʕʇ ʥʘ ʝʝ ʧʦʛʦʥʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʠ ʥʘ ʠʭ ʦʩʥʦʚʝ ʧʨʝʜʣʘʛʘʶʪʩʷ ʧʨʘʚʠʣʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʉʐʕʇ [1]. ʊʘʢʞʝ ʦʩʦʙʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʧʦʛʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʉʐʕʇ ʦʢʘʟʳʚʘʶʪ ʤʘʪʝʨʠʘʣʳ ʧʨʦʚʦʜʥʠʢʦʚ ʠ ʠʟʦʣʷʪʦʨʦʚ [2]. ɺ 

ʨʘʙʦʪʝ [3] ʚʳʯʠʩʣʝʥʳ ʟʥʘʯʝʥʠʷ ʧʦʛʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʟʥʘʯʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠʟʦʣʷʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (Ңr) ʦʪ 1 ʜʦ 10. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ c 

ʫʚʝʣʠʯʝʥʠʝʤ Ңr, ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʷʝʪʩʷ ʝʤʢʦʩʪʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ, ʪʦʛʜʘ ʢʘʢ ʟʥʘʯʝʥʠʝ ʧʦʛʦʥʥʦʡ 

ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ, ʯʪʦ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʚʦʣʥʦʚʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʠʜʠʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʰʠʨʦʢʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʥʘ ʧʦʛʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʉʐʕʇ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʚʳʧʦʣʥʠʪʴ ʚʳʯʠʩʣʝʥʠʝ ʧʦʛʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʜʘʯʠ 

ʩʠʣʦʚʦʡ ʰʠʥʳ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠʟʦʣʷʮʠʦʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. 

ʉʐʕʇ (ʈʠʩ. 1) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʝ ʧʘʨʘʣʣʝʣʴʥʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʣʘʩʪʠʥʳ (1) ʰʠʨʠʥʦʡ 

w ʠ ʪʦʣʱʠʥʦʡ t1 ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʨʘʩʧʦʣʦʞʝʥ ʜʠʵʣʝʢʪʨʠʢ (2) ʩ Ңr1 ʠ Ңr2. 

 

ʈʠʩ. 1. ʇʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʉʐʕʇ 



ɺ ʧʨʦʛʨʘʤʤʝ TALGAT ʚʳʯʠʩʣʝʥʳ ʟʥʘʯʝʥʠʷ ʧʦʛʦʥʥʳʭ ʠʥʜʫʢʪʠʚʥʦʩʪʠ L ʠ ʝʤʢʦʩʪʠ ʉ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ Ңr1 ʠ Ңr2 ʦʪ 1 ʜʦ 10. 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʟʥʘʯʝʥʠʷ Ңr1 ʠ Ңr2, ʣʠʥʝʡʥʦ ʚʦʟʨʘʩʪʘʝʪ ʉ. ʇʨʠ ʤʠʥʠʤʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʷʭ Ңr1 (1) ʠ Ңr2 (1) ʉ ʩʦʩʪʘʚʣʷʝʪ 214,47 ʧʌ/ʤ, ʘ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ Ңr1 (10) ʠ 

Ңr2 (10) ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʚ 10 ʨʘʟ (2233,49 ʧʌ/ʤ). ʇʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʝ L ʦʩʪʘʝʪʩʷ 

ʥʝʠʟʤʝʥʥʳʤ (46,08 ʥɻʥ/ʤ), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʟʥʘʯʝʥʠʝ ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ Z 

(ʈʠʩ. 2) ʦʪ 13,81 ʆʤ ʜʦ 4,54 ʆʤ. 

 

 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (Z, ʆʤ) ʦʪ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (Ңr1), 

ʧʨʠ ʠʟʤʝʥʝʥʠʠ Ңr2 

ɺʳʯʠʩʣʝʥʘ ʚ ʧʨʦʛʨʘʤʤʝ TALGAT ʯʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʦʜʫʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʜʘʯʠ 

|S21| (ʈʠʩ. 3), ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʜʦ 3 ɻɻʮ, ʧʨʠ ʠʟʤʝʥʝʥʠʠ Ңr1 ʠ Ңr2. 

 

ʈʠʩ. 3. ʏʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ |S21| ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ Ңr1 ʠ Ңr2 

ʀʟ ʨʠʩ. 3 ʚʠʜʥʦ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ Ңr1 ʠ Ңr2 ʟʥʘʯʝʥʠʝ |S21| ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʜʦ 

3 ɻɻʮ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0 ʜɹ ʜʦ ʤʠʥʫʩ 0,08 ʜɹ, ʪʦʛʜʘ ʢʘʢ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʳʭ |S21| ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0 ʜɹ 

ʜʦ ʤʠʥʫʩ 0,25 ʜɹ. ʇʨʠ ʤʠʥʠʤʘʣʴʥʦʤ Ңr1 ʠ ʤʘʢʩʠʤʘʣʴʥʦʤ Ңr2 ʟʥʘʯʝʥʠʝ |S21| ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0 ʜɹ ʜʦ 

ʤʠʥʫʩ 0,18 ʜɹ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʧʦʣʥʝʥʦ ʚʳʯʠʩʣʝʥʠʝ ʧʦʛʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʯʘʩʪʦʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʤʦʜʫʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʜʘʯʠ ʉʐʕʇ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʜʦ 3 ɻɻʮ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʟʥʘʯʝʥʠʷ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠʟʦʣʷʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 
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ɹʀʆʃʆɻʀʏɽʉʂʆɽ ʕʃɽʂʊʈʀʏɽʉʂʆɽ ɼɽʈɽɺʆ 

(Bioelectrictree) 

ɼ.ɸ.  ʂʦʧʮʝʚ, 8 ʢʣʘʩʩ 

ʊ. ʂʠʨʦʥʝʥʢʦ, ɸʅʆ çɼʝʪʩʢʠʡ ʪʝʭʥʦʧʘʨʢ çʂʚʘʥʪʦʨʠʫʤè 
 

ʉʦ ʚʨʝʤʝʥ ʧʨʦʤʳʰʣʝʥʥʦʡ ʨʝʚʦʣʶʮʠʠ, ʥʘʯʠʥʘʷ ʩ ʩʝʨʝʜʠʥʳ XIX ʚʝʢʘ, ʧʨʦʠʩʭʦʜʠʣʦ ʫʚʝʣʠʯʝʥʠʝ ʚʳʙʨʦʩʦʚ 

ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ (ʉʆ2) ʚ ʘʪʤʦʩʬʝʨʫ, ʩʚʷʟʘʥʥʳʭ ʩ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʯʝʣʦʚʝʢʘ. ʕʪʦʪ ʨʦʩʪ ʧʨʠʚʝʣ ʢ 

ʥʘʨʫʰʝʥʠʶ ʙʘʣʘʥʩʘ ʫʛʣʝʨʦʜʥʦʛʦ ʮʠʢʣʘ ʠ ʨʦʩʪʫ ʢʦʥʮʝʥʪʨʘʮʠʠ CO2.  

ɺ ʜʝʪʩʢʦʤ ʪʝʭʥʦʧʘʨʢʝ çʂʚʘʥʪʦʨʠʫʤè ʩ ʫʯʝʥʠʢʘʤʠ ʠʟ ʜʨʫʛʠʭ ʰʢʦʣ (ɾʝʣʥʦʚʘ ʖʣʠʷ,  

ʂʘʙʘʥʦʚ ɼʘʥʠʠʣ, ʇʫʨʳʩʢʠʥ ʈʦʤʘʥ, ʏʝʨʥʦʚʘ ɸʥʘʩʪʘʩʠʷ) ʤʳ ʟʘʥʠʤʘʣʠʩʴ ʵʪʦʡ ʧʨʦʙʣʝʤʦʡ. 

ʎʝʣʴ ʥʘʰʝʛʦ ʧʨʦʝʢʪʘ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʩʦʟʜʘʥʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʝʨʝʚʘ, ʦʩʥʦʚʥʦʡ ʬʫʥʢʮʠʝʡ 

ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʬʦʪʦʩʠʥʪʝʟ ʟʘ ʩʯʝʪ ʮʠʘʥʦʙʘʢʪʝʨʠʡ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʉʦʟʜʘʥʠʝ ʨʝʘʢʪʦʨʘ ʩ  ʮʠʘʥʦʙʘʢʪʝʨʠʷʤʠ.  

2. ʉʦʟʜʘʥʠʝ ʢʘʨʢʘʩʘ: ʧʦʜʙʦʨ ʵʢʦʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʘʨʢʘʩʘ çʜʝʨʝʚʘè. 

3. ʉʦʟʜʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ: ʩʦʟʜʘʥʠʝ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʧʨʦʛʨʘʤʤʳ ʚ ʚʠʜʝ ʞʠʚʦʛʦ 
ʩʫʱʝʩʪʚʘ. 

4. ʉʙʦʨʢʘ ʩʭʝʤ: 

- ʨʘʩʯʝʪ ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʷ ʫʩʪʘʥʦʚʢʠ; 

- ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤʳ ʨʝʘʢʪʦʨʘ, ʘʵʨʘʮʠʠ ʠ ʦʩʚʝʱʝʥʠʷ. 

ʈʘʙʦʪʘ ʚʝʣʘʩʴ ʧʦ ʜʚʫʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: ʪʝʭʥʠʯʝʩʢʦʝ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʝ.  

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʠʝ çʜʝʨʝʚʘè ʧʨʝʜʧʦʣʘʛʘʣʦ ʩʦʟʜʘʥʠʝ ʠʜʝʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʬʦʪʦʩʠʥʪʝʟʘ ʠ 

ʨʘʟʤʥʦʞʝʥʠʷ ʮʠʘʥʦʙʘʢʪʝʨʠʡ. ʉʦʟʜʘʥʠʝ ʜʘʥʥʳʭ ʫʩʣʦʚʠʡ ʧʦʜʨʘʟʫʤʝʚʘʣʦ ʯʸʪʢʦʝ ʨʘʟʜʝʣʝʥʠʝ 

çʜʝʨʝʚʘè ʥʘ ʦʪʜʝʣʴʥʳʝ ʦʪʩʝʢʠ, ʢʘʞʜʳʡ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʬʫʥʢʮʠʝʡ: çʤʦʟʛ ʜʝʨʝʚʘè, ʘʵʨʦʩʠʩʪʝʤʘ, 

ʩʠʩʪʝʤʘ ʨʝʘʢʪʦʨʘ, ʢʘʥʘʣʳ ʠʥʬʦʨʤʘʮʠʠ.  çʄʦʟʛ ʜʝʨʝʚʘè ʦʪʚʝʯʘʝʪ ʟʘ ʨʝʛʫʣʠʨʦʚʢʫ ʚʩʝʭ ʬʫʥʢʮʠʡ 

ʜʝʨʝʚʘ ʠ ʧʨʠʝʤʘ ʚʥʝʰʥʝʡ ʠʥʬʦʨʤʘʮʠʠ. ɸʵʨʦʩʠʩʪʝʤʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʥʘʩʳʱʝʥʠʷ ʩʨʝʜʳ ʩ 

ʮʠʘʥʦʙʘʢʪʝʨʠʷʤʠ ʚʦʟʜʫʭʦʤ, ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʬʦʪʦʩʠʥʪʝʟʘ. ɸ ʪʘʢʞʝ ʜʣʷ ʫʜʘʣʝʥʠʷ 

ʚʳʜʝʣʠʚʰʝʛʦʩʷ ʢʠʩʣʦʨʦʜʘ ʚʦ ʚʥʝʰʥʶʶ ʩʨʝʜʫ. ʈʝʘʢʪʦʨ ʦʪʚʝʯʘʝʪ ʟʘ ʧʦʜʜʝʨʞʘʥʠʝ ʙʣʘʛʦʧʨʠʷʪʥʳʭ 

ʫʩʣʦʚʠʡ: ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʦʩʚʝʱʝʥʥʦʩʪʴ. ʈʝʘʢʪʦʨ ʨʘʙʦʪʘʝʪ ʚ ʜʚʫʭ ʨʝʞʠʤʘʭ: ʬʦʪʦʩʠʥʪʝʟ ʠ 

ʧʦʜʜʝʨʞʢʘ ʞʠʟʥʠ.  

 

 ʋʧʨʘʚʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʳʤ ʜʝʨʝʚʦʤ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ ʪʝʣʝʬʦʥʘ ʠʣʠ ʜʨʫʛʦʛʦ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ɼʝʨʝʚʦ ʜʦʣʞʥʦ ʠʤʝʪʴ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʴ, ʯʪʦʙʳ ʯʝʣʦʚʝʢ ʤʦʛ ʙʝʟ ʚʩʷʢʠʭ 

ʫʩʠʣʠʡ ʫʧʨʘʚʣʷʪʴ ʚʩʝʡ ʦʙʱʝʡ ʩʠʩʪʝʤʦʡ çʜʝʨʝʚʘè.  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʜʫʢʪʘ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʛʦ ʢʠʩʣʦʨʦʜ ʙʳʣʠ ʚʳʙʨʘʥʳ ʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʠʝ 

ʮʠʘʥʦʙʘʢʪʝʨʠʠ.  

ʀʩʩʣʝʜʫʷ ʚʠʜʳ ʮʠʘʥʦʙʘʢʪʝʨʠʡ, ʤʳ ʧʦʣʴʟʦʚʘʣʠʩʴ ʦʧʠʩʘʥʠʝʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʨʷʜʢʘ ʠ 

ʩʝʤʝʡʩʪʚʘ ʮʠʘʥʦʙʘʢʪʝʨʠʡ Chrooc·ccus Nªgeli. ʅʘ ʨʠʩ.1 ʠʟʦʙʨʘʞʝʥʳ ʮʠʘʥʦʙʘʢʪʝʨʠʠ 

Chroococcus. ɺʠʜʳ Chroococcus ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʨʘʟʥʳʭ ʪʠʧʘʭ ʚʦʜʥʳʭ ʤʝʩʪʦʦʙʠʪʘʥʠʡ ʥʘ ʧʦʯʚʝ. 

ʕʪʠ ʮʠʘʥʦʙʘʢʪʝʨʠʠ ʦʯʝʥʴ ʥʝʧʨʠʭʦʪʣʠʚʳ ʠ ʜʣʷ ʬʦʪʦʩʠʥʪʝʟʘ ʪʨʝʙʫʶʪ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʚʦʜʳ, ʩʚʝʪ 

ʠ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ. ɼʘʥʥʳʝ ʙʘʢʪʝʨʠʠ ʦʯʝʥʴ ʫʜʦʙʥʳ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʪʘʢ ʢʘʢ ʜʣʷ ʠʭ ʧʠʪʘʥʠʷ ʥʝ 

ʪʨʝʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. ʆʥʠ ʧʠʪʘʶʪʩʷ ʦʨʛʘʥʠʢʦʡ, ʥʘʨʘʙʦʪʘʚʰʝʡʩʷ ʠʟ ʫʛʣʝʢʠʩʣʦʛʦ 

ʛʘʟʘ ʜʥʸʤ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʤʳ ʜʦʣʞʥʳ ʧʨʦʚʝʩʪʠ ʜʚʘ ʦʩʥʦʚʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘ: ʦʧʨʝʜʝʣʠʪʴ, 

ʩʢʦʣʴʢʦ ʙʘʢʪʝʨʠʠ ʚʳʜʝʣʷʶʪ ʢʠʩʣʦʨʦʜʘ (% ʥʘ ʦʙʲʸʤ ʚʦʟʜʫʭʘ) ʠ ʧʨʠ ʢʘʢʠʭ ʫʩʣʦʚʠʷʭ ʦʥʠ ʣʫʯʰʝ 

ʚʳʜʝʣʷʶʪ ʢʠʩʣʦʨʦʜ. ʉʝʡʯʘʩ ʫ ʥʘʩ ʩʦʙʠʨʘʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʡ ʛʝʨʤʝʪʠʯʥʳʡ ʨʝʘʢʪʦʨ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʵʪʠʭ ʜʚʫʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʄʳ ʩʦʙʠʨʘʝʤʩʷ ʧʨʦʚʦʜʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʙʘʟʝ 



ʪʝʭʥʦʧʘʨʢʘ çʂʚʘʥʪʦʨʠʫʤè, ʆɻɹʆʋ çʊʌʊʃè ʠ ʠʥʪʝʨʘʢʪʠʚʥʦʤ ʤʫʟʝʝ çʉʢʣʘʜ ʋʤʘè ʊʇʋ. ʄʘʢʝʪ 

ʥʘʰʝʛʦ ʜʝʨʝʚʘ  ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ. 
 

 
 

ʈʠʩ. 1 ʎʠʘʥʦʙʘʢʪʝʨʠʠ Chroococcus 

 
ʃʀʊɽʈɸʊʋʈɸ 

1. ɸʥʠʩʠʤʦʚʘ ʆ. ɺ., ɻʦʣʦʣʦʙʦʚʘ ʄ. ɸ., ʂʨʘʪʢʠʡ ʦʧʨʝʜʝʣʠʪʝʣʴ ʨʦʜʦʚ ʚʦʜʦʨʦʩʣʝʡ. ʋʯʝʙʥʦʝ 

ʧʦʩʦʙʠʝ /ʈʝʜ. ɺ. ʄ. ɻʘʚʨʠʣʦʚ ð ʄ., 2006. ð ʉ.159. 

2. ʄʥʦʛʦʢʣʝʪʦʯʥʦʩʪʴ ʮʠʘʥʦʙʘʢʪʝʨʠʡ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://medbiol.ru/medbiol/microbiol/000932a4.htm. 

3. ʎʠʘʥʦʙʘʢʪʝʨʠʠ: ʤʝʪʘʙʦʣʠʟʤ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://medbiol.ru/medbiol/microbiol/00126627.htm. 

4. ʎʠʘʥʦʙʘʢʪʝʨʠʠ: ʦʙʱʠʝ ʩʚʝʜʝʥʠʷ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://medbiol.ru/medbiol/cyanobact/000237e6.htm 

 

 
ʆɹʅʆɺʃɽʅʀɽ ʉɸʁʊɸ ʃʀʎɽʗ 

ʀ.ɸ. ʂʫʜʨʷʚʮʝʚ, ʫʯʝʥʠʢ 10 ʢʣʘʩʩʘ, ʊ.ʅ. ʄʦʩʫʥʦʚʘ, ʫʯʝʥʠʮʘ 11 ʢʣʘʩʩʘ  

ʀ.ʌ. ɺʷʪʢʠʥʘ, ʧʝʜʘʛʦʛ-ʦʨʛʘʥʠʟʘʪʦʨ ʆɻɹʆʋ çʊʌʊʃè 
 

ʎʝʣʴ ʨʘʙʦʪʳ: ʨʘʟʨʘʙʦʪʘʪʴ ʥʦʚʳʡ ʩʘʡʪ ʜʣʷ ʆɻɹʆʋ çʊʦʤʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʣʠʮʝʡè ʩ 

ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʩʘʡʪʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤʠ ʧʨʝʜʧʦʯʪʝʥʠʷʤʠ ʠ 

ʫʧʨʦʱʝʥʠʷ ʨʘʟʨʘʙʦʪʢʠ. ʀʤʧʦʨʪʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʩʦ ʩʪʘʨʦʛʦ ʩʘʡʪʘ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʜʦʙʘʚʠʪʴ ʥʦʚʫʶ 

ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ: ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʘʡʪʦʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡ ʈʦʩʩʠʠ, ʥʘ 

ʦʩʥʦʚʝ ʵʪʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʨʘʟʜʝʣʳ ʙʫʜʫʱʝʛʦ ʩʘʡʪʘ ʠ ʠʭ ʩʦʜʝʨʞʘʥʠʝ. ɺʳʙʨʘʥ 

ʜʚʠʞʦʢ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʘʡʪʘ WordPress, ʘ ʪʘʢʞʝ ʰʘʙʣʦʥ ʜʣʷ ʜʠʟʘʡʥʘ. ʉʘʡʪ ʙʳʣ ʨʘʟʤʝʱʝʥ ʚ 

ʩʝʪʠ ʠ ʧʦʣʫʯʠʣ ʜʦʤʝʥʥʦʝ ʠʤʷ: http://tftl.tom.ru/temp/. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʦʣʠʯʝʩʪʚʦ ʥʦʚʳʭ ʩʘʡʪʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ. 

ʉʘʡʪʳ ʜʣʷ ʰʢʦʣ ʠ ʣʠʮʝʝʚ ʪʘʢ ʞʝ ʥʘʙʠʨʘʶʪ ʦʩʦʙʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ. ʀʭ ʦʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ï 

ʨʘʩʩʢʘʟʘʪʴ ʯʝʣʦʚʝʢʫ ʦ ʧʨʝʜʩʪʦʷʱʠʭ ʤʝʨʦʧʨʠʷʪʠʷʭ ʠ ʩʣʫʞʠʪʴ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʟʘʜʘʯ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʧʨʦʩʤʦʪʨʘ ʨʘʩʧʠʩʘʥʠʷ ʫʨʦʢʦʚ ʠʣʠ ʫʩʧʝʚʘʝʤʦʩʪʠ.   

ʂʨʦʤʝ ʪʦʛʦ, ʢ ʥʠʤ ʧʨʝʜʲʷʚʣʝʥʳ ʦʩʦʙʳʝ ʪʨʝʙʦʚʘʥʠʷ, ʪʘʢʠʝ ʢʘʢ ñʊʨʝʙʦʚʘʥʠʷʤ ʟʘʢʦʥʘ "ʆʙ 

ʦʙʨʘʟʦʚʘʥʠʠ ʚ ʈʌ" ʢ ʩʘʡʪʘʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡò, ñʊʨʝʙʦʚʘʥʠʷ ʇʦʩʪʘʥʦʚʣʝʥʠʷ 

ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ˉ582 ʢ ʩʘʡʪʘʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡò ʠ ñʊʨʝʙʦʚʘʥʠʷ ʈʦʩʦʙʨʥʘʜʟʦʨʘ 

ˉ785 ʢ ʩʘʡʪʘʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡò.  

ʆʩʦʙʝʥʥʦʩʪʴ ʧʨʦʝʢʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʩʘʡʪ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʩʘʤʠʤʠ ʫʯʝʥʠʢʘʤʠ. 

ʄʳ ʧʨʦʚʝʣʠ ʦʧʨʦʩ ʚ ʣʠʮʝʝ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʪʦʨʦʛʦ, ʙʦʣʴʰʠʥʩʪʚʦ ʦʧʨʦʰʝʥʥʳʭ ʩʯʠʪʘʶʪ 

ʥʝʦʙʭʦʜʠʤʳʤ ʦʙʥʦʚʣʝʥʠʝ ʣʠʮʝʡʩʢʦʛʦ ʩʘʡʪʘ; ʪʘʢʞʝ ʥʝʤʘʣʦʚʘʞʥʳʤ ʬʘʢʪʦʤ ʩʪʘʣʦ ʪʦ, ʯʪʦ ʪʨʝʪʴ 

ʫʯʝʥʠʢʦʚ ʟʘʭʦʜʷʪ ʥʘ ʩʘʡʪ ʣʠʮʝʷ ʣʠʰʴ ʨʘʟ ʚ ʧʦʣʛʦʜʘ. ʕʪʦ ʧʦʜʪʚʝʨʜʠʣʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʦʙʥʦʚʣʝʥʠʷ ʩʘʡʪʘ. 

https://moderation.dnevnik.ru/abuse.aspx?link=http%3A%2F%2Fmedbiol.ru%2Fmedbiol%2Fmicrobiol%2F000932a4.htm&referer=https%3A%2F%2Fmessenger.dnevnik.ru%2Fcompose.aspx%3Fto%3D1000006450019
https://moderation.dnevnik.ru/abuse.aspx?link=http%3A%2F%2Fmedbiol.ru%2Fmedbiol%2Fmicrobiol%2F00126627.htm&referer=https%3A%2F%2Fmessenger.dnevnik.ru%2Fcompose.aspx%3Fto%3D1000006450019
https://moderation.dnevnik.ru/abuse.aspx?link=http%3A%2F%2Fmedbiol.ru%2Fmedbiol%2Fcyanobact%2F000237e6.htm&referer=https%3A%2F%2Fmessenger.dnevnik.ru%2Fcompose.aspx%3Fto%3D1000006450019


ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʥʘʤʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ ʨʘʙʦʪ: 

1. ʧʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʟʘ: 

a. ʚʳʙʦʨ ʨʘʟʜʝʣʦʚ ʠ ʠʭ ʩʦʜʝʨʞʘʥʠʷ; 

b. ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʢʘʨʪʳ ʩʘʡʪʘ; 

2. ʚʳʙʦʨ ʧʣʘʪʬʦʨʤʳ ʠ ʨʘʟʚʝʨʪʳʚʘʥʠʝ ʩʘʡʪʘ ʚ ʩʝʪʠ; 

3. ʚʳʙʦʨ ʜʠʟʘʡʥʘ ʠ ʚʝʨʩʪʢʘ; 

4. ʥʘʧʦʣʥʝʥʠʝ ʢʦʥʪʝʥʪʦʤ; 

5. ʪʝʩʪʠʨʦʚʘʥʠʝ; 

6. ʚʥʝʜʨʝʥʠʝ; 

7. ʤʦʜʝʨʥʠʟʘʮʠʷ. 

ʇʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʟʘ 
ʅʘʤʠ ʙʳʣʠ ʧʨʦʩʤʦʪʨʝʥʳ ʩʘʡʪʳ ʟʘʨʫʙʝʞʥʳʭ ʠ ʨʦʩʩʠʡʩʢʠʭ ʚʫʟʦʚ, ʰʢʦʣ, ʢʦʣʣʝʜʞʝʡ. ɿʘ ʚʩʝʤ 

ʤʥʦʛʦʦʙʨʘʟʠʝʤ ʩʘʡʪʦʚ, ʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʜʣʷ ʰʢʦʣʴʥʠʢʦʚ ʦʢʘʟʘʣʩʷ ʩʘʡʪ ʊʋʉʋʈʘ ʠ ʩʘʡʪ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʩ ʢʦʪʦʨʳʭ ʠ ʙʳʣʦ ʨʝʰʝʥʦ ʙʨʘʪʴ ʧʨʠʤʝʨ. 

ʇʣʘʪʬʦʨʤʘ 
ʇʨʠʯʠʥʦʡ, ʧʦ ʢʦʪʦʨʦʡ ʙʳʣ ʚʳʙʨʘʥ ʜʚʠʞʦʢ WordPress(ʜʚʠʞʦʢ ï ʛʦʪʦʚʦʝ ʨʝʰʝʥʠʝ, 

ʦʙʣʝʛʯʘʶʱʝʝ ʨʘʟʨʘʙʦʪʢʫ ʠ ʧʦʜʜʝʨʞʢʫ ʩʘʡʪʘ), ʷʚʣʷʝʪʩʷ ʙʳʩʪʨʳʡ ʩʪʘʨʪ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʩʪʦʛʦ 

ʦʙʫʯʝʥʠʷ ʠ ʧʝʨʝʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʩʘʡʪʦʤ, ʘ ʪʘʢʞʝ ʧʦʩʪʦʷʥʥʦʝ ʦʙʥʦʚʣʝʥʠʝ ʜʚʠʞʢʘ. 

ɼʠʟʘʡʥ 

 
                    

ʈʠʩʫʥʦʢ 4.1ʉʪʘʨʳʡ ʩʘʡʪ ʊʌʊʃ 
 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʜʠʟʘʡʥʘ ʤʳ ʦʧʠʨʘʣʠʩʴ ʥʘ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʠ ʫʜʦʙʩʪʚʦ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʄʳ ʧʦʩʪʘʨʘʣʠʩʴ ʩʜʝʣʘʪʴ ʩʘʡʪ ʤʘʢʩʠʤʘʣʴʥʦ ʢʨʘʩʠʚʳʤ ʠ 

ʫʜʦʙʥʳʤ (ʨʠʩ. 4.2, 4.3). 

ʅʝʤʘʣʦʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʙʳʣʘ ʧʨʦʩʪʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʩʘʡʪʘ. ʏʘʩʪʴ ʩʨʝʜʩʪʚ 

ʜʣʷ ʵʪʦʛʦ ʧʨʝʜʦʩʪʘʚʣʷʝʪ WordPress, ʘ ʯʘʩʪʴ ʤʳ ʥʘʧʠʩʘʣʠ ʩʘʤʠ  

(ʨʠʩ. 4.4, 4.5). 
  

 
 

ʈʠʩʫʥʦʢ 4.2. çʐʘʧʢʘè ʩʘʡʪʘ ʠ ʛʣʘʚʥʘʷ ʩʪʨʘʥʠʮʘ 
 



 

 

 

 

 

 

 

 
 

ʈʠʩʫʥʦʢ 4.4. ʀʥʩʪʨʫʤʝʥʪ ʩʦʟʜʘʥʠʷ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʟʘʧʠʩʝʡ (ʥʦʚʦʩʪʝʡ). 
 

 
 

ʈʠʩʫʥʦʢ 4.5. ʀʥʩʪʨʫʤʝʥʪ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʩʪʨʘʥʠʮʳ. 
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https://www.ruby-lang.org/ru/about/
https://www.ruby-lang.org/ru/about/
https://www.ruby-lang.org/ru/about/
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ʀɿ ʆʇʓʊɸ ʇʈɸʂʊʀʏɽʉʂʆɻʆ ʇʈʀʄɽʅɽʅʀʗ ʅɽʁʈʆʅʅʓʍ ʉɽʊɽʁ ɺ ʂʆʄʇʔʖʊɽʈʅʆʄ ɿʈɽʅʀʀ 

ɺ.ʅ. ʄʘʨʢʦʚ, 10 ʢʣʘʩʩ 

 

ʆʩʦʙʫʶ ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʣʫʯʘʝʪ ʨʘʟʚʠʪʠʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʚ 

ʧʝʨʝʜʦʚʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʨʘʟʨʘʙʦʪʢʘʭ. ʀʩʢʫʩʩʪʚʝʥʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ - ʵʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ, ʘ ʪʘʢʞʝ ʝʸ ʧʨʦʛʨʘʤʤʥʦʝ ʠʣʠ ʘʧʧʘʨʘʪʥʦʝ ʚʦʧʣʦʱʝʥʠʝ, ʧʦʩʪʨʦʝʥʥʦʝ ʧʦ ʧʨʠʥʮʠʧʫ 

ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ - ʩʝʪʝʡ ʥʝʨʚʥʳʭ ʢʣʝʪʦʢ 

ʞʠʚʦʛʦ ʦʨʛʘʥʠʟʤʘ[1].ʀʩʢʫʩʩʪʚʝʥʥʫʶ ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʧʦʠʩʢʘ ʥʝʦʯʝʚʠʜʥʳʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚ ʙʦʣʴʰʠʭ ʦʙʲʝʤʘʭ ʜʘʥʥʳʭ. ʆʯʝʚʠʜʥʦ, ʧʦʩʪʨʦʝʥʠʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʕʪʦ 

ʫʪʚʝʨʞʜʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʝʢʪʥʦʡ ʨʘʙʦʪʳ. 

ʅʘʩ ʟʘʠʥʪʝʨʝʩʦʚʘʣʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʩʦʟʜʘʪʴ ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ, ʘ ʟʘʪʝʤ ʦʙʫʯʠʪʴ 

ʝʸ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʲʝʢʪ ʠ ʧʨʝʜʤʝʪ ʧʨʦʝʢʪʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ. ɸ ʪʘʢʞʝ ʧʦʩʪʘʚʣʝʥʘ 

ʮʝʣʴ ʨʘʙʦʪʳ: ʧʨʠʤʝʥʠʪʴ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʚ ʢʦʤʧʴʶʪʝʨʥʦʤ ʟʨʝʥʠʠ ʚʦ ʚʩʝʨʦʩʩʠʡʩʢʠʭ 

ʩʦʨʝʚʥʦʚʘʥʠʷʭ ʧʦ ʨʦʙʦʪʦʪʝʭʥʠʢʝ ʚ ʛ. ʂʘʟʘʥʴ ʚ ʠʶʥʝ 2017ʛ. ʚ ʨʝʛʣʘʤʝʥʪʝ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʝ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

¶ ʀʟʫʯʠʪʴ ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ 

¶  ʈʘʩʩʤʦʪʨʝʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʥʘ ʧʨʠʤʝʨʝ ʘʣʛʦʨʠʪʤʘ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ  Generativeadversarialnetwork (GAN) 

¶ ʆʩʚʦʠʪʴ ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ 

¶ ʇʨʝʜʩʪʘʚʠʪʴ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʧʦʜʭʦʜʳ ʠ ʨʝʰʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʙʫʯʠʪʴ 

ʩʦʙʩʪʚʝʥʥʫʶ ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ 

¶  ʆʩʚʝʪʠʪʴ ʚʦʧʨʦʩʳ ʫʩʧʝʰʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪʳ ʩ ʥʝʡʨʦʥʥʳʤʠ ʩʝʪʷʤʠ 

¶ ʂʨʠʪʠʯʝʩʢʠ ʦʮʝʥʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ çʩʪʝʧʝʥʠè ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

¶ ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʦʙʫʯʝʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

ʄʳ ʩʬʦʨʤʫʣʠʨʦʚʘʣʠ ʛʠʧʦʪʝʟʫ ʦ ʪʦʤ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʩʦʟʜʘʪʴ ʪʘʢʫʶ ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ, ʢʦʪʦʨʘʷ 

ʙʫʜʝʪ ʨʘʩʧʦʟʥʘʚʘʪʴ ʜʦʨʦʞʥʳʝ ʟʥʘʢʠ. ʕʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦʧʨʝʜʝʣʠʣʦ ʥʦʚʠʟʥʫ ʠ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʨʦʝʢʪʥʦʡ ʨʘʙʦʪʳ: ʚʳʷʚʣʝʥʳ ʠ ʦʧʨʝʜʝʣʝʥʳ ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʥʝʡʨʦʥʥʳʭ 

ʩʝʪʝʡ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʚʳʧʦʣʥʷʣʘ ʪʦ, ʯʪʦ ʥʘʤ ʥʫʞʥʦ, ʝʸ ʥʝʦʙʭʦʜʠʤʦ ʦʙʫʯʠʪʴ. 

ʅʝʡʨʦʥʥʘʷ ʩʝʪʴ ʩʦʩʪʦʠʪ ʠʟ ʵʣʝʤʝʥʪʘʨʥʳʭ ʝʜʠʥʠʮ - ʥʝʡʨʦʥʦʚ. ɿʘʜʘʯʘ ʥʝʡʨʦʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʧʦʜʩʯʝʪʝ ʩʫʤʤʳ ʚʩʝʭ ʚʭʦʜʷʱʠʭ ʚ ʥʝʛʦ ʟʥʘʯʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʦʪ ʜʨʫʛʠʭ ʥʝʡʨʦʥʦʚ, ʫʤʥʦʞʝʥʥʦʡ 

ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʝʩʘ. ɼʣʷ ʫʜʦʙʩʪʚʘ ʨʘʙʦʪʳ ʥʝʡʨʦʥʳ ʨʘʟʜʝʣʷʶʪ ʧʦ ʩʣʦʷʤ [2]. ʊʘʢ, ʥʝʡʨʦʥʳ 

ʦʜʥʦʛʦ ʩʣʦʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʣʫʯʘʶʪ ʠʥʬʦʨʤʘʮʠʶ ʦʪ ʧʨʝʜʳʜʫʱʝʛʦ ʩʣʦʷ, ʦʙʨʘʙʘʪʳʚʘʶʪ ʝʝ ʠ 

ʦʪʜʘʶʪ ʩʣʝʜʫʶʱʝʤʫ ʩʣʦʶ. ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʧʦʯʪʠ ʣʶʙʫʶ ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʬʫʥʢʮʠʠ. 

https://www.ruby-lang.org/ru/about/
https://www.ruby-lang.org/ru/about/


ʅʝʡʨʦʥʥʘʷ ʩʝʪʴ, ʩ ʢʦʪʦʨʦʡ ʤʳ ʟʘʥʷʣʠ 1-ʦʝ ʤʝʩʪʦ ʥʘ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʩʦʨʝʚʥʦʚʘʥʠʷʭ ʧʦ 

ʨʦʙʦʪʦʪʝʭʥʠʢʝ ʚ ʛ. ʂʘʟʘʥʴ ʚ ʠʶʥʝ 2017ʛ. ʚ ʨʝʛʣʘʤʝʥʪʝ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ 

ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʠʤʝʣʘ ʚʩʝʛʦ 3 ʧʦʣʥʦʩʚʷʟʥʳʭ ʩʣʦʷ, ʦʥʘ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʦʩʥʦʚʝ 

ʦʪʢʨʳʪʦʡ ʧʨʦʛʨʘʤʤʥʦʡ ʙʠʙʣʠʦʪʝʢʠ ʜʣʷ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ TensorFlow.  

ʅʝʡʨʦʥʥʘʷ ʩʝʪʴ, ʩʦʟʜʘʥʥʘʷ ʢ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ, ʠʤʝʝʪ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʩʣʦʞʥʫʶ ʩʪʨʫʢʪʫʨʫ. 

ʅʘʜʝʝʤʩʷ, ʦʥʘ ʧʨʠʥʝʩʝʪ ʥʘʤ ʝʱʝ ʦʜʥʦ ʧʝʨʚʦʝ ʤʝʩʪʦ. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʤʦʡ ʥʝʡʨʦʥʥʦʡ 

ʩʝʪʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 15 ʩʣʦʝʚ, ʠʟ ʢʦʪʦʨʳʭ 

 7 - ʩʚʝʨʪʦʯʥʳʝ ʩʣʦʠ 

 6 - batch ʥʦʨʤʘʣʠʟʘʮʠʷ 

 2 - avgpool 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ ʩʝʪʠ ʥʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʥʠ ʦʜʠʥ ʧʦʣʥʦʩʚʷʟʥʳʡ ʩʣʦʡ. 

ɼʘʥʥʘʷ ʩʝʪʴ ʚ ʨʦʣʠ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʨʠʥʠʤʘʝʪ ʮʚʝʪʥʦʝ (ʪ. ʝ. ʪʨʝʭʢʘʥʘʣʴʥʦʝ) ʠʟʦʙʨʘʞʝʥʠʝ 

ʨʘʟʤʝʨʦʤ 40 x 80 pix ʠ ʚʳʜʘʝʪ ʯʝʨʥʦ-ʙʝʣʫʶ ʢʘʨʪʠʥʢʫ 10 x 20 pix. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʙʫʯʠʪʴ ʩʝʪʴ ʥʫʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʪʦʯʥʳʡ ʢʨʠʪʝʨʠʡ, ʢʦʛʜʘ ʤʳ ʩʯʠʪʘʝʤ ʩʝʪʴ 

ʦʙʫʯʝʥʥʦʡ. ʆʪʚʝʪ ʢʘʞʝʪʩʷ ʦʯʝʚʠʜʥʳʤ: ʢʦʛʜʘ ʦʥʘ ʙʫʜʝʪ ʧʨʘʚʠʣʴʥʦ ʦʧʨʝʜʝʣʷʪʴ ʟʥʘʢʠ. ʅʦ, ʯʪʦ 

ʟʥʘʯʠʪ "ʧʨʘʚʠʣʴʥʦ ʦʧʨʝʜʝʣʷʪʴ ʟʥʘʢʠ"? ʅʝʣʴʟʷ ʞʝ ʧʨʦʩʪʦ ʪʘʢ ʩʢʘʟʘʪʴ ʢʦʤʧʴʶʪʝʨʫ: "ʆʙʫʯʘʡʩʷ ʜʦ 

ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʩʤʦʞʝʰʴ ʧʨʘʚʠʣʴʥʦ ʦʧʨʝʜʝʣʷʪʴ ʟʥʘʢʠè. ɺʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ,  ʢʘʢ  ʫʟʥʘʪʴ, ʢʦʛʜʘ 

ʢʦʤʧʴʶʪʝʨ ʩʤʦʞʝʪ ʧʨʘʚʠʣʴʥʦ ʦʧʨʝʜʝʣʷʪʴ ʠʭ? 

ɺ ʦʙʫʯʝʥʠʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʧʦʤʦʛʘʶʪ ʦʧʪʠʤʠʟʘʪʦʨʳ. ʄʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʧʪʠʤʠʟʘʪʦʨ 

Adam, ʪ. ʢ. ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʥ ʧʨʠʟʥʘʝʪʩʷ ʣʫʯʰʠʤ ʤʥʦʛʠʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ [3].  

ɺ ʢʘʯʝʩʪʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʠʝ ʧʦʣʦʞʝʥʠʷ: 

¶ ʅʘʤʠ ʦʩʚʦʝʥʳ ʥʝʢʦʪʦʨʳʝ ʧʨʠʥʮʠʧʳ ʩʦʟʜʘʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ 

¶ ʉʦʟʜʘʥ ʨʘʙʦʯʠʡ ʧʨʦʪʦʪʠʧ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

ʆʧʨʝʜʝʣʝʥʦ ʜʘʣʴʥʝʡʰʝʝ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʙʦʪʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʰʘ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ 

ʦʙʫʯʝʥʘ ʜʝʣʘʪʴ ʩʣʝʜʫʶʱʝʝ: ʧʦʣʫʯʘʷ ʠʟʦʙʨʘʞʝʥʠʝ ʩ ʢʘʤʝʨʳ, ʨʠʩʦʚʘʪʴ ʯʝʨʥʦ-ʙʝʣʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, 

ʛʜʝ ʙʝʣʳʝ ʧʠʢʩʝʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʥʘʢʫ "ʉʊʆʇ", ʘ ʯʝʨʥʳʝ - ʚʩʝ ʦʩʪʘʣʴʥʦʝ (ʚʢʣʶʯʘʷ ʜʨʫʛʠʝ 

ʟʥʘʢʠ). ʉʯʠʪʘʝʤ, ʜʘʥʥʫʶ ʩʝʪʴ ʦʯʝʥʴ ʩʣʦʞʥʦ ʦʙʤʘʥʫʪʴ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʤʳ 

ʚʳʷʩʥʠʣʠ, ʯʪʦ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʦʯʝʥʴ ʭʦʨʦʰʦ ʦʧʨʝʜʝʣʷʝʪ çʥʘʣʠʯʠʝ ʟʥʘʢʦʚè ʠ ʥʝ ʧʨʠʥʠʤʘʝʪ ʟʘ 

ʟʥʘʢ, ʥʘʧʨʠʤʝʨ, ʢʨʘʩʥʳʡ ʤʷʯʠʢ ʥʘ ʙʝʣʦʤ ʬʦʥʝ, ʭʦʪʷ ʦʥ ʦʯʝʥʴ ʥʘ ʥʝʛʦ ʧʦʭʦʞ. 

ɽʩʪʴ ʧʣʘʥʳ ʫʚʝʣʠʯʠʪʴ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʨʘʙʦʪʳ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. 

ʍʦʪʝʣʦʩʴ ʙʳ ʨʝʘʣʠʟʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʩʝʪʠ ʚ ʤʥʦʛʦʧʦʪʦʯʥʦʤ ʨʝʞʠʤʝ ʥʘ 

ʤʠʢʨʦʢʦʤʧʴʶʪʝʨʝ RaspberryPi. 
ʃʀʊɽʈɸʊʋʈɸ 

1. https://ru.wikipedia.org/wiki/ʀʩʢʫʩʩʪʚʝʥʥʘʷ_ʥʝʡʨʦʥʥʘʷ_ʩʝʪʴ 

2. https://www.osp.ru/os/1997/04/179189 

3. ʗʥ ɻʫʜʬʝʣʣʦʫ, ʀʦʰʫʘ ɹʝʥʜʞʠʦ, ɸʘʨʦʥ ʂʫʨʚʠʣʣʴ, ɻʣʫʙʦʢʦʝ ʦʙʫʯʝʥʠʝ, ʀʟʜʘʪʝʣʴʩʪʚʦ: 

ɼʄʂ ʇʨʝʩʩ, 2017 

https://habrahabr.ru/post/318970/ 

 

 

BRK (Balance Robot Kit) 

ɺ. ɺ. ɸʣʠʥʩʢʠʡ, 9 ʢʣʘʩʩ 

ɸ.ɺ. ʃʠʪʚʠʥʦʚ, ʟʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ çʉʂɹ çʀʤʧʫʣʴʩè ʊʋʉʋʈ 
 

ɺ ʩʣʫʯʘʝ ʩ ʧʣʘʪʬʦʨʤʘʤʠ, ʥʘʧʨʠʤʝʨ, Arduino ʠʣʠ Raspberry Pi ʩʫʱʝʩʪʚʫʝʪ ʦʛʨʦʤʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʫʨʦʢʦʚ, ʢʝʡʩʦʚ, ʧʨʦʝʢʪʦʚ, ʛʦʪʦʚʳʭ ʥʘʙʦʨʦʚ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʳʤ ʥʘʫʯʠʪʩʷ ʨʘʙʦʪʘʪʴ ʩ 

ʵʪʠʤʠ ʧʣʘʪʬʦʨʤʘʤʠ ʠ ʩʦʟʜʘʚʘʪʴ ʥʘ ʠʭ ʦʩʥʦʚʝ ʧʨʦʝʢʪʳ ʙʝʟ ʦʩʦʙʳʭ ʟʘʪʨʫʜʥʝʥʠʡ ʤʦʞʝʪ ʢʘʞʜʳʡ. 

ʅʦ ʥʠʯʝʛʦ ʧʦʜʦʙʥʦʛʦ ʧʦʯʪʠ ʥʝʪ ʚ ʩʣʫʯʘʝ ʩ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘʤʠ (ʄʂ), ʠʟ-ʟʘ ʯʝʛʦ ʧʦʨʦʛ ʚʭʦʜʘ ʚ 

ʪʝʤʫ ʄʂ ʩʣʠʰʢʦʤ ʚʳʩʦʢ. 

ʅʘʰʝ ʨʝʰʝʥʠʝ ï ʵʪʦ ʩʦʟʜʘʪʴ ʥʘʙʦʨ ʜʣʷ ʦʙʫʯʝʥʠʷ ʨʘʙʦʪʝ ʩ ʄʂ: ʣʠʥʝʡʢʘ ʨʦʙʦʪʦʚ ʜʣʷ 

ʦʙʫʯʝʥʠʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ (ʜʣʷ ʰʢʦʣʴʥʠʢʦʚ ʠ ʩʪʫʜʝʥʪʦʚ) + ʫʨʦʢʠ ʠ 

ʜʦʢʫʤʝʥʪʘʮʠʷ. 

https://ru.wikipedia.org/wiki/Искусственная_нейронная_сеть
https://www.osp.ru/os/1997/04/179189
https://habrahabr.ru/post/318970/


ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʜʫʢʪʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʣʠʝʥʪʦʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ, ʩʦʙʣʶʜʘʶʱʠʡ 

ʨʘʚʥʦʚʝʩʠʝ ʤʝʞʜʫ ʨʘʟʨʘʙʦʪʢʦʡ ʧʨʦʜʫʢʪʘ ʠ ʠʟʫʯʝʥʠʝʤ ʧʦʪʨʝʙʥʦʩʪʝʡ ʢʣʠʝʥʪʦʚ. ɹʳʣʠ ʦʧʨʦʰʝʥʳ 

ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʥʘʫʢʠ, ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʙʠʟʥʝʩʘ. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʦʩʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʙʣʝʤʘ, ʟʘ 

ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʡ ʤʳ ʚʟʷʣʠʩʴ, ʦʯʝʥʴ ʘʢʪʫʘʣʴʥʘ.  

ɺʘʞʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʨʦʙʦʪʦʚ - ʥʘ ʙʦʨʪʫ ʝʩʪʴ ʧʨʦʛʨʘʤʤʘʪʦʨ (ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʟʘʧʠʩʠ/ʩʯʠʪʳʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʚʦ ʧʦʩʪʦʷʥʥʦʝ 

ʟʘʧʦʤʠʥʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ - ʚʥʫʪʨʝʥʥʶʶ ʧʘʤʷʪʴ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ) ʠ ʦʪʣʘʜʯʠʢ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʧʠʩʘʪʴ ʩʣʦʞʥʳʡ ʢʦʜ. ʈʦʙʦʪ ʷʚʣʷʝʪʩʷ ʙʘʣʘʥʩʠʨʫʶʱʠʤ, ʪ.ʝ. ʦʥ ʠʤʝʝʪ 2 ʪʦʯʢʠ 

ʦʧʦʨʳ (2 ʢʦʣʝʩʘ) ʠ ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʚʦʸ ʨʘʚʥʦʚʝʩʠʝ. ʕʪʦ ʩʜʝʣʘʥʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʪʫʜʝʥʪʳ ʤʦʛʣʠ 

ʥʝ ʪʦʣʴʢʦ ʥʘʫʯʠʪʩɹʷ ʩʯʠʪʳʚʘʪʴ ʜʘʥʥʳʝ ʩ ʛʠʨʦʩʢʦʧʘ ʠ ʘʢʩʝʣʝʨʦʤʝʪʨʘ, ʥʦ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʠ 

ʜʘʥʥʳʝ ʚ ʨʘʟʥʳʭ ʘʣʛʦʨʠʪʤʘʭ (P-control, PID, ʧʦʩʪʨʦʝʥʠʝ ʢʘʨʪʳ, ʧʦʠʩʢ ʢʨʘʪʯʘʡʰʝʛʦ ʧʫʪʠ ʠ ʪ.ʜ.) 

ʜʣʷ ʜʚʠʞʝʥʠʷ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʙʘʣʘʥʩʘ ʨʦʙʦʪʘ. 

ʆʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ ʧʦʩʪʨʦʝʥʥʘʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʝʸ ʣʝʛʢʦ ʚʥʝʜʨʷʪʴ: 

ʦʥʘ ʨʘʟʙʠʪʘ ʥʘ ʤʦʜʫʣʠ ʠ ʠʟʚʝʩʪʥʦ ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʦʚ ʥʝʦʙʭʦʜʠʤʦʝ ʥʘ ʧʨʦʭʦʞʜʝʥʠʝ ʪʦʛʦ ʠʣʠ 

ʠʥʦʛʦ ʤʦʜʫʣʷ. ɺ ʧʨʦʛʨʘʤʤʝ ʜʘʝʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʥʘ ʧʨʠʤʝʨʘʭ ʠʟ ʨʝʘʣʴʥʦʡ ʞʠʟʥʠ, ʠ 

ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤ ʷʟʳʢʦʤ, ʪʘʢʞʝ ʧʨʠʣʘʛʘʶʪʩʷ ʧʨʠʤʝʨʳ ʢʦʜʘ ʩ ʦʧʠʩʘʥʠʝʤ. ɺ ʢʦʥʮʝ ʢʘʞʜʦʡ ʪʝʤʳ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʨʝʰʠʪʴ ʥʝʩʢʦʣʴʢʦ ʟʘʜʘʥʠʡ ʧʦ ʪʝʤʝ ʜʣʷ ʟʘʢʨʝʧʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ. ɺ 

ʢʦʥʮʝ ʢʘʞʜʦʛʦ ʤʦʜʫʣʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʝʘʣʠʟʦʚʘʪʴ ʧʨʦʝʢʪ ʧʦ ʧʨʦʡʜʝʥʥʦʤʫ ʤʘʪʝʨʠʘʣʫ, ʪʝʤʘ 

ʧʨʦʝʢʪʘ ʠ ʢʨʠʪʝʨʠʠ ʟʘʜʘʥʳ (ʚʦʟʤʦʞʥʳ ʩʦʨʝʚʥʦʚʘʥʠʷ ʤʝʞʜʫ ʢʦʤʘʥʜʘʤʠ).  

ʆʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ ʨʘʟʜʝʣʝʥʘ ʥʘ 2 ʫʨʦʚʥʷ:  

LOW ï ʵʪʦ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʥʘ ʥʸʤ ʩʪʫʜʝʥʪʳ ʧʨʦʭʦʜʷʪ ʨʘʙʦʪʫ ʩ 

ʨʝʛʠʩʪʨʘʤʠ, ʩʪʝʢʘʤʠ, ʠʥʪʝʨʬʝʡʩʘʤʠ, ʧʠʰʫʪ ʩʚʦʠ ʙʠʙʣʠʦʪʝʢʠ ʜʣʷ ʨʘʙʦʪʳ ʩ ʥʠʤʠ. 

HIGH ï ʵʪʦ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʠʤʝʥʝʥʠʝ LOW 

ʫʨʦʚʥʷ ʫʞʝ ʜʣʷ ʥʘʧʠʩʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ, ʥʘʯʠʥʘʷ ʩ PID ʠ ʟʘʢʘʥʯʠʚʘʷ ʘʣʛʦʨʠʪʤʘʤʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʢʦʛʜʘ ʨʦʙʦʪ ʧʦʥʠʤʘʝʪ - ñʷ ʟʜʝʩʴ, ʤʥʝ ʪʫʜʘ, ʫ ʤʝʥʷ ʝʩʪʴ ʪʘʢʦʡ-ʪʦ 

ʟʘʨʷʜ ʵʥʝʨʛʠʠ ʠ ʪʘʢʘʷ-ʪʦ ʢʘʨʪʘ ʤʝʩʪʥʦʩʪʠ, ʟʥʘʯʠʪ ʷ ʧʦʝʜʫ ʪʘʢʠʤ-ʪʦ ʤʘʨʰʨʫʪʦʤò. ʊʘʢʞʝ ʚ ʨʦʙʦʪʝ 

ʧʨʠʩʫʪʩʪʚʫʝʪ Wi-Fi, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʜʢʣʶʯʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʦʱʥʦʩʪʠ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʀʀ. 

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʩʫʨʩʳ: 

¶ ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʣʘʪ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʢʦʤʧʣʝʢʩʥʘʷ ʩʠʩʪʝʤʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ Altium designer. 

¶ ʇʣʘʪʳ ʠʟʛʦʪʘʚʣʠʚʘʝʪ ʢʦʤʧʘʥʠʷ ʆʆʆ çʕʣʝʢʪʨʦʢʦʥʥʝʢʪè. 

¶ ɼʣʷ ʥʘʧʠʩʘʥʠʷ ʢʦʜʘ (ʧʨʠʤʝʨʦʚ ʧʨʦʛʨʘʤʤ) ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʦʛʨʘʤʤʘ  Atmel Studio. 

¶ ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʢʦʨʧʫʩʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʦʛʨʘʤʤʘ SolidWorks. 

¶ ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʨʧʫʩʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 3D ʧʨʠʥʪʝʨ Prusai3. 

ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʧʦʣʥʦʩʪʴʶ ʨʘʟʨʘʙʦʪʘʥʘ ʧʣʘʪʘ MVP ʥʘ ʦʩʥʦʚʝ ʄʂ Atmega16 ʠ ʩʝʡʯʘʩ 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʪʘʜʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ. 
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ʃʀʊɽʈɸʊʋʈɸ 

1. https://www.compel.ru/ 

2. http://radioparty.ru/ 

3. http://www.altium.com/ 

4. https://www.solidworks.com/ 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ɿɸɺʀʉʀʄʆʉʊʀ ɺʈɽʄɽʅʀ ɿɸʉʊʓɺɸʅʀʗ  ʕʇʆʂʉʀɼʅʆʁ ʉʄʆʃʓ ʆʊ 

ʆɹʑɽʁ ʄɸʉʉʓ ʀ ʄɸʉʉʆɺʆʁ ɼʆʃʀ ʆʊɺɽʈɼʀʊɽʃʗ 

ʄ. ɼ. ɸʭʤʝʪʰʠʥ, 9 ʢʣʘʩʩ  

ʄ.ʃ. ʂʦʣʯʝʚ, ʫʯʠʪʝʣʴ ʭʠʤʠʠ ʆɻɹʆʋ çʊʌʊʃè 
 

ʉ 50-ʭ ʛʛ. ʠ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʰʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʫʯʠʣʘ ʵʧʦʢʩʠʜʥʘʷ ʩʤʦʣʘ ʚ 

ʢʘʯʝʩʪʚʝ ʩʚʷʟʫʶʱʝʛʦ, ʬʦʨʤʦʚʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʣʠ ʢʦʤʧʦʟʠʪʘ. ɺʦʧʨʦʩ ʘʢʪʫʘʣʝʥ ʢʘʢ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʪʘʢ ʠ ʚ ʙʳʪʫ [1]. ɺ ʭʦʜʝ ʨʝʰʝʥʠʷ ʧʨʦʝʢʪʥʦʡ ʟʘʜʘʯʠ ʤʳ ʩʪʦʣʢʥʫʣʠʩʴ ʩ 

ʧʨʦʙʣʝʤʦʡ. ɼʘʥʥʳʝ ʦ ʚʨʝʤʝʥʠ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʩʤʦʣʳ ʨʦʟʥʠʣʠʩʴ ʤʝʞʜʫ ʩʦʙʦʡ. ʄʳ ʧʦʧʨʦʙʦʚʘʣʠ 

ʩʜʝʣʘʪʴ ʧʣʘʩʪʠʥʫ, ʥʦ ʦʥʘ ʥʝ ʟʘʩʪʳʣʘ ʟʘ ʜʦʣʛʠʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ. ɻʠʧʦʪʝʟʘ: "ɺʨʝʤʷ 

ʟʘʩʪʳʚʘʥʠʷ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪʚʝʨʜʠʪʝʣʷ". ʇʦʵʪʦʤʫ ʤʳ ʨʝʰʠʣʠ ʧʨʦʚʝʨʠʪʴ 

ʜʘʥʥʳʝ ʩʦʙʩʪʚʝʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʠ ʚʳʷʩʥʠʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʟʘʩʪʳʚʘʥʠʝ ʩʤʦʣʳ. ʄʳ 

ʨʝʰʠʣʠ ʩʜʝʣʘʪʴ ʧʨʦʙʳ ʢʦʤʧʘʫʥʜʘ ʩ ʨʘʟʥʳʤʠ ʤʘʩʩʘʤʠ ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʦʪʚʝʨʜʠʪʝʣʷ (10ʛ, 30ʛ, 50 

ʛ ʠ ʢʦʣʠʯʝʩʪʚʦ ʦʪʚʝʨʜʠʪʝʣʷ 12:100, 18:100,  20:100). ʇʨʦʚʦʜʠʣʦʩʴ 2 ʦʧʳʪʘ,  ʚ ʧʝʨʚʦʤ  ʯʘʩʪʴ 

ʩʤʦʣʳ ʥʘʥʦʩʠʣʘʩʴ ʥʘ ʢʫʩʦʯʝʢ ʪʢʘʥʠ, ʘ ʚʦ ʚʪʦʨʦʤ ʦʩʪʘʚʰʫʶʩʷ ʤʘʩʩʫ ʦʩʪʘʚʣʷʣʠ ʚ ʩʪʘʢʘʥʝ. ɼʣʷ 

ʦʪʚʝʨʞʜʝʥʠʷ ʥʘʰʝʡ ʩʤʦʣʳ ʜʦʣʞʝʥ ʧʦʜʜʝʨʞʠʚʘʪʴʩʷ ʩʪʘʙʠʣʴʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ (20 Áʉ), 

ʫ ʥʘʩ ʙʳʣʘ ʧʦʩʪʦʷʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ 19 Áʉ, ʧʣʶʩ ʤʳ ʝʱʸ ʧʦʜʣʦʞʠʣʠ 

ʪʝʧʣʦʠʟʦʣʠʨʫʶʱʫʶ ʧʦʜʣʦʞʢʫ (ʣʘʤʠʥʘʪ).  

1- ʞʠʜʢʘʷ (ʥʝ ʜʝʨʞʠʪ ʬʦʨʤʫ), 2- ʚʷʟʢʘʷ ʣʠʧʥʝʪ, 3- ʪʚʝʨʜʘʷ ʣʠʧʥʝʪ, 4- ʪʚʝʨʜʘʷ ʥʝ ʣʠʧʥʝʪ. 
 

ʊʘʙʣʠʮʘ 1. 1 ʜʝʥʴ (ʪʢʘʥʴ) 
ʦ

ʪʚʝʨʜ. 

ʤ

ʘʩʩʘ 

1

2 

 

1

8 

 

2

0 

 

1

0ʛ 

1 1 2 

3

0ʛ 

1 1 2 

5

0ʛ 

1 2 2 

https://www.compel.ru/
http://radioparty.ru/
http://www.altium.com/
https://www.solidworks.com/
https://www.wikipedia.org/


 

ʊʘʙʣʠʮʘ 2. 1 ʜʝʥʴ (ʩʪʘʢʘʥ) 
ʦ

ʪʚʝʨʜ. 

ʤ

ʘʩʩʘ 

1

2 

 

1

8 

 

2

0 

 

1

0ʛ 

1 1 1 

3

0ʛ 

1 1 1 

5

0ʛ 

1 1 1 

ʊʘʙʣʠʮʘ 3. 2 ʜʝʥʴ (ʪʢʘʥʴ) 
ʦ

ʪʚʝʨʜ. 

ʤ

ʘʩʩʘ 

1

2 

 

1

8 

 

2

0 

 

1

0ʛ 

2 2 3 

3

0ʛ 

2 2 3 

5

0ʛ 
3 3 3 

 

ʊʘʙʣʠʮʘ 4. 2 ʜʝʥʴ (ʩʪʘʢʘʥ) 
ʦ

ʪʚʝʨʜ. 

ʤ

ʘʩʩʘ 

1

2 

 

1

8 

 

2

0 

 

1

0ʛ 

1 3 3 

3

0ʛ 

1 2 3 

5

0ʛ 

1 2 3 

 

ʊʘʙʣʠʮʘ 5. 5 ʜʝʥʴ (ʪʢʘʥʴ) 
ʦ

ʪʚʝʨʜ. 

ʤ

ʘʩʩʘ 

1

2 

 

1

8 

 

2

0 

 

1

0ʛ 

3 4 3 

3

0ʛ 

3 4 4 

5

0ʛ 

3 4 4 

 

ʊʘʙʣʠʮʘ 6. 5 ʜʝʥʴ (ʩʪʘʢʘʥ) 
ʦ

ʪʚʝʨʜ. 

ʤ

ʘʩʩʘ 

1

2 

 

1

8 

 

2

0 

 

1

0ʛ 

2 4 4 

3

0ʛ 

3 3 4 

5

0ʛ 

3 4 4 

 

 

ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʦʧʨʝʜʝʣʠʣʠ, ʯʪʦ ʩʤʦʣʘ ʧʣʦʭʦ ʪʚʝʨʜʝʝʪ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 12 

ʯʘʩʪʝʡ ʦʪʚʝʨʜʠʪʝʣʷ. ʊʘʢʞʝ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʪʝʥʜʝʥʮʠʶ, ʯʪʦ ʧʨʦʙʳ ʠʟ ʨʘʩʪʚʦʨʦʚ ʩ ʙʦʣʴʰʝʡ 

ʤʘʩʩʦʡ ʪʚʝʨʜʝʶʪ ʙʳʩʪʨʝʝ, ʯʝʤ ʩ ʤʝʥʴʰʝʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʠʛʦʪʦʚʠʪʴ 



ʦʧʪʠʤʘʣʴʥʳʡ ʢʦʤʧʘʫʥʜ ʥʫʞʥʦ ʜʝʣʘʪʴ ʨʘʩʪʚʦʨʳ ʩ ʤʘʩʩʦʡ ʦʪ 50 ʛ ʠ ʜʦʙʘʚʣʷʪʴ ʦʪʚʝʨʜʠʪʝʣʷ ʚ 

ʧʨʝʜʝʣʘʭ 18-20 ʯʘʩʪʝʡ.  

ʀʟ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʤʳ ʚʳʷʚʠʣʠ, ʯʪʦ ʜʣʷ ʟʘʪʚʝʨʜʝʥʠʷ ʩʤʦʣʳ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʥʝ ʪʦʣʴʢʦ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʪʚʝʨʜʠʪʝʣʷ, ʥʦ ʠ ʤʘʩʩʘ ʢʦʤʧʘʫʥʜʘ (ʨʝʘʢʮʠʦʥʥʘʷ ʤʘʩʩʳ). ɼʣʷ ʚʳʷʚʣʝʥʠʷ 

ʟʘʚʠʩʠʤʦʩʪʠ ʪʨʝʙʫʶʪʩʷ ʜʘʣʴʥʝʡʰʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ. 
 

ʃʀʊɽʈɸʊʋʈɸ 

1. ʈʝʩʫʨʩ ʄʦʜʠʬʠʢʘʮʠʷ ʵʧʦʢʩʠʜʥʳʭ ʩʤʦʣ http://chem21.info/info/235018/ 

 
 

ɸɺʊʆʄɸʊʀʏɽʉʂʀʁ ʇʆʃʀɺ ʂʆʄʅɸʊʅʓʍ ʈɸʉʊɽʅʀʁ, ʋʇʈɸɺʃʗɽʄʓʁ ʄʀʂʈʆʇʈʆʎɽʉʉʆʈʆʄ. 

ɸ. ɸ. ɸʛʘʬʦʥʦʚ, 6 ʢʣʘʩʩ 

ʉ. ɺ. ʂʦʩʘʯʝʥʢʦ, ʟʘʤʝʩʪʠʪʝʣʴ ʜʠʨʝʢʪʦʨʘ ʧʦ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʆɻɹʆʋ çʊʌʊʃè. 
 

ɽʞʝʛʦʜʥʦ, ʚ ʧʝʨʠʦʜ ʦʪʧʫʩʢʘ, ʢʦʛʜʘ ʤʥʦʛʠʝ ʩʝʤʴʠ ʫʝʟʞʘʶʪ ʟʘ ʛʦʨʦʜ ʠʣʠ ʥʘ ʢʫʨʦʨʪ, 

ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʧʦʣʠʚʦʤ ʢʦʤʥʘʪʥʳʭ ʨʘʩʪʝʥʠʡ. ʅʘʤ ʧʨʠʭʦʜʠʪʴʩʷ ʧʨʦʩʠʪʴ ʢʦʛʦ-

ʥʠʙʫʜʴ ʠʟ ʟʥʘʢʦʤʳʭ ʧʨʠʭʦʜʠʪʴ ʧʦʣʠʚʘʪʴ ʥʘʰʠ ʮʚʝʪʳ ʠʣʠ ʞʝ ʠʩʢʘʪʴ ʜʣʷ çʟʝʣʸʥʳʭ ʧʠʪʦʤʮʝʚè 

ʚʨʝʤʝʥʥʳʡ ʧʨʠʶʪ ʫ ʩʦʩʝʜʝʡ ʠʣʠ ʨʦʜʩʪʚʝʥʥʠʢʦʚ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʥʝʢʦʪʦʨʦʝ ʥʝʫʜʦʙʩʪʚʦ. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʵʪʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠ ʚʦʟʥʠʢʣʘ ʠʜʝʷ ʵʪʦʛʦ ʧʨʦʝʢʪʘ. 

ʋʧʨʘʚʣʝʥʠʝ ʤʦʝʡ ʤʦʜʝʣʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʦʤ. ʏʪʦ ʞʝ ʪʘʢʦʝ 

ʤʠʢʨʦʧʨʦʮʝʩʩʦʨ ʠ ʢʘʢ ʰʠʨʦʢʦ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ?  

ʄʠʢʨʦʧʨʦʮʝʩʩʦʨʦʤ ʥʘʟʳʚʘʶʪ ʩʧʝʮʠʘʣʴʥʫʶ ʤʠʢʨʦʩʭʝʤʫ. ʆʥʘ ʫʧʨʘʚʣʷʝʪ ʵʣʝʢʪʨʦʥʥʳʤ 

ʫʩʪʨʦʡʩʪʚʦʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʣʦʞʝʥʥʦʡ ʚ ʥʝʸ ʧʨʦʛʨʘʤʤʦʡ. ʄʠʢʨʦʧʨʦʮʝʩʩʦʨ ï ʵʪʦ ʩʝʨʜʮʝ 

ʣʶʙʦʛʦ ʢʦʤʧʴʶʪʝʨʘ. ʅʦ ʥʝ ʪʦʣʴʢʦ. ʊʝ ʞʝ ʪʝʭʥʦʣʦʛʠʠ ʩ ʫʩʧʝʭʦʤ ʧʨʠʤʝʥʷʶʪʩʷ ʠ ʚ ʙʦʣʝʝ ʧʨʦʩʪʳʭ 

ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ. ʄʠʢʨʦʧʨʦʮʝʩʩʦʨ ʥʝʟʘʤʝʪʥʦ ʟʘʚʦʝʚʘʣ ʚʝʩʴ ʤʠʨ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʘ 

ʧʦʤʦʱʴ ʯʝʣʦʚʝʢʫ ʧʨʠʰʣʘ ʮʝʣʘʷ ʘʨʤʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʧʦʤʦʱʥʠʢʦʚ. ʄʳ ʧʨʠʚʳʢʣʠ ʢ ʥʠʤ ʠ ʯʘʩʪʦ 

ʜʘʞʝ ʥʝ ʧʦʜʦʟʨʝʚʘʝʤ, ʯʪʦ ʚʦ ʤʥʦʛʠʭ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ ʨʘʙʦʪʘʝʪ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨ. 

ʄʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʯʝʥʴ ʵʬʬʝʢʪʠʚʥʳ.[1]  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʜʝʡʩʪʚʫʶʱʝʡ ʤʦʜʝʣʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʣʠʚʘ ʢʦʤʥʘʪʥʳʭ 

ʨʘʩʪʝʥʠʡ, ʫʧʨʘʚʣʷʝʤʦʡ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʦʤ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʅʘʡʪʠ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʣʠʪʝʨʘʪʫʨʫ ʠ ʜʨʫʛʠʝ ʠʩʪʦʯʥʠʢʠ; 

2. ʇʨʦʜʫʤʘʪʴ ʬʫʥʢʮʠʠ ʠ ʚʥʝʰʥʠʡ ʚʠʜ ʫʩʪʨʦʡʩʪʚʘ; 

3. ɺʳʙʨʘʪʴ ʧʦʜʭʦʜʷʱʠʡ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʤʦʜʝʣʴʶ, ʘ ʪʘʢʞʝ 

ʧʨʦʛʨʘʤʤʫ ʜʣʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ; 

4. ʉʦʟʜʘʪʴ ʘʣʛʦʨʠʪʤ ʠ ʥʘʧʠʩʘʪʴ ʧʨʦʛʨʘʤʤʫ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ 

ʧʦʣʠʚʦʤ; 

5. ɿʘʛʨʫʟʠʪʴ ʘʣʛʦʨʠʪʤ ʚ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʯʝʨʝʟ ʧʨʦʛʨʘʤʤʫ Arduino, ʠʟʛʦʪʦʚʠʪʴ 

ʧʝʯʘʪʥʫʶ ʧʣʘʪʫ, ʩʦʙʨʘʪʴ ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʪʴ ʫʩʪʨʦʡʩʪʚʦ, ʦʪʣʘʜʠʪʴ ʧʨʦʛʨʘʤʤʫ. 

ɺ ʭʦʜʝ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʦʧʨʝʜʝʣʝʥʥʳʝ ʵʪʘʧʳ: 

- ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʭʝʤʳ ʠ ʚʳʙʦʨ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ATmega328 ʥʘ ʙʘʟʝ ARDUINONANO, 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʢʦʪʦʨʦʛʦ ʚ ʜʦʩʪʘʪʦʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʦʨʪʦʚ ʚʚʦʜʘ-ʚʳʚʦʜʘ,  ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ Bluetoothʤʦʜʫʣʝʤ, Wi-Fi ʤʦʜʫʣʝʤ, ʤʦʪʦʨʘʤʠ, ʜʘʪʯʠʢʘʤʠ ʚʣʘʞʥʦʩʪʠ ʠ 

ʩʚʝʪʦʜʠʦʜʘʤʠ; 

- ʥʘʧʠʩʘʥʠʝ ʢʦʜʘ ʚ ʧʨʦʛʨʘʤʤʝ ʟʘʛʨʫʟʯʠʢʝ ARDUINO ʜʣʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘ; 

- ʩʦʟʜʘʥʠʝ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ ʚ ʧʨʦʛʨʘʤʤʝ Sprint-Layout ʠ ʝʸ ʠʟʛʦʪʦʚʣʝʥʠʝ; 

- ʚʧʘʠʚʘʥʠʝ ʨʘʜʠʦʜʝʪʘʣʝʡ ʚ ʧʝʯʘʪʥʫʶ ʧʣʘʪʫ ʠ ʤʦʥʪʠʨʦʚʘʥʠʝ ʝʸ ʚ ʢʦʨʧʫʩ; 

- ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʤʦʜʝʣʠ ʦʨʦʩʠʪʝʣʷ ʚ ʧʨʦʛʨʘʤʤʝ SolidWorksʠ ʝʛʦ ʨʘʩʧʝʯʘʪʢʘ ʥʘ 3D 

ʧʨʠʥʪʝʨʝ; 

- ʩʦʟʜʘʥʠʝ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʩʤʘʨʪʬʦʥʘ ʥʘ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ Androidʩ ʧʦʤʦʱʴʶ ʩʘʡʪʘ 

MITAppInvertor. 



ɺ ʠʪʦʛʝ ʫ ʤʝʥʷ ʧʦʣʫʯʠʣʦʩʴ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʧʦʣʠʚʘʝʪ ʢʦʤʥʘʪʥʳʝ ʨʘʩʪʝʥʠʷ, 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ. ɽʩʣʠ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʜʘʪʯʠʢʦʤ, ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ ʚ ʛʦʨʰʢʝ 

ʥʠʞʝ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʪʦ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨ ʟʘʧʫʩʢʘʝʪ ʤʦʪʦʨ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʚ ʨʝʟʝʨʚʫʘʨʝ 

ʩ ʚʦʜʦʡ, ʠ ʧʦʜʘʸʪʩʷ ʦʧʨʝʜʝʣʸʥʥʳʡ ʦʙʲʸʤ ʚʦʜʳ ʯʝʨʝʟ ʩʠʣʠʢʦʥʦʚʫʶ ʪʨʫʙʢʫ ʩ ʦʨʦʩʠʪʝʣʝʤ ʚ 

ʛʦʨʰʦʢ ʩ ʨʘʩʪʝʥʠʝʤ. ʇʣʶʩʦʤ ʤʦʝʡ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʩʝʤʠ ʨʘʩʪʝʥʠʡ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʨʦʰʘʪʴʩʷ ʦʜʥʠʤ ʫʩʪʨʦʡʩʪʚʦʤ, ʤʦʞʥʦ ʟʘʜʘʪʴ ʩʚʦʸ ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʥʦ ʙʫʜʝʪ ʧʦʣʠʚʘʪʴʩʷ. 
 

 

1- ʛʦʨʰʦʢ ʩ ʧʦʯʚʦʡ ʠ ʨʘʩʪʝʥʠʝʤ 

2- ʦʨʦʩʠʪʝʣʴ 

3- ʜʘʪʯʠʢ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ 

4- ʩʠʣʠʢʦʥʦʚʘʷ ʪʨʫʙʢʘ 

5- ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʥʘ ʩʝʤʴ ʨʘʩʪʝʥʠʡ 

6- ʥʘʩʦʩ 

7- ʨʝʟʝʨʚʫʘʨ ʩ ʚʦʜʦʡ 

ʈʠʩ. 1 ï ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʤʦʜʝʣʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʣʠʚʘ 
 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʥʘʜ ʧʨʦʝʢʪʦʤ ʷ ʫʟʥʘʣ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ 

ʙʝʟ ʧʨʦʛʨʘʤʤʘʪʦʨʘ, ʠʩʧʦʣʴʟʫʷ ʫʩʪʨʦʡʩʪʚʦ ARDUINO, ʠ ʫʙʝʜʠʣʩʷ, ʯʪʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʦʚ ʚʝʣʠʢʠ. ʅʘ ʠʭ ʙʘʟʝ ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʩʠʩʪʝʤʳ ʣʶʙʦʡ ʩʣʦʞʥʦʩʪʠ, ʪʘʢʠʝ ʢʘʢ 

ʨʦʙʦʪʳ, ʙʝʩʧʠʣʦʪʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ, çʫʤʥʳʝè ʜʦʤʘ ʠ ʪ.ʜ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚʦʨʚʘʣʠʩʴ ʚ ʥʘʰ ʧʦʚʩʝʜʥʝʚʥʳʡ ʙʳʪ, ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʚʳʩʦʢʦʡ 

ʥʘʜʝʞʥʦʩʪʠ, ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʧʨʦʩʪʦʪʝ ʧʨʠʤʝʥʝʥʠʷ. ɺʥʫʪʨʝʥʥʷʷ ʩʣʦʞʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʥʘʩ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ ʜʦʤʘ, ʤʦʞʝʪ ʠʥʦʛʜʘ ʩʨʘʚʥʠʪʩʷ ʩ ʥʘʯʠʥʢʦʡ ʚʦʝʥʥʳʭ 

ʨʘʜʘʨʦʚ ʠ ʢʦʩʤʠʯʝʩʢʠʭ ʢʦʨʘʙʣʝʡ, ʘ ʚʥʝʰʥʷʷ ʧʨʦʩʪʦʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʜʘʞʝ ʣʶʜʷʤ, 

ʜʘʣʝʢʠʤ ʦʪ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʠ ʥʦʚʠʥʢʠ ʪʝʭʥʠʢʠ.[2]  
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ʇʈʆɺʆɼʀʄʆʉʊʔ ʇʃɸɿʄʓ 

ɽ.ʀ. ʆʩʠʧʦʚ, 6 ʢʣʘʩʩ 
 

ʄʝʥʷ ʟʘʠʥʪʝʨʝʩʦʚʘʣʦ ï ʯʪʦ ʪʘʢʦʝ çʧʣʘʟʤʘè. ʗ ʚʳʷʩʥʠʣ, ʯʪʦ ʧʣʘʟʤʘ ï ʵʪʦ ʯʝʪʚʸʨʪʦʝ 

ʩʦʩʪʦʷʥʠʝ ʚʝʱʝʩʪʚʘ. ʇʨʠ ʥʘʛʨʝʚʝ ʛʘʟʘ ʜʦ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʦʥ ʧʝʨʝʭʦʜʠʪ ʚ 

ʧʣʘʟʤʫ[1], ʠ ʦʥʘ ʥʘʟʳʚʘʝʪʩʷ ʯʝʪʚʸʨʪʳʤ (ʧʦʩʣʝ ʪʚʸʨʜʦʛʦ, ʞʠʜʢʦʛʦ ʠ ʛʘʟʦʦʙʨʘʟʥʦʛʦ) ʘʛʨʝʛʘʪʥʳʤ 

ʩʦʩʪʦʷʥʠʝʤ ʚʝʱʝʩʪʚʘ. ʆʜʥʦ ʠʟ ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚ ʧʣʘʟʤʳ ï ʵʪʦ ʝʸ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʧʫʩʢʘʪʴ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ. ʕʪʦ ʥʝʦʙʳʯʥʦʝ ʩʚʦʡʩʪʚʦ, ʧʦʪʦʤʫ ʯʪʦ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʧʣʘʟʤʘ 



ʵʣʝʢʪʨʠʯʝʩʢʠ ʥʝʡʪʨʘʣʴʥʘ. ɸ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ï ʦʥʘ ʩʦʜʝʨʞʠʪ ʟʘʨʷʜʳ. ʄʝʥʷ ʠʥʪʝʨʝʩʦʚʘʣʦ, 

ʤʦʞʥʦ ʣʠ ʥʘʙʣʶʜʘʪʴ ʧʣʘʟʤʫ ʠ ʠʟʫʯʘʪʴ ʝʸ ʩʚʦʡʩʪʚʘ ʚ ʦʙʳʯʥʳʭ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ. 

ʇʣʘʟʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʥʝʟʥʘʢʦʤʦ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʣʶʜʝʡ, ʭʦʪʷ ʚ ʧʨʠʨʦʜʝ ï ʵʪʦ ʩʘʤʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʚʝʱʝʩʪʚʘ ʚ ʢʦʩʤʦʩʝ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚ ʟʚʸʟʜʘʭ, ʘ ʚ 

ʟʚʝʟʜʘʭ ʚʝʱʝʩʪʚʦ ʥʘʭʦʜʠʪʩʷ ʚ ʧʣʘʟʤʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʄʦʞʥʦ ʣʠ ʥʘʙʣʶʜʘʪʴ ʧʣʘʟʤʫ ʥʘ ʟʝʤʣʝ ʚ ʦʙʳʯʥʳʭ ʙʳʪʦʚʳʭ ʫʩʣʦʚʠʷʭ? ʂʘʢ ʦʧʨʝʜʝʣʠʪʴ, ʯʪʦ 

ʵʪʦ ï ʧʣʘʟʤʘ? 

ʇʨʦʙʣʝʤʘ, ʢʦʪʦʨʫʶ ʷ ʭʦʯʫ ʨʝʰʠʪʴ, ʵʪʦ ʦʪʚʝʪ ʥʘ ʚʦʧʨʦʩ: çʄʦʞʥʦ ʣʠ ʥʘʙʣʶʜʘʪʴ ʧʣʘʟʤʫ ʚ 

ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ, ʠ ʯʪʦ ʜʣʷ ʵʪʦʛʦ ʥʫʞʥʦ ʩʜʝʣʘʪʴ?è. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʧʣʘʟʤʫ, ʥʝʦʙʭʦʜʠʤʦ ʩʦʦʙʱʠʪʴ ʵʥʝʨʛʠʶ ʚʝʱʝʩʪʚʫ. ʉʘʤʳʡ ʧʨʦʩʪʦʡ 

ʩʧʦʩʦʙ ʩʦʦʙʱʠʪʴ ʵʥʝʨʛʠʶ ʚʝʱʝʩʪʚʫ ï ʥʘʛʨʝʪʴ ʝʛʦ. ʉʘʤʳʡ ʧʨʦʩʪʦʡ ʩʧʦʩʦʙ ʧʦʣʫʯʠʪʴ ʵʥʝʨʛʠʶ 

ʥʘʛʨʝʚʘ ï ʭʠʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ çʦʢʠʩʣʝʥʠʝè ʠʣʠ (ʧʦ-ʧʨʦʩʪʦʤʫ) çʛʦʨʝʥʠʝ ʚʝʱʝʩʪʚʘè. 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʩʚʦʡʩʪʚʦʤ ʧʣʘʟʤʳ ʷʚʣʷʝʪʩʷ ʝʸ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʧʫʩʢʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʪʦʢ. 

ʊʦʛʜʘ, ʝʩʣʠ ʤʳ ʥʘʛʨʝʝʤ ʛʘʟʦʦʙʨʘʟʥʦʝ ʚʝʱʝʩʪʚʦ ʜʦ ʪʘʢʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʯʪʦ ʦʥʦ ʩʪʘʥʝʪ 

ʧʨʦʧʫʩʢʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, ʪʦ ʤʳ ʤʦʞʝʤ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʤʳ ʦʩʫʱʝʩʪʚʠʣʠ ʧʝʨʝʭʦʜ ʠʟ 

ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʧʣʘʟʤʝʥʥʦʝ. 

ɺ ʢʘʯʝʩʪʚʝ ʛʘʟʘ ʤʳ ʚʦʟʴʤʸʤ ʛʘʟ ʠʟ ʟʘʞʠʛʘʣʢʠ. ʅʘʛʨʝʚ ʛʘʟʘ ï ʝʛʦ ʛʦʨʝʥʠʝ. 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʚʦʟʴʤʸʤ ʜʚʝ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʧʣʘʩʪʠʥʳ. ɺ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʤʝʞʜʫ ʥʠʤʠ ʥʘʧʨʘʚʠʤ ʧʣʘʤʷ ʟʘʞʠʛʘʣʢʠ. ʂ ʧʣʘʩʪʠʥʘʤ ʧʦʜʢʣʶʯʠʤ ʤʫʣʴʪʠʤʝʪʨ ʚ ʨʝʞʠʤʝ 

ʠʟʤʝʨʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

ɽʩʣʠ ʧʨʠ ʧʦʤʝʱʝʥʠʠ ʧʣʘʤʝʥʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ ʤʫʣʴʪʠʤʝʪʨ ʧʦʢʘʞʝʪ 

ʢʘʢʦʝ-ʪʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʟʥʘʯʠʪ, ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ ʩʪʘʣʦ ʧʨʦʚʦʜʷʱʠʤ. ɿʥʘʯʠʪ, 

ʧʣʘʤʷ ʟʘʞʠʛʘʣʢʠ ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ. ɿʥʘʯʠʪ ï ʵʪʦ ʧʣʘʟʤʘ. 

ʇʨʠ ʧʦʤʦʱʠ ʤʫʣʴʪʠʤʝʪʨʘ ʷ ʤʦʛʫ ʠʟʤʝʨʠʪʴ ʟʥʘʯʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʦʤʝʞʫʪʢʘ ʤʝʞʜʫ 

ʧʣʘʩʪʠʥʘʤʠ, ʟʘʧʦʣʥʝʥʥʦʝ ʧʣʘʤʝʥʝʤ. 

ɿʥʘʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʨʦʚʦʜʠʤʦʩʪʴ ʧʣʘʟʤʳ. 

ɿʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʧʣʘʟʤʳ, ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʝʸ ʦʩʥʦʚʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ï ʢʦʥʮʝʥʪʨʘʮʠʶ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʷ ʠʩʧʦʣʴʟʦʚʘʣ ʤʫʣʴʪʠʤʝʪʨ, ʜʚʘ ʙʨʠʪʚʝʥʥʳʭ ʣʝʟʚʠʷ, 

ʟʫʙʦʯʠʩʪʢʠ ʜʣʷ ʠʟʦʣʷʮʠʠ ʧʣʘʩʪʠʥ, ʩʢʨʝʧʢʠ ʜʣʷ ʢʨʝʧʣʝʥʠʷ ʧʨʦʚʦʜʦʚ ʤʫʣʴʪʠʤʝʪʨʘ ʢ ʣʝʟʚʠʷʤ ʠ 

ʟʘʞʠʛʘʣʢʫ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʳ ʚʩʝ ʵʪʠ ʧʨʝʜʤʝʪʳ. 
 

 

 

 

 

 

 

 

 

 
 

ʈʠʩ 1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ 
 

 

 

 

 

 

 

 

 

 
 

ʈʠʩ. 2. ʇʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. 



ɺ ʦʪʩʫʪʩʪʚʠʠ ʧʣʘʤʝʥʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʝʞʜʫ ʣʝʟʚʠʷʤʠ ʤʫʣʴʪʠʤʝʪʨ ʧʦʢʘʟʳʚʘʝʪ ʙʝʩʢʦʥʝʯʥʦ 

ʙʦʣʴʰʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. ʇʨʠ ʚʥʝʩʝʥʠʠ ʧʣʘʤʝʥʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʣʝʟʚʠʷʤʠ 

ʤʫʣʴʪʠʤʝʪʨʧʦʢʘʟʘʣ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 107 ʢʆʤ (ʨʠʩ.2). ɿʥʘʯʠʪ, ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʝʞʜʫ ʣʝʟʚʠʷʤʠ 

ʧʨʦʪʝʢʘʣ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ. ɿʥʘʯʠʪ, ʪʘʤ ʙʳʣʘ ʧʣʘʟʤʘ. ʇʨʦʚʦʜʠʤʦʩʪʴ ï ʵʪʦ ʚʝʣʠʯʠʥʘ ʦʙʨʘʪʥʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘʷ ʩʦʧʨʦʪʠʚʣʝʥʠʶ. ʇʨʦʚʦʜʠʤʦʩʪʴ ʧʣʘʟʤʳ ʧʣʘʤʝʥʠ ʟʘʞʠʛʘʣʢʠ ʧʨʠʤʝʨʥʦ ʨʘʚʥʘ 

10
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 ʆʤ
-1

. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʤʥʝ ʫʜʘʣʦʩʴ ʥʘʙʣʶʜʘʪʴ ʧʣʘʟʤʫ ʚ ʜʦʤʘʰʥʠʭ 

ʫʩʣʦʚʠʷʭ ʠ ʠʟʤʝʨʠʪʴ ʝʝ ʧʨʦʚʦʜʠʤʦʩʪʴ. 
 

ʃʀʊɽʈɸʊʋʈɸ 

1.ʃʘʥʜʩʙʝʨʛɻ.ʉ. ʕʣʝʤʝʥʪʘʨʥʳʡ ʫʯʝʙʥʠʢ ʬʠʟʠʢʠ. ʊʦʤ 2/ ɻ.ʉ. ʃʘʥʜʩʙʝʨʛ. ï ʄ. ʅʘʫʢʘ,1972, - 

529 ʩ. 

 
 

ɺɽʊʈʆɻɽʅɽʈɸʊʆʈ ʂɸʂ ɸʃʔʊɽʈʅɸʊʀɺʅʓʁ ʀʉʊʆʏʅʀʂ ʕʅɽʈɻʀʀ 

ɼ.ʉ. ʊʫʧʠʢʦʚ, 7 ʢʣʘʩʩ 
 

ʇʨʦʙʣʝʤʥʘʷ ʩʠʪʫʘʮʠʷ 

 ʅʘʰʘ ʩʝʤʴʷ ʧʨʦʞʠʚʘʝʪ ʚ ʯʘʩʪʥʦʤ ʜʦʤʝ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʥʘʰʝʛʦ ʫʯʘʩʪʢʘ ʥʘ ʙʦʣʴʰʦʤ 

ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʜʦʤʘ ʥʘʭʦʜʠʪʩʷ ʛʘʨʘʞ. ʊʘʢ ʢʘʢ ʛʘʨʘʞ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʜʢʦ, ʤʘʪʝʨʠʘʣʴʥʦ 

ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʚʦʜʠʪʴ ʪʫʜʘ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʝʪʠ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʦʩʚʝʱʝʥʠʷ. ʇʦʵʪʦʤʫ ʷ 

ʧʦʜʫʤʘʣ: ʤʦʞʥʦ ʣʠ ʠʥʳʤ ʩʧʦʩʦʙʦʤ ʨʝʰʠʪʴ ʚʦʧʨʦʩ ʦʩʚʝʱʝʥʠʷ ʚ ʛʘʨʘʞʝ? ʂʘʢʠʝ ʠʩʪʦʯʥʠʢʠ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʥʘʰʝʡ ʩʠʪʫʘʮʠʠ? ʗ ʜʫʤʘʶ, ʯʪʦ ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʚ 

ʜʦʤʘʰʥʠʭ  ʫʩʣʦʚʠʷʭ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʠʩʪʦʯʥʠʢ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʵʢʦʥʦʤʠʪʴ ʥʘʰʠ 

ʬʠʥʘʥʩʳ. 

ʎʝʣʴ  
ʀʟʛʦʪʦʚʠʪʴ ʚ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʠʩʪʦʯʥʠʢ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʩ ʧʦʤʦʱʴʶ 

ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ ʦʩʚʝʱʘʪʴʩʷ ʛʘʨʘʞ. 

ɿʘʜʘʯʠ 
1. ʋʟʥʘʪʴ ʢʘʢʠʝ ʩʫʱʝʩʪʚʫʶʪ ʚʠʜʳ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

2. ʈʘʟʦʙʨʘʪʴʩʷ ʚ ʧʨʠʥʮʠʧʝ ʠ ʫʩʪʨʦʡʩʪʚʝ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ. 

3. ʀʟʛʦʪʦʚʠʪʴ ʠ ʫʩʪʘʥʦʚʠʪʴ ʤʦʜʝʣʴ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ. 

4.  ʉʜʝʣʘʪʴ ʚʳʚʦʜʳ. 

ɺʠʜʳ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ ï ʵʪʦ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʝ, ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʨʝʩʫʨʩʳ, 

ʧʨʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʢʦʪʦʨʳʭ, ʯʝʣʦʚʝʢ ʧʦʣʫʯʘʝʪ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʠ ʪʝʧʣʦʚʫʶ  ʵʥʝʨʛʠʶ, 

ʠʩʧʦʣʴʟʫʝʤʫʶ ʜʣʷ ʩʚʦʠʭ ʥʫʞʜ. ʂ ʪʘʢʠʤ ʠʩʪʦʯʥʠʢʘʤ ʦʪʥʦʩʷʪʩʷ ʵʥʝʨʛʠʷ ʚʝʪʨʘ ʠ ʩʦʣʥʮʘ, ʚʦʜʳ ʨʝʢ 

ʠ ʤʦʨʝʡ, ʪʝʧʣʦ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʯʝʣʦʚʝʢʫ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʠ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ, 

ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʢʣʘʩʩʠʬʠʮʠʨʫʝʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʧʦʩʦʙʳ ʝʝ 

ʛʝʥʝʨʘʮʠʠ ʠ ʪʠʧʳ ʫʩʪʘʥʦʚʦʢ ʩʣʫʞʘʱʠʭ ʜʣʷ ʵʪʦʛʦ. 

ʊʘʢ ʢʘʢ ʫ ʥʘʩ ʥʝʪ ʧʦ ʙʣʠʟʦʩʪʠ ʚʦʜʳ, ʟʘ ʩʯʝʪ ʢʦʪʦʨʦʡ ʤʳ ʤʦʛʣʠ ʙʳ ʧʦʣʫʯʠʪʴ ʵʥʝʨʛʠʶ, ʪʦ ʷ 

ʨʘʩʩʤʦʪʨʶ ʵʥʝʨʛʠʶ ʚʝʪʨʘ. ʕʪʦ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʝ ʜʣʷ ʥʘʰʝʡ ʤʝʩʪʥʦʩʪʠ ʠʩʪʦʯʥʠʢʠ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʠʠ. 

ʇʨʠʥʮʠʧ ʠ ʫʩʪʨʦʡʩʪʚʦ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ 
ɺ ʫʧʨʦʱʝʥʥʦʤ ʚʠʜʝ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ. ʉʠʣʘ ʚʝʪʨʘ ʧʨʠʚʦʜʠʪ ʚ ʜʚʠʞʝʥʠʝ ʣʦʧʘʩʪʠ, ʢʦʪʦʨʳʝ ʯʝʨʝʟ ʩʧʝʮʠʘʣʴʥʳʡ ʧʨʠʚʦʜ 

ʟʘʩʪʘʚʣʷʶʪ ʚʨʘʱʘʪʴʩʷ ʨʦʪʦʨ. ɹʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʩʪʘʪʦʨʥʦʡ ʦʙʤʦʪʢʠ, ʤʝʭʘʥʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ. ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʠʥʪʦʚ ʧʦʟʚʦʣʷʶʪ ʙʳʩʪʨʦ 

ʢʨʫʪʠʪʴ ʪʫʨʙʠʥʫ ʛʝʥʝʨʘʪʦʨʘ. 

ɼʘʣʴʰʝ ʩʠʣʘ ʚʨʘʱʝʥʠʷ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʵʣʝʢʪʨʠʯʝʩʪʚʦ, ʢʦʪʦʨʦʝ ʘʢʢʫʤʫʣʠʨʫʝʪʩʷ ʚ ʙʘʪʘʨʝʝ. 

ʏʝʤ ʩʠʣʴʥʝʝ ʧʦʪʦʢ ʚʦʟʜʫʭʘ, ʪʝʤ ʙʳʩʪʨʝʝ ʢʨʫʪʷʪʩʷ ʣʦʧʘʩʪʠ, ʧʨʦʠʟʚʦʜʷ ʙʦʣʴʰʝ ʵʥʝʨʛʠʠ. 



ʇʦʩʢʦʣʴʢʫ ʨʘʙʦʪʘ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ ʦʩʥʦʚʘʥʘ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ, ʦʜʥʘ ʩʪʦʨʦʥʘ ʣʦʧʘʩʪʝʡ ʠʤʝʝʪ ʟʘʢʨʫʛʣʝʥʥʫʶ ʬʦʨʤʫ, ʚʪʦʨʘʷ ï ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʨʦʚʥʘʷ. ʂʦʛʜʘ ʚʦʟʜʫʰʥʳʡ ʧʦʪʦʢ ʧʨʦʭʦʜʠʪ ʧʦ ʟʘʢʨʫʛʣʝʥʥʦʡ ʩʪʦʨʦʥʝ, ʩʦʟʜʘʝʪʩʷ ʫʯʘʩʪʦʢ ʚʘʢʫʫʤʘ. 

ʕʪʦ ʟʘʩʘʩʳʚʘʝʪ ʣʦʧʘʩʪʴ, ʫʚʦʜʷ ʝʸ ʚ ʩʪʦʨʦʥʫ. ʇʨʠ ʵʪʦʤ ʩʦʟʜʘʝʪʩʷ ʵʥʝʨʛʠʷ, ʢʦʪʦʨʘʷ ʠ ʟʘʩʪʘʚʣʷʝʪ 

ʨʘʩʢʨʫʯʠʚʘʪʴʩʷ ʣʦʧʘʩʪʠ. 

ʀʟʛʦʪʦʚʣʝʥʠʝ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ 
 ʇʦʧʨʦʙʫʝʤ ʠʟʛʦʪʦʚʠʪʴ ʤʦʜʝʣʴ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ ʠʟ ʠʤʝʶʱʠʭʩʷ ʧʦʜʨʫʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ.  

1. ʇʝʨʚʦʝ, ʯʪʦ ʤʳ ʩʜʝʣʘʣʠ, ʠʟʛʦʪʦʚʠʣʠ ʠʟ ʢʘʨʪʦʥʘ ʰʘʙʣʦʥ ʣʦʧʘʩʪʝʡ. 

2. ʀʟ ʦʩʪʘʪʢʦʚ ʧʣʘʩʪʠʢʦʚʦʡ ʪʨʫʙʳ ʩ ʧʦʤʦʱʴʶ ʣʦʙʟʠʢʘ ʚʳʧʠʣʠʣʠ ʧʦ ʰʘʙʣʦʥʫ ʣʦʧʘʩʪʠ.  

3. ʃʦʧʘʩʪʠ ʧʨʠʢʨʝʧʠʣʠ ʢ ʤʦʪʦʨʯʠʢʫ ʦʪ ʩʪʨʫʡʥʦʛʦ ʧʨʠʥʪʝʨʘ. ʄʦʪʦʨʯʠʢ ʦʪ ʩʪʨʫʡʥʦʛʦ 

ʧʨʠʥʪʝʨʘ ʧʦʟʚʦʣʷʝʪ ʚʳʨʘʙʘʪʳʚʘʪʴ ʧʦʩʪʦʷʥʥʳʡ ʪʦʢ, ʚʨʘʱʘʷ ʝʛʦ ʨʦʪʦʨ. 

4.  ʇʨʠʢʨʝʧʠʣʠ  ʤʦʪʦʨʯʠʢ ʥʘ ʦʩʥʦʚʫ, ʩʜʝʣʘʥʥʫʶ ʠʟ ʜʝʨʝʚʷʥʥʦʛʦ ʙʨʫʩʢʘ. 

5. ʀʟʛʦʪʦʚʠʣʠ  ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʳʡ ʢʦʨʧʫʩ ʜʣʷ ʤʦʪʦʨʯʠʢʘ, ʨʘʟʨʝʟʘʚ ʠ ʥʘʛʨʝʚ ʧʣʘʩʪʠʢʦʚʫʶ 

ʙʫʪʳʣʢʫ.   

6. ɺʳʧʠʣʠʣʠ ʭʚʦʩʪ ʠʟ ʢʫʩʢʘ ʬʘʥʝʨʳ ʜʣʷ ʦʨʠʝʥʪʘʮʠʠ ʙʫʜʫʱʝʛʦ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʚʝʪʨʘ ʠ ʧʨʠʢʨʝʧʠʣʠ ʝʛʦ ʢ ʦʩʥʦʚʝ. 

7. ɺ ʢʘʯʝʩʪʚʝ ʥʘʛʨʫʟʢʠ, ʢ ʤʦʪʦʨʯʠʢʫ ʧʨʠʢʨʝʧʠʣʠ ʩʚʝʪʦʜʠʦʜʳ (14 ʰʪ.) ʦʪ ʬʦʥʘʨʠʢʘ, 

ʩʦʙʣʶʜʘʷ ʧʦʣʷʨʥʦʩʪʴ, ʧʦʤʝʩʪʠʚ ʠʭ ʚ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʳʡ ʢʦʨʧʫʩ. ʆʯʝʥʴ ʚʘʞʥʦ ʟʥʘʪʴ 

ʥʘʧʨʘʚʣʝʥʠʝ ʚʨʘʱʝʥʠʷ ʣʦʧʘʩʪʝʡ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʠʭ ʚʝʪʨʘ, ʧʦʣʷʨʥʦʩʪʴ ʥʘ ʚʳʭʦʜʝ ʤʦʪʦʨʯʠʢʘ 

ʠ ʧʨʘʚʠʣʴʥʦ ʧʦʜʢʣʶʯʠʪʴ ʩʚʝʪʦʜʠʦʜʳ. 

8. ʉʜʝʣʘʣʠ ʦʪʚʝʨʩʪʠʝ ʚ ʦʩʥʦʚʝ, ʩ ʫʯʝʪʦʤ ʙʘʣʘʥʩʠʨʦʚʢʠ ʧʦʣʫʯʠʚʰʝʛʦʩʷ ʠʟʜʝʣʠʷ, ʧʨʠʢʨʝʧʠʣʠ 

ʥʘ ʚʝʨʪʠʢʘʣʴʥʫʶ ʤʘʯʪʫ ʠ ʧʨʠʢʨʝʧʠʣʠ  ʥʘ ʢʨʳʰʫ ʛʘʨʘʞʘ. 

ɺʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʥʘʰʣʠʩʴ ʜʦʤʘ, ʧʨʠʦʙʨʝʪʘʪʴ 

ʥʠʯʝʛʦ ʥʝ ʧʦʪʨʝʙʦʚʘʣʦʩʴ. 

ɼʦʞʜʘʚʰʠʩʴ ʚʝʪʨʝʥʦʛʦ ʜʥʷ, ʤʳ ʫʙʝʜʠʣʠʩʴ, ʯʪʦ ʤʦʜʝʣʴ ʩʦʙʨʘʥʘ ʧʨʘʚʠʣʴʥʦ ʠ ʵʥʝʨʛʠʠ ʚʝʪʨʘ 

ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʨʘʩʢʨʫʪʠʪʴ ʣʦʧʘʩʪʠ ʠ ʟʘʩʪʘʚʠʪʴ ʤʦʪʦʨʯʠʢ ʚʳʨʘʙʘʪʳʚʘʪʴ 

ʵʣʝʢʪʨʠʯʝʩʪʚʦ, ʢʦʪʦʨʦʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʟʚʦʣʷʝʪ ʩʚʝʪʠʪʴʩʷ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʷʨʢʦʩʪʴʶ 14 

ʩʚʝʪʦʜʠʦʜʘʤ. 

ɺʳʚʦʜʳ 
ʆʩʦʙʝʥʥʦʩʪʴ ʚʝʪʨʘ ʢʘʢ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʝʛʦ ʥʝʧʦʩʪʦʷʥʩʪʚʝ ʠʟ-ʟʘ 

ʙʦʣʴʰʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʩʢʦʨʦʩʪʠ, ʘ ʦʪʩʶʜʘ ʠ ʵʥʝʨʛʠʠ, ʚ ʩʠʣʫ ʨʷʜʘ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, 

ʘ ʪʘʢʞʝ ʠʟ-ʟʘ ʚʣʠʷʥʠʷ ʨʝʣʴʝʬʥʳʭ ʫʩʣʦʚʠʡ ʚ ʜʘʥʥʦʡ ʤʝʩʪʥʦʩʪʠ ʩʢʦʨʦʩʪʴ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ 

ʠʟʤʝʥʷʶʪʩʷ ʧʦ ʩʣʫʯʘʡʥʦʤʫ ʟʘʢʦʥʫ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʡ ʥʘʤʠ ʨʘʙʦʪʳ ʤʳ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ 

ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʦʧʨʘʚʜʘʥʦ.  ʉ ʧʦʤʦʱʴʶ ʩʦʟʜʘʥʥʦʡ 

ʥʘʤʠ ʤʠʥʠ-ʤʦʜʝʣʠ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ ʩʤʦʛʣʠ ʜʦʙʠʪʴʩʷ ʪʦʛʦ, ʯʪʦ ʥʘʰ ʛʝʥʝʨʘʪʦʨ ʚʳʨʘʙʘʪʳʚʘʝʪ 

ʥʘʧʨʷʞʝʥʠʝ 1,5-3ɺ ʠ ʪʦʢ 300ʤɸ. ʕʪʠ ʟʥʘʯʝʥʠʷ ʤʘʣʳ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʙʳʪʫ, ʥʦ ʥʝ ʩʪʦʠʪ 

ʟʘʙʳʚʘʪʴ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ ʥʘʰʝʡ ʤʦʜʝʣʠ ʚʦʟʤʦʞʥʦ ʫʚʝʣʠʯʠʪʴ. ɺ ʯʘʩʪʥʦʩʪʠ, ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ 

ʤʦʪʦʨ ʥʘ ʤʝʥʝʝ ʦʙʦʨʦʪʠʩʪʳʡ, ʫʚʝʣʠʯʠʪʴ ʧʣʦʱʘʜʴ ʣʦʧʘʩʪʝʡ, ʠʟʤʝʥʠʪʴ ʤʘʪʝʨʠʘʣ, ʠʟ ʢʦʪʦʨʦʛʦ 

ʩʜʝʣʘʥʳ ʣʦʧʘʩʪʠ, ʫʩʪʘʥʦʚʠʪʴ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨ ʥʘ ʚʳʩʦʢʫʶ ʤʘʯʪʫ, ʯʪʦʙʳ ʧʦʪʦʢ ʚʦʟʜʫʭʘ ʠ ʝʛʦ 

ʩʢʦʨʦʩʪʴ ʙʳʣʠ ʙʦʣʴʰʝ, ʪʝʤ ʩʘʤʳʤ ʫʚʝʣʠʯʠʪʴ ʤʦʱʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʤʦʞʥʦ  

ʫʩʪʘʥʦʚʠʪʴ ʘʢʢʫʤʫʣʷʪʦʨ, ʩʦʙʨʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʩʭʝʤʫ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʦʥ ʙʫʜʝʪ 

ʟʘʨʷʞʘʪʴʩʷ ʚ ʚʝʪʨʷʥʫʶ ʧʦʛʦʜʫ, ʠ ʙʫʜʝʪ ʦʪʜʘʚʘʪʴ ʵʥʝʨʛʠʶ ʚ ʪʦʪ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʤʳ ʚʢʣʶʯʘʝʤ 

ʩʚʝʪ.   

 ʈʘʩʩʤʦʪʨʝʚ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʪʘʙʣʠʮʫ, ʦ ʚʝʪʨʝʥʳʭ ʜʥʷʭ  ʚ ʤʘʨʪʝ 2018 ʛʦʜʘ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʙʫʜʝʪ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ ʧʦʜʨʷʜ (ʥʘʧʨʠʤʝʨ,  ʩ 10 ʧʦ 14 ʤʘʨʪʘ).  
 

ɼʝʥʴ ʤʝʩʷʮʘ ʉʢʦʨʦʩʪʴ ʚʝʪʨʘ ɼʝʥʴ ʤʝʩʷʮʘ ʉʢʦʨʦʩʪʴ ʚʝʪʨʘ 

1 ʤʘʨʪʘ 4 ʤ/ʩ 11 ʤʘʨʪʘ 2 ʤ/ʩ 

2 ʤʘʨʪʘ 5 ʤ/ʩ 12 ʤʘʨʪʘ 2 ʤ/ʩ 



3 ʤʘʨʪʘ 5 ʤ/ʩ 13 ʤʘʨʪʘ 0 ʤ/ʩ 

4 ʤʘʨʪʘ 2 ʤ/ʩ 14 ʤʘʨʪʘ 1 ʤ/ʩ 

5 ʤʘʨʪʘ 1 ʤ/ʩ 15 ʤʘʨʪʘ 6 ʤ/ʩ 

6 ʤʘʨʪʘ 3 ʤ/ʩ 16 ʤʘʨʪʘ 4 ʤ/ʩ 

7 ʤʘʨʪʘ 8 ʤ/ʩ 17 ʤʘʨʪʘ 3 ʤ/ʩ 

8 ʤʘʨʪʘ 8 ʤ/ʩ 18 ʤʘʨʪʘ 4 ʤ/ʩ 

9 ʤʘʨʪʘ 3 ʤ/ʩ 19 ʤʘʨʪʘ 7 ʤ/ʩ 

10 ʤʘʨʪʘ 2 ʤ/ʩ 20 ʤʘʨʪʘ 8 ʤ/ʩ 

  

 ʆʜʠʥ ʠʟ ʚʦʟʤʦʞʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʜʣʷ 

ʟʘʨʷʜʢʠ ʘʢʢʫʤʫʣʷʪʦʨʘ ʚ ʤʘʣʦʚʝʪʨʝʥʳʝ ʜʥʠ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ.  

 ʀʟʫʯʝʥʠʝ ʚʦʧʨʦʩʘ ʩʦʚʤʝʩʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʡ ʙʘʪʘʨʝʠ ʠ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠ ʟʘʨʷʜʢʠ ʘʢʢʫʤʫʣʷʪʦʨʘ ʩʪʦʠʪ ʚ ʜʘʣʴʥʝʡʰʠʭ ʤʦʠʭ ʧʣʘʥʘʭ. 
 

ʃʀʊɽʈɸʊʋʈɸ 

1. ʐʝʬʪʝʨ ʗ.ʀ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʚʝʪʨʘ. 

2. https://alternattiveenergy.com/ 

3. http://electrik.info/main/news/614-alternativnye-istochniki-energii.html 

4. http://recyclemag.ru/article/10-neobychnyh-alternativnyh-istochnikov-energii 

5. https://usamodelkina.ru/green-energy/ 

 
 

ʂɸʂʆɽ ɺʃʀʗʅʀɽ ʆʂɸɿʓɺɸɽʊ ʄʋɿʓʂɸ ʈɸɿʅʓʍ ʉʊʀʃɽʁ ʅɸ ʏɽʃʆɺɽʂɸ ʀ ʇʈʀʈʆɼʋ 

ʄ.ʀ. ʈʫʩʘʥʦʚʘ, 6 ʢʣʘʩʩ 
 

ʎʝʣʴ: ʫʟʥʘʪʴ, ʢʘʢ ʚʣʠʷʝʪ ʤʫʟʳʢʘ ʨʘʟʥʳʭ ʩʪʠʣʝʡ ʥʘ ʯʝʣʦʚʝʢʘ ʠ ʧʨʠʨʦʜʫ. 

ɿʘʜʘʯʠ: 

1) ʅʘʡʪʠ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʣʠʷʥʠʠ ʤʫʟʳʢʠ ʥʘ ʯʝʣʦʚʝʢʘ. 

2) ʋʟʥʘʪʴ ʠʥʪʝʨʝʩʥʳʝ ʬʘʢʪʳ ʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʠʟ ʧʨʘʢʪʠʢʠ ʦ ʚʣʠʷʥʠʠ ʤʫʟʳʢʠ ʥʘ 
ʣʶʜʝʡ. 

3) ʇʨʦʚʝʩʪʠ ʦʧʨʦʩ ʫ ʩʝʤʴʠ/ʜʨʫʟʝʡ/ʦʜʥʦʢʣʘʩʩʥʠʢʦʚ ʢʘʢ ʚʣʠʷʶʪ ʥʘ ʥʘʩʪʨʦʝʥʠʝ 

ʤʫʟʳʢʘʣʴʥʳʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʨʘʟʥʳʭ ʩʪʠʣʝʡ. 

4) ʉʨʘʚʥʠʪʴ ʦʪʚʝʪʳ ʦʧʨʦʰʝʥʥʳʭ ʣʶʜʝʡ. 

5) ʉʜʝʣʘʪʴ ʚʳʚʦʜ ï ʢʘʢʠʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʫʣʫʯʰʘʶʪ ʥʘʩʪʨʦʝʥʠʝ, ʘ ʢʘʢʠʝ ʥʘʦʙʦʨʦʪ 

ʦʢʘʟʳʚʘʶʪ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʠʣʠ ʥʝʡʪʨʘʣʴʥʦʝ ʚʣʠʷʥʠʝ. 

6) ʅʘʡʪʠ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʣʠʷʥʠʠ ʤʫʟʳʢʠ ʥʘ ʧʨʠʨʦʜʫ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʥʘʜ ʜʘʥʥʦʡ ʪʝʤʦʡ ʙʳʣʘ ʥʘʡʜʝʥʘ ʠʥʬʦʨʤʘʮʠʷ 

ʦ ʪʦʤ, ʯʪʦ ʚ ɼʨʝʚʥʝʤ ʤʠʨʝ ʣʶʜʠ ʣʝʯʠʣʠʩʴ ʤʫʟʳʢʦʡ ʦʪ ʨʘʟʥʳʭ ʥʝʜʫʛʦʚ. ʅʘʧʨʠʤʝʨ, ʚ ɼʨʝʚʥʝʤ 

ɽʛʠʧʪʝ ʭʦʨʦʚʳʤ ʧʝʥʠʝʤ ʣʝʯʠʣʠ ʙʝʩʩʦʥʥʠʮʫ ʠ ʩʥʠʤʘʣʠ ʙʦʣʴ. ʇʠʬʘʛʦʨ ʧʨʝʜʣʦʞʠʣ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʤʫʟʳʢʫ ʧʨʦʪʠʚ ʛʥʝʚʘ, ʷʨʦʩʪʠ, ʟʘʙʣʫʞʜʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʷʪʴ ʝʝ ʜʣʷ ʨʘʟʚʠʪʠʷ ʠʥʪʝʣʣʝʢʪʘ. 

ʇʣʘʪʦʥ ʩʯʠʪʘʣ, ʯʪʦ ʤʫʟʳʢʘ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʛʘʨʤʦʥʠʶ ʚʩʝʭ ʧʨʦʮʝʩʩʦʚ ʚ ʦʨʛʘʥʠʟʤʝ ʠ ʚʦ ʚʩʝʡ 

ɺʩʝʣʝʥʥʦʡ. 

ʋʯʝʥʳʡ-ʤʝʜʠʢ ɼʵʚʠʜ ʕʣʢʠʥ ʚʳʷʩʥʠʣ ʠ ʜʦʢʘʟʘʣ, ʯʪʦ ʧʨʦʥʟʠʪʝʣʴʥʘʷ ʛʨʦʤʢʘʷ ʤʫʟʳʢʘ 

ʧʨʦʚʦʮʠʨʫʝʪ ʩʚʦʨʘʯʠʚʘʥʠʝ ʙʝʣʢʘ ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʵʪʦ 

ʜʦʢʘʟʘʪʴ ʦʥ ʥʘ ʦʜʥʦʤ ʠʟ ʨʦʢ-ʢʦʥʮʝʨʪʦʚ ʧʝʨʝʜ ʛʨʦʤʢʦʛʦʚʦʨʠʪʝʣʝʤ ʧʦʣʦʞʠʣ ʩʳʨʦʝ ʷʡʮʦ. ʂ ʢʦʥʮʫ 

ʢʦʥʮʝʨʪʘ, ʯʝʨʝʟ ʪʨʠ ʯʘʩʘ ʷʡʮʦ ʦʢʘʟʘʣʦʩʴ çʩʚʘʨʝʥʥʳʤè ʚʩʤʷʪʢʫ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʝʣʢʠ ʷʡʮʘ 

ʩʚʝʨʥʫʣʠʩʴ. 

ʇʩʠʭʦʣʦʛʠ ʧʨʦʚʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʧʨʠʥʠʤʘʣʠ ʫʯʘʩʪʠʝ 36518 ʯʝʣʦʚʝʢ. ʉʫʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʚʳʷʩʥʠʪʴ ʯʝʨʪʳ ʭʘʨʘʢʪʝʨʘ ʢʘʢʦʛʦ ï ʣʠʙʦ ʯʝʣʦʚʝʢʘ ʩ ʧʦʤʦʱʴʶ ʝʛʦ 

ʤʫʟʳʢʘʣʴʥʳʭ ʧʨʝʜʧʦʯʪʝʥʠʡ. ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʧʨʠʰʣʠ ʢ ʩʣʝʜʫʶʱʠʤ ʚʳʚʦʜʘʤ: 

¶ ʧʦʢʣʦʥʥʠʢʠ ʙʣʶʟʘ ʢʨʝʘʪʠʚʥʳ, ʦʙʱʠʪʝʣʴʥʳ, ʚʝʞʣʠʚʳ ʠ ʚʳʩʦʢʦʤʝʨʥʳ; 

¶ ʧʦʯʠʪʘʪʝʣʠ ʨʵʧʘ ʦʙʱʠʪʝʣʴʥʳ ʠ ʩʣʝʛʢʘ ʵʛʦʠʩʪʠʯʥʳ; 

https://alternattiveenergy.com/
http://electrik.info/main/news/614-alternativnye-istochniki-energii.html
http://recyclemag.ru/article/10-neobychnyh-alternativnyh-istochnikov-energii
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¶ ʩʨʝʜʠ ʣʶʙʠʪʝʣʝʡ ʜʞʘʟʘ ʯʘʱʝ ʚʩʝʛʦ ʚʩʪʨʝʯʘʶʪʩʷ ʪʚʦʨʯʝʩʢʠʝ, ʧʨʠʚʝʪʣʠʚʳʝ ʣʶʜʠ 

ʩ ʟʘʚʳʰʝʥʥʦʡ ʩʘʤʦʦʮʝʥʢʦʡ; 

¶ ʬʘʥʘʪʳ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʫʟʳʢʠ ʦʪʥʦʩʷʪʩʷ ʢ ʠʥʪʨʦʚʝʨʪʥʦʤʫ ʪʠʧʫ ʣʠʯʥʦʩʪʠ, ʥʦ 

ʥʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʠʤʝʶʪ ʚʳʩʦʢʦʝ ʯʫʚʩʪʚʦ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʟʘʫʨʷʜʥʳʝ ʪʚʦʨʯʝʩʢʠʝ 

ʩʧʦʩʦʙʥʦʩʪʠ; 

¶ ʢ ʯʠʩʣʫ ʣʶʙʠʪʝʣʝʡ ʦʧʝʨʳ ʧʨʠʥʘʜʣʝʞʘʪ ʚʝʞʣʠʚʳʝ, ʦʪʢʨʳʪʳʝ, ʪʚʦʨʯʝʩʢʠʝ 

ʣʠʯʥʦʩʪʠ; 

¶ ʣʶʙʠʪʝʣʠ ʨʠʪʤʠʯʥʦʡ ʪʘʥʮʝʚʘʣʴʥʦʡ ʤʫʟʳʢʠ ʦʪʥʦʩʷʪʩʷ ʢ ʵʢʩʪʨʘʚʝʨʪʥʦʤʫ ʪʠʧʫ 

ʣʠʯʥʦʩʪʠ, ʦʙʣʘʜʘʶʪ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʪʚʦʨʯʝʩʢʠʤʠ ʩʧʦʩʦʙʥʦʩʪʷʤʠ, ʥʦ ʥʝ ʦʪʣʠʯʘʶʪʩʷ 

ʭʦʨʦʰʠʤʠ ʤʘʥʝʨʘʤʠ; 

 ʗ ʪʦʞʝ ʧʨʦʚʝʣʘ ʩʚʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʨʝʜʠ ʩʚʦʠʭ ʜʨʫʟʝʡ ʚ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ ʚʂʦʥʪʘʢʪʝ. 

ʎʝʣʴʶ ʦʧʨʦʩʘ ʙʳʣʦ ʚʳʷʩʥʠʪʴ ʢʘʢ ʨʘʟʥʳʝ ʩʪʠʣʠ ʤʫʟʳʢʠ ʚʣʠʷʶʪ ʥʘ ʥʘʩʪʨʦʝʥʠʝ ʣʶʜʝʡ. ɼʨʫʟʴʷʤ 

ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʧʦʩʣʫʰʘʪʴ ʜʚʘ ʧʨʦʠʟʚʝʜʝʥʠʷ ʄʦʮʘʨʪʘ çʄʘʣʝʥʴʢʫʶ ʥʦʯʥʫʶ ʩʝʨʝʥʘʜʫè ʠ 

ʢʦʤʧʦʟʠʮʠʶ ʛʨʫʧʧʳ Rammstein çReinrausè ʠ ʦʪʚʝʪʠʪʴ, ʢʘʢ ʧʨʝʜʣʦʞʝʥʥʳʝ ʤʝʣʦʜʠʠ ʧʦʚʣʠʷʣʠ ʥʘ 

ʠʭ ʥʘʩʪʨʦʝʥʠʝ. ɺ ʦʧʨʦʩʝ ʧʨʠʥʷʣʠ 26 ʯʝʣʦʚʝʢ. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ 

V ʧʨʦʠʟʚʝʜʝʥʠʝ ʄʦʮʘʨʪʘ ʫʣʫʯʰʠʣʦ ʥʘʩʪʨʦʝʥʠʝ 17 ʣʶʜʷʤ, ʘ ʢʦʤʧʦʟʠʮʠʷ Rammstein- 11. 

V ʂʦʤʧʦʟʠʮʠʷ çReinrausè ʫʭʫʜʰʠʣʘ ʥʘʩʪʨʦʝʥʠʝ 11 ʣʶʜʷʤ, ʘ çʄʘʣʝʥʴʢʘʷ ʥʦʯʥʘʷ ʩʝʨʝʥʘʜʘè 

ʦʜʥʦʤʫ ʯʝʣʦʚʝʢʫ. 

ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʢʣʘʩʩʠʯʝʩʢʠʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʣʫʯʰʝ ʚʣʠʷʶʪ ʥʘ ʥʘʩʪʨʦʝʥʠʝ, ʯʝʤ ʨʦʢ ï 

ʢʦʤʧʦʟʠʮʠʠ. 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʦʧʨʦʩʘ ʷ ʧʨʦʜʦʣʞʠʣʘ ʠʟʫʯʘʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʯʸʥʳʭ ʪʘʢ ʢʘʢ ʤʥʝ ʩʪʘʣʦ 

ʠʥʪʝʨʝʩʥʦ ʚʣʠʷʝʪ ʣʠ ʤʫʟʳʢʘ ʥʘ ʞʠʚʦʪʥʳʭ ʠ ʧʨʠʨʦʜʫ. ʂʘʢ ʦʢʘʟʘʣʦʩʴ, ʤʫʟʳʢʘ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ 

ʚʩʸ ʞʠʚʦʝ: ʥʘ ʨʘʩʪʝʥʠʷ, ʥʘ ʞʠʚʦʪʥʳʭ ʠ ʜʘʞʝ ʥʘ ʛʨʠʙʳ. 

ʇʝʨʚʳʤ, ʢʪʦ ʟʘʤʝʪʠʣ ʚʣʠʷʥʠʝ ʤʫʟʳʢʠ ʥʘ ʨʘʩʪʝʥʠʷ, ʦʢʘʟʘʣʩʷ ʠʥʜʠʡʩʢʠʡ ʫʯʸʥʳʡ ʉʠʥʛʭ. ʆʥ 

ʚʤʝʩʪʝ ʩʦ ʩʚʦʠʤʠ ʫʯʝʥʠʢʘʤʠ ʧʨʦʚʸʣ ʵʢʩʧʝʨʠʤʝʥʪ ʥʘʜ ʣʫʢʦʚʠʮʘʤʠ ʨʝʧʯʘʪʦʛʦ ʣʫʢʘ. ʀ ʝʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʯʝʪʢʦ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʘ ʤʫʟʳʢʫ ʰʫʤʦʚ ʚʝʪʨʘ ʠ ʚʦʜʳ ʨʘʩʪʝʥʠʷ ʦʪʟʳʚʘʣʠʩʴ 

ʧʦʣʦʞʠʪʝʣʴʥʦ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ ʪʷʞʝʣʳʡ ʨʦʢ ʨʘʩʪʝʥʠʷ ʦʪʚʝʯʘʣʠ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʦʚ 

ʣʠʩʪʴʝʚ ʠ ʢʦʨʥʝʡ, ʩʥʠʞʝʥʠʝʤ ʚʝʩʘ. 

ɾʠʚʦʪʥʳʝ ʪʦʞʝ ñʩʣʳʰʘʪò ʤʫʟʳʢʫ ʠ ʘʢʪʠʚʥʦ ʨʝʘʛʠʨʫʶʪ ʥʘ ʥʝʝé ʇʦ ï ʨʘʟʥʦʤʫ! 

 

ɺʠʜ ʞʠʚʦʪʥʳʭ ʈʝʘʢʮʠʷ ʥʘ ʢʣʘʩʩʠʯ. 

ʤʫʟʳʢʫ 

ʈʝʘʢʮʠʷ ʥʘ ʨʦʢ - 

ʤʫʟʳʢʫ 

ɸʢʫʣʳ 
ʉʦʙʠʨʘʶʪʩʷ ʚʤʝʩʪʝ ʩʦ ʚʩʝʛʦ 

ʦʢʝʘʥʘ. 

ʅʘʯʠʥʘʶʪ ʥʝʨʚʥʦ 

ʜʚʠʛʘʪʴʩʷ. 

ʎʳʧʣʷʪʘ ʈʘʩʪʫʪ ʙʳʩʪʨʝʝ ʈʘʩʪʫʪ ʤʝʜʣʝʥʥʦ 

ʉʣʦʥʳ 
ʈʘʟʤʘʭʠʚʘʶʪ ʭʦʙʦʪʘʤʠ ï 

ʚʳʨʘʞʘʶʪ ʩʚʦʡ ʚʦʩʪʦʨʛ 

ʋʭʦʜʷʪ ʩ ʪʦʛʦ ʤʝʩʪʘ, ʛʜʝ 

ʟʚʫʯʠʪ ʨʦʢ. 

 

ʊʘʙʣʠʮʘ 1. ɺʣʠʷʥʠʝ ʤʫʟʳʢʠ ʥʘ ʞʠʚʦʪʥʳʭ 

 

ʀʥʪʝʨʝʩʥʦ ʚʦʟʜʝʡʩʪʚʠʝ ʤʫʟʳʢʠ ʥʘ ʦʨʛʘʥʠʟʤʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʮʘʨʩʪʚʫ ʛʨʠʙʦʚ. ʋʯʸʥʳʝ 

ʧʨʦʚʝʣʠ ʵʢʩʧʝʨʠʤʝʥʪ ʠ ʚʢʣʶʯʠʣʠ ʢʣʘʩʩʠʢʫ ʚʦ ʚʨʝʤʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʪʝʩʪʘ ʠ ʨʝʟʫʣʴʪʘʪ ʠʭ 

ʫʜʠʚʠʣ ï ʦʥʦ ʧʦʜʥʷʣʦʩʴ ʚ 10 ʨʘʟ ʙʳʩʪʨʝʝ, ʯʝʤ ʦʙʳʯʥʦ. 

ʅʝʦʙʳʯʥʘ ʠ ʨʝʘʢʮʠʷ ʚʦʜʳ ʥʘ ʤʫʟʳʢʫ. ʆʧʳʪʳ ʷʧʦʥʩʢʦʛʦ ʫʯʝʥʦʛʦ ʕʤʦʪʦʄʘʩʘʨʫ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʨʝʟʫʣʴʪʘʪʦʤ ʚʦʟʜʝʡʩʪʚʠʷ ʜʫʭʦʚʥʦʡ ʠ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʫʟʳʢʠ ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʦʙʳʯʥʦʡ 

ʚʦʜʝ ʩʥʝʞʠʥʦʢ ʧʦʨʘʟʠʪʝʣʴʥʦʡ ʢʨʘʩʦʪʳ. ʅʘʧʨʦʪʠʚ, ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʨʦʢ ʤʫʟʳʢʠ ʚ ʦʙʳʯʥʦʡ ʚʦʜʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʥʝ ʦʙʨʘʟʦʚʳʚʘʣʘʩʴ, ʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʭʦʨʦʰʦ ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʨʘʟʨʫʰʘʣʘʩʴ. ɺʦʜʘ ʢʦʧʠʨʫʝʪ ʵʥʝʨʛʦʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʧʦʣʝ, ʚ ʢʦʪʦʨʦʤ ʦʥʘ ʥʘʭʦʜʠʪʩʷ, 

ʘ ʤʳ ʥʘ 80 % ʩʦʩʪʦʠʤ ʠʟ ʚʦʜʳ. ʇʨʝʜʩʪʘʚʣʷʝʪʝ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ!? 

ɸʥʘʣʠʟ ʨʘʙʦʪʳ. ɺʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʥʘʜ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʷ ʧʨʠʰʣʘ ʢ ʪʘʢʠʤ ʚʳʚʦʜʘʤ: 

ǐ ʂʣʘʩʩʠʯʝʩʢʘʷ ʤʫʟʳʢʘ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʣʶʜʝʡ, ʥʘ ʞʠʚʦʪʥʳʭ, ʥʘ 
ʨʘʩʪʝʥʠʷ, ʥʘ ʛʨʠʙʳ ʠ ʜʘʞʝ ʥʘ ʚʦʜʫ. 



ǐ ʂʣʘʩʩʠʢʘ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʠʟʚʝʜʝʥʠʷ ɺ. ɸ. ʄʦʮʘʨʪʘ ʫʣʫʯʰʘʝʪ ʥʘʩʪʨʦʝʥʠʝ, 
ʨʘʟʚʠʚʘʝʪ ʪʚʦʨʯʝʩʢʠʝ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʯʫʚʩʪʚʦ ʜʦʩʪʦʠʥʩʪʚʘ 

ǐ ʈʦʢ ï ʤʫʟʳʢʘ ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʯʝʣʦʚʝʢʘ ʠ ʧʨʠʨʦʜʫ, ʫʭʫʜʰʘʝʪ ʥʘʩʪʨʦʝʥʠʝ ʠ 
ʪʨʘʚʤʠʨʫʝʪ ʤʦʟʛ. 

ǐ ʈʘʟʥʳʝ ʩʪʠʣʠ ʤʫʟʳʢʠ ʨʘʟʚʠʚʘʶʪ ʚ ʯʝʣʦʚʝʢʝ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ, ʘ 
ʪʘʢʞʝ ʚʣʠʷʶʪ ʥʘ ʝʛʦ ʭʘʨʘʢʪʝʨ. 

 

 
ʇʆʃʗʈʅɸʗ ʉʀʉʊɽʄɸ ʂʆʆʈɼʀʅɸʊ 

ʀ. ʀ. ʉʝʣʝʟʥʝʚ, 6 ʢʣʘʩʩ 

ɽ.ɽ. ʍʫʜʷʰʦʚʘ, ʫʯʠʪʝʣʴ ʤʘʪʝʤʘʪʠʢʠ, ʆɻɹʆʋ çʊʌʊʃè  
 

ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʤʦʞʥʦ ʩʪʦʣʢʥʫʪʴʩʷ ʩ ʨʘʟʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʩʚʷʟʘʥʳ 

ʩ ʪʝʤ, ʯʪʦ ʪʳ ʝʱʸ ʥʝ ʧʨʦʰʸʣ ʪʨʝʙʫʝʤʳʡ ʤʘʪʝʨʠʘʣ ʚ ʰʢʦʣʝ/ʠʥʩʪʠʪʫʪʝ/ʫʥʠʚʝʨʩʠʪʝʪʝ. ʅʦ ʠʥʦʛʜʘ 

ʢʘʢʘʷ-ʪʦ ʥʝʨʝʰʸʥʥʘʷ ʟʘʜʘʯʘ ʥʝ ʜʘʸʪ ʪʝʙʝ ʧʦʢʦʷ. ʀ ʚʳʭʦʜ ʦʩʪʘʸʪʩʷ ʦʜʠʥ ï ʨʘʟʦʙʨʘʪʴʩʷ ʩ ʥʦʚʳʤ 

ʤʘʪʝʨʠʘʣʦʤ, ʧʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʢʣʶʯʝʚʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠ ʩʢʘʟʘʪʴ, ʯʪʦ ʥʝʪ ʥʠʯʝʛʦ ʣʝʛʯʝ, ʯʝʤ 

ʨʝʰʸʥʥʘʷ ʟʘʜʘʯʢʘ. 

ʆʜʥʠ ʠʟ ʟʘʜʘʯ, ʥʘ ʢʦʪʦʨʳʝ ʷ ʥʘʪʢʥʫʣʩʷ, ʟʚʫʯʘʣʠ ʜʦʚʦʣʴʥʦ ʧʦʥʷʪʥʦ, ʞʠʟʥʝʥʥʦ: ʥʫʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʪʦʯʢʫ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʦʢʨʫʞʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʩʤʳʰʣʝʥʘʷ ʢʦʟʘ, ʧʨʠʚʷʟʘʥʥʘʷ ʢ 

ʜʝʨʝʚʫ, ʭʦʯʝʪ ʩʲʝʩʪʴ ʮʚʝʪʦʢ, ʘ ʩʘʜʦʚʥʠʢʫ ʥʫʞʥʦ ʧʦʜʩʪʨʠʯʴ ʮʚʝʪʦʢ ʠʜʝʘʣʴʥʦʡ ʨʦʟʳ. ʆʪʚʝʪʠʪʴ ʥʘ 

ʪʘʢʠʝ ʚʦʧʨʦʩʳ ʷ ʩʥʘʯʘʣʘ ʥʝ ʤʦʛ. ʉʘʤʳʤ ʧʨʦʩʪʳʤ ʩʧʦʩʦʙʦʤ ʢʘʟʘʣʩʷ ʩʧʦʩʦʙ ʟʘʜʘʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ. ʅʦ ʚ ʤʦʸʤ ʘʨʩʝʥʘʣʝ ʠʤʝʣʠʩʴ ʟʥʘʥʠʷ ʪʦʣʴʢʦ ʦ ʜʝʢʘʨʪʦʚʦʡ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʢʦʪʦʨʳʝ ʥʝ ʧʦʤʦʛʘʣʠ ʨʝʰʠʪʴ ʧʦʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ. ʀ ʪʦʛʜʘ ʷ ʚʳʜʚʠʥʫʣ 

ʛʠʧʦʪʝʟʫ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʜʨʫʛʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʩʦʚʝʨʰʝʥʥʦ ʧʦ 

ʠʥʳʤ ʧʨʘʚʠʣʘʤ ʠ ʢʦʪʦʨʘʷ ʦʢʘʞʝʪʩʷ ʧʦʣʝʟʥʦʡ ʧʨʠ ʨʝʰʝʥʠʠ ʤʦʠʭ ʟʘʜʘʯ.  

ʇʨʠʜʫʤʳʚʘʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʨʘʚʠʣʘ ʟʘʜʘʥʠʷ ʥʦʚʳʭ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ ʦʢʘʟʘʣʦʩʴ ʥʝ ʪʘʢ-ʪʦ 

ʧʨʦʩʪʦ. ʀ ʚʩʸ ʢʘʟʘʣʦʩʴ ʦʯʝʥʴ ʧʦʭʦʞʠʤ ʥʘ ʫʞʝ ʠʟʚʝʩʪʥʫʶ ʤʥʝ ʜʝʢʘʨʪʦʚʫ ʩʠʩʪʝʤʫ. ʊʦʛʜʘ, 

ʦʙʨʘʪʠʚʰʠʩʴ ʢ ʩʧʨʘʚʦʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ, ʷ ʦʪʢʨʳʣ ʜʣʷ ʩʝʙʷ ʥʦʚʳʡ ʤʠʨ ï ʧʦʣʷʨʥʫʶ ʩʠʩʪʝʤʫ 

ʢʦʦʨʜʠʥʘʪ, ʚ ʢʦʪʦʨʦʡ ʧʦʣʦʞʝʥʠʝ ʪʦʯʢʠ ʦʧʨʝʜʝʣʷʣʦʩʴ ʫʞʝ ʥʝ ʜʚʫʤʷ ʦʙʳʯʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ï 

x ʠ y. ʇʦʣʷʨʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʜʠʥʠʯʥʳʤ ʢʦʦʨʜʠʥʘʪʥʳʤ ʚʝʢʪʦʨʦʤ ʠ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʫʛʣʦʤ ʤʝʞʜʫ ʵʪʠʤ ʚʝʢʪʦʨʦʤ ʠ ʧʦʣʷʨʥʦʡ ʦʩʴʶ. ɺ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʪʝʤʘ 

ʦʢʘʟʘʣʘʩʴ ʠʥʪʝʨʝʩʥʦʡ ʠ ʚʘʞʥʦʡ ʜʣʷ ʨʝʰʝʥʠʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʟʘʜʘʯ, ʷ ʧʦʩʪʘʚʠʣ ʧʝʨʝʜ ʩʦʙʦʡ 

ʮʝʣʴ ʧʦʜʨʦʙʥʦ ʠʟʫʯʠʪʴ ʤʘʪʝʨʠʘʣ ʠ ʧʦʜʝʣʠʪʴʩʷ ʥʦʚʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʩ ʦʜʥʦʢʣʘʩʩʥʠʢʘʤʠ. 

ʇʨʦʯʠʪʘʚ ʣʠʪʝʨʘʪʫʨʫ ʠ ʧʨʠʩʪʘʣʴʥʦ ʧʦʩʤʦʪʨʝʚ ʚʦʢʨʫʛ, ʷ ʫʟʥʘʣ ʢʦʝ-ʯʪʦ ʦ ʧʦʣʷʨʥʳʭ 

ʢʦʦʨʜʠʥʘʪʘʭ: 

Å ɺʠʥʯʝʩʪʝʨ ʚ ʢʦʤʧʴʶʪʝʨʝ ʫʩʪʨʦʝʥ ʪʘʢ: ʠʥʬʦʨʤʘʮʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʩʢʘ 

ʟʘʧʠʩʳʚʘʝʪʩʷ ʨʘʜʠʘʣʴʥʳʤʠ ʜʦʨʦʞʢʘʤʠ, ʘ ʩʯʠʪʳʚʘʶʱʘʷ/ʟʘʧʠʩʳʚʘʶʱʘʷ ʛʦʣʦʚʢʘ ï 

ʜʚʠʞʝʪʩʷ ʚʧʝʨʝʜ-ʥʘʟʘʜ ʦʪ ʮʝʥʪʨʘ [1]; 

Å ʍʚʦʩʪ ʤʦʝʡ ʩʦʙʘʢʠ ʜʚʠʛʘʝʪʩʷ ʧʦ ʪʨʘʝʢʪʦʨʠʠ ʜʫʛʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʥʦʚʘʥʠʷ 

ʵʪʦʛʦ ʭʚʦʩʪʘ ʚ ʧʦʣʷʨʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ; 

Å ʉʪʨʝʣʢʠ ʯʘʩʦʚ, ʜʚʠʞʫʱʠʭʩʷ ʧʦ ʢʨʫʛʫ ï ʦʪʣʠʯʥʘʷ ʠʣʣʶʩʪʨʘʮʠʷ ʧʦʣʷʨʥʦʡ 

ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ: ʜʣʠʥʘ ʩʪʨʝʣʢʠ ï ʧʝʨʚʘʷ ʢʦʦʨʜʠʥʘʪʘ, ʥʘʧʨʘʚʣʝʥʠʝ ʩʪʨʝʣʢʠ ï 

ʚʪʦʨʘʷ ʢʦʦʨʜʠʥʘʪʘ; 

Å ɸʨʪʠʣʣʝʨʠʩʪʳ ʨʘʩʩʯʠʪʳʚʘʶʪ, ʢʫʜʘ 

ʧʦʧʘʜʝʪ ʩʥʘʨʷʜ, ʧʦʚʦʨʘʯʠʚʘʷ ʩʪʚʦʣ ʚʣʝʚʦ - ʚʧʨʘʚʦ; 

ɺ ʭʦʜʝ ʤʦʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷ ʫʟʥʘʣ ʢʘʢ ʫʩʪʨʦʝʥʘ ʧʦʣʷʨʥʘʷ 

ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ: ʦʥʘ ʦʧʠʩʳʚʘʶʪʩʷ ʜʚʫʤʷ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ï  

ʨʘʜʠʫʩʦʤ r ʠ ʫʛʣʦʤ ű (ʨʠʩ.1). 

ʈʘʜʠʫʩ ï ʵʪʦ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ʜʦ ʟʘʜʘʥʥʦʡ ʪʦʯʢʠ, ʘ 

ʫʛʦʣ ʧʦʚʦʨʦʪʘ ï ʵʪʦ ʥʘ ʩʢʦʣʴʢʦ ʥʫʞʥʦ ʦʪʣʦʞʠʪʴ ʫʛʦʣ ʦʪ 



ʥʫʣʝʚʦʛʦ ʫʛʣʘ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ. ʋʛʦʣ ʠʟʤʝʨʷʝʪʩʷ ʨʘʜʠʘʥʘʤʠ ï ʦʪʥʦʩʠʪʝʣʴʥʦ ʯʠʩʣʘ ˊ. 

ʅʘʧʨʠʤʝʨ, ʫʛʦʣ ˊ/2 ʨʘʜʠʘʥ ï ʫʛʦʣ 90Á, ʘ ˊ/4 ʨʘʜʠʘʥ ï ʫʛʦʣ 45Á. ʊʘʢʞʝ ʜʣʷ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ 

ʧʦʪʨʝʙʫʝʪʩʷ ʟʥʘʪʴ ʥʝʩʢʦʣʴʢʦ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ (ʦʥʠ ʧʦʩʪʦʷʥʥʳ, ʠʭ ʟʥʘʯʝʥʠʷ ʤʦʞʥʦ 

ʧʦʩʤʦʪʨʝʪʴ ʚ ʪʘʙʣʠʮʝ ɹʨʘʜʠʩʘ): 

ʉʠʥʫʩ ï ʵʪʦ ʦʪʥʦʰʝʥʠʝ ʧʨʦʪʠʚʦʣʝʞʘʱʝʛʦ ʢʘʪʝʪʘ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʢ ʝʛʦ 

ʛʠʧʦʪʝʥʫʟʝ.                                                            

                                                                                                                                               ʈʠʩ.1 

ʂʦʩʠʥʫʩ ï ʵʪʦ ʦʪʥʦʰʝʥʠʝ ʧʨʠʣʝʞʘʱʝʛʦ ʢʘʪʝʪʘ 

ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʫ ʢ ʝʛʦ ʛʠʧʦʪʝʥʫʟʝ. 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʩʢʦʣʴʢʦ ʟʘʜʘʯ.  

ɿʘʜʘʯʘ ˉ1. 

ʂʦʟʘ ʧʨʠʚʷʟʘʥʘ ʢ ʜʝʨʝʚʫ. ʎʚʝʪʦʢ ʥʘʭʦʜʠʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

5,5 ʤʝʪʨʦʚ. ʉʤʦʞʝʪ ʣʠ ʦʥʘ ʩʲʝʩʪʴ ʮʚʝʪʦʢ? (ʂʦʟʘ ʤʦʞʝʪ 

ʭʦʜʠʪʴ ʪʦʣʴʢʦ ʧʦ ʪʨʘʝʢʪʦʨʠʠ ʨʘʟʤʘʪʳʚʘʥʠʷ ʚʝʨʝʚʢʠ) 

ʈʝʰʠʪʴ ʟʘʜʘʯʫ ʤʦʞʥʦ, ʥʘʨʠʩʦʚʘʚ ʪʨʘʝʢʪʦʨʠʶ ʜʚʠʞʝʥʠʷ ʢʦʟʳ 

(ʨʠʩ.2).  

ʆʥʘ ʦʧʠʩʳʚʘʝʪʩʷ ʢʘʢ r = ű ʠ ʥʘʟʳʚʘʝʪʩʷ ʩʧʠʨʘʣʴʶ ɸʨʭʠʤʝʜʘ 

[2]. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʪʘʢʦʡ ʢʨʠʚʦʡ ʥʫʞʥʦ ʩʦʩʪʘʚʠʪʴ ʪʘʙʣʠʮʫ 

ʟʥʘʯʝʥʠʡ r ʠ ű (ʧʨʠʯʝʤ ʚ ʨʘʜʠʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʝ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ˊ = 3,141592é, ʘ ʚ ʫʛʣʦʚʦʡ ï 

ʯʪʦ ˊ = 180Á) ʠ ʥʘʨʠʩʦʚʘʪʴ ʧʦ ʪʦʯʢʘʤ. ʎʚʝʪʦʢ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʪʨʘʝʢʪʦʨʠʠ. ʆʪʚʝʪ: ʜʘ, ʩʤʦʞʝʪ. 

ɿʘʜʘʯʘˉ2. 

ʉʘʜʦʚʥʠʢʫ ʥʫʞʥʦ ʧʦʜʩʪʨʠʯʴ ʢʫʩʪ ʨʦʟʳ. ɼʣʠʥʘ ʣʝʧʝʩʪʢʦʚ ʜʦʣʞʥʘ ʥʝ ʧʨʝʚʳʰʘʪʴ 20 ʩʤ (2 

ʜʤ), ʘ ʢʦʣʠʯʝʩʪʚʦ ʣʝʧʝʩʪʢʦʚ ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʚʥʦ 4. ʂʘʢ ʞʝ ʝʤʫ ʵʪʦ ʩʜʝʣʘʪʴ? 

ʅʫʞʥʦ ʥʘʨʠʩʦʚʘʪʴ ʧʦʣʷʨʥʫʶ ʨʦʟʫ: r = n*sin(k*ʬ) [2], ʛʜʝ n ï ʜʣʠʥʘ ʣʝʧʝʩʪʢʦʚ,    

 ʘ k ï ʠʭ ʢʦʣʠʯʝʩʪʚʦ. ʇʨʠ ʵʪʦʤ, ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʙʦʙʱʝʥʥʳʝ ʧʦʣʷʨʥʳʝ ʢʦʦʨʜʠʥʘʪʳ, 

ʛʜʝ r ʤʦʞʝʪ ʙʳʪʴ ʦʪʨʠʮʘʪʝʣʴʥʳʤ (ʯʪʦ ʤʳ ʠ ʜʝʣʘʝʤ) ï ʝʩʣʠ k ʯʝʪʥʦʝ ï ʢʦʣʠʯʝʩʪʚʦ ʣʝʧʝʩʪʢʦʚ 

ʫʜʚʘʠʚʘʝʪʩʷ. ʅʝʪʨʫʜʥʦ ʧʦʜʩʯʠʪʘʪʴ, ʯʪʦ ʧʦʣʷʨʥʘʷ ʨʦʟʘ ʥʘ 4 ʣʝʧʝʩʪʢʘ ʜʣʠʥʦʡ 2 ʢʘʞʜʳʡ ï r = 

2*sin(2*ʬ). 

ʉʪʨʦʠʪʴ ʪʘʢʠʝ ʛʨʘʬʠʢʠ ʦʢʘʟʘʣʦʩʴ ʦʯʝʥʴ ʪʨʫʜʦʸʤʢʦ, ʦʜʥʘʢʦ ʷ ʫʩʧʝʰʥʦ ʩʧʨʘʚʠʣʩʷ ʩ ʟʘʜʘʯʝʡ 

(ʨʠʩ. 3).  

ʀʥʦʛʜʘ ʚ ʮʝʣʷʭ ʵʢʦʥʦʤʠʠ ʚʨʝʤʝʥʠ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʘʡʪʦʤ [3], ʢʦʪʦʨʳʡ ʧʦʤʦʛʘʝʪ 

ʩʪʨʦʠʪʴ ʛʨʘʬʠʢʠ ʚ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ. 

 

 

 

 

 

 

 

 

 

 

                                                               ʈʠʩ3.  


