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Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 
ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 

«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 
 

ɉɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ  
Ʉɚɮɟɞɪɚ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɢɯ ɤɨɦɩɥɟɤɫɨɜ ɢ ɫɢɫɬɟɦ 

 
 

ɍɌȼȿɊɀȾȺɘ                    
Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 

 
                                                                                    _______  ȼ. ɂ. ɉɚɧɬɟɥɟɟɜ 

          ɩɨɞɩɢɫɶ  
         

« _____»   __________2019 ɝ. 
 

 
ɆȺȽɂɋɌȿɊɋɄȺə ȾɂɋɋȿɊɌȺɐɂə 

 

Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɧɚ ɛɚɡɟ 
ɜɟɬɪɨɭɫɬɚɧɨɜɤɢ 

13.04.02 ɗɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɚ ɢ ɷɥɟɤɬɪɨɬɟɯɧɢɤɚ 

13.04.02.05 ɗɥɟɤɬɪɨɩɪɢɜɨɞɵ ɢ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ 

                
  
ɇɚɭɱɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶ   _________ Ⱦɨɰɟɧɬ. ɤɚɮ. ɗɌɄɢɋ, ɤ.ɬ.ɧ Ʉ. ɋ. Ɏɟɞɢɣ 
   ɩɨɞɩɢɫɶ, ɞɚɬɚ          ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɚɹ ɫɬɟɩɟɧɶ      ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ  
 

ȼɵɩɭɫɤɧɢɤ                        _________                       ɇ. ɏ. Ⱦɨɧɝɚɤ 
                                            ɩɨɞɩɢɫɶ, ɞɚɬɚ                                 ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ    
 

Ɋɟɰɟɧɡɟɧɬ                          _________   _________________ Ⱥ-ɏ. ɗ. ɑɨɨɞɭɪ 
    ɩɨɞɩɢɫɶ, ɞɚɬɚ          ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɚɹ ɫɬɟɩɟɧɶ ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
 
 

ɇɨɪɦɨɤɨɧɬɪɨɥɟɪ             _________   Ⱦɨɰɟɧɬ. ɤɚɮ. ɗɌɄɢɋ, ɤ.ɬ.ɧ Ʉ. ɋ. Ɏɟɞɢɣ 
    ɩɨɞɩɢɫɶ, ɞɚɬɚ          ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɚɹ ɫɬɟɩɟɧɶ ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

 
 
 

Ʉɪɚɫɧɨɹɪɫɤ 2019 
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Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɹ 
ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 

« ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

ɉɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ  
Ʉɚɮɟɞɪɚ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɢɯ ɤɨɦɩɥɟɤɫɨɜ 

 
 

ɍɌȼȿɊɀȾȺɘ 
Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ  

               B. ɂ. ɉɚɧɬɟɥɟɟɜ  
    ɩɨɞɩɢɫɶ 

«  »           2017ɝ. 
 
 
 

 
ɁȺȾȺɇɂȿ  

ɇȺ ȼɕɉɍɋɄɇɍɘ ɄȼȺɅɂɎɂɄȺɐɂɈɇɇɍɘ ɊȺȻɈɌɍ 

ɜ ɮɨɪɦɟ  ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ 
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ɋɬɭɞɟɧɬɭ  Ⱦɨɧɝɚɤ ɇɚɪɵɧ ɏɟɪɟɥɨɜɢɱɭ  
ɮɚɦɢɥɢɹ, ɢɦɹ, ɨɬɱɟɫɬɜɨ 

Ƚɪɭɩɩɚ Ɏɗ17-08Ɇ ɇɚɩɪɚɜɥɟɧɢɟ (ɫɩɟɰɢɚɥɶɧɨɫɬɶ)     13.04.02.05  
                          ɧɨɦɟɪ                                   ɤɨɞ 

  ɗɥɟɤɬɪɨɩɪɢɜɨɞɵ ɢ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ  Ɍɟɦɚ   
                                                                    ɧɚɢɦɟɧɨɜɚɧɢɟ 

Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ  Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ 

ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɧɚ ɛɚɡɟ ɜɟɬɪɨɭɫɬɚɧɨɜɤɢ.  

ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ № 15505/ɫ  ɨɬ 26.10.2017 

Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ Ʉ.ɋ Ɏɟɞɢɣ, ɤɚɧɞɢɞɚɬ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ, ɞɨɰɟɧɬ 

ɉɨɥɢɬɟɯɧɢɱɟɫɤɨɝɨ ɢɧɫɬɢɬɭɬɚ ɋɢɛɢɪɫɤɨɝɨ ɮɟɞɟɪɚɥɶɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ, ɝ. 

Ʉɪɚɫɧɨɹɪɫɤ. 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ȼɄɊ  ȼɟɬɪɨɷɥɟɤɬɪɢɱɟɫɤɚɹ ɭɫɬɚɧɨɜɤɚ (ȼɗɍ) ɫ 

ɫɢɧɯɪɨɧɧɵɦ ɝɟɧɟɪɚɬɨɪɨɦ ɧɚ ɩɨɫɬɨɹɧɧɵɯ ɦɚɝɧɢɬɚɯ ɦɨɳɧɨɫɬɶɸ 8 ɤȼɬ, 

ɧɚɩɪɹɠɟɧɢɟɦ 220/380 ȼ. 

ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ȼɄɊ ȼɜɟɞɟɧɢɟ, ɨɛɡɨɪ ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ, ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ 

ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ ɧɚ ɛɚɡɟ ɜɟɬɪɨɭɫɬɚɧɨɜɤɢ, ɫɨɫɬɚɜɥɟɧɢɟ ɷɥɟɦɟɧɬɨɜ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, ɨɰɟɧɤɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɜɟɬɪɨ-ɞɢɡɟɥɶɧɨɝɨ 

ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɤɨɦɩɥɟɤɫɚ.  

 

Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ                          _________                       Ʉ. ɋ. Ɏɟɞɢɣ 
                                                               ɩɨɞɩɢɫɶ ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ    
 

Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ       _________                       ɇ. ɏ. Ⱦɨɧɝɚɤ 
                                                               ɩɨɞɩɢɫɶ                                    ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ ɫɬɭɞɟɧɬɚ  
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Ɇɢɧɢɫɬɟɪɫɬɜɨ ɧɚɭɤɢ ɢ ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ ɊɎ 

Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 
ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 

«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 
ɉɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ 

ɈɌɁɕȼ 
ɪɭɤɨɜɨɞɢɬɟɥɹ ɨ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ ɫɬɭɞɟɧɬɚ 

ɝɪɭɩɩɵ Ɏɗ17-08Ɇ  
 

Ⱦɨɧɝɚɤ ɇɚɪɵɧ ɏɟɪɟɥɨɜɢɱ 

(Ɏ.ɂ.Ɉ. ɫɬɭɞɟɧɬɚ) 

1. ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɨ ɡɚɞɚɧɢɸ 
ɉɨɥɢɬɟɯɧɢɱɟɫɤɨɝɨ ɢɧɫɬɢɬɭɬɚ «ɋɢɛɢɪɫɤɨɝɨ ɮɟɞɟɪɚɥɶɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ» 

(ɧɚɢɦɟɧɨɜɚɧɢɟ ɨɪɝɚɧɢɡɚɰɢɢ, ɨɬɞɟɥɚ) 

2. ȼ ɪɚɛɨɬɟ ɪɟɲɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ:  
2.1)  ɂɡɭɱɟɧɵ ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɶ ɜɟɬɪɨɭɫɬɚɧɨɜɤɢ ɜ ɋɢɛɢɪɫɤɨɦ ɪɟɝɢɨɧɟ; 
2.2) ɉɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɫɭɳɟɫɬɜɭɸɳɢɯ ɪɚɡɪɚɛɨɬɨɤ ɩɨ ɬɢɩɭ ɢɫɩɨɥɧɟɧɢɹ; 
2.3) ɉɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɦɟɫɬ ɩɪɢɦɟɧɟɧɢɹ 
ɜɟɬɪɨɭɫɬɚɧɨɜɤɢ.   
2.4) Ɋɚɡɪɚɛɨɬɚɧɚ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɪɟɠɢɦɚɦɢ ɪɚɛɨɬɵ; 
2.5) Ɋɚɡɪɚɛɨɬɚɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ 
ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ. 
 
 

3. Ɂɚɦɟɱɚɧɢɹ ɢ ɩɪɟɞɥɨɠɟɧɢɹ ɩɨ ɪɚɛɨɬɟ ɢ ɟɟ ɨɰɟɧɤɚ  

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɧɚ ɜɵɫɨɤɨɦ ɬɟɯɧɢɱɟɫɤɨɦ 
ɭɪɨɜɧɟ ɫɭɳɟɫɬɜɟɧɧɵɯ ɡɚɦɟɱɚɧɢɣ ɧɟɬ. 

Ɉɰɟɧɤɚ «ɈɌɅɂɑɇɈ» 
 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ                   _______________               / Ɏɟɞɢɣ Ʉ. ɋ. / 

      ɩɨɞɩɢɫɶ                                   Ɏ.ɂ.Ɉ. 
 

 

http://edu.sfu-kras.ru/timetable?group=%D0%A4%D0%AD18-08%D0%9C
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ɋɈȾȿɊɀȺɇɂȿ 
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ȼȼȿȾȿɇɂȿ 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɫɟ ɛɨɥɶɲɟɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɤɚɱɟɫɬɜɟ ɩɢɬɚɧɢɹ 

ɞɟɰɟɧɬɪɚɥɢɡɨɜɚɧɧɵɯ ɫɢɫɬɟɦ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜɨɡɨɛɧɨɜɥɹɟɦɵɟ ɢɫɬɨɱɧɢɤɢ 

ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ. 

Ɉɞɧɨɣ ɢɡ ɤɥɸɱɟɜɵɯ ɡɚɞɚɱ ɞɥɹ Ɋɨɫɫɢɢ ɹɜɥɹɟɬɫɹ ɩɪɨɦɵɲɥɟɧɧɨɟ ɢ 

ɫɨɰɢɚɥɶɧɨɟ ɪɚɡɜɢɬɢɟ ɭɞɚɥɟɧɧɵɯ ɜɨɫɬɨɱɧɵɯ ɪɟɝɢɨɧɨɜ. Ɋɨɫɬ ɱɢɫɥɟɧɧɨɫɬɢ 

ɧɚɫɟɥɟɧɢɹ ɢ ɪɟɚɥɢɡɚɰɢɹ ɢɧɜɟɫɬɢɰɢɨɧɧɵɯ ɩɪɨɟɤɬɨɜ ɧɚɩɪɹɦɭɸ ɫɜɹɡɚɧɵ ɫ 

ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɭɜɟɥɢɱɟɧɢɹ ɨɛɴɟɦɨɜ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ.  

ȼɚɪɢɚɧɬ ɷɥɟɤɬɪɢɮɢɤɚɰɢɢ ɩɭɬɟɦ ɪɚɫɲɢɪɟɧɢɹ ɨɛɴɟɞɢɧɟɧɧɵɯ ɷɧɟɪɝɨɫɢɫɬɟɦ 

ɞɥɹ ɛɨɥɶɲɢɧɫɬɜɚ ɜɨɫɬɨɱɧɵɯ ɪɚɣɨɧɨɜ ɫɬɪɚɧɵ ɹɜɥɹɟɬɫɹ ɧɟɪɟɧɬɚɛɟɥɶɧɵɦ. ɇɢɡɤɚɹ 

ɩɥɨɬɧɨɫɬɶ ɧɚɫɟɥɟɧɢɹ ɢ ɡɧɚɱɢɬɟɥɶɧɵɟ ɪɟɫɭɪɫɵ ɜɟɬɪɨɜɨɣ ɢ ɫɨɥɧɟɱɧɨɣ ɷɧɟɪɝɢɢ ɜ 

ȼɨɫɬɨɱɧɨɣ ɋɢɛɢɪɢ ɢ ɧɚ Ⱦɚɥɶɧɟɦ ȼɨɫɬɨɤɟ ɞɟɥɚɸɬ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɫɨɡɞɚɧɢɟ 

ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɢɯ ɤɨɦɩɥɟɤɫɨɜ ɦɚɥɨɣ ɦɨɳɧɨɫɬɢ ɫ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɦ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɷɧɟɪɝɨɭɫɬɚɧɨɜɨɤ ɧɚ ɜɨɡɨɛɧɨɜɥɹɟɦɵɯ ɢɫɬɨɱɧɢɤɚɯ ɷɧɟɪɝɢɢ 

(ȼɂɗ) ɢ ɧɚ ɨɪɝɚɧɢɱɟɫɤɨɦ ɬɨɩɥɢɜɟ. 

ȼɟɬɪɨɷɧɟɪɝɟɬɢɤɚ ɫɬɚɥɚ ɨɬɜɟɬɨɦ ɧɚ ɪɚɫɬɭɳɭɸ ɩɨɬɪɟɛɧɨɫɬɶ ɦɢɪɚ ɜ 

ɷɥɟɤɬɪɢɱɟɫɬɜɟ ɢ ɢɫɬɨɱɧɢɤɚɯ ɜɨɡɨɛɧɨɜɥɹɟɦɨɣ ɢ ɱɢɫɬɨɣ ɷɧɟɪɝɢɢ. ȼɫɟ ɛɨɥɶɲɟ 

ɥɸɞɟɣ  ɫɱɢɬɚɸɬ  ɷɧɟɪɝɢɸ  ɜɟɬɪɚ  ɥɭɱɲɢɦ  ɫɩɨɫɨɛɨɦ  ɝɟɧɟɪɢɪɨɜɚɧɢɹ 

ɷɥɟɤɬɪɢɱɟɫɬɜɚ, ɱɟɦ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɤɨɬɨɪɵɟ ɪɚɛɨɬɚɸɬ ɧɚ ɚɬɨɦɧɨɣ ɷɧɟɪɝɢɢ, 

ɷɧɟɪɝɢɢ ɜɨɞɵ ɢɥɢ ɭɝɥɹ. 

Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɚɜɬɨɧɨɦɧɚɹ ɤɨɦɛɢɧɢɪɨɜɚɧɧɚɹ ɫɢɫɬɟɦɚ 

ɧɚ ɛɚɡɟ ɜɟɬɪɨɭɫɬɚɧɨɜɤɢ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɚɹ ɞɥɹ ɷɧɟɪɝɨɫɧɚɛɠɟɧɢɹ ɱɚɫɬɧɨɝɨ 

ɞɨɦɚɲɧɟɝɨ ɯɨɡɹɣɫɬɜɚ. 

ɐɟɥɶ ɪɚɛɨɬɵ – ɫɨɫɬɨɢɬ  ɜ  ɫɨɡɞɚɧɢɢ  ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ  ɦɨɞɟɥɢ 

ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ ɧɚ ɛɚɡɟ ɜɟɬɪɨɭɫɬɚɧɨɜɤɢ. Ⱦɥɹ ɩɨɫɥɟɞɭɸɳɟɝɨ 

ɩɪɨɜɟɞɟɧɢɹ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɢ ɚɧɚɥɢɡɚ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɰɟɥɢ ɪɟɲɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 
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1) ɉɪɨɢɡɜɟɞɟɧ ɨɛɡɨɪ ɫɭɳɟɫɬɜɭɸɳɢɯ ɪɚɡɪɚɛɨɬɨɤ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɯ 

ɫɢɫɬɟɦ; 

2) Ɋɚɡɪɚɛɨɬɚɧɚ ɢɦɢɬɚɰɢɨɧɧɚɹ ɤɨɦɩɶɸɬɟɪɧɚɹ ɦɨɞɟɥɶ ɜɟɬɪɨɭɫɬɚɧɨɜɤɢ; 

3) ɇɚ ɨɫɧɨɜɟ ɪɟɡɭɥɶɬɚɬɨɜ ɱɢɫɥɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɪɚɡɪɚɛɨɬɚɧ 

ɚɥɝɨɪɢɬɦ ɭɩɪɚɜɥɟɧɢɹ ɦɨɳɧɨɫɬɶɸ ɜɟɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɢ, 

ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɜɵɫɨɤɭɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɪɢ ɪɚɛɨɬɟ ɜ ɲɢɪɨɤɨɦ 

ɞɢɚɩɚɡɨɧɟ ɫɤɨɪɨɫɬɟɣ ɜɟɬɪɚ; 

4) Ɋɚɡɪɚɛɨɬɚɧɚ ɫɬɪɭɤɬɭɪɧɚɹ ɢ ɫɢɥɨɜɚɹ ɫɯɟɦɚ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ 

ɫɢɫɬɟɦɵ, ɩɨɡɜɨɥɹɸɳɚɹ ɨɫɭɳɟɫɬɜɢɬɶ ɷɮɮɟɤɬɢɜɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɷɧɟɪɝɢɢ, ɟɟ 

ɫɭɦɦɢɪɨɜɚɧɢɟ, ɧɚɤɨɩɥɟɧɢɟ, ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɢ ɪɟɝɭɥɢɪɨɜɚɧɢɟ. 
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1. Ɉɛɡɨɪ ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ  

1.1 Ɉɛɳɢɟ ɫɜɟɞɟɧɢɹ  

ȼ ɦɢɪɟ ɫɭɳɟɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ ɢɫɬɨɱɧɢɤɨɜ ɜɨɡɨɛɧɨɜɥɹɟɦɨɣ ɷɧɟɪɝɢɢ, 

ɧɚɩɪɢɦɟɪ: ɷɧɟɪɝɢɹ ɜɨɥɧ, ɫɨɥɧɟɱɧɨɝɨ ɫɜɟɬɚ, ɩɪɢɥɢɜɨɜ ɢ ɨɬɥɢɜɨɜ, ɚ ɬɚɤɠɟ ɷɧɟɪɝɢɹ 

ɜɟɬɪɚ. ȿɳɟ ɜ ɫɪɟɞɧɢɟ ɜɟɤɚ ɥɸɞɢ ɫɬɪɨɢɥɢ ɜɟɬɪɹɧɵɟ ɦɟɥɶɧɢɰɵ ɞɥɹ ɩɨɦɨɥɚ ɡɟɪɧɚ 

ɢ ɩɨɞɴɟɦɚ ɜɨɞɵ.  

ȼɟɬɪɨɷɧɟɪɝɟɬɢɤɚ – ɷɬɨ ɨɬɪɚɫɥɶ ɷɧɟɪɝɟɬɢɤɢ, ɫɩɟɰɢɚɥɢɡɢɪɭɸɳɚɹɫɹ ɧɚ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɢ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɩɟɪɟɦɟɳɚɸɳɢɯɫɹ ɜɨɡɞɭɲɧɵɯ ɦɚɫɫ ɜ 

ɚɬɦɨɫɮɟɪɟ ɜ ɷɥɟɤɬɪɢɱɟɫɤɭɸ, ɬɟɩɥɨɜɭɸ ɢ ɥɸɛɭɸ ɞɪɭɝɭɸ ɮɨɪɦɭ ɷɧɟɪɝɢɢ. 

ɍɫɬɪɨɣɫɬɜɨ ɜɟɬɪɨɝɟɧɟɪɚɬɨɪɚ ɫ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɨɫɶɸ ɜɪɚɳɟɧɢɹ ɬɭɪɛɢɧɵ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1. 

 

 

Ɋɢɫɭɧɨɤ 1 – ɍɫɬɪɨɣɫɬɜɨ ɜɟɬɪɨɝɟɧɟɪɚɬɨɪɚ 
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Ʌɸɛɨɣ ɜɟɬɪɨɝɟɧɟɪɚɬɨɪ ɫɨɫɬɨɢɬ ɢɡ ɫɥɟɞɭɸɳɢɯ ɤɨɦɩɨɧɟɧɬɨɜ: 

 ɦɟɬɚɥɥɢɱɟɫɤɚɹ ɢɥɢ ɛɟɬɨɧɧɚɹ ɦɚɱɬɚ ɩɨɥɚɹ ɜɧɭɬɪɢ, ɨɧɚ ɢɦɟɟɬ 

ɨɩɪɟɞɟɥɟɧɧɭɸ ɜɵɫɨɬɭ; ɱɟɦ ɜɵɲɟ ɦɚɱɬɚ, ɬɟɦ ɛɨɥɶɲɭɸ ɫɢɥɭ ɜɟɬɪɚ ɢ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɷɧɟɪɝɢɸ ɜɟɬɪɚ ɩɨɥɭɱɚɬ ɟɟ ɥɨɩɚɫɬɢ; 

 ɝɨɧɞɨɥɚ – ɤɨɧɫɬɪɭɤɰɢɹ, ɤɨɬɨɪɚɹ ɭɫɬɚɧɨɜɥɟɧɚ ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɦɚɱɬɵ; 

ɜ ɧɟɣ ɧɚɯɨɞɹɬɫɹ ɜɚɥɵ, ɪɟɞɭɤɬɨɪ, ɝɟɧɟɪɚɬɨɪ, ɤɨɬɪɨɥɥɟɪ ɢ ɬɨɪɦɨɡ; 

 ɜɪɚɳɚɸɳɢɣɫɹ ɷɥɟɦɟɧɬ – ɪɨɬɨɪ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɥɨɩɚɫɬɟɣ ɢ ɫɬɭɩɢɰɵ; 

ɪɚɡɦɟɪ ɢ ɮɨɪɦɚ ɥɨɩɚɫɬɟɣ ɨɩɪɟɞɟɥɹɸɬ ɦɨɳɧɨɫɬɶ ɢ ɨɛɨɪɨɬɵ ɜɟɬɪɨɞɜɢɝɚɬɟɥɹ; 

 ɧɢɡɤɨɫɤɨɪɨɫɬɧɨɣ ɜɚɥ, ɨɧ ɩɪɢɜɨɞɢɬɫɹ ɜ ɞɜɢɠɟɧɢɟ ɪɨɬɨɪɨɦ; 

 ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɣ ɜɚɥ, ɩɨɞɫɨɟɞɢɧɟɧɧɵɣ ɤ ɝɟɧɟɪɚɬɨɪɭ; 

 ɪɟɞɭɤɬɨɪ, ɫɨɟɞɢɧɹɸɳɢɣ ɧɢɡɤɨɫɤɨɪɨɫɬɧɨɣ ɢ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɣ ɜɚɥ, 

ɰɟɥɶɸ ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɩɨɫɥɟɞɧɟɝɨ; 

 ɝɟɧɟɪɚɬɨɪ, ɤɨɬɨɪɵɣ, ɫɨɛɫɬɜɟɧɧɨ, ɢ ɜɵɪɚɛɚɬɵɜɚɟɬ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ; 

 ɤɨɧɬɪɨɥɥɟɪ – ɭɫɬɪɨɣɫɬɜɨ ɭɩɪɚɜɥɟɧɢɹ ɜɟɬɪɨɝɟɧɟɪɚɬɨɪɨɦ; 

 ɮɥɸɝɟɪ–ɦɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɣ ɩɪɢɛɨɪ, ɨɩɪɟɞɟɥɹɸɳɢɣ ɧɚɩɪɚɜɥɟɧɢɟ 

ɜɟɬɪɚ. Ɉɧ ɨɪɢɟɧɬɢɪɭɟɬ ɬɭɪɛɢɧɭ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ ɞɜɢɠɟɧɢɹ ɜɨɡɞɭɲɧɵɯ ɦɚɫɫ[4]; 

 ȺȻ ɢɦɟɟɬ ɞɜɟ ɮɭɧɤɰɢɢ; ɩɟɪɜɚɹ – ɧɚɤɨɩɥɟɧɢɟ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɫ 

ɰɟɥɶɸ ɟɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɟɟ ɩɪɢ ɧɟɛɨɥɶɲɨɦ ɜɟɬɪɟ ɢɥɢ ɟɝɨ ɨɬɫɭɬɫɬɜɢɢ; ɜɬɨɪɚɹ – 

ɫɬɚɛɢɥɢɡɚɰɢɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɩɨɥɭɱɟɧɧɨɣ ɨɬ ɝɟɧɟɪɚɬɨɪɚ [5]; 

 ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ ɜɜɨɞ ɪɟɡɟɪɜɚ (ȺȼɊ) – ɷɬɨ ɚɜɬɨɦɚɬɢɱɟɫɤɨɟ 

ɭɫɬɪɨɣɫɬɜɨ, ɩɨɡɜɨɥɹɸɳɟɟ ɩɨɬɪɟɛɢɬɟɥɸ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɩɟɪɟɤɥɸɱɚɬɶɫɹ ɫ ɨɞɧɨɝɨ 

ɢɫɬɨɱɧɢɤɚ ɷɧɟɪɝɢɢ ɧɚ ɞɪɭɝɨɣ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɨɝɨɞɧɵɯ ɭɫɥɨɜɢɣ, ɧɚɩɪɢɦɟɪ ɫ 

ɜɟɬɪɨɝɟɧɟɪɚɬɨɪɚ ɧɚ ɫɨɥɧɟɱɧɵɟ ɩɚɧɟɥɢ, ɥɢɛɨ ɧɚ ɷɥɟɤɬɪɨɫɟɬɶ [5]; 

 ɢɧɜɟɪɬɨɪ – ɷɬɨ ɭɫɬɪɨɣɫɬɜɨ, ɩɪɟɨɛɪɚɡɭɸɳɟɟ ɩɨɫɬɨɹɧɧɵɣ ɬɨɤ ɢɡ ȺȻ, ɜ 

ɩɟɪɟɦɟɧɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɞɥɹ ɷɥɟɤɬɪɨɫɟɬɢ ɩɨɥɶɡɨɜɚɬɟɥɹ; ɢɧɜɟɪɬɨɪɵ ɪɚɡɥɢɱɚɸɬɫɹ 

ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ ɫɢɧɭɫɨɢɞɵ, ɯɚɪɚɤɬɟɪɧɨɣ ɞɥɹ ɤɚɠɞɨɝɨ ɩɨɬɪɟɛɢɬɟɥɹ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ [5]; 
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 ɚɧɟɦɨɦɟɬɪ – ɷɬɨ ɩɪɢɛɨɪ, ɨɩɪɟɞɟɥɹɸɳɢɣ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ, 

ɫɨɟɞɢɧɟɧɧɵɣ ɫ ɤɨɧɬɪɨɥɥɟɪɨɦ ɞɥɹ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ; 

 ɬɨɪɦɨɡ, ɞɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɨɫɬɚɧɨɜɤɢ ɪɨɬɨɪɚ. [4] 

 

1.2  ɉɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ɢ ɤɪɚɬɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɜɟɬɪɨɭɫɬɚɧɨɜɤɢ 

 

ɉɪɢɦɟɧɟɧɢɟ ɷɧɟɪɝɢɢ ɜɟɬɪɨɜɨɝɨ ɩɨɬɨɤɚ ɞɥɹ ɝɟɧɟɪɚɰɢɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 

ɷɧɟɪɝɢɢ ɩɨɫɪɟɞɫɬɜɨɦ ȼɗɍ ɫɜɹɡɚɧɨ ɫ ɪɹɞɨɦ ɫɥɨɠɧɨɫɬɟɣ. ɋɤɨɪɨɫɬɶ ɜɟɬɪɚ ሺݒሻ 

ɹɜɥɹɟɬɫɹ ɧɟɩɨɫɬɨɹɧɧɨɣ ɜɟɥɢɱɢɧɨɣ, ɢ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɧɨɫɢɬ ɫɥɭɱɚɣɧɵɣ 

ɯɚɪɚɤɬɟɪ ɜɫɥɟɞɫɬɜɢɟ ɢɡɦɟɧɟɧɢɹ ɩɨɝɨɞɧɵɯ ɭɫɥɨɜɢɣ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɪɚɫɩɨɥɨɠɟɧɢɹ 

ȼɗɍ. Ⱦɚɧɧɵɣ ɮɚɤɬ ɩɪɢɜɨɞɢɬ ɤ ɡɧɚɱɢɬɟɥɶɧɵɦ ɢɡɦɟɧɟɧɢɹɦ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ 

ɜɟɬɪɨɤɨɥɟɫɚ ȼɗɍ ሺ𝜔ሻ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɜɚɪɶɢɪɭɟɬɫɹ ɜɵɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɧɚ 

ɜɚɥɭ ɝɟɧɟɪɚɬɨɪɚ ሺ ˆܷሻ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɧɟɩɨɫɬɨɹɧɫɬɜɭ ɟɝɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɨ 

ɚɦɩɥɢɬɭɞɟ, ɱɚɫɬɨɬɟ ɢ ɮɚɡɟ. ɋɛɪɨɫ ɢɥɢ ɨɬɤɥɸɱɟɧɢɟ ɧɚɝɪɭɡɤɢ, ɬɚɤ ɠɟ ɹɜɥɹɸɬɫɹ 

ɞɟɫɬɚɛɢɥɢɡɢɪɭɸɳɢɦɢ ɮɚɤɬɨɪɚɦɢ, ɤɨɬɨɪɵɟ ɩɪɢɜɨɞɹɬ ɤ ɢɡɦɟɧɟɧɢɸ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɝɟɧɟɪɢɪɭɟɦɨɣ ɷɧɟɪɝɢɢ. ȼɗɍ ɩɪɨɢɡɜɨɞɹɬ ɷɥɟɤɬɪɢɱɟɫɬɜɨ ɡɚ ɫɱɟɬ 

ɷɧɟɪɝɢɢ ɩɟɪɟɦɟɳɚɸɳɢɯɫɹ ɜɨɡɞɭɲɧɵɯ ɦɚɫɫ – ɜɟɬɪɚ. ȼɟɬɟɪ ɜɪɚɳɚɟɬ ɥɨɩɚɫɬɢ 

ɬɭɪɛɢɧɵ ɜɟɬɪɨɤɨɥɟɫɚ ɢ ɨɧɢ ɧɚɱɢɧɚɸɬ ɜɪɚɳɚɬɶɫɹ ɡɚ ɫɱɟɬ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ 

ɜɟɬɪɚ. Ɋɨɬɨɪ ɝɟɧɟɪɚɬɨɪɚ, ɧɚɯɨɞɹɳɢɣɫɹ ɧɚ ɨɞɧɨɦ ɜɚɥɭ ɫ ɬɭɪɛɢɧɨɣ, ɧɚɱɢɧɚɟɬ 

ɜɪɚɳɚɬɶɫɹ. ȼɪɚɳɚɹɫɶ, ɪɨɬɨɪ ɜɵɪɚɛɚɬɵɜɚɟɬ ɬɪɟɯɮɚɡɧɵɣ ɩɟɪɟɦɟɧɧɵɣ ɬɨɤ. 

ȼɵɪɚɛɨɬɚɧɧɵɣ ɝɟɧɟɪɚɬɨɪɨɦ, ɬɨɤ ɩɟɪɟɞɚɟɬɫɹ ɧɚ ɤɨɧɬɪɨɥɥɟɪ. Ʉɨɧɬɪɨɥɥɟɪ 

ɩɪɟɨɛɪɚɡɭɟɬ ɟɝɨ ɜ ɩɨɫɬɨɹɧɧɵɣ ɢ ɡɚɪɹɠɚɟɬ ȺȻ. ɉɪɨɯɨɞɹ ɱɟɪɟɡ ɧɢɯ, ɬɨɤ ɩɨɫɬɭɩɚɟɬ 

ɧɚ ɢɧɜɟɪɬɨɪ, ɤɨɬɨɪɵɣ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɩɪɟɨɛɪɚɡɭɟɬ ɟɝɨ ɜ ɩɟɪɟɦɟɧɧɨɟ 

ɧɚɩɪɹɠɟɧɢɟ 220 ȼ, ɱɚɫɬɨɬɨɣ 50 Ƚɰ ɢ ɡɚɞɚɧɧɨɣ ɚɦɩɥɢɬɭɞɵ ɢ ɮɚɡɵ. Ɉɞɧɚɤɨ, 

ɜɨɡɦɨɠɧɨɫɬɢ ɢɧɜɟɪɬɨɪɚ ɩɨ ɩɨɞɞɟɪɠɚɧɢɸ ɡɚɞɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɜɵɯɨɞɧɨɝɨ 

ɧɚɩɪɹɠɟɧɢɹ ɭɫɬɚɧɨɜɤɢ ɨɝɪɚɧɢɱɟɧɧɵ, ɚ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɜɟɬɪɚ ɭ ɢɡɨɥɢɪɨɜɚɧɧɨɝɨ 

ɨɬ ɟɞɢɧɨɣ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ (ȿɗɋ) ɩɨɬɪɟɛɢɬɟɥɹ ɜɨɡɧɢɤɚɟɬ ɪɢɫɤ ɨɫɬɚɬɶɫɹ 

ɛɟɡ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ.  
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Ɋɢɫɭɧɨɤ.1.1 – Ɇɨɞɟɥɶ ɝɟɧɟɪɚɰɢɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɩɪɢ ɩɨɦɨɳɢ ȼɗɍ 

 

ɇɚ ɩɪɚɤɬɢɤɟ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɝɪɚɮɢɤ ɜɵɪɚɛɨɬɤɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ȼɗɍ ɧɟ 

ɫɨɜɩɚɞɚɟɬ ɫ ɝɪɚɮɢɤɨɦ ɧɚɝɪɭɡɤɢ ɩɨɬɪɟɛɢɬɟɥɹ ɷɧɟɪɝɢɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɜɨɡɧɢɤɚɸɬ ɩɨɬɪɟɛɧɨɫɬɶ ɞɥɹ ɫɨɡɞɚɧɢɹ ɡɚɩɚɫɚ ɷɧɟɪɝɢɢ, ɤɨɬɨɪɵɟ ɜ ɞɚɥɶɧɟɣɲɟɦ 

ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɪɢ ɩɨɹɜɥɟɧɢɢ ɞɟɮɢɰɢɬɚ ɷɧɟɪɝɢɢ. 

ȼ ɰɟɥɹɯ ɭɦɟɧɶɲɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɢ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɩɨɞɨɛɧɨɣ ɫɢɬɭɚɰɢɢ, ɜ 

ɤɨɧɫɬɪɭɤɰɢɢ ȼɗɍ ɞɨɥɠɧɨ ɛɵɬɶ ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ ɧɟ 

ɡɚɜɢɫɹɳɢɣ ɨɬ ɢɡɦɟɧɟɧɢɣ ɩɨɝɨɞɧɵɯ ɭɫɥɨɜɢɣ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɫɨɫɬɚɜɟ ɜɟɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɢ ɦɚɥɨɣ 

ɦɨɳɧɨɫɬɢ ɢɫɩɨɥɶɡɭɸɬ ɚɤɤɭɦɭɥɹɬɨɪɧɵɟ ɛɚɬɚɪɟɢ (ȺɄȻ). ȺɄȻ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɧɚ 

ɩɨɫɬɨɹɧɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɦɟɠɞɭ ɜɵɩɪɹɦɢɬɟɥɟɦ ɢ ɢɧɜɟɪɬɨɪɨɦ. ȼɨ ɜɪɟɦɹ ɢɡɛɵɬɤɚ 

ɝɟɧɟɪɢɪɭɟɦɨɣ ɦɨɳɧɨɫɬɢ, ɛɚɬɚɪɟɹ ɡɚɪɹɠɚɟɬɫɹ, ɚ ɜɨ ɜɪɟɦɹ ɞɟɮɢɰɢɬɚ – ɨɬɞɚɟɬ 

ɧɚɤɨɩɥɟɧɧɭɸ ɷɧɟɪɝɢɸ ɢɧɜɟɪɬɨɪɭ. 

 

Ɋɢɫɭɧɨɤ 1.2 －Ɇɨɞɟɥɶ ɝɟɧɟɪɚɰɢɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɩɪɢ ɩɨɦɨɳɢ ȼɗɍ ɫ 

ɩɪɢɦɟɧɟɧɢɟɦ ȺɄȻ 

 

Ɍɚɤɚɹ ɫɯɟɦɚ ɢɦɟɟɬ ɫɜɨɢ ɧɟɞɨɫɬɚɬɤɢ, ɨɞɢɧ ɢɡ ɧɢɯ – ɨɝɪɚɧɢɱɟɧɧɚɹ ɟɦɤɨɫɬɶ 

ɛɚɬɚɪɟɣ. ɉɪɢ ɞɨɫɬɚɬɨɱɧɨ ɞɥɢɬɟɥɶɧɨɦ ɨɬɫɭɬɫɬɜɢɢ ɝɟɧɟɪɢɪɭɟɦɨɣ ɦɨɳɧɨɫɬɢ 
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(ɩɥɨɯɢɟ ɦɟɬɟɨɭɫɥɨɜɢɹ, ɜɵɯɨɞ ɢɡ ɫɬɪɨɹ ɱɚɫɬɢ ɝɟɧɟɪɢɪɭɸɳɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ 

ɬ.ɞ.) ɡɚɩɚɫɟɧɧɚɹ  ɷɧɟɪɝɢɹ  ɢɡɪɚɫɯɨɞɭɟɬɫɹ  ɩɨɬɪɟɛɢɬɟɥɟɦ.  Ⱦɥɹ  ɨɛɟɫɩɟɱɟɧɢɹ 

ɷɧɟɪɝɨɫɧɚɛɠɟɧɢɹ ɩɨɬɪɟɛɢɬɟɥɹ ɜ ɥɨɤɚɥɶɧɵɯ ɷɧɟɪɝɨɫɢɫɬɟɦɚɯ ɧɚ ɛɚɡɚɯ ȼɗɍ 

ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɢɫɬɨɱɧɢɤɢ ɷɧɟɪɝɢɢ, ɧɚɩɪɢɦɟɪ, 

ɫɨɥɧɟɱɧɵɟ ɩɚɧɟɥɢ, ɞɢɡɟɥɶ-ɝɟɧɟɪɚɬɨɪɵ, ɛɢɨɷɬɚɧɨɥɨɜɵɟ ɭɫɬɚɧɨɜɤɢ. ɗɬɨ ɩɨɡɜɨɥɢɬ 

ɭɦɟɧɶɲɢɬɶ ɡɚɜɢɫɢɦɨɫɬɶ ɩɨɬɪɟɛɢɬɟɥɹ ɨɬ ɨɞɧɨɝɨ ɜɢɞɚ ɢɫɬɨɱɧɢɤɨɜ ɷɧɟɪɝɢɢ, ɚ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɨɜɵɫɢɬ ɧɚɞɟɠɧɨɫɬɶ ɷɧɟɪɝɨɫɧɚɛɠɟɧɢɹ. 

ȼɬɨɪɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɹɜɥɹɸɬɫɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ȺɄȻ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɯ ɧɚ 

ɜɟɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɭɫɬɚɧɨɜɤɚɯ ɦɚɥɨɣ ɦɨɳɧɨɫɬɢ. ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ 

ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥɢ ɫɜɢɧɰɨɜɨ-ɤɢɫɥɨɬɧɵɟ ɚɤɤɭɦɭɥɹɬɨɪɵ, 

ɫɨɡɞɚɧɧɵɟ ɩɨ ɬɟɯɧɨɥɨɝɢɹɦ AGM (AbsorbentGlassMat) ɢ GEL (ɝɟɥɟɜɵɟ). ɍ 

ɞɚɧɧɵɯ ɬɢɩɨɜ ɛɚɬɚɪɟɣ ɟɫɬɶ ɫɜɨɢ ɨɫɨɛɟɧɧɨɫɬɢ ɰɢɤɥɨɜ ɡɚɪɹɞɚ-ɪɚɡɪɹɞɚ, ɫɜɨɢ 

ɞɨɫɬɨɢɧɫɬɜɚ ɢ ɧɟɞɨɫɬɚɬɤɢ.  

ȼ ɫɥɭɱɚɟ ɪɟɡɤɨɝɨ ɭɜɟɥɢɱɟɧɢɹ ɦɨɳɧɨɫɬɢ ɧɚɝɪɭɡɤɢ ɦɨɝɭɬ ɜɨɡɧɢɤɧɭɬɶ 

ɩɪɨɜɚɥɵ ɧɚɩɪɹɠɟɧɢɹ, ɤɨɬɨɪɵɟ ɧɟ ɫɦɨɝɭɬ ɤɨɦɩɟɧɫɢɪɨɜɚɬɶ ɚɤɤɭɦɭɥɹɬɨɪɵ ɜ ɫɢɥɭ 

ɫɜɨɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. 

Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɩɨɞɨɛɧɨɣ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ ɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ 

ɬɪɟɛɭɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɫɩɟɰɢɚɥɶɧɨɝɨ ɛɥɨɤɚ ɭɩɪɚɜɥɟɧɢɹ, ɤɨɬɨɪɵɣ ɞɨɥɠɟɧ 

ɭɩɪɚɜɥɹɬɶ ɜɫɟɦɢ ɜɨɡɦɨɠɧɵɦɢ ɢɫɬɨɱɧɢɤɚɦɢ ɷɧɟɪɝɢɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɧɚɢɛɨɥɟɟ 

ɨɩɬɢɦɚɥɶɧɵɦɢ ɪɟɠɢɦɚɦɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɤɚɠɞɨɝɨ ɭɡɥɚ ɫɢɫɬɟɦɵ ɫ ɰɟɥɶɸ 

ɨɛɟɫɩɟɱɟɧɢɹ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɢ ɛɟɫɩɟɪɟɛɨɣɧɨɝɨ ɷɧɟɪɝɨɫɧɚɛɠɟɧɢɹ ɩɨɬɪɟɛɢɬɟɥɹ. ȼ 

ɨɫɧɨɜɟ ɪɚɛɨɬɵ ɬɚɤɨɝɨ ɦɨɞɭɥɹ ɦɨɠɟɬ ɥɟɠɚɬɶ ɧɟɱɟɬɤɚɹ ɥɨɝɢɤɚ. ɉɪɢɦɟɪ 

ɩɪɢɦɟɧɟɧɢɹ ɧɟɱɟɬɤɨɣ ɥɨɝɢɤɢ ɞɥɹ ɫɨɝɥɚɫɨɜɚɧɢɹ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ȼɗɍ ɫ 

ɝɪɚɮɢɤɨɦ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ ɪɚɫɫɦɨɬɪɟɧ ɜ ɪɚɛɨɬɟ. [3] ɇɚ ɪɢɫ.1.3 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɜɵɩɨɥɧɟɧɧɨɣ ɧɚ ɛɚɡɟ ȼɗɍ ɫ 

ɩɪɢɦɟɧɟɧɢɟɦ ɜ ɫɢɫɬɟɦɟ ɚɤɤɭɦɭɥɢɪɨɜɚɧɢɹ ɷɧɟɪɝɢɢ, ɚ ɬɚɤɠɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ 

ɢɫɬɨɱɧɢɤɨɦ ɷɧɟɪɝɢɢ ɜ ɜɢɞɟ ɞɢɡɟɥɶ-ɝɟɧɟɪɚɬɨɪɚ. 
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Ɋɢɫɭɧɨɤ 1.3－ Ɇɨɞɟɥɶ ɝɟɧɟɪɚɰɢɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɩɪɢ ɩɨɦɨɳɢ ȼɗɍ ɫ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɦɢ ɛɥɨɤɚɦɢ 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɛɥɟɦɵ ɝɟɧɟɪɚɰɢɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɩɪɢ ɩɨɦɨɳɢ 

ȼɗɍ ɫɜɹɡɚɧɵ ɫ ɧɟɩɨɫɬɨɹɧɫɬɜɨɦ ɫɤɨɪɨɫɬɢ ɜɟɬɪɨɜɨɝɨ ɩɨɬɨɤɚ, ɩɨɷɬɨɦɭ ɩɨɹɜɥɹɟɬɫɹ 

ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɫɨɜɦɟɳɚɬɶ ɪɚɡɧɵɟ ɬɢɩɵ ɢɫɬɨɱɧɢɤɨɜ ɝɟɧɟɪɚɰɢɢ ɷɧɟɪɝɢɢ, ɚ ɬɚɤɠɟ 

ɫɨɡɞɚɜɚɬɶ ɫɢɫɬɟɦɵ ɚɤɤɭɦɭɥɹɰɢɢ ɷɧɟɪɝɢɢ ɫɩɨɫɨɛɧɵɟ ɞɨɥɝɨ ɫɨɯɪɚɧɹɬɶ ɛɨɥɶɲɨɣ 

ɡɚɩɚɫ  ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ.  ɋɨɡɞɚɧɢɟ  ɬɚɤɨɣ  ɫɢɫɬɟɦɵ  ɩɨɬɪɟɛɭɟɬ  ɪɚɡɪɚɛɨɬɤɢ 

ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɛɥɨɤɚ ɭɩɪɚɜɥɟɧɢɹ ɢ ɚɥɝɨɪɢɬɦɨɜ ɟɝɨ ɪɚɛɨɬɵ. 

Ɍɟɯɧɢɱɟɫɤɢɦɢ ɩɪɨɛɥɟɦɚɦɢ ɞɟɰɟɧɬɪɚɥɢɡɨɜɚɧɧɵɯ ɫɢɫɬɟɦ 

ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ,  ɢɫɩɨɥɶɡɭɸɳɢɯ  ɷɧɟɪɝɨɭɫɬɚɧɨɜɤɢ  ɜɨɡɨɛɧɨɜɥɹɟɦɨɣ 

ɷɧɟɪɝɟɬɢɤɢ, ɹɜɥɹɸɬɫɹ: 

1. ɇɟɩɨɫɬɨɹɧɫɬɜɨ ɜɨ ɜɪɟɦɟɧɢ ɷɧɟɪɝɢɢ ɩɟɪɜɢɱɧɨɝɨ ɷɧɟɪɝɨɧɨɫɢɬɟɥɹ ɢ 

ɫɬɨɯɚɫɬɢɱɟɫɤɢɣ  ɯɚɪɚɤɬɟɪ  ɧɚɝɪɭɡɤɢ  ɩɨɬɪɟɛɢɬɟɥɹ  –  ɬɪɟɛɭɟɬɫɹ 

ɝɚɪɚɧɬɢɪɨɜɚɧɧɵɣ ɢɫɬɨɱɧɢɤ ɩɢɬɚɧɢɹ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɩɨɬɪɟɛɢɬɟɥɹ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɟɣ  ɜ  ɩɟɪɢɨɞɵ  ɨɬɫɭɬɫɬɜɢɹ  ɢɥɢ  ɧɟɞɨɫɬɚɬɨɱɧɨɫɬɢ ɩɟɪɜɢɱɧɨɝɨ 

ɜɨɡɨɛɧɨɜɥɹɟɦɨɝɨ ɷɧɟɪɝɨɪɟɫɭɪɫɚ. 

2. ɋɨɢɡɦɟɪɢɦɨɫɬɶ ɦɨɳɧɨɫɬɟɣ ɝɟɧɟɪɢɪɭɸɳɢɯ ɢɫɬɨɱɧɢɤɨɜ ɢ 

ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ ɫɧɢɠɚɟɬ ɨɛɳɢɣ ɭɪɨɜɟɧɶ ɧɚɞɟɠɧɨɫɬɢ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 

ɩɨɬɪɟɛɢɬɟɥɟɣ ɢ ɧɟɝɚɬɢɜɧɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɤɚɱɟɫɬɜɟ ɝɟɧɟɪɢɪɭɟɦɨɣ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ – ɧɟɨɛɯɨɞɢɦ ɝɚɪɚɧɬɢɪɨɜɚɧɧɵɣ ɢɫɬɨɱɧɢɤ ɩɢɬɚɧɢɹ, 
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ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ  ɩɨɬɪɟɛɢɬɟɥɹ  ɤɚɱɟɫɬɜɟɧɧɨɣ  ɷɥɟɤɬɪɨɷɧɟɪɝɢɟɣ  ɜ ɫɬɚɬɢɱɟɫɤɢɯ ɢ 

ɞɢɧɚɦɢɱɟɫɤɢɯ ɪɟɠɢɦɚɯ ɢɡɦɟɧɟɧɢɹ ɧɚɝɪɭɡɤɢ. 

3. əɪɤɨ-ɜɵɪɚɠɟɧɧɚɹ  ɡɚɜɢɫɢɦɨɫɬɶ  ɜɵɪɚɛɚɬɵɜɚɟɦɨɣ  ɦɨɳɧɨɫɬɢ 

ɝɟɧɟɪɢɪɭɸɳɢɦɢ  ɭɫɬɚɧɨɜɤɚɦɢ  ɜɨɡɨɛɧɨɜɥɹɟɦɨɣ  ɷɧɟɪɝɟɬɢɤɢ  ɨɬ ɩɚɪɚɦɟɬɪɨɜ 

ɜɨɡɨɛɧɨɜɥɹɟɦɨɝɨ ɷɧɟɪɝɨɪɟɫɭɪɫɚ (ɞɥɹ ɜɟɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɭɫɬɚɧɨɜɨɤ 

ɤɭɛɢɱɟɫɤɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɜɵɯɨɞɧɨɣ ɦɨɳɧɨɫɬɢ ɨɬ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ) ɬɪɟɛɭɟɬ 

ɧɚɥɢɱɢɹ ɜ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ ɫɩɟɰɢɚɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ, ɨɝɪɚɧɢɱɢɜɚɸɳɢɯ 

ɜɵɯɨɞɧɭɸ ɦɨɳɧɨɫɬɶ, ɢɥɢ ɪɚɫɫɟɢɜɚɸɳɢɯ  ɩɪɨɢɡɜɟɞɟɧɧɭɸ  ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ  –  

ɧɟɨɛɯɨɞɢɦɨ  ɭɫɬɪɨɣɫɬɜɨ ɚɤɤɭɦɭɥɢɪɨɜɚɧɢɹ ɷɧɟɪɝɢɢ ɜ ɩɟɪɢɨɞɵ ɩɢɤɨɜɨɣ 

ɦɨɳɧɨɫɬɢ ɩɟɪɜɢɱɧɨɝɨ ɷɧɟɪɝɨɧɨɫɢɬɟɥɹ. 

 

1.3 ɋɬɪɭɤɬɭɪɧɵɟ ɫɯɟɦɵ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 

 

ɉɪɢ  ɨɬɫɭɬɫɬɜɢɢ  ɜ  ɞɨɦɟ  ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɝɨ  ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 

ɜɨɡɦɨɠɧɵ ɞɜɚ ɜɚɪɢɚɧɬɚ ɨɛɟɫɩɟɱɟɧɢɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɟɣ. ɉɟɪɜɵɣ ɫɩɨɫɨɛ 

ɨɛɟɫɩɟɱɢɬɶ ɧɚɥɢɱɢɟ ɞɜɭɯ ɤɨɦɩɥɟɤɬɨɜ ɚɤɤɭɦɭɥɹɬɨɪɧɵɯ ɛɚɬɚɪɟɣ, ɢɡ ɤɨɬɨɪɵɯ 

ɨɞɢɧ ɧɚɯɨɞɢɬɫɹ ɜ ɪɚɛɨɬɟ, ɚ ɞɪɭɝɨɣ ɧɚ ɡɚɪɹɞɤɟ. ȼɬɨɪɨɣ ɜɚɪɢɚɧɬ – ɭɫɬɚɧɨɜɤɚ 

ɜɟɬɪɨɜɨɝɨ ɬɭɪɛɨɝɟɧɟɪɚɬɨɪɚ, ɩɪɢɦɟɧɹɟɦɨɝɨ ɬɨɥɶɤɨ ɞɥɹ ɡɚɪɹɞɚ ɛɚɬɚɪɟɣ. ɑɚɳɟ 

ɜɫɟɝɨ ɤɨɦɛɢɧɢɪɭɸɬ ɨɛɚ ɫɩɨɫɨɛɚ ɤɚɤ ɜɡɚɢɦɧɨ ɞɨɩɨɥɧɹɟɦɵɟ. 

ȼ ɭɞɚɥɟɧɧɨɣ ɦɟɫɬɧɨɫɬɢ, ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱ (Ʌɗɉ) 

ɚɜɬɨɧɨɦɧɵɣ ɜɢɞ ɜɟɬɪɹɤɚ ɦɨɠɟɬ ɫɬɚɬɶ ɟɞɢɧɫɬɜɟɧɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɷɧɟɪɝɢɢ ɞɥɹ 

ɟɝɨ ɫɨɛɫɬɜɟɧɧɢɤɚ, ɩɨɬɨɦɭ ɱɬɨ ɞɚɧɧɵɣ ɜɟɬɪɨɝɟɧɟɪɚɬɨɪ ɬɨɥɶɤɨ ɧɚɤɚɩɥɢɜɚɟɬ 

ɜɵɪɚɛɨɬɚɧɧɭɸ ɢɦ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɜ ȺȻ ɞɥɹ ɧɭɠɞ ɫɨɛɫɬɜɟɧɧɢɤɚ ɢ ɧɟɡɚɜɢɫɢɦ ɨɬ 

ɷɥɟɤɬɪɨɫɟɬɢ. ɇɟɨɛɯɨɞɢɦɵɦ ɭɫɥɨɜɢɟɦ ɹɜɥɹɟɬɫɹ ɫɨɛɥɸɞɟɧɢɟ ɞɨɩɭɫɬɢɦɨɝɨ ɭɪɨɜɧɹ 

ɲɭɦɚ ɢ ɬɪɟɛɨɜɚɧɢɣ ɩɨ ɨɯɪɚɧɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. ȿɞɢɧɫɬɜɟɧɧɵɦ 

ɨɝɪɚɧɢɱɟɧɢɟɦ ɪɚɛɨɬɵ ɜɟɬɪɨɝɟɧɟɪɚɬɨɪɚ ɦɨɠɟɬ ɛɵɬɶ ɨɬɫɭɬɫɬɜɢɟ ɜɟɬɪɚ. [6] 

Ⱥɜɬɨɧɨɦɧɚɹ ɪɚɛɨɬɚ ɜɟɬɪɨɝɟɧɟɪɚɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1.4. [7] ȼ 

ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɨɬɪɟɧɚ ɪɚɛɨɬɚ ȼɗɍ ɜ ɚɜɬɨɧɨɦɧɨɦ ɪɟɠɢɦɟ. 
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Ɋɢɫɭɧɨɤ 1.4 – ɋɯɟɦɚ ɨɛɟɫɩɟɱɟɧɢɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɟɣ ɛɟɡ ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɝɨ 

ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 

 

ɑɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ ɩɨɬɪɟɛɢɬɟɥɹ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɜɟɬɪɚ, 

ɚɜɬɨɧɨɦɧɭɸ ȼɗɍ ɜɤɥɸɱɚɸɬ ɧɚ ɩɚɪɚɥɥɟɥɶɧɭɸ ɪɚɛɨɬɭ ɫ ɞɪɭɝɢɦɢ ɢɫɬɨɱɧɢɤɚɦɢ 

ɷɧɟɪɝɢɢ  (ɪɢɫ.1.5)(ɫɨɥɧɟɱɧɵɟ ɦɨɞɭɥɢ, ɦɢɤɪɨȽɗɋ, ɞɢɡɟɥɶ-ɝɟɧɟɪɚɬɨɪ ɢ ɬ. ɞ.). [6] 

ɗɬɨ ɧɚɞɟɠɧɵɣ ɢ ɷɮɮɟɤɬɢɜɧɵɣ ɫɩɨɫɨɛ ɚɜɬɨɧɨɦɧɨɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ. 

ɋɨɜɦɟɫɬɧɚɹ ɪɚɛɨɬɚ ɞɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɡɚɜɢɫɢɬ ɨɬ ɩɨɝɨɞɧɵɯ ɭɫɥɨɜɢɣ ɢ ɜɪɟɦɟɧɢ 

ɫɭɬɨɤ, ɬɚɤ ɤɚɤ ɜ ɫɨɥɧɟɱɧɭɸ ɩɨɝɨɞɭ ɷɮɮɟɤɬɢɜɧɨ ɪɚɛɨɬɚɸɬ ɫɨɥɧɟɱɧɵɟ ɛɚɬɚɪɟɢ, ɚ 

ɜɟɬɪɨɝɟɧɟɪɚɬɨɪ ɪɚɛɨɬɚɟɬ ɩɪɢ ɧɚɥɢɱɢɢ ɜɟɬɪɚ, ɤ ɩɪɢɦɟɪɭ ɧɨɱɶɸ ɢ ɜ ɩɚɫɦɭɪɧɭɸ 

ɩɨɝɨɞɭ ȺȻ ɡɚɪɹɠɚɸɬɫɹ ɨɬ ɜɟɬɪɨɜɨɣ ɭɫɬɚɧɨɜɤɢ. [5] Ɍɚɤɨɣ  ɜɚɪɢɚɧɬ  

ɷɥɟɤɬɪɨɩɢɬɚɧɢɹ  ɨɛɟɫɩɟɱɢɬ  ɧɚɞɟɠɧɨɟ  ɛɟɫɩɟɪɟɛɨɣɧɨɟ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ. 
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Ɋɢɫɭɧɨɤ 1.5 – ɋɯɟɦɚ ɨɛɟɫɩɟɱɟɧɢɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɟɣ ɫ ɞɢɡɟɥɶ-ɝɟɧɟɪɚɬɨɪɨɦ. 

 

ɉɪɢ ɧɚɥɢɱɢɢ ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɪɢɦɟɧɹɟɬɫɹ 

ɤɨɦɛɢɧɢɪɨɜɚɧɧɚɹ ɫɯɟɦɚ ɞɥɹ ɪɟɡɟɪɜɧɨɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɞɨɦɚ ɩɪɢ ɱɚɫɬɵɯ 

ɨɬɤɥɸɱɟɧɢɹɯ ɫɟɬɟɜɨɝɨ ɷɥɟɤɬɪɨɩɢɬɚɧɢɹ (Ɋɢɫɭɧɨɤ 1.6). 

 ɉɪɢ ɫɢɥɶɧɨɦ ɜɟɬɪɟ ɫɟɬɟɜɨɣ ɜɟɬɪɨɝɟɧɟɪɚɬɨɪ ɜɵɪɚɛɚɬɵɜɚɟɬ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɜ ɢɡɛɵɬɨɱɧɨɦ ɤɨɥɢɱɟɫɬɜɟ ɢ ɟɟ ɢɡɛɵɬɨɤ ɦɨɠɧɨ ɩɪɨɞɚɬɶ ɜ 

ɨɛɳɭɸ ɫɟɬɶ, ɚ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɢɥɢ ɨɫɥɚɛɥɟɧɢɢ ɜɟɬɪɚ ɩɨɬɪɟɛɢɬɟɥɶ ɡɚɩɢɬɵɜɚɟɬ 

ɫɜɨɢ ɷɥɟɤɬɪɨɩɪɢɛɨɪɵ ɨɬ ɨɛɳɟɣ ɷɥɟɤɬɪɨɫɟɬɢ. [5]  

 

 

Ɋɢɫɭɧɨɤ 1.6 – ɫɯɟɦɚ ɨɛɟɫɩɟɱɟɧɢɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɟɣ ɫ ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɵɦ 

ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟɦ 
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ȿɫɥɢ  ɧɚɩɪɹɠɟɧɢɟ  ɜ  ɫɟɬɢ  ɩɪɢɫɭɬɫɬɜɭɟɬ,  ɤɨɧɬɪɨɥɥɟɪ  ɡɚɪɹɠɚɟɬ 

ɚɤɤɭɦɭɥɹɬɨɪɵ ɢ ɩɟɪɟɞɚɟɬ ɜ ɰɟɩɶ ɩɨɬɪɟɛɢɬɟɥɟɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɫɟɬɢ ɱɟɪɟɡ 

ɜɫɬɪɨɟɧɧɵɣ ɫɬɚɛɢɥɢɡɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ. ɉɟɪɟɤɥɸɱɟɧɢɟ ɜ ɪɟɠɢɦ ɢɧɜɟɪɬɨɪɚ ɩɪɢ 

ɨɬɤɥɸɱɟɧɢɢ ɫɟɬɢ ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɜɪɟɦɹ 4 ɦɫ ɩɨɫɪɟɞɫɬɜɨɦ ȺȼɊ, ɤɨɬɨɪɨɟ ɧɟ 

ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɪɚɛɨɬɟ ɧɢɤɚɤɢɯ ɛɵɬɨɜɵɯ ɩɨɬɪɟɛɢɬɟɥɟɣ. 

ȼ ɡɚɩɚɞɧɵɯ ɫɬɪɚɧɚɯ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɯɟɦɚ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 

ɜɟɬɪɹɧɵɯ  ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ  ɩɚɪɚɥɥɟɥɶɧɨ  ɫ  ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɣ  ɫɟɬɶɸ . ɋɟɬɟɜɨɣ 

ɢɧɜɟɪɬɨɪ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɩɪɟɞɵɞɭɳɢɯ ɬɢɩɨɜ, ɩɨɡɜɨɥɹɟɬ ɫɢɫɬɟɦɟ ɪɚɛɨɬɚɬɶ ɤɚɤ ɫ 

ɚɤɤɭɦɭɥɹɬɨɪɧɵɦɢ ɛɚɬɚɪɟɹɦɢ, ɬɚɤ ɢ ɛɟɡ ɧɢɯ. Ɉɧ ɬɚɤɠɟ ɩɨɡɜɨɥɹɟɬ ɜɵɜɨɞɢɬɶ 

ɢɡɥɢɲɤɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɨɛɳɟɫɬɜɟɧɧɭɸ ɷɥɟɤɬɪɨɫɟɬɶ. ȼ ɷɬɨɦ ɪɟɠɢɦɟ 

ɷɧɟɪɝɨɤɨɦɩɚɧɢɹ ɩɨɤɭɩɚɟɬ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɭ ɩɨɬɪɟɛɢɬɟɥɹ (ɫɱɟɬɱɢɤ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɋɑ ɩɪɢ ɷɬɨɦ ɤɪɭɬɢɬɫɹ ɜ ɞɪɭɝɭɸ ɫɬɨɪɨɧɭ). Ɍɚɤɚɹ ɫɯɟɦɚ 

ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɡɚɳɢɳɟɧɚ ɡɚɤɨɧɨɦ ɝɨɫɭɞɚɪɫɬɜɚ ɢ ɧɚɢɛɨɥɟɟ ɜɵɝɨɞɧɚ ɞɥɹ 

ɧɚɫɟɥɟɧɢɹ, ɢɦɟɸɳɟɝɨ ɱɚɫɬɧɵɟ ɞɨɦɚ. Ʉ ɫɨɠɚɥɟɧɢɸ, ɜ Ɋɨɫɫɢɢ ɩɨɤɚ ɬɚɤɚɹ ɫɯɟɦɚ 

ɧɟ ɩɪɢɦɟɧɢɦɚ – ɧɟɬ ɡɚɤɨɧɚ. 

ȼɚɠɧɨɫɬɶ ɪɚɡɜɢɬɢɹ ɜɟɬɪɨɷɧɟɪɝɟɬɢɤɢ ɜ Ɋɨɫɫɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɟɦ, ɱɬɨ 70% 

ɬɟɪɪɢɬɨɪɢɢ, ɧɚ ɤɨɬɨɪɨɣ ɩɪɨɠɢɜɚɟɬ 10 % ɧɚɫɟɥɟɧɢɹ ɩɪɚɤɬɢɱɟɫɤɢ ɫɨɜɩɚɞɚɸɬ ɫ 

ɡɨɧɨɣ ɩɨɬɟɧɰɢɚɥɶɧɵɯ ɜɟɬɪɨɪɟɫɭɪɫɨɜ, ɤɨɬɨɪɚɹ ɧɚɯɨɞɢɬɫɹ ɜ ɡɨɧɟ 

ɞɟɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɝɨ ɷɧɟɪɝɨɫɧɚɛɠɟɧɢɹ. [8] 

ɉɪɟɞɥɨɠɟɧɧɚɹ ɤɨɧɰɟɩɰɢɹ ɩɨɫɬɪɨɟɧɢɹ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɯ ɫɢɫɬɟɦ 

ɚɜɬɨɧɨɦɧɨɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɨɛɥɚɞɚɟɬ ɫɥɟɞɭɸɳɢɦɢ ɤɨɧɤɭɪɟɧɬɧɵɦɢ 

ɩɪɟɢɦɭɳɟɫɬɜɚɦɢ: 

 ɜɨɡɦɨɠɧɨɫɬɶ ɜɤɥɸɱɟɧɢɹ ɜ ɫɨɫɬɚɜ ɫɢɫɬɟɦɵ ɥɸɛɨɣ ɚɜɬɨɧɨɦɧɨɣ 

ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɢ ɜ ɧɟɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɫɢɥɨɜɨɝɨ 

ɨɛɨɪɭɞɨɜɚɧɢɹ; 

 ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨɝɪɚɦɦɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɩɨɞ 

ɤɨɧɤɪɟɬɧɵɣ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɤɨɦɩɥɟɤɫ ɩɭɬɟɦ ɩɨɞɤɥɸɱɟɧɢɹ ɤ ɫɢɫɬɟɦɟ 

ɩɟɪɫɨɧɚɥɶɧɨɝɨ ɤɨɦɩɶɸɬɟɪɚ ɧɚ ɦɨɦɟɧɬ ɜɵɩɨɥɧɟɧɢɹ ɞɚɧɧɨɣ ɨɩɟɪɚɰɢɢ; 
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 ɷɮɮɟɤɬɢɜɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɨɬɟɧɰɢɚɥɚ ɭɫɬɚɧɨɜɨɤ ɜɨɡɨɛɧɨɜɥɹɟɦɨɣ 

ɷɧɟɪɝɟɬɢɤɢ ɩɭɬɟɦ ɭɫɬɚɧɨɜɤɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɦɨɞɭɥɟɣ ɞɥɹ ɫɛɨɪɚ ɢɧɮɨɪɦɚɰɢɢ 

ɨɛ ɭɫɥɨɜɢɹɯ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɢ ɜɵɪɚɛɨɬɤɢ ɭɩɪɚɜɥɹɸɳɢɯ ɜɨɡɞɟɣɫɬɜɢɣ ɞɥɹ 

ɭɩɪɚɜɥɟɧɢɹ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦɢ ɭɫɬɚɧɨɜɤɚɦɢ ɤɨɦɩɥɟɤɫɚ. [9] 

 

1.4 Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɟɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɭɫɬɚɧɨɜɨɤ ɦɚɥɨɣ 

ɦɨɳɧɨɫɬɢ 

1.4.1 Ɋɚɛɨɱɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ȼɗɍ 

 

Ɋɟɠɢɦ ɪɚɛɨɬɵ ɦɚɥɨɣ ȼɗɍ ɨɩɪɟɞɟɥɹɟɬɫɹ ɟɟ ɪɚɛɨɱɟɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ, ɬɢɩɢɱɧɵɣ 

ɜɢɞ ɤɨɬɨɪɨɣ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 1.7. 

 

Ɋɢɫɭɧɨɤ 1.7－ Ɋɚɛɨɱɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ȼɗɍ ɦɚɥɨɣ ɦɨɳɧɨɫɬɢ 

  

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɟɯɧɢɱɟɫɤɨɣ ɫɩɟɰɢɮɢɤɚɰɢɟɣ, ɧɚ ɪɚɛɨɱɟɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ 

ȼɗɍ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ 5 ɯɚɪɚɤɬɟɪɧɵɯ ɡɨɧ:   

I ɡɨɧɚ (ܸ < ௠ܸ௜௡ሻ – ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ ɦɟɧɶɲɟ ɫɬɚɪɬɨɜɨɣ ɫɤɨɪɨɫɬɢ ௠ܸ௜௡, 

ɜɟɬɪɨɤɨɥɟɫɨ ɧɟ ɜɪɚɳɚɟɬɫɹ ɢɥɢ ɜɪɚɳɚɟɬɫɹ ɫ ɨɱɟɧɶ ɧɢɡɤɢɦɢ ɨɛɨɪɨɬɚɦɢ, ɷɧɟɪɝɢɹ 

ɧɟ ɜɵɪɚɛɚɬɵɜɚɟɬɫɹ; 
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II ɡɨɧɚ ( ௠ܸ௜௡ < ܸ < ௠ܸ௔௫ሻ – ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ ɛɨɥɶɲɟ ɫɬɚɪɬɨɜɨɣ ௠ܸ௜௡ ɢ 

ɦɟɧɶɲɟ ɦɚɤɫɢɦɚɥɶɧɨɣ ɪɚɛɨɱɟɣ ɫɤɨɪɨɫɬɢ ௠ܸ௔௫. ɗɬɨ ɡɨɧɚ ɪɚɛɨɱɟɝɨ ɪɟɠɢɦɚ, ɜ 

ɤɨɬɨɪɨɣ ȼɗɍ ɜɵɪɚɛɚɬɵɜɚɟɬ ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ; 

III ɡɨɧɚ ሺ ௠ܸ௔௫ < ܸ < ௦ܸ௨௥ሻ – ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ ɛɨɥɶɲɟ ɦɚɤɫɢɦɚɥɶɧɨɣ 

ɪɚɛɨɱɟɣ ɫɤɨɪɨɫɬɢ ௠ܸ௔௫ ɢ ɦɟɧɶɲɟ ɛɭɪɟɜɨɣ  ௦ܸ௨௥. ȼ ɷɬɨɣ ɡɨɧɟ ɜɟɬɪɨɤɨɥɟɫɨ 

ɜɵɜɟɞɟɧɨ ɢɡ ɩɨɞ ɜɟɬɪɚ ɢɥɢ ɨɫɬɚɧɨɜɥɟɧɨ, ɷɧɟɪɝɢɹ ɧɟ ɜɵɪɚɛɚɬɵɜɚɟɬɫɹ; 

IV ɡɨɧɚ  ሺܸ > ௦ܸ௨௥ሻ– ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ ɛɨɥɶɲɟ ɛɭɪɟɜɨɣ ɫɤɨɪɨɫɬɢ ௦ܸ௨௥. ɗɬɨ 

ɡɨɧɚ ɦɟɯɚɧɢɱɟɫɤɨɣ ɪɚɡɪɭɲɟɧɢɹ ɷɧɟɪɝɨɭɫɬɚɧɨɜɤɢ; 

V ɡɨɧɚ ሺ ௡ܸ௢௠ < ܸ < ௠ܸ௔௫ሻ – ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ ɛɨɥɶɲɟ ɧɨɦɢɧɚɥɶɧɨɣ  ௡ܸ௢௠ ɢ 

ɦɟɧɶɲɟ ɦɚɤɫɢɦɚɥɶɧɨɣ ɪɚɛɨɱɟɣ ɫɤɨɪɨɫɬɢ ௠ܸ௔௫. ɗɬɨ ɡɨɧɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɜ 

ɤɨɬɨɪɨɣ ɩɪɨɢɡɜɨɞɢɬɫɹ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɜɟɬɪɨɤɨɥɟɫɚ. 

Ɋɚɛɨɱɟɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɜɟɬɪɨɞɜɢɝɚɬɟɥɹ ɧɚɡɵɜɚɸɬ ɡɚɜɢɫɢɦɨɫɬɶ ɟɝɨ 

ɜɵɯɨɞɧɨɣ ɦɨɳɧɨɫɬɢ ௠ܲ ɩɪɢ ɞɚɧɧɨɣ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ ܸ ɨɬ ɱɢɫɥɚ ɨɛɨɪɨɬɨɜ 

ɜɟɬɪɨɤɨɥɟɫɚ ݊: ௠ܲ = ݂ሺ݊ሻ                                                                           ሺͳ.ͳሻ 

 

Ɍɚɤ ɤɚɤ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ ɜɟɥɢɱɢɧɚ ɩɟɪɟɦɟɧɧɚɹ, ɫɬɪɨɢɬɫɹ ɫɟɦɟɣɫɬɜɨ ɪɚɛɨɱɢɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜɟɬɪɨɞɜɢɝɚɬɟɥɹ ɞɥɹ ɮɢɤɫɢɪɨɜɚɧɧɵɯ ɫɤɨɪɨɫɬɟɣ ɜɟɬɪɚ, ɨɬ ௠ܸ௜௡ ɞɨ ௠ܸ௔௫ ɫ ɞɢɫɤɪɟɬɢɡɚɰɢɟɣ 1 ˏ ˔ˈˍ⁄ . 
Ɉɛɨɪɨɬɵ ɪɨɬɨɪɚ ɜɟɬɪɨɤɨɥɟɫɚ ɫɜɹɡɚɧɵ ɫ ɛɵɫɬɪɨɯɨɞɧɨɫɬɶɸ ܼ ɢ ɫɤɨɪɨɫɬɶɸ 

ɜɟɬɪɚ ܸ ɫɥɟɞɭɸɳɢɦ ɫɨɨɬɧɨɲɟɧɢɟɦ: 

 ݊ = ͵Ͳ ∙ ܼ ∙ ߨܸ ∙ ܴ                                                                      ሺͳ.ʹሻ 
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Ⱦɪɭɝɢɦ ɜɚɠɧɟɣɲɢɦ ɩɚɪɚɦɟɬɪɨɦ ȼɗɍ ɹɜɥɹɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬ 

ɛɵɫɬɪɨɯɨɞɧɨɫɬɢ Z, ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɨɬɧɨɲɟɧɢɟ ɨɤɪɭɠɧɨɣ ɫɤɨɪɨɫɬɢ 

ɤɨɧɰɨɜ ɥɨɩɚɫɬɟɣ ɤ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ: 

 ܼ = 𝜔 ∙ ܴܸ = ݑܸ                                                                      ሺͳ.͵ሻ 

 

ɝɞɟ R – ɪɚɞɢɭɫ ɨɤɪɭɠɧɨɫɬɢ, ɨɦɟɬɚɟɦɨɣ ɤɨɧɰɟɜɵɦɢ ɷɥɟɦɟɧɬɚɦɢ ɥɨɩɚɫɬɟɣ;  𝜔 – ɭɝɥɨɜɚɹ ɱɚɫɬɨɬɚ, 𝜔 = గ௡ଷ଴  [˓˃ˇ˔ ]; u – ɨɤɪɭɠɧɚɹ ɫɤɨɪɨɫɬɶ ɧɚ ɤɨɧɰɚɯ ɥɨɩɚɫɬɟɣ, ݑ = గ𝐷௡଺଴  [ˏ̝], n – ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ [ɨɛ/ɦɢɧ]; D – ɞɢɚɦɟɬɪ ɜɟɬɪɨɤɨɥɟɫɚ, [ɦ]. 

 

 

Ɋɢɫɭɧɨɤ 1.8 －ɋɟɦɟɣɫɬɜɨ ɪɚɛɨɱɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜɟɬɪɨɞɜɢɝɚɬɟɥɹ 

 

Ɍɨɱɤɢ ɦɚɤɫɢɦɭɦɚ ɤɪɢɜɵɯ ௠ܲ = ݂ሺ݊ሻ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ, 

ɩɪɢ ɤɨɬɨɪɵɯ ɜɟɬɪɨɤɨɥɟɫɨ ɩɪɢ ɞɚɧɧɨɣ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ ɪɚɛɨɬɚɟɬ ɧɨɪɦɚɥɶɧɵɦ 



22 

 

 

 

ɱɢɫɥɨɦ ɦɨɞɭɥɟɣ ܼ௡ ɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɜɟɥɢɱɢɧɨɣ ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɜɟɬɪɚ ܥ௣ = ௣_௠௔௫ܥ . 
Ɍɨɱɤɢ ɩɟɪɟɫɟɱɟɧɢɹ ɤɪɢɜɵɯ ɫ ɨɫɶɸ ɚɛɫɰɢɫɫ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɫɢɧɯɪɨɧɧɨɣ 

ɛɵɫɬɪɨɯɨɞɧɨɫɬɶɸ ܼ௡ ɢ ɮɢɡɢɱɟɫɤɢ ɨɩɪɟɞɟɥɹɸɬ ɨɛɨɪɨɬɵ, ɤɨɬɨɪɨɟ ɦɨɠɟɬ ɪɚɡɜɢɬɶ 

ɜɟɬɪɨɤɨɥɟɫɨ ɩɪɢ ɞɚɧɧɨɣ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ, ɜ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɛɟɡ ɧɚɝɪɭɡɤɢ ɢ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ. 

 

1.4.2 Ʉɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɧɟɪɝɢɢ ɜɟɬɪɚ 

 

Ɂɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɧɟɪɝɢɢ ɜɟɬɪɚ ʠ௣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ 

ɨɬ ɫɤɨɪɨɫɬɟɣ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ ܸ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɪɚɛɨɱɟɣ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ȼɗɍ. 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɜɟɬɪɨɜɨɝɨ ɩɨɬɨɤɚ, ɩɪɨɬɟɤɚɸɳɟɝɨ ɱɟɪɟɡ ɩɥɨɳɚɞɶ 

ɜɟɬɪɨɤɨɥɟɫɚ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ: 

 

௪ܲ௜௡ௗ = ଵଶ ∙ ߩ ∙ ߨ ∙ ܴଶ ∙ ܸଷ                                          (1.4) 

 

ɝɞɟ ρ – ɩɥɨɬɧɨɫɬɶ ɜɨɡɞɭɯɚ (ɤɝ/ɦ 3 ); R – ɪɚɞɢɭɫ ɜɟɬɪɨɬɭɪɛɢɧɵ (ɦ). 

Ɇɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɟɬɪɨɞɜɢɝɚɬɟɥɹ ௠ܲ = ݂ሺܸ, ݊ሻ ɩɨɥɭɱɚɸɬ ɢɡ 

ɟɝɨ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ  ܥ௣ = ݂ሺܼሻ ɡɚɞɚɜɚɹɫɶ ɡɧɚɱɟɧɢɹɦɢ 

ɛɵɫɬɪɨɯɨɞɧɨɫɬɢ Z ɨɬ ɧɭɥɹ ɞɨ ɫɢɧɯɪɨɧɧɨɣ ܼ଴. Ɉɩɪɟɞɟɥɢɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 

ɡɚɞɚɧɧɨɦɭ ɱɢɫɥɭ ɦɨɞɭɥɟɣ Z ɤɨɷɮɮɢɰɢɟɧɬɵ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɧɟɪɝɢɢ ɜɟɬɪɚ ܥ௣ , 

ɡɧɚɱɟɧɢɹ ɜɵɯɨɞɧɨɣ ɦɟɯɚɧɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ ௠ܲ  ɢ ɦɨɦɟɧɬ  ɜɟɬɪɨɬɭɪɛɢɧɵ ௠ܶ 

ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɩɨ ɜɵɪɚɠɟɧɢɸ: 

 

௠ܲ = ଵଶ ௣ܥ ∙ ߩ ∙ ߨ ∙ ܴଶ ∙ ܸଷ                                          (1.5) 
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௠ܶ = ଵଶ ʡܥ ∙ ߩ ∙ ߨ ∙ ܴଶ ∙ ܸଷ                                          (1.6) 

 

ȼɵɯɨɞɧɚɹ ɦɨɳɧɨɫɬɶ ȼɗɍ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫ ɭɱɟɬɨɦ ɩɨɬɟɪɶ ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 

ɦɚɲɢɧɟ ɳீ  ɢ ɦɭɥɶɬɢɩɥɢɤɚɬɨɪɟ ɳ𝑀 : 

 ௐܲ𝑇 = ௠ܲ ∙ ɳீ ∙ ɳ𝑀                                                   (1.7) 

 

ȿɫɥɢ ɜɟɥɢɱɢɧɚ ɳீ ɢ ɳ𝑀 ɜ ɬɟɯɧɢɱɟɫɤɨɣ ɫɩɟɰɢɮɢɤɚɰɢɢ ɧɚ ȼɗɍ ɧɟ 

ɩɪɢɜɨɞɹɬɫɹ, ɬɨ ɢɯ ɡɧɚɱɟɧɢɹ ɦɨɠɧɨ ɩɪɢɛɥɢɠɟɧɧɨ ɜɵɛɪɚɬɶ ɢɡ ɫɥɟɞɭɸɳɢɯ 

ɩɪɟɞɟɥɨɜ: 

               ɳீ ≅ Ͳ,͹ ÷ Ͳ,ͻͷ     ɳ𝑀 ≅ Ͳ,ͺ ÷ Ͳ,ͻ                           (1.8) 

 

ɇɢɠɧɢɟ ɝɪɚɧɢɰɵ ɪɟɤɨɦɟɧɞɭɟɦɵɯ ɡɧɚɱɟɧɢɣ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ȼɗɍ, 

ɦɨɳɧɨɫɬɶɸ ɞɨ 1 ɤȼɬ, ɜɟɪɯɧɢɟ ɝɪɚɧɢɰɵ ɞɥɹ ȼɗɍ ɦɨɳɧɨɫɬɶɸ ɧɟ ɛɨɥɟɟ 20 ɤȼɬ. 

Ɇɧɨɝɢɟ ɩɪɨɢɡɜɨɞɢɬɟɥɢ ɤɨɦɩɥɟɤɬɭɸɬ ȼɗɍ ɛɵɫɬɪɨɯɨɞɧɵɦɢ 

ɜɟɬɪɨɬɭɪɛɢɧɚɦɢ ɢ ɦɧɨɝɨɩɨɥɸɫɧɵɦɢ ɦɚɝɧɢɬɨɷɥɟɤɬɪɢɱɟɫɤɢɦɢ ɝɟɧɟɪɚɬɨɪɚɦɢ, ɱɬɨ 

ɩɨɡɜɨɥɹɟɬ ɢɫɤɥɸɱɢɬɶ ɢɡ ɫɨɫɬɚɜɚ ɷɧɟɪɝɨɭɫɬɚɧɨɜɤɢ ɦɭɥɶɬɢɩɥɢɤɚɬɨɪ. Ⱦɥɹ ɬɚɤɢɯ 

ɫɬɚɧɰɢɣ ɳ𝑀 = ͳ. 
Ɂɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ (ɄɉȾ) ɫɢɧɯɪɨɧɧɵɯ 

ɝɟɧɟɪɚɬɨɪɨɜ ɫ ɜɨɡɛɭɠɞɟɧɢɟɦ ɨɬ ɩɨɫɬɨɹɧɧɵɯ ɦɚɝɧɢɬɨɜ, ɚ ɬɚɤɠɟ ɢɯ ɨɫɧɨɜɧɵɟ 

ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɦɨɠɧɨ ɩɨɫɦɨɬɪɟɬɶ ɧɚ ɫɚɣɬɟ ɇɉɈ ”ɗɊȽȺ”, 

ɤɨɬɨɪɨɟ ɩɪɨɟɤɬɢɪɭɟɬɫɹ ɢ ɫɟɪɢɣɧɨ ɩɪɨɢɡɜɨɞɢɬ ɝɟɧɟɪɚɬɨɪɵ ɞɥɹ ɪɚɛɨɬɵ ɜ ɫɨɫɬɚɜɟ 

ɜɟɬɪɨɭɫɬɚɧɨɜɨɤ. 

ɂɫɩɨɥɶɡɭɹ ɜɵɪɚɠɟɧɢɹ (1.4) – (1.8) ɢ ɪɚɛɨɱɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ȼɗɍ ɢɡ ɟɟ 

ɬɟɯɧɢɱɟɫɤɨɣ ɫɩɟɰɢɮɢɤɚɰɢɢ, ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɡɧɚɱɟɧɢɹ ɪɟɚɥɶɧɨɝɨ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɧɟɪɝɢɢ ɜɟɬɪɚ: ʠ˓ = ଶ𝑃𝑊𝑇ɳ𝐺∙ɳ𝑀∙ఘ∙గ∙𝑅మ∙௏య                                          (1.9) 
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ɉɪɢ ɫɬɚɧɞɚɪɬɧɵɯ ɭɫɥɨɜɢɹɯ ɪɚɡɦɟɳɟɧɢɹ ȼɗɍ, ɜɟɥɢɱɢɧɭ ɩɥɨɬɧɨɫɬɢ 

ɜɨɡɞɭɯɚ ɦɨɠɧɨ ɩɪɢɧɹɬɶ ɪɚɜɧɨɣ  ߩ = ͳ,ʹʹͷ ˍˆ ˏଷ⁄ . 

 

 

Ɋɢɫɭɧɨɤ 1.9－Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɧɟɪɝɢɢ ɜɟɬɪɚ, 

ɩɨɥɭɱɟɧɧɚɹ ɢɡ ɪɚɛɨɱɟɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ȼɗɍ 

 

ȼɚɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɦɨɳɧɨɫɬɢ 

ɜɟɬɪɨɬɭɪɛɢɧɵ ܥ ௣௠௔௫ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ ௢ܸ௣௧ (ɨɩɬɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ 

ɜɟɬɪɚ), ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟɣ ɧɨɦɢɧɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ௡ܸ௢௠, ɭɤɚɡɚɧɧɨɣ ɜ 

ɬɟɯɧɢɱɟɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ ɧɚ ȼɗɍ. Ɉɛɴɹɫɧɹɟɬɫɹ ɷɬɨ ɬɟɦ, ɱɬɨ ɨɫɧɨɜɧɨɣ 

ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɜɟɬɪɨɜɨɝɨ ɩɨɬɨɤɚ ɹɜɥɹɟɬɫɹ ɟɟ ɩɨɜɬɨɪɹɟɦɨɫɬɶ, 

ɯɚɪɚɤɬɟɪɢɡɭɟɦɚɹ ɫɭɦɦɚɪɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɜɪɟɦɟɧɢ, ɜ ɬɟɱɟɧɢɟ ɤɨɬɨɪɨɝɨ ɜɟɬɟɪ 

ɞɭɟɬ ɫ ɬɨɣ ɢɥɢ ɢɧɨɣ ɫɤɨɪɨɫɬɶɸ. ɉɪɨɢɡɜɨɞɢɬɟɥɢ ȼɗɍ ɭɱɢɬɵɜɚɸɬ ɷɬɨɬ ɮɚɤɬ, ɢ 

ɩɪɨɟɤɬɢɪɭɸɬ ɜɟɬɪɨɞɜɢɝɚɬɟɥɶ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɨɧ ɪɚɛɨɬɚɥ ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ 

ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ ɩɪɢ ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɵɯ ɜɟɬɪɚɯ.    
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1.4.3 ɉɨɬɟɪɢ ɜɟɬɪɨɞɜɢɝɚɬɟɥɟɣ 

 

ȼ ɜɟɬɪɨɞɜɢɝɚɬɟɥɹɯ ɜɵɞɟɥɹɸɬ ɱɟɬɵɪɟ ɜɢɞɚ ɩɨɬɟɪɶ. Ⱦɥɹ ɭɞɨɛɫɬɜɚ 

ɜɵɱɢɫɥɟɧɢɣ ɪɚɫɱɟɬɧɵɯ ɮɨɪɦɭɥ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɬɟɪɶ ɜɟɬɪɨɞɜɢɝɚɬɟɥɟɣ 

ɜɵɪɚɠɟɧɵ ɜ ɨɬɜɥɟɱɟɧɧɵɯ ɟɞɢɧɢɰɚɯ, ɞɥɹ ɱɟɝɨ ɜ ɨɛɨɡɧɚɱɟɧɢɹɯ ɜɜɟɞɟɧɵ 

ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ ɱɟɪɬɨɱɤɢ ɫɜɟɪɯɭ. 

1. Ʉɨɧɰɟɜɵɟ ɩɨɬɟɪɢ – ɷɬɨ ɩɨɬɟɪɢ, ɤɨɬɨɪɵɟ ɜɨɡɧɢɤɚɸɬ ɡɚ ɫɱɟɬ 

ɨɛɪɚɡɨɜɚɧɢɹ ɜɢɯɪɟɣ, ɫɯɨɞɹɳɢɯ ɫ ɤɨɧɰɨɜ ɥɨɩɚɫɬɟɣ: 

 

       ܲ̅௝ = ݁ͳ − ݁
[  
   
  √ͳ + ቀͳ − ܼ݁ ቁଶ8ሺͳ + ݁ሻ ∙ 𝑖 ∙ ܼ − ͳ

√ͳ + ቌ 𝑖 ∙ ߨܼ ቀͳ − ݁ʹቁቍ
ଶ
]  
   
                                     ሺͳ.ͳͲሻ 

 

2. ɉɪɨɮɢɥɶɧɵɟ ɩɨɬɟɪɢ – ɷɬɨ ɩɨɬɟɪɢ, ɤɨɬɨɪɵɟ ɜɵɡɵɜɚɸɬ ɬɪɟɧɢɟɦ ɫɬɪɭɣ 

ɜɨɡɞɭɯɚ ɨ ɩɨɜɟɪɯɧɨɫɬɶ ɤɪɵɥɚ ɢ ɡɚɜɢɫɹɬ ɬɨɥɶɤɨ ɨɬ ɩɪɨɮɢɥɹ ɥɨɩɚɫɬɟɣ: 

 ܲ̅௣ = ʹ · ߤ ∙ [ͳ − ܼ݁ + 𝑧͵ሺͳ − ݁ሻ]                                        ሺͳ.ͳͳሻ 

 

3. ɉɨɬɟɪɢ ɧɚ ɤɪɭɱɟɧɢɟ ɫɬɪɭɢ ɡɚ ɜɟɬɪɹɤɨɦ ɪɚɜɧɵ ɠɢɜɨɣ ɫɢɥɟ 

ɬɚɧɝɟɧɰɢɚɥɶɧɵɯ ɫɤɨɪɨɫɬɟɣ ɭɯɨɞɹɳɟɣ ɫɬɪɭɢ: 

 ܲ̅௧௦ = ௣௜ܥ · 𝜂ଶʹ · ܼଶ ln 𝑟଴                                                               ሺͳ.ͳʹሻ 
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4. ɉɨɬɟɪɢ ɩɨɜɟɪɯɧɨɫɬɢ, ɩɪɨɢɫɯɨɞɹɳɢɟ ɜɫɥɟɞɫɬɜɢɟ ɧɟɩɨɥɧɨɝɨ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɫɟɣ ɨɛɦɟɬɚɟɦɨɣ ɩɥɨɳɚɞɢ ɜɟɬɪɨɤɨɥɟɫ: 

 ܲ̅௦ = ቀ𝑟଴ܴቁଶ                                                                          ሺͳ.ͳ͵ሻ 

 

ɉɪɢɜɟɞɟɦ ɨɫɧɨɜɧɵɟ ɭɪɚɜɧɟɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɟɤɨɬɨɪɵɯ ɜɟɥɢɱɢɧ, 

ɜɯɨɞɹɳɢɯ ɜ ɜɵɪɚɠɟɧɢɹ (1.10) – (1.13) 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɨɪɦɨɠɟɧɢɹ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ e ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ: ݁ = ଵܸݒ                                                                           ሺͳ.ͳͶሻ 

 

ɝɞɟ ݒଵ– ɩɨɬɟɪɹ ɫɤɨɪɨɫɬɢ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ ɜ ɫɟɱɟɧɢɢ ɜɟɬɪɨɤɨɥɟɫɚ; 

V–ɧɚɛɟɝɚɸɳɚɹ ɧɚ ɜɟɬɪɨɤɨɥɟɫɨ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ. 

Ɉɛɪɚɬɧɨɟ ɤɚɱɟɫɬɜɨ ɤɪɵɥɨ ߤ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɨɬɧɨɲɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ 

ɥɨɛɨɜɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ܥ௫  ɤ ɤɨɷɮɮɢɰɢɟɧɬɭ ɩɨɞɴɟɦɧɨɣ ɫɢɥɵ ܥ௬: 
ߤ  = ௬ܥ  ௫ܥ                                                                           ሺͳ.ͳͷሻ 

 

Ɉɛɪɚɬɧɨɟ ɤɚɱɟɫɬɜɨ ɤɪɵɥɚ ɫɨɜɪɟɦɟɧɧɵɯ ɥɨɩɚɫɬɟɣ ɜɟɬɪɨɞɜɢɝɚɬɟɥɟɣ 

ɧɚɯɨɞɢɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 0,01 ɞɨ 0,04. Ɇɟɧɶɲɢɟ ɡɧɚɱɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɬ 

ɛɵɫɬɪɨɯɨɞɧɵɦ ɭɫɬɚɧɨɜɤɚɦ; ɞɥɹ ɬɢɯɨɯɨɞɧɵɯ ɦɧɨɝɨɥɨɩɚɫɬɧɵɯ ɞɜɢɝɚɬɟɥɟɣ 

ɤɚɱɟɫɬɜɟ ɤɪɵɥɚ ɧɟ ɫɬɨɥɶ ɫɭɳɟɫɬɜɟɧɧɨ, ɜ ɫɜɹɡɢ ɫ ɱɟɦ, ɬɪɟɛɨɜɚɧɢɹ ɤ 

ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɦɭ ɤɚɱɟɫɬɜɭ ɩɪɨɮɢɥɹ ɹɜɥɹɸɬɫɹ ɧɟ ɫɬɨɥɶ ɠɟɫɬɤɢɦɢ. 

ɂɞɟɚɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɧɟɪɝɢɢ ɜɟɬɪɚ ɩɨ Ƚ.ɏ ɋɚɛɢɧɢɧɭ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɜɵɪɚɠɟɧɢɟɦ: 
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௣௜ܥ = Ͷ݁ ͳ − ݁  ͳ + ݁                                                             ሺͳ.ͳ͸ሻ 

 

Ɉɬɧɨɫɢɬɟɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɜɟɬɪɨɤɨɥɟɫɚ(ɫɪɟɞɧɢɣ 

ɞɥɹ ɜɫɟɝɨ ɪɚɞɢɭɫɚ) ɜɵɪɚɠɚɟɬɫɹ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɨɣ: 

 η = ͳ − ߤ ∙ ௨ߣ௨ߣ + ߤ ∙ ͳߣ + ݁                                                 ሺͳ.ͳ͹ሻ 

 

ɉɨɥɟɡɧɚɹ ɦɨɳɧɨɫɬɶ, ɪɚɡɜɢɜɚɟɦɚɹ ɜɟɬɪɨɞɜɢɝɚɬɟɥɟɦ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɡɚ 

ɜɵɱɟɬɨɦ ɩɨɬɟɪɶ ɢɡ ɦɨɳɧɨɫɬɢ ɢɞɟɚɥɶɧɨɝɨ ɜɟɬɪɨɤɨɥɟɫɚ: 

 

௠ܲ = ௜ܲ[ͳ − ܲ̅௝ − ܲ̅௣ − ܲ̅௧௦ − ܲ̅௦]                             ሺͳ.ͳͺሻ 

 

ɝɞɟ ௜ܲ  – ɦɨɳɧɨɫɬɶ ɢɞɟɚɥɶɧɨɝɨ ɜɟɬɪɨɞɜɢɝɚɬɟɥɹ. 

Ɍɚɤ ɤɚɤ ɩɨɬɟɪɢ ɦɨɳɧɨɫɬɢ ɜ ɜɟɬɪɨɭɫɬɚɧɨɜɤɟ ɜɵɪɚɠɟɧɵ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ 

ɟɞɢɧɢɰɚɯ, ɜɵɪɚɠɟɧɢɹ (1.18) ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɪɟɚɥɶɧɨɝɨ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɧɟɪɝɢɢ ɜɟɬɪɚ ɜɟɬɪɨɤɨɥɟɫɨɦ: 

௣ܥ  = ௣௜[ͳܥ − ܲ̅௝ − ܲ̅௣ − ܲ̅௧௦ − ܲ̅௦]                             ሺͳ.ͳͻሻ 

 

 

1.5  Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɜɟɬɪɨɝɟɧɟɪɚɬɨɪɨɜ 

 

ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɜɟɬɪɨɬɭɪɛɢɧɚ ɦɨɠɟɬ ɛɵɬɶ ɨɛɨɪɭɞɨɜɚɧɚ ɬɪɟɯɮɚɡɧɵɦ 

ɝɟɧɟɪɚɬɨɪɨɦ ɥɸɛɨɝɨ ɬɢɩɚ. ɋɩɪɨɫ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɬɪɟɛɭɟɦɨɝɨ ɤɚɱɟɫɬɜɚ 

ɦɨɠɟɬ ɛɵɬɶ ɭɞɨɜɥɟɬɜɨɪɟɧ ɫ ɩɨɦɨɳɶɸ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɱɚɫɬɨɬɧɵɯ 
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ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ, ɞɚɠɟ ɟɫɥɢ ɝɟɧɟɪɚɬɨɪ ɜɵɞɚɟɬ ɩɟɪɟɦɟɧɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 

ɩɟɪɟɦɟɧɧɨɣ ɱɚɫɬɨɬɵ ɢɥɢ ɩɨɫɬɨɹɧɧɨɟ ɧɚɩɪɹɠɟɧɢɟ. 

ȼ ȼɗɍ ɨɛɵɱɧɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɬɢɩɵ ɝɟɧɟɪɚɬɨɪɨɜ: 

Ⱥɫɢɧɯɪɨɧɧɵɟ (ɢɧɞɭɤɰɢɨɧɧɵɟ) ɝɟɧɟɪɚɬɨɪɵ: 

- ɚɫɢɧɯɪɨɧɧɵɣ ɝɟɧɟɪɚɬɨɪ ɫ ɤɨɪɨɬɤɨɡɚɦɤɧɭɬɵɦ ɪɨɬɨɪɨɦ (SCIG) 

- ɚɫɢɧɯɪɨɧɧɵɣ ɝɟɧɟɪɚɬɨɪ ɫ ɮɚɡɧɵɦ ɪɨɬɨɪɨɦ (WRIG) 

 ɂɧɞɭɤɰɢɨɧɧɵɣ ɝɟɧɟɪɚɬɨɪ ɫ ɨɩɬɢɱɟɫɤɢɦ ɭɩɪɚɜɥɟɧɢɟɦ (OSIG) 

 ɂɧɞɭɤɰɢɨɧɧɵɣ ɝɟɧɟɪɚɬɨɪ ɞɜɨɣɧɨɝɨ ɩɢɬɚɧɢɹ (DFIG) 

ɇɚɢɛɨɥɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɬɢɩɚɦɢ 

ɝɟɧɟɪɚɬɨɪɨɜ ɩɨɥɭɱɢɥɢ ɚɫɢɧɯɪɨɧɧɵɟ ɝɟɧɟɪɚɬɨɪɵ. Ɉɧɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ 

ɤɨɦɩɥɟɤɫ ɭɫɬɪɨɣɫɬɜ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɚɲɢɧɵ ɢ ɫɢɥɨɜɵɯ 

ɫɬɚɬɢɱɟɫɤɢɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. Ɉɧ ɢɦɟɟɬ ɬɚɤɢɟ ɩɪɟɢɦɭɳɟɫɬɜɚ 

ɤɚɤ ɧɚɞɟɠɧɨɫɬɶ ɢ ɩɪɨɫɬɨɬɚ, ɧɟɜɵɫɨɤɚɹ ɫɬɨɢɦɨɫɬɶ, ɭɫɬɨɣɱɢɜɨɫɬɶ ɜ ɪɚɡɥɢɱɧɵɯ 

ɬɪɟɛɭɟɦɵɯ ɪɟɠɢɦɚɯ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɤ ɩɪɢɦɟɪɭ ɩɪɢ ɩɟɪɟɦɟɧɧɨɣ ɱɚɫɬɨɬɟ 

ɜɪɚɳɟɧɢɹ ɜɟɬɪɨɤɨɥɟɫɚ. 

Ɉɞɧɚɤɨ ɭ ɧɢɯ ɢɦɟɸɬɫɹ ɢ ɧɟɞɨɫɬɚɬɤɢ: 

- ɢɫɤɚɠɟɧɧɨɫɬɶ ɮɨɪɦɵ ɤɪɢɜɨɣ ɜɵɯɨɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ; ɨɧɚ ɨɬɥɢɱɚɟɬɫɹ ɨɬ 

ɫɢɧɭɫɨɢɞɚɥɶɧɨɣ, ɷɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɧɟ ɫɢɧɭɫɨɢɞɚɥɶɧɨɫɬɶɸ 

ɤɪɢɜɨɣ ɩɨɥɹ ɜ ɜɨɡɞɭɲɧɨɦ ɡɚɡɨɪɟ, ɧɟ ɫɢɧɭɫɨɢɞɚɥɶɧɨɫɬɶɸ ɬɨɤɚ ɜɨɡɛɭɠɞɟɧɢɹ ɢ 

ɫɢɥɶɧɵɦɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦɢ ɩɨɦɟɯɚɦɢ ɢɡ-ɡɚ ɤɨɦɦɭɬɚɰɢɣ 

ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɩɪɢɛɨɪɨɜ ɉɑ; 

- ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɪɟɚɤɬɢɜɧɨɦ ɧɚɦɚɝɧɢɱɢɜɚɸɳɟɦ ɬɨɤɟ; 

- ɫɥɨɠɧɨɫɬɶ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ. 

Ɍɪɟɛɨɜɚɧɢɹ ɤ ɩɪɢɜɨɞɚɦ ɚɫɢɧɯɪɨɧɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ ɩɨ ɩɨɞɞɟɪɠɚɧɢɸ 

ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɡɧɚɱɢɬɟɥɶɧɨ ɧɢɠɟ, ɱɟɦ ɬɪɟɛɨɜɚɧɢɹ ɤ ɩɪɢɜɨɞɚɦ 

ɬɪɚɞɢɰɢɨɧɧɵɯ ɫɢɧɯɪɨɧɧɵɯ ɝɟɧɟɪɚɬɨɪɨɜ. Ɉɛɥɚɫɬɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɚɫɢɧɯɪɨɧɧɵɯ 

ɝɟɧɟɪɚɬɨɪɨɜ, ɩɪɢ ɩɪɨɱɢɯ ɪɚɜɧɵɯ ɭɫɥɨɜɢɹɯ, ɜɫɟɝɞɚ ɛɨɥɶɲɟ ɨɛɥɚɫɬɟɣ 
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ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɢɧɯɪɨɧɧɵɯ ɝɟɧɟɪɚɬɨɪɨɜ, ɨɫɨɛɟɧɧɨ ɜ ɪɟɠɢɦɚɯ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 

ɩɨɬɪɟɛɥɟɧɢɹ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ. 

ɋɢɧɯɪɨɧɧɵɟ ɝɟɧɟɪɚɬɨɪɵ: 

- ɫɢɧɯɪɨɧɧɵɣ ɝɟɧɟɪɚɬɨɪ ɫ ɮɚɡɧɵɦ ɪɨɬɨɪɨɦ (WRSG) 

- ɫɢɧɯɪɨɧɧɵɣ ɝɟɧɟɪɚɬɨɪ ɧɚ ɩɨɫɬɨɹɧɧɵɯ ɦɚɝɧɢɬɚɯ (PMSG) 

ɋɢɧɯɪɨɧɧɵɣ ɝɟɧɟɪɚɬɨɪ ɢɦɟɟɬ ɛɨɥɟɟ ɜɵɫɨɤɭɸ ɫɬɨɢɦɨɫɬɶ ɢ ɛɨɥɟɟ ɫɥɨɠɧɨɟ 

ɢɫɩɨɥɧɟɧɢɟ, ɱɟɦ ɢɧɞɭɤɰɢɨɧɧɚɹ ɦɚɲɢɧɚ ɬɚɤɨɣ ɠɟ ɦɨɳɧɨɫɬɢ. Ɉɞɧɚɤɨ ɟɝɨ 

ɧɟɨɫɩɨɪɢɦɵɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɨɧ ɧɟ ɩɨɬɪɟɛɥɹɟɬ ɪɟɚɤɬɢɜɧɭɸ 

ɦɨɳɧɨɫɬɶ ɢɡ ɫɟɬɢ. Ⱦɜɚ ɤɥɚɫɫɢɱɟɫɤɢɯ ɬɢɩɚ ɫɢɧɯɪɨɧɧɵɯ ɝɟɧɟɪɚɬɨɪɚ ɲɢɪɨɤɨ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɢɧɞɭɫɬɪɢɢ ɜɟɬɪɨɬɭɪɛɢɧ: ɫɢɧɯɪɨɧɧɵɣ ɝɟɧɟɪɚɬɨɪ ɫ ɮɚɡɧɵɦ 

ɪɨɬɨɪɨɦ ɢ ɫɢɧɯɪɨɧɧɵɣ ɝɟɧɟɪɚɬɨɪ ɧɚ ɩɨɫɬɨɹɧɧɵɯ ɦɚɝɧɢɬɚɯ. ɋɢɧɯɪɨɧɧɵɣ 

ɝɟɧɟɪɚɬɨɪ ɧɚ ɩɨɫɬɨɹɧɧɵɯ ɦɚɝɧɢɬɚɯ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɜɟɬɪɨɝɟɧɟɪɚɬɨɪɚɯ ɢɡ–

ɡɚ ɫɩɨɫɨɛɧɨɫɬɢ ɤ ɫɚɦɨɜɨɡɛɭɠɞɟɧɢɸ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɪɚɛɨɬɚɬɶ ɫ ɜɵɫɨɤɢɦ 

ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɦɨɳɧɨɫɬɢ ɢ ɜɵɫɨɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ. 

Ⱦɪɭɝɢɟ ɬɢɩɵ ɝɟɧɟɪɚɬɨɪɨɜ: 

- ɜɵɫɨɤɨɜɨɥɶɬɧɵɣ ɝɟɧɟɪɚɬɨɪ (HVG) 

- ɝɟɧɟɪɚɬɨɪ ɫ ɩɟɪɟɤɥɸɱɚɟɦɵɦ ɦɚɝɧɢɬɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ (SRG) 

- ɝɟɧɟɪɚɬɨɪ ɫ ɩɟɪɟɤɪɟɫɬɧɵɦ ɦɚɝɧɢɬɧɵɦ ɩɨɬɨɤɨɦ (TFG). [10] 

ɇɚ ɜɵɛɨɪ ɨɫɧɨɜɧɵɯ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɭɡɥɨɜ ȼɗɍ (ɝɟɧɟɪɚɬɨɪɚ, ɢɧɜɟɪɬɨɪɚ, 

ɚɤɤɭɦɭɥɹɬɨɪɧɵɯ ɛɚɬɚɪɟɣ (ȺȻ), ɤɨɦɦɭɬɚɰɢɨɧɧɨɣ ɚɩɩɚɪɚɬɭɪɵ ɢ ɬ.ɞ.) ɢ 

ɨɤɚɡɵɜɚɸɬ ɜɥɢɹɧɢɟ ɬɪɢ ɨɫɧɨɜɧɵɯ ɮɚɤɬɨɪɚ: 

1) ȼɵɯɨɞɧɚɹ ɦɨɳɧɨɫɬɶ (ɤȼɬ), ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɨɥɶɤɨ ɦɨɳɧɨɫɬɶɸ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ (ɢɧɜɟɪɬɨɪɚ) ɢ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ, ɟɦɤɨɫɬɢ 

ɚɤɤɭɦɭɥɹɬɨɪɨɜ. ȿɳё ɟё ɧɚɡɵɜɚɸɬ «ɩɢɤɨɜɨɣ ɧɚɝɪɭɡɤɨɣ». ɗɬɨɬ ɩɚɪɚɦɟɬɪ 

ɨɩɪɟɞɟɥɹɟɬ ɦɚɤɫɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɷɥɟɤɬɪɨɩɪɢɛɨɪɨɜ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ 

ɨɞɧɨɜɪɟɦɟɧɧɨ ɩɨɞɤɥɸɱɟɧɵ ɤ ɫɢɫɬɟɦɟ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ. ɇɟ ɜɨɡɦɨɠɧɨ 

ɨɞɧɨɜɪɟɦɟɧɧɨ ɩɨɬɪɟɛɥɹɬɶ ɛɨɥɶɲɟ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɱɟɦ ɩɨɡɜɨɥɹɟɬ ɦɨɳɧɨɫɬɶ 
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ɢɧɜɟɪɬɨɪɚ. Ⱦɥɹ ɭɜɟɥɢɱɟɧɢɹ ɜɵɯɨɞɧɨɣ ɦɨɳɧɨɫɬɢ ɜɨɡɦɨɠɧɨ ɨɞɧɨɜɪɟɦɟɧɧɨɟ 

ɩɨɞɤɥɸɱɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɢɧɜɟɪɬɨɪɨɜ; 

2) ȼɪɟɦɹ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɛɨɬɵ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɜɟɬɪɚ ɢɥɢ ɩɪɢ ɫɥɚɛɨɦ 

ɜɟɬɪɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ёɦɤɨɫɬɶɸ ȺȻ ɢ ɡɚɜɢɫɢɬ ɨɬ ɦɨɳɧɨɫɬɢ ɢ ɞɥɢɬɟɥɶɧɨɫɬɢ 

ɩɨɬɪɟɛɥɟɧɢɹ. ȿɫɥɢ ɩɨɬɪɟɛɥɟɧɢɟ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɩɪɨɢɫɯɨɞɢɬ ɪɟɞɤɨ, ɧɨ ɜ 

ɛɨɥɶɲɢɯ ɤɨɥɢɱɟɫɬɜɚɯ, ɬɨ ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ ȺȻ ɫ ɛɨɥɶɲɨɣ ɟɦɤɨɫɬɶɸ; 

3) ɋɤɨɪɨɫɬɶ ɡɚɪɹɞɚ ȺȻ ɡɚɜɢɫɢɬ ɨɬ ɦɨɳɧɨɫɬɢ ɫɚɦɨɝɨ ɝɟɧɟɪɚɬɨɪɚ. Ɍɚɤɠɟ 

ɷɬɨɬ ɩɨɤɚɡɚɬɟɥɶ ɡɚɜɢɫɢɬ ɨɬ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ, ɜɵɫɨɬɵ ɦɚɱɬɵ, ɪɟɥɶɟɮɚ ɦɟɫɬɧɨɫɬɢ. 

ɑɟɦ ɦɨɳɧɟɟ ɝɟɧɟɪɚɬɨɪ, ɬɟɦ ɛɵɫɬɪɟɟ ɛɭɞɭɬ ɡɚɪɹɠɚɬɶɫɹ ȺȻ, ɚ ɷɬɨ ɡɧɚɱɢɬ, ɱɬɨ 

ɛɵɫɬɪɟɟ ɛɭɞɟɬ ɩɨɬɪɟɛɥɹɬɶɫɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɹ ɢɡ ɛɚɬɚɪɟɣ. Ȼɨɥɟɟ ɦɨɳɧɵɣ 

ɝɟɧɟɪɚɬɨɪ ɫɥɟɞɭɟɬ ɛɪɚɬɶ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ ɜɟɬɪɚ ɜ ɦɟɫɬɟ ɭɫɬɚɧɨɜɤɢ ɫɥɚɛɵɟ ɢɥɢ 

ɩɨɬɪɟɛɢɬɟɥɢ ɩɨɬɪɟɛɥɹɸɬ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɩɨɫɬɨɹɧɧɨ, ɧɨ ɜ ɧɟɛɨɥɶɲɢɯ 

ɤɨɥɢɱɟɫɬɜɚɯ. 

 

1.6  Ⱦɢɡɟɥɶ-ɝɟɧɟɪɚɬɨɪ  

 

Ⱥɜɬɨɧɨɦɧɵɟ ɞɢɡɟɥɶɧɵɟ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɹɜɥɹɸɬɫɹ ɨɫɧɨɜɧɵɦɢ “ɪɚɛɨɱɢɦɢ 

ɥɨɲɚɞɤɚɦɢ” ɬɚɦ, ɝɞɟ ɩɨ ɪɚɡɧɵɦ ɩɪɢɱɢɧɚɦ ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɟ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ 

ɧɟɞɨɫɬɭɩɧɨ, ɥɢɛɨ ɤɚɱɟɫɬɜɨ ɟɝɨ ɩɨɫɬɚɜɨɤ ɨɫɬɚɜɥɹɟɬ ɠɟɥɚɬɶ ɥɭɱɲɟɝɨ. ɇɢɱɟɝɨ 

ɭɞɢɜɢɬɟɥɶɧɨɝɨ ɜ ɩɨɩɭɥɹɪɧɨɫɬɢ ɞɢɡɟɥɶ – ɝɟɧɟɪɚɬɨɪɨɜ ɧɟɬ, ɜɟɞɶ ɢɦɟɧɧɨ ɨɧɢ 

ɨɛɟɫɩɟɱɢɜɚɸɬ ɧɢɡɤɭɸ ɫɬɨɢɦɨɫɬɶ ɜɵɪɚɛɚɬɵɜɚɟɦɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɚ ɤɚɤ 

ɫɥɟɞɫɬɜɢɟ – ɛɵɫɬɪɭɸ ɨɤɭɩɚɟɦɨɫɬɶ ɭɫɬɚɧɨɜɤɢ. Ȼɨɥɶɲɨɣ ɦɨɬɨɪɟɫɭɪɫ ɢ 

ɞɨɥɝɨɜɟɱɧɨɫɬɶ ɬɚɤɠɟ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɤ ɧɟɫɨɦɧɟɧɧɵɦ ɞɨɫɬɨɢɧɫɬɜɚɦ ɞɢɡɟɥɶ – 

ɝɟɧɟɪɚɬɨɪɨɜ. 

ȼ ɤɚɱɟɫɬɜɟ ɩɟɪɜɢɱɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɜ ɞɢɡɟɥɶ ɝɟɧɟɪɚɬɨɪɚɯ ɢɫɩɨɥɶɡɭɸɬɫɹ 

ɞɜɢɝɚɬɟɥɢ ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ ɫ ɜɨɫɩɥɚɦɟɧɟɧɢɟɦ ɬɨɩɥɢɜɚ ɨɬ ɫɠɚɬɢɹ ɜɨɡɞɭɯɚ – 

ɞɢɡɟɥɢ. ɗɧɟɪɝɢɹ, ɜɵɞɟɥɢɜɲɚɹɫɹ ɩɪɢ ɫɝɨɪɚɧɢɢ ɬɨɩɥɢɜɚ, ɜ ɞɢɡɟɥɟ ɩɪɨɢɡɜɨɞɢɬ 
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ɦɟɯɚɧɢɱɟɫɤɭɸ ɪɚɛɨɬɭ ɢ ɬɟɩɥɨɬɭ. Ɇɟɯɚɧɢɱɟɫɤɚɹ ɪɚɛɨɬɚ ɧɚ ɜɚɥɭ ɞɜɢɝɚɬɟɥɹ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɜɵɪɚɛɨɬɤɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɝɟɧɟɪɚɬɨɪɨɦ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ. 

Ɉɛɥɚɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɢɡɟɥɶ – ɝɟɧɟɪɚɬɨɪɨɜ: ɜ ɤɚɱɟɫɬɜɟ ɪɟɡɟɪɜɧɨɝɨ, 

ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɢɥɢ ɨɫɧɨɜɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɩɪɟɞɩɪɢɹɬɢɹɯ, ɜ 

ɫɬɪɨɢɬɟɥɶɫɬɜɟ, ɚɷɪɨɩɨɪɬɚɯ, ɝɨɫɬɢɧɢɰɚɯ; ɭɡɥɚɯ ɫɜɹɡɢ, ɜ ɫɢɫɬɟɦɚɯ 

ɠɢɡɧɟɨɛɟɫɩɟɱɟɧɢɹ ɢ ɬ.ɩ. ɜ ɚɜɬɨɧɨɦɧɨɦ ɪɟɠɢɦɟ ɢɥɢ ɫɨɜɦɟɫɬɧɨ ɫ 

ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɵɦɢ ɫɢɫɬɟɦɚɦɢ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ. 

 

Ɍɚɛɥɢɰɚ 1.1 Ɉɫɧɨɜɧɵɟ ɫɪɟɞɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɢɡɟɥɶ–ɝɟɧɟɪɚɬɨɪɨɜ  

ɍɞɟɥɶɧɵɣ ɷɮɮɟɤɬɢɜɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ, ˍˆሺˍʑ˕∙˚ሻ 0,184–0,220 

ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɦɚɫɥɚ, ˆሺˍʑ˕∙˚ሻ 0,30–1,40 

ɄɉȾ (ɛɟɡ ɭɬɢɥɢɡɚɰɢɢ ɬɟɩɥɨɬɵ) 0,39–0,47 

ɄɉȾ (ɫ ɭɬɢɥɢɡɚɰɢɟɣ ɬɟɩɥɨɬɵ) 0,70–0,80 

ɇɚɩɪɹɠɟɧɢɟ, ɤȼ 0,4–13 

Ⱦɢɚɩɚɡɨɧ  ɪɚɛɨɱɢɯ ɪɟɠɢɦɨɜ, % ɨɬ ܲː  10–110 

Ɋɟɫɭɪɫ ɞɨ ɬɟɤɭɳɟɝɨ ɪɟɦɨɧɬɚ (ɧɟ ɦɟɧɟɟ), ɬɵɫ.ɱ. 10–60 

Ɋɟɫɭɪɫ ɞɨ ɤɚɩɢɬɚɥɶɧɨɝɨ ɪɟɦɨɧɬɚ (ɧɟ ɦɟɧɟɟ), ɬɵɫ.ɱ. 60–100 

ɋɪɨɤ ɫɥɭɠɛɵ ɞɜɢɝɚɬɟɥɹ (ɧɟ ɦɟɧɟɟ), ɬɵɫ.ɱ. 150–300 

Ɂɚɬɪɚɬɵ ɧɚ ɪɟɦɨɧɬ, % ɨɬ ɫɬɨɢɦɨɫɬɢ 5–20 

ɍɪɨɜɟɧɶ ɲɭɦɚ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 1ɦ (ɧɟ ɛɨɥɟɟ), ɞȻ 85 

 

Ɉɫɧɨɜɧɵɟ ɞɨɫɬɨɢɧɫɬɜɚ ɞɢɡɟɥɶ–ɝɟɧɟɪɚɬɨɪɨɜ: 

- ɧɢɡɤɚɹ ɫɬɨɢɦɨɫɬɶ ɜɵɪɚɛɚɬɵɜɚɟɦɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ; 

- ɛɵɫɬɪɚɹ ɨɤɭɩɚɟɦɨɫɬɶ; 

- ɛɨɥɶɲɨɣ ɦɨɬɨɪɟɫɭɪɫ ɢ ɞɨɥɝɨɜɟɱɧɨɫɬɶ. 

ɇɟɨɛɯɨɞɢɦɨɫɬɶɸ ɩɪɢɦɟɧɟɧɢɹ ɞɢɡɟɥɶ-ɝɟɧɟɪɚɬɨɪɨɜ ɹɜɥɹɟɬɫɹ : 
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- ɪɟɡɟɪɜɢɪɨɜɚɧɢɟ ɦɨɳɧɨɫɬɟɣ ɞɥɹ ɪɚɛɨɬɵ ɩɪɢ ɨɬɤɥɸɱɟɧɢɢ 

ɰɟɧɬɪɚɥɶɧɵɯ ɫɟɬɟɣ (ɚɜɚɪɢɣɧɵɣ ɪɟɠɢɦ); 

- ɨɝɪɚɧɢɱɟɧɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɬɟɩɥɚ ɩɪɢ ɪɚɫɲɢɪɟɧɢɢ ɦɨɳɧɨɫɬɟɣ (ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɣ ɪɟɠɢɦ 

ɪɚɛɨɬɵ ɩɚɪɚɥɥɟɥɶɧɨ ɫ ɰɟɧɬɪɚɥɶɧɵɦɢ ɫɟɬɹɦɢ); 

- ɜɵɫɨɤɢɟ ɡɚɬɪɚɬɵ ɧɚ ɩɨɞɜɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɬɟɩɥɚ (ɚɜɬɨɧɨɦɧɵɣ 

ɪɟɠɢɦ); 

- ɧɢɡɤɚɹ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɬɨɩɥɢɜɚ ɞɥɹ ɞɨɛɵɜɚɸɳɢɯ ɤɨɦɩɚɧɢɣ ɢ 

ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɬɟɩɥɚ; 

- ɜɨɡɦɨɠɧɨɫɬɶ ɫɧɢɠɟɧɢɹ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɨɫɬɚ ɬɚɪɢɮɨɜ ɧɚ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɢ ɬɟɩɥɨ. 

ȼɚɪɢɚɧɬɵ ɢɫɩɨɥɧɟɧɢɹ ɞɢɡɟɥɶɧɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ: 

- ɉɨ ɫɩɨɫɨɛɭ ɡɚɳɢɳɟɧɧɨɫɬɢ ɨɬ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ: 

ɤɚɩɨɬɧɨɝɨ, ɛɟɫɤɚɩɨɬɧɨɝɨ, ɤɭɡɨɜɧɨɝɨ ɢ ɤɨɧɬɟɣɧɟɪɧɨɝɨ ɢɫɩɨɥɧɟɧɢɹ. 

- ɉɨ ɫɩɨɫɨɛɭ ɩɨɞɜɢɠɧɨɫɬɢ: ɫɬɚɰɢɨɧɚɪɧɵɟ ɢ ɩɟɪɟɞɜɢɠɧɵɟ. 

- ɉɨ ɫɩɨɫɨɛɭ ɩɟɪɟɦɟɳɟɧɢɹ: ɧɚ ɩɪɢɰɟɩɟ, ɩɨɥɭɩɪɢɰɟɩɟ, ɧɚ ɚɜɬɨɦɨɛɢɥɟ, 

ɧɚ ɪɚɦɚ-ɫɚɥɚɡɤɚɯ, ɛɥɨɱɧɨ-ɬɪɚɧɫɩɨɪɬɚɛɟɥɶɧɵɟ. 

ɗɥɟɤɬɪɨɝɟɧɟɪɚɬɨɪ. ɗɬɨɬ ɛɥɨɤ (ɞɪɭɝɨɟ ɟɝɨ ɧɚɡɜɚɧɢɟ ɚɥɶɬɟɪɧɚɬɨɪ), 

ɫɨɛɫɬɜɟɧɧɨ, ɢ ɜɵɪɚɛɚɬɵɜɚɟɬ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ 

ɷɥɟɤɬɪɨɝɟɧɟɪɚɬɨɪɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹ ɥɭɱɲɟ ɫɩɪɚɜɥɹɟɬɫɹ ɫ ɬɟɦɢ ɢɥɢ ɢɧɵɦɢ 

ɡɚɞɚɱɚɦɢ. ɋ ɬɨɱɤɢ ɡɪɟɧɢɹ ɤɥɚɫɫɢɮɢɤɚɰɢɢ, ɝɟɧɟɪɚɬɨɪɵ ɛɵɜɚɸɬ ɫɢɧɯɪɨɧɧɵɦɢ ɢ 

ɚɫɢɧɯɪɨɧɧɵɦɢ. ȿɫɥɢ ɝɨɜɨɪɢɬɶ ɩɨɩɭɥɹɪɧɨ, ɬɨ ɫɢɧɯɪɨɧɧɵɣ ɝɟɧɟɪɚɬɨɪ 

ɤɨɧɫɬɪɭɤɬɢɜɧɨ ɫɥɨɠɧɟɟ: ɧɚɩɪɢɦɟɪ, ɭ ɧɟɝɨ ɧɚ ɪɨɬɨɪɟ ɧɚɯɨɞɹɬɫɹ ɤɚɬɭɲɤɢ 

ɢɧɞɭɤɬɢɜɧɨɫɬɢ. 

Ⱥɫɢɧɯɪɨɧɧɵɣ ɝɟɧɟɪɚɬɨɪ ɭɫɬɪɨɟɧ ɝɨɪɚɡɞɨ ɩɪɨɳɟ: ɟɝɨ ɪɨɬɨɪ ɧɚɩɨɦɢɧɚɟɬ 

ɨɛɵɱɧɵɣ ɦɚɯɨɜɢɤ. Ʉɚɤ ɫɥɟɞɫɬɜɢɟ, ɬɚɤɨɣ ɝɟɧɟɪɚɬɨɪ ɥɭɱɲɟ ɡɚɳɢɳɟɧ ɨɬ 

ɩɨɩɚɞɚɧɢɹ ɜɥɚɝɢ ɢ ɝɪɹɡɢ ( ɝɨɜɨɪɹɬ, ɱɬɨ ɨɧ ɢɦɟɟɬ “ɡɚɤɪɵɬɭɸ” ɤɨɧɫɬɪɭɤɰɢɸ). 

ɋɢɧɯɪɨɧɧɵɣ ɢ ɚɫɢɧɯɪɨɧɧɵɣ ɝɟɧɟɪɚɬɨɪɵ ɨɬɥɢɱɚɸɬɫɹ ɫɜɨɢɦɢ ɜɨɡɦɨɠɧɨɫɬɹɦɢ. 
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ɋɢɧɯɪɨɧɧɵɟ ɝɟɧɟɪɚɬɨɪɵ – ɦɟɧɟɟ ɬɨɱɧɵ, ɧɨ, ɬɟɦ ɧɟ ɦɟɧɟɟ, ɨɧɢ ɩɪɢɝɨɞɧɵ 

ɞɥɹ ɚɜɚɪɢɣɧɨɝɨ ɷɥɟɤɬɪɨɩɢɬɚɧɢɹ ɨɮɢɫɨɜ, ɯɨɥɨɞɢɥɶɧɵɯ ɭɫɬɚɧɨɜɨɤ, ɨɛɨɪɭɞɨɜɚɧɢɹ 

ɡɚɝɨɪɨɞɧɵɯ ɞɨɦɨɜ, ɞɚɱ, ɫɬɪɨɢɬɟɥɶɧɵɯ ɨɛɴɟɤɬɨɜ. Ɍɚɤɢɟ ɷɥɟɤɬɪɨɝɟɧɟɪɚɬɨɪɵ ɛɟɡ 

ɩɪɨɛɥɟɦ ɫɩɪɚɜɥɹɸɬɫɹ ɫ ɷɧɟɪɝɨɫɧɚɛɠɟɧɢɟɦ ɷɥɟɤɬɪɨɢɧɫɬɪɭɦɟɧɬɨɜ ɢ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɫ ɪɟɚɤɬɢɜɧɨɣ ɧɚɝɪɭɡɤɨɣ ɞɨ 65% ɨɬ ɫɜɨɟɝɨ ɧɨɦɢɧɚɥɚ. Ɉɧɢ 

ɥɟɝɱɟ ɩɟɪɟɧɨɫɹɬ ɩɭɫɤɨɜɵɟ ɧɚɝɪɭɡɤɢ, ɫɩɨɫɨɛɧɵ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨ, ɧɟ ɛɨɥɟɟ 1 ɫɟɤ, 

ɜɵɞɚɜɚɬɶ ɬɨɤ ɜ 3 – 4 ɪɚɡɚ ɜɵɲɟ ɧɨɦɢɧɚɥɶɧɨɝɨ, ɢ ɜɵɪɚɛɚɬɵɜɚɸɬ ɛɨɥɟɟ “ ɱɢɫɬɵɣ” 

ɬɨɤ. Ɋɟɤɨɦɟɧɞɭɸɬɫɹ ɞɥɹ ɩɢɬɚɧɢɹ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ, ɧɚɫɨɫɨɜ, ɤɨɦɩɪɟɫɫɨɪɨɜ ɢ 

ɞɪɭɝɨɝɨ ɷɥɟɤɬɪɨɢɧɫɬɪɭɦɟɧɬɚ, ɚ ɬɚɤɠɟ ɞɥɹ ɩɨɞɤɥɸɱɟɧɢɹ ɫɜɚɪɨɱɧɨɝɨ ɚɩɩɚɪɚɬɚ. 

Ⱥɫɢɧɯɪɨɧɧɵɟ ɝɟɧɟɪɚɬɨɪɵ – ȼ ɫɢɥɭ ɩɪɨɫɬɨɬɵ ɫɜɨɟɣ ɤɨɧɫɬɪɭɤɰɢɢ 

ɚɫɢɧɯɪɨɧɧɵɟ ɷɥɟɤɬɪɨɝɟɧɟɪɚɬɨɪɵ ɛɨɥɟɟ ɭɫɬɨɣɱɢɜɵ ɤ ɤɨɪɨɬɤɨɦɭ ɡɚɦɵɤɚɧɢɸ( 

ɫɜɚɪɨɱɧɵɟ ɚɩɩɚɪɚɬɵ) ɢ ɛɨɥɟɟ ɭɫɬɨɣɱɢɜɵ ɤ ɩɟɪɟɝɪɭɡɤɚɦ, ɜɵɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 

ɢɦɟɟɬ ɦɟɧɶɲɟ ɧɟɥɢɧɟɣɧɵɯ ɢɫɤɚɠɟɧɢɣ (ɨɱɟɧɶ ɩɥɚɜɧɚɹ ɫɢɧɭɫɨɢɞɚɥɶɧɚɹ ɜɨɥɧɚ); 

ɡɚ ɫɱɟɬ ɷɬɨɝɨ ɨɛɟɫɩɟɱɢɜɚɸɬ ɩɨɞɞɟɪɠɚɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɫ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɶɸ. 

ɉɪɢɦɟɧɟɧɢɟ ɚɫɢɧɯɪɨɧɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ ɩɨɡɜɨɥɹɟɬ ɡɚɩɢɬɵɜɚɬɶ ɨɬ ɚɝɪɟɝɚɬɚ ɧɟ 

ɬɨɥɶɤɨ ɩɪɨɦɵɲɥɟɧɧɵɟ ɭɫɬɪɨɣɫɬɜɚ, ɧɟ ɤɪɢɬɢɱɧɵɟ ɤ ɮɨɪɦɟ ɜɯɨɞɧɨɝɨ 

ɧɚɩɪɹɠɟɧɢɹ, ɧɨ ɢ ɚɩɩɚɪɚɬɭɪɭ, ɱɭɜɫɬɜɢɬɟɥɶɧɭɸ ɤ ɩɟɪɟɩɚɞɚɦ ɧɚɩɪɹɠɟɧɢɹ 

(ɦɟɞɢɰɢɧɫɤɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɷɥɟɤɬɪɨɧɧɭɸ ɬɟɯɧɢɤɭ). Ⱥɫɢɧɯɪɨɧɧɵɣ ɝɟɧɟɪɚɬɨɪ 

ɢɞɟɚɥɶɧɵɣ ɢɫɬɨɱɧɢɤ ɬɨɤɚ ɞɥɹ ɩɨɞɤɥɸɱɟɧɢɹ ɚɤɬɢɜɧɨɣ, ɢɥɢ ɨɦɢɱɟɫɤɨɣ, ɧɚɝɪɭɡɤɢ: 

ɥɚɦɩ ɧɚɤɚɥɢɜɚɧɢɹ, ɛɵɬɨɜɵɯ ɷɥɟɤɬɪɨɩɥɢɬ, ɷɥɟɤɬɪɨɧɚɝɪɟɜɚɬɟɥɟɣ ɢ ɩɪ. ɉɨɡɜɨɥɹɟɬ 

ɩɨɞɤɥɸɱɚɬɶ ɷɥɟɤɬɪɨɢɧɫɬɪɭɦɟɧɬɵ ɢ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɢ ɫ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɶɸ 

ɞɨ 30% ɨɬ ɧɨɦɢɧɚɥɚ. ɉɪɢ ɩɨɞɤɥɸɱɟɧɢɢ ɢɧɞɭɤɬɢɜɧɵɯ ɧɚɝɪɭɡɨɤ ɧɟɨɛɯɨɞɢɦ ɡɚɩɚɫ 

ɩɨ ɦɨɳɧɨɫɬɢ ɜ 3 – 4 ɪɚɡɚ. əɜɥɹɹɫɶ ɜɧɭɬɪɢɩɨɥɸɫɧɨɣ, ɫɚɦɨɪɟɝɭɥɢɪɭɟɦɨɣ 

ɦɚɲɢɧɨɣ, ɛɟɡ ɳɟɬɨɤ ɢ ɤɨɧɬɚɤɬɧɵɯ ɤɨɥɟɰ, ɝɟɧɟɪɚɬɨɪ ɢɦɟɟɬ ɫɬɟɩɟɧɶ ɡɚɳɢɬɵ IP 54 

ɢ ɧɟ ɬɪɟɛɭɟɬ ɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ. ɉɟɪɟɝɪɭɡɤɚ ɷɬɢɯ ɝɟɧɟɪɚɬɨɪɨɜ ɧɟ 

ɞɨɩɭɫɬɢɦɚ. 

ɇɚ ɫɬɚɛɢɥɶɧɨɫɬɶ ɧɚɩɪɹɠɟɧɢɹ ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɟ ɢ ɤɥɚɫɫ ɞɜɢɝɚɬɟɥɹ, ɚ 

ɢɦɟɧɧɨ ɟɝɨ ɫɩɨɫɨɛɧɨɫɬɶ ɩɨɞɞɟɪɠɢɜɚɬɶ ɩɨɫɬɨɹɧɧɵɟ ɨɛɨɪɨɬɵ (ɤɚɤ ɩɪɚɜɢɥɨ, 3000 
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ɨɛ/ɦɢɧ) ɩɪɢ ɢɡɦɟɧɟɧɢɹɯ ɧɚɝɪɭɡɤɢ. Ʉɚɱɟɫɬɜɨ ɜɵɞɚɜɚɟɦɨɝɨ ɷɥɟɤɬɪɢɱɟɫɬɜɚ ɦɨɠɟɬ 

ɛɵɬɶ ɬɚɤɠɟ ɩɨɜɵɲɟɧɨ ɫɩɟɰɢɚɥɶɧɵɦɢ ɫɢɫɬɟɦɚɦɢ ɫɬɚɛɢɥɢɡɚɰɢɢ AVR 

(ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ ɪɟɝɭɥɹɬɨɪ ɧɚɩɪɹɠɟɧɢɹ). ɗɬɨ ɨɱɟɧɶ ɜɚɠɧɚɹ ɨɩɰɢɹ ɢ ɜɨɬ ɩɨɱɟɦɭ. 

ɉɪɟɜɵɲɟɧɢɟ ɧɨɦɢɧɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɩɪɢɜɨɞɢɬ ɤ ɫɨɤɪɚɳɟɧɢɸ ɫɪɨɤɚ ɫɥɭɠɛɵ 

ɷɥɟɤɬɪɨɩɪɢɛɨɪɨɜ, ɚ ɭɦɟɧɶɲɟɧɢɟ - ɫɧɢɠɚɟɬ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢ 

ɷɤɨɧɨɦɢɱɧɨɫɬɶ ɢɯ ɪɚɛɨɬɵ. ȼ ɫɥɭɱɚɟ ɩɚɞɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɬɭɫɤɥɨ ɝɨɪɢɬ ɫɜɟɬ, 

ɩɪɨɢɫɯɨɞɢɬ ɩɪɟɪɵɜɚɧɢɟ ɜ ɪɚɛɨɬɟ ɛɵɬɨɜɨɣ ɬɟɯɧɢɤɢ, ɚɩɩɚɪɚɬɭɪɟ ɫɜɹɡɢ. ɉɪɢ 

ɩɨɜɵɲɟɧɧɨɣ ɩɨɞɚɱɟ ɷɥɟɤɬɪɢɱɟɫɬɜɚ ɩɪɢɛɨɪɵ ɩɟɪɟɝɨɪɚɸɬ, ɜɧɟ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɬɨɝɨ, ɪɚɛɨɬɚɸɬ ɨɧɢ ɜ ɦɨɦɟɧɬ ɚɜɚɪɢɢ, ɢɥɢ ɧɟɬ. Ⱥ ɫɛɨɣ ɜ ɪɚɛɨɬɟ ɚɜɬɨɧɨɦɧɨɝɨ 

ɬɟɩɥɨ- ɢɥɢ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɡɚɝɨɪɨɞɧɵɯ ɞɨɦɨɜ ɢ ɤɨɬɬɟɞɠɟɣ, ɚ ɬɚɤɠɟ ɜɨɞɹɧɵɯ 

ɧɚɫɨɫɨɜ, ɜɨɞɨɧɚɝɪɟɜɚɬɟɥɶɧɵɯ ɤɨɬɥɨɜ, ɨɯɪɚɧɧɵɯ ɫɢɫɬɟɦ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɢɯ 

ɨɫɬɚɧɨɜɤɟ ɢ ɩɨɥɨɦɤɟ. 

 

1.7  Ⱥɧɚɥɢɡ ɚɤɤɭɦɭɥɹɬɨɪɧɵɯ ɛɚɬɚɪɟɣ  

 

Ⱥɤɤɭɦɭɥɹɬɨɪ − ɭɫɬɪɨɣɫɬɜɨ ɞɥɹ ɧɚɤɨɩɥɟɧɢɹ ɷɧɟɪɝɢɢ ɫ ɰɟɥɶɸ ɟɟ 

ɩɨɫɥɟɞɭɸɳɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ. 

ɉɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ɚɤɤɭɦɭɥɹɬɨɪɚ ɢɫɯɨɞɢɬ ɢɡ ɨɛɪɚɬɢɦɨɫɬɢ ɯɢɦɢɱɟɫɤɢɯ 

ɩɪɨɰɟɫɫɨɜ,  ɬ.ɟ.  ɩɪɢ  ɩɨɥɧɨɫɬɶɸ  ɪɚɡɪɹɠɟɧɧɨɦ  ɚɤɤɭɦɭɥɹɬɨɪɟ,  ɦɨɠɧɨ 

ɜɨɫɫɬɚɧɨɜɢɬɶ ɟɝɨ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɩɭɬёɦ ɡɚɪɹɞɚ, ɩɪɨɩɭɫɤɚɹ ɷɥɟɤɬɪɢɱɟɫɤɢɣ 

ɬɨɤ ɜ ɧɚɩɪɚɜɥɟɧɢɢ, ɨɛɪɚɬɧɨɦ ɧɚɩɪɚɜɥɟɧɢɸ ɩɪɢ ɪɚɡɪɹɞɟ. 

ɋɪɟɞɢ ɦɧɨɠɟɫɬɜɚ ɪɚɡɧɨɜɢɞɧɨɫɬɟɣ ɚɤɤɭɦɭɥɹɬɨɪɧɵɯ ɛɚɬɚɪɟɣ ɦɨɠɧɨ 

ɜɵɞɟɥɢɬɶ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɟɦɵɟ. Ʉ ɧɢɦ ɨɬɧɨɫɹɬɫɹ: 

 ɇɢɤɟɥɶ-ɤɚɞɦɢɟɜɵɟ ɚɤɤɭɦɭɥɹɬɨɪɧɵɟ ɛɚɬɚɪɟɢ; 

 ɇɢɤɟɥɶ-ɦɟɬɚɥɥɝɢɞɪɢɞɧɵɟ ɚɤɤɭɦɭɥɹɬɨɪɧɵɟ ɛɚɬɚɪɟɢ; 

 Ʌɢɬɢɣ-ɢɨɧɧɵɟ ɚɤɤɭɦɭɥɹɬɨɪɧɵɟ ɛɚɬɚɪɟɢ; 

 ɋɜɢɧɰɨɜɨ-ɤɢɫɥɨɬɧɵɟ ɚɤɤɭɦɭɥɹɬɨɪɧɵɟ ɛɚɬɚɪɟɢ. 
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Ɋɚɫɫɦɨɬɪɢɦ ɞɨɫɬɨɢɧɫɬɜɚ ɢ ɧɟɞɨɫɬɚɬɤɢ ɚɤɤɭɦɭɥɹɬɨɪɧɵɯ ɛɚɬɚɪɟɣ ɢ ɢɯ 

ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. 

ɇɢɤɟɥɶ-ɤɚɞɦɢɟɜɵɟ ȺȻ ɩɪɢɦɟɧɹɸɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɞɨɥɝɨ, ɧɨ ɩɪɢ ɷɬɨɦ 

ɨɛɥɚɞɚɸɬ ɧɟɜɵɫɨɤɨɣ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɶɸ ሺͶͷ ÷ ͺͲሻ ʑ˕∙˚ˍˆ  . [11] 

Ɉɛɥɚɞɚɸɬ ɫɥɟɞɭɸɳɢɦɢ ɞɨɫɬɨɢɧɫɬɜɚɦɢ: 

1) Ȼɵɫɬɪɵɣ ɢ ɩɪɨɫɬɨɣ ɡɚɪɹɞ  

2) Ȼɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɰɢɤɥɨɜ ɡɚɪɹɞ/ɪɚɡɪɹɞ; 

3) ɏɨɪɨɲɚɹ ɧɚɝɪɭɡɨɱɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɢ ɜɨɡɦɨɠɧɨɫɬɶ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɩɪɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ; 

4) Ⱦɨɥɝɢɣ ɫɪɨɤ ɯɪɚɧɟɧɢɹ ɩɪɢ ɥɸɛɨɦ ɭɪɨɜɧɟ ɡɚɪɹɞɚ; 

5) ɋɨɯɪɚɧɟɧɢɟ ɫɬɚɧɞɚɪɬɧɨɣ ɟɦɤɨɫɬɢ ɩɪɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ; 

ɇɟɞɨɫɬɚɬɤɢ Ni-Cad ɚɤɤɭɦɭɥɹɬɨɪɧɵɯ ɛɚɬɚɪɟɣ: 

1) ɇɢɡɤɚɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɬɢɩɚɦɢ ɚɤɤɭɦɭɥɹɬɨɪɧɵɯ ɛɚɬɚɪɟɣ 

ɷɧɟɪɝɟɬɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ; 

2) ɗɮɮɟɤɬ ɩɚɦɹɬɢ ɢ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɪɨɜɟɞɟɧɢɹ ɩɟɪɢɨɞɢɱɟɫɤɢɯ ɪɚɛɨɬ 

ɩɨ ɟɝɨ ɭɫɬɪɚɧɟɧɢɸ; 

3) Ɍɨɤɫɢɱɧɨɫɬɶ ɩɪɢɦɟɧɹɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ; 

4) ȼɵɫɨɤɢɣ ɫɚɦɨɪɚɡɪɹɞ - ɩɨɫɥɟ ɯɪɚɧɟɧɢɹ ɧɟɨɛɯɨɞɢɦ ɰɢɤɥ ɡɚɪɹɞɚ. 

 

 

Ɋɢɫɭɧɨɤ 1.10 －Ɋɚɡɪɹɞɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ Ni-Cd ɚɤɤɭɦɭɥɹɬɨɪɚ ɩɪɢ ɪɚɡɥɢɱɧɵɯ 

ɬɨɤɚɯ ɪɚɡɪɹɞɚ 
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ɇɢɤɟɥɶ-ɦɟɬɚɥɥɝɢɞɪɢɞɧɵɟ (NI-MH)  ɚɤɤɭɦɭɥɹɬɨɪɧɵɟ  ɛɚɬɚɪɟɢ  ɜ  

ɩɨɫɥɟɞɧɢɟ ɞɟɫɹɬɢɥɟɬɢɹ  ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɬɟɫɧɢɥɢ ɧɢɤɟɥɶ-ɤɚɞɦɢɟɜɵɟ  ȺȻ. NI-MH 

ȺȻ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɛɵɬɨɣ ɷɥɟɤɬɪɨɧɧɨɣ ɚɩɩɚɪɚɬɭɪɟ ɢ ɜ 

ɚɜɬɨɧɨɦɧɵɯ ɢɫɬɨɱɧɢɤɚɯ ɩɢɬɚɧɢɹ ɩɨɪɬɚɬɢɜɧɨɣ ɚɩɩɚɪɚɬɭɪɵ. 

Ⱦɨɫɬɨɢɧɫɬɜɨ NI-MH ȺȻ: 

1) ȼɵɫɨɤɚɹ ɭɞɟɥɶɧɚɹ ɷɧɟɪɝɢɹ; 

2) ɗɤɨɥɨɝɢɱɟɫɤɢ ɱɢɫɬɵɣ; 

3) ɇɟ ɬɪɟɛɭɸɬ ɪɟɝɭɥɹɪɧɨɝɨ ɤɨɧɬɪɨɥɹ;  

4) Ȼɨɥɶɲɨɣ ɞɢɚɩɚɡɨɧ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ −ͶͲ ÷ ͷͲ℃  

Ɉɛɥɚɞɚɸɬ ɫɥɟɞɭɸɳɢɦɢ ɧɟɞɨɫɬɚɬɤɚɦɢ: 

1) ɗɮɮɟɤɬɢɜɧɨ ɪɚɛɨɬɚɸɬ ɜ ɛɨɥɟɟ ɭɡɤɨɦ ɢɧɬɟɪɜɚɥɟ ɪɚɛɨɱɢɯ ɬɨɤɨɜ; 

2) ȼ ɬɟɱɟɧɢɢ ɡɚɪɹɞɚ ɜɵɞɟɥɹɟɬɫɹ ɛɨɥɶɲɟ ɬɟɩɥɨɬɵ; 

3) ɇɟɨɛɯɨɞɢɦɨ ɩɪɢɦɟɧɟɧɢɹ ɫɥɨɠɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɡɚɪɹɞɚ ɢɡ-ɡɚ 

ɜɵɞɟɥɟɧɢɹ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɬɟɩɥɚ; 

4) ɂɦɟɸɬ ɜɵɫɨɤɢɣ ɫɚɦɨɪɚɡɪɹɞ, ɩɨɪɹɞɤɚ 30% ɟɦɤɨɫɬɢ ɜ ɦɟɫɹɰ; 

5) ɩɟɪɢɨɞɢɱɟɫɤɢ ɬɪɟɛɭɸɬ ɤɨɧɬɪɨɥɶɧɨ-ɬɪɟɧɢɪɨɜɨɱɧɨɝɨ ɰɢɤɥɚ (ɩɨɥɧɵɣ 

ɪɚɡɪɹɞ/ɡɚɪɹɞ). 

ɇɨɦɢɧɚɥɶɧɨɟ ɪɚɡɪɹɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ܷ௣ ɫɨɫɬɚɜɥɹɟɬ 1,2 – 1,25 B, ɩɪɢ 

ɧɨɪɦɢɪɨɜɚɧɧɨɦ ɬɨɤɟ ɪɚɡɪɹɞɚ 𝐼௣ = Ͳ,ͳ − Ͳ,ʹ ܥ (ɋ - ɧɨɦɢɧɚɥɶɧɚɹ ɟɦɤɨɫɬɶ 

ɚɤɤɭɦɭɥɹɬɨɪɚ) ɩɪɢ 25 °ɋ, ɤɨɧɟɱɧɨɟ ɧɚɩɪɹɠɟɧɢɟ – 1 ȼ. ɋ ɪɨɫɬɨɦ ɧɚɝɪɭɡɤɢ 

ɧɚɩɪɹɠɟɧɢɟ ɭɦɟɧɶɲɚɟɬɫɹ. 



37 

 

 

 

 

Ɋɢɫɭɧɨɤ 1.11 − Ɋɚɡɪɹɞɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ Ni-MH ɚɤɤɭɦɭɥɹɬɨɪɚ ɩɪɢ ݐ = ʹͲ℃ ɢ ɪɚɡɧɵɯ ɧɨɪɦɢɪɨɜɚɧɧɵɯ ɬɨɤɚɯ ɧɚɝɪɭɡɤɢ 

 

Ʌɢɬɢɣ-ɢɨɧɧɵɟ (Li-Ion) ɚɤɤɭɦɭɥɹɬɨɪɧɵɟ ɛɚɬɚɪɟɢ ɨɛɥɚɞɚɸɬ ɞɨɫɬɚɬɨɱɧɨ 

ɧɢɡɤɨɣ ɫɤɨɪɨɫɬɶɸ ɫɚɦɨɪɚɡɪɹɞɚ, ɩɨɪɹɞɤɚ 10% ɨɬ ɧɨɦɢɧɚɥɶɧɨɣ ɟɦɤɨɫɬɢ ɜ ɦɟɫɹɰ ɢ 

ɩɪɢ ɷɬɨɦ ɬɪɟɛɭɸɬ ɫɬɪɨɝɨɝɨ ɫɥɟɞɨɜɚɧɢɹ ɩɪɚɜɢɥɚɦ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɬɟɯɧɢɤɢ 

ɛɟɡɨɩɚɫɧɨɫɬɢ. Li-Ion ȺȻ ɧɚɢɥɭɱɲɢɦ ɨɛɪɚɡɨɦ ɩɨɞɯɨɞɹɬ ɞɥɹ ɩɪɢɥɨɠɟɧɢɣ, 

ɤɨɬɨɪɵɦ ɩɨɬɪɟɛɧɚ ɜɵɫɨɤɚɹ ɟɦɤɨɫɬɶ ɛɚɬɚɪɟɣ ɢ ɜɦɟɫɬɟ ɫ ɬɟɦ ɩɪɟɞɴɹɜɥɹɸɬɫɹ 

ɫɬɪɨɝɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɢɯ ɜɟɫɭ. Ɉɛɥɚɞɚɸɬ ɯɨɪɨɲɢɦɢ ɧɚɝɪɭɡɨɱɧɵɦɢ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɢ ɧɟɬɪɟɛɨɜɚɬɟɥɶɧɵ ɤ ɨɛɫɥɭɠɢɜɚɧɢɸ. Ɉɬɫɭɬɫɬɜɭɟɬ «ɷɮɮɟɤɬ 

ɩɚɦɹɬɢ». ȼɵɩɭɫɤɚɸɬ ɚɤɤɭɦɭɥɹɬɨɪɧɵɟ ɛɚɬɚɪɟɢ, ɫɨɫɬɨɹɳɢɟ ɢɡ ɨɞɧɨɝɨ ɷɥɟɦɟɧɬɚ, 

ɬ.ɤ. ɧɚ ɨɞɧɢ ɷɥɟɦɟɧɬ Li-Ion ȺȻ ɢɦɟɟɬ ɧɚɩɪɹɠɟɧɢɟ ɜ 3,7 ȼ. 

ɇɟɞɨɫɬɚɬɤɢ Li-Ion ɚɤɤɭɦɭɥɹɬɨɪɧɵɯ ɛɚɬɚɪɟɣ: 

1) Ɍɪɟɛɭɟɬɫɹ ɩɪɢɦɟɧɟɧɢɹ ɫɯɟɦ ɡɚɳɢɬɵ, ɤɨɬɨɪɵɟ ɨɝɪɚɧɢɱɢɜɚɸɬ 

ɩɢɤɨɜɨɟ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɤɚɠɞɨɦ ɷɥɟɦɟɧɬɟ ɜ ɩɪɨɰɟɫɫɟ ɡɚɪɹɞɚ ɢ ɩɪɟɞɭɩɪɟɠɞɚɸɬ 

ɩɚɞɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɧɢɠɟ ɞɨɩɭɫɬɢɦɨɝɨ ɡɧɚɱɟɧɢɹ ɩɪɢ ɪɚɡɪɹɞɟ. 

2) Ⱦɥɹ ɧɢɯ ɫɜɨɣɫɬɜɟɧɧɨ ɫɬɚɪɟɧɢɟ ɜɧɟ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɨɝɨ, 

ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɛɚɬɚɪɟɹ ɢɥɢ ɧɟɬ, ɟɦɤɨɫɬɶ ɫɧɢɠɚɟɬɫɹ ɭɠɟ ɱɟɪɟɡ ɝɨɞ. 
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Ɍɢɩɢɱɧɵɣ ɜɢɞ ɪɚɡɪɹɞɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ Li-Ion ɚɤɤɭɦɭɥɹɬɨɪɨɜ 

ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɚɯ 1.12 ɢ 1.13. ɂɡ ɪɢɫɭɧɤɨɜ ɡɚɦɟɬɧɨ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ 

ɬɨɤɚ ɪɚɡɪɹɞɚ ɪɚɡɪɹɞɧɚɹ ɟɦɤɨɫɬɶ ɚɤɤɭɦɭɥɹɬɨɪɚ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɭɦɟɧɶɲɚɟɬɫɹ ɢ 

ɫɧɢɠɚɟɬɫɹ ɪɚɛɨɱɟɟ ɧɚɩɪɹɠɟɧɢɟ. ɉɪɢ ɪɚɡɪɹɞɟ, ɟɫɥɢ ɬɟɦɩɟɪɚɬɭɪɚ ɧɢɠɟ 10 °ɋ, 

ɜɨɡɧɢɤɚɟɬ ɬɚɤɨɣ ɠɟ ɷɮɮɟɤɬ. ɇɚɪɹɞɭ ɫ ɷɬɢɦ, ɩɪɢ ɦɚɥɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, 

ɩɪɨɢɫɯɨɞɢɬ ɧɚɱɚɥɶɧɚɹ ɩɪɨɫɚɞɤɚ ɧɚɩɪɹɠɟɧɢɹ. 

 

Ɋɢɫɭɧɨɤ 1.12 － Ɋɚɡɪɹɞɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ Li-Ion ɚɤɤɭɦɭɥɹɬɨɪɚ ɩɪɢ 

ɪɚɡɥɢɱɧɵɯ ɬɨɤɚɯ 

 

 

Ɋɢɫɭɧɨɤ 1.13 －Ɋɚɡɪɹɞɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ Li-Ion ɚɤɤɭɦɭɥɹɬɨɪɚ ɩɪɢ 

ɪɚɡɥɢɱɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. 

 

ɋɨɜɪɟɦɟɧɧɵɟ ɫɜɢɧɰɨɜɨ-ɤɢɫɥɨɬɧɵɟ ɚɤɤɭɦɭɥɹɬɨɪɧɵɟ ɛɚɬɚɪɟɢ ɢɦɟɸɬ 

ɜɵɫɨɤɢɟ ɭɞɟɥɶɧɵɟ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ˇˑ ͶͲ ʑ˕∙˚ˍˆ .  ȼ ɫɨɫɬɨɹɧɢɢ 
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ɩɨɫɬɨɹɧɧɨɣ ɩɨɞɡɚɪɹɞɤɢ ɢ ɪɟɞɤɨɦ ɝɥɭɛɨɤɨɦ ɪɚɡɪɹɞɟ (ɛɭɮɟɪɧɵɣ ɪɟɠɢɦ) ɩɪɢ 

ɧɨɪɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɪɚɛɨɬɨɫɩɨɫɨɛɧɵ ɜ ɬɟɱɟɧɢɟ ɞɥɢɬɟɥɶɧɨɝɨ ɩɟɪɢɨɞɚ 

(ɛɨɥɟɟ 10 ɥɟɬ). ɉɪɢ ɩɨɥɧɨɦ ɪɚɡɪɹɞɟ ɢ ɡɚɪɹɞɟ (ɰɢɤɥɢɱɟɫɤɢɣ ɪɟɠɢɦ) ɩɨɡɜɨɥɹɸɬ 

ɩɪɨɜɨɞɢɬɶ ɧɟɫɤɨɥɶɤɨ ɫɨɬɟɧ ɰɢɤɥɨɜ ɞɨ ɩɨɬɟɪɢ ɟɦɤɨɫɬɢ ɧɚ 20%. Ⱦɚɧɧɵɟ ȺȻ 

ɦɨɝɭɬ ɪɚɛɨɬɚɬɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ −͵Ͳ ÷ ͷͲ ℃. Ɍɚɤ ɠɟ ɦɨɝɭɬ ɪɚɛɨɬɚɬɶ ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɟ ɧɟ ɧɢɠɟ -15 °ɋ. 

 

Ɋɢɫɭɧɨɤ 1.14 － Ɂɚɜɢɫɢɦɨɫɬɶ ɧɚɩɪɹɠɟɧɢɹ ɪɚɡɨɦɤɧɭɬɨɣ ɰɟɩɢ ɨɬ ɫɬɟɩɟɧɢ 

ɡɚɪɹɠɟɧɧɨɫɬɢ 

 

ȿɦɤɨɫɬɶ, ɩɪɢɨɛɪɟɬɟɧɧɚɹ ɩɪɢ ɪɚɡɪɹɞɟ ɜ ɬɟɱɟɧɢɟ 20 ɱɚɫɨɜ ɬɨɤɨɦ 0,05ɋ, 

ɫɱɢɬɚɟɬɫɹ ɧɨɦɢɧɚɥɶɧɨɣ. ȿɦɤɨɫɬɶ, ɨɬɞɚɜɚɟɦɚɹ ɚɤɤɭɦɭɥɹɬɨɪɨɦ, ɡɚɜɢɫɢɬ ɨɬ ɬɨɤɚ 

ɪɚɡɪɹɞɚ.  

 

Ɋɢɫɭɧɨɤ 1.15－Ɋɚɡɪɹɞɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɟɪɦɟɬɢɡɢɪɨɜɚɧɧɨɣ ɫɜɢɧɰɨɜɨ- 

ɤɢɫɥɨɬɧɨɣ ɚɤɤɭɦɭɥɹɬɨɪɧɨɣ ɛɚɬɚɪɟɢ 
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Ɍɚɛɥɢɰɚ 1.2 — ɋɪɚɜɧɢɬɟɥɶɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ȺȻ 

ɉɚɪɚɦɟɬɪ ɋɜɢɧɰɨɜɨ-

ɤɢɫɥɨɬɧɵɟ 

NI-Cad Ni-MH Li-Ion 

ɍɞɟɥɶɧɚɹ 

ɩɥɨɬɧɨɫɬɶ ɷɧɟɪɝɢɢ, ʑ˕ ∙ ˚/ˍˆ 

30 - 50 45 - 80 60 - 120 90 - 120 

ȼɧɭɬɪɟɧɧɟɟ 

ɫɨɩɪɨɬɢɜɥɟɧɢɟ1, 

Ɉɦ 

<100 ɚɤɤɭɦ. 

ɛɥɨɤ 12 ȼ 

100-200 

ɚɤɤɭɦ. ɛɥɨɤ 

12 ȼ 

200-300 

ɚɤɤɭɦ. ɛɥɨɤ 

12 ȼ 

25-502 ɚɤɤɭɦ. 

ɛɥɨɤ 12 ȼ 

ɐɢɤɥ4 ʹͲͲ − ͵ͲͲ ͳͲͲͲଷ ͵ͲͲ − ͷͲͲଷ ͳͲͲͲ − ʹͲͲͲ 

ȼɪɟɦɹ ɛɵɫɬɪɨɣ 

ɡɚɪɹɞɤɢ 
8-16 ɱ 1ɱ 2 − 4 ɱ 1ɱ 

Ɍɟɪɩɢɦɨɫɬɶ ɤ 

ɩɟɪɟɡɚɪɹɞɤɟ 
ɜɵɫɨɤɚɹ ɫɪɟɞɧɹɹ ɧɢɡɤɚɹ ɧɢɡɤɚɹ 

ɫɚɦɨɪɚɡɪɹɞ 5 % 20%5 30 % 10 % 

ɇɨɦɢɧɚɥɶɧɨɟ 

ɧɚɩɪɹɠɟɧɢɟ 
2 ȼ 1,2 ȼ7 1,2 ȼ 3,3 ȼ 

ɇɚɩɪɹɠɟɧɢɟ 

ɨɬɫɟɱɤɢ ɩɪɢ 

ɡɚɪɹɞɤɟ 

Ɉɤɨɥɨ 2,4 ɢ 

2,5 

  3,6 

ɇɚɩɪɹɠɟɧɢɟ 

ɨɬɫɟɱɤɢ ɩɪɢ 

ɪɚɡɪɹɞɤɟ 

1,75 1 2,8 

ɉɢɤɨɜɵɣ ɬɨɤ 

ɧɚɝɪɭɡɤɢ 
5ɋ9(0,2ɋ) 20ɋ(1ɋ) 5ɋ(0,5ɋ) >30C(<10C) 

Ɍɟɦɩɟɪɚɬɭɪɚ 

ɡɚɪɹɞɤɢ 
ሺ−ʹͲ ÷ ͷͲሻ℃ ሺͲ ÷ Ͷͷሻ℃ ሺͲ ÷ Ͷͷሻ℃ 

Ɍɟɦɩɟɪɚɬɭɪɚ 

ɪɚɡɪɹɞɤɢ 
ሺ−ʹͲ ÷ ͷͲሻ℃ ሺ−ʹͲ ÷ ͸ͷሻ℃ ሺ−ʹͲ ÷ ͸Ͳሻ℃ 

Ɍɪɟɛɨɜɚɧɢɹ ɤ 

ɨɛɫɥɭɠɢɜɚɧɢɸ 
3-611 ɦɟɫɹɰɟɜ 

(ɩɨɞɪɚɡɪɹɞɤɚ) 

30-60 ɞɧɟɣ 

(ɪɚɡɪɹɞɤɚ) 

60-90 ɞɧɟɣ 

(ɪɚɡɪɹɞɤɚ) 

ɇɟ ɬɪɟɛɭɟɬɫɹ 

Ɍɪɟɛɨɜɚɧɢɹ ɤ 

ɛɟɡɨɩɚɫɧɨɫɬɢ 
Ɍɟɪɦɢɱɟɫɤɢ 
ɫɬɚɛɢɥɶɧɵ 

Ɍɟɪɦɢɱɟɫɤɢ ɫɬɚɛɢɥɶɧɵ, 
ɨɛɵɱɧɨ ɢɫɩɨɥɶɡɭɸɬɫɹ 
ɬɟɪɦɨɩɪɟɞɨɯɪɚɧɢɬɟɥɢ 

Ɉɛɹɡɚɬɟɥɶɧɨ 
ɡɚɳɢɬɧɵɣ 
ɤɨɧɬɭɪ12 
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Ɉɛɨɡɧɚɱɟɧɢɟ ɧɚɞɫɬɪɨɱɧɵɯ ɡɧɚɤɨɜ: 
1  − ȼɧɭɬɪɟɧɧɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ȺȻ ɡɚɜɢɫɢɬ ɨɬ ɜɟɥɢɱɢɧɵ ɦɢɥɥɢɚɦɩɟɪ-

ɱɚɫɨɜ (ɦȺɱ), ɩɪɨɜɨɞɤɢ ɢ ɤɨɥɢɱɟɫɬɜɚ ɷɥɟɦɟɧɬɨɜ; 
2 − Ɍɢɩɨɪɚɡɦɟɪ ɷɥɟɦɟɧɬɚ. Ɉɧ ɨɩɪɟɞɟɥɹɟɬ ɜɧɭɬɪɟɧɧɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ; 
3 − ɀɢɡɧɟɧɧɵɣ ɰɢɤɥ ȺȻ, ɩɪɨɯɨɞɹɳɢɯ ɪɟɝɭɥɹɪɧɨɟ ɬɟɯɧɢɱɟɫɤɨɟ 

ɨɛɫɥɭɠɢɜɚɧɢɟ; 
4 −ɀɢɡɧɟɧɧɵɣ ɰɢɤɥ ȺȻ ɡɚɜɢɫɢɬ ɨɬ ɜɟɥɢɱɢɧɵ ɪɚɡɪɹɞɚ, ɱɟɦ ɦɟɧɶɲɟ 

ɜɟɥɢɱɢɧɚ ɪɚɡɪɹɞɚ, ɬɟɦ ɛɨɥɶɲɟ ɫɪɨɤ ɫɥɭɠɛɵ; 
5 − ɇɚɢɛɨɥɶɲɚɹ ɫɤɨɪɨɫɬɶ ɫɚɦɨɪɚɡɪɹɞɚ (ɩɨɫɥɟ ɡɚɪɹɞɚ); 
6 − Ɂɚɳɢɬɧɵɣ ɤɨɧɬɭɪ, ɤɨɬɨɪɵɣ ɩɨɬɪɟɛɥɹɟɬ 3% ɨɬ ɡɚɩɚɫɟɧɧɨɣ ɷɧɟɪɝɢɢ ɜ 

ɦɟɫɹɰ; 
7 − ɑɚɳɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 1,25; 1,2 ȼ; 
8  − ɇɢɡɤɨɟ ɜɧɭɬɪɟɧɧɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɭɦɟɧɶɲɚɟɬ ɩɚɞɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ 

ɩɨɞ ɧɚɝɪɭɡɤɨɣ ɢ ɥɢɬɢɣ-ɢɨɧɧɵɟ ɚɤɤɭɦɭɥɹɬɨɪɵ ɱɚɫɬɨ ɢɦɟɸɬ ɦɚɪɤɢɪɨɜɤɭ ɫ 

ɛɨɥɶɲɢɦ ɡɧɚɱɟɧɢɟɦ, ɱɟɦ 3,6 ȼ / ɷɥɟɦɟɧɬ. ɗɥɟɦɟɧɬɵ ɫ ɦɚɪɤɢɪɨɜɤɨɣ 3,7 ȼ ɢ   3,8 

ȼ ɩɨɥɧɨɫɬɶɸ ɫɨɜɦɟɫɬɢɦɵ ɫ 3,6 ȼ; 

 9 − ɋɩɨɫɨɛɟɧ ɜɵɞɟɪɠɢɜɚɬɶ ɛɨɥɶɲɨɣ ɢɦɩɭɥɶɫ ɬɨɤɚ ɧɚɝɪɭɡɤɢ, ɧɨ ɧɭɠɧɨ 

ɜɪɟɦɹ ɞɥɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ; 
10 − ɇɟ ɪɟɤɨɦɟɧɞɨɜɚɧɨ ɡɚɪɹɠɚɬɶ ɥɢɬɢɣ-ɢɨɧɧɵɟ ɚɤɤɭɦɭɥɹɬɨɪɵ ɪɟɝɭɥɹɪɧɨ 

ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɧɢɠɟ ɧɭɥɹ; 
11 − ɇɟɨɛɯɨɞɢɦɨ ɬɟɯɧɢɱɟɫɤɨɟ ɨɛɫɥɭɠɢɜɚɧɢɟ ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ 

ɫɭɥɶɮɚɬɚɰɢɢ; 
12 − Ⱦɥɹ ɛɨɥɶɲɢɧɫɬɜɚ ɥɢɬɢɣ-ɢɨɧɧɵɯ ȺȻ ɨɬɫɟɱɤɚ ɩɪɨɢɫɯɨɞɢɬ, ɟɫɥɢ 

ɧɚɩɪɹɠɟɧɢɟ ɦɟɧɶɲɟ ɱɟɦ 2,20 ȼ ɢ ɛɨɥɶɲɟ ɱɟɦ 4,30 ȼ. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɬɚɛɥɢɰɵ 1.2  ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɜ ɞɨɫɬɨɢɧɫɬɜɚ ɢ ɧɟɞɨɫɬɚɬɤɢ 

ɚɤɤɭɦɭɥɹɬɨɪɧɵɯ ɛɚɬɚɪɟɣ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɜɵɛɪɚɧɚ ɥɢɬɢɣ-ɢɨɧɧɵɟ ɚɤɤɭɦɭɥɹɬɨɪɧɵɟ ɛɚɬɚɪɟɢ. 
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1.8  ȼɵɩɪɹɦɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ 

 

ɉɪɨɢɡɜɨɞɫɬɜɨ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɜ ɨɫɧɨɜɧɨɦ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚ ɩɟɪɟɦɟɧɧɨɦ ɬɨɤɟ, ɜɫɥɟɞɫɬɜɢɟ ɩɪɨɫɬɨɬɵ ɬɪɚɧɫɮɨɪɦɚɰɢɢ 

ɧɚɩɪɹɠɟɧɢɹ. Ɉɞɧɚɤɨ ɡɧɚɱɢɬɟɥɶɧɚɹ ɱɚɫɬɶ ɩɪɨɢɡɜɨɞɢɦɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ 

(30-35%) ɢɫɩɨɥɶɡɭɟɬɫɹ ɧɚ ɩɨɫɬɨɹɧɧɨɦ ɬɨɤɟ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɞɥɹ ɩɟɪɟɞɚɱɢ ɧɚ 

ɪɚɫɫɬɨɹɧɢɹ. 

ɍɫɬɪɨɣɫɬɜɨ, ɤɨɬɨɪɨɟ ɩɪɟɨɛɪɚɡɭɟɬ ɩɟɪɟɦɟɧɧɵɣ ɬɨɤ ɜ ɩɨɫɬɨɹɧɧɵɣ, 

ɧɚɡɵɜɚɟɬɫɹ ɜɵɩɪɹɦɢɬɟɥɟɦ. 

ȼɵɩɪɹɦɢɬɟɥɶ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ , ɜ ɤɨɬɨɪɭɸ 

ɜɯɨɞɹɬ: ɫɢɥɨɜɨɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ (ɋɌ), ɜɟɧɬɢɥɶɧɵɣ ɛɥɨɤ (ȼȻ), ɮɢɥɶɬɪɭɸɳɟɟ 

ɭɫɬɪɨɣɫɬɜɨ (Ɏɍ), ɰɟɩɶ ɧɚɝɪɭɡɤɢ (ɇ). 

 

 

Ɋɢɫɭɧɨɤ. 1.16－ ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɜɵɩɪɹɦɢɬɟɥɹ 

 

ɋɢɥɨɜɨɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɫɥɭɠɢɬ ɞɥɹ ɫɨɝɥɚɫɨɜɚɧɢɹ ɜɯɨɞɧɨɝɨ ɢ ɜɵɯɨɞɧɨɝɨ 

ɧɚɩɪɹɠɟɧɢɣ  ɜɵɩɪɹɦɢɬɟɥɹ.  ȼɨɡɦɨɠɧɵ  ɪɚɡɥɢɱɧɵɟ  ɫɨɟɞɢɧɟɧɢɹ  ɨɛɦɨɬɨɤ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ  ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ  ɫ  ɪɚɡɥɢɱɧɵɦɢ  ɫɯɟɦɚɦɢ  ɜɵɩɪɹɦɥɟɧɢɹ. 

ɇɚɩɪɹɠɟɧɢɟ ɜɬɨɪɢɱɧɨɣ ɨɛɦɨɬɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ܷଶ ɨɩɪɟɞɟɥɹɟɬ ɡɧɚɱɟɧɢɟ 

ɜɵɩɪɹɦɥɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ܷː (ɢɥɢ ܷௗ ). 

Ɍɪɚɧɫɮɨɪɦɚɬɨɪ  ɩɨɡɜɨɥɹɟɬ  ɨɞɧɨɜɪɟɦɟɧɧɨ  ɝɚɥɶɜɚɧɢɱɟɫɤɢ  ɪɚɡɜɹɡɚɬɶ 

ɩɢɬɚɸɳɭɸ ɫɟɬɶ ଵܷ , 𝐼ଵ ɫ ଵ݂, ɢ ɰɟɩɶ ɧɚɝɪɭɡɤɢ ɫ ܷː, 𝐼  (ɢɥɢ ܷௗ , 𝐼ௗ,). ȼ ɩɨɫɥɟɞɧɟɟ 

ɜɪɟɦɹ ɜ ɫɜɹɡɢ ɫ ɩɨɹɜɢɜɲɟɣɫɹ ɜɨɡɦɨɠɧɨɫɬɶɸ ɪɚɡɪɚɛɚɬɵɜɚɬɶ ɢ ɢɡɝɨɬɚɜɥɢɜɚɬɶ 

ɜɵɫɨɤɨɜɨɥɶɬɧɵɟ ɢɧɜɟɪɬɨɪɵ, ɪɚɛɨɬɚɸɳɢɟ ɧɚ ɜɵɫɨɤɨɣ ɱɚɫɬɨɬɟ ɢ ɩɪɢ  

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɦ  ɜɵɩɪɹɦɥɟɧɢɢ  ɧɚɩɪɹɠɟɧɢɹ  ɫɟɬɢ,  ɢɫɩɨɥɶɡɭɸɬɫɹ 
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ɛɟcɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɟ ɫɯɟɦɵ ɜɵɩɪɹɦɥɟɧɢɹ, ɜ ɤɨɬɨɪɵɯ ɜɟɧɬɢɥɶɧɵɣ ɛɥɨɤ 

ɩɪɢɫɨɟɞɢɧɹɟɬɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɤ ɩɟɪɜɢɱɧɨɣ ɩɢɬɚɸɳɟɣ ɫɟɬɢ. [12] 

ȼɟɧɬɢɥɶɧɵɣ ɛɥɨɤ ɜɵɩɪɹɦɥɹɟɬ ɩɟɪɟɦɟɧɧɵɣ ɬɨɤ, ɩɨɞɤɥɸɱɚɹ ɜɬɨɪɢɱɧɨɟ 

ɧɚɩɪɹɠɟɧɢɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɮɚɡɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɤ ɰɟɩɢ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ. 

ȼ ɜɟɧɬɢɥɶɧɨɦ ɛɥɨɤɟ ɢɫɩɨɥɶɡɭɸɬɫɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɟ ɞɢɨɞɵ 

ɢɥɢ ɫɛɨɪɤɢ ɧɚ ɢɯ ɨɫɧɨɜɟ. ɇɚ ɜɵɯɨɞɟ ɜɟɧɬɢɥɶɧɨɝɨ ɛɥɨɤɚ ɩɨɥɭɱɚɸɬ 

ɡɧɚɤɨɩɨɫɬɨɹɧɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɫ ɜɵɫɨɤɢɦ ɭɪɨɜɧɟɦ ɩɭɥɶɫɚɰɢɣ, ɨɩɪɟɞɟɥɹɟɦɵɦ 

ɬɨɥɶɤɨ ɱɢɫɥɨɦ ɮɚɡ ɩɢɬɚɸɳɟɣ ɫɟɬɢ ɢ ɜɵɛɪɚɧɧɨɣ ɫɯɟɦɨɣ ɜɵɩɪɹɦɥɟɧɢɹ. 

Ɏɢɥɶɬɪɭɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɬɪɟɛɭɟɦɵɣ ɭɪɨɜɟɧɶ ɩɭɥɶɫɚɰɢɣ 

ɜɵɩɪɹɦɥɟɧɧɨɝɨ ɬɨɤɚ ɜ ɰɟɩɢ ɧɚɝɪɭɡɤɢ. ȼ ɤɚɱɟɫɬɜɟ Ɏɍ ɢɫɩɨɥɶɡɭɸɬɫɹ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɤɥɸɱɚɟɦɵɟ ɪɟɡɢɫɬɨɪ ɢɥɢ ɫɝɥɚɠɢɜɚɸɳɢɣ ɞɪɨɫɫɟɥɶ ɢ 

ɩɚɪɚɥɥɟɥɶɧɨ ɜɤɥɸɱɚɟɦɵɟ ɤɨɧɞɟɧɫɚɬɨɪɵ. ɂɧɨɝɞɚ Ɏɍ ɫɬɪɨɢɬɫɹ ɩɨ ɛɨɥɟɟ 

ɫɥɨɠɧɵɦ ɫɯɟɦɚɦ. ȼ ɜɵɩɪɹɦɢɬɟɥɹɯ ɦɚɥɨɣ ɦɨɳɧɨɫɬɢ ɭɫɬɚɧɨɜɤɚ ɪɟɡɢɫɬɨɪɚ ɢɥɢ 

ɞɪɨɫɫɟɥɹ ɧɟ ɨɛɹɡɚɬɟɥɶɧɚ. 

Ɍɪɟɯɮɚɡɧɚɹ  ɦɨɫɬɨɜɚɹ  ɫɯɟɦɚ (ɫɯɟɦɚ Ʌɚɪɢɨɧɨɜɚ)   ɨɛɥɚɞɚɟɬ  ɧɚɢɥɭɱɲɢɦ 

ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɨ ɦɨɳɧɨɫɬɢ, ɧɚɢɦɟɧɶɲɢɦ 

ɨɛɪɚɬɧɵɦ  ɧɚɩɪɹɠɟɧɢɟɦ  ɧɚ  ɞɢɨɞɚɯ  ɢ  ɜɵɫɨɤɨɣ  ɱɚɫɬɨɬɨɣ  ɩɭɥɶɫɚɰɢɢ 

(ɲɟɫɬɢɩɭɥɶɫɧɚɹ) ɜɵɩɪɹɦɥɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɱɬɨ, ɜ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ, 

ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɷɬɭ ɫɯɟɦɭ ɛɟɡ ɮɢɥɶɬɪɚ. ɋɯɟɦɚ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɲɢɪɨɤɨɦ 

ɞɢɚɩɚɡɨɧɟ ɜɵɩɪɹɦɥɟɧɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɢ ɦɨɳɧɨɫɬɟɣ. 

ɋɯɟɦɚ ɬɪɟɯɮɚɡɧɨɝɨ ɦɨɫɬɨɜɨɝɨ ɜɵɩɪɹɦɢɬɟɥɹ ɫɨɞɟɪɠɢɬ ɜɵɩɪɹɦɢɬɟɥɶɧɵɣ 

ɦɨɫɬ ɢɡ ɲɟɫɬɢ ɜɟɧɬɢɥɟɣ, ɜ ɤɨɬɨɪɨɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɟɞɢɧɟɧɵ ɞɜɟ ɬɪɟɯɮɚɡɧɵɟ 

ɝɪɭɩɩɵ. ȼ ɧɢɠɧɟɣ ɝɪɭɩɩɟ ɜɟɧɬɢɥɢ ɫɨɟɞɢɧɟɧɵ ɤɚɬɨɞɚɦɢ (ɤɚɬɨɞɧɚɹ ɝɪɭɩɩɚ), ɚ ɜ 

ɜɟɪɯɧɟɣ – ɚɧɨɞɚɦɢ (ɚɧɨɞɧɚɹ ɝɪɭɩɩɚ). ɇɚɝɪɭɡɤɚ ɩɨɞɤɥɸɱɚɟɬɫɹ ɦɟɠɞɭ ɬɨɱɤɚɦɢ 

ɫɨɟɞɢɧɟɧɢɹ ɤɚɬɨɞɨɜ ɢ ɚɧɨɞɨɜ ɜɟɧɬɢɥɟɣ. ɋɯɟɦɚ ɞɨɩɭɫɤɚɟɬ ɫɨɟɞɢɧɟɧɢɟ ɤɚɤ 

ɩɟɪɜɢɱɧɵɯ,  ɬɚɤ  ɢ  ɜɬɨɪɢɱɧɵɯ  ɨɛɦɨɬɨɤ  ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ  ɡɜɟɡɞɨɣ  ɢɥɢ 

ɬɪɟɭɝɨɥɶɧɢɤɨɦ. 
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Ⱦɢɚɝɪɚɦɦɵ ɧɚɩɪɹɠɟɧɢɣ ɢ ɬɨɤɨɜ, ɩɨɹɫɧɹɸɳɢɟ ɪɚɛɨɬɭ ɢɞɟɚɥɢɡɢɪɨɜɚɧɧɨɝɨ 

ɬɪɟɯɮɚɡɧɨɝɨ ɦɨɫɬɨɜɨɝɨ ɜɵɩɪɹɦɢɬɟɥɹ ɧɚ ɚɤɬɢɜɧɭɸ ɧɚɝɪɭɡɤɭ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ 

ɪɢɫɭɧɨɤ. 1.18 

 

Ɋɢɫɭɧɨɤ 1.17－ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ Ʌɚɪɢɨɧɨɜɚ 

 

 

Ɋɢɫɭɧɨɤ 1.18－ Ⱦɢɚɝɪɚɦɦɵ ɧɚɩɪɹɠɟɧɢɣ ɢ ɬɨɤɨɜ ɜ ɧɟɣ ɩɪɢ ɪɚɛɨɬɟ ɧɚ ɚɤɬɢɜɧɭɸ 

ɧɚɝɪɭɡɤɭ 
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1.9   ɉɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɩɨɫɬɨɹɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ  ɜ ɩɟɪɟɦɟɧɧɨɟ 

 

ɗɥɟɤɬɪɨɷɧɟɪɝɢɹ, ɜɵɪɚɛɚɬɵɜɚɟɦɚɹ ɜɟɬɪɨɝɟɧɟɪɚɬɨɪɨɦ, ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ 

ɡɚɪɹɞɤɢ ɚɤɤɭɦɭɥɹɬɨɪɧɵɯ ɛɚɬɚɪɟɣ ɩɨɫɬɨɹɧɧɵɦ ɬɨɤɨɦ.  Ⱦɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 

ɩɨɫɬɨɹɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɜ ɩɟɪɟɦɟɧɧɵɣ (50 Ƚɰ, 220/380 ȼ), ɧɟɨɛɯɨɞɢɦɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɩɟɰɢɚɥɶɧɨ ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɭɫɬɪɨɣɫɬɜɚ  – ɢɧɜɟɪɬɨɪɵ. 

ɇɟ ɢɫɩɨɥɶɡɭɹ ɢɧɜɟɪɬɨɪ ɨɬ ɛɚɬɚɪɟɢ ɦɨɠɟɬ ɩɢɬɚɬɶɫɹ ɬɨɥɶɤɨ ɬɚ ɧɚɝɪɭɡɤɚ, 

ɤɨɬɨɪɚɹ ɪɚɛɨɬɚɟɬ ɧɚ ɩɨɫɬɨɹɧɧɨɦ ɧɚɩɪɹɠɟɧɢɢ, ɜ ɬ.ɱ. ɪɚɡɧɨɨɛɪɚɡɧɚɹ ɩɨɪɬɚɬɢɜɧɚɹ 

ɬɟɯɧɢɤɚ, ɷɧɟɪɝɨɫɛɟɪɟɝɚɸɳɢɟ ɥɚɦɩɵ ɢ ɬ.ɞ. 

ȼɫɟ ɚɜɬɨɧɨɦɧɵɟ ɢɧɜɟɪɬɨɪɵ ɩɪɟɨɛɪɚɡɭɸɬ ɩɨɫɬɨɹɧɧɵɣ ɬɨɤ 

ɚɤɤɭɦɭɥɹɬɨɪɧɵɯ ɛɚɬɚɪɟɣ. ɑɟɦ ɜɵɲɟ ɜɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɬɟɦ ɩɪɨɳɟ ɫɯɟɦɚ 

ɢɧɜɟɪɬɨɪɚ ɢ ɬɟɦ ɛɨɥɶɲɟ ɟɝɨ ɄɉȾ. ɉɨɬɟɪɢ ɩɪɢ ɩɟɪɟɞɚɱɟ ɷɧɟɪɝɢɢ ɤ 

ɚɤɤɭɦɭɥɹɬɨɪɚɦ, ɪɟɝɭɥɹɬɨɪɚɦ ɡɚɪɹɞɚ ɢ ɢɧɜɟɪɬɨɪɚɦ ɡɧɚɱɢɬɟɥɶɧɨ ɭɦɟɧɶɲɚɸɬɫɹ 

ɩɪɢ ɜɵɫɨɤɨɦ ɧɚɩɪɹɠɟɧɢɢ, ɨɞɧɚɤɨ ɩɪɢ ɷɬɨɦ ɭɫɥɨɠɧɹɟɬɫɹ ɤɨɧɫɬɪɭɤɰɢɹ 

ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɢ ɢɯ ɷɤɫɩɥɭɚɬɚɰɢɹ ɩɪɢ ɨɩɚɫɧɵɯ ɧɚɩɪɹɠɟɧɢɹɯ (ɜɵɲɟ 40 ȼ). 

ɋɭɳɟɫɬɜɭɟɬ ɞɜɚ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɢɧɜɟɪɬɨɪɚ. ɉɟɪɜɵɣ ɪɟɠɢɦ – ɷɬɨ ɪɟɠɢɦ 

ɞɥɢɬɟɥɶɧɨɣ ɪɚɛɨɬɵ. Ⱦɚɧɧɵɣ ɪɟɠɢɦ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ 

ɢɧɜɟɪɬɨɪɚ. ȼɬɨɪɨɣ ɪɟɠɢɦ – ɷɬɨ ɪɟɠɢɦ ɩɟɪɟɝɪɭɡɤɢ. ȼ ɞɚɧɧɨɦ ɪɟɠɢɦɟ 

ɛɨɥɶɲɢɧɫɬɜɨ ɦɨɞɟɥɟɣ ɢɧɜɟɪɬɨɪɨɜ ɜ ɬɟɱɟɧɢɢ ɧɟɫɤɨɥɶɤɢɯ ɞɟɫɹɬɤɨɜ ɦɢɧɭɬ (ɞɨ 30 

ɦɢɧ) ɦɨɝɭɬ ɨɬɞɚɜɚɬɶ ɦɨɳɧɨɫɬɶ ɜ 1,5 ɪɚɡɚ ɛɨɥɶɲɟ, ɱɟɦ ɧɨɦɢɧɚɥɶɧɚɹ. ȼ ɬɟɱɟɧɢɟ 

ɧɟɫɤɨɥɶɤɢɯ ɫɟɤɭɧɞ ɛɨɥɶɲɢɧɫɬɜɨ ɦɨɞɟɥɟɣ ɢɧɜɟɪɬɨɪɨɜ ɦɨɝɭɬ ɨɬɞɚɜɚɬɶ ɦɨɳɧɨɫɬɶ 

ɜ 2,5 – 3,5 ɪɚɡɚ ɛɨɥɶɲɭɸ ɱɟɦ ɧɨɦɢɧɚɥɶɧɚɹ. ɋɢɥɶɧɚɹ ɤɪɚɬɤɨɜɪɟɦɟɧɧɚɹ 

ɩɟɪɟɝɪɭɡɤɚ ɜɨɡɧɢɤɚɟɬ, ɧɚɩɪɢɦɟɪ, ɩɪɢ ɜɤɥɸɱɟɧɢɢ ɯɨɥɨɞɢɥɶɧɢɤɚ. Ʉɚɤ ɩɪɚɜɢɥɨ, 

ɦɨɳɧɨɫɬɶ ɢɧɜɟɪɬɨɪɚ ɩɪɢɦɟɪɧɨ ɪɚɜɧɚ ɪɚɫɱɟɬɧɨɣ ɦɨɳɧɨɫɬɢ ȼɗɍ. 
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2. ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ  

 

2.1  Ɋɟɫɭɪɫɵ ɜɟɬɪɨɷɧɟɪɝɟɬɢɤɢ ɜ Ɋɨɫɫɢɢ 

 

ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ȼɗɍ ɧɚɱɢɧɚɟɬɫɹ ɫ ɨɩɪɟɞɟɥɟɧɢɹ ɫɪɟɞɧɟɝɨɞɨɜɨɣ ɫɤɨɪɨɫɬɢ 

ɜɟɬɪɚ ɜ ɪɚɣɨɧɟ ɩɪɟɞɩɨɥɚɝɚɟɦɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɧɚ ɜɵɫɨɬɟ 50 ɦ ɧɚɞ ɭɪɨɜɧɟɦ 

ɦɨɪɹ. Ⱦɥɹ ɷɬɨɝɨ ɪɚɫɫɦɨɬɪɢɦ ɚɬɥɚɫ ɜɟɬɪɨɜ Ɋɨɫɫɢɢ. ɇɚ ɬɟɪɪɢɬɨɪɢɢ ɊɎ 

ɧɚɛɥɸɞɚɟɬɫɹ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɟɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ. 

ɇɚ ɪɢɫɭɧɤɟ 2.1 [13] ɩɨɤɚɡɚɧɨ, ɱɬɨ ɧɚ ɬɟɪɪɢɬɨɪɢɢ Ɋɨɫɫɢɢ 

ɜɟɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɟɫɭɪɫɵ ɪɚɡɞɟɥɟɧɵ ɧɚ ɩɹɬɶ ɬɨɩɨɝɪɚɮɢɱɟɫɤɢɯ ɭɪɨɜɧɟɣ. 

ɇɚɢɜɵɫɲɢɣ ɭɪɨɜɟɧɶ ɜɵɲɟ 6,0 ɦ/ɫ ɧɚɛɥɸɞɚɟɬɫɹ ɭ ɛɟɪɟɝɨɜ Ɉɯɨɬɫɤɨɝɨ, Ȼɟɪɢɧɝɨɜɚ, 

Ȼɚɪɟɧɰɟɜɚ ɢ Ʉɚɪɫɤɨɝɨ ɦɨɪɟɣ. ȼɬɨɪɨɣ ɭɪɨɜɟɧɶ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɢ 

ɜɟɬɪɚ 5-6 ɦ/ɫ ɜɞɨɥɶ ɩɨɛɟɪɟɠɶɹ ɑɭɤɨɬɫɤɨɝɨ, ȼɨɫɬɨɱɧɨ-ɋɢɛɢɪɫɤɨɝɨ ɦɨɪɟɣ ɢ 

əɩɨɧɫɤɨɝɨ ɦɨɪɹ ɧɚ ɜɨɫɬɨɤɟ ɢ ɦɨɪɹ Ʌɚɩɬɟɜɵɯ ɧɚ ɫɟɜɟɪɟ. Ɍɪɟɬɢɣ ɭɪɨɜɟɧɶ 3,5-5 

ɦ/ɫ – ɧɚ ɛɟɪɟɝɚɯ Ⱥɡɨɜɫɤɨɝɨ, ɑɟɪɧɨɝɨ ɢ Ʉɚɫɩɢɣɫɤɨɝɨ ɦɨɪɟɣ ɧɚ ɸɝɟ ɢ Ȼɟɥɨɝɨ ɦɨɪɹ 

ɧɚ ɫɟɜɟɪɨ-ɡɚɩɚɞɟ. Ⱦɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɢɟ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ ɧɚɛɥɸɞɚɸɬɫɹ ɜ ɫɬɟɩɹɯ 

Ɂɚɩɚɞɧɨɣ ɋɢɛɢɪɢ, ɧɚ Ȼɚɣɤɚɥɟ ɢ ɍɪɚɥɟ, ɚ ɬɚɤɠɟ ɪɚɣɨɧɚɯ ɤɚɤ ɋɪɟɞɧɟɝɨ, ɬɚɤ ɢ 

ɇɢɠɧɟɝɨ ɉɨɜɨɥɠɶɹ. ɇɚɢɛɨɥɟɟ ɧɢɡɤɢɣ ɭɪɨɜɟɧɶ ɫɤɨɪɨɫɬɟɣ – ɧɚɞ ȼɨɫɬɨɱɧɨɣ 

ɋɢɛɢɪɶɸ.  

7.2 ɍɫɬ ɚɧɨɜɤ ɚ ɡ ɚɳɢɬɧɨɝɨ ɪɟɡ ɢɫɬɨɪɚ 

ȼɵ ɯɨɞ ɧɵɟ ɰɟɩɢ ȻɎИ  ɜɵ ɩɨɥ ɧɟɧɵ ɫ  ɧɚɪɭɲɟɧɢɟɦ ɪɟɤ ɨɦɟɧɞɚɰ ɢɣ ɫɩɪɚɜɨɱɧɨɣ ɥ ɢɬɟɪɚɬ ɭɪɵ [6]. Ɍɚɤ ɞɥɹ ɢɡɛɟɠɚɧɢɹ ɥɨɠɧɨɝɨ ɜɤɥɸɱɟɧɢɹ ɬ ɢɪɢɫɬ ɨɪɚ ɢ ɩɟɪɟɝɪɟɜɚ ɨɬ ɩɨɜɵɲɟɧɧɨɝɨ ɩɪɹɦ ɨɝɨ ɬɨɤɚ ɜ ɡ ɚɤɪɵɬ ɨɦ ɫɨɫɬɨɹɧɢɢ, ɤ ɭɩɪɚɜɥ ɹɸɳ ɟɦ ɭ ɷɥ ɟɤɬɪɨɞ ɭ ɢ ɤɚɬɨɞ ɭ, ɪɟɤ ɨɦɟɧɞ ɭɟɬɫɹ ɩɨɞɤɥɸɱɚɬɶ ɪɟɡ ɢɫɬ ɨɪ ɫɨɩɪɨɬ ɢɜɥ ɟɧɢɟɦ 50-150 Ɉɦ. ȼ ɫɥ ɭɱɚɟ ɫ ȼȺКЭɉ, ɬɚɤɨɣ ɪɟɡɢɫɬ ɨɪ ɨɬɫɭɬɫɬ ɜɭɟɬ , ɜɦ ɟɫɬɨ ɧɟɝɨ ɜɤɥɸɱɟɧ ɩɨɦɟɯɨɡ ɚɳɢɳ ɚɸɳɢɣ ɤ ɨɧɞ ɟɧɫɚɬ ɨɪ (ɪɢɫɭɧɨɤ 22) 
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Ɋɢɫɭɧɨɤ 2.1 －Ɋɟɫɭɪɫɵ ɜɟɬɪɨɜɨɣ ɷɧɟɪɝɟɬɢɤɢ ɜ Ɋɨɫɫɢɢ 

 

ɉɨɱɬɢ ɩɨɜɫɟɦɟɫɬɧɨ ɜɨ ɜɫɟɯ ɪɟɝɢɨɧɚɯ Ɋɨɫɫɢɢ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ ɞɧɟɦ ɜɵɲɟ, 

ɱɟɦ ɧɨɱɶɸ. ɇɨ ɡɢɦɨɣ ɷɬɨ ɪɚɡɥɢɱɢɟ ɦɟɧɶɲɟ. Ƚɨɞɨɜɚɹ ɚɦɩɥɢɬɭɞɚ ɤɨɥɟɛɚɧɢɣ 

ɫɪɟɞɧɟɫɭɬɨɱɧɵɯ ɫɤɨɪɨɫɬɟɣ ɜɟɬɪɚ ɧɚɞ Ɋɨɫɫɢɟɣ ɧɟɡɧɚɱɢɬɟɥɶɧɚ ɢ ɫɨɫɬɚɜɥɹɟɬ 2-3 

ɦ/ɫ. Ȼɨɥɟɟ ɜɵɫɨɤɢɣ ɝɨɞɨɜɨɣ ɯɨɞ ɫɪɟɞɧɟɣ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ (4 ɦ/ɫ) ɧɚɛɥɸɞɚɟɬɫɹ ɧɚ 

Ⱦɚɥɶɧɟɦ ȼɨɫɬɨɤɟ, ɜ ȼɨɫɬɨɱɧɨɣ ɢ Ɂɚɩɚɞɧɨɣ ɋɢɛɢɪɢ (ɤɪɨɦɟ ɫɟɜɟɪɧɵɯ ɪɚɣɨɧɨɜ), ɚ 

ɬɚɤɠɟ ɜ ɰɟɧɬɪɟ ȿɜɪɨɩɟɣɫɤɨɣ ɱɚɫɬɢ Ɋɨɫɫɢɢ. ɇɚɞ ɐɟɧɬɪɚɥɶɧɨɣ ɋɢɛɢɪɶɸ, ɸɝɨ-

ɡɚɩɚɞɨɦ ɢ ɸɝɨ-ɜɨɫɬɨɤɨɦ ȿɜɪɨɩɟɣɫɤɨɣ ɱɚɫɬɢ Ɋɨɫɫɢɢ ɝɨɞɨɜɨɣ ɯɨɞ ɫɪɟɞɧɟɣ 

ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ ɫɨɫɬɚɜɥɹɟɬ 2 ɦ/ɫ. ɉɪɚɤɬɢɱɟɫɤɢ ɧɚɞ ɜɫɟɦɢ ɪɟɝɢɨɧɚɦɢ ɜ ɡɢɦɧɢɣ ɢ 

ɨɫɟɧɧɢɣ ɩɟɪɢɨɞ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ ɜɵɲɟ, ɱɟɦ ɥɟɬɨɦ ɢ ɜɟɫɧɨɣ. ɂɫɤɥɸɱɟɧɢɟɦ ɢɡ 

ɩɪɚɜɢɥɚ ɹɜɥɹɟɬɫɹ ɸɠɧɚɹ ɱɚɫɬɶ ɐɟɧɬɪɚɥɶɧɨɣ ɋɢɛɢɪɢ, ɬɚɦ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ ɜ 

ɬɟɩɥɨɟ ɜɪɟɦɹ ɝɨɞɚ ɜɵɲɟ. ȼ ɬɚɤɢɯ ɪɟɝɢɨɧɚɯ, ɤɚɤ Ɂɚɛɚɣɤɚɥɶɟ ɢ əɤɭɬɢɹ ɛɨɥɶɲɢɟ 

ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ ɜɟɫɧɨɣ. 
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2.1.1 ɉɨɬɟɧɰɢɚɥ ɜɟɬɪɨɷɧɟɪɝɟɬɢɤɢ ɧɚ ɬɟɪɪɢɬɨɪɢɢ Ʉɪɚɫɧɨɹɪɫɤɨɝɨ 

ɤɪɚɹ, Ɋɟɫɩɭɛɥɢɤ Ɍɵɜɚ ɢ ɏɚɤɚɫɢɹ  

 

ɉɪɢ ɫɪɟɞɧɟɝɨɞɨɜɨɣ ɫɤɨɪɨɫɬɢ ɜ 3,5 ɦ/ɫ, ɯɚɪɚɤɬɟɪɧɨɣ ɞɥɹ Ʉɪɚɫɧɨɹɪɫɤɨɝɨ 

ɤɪɚɹ, ɦɨɠɧɨ ɩɪɢɧɹɬɶ, ɱɬɨ ɫɪɟɞɧɟɷɧɟɪɝɟɬɢɱɟɫɤɚɹ ɫɤɨɪɨɫɬɶ ɫɨɫɬɚɜɢɬ ɨɤɨɥɨ 5 ɦ/ɫ, 

ɚ ɜɟɬɪɹɤ ɛɭɞɟɬ ɪɚɛɨɬɚɬɶ ɬɪɟɬɶ ɜɫɟɝɨ ɜɪɟɦɟɧɢ.[14] ȿɫɥɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ 

ɫɬɚɬɢɫɬɢɤɭ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ ɜ Ʉɪɚɫɧɨɹɪɫɤɨɦ ɤɪɚɟ [15], ɬɨ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ 

ɧɟɫɤɨɥɶɤɨ ɨɛɥɚɫɬɟɣ ɫ ɧɚɢɛɨɥɶɲɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ɫɢɥɵ ɜɟɬɪɚ. 

 

Ɍɚɛɥɢɰɚ 2.1. ɋɤɨɪɨɫɬɶ ɜɟɬɪɚ ɧɟɤɨɬɨɪɵɯ ɪɚɣɨɧɨɜ Ʉɪɚɫɧɨɹɪɫɤɨɝɨ ɤɪɚɹ 

Ɉɛɥɚɫɬɶ ɋɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ, ɦ/ɫ ɉɨɜɬɨɪɹɟɦɨɫɬɶ ɪɚɡɥɢɱɧɵɯ ɝɪɚɞɚɰɢɣ 

ɫɤɨɪɨɫɬɟɣ ɡɚ ɝɨɞ,% 
ɡɚ ɨɬɨɩɢɬɟɥɶɧɵɣ 

ɩɟɪɢɨɞ 
ɡɚ 3 ɧɚɢɛɨɥɟɟ 

ɯɨɥɨɞɧɵɯ ɦɟɫɹɰɚ 
<1 ɦ/ɫ 2-5 ɦ/ɫ 6-7 ɦ/ɫ >8 ɦ/ɫ 

Ⱥɱɢɧɫɤ 4,9 4,6 32 46 10 12 

ɨ. Ⱦɢɤɫɨɧ 7,5 8,2 11 28 15 46 

Ⱦɭɞɢɧɤɚ  5,6 5,3 15 41 32 27 

ɦɵɫ ɑɟɥɸɫɤɢɧ 6,7 7 10 32 18 40 
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Ɋɢɫɭɧɨɤ 2.2 – Ɋɚɣɨɧɢɪɨɜɚɧɢɟ Ʉɪɚɫɧɨɹɪɫɤɨɝɨ ɤɪɚɹ, Ɋɟɫɩɭɛɥɢɤ Ɍɵɜɚ ɢ ɏɚɤɚɫɢɹ 

ɩɨ ɜɟɬɪɨɜɵɦ ɡɨɧɚɦ 
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ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɣɨɧɢɪɨɜɚɧɢɹ ɬɟɪɪɢɬɨɪɢɢ ɩɨ ɫɪɟɞɧɟɝɨɞɨɜɨɣ ɫɤɨɪɨɫɬɢ 

ɜɟɬɪɚ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɫɟɦɶ ɯɚɪɚɤɬɟɪɧɵɯ ɜɟɬɪɨɜɵɯ ɡɨɧ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ 

ɧɚ ɪɢɫɭɧɤɟ 2.2. 

ȼɟɪɨɹɬɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɤɨɪɨɫɬɟɣ ɩɨ ɝɪɚɞɚɰɢɹɦ, ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ 

ɡɨɧɚɯ ɨɩɢɫɵɜɚɟɬɫɹ ɱɟɬɵɪɟɯɩɚɪɚɦɟɬɪɢɱɟɫɤɢɦ ɭɪɚɜɧɟɧɢɟɦ Ƚɪɢɧɟɜɢɱɚ, ɢɦɟɸɳɢɣ 

ɜɢɞ: ð = ߙ ∆ܸܸ̅ ∙ (ܸܸ̅)௕ ∙ 𝑝ݔ݁ [−ܿ ∙ (ܸܸ̅)ௗ]                             ሺʹ.ͳሻ 

 

ɝɞɟ  ܸ̅ − ɫɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ ɡɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɣ ɩɟɪɢɨɞ ɜɪɟɦɟɧɢ, ɦ/ɫ; 

        ∆ܸ − ɢɧɬɟɪɜɚɥ ɝɪɚɞɚɰɢɢ ɫɤɨɪɨɫɬɢ, ɦ/ɫ; 

         ܸ − ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ, ɩɨɜɬɨɪɹɟɦɨɫɬɶ ɤɨɬɨɪɨɣ ɢɳɟɬɫɹ ɜ ɢɧɬɟɪɜɚɥɟ ɨɬ ܸ − ∆௏ଶ  

ɞɨ ܸ + ∆௏ଶ , ɦ/ɫ; 

,ߙ         ܾ, ܿ, ݀ − ɩɚɪɚɦɟɬɪɵ ɭɪɚɜɧɟɧɢɹ. 

ɉɚɪɚɦɟɬɪɵ ɭɪɚɜɧɟɧɢɹ Ƚɪɢɧɟɜɢɱɚ ɩɨ ɜɟɬɪɨɜɵɦ ɡɨɧɚɦ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ 

ɬɚɛɥɢɰɟ 2.2. ɉɨɞɫɬɚɜɥɹɹ ɢɯ ɜ ɜɵɪɚɠɟɧɢɟ (2.1), ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨɜɬɨɪɹɟɦɨɫɬɟɣ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ ɫ ɥɸɛɵɦ ɢɧɬɟɪɜɚɥɨɦ (ɪɢɫɭɧɨɤ 

2.3). 

 

Ɍɚɛɥɢɰɚ 2.2  ɉɚɪɚɦɟɬɪɵ Ƚɪɢɧɟɜɢɱɚ ɩɨ ɜɟɬɪɨɜɵɦ ɡɨɧɚɦ 

ȼɟɬɪɨɜɚɹ  

ɡɨɧɚ 

ɉɚɪɚɦɟɬɪɵ ɭɪɚɜɧɟɧɢɹ Ƚɪɢɧɟɜɢɱɚ ɩɨ ɜɟɬɪɨɜɵɦ ɡɨɧɚɦ 

a b c d 

I 1,731 1,01 1,045 1,45 

II 1,735 1,06 1,043 1,46 

III 1,801 1,09 1,046 1,52 

IV 1,755 1,08 1,044 1,48 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 

V 1,690 1,28 1,034 1,45 

VI 1,531 1,16 1,029 1,3 

VII 1,478 1,11 1,027 1,25 

 

 

Ɋɢɫɭɧɨɤ 2.3 – Ʉɪɢɜɵɟ ɩɨɜɬɨɪɹɟɦɨɫɬɢ ɫɤɨɪɨɫɬɟɣ ɜɟɬɪɚ ɩɨ ɝɪɚɞɚɰɢɹɦ, 

Ʉɪɚɫɧɨɹɪɫɤɚ, Ɍɵɜɚ ɢ ɏɚɤɚɫɢɢ ɩɨ ɜɟɬɪɨɜɵɦ ɡɨɧɚɦ 

 

Ɉɞɧɢɦ ɢɡ ɩɪɢɦɟɪɨɜ ɭɠɟ ɪɚɛɨɬɚɸɳɟɣ ɫɢɫɬɟɦɵ ɜɟɬɪɨɝɟɧɟɪɚɬɨɪɨɦ ɜ ɬɚɤɨɣ 

ɫɢɬɭɚɰɢɢ ɹɜɥɹɟɬɫɹ ɛɚɡɨɜɚɹ ɫɬɚɧɰɢɹ ɫɨɬɨɜɨɣ ɫɜɹɡɢ. ȼ ɫɜɹɡɢ ɫ ɨɛɲɢɪɧɵɦɢ 

ɬɟɪɪɢɬɨɪɢɹɦɢ Ʉɪɚɫɧɨɹɪɫɤɨɝɨ ɤɪɚɹ ɜɟɫɬɢ ɥɢɧɢɸ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɞɨ ɤɚɠɞɨɣ 

ɫɬɚɧɰɢɢ ɡɚɬɪɚɬɧɨ, ɧɨ ɨɛɟɫɩɟɱɢɜɚɬɶ ɦɨɛɢɥɶɧɨɣ ɫɜɹɡɶɸ ɚɜɬɨɞɨɪɨɝɢ ɢ ɀȾ-

ɦɚɝɢɫɬɪɚɥɢ ɧɟɨɛɯɨɞɢɦɨ. ȼ ɰɟɥɹɯ ɫɧɢɠɟɧɢɹ ɡɚɬɪɚɬ ɢ ɧɚɝɪɭɡɤɢ ɧɚ ɷɤɨɥɨɝɢɸ 

ɋɢɛɢɪɫɤɢɣ ɮɢɥɢɚɥ «ɆɟɝɚɎɨɧɚ» ɢɫɩɨɥɶɡɭɟɬ ɭɞɚɥɟɧɧɵɟ ɛɚɡɨɜɵɟ ɫɬɚɧɰɢɢ, 

ɷɥɟɤɬɪɨɩɢɬɚɧɢɟ ɤɨɬɨɪɵɯ ɩɪɨɢɡɜɨɞɢɬɫɹ ɢɦɟɧɧɨ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɢɥɵ 

ɜɟɬɪɚ.[16] Ɇɨɳɧɨɫɬɶ ɭɫɬɚɧɨɜɨɤ 6 ɤȼɬ, ɨɧɢ ɨɛɟɫɩɟɱɢɜɚɸɬ 85 % ɜɪɟɦɟɧɢ ɩɨɞɚɱɢ 



52 

 

 

 

ɩɢɬɚɧɢɹ. Ɉɫɬɚɜɲɟɟɫɹ ɜɪɟɦɹ ɫɬɚɧɰɢɹ ɩɢɬɚɟɬɫɹ ɨɬ ɚɤɤɭɦɭɥɹɬɨɪɨɜ ɢ ɲɬɚɬɧɨɝɨ 

ɞɢɡɟɥɶɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɞɯɨɞɹ ɤɨɦɩɥɟɤɫɧɨ ɤ ɜɨɩɪɨɫɭ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɜɟɬɪɨɝɟɧɟɪɚɬɨɪɨɜ (ɭɱɢɬɵɜɚɹ ɨɬɞɚɥёɧɧɨɫɬɶ ɨɬ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɢɬɚɧɢɹ, ɜɵɛɢɪɚɹ 

ɨɩɬɢɦɚɥɶɧɨ ɦɟɫɬɨɪɚɫɩɨɥɨɠɟɧɢɟ, ɜɵɫɨɬɭ, ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɢɫɬɨɱɧɢɤɢ ɷɧɟɪɝɢɢ) 

ɢ ɢɫɯɨɞɹ ɢɡ ɰɟɥɟɣ, ɞɥɹ ɤɨɬɨɪɵɯ ɜɟɬɪɨɝɟɧɟɪɚɬɨɪ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ, ɜ 

Ʉɪɚɫɧɨɹɪɫɤɨɦ ɤɪɚɟ ɦɨɠɧɨ ɷɮɮɟɤɬɢɜɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɚɧɧɵɣ ɚɥɶɬɟɪɧɚɬɢɜɧɵɣ 

ɢɫɬɨɱɧɢɤ ɷɧɟɪɝɢɢ. 

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɫɭɳɟɫɬɜɭɸɬ ɨɛɴɟɤɬɢɜɧɵɟ ɩɪɢɱɢɧɵ, 

ɩɪɟɩɹɬɫɬɜɭɸɳɢɟ ɲɢɪɨɤɨɦɭ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɜɟɬɪɨɷɧɟɪɝɟɬɢɤɢ: 

 ɧɟɫɬɚɛɢɥɶɧɨɫɬɶ ɩɚɪɚɦɟɬɪɨɜ ɜɵɯɨɞɧɨɣ ɦɨɳɧɨɫɬɢ ɜɟɬɪɨɭɫɬɚɧɨɜɤɢ ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɧɟɩɨɫɬɨɹɧɫɬɜɚ ɜɟɬɪɨɜɨɝɨ ɩɨɬɨɤɚ, ɩɨɫɬɭɩɚɸɳɟɝɨ ɧɚ ɥɨɩɚɫɬɢ 

ɬɭɪɛɢɧɵ; 

 ɧɟɥɢɧɟɣɧɨɫɬɶ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɟɧɟɪɢɪɭɟɦɨɣ 

ɦɨɳɧɨɫɬɢ; 

 ɧɢɡɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɢ ɦɚɥɵɯ ɫɤɨɪɨɫɬɹɯ ɜɟɬɪɚ. 

 

2.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɦɨɳɧɨɫɬɢ ɢ ɡɚɧɢɦɚɟɦɨɣ ɩɥɨɳɚɞɢ ȼɗɍ 

2.2.1 Ɋɚɫɱɟɬ ɩɢɤɨɜɨɣ ɦɨɳɧɨɫɬɢ ɢ ɩɨɬɪɟɛɥɹɟɦɨɣ ɷɧɟɪɝɢɢ 

 

ȼɵɱɢɫɥɟɧɢɟ ɝɪɚɮɢɤɚ ɩɨɬɪɟɛɥɟɧɢɹ ɢ ɩɢɤɚ ɦɨɳɧɨɫɬɢ ɱɚɫɬɧɨɝɨ ɩɨɬɪɟɛɢɬɟɥɹ 

ɷɧɟɪɝɢɢ ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɜɟɞɟɧɨ ɫ ɬɨɣ ɢɥɢ ɢɧɨɣ ɜɟɪɨɹɬɧɨɫɬɶɸ ɢɥɢ 

ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɟɦ ɜ ɫɜɹɡɢ ɫ ɧɟɩɪɟɞɫɤɚɡɭɟɦɨɫɬɶɸ ɝɪɚɮɢɤɚ ɷɧɟɪɝɨɡɚɬɪɚɬ. ȼ ɫɜɹɡɢ 

ɫ ɷɬɢɦ ɡɚɞɚɱɚ ɪɟɲɚɟɬɫɹ ɜɫɟɝɞɚ ɢɧɞɢɜɢɞɭɚɥɶɧɨ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ 

ɞɨɩɭɳɟɧɢɹɦɢ ɢ ɩɪɢɛɥɢɠɟɧɢɹɦɢ. 

Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɭɤɨɜɨɞɫɬɜɨɦ ɩɨ 
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ɷɤɫɩɥɭɚɬɚɰɢɢ ɦɨɳɧɨɫɬɶ ɤɚɠɞɨɝɨ ɩɪɢɛɨɪɚ ௜ܲ (ȼɬ), ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɛɵɬɶ 

ɢɫɩɨɥɶɡɨɜɚɧ ɧɚ ɢɫɫɥɟɞɭɟɦɨɦ ɨɛɴɟɤɬɟ. Ɉɩɪɟɞɟɥɢɬɶ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ 

ɞɨɩɭɳɟɧɢɹɦɢ ɩɪɨɫɬɭɸ ɜɟɪɨɹɬɧɨɫɬɶ ɜɤɥɸɱɟɧɢɹ ɩɪɢɛɨɪɚ ɜ ɪɚɡɥɢɱɧɨɟ ɜɪɟɦɹ 

ɫɭɬɨɤ ɢ ɨɬɦɟɬɢɬɶ ɷɬɨ ɜ ɬɚɛɥɢɰɟ, ɩɪɨɫɬɚɜɥɹɹ ɦɝɧɨɜɟɧɧɭɸ ɩɨɬɪɟɛɥɹɟɦɭɸ 

ɦɨɳɧɨɫɬɶ ɜ ɪɚɡɥɢɱɧɵɟ ɦɨɦɟɧɬɵ ɜɪɟɦɟɧɢ. ɋɥɨɠɢɬɶ ɞɚɧɧɵɟ ɫɬɨɥɛɰɨɜ 

ɦɝɧɨɜɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ௜ܲ ɢ ɩɨɥɭɱɢɬɶ ɩɢɤɨɜɭɸ ɦɨɳɧɨɫɬɶ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɹ ܲ˒  

ɜ ɤɨɧɤɪɟɬɧɨɟ ɜɪɟɦɹ ɫɭɬɨɤ – ɭɬɪɨɦ, ɞɧɟɦ, ɜɟɱɟɪɨɦ, ɧɨɱɶɸ(̟ܲ , ܲ̌ , ܲ˅ , ܲː ሻ. ɗɬɢ 

ɞɚɧɧɵɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜɩɨɫɥɟɞɫɬɜɢɢ ɞɥɹ ɪɚɫɱɟɬɚ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ 

ɢɧɜɟɪɬɨɪɚ ܲ̀ . ܲ̀ > ̟ܲ)ܺܣܯ , ܲ̌ , ܲ˅ , ܲː ), ʑ˕                                      ሺʹ.ʹሻ 

 

ɂɡ ɩɪɚɤɬɢɤɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɪɟɚɥɶɧɚɹ ɩɢɤɨɜɚɹ ɦɨɳɧɨɫɬɶ ɩɨɞɚɜɥɹɸɳɟɝɨ 

ɛɨɥɶɲɢɧɫɬɜɚ ɨɛɴɟɤɬɨɜ ɜ ɤɨɧɤɪɟɬɧɨɟ ɜɪɟɦɹ ɫɭɬɨɤ ɦɟɧɶɲɟ ɫɭɦɦɵ ɜɫɟɯ 

ɦɨɳɧɨɫɬɟɣ ɧɚɯɨɞɹɳɢɯɫɹ ɧɚ ɨɛɴɟɤɬɟ ɩɪɢɛɨɪɨɜ, ɩɨɫɤɨɥɶɤɭ ɜɫɟ ɷɥɟɤɬɪɨɩɪɢɛɨɪɵ, 

ɤɚɤ ɩɪɚɜɢɥɨ, ɧɟ ɜɤɥɸɱɚɸɬɫɹ ɨɞɧɨɜɪɟɦɟɧɧɨ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɦɨɝɭɬ ɛɵɬɶ 

ɢɫɤɥɸɱɟɧɢɹ, ɤɨɬɨɪɵɟ ɞɨɥɠɧɵ ɩɪɢɧɢɦɚɬɶɫɹ ɜɨ ɜɧɢɦɚɧɢɟ ɪɚɡɪɚɛɨɬɱɢɤɨɦ. 

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪɚɫɱɟɬɨɜ ɞɨɩɭɫɤɚɟɬɫɹ ɮɨɪɦɚɥɶɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɩɢɤɨɜɨɣ 

ɦɨɳɧɨɫɬɢ ɜ ɤɨɧɤɪɟɬɧɨɟ ɜɪɟɦɹ ɫɭɬɨɤ ɫ ɰɟɥɶɸ ɫɨɡɞɚɧɢɹ «ɡɚɩɚɫɚ» ɩɨ ɦɨɳɧɨɫɬɢ ɢ 

ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɭɜɟɥɢɱɟɧɢɹ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɹ ɜ ɛɭɞɭɳɟɦ. 

 

Ɍɚɛɥɢɰɚ 2.3 Ɇɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɩɪɢɛɨɪɨɜ ɢ ɦɝɧɨɜɟɧɧɚɹ ɩɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ 

 

ɗɥɟɤɬɪɨɩɪɢɛɨɪ 

 

ɍɫɬɚɧɨɜɥɟɧɧɚɹ 

ɦɨɳɧɨɫɬɶ ௜ܲ , ʑ˕ 

Ɇɝɧɨɜɟɧɧɚɹ ɩɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ ௜ܲ , ʑ˕ 

ɍɬɪɨ Ⱦɟɧɶ ȼɟɱɟɪ ɇɨɱɶ 

Ɍɟɥɟɜɢɡɨɪ 300 300 0 300 0 

ɉɨɫɭɞɨɦɨɟɱɧɚɹ 

ɦɚɲɢɧɚ 

1500 0 0 1500 0 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 

ɋɬɢɪɚɥɶɧɚɹ 

ɦɚɲɢɧɚ 

500 0 0 500 0 

Ɇɢɤɪɨɜɨɥɧɨɜɚɹ 

ɩɟɱɶ 

1500 1500 0 0 0 

ɗɥɟɤɬɪɨɩɥɢɬɤɚ 1500 1500 0 1500 0 

ɉɵɥɟɫɨɫ 650 0 0 650 0 

Ʌɚɦɩɵ 

ɧɚɤɚɥɢɜɚɧɢɹ 

1000 1000 1000 1000 1000 

Ʌɸɫɬɪɚ 400 400 0 400 0 

ɗɥɟɤɬɪɨɱɚɣɧɢɤ 2000 2000 0 2000 0 

ɍɬɸɝ 1100 1100 0 1100 0 

Ɇɢɤɫɟɪ 200 200 0 200 0 

Ɏɟɧ 200 0 0 200 0 

ɇɨɭɬɛɭɤ 50 0 0 50 0 

Ɂɚɪɹɞɤɚ ɞɥɹ 

ɦɨɛɢɥɶɧɢɤɚ 

4 4 4 4 4 

ɏɨɥɨɞɢɥɶɧɢɤ 188 188 188 188 188 

ɋɢɫɬɟɦɚ ɨɛɨɝɪɟɜɚ 300 300 300 300 300 

Ⱦɪɭɝɢɟ ɩɪɢɛɨɪɵ 1000 1000 1000 1000 1000 

ɂɬɨɝɨ ɜ ɩɢɤɟ 𝑷˒, 12392 9492 2492 10892 2492 

  𝑷˖ 𝑷ˇ 𝑷˅ 𝑷ː 

 

Ɉɩɪɟɞɟɥɢɜ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɞɨɩɭɳɟɧɢɹɦɢ ɜɪɟɦɹ ɪɚɛɨɬɵ ɜ 

ɤɨɧɤɪɟɬɧɨɟ ɜɪɟɦɹ ɫɭɬɨɤ ɦɨɠɧɨ ɧɚɣɬɢ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟ ɤɚɠɞɨɝɨ ɩɪɢɛɨɪɚ ɡɚ 

ɫɭɬɤɢ. ɋɭɦɦɚ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɹ ɜɫɟɯ ɩɪɢɛɨɪɨɜ ܧ˔˖˕ ɛɭɞɟɬ ɹɜɥɹɬɶɫɹ 

ɤɨɥɢɱɟɫɬɜɨɦ ɷɧɟɪɝɢɢ, ɩɨɬɪɟɛɥɹɟɦɨɣ ɨɛɴɟɤɬɨɦ ɜ ɫɭɬɤɢ: 
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˕˖˔ܧ = ௜ܲ ∑ ௜ܶ , ʑ˕ ∙ ˚                                                ሺʹ.͵ሻ 

 

ɗɬɢ ɞɚɧɧɵɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜɩɨɫɥɟɞɫɬɜɢɢ ɞɥɹ ɪɚɫɱɟɬɚ ɧɨɦɢɧɚɥɶɧɨɣ 

ɦɨɳɧɨɫɬɢ ɜɟɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɢ ɢ ɚɤɤɭɦɭɥɹɬɨɪɧɵɯ ɛɚɬɚɪɟɣ. 

 

Ɍɚɛɥɢɰɚ 2.4 Ɇɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɩɪɢɛɨɪɨɜ ɢ ɦɝɧɨɜɟɧɧɚɹ ɩɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ 

 

ɗɥɟɤɬɪɨɩɪɢɛɨɪ 

 

ɍɫɬɚɧɨɜɥɟɧɧɚɹ 

ɦɨɳɧɨɫɬɶ ௜ܲ , ʑ˕ 

ȼɪɟɦɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ௜ܶ , ˚ ɉɨɬɪɟɛɥɟɧɢɟ 

ɷɥɟɤɬɪɢɱɟɫɤɨɣ 

ɷɧɟɪɝɢɢ, ȼɬ  ∙ ɱ ɍɬɪɨ 

1ɱ 

Ⱦɟɧɶ 

10ɱ 

ȼɟɱɟɪ 

4ɱ 

ɇɨɱɶ 

8ɱ 

Ɍɟɥɟɜɢɡɨɪ 300 1 0 2 0 900 

ɉɨɫɭɞɨɦɨɟɱɧɚɹ 

ɦɚɲɢɧɚ 

1500 0 0 0,5 0 750 

ɋɬɢɪɚɥɶɧɚɹ ɦɚɲɢɧɚ 500 0 0 1 0 500 

Ɇɢɤɪɨɜɨɥɧɨɜɚɹ ɩɟɱɶ 1500 0,2 0 0 0 300 

ɗɥɟɤɬɪɨɩɥɢɬɤɚ 1500 0,5 0 1 0 2250 

ɉɵɥɟɫɨɫ 650 0 0 0,5 0 325 

Ʌɚɦɩɵ ɧɚɤɚɥɢɜɚɧɢɹ 1000 1 0,5 3 1 5500 

Ʌɸɫɬɪɚ 400 0,3 0 2 0 920 

ɗɥɟɤɬɪɨɱɚɣɧɢɤ 2000 0,1 0 0,1 0 400 

ɍɬɸɝ 1100 0,1 0 0,5 0 660 

Ɇɢɤɫɟɪ 200 0,1 0 0,1 0 40 

Ɏɟɧ 200 0 0 0,2 0 40 

ɇɨɭɬɛɭɤ 50 0 0   1 0 50 

Ɂɚɪɹɞɤɚ ɞɥɹ 

ɦɨɛɢɥɶɧɢɤɚ 

4 0,5 0,2 1 0,2 7,6 

ɏɨɥɨɞɢɥɶɧɢɤ 188 1 10 4 8 4512 

ɋɢɫɬɟɦɚ ɨɛɨɝɪɟɜɚ 300 1 2 2 2 2400 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 

Ⱦɪɭɝɢɟ ɩɪɢɛɨɪɵ 1000 0,5 0,5 0,5 0,5 2000 

ɂɬɨɝɨ  12392 7,3 14,2 20,4 12,7 21554,6 

 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɩɢɤɨɜɚɹ ɦɨɳɧɨɫɬɶ ɡɚ ɫɭɬɤɢ ܲ˅ = ͳͲͺͻʹ ʑ˕. Ɍɨɝɞɚ 

ɦɨɳɧɨɫɬɶ ɢɧɜɟɪɬɨɪɚ ɞɨɥɠɧɚ ɛɵɬɶ: ܲ̀ > ͳͲͺͻʹ ʑ˕                                                         ሺʹ.Ͷሻ 

 

ɉɪɢɧɢɦɚɟɦ ܲ̀ = ͳͷͲͲͲ ʑ˕ = ͳͷ ˍʑ˕ 

Ʉɨɥɢɱɟɫɬɜɨ ɷɧɟɪɝɢɢ, ɩɨɬɪɟɛɥɹɟɦɨɣ ɨɛɴɟɤɬɨɦ ɜ ɫɭɬɤɢ: ܧ˔˖˕ = ʹͳͷͷͶ,͸  ʑ˕ ∙ ˚                                                ሺʹ.ͷሻ 

 

 ɇɚ ɷɬɨ ɡɧɚɱɟɧɢɟ ɧɟɨɛɯɨɞɢɦɨ ɨɪɢɟɧɬɢɪɨɜɚɬɶɫɹ ɩɪɢ ɞɚɥɶɧɟɣɲɟɦ ɪɚɫɱɟɬɟ 

ɧɨɦɢɧɚɥɶɧɨɣ (ɭɫɬɚɧɨɜɥɟɧɧɨɣ) ɦɨɳɧɨɫɬɢ ȼɗɍ ɢ ɟɦɤɨɫɬɢ ɚɤɤɭɦɭɥɹɬɨɪɧɨɣ 

ɛɚɬɚɪɟɢ. 

 

2.2.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ ȼɗɍ 

 

Ɉɩɪɟɞɟɥɢɦ ɧɨɦɢɧɚɥɶɧɭɸ ɦɨɳɧɨɫɬɶ ɜɟɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɢ ɞɥɹ 

ɚɜɬɨɧɨɦɧɨɝɨ ɷɧɟɪɝɨɫɧɚɛɠɟɧɢɹ ɨɛɴɟɤɬɚ ɫ ɭɱɟɬɨɦ ɫɪɟɞɧɟɣ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ ɜ 

ɪɟɝɢɨɧɟ ɢ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɹ ɨɛɴɟɤɬɚ. 

Ɉɩɪɟɞɟɥɢɦ ɫɪɟɞɧɸɸ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ ɜ ɪɚɫɱɟɬɧɨɦ ɪɟɝɢɨɧɟ ɧɚ ɨɫɧɨɜɚɧɢɢ 

ɞɚɧɧɵɯ ɦɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɯ ɫɥɭɠɛ. ɉɪɢ ɷɬɨɦ ɧɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ ɜ ɜɢɞɭ, ɱɬɨ 

ɞɚɧɧɵɟ ɦɟɬɟɨɫɬɚɧɰɢɣ ɹɜɥɹɸɬɫɹ ɭɫɪɟɞɧɟɧɧɵɦɢ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɜ ɞɨɩɨɥɧɟɧɢɟ ɤ 

ɷɬɢɦ ɞɚɧɧɵɦ  ɦɨɠɧɨ  ɪɭɤɨɜɨɞɫɬɜɨɜɚɬɶɫɹ  ɩɪɢɜɹɡɤɨɣ  ɤ  ɦɟɫɬɧɨɦɭ  ɥɚɧɞɲɚɮɬɭ 

(ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɤɨɪɢɞɨɪɵ ɥɟɫɧɵɯ ɦɚɫɫɢɜɨɜ ɢ ɝɨɪɧɵɯ ɰɟɩɟɣ, ɩɨɣɦɵ ɪɟɤ, 
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ɩɪɨɞɭɜɧɵɟ ɭɪɛɚɧɢɡɢɪɨɜɚɧɧɵɟ ɪɚɣɨɧɵ), ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɢɡɦɟɧɟɧɢɟɦ ɤɥɢɦɚɬɚ 

ɜ ɪɟɝɢɨɧɟ (ɢɡɦɟɧɟɧɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɢ ɫɢɥɵ ɜɟɬɪɚ, ɤɨɥɟɛɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ) ɢ ɬ.ɞ. 

ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɜ ɜɫɟ ɞɚɧɧɵɟ ɦɟɫɬɨɦ ɭɫɬɚɧɨɜɤɢ ɜɟɬɪɨɝɟɧɟɪɚɬɨɪɚ ɛɵɥ 

ɜɵɛɪɚɧ ɧɚɫɟɥɟɧɧɵɣ ɩɭɧɤɬ ɨ. Ⱦɢɤɫɨɧ, ɝɞɟ  ɫɪɟɞɧɟɝɨɞɨɜɚɹ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ ܸ ≈ ͹,ͷ ˏ/˔ .  
 

 

Ɋɢɫɭɧɨɤ 2.4－ Ⱦɢɚɝɪɚɦɦɚ ɤɨɥɢɱɟɫɬɜɚ ɞɧɟɣ ɢ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ 

 

Ⱦɢɚɝɪɚɦɦɚ ɭɤɚɡɵɜɚɟɬ ɧɚ ɬɟ ɞɧɢ ɜ ɦɟɫɹɰɟ, ɜ ɬɟɱɟɧɢɟ ɤɨɬɨɪɵɯ ɫɤɨɪɨɫɬɶ 

ɜɟɬɪɚ ɞɨɫɬɢɝɚɟɬ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɧɚ ɨ. Ⱦɢɤɫɨɧ. 
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Ɋɢɫɭɧɨɤ 2.5 －Ɋɨɡɚ ɜɟɬɪɨɜ  

 

Ɋɨɡɚ ɫɤɨɪɨɫɬɟɣ ɜɟɬɪɚ Ⱦɢɤɫɨɧɚ ɭɤɚɡɵɜɚɟɬ ɧɚ ɬɨ, ɱɬɨ ɫɤɨɥɶɤɨ ɱɚɫɨɜ ɡɚ ɝɨɞ 

ɜɟɬɟɪ ɞɭɟɬ ɫ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ. 
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ɉɨɬɪɟɛɥɟɧɢɟ ɷɧɟɪɝɢɢ ɜ ɱɚɫ ɫɨɫɬɚɜɥɹɟɬ: 

˚ܧ  = Ͷʹ˔ܧ = ʹͳͷͷͶ,͸ʹͶ = ͺͻͺ,ͳ  ʑ˕ ∙ ˚                               ሺʹ.͸ሻ 

 

Ɇɨɳɧɨɫɬɶ  ̝ܲ ˒ˈ˙, ɪɚɡɜɢɜɚɟɦɚɹ ȼɗɍ, ɫɨɫɬɚɜɥɹɟɬ : 
 ̝ܲ ˒ˈ˙ = ͳ̊ܧ = ͺͻͺ,ͳ ͳ = ͺͻͺ,ͳ ʑ˕ ∙ ˚                                   ሺʹ.͹ሻ 

 

ɇɨ ɷɬɨ – ɦɝɧɨɜɟɧɧɚɹ ɦɨɳɧɨɫɬɶ, ɪɚɡɜɢɜɚɟɦɚɹ ȼɗɍ ɧɚ ɪɚɫɱɟɬɧɨɣ ɫɪɟɞɧɟɣ 

ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ. Ɉɩɪɟɞɟɥɢɜ ɪɚɫɱɟɬɧɭɸ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ ɩɨ ɞɚɧɧɵɦ ɥɨɤɚɥɶɧɨɣ 

ɦɟɬɟɨɫɬɚɧɰɢɢ ɢɥɢ ɩɪɨɜɟɞɹ ɫɨɛɫɬɜɟɧɧɵɟ ɜɵɱɢɫɥɟɧɢɹ, ɩɨ ɫɪɟɞɧɟɣ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ 

ɧɚɣɬɢ ɦɝɧɨɜɟɧɧɭɸ ɦɨɳɧɨɫɬɶ ȼɗɍ ܲˏ ˆːʑЭʢ, ɪɚɡɜɢɜɚɟɦɭɸ ɧɚ ɷɬɨɣ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ 

ɤɨɧɤɪɟɬɧɨɣ ȼɗɍ. ɉɨɢɫɤ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 

ɩɨ ɫɬɨɥɛɰɚɦ ɫɪɟɞɧɟɣ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ ɫ ɨɩɪɟɞɟɥɟɧɢɟɦ ɞɚɧɧɵɯ, ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɯ 

ɭɫɥɨɜɢɸ: ܲˏ ˆːʑЭʢ ൒  ̝ܲ ˒ˈ˙ ʑ˕                                                        ሺʹ.ͺሻ 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɩɨɤɪɵɬɢɹ ɦɨɳɧɨɫɬɢ ɧɚɝɪɭɡɤɢ ɬɪɟɛɭɟɬɫɹ ɫɢɥɨɜɚɹ 

ɭɫɬɚɧɨɜɤɚ ɦɨɳɧɨɫɬɶɸ ɦɢɧɢɦɭɦ 3800 ȼɬ ɩɪɢ ɫɤɨɪɨɫɬɢ 6 ɦ/ɫ. Ⱦɚɧɚɹ ɦɨɳɧɨɫɬɶ 

ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɚ ɪɚɡɥɢɱɧɨɣ ɤɨɦɛɢɧɚɰɢɟɣ ɭɫɬɚɧɨɜɨɤ. ȼ ɪɹɞɟ ɫɥɭɱɚɟɜ 

ɦɨɠɧɨ ɩɨɫɬɚɜɢɬɶ ɧɟ ɨɞɧɭ, ɚ ɧɟɫɤɨɥɶɤɨ ɜɟɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɭɫɬɚɧɨɜɨɤ 

(ɜɟɬɪɨɩɚɪɤ). Ɍɚɤɨɟ ɪɟɲɟɧɢɟ ɨɛɭɫɥɚɜɥɢɜɚɟɬɫɹ ɬɟɦ, ɱɬɨ ɱɟɦ ɦɟɧɶɲɟ ɭɫɬɚɧɨɜɤɚ, 

ɬɟɦ ɧɚ ɦɟɧɶɲɢɯ ɜɟɬɪɚɯ ɨɧɚ ɫɬɚɪɬɭɟɬ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɧɚ ɦɟɧɶɲɢɯ ɜɟɬɪɚɯ 

ɧɚɱɢɧɚɟɬɫɹ ɜɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 

ɂɦɟɹ ɜ ɜɢɞɭ, ɱɬɨ ɜ ɤɨɧɬɢɧɟɧɬɚɥɶɧɨɦ ɤɥɢɦɚɬɟ ɥɭɱɲɟ ɜɵɛɪɚɬɶ ɦɚɥɵɟ 

ɜɟɬɪɨɭɫɬɚɧɨɜɤɢ ɜ ɫɜɹɡɢ ɫ ɛɨɥɟɟ ɩɪɨɞɭɤɬɢɜɧɨɣ ɪɚɛɨɬɨɣ ɧɚ ɫɥɚɛɵɯ ɜɟɬɪɚɯ, 

ɜɵɛɢɪɚɟɦ ȼɗɍ-5 ɜ ɤɨɥɢɱɟɫɬɜɟ 2 ɲɬ. 
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Ⱦɥɹ ɩɟɪɜɨɣ ɢɬɟɪɚɰɢɢ ɩɪɢɦɟɦ ɤ ɭɫɬɚɧɨɜɤɟ 2 ȼɗɍ-5, ɦɨɳɧɨɫɬɶ ɤɚɠɞɨɣ, 

ɩɪɢ 5 ɦ/ɫ, 900 ȼɬ. ɉɨɥɭɱɢɦ ɫɭɦɦɚɪɧɭɸ ɦɨɳɧɨɫɬɶ ȼɗɍ: 

ȼɵɛɨɪ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɸ (2.8): 

 ʹ ∙ ܲˏ ˆːʑЭʢ ൒  ̝ܲ ˒ˈ˙ = ʹ ∙ ͷͲͲ ൒ ͺͻͳ,ͳ                           ሺʹ.ͻሻ 

 

ɉɪɨɜɟɞɟɦ ɩɪɨɜɟɪɤɭ. Ɉɛɳɚɹ ɫɭɬɨɱɧɚɹ ɜɵɪɚɛɨɬɤɚ ɤɚɠɞɨɣ ȼɗɍ-5 ɛɭɞɟɬ: 

 

ʑЭʢ˕˖˔ܧ  = ͳʹ ˍʑ˕ ∙ ˚                                                    ሺʹ.ͳͲሻ 

 

ɋɭɦɦɚɪɧɚɹ ɜɵɪɚɛɨɬɤɚ ɞɜɭɯ ȼɗɍ-5: 

ଶʑЭʢ˕˖˔ܧ  = ͳʹ ∙ ʹ = ʹͶ ˍʑ˕ ∙ ˚                                          ሺʹ.ͳͳሻ 

 

ɗɬɨ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɹɦ : 

ଶʑЭʢ˕˖˔ܧ  ൒ ˕˖˔ܧ = ʹͶͲͲͲ ʑ˕ ∙ ˚ ൒ ʹͳͷͷͶ,͸ ʑ˕ ∙ ˚                         ሺʹ.ͳʹሻ 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɩɪɨɰɟɫɫɟ ɪɚɫɱɟɬɨɜ ɜ ɤɚɱɟɫɬɜɟ ɷɧɟɪɝɨɝɟɧɟɪɢɪɭɸɳɟɝɨ 

ɨɛɨɪɭɞɨɜɚɧɢɹ ɜɵɛɪɚɧɚ ɜɟɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɚɹ ɭɫɬɚɧɨɜɤɚ EnergyWind 8 ɤȼɬ 

 

Ɍɚɛɥɢɰɚ 2.5 

Ⱦɢɚɦɟɬɪ ɜɟɬɪɨɤɨɥɟɫɚ (ɦ) 5 

Ɇɨɳɧɨɫɬɶ (ȼɬ) 8  

ɇɨɦɢɧɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ (ɦ/ɫ) 12 

Ɋɚɛɨɱɚɹ ɫɤɨɪɨɫɬɶ (ɦ/ɫ) ͵~ͶͲ 

Ʉɨɥɢɱɟɫɬɜɨ ɥɨɩɚɫɬɟɣ 3 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 

Ʉɨɧɬɪɨɥɥɟɪ, ɤȼɬ  ȼɧɟɲɧɢɣ Energy Wind 4-10  

ȼɟɫ, ɤɝ 100 

Ⱥɤɤɭɦɭɥɹɬɨɪɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ȼ 48  

Ƚɚɪɚɧɬɢɹ  3 

 

2.2.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɥɨɳɚɞɢ, ɡɚɧɢɦɚɟɦɨɣ ȼɗɍ 

 

Ɉɩɪɟɞɟɥɢɦ  ɩɥɨɳɚɞɶ,  ɡɚɧɢɦɚɟɦɭɸ  ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ  

ɜɟɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɨɣ. ɉɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɦɚɱɬɵ: 

 ܵ௠ = ߨ ∙ ݀ଶͶ = ߨ ∙ Ͳ, ʹଶͶ = Ͳ,Ͳ͵ͳ ˏ                               ሺʹ.ͳ͵ሻ 

ɝɞɟ ܵ௠ – ɩɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɧɢɠɧɟɝɨ ɨɫɧɨɜɚɧɢɹ ɦɚɱɬɵ; 

         ݀ – ɞɢɚɦɟɬɪ ɬɪɭɛɵ ɦɚɱɬɵ. 

 

Ɋɢɫɭɧɨɤ 2.6 －Ɋɚɫɬɹɠɤɚ ɧɚɬɹɧɭɬɚ ɩɨɞ ɭɝɥɨɦ Ω ɤ ɨɫɢ ɦɚɱɬɵ 

Ⱦɢɚɦɟɬɪ ɪɚɫɬɹɠɟɤ: 

௣ܦ  = ʹ ∙ ℎ ∙ ܵ𝑖݊ሺȳሻ = ʹ ∙ ͳʹ ∙ Ͳ,ͷ = ͳʹ ˏ                           ሺʹ.ͳͶሻ 
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ɝɞɟ  ℎ – ɜɵɫɨɬɚ ɦɚɱɬɵ; 

         ȳ – ɭɝɨɥ ɪɚɫɬɹɠɤɢ (͵Ͳ°ሻ 

 

 

Ɋɢɫɭɧɨɤ 2.7 －ɋɯɟɦɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɮɭɧɞɚɦɟɧɬɨɜ ɩɨɞ ɦɚɱɬɭ (ɜ ɰɟɧɬɪɟ) ɢ 

ɪɚɫɬɹɠɤɢ 

 

ɉɥɨɳɚɞɶ Sɪ, ɡɚɧɢɦɚɟɦɚɹ ɪɚɫɬɹɠɤɚɦɢ ܵ௣ = 𝐷𝑝మଶ = ଵଶమସ = ͹ʹ  ˏଶ                                               ሺʹ.ͳͷሻ            

2.2.4 Ⱥɷɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ȼɗɍ 

 

Ɋɨɬɨɪ (ɢɥɢ ɜɟɬɪɨɤɨɥɟɫɨ) ɜɟɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɢ ɫɨɫɬɨɢɬ ɢɡ 

ɫɬɭɩɢɰɵ (ɝɨɧɞɨɥɵ) ɢ ɥɨɩɚɫɬɟɣ. ȼ ɝɨɪɢɡɨɧɬɚɥɶɧɨ-ɨɫɟɜɵɯ ɤɨɧɫɬɪɭɤɰɢɹɯ, ɤɚɤ 
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ɩɪɚɜɢɥɨ, ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɦɭɥɶɬɢɩɥɢɤɚɬɨɪ. Ɉɞɧɚɤɨ ɜ ɡɚɞɚɱɟ ɨɧ ɜɨ ɜɧɢɦɚɧɢɟ ɧɟ 

ɩɪɢɧɢɦɚɟɬɫɹ. 

ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ȼɗɍ  Эܲ ɜɵɱɢɫɥɹɟɬɫɹ ɱɟɪɟɡ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɭɸ 

ɦɨɳɧɨɫɬɶ  ʏܲ ɱɟɪɟɡ ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɧɟɪɝɢɢ ɜɟɬɪɚ (Ʉɂɗȼ)  ξ: 

 Эܲ = ξ ∙ ʏܲ , ʑ˕                                                                ሺʹ.ͳ͸ሻ 

 

Ɋɟɚɥɶɧɵɣ ξ ɝɨɪɢɡɨɧɬɚɥɶɧɨ-ɨɫɟɜɵɯ ɭɫɬɚɧɨɜɨɤ ɢɡɦɟɧɹɟɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 

0,25…0,47. Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɦɚɤɫɢɦɚɥɶɧɵɣ Ʉɂɗȼ ɹɜɥɹɟɬɫɹ ɢɞɟɚɥɶɧɵɦ ɢ ɧɚ 

ɩɪɚɤɬɢɤɟ ɧɟɞɨɫɬɢɠɢɦɵɦ ɜ ɫɜɹɡɢ ɫ ɧɟɢɡɛɟɠɧɵɦ ɧɚɥɢɱɢɟɦ ɩɨɬɟɪɶ: ξʕ = Ͳ,ͷͻ͵˒ˑ ʕ˖ˍˑ˅˔ˍˑˏ − ʐˈ˕˙˖ ሺː˃ˋ˄ˑˎˈˈ ˖˒ˑ˕˓ˈ˄ˋˏ ˅ ˅˞˚ˋ˔ˎˈːˋя˘ሻ;  ξʠ = Ͳ,͸ͺ͹ ˒ˑ ʠ˃˄ˋːˋː˖. 
ɂɡ ɮɨɪɦɭɥɵ (!) ɧɚɯɨɞɢɦ ɢɞɟɚɥɶɧɭɸ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɭɸ ɦɨɳɧɨɫɬɶ ʏܲ  ɩɪɢ 

ɢɞɟɚɥɶɧɨɦ Ʉɂɗȼ ɩɨ ɀɭɤɨɜɫɤɨɦɭ: 

 

ʏܲ = Эܲξ = ͷͲͲͲͲ,ͷͻ͵ = ͺͶ͵ͳ  ʑ˕ ሺˋˇˈ˃ˎ˟ː˞ˌ ˅˃˓ˋ˃ː˕ሻ          ሺʹ.ͳ͹ሻ 

ʏܲ = Эܲξ = ͷͲͲͲͲ,Ͷ = ͳʹͷͲͲ  ʑ˕ ሺ˓ˈ˃ˎ˟ː˞ˌ ˅˃˓ˋ˃ː˕ሻ           ሺʹ.ͳͺሻ 

 

ɇɚɯɨɞɢɦ ɨɦɟɬɚɟɦɭɸ ɩɥɨɳɚɞɶ ɪɨɬɨɪɚ: ܵ = ʹ ∙ ʏܲρ ∙ ଷݒ = ʹ ∙ ͺͶ͵ͳͳ,ʹͲͶͳ ∙ ͺଷ = ʹ͹,͵ͷ ˏଶ                                       ሺʹ.ͳͻሻ 

ɝɞɟ  𝑝 – ɩɥɨɬɧɨɫɬɶ ɜɨɡɞɭɯɚ ɦɨɠɧɨ ɩɪɢɧɹɬɶ ɪɚɜɧɨɣ 𝑝 = ͳ,ʹʹͷ ˍˆ ˏଷ⁄ ; 

ɇɚ ɩɪɚɤɬɢɤɟ ɧɟɨɛɯɨɞɢɦɨ ɭɜɟɥɢɱɢɬɶ ɨɦɟɬɚɟɦɭɸ ɩɥɨɳɚɞɶ ɧɚ 33–35 % ɫ 

ɭɱɟɬɨɦ ɩɨɩɪɚɜɤɢ ɧɚ ɪɟɚɥɶɧɵɣ Ʉɂɗȼ, ɫɨɫɬɚɜɥɹɸɳɢɣ 65–67 % ɨɬ ɢɞɟɚɥɶɧɨɝɨ: 

 ܵ˓ˈ˃ˎ = ܵ ∙ ͳ,͵͵ = ͵͸,͵ ˏଶ                                                      ሺʹ.ʹͲሻ 
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ɂɡ ɮɨɪɦɭɥɵ ɧɚɯɨɞɢɦ ɞɢɚɦɟɬɪ ɪɨɬɨɪɚ: 

 ܵ = ଶͶܦߨ                                                                                  ሺʹ.ʹͳሻ  
ܦ = √Ͷ ∙ ߨܵ = √Ͷ ∙ ͵͸,͵ߨ = ͸,ͺ ˏ                                              ሺʹ.ʹʹሻ 

 

ȼɵɜɨɞ: ɢɡɝɨɬɨɜɥɟɧɢɟ ȼɗɍ ɪɟɚɥɶɧɨ, ɩɪɢɦɟɧɟɧɢɟ ɰɟɥɟɫɨɨɛɪɚɡɧɨ. 

 
2.2.5 Ɋɚɫɱɟɬ ɩɚɪɚɦɟɬɪɨɜ ɥɨɩɚɫɬɟɣ ɪɨɬɨɪɚ ȼɗɍ 

 

ɑɢɫɥɨ ɥɨɩɚɫɬɟɣ ɪɨɬɨɪɚ ɜɟɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɢ  n ɨɩɪɟɞɟɥɹɟɬ 

ɟɝɨ ɛɵɫɬɪɨɯɨɞɧɨɫɬɶ  Z – ɨɬɧɨɲɟɧɢɟ ɥɢɧɟɣɧɨɣ ɫɤɨɪɨɫɬɢ ɤɨɧɰɚ ɥɨɩɚɫɬɢ ɤ 

ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ. Ȼɵɫɬɪɨɯɨɞɧɨɫɬɶ ɜɵɛɢɪɚɟɬɫɹ ɪɚɡɪɚɛɨɬɱɢɤɨɦ ɧɚ ɨɫɧɨɜɟ 

ɬɪɟɛɨɜɚɧɢɣ ɤ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɨɩɵɬɚ. Ⱦɥɹ ɫɢɥɶɧɵɯ ɜɟɬɪɨɜ ɭɜɟɥɢɱɟɧɢɟ 

ɛɵɫɬɪɨɯɨɞɧɨɫɬɢ ɪɨɬɨɪɚ ɹɜɥɹɟɬɫɹ ɜ ɰɟɥɨɦ ɩɨɥɨɠɢɬɟɥɶɧɵɦ ɦɟɪɨɩɪɢɹɬɢɟɦ ɜ 

ɫɜɹɡɢ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ, ɚ ɞɥɹ ɦɚɥɵɯ ɜɟɬɪɨɜ ɩɚɪɚɦɟɬɪɵ ɜɵɫɨɤɨɣ 

ɛɵɫɬɪɨɯɨɞɧɨɫɬɢ ɨɬɪɢɰɚɬɟɥɶɧɨ ɜɥɢɹɸɬ ɧɚ ɜɵɪɚɛɨɬɤɭ ɷɧɟɪɝɢɢ ɜ ɫɜɹɡɢ ɫɨ 

ɫɧɢɠɟɧɢɟɦ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ ɪɨɬɨɪɚ. ɉɨɷɬɨɦɭ ɭɧɢɜɟɪɫɚɥɶɧɨɝɨ ɨɩɬɢɦɚɥɶɧɨɝɨ 

ɪɟɲɟɧɢɹ ɩɨ ɫɜɹɡɢ ɱɢɫɥɚ ɥɨɩɚɫɬɟɣ, ɛɵɫɬɪɨɯɨɞɧɨɫɬɢ ɢ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ ɧɟ 

ɫɭɳɟɫɬɜɭɟɬ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɡɚɞɚɱɚ ɜɫɟɝɞɚ ɪɟɲɚɟɬɫɹ ɢɫɯɨɞɹ ɢɡ ɬɪɟɛɨɜɚɧɢɣ, 

ɩɪɟɞɴɹɜɥɹɟɦɵɯ ɤɨɧɤɪɟɬɧɨɣ ɭɫɬɚɧɨɜɤɟ, ɧɚɯɨɞɹɳɟɣɫɹ ɜ ɨɩɪɟɞɟɥɟɧɧɵɯ ɜɟɬɪɨɜɵɯ 

ɭɫɥɨɜɢɹɯ. 

ɂɡ ɩɪɚɤɬɢɤɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɨɩɬɢɦɚɥɶɧɚɹ ɛɵɫɬɪɨɯɨɞɧɨɫɬɶ  Z ɫɜɹɡɚɧɚ ɫ 

ɤɨɥɢɱɟɫɬɜɨɦ ɥɨɩɚɫɬɟɣ ɜɵɪɚɠɟɧɢɟɦ: 

Ⱦɥɹ ɝɨɪɢɡɨɧɬɚɥɶɧɨ-ɨɫɟɜɵɯ ɪɨɬɨɪɨɜ: 
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݊ ≈ ͺͲܼଶ = ͺͲͷଶ = ͵,ʹ ≈ ͵ ˛˕                                           ሺʹ.ʹ͵ሻ 

 

ɑɢɫɥɨ ɥɨɩɚɫɬɟɣ ɨɤɪɭɝɥɹɟɬɫɹ ɞɨ ɛɥɢɠɚɣɲɟɝɨ. ɉɪɢɦɟɪɧɵɟ ɫɨɨɬɧɨɲɟɧɢɹ ܼ 

ɢ  ݊ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫɭɧɤɟ 2.8 

 

 

Ɋɢɫɭɧɨɤ 2.8 －ɋɜɹɡɶ ɛɵɫɬɪɨɯɨɞɧɨɫɬɢ ɢ ɤɨɥɢɱɟɫɬɜɚ ɥɨɩɚɫɬɟɣ 

 

ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ, ɩɪɢ ɧɨɦɢɧɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ 8 ˏ ˔⁄ . 
 𝜔𝑅𝑃𝑀 = ͸Ͳ ∙ ܼ ∙ ߨܸ ∙ ܦ = ͸Ͳ ∙ ͷ ∙ ͺߨ ∙ ͸,ͺ = ͳͳʹ,Ͷ  ˑ˄ ˏˋː                  ሺʹ.ʹͶሻ⁄  

 

ɏɨɪɞɚ – ɧɚɢɛɨɥɶɲɟɟ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɧɨɫɨɦ ɢ ɤɨɧɰɨɦ ɩɪɨɮɢɥɹ ɥɨɩɚɫɬɢ. 

Ⱦɥɢɧɚ ɯɨɪɞɵ  ܾ ɹɜɥɹɟɬɫɹ ɩɟɪɟɦɟɧɧɨɣ ɢɥɢ ɩɨɫɬɨɹɧɧɨɣ ɜɟɥɢɱɢɧɨɣ. 

ȼ ɫɥɭɱɚɟ ɩɟɪɟɦɟɧɧɨɝɨ ɜɚɪɢɚɧɬɚ ɞɥɢɧɚ ɯɨɪɞɵ ɛɭɞɟɬ ɡɚɜɢɫɟɬɶ ɨɬ 

ɪɚɫɫɬɨɹɧɢɹ ɨɬ ɤɨɦɥɹ ɥɨɩɚɫɬɢ (ɦɟɫɬɚ ɟɟ ɡɚɤɪɟɩɥɟɧɢɹ ɧɚ ɫɬɭɩɢɰɟ ɢɥɢ 

ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɨɬ ɨɫɢ ɜɪɚɳɟɧɢɹ). 

 

ܾ = ͳ͸ ∙ ߨ ∙ ܴ ∙ ቀ𝑟ܴቁͻ ∙ ܼଶ ∙ ݊ = ͳ͸ ∙ ߨ ∙ ܴ ∙ ቀ𝑟ܴቁͻ ∙ ܼଶ ∙ ݊  , ˏ                           ሺʹ.ʹͷሻ 
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ɝɞɟ  ܾ – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɨɫɢ ɜɪɚɳɟɧɢɹ ɞɨ ɬɨɱɤɢ ɧɚ ɥɨɩɚɫɬɢ, ɢɡɦɟɧɹɟɬɫɹ ɜ 

ɩɪɟɞɟɥɚɯ Ͳ < 𝑟 < ܴ. 

Ⱦɥɢɧɚ ɩɟɪɟɦɟɧɧɨɣ ɯɨɪɞɵ  b ɧɚ 75 % ɞɥɢɧɵ ɥɨɩɚɫɬɢ: 

 

ܾ = ͳ͸ ∙ ߨ ∙ ܴ ∙ ቀ𝑟ܴቁͻ ∙ ܼଶ ∙ ݊ = ͳ͸ ∙ ߨ ∙ ͵,Ͷ ∙ ቀ ͵,Ͷ͵,Ͷ ∙ Ͳ,͹ͷቁͻ ∙ ͷଶ ∙ ͵ = Ͳ,͵͵ ˏ            ሺʹ.ʹ͸ሻ 

 

ȼɵɱɢɫɥɹɟɦ ɞɥɢɧɭ ɯɨɪɞɵ ɧɚ ɤɨɧɰɟ ɥɨɩɚɫɬɢ (ɬ. ɟ. ɧɚ ɪɚɞɢɭɫɟ ɪɨɬɨɪɚ  R ): 

 

ܾ𝐾 = ͳ͸ ∙ ߨ ∙ ܴ ∙ ቀ𝑟ܴቁͻ ∙ ܼଶ ∙ ݊ = ͳ͸ ∙ ߨ ∙ ͵,Ͷ ∙ ቀ͵,Ͷ͵,Ͷቁͻ ∙ ͷଶ ∙ ͵ = Ͳ,ʹͷ ˏ                      ሺʹ.ʹ͹ሻ 

 

ɉɪɨɜɟɪɢɬɶ ɞɥɢɧɭ ɯɨɪɞɵ ɥɨɩɚɫɬɢ ɪɨɬɨɪɚ ɝɨɪɢɡɨɧɬɚɥɶɧɨ-ɨɫɟɜɨɣ ɜɟɬɪɨ-

ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɢ ɦɨɠɧɨ ɩɨ ɷɦɩɢɪɢɱɟɫɤɨɣ ɮɨɪɦɭɥɟ. Ⱦɥɢɧɚ ɯɨɪɞɵ ɧɚ 

ɤɨɧɰɟ ɥɨɩɚɫɬɢ ɫɨɫɬɚɜɥɹɟɬ 3,8 % ɨɬ ɞɢɚɦɟɬɪɚ ɪɨɬɨɪɚ ܦ: 
 ܾ𝐾 = ܦ ∙ ͵,ͺ % = ͸,ͺ ∙ Ͳ,Ͳ͵ͺ = Ͳ,ʹͷ ˏ                                     ሺʹ.ʹͺሻ 

 

ɉɟɪɟɯɨɞ ɨɬ ɥɚɦɢɧɚɪɧɨɝɨ ɤ ɬɭɪɛɭɥɟɧɬɧɨɦɭ ɞɜɢɠɟɧɢɸ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ 

ɡɧɚɱɟɧɢɢ ɱɢɫɥɚ Ɋɟɣɧɨɥɶɞɫɚ ܴ௘𝐾 , ɤɨɬɨɪɨɟ ɧɚɡɵɜɚɸɬ ɤɪɢɬɢɱɟɫɤɢɦ. Ɇɟɧɶɲɟ 

ɷɬɨɝɨ ɡɧɚɱɟɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɪɵɥɚ  ܺ ɜɟɥɢɤɨ, ɚ ɩɨɞɴɟɦɧɚɹ ɫɢɥɚ ܻ ɦɚɥɚ. ȼɵɲɟ 

ɷɬɨɝɨ ɡɧɚɱɟɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɟ  ܺ  ɜ ɧɟɫɤɨɥɶɤɨ ɪɚɡ ɩɚɞɚɟɬ, ɚ ɩɨɞɴɟɦɧɚɹ ɫɢɥɚ  ܻ ɜ 

ɧɟɫɤɨɥɶɤɨ ɪɚɡ ɜɨɡɪɚɫɬɚɟɬ. ɑɢɫɥɨ Ɋɟɣɧɨɥɶɞɫɚ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ: 

 ܴ௘ = ଴ܸ ∙ ݒܾ                                                                    ሺʹ.ʹͻሻ 



67 

 

 

 

 

ɝɞɟ ଴ܸ – ɨɤɪɭɠɧɚɹ ɫɤɨɪɨɫɬɶ ɥɨɩɚɫɬɢ (ɥɢɧɟɣɧɚɹ ɫɤɨɪɨɫɬɶ ɬɨɱɤɢ ɥɨɩɚɫɬɢ) ଴ܸ = ܸ ∙ ܼ ɧɚ ɧɨɦɢɧɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ 8 ˏ ܿ⁄ .; ܾ  – ɯɚɪɚɤɬɟɪɧɵɣ ɪɚɡɦɟɪ (ɧɚɩɪɢɦɟɪ, ɞɥɢɧɚ ɯɨɪɞɵ), ɦ;  

ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɫɪɟɞɵ, ˏଶ –  ݒ  ܿ⁄ . 

Ⱦɥɹ ɬɟɥɚ, ɞɜɢɠɭɳɟɝɨɫɹ ɜ ɥɚɦɢɧɚɪɧɨɦ ɧɟɫɠɢɦɚɟɦɨɦ ɩɨɬɨɤɟ ɜɨɡɞɭɯɚ ɫ 

ɩɥɨɬɧɨɫɬɶɸ 1,2041 ɤɝ/ɦ 3 , ɱɢɫɥɨ Ɋɟɣɧɨɥɶɞɫɚ ɜɵɱɢɫɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ 

ɮɨɪɦɭɥɵ: 

Ⱦɥɹ ɤɨɧɰɚ ɥɨɩɚɫɬɢ ɯɨɪɞɚ  ܾ𝐾: 

 ܴ௘ = ͸ͺͷͲͲ ∙ ଴ܸ ∙ ܾ௞ = ͸ͺͷͲͲ ∙ ܸ ∙ ܼ ∙ ܾ௞ = ͸ͺͷͲͲ ∙ ͺ ∙ ͷ ∙ Ͳ,ʹͷ = ͸ͺͷͲͲͲ         ሺʹ.͵Ͳሻ 

 

Ɂɧɚɱɟɧɢɟ ܴ௘ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɬɪɟɛɨɜɚɧɢɹɦ ɞɥɹ ɭɫɬɨɣɱɢɜɨɣ ɪɚɛɨɬɵ ȼɗɍ, ɬɚɤ 

ɤɚɤ  ܴ௘ ൒ ʹͲͲͲͲͲ.  

Ⱦɥɹ ɯɨɪɞɵ ɥɨɩɚɫɬɢ  ܾ଴,଻ହ ɧɚ ɪɚɞɢɭɫɟ 𝑟 = Ͳ,͹ͷܴ ɢ ɨɤɪɭɠɧɨɣ ɫɤɨɪɨɫɬɢ  

଴ܸ,଻ହ = Ͳ,͹ͷ ∙ ଴ܸ = Ͳ,͹ͷ ∙ ܸ ∙ ܼ ∶ 
 ܴ௘ = ͸ͺͷͲͲ ∙ ଴ܸ,଻ହ ∙ ܾ଴,଻ହ = ͸ͺͷͲͲ ∙ Ͳ,͹ͷ ∙ ͺ ∙ ͷ ∙ Ͳ,͵͵ = ͸͹ͺͳͷͲ              ሺʹ.͵ͳሻ 

 

Ɂɧɚɱɟɧɢɟ ɬɚɤɠɟ ɫ ɛɨɥɶɲɢɦ ɡɚɩɚɫɨɦ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɬɪɟɛɨɜɚɧɢɹɦ. 

Ⱦɥɢɧɚ ɥɨɩɚɫɬɢ ɛɟɪɟɬɫɹ ɢɡ ɫɨɨɛɪɚɠɟɧɢɣ ɩɪɨɱɧɨɫɬɢ ɤɨɦɩɨɧɟɧɬɨɜ ɢ 

ɦɢɧɢɦɢɡɚɰɢɢ ɜɥɢɹɧɢɹ ɢɧɞɭɤɬɢɜɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ: ͳ,ͷ ∙ ܴ > ˒ˑˎܮ > Ͷ ∙ ܾ                                                         ሺʹ.͵ʹሻ 

 

ɉɭɫɬɶ  ܮ = ܴ = 𝐷ଶ = ͵,Ͷ ˏ, ɱɬɨ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɸ ɮɨɪɦɭɥɵ. 

ɍɫɬɚɧɨɜɨɱɧɵɣ ɭɝɨɥ ɥɨɩɚɫɬɢ β ɹɜɥɹɟɬɫɹ ɩɟɪɟɦɟɧɧɵɦ ɩɨ ɜɫɟɣ ɟɟ ɞɥɢɧɟ, ɬɚɤ 

ɤɚɤ ɡɚɜɢɫɢɬ ɨɬ ɛɵɫɬɪɨɯɨɞɧɨɫɬɢ ɢɥɢ ɭɝɥɚ ɧɚɛɟɝɚɧɢɹ ɩɨɬɨɤɚ Ȳ = ߚ +  ɭɝɨɥ – ߙ) ߙ
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ɚɬɚɤɢ, ɬ. ɟ. ɭɝɨɥ, ɩɨɞ ɤɨɬɨɪɵɦ ɩɨɬɨɤ ɞɟɣɫɬɜɭɟɬ ɧɚ ɥɨɩɚɫɬɶ). ɉɪɚɤɬɢɱɟɫɤɢ ɜɫɟ 

ɩɪɨɮɢɥɢ ɢɦɟɸɬ ɧɚɢɜɵɫɲɟɟ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɟ ɤɚɱɟɫɬɜɨ ɩɪɢ ɭɝɥɟ ɚɬɚɤɢ ߙ = ͷ°, 
ɱɬɨ ɦɨɠɧɨ ɛɪɚɬɶ ɡɚ ɨɫɧɨɜɭ ɜ ɪɚɫɱɟɬɚɯ. 

ɍɫɬɚɧɨɜɨɱɧɵɣ ɭɝɨɥ ɤɚɠɞɨɣ ɬɨɱɤɢ ɥɨɩɚɫɬɢ ɡɚɜɢɫɢɬ ɨɬ ɪɚɫɫɬɨɹɧɢɹ 𝑟  ɢ 

ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: 

ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɭɫɬɚɧɨɜɨɱɧɵɣ ɭɝɨɥ ɤɨɧɰɚ ɥɨɩɚɫɬɢ, ɝɞɟ   𝑟 = ܴ 

ߚ  = arctg ( ʹ ∙ ܴ͵ ∙ 𝑟 ∙ ܼ) − ߙ = arctg ( ʹ ∙ ͵,Ͷ͵ ∙ ͵,Ͷ ∙ ͷ) − ͷ = arctgሺͲ,ͳ͵ሻ − ͷ = −Ͷ,ͺ͹°       ሺʹ.͵͵ሻ 

 

ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɭɫɬɚɧɨɜɨɱɧɵɣ ɭɝɨɥ ɤɨɧɰɚ ɥɨɩɚɫɬɢ, ɝɞɟ  𝑟 = Ͳ,͹ͷܴ 

ߚ  = arctg ( ʹ ∙ ܴ͵ ∙ 𝑟 ∙ ܼ) − ߙ = arctg ( ʹ ∙ ͵,Ͷ͵ ∙ Ͳ,͹ͷ ∙ ͵,Ͷ ∙ ͷ) − ͷ = arctgሺͲ,ͳ͹ሻ − ͷ == −Ͷ,ͺʹ°                                                                                                                    ሺʹ.͵Ͷሻ 

 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɥɨɩɚɫɬɶ ɢɦɟɟɬ ɫɤɪɭɬɤɭ ɩɨ ɞɥɢɧɟ ɞɥɹ ɨɩɬɢɦɚɥɶɧɨɝɨ 

ɭɫɬɚɧɨɜɨɱɧɨɝɨ ɭɝɥɚ ɜ ɤɚɠɞɨɣ ɬɨɱɤɟ. 

 

Ɍɚɛɥɢɰɚ 2.6. ɉɚɪɚɦɟɬɪɵ ȼɗɍ 

Ȼɵɫɬɪɨɯɨɞɧ

ɨɫɬɶ Z, 

ɦɨɞɭɥɢ 

ɑɢɫɥɨ 

ɥɨɩɚɫɬɟɣ 

n, ɲɬ 

ɇɨɦɢɧɚɥɶɧɚɹ 

ɱɚɫɬɨɬɚ 

ɜɪɚɳɟɧɢɹ 𝜔௡, 

ɨɛ/ɦɢɧ 

Ⱦɥɢɧɚ 

ɯɨɪɞɵ 

ɤɨɧɟɰ, 

ɦ 

Ⱦɥɢɧɚ 

ɯɨɪɞɵ 

0,75R, 

ɦ 

Ⱦɥɢɧɚ 

ɥɨɩɚɫɬɢ ܮˎˑ˒, ɦ 

ɍɫɬɚɧɨɜɨɱɧ

ɵɣ ɭɝɨɥ ߚ, 

ɝɪɚɞ 

5 3 112,4 0,25 0,33 3,4 4,87 
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2.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɦɨɳɧɨɫɬɢ ɢɧɜɟɪɬɨɪɚ 

ɉɟɪɟɞ ɜɵɛɨɪɨɦ ɢɧɜɟɪɬɨɪɨɜ ɧɟɨɛɯɨɞɢɦɨ ɭɱɟɫɬɶ, ɱɬɨ ɢɡɜɟɫɬɧɵ ɞɜɟ ɝɪɭɩɩɵ 

ɢɧɜɟɪɬɨɪɨɜ, ɤɨɬɨɪɵɟ ɪɚɡɥɢɱɚɸɬɫɹ ɩɨ ɫɬɨɢɦɨɫɬɢ ɩɪɢɦɟɪɧɨ ɜ 1,5 ɪɚɡɚ. 

ɉɟɪɜɚɹ ɝɪɭɩɩɚ ɛɨɥɟɟ ɞɨɪɨɝɢɯ ɢɧɜɟɪɬɨɪɨɜ ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɢɧɭɫɨɢɞɚɥɶɧɨɟ 

ɜɵɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ. 

ȼɬɨɪɚɹ ɝɪɭɩɩɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɜ ɜɢɞɟ ɭɩɪɨɳɟɧɧɨɝɨ 

ɫɢɝɧɚɥɚ, ɡɚɦɟɧɹɸɳɟɝɨ ɫɢɧɭɫɨɢɞɭ, ɤɚɤ ɩɪɚɜɢɥɨ, ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɢɥɢ 

ɬɪɚɩɟɰɟɢɞɚɥɶɧɨɣ ɮɨɪɦɵ. 

Ⱦɥɹ ɩɨɞɚɜɥɹɸɳɟɝɨ ɛɨɥɶɲɢɧɫɬɜɚ ɛɵɬɨɜɵɯ ɩɪɢɛɨɪɨɜ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɭɩɪɨɳɟɧɧɵɣ ɫɢɝɧɚɥ. ɋɢɧɭɫɨɢɞɚ ɜɚɠɧɚ ɬɨɥɶɤɨ ɞɥɹ ɧɟɤɨɬɨɪɵɯ ɬɟɥɟ- 

ɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ ɩɪɢɛɨɪɨɜ 

ȼɵɛɨɪ ɢɧɜɟɪɬɨɪɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɢɫɯɨɞɹ ɢɡ ɫɨɫɬɚɜɥɟɧɧɨɝɨ ɝɪɚɮɢɤɚ 

ɧɚɝɪɭɡɤɢ, ɝɞɟ ɩɢɤɨɜɚɹ ɦɨɳɧɨɫɬɶ ɩɨɬɪɟɛɥɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ  ௠ܲ௔௫ː˃ˆ = ͳͲͺͻʹ ʑ˕. 
Ɍɨɝɞɚ ɦɨɳɧɨɫɬɶ ɢɧɜɟɪɬɨɪɚ  ɞɨɥɠɧɚ ɛɵɬɶ: ܲ̀ > ͳͲͺͻʹ ʑ˕ 

 

ɉɪɢɧɢɦɚɟɦ ܲ̀ = ͳͷͲͲͲ ʑ˕ = ͳͷ ˍʑ˕. 

ɉɟɪɟɞ ɡɚɩɭɫɤɨɦ ɜɟɬɪɨɝɟɧɟɪɚɬɨɪɚ ɧɟɨɛɯɨɞɢɦɨ ɩɨɦɧɢɬɶ, ɱɬɨ ɫɭɦɦɚɪɧɚɹ 

ɦɨɳɧɨɫɬɶ ɩɨɞɤɥɸɱɚɟɦɵɯ ɤ ɢɧɜɟɪɬɨɪɭ ɩɨɬɪɟɛɢɬɟɥɟɣ ɧɟ ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ, 

ɧɨɦɢɧɚɥɶɧɭɸ ɦɨɳɧɨɫɬɶ ɩɨɞɤɥɸɱɚɟɦɨɝɨ ɢɧɜɟɪɬɨɪɚ. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɫ ɩɟɪɟɝɪɭɡɤɨɣ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɜ ɜɵɯɨɞɭ ɢɧɜɟɪɬɨɪɚ ɢɡ 

ɫɬɪɨɹ. ɉɪɢ ɩɨɞɤɥɸɱɟɧɢɢ ɤ ɢɧɜɟɪɬɨɪɭ ɜɟɬɪɨɝɟɧɟɪɚɬɨɪɚ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ 

ɧɚɝɪɭɡɤɢ, ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɹɬɶ ɫɥɟɞɭɸɳɟɟ ɩɪɚɜɢɥɨ: ɫɧɚɱɚɥɚ ɩɨɞɤɥɸɱɚɟɬɫɹ 

ɢɧɞɭɤɬɢɜɧɚɹ ɧɚɝɪɭɡɤɚ ɫ ɫɚɦɵɦ ɛɨɥɶɲɢɦ ɩɭɫɤɨɜɵɦ ɬɨɤɨɦ, ɞɚɥɟɟ ɫ ɦɟɧɶɲɢɦ, 

ɩɨɫɥɟɞɧɢɦ – ɩɨɞɤɥɸɱɚɟɬɫɹ ɧɚɝɪɭɡɤɚ ɫ ɫɚɦɵɦ ɦɚɥɟɧɶɤɢɦ ɡɧɚɱɟɧɢɟɦ ɚɤɬɢɜɧɨɣ 

ɧɚɝɪɭɡɤɢ. ɇɟɜɵɩɨɥɧɟɧɢɟ ɷɬɢɯ ɬɪɟɛɨɜɚɧɢɣ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɜɵɯɨɞɭ ɢɡ ɫɬɪɨɹ. 
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2.4 Ɋɚɫɱɟɬ ɟɦɤɨɫɬɢ ɚɤɤɭɦɭɥɹɬɨɪɧɵɯ ɛɚɬɚɪɟɣ 

 

ȼɵɪɚɛɨɬɚɧɧɭɸ ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ ɧɟɨɛɯɨɞɢɦɨ ɦɝɧɨɜɟɧɧɨ 

ɩɨɬɪɟɛɥɹɬɶ, ɷɬɨ ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɧɨɪɦɚɥɶɧɨɝɨ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ȼɗɍ. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɟɫɥɢ ɦɨɳɧɨɫɬɶ ɜɵɪɚɛɚɬɵɜɚɟɦɚɹ ȼɗɍ ɦɟɧɶɲɟ ɱɟɦ ɟɟ 

ɩɨɬɪɟɛɥɟɧɢɟ, ɟɟ ɧɟɨɛɯɨɞɢɦɨ ɡɚɩɚɫɚɬɶ. Ʉɪɨɦɟ ɷɬɨɝɨ ɞɥɹ ɩɨɤɪɵɬɢɹ 

ɤɪɚɬɤɨɜɪɟɦɟɧɧɵɯ ɩɢɤɨɜ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɹ ɧɟɨɛɯɨɞɢɦ ɧɚɤɨɩɢɬɟɥɶ ɷɧɟɪɝɢɢ, 

ɤɨɬɨɪɵɣ ɡɚɩɚɫɚɟɬ ɢɡɥɢɲɤɢ ɷɧɟɪɝɢɢ ɜɨ ɜɪɟɦɹ ɢɡɛɵɬɤɚ ɦɨɳɧɨɫɬɢ (ɦɚɥɨɣ 

ɧɚɝɪɭɡɤɢ) ɢ ɨɬɞɚɟɬ ɡɚɩɚɫɟɧɧɭɸ ɷɧɟɪɝɢɸ ɜɨ ɜɪɟɦ ɞɟɮɢɰɢɬɚ ɦɨɳɧɨɫɬɢ. 

ɉɪɢɦɟɦ ɭɫɥɨɜɢɟ, ɱɬɨ ɚɤɤɭɦɭɥɹɬɨɪɧɚɹ ɛɚɬɚɪɟɹ ɞɨɥɠɧɚ ɨɛɟɫɩɟɱɢɜɚɬɶ ɡɚɩɚɫ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɪɚɜɧɵɣ ɩɨɥɨɜɢɧɟ ɫɭɬɨɱɧɨɝɨ ɩɨɬɪɟɛɥɟɧɢɹ. 

ʑʔʦܧ  = ʹ˕˖˔ܧ = ʹͳͷͷͶ,͸ ʹ = ͳͲ͹͹͹,͵  ʑ˕ ∙ ˚                              ሺʹ.͵ͷሻ 

 

Ʉɚɠɞɵɣ ɱɚɫ ɜ ɬɟɱɟɧɢɟ ɜɪɟɦɟɧɢ ܶ ɩɨɬɪɟɛɥɹɟɬɫɹ ɷɧɟɪɝɢɹ, ɪɚɜɧɚɹ ɦɨɳɧɨɫɬɢ, 

ɩɨɬɪɟɛɥɹɟɦɨɣ ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ ܶ = ͳʹ˚:  
 

ʑܲʔʦ = ʑʔʦܶܧ = ͳͲ͹͹͹,͵ ͳʹ = ͺͻͺ,ͳ  ʑ˕                                    ሺʹ.͵͸ሻ 

ɍɱɢɬɵɜɚɹ ɧɚɩɪɹɠɟɧɢɟ ܷ˓ˈˆ =  Ͷͺ ܤ , ɩɨɬɪɟɛɥɹɟɦɭɸ ɦɨɳɧɨɫɬɶ ʏܲКʐ , 

ɧɚɣɞɟɦ ɬɨɤ ɩɨɬɪɟɛɥɟɧɢɹ 𝐼ʟʔʒ ∶ 
 ʑܲʔʦ = ܷ˓ˈˆ ∙ 𝐼ʟʔʒ   𝐼ʟʔʒ = ʑܲʔʦ˓ܷˈˆ = ͺͻͺ,ͳͶͺ = ͳͺ,͹ ܣ                                       ሺʹ.͵͹ሻ 
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Ɉɩɪɟɞɟɥɢɦ ɨɛɳɭɸ ɟɦɤɨɫɬɶ ɛɥɨɤɚ ɚɤɤɭɦɭɥɹɬɨɪɨɜ: 

ʏКʐܥ  = 𝐼ʟʔʒ ∙ ܶ = ͳͺ,͹ ∙ ͳʹ = ʹʹͶ,Ͷ  ʏ ∙ ˚                         ሺʹ.͵ͺሻ 

 

Ɉɞɧɚɤɨ ɷɬɨ ɨɛɳɚɹ ɟɦɤɨɫɬɶ ɛɥɨɤɚ ɚɤɤɭɦɭɥɹɬɨɪɨɜ, ɤɨɬɨɪɚɹ ɞɨɥɠɧɚ ɛɵɬɶ 

ɨɬɞɚɧɚ ɩɨɬɪɟɛɢɬɟɥɸ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɯɢɦɢɱɟɫɤɢɣ ɚɤɤɭɦɭɥɹɬɨɪ ɧɟ ɪɟɤɨɦɟɧɞɭɟɬɫɹ 

ɪɚɡɪɹɠɚɬɶ ɛɨɥɟɟ ɱɟɦ ɧɚ 50 %. ɉɨɷɬɨɦɭ ɜɟɥɢɱɢɧɭ ܥʏКʐ ɧɟɨɛɯɨɞɢɦɨ ɭɞɜɨɢɬɶ, 

ɱɬɨɛɵ ɩɨɥɭɱɢɬɶ ɪɟɚɥɶɧɭɸ ɟɦɤɨɫɬɶ ܥʏКʐ˓ˈ˃ˎ : 
ˎ˃ˈ˓ʏКʐܥ  = ʏКʐܥ ∙ ʹ = ʹʹͶ,Ͷ ∙ ʹ = ͶͶͺ,ͺ  ʏ ∙ ˚                         ሺʹ.͵ͻሻ 

 

ȿɦɤɨɫɬɶ ɟɞɢɧɢɱɧɨɣ ɚɤɤɭɦɭɥɹɬɨɪɧɨɣ ɛɚɬɚɪɟɢ ܥ௜ ɦɨɠɟɬ ɛɵɬɶ ɧɚɣɞɟɧɚ ɢɡ 

ɮɨɪɦɭɥɵ: ܥ௜  = ݉ˎ˃ˈ˓ʏКʐܥ = ͶͶͺ,ͺͶ = ͳͳʹ,ʹ ≈ ͳʹͲ ʏ ∙ ˚                          ሺʹ.ͶͲሻ 

 

Ɉɤɪɭɝɥɢɦ ɜ ɫɬɨɪɨɧɭ ɛɥɢɠɚɣɲɟɝɨ ɛɨɥɶɲɟɝɨ ɧɨɦɢɧɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ. ܥ௜ 
ɩɨɞɛɢɪɚɟɬɫɹ ɢɫɯɨɞɹ ɢɡ ɟɦɤɨɫɬɧɨɝɨ ɪɹɞɚ ɢɦɟɸɳɢɯɫɹ ɧɚ ɪɵɧɤɟ ɚɤɤɭɦɭɥɹɬɨɪɨɜ. 

Ʉɚɤ ɩɪɚɜɢɥɨ, ɷɬɨ ɪɹɞ ɩɪɟɞɫɬɚɜɥɟɧ ɟɦɤɨɫɬɹɦɢ 50, 55, 60, 65, 70, 75, 90, 120, 190, 

200, 400 ɢ ɬ.ɞ. ʏ ∙ ˚. Ɍɚɤɠɟ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ, ɱɬɨ ɜɵɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 

ɚɤɤɭɦɭɥɹɬɨɪɧɨɣ ɛɚɬɚɪɟɢ 12 ȼ, ɚ ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɜɯɨɞɟ ɪɟɝɭɥɹɬɨɪɚ 

ɞɨɥɠɧɨ ɛɵɬɶ 48 ȼ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɚɤɤɭɦɭɥɹɬɨɪɵ ɫɥɟɞɭɟɬ ɫɨɟɞɢɧɹɬɶ ɝɪɭɩɩɚɦɢ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɨ 48/12=4 ɷɥɟɦɟɧɬɚ.  

 

2.5  ȼɵɛɨɪ ɞɢɡɟɥɶ-ɝɟɧɟɪɚɬɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ 

 

Ⱦɢɡɟɥɶ  ɝɟɧɟɪɚɬɨɪɧɚɹ  ɭɫɬɚɧɨɜɤɚ  ɹɜɥɹɟɬɫɹ  ɪɟɡɟɪɜɧɵɦ  ɢɫɬɨɱɧɢɤɨɦ 

ɷɧɟɪɝɨɫɧɚɛɠɟɧɢɹ ɞɥɹ ɩɨɬɪɟɛɢɬɟɥɹ, ɩɨɷɬɨɦɭ ɞɥɹ ɩɪɨɢɡɜɟɞɟɧɢɹ ɜɵɛɨɪɚ 
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ɦɨɳɧɨɫɬɢ ɭɫɬɚɧɨɜɤɢ, ɩɪɢɧɢɦɚɟɦ ɱɬɨ ȾȽɍ ɞɨɥɠɧɚ ɨɛɟɫɩɟɱɢɜɚɬɶ 50% ɨɬ  

ɦɚɤɫɢɦɚɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɩɨɬɪɟɛɧɨɫɬɢ ɩɨɬɪɟɛɢɬɟɥɹ. ɂɫɯɨɞɹ ɢɡ ɫɨɫɬɚɜɥɟɧɧɨɝɨ 

ɝɪɚɮɢɤɚ ɧɚɝɪɭɡɤɢ, ɩɢɤɨɜɚɹ ɦɨɳɧɨɫɬɶ ɩɨɬɪɟɛɥɟɧɢɹ ௠ܲ௔௫ː˃ˆ˓ = ͳͲͺͻʹ ʑ˕. Ɍɨɝɞɚ 

ɦɨɳɧɨɫɬɶ ȾȽɍ ɞɨɥɠɧɚ ɛɵɬɶ ʓܲʒʢ > ͳͲͺͻʹ ʹ⁄  ʑ˕. ɉɪɢɧɢɦɚɟɦ ʓܲʒʢ = ͸ ˍʑ˕.  
ɇɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ ɩɨɬɪɟɛɢɬɟɥɟɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɟɣ ɜ ɥɸɛɵɯ 

ɫɢɬɭɚɰɢɹɯ, ɱɢɫɥɨ ɢ ɦɨɳɧɨɫɬɶ ɞɢɡɟɥɶ-ɝɟɧɟɪɚɬɨɪɚ ɫɥɟɞɭɟɬ ɩɪɨɜɨɞɢɬɶ ɫ ɭɱɟɬɨɦ 

ɫɥɟɞɭɸɳɢɯ ɬɪɟɛɨɜɚɧɢɣ: 

1. ɋɭɦɦɚɪɧɚɹ ɦɨɳɧɨɫɬɶ ɚɝɪɟɝɚɬɨɜ ɞɨɥɠɧɚ ɛɵɬɶ ɧɚ 25% ɛɨɥɶɲɟ 

ɫɭɬɨɱɧɨɝɨ ɦɚɤɫɢɦɭɦɚ ɧɚɝɪɭɡɤɢ: 𝛴ܲ ൒ ͳ,ʹͷ ௠ܲ௔௫  
2. Ⱦɥɹ ɭɞɨɛɫɬɜɚ ɨɛɫɥɭɠɢɜɚɧɢɹ, ɠɟɥɚɬɟɥɶɧɨ ɜɵɛɢɪɚɬɶ Ⱦɗɋ 

ɨɞɢɧɚɤɨɜɨɝɨ ɬɢɩɨɪɚɡɦɟɪɚ. 

3. Ɂɚɝɪɭɡɤɚ ɞɢɡɟɥɶ-ɝɟɧɟɪɚɬɨɪɨɜ ɞɨɥɠɧɚ ɧɚɯɨɞɢɬɶɫɹ ɜ ɩɪɟɞɟɥɚɯ 25-80% 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɨɦɢɧɚɥɶɧɨɣ. 

4. Ʉɨɥɢɱɟɫɬɜɨ ɞɢɡɟɥɶɧɵɯ ɷɥɟɤɬɪɨɚɝɪɟɝɚɬɨɜ ɞɨɥɠɧɨ ɛɵɬɶ ɢɡɛɵɬɨɱɧɵɦ 

ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɜɵɜɨɞɚ ɢɡ ɪɚɛɨɬɵ ɚɝɪɟɝɚɬɨɜ ɞɥɹ ɫɟɪɜɢɫɧɨɝɨ 

ɨɛɫɥɭɠɢɜɚɧɢɹ, ɬɟɤɭɳɟɝɨ ɢ ɤɚɩɢɬɚɥɶɧɨɝɨ ɪɟɦɨɧɬɨɜ. 

5. ɍɫɥɨɜɢɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɞɢɡɟɥɶɧɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɞɨɥɠɧɵ 

ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɤɥɢɦɚɬɢɱɟɫɤɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɦɟɫɬɧɨɫɬɢ. 

Ⱦɥɹ ɚɧɚɥɢɡɚ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ Ⱦɗɋ ɧɟɨɛɯɨɞɢɦɨ 

ɨɰɟɧɢɜɚɬɶ ɡɚɜɢɫɢɦɨɫɬɶ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ ɞɢɡɟɥɶ- ɝɟɧɟɪɚɬɨɪɚ ɨɬ ɫɬɟɩɟɧɢ ɟɝɨ 

ɡɚɝɪɭɡɤɢ. 

Ɉɫɧɨɜɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɜɵɛɢɪɚɟɦɨɦɭ ɨɛɨɪɭɞɨɜɚɧɢɸ: 

1) Ɇɝɧɨɜɟɧɧɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ P= 6 ɤȼɬ; 

2) Ɍɪɟɯɮɚɡɧɨɟ ɢɫɩɨɥɧɟɧɢɟ; 

3) ȼɨɡɦɨɠɧɨɫɬɶ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɡɚɩɭɫɤɚ; 

4) ȼɪɟɦɹ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɛɨɬɵ ɧɟ ɦɟɧɟɟ 12 ɱ; 
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5) Ɋɚɛɨɬɚ ɧɚ ɞɢɡɟɥɶɧɨɦ ɬɨɩɥɢɜɟ. 

ɉɪɢɦɟɦ ɤ ɭɫɬɚɧɨɜɤɟ ȾȽɍ ɬɢɩɚ TCC SDG 6000EH3   

 

Ɍɚɛɥɢɰɚ 2.7 Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ȾȽɍ. 
Ɇɨɳɧɨɫɬɶ ɧɨɦɢɧɚɥɶɧɚɹ/ ɦɚɤɫɢɦɚɥɶɧɚɹ 

(ɤȼɬ) 

6/ 6,5 

ɇɚɩɪɹɠɟɧɢɟ (ȼ) 230/400 

ɑɢɫɥɨ ɮɚɡ 3 

ɑɚɫɬɨɬɚ (Ƚɰ) 50 

ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ (ɨɛ/ɦɢɧ) 3000 

ɂɧɜɟɪɬɨɪɧɚɹ ɦɨɞɟɥɶ ɧɟɬ 

Ɍɢɩ ɝɟɧɟɪɚɬɨɪɚ ɫɢɧɯɪɨɧɧɵɣ 

ɉɭɫɤ ɷɥɟɤɬɪɨɫɬɚɪɬɟɪ 

ɇɚɥɢɱɢɟ ɚɜɬɨɦɚɬɚ ɜɜɨɞɚ ɪɟɡɟɪɜɚ ɟɫɬɶ 

ɂɫɩɨɥɧɟɧɢɟ ɨɬɤɪɵɬɨɟ 

Ɏɭɧɤɰɢɹ ɫɜɚɪɤɢ ɧɟɬ 

Ɋɚɫɯɨɞ ɬɨɩɥɢɜɚ ɩɪɢ 75% ɧɚɝɪɭɡɤɟ (ɥ/ɱ)  2,8  

Ɉɛɴɟɦ ɬɨɩɥɢɜɧɨɝɨ ɛɚɤɚ (ɥ) 15 

ɍɪɨɜɟɧɶ ɲɭɦɚ (ɞȻ) 82 

Ɇɨɞɟɥɶ Ɍɋɋ SDG 6000EH3 ɫ ȺȼɊ 

 

ɇɚ ɨɫɧɨɜɟ ɥɢɧɟɚɪɢɡɚɰɢɢ ɪɚɫɯɨɞɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɞɢɡɟɥɶɧɨɝɨ ɞɜɢɝɚɬɟɥɹ 

ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɪɢɛɥɢɠɟɧɧɭɸ ɮɨɪɦɭɥɭ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɭɞɟɥɶɧɨɝɨ 

ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ ɧɚ ɝɟɧɟɪɢɪɨɜɚɧɢɟ ͳ ˍʑ˕ ∙ ˚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ: 

 𝐺ଵ = ௫௫𝐺ுܭ + ሺͳ − ௫௫ሻ𝐺ுܭ ଵܲுܲ                                        ሺʹ.Ͷͳሻ 

 

ɝɞɟ 𝐺ଵ, 𝐺ு – ɮɚɤɬɢɱɟɫɤɢɣ ɢ ɧɨɦɢɧɚɥɶɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ; ଵܲ, ுܲ – ɮɚɤɬɢɱɟɫɤɚɹ ɢ ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ Ⱦɗɋ; 
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 ௫௫ – ɤɨɷɮɮɢɰɢɟɧɬ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɬɨɩɥɢɜɨɩɨɬɪɟɛɥɟɧɢɟ ɞɢɡɟɥɹ ɧɚܭ

ɯɨɥɨɫɬɨɦ ɯɨɞɭ (ܭ௫௫ ≈ Ͳ,͵). 

Ɂɧɚɹ ɭɞɟɥɶɧɨɟ ɩɨɬɪɟɛɥɟɧɢɟ ɞɢɡɟɥɹ ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɪɟɠɢɦɚ 

ɧɚɝɪɭɡɤɢ ɢ ɨɛɴɟɦ ɩɪɨɢɡɜɟɞɟɧɧɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɤɨɥɢɱɟɫɬɜɨ 

ɢɡɪɚɫɯɨɞɨɜɚɧɧɨɝɨ ɬɨɩɥɢɜɚ ɡɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɣ ɩɟɪɢɨɞ ɜɪɟɦɟɧɢ: ܳ𝑇 = 𝐺ଵܹ 

ɝɞɟ ܹ - ɷɧɟɪɝɢɹ, ɩɪɨɢɡɜɟɞɟɧɧɚɹ ɡɚ ɞɟɧɶ, ɦɟɫɹɰ, ɝɨɞ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ,  
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3. ɋɨɫɬɚɜɥɟɧɢɟ ɷɥɟɦɟɧɬɨɜ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 

 

Ⱦɥɹ ɨɰɟɧɤɢ ɪɚɛɨɬɵ ɫɨɫɬɚɜɥɹɟɦɨɝɨ ɚɥɝɨɪɢɬɦɚ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɪɢɬɶ 

ɟɝɨ ɪɚɛɨɬɭ ɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ. Ɇɨɞɟɥɶ ɫɨɫɬɚɜɢɦ ɩɪɢ ɩɨɦɨɳɢ 

ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɚɤɟɬɚ MatLab Simulink. 

Simulink – ɷɬɨ ɝɪɚɮɢɱɟɫɤɚɹ ɫɪɟɞɚ ɢɦɢɬɚɰɢɨɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, 

ɩɨɡɜɨɥɹɸɳɚɹ ɩɪɢ ɩɨɦɨɳɢ ɛɥɨɤ-ɞɢɚɝɪɚɦɦ ɜ ɜɢɞɟ ɧɚɩɪɚɜɥɟɧɧɵɯ ɝɪɚɮɨɜ, 

ɫɬɪɨɢɬɶ ɞɢɧɚɦɢɱɟɫɤɢɟ ɦɨɞɟɥɢ, ɜɤɥɸɱɚɹ ɞɢɫɤɪɟɬɧɵɟ, ɧɟɩɪɟɪɵɜɧɵɟ ɢ 

ɝɢɛɪɢɞɧɵɟ, ɧɟɥɢɧɟɣɧɵɟ ɢ ɪɚɡɪɵɜɧɵɟ ɫɢɫɬɟɦɵ. 

ɂɧɬɟɪɚɤɬɢɜɧɚɹ ɫɪɟɞɚ Simulink, ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɭɠɟ ɝɨɬɨɜɵɟ 

ɛɢɛɥɢɨɬɟɤɢ ɛɥɨɤɨɜ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɷɥɟɤɬɪɨɫɢɥɨɜɵɯ, ɦɟɯɚɧɢɱɟɫɤɢɯ ɢ 

ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, ɚ ɬɚɤɠɟ ɩɪɢɦɟɧɹɬɶ ɪɚɡɜɢɬɵɣ ɦɨɞɟɥɶɧɨ-

ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɣ ɩɨɞɯɨɞ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ, ɫɪɟɞɫɬɜ 

ɰɢɮɪɨɜɨɣ ɫɜɹɡɢ ɢ ɭɫɬɪɨɣɫɬɜ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ. 

 

3.1 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɜɟɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɢ 

 

Ⱦɥɹ ɨɛɡɨɪɚ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɦɨɞɟɥɶ 

ɜɟɬɪɨɭɫɬɚɧɨɜɤɢ ɫɪɟɞɧɟɣ ɦɨɳɧɨɫɬɢ ɫ ɩɟɪɟɦɟɧɧɨɣ ɫɤɨɪɨɫɬɶɸ ɜɪɚɳɟɧɢɹ.  

Ⱦɥɹ ɫɥɨɠɧɨɝɨ ɧɟɥɢɧɟɣɧɨɝɨ ɨɛɴɟɤɬɚ, ɤɚɤɨɜɵɦ ɹɜɥɹɟɬɫɹ 

ɜɟɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɚɹ ɭɫɬɚɧɨɜɤɚ (ȼɗɍ), ɩɪɢ ɞɟɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ 

ɬɪɟɛɭɟɬɫɹ ɫɨɡɞɚɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ, ɞɨɫɬɚɬɨɱɧɨ ɫɥɨɠɧɭɸ ɢ 

ɬɪɟɛɭɸɳɭɸ ɪɚɡɛɢɜɤɢ ɟё ɧɚ ɛɨɥɟɟ ɦɟɥɤɢɟ ɢ ɭɞɨɛɧɵɟ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɱɚɫɬɢ. 

Ʉɚɠɞɚɹ ɦɨɞɟɥɶ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɞɨɩɭɳɟɧɢɹɯ ɫ ɪɚɡɥɢɱɧɨɣ ɫɬɟɩɟɧɶɸ 

ɞɟɬɚɥɢɡɚɰɢɢ ɩɨɡɜɨɥɹɟɬ ɞɨɫɬɚɬɨɱɧɨ ɬɨɱɧɨ ɨɩɢɫɚɬɶ ɨɬɞɟɥɶɧɵɟ ɚɫɩɟɤɬɵ ɪɚɛɨɬɵ 

ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɴɟɤɬɚ. 

ɋɨɡɞɚɧɚ ɦɨɞɟɥɶ ɜɟɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɢ, ɜɤɥɸɱɚɸɳɚɹ ɜ ɫɟɛɹ 

ɦɨɞɟɥɢ: 1) ɜɟɬɪɨɬɭɪɛɢɧɵ; 2) ɫɢɧɯɪɨɧɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ ɫ ɩɨɫɬɨɹɧɧɵɦɢ 

ɦɚɝɧɢɬɚɦɢ. 
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Ɇɨɞɟɥɶ ɩɪɟɨɛɪɚɡɭɟɬ ɫɤɨɪɨɫɬɶ ɜɟɬɪɹɧɵɯ ɩɨɬɨɤɨɜ, ɫ ɩɨɦɨɳɶɸ 

ɜɟɬɪɨɤɨɥɟɫɚ ɢ ɱɟɪɟɡ ɪɨɬɨɪ ɜɪɚɳɚɟɬ ɷɥɟɤɬɪɨɝɟɧɟɪɚɬɨɪ, ɤɨɬɨɪɵɣ, ɜ ɫɜɨɸ 

ɨɱɟɪɟɞɶ, ɱɟɪɟɡ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɩɢɬɚɟɬ ɧɚɝɪɭɡɤɭ ɢɥɢ ɩɪɨɢɡɜɨɞɢɬ ɡɚɪɹɞ ȺȻ.  

ɇɚ ɜɯɨɞ ɛɥɨɤɚ Wind Turbine ɡɚɞɚёɬɫɹ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ ɜ ɦ/ɫ., ɜɟɬɪɨɤɨɥɟɫɨ 

ɜɵɞɚɟɬ ɦɨɦɟɧɬɧɚ ɞɜɢɝɚɬɟɥɶ ɫɨɝɥɚɫɧɨ ɦɟɯɚɧɢɱɟɫɤɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ 

ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 3.1, ɛɥɨɤ ɪɚɛɨɬɚɟɬ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ. 

Ⱦɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɜ ɨ.ɟ. ɢɫɩɨɥɶɡɭɸɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬɵ ( ௠ܶ –ɧɨɦɢɧɚɥɶɧɵɣ 

ɦɨɦɟɧɬ, ݓ௡ – ɧɨɦɢɧɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɪɨɬɨɪɚ).  ɂɡ ɦɟɯɚɧɢɱɟɫɤɨɣ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɨɩɪɟɞɟɥёɧɧɨɣ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ, ɢ ɱɚɫɬɨɬɟ 

ɜɪɚɳɟɧɢɹ, ɞɨɫɬɢɝɚɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ. Ƚɟɧɟɪɚɬɨɪ  ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɧɚɝɪɭɡɤɢ ɭɜɟɥɢɱɢɜɚɟɬ (ɩɪɢ ɦɚɥɵɯ ɧɚɝɪɭɡɤɚɯ) ɢɥɢ ɭɦɟɧɶɲɚɟɬ (ɩɪɢ ɛɨɥɶɲɢɯ 

ɧɚɝɪɭɡɤɚɯ) ɫɤɨɪɨɫɬɶ ɪɨɬɨɪɚ. ɉɪɢ ɢɡɦɟɧɟɧɢɢ ɫɤɨɪɨɫɬɢ ɪɨɬɨɪɚ ɦɟɧɹɟɬɫɹ 

ɦɨɦɟɧɬ ɜɵɞɚɜɚɟɦɵɣ ɜɟɬɪɨɤɨɥɟɫɨɦ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɩɪɚɜɥɹɹ ɧɚɝɪɭɡɤɨɣ 

ɝɟɧɟɪɚɬɨɪɚ (ɬ. ɟ. ɨɬɛɨɪɨɦ ɦɨɳɧɨɫɬɢ) ɦɨɠɧɨ ɩɟɪɟɜɨɞɢɬɶ ȼɗɍ ɢɡ ɨɞɧɨɣ ɬɨɱɤɢ 

ɦɟɯɚɧɢɱɟɫɤɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜ ɞɪɭɝɭɸ. [17] 
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Ɋɢɫɭɧɨɤ 3.1 － Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɜɟɬɪɨɭɫɬɚɧɨɜɤɢ 

 

 

 

Ɋɢɫɭɧɨɤ 3.2 －Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɜɟɬɪɨɭɫɬɚɧɨɜɤɢ 



78 

 

 

Ɋɢɫɭɧɨɤ 3.3－ Ƚɪɚɮɢɤ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ ɢ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɦɨɦɟɧɬɚ  ɧɚ ɜɵɯɨɞɟ 

ɜɟɬɪɨɬɭɪɛɢɧɵ. 

 

 

Ɋɢɫɭɧɨɤ 3.4 －Ƚɪɚɮɢɤ ɮɚɡɧɵɯ ɬɨɤɨɜ ɫɬɚɬɨɪɚ ɢ ɩɨɩɟɪɟɱɧɨɟ ɢ ɩɪɨɞɨɥɶɧɨɟ 

ɧɚɩɪɹɠɟɧɢɟ ɫɬɚɬɨɪɚ.  
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Ɋɢɫɭɧɨɤ 3.5－ ɗɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ ɦɨɦɟɧɬ ɝɟɧɟɪɚɬɨɪɚ 

 

 

Ɋɢɫɭɧɨɤ 3.6 －ɇɚɩɪɹɠɟɧɢɟ ɢ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ 
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 Ɋɢɫɭɧɨɤ 3.7 －Ⱥɤɬɢɜɧɚɹ ɢ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɝɟɧɟɪɚɬɨɪɚ 

 

 

Ɋɢɫɭɧɨɤ 3.8－ ɋɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ 
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Ʉɚɤ ɜɢɞɧɨ ɢɡ ɝɪɚɮɢɤɨɜ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ 1 ɫ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ 

ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɞɨ 2 ɦ/ɫ, ɧɚɱɢɧɚɟɬɫɹ ɪɚɡɝɨɧ ɝɟɧɟɪɚɬɨɪɚ, ɧɨ ɜɜɢɞɭ ɬɨɝɨ ɱɬɨ ɞɥɹ 

ɝɟɧɟɪɚɬɨɪɚ ɷɬɨ ɞɨɫɬɚɬɨɱɧɨ ɧɢɡɤɚɹ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ ɢ ɨɧ ɞɨɫɬɚɬɨɱɧɨ ɧɟ 

ɪɚɡɨɝɧɚɥɫɹ, ɜɵɪɚɛɚɬɵɜɚɟɦɚɹ ɦɨɳɧɨɫɬɶ ɩɪɟɧɟɛɪɟɠɢɦɨ ɦɚɥɚ. ȼ ɦɨɦɟɧɬ 

ɜɪɟɦɟɧɢ 1,3 ɫ  ɩɪɨɢɫɯɨɞɢɬ ɭɜɟɥɢɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ ɞɨ 8 ɦ/ɫ, ɝɟɧɟɪɚɬɨɪ 

ɪɚɡɝɨɧɹɟɬɫɹ ɢ ɧɚɱɢɧɚɟɬ ɨɬɞɚɜɚɬɶ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɩɨɬɪɟɛɢɬɟɥɸ. 

ȼ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ 0,3 ɩɪɨɢɫɯɨɞɢɬ ɨɱɟɪɟɞɧɨɣ ɫɬɭɩɟɧɱɚɬɵɣ ɧɚɛɪɨɫ 

ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ ɞɨ 10 ɦ/ɫ. ɗɬɨ ɫɤɨɪɨɫɬɶ ɞɥɹ ɜɵɛɪɚɧɧɨɣ ȼɗɍ ɹɜɥɹɟɬɫɹ 

ɧɨɦɢɧɚɥɶɧɨɣ. ɉɪɢ ɧɨɦɢɧɚɥɶɧɨɦ ɪɟɠɢɦɟ ɝɟɧɟɪɚɬɨɪ ɜɵɪɚɛɚɬɵɜɚɟɬ 6 ɤȼɬ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɞɥɹ ɩɨɬɪɟɛɢɬɟɥɹ ɢɥɢ  ɭɯɨɞɢɬ ɧɚ ɡɚɪɹɞ ɚɤɤɭɦɭɥɹɬɨɪɧɵɯ 

ɛɚɬɚɪɟɣ ɱɟɪɟɡ ɧɟɭɩɪɚɜɥɹɟɦɵɣ ɜɵɩɪɹɦɢɬɟɥɶ. Ƚɪɚɮɢɤɢ ɡɚɪɹɞɚ, ɧɚɩɪɹɠɟɧɢɟ 

ɚɤɤɭɦɭɥɹɬɨɪɧɵɯ ɛɚɬɚɪɟɣ ɢɡɨɛɪɚɠɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 3.22 ɢ 3.23 

 

3.2 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɞɢɡɟɥɶ-ɝɟɧɟɪɚɬɨɪɚ 

 

Ⱦɥɹ ɭɩɪɨɳɟɧɢɹ ɦɨɞɟɥɢ ɞɢɡɟɥɶ-ɝɟɧɟɪɚɬɨɪɚ, ɛɭɞɟɦ ɡɚɞɚɜɚɬɶ ɩɨɫɬɨɹɧɧɭɸ 

ɦɨɳɧɨɫɬɶ ɞɢɡɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ, ɬɟɦ ɫɚɦɵɦ ɢɫɤɥɸɱɢɦ ɦɨɞɟɥɶ ɞɢɡɟɥɶɧɨɝɨ 

ɞɜɢɝɚɬɟɥɹ, ɚ ɨɝɪɚɧɢɱɢɦɫɹ ɬɨɥɶɤɨ ɦɨɞɟɥɶɸ ɫɢɧɯɪɨɧɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ. 

 

Ɋɢɫɭɧɨɤ 3.9 －ɋɯɟɦɚ ɞɢɡɟɥɶ - ɝɟɧɟɪɚɬɨɪɚ ɜ Matlab 
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Ɉɞɧɨɣ ɢɡ ɝɥɚɜɧɵɯ ɫɨɫɬɚɜɧɵɯ ɱɚɫɬɟɣ ɧɚɲɟɣ ɦɨɞɟɥɢ ɹɜɥɹɟɬɫɹ ɛɥɨɤ 

Excitɚtion System ɫɯɟɦɚ ɤɨɬɨɪɨɝɨ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ (3.10) ɹɜɥɹɟɬɫɹ 

ɦɨɞɟɥɶɸ ɫɢɫɬɟɦɵ ɜɨɡɛɭɠɞɟɧɢɹ ɞɥɹ ɫɢɧɯɪɨɧɧɨɣ ɦɚɲɢɧɵ. ɉɨɡɜɨɥɹɟɬ 

ɪɟɝɭɥɢɪɨɜɚɬɶ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɡɚɠɢɦɚɯ ɦɚɲɢɧɵ, ɪɚɛɨɬɚɸɳɟɣ ɜ ɝɟɧɟɪɚɬɨɪɧɨɦ 

ɪɟɠɢɦɟ. Ɉɫɧɨɜɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ ɫɢɫɬɟɦɵ ɜɨɡɛɭɠɞɟɧɢɹ ɹɜɥɹɸɬɫɹ ɪɟɝɭɥɹɬɨɪ 

ɧɚɩɪɹɠɟɧɢɹ ɢ ɜɨɡɛɭɞɢɬɟɥɶ. 

 

 

Ɋɢɫɭɧɨɤ 3.10－ɋɯɟɦɚ ɛɥɨɤɚ ɜɨɡɛɭɠɞɟɧɢɹ 

 

ɇɚ ɩɟɪɜɵɣ ɜɯɨɞ ɛɥɨɤɚ (vref) ɩɨɞɚɟɬɫɹ ɬɪɟɛɭɟɦɨɟ ɡɧɚɱɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ 

ɧɚ ɡɚɠɢɦɚɯ ɫɬɚɬɨɪɚ. ɇɚ ɜɬɨɪɨɣ (vd) ɢ ɬɪɟɬɢɣ (vq) ɜɯɨɞɵ ɩɨɞɚɸɬɫɹ ɬɟɤɭɳɢɟ 

ɡɧɚɱɟɧɢɹ ɩɪɨɟɤɰɢɣ ɧɚɩɪɹɠɟɧɢɣ ɫɬɚɬɨɪɚ ɧɚ ɨɫɢ q ɢ d. ɑɟɬɜɟɪɬɵɣ ɜɯɨɞ ɦɨɠɟɬ 

ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɞɥɹ ɫɨɡɞɚɧɢɹ ɤɨɧɬɭɪɚ ɫɬɚɛɢɥɢɡɚɰɢɢ ɦɨɳɧɨɫɬɢ ɦɚɲɢɧɵ. 

ȼɫɟ ɜɯɨɞɧɵɟ ɩɟɪɟɦɟɧɧɵɟ ɢ ɜɵɯɨɞɧɚɹ ɩɟɪɟɦɟɧɧɚɹ ɢɦɟɸɬ ɪɚɡɦɟɪɧɨɫɬɶ 

ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰ (p.u.). 
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Ɋɢɫɭɧɨɤ 3.11－ɉɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɥɢɧɟɣɧɨɝɨ ɧɚɩɪɹɠɟɧɢɟ ɢ ɬɨɤɚ 

 

 

Ɋɢɫɭɧɨɤ 3.12－ɉɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɮɚɡɧɨɝɨ ɧɚɩɪɹɠɟɧɢɟ ɢ ɬɨɤɚ 
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Ɋɢɫɭɧɨɤ 3.13－ɉɟɪɟɯɨɞɧɨɣ ɩɪɨɰɟɫɫ ɦɨɳɧɨɫɬɢ  

 

 

Ɋɢɫɭɧɨɤ 3.14－ɉɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɬɨɤɚ ɫɬɚɬɨɪɚ 
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3.3 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɚɤɤɭɦɭɥɹɬɨɪɧɨɣ ɛɚɬɚɪɟɢ 

 

ɉɪɨɢɡɜɟɞɟɦ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɛɚɬɚɪɟɢ ɚɤɤɭɦɭɥɹɬɨɪɨɜ. ɂɡ ɝɥɚɜɵ 2 ɩɭɧɤɬɚ 

5 ɫɥɟɞɭɟɬ, ɱɬɨ ɤ ɭɫɬɚɧɨɜɤɟ ɩɪɢɧɹɬɵ 4 ɛɥɨɤɚ ɚɤɤɭɦɭɥɹɬɨɪɚ ɟɦɤɨɫɬɶɸ 480 ʏ ∙ ˚ 

ɤɚɠɞɵɣ. 

Ɋɚɫɫɦɨɬɪɢɦ  ɦɨɞɟɥɶ  ɭɫɬɪɨɣɫɬɜɚ  ɛɚɥɚɧɫɢɪɨɜɤɢ  ɫ  ɤɨɦɦɭɬɢɪɭɟɦɵɦ 

ɤɨɧɞɟɧɫɚɬɨɪɨɦ ɜ ɩɪɨɝɪɚɦɦɟ Matlab Simulink. ɋɯɟɦɚ ɦɨɞɟɥɢ ɭɫɬɪɨɣɫɬɜɚ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 3.15 

 
Ɋɢɫɭɧɨɤ 3.15－ɋɯɟɦɚ ɦɨɞɟɥɢ ɭɫɬɪɨɣɫɬɜɚ ɛɚɥɚɧɫɢɪɨɜɤɢ ɫ ɤɨɦɦɭɬɢɪɭɟɦɵɦɢ 

ɤɨɧɞɟɧɫɚɬɨɪɚɦɢ. 
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Ɋɢɫɭɧɨɤ 3.16－ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɭɫɬɪɨɣɫɬɜɚ ɛɚɥɚɧɫɢɪɨɜɤɢ ɫ ɨɞɧɢɦ 

ɤɨɦɦɭɬɢɪɭɟɦɵɦ ɤɨɧɞɟɧɫɚɬɨɪɨɦ ɧɚ ɤɚɠɞɭɸ ɩɚɪɭ ɚɤɤɭɦɭɥɹɬɨɪɨɜ 

 

Ɋɚɫɫɦɨɬɪɢɦ ɫɯɟɦɭ ɢ ɩɪɢɧɰɢɩ ɪɚɛɨɬɵ ɤɨɧɞɟɧɫɚɬɨɪɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ 

ɛɚɥɚɧɫɢɪɨɜɤɢ ɧɚɩɪɹɠɟɧɢɣ. ɇɚ ɤɚɠɞɭɸ ɩɚɪɭ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɟɞɢɧɟɧɧɵɯ 

ɚɤɤɭɦɭɥɹɬɨɪɨɜ ɜ ȺȻ ɩɨɞɤɥɸɱɚɸɬɫɹ ɛɥɨɤɢ “ɩɟɪɟɧɨɫɚ ɡɚɪɹɞɚ”, ɜɤɥɸɱɚɸɳɢɟ ɜ 

ɫɟɛɹ ɞɜɚ ɤɨɦɦɭɬɚɰɢɨɧɧɵɯ ɤɥɸɱɚ ɢ ɤɨɦɦɭɬɢɪɭɟɦɵɣ ɤɨɧɞɟɧɫɚɬɨɪ. 

Ʉɨɧɞɟɧɫɚɬɨɪ ɩɨɫɬɨɹɧɧɨ ɩɟɪɟɤɥɸɱɚɟɬɫɹ ɦɟɠɞɭ ɞɜɭɯ ɚɤɤɭɦɭɥɹɬɨɪɨɜ, 

ɞɨɫɬɚɜɥɹɹ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɚɪɹɞ ɨɬ ɚɤɤɭɦɭɥɹɬɨɪɨɜ ɫ ɛɨɥɶɲɢɦ ɡɚɪɹɞɨɦ ɤ 

ɚɤɤɭɦɭɥɹɬɨɪɚɦ ɫ ɦɟɧɶɲɢɦ ɡɚɪɹɞɨɦ, ɩɨɫɬɟɩɟɧɧɨ ɜɵɪɚɜɧɢɜɚɹ ɧɚ ɧɢɯ ɡɚɪɹɞ. 

ɉɪɢ ɷɬɨɦ ɤɚɠɞɵɣ ɬɚɤɨɣ ɛɥɨɤ ɧɭɠɞɚɟɬɫɹ ɜ ɩɪɨɫɬɨɦ ɭɩɪɚɜɥɟɧɢɢ ɤɨɦɦɭɬɚɰɢɟɣ 

ɫɢɥɨɜɵɯ ɤɥɸɱɟɣ. ɇɟɫɤɨɥɶɤɨ ɛɥɨɤɨɜ “ɩɟɪɟɧɨɫɚ ɡɚɪɹɞɚ” ɦɨɝɭɬ ɛɵɬɶ 

ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɰɟɩɢ ɚɤɤɭɦɭɥɹɬɨɪɨɜ ɜɵɫɨɤɨɜɨɥɶɬɧɨɣ 

ȺȻ. Ɍ.ɤ. ɚɤɤɭɦɭɥɹɬɨɪɵ ȼ2.. ȼn-1 ɞɟɥɹɬ ɫɜɨɣ ɛɥɨɤ “ɩɟɪɟɧɨɫɚ ɡɚɪɹɞɚ” ɫ ɞɜɭɦɹ 

ɫɨɫɟɞɧɢɦɢ ɚɤɤɭɦɭɥɹɬɨɪɚɦɢ, ɬɨ ɡɚɪɹɞ ɦɨɠɟɬ ɩɭɬɟɲɟɫɬɜɨɜɚɬɶ ɨɬ ɨɞɧɨɝɨ ɤɨɧɰɚ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɰɟɩɢ ɞɨ ɞɪɭɝɨɝɨ. 

ɇɟɞɨɫɬɚɬɤɨɦ ɷɬɨɣ ɫɯɟɦɵ ɹɜɥɹɟɬɫɹ ɩɨɬɪɟɛɧɨɫɬɶ ɜ ɛɨɥɶɲɨɦ ɩɟɪɢɨɞɟ 

ɜɪɟɦɟɧɢ ɧɚ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɭ ɡɚɪɹɞɚ, ɜ ɬɨɦ ɫɥɭɱɚɟ ɟɫɥɢ ɚɤɤɭɦɭɥɹɬɨɪ ɫ 

ɧɚɢɛɨɥɶɲɢɦ ɡɚɪɹɞɨɦ ɢ ɚɤɤɭɦɭɥɹɬɨɪ ɫ ɧɚɢɦɟɧɶɲɢɦ ɡɚɪɹɞɨɦ ɧɚɯɨɞɹɬɫɹ ɫ 

ɪɚɡɧɵɯ ɫɬɨɪɨɧ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ  ɰɟɩɢ  ɚɤɤɭɦɭɥɹɬɨɪɨɜ.  ȼ  ɷɬɨɦ  ɫɥɭɱɚɟ  
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ɡɚɪɹɞ ɛɭɞɟɬ ”ɩɭɬɟɲɟɫɬɜɨɜɚɬɶ” ɱɟɪɟɡ ɤɚɠɞɵɣ ɚɤɤɭɦɭɥɹɬɨɪ ɫ ɡɚɬɪɚɬɨɣ ɜɪɟɦɟɧɢ 

ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ. 

ȼɬɨɪɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɹɜɥɹɟɬɫɹ ɩɨɬɪɟɛɧɨɫɬɶ ɜ ɛɨɥɶɲɨɦ ɤɨɥɢɱɟɫɬɜɟ 

ɤɥɸɱɟɣ:(ɩ-1)4, ɝɞɟ ɩ - ɱɢɫɥɨ ɚɤɤɭɦɭɥɹɬɨɪɨɜ. 

Ɉɞɧɚɤɨ, ɧɟɫɦɨɬɪɹ ɧɚ ɧɟɞɨɫɬɚɬɤɢ, ɷɬɚ ɫɯɟɦɚ ɹɜɥɹɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ 

ɤɨɦɩɚɤɬɧɨɣ. Ⱦɥɹ ɤɚɠɞɨɣ ɩɚɪɵ ȺȻ ɭɩɪɚɜɥɹɸɳɢɣ ɤɨɧɬɭɪ, ɤɨɦɦɭɬɚɰɢɨɧɧɵɟ 

ɤɥɸɱɢ ɢ ɤɨɧɞɟɧɫɚɬɨɪ  ɦɨɝɭɬ  ɛɵɬɶ  ɨɛɴɟɞɢɧɟɧɵ  ɜ  ɨɬɞɟɥɶɧɨɦ  ɦɨɞɭɥɟ  

ɧɚɩɪɨɬɢɜ ɚɤɤɭɦɭɥɹɬɨɪɨɜ, ɡɚɪɹɞɵ ɤɨɬɨɪɵɯ ɨɧɢ ɜɵɪɚɜɧɢɜɚɸɬ. ɉɪɢ ɞɨɛɚɜɥɟɧɢɢ 

ɧɟɤɨɬɨɪɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɚɤɤɭɦɭɥɹɬɨɪɨɜ ɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɭɸ 

ɰɟɩɶ ȺȻ ɦɨɝɭɬ ɛɵɬɶ ɞɨɛɚɜɥɟɧɵ ɢ ɛɥɨɤɢ “ɩɟɪɟɧɨɫɚ ɡɚɪɹɞɚ”. 

Ɂɚɞɚɞɢɦ ɫɥɟɞɭɸɳɢɟ ɭɫɥɨɜɢɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ: 

•  ȺȻ ɫɨɫɬɨɢɬ ɢɡ 4-ɯ ɚɤɤɭɦɭɥɹɬɨɪɨɜ ; 

•  ɬɢɩ ɚɤɤɭɦɭɥɹɬɨɪɚ-ɥɢɬɢɟɜɨ-ɢɨɧɧɨɝɨ (ɢɫɩɨɥɶɡɭɟɦ ɫɬɚɧɞɚɪɬɧɭɸ ɦɨɞɟɥɶ 

ɢɡ ɆATLAB); 

•  ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ - 12 ȼ; 

•  ɟɦɤɨɫɬɶ – 480 Ⱥɱ. 

ɍɫɬɚɧɨɜɢɦ ɫɥɟɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹ ɫɬɟɩɟɧɟɣ ɡɚɪɹɞɚ ɞɥɹ ɚɤɤɭɦɭɥɹɬɨɪɨɜ :  

Battery1 =90%,  Battery2=85%,  Battery3=80%,  Battery4=75%  (ȺȻ 

ɪɚɡɛɚɥɚɧɫɢɪɨɜɚɧɚ ɧɚ 15%). 

Ɂɚɪɹɞ ȺȻ ɞɨɥɠɟɧ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɬɨɤɨɦ 3 Ⱥ, ɞɨ ɬɟɯ ɩɨɪ ɩɨɤɚ 

ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɤɚɤɨɦ-ɥɢɛɨ ɢɡ ɚɤɤɭɦɭɥɹɬɨɪɨɜ ɧɟ ɞɨɫɬɢɝɧɟɬ 13,8 ȼ. Ɋɚɡɪɹɞ ȺȻ 

ɞɨɥɠɟɧ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɬɨɤɨɦ 20 Ⱥ, ɩɨɤɚ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɤɚɤɨɦ-ɥɢɛɨ ɢɡ 

ɚɤɤɭɦɭɥɹɬɨɪɨɜ ɧɟ ɨɩɭɫɬɢɬɫɹ ɞɨ 10,5 ȼ, ɩɨɫɥɟ ɱɟɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɞɨɥɠɧɨ 

ɛɵɬɶ ɩɪɢɨɫɬɚɧɨɜɥɟɧɨ. 

 

3.3.1 ɐɟɩɢ ɡɚɪɹɞɚ ɢ ɪɚɡɪɹɞɚ ɚɤɤɭɦɭɥɹɬɨɪɧɵɯ ɛɚɬɚɪɟɣ 

 

Ɂɚɪɹɞ ȺȻ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɬ ɢɫɬɨɱɧɢɤɚ ɩɨɫɬɨɹɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɩɪɢ 

ɨɬɤɪɵɬɢɢ ɤɥɸɱɚ Switch S. Ɋɚɡɪɹɞ ȺȻ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɢ ɩɨɞɤɥɸɱɟɧɢɢ ɤ ɧɟɣ 
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ɧɚɝɪɭɡɤɢ ɩɨɫɪɟɞɫɬɜɨɦ ɨɬɤɪɵɬɢɹ ɤɥɸɱɚ Switch L. ɇɟɢɫɩɨɥɶɡɭɟɦɵɟ ɜɵɯɨɞɵ 

ɛɥɨɤɨɜ ɤɥɸɱɟɣ (ɢ ɞɪɭɝɢɯ ɛɥɨɤɨɜ, ɜɵɯɨɞɵ ɤɨɬɨɪɵɯ ɧɟ ɢɫɩɨɥɶɡɭɸɬɫɹ) 

ɩɨɞɚɸɬɫɹ ɧɚ ɫɩɟɰɢɚɥɶɧɵɟ ɡɚɝɥɭɲɤɢ -Terminator. 

Ɋɚɫɫɦɨɬɪɢɦ ɩɨɞɫɢɫɬɟɦɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɚ ɫɯɟɦɟ: 

1) ɉɨɞɫɢɫɬɟɦɚ Signal Distributor ɧɚɩɪɚɜɥɹɟɬ ɫɢɝɧɚɥɵ ɨɬ 

ɚɤɤɭɦɭɥɹɬɨɪɨɜ (ɫ ɢɧɮɨɪɦɚɰɢɟɣ  ɨ  ɧɚɩɪɹɠɟɧɢɢ  (V,  ȼ)  ɢ  ɫɬɟɩɟɧɢ  ɡɚɪɹɞɚ  

(%))  ɫ  ɜɯɨɞɨɜ  ɧɚ  ɨɫɰɢɥɥɨɝɪɚɮ.  ɇɚ  ɩɨɞɫɢɫɬɟɦɵ Charge/Discharge Control ɢ 

Control Equalizer. Ɉɧɚ ɩɨɞɚɟɬ ɫɢɝɧɚɥɵ ɱɟɪɟɡ ɜɵɯɨɞɵ ɫ ɢɧɮɨɪɦɚɰɢɟɣ ɨ 

ɧɚɩɪɹɠɟɧɢɢ ɧɚ ɚɤɤɭɦɭɥɹɬɨɪɚɯ. ɇɚ ɜɵɯɨɞɵ ɩɨɞɚɟɬɫɹ ɢɧɮɨɪɦɚɰɢɹ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɨ ɫɬɟɩɟɧɢ ɡɚɪɹɞɚ (SOɋ,%) ɢ ɧɚɩɪɹɠɟɧɢɢ (V, ȼ) 

ɚɤɤɭɦɭɥɹɬɨɪɨɜ. ɇɚ ɜɵɯɨɞ Out7 ɩɨɞɚɟɬɫɹ ɡɧɚɱɟɧɢɟ ɪɚɡɛɚɥɚɧɫɚ (Ɇɚɤɫɢɦɚɥɶɧɚɹ 

ɪɚɡɧɢɰɚ ɦɟɠɞɭ ɫɬɟɩɟɧɹɦɢ ɡɚɪɹɞɚ ɨɬɞɟɥɶɧɵɯ ɚɤɤɭɦɭɥɹɬɨɪɨɜ).Ɉɧɚ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 3.17. 

 

Ɋɢɫɭɧɨɤ 3.17－ɉɨɞɫɢɫɬɟɦɚ Signal Distributor. 

 

2) ɉɨɞɫɢɫɬɟɦɚ Charge/Discharge Control ɱɟɪɟɡ ɜɵɯɨɞɵ ɭɩɪɚɜɥɹɟɬ 

ɡɚɪɹɞɨɦ ɢ ɪɚɡɪɹɞɨɦ ȺȻ ɩɭɬɟɦ ɤɨɦɦɭɬɚɰɢɢ ɤɥɸɱɟɣ S ɢ L (ɡɚɪɹɞ ȺȻ – S 

ɨɬɤɪɵɬ, L ɡɚɤɪɵɬ, ɩɪɢ ɪɚɡɪɹɞɟ - ɧɚɨɛɨɪɨɬ).  
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Ɋɢɫɭɧɨɤ 3.18－ɉɨɞɫɢɫɬɟɦɚ Charge/Discharge Control 

 

Ⱥɥɝɨɪɢɬɦ ɪɚɛɨɬɵ ɷɬɨɣ ɩɨɞɫɢɫɬɟɦɵ ɨɫɧɨɜɚɧ ɧɚ ɢɡɦɟɪɟɧɢɢ ɧɚɩɪɹɠɟɧɢɣ 

ɚɤɤɭɦɭɥɹɬɨɪɨɜ ɢ ɭɫɬɚɧɨɜɥɟɧ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɭɫɥɨɜɢɹɦɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. ȼ 

ɦɨɦɟɧɬ ɧɚɱɚɥɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɨɥɠɧɨ ɫɨɛɥɸɞɚɬɶɫɹ ɭɫɥɨɜɢɟ: ɧɚ ɜɵɯɨɞɚɯ 

Out1 ɢ Out2 ɩɨɞɫɢɫɬɟɦɵ ɞɨɥɠɧɵ ɛɵɬɶ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫɢɝɧɚɥɵ ɭɪɨɜɧɹ ɥɨɝ. 

“1” ɢ ɥɨɝ. “0”. 

Ʉɚɤ ɬɨɥɶɤɨ (ɩɪɢ ɡɚɪɹɞɟ) ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɤɚɤɨɦ-ɥɢɛɨ ɚɤɤɭɦɭɥɹɬɨɪɟ 

ɩɪɟɜɵɫɢɬ ɞɨɩɭɫɬɢɦɵɣ ɭɪɨɜɟɧɶ (13,8 ȼ), ɩɨɞɫɢɫɬɟɦɚ ɨɬɤɥɸɱɢɬ ȺȻ ɨɬ 

ɢɫɬɨɱɧɢɤɚ ɧɚɩɪɹɠɟɧɢɹ ɢ ɩɨɞɤɥɸɱɢɬ ɧɚɝɪɭɡɤɭ, ɩɨɫɵɥɚɹ ɫɢɝɧɚɥɵ ɥɨɝ. “0” ɢ 

ɥɨɝ. “1” ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫ ɜɵɯɨɞɨɜ Out1 ɢ Out2. 

Ʉɚɤ ɬɨɥɶɤɨ (ɩɪɢ ɪɚɡɪɹɞɟ) ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɤɚɤɨɦ-ɥɢɛɨ ɚɤɤɭɦɭɥɹɬɨɪɟ 

ɨɩɭɫɬɢɬɫɹ ɧɢɠɟ ɞɨɩɭɫɬɢɦɨɝɨ ɭɪɨɜɧɹ (10,5 ȼ), ɩɨɞɫɢɫɬɟɦɚ ɩɪɢɧɭɞɢɬɟɥɶɧɨ 

ɨɫɬɚɧɨɜɢɬ ɦɨɞɟɥɢɪɨɜɚɧɢɟ.  

3) Ⱦɥɹ ɛɚɥɚɧɫɢɪɨɜɤɢ ȺȻ ɢɫɩɨɥɶɡɭɟɬɫɹ 3 ɨɞɢɧɚɤɨɜɵɯ ɩɨɞɫɢɫɬɟɦɵ 

Equalizer1-Equalizer3. Ɋɚɫɫɦɨɬɪɢɦ ɩɨɞɫɢɫɬɟɦɭ Equalizer1 . ȼ ɩɨɞɫɢɫɬɟɦɟ 

Equalizer1 ɤɨɧɞɟɧɫɚɬɨɪ ɋ1 ɱɟɪɟɡ ɩɨɪɬɵ Ɋort1-Ɋɨrt3 ɩɨɨɱɟɪɟɞɧɨ ɩɨɞɤɥɸɱɚɟɬɫɹ 
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ɤ ɚɤɤɭɦɭɥɹɬɨɪɚɦ Battery1 ɢ Battery2 (ɤ Battery1 ɱɟɪɟɡ Ɋort1 ɢ Ɋort2, ɤ Battery2 

ɱɟɪɟɡ Ɋort2 ɢ Ɋort3). Ɂɚ  ɩɨɞɤɥɸɱɟɧɢɟ  ɤɨɧɞɟɧɫɚɬɨɪɚ  ɤ  ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ  

ɩɨɪɬɚɦ ɨɬɜɟɱɚɸɬ ɤɥɸɱɢ  Switch1-Switch4;ɭɩɪɚɜɥɹɟɦɵɟ  D-ɬɪɢɝɝɟɪɨɦ  Fliɪ-

F1ɨɪ1, ɨɯɜɚɱɟɧɧɨɝɨ  ɨɛɪɚɬɧɨɣ  ɫɜɹɡɶɸ.  ɑɚɫɬɨɬɚ  ɤɨɦɦɭɬɚɰɢɢ  ɤɥɸɱɟɣ  

ɡɚɞɚɟɬɫɹ ɝɟɧɟɪɚɬɨɪɨɦ ɢɦɩɭɥɶɫɨɜ Pulse Generator. 

4)  

 

Ɋɢɫɭɧɨɤ 3.19－ɉɨɞɫɢɫɬɟɦɚ Equalizer 

 

5) ɉɨɞɫɢɫɬɟɦɚ Control Equalizer ɧɚɯɨɞɢɬ ɪɚɡɧɢɰɭ ɦɟɠɞɭ 

ɦɚɤɫɢɦɚɥɶɧɵɦ ɢ ɦɢɧɢɦɚɥɶɧɵɦ ɧɚɩɪɹɠɟɧɢɟɦ,  ɧɚ ɨɫɧɨɜɟ ɜɯɨɞɧɵɯ ɫɢɝɧɚɥɨɜ. 

Ɂɧɚɱɟɧɢɟ ɫɪɚɜɧɢɜɚɟɬɫɹ ɫ ɡɚɞɚɧɧɵɦ ɩɪɟɞɟɥɨɦ. ȿɫɥɢ ɨɧɨ ɦɟɧɶɲɟ ɡɚɞɚɧɧɨɝɨ 

ɩɪɟɞɟɥɚ (0,1ȼ), ɬɨ ɱɟɪɟɡ ɫɜɨɣ ɜɵɯɨɞ  ɩɨɞɫɢɫɬɟɦɚ  Control  Equalizer  

ɜɵɤɥɸɱɚɟɬ  ɩɨɞɫɢɫɬɟɦɵ  Equalizer1-Equalizer3. Ɋɚɛɨɬɚ ɫɯɟɦɵ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 

ɬɨɥɶɤɨ ɩɨ ɫɢɝɧɚɥɚɦ ɧɚ ɜɯɨɞ  ɨɬ ɩɨɞɫɢɫɬɟɦɵ Charge/Discharge Control. ɗɬɢ 

ɫɢɝɧɚɥɵ ɩɨɞɫɢɫɬɟɦɚ Charge/Discharge Control ɩɨɫɵɥɚɟɬ ɜ ɦɨɦɟɧɬɵ ɨɤɨɧɱɚɧɢɹ 

ɡɚɪɹɞɚ ɢ ɪɚɡɪɹɞɚ ȺȻ (ɢɡ-ɡɚ ɧɟɥɢɧɟɣɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɧɚɩɪɹɠɟɧɢɹ 

ɚɤɤɭɦɭɥɹɬɨɪɚ ɨɬ ɟɝɨ ɫɬɟɩɟɧɢ ɡɚɪɹɞɚ ɜ ɬɚɤɢɟ ɦɨɦɟɧɬɵ ɧɚɛɥɸɞɚɟɬɫɹ 

ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɜɟɥɢɱɢɧɵ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɷɬɚ ɩɨɞɫɢɫɬɟɦɚ ɩɪɢɧɢɦɚɟɬ 

ɪɟɲɟɧɢɟ ɨ ɜɤɥɸɱɟɧɢɢ ɢɥɢ ɜɵɤɥɸɱɟɧɢɢ ɩɨɞɫɢɫɬɟɦ Equalizer1-Equalizer3  
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ɬɨɥɶɤɨ  ɜ  ɦɨɦɟɧɬɵ  ɞɨɫɬɢɠɟɧɢɹ  ɦɚɤɫɢɦɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ. ɉɨɞɫɢɫɬɟɦɚ 

ɭɩɪɚɜɥɟɧɢɹ ɛɚɥɚɧɫɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 3.20. 

 

Ɋɢɫɭɧɨɤ 3.20－ɉɨɞɫɢɫɬɟɦɚ Control Equalizer 
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Ɋɢɫɭɧɨɤ 3.21－Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɢ ɪɚɡɪɹɞɟ ȺȻ 

  Ʉɚɤ  ɜɢɞɧɨ  ɢɡ ɨɫɰɢɥɥɨɝɪɚɦɦɵ, ɜɪɟɦɹ ɪɚɡɪɹɞɚ ȺȻ ɞɨ ɦɨɦɟɧɬɚ, ɤɨɝɞɚ 

ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɨɞɧɨɦ ɢɡ ɚɤɤɭɦɭɥɹɬɨɪɨɜ (Battery 4) ɞɨɫɬɢɝɥɨ 10,5 ȼ, ɜɪɟɦɹ 

ɪɚɡɪɹɞɚ ȺȻ ɫɨɫɬɚɜɢɥɨ 19000 ɫɟɤ (5,27 ɱɚɫɨɜ).  Ɂɚ ɷɬɨ ɜɪɟɦɹ ɜɟɥɢɱɢɧɚ 

ɪɚɡɛɚɥɚɧɫɚ ɫɧɢɡɢɥɚɫɶ ɫ 15% ɞɨ14,3%. 
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Ɋɢɫɭɧɨɤ 3.22－Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɢ ɡɚɪɹɞɟ ȺȻ 

 

Ʉɚɤ  ɜɢɞɧɨ  ɢɡ ɨɫɰɢɥɥɨɝɪɚɦɦɵ, ɜɪɟɦɹ ɪɚɡɪɹɞɚ ȺȻ ɞɨ ɦɨɦɟɧɬɚ, ɤɨɝɞɚ 
ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɨɞɧɨɦ ɢɡ ɚɤɤɭɦɭɥɹɬɨɪɨɜ (Battery 1) ɞɨɫɬɢɝɥɨ 13,8 ȼ, ɜɪɟɦɹ 
ɡɚɪɹɞɚ ȺȻ ɫɨɫɬɚɜɢɥɨ 4368 ɫɟɤ (1,21 ɱɚɫɨɜ).  Ɂɚ ɷɬɨ ɜɪɟɦɹ ɜɟɥɢɱɢɧɚ ɪɚɡɛɚɥɚɧɫɚ 
ɫɧɢɡɢɥɚɫɶ ɫ 15% ɞɨ 14,3%. 
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Ɋɢɫɭɧɨɤ 3.23－Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɢ ɡɚɪɹɞɟ ȺȻ 

ȼɪɟɦɹ ɡɚɪɹɞɚ, ɤɨɝɞɚ ȺȻ ɩɨɥɧɨɫɬɶɸ ɪɚɡɪɹɠɟɧɵ ɫɨɫɬɚɜɢɥɨ 35720 ɫɟɤ 

(9,56 ɱɚɫɨɜ).  Ɂɚ ɷɬɨ ɜɪɟɦɹ ɜɟɥɢɱɢɧɚ ɪɚɡɛɚɥɚɧɫɚ ɫɧɢɡɢɥɚɫɶ ɫ 15% ɞɨ 14,05%. 
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4. Ɉɰɟɧɤɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɜɟɬɪɨ-ɞɢɡɟɥɶɧɨɝɨ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ 

ɤɨɦɩɥɟɤɫɚ 

Ⱦɥɹ ɬɨɝɨ, ɱɬɨ ɛɵ ɨɩɪɟɞɟɥɢɬɶ – ɤɚɤɚɹ ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɜɵɝɨɞɚ ɢ ɫɪɨɤ 

ɨɤɭɩɚɟɦɨɫɬɢ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ, ɧɟɨɛɯɨɞɢɦɨ ɫɥɨɠɢɬɶ ɜɫɟ 

ɩɪɟɞɩɨɥɚɝɚɟɦɵɟ ɪɚɫɯɨɞɵ ɧɚ ɪɚɡɪɚɛɨɬɤɭ,  ɫɬɪɨɢɬɟɥɶɫɬɜɨ  ɢ  ɨɛɫɥɭɠɢɜɚɧɢɟ  ɜ  

ɬɟɱɟɧɢɟ ɩɪɟɞɩɨɥɚɝɚɟɦɨɝɨ ɫɪɨɤɚ ɫɥɭɠɛɵ ɨɛɨɪɭɞɨɜɚɧɢɹ.  

Ⱦɥɹ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨ 

ɨɰɟɧɢɬɶ ɷɤɨɧɨɦɢɱɟɫɤɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨɟɤɬɚ. ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɦɟɫɬɨɦ 

ɭɫɬɚɧɨɜɤɢ ɛɭɞɟɬ ɪɟɚɥɢɡɨɜɚɧ ɨ. Ⱦɢɤɫɨɧ ɧɚɯɨɞɹɳɢɣɫɹ ɧɚ ɬɟɪɪɢɬɨɪɢɢ 

Ʉɪɚɫɧɨɹɪɫɤɨɝɨ ɤɪɚɹ. 

Ɉɤɭɩɚɟɦɨɫɬɶ ɜɟɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɢ ɪɚɫɫɱɢɬɚɬɶ ɱɪɟɡɜɵɱɚɣɧɨ 

ɫɥɨɠɧɨ, ɬɚɤ ɤɚɤ ɷɬɚ ɜɟɥɢɱɢɧɚ ɡɚɜɢɫɢɬ ɨɬ ɦɧɨɝɢɯ ɨɛɫɬɨɹɬɟɥɶɫɬɜ – ɧɚɱɚɥɶɧɨɣ 

ɰɟɧɵ (ɬ. ɟ. ɰɟɧɵ ɜɟɬɪɨɷɧɟɪɝɨɭɫɬɚɧɨɜɤɢ ɫ ɭɱɟɬɨɦ ɞɨɫɬɚɜɤɢ ɢ ɦɨɧɬɚɠɚ), 

ɪɟɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ ɜ ɪɟɝɢɨɧɟ, ɫɬɨɢɦɨɫɬɢ ɤɢɥɨɜɚɬɬ-ɱɚɫɚ, ɩɟɪɢɨɞɢɱɧɨɫɬɢ 

ɨɛɫɥɭɠɢɜɚɧɢɹ, ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɪɟɦɨɧɬɚ ɢ ɬ. ɞ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɨɪɢɟɧɬɢɪɨɜɨɱɧɨɣ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 

ɧɟɨɛɯɨɞɢɦɨ ɫɨɫɬɚɜɢɬɶ ɫɜɨɞɧɭɸ ɬɚɛɥɢɰɭ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɚ 

ɬɚɤɠɟ ɭɱɟɫɬɶ ɡɚɬɪɚɬɵ ɧɚ ɞɨɫɬɚɜɤɭ ɢ ɭɫɬɚɧɨɜɤɭ.  

 

Ɍɚɛɥɢɰɚ 4.1 ɉɪɢɛɥɢɡɢɬɟɥɶɧɵɟ ɞɟɧɟɠɧɵɟ ɡɚɬɪɚɬɵ 

Ɉɛɨɪɭɞɨɜɚɧɢɟ ɋɬɨɢɦɨɫɬɶ (ɪɭɛ) 

ȼɗɍ (8 ɤȼɬ) 500000 

ȼɟɬɪɹɧɨɣ ɤɨɧɬɪɨɥɥɟɪ 20000 

ȼɵɩɪɹɦɢɬɟɥɶ 42800 

ȺɄȻ (1920 Ⱥɱ) 481440 

ɂɧɜɟɪɬɨɪ (15 ɤȼɬ) 138800 

Ⱦɢɡɟɥɶ - ɝɟɧɟɪɚɬɨɪ 65395 

Ⱦɨɫɬɚɜɤɚ 200000 

ɂɬɨɝɨ : 1448435 
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Ʉɪɨɦɟ ɷɬɨɝɨ, ɧɟɨɛɯɨɞɢɦɨ ɩɨɧɢɦɚɬɶ, ɱɬɨ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ 

ɷɧɟɪɝɨɫɧɚɛɠɟɧɢɹ ɧɚ ɨɛɴɟɤɬɟ, ɧɚɯɨɞɹɳɟɦɫɹ ɧɚ ɛɨɥɶɲɨɦ ɭɞɚɥɟɧɢɢ ɨɬ ɥɢɧɢɣ 

ɷɥɟɤɬɪɨɩɟɪɟɞɚɱ (Ʌɗɉ), ɜɧɟɞɪɟɧɢɟ ȼɗɍ ɨɩɢɫɵɜɚɟɬɫɹ ɫɤɨɪɟɟ ɫɨɰɢɚɥɶɧɵɦɢ 

ɭɥɭɱɲɟɧɢɹɦɢ, ɧɟɠɟɥɢ ɱɟɦ ɷɤɨɧɨɦɢɱɟɫɤɢɦɢ ɮɨɪɦɭɥɚɦɢ, ɩɨɫɤɨɥɶɤɭ 

ɫɬɨɢɦɨɫɬɶ ɦɨɧɬɚɠɚ Ʌɗɉ ɧɟɢɡɦɟɪɢɦɨ ɛɨɥɶɲɟ ɪɚɡɦɟɳɟɧɢɹ 

ɜɟɬɪɨɷɧɟɪɝɨɭɫɬɚɧɨɜɤɢ ɞɥɹ ɦɚɥɨɝɨ ɩɨɬɪɟɛɢɬɟɥɹ.  

ȼ ɪɚɫɱɟɬɟ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɫɪɟɞɧɟɦɢɪɨɜɵɟ ɰɢɮɪɵ, ɨɞɧɚɤɨ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶ ɜɟɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɭɫɬɚɧɨɜɨɤ ɦɨɠɟɬ ɢɡɦɟɧɹɬɶ ɢɯ ɩɨ ɫɜɨɟɦɭ 

ɭɫɦɨɬɪɟɧɢɸ. 

ɋɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ȼɗɍ ʑܶЭʢ−଼ T ȼɗɍ-N ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 

ʑܶЭʢ−଼ = ʥʑЭʢ−଼ + Иʝ + И˓ʔˆˑˇʑЭʢ ∙ ˚∙˕ʑˍܥ = ͳͶͶͺͶ͵ͷ + ͳͲͲͲͲͲ + ͲͳʹͲͲͲ ∙ ͹,͸ͷ = ͳ͸,ͺ͸ ˎˈ˕         ሺͶ.ͳሻ 

 

ɝɞɟ ʔˆˑˇʑЭʢ – ɝɨɞɨɜɚɹ ɜɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ; Иʝ – ɢɡɞɟɪɠɤɢ ɧɚ 

ɨɛɫɥɭɠɢɜɚɧɢɟ ȼɗɍ, ɫɨɫɬɚɜɥɹɸɬ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɟ ɛɨɥɟɟ 20 % ɨɬ ʥʑЭʢ−଼ ɡɚ ɜɟɫɶ 

ɫɪɨɤ ɷɤɫɩɥɭɚɬɚɰɢɢ ȼɗɍ; И˓ – ɢɡɞɟɪɠɤɢ ɧɚ ɪɟɦɨɧɬ ȼɗɍ, ɩɪɨɹɜɥɹɸɬɫɹ ɫ ɬɨɣ 

ɢɥɢ ɢɧɨɣ ɞɨɥɟɣ ɜɟɪɨɹɬɧɨɫɬɢ. ɇɚ ɩɪɚɤɬɢɤɟ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ȼɗɍ ɢɡɜɟɫɬɧɵɯ 

ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ ɨɧɢ ɩɪɚɤɬɢɱɟɫɤɢ ɪɚɜɧɵ ɧɭɥɸ; ܥˍʑ˕∙˚ – ɫɬɨɢɦɨɫɬɶ ɤȼɬ·ɱ. 

ɉɨɥɭɱɟɧɧɵɣ ɫɪɨɤ ȼɗɍ ɹɜɥɹɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɨɤɭɩɚɟɦɵɦ. Ɍɚɤ ɤɚɤ ɫɪɨɤ 

ɫɥɭɠɛɵ ɫɨɫɬɚɜ ɫɨɫɬɚɜɥɹɟɬ 15-25 ɥɟɬ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɷɤɫɩɥɭɚɬɚɰɢɢ. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɞɚɧɧɭɸ ɭɫɬɚɧɨɜɤɭ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ, ɤɚɤ ɤɨɦɦɟɪɱɟɫɤɭɸ. ȿɟ 

ɜɧɟɞɪɟɧɢɹ ɜ ɪɟɝɢɨɧɟ ɫ ɨɬɫɭɬɫɬɜɢɟɦ Ʌɗɉ ɪɟɱɶ ɦɨɠɟɬ ɢɞɬɢ ɨɛ ɭɥɭɱɲɟɧɢɢ 

ɭɫɥɨɜɢɣ ɩɪɨɠɢɜɚɧɢɹ ɢ ɬɪɭɞɚ, ɪɚɡɜɢɬɢɢ ɦɟɫɬɧɨɣ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ ɢ 

ɨɛɟɫɩɟɱɟɧɢɹ ɤɨɦɮɨɪɬɚ ɦɟɫɬɧɵɯ ɠɢɬɟɥɟɣ ɜ ɫɜɹɡɢ ɫ ɩɨɥɭɱɟɧɢɟɦ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 
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Ɋɢɫɭɧɨɤ 4.1 – Ɂɚɜɢɫɢɦɨɫɬɶ ɫɪɨɤɚ ɨɤɭɩɚɟɦɨɫɬɢ ɨɬ ɨɬɩɭɫɤɧɨɝɨ ɬɚɪɢɮɚ  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



98 

 

ɁȺɄɅɘɑȿɇɂȿ 
 

ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɥɨɫɶ ɪɚɡɪɚɛɨɬɤɚ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ  ɦɨɞɟɥɢ 

ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ ɧɚ ɛɚɡɟ ɜɟɬɪɨɭɫɬɚɧɨɜɤɢ. Ⱦɥɹ ɩɨɫɥɟɞɭɸɳɟɝɨ 

ɩɪɨɜɟɞɟɧɢɹ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɢ ɚɧɚɥɢɡɚ ɩɨɥɭɱɟɧɧɵɯ 

ɪɟɡɭɥɶɬɚɬɨɜ. 

Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɜɤɥɸɱɚɟɬ: 

1) ȼɗɍ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɜɟɬɪɨɬɭɪɛɢɧɵ ɢ ɫɢɧɯɪɨɧɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ ɧɚ 

ɩɨɫɬɨɹɧɧɵɯ ɦɚɝɧɢɬɚɯ ɦɨɳɧɨɫɬɶɸ 8 ɤȼɬ; 

2) ȾȽɍ ɫ ɩɟɪɟɦɟɧɧɨɣ ɱɚɫɬɨɬɨɣ ɜɪɚɳɟɧɢɹ, ɫɨɫɬɨɹɳɭɸ ɢɡ ɞɢɡɟɥɶɧɨɝɨ 

ɞɜɢɝɚɬɟɥɹ ɢ ɫɢɧɯɪɨɧɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ ɦɨɳɧɨɫɬɶɸ 6 ɤȼɬ; 

3) ɛɥɨɤ ɧɚɝɪɭɡɤɢ, ɩɨɡɜɨɥɹɸɳɢɣ ɦɨɞɟɥɢɪɨɜɚɬɶ ɩɨɬɪɟɛɢɬɟɥɟɣ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ  

4) ɚɤɤɭɦɭɥɹɬɨɪɧɭɸ ɛɚɬɚɪɟɸ; 

5) ɛɚɥɥɚɫɬɧɭɸ ɧɚɝɪɭɡɤɭ, ɡɚɞɚɧɧɭɸ ɚɤɬɢɜɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ; 

6) ɢɡɦɟɪɢɬɟɥɶɧɵɟ ɩɪɢɛɨɪɵ ɞɥɹ ɤɨɧɬɪɨɥɹ ɨɫɧɨɜɧɵɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ 

ɜɟɥɢɱɢɧ. 

Ɉɫɧɨɜɧɵɦɢ ɜɯɨɞɧɵɦɢ ɩɟɪɟɦɟɧɧɵɦɢ ɢɦɢɬɚɰɢɨɧɧɨɣ ɦɨɞɟɥɢ ɹɜɥɹɸɬɫɹ: 

ɫɤɨɪɨɫɬɧɨɣ ɜɟɬɪɚ ɢ ɦɨɳɧɨɫɬɶ ɧɚɝɪɭɡɤɢ. Ƚɪɚɧɢɱɧɵɟ ɡɧɚɱɟɧɢɹ ɩɟɪɟɦɟɧɧɵɯ 

ɜɵɛɪɚɧɵ ɢɫɯɨɞɹ ɢɡ ɩɨɫɬɚɜɥɟɧɧɵɯ ɡɚɞɚɱ. Ⱦɥɹ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɤɨɦɩɥɟɤɫɚ 

ɫ ȼȾɗɋ ɤ ɧɚɪɭɲɟɧɢɸ ɫɬɚɬɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɦɨɝɭɬ ɩɪɢɜɟɫɬɢ 

ɧɟɡɧɚɱɢɬɟɥɶɧɵɟ ɢɡɦɟɧɟɧɢɹ ɦɨɳɧɨɫɬɢ, ɝɟɧɟɪɢɪɭɟɦɨɣ ɜɟɬɪɨɭɫɬɚɧɨɜɤɨɣ ɢɥɢ 

ɩɨɬɪɟɛɥɹɟɦɨɣ ɧɚɝɪɭɡɤɨɣ. Ʉ ɧɚɪɭɲɟɧɢɸ ɞɢɧɚɦɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ 

ɩɪɢɜɨɞɹɬ ɚɧɚɥɨɝɢɱɧɵɟ ɧɚɪɭɲɟɧɢɹ, ɧɨ ɫɤɚɱɤɨɨɛɪɚɡɧɨɝɨ ɯɚɪɚɤɬɟɪɚ. ɉɨɷɬɨɦɭ 

ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɪɢ ɪɚɡɥɢɱɧɵɯ 

ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɤɨɦɩɥɟɤɫɚ ɜ ɢɦɢɬɚɰɢɨɧɧɨɣ ɦɨɞɟɥɢ 

ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɜɨɡɦɨɠɧɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɫɤɨɪɨɫɬɢ ɜɟɬɪɨɜɨɝɨ ɩɨɬɨɤɚ ɨɬ 0 ɞɨ 

16 ɦ/ɫ ɢ ɦɨɳɧɨɫɬɢ ɧɚɝɪɭɡɤɢ ɨɬ 0 ɞɨ 7 ɤȼɬ. 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ ɜɯɨɞɧɵɯ ɩɟɪɟɦɟɧɧɵɯ ɦɨɞɟɥɢɪɭɟɦɵɟ 

ɪɟɠɢɦɵ ɪɚɡɞɟɥɟɧɵ ɧɚ ɬɪɢ ɝɪɭɩɩɵ: 
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1) ɩɨɬɪɟɛɢɬɟɥɢ ɩɨɥɭɱɚɸɬ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɨɬ ȼɗɍ, ɩɪɢ ɷɬɨɦ ܵʑЭʢ ൒ ܵʜ ∶ 
 ɟɫɥɢ ܵʑЭʢ > ܵʜ , ɬɨ ɢɡɛɵɬɨɤ ɦɨɳɧɨɫɬɢ ɪɚɫɯɨɞɭɟɬɫɹ ɧɚ ɡɚɪɹɞɤɭȺȻ; 

 ɟɫɥɢ ܵʑЭʢ > ܵʜ , ɢ ɡɚɪɹɞ ɛɚɬɚɪɟɢ ɦɚɤɫɢɦɚɥɟɧ ܷʏʐ > max  , ɬɨ ɧɟ 

ɢɫɩɨɥɶɡɨɜɚɧɧɚɹ ɦɨɳɧɨɫɬɶ ɪɚɫɫɟɢɜɚɟɬɫɹ ɜ ɛɚɥɥɚɫɬɧɨɣ ɧɚɝɪɭɡɤɟ. 

2) ɉɢɬɚɧɢɟ ɩɨɬɪɟɛɢɬɟɥɟɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɬ ȾȽɍ, ɩɪɢ ɷɬɨɦ ܵʑЭʢ = Ͳ 

(ɲɬɢɥɶ ɢɥɢ ȼɗɍ ɨɬɤɥɸɱɟɧɚ);  

3) ȼɗɍ ɢ ȾȽɍ ɪɚɛɨɬɚɸɬ ɩɚɪɚɥɥɟɥɶɧɨ ɧɚ ɧɚɝɪɭɡɤɭ ɩɪɢ ɧɟɯɜɚɬɤɟ 

ɦɨɳɧɨɫɬɢ ȼɗɍ ܵʑЭʢ ൑ ܵʜ ∶ ɟɫɥɢ ܵʑЭʢ = ܵʜ ɢ ɡɚɪɹɞ ȺȻ ɧɢɠɟ ɦɢɧɢɦɚɥɶɧɨɝɨ 

ɡɧɚɱɟɧɢɹ, ɬɨ ȾȽɍ ɜɤɥɸɱɚɟɬɫɹ ɞɥɹ ɡɚɪɹɞɚ ȺȻ. 
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