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ʈɽʐɽʅʀɽ 

ʦ ʧʨʦʚʝʜʝʥʠʠ 

15.01.2020 ʛ. 

V ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ  

 

çɽɺʈʆʇɽʁʉʂʀɽ ʅɸʋʏʅʓɽ ʀʉʉʃɽɼʆɺɸʅʀʗè 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʦʤ ʧʨʦʚʝʜʝʥʠʷ 

ʄʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʡ 

ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʮʝʥʪʨʘ ʥʘʫʯʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ çʅʘʫʢʘ ʠ ʇʨʦʩʚʝʱʝʥʠʝè 

 

1. ʎʝʣʴ ʢʦʥʬʝʨʝʥʮʠʠ ï ʩʦʜʝʡʩʪʚʠʝ ʠʥʪʝʛʨʘʮʠʠ ʨʦʩʩʠʡʩʢʦʡ ʥʘʫʢʠ ʚ ʤʠʨʦʚʦʝ ʠʥʬʦʨʤʘ-

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 



10 ǤǡǯǭǮǤǨǰǩǧǤ ǬǟǲǶǬǺǤ ǧǰǰǪǤǣǭǡǟǬǧǾ 

 

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

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, ʜʝʢʘʥ ʬʘ-

ʢʫʣʴʪʝʪʘ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ ʩʫʜʝʙʥʦʡ ʩʠʩʪʝʤʳ ʋʨʘʣʴʩʢʦʛʦ ʬʠʣʠʘʣʘ ʌɻɹʆʋ ɺʆ 

çʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʨʘʚʦʩʫʜʠʷè 

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 ʘʛʨʘʨʥʳʡ 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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ɺ ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ (xoy) ʨʘʩʩʤʦʪʨʠʤ ʦʢʨʫʞ-

ʥʦʩʪʠ ( )0;z Rw  ʠ ( )0;z rw *  ʦʧʠʩʘʥʥʫʶ ʠ ʚʧʠʩʘʥʥʫʶ ʚ ʪʨʝʫʛʦʣʴʥʠʢ ABC. ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʠ 

ʪʨʝʫʛʦʣʴʥʠʢʘ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʢʨʫʞʥʦʩʪʴʶ. 
ɺ ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ ʦʢʨʫʞʥʦʩʪʴ ʩ ʮʝʥʪʨʦʤ ʚ ʪʦʯʢʝ z0 ʠ ʨʘʜʠʫʩʦʤ R ʠʤʝʝʪ ʫʨʘʚʥʝʥʠʝ 

                                                               0z z R- = .                                                                 (1) 

ʀʟ ʦʧʨʝʜʝʣʝʥʠʷ ʫʤʥʦʞʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ ʩʣʝʜʫʝʪ, ʯʪʦ ( )( ) 2

0 0 .z z z z R- - =  

ʈʘʩʢʨʳʚʘʷ ʩʢʦʙʢʠ ʧʨʠʜʘʜʠʤ ʫʨʘʚʥʝʥʠʶ (1) ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

                                                   
2 2

0 0 0 0zz z z z z z R- - + - =,                                               (2) 

ʛʜʝ z x iy= + , z x iy= - , 0 0 0z x iy= + , 0 0 0z x iy= -  ʠ 2 1i =-.     

ʀʙʥʞʰʙʦʡʞ 1. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʫʨʘʚʥʝʥʠʝ 0Mzz Nz Nz L+ + + =, ʛʜʝ ,M LÍ , NÍ , 

0NN ML- > ʷʚʣʷʝʪʩʷ ʦʙʱʠʤ ʫʨʘʚʥʝʥʠʝʤ ʦʢʨʫʞʥʦʩʪʠ. ɽʸ ʮʝʥʪʨ z0 ʠ ʨʘʜʠʫʩ R ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʣʝʜʫ-

ʶʱʠʤ ʦʙʨʘʟʦʤ:  

                                               0 /z N M=- , /R NN ML M= - .                                           (3) 

ʀʙʝʙʰʙ 1. ɼʦʧʫʩʪʠʤ, ʯʪʦ ʚ ʦʢʨʫʞʥʦʩʪʴ ( )0;z Rw  ʚʧʠʩʘʥ ʪʨʝʫʛʦʣʴʥʠʢ ABC (ʨʠʩ.1). ʊʦʛʜʘ ʨʘʜʠ-

ʫʩ ʦʧʠʩʘʥʥʦʡ ʦʢʨʫʞʥʦʩʪʠ ʚʳʨʘʞʘʝʪʩʷ ʯʝʨʝʟ ʩʪʦʨʦʥʳ ʪʨʝʫʛʦʣʴʥʠʢʘ ʬʦʨʤʫʣʦʡ 

ɹʦʦʧʫʙʯʡʸ: ʚ ʩʪʘʪʴʝ ʧʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʢʦʤʧʣʝʢʩʥʳʝ ʯʠʩʣʘ ʤʦʛʫʪ ʙʳʪʴ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴ-
ʥʳʤʠ ʠ ʧʦʣʝʟʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʚ ʧʣʘʥʠʤʝʪʨʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʝʪʦʜʘ ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ ʨʘʩ-
ʩʤʦʪʨʝʥʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʬʦʨʤʫʣʳ ɻʝʨʦʥʘ.   
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʢʦʤʧʣʝʢʩʥʳʝ ʯʠʩʣʘ, ʚʧʠʩʘʥʥʳʝ ʠ ʦʧʠʩʘʥʥʳʝ ʦʢʨʫʞʥʦʩʪʠ, ʮʝʥʪʨʳ ʚʧʠʩʘʥʥʳʭ ʠ ʦʧʠ-
ʩʘʥʥʳʭ ʦʢʨʫʞʥʦʩʪʝʡ ʪʨʝʫʛʦʣʴʥʠʢʘ.  
 

INSCRIBED AND CIRCUMSCRIBED CIRCLES OF THE TRIANGLE IN COMPLEX NUMBERS 
 

Sagindykov Bimurat, 
Bimurat Altinay 

 
Abstract: the article shows that complex numbers can be much more attractive and useful tools in planimetry. 
As an example of the method of complex numbers, the proof of the Heron formula is considered. 
Key words: complex numbers, inscribed and circumscribed circles, centers of inscribed and circumscribed 
circles of a triangle. 
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4 ABC

AB BC CA
R

S

Ö Ö
= ,                                                                    (4) 

ʛʜʝ ABCS ï ʧʣʦʱʘʜʴ ʪʨʝʫʛʦʣʴʥʠʢʘ. 

ɽʧʣʙʠʙʫʞʤʵʪʫʛʧ. ʉʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ (29) ʠʟ [4] ʜʣʷ ʧʣʦʱʘʜʠ ʧʦʣʦʞʠʪʝʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ 
ʪʨʝʫʛʦʣʴʥʠʢʘ ABC ʠʤʝʝʤ: 

                                                
( )( )( )

( )( )( )

2

0 0 04
ABC

iR a b b c c a
S

a z b z c z

- - -
=

- - -
,                                                    (5) 

ʛʜʝ ʘ, ʚ, ʩ ï ʢʦʤʧʣʝʢʩʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʦʯʝʢ ɸ, ɺ, ʉ ʠ z0 ï ʢʦʤʧʣʝʢʩʥʘʷ ʢʦʦʨʜʠ-
ʥʘʪʘ ʮʝʥʪʨʘ ʦʢʨʫʞʥʦʩʪʠ. 

ʇʝʨʝʭʦʜʷ ʢ ʦʧʝʨʘʮʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʧʨʷʞʝʥʠʷ ʠʟ ʦʙʝʠʭ ʯʘʩʪʝʡ ʨʘʚʝʥʩʪʚʘ (5), ʧʦʣʫʯʠʤ 

( )( )( )

( )( )( )

2

0 0 04
ABC

iR a b b c c a
S

a z b z c z

- - - -
=

- - -
.   

ʀʟ ʦʧʨʝʜʝʣʝʥʠʷ ʫʤʥʦʞʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ ʩʣʝʜʫʝʪ, ʯʪʦ 
2

ABC ABC ABCS S SÖ = .  ʊʦʛʜʘ 

2 2 24 4 2 2 2 2 2 2
2

2 2 2 6 2

0 0 0
16 1616

ABC

R a b b c c a R AB BC CA AB BC CA
S

R Ra z b z c z

- - - Ö Ö Ö Ö
= = =

- - -
. 

ʆʪʩʶʜʘ 
4 ABC

AB BC CA
R

S

Ö Ö
= , ʛʜʝ ( )( )( )ABCS p p AB p BC p CA= - - -  ʠ 

2

AB BC CA
p

+ +
=  

ʧʦ ʬʦʨʤʫʣʝ ɻʝʨʦʥʘ. 

 
ʉʡʪ. 1. ʐʞʩʫʞʟ ʣ ʠʙʝʙʰʞ 1 

 
ʀʙʝʙʰʙ 2. ɼʦʧʫʩʪʠʤ ʠʟʚʝʩʪʥʳ ʢʦʤʧʣʝʢʩʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʘ, ʚ, ʩ ʪʦʯʝʢ ɸ, ɺ, ʉ. ʊʦʛʜʘ ʢʦʤʧʣʝʢʩʥʘʷ 

ʢʦʦʨʜʠʥʘʪʘ ʮʝʥʪʨʘ ʦʢʨʫʞʥʦʩʪʠ z0 ʪʦʯʢʠ Q ʚʳʨʘʞʘʝʪʩʷ ʬʦʨʤʫʣʦʡ 

                                           
( ) ( ) ( )

( )( )( )( )0

aa b c bb c a cc a b
z

a b b c a b b c

- + - + -
=

- - + - -
.                                                (6) 

ɽʧʣʙʠʙʫʞʤʵʪʫʛʧ. ʎʝʥʪʨ ʦʧʠʩʘʥʥʦʡ ʦʢʨʫʞʥʦʩʪʠ z0 ʣʝʞʠʪ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ ʩʝʨʝʜʠʥʥʳʭ ʧʝʨʧʝʥʜʠ-

ʢʫʣʷʨʦʚ ( )( )( )Q EQ QF= ³  ʢ ʩʪʦʨʦʥʘʤ ʪʨʝʫʛʦʣʴʥʠʢʘ ABC (ʨʠʩ.1). 

ʅʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ ʧʨʷʤʦʡ (EQ), ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʪʦʯʢʫ 
2

a b
E

+å õ
æ ö
ç ÷

  ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ (ɸɺ): 

( ) ( ) 0
2 2

a b a b
a b z a b z

å õ+ +å õ
- - + - - =æ öæ ö
ç ÷ ç ÷

. 

ʅʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ ʧʨʷʤʦʡ (FQ), ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʪʦʯʢʫ 
2

b c
F

+å õ
æ ö
ç ÷

  ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʨʷʤʦʡ 
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(ɺʉ): 

( ) ( ) 0
2 2

b c b c
b c z b c z

å õ+ +å õ
- - + - - =æ öæ ö
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ʏʪʦʙʳ ʨʝʰʠʪʴ ʩʠʩʪʝʤʫ ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣ ʂʨʘʤʝʨʘ, ʧʨʝʦʙʨʘʟʫʝʤ ʝʸ ʢ ʩʣʝʜʫʶʱʝʤʫ ʚʠʜʫ 
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ɺʳʯʠʩʣʠʤ ʦʩʥʦʚʥʦʡ ʦʧʨʝʜʝʣʠʪʝʣʴ ʩʠʩʪʝʤʳ (7): 
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ʊʦʛʜʘ ʢʦʤʧʣʝʢʩʥʘʷ ʢʦʦʨʜʠʥʘʪʘ ʮʝʥʪʨʘ ʦʧʠʩʘʥʥʦʡ ʦʢʨʫʞʥʦʩʪʠ ʚʳʨʘʞʘʝʪʩʷ ʬʦʨʤʫʣʦʡ (6). ɺ ʯʘʩʪ-
ʥʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʟʘ ʥʘʯʘʣʦ ʧʨʠʤʝʤ ʚʝʨʰʠʥʫ ɸ, ʪʦ ʢʦʤʧʣʝʢʩʥʫʶ ʢʦʦʨʜʠʥʘʪʫ z0 ʤʦʞʥʦ ʥʘʡʪʠ ʧʦ ʬʦʨʤʫʣʝ 
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-
=

-
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ʀʙʝʙʰʙ 3.  ʇʫʩʪʴ ʚ ʦʢʨʫʞʥʦʩʪʴ ( )0;z Rw  ʚʧʠʩʘʥ ʪʨʝʫʛʦʣʴʥʠʢ ABC (ʨʠʩ.2). ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚ 

ʪʨʝʫʛʦʣʴʥʠʢ ABC ʚʧʠʩʘʥʘ ʦʢʨʫʞʥʦʩʪʴ ( )0;z rw * . ʊʦʯʢʠ ʢʘʩʘʥʠʷ ʦʢʨʫʞʥʦʩʪʠ ( )0;z rw *  ʩʦ ʩʪʦʨʦʥʘʤʠ 

ɸɺ, ɺʉ, ʉɸ ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ K, L, N. 
 

 
ʉʡʪ. 2. ʐʞʩʫʞʟ ʣ ʠʙʝʙʰʞ 3 

 
ɺʳʨʘʟʠʤ ʢʦʤʧʣʝʢʩʥʳʝ ʢʦʦʨʜʠʥʘʪʳ k, l, n ʚʝʨʰʠʥ ʪʨʝʫʛʦʣʴʥʠʢʘ KLN  ʯʝʨʝʟ ʢʦʦʨʜʠʥʘʪʳ ʘ, ʚ, ʩ 

ʚʝʨʰʠʥ ʪʨʝʫʛʦʣʴʥʠʢʘ ABC. 

ʉʞʱʞʦʡʞ. ʉʪʦʨʦʥʳ ʪʨʝʫʛʦʣʴʥʠʢʘ ɸɺ, ɺʉ, ʉɸ ʷʚʣʷʶʪʩʷ ʢʘʩʘʪʝʣʴʥʳʤʠ ʢ ʦʢʨʫʞʥʦʩʪʠ ( )0;z rw * . 

ʇʦʵʪʦʤʫ ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ (13) ʠʟ [4] ʠʤʝʝʤ 
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 ï ʮʝʥʪʨ ʠ ʨʘʜʠʫʩ ʦʢʨʫʞʥʦʩʪʠ, ʚʧʠʩʘʥʥʦʡ ʚ ʪʨʝʫʛʦʣʴʥʠʢ ABC; k, l, n ï ʢʦʤʧʣʝʢʩʥʳʝ 

ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ K, L, N. 

ʂʦʤʧʣʝʢʩʥʫʶ ʢʦʦʨʜʠʥʘʪʫ ʪʦʯʢʠ ɸ ʦʧʨʝʜʝʣʷʝʤ ʠʟ ʩʠʩʪʝʤʳ  ( )( )A BA AC= ³ , ʪ.ʝ. 
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ʉʣʦʞʠʚ ʧʦʩʣʝʜʥʠʝ ʪʨʠ ʨʘʚʝʥʩʪʚʘ ʧʦʯʣʝʥʥʦ, ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʝʝ ʨʘʚʝʥʩʪʚʦ 
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ʀʙʥʞʰʙʦʡʞ 2. ɽʩʣʠ ʧʦ ʧʦʩʪʨʦʝʥʠʶ ʟʘʜʘʥʳ (ʠʟʚʝʩʪʥʳ) ʢʦʤʧʣʝʢʩʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ɸ, ɺ, ʉ, ʪʦ 
ʢʦʤʧʣʝʢʩʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ K, L, N ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʩʣʝʜʫʶʱʠʭ ʨʘʚʝʥʩʪʚ:  

0
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-
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ʀʙʥʞʰʙʦʡʞ 3. ɼʘʣʝʝ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʫʩʣʦʚʠʝʤ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʪʨʝ-
ʫʛʦʣʴʥʠʢʘ (ʪ.ʝ. ʫʩʣʦʚʠʝʤ - ʧʣʦʱʘʜʠ ʨʘʚʥʳʭ ʬʠʛʫʨ ʦʜʠʥʘʢʦʚʳ). ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʳʙʦʨ ʪʦʯʢʠ z0 ʦʩʪʘ-
ʝʪʩʷ ʟʘ ʥʘʤʠ. 

 
ʊʨʡʪʧʣ ʤʡʫʞʩʙʫʬʩʴ 

 
1. ʉʢʦʧʝʮ ɿ.ɸ. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʤʠʥʠʘʪʶʨʳ/ʩʦʩʪ. ɻ.ɼ. ɻʨʝʡʟʝʨ. ï ʄ.: ʇʨʦʩʚʝʱʝʥʠʝ, 1990. ï 224 

ʩ.; ʩ ʠʣʣ. 
2. ʉʘʛʠʥʜʳʢʦʚ ɹ.ɾ., ɹʠʤʫʨʘʪ ɸ. ʇʨʠʤʝʥʝʥʠʝ ʘʧʧʘʨʘʪʘ ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ ʧʨʠ ʨʝʰʝʥʠʠ ʛʝʦ-

ʤʝʪʨʠʯʝʩʢʠʭ ʟʘʜʘʯ (ʧʣʘʥʠʤʝʪʨʠʠ) // ʉʙʦʨʥʠʢ ʩʪʘʪʝʡ   ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥ-
ʮʠʠ, 17 ʜʝʢʘʙʨʷ 2019, ʛ. ʇʝʥʟʘ. ʄʎʅʉ çʅʘʫʢʘ ʠ ʧʨʦʩʚʝʱʝʥʠʝè. ʉ.27-32. 
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ǲǣǩ 40/,//1 

ǟǡǱǭǫǟǱǧǶǤǰǩǧǤ ǩǭǯǭǠǩǧ ǮǤǯǤǣǟǶ, 
ǰǯǟǡǬǤǬǧǤ ǱǯǟǬǰǫǧǰǰǧǨ 

ǬȇȉȇȗȇȌ ǡȊǿȃȇȐȊǿȁ ǡȊǿȃȇȋȇȏȍȁȇȖ, 
ǩȏǿȁȖȄȌȉȍ Ǭȇȉȇȑǿ ǟȊȄȉȐȄȄȁȇȖ, 

(ʙʘʢʘʣʘʚʨ)r ʩʪʫʜʝʥʪ r4 ʢʫʨʩʘ,  
ʥʘʧʨ. çʅʘʟʝʤʥʳʝ ʪʨʘʥʩʧʦʨʪʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳè  

ǫȍȏȂȒȌȍȁ ǪȄȍȌȇȃ ǡǿȊȄȏțȄȁȇȖ, 
 (ʤʘʛʠʩʪʨ) ʩʪʫʜʝʥʪ 1 ʢʫʨʩʘ,  

ʥʘʧʨ. çʕʢʩʧʣʫʘʪʘʮʠʷ ʠ ʫʧʨʘʚʣʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʘʰʠʥ ʠ ʢʦʤʧʣʝʢʩʦʚè  

ǩȒȏȊǿȄȁ ǢȄȌȌǿȃȇȈ ǟȊȄȉȐǿȌȃȏȍȁȇȖ 
 (ʙʘʢʘʣʘʚʨ) ʩʪʫʜʝʥʪ 4 ʢʫʨʩʘ,  

ʥʘʧʨ. çʊʝʭʥʦʣʦʛʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʮʝʩʩʦʚè 
ʌɻɹʆʋ ɺʆ çʆʨʣʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʀ.ʉ.ʊʫʨʛʝʥʝʚʘè  

 

 
ɹʛʫʧʥʙʫʡʰʞʪʣʡʞ ʣʧʩʧʚʣʡ ʨʞʩʞʝʙʰ 

ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʢʦʨʦʙʢʘ ʧʝʨʝʜʘʯ, ʠʣʠ ɸʂʇʇ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʘʥʩʤʠʩʩʠʶ, ʦʙʝʩʧʝʯʠʚʘʶ-
ʱʫʶ ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʯʠʩʣʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʩʣʦʚʠʷʤʠ ʜʚʠʞʝʥʠʷ ʙʝʟ ʫʯʘʩʪʠʷ ʚʦ-
ʜʠʪʝʣʷ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʭʦʨʦʰʫʶ ʧʣʘʚʥʦʩʪʴ ʭʦʜʘ ʘʚʪʦʤʦʙʠʣʷ, ʘ ʪʘʢʞʝ ʢʦʤʬʦʨʪ ʧʨʠ ʜʚʠʞʝʥʠʠ ʜʣʷ 
ʚʦʜʠʪʝʣʷ. 

ʉʦʚʨʝʤʝʥʥʘʷ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʢʦʨʦʙʢʘ ʧʝʨʝʢʣʶʯʝʥʠʷ ʧʝʨʝʜʘʯ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘ-
ʥʠʢʠ, ʨʘʙʦʪʘʝʪ ʚ ʠʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʧʦ ʜʨʫʛʦʤʫ ʧʨʠʥʮʠʧʫ, ʭʦʪʴ ʠ ʦʩʥʦʚʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʥʝʠʟʤʝʥʥʦ. 

ɻʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨ ʠʣʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ, ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʘʩʦʩ, ʪʫʨʙʠʥʫ 
ʠ ʩʪʘʪʦʨ. ɺʩʝ ʜʝʪʘʣʠ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʟʘʢʣʶʯʝʥʳ ʚ ʦʙʱʝʤ ʢʦʨʧʫʩʝ. ɻʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨ ʟʘʧʦʣ-

ɹʦʦʧʫʙʯʡʸ: ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʦʩʥʦʚʥʳʝ ʚʠʜʳ ʢʦʨʦʙʦʢ ʧʝʨʝʢʣʶʯʝʥʠʷ ʧʝʨʝʜʘʯ. ʆʧʨʝʜʝ-
ʣʠʣʠ ʛʣʘʚʥʳʝ ʤʠʥʫʩʳ ʠ ʧʣʶʩʳ ʢʘʞʜʦʛʦ ʪʠʧʘ. ʂʘʞʜʳʡ ʘʛʨʝʛʘʪ ʭʦʨʦʰʦ ʩʧʨʘʚʣʷʝʪʩʷ ʩʦ ʩʚʦʠʤʠ ʟʘʜʘʯʘʤʠ. 
ʇʦʵʪʦʤʫ ʢʘʞʜʳʡ ʧʦʪʨʝʙʠʪʝʣʴ ʚʳʙʠʨʘʝʪ, ʯʪʦ ʝʤʫ ʣʫʯʰʝ ʧʦʜʭʦʜʠʪ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʢʦʨʦʙʢʘ ʧʝʨʝʢʣʶʯʝʥʠʡ ʧʝʨʝʜʘʯ, ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʪʨʘʥʩʤʠʩʩʠʷ, ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʘʷ 
ʪʨʘʥʩʤʠʩʩʠʷ, ʚʘʨʠʘʪʦʨʥʘʷ ʪʨʘʥʩʤʠʩʩʠʷ, ʥʘʜʝʞʥʦʩʪʴ, ʧʣʘʚʥʦʩʪʴ, ʢʦʤʬʦʨʪ, ʩʢʦʨʦʩʪʴ, ʵʢʦʥʦʤʠʯʥʦʩʪʴ. 
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Abstract: this article discusses the main types of gearboxes. Have identified the main advantages and disad-
vantages of each type. Each unit copes well with its tasks. Therefore, each consumer chooses what suits them 
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ness, comfort, speed, economy. 



20 ǤǡǯǭǮǤǨǰǩǧǤ ǬǟǲǶǬǺǤ ǧǰǰǪǤǣǭǡǟǬǧǾ 

 

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

ʥʝʥ ʩʧʝʮʠʘʣʴʥʳʤ ʤʘʩʣʦʤ, ʥʘʩʦʩ ʩʦʟʜʘʝʪ ʚʥʫʪʨʠ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʧʦʪʦʢ ʤʘʩʣʘ, ʢʦʪʦʨʳʡ ʚʨʘʱʘʝʪ 
ʢʦʣʝʩʦ ʩʪʘʪʦʨʘ ʠ ʪʫʨʙʠʥʫ. ʊʝʤ ʩʘʤʳʤ ʧʝʨʝʜʘʚʘʷ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʩ ʜʚʠʛʘʪʝʣʷ. 

 

 
ʉʡʪ. 1. ɹʛʫʧʥʙʫʡʰʞʪʣʙʸ ʣʧʩʧʚʣʙ ʨʞʩʞʝʙʰ 

 
ʇʣʘʥʝʪʘʨʥʘʷ ʧʝʨʝʜʘʯʘ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʰʝʩʪʝʨʝʥ (ʦʥʠ ʥʘʟʳʚʘʶʪʩʷ ʧʣʘʥʝʪʘʨʥʳʤʠ ʠʣʠ ʩʘ-

ʪʝʣʣʠʪʘʤʠ), ʚʨʘʱʘʶʱʠʭʩʷ ʚʦʢʨʫʛ ʮʝʥʪʨʘʣʴʥʦʡ ʰʝʩʪʝʨʥʠ. ʇʣʘʥʝʪʘʨʥʳʝ ʰʝʩʪʝʨʥʠ ʬʠʢʩʠʨʫʶʪʩʷ ʚʤʝʩʪʝ 
ʩ ʧʦʤʦʱʴʶ ʚʦʜʠʣʘ. ʂʨʦʤʝ ʵʪʦʛʦ, ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʚʥʝʰʥʷʷ ʢʦʣʴʮʝʚʘʷ ʰʝʩʪʝʨʥʷ ʠʤʝʝʪ ʚʥʫʪʨʝʥʥʝʝ ʟʘ-
ʮʝʧʣʝʥʠʝ ʩ ʧʣʘʥʝʪʘʨʥʳʤʠ ʰʝʩʪʝʨʥʷʤʠ. ʉʘʪʝʣʣʠʪʳ, ʟʘʢʨʝʧʣʝʥʥʳʝ ʥʘ ʚʦʜʠʣʝ, ʚʨʘʱʘʶʪʩʷ ʚʦʢʨʫʛ ʮʝʥ-
ʪʨʘʣʴʥʦʡ ʰʝʩʪʝʨʥʠ, ʚʥʝʰʥʷʷ ʰʝʩʪʝʨʥʷ ï ʚʦʢʨʫʛ ʩʘʪʝʣʣʠʪʦʚ. ʇʝʨʝʜʘʪʦʯʥʳʝ ʦʪʥʦʰʝʥʠʷ ʜʦʩʪʠʛʘʶʪʩʷ 
ʧʫʪʝʤ ʬʠʢʩʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʜʝʪʘʣʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʴʰʝʛʦ ʜʠʘʧʘʟʦʥʘ ʧʝ-
ʨʝʜʘʪʦʯʥʳʭ ʯʠʩʝʣ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʨʦʙʢʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʧʣʘʥʝʪʘʨʥʳʭ ʧʝʨʝʜʘʯ. 

ɻʠʜʨʘʚʣʠʢʘ ʨʘʙʦʪʘʝʪ ʚ ʧʦʣʥʦʤ ʩʠʤʙʠʦʟʝ ʩ ʦʩʪʘʣʴʥʳʤʠ ʯʘʩʪʷʤʠ ɸʂʇʇ ʠ ʝʝ ʨʘʙʦʪʫ ʤʦʞʥʦ ʩʨʘʚ-
ʥʠʪʴ ʩ ʢʨʦʚʝʥʦʩʥʦʡ ʩʠʩʪʝʤʦʡ. ɾʠʜʢʦʩʪʴ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʡ, ʧʦʤʠʤʦ ʩʦʟʜʘʥʠʷ ʜʘʚʣʝʥʠʷ 
ʚ ʩʠʩʪʝʤʝ, ʦʙʣʘʜʘʝʪ ʪʘʢ ʞʝ ʥʘʙʦʨʦʤ ʧʦʣʝʟʥʳʭ ʬʫʥʢʮʠʡ. ʊʘʢʠʭ ʢʘʢ ʩʤʘʟʳʚʘʥʠʝ, ʦʪʚʦʜ ʪʝʧʣʘ ʠ ʦʯʠʱʝ-
ʥʠʝ ʚʥʫʪʨʝʥʥʦʩʪʝʡ ɸʂʇʇ ʦʪ ʟʘʛʨʷʟʥʝʥʠʡ. 

ʈʤʷʪʴ ɹʃʈʈ: 
ŀ ʂʦʤʬʦʨʪ ʠ ʫʜʦʙʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ; 
ŀ ʉʧʦʩʦʙʥʦʩʪʴ ʤʝʥʷʪʴ ʧʝʨʝʜʘʯʠ ʧʨʠ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ; 
ŀ ʇʣʘʚʥʦʩʪʴ ʭʦʜʘ ʚʦ ʚʨʝʤʷ ʧʝʨʝʢʣʶʯʝʥʠʷ ʧʝʨʝʜʘʯ; 
ŀ ɿʘʱʠʪʘ ʜʝʪʘʣʝʡ ʜʚʠʛʘʪʝʣʷ ʦʪ ʧʝʨʝʛʨʫʟʦʢ ʧʨʠ ʚʳʙʦʨʝ ʥʝʚʝʨʥʦʡ ʧʝʨʝʜʘʯʠ. 
ʅʡʦʬʪʴ ɹʃʈʈ: 
ŀ ʉʪʦʠʤʦʩʪʴ ʠ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʦʙʩʣʫʞʠʚʘʥʠʷ; 
ŀ ɹʦʣʴʰʠʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ; 
ŀ ʅʠʟʢʠʡ ʂʇɼ; 
ŀ ʄʝʥʴʰʘʷ ʜʠʥʘʤʠʢʘ ʘʚʪʦʤʦʙʠʣʷ.[1] 

ʉʧʚʧʫʡʠʡʩʧʛʙʦʦʴʞ ʣʧʩʧʚʣʡ ʨʞʩʞʝʙʰ 
ʈʦʙʦʪʠʟʠʨʦʚʘʥʥʘʷ ʢʦʨʦʙʢʘ ʧʝʨʝʜʘʯ - ʵʪʦ ʣʦʛʠʯʝʩʢʦʝ ʧʨʦʜʦʣʞʝʥʠʝ ʨʘʟʚʠʪʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʢʦʨʦʙ-

ʢʠ. ʈʦʙʦʪ ʵʪʦ ʥʝ ʯʪʦ ʠʥʦʝ, ʢʘʢ ʤʝʭʘʥʠʯʝʩʢʘʷ ʂʇʇ, ʚ ʢʦʪʦʨʦʡ ʚʳʞʠʤ ʩʮʝʧʣʝʥʠʷ ʠ ʧʝʨʝʢʣʶʯʝʥʠʝ ʧʝʨʝʜʘʯ 
ʚʳʧʦʣʥʷʶʪ ʜʚʘ ʩʝʨʚʦʧʨʠʚʦʜʘ (ʘʢʪʫʘʪʦʨʘ), ʫʧʨʘʚʣʷʝʤʳʝ ʵʣʝʢʪʨʦʥʥʳʤ ʙʣʦʢʦʤ. ʇʦ ʬʘʢʪʫ ʨʦʙʦʪ ʚʧʠʪʘʣ ʚ 
ʩʝʙʷ ʚʩʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʩʪʦʨʦʥʳ ʤʝʭʘʥʠʯʝʩʢʦʡ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ ʠ ʫʜʦʙʩʪʚʦ ʘʚʪʦʤʘʪʘ. 

ʇʝʨʚʳʡ ʧʨʦʪʦʪʠʧ ʨʦʙʦʪʘ ʧʦʷʚʠʣʩʷ ʚ 1939 ʛʦʜʫ, ɸʜʦʣʴʬ ʂʝʛʨʝʩʩ ʩʦʟʜʘʣ ʪʨʘʥʩʤʠʩʩʠʶ ʩ ʜʚʦʡʥʳʤ 
ʩʮʝʧʣʝʥʠʝʤ, ʥʦ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʵʪʦʛʦ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʠʟʦʙʨʝʪʝʥʠʷ ʦʩʪʘʥʦʚʠʣʦʩʴ ʥʘ ʩʣʝʜʫʶʱʠʝ 
40 ʣʝʪ. ɺʩʝʤʫ ʚʠʥʦʡ ʦʪʩʫʪʩʪʚʠʝ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʧʨʦʝʢʪʘ. 

ʉʝʨʠʡʥʘʷ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʘʷ ʢʦʨʦʙʢʘ ʧʦʷʚʠʣʘʩʴ ʪʦʣʴʢʦ ʚ 2003 ʛʦʜʫ. ʆʪʚʘʞʠʣʘʩʴ ʥʘ ʪʘʢʦʡ ʰʘʛ 
ʢʦʤʧʘʥʠʷ Volkswagen, ʫʩʪʘʥʦʚʠʚ ʧʨʝʩʝʣʝʢʪʠʚʥʫʶ ʪʨʘʥʩʤʠʩʩʠʶ ʥʘ ʩʧʦʨʪ ʚʝʨʩʠʶ ʤʦʜʝʣʠ Golf 4 R32. 
ʇʨʦʠʟʚʦʜʠʪʝʣʝʤ ʢʦʨʦʙʢʠ ʙʳʣʘ ʢʦʤʧʘʥʠʷ BorgWarner. ʇʦ ʩʝʡ ʜʝʥʴ ʢʦʥʮʝʨʥ VAG ʘʢʪʠʚʥʦ ʧʨʦʜʚʠʛʘʝʪ 
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ʵʪʦʪ ʪʠʧ ʢʦʨʦʙʦʢ ʥʘ ʩʚʦʠʭ ʤʦʜʝʣʷʭ. 
ʆʩʦʙʝʥʥʦʩʪʴ ʪʘʢʦʡ ʢʦʨʦʙʢʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʢʦʥʩʪʨʫʢʮʠʠ, ʘ ʠʤʝʥʥʦ ʚ ʥʘʣʠʯʠʠ ʜʚʫʭ ʩʮʝʧʣʝʥʠʡ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʪʘʢʦʡ ʢʦʨʦʙʢʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʥʘ ʦʜʥʦ ʩʮʝʧʣʝʥʠʝ ʟʘʚʷʟʘʥʳ ʯʝʪʥʳʝ ʧʝʨʝʜʘʯʠ, ʘ ʥʘ 
ʚʪʦʨʦʝ ʥʝʯʝʪʥʳʝ. ɺ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʧʝʨʝʜʘʝʪʩʷ ʧʦ ʦʜʥʦʤʫ ʩʮʝʧʣʝʥʠʶ, ʪ.ʝ. ʜʠʩʢ 
ʩʦʤʢʥʫʪ. ɺ ʵʪʦ ʞʝ ʚʨʝʤʷ ʜʠʩʢ ʚʪʦʨʦʛʦ ʩʮʝʧʣʝʥʠʷ ʨʘʟʦʤʢʥʫʪ, ʥʦ ʚʥʫʪʨʠ ʩʘʤʦʡ ʢʦʨʦʙʢʠ ʩʣʝʜʫʶʱʘʷ ʧʝʨʝ-
ʜʘʯʘ ʫʞʝ ʩʬʦʨʤʠʨʦʚʘʥʘ ʠ ʢʦʛʜʘ ʧʨʠʭʦʜʠʪ ʚʨʝʤʷ ʧʝʨʝʢʣʶʯʝʥʠʷ, ʧʝʨʚʳʡ ʜʠʩʢ ʧʨʦʩʪʦ ʨʘʟʤʳʢʘʝʪʩʷ, ʘ 
ʚʪʦʨʦʡ ʩʠʥʭʨʦʥʥʦ ʩʤʳʢʘʝʪʩʷ. ʊʘʢʘʷ ʩʭʝʤʘ ʨʘʙʦʪʳ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʣʘʚʥʦʩʪʴ ʧʝʨʝʢʣʶʯʝʥʠʷ ʠ ʦʪʩʫʪʩʪʚʠʝ 
ʨʳʚʢʦʚ. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ ʢʦʨʦʙʢʠ ʜʝʣʷʪʩʷ ʥʘ ʜʚʘ ʪʠʧʘ: 
ŀ   ʉ ʤʦʢʨʳʤ ʩʮʝʧʣʝʥʠʝʤ - ʠʩʧʦʣʴʟʫʶʪ ʥʘ ʘʚʪʦʤʦʙʠʣʷʭ ʩ ʤʦʱʥʳʤ ʜʚʠʛʘʪʝʣʝʤ, ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ 

ʢʦʪʦʨʳʭ ʧʨʝʚʳʰʘʝʪ 350 ʅʤ. 
Ŀ   ʉ ʩʫʭʠʤ ʩʮʝʧʣʝʥʠʝʤ ï ʠʩʧʦʣʴʟʫʶʪ ʥʘ ʘʚʪʦʤʦʙʠʣʷʭ ʩ ʤʘʣʦʤʦʱʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ ʜʦ 250 ʅʤ 

ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ. 
ʈʤʷʪʴ ʉʧʚʧʫʙ: 
ŀ  ʇʣʘʚʥʦʩʪʴ ʧʝʨʝʢʣʶʯʝʥʠʷ ʠ ʭʦʜʘ; 
ŀ  ɺʳʩʦʢʠʡ ʂʇɼ; 
ŀ  ʕʢʦʥʦʤʠʯʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ; 
ŀ  ɺʳʩʦʢʘʷ ʜʠʥʘʤʠʢʘ; 
ŀ  ɺʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʪʨʘʥʩʤʠʩʩʠʠ. 
ʅʡʦʬʪʴ ʉʧʚʧʫʙ: 
ŀ  ʄʘʣʘʷ ʥʘʜʝʞʥʦʩʪʴ, ʢʘʢ ʩʘʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʪʘʢ ʠ ʤʝʭʘʪʨʦʥʠʢʘ; 
ŀ  ʉʪʦʠʤʦʩʪʴ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ; 
ŀ  ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʪʷʞʝʣʳʤ ʜʦʨʦʞʥʳʤ ʫʩʣʦʚʠʷʤ. 

ɻʙʩʡʙʫʧʩʦʴʞ ʫʩʙʦʪʥʡʪʪʡʡ 
ʂʦʨʦʙʢʘ ʪʠʧʘ CVT ʠʣʠ ɺʘʨʠʘʪʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʝʩʩʪʫʧʝʥʯʘʪʫʶ ʢʦʨʦʙʢʫ ʧʝʨʝʜʘʯ. ʆʩʥʦʚ-

ʥʳʝ ʜʝʪʘʣʠ ʢʦʨʦʙʢʠ CVT - ʵʪʦ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨ ʠ ʜʚʘ ʨʘʟʜʚʠʞʥʳʭ ʰʢʠʚʘ, ʧʣʶʩ, ʩʦʝʜʠʥʷʶʱʠʡ ʠʭ 
(ʰʢʠʚʳ) ʨʝʤʝʥʴ. ʉʝʯʝʥʠʝ ʨʝʤʥʷ ʠʤʝʝʪ ʪʨʘʧʝʮʠʝʜʘʣʴʥʫʶ ʬʦʨʤʫ. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝ-
ʜʫʶʱʝʤ - ʩʜʚʠʛʘʶʱʠʝʩʷ ʧʦʣʦʚʠʥʢʠ ʚʝʜʫʱʝʛʦ ʰʢʠʚʘ ʚʳʪʘʣʢʠʚʘʶʪ ʨʝʤʝʥʴ ʥʘʨʫʞʫ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝ-
ʣʠʯʝʥʠʶ ʨʘʜʠʫʩʘ ʰʢʠʚʘ, ʧʦ ʢʦʪʦʨʦʤʫ ʨʘʙʦʪʘʝʪ ʨʝʤʝʥʴ, ʵʪʦ ʜʝʡʩʪʚʠʝ ʫʚʝʣʠʯʠʚʘʝʪ ʧʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦ-
ʰʝʥʠʝ. ʂʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʩʥʠʞʝʥʠʝ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʯʠʩʣʘ, ʚʝʜʦʤʳʡ ʰʢʠʚ ʨʘʟʜʚʠʛʘʝʪʩʷ, ʨʝʤʝʥʴ ʧʝʨʝʤʝ-
ʱʘʝʪʩʷ ʥʘ ʤʝʥʴʰʠʡ ʨʘʜʠʫʩ. ɻʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨ ʚ ʵʪʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʨʦʛʘʥʠʝ ʩ ʤʝʩʪʘ, 
ʧʦʩʣʝ ʯʝʛʦ ʙʣʦʢʠʨʫʝʪʩʷ. ʋʧʨʘʚʣʝʥʠʝ ʰʢʠʚʘʤʠ ʚʳʧʦʣʥʷʝʪ ʵʣʝʢʪʨʦʥʠʢʘ. 

ʈʤʷʪʴ ɻʙʩʡʙʫʧʩʙ: 
ŀ  ʇʝʨʝʢʣʶʯʝʥʠʝ ʧʝʨʝʜʘʯ ʧʨʦʠʩʭʦʜʠʪ ʥʝʟʘʤʝʪʥʦ, ʙʝʟ ʨʳʚʢʦʚ; 
ŀ  ʕʢʦʥʦʤʠʯʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ; 
ŀ  ɺʳʩʦʢʘʷ ʜʠʥʘʤʠʢʘ. 
ʅʡʦʬʪʴ ɻʙʩʡʙʫʧʩʙ: 
ŀ ʅʝʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʤʦʱʥʳʤʠ ʤʦʪʦʨʘʤʠ; 
ŀ ʉʪʦʠʤʦʩʪʴ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ; 
ŀ ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʘʪʯʠʢʦʚ ʚʣʠʷʶʱʠʭ ʥʘ ʨʘʙʦʪʫ CVT; 
ŀ ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʪʷʞʝʣʳʤ ʜʦʨʦʞʥʳʤ ʫʩʣʦʚʠʷʤ, ʙʫʢʩʠʨʦʚʢʝ.[2] 
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ǧǬǳǭǯǫǟǵǧǭǬǬǺǤ ǴǟǯǟǩǱǤǯǧǰǱǧǩǧ ǫǼǫǰ 
ǢǧǯǭǰǩǭǮǟ 

 
ǠǿȀȄȌȉȍ ǫȇȔǿȇȊ ǢȏȇȂȍȏțȄȁȇȖ, 

ʜʦʮʝʥʪ, ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʅʘʫʢ 

ǩȍȑȊȍȁ ǫȇȔǿȇȊ ǟȊȄȉȐǿȌȃȏȍȁȇȖ, 
ǠȄȆȒȂȊȍȁǿ ǤȉǿȑȄȏȇȌǿ ǰȄȏȂȄȄȁȌǿ 

ʉʪʫʜʝʥʪʳ 
ʌɻɸʆʋɺʆ çʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

 
ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʩʪʨʫʢʪʫʨʳ ʛʠʨʦʩʢʦʧʘ ʩ ʜʚʫʤʷ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ. 

ɸʥʢʝʨʳ ʢʦʥʩʪʨʫʢʮʠʠ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʚʥʝʰʥʝʡ ʛʨʘʥʠʮʝ ʫʩʪʨʦʡʩʪʚʘ ʠ ʩʦʝʜʠʥʝʥʳ ʩ ʧʦʜʚʠʞʥʳʤ ʧʨʠʚʦʜ-
ʥʳʤ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʵʣʝʢʪʨʦʜʘʤʠ ʩ ʧʦʤʦʱʴʶ ʧʦʜʚʠʞʥʦʡ ʨʘʤʢʠ. ɹʘʣʢʠ ʧʦʜʚʝʩʢʠ ʩʧʨʦʝʢʪʠʨʦʚʘʥʳ ʠ 
ʩʢʦʥʬʠʛʫʨʠʨʦʚʘʥʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʨʝʟʦʥʘʥʩʳ ʧʝʨʚʠʯʥʳʭ ʠ ʚʪʦʨʠʯʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠ ʠʭ ʨʝʟʦʥʘʥʩʥʳʝ 
ʯʘʩʪʦʪʳ ʨʘʟʜʝʣʝʥʳ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ 150 ɻʮ. ʕʪʘ ʩʪʨʫʢʪʫʨʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʜʝ-
ʤʦʥʩʪʨʠʨʫʝʪ ʤʠʥʠʤʘʣʴʥʳʡ ʵʬʬʝʢʪ ʧʝʨʝʢʨʝʩʪʥʳʭ ʩʚʷʟʝʡ. ʂʦʥʩʪʨʫʢʮʠʷ ʠʤʝʝʪ ʜʚʘ ʥʘʙʦʨʘ ʥʝʧʦʜʚʠʞʥʳʭ 
ʦʙʢʣʘʜʦʢ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʝʨʚʠʯʥʳʭ ʠ ʚʪʦʨʠʯʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʆʙʝ ʩʪʘʮʠʦʥʘʨʥʳʝ ʦʙ-
ʢʣʘʜʢʠ ʟʘʢʨʝʧʣʝʥʳ ʥʘ ʧʦʜʣʦʞʢʝ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.  

 
 

ɹʦʦʧʫʙʯʡʸ: ʊʝʭʥʦʣʦʛʠʷ ʤʠʢʨʦʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ (ʄʕʄʉ), ʢʘʢ ʦʜʥʘ ʠʟ ʥʘʠʙʦʣʝʝ ʤʥʦʛʦ-
ʦʙʝʱʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʨʠʚʣʝʢʣʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʩʦ ʚʩʝʭ ʫʛʦʣʢʦʚ ʟʝʤʥʦʛʦ ʰʘʨʘ, ʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 
ʥʘʠʙʦʣʝʝ ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʪʝʭʥʦʣʦʛʠʡ. ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʙʳʩʪʨʦʛʦ ʨʘʟʚʠʪʠʷ ʚ ʦʙʣʘʩʪʠ ʄʕʄʉ 
ʷʚʣʷʝʪʩʷ ʧʨʠʥʷʪʠʝ ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʝʡ ʩʝʙʷ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʀʉ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 
ʫʩʪʨʦʡʩʪʚ ʄʕʄʉ. ʉʨʝʜʠ ʨʘʟʣʠʯʥʳʭ ʄʕʄʉ-ʫʩʪʨʦʡʩʪʚ ʛʠʨʦʩʢʦʧ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʫʩʪʨʦʡʩʪʚ, ʠʤʝʶʱʠʭ 
ʩʘʤʳʝ ʦʙʰʠʨʥʳʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ. ɻʠʨʦʩʢʦʧʳ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ, ʢʘʢ: ʘʚʪʦʤʦʙʠʣʝ-
ʩʪʨʦʝʥʠʝ, ʦʙʦʨʦʥʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʘʵʨʦʢʦʩʤʠʯʝʩʢʘʷ ʪʝʭʥʠʢʘ ʠ ʪ. ɼ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʄʕʄʉ, ʛʠʨʦʩʢʦʧ, ʌʏʍ, ɸʏʍ, ʄʠʢʨʦʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ. 
 

MEMS GYROSCOPE INFORMATION CHARACTERISTICS 
 

Babenko Mikhail Grigorievich, 
Kotlov Mikhail Alexandrovich, 

Bezuglova Ekaterina Sergeevna 
 
Annotation: Microelectromechanical System Technology (MEMS), as one of the most promising technologies, 
has attracted researchers from all over the world, and is one of the fastest growing technologies. One of the 
reasons for the rapid development in MEMS is the adoption of well-proven technology for manufacturing ICs 
for the implementation of MEMS devices. Among the various MEMS devices, the gyroscope is one of the de-
vices with the most extensive applications. Gyroscopes are used in areas such as: automotive, defense indus-
try, aerospace technology, etc. 
Key words: MEMS, gyroscope, phase response, frequency response, microelectromechanical systems. 



ǤǡǯǭǮǤǨǰǩǧǤ ǬǟǲǶǬǺǤ ǧǰǰǪǤǣǭǡǟǬǧǾ 23 

 

V International scientific conference | www.naukaip.ru 

 
ʉʡʪ. 1. ʋʩʞʮʥʞʩʦʙʸ ʥʧʝʞʤʵ ʪʫʩʬʣʫʬʩʴ ʜʡʩʧʪʣʧʨʙ ʡ ʛʞʣʫʧʩʦʧʞ ʨʩʞʝʪʫʙʛʤʞʦʡʞ 

 
ʂʦʥʬʠʛʫʨʘʮʠʷ ʤʘʩʩ-ʧʨʫʞʠʥʥʦʛʦ ʜʝʤʧʬʝʨʘ, ʧʦʢʘʟʘʥʥʘʷ ʥʘ ʨʠʩ. 1(ʙ), ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʚʳ-

ʚʦʜʘ ʫʨʘʚʥʝʥʠʡ ʜʠʥʘʤʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʝʢʪʦʨʥʦʛʦ 
ʘʥʘʣʠʟʘ. ʋʧʨʦʱʝʥʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʢʘʞʜʦʡ ʩʪʝʧʝʥʴʶ ʩʚʦʙʦʜʳ, ʤʦʞʝʪ 
ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ (1): 

άὼ ὧὼ Ὧ Ὂ ὸ ,                                                      (1) 
άώ ὧώ Ὧώ ςάὼɱ ,                                                  (2) 

ʛʜʝ Ὂ ὊÓÉÎ -ὸ ʧʨʝʜʩʪʘʚʣʷʝʪ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʜʚʠʞʫʱʫʶ ʩʠʣʫ, ʩ ʢʦʪʦʨʦʡ ʤʘʩʩʘ m ʧʨʠʚʦʜʠʪ
ʩʷ ʚ ʜʝʡʩʪʚʠʝ ʧʦ ʘʤʧʣʠʪʫʜʝ, ʨʘʚʥʦʡ x. ʆʙʦʟʥʘʯʝʥʠʷ Ὧ, Ὧ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʨʫʞʠʥʥʳʝ ʢʦʥʩʪʘʥʪʳ, ʘ ὧ, 

ὧ - ʢʦʥʩʪʘʥʪʳ ʜʝʤʧʬʠʨʦʚʘʥʠʷ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1. ɱ  - ʚʭʦʜʥʘʷ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ. 

ʏʪʦʙʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʯʘʩʪʦʪʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʛʠʨʦʩʢʦʧʘ, ʩ ʧʦʤʦʱʴʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 
ʃʘʧʣʘʩʘ ʬʦʨʤʫʣ (1), (2), ʧʦʣʫʯʠʤ ʠʭ ʠʟʦʙʨʘʞʝʥʠʝ.  

ὢ Ὢὃ ‰ ÅØÐ  , (3) 

ὣ ςɱὪὃ ὃ ÅØÐ ȿɰ  , (4) 

where, 

ὃ  τ‗ , (5) 

‰  ÔÁÎ ,  (6) 

ὃ  τ‗ ,    (7) 

‰  ÔÁÎ ,   (8) 

ɰ  ‰  ‰  ,   (9) 
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ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʳ ɸʏʍ ʠ ʌʏʍ ʛʠʨʦʩʢʦʧʘ ʧʦ ʦʩʠ ʭ. ɸʤʧʣʠʪʫʜʘ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʫʨʘʚʥʝʥʠʷ (3). ɻʨʘʬʠʢ ʧʦʢʘʟʳʚʘʝʪ ʦʜʥʫ ʨʝʟʦʥʘʥʩʥʫʶ ʯʘʩʪʦʪʫ, -ʛʜʝ ʘʤʧʣʠʪʫʜʘ ʷʚʣʷʝʪʩʷ ʤʘʢ ,
ʩʠʤʘʣʴʥʦʡ.  

 

 
ʉʡʪ. 2. ɹʐʎ ʡ ʍʐʎ ʜʡʩʧʪʣʧʨʙ ʨʧ ʧʪʡ ʮ. 

 
ʅʘ ʨʠʩ 3. ʇʨʝʜʩʪʘʚʣʝʥʳ ɸʏʍ ʠ ʌʏʍ ʧʦ ʦʩʠ y. ʅʘ ʵʪʦʤ ʨʠʩʫʥʢʝ ʤʳ ʚʠʜʠʤ ʜʚʘ ʨʝʟʦʥʘʥʩʘ, ʧʨʠ ʢʦ-

ʪʦʨʳʭ ʘʤʧʣʠʪʫʜʘ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ. ɺʪʦʨʦʡ ʧʠʢ ʧʨʠʥʘʜʣʝʞʠʪ ʯʘʩʪʦʪʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʨʝʟʦʥʘʥʩʘ, 
ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʪʦʯʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚʘ. ʇʨʠʨʦʜʘ ʧʝʨʚʦʛʦ ʧʠʢʘ ʩʚʷʟʘʥʥʘ ʩ ʚʣʠʷʥʠʝʤ ʩʠ-
ʣʳ ʂʦʨʠʦʣʠʩʘ.  

 

 
ʉʡʪ. 3. ɹʐʎ ʡ ʍʐʎ ʜʡʩʧʪʣʧʨʙ ʨʧ ʧʪʡ y. 
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ǭǮǤǯǟǵǧǧ Ǭǟǣ ǶǧǰǪǟǫǧ ǡ ǰǭǩ 
ǩȍȌȞȄȁǿ ǣǿȏțȞ ǰȄȋǞȌȍȁȌǿ 

ʩʪʫʜʝʥʪʢʘ  
ʌɻɸʆʋ ɺʆ çʉʝʚʝʨʦïʂʘʚʢʘʟʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

 
ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʚʦʪ ʫʞʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʚʝʢʦʚ ʯʝʣʦʚʝʯʝʩʪʚʦ ʜʣʷ ʩʯʸʪʘ ʠʩʧʦʣʴʟʫ-

ʝʪ ʜʝʩʷʪʝʨʠʯʥʫʶ ʧʦʟʠʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ ʩʯʠʩʣʝʥʠʷ. ʉʠʩʪʝʤʦʡ ʩʯʠʩʣʝʥʠʷ ʥʘʟʳʚʘʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʠ-
ʸʤʦʚ ʦʙʦʟʥʘʯʝʥʠʷ (ʟʘʧʠʩʠ) ʯʠʩʝʣ. ɺ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ ʩʠʩʪʝʤʘ ʩʯʠʩʣʝʥʠʷ ï ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʷʟʳʢ, ʘʣʬʘ-
ʚʠʪʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʩʠʤʚʦʣʳ (ʮʠʬʨʳ), ʘ ʩʠʥʪʘʢʩʠʩʦʤ ï ʧʨʘʚʠʣʘ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʜʥʦʟʥʘʯʥʦ 
ʩʬʦʨʤʠʨʦʚʘʪʴ ʟʘʧʠʩʴ ʯʠʩʝʣ. ʆʥʘ ʦʯʝʥʴ ʧʨʦʩʪʘ ʜʣʷ ʚʦʩʧʨʠʷʪʠʷ ʠ ʫʜʦʙʥʘ ʜʣʷ ʧʨʦʠʟʚʝʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 
ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ. ʉ ʧʦʤʦʱʴʶ ʜʝʩʷʪʠ ʩʠʤʚʦʣʦʚ ʩʦʟʜʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʦ ʚʝʣʠʯʠʥʝ ʯʠʩʣʘ. ɺʩʝ 
ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ʧʨʦʠʟʚʦʜʷʪʩʷ ʧʦ ʦʩʪʘʪʢʘʤ, ʪ.ʝ. ʦʪ ʤʝʥʴʰʠʭ (ʝʜʠʥʠʮ) ʢ ʙʦʣʴʰʠʤ ï ʵʪʦ ʢ  ʜʝ-
ʩʷʪʢʘʤ, ʩʦʪʥʷʤ, ʪʳʩʷʯʘʤ ʠ ʪʘʢ ʜʘʣʝʝ. ʅʦ ʩ ʧʦʷʚʣʝʥʠʝʤ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʪʝʭʥʠʢʠ, ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʤʥʦʛʠʭ 
ʠ ʨʘʟʣʠʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʦʯʝʥʴ ʪʨʫʜʥʦ ʠ ʛʨʦʤʦʟʜʢʦ ʩʪʘʥʦʚʠʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʦʛʦ ʨʦʜʘ ʚʳʯʠʩʣʝʥʠʷ. 
ʅʘ ʩʤʝʥʫ ʝʡ ʧʨʠʭʦʜʠʪ ʥʝʧʦʟʠʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʩʯʠʩʣʝʥʠʷ, ʢ ʦʜʥʦʡ ʠʟ ʢʦʪʦʨʳʭ ʦʪʥʦʩʠʪʩʷ ʩʠʩʪʝʤʘ ʦʩʪʘ-
ʪʦʯʥʳʭ ʢʣʘʩʩʦʚ (ʉʆʂ). 

ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʯʠʩʣʘ ʚ ʉʆʂ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʧʦʥʷʪʠʠ ʚʳʯʝʪʘ ʠ ʂʠʪʘʡʩʢʦʡ ʪʝʦʨʝʤʝ ʦʙ ʦʩʪʘʪʢʘʭ 
(ʂʊʆ) [1, c.150]. ʕʪʘ ʪʝʦʨʝʤʘ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʤʦʞʥʦ ʚʦʩʩʪʘʥʦʚʠʪʴ ʮʝʣʦʝ ʯʠʩʣʦ ʧʦ ʤʥʦʞʝʩʪʚʫ ʝʛʦ ʦʩʪʘʪ-
ʢʦʚ ʦʪ ʜʝʣʝʥʠʷ ʵʪʦʛʦ ʯʠʩʣʘ ʠʟ ʥʝʢʦʪʦʨʦʛʦ ʥʘʙʦʨʘ ʧʦʧʘʨʥʦ ʚʟʘʠʤʥʦ ʧʨʦʩʪʳʭ ʯʠʩʝʣ. ʂʊʆ ʙʳʣʘ ʜʦʢʘʟʘʥʘ 
ʢʠʪʘʡʩʢʠʤ ʩʪʨʘʪʝʛʦʤ ʠ ʤʳʩʣʠʪʝʣʝʤ ʉʫʥʴ-ʮʟʳ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ 100 ʛʦʜʫ ʜʦ ʥ.ʵ. ʇʨʠʚʝʜʸʤ ʬʦʨʤʫʣʠ-
ʨʦʚʢʫ ʪʝʦʨʝʤʳ. 

ʊʝʦʨʝʤʘ 1.  
ʈʘʩʩʤʦʪʨʠʤ ʩʠʩʪʝʤʫ ʩʨʘʚʥʝʥʠʡ  

                                   

ὼḳὥ άέὨ ά ȟ
ȣȣȣȣȣ

ὼḳὥ άέὨ ά ȟ
                                                         (1) 

ʛʜʝ ÍȟÍ ρ ʧʨʠ ʚʩʝʭ É Ê. ʇʦʣʦʞʠʤ - Í ȣÍ ; - -ȾÍ , É ρȟȣȟË. ʅʘʡʜʸʤ ʩ 

ʧʦʤʦʱʴʶ ʦʙʦʙʱʸʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ɽʚʢʣʠʜʘ ʯʠʩʣʘ ÂȟȣȟÂ ʪʘʢʠʝ, ʯʪʦ -Âḳρ ÍÏÄ Í ȟÉ
ρȟȣȟË. ʊʦʛʜʘ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ (1) ʚ ʮʝʣʳʭ ʯʠʩʣʘʭ ʠʤʝʝʪ ʚʠʜ [3, ʩ. 112] 

ὼḳВ ὓὥὦ άέὨ ὓ  , 

ɹʦʦʧʫʙʯʡʸ: ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟʦʤ ʩʧʦʩʦʙʦʚ ʧʝʨʝʚʦʜʘ ʯʠʩʝʣ ʚ ʨʘʟʣʠʯʥʳʝ ʩʠʩʪʝʤʳ ʩʯʠʩʣʝ-
ʥʠʷ. ʇʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʩʧʦʩʦʙʘ ʜʣʷ ʫʜʦʙʩʪʚʘ ʠ ʣʸʛʢʦʩʪʠ 
ʚʳʧʦʣʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʦʧʝʨʘʮʠʡ ʩ ʙʦʣʴʰʠʤʠ ʯʠʩʣʘʤʠ, ʘ ʪʘʢʞʝ ʧʨʠʚʦʜʷʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪ-
ʢʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʉʆʂ, ʆʇʉʉ, ʩʠʩʪʝʤʳ ʩʯʠʩʣʝʥʠʷ, ʂʊʆ,  ʦʧʝʨʘʮʠʠ ʚʳʯʠʩʣʝʥʠʷ. 
 

OPERATIONS ON NUMBERS IN SOC 
 

Konyaeva Darya Semenovna 
 
Annotation: This article is an analysis of ways to convert numbers into different number systems. The analy-
sis of efficiency of application of this or that method for convenience and ease of performance of various oper-
ations with large numbers is carried out.  
Key words: SOC, OPSS, number systems, WHO, calculation operations. 
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ʪ.ʝ. ὼ В ὓὥὦ ὓὸ , ʛʜʝ ὸɴ  ᴚ . 

ɺ ʉʆʂ ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ (ʩʣʦʞʝʥʠʝ, ʚʳʯʠʪʘʥʠʝ, ʫʤʥʦʞʝʥʠʝ ʠ ʜʝʣʝʥʠʝ) ʚʳʧʦʣʥʷʶʪʩʷ 
ʧʦʢʦʤʧʦʥʝʥʪʥʦ, ʝʩʣʠ ʧʨʦ ʨʝʟʫʣʴʪʘʪ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʦʥ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ πȟ- ρ [4, ʩ. 116]. ʇʦʢʘʞʝʤ ʥʘ 

ʧʨʠʤʝʨʝ ʧʨʠʥʮʠʧʳ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ ʚ ʉʆʂ.  
ʈʩʡʥʞʩ 1. ʇʫʩʪʴ ʟʘʜʘʥʘ ʩʠʩʪʝʤʘ ʤʦʜʫʣʝʡ ςȟυȟχ, ʪʦ ʝʩʪʴ ʤʳ ʤʦʞʝʤ ʚʳʧʦʣʥʷʪʴ ʦʧʝʨʘʮʠʠ, ʨʝ-

ʟʫʣʴʪʘʪ ʢʦʪʦʨʳʭ ʥʝ ʧʨʝʚʳʰʘʝʪ ςz υz χ χπ. ʉʣʦʞʠʤ ʜʚʘ ʯʠʩʣʘ 15 ʠ 9. 

ρυ ρυ άέὨ ςȟρυ άέὨ υȟρυ άέὨ ψ ρȟπȟχ 
ω ω άέὨ ςȟω άέὨ υȟω άέὨ ψ ρȟτȟς 

ρυω ρ ράέὨ ςȟπ τάέὨ υȟχ ςάέὨ χ πȟτȟσ. 

ʇʨʦʚʝʨʢʘ: 
15+9=24. 
ςτ ςτ άέὨ ςȟςτ άέὨ υȟςτ άέὨ χ πȟτȟσ. 

ʈʩʡʥʞʩ 2. ʇʫʩʪʴ ʟʘʜʘʥʘ ʩʠʩʪʝʤʘ ʤʦʜʫʣʝʡ ςȟυȟχ, ʪʦ ʝʩʪʴ ʤʳ ʤʦʞʝʤ ʚʳʧʦʣʥʷʪʴ ʦʧʝʨʘʮʠʠ, ʨʝ-

ʟʫʣʴʪʘʪ ʢʦʪʦʨʳʭ ʥʝ ʧʨʝʚʳʰʘʝʪ ςz υz χ χπ. ʋʤʥʦʞʠʤ ʜʚʘ ʯʠʩʣʘ 9 ʠ 7. 
ω ω άέὨ ςȟω άέὨ υȟω άέὨ χ ρȟτȟς 

χ  χ άέὨ ςȟχ άέὨ υȟχ άέὨ χ ρȟςȟπ 

ωz χ ρz ράέὨ ςȟτz ςάέὨ υȟςz πάέὨ ψ ρȟσȟπ 

ʇʨʦʚʝʨʢʘ: 
9*7=63 
φσ φσ άέὨ ςȟφσ άέὨ υȟφσ άέὨ χ ρȟσȟπ. 

ʈʩʡʥʞʩ 3. ʇʫʩʪʴ ʟʘʜʘʥʘ ʩʠʩʪʝʤʘ ʤʦʜʫʣʝʡ ςȟσȟυ. ʈʝʟʫʣʴʪʘʪ ʦʧʝʨʘʮʠʠ ʥʝ ʜʦʣʞʝʥ ʧʨʝʚʳʰʘʪʴ 
ςz σz υ σπ. ʈʘʟʜʝʣʠʤ ʜʚʘ ʯʠʩʣʘ 16 ʠ 8. 

ρφ ρφ άέὨ ςȟρφ άέὨ σȟρφ άέὨ υ πȟρȟρ 
ψ ψ άέὨ ςȟψ άέὨ σȟψ άέὨ υ πȟςȟσ 

π  άέὨ ς π 
ς  άέὨ σ ς 
σ  άέὨ υ ς 

ᾀ πz πάέὨ ς π 
ᾀ ρz ςάέὨ σ ς 
ᾀ ρz ςάέὨ υ π 

ʇʨʦʚʝʨʢʘ: 
ρφψ ς 

ς ς άέὨ ςȟς άέὨ σȟς άέὨ υ πȟςȟπ . 

ʈʩʡʥʞʩ 4. ʇʫʩʪʴ ʟʘʜʘʥʘ ʩʠʩʪʝʤʘ ʤʦʜʫʣʝʡ ςȟυȟχ. ʈʝʟʫʣʴʪʘʪ ʦʧʝʨʘʮʠʠ ʥʝ ʜʦʣʞʝʥ ʧʨʝʚʳʰʘʪʴ 
ςz υz χ χπ. ʇʦʢʘʞʝʤ ʨʘʟʥʦʩʪʴ ʜʚʫʭ ʯʠʩʝʣ 11 ʠ 3.  

ρρ ρρ άέὨ ςȟρρ άέὨ υȟρρ άέὨ χ ρȟρȟτ 

σ σ άέὨ ςȟσ άέὨ υȟσ άέὨ χ ρȟσȟσ 
ρρσ ȿρ ρȿ άέὨ ςȟȿρ σȿ άέὨ υȟȿρ ςȿ άέὨ χ πȟσȟρ . 

ʇʨʦʚʝʨʢʘ: 
ρρσ ψ 

ψ ψ άέὨ ςȟψ άέὨ υȟψ άέὨ χ πȟσȟρ. 
ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ ʉʆʂ ʦʪʥʦʩʠʪʩʷ: 
1. ʋʧʨʦʱʝʥʠʝ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʟʘ ʩʯʸʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʙʦʣʴʰʠʭ ʯʠʩʝʣ ʚ ʥʘʙʦʨ 

ʦʩʪʘʪʢʦʚ; 
2. ʋʤʝʥʴʰʝʥʠʝ ʩʣʦʞʥʦʩʪʠ ʚ ʧʦʠʩʢʝ ʦʰʠʙʢʠ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʪʘʢ ʢʘʢ ʉʆʂ ʷʚʣʷʝʪʩʷ 

ʥʝʧʦʟʠʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ʩʯʠʩʣʝʥʠʷ, ʠ ʚʳʯʠʩʣʝʥʠʷ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʧʦʟʠʮʠʠ ʯʠʩʣʘ; 
3. ʅʝʧʦʟʠʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʩʯʠʩʣʝʥʠʷ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ ʠ ʥʘʜʸʞʥʦʩʪʴʶ. 
ʅʦ ʥʘʨʷʜʫ ʩ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ, ʢʦʪʦʨʳʤʠ ʦʙʣʘʜʘʝʪ ʉʆʂ, ʪʘʢʞʝ ʝʩʪʴ ʩʫʱʝʩʪʚʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ: 
1. ʆʧʝʨʘʮʠʠ ʜʝʣʝʥʠʷ ʤʦʛʫʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ, ʝʩʣʠ ʧʨʠ ʜʝʣʝʥʠʠ ʯʠʩʝʣ ʧʦʣʫʯʘʝʪʩʷ ʮʝʣʦʝ ʯʠʩʣʦ; 
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2. ɺʦʟʥʠʢʘʶʪ ʧʨʦʙʣʝʤʳ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʢʘ ʯʠʩʣʘ (ʚ ʉʆʂ ʟʥʘʢ ʯʠʩʣʘ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʥʝʷʚʥʦʤ 
ʚʠʜʝ); 

3. ʉʨʘʚʥʝʥʠʷ ʤʦʜʫʣʷʨʥʳʭ ʯʠʩʝʣ, ʪʘʢ ʢʘʢ ʧʦʨʘʟʨʷʜʥʦʝ ʩʨʘʚʥʝʥʠʝ ʷʚʣʷʝʪʩʷ ʥʝʚʝʨʥʳʤ; 
4. ʆʙʥʘʨʫʞʝʥʠʝ ʧʝʨʝʧʦʣʥʝʥʠʷ, ʪʘʢ ʢʘʢ ʚʩʝ ʦʧʝʨʘʮʠʠ ʚ ʉʆʂ ʷʚʣʷʶʪʩʷ ʧʦʨʘʟʨʷʜʥʳʤʠ; 
5. ʆʧʝʨʘʮʠʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ, ʨʘʩʰʠʨʝʥʠʷ, ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ; 
6. ʉʣʦʞʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ ʦʢʨʫʛʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ. 
ʅʝʩʤʦʪʨʷ ʥʘ ʠʤʝʶʱʠʝʩʷ ʥʝʜʦʩʪʘʪʢʠ, ʉʆʂ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʝ ʩʠʛʥʘʣʦʚ; 

ʢʨʠʧʪʦʛʨʘʬʠʠ; ʦʙʨʘʙʦʪʢʝ ʠʟʦʙʨʘʞʝʥʠʡ, ʘʫʜʠʦ, ʚʠʜʝʦ ʠ ʪʘʢ ʜʘʣʝʝ. 
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ǲǣǩ 403,63,.4 

ǩǭǫǮǭǬǤǬǱǬǺǨ ǰǭǰǱǟǡ ǫǭǣǧǳǧǩǟǱǭǯǟ 
Ǭǟ ǭǰǬǭǡǤ ǠǲǱǟǣǧǤǬǬǧǱǯǧǪǻǬǭǢǭ 
ǩǟǲǶǲǩǟ ǧ ǤǢǭ ǡǪǧǾǬǧǤ Ǭǟ ǰǡǭǨǰǱǡǟ 
ǟǰǳǟǪǻǱǭǠǤǱǭǬǬǺǴ ǮǭǩǯǺǱǧǨ 

ǢǿȓȇȞȑȒȊȊȇȌǿ ǫȇȊȞȒȗǿ ǯǿȓȇȐȍȁȌǿ 
ʤʘʛʠʩʪʨʘʥʪ 

ʌɻɹʆʋ ɺʆ çʂʘʟʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʉʘʬʠʥ ʈʫʩʣʘʥ ʈʫʰʘʥʦʚʠʯ 
ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʌɻɹʆʋ ɺʆ çʂʘʟʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

 
ʇʨʦʙʣʝʤʘ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʳʭ ʧʦʢʨʳʪʠʡ, ʥʝʩʦʤʥʝʥʥʦ, ʦʙʣʘʜʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴʶ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʢʘʢ ʚ ʈʦʩʩʠʠ, ʪʘʢ ʠ ʟʘ ʨʫʙʝʞʦʤ. ɹʦʣʝʝ ʪʦʛʦ, ʚ ʩʚʷʟʠ ʩ ʨʘʟʚʠʪʠʝʤ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩ-
ʣʠ, ʚʘʞʥʦʩʪʴ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʚʦʟʨʘʩʪʘʝʪ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ.  

ɸʩʬʘʣʴʪʦʙʝʪʦʥ - ʩʘʤʳʡ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ ʤʘʪʝʨʠʘʣ ʚ ʜʦʨʦʞʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ʅʝʩʤʦʪʨʷ ʥʘ 
ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʦʯʝʥʴ ʘʢʪʫʘʣʴʥʘ ʧʨʦʙʣʝʤʘ ʧʦ-
ʚʳʰʝʥʠʷ ʝʛʦ ʢʘʯʝʩʪʚʘ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ. ɺ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʢʦʨʦʩʪʥʦʛʦ ʠʥʪʝʥʩʠʚʥʦʛʦ ʜʚʠʞʝʥʠʷ, 

ɹʦʦʧʫʙʯʡʸ: ʠʟʫʯʝʥ ʢʦʤʧʦʥʝʥʪʥʳʡ ʩʦʩʪʘʚ ʧʦʣʠʤʝʨʥʦʛʦ ʤʦʜʠʬʠʢʘʪʦʨʘ ʠ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʤʦ-
ʜʠʬʠʢʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʙʫʪʘʜʠʝʥʥʠʪʨʠʣʴʥʦʛʦ ʢʘʫʯʫʢʘ ʥʘ ʦʩʥʦʚʥʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʘʩʬʘʣʴ-
ʪʦʙʝʪʦʥʥʳʭ ʧʦʢʨʳʪʠʡ. ʆʧʨʝʜʝʣʝʥʦ ʚʣʠʷʥʠʝ ʥʘ ʩʣʝʜʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʳʭ ʦʙʨʘʟʮʦʚ: 
ʚʦʜʦʥʘʩʳʱʝʥʠʝ, ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ, ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ ʚʦʜʦʥʘʩʳʱʝʥʥʳʭ ʦʙʨʘʟ-
ʮʦʚ  ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʜʚʠʛʦʫʩʪʦʡʯʠʚʦʩʪʠ, ʚʦʜʦʩʪʦʡʢʦʩʪʴ, ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʩʪʷ-
ʞʝʥʠʝ ʧʨʠ ʨʘʩʢʦʣʝ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʘʩʬʘʣʴʪʦʙʝʪʦʥ, ʤʦʜʠʬʠʢʘʪʦʨ, ʙʫʪʘʜʠʝʥʥʠʪʨʠʣʴʥʳʡ ʢʘʫʯʫʢ, ʵʪʠʣʝʥʧʨʦʧʠʣʝʥʦʚʳʡ 
ʢʘʫʯʫʢ, ʧʦʣʠʤʝʨʥʳʡ. 
 

COMPONENT COMPOSITION OF A MODIFIER BASED ON BUTADIENE NITRILE RUBBER AND ITS 
EFFECT ON THE PROPERTIES OF ASPHALT CONCRETE COATINGS 

 
Gafiyatullina Milyausha Rafisovna 

 
Scientific adviser: Safin Ruslan Rushanovich 

 
Abstract: the component composition of the polymer modifier was studied and the influence of the modifier 
based on butadiene nitrile rubber on the main performance properties of asphalt concrete coatings was ana-
lyzed. The influence on the following indicators of asphalt concrete samples was determined: water saturation, 
compressive strength, compressive strength of water-saturated asphalt concrete samples, shear resistance 
characteristics, water resistance, tensile strength at split. 
Key words: asphalt concrete, modifier, butadiene nitrile rubber, ethylene propylene rubber, polymer. 
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V ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʫʚʝʣʠʯʝʥʠʷ ʪʦʥʥʘʞʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʥʘʙʣʶʜʘʝʪʩʷ ʫʩʢʦʨʝʥʥʦʝ ʨʘʟʨʫʰʝʥʠʝ, ʠʥʪʝʥʩʠʚʥʦʝ ʩʪʘʨʝ-
ʥʠʝ ʠ ʫʤʝʥʴʰʝʥʠʝ ʩʨʦʢʘ ʩʣʫʞʙʳ ʧʦʢʨʳʪʠʡ, ʯʪʦ ʧʨʠ ʫʯʸʪʝ ʦʙʲʸʤʘ ʧʨʦʠʟʚʦʜʩʪʚ ʧʨʠʚʦʜʠʪ ʢ ʦʛʨʦʤʥʳʤ 
ʟʘʪʨʘʪʘʤ. ʅʝʩʦʤʥʝʥʥʦ, ʧʦʜ ʚʦʧʨʦʩ ʚʩʪʘʸʪ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʚʠʞʝʥʠʷ. ʈʝʰʝʥʠʝʤ ʜʘʥʥʳʭ ʧʨʦʙʣʝʤ ʤʦʞʝʪ 
ʷʚʣʷʪʴʩʷ ʜʦʙʘʚʣʝʥʠʝ ʚ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʫʶ ʩʤʝʩʴ ʤʦʜʠʬʠʢʘʪʦʨʦʚ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʣʠʤʝʨʥʳʡ ʤʦʜʠʬʠʢʘʪʦʨ ʜʣʷ ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ, ʩʦʜʝʨʞʘʱʠʡ ʵʪʠʣʝʥʧʨʦʧʠʣʝʥʦʚʳʡ 
ʢʘʫʯʫʢ, ʦʨʛʘʥʠʯʝʩʢʠʡ ʧʣʘʩʪʠʬʠʢʘʪʦʨ, ʥʘʧʦʣʥʠʪʝʣʴ, ʧʦʣʠʤʝʨ ʠʣʠ ʩʤʝʩʴ ʧʦʣʠʤʝʨʦʚ ʧʦʣʠʦʣʝʬʠʥʦʚʦʡ 
ʛʨʫʧʧʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʠ ʨʝʛʫʣʷʪʦʨʘ ʪʝʧʣʦʚʦʛʦ ʩʪʘʨʝʥʠʷ ʤʦʜʠʬʠʢʘʪʦʨ ʩʦʜʝʨʞʠʪ ʙʫʪʘʜʠʝʥ-
ʥʠʪʨʠʣʴʥʳʡ ʢʘʫʯʫʢ. ɹʫʪʘʜʠʝʥʥʠʪʨʠʣʴʥʳʡ ʢʘʫʯʫʢ ʩʦʜʝʨʞʠʪ ʧʨʦʜʫʢʪ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʙʫʪʘʜʠʝʥʘ ʩ ʘʢʨʠ-
ʣʦʥʠʪʨʠʣʦʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜʦʤ.  

ʕʪʠʣʝʥʧʨʦʧʠʣʝʥʦʚʳʡ ʢʘʫʯʫʢ ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʜʫʢʪʦʤ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ, ʧʨʦʧʠʣʝʥʘ ʠ ʜʠ-
ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʘ ʠʣʠ ʵʪʠʣʠʜʝʥʥʦʨʙʦʨʥʝʥʘ. ʋʢʘʟʘʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʧʨʦʜʫʢʪʘʤʠ ʨʝʮʠʢ-
ʣʠʥʛʘ ʦʪʭʦʜʦʚ ʧʣʘʩʪʤʘʩʩ ʠ/ʠʣʠ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʰʠʥ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʩʦʜʝʨʞʠʪ ʙʠʪʫʤ  ʠʣʠ ʛʫʜʨʦʥ, ʠʣʠ ʠʥʜʫʩʪʨʠʘʣʴʥʦʝ 
ʤʘʩʣʦ, ʠʣʠ ʘʥʘʣʦʛʠʯʥʳʝ ʠʤ ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʩʦʜʝʨʞʠʪ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ʠʣʠ ʘʥʘʣʦʛʠ: ʠʟʚʝʩʪʥʷʢ, ʙʘ-
ʟʘʣʴʪ, ʢʚʘʨʮʠʪ, ʣʝʪʫʯʫʶ ʟʦʣʫ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʩʦʜʝʨʞʠʪ ʧʨʦʜʫʢʪʳ ʧʝʨʝʨʘʙʦʪʢʠ 
ʮʝʣʣʶʣʦʟʳ, ʥʘʧʨʠʤʝʨ ʮʝʣʣʶʣʦʟʥʦʝ ʚʦʣʦʢʥʦ. 

ɺ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ ʩʦʜʝʨʞʠʪ ʚʪʦʨʠʯʥʳʝ ʧʦʣʠʤʝʨʳ ʧʝʨʝʨʘʙʦʪʢʠ ʵʪʠʣʝʥʧʨʦʧʠʣʝʥʦʚʦʛʦ ʠ/ʠʣʠ 

ʙʫʪʘʜʠʝʥʥʠʪʨʠʣʴʥʳʡ ʢʘʫʯʫʢʘ ʠ/ʠʣʠ ʧʦʣʠʤʝʨʦʚ ʧʦʣʠʦʣʝʬʠʥʦʚʦʡ ʛʨʫʧʧʳ. [1] 
ʂʦʤʧʦʥʝʥʪʥʳʡ ʩʦʩʪʘʚ ʤʦʜʠʬʠʢʘʪʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 1. 
 

ʋʙʚʤʡʯʙ 1 
ʃʧʥʨʧʦʞʦʫʦʴʢ ʪʧʪʫʙʛ ʨʧʤʡʥʞʩʦʧʜʧ ʥʧʝʡʭʡʣʙʫʧʩʙ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʘ ʉʦʩʪʘʚ, % 

ʕʪʠʣʝʥʧʨʦʧʠʣʝʥʦʚʳʡ ʢʘʫʯʫʢ 20 

ʇʦʣʠʤʝʨ ʠʣʠ ʩʤʝʩʴ ʧʦʣʠʤʝʨʦʚ ʧʦʣʠʦʣʝʬʠʥʦʚʦʡ ʛʨʫʧʧʳ 30 

ɹʫʪʘʜʠʝʥʥʠʪʨʠʣʴʥʳʡ ʢʘʫʯʫʢ 35 

ʆʨʛʘʥʠʯʝʩʢʠʡ ʧʣʘʩʪʠʬʠʢʘʪʦʨ 5 

ʄʠʥʝʨʘʣʴʥʳʡ ʠ ʦʨʛʘʥʠʯʝʩʢʠʡ ʥʘʧʦʣʥʠʪʝʣʴ 10 

 
ʇʦʣʠʤʝʨʥʳʡ ʤʦʜʠʬʠʢʘʪʦʨ ʛʦʪʦʚʷʪ ʧʫʪʝʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʜʦʟʠʨʦʚʘʥʠʷ ʠ ʠʟʤʝʣʴʯʝʥʠʷ ʧʦʣʠ-

ʤʝʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ (ʵʪʠʣʝʥʧʨʦʧʠʣʝʥʦʚʳʡ ʢʘʫʯʫʢ, ʧʦʣʠʤʝʨ ʠʣʠ ʩʤʝʩʴ ʧʦʣʠʤʝʨʦʚ ʧʦʣʠʦʣʝʬʠʥʦʚʦʡ 
ʛʨʫʧʧʳ, ʙʫʪʘʜʠʝʥʥʠʪʨʠʣʴʥʳʡ ʢʘʫʯʫʢ) ʚʝʩʦʚʳʤ ʩʧʦʩʦʙʦʤ ʜʦʟʠʨʦʚʘʥʠʷ ʠ ʚʚʝʜʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʣʘ-
ʩʪʠʬʠʢʘʪʦʨʘ ʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʠ/ʠʣʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʘʛʣʦʤʝʨʘʮʠʝʡ ʠʣʠ ʛʨʘ-

ʥʫʣʠʨʦʚʘʥʠʝʤ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʘʭ. [1] 
ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ ʜʘʥʥʦʛʦ ʤʦʜʠʬʠʢʘʪʦʨʘ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʘʩʬʘʣʴʪʦʙʝʪʦ-

ʥʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʠʩʧʳʪʘʥʠʷ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦ ɻʆʉʊ 12801-908 [2]: 
- ʦʧʨʝʜʝʣʝʥʠʝ ʚʦʜʦʥʘʩʳʱʝʥʠʷ;  
- ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ; 
- ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ ʚʦʜʦʥʘʩʳʱʝʥʥʳʭ ʦʙʨʘʟʮʦʚ  ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ; 
- ʦʧʨʝʜʝʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʜʚʠʛʦʫʩʪʦʡʯʠʚʦʩʪʠ; 
- ʦʧʨʝʜʝʣʝʥʠʝ ʚʦʜʦʩʪʦʡʢʦʩʪʠ; 
 - ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʧʨʠ ʨʘʩʢʦʣʝ. 
ʉʨʘʚʥʠʚ ʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʦʙʨʘʟʮʦʚ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʤʦʜʠʬʠʢʘʪʦʨʘ ʠ ʩ ʝʛʦ 

ʧʨʠʤʝʥʝʥʠʝʤ ʜʝʣʘʝʤ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 
1) ɺʦʜʦʥʘʩʳʱʝʥʠʝ ʦʙʨʘʟʮʦʚ ʩ ʧʦʣʠʤʝʨʥʳʤ ʤʦʜʠʬʠʢʘʪʦʨʦʤ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 13 %, ʯʪʦ ʛʦʚʦʨʠʪ 

ʦʙ ʫʚʝʣʠʯʝʥʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʘ/ʙ ʧʦʢʨʳʪʠʷ ʩ ʤʦʜʠʬʠʢʘʪʦʨʦʤ ʢ ʚʣʘʛʝ. 
2) ʇʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʢʨʳʪʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʘʢʠʤ ʧʦʢʘʟʘʪʝʣʝʤ, ʢʘʢ ʧʨʝʜʝʣ ʧʨʦʯʥʦ-

ʩʪʠ ʧʨʠ ʩʞʘʪʠʠ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ: ʧʨʠ 20Áʉ ʟʥʘʯʝʥʠʝ ʦʙʨʘʟʮʦʚ ʩ ʤʦʜʠʬʠʢʘʪʦʨʦʤ ʫʚʝʣʠʯʠʣʦʩʴ 
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ʥʘ 9,8%; ʧʨʠ  0Áʉ - ʥʘ 14,3%; ʧʨʠ 50Áʉ - ʥʘ 1%. ʊʦ ʝʩʪʴ ʧʨʠʤʝʥʝʥʠʝ ʤʦʜʠʬʠʢʘʪʦʨʘ ʫʣʫʯʰʘʝʪ  ʧʨʦʯ-
ʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʟʮʦʚ. 

3) ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ ʚʦʜʦʥʘʩʳʱʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʪʘʢʞʝ ʫʣʫʯʰʘʝʪʩʷ ʥʘ 18,9%. 
4) ʇʘʨʘʤʝʪʨʳ ʩʜʚʠʛʦʫʩʪʦʡʯʠʚʦʩʪʠ: ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʠ ʩʮʝʧʣʝʥʠʝ ʧʨʠ ʩʜʚʠʛʝ: ʫʚʝʣʠʯʠʚʘʶʪʩʷ 

ʥʘ 4,7%  ʠ 28,9% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʟʥʘʯʠʤʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʦʜʠʬʠʢʘʪʦʨʘ ʧʨʠ ʦʮʝʥʢʝ 
ʩʚʦʡʩʪʚ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ. 

5) ɺʦʜʦʩʪʦʡʢʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 8,9 %, ʯʪʦ ʪʘʢʞʝ ʫʣʫʯʰʘʝʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ. 
6) ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ  ʨʘʩʢʦʣʝ ʦʪʚʝʯʘʝʪ ʟʘ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʛʦ ʧʦʣʦʪʥʘ: 

ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʠʤʝʨʥʦʛʦ ʤʦʜʠʬʠʢʘʪʦʨʘ ʫʣʫʯʰʘʝʪ ʜʘʥʥʦʝ ʩʚʦʡʩʪʚʦ ʥʘ 16,3%. 
ʆʩʥʦʚʥʳʝ ʚʘʞʥʳʝ ʩʚʦʡʩʪʚʘ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʳʭ ʧʦʢʨʳʪʠʡ ʵʪʦ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʧʦʢʨʳʪʠʷ, ʫʩʪʦʡʯʠ-

ʚʦʩʪʴ ʢ ʢʦʣʝʝ ʠ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʶ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢ ʚʧʠʪʳʚʘʥʠʶ ʚʣʘʛʠ.  
ɼʦʙʘʚʣʝʥʠʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʦʣʠʤʝʨʥʦʛʦ ʤʦʜʠʬʠʢʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʙʫʪʘʜʠʝʥʥʠʪʨʠʣʴʥʦʛʦ ʢʘʫʯʫʢʘ ʚ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʫʶ ʩʤʝʩʴ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʝʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʳʭ ʧʦ-
ʢʨʳʪʠʡ, ʫʚʝʣʠʯʠʚʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦʢʨʳʪʠʷ ʢ ʚʦʜʝ ʠ ʫʤʝʥʴʰʘʝʪ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʝ. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʚʝʜʝʥʠʝ ʜʘʥʥʦʛʦ ʤʦʜʠʬʠʢʘʪʦʨʘ ʚ ʤʘʩʩʦʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʘʚ-
ʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʙʫʜʝʪ ʨʝʰʝʥʠʝʤ ʧʨʦʙʣʝʤʳ ʥʝʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʦʨʦʞʥʳʭ ʧʦʢʨʳʪʠʡ. 
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V ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ǲǣǩ 440,547 

ǮǤǯǰǮǤǩǱǧǡǬǺǤ ǬǟǮǯǟǡǪǤǬǧǾ 
ǢǟǦǭǰǬǟǠǥǤǬǧǾ ǲǣǟǪǤǬǬǺǴ ǯǟǨǭǬǭǡ 
ǰǱǯǟǬǺ ǰǥǧǥǤǬǬǺǫ ǲǢǪǤǡǭǣǭǯǭǣǬǺǫ 
ǢǟǦǭǫ 

ǡȚȏȒȎǿȄȁ ǟȊȄȉȐǿȌȃȏ ǢȏȇȂȍȏțȄȁȇȖ 
ʄʘʛʠʩʪʨʘʥʪ 

ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 
 

 
ɻʛʞʝʞʦʡʞ. ʇʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ ʚ ʈʦʩʩʠʠ ʧʦʩʪʦʷʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʦʩʦʙʝʥʥʦ ʚ ʩʬʝʨʝ ʪʝʧʣʦʩʥʘʙ-

ʞʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʩʝʢʪʦʨʘ. ʆʩʥʦʚʥʳʤʠ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʵʥʝʨʛʦʥʦʩʠʪʝʣʝʡ ʷʚʣʷʶʪʩʷ ʧʨʦʤʳʰʣʝʥ-
ʥʦʩʪʴ, ʞʠʣʦʡ ʩʝʢʪʦʨ ʠ ʪʨʘʥʩʧʦʨʪ, ʜʦʣʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʪʨʘʥ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʧʨʝ-
ʚʳʰʘʝʪ 5%. ʇʦʵʪʦʤʫ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʩʪʨʘʥʳ ʥʝʦʙʭʦ-
ʜʠʤʘ ʵʢʦʥʦʤʠʷ ʪʦʧʣʠʚʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʚʳʨʘʞʘʪʴʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʪʦʧ-
ʣʠʚʘ ʚ ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʝ. 

ʉʤʝʩʴ ʧʨʦʧʘʥʘ ʠ ʙʫʪʘʥʘ, ʘ ʪʘʢʞʝ ʠʭ ʦʪʜʝʣʴʥʦʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʘʢ ʚ ʩʪʨʘʥʘʭ ʉʅɻ, ʪʘʢ ʠ ʚ ʈʦʩʩʠʡ-
ʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʘʟʳʚʘʶʪʩʷ ʩʞʠʞʝʥʥʳʤʠ ʫʛʣʝʚʦʜʦʨʦʜʥʳʤʠ ʛʘʟʘʤʠ (ʉʋɻ). ʋʛʣʝʚʦʜʦʨʦʜʥʳʝ ʛʘʟʳ ʫʥʠ-
ʢʘʣʴʥʳ ʚ ʩʚʦʝʤ ʨʦʜʝ ʪʝʤ, ʯʪʦ ʧʨʠ ʦʧʨʝʜʝʣʸʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʛʫʪ ʭʨʘʥʠʪʴʩʷ ʠ 
ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʪʴʩʷ ʚ ʩʞʠʞʝʥʥʦʡ ʬʘʟʝ. ʅʦ ʧʨʠ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ (ʥʦʨʤʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʠ ʥʝ-
ʙʦʣʴʰʘʷ ʪʝʤʧʝʨʘʪʫʨʘ) ʪʘʢʠʝ ʩʤʝʩʠ ʠʩʧʘʨʷʶʪʩʷ. ʇʝʨʝʭʦʜ ʩʞʠʞʝʥʥʳʭ ʋɺ ʛʘʟʦʚ ʚ ʞʠʜʢʫʶ ʠʣʠ ʛʘʟʦʦʙʨʘʟ-

ɹʦʦʧʫʙʯʡʸ: ʚ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʦʧʠʩʘʥʠʝ ʥʘʩʢʦʣʴʢʦ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʵʢʦʥʦʤʠʯʝʩʢʦʤ, ʩʦʮʠʘʣʴʥʦʤ ʠ 
ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ ʨʘʟʚʠʪʠʷ ʩʪʨʘʥʳ ʠʛʨʘʝʪ ʨʘʩʰʠʨʝʥʠʝ ʤʦʱʥʦʩʪʝʡ ʝʝ ʪʦʧʣʠʚʥʦ-
ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ.  ʈʦʩʩʠʷ ï ʝʜʠʥʩʪʚʝʥʥʦʝ ʛʦʩʫʜʘʨʩʪʚʦ, ʠʤʝʶʱʝʝ ʪʦʧʣʠʚʦ-ɻ ʥʝʨʛʝʪʠʯʝʩʢʫʶ 
ʙʘʟʫ ʜʣʷ ʧʦʣʥʦʛʦ ʩʘʤʦʦʙʝʩʧʝʯʝʥʠʷ. ɺ ʨʘʙʦʪʝ ʜʘʝʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʦʤ, ʧʦʯʝʤʫ ʫʜʘʣʝʥʥʳʝ ʨʝʛʠʦʥʳ 
ʩʪʨʘʥʳ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʦʙʣʝʤʥʦʡ ʪʝʨʨʠʪʦʨʠʝʡ ʩ ʥʠʟʢʠʤ ʢʘʢ ʩʦʮʠʘʣʴʥʳʤ ʪʘʢ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʤ 
ʫʨʦʚʥʝʤ ʨʘʟʚʠʪʠʷ. ɻʘʟʠʬʠʢʘʮʠʷ ʥʘ ʙʘʟʝ ʉʋɻ ʪʘʢʠʭ ʨʘʡʦʥʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʢʘʢ ʦʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʠʭ ʨʘʟ-
ʚʠʪʠʷ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʛʘʟʠʬʠʢʘʮʠʷ, ʵʥʝʨʛʝʪʠʢʘ, ʢʦʪʝʣʴʥʳʝ ʥʘ ʉʋɻ, ʛʘʟʦʤʦʪʦʨʥʦʝ ʪʦʧʣʠʚʦ, ʪʦʧʣʠʚʦ. 
 

PERSPECTIVE DIRECTIONS OF GAS SUPPLY OF REMOTE AREAS OF THE COUNTRY WITH LIQUID 
HYDROCARBON GAS 

 
Vyrupaev Alexander Grigorievich 

 
Abstract: the article provides a description of how important the expansion of the capacities of its fuel and 
energy complex plays in the economic, social and environmental directions of the country's development. 
Russia is the only state that has a fuel and energy base for full self-sufficiency. The paper gives an idea of why 
the remote regions of the country are the most problematic territory with a low social and economic level of 
development. Gasification on the basis of LPG of such areas is proposed as one of the ways of their develop-
ment. 
Key words: gasification, energy, boiler houses on LPG, gas engine fuel, fuel. 
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ʥʫʶ ʬʘʟʫ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ, ʥʦ ʪʘʢʞʝ ʠ ʦʪ ʦʙʲʝʤʘ [1, ʩ. 152]. 
ɹʘʟʦʡ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʘʢʠʭ ʛʘʟʦʚ ʩʣʫʞʘʪ:  

½ ʧʦʧʫʪʥʳʡ ʥʝʬʪʷʥʦʡ ʛʘʟ ï ʜʦʙʳʚʘʝʪʩʷ ʩ ʥʝʬʪʴʶ;  

½ ʧʨʠʨʦʜʥʳʡ ʛʘʟ (ʛʘʟʦʚʳʡ ʢʦʥʜʝʥʩʘʪ) ï ʜʦʙʳʚʘʝʪʩʷ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʛʘʟʘ; 

½ ʫʛʣʝʚʦʜʦʨʦʜʥʳʝ ʛʘʟʳ ï ʠʟʚʣʝʢʘʶʪʩʷ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ, ʥʘʧʨʠʤʝʨ ʐʌʃʋ (ʰʠʨʦʢʘʷ ʬʨʘʢʮʠʷ 
ʣʝʛʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. 

ʇʨʦʠʟʚʦʜʠʪʝʣʠ ʩʞʠʞʝʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʛʘʟʦʚ ï ʵʪʦ ʢʨʫʧʥʝʡʰʠʝ ʥʝʬʪʷʥʳʝ ʢʦʤʧʘʥʠʠ. ɺ ʈʦʩ-
ʩʠʠ ʧʝʨʚʦʝ ʤʝʩʪʦ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʉʋɻ ʧʨʠʥʘʜʣʝʞʠʪ ʇɸʆ çʉʠʙʫʨ ʍʦʣʜʠʥʛè - ʩʚʳʰʝ 30% ʦʪ ʚʩʝʛʦ ʦʙʲ-
ʝʤʘ. ɺʪʦʨʦʝ ʤʝʩʪʦ ï çɻʘʟʧʨʦʤè (21%), ʪʨʝʪʴʝ ï çʃʫʢʦʡʣè (8,4%), ʜʘʣʝʝ ʇɸʆ çʅʆɺɸʊʕʂè (7,5%) ʠ ʇɸʆ 
çʅʠʞʥʝʢʘʤʩʢʥʝʬʪʝʭʠʤè (7%) [2, ʩ. 2]. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʧʨʠ ʫʨʦʚʥʝ ʛʘʟʠʬʠʢʘʮʠʠ 55% ʝʩʪʴ ʨʘʡʦʥʳ, ʛʜʝ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʚʳʛʦʜʥʦ 
ʚʝʩʪʠ ʛʘʟʦʧʨʦʚʦʜ. ʇʦʵʪʦʤʫ ʚ ʪʘʢʠʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ ʚʳʛʦʜʥʦ ʧʝʨʝʚʦʜʠʪʴ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʵʥʝʨʛʦʧʦ-
ʪʨʝʙʣʝʥʠʷ ʥʘ ʉʋɻ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʉʋɻ ʚʩʝ ʯʘʱʝ ʚʩʪʨʝʯʘʝʪʩʷ ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʠʩʪʦʯʥʠʢ ʪʦʧʣʠʚʘ ʟʘ ʩʯʝʪ 
ʮʝʣʦʛʦ ʨʷʜʘ ʩʚʦʡʩʪʚ, ʧʨʠʩʫʱʠʭ ʪʦʣʴʢʦ ʝʤʫ. ʉʨʝʜʠ ʜʦʩʪʦʠʥʩʪʚ ʩʞʠʞʝʥʥʦʛʦ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʛʘʟʘ: ʵʢʦ-
ʥʦʤʠʷ (ʮʝʥʘ ʩʥʠʞʝʥʘ ʙʦʣʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʝʥʟʠʥʘ ɸʀ-92); ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʧʨʠ-
ʤʝʥʝʥʠʷ; ʧʨʦʩʪʦʪʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ (ʪʨʘʥʩʧʦʨʪ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚ ʘʚʪʦʮʠʩʪʝʨʥʘʭ, ʧʦ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʝ, 
ʘ ʪʘʢʞʝ ʩʫʜʘʤʠ ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ, ʢʦʪʦʨʳʡ ʧʝʨʝʢʘʯʠʚʘʝʪʩʷ ʚ ʛʘʟʦʧʨʦʚʦʜʘʭ ʧʦʜ ʚʳʩʦʢʠʤ 
ʜʘʚʣʝʥʠʝʤ); ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʚʦʟʠʤʦʛʦ ʪʦʚʘʨʘ (ʪʨʘʥʩʧʦʨʪʠʨʫʷ ʛʘʟ ʚ ʩʞʠʞʝʥʥʦʡ ʬʦʨʤʝ, ʝʛʦ ʦʙʲʝʤ ʩʦ-
ʢʨʘʱʘʝʪʩʷ ʚ 270 ʨʘʟ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʘʟʦʦʙʨʘʟʥʦʡ ʩʨʝʜʳ); ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʭʦʞʘʷ 
ʪʝʧʣʦʝʤʢʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʨʫʛʠʤ ʚʠʜʘʤ ʪʦʧʣʠʚʘ); ʵʢʦʣʦʛʠʷ (ʤʘʢʩʠʤʘʣʴʥʦ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʝ 
ʪʦʧʣʠʚʦ: ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ ʚ 5 ʨʘʟ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʙʝʥʟʠʥʘ). 

ʈʘʟʚʠʪʠʝ ʛʘʟʠʬʠʢʘʮʠʠ ʫʜʘʣʝʥʥʳʭ ʨʝʛʠʦʥʦʚ (ʥʘʧʨʠʤʝʨ, ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ) ʩʦʧʨʷʞʝʥʦ ʩ ʨʷʜʦʤ 
ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʠʭ ʧʦʣʦʞʝʥʠʝ ʚ ʩʠʩʪʝʤʝ ʨʦʩʩʠʡʩʢʠʭ ʨʝʛʠʦʥʦʚ. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤʠ 
ʬʘʢʪʦʨʘʤʠ ʷʚʣʷʶʪʩʷ: 

Å ʦʩʦʙʦ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʢʦʥʦʤʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʨʝʛʠʦʥʘ, ʪʦ ʝʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ 
ʫʜʘʣʝʥʥʦʩʪʴ ʦʪ ʦʩʥʦʚʥʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʈʦʩʩʠʠ 

Å ʤʦʱʥʳʡ ʨʝʩʫʨʩʥʳʡ ʧʦʪʝʥʮʠʘʣ 
Å ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʝʛʦ ʥʘʩʝʣʝʥʠʷ ʠ ʦʩʚʦʝʥʠʷ. 
 ɼʦʩʪʫʧʥʳʡ ʛʘʟ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʝʪ ʫʩʣʦʚʠʷ ʧʨʦʞʠʚʘʥʠʷ ʣʶʜʝʡ ʚ ʦʪʜʘʣʝʥʥʳʭ ʥʘʩʝʣʝʥʥʳʭ 

ʧʫʥʢʪʘʭ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʜʘʣʴʥʝʚʦʩʪʦʯʥʳʭ ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʠ. 
 ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʛʘʟʠʬʠʢʘʮʠʷ ʠ ʠʟʤʝʥʝʥʠʝ ʚ ʩʪʨʫʢʪʫʨʝ ʪʦʧʣʠʚʥʦ-ɻ ʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ʚʦ-

ʩʪʦʯʥʳʭ ʨʝʛʠʦʥʦʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʝʡ ʟʘʜʘʯʝʡ ʨʘʟʚʠʪʠʷ ʵʢʦʥʦʤʠʢʠ, ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʥʝʨ-
ʛʝʪʠʢʠ, ʫʣʫʯʰʝʥʠʝ ʩʦʮʠʘʣʴʥʦʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ. ɻʘʟʠʬʠʢʘʮʠʷ ʦʪʜʘʣʸʥʥʳʭ ʦʪ ʮʝʥʪʨʘ ʨʝʛʠʦʥʦʚ 
ʠ ʤʦʞʝʪ ʧʦʤʦʯʴ ʩʥʠʟʠʪʴ ʤʠʛʨʘʮʠʶ ʥʘʩʝʣʝʥʠʷ ʚ ʢʨʫʧʥʳʝ ʛʦʨʦʜʘ ʝʚʨʦʧʝʡʩʢʫʶ ʯʘʩʪʴ ʩʪʨʘʥʳ. ʈʝʰʝʥʠʝ 
ʚʦʧʨʦʩʘ ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʧʦʩʦʙʘ ʛʘʟʠʬʠʢʘʮʠʠ ʦʪʜʘʣʸʥʥʳʭ ʨʝʛʠʦʥʘʭ ʠʛʨʘʝʪ ʟʥʘʯʠʪʝʣʴ-
ʥʫʶ ʨʦʣʴ ʜʣʷ ʩʦʮʠʘʣʴʥʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʩʪʨʘʥʳ ʚ ʮʝʣʦʤ ʠ ʨʝʛʠʦʥʦʚ ʚ ʯʘʩʪʥʦʩʪʠ [3, ʩ. 38]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʙʦʩʥʦʚʘʥʠʝ ʧʝʨʩʧʝʢʪʠʚ ʧʨʠʤʝʥʝʥʠ ʉʋɻ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʜʣʷ 
ʢʦʪʝʣʴʥʳʭ ʠ ʤʦʪʦʨʥʦʛʦ ʪʦʧʣʠʚʘ ʚ ʫʜʘʣʝʥʥʳʭ ʨʝʛʠʦʥʘʭ ʩʪʨʘʥʳ. 

ʊʌɼ ʛ ʣʙʰʞʪʫʛʞ ʥʧʫʧʩʦʧʜʧ ʫʧʨʤʡʛʙ. ʀʥʬʨʘʩʪʨʫʢʪʫʨʘ ʨʳʥʢʘ ʉʋɻ ʚ ʈʌ ʩʦʩʪʦʠʪ ʠʟ 47 ʟʘʚʦʜʦʚ-
ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʚʢʣʶʯʘʶʱʠʭ ʦʢʦʣʦ 3000 ʛʘʟʦʥʘʧʦʣʥʠʪʝʣʴʥʳʭ ʩʪʘʥʮʠʡ. ʇʨʠ ʵʪʦʤ ʘʚʪʦʤʦʙʠʣʝʡ, ʠʩ-
ʧʦʣʴʟʫʶʱʠʭ ʩʞʠʞʝʥʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʥʳʝ ʛʘʟʳ, ʦʢʦʣʦ 1,4 ʤʣʥ ʰʪʫʢ ʠ ʠʭ ʜʦʣʷ ʚ ʘʚʪʦʤʦʙʠʣʴʥʦʤ ʧʘʨʢʝ 
ʈʌ ʩʦʩʪʘʚʣʷʝʪ 2,7 %, ʘ ʥʘ ɼʘʣʴʥʝʤ ɺʦʩʪʦʢʝ ʧʦʨʷʜʢʘ ʜʦʣʠ ʧʨʦʮʝʥʪʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʨʦʩʪ ʧʦʪʨʝʙʣʝʥʠʷ ʉʋɻ ʚ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʚʠʛʘʪʝʣʷʭ, ʚ ʮʝʣʦʤ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, 
ʯʪʦ ʈʦʩʩʠʡʩʢʠʡ ʨʳʥʦʢ ʛʘʟʦʤʦʪʦʨʥʦʛʦ ʪʦʧʣʠʚʘ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʩʬʦʨʤʠʨʦʚʘʥ. ɺ ʦʩʥʦʚʥʦʤ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ 
ʠʟ-ʟʘ ʨʷʜʘ ʧʨʠʯʠʥ: 

½ ʅʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʚ ʨʝʰʝʥʠʠ ʦ ʛʣʘʚʥʦʡ ʜʚʠʞʫʱʝʡ ʩʠʣʳ ʧʨʦʜʚʠʞʝʥʠʷ ʨʳʥʢʘ ʛʘʟʦʤʦʪʦʨʥʦʛʦ 
ʪʦʧʣʠʚʘ: ʛʦʩʫʜʘʨʩʪʚʦ ʠʣʠ ʯʘʩʪʥʳʡ ʙʠʟʥʝʩ. ɺ ʤʠʨʝ ʵʪʦʪ ʚʦʧʨʦʩ ʨʝʰʠʣʠ ʜʘʚʥʦ: ʨʘʟʚʠʪʠʝ ʛʘʟʦʤʦʪʦʨʥʦʛʦ 
ʨʳʥʢʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʦʨʛʘʥʳ ʩ ʧʦʤʦʱʴʶ ʧʦʜʜʝʨʞʢʠ ʢʨʫʧʥʳʭ ʥʝʬʪʝʛʘʟʦʚʳʭ ʢʦʤʧʘʥʠʡ. 
ʇʨʠʥʠʤʘʶʪʩʷ ʩʪʠʤʫʣʠʨʫʶʱʠʝ ʟʘʢʦʥʳ, ʚʚʦʜʷʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ. 



34 ǤǡǯǭǮǤǨǰǩǧǤ ǬǟǲǶǬǺǤ ǧǰǰǪǤǣǭǡǟǬǧǾ 

 

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

½ ʅʝʧʨʦʜʫʤʘʥʥʦʩʪʴ ʚʥʫʪʨʝʥʥʠʭ ʧʨʘʚʠʣ, ʪʨʝʙʦʚʘʥʠʡ ʠ ʩʪʘʥʜʘʨʪʦʚ ʧʦ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʠ ʨʘʟʚʠ-
ʪʠʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʩʧʦʩʦʙʩʪʚʫʶʱʘʷ ʧʨʦʜʚʠʞʝʥʠʶ ʛʘʟʦʟʘʧʨʘʚʦʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

½ ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʨʳʥʦʢ ʵʣʝʢʪʨʦʤʦʪʦʨʥʳʭ ʘʚʪʦ-
ʤʦʙʠʣʝʡ ʠʣʠ ʘʚʪʦʤʦʙʠʣʝʡ-ʛʠʙʨʠʜʦʚ. ʇʦʷʚʣʝʥʠʝ ʵʣʝʢʪʨʦʤʦʪʦʨʦʚ ʚ ʦʛʨʦʤʥʦʡ ʩʪʝʧʝʥʠ ʩʥʠʟʠʣʦ ʦʜʥʫ ʠʟ 
ʩʘʤʳʭ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʛʘʟʦʚʦʛʦ ʪʦʧʣʠʚʘ. 

ʄʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʵʬʬʝʢʪʠʚʥʦʡ ʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʡ ʛʦʩʫʜʘʨ-
ʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ ʨʘʟʚʠʪʠʷ ʨʳʥʢʘ ʛʘʟʦʤʦʪʦʨʥʦʛʦ ʪʦʧʣʠʚʘ ʥʝʦʙʭʦʜʠʤʦ [4, ʩ. 44]: 

½ ʇʨʠʚʝʩʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʜʝʡʩʪʚʫʶʱʫʶ ʚ ʩʪʨʘʥʝ ʥʦʨʤʘʪʠʚ-
ʥʦ-ʧʨʘʚʦʚʫʶ ʙʘʟʫ ʧʦ ʨʘʟʚʠʪʠʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʛʘʟʦʚʦʛʦ ʨʳʥʢʘ. 

½ ɻʦʩʫʜʘʨʩʪʚʫ ʩʦʟʜʘʪʴ ʤʝʭʘʥʠʟʤʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʨʳʥʦʯʥʳʝ ʧʨʦʮʝʩʩʳ ʨʘʟʚʠ-
ʪʠ̫ ʛʘʟʦʤʦʪʦʨʥʦʛʦ ʪʦʧʣʠʚʘ ʚ ʞʝʣʘʪʝʣʴʥʦʤ ʜʣʷ ʦʙʱʝʩʪʚʘ ʥʘʧʨʘʚʣʝʥʠʠ, ʫʩʪʘʥʦʚʠʪʴ ʝʜʠʥʳʝ ʧʨʦʟʨʘʯʥʳʝ, 
ʧʦʥʷʪʥʳʝ ʠ ʩʪʘʙʠʣʴʥʳʝ ʧʨʘʚʠʣʘ ʨʘʙʦʪʳ ʫʯʘʩʪʥʠʢʦʚ ʨʳʥʢʘ. 

ɼʙʠʡʭʡʣʙʯʡʸ ʣʧʫʞʤʵʦʴʮ ʦʙ ʚʙʠʞ ʊʌɼ. ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʪʘʨʠʬʦʚ ʥʘ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ ʚ ʫʜʘʣʝʥ-
ʥʳʭ ʨʝʛʠʦʥʘʭ ʦʙʫʩʣʦʚʣʠʚʘʝʪʩʷ ʤʥʦʛʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʥʠʟʢʘʷ ʧʣʦʪʥʦʩʪʴ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʠ; ʚʳ-
ʩʦʢʘʷ ʩʪʝʧʝʥʴ ʠʟʥʦʩʘ ʛʝʥʝʨʠʨʫʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪʝʧʣʦʩʝʪʝʚʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 
ʥʘʙʣʶʜʘʶʪʩʷ ʥʠʟʢʘʷ ʪʦʧʣʠʚʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ; ʚʳʩʦʢʠʝ ʫʜʝʣʴʥʳʝ ʨʘʩʭʦʜʳ ʪʦʧ-
ʣʠʚʘ ʥʘ ʪʝʧʣʦʠʩʪʦʯʥʠʢʘʭ; ʙʦʣʴʰʠʝ ʧʦʪʝʨʠ ʪʝʧʣʘ ʚ ʪʝʧʣʦʚʳʭ ʩʝʪʷʭ; ʩʫʨʦʚʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʜʣʷ 
ʧʨʦʞʠʚʘʥʠʷ ʣʶʜʝʡ ʠ ʚʝʜʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ; ʜʣʠʪʝʣʴʥʳʡ (ʦʪ 5 ʜʦ 9 ʤʝʩʷʮʝʚ ʚ ʛʦʜʫ) ʦʪʦʧʠ-
ʪʝʣʴʥʳʡ ʧʝʨʠʦʜ; ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʧʨʠʤʝʥʝʥʠʷ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ. ʆʜʥʘʢʦ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ 
ʚʳʩʦʢʠʭ ʪʘʨʠʬʦʚ ʚ ʵʪʠʭ ʨʝʛʠʦʥʘʭ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʘʷ ʜʦʣʷ ʚ ʪʦʧʣʠʚʥʦʤ ʙʘʣʘʥʩʝ ʧʨʠʚʦʟʥʦʛʦ ʪʦʧʣʠʚʘ ʩ ʚʳ-
ʩʦʢʠʤʠ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʠ ʩʢʣʘʜʩʢʠʤʠ ʠʟʜʝʨʞʢʘʤʠ ʧʦ ʝʛʦ ʜʦʩʪʘʚʢʝ, ʩʦʟʜʘʥʠʶ ʟʘʧʘʩʦʚ ʠ ʭʨʘʥʝʥʠʶ [5, ʩ. 52]. 

ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʠ ʧʦʩʪʦʷʥʥʳʡ ʨʦʩʪ ʪʘʨʠʬʦʚ ʥʘ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ ʚ ʫʜʘʣʝʥʥʳʭ ʨʝʛʠʦʥʘʭ ʩʪʘʥʦ-
ʚʷʪʩʷ ʚʝʩʦʤʦʡ ʧʨʝʛʨʘʜʦʡ ʥʘ ʧʫʪʠ ʠʭ ʨʘʟʚʠʪʠʷ. ɺʘʞʥʝʡʰʘʷ ʟʘʜʘʯʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʠ ʩʪʨʘʥʳ - 
ʩʜʝʨʞʠʚʘʥʠʝ ʨʦʩʪʘ ʪʘʨʠʬʦʚ ʥʘ ʪʝʧʣʦ ʚ ʫʜʘʣʝʥʥʳʭ ʨʝʛʠʦʥʘʭ.  

ɺʦʚʣʝʯʝʥʠʝ ʚ ʪʦʧʣʠʚʥʦ-ɻ ʥʝʨʛʝʪʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʧʨʝʜʧʨʠʷʪʠʡ ʫʜʘʣʝʥʥʳʭ ʨʝʛʠʦʥʦʚ ʙʦʣʝʝ ʜʝʰʝ-
ʚʳʭ ʧʦ ʩʪʦʠʤʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʠʣʠ ʩʞʠʞʝʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜ-
ʥʳʭ ʛʘʟʦʚ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ. 

ʆʜʥʘʢʦ, ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʛʘʟʠʬʠʢʘʮʠʶ ʫʜʘʣʝʥʥʳʭ ʨʝʛʠʦʥʦʚ ʩ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʥʘʩʝʣʝʥʠʷ, 
ʪ.ʝ. ʥʠʟʢʠʤ ʧʦʪʨʝʙʣʝʥʠʝʤ ʛʘʟʘ ʢʘʢ ʚ ʙʳʪʦʚʦʤ ʩʝʢʪʦʨʝ, ʪʘʢ ʠ ʧʨʦʤʳʰʣʝʥʥʦʤ, ʪʦ ʤʦʞʥʦ ʧʨʠʡʪʠ ʢ ʚʳʚʦʜʫ, 
ʯʪʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʢʨʫʧʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʚʢʣʶʯʘʶʱʘʷ ʧʨʦʪʷʞʝʥʥʳʝ ʛʘʟʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ ʩʝʪʠ, 
ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʙʦʣʴʰʠʭ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʡ ʥʘ ʝʜʠʥʠʮʫ ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʦʙʲʝʤʘ ʛʘʟʘ, ʩʪʘʥʦʚʠʪʩʷ ʥʝ-
ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ. 

ʇʨʠ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʜʦʣʞʥʘ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʧʝʨʩʧʝʢʪʠʚʘ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʩʧʦʩʦʙʘ ʛʘʟʠʬʠʢʘʮʠʠ ʩ 
ʧʦʤʦʱʴʶ ʩʞʠʞʝʥʥʦʛʦ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʛʘʟʘ. 

ɺ ʨʘʙʦʪʝ ʦʧʠʩʳʚʘʶʪʩʷ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 
ʵʬʬʝʢʪʘ ʦʪ ʧʝʨʝʚʦʜʘ ʫʛʦʣʴʥʳʭ ʠ ʤʘʟʫʪʥʳʭ ʢʦʪʝʣʴʥʳʭ ʚ ʫʜʘʣʝʥʥʳʭ ʨʝʛʠʦʥʘʭ ʥʘ ʉʋɻ. ʕʪʦ ʤʦʞʥʦ ʦʙʲ-
ʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʪʝʢʫʱʘʷ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʘʷ ʮʝʥʘ ʉʋɻ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʥʘʣʠʯʠʝ ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʩʥʠʞʝʥʠʝ 
ʪʘʨʠʬʦʚ ʥʘ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ [6, ʩ. 150]. 

ʆʜʥʘʢʦ, ʢʦʛʜʘ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦ ʧʝʨʝʚʦʜʝ ʢʦʥʢʨʝʪʥʦʡ ʜʝʡʩʪʚʫʶʱʝʡ ʨʘʙʦʯʝʡ ʢʦʪʝʣʴʥʦʡ ʥʘ ʉʋɻ, 
ʧʦʷʚʣʷʝʪʩʷ ʨʷʜ ʦʯʝʚʠʜʥʳʭ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʵʪʠʤ ʚʦʧʨʦʩʦʤ, ʚ ʯʘʩʪʥʦʩʪʠ ʵʪʦ ʪʨʫʜʦʝʤʢʦʩʪʴ ʠ ʜʦʨʦ-
ʛʦʚʠʟʥʘ ʨʘʙʦʪ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʥʝʢʦʪʦʨʳʭ ʨʝʛʠʦʥʘʭ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʷʤ ʥʘ ʠʭ ʧʨʦʠʟʚʦʜ-
ʩʪʚʘʭ ʧʝʨʝʦʙʦʨʫʜʦʚʘʪʴ ʢʦʪʝʣʴʥʳʝ ʧʦʜ ʉʋɻ ʩ ʫʩʪʘʥʦʚʢʦʡ ʦʙʦʨʫʜʦʚʘʥʠʷ ʮʝʥʦʡ ʧʦʨʷʜʢʘ 150-200 ʪʳʩʷʯ 
ʨʫʙʣʝʡ, ʯʪʦ ʜʝʣʘʝʪ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʘʙʩʦʣʶʪʥʦ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ. 

ɺʦʟʤʦʞʥʦ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʝʩʣʠ ʚʦʧʨʦʩ ʦ ʧʝʨʝʚʦʜʝ ʜʝʡʩʪʚʫʶʱʠʭ ʢʦʪʝʣʴʥʳʭ ʥʘ ʉʋɻ 
ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʙʦʣʴʰʠʤ ʚʦʧʨʦʩʦʤ, ʪʦ ʩʪʦʠʪ ʩʦʩʨʝʜʦʪʦʯʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʦʨʛʘʥʠʟʘʮʠʶ ʦʪʦʧʣʝʥʠʷ ʥʦʚʳʭ 
ʧʨʦʠʟʚʦʜʩʪʚ ʩ ʧʦʤʦʱʴʶ ʙʣʦʯʥʳʭ ʢʦʪʝʣʴʥʳʭ, ʧʨʝʠʤʫʱʝʩʪʚʘ ʢʦʪʦʨʳʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ [7, ʩ. 2]: 

½ ʙʣʦʯʥʘʷ ʛʘʟʦʚʘʷ ʢʦʪʝʣʴʥʘʷ ʥʝ ʪʨʝʙʫʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʨʦʝʢʪʘ ʥʘ ʧʦʜʢʣʶʯʝʥʠʝ, ʯʪʦ ʩʫ-
ʱʝʩʪʚʝʥʥʦ ʦʙʣʝʛʯʘʝʪʩʷ ʩʦʛʣʘʩʦʚʘʥʠʝ ʩ ʢʦʥʪʨʦʣʠʨʫʶʱʠʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ;  

½ ʠʭ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʘʚʪʦʥʦʤʥʦʩʪʴ; 

½ ʙʣʦʯʥʳʝ ʢʦʪʝʣʴʥʳʝ ʥʝ ʪʨʝʙʫʶʪ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʢʘʧʠʪʘʣʴʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʠʣʠ ʟʜʘʥʠʡ;  
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½ ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʣʶʙʦʝ ʚʨʝʤʷ ʧʝʨʝʤʝʩʪʠʪʴ ʙʣʦʯʥʳʝ ʢʦʪʝʣʴʥʳʝ ʥʘ ʥʦʚʦʝ ʤʝʩʪʦ ʠʣʠ ʜʨʫʛʦʡ 
ʦʙʲʝʢʪ. 
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ʌʪʫʩʧʢʪʫʛʧ ʪʡʪʫʞʥʴ ʥʙʪʤʧʪʦʙʚʟʞʦʡʸ. ʉʠʩʪʝʤʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʩʤʘʟʢʠ 

ʧʦʜʰʠʧʥʠʢʦʚ ʩʢʦʣʴʞʝʥʠʷ ʥʘʩʦʩʘ, ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʠ ʛʠʜʨʦʤʫʬʪʳ. ɺ ʢʘʯʝʩʪʚʝ ʩʤʘʟʢʠ ʧʦʜʰʠʧʥʠʢʦʚ 
ʧʨʠʤʝʥʷʝʪʩʷ ʪʫʨʙʠʥʥʦʝ ʤʘʩʣʦ ʊʅʂ ʊʫʨʙʦ32. ʊʝʭʥʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʘʩʣʘ, ʧʨʠʤʝʥʷʝʤʦʛʦ ʚ ʩʠ-
ʩʪʝʤʝ ʤʘʩʣʦʩʤʘʟʢʠ, ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ-32-74. 

ʉʠʩʪʝʤʘ ʩʤʘʟʢʠ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʥʘʩʦʩʥʳʭ ʘʛʨʝʛʘʪʦʚ ʩʦʩʪʦʠʪ ʠʟ ʨʘʙʦʯʝʛʦ ʠ ʧʫʩʢʦʨʝʟʝʨʚʥʦʛʦ ʤʘʩ-
ʣʷʥʦʛʦ ʥʘʩʦʩʦʚ, ʜʚʦʡʥʦʛʦ ʬʠʣʴʪʨʘ ʦʯʠʩʪʢʠ ʤʘʩʣʘ, ʤʘʩʣʦʙʘʢʘ ʠ ʤʘʩʣʦʦʭʣʘʜʠʪʝʣʝʡ. [1, ʩ. 2]. 

ʄʘʩʣʦ ʠʟ ʤʘʩʣʦʙʘʢʘ ʟʘʙʠʨʘʝʪʩʷ ʨʘʙʦʪʘʶʱʠʤ ʤʘʩʣʦʥʘʩʦʩʦʤ ʪʠʧʘ R45/160FL-Z-SO, ʧʨʦʭʦʜʠʪ ʯʝ-
ʨʝʟ ʤʘʩʣʦʦʭʣʘʜʠʪʝʣʠ ɸʊ 2-90-1200-1 (ʨʠʩ. 1), ʤʘʩʣʦʬʠʣʴʪʨ ʠ ʧʦʜʘʝʪʩʷ ʢ ʧʦʜʰʠʧʥʠʢʘʤ ʥʘʩʦʩʥʦʛʦ ʘʛʨʝ-
ʛʘʪʘ, ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʠ ʜʘʣʝʝ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʤʘʩʣʦʙʘʢ. ʊʝʤʧʝʨʘʪʫʨʘ ʤʘʩʣʘ ʚ ʦʙʱʝʤ ʢʦʣʣʝʢʪʦʨʝ 
ʧʝʨʝʜ ʧʦʩʪʫʧʣʝʥʠʝʤ ʥʘ ʧʦʜʰʠʧʥʠʢʠ ʥʘʩʦʩʥʦʛʦ ʘʛʨʝʛʘʪʘ ʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʥʠʞʝ +30 
Üʉ. ɼʣʷ ʦʭʣʘʞʜʝʥʠʷ ʨʘʙʦʯʝʛʦ ʠ ʩʤʘʟʦʯʥʦʛʦ ʤʘʩʣʘ ʚ ʤʘʩʣʦʦʭʣʘʜʠʪʝʣʝ ʧʨʝʜʥʘʟʥʘʯʝʥ ʘʧʧʘʨʘʪ ʚʦʟʜʫʰ-
ʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʘʥʪʠʬʨʠʟʘ ɸɺʆɸ 2-90-1200-1-12,5ʅ [2, ʩ. 403]. 

ɹʦʦʧʫʙʯʡʸ: ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʦʜʝʨʥʠʟʘʮʠʷ ʅʇʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʧʧʘʨʘʪʦʚ ʚʦʟ-
ʜʫʰʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʘʥʪʠʬʨʠʟʘ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʪʚʦʜʠʤʫʶ ʪʝʧʣʦʪʫ ʦʪ ʨʘʙʦʯʠʭ ʄʅɸ ʜʣʷ 
ʄʅɸ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʛʦʨʷʯʝʤ ʨʝʟʝʨʚʝ, ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʩʣʘ ʢʦʪʦʨʳʭ ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʦʧʨʝʜʝ-
ʣʝʥʥʦʤʫ ʜʠʘʧʘʟʦʥʫ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʦʜʝʨʥʠʟʘʮʠʠ ʙʳʣʠ ʧʨʦʠʟʚʝʜʝʥʳ ʪʝʧʣʦʚʦʡ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ 
ʨʘʩʯʝʪʳ ʪʝʧʣʦʦʙʤʝʥʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʘ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʭʝʤʳ ʠʩʧʦʣʴʟʫʝ-
ʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʊʘʢʞʝ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ʪʝʭʥʠʢʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʧʨʦʝʢʪʘ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ɸɺʆɸ, ʅʇʉ, ʘʥʪʠʬʨʠʟ, ʤʘʩʣʦ, ʨʝʢʫʧʝʨʘʮʠʷ 
 

IMPROVEMENT OF OPERATIONAL PROPERTIES OF THE OIL SYSTEM OF MAIN PUMP UNITS 
 

Vyrupaev Alexander Grigorievich, 
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Abstract: the graduation work is describing the modernization of the oil pumping station with using air coolers 
of antifreeze. It is proposed to use the withdrawn heat from the main pump unit workers for main pump unit, 
which are in a hot reserve, the oil temperature of which must correspond to a certain range. To carry out the 
modernization, the heat and hydraulic calculations of the heat exchanger were carried out, as well as a de-
scription and technological diagrams of the equipment used. In addition, the feasibility study of the project was 
considered. 
Key words: AACA, OPS, antifreeze, oil, recovery 
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ʉʡʪ. 1. ʋʞʨʤʧʧʚʥʞʦʦʡʣ ɹʋ 2-90-1200-1 

 

ɼʘʚʣʝʥʠʝ ʤʘʩʣʘ ʧʝʨʝʜ ʧʦʜʰʠʧʥʠʢʘʤʠ ʥʘʩʦʩʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʝ ʙʦʣʝʝ 1,2 ʢʛʩ/ʩʤ2 ʠ ʥʝ ʤʝʥʝʝ 
0,7 ʢʛʩ/ʩʤ2. ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʧʦʜʘʯʠ ʤʘʩʣʘ ʢ ʢʘʞʜʦʤʫ ʧʦʜʰʠʧʥʠʢʫ ʥʘʩʦʩʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 
ʧʦʜʙʦʨʘ ʜʨʦʩʩʝʣʴʥʳʭ ʰʘʡʙ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʥʘ ʛʠʜʨʦʤʫʬʪʝ. ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʧʦʜʘʯʠ ʤʘʩʣʘ ʢ ʢʘʞʜʦʤʫ 
ʧʦʜʰʠʧʥʠʢʫ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʝʛʫʣʠʨʦʚʦʯʥʦʡ ʰʘʡʙʳ, ʨʘʩʭʦʜ ʤʘʩʣʘ ʧʝ-
ʨʝʜ ʧʦʜʰʠʧʥʠʢʘʤʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʦ ʩʪʦʨʦʥʳ ʩʚʦʙʦʜʥʦʛʦ ʢʦʥʮʘ ʚʘʣʘ ʥʝ ʤʝʥʝʝ 10 
ʣ/ʤʠʥ, ʩʦ ʩʪʦʨʦʥʳ ʛʠʜʨʦʤʫʬʪʳ ʥʝ ʤʝʥʝʝ 7 ʣ/ʤʠʥ. ʅʘ (ʨʠʩ. 2) ʧʨʠʚʝʜʝʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʤʘʩʣʦ-
ʩʠʩʪʝʤʳ ʄʅɸ [3, ʩ. 14]. 

 

 
ʉʡʪ. 2. ʋʞʮʦʧʤʧʜʡʰʞʪʣʙʸ ʪʮʞʥʙ ʥʙʪʤʧʪʡʪʫʞʥʴ ʅʆɹ 
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V ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʈʩʡʥʞʦʞʦʡʞ ʩʞʣʬʨʞʩʙʯʡʡ ʫʞʨʤʧʛʧʢ ʶʦʞʩʜʡʡ ʛ ɹɻʇɹ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 
ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʤʘʩʣʦʩʠʩʪʝʤʳ ʥʘ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʥʘʩʦʩʥʳʭ ʘʛʨʝʛʘʪʘʭ ʩ ʛʠʜʨʦʤʫʬʪʦʡ ʦʪʚʦʜʠʤʘʷ ʪʝʧ-
ʣʦʚʘʷ ʵʥʝʨʛʠʷ ʦʪ ʨʘʙʦʯʠʭ ʄʅɸ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʜʦʨʘʙʦʪʢʘ ʩʭʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʤʘʩʣʘ. 
ʆʥʘ ʧʦʟʚʦʣʠʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʪʚʦʜʠʤʦʝ ʪʝʧʣʦ ʚ ʧʨʦʮʝʩʩʝ ʥʘʛʨʝʚʘ ʤʘʩʣʘ ʄʅɸ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʛʦʨʷʯʝʤ 
ʨʝʟʝʨʚʝ. [4, ʩ. 172]. 

ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʢʣʶʯʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʝʨʝʤʳʯʝʢ ʤʝʞʜʫ ʧʦʪʦʢʘʤʠ 
ʘʥʪʠʬʨʠʟʘ ʩʦʩʝʜʥʠʭ ʄʅɸ. ɿʘ ʩʯʝʪ ʜʘʥʥʳʭ ʧʝʨʝʤʳʯʝʢ ʚʦʟʤʦʞʥʦ ʧʝʨʝʥʘʧʨʘʚʣʷʪʴ ʧʦʪʦʢ ʛʦʨʷʯʝʛʦ ʘʥʪʠ-
ʬʨʠʟʘ ʦʪ ʘʛʨʝʛʘʪʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʨʘʙʦʪʝ, ʢ ʘʛʨʝʛʘʪʫ, ʥʘʭʦʜʷʱʝʤʫʩʷ ʚ ʛʦʨʷʯʝʤ ʨʝʟʝʨʚʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ 
ʫʣʫʯʰʠʪʩʷ ʨʘʙʦʪʘ ʪʝʧʣʦʚʦʡ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʧʨʦʠʟʦʡʜʝʪ ʫʤʝʥʴʰʝʥʠʝ ʦʙʲʝʤʘ 
ʠ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʅʇʉ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʥʫʞʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʛʨʝʚ ʤʘʩʣʘ ʨʝ-
ʟʝʨʚʥʦʛʦ ʄʅɸ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʟʘ ʩʯʝʪ ʨʝʢʫʧʝʨʘʮʠʠ ʥʝʚʦʩʪʨʝʙʦʚʘʥʥʦʛʦ ʪʝʧʣʘ ʨʘʙʦʯʝʛʦ ʄʅɸ [5, ʩ. 
12]. 

ʅʘ (ʨʠʩ. 3) ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʨʘʙʦʪʳ ʧʝʨʝʤʳʯʢʠ ʚ ʤʘʩʣʦʩʠʩʪʝʤʝ. 
 

 
ʉʡʪ. 3. ʈʩʡʦʯʡʨʡʙʤʵʦʙʸ ʪʮʞʥʙ ʩʙʚʧʫʴ ʨʞʩʞʥʴʰʣʡ ʛ ʥʙʪʤʧʪʡʪʫʞʥʞ 

 
ʈʩʡʪʙʝʣʡ ʣ ʥʙʪʤʙʥ. ʇʨʦʚʝʜʝʥʥʳʝ ʪʝʧʣʦʚʳʝ ʨʘʩʯʝʪʳ ʥʘ ʧʨʠʤʝʨʝ ʢʦʥʪʫʨʘ ʦʭʣʘʞʜʝʥʠʷ ʩʤʘʟʦʯ-

ʥʦʛʦ ʤʘʩʣʘ ʧʦʜʪʚʝʨʜʠʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʛʨʝʚʘ ʤʘʩʣʘ ʨʝʟʝʨʚʥʦʛʦ ʄʅɸ ʟʘ ʩʯʝʪ ʦʪʚʦʜʠʤʦʛʦ ʪʝʧʣʘ ʦʪ ʨʘ-
ʙʦʯʝʛʦ ʄʅɸ. 

ɼʣʷ ʧʨʦʚʦʜʠʤʦʡ ʚ ʨʘʙʦʪʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ʪʝʧʣʦʚʦʡ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤ ɸɺʆɸ ʨʝʢʦʤʝʥʜʫʝʪ-
ʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʩʘʜʢʠ. ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʪʠʚʦʢʦʨʨʦʟʠʦʥʦʡ, ʜʝ-
ʧʨʝʩʩʦʨʥʦʡ ʠ ʧʨʦʪʠʚʦʧʝʥʥʦʡ ʧʨʠʩʘʜʦʢ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʤʘʩʣʦʩʠʩʪʝʤʳ ʄʅɸ. 
ʇʨʠʩʘʜʢʠ ʥʝ ʪʦʣʴʢʦ ʫʣʫʯʰʘʶʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʩʝʣ, ʥʦ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʶʪ ʨʘʩʭʦʜ 
ʧʦʩʣʝʜʥʠʭ. ʇʨʠʩʘʜʢʠ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ. 

ɺʩʧʝʥʠʚʘʥʠʝ ʤʘʩʣʘ ʫʭʫʜʰʘʝʪ ʪʝʧʣʦʦʪʚʦʜ ʠ ʥʦʨʤʘʣʴʥʦʝ ʝʛʦ ʧʦʩʪʫʧʣʝʥʠʝ ʢ ʟʦʥʘʤ ʪʨʝʥʠʷ. ʏʝʤ 
ʙʦʣʴʰʝ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʪʝʤ ʩʠʣʴʥʝʝ ʚʩʧʝʥʠʚʘʝʪʩʷ ʤʘʩʣʦ, ʪʝʤ ʤʝʜʣʝʥʥʝʝ ʦʧʘʜʘʝʪ 
ʧʝʥʘ. ɹʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʧʦʣʠʩʠʣʘʢʩʘʥʳ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʪʴ ʧʨʦʪʠʚʦʧʝʥʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘ-
ʩʝʣ. 

ʇʨʦʪʠʚʦʧʝʥʥʘʷ ʧʨʠʩʘʜʢʘ ʧʦʣʠʤʝʪʠʣʩʠʣʦʢʩʘʥ ʄʇʉ-200ɸ.  
ɼʦʙʘʚʣʝʥʠʝ ʝʝ ʢ ʤʘʩʣʫ ʚ ʤʘʣʳʭ ʢʦʣʠʯʝʩʪʚʘʭ (ʥʝ ʙʦʣʝʝ 0,001 ð 0.005 %) ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʤʝʥʴʰʠʪʴ ʧʝʥʦʦʙʨʘʟʦʚʘʥʠʝ. 
ɼʝʧʨʝʩʩʦʨʥʳʝ ʧʨʠʩʘʜʢʠ ʧʦʥʠʞʘʶʪ ʪʝʤʧʝʨʘʪʫʨʫ ʟʘʩʪʳʚʘʥʠʷ ʤʘʩʣʘ. ʋʜʘʣʝʥʠʝ ʠʟ ʤʘʩʣʘ ʚʳʩʦʢʦ-
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ʧʣʘʚʢʠʭ ʧʘʨʘʬʠʥʦʚ ʫʭʫʜʰʘʝʪ ʝʛʦ ʚʷʟʢʦʩʪʥʦ-ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʩʚʦʡʩʪʚʘ, ʧʦʵʪʦʤʫ ʠʟʚʣʝʢʘʶʪ ʧʘʨʘʬʠʥʳ ʩ 
ʪʝʤʧʝʨʘʪʫʨʦʡ ʟʘʩʪʳʚʘʥʠʷ ʚʳʰʝ ʤʠʥʫʩ 10 - 15 ʉ, ʘ ʪʨʝʙʫʝʤʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʩʪʳʚʘʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ 
ʚʚʝʜʝʥʠʝʤ ʜʝʧʨʝʩʩʦʨʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʩʘʜʦʢ ʧʨʠʤʝʥʷʶʪ ʧʨʦʜʫʢʪʳ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʵʬʠʨʦʚ ʤʝʪʘʢʨʠʣʦ-
ʚʦʡ ʢʠʩʣʦʪʳ ʠ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʬʝʥʦʣʘ ʠʣʠ ʥʘʬʪʘʣʠʥʘ ʭʣʦʨʠʨʦʚʘʥʥʳʤ ʧʘʨʘʬʠʥʦʤ. ʄʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ 
ʩʚʷʟʘʥ ʩ ʠʟʤʝʥʝʥʠʝʤ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ ʢʨʠʩʪʘʣʣʦʚ ʧʘʨʘʬʠʥʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʤʘʩ-
ʣʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʤʝʥʴʰʝʥʠʷ ʧʣʦʱʘʜʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʚʝʨʜʦʡ ʠ ʞʠʜʢʦʡ ʬʘʟ ʦʭʣʘʞʜʝʥʥʦʝ ʤʘʩʣʦ 
ʦʩʪʘʝʪʩʷ ʪʝʢʫʯʠʤ ʜʦ ʙʦʣʝʝ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. 

ɿʘʱʠʪʥʳʝ ʠ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʩʝʣ ʦʙʫʩʣʘʚʣʠʚʘʶʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠʭ ʚʳʪʝʩʥʷʪʴ 
ʚʦʜʫ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ, ʫʜʝʨʞʠʚʘʪʴ ʝʝ ʚ ʦʙʲʝʤʝ ʩʤʘʟʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʦʙʨʘʟʦʚʳʚʘʪʴ ʥʘ ʥʝʤ 
ʧʨʦʯʥʳʝ ʘʜʩʦʨʙʮʠʦʥʥʳʝ ʠ ʭʝʤʦʩʦʨʙʮʠʦʥʥʳʝ ʧʣʝʥʢʠ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʝ ʨʘʟʚʠʪʠʶ ʢʦʨʨʦʟʠʦʥʥʳʭ ʧʨʦ-
ʮʝʩʩʦʚ. ɹʘʟʦʚʳʝ ʥʝʬʪʷʥʳʝ ʤʘʩʣʘ ʥʝ ʩʧʦʩʦʙʥʳ ʜʣʠʪʝʣʴʥʦ ʟʘʱʠʱʘʪʴ ʤʝʪʘʣʣʳ ʦʪ ʢʦʨʨʦʟʠʠ. ʀʭ ʟʘʱʠʪ-
ʥʳʝ ʩʚʦʡʩʪʚʘ ʫʣʫʯʰʘʶʪ ʚʚʝʜʝʥʠʝʤ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʠ [6, ʩ. 44]. 

ɻʴʛʧʝ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʜʦʨʘʙʦʪʢʘ ʩʭʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʤʘʩʣʘ ʧʦʟʚʦʣʠʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʪʚʦʜʠʤʦʝ 
ʪʝʧʣʦ ʦʪ ʨʘʙʦʯʠʭ ʄʅɸ ʚ ʧʨʦʮʝʩʩʝ ʥʘʛʨʝʚʘ ʤʘʩʣʘ ʄʅɸ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʛʦʨʷʯʝʤ ʨʝʟʝʨʚʝ. ʉ ʵʪʦʡ ʮʝʣʴʶ 
ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʢʣʶʯʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʝʨʝʤʳʯʝʢ ʤʝʞʜʫ ʧʦʪʦʢʘʤʠ ʘʥʪʠ-
ʬʨʠʟʘ ʩʦʩʝʜʥʠʭ ʄʅɸ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʣʫʯʰʠʪʩʷ ʨʘʙʦʪʘ ʪʝʧʣʦʚʦʡ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʧʨʦʠʟʦʡʜʝʪ 
ʫʤʝʥʴʰʝʥʠʝ ʦʙʲʝʤʘ ʠ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʅʇʉ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʥʫʞʜʳ ʠ ʥʘʛʨʝʚ ʤʘʩ-
ʣʘ ʨʝʟʝʨʚʥʦʛʦ ʄʅɸ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʟʘ ʩʯʝʪ ʨʝʢʫʧʝʨʘʮʠʠ ʥʝʚʦʩʪʨʝʙʦʚʘʥʥʦʛʦ ʪʝʧʣʘ ʨʘʙʦʯʝʛʦ ʄʅɸ. 

ʊʘʢʞʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʝʧʣʦʭʣʘʜʦʥʦʩʠ-
ʪʝʣʝʡ, ʠʭ ʩʨʘʚʥʝʥʠʝ ʠ ʘʥʘʣʠʟ. ɸʥʪʠʬʨʠʟ çʕʢʦʩʦʣè ʧʦʢʘʟʘʣ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʄʅɸ. ʇʨʠʩʘʜʢʠ ʫʣʫʯʰʘʶʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʩʝʣ, 
ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʶʪ ʠʭ ʨʘʩʭʦʜ. ʆʥʠ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ 
ʧʨʠʤʝʥʝʥʠʝ. 
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ǲǣǩ 40 

ǡǪǧǾǬǧǤ ǱǯǤǬǧǾ ǮǭǣǷǧǮǬǧǩǭǡ Ǭǟ ǩǮǣ 
ǢǤǬǤǯǟǱǭǯǟ, ǰǮǭǰǭǠ ǭǮǱǧǫǧǦǟǵǧǧ 
ǫǤǴǟǬǧǶǤǰǩǧǴ ǰǭǤǣǧǬǤǬǧǨ 

ǱȏȄȋȀǿȖ ǰȄȏȂȄȈ ǟȌȃȏȄȄȁȇȖ 
ʉʪʫʜʝʥʪ ʤʘʛʠʩʪʨ 

ʏʝʨʝʧʦʚʝʮʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 
 

 
ʉʘʤʳʤʠ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤʠ ʧʦʜʰʠʧʥʠʢʘʤʠ ʜʣʷ ʦʧʦʨʳ ʨʦʪʦʨʦʚ ʜʚʠʛʘʪʝʣʝʡ ʠ ʛʝʥʝʨʘʪʦʨʦʚ ʷʚʣʷ-

ʶʪʩʷ ʧʦʜʰʠʧʥʠʢʠ ʢʘʯʝʥʠʷ, ʣʠʙʦ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʜʰʠʧʥʠʢʠ ʞʠʜʢʦʩʪʥʦʛʦ ʪʨʝʥʠʷ (ʧʦʜʰʠʧʥʠʢʠ 
ʩʢʦʣʴʞʝʥʠʷ). ɼʘʥʥʳʝ ʧʦʜʰʠʧʥʠʢʠ ʩʧʨʘʚʣʷʶʪʩʷ ʩʦ ʩʚʦʝʡ ʟʘʜʘʯʝʡ, ʥʦ ʠʤʝʶʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ ʚ ʩʨʘʚʥʝ-
ʥʠʠ ʩ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʤʠ ʧʦʜʰʠʧʥʠʢʘʤʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʢʘʞʜʳʡ ʚʠʜ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ ʦʪʜʝʣʴʥʦ, ʥʘʯʘʚ ʩ ʧʦʜʰʠʧʥʠʢʦʚ ʢʘʯʝʥʠʷ. 
ʇʦʜʰʠʧʥʠʢʠ ʢʘʯʝʥʠʷ. 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʜʰʠʧʥʠʢʠ ʢʘʯʝʥʠʷ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʚʠʜʦʤ ʦʧʦʨ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ. ʕʪʦ 

ʩʘʤʳʝ ʤʘʩʩʦʚʳʝ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʳʝ ʠʟʜʝʣʠʷ ʚ ʤʠʨʝ. 
ʇʦʜʰʠʧʥʠʢʠ ʢʘʯʝʥʠʷ ʠʤʝʶʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʠʭ ʚʠʜʦʚ ʧʦʜʰʠʧʥʠʢʦʚ, ʢʦʪʦʨʳ-

ʤʠ ʷʚʣʷʶʪʩʷ: 

¶ ɺʳʩʦʢʠʝ ʢʦʥʪʘʢʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʠ ʧʦʵʪʦʤʫ ʦʛʨʘʥʠʯʝʥʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ. 

¶ ɹʦʣʴʰʠʝ ʨʘʜʠʘʣʴʥʳʝ ʛʘʙʘʨʠʪʳ ʠ ʚʝʩ. 

¶ ɺʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʧʪʠʤʠʟʘʮʠʠ ʚʳʙʦʨʘ ʪʠʧʦʨʘʟʤʝʨʘ. 

¶ ʄʘʣʘʷ ʥʘʜʝʞʥʦʩʪʴ ʚ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʧʨʠʚʦʜʘʭ. 

¶ ɹʦʣʴʰʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʫʜʘʨʥʳʤ ʥʘʛʨʫʟʢʘʤ ʚʩʣʝʜʩʪʚʠʝ ʙʦʣʴʰʦʡ ʞʝʩʪʢʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ. 

¶ ʇʦʚʳʰʝʥʥʳʡ ʰʫʤ ʧʨʠ ʙʦʣʴʰʠʭ ʦʙʦʨʦʪʘʭ. 

¶ ʅʝʥʘʜʝʞʥʦʩʪʴ ʧʨʠ ʨʘʙʦʪʝ ʚ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ (ʥʘʧʨʠʤʝʨ, ʚ ʚʦʜʝ). 

ɹʦʦʧʫʙʯʡʸ: ʈʘʩʩʤʦʪʨʝʥʳ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʧʦʜʰʠʧʥʠʢʘʭ ʢʘʯʝʥʠʷ ʚ ʛʝʥʝʨʘʪʦʨʘʭ. ʈʘʩʩʤʦʪ-
ʨʝʥʳ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʧʦʜʰʠʧʥʠʢʘʭ ʩʢʦʣʴʞʝʥʠʷ ʚ ʛʝʥʝʨʘʪʦʨʘʭ.  ʈʘʩʩʤʦʪʨʝʥʳ ʥʘʙʠʨʘʶʱʠʝ 
ʧʦʧʫʣʷʨʥʦʩʪʴ ʧʦʜʰʠʧʥʠʢʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚʳʛʦʜʳ ʟʘʤʝʥʳ ʧʦʜʰʠʧʥʠʢʦʚ ʢʘʯʝʥʠʷ ʠ 
ʩʢʦʣʴʞʝʥʠʷ ʚ ʛʝʥʝʨʘʪʦʨʘʭ ʥʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ɻʝʥʝʨʘʪʦʨ, ʧʦʜʰʠʧʥʠʢʠ ʢʘʯʝʥʠʷ, ʧʦʜʰʠʧʥʠʢʠ ʩʢʦʣʴʞʝʥʠʷ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʜ-
ʰʠʧʥʠʢʠ, ʂʇɼ, ʪʨʝʥʠʝ. 
 

THE INFLUENCE OF BEARING FRICTION ON THE EFFICIENCY OF THE GENERATOR. WAYS TO 
OPTIMIZE MECHANICAL CONNECTIONS 

 
Trembach Sergey Andreevich 

 
Annotation: Mechanical connections on rolling bearings in generators are considered. Mechanical connec-
tions on sliding bearings in generators are considered.  Bearing connections that are gaining popularity are 
considered. The benefits of replacing rolling and sliding bearings in generators with electromagnetic ones are 
analyzed. 
Key words: Generator, rolling bearings, sliding bearings, electromagnetic bearings, efficiency, friction. 
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¶ ʉʣʘʙʘʷ ʚʠʙʨʦʟʘʱʠʪʘ, ʙʦʣʝʝ ʪʦʛʦ, ʧʦʜʰʠʧʥʠʢʠ ʩʘʤʠ ʷʚʣʷʶʪʩʷ ʛʝʥʝʨʘʪʦʨʘʤʠ ʚʠʙʨʘʮʠʠ ʟʘ 
ʩʯʸʪ ʜʘʞʝ ʦʯʝʥʴ ʤʘʣʦʡ ʥʝʠʟʙʝʞʥʦʡ ʨʘʟʥʦʨʘʟʤʝʨʥʦʩʪʠ ʪʝʣ ʢʘʯʝʥʠʷ. 

¶ ʆʛʨʘʥʠʯʝʥʠʝ ʩʨʦʢʘ ʩʣʫʞʙʳ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʷʭ ʠ ʥʘʛʨʫʟʢʘʭ. ʕʪʦ ʚʳʟʚʘʥʦ ʚʦʟ-
ʥʠʢʥʦʚʝʥʠʝʤ ʚʳʩʦʢʠʭ ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʚʳʟʳʚʘʶʱʠʭ ʫʩʪʘʣʦʩʪʥʦʝ ʚʳʢʨʘʰʠʚʘʥʠʝ ʢʦʣʝʮ ʠ ʪʝʣ 
ʢʘʯʝʥʠʷ 

¶ ɹʦʣʴʰʦʝ ʨʘʩʩʝʠʚʘʥʠʝ ʩʨʦʢʦʚ ʩʣʫʞʙʳ ʚ ʢʘʞʜʦʡ ʧʘʨʪʠʠ ʧʦʜʰʠʧʥʠʢʦʚ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʥʘʛʨʫʟ-
ʢʘʭ ʠ ʩʢʦʨʦʩʪʷʭ 

¶ ʅʝʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʤʝʣʢʦʩʝʨʠʡʥʦʛʦ ʠ ʰʪʫʯʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

¶ ɺʳʩʦʢʘʷ ʞʝʩʪʢʦʩʪʴ, ʪʦ ʝʩʪʴ ʥʝʩʧʦʩʦʙʥʦʩʪʴ ʚʦʩʧʨʠʥʠʤʘʪʴ ʫʜʘʨʥʳʝ ʥʘʛʨʫʟʢʠ 

¶ ʄʝʥʴʰʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʛʘʩʠʪʴ ʢʦʣʝʙʘʥʠʷ 
ʇʦʜʰʠʧʥʠʢʠ ʩʢʦʣʴʞʝʥʠʷ. 
ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʧʦʜʰʠʧʥʠʢʦʚ ʩʢʦʣʴʞʝʥʠʷ: 

¶ ɹʦʣʴʰʦʝ ʠʟʥʘʰʠʚʘʥʠʝ ʚʢʣʘʜʳʰʝʡ ʠ ʮʘʧʬ ʚʘʣʦʚ ʠʟ-ʟʘ ʪʨʝʥʠʷ (ʥʝ ʦʪʥʦʩʠʪʩʷ ʢ ʧʦʜʰʠʧʥʠʢʘʤ, 
ʨʘʙʦʪʘʶʱʠʤ ʚ ʨʝʞʠʤʝ ʞʠʜʢʦʩʪʥʦʛʦ ʪʨʝʥʠʷ, ʂʇɼ ʢʦʪʦʨʳʭ > 0,99). 

¶ ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʮʚʝʪʥʳʭ ʩʧʣʘʚʦʚ (ʙʨʦʥʟʘ, ʙʘʙʙʠʪ) ʜʣʷ ʚʢʣʘʜʳ-
ʰʝʡ. 

¶ ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʩʪʦʷʥʥʦʛʦ ʫʭʦʜʘ ʠ ʙʦʣʴʰʦʡ ʨʘʩʭʦʜ ʜʦʨʦʛʠʭ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʝʦʙ-
ʭʦʜʠʤʦʩʪʴ ʝʛʦ ʦʯʠʩʪʢʠ ʠ ʦʭʣʘʞʜʝʥʠʷ. 

¶ ɿʥʘʯʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ ʥʘ ʪʨʝʥʠʝ ʚ ʧʝʨʠʦʜ ʧʫʩʢʘ ʠ ʧʨʠ ʥʝʩʦʚʝʨʰʝʥʥʦʡ ʩʤʘʟʢʝ. 

¶ ɹʦʣʴʰʦʡ ʧʫʩʢʦʚʦʡ ʤʦʤʝʥʪ. 

¶ ɺʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʠ ʤʘʣʘʷ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ. 

¶ ɿʥʘʯʠʪʝʣʴʥʳʝ ʛʘʙʘʨʠʪʳ ʚ ʦʩʝʚʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʜʣʠʥʘ ʚʢʣʘʜʳʰʝʡ ʤʦʞʝʪ ʜʦʩʪʠ-
ʛʘʪʴ 3d, ʛʜʝ d ð ʜʠʘʤʝʪʨ ʮʘʧʬʳ ʚʘʣʘ). 

¶ ʅʝ ʦʙʝʩʧʝʯʝʥʘ ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʦʩʪʴ ʧʦʜʰʠʧʥʠʢʦʚ ʧʨʠ ʨʝʤʦʥʪʝ, ʪʘʢ ʢʘʢ ʙʦʣʴʰʠʥʩʪʚʦ ʪʠʧʦʚ 
ʧʦʜʰʠʧʥʠʢʦʚ ʥʝ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʦ. 

ʇʦʜʰʠʧʥʠʢʠ ʢʘʯʝʥʠʷ ʠ ʩʢʦʣʴʞʝʥʠʷ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʜʦʩʪʘʪʢʦʚ. ɹʦʣʴ-
ʰʠʥʩʪʚʦ ʠʟ ʵʪʠʭ ʤʠʥʫʩʦʚ ʙʳʣʠ ʨʝʰʝʥʳ ʚ ʧʨʦʛʨʝʩʩʠʚʥʦʤ ʪʠʧʝ ʧʦʜʰʠʧʥʠʢʦʚ: ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʜ-
ʰʠʧʥʠʢʘʭ. 

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʜʰʠʧʥʠʢʠ. 
ɺ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʭ ʠ ʛʝʥʝʨʘʪʦʨʘʭ ʜʣʷ ʦʧʦʨ ʨʦʪʦʨʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʣʠʙʦ ʧʦʜʰʠʧ-

ʥʠʢʠ ʢʘʯʝʥʠʷ, ʣʠʙʦ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʜʰʠʧʥʠʢʠ ʞʠʜʢʦʩʪʥʦʛʦ ʪʨʝʥʠʷ. ʂʘʞʜʦʝ ʠʟ ʵʪʠʭ ʨʝʰʝʥʠʡ ʠʤʝ-
ʝʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʥʝʜʦʩʪʘʪʢʠ ʠ ʦʙʣʘʩʪʴ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʆʜʥʘʢʦ ʥʠ ʦʜʥʦ ʠʟ ʥʠʭ ʥʝ 
ʦʙʝʩʧʝʯʠʚʘʝʪ ʞʝʣʘʝʤʳʭ ʚʳʩʦʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʘʜʸʞʥʦʩʪʠ, ʙʝʟʦʧʘʩʥʦʩʪʠ, ʨʝʩʫʨʩʘ, ʂʇɼ, ʤʘʣʳʭ ʧʦ-
ʪʝʨʴ ʥʘ ʪʨʝʥʠʝ ʠ ʜʨ. ɺʩʝ ʚʠʜʳ ʧʦʜʰʠʧʥʠʢʦʚ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ, ʥʘʛʨʫʟʢʘʤ, ʪʝʧ-
ʣʦʚʳʤ ʥʘʧʨʷʞʝʥʠʷʤ, ʚʠʙʨʦʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʠ ʪ.ʧ. 

ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʜʘʥʥʳʤ ʧʦʜʰʠʧʥʠʢʦʚʳʤ ʩʦʝʜʠʥʝʥʠʷʤ ʷʚʣʷʝʪʩʷ çʤʘʛʥʠʪʥʳʡ ʧʦʜʚʝʩè, ʚ ʢʦʪʦʨʦʤ 
ʨʦʪʦʨ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʚ ʨʘʙʦʯʝʤ ʟʘʟʦʨʝ ʩʠʣʘʤʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ï ʤʘʛʥʠʪʥʳʝ ʧʦʜʰʠʧʥʠʢʠ. 

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʤʘʛʥʠʪʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ ʷʚʣʷʶʪʩʷ: 

¶ ʆʪʩʫʪʩʪʚʠʝ ʤʦʤʝʥʪʘ ʩʫʭʦʛʦ ʪʨʝʥʠʷ. 

¶ ʀʩʢʣʶʯʝʥʠʝ ʤʘʩʣʦʩʠʩʪʝʤʳ. 

¶ ɺʦʟʤʦʞʥʦʩʪʴ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʝʡ ʚʨʘʱʝʥʠʷ. 

¶ ʋʧʨʘʚʣʷʝʤʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʞʝʩʪʢʦʩʪʠ ʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ. 

¶ ʉʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʚʠʙʨʘʮʠʡ. 

¶ ɺʦʟʤʦʞʥʦʩʪʴ ʧʦʜʘʚʣʝʥʠʷ ʨʝʟʦʥʘʥʩʥʳʭ ʷʚʣʝʥʠʡ. 

¶ ɺʳʩʦʢʘʷ ʜʦʣʛʦʚʝʯʥʦʩʪʴ. 

¶ ʉʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ, ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʨʝʤʦʥʪ. 

¶ ɺʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʚ ʚʘʢʫʫʤʝ ʠ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ [1]. 
ʊʘʢʠʝ ʧʣʶʩʳ, ʢʘʢ ʦʪʩʫʪʩʪʚʠʝ ʪʨʝʥʠʷ ʠ ʦʪʩʫʪʩʪʚʠʝ ʤʘʩʣʘ ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʜʰʠʧʥʠʢʘʭ, ʧʦʟʚʦʣʷʶʪ 

ʜʦʩʪʠʯʴ ʚʳʩʦʯʘʡʰʝʡ ʥʘʜʝʞʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ. 
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ʆʜʥʘʢʦ ʫ ʤʘʛʥʠʪʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ ʝʩʪʴ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ, ʪʘʢʠʭ ʢʘʢ ʚʳʩʦʢʘʷ ʮʝʥʘ, ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʪʠʧʦʚ ʧʦʜʰʠʧʥʠʢʦʚ, ʧʦʚʳʰʝʥʥʘʷ ʩʣʦʞʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʧʦʩʪʦʷʥʥʦʝ, ʭʦʪʴ ʠ ʥʝ-
ʙʦʣʴʰʦʝ, ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʘ ʪʘʢʞʝ ʧʨʠʥʮʠʧʠʘʣʴʥʳʡ ʥʝʫʩʪʨʘʥʠʤʳʡ ʬʠʟʠʯʝʩʢʠʡ 
ʥʝʜʦʩʪʘʪʦʢ ï ʤʝʥʴʰʫʶ ʞʝʩʪʢʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʧʦʜʰʠʧʥʠʢʘʤʠ [2, ʩ. 82]. 

ʉʫʱʝʩʪʚʫʶʪ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʤʘʛʥʠʪʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ: ʄʇʇʄ - ʤʘʛʥʠʪʥʳʝ ʧʦʜʰʠʧʥʠʢʠ ʥʘ ʧʦʩʪʦ-
ʷʥʥʳʭ ʤʘʛʥʠʪʘʭ, ɸʄʇ - ʘʢʪʠʚʥʳʝ ʤʘʛʥʠʪʥʳʝ ʧʦʜʰʠʧʥʠʢʠ ʠ ʄʈʇ - ʤʘʛʥʠʪʦʨʝʟʦʥʘʥʩʥʳʝ ʧʦʜʰʠʧʥʠʢʠ. 

ʆʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ ʄʇʇʄ ʦʪ ʄʈʇ ʠ ɸʄʇ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ ʥʝ ʥʫʞʜʘʶʪʩʷ ʚ ʠʩʪʦʯʥʠʢʘʭ 
ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʠʤ ʥʝ ʥʫʞʥʘ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ ʦʩʥʦʚʥʫʶ 
ʯʘʩʪʴ ʩʪʦʠʤʦʩʪʠ ɸʄʇ. ʆʜʥʘʢʦ ʦʥʠ ʠʤʝʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʫʶ ʞʝʩʪʢʦʩʪʴ, ʢʦʪʦʨʘʷ ʥʝ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴ-
ʩʷ. ɼʦʩʪʦʠʥʩʪʚʦʤ ɸʄʇ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʞʝʩʪʢʦʩʪʠ ʦʧʦʨ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ, ʯʪʦ 
ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʜʚʠʞʝʥʠʷ ʨʦʪʦʨʘ ʜʣʷ ʟʘʜʘʥʥʳʭ ʚʦʟʤʫʱʘʶʱʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ 
ʥʘʛʨʫʟʦʢ. ʅʘ ʧʨʘʢʪʠʢʝ, ʠʩʭʦʜʷ ʠʟ ʨʘʟʫʤʥʦʛʦ ʙʘʣʘʥʩʘ ʤʝʞʜʫ ʜʦʩʪʦʠʥʩʪʚʘʤʠ ʠ ʥʝʜʦʩʪʘʪʢʘʤʠ, ʯʘʩʪʦ ʧʨʠ-
ʤʝʥʷʶʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʤʘʛʥʠʪʥʳʝ ʧʦʜʚʝʩʳ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʄʇʇʄ ʠ ɸʄʇ ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʥ-
ʩʪʨʫʢʪʠʚʥʳʭ ʚʘʨʠʘʮʠʷʭ [2, ʩ. 59]. 

ʋʚʝʣʠʯʝʥʠʝ ʂʇɼ ʛʝʥʝʨʘʪʦʨʘ ʟʘ ʩʯʸʪ ʟʘʤʝʥʳ ʧʦʜʰʠʧʥʠʢʦʚ ʥʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ. 
ɼʣʷ ʧʨʠʤʝʨʘ ʨʘʩʯʸʪʘ ʚʦʟʴʤʸʤ ʜʠʟʝʣʴʥʳʡ ʛʝʥʝʨʘʪʦʨ ɸʄʇɽʈʆʉ ɸɼ 200-ʊ400 ʩ ʚʳʨʘʙʦʪʢʦʡ 200 

ʢɺʪ. ʂʇɼ ʛʝʥʝʨʘʪʦʨʘ = 84.9%. ʆʢʨʫʛʣʠʤ ʂʇɼ ʜʦ 85% ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʨʘʩʯʸʪʦʚ [3]. 
ʉʨʝʜʥʠʡ ʂʇɼ ʧʦʜʰʠʧʥʠʢʦʚ ʩʢʦʣʴʞʝʥʠʷ ï 95-98%. ɼʣʷ ʨʘʩʯʸʪʦʚ ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʙʳʣʠ ʫʩʪʘʥʦʚ-

ʣʝʥʳ ʚ ʮʝʣʷʭ ʵʢʦʥʦʤʠʠ ʥʝ ʩʘʤʳʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʜʰʠʧʥʠʢʠ, ʠ ʩʦ ʚʨʝʤʝʥʝʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʝʥʝʨʘʪʦʨʘ, 
ʠʭ ʂʇɼ ʫʧʘʣʦ ʜʦ 94%. 

ʂʇɼ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ ʧʨʠʤʝʨʥʦ ʨʘʚʥʦ 100%. 
ʈʘʟʥʠʮʘ ʂʇɼ ʧʦʜʰʠʧʥʠʢʦʚ ʨʘʚʥʘ 6%. ʅʦ ʵʪʦ ʥʝ ʟʥʘʯʠʪ, ʯʪʦ, ʟʘʤʝʥʠʚ ʧʦʜʰʠʧʥʠʢʠ, ʂʇɼ ʛʝʥʝʨʘʪʦ-

ʨʘ ʚʳʨʘʩʪʝʪ ʥʘ 6%, ʪʘʢ ʢʘʢ ʩʫʱʝʩʪʚʫʝʪ ʝʱʸ ʤʥʦʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚʣʠʷʶʱʠʭ ʥʘ ʂʇɼ ʛʝʥʝʨʘʪʦʨʘ. ʂʇɼ 
ʜʘʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʚʳʨʘʩʪʝʪ ʧʨʠʤʝʨʥʦ ʥʘ 3% (ʧʨʠʤʝʨʥʦ ʧʦ 1.5 % ʥʘ ʢʘʞʜʳʡ ʧʦʜʰʠʧʥʠʢ ʨʦʪʦʨʘ). 

ɽʩʣʠ ʧʨʠ ʂʇɼ ʚ 85% ʚʳʨʘʙʦʪʢʘ ʛʝʥʝʨʘʪʦʨʘ ʩʦʩʪʘʚʣʷʝʪ 200000 ɺʪ, ʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʂʇɼ ʜʦ 
88% ʚʳʨʘʙʦʪʢʘ ʚʳʨʘʩʪʝʪ ʜʦ 207059 ɺʪ. 

ʇʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʜʣʷ ʪʘʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʥʝ ʧʨʝʚʳʩʠʪ 150 ɺʪ, ʩʣʝʜʦ-
ʚʘʪʝʣʴʥʦ, ʥʘ ʜʚʘ ʪʘʢʠʭ ʧʦʜʰʠʧʥʠʢʘ ʧʦʪʨʝʙʣʝʥʠʝ ʥʝ ʙʫʜʝʪ ʙʦʣʝʝ 300 ɺʪ. 

ʇʦʪʨʝʙʣʝʥʠʝ ʘʢʪʠʚʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ ʤʦʞʥʦ ʫʤʝʥʴʰʠʪʴ ʧʫʪʸʤ ʜʦʙʘʚʣʝʥʠʷ ʜʦ-
ʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʧʦʩʪʦʷʥʥʳʭ ʥʝʦʜʠʤʦʚʳʭ ʤʘʛʥʠʪʘʭ. ɺ 
ʠʪʦʛʝ ʧʦʪʨʝʙʣʝʥʠʝ ʜʚʫʭ ʧʦʜʰʠʧʥʠʢʦʚ ʙʫʜʝʪ ʥʝ ʙʦʣʝʝ 170 ɺʪ. 

ɺ ʠʪʦʛʝ, ʟʘʤʝʥʠʚ ʧʦʜʰʠʧʥʠʢʠ ʩʢʦʣʴʞʝʥʠʷ ʥʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʜʰʠʧʥʠʢʠ, ʚʳʨʘʙʦʪʢʘ ʛʝʥʝʨʘ-
ʪʦʨʘ ʚʳʨʘʩʪʝʪ ʧʨʠʤʝʨʥʦ ʥʘ 7 ʢɺʪ. 

ʇʨʠ ʩʨʝʜʥʝʡ ʮʝʥʝ ʢɺʪ\ʯ ʧʦ ʈʦʩʩʠʠ ʚ 4 ʨʫʙʣʷ, ʫʚʝʣʠʯʝʥʠʝ ʚʳʨʘʙʦʪʢʠ ʚ 7000 ɺʪ ʧʦʟʚʦʣʠʪ ʛʝʥʝʨʠ-
ʨʦʚʘʪʴ ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʩʫʤʤʫ ʚ 20160 ʨʫʣʝʡ ʚ ʤʝʩʷʮ (ʜʦʭʦʜʥʦʩʪʴ ʤʦʞʝʪ ʚʳʨʘʞʘʪʴʩʷ ʚ ʵʢʦʥʦʤʠʠ ʪʦʧʣʠ-
ʚʘ ʧʦʩʣʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ʛʝʥʝʨʘʪʦʨʘ). ʇʨʠ ʩʪʦʠʤʦʩʪʠ ʛʝʥʝʨʘʪʦʨʘ ɸʄʇɽʈʆʉ ɸɼ 200-ʊ400 ʚ 1 045 
000 ʨʫʙʣʝʡ, ʦʢʫʧʘʝʤʦʩʪʴ ʚʳʨʘʙʦʪʢʦʡ ʵʥʝʨʛʠʠ ʧʨʠ ʟʘʤʝʥʝ ʧʦʜʰʠʧʥʠʢʦʚ ʩʦʩʪʘʚʣʷʝʪ 52 ʤʝʩʷʮʘ (ʦʢʫʧʘʝ-
ʤʦʩʪʴ ʪʦʣʴʢʦ ʛʝʥʝʨʘʪʦʨʘ, ʙʝʟ ʫʯʸʪʘ ʨʘʩʭʦʜʦʚ ʪʦʧʣʠʚʘ ʠ ʮʝʥʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ).  

ʀʩʭʦʜʷ ʠʟ ʚʩʝʛʦ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʟʘʤʝʥʘ ʧʦʜʰʠʧʥʠʢʦʚ ʥʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʥʝ ʪʦʣʴʢʦ ʫʚʝʣʠʯʠʪ 
ʚʳʨʘʙʦʪʢʫ ʛʝʥʝʨʘʪʦʨʘ, ʥʦ ʠ ʧʦʚʳʩʠʪ ʥʘʜʸʞʥʦʩʪʴ ʩʘʤʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, ʯʪʦ ʜʝʣʘʝʪ ʛʝʥʝʨʘʪʦʨʳ ʥʘ ʵʣʝʢ-
ʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʜʰʠʧʥʠʢʘʭ ʦʯʝʥʴ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʝʥʝʨʘʪʦʨʘʤʠ ʥʘ ʧʦʜʰʠʧʥʠʢʘʭ ʢʘ-
ʯʝʥʠʷ ʠʣʠ ʩʢʦʣʴʞʝʥʠʷ. 
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ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʝʨʥʳʭ ʩʚʷʟʫʶʱʠʭ ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ 

ʙʦʣʝʝ ʚʘʞʥʳʤʠ, ʩʚʷʟʘʥʦ ʵʪʦ ʩ ʥʘʣʠʯʠʝʤ ʚ ʵʪʠʭ ʤʘʪʝʨʠʘʣʘʭ ʦʩʦʙʦʛʦ ʥʘʙʦʨʘ ʩʚʦʡʩʪʚ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ 
ʪʨʝʙʦʚʘʥʠʷʤ ʢʦʥʝʯʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʯʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʩʫʤʤʠʨʦʚʘʥʠʷ ʢʘʯʝʩʪʚ ʦʪʜʝʣʴʥʳʭ ʢʦʤ-
ʧʦʥʝʥʪʦʚ ʢʦʤʧʦʟʠʮʠʠ, ʘ ʪʘʢʞʝ ʠʥʦʛʜʘ ʠʟ-ʟʘ ʧʨʦʷʚʣʝʥʠʷ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ. 

ɺʩʝ ʯʘʱʝ ʧʦʷʚʣʷʝʪʩʷ ʠʥʪʝʨʝʩ ʢ ʩʦʟʜʘʥʠʶ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʪʫʨʘʣʴ-
ʥʳʭ ʚʦʣʦʢʦʥ, ʪʘʢʠʭ ʢʘʢ ʜʨʝʚʝʩʥʳʝ ʠʣʠ ʦʜʥʦʣʝʪʥʠʝ ʨʘʩʪʠʪʝʣʴʥʳʝ ʚʦʣʦʢʥʘ, ʘ ʪʘʢʞʝ ʩʣʦʠʩʪʳʭ ʜʨʝʚʝʩʥʳʭ 
ʤʘʪʝʨʠʘʣʦʚ. ʊʘʢʠʝ ʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʘʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 
ʠʟ ʢʦʪʦʨʦʡ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʧʘʥʝʣʠ ʧʨʠʙʦʨʦʚ ʠ ʜʚʝʨʝʡ, ʩʧʠʥʢʠ ʩʠʜʝʥʠʡ ʠ ʜʨʫʛʠʝ ʵʣʝʤʝʥʪʳ ʘʚʪʦʤʦ-
ʙʠʣʴʥʦʛʦ ʠʥʪʝʨʴʝʨʘ. 

ɼʨʝʚʝʩʥʦ-ʧʦʣʠʤʝʨʥʳʡ ʢʦʤʧʦʟʠʪ (ɼʇʂ) - ʵʪʦ ʩʦʚʨʝʤʝʥʥʳʡ ʦʪʜʝʣʦʯʥʳʡ ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʡ ʩʦʯʝ-
ʪʘʝʪ ʚ ʩʝʙʝ ʣʫʯʰʠʝ ʩʚʦʡʩʪʚʘ ʜʝʨʝʚʘ ʠ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʧʦʣʠʤʝʨʦʚ. ɽʛʦ ʚʘʞʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚ-
ʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʢ ʜʨʝʚʝʩʥʳʭ, ʪʘʢ ʠ ʧʦʣʠʤʝʨʥʳʭ ʦʪʭʦʜʦʚ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʨʝʚʝʩʥʦʛʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ 
ʩʚʦʡʩʪʚʘʤʠ ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʠʬʠʢʘʮʠʠ ʜʨʝʚʝʩʥʦʡ 
ʤʘʩʩʳ ʠ ʧʦʣʠʤʝʨʘ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʨʝʚʝʩʥʦ-ʧʦʣʠʤʝʨʥʳʭ ʠʟʜʝʣʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʧʨʠʤʝʥʝʥʠʷ - ʦʪ ʚʥʫʪ-
ʨʝʥʥʝʡ ʦʪʜʝʣʢʠ ʜʦʤʦʚ, ʦʬʠʩʦʚ, ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʙʝʩʝʜʦʢ, ʪʝʨʨʘʩ ʜʦ ʜʝʪʘʣʝʡ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʧʨʦʜʫʢʮʠʠ. 

ɹʦʦʧʫʙʯʡʸ: ɼʨʝʚʝʩʥʦ-ʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʪʳ ï ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʪʝ-
ʨʠʘʣʦʚ, ʦʪʣʠʯʘʶʱʠʡʩʷ ʵʢʦʥʦʤʠʯʥʦʩʪʴʶ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴʶ ʧʝʨʝʨʘʙʦʪʢʠ, ʚʳʩʦʢʠʤʠ ʵʢʩ-
ʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʧʨʠʤʝʥʝʥʠʡ. ɺ ʩʪʘʪʴʝ ʠʩʩʣʝʜʫʶʪʩʷ ʦʩʥʦʚ-
ʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʝ  ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʨʝʚʝʩʥʦ-ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʀʟʫ-
ʯʝʥʦ ʚʣʠʷʥʠʝ ʤʦʜʠʬʠʢʘʮʠʠ ʥʘ ʧʨʦʯʥʦʩʪʴ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʧʦʣʫʯʝʥʠʝ, ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʪʝʭʥʦʣʦʛʠʷ, ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʠʩ-
ʩʣʝʜʦʚʘʥʠʝ. 
 

PRODUCTION AND PRODUCTION OF WOOD-POLYMERIC COMPOSITE MATERIALS 
 

Gayanova Alsu Robertovna 
 
Abstract: Wood-polymer composites are one of the most promising modern materials, characterized by eco-
nomical production, adaptability of processing, high performance and a wide range of applications. The article 
explores the basic technologies for the production and production of wood-polymer composite materials. The 
effect of the modification on the strength of the composite material is studied. 
Key words: production, composite materials, technology, modern technologies, research. 
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ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʩʫʱʝʩʪʚʫʶʱʠʭ ʘʥʘʣʦʛʠʯʥʳʭ ʠʟʜʝʣʠʡ ʦʪʥʦʩʠʪʩʷ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ, ʦʙʫʩʣʦʚʣʝʥ-
ʥʘʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʣʴʢʦ ʧʝʨʚʠʯʥʦʛʦ ʩʳʨʴʷ. 

ɼʨʝʚʝʩʥʦ-ʧʦʣʠʤʝʨʥʳʡ ʢʦʤʧʦʟʠʪ ʠʣʠ ʜʨʝʚʝʩʥʦ-ʧʦʣʠʤʝʨʥʳʡ ʢʦʤʧʦʟʠʪʥʳʡ ʤʘʪʝʨʠʘʣ (ɼʇʂ) ʩʦʩʪʦʠʪ 
ʠʟ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ, ʜʨʝʚʝʩʥʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ, ʧʠʛʤʝʥʪʦʚ ʠ ʢʦʤʧʣʝʢʩʘ ʜʦʙʘʚʦʢ (ʤʦʜʠʬʠʢʘʪʦʨʦʚ), 
ʫʣʫʯʰʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ. 

 

 
ʉʡʪ. 1. ʃʤʙʪʪʡʭʡʣʙʯʡʸ ʣʧʥʨʧʠʡʯʡʧʦʦʴʮ ʥʙʫʞʩʡʙʤʧʛ ʦʙ ʧʪʦʧʛʞ ʝʩʞʛʞʪʦʧʜʧ ʦʙʨʧʤʦʡʫʞʤʸ 

 
ɺʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʧʨʦʮʝʩʩ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠ-

ʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʮʝʣʴʶ ʟʘʤʝʥʳ ʫʩʪʘʨʝʚʰʠʭ ʧʦʣʠʤʝʨʦʚ ʥʘ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʝ, ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠ-
ʩʪʳʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʙʝʟʦʧʘʩʥʳʝ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʩʦʩʪʘʚʝ ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʷ. 

ʄʦʜʠʬʠʢʘʮʠʷ ʧʦʣʠʤʝʨʦʚ ʠ ʜʨʝʚʝʩʠʥʳ ʷʚʣʷʝʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʡ, ʧʨʦʩʪʦʡ ʠ ʥʘʜʝʞʥʦʡ ʧʦ 
ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ: ʭʠʤʠʯʝʩʢʠʤ, ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤ, ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝʤ, ʥʠʟʢʦʪʝʤʧʝʨʘ-
ʪʫʨʥʦʡ ʧʣʘʟʤʦʡ ʠ ʪ. ʜ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʭʠʤʠʯʝʩʢʠʤ ʤʝʪʦ-
ʜʦʤ - ʦʟʦʥʦʣʠʟ ʧʨʠʤʝʨʥʦ ʚ 20 ʨʘʟ ʥʠʞʝ ʚ ʩʪʦʠʤʦʩʪʠ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʝ. 
ʄʦʜʠʬʠʢʘʮʠʷ ʧʦʟʚʦʣʠʣʘ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʥʦʚʳʝ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʧʨʠʚʠʪʳʝ ʩʦ-
ʧʦʣʠʤʝʨʳ (ʧʨʠʚʠʪʳʝ ʩʦʧʦʣʠʤʝʨʳ). ʇʨʠʚʠʪʳʝ ʩʦʧʦʣʠʤʝʨʳ ʨʝʢʦʤʝʥʜʫʶʪʩʷ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʠ-
ʤʝʨʥʳʭ ʩʤʝʩʝʡ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʦʤʧʦʟʠʪʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʫʥʠʢʘʣʴʥʳʭ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 
ʧʨʦʜʫʢʪʘ. ʉʪʦʠʤʦʩʪʴ ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʠʚʠʪʳʭ ʩʦʧʦʣʠʤʝʨʦʚ ʥʘ ʧʦʨʷʜʦʢ ʥʠʞʝ ʩʪʦʠʤʦʩʪʠ 
ʟʘʨʫʙʝʞʥʳʭ ʘʥʘʣʦʛʦʚ. 

ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ɼʇʂʄ ʘʜʛʝʟʠʚʥʳʝ ʘʛʝʥʪʳ ʩʚʷʟʳʚʘʶʪ ʜʨʝʚʝʩʥʳʝ ʚʦʣʦʢʥʘ ʠʣʠ ʤʫʢʫ ʩ ʧʦʣʠʤʝʨ-
ʥʦʡ ʤʘʪʨʠʮʝʡ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʶʪ ʪʘʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʢʘʢ: - ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʟʨʳʚ, - ʦʪʥʦʩʠʪʝʣʴ-
ʥʦʝ ʫʜʣʠʥʝʥʠʝ, - ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ, - ʫʜʘʨʦʧʨʦʯʥʦʩʪʴ, - ʜʠʩʧʝʨʩʠʷ ʜʨʝ-
ʚʝʩʥʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʚ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ, - ʩʥʠʞʝʥʠʝ ʧʦʛʣʦʱʝʥʠʝ ʚʣʘʛʠ. 

ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʨʝʚʝʩʥʦ-ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ: ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʠʟʛʠʙʝ - 
30ï52 ʄʇʘ; ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʟʨʳʚ - 8ï10 ʄʇʘ; ʧʣʦʪʥʦʩʪʴ 1500ï1800 ʢʛ / ʤ3; ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚ-
ʣʝʥʠʝ ʨʘʩʪʷʞʝʥʠʶ ʚʠʥʪʘ 300ï400 ʥ / ʤʤ; ʥʘʙʫʭʘʥʠʝ ʧʦ ʪʦʣʱʠʥʝ ʟʘ 24 ʯʘʩʘ - 9% Ñ 0,8%; ʚʦʜʦʧʦʛʣʦʱʝ-
ʥʠʝ ʟʘ 24 ʯʘʩʘ 1% Ñ 0,3%. ɺ ʩʨʝʜʥʝʤ ʜʣʷ ʜʨʝʚʝʩʥʦ-ʩʪʨʫʞʝʯʥʳʭ ʧʣʠʪ ʥʘ ʦʩʥʦʚʝ ʜʨʝʚʝʩʥʳʭ ʩʦʧʦʣʠʤʝ-
ʨʦʚ ʫʚʝʣʠʯʝʥʠʝ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʠʟʛʠʙʝ ʥʘ 25ï35%, ʫʚʝʣʠʯʝʥʠʝ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷ-
ʞʝʥʠʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʘʩʪʫ ʥʘ 25ï40%, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʝʥʠʝ ʚʦʜʦʧʦʛʣʦʱʝʥʠʷ ʠ ʥʘʙʫʭʘʥʠʷ ʚ ʚʦʜʝ 
ʥʘ 42% ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ. 

ɺʣʠʷʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʦʙʨʘʙʦʪʢʠ. ʄʝʪʦʜʳ ʠ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʩʙʦʨʥʳʭ ɼʇʂ ʠ ʠʭ ʧʦʩʣʝʜʫʶʱʝʡ 
ʦʙʨʘʙʦʪʢʠ ʚ ʠʟʜʝʣʠʷ ʦʧʨʝʜʝʣʷʶʪ ʩʚʦʡʩʪʚʘ ɼʇʂ, ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ ʦʪ ʢʘʯʝʩʪʚʘ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʜʠʩ-
ʢʨʝʪʥʳʭ ʜʨʝʚʝʩʥʳʭ ʯʘʩʪʠʮ ʚ ʩʦʩʪʘʚʝ ʠ ʝʛʦ ʦʜʥʦʨʦʜʥʦʩʪʠ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʝʨʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, 
ʫʧʣʦʪʥʝʥʠʷ ʯʘʩʪʠʮ ʥʘʧʦʣʥʠʪʝʣʷ ʠ ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʨʤʦʚʘʥʥʳʝ ʠʟʜʝʣʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦ-
ʚʘʥʠʡ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ, ʥʘʧʨʠʤʝʨ, ʧʨʦʯʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ɼʇʂ, ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʪʨʫʟʠʝʡ, ʤʦʞʝʪ ʙʳʪʴ ʥʘ 55-
65% ʤʝʥʴʰʝ, ʯʝʤ ʫ ʦʙʨʘʟʮʦʚ, ʦʪʣʠʪʳʭ ʧʦʜ ʜʘʚʣʝʥʠʝʤ. ʊʘ ʞʝ ʢʘʨʪʠʥʘ ʠʤʝʝʪ ʤʝʩʪʦ ʜʣʷ ʤʦʜʫʣʷ ʫʧʨʫʛʦ-
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ʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʠ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚʣʘʛʦʧʦʛʣʦʱʝʥʠʝ ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ 
WPC ʧʦʯʪʠ ʥʘ 46% ʚʳʰʝ, ʯʝʤ ʫ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʣʠʪʴʝʤ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʨʝʚʝʩʥʦʛʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ 
ʩʚʦʡʩʪʚʘʤʠ ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʩʧʦʩʦʙ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʠʬʠʢʘʮʠʠ ʜʨʝ-
ʚʝʩʥʦʡ ʤʘʩʩʳ ʠ ʧʦʣʠʤʝʨʘ. ʇʨʝʜʣʘʛʘʝʤʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ʠʥʥʦʚʘʮʠʦʥʥʦʤʫ ʧʨʦʤʳʰʣʝʥʥʦʤʫ 
ʧʨʦʮʝʩʩʫ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʤʝʨʦʚ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ ʛʘʟʘʤʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʵʢʩ-
ʪʨʫʟʠʦʥʥʳʤ ʩʠʥʪʝʟʦʤ ʧʨʠʚʠʪʳʭ ʪʨʘʥʩʧʣʘʥʪʘʪʦʚ ʠ ʙʣʦʢʘ ʩʦʧʦʣʠʤʝʨʦʚ ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥ-
ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʫʥʠʢʘʣʴʥʳʤ ʥʘʙʦʨʦʤ ʭʠʤʠʯʝʩʢʠʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʚ ʜʦ-
ʧʦʣʥʝʥʠʝ ʢ ʪʨʘʜʠʮʠʦʥʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ, ʧʨʦʮʝʩʩ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʠʩʧʦʣʴ-
ʟʫʝʪʩʷ ʢʦʤʤʝʨʯʝʩʢʠ. 

ʄʦʜʠʬʠʢʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʘ ʪʨʝʤʷ ʦʩʥʦʚʥʳʤʠ ʩʧʦʩʦʙʘʤʠ: - ʤʦʜʠʬʠʢʘʮʠʷ ʜʨʝʚʝʩʥʦ-
ʛʦ ʥʘʧʦʣʥʠʪʝʣʷ, - ʤʦʜʠʬʠʢʘʮʠʷ ʧʦʣʠʤʝʨʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ɼʇʂʄ, - ʩʤʝʰʘʥʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʧʦʣʠʤʝʨʘ ʠ 
ʜʨʝʚʝʩʥʦʛʦ ʥʘʧʦʣʥʠʪʝʣ ̫

ʇʦʣʫʯʝʥʠʝ ʜʨʝʚʝʩʥʦ-ʧʦʣʠʤʝʨʥʦʛʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʘʥʥʳʤ ʩʧʦʩʦʙʦʤ ʷʚʣʷʝʪʩʷ ʵʢʦ-
ʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʪʳʤ ʠ ʙʝʟʦʧʘʩʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʦʤ; ʙʝʩʰʫʤʥʘʷ ʨʘʙʦʪʘ, ʢʦʤʧʘʢʪʥʦʩʪʴ ʠ ʥʝʙʦʣʴʰʦʡ ʚʝʩ 
ʦʙʦʨʫʜʦʚʘʥʠʷ; ʤʘʩʩʦʚʘʷ ʤʦʜʠʬʠʢʘʮʠʷ; ʩʪʘʙʠʣʴʥʦʩʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʠ ʥʝʦʙʨʘʪʠʤʦʩʪʴ ʤʦʜʠʬʠ-
ʢʘʮʠʠ; ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ; ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ; ʧʨʦʩʪʦʪʘ ʘʧʧʘʨʘʪʥʦʛʦ 
ʦʬʦʨʤʣʝʥʠʷ ʠ ʫʧʨʘʚʣʷʝʤʦʩʪʴ ʧʦ ʩʪʝʧʝʥʠ ʤʦʜʠʬʠʢʘʮʠʠ. 

 
ʊʨʡʪʧʣ ʤʡʫʞʩʙʫʬʩʴ 

 
1. ʇʝʨʝʧʝʣʢʠʥ ʂ.ɽ. ɸʨʤʠʨʫʶʱʠʝ ʚʦʣʦʢʥʘ ʠ ʚʦʣʦʢʥʠʩʪʳʝ ʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʪʳ. ʄ.: ʀʟʜ-ʚʦ 

ʅʘʫʯʥʳʝ ʦʩʥʦʚʳ ʠ ʪʝʭʥʦʣʦʛʠʠ, 2009. 641 ʩ. 
2. ɻʣʫʭʠʭ ɺ.ɺ., ʄʫʭʠʥ ʅ.ʄ., ʐʢʫʨʦ ɸ.ɽ., ɹʫʨʳʥʜʠʥ ɺ.ɻ. ʇʦʣʫʯʝʥʠʝ ʠ ʧʨʠʤʝʥʝʥʠʝ ʠʟʜʝʣʠʡ ʠʟ 

ʜʨʝʚʝʩʥʦ-ʧʦʣʠʤʝʨʥʳʭʢʦʤʧʦʟʠʪʦʚ ʩ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʤʠ ʧʦʣʠʤʝʨʥʳʤʠ ʤʘʪʨʠʮʘʤʠ : ʫʯʝʙ. ʧʦʩʦʙʠʝ.  ð 
ɽʢʘʪʝʨʠʥʙʫʨʛ: ʋɻʃʊʋ, 2014. ð 82 ʩ. 

 

 

 

 
  



ǤǡǯǭǮǤǨǰǩǧǤ ǬǟǲǶǬǺǤ ǧǰǰǪǤǣǭǡǟǬǧǾ 47 

 

V International scientific conference | www.naukaip.ru 

ǲǣǩ 004.519.7:612.821 

ǱǤǴǬǭǪǭǢǧǧ ǯǤǟǪǧǦǟǵǧǧ 
ǧǬǱǤǪǪǤǩǱǲǟǪǻǬǭǨ ǰǧǰǱǤǫǺ 
ǮǰǧǴǭǳǧǦǧǭǣǧǟǢǬǭǰǱǧǩǧ 

ǩȏǿȁȖȄȌȉȍ ǬǿȑǿȊțȞ ǫȇȔǿȈȊȍȁȌǿ, 
 ʢ.ʪ.ʥ., ʩ.ʥ.ʩ., ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʦʪʜʝʣʘ  ʈɿʆ, 

ǧȁǿȌȍȁǿ ǰȁȄȑȊǿȌǿ ǠȍȏȇȐȍȁȌǿ, 
ʟʘʤ. ʜʠʨʝʢʪʦʨʘ ʧʦ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ, 

 ǠȍȌȃǿȏȖȒȉ ǡȇȉȑȍȏȇȞ ǡǿȊȄȏțȄȁȌǿ 
 ʢ.ʪ.ʥ., ʟʘʚ. ʦʪʜʝʣʦʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʟʨʠʪʝʣʴʥʳʭ ʦʙʨʘʟʦʚ 
ɻʋ çʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘè,  

ʛ. ɼʦʥʝʮʢ  
 

 
ɸʥʘʣʠʟ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʨʦʙʣʝʤʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʵʢʩʧʝʨʪʥʳʭ ʩʠ-

ʩʪʝʤ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʨʘʙʦʪʥʠʢʦʚ, ʟʘʥʷʪʳʭ ʥʘ ʨʘʙʦʪʘʭ, ʪʨʝʙʫʶʱʠʭ ʧʨʦʬʝʩʩʠʦ-
ʥʘʣʴʥʦʛʦ ʦʪʙʦʨʘ,  

ʧʦʢʘʟʘʣ, ʯʪʦ ʚʦʧʨʦʩʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʪʝʩʪʦʚʳʭ ʩʠʩʪʝʤ ʩ ʘʢʮʝʥʪʦʤ  ʥʘ ʧʩʠʭʦ-
ʬʠʟʠʦʜʠʘʛʥʦʩʪʠʢʫ ʠʟʫʯʝʥʳ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʘʢʪʫʘʣʴʥʦʩʪʴ [1, ʩ. 50]. 

ʋʯʝʥʳʝ ɻʋ çʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘè  ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʨʷʜʘ ʜʝʩʷʪʠʣʝʪʠʡ 
ʠʤʝʶʪ ʫʩʧʝʰʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ [2, ʩ. 22]. 

ɺ ʨʘʤʢʘʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʅʀʈ çʈʘʟʨʘʙʦʪʢʘ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʠʩʪʝʤʳ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ 
ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦ-ʜʫʭʦʚʥʦʡ ʨʝʘʙʠʣʠʪʘʮʠʠ ʠ ʙʝʟʤʝʜʠʢʦʤʝʥʪʦʟʥʦʡ ʪʝʨʘʧʠʠè ʨʘʟʨʘʙʦ-

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʭʥʦʣʦʛʠʠ ʨʝʘʣʠʟʘʮʠʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ çʇʨʦʛʨʘʤʤʥʦ - 
ʪʝʩʪʦʚʳʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʨʘʙʦʪʥʠʢʦʚ, ʟʘʥʷʪʳʭ ʥʘ ʨʘʙʦʪʘʭ, ʪʨʝʙʫ-
ʶʱʠʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʪʙʦʨʘè. ʇʨʝʜʩʪʘʚʣʝʥʳ ʤʝʪʦʜʳ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ, ʢʣʘʩʩʳ ʬʦʨʤ, ʩʭʝʤʘ 
ʚʟʘʠʤʦʩʚʷʟʝʡ ʧʨʦʛʨʘʤʤʥʳʭ ʤʦʜʫʣʝʡ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʠʩʪʝʤʳ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʧʩʠʭʦʬʠʟʠʦʜʠʘʛʥʦʩʪʠʢʠ, ʩʭʝʤʘ ʚʟʘʠʤʦʩʚʷʟʝʡ ʧʨʦʛʨʘʤʤ-
ʥʳʭ ʤʦʜʫʣʝʡ  
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Annotation: The article presents the technologies for implementing the intellectual system "Program and test 
complex for the psychophysiological examination of workers employed in jobs requiring professional selec-
tion." Methods of implementing the system, classes of forms, a diagram of the relationships of software mod-
ules, technological features of the system are presented. 
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V ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʪʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ [3, ʩ.20]. ʈʘʟʨʘʙʦʪʢʘ ʦʩʫʱʝʩʪʚʣʝʥʘ ʚ ʩʠʩʪʝʤʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ  Delphy - 
ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʨʝʜʝ ʨʘʟʨʘʙʦʪʢʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʨʦʩʩ-ʧʣʘʪʬʦʨʤʝʥʥʳʭ, ʩʢʦʤʧʠʣʠʨʦʚʘʥʥʳʭ ʧʨʠʣʦʞʝ-
ʥʠʡ. ʌʦʨʤʳ ʠ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʠʭ ʵʣʝʤʝʥʪʳ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1. ɺ ʢʘʞʜʦʤ ʤʦʜʫʣʝ ʦʧʠ-
ʩʘʥ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʢʣʘʩʩ ʬʦʨʤʳ, ʥʘʩʣʝʜʫʶʱʠʡ ʦʪ TForm.  

ʉʪʨʫʢʪʫʨʥʦ-ʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʝʘʣʠʟʘʮʠʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʧʩʠʭʦʬʠʟʠʦʜʠʘʛʥʦʩʪʠʢʠ  
(ʨʠʩ.1) ʨʝʘʣʠʟʦʚʘʥʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʮʝʩʩʥʦ-ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ, ʩʦʙʳʪʠʡʥʦ-ʫʧʨʘʚʣʷʝʤʦʡ ʘʨʭʠʪʝʢʪʫʨʳ; 
ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʩʪʠ (ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʢʦʥʪʝʢʩʪʫ, ʤʝʪʘʜʘʥʥʳʝ, ʩʝʤʘʥʪʠʢʘ, ʠʥ-
ʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʦʙʦʣʦʯʢʠ, ʠʥʠʮʠʠʨʦʚʘʥʠʝ ʠ ʦʪʚʝʪ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ, ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʠ 
ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘ ʦʙʥʘʨʫʞʠʚʘʝʤʦʩʪʴ, ʜʠʥʘʤʠʯʝʩʢʦʝ ʩʚʷʟʳʚʘʥʠʝ, ʜʠʥʘʤʠʯʝʩʢʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʠʥ-
ʬʦʨʤʘʮʠʦʥʥʳʝ ʧʘʢʝʪʳ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʭʨʘʥʠʪʝʣʠ ʵʢʨʘʥʘ, ʩʝʤʘʥʪʠʯʝʩʢʠʝ ʧʦʜʩʢʘʟʢʠ ʚ ʧʦʣʴʟʦʚʘ-
ʪʝʣʴʩʢʦʤ ʠʥʪʝʨʬʝʡʩʝ, ʢʦʥʚʝʨʪʘʮʠʷ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʳ, ʛʠʙʢʠʡ ʫʧʨʘʚʣʷʝʤʳʡ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʘʥʘʣʠʟ 
ʠʥʬʦʨʤʘʮʠʠ, ʛʠʙʢʠʝ ʩʝʤʘʥʪʠʯʝʩʢʠʝ ʟʘʧʨʦʩʳ  ʠ ʪ.ʜ.).  
 

ʋʙʚʤʡʯʙ 1  
ʍʧʩʥʴ ʡ ʦʙʡʚʧʤʞʞ ʛʙʟʦʴʞ ʡʮ ʶʤʞʥʞʦʫʴ 

ʄʦʜʫʣʴ GetComp 

ʂʣʘʩʩ MArrInt  (ʢʣʘʩʩ ʜʣʷ ʨʘʙʦʪʳ ʩ ʤʘʩʩʠʚʘʤʠ ʮʝʣʳʭ ʯʠʩʝʣ) 
MArrInt=Class     
    constructor Create(len: smallint);   (ʢʦʥʩʪʨʫʢʪʦʨ, len ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ɻ ʣʝʤʝʥʪʦʚ); 
    destructor Free;                                  (ʜʝʩʪʨʫʢʪʦʨ) 
    procedure AddIfNew(NA: integer);  (ʜʦʙʘʚʣʝʥʠʝ ʵʣʝʤʝʥʪʘ, ʝʩʣʠ ʝʛʦ ʝʱʝ ʥʝʪ ʚ ʤʘʩʩʠʚʝ) 
    procedure Append(NA: integer);       (ʜʦʙʘʚʣʝʥʠʝ ʵʣʝʤʝʥʪʘ ʚ ʢʦʥʝʮ ʤʘʩʩʠʚʘ) 
    function GetElement(ind: smallint): integer; (ʧʦʣʫʯʝʥʠʝ ʵʣʝʤʝʥʪʘ ʤʘʩʩʠʚʘ ʩ ʠʥʜʝʢʩʦʤ ind) 
    function FindElement(ele: integer): smallint; (ʧʦʠʩʢ ʵʣʝʤʝʥʪʘ ʚ ʤʘʩʩʠʚʝ; ʨʝʟʫʣʴʪʘʪ ï ʠʥʜʝʢʩ, ʝʩʣʠ ʥʘʡʜʝʥ, -1, ʝʩʣʠ 
ʦʪʩʫʪʩʪʚʫʝʪ) 
end;  
ʂʣʘʩʩ TfmCetComp 
procedure TfmGetComp.FormShow(Sender: TObject); (ʦʪʢʨʳʪʠʝ ʬʦʨʤʳ, ʟʘʧʦʣʥʝʥʠʝ ʩʧʠʩʢʘ ʧʨʝʜʧʨʠʷʪʠʡ ʜʣʷ ʚʳ-
ʙʦʨʘ ʜʘʥʥʳʭ ʥʘ ʵʢʩʧʦʨʪ ʬʨʘʛʤʝʥʪʘ ɹɼ) 
procedure TfmGetComp.ImportBase (ʠʤʧʦʨʪʠʨʦʚʘʪʴ ʚ ʛʣʘʚʥʫʶ ɹɼ ʜʘʥʥʳʝ ʠʟ ʜʨʫʛʦʛʦ ʢʦʤʧʴʶʪʝʨʘ) 
procedure TfmGetComp.FormClose(Sender: TObject; var Action: TCloseAction); (ʵʢʩʧʦʨʪ ʬʨʘʛʤʝʥʪʘ ʙʘʟʳ ʧʦ ʟʘʜʘʥ-
ʥʳʤ ʢʨʠʪʝʨʠʷʤ ʜʣʷ ʟʘʧʠʩʠ ʥʘ ʜʨʫʛʦʡ ʢʦʤʧʴʶʪʝʨ - ʧʨʠ ʟʘʢʨʳʪʠʠ ʬʦʨʤʳ ʧʦ ʥʘʞʘʪʠʶ çOKè) 

ʄʦʜʫʣʴ Print 

ʂʣʘʩʩ TfmPrint  
procedure TfmPrint.FormShow(Sender: TObject); (ʦʪʢʨʳʪʠʝ ʬʦʨʤʳ, ʥʘʩʪʨʦʡʢʘ ʧʘʨʘʤʝʪʨʦʚ ʦʢʥʘ, ʦʪʢʨʳʪʠʝ ʪʘʙʣʠʮ) 
procedure TfmPrint.FormClose(Sender: TObject; var Action: TCloseAction); (ʟʘʢʨʳʪʠʝ ʦʢʥʘ, ʟʘʢʨʳʪʠʝ ʪʘʙʣʠʮ) 
procedure TfmPrint.Button1Click(Sender: TObject); (ʚʳʙʨʘʥʥʳʝ ʠʟ ɹɼ ʜʘʥʥʳʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʘʜʘʥʥʳʤ ʢʨʠʪʝ-
ʨʠʷʤ, ʠ ʩʦʭʨʘʥʠʪʴ ʚ ʚʠʜʝ ʬʘʡʣʘ Microsoft Word ï ʧʨʠ ʥʘʞʘʪʠʠ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʢʥʦʧʢʠ çʇʨʦʩʤʦʪʨè) 

ʄʦʜʫʣʴ Clients 

ʂʣʘʩʩ TfmClients 
procedure TfmClients.FormShow(Sender: TObject); (ʦʪʢʨʳʪʠʝ ʬʦʨʤʳ; ʝʩʣʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʭʦʜʠʪ ʯʝʣʦʚʝʢ, ʜʘʥ-
ʥʳʝ ʢʦʪʦʨʦʛʦ ʙʳʣʠ ʩʦʭʨʘʥʝʥʳ ʨʘʥʝʝ, ʠʥʬʦʨʤʘʮʠʷ ʠʟ ɹɼ ʦ ʥʝʤ ʦʪʦʙʨʘʞʘʝʪʩʷ ʚ ʧʦʣʷʭ ʬʦʨʤʳ) 
procedure TfmClients.ExtrFile; (ʠʟʚʣʝʯʝʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʬʘʡʣʘ ʚ ʩʣʫʯʘʝ ʩʙʦʷ) 
procedure TfmClients.FormCloseQuery(Sender: TObject;  var CanClose: Boolean); (ʧʨʠ ʟʘʢʨʳʪʠʠ ʬʦʨʤʳ ʧʨʦʚʝʨʷʝʪ-
ʩʷ ʢʦʨʨʝʢʪʥʦʩʪʴ ʚʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ, ʚ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʦʰʠʙʦʢ ʜʘʥʥʳʝ ʦ ʢʣʠʝʥʪʝ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʪʘʙʣʠʮʳ ɹɼ ʠ 
ʚʦ ʚʨʝʤʝʥʥʳʝ ʬʘʡʣʳ) 
procedure TfmClients.btNewCompClick(Sender: TObject); (ʦʪʢʨʳʚʘʝʪʩʷ ʬʦʨʤʘ TfmNewCompany ʜʣʷ ʚʚʦʜʘ ʜʘʥʥʳʭ 
ʦ ʥʦʚʦʤ ʧʨʝʜʧʨʠʷʪʠʠ) 
procedure TfmClients.Button2Click(Sender: TObject); (ʦʪʢʨʳʚʘʝʪʩʷ ʬʦʨʤʘ TfmNewProf ʜʣʷ ʚʚʦʜʘ ʜʘʥʥʳʭ ʦ ʧʨʦʬʝʩ-
ʩʠʠ) 
procedure TfmClients.Button3Click(Sender: TObject); (ʦʪʢʨʳʚʘʝʪʩʷ ʬʦʨʤʘ TfmNewCex ʜʣʷ ʚʚʦʜʘ ʥʦʚʳʭ ʜʘʥʥʳʭ ʦ 
ʧʦʜʨʘʟʜʝʣʝʥʠʠ ʧʨʝʜʧʨʠʷʪʠʷ) 
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ʈʩʧʝʧʤʟʞʦʡʞ ʫʙʚʤʡʯʴ 1 
ʄʦʜʫʣʴ Config 

ʂʣʘʩʩ TfmClients 
procedure TfmConfig.FormShow(Sender: TObject); (ʦʪʢʨʳʪʠʝ ʬʦʨʤʳ, ʥʘʩʪʨʦʡʢʘ ʧʘʨʘʤʝʪʨʦʚ ʦʢʥʘ) 
procedure TfmConfig.SetData; (ʟʘʧʦʣʥʝʥʠʝ ʧʦʣʝʡ ʬʦʨʤʳ ʪʝʢʫʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʥʘʩʪʨʦʡʢʠ) 
function TfmConfig.GetData: TWinControl; (ʫʩʪʘʥʦʚʠʪʴ ʪʝʢʫʱʠʝ ʧʘʨʘʤʝʪʨʳ ʥʘʩʪʨʦʡʢʠ ʧʦ ʚʚʝʜʝʥʥʳʤ ʧʦʣʴʟʦʚʘʪʝ-
ʣʝʤ ʜʘʥʥʳʤ, ʨʝʟʫʣʴʪʘʪ ï ʩʩʳʣʢʘ ʥʘ ʧʦʣʝ ʚʚʦʜʘ, ʚ ʢʦʪʦʨʦʤ ʜʦʧʫʱʝʥʘ ʦʰʠʙʢʘ, ʠʣʠ nil ï ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʦʰʠʙʦʢ) 
procedure TfmConfig.FormCloseQuery(Sender: TObject; var CanClose: Boolean); (ʚʳʟʦʚ GetData; ʝʩʣʠ ʦʰʠʙʦʢ ʥʝʪ - 
ʟʘʢʨʳʪʠʝ ʬʦʨʤʳ, ʧʨʠ ʦʰʠʙʢʝ ï ʚʳʜʘʪʴ ʩʦʦʙʱʝʥʠʝ ʠ ʧʝʨʝʚʝʩʪʠ ʢʫʨʩʦʨ ʥʘ ʧʦʣʝ ʩ ʦʰʠʙʢʦʡ) 
procedure SaveCfg(Cfg0: boolean); (ʩʦʭʨʘʥʝʥʠʝ ʪʝʢʫʱʝʡ ʥʘʩʪʨʦʡʢʠ, ʝʩʣʠ ʫʩʪʘʥʦʚʣʝʥ ʬʣʘʛ Cfg0, ʪʦ ʵʪʦ ʩʦʭʨʘʥʝ-
ʥʠʝ ʥʘʩʪʨʦʝʢ ʧʦ ʫʤʦʣʯʘʥʠʶ) 
procedure InitCfg; (ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʘʩʪʨʦʝʢ ʧʦ ʫʤʦʣʯʘʥʠʶ) 
procedure LoadCfg; (ʯʪʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʥʘʩʪʨʦʡʢʠ) 

ʄʦʜʫʣʴ Test_Ear 

ʃʤʙʪʪ  TfmTest_Ear 
procedure TfmTest_Ear.BeginTest; (ʧʝʨʝʭʦʜ ʢ ʪʝʩʪʠʨʦʚʘʥʠʶ (ʪʨʝʥʠʨʦʚʢʝ)) 
procedure TfmTest_Ear.NewTest; (ʥʘʯʘʣʦ ʥʦʚʦʛʦ ʪʝʩʪʘ; ʦʧʨʝʜʝʣʠʪʴ ʛʝʥʝʨʘʪʦʨʦʤ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ ʚʨʝʤʷ ʟʘʜʝʨʞ-
ʢʠ ʟʚʫʢʦʚʦʛʦ ʩʠʛʥʘʣʘ ʠ ʫʩʪʘʥʦʚʠʪʴ ʝʛʦ ʚ Timer1.Interval) 
procedure TfmTest_Ear.Button1Click(Sender: TObject); (ʦʙʨʘʙʦʪʢʘ ʥʘʞʘʪʠʷ ʢʥʦʧʦʢ çʊʨʝʥʠʨʦʚʢʘè ʠ çʊʝʩʪʠʨʦʚʘ-
ʥʠʝè) 
procedure TfmTest_Ear.Timer1Timer(Sender: TObject); (ʟʘʢʦʥʯʠʣʦʩʴ ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʥʦʚʦʛʦ ʩʠʛʥʘʣʘ (ʩʣʫʯʘʡʥʦʝ), 
ʚʳʟʚʘʪʴ NewSignal) 
procedure TfmTest_Ear.NewSignal; (ʚʢʣʶʯʠʪʴ ʟʚʫʢʦʚʦʡ ʩʠʛʥʘʣ ʥʘ ʥʘʯʘʣʴʥʦʡ ʯʘʩʪʦʪʝ (çʜʦè)) 
procedure TfmTest_Ear.Timer3Timer(Sender: TObject); (ʟʘʢʦʥʯʠʣʦʩʴ ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʥʘʞʘʪʠʷ ʢʥʦʧʢʠ ʤʳʰʠ, ʝʩʣʠ 
ʥʘʞʘʪʠʷ ʥʝ ʙʳʣʦ ï ʫʚʝʣʠʯʠʪʴ ʯʠʩʣʦ ʦʰʠʙʦʢ; ʝʩʣʠ ʵʪʦ ʙʳʣ ʧʦʩʣʝʜʥʠʡ ʪʝʩʪ, ʧʦʜʩʯʠʪʘʪʴ ʠ ʚʳʚʝʩʪʠ ʥʘ ʵʢʨʘʥ ʨʝ-
ʟʫʣʴʪʘʪ ʪʝʩʪʠʨʦʚʘʥʠʷ) 
procedure TfmTest_Ear.FormMouseDown(Sender: TObject; Button: TMouseButton; 
  Shift: TShiftState; X, Y: Integer); (ʦʙʨʘʙʦʪʢʘ ʥʘʞʘʪʠʷ ʢʥʦʧʢʠ ʤʳʰʠ) 
procedure TfmTest_Ear.FormShow(Sender: TObject); (ʦʪʢʨʳʪʠʝ ʬʦʨʤʳ) 
procedure TfmTest_Ear.Button3Click(Sender: TObject); (ʦʙʨʘʙʦʪʢʘ ʥʘʞʘʪʠʷ ʢʥʦʧʢʠ çʇʨʝʨʚʘʪʴ ʪʝʩʪè) 
procedure TfmTest_Ear.FormMouseMove(Sender: TObject; Shift: TShiftState; X, 
  Y: Integer); (ʦʧʨʝʜʝʣʝʥʠʝ ʚʠʜʠʤʦʩʪʠ ʢʥʦʧʢʠ çʇʨʝʨʚʘʪʴ ʪʝʩʪè) 
procedure TfmTest_Ear.FormCreate(Sender: TObject); (ʩʦʟʜʘʥʠʝ ʬʦʨʤʳ, ʠʥʠʮʠʘʣʠʟʘʮʠʷ ʫʩʪʨʦʡʩʪʚʘ ʚʳʚʦʜʘ ʟʚʫʢʦ-
ʚʦʛʦ ʩʠʛʥʘʣʘ) 
procedure TfmTest_Ear.FormClose(Sender: TObject; var Action: TCloseAction); (ʟʘʢʨʳʪʠʝ ʬʦʨʤʳ, ʟʘʢʨʳʪʠʝ           
ʟʚʫʢʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ) 
procedure TfmTest_Ear.TimerSignalTimer(Sender: TObject); (ʧʨʦʰʣʦ 40 ʤʩ, ʥʝʦʙʭʦʜʠʤʦ ʩʤʝʥʠʪʴ ʯʘʩʪʦʪʫ ʟʚʫʢʘ ʠʣʠ 
ʦʪʢʣʶʯʠʪʴ ʩʠʛʥʘʣ, ʝʩʣʠ ʵʪʦ ʧʦʩʣʝʜʥʷʷ ʥʦʪʘ) 
ʊʘʡʤʝʨʳ: 
Timer1 ï ʪʘʡʤʝʨ ʜʣʷ ʟʘʜʝʨʞʢʠ ʟʚʫʢʦʚʦʛʦ ʩʠʛʥʘʣʘ, ʜʣʷ ʢʘʞʜʦʛʦ ʪʝʩʪʘ ï Timer1.Interval - ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ; 
Timer3 ï ʪʘʡʤʝʨ ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʨʝʘʢʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʘ ʟʚʫʢʦʚʦʡ ʩʠʛʥʘʣ; 
TimerSignal ï ʪʘʡʤʝʨ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʧʝʨʝʤʝʥʥʦʛʦ ʟʚʫʢʦʚʦʛʦ ʩʠʛʥʘʣʘ, TimerSignal.Interval=40 (ʢʘʞʜʳʝ 40 ʤʩ ʯʘ-
ʩʪʦʪʘ ʟʚʫʢʘ ʠʟʤʝʥʷʝʪʩʷ) 
ʌʣʘʛʠ: 
IsWait ï ʧʨʠʟʥʘʢ ʪʦʛʦ, ʯʪʦ ʟʚʫʢʦʚʦʡ ʩʠʛʥʘʣ ʧʨʦʟʚʫʯʘʣ, ʧʨʦʛʨʘʤʤʘ ʦʞʠʜʘʝʪ ʥʘʞʘʪʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʢʥʦʧʢʠ ʤʳʰʠ; 
IsClick ï ʧʨʠʟʥʘʢ ʥʘʞʘʪʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʢʥʦʧʢʠ ʤʳʰʠ 

ʄʦʜʫʣʴ Test_ZMRp 

ʂʣʘʩʩ  TfmTest_ZMRp 
procedure TfmTest_ZMRp.FillPole;         (ʧʦʜʛʦʪʦʚʢʘ ʵʢʨʘʥʘ ʢ ʧʨʦʚʝʜʝʥʠʶ ʪʝʩʪʘ) 
procedure TfmTest_ZMRp.BeginTest;      (ʠʥʠʮʠʘʣʠʟʘʮʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ) 
procedure TfmTest_ZMRp.NewTest;  (ʥʘʯʘʣʦ ʥʦʚʦʛʦ ʪʝʩʪʘ, ʫʩʪʘʥʦʚʢʘ ʩʣʫʯʘʡʥʦʛʦ  ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ ʜʣʷ Timer1) 
procedure TfmTest_ZMRp.Button1Click(Sender: TObject); (ʦʙʨʘʙʦʪʢʘ ʥʘʞʘʪʠʷ ʢʥʦʧʦʢ çʊʨʝʥʠʨʦʚʢʘè ʠ çʊʝʩʪʠʨʦʚʘ-
ʥʠʝè, ʚʳʟʦʚ BeginTest) 
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ʈʩʧʝʧʤʟʞʦʡʞ ʫʙʚʤʡʯʴ 1 
procedure TfmTest_ZMRp.Timer1Timer(Sender: TObject); (ʟʘʢʦʥʯʠʣʦʩʴ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ (ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ), 
ʥʘʨʠʩʦʚʘʪʴ ʟʝʣʝʥʳʡ ʢʨʫʛ, ʫʩʪʘʥʦʚʠʪʴ Timer2) 
procedure TfmTest_ZMRp.Timer2Timer(Sender: TObject); (ʟʘʢʦʥʯʠʣʦʩʴ ʚʨʝʤʷ ʥʘʭʦʞʜʝʥʠʷ ʟʝʣʝʥʦʛʦ ʢʨʫʛʘ ʥʘ 
ʵʢʨʘʥʝ, ʫʙʨʘʪʴ ʢʨʫʛ, ʫʩʪʘʥʦʚʠʪʴ Timer4) 
function getBall(T: single): smallint; (ʦʧʨʝʜʝʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ ʪʝʩʪʘ ʧʦ ʩʨʝʜʥʝʤʫ T, ʨʝʟʫʣʴʪʘʪ ï ʦʮʝʥʢʘ ʚ ʙʘʣʣʘʭ) 
procedure TfmTest_ZMRp.Timer3Timer(Sender: TObject); (ʟʘʢʦʥʯʠʣʦʩʴ ʚʨʝʤʷ ʤʝʞʜʫ ʪʝʩʪʘʤʠ, ʧʝʨʝʡʪʠ ʢ ʥʦʚʦʤʫ 
ʪʝʩʪʫ) 
procedure TfmTest_ZMRp.PaintBox1MouseDown(Sender: TObject; 
  Button: TMouseButton; Shift: TShiftState; X, Y: Integer); (ʦʙʨʘʙʦʪʢʘ ʥʘʞʘʪʠʷ ʢʥʦʧʢʠ ʤʳʰʠ; ʦʧʨʝʜʝʣʝʥʠʝ ʚʨʝʤʝʥʠ 
ʤʝʞʜʫ ʠʩʯʝʟʥʦʚʝʥʠʝʤ ʟʝʣʝʥʦʛʦ ʢʨʫʛʘ ʠ ʨʝʘʢʮʠʝʡ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʩʫʤʤʠʨʦʚʘʥʠʝ ʟʘʜʝʨʞʝʢ) 
procedure TfmTest_ZMRp.Timer4Timer(Sender: TObject); (ʟʘʢʦʥʯʠʣʦʩʴ ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ, ʢʦʥʝʮ ʦʯʝʨʝʜʥʦʛʦ ʪʝʩʪʘ; 
ʝʩʣʠ ʵʪʦ ʥʝ ʧʦʩʣʝʜʥʠʡ ï ʧʝʨʝʭʦʜ ʢ ʩʣʝʜʫʶʱʝʤʫ ʪʝʩʪʫ, ʝʩʣʠ ʧʦʩʣʝʜʥʠʡ ï ʨʘʩʯʝʪ ʠ ʚʳʚʦʜ ʥʘ ʵʢʨʘʥ ʨʝʟʫʣʴʪʘʪʘ) 
procedure TfmTest_ZMRp.FormShow(Sender: TObject); (ʦʪʢʨʳʪʠʝ ʬʦʨʤʳ, ʥʘʩʪʨʦʡʢʘ ʧʘʨʘʤʝʪʨʦʚ ʦʢʥʘ) 
procedure TfmTest_ZMRp.Button3Click(Sender: TObject); (ʦʙʨʘʙʦʪʢʘ ʥʘʞʘʪʠʷ ʢʥʦʧʢʠ çʇʨʝʨʚʘʪʴ ʪʝʩʪè) 
procedure TfmTest_ZMRp.FormMouseMove(Sender: TObject; Shift: TShiftState; 
  X, Y: Integer); (ʧʨʦʚʝʨʢʘ ʚʠʜʠʤʦʩʪʠ ʢʥʦʧʢʠ çʇʨʝʨʚʘʪʴ ʪʝʩʪè) 
ʊʘʡʤʝʨʳ: 
Timer1 ï ʪʘʡʤʝʨ ʜʣʷ ʟʘʜʝʨʞʢʠ ʧʦʷʚʣʝʥʠʷ ʥʘ ʵʢʨʘʥʝ ʟʝʣʝʥʦʛʦ ʢʨʫʛʘ, ʜʣʷ ʢʘʞʜʦʛʦ ʪʝʩʪʘ ï Timer1.Interval - ʩʣʫʯʘʡ-
ʥʘʷ ʚʝʣʠʯʠʥʘ; 
Timer2 ï ʪʘʡʤʝʨ ʜʣʷ ʟʘʜʝʨʞʢʠ ʥʘ ʵʢʨʘʥʝ ʟʝʣʝʥʦʛʦ ʢʨʫʛʘ, ʧʦʢʘ ʥʝ ʩʨʘʙʦʪʘʝʪ ï ʢʨʫʛ ʥʘ ʵʢʨʘʥʝ; 
Timer3 - ʪʘʡʤʝʨ ʜʣʷ ʟʘʜʝʨʞʢʠ ʤʝʞʜʫ ʜʚʫʤʷ ʪʝʩʪʘʤʠ; Timer4 ï ʪʘʡʤʝʨ ʜʣʷ ʦʞʠʜʘʥʠʷ ʨʝʘʢʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ. 
ʌʣʘʛʠ: IsWait ï ʧʨʠʟʥʘʢ ʪʦʛʦ, ʯʪʦ ʟʝʣʝʥʳʡ ʢʨʫʛ ʧʦʷʚʠʣʩʷ ʥʘ ʵʢʨʘʥʝ, ʧʨʦʛʨʘʤʤʘ ʦʞʠʜʘʝʪ ʥʘʞʘʪʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ 
ʢʥʦʧʢʠ ʤʳʰʠ; IsClick ï ʧʨʠʟʥʘʢ ʥʘʞʘʪʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʢʥʦʧʢʠ ʤʳʰʠ 

ʄʦʜʫʣʴ Test_ZMRd 

ʂʣʘʩʩ  TfmTest_ZMRd 
procedure TfmTest_ZMRd.FillPole;              (ʧʦʜʛʦʪʦʚʢʘ ʵʢʨʘʥʘ ʢ ʧʨʦʚʝʜʝʥʠʶ ʪʝʩʪʘ) 
procedure TfmTest_ZMRd.BeginTest;          (ʠʥʠʮʠʘʣʠʟʘʮʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ) 
procedure TfmTest_ZMRd.NewTest;     (ʥʘʯʘʣʦ ʥʦʚʦʛʦ ʪʝʩʪʘ, ʫʩʪʘʥʦʚʢʘ ʩʣʫʯʘʡʥʦʛʦ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ ʜʣʷ Timer1 ʠ 
ʮʚʝʪʘ ʜʣʷ ʩʣʝʜʫʶʱʝʛʦ ʢʨʫʛʘ) 
procedure TfmTest_ZMRd.Button1Click(Sender: TObject); (ʦʙʨʘʙʦʪʢʘ ʩʦʙʳʪʠʷ ʥʘʞʘʪʠʷ ʢʥʦʧʦʢ çʊʨʝʥʠʨʦʚʢʘè ʠ çʊʝ-
ʩʪʠʨʦʚʘʥʠʝè) 
procedure TfmTest_ZMRd.Timer1Timer(Sender: TObject); (ʟʘʢʦʥʯʠʣʦʩʴ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ (ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ), 
ʥʘʨʠʩʦʚʘʪʴ ʢʨʫʛ (ʟʝʣʝʥʳʡ ʠʣʠ ʢʨʘʩʥʳʡ), ʫʩʪʘʥʦʚʠʪʴ Timer2) 
procedure TfmTest_ZMRd.Timer2Timer(Sender: TObject); (ʟʘʢʦʥʯʠʣʦʩʴ ʚʨʝʤʷ ʥʘʭʦʞʜʝʥʠʷ ʢʨʫʛʘ ʥʘ ʵʢʨʘʥʝ, ʫʙʨʘʪʴ ʩ 
ʵʢʨʘʥʘ) 
function getBall(T: single): smallint;  (ʦʧʨʝʜʝʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ ʪʝʩʪʘ ʧʦ ʩʨʝʜʥʝʤʫ T, ʨʝʟʫʣʴʪʘʪ ï ʦʮʝʥʢʘ ʚ ʙʘʣʣʘʭ) 
procedure TfmTest_ZMRd.Timer3Timer(Sender: TObject); (ʟʘʢʦʥʯʠʣʦʩʴ ʚʨʝʤʷ ʤʝʞʜʫ ʪʝʩʪʘʤʠ, ʧʝʨʝʡʪʠ ʢ ʥʦʚʦʤʫ 
ʪʝʩʪʫ) 
procedure TfmTest_ZMRd.Timer4Timer(Sender: TObject); (ʟʘʢʦʥʯʠʣʦʩʴ ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ, ʢʦʥʝʮ ʦʯʝʨʝʜʥʦʛʦ ʪʝʩʪʘ; 
ʝʩʣʠ ʵʪʦ ʥʝ ʧʦʩʣʝʜʥʠʡ ï ʧʝʨʝʭʦʜ ʢ ʩʣʝʜʫʶʱʝʤʫ ʪʝʩʪʫ, ʝʩʣʠ ʧʦʩʣʝʜʥʠʡ ï ʨʘʩʯʝʪ ʠ ʚʳʚʦʜ ʥʘ ʵʢʨʘʥ ʨʝʟʫʣʴʪʘʪʘ) 
procedure TfmTest_ZMRd.FormMouseDown(Sender: TObject; Button: TMouseButton; (ʦʙʨʘʙʦʪʢʘ ʥʘʞʘʪʠʷ ʢʥʦʧʢʠ 
ʤʳʰʠ) 
procedure TfmTest_ZMRd.FormShow(Sender: TObject); (ʦʪʢʨʳʪʠʝ ʬʦʨʤʳ, ʥʘʩʪʨʦʡʢʘ ʧʘʨʘʤʝʪʨʦʚ ʦʢʥʘ) 
procedure TfmTest_ZMRd.FormMouseMove(Sender: TObject; Shift: TShiftState; 
  X, Y: Integer); (ʧʨʦʚʝʨʢʘ ʚʠʜʠʤʦʩʪʠ ʢʥʦʧʢʠ çʇʨʝʨʚʘʪʴ ʪʝʩʪè) 
procedure TfmTest_ZMRd.Button3Click(Sender: TObject); (ʦʙʨʘʙʦʪʢʘ ʥʘʞʘʪʠʷ ʢʥʦʧʢʠ çʇʨʝʨʚʘʪʴ ʪʝʩʪè) 
ʊʘʡʤʝʨʳ: 
Timer1 ï ʪʘʡʤʝʨ ʜʣʷ ʟʘʜʝʨʞʢʠ ʧʦʷʚʣʝʥʠʷ ʥʘ ʵʢʨʘʥʝ ʥʦʚʦʛʦ ʢʨʫʛʘ, ʜʣʷ ʢʘʞʜʦʛʦ ʪʝʩʪʘ ï Timer1.Interval - ʩʣʫʯʘʡʥʘʷ 
ʚʝʣʠʯʠʥʘ; 
Timer2 ï ʪʘʡʤʝʨ ʜʣʷ ʟʘʜʝʨʞʢʠ ʥʘ ʵʢʨʘʥʝ ʢʨʫʛʘ (ʟʝʣʝʥʦʛʦ ʠʣʠ ʢʨʘʩʥʦʛʦ), ʧʦʢʘ ʥʝ ʩʨʘʙʦʪʘʝʪ ï ʢʨʫʛ ʥʘ ʵʢʨʘʥʝ; 
Timer3 -  ʪʘʡʤʝʨ ʜʣʷ ʟʘʜʝʨʞʢʠ ʤʝʞʜʫ ʜʚʫʤʷ ʪʝʩʪʘʤʠ; 
Timer4 ï ʪʘʡʤʝʨ ʜʣʷ ʦʞʠʜʘʥʠʷ ʨʝʘʢʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ.  
ʌʣʘʛʠ: 
IsWait ï ʧʨʠʟʥʘʢ ʪʦʛʦ, ʯʪʦ ʢʨʫʛ ʧʦʷʚʠʣʩʷ ʥʘ ʵʢʨʘʥʝ, ʧʨʦʛʨʘʤʤʘ ʦʞʠʜʘʝʪ ʥʘʞʘʪʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʢʥʦʧʢʠ ʤʳʰʠ; 



ǤǡǯǭǮǤǨǰǩǧǤ ǬǟǲǶǬǺǤ ǧǰǰǪǤǣǭǡǟǬǧǾ 51 

 

V International scientific conference | www.naukaip.ru 

ʈʩʧʝʧʤʟʞʦʡʞ ʫʙʚʤʡʯʴ 1 
IsClick ï ʧʨʠʟʥʘʢ ʥʘʞʘʪʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʢʥʦʧʢʠ ʤʳʰʠ. 

ʄʦʜʫʣʴ Test_Chulte 

ʂʣʘʩʩ  TfmTest_Chulte 
procedure TfmTest_Chulte. FormShow (Sender: TObject); (ʦʪʢʨʳʪʠʝ ʬʦʨʤʳ, ʥʘʩʪʨʦʡʢʘ ʧʘʨʘʤʝʪʨʦʚ ʦʢʥʘ, ʟʘʧʦʣʥʝ-
ʥʠʝ ʪʘʙʣʠʮʳ ʯʠʩʝʣ) 
procedure TfmTestChulte.Button1Click(Sender: TObject); (ʦʙʨʘʙʦʪʢʘ ʥʘʞʘʪʠʷ ʢʥʦʧʢʠ çʅʘʯʘʪʴ ʪʝʩʪè) 
procedure TfmTestChulte.StringGrid1DrawCell(Sender: TObject; ACol, 
  ARow: Integer; Rect: TRect; State: TGridDrawState); (ʦʪʨʠʩʦʚʢʘ ʢʨʘʩʥʳʭ ʠ ʩʠʥʠʭ ʮʠʬʨ) 
procedure TfmTestChulte.StringGrid1SelectCell(Sender: TObject; ACol, 
  ARow: Integer; var CanSelect: Boolean); (ʦʙʨʘʙʦʪʢʘ ʥʘʞʘʪʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ̫ ʯʝʡʢʠ ʚ ʪʘʙʣʠʮʝ) 
procedure TfmTestChulte.ListBox1DrawItem(Control: TWinControl; Index: Integer; 
  Rect: TRect; State: TOwnerDrawState); (ʨʠʩʦʚʘʥʠʝ ʵʣʝʤʝʥʪʘ ʩʧʠʩʢʘ ʦʪʤʝʯʝʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʷʯʝʝʢ ʪʘʙʣʠʮʳ) 
procedure TfmTestChulte.Button3Click(Sender: TObject); (ʦʙʨʘʙʦʪʢʘ ʥʘʞʘʪʠʷ ʢʥʦʧʢʠ çʇʨʝʨʚʘʪʴ ʪʝʩʪè) 
procedure TfmTestChulte.FormMouseMove(Sender: TObject; Shift: TShiftState; 
  X, Y: Integer); (ʧʨʦʚʝʨʢʘ ʚʠʜʠʤʦʩʪʠ ʢʥʦʧʢʠ çʇʨʝʨʚʘʪʴ ʪʝʩʪè) 

ʄʦʜʫʣʴ Test_Emotional 

procedure TfmTestEmotional.FormShow(Sender: TObject); (ʦʪʢʨʳʪʠʝ ʬʦʨʤʳ, ʥʘʩʪʨʦʡʢʘ ʧʘʨʘʤʝʪʨʦʚ ʦʢʥʘ, ʟʘʧʦʣʥʝ-
ʥʠʝ ʪʘʙʣʠʮʳ ʚʦʧʨʦʩʘʤʠ) 
procedure TfmTestEmotional.StringGrid1DrawCell(Sender: TObject; ACol, 
  ARow: Integer; Rect: TRect; State: TGridDrawState); (ʨʠʩʦʚʘʥʠʝ ̫ ʯʝʡʢʠ ʪʘʙʣʠʮʳ ʩ ʟʘʜʘʥʥʳʤ ʬʦʥʦʤ) 
procedure TfmTestEmotional.StringGrid1SelectCell(Sender: TObject; ACol, 
  ARow: Integer; var CanSelect: Boolean); (ʦʙʨʘʙʦʪʢʘ ʩʦʙʳʪʠʷ ʚʳʙʦʨʘ ʷʯʝʡʢʠ (ʚʳʙʦʨʘ ʦʪʚʝʪʘ ʥʘ ʚʦʧʨʦʩ)) 
procedure TfmTestEmotional.Button1Click(Sender: TObject); (ʦʙʨʘʙʦʪʢʘ ʥʘʞʘʪʠʷ ʢʥʦʧʢʠ çɿʘʚʝʨʰʠʪʴè) 
procedure TfmTestEmotional.Button3Click(Sender: TObject); (ʦʙʨʘʙʦʪʢʘ ʥʘʞʘʪʠ ̫ʢʥʦʧʢʠ çʇʨʝʨʚʘʪʴ ʪʝʩʪè) 
procedure TfmTestEmotional.FormMouseMove(Sender: TObject; 
 Shift: TShiftState; X, Y: Integer); (ʦʧʨʝʜʝʣʝʥʠʝ ʚʠʜʠʤʦʩʪʠ ʢʥʦʧʢʠ çʇʨʝʨʚʘʪʴ ʪʝʩʪè) 

ʄʦʜʫʣʴ TestMemoryAudi 

ʂʣʘʩʩ  TfmTestMemoryAudi 
procedure TfmTestMemoryAudi.FormShow(Sender: TObject); (ʦʪʢʨʳʪʠʝ ʬʦʨʤʳ, ʥʘʩʪʨʦʡʢʘ ʧʘʨʘʤʝʪʨʦʚ ʦʢʥʘ ʠ ʤʝ-
ʜʠʘʧʣʝʝʨʘ) 
procedure TfmTestMemoryAudi.StringGrid1DrawCell(Sender: TObject; ACol, 
  ARow: Integer; Rect: TRect; State: TGridDrawState); (ʨʠʩʦʚʘʥʠʝ ̫ ʯʝʡʢʠ ʚ ʪʘʙʣʠʮʝ ʩʣʦʚ ʩ ʟʘʜʘʥʥʳʤ ʬʦʥʦʤ) 
procedure TfmTestMemoryAudi.StringGrid1SelectCell(Sender: TObject; ACol, 
  ARow: Integer; var CanSelect: Boolean); (ʦʙʨʘʙʦʪʢʘ ʚʳʙʦʨʘ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʩʣʦʚʘ, ʠʟʤʝʥʝʥʠʝ ʬʦʥʘ ʷʯʝʡʢʠ) 
procedure TfmTestMemoryAudi.Timer1Timer(Sender: TObject); (ʟʘʢʦʥʯʠʣʘʩʴ 1 ʤʠʥʫʪʘ ʜʣʷ ʯʪʝʥʠʷ ʩʣʦʚ) 
procedure TfmTestMemoryAudi.Timer2Timer(Sender: TObject); (ʟʘʢʦʥʯʠʣʦʩʴ ʚʨʝʤʷ ʜʣʷ ʚʳʙʦʨʘ ʩʣʦʚ, 1 ʤʠʥʫʪʘ) 
procedure TfmTestMemoryAudi.Timer3Timer(Sender: TObject); (ʢʘʞʜʫʶ ʩʝʢʫʥʜʫ ʦʙʥʦʚʣʷʝʪʩʷ ʩʯʝʪʯʠʢ ʦʩʪʘʚʰʝʛʦʩʷ 
ʚʨʝʤʝʥʠ) 
procedure TfmTestMemoryAudi.Button1Click(Sender: TObject); (ʦʙʨʘʙʦʪʢʘ ʥʘʞʘʪʠʷ ʢʥʦʧʢʠ çɿʘʚʝʨʰʠʪʴè) 
procedure TfmTestMemoryAudi.Button3Click(Sender: TObject); (ʦʙʨʘʙʦʪʢʘ ʥʘʞʘʪʠʷ ʢʥʦʧʢʠ çʇʨʝʨʚʘʪʴ ʪʝʩʪè) 
procedure TfmTestMemoryAudi.FormMouseMove(Sender: TObject; 
  Shift: TShiftState; X, Y: Integer); (ʦʧʨʝʜʝʣʝʥʠʝ ʚʠʜʠʤʦʩʪʠ ʢʥʦʧʢʠ çʇʨʝʨʚʘʪʴ ʪʝʩʪè) 
ʊʘʡʤʝʨʳ: 
Timer1 ï ʪʘʡʤʝʨ ʜʣʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʯʪʝʥʠʷ ʩʣʦʚ; 
Timer2 ï ʪʘʡʤʝʨ ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʦʜʥʦʡ ʤʠʥʫʪʳ ʜʣʷ ʦʪʤʝʪʢʠ ʟʘʧʦʤʥʠʚʰʠʭʩʷ ʩʣʦʚ; 
Timer3 -  ʪʘʡʤʝʨ ʜʣʷ ʩʯʝʪʯʠʢʘ ʦʩʪʘʚʰʝʛʦʩʷ ʚʨʝʤʝʥʠ. 
1. ʄʦʜʫʣʴ TestMemoryVision. 
ʂʣʘʩʩ  TfmTestMemoryVision 
ʂʣʘʩʩ  TfmTestMemoryAudi 
procedure TfmTestMemoryAudi.FormShow(Sender: TObject); (ʦʪʢʨʳʪʠʝ ʬʦʨʤʳ, ʥʘʩʪʨʦʡʢʘ ʧʘʨʘʤʝʪʨʦʚ ʦʢʥʘ ʠ ʤʝ-
ʜʠʘʧʣʝʝʨʘ) 
procedure TfmTestMemoryAudi.StringGrid1DrawCell(Sender: TObject; ACol, 
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  ARow: Integer; Rect: TRect; State: TGridDrawState); (ʨʠʩʦʚʘʥʠʝ ̫ ʯʝʡʢʠ ʚ ʪʘʙʣʠʮʝ ʩʣʦʚ ʩ ʟʘʜʘʥʥʳʤ ʬʦʥʦʤ) 
procedure TfmTestMemoryAudi.StringGrid1SelectCell(Sender: TObject; ACol, 
  ARow: Integer; var CanSelect: Boolean); (ʦʙʨʘʙʦʪʢʘ ʚʳʙʦʨʘ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʩʣʦʚʘ, ʠʟʤʝʥʝʥʠʝ ʬʦʥʘ ʷʯʝʡʢʠ) 
procedure TfmTestMemoryAudi.Timer1Timer(Sender: TObject); (ʟʘʢʦʥʯʠʣʘʩʴ 1 ʤʠʥʫʪʘ ʜʣʷ ʯʪʝʥʠʷ ʩʣʦʚ) 
procedure TfmTestMemoryAudi.Timer2Timer(Sender: TObject); (ʟʘʢʦʥʯʠʣʦʩʴ ʚʨʝʤʷ ʜʣʷ ʚʳʙʦʨʘ ʩʣʦʚ, 1 ʤʠʥʫʪʘ) 
procedure TfmTestMemoryAudi.Timer3Timer(Sender: TObject); (ʢʘʞʜʫʶ ʩʝʢʫʥʜʫ ʦʙʥʦʚʣʷʝʪʩʷ ʩʯʝʪʯʠʢ ʦʩʪʘʚʰʝʛʦʩʷ 
ʚʨʝʤʝʥʠ) 
procedure TfmTestMemoryAudi.Button1Click(Sender: TObject); (ʦʙʨʘʙʦʪʢʘ ʥʘʞʘʪʠʷ ʢʥʦʧʢʠ çɿʘʚʝʨʰʠʪʴè) 
procedure TfmTestMemoryAudi.Button3Click(Sender: TObject); (ʦʙʨʘʙʦʪʢʘ ʥʘʞʘʪʠʷ ʢʥʦʧʢʠ çʇʨʝʨʚʘʪʴ ʪʝʩʪè) 
procedure TfmTestMemoryAudi.FormMouseMove(Sender: TObject; 
  Shift: TShiftState; X, Y: Integer); (ʦʧʨʝʜʝʣʝʥʠʝ ʚʠʜʠʤʦʩʪʠ ʢʥʦʧʢʠ çʇʨʝʨʚʘʪʴ ʪʝʩʪè) 
ʊʘʡʤʝʨʳ: 
Timer1 ï ʪʘʡʤʝʨ ʜʣʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʯʪʝʥʠʷ ʩʣʦʚ; 
Timer2 ï ʪʘʡʤʝʨ ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʦʜʥʦʡ ʤʠʥʫʪʳ ʜʣʷ ʦʪʤʝʪʢʠ ʟʘʧʦʤʥʠʚʰʠʭʩʷ ʩʣʦʚ; 
Timer3 -  ʪʘʡʤʝʨ ʜʣʷ ʩʯʝʪʯʠʢʘ ʦʩʪʘʚʰʝʛʦʩʷ ʚʨʝʤʝʥʠ. 
2. ʄʦʜʫʣʴ TestMemoryVision. 
ʂʣʘʩʩ  TfmTestMemoryVision 
procedure TfmTestMemoryVision.FormShow(Sender: TObject); (ʦʪʢʨʳʪʠʝ ʬʦʨʤʳ, ʫʩʪʘʥʦʚʢʘ ʧʘʨʘʤʝʪʨʦʚ ʦʢʥʘ) 
procedure TfmTestMemoryVision.Timer1Timer(Sender: TObject); (ʟʘʢʦʥʯʠʣʘʩʴ ʤʠʥʫʪʘ, ʢʦʛʜʘ ʩʣʦʚʘ ʜʣʷ ʟʘʧʦʤʠʥʘʥʠʷ 
ʙʳʣʠ ʥʘ ʵʢʨʘʥʝ, ʫʙʨʘʪʴ ʩ ʵʢʨʘʥʘ ʠ ʧʦʢʘʟʘʪʴ ʪʘʙʣʠʮʫ ʩʣʦʚ ʜʣʷ ʦʪʤʝʪʢʠ ʟʘʧʦʤʥʠʚʰʠʭʩʷ) 
procedure TfmTestMemoryVision.StringGrid1DrawCell(Sender: TObject; ACol, 
  ARow: Integer; Rect: TRect; State: TGridDrawState); (ʨʠʩʦʚʘʥʠʷ ̫ ʯʝʡʢʠ ʪʘʙʣʠʮʳ ʩʣʦʚ ʩ ʟʘʜʘʥʥʳʤ ʬʦʥʦʤ) 
procedure TfmTestMemoryVision.StringGrid1SelectCell(Sender: TObject; ACol, 
  ARow: Integer; var CanSelect: Boolean); (ʚr ʙʦʨ ʩʣʦʚʘ ʚ ʪʘʙʣʠʮʝ) 
procedure TfmTestMemoryVision.Timer2Timer(Sender: TObject); (ʟʘʢʦʥʯʠʣʦʩʴ ʚʨʝʤʷ ʜʣʷ ʦʪʤʝʪʢʠ ʩʣʦʚ ʚ ʪʘʙʣʠʮʝ) 
procedure TfmTestMemoryVision.Timer3Timer(Sender: TObject); (ʦʙʥʦʚʣʝʥʠʝ ʩʯʝʪʯʠʢʘ ʦʩʪʘʚʰʝʛʦʩʷ ʜʦ ʢʦʥʮʘ ʪʝʩʪʘ 
ʚʨʝʤʝʥʠ) 
procedure TfmTestMemoryVision.Button1Click(Sender: TObject); (ʦʙʨʘʙʦʪʢʘ ʥʘʞʘʪʠʷ ʢʥʦʧʢʠ çɿʘʚʝʨʰʠʪʴè) 
procedure TfmTestMemoryVision.Button3Click(Sender: TObject); (ʦʙʨʘʙʦʪʢʘ ʥʘʞʘʪʠʷ ʢʥʦʧʢʠ çʇʨʝʨʚʘʪʴ ʪʝʩʪè) 
procedure TfmTestMemoryVision.FormMouseMove(Sender: TObject; 
  Shift: TShiftState; X, Y: Integer); (ʦʧʨʝʜʝʣʝʥʠʝ ʚʠʜʠʤʦʩʪʠ ʢʥʦʧʢʠ çʇʨʝʨʚʘʪʴ ʪʝʩʪè) 
ʊʘʡʤʝʨʳ: 
Timer1 ï ʪʘʡʤʝʨ ʜʣʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʯʪʝʥʠʷ ʩʣʦʚ ʩ ʵʢʨʘʥʘ; 
Timer2 ï ʪʘʡʤʝʨ ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʦʜʥʦʡ ʤʠʥʫʪʳ ʜʣʷ ʦʪʤʝʪʢʠ ʟʘʧʦʤʥʠʚʰʠʭʩʷ ʩʣʦʚ; 
Timer3 -  ʪʘʡʤʝʨ ʜʣʷ ʦʙʥʦʚʣʝʥʠʷ ʩʯʝʪʯʠʢʘ ʦʩʪʘʚʰʝʛʦʩʷ ʚʨʝʤʝʥʠ. 
3. ʄʦʜʫʣʴ TestR3. 
ʂʣʘʩʩ  TfmTestR3 
procedure TfmTestR3.Button1Click(Sender: TObject); (ʦʙʨʘʙʦʪʢʘ ʥʘʞʘʪʠʷ ʢʥʦʧʢʠ çʊʨʝʥʠʨʦʚʢʘè) 
procedure TfmTestR3.FormShow(Sender: TObject); (ʦʪʢʨʳʪʠʝ ʬʦʨʤʳ, ʥʘʩʪʨʦʡʢʘ ʧʘʨʘʤʝʪʨʦʚ ʦʢʥʘ) 
procedure TfmTestR3.ShowP; (ʨʠʩʦʚʘʥʠʝ ʪʦʯʢʠ (ʤʘʷʪʥʠʢʘ) ʟʘʜʘʥʥʦʛʦ ʨʘʟʤʝʨʘ ʚ ʪʝʢʫʱʝʡ ʧʦʟʠʮʠʠ) 
procedure TfmTestR3.CalcOtkl; (ʨʘʩʯʝʪ ʨʘʟʥʠʮʳ ʚ ʩʘʥʪʠʩʝʢʫʥʜʘʭ ʤʝʞʜʫ ʚʨʝʤʝʥʝʤ ʧʨʦʭʦʞʜʝʥʠʷ ʤʘʷʪʥʠʢʦʤ ʚʝʨʪʠ-
ʢʘʣʴʥʦʡ ʯʝʨʪʳ ʠ ʚʨʝʤʝʥʝʤ ʥʘʞʘʪʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʢʥʦʧʢʠ) 
procedure TfmTestR3.Timer1Timer(Sender: TObject); (ʠʟʤʝʥʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʤʘʷʪʥʠʢʘ: ʩʢʨʳʪʴ ʧʨʝʞʥʝʝ ʧʦʣʦʞʝʥʠʝ 
ʠ ʥʘʨʠʩʦʚʘʪʴ ʤʘʷʪʥʠʢ ʚ ʥʦʚʦʡ ʪʦʯʢʝ) 
procedure TfmTestR3.PBPaint(Sender: TObject); (ʨʠʩʦʚʘʥʠʝ ʧʦʣʷ, ʛʜʝ ʙʫʜʝʪ ʢʦʣʝʙʘʪʴʩʷ ʤʘʷʪʥʠʢ) 
procedure TfmTestR3.Button2Click(Sender: TObject); (ʦʙʨʘʙʦʪʢʘ ʥʘʞʘʪʠʷ ʢʥʦʧʢʠ çʊʝʩʪʠʨʦʚʘʥʠʝè) 
procedure TfmTestR3.FormMouseDown(Sender: TObject; Button: TMouseButton; 
  Shift: TShiftState; X, Y: Integer); (ʦʙʨʘʙʦʪʢʘ ʨʝʘʢʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ï ʥʘʞʘʪʠʷ ʢʥʦʧʢʠ ʤʳʰʠ) 
procedure TfmTestR3.FormMouseMove(Sender: TObject; Shift: TShiftState; X, 
  Y: Integer); (ʧʨʦʚʝʨʢʘ ʚʠʜʠʤʦʩʪʠ ʢʥʦʧʢʠ çʇʨʝʨʚʘʪʴ ʪʝʩʪè) 
procedure TfmTestR3.Button3Click(Sender: TObject); (ʦʙʨʘʙʦʪʢʘ ʥʘʞʘʪʠʷ ʢʥʦʧʢʠ çʇʨʝʨʚʘʪʴ ʪʝʩʪè) 
Timer1 ï ʪʘʡʤʝʨ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʜʚʠʞʝʥʠʷ ʤʘʷʪʥʠʢʘ, ʢʘʞʜʦʝ ʩʨʘʙʘʪʳʚʘʥʠʝ ʪʘʡʤʝʨʘ ʤʘʷʪʥʠʢ ʨʠʩʫʝʪʩʷ ʚ ʥʦʚʦʡ 
ʧʦʟʠʮʠʠ, ʘ ʧʨʝʞʥʷʷ ʧʦʟʠʮʠʷ ʩʢʨʳʚʘʝʪʩʷ 
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ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʚʥʝʜʨʝʥ ʚ ɻʇ çʅʀʀ ʄʕʇ ɼʦʥʙʘʩʩʘ ʠ ʫʛʦʣʴʥʦʡ ʧʨʦʤʳʰ-
ʣʝʥʥʦʩʪʠ ʄɿ ɼʅʈè ʠ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ  ʨʘʙʦʪʥʠʢʦʚ, ʟʘʥʷʪʳʭ ʥʘ ʨʘʙʦʪʘʭ, ʪʨʝʙʫ-
ʶʱʠʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʪʙʦʨʘ. ɼʘʣʴʥʝʡʰʠʤ ʨʘʟʚʠʪʠʝʤ ʵʢʩʧʝʨʪʥʦʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʧʩʠ-
ʭʦʬʠʟʠʦʜʠʘʛʥʦʩʪʠʢʠ  ʩʦʩʪʦʷʥʠʷ ʯʝʣʦʚʝʢʘ ʩʪʘʥʝʪ ʢʦʤʧʣʝʢʩʥʳʡ  ʙʝʟʤʝʜʠʢʦʤʝʥʪʦʟʥʳʡ ʧʦʜʭʦʜ ʥʘ ʦʩʥʦʚʝ 
ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ. 
 

 
 
    
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ʉʡʪ. 1. ʊʮʞʥʙ ʛʠʙʡʥʧʪʛʸʠʞʢ ʭʧʩʥ ʥʧʝʬʤʞʢ ʡʦʫʞʤʤʞʣʫʬʙʤʵʦʧʢ ʪʡʪʫʞʥʴ ʨʪʡʮʧʭʡʠʡʧʝʡʙ-

ʜʦʧʪʫʡʣʡ 
 

ʊʨʡʪʧʣ ʤʡʫʞʩʙʫʬʩʴ 
 

1. ʇʨʦʙʣʝʤʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʛʣʫʙʦʢʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʨʦʙʦʪʠʟʘʮʠʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 
ʚ ʩʦʮʠʘʣʴʥʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʨʘʟʚʠʪʦʛʦ ʠ ʨʘʟʚʠʚʘʶʱʝʛʦʩʷ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 
/ ʉ.ɹ. ʀʚʘʥʦʚʘ, ʀ.ʉ. ʉʘʣʴʥʠʢʦʚ, ʈ.ʀ. ʉʘʣʴʥʠʢʦʚ // ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʞʫʨʥʘʣ çʇʨʦ-
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ʆɻʋ ʠʤ.ʊʫʨʛʝʥʝʚʘ 
 

 
ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʝʜʫʱʠʝ ʬʠʨʤʳ, ʧʨʦʠʟʚʦʜʷʱʠʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʰʠʥʳ (ʉʄ), ʚʥʝʩʣʠ ʚ ʛʠʜʨʦ-

ʩʠʩʪʝʤʳ ʚʳʧʫʩʢʘʝʤʳʭ ʤʘʰʠʥ ʨʷʜ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʡ, ʧʦʚʳʰʘʶʱʠʭ ʥʘʜʝʞʥʦʩʪʴ, ʵʨʛʦʥʦʤʠʯʥʦʩʪʴ, ʵʢʦ-
ʥʦʤʠʯʥʦʩʪʴ ʠ ʵʢʦʣʦʛʠʯʥʦʩʪʴ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʛʠʜʨʦʧʨʠʚʦʜʘ ʉʄ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 
ʢʦʤʧʣʝʢʩʥʦ. ʀʜʸʪ ʚʥʝʜʨʝʥʠʝ ʢʘʢ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʛʠʜʨʦʧʨʠʚʦʜʘ ʚ ʮʝʣʦʤ, ʪʘʢ ʠ ʝʛʦ ʵʣʝʤʝʥʪʦʚ. 
ʀʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʧʨʝʜʣʘʛʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʠ ʩʨʝʜʩʪʚʘ ʪʝʧʣʦʚʦʡ ʧʦʜʛʦʪʦʚʢʠ ʛʠʜʨʦʧʨʠʚʦʜʘ. ʅʝ-
ʩʤʦʪʨʷ ʥʘ ʵʪʦ ʝʛʦ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʩʥʠʞʘʝʪʩʷ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʠʟʢʠʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ, ʜʦ-
ʨʦʛʦʩʪʦʷʱʘʷ ʪʝʭʥʠʢʘ ʧʨʦʩʪʘʠʚʘʝʪ ʚ ʨʝʤʦʥʪʘʭ, ʘ ʧʨʝʜʧʨʠʷʪʠʷ, ʝʝ ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʝ ʥʝʩʫʪ ʫʙʳʪʢʠ [4, 5].  

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʚ ʩʠʩʪʝʤʘʭ ʪʝʧʣʦʚʦʡ ʧʦʜʛʦʪʦʚʢʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʰʠʥ ʷʚʣʷʝʪʩʷ 
ʙʦʣʴʰʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʛʨʝʚʘ ʛʠʜʨʦʙʘʢʘ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʵʪʠʤ ʨʘʥʝʝ ʧʨʝʜʣʦʞʝʥʥʘʷ ʩʭʝʤʘ 
ʪʝʧʣʦʚʦʡ ʧʦʜʛʦʪʦʚʢʠ ʛʠʜʨʦʧʨʠʚʦʜʘ ʉʄ [1] ʨʠʩ. 1, ʩʦʩʪʦʷʱʘʷ ʠʟ ʛʠʜʨʦʙʘʢʘ 2, ʚ ʢʦʪʦʨʦʤ ʨʘʩʧʦʣʦʞʝʥ 
ʪʝʧʣʦʦʙʤʝʥʥʠʢ 3 ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ, ʛʠʜʨʦʮʠʣʠʥʜʨʘ 4, ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʛʠʜʨʦʣʠʥʠʠ 5, ʩʦʝʜʠʥʷʶʱʝʡ 
ʰʪʦʢʦʚʫʶ ʠ ʨʘʙʦʯʫʶ ʧʦʣʦʩʪʠ ʛʠʜʨʦʮʠʣʠʥʜʨʘ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʨʝʜʧʫʩʢʦʚʦʡ ʪʝʧʣʦʚʦʡ ʧʦʜ-
ʛʦʪʦʚʢʠ ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʦʡ ʩʪʦʷʥʢʠ ʉʄ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ ʥʝʦʙʭʦʜʠʤʦ 
ʤʦʜʝʨʥʠʟʠʨʦʚʘʪʴ.  

ɹʦʧʫʙʯʡʸ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʪʝʧʣʦʚʦʡ ʧʦʜʛʦʪʦʚʢʠ ʛʠʜʨʦʧʨʠʚʦʜʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʰʠʥ, ʵʢʩ-
ʧʣʫʘʪʠʨʫʝʤʳʭ ʧʨʠ ʥʠʟʢʠʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ. ɼʣʷ ʵʪʦʛʦ ʧʨʝʜʣʦʞʝʥʳ 
ʚʘʨʠʘʥʪʳ ʤʦʜʝʨʥʠʟʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʛʠʜʨʦʧʨʠʚʦʜʘ, ʧʦʚʳʰʘʶʱʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʩʪʨʦʠʪʝʣʴʥʳʭ 
ʤʘʰʠʥ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ. ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʰʠʥʳ, ʛʠʜʨʦʧʨʠʚʦʜ, ʪʝʧʣʦʚʘʷ ʧʦʜʛʦʪʦʚʢʘ, ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ. 
 

THERMAL PREPARATION OF THE HYDRAULIC DRIVE OF CARS 
 

Kozlenkov Ratibor Nikolaevich, 
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Annotation. In the article the question of the thermal preparation of the hydraulic drive of construction ma-
chinery, operating at low negative ambient temperatures. To this end, the variants of modernization of hydrau-
lic drive elements, which increase the efficiency of the construction machinery.  
Key words. construction machinery, hydraulic, thermal preparation, low temperature. 
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ɼʣʷ ʩʥʠʞʝʥʠʷ ʚʨʝʤʝʥʠ ʧʨʦʛʨʝʚʘ ʛʠʜʨʦʙʘʢʘ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʨʦʛʨʝʚʘ ʵʣʝʤʝʥʪʦʚ ʛʠʜʨʦʧʨʠʚʦʜʘ 
ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʦʚʤʝʩʪʠʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʦʛʨʝʚʘ ʛʠʜʨʦʙʘʢʘ ʚʳʭʣʦʧʥʳʤʠ ʛʘʟʘʤʠ ɼɺʉ ʩ ʢʦʥʩʪʨʫʢʮʠʝʡ ʩʠ-
ʩʪʝʤʳ, ʚ ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʣʳʡ ʛʠʜʨʦʙʘʢ. 

 

 
ʉʡʪ. 1. ʊʡʪʫʞʥʙ ʫʞʨʤʧʛʧʢ ʨʧʝʜʧʫʧʛʣʡ ʜʡʝʩʧʨʩʡʛʧʝʙ: 1 ɽɻʊ; 2 ð ʜʡʝʩʧʚʙʣ; 3 ð ʫʞʨʤʧʧʚʥʞʦ-

ʦʡʣ; 4 ð ʜʡʝʩʧʯʡʤʡʦʝʩ; 5 ð ʝʧʨʧʤʦʡʫʞʤʵʦʙʸ ʜʡʝʩʧʤʡʦʡʸ 
 
ɼʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʛʨʝʚʘ ʛʠʜʨʦʙʘʢʘ ʉʄ ʦʙʲʷʩʥʷʝʪʩʷ ʙʦʣʴʰʠʤ ʦʙʲʸ- ʤʦʤ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ, ʥʘʭʦ-

ʜʷʱʝʤʩʷ ʚ ʥʝʤ. ʂ ʧʨʠʤʝʨʫ, ʦʙʲʝʤ ʞʠʜʢʦʩʪʠ ʚ ʛʠʜʨʦʙʘʢʝ ʵʢʩʢʘʚʘʪʦʨʘ ʧʷʪʦʡ ʨʘʟʤʝʨʥʦʡ ʛʨʫʧʧʳ ʩʦʩʪʘʚ-
ʣʷʝʪ 300-400 ʣʠʪʨʦʚ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʪʝʧʣʦʚʦʡ ʧʦʜʛʦʪʦʚʢʠ ʛʠʜʨʦ- ʧʨʠʚʦʜʘ 
ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʧʨʦʛʨʝʚʝ ʩʨʘʟʫ ʚʩʝʛʦ ʦʙʲʝʤʘ ʨʘʙʦʯʝʡ ʞʠʜʢʦ- ʩʪʠ. 

ʀʤʧʦʨʪʥʳʤʠ ʘʥʘʣʦʛʘʤʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʤʘʩʣʘ ɺʄɻɿ ʷʚʣʷʶʪʩʷ Shell Tellus 15, Mobil DTE 11M, 
TEBOIL Hydraulic Oil 15, Castrol Hyspin AWS 15. ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʪʨʘʪʳ ʥʘ ʨʘʙʦʯʫʶ ʞʠʜʢʦʩʪʴ 
ʵʢʩʢʘʚʘʪʦ- ʨʘ 5-ʦʡ ʨʘʟʤʝʨʥʦʡ ʛʨʫʧʧʳ (300 ʣ). ɿʘʪʨʘʪʳ ʚ ʮʝʥʘʭ 2016 ʛʦʜʘ. ʀʩʧʦʣʴʟʦʚʘ- ʥʠʝ ʘʥʘʣʦʛʦʚ 
ʨʘʙʦʯʠʭ ʞʠʜʢʦʩʪʝʡ ʟʘʨʫʙʝʞʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʫʚʝʣʠʯʠʚʘʝʪ ʟʘʪʨʘʪʳ ʜʦ 4,5 ʨʘʟ. 

 

ʉʡʪ. 2. ʀʙʫʩʙʫʴ ʦʙ ʩʙʚʧʰʬʷ ʟʡʝʣʧʪʫʵ ʶʣʪʣʙʛʙʫʧʩʙ 5-ʧʢ ʩʙʠʥʞʩʦʧʢ ʜʩʬʨʨʴ 
 
ʕʢʩʧʣʫʘʪʠʨʫʷ ʉʄ ʧʨʠ ʥʘʛʨʝʪʦʤ ʤʘʩʣʝ ʚ ʙʘʢʝ ʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʦʠʩʭʦ-

ʜʠʪ ʢʦʥʜʝʥʩʘʮʠʷ ʚʣʘʛʠ ʠʟ ʚʦʟʜʫʭʘʇʨʠ ʪʝʭʥʠʯʝʩʢʦʤ ʦʙ- ʩʣʫʞʠʚʘʥʠʠ ʉʄ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʦʩʚʦʙʦʞʜʘʪʴ 
ʛʠʜʨʦʙʘʢ ʦʪ ʥʘʢʦʧʠʚʰʝʡʩʷ ʚʣʘʛʠ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ ʯʝʨʝʟ ʩʣʠʚʥʳʝ ʧʨʦʙʢʠ. [4] 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʛʨʝʚʘ ʛʠʜʨʦʙʘʢʘ ʦʪ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ɼɺʉ ʟʘ- ʚʠʩʠʪ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʪʝʧʣʦ-
ʦʙʤʝʥʥʠʢʘ. ʊʝʧʣʦʦʪʜʘʯʘ ʦʪ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘ- ʟʦʚ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʩ ʫʯʝʪʦʤ ʧʦʪʝʨʴ ʚ ʦʢʨʫʞʘʶʱʫʶ 
ʩʨʝʜʫ ʦʩʫʱʝʩʪʚʣʷ- ʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: 

1 ï ʦʪ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʢʝ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʦʙ- ʤʝʥʥʠʢʘ; 
2 ï ʦʪ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥʢʠ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ; 
3 ï ʦʪ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʢ ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʢʝ ʛʠʜʨʦʙʘʢʘ; 
4 ï ʦʪ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʛʠʜʨʦʙʘʢʘ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 
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V ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [3] ʧʦʣʫʯʝʥʦ, ʯʪʦ ʧʨʝʜʧʦʯʪʠʪʝʣʝʥ ʚʘʨʠʘʥʪʘ ʪʝʧ-
ʣʦʩʲʝʤʘ ʩ ʧʦʤʦʱʴʶ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʚ ʚʠʜʝ ʧʫʯʢʘ ʪʨʫʙ. ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʧʨʦʛʨʝʚʘ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʛʨʘʥʫʣ ʚ ʨʘʙʦʯʝʡ 
ʞʠʜʢʦʩʪʠ. ʈʝʘʣʠʟʘʮʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʦʜʭʦʜʘ ʧʦ ʩʦʚʤʝʱʝʥʠʶ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʦʛʨʝʚʘ ʛʠʜʨʦʙʘʢʘ ʚʳʭʣʦʧ-
ʥʳʤʠ ʛʘʟʘʤʠ ɼɺʉ ʩ ʢʦʥʩʪʨʫʢʮʠʝʡ ʩʠʩʪʝʤʳ, ʚ ʢʦ- ʪʦʨʦʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʣʳʡ ʛʠʜʨʦʙʘʢ [2] ʧʨʝʜʩʪʘʚʣʝʥʘ 
ʥʘ ʩʭʝʤʝ (ʨʠʩ. 3). 

ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʛʠʜʨʦʧʨʠʚʦʜʦʚ ʦʪʤʝʯʘʶʪʩʷ 
ʩʣʝʜʫʶʱʠʝ ʪʝʥʜʝʥʮʠʠ: 

ï ʧʦʚʳʰʝʥʠʝ ʨʘʙʦʯʠʭ ʜʘʚʣʝʥʠʡ ʠ ʩʚʷʟʘʥʥʦʝ ʩ ʵʪʠʤ ʨʘʩʰʠʨʝʥʠʝ ʚʝʨʭʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʨʝ-
ʜʝʣʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʘʙʦʯʠʭ ʞʠʜʢʦʩʪʝʡ; 

ï ʫʤʝʥʴʰʝʥʠʝ ʦʙʱʝʡ ʤʘʩʩʳ ʧʨʠʚʦʜʘ (ʫʚʝʣʠʯʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʧʝʨʝʜʘʚʘʝʤʦʡ ʤʦʱʥʦʩʪʠ ʢ ʤʘʩ-
ʩʝ). ʕʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ; 

ʫʤʝʥʴʰʝʥʠʝ ʨʘʙʦʯʠʭ ʟʘʟʦʨʦʚ ʚ ʧʦʜʚʠʞʥʳʭ ʵʣʝʤʝʥʪʘʭ ʛʠʜʨʦʧʨʠʚʦʜʘ, ʧʦʵʪʦʤʫ ʧʦʚʳʰʘʶʪʩʷ ʪʨʝ-
ʙʦʚʘʥʠʷ ʢ ʯʠʩʪʦʪʝ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ, ʝʝ ʬʠʣʴʪʨʫʝʤʦʩʪʠ. 

 

 
ʉʡʪ. 3. ɼʡʝʩʧʪʮʞʥʙ ʨʩʧʜʩʞʛʙ ʪ ʨʧʥʧʲʵʷ ʥʙʤʧʜʧ ʜʡʝʩʧʚʙʣʙ: 1 ð ɽɻʊ, 2 ð ɦ ʫʙʫʦʴʢ ʜʡʝʩʧʚʙʣ, 3 ð 
ʥʙʤʴʢ ʜʡʝʩʧʚʙʣ, 4 ð ʫʞʨʤʧʧʚʥʞʦʦʡʣ ʥʙʤʧʜʧ ʜʡʝʩʧʚʙʣʙ, 5 ð ʠʧʤʧʫʦʡʣ, 6 ð ʜʡʝʩʧʦʙʪʧʪ, 7 ð ʜʡʝʩʧ-

ʩʙʪʨʩʞʝʞʤʡʫʞʤʵ, 8 ð ʜʡʝʩʧʝʛʡʜʙʞʤʵ 
 
ʆʙʲʸʤ ʤʘʣʦʛʦ ʛʠʜʨʦʙʘʢʘ ʩʦʩʪʘʚʣʷʝʪ 10-20% ʦʪ ʰʪʘʪʥʦʛʦ ʛʠʜʨʦʙʘʢʘ. ʄʘʣʳʡ ʠ ʰʪʘʪʥʳʡ ʛʠʜʨʦʙʘʢ, 

ʩʦʝʜʠʥʝʥʳ ʛʠʜʨʦʣʠʥʠʷʤʠ ʩ ʛʠʜʨʦʥʘʩʦʩʦʤ ʯʝʨʝʟ ʟʦʣʦʪʥʠʢ. ɻʠʜʨʦʥʘʩʦʩ ʩʦʝʜʠʥʸʥ ʩ ʛʠʜʨʦʜʚʠʛʘʪʝʣʝʤ ʯʝ-
ʨʝʟ ʛʠʜʨʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴ. ʊʝʧʣʦʦʙʤʝʥʥʠʢ ʩʦʝʜʠʥʸʥ ʩ ɼɺʉ ʯʝʨʝʟ ʚʳʭʣʦʧʥʫʶ ʩʠʩʪʝʤʫ ʩ ʟʘʩʣʦʥʢʦʡ [3]. 
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ʌɻɹʆʋ ɺʆ çʄɻʊʋ çʉʊɸʅʂʀʅè 
 

  
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʝʥʠʝ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʨʦʚ çʕʣʴʙʨʫʩè ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝ-
ʨʘʭ ʤʦʞʝʪ ʜʘʪʴ ʥʦʚʳʡ ʪʦʣʯʦʢ ʢ ʨʘʟʚʠʪʠ ʁʀʊ-ʩʠʩʪʝʤ. ɺ ʧʨʦʤʳʰʣʝʥʥʦʤ ʩʝʢʪʦʨʝ ʪʘʢʦʝ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦ-
ʣʦʛʠʡ ʧʨʝʜʦʩʪʘʚʠʪ ʫʥʠʢʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʩʠʩʪʝʤ ʏʇʋ ʩ ʘʨʭʠʪʝʢʪʫʨʥʦʡ PCNC ʩʦ-
ʟʜʘʪʴ ʧʦʣʥʦʩʪʴʶ ʦʪʝʯʝʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʠ ʠʥʬʦʨʤʘʮʠʦʥ-
ʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʘʷ ʧʣʘʪʬʦʨʤʘ, ʣʘʙʦʨʘʪʦʨʥʳʡ ʩʪʝʥʜ, ʩʠʩʪʝʤʘ ʏʇʋ, ʤʠʢʨʦʧʨʦ-
ʮʝʩʩʦʨʳ çʕʣʴʙʨʫʩè. 
 
DEVELOPMENT OF LABORATORY STANDS FOR THE SYSTEM OF CNC çAXIOM CONTROLè BASED 

ON A COMPUTING PLATFORM WITH THE ELBRUS MICROPROCESSOR 
 

Kovalev Ilya Alexandrovich,  
Kvashnin Denis Yuryevich, 

Chervonnova Nadezda Yuryevna, 
Nikishechkin Petr Anatolyevich 

 
Abstract: Currently, the use of domestic Elbrus processors in various fields can give a new impetus to the 
development of IT systems. In the industrial sector, such a development of technologies will provide unique 
opportunities for developers of CNC systems with architectural PCNC to create a fully domestic solution that 
will ensure the technological and information security of domestic enterprises. 
Key words: hardware and software platform, laboratory bench, CNC system, Elbrus microprocessors. 
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V ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ, ʜʦʢʘʟʳʚʘʶʱʠʭ ʧʨʘʢʪʠʯʝʩʢʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝ-
ʩʢʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʨʦʛʘʣʴʥʦ-ʬʨʝʟʝʨʥʦʛʦ ʩʪʘʥʢʘ ʕ107ʄ ʩʠʩʪʝʤʦʡ ʏʇʋ çɸʢʩʠ-
ʆʄɸ ʂʦʥʪʨʦʣè, ʬʫʥʢʮʠʦʥʠʨʫʶʱʝʡ ʥʘ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʡ ʧʣʘʪʬʦʨʤʝ ʩ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʦʤ çʕʣʴ-
ʙʨʫʩè, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʨʷʜ ʪʝʩʪʦʚʳʭ ʠʩʧʳʪʘʥʠʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʣʘʙʦʨʘ-
ʪʦʨʥʳʝ ʩʪʝʥʜʳ.  

ʋʧʨʦʱʝʥʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʪʘʥʢʦʤ ʕ107ʄ 
ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
ʉʡʪ.1. ʌʨʩʧʲʞʦʦʙʸ ʪʮʞʥʙ ʣʧʥʨʧʦʞʦʫʧʛ ʪʫʙʦʣʙ ʖ107ʅ 

 
ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ. ɺ ʵʣʝʢʪʨʦʰʢʘʬʫ ʩʪʘʥʢʘ, ʚ ʢʦʪʦʨʦʤ ʨʘʩʧʦʣʘ-

ʛʘʶʪʩʷ ʢʦʥʪʨʦʣʣʝʨʳ ʧʨʠʚʦʜʦʚ ʣʠʥʝʡʥʳʭ ʠ ʢʨʫʛʦʚʳʭ ʦʩʝʡ, ʫʜʘʣʝʥʥʳʝ ʚʭʦʜʳ/ʚʳʭʦʜʳ (ʙʘʩʢʘʧʣʝʨʳ), 
ʄʈɺ (ʤʘʰʠʥʘ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ), ʧʘʥʝʣʴ ʦʧʝʨʘʪʦʨʘ ʠ ʩʪʘʥʦʯʥʘʷ ʧʘʥʝʣʴ. ʄʘʰʠʥʘ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 
ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʩʠʩʪʝʤʦʡ 
LinuxRT ʠ ʧʣʘʪʦʡ SERCANS ʜʣʷ ʩʚʷʟʠ ʩ ʢʦʥʪʨʦʣʣʝʨʘ ʧʨʠʚʦʜʦʚ ʠ ʙʘʩʢʘʧʣʝʨʘʤʠ ʧʦ ʧʨʦʤʳʰʣʝʥʥʦʤʫ 
ʧʨʦʪʦʢʦʣʫ Sercos III.  

ʂʨʘʩʥʳʤ ʧʫʥʢʪʠʨʦʤ ʥʘ ʨʠʩʫʥʢʝ 1 ʚʳʜʝʣʝʥʳ ʦʙʣʘʩʪʠ, ʢʦʪʦʨʳʝ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʝʦʙʭʦʜʠʤʦ 
ʫʯʝʩʪʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʩʪʝʥʜʦʚ ʠ ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʚ ʥʘʣʠʯʠʠ ʚ ʨʝʘʣʴʥʦʤ ʠʣʠ ʚʠʨ-
ʪʫʘʣʝʥ ʚʠʜʝ (ʥʘʧʨʠʤʝʨ, ʩʪʘʥʦʯʥʘʷ ʧʘʥʝʣʴ), ʥʦ ʧʨʠ ʵʪʦʤ ʧʦʣʥʦʩʪʴʶ ʦʪʨʘʙʘʪʳʚʘʪʴ ʨʘʙʦʯʠʡ ʬʫʥʢʮʠʦʥʘʣ 
ʘʥʘʣʦʛʠʯʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʩʪʨʦʛʘʣʴʥʦ-ʬʨʝʟʝʨʥʦʤ ʩʪʘʥʢʝ.  

ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚʥʝʩʝʥʠʝ ʠʟʤʝʥʝʥʠʡ ʚ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʫʶ ʧʣʘʪʬʦʨʤʫ ʩʠ-
ʩʪʝʤʳ ʏʇʋ çɸʢʩʠʆʄɸ ʂʦʥʪʨʦʣè ʥʘ ʩʪʘʥʢʝ, ʘ ʠʤʝʥʥʦ ʟʘʤʝʥʘ ʝʝ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʚʘʨʠʘʥʪ ʧʦʜ ʫʧʨʘʚ-
ʣʝʥʠʝʤ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘ çʕʣʴʙʨʫʩè. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʨʘʙʦʯʘʷ ʩʪʘʥʮʠʷ çʕʣʴʙʨʫʩ 401-ʈʉè, ʪʘʢ ʠ 
ʨʘʙʦʯʘʷ ʩʪʘʥʮʠʷ çʕʣʴʙʨʫʩ 801-ʈʉè. ʂʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʳʡ ʧʦʜʭʦʜ ʢ ʧʦʩʪʨʦʝʥʠʶ ʩʠʩʪʝʤʳ ʏʇʋ çɸʢʩʠ-
ʆʄɸ ʂʦʥʪʨʦʣè ʧʦʟʚʦʣʷʝʪ ʧʦʨʪʠʨʦʚʘʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʦʝ ʷʜʨʦ ʥʘ ʨʘʟʣʠʯʥʳʝ ʧʣʘʪʬʦʨʤʳ ʩ ʤʠʥʠʤʘʣʴ-
ʥʳʤʠ ʬʠʥʘʥʩʦʚʳʤʠ ʠ ʚʨʝʤʝʥʥʳʤʠ ʠʟʜʝʨʞʢʘʤʠ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʚʩʝʭ ʪʨʝʙʦʚʘʥʠʡ ʨʘʙʦʪʳ [1]. 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʣʦʩʴ ʚʳʧʦʣʥʝʥʠʝ ʜʝʡʩʪʚʠʡ ʧʦ ʦʪʨʘʙʦʪʢʝ ʫʧʨʘʚʣʷʶʱʠʭ ʧʨʦʛʨʘʤʤ ʧʨʠ ʨʝ-
ʘʣʴʥʦʤ ʧʝʨʝʤʝʱʝʥʠʠ ʬʠʟʠʯʝʩʢʠʭ ʦʩʝʡ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ (ɸʚʪʦ, ʈʫʯʥʦʡ, Jog) ʠ ʧʨʦʛʨʘʤʤ ʵʣʝʢʪʨʦ-
ʘʚʪʦʤʘʪʠʢʠ. 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥ ʚʘʨʠʘʥʪ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʘ ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʣʝʞʠʪ ʙʘʟʦʚʘʷ ʚʳ-
ʯʠʩʣʠʪʝʣʴʥʘʷ ʧʣʘʪʬʦʨʤʘ ʥʘ ʦʩʥʦʚʝ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘ çʕʣʴʙʨʫʩè - ʨʘʙʦʯʘʷ ʩʪʘʥʮʠʷ çʕʣʴʙʨʫʩ 801è. ʅʘ 
ʜʘʥʥʦʡ ʧʣʘʪʬʦʨʤʝ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʩʠʩʪʝʤʘ ʏʇʋ çɸʢʩʠʆʄɸ ʂʦʥʪʨʦʣè, ʝʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʷʜʨʦ, ʢʦʪʦ-
ʨʦʝ ʦʪʚʝʯʘʝʪ ʟʘ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ, ʣʦʛʠʯʝʩʢʫʶ, ʜʠʘʛʥʦʩʪʠʯʝʩʢʫʶ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ [2]. 

 














































































































































































































































































































































































































