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ʮʠʦʥʥʦʝ ʥʘʫʯʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘʫʯʥʳʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʜʦʩʪʠʞʝʥʠʡ ʚ ʨʘʟ-

ʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ, ʧʦʜʜʝʨʞʢʘ ʚʳʩʦʢʠʭ ʩʪʘʥʜʘʨʪʦʚ ʧʫʙʣʠʢʘʮʠʡ, ʘ ʪʘʢʞʝ ʘʧʨʦʙʘʮʠʷ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

 

2. ʋʪʚʝʨʜʠʪʴ ʩʦʩʪʘʚ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʢʦʤʠʪʝʪʘ ʠ ʨʝʜʘʢʮʠʦʥʥʦʡ ʢʦʣʣʝʛʠʠ (ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʙʦʨʥʠʢʘ ʧʦ ʠʪʦʛʘʤ ʢʦʥʢʫʨʩʘ) ʚ ʣʠʮʝ: 

 

1) ɸʛʘʨʢʦʚʘ ʃʶʙʦʚʴ ɺʘʩʠʣʴʝʚʥʘ ï ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʧʨʦ-

ʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʌɻɹʆʋ ɺʆ çʉʪʘʚʨʦʧʦʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

2) ɸʥʘʥʯʝʥʢʦ ʀʛʦʨʴ ɺʠʢʪʦʨʦʚʠʯ - ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʜʦʮʝʥʪ ʢʘ-

ʬʝʜʨʳ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʌɻɹʆʋ ɺʆ çʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ)è 

3) ɸʥʪʠʧʦʚ ɸʣʝʢʩʘʥʜʨ ɻʝʥʥʘʜʴʝʚʠʯ ï ʜʦʢʪʦʨ ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

ʛʣʘʚʥʳʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʣʠʪʝʨʘʪʫʨʳ ʠ ʨʫʩʩʢʦʛʦ ʷʟʳʢʘ ʌɻɹʆʋ ɺʆ 

çʂʝʤʝʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʢʫʣʴʪʫʨʳè  

4) ɹʘʙʘʥʦʚʘ ʖʣʠʷ ɺʣʘʜʠʤʠʨʦʚʥʘ ï ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʟʘʚʝʜʫ-

ʶʱʠʡ ʢʘʬʝʜʨʦʡ çʋʧʨʘʚʣʝʥʠʝ ʠʥʥʦʚʘʮʠʷʤʠ ʚ ʙʠʟʥʝʩʝè ɺʳʩʰʝʡ ʰʢʦʣʳ ʵʢʦʥʦʤʠʢʠ ʠ ʫʧʨʘʚ-

ʣʝʥʠʷ ʌɻɸʆʋ ɺʆ çʖʞʥʦ-ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝ-

ʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ)è  

5) ɹʘʛʘʤʘʝʚ ɹʘʛʘʤ ʄʘʥʘʧʦʚʠʯ ï ʜʦʢʪʦʨ ʚʝʪʝʨʠʥʘʨʥʳʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ 

ʪʝʨʘʧʠʠ ʠ ʬʘʨʤʘʢʦʣʦʛʠʠ ʬʘʢʫʣʴʪʝʪʘ ʚʝʪʝʨʠʥʘʨʥʦʡ ʤʝʜʠʮʠʥʳ ʌɻɹʆʋ ɺʆ çʉʪʘʚʨʦʧʦʣʴʩʢʠʡ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ɸʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

6) ɹʘʞʝʥʦʚʘ ʆʣʴʛʘ ʇʨʦʢʦʧʴʝʚʥʘ ï ʜʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʧʨʦ-

ʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʵʢʦʣʦʛʠʠ, ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʠ ʙʠʦʣʦʛʠʠ, ʌɻɹʆʋ ɺʆ çʆʤʩʢʠʡ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

7) ɹʦʷʨʩʢʠʡ ʃʝʦʥʠʜ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ï ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦ-

ʬʝʩʩʦʨ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʟʫʯʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʌɻɹʆʋ ɺʆ çʅʦʚʦ-

ʩʠʙʠʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè  

8) ɹʫʟʥʠ ɸʨʪʝʤʠʡ ʅʠʢʦʣʘʝʚʠʯ ï ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʧʨʦʬʝʩ-

ʩʦʨ ʢʘʬʝʜʨʳ ʄʝʥʝʜʞʤʝʥʪʘ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʌɻɸʆʋ  ɺʆ çʂʨʳʤʩʢʠʡ ʬʝ-

ʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè,  ʀʥʩʪʠʪʫʪ ʵʢʦʥʦʤʠʢʠ ʠ ʫʧʨʘʚʣʝʥʠʷ 

9) ɹʫʨʦʚ ɸʣʝʢʩʘʥʜʨ ʕʜʫʘʨʜʦʚʠʯ ï ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʟʘʚʝʜʫʶ-

ʱʠʡ ʢʘʬʝʜʨʦʡ çʌʠʟʠʯʝʩʢʦʝ ʚʦʩʧʠʪʘʥʠʝè, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ çʊʝʭʥʦʣʦʛʠʷ ʩʧʦʨʪʠʚʥʦʡ ʧʦʜ-

ʛʦʪʦʚʢʠ ʠ ʧʨʠʢʣʘʜʥʦʡ ʤʝʜʠʮʠʥʳ ʌɻɹʆʋ ɺʆ çɸʩʪʨʘʭʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪè 

10) ɺʘʩʠʣʴʝʚ ʉʝʨʛʝʡ ʀʚʘʥʦʚʠʯ - ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʌɻɸʆʋ 

ɺʆ çʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
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11) ɺʣʘʩʦʚʘ ɸʥʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ ï ʜʦʢʪʦʨ ʠʩʪʦʨʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʟʘʚʝʜʫʶʱʝʡ 

ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ ʩʝʢʪʦʨʦʤ ʋʨʘʣʴʩʢʦʛʦ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ (ʬʠ-

ʣʠʘʣ) ʆʋʇ ɺʆ çɸʢʘʜʝʤʠʷ ʪʨʫʜʘ ʠ ʩʦʮʠʘʣʴʥʳʭ ʦʪʥʦʰʝʥʠʡè  

12) ɻʝʪʤʘʥʩʢʘʷ ɽʣʝʥʘ ɺʘʣʝʥʪʠʥʦʚʥʘ ï ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʜʦ-

ʮʝʥʪ ʢʘʬʝʜʨʳ ʤʝʪʦʜʠʢʠ ʧʨʝʧʦʜʘʚʘʥʠʷ ʣʠʪʝʨʘʪʫʨʳ ʌɻɹʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè  

13) ɻʨʠʮʘʡ ʃʶʜʤʠʣʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ ï ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘ-

ʬʝʜʨʳ ʩʦʮʠʘʣʴʥʦ-ʛʫʤʘʥʠʪʘʨʥʳʭ ʜʠʩʮʠʧʣʠʥ ʈʷʟʘʥʩʢʦʛʦ ʬʠʣʠʘʣʘ ʌɻɹʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʢʫʣʴʪʫʨʳè 

14) ɼʘʚʣʝʪʰʠʥ ʈʘʰʠʪ ɸʭʤʝʪʦʚʠʯ ï ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʚʝʜʫ-

ʶʱʠʡ ʢʘʬʝʜʨʦʡ ʛʦʩʧʠʪʘʣʴʥʦʡ ʪʝʨʘʧʠʠ ˉ2, ʌɹɻʆʋ ɺʆ çɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝ-

ʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

15) ʀʚʘʥʦʚʘ ʀʨʠʥʘ ɺʠʢʪʦʨʦʚʥʘ ï ʢʘʥʜ.ʧʩʠʭʦʣ.ʥʘʫʢ, ʜʦʮʝʥʪ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ çʉʦ-

ʮʠʘʣʴʥʦʡ ʘʜʘʧʪʘʮʠʠ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪʳ ʩ ʤʦʣʦʜʝʞʴʶè ʌɻɹʆʋ ɺʆ çʂʘʣʫʞʩʢʠʡ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʂ.ʕ. ʎʠʦʣʢʦʚʩʢʦʛʦè 

16) ʀʛʣʠʥ ɸʣʝʢʩʝʡ ɺʣʘʜʠʤʠʨʦʚʠʯ ï ʢʘʥʜʠʜʘʪ ʶʨʠʜʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʟʘʚʝʜʫʶ-

ʱʠʡ ʢʘʬʝʜʨʦʡ ʪʝʦʨʠʠ ʛʦʩʫʜʘʨʩʪʚʘ ʠ ʧʨʘʚʘ ʋʣʴʷʥʦʚʩʢʦʛʦ ʬʠʣʠʘʣ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ 

ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʛʦʩʩʣʫʞʙʳ ʧʨʠ ʇʨʝʟʠʜʝʥʪʝ ʈʌ  

17) ʀʣʴʠʥ ʉʝʨʛʝʡ ʖʨʴʝʚʠʯ ï ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʜʦʮʝʥʪ, ʅʆʋ 

ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪè  

18) ʀʩʢʘʥʜʘʨʦʚʘ ɻʫʣʴʥʘʨʘ ʈʠʬʦʚʥʘ ï ʜʦʢʪʦʨ ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʧʨʦ-

ʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʠʥʦʩʪʨʘʥʥʳʭ ʠ ʨʫʩʩʢʦʛʦ ʷʟʳʢʦʚ ʌɻʂʆʋ ɺʆ çʋʬʠʤʩʢʠʡ ʶʨʠʜʠʯʝʩʢʠʡ ʠʥ-

ʩʪʠʪʫʪ ʄɺɼ ʈʦʩʩʠʠè  

19) ʂʘʟʜʘʥʷʥ ʉʫʩʘʥʥʘ ʐʘʣʚʦʚʥʘ ï ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʧʩʠʭʦʣʦʛʠʠ ɽʨʝʚʘʥʩʢʦʛʦ ʵʢʦ-

ʥʦʤʠʢʦ-ʶʨʠʜʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʛ. ɽʨʝʚʘʥ, ɸʨʤʝʥʠʷ 

20) ʂʘʯʘʣʦʚʘ ʃʶʜʤʠʣʘ ʇʘʚʣʦʚʥʘ ï ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʌɻɹʆʋ 

ɺʆ çʐʘʜʨʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè  

21) ʂʦʞʘʣʠʝʚʘ ʏʠʥʘʨʘ ɹʘʢʘʝʚʥʘ ï ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʜʦʮʝʥʪ 

ʠʥʩʪʠʪʫʪʘ ʧʩʠʭʦʣʦʛʠ, ʩʦʮʠʦʣʦʛʠʠ ʠ ʩʦʮʠʘʣʴʥʳʭ ʦʪʥʦʰʝʥʠʡ ɻɸʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʛʦʨʦʜ-

ʩʢʦʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè   

22) ʂʦʣʝʩʥʠʢʦʚ ɻʝʥʥʘʜʠʡ ʅʠʢʦʣʘʝʚʠʯ ï ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘ-

ʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʌɻɹʆʋ ɺʆ çʇʝʪʨʦʟʘʚʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè  

23) ʂʦʨʥʝʚ ɺʷʯʝʩʣʘʚ ɺʷʯʝʩʣʘʚʦʚʠʯ ï ʜʦʢʪʦʨ ʬʠʣʦʩʦʬʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʧʨʦʬʝʩʩʦʨ 

ʌɻɹʆʋ ɺʆ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡè 

24) ʂʨʝʤʥʝʚʘ ʊʘʪʴʷʥʘ ʃʝʦʥʠʜʦʚʥʘ  ï ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʧʨʦ-

ʬʝʩʩʦʨ ɻɸʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʛʦʨʦʜʩʢʦʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

25) ʂʨʳʣʦʚʘ ʄʘʨʠʷ ʅʠʢʦʣʘʝʚʥʘ ï ʢʘʥʜʠʜʘʪ ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘ-

ʬʝʜʨʳ ʛʫʤʘʥʠʪʘʨʥʳʭ ʜʠʩʮʠʧʣʠʥ ʠ ʠʥʦʩʪʨʘʥʥʳʭ ʷʟʳʢʦʚ ɸʟʦʚʦ-ʏʝʨʥʦʤʦʨʩʢʦʛʦ ʠʥʞʝʥʝʨʥʦʛʦ 

ʠʥʩʪʠʪʫʪʘ ʌɻɹʆʋ ɺʆ ɼʦʥʩʢʦʡ ɻɸʋ ʚ ʛ. ɿʝʨʥʦʛʨʘʜʝ  

26) ʂʫʥʮ ɽʣʝʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ ï ʜʦʢʪʦʨ ʶʨʠʜʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʚ. ʢʘʬʝʜ-

ʨʦʡ ʫʛʦʣʦʚʥʦʛʦ ʧʨʘʚʘ ʠ ʢʨʠʤʠʥʦʣʦʛʠʠ ʌɻɹʆʋ ɺʆ çʏʝʣʷʙʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨ-

ʩʠʪʝʪè 

27) ʂʫʨʣʝʥʷ ʄʠʭʘʠʣ ɺʣʘʜʠʤʠʨʦʚʠʯ ï ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʛʣʘʚ-

ʥʳʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʌɻɹʋʅ ʀʥʩʪʠʪʫʪ ʛʦʨʥʦʛʦ ʜʝʣʘ ʠʤ. ʅ.ɸ. ʏʠʥʘʢʘʣʘ ʉʠʙʠʨʩʢʦʛʦ ʦʪ-

ʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʀɻɼ ʉʆ ʈɸʅ) 

28) ʄʘʣʢʦʯ ɺʠʪʘʣʠʡ ɸʥʘʪʦʣʴʝʚʠʯ ï ʜʦʢʪʦʨ ʠʩʢʫʩʩʪʚʦʚʝʜʯʝʩʢʠʭ ʥʘʫʢ, ɺʝʜʫʱʠʡ 

ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ɸʢʘʜʝʤʠʷ ʅʘʫʢ ʈʝʩʧʫʙʣʠʢʠ ʄʦʣʜʦʚʘ 

29) ʄʘʣʦʚʘ ʀʨʠʥʘ ɺʠʢʪʦʨʦʚʥʘ ï ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ 

ʢʦʤʤʝʨʮʠʠ, ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʨʠʢʣʘʜʥʦʡ ʠʥʬʦʨʤʘʪʠʢʠ ʌɻɹʆʋ ɺʆ çʈʕʋ ʠʤ. ɻ. ɺ. ʇʣʝʭʘʥʦʚʘè  
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30) ʄʝʩʝʥʷʰʠʥʘ ʃʶʜʤʠʣʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ ï ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩ-

ʩʦʨ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʨʫʩʩʢʦʛʦ ʷʟʳʢʘ ʠ ʣʠʪʝʨʘʪʫʨʳ ʌɻɹʆʋ ɺʆ çʏʝʣʷʙʠʥʩʢʠʡ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

31) ʅʝʢʨʘʩʦʚ ʉʪʘʥʠʩʣʘʚ ʅʠʢʦʣʘʝʚʠʯ ï ʜʦʢʪʦʨ ʬʠʣʦʩʦʬʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʧʨʦ-

ʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʬʠʣʦʩʦʬʠʠ, ʛʣʘʚʥʳʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʌɻɹʆʋ ɺʆ çʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʡʳ ʫʥʠʚʝʨʩʠʪʝʪè 

32) ʅʝʧʦʤʥʷʱʠʡ ʆʣʝʛ ɺʣʘʜʠʤʠʨʦʚʠʯ ï ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʧʨʦ-

ʬʝʩʩʦʨ, ʨʫʢ. ʅʋʃ ʄʇʉ ʀʂʀʊ, ʌɻɸʆʋ ɺʆ çʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

33) ʆʨʦʙʝʮ ɺʣʘʜʠʤʠʨ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ï ʜʦʢʪʦʨ ʚʝʪʝʨʠʥʘʨʥʳʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʚ. 

ʢʘʬʝʜʨʦʡ ʪʝʨʘʧʠʠ ʠ ʬʘʨʤʘʢʦʣʦʛʠʠ ʌɻɹʆʋ ɺʆ çʉʪʘʚʨʦʧʦʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪè  

34) ʇʦʧʦʚʘ ʀʨʠʥʘ ɺʠʪʘʣʴʝʚʥʘ ï ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ɻʆʋ ɺʇʆ 

çɼʦʥʝʮʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʵʢʦʥʦʤʠʢʠ ʠ ʪʦʨʛʦʚʣʠ ʠʤʝʥʠ ʄʠʭʘʠʣʘ ʊʫʛʘʥ-

ɹʘʨʘʥʦʚʩʢʦʛʦè 

35) ʇʳʨʢʦʚ ɺʷʯʝʩʣʘʚ ɽʚʛʝʥʴʝʚʠʯ ï ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ 

ʪʝʦʨʠʠ ʠ ʤʝʪʦʜʠʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʌɻɸʆʋ ɺʆ çʖʞʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠ-

ʚʝʨʩʠʪʝʪè  

36) ʈʫʢʘʚʠʰʥʠʢʦʚ ɺʠʢʪʦʨ ʉʪʝʧʘʥʦʚʠʯ ï ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

ʯʣʝʥ-ʢʦʨʨ. ʈɸʅ, ʜʠʨʝʢʪʦʨ ʌɻɹʅʋ ɺʉʀʄʕʀ, ʟʘʚ. ʢʘʬʝʜʨʦʡ çʆʙʱʝʡ ʛʠʛʠʝʥʳè ʌɻɹʆʋ ɺʆ 

çʀʨʢʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

37) ʉʝʤʝʥʦʚʘ ʃʠʜʠʷ ʕʜʫʘʨʜʦʚʥʘ ï ʜʦʢʪʦʨ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʧʨʦʬʝʩ-

ʩʦʨ ʢʘʬʝʜʨʳ ʢʣʘʩʩʠʯʝʩʢʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʩʠʭʦʣʦʛʠʠ ʅʠʞʝʛʦʨʦʜʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʂʦʟʴʤʳ ʄʠʥʠʥʘ (ʄʠʥʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ)  

38) ʋʜʫʪ ɺʣʘʜʠʤʠʨ ɺʘʩʠʣʴʝʚʠʯ ï ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʯʣʝʥ-

ʢʦʨʨʝʩʧʦʥʜʝʥʪ ʈɸʅ, ʟʘʤʝʩʪʠʪʝʣʴ ʜʠʨʝʢʪʦʨʘ ʧʦ ʥʘʫʯʥʦʡ ʠ ʣʝʯʝʙʥʦʡ ʨʘʙʦʪʝ, ʟʘʚʝʜʫʶʱʠʡ ʣʘ-

ʙʦʨʘʪʦʨʠʝʡ ʬʠʟʠʦʣʦʛʠʠ, ʤʦʣʝʢʫʣʷʨʥʦʡ ʠ ʢʣʠʥʠʯʝʩʢʦʡ ʬʘʨʤʘʢʦʣʦʛʠʠ ʅʀʀʌʠʈʄ ʠʤ. ɽ.ɼ. 

ɻʦʣʴʜʙʝʨʛʘ ʊʦʤʩʢʦʛʦ ʅʀʄʎ. 

39) ʌʠʦʥʦʚʘ ʃʶʜʤʠʣʘ ʈʠʤʦʚʥʘ ï ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʜʝʢʘʥ ʬʘ-

ʢʫʣʴʪʝʪʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʌɻɹʆʋ ɺʆ çʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè  

40) ʏʠʩʪʦʚ ɺʣʘʜʠʤʠʨ ɺʣʘʜʠʤʠʨʦʚʠʯ ï ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘ-

ʬʝʜʨʳ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʩʠʭʦʣʦʛʠʠ ʂʘʟʘʭʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʞʝʥʩʢʦʛʦ 

ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ. ʛ. ɸʣʤʘʪʳ)  

41) ʐʚʝʮ ʀʨʠʥʘ ʄʠʭʘʡʣʦʚʥʘ ï ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʧʨʦʬʝʩʩʦʨ 

ʢʘʬ. ɹʠʦʬʠʟʠʢʠ ʀʥʩʪʠʪʫʪʘ ʙʠʦʣʦʛʠʠ ʠ ʙʠʦʤʝʜʠʮʠʥʳ ʌɻɹʆʋ ɺʆ çʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè   

42) ʖʨʦʚʘ ʂʩʝʥʠʷ ʀʛʦʨʝʚʥʘ ï ʢʘʥʜʠʜʘʪ ʠʩʪʦʨʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʝʢʘʥ ʬʘʢʫʣʴʪʝʪʘ ʵʢʦ-

ʥʦʤʠʢʠ ʠ ʧʨʘʚʘ ʆʏʋ ɺʆ "ʄʦʩʢʦʚʩʢʠʡ ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ" 

  

3. ʋʪʚʝʨʜʠʪʴ ʩʦʩʪʘʚ ʩʝʢʨʝʪʘʨʠʘʪʘ ʚ ʣʠʮʝ: 

1) ɹʳʯʢʦʚ ɸʨʪʸʤ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

2) ɻʫʣʷʝʚʘ ʉʚʝʪʣʘʥʘ ʖʨʴʝʚʥʘ 

3) ʀʙʨʘʝʚ ɸʣʴʙʝʨʪ ɸʨʪʫʨʦʚʠʯ 

 

 

ɼʠʨʝʢʪʦʨ  

ʄʎʅʉ çʅʘʫʢʘ ʠ ʇʨʦʩʚʝʱʝʥʠʝè 

ʢ.ʵ.ʥ. ɻʫʣʷʝʚ ɻ.ʖ.  
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¿À¸¼µ½µ½¸Ï  

°áåÐÚÞÒÐ ÄÐâØÜÐ Åë×ëàÞÒÝÐ, 
ʢ.ʵ.ʥ., ʜʦʮʝʥʪ 

³ÕàÑÕÚÞÒ ÅÐÜØÔ °ÑÔãÛÞÒØç, 
ʢ.ʧ.ʥ., ʜʦʮʝʥʪ 

ʂʏɻʋ ʠʤʝʥʠ ʋ.ɼ. ɸʣʠʝʚʘ 
 

ɹʦʦʧʫʙʯʡʸ: ʚ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʥʝʢʦʨʨʝʢʪʥʦ ʧʦʩʪʘʚʣʝʥʥʦʡ 
ʤʦʜʝʣʠ ʃʝʦʥʪʴʝʚʘ, ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʚ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʚ ʩʨʝʜʝ ʉ++. ʇʨʠʚʝʜʸʥ ʧʨʠʤʝʨ 
ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʙʘʣʘʥʩʦʚʦʡ ʤʦʜʝʣʠ ɿɸʆ çʂʘʨʘʯʘʝʚʩʢʠʡ ʧʠʚʟʘʚʦʜè.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʤʦʜʝʣʴ ʃʝʦʥʪʴʝʚʘ, ʤʝʪʦʜ ʨʝʛʫʣʷʨʠʟʘʮʠʠ, ɿɸʆ çʂʘʨʘʯʘʝʚʩʢʠʡ ʧʠʚʟʘʚʦʜè 
 

PROGRAM IMPLEMENTATION OF THE METHOD OF POSITIVE SOLUTION OF INCORRECTLY 
DELIVERED LEONTYEVõS BALANCE MODEL AND AN EXAMPLE OF ITS PRACTICAL APPLICATION 

 
Askhakova Fatima Hizirovna,  
Gerbekov Hamid Abdulovich 

 
Abstract: the article describes the method of positive solution of incorrectly delivered Leontyevôs model 
implemented into the software product in the C++ environment. An example of a positive solution of the 
developed balance model of JSC "Karachay Beer Factory" is given. 
Key words: Leontyevôs model, regularization method, JSC "Karachay Beer Factory" 

 
ʈʘʩʩʤʦʪʨʠʤ ʙʘʣʘʥʩʦʚʫʶ ʤʦʜʝʣʴ ʃʝʦʥʪʴʝʚʘ ʚʠʜʘ [1, 22]:  

fAxx += , (1) 

ʛʜʝ ʭ ï ʚʝʢʪʦʨ ʚʘʣʦʚʦʛʦ ʚʳʧʫʩʢʘ ʨʘʟʤʝʨʥʦʩʪʠ n ;  

ɸ ï ʤʘʪʨʠʮʘ ʧʨʷʤʳʭ ʟʘʪʨʘʪ ʨʘʟʤʝʨʥʦʩʪʠ nn³ ; 
f  ï ʚʝʢʪʦʨ ʢʦʥʝʯʥʦʛʦ ʩʧʨʦʩʘ ʨʘʟʤʝʨʥʦʩʪʠ n . 

ʇʨʠ ʧʨʘʢʪʠʯʝʩʢʦʤ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʠ (1) ʝʛʦ ʵʣʝʤʝʥʪʳ ʠʥʦʛʜʘ ʟʘʜʘʶʪʩʷ ʩ ʥʝʢʦʪʦʨʳʤʠ ʥʝʪʦʯʥʦ-
ʩʪʷʤʠ, ʢʦʪʦʨʳʝ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʝʟʫʣʴʪʘʪ ʨʝʰʝʥʠʷ ʤʦʜʝʣʠ 
(1), ʘ ʚ ʠʥʳʭ ʩʣʫʯʘʷʭ ʦʢʘʟʳʚʘʶʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʨʝʟʫʣʴʪʘʪ ʨʝʰʝʥʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 
ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʥʝʙʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʤʦʜʝʣʠ (1) ʧʨʠʚʦʜʷʪ ʢ ʟʥʘʯʠ-
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ʪʝʣʴʥʳʤ ʥʝʪʦʯʥʦʩʪʷʤ ʨʝʟʫʣʴʪʘʪʦʚ ʝʸ ʨʝʰʝʥʠʷ. ʊʦʛʜʘ ʩʦʛʣʘʩʥʦ [2], ʤʦʜʝʣʴ (1) ʥʘʟʳʚʘʝʪʩʷ ʥʝʢʦʨʨʝʢʪʥʦ 
ʧʦʩʪʘʚʣʝʥʥʦʡ.  

ɼʣʷ ʫʜʦʙʩʪʚʘ ʦʙʦʟʥʘʯʠʤ ( )AIB -= , ʪʦʛʜʘ (1) ʧʨʠʤʝʪ ʚʠʜ: 

fBx= . (2) 

ʇʫʩʪʴ ʚʤʝʩʪʦ ʪʦʯʥʳʭ ʟʥʘʯʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ B  ʠ ʚʝʢʪʦʨʘ f  ʠʤʝʝʤ ʠʭ ʧʨʠʙʣʠʞʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ B
~

, f
~
, ʪ.ʝ. 

fxB
~~
= . (3) 

ɹʫʜʝʤ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ 

x¢-ɺɺ
~

, d¢-ff
~

, (4) 

ʘ ʤʦʜʝʣʴ (1) ʷʚʣʷʝʪʩʷ ʥʝʢʦʨʨʝʢʪʥʦ ʧʦʩʪʘʚʣʝʥʥʦʡ. 
ɼʣʷ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʤʦʜʝʣʠ (3) ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ ʨʝʛʫʣʷʨʠʟʘʮʠʠ ɸ.ʅ. ʊʠʭʦʥʦ-

ʚʘ [2, ʩ. 90-100].  
ʀʟ [2, ʩ. 94, 95], [3, ʩ. 47] ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦʩʪʨʦʝʥʠʝ ʨʝʰʝʥʠʷ ʤʦʜʝʣʠ (2) ʥʘ ʙʘʟʝ ʤʦʜʝʣʠ (3) ʩʚʦʜʠʪ-

ʩʷ ʢ ʥʘʭʦʞʜʝʥʠʶ ʚʝʢʪʦʨʘ ʚʘʣʦʚʦʛʦ ʚʳʧʫʩʢʘ ax , ʤʠʥʠʤʠʟʠʨʫʶʱʝʛʦ ʩʛʣʘʞʠʚʘʶʱʠʡ ʬʫʥʢʮʠʦʥʘʣ: 

[ ] []xfxBBfxM W+-= aa
2~~~

,
~

, , 0>a , (5) 

ʛʜʝ [] 2
xx =W  ï ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʡ ʬʫʥʢʮʠʦʥʘʣ, ()daa=  ï ʧʘʨʘʤʝʪʨ ʨʝʛʫʣʷʨʠʟʘʮʠʠ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ ʠʟ [2, ʩ. 94-97], [3, ʩ. 46-48], ʩʫʱʝʩʪʚʫʝʪ ʦʜʠʥ ʚʝʢʪʦʨ ʚʘʣʦʚʦʛʦ ʚʳʧʫʩʢʘ ax , ʢʦʪʦʨʳʡ 

ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʸʥ ʧʨʠ ʚʩʷʢʦʤ ʬʠʢʩʠʨʦʚʘʥʥʦʤ 0>a  ʠʟ ʩʠʩʪʝʤʳ  

äää
== =

=+
n

i

iik

n

j

n

i

jijikk fbxbbx
11 1

~~~~ aaa , (6) 

njxj ,,1,0 K=²a . 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʫʢʘʟʘʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʩʣʝʜʫʶʱʠʡ ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʨʝʰʝ-
ʥʠʷ ʩʠʩʪʝʤʳ (2) ʤʝʪʦʜʦʤ ʨʝʛʫʣʷʨʠʟʘʮʠʠ [1]: 

1. ɺʚʝʩʪʠ n , B
~

, f
~

. 

2. ɿʘʜʘʪʴ 01>a . 

3. ʇʨʠ ʟʘʜʘʥʥʦʤ ʟʥʘʯʝʥʠʠ 
1a  ʥʘʡʪʠ ʨʝʰʝʥʠʝ 1ax  ʩʠʩʪʝʤʳ (6). 

4. ʇʨʠ ʠʟʚʝʩʪʥʳʭ ʟʥʘʯʝʥʠʷʭ 
1a , 1ax  ʚʳʯʠʩʣʠʪʴ ʟʥʘʯʝʥʠʝ [ ]BfxM

~
,

~
,11 aa

 ʬʫʥʢʮʠʦʥʘʣʘ (5). 

5. ɿʘʜʘʪʴ 02>a , 
12 aa< . 

6. ʇʨʠ ʟʘʜʘʥʥʦʤ ʟʥʘʯʝʥʠʠ 
2a  ʥʘʡʪʠ ʨʝʰʝʥʠʝ 2ax  ʩʠʩʪʝʤʳ (6). 

7. ʇʨʠ ʠʟʚʝʩʪʥʳʭ ʟʥʘʯʝʥʠʷʭ 
2a , 2ax  ʚʳʯʠʩʣʠʪʴ ʟʥʘʯʝʥʠʝ [ ]BfxM

~
,

~
,22 aa  ʬʫʥʢʮʠʦʥʘʣʘ (5). 

8. ɽʩʣʠ [ ] [ ]BfxMBfxM
~

,
~

,
~

,
~

, 1122 aaaa
< , ʪʦ ʧʝʨʝʡʪʠ ʢ ʚʳʧʦʣʥʝʥʠʶ ʜʝʡʩʪʚʠʡ ʫʢʘʟʘʥʥʳʭ ʚ ʧ.12. 

9. ɽʩʣʠ [ ] [ ]BfxMBfxM
~

,
~

,
~

,
~

, 1122 aaaa
> , ʪʦ ʧʦʣʦʞʠʪʴ 1axx= . 

10. ɿʘʜʘʪʴ 03 >a , 23 aa < . 

11. ʇʨʠ ʟʘʜʘʥʥʦʤ ʟʥʘʯʝʥʠʠ 3a  ʥʘʡʪʠ ʨʝʰʝʥʠʝ 3ax  ʩʠʩʪʝʤʳ (6). 

12. ʇʨʠ ʠʟʚʝʩʪʥʳʭ ʟʥʘʯʝʥʠʷʭ 3a , 3ax  ʚʳʯʠʩʣʠʪʴ ʟʥʘʯʝʥʠʝ [ ]BfxM
~

,
~

,33 aa  ʬʫʥʢʮʠʦʥʘʣʘ (5). 

13. ɽʩʣʠ [ ] [ ]BfxMBfxM
~

,
~

,
~

,
~

, 2233 aaaa
< , ʪʦ ʧʝʨʝʡʪʠ ʢ ʚʳʧʦʣʥʝʥʠʶ ʜʝʡʩʪʚʠʡ, ʫʢʘʟʘʥʥʳʭ ʚ ʧ.17. 

14. ɽʩʣʠ [ ] [ ]BfxMBfxM
~

,
~

,
~

,
~

, 2233 aaaa
> , ʪʦ ʧʦʣʦʞʠʪʴ 2axx= . 

15. ɿʘʜʘʪʴ 04 >a , 34 aa < . 

ʀ ʪʘʢ ʜʘʣʝʝ ʵʪʦʪ ʧʨʦʮʝʩʩ ʧʨʦʜʦʣʞʘʝʤ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʘ -ʤ ʰʘʛʝ ʥʝ ʥʘʡʜʸʤ 1+ka , 1+kx
a , ʧʨʠ ʢʦ-
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ʪʦʨʳʭ [ ] [ ]BfxMBfxM kkkk
~

,
~

,
~

,
~

,11 aaaa
>++ . ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʣʘʛʘʝʤ kxx

a
= ʠ ʧʨʦʮʝʩʩ ʚʳʯʠʩʣʝʥʠʡ ʧʨʝ-

ʢʨʘʱʘʝʤ. 
ʆʩʫʱʝʩʪʚʣʝʥʘ ʧʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʦʧʠʩʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʚ ʩʨʝʜʝ C ++ ʧʦʜ ʥʘʟʚʘʥʠʝʤ çML-

1è. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʘʥʘʣʠʟʘ ʙʘʣʘʥʩʦʚʦʡ ʤʦʜʝʣʠ ɿɸʆ çʂʘʨʘ-
ʯʘʝʚʩʢʠʡ ʧʠʚʟʘʚʦʜè, ʛ. ʂʘʨʘʯʘʝʚʩʢʘ ʂʘʨʘʯʘʝʚʦ-ʏʝʨʢʝʩʩʢʦʡ ʨʝʩʧʫʙʣʠʢʠ ʟʘ 2016 ʛʦʜ. ʈʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʡ 
ʩʪʘʪʴʠ ʦʙʦʙʱʘʶʪ ʠ ʜʦʧʦʣʥʷʶʪ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ [4]. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ɿɸʆ çʂʘʨʘʯʘʝʚʩʢʠʡ ʧʠʚʟʘʚʦʜè ʟʘ 2016 ʛʦʜ ʧʦʩʪʨʦʠʤ ʩʣʝ-
ʜʫʶʱʫʶ ʪʘʙʣʠʮʫ.  

 
ʋʙʚʤʡʯʙ 1 

ʅʞʟʧʫʩʙʪʤʞʛʧʢ ʚʙʤʙʦʪ ʀɹʇ çʃʙʩʙʰʙʞʛʪʣʡʢ ʨʡʛʠʙʛʧʝè ʠʙ 2016 ʜʧʝ (ʫʴʪ. ʩʬʚ.) 

ʇʨʦʠʟʚʦʜʷʱʠʝ ʮʝʭʘ 
ʇʦʪʨʝʙʣʷʶʱʠʝ ʮʝʭʘ 

ʂʦʥʝʯʥʳʡ ʩʧʨʦʩ ɺʘʣʦʚʦʡ ʧʨʦʜʫʢʪ 
1 2 3 

ʇʠʚʦʚʘʨʝʥʥʳʡ 0 0 0 62098 62098 

ɹʝʟʘʣʢʦʛʦʣʴʥʳʡ 11 148 0 49483 49643 

ʄʠʥʝʨʘʣʴʥʦʡ ʚʦʜʳ 0 0 216 27112 27328 

 
ʅʘ ʦʩʥʦʚʝ ʪʘʙʣʠʮʳ 1, ʧʦʩʪʨʦʠʤ: 

ö
ö
ö

÷

õ

æ
æ
æ

ç

å

=

79.000

03.02.0

000

A ;   

ö
ö
ö

÷

õ

æ
æ
æ

ç

å

=

27112

49483

62098

f .  

ɼʦʧʫʩʪʠʤ, ʯʪʦ ʧʠʚʟʘʚʦʜ ʟʘʧʣʘʥʠʨʦʚʘʣ ʢ ʢʦʥʮʫ 2018 ʛʦʜʘ ʫʚʝʣʠʯʠʪʴ ʦʪʧʨʘʚʢʫ ʧʨʦʜʫʢʮʠʠ ʥʘ ʚʥʝʰ-
ʥʝʝ ʧʦʪʨʝʙʣʝʥʠʝ ʥʘ 5 % ʙʦʣʴʰʝ ʯʝʤ ʚ 2016 ʛʦʜʫ, ʪ.ʝ. 

ö
ö
ö

÷

õ

æ
æ
æ

ç

å

=

33890

75.61853

5.77622
~
f .  

ʅʘʡʜʸʤ, ʢʘʢʠʤ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʜʦʣʞʝʥ ʙʳʪʴ ʚʘʣʦʚʦʡ ʧʨʦʜʫʢʪ ʢʘʞʜʦʛʦ ʮʝʭʘ ʚ 2018 ʛʦʜʫ.ʈʝʰʘʷ ʵʪʫ 
ʟʘʜʘʯʫ ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʚ ʩʨʝʜʝ C++ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʧʦʣʫʯʠʤ: 
ʧʘʨʘʤʝʪʨ ʨʝʛʫʣʷʨʠʟʘʮʠʠ 0005.0=a , 

ö
ö
ö

÷

õ

æ
æ
æ

ç

å

=

159571.75

88272.43

79033.03

x .  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢ ʢʦʥʮʫ 2018 ʛʦʜʘ ʧʠʚʦʚʘʨʝʥʥʳʤ ʮʝʭʦʤ ʜʦʣʞʥʦ ʙʳʪʴ ʚʳʧʫʰʝʥʦ ʧʨʦʜʫʢʮʠʠ ʥʘ 
ʩʫʤʤʫ 79033.03 ʪʳʩ. ʨʫʙ., ʙʝʟʘʣʢʦʛʦʣʴʥʳʤ ʮʝʭʦʤ ʥʘ ʩʫʤʤʫ 88272.43 ʪʳʩ. ʨʫʙ. ʠ ʮʝʭʦʤ ʤʠʥʝʨʘʣʴʥʦʡ 
ʚʦʜʳ ʥʘ ʩʫʤʤʫ 88272.43 ʪʳʩ. ʨʫʙ. 

ʉʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʰʝʥʠʷ ʩ ʜʘʥʥʳʤʠ 2016 ʛʦʜʘ ʠʟ ʪʘʙʣʠʮʳ 1 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 
ɿɸʆ çʂʘʨʘʯʘʝʚʩʢʠʡ ʧʠʚʟʘʚʦʜè ʜʦʣʞʝʥ ʫʚʝʣʠʯʠʪʴ ʧʨʦʜʫʢʮʠʶ ʩʚʦʠʭ ʮʝʭʦʚ: ʧʠʚʦʚʘʨʝʥʥʦʛʦ ʥʘ 16935.03 
ʪʳʩ. ʨʫʙ., ʙʝʟʘʣʢʦʛʦʣʴʥʦʛʦ ʥʘ 38629.43 ʪʳʩ. ʨʫʙ. ʠ ʤʠʥʝʨʘʣʴʥʦʡ ʚʦʜʳ ʥʘ 132243.75 ʪʳʩ. ʨʫʙ. 
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1. ɸʩʭʘʢʦʚʘ ʌ.ʍ. ʈʘʟʨʘʙʦʪʢʘ ʠ ʨʘʟʚʠʪʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʤʝʞʦʪʨʘʩʣʝʚʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʦʙʲʸʤʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʤʥʦʛʦʦʪʨʘʩʣʝʚʦʡ ʵʢʦʥʦʤʠʢʝ: ʥʘ ʤʘʪʝʨʠʘʣʘʭ ʂʘʨʘ-
ʯʘʝʚʦ-ʏʝʨʢʝʩʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ: ʜʠʩʩʝʨʪʘʮʠʷ ... ʢʘʥʜʠʜʘʪʘ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ: 08.00.13 / ɸʩʭʘʢʦʚʘ ʌʘ-
ʪʠʤʘ ʍʳʟʳʨʦʚʥʘ; [ʄʝʩʪʦ ʟʘʱʠʪʳ: ʉʪʘʚʨʦʧ. ʛʦʩ. ʋʥ-ʪ]. ï ʉʪʘʚʨʦʧʦʣʴ, 2008. ï 176 ʩ. 

2. ʊʠʭʦʥʦʚ ɸ.ʅ., ɸʨʩʝʥʠʥ ɺ.ʗ. ʄʝʪʦʜʳ ʨʝʰʝʥʠʷ ʥʝʢʦʨʨʝʢʪʥʳʭ ʟʘʜʘʯ. ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʜʣʷ ʚʫ-
ʟʦʚ. ʀʟʜ. 3-ʝ, ʠʩʧʨʘʚʣʝʥʥʦʝ. ï ʄ.: ʅʘʫʢʘ. ɻʣʘʚʥʘʷ ʨʝʜʘʢʮʠʷ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ, 1986. 
ï 288 ʩ.  

3. ʆʩʥʦʚʳ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ: ʋʯʝʙʥʠʢ ʜʣʷ ʚʫʟʦʚ / ɺʝʨʞʙʠʮʢʠʡ ɺ.ʄ. ï ʄ.: ï ɺʳʩʰʘʷ ʰʢʦʣʘ, 
2002. ï 840 ʩ. 

4. ɸʩʭʘʢʦʚʘ ʌ.ʍ. ɸʥʘʣʠʟ ʙʘʣʘʥʩʦʚʦʡ ʤʦʜʝʣʠ ʟʘʢʨʳʪʦʛʦ ʘʢʮʠʦʥʝʨʥʦʛʦ ʦʙʱʝʩʪʚʘ çʂʘʨʘʯʘʝʚʩʢʠʡ 
ʧʠʚʟʘʚʦʜè ʤʝʪʦʜʦʤ ʨʝʛʫʣʷʨʠʟʘʮʠʠ. ɻʫʤʘʥʠʪʘʨʥʳʝ ʠ ʩʦʮʠʘʣʴʥʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʠʝ ʥʘʫʢʠ. 2014. ˉ 5. ï ʉ. 
145-149. 

É ʌ.ʍ. ɸʩʭʘʢʦʚʘ, ʍ.ɸ. ɻʝʨʙʝʢ 
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ʂ.ʬ.-ʤ.ʥ, ʟʘʚ.ʢʘʬʝʜʨʦʡ  òʀʊ ʠʋò ʀʉʀʊʆ,   

 

ɹʦʦʧʫʙʯʡʸ: ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʦ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢ 
ʘʥʘʣʦʛʫ ʢʣʘʩʩʠʯʝʩʢʠʭ ʟʘʜʘʯ ʂʦʰʠ ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʝʧʨʝʨʳʚʥʳʭ ʬʫʥʢʮʠʡ . 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ:ʘʣʛʝʙʨʘʠʯʝʩʢʠʝ ʤʥʦʛʦʦʙʨʘʟʠʷ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʦʧʝʨʘʪʦʨ,ʢʦʤʧʘʢʪ, 
ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʤʥʦʞʝʩʪʚʦ,ʤʘʪʨʠʮʘ, ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʘ, ʛʠʧʝʨʧʣʦʩʢʦʩʪʴ, ʥʝʩʦʙʩʪʚʝʥʥʘʷ 
ʪʦʯʢʘ,ʤʥʠʤʦʝ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʦ. 
 

METHOD EXPONENTIAL REPRESENTATIONS IN THE SPACE OF CONTINUOUS FUNCTIONS 
 

Berdimuratov Amangeldi Muhtarovich 
 
Abstract: In this paper we consider the application of the exponential representation method to analogues of 
the classical Cauchy problems of the space of continuous functions . 
Keywords: algebraic varieties, differential operator, compact, characteristic set, matrix, subspaces, 
hyperplane, noncompliance point, imaginary subspace. 

 
 ɺ [1] ʧʦʩʪʨʦʝʥ  ʨʘʟʣʦʞʝʥʠʝ ʘʣʛʝʙʨʘʠʯʝʩʢʦʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ ʚ N ʚ ʦʙʲʝʜʠʥʝʥʠʝ 

  ʛʜʝ Nl-ʥʝʢʦʪʦʨʳʝ ʘʣʛʝʙʨʘʠʯʝʩʢʠʝ ʤʥʦʛʦʦʙʨʘʟʠʷ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʢʘʞʜʦʛʦ 

  ʧʦʩʪʨʦʠʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʦʧʝʨʘʪʦʨ dl(z, Dz),  ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʤʘʪʨʠʮʫ ʨʘʟʤʝʨʦʤ el s, 

ʦʙʨʘʟʦʚʘʥʥʳʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʦʧʝʨʘʪʦʨʘʤʠ ʩ ʧʦʣʠʥʦʤʠʘʣʴʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʦʪ z, ʛʜʝ el, 

 ʥʝʢʦʪʦʨʳʝ ʥʘʪʫʨʘʣʴʥʳʝ ʯʠʩʣʘ, ʘ Dz ʚʝʢʪʦʨ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ . 

(ʩʤ.ɺ.ʇ.ʇʘʣʘʤʦʜʦʚ  [1]). 
 ʇʫʩʪʴ N-ʥʝʢʦʪʦʨʦʝ ʘʣʛʝʙʨʘʠʯʝʩʢʦʝ ʤʥʦʛʦʦʙʨʘʟʠʝ ʚ Cn . ʇʨʦʩʪʨʘʥʩʪʚʦ Cn ʚʣʦʞʠʤ ʚ Cn+1 ʩ 

ʧʦʤʦʱʴʶ ʦʪʦʙʨʘʞʝʥʠʷ z­(1,z). ʇʫʩʪʴ H(N)-ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʩʝʭ ʦʜʥʦʨʦʜʥʳʭ ʤʥʦʛʦʯʣʝʥʦʚ ʚ Cn+1, 

ʦʪʦʙʨʘʞʘʶʱʠʭʩʷ ʚ ʥʫʣʴ ʥʘ N.  ʃʶʙʫʶ ʪʦʯʢʫ  ʚʠʜʘ (0,z), zÍCn, ʚ ʢʦʪʦʨʦʡ ʦʙʨʘʱʘʶʪʩʷ ʚ ʥʦʣʴ ʚʩʝ 
ʤʥʦʛʦʯʣʝʥʳ ʠʟ H(N), ʤʳ ʥʘʟʦʚʝʤ ʥʝʩʦʙʩʪʚʝʥʥʦʡ ʪʦʯʢʦʡ  ʤʥʦʛʦʦʙʨʘʟʠʷ N. 

 N-ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʤʥʦʞʝʩʪʚʦ ʩʠʩʪʝʤʳ (1). ʄʥʦʞʝʩʪʚʦ ʧʨʷʤʳʭ ʚ Cn, ʦʪʚʝʯʘʶʱʠʭ 

ʥʝʩʦʙʩʪʚʝʥʥʳʤ ʪʦʯʢʘʤ ʘʣʛʝʙʨʘʠʯʝʩʢʦʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ N, ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ N¡. 
ʇʫʩʪʴ ʧʨʦʠʟʚʦʣʴʥʘʷ ʦʜʥʦʨʦʜʥʘʷ ʩʠʩʪʝʤʘ ʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ 

ʧʦʩʪʦʷʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ. 
p(D)u = 0                                (1) 

ʛʜʝ  u=(u1,é.us) ʥʝʠʟʚʝʩʪʥʘʷ ʚʝʢʪʦʨ ʬʫʥʢʮʠʷ. 

,,....1,0,NN lU =l=
l

l

l,0=l Ö

l,0=l
n1

z
,....,

z µ

µ

µ
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ʆʧʨʝʜʝʣʝʥʠʝ 1. ʩʤ. ʇʘʣʘʤʦʜʦʚ [1]. ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤ ʤʥʦʞʝʩʪʚʦʤ ʩʠʩʪʝʤʳ (1) ʠ ʦʧʝʨʘʪʦʨʘ 

p(D) ʥʘʟʳʚʘʝʪʩʷ ʘʣʛʝʙʨʘʠʯʝʩʢʦʝ ʤʥʦʛʦʦʙʨʘʟʠʝ  { },)(; szrangpCzN n <Í=         ʛʜʝ  p(z) ʤʘʪʨʠʮʘ, 

ʧʦʣʫʯʝʥʥʘʷ ʟʘʤʝʥʦʡ ʦʧʝʨʘʪʦʨʦʚ pij(D) ʤʥʦʛʦʯʣʝʥʘʤʠ pij(z). 
ʆʧʨʝʜʝʣʝʥʠʝ 2. ʩʤ. ʇʘʣʘʤʦʜʦʚ [1]. ʉʠʩʪʝʤʘ (1) ʥʘʟʳʚʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʦʡ, ʝʩʣʠ ʤʥʦʞʝʩʪʚʦ N ʥʝ 

ʩʦʚʧʘʜʘʝʪ ʩ Cn. ʕʪʘ ʩʠʩʪʝʤʘ ʥʘʟʳʚʘʝʪʩʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʡ, ʝʩʣʠ ʨʘʟʤʝʨʥʦʩʪʴ ʝʝ ʘʣʛʝʙʨʘʠʯʝʩʢʦʛʦ 
ʤʥʦʛʦʦʙʨʘʟʠʷ N 

ʤʝʥʴʰʝ n-1. 
ʈʘʩʩʤʦʪʨʠʤ ʩʣʝʜʫʶʱʫʶ ʟʘʜʘʯʫ: ʧʨʠ ʢʘʢʠʭ ʫʩʣʦʚʠʷʭ ʚʩʷʢʦʝ ʦʙʦʙʱʝʥʥʦʝ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ (1), 

ʦʧʨʝʜʝʣʝʥʥʦʝ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʜʠʩʢʘ G(r), ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʜʦʣʞʝʥʦ ʚ ʦʢʨʝʩʪʥʦʩʪʴ ʪʝʣʘ  æd(r). ʕʪʫ ʟʘʜʘʯʫ 
ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʥʝʢʦʪʦʨʳʡ ʘʥʘʣʦʛ ʢʣʘʩʩʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʂʦʰʠ ʜʣʷ ʦʙʦʙʱʝʥʥʳʭ ʨʝʰʝʥʠʡ: 
ʚʤʝʩʪʦ ʟʥʘʯʝʥʠʡ ʨʝʰʝʥʠʷ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ ʨʝʰʝʥʠʝ ʟʘʜʘʝʪʩʷ ʩʨʘʟʫ ʚ ʥʝʢʦʪʦʨʦʡ ʦʢʨʝʩʪʥʦʩʪʠ. 

 ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʤʥʦʞʝʩʪʚʦ ʩʠʩʪʝʤʳ (1) ʚ ʢʦʤʧʣʝʢʩʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ Cn ʦʙʦʟʥʘʯʠʤ  ʯʝʨʝʟ 

N. ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ n ʧʨʦʝʢʮʠʶ ʤʥʦʞʝʩʪʚʘ N ʥʘ ʤʥʠʤʦʝ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʦ ʚ Cn, ʦʙʦʟʥʘʯʘʝʤʦʝ ʯʝʨʝʟ 

. ɽʩʣʠ ʦʧʝʨʘʪʦʨ P(D) ʦʜʥʦʨʦʜʥʳʡ, ʪʦ ʤʥʦʛʦʦʙʨʘʟʠʝ N ʷʚʣʷʝʪʩʷ ʪʝʣʦʤ, ʘ ʦʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʤʥʦ-

ʞʝʩʪʚʦ n ʪʦʞʝ ʷʚʣʷʝʪʩʷ ʪʝʣʦʤ; 
ʏʝʨʝʟ G(r) ʦʙʦʟʥʘʯʠʤ ʦʪʢʨʳʪʳʡ (n-2) ï ʤʝʨʥʳʡ ʜʠʩʢ, ʣʝʞʘʱʠʡ ʚ ʛʠʧʝʨʧʣʦʩʢʦʩʪʠ t=0, ʩ ʮʝʥʪʨʦʤ ʚ 

ʥʘʯʘʣʝ ʢʦʦʨʜʠʥʘʪ ʨʘʜʠʫʩʘ r>0. ʏʝʨʝʟ æd(r), ʛʜʝ d>0, ʦʙʦʟʥʘʯʠʤ ʦʙʲʝʜʠʥʝʥʠʝ ʙʝʩʢʦʥʝʯʥʦ ʤʥʦʛʦ 

ʦʪʢʨʳʪʳʭ ʧʨʷʤʳʭ ʢʦʥʫʩʦʚ ʩ ʦʙʱʠʤ ʦʩʥʦʚʘʥʠʝʤ G(r) ʠ ʚʳʩʦʪʘʤʠ, ʨʘʚʥʳʤʠ d*r. ʀʭ ʦʙʲʝʜʠʥʝʥʠʝ æd(r) 
ʝʩʪʴ ʚʳʧʫʢʣʦʝ n ï ʤʝʨʥʦʝ ʪʝʣʦ, ʠʤʝʶʱʝʝ ʚʨʘʱʘʪʝʣʴʥʫʶ ʩʠʤʤʝʪʨʠʶ ʚʦʢʨʫʛ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʢʦʪʦʨʦʤ 
ʣʝʞʠʪ ʵʪʦʪ ʜʠʩʢ G(r). 

ʏʝʨʝʟ [ɼ F]s ʦʙʦʟʥʘʯʠʤ ʧʨʷʤʫʶ ʩʫʤʤʫ ʧʨʦʩʪʨʘʥʩʪʚ ɼ F. 

ʊʝʦʨʝʤʘ 1. ʇʫʩʪʴ P(D) ʦʜʥʦʨʦʜʥʳʡ ʦʧʝʨʘʪʦʨ, ,\RyʠR n

yc

n

y
nÍņ  ʘ r>0 ï ʧʨʦʠʟʚʦʣʴʥʦʝ 

ʯʠʩʣʦ. ʊʦʛʜʘ ʩʫʱʝʩʪʚʫʝʪ ʯʠʩʣʦ d>0 ʪʘʢʦʝ, ʯʪʦ " ʦʢʨʝʩʪʥʦʩʪʴ L ʜʠʩʢʘ G(r), ʣʝʞʘʱʝʛʦ ʚ ʛʠʧʝʨʧʣʦʩʢʦʩʪʠ 

H
o

y . 

$ ʦʢʨʝʩʪʥʦʩʪʴ T ʪʝʣʘ  æd(r) ʪʘʢʘʷ, ʯʪʦ ʚʩʷʢʫʶ ʦʙʦʙʱʝʥʥʫʶ ʬʫʥʢʮʠʶ ʠʟ ʢʣʘʩʩʘ [ɼ
'

L
]s, ʷʚʣʷʶʱʫʶʩʷ 

ʦʙʦʙʱʝʥʥʳʤ ʨʝʰʝʥʠʝʤ ʩʠʩʪʝʤʳ (1) ʥʘ L, ʤʦʞʥʦ ʧʨʦʜʦʣʞʠʪʴ ʦʙʦʙʱʝʥʥʦʡ ʬʫʥʢʮʠʝʡ ʠʟ ʢʣʘʩʩʘ  [ɼ
'

L
]s 

ʷʚʣʷʶʱʝʡʩʷ ʦʙʦʙʱʝʥʥʳʤ ʨʝʰʝʥʠʝʤ ʩʠʩʪʝʤʳ (1) ʥʘ T. 
ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʪʝʦʨʝʤʳ 1. 

ʃʝʤʤʘ1.  ɼʣʷ ʣʶʙʦʡ ʬʫʥʢʮʠʠ ( ) ( )[ ]tnCCyx ¤Í,y  ʧʨʠ ʣʶʙʦʤ L,0=l  ʚʳʧʦʣʥʷʪʩʷ ʨʘʚʝʥʩʪʚʦ: 

( ) 0, ' =l
l ypDzzd

,
ʟʜʝʩ(ɹ ) ( )L,0,Dz,zd =ll

   ʦʧʝʨʘʪʦʨ ʇʘʣʘʤʦʜʦʚʘ ʪ.ʝ.ʥʝʢʦʪʦʨʳʝ ʤʘʪʨʠʯʥʳʝ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʦʧʝʨʘʪʦʨʳ ʧʦʣʠʥʦʤʠʘʣʴʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʚ Cn; Dz ï ʚʝʢʪʦʨ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ  

nzz µ

µ

µ

µ
....,,

1

, ʘ p¡ - ʤʘʪʨʠʮʘ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʥʘʷ ʩ ʤʘʪʨʠʮʝʡ p¡.  ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʣʝʤʤʳ 1.ʚʳʪʝʢʘʝʪ 

ʠʟ ʢʥʠʛʠ ʇʘʣʘʤʦʜʦʚʘ [1] (ʛʣ. 4, Ä4, ʇ.1.). 

ʃʝʤʤʘ 2. ɽʩʣʠ ʬʫʥʢʮʠʦʥʘʣ  (),Sf
1

P

q

F
Í  ʪʦ 

[ ] ( ) .0,, 0
1 =Í"
-- yy hfS

sbAq

F  

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʚʳʪʝʢʘʝʪ ʠʟ [1] (ʩʤ. ɹʝʨʜʠʤʫʨʘʪʦʚ ɸ.). 
ɺ ʩʠʣʫ ʪʝʦʨʝʤʳ ʇʘʣʘʤʦʜʦʚʘ ʩʤ. [1], (ʛʣ. VI, Ä4, ʪʝʦʨ.1, ʩʣ.1) ʩʧʨʘʚʝʜʣʠʚʦ ʩʣʝʜʫʶʱʝʝ 

ʫʪʚʝʨʞʜʝʥʠʝ. 

 ʊʝʦʨʝʤʘ 2. ɽʩʣʠ F ʚʳʧʫʢʣʳʡ ʢʦʤʧʘʢʪ ʚ Rn, ʘ  F¡ ʢʦʤʧʘʢʪ, ʩʦʜʝʨʞʘʱʠʡ ʦʢʨʝʩʪʥʦʩʪʴ F ʪʦ ʜʣʷ 

ʣʶʙʦʛʦ ʮʝʣʦʛʦ ʯʠʩʣʘ q ʚʩʷʢʘʷ ʬʫʥʢʮʠʷ u, ʧʨʠʥʘʜʣʝʞʘʱʘʷ ʧʨʦʩʪʨʘʥʩʪʚʫ [ ]sq

F
W ¡

 ʠ ʷʚʣʷʶʱʘʷʩʷ 

ʨʝʰʝʥʠʝʤ ʩʠʩʪʝʤʳ (1) ʚ  ɼF
' ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʦ ʚ ʚʠʜʝ: 

n

y
R
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( )äñ
=l

ll m*jÖ=j
l

0 N

z

~)D,z(d,u    (2) 

ʜʣʷ ʣʶʙʦʡ ʬʫʥʢʮʠʠ jÍ[ɼ F]s. 

ɿʜʝʩʴ m
l ʚʝʢʪʦʨ (m

l,1,é.,m
l,

l
e ),ʛʜʝ m

l,j ʝʩʪʴ ʢʦʤʧʣʝʢʩʥʳʝ ʤʝʨʳ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʝ ʜʣʷ ʣʶʙʦʛʦ 

l
= e,1j  ʥʘNl ʠ .

e

1j

j,

ä
l

=

ll m=m  

ʇʨʠʯʝʤ ʚʝʢʪʦʨ m
l ʪʘʢʦʚʳ, ʯʪʦ  

( ) q

FF

N

q
uCYJz

¡
=

-
¢Ö+äñ

l

l

m
l

)(1
0

1
l

     

(3) 

ʛʜʝ: 
q

F
u

¡
 ʝʩʪʴ ʥʦʨʤʘ u ʢʘʢ ʵʣʝʤʝʥʪʘ ʧʨʦʩʪʨʘʥʩʪʚʘ [ ].W

sq

F¡
  

ʆʙʨʘʪʥʦ, ʚʩʷʢʠʡ ʬʫʥʢʮʠʦʥʘʣ u ʦʧʨʝʜʝʣʝʥʥʳʡ ʬʦʨʤʫʣʦʡ(3)ʢʦʥʝʯʥʦʡ ʚʝʣʠʯʠʥʦʡ  

 ( ) <mÖ+ l

¡
=l

äñ
l

)Y(J1z
F

0 N

q
l

¤ 

ʧʨʠʥʘʜʣʝʞʠʪ ʧʨʦʩʪʨʘʥʩʪʚʫ [ ]sBq

F
W -

 ʠ ʷʚʣʷʝʪʩʷ ʦʙʦʙʱʝʥʥʳʤ ʨʝʰʝʥʠʝʤ ʩʠʩʪʝʤʳ (1) ʚ ʢʣʘʩʩʝ  ɼ

'

F
.ʂʦʥʩʪʘʥʪʳ A ʠ B ʟʘʚʠʩʷʪ ʣʠʰʴ ʦʪ ʤʘʪʨʠʮʳ P ʠ ʦʧʝʨʘʪʦʨʦʚ dl(z, Dz), l=0,1,ée. 

ʇʨʠʤʝʥʷʷ ʢ ʢʦʤʧʘʢʪʘʤ Gaʠ Ga-2 ʠ ʬʫʥʢʮʠʦʥʘʣʫ u ʪʝʦʨʝʤʫ ʇʘʣʘʤʦʜʦʚʘ (2), ʧʦʣʫʯʠʤ, ʯʪʦ ʦʙʦʙ-

ʱʝʥʥʘʷ ʬʫʥʢʮʠʷ u, "jÍ[ ɼGa-2]S ʜʦʧʫʩʢʘʝʪ  ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚ ʚʠʜʝ: 

     

ʚ ʢʦʪʦʨʦʤ ʤʝʨʳ m
l ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʤʥʦʞʝʩʪʚʘʭ Nl ʠ ʪʘʢʦʚʳ, ʯʪʦ ʧʨʠ ʥʝʢʦʪʦʨʦʤ ʮʝʣʦʤ q.ɽʩʣʠ 

ʤʳ ʧʦʢʘʞʝʤ, ʯʪʦ             

ʧʨʠ ʥʝʢʦʪʦʨʦʤ b>0, ʪʦ ʩʦʛʣʘʩʥʦ ʚʪʦʨʦʡ ʯʘʩʪʠ ʪʝʦʨʝʤʳ ʇʘʣʘʤʦʜʦʚʘ (3), ʬʦʨʤʫʣʘ     

[ɼ]
 

s

  

                                                           

ʦʧʨʝʜʝʣʷʝʪ ʦʙʦʙʱʝʥʥʦʝ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ (1) ʥʘ ʢʦʤʧʘʢʪʝ æb-2, ʪʦ ʝʩʪʴ ʨʝʰʝʥʠʝ    [ɼ

]s. ʕʪʦ ʨʝʰʝʥʠʝ J, ʦʯʝʚʠʜʥʦ, ʩʦʚʧʘʜʘʝʪ ʩ ʬʫʥʢʮʠʦʥʘʣʦʤ u ʥʘ ʢʣʘʩʩʝ [ɼ ]s. 
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Ã´º- 621.436 

Á¸ÁÂµ¼° ÀµÆ¸ÀºÃ»ÏÆ¸¸ ¾ÂÀ°±¾Â°²È¸Å 
³°·¾² 

  µäØÜÚØÝ ÏàÞáÛÐÒ ÁÕàÓÕÕÒØç, 
»ã×ØÚÞÒ °ÛÕÚáÐÝÔà ¿ÕâàÞÒØç 

ʉʪʫʜʝʥʪʳ 
ʌɻɹʆʋ ɺʆ çʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  ʠʤʝʥʠ ʀ. ʊ. ʊʨʫʙʠʣʠʥʘè 

 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʠʩʪʦʨʠʷ ʩʦʟʜʘʥʠʷ, ʨʘʟʚʠʪʠʷ, ʨʘʙʦʪʘ ʠ ʧʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤʳ ʨʝʮʠʨ-
ʢʫʣʷʮʠʠ ʦʪʨʘʙʦʪʘʥʥʳʭ ʛʘʟʦʚ, ʪʘʢ ʞʝ ʨʘʩʢʨʳʪʘ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʧʨʠʯʠʥʘ ʥʝ ʧʦʣʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥ-
ʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ.  ɿʘʪʨʦʥʫʪʦ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ  ʦʢʨʫʞʘʶʱʝʡ ʩʨʝ-
ʜʳ ʧʫʪʝʤ ʝʝ ʟʘʛʨʷʟʥʝʥʠʷ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʩʠʩʪʝʤʳ ʨʝʮʠʨʢʫʣʷʮʠʠ ʦʪʨʘʙʦʪʘʥʥʳʭ ʛʘʟʦʚ. ʅʘ ʦʩʥʦʚʝ ʚʳ-
ʧʦʣʥʝʥʥʦʛʦ ʦʙʟʦʨʘ ʜʝʣʘʝʪʩʷ ʟʘʢʣʶʯʝʥʠʝ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʩʠʩʪʝʤʳ ʨʝʮʠʨʢʫʣʷʮʠʠ ʠ 
ʥʘʧʨʘʚʣʝʥʠʷʭ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʨʝʮʠʨʢʫʣʷʮʠʷ, ʛʘʟ, ʩʠʩʪʝʤʘ, ʚʦʟʜʫʭ, ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ, ʘʚʪʦʤʦʙʠʣʴ, ʪʦʧʣʠʚʦ. 
 

THE EGR SYSTEM 
 

Efimkin Yaroslav Sergeevich, 
Luzikov Alexander Petrovich 

 
Annotation: The article considers the history of the creation, development, operation and application of the 
exhaust gas recirculation system, as well as reveals the negative reason for the incomplete use of this system 
in the Russian Federation.  The negative impact of the environment through pollution without the use of an 
exhaust gas recirculation system is affected. On the basis of the review, it is concluded that the recycling sys-
tem is likely to be used and that further development will be pursued. 
Keywords: recirculation, gas, system, air, environment, car, fuel. 

 
        ʉʠʩʪʝʤʦʡ ʨʝʮʠʨʢʫʣʷʮʠʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʩʥʘʙʞʝʥʳ ʘʙʩʦʣʶʪʥʦ ʚʩʝ ʪʠʧʳ ʩʦʚʨʝʤʝʥʥʳʭ ʜʚʠʛʘ-
ʪʝʣʝʡ ï ʦʪ ʙʝʥʟʠʥʦʚʳʭ ʠ ʜʠʟʝʣʴʥʳʭ ʜʦ ʛʘʟʦʚʳʭ. ʕʪʘ ʩʠʩʪʝʤʘ ʠʛʨʘʝʪ ʦʯʝʥʴ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʬʫʥʢʮʠʦʥʠ-
ʨʦʚʘʥʠʠ ʘʚʪʦʤʦʙʠʣʷ, ʦʥʘ ʦʪʚʝʯʘʝʪ ʟʘ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʚ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʘʭ.[ 1, ʩ. 388 ]  

ʉʠʩʪʝʤʘ ʨʝʮʠʨʢʫʣʷʮʠʠ ʦʪʨʘʙʦʪʘʥʥʳʭ ʛʘʟʦʚ (ʨʠʩ. 1) ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʜʦʚʦʣʴʥʦ ʧʨʦʩʪʳʤ ʦʙʨʘʟʦʤ. 
ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʩʛʦʨʘʥʠʠ ʪʦʧʣʠʚʘ ʚ ʢʘʤʝʨʘʭ ʩʛʦʨʘʥʠʷ ʦʙʨʘʟʫʝʪʩʷ ʦʢʩʠʜ ʘʟʦʪʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ 
ʥʝʚʝʨʦʷʪʥʦ ʪʦʢʩʠʯʥʳʤ ʚʝʱʝʩʪʚʦʤ. ʀ ʝʩʣʠ ʦʥ ʙʫʜʝʪ ʧʦʧʘʜʘʪʴ ʚ ʚʦʟʜʫʭ ʚʤʝʩʪʝ ʩ ʚʳʭʣʦʧʘʤʠ, ʪʦ ʤʘʰʠʥʳ 
ʙʫʜʫʪ ʦʯʝʥʴ ʩʠʣʴʥʦ ʦʪʨʘʚʣʷʪʴ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʏʝʤ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ, ʪʝʤ 
ʙʦʣʴʰʝ ʚʳʜʝʣʷʝʪʩʷ ʦʢʩʠʜʘ ʘʟʦʪʘ, ʧʦʵʪʦʤʫ ʩ ʵʪʠʤ ʧʨʦʮʝʩʩʦʤ ʥʝʦʙʭʦʜʠʤʦ ʯʪʦ-ʪʦ ʜʝʣʘʪʴ. ʀʤʝʥʥʦ ʟʜʝʩʴ 
ʚ ʠʛʨʫ ʚʩʪʫʧʘʝʪ ʩʠʩʪʝʤʘ ʨʝʮʠʨʢʫʣʷʮʠʠ ʦʪʨʘʙʦʪʘʥʥʳʭ ʛʘʟʦʚ ï ʩ ʝʝ ʧʦʤʦʱʴʶ ʯʘʩʪʴ ʦʢʩʠʜʘ ʘʟʦʪʘ ʧʦʩʪʫ-
ʧʘʝʪ ʦʙʨʘʪʥʦ ʚʦ ʚʧʫʩʢʥʦʡ ʢʦʣʣʝʢʪʦʨ. ɿʘ ʧʦʜʘʯʫ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʦʪʚʝʯʘʝʪ ʢʣʘʧʘʥ, ʢʦʪʦʨʳʡ ʦʪʢʨʳ-
ʚʘʝʪʩʷ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʧʦʜʘʯʘ ʥʝʦʙʭʦʜʠʤʘ, ʠ ʟʘʢʨʳʚʘʝʪʩʷ, ʢʦʛʜʘ ʛʘʟʳ ʫʞʝ ʚ ʜʦʩʪʘʪʦʯʥʦʤ ʢʦʣʠʯʝ-
ʩʪʚʝ ʧʦʩʪʫʧʠʣʠ ʚʦ ʚʧʫʩʢʥʦʡ ʢʦʣʣʝʢʪʦʨ. ʆʪʪʫʜʘ ʛʘʟʳ ʚʤʝʩʪʝ ʩ ʪʦʧʣʠʚʥʦʡ ʩʤʝʩʴʶ ʧʦʧʘʜʘʶʪ ʚ ʢʘʤʝʨʫ 
ʩʛʦʨʘʥʠʷ, ʛʜʝ ʩʤʝʩʴ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʞʠʛʘʝʪʩʷ, ʘ ʧʦʜʘʥʥʳʝ ʛʘʟʳ ʩʥʠʞʘʶʪ ʪʝʤʧʝʨʘʪʫʨʫ ʝʝ ʩʛʦʨʘʥʠʷ.  
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ʉʡʪ. 1. ʊʮʞʥʙ ʩʞʯʡʩʣʬʤʸʯʡʡ:  

1 ð ʁ ʤʞʣʫʩʧʦʦʴʢ ʚʤʧʣ ʬʨʩʙʛʤʞʦʡʸ; 2 ð ʝʙʫʰʡʣ ʨʧʤʧʟʞʦʡʸ ʝʩʧʪʪʞʤʵʦʧʢ ʠʙʪʤʧʦʣʡ; 3 ð ʣʤʙʨʙʦ ʩʞ-
ʯʡʩʣʬʤʸʯʡʡ; 4 ð ɛ-ʠʧʦʝ; 5 ð ʦʞʢʫʩʙʤʡʠʙʫʧʩ 

 
        ʏʪʦ ʜʘʝʪ ʩʠʩʪʝʤʘ ʨʝʮʠʨʢʫʣʷʮʠʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ?  

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʨʝʯʴ ʠʜʝʪ ʦ ʩʥʠʞʝʥʠʠ ʪʦʢʩʠʯʥʦʩʪʠ ʚʳʭʣʦʧʦʚ. ʂʘʢ ʫʞʝ ʙʳʣʦ ʩʢʘʟʘʥʦ ʨʘʥʝʝ, ʦʢ-
ʩʠʜ ʘʟʦʪʘ ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʪʦʢʩʠʯʥʳʤ, ʧʦʵʪʦʤʫ ʚʳʩʦʢʦʝ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʚ ʚʳʭʣʦʧʝ ʧʨʠʚʝʣʦ ʙʳ ʢ ʪʦʤʫ, 
ʯʪʦ ʘʚʪʦʤʦʙʠʣʷʤʠ ʥʝʚʦʟʤʦʞʥʦ ʙʳʣʦ ʙʳ ʧʦʣʴʟʦʚʘʪʴʩʷ. ɸ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʵʪʠ ʪʦʢʩʠʯʥʳʝ 
ʛʘʟʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʥʫʪʨʠ ʘʚʪʦʤʦʙʠʣʷ ʠ ʥʝ ʧʦʧʘʜʘʶʪ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. [ 2, ʩ. 115] 

ʊʘʢʞʝ ʩʪʦʠʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʧʦʩʪʫʧʘʶʱʠʝ ʧʦʚʪʦʨʥʦ ʦʪʨʘʙʦʪʘʚʰʠʝ ʛʘʟʳ ʟʘʥʠʤʘʶʪ ʯʘʩʪʴ 
ʦʙʲʝʤʘ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ, ʪʝʤ ʩʘʤʳʤ ʩʥʠʞʘʷ ʢʦʣʠʯʝʩʪʚʦ ʩʞʠʛʘʝʤʦʛʦ ʪʦʧʣʠʚʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦ ʜʘʝʪ 
ʥʝʙʦʣʴʰʫʶ ʵʢʦʥʦʤʠʶ ʥʘ ʪʦʧʣʠʚʝ. 

ɽʩʪʝʩʪʚʝʥʥʦ, ʵʢʦʥʦʤʠʷ ʥʝ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʙʦʣʴʰʦʡ, ʥʦ ʚʩʝ ʞʝ ʚ ʜʘʥʥʦʤ ʚʦʧʨʦʩʝ ʧʨʠʚʝʪʩʪʚʫʶʪʩʷ 
ʣʶʙʳʝ ʤʝʣʦʯʠ. [ 3, ʩ. 5 ] 

ʊʨʝʪʴʷ ʩʦʩʪʘʚʣʷʶʱʘʷ - ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʩʠʩʪʝʤʘ ʨʝʮʠʨʢʫʣʷʮʠʠ ʦʪʨʘʙʦʪʘʚ-
ʰʠʭ ʛʘʟʦʚ ʩʥʠʞʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʪʦʧʣʠʚʥʦʡ ʩʤʝʩʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʙʦʨʦʪʴʩʷ ʩ 
ʜʝʪʦʥʘʮʠʝʡ, ʢʦʪʦʨʘʷ ʩʣʫʯʘʣʘʩʴ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ ʜʦ ʚʚʝʜʝʥʠʷ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ. [ 4, ʩ. 294 ]  
ɺʧʝʨʚʳʝ ʜʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʦʷʚʠʣʘʩʴ ʥʘ ʘʚʪʦʤʦʙʠʣʷʭ ʚ 1972 ʛʦʜʫ, ʦʜʥʘʢʦ ʧʝʨʚʳʡ ʦʧʳʪ ʝʝ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʷ ʦʢʘʟʘʣʩʷ ʧʦʣʥʦʩʪʴʶ ʧʨʦʚʘʣʴʥʳʤ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʪʦʛʜʘ ʢʣʘʧʘʥ ʚʩʝʛʜʘ ʥʘʭʦʜʠʣʩʷ ʚ ʦʪʢʨʳʪʦʤ ʩʦ-
ʩʪʦʷʥʠʠ, ʪʦ ʝʩʪʴ ʦʪʨʘʙʦʪʘʚʰʠʝ ʛʘʟʳ ʧʦʩʪʫʧʘʣʠ ʚʦ ʚʧʫʩʢʥʦʡ ʢʦʣʣʝʢʪʦʨ ʚ ʣʶʙʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʜʚʠʛʘ-
ʪʝʣʷ ʠ ʧʦʵʪʦʤʫ ʛʘʟʳ ʦʭʣʘʞʜʘʣʠ ʢʘʤʝʨʫ ʩʛʦʨʘʥʠʷ ʜʘʞʝ ʪʦʛʜʘ, ʢʦʛʜʘ ʵʪʦʛʦ ʜʝʣʘʪʴ ʙʳʣʦ ʥʝ ʥʫʞʥʦ ï 
ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʨʦʛʨʝʚʝ ʜʚʠʛʘʪʝʣʷ.  

ɹʦʣʝʝ ʪʦʛʦ, ʥʝ ʩʫʱʝʩʪʚʦʚʘʣʦ ʘʙʩʦʣʶʪʥʦ ʥʠʢʘʢʦʛʦ ʢʦʥʪʨʦʣʷ ʧʦʜʘʯʠ ʛʘʟʦʚ ï ʜʘʞʝ ʪʦʛʜʘ, ʢʦʛʜʘ ʚʘʤ 
ʥʫʞʥʦ ʚʳʞʘʪʴ ʠʟ ʘʚʪʦʤʦʙʠʣʷ ʤʘʢʩʠʤʫʤ, ʪʦ ʝʩʪʴ ʜʦʙʠʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʢʘ-
ʤʝʨʝ ʩʛʦʨʘʥʠʷ, ʪʫʜʘ ʧʦʩʪʫʧʘʣ ʛʘʟ, ʢʦʪʦʨʳʡ ʩʥʠʞʘʣ ʤʦʱʥʦʩʪʴ ʘʚʪʦʤʦʙʠʣʷ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʧʝʨʚʘʷ ʤʦ-
ʜʝʣʴ ʩʠʩʪʝʤʳ ʦʢʘʟʘʣʘʩʴ ʧʨʦʚʘʣʴʥʦʡ ʠ ʥʝ ʧʦʣʫʯʠʣʘ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ. 

ɺʳʭʦʜ ʠʟ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʥʘʰʣʘ ʢʦʤʧʘʥʠʷ çʌʦʨʜè. 
ʂʦʤʧʘʥʠʷ ʧʨʝʜʩʪʘʚʠʣʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ ʦʪʢʨʳʪʠʷ ʠ ʟʘʢʨʳʪʠʷ ʢʣʘʧʘʥʦʚ ʧʨʠ ʢʦʥʢʨʝʪ-

ʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ, ʯʪʦ ʨʝʰʠʣʘ ʧʨʦʙʣʝʤʫ ʩ ʧʨʦʛʨʝʚʦʤ ʜʚʠʛʘʪʝʣʷ.  
ʆʜʥʘʢʦ ʬʘʢʪ ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ ʦʩʪʘʣʩʷ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ ʚʩʝʛʜʘ 

ʦʩʪʘʚʘʣʘʩʴ ʦʧʪʠʤʘʣʴʥʦʡ ʠ ʥʝ ʧʦʟʚʦʣʷʣʘ ʜʦʙʨʦʚʦʣʴʥʦ ʜʦʙʠʪʴʩʷ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ ʦʪ ʜʚʠʛʘʪʝʣʷ.  
ʆʜʥʘʢʦ ʥʘ ʪʦʪ ʤʦʤʝʥʪ ʩʠʩʪʝʤʘ ʙʳʣʘ ʧʨʝʜʝʣʦʤ ʤʝʯʪʘʥʠʡ ʠ ʚ ʪʝʯʝʥʠʝ ʜʦʣʛʠʭ ʣʝʪ ʠʤʝʥʥʦ ʦʥʘ ʠʩʧʦʣʴʟʦ-
ʚʘʣʘʩʴ ʥʘ ʚʩʝʭ ʘʚʪʦʤʦʙʠʣʷʭ.  

ɹʦʣʝʝ ʪʦʛʦ, ʚʳ ʜʦ ʩʠʭ ʧʦʨ ʤʦʞʝʪʝ ʚʩʪʨʝʪʠʪʴ ʘʚʪʦʤʦʙʠʣʠ, ʥʘ ʢʦʪʦʨʳʭ ʫʩʪʘʥʦʚʣʝʥʘ ʧʦʜʦʙʥʘʷ ʩʠ-
ʩʪʝʤʘ ʨʝʮʠʨʢʫʣʷʮʠʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ. ʇʨʠʤʝʨʦʤ ʩʣʫʞʠʪ ʘʚʪʦʤʦʙʠʣʴ çʅʠʚʘè, ʥʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 
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ʪʝʧʝʨʴ ʧʦʜʘʯʘ ʥʝ ʤʝʭʘʥʠʯʝʩʢʘʷ, ʘ ʵʣʝʢʪʨʦʥʥʘʷ. 
ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʰʠʥʘʭ ʠʤʝʝʪʩʷ ʜʘʪʯʠʢ ʩʠʩʪʝʤʳ ʨʝʮʠʨʢʫʣʷʮʠʠ ʦʪʨʘʙʦʪʘʥʥʳʭ ʛʘʟʦʚ, ʢʦʪʦʨʳʡ 

ʢʦʥʪʨʦʣʠʨʫʝʪ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ, ʪʘʢ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ, ʦʪ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ 
ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʚʝʨʩʠʠ ʩʠʩʪʝʤʳ ʧʦʣʥʦʩʪʴʶ ʣʠʢ-
ʚʠʜʠʨʦʚʘʥʘ ʧʨʦʙʣʝʤʘ ʪʦʛʦ, ʯʪʦ ʤʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ ʩʥʠʞʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ EGR. ʅʝʢʦʪʦʨʳʝ ʠʟ 
ʤʦʜʝʣʝʡ ʥʳʥʝʰʥʠʭ ʩʠʩʪʝʤ ʚʦʦʙʱʝ ʥʝ ʠʩʧʦʣʴʟʫʶʪ ʦʪʜʝʣʴʥʳʡ ʢʣʘʧʘʥ ʜʣʷ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʘʟʦʚ, 
ʪʘʢ ʢʘʢ ʵʣʝʢʪʨʦʥʥʳʡ ʙʣʦʢ ʘʚʪʦʤʦʙʠʣʷ ʢʦʥʪʨʦʣʠʨʫʝʪ ʬʘʟʳ ʛʘʟʦʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʟʘ ʩʯʝʪ ʯʝʛʦ, ʩʦʦʪʚʝʪ-
ʩʪʚʝʥʥʦ, ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʠ ʧʨʦʮʝʩʩ ʨʝʮʠʨʢʫʣʷʮʠʠ. ɹʣʘʛʦʜʘʨʷ ʜʘʥʥʦʤʫ ʧʦʜʭʦʜʫ ʜʚʠʛʘʪʝʣʠ ʫʜʘʣʦʩʴ 
ʫʧʨʦʩʪʠʪʴ, ʠʟʙʘʚʠʚ ʠʭ ʦʪ ʣʠʰʥʠʭ ʜʝʪʘʣʝʡ.   ʆʜʥʘʢʦ ʵʪʘ ʩʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʩʘʤʦʡ ʩʦʚʨʝʤʝʥʥʦʡ, ʧʦʵʪʦʤʫ 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʘʣʝʢʦ ʥʝ ʚʝʟʜʝ ʠ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ.  

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʂʘʯʝʩʪʚʦ ʪʦʧʣʠʚʘ, ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʚ ʟʘʧʘʜʥʳʭ 
ʩʪʨʘʥʘʭ, ʧʦʵʪʦʤʫ ʩʠʩʪʝʤʘ ʨʝʮʠʨʢʫʣʷʮʠʠ ʟʘʩʦʨʷʝʪʩʷ ʥʘʤʥʦʛʦ ʙʳʩʪʨʝʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦ-
ʤʫ, ʯʪʦ ʢʣʘʧʘʥ ʩʠʩʪʝʤʳ ʨʝʮʠʨʢʫʣʷʮʠʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʚʳʭʦʜʠʪ ʠʟ ʩʪʨʦʷ ʛʦʨʘʟʜʦ ʙʳʩʪʨʝʝ. ʀʩʧʨʘ-
ʚʠʪʴ ʵʪʦ ʤʦʞʥʦ ʥʘ ʩʪʘʥʮʠʠ ʪʝʭʦʙʩʣʫʞʠʚʘʥʠʷ, ʦʜʥʘʢʦ ʩʪʦʠʤʦʩʪʴ ʟʘʤʝʥʳ ʢʦʤʧʦʥʝʥʪʦʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ 
ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʘ, ʧʦʵʪʦʤʫ ʤʥʦʛʠʝ ʞʠʪʝʣʠ ʈʦʩʩʠʠ ʦʪʢʘʟʳʚʘʶʪʩʷ ʪʨʘʪʠʪʴ ʣʠʰʥʠʝ ʜʝʥʴʛʠ ʥʘ ʧʦʜʦʙʥʫʶ 
ʩʠʩʪʝʤʫ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʥʠ ʝʝ ʧʨʦʩʪʦ ʛʣʫʰʘʪ, ʪʦ ʝʩʪʴ ʟʘʢʨʝʧʣʷʶʪ ʚ ʦʜʥʦʤ ʧʦʣʦʞʝʥʠʠ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʝʝ 
ʜʘʣʴʥʝʡʰʝʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, EGR ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʨʦʩʩʠʡʩʢʠʭ ʫʩʣʦʚʠʷʭ ʷʚʣʷʝʪʩʷ 
ʘʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʣʠʰʴ ʜʣʷ ʪʝʭ, ʢʪʦ ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʩʝʙʝ ʧʨʠʦʙʨʝʪʝʥʠʝ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʪʦʧ-
ʣʠʚʘ ʠ ʧʣʘʥʦʚʳʡ ʜʦʨʦʛʦʩʪʦʷʱʠʡ ʨʝʤʦʥʪ ʩʠʩʪʝʤʳ. ʉʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʨʦʩʩʠʷʥʠʥ ʣʠʙʦ ʥʝ ʤʦʞʝʪ 
ʩʝʙʝ ʪʘʢʦʝ ʧʦʟʚʦʣʠʪʴ, ʣʠʙʦ ʥʝ ʭʦʯʝʪ ʵʪʦʛʦ ʜʝʣʘʪʴ, ʧʦʵʪʦʤʫ ʚʩʝ ʯʘʱʝ ʣʶʜʠ ʧʨʝʜʧʦʯʠʪʘʶʪ ʟʘʛʣʫʰʠʪʴ 
ʢʣʘʧʘʥ ʩʠʩʪʝʤʳ ʨʝʮʠʨʢʫʣʷʮʠʠ ʦʪʨʘʙʦʪʘʥʥʳʭ ʛʘʟʦʚ, ʠʟʙʘʚʣʷʷ ʩʝʙʷ ʦʪ ʣʠʰʥʠʭ ʧʨʦʙʣʝʤ.  

ʉʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʦʪʣʠʯʥʳʤ ʜʦʧʦʣʥʝʥʠʝʤ ʜʣʷ ʘʚʪʦʤʦʙʠʣʷ ï ʦʥʘ ʥʝʩʝʪ ʧʦʣʴʟʫ ʠ ʥʝ ʧʨʝʜʚʝʱʘʝʪ 
ʥʠʢʘʢʦʡ ʙʝʜʳ. ʋ ʥʝʸ ʝʩʪʴ  ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʧʦʚʳʰʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ, ʠ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ 
ʪʦʢʩʠʯʥʦʩʪʴ ʚʳʭʣʦʧʦʚ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʠ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʪʦʧʣʠʚʦ.  
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THE PROBABILITY OF CRUSHING PARTICLES OF 
MATERIAL IN MAGNETIC LIQUEFIED LAYER OF 
ELECTROMAGNETIC MECHANOACTIVATION 

Bezzubtseva Marina Mikhailovna 
Doctor of technical Sciences 

Federal state budgetary educational institution of St. Petersburg state agrarian University 
 

Abstract: In the article the questions of probability destruction of particles of the processed material by elec-
tromagnetic mechanoactivation are considered. Installed the critical angle of the structural groups of Ferro-
chrom in the working volume of the electromagnetic mechanoactivation, which organized the "layer slide" with 
the formation of shock-abrasive loads in the hogging product. 
Keywords: electromagnetic mechanoactivation,  probability of failure, critical angle. 

 
Grinding process in grinder-mechanoactivated is simultaneously both random and static in nature [1]. By 

analogy with drum mills in a disk mechanoactivated randomness manifests itself in the collision of particles 
with the grinding elements, and the static ï that the process involved an infinite number of particles and, thus, 
they are very diverse in their physical and mechanical properties. It is also assumed that the grain particles 
have a spherical shape. Thus, the probable number of particles in the impact area of the grinding balls: 
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where )1( 5.0 Ve-- ð a function of the probability of finding the particles in an impact zone; V ð share 

fill grinder-mechanoactivated material. 
In the process some particles are pressed into the surface of the grinding elements, the other pulled 

from the surface by their relative motion. Therefore, making the assumption that the grain size is at equilibrium 
these two processes, the formula for the probable number that came under attack, has the form: 
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where ð 
HHe-- 5,21 the probability of detachment of particles pressed in contact with a particle in an-

other bowl (this function has a definite view): very large and very small N the probability of separation is very 
high;at intermediate hardness, the probability will be minimal (in ʅ = 1 the function has a minimum value 0,08) 

ʅʂʅ

ʝ ʝʝʈ 7,0-- ==  ð the probability function of the indentor particles in the grinding element at impact; 

ʅ ð the ratio of hardness of the particle (coefficient k = 0,7 is determined from the condition that ʅ = 1, func-
tion Re = 0,5 equiprobable). 

From the equation it is seen that the number of particles Ne is relatively insensitive to changes in proba-
bility coefficients k1/k2, for this reason, they can be neglected in further calculations. 

Based on the foregoing, L. F. Bilenko displays the formula, allowing to determine the speed of the grind 
product in a drum mill with ball loading (the rate of grinding proportionally the number of particles in the impact 
zone, the probability of fragmentation particles in the zone at least once, the factor limiting the freedom of 
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movement of the grinding elements, when the material in the mill lot):  
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where G1 ð the amount of product per stroke, which can be presented to the newly formed surface; 

( )22 / ANb ð the probability of the opposite event; He 7.01 --  ð the probability of introducing particles to 

the grinding element at impact. 
The product of these last two functions gives the probability that the particle will be sandwiched between 

clean surfaces and will not stick to the grinding element (i.e. for soft particles). 

Function ( ) ( )( )HeANbANb 7.02222 1/1/ ---+ determines the probability of holding a single particle 

between any type of surfaces (the probability of occurrence of one of two incompatible events is the sum of 
their probabilities). And since the hardness of the steel grinding elements, a lot more the hardness of the 
grains, N>>1, then the function will take the value equal to one. 

Function: ( )VERNk
e 4-  ð determines the probability of crushing particles in the impact zone (and, if you 

increase the number of particles in the cell it is reduced). 

The expression 3

0
/ RWI

Mp  
ð determines the number of grinding elements of the disposer - mecha-

noactivated (where Ip ð the proportion of filling of the chamber the grinding elements, and WM ð the volume 
of the chamber chopper). 

Function 
21.0 Ve-  there is a possibility of restriction of freedom of movement of the grinding elements in 

the presence of the material. 
Given these provisions, the formula (3) with regard to the material component of the feed can be simpli-

fied: 
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Making the assumption that each hit generates the same increase of surface, the formula (3) describing 
the amount of milled grain product can be brought to mind, characterizing the increase of the surface S1. 

If   S1=kG1 (ʠʣʠ dS1 = kdG1), the increase in surface occurring in a single blow: 
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High-speed shredding will be observed for the solid material when filling the space between the grinding 

elements is approximately 
10

1
, for soft-about half. Moreover, with decreasing particle size, the probability of 

their falling into the grinding zone will be reduced, and therefore, is preferred grinding larger particles. 
The fundamental theory underlying the mathematical modeling of the magnitude of the force of contact 

between the ferromagnetic elements in the phases of working process (formation, destruction of structure 
groups of ferroaluminum, the formation of "layer sliding") based on the development of the dipole model Max-
well [2, 3, 4]. Examining and setting the quantitative parameters of the energy process occurring with one 
structural group of Ferrochrom, and multiplying the result by the number of structural groups in the amount of 
handling of the product, you can determine the energy of the working process of the formation of dispersive 
loads in EMMA. When calculating the number of chains of ferromagnetic grinding elements is determined by 

the expression 
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sp
N  ð the number of grinding elements spherical shape in the 

working volume EMMA; d ð the diameter of the grinding element; 0h  ð distance from stator to rotor). When 

developing the linear theory makes the following assumptions: power Fr  and moments nM , acting on the 
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magnetized grinding element in the working volume EMMA, determined on the basis of the dipole models 

Maxwell's; the diameters of the grinding elements is less than the width of the working volume (d << 0h ) and 

a lot more particles of the processed material (d ιι rf ); structural groups of grinding elements until the mo-

ment of their destruction when the critical angle of the structural groups of Ferrochrom ʢʨn  the transition in the 

phase of formation "layer slip" is not interact.  

Taking into account the original size of the particles rf,  power Fr  and moments nM , acting on the 

grinding element of radius 
0R  in a magnetic field with a strength ʅ in the working volume EMMA, determined 

by the equalities [5, 6]: 
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Critical angle 
cr
n , in which the attraction of the balls is replaced by their repulsion, is defined by the 

formula: 
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The final formula for the calculation of work impact fracture of the product is as follows: 
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¶ãàÐÒÛÕÒ °ÝÔàÕÙ ´ÜØâàØÕÒØç 
½ÞÒÞâÞçØÝÞÒÐ ¿ÞÛØÝÐ ºÞÝáâÐÝâØÝÞÒÝÐ 

ʩʪʫʜʝʥʪʳ ʀʀɽʉʄ ʊɻɺ 
ʌɻɹʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʅ.ʕ. ɹʘʫʤʘʥʘè 

 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʜʝʡʩʪʚʠʷ ʮʠʢʣʦʚ ʟʘʤʦʨʘʞʠʚʘʥʠʷ-
ʦʪʪʘʠʚʘʥʠʷ ʥʘ ʮʝʤʝʥʪʳ. ʄʦʨʦʟʦʩʪʦʡʢʦʩʪʴ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʠʟʥʦʩʘ ʙʝʪʦʥʘ ʚ ʭʦʣʦʜ-
ʥʦʤ ʚʣʘʞʥʦʤ ʢʣʠʤʘʪʝ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʨʫʰʝʥʠʷ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʮʝʤʝʥʪʘ, ʧʦʜʚʝʨ-
ʞʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʤ ʟʘʤʝʨʟʘʥʠʷ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʴ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʙʝʪʦʥ, ʧʨʦʯʥʦʩʪʴ, ʩʪʨʫʢʪʫʨʘ, ʤʦʜʝʣʴ.   

 
EXAMINATION OF BUILDINGS FOR DYNAMIC LOADS 

 
Abstract: he article deals with the study of the effect of freezing-thawing cycles on cements. Frost resistance 
is one of the main causes of concrete wear in the cold humid climate. Researches of destruction of systems on 
the basis of cement exposed to freezing temperatures are analyzed. 
Keywords: frost resistance, construction, concrete, strength, structure, model. 

 
ʄʦʨʦʟʦʩʪʦʡʢʦʩʪʴ (ʮʠʢʣʳ ʟʘʤʦʨʘʞʠʚʘʥʠʷ-ʦʪʪʘʠʚʘʥʠʷ) ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʠʟʥʦʩʘ 

ʙʝʪʦʥʘ ʚ ʭʦʣʦʜʥʦʤ ʚʣʘʞʥʦʤ ʢʣʠʤʘʪʝ. ɹʳʣʦ ʙʳ ʧʦʣʝʟʥʦ ʫʣʫʯʰʠʪʴ ʧʦʥʠʤʘʥʠʝ ʜʝʡʩʪʚʠʷ ʤʦʨʦʟʘ, ʯʪʦʙʳ 
ʩʤʷʛʯʠʪʴ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʪʘʢʦʛʦ ʙʝʪʦʥʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʠʟʥʦʩʘ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʮʝʤʝʥʪ-
ʥʦʡ ʦʩʥʦʚʝ, ʧʦʜʚʝʨʛʥʫʪʳʭ ʟʘʤʦʨʘʞʠʚʘʥʠʶ ʠ ʦʪʪʘʠʚʘʥʠʶ, ʧʦʢʘʟʘʣʠ ʩʥʠʞʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ 
ʠ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʚʥʫʪʨʝʥʥʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ. ʀʟʫʯʝʥʳ 
ʠʟʤʝʥʝʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʚ ʦʪʚʝʨʞʜʝʥʥʳʭ ʮʝʤʝʥʪʥʳʭ ʩʠʩʪʝʤʘʭ ʧʦʩʣʝ ʮʠʢʣʦʚ ʟʘʤʦʨʘʞʠʚʘʥʠʷ-
ʦʪʪʘʠʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ, ʪʘʢʠʭ ʢʘʢ ʩʢʘʥʠʨʫʶʱʠʡ ʵʣʝʢ-
ʪʨʦʥʥʳʡ ʤʠʢʨʦʩʢʦʧ, ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʜʠʬʨʘʢʮʠʷ. ɺʘʞʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʨʘʟʨʫʰʝʥʠʝ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʮʝ-
ʤʝʥʪʘ, ʧʦʜʚʝʨʞʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʤ ʟʘʤʝʨʟʘʥʠʷ, ʚʢʣʶʯʘʷ ʠʟʤʝʥʝʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ 
ʩʥʠʞʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʚ ʨʘʙʦʪʝ ʦ çʏʠʩʣʝʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 
ʚʣʠʷʥʠʷ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʥʘ ʤʠʢʨʦ-ʚʥʫʪʨʝʥʥʠʝ ʧʦʚʨʝʞʜʝʥʠʷ ʠ ʤʘʢʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʮʝʤʝʥʪʥʳʭ 
ʧʘʩʪè [1]. ɺ ʨʘʤʢʘʭ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʚʪʦʨʘʤʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʥʘ ʦʩʥʦʚʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ 
ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʥʘ ʤʠʢʨʦ-ʚʥʫʪʨʝʥʥʠʝ ʧʦʚʨʝʞʜʝʥʠʷ ʠ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʤʘʢʨʦ-
ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʮʝʤʝʥʪʥʳʭ ʩʠʩʪʝʤ. ɺ ʵʪʦʡ ʤʦʜʝʣʠ ʫʯʠʪʳʚʘʣʠʩʴ ʩʚʷʟʘʥʥʳʝ ʵʬʬʝʢʪʳ ʚʳʪʝʩʥʝʥʠʷ 
ʚʦʜʳ, ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʧʦʨʘʭ ʠ ʦʮʝʥʢʠ ʨʝʘʣʠʩʪʠʯʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʜʝʡʩʪʚʠʷ 
ʤʦʨʦʟʘ. ʀʟʤʝʥʝʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʮʝʤʝʥʪʥʦʡ ʤʘʩʩʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ 
ʤʦʨʦʟʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʘʪʝʨʠʘʣʳ ʩ ʮʝʤʝʥʪʥʳʤ ʦʩʥʦʚʘʥʠʝʤ ʩ ʙʦʣʝʝ ʧʦʨʠʩʪʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ ʙʫʜʫʪ 
ʠʤʝʪʴ ʙʦʣʝʝ ʩʝʨʴʝʟʥʳʝ ʚʥʫʪʨʝʥʥʠʝ ʧʦʚʨʝʞʜʝʥʠʷ. ʀʟ ʧʦʚʨʝʞʜʝʥʥʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʦʚ ʥʘ 
ʦʩʥʦʚʝ ʮʝʤʝʥʪʘ ʙʳʣʦ ʦʮʝʥʝʥʦ ʩʥʠʞʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʩʣʝ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʠ ʦʪʪʘʠʚʘʥʠʷ. 
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ɸʣʶʤʠʥʘʪʥʳʡ ʮʝʤʝʥʪ ʷʚʣʷʝʪʩʷ ʤʝʥʝʝ ʧʦʨʠʩʪʳʤ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʦʙʳʯʥʳʤ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʦʤ, ʘ ʟʥʘʯʠʪ 
ʦʥ ʜʦʣʞʝʥ ʙʳʪʴ ʤʝʥʝʝ ʧʦʜʚʝʨʞʝʥ ʚʥʫʪʨʝʥʥʠʤ ʧʦʚʨʝʞʜʝʥʠʷʤ, ʠ ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʙʦʣʝʝ ʩʪʦʡʢʠʤ ʢ ʚʦʟ-
ʜʝʡʩʪʚʠʶ ʤʦʨʦʟʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʜʦʣʛʦʚʝʯʥʳʤ. ʆʩʪʘʶʪʩʷ ʥʝʨʝʰʝʥʥʳʤʠ ʚʦʧʨʦʩʳ, ʪʘʢʠʝ ʢʘʢ ʦʙʨʘʟʦ-
ʚʘʥʠʝ ʣʝʜʷʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʚ ʢʦʤʧʣʝʢʩʥʦʡ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʝ ʮʝʤʝʥʪʘ, ʛʜʝ ʠ ʢʘʢ ʩʦʟʜʘʶʪʩʷ ʤʠʢʨʦʪʨʝ-
ʱʠʥʳ ʚ ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ʮʝʤʝʥʪʘ, ʠ ʢʘʢ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʮʝʤʝʥʪʘ ʨʝʘʛʠʨʫʝʪ ʥʘ ʧʦʥʠʞʘʶʱʫʶʩʷ ʪʝʤʧʝʨʘ-
ʪʫʨʫ. ʕʪʠ ʚʦʧʨʦʩʳ ʚʘʞʥʳ ʜʣʷ ʘʥʘʣʠʟʘ ʟʘʤʦʨʘʞʠʚʘʶʱʝʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʮʝʤʝʥʪʘ, 
ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʨʫʰʝʥʠʷ ʙʝʪʦʥʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʨʦʢʘ ʩʣʫʞʙʳ. ʇʨʠʙʣʠʟʠʪʴʩʷ ʢ ʨʝʰʝʥʠʶ ʵʪʠʭ 
ʚʦʧʨʦʩʦʚ ʧʳʪʘʣʠʩʴ ʚ ʨʘʙʦʪʝ ʦ çʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚʥʫʪʨʝʥʥʝʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʮʝʤʝʥʪʘ ʠʟ-ʟʘ ʜʘʚʣʝʥʠʷ 
ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʣʴʜʘ ʧʨʠ ʟʘʤʦʨʘʞʠʚʘʥʠʠè [2]. ɺ ʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʘʚʪʦʨʳ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʠ 
ʦʮʝʥʢʝ ʚʥʫʪʨʝʥʥʝʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʮʝʤʝʥʪʥʦʡ ʧʘʩʪʳ, ʚʳʟʚʘʥʥʦʛʦ ʜʘʚʣʝʥʠʝʤ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʣʴʜʘ ʚ 
ʧʨʦʮʝʩʩʝ ʟʘʤʦʨʘʞʠʚʘʥʠʷ. ɺʣʠʷʥʠʝ ʜʘʚʣʝʥʠʷ ʞʠʜʢʦʩʪʠ ʦʥʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠ. ʇʦʚʨʝʞʜʝʥʥʘʷ ʤʠʢʨʦ-
ʩʪʨʫʢʪʫʨʘ ʮʝʤʝʥʪʥʦʡ ʧʘʩʪʳ ʜʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʮʝʤʝʥʪʥʦʡ 
ʧʘʩʪʳ ʚ ʪʝʯʝʥʠʝ ʝʝ ʩʨʦʢʘ ʩʣʫʞʙʳ ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʙʝʪʦʥʘ ʠʣʠ 
ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ. ʄʦʜʝʣʠʨʦʚʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʯʠʩʣʦ ʤʠʢʨʦʪʨʝʱʠʥ ʠ ʦʙʲʝʤʥʦʝ 
ʨʘʩʰʠʨʝʥʠʝ ʮʝʤʝʥʪʥʦʡ ʧʘʩʪʳ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʠʞʝ 
ʥʫʣʷ. ʇʦʚʪʦʨʥʳʝ ʮʠʢʣʳ ʟʘʤʦʨʘʞʠʚʘʥʠʷ-ʦʪʪʘʠʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʦʡ ʩʝʨʴʝʟʥʦʛʦ ʫʭʫʜʰʝʥʠʷ, ʢʣʘʩ-
ʩʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʚ ʜʚʫʭ ʢʘʪʝʛʦʨʠʷʭ, ʚʥʫʪʨʝʥʥʝʛʦ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ. 
ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚʦʟʜʫʭʦʚʦʚʣʝʢʘʶʱʠʝ ʘʛʝʥʪʳ ʫʚʝʣʠʯʠʚʘʶʪ ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʴ, ʥʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʥʠʞʘʶʪ 
ʧʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ ʠ ʯʘʩʪʦ ʩʦʟʜʘʶʪ ʧʨʦʙʣʝʤʳ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩ ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʘʤʠ, ʰʠʨʦʢʦ ʠʩ-
ʧʦʣʴʟʫʝʤʳʤʠ ʚ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʙʝʪʦʥʘʭ. ʄʝʭʘʥʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʤʦʨʦʟʘ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʧʨʦʮʝʩʩʦʤ 
ʦʙʨʘʟʦʚʘʥʠʷ ʣʴʜʘ. ɺʦʧʨʦʩ ʢʦʥʪʨʦʣʷ ʚʣʠʷʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ, 
ʯʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ ʧʨʝʜʩʢʘʟʘʪʴ ʠʭ ʤʦʨʦʟʥʦʝ ʧʦʚʝʜʝʥʠʝ ʚ ʪʝʯʝʥʠʝ ʮʠʢʣʦʚ ʠ ʠʟʙʝʞʘʪʴ ʧʦʚʪʦʨʥʳʭ ʮʠʢ-
ʣʦʚ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʧʨʝʧʷʪʩʪʚʠʝʤ, ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʚ ʩʪʘʪʴʝ ʦ çɸʥʘʣʠʟʝ ʢʦʥ-
ʢʨʝʪʥʳʭ ʚʥʫʪʨʝʥʥʠʭ ʫʭʫʜʰʝʥʠʡ ʠʟ-ʟʘ ʜʝʡʩʪʚʠʷ ʤʦʨʦʟʘè [8]. ɺ ʨʘʤʢʘʭ ʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʨʦʟʥʦʝ ʧʦ-
ʚʝʜʝʥʠʝ ʙʝʪʦʥʘ ʦʮʝʥʠʚʘʣʠ, ʧʦʜʚʝʨʛʘʷ ʝʛʦ ʧʦʚʪʦʨʥʳʤ ʮʠʢʣʘʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʟʘʤʦʨʘʞʠʚʘʥʠʷ-
ʦʪʪʘʠʚʘʥʠʷ ʚ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʢʘʤʝʨʝ, ʧʦʩʣʝ ʯʝʛʦ ʩʣʝʜʦʚʘʣʦ ʨʘʟʚʠʪʠʝ ʬʠʟʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘ-
ʨʘʢʪʝʨʠʩʪʠʢ. ʇʝʨʚʘʷ ʯʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʚʷʱʝʥʘ ʦʧʨʝʜʝʣʝʥʠʶ ʚʣʠʷʥʠʷ ʤʦʨʦʟʘ ʥʘ ʬʠʟʠʯʝʩʢʠʝ ʠ 
ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʝʪʦʥʘ, ʩʤʝʰʘʥʥʦʛʦ ʙʝʟ ʚʦʟʜʫʭʦʦʙʤʝʥʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʠʣʠ 
ʦʧʠʩʘʪʴ ʜʝʛʨʘʜʘʮʠʶ ʤʘʪʝʨʠʘʣʘ, ʩʣʝʜʫʷ ʠʟʤʝʥʝʥʠʷʤ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ ʠ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ. ɺʪʦʨʘʷ 
ʯʘʩʪʴ ʙʳʣʘ ʧʦʩʚʷʱʝʥʘ ʦʙʨʘʪʥʦʤʫ ʧʦʨʦʤʝʭʘʥʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ ʚʥʫʪʨʝʥʥʠʭ ʛʝʥʝʨʠʨʫʝʤʳʭ ʜʘʚʣʝʥʠʡ ʚʦ 
ʚʨʝʤʷ ʣʝʜʦʦʙʨʘʟʦʚʘʥʠʷ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʝʬʦʨʤʘʮʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚʦ ʚʨʝʤʷ ʮʠʢ-
ʣʦʚ ʟʘʤʦʨʘʞʠʚʘʥʠʷ-ʦʪʪʘʠʚʘʥʠʷ, ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʞʠʜʢʦʩʪʠ 25 ʄʇʘ ʧʨʠ ʪʝʤ-
ʧʝʨʘʪʫʨʝ 15 Á ʉ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʵʬʬʝʢʪʠʚʥʦʤʫ ʥʘʧʨʷʞʝʥʠʶ, ʩʦʩʪʘʚʣʷʶʱʝʤʫ 25% ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ. 
ʊʘʢ ʢʘʢ ʘʣʶʤʠʥʘʪʥʳʡ ʮʝʤʝʥʪ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʧʣʦʪʥʳʤ ʠ ʤʝʥʝʝ ʧʦʨʠʩʪʳʤ, ʪʦ ʦʥ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ 
ʤʝʥʴʰʠʤ ʚʥʫʪʨʝʥʥʠʤ ʥʘʧʨʷʞʝʥʠʝʤ, ʢʦʪʦʨʦʝ ʫʤʝʥʴʰʘʝʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʨʦʢʠ ʙʝʪʦʥʥʳʭ ʤʘʪʝʨʠʘ-
ʣʦʚ ʧʨʠ ʮʠʢʣʘʭ ʟʘʤʦʨʘʞʠʚʘʥʠʷ-ʦʪʪʘʠʚʘʥʠʷ. ʆʙʳʯʥʦ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʧʦʚʨʝʞʜʝʥʠʝ ʦʪ ʤʦʨʦʟʘ ʧʨʦʠʩʭʦʜʠʪ 
ʚ ʧʦʨʠʩʪʦʤ ʪʝʣʝ, ʪʘʢʦʤ ʢʘʢ ʙʝʪʦʥ, ʢʦʛʜʘ ʚʦʜʘ ʚ ʤʠʢʨʦʪʨʝʱʠʥʘʭ ʟʘʤʝʨʟʘʝʪ ʠ ʨʘʩʰʠʨʷʝʪʩʷ. ʕʪʦ ʷʚʣʝʥʠʝ 
ʩʦʟʜʘʝʪ ʙʦʣʴʰʦʝ ʣʦʢʘʣʴʥʦʝ ʨʘʩʪʷʛʠʚʘʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʠ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʪʨʝʱʠʥ.  

ʉʨʘʚʥʝʥʠʝ ʚʣʠʷʥʠʷ ʦʪʢʨʳʪʳʭ ʧʦʨ ʚ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʘʚʘʭ ʥʘ ʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʟʜʝʡʩʪʚʠʶ ʤʦʨʦ-
ʟʘ ʙʳʣʦ ʚ ʨʘʙʦʪʝ ʦ çʋʩʪʦʡʯʠʚʦʩʪʠ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʮʝʤʝʥʪʘ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʬʦʩ-
ʬʦʨʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʮʠʢʣʘʤ ʟʘʤʦʨʘʞʠʚʘʥʠʷ-ʦʪʪʘʠʚʘʥʠʷè [3]. ɺ ʪʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʮʝʥʢʘ ʩʪʦʡ-
ʢʦʩʪʠ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʚʳʩʦʢʦʬʦʩʬʦʨʠʩʪʦʛʦ ʰʣʘʢʦʚʦʛʦ ʮʝʤʝʥʪʘ ʢ ʮʠʢʣʘʤ ʟʘʤʦʨʘʞʠʚʘʥʠʷ-
ʦʪʪʘʠʚʘʥʠʷ. 

ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʮʠʢʣʳ ʟʘʤʦʨʘʞʠʚʘʥʠʷ-ʦʪʪʘʠʚʘʥʠʷ, ʠʟʤʝʨʝʥʠʷ ʚʦʜʦʧʦʛʣʦʱʝʥʠʷ, ʦʙʲʝʤʘ ʦʪʢʨʳ-
ʪʳʭ ʧʦʨ ʠ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ, ʢʘʢ ʥʘ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʦʤ ʚʳʩʦʢʦʬʦʩʬʦʨʠʩʪʦʤ ʰʣʘʢʦʚʦʤ ʮʝ-
ʤʝʥʪʝ, ʪʘʢ ʠ ʥʘ ʩʪʘʥʜʘʨʪʥʦʤ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʤ ʨʘʩʪʚʦʨʝ ʜʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʠʟʥʦʩʘ ʠ ʩʨʘʚʥʝʥʠʷ ʵʢʩ-
ʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʚʫʭ ʮʝʤʝʥʪʦʚ. ʆʜʥʘʢʦ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʙʦʣʝʝ ʩʣʘʙʫʶ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʚʳʩʦʢʦʬʦʩʬʦʨʠʩʪʦʛʦ ʰʣʘʢʦʚʦʛʦ ʮʝʤʝʥʪʘ 
ʧʨʦʪʠʚ ʮʠʢʣʦʚ ʟʘʤʦʨʘʞʠʚʘʥʠʷ-ʦʪʪʘʠʚʘʥʠʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʝʛʦ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ. ʆʥ 
ʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ ʠ ʙʦʣʝʝ ʧʣʦʪʥʫʶ ʠ ʦʜʥʦʨʦʜʥʫʶ ʤʝʞʬʘʟʥʫʶ ʧʝ-
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ʨʝʭʦʜʥʫʶ ʟʦʥʫ, ʦʜʥʘʢʦ ʩʣʘʙʘʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʧʨʦʪʠʚ ʮʠʢʣʦʚ ʟʘʤʦʨʘʞʠʚʘʥʠʷ-ʦʪʪʘʠʚʘʥʠʷ ʧʦ ʩʨʘʚʥʝ-
ʥʠʶ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʦʤ. ʇʨʦʮʝʥʪ ʧʦʪʝʨʠ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ ʫ ʥʝʛʦ ʙʳʣ ʧʦʯʪʠ ʚ ʜʚʘ 
ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʟʥʘʯʝʥʠʝ, ʠʟʤʝʨʝʥʥʦʝ ʜʣʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʤ 
ʦʙʲʝʤʦʤ ʦʪʢʨʳʪʳʭ ʧʦʨ ʚ ʨʘʩʪʚʦʨʝ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʚʳʩʦʢʦʬʦʩʬʦʨʠʩʪʦʛʦ ʰʣʘʢʦʚʦʛʦ ʮʝʤʝʥ-
ʪʘ, ʢʦʪʦʨʳʡ ʚʳʟʳʚʘʝʪ ʙʦʣʴʰʝʝ ʜʘʚʣʝʥʠʝ ʥʘ ʚʥʫʪʨʝʥʥʶʶ ʩʪʝʥʢʫ ʧʦʨ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʮʠʢʣʦʚ ʟʘʤʦʨʘ-
ʞʠʚʘʥʠʷ-ʦʪʪʘʠʚʘʥʠʷ. ʇʦʵʪʦʤʫ ʦʞʠʜʘʝʪʩʷ, ʯʪʦ ʣʶʙʳʝ ʫʩʠʣʠʷ ʧʦ ʩʦʢʨʘʱʝʥʠʶ ʦʙʲʝʤʘ ʦʪʢʨʳʪʳʭ ʧʦʨ ʤʦ-
ʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʮʝʤʝʥʪʘ ʠ ʚ ʵʪʠʭ ʮʝʣʷʭ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʝ ʘʣʶʤʠʥʘʪʥʦʛʦ ʮʝʤʝʥʪʘ.  
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ʌʝʜʝʨʘʮʠʠè ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʠʥʩʪʠʪʫʪ, ʛ. ʇʷʪʠʛʦʨʩʢ 

 

ɹʦʦʧʫʙʯʡʸ: ɺ XVIïXVIII ʚʚ.ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʘʝʪ ʠʩʣʘʤ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪʩʷ 
ʚ ʧʦʣʠʢʦʥʬʝʩʩʠʦʥʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʈʦʩʩʠʡʩʢʦʡ ʠʤʧʝʨʠʠ. ɺʩʝ ʵʪʦ ʛʦʚʦʨʠʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʙʦʣʝʝ ʚʥʠ-
ʤʘʪʝʣʴʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʢ ʠʩʪʦʨʠʯʝʩʢʦʤʫ ʦʧʳʪʫ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʛʦʩʫʜʘʨʩʪʚʘ ʠ ʢʦʥʬʝʩʩʠʡ ʚ ʨʘʩʩʤʘʪ-
ʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ, ʜʘʙʳ ʠʟʚʣʝʯʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʫʨʦʢʠ ʜʣʷ ʙʫʜʫʱʝʛʦ ʨʘʟʚʠʪʠʷ ʩʪʨʘʥʳ, ʪʘʢ ʢʘʢ ʠ ʧʦ 
ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ ʦʩʪʘʝʪʩʷ ʤʥʦʛʦʥʘʮʠʦʥʘʣʴʥʳʤ ʠ ʤʥʦʛʦʢʦʥʬʝʩʩʠʦʥʘʣʴʥʳʤ 
ʛʦʩʫʜʘʨʩʪʚʦʤ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ:ʈʦʩʩʠʷ, ʉʝʚʝʨʥʳʡ ʂʘʚʢʘʟ, ʠʩʣʘʤ, ʚʝʨʦʪʝʨʧʠʤʦʩʪʴ, ʤʫʩʫʣʴʤʘʥʝ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ 
ʧʦʣʠʪʠʢʘ, ʛʦʨʮʳ. 
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Abstract: in the XVIïXVIII centuries.widespread development and spread of Islam, which is included in the 
multi-confessional structure of the Russian Empire. All this suggests the need for a more attentive attitude to 
the historical experience of relations between the state and religions in the period under review in order to 
draw certain lessons for the future development of the country, since the Russian Federation remains a multi-
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ɼʣʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠʩʣʘʤ ʥʘʨʷʜʫ ʩ ʧʨʘʚʦʩʣʘʚʠʝʤ ʷʚʣʷʝʪʩʷ ʪʨʘʜʠʮʠʦʥʥʦʡ ʨʝʣʠʛʠʝʡ, ʘ 

ʤʥʦʛʦʤʠʣʣʠʦʥʥʦʝ ʤʫʩʫʣʴʤʘʥʩʢʦʝ ʩʦʦʙʱʝʩʪʚʦ ʩʪʨʘʥʳ ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʦʨʝʥʥʳʤʠ ʥʘʨʦʜʘʤʠ ʩ ʤʥʦʛʦʚʝʢʦ-
ʚʦʡ ʠʩʪʦʨʠʝʡ. ʂʦ ʚʨʝʤʝʥʠ ʠʭ ʚʭʦʞʜʝʥʠʷ ʚ ʩʦʩʪʘʚ ʈʦʩʩʠʡʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʘ ʚʦʩʭʦʜʠʪ ʥʘʯʘʣʦ ʬʦʨʤʠʨʦ-
ʚʘʥʠʷ ʥʘʰʝʛʦ ʛʦʩʫʜʘʨʩʪʚʘ ʚ ʢʘʯʝʩʪʚʝ ʧʦʣʠʵʪʥʠʯʝʩʢʦʛʦ ʠ ʧʦʣʠʢʦʥʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. 

ɺ ʩʝʨʝʜʠʥʝ XVI ʚ.ʫʩʠʣʠʷʤʠ  ʮʘʨʷ ʀʚʘʥʘ ɻʨʦʟʥʦʛʦ, ʧʦʩʣʝ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʄʦʩʢʦʚʩʢʦʤʫ ʛʦʩʫʜʘʨ-
ʩʪʚʫ ʂʘʟʘʥʩʢʦʛʦ, ɸʩʪʨʘʭʘʥʩʢʦʛʦ ʭʘʥʩʪʚ, ʟʘʣʦʞʝʥʥʳʝ ʦʩʥʦʚʳ ʧʦʣʠʪʠʢʠ ʚ ʦʪʥʦʰʝʥʠʠ ʤʥʦʛʦʯʠʩʣʝʥʥʦʛʦ 
ʤʫʩʫʣʴʤʘʥʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ ʩʪʨʘʥʳ, ʚ ʥʝʠʟʤʝʥʥʦʤ ʚʠʜʝ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʧʦʯʪʠ ʜʦ 70-ʭ ʛʛ. XVIII ʚ.. ɼʘʥ-
ʥʘʷ ʧʦʣʠʪʠʢʘ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ: ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʤ ʧʦʜʭʦʜʦʤ ʢ ʥʘʨʦʜʘʤ, ʯʴʝ ʚʭʦʞʜʝʥʠʝ ʚ ʛʨʘʥʠ-
ʮʳ ʨʦʩʩʠʡʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʩʪʠ ʥʦʩʠʣʦ çʤʠʨʥʳʡè ʠʣʠ ʞʝ çʥʝʤʠʨʥʳʡè ʭʘʨʘʢʪʝʨ;ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ 
ʢʫʨʩʦʤ ʥʘ ʚʦʚʣʝʯʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʩʣʦʝʚ ʤʫʩʫʣʴʤʘʥ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʟʥʘʪʥʳʭ ʚʝʨʭʦʚ ʚ 
ʨʫʩʩʢʦʝ ʦʙʱʝʩʪʚʦ ʥʘ ʫʩʣʦʚʠʷʭ ʢʨʝʱʝʥʠʷ; ʧʨʝʜʦʩʪʘʚʣʝʥʠʝʤ ʥʝʤʘʣʳʭ ʧʨʠʚʠʣʝʛʠʡ ʠ ʙʣʘʛ ʚʩʝʤ, ʧʨʠʥʷʚ-
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ʰʠʤ ʧʨʘʚʦʩʣʘʚʠʝ, ʧʨʠʤʝʥʝʥʠʝʤ ʞʝʩʪʢʠʭ ʤʝʨ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʪʝʤ, ʯʴʷ ʧʨʠʚʝʨʞʝʥʥʦʩʪʴ ʢ ʠʩʣʘʤʫ ʷʚʥʦ 
ʠʣʠ ʚ ʧʦʪʝʥʮʠʘʣʝ ʤʦʛ ʧʨʝʜʩʪʘʚʣʷʪʴ ʫʛʨʦʟʫ ʨʦʩʩʠʡʩʢʦʤʫ ʪʨʦʥʫ, ʘ ʪʘʢʞʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʮʝʣʦʩʪʥʦʩʪʠ ʠ 
ʩʪʘʙʠʣʴʥʦʩʪʠ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʘʢʦʡ ʧʦʟʠʮʠʝʡ,  ʚ ʈʦʩʩʠʡʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝ ʥʘʯʠʥʘʷ ʩ ʢʦʥʮʘXVII ï ʥʘʯʘʣʘXVIII 
ʚʚ. ʥʘ ʚʳʩʰʝʤ ʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ, ʦʨʛʘʥʘʤʠ ʚʣʘʩʪʠ ʙʳʣʠ ʧʨʠʥʷʪʳ ʤʝʨʳ ʜʚʦʡʩʪʚʝʥʥʦʛʦ ʭʘʨʘʢ-
ʪʝʨʘ. ɺʦ-ʧʝʨʚʳʭ, ʧʨʝʜʩʪʦʷʣʦçʠʥʦʨʦʜʮʝʚè ʢʨʝʩʪʠʪʴ  ʪʦʣʴʢʦ ʧʦ ʩʚʦʙʦʜʥʦʤʫ ʠʭ ʞʝʣʘʥʠʶ, ʪ.ʝ. ʙʝʟ ʧʨʠʤʝ-
ʥʝʥʠʷ ʤʝʨ ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ.ɼʘʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʥʘʰʣʦ ʦʪʨʘʞʝʥʠʝ, ʥʘʧʨʠʤʝʨ, ʚ ʠʤʝʥʥʦʤ ʫʢʘ-
ʟʝ ʮʘʨʝʚʠʯʝʡ ʀʦʘʥʥʘ ʠ ʇʝʪʨʘ çʩ ɹʦʷʨʩʢʠʤ ʧʨʠʛʦʚʦʨʦʤè (1685 ʛ.), ʘ ʪʘʢʞʝ ʫʢʘʟʦʤ ʉʝʥʘʪʘ 1719 ʛ.[1, ʩ. 
14]. ʇʨʠ ʧʨʘʚʣʝʥʠʠ ʮʘʨʷ ʇʝʪʨʘ I, ʨʫʩʩʢʠʡ ʫʯʝʥʳʡ ʇʝʪʨ ʇʦʩʪʥʠʢʦʚ ʦʩʫʱʝʩʪʚʠʣ ʧʝʨʝʚʦʜ ʂʦʨʘʥʘ ʥʘ ʨʫʩ-
ʩʢʠʡ ʷʟʳʢ - çɸʣʢʦʨʘʥ ʦ ʄʘʛʦʤʝʪʝ, ʠʣʠ ɿʘʢʦʥ ʪʫʨʝʮʢʠʡè. ɺʩʢʦʨʝ ʧʦʩʣʝ ʵʪʦʛʦ, ʢʥʷʟʴ ɼʤʠʪʨʠʡ ʂʘʥʪʝʤʠʨ, 
ʚʦʩʪʦʢʦʚʝʜ, ʚ 1722 ʛ. ʦʧʫʙʣʠʢʦʚʘʣ ʧʝʨʚʦʝ ʚ ʈʦʩʩʠʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʙ ʠʩʣʘʤʝ ï "ʂʥʠʛʘ ʩʠʩʪʝʤʘ, ʠʣʠ ʉʦ-
ʩʪʦʷʥʠʝ ʄʫʭʘʤʤʝʜʘʥʩʢʠʷ ʨʝʣʠʛʠʠ"[2, ʩ. 45-47].ʆʜʥʘʢʦ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʩʦʮʠʘʣʴʥʳʭ ʚʝʨ-
ʭʦʚ ʪʦʛʦ ʚʨʝʤʝʥʠ ʚʨʦʩʩʠʡʩʢʦʤ ʦʙʱʝʩʪʚʝ, ʙʳʣʦ ʭʘʨʘʢʪʝʨʥʦ ʥʝʛʘʪʠʚʥʦʝ ʚʦʩʧʨʠʷʪʠʝ, ʦʪʥʦʰʝʥʠʝ ʢ ʠʩʣʘ-
ʤʫ. ʕʪʦ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʙʳʣʦ ʚʳʟʚʘʥʦ ʩ ʚʦʝʥʥʳʤ ʧʨʦʪʠʚʦʩʪʦʷʥʠʝʤ ʩ ʆʩʤʘʥʩʢʦʡ ʠʤʧʝʨʠʝʡ. ɺʦ-ʚʪʦʨʳʭ, ʚ 
ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʤ ʧʣʘʥʝ ʩʪʘʚʠʣʠʩʴ ʟʘʩʣʦʥʳ ʥʘ ʧʫʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʩʣʘʤʘ. ʅʘʧʨʠʤʝʨ, ʩ ʢʦʥʮʘ 1720-ʭ 
ʛʦʜʦʚ ʤʫʣʣʘʤ ʙʳʣʦ ʟʘʧʨʝʱʝʥʦ ʚʝʩʪʠ ʧʨʦʧʦʚʝʜʴ ʩʨʝʜʠ ʷʟʳʯʥʠʢʦʚ, ʪʘʢ ʢʘʢ ʪʘʢʫʶ ʧʦʣʠʪʠʢʫ ʤʦʛʣʘ ʪʦʣʴʢʦ 
ʧʨʦʚʦʜʠʪʴ ʧʨʘʚʦʩʣʘʚʥʘʷ ʮʝʨʢʦʚʴ. 

ʅʘʯʠʥʘʷ ʩ ʩʝʨʝʜʠʥʳ XVIII ʚ. ʚ ʞʠʟʥʠ ʛʦʨʮʝʚ  ʩʝʚʝʨʥʦʛʦ ʂʘʚʢʘʟʘ ʨʝʣʠʛʠʷ ʩʪʘʣʘ ʠʛʨʘʪʴ ʙʦʣʝʝ ʚʘʞ-
ʥʫʶ, ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ, ʧʨʠʦʙʨʝʪʘʷ ʧʦʣʠʪʠʯʝʩʢʠʡ ʦʪʪʝʥʦʢ. ɿʥʘʯʠʤʦʩʪʴ ʨʝʣʠʛʠʠ ʧʨʦʷʚʣʷʣʘʩʴ ʦʩʦʙʝʥ-
ʥʦ ʥʘ ʬʦʥʝ ʧʨʦʪʠʚʦʩʪʦʷʥʠʷ ʟʘ ʚʣʠʷʥʠʝ ʚ ʨʝʛʠʦʥʝ ʜʚʫʭ ʧʨʦʪʠʚʦʙʦʨʩʪʚʫʶʱʠʭ ʜʝʨʞʘʚ ï ʈʦʩʩʠʡʩʢʦʡ ʠ 
ʆʩʤʘʥʩʢʦʡ ʠʤʧʝʨʠʡ. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʉʝʚʝʨʥʦʤ ʂʘʚʢʘʟʝ ʈʦʩʩʠʡʩʢʘʷ ʠʤʧʝʨʠʷ ʩʪʦʣʢʥʫʣʘʩʴ ʩʦ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ, ʢʦʪʦʨʘʷ 
ʩʦʩʪʦʷʣʘ ʚʦ ʚʢʣʶʯʝʥʠʠ ʠ ʘʜʘʧʪʘʮʠʠ ʥʦʚʳʭ ʪʝʨʨʠʪʦʨʠʡ ʚ ʠʤʧʝʨʩʢʦʝ ʧʦʣʠʪʠʯʝʩʢʦʝ, ʩʦʮʠʘʣʴʥʦ-
ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ʆʜʥʦʡ ʠʟ ʩʣʦʞʥʝʡʰʠʭ ʧʨʦʙʣʝʤ, ʩ ʢʦʪʦʨʳʤ ʮʘʨʩʢʠʤ ʧʨʘʚʠʪʝʣʴʩʪʚʦʤ 
ʧʨʠʰʣʦʩʴ ʩʪʦʣʢʥʫʪʴʩʷ ʠ ʚʟʷʪʴʩʷ ʟʘ ʨʝʰʝʥʠʝ, ʙʳʣʘ ʧʨʦʙʣʝʤʘ ʘʜʘʧʪʘʮʠʠ, ʚʢʣʶʯʝʥʠʷ, ʧʨʠʤʠʨʝʥʠʷ ʨʝʣʠ-
ʛʠʡ ʥʘʨʦʜʦʚ ʉʝʚʝʨʥʦʛʦ ʂʘʚʢʘʟʘ ʩ ʨʦʩʩʠʡʩʢʦʡ ʧʨʘʚʦʩʣʘʚʥʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʩʪʴʶ. ʇʨʠ ʨʝʰʝʥʠʠ ʜʘʥʥʦʡ 
ʧʨʦʙʣʝʤʳ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʚʣʘʩʪʴ ʩʩʳʣʘʣʘʩʴ ʫʢʘʟ ʉʠʥʦʜʘ ʦʪ 28 ʦʢʪʷʙʨʷ 1765 ʛ., ʛʜʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, 
ʯʪʦ çʧʨʦʧʦʚʝʜʴ ʭʨʠʩʪʠʘʥʩʢʦʛʦ ʟʘʢʦʥʘè ʩʨʝʜʠ ʛʦʨʩʢʠʭ ʥʘʨʦʜʦʚ ʧʨʝʜʧʠʩʳʚʘʣʦʩʴ ʚʝʩʪʠ çʩ ʜʦʚʦʣʴʥʦʶ 
ʦʩʪʦʨʦʞʥʦʩʪʴʶè. ʄʠʩʩʠʦʥʝʨʘʤ (ʩʨʝʜʠ ʥʠʭ ʙʳʣʦ ʥʝʤʘʣʦ ʛʨʫʟʠʥ, ʙʦʣʝʝ ʦʩʚʝʜʦʤʣʝʥʥʳʭ, ʥʝʞʝʣʠ ʨʫʩʩʢʠʝ 
ʧʨʦʧʦʚʝʜʥʠʢʠ, ʚ ʤʝʩʪʥʳʭ ʦʙʳʯʘʷʭ) ʧʦʟʚʦʣʷʣʦʩʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʚʩʪʫʧʘʪʴ ʚ ʦʙʱʝʥʠʝ ʣʠʰʴ ʩ ʪʝʤʠ ʛʦʨ-
ʮʘʤʠ, ʢʦʪʦʨʳʝ ʧʝʨʝʩʝʣʠʣʠʩʴ ʚ ʄʦʟʜʦʢ. ɺ ʦʪʥʦʰʝʥʠʠ ʦʩʪʘʣʴʥʳʭ ʥʘʜʣʝʞʘʣʦ ʠʤʝʪʴ ʨʘʟʨʝʰʝʥʠʝ çʪʘ-
ʤʦʰʥʝʛʦ ʛʣʘʚʥʦʛʦ ʢʦʤʘʥʜʠʨʘè[3, ʩ. 146].  

ɺʦ ʚʨʝʤʝʥʘ ʮʘʨʩʪʚʦʚʘʥʠʷ ʠʤʧʝʨʘʪʨʠʮʳ ɽʢʘʪʝʨʠʥʳ II, ʧʨʘʚʠʪʝʣʴʩʪʚʦ ʦʩʫʱʝʩʪʚʣʷʣʦ ʧʦʣʠʪʠʢʫ ʚʝ-
ʨʦʪʝʨʧʠʤʦʩʪʠ, ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ  ʨʦʩʩʠʡʩʢʠʤ ʤʫʩʫʣʴʤʘʥʘʤ. ʀʤʧʝʨʘʪʨʠʮʘ ʚ ʅʘʢʘʟʝ 1767 ʛ. ʦʪʤʝʪʠʣʘ, ʯʪʦ 
"ʚʝʩʴʤʘ ʙʳ ʚʨʝʜʥʳʡ ʜʣʷ ʩʧʦʢʦʡʩʪʚʘ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʚʦʠʭ ʛʨʘʞʜʘʥ ʙʳʣ ʧʦʨʦʢ, ʟʘʧʨʝʱʝʥʠʝ ʠʣʠ ʥʝʜʦʟ-
ʚʦʣʝʥʠʝ ʠʭ ʨʘʟʣʠʯʥʳʭ ʚʝʨ"[4, ʩ. 275].  

ʈʝʘʣʠʟʘʮʠʶʧʦʣʠʪʠʢʠ ʚʝʨʦʪʝʨʧʠʤʦʩʪʠ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʚʝʢʘ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ ʪʘʢʠʤʠ ʚʥʝʰʥʝ-
ʧʦʣʠʪʠʯʝʩʢʠʤʠʩʦʙʳʪʠʷʤʠ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ XVIII ʚ. ïʢʘʢ ʧʝʨʚʳʡ ʨʘʟʜʝʣ ʈʝʯʠ ʇʦʩʧʦʣʠʪʦʡʠ ʨʫʩʩʢʦ-
ʪʫʨʝʮʢʦʡ ʚʦʡʥʦʡ 1768-1774 ʛʛ. ʀ, ʢʦʥʝʯʥʦ, ʞʝ ʜʘʥʥʘʷ ʧʦʣʠʪʠʢʘ ʚʧʠʩʳʚʘʣʘʩʴ ʚ ʨʘʤʢʠ ʠʜʝʦʣʦʛʠʠ ʧʨʦ-
ʩʚʝʱʝʥʥʦʛʦ ʘʙʩʦʣʶʪʠʟʤʘ. 

ʅʘʯʠʥʘʷ ʩ 70-ʭ ʛʦʜʦʚ XVIII ʚ. ʮʘʨʩʢʦʝ ʧʨʘʚʠʪʝʣʴʩʪʚʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʫʩʫʣʴʤʘʥʘʤ ʉʝʚʝʨʥʦʛʦ 
ʂʘʚʢʘʟʘ ʥʘʯʘʣʘ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦʣʠʪʠʢʫ ʚʝʨʦʪʝʨʧʠʤʦʩʪʠ[5, ʩ.36].   

ʇʝʨʚʳʤ ʶʨʠʜʠʯʝʩʢʠʤ ʜʦʢʫʤʝʥʪʦʤ ʮʘʨʩʢʦʡ ʚʣʘʩʪʠ ʧʨʠʟʥʘʶʱʠʤ ʠʩʣʘʤ ʚ ʢʘʯʝʩʪʚʝ çʪʝʨʧʠʤʦʡè 
ʨʝʣʠʛʠʠ ʤʦʞʥʦ ʧʦʩʯʠʪʘʪʴ ʦʙʥʘʨʦʜʦʚʘʥʥʳʡ ʚ 1773 ʛ. ʋʢʘʟ ʉʠʥʦʜʘ çʆ ʪʝʨʧʠʤʦʩʪʠ ʚʩʝʭ ʚʝʨʦʠʩʧʦʚʝʜʘʥʠʡ 
ʠ ʦ ʟʘʧʨʝʱʝʥʠʠ ʘʨʭʠʝʨʝʷʤ ʚʩʪʫʧʘʪʴ ʚ ʜʝʣʘ, ʢʘʩʘʶʱʠʝʩʷ ʜʦ ʠʥʦʚʝʨʥʳʭ ʠʩʧʦʚʝʜʘʥʠʡ ʠ ʜʦ ʧʦʩʪʨʦʝʥʠʷ 
ʧʦ ʠʭ ʟʘʢʦʥʫ ʤʦʣʠʪʚʝʥʥʳʭ ʜʦʤʦʚ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʚʩʝ ʩʠʝ ʩʚʝʪʩʢʠʤ ʧʨʘʚʠʪʝʣʴʩʪʚʘʤè. ɻʦʩʫʜʘʨʩʪʚʦ, ʠʩʭʦ-
ʜʷ ʠʟ ʜʘʥʥʦʛʦ ʋʢʘʟʘ,ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʦʪʥʦʰʝʥʠʡ ʩ ʥʝʧʨʘʚʦʩʣʘʚʥʳʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʫʩʫʣʴʤʘʥʩʢʠʤ ʥʘʩʝʣʝ-
ʥʠʝʤ ʥʘʧʨʷʤʫʶ ʙʨʘʣʦ ʥʘ ʩʝʙʷ.ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʫʱʝʩʪʚʣʷʷ ʧʦʣʠʪʠʢʫ ʚʝʨʦʪʝʨʧʠʤʦʩʪʠ, ʛʦʩʫʜʘʨʩʪʚʦ 
ʧʨʠʟʥʘʚʘʣʘ ʩʦʧʨʠʯʘʩʪʥʦʩʪʴ ʤʫʩʫʣʴʤʘʥʩʢʠʭ ʥʘʨʦʜʦʚ ʢ ʩʫʜʴʙʘʤ ʨʦʩʩʠʡʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʩʪʠ. ʆʜʥʘʢʦ 
ʧʨʦʜʦʣʞʘʣ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʝʡʩʪʚʦʚʘʪʴ ʧʨʠʥʮʠʧ ʪʘʢʦʛʦ ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʛʦʩʫʜʘʨ-
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ʩʪʚʝʥʥʦ-ʢʦʥʬʝʩʩʠʦʥʘʣʴʥʳʭ ʦʪʥʦʰʝʥʠʡ, ʧʨʠ ʢʦʪʦʨʦʤ ʟʘ ʈʫʩʩʢʦʡ ʧʨʘʚʦʩʣʘʚʥʦʡ ʮʝʨʢʦʚʴʶ ʥʝʠʟʤʝʥʥʦ 
ʩʦʭʨʘʥʷʣʩʷ ʩʪʘʪʫʩ ʛʦʩʧʦʜʩʪʚʫʶʱʝʡ ʠ ʧʝʨʚʝʥʩʪʚʫʶʱʝʡ.  

ɺ ʄʘʥʠʬʝʩʪʝ ʦʪ 8 ʘʧʨʝʣʷ 1783 ʛ. ʦ ʧʨʠʩʦʝʜʠʥʝʥʠʠ ʢ ʈʦʩʩʠʡʩʢʦʡ ʠʤʧʝʨʠʠ ʙʳʚʰʝʛʦ ʂʨʳʤʩʢʦʛʦ 
ʭʘʥʩʪʚʘ, ɽʢʘʪʝʨʠʥʘ II ʦʙʝʱʘʣʘ ʚʩʝʤ ʩʚʦʠʤ ʥʦʚʳʤ ʧʦʜʜʘʥʥʳʤ-ʤʫʩʫʣʴʤʘʥʘʤ çʦʭʨʘʥʷʪʴ ʠ ʟʘʱʠʱʘʪʴ ʠʭ 
ʣʠʮʘ, ʭʨʘʤʳ ʠ ʧʨʠʨʦʜʥʫʶ ʚʝʨʫ, ʢʦʝʡ ʩʚʦʙʦʜʥʦʝ ʦʪʧʨʘʚʣʝʥʠʝ ʩʦ ʚʩʝʤʠ ʟʘʢʦʥʥʳʤʠ ʦʙʨʷʜʘʤʠ ʧʨʝʙʫʜʝʪ 
ʥʝʧʨʠʢʦʩʥʦʚʝʥʥʦè[6, ʩ. 4].  

ʉ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚ 1785 ʛʦʜʫ ʂʘʚʢʘʟʩʢʦʛʦ ʥʘʤʝʩʪʥʠʯʝʩʪʚʘ ʠ ʚʭʦʞʜʝʥʠʝʤ ʨʷʜʘ ʪʝʨʨʠʪʦʨʠʡ ʉʝʚʝʨ-
ʥʦʛʦ ʂʘʚʢʘʟʘ ʚ ʩʦʩʪʘʚ ʈʦʩʩʠʡʩʢʦʡ ʠʤʧʝʨʠʠ, ʮʘʨʩʢʦʝ ʧʨʘʚʠʪʝʣʴʩʪʚʦ ʩʪʘʣʦ ʫʜʝʣʷʪʴ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ 
ʟʥʘʯʝʥʠʶ ʥʘʣʘʞʠʚʘʥʠʷ ʜʦʙʨʦʩʦʩʝʜʩʢʠʭ ʦʪʥʦʰʝʥʠʡ ʚʦʠʥʩʢʦ-ʢʘʟʘʯʴʝʛʦ ʥʘʩʝʣʝʥʠʷ ʢʨʝʧʦʩʪʝʡ ʩ ʛʦʨʩʢʠʤʠ 
ʥʘʨʦʜʘʤʠ. ʀʤʧʝʨʘʪʨʠʮʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʚʝʣʝʣʘ ʛʝʥʝʨʘʣ-ʛʫʙʝʨʥʘʪʦʨʫ ʀ.ɺ. ɻʫʜʦʚʠʯʫ: çʊʚʝʨʜʦ ʥʘʙʣʶ-
ʜʘʪʴ, ʯʪʦʙ ʥʠ ʦʪ ʚʦʡʩʢ ʥʘʰʠʭ, ʥʠ ʦʪ ʢʘʟʘʢʦʚ, ʥʘ ʃʠʥʠʠ ʦʙʠʪʘʶʱʠʭ ʥʝ ʙʳʣʦ ʯʠʥʝʥʦ ʥʠ ʤʘʣʝʡʰʝʛʦ ʧʨʠ-
ʪʝʩʥʝʥʠʷ ʠ ʦʙʠʜʳ ʛʦʨʮʘʤ, ʧʨʠʝʟʞʘʶʱʠʤ ʚ ʢʨʝʧʦʩʪʠ ʥʘʰʠè[7, ʩ.103]. 

ɽʢʘʪʝʨʠʥʘII ʦʪ 9 ʤʘʷ 1785 ʛ. ʚ ʫʢʘʟʘʥʠʠ ʛʝʥʝʨʘʣ-ʣʝʡʪʝʥʘʥʪʫ  ɻ.ɸ. ʇʦʪʝʤʢʠʥʫ ʦʪʤʝʯʘʣʘ: çɻʨʝʯʝ-
ʩʢʫʶ ʮʝʨʢʦʚʴ ʥʘʜʣʝʞʠʪ ʧʦʩʪʨʦʠʪʴ ʚ ʢʨʝʧʦʩʪʠ ʫ ʚʦʨʦʪ ʂʘʚʢʘʟʘ (ɺʣʘʜʠʢʘʚʢʘʟʝ). ʆʩʝʪʠʥʩʢʫʶ ʂʦʤʠʩʩʠʶ 
ʩʣʝʜʫʝʪ ʧʝʨʝʚʝʩʪʠ ʚ ɻʝʦʨʛʠʝʚʩʢé ɺɽʢʘʪʝʨʠʥʦʛʨʘʜʝ ʩʣʝʜʫʝʪ ʫʯʨʝʜʠʪʴ ʰʢʦʣʫ ʜʣʷ ʦʙʫʯʝʥʠʷ ʤʝʩʪʥʦʛʦ 
ʥʘʩʝʣʝʥʠʷ. ɼʨʫʛʫʶ ʪʘʢʫʶ ʞʝ ʩʣʝʜʫʝʪ ʦʪʢʨʳʪʴ ʜʣʷ ʠʟʫʯʝʥʠʷ ʘʟʠʘʪʩʢʠʭ ʷʟʳʢʦʚè[8, ʩ.249].  ɸ  ʚ  ʫʢʘʟʘʥʠʠ  
ʦʪ 19  ʘʧʨʝʣʷ 1793 ʛ.ʛʝʥʝʨʘʣʫ ʌʦʥ ɻʫʜʦʚʠʯʫ  (ɻʣʘʚʥʦʢʦʤʘʥʜʫʶʱʝʤʫ ʚʦʡʩʢʘʤʠ ʥʘ ʂʘʚʢʘʟʝ ï ʌ.ʄ.) ʦʪʤʝ-
ʯʘʝʪʩʷ ʩʣʝʜʫʶʱʝʝ: çʉ ʮʝʣʴʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʍʨʠʩʪʠʘʥʩʪʚʘ ʩʨʝʜʠ ʛʦʨʮʝʚ ʚ ʄʦʟʜʦʢʝ ʜʦʣʞʥʦ ʦʙʦʩʥʦ-
ʚʘʪʴʩʷ ʂʘʞʶʩʫ, ʘʨʭʠʤʘʥʜʨʠʪʫ ʛʨʫʟʠʥʩʢʦʤʫ, ʦʪʢʫʜʘ ʦʥ ʙʫʜʝʪ ʨʫʢʦʚʦʜʠʪʴ ʭʦʜʦʤ ʨʝʣʠʛʠʦʟʥʦʛʦ ʨʘʟʚʠʪʠʷ 
ʥʘ ʂʘʚʢʘʟʝ. ʊʘʤ ʠ ʚ ʜʨʫʛʠʭ ʤʝʩʪʘʭ ʜʦʣʞʥʦ ʫʩʪʨʘʠʚʘʪʴ ʷʨʤʘʨʢʠ ʠ ʪʦʨʛʦʚʳʝ ʜʦʤʘ ʜʣʷ ʧʦʦʱʨʝʥʠʷ ʪʦʨʛʦʚ-
ʣʠè[9, ʩ.252].  

ʉ ʢʦʥʮʘXVIII ʚ. ʮʘʨʩʢʦʝ ʧʨʘʚʠʪʝʣʴʩʪʚʦ, ʧʨʠʟʥʘʚʘʷ ʧʨʘʚʘ ʤʫʩʫʣʴʤʘʥʩʢʦʡ ʦʙʱʠʥʳ ʈʦʩʩʠʡʩʢʦʡ ʠʤ-
ʧʝʨʠʠ ʥʘ ʝʝ ʨʝʣʠʛʠʦʟʥʫʶ ʩʘʤʦʙʳʪʥʦʩʪʴ, ʩʪʘʣʘ ʙʦʣʝʝ ʘʢʪʠʚʥʦ, ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦʣʠʪʠʢʫ ʧʦ ʚʩʪʨʘʠʚʘʥʠʶ 
ʝʝ ʚ ʩʠʩʪʝʤʫ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʨʦʩʩʠʡʩʢʦʡ ʠʤʧʝʨʠʠ. ɹʳʣ ʫʩʢʦʨʝʥ ʧʨʦʮʝʩʩ ʚʦʚʣʝʯʝʥʠʷ  ʤʫ-
ʩʫʣʴʤʘʥ ʚ ʨʘʟʣʠʯʥʳʝ ʩʦʩʣʦʚʠʷ ʠ ʩʦʩʣʦʚʥʳʝ ʛʨʫʧʧʳ, ʘ ʪʘʢʞʝ ʚ ʦʨʛʘʥʳ ʫʧʨʘʚʣʝʥʠʷ ʠʤʠ ʩ ʨʘʩʧʨʦʩʪʨʘʥʝ-
ʥʠʝʤ ʥʘ ʥʠʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʘʚ ʠ ʦʙʷʟʘʥʥʦʩʪʝʡ. 

ʈʦʩʪ ʤʫʩʫʣʴʤʘʥʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ ʨʦʩʩʠʡʩʢʦʡ ʠʤʧʝʨʠʠ ʚʳʥʫʜʠʣʦ ʮʘʨʩʢʦʝ ʧʨʘʚʠʪʝʣʴʩʪʚʦ ʚ80-ʝ ʛʦ-
ʜʳ ʙʳʣʦ ʩʦʟʜʘʥʠʶ ʆʨʝʥʙʫʨʛʩʢʦʛʦ ʤʘʛʦʤʝʪʘʥʩʢʦʛʦ ʜʫʭʦʚʥʦʛʦ ʩʦʙʨʘʥʠʷ, ʶʨʠʩʜʠʢʮʠʷ ʢʦʪʦʨʦʛʦ ʙʳʣʘ ʨʘʩ-
ʧʨʦʩʪʨʘʥʝʥʘ ʥʘ ʚʩʶ ʪʝʨʨʠʪʦʨʠʶ ʈʦʩʩʠʡʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʘ. ʇʝʨʚʳʤ ʨʦʩʩʠʡʩʢʠʤ ʤʫʬʪʠʝʤ ʙʳʣ ʥʘʟʥʘʯʝʥ 
ʄʫʭʘʤʤʝʪʜʞʘʥ ʍʫʩʘʠʥʦʚ (ɻʫʩʝʡʥʦʚ), ʚʳʧʫʩʢʥʠʢ ʙʫʭʘʨʩʢʦʛʦ ʤʝʜʨʝʩʝ. ʎʘʨʩʢʘʷ ʚʣʘʩʪʴ, ʟʘʠʥʪʝʨʝʩʦʚʘʥ-
ʥʘʷ ʚ ʣʦʷʣʴʥʦʩʪʠ ʵʪʦʛʦ ʜʫʭʦʚʥʦʛʦ ʣʠʮʘ ʠ çʧʦʜʦʪʯʝʪʥʦʛʦè ʝʤʫ ʤʫʩʫʣʴʤʘʥʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ 
ʠʤʧʝʨʠʠ, ʚʩʷʯʝʩʢʠ ʧʦʜʯʝʨʢʠʚʘʣʘ ʝʛʦ ʚʳʩʦʢʠʡ ʩʪʘʪʫʩ ʥʝ ʪʦʣʴʢʦ ʚ ʤʫʩʫʣʴʤʘʥʩʢʦʡ ʩʨʝʜʝ, ʥʦ ʠ ʚ ʝʨʘʨʭʠʠ 
ʚʳʩʰʠʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʣʠʮ ʨʘʟʣʠʯʥʳʤʠ ʟʥʘʢʘʤʠ ʚʥʠʤʘʥʠʷ[10, ʩ. 44-46]. ʆʩʥʦʚʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʜʘʥ-
ʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʙʳʣʠ, ʚʦ-ʧʝʨʚʳʭ, ʨʝʘʣʠʟʘʮʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ ʩʨʝʜʠ ʤʫʩʫʣʴʤʘʥʩʢʦʛʦ ʥʘʩʝ-
ʣʝʥʠʷ ʢʘʢ ʚʥʫʪʨʠ ʈʦʩʩʠʡʩʢʦʡ ʠʤʧʝʨʠʠ, ʘ ʪʘʢʞʝ ʟʘ ʝʝ ʧʨʝʜʝʣʘʤʠ; ʚʦ-ʚʪʦʨʳʭ, ʮʝʥʪʨʘʣʠʟʘʮʠʷ ʫʧʨʘʚʣʝʥʠʠ 
ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʧʨʠʭʦʜʩʢʦʛʦ ʤʫʩʫʣʴʤʘʥʩʢʦʛʦ ʜʫʭʦʚʝʥʩʪʚʘ[11, ʩ. 84]. ʇʦʩʣʝʜʫʶʱʠʤʠ ʮʘʨʩʢʠʤʠ ʫʢʘʟʘʤʠ ʠ 
ʨʘʩʧʦʨʷʞʝʥʠʷʤʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʪʨʫʢʪʫʨʘ ʠ ʰʪʘʪ ʜʘʥʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʚʳʜʝʣʝʥʳ ʥʝʦʙʭʦ-
ʜʠʤʳʝ ʜʣʷ ʝʛʦ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʘʟʝʥʥʳʝ ʜʝʥʝʞʥʳʝ ʩʨʝʜʩʪʚʘ.  

ɺ ʢʦʥʮʝ ʢʦʥʮʘ XVIII ʚ.  ʙʳʣʦ ʩʦʟʜʘʥʦ ʊʘʚʨʠʯʝʩʢʦʝ ʤʘʛʦʤʝʪʘʥʩʢʦʝ ʜʫʭʦʚʥʦʝ ʧʨʘʚʣʝʥʠʝ, ʬʘʢʪʠʯʝ-
ʩʢʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʪʦʨʦʛʦ ʧʨʦʠʟʦʰʣʦ ʧʦʟʞʝ, ʚ 1831 ʛ.[12. 1784-1788, ʉʇʙ., 1830, ʪ. 22, ʩ. 1107-1108 (ˉ 
16711); 1789-1796, ʉʇʙ., 1830, ʪ. 23, ʩ. 20-21 (ˉ 16759),  ʩ. 452-454 (ˉ 17146)].ʈʷʜʦʤ ʨʦʩʩʠʡʩʢʠʭ ʟʘʢʦ-
ʥʦʜʘʪʝʣʴʥʳʭ ʘʢʪʦʚ, ʥʘʯʠʥʘʷ ʩ ʢʦʥʮʘ XVIII ʚ., ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʢʨʫʛ ʜʫʭʦʚʥʳʭ ʣʠʮ (ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ "ʫʢʘʟ-
ʥʳʝ ʤʫʣʣʳ") ʠ ʩʣʫʞʠʪʝʣʝʡ ʤʫʩʫʣʴʤʘʥʩʢʠʭ ʜʫʭʦʚʥʳʭ ʫʯʨʝʞʜʝʥʠʡ, ʩʪʘʪʫʩ ʢʦʪʦʨʳʭ ʦʙʨʝʣ ʧʨʘʚʦʚʦʝ ʧʨʠ-
ʟʥʘʥʠʝ ʩʦ ʩʪʦʨʦʥʳ ʛʦʩʫʜʘʨʩʪʚʘ. ʉ ʵʪʦʛʦ ʤʦʤʝʥʪʘ, ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʜʦʢʫʤʝʥʪʘʤ, ʜʫʭʦʚʥʳʝ ʣʠʮʘ ʠʤʝʣʠ 
ʧʨʘʚʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʜʦʭʦʜʘʤʠ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʠʭʦʜʦʚ, ʤʦʛʣʠ ʧʦʣʫʯʘʪʴ ʢʘʟʝʥʥʦʝ ʞʘʣʦʚʘʥʴʝ, 
ʙʳʪʴ ʩʚʦʙʦʜʥʳʤʠ ʦʪ ʥʘʣʦʛʦʚ, ʧʦʚʠʥʥʦʩʪʝʡ, ʚʦʠʥʩʢʦʡ ʩʣʫʞʙʳ, ʠʭ ʜʦʤʘ ʦʩʚʦʙʦʞʜʘʣʠʩʴ ʦʪ ʧʦʩʪʦʷ ʠ 
ʪ.ʜ.[13, ʩ. 9-11, 246-294, 324-329]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ XVI-XVIII ʚʚ.ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ ʥʘ ʉʝʚʝʨʥʦʤ ʂʘʚʢʘ-
ʟʝ ʨʫʢʦʚʦʜʩʪʚʦ ʩʪʨʘʥʳ ʩʪʨʝʤʠʣʦʩʴ ʢ ʧʦʜʜʝʨʞʘʥʠʶ çʧʨʝʩʪʠʞʘ ʨʫʩʩʢʦʡ ʚʣʘʩʪʠ ʫ ʠʥʦʨʦʜʮʝʚè ʥʝ ʪʦʣʴʢʦ 
ʧʨʠ ʧʦʤʦʱʠ ʪʚʝʨʜʦʛʦ ʧʨʘʚʣʝʥʠʷ, ʥʦ ʠ ʧʦʢʘʟʳʚʘʷ ʩʚʦʠʤʠ ʜʝʡʩʪʚʠʷʤʠ, ʯʪʦ çʦʪʝʯʝʩʪʚʦ ʦ ʥʠʭ ʟʘʙʦʪʠʪʴʩʷ 
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ʠ ʦʥʠ ʚ ʥʝʤ ʥʝ ʯʫʞʠʝè.  
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ɹʦʦʧʫʙʯʡʸ:ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʘʨʝʥʠʷ ʥʘ ʧʦʨʰʝʥʴ ʩʨʝʜʥʝʥʘʛʨʫʞʝʥʥʦʛʦ 
ʜʚʠʛʘʪʝʣʷ ɿʄɿ-672, ʠʟʛʦʪʘʚʣʠʚʘʝʤʦʛʦ ʠʟ ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʩʠʣʫʤʠʥʘ ɸʂ5ʄ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʘʨʝʥʠʝ ʧʦ 
ʨʝʞʠʤʫ: 200Áʉ, ʚʳʜʝʨʞʢʘ 3 ʯ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠ-
ʨʝʥʠʷ (ʊʂʃʈ) ʚʦ ʚʩʝʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 50õ450Áʉ. ʋʤʝʥʴʰʝʥʠʝ ʊʂʃʈ ʩʦʩʪʘʚʣʷʝʪ 2ï8,5 % ʧʦ ʦʪ-
ʥʦʰʝʥʠʶ ʢ ʠʩʭʦʜʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʧʦʨʰʥʷ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʧʦʨʰʝʥʴ, ʩʠʣʫʤʠʥ, ʩʪʨʫʢʪʫʨʘ, ʩʪʘʨʝʥʠʝ, ʣʠʥʝʡʥʦʝ ʨʘʩʰʠʨʝʥʠʝ, ʩʚʦʡʩʪʚʘ. 
 

EFFECT OF AGING ON LINEAR EXTENSION OF PISTON OF ENGINE ZMZ 672-11 
 

Prudnikov Alexander Nikolaevich, 
Prudnikov Vladimir Alexandrovich 

 
Abstract: The results of the effect of the aging temperature on the piston of the medium-loaded engine ZMZ-
672, manufactured from alloyed silumin AK5M, are presented. It is shown that aging by the regime: 200 Á C, 
an exposure of 3 h leads to a decrease in the temperature coefficient of linear expansion (TCLE) throughout 
the temperature range 50õ450 Á C. The decrease in TCLE is 2-8.5% with respect to the initial state of the pis-
ton. 
Key words: piston, silumin, structure, aging, linear expansion, properties. 

 
ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʩʚʦʡʩʪʚ ʧʦʨʰʥʝʚʳʭ ʩʧʣʘʚʦʚ, ʥʘʨʷʜʫ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, 

ʷʚʣʷʝʪʩʷ ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʩʰʠʨʝʥʠʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʢʘʯʝʩʪʚʝ ʧʦʨʰʥʝʚʳʭ ʩʧʣʘʚʦʚ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 
ʧʨʠʤʝʥʷʶʪʩʷ ʣʝʛʠʨʦʚʘʥʥʳʝ ʩʠʣʫʤʠʥʳ, ʦʙʣʘʜʘʶʱʠʝ ʨʷʜʦʤ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɺ ʪʦʤ ʯʠʩʣʝ ʵʪʠ 
ʩʧʣʘʚʳ ʠʤʝʶʪ ʥʠʟʢʠʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ (ʊʂʃʈ) [1,2]. ɼʣʷ ʫʣʫʯʰʝʥʠʷ 
ʢʦʤʧʣʝʢʩʘ ʩʚʦʡʩʪʚ ʧʦʨʰʥʝʚʳʭ ʩʧʣʘʚʦʚ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʦʙʨʘʙʦʪʢʠ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʰʠʭ-
ʪʳ [2,3], ʧʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʨʘʩʧʣʘʚʘ (ʨʘʬʠʥʠʨʦʚʘʥʠʝ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ) [4-6], ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ ʠ 
ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ [7-9]. ʀʤʝʶʪʩʷ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʩʥʠʞʝʥʠʷ ʠʣʠ ʩʪʘʙʠʣʠʟʘ-
ʮʠʠ ʊʂʃʈ ʧʦʨʰʥʝʡ ʟʘ ʩʯʝʪ ʦʙʨʘʙʦʪʢʠ ʨʘʩʧʣʘʚʘ ʩʠʣʫʤʠʥʦʚ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʤ ʢʘʨʙʠʜʦʤ ʢʨʝʤʥʠʷ (SiC4) 
[2], ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʞʠʤʦʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʪʘʨʝʥʠʷ [2,10]. ɼʣʷ ʩʨʝʜʥʝʥʘʛʨʫʞʝʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ 
ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʩʠʣʫʤʠʥʳ ʜʦʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʠ ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʦʚ, ʜʣʷ 
ʪʷʞʝʣʦʥʘʛʨʫʞʝʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ ï ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʝ ʩʠʣʫʤʠʥʳ. ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʨʘʙʦʪʳ 
ʷʚʣʷʣʦʩʴ ʦʧʨʝʜʝʣʝʥʠʝ ʚʣʠʷʥʠʷ ʨʝʞʠʤʦʚ ʩʪʘʨʝʥʠʷ ʥʘ ʪʝʧʣʦʚʦʝ ʨʘʩʰʠʨʝʥʠʝ ʧʦʨʰʥʷ ʜʚʠʛʘʪʝʣʷ ɿʄɿ 672. 
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ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʚʳʙʨʘʥ ʧʦʨʰʝʥʴ ʜʚʠʛʘʪʝʣʷ ɿʘʚʦʣʞʩʢʦʛʦ ʤʦʪʦʨʥʦʛʦ ʟʘ-
ʚʦʜʘ ɿʄɿ 672-11, ʫʩʪʘʥʘʚʣʠʚʘʝʤʦʛʦ ʥʘ ʘʚʪʦʙʫʩʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʆɸʆ çʇʘʚʣʦʚʩʢʠʡ ʘʚʪʦʙʫʩè ʪʠʧʘ ʇɸɿ-
3205, 3206, 3207. ɼʘʥʥʳʝ ʪʠʧʳ ʘʚʪʦʙʫʩʦʚ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʚ ʩʚʦʝʤ ʢʣʘʩʩʝ ʜʣʷ 
ʛʦʨʦʜʩʢʦʛʦ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʲʝʤ ʚʳʧʫʩʢʘ ʜʚʠʛʘʪʝʣʝʡ ɿʄɿ-672 ʩʦ-
ʩʪʘʚʣʷʝʪ ʜʦʚʦʣʴʥʦ ʟʥʘʯʠʪʝʣʴʥʫʶ ʜʦʣʶ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʝ ʟʘʚʦʜʘ. ʇʦʨʰʝʥʴ ʜʚʠʛʘʪʝʣʷ 
(ʜʠʘʤʝʪʨ 92 ʤʤ) ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʠʟ ʤʝʜʠʩʪʦʛʦ ʩʠʣʫʤʠʥʘ ɸʂ5ʄ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 
ʧʦʨʰʥʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʵʤʠʩʩʠʦʥʥʳʡ ʢʚʘʥʪʦʤʝʪʨ ARL 3460 ʆɸʆ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ % (ʚʝʩ.): Si 
ï 5,74; Cu ï 1,21; Mg ï 0,48; Mn ï 0,14; Ni ï 0,14; Fe ï 1,2; Zn ï 0,31; Pb ï 0,06; Ti ï 0,04; Al ï ʦʩʪʘʣʴʥʦʝ, 
ʧʦʢʘʟʘʣʠ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʦʩʪʘʚʫ ʩʧʣʘʚʘ ɸʂ5ʄ ʧʦ ɻʆʉʊ 1583-93. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʥʝʢʦʪʦʨʦʝ ʧʨʝʚʳʰʝ-
ʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʞʝʣʝʟʘ ʚ ʧʦʨʰʥʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʦʤʫ ɻʆʉʊ ʟʥʘʯʝʥʠʶ ʜʣʷ ʢʦʢʠʣʴ-
ʥʦʡ ʦʪʣʠʚʢʠ (1,0 %). 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʟʷʪʳ ʧʦʨʰʥʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʂʘʤʩʢʦʛʦ ʤʦʪʦʨʥʦʛʦ ʟʘʚʦʜʘ (ʛ. ʅʘʙʝʨʝʞʥʳʝ 
ʏʝʣʥʳ) ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʩʪʘʚʢʠ. ʉʪʘʨʝʥʠʝ ʧʦʨʰʥʝʡ ʧʨʦʚʦʜʠʣʠ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʩʫʰʠʣʴʥʳʭ ʰʢʘʬʘʭ ʪʠʧʘ 
ʉʐʆʃ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʠʬʬʝ-
ʨʝʥʮʠʘʣʴʥʳʡ ʦʧʪʠʯʝʩʢʠʡ ʜʠʣʘʪʦʤʝʪʨ ʐʝʚʝʥʘʨʘ. ʈʘʩʯʝʪ ʟʥʘʯʝʥʠʡ ʠʩʪʠʥʥʦʛʦ ʊʂʃʈ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠ 
ʤʝʪʦʜʦʤ ʢʘʩʘʪʝʣʴʥʦʡ. ʊʦʯʥʦʩʪʴ ʤʝʪʦʜʘ ʩʦʩʪʘʚʣʷʝʪ 0,1Ŀ10-6 ʛʨʘʜ-1. 

ʇʦʨʰʥʠ ʠʟ ʩʧʣʘʚʘ ɸʂ5ʄ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʩʪʘʨʝʥʠʶ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 100õ300Áʉ ʯʝʨʝʟ 
50Áʉ ʚ ʪʝʯʝʥʠʝ 3-ʭ ʯʘʩʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʠʩʪʠʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʊʂʃʈ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʥʦʡ ʪʝʨ-
ʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ.1. ɼʠʘʛʨʘʤʤʘ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 
ʩʪʘʨʝʥʠʷ ʧʦʨʰʥʝʡ ʥʘ ʊʂʃʈ ʧʦ ʠʥʪʝʨʚʘʣʘʤ ʪʝʤʧʝʨʘʪʫʨ ʠʩʧʳʪʘʥʠʷ 50-150, 200-300 ʠ 350-450Áʉ ʧʨʠʚʝ-
ʜʝʥʘ ʥʘ ʨʠʩ. 2. 

 

 
ʉʡʪ. 1. ɻʤʡʸʦʡʞ ʫʞʥʨʞʩʙʫʬʩʴ ʪʫʙʩʞʦʡʸ ʛ ʫʞʰʞʦʡʞ 3 ʰʙʪʧʛ ʦʙ ʤʡʦʞʢʦʧʞ ʩʙʪʱʡʩʞʦʡʞ ʨʧʩʱʦʸ 

ʡʠ ʪʨʤʙʛʙ ɹʃ5ʅ 
 



34 EUROPEAN SCIENTIFIC CONFERENCE 

 

IX ÜÕÖÔãÝÐàÞÔÝÐï ÝÐãçÝÞ-ßàÐÚâØçÕáÚÐï ÚÞÝäÕàÕÝæØï| ¼Æ½Á ¦½°Ãº° ¸ ¿À¾Á²µÉµ½¸µ« 

ʀʟ ʜʘʥʥʳʭ ʨʠʩʫʥʢʘ 1 ʚʠʜʥʦ, ʯʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʘʨʝʥʠʷ ʧʦʨʰʥʝʡ ʥʘ ʢʨʠʚʳʝ ʟʘʚʠʩʠ-
ʤʦʩʪʠ Ŭ ï ʊʠʩʧ ʥʦʩʠʪ ʥʝʦʜʥʦʟʥʘʯʥʳʡ ʭʘʨʘʢʪʝʨ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʘʨʝʥʠʷ ʤʦʞʝʪ ʥʘʙʣʶ-
ʜʘʪʴʩʷ ʢʘʢ ʧʦʚʳʰʝʥʠʝ, ʪʘʢ ʠ ʩʥʠʞʝʥʠʝ ʟʥʘʯʝʥʠʡ ʊʂʃʈ ʜʣʷ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʠʩʧʳʪʘʥʠʷ. ʊʘʢ, ʜʣʷ ʥʠʟ-
ʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ ʠʩʧʳʪʘʥʠʡ 50õ200Áʉ ʩʪʘʨʝʥʠʝ ʧʦʨʰʥʝʡ ʧʨʠ ʚʩʝʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 100 ʜʦ 
300Áʉ ʚ ʪʝʯʝʥʠʝ 3-ʭ ʯʘʩʦʚ ʧʦʚʳʰʘʝʪ ʫʨʦʚʝʥʴ ʟʥʘʯʝʥʠʡ ʊʂʃʈ. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʝʥ ʨʦʩʪ ʊʂʃʈ ʜʣʷ 100 
Áʉ ʠ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ6õ12 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʟʮʘʤʠ ʠʟ ʥʝʦʙʨʘʙʦʪʘʥʥʦʛʦ ʧʦʨʰʥʷ. 

 
ʉʡʪ. 2. ɽʡʙʜʩʙʥʥʙ ʛʤʡʸʦʡʸ ʫʞʥʨʞʩʙʫʬʩʴ ʪʫʙʩʞʦʡʸ (ʛʴʝʞʩʟʣʙ 3 ʰ) ʦʙ ʋʃʄʉ ʨʧʩʱʦʸ ʨʧ ʫʞʥ-

ʨʞʩʙʫʬʩʦʴʥ ʡʦʫʞʩʛʙʤʙʥ ʝʤʸ ʪʨʤʙʛʙ ɹʃ5ʅ 
 

ʉʥʠʞʝʥʠʝ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʨʰʥʷ ʢ ʨʘʩʰʠʨʝʥʠʶ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʧʦʩʣʝ ʩʪʘʨʝʥʠʷ ʧʨʠ 150 ʠ 
200Áʉ. ʆʜʥʘʢʦ, ʚ 1-ʦʤ ʩʣʫʯʘʝ ʦʥʦ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 1ï4 % ʚ ʫʟʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʠʩʧʳʪʘʥʠʷ ʦʪ 
250 ʜʦ 400Áʉ. ɺʦ 2-ʦʤ ʩʣʫʯʘʝ ʫʤʝʥʴʰʝʥʠʝ ʊʂʃʈ ʧʦʨʰʥʷ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʫʶ ʚʝʣʠʯʠʥʫ, ʚ 
ʩʨʝʜʥʝʤ 2ï8,5 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʝʛʦ ʠʩʭʦʜʥʳʤ ʩʦʩʪʦʷʥʠʝʤ, ʠ ʨʝʘʣʠʟʫʝʪʩʷ ʚʦ ʚʩʝʤ ʠʥʪʝʨʚʘʣʝ ʠʩʩʣʝʜʫ-
ʝʤʳʭ ʪʝʤʧʝʨʘʪʫʨ ʜʦ 450 Áʉ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ 50 Áʉ). ʀʟ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʨʝʜʝʣʝ-
ʥʠʷ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʧʦʨʰʥʝʡ, ʩʦʩʪʘʨʝʥʥʳʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 100 ʜʦ 300Áʉ ʩʣʝ-
ʜʫʝʪ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʨʘʙʦʪʢʠ ʧʨʠ 200Áʉ ʚ ʪʝʯʝʥʠʝ 3 ʯ. 
ʅʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʊʂʃʈ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (50õ150Áʉ) ʠ 
ʩʨʝʜʥʠʭ ʪʝʤʧʝʨʘʪʫʨ (200õ300Áʉ), ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʜʣʷ ʩʨʝʜʥʝ-
ʥʘʛʨʫʞʝʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʪʠʧʘ ɿʄɿ-672 ʠ ʠʭ ʘʥʘʣʦʛʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʢʘʯʝʩʪʚʝ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʩʥʠʞʝʥʠʷ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʧʦʨʰʥʷ ʩʨʝʜʥʝʥʘ-
ʛʨʫʞʝʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʠʟ ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʩʠʣʫʤʠʥʘ ɸʂ5ʄ ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʧʨʠ 200Áʉ ʚ ʪʝʯʝʥʠʝ 3 
ʯ. ʪʘʢʦʡ ʨʝʞʠʤ ʩʪʘʨʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʊʂʃʈ ʧʦʨʰʥʷ ʚ ʩʨʝʜʥʝʤ ʥʘ 2ï8,5 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜ-
ʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʚʦ ʚʩʝʤ ʠʩʩʣʝʜʫʝʤʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ. 
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DEPENDENCE OF ANGULAR VELOCITY OF INCLINED PLATFORM OF THE ORIGINAL MANIPULATOR 

FROM THE KINEMATIC OF THE DRIVE 
 

Shamutdinov Aydar Harisovich, 
Zakernnichnaya Natalya Viktorovna, 

Pirogova Natalya Leonidovna 
 

Abstract: A theoretical study of the dependence of the angular velocity of the inclined platform of the original 
manipulator in dependence: on time at a constant speed of displacement of the rod of the hydraulic cylinder; 
from the geometric dimensions with a constant speed of movement of the rod of the hydraulic cylinder and 
with a variable speed of movement of the rod of the hydraulic cylinder. 
Key words: original part of the manipulator, inclined platform, supporting-rotary device, hydraulic cylinder, an-
gular velocity, platform rotation angle, graphics in MathCAD 14 program. 

 
ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʰʝʩʪʠʢʦʦʨʜʠʥʘʪʥʳʡ ʤʘʥʠʧʫʣʷʪʦʨ, ʦʧʠʩʘʥʥʳʡ ʚ [1, c.65], [2, 

ʩ.2], [3, ʩ.2]. ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʦʨʠʛʠʥʘʣʴʥʦʡ ʯʘʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʤʘʥʠʧʫʣʷʪʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ 
ʥʘ ʨʠʩ. 1.  

ɸʥʘʣʦʛʠʯʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ [5], ʨʘʩʤʦʪʨʠʤ ʠʟʤʝʥʷʝʤʳʡ çʪʨʝʫʛʦʣʴ-
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ʥʠʢè, ʦʜʥʘ ʩʪʦʨʦʥʘ ʢʦʪʦʨʦʛʦ ʠʟʤʝʥʷʝʪ ʩʚʦʡ ʨʘʟʤʝʨ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʠʩʧʦʣʥʝʥʘ, ʥʘʧʨʠʤʝʨ, ʛʠʜʨʦʮʠʣʠʥ-
ʜʨʦʤ ʩʦ ʰʪʦʢʦʤ. ʀʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʚʠʞʝʥʠʷ: ɤ, ʪ.ʝ. ʢʘʢ ʙʫʜʝʪ ʠʟʤʝʥʷʪʴʩʷ ʫʛʣʦʚʘʷ 
ʩʢʦʨʦʩʪʴ ʥʘʢʣʦʥʥʦʡ ʧʣʘʪʬʦʨʤʳ ʤʘʥʠʧʫʣʷʪʦʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʚʦʜʘ 
(ʛʠʜʨʦʮʠʣʠʥʜʨʘ). 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

ʉʡʪ. 1. ʉʙʪʰʞʫʦʙʸ ʪʮʞʥʙ ʭʩʙʜʥʞʦʫʙ ʧʩʡʜʡʦʙʤʵʦʧʢ ʰʙʪʫʡ ʥʙʦʡʨʬʤʸʫʧʩʙ 
 
0 ī ʆʩʥʦʚʘʥʠʝ; 1 ï ʅʘʢʣʦʥʥʘʷ ʧʣʘʪʬʦʨʤʘ; 2 ï ʆʧʦʨʥʦ-ʧʦʚʦʨʦʪʥʦʝ ʫʩʪʨʦʡʩʪʚʦ; ʎ1, ʎ2 ï ʇʨʠʚʦʜ-

ʥʳʝ ʫʩʪʨʦʡʩʪʚʘ (ʛʠʜʨʦʮʠʣʠʥʜʨʳ). 
 
ɿʜʝʩʴ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ 2 ʩʣʫʯʘʷ:  

1) ʠʟʤʝʥʝʥʠʝ ɤ ʧʨʠ constV ==
dt

ds
, 2) ʠʟʤʝʥʝʥʠʝ ɤ ʧʨʠ var

dt

ds
==V . 

ɺ [5] ʫʞʝ ʙʳʣʘ ʥʘʡʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ 
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dt

dV
V =&  ī ʫʩʢʦʨʝʥʠʝ ʰʪʦʢʘ ʛʠʜʨʦʮʠʣʠʥʜʨʘ. 
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2224

2
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=w                                             (2) 

ɽʩʣʠ V = var, ʪʦʛʜʘ 0̧=
dt

dV
V&  ʠ 
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ʀʩʧʦʣʴʟʫʷ ʧʘʢʝʪ ʧʨʦʛʨʘʤʤʳ MathCAD 14, ʧʨʠʚʦʜʠʤ ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʨʘʞʝʥʠʡ (2) ʠ (3) ʢʦʪʦʨʳʝ 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2 ʠ ʨʠʩ. 3(ʘ, ʙ).  
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ʉʡʪ. 3. ʀʙʛʡʪʡʥʧʪʫʡ ʬʜʤʧʛʧʢ ʪʣʧʩʧʪʫʡ ʦʙʣʤʧʦʦʧʢ ʨʤʙʫʭʧʩʥʴ ɤ(ʘ, V, W, t) 
ʧʫ ʛʩʞʥʞʦʡ t = var ʨʩʡ ʩʙʠʦʴʮ ʪʣʧʩʧʪʫʸʮ V ɦ ʫʧʣʙ ʜʡʝʩʧʯʡʤʡʦʝʩʙ ʙ) ʡ ʩʙʠʦʴʮ ʬʪʣʧʩʞʦʡʸʮ W ɦ ʫʧ-

ʣʙ ʚ) 
 
 

ɺʳʚʦʜʳ: 
ɸʥʘʣʠʟʠʨʫʷ ʵʪʠ ʛʨʘʬʠʢʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʘ V ʠ ʚʨʝʤʝʥʠ t ʚʠʜʥʦ, ʯʪʦ:  
1) ʉ ʫʚʝʣʠʯʝʥʠʝʤ: ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ V ʠ ʫʩʢʦʨʝʥʠʷ W ʰʪʦʢʘ ʛʠʜʨʦʮʠʣʠʥʜʨʘ ʧʦʚʦʨʦʪ ʧʣʘʪʬʦʨ-

ʤʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʙʳʩʪʨʝʝ; 
2) ɿʘʚʠʩʠʤʦʩʪʴ ɤ(t) ʧʨʠ V = 0,01 ʤ/ʩʝʢ   ʠ tÒ 6 ʩʝʢ, ʧʨʠ V = 0,02 ʤ/ʩʝʢ ʠ  
tÒ 12 ʩʝʢ, ʧʨʠ V = 0,03 ʤ/ʩʝʢ   ʠ tÒ 24 ʩʝʢ ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʥʝʡʥʘ, ʯʪʦ ʦʯʝʥʴ ʙʣʘʛʦʧʨʠʷʪʥʦ ʧʨʠ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ ʜʘʥʥʦʛʦ ʤʘʥʠʧʫʣʷʪʦʨʘ; 
3) ɺ ʨʘʙʦʯʝʤ ʜʠʘʧʘʟʦʥʝ: ű = 0Á ī 45Á, ʠʟʤʝʥʝʥʠʝ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʥʘʢʣʦʥʥʦʡ ʧʣʘʪʬʦʨʤʳ 1 (ʠʣʠ 

ʦʧʦʨʥʦ-ʧʦʚʦʨʦʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 2) ʠʟʤʝʥʷʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʯʪʦ ʙʣʘʛʦʧʨʠʷʪʥʦ ʜʣʷ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩ-
ʩʘ, ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʜʘʥʥʳʡ ʤʘʥʠʧʫʣʷʪʦʨ. 

4) ʇʨʠ ʣʠʥʝʡʥʦʤ ʚʦʟʨʘʩʪʘʥʠʠ ʫʩʢʦʨʝʥʠʷ W h ʪʦʢʘ ʛʠʜʨʦʮʠʣʠʥʜʨʘ ʠ  
V = const ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʧʣʘʪʬʦʨʤʳ ʪʘʢʞʝ ʚʦʟʨʘʩʪʘʝʪ ʣʠʥʝʡʥʦ, ʯʪʦ ʪʘʢʞʝ ʙʣʘʛʦʧʨʠʷʪʥʦ ʧʨʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʘʥʥʦʛʦ ʤʘʥʠʧʫʣʷʪʦʨʘ. 
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¼ãåØÔÔØÝÞÒ ºÐÜÞÛåÞÝ ÁÞÔØÚÖÞÝ ãÓÛØ, 
ʩʪʫʜʝʥʪ ɼʦʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʚʠʜʳ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘ ʤʝʩʪʦʨʦʞ-
ʜʝʥʠʷʭ ʛʘʟʘ ʠ ʥʝʬʪʠ. ʂ ʥʠʤ ʦʪʥʦʩʷʪ ʢʦʤʧʣʝʢʩ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʜʦʙʳʯʠ, ʩʙʦʨʘ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʨʘʙʦʪ-
ʢʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. ʊʘʢʞʝ ʚ ʩʪʘʪʴʝ ʦʧʠʩʘʥ ʧʨʦʮʝʩʩ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ ʠ ʛʘʟʘ, ʢʦʪʦʨʳʡ ʧʨʦʭʦʜʠʪ ʚ ʥʝ-
ʩʢʦʣʴʢʦ ʵʪʘʧʦʚ.  
ʈʘʩʩʤʦʪʨʝʥʳ ʧʨʦʮʝʩʩʳ ʩʙʦʨʘ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʢʦʪʦʨʳʝ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʧʨʠ ʧʦʤʦʱʠ 
ʨʘʟʣʠʯʥʳʭ ʩʝʧʘʨʘʪʦʨʦʚ: ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ, ʜʚʫʭʬʘʟʥʳʝ ʩʝʧʘʨʘʪʦʨʳ-ʨʘʩʧʨʝʜʝʣʠʪʝʣʠ, ʫʩʪʘʥʦʚʢʠ ʪʠʧʘ 
ʅɻʉ ʠ ʋɹʉ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʅʝʬʪʴ, ʛʘʟ, ʜʦʙʳʯʘ, ʧʝʨʝʨʘʙʦʪʢʘ, ʩʝʧʘʨʘʪʦʨ, ʥʝʬʪʝʧʨʦʜʫʢʪʳ, ʦʙʦʨʫʜʦʚʘʥʠʝ, ʩʙʦʨ, 
ʧʦʜʛʦʪʦʚʢʘ.  

 
ɼʣʷ ʜʦʙʳʯʠ, ʩʙʦʨʘ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʛʘʟʘ ʠ ʥʝʬʪʠ ʚ ʩʦʚʨʝʤʝʥʥʳʝ ʜʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʥʳʝ ʪʝʭʥʦ-

ʣʦʛʠʠ, ʤʘʰʠʥʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʩʳʨʴʝ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ.  
ʇʨʦʜʫʢʮʠʝʡ ʛʘʟʦʥʝʬʪʷʥʳʭ ʩʢʚʘʞʠʥ ʷʚʣʷʝʪʩʷ ʩʤʝʩʴ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʪʘʢʠʭ ʚʝʱʝʩʪʚ: 

¶ ʛʘʟʘ; 

¶ ʥʝʬʪʠ; 

¶ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʡ ʚʦʜʳ; 

¶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ.  
ɺʩʝ ʵʪʠ ʚʝʱʝʩʪʚʘ ʩʦʙʠʨʘʶʪʩʷ ʠʟ ʩʢʚʘʞʠʥ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʥʘ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ, ʘ ʠʭ ʦʙʨʘ-

ʙʦʪʢʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʣʫʯʝʥʠʠ ʪʦʚʘʨʥʦʡ ʧʨʦʜʫʢʮʠʠ: 

¶ ʥʝʬʪʠ; 

¶ ʪʦʧʣʠʚʘ; 

¶ ʥʝʬʪʷʥʦʛʦ ʛʘʟʘ. 
ʊʚʧʩ ʦʞʭʫʡ ʡ ʜʙʠʙ. 
ʉʙʦʨ ʠ ʧʦʜʛʦʪʦʚʢʘ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ ʧʨʦʮʝʩʩʦʚ ʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʩʣʦʞʥʳʡ ʢʦʤʧʣʝʢʩ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ: 

¶ ʥʘʩʦʩʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ; 

¶ ʪʨʫʙʦʧʨʦʚʦʜʳ; 

¶ ʙʣʦʯʥʦʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ; 

¶ ʨʘʟʣʠʯʥʳʝ ʘʧʧʘʨʘʪʳ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ.  
ʉʙʦʨ ʥʝʬʪʝʛʘʟʦʚʳʭ ʧʨʦʜʫʢʪʦʚ ï ʵʪʦ ʧʨʦʮʝʩʩ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʘʤ ʛʘʟʘ, ʥʝʬʪʠ ʠ 

ʚʦʜʳ ʢ ʢʦʥʝʯʥʳʤ ʪʦʯʢʘʤ ʩʙʦʨʘ. ɺʝʱʝʩʪʚʘ ʪʨʘʥʩʧʦʨʪʠʨʫʶʪʩʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ, ʢʦʪʦʨʦʝ ʩʦʟʜʘʝʪʩʷ ʩʧʝʮʠ-
ʘʣʴʥʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ ï ʰʪʘʥʛʦʚʳʤʠ ʠ ʜʨʫʛʠʤʠ ʥʘʩʦʩʘʤʠ. ʅʝʬʪʝʧʨʦʚʦʜʳ, ʧʦ ʢʦʪʦʨʳʤ ʩʦʙʠʨʘʝʪʩʷ 
ʥʝʬʪʴ ʠʟ ʩʢʚʘʞʠʥ, ʥʘʟʳʚʘʶʪʩʷ ʩʙʦʨʥʳʤʠ ʢʦʣʣʝʢʪʦʨʘʤʠ. ɺ ʥʠʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʣʠʥʝʡʥʦʝ ʜʘʚʣʝʥʠʝ.  

ʅʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʛʘʟʘ ʠ ʥʝʬʪʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʶʪ ʦʜʥʦʪʨʫʙʥʳʝ ʩʠʩʪʝʤʳ ʩʙʦʨʘ, ʧʦʩʣʝ 
ʯʝʛʦ ʧʨʦʜʫʢʮʠʷ ʠʟ ʩʢʚʘʞʠʥ ʧʦʩʪʫʧʘʝʪ ʥʘ ɻɿʋ, ʛʜʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘʤʝʨ ʜʝʙʠʪʦʚ ʦʪʜʝʣʴʥʳʭ ʩʢʚʘʞʠʥ. 
ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʘʤ ʥʝʬʪʴ, ʥʘʩʳʱʝʥʥʘʷ ʛʘʟʘʤʠ, ʥʘʧʨʘʚʣʷʝʪʩʷ ʥʘ ʎʇʉ.  

ʂʨʦʤʝ ʦʜʥʦʪʨʫʙʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʩʙʦʨʘ ʧʨʠʤʝʥʷʶʪ ʜʚʫʭʪʨʫʙʥʳʝ, ʚ ʢʦʪʦʨʳʭ ʧʦʩʣʝ ɻɿʋ ʥʝʬʪʴ 
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ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ɼʅʉ (ʜʦʞʠʤʥʘʷ ʥʘʩʦʩʥʘʷ ʩʪʘʥʮʠʷ). ɺ ʥʝʡ ʧʨʦʭʦʜʠʪ ʧʝʨʚʘʷ ʩʪʫʧʝʥʴ ʩʝʧʘʨʘʮʠʠ. ʕʪʦ 
ʧʨʦʮʝʩʩ ʦʪʜʝʣʝʥʠʷ ʛʘʟʘ ʦʪ ʥʝʬʪʠ. ʇʦʩʣʝ ʵʪʦʛʦ ʥʝʬʪʴ ʥʘʩʦʩʘʤʠ ʦʪʢʘʯʠʚʘʝʪʩʷ ʥʘ ʎʇʉ, ʘ ʛʘʟ ʧʦ ʩʧʝʮʠ-
ʘʣʴʥʦʤʫ ʪʨʫʙʦʧʨʦʚʦʜʫ ʧʦʜʛʦʪʘʚʣʠʚʘʝʪʩʷ ʢ ʧʦʩʣʝʜʫʶʱʝʡ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ. ɼʚʫʭʪʨʫʙʥʘʷ ʩʠʩʪʝʤʘ ʠʩ-
ʧʦʣʴʟʫʝʪʩʷ ʥʘ ʙʦʣʴʰʠʭ ʧʦ ʧʣʦʱʘʜʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʥʝʬʪʠ ʠ ʛʘʟʘ.  

ɻʡʝʴ ʧʚʧʩʬʝʧʛʙʦʡʸ, ʣʧʫʧʩʴʞ ʛʮʧʝʸʫ ʛ ʣʧʥʨʤʞʣʪ ʨʧ ʝʧʚʴʰʞ, ʪʚʧʩʬ ʡ ʨʞʩʞʩʙʚʧʫʣʞ ʜʙʠʙ ʡ 
ʦʞʭʫʡ. 

ɺ ʢʦʤʧʣʝʢʩ ʧʦ ʜʦʙʳʯʝ, ʩʙʦʨʫ ʠ ʧʝʨʝʨʘʙʦʪʢʝ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚʭʦʜʠʪ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟ-
ʣʠʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʫʩʣʦʚʥʦ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ 8 ʛʨʫʧʧ: 

1. ʋʩʪʘʥʦʚʢʠ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʢʚʘʞʠʥ. 
2. ʋʩʪʘʥʦʚʢʠ, ʠʩʧʦʣʴʟʫʶʱʠʝʩʷ ʜʣʷ ʙʝʩʧʝʨʝʙʦʡʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʢʚʘʞʠʥ. 
3. ʆʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʨʝʤʦʥʪʘ, ʦʩʚʦʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʩʢʚʘʞʠʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. 
4. ʋʩʪʨʦʡʩʪʚʘ ʜʣʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʜʦʙʳʯʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ.  
5. ʉʦʦʨʫʞʝʥʠʷ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʩʙʦʨʘ ʛʘʟʦ- ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ.  
6. ʋʩʪʘʥʦʚʢʠ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʨʩʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʬʪʠ ʠ ʛʘʟʘ.  
7. ʆʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʨʝʤʦʥʪʘ ʧʘʨʢʘ ʪʝʭʥʠʢʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʥʝʬʪʝʧʨʦʤʳʰʣʝʥʥʦʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ.  
8. ʄʘʰʠʥʳ ʠ ʘʛʨʝʛʘʪʳ ʩʣʫʞʙʳ ʵʥʝʨʛʝʪʠʢʠ.  
ʊʧʧʩʬʟʞʦʡʸ ʡ ʧʚʧʩʬʝʧʛʙʦʡʞ ʝʤʸ ʪʚʧʩʙ ʜʙʠʧ- ʡ ʦʞʭʫʞʨʩʧʝʬʣʫʧʛ. 
ʂ ʥʠʤ ʦʪʥʦʩʷʪ ʩʧʝʮʠʘʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ, ʢʦʪʦʨʳʝ ʩʣʫʞʘʪ ʜʣʷ ʩʙʦʨʘ ʧʨʦʜʫʢʮʠʠ ʩʢʚʘʞʠʥ ʠ ʝʝ ʧʦʩʣʝ-

ʜʫʶʱʝʛʦ ʨʘʟʜʝʣʝʥʠʷ ʥʘ ʥʝʬʪʴ, ʚʦʜʫ, ʛʘʟ ʠ ʧʨʠʤʝʩʠ. ʊʘʢʞʝ ʚʳʜʝʣʷʶʪ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʠ 
ʧʝʨʚʠʯʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʪʦʧʣʠʚʥʦʛʦ ʩʳʨʴʷ. ʋʩʪʘʥʦʚʢʠ ʵʪʦʡ ʛʨʫʧʧʳ ʥʘʭʦʜʷʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ, ʢʘʢ 
ʧʨʘʚʠʣʦ, ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʝʬʪʠ ʠ ʛʘʟʘ.  

ɺ ʜʘʥʥʫʶ ʛʨʫʧʧʫ ʚʭʦʜʠʪ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ: 

¶ ʨʘʟʜʝʣʝʥʠʷ ʛʘʟʠʨʦʚʘʥʥʦʡ ʧʣʘʩʪʦʚʦʡ ʞʠʜʢʦʩʪʠ ʥʘ ʚʦʜʫ, ʛʘʟ ʠ ʥʝʬʪʴ; 

¶ ʧʦʜʛʦʪʦʚʢʠ ʪʦʚʘʨʥʦʡ ʥʝʬʪʠ (ʩʶʜʘ ʦʪʥʦʩʷʪ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ); 

¶ ʧʦʜʛʦʪʦʚʢʠ ʠ ʧʝʨʚʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʛʘʟʦʥʝʬʪʷʥʳʭ ʚʝʱʝʩʪʚ; 

¶ ʧʝʨʝʢʘʯʢʠ ʥʝʬʪʠ ʠ ʛʘʟʘ; 

¶ ʭʨʘʥʝʥʠʷ ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʜʫʢʮʠʠ.  
ʊʞʨʙʩʙʫʧʩʴ ʝʤʸ ʩʙʠʝʞʤʞʦʡʸ ʨʩʧʝʬʣʯʡʡ ʪʣʛʙʟʡʦ. 
ʕʪʦ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʦʪʜʝʣʷʝʪ ʧʨʦʜʫʢʮʠʶ ʩʢʚʘʞʠʥ ʥʘ ʪʘʢʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ: 

¶ ʚʦʜʫ; 

¶ ʛʘʟ; 

¶ ʥʝʬʪʴ.  
ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚʳʧʫʩʢʘʶʪ ʤʥʦʞʝʩʪʚʦ ʨʘʟʥʳʭ ʩʝʧʘʨʘʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ 

ʢʦʥʩʪʨʫʢʮʠʝʡ, ʥʦ ʠ ʦʙʲʝʤʦʤ. ʉʘʤʳʤʠ ʧʦʧʫʣʷʨʥʳʤʠ ʩʯʠʪʘʶʪʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʩʝʧʘʨʘʪʦʨʳ ʠ ʜʚʫʭʬʘʟ-
ʥʳʝ ʩʝʧʘʨʘʪʦʨʳ-ʦʪʜʝʣʠʪʝʣʠ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʚʝʱʝʩʪʚʘ ʦʪ ʞʠʜʢʦʩʪʠ ʪʠʧʘ ʋʈʍ ʠ ʅɻʉ. ʊʘʢʞʝ ʚ ʥʝʬʪʝʧʨʦ-
ʤʳʰʣʝʥʥʦʩʪʠ ʥʘʭʦʜʷʪ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʪʨʝʭʬʘʟʥʳʝ ʫʩʪʘʥʦʚʢʠ ʪʠʧʘ ʋʇʉ, ʢʦʪʦʨʳʝ ʩʣʫʞʘʪ ʜʣʷ ʦʪʜʝʣʝ-
ʥʠʷ ʠ ʩʙʨʘʩʳʚʘʥʠʷ ʩʚʦʙʦʜʥʦʡ ʚʦʜʳ.  

ʉʝʧʘʨʘʪʦʨʳ ʋɹʉ ʤʦʥʪʠʨʫʶʪ ʥʘ ʮʝʥʪʨʘʣʴʥʦʤ ʧʫʥʢʪʝ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʠ ʩʣʫʞʘʪ 
ʜʣʷ ʧʝʨʚʠʯʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʩʳʨʴʷ ʥʘ ʦʪʜʝʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ. ʅʘ ʧʦʩʣʝʜʫʶʱʠʭ ʩʪʫʧʝʥʷʭ ʧʨʠʤʝʥʷʶʪ 
ʫʩʪʘʥʦʚʢʠ ʪʠʧʘ ʅɻʉ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʛʦʨʷʯʫʶ ʩʝʧʘʨʘʮʠʶ ʧʦʜ ʚʘʢʫʫʤʦʤ.  

ʉʝʧʘʨʘʪʦʨʳ ʪʠʧʘ ʋʇʉ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʦʪʜʝʣʝʥʠʷ ʛʘʟʘ ʦʪ ʦʙʚʦʜʥʝʥʥʦʡ ʥʝʬʪʠ. ʊʘʢʞʝ ʦʥʠ 
ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʩʙʨʦʩʘ ʧʣʘʩʪʦʚʦʡ ʚʦʜʳ ʩ ʫʯʝʪʦʤ ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʚʦʜʳ ʠ ʦʙʝʟʚʦʞʝʥʥʦʡ 
ʥʝʬʪʠ. 

ʈʞʩʞʩʙʚʧʫʣʙ ʜʙʠʙ ʡ ʦʞʭʫʡ. 
ʕʪʦ ʧʨʦʮʝʩʩ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʘ ʠʤʝʥʥʦ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ ʠ ʩʳʨʴʷ ʜʣʷ 

ʭʠʤʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ. ʆʥ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʣʫʯʝʥʠʠ ʚʳʩʦʢʦʢʘ-
ʯʝʩʪʚʝʥʥʦʛʦ ʩʳʨʴʷ, ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴʩʷ ʚʦ ʤʥʦʛʠʭ ʩʬʝʨʘʭ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ.  

ɺʦ ʚʨʝʤʷ ʧʝʨʚʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʠʟʤʝʥʷʝʪʩʷ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʥʝʬʪʠ, ʢʦʪʦʨʘʷ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ 
ʬʨʘʢʮʠʠ. ʊʘʢʞʝ ʥʝʬʪʝʧʨʦʜʫʢʪʳ ʦʩʚʦʙʦʞʜʘʶʪʩʷ ʦʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ ʠ ʣʝʛʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. 
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ɸʪʤʦʩʬʝʨʥʘʷ ʧʝʨʝʛʦʥʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʨʝʢʪʠʬʠʢʘʮʠʦʥʥʳʭ ʢʦʣʦʥʥʘʭ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʜʝʣʝʥʠʝ 
ʥʝʬʪʠ ʥʘ ʥʝʩʢʦʣʴʢʦ ʬʨʘʢʮʠʡ. ʀʭ ʢʘʯʝʩʪʚʦ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʝʜʲʷʚʣʝʥʥʳʤ ʢ ʪʦʚʘʨʥʳʤ ʥʝʬʪʝʧʨʦʜʫʢ-
ʪʘʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʧʦʵʪʦʤʫ ʦʥʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʚʪʦʨʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ.  
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ɹʦʦʧʫʙʯʡʸ ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʢʘʙʝʣʝʡ, ʘ ʪʘʢʞʝ ʪʠʧʳ ʘʪʘʢ ʥʘ ʥʠʭ. ʆʧʠʩʘʥʘ ʬʠʟʠʢʘ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ. ʆʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʘʪʘʢʘʤ ʥʘ 
ʧʨʦʚʦʜʥʳʝ ʣʠʥʠʠ ʩʚʷʟʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ ʊʝʭʥʠʯʝʩʢʠʡ ʢʘʥʘʣ ʫʪʝʯʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʟʘʱʠʪʘ, ʧʘʨʘʟʠʪʥʘʷ ʩʚʷʟʴ, ʥʘʚʦʜʢʠ. 

 
ʇʨʦʚʦʜʥʳʝ ʣʠʥʠʠ ʩʚʷʟʠ ʦʩʪʘʶʪʩʷ ʩʘʤʳʤ ʧʦʧʫʣʷʨʥʳʤ ʩʧʦʩʦʙʦʤ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. ɿʘ ʩʯʸʪ 

ʧʨʦʪʝʢʘʥʠʷʤ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʩʠʛʥʘʣʦʚ ʦʪ ʠʩʪʦʯʥʠʢʘ ʢ ʧʨʠʸʤʥʠʢʫ ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ ʫʪʝʯʢʘ ʠʥʬʦʨʤʘʮʠʠ.  
ɼʣʷ ʧʝʨʝʭʚʘʪʘ ʠʥʬʦʨʤʘʮʠʠ ʩ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʢʘʙʝʣʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ 

ʫʩʪʨʦʡʩʪʚ: 

¶ ɼʣʷ ʩʠʤʤʝʪʨʠʯʥʳʭ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʢʘʙʝʣʝʡ ï ʫʩʪʨʦʡʩʪʚʘ ʩ ʠʥʜʫʢʮʠʦʥʥʳʤ ʜʘʪʯʠʢʦʤ; 

¶ ɼʣʷ ʢʦʘʢʩʠʘʣʴʥʳʭ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ï ʫʩʪʨʦʡʩʪʚʘ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʧʦʜʢʣʶʯʝʥʠʷ; 

¶ ɼʣʷ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʢʘʙʝʣʝʡ ï ʫʩʪʨʦʡʩʪʚʘ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʧʦʜʢʣʶʯʝʥʠʷ, ʪʘʢ ʠ ʩ ʠʥʜʫʢʮʠʦʥ-
ʥʳʤ ʜʘʪʯʠʢʦʤ. 

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʢʘʥʘʣʦʤ ʫʪʝʯʢʠ ʠʥʬʦʨʤʘʮʠʠ ʷʚʣʷʝʪʩʷ ʠʥʜʫʢʮʠʦʥʥʳʡ. ʇʦʤʠʤʦ ʪʦʛʦ, ʯʪʦ 
ʦʥ ʷʚʣʷʝʪʩʷ ʙʝʩʢʦʥʪʘʢʪʥʳʤ ʠ ʬʘʢʪ ʧʨʦʩʣʫʰʠʚʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ, ʪʘʢ ʚ 
ʩʠʣʫ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ (ʧʦʷʚʣʝʥʠʝ ʚʦʢʨʫʛ ʣʠʥʠʡ ʩʚʷʟʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʧʨʠ ʧʨʦʪʝʢʘʥʠʠ ʧʦ 
ʥʝʤʫ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʛʥʘʣʳ ʩʯʠʪʳʚʘʶʪʩʷ ʠʥʜʫʢʮʠʦʥʥʳʤ ʜʘʪʯʠʢʦʤ) ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʢʘʙʝʣʷ ʥʝ 
ʧʨʝʜʦʪʚʨʘʪʠʪ ʜʘʥʥʳʡ ʢʘʥʘʣ ʫʪʝʯʢʠ ʠʥʬʦʨʤʘʮʠʠ. 

ɺʳʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʚʘʨʠʘʥʪʳ ʘʪʘʢ [1, ʩ. 312]: 

¶ ʅʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʝ ʧʦʜʢʣʶʯʝʥʠʝ (ʨʘʟʨʳʚ) 

¶ ɺʳʩʦʢʦʯʘʩʪʦʪʥʦʝ ʥʘʚʷʟʳʚʘʥʠʝ 

¶ ʇʘʨʘʣʣʝʣʴʥʳʡ ʧʨʦʙʝʛ ʢʘʙʝʣʷ 
ɽʩʣʠ ʣʠʥʠʠ ʢʘʙʝʣʷ ʚʳʭʦʜʷʪ ʟʘ ʧʨʝʜʝʣʳ ʟʦʥʳ, ʛʜʝ ʠʩʢʣʶʯʝʥʦ ʙʝʩʢʦʥʪʨʦʣʴʥʦʝ ʧʨʝʙʳʚʘʥʠʝ ʣʶ-

ʜʝʡ, ʪʦ ʚʦʟʤʦʞʥʦ ʛʘʣʴʚʘʥʠʯʝʩʢʦʝ ʧʦʜʢʣʶʯʝʥʠʝ ʢ ʢʘʙʝʣʶ. ʂʘʢ ʧʨʘʚʠʣʦ, ʟʣʦʫʤʳʰʣʝʥʥʠʢ ʧʦʜʢʣʶʯʘʝʪʩʷ ʚ 
ʨʘʟʨʳʚ ʢʘʙʝʣʷ ʠ ʦʥʣʘʡʥ ʧʨʦʩʣʫʰʠʚʘʝʪ.  ɼʣʷ ʩʠʛʥʘʣʠʟʘʮʠʠ ʦ ʧʦʜʢʣʶʯʝʥʠʠ ʜʘʥʥʦʛʦ ʧʦʜʩʣʫʰʠʚʘʶʱʝʛʦ 
ʫʩʪʨʦʡʩʪʚʘ ʢʘʙʝʣʴ ʦʙʦʨʫʜʫʶʪ ʚʦʟʜʫʭʦʥʝʧʨʦʥʠʮʘʝʤʦʡ ʦʙʦʣʦʯʥʦʡ ʩ ʥʘʭʦʜʷʱʠʤʩʷ ʚʥʫʪʨʠ ʩʞʘʪʳʤ ʚʦʟʜʫ-
ʭʦʤ. ʇʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʩʨʝʜʩʪʚʘ ʨʘʟʚʝʜʢʠ ʩʥʠʞʘʝʪʩʷ ʜʘʚʣʝʥʠʝ ʚʦʟʜʫʭʘ ʚ ʦʧʣʸʪʢʝ ʢʘʙʝʣʷ, ʯʪʦ ʧʦʟʚʦʣʷ-
ʝʪ ʦʧʝʨʘʪʠʚʥʦ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʠ ʦ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʤ ʧʦʜʢʣʶʯʝʥʠʠ. ɼʘʥʥʳʤ ʩʧʦʩʦʙ ʟʘʱʠʪʳ 
ʷʚʣʷʝʪʩʷ ʥʝʦʧʨʘʚʜʘʥʥʦ ʜʦʨʦʛʠʤ ʠ ʤʘʣʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʧʨʘʢʪʠʢʝ. ɸʥʘʣʦʛʠʯʥʳʤ ʠ ʥʝ ʤʝʥʝʝ ʵʬʬʝʢ-
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ʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʣʠ-
ʥʠʠ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʧʨʦʩʣʫʰʠʚʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʦʚʳʰʘʝʪʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ 
ʥʘʧʨʷʞʸʥʥʦʩʪʴ ʣʠʥʠʠ. ʆʜʥʘʢʦ, ʚ ʥʘʩʪʦʷʱʝʝ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʩʦʛʣʘʩʫʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ, 
ʧʦʟʚʦʣʷʶʱʠʝ ʩʥʠʞʘʪʴ ʚʥʦʩʠʤʦʝ ʠʟʤʝʥʝʥʠʝ R ʠ ʧʘʜʝʥʠʷ H ʥʘ ʣʠʥʠʠ. ɽʜʠʥʩʪʚʝʥʥʳʤ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤ 
ʤʝʪʦʜʦʤ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʢʣʶʯʠʪʴ ʜʘʥʥʳʡ ʚʠʜ ʘʪʘʢʠ ʷʚʣʷʝʪʩʷ. ʈʘʩʧʦʣʦʞʝʥʠʝ ʚʩʝʭ 
ʢʘʙʝʣʝʡ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʟʦʥʝ. 

ɺʳʩʦʢʦʯʘʩʪʦʪʥʦʝ ʥʘʚʷʟʳʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʸʤ ʚʚʝʜʝʥʠʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʩʠʛʥʘʣʦʚ ʩ ʧʦ-
ʤʦʱʴʶ ɺʏ ʛʝʥʝʨʘʪʦʨʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʮʝʧʴ. 

ʇʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʚ ʧʦʤʝʱʝʥʠʠ, ʛʜʝ ʨʘʩʧʦʣʦʞʝʥ ʢʘʙʝʣʴ, ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʚʦʟʤʦʞʥʘ ʠʭ ʤʦʜʫ-
ʣʷʮʠʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʢʦʣʝʙʘʥʠʷʤʠ ʟʘ ʩʯʸʪ ʥʘʣʠʯʠʝʤ ʚ ʮʝʧʷʭ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʧʫʪʸʤ 
ʠʟʤʝʥʝʥʠʷ ʸʤʢʦʩʪʠ ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ). ɿʘʱʠʪʘ ʦʪ ɺʏ ʥʘʚʷʟʳʚʘʥʠʷ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ 2 ʩʪʘʜʠʠ:  

¶ ʆʨʛʘʥʠʟʘʮʠʦʥʥʘʷ 
ɸ) ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʪʝʣʝʬʦʥʥʦʡ ʩʪʘʥʮʠʠ ʚ ʟʘʱʠʱʸʥʥʦʤ ʚʠʜʝ 
ɹ) ʐʠʬʨʦʚʘʥʠʝ ʠʥʬʦʨʤʘʪʠʚʥʦʛʦ ʩʠʛʥʘʣʘ 
ɺ) ɺʩʝ ʣʠʥʠʠ ʜʦʣʞʥʳ ʥʝ ʚʳʭʦʜʠʪʴ ʟʘ ʧʨʝʜʝʣʳ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʟʦʥʳ. 

¶ ʊʝʭʥʠʯʝʩʢʘʷ  
ɸ) ʇʦʜʢʣʶʯʝʥʠʝ ʢ ʪʝʣʝʬʦʥʥʦʡ ʪʨʫʙʢʝ ʢʦʥʜʝʥʩʘʪʦʨʘ ʤʘʣʝʥʴʢʦʡ ʸʤʢʦʩʪʠ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʛʘʩʠʪʴ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʢʦʣʝʙʘʥʠʷ. 
ɹ) ɸʚʪʦʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʝʪʠ 
ɺ) ʇʨʠʤʝʥʝʥʠʝ ʧʘʩʩʠʚʥʳʭ ʚʩʪʨʦʝʥʥʳʭ ʩʭʝʤ ʟʘʱʠʪʳ 
ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ, ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʭ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʩʨʝʜʩʪʚʦʤ ʤʦʜʫ-

ʣʷʮʠʠ, ʧʦ ʪʦʢʦʚʝʜʫʱʠʤ ʮʝʧʷʤ ʩʦʟʜʘʸʪ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ ʫʪʝʯʢʠ 
ʠʥʬʦʨʤʘʮʠʠ. 

ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʢʘʥʘʣ ʫʪʝʯʢʠ ʠʥʬʦʨʤʘʮʠʠ ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ ʟʘ ʩʯʸʪ ʥʘʚʦʜʦʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʟ-
ʣʫʯʝʥʠʡ ʊʇʉʀ, ʥʘʣʠʯʠʷ ʧʦʩʪʦʨʦʥʥʠʭ ʧʨʦʚʦʜʥʠʢʘʭ, ʚʳʭʦʜʷʱʠʭ ʟʘ ʧʨʝʜʝʣʳ ʪʝʨʨʠʪʦʨʠʠ ʛʜʝ ʠʩʢʣʶʯʝʥʦ 
ʙʝʩʢʦʥʪʨʦʣʴʥʦʝ ʧʨʝʙʳʚʘʥʠʝ ʣʠʮ ʠ ʤʘʰʠʥ. ʅʘʚʦʜʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʥʘʧʨʷ-
ʞʝʥʠʷ ʠ ʩʠʣʳ ʪʦʢʘ ʚ ʪʦʢʦʚʝʜʫʱʠʭ ʮʝʧʷʭ, ʚʳʟʚʘʥʥʳʭ ʚʥʫʪʨʠʸʤʢʦʩʪʥʳʤ ʠ ʚʥʫʪʨʠʠʥʜʫʢʪʠʚʥʳʤʠ ʩʚʷʟʷʤʠ. 
ʅʘʚʦʜʢʠ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʚ [1, ʩ. 312]: 

1. ʃʠʥʠʷʭ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʊʉʇʀ. ʅʘʚʦʜʢʠ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʟʘ ʩʯʸʪ ʇʕʄʀ. ɺ ʫʩʠʣʠʪʝʣʷʭ ʥʠʟʢʦʡ 
ʯʘʩʪʦʪʳ ʪʦʢʠ ʫʩʠʣʠʚʘʝʤʳʭ ʩʠʛʥʘʣʦʚ ʟʘʤʳʢʘʶʪʩʷ ʯʝʨʝʟ ʠʩʪʦʯʥʠʢ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʠ ʧʨʠ ʥʝʜʦʩʪʘʪʦʯʥʦʤ 
ʟʘʪʫʭʘʥʠʠ ʚ ʬʠʣʴʪʨʝ ʚʳʧʨʷʤʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʤʦʛʫʪ ʙʳʪʴ ʦʙʥʘʨʫʞʝʥʳ ʚ ʩʝʪʠ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ. 

2. ɺ ʮʝʧʷʭ ʟʘʟʝʤʣʝʥʠʷ ʊʉʇʀ. ʇʦʤʠʤʦ ʦʩʥʦʚʥʦʡ ʩʠʩʪʝʤʳ ʟʘʟʝʤʣʝʥʠʷ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʛʘʣʴʚʘʥʠ-
ʯʝʩʢʠʝ ʩʚʷʟʠ ʩ ʟʝʤʣʸʡ ʠʟ ʥʫʣʝʚʦʛʦ ʧʨʦʚʦʜʘ. ʊʝʤ ʩʘʤʳʤ ʚ ʵʪʦʤ ʩʠʩʪʝʤʝ ʟʘʟʝʤʣʷʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʤʦʛʫʪ 
ʥʘʚʦʜʠʪʴʩʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʣʷ, ʥʝʩʫʱʠʝ ʠʥʬʦʨʤʘʪʠʚʥʳʡ ʩʠʛʥʘʣ. 

3. ɺ ʧʦʩʪʦʨʦʥʥʠʭ ʧʨʦʚʦʜʥʠʢʘʭ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʩʪʦʨʦʥʥʠʭ ʧʨʦʚʦʜʥʠʢʦʚ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʪʨʫʙʳ, ʘʨ-
ʤʘʪʫʨʘ, ʙʘʪʘʨʝʠ ʠ ʜʨʫʛʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʨʦʚʦʜʥʠʢʠ. 

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʥʘʚʦʜʦʢ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ: ʨʘʟʤʝʱʝʥʠʝ ʧʦʩʪʦʨʦʥʥʠʭ ʧʨʦ-
ʚʦʜʥʠʢʦʚ ʥʘ ʤʘʢʩʠʤʘʣʴʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ ʊʉʇʀ, ʠʩʢʣʶʯʝʥʠʝ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʨʦʙʝʛʘ ʜʚʫʭ ʢʘʙʝʣʝʡ, 
ʤʠʥʠʤʠʟʘʮʠʷ ʦʙʱʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ, ʫʤʝʥʴʰʝʥʠʝ ʧʘʨʘʟʠʪʥʦʡ ʩʚʷʟʠ, ʵʢʨʘʥʠʨʦʚʘʥʠʝ ʢʘʙʝʣʷ, ʧʨʠʤʝʥʝ-
ʥʠʝ ʨʘʟʚʷʟʳʚʘʶʱʠʭ ʬʠʣʴʪʨʦʚ. 

ʕʢʨʘʥʠʨʦʚʘʥʠʝ ʢʘʙʝʣʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʛʨʘʥʠʯʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʠ ʚ ʦʧʣʸʪʢʝ ʢʘ-
ʙʝʣʷ ʧʫʪʸʤ ʦʛʨʘʥʠʯʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ. ʇʨʠʤʝʥʝʥʠʝ ʵʢʨʘʥʠʨʦʚʘʥʠʷ, ʚ ʦʪ-
ʣʠʯʠʝ ʦʪ ʘʢʪʠʚʥʳʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ, ʧʦʟʚʦʣʷʝʪ ʥʝ ʥʘʛʨʫʞʘʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʬʦʥ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, 
ʦʜʥʘʢʦ ʨʝʘʣʠʟʦʚʘʪʴ ʵʪʦ ʥʫʞʥʦ ʥʘ ʵʪʘʧʝ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʠʟʜʝʣʠʷ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʵʢʨʘʥʠ-
ʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʝʧʝʥʴʶ ʦʩʣʘʙʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ/ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ [2, ʩ. 246]. 

ὑ ςπὰὫ ȟ̅  ˎ

ὑ ςπὰὫ
Ὄ

Ὄ
ȟ̅ ȟˎ 

ɻʜʝ ὑ  ï ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʣʘʙʣʝʥʠʷ ʧʦ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ὑ  ï ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʣʘʙ-
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ʣʝʥʠʷ ʧʦ ʤʘʛʥʠʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, Ὁ ï ʥʘʧʨʷʞʸʥʥʦʩʪʴ ʧʦʣʷ ʚ ʦʪʩʫʪʩʪʚʠʠ ʵʢʨʘʥʘ, Ὁ ï ʥʘʧʨʷʞʸʥʥʦʩʪʴ 
ʧʦʣʷ ʧʨʠ ʥʘʣʠʯʠʠ ʵʢʨʘʥʘ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʵʢʨʘʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʫʤʤʘ 2 ʩʦʩʪʘʚʣʷʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʧʦʧʨʘʚʦʯʥʦʛʦ 
ʢʦʵʬʬʠʮʠʝʥʪʘ: 

ὑ ὑ̐ ̏̄̌ὑ̏ ̓̑ ὑ̉Ȣ̏̓,̑ 

ʛʜʝ ὑ̐ ̏̄ï̌ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʧʦʛʣʦʱʝʥʠʷ ʵʢʨʘʥʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨ-
ʛʠʠ, ὑ̏ ̓ï̑ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʟʘ ʩʯʝʪ ʦʪʨʘʞʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʵʢʨʘʥʦʤ, ὑ̉Ȣ̏̓ï̑ 

ʧʦʧʨʘʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʤʥʦʛʦʢʨʘʪʥʳʝ ʚʥʫʪʨʝʥʥʠʝ ʧʝʨʝʦʪʨʘʞʝʥʠʷ ʚʦʣʥʳ ʦʪ ʧʦʚʝʨʭ-
ʥʦʩʪʝʡ ʵʢʨʘʥʘ. 

ʇʦʜʘʚʣʝʥʠʝ ʚʥʝʰʥʝʡ ʠʥʜʫʢʪʠʚʥʦʡ ʧʘʨʘʟʠʪʥʦʡ ʩʚʷʟʠ ʚʦʟʤʦʞʥʦ ʧʫʪʸʤ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʰʫʥʪʠʨʦʚʘ-
ʥʠʝʤ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʵʢʨʘʥʠʨʦʚʘʥʠʷ. ʇʨʠ ʧʝʨʚʦʤ ʩʧʦʩʦʙʝ ʧʨʠʤʝʥʷʶʪ ʬʝʨʨʠʤʘʛʥʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ 
ʙʦʣʴʰʦʡ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ Õ. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚʥʫʪʨʠ ʦʩʣʘʙʝʚʘʝʪ ʚʩʣʝʜʩʪʚʠʝ ʚʪʷʛʠʚʘʥʠʷ ʚ 
ʤʘʪʝʨʠʘʣ ʩ ʙʦʣʴʰʝʡ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʰʫʥʪʠʨʦʚʘʥʠʝʤ 
ʦʧʨʝʜʝʣʷʝʪʩʷ: 

˪ ρ
‘Ὤ

Ὀ
ȟ 

ʛʜʝ ‘ ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ; h ï ʪʦʣʱʠʥʘ ʩʪʝʥʦʢ ʵʢʨʘʥʘ; D ï ʜʠʘʤʝʪʨ ʵʢʚʠ-
ʚʘʣʝʥʪʥʦʛʦ ʩʬʝʨʠʯʝʩʢʦʛʦ ʵʢʨʘʥʘ.  

ɼʠʥʘʤʠʯʝʩʢʦʝ ʵʢʨʘʥʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʫʤʝʥʴʰʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦ ʤʝʨʝ ʧʨʦʥʠʢʥʦ-
ʚʝʥʠʷ ʚ ʤʝʪʘʣʣ.  ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʦʩʣʘʙʣʷʝʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʚʠʭʨʝʚʳʤʠ ʪʦʢʘʤʠ. ʈʘʩʯʸʪ 
ʤʠʥʠʤʘʣʴʥʦʡ ʪʦʣʱʠʥʳ ʩʪʝʥʦʢ ʵʢʨʘʥʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʟʘʜʘʥʥʦʡ ʩʪʝʧʝʥʠ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪ-
ʩʷ ʬʦʨʤʫʣʦʡ [2, ʩ. 246]: 

Ὤ ‬ὰὲς˪  
ʇʦʜʘʚʣʝʥʠʝ ʚʥʝʰʥʠʭ ʠʥʜʫʢʪʠʚʥʳʭ ʩʚʷʟʝʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘʟʝʤʣʝʥʠʝʤ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦ ʦʙʱʝʤʫ 

ʧʨʦʚʦʜʫ. ʏʝʤ ʥʠʞʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʵʢʨʘʥʠʨʫʶʱʝʛʦ ʵʢʨʘʥʘ, ʪʝʤ ʤʝʥʴʰʝ ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʚʦʜʢʠ. ɺʩʝ ʤʝ-
ʪʘʣʣʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʢʦʥʩʪʨʫʢʮʠʠ ʜʦʣʞʥʳ ʥʘʜʸʞʥʦ ʩʦʝʜʠʥʷʪʴʩʷ ʩ ʦʙʱʠʤ ʧʨʦʚʦʜʦʤ. 

ɼʣʷ ʟʘʱʠʪʳ ʦʪ ʥʘʚʦʜʦʢ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʣʠʥʠʠ ʩʚʷʟʠ ʪʠʧʘ: 

¶ ɹʠʬʠʣʷʨʘ ï ʜʚʫʭ ʩʢʨʫʯʝʥʥʳʭ ʚʤʝʩʪʝ ʧʨʦʚʦʜʦʚ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʦʙʱʠʤ ʧʨʦʚʦʜʦʤ; 

¶ ʊʨʠʬʠʣʷʨʘ ï ʪʨʠ ʩʢʨʫʯʝʥʥʳʭ ʧʨʦʚʦʜʘ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʵʢʨʘʥʘ; 

¶ ʊʨʠʘʢʩʠʘʣʴʥʳʡ ï ʢʦʘʢʩʠʘʣʴʥʳʡ ʢʘʙʝʣʴ ʧʦʤʝʱʸʥʥʳʭ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʵʢʨʘʥ; 

¶ ʕʢʨʘʥʠʨʦʚʘʥʥʳʡ ʧʣʦʩʢʠʡ ʢʘʙʝʣʴ ï ʢʦʘʢʩʠʘʣʴʥʳʡ ʢʘʙʝʣʴ, ʦʙʸʨʥʫʪʳʡ ʤʝʜʥʦʡ ʬʦʣʴʛʦʡ. 
ʂʦʛʜʘ ʪʦʣʱʠʥʘ ʵʢʨʘʥʘ ʧʨʝʚʳʰʘʝʪ ʛʣʫʙʠʥʫ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʪʦ 

ʚʝʨʭʥʠʡ ʩʣʦʡ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʵʢʨʘʥʘ, ʘ ʧʦ ʚʥʫʪʨʝʥʥʝʤʫ ʩʣʦʶ ʪʝʢʫʪ ʦʙʨʘʪʥʳʝ ʪʦʢʠ. 
ʅʘʠʙʦʣʴʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʩʣʦʸʚ ʟʘʱʠʪ-
ʥʳʭ ʵʢʨʘʥʦʚ. ʄʘʛʥʠʪʥʳʝ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʚʦʣʥʳ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʥʘʭʦʜʷʪʩʷ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʜʚʫʭ ʩʨʝʜ 
ñʟʘʱʠʪʥʳʡ ʩʣʦʡ ʵʢʨʘʥʘ ï ʩʣʝʜʫʶʱʠʡ ʟʘʱʠʪʥʳʡ ʩʣʦʡò. ʀʟ-ʟʘ ʨʘʟʥʠʮʘ ʚʦʣʥʦʚʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʢʘʞʜʦʛʦ 
ʠʟ ʩʣʦʸʚ ʧʨʦʠʩʭʦʜʠʪ ʦʪʨʘʞʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ. ʇʨʠ ʤʥʦʛʦʩʣʦʡʥʦʤ ʵʢʨʘʥʠʨʦʚʘʥʠʠ ʩʣʝʜʫʝʪ 
ʨʘʟʤʝʱʘʪʴ ʤʘʪʝʨʠʘʣʳ ʚ ʧʦʨʷʜʢʝ ʫʚʝʣʠʯʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚ-
ʣʝʥʦ, ʯʪʦ ʥʘ ʯʘʩʪʦʪʝ 10000 ï 100000000 ɻʮ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʩʦʯʝʪʘʥʠʝ ʤʝʜʥʦʛʦ ʠ ʩʪʘʣʴʥʦʛʦ ʩʣʦ-
ʝʚ, ʧʨʠʯʝʤ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʪʘʣʠ ʜʦʣʞʥʘ ʧʨʝʦʙʣʘʜʘʪʴ. 
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²ÞÒÚ ÁÞäìï ³ÕÝÝÐÔìÕÒÝÐ, 
¼ÞàÕÒÐ °ÝÐáâÐáØï ¸ÓÞàÕÒÝÐ 

ʩʪʫʜʝʥʪʢʠ 
ʌɻɹʆʋ ɺʆ çʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

  

ɹʦʦʧʫʙʯʡʸ:ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʜʝʷ ʦʙʲʝʜʠʥʝʥʠʷ ʧʦʣʝʟʥʳʭ ʩʚʦʡʩʪʚ ʙʝʪʦʥʘ 
ʩʦ ʩʚʝʪʦʧʨʦʧʫʩʢʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʚʦʣʦʢʦʥ ʚ ʦʜʠʥ ʤʘʪʝʨʠʘʣ. ɼʘʥʥʳʡ ʚʠʜ ʤʘʪʝʨʠʘʣʘ ʠʟʛʦʪʦʚʣʝʥ ʥʘ 
ʦʩʥʦʚʝ ʜʝʢʦʨʘʪʠʚʥʦʡ ʩʘʤʦʫʧʣʦʪʥʷʶʱʝʡʩʷ ʩʤʝʩʠ, ʚ ʦʙʲʸʤʝ ʢʦʪʦʨʦʡ ʥʘʭʦʜʷʪʩʷ ʩʦʪ-
ʥʠ ʦʧʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ. ʅʝʩʤʦʪʨʷ ʥʘ ʩʚʝʪʦʧʨʦʧʫʩʢʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, ʤʘʪʝʨʠʘʣ ʥʝ ʪʝʨʷʝʪ 
ʩʚʦʡʩʪʚ  ʦʙʳʯʥʦʛʦ ʙʝʪʦʥʘ. ʉʢʚʦʟʴ ʩʚʝʪʦʧʨʦʟʨʘʯʥʳʡ ʙʝʪʦʥ ʤʦʞʥʦ ʨʘʟʛʣʷʜʝʪʴ ʮʚʝʪʘ ʠ ʩʠʣʫʵʪʳ ʧʨʝʜʤʝ-
ʪʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʟʘ ʥʠʤ. ʉʚʝʪʦʧʨʦʟʨʘʯʥʳʝ ʧʘʥʝʣʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ 
ʩʪʨʦʠʪʝʣʴʩʪʚʘ: ʧʝʨʝʛʦʨʦʜʢʠ, ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʠ ʜʝʢʦʨʘʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ, ʬʘʣʴʰʧʦʣʳ, ʨʘʢʦʚʠʥʳ ʠ ʩʪʦ-
ʣʝʰʥʠʮʳ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʩʚʝʪʦʧʨʦʟʨʘʯʥʳʡ ʙʝʪʦʥ, ʦʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ, ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ, ʜʝʢʦʨʘʪʠʚ-
ʥʳʝ ʵʣʝʤʝʥʪʳ, ʙʝʪʦʥ. 

 
TRANCLUCENT CONCRETE AS A PERSPECTIVE MATERIAL IN CONSTRUCTION 

 
Vovk Sofya Gennadievna, 

Moreva Anastasiya Igorevna 
 

Annotation:  This article presents the idea of combining the useful properties of concrete with the light 
transmitting capacity of fibers in one material. This kind of material is made on the basis of a decorative self-
packing mixture, which volume has hundreds of optical fibers. Despite the light transmitting capacity, the 
material does not lose the properties of ordinary concrete. The translucent concrete lets you see the colors 
and silhouettes of the objects behind it through translucent panels. The translucent panels can be used in 
various areas of construction: partitions, architectural and decorative elements, raised floors, sinks and 
countertops. 
Key words: translucent concrete, optical fibre, architectural elements, decorative elements, concrete. 

 
ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʨʘʟʚʠʚʘʶʱʝʤʩʷ ʤʠʨʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠʛʨʘʝʪ ʦʜʥʫ ʠʟ ʢʣʶʯʝʚʳʭ ʨʦʣʝʡ ʚ ʞʠʟʥʠ ʣʶ-

ʜʝʡ. ʀʥʞʝʥʝʨʳ ʠ ʦʙʳʚʘʪʝʣʠ ʜʫʤʘʶʪ ʦ ʪʦʤ, ʢʘʢ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʫʩʪʨʦʠʪʴ ʩʚʦʡ ʙʳʪ, ʠʤʝʪʴ ʣʫʯʰʠʝ 
ʞʠʣʠʱʥʳʝ ʫʩʣʦʚʠʷ ʠʟ ʜʦʩʪʫʧʥʳʭ ʠʤ, ʠ  ʢʘʢ, ʚ ʧʨʠʥʮʠʧʝ, ʠʜʪʠ çʚ ʥʦʛʫ ʩʦ ʚʨʝʤʝʥʝʤè.  ʀʤʝʥʥʦ ʚ ʪʘʢʠʝ 
ʤʦʤʝʥʪʳ ʨʘʟʜʫʤʠʡ ʦ ʙʫʜʫʱʝʤ, ʣʶʜʠ ʠ ʠʱʫʪ ʧʫʪʠ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʘ, ʢʘʢ ʦʙʳʜʝʥʥʦʝ ʧʨʝʚʨʘʪʠʪʴ ʚ ʠʩʢʫʩ-
ʩʪʚʦ, ʩ ʧʦʣʴʟʦʡ ʜʣʷ ʞʠʟʥʠ.  

ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʝʪʩʷ ʙʝ-
ʪʦʥ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʵʪʦʪ ʤʘʪʝʨʠʘʣ ʠʤʝʝʪ ʙʦʣʝʝ ʯʝʤ 7000-ʣʝʪʥʶʶ ʠʩʪʦʨʠʶ, ʠ ʩʝʛʦʜʥʷ ʥʝ ʦʩʣʘʙʝ-
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ʚʘʝʪ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢ ʪʝʭʥʦʣʦʛʠʠ ʙʝʪʦʥʘ. ʈʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʥʦʚʳʝ ʚʠʜʳ ʙʝʪʦʥʦʚ, ʥʘ ʨʘʟʣʠʯ-
ʥʳʭ ʢʦʤʙʠʥʘʮʠʷʭ ʤʠʥʝʨʘʣʴʥʳʭ ʚʷʞʫʱʠʭ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʩʝʚʦʟʤʦʞʥʳʭ ʟʘʧʦʣʥʠʪʝʣʝʡ ʜʣʷ ʧʦʣʫʯʝ-
ʥʠʷ ʥʦʚʳʭ ʩʚʦʡʩʪʚ [1-5]. ɺ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪ-
ʨʘʩʣʠʠʩʧʦʣʴʟʫʝʪʩʷ ʙʝʪʦʥ, ʩʦʩʪʦʷʱʠʡ, ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ, ʠʟ ʮʝʤʝʥʪʘ, ʚʦʜʳ ʠ ʟʘʧʦʣʥʠʪʝʣʝʡ (ʤʝʣʢʠʭ ʠ 
ʢʨʫʧʥʳʭ). ʂʘʢ ʠʟʚʝʩʪʥʦ, ʪʘʢʦʡ ʪʨʘʜʠʮʠʦʥʥʳʡ ʙʝʪʦʥ ʠʤʝʝʪ ʩʝʨʦʚʘʪʳʡ ʮʚʝʪ, ʘ ʝʛʦ ʚʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ 
ʧʨʝʧʷʪʩʪʚʫʝʪ ʧʨʦʭʦʞʜʝʥʠʶ ʯʝʨʝʟ ʥʝʛʦ ʩʚʝʪʘ, ʯʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʯʝʨʝʟ ʥʝʛʦ ʥʝʚʦʟʤʦʞʥʦ ʦʪʣʠʯʠʪʴ ʪʝʣʘ, 
ʠʭ ʮʚʝʪʘ ʠ ʬʦʨʤʳ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ, ʙʝʪʦʥ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʧʦʣʫʧʨʦʟʨʘʯʥʦʩʪʠ ʧʦʟʚʦʣʠʪ ʣʫʯʰʝ ʚʟʘʠ-
ʤʦʜʝʡʩʪʚʦʚʘʪʴ ʤʝʞʜʫ ʢʦʥʩʪʨʫʢʮʠʝʡ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ, ʪʝʤ ʩʘʤʳʤ ʩʦʟʜʘʚʘʷ ʚʥʫʪʨʠ ʧʨʦʩʪʨʘʥʩʪʚʘ, 
ʦʢʨʫʞʝʥʥʳʤ ʠʤ, ʘʪʤʦʩʬʝʨʫ, ʢʦʪʦʨʘʷ ʣʫʯʰʝ ʠ ʝʩʪʝʩʪʚʝʥʥʝʝ ʦʩʚʝʱʝʥʘ.  ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʪʘʢʦʡ ʧʨʦʝʢʪ 
ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʟʘʪʨʘʪʳ ʥʘ ʫʢʣʘʜʢʫ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ ʙʝʪʦʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʪʦʪ ʥʦʚʳʡ ʚʠʜ ʩʪʨʦ-
ʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʤʦʞʝʪ ʦʙʲʝʜʠʥʠʪʴ ʧʦʥʷʪʠʝ ʵʢʦʥʦʤʠʠ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ, ʥʠʪʠ ʠʟ ʦʧʪʠʯʝʩʢʠ ʧʨʦʟʨʘʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ 1970-ʭ ʛʦʜʘʭ, ʧʨʝʜ-
ʥʘʟʥʘʯʘʣʠʩʴ ʜʣʷ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʮʝʣʝʡ (ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʘʷ ʦʪʨʘʩʣʴ). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʧʪʠ-
ʯʝʩʢʠʝ ʚʦʣʦʢʥʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʥʘʯʠʥʘʷ ʦʪ ʥʝʙʦʣʴʰʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ ʚ 
ʢʦʤʧʴʶʪʝʨʘʭ ʠ ʟʘʢʘʥʯʠʚʘʷ ʜʠʩʪʘʥʮʠʦʥʥʳʤ ʟʦʥʜʠʨʦʚʘʥʠʝʤ.  ɺ ʦʜʥʦʤ ʠʟ ʦʧʨʝʜʝʣʝʥʠʡ ʛʦʚʦʨʠʪʩʷ, ʯʪʦ 
ʦʧʪʠʯʝʩʢʘʷ ʩʚʷʟʴ - ʵʪʦ ʩʧʦʩʦʙ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʦʜʥʦʛʦ ʤʝʩʪʘ ʚ ʜʨʫʛʦʝ ʧʫʪʝʤ ʧʝʨʝʜʘʯʠ ʠʤʧʫʣʴ-
ʩʦʚ ʩʚʝʪʘ ʯʝʨʝʟ ʦʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʵʪʦʪ ʤʘʪʝʨʠʘʣ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʜʘʥʥʦʤ ʧʨʦʝʢʪʝ.  

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ  ʧʣʘʩʪʠʢʦʚʳʭ ʦʧʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭʦʙʣʘʜʘʝʪ 
ʦʧʨʝʜʝʣʝʥʥʳʤ ʩʚʦʡʩʪʚʦʤ. ʋ ʢʘʞʜʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʝʩʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚ ʩʨʘʚʥʝʥʠʠ ʜʘ-
ʞʝ ʩ ʜʨʫʛʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʥʘʧʨʠʤʝʨ, ʩʦ ʩʪʝʢʣʦʤ.  

ʇʣʘʩʪʠʢʦʚʳʝ ʦʧʪʠʯʝʩʢʠʝ ʚʦʣʦʢʥʘ ʦʙʣʘʜʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠʟʛʠʙʘʪʴʩʷ ʚ ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. 
ʆʥʠ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳ ʢ ʧʦʚʨʝʞʜʝʥʠʷʤ ʠ ʥʘʜʸʞʥʝʝ, ʯʝʤ ʩʪʝʢʣʦ, ʢʦʪʦʨʦʝ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʮʝʤʝʥʪʥʦʛʦ 
ʢʘʤʥʷ ʩʢʣʦʥʥʦ ʢ ʢʦʨʨʦʟʠʠ. ɼʘʥʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʚʦʣʦʢʥʘ ʥʝ ʧʨʦʠʟʚʦʜʷʪ ʠʟʣʫʯʝʥʠʷ ʠ ʧʦʣʥʦʩʪʴʶ ʥʝʚʦʩ-
ʧʨʠʠʤʯʠʚʳ ʢ ʨʘʜʠʦʧʦʤʝʭʘʤ ʠ ʨʘʜʠʦʯʘʩʪʦʪʥʦʤʫ ʰʫʤʫ. ʇʨʦʮʝʩʩʳ ʫʩʪʘʥʦʚʢʠ, ʩʦʝʜʠʥʝʥʠʷ, ʩʢʣʝʠʚʘʥʠʷ 
ʪʘʢʞʝ ʛʦʨʘʟʜʦ ʧʨʦʱʝ ʠ ʦʧʝʨʘʪʠʚʥʝʡ ʙʫʜʫʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʫ ʜʘʥʥʦʛʦ ʚʠʜʘ ʤʘʪʝʨʠʘʣʘ. ɹʝʟʫʩʣʦʚʥʦ, ʵʪʦ 
ʣʫʯʰʘʷ ʟʘʤʝʥʘ ʩʪʝʢʣʘ, ʢʦʪʦʨʘʷ ʥʘʤʥʦʛʦ ʜʦʣʛʦʚʝʯʥʝʝ. 

ʇʨʦʟʨʘʯʥʳʝ ʙʝʪʦʥʥʳʝ ʙʣʦʢʠ, ʷʚʣʷʶʱʠʝʩʷ, ʥʘʧʨʠʤʝʨ, ʯʘʩʪʴʶ ʚʭʦʜʥʦʡ ʜʚʝʨʠ ʠʣʠ ʧʨʠʣʝʛʘʶʱʝʡ 
ʨʷʜʦʤ ʩʪʝʥʳ, ʧʦʟʚʦʣʷʶʪ ʞʠʪʝʣʷʤ ʚʠʜʝʪʴ, ʩʪʦʷʱʝʛʦ ʥʘ ʫʣʠʮʝ ʯʝʣʦʚʝʢʘ ʠ ʜʘʞʝ ʨʘʟʣʠʯʠʪʴ ʝʛʦ ʩʠʣʫʵʪ. 
ʇʨʦʟʨʘʯʥʳʝ ʙʝʪʦʥʥʳʝ ʩʪʝʥʳ ʚ ʨʝʩʪʦʨʘʥʘʭ, ʢʣʫʙʘʭ ʠ ʜʨʫʛʠʭ ʦʙʱʝʩʪʚʝʥʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ ʧʦʤʦʛʘʶʪ ʧʦ-
ʥʷʪʴ, ʜʝʡʩʪʚʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʶʜʝʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʚʥʫʪʨʠ. ʇʦʪʦʣʢʠ ʩ ʧʦʣʫʧʨʦʟʨʘʯʥʳʤ ʙʝʪʦʥʦʤ, ʚ  
ʙʦʣʴʰʠʭ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʟʜʘʥʠʷʭ, ʧʦʤʦʛʫʪ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʦʩʚʝʱʝʥʠʝ ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ. ɼʣʷ 
ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʘʚʘʨʠʡ ʥʘ ʘʚʪʦʩʪʦʷʥʢʘʭ ʠ ʘʚʪʦʤʘʛʠʩʪʨʘʣʷʭ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦ-
ʣʫʧʨʦʟʨʘʯʥʳʝ ʙʝʪʦʥʥʳʝ ʙʣʦʢʠ ʩ ʠʩʪʦʯʥʠʢʦʤ ʩʚʝʪʘ. ʊʨʦʪʫʘʨʳ ʩ ʧʦʣʫʧʨʦʟʨʘʯʥʳʤ ʙʝʪʦʥʦʤ, ʩʥʘʙʞʝʥʥʳʝ 
ʭʦʪʷ ʙʳ ʦʜʥʠʤ ʠʩʪʦʯʥʠʢʦʤ ʩʚʝʪʘ ʚʥʠʟʫ, ʫʣʫʯʰʠʣʠ ʙʳ ʵʩʪʝʪʠʯʥʳʡ ʚʠʜ ʧʨʦʛʫʣʦʯʥʦʡ ʟʦʥʳ, ʘ ʪʘʢʞʝ ʫʣʫʯ-
ʰʠʣʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʛʨʘʞʜʘʥ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ. ʇʨʦʟʨʘʯʥʳʝ ʙʝʪʦʥʥʳʝ ʙʣʦʢʠ, ʚʩʪʨʦʝʥʥʳʝ ʚ ʣʝʩʪʥʠ-
ʮʳ ʠ ʩʪʝʥʳ, ʧʦʤʦʛʫʪ ʚʦ ʚʨʝʤʷ ʦʪʢʣʶʯʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʯʪʦ ʪʘʢʞʝ ʫʣʫʯʰʠʪ ʙʝʟʦʧʘʩʥʦʩʪʴ. ɸʥʘʣʦʛʠʯ-
ʥʫʶ ʩʠʪʫʘʮʠʶ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʣʷ ʤʝʪʨʦ, ʘʵʨʦʧʦʨʪʦʚ ʠ ʪ. ʜ.  

ʇʨʦʟʨʘʯʥʳʝ ʙʝʪʦʥʥʳʝ ʙʣʦʢʠ ʤʦʛʫʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ ʚ ʣʶʙʳʭ ʬʦʨʤʘʭ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝ-
ʩʪʚʝ ʜʝʢʦʨʘʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʢʥʠʞʥʳʝ ʧʦʣʢʠ ʠ ʟʦʥʪʳ, ʩʪʦʣʳ ʠ ʩʪʘʪʫʠ. ʉʚʝʪʠʣʴʥʠʢʠ, ʠʩʧʦʣʴ-
ʟʫʶʱʠʝ ʧʨʦʟʨʘʯʥʳʝ ʙʝʪʦʥʥʳʝ ʙʣʦʢʠ ʩ ʠʩʪʦʯʥʠʢʦʤ ʩʚʝʪʘ, ʧʨʠʜʘʣʠ ʙʳ ʜʠʟʘʡʥʫ ʦʩʦʙʦ ʫʥʠʢʘʣʴʥʳʡ ʠ ʠʥ-
ʪʝʨʝʩʥʳʡ ʚʠʜ. ɺ ʪʘʢʠʝ ʤʝʩʪʘʭ, ʢʘʢ ʰʢʦʣʳ, ʤʫʟʝʠ ʠ ʪʶʨʝʤʥʳʝ ʢʘʤʝʨʳ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʙʣʦʢʦʚ ʚ 
ʥʘʨʫʞʥʳʭ ʩʪʝʥʘʭ, ʩʤʦʛʣʦ ʙʳ ʦʢʘʟʘʪʴʩʷʢʨʘʡʥʝ ʧʦʣʝʟʥʳʤʠ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʧʦʚʳʰʘʶʪ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʘ 
ʪʘʢʞʝ ʩ ʠʭ ʧʦʤʦʱʴʶ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʙʟʦʨʥʦʩʪʴ.  

ʇʨʦʟʨʘʯʥʳʡ ʙʝʪʦʥ - ʜʦʚʦʣʴʥʦ ʨʝʜʢʠʡ ʚʠʜ. ʅʝ ʤʥʦʛʠʝ ʣʶʜʠ ʠʤʝʶʪ ʢʦʥʢʨʝʪʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ 
ʪʦʤ, ʯʪʦ ʵʪʦ ʟʘ ʨʘʟʥʦʚʠʜʥʦʩʪʴ, ʢʘʢʦʚʳ ʝʛʦ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʯʝʤ ʦʥ ʪʘʢ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʙʳʯʥʦʛʦ. ʂʨʫʧ-
ʥʝʡʰʠʡ ʧʨʦʝʢʪ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʡ ʵʪʫ ʪʝʭʥʦʣʦʛʠʶ, - ʵʪʦ ʭʫʜʦʞʝʩʪʚʝʥʥʘʷ ʠʥʩʪʘʣʣʷʮʠʷ ʧʦʜ ʥʘʟʚʘʥʠʝʤ 
çɽʚʨʦʧʝʡʩʢʠʝ ʚʦʨʦʪʘè (2004), ʢʦʪʦʨʘʷ ʙʳʣʘ ʚʦʟʜʚʠʛʥʫʪʘ ʚ ʯʝʩʪʴ  ʧʨʠʩʦʝʜʠʥʝʥʠʷ ɺʝʥʛʨʠʠ ʢ ɽʚʨʦʧʝʡ-
ʩʢʦʤʫ ʩʦʶʟʫ (ɽʉ). ʕʪʦ ʫʥʠʢʘʣʴʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʠʩʢʫʩʩʪʚʘ, ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʚʦʟʤʦʞʥʦʩʪʠ  ʚʠʟʫʘʣʴʥʦʛʦ 
ʦʩʚʝʱʝʥʠʷ, ʘ ʪʘʢʞʝ ʭʫʜʦʞʝʩʪʚʝʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʫʧʨʦʟʨʘʯʥʦʛʦ ʙʝʪʦʥʘ. 
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ɽʩʪʝʩʪʚʝʥʥʳʡ ʩʦʣʥʝʯʥʳʡ ʩʚʝʪ - ʣʫʯʰʠʡ ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ, ʪ.ʢ. ʦʥ ʩʦʚʝʨʰʝʥʥʦ ʙʝʩʧʣʘʪʥʳʡ ʠ ʚʦʟʦʙ-
ʥʦʚʣʷʝʤʳʡ. ʀʩʧʦʣʴʟʫʷ ʧʦʣʫʧʨʦʟʨʘʯʥʳʝ ʙʝʪʦʥʥʳʝ ʩʪʝʥʳ ʚ ʢʦʤʥʘʪʝ ʤʦʞʥʦ ʙʳʪʴ ʫʚʝʨʝʥʥʳʤ, ʯʪʦ ʦʥʘ 
ʙʫʜʝʪ ʷʨʢʦ ʦʩʚʝʱʝʥʘ ʝʩʪʝʩʪʚʝʥʥʳʤ ʩʦʣʥʝʯʥʳʤ ʩʚʝʪʦʤ.  ʀ ʝʩʣʠ ʛʦʚʦʨʠʪʴ ʦʙ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʟʜʘʥʠʷʭ ʠ 
ʧʨʦʝʢʪʘʭ, ʚ ʢʦʪʦʨʳʭ ʣʶʜʠ ʦʪʜʘʶʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʩʦʭʨʘʥʝʥʠʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʪʦ ʜʘʥʥʳʝ ʧʘʥʝ-
ʣʠ ʧʦʩʣʫʞʘʪ ʦʛʨʦʤʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ. ʊʘʢʞʝ ʦʧʪʠʯʝʩʢʠʝ ʚʦʣʦʢʥʘ ʨʘʙʦʪʘʶʪ ʢʘʢ ʪʝʧʣʦʠʟʦʣʷʪʦʨʳ, ʧʦ-
ʵʪʦʤʫ ʦʥʠ ʙʫʜʫʪ ʦʯʝʥʴ ʵʬʬʝʢʪʠʚʥʳ ʚ ʭʦʣʦʜʥʳʭ ʩʪʨʘʥʘʭ, ʪʝʤ ʩʘʤʳʤ ʫʤʝʥʴʰʘʷ ʨʘʩʭʦʜ ʵʥʝʨʛʠʠ ʠ ʵʢʦ-
ʥʦʤʷ ʤʥʦʛʦ ʜʝʥʝʛ. ʊʘʢ ʞʝ, ʢʘʢ ʫʧʦʤʠʥʘʣʦʩʴ ʨʘʥʝʝ, ʧʨʦʟʨʘʯʥʳʡ ʙʝʪʦʥ ʤʦʞʝʪ ʧʦʤʦʯʴ ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʴ-
ʰʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʢʦʥʪʨʦʣʴ ʚ ʪʘʢʠʭ ʤʝʩʪʘʭ, ʢʘʢ ʰʢʦʣʳ, ʤʫʟʝʠ ʠ ʪʶʨʴʤʳ ʠ ʪ. ʜ., ʪʝʤ ʩʘʤʳʤ ʦʩʫʱʝʩʪʚ-
ʣʷʷ ʚʠʜʠʤʦʩʪʴ ʧʨʠʩʫʪʩʪʚʠʷ ʣʶʜʝʡ ʠ ʠʭ ʜʝʡʩʪʚʠʷ, ʥʦ, ʥʝ ʧʦʢʘʟʳʚʘʷ ʚʝʩʴ ʠʭ ʦʙʨʘʟ, ʪʝʤ ʩʘʤʳʤ ʟʘʱʠʱʘʷ 
ʠʭ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ.  

ʅʝ ʩʪʦʠʪ ʟʘʙʳʚʘʪʴ ʦʙ ʵʩʪʝʪʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɼʘʞʝ ʧʨʦʩʪʦʡ ʧʨʷʤʦ-
ʫʛʦʣʴʥʳʡ ʙʣʦʢ ʧʦʣʫʧʨʦʟʨʘʯʥʦʛʦ ʙʝʪʦʥʘ ʜʝʣʘʝʪ ʤʝʩʪʦ ʙʦʣʝʝ ʢʨʘʩʠʚʳʤ ʠ ʫʪʦʥʯʝʥʥʳʤ, ʩʨʘʚʥʠʚʘʷ ʩ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʳʯʥʦʛʦ ʙʝʪʦʥʘ. ʉʫʤʤʠʨʫʷ ʚʳʰʝʠʟʣʦʞʝʥʥʳʝ ʬʘʢʪʳ, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʦʟʨʘʯʥʳʡ ʙʝʪʦʥ - 
ʦʪʣʠʯʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʵʢʦʥʦʤʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʜʝʥʝʛ. ʇʦʣʫʧʨʦʟʨʘʥʥʳʝ ʙʝʪʦʥʥʳʝ ʙʣʦʢʠ ʩʠʣʴʥʝʝ, 
ʯʝʤ ʦʙʳʯʥʦʝ ʩʪʝʢʣʦ, ʠ ʦʙʣʘʜʘʝʪ ʧʦʯʪʠ ʪʘʢʠʤʠ ʞʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʙʳʯʥʳʭ ʙʝʪʦʥʥʳʭ ʙʣʦʢʦʚ, ʧʦʵʪʦ-
ʤʫ ʷʚʣʷʝʪʩʷ ʣʫʯʰʝʡ ʝʤʫ ʟʘʤʝʥʦʡ. 

ʅʝ ʩʤʦʪʨʷ ʥʘ ʚʩʪʨʦʝʥʥʳʝ ʚ ʙʝʪʦʥ ʚʦʣʦʢʥʘ,  ʦʥ ʧʦ-ʧʨʝʞʥʝʤʫ ʩʦʭʨʘʥʷʝʪ ʚʳʩʦʢʫʶ ʧʣʦʪʥʦʩʪʴ ʠ 
ʧʨʦʯʥʦʩʪʴ. ɹʦʣʝʝ ʪʦʛʦ, ʩʚʝʪʦʧʨʦʟʨʘʯʥʳʡ ʙʝʪʦʥ ʪʘʢʞʝ ʦʙʣʘʜʘʝʪ ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʴʶ ʠ ʧʨʦʪʠʚʦʦʙʣʝʜʝʥʠ-
ʪʝʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʦʩʦʙʝʥʥʦ ʨʝʢʦʤʝʥʜʫʝʤʳʤ ʚ ʭʦʣʦʜʥʳʭ ʩʪʨʘʥʘʭ. ʆʥ ʷʚʣʷʝʪʩʷ 
ʥʝʛʦʨʶʯʠʤ ʤʘʪʝʨʠʘʣʦʤʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʯʝʥʴ ʚʳʩʦʢʫʶ ʋʌ-ʫʩʪʦʡʯʠʚʦʩʪʴ. 

ʇʨʠ ʚʥʝʰʥʝʡ ʧʨʦʩʪʦʪʝ ʠ ʠʟʷʱʝʩʪʚʝ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʚʦʧʣʦʱʝʥʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʪʨʝʙʫʝʪʩʷ 
ʨʝʰʠʪʴ ʤʥʦʞʝʩʪʚʦ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʨʝʮʝʧʪʫʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ. ʄʥʦʛʠʝ ʢʦʣʣʝʢʪʠʚʳ ʘʚʪʦʨʦʚ, ʧʦ 
ʙʦʣʴʰʝʡ ʯʘʩʪʠ, ʟʘʨʫʙʝʞʦʤ, ʪʨʫʜʷʪʩʷ ʥʘʜ ʨʝʰʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʘʩʧʝʢʪʦʚ ʪʝʭʥʦʣʦʛʠʠ ʩʚʝʪʦʧʨʦʟʨʘʯʥʦʛʦ 
ʙʝʪʦʥʘ [6-8]. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʳ ʬʦʪʦʛʨʘʬʠʠ ʩʚʝʪʦʧʨʦʟʨʘʯʥʦʛʦ ʙʝʪʦʥʘ, ʧʦʣʫʯʝʥʥʳʝ ʘʚʪʦʨʘʤʠ. 
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ʚʦ ʤʥʦʛʠʭ ʬʦʨʤʘʭ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʝʜʠʥʩʪʚʝʥʥʳʤ ʝʛʦ ʥʝʜʦʩʪʘʪʢʦʤ ʙʫʜʝʪ ʚʳʩʦʢʘʷ 
ʩʪʦʠʤʦʩʪʴ, ʯʪʦ ʩʢʦʨʝʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʝʛʦ  ʧʨʦʠʟʚʦʜʠʪʝ-
ʣʝʡ.ʕɼʘʥʥʳʡ ʚʠʜ ʙʝʪʦʥʘ ʦʪʣʠʯʥʳʡ ʧʦʢʘʟʘʪʝʣʴ  ʭʫʜʦʞʝʩʪʚʝʥʥʦʡ ʵʚʦʣʶʮʠʠ ʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʘʭ. 
ʃʶʙʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʩ ʥʝʙʦʣʴʰʠʤ ʚʢʣʶʯʝʥʠʝʤ ʧʦʣʫʧʨʦʟʨʘʯʥʦʛʦ ʙʝʪʦʥʘ ʟʘʩʪʘʚʠʪ ʣʶʜʝʡ ʟʘʜʝʨʞʘʪʴ 
ʚʟʛʣʷʜ ʠ ʟʘʜʫʤʘʪʴʩʷ ʥʘʜ ʪʝʤ, ʯʪʦ ʦʥʠ ʭʦʪʝʣʠ ʙʳ ʠʤʝʪʴ ʯʪʦ-ʪʦ ʧʦʜʦʙʥʦʝ ʠ ʚ ʩʚʦʝʤ ʜʦʤʝ. ʇʦʤʠʤʦ ʘʩʧʝʢ-
ʪʦʚ ʢʨʘʩʦʪʳ, ʝʩʪʴ ʬʘʢʪ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʕʢʦʥʦʤʠʷ 
ʵʥʝʨʛʠʠ, ʘ ʪʘʢʞʝ ʪʝʧʣʦʠʟʦʣʷʮʠʷ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʤʥʦʛʠʭ ʝʛʦ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ. ʇʨʦ-
ʟʨʘʯʥʳʡ ʙʝʪʦʥ - ʵʪʦ ʙʫʜʫʱʝʝ ʩʪʨʦʠʪʝʣʴʥʦʡ ʠʥʜʫʩʪʨʠʠ. ʕʪʦ ʦʜʠʥ ʠʟ ʫʥʠʢʘʣʴʥʳʭ  ʩʧʦʩʦʙʦʚʠʩʧʦʣʴʟʦʚʘ-
ʥʠʷ ʩʚʝʪʘ ʚ ʧʨʦʛʨʝʩʩʠʚʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ.  
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ʄʘʛʠʩʪʨʘʥʪʳ 
ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʌʝʜʝʨʘʣʴʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ 

 

ɹʦʦʧʫʙʯʡʸ: ʜʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʨʘʩʩʤʦʪʨʝʥʠʶ ʚʦʧʨʦʩʘ ʦ ʚʣʠʷʥʠʠ ʢʘʪʝʭʦʣʘʤʠʥʦʚ ʥʘ ʞʠʟʥʝʜʝʷ-
ʪʝʣʴʥʦʩʪʴ ʦʨʛʘʥʠʟʤʘ, ʤʝʭʘʥʠʟʤʘʭ ʜʝʡʩʪʚʠʷ, ʵʪʘʧʦʚ ʠʟʤʝʥʝʥʠʷ ʦʙʤʝʥʘ ʢʘʪʝʭʦʣʘʤʠʥʦʚ ʧʨʠ ʨʘʟʚʠʪʠʠ 
ʩʦʩʪʦʷʥʠʷ ʩʪʨʝʩʩʘ ʠ ʠʭ ʨʦʣʠ ʚ ʧʨʦʮʝʩʩʘʭ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ. ʊʘʢʞʝ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʫʨʦʚʝʥʴ ʵʢʩʢʨʝʮʠʠ 
ʢʘʪʝʭʦʣʘʤʠʥʦʚ ʚ ʜʥʝʚʥʦʝ ʠ ʥʦʯʥʦʝ ʚʨʝʤʷ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʢʘʪʝʭʦʣʘʤʠʥʳ, ʘʜʨʝʥʘʣʠʥ, ʥʦʨʘʜʨʝʥʘʣʠʥ, ʘʜʨʝʥʝʨʛʠʯʝʩʢʠʝ ʨʝʮʝʧʪʦʨʳ, ʛʦʨʤʦʥ, ʤʝ-
ʜʠʘʪʦʨ, ʬʝʨʤʝʥʪ.  
 

CATECHOLAMINES AND THEIR ROLE IN THE FUNCTIONING OF THE BODY 
 

Abakumova Anastasia Vladimirovna,  
Saprikina Tatyana Yurevna 

 
Abstract: This article is devoted to the consideration of the impact of catecholamines on the vital functions of 
the body, the mechanisms of action, the stages of changing the exchange of catecholamines in the 
development of stress and their role in life support processes. The level of catecholamine excretion during the 
day and at night was also considered. 
Key words: catecholamines, adrenaline, noradrenaline, adrenergic receptors, hormone, mediator, enzyme. 

 
ʂʘʪʝʭʦʣʘʤʠʥʳ ʷʚʣʷʶʪʩʷ ʚʘʞʥʝʡʰʠʤʠ ʨʝʛʫʣʷʪʦʨʘʤʠ ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ ʦʨʛʘʥʠʟʤʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦʛʦ ʠ ʘʜʝʢʚʘʪʥʦʛʦ ʧʝʨʝʭʦʜʘ ʦʨʛʘʥʠʟʤʘ ʠʟ ʩʦʩʪʦʷʥʠʷ ʧʦʢʦʷ ʚ ʩʦ-
ʩʪʦʷʥʠʝ ʚʦʟʙʫʞʜʝʥʠʷ,  ʠ ʧʦʟʚʦʣʷʶʱʠʝ ʝʤʫ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʥʘʭʦʜʠʪʴʩʷ ʥʘ ʵʪʦʤ ʫʨʦʚʥʝ. ʂ ʛʦʨʤʦʥʘʤ ʠ 
ʤʝʜʠʘʪʦʨʘʤ ʩʠʤʧʘʪʦʘʜʨʝʥʘʣʦʚʦʡ ʩʠʩʪʝʤʳ ʦʪʥʦʩʷʪʩʷ ʘʜʨʝʥʘʣʠʥ ʠ ʥʦʨʘʜʨʝʥʘʣʠʥ.  

ʌʝʨʤʝʥʪʘʪʠʚʥʳʝ ʩʠʩʪʝʤʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʙʠʦʩʠʥʪʝʟʝ ʢʘʪʝʭʦʣʘʤʠʥʦʚ, ʦʜʥʦʪʠʧʥʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 
ʦʨʛʘʥʦʚ ʠ ʪʢʘʥʝʡ. ʊʘʢ, ʚ ʥʘʜʧʦʯʝʯʥʠʢʘʭ ʩʠʥʪʝʟ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʥʘ ʫʨʦʚʥʝ ʘʜʨʝʥʘʣʠʥʘ, ʘ ʚ ʧʝʨʠʬʝʨʠʯʝ-
ʩʢʦʤ ʠʣʠ ʮʝʥʪʨʘʣʴʥʦʤ ʤʝʜʠʘʪʦʨʥʦʤ ʟʚʝʥʴʷʭ ï ʥʘ ʫʨʦʚʥʝ ʥʦʨʘʜʨʝʥʘʣʠʥʘ ʠʣʠ ʜʦʬʘʤʠʥʘ.  

ʂʘʪʝʭʦʣʘʤʠʥʳ ʷʚʣʷʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʛʦʨʤʦʥʘʤʠ ʠ ʤʝʜʠʘʪʦʨʘʤʠ ʩʠʤʧʘʪʦʘʜʨʝʥʘʣʦʚʦʡ ʩʠʩʪʝ-
ʤʳ. ʄʦʟʛʦʚʦʡ ʩʣʦʡ ʥʘʜʧʦʯʝʯʥʠʢʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʩʥʦʚʥʦʝ ʜʝʧʦ ʢʘʪʝʭʦʣʘʤʠʥʦʚ, ʦʩʫʱʝʩʪʚʣʷʶ-
ʱʠʭ ʛʦʨʤʦʥʘʣʴʥʫʶ ʨʝʛʫʣʷʮʠʶ. ɺ ʥʸʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʘʢ ʩʠʥʪʝʟ, ʪʘʢ ʠ ʩʝʢʨʝʮʠʷ ʘʜʨʝʥʘʣʠʥʘ. ʄʦʟʛʦʚʦʡ 
ʩʣʦʡ ʥʘʜʧʦʯʝʯʥʠʢʦʚ ʩʦʩʪʦʠʪ ʠʟ ʭʨʦʤʘʬʬʠʥʦʚʳʭ ʢʣʝʪʦʢ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʚʳʜʝʣʝʥʳ ʢʣʝʪʢʠ ʜʚʫʭ ʪʠʧʦʚ ï 
ʘʜʨʝʥʦʣʠʥʦʮʠʪʳ ʠ ʥʦʨʘʜʨʝʥʦʣʠʮʠʪʳ [2, c. 24]. 

ɺʢʣʶʯʝʥʠʝ ʜʝʡʩʪʚʠʷ ʢʘʪʝʭʦʣʘʤʠʥʦʚ ʚ ʨʝʘʣʠʟʘʮʠʶ ʧʨʠʩʧʦʩʦʙʣʝʥʥʳʭ ʨʝʘʢʮʠʡ ʦʨʛʘʥʠʟʤʘ ʷʚʣʷʝʪ-
ʩʷ ʦʜʥʠʤ ʠʟ ʩʫʱʝʩʪʚʝʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʨʘʟʚʠʪʠʷ ʩʦʩʪʦʷʥʠʷ ʥʘʧʨʷʞʝʥʠʷ, ʠʣʠ ʩʪʨʝʩʩʘ ʦʪʚʝʪʥʦʡ ʥʝʩʧʝ-
ʮʠʬʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʦʨʛʘʥʠʟʤʘ ʥʘ ʜʝʡʩʪʚʠʝ ʯʨʝʟʚʳʯʘʡʥʦʛʦ ʨʘʟʜʨʘʞʠʪʝʣʷ. ʇʦ ʤʥʝʥʠʶ ʃ. ɸ. ʆʨʙʝʣʠ, 
ʬʠʟʠʦʣʦʛʠʯʝʩʢʘʷ ʨʦʣʴ ʩʠʤʧʘʪʦʘʜʨʝʥʘʣʦʚʳʭ ʚʣʠʷʥʠʡ ʩʦʩʪʦʠʪ ʚ ʧʦʩʪʦʷʥʥʦʤ ʧʨʠʩʧʦʩʦʙʣʝʥʠʠ ʠʥʪʝʥʩʠʚ-
ʥʦʩʪʠ ʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʬʠʟʠʢʦïʭʠʤʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʚ ʪʢʘʥʷʭ ʢ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʧʦʪʨʝʙʥʦ-
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ʩʪʷʤ ʜʘʥʥʦʛʦ ʤʦʤʝʥʪʘ. ʂʘʪʝʭʦʣʘʤʠʥʳ, ʷʚʣʷʷʩʴ ʛʦʨʤʦʥʘʤʠ ʪʨʝʚʦʛʠ, ʦʙʣʘʜʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʙʳʩʪʨʦ-
ʤʫ ʩʠʛʥʘʣʠʟʠʨʦʚʘʥʠʶ ʨʘʙʦʯʠʤ ʦʨʛʘʥʘʤ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʠʭ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ, ʚʤʝʰʠʚʘʷʩʴ ʚ 
ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʢʣʝʪʢʠ, ʥʘʧʨʘʚʣʷʶʪ ʠʭ ʦʙʤʝʥ ʧʦ ʨʫʩʣʫ. ɺ ʨʘʙʦʪʘʭ ɻ. ʉʝʣʴʝ ʠ ʧʦʩʣʝʜʫʶʱʠʭ 
ʝʛʦ ʧʫʙʣʠʢʘʮʠʷʭ ʙʳʣʦ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʟʤʝʥʝʥʠʡ ʦʙʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʠʟʤʘ ʠ ʛʠ-
ʧʦʬʠʟʘʨʥʦïʥʘʜʧʦʯʝʯʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳ ʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʪʠʭ ʠʟʤʝʥʝʥʠʡ, ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʦʩʥʦʚ-
ʥʳʝ ʬʘʟʳ ʩʜʚʠʛʦʚ. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʉɸʉ ʚ ʦʪʚʝʪ ʥʘ ʩʪʨʝʩʩ ʦʩʪʘʚʘʣʘʩʴ ʠʟʫʯʝʥʥʦʡ ʚ 
ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʜʘʥʥʳʭ ʣʠʪʝʨʘʪʫʨʳ, ʙʳʣʠ ʚʳʜʝʣʝʥʳ 
ʵʪʘʧʳ ʠʟʤʝʥʝʥʠʷ ʦʙʤʝʥʘ ʢʘʪʝʭʦʣʘʤʠʥʦʚ ʧʨʠ ʨʘʟʚʠʪʠʠ ʩʦʩʪʦʷʥʠʷ ʩʪʨʝʩʩʘ: 

1. ʬʘʟʘ ʙʳʩʪʨʦʡ ʘʢʪʠʚʘʮʠʠ. ʆʩʚʦʙʦʞʜʝʥʠʝ ʅɸ ʠʟ ʛʠʧʦʪʘʣʘʤʫʩʘ ʠ ʎʅʉ, ʘʢʪʠʚʘʮʠʷ ʘʜʨʝʥʝʨʛʠʯʝ-
ʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ. ʉɸʉ-r  ʠ ʩʠʩʪʝʤʳ ʛʠʧʦʪʘʣʘʤʫʩïʛʠʧʦʬʠʟïʢʦʨʘ ʥʘʜʧʦʯʝʯʥʠʢʦʚ, ʚʳʙʨʦʩ ʘʜʨʝʥʘʣʠʥʘ ʚ 
ʢʨʦʚʴ ʠ ʫʩʠʣʝʥʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʘʜʨʝʥʘʣʠʥʘ ʚ ʩʝʨʜʮʝ. 

2. ʬʘʟʘ ʫʩʪʦʡʯʠʚʦʡ ʜʣʠʪʝʣʴʥʦʡ ʘʢʪʠʚʘʮʠʠ. ʋʚʝʣʠʯʝʥʠʝ ʩʝʢʨʝʮʠʠ ʘʜʨʝʥʘʣʠʥʘ ʚ ʢʨʦʚʴ ʥʘ ʬʦʥʝ 
ʧʦʩʪʝʧʝʥʥʦʛʦ ʩʥʠʞʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʘʜʨʝʥʘʣʠʥʘ ʚ ʤʦʟʛʦʚʦʤ ʩʣʦʝ ʥʘʜʧʦʯʝʯʥʠʢʦʚ. ɺʳʙʨʦʩ ʥʦʨʘʜʨʝʥʘ-
ʣʠʥʘ ʠʟ ʘʜʨʝʥʝʨʛʠʯʝʩʢʠʭ ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʡ ʩʝʨʜʮʘ ʧʨʠ ʫʩʠʣʝʥʥʦʤ ʩʠʥʪʝʟʝ ʥʦʨʘʜʨʝʥʘʣʠʥʘ. ʉʦʜʝʨʞʘ-
ʥʠʝ ʘʜʨʝʥʘʣʠʥʘ ʚ ʧʝʯʝʥʠ ʚʦʟʨʘʩʪʘʝʪ, ʯʪʦ ʚʝʜʸʪ ʢ ʫʩʠʣʝʥʥʦʤʫ ʨʘʩʧʘʜʫ ʛʣʠʢʦʛʝʥʘ ʠ ʧʦʚʳʰʝʥʠʶ ʩʥʘʙʞʝ-
ʥʠʷ ʦʨʛʘʥʦʚ ʠ ʪʢʘʥʝʡ ʛʣʶʢʦʟʦʡ. 

3. ʬʘʟʘ ʠʩʪʦʱʝʥʠʷ ʬʫʥʢʮʠʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʥʠʞʝʥʠʝʤ ʉïɸïʘʢʪʠʚʥʦʩʪʠ ʚ ʛʦʨʤʦʥʘʣʴʥʦʤ ʠ ʧʝ-
ʨʠʬʝʨʠʯʝʩʢʦʤ ʤʝʜʠʘʪʦʨʥʦʤ ʟʚʝʥʴʷʭ. ɺ ʥʘʜʧʦʯʝʯʥʠʢʘʭ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʜʨʝʥʘʣʠʥʘ ʨʝʟʢʦ ʧʘʜʘʝʪ, 
ʫʤʝʥʴʰʘʝʪʩʷ ʩʝʢʨʝʮʠʷ ʘʜʨʝʥʘʣʠʥʘ ʚ ʢʨʦʚʴ, ʚ ʩʝʨʜʮʝ ʩʥʠʞʘʝʪʩʷ ʫʨʦʚʝʥʴ ʅɸ, ʩʦʜʝʨʞʘʥʠʝ ʧʨʝʜʰʝ-
ʩʪʚʝʥʥʠʢʦʚ ʚʦ ʚʩʝʭ ʪʢʘʥʷʭ ʫʤʝʥʴʰʘʝʪʩʷ. ʇʨʦʥʠʮʘʝʤʦʩʪʴ ʛʝʤʘʪʦʵʥʮʝʬʘʣʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ ʧʦ ʦʪʥʦʰʝ-
ʥʠʶ ʢ ʘʜʨʝʥʘʣʠʥʫ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ɺʣʠʷʥʠʝ ʢʘʪʝʭʦʣʘʤʠʥʦʚ ʥʘ ʢʣʝʪʦʯʥʦʤ ʫʨʦʚʥʝ ʦʧʦʩʨʝʜʫʝʪʩʷ ʯʝʨʝʟ ʘʜʨʝʥʝʨʛʠʯʝʩʢʠʝ ʨʝʮʝʧʪʦʨʳ, 
ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʤʝʤʙʨʘʥʦʩʚʷʟʘʥʥʳʝ ʤʘʢʨʦʤʦʣʝʢʫʣʳ, ʩʧʝʮʠʬʠʯʝʩʢʠ ʨʝʘʛʠʨʫʶʱʠʝ ʥʘ 
ʢʘʪʝʭʦʣʘʤʠʥʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚʦ ʚʥʝʢʣʝʪʦʯʥʦʡ ʞʠʜʢʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʥʠʮʠʠ-
ʨʫʶʪʩʷ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʝ ʧʨʦʮʝʩʩʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤʫ ʵʬʬʝʢʪʫ. ʈʘʟʣʠʯʘʶʪ ʘï ʠ ʙï
ʘʜʨʝʥʝʨʛʠʯʝʩʢʠʝ ʨʝʮʝʧʪʦʨʳ. ɸïʘʜʨʝʥʝʨʛʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʚʳʟʳʚʘʶʪ ʩʫʞʝʥʠʝ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʩʦʩʫ-
ʜʦʚ, ʨʘʩʰʠʨʝʥʠʝ ʟʨʘʯʢʘ ʠ ʫʚʝʣʠʯʝʥʠʝ ʧʦʪʦʦʪʜʝʣʝʥʠʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʙïʘʜʨʝʥʝʨʛʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ï 
ʨʘʩʰʠʨʝʥʠʝ ʩʦʩʫʜʦʚ, ʙʨʦʥʭʦʚ, ʩʥʠʞʝʥʠʝ ʧʝʨʠʩʪʘʣʴʪʠʢʠ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ, ʘ ʪʘʢʞʝ ʦʢʘʟʳ-
ʚʘʶʪ ʠʥʦï ʠ ʭʨʦʥʦʪʨʦʧʥʦʝ ʩʪʠʤʫʣʠʨʫʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʩʝʨʜʮʝ. ʂʘʪʝʭʦʣʘʤʠʥʳ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʚ 
ʨʝʛʫʣʷʮʠʠ ʩʝʢʨʝʮʠʠ ʛʦʨʤʦʥʦʚ: ʯʝʨʝʟ ʙïʨʝʮʝʧʪʦʨʥʳʡ ʤʝʭʘʥʠʟʤ ʩʪʠʤʫʣʠʨʫʝʪ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʛʣʶʢʘʛʦʥʘ, 
ʨʝʥʠʥʘ, ʛʘʩʪʨʠʥʘ, ʧʘʨʘʪʛʦʨʤʦʥʘ, ʢʘʣʴʮʠʪʦʥʠʥʘ, ʠʥʩʫʣʠʥʘ ʠ ʪʠʨʦʠʜʥʳʭ ʛʦʨʤʦʥʦʚ, ʦʜʥʘʢʦ ʯʝʨʝʟ ʘï
ʨʝʮʝʧʪʦʨʥʳʡ ʤʝʭʘʥʠʟʤ ʫʛʥʝʪʘʶʪ ʩʝʢʨʝʮʠʶ ʠʥʩʫʣʠʥʘ [2, c. 27]. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʦʙʥʘʨʫʞʝʥʦ ʥʘʣʠʯʠʝ ʪʨʝʪʴʝʛʦ ʪʠʧʘ ʘʜʨʝʥʝʨʛʠʯʝʩʢʠʭ ʨʝʮʝʧʪʦʨʦʚ ï ʜʦʬʘʤʠʥʝʨ-
ʛʠʯʝʩʢʠʭ, ʪ.ʝ. ʨʝʮʝʧʪʦʨʦʚ, ʦʪʚʝʯʘʶʱʠʭ ʥʘ ʜʦʬʘʤʠʥ, ʥʦ ʥʝ ʥʘ ʜʨʫʛʠʝ ʢʘʪʝʭʦʣʘʤʠʥʳ. ʆʥʠ ʚʳʷʚʣʝʥʳ ʚ 
ʎʅʉ ʠ ʚ ʩʦʩʫʜʘʭ ʧʦʯʝʢ. 

ʂʘʪʝʭʦʣʘʤʠʥʳ ʚʣʠʷʶʪ ʥʘ ʦʙʤʝʥ ʚʝʱʝʩʪʚ ʧʦʩʨʝʜʩʪʚʦʤ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʫʪʠʣʠʟʘʮʠʠ ʵʥʝʨʛʠʠ 
ʠ ʧʦʚʳʰʝʥʠʷ ʤʦʙʠʣʠʟʘʮʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʧʘʩʦʚ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʚ ʪʢʘʥʷʭ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʢ 
ʧʨʷʤʦʤʫ ʜʝʡʩʪʚʠʶ ʢʘʪʝʭʦʣʘʤʠʥʳ ʦʢʘʟʳʚʘʶʪ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʙʤʝʥ ʚʝʱʝʩʪʚ ʠ ʯʝʨʝʟ ʧʦʜʞʝʣʫʜʦʯ-
ʥʫʶ ʞʝʣʝʟʫ: ʯʝʨʝʟ ʘïʨʝʮʝʧʪʦʨʥʳʡ ʤʝʭʘʥʠʟʤ ʩʥʠʞʘʝʪʩʷ ʩʝʢʨʝʮʠʷ ʠʥʩʫʣʠʥʘ ʠ ʯʝʨʝʟ ʙï ʨʝʮʝʧʪʦʨʥʳʡ 
ʤʝʭʘʥʠʟʤ ʩʪʠʤʫʣʠʨʫʝʪʩʷ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʛʣʶʢʘʛʦʥʘ. 

ʇʦʜ ʚʣʠʷʥʠʝʤ ʢʘʪʝʭʦʣʘʤʠʥʦʚ ʩʪʠʤʫʣʠʨʫʶʪʩʷ ʧʨʦʮʝʩʩʳ ʛʣʶʢʦʥʝʦʛʝʥʝʟʘ ʚ ʧʝʯʝʥʠ, ʛʜʝ ʜʣʷ ʦʙʨʘ-
ʟʦʚʘʥʠʷ ʛʣʶʢʦʟʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʣʘʢʪʘʪ, ʛʣʠʮʝʨʠʥ ʠ ʘʣʘʥʠʥ. ʕʪʠ ʧʨʦʮʝʩʩʳ ʦʧʦʩʨʝʜʫʶʪʩʷ ʯʝʨʝʟ ʘʢʪʠʚʘ-
ʮʠʶ ʘïʘʜʨʝʥʝʨʛʠʯʝʩʢʠʭ ʨʝʮʝʧʪʦʨʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʢʘʪʝʭʦʣʘʤʠʥʦʚ ʚ ʦʨʛʘʥʠʟʤʝ ʚʝʣʠʢʦ. ʅʘʨʷʜʫ ʩ ʥʝʧʦʩʨʝʜ-
ʩʪʚʝʥʥʳʤ ʚʣʠʷʥʠʝʤ ʥʘ ʦʙʤʝʥ ʚʝʱʝʩʪʚ ʢʘʪʝʭʦʣʘʤʠʥʳ ʦʢʘʟʳʚʘʶʪ ʦʧʦʩʨʝʜʦʚʘʥʥʦʝ ʜʝʡʩʪʚʠʝ ʯʝʨʝʟ ʩʝʢ-
ʨʝʮʠʶ ʜʨʫʛʠʭ ʛʦʨʤʦʥʦʚ (ʉʊɻ, ʠʥʩʫʣʠʥ, ʛʣʶʢʦʛʦʥ, ʨʝʥʠʥïʘʥʛʠʦʪʝʥʟʠʥʥʘʷ ʩʠʩʪʝʤʘ ʠ ʜʨ.) [1, c. 271]. 

ɺ ʦʙʟʦʨʝ ʂʫʣʠʥʩʢʦʛʦ ɺ.ʀ. ʧʦʢʘʟʘʥʦ ʥʘʣʠʯʠʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʢʘʪʝʭʦʣʘʤʠʥʦʚʦʡ ʠ ʮʠʢʣʠʥʫʢʣʝʦ-
ʪʠʜʥʦʡ ʨʝʛʫʣʷʮʠʠ ʬʝʨʤʝʥʪʦʚ ʢʣʘʩʩʘ ʦʢʩʠʜʦʨʝʜʫʢʪʘʟ: ʜʠʩʫʣʴʬʠʜʨʝʜʫʢʪʘʟʥʦʛʦ ʬʝʨʤʝʥʪʘ ʮʠʪʦʟʦʣʷ 
(ɼʉʈ) ʠ ʅɸɼ ï ʠʟʦʮʠʪʨʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ ʤʠʪʦʭʦʥʜʨʠʡ. ʕʪʠ ʵʬʬʝʢʪʳ ʢʦʨʨʝʣʠʨʫʶʪ ʠ, ʦʯʝʚʠʜʥʦ, ʷʚʣʷʶʪ-
ʩʷ ʧʨʠʯʠʥʦʡ ʧʝʨʝʭʦʜʘ ʜʠʩʫʣʴʬʠʜʦʚ ʚ ʪʠʦʣʳ ʠ ʩʪʠʤʫʣʷʮʠʠ ʧʦʪʨʝʙʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʦʨʛʘʥʠʟʤʦʤ ʠ ʪʢʘ-
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ʥʷʤʠ ʩʦ ʩʥʠʞʝʥʠʝʤ ʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʦʨʛʘʥʘʭ. ʂʘʪʝʭʦʣʘʤʠʥʳ ʠ ʮɸʄʌ ʫʚʝʣʠʯʠʚʘʶʪ ʠ ʜʳʭʘʥʠʝ ʤʠʪʦ-
ʭʦʥʜʨʠʡ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʫʙʩʪʨʘʪʘʭ ʚʦ ʚʩʝʭ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʷʭ. ʆʧʠʩʘʥʥʳʝ ʬʝʥʦʤʝʥʳ ʤʦʛʫʪ 
ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʪʘʢʠʤ ʪʠʧʠʯʥʳʤ ʜʣʷ ʂɸ ʠ ʮɸʄʌ ʨʝʘʢʮʠʷʤ, ʢʘʢ ʧʦʚʳʰʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʩʪʨʝʩʩʫ, 
ʘʜʘʧʪʘʮʠʷ ʥʦʚʦʨʦʞʜʸʥʥʳʭ, ʘʢʢʣʠʤʘʪʠʟʘʮʠʷ ʢ ʭʦʣʦʜʫ, ʩʦʜʝʡʩʪʚʦʚʘʪʴ ʧʦʜʜʝʨʞʠʚʘʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʠ ʨʝ-
ʛʫʣʷʮʠʠ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʬʝʨʤʝʥʪʦʚ, ʦʙʝʩʧʝʯʝʥʠʶ ʨʝʘʢʮʠʡ ʥʘ ʛʦʨʤʦʥʳ, ʨʘʜʠʦʨʝʟʠʩʪʝʥʪʥʦʩʪʠ: ʠʤʝʪʴ 
ʟʥʘʯʝʥʠʝ ʜʣʷ ʜʝʣʝʥʠʷ ʢʣʝʪʦʢ, ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʨʦʩʪʘ ʠ ʪ.ʜ.  

ʆʙʥʘʨʫʞʝʥʦ ʩʣʦʞʥʘʷ ʩʠʩʪʝʤʘ ʨʝʛʫʣʷʮʠʠ ɼʉʈ ï ʘʢʪʠʚʥʦʩʪʠ, ʚʢʣʶʯʘʱʘʷ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʝ ʵʬʬʝʢ-
ʪʦʨʳ (ʦʩʥʦʚʥʳʝ ʙʝʣʢʠ, ʦʣʠʛʦʢʘʪʠʦʥʳ. ʤʘʢʨʦʵʨʛʠ, ʢʦʤʧʣʝʢʩʦʥʳ) ʠ ʛʦʨʤʦʥʳ ʚʩʝʭ 3 ʢʣʘʩʩʦʚ: ʘʤʠʥʳ ( ʩʝ-
ʨʦʪʦʥʠʥ, ʛʠʩʪʘʤʠʥ), ʧʝʧʪʠʜʥʳʝ ( ɸʂʊɻ, ɸɼɻ) ʠ ʩʪʝʨʦʠʜʥʳʝ (ʵʩʪʨʘʜ ʠʦʣ). ʇʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʠ ʦ ʩʫʱʝ-
ʩʪʚʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʧʨʦʪʠʚʦʨʝʛʫʣʷʮʠʠ. ʈʝʛʫʣʷʪʦʨʥʳʡ ʬʝʨʤʝʥʪ ʩ ɼʉʈ ïʘʢʪʠʚʥʦʩʪʴʶ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʚʩʝʭ 
ʠʟʚʝʩʪʥʳʭ ʬʝʨʤʝʥʪʦʚ; ʜʦʩʪʠʛʥʫʪʘ ʝʛʦ ʦʯʠʩʪʢʘ ʚ 30 ʨʘʟ . [3, c. 111] 

ʇʦʢʘʟʘʥʦ ʚʢʣʶʯʝʥʠʝ ʚ ʨʝʛʫʣʷʮʠʶ ʦʢʩʠʜʦʨʝʜʫʢʪʘʟ ʛʦʨʤʦʥʘʣʴʥʳʭ ʨʝʮʝʧʪʦʨʦʚ, ʘʜʝʥʠʣʘʪʮʠʢʣʘʟʳ ʠ 
ʧʨʦʪʝʠʥʢʠʥʘʟʳ. ʈʝʛʫʣʷʮʠʷ ʆɺʇ ʦʢʘʟʘʣʘʩʴ ʦʯʝʥʴ ʩʣʦʞʥʦʡ ʠ ʨʘʟʚʝʪʚʣʸʥʥʦʡ, ʦʥʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʢʦʤ-
ʧʦʥʝʥʪʦʤ ʙʠʦʭʠʤʠʯʝʩʢʦʡ ʤʦʙʠʣʠʟʘʮʠʠ. 

ʂɸ ʘʢʪʠʚʠʨʫʶʪ ʂ, Nʘ ï ʠ ʄgï ɸʊʌʘʟʳ ʤʠʢʨʦʩʦʤʘʣʴʥʦʡ ʬʨʘʢʮʠʠ ʧʦʯʝʢ ʠ ʂ, Naïɸʊʌïʬʘʟʫ ʬʨʘʢ-
ʮʠʠ ʷʜʝʨ ʠ ʧʣʘʟʤʘʪʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥ. ʕʪʦ, ʚʝʨʦʷʪʥʦ, ʩʢʘʟʳʚʘʝʪʩʷ ʢʘʢ ʥʘ ʘʢʪʠʚʥʦʤ, ʪʘʢ ʠ ʥʘ ʧʘʩʩʠʚʥʦʤ 
ʪʨʘʥʩʧʦʨʪʝ ʠʦʥʦʚ ʚ ʢʣʝʪʢʝ. 

ʂʨʦʤʝ ʪʦʛʦ, ʦʙʥʘʨʫʞʝʥ ʨʘʜʠʦʟʘʱʠʪʥʳʡ ʵʬʬʝʢʪ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʂɸ ʠ ʜʠʙʫʪʝʨʠʣ- 
ʮɸʄʌ ʥʘ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʢʘʭ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ ʠ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʚ ʧʦʣʴʟʫ ʫʯʘʩʪʠʷ ʚ ʵʪʦʤ ʵʬʬʝʢʪʝ 
ʧʨʦʪʝʠʥʢʠʥʘʟʳ. ʮɸʄʌ ʠ ʮɻʄʌ ʦʙʣʘʜʘʶʪ ʜʚʫʤʷ ʵʬʬʝʢʪʘʤʠ ʥʘ ʨʘʜʠʦʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ɽ. ʉʦli: ʟʘʱʠʪʥʳʤ 
ʩʝʥʩʠʙʠʣʠʟʠʨʫʶʱʠʤ, ʠʭ ʧʨʦʷʚʣʝʥʠʝ ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʘ ʙʘʢʪʝʨʠʡ ʬʘʟʳ ʨʦʩʪʘ ʠ ʬʠʟʠʦʣʦ-
ʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ [3, c. 114]. 

ʌʫʥʢʮʠʠ ʠʤʤʫʥʥʦʡ ʠ ʥʝʡʨʦʵʥʜʦʢʨʠʥʥʦʡ ʩʠʩʪʝʤ ʩʚʦʡʩʪʚʝʥʥʳ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʨʠʪʤʳ ʘʢʪʠʚʥʦʩʪʠ. 
ʆʜʥʘʢʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʚʨʝʤʝʥʥʳʤ ʘʩʧʝʢʪʘʤ ʥʝʡʨʦïʠʤʤʫʥʥʳʭ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʢʨʘʡʥʝ ʤʘʣʦ. 
ɸʢʪʠʚʥʦʩʪʴ ʩʠʤʧʘʪʦïʘʜʨʝʥʘʣʦʚʦʡ ʩʠʩʪʝʤʳ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʜʨʫʛʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʦʨʛʘʥʠʟʤʘ, ʧʦʜ-
ʚʝʨʞʝʥʦ ʦʧʨʝʜʝʣʸʥʥʳʤ ʩʫʪʦʯʥʳʤ ʨʠʪʤʘʤ, ʟʘʚʠʩʷʱʠʤ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʯʝʣʦʚʝʢʘ ʚ 
ʟʝʤʥʳʭ ʫʩʣʦʚʠʷʭ [4, c. 58]. 

ɺ ʩʚʷʟʠ ʩ ʦʙʱʝʧʨʠʥʷʪʳʤʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʦʙʤʝʥʘ ʛʦʨʤʦʥʦʚ ʠ ʤʝʜʠʘʪʦ-
ʨʦʚ ʩʠʤʧʘʪʦïʘʜʨʝʥʘʣʦʚʦʡ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʩʫʪʦʯʥʳʝ ʨʠʪʤʳ ʵʢʩʢʨʝʮʠʠ ʢʘʪʝʭʦʣʘʤʠʥʦʚ, ʠʭ 
ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʠ ʤʝʪʘʙʦʣʠʪʦʚ ʩ ʤʦʯʦʡ ʷʚʣʷʶʪʩʷ ʦʪʨʘʞʝʥʠʝʤ ʩʫʪʦʯʥʦʛʦ ʨʠʪʤʘ ʠʟʤʝʥʝʥʠʷ ʦʙʤʝʥʘ 
ʢʘʪʝʭʦʣʘʤʠʥʦʚ ʚ ʦʨʛʘʥʘʭ ʠ ʪʢʘʥʷʭ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ ʵʢʩʢʨʝʮʠʷ ʘʜʨʝʥʘʣʠʥʘ ʠ ʥʦʨʘʜʨʝʥʘʣʠʥʘ ʧʦʥʠʞʘʝʪʩʷ ʚ ʩʨʝʜʥʝʤ ʥʘ 
50-60% ʠ ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʳ. ɺ ʪʝʯʝʥʠʝ ʜʥʝʚʥʦʛʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ, ʩʦʛʣʘʩʥʦ 
ʙʦʣʴʰʠʥʩʪʚʫ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʪʤʝʯʘʝʪʩʷ ʢʦʣʝʙʘʥʠʷ ʵʢʩʢʨʝʮʠʠ ʢʘʪʝʭʦʣʘʤʠʥʦʚ, ʥʦ ʨʘʟʣʠʯʠʷ ʚ ʫʨʦʚʥʷʭ 
ʚʳʜʝʣʝʥʠʷ ʵʪʠʭ ʚʝʱʝʩʪʚ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝʜʦʩʪʦʚʝʨʥʳ. ʊʦʣʴʢʦ ʚ ʦʪʜʝʣʴʥʳʭ ʨʘʙʦʪʘʭ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ 
ʦʙʩʣʝʜʦʚʘʥʠʠ ʣʸʪʯʠʢʦʚ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʧʦʩʪʦʷʥʥʦʝ ʩʫʱʝʩʪʚʝʥʥʦʝ ʥʘʨʘʩʪʘʥʠʝ ʚʳʜʝʣʝʥʠʷ ʢʘʪʝʭʦʣʘ-
ʤʠʥʦʚ ʚ ʜʥʝʚʥʳʝ ʯʘʩʳ. 
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ɾʝʪʳʩʫʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʀ.ɾʘʥʩʫʛʫʨʦʚʘ 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ, ʙʘʟʦʚʳʝ ʧʦʥʷʪʠʷ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʡ ʪʝʭʥʠʢʠ: 
ʦʧʨʝʜʝʣʝʥʠʝ, ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʣʦʛʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʘʨʭʠʪʝʢʪʫʨʘ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʦʚ, ʩʠʩʪʝʤʘ ʠ 
ʬʦʨʤʘʪ ʢʦʤʘʥʜ, ʦʨʛʘʥʠʟʘʮʠʷ ʚʚʦʜʘ/ʚʳʚʦʜʘ ʚ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʡ ʩʠʩʪʝʤʝ, ʦʩʥʦʚʥʳʝ ʩʧʦʩʦʙʳ ʦʙʤʝʥʘ 
ʠʥʬʦʨʤʘʮʠʝʡ ʠ ʧʨʠʥʮʠʧʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʩʪʨʦʡʩʪʚ ʥʘ ʩʠʩʪʝʤʥʦʡ ʤʘʛʠʩʪʨʘʣʠ, ʧʦʜʩʠʩʪʝʤʘ ʧʘʤʷʪʠ ʠ 
ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʄʇʉ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʙʲʝʢʪʦʤ ʠʟʫʯʝʥʠʷ ʧʦʩʣʫʞʠʣʠ 
ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʳ ʇʂ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʵʣʝʢʪʨʦʥʥʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʘʰʠʥʘ, ʤʠʢʨʦʧʨʦʮʝʩʩʦʨ, ʰʠʥʘ, ʨʝʛʠʩʪʨ, ʘʨʭʠʪʝʢʪʫʨʘ 
ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘ 
 
ʊHARACTERISTICS OF THE OPERATION OF MICROPROCESSOR SYSTEMS OF ELECTRONIC 

COMPUTERS 
 

Shaltabaev Altai Akanuly, 
Tileybek Serikbol  

 
Abstract:The main basic concepts of microprocessor technology are considered: the definition, classification, 
logical structure and architecture of microprocessors, the system and format of commands, the organization of 
input / output in the microprocessor system, the basic methods of information exchange and the principles of 
device interaction on the system backbone, memory subsystem and theoretical aspects designing of 
microprocessor computers.In this work, the object of study was the microprocessor of personal computers. 
Keywords: electronic calculable machine, microprocessor, tire, register, architecture of microprocessor 
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1) ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʦʡ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʧʝʨʝʢʣʶʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ 

ʚ ʕɺʄ;  
2) ʨʘʟʨʷʜʥʦʩʪʴʶ, ʪ.ʝ. ʤʘʢʩʠʤʘʣʴʥʳʤ ʯʠʩʣʦʤ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʜʚʦʠʯʥʳʭ ʨʘʟʨʷʜʦʚ. 
ʈʘʟʨʷʜʥʦʩʪʴ ʄʇ ʦʙʦʟʥʘʯʘʝʪʩʷ m/n/k/ ʠ ʚʢʣʶʯʘʝʪ:  
m - ʨʘʟʨʷʜʥʦʩʪʴ ʚʥʫʪʨʝʥʥʠʭ ʨʝʛʠʩʪʨʦʚ, ʦʧʨʝʜʝʣʷʝʪ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ ʢʣʘʩʩʫ 

ʧʨʦʮʝʩʩʦʨʦʚ;  
n - ʨʘʟʨʷʜʥʦʩʪʴ ʰʠʥʳ ʜʘʥʥʳʭ, ʦʧʨʝʜʝʣʷʝʪ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ;  
k - ʨʘʟʨʷʜʥʦʩʪʴ ʰʠʥʳ ʘʜʨʝʩʘ, ʦʧʨʝʜʝʣʷʝʪ ʨʘʟʤʝʨ ʘʜʨʝʩʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʅʘʧʨʠʤʝʨ, ʄʇ i8088 
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ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʝʥʠʷʤʠ m/n/k=16/8/20;  
3) ʇʦʥʷʪʠʝ ʘʨʭʠʪʝʢʪʫʨʳ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʠʩʪʝʤʫ ʢʦʤʘʥʜ ʠ ʩʧʦʩʦʙʳ ʘʜʨʝʩʘʮʠʠ, 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʚʤʝʱʝʥʠʷ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʘʥʜ ʚʦ ʚʨʝʤʝʥʠ, ʥʘʣʠʯʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚ ʩʦ-
ʩʪʘʚʝ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘ, ʧʨʠʥʮʠʧʳ ʠ ʨʝʞʠʤʳ ʝʛʦ ʨʘʙʦʪʳ. ɺʳʜʝʣʷʶʪ ʧʦʥʷʪʠʷ ʤʠʢʨʦʘʨʭʠʪʝʢʪʫʨʳ ʠ ʤʘʢ-
ʨʦʘʨʭʠʪʝʢʪʫʨʳ. ʄʠʢʨʦʘʨʭʠʪʝʢʪʫʨʘ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘ - ʵʪʦ ʘʧʧʘʨʘʪʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʠ ʣʦʛʠʯʝʩʢʘʷ ʩʪʨʫʢ-
ʪʫʨʘ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘ, ʨʝʛʠʩʪʨʳ, ʫʧʨʘʚʣʷʶʱʠʝ ʩʭʝʤʳ, ʘʨʠʬʤʝʪʠʢʦ-ʣʦʛʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʟʘʧʦʤʠʥʘ-
ʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ ʠ ʩʚʷʟʳʚʘʶʱʠʝ ʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʤʘʛʠʩʪʨʘʣʠ. ɸʨʭʠʪʝʢʪʫʨʘ ʪʠʧʠʯʥʦʡ ʥʝʙʦʣʴʰʦʡ 
ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʤʠʢʨʦʕɺʄ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2.1 ʊʘʢʘʷ ʤʠʢʨʦʕɺʄ ʩʦʜʝʨʞʠʪ ʚʩʝ 5 
ʦʩʥʦʚʥʳʭ ʙʣʦʢʦʚ ʮʠʬʨʦʚʦʡ ʤʘʰʠʥʳ: ʫʩʪʨʦʡʩʪʚʦ ʚʚʦʜʘ ʠʥʬʦʨʤʘʮʠʠ, ʫʧʨʘʚʣʷʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ (ʋʋ), 
ʘʨʠʬʤʝʪʠʢʦ-ʣʦʛʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ (ɸʃʋ) (ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘ), ʟʘʧʦʤʠʥʘʶʱʠʝ 
ʫʩʪʨʦʡʩʪʚʘ (ɿʋ) ʠ ʫʩʪʨʦʡʩʪʚʦ ʚʳʚʦʜʘ ʠʥʬʦʨʤʘʮʠʠ[4, ʩ. 11]. 

ʄʠʢʨʦʧʨʦʮʝʩʩʦʨ ʢʦʦʨʜʠʥʠʨʫʝʪ ʨʘʙʦʪʫ ʚʩʝʭ ʫʩʪʨʦʡʩʪʚ ʮʠʬʨʦʚʦʡ ʩʠʩʪʝʤʳ ʩ ʧʦʤʦʱʴʶ ʰʠʥʳ 
ʫʧʨʘʚʣʝʥʠʷ (ʐʋ). ʇʦʤʠʤʦ ʐʋ ʠʤʝʝʪʩʷ 16-ʨʘʟʨʷʜʥʘʷ ʘʜʨʝʩʥʘʷ ʰʠʥʘ (ʐɸ), ʢʦʪʦʨʘʷ ʩʣʫʞʠʪ ʜʣʷ ʚʳʙʦʨʘ 
ʦʧʨʝʜʝʣʝʥʥʦʡ ʷʯʝʡʢʠ ʧʘʤʷʪʠ, ʧʦʨʪʘ ʚʚʦʜʘ ʠʣʠ ʧʦʨʪʘ ʚʳʚʦʜʘ. ʇʦ 8-ʨʘʟʨʷʜʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʰʠʥʝ 
ʠʣʠ ʰʠʥʝ ʜʘʥʥʳʭ (ʐɼ) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʚʫʥʘʧʨʘʚʣʝʥʥʘʷ ʧʝʨʝʩʳʣʢʘ ʜʘʥʥʳʭ ʢ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʫ ʠ ʦʪ 
ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʄʇ ʤʦʞʝʪ ʧʦʩʳʣʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʚ ʧʘʤʷʪʴ ʤʠʢʨʦʕɺʄ ʠʣʠ ʢ 
ʦʜʥʦʤʫ ʠʟ ʧʦʨʪʦʚ ʚʳʚʦʜʘ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʠʟ ʧʘʤʷʪʠ ʠʣʠ ʦʪ ʦʜʥʦʛʦ ʠʟ ʧʦʨʪʦʚ ʚʚʦʜʘ. 

 

 
ʉʡʪ. 1. ɹʩʮʡʫʞʣʫʬʩʙ ʫʡʨʧʛʧʜʧ ʥʡʣʩʧʨʩʧʯʞʪʪʧʩʙ. 

 
ʇʦ 8-ʨʘʟʨʷʜʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʰʠʥʝ ʠʣʠ ʰʠʥʝ ʜʘʥʥʳʭ (ʐɼ) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʚʫʥʘʧʨʘʚʣʝʥʥʘʷ 

ʧʝʨʝʩʳʣʢʘ ʜʘʥʥʳʭ ʢ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʫ ʠ ʦʪ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʄʇ ʤʦʞʝʪ ʧʦʩʳʣʘʪʴ 
ʠʥʬʦʨʤʘʮʠʶ ʚ ʧʘʤʷʪʴ ʤʠʢʨʦʕɺʄ ʠʣʠ ʢ ʦʜʥʦʤʫ ʠʟ ʧʦʨʪʦʚ ʚʳʚʦʜʘ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʠʟ 
ʧʘʤʷʪʠ ʠʣʠ ʦʪ ʦʜʥʦʛʦ ʠʟ ʧʦʨʪʦʚ ʚʚʦʜʘ. 

ʇʦʩʪʦʷʥʥʦʝ ʟʘʧʦʤʠʥʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ (ʇɿʋ) ʚ ʤʠʢʨʦʕɺʄ ʩʦʜʝʨʞʠʪ ʥʝʢʦʪʦʨʫʶ ʧʨʦʛʨʘʤʤʫ (ʥʘ 
ʧʨʘʢʪʠʢʝ ʧʨʦʛʨʘʤʤʫ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʕɺʄ). ʇʨʦʛʨʘʤʤʳ ʤʦʛʫʪ ʙʳʪʴ ʟʘʛʨʫʞʝʥʳ ʚ ʟʘʧʦʤʠʥʘʶʱʝʝ ʫʩʪʨʦʡ-
ʩʪʚʦ ʩ ʧʨʦʠʟʚʦʣʴʥʦʡ ʚʳʙʦʨʢʦʡ (ɿʋʇɺ) ʠ ʠʟ ʚʥʝʰʥʝʛʦ ʟʘʧʦʤʠʥʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ (ɺɿʋ). ʕʪʦ ʧʨʦʛʨʘʤʤʳ 
ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ, ʠʣʣʶʩʪʨʠʨʫʶʱʝʛʦ ʨʘʙʦʪʫ ʤʠʢʨʦʕɺʄ, ʨʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʜʫʨʫ, ʜʣʷ ʨʝʘʣʠʟʘ-
ʮʠʠ ʢʦʪʦʨʦʡ ʥʫʞʥʦ ʚʳʧʦʣʥʠʪʴ ʩʣʝʜʫʶʱʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʵʣʝʤʝʥʪʘʨʥʳʭ ʦʧʝʨʘʮʠʡ:  
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1. ʅʘʞʘʪʴ ʢʣʘʚʠʰʫ ʩ ʙʫʢʚʦʡ "ɸ" ʥʘ ʢʣʘʚʠʘʪʫʨʝ.  
2. ʇʦʤʝʩʪʠʪʴ ʙʫʢʚʫ "ɸ" ʚ ʧʘʤʷʪʴ ʤʠʢʨʦʕɺʄ.  
3. ɺʳʚʝʩʪʠ ʙʫʢʚʫ "ɸ" ʥʘ ʵʢʨʘʥ ʜʠʩʧʣʝʷ. 
ʕʪʦ ʪʠʧʠʯʥʘʷ ʧʨʦʮʝʜʫʨʘ ʚʚʦʜʘ-ʟʘʧʦʤʠʥʘʥʠʷ-ʚʳʚʦʜʘ, ʨʘʩʩʤʦʪʨʝʥʠʝ ʢʦʪʦʨʦʡ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʷʩʥʠʪʴ ʧʨʠʥʮʠʧʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʢʦʪʦʨʳʭ ʫʩʪʨʦʡʩʪʚ, ʚʭʦʜʷʱʠʭ ʚ ʤʠʢʨʦʕɺʄ[3, ʩ. 85]. 
ʅʘ ʨʠʩ. 1. ʧʨʠʚʝʜʝʥʘ ʧʦʜʨʦʙʥʘʷ ʜʠʘʛʨʘʤʤʘ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʮʝʜʫʨʳ ʚʚʦʜʘ-ʟʘʧʦʤʠʥʘʥʠʷ-ʚʳʚʦʜʘ. 
ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʢʦʤʘʥʜʳ ʫʞʝ ʟʘʛʨʫʞʝʥʳ ʚ ʧʝʨʚʳʝ ʰʝʩʪʴ ʷʯʝʝʢ ʧʘʤʷʪʠ[2, ʩ. 45]. ʍʨʘʥʠ-

ʤʘʷ ʧʨʦʛʨʘʤʤʘ ʩʦʜʝʨʞʠʪ ʩʣʝʜʫʶʱʫʶ ʮʝʧʦʯʢʫ ʢʦʤʘʥʜ:  
1. ɺʚʝʩʪʠ ʜʘʥʥʳʝ ʠʟ ʧʦʨʪʘ ʚʚʦʜʘ 1.  
2. ɿʘʧʦʤʥʠʪʴ ʜʘʥʥʳʝ ʚ ʷʯʝʡʢʝ ʧʘʤʷʪʠ 200.  
3. ʇʝʨʝʩʣʘʪʴ ʜʘʥʥʳʝ ʚ ʧʦʨʪ ʚʳʚʦʜʘ 10.  
 

 
ʉʡʪ. 2. ɽʡʙʜʩʙʥʥʙ ʛʴʨʧʤʦʞʦʡʸ ʨʩʧʯʞʝʬʩʴ ʛʛʧʝʙ-ʠʙʨʧʥʡʦʙʦʡʸ-ʛʴʛʧʝʙ. 

 
ɺ ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ ʚʩʝʛʦ ʪʨʠ ʢʦʤʘʥʜʳ, ʭʦʪʷ ʥʘ ʨʠʩ. 2. ʤʦʞʝʪ ʧʦʢʘʟʘʪʴʩʷ, ʯʪʦ ʚ ʧʘʤʷʪʠ ʧʨʦʛʨʘʤʤ 

ʟʘʧʠʩʘʥʦ ʰʝʩʪʴ ʢʦʤʘʥʜ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʢʦʤʘʥʜʘ ʦʙʳʯʥʦ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʯʘʩʪʠ. ʇʝʨʚʘʷ ʯʘʩʪʴ 
ʢʦʤʘʥʜʳ 1 ʚ ʧʨʠʚʝʜʝʥʥʦʡ ʚʳʰʝ ʧʨʦʛʨʘʤʤʝ - ʢʦʤʘʥʜʘ ʚʚʦʜʘ ʜʘʥʥʳʭ. ɺʦ ʚʪʦʨʦʡ ʯʘʩʪʠ ʢʦʤʘʥʜʳ 1 ʫʢʘʟʳ-
ʚʘʝʪʩʷ, ʦʪʢʫʜʘ ʥʫʞʥʦ ʚʚʝʩʪʠ ʜʘʥʥʳʝ (ʠʟ ʧʦʨʪʘ 1). ʇʝʨʚʘʷ ʯʘʩʪʴ ʢʦʤʘʥʜʳ, ʧʨʝʜʧʠʩʳʚʘʶʱʘʷ ʢʦʥʢʨʝʪʥʦʝ 
ʜʝʡʩʪʚʠʝ, ʥʘʟʳʚʘʝʪʩʷ ʢʦʜʦʤ ʦʧʝʨʘʮʠʠ (ʂʆʇ), ʘ ʚʪʦʨʘʷ ʯʘʩʪʴ - ʦʧʝʨʘʥʜʦʤ. ʂʦʜ ʦʧʝʨʘʮʠʠ ʠ ʦʧʝʨʘʥʜ 
ʨʘʟʤʝʱʘʶʪʩʷ ʚ ʦʪʜʝʣʴʥʳʭ ʷʯʝʡʢʘʭ ʧʘʤʷʪʠ ʧʨʦʛʨʘʤʤ. ʅʘ ʨʠʩ. 2. ʂʆʇ ʭʨʘʥʠʪʩʷ ʚ ʷʯʝʡʢʝ 100, ʘ ʢʦʜ ʦʧʝ-
ʨʘʥʜʘ - ʚ ʷʯʝʡʢʝ 101 (ʧʦʨʪ 1); ʧʦʩʣʝʜʥʠʡ ʫʢʘʟʳʚʘʝʪ ʦʪʢʫʜʘ ʥʫʞʥʦ ʚʟʷʪʴ ʠʥʬʦʨʤʘʮʠʶ. 

ɺ ʄʇ ʥʘ ʨʠʩ. 2. ʚʳʜʝʣʝʥʳ ʝʱʝ ʜʚʘ ʥʦʚʳʭ ʙʣʦʢʘ - ʨʝʛʠʩʪʨʳ: ʘʢʢʫʤʫʣʷʪʦʨ ʠ ʨʝʛʠʩʪʨ ʢʦʤʘʥʜ. 
ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʭʦʞʜʝʥʠʝ ʢʦʤʘʥʜ ʠ ʜʘʥʥʳʭ ʚʥʫʪʨʠ ʤʠʢʨʦʕɺʄ ʩ ʧʦʤʦʱʴʶ ʟʘʥʫʤʝʨʦʚʘʥʥʳʭ ʢʨʫʞ-

ʢʦʚ ʥʘ ʜʠʘʛʨʘʤʤʝ. ʅʘʧʦʤʥʠʤ, ʯʪʦ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨ - ʵʪʦ ʮʝʥʪʨʘʣʴʥʳʡ ʫʟʝʣ, ʫʧʨʘʚʣʷʶʱʠʡ ʧʝʨʝʤʝʱʝʥʠ-
ʝʤ ʚʩʝʭ ʜʘʥʥʳʭ ʠ ʚʳʧʦʣʥʝʥʠʝʤ ʦʧʝʨʘʮʠʡ. 

ʀʪʘʢ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʪʠʧʠʯʥʦʡ ʧʨʦʮʝʜʫʨʳ ʚʚʦʜʘ-ʟʘʧʦʤʠʥʘʥʠʷ-ʚʳʚʦʜʘ ʚ ʤʠʢʨʦʕɺʄ ʧʨʦʠʩʭʦʜʠʪ 
ʩʣʝʜʫʶʱʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ:  

1. ʄʇ ʚʳʜʘʝʪ ʘʜʨʝʩ 100 ʥʘ ʰʠʥʫ ʘʜʨʝʩʘ. ʇʦ ʰʠʥʝ ʫʧʨʘʚʣʝʥʠʷ ʧʦʩʪʫʧʘʝʪ ʩʠʛʥʘʣ, ʫʩʪʘʥʘʚʣʠʚʘʶ-
ʱʠʡ ʧʘʤʷʪʴ ʧʨʦʛʨʘʤʤ (ʢʦʥʢʨʝʪʥʫʶ ʤʠʢʨʦʩʭʝʤʫ) ʚ ʨʝʞʠʤ ʩʯʠʪʳʚʘʥʠʷ.  

2. ɿʋ ʧʨʦʛʨʘʤʤ ʧʝʨʝʩʳʣʘʝʪ ʧʝʨʚʫʶ ʢʦʤʘʥʜʫ ("ɺʚʝʩʪʠ ʜʘʥʥʳʝ") ʧʦ ʰʠʥʝ ʜʘʥʥʳʭ, ʠ ʄʇ ʧʦʣʫʯʘʝʪ 
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ʵʪʦ ʟʘʢʦʜʠʨʦʚʘʥʥʦʝ ʩʦʦʙʱʝʥʠʝ. ʂʦʤʘʥʜʘ ʧʦʤʝʱʘʝʪʩʷ ʚ ʨʝʛʠʩʪʨ ʢʦʤʘʥʜ. ʄʇ ʜʝʢʦʜʠʨʫʝʪ (ʠʥʪʝʨʧʨʝʪʠ-
ʨʫʝʪ) ʧʦʣʫʯʝʥʥʫʶ ʢʦʤʘʥʜʫ ʠ ʦʧʨʝʜʝʣʷʝʪ, ʯʪʦ ʜʣʷ ʢʦʤʘʥʜʳ ʥʫʞʝʥ ʦʧʝʨʘʥʜ.  

3. ʄʇ ʚʳʜʘʝʪ ʘʜʨʝʩ 101 ʥʘ ʐɸ; ʐʋ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʝʨʝʚʦʜʘ ʧʘʤʷʪʠ ʧʨʦʛʨʘʤʤ ʚ ʨʝʞʠʤ ʩʯʠʪʳ-
ʚʘʥʠʷ.  

4. ʀʟ ʧʘʤʷʪʠ ʧʨʦʛʨʘʤʤ ʥʘ ʐɼ ʧʝʨʝʩʳʣʘʝʪʩʷ ʦʧʝʨʘʥʜ "ʀʟ ʧʦʨʪʘ 1". ʕʪʦʪ ʦʧʝʨʘʥʜ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʦ-
ʛʨʘʤʤʥʦʡ ʧʘʤʷʪʠ ʚ ʷʯʝʡʢʝ 101. ʂʦʜ ʦʧʝʨʘʥʜʘ (ʩʦʜʝʨʞʘʱʠʡ ʘʜʨʝʩ ʧʦʨʪʘ 1) ʧʝʨʝʜʘʝʪʩʷ ʧʦ ʐɼ ʢ ʄʇ ʠ 
ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʨʝʛʠʩʪʨ ʢʦʤʘʥʜ. ʄʇ ʪʝʧʝʨʴ ʜʝʢʦʜʠʨʫʝʪ ʧʦʣʥʫʶ ʢʦʤʘʥʜʫ ("ɺʚʝʩʪʠ ʜʘʥʥʳʝ ʠʟ ʧʦʨʪʘ 1").  

5. ʄʇ, ʠʩʧʦʣʴʟʫʷ ʐɸ ʠ ʐʋ, ʩʚʷʟʳʚʘʶʱʠʝ ʝʛʦ ʩ ʫʩʪʨʦʡʩʪʚʦʤ ʚʚʦʜʘ, ʦʪʢʨʳʚʘʝʪ ʧʦʨʪ 1. ʎʠʬʨʦʚʦʡ 
ʢʦʜ ʙʫʢʚʳ "ɸ" ʧʝʨʝʜʘʝʪʩʷ ʚ ʘʢʢʫʤʫʣʷʪʦʨ ʚʥʫʪʨʠ ʄʇ ʠ ʟʘʧʦʤʠʥʘʝʪʩʷ.ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 
ʢʘʞʜʦʡ ʧʨʦʛʨʘʤʤʥʦʡ ʢʦʤʘʥʜʳ ʄʇ ʜʝʡʩʪʚʫʝʪ ʩʦʛʣʘʩʥʦ ʤʠʢʨʦʧʨʦʮʝʜʫʨʝ ʚʳʙʦʨʢʠ-ʜʝʢʦʜʠʨʦʚʘʥʠʷ-
ʠʩʧʦʣʥʝʥʠʷ.  

6. ʄʇ ʦʙʨʘʱʘʝʪʩʷ ʢ ʷʯʝʡʢʝ 102 ʧʦ ʐɸ. ʐʋ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʝʨʝʚʦʜʘ ʧʘʤʷʪʠ ʧʨʦʛʨʘʤʤ ʚ ʨʝʞʠʤ 
ʩʯʠʪʳʚʘʥʠʷ.  

7. ʂʦʜ ʢʦʤʘʥʜʳ "ɿʘʧʦʤʥʠʪʴ ʜʘʥʥʳʝ" ʧʦʜʘʝʪʩʷ ʥʘ ʐɼ ʠ ʧʝʨʝʩʳʣʘʝʪʩʷ ʚ ʄʇ, ʛʜʝ ʧʦʤʝʱʘʝʪʩʷ ʚ ʨʝ-
ʛʠʩʪʨ ʢʦʤʘʥʜ.  

8. ʄʇ ʜʝʰʠʬʨʠʨʫʝʪ ʵʪʫ ʢʦʤʘʥʜʫ ʠ ʦʧʨʝʜʝʣʷʝʪ, ʯʪʦ ʜʣʷ ʥʝʝ ʥʫʞʝʥ ʦʧʝʨʘʥʜ. ʄʇ ʦʙʨʘʱʘʝʪʩʷ ʢ 
ʷʯʝʡʢʝ ʧʘʤʷʪʠ 103 ʠ ʧʨʠʚʦʜʠʪ ʚ ʘʢʪʠʚʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚʭʦʜ ʩʯʠʪʳʚʘʥʠʷ ʤʠʢʨʦʩʭʝʤ ʧʘʤʷʪʠ ʧʨʦʛʨʘʤʤ.  

9. ʀʟ ʧʘʤʷʪʠ ʧʨʦʛʨʘʤʤ ʥʘ ʐɼ ʧʝʨʝʩʳʣʘʝʪʩʷ ʢʦʜ ʩʦʦʙʱʝʥʠʷ "ɺ ʷʯʝʡʢʝ ʧʘʤʷʪʠ 200". ʄʇ ʚʦʩʧʨʠ-
ʥʠʤʘʝʪ ʵʪʦʪ ʦʧʝʨʘʥʜ ʠ ʧʦʤʝʱʘʝʪ ʝʛʦ ʚ ʨʝʛʠʩʪʨ ʢʦʤʘʥʜ. ʇʦʣʥʘʷ ʢʦʤʘʥʜʘ "ɿʘʧʦʤʥʠʪʴ ʜʘʥʥʳʝ ʚ ʷʯʝʡʢʝ 
ʧʘʤʷʪʠ 200" ʚʳʙʨʘʥʘ ʠʟ ʧʘʤʷʪʠ ʧʨʦʛʨʘʤʤ ʠ ʜʝʢʦʜʠʨʦʚʘʥʘ.  

10. ʊʝʧʝʨʴ ʥʘʯʠʥʘʝʪʩʷ ʧʨʦʮʝʩʩ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʘʥʜʳ. ʄʇ ʧʝʨʝʩʳʣʘʝʪ ʘʜʨʝʩ 200 ʥʘ ʐɸ ʠ ʘʢʪʠʚʠ-
ʟʠʨʫʝʪ ʚʭʦʜ ʟʘʧʠʩʠ, ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʧʘʤʷʪʠ ʜʘʥʥʳʭ.  

11. ʄʇ ʥʘʧʨʘʚʣʷʝʪ ʭʨʘʥʷʱʫʶʩʷ ʚ ʘʢʢʫʤʫʣʷʪʦʨʝ ʠʥʬʦʨʤʘʮʠʶ ʚ ʧʘʤʷʪʴ ʜʘʥʥʳʭ. ʂʦʜ ʙʫʢʚʳ "ɸ" ʧʝ-
ʨʝʜʘʝʪʩʷ ʧʦ ʐɼ ʠ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʷʯʝʡʢʫ 200 ʵʪʦʡ ʧʘʤʷʪʠ. ɺʳʧʦʣʥʝʥʘ ʚʪʦʨʘʷ ʢʦʤʘʥʜʘ. ʇʨʦʮʝʩʩ ʟʘʧʦ-
ʤʠʥʘʥʠʷ ʥʝ ʨʘʟʨʫʰʘʝʪ ʩʦʜʝʨʞʠʤʦʛʦ ʘʢʢʫʤʫʣʷʪʦʨʘ. ɺ ʥʝʤ ʧʦ-ʧʨʝʞʥʝʤʫ ʥʘʭʦʜʠʪʩʷ ʢʦʜ ʙʫʢʚʳ "ɸ".  

12. ʄʇ ʦʙʨʘʱʘʝʪʩʷ ʢ ʷʯʝʡʢʝ ʧʘʤʷʪʠ 104 ʜʣʷ ʚʳʙʦʨʘ ʦʯʝʨʝʜʥʦʡ ʢʦʤʘʥʜʳ ʠ ʧʝʨʝʚʦʜʠʪ ʧʘʤʷʪʴ 
ʧʨʦʛʨʘʤʤ ʚ ʨʝʞʠʤ ʩʯʠʪʳʚʘʥʠʷ.  

13. ʂʦʜ ʢʦʤʘʥʜʳ ʚʳʚʦʜʘ ʜʘʥʥʳʭ ʧʝʨʝʩʳʣʘʝʪʩʷ ʧʦ ʐɼ ʢ ʄʇ, ʢʦʪʦʨʳʡ ʧʦʤʝʱʘʝʪ ʝʝ ʚ ʨʝʛʠʩʪʨ ʢʦ-
ʤʘʥʜ, ʜʝʰʠʬʨʠʨʫʝʪ ʠ ʦʧʨʝʜʝʣʷʝʪ, ʯʪʦ ʥʫʞʝʥ ʦʧʝʨʘʥʜ.  

14. ʄʇ ʚʳʜʘʝʪ ʘʜʨʝʩ 105 ʥʘ ʐɸ ʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʧʘʤʷʪʴ ʧʨʦʛʨʘʤʤ ʚ ʨʝʞʠʤ ʩʯʠʪʳʚʘʥʠʷ. 
15. ʀʟ ʧʘʤʷʪʠ ʧʨʦʛʨʘʤʤ ʧʦ ʐɼ ʢ ʄʇ ʧʦʩʪʫʧʘʝʪ ʢʦʜ ʦʧʝʨʘʥʜʘ "ɺ ʧʦʨʪ 10", ʢʦʪʦʨʳʡ ʜʘʣʝʝ ʧʦʤʝ-

ʱʘʝʪʩʷ ʚ ʨʝʛʠʩʪʨ ʢʦʤʘʥʜ.  
16. ʄʇ ʜʝʰʠʬʨʠʨʫʝʪ ʧʦʣʥʫʶ ʢʦʤʘʥʜʫ "ɺʳʚʝʩʪʠ ʜʘʥʥʳʝ ʚ ʧʦʨʪ 10". ʉ ʧʦʤʦʱʴʶ ʐɸ ʠ ʐʋ, ʩʚʷʟʳ-

ʚʘʶʱʠʭ ʝʛʦ ʩ ʫʩʪʨʦʡʩʪʚʦʤ ʚʳʚʦʜʘ, ʄʇ ʦʪʢʨʳʚʘʝʪ ʧʦʨʪ 10, ʧʝʨʝʩʳʣʘʝʪ ʢʦʜ ʙʫʢʚʳ "ɸ" (ʚʩʝ ʝʱʝ ʥʘʭʦʜʷ-
ʱʠʡʩʷ ʚ ʘʢʢʫʤʫʣʷʪʦʨʝ) ʧʦ ʐɼ. ɹʫʢʚʘ "ɸ" ʚʳʚʦʜʠʪʩʷ ʯʝʨʝʟ ʧʦʨʪ 10 ʥʘ ʵʢʨʘʥ ʜʠʩʧʣʝʷ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ 
ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʭ ʩʠʩʪʝʤ (ʄʇʉ) ʧʝʨʝʜʘʯʘ ʠʥʬʦʨʤʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʧʦʩʦʙʦʤ, ʘʥʘʣʦʛʠʯʥʳʤ 
ʨʘʩʩʤʦʪʨʝʥʥʦʤʫ ʚʳʰʝ. ʅʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚʦʟʤʦʞʥʳ ʚ ʙʣʦʢʘʭ ʚʚʦʜʘ ʠ ʚʳʚʦʜʘ ʠʥʬʦʨ-
ʤʘʮʠʠ. ʇʦʜʯʝʨʢʥʝʤ ʝʱʝ ʨʘʟ, ʯʪʦ ʠʤʝʥʥʦ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨ ʷʚʣʷʝʪʩʷ ʷʜʨʦʤ ʩʠʩʪʝʤʳ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪ 
ʫʧʨʘʚʣʝʥʠʝ ʚʩʝʤʠ ʦʧʝʨʘʮʠʷʤʠ. ɽʛʦ ʨʘʙʦʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʫʶ ʨʝʘʣʠʟʘʮʠʶ ʤʠʢʨʦʧʨʦʮʝ-
ʜʫʨ ʚʳʙʦʨʢʠ-ʜʝʰʠʬʨʘʮʠʠ-ʠʩʧʦʣʥʝʥʠʷ. ʆʜʥʘʢʦ ʬʘʢʪʠʯʝʩʢʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʮʠʡ ʚ ʄʇʉ 
ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʤʘʥʜʘʤʠ, ʟʘʧʠʩʘʥʥʳʤʠ ʚ ʧʘʤʷʪʠ ʧʨʦʛʨʘʤʤ[1, ʩ. 55]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʄʇʉ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨ ʚʳʧʦʣʥʷʝʪ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ:  
- ʚʳʙʦʨʢʫ ʢʦʤʘʥʜ ʧʨʦʛʨʘʤʤʳ ʠʟ ʦʩʥʦʚʥʦʡ ʧʘʤʷʪʠ;  
- ʜʝʰʠʬʨʘʮʠʶ ʢʦʤʘʥʜ;  
- ʚʳʧʦʣʥʝʥʠʝ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ, ʣʦʛʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʦʧʝʨʘʮʠʡ, ʟʘʢʦʜʠʨʦʚʘʥʥʳʭ ʚ ʢʦʤʘʥʜʘʭ;  
- ʫʧʨʘʚʣʝʥʠʝ ʧʝʨʝʩʳʣʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʤʝʞʜʫ ʨʝʛʠʩʪʨʘʤʠ ʠ ʦʩʥʦʚʥʦʡ ʧʘʤʷʪʴʶ, ʤʝʞʜʫ ʫʩʪʨʦʡ-

ʩʪʚʘʤʠ ʚʚʦʜʘ/ʚʳʚʦʜʘ;  
- ʦʪʨʘʙʦʪʢʫ ʩʠʛʥʘʣʦʚ ʦʪ ʫʩʪʨʦʡʩʪʚ ʚʚʦʜʘ/ʚʳʚʦʜʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʝʘʣʠʟʘʮʠʶ ʧʨʝʨʳʚʘʥʠʡ ʩ ʵʪʠʭ 

ʫʩʪʨʦʡʩʪʚ;  
- ʫʧʨʘʚʣʝʥʠʝ ʠ ʢʦʦʨʜʠʥʘʮʠʶ ʨʘʙʦʪʳ ʦʩʥʦʚʥʳʭ ʫʟʣʦʚ ʄʇ. 
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ʃʦʚ ʨʘʟʥʦʛʣʫʙʠʥʥʳʤʠ ʪʨʘʣʘʤʠ ʟʘʥʠʤʘʝʪ ʚʝʜʫʱʝʝ ʤʝʩʪʦ ʚ ʨʳʙʦʣʦʚʩʪʚʝ ʤʥʦʛʠʭ ʩʪʨʘʥ, ʚ ʪ.ʯ. ʚ 

ʨʘʡʦʥʝ (ʖɻɸ).  
ɼʣʷ ʪʨʘʣʦʚʦʛʦ ʣʦʚʘ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʠ ʚʝʨʪʠʢʘʣʴʥʦʝ ʨʘʩʢʨʳʪʠʝ, 

ʩʢʦʨʦʩʪʴ ʪʨʘʣʝʥʠʷ, ʧʘʨʘʤʝʪʨʳ ʦʙʦʣʦʯʢʠ ʧʝʨʝʜʥʝʡ ʯʘʩʪʠ ʪʨʘʣʦʚ ʠ ʪʨʘʣʦʚʳʭ ʤʝʰʢʦʚ, ʨʝʛʫʣʠʨʦʚʘʥʠʝ 
ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʨʦʮʝʩʩʝ ʣʦʚʘ. ʆʧʪʠʤʠʟʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʣʦʚʘ ʚʦʟʤʦʞʥʘ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʥʘ ʦʩʥʦʚʝ 
ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʫʯʝʪʘ ʨʝʮʝʧʮʠʠ, ʦʨʠʝʥʪʘʮʠʠ, ʧʦʚʝʜʝʥʠʷ, ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʲʝʢʪʘ ʣʦʚʘ, ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʣʦʚʘ ʘʜʝʢʚʘʪʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 
ʤʦʜʝʣʝʡ. 

ʈʘʡʦʥ ʧʨʠʤʳʢʘʝʪ ʢ ʶʛʦ-ʟʘʧʘʜʥʦʤʫ ʧʦʙʝʨʝʞʴʶ ɸʬʨʠʢʠ ʠ ʦʛʨʘʥʠʯʝʥ ʩ ʩʝʚʝʨʘ ʧʨʠʤʝʨʥʦ 10Á ʶʞʥʦʡ 
ʰʠʨʦʪʳ ʠ ʩ ʶʛʘ - 40Á ʶʞʥʦʡ ʰʠʨʦʪʳ. ʆʙʱʘʷ ʘʢʚʘʪʦʨʠʷ ʖɺɸ ʩʦʩʪʘʚʣʷʝʪ 18,6 ʤʣʥ. ʢʤ2. 

ʈʘʡʦʥ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʦʱʥʦʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʭʦʣʦʜʥʦʛʦ ɹʝʥʛʝʣʴʩʢʦʛʦ ʪʝʯʝʥʠʷ, 
ʩʧʦʩʦʙʩʪʚʫʶʱʝʛʦ ʦʙʨʘʟʦʚʘʥʠʶ ʟʜʝʩʴ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʭ ʟʦʥ, ʘ ʪʘʢʞʝ ʶʛʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʘʩʩʘʪʘ, 
ʩʧʦʩʦʙʩʪʚʫʶʱʝʛʦ ʦʙʨʘʟʦʚʘʥʠʶ ʤʦʱʥʦʛʦ ʘʧʚʝʣʣʠʥʛʘ ʫ ʙʝʨʝʛʦʚ ʅʘʤʠʙʠʠ (ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ɹʝʥʛʝʣʴʩʢʦʛʦ 
ʘʧʚʝʣʣʠʥʛʘ), ʚʳʥʦʩʷʱʝʛʦ ʩ ʛʣʫʙʠʥ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʙʠʦʛʝʥʥʳʝ ʵʣʝʤʝʥʪʳ. 

ʆʩʥʦʚʥʳʝ ʜʦʙʳʚʘʶʱʠʝ ʩʪʨʘʥʳ ʚ ʖɻɸ: ʖʞʥʦ-ɸʬʨʠʢʘʥʩʢʘʷ ʨʝʩʧʫʙʣʠʢʘ (ʚ 1992 ʛ ʛʦʜʦʚʦʡ ʚʳʣʦʚ 
ʩʦʩʪʘʚʠʣ 692 ʪʳʩ. ʪ), ʅʘʤʠʙʠʷ (293 ʪʳʩ. ʪ), ʈʦʩʩʠʷ (189 ʪʳʩ. ʪ), ʋʢʨʘʠʥʘ (66 ʪʳʩ. ʪ), ɸʥʛʦʣʘ (66 ʪʳʩ. ʪ), 
ʀʩʧʘʥʠʷ (28 ʪʳʩ. ʪ) ʠ ʗʧʦʥʠʷ (27 ʪʳʩ. ʪ). 

ɼʦ ʦʙʲʷʚʣʝʥʠʷ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʅʘʤʠʙʠʝʡ ʚ 1990 ʛ., ʉʉʉʈ ʜʦʙʳʚʘʣ ʟʜʝʩʴ ʜʦ 1,2 ʤʣʥ. ʪ ʨʳʙʳ 
ʝʞʝʛʦʜʥʦ (ʚ ʚʦʜʘʭ ʘʢʚʘʪʦʨʠʠ, ʧʨʠʤʳʢʘʶʱʝʡ ʢ ʅʘʤʠʙʠʠ, ʠ ʚ ʟʦʥʝ ɸʥʛʦʣʳ ʧʦ ʩʦʛʣʘʰʝʥʠʶ). 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ (1992 ʛ.) ʈʦʩʩʠʷ ʜʦʙʳʚʘʝʪ ʚ ʖɻɸ ʚʩʝʛʦ ʦʢʦʣʦ 190 ʪʳʩ. ʪ ʚ ʛʦʜ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 
3,4% ʦʪ ʚʳʣʦʚʘ ʈʦʩʩʠʠ ʚ ʄʠʨʦʚʦʤ ʦʢʝʘʥʝ, ʠʣʠ 13% ʦʪ ʦʙʱʝʛʦ ʛʦʜʦʚʦʛʦ ʚʳʣʦʚʘ ʚ ʖɻɸ ʚʩʝʤʠ ʩʪʨʘʥʘʤʠ. 

ʆʩʥʦʚʫ ʨʦʩʩʠʡʩʢʦʛʦ ʫʣʦʚʘ ʩʦʩʪʘʚʣʷʝʪ ʢʘʧʩʢʘʷ ʩʪʘʚʨʠʜʘ (96 ʪʳʩ. ʪ ʚ 1992 ʛ.), ʩʪʘʚʨʠʜʘ-ʪʨʝʢʝ (73 
ʪʳʩ. ʪ) ʠ ʜʨʫʛʠʝ ʩʪʘʚʨʠʜʳ (20 ʪʳʩ. ʪ). 

ɼʣʷ ʵʪʦʛʦ ʨʘʡʦʥʘ ʭʘʨʘʢʪʝʨʥʦ, ʯʪʦ ʤʥʦʛʠʝ ʚʠʜʳ ʨʳʙ ʟʜʝʩʴ ʠʩʧʳʪʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ 
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ʯʠʩʣʝʥʥʦʩʪʠ ʠ ʧʦʦʯʝʨʝʜʥʦ ʜʦʤʠʥʠʨʫʶʪ ʚ ʫʣʦʚʘʭ. ʆʪʤʝʯʝʥʘ ʧʨʦʪʠʚʦʬʘʟʥʦʩʪʴ ʚ ʫʣʦʚʘʭ ʩʘʨʜʠʥʦʧʩʘ ʠ 
ʘʥʯʦʫʩʘ, ʩʪʘʚʨʠʜʳ ʠ ʭʝʢʘ. ʕʪʠ ʚʠʜʳ ʧʝʨʠʦʜʠʯʝʩʢʠ ʢʘʢ ʙʳ ʩʤʝʥʷʶʪ ʜʨʫʛ ʜʨʫʛʘ ʚ ʵʢʦʩʠʩʪʝʤʝ, ʯʪʦ ʩʚʷʟʘʥʦ 
ʩ ʧʝʨʠʦʜʠʢʦʡ ʦʢʝʘʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. 

ʀʟʚʝʩʪʥʫʶ ʦʮʝʥʢʫ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʣʦʚʘ ʨʘʟʥʦʛʣʫʙʠʥʥʳʤʠ ʪʨʘʣʘʤʠ [1, ʩ.120] ʤʦʞʥʦ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʦʙʣʦʚʝ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦʭʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʣʦʚʘ ʚ ʫʩʣʦʚʠʷʭ ʟʨʠʪʝʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ 
ʩ ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʭ ʩʫʜʦʚ ʩ ʤʦʱʥʦʩʪʴʶ ʛʣʘʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʙʦʣʝʝ 800-1 000 ʢɺʪ. ʆʜʥʘʢʦ ʯʘʩʪʦ 
ʥʝʦʙʭʦʜʠʤʘ ʧʨʠʙʣʠʞʝʥʥʘʷ ʦʮʝʥʢʘ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʙʝʟ ï ʩʣʦʞʥʳʭ ʨʘʩʯʝʪʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʫʜʦʚ, 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʲʝʢʪʘ ʣʦʚʘ ʠ ʫʩʣʦʚʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. 

ʈʘʩʩʤʦʪʨʠʤ, ʢʘʢ ʧʨʠʙʣʠʞʝʥʥʦ ʦʮʝʥʠʪʴ ʧʘʨʘʤʝʪʨʳ ʫʩʪʴʷ ʨʘʟʥʦʛʣʫʙʠʥʥʦʛʦ ʪʨʘʣʘ ʠ ʩʢʦʨʦʩʪʴ 
ʪʨʘʣʝʥʠʷ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʩʣʫʯʘʝʚ. 

1.ʇʝʨʚʳʡ ʩʣʫʯʘʡ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʣʦʚʘ ʧʦʜʚʠʞʥʳʭ ʨʳʙ (ʩʪʘʚʨʠʜʘ, ʩʢʫʤʙʨʠʷ, ʩʘʨʜʠʥʘ, 
ʩʘʨʜʠʥʝʣʣʘ ʠ ʪ. ʜ.) ʚ ʫʩʣʦʚʠʷʭ ʟʨʠʪʝʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʥʘʯʘʣʘ ʦʧʨʝʜʝʣʷʶʪ ʩʢʦʨʦʩʪʴ 
ʪʨʘʣʝʥʠʷ, ʟʘʪʝʤ ʚʝʨʪʠʢʘʣʴʥʦʝ ʨʘʩʢʨʳʪʠʝ ʪʨʘʣʘ ʠ ʧʦʩʣʝ ʵʪʦʛʦ, çʧʦ ʦʩʪʘʪʦʯʥʦʤʫ ʧʨʠʥʮʠʧʫè, 
ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʨʘʩʢʨʳʪʠʝ ʪʨʘʣʘ. 

ɺ ʦʩʥʦʚʫ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʪʨʘʣʝʥʠʷ ʧʦʣʦʞʝʥ ʪʦʪ ʠʟʚʝʩʪʥʳʡ ʬʘʢʪ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ 
ʟʨʠʪʝʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʤʥʦʛʠʝ ʧʦʜʚʠʞʥʳʝ ʨʳʙʳ ʚ ʢʦʥʮʝ ʤʦʪʥʠ ʨʘʟʚʦʨʘʯʠʚʘʶʪʩʷ ʠ ʧʣʳʚʫʪ ʚʤʝʩʪʝ ʩ 
ʪʨʘʣʦʤ, ʧʳʪʘʷʩʴ ʦʧʝʨʝʜʠʪʴ ʝʛʦ. ʇʨʠ ʚʳʭʦʜʝ ʠʟ ʪʨʘʣʘ ʨʳʙʘ ʨʘʟʚʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ, ʩ 
ʢʦʪʦʨʦʡ ʦʥʘ ʩʧʦʩʦʙʥʘ ʧʣʳʪʴ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ. ʇʨʠ ʩʢʦʨʦʩʪʠ ʪʨʘʣʝʥʠʷ ʙʣʠʟʢʦʡ ʢ 
ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʣʷ ʚʳʭʦʜʘ ʠʟ ʪʨʘʣʘ ʯʝʨʝʟ ʫʩʪʴʝ ʨʳʙʝ ʥʝʦʙʭʦʜʠʤʦ ʥʝ ʤʝʥʴʰʝ 8-10 ʤʠʥʫʪ. ʈʳʙʘ ʦʙʳʯʥʦ 
ʥʝ ʩʧʦʩʦʙʥʘ ʧʣʳʪʴ ʪʘʢʦʝ ʚʨʝʤʷ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʫʭʦʜʘ ʠʟ ʪʨʘʣʘ ʝʸ 
ʩʢʦʨʦʩʪʴ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ 90-95 % ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʡ (ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 
ʤʝʥʴʰʠʤ ʨʘʟʤʝʨʘʤ ʪʨʘʣʘ). ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʨʳʙʳ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʝʝ ʜʣʠʥʝ. ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ 
ʦʧʪʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʪʨʘʣʝʥʠʷ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ ʨʘʚʥʘ: 

Vʪʨ = 0,95ʄʨ,                                                           (1) 
ʛʜʝ 1ʨ - ʨʘʩʯʝʪʥʘʷ ʜʣʠʥʘ ʨʳʙʳ; ʢʫ - ʵʤʧʠʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʩʚʷʟʳʚʘʶʱʠʡ ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʩʢʦʨʦʩʪʴ ʧʣʘʚʘʥʠʷ ʨʳʙʳ ʩ ʜʣʠʥʦʡ. 
ʋʪʦʯʥʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʢʫ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. 
ɿʥʘʯʝʥʠʷ ^ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʦʙʲʝʢʪʦʚ ʣʦʚʘ ʎʝʥʪʨʘʣʴʥʦ-ɺʦʩʪʦʯʥʦʡ ɸʪʣʘʥʪʠʢʠ 
ɺʠʜ ʨʳʙ ɼʣʠʥʘ ʨʳʙ, ʩʤ 
10-15 15-20 20-25 25-30 30-35 
ʉʢʫʤʙʨʠʷ 13,5 12 11 10 9 
ʏʪʦʙʳ ʦʙʣʘʚʣʠʚʘʪʴ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʨʳʙ ʚ ʩʢʦʧʣʝʥʠʷʭ, ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 

ʟʘ ʨʘʩʯʸʪʥʫʶ ʧʨʠʥʠʤʘʶʪ ʥʝ ʩʨʝʜʥʶʶ ʜʣʠʥʫ ʨʳʙ, ʘ ʜʣʠʥʫ ʨʳʙ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʦʨʜʠʥʘʪʘʤ 
0,8-0,85 ʛʨʘʬʠʢʘ ʥʘʢʦʧʣʝʥʥʦʡ ʯʘʩʪʦʪʳ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʦʙʲʝʢʪʘ ʣʦʚʘ ʩ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʦʡ. 

ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʨʘʩʯʸʪʥʦʡ ʜʣʠʥʳ ʨʳʙ ʟʘʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ ʪʨʘʣʝʥʠʷ, ʯʪʦ ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʦʡ 
ʨʘʩʧʦʣʘʛʘʝʤʦʡ ʪʷʛʝ ʩʫʜʥʘ ʪʨʝʙʫʝʪ ʫʤʝʥʴʰʝʥʠʷ ʧʣʦʱʘʜʠ ʫʩʪʴʷ ʪʨʘʣʘ. 

ʈʘʟʤʝʨʥʳʡ ʩʦʩʪʘʚ ʦʙʣʘʚʣʠʚʘʝʤʳʭ ʩʢʦʧʣʝʥʠʡ ʧʨʠʙʣʠʞʸʥʥʦ ʦʧʨʝʜʝʣʷʶʪ, ʨʘʟʜʝʣʠʚ ʦʨʜʠʥʘʪʳ ʢʨʠʚʦʡ 
ʨʘʟʤʝʨʥʦʛʦ ʩʦʩʪʘʚʘ ʫʣʦʚʘ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʨʜʠʥʘʪʳ ʢʨʠʚʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʪʨʘʣʦʚʦʛʦ ʤʝʰʢʘ. 

ɽʩʣʠ ʩʫʜʥʦ ʨʘʩʧʦʣʘʛʘʝʪ ʵʭʦʣʦʪʦʤ ʩ ʨʘʩʱʝʧʣʸʥʥʳʤ ʣʫʯʦʤ, ʪʦ ʩʢʦʨʦʩʪʴ ʪʨʘʣʝʥʠʷ ʤʦʞʥʦ 
ʨʝʛʫʣʠʨʦʚʘʪʴ ʚ ʧʨʦʮʝʩʩʝ ʪʨʘʣʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʵʭʦʣʦʪʘ ʥʘ ʜʠʩʧʣʝʝ ʧʦʣʫʯʘʶʪ ʪʝʢʫʱʠʝ 
ʟʥʘʯʝʥʠʷ ʨʘʟʤʝʨʥʦʛʦ ʩʦʩʪʘʚʘ ʦʙʣʘʚʣʠʚʘʝʤʳʭ ʩʢʦʧʣʝʥʠʡ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʟʤʝʨʥʳʡ ʩʦʩʪʘʚ 
ʫʩʨʝʜʥʷʶʪ ʟʘ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʚ 2-3 ʨʘʟʘ ʙʦʣʴʰʠʡ, ʯʝʤ ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʧʝʨʝʭʦʜʘ ʥʘ 
ʥʦʚʫʶ ʩʢʦʨʦʩʪʴ ʪʨʘʣʝʥʠʷ. ʉʠʩʪʝʤʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʪʨʘʣʝʥʠʷ ʨʘʙʦʪʘʝʪ ʩ ʟʘʧʘʟʜʳʚʘʥʠʝʤ, 
ʧʦʵʪʦʤʫ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩʢʦʨʦʩʪʠ ʟʘ ʪʨʘʣʝʥʠʝ ʧʨʦʠʟʚʦʜʷʪ ʥʝ ʙʦʣʝʝ ʯʝʤ 2-3 ʨʘʟʘ ʠ ʣʠʰʴ ʧʨʠ ʫʩʣʦʚʠʠ, 
ʯʪʦ ʥʦʚʘʷ ʩʢʦʨʦʩʪʴ ʪʨʘʣʝʥʠʷ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʝʢʫʱʝʡ ʥʝ ʤʝʥʝʝ ʯʝʤ ʥʘ 3-4 %. ʇʨʠ ʜʦʩʪʘʪʦʯʥʦ 
ʩʪʘʙʠʣʴʥʦʤ ʨʘʟʤʝʨʥʦʤ ʩʦʩʪʘʚʝ ʦʙʣʘʚʣʠʚʘʝʤʳʭ ʩʢʦʧʣʝʥʠʡ ʩʢʦʨʦʩʪʴ ʪʨʘʣʝʥʠʷ ʥʝ ʨʝʛʫʣʠʨʫʶʪ. 

ɺʝʨʪʠʢʘʣʴʥʦʝ ʨʘʩʢʨʳʪʠʝ ʨʘʟʥʦʛʣʫʙʠʥʥʳʭ ʪʨʘʣʦʚ I ʧʨʠ ʦʙʣʦʚʝ ʩʢʦʧʣʝʥʠʡ ʚ ʚʠʜʝ ʩʣʦʷ ʨʳʙʳ ʚ 
ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʫʩʣʦʚʠʷʭ ʚ ʦʩʥʦʚʥʦʤ ʟʘʚʠʩʠʪ ʦʪ ʚʳʩʦʪʳ ʩʢʦʧʣʝʥʠʡ Ly ʠ ʦʰʠʙʢʠ ʥʘʚʝʜʝʥʠʷ ʪʨʘʣʘ ʧʦ 
ʚʝʨʪʠʢʘʣʠ ɽʫ : 

1ʪʫ = Ly + 1,5ɽʫ + Lp                                    (2) 
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ɺ ʨʘʩʯʝʪ ʧʨʠʥʠʤʘʶʪ ʚʳʩʦʪʫ ʦʙʣʘʚʣʠʚʘʝʤʳʭ ʩʢʦʧʣʝʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʦʨʜʠʥʘʪʘʤ 0,7-0,8 
ʛʨʘʬʠʢʘ ʥʘʢʦʧʣʝʥʥʦʡ ʯʘʩʪʦʪʳ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʩʢʦʧʣʝʥʠʡ ʨʘʟʣʠʯʥʦʡ ʚʳʩʦʪʳ. ʆʰʠʙʢʘ ʥʘʚʝʜʝʥʠʷ ʪʨʘʣʘ 
ʢʦʣʝʙʣʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʦʪ 2-3 ʜʦ 10-12 ʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ ʣʦʚʘ ʠ ʦʧʳʪʥʦʩʪʠ ʰʪʫʨʤʘʥʘ. 

ʀʥʦʛʜʘ ʨʘʩʯʸʪʥʫʶ ʚʳʩʦʪʫ ʩʢʦʧʣʝʥʠʡ ʦʧʨʝʜʝʣʷʶʪ ʩ ʫʯʸʪʦʤ ʪʦʛʦ, ʯʪʦ ʧʝʣʘʛʠʯʝʩʢʠʝ ʨʳʙʳ, 
ʦʩʦʙʝʥʥʦ ʩʦʚʝʨʰʘʶʱʠʝ ʚʝʨʪʠʢʘʣʴʥʳʝ ʤʠʛʨʘʮʠʠ, ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʩʚʝʱʸʥʥʦʩʪʠ ʦʪ ɽ1 ʜʦ 
ɽ2, ʢʦʪʦʨʘʷ ʠʟʤʝʥʷʝʪʩʷ ʥʝ ʙʦʣʝʝ ʯʝʤ ʚ 40-50 ʨʘʟ. ʉ ʫʯʸʪʦʤ ʵʪʦʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦʝ 
ʚʝʨʪʠʢʘʣʴʥʦʝ ʨʘʩʢʨʳʪʠʝ: 

áʪʫ = Ly + 1,5ɽʫ = 1,4Xʩ ^(ɽ /ɽ2) + 1,5ɽʫ,                       (3) 
ʛʜʝ ʍʉ - ʧʨʦʟʨʘʯʥʦʩʪʴ ʚʦʜʳ ʧʦ ʜʠʩʢʫ ʉʝʢʢʠ; ɽ1 ʠ ɽ2 - ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʝʨʭʥʷʷ ʠ ʥʠʞʥʷʷ ʛʨʘʥʠʮʳ 

ʜʠʘʧʘʟʦʥʘ ʦʩʚʝʱʝʥʥʦʩʪʠ, ʚ ʢʦʪʦʨʦʤ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʨʳʙʘ. 
ɻʦʨʠʟʦʥʪʘʣʴʥʦʝ ʨʘʩʢʨʳʪʠʝ ʪʨʘʣʘ ʥʘʭʦʜʷʪ ʧʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʪʨʘʣʝʥʠʷ ʠ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʩʢʨʳʪʠʷ ʪʨʘʣʘ ʩ ʫʯʸʪʦʤ ʨʘʩʧʦʣʘʛʘʝʤʦʡ ʪʷʛʠ ʩʫʜʥʘ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʝʨʚʳʤ 
ʚʘʨʠʘʥʪʦʤ ʨʘʩʯʸʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʨʘʩʢʨʳʪʠʷ ʧʦ ʛʨʘʬʠʢʫ ʨʘʩʧʦʣʘʛʘʝʤʦʡ ʪʷʛʠ ʩʫʜʥʘ ʦʧʨʝʜʝʣʷʶʪ 
ʨʘʩʧʦʣʘʛʘʝʤʫʶ ʪʷʛʫ ʈ ʜʣʷ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʪʨʘʣʝʥʠʷ Vʪʨ . ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʪʨʘʣʦʚʦʡ 
ʩʠʩʪʝʤʳ ʥʘ ʵʪʦʡ ʩʢʦʨʦʩʪʠ ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʚʥʦ ʨʘʩʧʦʣʘʛʘʝʤʦʡ ʪʷʛʝ ʩʫʜʥʘ. ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ 
ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʨʘʩʢʨʳʪʠʝ ʪʨʘʣʘ 

ʛʜʝ ʨʚ - ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ; Fʥ - ʧʣʦʱʘʜʴ ʥʠʪʝʡ ʦʙʦʣʦʯʢʠ ʪʨʘʣʘ; ʈʬ - ʬʠʢʪʠʚʥʘʷ ʧʣʦʱʘʜʴ ʦʙʦʣʦʯʢʠ 
ʪʨʘʣʘ. 

ʇʦ ʚʪʦʨʦʤʫ ʚʘʨʠʘʥʪʫ ʧʝʨʚʦʛʦ ʩʣʫʯʘʷ ʧʨʠ ʨʘʙʦʪʝ ʩ ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʭ ʩʫʜʦʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ 
ʨʘʩʢʨʳʪʠʝ ʦʧʨʝʜʝʣʷʶʪ ʩ ʫʯʸʪʦʤ ʤʦʱʥʦʩʪʠ ʛʣʘʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩʫʜʥʘ : 

ɼʣʷ ʫʜʦʙʩʪʚʘ ʨʘʩʯʝʪʦʚ ʚʳʨʘʞʝʥʠʝ (5) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 
ʛʜʝ ʂʨ - ʵʤʧʠʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʨʘʚʥʳʡ ʜʣʷ ʤʦʱʥʦʩʪʠ ʛʣʘʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʙʦʣʴʰʝ 800 ʢɺʪ - 

15, ʤʝʥʴʰʝ 800 ʢɺʪ - 12. 
ɽʩʣʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʪʨʘʣʘ ʈʥ ʠ ʨʬ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʥʝʠʟʚʝʩʪʥʳ, ʪʦ ʠʭ ʧʨʠʥʠʤʘʶʪ 
ʠʟ ʪʝʭʥʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʘʣʘ-ʘʥʘʣʦʛʘ. 
2.ɺʪʦʨʦʡ ʩʣʫʯʘʡ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʦʚʫ ʤʘʣʦʧʦʜʚʠʞʥʳʭ 

ʦʙʲʝʢʪʦʚ ʣʦʚʘ ʠʣʠ ʣʶʙʳʭ ʦʙʲʝʢʪʦʚ ʣʦʚʘ, ʢʦʛʜʘ ʟʨʠʪʝʣʴʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʨʳʙʳ ʚ ʧʨʝʜʫʩʪʴʝʚʦʤ 
ʧʨʦʩʪʨʘʥʩʪʚʝ ʪʨʘʣʘ ʠ ʚ ʩʘʤʦʤ ʪʨʘʣʝ ʟʘʪʨʫʜʥʝʥʘ ʠʣʠ ʥʝʚʦʟʤʦʞʥʘ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʥʘ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʣʦʚʘ ʦʩʥʦʚʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʦʙʣʦʚʣʝʥʥʳʡ ʦʙʲʸʤ ʩʢʦʧʣʝʥʠʷ (ʥʝ ʧʫʪʘʪʴ ʩ 
ʦʙʣʦʚʣʝʥʥʳʤ ʦʙʲʸʤʦʤ ʚʦʜʦʸʤʘ). 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʪʨʘʣʦʚʦʡ ʩʠʩʪʝʤʳ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʧʣʦʱʘʜʠ ʫʩʪʴʷ 
ʪʨʘʣʘ ʚ ʧʝʨʚʦʡ ʩʪʝʧʝʥʠ ʠ ʩʢʦʨʦʩʪʠ ʪʨʘʣʝʥʠʷ ʚʦ ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʣʦʚʣʝʥʥʳʡ ʦʙʲʸʤ 
ʩʢʦʧʣʝʥʠʷ, ʪʘʢ ʞʝ ʢʘʢ ʦʙʣʦʚʣʝʥʥʳʡ ʦʙʲʸʤ ʚʦʜʦʸʤʘ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʫʚʝʣʠʯʠʚʘʪʴ ʧʨʝʞʜʝ ʚʩʝʛʦ ʟʘ ʩʯʸʪ 
ʫʚʝʣʠʯʝʥʠʷ ʨʘʟʤʝʨʦʚ ʪʨʘʣʘ, ʘ ʥʝ ʩʢʦʨʦʩʪʠ ʪʨʘʣʝʥʠʷ.ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʥʘʯʘʣʘ ʦʧʨʝʜʝʣʷʶʪ 
ʚʝʨʪʠʢʘʣʴʥʦʝ ʠʣʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʨʘʩʢʨʳʪʠʝ, ʘ ʟʘʪʝʤ, çʧʦ ʦʩʪʘʪʦʯʥʦʤʫ ʧʨʠʥʮʠʧʫè, ʩʢʦʨʦʩʪʴ ʪʨʘʣʝʥʠʷ. 

ʈʘʩʯʸʪʳ ʦʙʳʯʥʦ ʥʘʯʠʥʘʶʪ ʩ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʩʢʨʳʪʠʷ ʧʦ ʬʦʨʤʫʣʘʤ (3) ʠʣʠ (4), ʪ. ʢ. 
ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʯʘʩʪʦ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʧʨʠ ʦʮʝʥʢʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʨʘʩʢʨʳʪʠʷ. 

ɻʦʨʠʟʦʥʪʘʣʴʥʦʝ ʨʘʩʢʨʳʪʠʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʚʪʦʨʳʤ ʩʣʫʯʘʝʤ ʨʘʩʯʸʪʘ ʧʨʠʥʠʤʘʶʪ ʚʦʟʤʦʞʥʦ 
ʙʦʣʴʰʠʤ. ɺ ʦʩʥʦʚʥʦʤ ʝʛʦ ʦʛʨʘʥʠʯʠʚʘʶʪ ʨʘʟʤʝʨʳ ʪʨʘʣʦʚʳʭ ʜʦʩʦʢ ʠʣʠ ʜʦʧʫʩʪʠʤʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ 
ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʠ ʚʝʨʪʠʢʘʣʴʥʳʤ ʨʘʩʢʨʳʪʠʝʤ. ʊʘʢ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʨʘʣʦʚʳʭ ʩʠʩʪʝʤ 
ʠ ʨʘʩʧʦʨʥʳʭ ʩʨʝʜʩʪʚ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʪʨʘʣʳ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʨʘʩʢʨʳʪʠʝʤ ʙʦʣʝʝ 100-120 
ʤ, ʘ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʦʦʙʨʘʞʝʥʠʡ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʠ ʚʝʨʪʠʢʘʣʴʥʳʤ 
ʨʘʩʢʨʳʪʠʝʤ - ʙʦʣʝʝ 3-3,5. 

ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʨʘʩʢʨʳʪʠʷ ʨʘʩʩʯʠʪʳʚʘʶʪ ʩʢʦʨʦʩʪʴ 
ʪʨʘʣʝʥʠʷ ʧʦ ʬʦʨʤʫʣʘʤ (5) ʠʣʠ (6). ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʩʢʦʨʦʩʪʴ ʪʨʘʣʝʥʠʷ 
ʦʢʘʟʳʚʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʜʣʷ ʧʝʨʚʦʛʦ ʩʣʫʯʘʷ ʨʘʩʯʸʪʘ: 

ʛʜʝ ʈʫ - ʧʣʦʱʘʜʴ ʫʩʪʴʷ ʪʨʘʣʘ. 
3.ʊʨʝʪʠʡ ʩʣʫʯʘʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʣʦʚʫ ʩʢʦʧʣʝʥʠʡ ʚ ʚʠʜʝ ʩʣʦʷ ʨʳʙʳ ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʚʝʨʪʠʢʘʣʴʥʳʤ ʨʘʩʢʨʳʪʠʝʤ ʪʨʘʣʘ, ʚʳʩʦʪʳ, ʢʦʛʜʘ ʨʳʙʘ ʫʭʦʜʠʪ ʠʟ ʪʨʘʣʘ ʚ ʦʩʥʦʚʥʦʤ ʧʫʪʝʤ 
ʝʛʦ ʦʧʝʨʝʞʝʥʠʷ. 
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ʅʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʠ ʧʦʚʝʜʝʥʠʠ ʦʙʲʝʢʪʘ ʣʦʚʘ ʠʤʝʝʪ 
ʩʢʦʨʦʩʪʴ ʪʨʘʣʝʥʠʷ, ʢʦʪʦʨʫʶ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʬʦʨʤʫʣʝ (1). 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʫʩʪʴʷ ʪʨʘʣʘ ʫʯʠʪʳʚʘʶʪ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ 
ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʠ ʚʝʨʪʠʢʘʣʴʥʳʤ ʨʘʩʢʨʳʪʠʝʤ ʠ ʥʝʦʙʭʦʜʠʤʦ ʣʠʰʴ ʦʙʝʩʧʝʯʠʪʴ 
ʤʘʢʩʠʤʘʣʴʥʫʶ ʧʣʦʱʘʜʴ ʫʩʪʴʷ ʪʨʘʣʘ. ʕʪʦʤʫ ʫʩʣʦʚʠʶ ʦʪʚʝʯʘʝʪ ʪʨʘʣ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʠ 
ʚʝʨʪʠʢʘʣʴʥʳʤ ʨʘʩʢʨʳʪʠʷʤʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʥʘʧʨʠʤʝʨ, ʧʦ ʬʦʨʤʫʣʝ (5), ʩʯʠʪʘʷ ʵʪʠ 
ʨʘʩʢʨʳʪʠʷ ʦʜʠʥʘʢʦʚʳʤʠ. 

ʊʘʢʦʡ ʩʣʫʯʘʡ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʧʨʠ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʨʳʙʳ ʠ ʥʝʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʠ 
ʪʨʘʣʝʥʠʷ. 

4.ʏʝʪʚʝʨʪʳʡ ʩʣʫʯʘʡ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʫʩʪʴʷ ʪʨʘʣʘ ʠ ʩʢʦʨʦʩʪʠ ʪʨʘʣʝʥʠʷ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ 
ʣʦʚʘ ʤʘʣʦʧʦʜʚʠʞʥʳʭ ʩʢʦʧʣʝʥʠʡ ʨʳʙʳ ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ ʚʳʩʦʪʳ, ʢʦʛʜʘ ʟʨʠʪʝʣʴʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʨʳʙʳ 
ʟʘʪʨʫʜʥʝʥʘ ʠʣʠ ʥʝʚʦʟʤʦʞʥʘ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʧʨʝʞʜʝ ʚʩʝʛʦ ʦʙʣʦʚʣʝʥʥʳʡ ʦʙʲʝʤ ʩʢʦʧʣʝʥʠʷ. ʇʨʠ ʦʛʨʘʥʠʯʝʥʥʦʡ 
ʨʘʩʧʦʣʘʛʘʝʤʦʡ ʪʷʛʝ ʩʫʜʥʘ ʥʘʠʙʦʣʴʰʠʡ ʦʙʣʦʚʣʝʥʥʳʡ ʦʙʲʝʤ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ 
ʩʢʦʨʦʩʪʠ ʪʨʘʣʝʥʠʷ, ʢʦʛʜʘ ʫʩʪʴʝ ʪʨʘʣʘ ʠʤʝʝʪ ʦʜʠʥʘʢʦʚʦʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʠ ʚʝʨʪʠʢʘʣʴʥʦʝ ʨʘʩʢʨʳʪʠʝ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʩʢʦʨʦʩʪʴ ʪʨʘʣʝʥʠʷ ʩʣʝʜʫʝʪ ʟʘʜʘʚʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ (1-1,5 ʤ/ʩ), ʯʪʦʙʳ 
ʦʙʝʩʧʝʯʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʣʦʷ ʫ ʢʨʫʧʥʦʷʯʝʡʥʦʡ ʦʙʦʣʦʯʢʠ ʧʝʨʝʜʥʝʡ 
ʯʘʩʪʠ ʪʨʘʣʘ, ʢʦʪʦʨʳʡ ʚ ʦʩʥʦʚʥʦʤ ʧʨʝʧʷʪʩʪʚʫʝʪ ʫʭʦʜʫ ʨʳʙʳ ʯʝʨʝʟ ʦʙʦʣʦʯʢʫ. 

ɿʘʜʘʚ ʩʢʦʨʦʩʪʴ ʪʨʘʣʝʥʠʷ, ʦʧʨʝʜʝʣʷʶʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʠ ʚʝʨʪʠʢʘʣʴʥʦʝ ʨʘʩʢʨʳʪʠʝ ʪʨʘʣʘ, ʩʯʠʪʘʷ 
ʠʭ ʦʜʠʥʘʢʦʚʳʤʠ. 

ʆʧʠʩʘʥʥʳʝ ʚʳʰʝ ʧʨʠʙʣʠʞʝʥʥʳʝ ʩʧʦʩʦʙʳ ʦʮʝʥʢʠ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʣʦʚʘ ʨʘʟʥʦʛʣʫʙʠʥʥʳʭ 
ʪʨʘʣʦʚ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʫʩʪʴʷ ʪʨʘʣʘ ʠ ʩʢʦʨʦʩʪʠ 
ʪʨʘʣʝʥʠʷ.ʂʨʦʤʝ ʥʠʭ, ʠʟʚʝʩʪʥʳ ʩʧʦʩʦʙʳ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʪʦʣʴʢʦ ʫʩʪʴʷ ʪʨʘʣʦʚ (ʙʝʟ ʫʯʝʪʘ 
ʩʢʦʨʦʩʪʠ ʪʨʘʣʝʥʠʷ).ʕʪʠ ʩʧʦʩʦʙʳ ʧʦʟʚʦʣʷʶʪ ʠʟ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʩʦʦʙʨʘʞʝʥʠʡ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ 
ʦʧʨʝʜʝʣʷʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʧʣʦʱʘʜʴ ʫʩʪʴʷ ʪʨʘʣʘ ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʠʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʠ 
ʚʝʨʪʠʢʘʣʴʥʳʤ ʨʘʩʢʨʳʪʠʝʤ ʩ ʫʯʝʪʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʨʘʟʤʝʨʦʚ ʦʙʣʘʚʣʠʚʘʝʤʳʭ 
ʩʢʦʧʣʝʥʠʡ, ʨʝʘʢʮʠʠ ʨʳʙʳ ʥʘ ʧʨʠʙʣʠʞʘʶʱʠʡʩʷ ʪʨʘʣ,ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʦʙʣʘʚʣʠʚʘʝʤʦʛʦ 
ʩʢʦʧʣʝʥʠʷ, ʦʰʠʙʢʠ ʥʘʚʝʜʝʥʠʷ ʪʨʘʣʘ [2, ʩ.150]. 

ʈʘʩʩʤʦʪʨʝʥʳ ʧʨʠʙʣʠʞʸʥʥʳʝ ʤʝʪʦʜʳ ʨʘʩʯʸʪʘ ʨʘʟʥʦʛʣʫʙʠʥʥʳʭ ʪʨʘʣʦʚ, ʢʦʪʦʨʳʝ ʩʣʫʞʘʪ ʜʣʷ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʨʘʣʦʚ, ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʠʭ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ 
ʨʘʟʣʠʯʥʳʭ ʪʨʘʣʦʚ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ, ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʚ ʨʘʩʯʸʪʥʳʝ 
ʬʦʨʤʫʣʳ. 

ʉʦʚʤʝʩʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʩ ʦʩʥʦʚʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʣʦʚʘ ʨʘʟʥʦʛʣʫʙʠʥʥʳʤʠ 
ʪʨʘʣʘʤʠ ʨʘʩʰʠʨʷʝʪ ʠ ʫʪʦʯʥʷʝʪ ʦʙʣʘʩʪʴ ʘʥʘʣʠʟʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʥʦʛʣʫʙʠʥʥʳʭ ʪʨʘʣʦʚ. 

 
ʊʨʡʪʧʣ ʤʡʫʞʩʙʫʬʩʴ 

 
1. ʄʝʣʴʥʠʢʦʚ ɺ. ʅ. ʂʘʯʝʩʪʚʦ, ʥʘʜʝʞʥʦʩʪʴ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʦʨʫʜʠʡ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʨʳʙʦʣʦʚʩʪʚʘ. -ʄ.: ʃʝʛʢʘʷ ʠ ʧʠʱ. ʧʨʦʤ-ʩʪʴ, - 1982. - 264 ʩ. 
2. ʄʝʣʴʥʠʢʦʚ ɺ. ʅ. ɹʠʦʪʝʭʥʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʦʨʫʜʠʡ ʠ ʩʧʦʩʦʙʦʚ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʳʙʦʣʦʚʩʪʚʘ. - ʄ.: ʇʠʱ. ʧʨʦʤ-ʩʪʴ, - 1979. - 375 ʩ. 
 
 

 
 
  



62 EUROPEAN SCIENTIFIC CONFERENCE 

 

IX ÜÕÖÔãÝÐàÞÔÝÐï ÝÐãçÝÞ-ßàÐÚâØçÕáÚÐï ÚÞÝäÕàÕÝæØï| ¼Æ½Á ¦½°Ãº° ¸ ¿À¾Á²µÉµ½¸µ« 

ÃÔÚ 620 

¿Àµ¸¼ÃÉµÁÂ²° ²¾·²µ´µ½¸Ï 
¼½¾³¾Á»¾¹½¾¹ ¾³À°¶´°ÎÉµ¹ 
º¾½ÁÂÀÃºÆ¸¸ 

³ÕàÐáØÜÞÒ °ÛÕÚáÐÝÔà ÍÔãÐàÔÞÒØç,  
¸ÛìØÝ ¼ÐÚáØÜ °ÛÕÚáÕÕÒØç,  
·îÓÐÝÞÒ ´ÕÝØá ²ØÚâÞàÞÒØç, 
¿ÐÒÛÞÒ °àâÕÜ ÄÕÔÞàÞÒØç, 

 ʩʪʫʜʝʥʪ rʀʉɸ 
ʌɻɹʆʋ ɺʆ çʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʩʪʨʦʠʪʝʣʴʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʩʲʝʤʥʦʡ ʦʧʘʣʫʙʢʠ ʠʟ ʧʝʥʦʧʦʣʠ-
ʩʪʠʨʦʣʘ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʩʠʩʪʝʤʘ ʦʧʘʣʫʙʢʠ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʦʣʠʩʪʠʨʦʣʴʥʦʡ. 
ʂʨʫʧʥʦʨʘʟʤʝʨʥʳʝ ʩʪʝʥʦʚʳʝ ʵʣʝʤʝʥʪʳ ʠʟ ɼʉʇ ʩʚʷʟʳʚʘʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʝ ʨʘʩʩʪʦ-
ʷʥʠʷ ʩ ʧʦʤʦʱʴʶ X ʠ ʋ- ʦʙʨʘʟʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠʣʠ ʧʦʣʠʤʝʨʥʳʭ ʧʨʦʬʠʣʝʡ. ʀʟ ɼʉʇ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ 
ʚʩʝ ʥʘʩʪʝʥʥʳʝ, ʧʦʪʦʣʦʯʥʳʝ ʠ ʩʧʝʮʠʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ. ɺ ʟʦʥʘʭ, ʧʦʜʚʝʨʛʘʶʱʠʭʩʷ ʩʪʨʦʠʪʝʣʴʥʦ-
ʬʠʟʠʯʝʩʢʠʤ ʥʘʛʨʫʟʢʘʤ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʝʨʝʚʷʥʥʳʝ ʢʘʨʢʘʩʥʳʝ ʧʣʠʪʳ, ʩʚʷʟʘʥʥʳʝ ʮʝʤʝʥʪʦʤ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʆʧʘʣʫʙʢʘ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʢʠʨʧʠʯ, ʢʦʥʩʪʨʫʢʮʠʷ, ʪʝʭʥʦʣʦʛʠʷ, ʬʘʩʘʜ, ʟʘʚʦʜ. 
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Abstract: The article analyzes the advantage of using a non-removable formwork made of expanded polysty-
rene. The formwork system in question is significantly different from polystyrene. Large-sized wall elements 
from the chipboard communicate with each other through certain distances with the help of X and Y-shaped 
metal or polymer profiles. From chipboard are made all wall, ceiling and special elements. In the areas sub-
jected to construction and physical loads, wooden frame slabs, bound with cement, are used. 
Key words: Decking, construction, brick, construction, technology, facade, factory. 

 
ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʪʝʭʥʦʣʦʛʠʠ ʥʝʩʲʝʤʥʦʡ ʦʧʘʣʫʙʢʠ ʠʟ ʧʝʥʦʧʦʣʠʩʪʠʨʦʣʘ ʷʚʣʷʝʪʩʷ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʚʦʟʚʝʜʝʥʠʷ ʤʥʦʛʦʩʣʦʡʥʦʡ ʦʛʨʘʞʜʘʶʱʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʥʝʦʙʭʦʜʠʤʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʪʝʧ-
ʣʦʧʝʨʝʜʘʯʠ ʟʘ ʦʜʠʥ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʮʠʢʣ, ʪ.ʝ. ʩʪʝʥʘ ʧʦʣʫʯʘʝʪʩʷ ʩʨʘʟʫ "ʪʝʧʣʦʡ" ʠ ʥʝ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡ-
ʰʝʛʦ ʫʪʝʧʣʝʥʠʷ. ʇʦʣʫʯʘʝʤʘʷ ʦʛʨʘʞʜʘʶʱʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ "ʩʵʥʜʚʠʯ": ʞʝʣʝʟʦʙʝʪʦʥ, ʩ 
ʜʚʫʭ ʩʪʦʨʦʥ ʧʦʢʨʳʪʳʡ ʩʣʦʷʤʠ ʪʝʧʣʦʠʟʦʣʷʮʠʠ. ʇʦʤʠʤʦ ʚʳʩʦʢʠʭ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦ-
ʜʦʙʥʘʷ ʩʪʝʥʘ ʦʙʣʘʜʘʝʪ ʠ ʭʦʨʦʰʝʡ ʟʚʫʢʦʠʟʦʣʷʮʠʝʡ. 
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ʕʣʝʤʝʥʪʳ ʦʧʘʣʫʙʦʢ ʤʦʛʫʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ ʣʠʙʦ ʚ ʚʠʜʝ ʙʣʦʢʦʚ (ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʚʘ-
ʨʠʘʥʪ), ʣʠʙʦ ʚ ʚʠʜʝ ʧʘʥʝʣʝʡ.  

ɹʣʦʢʠ ʠʟ ʧʝʥʦʧʦʣʠʩʪʠʨʦʣʘ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʢʘʯʝʩʪʚʝ ʥʝʩʲʝʤʥʦʡ ʦʧʘʣʫʙʢʠ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 
ʜʚʝ ʧʣʘʩʪʠʥʳ, ʩʦʝʜʠʥʝʥʥʳʝ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʩʧʝʮʠʘʣʴʥʳʤʠ ʩʪʷʞʢʘʤʠ. ɺʥʫʪʨʝʥʥʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ 
ʧʣʘʩʪʠʥʘʤʠ ʟʘʧʦʣʥʷʝʪʩʷ ʙʝʪʦʥʦʤ, ʢʦʪʦʨʳʡ ʧʦʩʣʝ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʦʙʨʘʟʫʝʪ ʤʦʥʦʣʠʪʥʫʶ ʩʪʝʥʫ. ɺ ʢʘʯʝʩʪʚʝ 
ʘʨʤʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʙʝʪʦʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʝʨʪʠʢʘʣʴʥʳʝ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʩʪʝʨʞʥʠ ʠʟ ʘʨʤʘʪʫʨʳ. 

ʉʪʷʞʢʠ ʜʦʣʞʥʳ ʚʳʧʦʣʥʷʪʴʩʷ ʠʟ ʪʘʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʪʘʢʦʡ ʬʦʨʤʳ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʛʝʦʤʝʪʨʠʯʝ-
ʩʢʫʶ ʥʝʠʟʤʝʥʷʝʤʦʩʪʴ ʩʪʝʥ ʚʦ ʚʨʝʤʷ ʙʝʪʦʥʠʨʦʚʘʥʠʷ, ʪ.ʝ. ʚʦʩʧʨʠʥʠʤʘʪʴ ʜʘʚʣʝʥʠʝ ʩʚʝʞʝʫʣʦʞʝʥʥʦʡ ʙʝ-
ʪʦʥʥʦʡ ʩʤʝʩʠ. 

ʆʩʥʦʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʙʣʦʯʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʩʪʝʥʦʚʦʡ ʤʦʜʫʣʴ (ʙʘʟʦʚʳʡ), ʚʳʧʦʣʥʝʥʥʳʡ ʚ 
ʥʝʩʢʦʣʴʢʠʭ ʪʠʧʦʨʘʟʤʝʨʘʭ. ʂʨʦʤʝ ʪʦʛʦ, ʩʠʩʪʝʤʘ ʦʙʳʯʥʦ ʚʢʣʶʯʘʝʪ ʫʛʣʦʚʳʝ ʙʣʦʢʠ, ʪʦʨʮʝʚʳʝ ʟʘʛʣʫʰʢʠ, ʘ 
ʪʘʢʞʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, ʥʘʧʨʠʤʝʨ ʙʣʦʢ ʩ ʚʳʩʪʫʧʦʤ ʜʣʷ ʢʠʨʧʠʯʥʦʡ ʢʣʘʜʢʠ, ʢʦʥʠʯʝʩʢʠʡ ʙʣʦʢ ʠ ʜʨ. 

ʏʝʤ ʙʦʣʴʰʝ ʥʦʤʝʥʢʣʘʪʫʨʘ ʩʠʩʪʝʤʳ, ʪʝʤ ʙʦʣʝʝ ʙʦʛʘʪʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʘʝʪ ʘʨʭʠʪʝʢʪʦʨ ʜʣʷ 
ʨʝʰʝʥʠʷ ʧʣʘʩʪʠʢʠ ʬʘʩʘʜʘ. ɹʣʦʢʠ ʷʚʣʷʶʪʩʷ ʤʝʣʢʦʰʪʫʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩ ʠʭ ʧʦ-
ʤʦʱʴʶ ʤʦʞʥʦ ʜʦʩʪʘʪʦʯʥʦ ʣʝʛʢʦ ʩʪʨʦʠʪʴ ʜʦʤʘ ʩʦ ʩʣʦʞʥʳʤʠ ʢʨʠʚʦʣʠʥʝʡʥʳʤʠ ʧʣʘʥʘʤʠ - ʵʨʢʝʨʘʤʠ, ʟʘ-
ʢʨʫʛʣʝʥʥʳʤʠ ʫʛʣʘʤʠ, ʠ ʪ.ʧ. ɹʣʘʛʦʜʘʨʷ ʤʘʣʦʤʫ ʚʝʩʫ ʙʣʦʢʦʚ, ʜʣʷ ʠʭ ʤʦʥʪʘʞʘ ʥʝ ʪʨʝʙʫʝʪʩʷ ʥʠʢʘʢʦʡ ʩʧʝ-
ʮʠʘʣʴʥʦʡ ʩʪʨʦʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʘ ʧʨʦʩʪʦʪʘ ʪʝʭʥʦʣʦʛʠʠ ʠʩʢʣʶʯʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʨʘʙʦʯʠʭ ʚʳʩʦʢʦʡ 
ʢʚʘʣʠʬʠʢʘʮʠʠ. 

ʄʦʥʪʘʞ ʙʣʦʢʦʚ ʚʝʜʝʪʩʷ ʧʦ ʧʨʠʥʮʠʧʫ ʢʠʨʧʠʯʥʦʡ ʢʣʘʜʢʠ ʩʦ ʩʤʝʱʝʥʠʝʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ 
ʪʨʝʙʫʝʤʫʶ ʞʝʩʪʢʦʩʪʴ ʩʪʝʥʳ. ɹʣʘʛʦʜʘʨʷ ʩʠʩʪʝʤʝ ʟʘʤʢʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʢʨʦʤʢʘʭ ʙʣʦʢʦʚ, ʦʩʫʱʝʩʪʚ-
ʣʷʝʪʩʷ ʠʭ ʥʘʜʝʞʥʦʝ ʩʦʝʜʠʥʝʥʠʝ. ɼʣʷ ʫʢʨʝʧʣʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʦʡ ʘʨʤʘʪʫʨʳ ʠ ʩʦʭʨʘʥʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ 
ʞʝʣʝʟʦʙʝʪʦʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʩʦʝʜʠʥʝʥʠʷ ʘʨʤʘʪʫʨʳ "ʚʥʘʭʣʝʩʪ" (ʧʦʩʨʝʜʩʪʚʦʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 
ʫʢʨʝʧʣʝʥʠʷ ʧʨʦʚʦʣʦʢʦʡ). 

ʊʨʝʙʫʝʤʘʷ ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʪʝʥ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʘʚʠʣʴʥʦ ʧʦʜʦʙʨʘʥʥʦʡ ʤʘʨʢʦʡ ʙʝʪʦʥʘ ʠ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʢʣʘʩʩʦʤ ʘʨʤʘʪʫʨʳ. ʇʨʦʢʣʘʜʢʘ ʵʣʝʢʪʨʦʧʨʦʚʦʜʢʠ, ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʙʣʦʢʦʚ ʠ ʢʘʥʘʣʠʟʘ-
ʮʠʦʥʥʳʭ ʪʨʫʙ ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʦ ʟʘʧʦʣʥʝʥʠʷ ʙʣʦʢʦʚ ʙʝʪʦʥʦʤ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʨʝʟʘʥʥʳʭ ʦʪʚʝʨʩʪʠʷʭ. 

ʊʝʭʥʦʣʦʛʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʦʟʚʦʣʷʝʪ ʫʩʪʨʦʡʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʧʝʨʝʢʨʳʪʠʡ: ʜʝʨʝʚʷʥʥʳʭ, 
ʠʟ ʤʦʥʦʣʠʪʥʦʛʦ ʠʣʠ ʩʙʦʨʥʦʛʦ ʞʝʣʝʟʦʙʝʪʦʥʘ. ɺʳʙʦʨ ʪʠʧʘ ʧʝʨʝʢʨʳʪʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʝʢʪʦʤ.[1] 

ʅʝʦʙʭʦʜʠʤʦ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʳʤ ʧʨʠ ʚʦʟʚʝʜʝʥʠʠ ʟʜʘʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʝʤ ʥʝʩʲʝʤʥʦʡ ʦʧʘʣʫʙʢʠ ʷʚʣʷʝʪʩʷ ʩʦʙʣʶʜʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʝʪʦʥʥʳʭ ʨʘʙʦʪ, ʯʪʦ ʪʨʝʙʫʝʪ 
ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʙʝʪʦʥʠʨʦʚʘʥʠʷ (ʚ ʪ.ʯ. ʛʨʘʤʦʪʥʳʡ ʧʦʜʙʦʨ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ, ʦʩʦʙʝʥʥʦ ʧʨʠ 
ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ) ʠ ʧʨʘʚʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʦʡ ʘʨʤʘʪʫʨʳ.  

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ɼʉʇ ʠ ʎʉʇ ʥʝ ʷʚʣʷʝʪʩʷ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 
ʦʛʨʘʞʜʘʶʱʘʷ ʢʦʥʩʪʨʫʢʮʠʷ, ʧʦʣʫʯʘʝʤʘʷ ʧʦ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʛʦ ʫʪʝʧʣʝʥʠʷ. ʅʦ ʚ ʪʦ 
ʞʝ ʚʨʝʤʷ ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʠ ʩʫʱʝʩʪʚʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʵʪʦ - ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʠʥʜʫʩʪʨʠ-
ʘʣʴʥʦʩʪʴ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ. 

ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʧʘʥʝʣʝʡ ʥʘ ʟʘʚʦʜʝ, ʤʝʞʜʫ ʜʝʨʝʚʷʥʥʳʤʠ ʢʘʨʢʘʩʥʳʤʠ ʧʣʠʪʘʤʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 
ʘʨʤʘʪʫʨʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʨʘʩʯʝʪʦʚ ʧʦ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ. ʊʘʢʞʝ ʚ ʟʘʚʦʜʩʢʠʭ ʫʩʣʦ-
ʚʠʷʭ ʤʦʥʪʠʨʫʝʪʩʷ ʧʦ ʧʨʦʝʢʪʫ ʵʣʝʢʪʨʦʧʨʦʚʦʜʢʘ, ʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʠʥʞʝʥʝʨʥʳʝ ʢʦʤʤʫʥʠʢʘʮʠʠ. ʊʘʢʠʤ 
ʦʙʨʘʟʦʤ, ʧʨʘʢʪʠʯʝʩʢʠ ʛʦʪʦʚʘʷ ʧʘʥʝʣʴ (ʩʦ ʚʩʝʤʠ ʢʦʤʤʫʥʠʢʘʮʠʷʤʠ ʠ ʘʨʤʘʪʫʨʦʡ) ʜʦʩʪʘʚʣʷʝʪʩʷ ʥʘ 
ʩʪʨʦʡʧʣʦʱʘʜʢʫ, ʛʜʝ ʦʩʪʘʝʪʩʷ ʪʦʣʴʢʦ ʝʝ ʩʤʦʥʪʠʨʦʚʘʪʴ ʠ ʟʘʣʠʪʴ ʚʦ ʚʥʫʪʨʝʥʥʠʝ ʧʫʩʪʦʪʳ ʙʝʪʦʥ. ʄʦʥʪʘʞ 
ʩʪʝʥʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʨʘʥʘ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ 1 ʪ. 

ɺʩʝ ʵʣʝʤʝʥʪʳ ʦʧʘʣʫʙʢʠ ʠʤʝʶʪ ʧʦʚʝʨʭʥʦʩʪʴ, ʧʦʣʥʦʩʪʴʶ ʛʦʪʦʚʫʶ ʜʣʷ ʧʦʢʨʘʩʢʠ, ʧʦʙʝʣʢʠ ʠʣʠ ʜʨʫ-
ʛʦʡ ʦʪʜʝʣʢʠ. 

ʇʝʨʝʥʝʩʝʥʠʝ ʚ ʟʘʚʦʜʩʢʠʝ ʫʩʣʦʚʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʦʟʚʦʣʷʝʪ ʣʝʛʯʝ 
ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʩʨʦʢʠ ʤʦʥʪʘʞʥʳʭ ʨʘʙʦʪ ʥʘ ʩʪʨʦʡʧʣʦʱʘʜʢʝ. ʆʩʥʦʚ-
ʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʤʘʪʝʨʠʘʣʘ, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʧʦ ʪʝʭʥʦʣʦʛʠʠ PLASTBAU: 

Å ɺʳʩʦʢʘʷ ʟʚʫʢʦʠʟʦʣʷʮʠʷ ï ʟʚʫʢʦʧʦʛʣʦʱʝʥʠʝ ʦʪ ï 56 ɼʙ ʜʦ - 50 ɼʙ; 
Å ɺʦʜʦʥʝʧʨʦʥʠʮʘʝʤʦʩʪʴ ʠ ʚʳʩʦʢʠʝ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʦʠʟʚʦʜʠʪʴ ʙʝ-

ʪʦʥʠʨʦʚʘʥʠʝ  ʧʨʠ ʤʠʥʫʩʦʚʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʜʦ - 15Á ʉ) ʙʝʟ ʧʦʜʦʛʨʝʚʘ ʙʝʪʦʥʘ; 
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Å ɺʳʩʦʢʘʷ ʪʝʧʣʦʠʟʦʣʷʮʠʷ, ʧʦʟʚʦʣʷʶʱʘʷ ʩʫʱʝʩʪʚʝʥʥʦ ʵʢʦʥʦʤʠʪʴ ʩʨʝʜʩʪʚʘ - ʜʦ 70 % ʧʨʠ ʦʧʣʘʪʝ 
ʢʦʤʤʫʥʘʣʴʥʳʭ ʧʣʘʪʝʞʝʡ (ʧʦ ʪʝʧʣʫ ʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʶ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʠʨʧʠʯʥʳʤʠ ʠ ʙʝʪʦʥʥʳʤʠ ʜʦʤʘʤʠ; 

Å ʉʦʙʩʪʚʝʥʥʳʡ ʚʝʩ ʤʦʥʪʠʨʫʝʤʳʭ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ 50 ʨʘʟ ʥʠʞʝ ʚʝʩʘ ʠʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 
ʩ ʩʦʧʦʩʪʘʚʠʤʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦ ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʪʝʧʣʦʧʝʨʝʜʘʯʝ (ʙʝʪʦʥ, ʢʠʨʧʠʯ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ: 
ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʫʩʪʨʦʡʩʪʚʦ ʢʘʨʢʘʩʘ; ʩʦʢʨʘʪʠʪʴ ʪʨʘʥʩʧʦʨʪʥʳʝ ʨʘʩʭʦʜʳ ʠ ʨʘʩʭʦʜʳ ʥʘ ʛʨʫʟʦʧʦʜʲ-
ʝʤʥʫʶ ʪʝʭʥʠʢʫ; ʩʥʠʟʠʪʴ ʪʨʫʜʦʝʤʢʦʩʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ (ʧʦ ʯʠʩʣʫ ʨʘʙʦʯʠʭ ʚ 5-7 ʨʘʟ); ʩʥʠʞʘʝʪ ʩʨʦʢʠ ʚʦʟ-
ʚʝʜʝʥʠʷ ʥʫʣʝʚʦʛʦ ʮʠʢʣʘ ʚ 1,5 ʨʘʟʘ, ʘ ʩʪʦʠʤʦʩʪʴ ʚ 1,8 ʨʘʟ; ʧʦʟʚʦʣʷʝʪ  

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʬʫʥʜʘʤʝʥʪʳ 
ʨʝʢʦʥʩʪʨʫʠʨʫʝʤʳʭ ʟʜʘʥʠʡ ʧʨʠ ʠʭ ʥʘʜʩʪʨʦʡʢʝ; 
Å ʅʘʣʠʯʠʝ ʚʥʫʪʨʝʥʥʠʭ ʢʘʥʘʣʦʚ ʜʣʷ ʫʩʪʨʦʡʩʪʚʘ ʵʣʝʢʪʨʦ-, ʚʦʜʦ-, ʪʝʧʣʦ-, ʛʘʟʦ- ʠ ʜʨ. ʢʦʤʤʫʥʠʢʘʮʠʡ; 
Å ʏʠʩʪʦʪʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʘʥʝʣʝʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʨʘʩʭʦʜʳ ʥʘ ʦʪʜʝʣʢʫ ʟʜʘʥʠʡ ʚ 1,5-2 ʨʘʟʘ; 
Å ʉʝʡʩʤʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʟʜʘʥʠʡ ï ʜʦ 9 ʙʘʣʦʚ ʧʦ ʰʢʘʣʝ ʈʠʭʪʝʨʘ; 
Å ʊʦʯʥʳʝ ʨʘʟʤʝʨʳ ʢʦʥʩʪʨʫʢʮʠʡ ʦʙʣʝʛʯʘʶʪ ʠʭ ʤʦʥʪʘʞ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʝʟʦʪʭʦʜʥʦʩʪʴ ʠ ʫʣʫʯʰʘʶʪ 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʥʘ ʩʪʨʦʡʧʣʦʱʘʜʢʝ [2] 
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¾æÕÝÚÐ ßàÕÔÕÛÞÒ ßàÞçÝÞáâØ ÚÐÜÕÝÝëå 
ÚÞÝáâàãÚæØÙ 

³ÕàÐáØÜÞÒ °ÛÕÚáÐÝÔà ÍÔãÐàÔÞÒØç,  
¸ÛìØÝ ¼ÐÚáØÜ °ÛÕÚáÕÕÒØç,  
·îÓÐÝÞÒ ´ÕÝØá ²ØÚâÞàÞÒØç, 
¿ÐÒÛÞÒ °àâÕÜ ÄÕÔÞàÞÒØç, 

 ʩʪʫʜʝʥʪ rʀʉɸ 
ʌɻɹʆʋ ɺʆ çʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʩʪʨʦʠʪʝʣʴʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʧʨʦʮʝʩʩ ʦʙʩʣʝʜʦʚʘʥʠʷ ʟʜʘʥʠʡ ʥʘ ʜʠʥʘʤʠʯʝʩʢʠʝ ʟʘʛʨʫʟʢʠ. ʊʝʭʥʠ-
ʯʝʩʢʦʝ ʟʘʜʘʥʠʝ ʥʘ ʧʨʦʝʢʪ ʤʦʥʠʪʦʨʠʥʛʘ, ʚʳʜʘʚʘʝʤʦʝ ʟʘʢʘʟʯʠʢʦʤ, ʜʦʣʞʥʦ ʩʦʜʝʨʞʘʪʴ ʦʙʦʩʥʦʚʘʥʠʝ ʥʝʦʙ-
ʭʦʜʠʤʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ; ʮʝʣʠ ʠ ʟʘʜʘʯʠ ʨʘʙʦʪʳ; ʢʨʘʪʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʥʦʚʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 
(ʨʝʢʦʥʩʪʨʫʢʮʠʠ) ʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʥʦʚʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ; ʠʥʞʝʥʝʨ-
ʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʣʦʱʘʜʢʠ, ʚʢʣʶʯʘʷ ʥʘʣʠʯʠʝ ʦʧʘʩʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ; ʪʝʭ-
ʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪ ʧʦ ʤʦʥʠʪʦʨʠʥʛʫ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʆʙʩʣʝʜʦʚʘʥʠʝ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʵʢʦʣʦʛʠʷ, ʥʘʛʨʫʟʢʘ, ʪʝʭʥʦʣʦʛʠʷ, ʚʠʙʨʘʮʠʷ, ʧʨʦʝʢʪ. 

 
EVALUATION OF THE STRENGTH LIMITS OF STONE STRUCTURES 

 
Gerasimov Alexander Eduardovich, 

Ilin Maxim Alekseevich, 
Zyuganov Denis Viktorovich, 

Pavlov Artem Fedorovich 
 

Abstract: The article analyzes the process of inspecting buildings for dynamic loading. The technical task for 
the monitoring project, issued by the customer, should contain a justification for the need to perform the work; 
Goals and objectives of the work; A brief description of the new construction (reconstruction) and existing 
buildings and structures in the zone of influence of new construction; Engineering and geological characteris-
tics of the site, including the presence of dangerous geological processes; Technical requirements for the per-
formance of monitoring activities. 
Key words: Survey, construction, ecology, load, technology, vibration, project. 

 
ʄʝʪʦʜʳ ʠʩʧʳʪʘʥʠʡ ʢʠʨʧʠʯʝʡ, ʢʘʤʥʝʡ ʙʝʪʦʥʥʳʭ ʠ ʠʟ ʛʦʨʥʳʭ ʧʦʨʦʜ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʝʣʦʚ 

ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ ʠ ʠʟʛʠʙʝ ʩʣʝʜʫʝʪ ʧʨʠʥʠʤʘʪʴ ʧʦ ɻʆʉʊ 8462. 
ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʥʝʨʘʟʨʫʰʘʶʱʠʭ ʤʝʪʦʜʦʚ ʠʩʧʳʪʘʥʠʡ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ ʨʘʩʪʚʦ-

ʨʘ ʠ ʢʘʤʥʷ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʦ ʤʝʪʦʜʦʤ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ, ʩʢʣʝʨʦʤʝʪ-
ʨʠʝʡ ʠ ʜʨ. 

ʇʨʦʯʥʦʩʪʴ ʢʘʤʥʝʡ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʥʝʨʘʟʨʫʰʘʶʱʠʤ ʩʧʦʩʦʙʦʤ ʩ ʧʦʤʦʱʴʶ ʫʣʴʪʨʘʟʚʫʢʦ-
ʚʳʭ ʧʨʠʙʦʨʦʚ. 
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ʆʮʝʥʢʘ ʧʨʝʜʝʣʦʚ ʧʨʦʯʥʦʩʪʠ ʢʣʘʜʢʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʢʘʤʥʷ ʠ ʨʘʩʪʚʦʨʘ 
ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʪʘʙʣʠʮʘʤ ʉʅʠʇ II-22. 

ʇʨʠ ʦʙʩʣʝʜʦʚʘʥʠʠ ʟʜʘʥʠʡ ʚʙʣʠʟʠ ʠʩʪʦʯʥʠʢʦʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ, ʚʳʟʳʚʘʶʱʠʭ ʢʦʣʝʙʘʥʠʷ 
ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʥʠʤ ʫʯʘʩʪʢʦʚ ʦʩʥʦʚʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʚʠʙʨʘʮʠʦʥʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ (ʤʦʥʠʪʦʨʠʥʛ). 

ɺʠʙʨʘʮʠʦʥʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʮʝʣʷʭ ʧʦʣʫʯʝʥʠʷ ʬʘʢʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦʙ ʫʨʦʚʥʷʭ 
ʢʦʣʝʙʘʥʠʡ ʛʨʫʥʪʘ ʠ ʢʦʥʩʪʨʫʢʮʠʡ ʬʫʥʜʘʤʝʥʪʦʚ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʧʨʠ ʥʘʣʠʯʠʠ ʜʠ-
ʥʘʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ: 

- ʦʪ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʦʛʦ ʠʣʠ ʧʣʘʥʠʨʫʝʤʦʛʦ ʢ ʫʩʪʘʥʦʚʢʝ ʚʙʣʠʟʠ ʟʜʘʥʠʷ; 
- ʦʪ ʧʨʦʭʦʜʷʱʝʛʦ ʥʘʟʝʤʥʦʛʦ ʠʣʠ ʧʦʜʟʝʤʥʦʛʦ ʢʦʣʝʩʥʦʛʦ ʠ ʨʝʣʴʩʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚʙʣʠʟʠ ʦʪ ʟʜʘʥʠʷ; 
- ʦʪ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʟʘʙʠʚʥʳʭ ʩʚʘʡ ʧʨʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʥʦʚʦʤ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ (ʄɻʉʅ 2.07-01, ʧ. 8.35); 
- ʦʪ ʜʨʫʛʠʭ ʠʩʪʦʯʥʠʢʦʚ ʚʠʙʨʘʮʠʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʙʣʠʟʠ ʟʜʘʥʠʷ. 
ɼʣʷ ʚʠʙʨʘʮʠʦʥʥʳʭ ʦʙʩʣʝʜʦʚʘʥʠʡ ʟʜʘʥʠʡ, ʬʫʥʜʘʤʝʥʪʦʚ ʠ ʠʭ ʦʩʥʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʧʦʜʟʝʤʥʳʭ ʩʦ-

ʦʨʫʞʝʥʠʡ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʘʧʧʘʨʘʪʫʨʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʟʘʧʠʩʴ ʢʦʣʝʙʘʥʠʡ ʚ 
ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʦʪ 1 ʜʦ 100 ɻʮ. 

ʈʝʟʫʣʴʪʘʪʳ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʪʘʙʣʠʮ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʭ 
ʟʥʘʯʝʥʠʡ ʚʠʙʨʦʧʝʨʝʤʝʱʝʥʠʡ (ʚʠʙʨʦʩʢʦʨʦʩʪʝʡ, ʚʠʙʨʦʫʩʢʦʨʝʥʠʡ) ʚ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʪʦʯʢʘʭ ʚ ʦʢʪʘʚʥʳʭ 
ʧʦʣʦʩʘʭ ʩʦ ʩʨʝʜʥʝʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʯʘʩʪʦʪʘʤʠ 2; 4; 8; 16; 31,5; 63 ɻʮ. ɺ ʩʣʫʯʘʝ ʢʦʛʜʘ ʢʦʣʝʙʘʥʠʷ ʤʦʛʫʪ 
ʙʳʪʴ ʦʮʝʥʝʥʳ ʢʘʢ ʙʣʠʟʢʠʝ ʢ ʛʘʨʤʦʥʠʯʝʩʢʠʤ, ʨʝʟʫʣʴʪʘʪʳ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚ-
ʣʷʪʴʩʷ ʚ ʚʠʜʝ ʪʘʙʣʠʮ ʟʥʘʯʝʥʠʡ ʘʤʧʣʠʪʫʜ ʚʠʙʨʦʧʝʨʝʤʝʱʝʥʠʡ (ʚʠʙʨʦʩʢʦʨʦʩʪʝʡ, ʚʠʙʨʦʫʩʢʦʨʝʥʠʡ) ʠ ʩʦ-
ʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʥʘʯʝʥʠʡ ʯʘʩʪʦʪ ʢʦʣʝʙʘʥʠʡ. ɺ ʠʪʦʛʝ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʬʫʥʜʘʤʝʥʪʦʚ ʠʣʠ 
ʢʦʥʩʪʨʫʢʮʠʡ ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪʩʷ ʟʘʢʣʶʯʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʜʝʣʘʝʪʩʷ ʚʳʚʦʜ ʦ ʜʦʧʫʩʪʠʤʦ-
ʩʪʠ ʠʤʝʶʱʠʭʩʷ ʚʠʜʦʚ ʠ ʫʨʦʚʥʝʡ ʚʠʙʨʘʮʠʡ ʜʣʷ ʥʦʨʤʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚʙʣʠʟʠ ʩʪʨʦ-
ʷʱʠʭʩʷ ʠʣʠ ʨʝʢʦʥʩʪʨʫʠʨʫʝʤʳʭ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ; ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʜʘʶʪʩʷ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 
ʫʤʝʥʴʰʝʥʠʶ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʝʩʫʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʩʦʦʨʫʞʝʥʠʷ ʠʣʠ ʠʭ ʫʩʠʣʝʥʠʶ ʩ ʮʝ-
ʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʫʨʦʚʥʷ ʢʦʣʝʙʘʥʠʡ ʜʦ ʜʦʧʫʩʪʠʤʦʛʦ. [1] 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʩʣʝʜʦʚʘʥʠʷ ʦʩʥʦʚʘʥʠʡ ʠ ʬʫʥʜʘʤʝʥʪʦʚ ʩʦʩʪʘʚʣʷʝʪʩʷ: 
- ʪʝʭʥʠʯʝʩʢʠʡ ʦʪʯʝʪ ʠʣʠ ʪʝʭʥʠʯʝʩʢʦʝ ʟʘʢʣʶʯʝʥʠʝ (ʧʨʠ ʥʝʙʦʣʴʰʦʤ ʦʙʲʝʤʝ ʦʙʩʣʝʜʦʚʘʥʠʷ), ʩʦʜʝʨ-

ʞʘʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʦʙʩʣʝʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʜʝʬʝʢʪʥʳʭ ʚʝʜʦʤʦʩʪʝʡ 
ʩʦʩʪʦʷʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʬʫʥʜʘʤʝʥʪʦʚ, ʥʘʣʠʯʠʷ ʠʭ ʜʝʬʦʨʤʘʮʠʠ, ʦʩʘʜʦʢ, ʜʝʬʝʢʪʦʚ ʤʘʪʝʨʠʘʣʦʚ ʠ ʜʨʫʛʠʭ 
ʧʦʚʨʝʞʜʝʥʠʡ; ʧʣʘʥʳ ʠ ʨʘʟʨʝʟʳ ʟʜʘʥʠʷ ʩ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʬʠʣʷʤʠ; ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦ-
ʙʝʥʥʦʩʪʠ ʟʜʘʥʠʷ, ʬʫʥʜʘʤʝʥʪʦʚ, ʠʭ ʛʝʦʤʝʪʨʠʶ; ʩʭʝʤʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʨʝʧʝʨʦʚ, ʤʘʨʦʢ; ʦʧʠʩʘʥʠʷ ʧʨʠʤʝ-
ʥʝʥʥʦʡ ʩʠʩʪʝʤʳ ʠʟʤʝʨʝʥʠʡ; ʬʦʪʦʛʨʘʬʠʠ; ʛʨʘʬʠʢʠ ʠ ʵʧʶʨʳ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʝʨʝʤʝ-
ʱʝʥʠʡ, ʢʨʝʥʦʚ, ʨʘʟʚʠʪʠʷ ʪʨʝʱʠʥ; ʧʝʨʝʯʝʥʴ ʬʘʢʪʦʨʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʜʝʬʦʨʤʘʮʠʡ; 
ʦʮʝʥʢʫ ʧʨʦʯʥʦʩʪʥʳʭ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʘ ʢʦʥʩʪʨʫʢʮʠʡ ʬʫʥʜʘʤʝʥʪʦʚ; 

- ʪʝʭʥʠʯʝʩʢʦʝ ʟʘʢʣʶʯʝʥʠʝ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʬʫʥʜʘʤʝʥʪʦʚ ʧʨʠ ʨʝʢʦʥ-
ʩʪʨʫʢʮʠʠ. 

ʊʝʭʥʠʯʝʩʢʦʝ ʟʘʢʣʶʯʝʥʠʝ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʥʘʛʨʫʟʦʢ ʥʘ ʝʛʦ 
ʦʩʥʦʚʘʥʠʝ, ʫʩʪʨʦʡʩʪʚʝ ʧʦʜʟʝʤʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʚʙʣʠʟʠ ʥʝʛʦ ʠʣʠ ʚ ʧʨʝʜʝʣʘʭ ʝʛʦ ʧʷʪʥʘ ʟʘʩʪʨʦʡʢʠ, ʘ ʪʘʢ-
ʞʝ ʧʨʠ ʫʛʣʫʙʣʝʥʠʠ ʧʦʜʚʘʣʦʚ ʜʦʣʞʥʦ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ: 

- ʪʝʭʥʠʯʝʩʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ; 
- ʦʧʠʩʘʥʠʝ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʟʜʘʥʠʷ; 
- ʧʣʘʥʳ ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʬʫʥʜʘʤʝʥʪʳ ʩ ʫʢʘʟʘʥʠʝʤ ʠʭ ʨʘʟʤʝʨʦʚ ʠ ʛʣʫʙʠʥʳ ʠʭ 

ʟʘʣʦʞʝʥʠʷ; 
- ʜʘʥʥʳʝ ʦ ʥʘʛʨʫʟʢʘʭ, ʜʝʡʩʪʚʦʚʘʚʰʠʭ ʥʘ ʬʫʥʜʘʤʝʥʪʳ ʟʜʘʥʠʷ ʜʦ ʨʝʢʦʥʩʪʨʫʢʮʠʠ; 
- ʜʘʥʥʳʝ ʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʥʘʛʨʫʟʢʘʭ ʥʘ ʟʜʘʥʠʝ ʠʣʠ ʩʦʦʨʫʞʝʥʠʝ ʠ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʥʘ ʦʪʜʝʣʴ-

ʥʳʝ ʬʫʥʜʘʤʝʥʪʳ ʧʦʩʣʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ; 
- ʩʚʝʜʝʥʠʷ ʦ ʜʝʬʦʨʤʘʮʠʷʭ ʟʜʘʥʠʷ ʠ ʜʘʥʥʳʝ ʥʠʚʝʣʠʨʦʚʢʠ ʮʦʢʦʣʷ ʠʣʠ ʦʢʦʥ ʧʝʨʚʦʛʦ ʵʪʘʞʘ; 
- ʜʘʥʥʳʝ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ (ʦʙʦʙʱʝʥʠʝ ʘʨʭʠʚʥʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ, ʦʧʠʩʘʥʠʝ ʰʫʨʬʦʚ ʠ ʩʢʚʘʞʠʥ, ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʨʘʟʨʝʟʳ ʧʦ ʦʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʨʘʩʧʦʣʦʞʝ-
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ʥʠʷ ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʨʫʥʪʦʚ ʦʩʥʦʚʘʥʠʡ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 
ʨʘʩʯʝʪʘ ʜʝʬʦʨʤʘʮʠʡ ʟʜʘʥʠʷ ʧʦʩʣʝ ʝʛʦ ʨʝʢʦʥʩʪʨʫʢʮʠʠ, ʩʚʝʜʝʥʠʷ ʦ ʛʣʫʙʠʥʝ ʟʘʣʝʛʘʥʠʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʠ 
ʠʟʤʝʥʝʥʠʠ ʫʨʦʚʥʷ ʠʭ ʟʘʣʝʛʘʥʠʷ ʚ ʦʩʝʥʥʝ-ʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ, ʩʦʩʪʘʚʝ ʠ ʭʘʨʘʢʪʝʨʝ ʠ ʘʛʨʝʩʩʠʚʥʦʩʪʠ ʚʦʜ); 

- ʧʦʚʝʨʦʯʥʳʝ ʨʘʩʯʝʪʳ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʦʞʠʜʘʝʤʳʭ ʧʦʩʣʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʜʘʚʣʝʥʠʡ ʥʘ ʛʨʫʥʪʳ ʦʩ-
ʥʦʚʘʥʠʡ; 

- ʧʨʦʛʥʦʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʨʝʜʥʠʭ ʦʩʘʜʦʢ ʟʜʘʥʠʷ ʠ ʠʭ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʧʦʩʣʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ; 
- ʚʳʚʦʜʳ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʷ, ʚʢʣʶʯʘʶʱʠʝ ʚ ʩʝʙʷ ʪʠʧ ʨʝʢʦʥʩʪʨʫʠʨʫʝʤʳʭ 

ʬʫʥʜʘʤʝʥʪʦʚ ʠ ʪʝʭʥʦʣʦʛʠʶ ʠʭ ʫʩʪʨʦʡʩʪʚʘ. 
ɻʝʦʪʝʭʥʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ʧʨʦʚʦʜʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʥʝʝ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʧʨʦʝʢʪʦʤ ʠ ʚʢʣʶ-

ʯʘʝʪ ʚ ʩʝʙʷ: 
- ʩʠʩʪʝʤʫ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʥʘʜʟʝʤʥʳʤʠ ʠ ʧʦʜʟʝʤʥʳʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ ʩʪʨʦʷʱʝʛʦʩʷ ʠʣʠ ʨʝʢʦʥʩʪʨʫ-

ʠʨʫʝʤʦʛʦ ʟʜʘʥʠʷ ʠʣʠ ʩʦʦʨʫʞʝʥʠʷ, ʩʫʱʝʩʪʚʫʶʱʠʭ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʧʦʧʘʜʘʶʱʠʭ ʚ ʟʦʥʫ ʝʛʦ ʚʣʠʷ-
ʥʠʷ, ʘ ʪʘʢʞʝ ʟʘ ʤʘʩʩʠʚʦʤ ʛʨʫʥʪʘ, ʧʨʠʣʝʛʘʶʱʝʛʦ ʢ ʧʦʜʟʝʤʥʦʡ ʯʘʩʪʠ ʦʙʲʝʢʪʘ, ʚʢʣʶʯʘʷ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ; 

- ʦʮʝʥʢʫ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʙʣʶʜʝʥʠʡ ʠ ʩʨʘʚʥʝʥʠʝ ʠʭ ʩ ʧʨʦʝʢʪʥʳʤʠ ʜʘʥʥʳʤʠ; 
- ʧʨʦʛʥʦʟ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʙʣʶʜʝʥʠʡ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʩʪʨʦʷʱʝʛʦʩʷ ʠʣʠ ʨʝʢʦʥʩʪʨʫʠ-

ʨʫʝʤʦʛʦ ʩʦʦʨʫʞʝʥʠʷ, ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʙʲʝʢʪʦʚ ʚ ʟʦʥʝ ʝʛʦ ʚʣʠʷʥʠʷ, ʘ ʪʘʢʞʝ ʤʘʩʩʠʚʘ ʛʨʫʥʪʘ, ʚʢʣʶʯʘʷ 
ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ; 

- ʨʘʟʨʘʙʦʪʢʫ ʚ ʥʝʦʙʭʦʜʠʤʳʭ ʩʣʫʯʘʷʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʣʠʢʚʠʜʘʮʠʠ ʥʝʜʦʧʫʩʪʠʤʳʭ ʦʪʢʣʦʥʝʥʠʡ ʠ 
ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ; 

- ʢʦʥʪʨʦʣʴ ʟʘ ʚʳʧʦʣʥʝʥʠʝʤ ʧʨʠʥʷʪʳʭ ʨʝʰʝʥʠʡ. 
ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʦʝʢʪʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʤʦʞʝʪ ʧʨʦʠʟʚʝʩʪʠ ʢʦʨʨʝʢʪʠʨʦʚʢʫ ʧʨʦʝʢʪʥʦʛʦ 

ʨʝʰʝʥʠʷ. 
ʂʘʢ ʧʨʘʚʠʣʦ, ʤʦʥʠʪʦʨʠʥʛ ʩʣʝʜʫʝʪ ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ: 
- ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠʣʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʦʦʨʫʞʝʥʠʡ ʫʥʠʢʘʣʴʥʳʭ ʠ ʦʙʲʝʢʪʦʚ 3 ʛʝʦʪʝʭʥʠʯʝʩʢʦʡ ʢʘ-

ʪʝʛʦʨʠʠ, ʘ ʪʘʢʞʝ ʥʦʚʳʭ ʠʣʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩʦʦʨʫʞʝʥʠʡ ʠ ʠʭ ʬʫʥʜʘʤʝʥʪʦʚ; 
- ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠʣʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʦʙʲʝʢʪʦʚ ʚ ʩʣʦʞʥʳʭ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ; 
- ʜʣʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʙʲʝʢʪʦʚ 2 ʠ 3 ʛʝʦʪʝʭʥʠʯʝʩʢʠʭ ʢʘʪʝʛʦʨʠʡ, ʧʦʧʘʜʘʶʱʠʭ ʚ ʟʦʥʫ ʚʣʠʷʥʠʷ ʥʦʚʦ-

ʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚ ʫʩʣʦʚʠʷʭ ʪʝʩʥʦʡ ʛʦʨʦʜʩʢʦʡ ʟʘʩʪʨʦʡʢʠ ʠ ʚ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ ʪʝʭʥʠ-
ʯʝʩʢʠʤ ʟʘʜʘʥʠʝʤ. [2] 
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Abstract:The interaction of the dolomite thermally processed at 8000C with one, two and three-substitutive 
sodium solutions has been investigated. It has been determined that, depending on phosphating reagent, 
thermally processed dolomite combines phosphorus from 0.75 to 3,0 mmol.g-1, moreover, the interaction main-
ly takes place with magnesium oxide so that, this enables it to be used as phosphate ïion sorbent. Chemical 
and phase composition of the products obtained from phosphating reagent, as well as their impact on sorption 
properties against heavy metal ions have been determined. Acid-free phosphated dolomite products hav-
inghigh sorption capacityare characterized from 1.5 to 6.8 mmol.g-1against  

++++++ 222222 Sr,Ni,Cd,Cu,Zn,Pb  and +2Co  ions so that, this enables them to be used as effective 

sorbent of heavy metal ions.  
Keywords: dolomite,  sodium, magnesium oxide,  chemical 

 
Formerly, the results of successful use of semisynthetic phosphates of calcium and magnesium for the 

separation of different metal ions, as well as strontium from radionuclides have been shown [1,2]. Sorbents 
were obtained from the decomposition of natural dolomite with acids by two different principal ways. The first 
way is to dissolve dolomite in nitric acid and then precipitate three-substitutive calcium-magnesium phosphate 
with phosphate solution in alkali ammonia environment. The second way is based on heterogenic interaction 
of the dolomite obtained from acidic calcium and magnesium phosphates with 10-20% phosphorous acid. Both 
ways have significant shortages, especially, the first way is multistage, implementation of their environmental 
safety utilization is related to the formation of wastes requiring to be cleaned. The shortage of the second way 
is sufficient high duration of the process ï7 days at room temperature. However, the shortage of both ways is 
the demand for the use of large amounts of acid in order to obtain sorbents, in this regard, developing the way 
of acid-free obtaining of calcium-magnesium-phosphate sorbents from natural dolomite is considered efficient.  

Aqueous solutions of sodium are proposed to be used as favorable and safety phosphating agent. In 
normal conditions, natural dolomite doesnôt interact with salt solutions of phosphorous acidso that, this creates 
necessityfor thermal activation of dolomite beforehand. In the reference you can find few investigations devot-
ed to the interaction of activated dolomite with phosphate-content aqueous solutions [3-5]. Available works 
represent the results of the investigations on sorption cleansing of natural, waste and subsoil waters from 
phosphate ions. It is indicated that, incandesced dolomite is considered better sorbent for phosphate ïions 
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(KH2PO4) having 100 mg-l-1density and V/m ratio with 100/0.2 ml/g.  
The investigation of use opportunities of thermally activated dolomite for obtaining phosphate sorbents 

by means of ñsoftò phosphating reagents on the base of available facts in the reference is considered consid-
erable interesting.  This time partially decarbonized dolomite can be initial raw-material for obtaining both pow-
derand granular phosphate sorbents.  

In the current work the regularities of different substitution ratio of the thermally processed dolomite with 

sodium phosphate solutionsand for ++++++ 222222 Sr,Ni,Cd,Cu,Zn,Pb  and +2Co  ions, sorption proper-

ties of the obtained products have been investigated. Moreover, the investigations carried out enable us to 
estimate sorption-kinetic properties of thermally activated dolomite for phosphate ions.  

As initial raw-material, the dolomite of Ruba deposit (Vitebsk, Belorussia) having the following chemical 

composition has been used (%mass): CaO - 30.3; MgO-20.0; 
2SiO - 1.1; 32OFe - 0.4; 

32OAl -0.5; 3SO -

0.4; OK2
-0.2; ONa2

-0.1. Thermal burning of dolomite has been carried out at 8000C, CHOL 7.2/1300 in 

electric stove; heating speed is 5 degree.min-1, storage duration at final temperature is 5 hours. In the selected 
thermal processing condition, partially de-carbonization of the dolomite occurs due to the decomposition of 
MgCO3 till MgO [6] so that, this should lead to the formation of magnesium phosphate having higher sorption 
properties. For the investigation of phosphating process of the dolomite, powder samples have been used. 

As phosphating agents 0.2 mm aqueous solutions of one, two and three-substitutive phosphates have 
been used, accordingly NaH2PO4. 2H2O (ñpureò), NaH2PO4 .12H2O (ñpureò) and NaH2PO4 .12H2O are consid-
ered initial reagents. The volume of phosphating solution and mass ratio of dolomite is V/m= 33.1.4 ml/g. Ac-
cording to theoretical calculations, this ratio must ensure the interaction of sodium phosphate solution with 
magnesium oxide. Phosphating process of dolomite samples are estimated according to the change in pH of 
matte solution depending on dolomite phosphating solution and contact duration, as well as the amount of 
phosphorus in solid phase. For carrying out the analysis of measuring the amount of phosphorus, the samples 
are dissolved in nitric acid. The analysis for measuring the amount of phosphorus has been carried out by pho-
tometry way of dyed phosphorus-vanadium- molybdatecomplex [7]. pH of the solution has been measured by 
Hl 221 (Hanna Instruments) pH meter.  

Rontgen-phase analysis of phosphate dolomite has been carried out by using CuKa ï radiation in 
DRON-3 installation. Phase identification of the investigated samples has been carried out by using JCPDS 
PDF 2 of roentgen-graphic powder standards base. Estimation of the identified phases amount in the samples 
has been conducted by means of unstandardized quantitative analysis program of multiphase powdered 
Quant samples included into WinXpow software package by roentgen-graphic way.  

According to two valence metal ions, determination of sorption capacity has been made in the condition 
ensuring maximum absorption while getting the balance for the majority [1]. For this, 0.2 gr sorbent is added to 
100 ml nitrate solution of favorable salt having 0.1 mol.1-1 density, contact duration of sorbent with the solution 
is 24 hours by constant mixture. Then the sediment is filtered off and residual amount of metal ions in the solu-
tion is determined. Initial and balance densities of Pb2+ and Zn2+ cations have been determined by Xylenol pink 
indicator in acetate buffer solution of pH=5 with complexonometrictitration method [8], the density of other cati-
ons has been determined in AAS ContrAA300 atom-adsorption spectrometer.  

In figure 1, depending on time changing curves of the amount of phosphorus combined to powder dolo-
mite and their separation degree from one, two and three-substitutive sodium phosphate solutions have been 
shown. Kinetic curves of dolomite formation have typical shape by characterizing three areas ïgrowth, weak-
ening and balance decline. Intensive absorption area for all the systems being investigated is observed at in-
teraction duration interval till 2-3 hours, afterwards the amount of phosphorus entering the reaction is getting 
increased at the time interval till 16 hours and in this condition it becomes balanced. In one-substitutive salt 
solutions maximum absorption of phosphorus is formed by 3 mmol.g-1 thermally modified dolomite. According-
ly, in two and three substitutive sodium phosphate solutions this value forms 2.5 and 0.75 mmol.g-1. According 
to the change in the density before and after the interaction, the calculation of phosphate ions separation de-
gree indicates that, dolomite absorbs 57% phosphorus from sodium di-hydro-phosphate solution according to 
initial amount, for sodium hydro-phosphate this value is 30%, and for three substitutive sodium phosphate it is 
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approximately 10%.  
The change in the nature of phosphating reagent and decrease in the amount of phosphorus absorbed 

from the solution can be related to different shapes of phosphate anion and accordingly, pH of initially phos-
phating solution affecting the formation of calcium and magnesium phosphate phases. As it can be seen in 
figure 2 the curves of which are shown, during the interaction with the burnt dolomite, changing pH of sodium 
phosphate solution is accompanied by the increasing of the pH interaction from 4.6 to 9.7in dolomite ï 
NaH2PO4 system, however, pH practically doesnôt change in dolomite ï Na2HPO4 system and approximately 
forms 9.5. phosphating duration Ű(hour) of granular, thermally processed dolomite. 

 

 
Figure 1. Dependence of combined phosphorus amount mp (mmol.g-1) (a) on 

42PONaH (1), 

42HPONa (2), 43PONa (3) solutions and its separation degree on a (%)  

 
Unlike acidic sodium phosphate solutions, during the use of Na3PO4, pH of the solution doesnôt in-

crease, in the contrary it decreases from 12.5 to 10.2. The comparison of figures 1 and 2 indicates that, de-
pending on interaction duration with dolomite, simbat and antibat for Na3PO4solutions are changed by the 
change in the curves NaH2PO4of pH of the solution and the amount of absorbed phosphorus for 
NaH2PO4solutions. It proves diversity hypothesis of the processes occurring in the systems.  

 

 
Figure 2. Changing pH of matte solutions 42PONaH (1), 42HPONa (2), 43PONa (3) during 

phosphating process of powder dolomite, ű is the time (hour) 
 

According to the RPA results of 0.2 m. one, two and three-substitutive sodium phosphate solutions of 
thermally processed dolomite and phosphating products, the composition of the generated phases considera-
bly depends on the composition of phosphating solution, as well as contact duration. Besides thermally pro-
cessed dolomite not reacting with calcium carbonate and magnesium oxide mixture in diffractograms, reflexes 
of new phases being considered interaction products with dolomite are observed.  

During the use of NaH2PO4as a phosphating reagent, magnesium phosphate having Mg3(PO4)2Ö22H2O 
composition is considered phosphating product so that, it formation is observed after 8 hoursô interaction in 
































































































































































































































































