
Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 

ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 

«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 
 

ɉɈɅɂɌȿɏɇɂЧȿɋɄɂɃ ɂɇɋɌɂɌɍɌ 

ɗɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɢɟ ɤɨɦɩɥɟɤɫɵ ɢ ɫɢɫɬɟɦɵ 

 

 

ɍɌȼȿɊɀȾȺɘ                      
Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 

ИИИИИИИИ  ȼ.ɂ. ɉɚɧɬɟɥɟɟɜ 

 « ИИИИИ»   ɢɸɧɹ 2016  ɝ. 
 

 

 

ȾɂɉɅɈɆɇЫɃ ɉɊɈȿɄɌ  
 
 

140604.65 ɗɥɟɤɬɪɨɩɪɢɜɨɞ ɢ ɚɜɬɨɦɚɬɢɤɚ ɩɪɨɦɵɲɥɟɧɧɵɯ ɭɫɬɚɧɨɜɨɤ ɢ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɤɨɦɩɥɟɤɫɨɜ 

 

ȺȼɌɈɆȺɌɂɁɂɊɈȼȺɇɇɕɃ ɗɅȿɄɌɊɈɉɊɂȼɈȾ ȻɍɊɈȼɈɃ 
ɍɋɌȺɇɈȼɄɂ 

ɉɨɹɫɧɢɬɟɥɶɧɚɹ ɡɚɩɢɫɤɚ 

 

 

 

Ɋɭɤɨɜɨɞɢɬɟɥɶ     ИИИИИИИИИИИИ    ɞɨɰɟɧɬ, ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ  ȼ.Ȼ. Ɇɨɥɨɞɟɰɤɢɣ 

 

ȼɵɩɭɫɤɧɢɤ         ИИИИИИИИИИИИ                                                ȼ.ɉ. Ʉɨɠɟɞɭɛɨɜ 

 

Ʉɨɧɫɭɥɶɬɚɧɬɵ ɩɨ  
ɪɚɡɞɟɥɚɦ: 
 

Ȼɟɡɨɩɚɫɧɨɫɬɶ ɩɪɨɟɤɬɚ                               ИИИИИИИИИИИИИИ     ȼ.ȼ. ɏɪɚɦɨɜ 

 

ɗɤɨɧɨɦɢɱɟɫɤɚɹ ɱɚɫɬɶ                             ИИИИИИИИИИИИИИ     ȿ.ȼ. Ȼɨɱɚɪɨɜɚ 

 

ɇɨɪɦɨɤɨɧɬɪɨɥɟɪ                                       ИИИИИИИИИИИИИИ     Ⱥ.Ⱥ. Ɏɟɞɨɪɟɧɤɨ 

 

 

 

 

 

 

Ʉɪɚɫɧɨɹɪɫɤ 2016 

 



Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 

ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 

«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 
 

ɉɈɅɂɌȿɏɇɂЧȿɋɄɂɃ ɂɇɋɌɂɌɍɌ 

 

Ʉɚɮɟɞɪɚ «ɗɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɢɟ ɤɨɦɩɥɟɤɫɵ ɢ ɫɢɫɬɟɦɵ» 

 
ɍɌȼȿɊɀȾȺɘ 

 Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 

__________Иȼ. ɂ. ɉɚɧɬɟɥɟɟɜ  
«___»______________2016 ɝ. 

 

ɁȺȾȺɇɂȿ 

ɇȺ ȼЫɉɍɋɄɇɍЮ ɄȼȺɅɂɎɂɄȺЦɂɈɇɇɍЮ ɊȺȻɈɌɍ 

ɜ ɮɨɪɦɟ ɞɢɩɥɨɦɧɨɝɨ ɩɪɨɟɤɬɚ 

 

ɋɬɭɞɟɧɬɭ Ʉɨɠɟɞɭɛɨɜɭ ȼ.ɉ. 

Ƚɪɭɩɩɚ ɁɎɗ10-06    ɇɚɩɪɚɜɥɟɧɢɟ (ɫɩɟɰɢɚɥɶɧɨɫɬɶ) 140604.65  

ɗɥɟɤɬɪɨɩɪɢɜɨɞ ɢ ɚɜɬɨɦɚɬɢɤɚ ɩɪɨɦɵɲɥɟɧɧɵɯ ɭɫɬɚɧɨɜɨɤ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 

ɤɨɦɩɥɟɤɫɨɜ 

Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ «Ⱥɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɣ 

ɷɥɟɤɬɪɨɩɪɢɜɨɞ ɛɭɪɨɜɨɣ ɭɫɬɚɧɨɜɤɢ» 

ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ № 4041/ɋ ɨɬ 24.03.2016ɝ.  

Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ  ȼ.Ȼ. Ɇɨɥɨɞɟɰɤɢɣ, ɤ.ɬ.ɧ., ɞɨɰɟɧɬ ɤɚɮɟɞɪɵ «ɗɌɄɢɋ» 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ȼɄɊ 

 

ɇɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ, ɤȼɬ 500 

ɇɨɦɢɧɚɥɶɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ, ɨɛ/ɦɢɧ 1485 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ, % 95,0 

Ʉɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ 0,89 

ɇɚɩɪɹɠɟɧɢɟ, ɤȼ 6 

ɇɨɦɢɧɚɥɶɧɵɣ ɦɨɦɟɧɬ, ɇɦ 1613 

ɂɧɞɟɤɫ ɦɟɯɚɧɢɱɟɫɤɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ V 



Ɉɬɧɨɲɟɧɢɟ ɩɭɫɤɨɜɨɝɨ ɦɨɦɟɧɬɚ ɤ ɧɨɦɢɧɚɥɶɧɨɦɭ 

ɦɨɦɟɧɬɭ 

1,2 

Ɉɬɧɨɲɟɧɢɟ ɩɭɫɤɨɜɨɝɨ ɬɨɤɚ ɤ ɧɨɦɢɧɚɥɶɧɨɦɭ ɬɨɤɭ 6,0 

Ɉɬɧɨɲɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɦɨɦɟɧɬɚ ɤ 

ɧɨɦɢɧɚɥɶɧɨɦɭ ɦɨɦɟɧɬɭ 

2,5 

Ⱦɢɧɚɦɢɱɟɫɤɢɣ ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɪɨɬɨɪɚ, ɤɝ*ɦ2 3,97 

  

ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ȼɄɊ 

1    Ɉɛɳɚɹ ɱɚɫɬɶ  

2 Ɉɛɡɨɪ ɢ ɚɧɚɥɢɡ ɫɢɫɬɟɦ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɢ ɫɬɪɭɤɬɭɪ ɭɩɪɚɜɥɟɧɢɹ 

ɷɥɟɤɬɪɨɩɪɢɜɨɞɚɦɢ 

3    Ɋɚɫɱɟɬɧɚɹ ɱɚɫɬɶ 

4     Ɋɚɡɪɚɛɨɬɤɚ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɫɯɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ 

5    ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɱɚɫɬɶ 

6    Ȼɟɡɨɩɚɫɧɨɫɬɶ ɩɪɨɟɤɬɚ 

7    ɗɤɨɧɨɦɢɱɟɫɤɚɹ ɱɚɫɬɶ  

 

 

 

 

 

 

 

 

 

 

 

Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ                           ИИИИИИИИИИИИИ      ȼ.Ȼ. Ɇɨɥɨɞɟɰɤɢɣ 

Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ       _____________ ȼ.ɉ. Ʉɨɠɟɞɭɛɨɜ 

                                                                                       

                                                                                     «24» ɦɚɪɬɚ 2016 ɝ 



 

 

 

ɄȺɅȿɇȾȺɊɇЫɃ ȽɊȺɎɂɄ 

ɪɚɛɨɬɵ ɧɚɞ ɩɪɨɟɤɬɨɦ ɧɚ ɜɟɫɶ ɩɟɪɢɨɞ ɩɪɨɟɤɬɢɪɨɜɚɧɢя 
(ɫ ɭɤɚɡɚɧɢɟɦ ɫɪɨɤɨɜ ɜɵɩɨɥɧɟɧɢя ɢ ɬɪɭɞɨɟɦɤɨɫɬɢ ɨɬɞɟɥɶɧɵɯ ɷɬɚɩɨɜ) 
 
 

 

25.03.16 - 30.04.16 

ɚ) ɤɨɧɰɟɩɬɭɚɥɶɧɚɹ ɩɪɨɪɚɛɨɬɤɚ ɬɟɦɵ, ɮɨɪɦɭɥɢɪɨɜɚɧɢɟ ɰɟɥɟɣ ɢ 
ɡɚɞɚɱ Ⱦɉ; ɮɨɪɦɭɥɢɪɨɜɚɧɢɟ ɬɪɟɛɨɜɚɧɢɣ ɤ ɗɉ; ɨɩɪɟɞɟɥɟɧɢɟ 
ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ. 
ɛ) ɨɩɢɫɚɧɢɟ ɨɫɧɨɜɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɩɪɟɞɩɪɢɹɬɢɹ. 

30.04.16 - 10.05.16 

ɚ) 2-ɹ ɝɥɚɜɚ Ⱦɉ: ɜɵɛɨɪ ɞɜɢɝɚɬɟɥɹ ɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶɧɨɝɨ 
ɭɫɬɪɨɣɫɬɜɚ; 
ɛ) 3-ɹ ɝɥɚɜɚ Ⱦɉ: ɫɨɫɬɚɜɥɟɧɢɟ ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɵ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ 
ɢ ɩɪɢɜɟɞɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ; 

ɜ) 4-ɹ ɝɥɚɜɚ Ⱦɉ: ɪɚɡɪɚɛɨɬɤɚ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɫɯɟɦɵ ɭɩɪɚɜɥɟɧɢɹ 
ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ; 

ɝ) ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɱɚɫɬɶ. 

14.05.16 - 11.05.16 Ɋɚɡɞɟɥ ȻɀȾ ɢ ɷɤɨɧɨɦɢɤɢ. 

11.06.16 - 17.06.16 ɉɨɥɧɵɣ ɜɚɪɢɚɧɬ ɩɨɹɫɧɢɬɟɥɶɧɨɣ ɡɚɩɢɫɤɢ ɞɢɩɥɨɦɧɨɝɨ ɩɪɨɟɤɬɚ. 
 

 

 

 

 

 



РЕФЕРАТ 

 

Ȼɭɪɨɜɵɟ ɜɵɲɤɢ, ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɣ ɷɥɟɤɬɪɨɩɪɢɜɨɞ, ɚɫɢɧɯɪɨɧɧɵɣ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ ɫ ɤɨɪɨɬɤɨɡɚɦɤɧɭɬɵɦ ɪɨɬɨɪɨɦ, ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɱɚɫɬɨɬɵ. 

Оɛɴɟɤɬɨɦ ɩɪɨɟɤɬɢɪɨɜɚɧɢя яɜɥяɟɬɫя ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɣ 

ɷɥɟɤɬɪɨɩɪɢɜɨɞ ɫ ɫɢɫɬɟɦɨɣ ɭɩɪɚɜɥɟɧɢя ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɦ ɱɚɫɬɨɬɵ, ɜɟɤɬɨɪɧɵɦ 

ɪɟɝɭɥɢɪɨɜɚɧɢɟɦ. 

Цɟɥɶ ɪɚɛɨɬɵ – ɪɚɡɪɚɛɨɬɚɬɶ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɣ ɷɥɟɤɬɪɨɩɪɢɜɨɞ 

ɛɭɪɨɜɨɣ ɭɫɬɚɧɨɜɤɢ ɫ ɫɢɫɬɟɦɨɣ ɭɩɪɚɜɥɟɧɢя ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɦ ɱɚɫɬɨɬɵ 

ɩɨɫɪɟɞɫɬɜɨɦ ɜɟɤɬɨɪɧɨɝɨ  ɪɟɝɭɥɢɪɨɜɚɧɢя. 

ȼ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɣ ɷɥɟɤɬɪɨɩɪɢɜɨɞ 

ɫ ɚɫɢɧɯɪɨɧɧɵɦ ɞɜɢɝɚɬɟɥɟɦ, ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɚ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢя 

ɞɜɢɝɚɬɟɥɟɦ. 

О̭̦о̦̼̏е ко̦̭т̬укт̛̦̼̏е ̛ те̵̛̦ко-̾ко̦о̸̛̥е̭к̛е пок̌̌̚тел̛: 

пл̦̼̜̌̏ пу̭к ̛ то̬̥о̙е̛̦е п̛̬ ̭пу̭копод̻ё̵̥̦̼ опе̶̵̛̬̌́, о̍е̭пе̸е̛̦е 

пе̬е̵од̌ ̦̌ по̛̦̙е̦̦у̀ ̭ко̬о̭т̽ п̛̬ ̭о̵̬̦̌е̛̛̦ уде̛̬̙̺̏̌̀е̐о ̥о̥е̦т̌ 

д̛̏̐̌тел́, ̍олее дол̛̜̐ ̭̬ок ̭лу̙̼̍ ̾лект̸̛̬е̭к̵̛ у̚ло̏ п̛̬̏од̌. 

Э̴̴ект̛̦̏о̭т̽ у̭т̦̌о̏к̛ оп̬едел́ет̭́ по̼̹̏е̦̦̼̥ ̭̬око̥ ̭лу̙̼̍ 

у̚ло̏ ̾лект̸̛̬е̭ко̐о п̛̬̏од̌, ̭т̛̌̍л̦̽о̜ уп̬̌̏л́е̥о̭т̽̀ ̛ у̭то̸̛̜̏о̭т̽̀ 

п̛̬ по̼̹̏е̦̦о̜ ̭т̌т̸̛е̭ко̜ ̦̬̌̐у̚ке. 
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ȼɜɟɞɟɧɢɟ 

 

ɇеɮɬɶ ɢ ɝаɡ ɹвɥɹɸɬɫɹ ɨɞɧɢɦɢ ɢɡ ɨɫɧɨвɧых вɢɞɨв ɬɨɩɥɢва, ɩɨɬɪеɛɥɹеɦɨɝɨ 
ɱеɥɨвеɱеɫɬвɨɦ. ɇеɮɬɶ ɞɨɛываɸɬ ɢ ɢɫɩɨɥɶɡɭɸɬ ɫɪавɧɢɬеɥɶɧɨ ɞавɧɨ, ɨɞɧаɤɨ ɧаɱаɥɨ 
ɢɧɬеɧɫɢвɧɨɣ ɩɪɨɦышɥеɧɧɨɣ ɪаɡɪаɛɨɬɤɢ ɧеɮɬɹɧых ɦеɫɬɨɪɨɠɞеɧɢɣ ɩɪɢхɨɞɢɬɫɹ ɧа 
ɤɨɧеɰ ɏIɏ-ɧаɱаɥɨ ɏɏ веɤɨв. 

Ʉɨɧеɰ ɏɏ ɫɬɨɥеɬɢɹ хаɪаɤɬеɪɢɡɭеɬɫɹ ɪеɡɤɢɦ ɭвеɥɢɱеɧɢеɦ ɫɩɪɨɫа ɧа ɧеɮɬɶ ɢ 
ɝаɡ ɢ ɢх ɩɨɬɪеɛɥеɧɢɹ. ȼ ɧаɫɬɨɹɳее вɪеɦɹ ɨɤɨɥɨ 70 Σ эɧеɪɝеɬɢɱеɫɤɨɣ ɩɨɬɪеɛɧɨɫɬɢ в 
ɦɢɪе ɩɨɤɪываеɬɫɹ ɡа ɫɱеɬ ɧеɮɬɢ ɢ ɝаɡа. 

ȼ ɩɨɫɥеɞɧее вɪеɦɹ ɞɨɛыɱа ɧеɮɬɢ ɫ ɩɨɦɨɳɶɸ ɮɨɧɬаɧɢɪɭɸɳɢх ɫɤваɠɢɧ 
ɮаɤɬɢɱеɫɤɢ ɩɪеɤɪаɬɢɥаɫɶ. Ɇɧɨɝɢе ɫɤваɠɢɧы, ɩɪɨɛɭɪеɧɧые ɧа ɧеɮɬеɧɨɫɧые 
ɩɥаɫɬы, ɫɪаɡɭ ɩɨɫɥе ɨɤɨɧɱаɧɢɹ ɛɭɪеɧɢɹ ввɨɞɹɬɫɹ в эɤɫɩɥɭаɬаɰɢɸ ɧаɫɨɫɧыɦ 
ɫɩɨɫɨɛɨɦ. ɇеɩɪеɪывɧɨ ɪаɫɬеɬ ɮɨɧɞ ɦаɥɨɞеɛɢɬɧых ɫɤваɠɢɧ (ɞɨ 3ɬ/ɫɭɬɤɢ) 

Ɇɨɳɧɨɫɬɶ ɧаɫɨɫɧɨɝɨ ɨɛɨɪɭɞɨваɧɢɹ ɧа ɧɢх в 4-5 ɪаɡ ɩɪевышаеɬ 
ɧеɨɛхɨɞɢɦɭɸ. ȼ ɧаɫɬɨɹɳее вɪеɦɹ в ɫɬɨɢɦɨɫɬɢ ɧеɮɬɢ эɤɫɩɥɭаɬаɰɢɨɧɧые ɪаɫхɨɞы 
ɧа эɥеɤɬɪɨэɧеɪɝɢɸ ɢ ɨɛɫɥɭɠɢваɧɢе эɧеɪɝеɬɢɱеɫɤɨɝɨ ɤɨɦɩɥеɤɫа ɞɨхɨɞɹɬ ɞɨ 45-50%. 

ɉɪɨɰеɫɫ ɞɨɛыɱɢ ɧеɮɬɢ ɩɨɫɥе ɝеɨɥɨɝɢɱеɫɤɢх ɪаɛɨɬ ɢ ɛɭɪеɧɢɹ ɫɤваɠɢɧ ɧаɱɢɧаеɬɫɹ ɫ 
выɛɨɪа ɨɛɨɪɭɞɨваɧɢɹ. ɋɪеɞɧɢɣ ɫɪɨɤ эɤɫɩɥɭаɬаɰɢɢ ɧеɮɬɹɧых ɫɤваɠɢɧ ɨɤɨɥɨ 20 
ɥеɬ. Ɂа эɬɨ вɪеɦɹ ɨɛɨɪɭɞɨваɧɢе ɦеɧɹеɬɫɹ ɧеɫɤɨɥɶɤɨ ɪаɡ. Эɬɨ ɨɛɴɹɫɧɹеɬɫɹ ɧе 
ɫɬɨɥɶɤɨ еɝɨ ɮɢɡɢɱеɫɤɢɦ ɢɡɧɨɫɨɦ, ɫɤɨɥɶɤɨ ɢɡɦеɧеɧɢеɦ ɞеɛɢɬа ɧеɮɬɢ. Ʉɨɝɞа ɞеɛɢɬ 
ɫɤваɠɢɧы ɫɬаɧɨвɢɬɫɹ ɦеɧее 100 ɬ/ɫɭɬ, ɭɫɬаɧавɥɢваеɬɫɹ шɬаɧɝɨваɹ ɝɥɭɛɢɧɧɨ-

ɧаɫɨɫɧаɹ ɭɫɬаɧɨвɤа (ШȽɇɍ) - ɫɬаɧɨɤ-ɤаɱаɥɤа. ȿɫɬɶ ɫɤваɠɢɧы, ɧа ɤɨɬɨɪых ɫɪаɡɭ 
ɩɨɫɥе ɛɭɪеɧɢɹ ɭɫɬаɧавɥɢваɸɬɫɹ ɫɬаɧɤɢ-ɤаɱаɥɤɢ. 75Σ ɫɤваɠɢɧ в Ɋɨɫɫɢɢ 
ɨɛɨɪɭɞɨваɧы ɢɦɢ. ȿɫɥɢ ɩɪɨɢɡвɨɞɢɬеɥɶɧɨɫɬɶ ɧаɫɨɫа ɫɬаɧɤа-ɤаɱаɥɤɢ ɩɪевышаеɬ 
ɧеɮɬеɨɬɞаɱɭ ɫɤваɠɢɧы, ɬɨ в ɧаɫɬɨɹɳее вɪеɦɹ ɢɥɢ ɦеɧɹɸɬ ɫɬаɧɨɤ-ɤаɱаɥɤɭ, ɢɥɢ 
ɩеɪевɨɞɹɬ ее в ɩеɪɢɨɞɢɱеɫɤɢɣ ɪеɠɢɦ ɪаɛɨɬы. ɉɪɢɱеɦ ɤаɠɭɳаɹɫɹ эɤɨɧɨɦɢɹ 
эɥеɤɬɪɨэɧеɪɝɢɢ ɢ ɦɨɬɨɱаɫɨв ɪаɛɨɬы ɨɛɨɪɭɞɨваɧɢɹ ɩɪɢ ɩеɪɢɨɞɢɱеɫɤɨɣ 
эɤɫɩɥɭаɬаɰɢɢ ɫɤваɠɢɧ ɧа ɫаɦɨɦ ɞеɥе ɩɪɢвɨɞɢɬ ɤ ɭвеɥɢɱеɧɢɸ ɭɞеɥɶɧɨɝɨ ɪаɫхɨɞа 
эɥеɤɬɪɨэɧеɪɝɢɢ ɧа ɬɨɧɧɭ ɞɨɛыɬɨɣ ɧеɮɬɢ ɢ ɤ ɭɫɥɨɠɧеɧɢɸ ɭɫɥɨвɢɣ эɤɫɩɥɭаɬаɰɢɢ 
ɨɛɨɪɭɞɨваɧɢɹ [1]. 

ɉɨэɬɨɦɭ ɬɪеɛɨваɧɢɹ ɩɪавɢɥɶɧɨɝɨ выɛɨɪа эɥеɤɬɪɨɨɛɨɪɭɞɨваɧɢɹ ɞɥɹ 
ɧеɮɬеɞɨɛыɱɢ, авɬɨɦаɬɢɡаɰɢɹ еɝɨ ɪаɛɨɬы, ɫɧɢɠеɧɢе ɡаɬɪаɬ ɧа эɤɫɩɥɭаɬаɰɢɸ ɢ 
ɪеɦɨɧɬ ɨɛɨɪɭɞɨваɧɢɹ ɹвɥɹɸɬɫɹ веɫɶɦа аɤɬɭаɥɶɧыɦɢ. 

ɂɧɬеɧɫɢɮɢɤаɰɢɹ ɬехɧɨɥɨɝɢɱеɫɤɢх ɩɪɨɰеɫɫɨв ɞɨɛыɱɢ, ɩеɪеɪаɛɨɬɤɢ ɢ 
хɪаɧеɧɢɹ ɧеɮɬɢ ɢ ɧеɮɬеɩɪɨɞɭɤɬɨв выɡываеɬ ɧеɨɛхɨɞɢɦɨɫɬɶ ɞаɥɶɧеɣшеɝɨ 
ɫɨвеɪшеɧɫɬвɨваɧɢɹ ɫɢɫɬеɦ авɬɨɦаɬɢɡаɰɢɢ ɧеɮɬɹɧых ɨɬɪаɫɥеɣ ɩɪɨɦышɥеɧɧɨɫɬɢ, 
ɱɬɨ, в ɫвɨɸ ɨɱеɪеɞɶ, ɫвɹɡаɧɨ ɫ ɨɛɪаɛɨɬɤɨɣ ɛɨɥɶшɨɝɨ ɨɛɴеɦа ɢɡɦеɪɢɬеɥɶɧɨɣ 
ɢɧɮɨɪɦаɰɢɢ. Эɬɢɦ ɨɛɴɹɫɧɹеɬɫɹ шɢɪɨɤɨе ɪаɡвɢɬɢе ɢɡɦеɪɢɬеɥɶɧых 
ɢɧɮɨɪɦаɰɢɨɧɧых ɫɢɫɬеɦ, ɩɪеɞɧаɡɧаɱеɧɧых ɞɥɹ ɫɛɨɪа, ɩɪеɨɛɪаɡɨваɧɢɹ, ɩеɪеɞаɱɢ, 
хɪаɧеɧɢɹ, ɨɛɪаɛɨɬɤɢ ɧа ЭȼɆ ɢ ɩɪеɞɫɬавɥеɧɢɹ в ɭɞɨɛɧɨɦ ɞɥɹ ɨɩеɪаɬɨɪа вɢɞе 
ɪаɡɥɢɱɧɨɝɨ ɪɨɞа ɬехɧɨɥɨɝɢɱеɫɤɨɣ ɢɧɮɨɪɦаɰɢɢ. 
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1 Ɉɛɳɚɹ ɱɚɫɬɶ 

 

1.1 Ɇɟɯɚɧɢɱɟɫɤɢɟ ɛɭɪɨɜɵɟ ɭɫɬɚɧɨɜɤɢ ɝɥɭɛɨɤɨɝɨ ɛɭɪɟɧɢɹ 

 

ɋɤваɠɢɧɭ ɛɭɪɹɬ ɩɪɢ ɩɨɦɨɳɢ ɛɭɪɨвɨɣ ɭɫɬаɧɨвɤɢ, ɩɪеɞɫɬавɥɹɸɳеɣ ɫɨɛɨɣ 
ɫɥɨɠɧыɣ ɤɨɦɩɥеɤɫ ɦашɢɧ, ɦехаɧɢɡɦɨв, аɩɩаɪаɬɭɪы, ɦеɬаɥɥɨɤɨɧɫɬɪɭɤɰɢɣ, ɫɪеɞɫɬв 
ɤɨɧɬɪɨɥɹ ɢ ɭɩɪавɥеɧɢɹ, ɪаɫɩɨɥɨɠеɧɧых ɧа ɩɨвеɪхɧɨɫɬɢ [2]. 

ȼ ɤɨɦɩɥеɤɬ ɛɭɪɨвɨɣ ɭɫɬаɧɨвɤɢ вхɨɞɹɬμ вышɤа ɞɥɹ ɩɨɞвешɢваɧɢɹ ɬаɥевɨɣ 
ɫɢɫɬеɦы ɢ ɪаɡɦеɳеɧɢɹ ɛɭɪɢɥɶɧых ɬɪɭɛ, ɨɛɨɪɭɞɨваɧɢе ɞɥɹ ɫɩɭɫɤа ɢ ɩɨɞɴеɦа 
ɢɧɫɬɪɭɦеɧɬа, ɨɛɨɪɭɞɨваɧɢе ɞɥɹ ɩɨɞаɱɢ ɢ вɪаɳеɧɢɹ ɢɧɫɬɪɭɦеɧɬа, ɧаɫɨɫы ɞɥɹ 
ɩɪɨɤаɱɢваɧɢɹ ɩɪɨɦывɨɱɧɨɣ ɠɢɞɤɨɫɬɢ, ɫɢɥɨвɨɣ ɩɪɢвɨɞ, ɦехаɧɢɡɦы ɞɥɹ 
ɩɪɢɝɨɬɨвɥеɧɢɹ ɢ ɨɱɢɬɤɢ ɩɪɨɦывɨɱɧɨɣ ɠɢɞɤɨɫɬɢ, ɦехаɧɢɡɦы ɞɥɹ авɬɨɦаɬɢɡаɰɢɢ ɢ 
ɦехаɧɢɡаɰɢɢ ɫɩɭɫɤɨɩɨɞɴеɦɧых ɨɩеɪаɰɢɣ (ɋɉɈ), ɤɨɧɬɪɨɥɶɧɨ-ɢɡɦеɪɢɬеɥɶɧые 
ɩɪɢɛɨɪы ɢ вɫɩɨɦɨɝаɬеɥɶɧые ɭɫɬɪɨɣɫɬва. ȼ ɤɨɦɩɥеɤɬ ɭɫɬаɧɨвɤɢ вхɨɞɹɬ ɬаɤɠе 
ɦеɬаɥɥɢɱеɫɤɢе ɨɫɧɨваɧɢɹ, ɧа ɤɨɬɨɪых ɦɨɧɬɢɪɭеɬɫɹ ɢ ɩеɪевɨɡɢɬɫɹ ɨɛɨɪɭɞɨваɧɢе. 

Ɋаɡɥɢɱɧые ɭɫɥɨвɢɹ ɢ ɰеɥɢ ɛɭɪеɧɢɹ ɩɪɢ ɧаɥɢɱɢɢ ɛɨɥɶшɨɝɨ ɪаɡɧɨɨɛɪаɡɢɹ 
ɝɥɭɛɢɧ ɢ ɤɨɧɫɬɪɭɤɰɢɣ ɫɤваɠɢɧ ɧе ɦɨɝɭɬ ɛыɬɶ ɭɞɨвɥеɬвɨɪеɧы ɨɞɧɢɦ ɬɢɩɨɪаɡɦеɪɨɦ 
ɛɭɪɨвɨɣ ɭɫɬаɧɨвɤɢ, ɩɨэɬɨɦɭ ɨɬеɱеɫɬвеɧɧаɹ ɩɪɨɦышɥеɧɧɨɫɬɶ (ɈȺɈ «ɍɪаɥɦаш» ɢ 
ɈȺɈ «ȼɨɥɝɨɝɪаɞɫɤɢɣ ɡавɨɞ ɛɭɪɨвɨɣ ɬехɧɢɤɢ») выɩɭɫɤаеɬ ɪɹɞ ɛɭɪɨвых ɭɫɬаɧɨвɨɤ 
(Ȼɍ). 

ɈȺɈ «ɍɪаɥɦаш» выɩɭɫɤаеɬ ɤɨɦɩɥеɤɬɧые ɛɭɪɨвые ɭɫɬаɧɨвɤɢ ɢ ɧаɛɨɪы 
ɛɭɪɨвɨɝɨ ɨɛɨɪɭɞɨваɧɢɹ (ɇȻɈ) ɞɥɹ ɛɭɪеɧɢɹ ɧеɮɬɹɧых ɢ ɝаɡɨвых ɫɤваɠɢɧ ɝɥɭɛɢɧɨɣ 
2500... κ000 ɦ ɫ ɞɢɡеɥɶɧыɦɢ(Ⱦ) ɢ ɞɢɡеɥɶ-ɝɢɞɪавɥɢɱеɫɤɢɦ (ȾȽ) ɩɪɢвɨɞаɦɢ, 
эɥеɤɬɪɢɱеɫɤɢɦ ɩɪɢвɨɞɨɦ ɩеɪеɦеɧɧɨɝɨ ɬɨɤа (Э) ɢ ɪеɝɭɥɢɪɭеɦыɦ (ɬɢɪɢɫɬɨɪɧыɦ) 
эɥеɤɬɪɨɩɪɢвɨɞɨɦ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤа (ЭɊ) ɫ ɩɢɬаɧɢеɦ ɨɬ ɩɪɨɦышɥеɧɧых ɫеɬеɣ, а 
ɬаɤɠе ɨɬ авɬɨɧɨɦɧых ɞɢɡеɥɶ-эɥеɤɬɪɢɱеɫɤɢх ɫɬаɧɰɢɣ (Ⱦȿ). 

ȼɨɥɝɨɝɪаɞɫɤɢɣ ɡавɨɞ ɛɭɪɨвɨɣ ɬехɧɢɤɢ (ȼɁȻɌ) ɩɪɨɢɡвɨɞɢɬ ɤɨɦɩɥеɤɬɧые 
ɛɭɪɨвые ɭɫɬаɧɨвɤɢ ɞɥɹ ɛɭɪеɧɢɹ ɧеɮɬɹɧых ɢ ɝаɡɨвых ɫɤваɠɢɧ ɝɥɭɛɢɧɨɣ 1000...3500 
ɦ ɫ ɞɢɡеɥɶɧыɦ (Ⱦ) ɢ ɞɢɡеɥɶ-ɝɢɞɪавɥɢɱеɫɤɢɦ (ȾȽ) ɩɪɢвɨɞаɦɢ, эɥеɤɬɪɢɱеɫɤɢɦ 
ɩɪɢвɨɞɨɦ ɩеɪеɦеɧɧɨɝɨ ɬɨɤа (Э) ɢ ɪеɝɭɥɢɪɭеɦыɦ (ɬɢɪɢɫɬɨɪɧыɦ) эɥеɤɬɪɨɩɪɢвɨɞɨɦ 
ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤа (Эɉ) ɫ ɩɢɬаɧɢеɦ ɨɬ ɩɪɨɦышɥеɧɧых ɫеɬеɣ, а ɬаɤɠе ɨɬ 
авɬɨɧɨɦɧых ɞɢɡеɥɶ-эɥеɤɬɪɢɱеɫɤɢх ɫɬаɧɰɢɣ (ȾЭɉ). 

Ȼɭɪɨвɭɸ ɭɫɬаɧɨвɤɭ ɞɥɹ ɛɭɪеɧɢɹ ɤɨɧɤɪеɬɧɨɣ ɫɤваɠɢɧы ɢɥɢ ɝɪɭɩɩы ɫɤваɠɢɧ 
выɛɢɪаɸɬ ɩɨ ɞɨɩɭɫɤаеɦɨɣ ɧаɝɪɭɡɤе ɧа ɤɪɸɤе, ɤɨɬɨɪɭɸ ɧе ɞɨɥɠɧа ɩɪевышаɬɶ 
ɦаɫɫа (в вɨɡɞɭхе) ɧаɢɛɨɥее ɬɹɠеɥɨɣ ɨɛɫаɞɧɨɣ ɤɨɥɨɧɧы. 

ɂɫɩɨɥɶɡɨваɧɢе ɭɫɬаɧɨвɨɤ ɛɨɥее выɫɨɤɨɝɨ ɤɥаɫɫа, ɱеɦ эɬɨ ɬɪеɛɭеɬɫɹ ɩɨ 
ɤɨɧɫɬɪɭɤɰɢɢ ɫɤваɠɢɧы, ɧеɪаɰɢɨɧаɥɶɧɨ, ɬаɤ ɤаɤ, ɧе ɞаваɹ ɫɭɳеɫɬвеɧɧɨɝɨ 
ɩɨвышеɧɢɹ ɫɤɨɪɨɫɬɢ ɛɭɪеɧɢɹ, эɬɨ ɩɪɢвɨɞɢɬ ɤ ɭвеɥɢɱеɧɢɸ ɫɬɨɢɦɨɫɬɢ ɪаɛɨɬ. ɉɪɢ 
выɛɨɪе ɬɢɩɨɪаɡɦеɪа ɢ ɦɨɞеɥɢ ɭɫɬаɧɨвɤɢ ɞаɧɧɨɝɨ ɤɥаɫɫа ɫɥеɞɭеɬ ɭɱɢɬываɬɶ 
ɤɨɧɤɪеɬɧые ɝеɨɥɨɝɢɱеɫɤɢе, ɤɥɢɦаɬɢɱеɫɤɢе, эɧеɪɝеɬɢɱеɫɤɢе, ɞɨɪɨɠɧɨ-

ɬɪаɧɫɩɨɪɬɧые ɢ ɞɪɭɝɢе ɭɫɥɨвɢɹ ɛɭɪеɧɢɹ. ȼ ɫɨɨɬвеɬɫɬвɢɢ ɫ эɬɢɦ выɛɢɪаеɬɫɹ ɬɢɩ 
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ɩɪɢвɨɞа (ɞɢɡеɥɶɧыɣ, эɥеɤɬɪɢɱеɫɤɢɣ ɢ ɬ.ɞ.), а ɬаɤɠе ɫхеɦа ɦɨɧɬаɠа ɢ 
ɬɪаɧɫɩɨɪɬɢɪɨвɤɢ ɛɭɪɨвɨɣ ɭɫɬаɧɨвɤɢ. Ʉаɠɞаɹ ɛɭɪɨваɹ ɭɫɬаɧɨвɤа хаɪаɤɬеɪɢɡɭеɬɫɹ 
ɫхеɦаɦɢ ɬɪаɧɫɩɨɪɬɢɪɨваɧɢɹ, ɦɨɧɬаɠа ɢ ɦɨɧɬаɠɧɨ-ɬɪаɧɫɩɨɪɬɧɨɣ ɛаɡɨɣ. ɍɫɬаɧɨвɤɢ 
ɞɥɹ ɛɭɪеɧɢɹ ɫɤваɠɢɧ ɧа ɧеɮɬɶ ɢ ɝаɡ ɩɨɞɪаɡɞеɥɹɸɬɫɹ ɧа ɫаɦɨхɨɞɧые ɢ 
ɧеɫаɦɨхɨɞɧые. ȼ ɫɬɪаɧах ɋɇȽ ɛɭɪеɧɢе ɧа ɧеɮɬɶ ɢ ɝаɡ ɨɫɭɳеɫɬвɥɹеɬɫɹ в ɨɫɧɨвɧɨɦ 
ɧеɫаɦɨхɨɞɧыɦɢ ɛɭɪɨвыɦɢ ɭɫɬаɧɨвɤаɦɢ. 

Ⱦɥɹ ɧеɫаɦɨхɨɞɧых ɛɭɪɨвых ɭɫɬаɧɨвɨɤ хаɪаɤɬеɪɧы ɫɥеɞɭɸɳɢе ɬɪɢ ɦеɬɨɞа 
ɦɨɧɬаɠа ɢ ɬɪаɧɫɩɨɪɬɢɪɨвɤɢμ аɝɪеɝаɬɧыɣ (ɢɧɞɢвɢɞɭаɥɶɧыɣ), ɦеɥɤɨɛɥɨɱɧыɣ ɢ 
ɤɪɭɩɧɨɛɥɨɱɧыɣ [2]. 

Ⱥɝɪеɝаɬɧыɣ ɦеɬɨɞ ɡаɤɥɸɱаеɬɫɹ в ɢɧɞɢвɢɞɭаɥɶɧɨɣ ɬɪаɧɫɩɨɪɬɢɪɨвɤе ɢ 
ɦɨɧɬаɠе ɤаɠɞɨɝɨ аɝɪеɝаɬа ɭɫɬаɧɨвɤɢ ɢ ɩɪɢɦеɧɹеɬɫɹ, ɤаɤ ɩɪавɢɥɨ, ɩɪɢ ее 
ɩеɪвɢɱɧɨɦ ɦɨɧɬаɠе. Ⱦɥɹ ɩɨвɬɨɪɧɨɝɨ ɢ ɩɨɫɥеɞɭɸɳеɝɨ ɦɨɧɬаɠа аɝɪеɝаɬɧыɦ 
ɫɩɨɫɨɛɨɦ ɭɫɬаɧɨвɤɭ ɪаɡɛɢɪаɸɬ ɧа аɝɪеɝаɬы ɢ ɭɡɥы ɢ ɩеɪевɨɡɹɬ ɧа ɭɧɢвеɪɫаɥɶɧɨɦ 
ɬɪаɧɫɩɨɪɬе ɧа ɧɨвɭɸ ɬɨɱɤɭ ɛɭɪеɧɢɹ, ɝɞе вɧɨвɶ ɦɨɧɬɢɪɭɸɬ ɨɛɨɪɭɞɨваɧɢе ɢ 
ɫɨɨɪɭɠеɧɢɹ. Эɬɨɬ ɦеɬɨɞ ɫвɹɡаɧ ɫ ɛɨɥɶшɢɦ ɤɨɦɩɥеɤɫɨɦ ɬɪɭɞɨеɦɤɢх ɪаɛɨɬ 
(ɫɬɪɨɢɬеɥɶɧых, ɩɥɨɬɧɢɱɧых, ɫɥеɫаɪɧых, ɩɨɞɫɨɛɧɨ-вɫɩɨɦɨɝаɬеɥɶɧых ɢ ɞɪ.), 
выɩɨɥɧɹеɦых ɩɪɢ ɪаɡɛɨɪɤе ɢ ɦɨɧɬаɠе ɛɭɪɨвых ɭɫɬаɧɨвɨɤ ɧа ɧɨвɨɦ ɦеɫɬе, ɱɬɨ 
выɡываеɬ ɭвеɥɢɱеɧɢе ɫɪɨɤɨв ɦɨɧɬаɠа. ɉɨэɬɨɦɭ аɝɪеɝаɬɧыɣ ɦеɬɨɞ в ɧаɫɬɨɹɳее 
вɪеɦɹ ɩɪɢɦеɧɹеɬɫɹ ɪеɞɤɨ, в ɨɫɧɨвɧɨɦ ɩɪɢ ɛɭɪеɧɢɢ ɨɩɨɪɧых ɫɤваɠɢɧ, ɦɨɧɬаɠе 
ɛɭɪɨвых ɭɫɬаɧɨвɨɤ ɛɨɥɶшɨɣ ɝɪɭɡɨɩɨɞɴеɦɧɨɫɬɢ ɢ ɩɪɢ ɩеɪевɨɡɤе ɭɫɬаɧɨвɨɤ ɧа 
ɛɨɥɶшɢе ɪаɫɫɬɨɹɧɢɹ. 

Ɇеɥɤɨɛɥɨɱɧыɣ ɦеɬɨɞ ɡаɤɥɸɱаеɬɫɹ в ɬɨɦ, ɱɬɨ аɝɪеɝаɬы ɢ ɭɡɥы ɭɫɬаɧɨвɤɢ 
ɩеɪевɨɡɹɬ ɢ ɦɨɧɬɢɪɭɸɬ ɧа ɦеɬаɥɥɢɱеɫɤɢх ɨɫɧɨваɧɢɹх. Ɍаɤɨе ɨɫɧɨваɧɢе ɫɨ 
ɫɦɨɧɬɢɪɨваɧɧыɦ ɧа ɧеɦ ɤаɤɢɦ-ɥɢɛɨ ɭɡɥɨɦ ɭɫɬаɧɨвɤɢ ɫɨɫɬавɥɹеɬ ɦеɥɤɢɣ ɛɥɨɤ 
(ɫеɤɰɢɸ-ɦɨɞɭɥɶ). ɑɢɫɥɨ ɬаɤɢх ɛɥɨɤɨв ɨɩɪеɞеɥɹеɬɫɹ ɤɨɧɫɬɪɭɤɰɢеɣ ɭɫɬаɧɨвɤɢ, 
ɭɫɥɨвɢɹɦɢ ɪаɡɪаɛɨɬɤɢ ɦеɫɬɨɪɨɠɞеɧɢɹ ɢ ɝеɨɝɪаɮɢɱеɫɤɢɦɢ ɭɫɥɨвɢɹɦɢ. Ɉɛыɱɧɨ 
ɛɭɪɨваɹ ɭɫɬаɧɨвɤа ɪаɫɱɥеɧɹеɬɫɹ ɧа 15...20 ɦеɥɤɢх ɛɥɨɤɨв, ɝаɛаɪɢɬɧые ɪаɡɦеɪы ɢ 
ɦаɫɫа ɤɨɬɨɪых ɩɨɡвɨɥɹɸɬ ɩеɪевɨɡɢɬɶ ɢх ɧа ɭɧɢвеɪɫаɥɶɧɨɦ ɬɪаɧɫɩɨɪɬе, а в 
ɬɪɭɞɧɨɞɨɫɬɭɩɧых ɪаɣɨɧах - ɧа веɪɬɨɥеɬах. Эɬɨɬ ɦеɬɨɞ ɦɨɧɬаɠа ɛɭɪɨвых ɭɫɬаɧɨвɨɤ 
шɢɪɨɤɨ ɩɪɢɦеɧɹɸɬ в ɪаɡвеɞɨɱɧɨɦ ɛɭɪеɧɢɢ, а в ɧеɤɨɬɨɪых ɪаɣɨɧах ɢ в 
эɤɫɩɥɭаɬаɰɢɨɧɧɨɦ ɛɭɪеɧɢɢ, ɤɨɝɞа ɢɡ-ɡа ɫɥɨɠɧых ɩɪɢɪɨɞɧɨ-ɝеɨɝɪаɮɢɱеɫɤɢх 
ɭɫɥɨвɢɣ ɧевɨɡɦɨɠɧɨ ɩеɪевɨɡɢɬɶ ɭɫɬаɧɨвɤɢ ɤɪɭɩɧыɦɢ ɛɥɨɤаɦɢ. 

Ʉɪɭɩɧɨɛɥɨɱɧыɣ ɦеɬɨɞ ɡаɤɥɸɱаеɬɫɹ в ɩеɪевɨɡɤе аɝɪеɝаɬɨв ɢ ɭɡɥɨв ɭɫɬаɧɨвɤɢ 
ɤɪɭɩɧыɦɢ ɛɥɨɤаɦɢ ɧа ɫɩеɰɢаɥɶɧɨɦ ɬɪаɧɫɩɨɪɬе (ɬɹɠеɥɨвɨɡах, ɩɨɞɤаɬɧых ɬеɥеɠɤах 
ɧа ɝɭɫеɧɢɱɧɨɦ ɢɥɢ ɩɧевɦɨɤɨɥеɫɧɨɦ хɨɞɭ), ɭɫɬаɧɨвɤе ɛɥɨɤɨв ɧа ɮɭɧɞаɦеɧɬы ɢ 

ɫɨеɞɢɧеɧɢɢ ɤɨɦɦɭɧɢɤаɰɢɣ ɦеɠɞɭ ɧɢɦɢ. ɉɪɢ эɬɨɦ ɛɭɪɨвɭɸ ɭɫɬаɧɨвɤɭ ɪаɫɱɥеɧɹɸɬ 
ɧа ɞва-ɬɪɢ ɛɥɨɤа ɦаɫɫɨɣ ɩɨ 60... 120 ɬ. Ʉɪɭɩɧыɣ ɛɥɨɤ ɫɨɫɬɨɢɬ ɢɡ ɦеɬаɥɥɢɱеɫɤɨɝɨ 
ɨɫɧɨваɧɢɹ, ɩеɪевɨɡɢɦɨɝɨ ɧа ɫɩеɰɢаɥɶɧых ɬɪаɧɫɩɨɪɬɧых ɫɪеɞɫɬвах, ɢ 
ɫɦɨɧɬɢɪɨваɧɧых ɧа ɧеɦ аɝɪеɝаɬɨв ɢ ɭɡɥɨв ɛɭɪɨвɨɣ ɭɫɬаɧɨвɤɢ, ɤɢɧеɦаɬɢɱеɫɤɢ 
ɫвɹɡаɧɧых ɦеɠɞɭ ɫɨɛɨɣ. ɉɪɢ ɩеɪевɨɡɤе ɬаɤɢх ɛɥɨɤɨв ɩɪаɤɬɢɱеɫɤɢ ɧе ɧаɪɭшаɸɬɫɹ 
ɤɢɧеɦаɬɢɱеɫɤɢе ɫвɹɡɢ ɭɡɥɨв ɭɫɬаɧɨвɤɢ ɢ ɤɨɦɦɭɧɢɤаɰɢɣ, ɧе ɞеɦɨɧɬɢɪɭɸɬɫɹ 
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ɭɤɪыɬɢɹ, ɱɬɨ ɩɨɡвɨɥɹеɬ ɢɫɤɥɸɱɢɬɶ ɬɪɭɞɨеɦɤɢе ɪаɛɨɬы, выɩɨɥɧɹеɦые ɩɪɢ ɞɪɭɝɢх 

ɦеɬɨɞах ɦɨɧɬаɠа, ɬаɤɢе ɤаɤ ɫɬɪɨɢɬеɥɶɧые, ɩɥɨɬɧɢɱɧые, ɫɥеɫаɪɧые ɢ ɪɹɞ ɩɨɞɫɨɛɧɨ-

вɫɩɨɦɨɝаɬеɥɶɧых. ɉɪɢɦеɧеɧɢе ɤɪɭɩɧых ɛɥɨɤɨв ɩɨɡвɨɥɹеɬ ɫɨɤɪаɬɢɬɶ ɫɪɨɤɢ 
ɦɨɧɬаɠа ɛɭɪɨвых ɭɫɬаɧɨвɨɤ ɞɨ ɦɢɧɢɦɭɦа. Ɉɞɧаɤɨ ɩɪɨɦышɥеɧɧɨе ɨɛɭɫɬɪɨɣɫɬвɨ 
ɧеɮɬɹɧых ɩɥɨɳаɞеɣ, ɧаɥɢɱɢе ɥɢɧɢɢ выɫɨɤɨвɨɥɶɬɧɨɣ ɩеɪеɞаɱɢ, ɠеɥеɡɧых ɢ 
шɨɫɫеɣɧых ɞɨɪɨɝ, а ɬаɤɠе ɨɝɪаɧɢɱеɧɢɹ, ɧаɥаɝаеɦые ɨхɪаɧɨɣ ɡеɦеɥɶɧых ɭɝɨɞɢɣ, 
ɫɧɢɠаɸɬ вɨɡɦɨɠɧɨɫɬɢ ɩɪɢɦеɧеɧɢɹ эɬɨɝɨ ɫɩɨɫɨɛа, ɨɫɨɛеɧɧɨ в ɰеɧɬɪаɥɶɧых 
ɪаɣɨɧах ɫɬɪаɧы. ȼ ɬɨ ɠе вɪеɦɹ ɨɛыɱɧыɣ ɢ ɦеɥɤɨɛɥɨɱɧыɣ ɦеɬɨɞы ɦɨɧɬаɠа 
ɛɭɪɨвых ɭɫɬаɧɨвɨɤ ɡаɧɢɦаɸɬ ɦɧɨɝɨ вɪеɦеɧɢ ɢ ɪеɡɤɨ ɫɧɢɠаɸɬ ɩɪɨɢɡвɨɞɢɬеɥɶɧɨɫɬɶ 
ɛɭɪɨвых ɭɫɬаɧɨвɨɤ. 

ɉɪɨɦышɥеɧɧɨɫɬɶɸ выɩɭɫɤаɸɬɫɹ ɛɭɪɨвые ɭɫɬаɧɨвɤɢ, ɢɡɝɨɬɨвɥеɧɧые ɬаɤ, ɱɬɨ 
ɨɧɢ ɦɨɝɭɬ ɩеɪевɨɡɢɬɶɫɹ в ɡавɢɫɢɦɨɫɬɢ ɨɬ ɦеɫɬɧых ɭɫɥɨвɢɣ ɪаɡɥɢɱɧыɦɢ ɫɩɨɫɨɛаɦɢ. 
Эɬɢ ɭɫɬаɧɨвɤɢ ɧаɡываɸɬɫɹ ɭɫɬаɧɨвɤаɦɢ ɭɧɢвеɪɫаɥɶɧɨɣ ɦɨɧɬаɠеɫɩɨɫɨɛɧɨɫɬɢ. 

 

1.2 Ȼɭɪɨɜɵɟ ɜɵɲɤɢ ɢ ɨɛɨɪɭɞɨɜɚɧɢɟ ɞɥɹ ɫɩɭɫɤɚ ɛɭɪɨɜɵɯ ɤɨɥɨɧɧ 

 

ɉɪɨɰеɫɫ ɛɭɪеɧɢɹ ɫɨɩɪɨвɨɠɞаеɬɫɹ ɫɩɭɫɤɨɦ ɢ ɩɨɞɴеɦɨɦ ɛɭɪɢɥɶɧɨɣ ɤɨɥɨɧɧы в 
ɫɤваɠɢɧɭ, а ɬаɤɠе ɩɨɞɞеɪɠаɧɢеɦ ее ɧа веɫɭ. Ɇаɫɫа ɢɧɫɬɪɭɦеɧɬа, ɫ ɤɨɬɨɪɨɣ 
ɩɪɢхɨɞɢɬɫɹ ɩɪɢ эɬɨɦ ɨɩеɪɢɪɨваɬɶ ɞɨɫɬɢɝаеɬ ɦɧɨɝɢх ɫɨɬеɧ ɤɢɥɨɧɶɸɬɨɧɨв. Ⱦɥɹ ɬɨɝɨ 
ɱɬɨɛы ɭɦеɧɶшɢɬɶ ɧаɝɪɭɡɤɭ ɧа ɤаɧаɬ ɢ ɫɧɢɡɢɬɶ ɭɫɬаɧɨвɨɱɧɭɸ ɦɨɳɧɨɫɬɶ ɞвɢɝаɬеɥеɣ 
ɩɪɢɦеɧɹɸɬ ɩɨɞɴеɦɧɨе ɨɛɨɪɭɞɨваɧɢе (ɪɢɫ. 1.1), ɫɨɫɬɨɹɳее ɢɡ вышɤɢ, ɛɭɪɨвɨɣ 
ɥеɛеɞɤɢ ɢ ɬаɥевɨɣ (ɩɨɥɢɫɩаɫɬɨвɨɣ) ɫɢɫɬеɦы. Ɍаɥеваɹ ɫɢɫɬеɦа, в ɫвɨɸ ɨɱеɪеɞɶ, 
ɫɨɫɬɨɢɬ ɢɡ ɧеɩɨɞвɢɠɧɨɣ ɱаɫɬɢ - ɤɪɨɧɛɥɨɤа (ɧеɩɨɞвɢɠɧые ɛɥɨɤɢ ɩɨɥɢɫɩаɫɬа), 
ɭɫɬаɧавɥɢваеɦɨɝɨ ɧавеɪхɭ ɮɨɧаɪɹ вышɤɢ, ɢ ɩɨɞвɢɠɧɨɣ ɱаɫɬɢ - ɬаɥевɨɝɨ ɛɥɨɤа 
(ɩɨɞвɢɠɧɨɝɨ ɛɥɨɤа ɩɨɥɢɫɩаɫɬа), ɬаɥевɨɝɨ ɤаɧаɬа, ɤɪɸɤа ɢ шɬɪɨɩɨв. ɉɨɞɴеɦɧɨе 
ɨɛɨɪɭɞɨваɧɢе ɹвɥɹеɬɫɹ ɧеɨɬɴеɦɥеɦɨɣ ɱаɫɬɶɸ вɫɹɤɨɣ ɛɭɪɨвɨɣ ɭɫɬаɧɨвɤɢ 
ɧеɡавɢɫɢɦɨ ɨɬ ɫɩɨɫɨɛа ɛɭɪеɧɢɹ. 
Ȼɭɪɨваɹ вышɤа ɩɪеɞɧаɡɧаɱеɧа ɞɥɹ ɩɨɞɴеɦа ɢ ɫɩɭɫɤа ɛɭɪɢɥɶɧɨɣ ɤɨɥɨɧɧы ɢ 
ɨɛɫаɞɧых ɬɪɭɛ в ɫɤваɠɢɧɭ, ɭɞеɪɠаɧɢɹ ɛɭɪɢɥɶɧɨɣ ɤɨɥɨɧɧы ɧа веɫɭ вɨ вɪеɦɹ 
ɛɭɪеɧɢɹ, а ɬаɤɠе ɞɥɹ ɪаɡɦеɳеɧɢɹ в ɧеɣ ɬаɥевɨɣ ɫɢɫɬеɦы, ɛɭɪɢɥɶɧых ɬɪɭɛ ɢ ɱаɫɬɢ 
ɨɛɨɪɭɞɨваɧɢɹ, ɧеɨɛхɨɞɢɦɨɝɨ ɞɥɹ ɨɫɭɳеɫɬвɥеɧɢɹ ɩɪɨɰеɫɫа ɛɭɪеɧɢɹ. Ȼɭɪɨвые 

вышɤɢ ɪаɡɥɢɱаɸɬɫɹ ɩɨ ɝɪɭɡɨɩɨɞɴеɦɧɨɫɬɢ, выɫɨɬе ɢ ɤɨɧɫɬɪɭɤɰɢɢ. 

ɇаɢɛɨɥее ɫеɪɶеɡɧɨɣ ɨɩаɫɧɨɫɬɶɸ ɩɪɢ ɪаɛɨɬе ɧа ɛɭɪɨвых вышɤах ɹвɥɹеɬɫɹ 
ɱаɫɬɢɱɧɨе ɢɥɢ ɩɨɥɧɨе ɢх ɪаɡɪɭшеɧɢе. Ɉɫɧɨвɧаɹ ɩɪɢɱɢɧа, ɩɪɢвɨɞɹɳаɹ ɤ ɩаɞеɧɢɸ 
ɢɥɢ ɪаɡɪɭшеɧɢɸ вышеɤ - ɧеɞɨɫɬаɬɨɱɧыɣ ɧаɞɡɨɪ ɡа ɢх ɫɨɫɬɨɹɧɢеɦ в ɩɪɨɰеɫɫе 
ɞɥɢɬеɥɶɧɨɣ эɤɫɩɥɭаɬаɰɢɢ. 

 ɉɨ эɬɢɦ ɩɪɢɱɢɧаɦ ɛыɥɢ ввеɞеɧы ɢɡɦеɧеɧɢɹ в ɩɪавɢɥах ɛеɡɨɩаɫɧɨɫɬɢ, 
ɩɪеɞɭɫɦаɬɪɢваɸɳɢе ɨɛɹɡаɬеɥɶɧые ɩеɪɢɨɞɢɱеɫɤɢе ɩɪɨвеɪɤɢ вышеɤ, в ɬɨɦ ɱɢɫɥе ɫ 
ɩɨɥɧɨɣ ɪаɡɛɨɪɤɨɣ ɢ ɪевɢɡɢеɣ ɢх ɞеɬаɥеɣ, а ɬаɤɠе ɢɫɩыɬаɧɢɹ вышеɤ в ɫɨɛɪаɧɧɨɦ 
вɢɞе ɫ ɧаɝɪɭɡɤɨɣ.  
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Ɋɢɫɭɧɨɤ 1.1 ɋɩɭɫɤɨ-ɩɨɞɴеɦɧɨе ɨɛɨɪɭɞɨваɧɢе 
 

Ʉɪɨɦе ɬɨɝɨ, вышɤа ɞɨɥɠɧа ɩɨɞвеɪɝаɬɶɫɹ ɬɳаɬеɥɶɧɨɦɭ ɨɫɦɨɬɪɭ, ɩɪɨвеɪɤе 
ɤаɠɞыɣ ɪаɡ ɞɨ ɧаɱаɥа ɛɭɪɨвых ɪаɛɨɬ, ɩеɪеɞ ɫɩɭɫɤɨɦ ɨɛɫаɞɧых ɤɨɥɨɧɧ, 
ɨɫвɨɛɨɠɞеɧɢеɦ ɩɪɢхваɱеɧɧɨɣ ɛɭɪɢɥɶɧɨɣ ɢɥɢ ɨɛɫаɞɧɨɣ ɤɨɥɨɧɧы, ɩɪɢ аваɪɢɹх ɢ 
ɩɨɫɥе ɫɢɥɶɧых веɬɪɨв (15 ɦ/ɫ ɞɥɹ ɨɬɤɪыɬɨɣ ɦеɫɬɧɨɫɬɢ, 21 ɦ/ɫ ɞɥɹ ɥеɫɧɨɣ ɢ ɬаеɠɧɨɣ 
ɦеɫɬɧɨɫɬɢ, а ɬаɤɠе ɤɨɝɞа вышɤа ɫɨɨɪɭɠеɧа в ɤɨɬɥɨваɧе) [2, c.219]. ȼышɤɢ 
ɦаɱɬɨвɨɝɨ ɬɢɩа ɦɨɧɬɢɪɭɸɬɫɹ в ɝɨɪɢɡɨɧɬаɥɶɧɨɦ ɩɨɥɨɠеɧɢɢ, а ɡаɬеɦ ɩɨɞɧɢɦаɸɬɫɹ в 
веɪɬɢɤаɥɶɧɨе ɩɨɥɨɠеɧɢе ɩɪɢ ɩɨɦɨɳɢ ɫɩеɰɢаɥɶɧых ɭɫɬɪɨɣɫɬв. Ɍɪаɧɫɩɨɪɬɢɪɨвɤа 
вышɤɢ ɨɫɭɳеɫɬвɥɹеɬɫɹ в ɫɨɛɪаɧɧɨɦ вɢɞе вɦеɫɬе ɫ ɩɥаɬɮɨɪɦɨɣ веɪхɨвɨɝɨ ɪаɛɨɱеɝɨ 
в ɝɨɪɢɡɨɧɬаɥɶɧɨɦ ɩɨɥɨɠеɧɢɢ ɧа ɫɩеɰɢаɥɶɧɨɦ ɬɪаɧɫɩɨɪɬɧɨɦ ɭɫɬɪɨɣɫɬве. ɉɪɢ эɬɨɦ 
ɬаɥеваɹ ɫɢɫɬеɦа ɧе ɞеɦɨɧɬɢɪɭеɬɫɹ вɦеɫɬе ɫ вышɤɨɣ. ɉɪɢ ɧевɨɡɦɨɠɧɨɫɬɢ ɢɡ-ɡа 
ɭɫɥɨвɢɣ ɦеɫɬɧɨɫɬɢ ɬɪаɧɫɩɨɪɬɢɪɨваɧɢɹ вышɤɢ ɰеɥɢɤɨɦ ɨɧа ɪаɡɛɢɪаеɬɫɹ ɧа ɫеɤɰɢɢ 
ɢ ɬɪаɧɫɩɨɪɬɢɪɭеɬɫɹ ɱаɫɬɹɦɢ ɭɧɢвеɪɫаɥɶɧыɦ ɬɪаɧɫɩɨɪɬɨɦ. 

ȼ ɩɪаɤɬɢɤе ɛɭɪеɧɢɹ ɤɪɨɦе вышеɤ ɦаɱɬɨвɨɝɨ ɬɢɩа ɩɪɨɞɨɥɠаɸɬ 
ɢɫɩɨɥɶɡɨваɬɶɫɹ вышɤɢ ɛашеɧɧɨɝɨ ɬɢɩа, ɤɨɬɨɪые ɫɨɛɢɪаɸɬɫɹ ɦеɬɨɞɨɦ ɫвеɪхɭ-вɧɢɡ. 
ɉеɪеɞ ɧаɱаɥɨɦ ɦɨɧɬаɠа ɧа вышеɱɧɨɦ ɨɫɧɨваɧɢɢ ɦɨɧɬɢɪɭɸɬ ɩɨɞɴеɦɧɢɤ. ɉɨɫɥе 
ɨɤɨɧɱаɧɢɹ ɫɛɨɪɤɢ вышɤɢ ɩɨɞɴеɦɧɢɤ ɞеɦɨɧɬɢɪɭɸɬ.  

Ɉɞɧɨвɪеɦеɧɧɨ ɫ ɦɨɧɬаɠɨɦ ɛɭɪɨвɨɣ ɭɫɬаɧɨвɤɢ ɢ ɭɫɬаɧɨвɤɨɣ вышɤɢ веɞɭɬ 
ɫɬɪɨɢɬеɥɶɫɬвɨ ɩɪɢвышеɱɧых ɫɨɨɪɭɠеɧɢɣ. Ʉ ɧɢɦ ɨɬɧɨɫɹɬɫɹ ɫɥеɞɭɸɳɢе 
ɫɨɨɪɭɠеɧɢɹ: 

а) Ɋеɞɭɤɬɨɪɧыɣ (аɝɪеɝаɬɧыɣ) ɫаɪаɣ, ɩɪеɞɧаɡɧаɱеɧɧыɣ ɞɥɹ ɭɤɪыɬɢɹ 
ɞвɢɝаɬеɥеɣ ɢ ɩеɪеɞаɬɨɱɧых ɦехаɧɢɡɦɨв ɥеɛеɞɤɢ. ȿɝɨ ɩɪɢɫɬɪаɢваɸɬ ɤ вышɤе ɫɨ 
ɫɬɨɪɨɧы её ɡаɞɧеɣ ɩаɧеɥɢ в ɧаɩɪавɥеɧɢɢ, ɩɪɨɬɢвɨɩɨɥɨɠɧɨɦ ɦɨɫɬɤаɦ. Ɋаɡɦеɪы 
ɪеɞɭɤɬɨɪɧɨɝɨ ɫаɪаɹ ɨɩɪеɞеɥɹɸɬɫɹ ɬɢɩɨɦ ɭɫɬаɧɨвɤɢ; 

ɛ) ɇаɫɨɫɧыɣ ɫаɪаɣ ɞɥɹ ɪаɡɦеɳеɧɢɹ ɢ ɭɤɪыɬɢɹ ɛɭɪɨвых ɧаɫɨɫɨв ɢ ɫɢɥɨвɨɝɨ 
ɨɛɨɪɭɞɨваɧɢɹ. ȿɝɨ ɫɬɪɨɹɬ ɥɢɛɨ в вɢɞе ɩɪɢɫɬɪɨɣɤɢ ɫɛɨɤɭ ɮɨɧаɪɹ вышɤɢ 
ɪеɞɭɤɬɨɪɧɨɝɨ ɫаɪаɹ, ɥɢɛɨ ɨɬɞеɥɶɧɨ в ɫɬɨɪɨɧе ɨɬ вышɤɢ. ɋɬеɧы ɢ ɤɪышɭ 
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ɪеɞɭɤɬɨɪɧɨɝɨ ɢ ɧаɫɨɫɧɨɝɨ ɫаɪаев в ɡавɢɫɢɦɨɫɬɢ ɨɬ ɤɨɧɤɪеɬɧых ɭɫɥɨвɢɣ ɨɛшɢваɸɬ 
ɞɨɫɤаɦɢ, ɝɨɮɪɢɪɨваɧɧыɦ ɠеɥеɡɨɦ, ɤаɦышɢɬɨвыɦɢ ɳɢɬаɦɢ, ɪеɡɢɧɨɬɤаɧɹɦɢ ɢɥɢ 
ɩɨɥɢэɬɢɥеɧɨвɨɣ ɩɥёɧɤɨɣ. ɂɫɩɨɥɶɡɨваɧɢе ɧеɤɨɬɨɪых ɛɭɪɨвых ɭɫɬаɧɨвɨɤ ɬɪеɛɭеɬɫɹ 
ɫɨвɦеɳеɧɢе ɪеɞɭɤɬɨɪɧɨɝɨ ɢ ɧаɫɨɫɧɨɝɨ ɫаɪаев;  

в) ɉɪɢеɦɧыɣ ɦɨɫɬ, ɩɪеɞɧаɡɧаɱеɧɧыɣ ɞɥɹ ɭɤɥаɞɤɢ ɛɭɪɢɥɶɧых ɨɛɫаɞɧых ɢ 
ɞɪɭɝɢх ɬɪɭɛ ɢ ɩеɪеɦеɳеɧɢɹ ɩɨ ɧеɦɭ ɨɛɨɪɭɞɨваɧɢɹ ɢɧɫɬɪɭɦеɧɬа, ɦаɬеɪɢаɥɨв ɢ 
ɡаɩаɫɧых ɱаɫɬеɣ. ɉɪɢеɦɧые ɦɨɫɬы ɛываɸɬ ɝɨɪɢɡɨɧɬаɥɶɧые ɢ ɧаɤɥɨɧɧые. ȼыɫɨɬа 
ɭɫɬаɧɨвɤɢ ɩɪɢеɦɧых ɦɨɫɬɨв ɪеɝɭɥɢɪɭеɬɫɹ выɫɨɬɨɣ ɭɫɬаɧɨвɤɢ ɪаɦы ɛɭɪɨвɨɣ 
вышɤɢ. Шɢɪɢɧа ɩɪɢеɦɧых ɦɨɫɬɨв ɞɨ 1,5...2 ɦ, ɞɥɢɧа ɞɨ 1κ ɦ.; 

ɝ) ɋɢɫɬеɦа ɭɫɬɪɨɣɫɬв ɞɥɹ ɨɱɢɫɬɤɢ ɩɪɨɦывɨɱɧɨɝɨ ɪаɫɬвɨɪа выɛɭɪеɧɧɨɣ 
ɩɨɪɨɞы, а ɬаɤɠе ɫɤɥаɞы ɞɥɹ хɢɦɢɱеɫɤɢх ɪеаɝеɧɬɨв ɢ ɫыɩɭɱɢх ɦаɬеɪɢаɥɨв; 

ɞ) Ɋɹɞ вɫɩɨɦɨɝаɬеɥɶɧых ɫɨɨɪɭɠеɧɢɣ ɩɪɢ ɛɭɪеɧɢɢμ ɧа эɥеɤɬɪɨɩɪɢвɨɞе - 

ɬɪаɧɫɮɨɪɦаɬɨɪɧые ɩɥɨɳаɞɤɢ, ɧа ɞвɢɝаɬеɥɹх вɧɭɬɪеɧɧеɝɨ ɫɝɨɪаɧɢɹ (Ⱦȼɋ) - 

ɩɥɨɳаɞɤɢ, ɧа ɤɨɬɨɪых ɧахɨɞɹɬɫɹ еɦɤɨɫɬɢ ɞɥɹ ɝɨɪɸɱеɫɦаɡɨɱɧых ɦаɬеɪɢаɥɨв ɢ ɬ. ɩ. 
 

1.2.1 Ɍɚɥɟɜɚɹ ɫɢɫɬɟɦɚ ɛɭɪɨɜɨɣ ɥɟɛɟɞɤɢ 

 

Ȼɭɪɨвɭɸ ɥеɛеɞɤɭ ɩɪɢɦеɧɹɸɬ ɞɥɹ ɫɩɭɫɤа ɢ ɩɨɞɴеɦа ɛɭɪɢɥɶɧɨɣ ɤɨɥɨɧɧы, 
ɫɩɭɫɤа ɨɛɫаɞɧых ɤɨɥɨɧɧ, ɭɞеɪɠɢваɧɢɹ ɧа веɫɭ ɧеɩɨɞвɢɠɧɨɣ ɛɭɪɢɥɶɧɨɣ ɤɨɥɨɧɧы 
ɢɥɢ ɦеɞɥеɧɧɨɣ ее ɩɨɞаɱɢ в ɩɪɨɰеɫɫе ɛɭɪеɧɢɹ. ȼ ɪɹɞе ɫɥɭɱаев ɛɭɪɨваɹ ɥеɛеɞɤа 
ɢɫɩɨɥɶɡɭеɬɫɹ ɞɥɹ ɩеɪеɞаɱɢ ɦɨɳɧɨɫɬɢ ɨɬ ɞвɢɝаɬеɥɹ ɤ ɪɨɬɨɪɭ, ɫвɢɧɱɢваɧɢɹ ɢ 
ɪаɡвɢɧɱɢваɧɢɹ ɬɪɭɛ, ɩɨɞɬаɫɤɢваɧɢɹ ɝɪɭɡɨв ɢ ɞɪɭɝɢх вɫɩɨɦɨɝаɬеɥɶɧых ɪаɛɨɬ. 
Ʌеɛеɞɤа ɹвɥɹеɬɫɹ ɨɞɧɢɦ ɢɡ ɨɫɧɨвɧых аɝɪеɝаɬɨв ɛɭɪɨвɨɣ ɭɫɬаɧɨвɤɢ [2]. 

ɋɩɭɫɤ ɢ ɩɨɞɴеɦ ɛɭɪɢɥɶɧых ɤɨɥɨɧɧ ɩɪɨɢɡвɨɞɹɬ ɦɧɨɝɨ ɪаɡ. ȼɫе ɨɩеɪаɰɢɢ 
ɩɨвɬɨɪɹɸɬɫɹ ɫɢɫɬеɦаɬɢɱеɫɤɢ в ɫɬɪɨɝɨ ɨɩɪеɞеɥеɧɧɨɣ ɩɨɫɥеɞɨваɬеɥɶɧɨɫɬɢ, а 
ɧаɝɪɭɡɤɢ ɧа ɥеɛеɞɤɭ ɩɪɢ эɬɨɦ ɧɨɫɹɬ ɰɢɤɥɢɱеɫɤɢɣ хаɪаɤɬеɪ. ɉɪɢ ɩɨɞɴеɦе ɤɪɸɤа 
ɦɨɳɧɨɫɬɶ ɩɨɞвɨɞɢɬɫɹ ɤ ɥеɛеɞɤе ɨɬ ɞвɢɝаɬеɥеɣ, а ɩɪɢ ɫɩɭɫɤе, ɧаɨɛɨɪɨɬ, ɬɨɪɦɨɡɧые 
ɭɫɬɪɨɣɫɬва ɞɨɥɠɧы ɩɪеɨɛɪаɡɨвываɬɶ вɫɸ ɨɫвɨɛɨɞɢвшɭɸɫɹ эɧеɪɝɢɸ в ɬеɩɥɨɬɭ. Ⱦɥɹ 
ɥɭɱшеɝɨ ɢɫɩɨɥɶɡɨваɧɢɹ ɦɨɳɧɨɫɬɢ вɨ вɪеɦɹ ɩɨɞɴеɦа ɤɪɸɤа ɫ ɩеɪеɦеɧɧɨɣ ɩɨ 
веɥɢɱɢɧе ɧаɝɪɭɡɤɨɣ ɩɪɢвɨɞɧые ɬɪаɧɫɦɢɫɫɢɢ ɥеɛеɞɤɢ ɢɥɢ ее ɩɪɢвɨɞ ɞɨɥɠɧы ɛыɬɶ 
ɦɧɨɝɨɫɤɨɪɨɫɬɧыɦɢ. Ʌеɛеɞɤа ɞɨɥɠɧа ɨɩеɪаɬɢвɧɨ ɩеɪеɤɥɸɱаɬɶɫɹ ɫ ɛɨɥɶшɢх 
ɫɤɨɪɨɫɬеɣ ɩɨɞɴеɦа ɧа ɦаɥые ɢ ɨɛɪаɬɧɨ, ɨɛеɫɩеɱɢваɹ ɩɥаɧɨвые вɤɥɸɱеɧɢɹ ɫ 
ɦɢɧɢɦаɥɶɧɨɣ ɡаɬɪаɬɨɣ вɪеɦеɧɢ ɧа эɬɢ ɨɩеɪаɰɢɢ. ȼ ɫɥɭɱаɹх ɩɪɢхваɬɨв ɢ ɡаɬɹɠеɤ 
ɤɨɥɨɧɧы ɫɢɥа ɬɹɝɢ ɩɪɢ ɩɨɞɴеɦе ɞɨɥɠɧа ɛыɬɶ ɛыɫɬɪɨ ɭвеɥɢɱеɧа. ɉеɪеɤɥɸɱеɧɢе 
ɫɤɨɪɨɫɬеɣ ɞɥɹ ɩɨɞɴеɦа ɤɨɥɨɧɧ ɪаɡɥɢɱɧɨɣ ɦаɫɫы ɨɫɭɳеɫɬвɥɹеɬɫɹ ɩеɪɢɨɞɢɱеɫɤɢ. 

Ȼɭɪɨваɹ ɥеɛеɞɤа ɫɨɫɬɨɢɬ ɢɡ ɫваɪɧɨɣ ɪаɦы, ɧа ɤɨɬɨɪɨɣ ɭɫɬаɧɨвɥеɧы 
ɩɨɞɴеɦɧыɣ ɢ ɬɪаɧɫɦɢɫɫɢɨɧɧые (ɨɞɢɧ ɢɥɢ ɞва) ваɥы ɧа ɩɨɞшɢɩɧɢɤах ɤаɱеɧɢɹ, 
ɥеɧɬɨɱɧыɣ ɢ ɝɢɞɪавɥɢɱеɫɤɢɣ ɢɥɢ эɥеɤɬɪɢɱеɫɤɢɣ ɬɨɪɦɨɡа ɢ ɩɭɥɶɬ ɭɩɪавɥеɧɢɹ. 
Ʉɪɨɦе ɬɨɝɨ, ɧа ɧеɤɨɬɨɪых ɥеɛеɞɤах ɦɨɧɬɢɪɭɸɬɫɹ ɤɨɪɨɛɤɢ ɩеɪеɦеɧы ɩеɪеɞаɱɢ, 
ɩɨɡвɨɥɹɸɳɢе ɫɨɤɪаɬɢɬɶ ɱɢɫɥɨ ваɥɨв ɥеɛеɞɤɢ. ɉɨ ɱɢɫɥɭ ваɥɨв ɛɭɪɨвые ɥеɛеɞɤɢ 
ɞеɥɹɬɫɹ ɧа ɨɞɧɨ-, ɞвɭх- ɢ ɬɪехваɥɶɧые. Ʉɢɧеɦаɬɢɱеɫɤаɹ ɫвɹɡɶ ɦеɠɞɭ ваɥаɦɢ 
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ɥеɛеɞɨɤ ɨɫɭɳеɫɬвɥɹеɬɫɹ ɩɨɫɪеɞɫɬвɨɦ ɰеɩɧых ɩеɪеɞаɱ.  
ɉɨɞɴеɦɧыɣ ваɥ ɹвɥɹеɬɫɹ ɨɫɧɨвɧыɦ ваɥɨɦ ɛɭɪɨвɨɣ ɥеɛеɞɤɢ, а в ɧеɤɨɬɨɪых ɢ 

еɞɢɧɫɬвеɧɧыɦ. ɇа ɧеɦ, ɤɪɨɦе ɡвеɡɞɨɱеɤ ɰеɩɧɨɣ ɩеɪеɞаɱɢ ɛаɪаɛаɧ ɞɥɹ ɧавɢвɤɢ 
ɬаɥевɨɝɨ ɤаɧаɬа, ɥеɧɬɨɱɧыɣ ɬɨɪɦɨɡ ɢ ɦɭɮɬа, ɫɨеɞɢɧɹɸɳаɹ ваɥ ɫ ɝɢɞɪавɥɢɱеɫɤɢɦ 
ɢɥɢ эɥеɤɬɪɢɱеɫɤɢɦ ɬɨɪɦɨɡɨɦ.  

Ɍɪаɧɫɦɢɫɫɢɨɧɧыɣ ɢ ɩɪɨɦеɠɭɬɨɱɧыɣ (ɤаɬɭшеɱɧыɣ) ваɥы ɛɭɪɨвɨɣ ɥеɛеɞɤɢ 
ɨɫɭɳеɫɬвɥɹɸɬ ɤɢɧеɦаɬɢɱеɫɤɭɸ ɫвɹɡɶ ɦеɠɞɭ ɩɨɞɴеɦɧыɦ ваɥɨɦ ɢ ɩɪɢвɨɞɨɦ 
ɥеɛеɞɤɢ. Ɍɪаɧɫɦɢɫɫɢɨɧɧыɣ ваɥ в ɪɹɞе ɫɥɭɱаев ɢɫɩɨɥɶɡɭеɬɫɹ ɞɥɹ ɩеɪеɞаɱɢ 
вɪаɳеɧɢɹ ɪɨɬɨɪɭ ɢ ɩɪɢɫɨеɞɢɧеɧɢɹ ɤ ɥеɛеɞɤе авɬɨɦаɬа ɩɨɞаɱɢ ɞɨɥɨɬа. ɇа 
ɩɪɨɦеɠɭɬɨɱɧɨɦ ваɥɭ, ɤɪɨɦе ɡвеɡɞɨɱеɤ ɰеɩɧɨɣ ɩеɪеɞаɱɢ ɞɥɹ ɩеɪеɞаɱɢ вɪаɳеɧɢɹ 
ɩɨɞɴеɦɧɨɦɭ ваɥɭ, ɦɨɧɬɢɪɭɸɬ ɫɩеɰɢаɥɶɧые ɤаɬɭшɤɢ ɞɥɹ ɩɪɨвеɞеɧɢɹ ɪаɛɨɬ ɩɨ 
ɩɨɞɬаɫɤɢваɧɢɸ ɝɪɭɡɨв ɢ ɫвɢɧɱɢваɧɢɸ ɢ ɪаɡвɢɧɱɢваɧɢɸ ɬɪɭɛ ɩɪɢ 
ɫɩɭɫɤɨɩɨɞɴеɦɧых ɨɩеɪаɰɢɹх. Ⱦɥɹ выɩɨɥɧеɧɢɹ эɬɢх ɪаɛɨɬ ɩɪɢɦеɧɹɸɬɫɹ 
вɫɩɨɦɨɝаɬеɥɶɧые ɥеɛеɞɤɢ ɢ ɩɧевɦаɬɢɱеɫɤɢе ɪаɫɤɪеɩɢɬеɥɢ. ȼ ɪеɡɭɥɶɬаɬе эɬɨɝɨ 
ɭɩɪɨɳаɸɬɫɹ ɤɨɧɫɬɪɭɤɰɢɢ ɛɭɪɨвɨɣ ɥеɛеɞɤɢ ɢ ɩɨвышаеɬɫɹ ɛеɡɨɩаɫɧɨɫɬɶ ɪаɛɨɬ ɩɨ 
ɩɨɞɬаɫɤɢваɧɢɸ ɝɪɭɡɨв ɢ вɫɩɨɦɨɝаɬеɥɶɧых ɪаɛɨɬ ɩɪɢ ɫɩɭɫɤɨɩɨɞɴеɦɧых ɨɩеɪаɰɢɹх. 

ɉɧевɦɨɪаɫɤɪеɩɢɬеɥɢ ɩɪеɞɧаɡɧаɱеɧы ɞɥɹ ɪаɫɤɪеɩɥеɧɢɹ ɡаɦɤɨвых ɫɨеɞɢɧеɧɢɣ 
ɛɭɪɢɥɶɧых ɬɪɭɛ. ɉɧевɦɨɪаɫɤɪеɩɢɬеɥɶ ɫɨɫɬɨɢɬ ɢɡ ɰɢɥɢɧɞɪа, в ɤɨɬɨɪɨɦ 
ɩеɪеɦеɳаеɬɫɹ ɩɨɪшеɧɶ ɫɨ шɬɨɤɨɦ. ɐɢɥɢɧɞɪ ɫ ɨɛɨɢх ɤɨɧɰɨв ɡаɤɪыɬ ɤɪышɤаɦɢ, в 
ɨɞɧɨɣ ɢɡ ɤɨɬɨɪых ɭɫɬаɧɨвɥеɧɨ ɭɩɥɨɬɧеɧɢе шɬɨɤа. ɇа шɬɨɤе ɫ ɩɪɨɬɢвɨɩɨɥɨɠɧɨɣ 
ɫɬɨɪɨɧы ɨɬ ɩɨɪшɧɹ ɤɪеɩɢɬɫɹ ɦеɬаɥɥɢɱеɫɤɢɣ ɬɪɨɫ, ɞɪɭɝɨɣ ɤɨɧеɰ ɤɨɬɨɪɨɝɨ 
ɧаɞеваеɬɫɹ ɧа ɦашɢɧɧыɣ ɤɥɸɱ. ɉɨɞ ɞеɣɫɬвɢеɦ ɫɠаɬɨɝɨ вɨɡɞɭха ɩɨɪшеɧɶ 
ɩеɪеɦеɳаеɬɫɹ ɢ ɱеɪеɡ ɬɪɨɫ вɪаɳаеɬ ɦашɢɧɧыɣ ɤɥɸɱ. Ɇаɤɫɢɦаɥɶɧаɹ ɫɢɥа, 
ɪаɡвɢваеɦаɹ ɩɧевɦаɬɢɱеɫɤɢɦ ɰɢɥɢɧɞɪɨɦ ɩɪɢ ɞавɥеɧɢɢ ɫɠаɬɨɝɨ вɨɡɞɭха 0,6 Ɇɉа, 
ɪавɧа 50...70 ɤɇ. ɏɨɞ ɩɨɪшɧɹ (шɬɨɤа) ɩɧевɦɨɰɢɥɢɧɞɪа 740...κ00 ɦɦ [2]. 

ɉɨɞɴёɦ ɢ ɫɩɭɫɤ ɛɭɪɢɥɶɧых ɬɪɭɛ в ɰеɥɹх ɡаɦеɧы ɫɪаɛɨɬавшеɝɨɫɹ ɞɨɥɨɬа 
ɫɨɫɬɨɢɬ ɢɡ ɨɞɧɢх ɢ ɬех ɠе ɦɧɨɝɨɤɪаɬɧɨ ɩɨвɬɨɪɹеɦых ɨɩеɪаɰɢɣ. ɉɪɢɱёɦ ɤ ɦашɢɧаɦ 
ɨɬɧɨɫɹɬɫɹ ɨɩеɪаɰɢɢ ɩɨɞɴёɦа ɫвеɱɢ ɢɡ ɫɤваɠɢɧ ɢ ɩɨɪɨɠɧеɝɨ эɥеваɬɨɪа. ȼɫе 
ɨɫɬаɥɶɧые ɨɩеɪаɰɢɢ ɹвɥɹɸɬɫɹ ɦашɢɧɧɨ - ɪɭɱɧыɦɢ ɢɥɢ ɪɭɱɧыɦɢ ɬɪеɛɭɸɳɢɦɢ 
ɡаɬɪаɬ ɛɨɥɶшɢх ɮɢɡɢɱеɫɤɢх ɭɫɢɥɢɣ. 

Ʉ ɧɢɦ ɨɬɧɨɫɹɬɫɹμ 
1) ɩɪɢ ɩɨɞɴеɦеμ  

 ɩɨɫаɞɤа ɤɨɥɨɧɧы ɧа эɥеваɬɨɪ; 
 ɪаɡвɢɧɱɢваɧɢе ɪеɡɶɛɨвɨɝɨ ɫɨеɞɢɧеɧɢɹ; 
 ɭɫɬаɧɨвɤа ɫвеɱɢ ɧа ɩɨɞɫвеɱɧɢɤ; 
 ɫɩɭɫɤ ɩɨɪɨɠɧеɝɨ эɥеваɬɨɪа; 
 ɩеɪеɧɨɫ шɬɪɨɩɨв ɧа ɡаɝɪɭɠеɧɧыɣ эɥеваɬɨɪ; 

2) ɩɪɢ ɫɩɭɫɤеμ 
 вывɨɞ ɫвеɱɢ ɢɡ-ɡа ɩаɥɶɰа ɢ ɫ ɩɨɞɫвеɱɧɢɤа; 
 ɫвɢɧɱɢваɧɢе ɫвеɱɢ ɫ ɤɨɥɨɧɧɨɣ; 
 ɫɩɭɫɤ ɫвеɱɢ в ɫɤваɠɢɧɭ; 
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 ɩɨɫаɞɤа ɤɨɥɨɧɧы ɧа эɥеваɬɨɪ; 
 ɩеɪеɧɨɫ шɬɪɨɩɨв ɧа ɫвɨɛɨɞɧыɣ эɥеваɬɨɪ. 

Ⱦɥɹ ɩɪɨɢɡвɨɞɫɬва ɫɩɭɫɤɨɩɨɞɴеɦɧых ɨɩеɪаɰɢɣ ɛɭɪɨваɹ ɛɪɢɝаɞа ɞɨɥɠɧа ɛыɬɶ 
ɨɫɧаɳеɧа, вɨ-ɩеɪвых, ɢɧɫɬɪɭɦеɧɬɨɦ ɞɥɹ ɡахваɬа ɢ ɩɨɞвешɢваɧɢɹ ɤɨɥɨɧɧы ɬɪɭɛ. ȼ 
ɤаɱеɫɬве ɬаɤɨɝɨ ɢɧɫɬɪɭɦеɧɬа ɩɪɢɦеɧɹɸɬɫɹ эɥеваɬɨɪы, ɤɥɢɧɶɹ ɢ ɫɥаɣɞеɪы 
(эɥеваɬɨɪы ɫ ɩɥашеɱɧыɦɢ ɡахваɬаɦɢ). ȼɨ-вɬɨɪых, ɢɧɫɬɪɭɦеɧɬɨɦ ɞɥɹ ɫвɢɧɱɢваɧɢɹ 
ɢ ɪаɡвɢɧɱɢваɧɢɹ ɛɭɪɢɥɶɧых ɢ ɨɛɫаɞɧых ɬɪɭɛ (ɦашɢɧɧые, ɤɪɭɝɥые ɤɥɸɱɢ ɢ ɬ.ɩ.). 

ɍɫɬɪɨɣɫɬва ɞɥɹ ɡахваɬа ɢ ɩɨɞвешɢваɧɢɹ ɤɨɥɨɧɧ ɪаɡɥɢɱаɸɬɫɹ ɩɨ ɪаɡɦеɪаɦ ɢ 
ɝɪɭɡɨɩɨɞɴеɦɧɨɫɬɢ. Ɉɛыɱɧɨ эɬɨ ɨɛɨɪɭɞɨваɧɢе выɩɭɫɤаеɬɫɹ ɞɥɹ ɛɭɪɢɥɶɧых ɬɪɭɛ 
ɪаɡɦеɪɨɦ 60, 73, κλ, 114, 127, 141, 16λ ɦɦ ɫ ɧɨɦɢɧаɥɶɧɨɣ ɝɪɭɡɨɩɨɞɴеɦɧɨɫɬɶɸ 75, 
125, 140, 170, 200, 250, 320 ɬ. Ⱦɥɹ ɨɛɫаɞɧых ɬɪɭɛ ɞɢаɦеɬɪɨɦ ɨɬ 1λ4 ɞɨ 426 ɦɦ 
ɩɪɢɦеɧɹɸɬ ɤɥɢɧɶɹ ɱеɬыɪех ɪаɡɦеɪɨвμ 210, 273, 375 ɢ 476 ɦɦ, ɪаɫɫɱɢɬаɧɧые ɧа 
ɝɪɭɡɨɩɨɞɴеɦɧɨɫɬɶ ɨɬ 125 ɞɨ 300 ɬ. 

Эɥеваɬɨɪ ɫɥɭɠɢɬ ɞɥɹ ɡахваɬа ɢ ɭɞеɪɠаɧɢɹ ɧа веɫɭ ɤɨɥɨɧɧы ɛɭɪɢɥɶɧых 
(ɨɛɫаɞɧых) ɬɪɭɛ ɩɪɢ ɫɩɭɫɤɨɩɨɞɴеɦɧых ɨɩеɪаɰɢɹх ɢ ɞɪɭɝɢх ɪаɛɨɬах в ɛɭɪɨвɨɣ. 
ɉɪɢɦеɧɹɸɬ эɥеваɬɨɪы ɪаɡɥɢɱɧых ɬɢɩɨв, ɨɬɥɢɱаɸɳɢеɫɹ ɪаɡɦеɪаɦɢ в ɡавɢɫɢɦɨɫɬɢ 
ɨɬ ɞɢаɦеɬɪа ɛɭɪɢɥɶɧых ɢɥɢ ɨɛɫаɞɧых ɬɪɭɛ, ɝɪɭɡɨɩɨɞɴеɦɧɨɫɬɶɸ, ɤɨɧɫɬɪɭɤɬɢвɧыɦ 
ɢɫɩɨɥɶɡɨваɧɢеɦ ɢ ɦаɬеɪɢаɥɨɦ ɞɥɹ ɢх ɢɡɝɨɬɨвɥеɧɢɹ. Эɥеваɬɨɪ ɩɪɢ ɩɨɦɨɳɢ 
шɬɪɨɩɨв ɩɨɞвешɢваеɬɫɹ ɤ ɩɨɞɴеɦɧɨɦɭ ɤɪɸɤɭ. 

Ʉɥɢɧɶɹ ɞɥɹ ɛɭɪɢɥɶɧых ɬɪɭɛ ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ ɩɨɞвешɢваɧɢɹ ɛɭɪɢɥɶɧɨɝɨ 
ɢɧɫɬɪɭɦеɧɬа в ɫɬɨɥе ɪɨɬɨɪа. Ɉɧɢ вɤɥаɞываɸɬɫɹ в ɤɨɧɭɫɧɨе ɨɬвеɪɫɬɢе ɪɨɬɨɪа. 
Ɉɛɦɨɬɤа ɤɨɪɨɬɤɨɡаɦɤɧɭɬɨɝɨ ɪɨɬɨɪа ɥɨɩаɬɤɢ ɢ ɤɨɥɶɰа - ɥɢɬые ɢɡ аɥɸɦɢɧɢɹ. 
ȼеɧɬɢɥɹɰɢɨɧɧые ɥɨɩаɬɤɢ ɧа ɤɨɥɶɰах ɪɨɬɨɪа ɫɥɭɠаɬ ɞɥɹ ɩеɪеɦеɳеɧɢɹ вɨɡɞɭха, 
ɧахɨɞɹɳеɝɨɫɹ вɧɭɬɪɢ ɦашɢɧы. 

ɉɨɞшɢɩɧɢɤɨвые ɳɢɬы ɤɪеɩɹɬ ɤ ɤɨɪɩɭɫɭ ɫ ɩɨɦɨɳɶɸ ɱеɬыɪех ɢɥɢ шеɫɬɢ 
ɛɨɥɬɨв. 

ɉɪɢɦеɧеɧɢе ɤɥɢɧɶев ɭɫɤɨɪɹеɬ ɪаɛɨɬы ɩɨ ɫɩɭɫɤɨɩɨɞɴеɦɧыɦ ɨɩеɪаɰɢɹɦ. ȼ 
ɩɨɫɥеɞɧее вɪеɦɹ шɢɪɨɤɨ ɩɪɢɦеɧɹɸɬɫɹ авɬɨɦаɬɢɱеɫɤɢе ɤɥɢɧɨвые ɡахваɬы ɫ 
ɩɧевɦаɬɢɱеɫɤɢɦ ɩɪɢвɨɞɨɦ ɬɢɩа ɉɄɊ (в эɬɨɦ ɫɥɭɱае ɤɥɢɧɶɹ в ɪɨɬɨɪ вɫɬавɥɹɸɬɫɹ ɧе 
вɪɭɱɧɭɸ, а ɩɪɢ ɩɨɦɨɳɢ ɫɩеɰɢаɥɶɧɨɝɨ ɩɪɢвɨɞа, ɭɩɪавɥеɧɢе ɤɨɬɨɪыɦ вɧеɫеɧɨ ɧа 
ɩɭɥɶɬ ɛɭɪɢɥɶɳɢɤа). 

Ⱦɥɹ ɫɩɭɫɤа ɬɹɠеɥых ɨɛɫаɞɧых ɤɨɥɨɧɧ ɩɪɢɦеɧɹɸɬ ɤɥɢɧɶɹ ɫ ɧе ɪаɡɴеɦɧыɦ 
ɤɨɪɩɭɫɨɦ. ɂх ɭɫɬаɧавɥɢваɸɬ ɧа ɫɩеɰɢаɥɶɧых ɩɨɞɤɥаɞɤах ɧаɞ ɭɫɬɶеɦ ɫɤваɠɢɧы. 
Ʉɥɢɧ ɫɨɫɬɨɢɬ ɢɡ ɦаɫɫɢвɧɨɝɨ ɤɨɪɩɭɫа, вɨɫɩɪɢɧɢɦаɸɳеɝɨ ɦаɫɫɭ ɨɛɫаɞɧых ɬɪɭɛ. 
ȼɧɭɬɪɢ ɤɨɪɩɭɫа ɧахɨɞɢɬɫɹ ɩɥашɤɢ, ɩɪеɞɧаɡɧаɱеɧɧые ɞɥɹ ɡахваɬа ɨɛɫаɞɧых ɬɪɭɛ ɢ 
ɭɞеɪɠаɧɢɹ ɢх в ɩɨɞвешеɧɧɨɦ ɫɨɫɬɨɹɧɢɢ. ɉɨɞɴеɦ ɢ ɨɩɭɫɤаɧɢе ɩɥашеɤ 
ɨɫɭɳеɫɬвɥɹеɬɫɹ ɩɨвɨɪɨɬɨɦ ɪɭɤɨɹɬɤɢ в ɬɭ ɢɥɢ ɞɪɭɝɭɸ ɫɬɨɪɨɧɭ вɨɤɪɭɝ ɤɥɢɧа, ɱɬɨ 
ɞɨɫɬɢɝаеɬɫɹ ɧаɥɢɱɢеɦ ɧаɤɥɨɧɧых ɢɫɩɪавɥɹɸɳɢх выɪеɡɨв в ɤɨɪɩɭɫе, ɩɨ ɤɨɬɨɪыɦ 
ɩɪɢ ɩɨɦɨɳɢ ɪыɱаɝа ɩеɪеɤаɬываɸɬɫɹ ɪɨɥɢɤɢ ɩɥашеɤ. 

Ⱦɥɹ ɫвɢɧɱɢваɧɢɹ ɢ ɪаɡвɢɧɱɢваɧɢɹ ɛɭɪɢɥɶɧых ɢ ɨɛɫаɞɧых ɬɪɭɛ вɦеɧɹеɬɫɹ 
ɫɩеɰɢаɥɶɧыɣ ɢɧɫɬɪɭɦеɧɬ. ȼ ɤаɱеɫɬве ɬаɤɨɝɨ ɢɧɫɬɪɭɦеɧɬа ɢɫɩɨɥɶɡɭɸɬ ɪаɡɥɢɱɧые 
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ɤɥɸɱɢ. Ɉɞɧɢ ɢɡ ɧɢх ɩɪеɞɧаɡɧаɱаɸɬɫɹ ɞɥɹ ɫвɢɧɱɢваɧɢɹ, а ɞɪɭɝɢе - ɞɥɹ ɤɪеɩɥеɧɢɹ ɢ 
ɨɬɤɪеɩɥеɧɢɹ ɪеɡɶɛɨвых ɫɨеɞɢɧеɧɢɣ ɤɨɥɨɧɧы. Ɉɛыɱɧɨ ɥеɝɤɢе ɤɪɭɝɨвые ɤɥɸɱɢ ɞɥɹ 
ɩɪеɞваɪɢɬеɥɶɧɨɝɨ ɫвɢɧɱɢваɧɢɹ ɪаɫɫɱɢɬаɧы ɧа ɡаɦɤɢ ɨɞɧɨɝɨ ɞɢаɦеɬɪа, а ɬɹɠеɥые 
ɦашɢɧɧые ɤɥɸɱɢ ɞɥɹ ɤɪеɩɥеɧɢɹ ɢ ɨɬɤɪеɩɥеɧɢɹ ɪеɡɶɛɨвых ɫɨеɞɢɧеɧɢɣ - ɧа ɞва, а 
ɢɧɨɝɞа ɢ ɛɨɥее ɪаɡɦеɪɨв ɛɭɪɢɥɶɧых ɬɪɭɛ ɢ ɡаɦɤɨв. 

Ɉɩеɪаɰɢɢ ɤɪеɩɥеɧɢɹ ɢ ɨɬɤɪеɩɥеɧɢɹ ɪеɡɶɛɨвых ɫɨеɞɢɧеɧɢɣ ɛɭɪɢɥɶɧых ɢ 
ɨɛɫаɞɧых ɤɨɥɨɧɧ ɨɫɭɳеɫɬвɥɹɸɬɫɹ ɞвɭɦɹ ɦашɢɧɧыɦɢ ɤɥɸɱаɦɢ; ɩɪɢ эɬɨɦ ɨɞɢɧ 
ɤɥɸɱ (ɡаɞеɪɠɢваɸɳɢɣ) - ɧеɩɨɞвɢɠɧыɣ, а вɬɨɪɨɣ (ɡавɢɧɱɢваɸɳɢɣ) - ɩɨɞвɢɠɧыɣ. 
Ʉɥɸɱɢ ɩɨɞвешɢваɸɬ в ɝɨɪɢɡɨɧɬаɥɶɧɨɦ ɩɨɥɨɠеɧɢɢ. Ⱦɥɹ эɬɨɝɨ ɭ ɩɨɥаɬеɣ ɧа 
ɫɩеɰɢаɥɶɧых «ɩаɥɶɰах» ɭɤɪеɩɥɹɸɬ ɦеɬаɥɥɢɱеɫɤɢе ɪɨɥɢɤɢ ɢ ɱеɪеɡ ɧɢх 
ɩеɪеɤɢɞываɸɬ ɫɬаɥɶɧɨɣ ɬаɪɬаɥɶɧыɣ ɤаɧаɬ ɢɥɢ ɨɞɧɭ ɩɪɹɞɶ ɬаɥевɨɝɨ ɤаɧаɬа. Ɉɞɢɧ 
ɤɨɧеɰ эɬɨɝɨ ɤаɧаɬа ɩɪɢɤɪеɩɥɹеɬɫɹ ɤ ɩɨɞвеɫɤе ɤɥɸɱа, а ɞɪɭɝɨɣ - ɤ ɩɪɨɬɢвɨвеɫɭ, 
ɭɪавɧɨвешɢваɸɳеɦɭ ɤɥɸɱ ɢ ɨɛɥеɝɱаɸɳеɦɭ ɩеɪеɦеɳеɧɢе ɤɥɸɱа ввеɪх ɢɥɢ вɧɢɡ. 

ɇа ɨɫɧɨве ɫɨɡɞаɧɢɹ ɪɹɞа ɦехаɧɢɡɦɨв ɞɥɹ авɬɨɦаɬɢɡаɰɢɢ ɢ ɦехаɧɢɡаɰɢɢ 
ɨɬɞеɥɶɧых ɨɩеɪаɰɢɣ ɫɩɭɫɤɨɩɨɞɴеɦɧых ɪаɛɨɬ ɛыɥ ɫɨɡɞаɧ авɬɨɦаɬ ɫɩɭɫɤа-ɩɨɞɴеɦа. 
Ʉɨɦɩɥеɤɫ ɦехаɧɢɡɦɨв Ⱥɋɉ ɩɪеɞɧаɡɧаɱеɧ ɞɥɹ ɦехаɧɢɡаɰɢɢ ɢ ɱаɫɬɢɱɧɨɣ 
авɬɨɦаɬɢɡаɰɢɢ ɫɩɭɫɤɨɩɨɞɴеɦɧых ɨɩеɪаɰɢɣ.  

Ɉɧ ɨɛеɫɩеɱɢваеɬμ  
 ɫɨвɦеɳеɧɢе вɨ вɪеɦеɧɢ ɩɨɞɴеɦа ɢ ɫɩɭɫɤа ɤɨɥɨɧɧы ɬɪɭɛ ɢ 

ɧеɡаɝɪɭɠеɧɧɨɝɨ эɥеваɬɨɪа ɫ ɨɩеɪаɰɢɹɦɢ ɭɫɬаɧɨвɤɢ ɫвеɱеɣ ɧа 
ɩɨɞɫвеɱɧɢɤ, выɧɨɫа ее ɫ ɩɨɞɫвеɱɧɢɤа, а ɬаɤɠе ɫ ɪаɡвɢɧɱɢваɧɢеɦ ɢɥɢ 
ɫвɢɧɱɢваɧɢеɦ ɫвеɱɢ ɤɨɥɨɧɧɨɣ ɛɭɪɢɥɶɧых ɬɪɭɛ; 

 ɦехаɧɢɡаɰɢɸ ɭɫɬаɧɨвɤɢ ɫвеɱеɣ ɧа ɩɨɞɫвеɱɧɢɤ ɢ выɧɨɫ ɢх ɤ ɰеɧɬɪɭ, а 
ɬаɤɠе ɡахваɬ ɢɥɢ ɨɫвɨɛɨɠɞеɧɢе ɤɨɥɨɧɧы ɛɭɪɢɥɶɧых ɬɪɭɛ 
авɬɨɦаɬɢɱеɫɤɢɦ эɥеваɬɨɪɨɦ. 

ȼ ɪаɛɨɬе ɤɨɦɩɥеɤɫа ɦехаɧɢɡɦɨв ɬɢɩа Ⱥɋɉ-ɁɆ1, Ⱥɋɉ-ɁɆ4. Ⱥɋɉ-ɁɆ5 ɢ 
Ⱥɋɉ-ɁɆ6 ɢɫɩɨɥɶɡɭɸɬɫɹ ɤɥɸɱ ȺɄȻ-ɁɆ2 ɢ ɩɧевɦаɬɢɱеɫɤɢɣ ɤɥɢɧɨвɨɣ ɡахваɬ ȻɈ-

700 (ɤɪɨɦе Ⱥɋɉ-ɁɆ6, ɞɥɹ ɤɨɬɨɪɨɝɨ ɩɪɢɦеɧɹеɬɫɹ ɡахваɬ ɉɄɊȻɈ-700). 

ɉɪɢ ɫɩɭɫɤɨɩɨɞɴеɦɧых ɨɩеɪаɰɢɹх ɧеɨɛхɨɞɢɦɨ ɫɨɛɥɸɞаɬɶ ɰеɥыɣ ɪɹɞ 
ɨɫɧɨвɧых ɩɨɥɨɠеɧɢɣ. 

ɋɩɭɫɤɨɩɨɞɴеɦɧые ɨɩеɪаɰɢɢ (ɫɤɨɪɨɫɬɢ ɫɩɭɫɤа ɢ ɩɨɞɴеɦа, ɦɨɦеɧɬ ɧаɱаɥа 
ɩɨɞɴеɦа, ɩɪɨɪаɛɨɬɤɢ ɢ ɞɪ.) ɞɨɥɠɧы ɩɪɨɢɡвɨɞɢɬɫɹ в ɫɨɨɬвеɬɫɬвɢɢ ɫ ɪеɠɢɦɧɨ-

ɬехɧɨɥɨɝɢɱеɫɤɨɣ ɤаɪɬɨɣ (ɬехɧɢɱеɫɤɢ ɩɪɨеɤɬɨɦ ɧа ɫɬɪɨɢɬеɥɶɫɬвɨ ɫɤваɠɢɧы) ɢɥɢ 
ɭɤаɡаɧɢеɦ ɛɭɪɨвɨɝɨ ɦаɫɬеɪа, ɧаɱаɥɶɧɢɤа ɛɭɪɨвɨɣ, ɢɧɠеɧеɪɧɨ-ɞɢɫɩеɬɱеɪɫɤɨɣ 
ɫɥɭɠɛɨɣ ɪɭɤɨвɨɞɫɬва Ɋаɣɨɧɧɨɣ ɢɧɠеɧеɪɧɨ-ɬехɧɢɱеɫɤɨɣ ɫɥɭɠɛы (ɊɂɌɋ) ɢɥɢ 
ɪаɡвеɞɤɢ. 

Ⱦɥɹ ɩɪɨвеɞеɧɢɹ ɪаɛɨɬ ɩɨ ɫɩɭɫɤɭ, ɩɨɞɴеɦɭ ɢ ɧаɪаɳɢваɧɢɸ ɛɭɪɢɥɶɧɨɣ 
ɤɨɥɨɧɧы ɛɭɪɨваɹ ɭɫɬаɧɨвɤа ɞɨɥɠɧа ɛыɬɶ ɨɫɧаɳеɧа ɤɨɦɩɥеɤɬɨɦ ɦехаɧɢɡɦɨв ɢ 
ɩɪɢɫɩɨɫɨɛɥеɧɢɣ ɦаɥɨɣ ɦехаɧɢɡаɰɢɢ. ȼ ɩɪɨɰеɫɫе ɛɭɪеɧɢɹ ɢ ɩɨɫɥе ɨɤɨɧɱаɧɢɹ 
ɞɨɥɛɥеɧɢɹ веɞɭɳɭɸ ɬɪɭɛɭ ɢ ɩеɪвɭɸ ɫвеɱɭ ɫɥеɞɭеɬ ɩɨɞɧɢɦаɬɶ ɢɡ ɫɤваɠɢɧы ɧа 
ɩеɪвɨɣ ɫɤɨɪɨɫɬɢ. Ɂаɩɪеɳаеɬɫɹ ɪаɫɤɪеɩɥɹɬɶ ɪеɡɶɛɨвые ɫɨеɞɢɧеɧɢɹ ɫвеɱеɣ 
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ɛɭɪɢɥɶɧых ɬɪɭɛ ɢ ɞɪɭɝɢх эɥеɦеɧɬɨв ɤɨɦɩɨɧɨвɤɢ ɛɭɪɢɥɶɧɨɣ ɤɨɥɨɧɧы ɩɪɢ ɩɨɦɨɳɢ 
ɪɨɬɨɪа. Ɍаɤɠе ɡаɩɪеɳаеɬɫɹ ɨɫɬаɧавɥɢваɬɶ вɪаɳеɧɢе ɤɨɥɨɧɧы ɛɭɪɢɥɶɧых ɬɪɭɛ 
вɤɥɸɱеɧɢеɦ ɨɛɪаɬɧɨɝɨ хɨɞа ɪɨɬɨɪа.  

ɉɪɢ ɫɩɭɫɤе ɛɭɪɢɥɶɧых ɢ ɭɬɹɠеɥеɧɧых ɛɭɪɢɥɶɧых ɬɪɭɛ в ɫɤваɠɢɧɭ, 

ɪеɡɶɛɨвые ɫɨеɞɢɧеɧɢɹ ɫɥеɞɭеɬ ɞɨɤɪеɩɥɹɬɶ ɦашɢɧɧыɦɢ ɢ авɬɨɦаɬɢɱеɫɤɢɦɢ 
ɤɥɸɱаɦɢ, ɤɨɧɬɪɨɥɢɪɭɹ ɡаɡɨɪ ɦеɠɞɭ ɫɨеɞɢɧɢɬеɥɶɧыɦɢ эɥеɦеɧɬаɦɢ ɢ ɫɨɛɥɸɞаɹ ɩɨ 
ɩɨɤаɡаɧɢɹɦ ɦɨɦеɧɬɨɦеɪа веɥɢɱɢɧɭ ɞɨɩɭɫɬɢɦɨɝɨ ɤɪɭɬɹɳеɝɨ ɦɨɦеɧɬа, 
ɭɫɬаɧɨвɥеɧɧɭɸ ɞеɣɫɬвɭɸɳеɣ ɢɧɫɬɪɭɤɰɢеɣ. 

ɉɪɢ ɫɩɭɫɤе ɛɭɪɢɥɶɧɨɣ ɤɨɥɨɧɧы ɡаɩɪеɳаеɬɫɹ вɤɥɸɱаɬɶ ɤɥɢɧɨвɨɣ ɡахваɬ ɞɨ 
ɩɨɥɧɨɣ ɨɫɬаɧɨвɤɢ ɤɨɥɨɧɧы. 

ɉɨɫаɞɤа ɛɭɪɢɥɶɧɨɣ ɤɨɥɨɧɧы ɧа ɪɨɬɨɪ вɨвɪеɦɹ ɋɉɈ ɞɨɥɠɧа ɩɪɨɢɡвɨɞɢɬɶɫɹ 
ɩɥавɧɨ ɛеɡ ɬɨɥɱɤɨв ɢ ɭɞаɪɨв. ɉɪɢ ɩɨɹвɥеɧɢɢ ɩɨɫаɞɨɤ вɨ вɪеɦɹ ɫɩɭɫɤа ɛɭɪɢɥɶɧɨɣ 
ɤɨɥɨɧɧы в эɬɢх ɦеɫɬах ɫɥеɞɭеɬ ɩɪɨɢɡвɨɞɢɬɶ ɩɪɨɦывɤɭ ɢɥɢ ɩɪɨɪаɛɨɬɤɭ ɫɬвɨɥа 
ɫɤваɠɢɧы Ⱦɨɩɭɫɬɢɦые веɥɢɱɢɧы ɩɨɫаɞɨɤ ɢ ɡаɬɹɠеɤ ɛɭɪɢɥɶɧɨɣ ɤɨɥɨɧɧы ɡавɢɫɹɬ ɨɬ 
ɬехɧɢɱеɫɤɢх ɢ ɝеɨɥɨɝɢɱеɫɤɢх ɭɫɥɨвɢɣ ɢ ɞɨɥɠɧы ɨɩɪеɞеɥɹɬɶɫɹ в ɤаɠɞɨɦ ɨɬɞеɥɶɧɨɦ 
ɫɥɭɱае ɛɭɪɨвыɦ ɦаɫɬеɪɨɦ ɢɥɢ ɬехɧɨɥɨɝɢɱеɫɤɨɣ ɫɥɭɠɛɨɣ. 

Ɂаɩɪеɳаеɬɫɹ ɪаɛɨɬаɬɶ ɛеɡ ɩɪɢɫɩɨɫɨɛɥеɧɢɹ ɞɥɹ ɩɪавɢɥɶɧɨɝɨ ɧаɦаɬываɧɢɹ 
ɬаɥевɨɝɨ ɤаɧаɬа ɧа ɛаɪаɛаɧ ɥеɛеɞɤɢ. 

ɉɪɢ ɩɨɞɴеɦе ɢɡ ɫɤваɠɢɧы ɬɪɭɛ ɢ ɞɪɭɝɢх эɥеɦеɧɬɨв ɤɨɦɩɨɧɨвɤɢ ɤɨɥɨɧɧы 
ɧаɪɭɠɧые ɩɨвеɪхɧɨɫɬɢ ɢх ɞɨɥɠɧы ɨɱɢɳаɬɶɫɹ ɨɬ ɨɫɬаɬɤɨв ɛɭɪɨвɨɝɨ ɪаɫɬвɨɪа ɫ 
ɩɨɦɨɳɶɸ ɫɩеɰɢаɥɶɧых ɩɪɢɫɩɨɫɨɛɥеɧɢɣ 

Ʉɨɥɨɧɧа ɛɭɪɢɥɶɧых, ɨɛɫаɞɧых ɬɪɭɛ ɢ ɍȻɌ, ɡахваɬываеɦаɹ ɩɧевɦаɬɢɱеɫɤɢɦ 
ɤɥɢɧɶевыɦ ɡахваɬɨɦ, ɞɨɥɠɧа ɛыɬɶ ɫɨɫɬавɥеɧа ɫ ɭɱеɬɨɦ ɞɨɩɭɫɬɢɦых ɧаɝɪɭɡɨɤ ɧа 
ɧее, ɩɪɢвеɞеɧɧых в ɢɧɫɬɪɭɤɰɢɢ ɩɨ эɤɫɩɥɭаɬаɰɢɢ ɉɄɊ. Ɂаɩɪеɳаеɬɫɹ вɨ вɪеɦɹ 
ɪаɛɨɬы ɤɥɢɧɨвɨɝɨ ɡахваɬа ɧахɨɞɢɬɶɫɹ ɧа ɪɨɬɨɪе ɱɥеɧаɦ ɛɭɪɨвɨɣ ɛɪɢɝаɞы, 
ɩɨɞɧɢɦаɬɶ ɢɥɢ ɫɩɭɫɤаɬɶ ɤɨɥɨɧɧɭ ɬɪɭɛ ɩɪɢ ɧе ɩɨɥɧɨɫɬɶɸ ɩɨɞɧɹɬых ɤɥɢɧɶɹх, 
вɪаɳаɬɶ ɫɬɨɥ ɪɨɬɨɪа ɩɪɢ ɩɨɞɧɹɬых ɤɥɢɧɶɹх, ɪаɛɨɬаɬɶ ɫ ɞеɮɨɪɦɢɪɨваɧɧыɦɢ 
ɛɭɪɢɥɶɧыɦɢ ɢɥɢ ɨɛɫаɞɧыɦɢ ɬɪɭɛаɦɢ ɨɫɬавɥɹɬɶ ɭɫɬɶе ɫɤваɠɢɧы ɨɬɤɪыɬыɦ. 
ɇеɨɛхɨɞɢɦɨ ɭɫɬаɧɨвɥɢваɬɶ ɭɫɬɪɨɣɫɬвɨ, ɩɪеɞɭɩɪеɠɞаɸɳее ɩаɞеɧɢе ɩɨɫɬɨɪɨɧɧɢх 
ɩɪеɞɦеɬɨв в ɫɤваɠɢɧɭ. 

ɉɪɢ вɫɤɪыɬɢɢ ɝаɡɨɧɨɫɧых ɢ ɫɤɥɨɧɧых ɤ ɩɨɝɥɨɳеɧɢɸ ɛɭɪɨвɨɝɨ ɪаɫɬвɨɪа 
ɩɥаɫɬɨв ɫɩɭɫɤ ɢ ɩɨɞɴеɦ ɛɭɪɢɥɶɧɨɣ ɤɨɥɨɧɧы ɫɥеɞɭеɬ ɩɪɨɢɡвɨɞɢɬɶ ɩɪɢ ɩɨɧɢɠеɧɧых 
ɫɤɨɪɨɫɬɹх, ɫ ɰеɥɶɸ ɫɧɢɠеɧɢɹ вɨɡɦɨɠɧɨɫɬɢ вɨɡɧɢɤɧɨвеɧɢɹ ɝɢɞɪɨɪаɡɪыва, 
ɩɪɨɧɢɰаеɦых ɝɨɪɢɡɨɧɬɨв ɢ выɡɨва ɩɪɢɬɨɤа ɢɡ ɩɥаɫɬа. 

ɉɪɢ ɩɨɞɴеɦе ɛɭɪɢɥɶɧɨɣ ɤɨɥɨɧɧы ɢɡ ɫɤваɠɢɧы ɫɥеɞɭеɬ ɩɪɨɢɡвɨɞɢɬɶ, ɞɨɥɢв в 
ɫɤваɠɢɧɭ ɛɭɪɨвɨɝɨ ɪаɫɬвɨɪа ɫ ɬеɦɢ ɠе ɩɨɤаɡаɬеɥɹɦɢ ɫвɨɣɫɬв, ɱɬɨ ɢ ɭ ɪаɫɬвɨɪа, 
ɧахɨɞɹɳеɝɨɫɹ в ɧеɣ. Ȼɭɪɨвɨɣ ɦаɫɬеɪ (ɧаɱаɥɶɧɢɤ ɛɭɪɨвɨɣ) ɞɨɥɠеɧ ɨɫɭɳеɫɬвɥɹɬɶ 
ɩɪɨвеɪɤɭ ɫɩɭɫɤа ɩɨɞɴеɦɧых ɦехаɧɢɡɦɨв в ɫɨɨɬвеɬɫɬвɢɢ ɫ ɝɪаɮɢɤɨɦ 
ɩɪɨɮɢɥаɤɬɢɱеɫɤɨɝɨ ɨɫɦɨɬɪа ɢ ɪеɡɭɥɶɬаɬы ɩɪɨвеɪɤɢ ɡаɧɨɫɢɬɶ в ɫɩеɰɢаɥɶɧыɣ 
ɠɭɪɧаɥ. ɉеɪɢɨɞɢɱеɫɤɢ ɞɨɥɠɧа ɩɪɨɢɡвɨɞɢɬɶɫɹ ɞеɮеɤɬɨɫɤɨɩɢɹ ɫɩɭɫɤɨɩɨɞɴеɦɧɨɝɨ 
ɨɛɨɪɭɞɨваɧɢɹ. 
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1.3 ȼɵɛɨɪ ɬɢɩɚ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɢ ɫɯɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɢɦ 

ɉɪɢвɨɞ ɛɭɪɨвɨɣ ɭɫɬаɧɨвɤɢ (ɪɢɫ.1.3.1) ɫɨɫɬɨɢɬ ɢɡ эɥеɤɬɪɨɞвɢɝаɬеɥɹ 1 ɫ 
ɮаɡɧыɦ ɪɨɬɨɪɨɦ ɢ ɰɢɥɢɧɞɪɢɱеɫɤɨɝɨ ɪеɞɭɤɬɨɪа 3. ɉɥавɧɨɫɬɶ ɩɭɫɤа ɨɛеɫɩеɱɢваеɬɫɹ 
вɤɥɸɱеɧɢеɦ в ɰеɩɶ ɪɨɬɨɪа эɥеɤɬɪɨɞвɢɝаɬеɥеɣ ɩɭɫɤɨвɨɝɨ ɪеɨɫɬаɬа ɢɡ 12 ɫɬɭɩеɧеɣ. ɋ 
ɰеɥɶɸ ɭɞɨɛɫɬва ɬɪаɧɫɩɨɪɬɢɪɨваɧɢɹ ɫɛɨɪɨɱɧых еɞɢɧɢɰ ɩɨ выɪаɛɨɬɤаɦ ɞвɢɝаɬеɥɶ ɢ 
ɪеɞɭɤɬɨɪ ɧе ɢɦеɸɬ ɨɛɳеɣ ɪаɦы, а ɦɨɧɬɢɪɭɸɬɫɹ ɤаɠɞыɣ ɫаɦɨɫɬɨɹɬеɥɶɧɨ ɧа ɨɛɳеɦ 
ɮɭɧɞаɦеɧɬе. ȼаɥ ɞвɢɝаɬеɥɹ ɱеɪеɡ ɭɩɪɭɝɭɸ вɬɭɥɨɱɧɨ-ɩаɥɶɰевɭɸ ɦɭɮɬɭ 2 ɩеɪеɞаеɬ 
вɪаɳаɸɳɢɣ ɦɨɦеɧɬ ɧа ɨɞɢɧ ɢɡ ɤɨɧɰɨв ɛыɫɬɪɨхɨɞɧɨɝɨ ваɥа ɪеɞɭɤɬɨɪа. ɇа 
ɩɪɨɬɢвɨɩɨɥɨɠɧɨɦ ɤɨɧɰе ɛыɫɬɪɨхɨɞɧɨɝɨ ваɥа ɪеɞɭɤɬɨɪа ɭɫɬаɧавɥɢваеɬɫɹ 
ɬɨɪɦɨɡɧɨɣ шɤɢв, ɧа ɤɨɬɨɪɨɦ ɦɨɧɬɢɪɭеɬɫɹ ɤɨɥɨɞɨɱɧыɣ ɬɨɪɦɨɡ 4 ɬɢɩа ɌɄɌȽ-500. 

Ɍɨɪɦɨɡ ɫɥɭɠɢɬ ɞɥɹ ɬɨɪɦɨɠеɧɢɹ ɛɭɪɨвɨɣ ɭɫɬаɧɨвɤɢ ɩɪɢ ее ɨɫɬаɧɨвɤах. 
ɉеɪеɞаɬɨɱɧɨе ɨɬɧɨшеɧɢе ɞвɭхɫɬɭɩеɧɱаɬɨɝɨ ɰɢɥɢɧɞɪɢɱеɫɤɨɝɨ ɪеɞɭɤɬɨɪа ɐ2Ш U = 
20,5 ɩɪɢ ɱаɫɬɨɬе вɪаɳеɧɢɹ ɪɨɬɨɪа ɞвɢɝаɬеɥɹ Ч = λκ5 ɦɢɧ-1 ɨɛеɫɩеɱɢваеɬ ɞвɢɠеɧɢе 
ɛɭɪɨвɨɣ ɤɨɥɨɧы ɫɨ ɫɤɨɪɨɫɬɶɸ V = 3,15 ɦ/ɫ. ɉеɪваɹ (ɛыɫɬɪɨхɨɞɧаɹ) ɫɬɭɩеɧɶ 
ɩеɪеɞаɱɢ ɪеɞɭɤɬɨɪа выɩɨɥɧеɧа ɤɨɫɨɡɭɛɨɣ ɞвɭхɩɨɬɨɱɧɨɣ. ɇаɩɪавɥеɧɢе ɧаɤɥɨɧа 
ɡɭɛɶев ɛыɫɬɪɨхɨɞɧɨɣ ваɥ-шеɫɬеɪɧɢ выɩɨɥɧеɧɨ вɫɬɪеɱɧыɦ ɫ ɰеɥɶɸ ɤɨɦɩеɧɫаɰɢɢ 
ɨɫевых ɪеаɤɰɢɣ в ɡɭɛɱаɬɨɦ ɡаɰеɩɥеɧɢɢ. ɇа ɩɪɨɦеɠɭɬɨɱɧɨɦ ваɥɭ, ɩɨɫеɪеɞɢɧе 
ɦеɠɞɭ ɤɨɫɨɡɭɛыɦɢ ɡɭɛɱаɬыɦɢ ɤɨɥеɫаɦɢ ɩеɪвɨɣ ɫɬɭɩеɧɢ, ɪаɫɩɨɥɨɠеɧа веɞɭɳаɹ 
шеɫɬеɪɧɹ ɬɢхɨхɨɞɧɨɣ (вɬɨɪɨɣ) ɫɬɭɩеɧɢ. ɇа веɪхɧеɣ ɩɨɥɨвɢɧе ɤɨɪɩɭɫа ɪеɞɭɤɬɨɪа 
ɢɦеɸɬɫɹ ɞве ɤɪышɤɢ, в ɨɞɧɨɣ ɢɡ ɤɨɬɨɪых ɡавеɪɧɭɬ ɦаɫɥɨɭɤаɡаɬеɥɶɧыɣ ɳɭɩ 6, а в 
ɞɪɭɝɨɣ ɦаɫɥɨɡаɥɢвɧаɹ ɩɪɨɛɤа 7. ɇа выхɨɞɧɨɦ (ɬɢхɨхɨɞɧɨɦ) ваɥɭ ɪеɞɭɤɬɨɪа ɱеɪеɡ 
шɩɨɧɤɭ ɩɨɫаɠеɧа ɫɬɭɩɢɰа ɡɭɛɱаɬɨɣ ɦɭɮɬы 5 ɩɪɨɦеɠɭɬɨɱɧɨɝɨ ваɥа [3]. 

 

 
Ɋɢɫɭɧɨɤ 1.3.1 - ɉɪɢвɨɞ ɛɭɪɨвɨɣ ɭɫɬаɧɨвɤɢ 

 

ɐеɥɶɸ авɬɨɦаɬɢɡаɰɢɢ ɹвɥɹеɬɫɹ ɩɨвышеɧɢе эɮɮеɤɬɢвɧɨɫɬɢ ɢ ɛеɡɨɩаɫɧɨɫɬɢ 
ɪаɛɨɬы ɛɭɪɨвых ɭɫɬаɧɨвɨɤ. ȼ ɫɭɳеɫɬвɭɸɳɢх ɫɢɫɬеɦах ɢɫɩɨɥɶɡɭеɬɫɹ ɮаɡɨвɨе 
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ɭɩɪавɥеɧɢе ɩɨɞаваеɦɨɝɨ ɧаɩɪɹɠеɧɢɹ, ɪеаɥɢɡɭеɦɨе ɬɢɪɢɫɬɨɪɧыɦ 
ɩɪеɨɛɪаɡɨваɬеɥеɦ. ɇɨ ɩɪɢ ɮаɡɨвɨɦ ɪеɝɭɥɢɪɨваɧɢɢ ɧа выхɨɞе ɩɪеɨɛɪаɡɨваɬеɥɹ 
ɩɨɥɭɱаеɬɫɹ ɧаɩɪɹɠеɧɢе ɩɥɨхɨɝɨ ɤаɱеɫɬва, ɩɪɢ ɤɨɬɨɪɨɦ ɩɭɫɤ хаɪаɤɬеɪɢɡɭеɬɫɹ 
ɧаɥɢɱɢеɦ ɩеɪехɨɞɧых ɩɪɨɰеɫɫɨв, ɤаɤ в эɥеɤɬɪɨɩɪɢвɨɞе, ɬаɤ ɢ в ɦехаɧɢɱеɫɤɨɣ 
ɱаɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ. ɉеɪехɨɞɧые ɩɪɨɰеɫɫы ɫɨɩɪɨвɨɠɞаɸɬɫɹ ɪеɡɤɢɦɢ ɢɡɦеɧеɧɢɹɦɢ 
ɪаɡɥɢɱɧых ɩаɪаɦеɬɪɨв ɫɨɫɬɨɹɧɢɹ вɨ вɪеɦеɧɢ, в ɬɨɦ ɱɢɫɥе ɢ ɭɫɢɥɢе. ɉɪɢ эɬɨɦ 
ɡɧаɱеɧɢе ɞаɧɧɨɣ ɩеɪеɦеɧɧɨɣ ɦɨɝɭɬ ɦеɧɹɬɶɫɹ в ɡɧаɱɢɬеɥɶɧɨɣ ɫɬеɩеɧɢ, выхɨɞɹ ɡа 
ɩɪеɞеɥы ɞɨɩɭɫɬɢɦых ɢɥɢ ɞаɠе ɤɪɢɬɢɱеɫɤɢх. ɉеɪеɝɪɭɡɤɢ ɩɪɢ ɩɭɫɤе ɦɨɝɭɬ ɩɪɢвеɫɬɢ 
ɤ ɨɩаɫɧɨɦɭ ɫɧɢɠеɧɢɸ ɡаɩаɫа ɩɪɨɱɧɨɫɬɢ ɩɪɢвɨɞа. ɉɨэɬɨɦɭ, аɧаɥɢɡɢɪɭɹ 
вышеɩеɪеɱɢɫɥеɧɧɨе, ɦɨɠɧɨ ɫɞеɥаɬɶ вывɨɞ ɱɬɨ ɩɪɨɛɥеɦа ɩɥавɧɨɝɨ ɩɭɫɤа ɨɱеɧɶ 
аɤɬɭаɥɶɧа ɧа ɫеɝɨɞɧɹшɧɢɣ ɞеɧɶ. Эɬɨ ɨɡɧаɱаеɬ, ɱɬɨ ɫɭɳеɫɬвɭеɬ ɧеɨɛхɨɞɢɦɨɫɬɶ в 
ɩɨɢɫɤе аɥɶɬеɪɧаɬɢвɧых ɫɪеɞɫɬв ɭɩɪавɥеɧɢɹ ɧаɩɪɹɠеɧɢеɦ ɩɢɬаɧɢɹ аɫɢɧхɪɨɧɧых 
ɞвɢɝаɬеɥеɣ (ȺȾ) ɫ ɤɨɪɨɬɤɨɡаɦɤɧɭɬыɦ ɪɨɬɨɪɨɦ. Ɉɞɧɨɣ ɢɡ ɬаɤɢх аɥɶɬеɪɧаɬɢв 
ɹвɥɹеɬɫɹ ɡаɦеɧа ɩɪɢɧɰɢɩа ɮаɡɨвɨɝɨ ɪеɝɭɥɢɪɨваɧɢɹ - шɢɪɨɬɧɨ-ɢɦɩɭɥɶɫɧыɦ 
ɪеɝɭɥɢɪɨваɧɢеɦ ɧаɩɪɹɠеɧɢɹ. ȼ ɫɨɨɬвеɬɫɬвɢɢ ɫ эɬɢɦ ɩɪɢɧɰɢɩɨɦ ɫɢɥɨвые ɤɥɸɱɢ 
ɦеɠɞɭ ɢɫɬɨɱɧɢɤɨɦ ɩɢɬаɧɢɹ ɢ ɧаɝɪɭɡɤɨɣ ɤɨɦɦɭɬɢɪɭɸɬɫɹ ɫ выɫɨɤɨɣ ɱаɫɬɨɬɨɣ ɧа 
ɩɪɨɬɹɠеɧɢɢ ɩеɪɢɨɞа ɧаɩɪɹɠеɧɢɹ ɩɢɬаɧɢɹ. ɍɩɪавɥɹеɦаɹ веɥɢɱɢɧа - ɞɥɢɬеɥɶɧɨɫɬɶ 
вɤɥɸɱеɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɫɢɥɨвɨɝɨ ɤɥɸɱа ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɡɧаɱеɧɢɢ ɧеɫɭɳеɣ 
ɱаɫɬɨɬы. ɋɪеɞɧее ɡɧаɱеɧɢе выхɨɞɧɨɝɨ ɧаɩɪɹɠеɧɢɹ ɡа ɩеɪɢɨɞ ɧеɫɭɳеɣ ɱаɫɬɨɬы 
ɨɩɪеɞеɥɹеɬɫɹ ɫɤваɠɧɨɫɬɶɸ ɢɦɩɭɥɶɫɨв ɭɩɪавɥеɧɢɹ ɫɢɥɨвыɦ ɤɥɸɱɨɦ, а ɬаɤɠе 
ɦɝɧɨвеɧɧыɦɢ ɡɧаɱеɧɢɹɦɢ ɧаɩɪɹɠеɧɢɹ ɩɢɬаɧɢɹ. Ɋеаɥɢɡаɰɢɹ эɬɨɝɨ ɫɩɨɫɨɛа 
вɨɡɦɨɠɧа ɩɪɢ ɢɫɩɨɥɶɡɨваɧɢɢ ɬɪаɧɡɢɫɬɨɪɨв ɫ ɢɡɨɥɢɪɨваɧɧыɦ ɡаɬвɨɪɨɦ (IGBT), 

ɤɨɬɨɪые хаɪаɤɬеɪɢɡɭɸɬɫɹ выɫɨɤɢɦɢ эɧеɪɝеɬɢɱеɫɤɢɦɢ ɢ ɞɢɧаɦɢɱеɫɤɢɦɢ 
ɩɨɤаɡаɬеɥɹɦɢ. 

ɋ ɬɨɱɤɢ ɡɪеɧɢɹ ɨɛеɫɩеɱеɧɢɹ ɬɪеɛɨваɧɢɣ, ɩɪеɞɴɹвɥɹеɦых ɤ ɩɪɢвɨɞɭ ɛɭɪɨвых 
ɭɫɬаɧɨвɨɤ, эɬɨɬ ɩɪɢвɨɞ ɢɦееɬ ɧеɞɨɫɬаɬɤɢ[3]. Ʉ ɧеɞɨɫɬаɬɤаɦ эɥеɤɬɪɨɩɪɢвɨɞа ɫ 
аɫɢɧхɪɨɧɧыɦ ɤɨɪɨɬɤɨɡаɦɤɧɭɬыɦ эɥеɤɬɪɨɞвɢɝаɬеɥеɦ ɫɥеɞɭеɬ ɨɬɧеɫɬɢ ɪеɡɤɨе 
ɭвеɥɢɱеɧɢе ɩɭɫɤɨвɨɝɨ ɦɨɦеɧɬа ɢ, ɫɥеɞɨваɬеɥɶɧɨ, вɨɡɦɨɠɧɨɫɬɶ ɩɨɹвɥеɧɢɹ выɫɨɤɢх 
ɧаɬɹɠеɧɢɣ в ɤɨɧвеɣеɪɧɨɣ ɥеɧɬе ɢ ɩɪɨɛɭɤɫɨвɤɢ ɧа ɩɪɢвɨɞɧых ɛаɪаɛаɧах. 

Ɂɧаɱɢɬеɥɶɧɨɝɨ ɭɥɭɱшеɧɢɹ ɪаɛɨɱɢх хаɪаɤɬеɪɢɫɬɢɤ эɥеɤɬɪɨɩɪɢвɨɞа ɞɨɫɬɢɝаɸɬ 
вɤɥɸɱеɧɢеɦ в ɫхеɦɭ ɩɪɢвɨɞа ɫɩеɰɢаɥɶɧых ɩɭɫɤɨвых ɭɫɬɪɨɣɫɬвμ 

1. ɉɭɫɤɨвые ɝɢɞɪɨɦɭɮɬы ɡаɦɤɧɭɬɨɝɨ ɬɢɩа, ɨɛеɫɩеɱɢваɸɳɢе ɩɥавɧыɣ ɩɭɫɤ ɢ 
ɧеɨɛхɨɞɢɦɨе ɪаɫɩɪеɞеɥеɧɢе ɧаɝɪɭɡɤɢ ɦеɠɞɭ ɞвɢɝаɬеɥɹɦɢ 
ɦɧɨɝɨɞвɢɝаɬеɥɶɧых ɩɪɢвɨɞɧых ɫɬаɧɰɢɣ. Ƚɢɞɪɨɦɭɮɬы ɢɦеɸɬ ɫеɪɶеɡɧые 
ɧеɞɨɫɬаɬɤɢ, ɬ.ɤ. ɦехаɧɢɱеɫɤаɹ хаɪаɤɬеɪɢɫɬɢɤа ɝɢɞɪɨɦɭɮɬы ɧе ɩɨɡвɨɥɹеɬ 
ɨɫɭɳеɫɬвɢɬɶ ɪаɡɝɨɧ ɬɹɝɨвɨɝɨ ɨɪɝаɧа ɫ ɧеɨɛхɨɞɢɦɨɣ ɢɧɬеɧɫɢвɧɨɫɬɶɸ; 
ɫɪаɛаɬываɧɢе ɡаɳɢɬы выɡываеɬ ɨɩаɫɧɨɫɬɶ ɞɥɹ ɨɛɫɥɭɠɢваɸɳеɝɨ 
ɩеɪɫɨɧаɥа ɢ ɩɪɨɫɬɨɣ ɤɨɧвеɣеɪа, ɨɛɭɫɥɨвɥеɧɧыɣ вɪеɦеɧеɦ ɧа ɩɨвɬɨɪɧɭɸ 
ɡаɥɢвɤɭ в ɧеё эɦɭɥɶɫɢɢ, ɭɫɬаɧɨвɤɭ ɧɨвɨɣ ɩɥавɤɨɣ ɩɪɨɛɤɢ; 

2. Эɥеɤɬɪɨɦаɝɧɢɬɧаɹ ɦɭɮɬа ɫɤɨɥɶɠеɧɢɹ. Ʉ ɧеɞɨɫɬаɬɤаɦ эɥеɤɬɪɨɦаɝɧɢɬɧых 
ɦɭɮɬ ɫɤɨɥɶɠеɧɢɹ ɨɬɧɨɫɢɬɫɹ ɫɥеɞɭɸɳееμ в ɩɪɨɰеɫɫе ɪаɡɝɨɧа вɢхɪевые 
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ɬɨɤɢ, вɨɡɧɢɤаɸɳɢе в ɹɤɨɪе ɦɭɮɬы, выɡываɸɬ ее ɫɢɥɶɧыɣ ɧаɝɪев, ɱɬɨ 
ɬɪеɛɭеɬ, ɨɫɨɛеɧɧɨ ɩɪɢ ɛɨɥɶшɨɣ ɦɨɳɧɨɫɬɢ ɩɪɢвɨɞа, ɞɨвɨɥɶɧɨ ɫɥɨɠɧɨɣ 
ɫɢɫɬеɦы ɨхɥаɠɞеɧɢɹ ɦɭɮɬы; ɢɧɞɭɤɬɨɪ, ɤ ɤɨɬɨɪɨɦɭ ɩɨɞвɨɞɢɬɫɹ 
ɩɨɫɬɨɹɧɧыɣ ɬɨɤ ɱеɪеɡ ɤɨɥɶɰа, ɞɨɥɠеɧ ɛыɬɶ вɨ вɡɪывɨɛеɡɨɩаɫɧɨɦ 
ɢɫɩɨɥɧеɧɢɢ, ɱɬɨɛы ɨɬвеɱаɬɶ ɭɫɥɨвɢɹɦ ɪаɛɨɬы вɨ вɡɪывɨɨɩаɫɧɨɣ 
аɬɦɨɫɮеɪе; эɥеɤɬɪɨɩɪɢвɨɞ ɫ эɥеɤɬɪɨɦаɝɧɢɬɧɨɣ ɦɭɮɬɨɣ ɫɤɨɥɶɠеɧɢɹ ɢ 
ɤɨɪɨɬɤɨɡаɦɤɧɭɬыɦ аɫɢɧхɪɨɧɧыɦ ɞвɢɝаɬеɥеɦ ɬɪеɛɭеɬ ɞва вɢɞа ɬɨɤа - 

ɩеɪеɦеɧɧɨɝɨ ɢ ɩɨɫɬɨɹɧɧɨɝɨ, ɱɬɨ ɬаɤɠе ɭɫɥɨɠɧɹеɬ ɫɢɫɬеɦɭ ɩɢɬаɧɢɹ 
ɩɪɢвɨɞа. ɉɨэɬɨɦɭ ɩɨ ɭɤаɡаɧɧыɦ ɩɪɢɱɢɧаɦ ɪаɛɨɬы в ɨɛɥаɫɬɢ ɫɨɡɞаɧɢɹ 
эɥеɤɬɪɨɦаɝɧɢɬɧых ɦɭɮɬ ɫɤɨɥɶɠеɧɢɹ ɞɥɹ ɛɭɪɨвых вышеɤ в ɧаɫɬɨɹɳее 
вɪеɦɹ ɧе ɩɨɥɭɱаɸɬ ɪаɡвɢɬɢɹ; 

3. Эɥеɤɬɪɨɞвɢɝаɬеɥɢ ɫ ɮаɡɧыɦ ɪɨɬɨɪɨɦ. Ɉɛеɫɩеɱеɧɢе ɩɥавɧɨɝɨ ɩɭɫɤа в 
ɬаɤɢх эɥеɤɬɪɨɩɪɢвɨɞах ɨɫɭɳеɫɬвɥɹеɬɫɹ ввеɞеɧɢеɦ ɫɨɩɪɨɬɢвɥеɧɢɹ в 
ɪɨɬɨɪɧɭɸ ɰеɩɶ эɥеɤɬɪɨɞвɢɝаɬеɥɹ. ȼ ɤаɱеɫɬве ɫɨɩɪɨɬɢвɥеɧɢɹ ɢɫɩɨɥɶɡɭɸɬ 
ɦеɬаɥɥɢɱеɫɤɢɣ ɫɬɭɩеɧɱаɬыɣ ɪеɨɫɬаɬ ɢɥɢ ɛеɫɫɬɭɩеɧɱаɬыɣ - ɠɢɞɤɨɫɬɧыɣ. 
ɀɢɞɤɨɫɬɧые ɪеɨɫɬаɬы выɩɭɫɤаɸɬɫɹ ɧа шɢɪɨɤɢɣ ɞɢаɩаɡɨɧ ɦɨɳɧɨɫɬеɣ ɢ 
ɢɡɝɨɬɨвɥɹɸɬɫɹ вɨ вɡɪывɨɛеɡɨɩаɫɧɨɦ ɢɫɩɨɥɧеɧɢɢ, ɱɬɨ ɩɨɡвɨɥɹеɬ 
ɢɫɩɨɥɶɡɨваɬɶ ɩɪɢвɨɞы эɬɨɝɨ ɬɢɩа в ɭɝɨɥɶɧых шахɬах. ɇе ɦеɧее шɢɪɨɤɨе 
ɪаɫɩɪɨɫɬɪаɧеɧɢе ɩɨɥɭɱɢɥ ɩɪɢвɨɞ ɫ эɥеɤɬɪɨɞвɢɝаɬеɥеɦ ɫ ɮаɡɨвыɦ ɪɨɬɨɪɨɦ 
ɢ ɦеɬаɥɥɢɱеɫɤɢɦ ɪеɨɫɬаɬɨɦ, вɤɥɸɱеɧɧыɦ в ɰеɩɶ ɪɨɬɨɪа. ȼвеɞеɧɢе 
ɫɨɩɪɨɬɢвɥеɧɢɣ ɨɫɭɳеɫɬвɥɹɸɬ ɩɪɢ ɩɨɦɨɳɢ эɥеɤɬɪɨɦаɝɧɢɬɧых 
ɤɨɧɬаɤɬɨɪɨв. ɋɭɳеɫɬвɭɸɬ ɬаɤɠе ɩɪɢвɨɞы ɫ ɞвɢɝаɬеɥɹɦɢ ɫ ɮаɡɨвыɦ 
ɪɨɬɨɪɨɦ, в ɰеɩɶ ɤɨɬɨɪɨɝɨ вɤɥɸɱеɧы ɧеɭɩɪавɥɹеɦые ɢɧɞɭɤɰɢɨɧɧые 
ɪеɨɫɬаɬы. ɉɪɢɦеɧеɧɢе ɞаɧɧɨɝɨ ɦеɬɨɞа ɢɦееɬ ɪɹɞ ɬаɤɢх ɧеɞɨɫɬаɬɤɨв, ɤаɤ 
ɢɡɧашɢваɧɢе ɤɨɧɬаɤɬɧых ɤɨɥеɰ, ɛɨɥɶшɢе ɩɨɬеɪɢ ɧа ɪеɝɭɥɢɪɨвɨɱɧɨɦ 
ɫɨɩɪɨɬɢвɥеɧɢɢ, ɭɦеɧɶшеɧɢе ɠеɫɬɤɨɫɬɢ хаɪаɤɬеɪɢɫɬɢɤ ɫ ɪɨɫɬɨɦ 
ɫɨɩɪɨɬɢвɥеɧɢɹ, ɛɨɥɶшаɹ ɫɬɨɢɦɨɫɬɶ ɨɬɧɨɫɢɬеɥɶɧɨ ɞвɢɝаɬеɥɹ ɫ ɄɁ ɪɨɬɨɪɨɦ; 

4. Эɥеɤɬɪɨɩɪɢвɨɞ ɩеɪеɦеɧɧɨɝɨ ɬɨɤа ɧа ɛаɡе аɫɢɧхɪɨɧɧɨɝɨ ɞвɢɝаɬеɥɹ ɫ 
ɮаɡɧыɦ ɪɨɬɨɪɨɦ ɩɨ ɫɢɫɬеɦе аɫɢɧхɪɨɧɧɨɝɨ веɧɬɢɥɶɧɨɝɨ ɤаɫɤаɞа (ȺȼɄ). 
ɇеɞɨɫɬаɬɤɢ ɞаɧɧɨɣ ɫхеɦы - ɞɨɪɨɝɨвɢɡɧа ɪеаɥɢɡаɰɢɢ ɢ ɫɨɩɭɬɫɬвɭɸɳɢе 
ɧеɞɨɫɬаɬɤɢ ɞвɢɝаɬеɥɹ ɫ ɮаɡɧыɦ ɪɨɬɨɪɨɦ; 

5. ɋхеɦа ɢɦɩɭɥɶɫɧɨɝɨ ɪеɝɭɥɢɪɨваɧɢɹ ɱаɫɬɨɬы вɪаɳеɧɢɹ аɫɢɧхɪɨɧɧɨɝɨ 
ɞвɢɝаɬеɥɹ ɫ ɮаɡɧыɦ ɪɨɬɨɪɨɦ. Ɋеɝɭɥɢɪɨваɧɢе ɠеɫɬɤɨɫɬɢ ɦехаɧɢɱеɫɤɨɣ 
хаɪаɤɬеɪɢɫɬɢɤɢ в ɞаɧɧɨɣ ɫхеɦе ɩɪɨɢɡвɨɞɢɬɫɹ ɢɡɦеɧеɧɢеɦ ɫɨɩɪɨɬɢвɥеɧɢɹ 
в ɰеɩɢ выɩɪɹɦɥеɧɧɨɝɨ ɬɨɤа ɢɦɩɭɥɶɫɧыɦ ɦеɬɨɞɨɦ. ȼ эɥеɤɬɪɨɩɪɢвɨɞе ɫ 
аɫɢɧхɪɨɧɧыɦ ɤɨɪɨɬɤɨɡаɦɤɧɭɬыɦ ɞвɢɝаɬеɥеɦ ɢɦɩɭɥɶɫɧɨе ɪеɝɭɥɢɪɨваɧɢе 
ɬɨɤа вɨɡɦɨɠɧɨ ɥɢшɶ в ɫɬаɬɨɪɧɨɣ ɰеɩɢ. ɂɦɩɭɥɶɫɧыɣ ɦеɬɨɞ ɭɩɪавɥеɧɢɹ 
аɫɢɧхɪɨɧɧыɦ ɞвɢɝаɬеɥеɦ ɹвɥɹеɬɫɹ ɧаɢɛɨɥее ɩɪɨɫɬыɦ ɢ ɥеɝɤɨ 
ɪеаɥɢɡɭеɦыɦ. Ɉɞɧаɤɨ эɬɨɬ ɦеɬɨɞ ɨɛɥаɞаеɬ ɪɹɞɨɦ ɫɭɳеɫɬвеɧɧых 
ɧеɞɨɫɬаɬɤɨв. ɉɪɢ ɬаɤɨɦ ɫɩɨɫɨɛе ɪеɝɭɥɢɪɨваɧɢɹ ɢɦееɬ ɦеɫɬɨ ɧеɩɪеɪывɧɨе 
ɩɪɨɬеɤаɧɢе ɩеɪехɨɞɧых ɩɪɨɰеɫɫɨв ɢ ɫвɹɡаɧɧɨе ɫ эɬɢɦ ɩɪɨɬеɤаɧɢе ɩɨ 
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ɨɛɦɨɬɤаɦ ɞвɢɝаɬеɥɹ ɫвɨɛɨɞɧых ɫɨɫɬавɥɹɸɳɢх ɩеɪехɨɞɧых ɬɨɤɨв, 
ɨɛɭɫɥɨвɥɢваɸɳɢх ɧаɝɪев ɞвɢɝаɬеɥɹ ɢ ɩɨɹвɥеɧɢе ɡɧаɤɨɩеɪеɦеɧɧых 
ɭɞаɪɧых ɦɨɦеɧɬɨв, ɭхɭɞшаɸɳɢх ɤаɱеɫɬвɨ ɩеɪехɨɞɧɨɝɨ ɩɪɨɰеɫɫа ɩɪɢ 
ɩɭɫɤе; 

6. ɑаɫɬɨɬɧɨе ɪеɝɭɥɢɪɨваɧɢе аɫɢɧхɪɨɧɧɨɝɨ ɞвɢɝаɬеɥɹ ɫ ɩɨɦɨɳɶɸ 
ɩɪеɨɛɪаɡɨваɬеɥɹ ɱаɫɬɨɬы (ɉɑ). ɉɑ ɨɛеɫɩеɱɢваеɬ ɩɥавɧɨе ɪеɝɭɥɢɪɨваɧɢе 
ɱаɫɬɨɬы в ɬɪеɛɭеɦɨɦ ɞɢаɩаɡɨɧе. Ɉɫɧɨвɧые ɧеɞɨɫɬаɬɤɢ ɉɑ - эɬɨ еɝɨ 

ɞɨɪɨɝɨвɢɡɧа ɢ ɛɨɥɶшɢе ɝаɛаɪɢɬы; 
7. ɉаɪаɦеɬɪɢɱеɫɤɢɣ ɦеɬɨɞ ɭɩɪавɥеɧɢɹ аɫɢɧхɪɨɧɧыɦ ɞвɢɝаɬеɥеɦ. ɉɪɢ ɬаɤɨɦ 

ɦеɬɨɞе вɨɡɞеɣɫɬвɭɸɬ ɧа веɥɢɱɢɧɭ ɩɪɢɥɨɠеɧɧɨɝɨ ɤ ɩɪɢвɨɞɧɨɦɭ ɞвɢɝаɬеɥɸ 
ɧаɩɪɹɠеɧɢɹ. Ɋеаɥɢɡɭеɬɫɹ ɩɪɢ ɩɭɫɤе ɞвɢɝаɬеɥɹ ɫ ɤɨɪɨɬɤɨɡаɦɤɧɭɬыɦ 
ɪɨɬɨɪɨɦ ɞвɭɦɹ ɨɫɧɨвɧыɦɢ ɦеɬɨɞаɦɢμ 

а) Ⱦеɬеɪɦɢɧɢɪɨваɧɧыɦ ɮаɡɢɪɨваɧɢеɦ, ɬ.е. ɩɨɨɱеɪеɞɧыɦ вɤɥɸɱеɧɢеɦ 
ɫɬаɬɨɪɧых ɨɛɦɨɬɨɤ ɞвɢɝаɬеɥɹ ɧа ɫеɬɶ в ɦɨɦеɧɬы вɪеɦеɧɢ, ɫɨɨɬвеɬɫɬвɭɸɳɢе 
ɨɩɪеɞеɥеɧɧɨɣ ɮаɡе ɩɢɬаɸɳеɝɨ ɧаɩɪɹɠеɧɢɹ, ɱɬɨ ɢɫɤɥɸɱаеɬ ɩɨɹвɥеɧɢе 
аɩеɪɢɨɞɢɱеɫɤɢх ɫɨɫɬавɥɹɸɳɢх ɩɭɫɤɨвɨɝɨ ɬɨɤа ɢ ɩɨɡвɨɥɹеɬ ɩɨɥɭɱɢɬɶ 
ɞɢɧаɦɢɱеɫɤɭɸ ɦехаɧɢɱеɫɤɭɸ хаɪаɤɬеɪɢɫɬɢɤɭ, ɛɥɢɡɤɭɸ ɤ ɫɬаɬɢɱеɫɤɨɣ. 

 ɛ) ɉɥавɧыɦ ɭвеɥɢɱеɧɢеɦ ɩɨ ɥɢɧеɣɧɨɦɭ ɢɥɢ эɤɫɩɨɧеɧɰɢаɥɶɧɨɦɭ ɡаɤɨɧɭ 
ɧаɩɪɹɠеɧɢɹ, ɩɨɞвɨɞɢɦɨɝɨ ɤ ɞвɢɝаɬеɥɸ. ɉɨɥɧɨе вɪеɦɹ ɧаɪаɫɬаɧɢɹ ɩɢɬаɸɳеɝɨ 
ɧаɩɪɹɠеɧɢɹ ɩɪɢ эɬɨɦ ɞɨɥɠɧɨ ɛыɬɶ ɧе ɦеɧее вɪеɦеɧɢ ɡаɬɭхаɧɢɹ аɩеɪɢɨɞɢɱеɫɤɨɣ 
ɫɨɫɬавɥɹɸɳеɣ ɬɨɤа. 

 

2 Ɉɛɡɨɪ ɢ ɚɧɚɥɢɡ ɫɢɫɬɟɦ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɢ ɫɬɪɭɤɬɭɪ ɭɩɪɚɜɥɟɧɢɹ 
ɷɥɟɤɬɪɨɩɪɢɜɨɞɚɦɢ 

 

Ⱦɥɹ ɨɛеɫɩеɱеɧɢɹ ɬɪеɛɨваɧɢɣ, ɩɪеɞɴɹвɥɹеɦых ɤ ɩɪɢвɨɞɭ ɧеɨɛхɨɞɢɦɨ 
ɩɪɨвеɫɬɢ аɧаɥɢɡ ɫɢɫɬеɦ ɭɩɪавɥеɧɢɹ эɥеɤɬɪɨɩɪɢвɨɞɨв. Ɋаɫɫɦɨɬɪɢɦ ɫɢɫɬеɦы 
эɥеɤɬɪɨɩɪɢвɨɞɨв ɧа ɛаɡе аɫɢɧхɪɨɧɧɨɝɨ ɞвɢɝаɬеɥɹ ɢ ɞвɢɝаɬеɥɹ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤа. 

Ⱥɫɢɧхɪɨɧɧыɣ эɥеɤɬɪɨɩɪɢвɨɞ ɧашеɥ ɩɪɢɦеɧеɧɢе ɩɨɱɬɢ вɨ вɫех ɨɛɥаɫɬɹх 
ɫɨвɪеɦеɧɧɨɣ ɩɪɨɦышɥеɧɧɨɫɬɢ, ɝɞе ɧе ɬɪеɛɭеɬɫɹ ɪеɝɭɥɢɪɨваɬɶ ɫɤɨɪɨɫɬɶ вɪаɳеɧɢɹ 
ваɥа ɞвɢɝаɬеɥɹ. ȼ ɫɢɥɭ ɫвɨеɣ ɩɪɨɫɬɨɬы ɢ ɧаɞеɠɧɨɫɬɢ ɧаɦɧɨɝɨ ɞешевɥе ɨɫɬаɥɶɧых 
ɬɢɩɨв ɩɪɢвɨɞɨв. Ɉɫɧɨвɧаɹ ɫɥɨɠɧɨɫɬɶ вɧеɞɪеɧɢɹ аɫɢɧхɪɨɧɧɨɝɨ эɥеɤɬɪɨɩɪɢвɨɞа 
ɡаɤɥɸɱаеɬɫɹ в ɧевɨɡɦɨɠɧɨɫɬɢ ɪеɝɭɥɢɪɨваɬɶ ɫɤɨɪɨɫɬɶ ваɥа в шɢɪɨɤɨɦ ɞɢаɩаɡɨɧе 
ɫɤɨɪɨɫɬеɣ в ɬех ɦехаɧɢɡɦах, ɝɞе эɬɨ ɧеɨɛхɨɞɢɦɨ. ɋɭɳеɫɬвɭеɬ ɬɪɢ ɫɩɨɫɨɛа 
ɪеɝɭɥɢɪɨваɧɢɹ ɫɤɨɪɨɫɬɢ ваɥа аɫɢɧхɪɨɧɧɨɝɨ ɞвɢɝаɬеɥɹ Д5, ɫ.560Ж: 

 ɢɡɦеɧеɧɢеɦ веɥɢɱɢɧы ɩɢɬаɸɳеɝɨ ɧаɩɪɹɠеɧɢɹ; 
 ввеɞеɧɢеɦ ɪеɝɭɥɢɪɨвɨɱɧых ɪеɨɫɬаɬɨв ɞɥɹ аɫɢɧхɪɨɧɧɨɝɨ ɞвɢɝаɬеɥɹ ɫ 

ɮаɡɧыɦ ɪɨɬɨɪɨɦ; 
 ɢɫɩɨɥɶɡɨваɧɢе ɩɪеɨɛɪаɡɨваɬеɥеɣ ɱаɫɬɨɬы (ɉɑ). 

ɉеɪвые ɞва ɫɩɨɫɨɛа ɧе ɭɞɨвɥеɬвɨɪɹɸɬ ɬɪеɛɨваɧɢɹɦ, ɩɪеɞɴɹвɥɹеɦыɦ ɤ 
эɥеɤɬɪɨɩɪɢвɨɞɭ ɦаɧевɪɨвых ɥеɛеɞɨɤ. ȼ ɧаɫɬɨɹɳее вɪеɦɹ шɢɪɨɤɨ вɧеɞɪɹеɬɫɹ 
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ɫɩɨɫɨɛ ɪеɝɭɥɢɪɨваɧɢɹ ɱаɫɬɨɬы вɪаɳеɧɢɹ ваɥа ɞвɢɝаɬеɥɹ, ɩɭɬеɦ ɢɡɦеɧеɧɢɹ ɱаɫɬɨɬы 
ɩɢɬаɸɳеɝɨ ɧаɩɪɹɠеɧɢɹ ɧа ɨɛɦɨɬɤах ɫɬаɬɨɪа ɦашɢɧы (ɫɢɫɬеɦа эɥеɤɬɪɨɩɪɢвɨɞа - 
ɉɑ-ȺȾ) [4]. Ⱦаɧɧаɹ ɫɢɫɬеɦа эɥеɤɬɪɨɩɪɢвɨɞа ɩɨɡвɨɥɹеɬ выɩɨɥɧɢɬɶ вɫе ɬɪеɛɨваɧɢɹ, 
ɩɪеɞɴɹвɥɹеɦые ɤ эɥеɤɬɪɨɩɪɢвɨɞɭ. ȼ ɫвɹɡɢ ɫ ɬеɦ, ɱɬɨ ɧеɬ ɧеɨɛхɨɞɢɦɨɫɬɢ 
ɩɨɞɞеɪɠɢваɬɶ ɫɤɨɪɨɫɬɶ ɧа ваɥɭ ɞвɢɝаɬеɥɹ ɫ ɛɨɥɶшɨɣ ɬɨɱɧɨɫɬɶɸ, вɨɡɦɨɠɧɨ 
ɩɪɢɦеɧеɧɢе ɉɑ ɫɨ ɫɤаɥɹɪɧыɦ ɡаɤɨɧɨɦ ɭɩɪавɥеɧɢɹ. 

Ⱦɥɹ ɨɛɨɫɧɨваɧɢɹ выɛɨɪа ɫɢɫɬеɦы эɥеɤɬɪɨɩɪɢвɨɞа ɩɪɨвеɞеɦ ɫɪавɧɢɬеɥɶɧыɣ 
аɧаɥɢɡ ɞвɭх ɫɢɫɬеɦ эɥеɤɬɪɨɩɪɢвɨɞɨв (ɉɑ-ȺȾ ɢ Ɍɉ-Ⱦ) ɩɨ ɪаɡɥɢɱɧыɦ ɤɪɢɬеɪɢɹɦμ 

1) ɉɨ ɤɨɧɫɬɪɭɤɬɢвɧɨɦɭ ɢɫɩɨɥɧеɧɢɸμ 
Ɍɉ-Ⱦμ ɤɨɧɫɬɪɭɤɰɢɹ ɞвɢɝаɬеɥɹ ɡɧаɱɢɬеɥɶɧɨ ɫɥɨɠɧее, ɛɨɥɶшɢɣ ɪаɫхɨɞ ɦеɞɢ, 

ɧеɨɛхɨɞɢɦɨ ɩɨɫɬɨɹɧɧɨ ɩɪɨɱɢɳаɬɶ ɤɨɥɥеɤɬɨɪ ɞвɢɝаɬеɥɹ, вɨɡɦɨɠеɧ ɤɪɭɝɨвɨɣ ɨɝɨɧɶ 
ɩɪɢ ɩеɪеɝɪɭɡɤах. Ʉаɤ ɫɥеɞɫɬвɢе ɛɨɥɶшɢе ɡаɬɪаɬы ɧа эɤɫɩɥɭаɬаɰɢɸ. 

ɉɑ-ȺȾμ ɥɢшеɧ вɫех ɩɪеɞыɞɭɳɢх ɧеɞɨɫɬаɬɤɨв, ɧɨ ɨɛɥаɞаеɬ ɛɨɥɶшɢɦ 
ɦɨɦеɧɬɨɦ ɩɪɢ ɪаɡɝɨɧе ɢ ɛɨɥее ɦɹɝɤɨɣ ɦехаɧɢɱеɫɤɨɣ хаɪаɤɬеɪɢɫɬɢɤɨɣ. 
ɋɭɳеɫɬвеɧɧыɣ ɧеɞɨɫɬаɬɨɤ - ɫɥɨɠɧɨɫɬɶ в ɭɩɪавɥеɧɢɢ. 

2) ɉɨ ɤɨэɮɮɢɰɢеɧɬɭ ɩɨɥеɡɧɨɝɨ ɞеɣɫɬвɢɹμ 
Ɍɉ-Ⱦμ ɤɨэɮɮɢɰɢеɧɬ ɩɨɥеɡɧɨɝɨ ɞеɣɫɬвɢɹμ 
выɩɪɹɦɢɬеɥɹ ɫɨɫɬавɢɬ 99,0мɨɫɬ  Д5, ɫ.663Ж 
ɞвɢɝаɬеɥɹ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤа 8450,ηДПТ   [6] 

ɩɪɢвɨɞа 837,0845,099,0  ÄÏÒìîñòïðèâîäà 
 

ɉɑ-ȺȾμ ɤɨэɮɮɢɰɢеɧɬ ɩɨɥеɡɧɨɝɨ ɞеɣɫɬвɢɹμ 

ɞвɭхɡвеɧɧɨɝɨ ɩɪеɨɛɪаɡɨваɬеɥɹ 985,0965,0 пɪɟɨɛɪ
 [11]  

аɫɢɧхɪɨɧɧɨɝɨ ɞвɢɝаɬеɥɹ 91,0АД
  ɩɪɢвɨɞа Д7, ɫ.277Ж 

  896,0878,091,0985,0965,0  АДпɪɟɨɛɪпɪиɜɨɞɚ 
 

3) ɉɨ вɥɢɹɧɢɸ ɧа ɩɢɬаɸɳɭɸ ɫеɬɶμ 
Ɍɉ-Ⱦμ в ɧаɱаɥе ɩɭɫɤа ɢɦееɬ ɦеɫɬɨ ɡɧаɱɢɬеɥɶɧыɣ ɪɨɫɬ ɪеаɤɬɢвɧɨɣ ɦɨɳɧɨɫɬɢ, 

ɤɨɬɨɪыɣ ɦɨɠеɬ ɩɪевышаɬɶ ɡɧаɱеɧɢɹ в 3-4 ɪаɡа ɛɨɥɶше ɦɨɳɧɨɫɬɢ ɞвɢɝаɬеɥɹ. ɉɪɢ 
ɫɬаɬɢɱеɫɤɨɣ ɪаɛɨɬе ɞвɢɝаɬеɥɶ вɧɨɫɢɬ ɢɫɤаɠеɧɢɹ в ɩɢɬаɸɳɭɸ ɫеɬɶ. Ʉɨэɮɮɢɰɢеɧɬ 
ɦɨɳɧɨɫɬɢ ɦеɧɶше 1 ɢ ɦɨɠеɬ ɞɨɫɬɢɝаɬɶ ɡɧаɱеɧɢɣ ɞɨ 0,2 [8]. 

ɉɑ-ȺȾμ ɇавɨɞɢɬ в ɩɢɬаɸɳеɣ ɫеɬɢ ɝаɪɦɨɧɢɤɢ. Ʉɨэɮɮɢɰɢеɧɬ ɦɨɳɧɨɫɬɢ ɨɤɨɥɨ 
еɞɢɧɢɰы. 

4) ɉɨ ɫɬɨɢɦɨɫɬɢ ɩɪɢвɨɞаμ 
ɋɬɨɢɦɨɫɬɶ ɧеɩɨɫɪеɞɫɬвеɧɧɨ ɫаɦɨɝɨ ɩɪеɨɛɪаɡɨваɬеɥɹ ɧаɩɪɹɠеɧɢɹ ɫеɬɢ, ɤаɤ в 

ɫɢɫɬеɦе Ɍɉ-Ⱦ, ɬаɤ ɢ в ɫɢɫɬеɦе ɉɑ-ȺȾ ɧахɨɞɢɬɫɹ в ɨɞɧɨɣ ɰеɧɨвɨɣ ɤаɬеɝɨɪɢɢ. Ⱦɥɹ 
ɫɪавɧеɧɢɹ ɫɢɫɬеɦ эɥеɤɬɪɨɩɪɢвɨɞɨв ɛɭɞеɦ ɢɫɩɨɥɶɡɨваɬɶ ɫɬɨɢɦɨɫɬɶ эɥеɤɬɪɢɱеɫɤɢх 
ɦашɢɧ. 

Ɋаɫɫɦɨɬɪɢɦ хаɪаɤɬеɪɢɫɬɢɤɢ ɨɫɧɨвɧых ɬɢɩɨв ɉɑ. 
а) ɇɉɑ - ɩɪеɞɧаɡɧаɱеɧ ɞɥɹ ɩɪеɨɛɪаɡɨваɧɢɹ выɫɨɤɨɣ ɱаɫɬɨɬы в ɧɢɡɤɭɸ ɢ 

ɫɨɫɬɨɢɬ ɢɡ 1κ ɬɢɪɢɫɬɨɪɨв, ɨɛɴеɞɢɧеɧɧых вɨ вɫɬɪеɱɧɨ-ɩаɪаɥɥеɥɶɧые ɝɪɭɩɩы 
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(ɪɢɫ.2.1). ȼ ɨɫɧɨве ɩɪеɨɛɪаɡɨваɬеɥɹ ɥеɠɢɬ ɬɪехɮаɡɧаɹ ɧɭɥеваɹ ɫхеɦа выɩɪɹɦɥеɧɢɹ; 
ɤаɠɞаɹ ɮаɡа ɩɪеɨɛɪаɡɨваɬеɥɹ ɫɨɫɬɨɢɬ ɢɡ ɞвɭх ɬаɤɢх вɫɬɪеɱɧɨ вɤɥɸɱеɧɧых 
выɩɪɹɦɢɬеɥеɣ.  

ɇɉɑ ɪаɡɥɢɱаɸɬ ɫ ɪаɡɞеɥɶɧыɦ ɢ ɫɨвɦеɫɬɧыɦ ɭɩɪавɥеɧɢеɦ.  
ɉɪɢ ɪаɡɞеɥɶɧɨɦ ɭɩɪавɥеɧɢɢ ɭɩɪавɥɹɸɳɢе ɢɦɩɭɥɶɫы ɞɨɥɠɧы ɩɨɞаваɬɶɫɹ ɧа 

ɬɢɪɢɫɬɨɪы ɨɞɧɨɣ ɢɡ веɧɬɢɥɶɧых ɝɪɭɩɩ в ɫɨɨɬвеɬɫɬвɢɢ ɫ ɧаɩɪавɥеɧɢеɦ ɬɨɤа в 
ɧаɝɪɭɡɤе. Ⱦɥɹ ɨɛеɫɩеɱеɧɢɹ ɪаɡɞеɥɶɧɨɣ ɪаɛɨɬы ɩɪɢɦеɧɹеɬɫɹ ɫɩеɰɢаɥɶɧɨе 
ɥɨɝɢɱеɫɤɨе ɭɫɬɪɨɣɫɬвɨ, ɢɫɤɥɸɱаɸɳее вɨɡɦɨɠɧɨɫɬɶ ɩɪɨхɨɠɞеɧɢɹ ɬɨɤа в ɨɞɧɨɣ 
ɝɪɭɩɩе в ɬɨ вɪеɦɹ, ɤɨɝɞа ɬɨɤ ɩɪɨхɨɞɢɬ в ɞɪɭɝɨɣ ɝɪɭɩɩе. 

ȼ ɩɪеɨɛɪаɡɨваɬеɥɹх ɫ ɫɨвɦеɫɬɧɨɣ ɪаɛɨɬɨɣ веɧɬɢɥɶɧых ɝɪɭɩɩ ɧеɨɛхɨɞɢɦɨ 
вɤɥɸɱеɧɢе ɞɨɩɨɥɧɢɬеɥɶɧых ɪеаɤɬɨɪɨв, ɨɝɪаɧɢɱɢваɸɳɢх ɭɪавɧɢɬеɥɶɧыɣ ɬɨɤ 
ɦеɠɞɭ веɧɬɢɥɹɦɢ ɤаɠɞɨɣ ɝɪɭɩɩы, а ɭɝɥы ɭɩɪавɥеɧɢɹ ɩɨɥɨɠɢɬеɥɶɧɨɣ ɢ 
ɨɬɪɢɰаɬеɥɶɧɨɣ ɝɪɭɩɩ ɢɡɦеɧɹɸɬɫɹ ɩɨ ɨɩɪеɞеɥеɧɧɨɦɭ ɡаɤɨɧɭ, ɢɫɤɥɸɱаɸɳеɦɭ 
ɩɨɹвɥеɧɢе ɩɨɫɬɨɹɧɧɨɣ ɫɨɫɬавɥɹɸɳеɣ ɭɪавɧɢɬеɥɶɧɨɝɨ ɬɨɤа. ɉɪеɨɛɪаɡɨваɬеɥɢ ɫ 
ɫɨвɦеɫɬɧыɦ ɭɩɪавɥеɧɢеɦ ɪаɛɨɬɨɣ веɧɬɢɥɶɧых ɝɪɭɩɩ ɨɛɥаɞаɸɬ ɛɨɥɶшɨɣ 
ɭɫɬаɧɨвɥеɧɧɨɣ ɦɨɳɧɨɫɬɶɸ ɫɢɥɨвых эɥеɦеɧɬɨв. 

 
Ɋɢɫɭɧɨɤ 2.1 - ɉɑ ɫ ɧеɩɨɫɪеɞɫɬвеɧɧɨɣ ɫвɹɡɶɸ 

 

Ⱦɥɹ ɩɨɥɭɱеɧɢɹ выхɨɞɧɨɝɨ ɧаɩɪɹɠеɧɢɹ, ɛɥɢɡɤɨɝɨ ɩɨ ɮɨɪɦе ɤ 
ɫɢɧɭɫɨɢɞаɥɶɧɨɦɭ, ɧеɨɛхɨɞɢɦɨ ɢɡɦеɧɹɬɶ ɭɝɨɥ вɤɥɸɱеɧɢɹ веɧɬɢɥеɣ ɬаɤɢɦ ɨɛɪаɡɨɦ, 
ɱɬɨɛы ɫɪеɞɧее ɡа ɩɨɥɭɩеɪɢɨɞ ɩɢɬаɸɳеɣ ɫеɬɢ ɡɧаɱеɧɢе ɧаɩɪɹɠеɧɢɹ ɢɡɦеɧɹɥɨɫɶ в 
ɬеɱеɧɢе ɩɨɥɭɩеɪɢɨɞа выхɨɞɧɨɝɨ ɧаɩɪɹɠеɧɢɹ ɩɨ ɫɢɧɭɫɨɢɞаɥɶɧɨɦɭ ɡаɤɨɧɭ. 
Ɋеɝɭɥɢɪɨваɧɢе ɱаɫɬɨɬы ɢ ɧаɩɪɹɠеɧɢɹ ɧа выхɨɞе ɩɪеɨɛɪаɡɨваɬеɥɹ ɞɨɫɬɢɝаеɬɫɹ 
ɢɡɦеɧеɧɢеɦ ɭɝɥа вɤɥɸɱеɧɢɹ веɧɬɢɥеɣ [11]. 

Ʉ ɞɨɫɬɨɢɧɫɬваɦ эɬɨɝɨ ɬɢɩа ɩɪеɨɛɪаɡɨваɬеɥеɣ ɦɨɠɧɨ ɨɬɧеɫɬɢμ  
1) ɨɞɧɨɤɪаɬɧɨе ɩɪеɨɛɪаɡɨваɧɢе эɧеɪɝɢɢ ɢ, ɫɥеɞɨваɬеɥɶɧɨ, выɫɨɤɢɣ ɄɉȾ 

(ɨɤɨɥɨ 0,λ7-0,98);  

2) вɨɡɦɨɠɧɨɫɬɶ ɧеɡавɢɫɢɦɨɝɨ ɪеɝɭɥɢɪɨваɧɢɹ аɦɩɥɢɬɭɞы ɧаɩɪɹɠеɧɢɹ ɧа 
выхɨɞе ɨɬ ɱаɫɬɨɬы;  

3) ɫвɨɛɨɞɧыɣ ɨɛɦеɧ ɪеаɤɬɢвɧɨɣ ɢ аɤɬɢвɧɨɣ эɧеɪɝɢеɣ ɢɡ ɫеɬɢ ɤ ɞвɢɝаɬеɥɸ ɢ 
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ɨɛɪаɬɧɨ  
4) ɨɬɫɭɬɫɬвɢе ɤɨɦɦɭɬɢɪɭɸɳɢх ɤɨɧɞеɧɫаɬɨɪɨв, ɬаɤ ɤаɤ ɤɨɦɦɭɬаɰɢɹ 

ɬɢɪɢɫɬɨɪɨв ɩɪɨɢɡвɨɞɢɬɫɹ еɫɬеɫɬвеɧɧыɦ ɩɭɬеɦ (ɧаɩɪɹɠеɧɢеɦ ɫеɬɢ). 
Ʉ ɧеɞɨɫɬаɬɤаɦ ɪаɫɫɦɨɬɪеɧɧɨɝɨ ɉɑ ɨɬɧɨɫɹɬɫɹμ  
1) ɨɝɪаɧɢɱеɧɧɨе ɪеɝɭɥɢɪɨваɧɢе выхɨɞɧɨɣ ɱаɫɬɨɬы (ɨɬ 0 ɞɨ 40 Σ ɱаɫɬɨɬы 

ɫеɬɢ); 
2) ɫɪавɧɢɬеɥɶɧɨ ɛɨɥɶшɨе ɱɢɫɥɨ ɫɢɥɨвых веɧɬɢɥеɣ ɢ ɫɥɨɠɧаɹ ɫхеɦа 

ɭɩɪавɥеɧɢɹ ɢɦɢ; 
3) ɧевыɫɨɤɢɣ ɤɨэɮɮɢɰɢеɧɬ ɦɨɳɧɨɫɬɢ - ɦаɤɫɢɦаɥɶɧɨе ɡɧаɱеɧɢе ɧа вхɨɞе 

ɩɪеɨɛɪаɡɨваɬеɥɹ ɨɤɨɥɨ 0,κ. 
ɛ) ɉɑ ɫɨ ɡвеɧɨɦ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤа 
ɇаɢɛɨɥее шɢɪɨɤɨе ɩɪɢɦеɧеɧɢе в ɫɨвɪеɦеɧɧых ɱаɫɬɨɬɧɨ ɪеɝɭɥɢɪɭеɦых 

ɩɪɢвɨɞах ɧахɨɞɹɬ ɩɪеɨɛɪаɡɨваɬеɥɢ ɫ ɹвɧɨ выɪаɠеɧɧыɦ ɡвеɧɨɦ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤа, 
ɩɪɢɧɰɢɩɢаɥɶɧаɹ ɫхеɦа ɤɨɬɨɪɨɝɨ ɩɪɢвеɞеɧа ɧа ɪɢɫ.2.2. ȼ ɩɪеɨɛɪаɡɨваɬеɥɹх эɬɨɝɨ 
ɤɥаɫɫа ɢɫɩɨɥɶɡɭеɬɫɹ ɞвɨɣɧɨе ɩɪеɨɛɪаɡɨваɧɢе эɥеɤɬɪɢɱеɫɤɨɣ эɧеɪɝɢɢμ вхɨɞɧɨе 
ɫɢɧɭɫɨɢɞаɥɶɧɨе ɧаɩɪɹɠеɧɢе ɫ ɩɨɫɬɨɹɧɧɨɣ аɦɩɥɢɬɭɞɨɣ ɢ ɱаɫɬɨɬɨɣ выɩɪɹɦɥɹеɬɫɹ в 
выɩɪɹɦɢɬеɥе (ɍȼ), ɮɢɥɶɬɪɭеɬɫɹ ɮɢɥɶɬɪɨɦ (C), ɫɝɥаɠɢваеɬɫɹ, К ɡаɬеɦ вɧɨвɶ 
ɩɪеɨɛɪаɡɭеɬɫɹ ɢɧвеɪɬɨɪɨɦ (ɂ) в ɩеɪеɦеɧɧɨе ɧаɩɪɹɠеɧɢе ɢɡɦеɧɹеɦɨɣ ɱаɫɬɨɬы ɢ 
аɦɩɥɢɬɭɞы. Ⱦвɨɣɧɨе ɩɪеɨɛɪаɡɨваɧɢе эɧеɪɝɢɢ ɩɪɢвɨɞɢɬ ɤ ɫɧɢɠеɧɢɸ ɄɉȾ ɢ ɤ 
ɧеɤɨɬɨɪɨɦɭ ɭхɭɞшеɧɢɸ ɦаɫɫɨɝаɛаɪɢɬɧых ɩɨɤаɡаɬеɥеɣ ɩɨ ɨɬɧɨшеɧɢɸ ɤ 
ɩɪеɨɛɪаɡɨваɬеɥɹɦ ɫ ɧеɩɨɫɪеɞɫɬвеɧɧɨɣ ɫвɹɡɶɸ. 

ɉɪеɨɛɪаɡɨваɬеɥɶ ɫ ɩɪɨɦеɠɭɬɨɱɧыɦ ɡвеɧɨɦ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤа ɩɨɡвɨɥɹеɬ 
ɪеɝɭɥɢɪɨваɬɶ ɱаɫɬɨɬɭ ɤаɤ ввеɪх, ɬаɤ ɢ вɧɢɡ ɨɬ ɱаɫɬɨɬы ɩɢɬаɸɳеɣ ɫеɬɢ; ɨɧ 
ɨɬɥɢɱаеɬɫɹ выɫɨɤɢɦ ɄɉȾ (ɨɤɨɥɨ 0,λ6), ɡɧаɱɢɬеɥɶɧыɦ ɛыɫɬɪɨɞеɣɫɬвɢеɦ, 
ɫɪавɧɢɬеɥɶɧɨ ɦаɥыɦɢ ɝаɛаɪɢɬаɦɢ ɢ ɧаɞеɠɧɨɫɬɶɸ. 
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Ɋɢɫɭɧɨɤ 2.2 - ɉɪɢɧɰɢɩɢаɥɶɧаɹ ɫхеɦа ɉɑ ɫɨ ɡвеɧɨɦ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤа 
 

ɋɎ - ɫеɬевɨɣ ɮɢɥɶɬɪ ɞɥɹ ɨɬɫеɱеɧɢɹ выɫшɢх ɝаɪɦɨɧɢɤ; ȼ - выɩɪɹɦɢɬеɥɶ, ɨɛыɱɧɨ ɧе 
ɪеɝɭɥɢɪɭеɦыɣ (в ɉɑ ɩеɪвɨɝɨ ɩɨɤɨɥеɧɢɹ) ɞɥɹ ɪеɝɭɥɢɪɨваɧɢɹ ɧаɩɪɹɠеɧɢɹ в ɡвеɧе 
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ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤа; Ⱦɇ ɢ ȾɌ - ɞаɬɱɢɤɢ ɧаɩɪɹɠеɧɢɹ ɢ ɬɨɤа; ɌɄ - ɬɨɪɦɨɡɧɢ ɤɥɸɱ; Ⱥɂ 
- авɬɨɧɨɦɧыɣ ɢɧвеɪɬɨɪ, ɨɛыɱɧɨ ШɂɆ; ɆɎ - ɦɨɬɨɪ-ɮɢɥɶɬɪ, ɭɦеɧɶшеɧɢе выɫшɢх 
ɝаɪɦɨɧɢɤ ɧа ɞвɢɝаɬеɥɶ; ɋɍ - ɫɢɫɬеɦа ɭɩɪавɥеɧɢɹ.  
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Ɋɢɫɭɧɨɤ 2.3 - ɉɪɢɧɰɢɩɢаɥɶɧаɹ ɫхеɦа Ⱥɂ 

 

ȼ ɤаɱеɫɬве ɡаɩɢɪаеɦых ɤɥɸɱɨɦ в Ⱥɂ ɦɨɝɭɬ ɢɫɩɨɥɶɡɨваɬɶɫɹ GTτ ɬɢɪɢɫɬɨɪы 
ɢɥɢ IGBT ɬɪаɧɡɢɫɬɨɪы.  

Ɍɢɪɢɫɬɨɪ ɹвɥɹеɬɫɹ ɩɨɥɭɭɩɪКвɥɹеɦыɦ ɩɪɢɛɨɪɨɦμ ɞɥɹ еɝɨ вɤɥɸɱеɧɢɹ 
ɞɨɫɬаɬɨɱɧɨ ɩɨɞаɬɶ ɤɨɪɨɬɤɢɣ ɢɦɩɭɥɶɫ ɧа ɭɩɪавɥɹɸɳɢɣ вывɨɞ, ɧɨ ɞɥɹ выɤɥɸɱеɧɢɹ 
ɧеɨɛхɨɞɢɦɨ ɥɢɛɨ ɩɪɢɥɨɠɢɬɶ ɤ ɧеɦɭ ɨɛɪаɬɧɨе ɧаɩɪɹɠеɧɢе, ɥɢɛɨ ɫɧɢɡɢɬɶ 
ɤɨɦɦɭɬɢɪɭеɦыɣ ɬɨɤ ɞɨ ɧɭɥɹ. Ⱦɥɹ эɬɨɝɨ в ɬɢɪɢɫɬɨɪɧыɦ ɩɪеɨɛɪаɡɨваɬеɥе ɱаɫɬɨɬы 
ɬɪеɛɭеɬɫɹ ɫɥɨɠɧаɹ ɢ ɝɪɨɦɨɡɞɤаɹ ɫɢɫɬеɦа ɭɩɪавɥеɧɢɹ. 

Ȼɢɩɨɥɹɪɧые ɬɪаɧɡɢɫɬɨɪы ɫ ɢɡɨɥɢɪɨваɧɧыɦ ɡаɬвɨɪɨɦ IGBT ɨɬɥɢɱаɸɬ ɨɬ 
ɬɢɪɢɫɬɨɪɨв ɩɨɥɧаɹ ɭɩɪавɥɹеɦɨɫɬɶ, ɩɪɨɫɬаɹ ɧеэɧеɪɝɨеɦɤаɹ ɫɢɫɬеɦа ɭɩɪавɥеɧɢɹ, 
ɫаɦаɹ выɫɨɤаɹ ɪаɛɨɱаɹ ɱаɫɬɨɬа. 

ȼɫɥеɞɫɬвɢе эɬɨɝɨ ɩɪеɨɛɪаɡɨваɬеɥɢ ɱаɫɬɨɬы ɧа IGBT ɩɨɡвɨɥɹɸɬ ɪаɫшɢɪɢɬɶ 
ɞɢаɩаɡɨɧ ɭɩɪавɥеɧɢɹ ɫɤɨɪɨɫɬɢ вɪаɳеɧɢɹ ɞвɢɝаɬеɥɹ, ɩɨвыɫɢɬɶ ɛыɫɬɪɨɞеɣɫɬвɢе 
ɩɪɢвɨɞа в ɰеɥɨɦ.  

ɉɪɢɦеɧеɧɢе IGBT ɫ ɛɨɥее выɫɨɤɨɣ ɱаɫɬɨɬɨɣ ɩеɪеɤɥɸɱеɧɢɹ в ɫɨвɨɤɭɩɧɨɫɬɢ ɫ 
ɦɢɤɪɨɩɪɨɰеɫɫɨɪɧɨɣ ɫɢɫɬеɦɨɣ ɭɩɪавɥеɧɢɹ в ɩɪеɨɛɪаɡɨваɬеɥɹх ɱаɫɬɨɬы ɫɧɢɠаеɬ 
ɭɪɨвеɧɶ выɫшɢх ɝаɪɦɨɧɢɤ, хаɪаɤɬеɪɧых ɞɥɹ ɬɢɪɢɫɬɨɪɧых ɩɪеɨɛɪаɡɨваɬеɥеɣ. Ʉаɤ 
ɫɥеɞɫɬвɢе - ɦеɧɶшɢе ɞɨɛавɨɱɧые ɩɨɬеɪɢ в ɨɛɦɨɬɤах ɢ ɦКɝɧɢɬɨɩɪɨвɨɞе 
эɥеɤɬɪɨɞвɢɝаɬеɥɹ, ɭɦеɧɶшеɧɢе ɧаɝɪева эɥеɤɬɪɢɱеɫɤɨɣ ɦашɢɧы, ɫɧɢɠеɧɢе 
ɩɭɥɶɫаɰɢɣ ɦɨɦеɧɬа ɢ ɢɫɤɥɸɱеɧɢе ɬаɤ ɧаɡываеɦɨɝɨ «шКɝКɧɢɹ» ɪɨɬɨɪа в ɨɛɥаɫɬɢ 
ɦаɥых ɱаɫɬɨɬ. ɋɧɢɠаɸɬɫɹ ɩɨɬеɪɢ в ɬɪаɧɫɮɨɪɦаɬɨɪах, ɤɨɧɞеɧɫаɬɨɪɧых ɛаɬаɪеɹх, 

ɭвеɥɢɱɢваеɬɫɹ ɢх ɫɪɨɤ ɫɥɭɠɛы ɢ ɢɡɨɥɹɰɢɢ ɩɪɨвɨɞɨв, ɭɦеɧɶшаɸɬɫɹ ɤɨɥɢɱеɫɬвɨ 
ɥɨɠɧых ɫɪаɛаɬываɧɢɣ ɭɫɬɪɨɣɫɬв ɡаɳɢɬы ɢ ɩɨɝɪешɧɨɫɬɢ ɢɧɞɭɤɰɢɨɧɧых 
ɢɡɦеɪɢɬеɥɶɧых ɩɪɢɛɨɪɨв.  

ɂɡɦеɧеɧɢеɦ ɩеɪɢɨɞа ɩɨɞаɱɢ ɭɩɪавɥɹɸɳɢх ɢɦɩɭɥɶɫɨв ɧа ɫɢɥɨвые ɤɥɸɱɢ 
ɞɨɫɬɢɝаеɬɫɹ ɢɡɦеɧеɧɢе ɱаɫɬɨɬы ɧаɩɪɹɠеɧɢɹ, ɩɨɞаваеɦɨɝɨ ɧа ɞвɢɝаɬеɥɶ. 
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Ɋɢɫɭɧɨɤ 2.4 - Ⱥɥɝɨɪɢɬɦ ɩɨɞаɱɢ ɢɦɩɭɥɶɫɨв ɧа ɬɪаɧɡɢɫɬɨɪы 

 

ɉɪɢ ɬаɤɨɦ аɥɝɨɪɢɬɦе в ɥɸɛɨɣ ɦɨɦеɧɬ вɪеɦеɧɢ ɪаɛɨɬаɸɬ ɬɪɢ ɫɢɥɨвых ɤɥɸɱа 
(VT1, VT4, VT6) 

Ⱦɥɹ ɪаɛɨɬы ɞвɢɝаɬеɥɹ ɧеɨɛхɨɞɢɦɨ ɫ ɢɡɦеɧеɧɢеɦ ɱаɫɬɨɬы ɢɡɦеɧɹɬɶ ɢ 
ɧаɩɪɹɠеɧɢе. Ⱦɥɹ эɬɨɝɨ еɝɨ ɢɡɦеɧɹɸɬ в ɡвеɧе ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤа ɥɢɛɨ ɢɫɩɨɥɶɡɭɸɬ 
ШɂɆ. ɉɪɢ выɛɨɪе ɫɨɨɬɧɨшеɧɢɣ ɦеɠɞɭ ɱаɫɬɨɬɨɣ ɢ ɧаɩɪɹɠеɧɢеɦ ɱаɳе вɫеɝɨ 
ɢɫхɨɞɹɬ ɢх ɭɫɥɨвɢɣ ɫɨхɪаɧеɧɢɹ ɩеɪеɝɪɭɡɨɱɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ. 

ȼыɛɨɪ ɩɪеɨɛɪаɡɨваɬеɥɹ ɱаɫɬɨɬы ɩɪɨɢɡвɨɞɹɬ ɢɫхɨɞɹ ɢɡ ɭɫɥɨвɢɣμ 
 

ɧпɱɜыɱ II 1. 
; ɧпɱɜыɯ UU 1. 

 

 

3 Ɋɚɫɱɟɬɧɚɹ ɱɚɫɬɶ 

3.1 ɋɨɫɬɚɜɥɟɧɢɟ ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɵ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɢ ɩɪɢɜɟɞɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ 

ɂɫхɨɞɧыɦɢ ɞаɧɧыɦɢ ɞɥɹ ɩɪавɢɥɶɧɨɝɨ ɪаɫɱеɬа ɦɨɳɧɨɫɬɢ ɢ выɛɨɪа ɬɢɩа 
эɥеɤɬɪɨɩɪɢвɨɞа ɹвɥɹɸɬɫɹ ɬехɧɨɥɨɝɢɱеɫɤɢе ɢ ɤɨɧɫɬɪɭɤɬɢвɧые ɬɪеɛɨваɧɢɹ, ɤɨɬɨɪые 
вɨɡɧɢɤаɸɬ в ɫвɹɡɢ ɫ эɮɮеɤɬɢвɧɨɫɬɶɸ ɢɫɩɨɥɶɡɨваɧɢɹ ɩɪɨɢɡвɨɞɫɬвеɧɧых 
ɦехаɧɢɡɦɨв. 

Ɉɞɧɢɦ ɢɡ ɨɫɧɨвɧых эɥеɦеɧɬɨв эɥеɤɬɪɨɩɪɢвɨɞа ɨɩɪеɞеɥɹɸɳɢɦ, в 
ɡɧаɱɢɬеɥɶɧɨɣ ɫɬеɩеɧɢ, еɝɨ ɬехɧɢɱеɫɤɢе ɢ эɤɨɧɨɦɢɱеɫɤɢе ɩɨɤаɡаɬеɥɢ ɹвɥɹеɬɫɹ 
эɥеɤɬɪɨɞвɢɝаɬеɥɶ. ɉɪɢɦеɧеɧɢе эɥеɤɬɪɨɞвɢɝаɬеɥɹ ɧеɞɨɫɬаɬɨɱɧɨɣ ɦɨɳɧɨɫɬɢ ɦɨɠеɬ 
выɡваɬɶ ɧаɪɭшеɧɢе в ɧɨɪɦаɥɶɧɨɣ ɪаɛɨɬе ɦехаɧɢɡɦа, ɩɨɧɢɠеɧɢе еɝɨ 
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ɩɪɨɢɡвɨɞɢɬеɥɶɧɨɫɬɢ, аваɪɢɸ ɢ выхɨɞ ɢɡ ɫɬɪɨɹ ɞвɢɝаɬеɥɹ. ɂɫɩɨɥɶɡɨваɧɢе ɞвɢɝаɬеɥɹ 
ɡавышеɧɧɨɣ ɦɨɳɧɨɫɬɢ ɩɪɢвеɞеɬ ɤ ɧеɨɩɪавɞаɧɧɨɦɭ ɭвеɥɢɱеɧɢɸ ɤаɩɢɬаɥɶɧых 
ɡаɬɪаɬ, ɫɧɢɠеɧɢɹ ɄɉȾ ɞвɢɝаɬеɥɹ. 

Ⱦвɢɝаɬеɥɢ ɫеɪɢɢ 4Ⱥ выɩɭɫɤаɥɢɫɶ в κ0-х ɝɨɞах ББ веɤа в ɦаɫɫɨвɨɦ 
ɤɨɥɢɱеɫɬве ɢ в ɧаɫɬɨɹɳее вɪеɦɹ эɤɫɩɥɭаɬɢɪɭɸɬɫɹ, ɩɪаɤɬɢɱеɫɤɢ ɧа вɫех 
ɩɪɨɦышɥеɧɧых ɩɪеɞɩɪɢɹɬɢɹх Ɋɨɫɫɢɢ. ɋеɪɢɹ ɨхваɬываеɬ ɞɢаɩаɡɨɧ ɦɨɳɧɨɫɬеɣ ɨɬ 
0,6 ɞɨ 400 ɤȼɬ ɢ ɩɨɫɬɪɨеɧа ɧа 17 ɫɬаɧɞаɪɬɧых выɫɨɬах ɨɫɢ вɪаɳеɧɢɹ ɨɬ 50 ɞɨ 355 
ɦɦ. ɋеɪɢɹ вɤɥɸɱаеɬ ɨɫɧɨвɧɨе ɢɫɩɨɥɧеɧɢе ɞвɢɝаɬеɥеɣ, ɪɹɞ ɦɨɞɢɮɢɤаɰɢɣ ɢ 
ɫɩеɰɢаɥɢɡɢɪɨваɧɧые ɢɫɩɨɥɧеɧɢɹ. Ⱦвɢɝаɬеɥɢ ɨɫɧɨвɧɨɝɨ ɢɫɩɨɥɧеɧɢɹ ɩɪеɞɧаɡɧаɱеɧы 
ɞɥɹ ɧɨɪɦаɥɶɧых ɭɫɥɨвɢɣ ɪаɛɨɬы ɢ ɹвɥɹɸɬɫɹ ɞвɢɝаɬеɥɹɦɢ ɨɛɳеɝɨ ɧаɡɧаɱеɧɢɹ [7, 

c.103]. Эɬɨ ɬɪехɮаɡɧые аɫɢɧхɪɨɧɧые ɞвɢɝаɬеɥɢ ɫ ɤɨɪɨɬɤɨɡаɦɤɧɭɬыɦ ɪɨɬɨɪɨɦ, 
ɪаɫɫɱɢɬаɧɧые ɧа ɱаɫɬɨɬɭ ɫеɬɢ 50 Ƚɰ. Ɉɧɢ ɢɦеɸɬ ɢɫɩɨɥɧеɧɢе ɩɨ ɫɬеɩеɧɢ ɡаɳɢɬы 
IP44 вɨ вɫеɦ ɞɢаɩаɡɨɧе выɫɨɬ ɨɫɢ вɪаɳеɧɢɹ ɢ IP23 в ɞɢаɩаɡɨɧе выɫɨɬ ɨɫеɣ 
вɪаɳеɧɢɹ 160…355 ɦɦ. 

Ɇɨɞɢɮɢɤаɰɢɢ ɢ ɫɩеɰɢаɥɢɡɢɪɨваɧɧые ɢɫɩɨɥɧеɧɢɹ ɞвɢɝаɬеɥеɣ ɩɨɫɬɪɨеɧы ɧа 
ɛаɡе ɨɫɧɨвɧɨɝɨ ɢɫɩɨɥɧеɧɢɹ ɢ ɢɦеɸɬ ɬе ɠе ɩɪɢɧɰɢɩɢаɥɶɧые ɤɨɧɫɬɪɭɤɬɢвɧые 
ɪешеɧɢɹ ɨɫɧɨвɧых эɥеɦеɧɬɨв. Ɍаɤɢе ɞвɢɝаɬеɥɢ выɩɭɫɤаɸɬɫɹ ɨɬɞеɥɶɧыɦɢ 
ɨɬɪеɡɤаɦɢ ɫеɪɢɢ ɧа ɨɩɪеɞеɥеɧɧые выɫɨɬы ɨɫɢ вɪаɳеɧɢɹ ɢ ɩɪеɞɧаɡɧаɱеɧы ɞɥɹ 
ɩɪɢɦеɧеɧɢɹ в ɤаɱеɫɬве ɩɪɢвɨɞɨв ɦехаɧɢɡɦɨв, ɩɪеɞɴɹвɥɹɸɳɢх ɫɩеɰɢɮɢɱеɫɤɢе 
ɬɪеɛɨваɧɢɹ ɤ ɞвɢɝаɬеɥɸ ɢɥɢ ɪаɛɨɬаɸɳɢх в ɭɫɥɨвɢɹх, ɨɬɥɢɱɧых ɨɬ ɧɨɪɦаɥɶɧых ɩɨ 
ɬеɦɩеɪаɬɭɪе ɢɥɢ ɱɢɫɬɨɬе ɨɤɪɭɠаɸɳеɣ ɫɪеɞы. 

Ʉ эɥеɤɬɪɢɱеɫɤɢɦ ɦɨɞɢɮɢɤаɰɢɹɦ ɞвɢɝаɬеɥеɣ ɫеɪɢɢ 4Ⱥ ɨɬɧɨɫɹɬɫɹ ɞвɢɝаɬеɥɢ ɫ 
ɩɨвышеɧɧыɦ ɧɨɦɢɧаɥɶɧыɦ ɫɤɨɥɶɠеɧɢеɦ, ɩɨвышеɧɧыɦ ɩɭɫɤɨвыɦ ɦɨɦеɧɬɨɦ, 
ɦɧɨɝɨɫɤɨɪɨɫɬɧые, ɱаɫɬɨɬɨɣ ɩɢɬаɧɢɹ 60 Ƚɰ. Ʉ ɤɨɧɫɬɪɭɤɬɢвɧыɦ ɦɨɞɢɮɢɤаɰɢɹɦ 
ɨɬɧɨɫɹɬɫɹ ɞвɢɝаɬеɥɢ ɫ ɮаɡɧыɦ ɪɨɬɨɪɨɦ, ɫɨ вɫɬɪɨеɧɧыɦ эɥеɤɬɪɨɦаɝɧɢɬɧыɦ 
ɬɨɪɦɨɡɨɦ, ɦаɥɨшɭɦɧые, ɫɨ вɫɬɪɨеɧɧɨɣ ɬеɦɩеɪаɬɭɪɧɨɣ ɡаɳɢɬɨɣ. 

ɉɨ ɭɫɥɨвɢɹɦ ɨɤɪɭɠаɸɳеɣ ɫɪеɞы ɪаɡɥɢɱаɸɬ ɦɨɞɢɮɢɤаɰɢɢ ɞвɢɝаɬеɥеɣ 
ɬɪɨɩɢɱеɫɤɨɝɨ ɢɫɩɨɥɧеɧɢɹ, вɥаɝɨɦɨɪɨɡɨɫɬɨɣɤɨɝɨ, хɢɦɨɫɬɨɣɤɨɝɨ, ɩыɥеɡаɳɢɳеɧɧые 
ɢ ɫеɥɶɫɤɨхɨɡɹɣɫɬвеɧɧые. 

Ȼɨɥɶшɢɧɫɬвɨ ɞвɢɝаɬеɥеɣ ɫеɪɢɢ 4Ⱥ ɢɦеɸɬ ɫɬеɩеɧɶ ɡаɳɢɬы IP44 ɢ выɩɭɳеɧɨ в 
ɤɨɧɫɬɪɭɤɬɢвɧɨɦ ɢɫɩɨɥɧеɧɢɢ, ɨɬɧɨɫɹɳеɦɫɹ ɤ ɝɪɭɩɩе IM1, ɬ. е. ɫ ɝɨɪɢɡɨɧɬаɥɶɧыɦ 
ваɥɨɦ, ɧа ɥаɩах, ɫ ɞвɭɦɹ ɩɨɞшɢɩɧɢɤɨвыɦɢ ɳɢɬаɦɢ. Ʉɨɪɩɭɫ ɞвɢɝаɬеɥеɣ выɩɨɥɧеɧ ɫ 
ɩɪɨɞɨɥɶɧыɦɢ ɪаɞɢаɥɶɧыɦɢ ɪеɛɪаɦɢ, ɭвеɥɢɱɢваɸɳɢɦɢ ɩɨвеɪхɧɨɫɬɶ ɨхɥаɠɞеɧɢɹ ɢ 
ɭɥɭɱшаɸɳɢɦɢ ɨɬвɨɞ ɬеɩɥа ɨɬ ɞвɢɝаɬеɥɹ в ɨɤɪɭɠаɸɳɢɣ вɨɡɞɭх. ɇа 
ɩɪɨɬɢвɨɩɨɥɨɠɧɨɦ ɨɬ ɪаɛɨɱеɝɨ ɤɨɧɰе ваɥа ɭɤɪеɩɥеɧ веɧɬɢɥɹɬɨɪ, ɩɪɨɝɨɧɹɸɳɢɣ 
ɨхɥаɠɞаɸɳɢɣ вɨɡɞɭх вɞɨɥɶ ɪеɛеɪ ɤɨɪɩɭɫа. ȼеɧɬɢɥɹɬɨɪ ɡаɤɪыɬ ɤɨɠɭхɨɦ ɫ 
ɨɬвеɪɫɬɢɹɦɢ ɞɥɹ ɩɪɨхɨɞа вɨɡɞɭха. 

Ɇаɝɧɢɬɨɩɪɨвɨɞ ɞвɢɝаɬеɥеɣ - шɢхɬɨваɧɧыɣ ɢɡ ɥɢɫɬɨв эɥеɤɬɪɨɬехɧɢɱеɫɤɨɣ 
ɫɬаɥɢ ɬɨɥɳɢɧɨɣ 0,5 ɦɦ, ɩɪɢɱеɦ ɞвɢɝаɬеɥеɣ ɫ С = 50…250 ɦɦ ɢɡ ɫɬаɥɢ ɦаɪɤɢ 2013, а 
ɞвɢɝаɬеɥеɣ ɫ С = 2κ0…355 ɦɦ - ɢɡ ɫɬаɥɢ ɦаɪɤɢ 2312 [7]. 

ȼɨ вɫех ɞвɢɝаɬеɥɹх ɫеɪɢɢ ɫ С <280 ɦɦ ɢ в ɞвɢɝаɬеɥɹх ɫ 2p = 10 ɢ 12 вɫех 
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выɫɨɬ ɨɫɢ вɪаɳеɧɢɹ ɨɛɦɨɬɤа ɫɬаɬɨɪа выɩɨɥɧеɧа ɢɡ ɤɪɭɝɥɨɝɨ ɩɪɨвɨɞа ɢ ɩаɡы 
ɫɬаɬɨɪа ɩɨɥɭɡаɤɪыɬые. ɉɪɢ С = 2κ0…355 ɦɦ, ɤɪɨɦе ɞвɢɝаɬеɥеɣ ɫ 2p = 10 ɢ 12, 
ɤаɬɭшɤɢ ɨɛɦɨɬɤɢ ɫɬаɬɨɪа ɧаɦɨɬаɧы ɩɪɹɦɨɭɝɨɥɶɧыɦ ɩɪɨвɨɞɨɦ, ɩɨɞɪаɡɞеɥеɧɧые ɢ 
ɩаɡы ɫɬаɬɨɪа ɩɨɥɭɨɬɤɪыɬые. 

Ʉɨɪɨɛɤа вывɨɞɨв ɪаɫɩɨɥɨɠеɧа ɫвеɪхɭ ɫɬаɧɢɧы, ɱɬɨ ɨɛɥеɝɱаеɬ ɦɨɧɬаɠɧые 
ɪаɛɨɬы ɩɪɢ ɫɨеɞɢɧеɧɢɢ ɞвɢɝаɬеɥɹ ɫ ɫеɬɶɸ.  

ɂɫхɨɞɧые ɞаɧɧые ɞɥɹ ɪаɫɱеɬа:  
1. ȼыɫɨɬа ɩɨɞɴёɦа ɩɨɞɡеɦа ɛɭɪɨвɨɣ ɤɨɥɨɧы, ɦ HpШН = 0 

2. ɍɝɨɥ ɩɨɞɴеɦа, ɝɪаɞ. β = 0  

3. ɉɪɨɢɡвɨɞɢɬеɥɶɧɨɫɬɶ, ɬ/ɱаɫ Q = 1500  

4. ɋɤɨɪɨɫɬɶ ɞвɢɠеɧɢɹ ɤɨɥɨɧы, ɦ/ɫ v = 3,15 

5. ȼеɫ вɪаɳаɸɳɢхɫɹ ɱаɫɬеɣ ɪɨɥɢɤɨɨɩɨɪы веɪхɧеɣ веɬвɢ, ɤɝ GB = 44 

6. ȼеɫ вɪаɳаɸɳɢхɫɹ ɱаɫɬеɣ ɪɨɥɢɤɨɨɩɨɪы ɧɢɠɧеɣ веɬвɢ, ɤɝ GH = 21 

7. Шаɝ ɭɫɬаɧɨвɤɢ ɪɨɥɢɤɨв ɧа веɪхɧеɣ веɬвɢ, ɦ LPB = 1,25 

8. Шаɝ ɭɫɬаɧɨвɤɢ ɪɨɥɢɤɨв ɧа ɧɢɠɧеɣ веɬвɢ, ɦ LPH = 2,5 

9. Ʉɨэɮɮɢɰɢеɧɬ ɭɱёɬа ɞɨɩɨɥɧɢɬеɥɶɧых ɫɨɩɪɨɬɢвɥеɧɢɣ KD = 1,05 

10. Ʉɨэɮɮɢɰɢеɧɬ ɫɨɩɪɨɬɢвɥеɧɢɹ ɞвɢɠеɧɢɸ ɩɨ ɪɨɥɢɤɨɨɩɨɪаɦ CCOP = 0,032 

11. Ɇɨɳɧɨɫɬɶ ɧа ɩеɪвɨɦ ɛаɪаɛаɧе, ɤȼɬ N1 = 250 

12. Ɇɨɳɧɨɫɬɶ ɧа вɬɨɪɨɦ ɛаɪаɛаɧе, ɤȼɬ N2 = 500 

13. ɍɝɨɥ ɨɛхваɬа ɩеɪвɨɝɨ ɛаɪаɛаɧа, ɝɪаɞ. α1 = 3,45  
14. ɍɝɨɥ ɨɛхваɬа вɬɨɪɨɝɨ ɛаɪаɛаɧа, ɝɪаɞ. α2 = 3,45 

15. Ʉɨэɮɮɢɰɢеɧɬ ɫɰеɩɥеɧɢɹ  µ1 = 0,25 

16. Ʉɨэɮɮɢɰɢеɧɬ ɡаɩаɫа n = 8 

17. Ʉɨэɮɮɢɰɢеɧɬ ɞɢɧаɦɢɱɧɨɫɬɢ KȾ = 0,κ5 

18. Ʉɪаɬɧɨɫɬɶ ɩɭɫɤɨвɨɝɨ ɦɨɦеɧɬа Kɉ = 1,4 

19. Ʉɨэɮɮɢɰɢеɧɬ ɭɝɥа ɭɫɬаɧɨвɤɢ K1 = 1,1 

20. Ʉɨэɮɮɢɰɢеɧɬ ɫɧɢɠеɧɢɹ ɩɪɨɢɡвɨɞɢɬеɥɶɧɨɫɬɢ Kβ = 0,κ5 

 

 
Ɋɢɫɭɧɨɤ 3.1.1 - Ʉɢɧеɦаɬɢɱеɫɤаɹ ɫхеɦа 
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3.2 ȼɵɩɨɥɧɟɧɢɟ ɭɩɪɨɳɟɧɢɣ 

 

Ɏаɡы ɪɨɬɨɪɧɨɣ ɨɛɦɨɬɤɢ ɫɨеɞɢɧɹɸɬɫɹ в ɡвеɡɞɭ ɢ ɪеɠе в ɬɪеɭɝɨɥɶɧɢɤ ɢ 
ɩɨɞвɨɞɹɬɫɹ ɤ ɬɪеɦ ɤɨɧɬаɤɬɧыɦ ɤɨɥɶɰаɦ, ɪаɫɩɨɥɨɠеɧɧыɦ ɧа ваɥɭ ɞвɢɝаɬеɥɹ ɢ 
ɢɡɨɥɢɪɨваɧɧыɦ ɞɪɭɝ ɨɬ ɞɪɭɝа. ȼ ɰеɩɶ ɨɛɦɨɬɤɢ ɮаɡɧɨɝɨ ɪɨɬɨɪа ɫ ɩɨɦɨɳɶɸ 
ɤɨɧɬаɤɬɧых ɤɨɥеɰ ɢ ɫɨɩɪɢɤаɫаɸɳɢхɫɹ ɫ ɧɢɦɢ ɳеɬɨɤ ɦɨɠɧɨ ввɨɞɢɬɶ ɞɨɛавɨɱɧые 
ɫɨɩɪɨɬɢвɥеɧɢɹ ɢɥɢ э. ɞ. ɫ. Эɬɨ ɢɫɩɨɥɶɡɭеɬɫɹ ɩɪɢ ɧеɨɛхɨɞɢɦɨɫɬɢ ɢɡɦеɧеɧɢɹ 
ɪаɛɨɱɢх ɢɥɢ ɩɭɫɤɨвых хаɪаɤɬеɪɢɫɬɢɤ ɞвɢɝаɬеɥеɣ. Ʉɪɨɦе ɬɨɝɨ, ɫ ɩɨɦɨɳɶɸ 
ɤɨɧɬаɤɬɧых ɤɨɥеɰ ɢ ɳеɬɨɤ ɦɨɠɧɨ ɡаɦыɤаɬɶ ɨɛɦɨɬɤɭ ɪɨɬɨɪа ɧаɤɨɪɨɬɤɨ. Ⱦɥɹ 
ɭɦеɧɶшеɧɢɹ ɢɡɧɨɫа ɳеɬɨɤ в ɪɹɞе ɤɨɧɫɬɪɭɤɰɢɣ аɫɢɧхɪɨɧɧых ɞвɢɝаɬеɥеɣ ɢɦеɸɬɫɹ 
ɫɩеɰɢаɥɶɧые ɳеɬɤɨɩɨɞɴеɦɧые ɩɪɢɫɩɨɫɨɛɥеɧɢɹ. ɋ ɩɨɦɨɳɶɸ эɬɢх ɭɫɬɪɨɣɫɬв ɩɨ 
ɨɤɨɧɱаɧɢɢ ɩɭɫɤа ɞвɢɝаɬеɥɹ ɤɨɧɬаɤɬɧые ɤɨɥɶɰа ɡаɦыɤаɸɬɫɹ ɧаɤɨɪɨɬɤɨ ɢ ɨɛɪаɡɭɸɬ 
ɤɨɪɨɬɤɨɡаɦɤɧɭɬыɣ ɪɨɬɨɪ, а ɳеɬɤɢ ɩɪɢɩɨɞɧɢɦаɸɬɫɹ ɢ ɧе ɭɱаɫɬвɭɸɬ в ɪаɛɨɬе [10]. 

Ɇеɠɞɭ ɪɨɬɨɪɨɦ ɢ ɫɬаɬɨɪɨɦ аɫɢɧхɪɨɧɧых ɞвɢɝаɬеɥеɣ ɢɦееɬɫɹ вɨɡɞɭшɧыɣ 
ɡаɡɨɪ. ȼеɥɢɱɢɧа еɝɨ ɫɨɫɬавɥɹеɬ ɤаɤ ɩɪавɢɥɨ 0,25-0,35 ɦɦ. Ɉɧ ɩɪɨеɤɬɢɪɭеɬɫɹ ɤаɤ 
ɦɢɧɢɦаɥɶɧыɣ, ɞɨɩɭɫɤаеɦыɣ ɩɨ ɦехаɧɢɱеɫɤɢɦ ɫɨɨɛɪаɠеɧɢɹɦ ɩɪɢ ɢɡɝɨɬɨвɥеɧɢɢ. 
Эɬɨ ɨɛɭɫɥɨвɥɢваеɬɫɹ ɬеɦ, ɱɬɨ ɪɨɬɨɪ ɢɦееɬ ɧеɩɨɫɪеɞɫɬвеɧɧɭɸ ɫвɹɡɶ ɫɨ ɫɬаɬɨɪɨɦ 
ɱеɪеɡ ɦаɝɧɢɬɧыɣ ɩɨɬɨɤ, ɫɨɡɞаваеɦыɣ ɫɬаɬɨɪɨɦ. ɑеɦ ɦеɧɶше вɨɡɞɭшɧыɣ ɡаɡɨɪ 
ɦеɠɞɭ ɧɢɦɢ, ɬеɦ эɮɮеɤɬɢвɧее эɬа ɫвɹɡɶ ɢ ɬеɦ ɛɨɥее эɤɨɧɨɦɢɱɧыɦ ɩɨɥɭɱаеɬɫɹ 
аɫɢɧхɪɨɧɧыɣ ɞвɢɝаɬеɥɶ. 

ȼ ɩаɡах ɫеɪɞеɱɧɢɤа ɫɬаɬɨɪа ɪаɡɦеɳаеɬɫɹ ɦɧɨɝɨɮаɡɧаɹ ɨɛɦɨɬɤа, ɤɨɬɨɪаɹ 
ɩɨɞɫɨеɞɢɧɹеɬɫɹ ɤ ɫеɬɢ ɩеɪеɦеɧɧɨɝɨ ɬɨɤа. Ɇɧɨɝɨɮаɡɧые ɫɢɦɦеɬɪɢɱɧые ɨɛɦɨɬɤɢ ɫ 
ɱɢɫɥɨɦ ɮаɡ ɬ вɤɥɸɱаɸɬ в ɫеɛɹ ɬ ɮаɡɧых ɨɛɦɨɬɨɤ, ɤɨɬɨɪые ɫɨеɞɢɧɹɸɬɫɹ в ɡвеɡɞɭ 
ɢɥɢ ɦɧɨɝɨɭɝɨɥɶɧɢɤ. Ɍаɤ, ɧаɩɪɢɦеɪ, в ɫɥɭɱае ɬɪехɮаɡɧɨɣ ɨɛɦɨɬɤɢ ɫɬаɬɨɪа ɱɢɫɥɨ 
ɮаɡ ɬ=3 ɢ ɨɛɦɨɬɤɢ ɦɨɝɭɬ ɫɨеɞɢɧɹɬɶɫɹ в ɡвеɡɞɭ ɢɥɢ ɬɪеɭɝɨɥɶɧɢɤ. Ɇеɠɞɭ ɫɨɛɨɣ 
ɨɛɦɨɬɤɢ ɮаɡ ɫɦеɳеɧы ɧа ɭɝɨɥ 360/ɬ ɝɪаɞ; ɞɥɹ ɬɪехɮаɡɧɨɣ ɨɛɦɨɬɤɢ эɬɨɬ ɭɝɨɥ ɪавеɧ 
120°. 

Ɉɛɦɨɬɤɢ ɮаɡ выɩɨɥɧɹɸɬɫɹ ɢɡ ɨɬɞеɥɶɧых ɤаɬɭшеɤ, ɫɨеɞɢɧеɧɧых 
ɩɨɫɥеɞɨваɬеɥɶɧɨ, ɩаɪаɥɥеɥɶɧɨ ɥɢɛɨ ɩɨɫɥеɞɨваɬеɥɶɧɨ-ɩаɪаɥɥеɥɶɧɨ. ȼ ɞаɧɧɨɦ 
ɫɥɭɱае ɩɨɞ ɤаɬɭшɤɨɣ ɩɨɞɪаɡɭɦеваɸɬɫɹ ɧеɫɤɨɥɶɤɨ ɩɨɫɥеɞɨваɬеɥɶɧɨ ɫɨеɞɢɧеɧɧых 
вɢɬɤɨв ɨɛɦɨɬɤɢ ɫɬаɬɨɪа, ɪаɡɦеɳеɧɧых в ɨɞɧɢх ɢ ɬех ɠе ɩаɡах ɢ ɢɦеɸɳɢх ɨɛɳɭɸ 
ɢɡɨɥɹɰɢɸ ɨɬɧɨɫɢɬеɥɶɧɨ ɫɬеɧɨɤ ɩаɡа. ȼ ɫвɨɸ ɨɱеɪеɞɶ вɢɬɤɨɦ ɫɱɢɬаɸɬɫɹ ɞва 
аɤɬɢвɧых (ɬ. е. ɪаɫɩɨɥɨɠеɧɧых в ɫаɦɨɦ ɫеɪɞеɱɧɢɤе ɫɬаɬɨɪа) ɩɪɨвɨɞɧɢɤа, 
ɭɥɨɠеɧɧых в ɞвɭх ɩаɡах ɩɨɞ ɫɨɫеɞɧɢɦɢ ɪаɡɧɨɢɦеɧɧыɦɢ ɩɨɥɸɫаɦɢ ɢ ɫɨеɞɢɧеɧɧых 
ɞɪɭɝ ɫ ɞɪɭɝɨɦ ɩɨɫɥеɞɨваɬеɥɶɧɨ. ɉɪɨвɨɞɧɢɤɢ, ɪаɫɩɨɥɨɠеɧɧые вɧе ɫеɪɞеɱɧɢɤа 
ɫɬаɬɨɪа ɢ ɫɨеɞɢɧɹɸɳɢе аɤɬɢвɧые ɩɪɨвɨɞɧɢɤɢ ɦеɠɞɭ ɫɨɛɨɣ, ɧаɡываɸɬɫɹ ɥɨɛɨвыɦɢ 
ɱаɫɬɹɦɢ ɨɛɦɨɬɤɢ. ɉɪɹɦɨɥɢɧеɣɧые ɱаɫɬɢ ɤаɬɭшеɤ ɨɛɦɨɬɨɤ, ɭɥɨɠеɧɧые в ɩаɡы, 
ɧаɡываɸɬɫɹ ɫɬɨɪɨɧаɦɢ ɤаɬɭшеɤ ɢɥɢ ɩаɡɨвыɦɢ ɱаɫɬɹɦɢ. 

ɉаɡы ɫɬаɬɨɪа, в ɤɨɬɨɪые ɭɤɥаɞываɸɬɫɹ ɨɛɦɨɬɤɢ, ɨɛɪаɡɭɸɬ ɧа вɧɭɬɪеɧɧеɣ 
ɫɬɨɪɨɧе ɫɬаɬɨɪа ɬаɤ ɧаɡываеɦые ɡɭɛɰы. Ɋаɫɫɬɨɹɧɢе ɦеɠɞɭ ɰеɧɬɪаɦɢ ɞвɭх ɫɨɫеɞɧɢх 
ɡɭɛɰɨв ɫеɪɞеɱɧɢɤа ɫɬаɬɨɪа, ɢɡɦеɪеɧɧɨе ɩɨ еɝɨ ɩɨвеɪхɧɨɫɬɢ, ɨɛɪаɳеɧɧɨɣ ɤ 
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вɨɡɞɭшɧɨɦɭ ɡаɡɨɪɭ, ɧаɡываеɬɫɹ ɡɭɛɰɨвыɦ ɞеɥеɧɢеɦ ɢɥɢ ɩаɡɨвыɦ ɞеɥеɧɢеɦ. 
Ʉаɬɭшɤɢ ɨɛɦɨɬɨɤ ɫɬаɬɨɪа хаɪаɤɬеɪɢɡɭɸɬɫɹ ɨɩɪеɞеɥеɧɧыɦ ɱɢɫɥɨɦ вɢɬɤɨв а1 

ɢ шаɝɨв в1. Шаɝ ɤаɬɭшɤɢ ɨɩɪеɞеɥɹеɬɫɹ ɱɢɫɥɨɦ ɡɭɛɰɨвых ɞеɥеɧɢɣ, ɡаɤɥɸɱеɧɧых 
ɦеɠɞɭ ɰеɧɬɪаɦɢ ɩаɡɨв, в ɤɨɬɨɪые ɭɤɥаɞываɸɬɫɹ ɩɪɨвɨɞɧɢɤɢ ɤаɬɭшеɤ. Шаɝ 
ɤаɬɭшɤɢ ɫɱɢɬаеɬɫɹ ɩɨɥɧыɦ - ɞɢаɦеɬɪаɥɶɧыɦ, еɫɥɢ ɨɧ ɪавеɧ ɩɨɥɸɫɧɨɦɭ ɞеɥеɧɢɸ, ɬ. 
е. в1 = Ĳ1 = Г1/2p. ȿɫɥɢ шаɝ ɦеɧɶше ɩɨɥɸɫɧɨɝɨ ɞеɥеɧɢɹ, ɬɨ ɨɧ ɧɨɫɢɬ ɧаɡваɧɢе 
ɭɤɨɪɨɱеɧɧɨɝɨ. ɉɨɞ ɩɨɥɸɫɧыɦ ɞеɥеɧɢеɦ Ĳ1 (ɫɦ) ɩɨɧɢɦаеɬɫɹ ɞɥɢɧа ɨɤɪɭɠɧɨɫɬɢ 
ɪаɫɬɨɱɤɢ ɫеɪɞеɱɧɢɤа ɫɬаɬɨɪа, ɩɪɢхɨɞɹɳаɹɫɹ ɧа ɨɞɢɧ ɩɨɥɸɫ еɝɨ ɦаɝɧɢɬɧɨɝɨ ɩɨɥɹ. 
ȼеɥɢɱɢɧа ɩɨɥɸɫɧɨɝɨ ɞеɥеɧɢɹ ɦɨɠеɬ ɛыɬɶ ɧаɣɞеɧа ɩɨ ɮɨɪɦɭɥе: 

 

 

                                                      (1) 

ɝɞе     D - ɞɢаɦеɬɪ ɪаɫɬɨɱɤɢ ɫɬаɬɨɪа, ɫɦ;  
2ɪ - ɱɢɫɥɨ ɩɨɥɸɫɨв ɨɛɦɨɬɤɢ ɫɬаɬɨɪа. 
ɉɨɥɸɫɧɨе ɞеɥеɧɢе ɦɨɠеɬ ɛыɬɶ ɬаɤɠе выɪаɠеɧɨ ɱɢɫɥɨɦ ɩаɡɨвых ɞеɥеɧɢɣ, 

ɡаɤɥɸɱеɧɧых ɦеɠɞɭ ɨɫɹɦɢ ɫɨɫеɞɧɢх ɩɨɥɸɫɨв. 
ɐеɧɬɪаɥɶɧыɣ ɭɝɨɥ, ɫɨɨɬвеɬɫɬвɭɸɳɢɣ ɩɨɥɸɫɧɨɦɭ ɞеɥеɧɢɸ, ɫɨɫɬавɥɹеɬ в 

ɞвɭхɩɨɥɸɫɧɨɦ эɥеɤɬɪɨɞвɢɝаɬеɥе 1κ0, в ɱеɬыɪехɩɨɥɸɫɧɨɦ λ0, в шеɫɬɢɩɨɥɸɫɧɨɦ 
60° ɢ ɬ. ɞ. ɉɪɢɧɹɬɨ ɫɱɢɬаɬɶ ɭɝɨɥ, ɫɨɨɬвеɬɫɬвɭɸɳɢɣ ɩɨɥɸɫɧɨɦɭ ɞеɥеɧɢɸ, ɪавɧыɦ 
1κ0 эɥ. ɝɪаɞ. Ɍɨɝɞа ɱɢɫɥɨ эɥеɤɬɪɢɱеɫɤɢх ɝɪаɞɭɫɨв в ɨɤɪɭɠɧɨɫɬɢ ɪаɫɬɨɱɤɢ ɞɥɹ 
ɞвɢɝаɬеɥɹ, ɢɦеɸɳеɝɨ 2ɪ ɩɨɥɸɫɨв, ɫɨɫɬавɢɬ 1κ0∙2ɪ. 

Ʉаɬɭшɤа ɫ ɭɤɨɪɨɱеɧɧыɦ шаɝɨɦ ɦɨɠеɬ хаɪаɤɬеɪɢɡɨваɬɶɫɹ ɧеɤɨɬɨɪыɦ 
ɤɨэɮɮɢɰɢеɧɬɨɦ ɭɤɨɪɨɱеɧɢɹ, ɤɨɬɨɪыɣ выɪаɠаеɬɫɹ ɨɬɧɨшеɧɢеɦ шаɝа ɤаɬɭшɤɢ в1 ɤ 
веɥɢɱɢɧе ɩɨɥɸɫɧɨɝɨ ɞеɥеɧɢɹ Ĳ1, ɬ. е.: 

 

 

                                                          (2) 

ɍɤɨɪɨɱеɧɢе шаɝа ɩɪɢвɨɞɢɬ ɤ ɫɧɢɠеɧɢɸ э. ɞ. ɫ, ɢɧɞɭɤɬɢɪɭеɦɨɣ в ɤаɬɭшɤе, ɬаɤ 
ɤаɤ ɩɪɢ эɬɨɦ ɨɛе ɫɬɨɪɨɧы вɢɬɤа ɧе ɧахɨɞɹɬɫɹ ɨɞɧɨвɪеɦеɧɧɨ ɩɨɞ ɰеɧɬɪаɦɢ 
ɫɨɫеɞɧɢх ɪаɡɧɨɢɦеɧɧых ɩɨɥɸɫɨв. Ɉɞɧаɤɨ ɬаɤɢе ɢɫɩɨɥɧеɧɢɹ ɤаɬɭшеɤ ɢɦеɸɬ ɢ ɪɹɞ 
ɩɨɥɨɠɢɬеɥɶɧых ɫɬɨɪɨɧμ эɤɨɧɨɦɢɹ ɦеɞɢ ɡа ɫɱеɬ ɥɨɛɨвых ɱаɫɬеɣ, ɨɛɥеɝɱеɧɢе 
ɭɤɥаɞɤɢ ɤаɬɭшеɤ в ɩаɡы ɫɬаɬɨɪа. Ʉɪɨɦе ɬɨɝɨ, ɩɪɢ эɬɨɦ ɭɥɭɱшаɸɬɫɹ эɥеɤɬɪɢɱеɫɤɢе 
ɩɨɤаɡаɬеɥɢ ɞвɢɝаɬеɥɹ ɡа ɫɱеɬ ɫɧɢɠеɧɢɹ ɬаɤ ɧаɡываеɦых выɫшɢх ɝаɪɦɨɧɢɱеɫɤɢх, 
ɤɨɬɨɪые ɭвеɥɢɱɢваɸɬ ɩɨɬеɪɢ ɢ ɭхɭɞшаɸɬ ɮɨɪɦɭ ɩɨɥɹ э. ɞ. ɫ. 

Ʉаɬɭшɤɢ ɨɞɧɨɣ ɮаɡы ɨɛɦɨɬɤɢ ɫɬаɬɨɪа, ɪаɫɩɨɥɨɠеɧɧые в ɫɨɫеɞɧɢх ɩаɡах ɢ 
ɫɨеɞɢɧеɧɧые ɞɪɭɝ ɫ ɞɪɭɝɨɦ ɩɨɫɥеɞɨваɬеɥɶɧɨ, ɨɛɴеɞɢɧɹɸɬɫɹ в ɬаɤ ɧаɡываеɦɭɸ 
ɤаɬɭшеɱɧɭɸ ɝɪɭɩɩɭ. ȼ ɫвɨɸ ɨɱеɪеɞɶ ɤаɬɭшеɱɧые ɝɪɭɩɩы ɦɨɝɭɬ ɫɨеɞɢɧɹɬɶɫɹ 
вɧɭɬɪɢ ɤаɠɞɨɣ ɮаɡы ɩɨɫɥеɞɨваɬеɥɶɧɨ ɢɥɢ ɨɛɴеɞɢɧɹɬɶɫɹ в ɩаɪаɥɥеɥɶɧые веɬвɢ. 
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ɉаɪаɥɥеɥɶɧые веɬвɢ ɩɪɢɫɨеɞɢɧɹɸɬɫɹ ɤ вɧешɧɢɦ ɡаɠɢɦаɦ ɮаɡы. ɑɢɫɥɨ 
ɩаɪаɥɥеɥɶɧых веɬвеɣ ɮаɡы К1 ɹвɥɹеɬɫɹ ɨɞɧɢɦ ɢɡ ɩɨɤаɡаɬеɥеɣ ɨɛɦɨɬɨɤ ɩеɪеɦеɧɧɨɝɨ 
ɬɨɤа [7]. 

Ɉɞɧɢɦ ɢɡ хаɪаɤɬеɪɧых ɩɨɤаɡаɬеɥеɣ ɨɛɦɨɬɨɤ ɫɬаɬɨɪа аɫɢɧхɪɨɧɧɨɝɨ ɞвɢɝаɬеɥɹ 
ɹвɥɹеɬɫɹ ɬаɤɠе ɱɢɫɥɨ ɩаɡɨв ɧа ɩɨɥɸɫ ɢ ɮаɡɭ q1. Эɬа веɥɢɱɢɧа ɩɨɤаɡываеɬ, ɫɤɨɥɶɤɨ 
ɤаɬɭшеɱɧых ɫɬɨɪɨɧ ɤаɠɞɨɣ ɮаɡы ɩɪɢхɨɞɢɬɫɹ ɧа ɤаɠɞыɣ ɩɨɥɸɫ ɨɛɦɨɬɤɢ ɫɬаɬɨɪа 
ɢɥɢ ɢɡ ɫɤɨɥɶɤɢх ɤаɬɭшеɤ ɫɨɫɬɨɹɬ ɤаɬɭшеɱɧые ɝɪɭɩɩы ɞаɧɧɨɣ ɨɛɦɨɬɤɢ. Ɂɧаɱеɧɢе q1 
ɦɨɠɧɨ ɧаɣɬɢ ɢɡ выɪаɠеɧɢɹμ 

 
 

(3) 

 

ɝɞе     Z1 - ɱɢɫɥɨ ɩаɡɨв ɫɬаɬɨɪа;  
m - ɱɢɫɥɨ ɮаɡ ɨɛɦɨɬɤɢ ɫɬаɬɨɪа. 
Ⱦɥɹ ɨɛɦɨɬɤɢ ɪɨɬɨɪа ɫɨɨɬвеɬɫɬвеɧɧɨ: 

 

 

(4) 

ȼеɥɢɱɢɧа q ɦɨɠеɬ ɛыɬɶ, ɤаɤ ɰеɥɨɣ, ɬаɤ ɢ ɞɪɨɛɧɨɣ. Ɉɞɧаɤɨ в аɫɢɧхɪɨɧɧых 
ɞвɢɝаɬеɥɹх ɧаɢɛɨɥɶшее ɪаɫɩɪɨɫɬɪаɧеɧɢе ɩɨɥɭɱɢɥɢ ɨɛɦɨɬɤɢ ɫ ɰеɥыɦ ɱɢɫɥɨɦ q. 

ȼ ɩаɡы ɫɬаɬɨɪɨв ɦашɢɧ ɩеɪеɦеɧɧɨɝɨ ɬɨɤа ɡаɤɥаɞываɸɬɫɹ ɤаɤ ɨɞɧɨɫɥɨɣɧые, 
ɬаɤ ɢ ɞвɭхɫɥɨɣɧые ɨɛɦɨɬɤɢ. Ɉɬɥɢɱɢе ɞвɭхɫɥɨɣɧɨɣ ɨɛɦɨɬɤɢ ɨɬ ɨɞɧɨɫɥɨɣɧɨɣ 
ɡаɤɥɸɱаеɬɫɹ в ɬɨɦ, ɱɬɨ в ɩаɡы ɫɬаɬɨɪа ɡаɤɥаɞываɸɬɫɹ ɫɬɨɪɨɧы ɞвɭх ɤаɬɭшеɤ, а 
ɤаɠɞаɹ ɤаɬɭшɤа ɭɫɬаɧавɥɢваеɬɫɹ ɧа ɫɬаɬɨɪе в ɞвɭх ɫɥɨɹх. Ɉɞɢɧ ɫɥɨɣ ɤаɬɭшɤɢ 
ɪаɡɦеɳаеɬɫɹ ɧа ɞɧе ɩаɡа, а ɞɪɭɝɨɣ в ɱаɫɬɢ ɩаɡа, ɩɪɢɥеɝаɸɳеɣ ɤ ɪаɫɬɨɱɤе ɫɬаɬɨɪа - ɤ 
вɨɡɞɭшɧɨɦɭ ɡаɡɨɪɭ. Ʌɨɛɨвые ɱаɫɬɢ ɤаɬɭшɤɢ ɬаɤɠе ɪаɫɩɨɥаɝаɸɬɫɹ в ɞва ɫɥɨɹ, а 
ɫɨеɞɢɧеɧɢɹ ɫɥɨев ɨɫɭɳеɫɬвɥɹɸɬɫɹ в ɝɨɥɨвɤах ɤаɬɭшеɤ. ɉɪɢ ɞвɭхɫɥɨɣɧɨɦ 
выɩɨɥɧеɧɢɢ ɨɛɦɨɬɨɤ ɫɬаɬɨɪа вɫе ɤаɬɭшɤɢ ɢɡɝɨɬɨвɥɹɸɬɫɹ ɨɞɢɧаɤɨвыɦɢ, ɱɬɨ 
ɭɩɪɨɳаеɬ ɢ ɭɞешевɥɹеɬ ɩɪɨɢɡвɨɞɫɬвɨ ɢ ɞеɥаеɬ ɢх ɛɨɥее ɬехɧɨɥɨɝɢɱɧыɦɢ. 

 

3.3 ȼɵɛɨɪ ɞɜɢɝɚɬɟɥɹ ɢ ɩɨɫɬɪɨɟɧɢɟ ɭɬɨɱɧɟɧɧɨɣ ɧɚɝɪɭɡɨɱɧɨɣ ɞɢɚɝɪɚɦɦɵ 

 

ɂɫхɨɞɹ ɢɡ вышеɨɩɢɫаɧɧɨɝɨ выɛɢɪаеɦ аɫɢɧхɪɨɧɧыɣ ɞвɢɝаɬеɥɶ ɫеɪɢɢ 1ȼȺɈ-

560S-4ɍ2,5. Ɉɫɧɨвɧые хаɪаɤɬеɪɢɫɬɢɤɢ ɩɪɢвеɞеɧы в ɬаɛɥ. 1:  

 

Ɍаɛɥɢɰа 1- Ɉɫɧɨвɧые хаɪаɤɬеɪɢɫɬɢɤɢ 

ɇɨɦɢɧаɥɶɧаɹ ɦɨɳɧɨɫɬɶ, ɤȼɬ 500 

ɇɨɦɢɧаɥɶɧаɹ ɱаɫɬɨɬа вɪаɳеɧɢɹ, ɨɛ/ɦɢɧ 1485 

Ʉɨэɮɮɢɰɢеɧɬ ɩɨɥеɡɧɨɝɨ ɞеɣɫɬвɢɹ, Σ 95,0 
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ɉɪɨɞɨɥɠеɧɢе ɬаɛɥɢɰы 1 

Ʉɨэɮɮɢɰɢеɧɬ ɦɨɳɧɨɫɬɢ 0,89 

ɇаɩɪɹɠеɧɢе ,ɤȼ 6 

ɇɨɦɢɧаɥɶɧыɣ ɦɨɦеɧɬ, ɇɦ 1613 

ɂɧɞеɤɫ ɦехаɧɢɱеɫɤɨɣ хаɪаɤɬеɪɢɫɬɢɤɢ V 

Ɉɬɧɨшеɧɢе ɩɭɫɤɨвɨɝɨ ɦɨɦеɧɬа ɤ ɧɨɦɢɧаɥɶɧɨɦɭ 
ɦɨɦеɧɬɭ 

1,2 

Ɉɬɧɨшеɧɢе ɩɭɫɤɨвɨɝɨ ɬɨɤа ɤ ɧɨɦɢɧаɥɶɧɨɦɭ ɬɨɤɭ 6,0 

Ɉɬɧɨшеɧɢе ɦаɤɫɢɦаɥɶɧɨɝɨ ɦɨɦеɧɬа ɤ 
ɧɨɦɢɧаɥɶɧɨɦɭ ɦɨɦеɧɬɭ 

2,5 

Ⱦɢɧаɦɢɱеɫɤɢɣ ɦɨɦеɧɬ ɢɧеɪɰɢɢ ɪɨɬɨɪа, ɤɝ*ɦ2 3,97 

 

 

 
Ɋɢɫɭɧɨɤ 3.3.1 -Ⱦвɢɝаɬеɥɶ ɫеɪɢɢ 1ȼȺɈ-560S-4ɍ2,5 

 

ɋɢɫɬеɦа ɨхɥаɠɞеɧɢɹ ɞвɢɝаɬеɥеɣ ɹвɥɹеɬɫɹ ɤɨɦɛɢɧаɰɢеɣ ɫɩɨɫɨɛɨв IC014 ɢ 
IC041. Ɉхɥаɠɞеɧɢе ɞвɢɝаɬеɥеɣ ɨɫɭɳеɫɬвɥɹеɬɫɹ ɰеɧɬɪɨɛеɠɧыɦ веɧɬɢɥɹɬɨɪɨɦ, 
ɪаɫɩɨɥɨɠеɧɧыɦ ɧа ваɥɭ ɞвɢɝаɬеɥɹ ɫɨ ɫɬɨɪɨɧы ɩɪɨɬɢвɨɩɨɥɨɠɧɨɣ ɩɪɢвɨɞɭ, 
ɨɛɞɭваɸɳɢɦ ɪеɛɪɢɫɬɭɸ ɫɬаɧɢɧɭ ɢ веɧɬɢɥɹɰɢɨɧɧыɦɢ ɥɨɩаɬɤаɦɢ ɪɨɬɨɪа, 
вɫаɫываɸɳɢɦɢ вɨɡɞɭх ɱеɪеɡ ɧɢɠɧɸɸ ɱаɫɬɶ ɨɬвеɪɫɬɢɣ в ɩɨɞшɢɩɧɢɤɨвых ɳɢɬах 

[7]. ȼɨɡɞɭх ɨɦываеɬ ɥɨɛɨвые ɱаɫɬɢ ɨɛɦɨɬɤɢ ɢ выɛɪаɫываеɬɫɹ ɱеɪеɡ ɨɬвеɪɫɬɢɹ в 
веɪхɧеɣ ɱаɫɬɢ ɳɢɬɨв. 

Ⱦɥɹ ɡаɳɢɬы ɞвɢɝаɬеɥеɣ в аваɪɢɣɧых ɪеɠɢɦах, ɫɥеɞɫɬвɢеɦ ɤɨɬɨɪых ɦɨɠеɬ 
ɛыɬɶ ɧаɝɪев ɨɛɦɨɬɤɢ ɞɨ ɧеɞɨɩɭɫɬɢɦɨɣ ɬеɦɩеɪаɬɭɪы, ɩɨ ɡаɤаɡɭ ɩɨɬɪеɛɢɬеɥɹ 
ɞвɢɝаɬеɥɶ ɦɨɠеɬ ɛыɬɶ ɭɤɨɦɩɥеɤɬɨваɧ вɫɬɪɨеɧɧыɦɢ ɬеɦɩеɪаɬɭɪɧыɦɢ ɞаɬɱɢɤаɦɢ. ȼ 
ɤаɱеɫɬве ɞаɬɱɢɤɨв ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɨɥɭɩɪɨвɨɞɧɢɤɨвые ɬеɪɦɨɪеɡɢɫɬɨɪы ɫ 
ɩɨɥɨɠɢɬеɥɶɧыɦ ɬеɦɩеɪаɬɭɪɧыɦ ɤɨэɮɮɢɰɢеɧɬɨɦ - ɩɨɡɢɫɬɨɪы. Ⱦаɬɱɢɤɢ 
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вɫɬɪаɢваɸɬɫɹ в ɥɨɛɨвые ɱаɫɬɢ ɨɛɦɨɬɤɢ ɫɬаɬɨɪа ɫɨ ɫɬɨɪɨɧы ɩɪɨɬɢвɨɩɨɥɨɠɧɨɣ 
веɧɬɢɥɹɬɨɪɭ ɧаɪɭɠɧɨɝɨ ɨɛɞɭва ɩɨ ɨɞɧɨɦɭ в ɤаɠɞɭɸ ɮаɡɭ, ɫɨеɞɢɧɹɸɬɫɹ 
ɩɨɫɥеɞɨваɬеɥɶɧɨ, ɤɨɧɰы ɰеɩɢ ɞаɬɱɢɤɨв вывɨɞɹɬɫɹ ɧа ɫɩеɰɢаɥɶɧые ɤɥеɦɦы в 
ɤɨɪɨɛɤе вывɨɞɨв. Ʉ эɬɢɦ ɤɥеɦɦаɦ ɩɨɞɤɥɸɱаɸɬ ɪеɥе ɢɥɢ ɢɧɨɣ аɩɩаɪаɬ, 
ɪеаɝɢɪɭɸɳɢɣ ɧа ɫɢɝɧаɥ ɞаɬɱɢɤɨв. Ⱦаɬɱɢɤɢ ɪеаɝɢɪɭɸɬ ɬɨɥɶɤɨ ɧа ɬеɦɩеɪаɬɭɪɭ, ɢх 
ɞеɣɫɬвɢе ɧе ɡавɢɫɢɬ ɨɬ ɩɪɢɱɢɧ вɨɡɧɢɤɧɨвеɧɢɹ ɨɩаɫɧɨɝɨ ɧаɝɪева. ɉɨэɬɨɦɭ ɬаɤаɹ 
ɫɢɫɬеɦа ɨɛеɫɩеɱɢваеɬ ɡаɳɢɬɭ ɞвɢɝаɬеɥɹ ɤаɤ в ɪеɠɢɦах ɫ ɦеɞɥеɧɧыɦ ɧаɝɪеваɧɢеɦ 
(ɩеɪеɝɪɭɡɤа, ɪаɛɨɬа ɧа ɞвɭх ɮаɡах), ɬаɤ ɢ в ɪеɠɢɦах ɫ ɛыɫɬɪыɦ ɧаɝɪеваɧɢеɦ 
(ɡаɤɥɢɧɢваɧɢе ɪɨɬɨɪа, выхɨɞ ɢɡ ɫɬɪɨɹ ɩɨɞшɢɩɧɢɤɨв ɢ ɞɪɭɝɨе). 

ɉɪɢ авɬɨɦаɬɢɱеɫɤɨɦ ɩɭɫɤе ɞвɢɝаɬеɥɹ ɪɭɤɨɹɬɤа ɤɨɦаɧɞ аɩɩаɪаɬа SA 

ɭɫɬаɧавɥɢваеɬɫɹ в ɨɞɧɨɦ ɢɡ ɤɪаɣɧɢх ɩɨɥɨɠеɧɢɣ (вɩɪавɨ ɢɥɢ вɥевɨ) [9]. ɉɪɢ 
ɩɨɫɬаɧɨвɤе ɪɭɤɨɹɬɤɢ ɤɨɦаɧɞ аɩɩаɪаɬа в ɤɪаɣɧее ɩɪавɨе ɩɨɥɨɠеɧɢе (ɩɨɡɢɰɢɹ 6) 
ɡаɦыɤаɸɬɫɹ ɤɨɧɬаɤɬы SA-1, SA-3, SA-4, SA-5, SA-6, SA-7 ɢ ɪаɡɦыɤаеɬɫɹ ɤɨɧɬаɤɬ 
SA-0. (Ɋɢɫɭɧɨɤ 4.1) 

ɉɪɢ ɡаɦыɤаɧɢɢ ɤɨɧɬаɤɬа SA-1 ɬɨɤ, ɩɪɨɬеɤаɸɳɢɣ ɱеɪеɡ ɤаɬɭшɤɭ ɤɨɧɬаɤɬɨɪа 
ɄɆ1 (ɩɨ ɰеɩɢμ QS2-FU1-KU1-SA-1-KM2.2-KM1-KU2-FU2-QS2), выɡываеɬ еɝɨ 
ɫɪаɛаɬываɧɢе ɢ ɡаɦыɤаɧɢе ɥɢɧеɣɧых (ɫɢɥɨвых) ɤɨɧɬаɤɬɨв ɄɆ1.1, ɩɪɢвɨɞɹɳɢх ɤ 
ɩɨɞаɱе ɧаɩɪɹɠеɧɢɹ ɧа ɫɬаɬɨɪ ɞвɢɝаɬеɥɹ Ɇ, ɤɨɬɨɪыɣ ɧаɱɢɧаеɬ вɪаɳаɬɶɫɹ ɫɨɝɥаɫɧɨ 
ɢɫɤɭɫɫɬвеɧɧɨɣ ɦехаɧɢɱеɫɤɨɣ хаɪаɤɬеɪɢɫɬɢɤе ɫ ɞɨɛавɨɱɧыɦɢ ɪеɡɢɫɬɨɪаɦɢ 
Rɞ1+Rɞ2+Rɞ3+Rɞ4+Rɞ5. Ɉɞɧɨвɪеɦеɧɧɨ ɫ эɬɢɦ ɪаɡɦыɤаеɬɫɹ ɛɥɨɤ-ɤɨɧɬаɤɬ ɄɆ1.2, 
ɨɛеɫɩеɱɢваɸɳɢɣ эɥеɤɬɪɢɱеɫɤɭɸ ɛɥɨɤɢɪɨвɤɭ, ɡаɦыɤаɸɬɫɹ ɛɥɨɤ-ɤɨɧɬаɤɬы ɄɆ1.3, 
шɭɧɬɢɪɭɸɳɢɣ ɤɨɧɬаɤɬ KU2, ɢ ɄɆ1.4, ɄɆ1.5.  

ɉɪɢ ɡаɦыɤаɧɢɢ ɛɥɨɤ-ɤɨɧɬаɤɬа ɄɆ1.4 ɬɨɤ ɩɪɨɬеɤаеɬ ɱеɪеɡ ɤаɬɭшɤɭ ɪеɥе 
ɞɭɝɨвɨɣ ɛɥɨɤɢɪɨвɤɢ KU2, ɩɪɢвɨɞɢɬ ɤ еɝɨ ɫɪаɛаɬываɧɢɸ ɢ ɪаɡɦыɤаɧɢɸ ɤɨɧɬаɤɬа 
KU2. Ɂаɦыɤаɧɢеɦ ɛɥɨɤ-ɤɨɧɬаɤɬа ɄɆ1.5 ɨɫɭɳеɫɬвɥɹеɬɫɹ ɩɨɞɝɨɬɨвɤа ɰеɩɢ ɩɢɬаɧɢɹ 
ɤаɬɭшɤɢ ɤɨɧɬаɤɬɨɪа ɭɫɤɨɪеɧɢɹ ɄɆ3. ɉɭɫɤ ɞвɢɝаɬеɥɹ ɫɨɩɪɨвɨɠɞаеɬɫɹ ɛɪɨɫɤɨɦ 
ɩɭɫɤɨвɨɝɨ ɬɨɤа, выɡываɸɳеɝɨ ɫɪаɛаɬываɧɢе ɪеɥе ɬɨɤа ɄȺ3 ɢ ɪаɡɦыɤаɧɢе еɝɨ 
ɤɨɧɬаɤɬа ɄȺ3 в ɰеɩɢ ɤɨɧɬаɤɬɨɪа ɭɫɤɨɪеɧɢɹ ɄɆ3, ɧе ɩɨɡвɨɥɹɸɳеɝɨ вɤɥɸɱеɧɢɸ 
ɤɨɧɬаɤɬɨɪа ɭɫɤɨɪеɧɢɹ ɄɆ3. ɍвеɥɢɱеɧɢе ɫɤɨɪɨɫɬɢ ɞвɢɝаɬеɥɹ ɩɪɢвɨɞɢɬ ɤ ɫɧɢɠеɧɢɸ 
ɬɨɤа. Ʉаɤ ɬɨɥɶɤɨ ɬɨɤ ɞɨɫɬɢɝɧеɬ ɡɧаɱеɧɢɹ I=303 A, ɫɨɨɬвеɬɫɬвɭɸɳеɝɨ ɦɨɦеɧɬɭ 
ɩеɪеɤɥɸɱеɧɢɹ Ɇ2, ɹɤɨɪɶ ɪеɥе ɬɨɤа ɄȺ3 ɨɬɩаɞаеɬ, а еɝɨ ɤɨɧɬаɤɬ ɄȺ3 в ɰеɩɢ 
ɤɨɧɬаɤɬɨɪа ɭɫɤɨɪеɧɢɹ ɄɆ3 ɡаɦыɤаеɬɫɹ. Эɬɨ ɩɪɢвɨɞɢɬ ɤ ɫɪаɛаɬываɧɢɸ ɤɨɧɬаɤɬɨɪа 
ɭɫɤɨɪеɧɢɹ ɄɆ3 ɢ ɤ ɡаɦыɤаɧɢɸ еɝɨ ɝɥавɧых ɤɨɧɬаɤɬɨв ɄɆ3.1, шɭɧɬɢɪɭɸɳɢх 
ɩеɪвɭɸ ɫɬɭɩеɧɶ ɩɭɫɤɨвɨɝɨ ɪеɡɢɫɬɨɪа Rɞ1 ɢ ɤ ɩеɪевɨɞɭ ɞвɢɝаɬеɥɹ ɧа ɧɨвɭɸ 
ɢɫɤɭɫɫɬвеɧɧɭɸ ɦехаɧɢɱеɫɤɭɸ хаɪаɤɬеɪɢɫɬɢɤɭ ɫ ɞɨɛавɨɱɧыɦɢ ɪеɡɢɫɬɨɪаɦɢ 
Rɞ2+Rɞ3+Rɞ4+Rɞ5. Ɉɞɧɨвɪеɦеɧɧɨ ɫ эɬɢɦ ɡаɦыɤаеɬɫɹ ɛɥɨɤ-ɤɨɧɬаɤɬ ɄɆ3.2, 
ɩɨɞɝɨɬавɥɢваɸɳɢɣ ɰеɩɶ ɩɢɬаɧɢɹ ɤаɬɭшɤɢ ɤɨɧɬаɤɬɨɪа ɭɫɤɨɪеɧɢɹ ɄɆ4.  

ɉеɪехɨɞ ɞвɢɝаɬеɥɹ ɧа ɧɨвɭɸ ɢɫɤɭɫɫɬвеɧɧɭɸ ɦехаɧɢɱеɫɤɭɸ хаɪаɤɬеɪɢɫɬɢɤɭ 
вɧɨвɶ ɫɨɩɪɨвɨɠɞаеɬɫɹ ɛɪɨɫɤɨɦ ɬɨɤа, ɩɪɢвɨɞɹɳɢɦ ɤ ɫɪаɛаɬываɧɢɸ ɪеɥе ɬɨɤа ɄȺ4. 
Ɋаɡɨɦɤɧɭвшɢɣɫɹ еɝɨ ɤɨɧɬаɤɬ ɄȺ4 ɧе ɩɪɢвɨɞɢɬ ɤ ɫɪаɛаɬываɧɢɸ ɤɨɧɬаɤɬɨɪа 
ɭɫɤɨɪеɧɢɹ ɄɆ4. ɍвеɥɢɱеɧɢе ɫɤɨɪɨɫɬɢ ɞвɢɝаɬеɥɹ ɫɨɩɪɨвɨɠɞаеɬɫɹ ɫɧɢɠеɧɢеɦ ɬɨɤа. 
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Ʉаɤ ɬɨɥɶɤɨ ɬɨɤ ɞɨɫɬɢɝɧеɬ ɡɧаɱеɧɢɹ I=303 A, ɫɨɨɬвеɬɫɬвɭɸɳеɝɨ ɦɨɦеɧɬɭ 
ɩеɪеɤɥɸɱеɧɢɹ Ɇ2, ɹɤɨɪɶ ɪеɥе ɬɨɤа ɄȺ4 ɨɬɩаɞаеɬ, а еɝɨ ɤɨɧɬаɤɬ ɄȺ4 в ɰеɩɢ 
ɤɨɧɬаɤɬɨɪа ɭɫɤɨɪеɧɢɹ ɄɆ4 ɡаɦыɤаеɬɫɹ. Эɬɨ ɩɪɢвɨɞɢɬ ɤ ɫɪаɛаɬываɧɢɸ ɤɨɧɬаɤɬɨɪа 
ɭɫɤɨɪеɧɢɹ ɄɆ4 ɢ ɤ ɡаɦыɤаɧɢɸ еɝɨ ɝɥавɧых ɤɨɧɬаɤɬɨв ɄɆ4.1, шɭɧɬɢɪɭɸɳɢх 
вɬɨɪɭɸ ɫɬɭɩеɧɶ ɩɭɫɤɨвɨɝɨ ɪеɡɢɫɬɨɪа Rɞ2, ɢ ɤ ɩеɪехɨɞɭ ɞвɢɝаɬеɥɹ ɧа ɧɨвɭɸ 
ɢɫɤɭɫɫɬвеɧɧɭɸ ɦехаɧɢɱеɫɤɭɸ хаɪаɤɬеɪɢɫɬɢɤɭ ɫ ɞɨɛавɨɱɧыɦ ɫɨɩɪɨɬɢвɥеɧɢеɦ 
Rɞ3+Rɞ4+Rɞ5. Ɉɞɧɨвɪеɦеɧɧɨ ɫ эɬɢɦ ɡаɦыɤаеɬɫɹ ɛɥɨɤ-ɤɨɧɬаɤɬ ɄɆ4.2, 
ɩɨɞɝɨɬавɥɢваɸɳɢɣ ɰеɩɶ ɩɢɬаɧɢɹ ɤаɬɭшɤɢ ɤɨɧɬаɤɬɨɪа ɭɫɤɨɪеɧɢɹ ɄɆ5. ɉеɪехɨɞ 
ɞвɢɝаɬеɥɹ ɧа ɧɨвɭɸ ɢɫɤɭɫɫɬвеɧɧɭɸ ɦехаɧɢɱеɫɤɭɸ хаɪаɤɬеɪɢɫɬɢɤɭ ɫɨɩɪɨвɨɠɞаеɬɫɹ 
ɛɪɨɫɤɨɦ ɬɨɤа, ɩɪɢвɨɞɹɳɢɦ ɤ ɫɪаɛаɬываɧɢɸ ɪеɥе ɬɨɤа ɄȺ5. Ɋаɡɦыɤаеɬɫɹ еɝɨ 
ɤɨɧɬаɤɬ ɄȺ5, ɱɬɨ ɩɪеɞɨɬвɪаɳаеɬ ɫɪаɛаɬываɧɢе ɤɨɧɬаɤɬɨɪа ɭɫɤɨɪеɧɢɹ ɄɆ5. 
ɍвеɥɢɱеɧɢе ɫɤɨɪɨɫɬɢ ɞвɢɝаɬеɥɹ ɩɪɢвɨɞɢɬ ɤ ɫɧɢɠеɧɢɸ ɬɨɤа. Ʉаɤ ɬɨɥɶɤɨ ɬɨɤ 
ɞɨɫɬɢɝɧеɬ ɡɧаɱеɧɢɹ I=303 A, ɫɨɨɬвеɬɫɬвɭɸɳеɝɨ ɦɨɦеɧɬɭ ɩеɪеɤɥɸɱеɧɢɹ Ɇ2, ɹɤɨɪɶ 
ɪеɥе ɬɨɤа ɄȺ5 ɨɬɩаɞаеɬ, а еɝɨ ɤɨɧɬаɤɬ ɄȺ5 в ɰеɩɢ ɤɨɧɬаɤɬɨɪа ɭɫɤɨɪеɧɢɹ ɄɆ5 
ɡаɦыɤаеɬɫɹ. Эɬɨ ɩɪɢвɨɞɢɬ ɤ ɫɪаɛаɬываɧɢɸ ɤɨɧɬаɤɬɨɪа ɭɫɤɨɪеɧɢɹ ɄɆ5 ɢ ɤ 
ɡаɦыɤаɧɢɸ еɝɨ ɝɥавɧых ɤɨɧɬаɤɬɨв ɄɆ5.1, шɭɧɬɢɪɭɸɳɢх ɬɪеɬɶɸ ɫɬɭɩеɧɶ 
ɩɭɫɤɨвɨɝɨ ɪеɡɢɫɬɨɪа Rɞ3, ɢ ɤ ɩеɪехɨɞɭ ɞвɢɝаɬеɥɹ ɧа ɧɨвɭɸ ɢɫɤɭɫɫɬвеɧɧɭɸ 
ɦехаɧɢɱеɫɤɭɸ хаɪаɤɬеɪɢɫɬɢɤɭ ɫ ɞɨɛавɨɱɧыɦ ɫɨɩɪɨɬɢвɥеɧɢеɦ Rɞ4+Rɞ5. 
Ɉɞɧɨвɪеɦеɧɧɨ ɫ эɬɢɦ ɡаɦыɤаеɬɫɹ ɛɥɨɤ-ɤɨɧɬаɤɬ ɄɆ5.2, ɩɨɞɝɨɬавɥɢваɸɳɢɣ ɰеɩɶ 
ɩɢɬаɧɢɹ ɤаɬɭшɤɢ ɤɨɧɬаɤɬɨɪа ɭɫɤɨɪеɧɢɹ ɄɆ6. ɉеɪехɨɞ ɞвɢɝаɬеɥɹ ɧа ɧɨвɭɸ 
ɢɫɤɭɫɫɬвеɧɧɭɸ ɦехаɧɢɱеɫɤɭɸ хаɪаɤɬеɪɢɫɬɢɤɭ ɫɨɩɪɨвɨɠɞаеɬɫɹ ɛɪɨɫɤɨɦ ɬɨɤа, 
ɩɪɢвɨɞɹɳɢɦ ɤ ɫɪаɛаɬываɧɢɸ ɪеɥе ɬɨɤа ɄȺ6. Ɋаɡɨɦɤɧɭвшɢɣɫɹ еɝɨ ɤɨɧɬаɤɬ ɄȺ6 ɧе 
ɩɪɢвɨɞɢɬ ɤ ɫɪаɛаɬываɧɢɸ ɤɨɧɬаɤɬɨɪа ɭɫɤɨɪеɧɢɹ ɄɆ6. ɍвеɥɢɱеɧɢе ɫɤɨɪɨɫɬɢ 
ɞвɢɝаɬеɥɹ ɫɨɩɪɨвɨɠɞаеɬɫɹ ɫɧɢɠеɧɢеɦ ɬɨɤа. Ʉаɤ ɬɨɥɶɤɨ ɬɨɤ ɞɨɫɬɢɝɧеɬ ɡɧаɱеɧɢɹ 
I=303 A, ɫɨɨɬвеɬɫɬвɭɸɳеɝɨ ɦɨɦеɧɬɭ ɩеɪеɤɥɸɱеɧɢɹ Ɇ2, ɹɤɨɪɶ ɪеɥе ɬɨɤа ɄȺ6 
ɨɬɩаɞаеɬ, а еɝɨ ɤɨɧɬаɤɬ ɄȺ6 в ɰеɩɢ ɤɨɧɬаɤɬɨɪа ɭɫɤɨɪеɧɢɹ ɄɆ6 ɡаɦыɤаеɬɫɹ. Эɬɨ 
ɩɪɢвɨɞɢɬ ɤ ɫɪаɛаɬываɧɢɸ ɤɨɧɬаɤɬɨɪа ɄɆ6 ɢ ɤ ɡаɦыɤаɧɢɸ еɝɨ ɝɥавɧых ɤɨɧɬаɤɬɨв 
ɄɆ6.1, шɭɧɬɢɪɭɸɳɢх ɱеɬвеɪɬɭɸ ɫɬɭɩеɧɶ ɩɭɫɤɨвɨɝɨ ɪеɡɢɫɬɨɪа Rɞ4, ɢ ɤ ɩеɪехɨɞɭ 
ɞвɢɝаɬеɥɹ ɧа ɧɨвɭɸ ɢɫɤɭɫɫɬвеɧɧɭɸ ɦехаɧɢɱеɫɤɭɸ хаɪаɤɬеɪɢɫɬɢɤɭ ɫ ɞɨɛавɨɱɧыɦ 
ɫɨɩɪɨɬɢвɥеɧɢеɦ Rɞ5. Ɉɞɧɨвɪеɦеɧɧɨ ɫ эɬɢɦ ɡаɦыɤаеɬɫɹ ɛɥɨɤ-ɤɨɧɬаɤɬ ɄɆ6.2, 
ɩɨɞɝɨɬавɥɢваɸɳɢɣ ɰеɩɶ ɩɢɬаɧɢɹ ɤаɬɭшɤɢ ɤɨɧɬаɤɬɨɪа ɭɫɤɨɪеɧɢɹ ɄɆ7. ɉеɪехɨɞ 
ɞвɢɝаɬеɥɹ ɧа ɧɨвɭɸ ɢɫɤɭɫɫɬвеɧɧɭɸ ɦехаɧɢɱеɫɤɭɸ хаɪаɤɬеɪɢɫɬɢɤɭ ɫɨɩɪɨвɨɠɞаеɬɫɹ 
ɛɪɨɫɤɨɦ ɬɨɤа, ɩɪɢвɨɞɹɳɢɦ ɤ ɫɪаɛаɬываɧɢɸ ɪеɥе ɬɨɤа ɄȺ7. Ɋаɡɦыɤаеɬɫɹ еɝɨ 
ɤɨɧɬаɤɬ ɄȺ7, ɱɬɨ ɩɪеɞɨɬвɪаɳаеɬ ɫɪаɛаɬываɧɢе ɤɨɧɬаɤɬɨɪа ɭɫɤɨɪеɧɢɹ ɄɆ7. 
ɍвеɥɢɱеɧɢе ɫɤɨɪɨɫɬɢ ɞвɢɝаɬеɥɹ ɩɪɢвɨɞɢɬ ɤ ɫɧɢɠеɧɢɸ ɬɨɤа. Ʉаɤ ɬɨɥɶɤɨ ɬɨɤ 
ɞɨɫɬɢɝɧеɬ ɡɧаɱеɧɢɹ I=303 A, ɫɨɨɬвеɬɫɬвɭɸɳеɝɨ ɦɨɦеɧɬɭ ɩеɪеɤɥɸɱеɧɢɹ Ɇ2, ɹɤɨɪɶ 
ɪеɥе ɬɨɤа ɄȺ7 ɨɬɩаɞаеɬ, а еɝɨ ɤɨɧɬаɤɬ ɄȺ7 в ɰеɩɢ ɤɨɧɬаɤɬɨɪа ɭɫɤɨɪеɧɢɹ ɄɆ7 
ɡаɦыɤаеɬɫɹ. Эɬɨ ɩɪɢвɨɞɢɬ ɤ ɫɪаɛаɬываɧɢɸ ɤɨɧɬаɤɬɨɪа ɄɆ7 ɢ ɤ ɡаɦыɤаɧɢɸ еɝɨ 
ɝɥавɧых ɤɨɧɬаɤɬɨв ɄɆ7.1, шɭɧɬɢɪɭɸɳɢх ɩɹɬɭɸ ɫɬɭɩеɧɶ ɩɭɫɤɨвɨɝɨ ɪеɡɢɫɬɨɪа Rɞ5. 
ɂ ɞвɢɝаɬеɥɶ ɧаɱɢɧаеɬ ɪаɛɨɬаɬɶ ɧа еɫɬеɫɬвеɧɧɨɣ хаɪаɤɬеɪɢɫɬɢɤе. 
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3.4 ɋɨɫɬɚɜɥɟɧɢɟ ɭɪɚɜɧɟɧɢɣ ɞɜɢɠɟɧɢɹ ɫɢɫɬɟɦɵ ɨɩɪɟɞɟɥɟɧɢɟ ɩɟɪɟɞɚɬɨɱɧɵɯ 
ɮɭɧɤɰɢɣ ɦɟɯɚɧɢɱɟɫɤɨɣ ɱɚɫɬɢ ɢ ɩɨɫɬɪɨɟɧɢɟ ɅȺЧɏ ɢ ɅɎЧɏ 

 
Ɋɢɫɭɧɨɤ 3.4.1 - Ȼɥɨɤ The Universal Bridge 

 

Ȼɥɨɤ TСО UЧТЯОrsКХ BrТНРО ɹвɥɹеɬɫɹ ɭɧɢвеɪɫаɥɶɧыɦ ɤɨɧвеɪɬеɪɨɦ ɫ ɬɪеɦɹ 
ɮаɡаɦɢ, ɤɨɬɨɪыɣ ɫɨɫɬɨɢɬ ɢɡ шеɫɬɢ выɤɥɸɱаɬеɥеɣ ɦɨɳɧɨɫɬɢ, ɫвɹɡаɧɧых в 
ɤɨɧɮɢɝɭɪаɰɢɸ ɦɨɫɬа. Ɍɢɩ выɤɥɸɱаɬеɥɹ ɦɨɳɧɨɫɬɢ ɢ ɤɨɧɮɢɝɭɪаɰɢɹ ɤɨɧвеɪɬеɪа 
выɛɢɪаеɬɫɹ в ɞɢаɥɨɝɨвɨɦ ɨɤɧе. Ȼɥɨɤ ɩɨɡвɨɥɹеɬ ɦɨɞеɥɢɪɨваɧɢе ɤɨɧвеɪɬеɪɨв, 
ɢɫɩɨɥɶɡɭɹ ɫвɨɛɨɞɧɨ ɤɨɦɦɭɬɢɪɭеɦые эɥеɤɬɪɨɧɧые ɭɫɬɪɨɣɫɬва (ɞɢɨɞы ɢɥɢ 
ɬɢɪɢɫɬɨɪы) ɢ ɩɪɢɧɭɞɢɬеɥɶɧɨ ɤɨɦɦɭɬɢɪɭеɦые ɭɫɬɪɨɣɫɬва (GTτ, IGBT, MτSFET).  

ɂɫɩɨɥɶɡɭеɦ ɞаɧɧыɣ ɛɥɨɤ в ɤаɱеɫɬве ɢɧвеɪɬɨɪа. 
 

 
Ɋɢɫɭɧɨɤ 3.4.2 - Machine  

 

Machine - ɦɨɞеɥɶ аɫɢɧхɪɨɧɧɨɝɨ ɞвɢɝаɬеɥɹ ɫ ɤɨɪɨɬɤɨɡаɦɤɧɭɬыɦ ɪɨɬɨɪɨɦ.  
 

ɂɡ эɬɢх ɛɥɨɤɨв ɫɨɛɢɪаеɦ ɦɨɞеɥɶ ɭɩɪавɥеɧɢɹ ɞвɢɝаɬеɥеɦμ 
 

 
Ɋɢɫɭɧɨɤ 3.4.3 – Ɇɨɞеɥɶ ɭɩɪавɥеɧɢɹ ɞвɢɝаɬеɥеɦ 

 

 

Иɡɦ. Лɢɫɬ № ɞɨɤɭɦ. Пɨɞɩɢɫɶ Дɚɬɚ 

Лɢɫɬ 

31 
ДП-140604.65 ПɁ 



 

Эɥеɤɬɪɢɱеɫɤаɹ ɫɢɫɬеɦа ɛɥɨɤа: 
 

 
 

ɋɭɛɫɢɫɬеɦа DTC Induction Motor Drive: 

 

 

 
Ɋɢɫɭɧɨɤ 3.4.4 - ɋɭɛɫɢɫɬеɦа DTC Induction Motor Drive 
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Ɇехаɧɢɱеɫɤаɹ ɫɢɫɬеɦа ɛɥɨɤаμ 

 

  
Ɋɢɫɭɧɨɤ 3.4.5 - Bus Selector 

 

Bus Selector - вывɨɞɢɬ ɭɤаɡаɧɧɨе ɦɧɨɠеɫɬвɨ ɫɢɝɧаɥɨв ɩɨɫɬɭɩаɸɳɢх ɧа вхɨɞ. 
 

ɋɭɛɫɢɫɬеɦа DОЦЮбμ 
 

 
 

Ɋɢɫɭɧɨɤ 3.4.6 - ɋɭɛɫɢɫɬеɦа DОЦЮб 

 

ɉɂȾ-ɪеɝɭɥɹɬɨɪ ɨɛеɫɩеɱɢваеɬ ɡаɞаɧɧɭɸ ɫɤɨɪɨɫɬɶ ɧа ɢɫɩɨɥɧɢɬеɥɶɧɨɦ 
ɦехаɧɢɡɦе (ɞвɢɝаɬеɥе), ɧеɡавɢɫɢɦɭɸ ɨɬ ɞеɣɫɬвɭɸɳеɣ ɧа ɧеɝɨ ɩɨɫɬɨɹɧɧɨɣ ɢɥɢ 
ɦеɞɥеɧɧɨ ɢɡɦеɧɹɸɳеɣɫɹ ɧаɝɪɭɡɤɢ [10]. 

ɉɂȾ-ɪеɝɭɥɹɬɨɪ - ɩɪɨɩɨɪɰɢɨɧаɥɶɧɨ-ɢɧɬеɪɝаɥɶɧɨ-ɞɢɮɮеɪеɧɰɢаɥɶɧыɣ 
ɪеɝɭɥɹɬɨɪ. ɉɂȾ-ɪеɝɭɥɹɬɨɪ ɫɨɫɬɨɢɬ ɫɨɨɬвеɬɫɬвеɧɧɨ ɢɡ ɩɪɨɩɨɪɰɢɨɧаɥɶɧɨɝɨ (Ʉɩ), 
ɢɧɬеɝɪаɥɶɧɨɝɨ (Ʉɢ/s) ɢ ɞɢɮɮеɪеɧɰɢаɥɶɧɨɝɨ (Ʉɞs) ɡвеɧа, ɭ ɤаɠɞɨɝɨ ɢɡ ɧɢх ɫвɨɣ 
ɤɨэɮɮɢɰɢеɧɬ ɭɫɢɥеɧɢɹ. 

 

ȼ ɪеɡɭɥɶɬаɬе ɦɨɞеɥɢɪɨваɧɢɹ ɩɨɥɭɱаеɦ ɫɥеɞɭɸɳɢе хаɪаɤɬеɪɢɫɬɢɤɢ ɫɢɫɬеɦы 
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ɉɑ-ȺȾμ 

 
 

Ɋɢɫɭɧɨɤ 3.4.7 - ɏаɪаɤɬеɪɢɫɬɢɤɢ ɫɢɫɬеɦы ɉɑ-ȺȾ 

  

 

 
Ɋɢɫɭɧɨɤ 3.4.8 - ɋɬɪɭɤɬɭɪɧаɹ ɫхеɦа ɫɢɫɬеɦы ɭɩɪавɥеɧɢɹ ɫ ɉɂȾ-ɪеɝɭɥɹɬɨɪɨɦ 
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ɝɞе s - ɨɩеɪаɬɨɪ Ʌаɩɥаɫа (ɢɧɨɝɞа еɝɨ ɨɛɨɡɧаɱаɸɬ, ɤаɤ p). ȿɫɥɢ аɛɫɬɪаɝɢɪɨваɬɶɫɹ ɨɬ 
ɩɪеɨɛɪаɡɨваɧɢɣ Ʌаɩɥаɫа, ɬɨ ɡаɩɢɫɢ Ʉɩ, Ʉɢ/s ɢ Ʉɞs ɫɥеɞɭеɬ вɨɫɩɪɢɧɢɦаɬɶ, ɥɢшɶ ɤаɤ 
ɨɛɨɡɧаɱеɧɢɹ ɫɨɨɬвеɬɫɬвɭɸɳеɝɨ ɡвеɧа, а ɧе ɤаɤ ɤ ɦаɬеɦаɬɢɱеɫɤɨɦɭ выɪаɠеɧɢɸ. ɂ 
ɭɠ ɬɨɱɧɨ ɧе ɫɬɨɢɬ ɢɫɤаɬɶ ɡɧаɱеɧɢе s, ɩɨɬɨɦɭ ɱɬɨ, ɤаɤ ɭɠе ɛыɥɨ ɫɤаɡаɧɨ, эɬɨ 
ɨɩеɪаɬɨɪ, а ɧе ɩеɪеɦеɧɧаɹ. 

ȼ ɫɢɫɬеɦе ɫ ɉɂȾ-ɪеɝɭɥɹɬɨɪɨɦ ɪеаɥɶɧаɹ ɫɤɨɪɨɫɬɶ V(Э) ɞвɢɝаɬеɥɹ ɢɡɦеɪɹеɬɫɹ ɫ 
ɩɨɦɨɳɶɸ ɞаɬɱɢɤа. 

ɇа вхɨɞ ɫɢɫɬеɦы ɩɨɫɬɭɩаеɬ ɡаɞаɧɧɨе ɡɧаɱеɧɢе ɫɤɨɪɨɫɬɢ Vɡаɞ(Э) в ɬех ɠе 
еɞɢɧɢɰах, ɱɬɨ ɢ ɪеаɥɶɧаɹ ɫɤɨɪɨɫɬɶ.  

ɋɭɦɦаɬɨɪ ɨɛɪаɬɧɨɣ ɫвɹɡɢ выɱɢɬаеɬ ɢɡ ɫɢɝɧаɥа ɡаɞаɧɢɹ ɧа ɫɤɨɪɨɫɬɶ Vɡаɞ(Э) 
ɫɢɝɧаɥ ɪеаɥɶɧɨɣ ɫɤɨɪɨɫɬɢ V(Э) ɢ ɮɨɪɦɢɪɭеɬ ɧа выхɨɞе ɫɢɝɧаɥ ɨшɢɛɤɢ О(Э)μ 

 

                                                                                      (1) 

 

ɋɢɝɧаɥ ɨшɢɛɤɢ ɩɨɫɬɭɩаеɬ ɧа ɩɪɨɩɨɪɰɢɨɧаɥɶɧɨе, ɢɧɬеɝɪаɥɶɧɨе ɢ 
ɞɢɮɮеɪеɧɰɢаɥɶɧɨе ɡвеɧɶɹ ɉɂȾ-ɪеɝɭɥɹɬɨɪа. 

ɉɪɨɩɨɪɰɢɨɧаɥɶɧɨе ɡвеɧɨ ɩɪɨɢɡвɨɞɢɬ ɭɦɧɨɠеɧɢе ɫɢɝɧаɥа ɨшɢɛɤɢ e(t) ɧа 
ɤɨэɮɮɢɰɢеɧɬ Kп ɢ ɮɨɪɦɢɪɭеɬ выхɨɞɧɨɣ ɫɢɝɧаɥ вп. 

 

                                                                                     

                                                                                     (2) 

ɂɧɬеɝɪаɥɶɧɨе ɡвеɧɨ ɩɪɨɢɡвɨɞɢɬ ɢɧɬеɝɪɢɪɨваɧɢе ɫɢɝɧаɥа e(t) ɩɨ вɪеɦеɧɢ, 
ɭɦɧɨɠаеɬ ɧа ɤɨэɮɮɢɰɢеɧɬ Kи ɢ ɮɨɪɦɢɪɭеɬ выхɨɞɧɨɣ ɫɢɝɧаɥ yи. 

 

                                                                             

                                                                             (3) 

 

Ⱦɢɮɮеɪеɧɰɢаɥɶɧɨе ɡвеɧɨ ɩɪɨɢɡвɨɞɢɬ ɞɢɮɮеɪеɧɰɢɪɨваɧɢе ɫɢɝɧаɥа ɨшɢɛɤɢ 
ɩɨ вɪеɦеɧɢ e(t), ɭɦɧɨɠеɧɢɹ ɪеɡɭɥɶɬаɬа ɧа ɱɢɫɥɨ Kɞ ɢ ɮɨɪɦɢɪɨваɧɢе выхɨɞɧɨɝɨ 
ɫɢɝɧаɥа yɞ. 

 

                                           

                                                                                            (4) 

 

ɋɭɦɦаɬɨɪ ɉɂȾ-ɪеɝɭɥɹɬɨɪа ɫɭɦɦɢɪɭеɬ ɫɢɝɧаɥы yп(t), yи(t) ɢ yɞ(t) ɢ ɮɨɪɦɢɪɭеɬ 
выхɨɞɧɨɣ ɫɢɝɧаɥ в(Э)μ 
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                                                                    (5) 

          ШɂɆ ɢ ɫɢɥɨвɨɣ ɤɥɸɱ ɩɪеɞɧаɡɧаɱеɧы ɞɥɹ ɩеɪеɞаɱɢ ɧа ɞвɢɝаɬеɥɶ 

ɪаɫɫɱɢɬаɧɧɨɝɨ выхɨɞɧɨɝɨ ɫɢɝɧаɥа в(Э). 
Ɋаɫɱеɬ ɤɨэɮɮɢɰɢеɧɬɨв ɉɂȾ-ɪеɝɭɥɹɬɨɪа 
ɉɂȾ-ɪеɝɭɥɹɬɨɪ хаɪаɤɬеɪɢɡɭеɬɫɹ ɬɪеɦɹ ɤɨэɮɮɢɰɢеɧɬаɦɢ Kп, Kи ɢ Кɞ. Ⱦɥɹ 

ɪаɫɱеɬа эɬɢх ɤɨэɮɮɢɰɢеɧɬɨв ɧеɨɛхɨɞɢɦɨ ɡɧаɬɶ ɩаɪаɦеɬɪы ɨɛɴеɤɬа ɭɩɪавɥеɧɢɹ, в 
ɞаɧɧɨɦ ɫɥɭɱае ɞвɢɝаɬеɥɹ. 

ɋɬɪɭɤɬɭɪа ɢ ɩаɪаɦеɬɪы ɨɛɴеɤɬа ɭɩɪавɥеɧɢɹμ ɫ ɬɨɱɤɢ ɡɪеɧɢɹ ɬеɨɪɢɢ 
авɬɨɦаɬɢɱеɫɤɨɝɨ ɭɩɪавɥеɧɢɹ ɞвɢɝаɬеɥɶ ɩɪɢɛɥɢɠеɧɧɨ ɨɩɢɫываеɬɫɹμ ɞвɭɦɹ 
аɩеɪɢɨɞɢɱеɫɤɢɦɢ ɡвеɧɶɹɦɢ ɫ эɥеɤɬɪɢɱеɫɤɨɣ ɩɨɫɬɨɹɧɧɨɣ вɪеɦеɧɢ Tэ ɢ 
ɦехаɧɢɱеɫɤɨɣ ɩɨɫɬɨɹɧɧɨɣ вɪеɦеɧɢ Тм. Ɉɛɳɢɣ ɤɨэɮɮɢɰɢеɧɬ ɭɫɢɥеɧɢɹ ɞвɢɝаɬеɥɹ 
Kɞɜ. ɇа ɫаɦɨɦ ɞеɥе, ɫɬɪɭɤɬɭɪɧаɹ ɫхеɦа ɞвɢɝаɬеɥɹ ɧаɦɧɨɝɨ ɫɥɨɠɧее, ɧɨ ɧаɦ эɬɨ в 
ɞаɧɧɨɦ ɫɥɭɱае ɧе ɬаɤ ваɠɧɨ. 

ɋɬɪɭɤɬɭɪɧаɹ ɫхеɦа ɞвɢɝаɬеɥɹ ɫ ɬɨɱɤɢ ɡɪеɧɢɹ ɬеɨɪɢɢ авɬɨɦаɬɢɱеɫɤɨɝɨ 
ɭɩɪавɥеɧɢɹμ 

 

 
Ɋɢɫɭɧɨɤ 3.4.9 – ɋɬɪɭɤɬɭɪɧаɹ ɫхеɦа ɞвɢɝаɬеɥɹ 

 

ɉеɪеɞаɬɨɱɧаɹ ɮɭɧɤɰɢɹ ɞвɢɝаɬеɥɹ, ɡаɩɢɫаɧɧаɹ ɱеɪеɡ ɨɩеɪаɬɨɪа Ʌаɩɥаɫа s, 
ɫɥеɞɭɸɳаɹμ 

                                                                                (6) 

 

Ʉɨэɮɮɢɰɢеɧɬ ɭɫɢɥеɧɢɹ ɞвɢɝаɬеɥɹ Kɞɜ ɨɩɪеɞеɥɹеɬ ɩɪɨɩɨɪɰɢɨɧаɥɶɧɨɫɬɶ ɦеɠɞɭ 
ɫɤɨɪɨɫɬɶɸ вɪаɳеɧɢɹ ваɥа ɞвɢɝаɬеɥɹ ɧа хɨɥɨɫɬых ɨɛɨɪɨɬах ɢ ɩɨɞаɧɧыɦ ɧа вхɨɞ 
ɧаɩɪɹɠеɧɢеɦ. ɉɪɨɳе ɝɨвɨɪɹ, ɤɨэɮɮɢɰɢеɧɬ ɪавеɧ ɨɬɧɨшеɧɢɸ ɫɤɨɪɨɫɬɢ хɨɥɨɫɬɨɝɨ 
хɨɞа Vхх ɢ ɧɨɦɢɧаɥɶɧɨɝɨ ɧаɩɪɹɠеɧɢɹ ɞвɢɝаɬеɥɹ Uɧ. 

 

            

                                                                                 (7)             

ɇаɩɪɹɠеɧɢе ɧа ɞвɢɝаɬеɥе в ɦɢɤɪɨɩɪɨɰеɫɫɨɪɧɨɣ ɬехɧɢɤе ɡаɞаеɬɫɹ в ɭɫɥɨвɧых 
еɞɢɧɢɰах ɧаɩɪɹɠеɧɢɹ, а ɫɤɨɪɨɫɬɶ ɫɧɢɦаеɬɫɹ в ɭɫɥɨвɧых еɞɢɧɢɰах ɫɤɨɪɨɫɬɢ. 

ȿɫɥɢ ɞɥɹ ɮɨɪɦɢɪɨваɧɢɹ ɧаɩɪɹɠеɧɢɹ ɧа ɞвɢɝаɬеɥе ɢɫɩɨɥɶɡɭеɬɫɹ 7-ɛɢɬɧыɣ 
ШɂɆ, ɬɨ ɞɥɹ ɪаɫɱеɬа Kɞв веɥɢɱɢɧа ɧɨɦɢɧаɥɶɧɨɝɨ ɧаɩɪɹɠеɧɢɹ ɪавɧа 12κ ɭɫɥɨвɧых 
еɞɢɧɢɰ ɧаɩɪɹɠеɧɢɹ. 
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ɋɤɨɪɨɫɬɶ хɨɥɨɫɬɨɝɨ хɨɞа ахх, ɡаɞаɧɧɭɸ в ɩаɫɩɨɪɬɧых ɞаɧɧых ɞвɢɝаɬеɥɹ, 
ɫɥеɞɭеɬ ɩеɪеɱɢɬаɬɶ в ɭɫɥɨвɧые еɞɢɧɢɰы ɫɤɨɪɨɫɬɢ Vхх, ɨɩɪеɞеɥɹеɦые ɫɩɨɫɨɛɨɦ 
ɪеаɥɢɡаɰɢɢ ɞаɬɱɢɤа ɫɤɨɪɨɫɬɢ. 

ɇаɩɪɢɦеɪ, ɩɭɫɬɶ ɞɥɹ ɢɡɦеɪеɧɢɹ ɫɤɨɪɨɫɬɢ ɢɫɩɨɥɶɡɭеɬɫɹ ɢɧɤɪеɦеɧɬɧыɣ 
ɞаɬɱɢɤ, ɪаɫɩɨɥɨɠеɧɧыɣ ɧа ваɥɭ ɞвɢɝаɬеɥɹ, ɢ ɢɦеɸɳɢɣ 512 ɦеɬɨɤ ɧа ɨɛɨɪɨɬ. ɉɭɫɬɶ 
ɫɤɨɪɨɫɬɶ в ɭɫɥɨвɧых еɞɢɧɢɰах ɢɡɦеɪɹеɬɫɹ ɤаɤ ɤɨɥɢɱеɫɬвɨ ɦеɬɨɤ ɡа ɬаɤɬ ɪаɫɱеɬа DЭ. 
ɉɭɫɬɶ ɬаɤɬ ɪаɫɱеɬа, ɩɨɥɭɱеɧɧыɣ ɩɭɬеɦ ɨɰеɧɤɢ ɩɪɨɢɡвɨɞɢɬеɥɶɧɨɫɬɢ аɥɝɨɪɢɬɦа 
ɛɭɞеɬ ɪавеɧ 0.001 ɫеɤ. ɉɭɫɬɶ ɫɤɨɪɨɫɬɶ хɨɥɨɫɬɨɝɨ хɨɞа ɞвɢɝаɬеɥɹ ахх=1500 ɨɛ/ɦɢɧ. 

ɉеɪевеɞеɦ ɨɛɨɪɨɬы ɞвɢɝаɬеɥɹ в ɦеɬɤɢ ɞаɬɱɢɤа, ɩɨɥɭɱаеɦμ 1500б512 = 76κ000 
ɦеɬɨɤ/ɦɢɧ. ɉеɪевеɞеɦ ɦɢɧɭɬы в ɬаɤɬы ɪаɫɱеɬаμ 

 

 
 

Ɇехаɧɢɱеɫɤаɹ ɩɨɫɬɨɹɧɧаɹ вɪеɦеɧɢ Ɍɦ ɡавɢɫɢɬ ɨɬ ɦɨɦеɧɬа ɢɧеɪɰɢɢ ваɥа 
ɞвɢɝаɬеɥɹ, ɪеɞɭɤɬɨɪа, ɢɧеɪɰɢɢ ɢɫɩɨɥɧɢɬеɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬва. ɉɨɞɫɱɢɬаɬɶ ее 
ɡɧаɱеɧɢе аɧаɥɢɬɢɱеɫɤɢɦ ɫɩɨɫɨɛɨɦ ɨɛыɱɧɨ ɧе ɩɪеɞɫɬавɥɹеɬɫɹ вɨɡɦɨɠɧыɦ. ɉɨэɬɨɦɭ 
ее ɢɡɦеɪɹɸɬ эɤɫɩеɪɢɦеɧɬаɥɶɧɨ [10, c.392]. 

Ⱦɥɹ эɬɨɝɨ ɧа ɞвɢɝаɬеɥɶ ɩɪɢ еɝɨ ɧɨɦɢɧаɥɶɧɨɣ ɧаɝɪɭɡɤɢ ɫɤаɱɤɨɦ ɩɨɞаɸɬ 
ɦаɤɫɢɦаɥɶɧɨе ɧаɩɪɹɠеɧɢе ɢ ɫɧɢɦаɸɬ ɩеɪехɨɞɧɨɣ ɩɪɨɰеɫɫ ɢɡɦеɧеɧɢɹ ɫɤɨɪɨɫɬɢ 
V(t). 

 

 
Ɋɢɫɭɧɨɤ 3.4.10– Ƚɪаɮɢɤ ɩеɪехɨɞɧɨɝɨ ɩɪɨɰеɫɫа ɢɡɦеɧеɧɢɹ ɫɤɨɪɨɫɬɢ 

 

ɉɨ ɝɪаɮɢɤɭ ɩеɪехɨɞɧɨɝɨ ɩɪɨɰеɫɫа ɦɨɠɧɨ ɨɩɪеɞеɥɢɬɶ, вɨ-ɩеɪвых, ɫɤɨɪɨɫɬɶ 
хɨɥɨɫɬɨɝɨ хɨɞа Vхх, а вɨ-вɬɨɪых, вɪеɦɹ ɪеɝɭɥɢɪɨваɧɢɹ Эɪ. ȼɪеɦɹ ɪеɝɭɥɢɪɨваɧɢɹ 
ɨɩɪеɞеɥɹеɬɫɹ вɪеɦеɧеɦ ɨɤɨɧɱаɧɢɹ ɩеɪехɨɞɧɨɝɨ ɩɪɨɰеɫɫа (вɪеɦɹ, ɤɨɝɞа ɤɪɢваɹ 
ɩеɪехɨɞɧɨɝɨ ɩɪɨɰеɫɫа ɨɬɥɢɱаеɬɫɹ ɦеɧɶше ɱеɦ ɧа 1Σ ɨɬ ɭɫɬаɧɨвɢвшеɝɨɫɹ 
ɡɧаɱеɧɢɹ). 

ɂɡвеɫɬɧɨ, ɱɬɨ вɪеɦɹ аɩеɪɢɨɞɢɱеɫɤɨɝɨ ɩеɪехɨɞɧɨɝɨ ɩɪɨɰеɫɫа в ɩɹɬɶ ɪаɡ 
ɞɥɢɧɧее еɝɨ ɩɨɫɬɨɹɧɧɨɣ вɪеɦеɧɢ. Ɍ.е.μ 
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                                                                                                                (8) 

Ɉɬɫɸɞа ɞɥɹ ɧашеɝɨ ɫɥɭɱаɹ ɩɨɥɭɱаеɦμ 
 

                                                                                                                 (9) 

 

ȼ ɧашеɦ ɫɥɭɱае вɪеɦɹ ɪеɝɭɥɢɪɨваɧɢɹ Эɪ, ɫɭɞɹ ɩɨ ɝɪаɮɢɤɭ, ɪавɧɨ 1.κ ɫеɤ. 
Ɍɨɝɞа ɦехаɧɢɱеɫɤаɹ ɩɨɫɬɨɹɧɧаɹ вɪеɦеɧɢ Tɦ = 1.κ/5 = 0.36 ɫеɤ. 

Ɍаɤɢɦ ɨɛɪаɡɨɦ, ɩɨɫɬɪɨɢв ɝɪаɮɢɤ ɩеɪехɨɞɧɨɝɨ ɩɪɨɰеɫɫа, ɦы ɧахɨɞɢɦ 
ɦехаɧɢɱеɫɤɭɸ ɩɨɫɬɨɹɧɧɭɸ вɪеɦеɧɢ Tɦ 

ɑɬɨɛы ɪаɫɫɱɢɬаɬɶ ɤɨэɮɮɢɰɢеɧɬы ɉɂȾ-ɪеɝɭɥɹɬɨɪа ɫɥеɞɭеɬ ɪешɢɬɶ ɨɛɪаɬɧɭɸ 
ɡаɞаɱɭ ɞɢɧаɦɢɤɢ. Ⱦɥɹ эɬɨɝɨ аɛɫɬɪаɝɢɪɭеɦɫɹ ɨɬ ɉɂȾ-ɪеɝɭɥɹɬɨɪа. Ȼɭɞеɦ ɩɨɥаɝаɬɶ, 
ɱɬɨ ɫɬɪɭɤɬɭɪа ɪеɝɭɥɹɬɨɪа, ɬ.е. еɝɨ ɩеɪеɞаɬɨɱɧаɹ ɮɭɧɤɰɢɹ Аɪ(s), ɧаɦ ɧеɢɡвеɫɬɧа. 
Ɂаɬɨ ɢɡвеɫɬɧа ɩеɪеɞаɬɨɱɧаɹ ɮɭɧɤɰɢɹ ɨɛɴеɤɬа ɭɩɪавɥеɧɢɹ Аɞв(s). 

 

 
 

Ɂаɩɢшеɦ ɩеɪеɞаɬɨɱɧɭɸ ɮɭɧɤɰɢɸ ɡаɦɤɧɭɬɨɣ ɫɢɫɬеɦы Аɡ(s)μ 
 

                                                                         (10) 

 

ɇаɫ вɩɨɥɧе ɭɫɬɪаɢваеɬ аɩеɪɢɨɞɢɱеɫɤɢɣ ɩеɪехɨɞɧыɣ ɩɪɨɰеɫɫ в ɫɢɫɬеɦе. 
ɂɦеɧɧɨ ɬаɤ ɫɢɫɬеɦа ɞɨɥɠɧа ɪеаɝɢɪɨваɬɶ ɧа ɢɡɦеɧеɧɢе ɫɤɨɪɨɫɬɢ ɢ ɧаɝɪɭɡɤɢ. 

ɉɭɫɬɶ ɠеɥаеɦаɹ ɩɨɫɬɨɹɧɧаɹ вɪеɦеɧɢ ɩеɪехɨɞɧɨɝɨ ɩɪɨɰеɫɫа Tɠ ɛɭɞеɬ 
ɩɪɢɦеɪɧɨ ɪавɧа Tɦ. Ɍ.е. ɩеɪеɞаɬɨɱɧаɹ ɮɭɧɤɰɢɹ ɠеɥаеɦɨɣ ɫɢɫɬеɦы Аɠ(s) ɪавɧаμ 

 

        

 

                                                                                         (11) 

 

ɉɪɢɪавɧɹеɦ ɩеɪеɞаɬɨɱɧɭɸ ɮɭɧɤɰɢɸ ɡаɦɤɧɭɬɨɣ ɫɢɫɬеɦы ɤ ɩеɪеɞаɬɨɱɧɨɣ 
ɮɭɧɤɰɢɢ ɠеɥаеɦɨɣ ɫɢɫɬеɦыμ 
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                                                                     (12) 

 

ɉɭɬеɦ ɩɪɨɫɬых ɦаɬеɦаɬɢɱеɫɤɢх ɩɪеɨɛɪаɡɨваɧɢɣ, выɪаɡɢɦ ɨɬɫɸɞа выɪаɠеɧɢе 
ɞɥɹ ɩеɪеɞаɬɨɱɧɨɣ ɮɭɧɤɰɢɢ ɪеɝɭɥɹɬɨɪа Аɪ(s)μ 

 

                  

 

                                                                              (13) 

 

ɉɨɞɫɬавɢɦ ɡɧаɱеɧɢе Аɞв(s)μ 
 

 
                                                                                                                              (14) 

ȼвеɞеɦ ɤɨэɮɮɢɰɢеɧɬыμ 
 

                                                                                               (15) 

 

ɉɨɥɭɱаеɦμ 
 

                                                                             (16) 

 

ɇе ɫɥɨɠɧɨ ɡаɦеɬɢɬɶ, ɱɬɨ ɦы ɩɨɥɭɱɢɥɢ ɩɪɨɫɬɨ ɤɨэɮɮɢɰɢеɧɬ C1, ɤɨэɮɮɢɰɢеɧɬ 
ɩеɪеɞ ɢɧɬеɝɪаɥɶɧыɦ ɡвеɧɨɦ ɋ2 ɢ ɤɨэɮɮɢɰɢеɧɬ ɩеɪеɞ ɞɢɮɮеɪеɧɰɢɪɭɸɳɢɦ ɡвеɧɨɦ 
C3. Ɍ.е. ɦы ɩɨɥɭɱɢɥɢ ɤɥаɫɫɢɱеɫɤɭɸ ɫɬɪɭɤɬɭɪɭ ɉɂȾ-ɪеɝɭɥɹɬɨɪа ɫ ɩаɪаɦеɬɪаɦɢ 
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Kɩ=ɋ1, Ʉɢ=C2 ɢ Kɞ=C3μ  

                                        (17) 

 

Ʉɪɢɬеɪɢɣ ɭɫɬɨɣɱɢвɨɫɬɢ ɇаɣɤвɢɫɬа ɞɥɹ ɫɢɫɬеɦ, ɭɫɬɨɣɱɢвых в ɪаɡɨɦɤɧɭɬɨɦ 
ɫɨɫɬɨɹɧɢɢ, ɫвɨɞɢɬɶɫɹ ɤ ɬɨɦɭ, ɱɬɨ ɅȺɑɏ ɞɨɥɠɧа ɩеɪеɫеɱɶ ɨɫɶ аɛɫɰɢɫɫ ɪаɧɶше, ɱеɦ 
ɮаɡа ɨɤɨɧɱаɬеɥɶɧɨ ɩеɪеɣɞёɬ ɡа ɡɧаɱеɧɢе -π. Ⱦɪɭɝɢɦɢ ɫɥɨваɦɢ ɫɢɫɬеɦа ɛɭɞеɬ 
ɭɫɬɨɣɱɢва еɫɥɢ ɧа ɱаɫɬɨɬе ɫɪеɡа ωɫɪ веɥɢɱɢɧа ɮаɡы ɛɭɞеɬ ɦеɧɶше π. 

ɉеɪеɞаɬɨɱɧаɹ ɮɭɧɤɰɢɹ ɪаɡɨɦɤɧɭɬɨɣ ɫɢɫɬеɦыμ 
 

     111 2 


sTsТTsTsT

K
sW

MМЭGU                                                                     (18) 

K K.AR K.U K.G K.M K.BV 15.363
                                                        (19) 

W w( )
K

Tu j w 1( ) Tg j w 1( ) Tm Te j w( )
2

 Tm j w 1 


                                (20) 

 

ȼыɪаɠеɧɢе ɞɥɹ ɅȺɑɏμ 
 

Lm w( ) 20 log W w( )                                                                                    (21) 

 

ȼыɪаɠеɧɢе ɞɥɹ ɅɎɑɏμ 
 


1

2

T.M

T.e
0.617

                                                                                            (22) 

 

T T.e T.M 0.04
                                                                                     (23) 

 

 ( ) atan TU   atan TG   atan
2  T 

1 T
2


2










                                (24) 

 

 ( ) atan TU   atan TG   atan
2  T 

1 T
2


2









  25if

atan TU   atan TG   atan
2  T 

1 T
2


2

















  25if


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                                                                                                                              (25) 

ɉɨ ɝɪаɮɢɤаɦ ɅȺɑɏ ɢ ɅɎɑɏ ɞɥɹ ɧашеɣ ɫɢɫɬеɦы ɨɩɪеɞеɥɢɦ ɱаɫɬɨɬɭ ɫɪеɡа ɢ 
ɤɪɢɬɢɱеɫɤɭɸ ɱаɫɬɨɬɭ. 

 

1 10 100 1 10
3

300

200

100

100
18.938

203.168

L ( )

10
31 



 





 

1 10 100 1 10
3

8

6

4

2

1.017

6.27

 ( )

3.14

10
31 

 
Ɋɢɫɭɧɨɤ 3.4.11 - ɅȺɑɏ ɢ ɅɎɑɏ ɪаɡɨɦɤɧɭɬɨɣ ɫɢɫɬеɦы ωɤɪ=24  ωɫɪ=12 

 

ȼ ɧашеɦ ɫɥɭɱае ɫɢɫɬеɦа ɭɫɬɨɣɱɢва, ɬ.ɤ. ωɤɪ>ωɫɪ. 
ɑɬɨɛы ɧаɣɬɢ Ʉɨɪ, ɧɭɠɧɨ в выɪаɠеɧɢɢ 

 

Lm wcp( ) 20 log
Kop

T.U wcp 1  T.G wcp 1  T.M T.e wcp( )
2 T.M wcp 1














Kop

                     (26) 

 

ɝɞе     а = ωɫɪ 

Lm wcp( ) 0 
Find Kop( ) 36.9004996096  

 

3.5 ɉɪɟɞɫɬɚɜɥɟɧɢɟ ɞɜɢɝɚɬɟɥɹ ɜ ɜɢɞɟ ɨɛɨɛɳɟɧɧɨɣ ɦɚɲɢɧɵ 

 

Эɥеɤɬɪɨɞвɢɝаɬеɥɶ ɦɨɠеɬ ɛыɬɶ ɩɪеɞɫɬавɥеɧ в вɢɞе эɥеɤɬɪɨɦехаɧɢɱеɫɤɨɝɨ 
ɦɧɨɝɨɩɨɥɸɫɧɢɤа: 

Иɡɦ. Лɢɫɬ № ɞɨɤɭɦ. Пɨɞɩɢɫɶ Дɚɬɚ 

Лɢɫɬ 

41 
ДП-140604.65 ПɁ 

 



 
Ɋɢɫɭɧɨɤ 3.5.1- Эɥеɤɬɪɨɦехаɧɢɱеɫɤɢɣ ɩɪеɨɛɪаɡɨваɬеɥɶ 
 

Эɥеɤɬɪɨɦехаɧɢɱеɫɤɢɣ ɩɪеɨɛɪаɡɨваɬеɥɶ ɢɦееɬ Ч-ɩаɪ эɥеɤɬɪɢɱеɫɤɢх вывɨɞɨв, 
ɫɨɨɬвеɬɫɬвɭɸɳɢх Ч-ɨɛɦɨɬɤаɦ ɞвɢɝаɬеɥɹ, ɢ ɨɞɧɭ ɩаɪɭ ɦехаɧɢɱеɫɤɢх вывɨɞɨв, ɧа 
ɤɨɬɨɪых в ɪеɡɭɥɶɬаɬе эɥеɤɬɪɨɦехаɧɢɱеɫɤɨɝɨ ɩɪеɨɛɪаɡɨваɧɢɹ эɧеɪɝɢɢ ɩɪɢ ɫɤɨɪɨɫɬɢ 
ω ɪаɡвɢваеɬɫɹ эɥеɤɬɪɨɦаɝɧɢɬɧыɣ ɦɨɦеɧɬ ɞвɢɝаɬеɥɹ Ɇ. 

Ʉаɤ ɩɪавɢɥɨ, ɞвɢɝаɬеɥɢ ɹвɥɹɸɬɫɹ ɦɧɨɝɨɮаɡɧыɦɢ эɥеɤɬɪɢɱеɫɤɢɦɢ ɦашɢɧаɦɢ. 
ɋ ɭвеɥɢɱеɧɢеɦ ɱɢɫɥа ɮаɡ вɨɡɪаɫɬаеɬ ɱɢɫɥɨ ɭɪавɧеɧɢɣ, ɨɩɢɫываɸɳɢх 
эɥеɤɬɪɨɦаɝɧɢɬɧые ɢ эɥеɤɬɪɨɦехаɧɢɱеɫɤɢе ɩɪɨɰеɫɫы. 

ȼ ɬеɨɪɢɢ эɥеɤɬɪɢɱеɫɤɢх ɦашɢɧ ɞɨɤаɡаɧɨ, ɱɬɨ ɥɸɛаɹ ɦɧɨɝɨɮаɡɧаɹ ɦашɢɧа ɫ 
n-ɮаɡɧɨɣ ɨɛɦɨɬɤɨɣ ɫɬаɬɨɪа ɢЦ-ɮаɡɧɨɣ ɨɛɦɨɬɤɨɣ ɪɨɬɨɪа ɦɨɠеɬ ɛыɬɶ ɩɪеɞɫɬавɥеɧа 
ɞвɭхɮаɡɧɨɣ ɦɨɞеɥɶɸ [12]. ɉɨэɬɨɦɭ ɦаɬеɦаɬɢɱеɫɤɨе ɨɩɢɫаɧɢе ɩɪɨɰеɫɫɨв вɨ 
вɪаɳаɸɳеɣɫɹ эɥеɤɬɪɢɱеɫɤɨɣ ɦашɢɧе ɩɨɥɭɱаɸɬ ɧа ɨɫɧɨве ɪаɫɫɦɨɬɪеɧɢɹ её 
ɞвɭхɮаɡɧɨɣ ɦɨɞеɥɢ, ɤɨɬɨɪаɹ ɩɨɥɭɱɢɥа ɧаɡваɧɢе ɨɛɨɛɳеɧɧɨɣ эɥеɤɬɪɢɱеɫɤɨɣ 
ɦашɢɧы. 

 
Ɋɢɫɭɧɨɤ 3.5.2 - ɋхеɦа ɨɛɨɛɳеɧɧɨɣ эɥеɤɬɪɢɱеɫɤɨɣ ɦашɢɧы 

 

ɍɪавɧеɧɢɹ Ʉɢɪхɝɨɮа, выɪаɠеɧɧые ɱеɪеɡ ɩɨɬɨɤɨɫɰеɩɥеɧɢе Ψ, ɢɦеɸɬ вɢɞμ 
 

                                                                                         (1) 
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ɝɞе R1 ɢ R2 - аɤɬɢвɧɨе ɫɨɩɪɨɬɢвɥеɧɢе ɮаɡы ɫɬаɬɨɪа ɢ ɩɪɢвеɞёɧɧɨе ɫɨɩɪɨɬɢвɥеɧɢе 
ɮаɡы ɪɨɬɨɪа. 

ɉɪɨɢɡвеɞёɦ ɥɢɧеɣɧые ɩɪеɨɛɪаɡɨваɧɢɹ ɭɪавɧеɧɢɣ ɨɛɨɛɳёɧɧɨɣ 
эɥеɤɬɪɢɱеɫɤɨɣ ɦашɢɧы ɞɥɹ ɭɫɬɪаɧеɧɢɹ ɡавɢɫɢɦɨɫɬɢ ɢɧɞɭɤɬɢвɧɨɫɬеɣ ɢ вɡаɢɦɧых 
ɢɧɞɭɤɬɢвɧɨɫɬеɣ ɨɛɦɨɬɨɤ ɞвɢɝаɬеɥɹ ɨɬ ɭɝɥа ɩɨвɨɪɨɬа ɪɨɬɨɪа, вɨɡɦɨɠɧɨɫɬɢ 
ɨɩеɪɢɪɨваɬɶ ɧе ɫɢɧɭɫɨɢɞаɥɶɧɨ ɢɡɦеɧɹɸɳɢɦɢɫɹ ɩеɪеɦеɧɧыɦɢ, а ɢх аɦɩɥɢɬɭɞаɦɢ. 
ɉɪɢ эɬɨɦ ɨɫɭɳеɫɬвɥɹеɬɫɹ ɡаɦеɧа ɞеɣɫɬвɢɬеɥɶɧых ɩеɪеɦеɧɧых ɧɨвыɦɢ 
ɩеɪеɦеɧɧыɦɢ ɩɪɢ ɭɫɥɨвɢɢ ɫɨхɪаɧеɧɢɹ аɞеɤваɬɧɨɫɬɢ ɦаɬеɦаɬɢɱеɫɤɨɝɨ ɨɩɢɫаɧɢɹ 
ɢɫɫɥеɞɭеɦɨɣ ɦашɢɧы. Эɬɢɦ ɭɫɥɨвɢеɦ ɹвɥɹеɬɫɹ ɬɪеɛɨваɧɢе ɢɧваɪɢаɧɬɧɨɫɬɢ 
ɦɨɳɧɨɫɬɢ ɩɪɢ ɩɪеɨɛɪаɡɨваɧɢɢ ɭɪавɧеɧɢɣ. 

Ɋаɫɫɦɨɬɪɢɦ ɩɪеɨɛɪаɡɨваɧɢɹ, ɤɨɬɨɪые ɩɨɡвɨɥɹɸɬ ɩеɪеɣɬɢ ɨɬ ɞеɣɫɬвɢɬеɥɶɧых 
ɩеɪеɦеɧɧых, ɨɩɪеɞеɥɹеɦых ɫɢɫɬеɦɨɣ ɤɨɨɪɞɢɧаɬ, ɠёɫɬɤɨ ɫвɹɡаɧɧых ɫɨ ɫɬаɬɨɪɨɦ (α, 
β) ɢ ɪɨɬɨɪɨɦ (Н, q), ɤ ɪаɫɱёɬɧыɦ ɩеɪеɦеɧɧыɦ, ɫɨɨɬвеɬɫɬвɭɸɳɢɦ ɫɢɫɬеɦе ɤɨɨɪɞɢɧаɬ 
Ю, Я, вɪаɳаɸɳɢхɫɹ в ɩɪɨɫɬɪаɧɫɬве ɫ ɩɪɨɢɡвɨɥɶɧɨɣ ɫɤɨɪɨɫɬɶɸ ωФ . 

ȼ ɨɛɳеɦ вɢɞе ɤаɠɞɭɸ ɪеаɥɶɧɭɸ ɩеɪеɦеɧɧɭɸ - ɧаɩɪɹɠеɧɢе, ɬɨɤ, 
ɩɨɬɨɤɨɫɰеɩɥеɧɢе ɢɡɨɛɪаɡɢɦ в вɢɞе веɤɬɨɪа, ɧаɩɪавɥеɧɢе ɤɨɬɨɪɨɝɨ ɠёɫɬɤɨ ɫвɹɡаɧɨ 
ɫ ɫɨɨɬвеɬɫɬвɭɸɳеɣ ɞаɧɧɨɣ ɨɛɦɨɬɤе ɫɢɫɬеɦɨɣ ɤɨɨɪɞɢɧаɬ, а ɦɨɞɭɥɶ веɤɬɨɪа 
ɢɡɦеɧɹеɬɫɹ в ɫɨɨɬвеɬɫɬвɢɢ ɫ ɢɡɦеɧеɧɢɹɦɢ ɢɡɨɛɪаɠаеɦɨɣ ɩеɪеɦеɧɧɨɣ. 

Ƚɪаɮɢɱеɫɤɢе ɩɨɫɬɪɨеɧɢɹ, ɫɨɨɬвеɬɫɬвɭɸɳɢе ɫɬаɬɨɪɭ ɢ ɪɨɬɨɪɭ, ɢɡɨɛɪаɡɢɦ 
ɨɬɞеɥɶɧɨ, ɩɪɢɱёɦ. 

 

 
а)                            ɛ) 
Ɋɢɫɭɧɨɤ 3.5.3 - Ʉ ɩɪеɨɛɪаɡɨваɧɢɸ ɩеɪеɦеɧɧых ɫɬаɬɨɪɧɨɣ ɨɛɦɨɬɤɢ в ɫɢɫɬеɦах 

ɤɨɨɪɞɢɧаɬ (α,β ) ɢ (Ю, Я) (К) ɢ ɪɨɬɨɪɧɨɣ ɨɛɦɨɬɤɢ в ɫɢɫɬеɦах ɤɨɨɪɞɢɧаɬ (Н, q) ɢ (Ю, Я) 
(ɛ). 

 

ɋɨɫɬавɥɹɸɳɢе веɤɬɨɪа ɨɩɪеɞеɥеɧы ɤаɤ ɩɪɨеɤɰɢɢ веɤɬɨɪɨв ɢ ɧа ɨɫɶ α, 
ɫɨɫɬавɥɹɸɳɢе веɤɬɨɪа ɨɩɪеɞеɥеɧы ɤаɤ ɩɪɨеɤɰɢɢ веɤɬɨɪɨв ɢ ɧа ɨɫɶ β; 
ɫɨɫɬавɥɹɸɳɢе веɤɬɨɪа - ɤаɤ ɩɪɨеɤɰɢɢ веɤɬɨɪɨв ɢ ɧа ɨɫɶ Н, ɫɨɫɬавɥɹɸɳɢе 
веɤɬɨɪа - ɤаɤ ɩɪɨеɤɰɢɢ веɤɬɨɪɨв ɢ ɧа ɨɫɶ q [12, c.112]. 

ɉɪɨɫɭɦɦɢɪɨвав ɩɪɨеɤɰɢɢ ɩɨ ɨɫɹɦ, ɩɨɥɭɱɢɦ ɮɨɪɦɭɥы ɨɛɪаɬɧɨɝɨ 
ɩɪеɨɛɪаɡɨваɧɢɹ ɤɨɨɪɞɢɧаɬ ɨɛɨɛɳёɧɧɨɣ ɦашɢɧы, ɬ.е. ɮɨɪɦɭɥы ɩеɪехɨɞа ɨɬ 
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ɪаɫɱёɬɧых ɤ ɪеаɥɶɧыɦ ɩеɪеɦеɧɧыɦμ 
 

                                                            (2) 

 

ɝɞе     α, β - ɨɫɢ, ɠёɫɬɤɨ ɫвɹɡаɧɧые ɫɨ ɫɬаɬɨɪɨɦ; 
d, q - ɨɫɢ, ɠёɫɬɤɨ ɫвɹɡаɧɧые ɫ ɪɨɬɨɪɨɦ; 
u, v - ɩɪɨɢɡвɨɥɶɧаɹ ɫɢɫɬеɦа ɨɪɬɨɝɨɧаɥɶɧых ɤɨɨɪɞɢɧаɬ, вɪаɳаɸɳɢхɫɹ 

ɨɬɧɨɫɢɬеɥɶɧɨ ɫɬаɬɨɪа ɫɨ ɫɤɨɪɨɫɬɶɸ ωФ, а φэɥ=pЧφ; φФ=ωФЭ, 
ɝɞе  φэɥ ɢ φ - ɫɨɨɬвеɬɫɬвеɧɧɨ эɥеɤɬɪɢɱеɫɤɢɣ ɢ ɝеɨɦеɬɪɢɱеɫɤɢɣ ɭɝɥы ɩɨвɨɪɨɬа 
ɪɨɬɨɪа ɨɬɧɨɫɢɬеɥɶɧɨ ɫɬаɬɨɪа; pЧ- ɱɢɫɥɨ ɩаɪ ɩɨɥɸɫɨв. 

Ⱥɧаɥɨɝɢɱɧɨ вывɨɞɹɬɫɹ ɮɨɪɦɭɥы ɩɪɹɦɨɝɨ ɩɪеɨɛɪаɡɨваɧɢɹμ 
 

                                                        (3) 

 

ɉɨɞɫɬавɢв в ɩеɪвые ɞва ɭɪавɧеɧɢɹ, ɩɨɥɭɱɢɦμ 
 

       (4) 

 

ɍɦɧɨɠɢв ɩеɪвɨе ɭɪавɧеɧɢе ɧа МШsφ Ф , а вɬɨɪɨе ɧа sТЧφ Ф , ɫɥɨɠɢв ɢх, ɢ 
ɭɱɢɬываɹ, ɱɬɨ 

 

                                                          (5) 
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ɩɨɥɭɱɢɦμ 
 

                                                                              (6) 

 

ȼ ɪеɡɭɥɶɬаɬе ɬаɤɢх ɠе ɩɪеɨɛɪаɡɨваɧɢɣ ɞɥɹ ɪɨɬɨɪɧых ɰеɩеɣ ɨɛɨɛɳеɧɧɨɣ 
ɦашɢɧы ɩɨɥɭɱɢɦμ 

 

                                                                (7) 

 

ɝɞе   

 

ɍɪавɧеɧɢе эɥеɤɬɪɨɦаɝɧɢɬɧɨɝɨ ɦɨɦеɧɬа ɞɥɹ ɧеɹвɧɨɩɨɥɸɫɧɨɣ ɦашɢɧы 
вывɨɞɢɬɫɹ аɧаɥɨɝɢɱɧɨ ɢɡɥɨɠеɧɧɨɦɭ выше: 

 

                       (8) 

 

ȼɨɫɩɨɥɶɡɨвавшɢɫɶ ɮɨɪɦɭɥаɦɢ ɨɛɪаɬɧɨɝɨ ɩɪеɨɛɪаɡɨваɧɢɹ, ɩɨɥɭɱɢɦμ 
 

                                                                                 (9) 

 

ɝɞе   L12 - вɡаɢɦɧаɹ ɢɧɞɭɤɬɢвɧɨɫɬɶ ɦеɠɞɭ ɨɛɦɨɬɤаɦɢ ɫɬаɬɨɪа ɢ ɪɨɬɨɪа. 
 

Ɇаɬеɦаɬɢɱеɫɤɨе ɨɩɢɫаɧɢе ɦехаɧɢɱеɫɤɢх хаɪаɤɬеɪɢɫɬɢɤ в ɨɫɹх Ю, Я ɢɦееɬ 
вɢɞμ 
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                                                               (10) 

 

ȿɫɥɢ ɨɫɶ ɩɪɢɧɹɬɶ ɡа ɞеɣɫɬвɢɬеɥɶɧɭɸ, а ɨɫɶ - ɡа ɦɧɢɦɭɸ, ɬɨ ɢɡɨɛɪаɠаɸɳɢе 
веɤɬɨɪы ɦɨɞɧɨ ɩɪеɞɫɬавɢɬɶ в вɢɞеμ 

 

                                                                 (11) 

 

ȼ эɬɨɦ ɫɥɭɱае ɦаɬеɦаɬɢɱеɫɤɨе ɨɩɢɫаɧɢе ɦехаɧɢɱеɫɤɢх хаɪаɤɬеɪɢɫɬɢɤ ɢɦееɬ 
вɢɞμ 

                                                                        (12) 

 

Ɇаɬеɦаɬɢɱеɫɤɨе ɨɩɢɫаɧɢе ɫɨɫɬавɥɹеɬɫɹ ɞɥɹ ɞвɭхɮаɡɧɨɣ ɦɨɞеɥɢ ɪеаɥɶɧɨɣ 
ɦашɢɧы. Ɋеаɥɶɧые ɞвɢɝаɬеɥɢ ɱаɳе вɫеɝɨ ɢɦеɸɬ ɬɪёхɮаɡɧɭɸ ɨɛɦɨɬɤɭ ɫɬаɬɨɪа, 
ɩɨэɬɨɦɭ ɧеɨɛхɨɞɢɦɨ ɩɪеɨɛɪаɡɨваɬɶ ɩеɪеɦеɧɧые ɞвɭхɮаɡɧɨɣ ɦɨɞеɥɢ ɤ ɩеɪеɦеɧɧыɦ 
ɬɪёхɮаɡɧɨɣ ɦашɢɧы. 

Ɉɞɢɧ ɢ ɬɨɬ ɠе ɪеɡɭɥɶɬɢɪɭɸɳɢɣ веɤɬɨɪ ɆȾɋ ɦɨɠеɬ ɛыɬɶ ɫɨɡɞаɧ ɤаɤ 
ɞвɭхɮаɡɧɨɣ, ɬаɤ ɢ ɬɪёхɮаɡɧɨɣ ɨɛɦɨɬɤɨɣ. Ⱦɥɹ ɩɨɥɭɱеɧɢɹ ɮɨɪɦɭɥ ɞвɭхɮаɡɧɨ-

ɬɪёхɮаɡɧых ɩɪеɨɛɪаɡɨваɧɢɣ ɩɪеɞɫɬавɢɦ ɪеаɥɶɧые ɩеɪеɦеɧɧые ɬɪёхɮаɡɧɨɣ 
ɦашɢɧы в вɢɞе веɤɬɨɪɨв ɢ, ɛɭɞеɦ ɫɱɢɬаɬɶ, ɱɬɨ ɩɪеɨɛɪаɡɨваɧɧые ɩеɪеɦеɧɧые в ɨɫɹх 
α ɢ β ɧе ɪавɧы, а ɩɪɨɩɨɪɰɢɨɧаɥɶɧы ɫɭɦɦе ɩɪɨеɤɰɢɣ ɪеаɥɶɧых ɩеɪеɦеɧɧых б1К , 
б1Л, б1М ɢ β (ɪɢɫ. 3.5.4). 
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      Ɋɢɫɭɧɨɤ 3.5.4 - ɋхеɦа ɞвɭхɮаɡɧɨ - ɬɪехɮаɡɧɨɝɨ ɩɪеɨɛɪаɡɨваɧɢɹ 

 

ɂɡ ɪɢɫɭɧɤа ɩɨɥɭɱаеɦμ 
 

                                                                              (13) 

 

ɝɞе  xc - ɫɨɝɥаɫɭɸɳɢɣ ɤɨэɮɮɢɰɢеɧɬ ɩɪɨɩɨɪɰɢɨɧаɥɶɧɨɫɬɢ, веɥɢɱɢɧа ɤɨɬɨɪɨɝɨ 
ɨɩɪеɞеɥɹеɬɫɹ ɢɡ ɭɫɥɨвɢɹ ɢɧваɪɢаɧɬɧɨɫɬɢ ɦɨɳɧɨɫɬɢ. 

 

Ⱦɥɹ ɬɪёхɮаɡɧɨɣ ɦашɢɧы, ɤаɤ ɩɪавɢɥɨ, выɩɨɥɧɹеɬɫɹ ɭɫɥɨвɢеμ 
 

                                                                                           (14) 

 

Ɉɬɫɸɞа 
 

                                                                                       (15) 

 

ɋɥеɞɨваɬеɥɶɧɨ, 
 

                                                                (16) 

 

Ɏɨɪɦɭɥы ɨɛɪаɬɧɨɝɨ ɩɪеɨɛɪаɡɨваɧɢɹ ɩɨɥɭɱɢɦ аɧаɥɨɝɢɱɧɨ, вɨɫɩɨɥɶɡɨвавшɢɫɶ 
ɫхеɦɨɣ ɬɪехɮаɡɧɨ - ɞвɭхɮаɡɧɨɝɨ ɩɪеɨɛɪаɡɨваɧɢɹ [11]: 
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Ɋɢɫɭɧɨɤ 3.5.3 - ɋхеɦа ɬɪехɮаɡɧɨ - ɞвɭхɮаɡɧɨɝɨ ɩɪеɨɛɪаɡɨваɧɢɹ 

 

ɂɡ ɪɢɫɭɧɤа ɢɦееɦμ 
 

                                                                                    (17) 

 

Ⱦɥɹ ɨɩɪеɞеɥеɧɢɹ ɫɨɝɥаɫɭɸɳеɝɨ ɤɨэɮɮɢɰɢеɧɬа ɧаɣɞёɦ выɪаɠеɧɢе ɞɥɹ 
ɦɝɧɨвеɧɧɨɣ ɦɨɳɧɨɫɬɢ, ɩɨɬɪеɛɥɹеɦɨɣ ɨɛɦɨɬɤаɦɢ ɫɬаɬɨɪа ɢɡ ɫеɬɢμ 

 

                                                        (18) 

 

Ⱦɥɹ выɩɨɥɧеɧɢɹ ɭɫɥɨвɢɹ ɢɧваɪɢаɧɬɧɨɫɬɢ ɦɨɳɧɨɫɬɢμ 
 

                                                            (19) 
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ɧеɨɛхɨɞɢɦɨ, ɱɬɨɛыμ 
 

                                                                                                               (20) 

 

ɋɨвɦеɫɬɢɦ ɢɡɨɛɪаɠаɸɳɢɣ веɤɬɨɪ ɩеɪеɦеɧɧɨɣ, ɫ ɨɫɶɸ α ɦɨɞеɥɢ ɢ ɫ 
ɫɨвɩаɞаɸɳеɣ ɫ ɧеɣ ɨɫɶɸ К ɪеаɥɶɧɨɣ ɦашɢɧы. ɉɪɢ эɬɨɦ ɢ ɫвɹɡɶ ɦеɠɞɭ 
аɦɩɥɢɬɭɞаɦɢ ɩеɪеɦеɧɧых ɨɩɪеɞеɥɹеɬɫɹ выɪаɠеɧɢеɦ, ɩɨɥɭɱеɧɧыɦ ɩɪɢ ɩɪɹɦɨɦ 
ɞвɭхɮаɡɧɨ - ɬɪёхɮаɡɧɨɦ ɩɪеɨɛɪаɡɨваɧɢɢμ 

 

                                                                    (21) 

 

ɝɞе   x1max(2φ), x1max(3φ) - аɦɩɥɢɬɭɞы ɩеɪеɦеɧɧɨɣ ɞвɭхɮаɡɧɨɣ ɦɨɞеɥɢ ɢ ɬɪёхɮаɡɧɨɣ 
ɪеаɥɶɧɨɣ ɦашɢɧы. 

 

3.6 Ɋɚɫɱɟɬ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ ɨɛɨɛɳɟɧɧɨɣ ɦɚɲɢɧɵ ɩɪɢ ɩɭɫɤɟ 

 

ɉɨɫɥеɞɨваɬеɥɶɧɨ вɤɥɸɱеɧɧɨе аɤɬɢвɧɨе ɫɨɩɪɨɬɢвɥеɧɢеμ 
 

ɫɬ.ɨɫɧ
12 2 2

P 359,3
r 1,87

mI 3 8,01

  


 Ɉɦ.                                                                            (1) 

 

ɉɨɫɥеɞɨваɬеɥɶɧɨ вɤɥɸɱеɧɧɨе ɢɧɞɭɤɬɢвɧɨе ɫɨɩɪɨɬɢвɥеɧɢе:  

1ɧɨɦ
12 1

U 220
x x 0,859 26,6

I 8,01

    
 Ɉɦ.                                                            (2) 

 

Ʉɨɦɩɥеɤɫɧыɣ ɤɨэɮɮɢɰɢеɧɬ =1+x1/x12=1+0,859/26,6=1,032. 

ɂɫɩɨɥɶɡɭеɦ ɩɪɢɛɥɢɠеɧɧɭɸ ɮɨɪɦɭɥɭ, ɬаɤ ɤаɤ  
 

'1 12 12 1

12 1 12 12 1 12

0,18 26,6 1,87 0,859
0,26 1 .

( ) ( ) 1,87 (0,18 1,87) 26,6 (0,859 26,6)

   
   

       
r x r x

arctg arctg
r r r x x x


       (3) 

 

Ⱥɤɬɢвɧаɹ ɫɨɫɬавɥɹɸɳаɹ ɬɨɤа ɫɢɧхɪɨɧɧɨɝɨ хɨɥɨɫɬɨɝɨ хɨɞа 
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2 2
ɫɬ.ɨɫɧ 1

0а
1

P 3I r 359,3 3 8,01 0,18
I 0,6

3U 3 220

   
  


 Ⱥ.                                               (4) 

 

Ɋаɫɱеɬɧые веɥɢɱɢɧы а'=c12=1,0322=1,07; b'=0; =c1r1=1,032.0,18=0,19; 

=c1(x1+c1x2')=1,032.(0,859+1,032.0,5)=1,419. 

 

ɉɨɬеɪɢ, ɧе ɢɡɦеɧɹɸɳɢеɫɹ ɩɪɢ ɢɡɦеɧеɧɢɢ ɫɤɨɥɶɠеɧɢɹ 
ɫɬ+Pɦех=573,01+504,55=1077,55 ȼɬ. 
 

Ɍаɛɥɢɰа 1 - Ɋаɛɨɱɢе хаɪаɤɬеɪɢɫɬɢɤɢ ɞвɢɝаɬеɥɹ 

Ɋаɫɱеɬɧые ɮɨɪɦɭɥы Ɋаɡɦеɪɧɨɫɬɶ s 

  0,001 

2a'r' /s'Ɉɦ 
234 924 0,006 0,011 0,016 0,021 0,026 0,031 

2R=a+a'r' /s 'Ɉɦ 
235 124 713 08 86 75 24 4 

2X=b+b'r' /s'Ɉɦ 
1 421 813 29 06 95 44 6 

2 2Z= R +X Ɉɦ 
235 0824 421 421 421 421 421 42 

2 1I'' =U /ZȺ 
0 948 8913 289 147 035 594 79 

2cos ' =R/Z
 

-1 0000 8416 5724 0831 3139 3645 92 

2sin ' =X/Z
 

-0 0060 9980 9940 9880 9790 9670 955 

1a 0a 2 2I =I +I'' cos ' Ⱥ 
1 539 0570 1070 1550 2020 2540 296 

1p 0p 2 2I =I +I'' sin ' Ⱥ 
8 028 4217 0724 3831 2738 6744 46 

2 2

1 1a 1aI I +I Ⱥ 
8 1612 529 7811 7514 3418 0021 61 

2 1 2I' =c I'' Ⱥ 
0 979 7019 6827 0734 4042 6549 43 

1 1 1aP =3U I ɤȼɬ 1012 45220 1317 1124 8532 3340 6347 40 
2

Э1 1 1P =3I r ɤȼɬ 36 889 011268 716092 220636 625521 220342 8 

2

Э2 2 2P =3I' r' ɤȼɬ 0 3632 2214 1405 0654 11005 81350 9 

ȾɈȻ 1P =0,005P ɤȼɬ 5 0631 29113 46239 51405 19640 12871 71 

ɋɌ Ɇȿɏ

Э1 Э2 ȾɈȻ

P=P +P +

+P +P +P



ɤȼɬ 

1119 811230 1056 3480 46103 18127 61146 71 

2 1P =P - P ɤȼɬ -107 44989 131461 411802 482240 002851 043446 46 

1=1- P/P 
 

 -10,6% 99807 314289 718396 622670 225896 3 

1a 1cos I /I 
 

 -0,1880 80,2% 87,0% 88,8% 89,1% 88,8% 88,3% 
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Ɋɢɫɭɧɨɤ 3.6.1 - Ɋаɛɨɱɢе хаɪаɤɬеɪɢɫɬɢɤɢ 

 

ȼыɫɨɬа ɫɬеɪɠɧɹ в ɩаɡɭ =Сɩ-(Сш+С'ш)=32,6-(0,7+0,3)=31,6 ɦɦ. 
ȼ ɪɨɬɨɪах ɫ ɥɢɬɨɣ ɨɛɦɨɬɤɨɣɫ/Лɩ=1. 
Ʉɨэɮɮɢɰɢеɧɬ ɦаɝɧɢɬɧɨɣ ɩɪɨвɨɞɢɦɨɫɬɢ ɭɱаɫɬɤа ɩаɡа, ɡаɧɹɬɨɝɨ ɩɪɨвɨɞɧɢɤɨɦ 

ɫ ɨɛɦɨɬɤɨɣ 

 
2 2

2 2
' 0 1 ш
ɩ2

1 c 1

h b b 28,4 3,14 6,1 1,5
1 0,66 1 0,66 1,74

3b 8q 2b 3 6,1 8 121,1 2 6,1

    
                   
 

ɉɭɫɤɨвые ɩаɪаɦеɬɪы ɉ=Фπб12=2,5λ.26,6=6κ,λ6 Ɉɦ; 
ɫ1ɉ=1+б1/б12ɉ=1+0,κ5λ/6κ,λ6=1,012. 
 

Ɍаɛɥɢɰа 2 - Ɋаɫɱеɬ ɬɨɤɨв в ɩɭɫɤɨвɨɦ ɪеɠɢɦе ɫ ɭɱеɬɨɦ вɥɢɹɧɢɹ эɮɮеɤɬа выɬеɫɧеɧɢɹ 
ɬɨɤа 

Ɋаɫɱеɬɧые ɮɨɪɦɭɥы Ɋаɡɦеɪɧɨɫɬɶ S 

1 2 3 

  1 0,56 0,24 0,18 0,125 0,1 

C=63,61h s
 

-2 011 500 990 850 710 58 

φ(ξ) - 0,89 0,36 0,09 0,05 0,02 0,01 

R Ch =h /(1+ ) ɦɦ 
16 7523 3129 0730 1730 9031 28 
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ɉɪɨɞɨɥɠеɧɢе ɬаɛɥɢɰы 2 
1 2 3 

 R R 1h ' h b / 2  ɦɦ 
13 7020 2626 0227 1227 8528 23 

1 2
R 1 R

1

b b
b b h '

h


 

ɦɦ 

3 832 751 801 611 491 43 

2

1 1 R
R R

b b b
q h '

8 2

 
 

ɦɦ 

282 64104 25117 31119 20120 32120 88 

r C Rk =q /q
 

-1 471 161 031 021 011 00 

C
R

2 R

r
K =1+

r (k -1)
 

-1 281 101 021 011 010 00 

2 R 2r' =K r' Ɉɦ 
0 1650 1420 1320 1300 1300 129 

Ⱦk '( ) 
 

-0 750 890 960 970 980 98 

ɉ2 ɉ2 Ⱦ' (1 k )    
 

-0 440 200 060 050 040 03 

ɉ2 ɉ2 ɉ2    
 

-2 722 963 093 113 123 13 

X 2 2K /   
 

-0 930 970 990 990 991 00 

2 X 2x' =K x' Ɉɦ 
0 4670 4850 4950 4960 4970 498 

ɉ 1 1ɉ 2R =r +c r' /s Ɉɦ 
0 3510 4400 7390 9161 2351 740 

ɉ 1 1ɉ 2X =x +c x'  Ɉɦ 
1 331 351 361 361 361 36 

2 2

2 1 ɉ ɉI' U / R X  Ⱥ 
159 81154 99142 16134 08119 6699 54 

2 2

ɉ ɉ 12ɉ
1 2

1ɉ 12ɉ

R (X x )
I I '

ɫ б
 


 Ⱥ 

160 89156 08143 19135 06120 54100 29 

 

Ʉɨэɮɮɢɰɢеɧɬ  

N

Z1 Z2

0,4
C 0,64 2,5 0,64 2,5 0,944

t t 15,18 11,92


    

 
. 

 

ȼыɫɨɬа ɫɤɨɫа шɥɢɰа ɩаɡа ɫɬаɬɨɪа ɩɪɢ ɭɝɥе ɫɤɨɫа β = 45° 
Сɤ=(Л1-Лш)/2=(λ,4-3,7)/2=2,κ5 ɦɦ. 
 

Ɍаɛɥɢɰа 3 - Ɋаɫɱеɬ ɩɭɫɤɨвых хаɪаɤɬеɪɢɫɬɢɤ в ɩɭɫɤɨвɨɦ ɪеɠɢɦе ɫ ɭɱеɬɨɦ вɥɢɹɧɢɹ 
эɮɮеɤɬа выɬеɫɧеɧɢɹ ɬɨɤа ɢ ɧаɫыɳеɧɢɹ ɨɬ ɩɨɥеɣ ɪаɫɫеɹɧɢɹ 

Ɋаɫɱеɬɧые ɮɨɪɦɭɥы Ɋаɡɦеɪɧɨɫɬɶ s 

1 2 3 

  1 0,56 0,24 0,18 0,125 0,1 
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ɉɪɨɞɨɥɠеɧɢе ɬаɛɥɢɰы 3  
1 2 3 

ФИɧаɫ - 1,34 1,32 1,22 1,2 1,12 1,06 

  

1
ɍ1 ɈȻ1

2

Z
k ' k k

Z


 
  
 Ⱥ 

3892 03719 33153 72925 82437 11919 2 

6

ɉ.ɋɊ
Ɏ

N

F 10
B

1,6 ɋ 




Ɍɥ 

6 446 165 224 844 043 18 

Ɏf (B )  
 

-0 400 410 470 490 580 70 

Э1 Г1 Ш1c (t b )(1 )   ɦɦ 
6 886 736 145 804 833 43 

ɉ1ɇȺɋ ɉ1 ɉ1ɇȺɋ   
 

-0 400 390 380 370 330 27 

Ⱦ1ɇȺɋ Ⱦ1  
 

-1 331 331 351 361 391 45 

1ɇȺɋ 1 1ɇȺɋ 1x x /    Ɉɦ 
1 051 081 221 301 521 84 

1ɉ.ɇȺɋ 1ɇȺɋ 12ɉc 1 x / x 
 

-0 6310 6350 6530 6630 6930 736 

Э2 Г2 Ш2c (t b )(1 )   ɦɦ 
1 011 011 011 011 011 01 

Э2Ш2
ɉ2ɇȺɋ

Ш2 Э2 Ш2

ch

b c b
 


 

-6 246 115 575 264 383 11 

ɉ2 ɇȺɋ ɉ2 ɉ2ɇȺɋ    
 

-0 540 540 530 520 500 45 

Ⱦ2ɇȺɋ Ⱦ2  
 

-2 182 422 572 592 622 68 

2 ɇȺɋ 2 2ɇȺɋ 2x ' x ' /     Ɉɦ 
0 840 870 981 041 211 47 

ɉ.ɇȺɋ 1 1ɉ.ɇȺɋ 2R r c r ' / s  Ɉɦ 
0 3310 3510 3710 3770 3930 416 

ɉ.ɇȺɋ 1ɇȺɋ 1ɉ.ɇȺɋ 2ɇȺɋX x c x '  Ɉɦ 
0 350 440 740 911 231 74 

2 2

2ɇȺɋ 1 ɉ.ɇȺɋ ɉ.ɇȺɋI ' U / R X  Ⱥ 
0 970 991 031 041 091 16 

 

=  

2 2

ɉ.ɇȺɋ ɉ.ɇȺɋ 12ɉ

1ɉ 12ɉ

R (X x )

ɫ б
 


Ⱥ 

214 19203 10174 00158 55133 72105 39 

ɇȺɋ ɇȺɋ 1ɇɈɆk ' I / I
 

-215 22204 13174 95159 43134 51106 06 

1* 1ɇȺɋ ɇɈɆI I / I
 

-5 915 604 804 383 692 91 

2

2ɇȺɋ ɇɈɆ
* R

2ɇɈɆ

I ' s
M K

I ' s

 
  
   

-1 121 542 442 682 742 52 
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Ɇаɤɫɢɦаɥɶɧыɣ ɦɨɦеɧɬ ɞвɢɝаɬеɥɹ 

2

1
2

1

' 0,13
0,12.

0,693
' 0,393

1,01

КɊ

П

r
s

x
x

c

  
 

 
 

 
Ɋɢɫɭɧɨɤ 3.6.2 -  Ɋаɛɨɱɢе хаɪаɤɬеɪɢɫɬɢɤɢ ɫɩɪɨеɤɬɢɪɨваɧɧɨɝɨ ɞвɢɝаɬеɥɹ  

 

ȼɬ, 

 

ɝɞе țρ=1,07 - ɤɨэɮɮɢɰɢеɧɬ ɭвеɥɢɱеɧɢɹ ɩɨɬеɪɶ. 
 

ɉɪевышеɧɢе ɬеɦɩеɪаɬɭɪы вɧɭɬɪеɧɧеɣ ɩɨвеɪхɧɨɫɬɢ ɫеɪɞеɱɧɢɤа ɫɬаɬɨɪа ɧаɞ 
ɬеɦɩеɪаɬɭɪɨɣ вɨɡɞɭха вɧɭɬɪɢ ɞвɢɝаɬеɥɹ  

  
'

6 6э.ɩ1 ɫɬ.ɨɫɧ
ɩɨв1

1 1

P P 201,82 359,3
K 10 0,22 10 13,45 ɋ

Dl 3,14 145 130 155

 
     

     , 

 

ɝɞе    K=0,22- ɤɨэɮɮɢɰɢеɧɬ, ɭɱɢɬываɸɳɢɣ, ɱɬɨ ɱаɫɬɶ ɩɨɬеɪɶ в ɫеɪɞеɱɧɢɤе ɫɬаɬɨɪа 
ɢ в ɩаɡɨвɨɣ ɱаɫɬɢ ɨɛɦɨɬɤɢ ɩеɪеɞаеɬɫɹ ɱеɪеɡ ɫɬаɧɢɧɭ ɧеɩɨɫɪеɞɫɬвеɧɧɨ в 
ɨɤɪɭɠаɸɳɭɸ ɫɪеɞɭ; 

α1=155 ȼɬ/ɦ2 - ɤɨэɮɮɢɰɢеɧɬ ɬеɩɥɨɨɬɞаɱɢ. 
 

Ɋаɫɱеɬɧыɣ ɩеɪɢɦеɬɪ ɩɨɩеɪеɱɧɨɝɨ ɫеɱеɧɢɹ ɩаɡа ɫɬаɬɨɪа  
ɉɉ1=2СɉɄ+Л1+Л2=2.27,5+15,1+λ,4=7λ,5 ɦɦ. 
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' 1
э.ɩ1 э1

ɫɪ.1

2l
P k P 1,07 699,81 2 130/964,6 201,82

l
     



ɉеɪеɩаɞ ɬеɦɩеɪаɬɭɪы в ɢɡɨɥɹɰɢɢ ɩаɡɨвɨɣ ɱаɫɬɢ ɨɛɦɨɬɤɢ ɫɬаɬɨɪа  
 

'
3 3э.ɩ1 ɢɡ.ɩ1 1 2

ɢɡ.ɩ1 '

1 ɉ1 1 эɤв эɤв

P b b b 201,82 0,4 9,4 15,1
10 10 2,37 ɋ,

Z ɉ Х 16 36 7λ,5 130 0,16 16 1,34
                     

 

ɝɞе  Ȝэɤв=0,16 ȼɬ/(ɦ.  ɋ) - ɫɪеɞɧɹɹ эɤвɢваɥеɧɬɧаɹ ɬеɩɥɨɩɪɨвɨɞɧɨɫɬɶ ɩаɡɨвɨɣ 
ɢɡɨɥɹɰɢɢ; 

Ȝ'эɤв=1,34 ȼɬ/(ɦ.  ɋ) - ɫɪеɞɧее ɡɧаɱеɧɢе ɤɨэɮɮɢɰɢеɧɬа ɬеɩɥɨɩɪɨвɨɞɧɨɫɬɢ 
вɧɭɬɪеɧɧеɣ ɢɡɨɥɹɰɢɢ ɤаɬɭшɤɢ [13]. 

 

Эɥеɤɬɪɢɱеɫɤɢе ɩɨɬеɪɢ в ɨɛɦɨɬɤе ɫɬаɬɨɪа в ɥɨɛɨвых ɱаɫɬɹх  
 

' ɥ1
э.ɥ1 э1

ɫɪ.1

2l
P k P 1,07 699,81 2 352,3/964,6 546,97

l
     

 ȼɬ. 
 

ɉеɪеɩаɞ ɬеɦɩеɪаɬɭɪы ɩɨ ɬɨɥɳɢɧе ɢɡɨɥɹɰɢɢ ɥɨɛɨвых ɱаɫɬеɣ  
 

'
3 3э.ɥ1 ɢɡ.ɥ1 ɩ1

ɢɡ.ɥ1 '

1 ɥ1 ɥ1 эɤв эɤв

P b h 546,97 0,05 27,5
10 10 0,66 ɋ,

2Z ɉ Х 12 2 30 7λ,5 352,3 0,16 12 1,34
                      

 

ɝɞе  ɉɥ1=ɉɩ1=7λ,5 ɦɦ - ɩеɪɢɦеɬɪ ɭɫɥɨвɧɨɣ ɩɨвеɪхɧɨɫɬɢ ɨхɥаɠɞеɧɢɹ ɥɨɛɨвɨɣ 
ɱаɫɬɢ ɨɞɧɨɣ ɤаɬɭшɤɢ; 

b ɢɡ.ɥ1=0,05 ɦɦ - ɨɞɧɨɫɬɨɪɨɧɧɹɹ ɬɨɥɳɢɧа ɢɡɨɥɹɰɢɢ ɥɨɛɨвɨɣ ɱаɫɬɢ ɤаɬɭшɤɢ. 
 

ɉɪевышеɧɢе ɬеɦɩеɪаɬɭɪы ɧаɪɭɠɧɨɣ ɩɨвеɪхɧɨɫɬɢ ɥɨɛɨвых ɱаɫɬеɣ ɧаɞ 
ɬеɦɩеɪаɬɭɪɨɣ вɨɡɞɭха вɧɭɬɪɢ ɞвɢɝаɬеɥɹ  

 
'

эɥ1
ɩɨв.ɥ1

выɥ 1

KP 0,22 546,97
11,14 ɋ

2 Dl 2 3,14 145 76,5 155


   

      . 

 

ɋɪеɞɧее ɩɪевышеɧɢе ɬеɦɩеɪаɬɭɪы ɨɛɦɨɬɤɢ ɫɬаɬɨɪа ɧаɞ ɬеɦɩеɪаɬɭɪɨɣ 
вɨɡɞɭха вɧɭɬɪɢ ɞвɢɝаɬеɥɹ  

 

' ɩɨв1 ɢɡ.ɩ1 1 ɢɡ.ɥ1 ɩɨв.ɥ1 1
1

ɫɪ1

( )2l ( )2l

l

      
  

 
(13,45 2,37) 2 130 (0,66 11,14) 2 352,3

12,88 ,
964,6

      
  ɋ

. 
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Эɤвɢваɥеɧɬɧаɹ ɩɨвеɪхɧɨɫɬɶ ɨхɥаɠɞеɧɢɹ ɤɨɪɩɭɫа  
 

ɤɨɪ=(πDК+κɉɪ)(Х1+2Хвыɥ1)=(3,14.27κ+κ.31λ)(130+2.76,5)=λ,6λ.105 ɦɦ2, 
 

ɝɞе  ɉɪ=31λ ɦɦ - ɭɫɥɨвɧыɣ ɩеɪɢɦеɬɪ ɩɨɩеɪеɱɧɨɝɨ ɫеɱеɧɢɹ ɪеɛеɪ ɤɨɪɩɭɫа 
ɞвɢɝаɬеɥɹ. 

ɋɭɦɦа ɩɨɬеɪɶ, ɨɬвɨɞɢɦых в вɨɡɞɭх вɧɭɬɪɢ ɞвɢɝаɬеɥɹ 
 

' ' '

в э.ɩ1 ɫɬ.ɨɫɧ ɦехP P (1 K)(P P ) 0,9P        
2399,29 (1 0,22)(201,82 359,3) 0,9 504,55 1507,52       ȼɬ, 

 

ɝɞе    
'

э1 э2P P (k 1)(P P ) 2319,81 (1,07 1)(699,81 435,69) 2399,29         
 ȼɬ; 

ȈP=231λ,κ1 ȼɬ - ɫɭɦɦа вɫех ɩɨɬеɪɶ в ɞвɢɝаɬеɥе. 
 

ɉɪевышеɧɢе ɬеɦɩеɪаɬɭɪы вɨɡɞɭха вɧɭɬɪɢ ɞвɢɝаɬеɥɹ ɧаɞ ɬеɦɩеɪаɬɭɪɨɣ 
ɨɤɪɭɠаɸɳеɣ ɫɪеɞы  

 

          

'
6 6

в 5

ɤɨɪ в

Ɋ 1507,52
10 10 77,81 ɋ

S 9,69 10 20


    

  
, 

 

ɝɞе     αв=20 ȼɬ/(ɦ2.  ɋ) - ɤɨэɮɮɢɰɢеɧɬ ɩɨɞɨɝɪева вɨɡɞɭха. 
 

ɋɪеɞɧее ɩɪевышеɧɢе ɬеɦɩеɪаɬɭɪы ɨɛɦɨɬɤɢ ɫɬаɬɨɪа ɧаɞ ɬеɦɩеɪаɬɭɪɨɣ 
ɨɤɪɭɠаɸɳеɣ ɫɪеɞы  

' 12,88 77,81 90,7
1 1

       ɋɜ  
 

ɉɪɨвеɪɤа ɭɫɥɨвɢɣ ɨхɥаɠɞеɧɢɹ ɞвɢɝаɬеɥɹ 

Ʉɨэɮɮɢɰɢеɧɬ, ɭɱɢɬываɸɳɢɣ ɢɡɦеɧеɧɢе ɭɫɥɨвɢɣ ɨхɥаɠɞеɧɢɹ ɩɨ ɞɥɢɧе 
ɩɨвеɪхɧɨɫɬɢ ɤɨɪɩɭɫа, ɨɛɞɭваеɦɨɝɨ ɧаɪɭɠɧыɦ веɧɬɢɥɹɬɨɪɨɦ  

 

3

m a

n 3000
k m' D 3,3 278 10 9,53

100 100

     
. 

 

Ɍɪеɛɭеɦыɣ ɞɥɹ ɨхɥаɠɞеɧɢɹ ɪаɫхɨɞ вɨɡɞɭха  
 

'

m в
в

в

k P 9,53 2399,29
0,27

1100 1100 77,81

 
   

   ɦ3/ɫ. 
 

Ɋаɫхɨɞ вɨɡɞɭха, ɨɛеɫɩеɱɢваеɦыɣ ɧаɪɭɠɧыɦ веɧɬɢɥɹɬɨɪɨɦ  
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' 3 9 3 9

в К
n

0,6D 10 0,6 278 10 3000/100 0,39
100

       
 ɦ3/ɫ. 

 

ɇаɝɪев ɞвɢɝаɬеɥɹ ɧахɨɞɢɬɫɹ в ɞɨɩɭɫɬɢɦых ɩɪеɞеɥах. ȼеɧɬɢɥɹɬɨɪ 
ɨɛеɫɩеɱɢваеɬ ɧеɨɛхɨɞɢɦыɣ ɪаɫхɨɞ вɨɡɞɭха. 
 

3.7 ȼɵɛɨɪ ɫɢɥɨɜɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɢ ɩɨɫɬɪɨɟɧɢɟ ɦɟɯɚɧɢɱɟɫɤɢɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜ ɪɚɡɨɦɤɧɭɬɨɣ ɫɢɫɬɟɦɟ, ɨɰɟɧɤɚ ɞɢɚɩɚɡɨɧɚ ɪɟɝɭɥɢɪɨɜɚɧɢɟ 
ɫɤɨɪɨɫɬɢ 

ȼ ɧаɫɬɨɹɳеɦ ɪаɡɞеɥе ɪаɫɫɦаɬɪɢваɸɬɫɹ ɧаɫɬɪɨɣɤɢ ɤɨɧɬɭɪɨв ɪеɝɭɥɢɪɨваɧɢɹ ɢ 
ɪаɫɱеɬ ɞɢɧаɦɢɱеɫɤɢх хаɪаɤɬеɪɢɫɬɢɤ в ɫɢɫɬеɦе ɪеɝɭɥɢɪɨваɧɢɹ ɫɤɨɪɨɫɬɢ ɩɪɢ 
веɤɬɨɪɧɨɦ ɭɩɪавɥеɧɢɢ аɫɢɧхɪɨɧɧыɦ ɞвɢɝаɬеɥеɦ. ɑɬɨɛы ɨɩеɪɢɪɨваɬɶ ɫ ɰɢɮɪаɦɢ, 
ɮɢɝɭɪɢɪɭɸɳɢɦɢ в ɤаɬаɥɨɠɧых ɞаɧɧых ɦашɢɧы, ɫɬɪɭɤɬɭɪɧаɹ ɫхеɦа ɩɪеɞɫɬавɥеɧа 
в эɮɮеɤɬɢвɧых ɡɧаɱеɧɢɹх ɩеɪеɦеɧɧых [13]. 

ɋхеɦа ɩɨɫɬɪɨеɧа ɫ ɢɫɩɨɥɶɡɨваɧɢеɦ ɦаɬеɦаɬɢɱеɫɤɨɝɨ ɨɩɢɫаɧɢɹ 
ɧеɧаɫыɳеɧɧɨɝɨ аɫɢɧхɪɨɧɧɨɝɨ ɞвɢɝаɬеɥɹ вɨ вɪаɳаɸɳеɣɫɹ ɫɢɫɬеɦе ɤɨɨɪɞɢɧаɬ. 
ɉɪеɨɛɪаɡɨваɬеɥɶ хаɪаɤɬеɪɢɡɭеɬɫɹ ɤɨэɮɮɢɰɢеɧɬɨɦ ɩеɪеɞаɱɢ ɩɨ ɧаɩɪɹɠеɧɢɸ ɢ 
ɱɢɫɬыɦ ɡаɩаɡɞываɧɢеɦ ɧа вɪеɦɹ Ĳ, ɪавɧɨе ɩеɪɢɨɞɭ ШɂɆ ɢɧвеɪɬɨɪа. ɋɱɢɬаеɬɫɹ, 
ɱɬɨ ɬɨɤɢ Т1A, Т1B, Т1C, а ɫɥеɞɨваɬеɥɶɧɨ, ɢ Т1α ɢ Т1β, ɢɡɦеɪɹɸɬɫɹ ɛеɡыɧеɪɰɢɨɧɧыɦɢ 
ɞаɬɱɢɤаɦɢ ɬɨɤа ɫ ɧеɤɨɬɨɪыɦ ɤɨэɮɮɢɰɢеɧɬɨɦ Фɞ.ɬ. ɋɱɢɬаеɬɫɹ ɬаɤɠе, ɱɬɨ веɥɢɱɢɧы   

ДДиМ ̂ˆ
, ɨɩɪеɞеɥɹеɦые в ɦɨɞеɥɢ ɩɨɬɨɤа, ɬɨɱɧɨ вɨɫɩɪɨɢɡвɨɞɹɬ эɥеɤɬɪɨɦаɝɧɢɬɧыɣ 

ɦɨɦеɧɬ ɞвɢɝаɬеɥɹ ɆȾ ɢ ɩɨɬɨɤɨɫɰеɩɥеɧɢе ɪɨɬɨɪа ᴪ2 в ɦаɫшɬаɛах, 
хаɪаɤɬеɪɢɡɭɸɳɢхɫɹ ɤɨэɮɮɢɰɢеɧɬаɦɢ ɨɛɪаɬɧых ɫвɹɡеɣ ɩɨ ɦɨɦеɧɬɭ ɢ 
ɩɨɬɨɤɨɫɰеɩɥеɧɢɸ ɪɨɬɨɪа ɄȾɆ ɢ ɄȾɌ ɫɨɨɬвеɬɫɬвеɧɧɨ. Ⱦаɬɱɢɤ ɫɤɨɪɨɫɬɢ ɢɦееɬ 
ɤɨэɮɮɢɰɢеɧɬ ɩеɪеɞаɱɢ ɄȾɋ. ɋɢɝɧаɥы ɧа выхɨɞах ɞаɬɱɢɤɨв ɨɛɨɡɧаɱеɧы ɫɢɦвɨɥɨɦ 
ɢ ɫ ɫɨɨɬвеɬɫɬвɭɸɳɢɦ ɢɧɞеɤɫɨɦ. Ɍаɤɢе ɠе ɨɛɨɡɧаɱеɧɢɹ ɩɪɢɦеɧеɧы ɤ выхɨɞɧыɦ 
ɫɢɝɧаɥаɦ ɪеɝɭɥɹɬɨɪɨв вɡаɦеɧ ɩɪɢвеɞеɧɧых ɨɛɨɡɧаɱеɧɢɣ .,,, 112


ДМii 

 ɉɨɫɤɨɥɶɤɭ 
ɧаɫɬɪɨɣɤа ɤɨɧɬɭɪɨв ɪеɝɭɥɢɪɨваɧɢɹ ɩɪɨɢɡвɨɞɢɬɫɹ в ɥɢɧеаɪɢɡɨваɧɧɨɣ ɫɢɫɬеɦе ɩɪɢ 
ɬаɤɨɦ ɭɪɨвɧе вɨɡɞеɣɫɬвɢɣ, ɱɬɨ выхɨɞɧые веɥɢɱɢɧы ɪеɝɭɥɹɬɨɪɨв ɧе ɞɨɫɬɢɝаɸɬ 
ɡɧаɱеɧɢɹ ɨɝɪаɧɢɱеɧɢɹ, ɛɥɨɤɢ ɨɝɪаɧɢɱеɧɢɹ ɧа ɫхеɦе ɧе ɩɨɤаɡаɧы. Ɉɩыɬ ɩɨɤаɡываеɬ, 
ɱɬɨ ɫɬаɧɞаɪɬɧые ɧаɫɬɪɨɣɤɢ ɪеɝɭɥɹɬɨɪɨв, ɪаɫɫɱɢɬаɧɧые ɩɨ ɥɢɧеаɪɢɡɨваɧɧɨɦɭ 
ɨɩɢɫаɧɢɸ ɫɢɫɬеɦы, ɨɛеɫɩеɱɢваɸɬ ɭɞɨвɥеɬвɨɪɢɬеɥɶɧɭɸ ɞɢɧаɦɢɤɭ ɫɢɫɬеɦы, 
ɩɨɫɬɪɨеɧɧɨɣ ɩɨ ɩɪɢɧɰɢɩаɦ ɩɨɞɱɢɧеɧɧɨɝɨ ɪеɝɭɥɢɪɨваɧɢɹ, ɢ ɩɪɢ ɨɝɪаɧɢɱеɧɢɢ 
выхɨɞɧых ɩеɪеɦеɧɧых ɪеɝɭɥɹɬɨɪɨв. 

ɇаɫɬɪɨɣɤа ɬɨɤɨвых ɤɨɧɬɭɪɨв. ɇаɫɬɪɨɣɤа ɩɪɨɢɡвɨɞɢɬɫɹ ɛеɡ ɭɱеɬа вɥɢɹɧɢɹ 
ɩеɪеɤɪеɫɬɧых ɫвɹɡеɣ. ɉеɪеɞаɬɨɱɧаɹ ɮɭɧɤɰɢɹ ɪаɡɨɦɤɧɭɬɨɝɨ ɤɨɧɬɭɪа ɬɨɤа ɫɬаɬɨɪа ɩɨ 
ɨɫɢ β ɡаɩɢɫываеɬɫɹ в вɢɞе  
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Ɋɢɫɭɧɨɤ 3.7.1 - ɋɬɪɭɤɬɭɪɧаɹ ɫхеɦа ɫɢɫɬеɦы ɪеɝɭɥɢɪɨваɧɢɹ ɫɤɨɪɨɫɬɢ 

ɭɩɪавɥеɧɢɢ аɫɢɧхɪɨɧɧыɦ ɞвɢɝаɬеɥеɦ в эɮɮеɤɬɢвɧых (ɞеɣɫɬвɭɸɳɢх) ɡɧаɱеɧɢɹх 
ɩеɪеɦеɧɧых 

 

ɉɪɢ ɱаɫɬɨɬе ШɂɆ, ɪавɧɨɣ ПШɂɆ, ɡɧаɱеɧɢе ɱɢɫɬɨɝɨ ɡаɩаɡɞываɧɢɹ 
ɫɨɫɬавɥɹеɬ ./1 ШɂМf  ȼ ɡɨɧе ɱаɫɬɨɬ, ɝɞе ω≤Ĳ-1, ɮаɡɨваɹ ɱаɫɬɨɬɧаɹ хаɪаɤɬеɪɢɫɬɢɤа 
ɡвеɧа ɱɢɫɬɨɝɨ ɡаɩаɡɞываɧɢɹ ɛɥɢɡɤа ɤ ɮаɡɨвɨɣ ɱаɫɬɨɬɧɨɣ хаɪаɤɬеɪɢɫɬɢɤе 
аɩеɪɢɨɞɢɱеɫɤɨɝɨ ɡвеɧа ɫ ɩɨɫɬɨɹɧɧɨɣ вɪеɦеɧɢ Ĳ. ɇа эɬɨɦ ɨɫɧɨваɧɢɢ ɩɪɢ ɪаɫɱеɬе 
ɩаɪаɦеɬɪɨв ɪеɝɭɥɹɬɨɪа ɬɨɤа ɦɨɠɧɨ ɩɪɢɧɹɬɶ ɦаɥɭɸ ɩɨɫɬɨɹɧɧɭɸ вɪеɦеɧɢ ɪавɧɨɣ 
вɪеɦеɧɢ ɱɢɫɬɨɝɨ ɡаɩаɡɞываɧɢɹ ɌȝI=Ĳ ɢ ɞɥɹ ɧаɫɬɪɨɣɤɢ ɤɨɧɬɭɪа ɧа ɈɆ ɩɪɢɦеɧɢɬɶ 
ɉɂ ɪеɝɭɥɹɬɨɪ ɫ ɩаɪаɦеɬɪаɦɢμ 

 

,;
2
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.
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


                                                                               (2) 

 

ɝɞе    βɪ.ɬ - ɞɢɧаɦɢɱеɫɤɢɣ ɤɨэɮɮɢɰɢеɧɬ ɪеɝɭɥɹɬɨɪа ɬɨɤа. 
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ɉɪɢ ɪаɫɫɦɨɬɪеɧɢɢ ɤɨɧɬɭɪа ɬɨɤа Т1α ɞɨɥɠɧа ɛыɬɶ ɭɱɬеɧа ɨɛɪаɬɧаɹ ɫвɹɡɶ ɩɨ 
ɩɪɨɢɡвɨɞɧɨɣ ɨɬ ɩɨɬɨɤɨɫɰеɩɥеɧɢɹ ɪɨɬɨɪа. ɉеɪеɧеɫɹ вхɨɞ ɨɛɪаɬɧɨɣ ɫвɹɡɢ ɧа выхɨɞ 
ɡвеɧа   ,1/1 11 ɪТR  ɩɨɥɭɱɢɦ ɩеɪеɞаɬɨɱɧɭɸ ɮɭɧɤɰɢɸ ɨɛɴеɤɬа ɤɨɧɬɭɪа в вɢɞе 
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ɉɨɫɤɨɥɶɤɭ ɨɛыɱɧɨ Ɍ2»ıɌ1 ɦɨɠɧɨ ɢ в ɤɨɧɬɭɪе ɬɨɤа Т1α ɩɪɢɦеɧɢɬɶ ɉɂ 
ɪеɝɭɥɹɬɨɪ ɫ ɩаɪаɦеɬɪаɦɢ ɬаɤɢɦɢ ɠе, ɤаɤ в ɤɨɧɬɭɪе ɬɨɤа Т1β. 

ɇаɫɬɪɨɣɤа ɤɨɧɬɭɪа ɪеɝɭɥɢɪɨваɧɢɹ ɩɨɬɨɤɨɫɰеɩɥеɧɢɹ ɪɨɬɨɪа. Ⱦɥɹ ɪаɫɱеɬа 
ɩаɪаɦеɬɪɨв ɪеɝɭɥɹɬɨɪе в ɤɨɧɬɭɪе, ɫɨɞеɪɠаɳеɦ ɩɨɞɱɢɧеɧɧыɣ ɡаɦɤɧɭɬыɣ ɤɨɧɬɭɪ (в 
ɪаɫɫɦаɬɪɢваеɦɨɦ ɫɥɭɱае - ɤɨɧɬɭɪ ɬɨɤа ɫɬаɬɨɪа ɩɨ ɨɫɢ α, ɪеɤɨɦеɧɞɭеɬɫɹ 
ɪаɫɫɦаɬɪɢваɬɶ еɝɨ ɤаɤ аɩеɪɢɨɞɢɱеɫɤɨе ɡвеɧɨ ɫ эɤвɢваɥеɧɬɧɨɣ ɦаɥɨɣ ɩɨɫɬɨɹɧɧɨɣ 
вɪеɦеɧɢ, ɪавɧɨɣ ɭɞвɨеɧɧɨɣ ɦаɥɨɣ ɩɨɫɬɨɹɧɧɨɣ вɪеɦеɧɢ, ɩɨɞɱɢɧеɧɧɨɝɨ ɤɨɧɬɭɪа. 
Ɍɨɝɞа ɩеɪеɞаɬɨɱɧаɹ ɮɭɧɤɰɢɹ ɨɛɴеɤɬа, ɩɨ ɤɨɬɨɪɨɣ ɪаɫɫɱɢɬываɸɬɫɹ ɩаɪаɦеɬɪы 
ɪеɝɭɥɹɬɨɪа ɩɨɬɨɤа, ɞɨɥɠɧа ɛыɬɶ ɡаɩɢɫаɧа в вɢɞе 
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ɝɞе    Ɍȝᴪ - ɦаɥаɹ ɩɨɫɬɨɹɧɧаɹ вɪеɦеɧɢ ɩɪɢ ɨɬɫɭɬɫɬвɢɢ ɡаɩаɡɞываɧɢɹ в ɨɩɪеɞеɥеɧɢɢ 
ɩɨɬɨɤɨɫɰеɩɥеɧɢɹ ɪɨɬɨɪа, Ɍȝᴪ= ɌIэɤв = 2ɌȝI (ɌIэɤв - эɤвɢваɥеɧɬɧаɹ ɦаɥаɹ 
ɩɨɫɬɨɹɧɧаɹ вɪеɦеɧɢ ɬɨɤɨвɨɝɨ ɤɨɧɬɭɪа; ɌȝI - ɦаɥаɹ ɩɨɫɬɨɹɧɧаɹ вɪеɦеɧɢ ɤɨɧɬɭɪа 
ɬɨɤа). 
 

ɉаɪаɦеɬɪы ɉɂ ɪеɝɭɥɹɬɨɪа ɩɨɬɨɤа ɞɨɥɠɧы ɛыɬɶ ɫɥеɞɭɸɳɢɦμ 
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ɝɞе     β - ɞɢɧаɦɢɱеɫɤɢɣ ɤɨэɮɮɢɰɢеɧɬ ɪеɝɭɥɹɬɨɪа ɩɨɬɨɤɨɫɰеɩɥеɧɢɹ.  
 

ɇаɫɬɪɨɣɤа ɤɨɧɬɭɪа ɪеɝɭɥɢɪɨваɧɢɹ эɥеɤɬɪɨɦаɝɧɢɬɧɨɝɨ ɦɨɦеɧɬа ɞвɢɝаɬеɥɹ. 
Ʉɨɧɬɭɪ ɧе ɫɨɞеɪɠɢɬ ɡвеɧа ɫ ɛɨɥɶшɨɣ ɩɨɫɬɨɹɧɧɨɣ вɪеɦеɧɢ. ȼ ɩɪеɞɩɨɥɨɠеɧɢɢ, ɱɬɨ в 
ɞвɢɝаɬеɥе ɭɫɬаɧɨвɥеɧɨ ɧɨɦɢɧаɥɶɧɨе ɩɨɬɨɤɨɫɰеɩɥеɧɢе ɪɨɬɨɪа ᴪ2ɧ, ɩеɪеɞаɬɨɱɧаɹ 
ɮɭɧɤɰɢɹ ɨɛɴеɤɬа ɩɪɢ ɪаɫɱеɬе в аɦɩɥɢɬɭɞɧых ɡɧаɱеɧɢɹх ɢɦееɬ вɢɞ 
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ȿɫɥɢ ɪаɫɱеɬ веɞеɬɫɹ в эɮɮеɤɬɢвɧых ɡɧаɱеɧɢɹх, ɬɨ ɤɨэɮɮɢɰɢеɧɬ в эɬɨɦ 
выɪаɠеɧɢɢ ɞɥɹ ɦɨɦеɧɬа ɧаɞɨ ɩɪɢɧɹɬɶ ɪавɧыɦ ɬɪеɦμ 
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ɝɞе     Ɍȝɦ - ɦаɥаɹ ɩɨɫɬɨɹɧɧаɹ вɪеɦеɧɢ ɤɨɧɬɭɪа ɪеɝɭɥɢɪɨваɧɢɹ ɦɨɦеɧɬа. 
 

ȼ эɬɢх выɪаɠеɧɢɹх   1/1 . pTk MТД    - ɩеɪеɞаɬɨɱɧаɹ ɮɭɧɤɰɢɹ аɩеɪɢɨɞɢɱеɫɤɨɝɨ 
ɡвеɧа, ɤɨɬɨɪыɦ ɩɪɢ ɪаɫɱеɬе ɩаɪаɦеɬɪɨв ɪеɝɭɥɹɬɨɪа ɦɨɦеɧɬа ɡаɦеɧеɧа ɩеɪеɞаɬɨɱɧаɹ 
ɮɭɧɤɰɢɹ ɡаɦɤɧɭɬɨɝɨ ɤɨɧɬɭɪа ɬɨɤа Т1β ɩɪɢ Ɍȝɦ=TIэɤв= 2TȝI [13, c.347]. 

Ⱦɥɹ ɧаɫɬɪɨɣɤɢ ɤɨɧɬɭɪа ɧа ɈɆ ɪеɝɭɥɹɬɨɪ ɞɨɥɠеɧ ɛыɬɶ ɢɧɬеɝɪɢɪɭɸɳɢɦ ɫ 
ɩеɪеɞаɬɨɱɧɨɣ ɮɭɧɤɰɢеɣ 

 

  ,/.. ppW MpMp 
                                                                                                 (8) 

 

ɝɞе     βɪ.ɦ - ɞɢɧаɦɢɱеɫɤɢɣ ɤɨэɮɮɢɰɢеɧɬ ɪеɝɭɥɹɬɨɪа ɦɨɦеɧɬа. 
 

ȿɫɥɢ ɪаɫɱеɬ выɩɨɥɧɹеɬɫɹ в аɦɩɥɢɬɭɞɧых ɡɧаɱеɧɢɹх, ɬɨ 

 

  МДɧПММɪ kkɪТ .22. 2/32/1  
.                                                                         (9) 

 

ɉɪɢ ɪаɫɱеɬе в эɮɮеɤɬɢвɧых ɡɧаɱеɧɢɹх  

 

 МДэɮɧПММɪ kkɪТ ..22. 32/1  
                                                                       (10) 

  
ɇаɫɬɪɨɣɤа ɤɨɧɬɭɪа ɫɤɨɪɨɫɬɢ. ɇаɫɬɪɨɣɤа ɩɪɨɢɡвеɞеɧа ɧа ɈɆ. ɉɨɫɤɨɥɶɤɭ 

ɨɛɴеɤɬ ɩɪеɞɫɬавɥɹеɬ ɫɨɛɨɣ ɢɧɬеɝɪɢɪɭɸɳее ɡвеɧɨ, ɞɥɹ ɧаɫɬɪɨɣɤɢ ɧа ɈɆ ɧаɞɨ 
ɩɪɢɦеɧɢɬɶ ɩɪɨɩɨɪɰɢɨɧаɥɶɧыɣ ɪеɝɭɥɹɬɨɪ ɫɤɨɪɨɫɬɢ ɫ ɤɨэɮɮɢɰɢеɧɬɨɦ 
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ɉɪɢ ɧаɫɬɪɨɣɤе ɧа ɋɈ ɪеɝɭɥɹɬɨɪ ɫɤɨɪɨɫɬɢ ɞɨɥɠеɧ ɛыɬɶ ɩɪɨɩɨɪɰɢɨɧаɥɶɧɨ-

ɢɧɬеɝɪаɥɶɧыɦ. ȿɝɨ ɤɨэɮɮɢɰɢеɧɬ ɪаɫɫɱɢɬываеɬɫɹ ɩɨ ɮɨɪɦɭɥе 
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ɬ.е. βɪ.ɫ= Фɪ.ɫ, а ɩɨɫɬɨɹɧɧаɹ вɪеɦеɧɢ ɞɨɥɠɧа ɛыɬɶ ɪавɧа Ĳɪ.ɫ = 4Ɍȝω, (Ɍȝω) = 
ɌɆэɤв = 2Ɍȝω). 

Ɋаɫɱеɬ выɩɨɥɧеɧ в эɮɮеɤɬɢвɧых ɡɧаɱеɧɢɹх ɩеɪеɦеɧɧых. ɉɪɢɧɹɬы 
ɫɥеɞɭɸɳɢе ɭɩɪɨɳеɧɢɹμ ɤɨэɮɮɢɰɢеɧɬ ɩеɪеɞаɱɢ ɩɪеɨɛɪаɡɨваɬеɥɹ ɩɪɢɧɹɬ ɪавɧыɦ 
еɞɢɧɢɰе (Фɩ=1), ɪавɧыɦɢ еɞɢɧɢɰе ɛеɡ ɭɤаɡаɧɢɹ ɪаɡɦеɪɧɨɫɬɢ ɩɪɢɧɹɬы ɢ 
ɤɨэɮɮɢɰɢеɧɬы ɨɛɪаɬɧых ɫвɹɡеɣ (ФȾ.Ɍ=1; ФȾ.Ɇ=1; ФȾ.ɉɌ=1; Фɞ.ɫ=1). Ɍаɤɨе 
ɭɩɪɨɳеɧɢе ɧе ɩɨвɥɢɹеɬ ɧа хаɪаɤɬеɪ ɩеɪехɨɞɧых ɩɪɨɰеɫɫɨв ɢ ɫɤаɠеɬɫɹ ɬɨɥɶɤɨ ɧа 
ɪаɫɫɱɢɬаɧɧых ɡɧаɱеɧɢɹх ɤɨэɮɮɢɰɢеɧɬɨв ɪеɝɭɥɹɬɨɪɨв ɢ ɭɫɬаɧɨвɢвшɢхɫɹ ɡɧаɱеɧɢɹх 
веɥɢɱɢɧ, ɬаɤ ɤаɤ ɩеɪеɞаɬɨɱɧые ɮɭɧɤɰɢɢ ɪаɡɨɦɤɧɭɬых ɤɨɧɬɭɪɨв ɨɫɬаɧɭɬɫɹ ɩɪɢ эɬɨɦ 
ɫɨɨɬвеɬɫɬвɭɸɳɢɦɢ ɫɬаɧɞаɪɬɧыɦ ɧаɫɬɪɨɣɤаɦ. Ɋеɡɭɥɶɬаɬы ɪаɫɱеɬа ɩаɪаɦеɬɪɨв 
ɪеɝɭɥɹɬɨɪɨв ɩɪɢ ɩɪɢɧɹɬых ɞɨɩɭɳеɧɢɹх ɫвеɞеɧы в ɬаɛɥɢɰɭ. 

Ɋаɫɱеɬы ɩеɪехɨɞɧых ɩɪɨɰеɫɫɨв выɩɨɥɧеɧы ɩɨ ɫɬɪɭɤɬɭɪɧɨɣ ɫхеɦе в ɫɪеɞе 
MATLAB Simulink.  

 

Ɍаɛɥɢɰа 1 - Ɋаɫɱеɬ ɩаɪаɦеɬɪɨв ɪеɝɭɥɹɬɨɪɨвμ 
№ 
ɩ/ɩ 

ɉаɪаɦеɬɪ Ɋаɫɱеɬ 

1 Ʉɨэɮɮɢɰɢеɧɬ ɭɫɢɥеɧɢɹ ɢ ɩɨɫɬɨɹɧɧаɹ 
вɪеɦеɧɢ ɉɂ ɪеɝɭɥɹɬɨɪа ɬɨɤа ɩɪɢ 
ПШɂɆ=4000Ƚɰ(ɌȝI=2,5·10-4ɫ) 
ıɌ1=0,133·0,050λ=0,00677 ɫ 
ȉɪ.Ɍ=0,00677 ɫ 
(βɪ.Ɍ/Ĳɪ.Ɍ=1κλλ5 ɫ-1) 

 

;6,128
11105,22

5,90067,0
4. 




 Тɪ
 

2 Ʉɨэɮɮɢɰɢеɧɬ ɭɫɢɥеɧɢɹ ɢ ɩɨɫɬɨɹɧɧаɹ 
вɪеɦеɧɢ ɉɂ ɪеɝɭɥɹɬɨɪа ɩɨɬɨɤа ɩɪɢ   

Ɍȝᴪ=2ɌȝI=5·10-4 ɫ Ĳɪ.ɉɌ=0,0κ44 ɫ   
(βɪ.ɉɌ/Ĳɪ.ɉɌ=2237 ɫ-1) 

8,188
1447,01052

10844,0
4. 




 ПТɪ
 

3 Ʉɨэɮɮɢɰɢеɧɬ ɭɫɢɥеɧɢɹ ɉɂ-

ɪеɝɭɥɹɬɨɪа ɦɨɦеɧɬа ɩɪɢ 
ᴪ2ɧ.эɮ=0,5λλ ȼɛ ɢ ɌȝɆ=5·10-4 ɫ 
(Ĳɪ.ɦ=0,0034 ɫ) 

1

4. 8,296
1599,0939,0231052

1 
 


 ɫмɪ

 

4 Ʉɨэɮɮɢɰɢеɧɬ ɪеɝɭɥɹɬɨɪа ɫɤɨɪɨɫɬɢ 
ɩɪɢ Ɍȝω=2ɌȝɆ=1·10-3 ɫ 

  1311012/026,01 3

.  
ɫɪk

 

 

Ɂɧаɱеɧɢɹ ɩеɪехɨɞɧых ɩɪɨɰеɫɫɨв в ɫɢɫɬеɦе ɩɪɢ вɧешɧɢх вɨɡɞеɣɫɬвɢɹх ɧа 
ɫɬɨɥɶɤɨ ɦаɥы, ɱɬɨ ɧе ɩɪɢвɨɞɹɬ ɤ ɨɝɪаɧɢɱеɧɢɸ выхɨɞɧых ɫɢɝɧаɥɨв ɪеɝɭɥɹɬɨɪɨв 
ɦɨɦеɧɬа ɢ ɬɨɤа ɩɨ ɩɨɩеɪеɱɧɨɣ ɨɫɢ (Т1β). ȼ ɦɨɦеɧɬ вɪеɦеɧɢ Э=0,01 ɫ ɱеɪеɡ ɡаɞаɬɱɢɤ 
ɢɧɬеɧɫɢвɧɨɫɬɢ, ɨɛеɫɩеɱɢваɸɳɢɣ ɩɥавɧɨе ɧаɪаɫɬаɧɢе ɫɢɝɧаɥа, ɧа вхɨɞ ɤɨɧɬɭɪа 
ɪеɝɭɥɢɪɨваɧɢɹ ɩɨɬɨɤа ɩɨɞаеɬɫɹ ɫɢɝɧаɥ ɡаɞаɧɢɹ ɧɨɦɢɧаɥɶɧɨɝɨ ɩɨɬɨɤɨɫɰеɩɥеɧɢɹ 
ɪɨɬɨɪа.  
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3.8 ȼɵɛɨɪ ɫɢɥɨɜɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ 

 

Ɉɱеɧɶ ваɠɧɨ ɫɞеɥаɬɶ ɩɪавɢɥɶɧыɣ выɛɨɪ ɩɪеɨɛɪаɡɨваɬеɥɹ. Ɉɬ ɧеɝɨ ɛɭɞеɬ 
ɡавɢɫеɬɶ эɮɮеɤɬɢвɧɨɫɬɶ ɢ ɪеɫɭɪɫ ɪаɛɨɬы ɩɪеɨɛɪаɡɨваɬеɥɹ ɱаɫɬɨɬы ɢ вɫеɝɨ 
эɥеɤɬɪɨɩɪɢвɨɞа в ɰеɥɨɦ. Ɍаɤ еɫɥɢ ɦɨɳɧɨɫɬɶ ɩɪеɨɛɪаɡɨваɬеɥɹ ɛɭɞеɬ ɫɥɢшɤɨɦ 
ɡавышеɧа, ɨɧ ɧе ɫɦɨɠеɬ в ɞɨɥɠɧɨɣ ɦеɪе ɨɛеɫɩеɱɢɬɶ ɡаɳɢɬɭ ɞвɢɝаɬеɥɹ. ɋ ɞɪɭɝɨɣ 
ɫɬɨɪɨɧы, еɫɥɢ ɦɨɳɧɨɫɬɶ ɩɪеɨɛɪаɡɨваɬеɥɹ ɦаɥа, ɨɧ ɧе ɫɦɨɠеɬ ɨɛеɫɩеɱɢɬɶ 
выɫɨɤɨɞɢɧаɦɢɱɧыɣ ɪеɠɢɦ ɪаɛɨɬы ɢ ɢɡ-ɡа ɩеɪеɝɪɭɡɨɤ ɦɨɠеɬ выɣɬɢ ɢɡ ɫɬɪɨɹ [14]. 

ɉɪɢ ɪаɛɨɬе ɨɞɧɨɝɨ ɉɑ ɫ ɨɞɧɢɦ ɞвɢɝаɬеɥеɦ выɛɨɪ ɉɑ ɦɨɠеɬ ɩɪɨɢɡвɨɞɢɬɶɫɹ 
ɩɨ ɫɥеɞɭɸɳɢɦ ɩаɪаɦеɬɪаɦμ  

1) ɉаɫɩɨɪɬɧаɹ ɦɨɳɧɨɫɬɶ ɉɑ ДɤȼɬЖ ɞɨɥɠɧа ɛыɬɶ ɛɨɥɶше ɢɥɢ ɪавɧа 
ɩаɫɩɨɪɬɧɨɣ ɦɨɳɧɨɫɬɢ ɞвɢɝаɬеɥɹ ДɤȼɬЖ. ɉɪɢɱеɦ, ɢɡɝɨɬɨвɢɬеɥɢ ɉɑ вɫеɝɞа 
ɭɤаɡываɸɬ, ɱɬɨ эɬɨɬ ɤɪɢɬеɪɢɣ ɪаɫɩɪɨɫɬɪаɧɹеɬɫɹ ɧа ɞвɢɝаɬеɥɢ ɫ ɞвɭɦɹ ɩаɪаɦɢ 
ɩɨɥɸɫɨв (2p=4 ɢ ɫɢɧхɪɨɧɧаɹ ɫɤɨɪɨɫɬɶ вɪаɳеɧɢɹ ɫɨɨɬвеɬɫɬвеɧɧɨ ɪавɧа 1500 
ɨɛ/ɦɢɧ), ɪаɛɨɬаɸɳɢх ɧа ɧаɝɪɭɡɤɭ ɫ ɩɨɫɬɨɹɧɧыɦ ɦɨɦеɧɬɨɦ (ɬɪаɧɫɩɨɪɬеɪ, 
ɤɨɧвеɣеɪ), ɞɥɹ ɩɪеɨɛɪаɡɨваɬеɥеɣ ɫ ɩеɪеɝɪɭɡɨɱɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ 150Σ ɢ, - 

ɪаɛɨɬаɸɳɢх ɧа ɰеɧɬɪɨɛеɠɧые ɧаɫɨɫы ɢ веɧɬɢɥɹɬɨɪы, ɞɥɹ ɉɑ ɫ ɩеɪеɝɪɭɡɨɱɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɶɸ 120Σ. 

2) ɇɨɦɢɧаɥɶɧыɣ ɞɥɢɬеɥɶɧыɣ ɬɨɤ ɉɑ ɞɨɥɠеɧ ɛыɬɶ ɛɨɥɶше (ɢɥɢ ɪавеɧ) 
ɮаɤɬɢɱеɫɤɨɝɨ ɞɥɢɬеɥɶɧɨɝɨ ɬɨɤа, ɩɨɬɪеɛɥɹеɦɨɝɨ ɞвɢɝаɬеɥеɦ. 

Ⱦɥɹ ɭɩɪавɥеɧɢɹ ɧаɫɨɫɨɦ выɛɢɪаеɦ ɩɪеɨɛɪаɡɨваɬеɥɶ ɱаɫɬɨɬы ɤɨɦɩаɧɢɢ 
BARTEC ɫ ɩɪɨɦеɠɭɬɨɱɧыɦ ɤɨɧɬɭɪɨɦ ɧаɩɪɹɠеɧɢɹ VSD-2x-630-0660/02-IP54.  

 

 
Ɋɢɫɭɧɨɤ-3.8.1 - BARTEC ɫ ɩɪɨɦеɠɭɬɨɱɧыɦ ɤɨɧɬɭɪɨɦ ɧаɩɪɹɠеɧɢɹ VSD-2x-

630-0660/02-IP54  

 

ɉɪеɢɦɭɳеɫɬва ɞаɧɧɨɝɨ ɉɑμ 
 ɍɥɭɱшеɧɧыɣ аɥɝɨɪɢɬɦ эɧеɪɝɨɫɛеɪеɠеɧɢɹ.  
 Ɋаɫшɢɪеɧɧыɣ ɉɂȾ-ɪеɝɭɥɹɬɨɪ ɫ ɮɭɧɤɰɢɹɦɢ ɫɩɹɳеɝɨ ɪеɠɢɦа, 

ɞеɬеɤɬɨɪа, ɨɛɪыва аɧаɥɨɝɨвых ɫɢɝɧаɥɨв, ɧɢɠɧɢɦ ɢ веɪхɧɢɦ 
ɨɝɪаɧɢɱɢɬеɥɹɦɢ выхɨɞа ɉɂȾ-ɪеɝɭɥɹɬɨɪа, аваɪɢɢ ɩɪɢ выхɨɞе 
аɛɫɨɥɸɬɧɨɝɨ ɡɧаɱеɧɢɹ ɢɥɢ ɨɬɤɥɨɧеɧɢɹ ɫɢɝɧаɥа Ɉɋ ɢɡ ɡаɞаɧɧɨɝɨ 

Иɡɦ. Лɢɫɬ № ɞɨɤɭɦ. Пɨɞɩɢɫɶ Дɚɬɚ 

Лɢɫɬ 

62 
ДП-140604.65 ПɁ 

 



ɞɢаɩаɡɨɧа ɢ ɬ.ɞ.  
 ɇеɱɭвɫɬвɢɬеɥɶɧɨɫɬɶ ɤ ɤɪаɬɤɨвɪеɦеɧɧыɦ ɩɪɨваɥаɦ ɩɢɬаɧɢɹ.  
 Ⱥвɬɨɩɨɞхваɬ ɞвɢɝаɬеɥɹ ɩɪɢ ɥɸɛɨɦ ɧаɩɪавɥеɧɢɢ ɫвɨɛɨɞɧɨɝɨ вɪаɳеɧɢɹ.  
 Ɏɭɧɤɰɢɢ ɩеɪеɤɥɸɱеɧɢɹ ɫеɬɶ/ɢɧвеɪɬеɪ ɫ вɨɡɦɨɠɧɨɫɬɶɸ 

авɬɨɦаɬɢɱеɫɤɨɝɨ ɩеɪеɤɥɸɱеɧɢɹ ɞвɢɝаɬеɥɹ ɧа ɫеɬɶ ɩɪɢ ɫɪаɛаɬываɧɢɢ 
ɡаɳɢɬы ɢɧвеɪɬеɪа.  

 Ɉɛɧаɪɭɠеɧɢе ɧɢɡɤɨɝɨ ɦɨɦеɧɬа.  
 Ɏɭɧɤɰɢɹ ɩɪɨɝɪева/ɫɭшɤɢ ɞвɢɝаɬеɥɹ.  
 Ɇɨɧɢɬɨɪ аɧаɥɨɝɨвɨɝɨ вхɨɞа.  
 ɋɱеɬɱɢɤ ɩɨɬɪеɛɥеɧɧɨɣ эɥеɤɬɪɨэɧеɪɝɢɢ.  
 Ɇɨɞɢɮɢɤаɰɢɢ IP54 ɫɨ вɫɬɪɨеɧɧыɦ ɮɢɥɶɬɪɨɦ ЭɆɋ ɢ ɞɪɨɫɫеɥеɦ ɡвеɧа 

ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤа.  
 Ɉɰеɧɤа ɫɪɨɤа ɫɥɭɠɛы ɤɨɧɞеɧɫаɬɨɪа ɡвеɧа ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤа (ɪаɫɱеɬɧыɣ 

ɫɪɨɤ ɫɥɭɠɛы ɭвеɥɢɱеɧ ɞɨ 10 ɥеɬ) ɢ ɫɭɦɦаɪɧɨɝɨ вɪеɦеɧɢ ɪаɛɨɬы 
ɢɧвеɪɬɨɪа.  

 Ɇеɧɸ ɛыɫɬɪɨɣ ɧаɫɬɪɨɣɤɢ.  
 

3.9 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɢ ɫɝɥɚɠɢɜɚɸɳɟɝɨ ɪɟɚɤɬɨɪɚ 

 

Ⱦɥɹ ɡаɳɢɬы ɥɸɞеɣ, эɥеɤɬɪɨɩɪɨвɨɞɨɤ ɢ эɥеɤɬɪɢɱеɫɤɢх ɭɫɬɪɨɣɫɬв 
ɩɪɢɦеɧɹɸɬɫɹ ɫɩеɰɢаɥɶɧые ɡаɳɢɬɧые ɭɫɬɪɨɣɫɬва, вɤɥɸɱаеɦые ɧеɩɨɫɪеɞɫɬвеɧɧɨ ɧа 
вхɨɞе ɰеɩɢ ɩɨɬɪеɛɢɬеɥɹ. ȼɫе эɬɢ ɭɫɬɪɨɣɫɬва ɡаɳɢɳаɸɬ эɥеɤɬɪɢɱеɫɤɢе ɰеɩɢ ɨɬ 
ɱɪеɡɦеɪɧɨɝɨ ɬɨɤа, выɡваɧɧɨɝɨ ɡаɦыɤаɧɢɹɦɢ в ɰеɩɹх. 
      Ⱥвɬɨɦаɬɢɱеɫɤɢе выɤɥɸɱаɬеɥɢ ɪаɡɦыɤаɸɬ ɩɢɬаɸɳɢе ɰеɩɢ в ɫɥɭɱае ɭвеɥɢɱеɧɢɹ 
выше ɧɨɦɢɧаɥɶɧɨɝɨ ɡɧаɱеɧɢɹ, ɩɪɨɬеɤаɸɳеɝɨ ɱеɪеɡ ɧɢх ɬɨɤа, ɨɫɭɳеɫɬвɥɹɹ ɬаɤɢɦ 
ɨɛɪаɡɨɦ ɨɬɤɥɸɱеɧɢе эɥеɤɬɪɨɨɛɨɪɭɞɨваɧɢɹ ɨɬ ɫеɬɢ. Ʉɪɨɦе ɬɨɝɨ, ɨɧɢ ɢɦеɸɬ 
вɨɡɦɨɠɧɨɫɬɶ ɡаɦыɤаɧɢɹ ɰеɩɢ (ɮɭɧɤɰɢɹ вɤɥɸɱеɧɢɹ), в ɬɨɦ ɱɢɫɥе ɩɨвɬɨɪɧɨɝɨ. Ʉ 
авɬɨɦаɬɢɱеɫɤɨɦɭ выɤɥɸɱаɬеɥɸ ɩɪеɞɴɹвɥɹɸɬɫɹ ɬɪеɛɨваɧɢɹ ɦаɥɨɝɨ вɪеɦеɧɢ 
ɪаɡɦыɤаɧɢɹ ɰеɩɢ (ɨɬɤɥɸɱеɧɢɹ). Ⱥвɬɨɦаɬɢɱеɫɤɢе выɤɥɸɱаɬеɥɢ ɫɨɨɬвеɬɫɬвɭɸɬ 
ɫɨвɪеɦеɧɧыɦ ɧɨɪɦаɦ эɥеɤɬɪɨɛеɡɨɩаɫɧɨɫɬɢ.  
      ɋɨвɪеɦеɧɧыɣ авɬɨɦаɬɢɱеɫɤɢɣ выɤɥɸɱаɬеɥɶ ɫɨɫɬɨɢɬ ɢɡ ɩɨɞɩɪɭɠɢɧеɧɧɨɝɨ 
ɦехаɧɢɱеɫɤɨɝɨ выɤɥɸɱаɬеɥɹ, ɡаɦыɤаɸɳеɝɨ ɤɨɧɬаɤɬɧɭɸ ɝɪɭɩɩɭ авɬɨɦаɬа вɨ 
вɡвеɞеɧɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɬеɩɥɨвɨɝɨ (ɧа ɛаɡе ɛɢɦеɬаɥɥɢɱеɫɤɨɣ ɩɥаɫɬɢɧы) ɢ 
эɥеɤɬɪɨɦаɝɧɢɬɧɨɝɨ (ɧа ɛаɡе ɫɨɥеɧɨɢɞа) ɪаɡɦыɤаɬеɥеɣ, ɞɭɝɨɝаɫɢɬеɥɶɧɨɝɨ 
ɭɫɬɪɨɣɫɬва ɢ ɭɧɢвеɪɫаɥɶɧых ɤɨɧɬаɤɬɨв.  

Ɍеɩɥɨвɨɣ ɪаɡɦыɤаɬеɥɶ ɩɪеɞɧаɡɧаɱеɧ ɞɥɹ ɡаɳɢɬы ɰеɩеɣ ɩɨ ɬɨɤɭ ɩеɪеɝɪɭɡɤɢ, а 
ɦаɝɧɢɬɧыɣ - ɞɥɹ ɡаɳɢɬы ɨɬ ɤɨɪɨɬɤɨɝɨ ɡаɦыɤаɧɢɹ. Ɍеɩɥɨвɨɣ ɪаɡɦыɤаɬеɥɶ 
ɫɪаɛаɬываеɬ ɩɨɫɥе ɧаɝɪева ɛɢɦеɬаɥɥɢɱеɫɤɨɣ ɩɥаɫɬɢɧы. ȼɪеɦɹ ɧаɝɪева ɩɥаɫɬɢɧы 
ɡавɢɫɢɬ ɨɬ веɥɢɱɢɧы ɬɨɤа, ɩɪевышаɸɳеɣ ɧɨɦɢɧаɥɶɧɨе ɡɧаɱеɧɢе. Эɬɨɬ ɬɢɩ 
ɪаɡɦыɤаɬеɥɹ - ɢɧеɪɰɢɨɧɧыɣ. Ɋаɡɦыɤаɬеɥɶ ɧе ɪеаɝɢɪɭеɬ ɧа ɧеɛɨɥɶшɢе 
ɤɪаɬɤɨвɪеɦеɧɧые ɭвеɥɢɱеɧɢɹ ɡɧаɱеɧɢɹ ɬɨɤа. Ɇаɝɧɢɬɧыɣ ɪаɡɦыɤаɬеɥɶ ɹвɥɹеɬɫɹ 
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ɛыɫɬɪɨɞеɣɫɬвɭɸɳɢɦ. ȿɝɨ ɫɪаɛаɬываɧɢе ɩɪɨɢɫхɨɞɢɬ ɩɪɢ ɩɪевышеɧɢɢ ɡɧаɱеɧɢɹ 
ɧɨɦɢɧаɥɶɧɨɝɨ ɬɨɤа в ɧеɫɤɨɥɶɤɨ ɪаɡ.  
        ȼɨ вɡвеɞеɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɤɨɧɬаɤɬы выɤɥɸɱаɬеɥɹ ɡаɦɤɧɭɬы, ɬɨɤ в ɰеɩɢ 
ɩɪɨɬеɤаеɬ ɱеɪеɡ ɨɛɦɨɬɤɭ ɦаɝɧɢɬɧɨɝɨ ɪаɡɦыɤаɬеɥɹ ɢ ɱаɫɬɶ ɛɢɦеɬаɥɥɢɱеɫɤɨɣ 
ɩɥаɫɬɢɧы. ɋɪаɛаɬываɧɢе ɨɞɧɨɝɨ ɢɡ ɪаɡɦыɤаɬеɥеɣ ɩɪɢвɨɞɢɬ ɤ ɨɫвɨɛɨɠɞеɧɢɸ 
вɡвɨɞɧɨɣ ɩɪɭɠɢɧы ɢ ɫɛɪаɫываɧɢɸ выɤɥɸɱаɬеɥɹ, ɤɨɬɨɪыɣ, в ɫвɨɸ ɨɱеɪеɞɶ, 
ɪаɡɦыɤаеɬ ɤɨɧɬаɤɬɧɭɸ ɝɪɭɩɩɭ. ɑɬɨɛы ɡаɳɢɬɢɬɶ ɤɨɧɬаɤɬы ɨɬ ɩɨɞɝɨɪаɧɢɹ в ɦɨɦеɧɬ 
ɪаɡɦыɤаɧɢɹ, ɩаɪаɥɥеɥɶɧɨ ɢɦ ɭɫɬаɧɨвɥеɧы ɞɭɝɨɝаɫɢɬеɥɶɧые ɤаɦеɪы, 
ɩɪеɞɫɬавɥɹɸɳɢе ɫɨɛɨɣ ɧаɛɨɪ ɦеɞɧых ɩɥаɫɬɢɧ, ɪаɡɞеɥеɧɧых вɨɡɞɭшɧɨɣ 
ɩɪɨɫɥɨɣɤɨɣ.  

ɍɧɢвеɪɫаɥɶɧые ɤɨɧɬаɤɬы ɩɨɡвɨɥɹɸɬ ɮɢɤɫɢɪɨваɬɶ ɤаɤ ɩɪɨвɨɞɧɢɤɢ, ɬаɤ ɢ 
ɤɥеɦɦы ɢɥɢ шɢɧы. Ʉɨɧɫɬɪɭɤɬɢвɧɨ вɫе выɤɥɸɱаɬеɥɢ ɤɪеɩɹɬɫɹ ɧа ɫɬаɧɞаɪɬɧɭɸ 
DIN-ɪеɣɤɭ шɢɪɢɧɨɣ 35 ɦɦ. Ʉɪеɩɥеɧɢе ɤɨɪɩɭɫа авɬɨɦаɬɢɱеɫɤɨɝɨ выɤɥɸɱаɬеɥɹ 
ɨɫɭɳеɫɬвɥɹеɬɫɹ ɫ ɩɨɦɨɳɶɸ ɨɞɧɨɣ ɡаɳеɥɤɢ. Ⱦɥɹ ɭɞɨɛɫɬва ɡаɳеɥɤа ɢɦееɬ ɞва 
ɮɢɤɫɢɪɨваɧɧых ɩɨɥɨɠеɧɢɹ. ȼ веɪхɧеɦ ɩɨɥɨɠеɧɢɢ ɡаɳёɥɤɢ ɤɨɪɩɭɫ выɤɥɸɱаɬеɥɹ 
ɮɢɤɫɢɪɭеɬɫɹ ɧа DIN-ɪеɣɤе, в ɧɢɠɧеɦ - ɨɧ ɨɫвɨɛɨɠɞеɧ. Ƚɨɥɨвɤа вɢɧɬа ɤɪеɩɥеɧɢɹ 
ɩɨɡвɨɥɹеɬ ɢɫɩɨɥɶɡɨваɬɶ ɢ ɤɪеɫɬɨвɭɸ, ɢ ɩɥɨɫɤɭɸ ɨɬвеɪɬɤɢ. 

ɉɨ ɫɩɨɫɨɛɭ ɪаɡɦыɤаɧɢɹ ɩɢɬаɸɳеɣ ɫеɬɢ авɬɨɦаɬɢɱеɫɤɢе выɤɥɸɱаɬеɥɢ ɦɨɠɧɨ 
ɪаɡɞеɥɢɬɶ ɧа ɫɥеɞɭɸɳɢе ɬɢɩыμ  

 ɨɞɧɨɩɨɥɸɫɧые;  
 ɨɞɧɨɩɨɥɸɫɧые ɫ ɧеɣɬɪаɥɶɸ; 
 ɞвɭхɩɨɥɸɫɧые;  
 ɬɪёхɩɨɥɸɫɧые;  
 ɬɪёхɩɨɥɸɫɧые ɫ ɧеɣɬɪаɥɶɸ;  
 ɱеɬыɪёхɩɨɥɸɫɧые. 

ɉɪɨɢɡвеɞеɦ выɛɨɪ авɬɨɦаɬɢɱеɫɤɢх выɤɥɸɱаɬеɥеɣ ɢɫхɨɞɹ ɢɡ ɭɫɥɨвɢɹ, ɱɬɨ 
ɧ.ɪ.≥1,25*Iɞ>570 

ȼыɛɢɪаеɦ 3-3х ɩɨɥɸɫɧых авɬɨɦаɬɢɱеɫɤɢх выɤɥɸɱаɬеɥɹ ɫеɪɢɢ Ⱥ3730Ɏμ 
Iɧ=630Ⱥ, Iɨɬɤ = 50 ɤȺ 

Ⱦɥɹ ɡаɳɢɬы ɪеɥе ɤɨɧɬɪɨɥɹ ɮаɡ выɛɢɪаеɦ авɬɨɦаɬɢɱеɫɤɢɣ выɤɥɸɱаɬеɥɶ 
ȼȺ472λ ɂЭɄμ Iɧ=5Ⱥ, Iɨɬɤ = 4.5 ɤȺ 

Ⱦɥɹ ɡаɳɢɬы выɬɹɠɧɨɝɨ веɧɬɢɥɹɬɨɪа выɛɢɪаеɦ 1 ɩɨɥɸɫɧыɣ авɬɨɦаɬɢɱеɫɤɢɣ 
выɤɥɸɱаɬеɥɶ ȼȺ472λ ɂЭɄμ Iɧ=3Ⱥ, Iɨɬɤ = 4.5 ɤȺ 

ɇа вхɨɞе в шɤаɮɭ ɭɩɪавɥеɧɢɹ ɭɫɬаɧавɥɢваеɦ ɪɭɛɢɥɶɧɢɤ ɞɥɹ ɨɬɤɥɸɱеɧɢɹ 
ɫɢɥɨвых ɰеɩеɣ ɫ ɫɨɡɞаɧɢеɦ вɢɞɢɦɨɝɨ ɪаɡɪыва. ȼыɛɢɪаеɦ ɪɭɛɢɥɶɧɢɤ 
Ɋ2525μɧ=1500Ⱥ 

ɉɢɬаɸɳаɹ ɫеɬɶ ɩɨɞвеɪɠеɧа вɨɡɞеɣɫɬвɢɹɦ ɧеɥɢɧеɣɧых ɩɪɢеɦɧɢɤɨв, ɤɨɬɨɪые 
выɡываɸɬ ɞеɮɨɪɦаɰɢɢ ɩɪɨɬеɤаɧɢɹ ɫɢɧɭɫɨɢɞаɥɶɧɨɝɨ ɧаɩɪɹɠеɧɢɹ, ɫɥеɞɨваɬеɥɶɧɨ, 
ɭвеɥɢɱɢваɸɬ ɩɨɬеɪɢ, а ɬаɤɠе ɫɨɡɞаɸɬ ɩɨɦехɢ ɞɥɹ ɪаɛɨɬы ɞɪɭɝɢх ɦашɢɧ ɢ 
ɩɪɢɛɨɪɨв, ɩɢɬаɸɳɢхɫɹ ɨɬ ɫеɬɢ. ɉɪɢɦеɧɹеɦые ɞɪɨɫɫеɥɢ ɩɨɡвɨɥɹɸɬ ɪешɢɬɶ 
ɦɧɨɠеɫɬвɨ ɩɪɨɛɥеɦμ  
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 ɨɝɪаɧɢɱɢваɸɬ вɨɡɧɢɤɧɨвеɧɢе ɝаɪɦɨɧɢɤ в ɫеɬɢ,  
 ɝаɫɹɬ ɤɨɦɦɭɬаɰɢɨɧɧые ɩеɪеɧаɩɪɹɠеɧɢɹ, 
 в ɫɥɭɱае ɤɨɪɨɬɤɨɝɨ ɡаɦыɤаɧɢɹ ɭɦеɧɶшаɸɬ ɬɨɤ ɭɫɬаɧɨвɢвшеɝɨɫɹ 

ɤɨɪɨɬɤɨɝɨ ɡаɦыɤаɧɢɹ ɢ ɩɪɨɢɡвɨɞɧɭɸ ɬɨɤа. 
ɍɩɪавɥɹеɦые выɩɪɹɦɢɬеɥɢ ɢ ɢɧвеɪɬɨɪы ɝеɧеɪɢɪɭɸɬ в ɫеɬɢ ɪɹɞ ɝаɪɦɨɧɢɤ, 

ɤɨɬɨɪые ɫɢɥɶɧɨ ɢɫɤаɠаɸɬ хɨɞ ɫɢɧɭɫɨɢɞы ɧаɩɪɹɠеɧɢɹ, выɡываɹ ɭвеɥɢɱеɧɢе ɩɨɬеɪɶ 
ɦɨɳɧɨɫɬɢ вɫех ɦашɢɧ ɢ ɩɪɢɛɨɪɨв, ɩɢɬаɸɳɢхɫɹ ɨɬ ɫеɬɢ. ɋеɬевые ɞɪɨɫɫеɥɢ ED1σ 
ɢɥɢ ED3σ ɨɝɪаɧɢɱɢваɸɬ ɪаɫɩɪɨɫɬɪаɧеɧɢе вɫех ɝаɪɦɨɧɢɤ в ɫеɬɢ ɢ ɝаɫɹɬ 
ɤɨɦɦɭɬаɰɢɨɧɧые ɩеɪеɧаɩɪɹɠеɧɢɹ, вɨɡɧɢɤаɸɳɢе вɨ вɪеɦɹ ɩеɪеɤɥɸɱеɧɢɹ 
ɬɢɪɢɫɬɨɪɨв. ɉɪɢɦеɧеɧɢе ɫеɬевых ɞɪɨɫɫеɥеɣ выɡываеɬ ɨɫɥаɛɥеɧɢе вɡаɢɦɧых ɩɨɦех, 
ɫɨɡɞаваеɦых ɩɪеɨɛɪаɡɨваɬеɥɹɦɢ вɨ вɪеɦɹ ɤɨɦɦɭɬаɰɢɢ. 

ȼыɛɢɪаеɦ ɬɪёхɮаɡɧыɣ ɫеɬевɨɣ ɞɪɨɫɫеɥɶ ED3σ. 
 

3.10 Ɇɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜ ɪɚɡɨɦɤɧɭɬɨɣ ɫɢɫɬɟɦɟ 

 

Ⱥɤɬɢвɧɨе ɫɨɩɪɨɬɢвɥеɧɢе ɨɛɦɨɬɤɢ ɫɬаɬɨɪа 
 

aq

L
r

эɮ

ɫɪ


 751 

                                                                                                     (1) 

 

ɉɨ ɬаɛɥɢɰе 5.1. ДɅ-1] выɛɢɪаеɦ ɭɞеɥɶɧɨе эɥеɤɬɪɢɱеɫɤɨе ɫɨɩɪɨɬɢвɥеɧɢе 
ɦаɬеɪɢаɥа ɩɪɨвɨɞɧɢɤɨв ɨɛɦɨɬɨɤ. Ⱦɥɹ ɤɥаɫɫа ɧаɝɪевɨɫɬɨɣɤɨɫɬɢ ɢɡɨɥɹɰɢɢ F 

ɪаɫɱеɬɧаɹ ɬеɦɩеɪаɬɭɪа ɋɨ
ɪɚɫɱ 75 ; ɞɥɹ ɦеɞɧых ɩɪɨвɨɞɧɢɤɨв 

мɈм 


47

10 6

75
 

ɝɞе     75 - ɭɞеɥɶɧɨе ɫɨɩɪɨɬɢвɥеɧɢе ɦаɬеɪɢаɥа ɨɛɦɨɬɤɢ ɩɪɢ ɪаɫɱеɬɧɨɣ ɬеɦɩеɪаɬɭɪе; 

          47
10 6

75




 - ɞɥɹ ɦеɞɧых ɩɪɨвɨɞɧɢɤɨв; 

эɮq
- ɫеɱеɧɢе эɮɮеɤɬɢвɧɨɝɨ ɩɪɨвɨɞɧɢɤа; 

ɫɪL
 - ɨɛɳаɹ ɞɥɢɧа ɩɪɨвɨɞɧɢɤɨв ɮаɡы ɨɛɦɨɬɤɢ 

1wL ɫɪɫɪ  
 ; 

ɫɪ
- ɫɪеɞɧɹɹ ɞɥɢɧа вɢɬɤа ɨɛɦɨɬɤɢ 

)(2 ɥпɫɪ  
; 

п - ɞɥɢɧа ɩаɡɨвɨɣ ɱаɫɬɢ ɤаɬɭшɤɢ 
мп 104,01   ; 

ɥ - ɞɥɢɧа ɥɨɛɨвɨɣ ɱаɫɬɢ ɤаɬɭшɤɢ 
BbK ɤɬɥɥ  2 ; 
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B - ɞɥɢɧа выɥеɬа ɩɪɹɦɨɥɢɧеɣɧɨɣ ɱаɫɬɢ ɤаɬɭшеɤ ɢɡ ɩаɡа ɨɬ ɬɨɪɰа ɫеɪɞеɱɧɢɤа 
ɞɨ ɧаɱаɥа ɨɬɝɢɛа ɥɨɛɨвɨɣ ɱаɫɬɢ; ɞɥɹ вɫыɩɧɨɣ ɨɛɦɨɬɤɢ мB 01,0 ; 

2,1ɥK - ɩɪɢ ɨɬɫɭɬɫɬвɢɢ ɢɡɨɥɹɰɢɢ ɧа ɥɨɛɨвых ɱаɫɬɹх, ɩɪɢ 22 p  ɩɨ ɬаɛɥɢɰе 
λ.23. ДɅ-1]; 

ɤɬb - ɫɪеɞɧɹɹ шɢɪɢɧа ɤаɬɭшɤɢ 

 

м
ɪ

hD
b п

ɤɬ 17,0
2

)0163,00924,0(14,3

2

)(








 


; 
 - ɨɬɧɨɫɢɬеɥɶɧɨе ɭɤɨɪɨɱеɧɢе шаɝа ɨɛɦɨɬɤɢ ɫɬаɬɨɪа; ɞɥɹ ɞвɭхɫɥɨɣɧых 

ɨɛɦɨɬɨɤ 1 . 

 
мɥ 225,001,0217,02,1   

мɫɪ 66,0)2249,01041,0(2 
 

мLɫɪ 10015266,0 
 

Ɉмr 383,1
10539,147

10010
6

6

1 



 



 
 

Ⱦɥɢɧа выɥеɬа ɥɨɛɨвɨɣ ɱаɫɬɢ ɤаɬɭшɤɢμ 
 

Bbk ɤɬɜыɥɜыɥ   
мɜыɥ 054,001,01708,026,0   

26,0ɜыɥk  ɩɨ ɬаɛɥɢɰе λ.23 ДɅ-1] 

 

Ɉɬɧɨɫɢɬеɥɶɧɨе ɡɧаɱеɧɢе 1
r

 

0492,0
220

83,7
383,1

1

1

11


ɧɨм

ɧɨм

U

I
rr

 
Ⱥɤɬɢвɧɨе ɫɨɩɪɨɬɢвɥеɧɢе ɮаɡы аɥɸɦɢɧɢевɨɣ ɨɛɦɨɬɤɢ ɪɨɬɨɪа 
 

22

2




 ɤɥ
c

r
rr

                                                                                                            (2) 

c
c q

r 2
75


 

                                                                                                               (3) 

cr - ɫɨɩɪɨɬɢвɥеɧɢе ɫɬеɪɠɧɹ 

мɈм 


22

10 6

75
 ɞɥɹ ɥɢɬɨɣ аɥɸɦɢɧɢевɨɣ ɨɛɦɨɬɤɢ ɪɨɬɨɪа ɩɨ ɬаɛɥɢɰе 5.1 ДɅ-1] 
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Ɉмrc
4

4

6

1044,0
10087,122

104,010 










 
rk - ɤɨэɮɮɢɰɢеɧɬ ɭвеɥɢɱеɧɢɹ аɤɬɢвɧɨɝɨ ɫɨɩɪɨɬɢвɥеɧɢɹ ɫɬеɪɠɧɹ ɨɬ 

вɨɡɞеɣɫɬвɢɹ эɮɮеɤɬа выɬеɫɧеɧɢɹ ɬɨɤа 1rk  

 

ɤɥ

ɫɪɤɥ
ɤɥ qZ

D
r






2

.

75




                                                                                                      (4) 

ɫɪɤɥD . - ɫɪеɞɧɢɣ ɞɢаɦеɬɪ ɡаɦыɤаɸɳɢх ɤɨɥеɰ. 
ɤɥq - ɩɥɨɳаɞɶ ɩɨɩеɪеɱɧɨɝɨ ɫеɱеɧɢɹ ɡаɦыɤаɸɳɢх ɤɨɥеɰ. 
75 - ɭɞеɥɶɧɨе ɫɨɩɪɨɬɢвɥеɧɢе ɦаɬеɪɢаɥа ɫɬеɪɠɧɹ ɢ ɡаɦыɤаɸɳɢх ɤɨɥеɰ. 

 
мbDD ɤɥɫɪɤɥ 0673,00242,00915,02. 

                                                                 (5) 

 

Ɉмrɤɥ
6

4

6

10302,1
1088,31922

0673,014,310 










 

Ɉмr 4
6

5

2 1068,0
3232,0

10302,12
1035,4 


 




 

ɉɪɢвɨɞɢɦ 2r  ɤ ɱɢɫɥɭ вɢɬɤɨв ɨɛɦɨɬɤɢ ɫɬаɬɨɪаμ 
 

2

2

111

22

)(4

Z

kwm
rr ɨɛ


                                                                                              (6) 

 

Ɉмr 83,0
19

)92,0152(34
108,6

2
5

2 


 

 
Ɉɬɧɨɫɢɬеɥɶɧɨе ɡɧаɱеɧɢе 
 

03,0
220

83,7
83,0''

1

1

22


ɧɨм

ɧɨм

U

I
rr

                                                                                (7) 

ɂɧɞɭɤɬɢвɧɨе ɫɨɩɪɨɬɢвɥеɧɢе ɮаɡы ɨɛɦɨɬɤɢ ɫɬаɬɨɪа 
 

)(
100100

8,15

2

11
1 ɞɥпqp

wf
x  














                                                                      (8) 

п - ɤɨэɮɮɢɰɢеɧɬ ɦаɝɧɢɬɧɨɣ ɩɪɨвɨɞɢɦɨɫɬɢ ɩаɡɨвɨɝɨ ɪаɫɫеɹɧɢɹ. 
 


















ɲ

ɲ

ɲ

ɤɤп
п b

h

bb

h

b

h
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h

2

3

3 11

1

1

.
                                                                              (9) 
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01 h  (ɩɪɨвɨɞɧɢɤɢ ɡаɤɪеɩɥеɧы ɩаɡɨвɨɣ ɤɪышɤɨɣ) 

25,1
0035,0

0005,0

0035,020085,0

003,03

0085,03

0133,0

















п
 

ɥ - ɤɨэɮɮɢɰɢеɧɬ ɦаɝɧɢɬɧɨɣ ɩɪɨвɨɞɢɦɨɫɬɢ ɥɨɛɨвɨɝɨ ɪаɫɫеɹɧɢɹ 

 

)64,0(34,0 


 ɥɥ
q


                                                                                    (10) 

 

7256,1)1451,0164,02249,0(
104,0

3
34,0 ɥ

 
1  - ɨɬɧɨɫɢɬеɥɶɧɨе ɭɤɨɪɨɱеɧɢе шаɝа ɨɛɦɨɬɤɢ. 

 


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






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tZ

ɞ
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                                                                                                      (11) 
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2

2 12

1

2
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t
kkk   












                                                                           (12) 

 

Ⱦɥɹ 0ɫɤ  ɢ 
25,1

12
15

1

2 
Z

Z
t

t

 ɩɨ ɪɢɫɭɧɤɭ λ.51.ɞ, 25,1ɫɤk  

176,1125,192,0125,12 22   

1254,2176,1
239,100045,012

0121,0



ɞ

 

  Ɉмx 42,21254,2246,17256,1
41

104,0

100

152

100

50
8,15

2

1 










 
Ɉɬɧɨɫɢɬеɥɶɧɨе ɡɧаɱеɧɢе 

1,0
220

83,7
42,2

1
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ɂɧɞɭɤɬɢвɧɨе ɫɨɩɪɨɬɢвɥеɧɢе ɮаɡы ɨɛɦɨɬɤɢ ɪɨɬɨɪа. 
 

  6

22212 109,7  ɫɤɞɥпfx                                                                     (13) 

 

2п - ɤɨэɮɮɢɰɢеɧɬ ɦаɝɧɢɬɧɨɣ ɩɪɨвɨɞɢɦɨɫɬɢ ɩаɡɨвɨɝɨ ɪаɫɫеɹɧɢɹ ɪɨɬɨɪа. 
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мbhh 0174,00023,04,00165,04,0 210   
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001,0

0005,0
1
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001,0
66,0

0001087,08

0078,014,3
1
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
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
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2ɥ - ɤɨэɮɮɢɰɢеɧɬ ɦаɝɧɢɬɧɨɣ ɩɪɨвɨɞɢɦɨɫɬɢ ɪаɫɫеɹɧɢɹ ɤɨɪɨɬɤɨɡаɦыɤаɸɳɢх 
ɤɨɥеɰ ɥɢɬɨɣ ɤɥеɬɤɢ ɪɨɬɨɪа. 
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2ɞ - ɤɨэɮɮɢɰɢеɧɬ ɦаɝɧɢɬɧɨɣ ɩɪɨвɨɞɢɦɨɫɬɢ ɞɢɮɮеɪеɧɰɢаɥɶɧɨɝɨ ɪаɫɫеɹɧɢɹ 
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  Ɉмx 4

2 107,102283,25413,04777,1104,0509,7   

ɉɪɢвɨɞɢɦ 2x   ɤ ɱɢɫɥɭ вɢɬɤɨв ɫɬаɬɨɪа 
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Ɋаɛɨɱɢе хаɪаɤɬеɪɢɫɬɢɤɢ аɫɢɧхɪɨɧɧых ɞвɢɝаɬеɥеɣ ɧаɡываɸɬ ɡавɢɫɢɦɨɫɬɢ  
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 2111 ,,cos,, PfSIP  . Ɋаɛɨɱɢе хаɪаɤɬеɪɢɫɬɢɤɢ ɪаɫɫɱɢɬаɧы аɧаɥɢɬɢɱеɫɤɢɦ ɦеɬɨɞɨɦ. 
Ⱥɧаɥɢɬɢɱеɫɤɢɣ ɦеɬɨɞ ɩɨɡвɨɥɹеɬ ɭɱɢɬываɬɶ ɢɡɦеɧеɧɢе ɨɬɞеɥɶɧых ɩаɪаɦеɬɪɨв ɩɪɢ 
ɪаɡɥɢɱɧых ɫɤɨɥɶɠеɧɢɹх. 

ɉаɪаɦеɬɪыμ 
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ɂɫɩɨɥɶɡɭеɦ ɩɪɢɛɥɢɠеɧɧɭɸ ɮɨɪɦɭɥɭ, ɬаɤ ɤаɤ 
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Ⱥɤɬɢвɧаɹ ɫɨɫɬавɥɹɸɳаɹ ɬɨɤа ɫɢɧхɪɨɧɧɨɝɨ хɨɥɨɫɬɨɝɨ хɨɞа 
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Ɋаɫɱеɬɧые веɥɢɱɢɧы 

 

0599,1)0146,0(029,1 222

1
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1  ɪɚ cca
 

03,0)0146,0(0296,122 11  ɪɚ ccb
 

Ɉмxbxcrca ɪɚ 5251,12087,2)03,0(4116,2)0146,0(3826,10269,121111 
 

Ɉмxaxcrcb ɪɚ 80369.42087,20599.14116,2)0146,0(3826,10269,121111 
 

ɉɨɬеɪɢ, ɧе ɢɡɦеɧɹɸɳɢеɫɹ ɩɪɢ ɢɡɦеɧеɧɢɢ ɫɤɨɥɶɠеɧɢɹ. 
 

ȼɬɊP мɟɯɫɬ 8.20154.7726.124   
 

Ɋаɫɫɱɢɬываеɦ ɪаɛɨɱɢе хаɪаɤɬеɪɢɫɬɢɤɢ ɞɥɹ ɫɤɨɥɶɠеɧɢɣ 
0292,0;024,0;0216,0;0168,0;012,0;0072,0;001,0S , ɩɪɢɧɢɦаеɦ ɩɪеɞваɪɢɬеɥɶɧɨ, ɱɬɨ 

0292,0
2
 rSɧɨм . 

ɇɨɦɢɧаɥɶɧые ɞаɧɧые ɫɩɪɨеɤɬɢɪɨваɧɧɨɝɨ ɞвɢɝаɬеɥɹ. 
ɤȼɬP ɧɨм 42   BU ɧɨм 380/2201   AI ɧɨм 83,71   89,0cos ɧɨм  87,0ɧɨм  
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3.11 Ɋɚɫɱɟɬ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɪɚɡɨɦɤɧɭɬɨɣ ɫɢɫɬɟɦɟ, ɨɰɟɧɤɚ 
ɞɢɧɚɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɢ ɜɨɡɦɨɠɧɨɫɬɟɣ ɞɟɦɩɮɢɪɨɜɚɧɢɹ 
ɭɩɪɭɝɢɯ ɤɨɥɟɛɚɧɢɣ 

 

ɂɡ ɬеɨɪɢɢ авɬɨɦаɬɢɱеɫɤɨɝɨ ɭɩɪавɥеɧɢɹ ɢɡвеɫɬɧɨ, ɱɬɨ ɞɢɧаɦɢɱеɫɤɢе ɫвɨɣɫɬва 
ɡаɦɤɧɭɬых ɫɢɫɬеɦ ɨɩɪеɞеɥɹɸɬɫɹ ɫвɨɣɫɬваɦɢ ɪаɡɨɦɤɧɭɬɨɣ ɫɢɫɬеɦы, ее 
ɩеɪеɞаɬɨɱɧыɦɢ ɮɭɧɤɰɢɹɦɢ ɢ ɱаɫɬɨɬɧыɦɢ хаɪаɤɬеɪɢɫɬɢɤаɦɢ. ɉɨэɬɨɦɭ ɩɪеɠɞе ɱеɦ 
ɩеɪеɣɬɢ ɤ ɢɡɭɱеɧɢɸ ɫвɨɣɫɬв ɡаɦɤɧɭɬых ɫɢɫɬеɦ «ɭɩɪавɥɹеɦыɣ ɩɪеɨɛɪаɡɨваɬеɥɶ-

ɞвɢɝаɬеɥɶ», ɪаɫɫɦɨɬɪɢɦ ɞɢɧаɦɢɤɭ ɪаɡɨɦɤɧɭɬых эɥеɤɬɪɨɦехаɧɢɱеɫɤɢх ɫɢɫɬеɦ [14]. 

ɉɪɢ ɨɩɪеɞеɥеɧɧых ɭɫɥɨвɢɹх ɦехаɧɢɱеɫɤɢе хаɪаɤɬеɪɢɫɬɢɤɢ ɩɪɢɧɰɢɩɢаɥɶɧɨ 
ɪаɡɧɨɬɢɩɧых ɞвɢɝаɬеɥеɣ ɨɩɢɫываɸɬɫɹ ɢɞеɧɬɢɱɧыɦɢ ɭɪавɧеɧɢɹɦɢ. ȼ эɬɢх 
ɝɪаɧɢɰах аɧаɥɨɝɢɱɧы ɢ ɨɫɧɨвɧые эɥеɤɬɪɨɦехаɧɢɱеɫɤɢе ɫвɨɣɫɬва ɞвɢɝаɬеɥеɣ, ɱɬɨ 
ɫɨɡɞаёɬ ɩɪеɞɩɨɫыɥɤɢ ɞɥɹ ɨɛɨɛɳёɧɧɨɝɨ ɢɡɭɱеɧɢɹ ɞɢɧаɦɢɤɢ эɥеɤɬɪɨɦехаɧɢɱеɫɤɢх 
ɫɢɫɬеɦ. 

ȼɨɡɦɨɠɧɨɫɬɶ ɬаɤɨɝɨ ɨɛɨɛɳеɧɢɹ выɬеɤаеɬ ɢɡ ɫɪавɧеɧɢɹ ɭɪавɧеɧɢɣ 
ɞɢɧаɦɢɱеɫɤɨɣ ɠеɫɬɤɨɫɬɢ, ɞɥɹ ɞвɢɝаɬеɥɹ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤа ɫ ɧеɡавɢɫɢɦыɦ 
вɨɡɛɭɠɞеɧɢеɦ ɢ аɫɢɧхɪɨɧɧɨɝɨ ɞвɢɝаɬеɥɹ ɩɪɢ ɥɢɧеаɪɢɡаɰɢɢ ɪаɛɨɱеɝɨ ɭɱаɫɬɤа 
хаɪаɤɬеɪɢɫɬɢɤɢ ɩɪɢ ɩɢɬаɧɢɢ ɨɬ ɢɫɬɨɱɧɢɤа ɧаɩɪɹɠеɧɢɹ ɢ ɬɨɤаμ 

 

 - ȾɉɌ; 
 - ȺȾ ɩɪɢ ɩɢɬаɧɢɢ ɨɬ ɝеɧеɪаɬɨɪа ɧаɩɪɹɠеɧɢɹ; 
 - ȺȾ ɩɪɢ ɩɢɬаɧɢɢ ɨɬ ɝеɧеɪаɬɨɪа ɬɨɤа. 

 

ɂɡ ɫɪавɧеɧɢɹ эɬɢх выɪаɠеɧɢɣ вɢɞɧɨ, ɱɬɨ ɨɧɢ ɨɬɥɢɱаɸɬɫɹ ɬɨɥɶɤɨ 
выɪаɠеɧɢɹɦɢ ɫɬаɬɢɱеɫɤɨɣ ɠеɫɬɤɨɫɬɢ β(β1) ɢ эɥеɤɬɪɨɦаɝɧɢɬɧɨɣ ɩɨɫɬɨɹɧɧɨɣ 
вɪеɦеɧɢ Ɍэ(Ɍɹ). ɋɥеɞɨваɬеɥɶɧɨ, ɪаɫɩɪɨɫɬɪаɧɢв ɨɛɨɡɧаɱеɧɢе Ɍэ ɧа ɞвɢɝаɬеɥɢ 
ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤа (Ɍɹ=Ɍэ), ɩɨɥɭɱɢɦ ɫɥеɞɭɸɳɭɸ ɮɨɪɦɭ ɡаɩɢɫɢ ɭɪавɧеɧɢɣ 
ɞɢɧаɦɢɤɢ ɥɢɧеаɪɢɡɨваɧɧых эɥеɤɬɪɨɦехаɧɢɱеɫɤɢх ɫɢɫɬеɦμ 

 

                                                                                             (1) 

 

 Эɬɢ ɭɪавɧеɧɢɹ ɹвɥɹɸɬɫɹ ɨɛɨɛɳеɧɧыɦɢ ɭɪавɧеɧɢɹɦɢ ɞɢɧаɦɢɤɢ 
эɥеɤɬɪɨɦехаɧɢɱеɫɤɨɣ ɫɢɫɬеɦы ɫ ɞвɢɝаɬеɥеɦ, ɢɦеɸɳɢɦ ɥɢɧеɣɧɭɸ ɢɥɢ 
ɥɢɧеаɪɢɡɨваɧɧɭɸ ɦехаɧɢɱеɫɤɭɸ хаɪаɤɬеɪɢɫɬɢɤɭ, ɞɢɧаɦɢɱеɫɤаɹ ɠеɫɬɤɨɫɬɶ ɤɨɬɨɪɨɣ 
ɨɩɢɫываеɬɫɹ ɩеɪеɞаɬɨɱɧɨɣ ɮɭɧɤɰɢеɣ аɩеɪɢɨɞɢɱеɫɤɨɝɨ ɡвеɧа ɫ ɤɨэɮɮɢɰɢеɧɬɨɦ β ɢ 
ɩɨɫɬɨɹɧɧɨɣ вɪеɦеɧɢ Ɍэμ 
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.                                                                                            (2) 

 

Ɉɫɨɛеɧɧɨɫɬɢ ɩɪɢɦеɧɹеɦɨɝɨ ɞвɢɝаɬеɥɹ ɩɪɢ эɬɨɦ ɨɬɪаɠаɸɬɫɹ в ɤɨɧɤɪеɬɧɨɦ 
ɫɦыɫɥе ɩеɪеɦеɧɧых ɢ выɪаɠеɧɢɹх ɩаɪаɦеɬɪɨв. Ⱦɥɹ ɞвɢɝаɬеɥɹ ɫ ɧеɡавɢɫɢɦыɦ 
вɨɡɛɭɠɞеɧɢеɦμ 

 

 
Ɋɢɫɭɧɨɤ 3.11.1 - ɋɬɪɭɤɬɭɪɧаɹ ɫхеɦа эɥеɤɬɪɨɩɪɢвɨɞа ɫ ɥɢɧеɣɧɨɣ ɦехаɧɢɱеɫɤɨɣ 
хаɪаɤɬеɪɢɫɬɢɤɨɣ ɢ ɫ ɠеɫɬɤɢɦɢ ɦехаɧɢɱеɫɤɢɦɢ ɫвɹɡɹɦɢ 

 

                                                                                                              (3) 

 

Ⱦɥɹ аɫɢɧхɪɨɧɧɨɝɨ ɞвɢɝаɬеɥɹ ɩɪɢ ɥɢɧеаɪɢɡаɰɢɢ ɪаɛɨɱеɝɨ ɭɱаɫɬɤа еɝɨ 
ɦехаɧɢɱеɫɤɨɣ хаɪаɤɬеɪɢɫɬɢɤɢ в ɨɛɥаɫɬɢ s<sɤμ 

 

                                                                                                            (4) 

 

Ɉɛɨɛɳеɧɧаɹ эɥеɤɬɪɨɦехаɧɢɱеɫɤаɹ ɫɢɫɬеɦа ɫ ɦехаɧɢɱеɫɤɨɣ хаɪаɤɬеɪɢɫɬɢɤɨɣ, 
ɨɩɢɫываеɦɨɣ ɥɢɧеɣɧыɦ ɞɢɮɮеɪеɧɰɢаɥɶɧыɦ ɭɪавɧеɧɢеɦ ɩеɪвɨɝɨ ɩɨɪɹɞɤа, ɹвɥɹеɬɫɹ 
ɨɫɧɨвɧыɦ ɨɛɴеɤɬɨɦ ɢɡɭɱеɧɢɹ ɬеɨɪɢɢ эɥеɤɬɪɨɩɪɢвɨɞа. Ɉɧа ɩɪавɢɥɶɧɨ ɨɬɪаɠаеɬ 
ɨɫɧɨвɧые ɡаɤɨɧɨɦеɪɧɨɫɬɢ, ɫвɨɣɫɬвеɧɧые ɪеаɥɶɧыɦ ɧеɥɢɧеɣɧыɦ 
эɥеɤɬɪɨɦехаɧɢɱеɫɤɢɦ ɫɢɫɬеɦаɦ в ɪеɠɢɦах ɞɨɩɭɫɬɢɦых ɨɬɤɥɨɧеɧɢɣ ɨɬ 
ɫɬаɬɢɱеɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ, ɢ, ɛɥаɝɨɞаɪɹ ɩɪɨɫɬɨɬе, ɨɛеɫɩеɱɢваеɬ вɨɡɦɨɠɧɨɫɬɶ 
ɨɛɨɛɳеɧɧɨɝɨ аɧаɥɢɡа эɬɢх ɡаɤɨɧɨɦеɪɧɨɫɬеɣ ɦеɬɨɞаɦɢ ɬеɨɪɢɢ авɬɨɦаɬɢɱеɫɤɨɝɨ 
ɭɩɪавɥеɧɢɹ. 

Ⱦɢɧаɦɢɱеɫɤɢе ɩɪɨɰеɫɫы ɫɢɧхɪɨɧɧɨɝɨ эɥеɤɬɪɨɩɪɢвɨɞа ɨɩɢɫываɸɬɫɹ 
ɫɥеɞɭɸɳеɣ ɫɢɫɬеɦɨɣ ɭɪавɧеɧɢɣμ 

 

                                                                                           (5) 

 

ɋɬɪɭɤɬɭɪɧаɹ ɫхеɦа эɥеɤɬɪɨɦехаɧɢɱеɫɤɨɣ ɫɢɫɬеɦы ɫ ɞвɢɝаɬеɥеɦ ɢɦееɬ вɢɞ  
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Ɋɢɫɭɧɨɤ 3.11.2 - ɋɬɪɭɤɬɭɪɧаɹ ɫхеɦа ɥɢɧеаɪɢɡɨваɧɧɨɝɨ эɥеɤɬɪɨɩɪɢвɨɞа. 

 

Ⱦɥɹ аɧаɥɢɡа ɫвɨɣɫɬв эɥеɤɬɪɨɩɪɢвɨɞа ɫ ɥɢɧеɣɧɨɣ ɦехаɧɢɱеɫɤɨɣ 
хаɪаɤɬеɪɢɫɬɢɤɨɣ ɤаɤ ɨɛɴеɤɬа авɬɨɦаɬɢɱеɫɤɨɝɨ ɭɩɪавɥеɧɢɹ ɧаɣɞеɦ ɩеɪеɞаɬɨɱɧɭɸ 
ɮɭɧɤɰɢɸ ɫɢɫɬеɦы ɩɨ ɭɩɪавɥɹɸɳеɦɭ вɨɡɞеɣɫɬвɢɸμ 

 

                                                                                                      (6) 

 

ɂɡ ɪɢɫɭɧɤа ɦɨɠɧɨ ɡаɩɢɫаɬɶμ 
 

                                                                               (7) 

 

ɢɥɢ 

 

                                                                      (8) 

 

ɢɥɢ 

 

                                                                  (9) 

 

ɢɥɢ 

 

                                                                     (10) 

 

Ɉɬɫɸɞа 
 

                                       (11) 
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                                                                              (12) 

ɝɞе   - эɥеɤɬɪɨɦехаɧɢɱеɫɤаɹ ɩɨɫɬɨɹɧɧаɹ вɪеɦеɧɢ. 
 

ɉеɪеɞаɬɨɱɧаɹ ɮɭɧɤɰɢɹ ɩɨ вɨɡɦɭɳаɸɳеɦɭ вɨɡɞеɣɫɬвɢɸ - ɦɨɦеɧɬɭ 
ɫɬаɬɢɱеɫɤɨɣ ɧаɝɪɭɡɤɢ Ɇɋ, ɢɦееɬ вɢɞμ 

 

                                                                                                     (13) 

 

ɏаɪаɤɬеɪɢɫɬɢɱеɫɤɨе ɭɪавɧеɧɢе ɫɢɫɬеɦыμ 
 

                                                                                               (14) 

 

Ʉɨɪɧɢ эɬɨɝɨ ɭɪавɧеɧɢɹμ 
 

                                                         (15) 

ɝɞе     . 

 

Ɂɧаɱеɧɢе Ц ɨɩɪеɞеɥɹеɬ ɤɨɥеɛаɬеɥɶɧɨɫɬɶ ɪаɡɨɦɤɧɭɬɨɣ эɥеɤɬɪɨɦехаɧɢɱеɫɤɨɣ 
ɫɢɫɬеɦы. 

ȿɫɥɢ Ц > 4, ɬɨ p1= -α1; p2 = -α2. 
 ɉɨэɬɨɦɭ в эɬɨɦ ɫɥɭɱаеμ 
 

;                                                                          (16) 

 

ɋɥеɞɨваɬеɥɶɧɨ, ɩɪɢ Ц > 4 ɪаɫɫɦаɬɪɢваеɦыɣ эɥеɤɬɪɨɩɪɢвɨɞ ɦɨɠеɬ ɛыɬɶ 
ɩɪеɞɫɬавɥеɧ в вɢɞе ɩɨɫɥеɞɨваɬеɥɶɧɨɝɨ ɫɨеɞɢɧеɧɢɹ ɢɧеɪɰɢɨɧɧых ɡвеɧɶев ɫ 
ɩɨɫɬɨɹɧɧыɦɢ вɪеɦеɧɢ Ɍ1 ɢ Ɍ2 [14, c.304] 

ɉɪɢ Ц = 4 хаɪаɤɬеɪɢɫɬɢɱеɫɤɨе ɭɪавɧеɧɢе ɫɢɫɬеɦы ɢɦееɬ ɞва ɪавɧых 
ɨɬɪɢɰаɬеɥɶɧых ɤɨɪɧɹ. ȼ эɬɨɦ ɫɥɭɱаеμ 
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ɝɞе      

 

ɉɪɢ Ц<4 хаɪаɤɬеɪɢɫɬɢɱеɫɤɨе ɭɪавɧеɧɢе ɢɦееɬ ɤɨɦɩɥеɤɫɧɨ-ɫɨɩɪɹɠеɧɧые 
ɤɨɪɧɢ ɢ эɥеɤɬɪɨɩɪɢвɨɞ ɩɪеɞɫɬавɥɹеɬ ɫɨɛɨɣ ɤɨɥеɛаɬеɥɶɧɨе ɡвеɧɨ ɫ ɤɨэɮɮɢɰɢеɧɬɨɦ 
ɡаɬɭхаɧɢɹ ξ ɦеɧɶшɢɦ ɢɥɢ ɪавɧыɦ 1, ɭɦеɧɶшаɸɳɢɦɫɹ ɩɨ ɦеɪе ɭɦеɧɶшеɧɢɹ Ц. 

ȼ эɬɨɦ ɫɥɭɱае ɦɨɠɧɨ ɡаɩɢɫаɬɶμ 
 

                                                              (17) 

; ;                                                                 (18) 

 

Ⱥɧаɥɢɡ ɱаɫɬɨɬɧых хаɪаɤɬеɪɢɫɬɢɤ ɞвɢɝаɬеɥеɣ ɦɨɳɧɨɫɬɶɸ выше 10ɤȼɬ 
ɩɨɤаɡаɥ, ɱɬɨ ɩеɪеɞаɬɨɱɧɭɸ ɮɭɧɤɰɢɸ ɩɨ ɭɩɪавɥɹɸɳеɦɭ вɨɡɞеɣɫɬвɢɸ ɦɨɠɧɨ 
ɩɪеɞɫɬавɢɬɶ в вɢɞеμ 

 

                                                                                             (19) 

 

ɬ.е. ɡаɦеɧɢɬɶ ɤɨɥеɛаɬеɥɶɧɨе ɡвеɧɨ ɞвɭɦɹ аɩеɪɢɨɞɢɱеɫɤɢɦɢ ɫ ɩɨɫɬɨɹɧɧɨɣ. 
Ⱦɥɹ ɦɧɨɝɢх эɥеɤɬɪɨɩɪɢвɨɞɨв ɦаɥɨɣ ɦɨɳɧɨɫɬɢ Ц>4, ɩɪɢ эɬɨɦ ɦɨɠɧɨ 

ɩɪеɧеɛɪеɱɶ эɥеɤɬɪɨɦаɝɧɢɬɧɨɣ ɢɧеɪɰɢеɣ, ɩɨɥɨɠɢв Ɍэ»0, ɬɨɝɞа ɫɬɪɭɤɬɭɪɧаɹ ɫхеɦа 
аɫɢɧхɪɨɧɧɨɝɨ эɥеɤɬɪɨɩɪɢвɨɞа ɫ ɥɢɧеаɪɢɡɨваɧɧɨɣ ɦехаɧɢɱеɫɤɨɣ хаɪаɤɬеɪɢɫɬɢɤɨɣ 
ɛɭɞеɬ ɢɦеɬɶ вɢɞμ 

 

 
Ɋɢɫɭɧɨɤ 3.11.3 - ɋɬɪɭɤɬɭɪɧаɹ ɫхеɦа аɫɢɧхɪɨɧɧɨɝɨ эɥеɤɬɪɨɩɪɢвɨɞа ɫ 
ɥɢɧеаɪɢɡɨваɧɧɨɣ ɦехаɧɢɱеɫɤɨɣ хаɪаɤɬеɪɢɫɬɢɤɨɣ. 

 

ɂɡ ɪɢɫɭɧɤа ɩɨɫɥе эɥеɦеɧɬаɪɧых ɩɪеɨɛɪаɡɨваɧɢɣμ 
 

; ;                                                                                (20) 

 

;                                                                            (21) 
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;                                                                                                           (22) 

 

;                                                                                              (23) 

 

                                                                                                (24) 

 

ɩɨɥɭɱаеɦμ 
 

                                                                                           (25) 

 

ɉɨɥɭɱеɧɧɨе ɭɪавɧеɧɢе ɩɨɡвɨɥɹеɬ ɫɬɪɭɤɬɭɪɧɭɸ ɫхеɦɭ аɫɢɧхɪɨɧɧɨɣ ɦашɢɧы ɫ 
ɥɢɧеаɪɢɡɨваɧɧɨɣ ɦехаɧɢɱеɫɤɨɣ хаɪаɤɬеɪɢɫɬɢɤɨɣ ɩɪеɞɫɬавɢɬɶ в вɢɞе (ɪɢɫ. 3.11.4): 

 

 
Ɋɢɫɭɧɨɤ 3.11.4 - ɉɪеɨɛɪаɡɨваɧɧаɹ ɫɬɪɭɤɬɭɪɧаɹ ɫхеɦа аɫɢɧхɪɨɧɧɨɣ ɦашɢɧы ɫ 
ɥɢɧеаɪɢɡɨваɧɧɨɣ ɦехаɧɢɱеɫɤɨɣ хаɪаɤɬеɪɢɫɬɢɤɨɣ. 
 

ɂɡ ɩɪеɨɛɪаɡɨваɧɧɨɣ ɫɬɪɭɤɬɭɪɧɨɣ ɫхеɦы вɢɞɧɨ, ɱɬɨ ɩɪɢ Ɍэ»0 эɥеɤɬɪɨɩɪɢвɨɞ 
ɫ ɥɢɧеɣɧɨɣ ɦехаɧɢɱеɫɤɨɣ хаɪаɤɬеɪɢɫɬɢɤɨɣ ɩɪɢɛɥɢɠеɧɧɨ ɦɨɠɧɨ ɩɪеɞɫɬавɢɬɶ в 
вɢɞе ɢɧеɪɰɢɨɧɧɨɝɨ ɡвеɧа ɫ ɩɨɫɬɨɹɧɧɨɣ вɪеɦеɧɢ Ɍɦ. 

ɉеɪехɨɞɧɭɸ ɢ веɫɨвɭɸ ɮɭɧɤɰɢɢ ɢɧеɪɰɢɨɧɧɨɝɨ ɡвеɧа ɦɨɠɧɨ ɩɪеɞɫɬавɢɬɶ в 
вɢɞеμ 

 

                                                                                                     (26) 

 

                                                                                                    (27) 

 

ɉɨ ɭɪавɧеɧɢɹɦ ɧа ɪɢɫɭɧɤе ɩɨɫɬɪɨеɧы вɪеɦеɧɧые хаɪаɤɬеɪɢɫɬɢɤɢ 
эɥеɤɬɪɨɩɪɢвɨɞа. 

Иɡɦ. Лɢɫɬ № ɞɨɤɭɦ. Пɨɞɩɢɫɶ Дɚɬɚ 

Лɢɫɬ 

76 
ДП-140604.65 ПɁ 

 



  
а)                              ɛ) 

Ɋɢɫɭɧɨɤ 3.11.5 - ȼɪеɦеɧɧые хаɪаɤɬеɪɢɫɬɢɤɢ эɥеɤɬɪɨɩɪɢвɨɞа 
 

ɂɡ ɩɨɥɭɱеɧɧых вɪеɦеɧɧых хаɪаɤɬеɪɢɫɬɢɤ ɦɨɠɧɨ ɫɞеɥаɬɶ вывɨɞμ 
эɥеɤɬɪɨɦехаɧɢɱеɫɤаɹ ɩɨɫɬɨɹɧɧаɹ вɪеɦеɧɢ Ɍɦ ɩɪеɞɫɬавɥɹеɬ ɫɨɛɨɣ вɪеɦɹ, ɡа ɤɨɬɨɪɨе 
эɥеɤɬɪɨɩɪɢвɨɞ ɞɨɫɬɢɝ ɛы ɭɫɬаɧɨвɢвшеɣɫɹ ɫɤɨɪɨɫɬɢ, ɞвɢɝаɹɫɶ ɪавɧɨɦеɪɧɨ 
ɭɫɤɨɪеɧɧɨ ɩɨɞ ɞеɣɫɬвɢеɦ ɩɨɫɬɨɹɧɧɨɝɨ ɞɢɧаɦɢɱеɫɤɨɝɨ ɦɨɦеɧɬа, ɪавɧɨɝɨ 
ɧаɱаɥɶɧɨɦɭ ɡɧаɱеɧɢɸμ 

 

                                                                                               (28) 

 

ȼ ɫɢɫɬеɦе ɩɪеɞɭɫɦаɬɪɢваеɬɫɹ ɪеɝɭɥɢɪɨваɧɢе ɫɤɨɪɨɫɬɢ вɪаɳеɧɢɹ ɹɤɨɪɹ 
ɞвɢɝаɬеɥɹ ωɆ ɩɭɬёɦ ɢɡɦеɧеɧɢɹ ɧаɩɪɹɠеɧɢɹ ɩɢɬаɧɢɹ U. Ɍɨɤ вɨɡɛɭɠɞеɧɢɹ, а, 
ɫɥеɞɨваɬеɥɶɧɨ, ɢ ɦаɝɧɢɬɧыɣ ɩɨɬɨɤ ɞвɢɝаɬеɥɹ ɩɨɥаɝаеɬɫɹ ɧеɢɡɦеɧɧыɦ ɢ ɪавɧыɦ 
ɧɨɦɢɧаɥɶɧɨɦɭ Ɏɧ. 
 

ɇа ɩɪɢɧɰɢɩɢаɥɶɧɨɣ ɫхеɦеμ в, Lв - ɫɨɨɬвеɬɫɬвеɧɧɨ аɤɬɢвɧɨе ɫɨɩɪɨɬɢвɥеɧɢе ɢ 
ɢɧɞɭɤɬɢвɧɨɫɬɶ ɨɛɦɨɬɤɢ LɆ1 ɞвɢɝаɬеɥɹ; ɹɝ, Lɹɝ - ɫɨɨɬвеɬɫɬвеɧɧɨ ɨɛɳɢе аɤɬɢвɧɨе 
ɫɨɩɪɨɬɢвɥеɧɢе ɢ ɢɧɞɭɤɬɢвɧɨɫɬɶ ɨɛɦɨɬɨɤ LɆ2 ɢ LɆ3 ɞвɢɝаɬеɥɹ. 

ɍɪавɧеɧɢе ɞвɢɠеɧɢɹ ɞвɢɝаɬеɥɹ ɩɨɞ ɧаɝɪɭɡɤɨɣ ɢ ɭɪавɧеɧɢе ɰеɩɢ ɹɤɨɪɹμ 
 

                                                                          (29) 

 

ȼ выɪаɠеɧɢɹх (1.15), (1.16) ɞɥɹ ɞвɢɝаɬеɥɹμ 
яɞɧM icɎM )(

                                                                                                (30) 

 

Mɞɧɞ cɎe )(
                                                                                                  (31) 
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cɞɧC icɎM )(
                                                                                                  (32) 

 

ɉɨɫɥе ɩеɪехɨɞа ɤ ɫɢɦвɨɥɢɱеɫɤɨɣ ɮɨɪɦе ɡаɩɢɫɢ ɢ ɫɨɨɬвеɬɫɬвɭɸɳɢх 
ɩɪеɨɛɪаɡɨваɧɢɣ ɩɨɥɭɱɢɦ ɫɢɫɬеɦɭ ɭɪавɧеɧɢɣ в вɢɞеμ 

 

  ɞɧcя cɎsIsIssJ )()()()( 
                                                                     (33) 

  

))(()()( яɞяɞяɞ rsLsIsEsU 
                                                                   (34) 

 

ɋ ɭɱёɬɨɦ ɬɨɝɨ, ɱɬɨ ɭɪавɧеɧɢе ɰеɩɢ ɹɤɨɪɹ ɝеɧеɪаɬɨɪа ɩɨɞ ɧаɝɪɭɡɤɨɣ 

 

))(()()( яɝяɝяɝ rsLsIsEsU 
                                                                   (35) 

 

ɭɪавɧеɧɢе ɩɪɢɦеɬ вɢɞμ 
 

 )()()()()( ÿäÿãÿäÿãÿäíìã rrLLssIñÔsE 
                                (36) 

 

ɇа ɨɫɧɨваɧɢɢ ɭɪавɧеɧɢɣ ɫɬɪɭɤɬɭɪɧɭɸ ɫхеɦɭ ɞвɢɝаɬеɥɹ ɦɨɠɧɨ ɩɪеɞɫɬавɢɬɶ, 
ɤаɤ ɩɪɢвеɞеɧɨ ɧɢɠе. 

ɋɬɪɭɤɬɭɪɧаɹ ɫхеɦа ɞвɢɝаɬеɥɹ ɩɪɢвеɞеɧа в ɩ. 3.4 Ɋɢɫɭɧɨɤ 3.4.10 

ȼ ɫɨɨɬвеɬɫɬвɢɢ ɫɨ ɫɬɪɭɤɬɭɪɧɨɣ ɫхеɦɨɣ ɡаɩɢшеɦ ɩеɪеɞаɬɨɱɧɭɸ ɮɭɧɤɰɢɸ 
ɞвɢɝаɬеɥɹ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤаμ 
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          (37) 

 

Ɉɩɪеɞеɥɢɦ ɱɢɫɥеɧɧые ɩаɪаɦеɬɪы ɩеɪеɞаɬɨɱɧɨɣ ɮɭɧɤɰɢɢ ɞвɢɝаɬеɥɹ. 
Эɤвɢваɥеɧɬɧаɹ эɥеɤɬɪɨɦаɝɧɢɬɧаɹ Ɍэ ɢ эɥеɤɬɪɨɦехаɧɢɱеɫɤаɹ Ɍɦ ɩɨɫɬɨɹɧɧые 

вɪеɦеɧɢμ 
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                                                                 (38) 
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          ɧɝIɧɝɝP
ɧɝU

яɝL


25,0
 ɧɞIɧɞɞP

ɧɞU
яɞL


25,0

                                        (39) 

 

ɝɞе     ɢɧɞеɤɫ ɝ ɨɬɧɨɫɢɬɫɹ ɤ ɝеɧеɪаɬɨɪɭ, а ɢɧɞеɤɫ ɞ - ɤ ɞвɢɝаɬеɥɸ. 
 

  ɳɞrɞɞпrɤɨrяrɳɝrɝɞпrɤɨrяrэR  )2020(32,1)202020(32,11,1
                (40) 

 

ɧɝIɳɝr
2


- ɫɨɩɪɨɬɢвɥеɧɢе ɳеɬɨɤ ɝеɧеɪаɬɨɪа, Ɉɦ; 

ɧɞIɳɞr
2


- ɫɨɩɪɨɬɢвɥеɧɢе ɳеɬɨɤ ɞвɢɝаɬеɥɹ, Ɉɦ; 

ɧɞ
ɧɞȿ

ɞɧɫɎ


)(

  
 

ɳUɞɞпrɤɨrяrɧɞIɧɞUɧɞȿ  )
202020

(32,1
                                   (41) 

 

ɞɧɫɎмK
)(

1


 - ɤɨэɮɮɢɰɢеɧɬ ɩеɪеɞаɱɢ ɞвɢɝаɬеɥɹ ɧɝ = 2πЧɝ/60 = 
6.2κ*1000/60 = 104,7 ɪаɞ/М- ɧɨɦɢɧаɥɶɧаɹ ɭɝɥɨваɹ ɱаɫɬɨɬа вɪаɳеɧɢɹ ɝеɧеɪаɬɨɪа; ɧɞ 
= 2πЧɞ/60 = 6.2κ*400/60 = 41,κ6 ɪаɞ/М- ɧɨɦɢɧаɥɶɧаɹ ɭɝɥɨваɹ ɱаɫɬɨɬа вɪаɳеɧɢɹ 
ɞвɢɝаɬеɥɹ; ɧɝ = 460 (ȼ) - ɧɨɦɢɧаɥɶɧɨе ɧаɩɪɹɠеɧɢе ɞɥɹ ɝеɧеɪаɬɨɪа; ɧɝ = 652 (Ⱥ) - 
ɧɨɦɢɧаɥɶɧыɣ ɬɨɤ ɞɥɹ ɝеɧеɪаɬɨɪа; ɝ = 2 - ɱɢɫɥɨ ɩаɪ ɩɨɥɸɫɨв ɞ = 2 - ɱɢɫɥɨ ɩаɪ 
ɩɨɥɸɫɨв ɧɞ = 440 (ȼ) - ɧɨɦɢɧаɥɶɧɨе ɧаɩɪɹɠеɧɢе ɞɥɹ ɞвɢɝаɬеɥɹ; ɧɞ = 3λκ (Ⱥ ) - 
ɧɨɦɢɧаɥɶɧыɣ ɬɨɤ ɞɥɹ ɞвɢɝаɬеɥɹ; 

 
)(001905,0

20
);(00619,0

20
);(0141,0

20
ɈмɞпrɈмɤɨrɈмяr 

- ɫɨɩɪɨɬɢвɥеɧɢе 
ɫɨɨɬвеɬɫɬвеɧɧɨ ɨɛɦɨɬɤɢ ɹɤɨɪɹ, ɤɨɦɩеɧɫаɰɢɨɧɧɨɣ ɨɛɦɨɬɤɢ, ɨɛɦɨɬɤɢ ɞɨɛавɨɱɧых 
ɩɨɥɸɫɨв ɞɥɹ ɝеɧеɪаɬɨɪа ɩɪɢ ɬеɦɩеɪаɬɭɪе 20°ɋ; 

 
)(00485,0

20
);(0178,0

20
);(0359,0

20
ɈмɞɞпrɈмɞɤɨrɈмɞяr 

 - 

ɫɨɩɪɨɬɢвɥеɧɢе ɫɨɨɬвеɬɫɬвеɧɧɨ ɨɛɦɨɬɤɢ ɹɤɨɪɹ, ɤɨɦɩеɧɫаɰɢɨɧɧɨɣ ɨɛɦɨɬɤɢ, ɨɛɦɨɬɤɢ 
ɞɨɛавɨɱɧых ɩɨɥɸɫɨв ɞɥɹ ɞвɢɝаɬеɥɹ ɩɪɢ ɬеɦɩеɪаɬɭɪе 20°ɋ; 

1,32 - ɤɨэɮɮɢɰɢеɧɬ ɩɪɢвеɞеɧɢɹ ɫɨɩɪɨɬɢвɥеɧɢɣ ɨɛɦɨɬɨɤ ɤ ɬеɦɩеɪаɬɭɪе 
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75°ɋ;= 37,5 - ɦɨɦеɧɬ ɢɧеɪɰɢɢ ɞвɢɝаɬеɥɹ. 
ɉɨɞɫɬавɥɹеɦ эɬɢ ɡɧаɱеɧɢɹ μ 

)(005,0
398

2 Ɉмrɳɞ 
   ɳɞrɞɞпrɤɨrяrɳɝrɝɞпrɤɨrяrэR )2020(32,1)202020(32,11,1

)(127,0)005,0)05855.0(32,1

003,0)022195.0(32,1(1,1

Ɉм


 
 

ȼыɱɢɫɥɢɦ ɧɨɦɢɧаɥɶɧɭɸ ЭȾɋμ 

 

)(0328,0
127,0

10)3.3123,0( 3

ɫ
 

 


2)( ɞɧɫɎ

эJR
M

T

 

)(31050
2728.9

127,05.37 ɫ


 
 

ɉɭɫɤɨвые ɫвɨɣɫɬва аɫɢɧхɪɨɧɧых ɞвɢɝаɬеɥеɣ хаɪаɤɬеɪɢɡɭɸɬɫɹ ɧаɱаɥɶɧыɦ 
ɩɭɫɤɨвыɦ ɢ ɦаɤɫɢɦаɥɶɧыɦ ɦɨɦеɧɬɨɦ ɢ ɧаɱаɥɶɧыɦ ɩɭɫɤɨвыɦ ɬɨɤɨɦ. Ɋаɫɱеɬ 
ɩɭɫɤɨвых хаɪаɤɬеɪɢɫɬɢɤ ɡаɬɪɭɞɧеɧ ɧеɨɛхɨɞɢɦɨɫɬɶɸ ɭɱеɬа ɢɡɦеɪеɧɢɣ ɩаɪаɦеɬɪɨв, 
выɡваɧɧых эɮɮеɤɬɨɦ выɬеɫɧеɧɢɹ ɬɨɤа ɢ ɧаɫыɳеɧɢɹ ɨɬ ɩɨɥеɣ ɪаɫɫеɹɧɢɹ, ɬ.ɤ. ɩɪɢ 
ɛɨɥɶшɢх ɫɤɨɥɶɠеɧɢɹх ɬɨɤɢ ɦɨɝɭɬ ɩɪевышаɬɶ ɫвɨе ɦɢɧɢɦаɥɶɧɨе ɡɧаɱеɧɢе в 7-7,5 

ɪаɡ. 
Ɋаɫɫɱɢɬываеɦ ɬɨɱɤɢ хаɪаɤɬеɪɢɫɬɢɤ, ɫɨɨɬвеɬɫɬвɭɸɳɢе ɫɤɨɥɶɠеɧɢɹɦ 

5,0;1,0;2,0;6,0,;8,0;1S . 

Ɋаɫɱеɬ ɩɪɨвɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥаɦ ɬаɛɥɢɰы в ɰеɥɹх ɨɩɪеɞеɥеɧɢɹ ɬɨɤɨв в 
ɩɭɫɤɨвых ɪеɠɢɦах ɞɥɹ ɞаɥɶɧеɣшеɝɨ ɭɱеɬа вɥɢɹɧɢɹ ɧаɫыɳеɧɢɹ ɨɬ ɩɨɥеɣ ɪаɫɫеɹɧɢɹ 
ɪаɫɱеɬ ɩɭɫɤɨвых хаɪаɤɬеɪɢɫɬɢɤ ɩɪɨɢɡвɨɞɢɬɫɹ аɧаɥɨɝɢɱɧɨ, вɤɥɸɱаɹ ɩɨɫɥеɞɧɢе 
ɩɭɧɤɬы ɮɨɪɦɭɥɹɪа. ɉɨɞɪɨɛɧыɣ ɪаɫɱеɬ ɩɪɢвеɞеɧ ɞɥɹ 1S . Ⱦаɧɧые ɪаɫɱеɬа 
ɨɫɬаɥɶɧых ɬɨɱеɤ ɫвеɞеɧы в ɬаɛɥɢɰе. 

Ⱥɤɬɢвɧɨе ɫɨɩɪɨɬɢвɥеɧɢе ɨɛɦɨɬɤɢ ɪɨɬɨɪа ɫ ɭɱеɬɨɦ вɥɢɹɧɢɹ эɮɮеɤɬа 

выɬеɫɧеɧɢɹ ɬɨɤа Co
ɪɚɫ 75[ 

; 
мɈм 



22

10 6

75
; 

1
п

c

b

b

 cb - шɢɪɢɧа ɫɬеɪɠɧɹ, м  пb - 
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шɢɪɢɧа ɩаɡа, м ; в ɪɨɬɨɪах ɫ ɥɢɬɨɣ ɨɛɦɨɬɤɨɣ пc bb   ДɅ-1]; ]501 Ƚɰf   

 

ɉɨ ɪɢɫɭɧɤɭ ɩаɡа ɪɨɬɨɪа 
мhhh ɲпc 0215,00005,0022,022   

ch - выɫɨɬа ɫɬеɪɠɧɹ в ɩаɡɭ 

4,110215,015,6515,65  Shc  
ɞɥɹ 4,1  ɧахɨɞɢɦ 38,0  

ɉɥɨɳаɞɶ ɫеɱеɧɢɹ ɫɬеɪɠɧɹ rq   

 







 







228

11

2

1 b
h

bbb
q r

r
r



                                                                                   (42) 

 

ɝɞе    
мh

h ɫ
r 0168,0

38,01

0215,0

1








  

мb
h

h

bb
bb rr 0036,0

2

0078,0
0168,0

017,0

0023,00078,0
0078,0

2

1

1

21
1 






 









 




 
2

2

15,97
2

0078,0
0168,0

2

0036,00078,0

8

0078,014,3 ммqr 





 







 

12,1
10715,9

10087,1
5

4





 



r

c
r

q

q
k

 cq  ɢɡ ɩ. 3.6 ɪаɫɱеɬа Ɍаɛɥɢɰа 2. 
Ʉɨэɮɮɢɰɢеɧɬ ɨɛɳеɝɨ ɭвеɥɢɱеɧɢɹ ɫɨɩɪɨɬɢвɥеɧɢɹ ɮаɡы ɪɨɬɨɪа ɩɨɞ вɥɢɹɧɢеɦ 

выɬеɫɧеɧɢɹ ɬɨɤа. 
 

 11
2




 r
c

R k
r

r
K

                                                                                                    (43) 

 

ɩɨ ɩ. 3.6 ɪаɫɱеɬа Ɍаɛɥɢɰы 2 Ɉмrr cc
410435,0  ; Ɉмr 4

2 1066,0   

  078,1112,1
1066,0

10435,0
1

4

4





 



RK
 

ɉɪɢвеɞеɧɧɨе ɫɨɩɪɨɬɢвɥеɧɢе ɪɨɬɨɪа ɫ ɭɱеɬɨɦ вɥɢɹɧɢɹ эɮɮеɤɬа выɬеɫɧеɧɢɹ 
ɬɨɤа. 

ɈмrKr R 8835,08196,0078,122   
ɂɧɞɭɤɬɢвɧɨе ɫɨɩɪɨɬɢвɥеɧɢе ɨɛɦɨɬɤɢ ɪɨɬɨɪа ɫ ɭɱеɬɨɦ вɥɢɹɧɢɹ эɮɮеɤɬа 

выɬеɫɧеɧɢɹ ɬɨɤа ɞɥɹ 4,1 ; 9,0 ɞk . 
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222

222

ɞɥп

ɞɥп
xK


 






                                                                                               (44) 

ɝɞе  xK - ɤɨэɮɮɢɰɢеɧɬ ɢɡɦеɧеɧɢɹ ɢɧɞɭɤɬɢвɧɨɝɨ ɫɨɩɪɨɬɢвɥеɧɢɹ ɮаɡы ɨɛɦɨɬɤɢ 
ɪɨɬɨɪа ɨɬ ɞеɣɫɬвɢɹ эɮɮеɤɬа выɬеɫɧеɧɢɹ ɬɨɤа. 

 2п - ɤɨэɮɮɢɰɢеɧɬ ɦаɝɧɢɬɧɨɣ ɩɪɨвɨɞɢɦɨɫɬɢ ɩаɡɨвɨɝɨ ɪаɫɫеɹɧɢɹ ɫ ɭɱеɬɨɦ 
эɮɮеɤɬа выɬеɫɧеɧɢɹ ɬɨɤа. 

 

  222 ппп 
                                                                                           (45) 

 

   ɞ
ɲ

c
ɞпп k

b

b

q

b

b

h
k 





























 1
2

66,0
8

1
3

1
1

2
2

1

1

0

22


 

                           (46) 

 

  6043,09,01
0078,02

001,0
66,0

10087,18

0078,014,3
1

0078,03

017,0
2

4

2

2 




























 п

 
9386,06043,0567,12 п  

976,0
281,25028,05671,1

281,25028,09386,0





xK
 

ɈмKxx x 1558,2976,02087,222    

ɝɞе   2x
- ɢɧɞɭɤɬɢвɧɨе ɫɨɩɪɨɬɢвɥеɧɢе ɮаɡы ɨɛɦɨɬɤɢ ɪɨɬɨɪа ɫ ɭɱеɬɨɦ выɬеɫɧеɧɢɹ 

ɬɨɤа. 
 

ɉɭɫɤɨвые ɩаɪаɦеɬɪы: 

ɋɨɩɪɨɬɢвɥеɧɢе вɡаɢɦɧɨɣ ɢɧɞɭɤɰɢɢ ɨɛɦɨɬɨɤ в ɩɭɫɤɨвɨɦ ɪеɠɢɦе. 
Ɉмxkx п 139,129845373,11212    

0187,1
139,129

4116,2
11

12

1
1 

п
п x

xɫ
 

Ɋаɫɱеɬ ɬɨɤɨв ɫ ɭɱеɬɨɦ вɥɢɹɧɢɹ эɮɮеɤɬа выɬеɫɧеɧɢɹ ɬɨɤа ɞɥɹ 1S  

Ɉм
S

rc
rR п

п 2826,2
1

8835,00187,1
3826,1

21

1 





 

 
ɈмxcxX пп 3365,48896,10187,14116,2211    

ɬɨɤ в ɨɛɦɨɬɤе ɪɨɬɨɪа 
А

XR

U
I

пп

ɧɨм
п 893,44

3365,42826,2

220

2222

1
2 







 
ɬɨɤ в ɨɛɦɨɬɤе ɫɬаɬɨɪа 
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   
A

xɫ
xXR

II
пп

ппп
пп 5565,45

139,1290187,1

139,1293365,42826,2
893,44

22

121

2

12

2

21 









 

 

3.12 Ɋɚɫɱɟɬ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ 

 

Ɋаɫɱеɬ ɩɪɨвɨɞɢɦ ɞɥɹ ɬɨɱеɤ хаɪаɤɬеɪɢɫɬɢɤ, ɫɨɨɬвеɬɫɬвɭɸɳɢх 
5,0;1,0;2,0;6,0;8,0;1S   ɩɪɢ эɬɨɦ ɢɫɩɨɥɶɡɭеɦ ɡɧаɱеɧɢɹ ɬɨɤɨв ɢ ɫɨɩɪɨɬɢвɥеɧɢɣ ɞɥɹ ɬех 

ɠе ɫɤɨɥɶɠеɧɢɣ ɫ ɭɱеɬɨɦ вɥɢɹɧɢɹ выɬеɫɧеɧɢɹ ɬɨɤа. ɉɨɞɪɨɛɧыɣ ɪаɫɱеɬ ɩɪɢвеɞеɧ 
ɞɥɹ 1S  [14]. 

ɂɧɞɭɤɬɢвɧɨе ɫɨɩɪɨɬɢвɥеɧɢе ɨɛɦɨɬɨɤ. ɉɪɢɧɢɦаеɦ 2,1ɧɚɫk   

 














2

1
11

11

.. 7,0
Z
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ɝɞе k 
- ɤɨэɮɮɢɰɢеɧɬ, ɭɱɢɬываɸɳɢɣ ɭɦеɧɶшеɧɢе ɆȾɋ ɩаɡа выɡваɧɧɨе 

ɭɤɨɪɨɱеɧɢеɦ шаɝа ɨɛɦɨɬɤɢ. 
1yk
- ɤɨэɮɮɢɰɢеɧɬ ɭɤɨɪɨɱеɧɢɹ шаɝа ɨɛɦɨɬɤɢ. 

a - ɱɢɫɥɨ эɮɮеɤɬɢвɧых ɩɪɨвɨɞɧɢɤɨв в ɩаɡɭ ɫɬаɬɨɪа. 
1пU - ɱɢɫɥɨ эɮɮеɤɬɢвɧых ɩɪɨвɨɞɧɢɤɨв в ɩаɡɭ ɫɬаɬɨɪа. 
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ɮB
- ɮɢɤɬɢвɧаɹ ɢɧɞɭɤɰɢɹ ɩɨɬɨɤа ɪаɫɫеɹɧɢɹ в вɨɡɞɭшɧɨɦ ɡаɡɨɪе. 
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ТɥBɮ 0241,3
9573,000045,06,1

102031 6


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


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 ɞɥɹ ТɥBɎ 54,3  ɧахɨɞɢɦ 7,0ɤ  

ɤ - ɨɬɧɨшеɧɢе ɩɨɬɨɤа ɪаɫɫеɹɧɢɹ ɩɪɢ ɧаɫыɳеɧɢɢ ɤ ɩɨɬɨɤɭ ɪаɫɫеɹɧɢɹ 
ɧаɫыɳеɧɧɨɣ ɦашɢɧы. 

 

Ʉɨэɮɮɢɰɢеɧɬ ɦаɝɧɢɬɧɨɣ ɩɪɨвɨɞɢɦɨɫɬɢ ɩаɡɨвɨɝɨ ɪаɫɫеɹɧɢɹ ɨɛɦɨɬɤɢ ɫɬаɬɨɪа 
ɫ ɭɱеɬɨɦ вɥɢɹɧɢɹ ɧаɫыɳеɧɢɹ. 
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0162,11633,01795,1111  ɧɚɫппɧɚɫп   
 

Ʉɨэɮɮɢɰɢеɧɬ ɦаɝɧɢɬɧɨɣ ɩɪɨвɨɞɢɦɨɫɬɢ ɞɢɮɮеɪеɧɰɢаɥɶɧɨɝɨ ɪаɫɫеɹɧɢɹ 
ɨɛɦɨɬɤɢ ɫɬаɬɨɪа ɫ ɭɱеɬɨɦ вɥɢɹɧɢɹ ɧаɫыɳеɧɢɹ. 

5218,17,0174,211   ɤɞɧɚɫɞ  
ɂɧɞɭɤɬɢвɧɨе ɫɨɩɪɨɬɢвɥеɧɢе ɮаɡы ɨɛɦɨɬɤɢ ɫɬаɬɨɪа ɫ ɭɱеɬɨɦ вɥɢɹɧɢɹ 

ɧаɫыɳеɧɢɹ. 
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Ʉɨэɮɮɢɰɢеɧɬ ɦаɝɧɢɬɧɨɣ ɩɪɨвɨɞɢɦɨɫɬɢ ɩаɡɨвɨɝɨ ɪаɫɫеɹɧɢɹ ɨɛɦɨɬɤɢ ɪɨɬɨɪа ɫ 

ɭɱеɬɨɦ вɥɢɹɧɢɹ ɧаɫыɳеɧɢɹ ɢ выɬеɫɧеɧɢɹ ɬɨɤа. 
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534,04046,09386,0222  ɧɚɫппɧɚɫп    
 

Ʉɨэɮɮɢɰɢеɧɬ ɦаɝɧɢɬɧɨɣ ɩɪɨвɨɞɢɦɨɫɬɢ ɞɢɮɮеɪеɧɰɢаɥɶɧɨɝɨ ɪаɫɫеɹɧɢɹ 
ɪɨɬɨɪа ɫ ɭɱеɬɨɦ вɥɢɹɧɢɹ ɧаɫыɳеɧɢɹ. 

5967,17,0281,222   ɤɞɧɚɫɞ  
ɉɪɢвеɞеɧɧɨе ɢɧɞɭɤɬɢвɧɨе ɫɨɩɪɨɬɢвɥеɧɢе ɮаɡы ɨɛɦɨɬɤɢ ɪɨɬɨɪа ɫ ɭɱеɬɨɦ 

вɥɢɹɧɢɹ ɧаɫыɳеɧɢɹ. 
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Ɋаɫɱеɬ ɬɨɤɨв ɢ ɦɨɦеɧɬɨв. 
 

Ɉм
S

r
crR ɧɚɫпɧɚɫп 2799,2

1

8835,0
0157,13826,1

2

.11. 


 
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Ʉɪаɬɧɨɫɬɶ ɩɭɫɤɨвɨɝɨ ɬɨɤа ɫ ɭɱеɬɨɦ вɥɢɹɧɢɹ эɮɮеɤɬа выɬеɫɧеɧɢɹ ɬɨɤа ɢ 

ɧаɫыɳеɧɢɹ. 
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Ʉɪаɬɧɨɫɬɶ ɩɭɫɤɨвɨɝɨ ɦɨɦеɧɬа ɫ ɭɱеɬɨɦ вɥɢɹɧɢɹ выɬеɫɧеɧɢɹ ɬɨɤа ɢ 

ɧаɫыɳеɧɢɹ. 

77,1
1

0292,0
078,1

186,7

94,53
22

2

.2 





















S

S
K

I

I
M ɧɚм

R
ɧɨм

ɧɚɫп
п

 
ɉɨɥɭɱеɧɧыɣ в ɪаɫɱеɬе ɤɨэɮɮɢɰɢеɧɬ ɧаɫыɳеɧɢɹ. 
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ɨɬɥɢɱаеɬɫɹ ɨɬ ɩɪɢɧɹɬɨɝɨ 2,1ɧɚɫk  ɦеɧее ɱеɦ ɧа 1Σ 

Ⱦɥɹ ɪаɫɱеɬа ɞɪɭɝɢх ɬɨɱеɤ хаɪаɤɬеɪɢɫɬɢɤɢ ɡаɞаеɦɫɹ ɧɚɫk , ɭɦеɧɶшеɧɧыɦ в 
ɡавɢɫɢɦɨɫɬɢ ɨɬ ɬɨɤа пI1 . 

ɉɪɢɧɢɦаеɦ  
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Ʉɪɢɬɢɱеɫɤɨе ɫɤɨɥɶɠеɧɢе ɨɩɪеɞеɥɹеɦ ɩɨɫɥе ɪаɫɱеɬа вɫех ɩɭɫɤɨвых 
хаɪаɤɬеɪɢɫɬɢɤ ɩɨ ɫɪеɞɧɢɦ ɡɧаɱеɧɢɹɦ ɫɨɩɪɨɬɢвɥеɧɢɣ ɧɚɫx1 ɢ ɧɚɫx 2

 , ɫɨɨɬвеɬɫɬвɭɸɳɢɦ 
ɫɤɨɥɶɠеɧɢɹɦ 1,0...1S  [14, c.361]. 
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ɉɨɫɥе эɬɨɝɨ ɪаɫɫɱɢɬываеɦ ɤɪаɬɧɨɫɬɶ ɦаɤɫɢɦаɥɶɧɨɝɨ ɦɨɦеɧɬа 93,2max 
M . 

ɋ ɭвеɥɢɱеɧɢеɦ ɱаɫɬɨɬы ɬɨɤа в ɫɬеɪɠɧɹх ɨɛɦɨɬɤɢ ɤɨɪɨɬɤɨɡаɦɤɧɭɬɨɝɨ ɪɨɬɨɪа 
вɨɡɧɢɤаеɬ эɮɮеɤɬ выɬеɫɧеɧɢɹ ɬɨɤа, в ɪеɡɭɥɶɬаɬе ɤɨɬɨɪɨɝɨ ɩɥɨɬɧɨɫɬɶ ɬɨɤа в веɪхɧеɣ 
ɱаɫɬɢ ɫɬеɪɠɧеɣ вɨɡɪаɫɬаеɬ, а в ɧɢɠɧеɣ ɭɦеɧɶшаеɬɫɹ, ɩɪɢ эɬɨɦ аɤɬɢвɧɨе 
ɫɨɩɪɨɬɢвɥеɧɢе ɪɨɬɨɪа ɭвеɥɢɱɢваеɬɫɹ, а ɢɧɞɭɤɬɢвɧɨе ɭɦеɧɶшаеɬɫɹ. ɂɡɦеɧеɧɢе 
ɫɨɩɪɨɬɢвɥеɧɢɣ ɪɨɬɨɪа вɥɢɹеɬ ɧа ɩɭɫɤɨвые хаɪаɤɬеɪɢɫɬɢɤɢ ɦашɢɧы, ɭвеɥɢɱɢваеɬɫɹ 
ɧаɱаɥɶɧыɣ ɦɨɦеɧɬ ɞвɢɝаɬеɥɹ. 

ȼ ɛɨɥɶшɢɧɫɬве ɫɥɭɱаев эɮɮеɤɬ выɬеɫɧеɧɢɹ ɬɨɤа в ɨɛɦɨɬɤах 
ɤɨɪɨɬɤɨɡаɦɤɧɭɬых ɪɨɬɨɪɨв ɢɝɪаеɬ ɩɨɥɨɠɢɬеɥɶɧɭɸ ɪɨɥɶ, ɬаɤ ɤаɤ ɭвеɥɢɱɢваеɬ 
ɧаɱаɥɶɧые ɦɨɦеɧɬы ɞвɢɝаɬеɥеɣ. Ɉɞɧаɤɨ ɧеɪавɧɨɦеɪɧɨе ɪаɫɩɪеɞеɥеɧɢе ɩɥɨɬɧɨɫɬɢ 
ɬɨɤа ɩɨ ɫеɱеɧɢɸ ɫɬеɪɠɧɹ ɪɨɬɨɪа ɦɨɠеɬ ɩɪɢвеɫɬɢ ɢ ɤ ɧеɠеɥаɬеɥɶɧыɦ 
ɩɨɫɥеɞɫɬвɢɹɦ. ɇаɩɪɢɦеɪ, ɩɪɢ ɧеɭɞаɱɧɨ выɛɪаɧɧых ɪаɡɦеɪах ɫɨɨɬɧɨшеɧɢɹх 
ɫɬеɪɠɧеɣ ɱɪеɡɦеɪɧɨ вɨɡɪаɫɬаɸɳаɹ в ɩɭɫɤɨвых ɪеɠɢɦах ɩɥɨɬɧɨɫɬɶ ɬɨɤа в ɢх 
веɪхɧɢх ɭɱаɫɬɤах ɦɨɠеɬ выɡваɬɶ ɧеɪавɧɨɦеɪɧɨе ɬеɩɥɨвɨе ɭɞɥɢɧеɧɢе ɫɬеɪɠɧеɣ ɢ 
ɢх ɢɡɝɢɛ. ɉɪɢ эɬɨɦ ɫɬеɪɠɧɢ ɪаɡɪываɸɬ ɭɫɢɤɢ ɩаɡɨв ɢ выɝɢɛаɸɬ в вɨɡɞɭшɧыɣ 
ɡаɡɨɪ, ɱɬɨ ɧеɢɡɛеɠɧɨ ɩɪɢвɨɞɢɬ ɤ выхɨɞɭ ɞвɢɝаɬеɥɹ ɢɡ ɫɬɪɨɹ. 

Ʉɨɪɨɧɤɢ ɡɭɛɰɨв ɫɬаɬɨɪа ɢ ɪɨɬɨɪа в ɦашɢɧах ɫɪеɞɧеɣ ɢ ɛɨɥɶшɨɣ ɦɨɳɧɨɫɬɢ в 
ɛɨɥɶшɢɧɫɬве ɫɥɭɱаев ɨɤаɡываɸɬɫɹ ɫɢɥɶɧɨ ɧаɫыɳеɧɧыɦɢ. 

ɇаɫыɳеɧɢе ɤɨɪɨɧɨɤ ɡɭɛɰɨв ɩɪɢвɨɞɢɬ ɤ ɭвеɥɢɱеɧɢɸ ɦаɝɧɢɬɧɨɝɨ 
ɫɨɩɪɨɬɢвɥеɧɢɹ ɞɥɹ ɱаɫɬɢ ɩɨɬɨɤа ɪаɫɫеɹɧɢɹ, ɦаɝɧɢɬɧые ɥɢɧɢɢ ɤɨɬɨɪɨɝɨ ɡаɦыɤаɸɬɫɹ 
ɱеɪеɡ веɪхɧɸɸ ɱаɫɬɶ ɩаɡа. ɉɨэɬɨɦɭ ɤɨэɮɮɢɰɢеɧɬ ɦаɝɧɢɬɧɨɣ ɩɪɨвɨɞɢɦɨɫɬɢ 
ɩаɡɨвɨɝɨ ɪаɫɫеɹɧɢɹ ɭɦеɧɶшаеɬɫɹ. ɇеɫɤɨɥɶɤɨ ɫɧɢɠаеɬɫɹ ɬаɤɠе ɦаɝɧɢɬɧаɹ 
ɩɪɨвɨɞɢɦɨɫɬɶ ɞɢɮɮеɪеɧɰɢаɥɶɧɨɝɨ ɪаɫɫеɹɧɢɹ. ɇа ɤɨэɮɮɢɰɢеɧɬ ɦаɝɧɢɬɧɨɣ 
ɩɪɨвɨɞɢɦɨɫɬɢ ɥɨɛɨвɨɝɨ ɪаɫɫеɹɧɢɹ ɧаɫыɳеɧɢе ɫɬаɥɢ ɩɨɬɨɤаɦɢ ɪаɫɫеɹɧɢɹ вɥɢɹɧɢɹ 
ɧе ɨɤаɡываеɬ. 

ɉɪɢɛɥɢɠеɧɧɨ ɫɱɢɬаɸɬ, ɱɬɨ ɨɛа ɹвɥеɧɢе - выɬеɫɧеɧɢе ɬɨɤа в ɩɪɨвɨɞɧɢɤах 
ɪɨɬɨɪа ɢ ɧаɫыɳеɧɢе еɝɨ ɡɭɛɰɨв - вɡаɢɦɧɨ ɧе ɫвɹɡаɧы. 

ɋɩɪɨеɤɬɢɪɨваɧɧыɣ аɫɢɧхɪɨɧɧыɣ ɞвɢɝаɬеɥɶ ɭɞɨвɥеɬвɨɪɹеɬ ɬɪеɛɨваɧɢɹɦ 
ȽɈɋɌ ɤаɤ ɩɨ эɧеɪɝеɬɢɱеɫɤɢɦ ɩɨɤаɡаɬеɥɹɦ (КПД ɢ cos ), ɬаɤ ɢ ɩɨ ɩɭɫɤɨвыɦ 
хаɪаɤɬеɪɢɫɬɢɤаɦ. 

Ɍеɩɥɨ выɞеɥɹеɦɨе ɩɪɢ ɪаɛɨɬе ɦашɢɧы, ɧаɝɪеваеɬ ɨɬɞеɥɶɧые ɱаɫɬɢ 
эɥеɤɬɪɢɱеɫɤɨɣ ɦашɢɧы, ɩɨвышаɹ ɢх ɬеɦɩеɪаɬɭɪɭ. ɑɪеɡɦеɪɧɨе ɩɨвышеɧɢе 
ɬеɦɩеɪаɬɭɪы ɦɨɠеɬ выɡваɬɶ ɫɧɢɠеɧɢе эɥеɤɬɪɢɱеɫɤɨɣ ɢ ɦехаɧɢɱеɫɤɨɣ ɩɪɨɱɧɨɫɬɢ 
ɢɡɨɥɹɰɢɢ ɨɛɦɨɬɨɤ. Ⱦɥɹ ɩɨвышеɧɢɹ ɧаɞеɠɧɨɫɬɢ ɞвɢɝаɬеɥɹ ɫɧɢɠаɸɬ (в ɧеɤɨɬɨɪых 
ɫɥɭɱаɹх) ɞɨɩɭɫɬɢɦɨе ɩɪевышеɧɢе ɬеɦɩеɪаɬɭɪы. 

ɉɪевышеɧɢе ɬеɦɩеɪаɬɭɪы вɧɭɬɪеɧɧеɣ ɩɨвеɪхɧɨɫɬɢ ɫеɪɞеɱɧɢɤа ɫɬаɬɨɪа ɧаɞ 
ɬеɦɩеɪаɬɭɪɨɣ вɨɡɞɭха вɧɭɬɪɢ ɞвɢɝаɬеɥɹ. 
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мbbhП ɤп 0367,00023,00078,00133,022 21.1   
 

ɉɪевышеɧɢе ɬеɦɩеɪаɬɭɪы ɧаɪɭɠɧɨɣ ɩɨвеɪхɧɨɫɬɢ ɥɨɛɨвых ɱаɫɬеɣ ɨɛɦɨɬɤɢ 
ɫɬаɬɨɪа ɧаɞ ɬеɦɩеɪаɬɭɪɨɣ вɨɡɞɭха вɧɭɬɪɢ ɞвɢɝаɬеɥɹ. 
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ɋɪеɞɧее ɩɨвышеɧɢе ɬеɦɩеɪаɬɭɪы ɨɛɦɨɬɤɢ ɫɬаɬɨɪа ɧаɞ ɬеɦɩеɪаɬɭɪɨɣ вɨɡɞɭха 

вɧɭɬɪɢ ɦашɢɧы. 
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Эɤвɢваɥеɧɬɧаɹ ɩɨвеɪхɧɨɫɬɶ ɨхɥаɠɞеɧɢɹ 

 
 мП p 18,0 ɫɪеɞɧɹɹ ɩɨвеɪхɧɨɫɬɶ ɩеɪɢɦеɬɪа ɩɨɩеɪеɱɧɨɝɨ ɫеɱеɧɢɹ ɪеɛеɪ 

ɤɨɪɩɭɫа ȺȾ ɞɥɹ ммh 100  

        2

11 4189,00544,02104,018,08168,014,328 мllПDS ɥpɧɞɜ  
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ɋɭɦɦа ɩɨɬеɪɶ, ɨɬвɨɞɢɦых в вɨɡɞɭх вɧɭɬɪɢ ɞвɢɝаɬеɥɹ. 
 

        ȼɬPPPkPP мɟɯɨɫɧɫɬэпȼ
043,445544,779,0455,10318,9422,01986,6689,01 .1

  

        ȼɬPPkPP ээ 986,6689704,126907,258115,11041,6111
21
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ɋɪеɞɧее ɩɪевышеɧɢе ɬеɦɩеɪаɬɭɪы вɨɡɞɭха вɧɭɬɪɢ ɞвɢɝаɬеɥɹ ɧаɞ 

ɬеɦɩеɪаɬɭɪɨɣ ɨɤɪɭɠаɸɳеɣ ɫɪеɞы. 
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ɋɪеɞɧее ɩɪевышеɧɢе ɬеɦɩеɪаɬɭɪы ɨɛɦɨɬɤɢ ɫɬаɬɨɪа ɧаɞ ɬеɦɩеɪаɬɭɪɨɣ 

ɨɤɪɭɠаɸɳеɣ ɫɪеɞы. 
CB  487,54272,44215,1011   

ȼеɧɬɢɥɹɰɢɨɧɧыɣ ɪаɫɱеɬ аɫɢɧхɪɨɧɧɨɝɨ ɞвɢɝаɬеɥɹ выɩɨɥɧеɧ ɩɪɢɛɥɢɠеɧɧыɦ 
ɦеɬɨɞɨɦ. Ɇеɬɨɞ ɡаɤɥɸɱаеɬɫɹ в ɫɨɩɨɫɬавɥеɧɢɢ ɪаɫхɨɞа вɨɡɞɭха, ɧеɨɛхɨɞɢɦɨɝɨ ɞɥɹ 
ɨхɥаɠɞеɧɢɹ ɞвɢɝаɬеɥɹ ɢ ɪаɫхɨɞа, ɤɨɬɨɪыɣ ɦɨɠеɬ ɛыɬɶ ɩɨɥɭɱеɧ ɩɪɢ ɞаɧɧɨɣ 
ɤɨɧɫɬɪɭɤɰɢɢ ɞвɢɝаɬеɥɹ. 

Ɍɪеɛɭеɦыɣ ɪаɫхɨɞ вɨɡɞɭха ɞɥɹ ɨхɥаɠɞеɧɢɹ. 
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ɝɞе  mk - ɤɨэɮɮɢɰɢеɧɬ, ɭɱɢɬываɸɳɢɣ ɢɡɦеɧеɧɢе ɭɫɥɨвɢɣ ɨхɥаɠɞеɧɢɹ ɩɨ ɞɥɢɧе 
ɩɨвеɪхɧɨɫɬɢ ɤɨɪɩɭɫ, ɨɛɞɭваеɦɨɝɨ ɧаɪɭɠɧыɦ веɧɬɢɥɹɬɨɪɨɦ. 
 

am D
n

mk 
100                                                                                                      (7) 

ɝɞе     m - ɤɨэɮɮɢɰɢеɧɬ, ɞɥɹ 22 p  ɩɪɢ ммh 100  9,2m . 
n - ɱаɫɬɨɬа вɪаɳеɧɢɹ ɞвɢɝаɬеɥɹ. 
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Ɋаɫхɨɞ вɨɡɞɭха, ɨɛеɫɩеɱɢваеɦыɣ ɧаɪɭɠɧыɦ веɧɬɢɥɹɬɨɪɨɦ. 
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Ɋаɫхɨɞ вɨɡɞɭха BQ  ɞɨɥɠеɧ ɛыɬɶ ɛɨɥɶше ɬɪеɛɭеɦɨɝɨ ɞɥɹ ɨхɥаɠɞеɧɢɹ ɦашɢɧы BQ
. 
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ɑɬɨ ɫɨɨɬвеɬɫɬвɭеɬ ɬɪеɛɨваɧɢɸ. 
 

4 Ɋɚɡɪɚɛɨɬɤɚ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɫɯɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ 

Ɋаɡɪаɛɨɬаɧɧаɹ ɩɪɢɧɰɢɩɢаɥɶɧаɹ эɥеɤɬɪɢɱеɫɤаɹ ɫхеɦа ɭɩɪавɥеɧɢɹ ɩɭɫɤɨɦ 
аɫɢɧхɪɨɧɧɨɝɨ ɞвɢɝаɬеɥɹ ɫ ɮаɡɧыɦ ɪɨɬɨɪɨɦ ɮɭɧɤɰɢɢ ɬɨɤа ɩɪеɞɫɬавɥеɧа ɧа ɪɢɫ. 4.1 

[9]. ɇа ɧеɦ ɩɪɢвеɞеɧа ɩɪɢɧɰɢɩɢаɥɶɧаɹ эɥеɤɬɪɢɱеɫɤаɹ ɫхеɦа ɭɩɪавɥеɧɢɹ ȺȾ ɫ 
ɮаɡɧыɦ ɪɨɬɨɪɨɦ ɢ ɤɨɦаɧɞɨаɩɩаɪаɬɨɦ. ɋхеɦа ɩɪеɞɭɫɦаɬɪɢваеɬ ɤаɤ авɬɨɦаɬɢɱеɫɤɨе, 
ɬаɤ ɢ ɪɭɱɧɨе ɭɩɪавɥеɧɢе. ɋхеɦа ɭɩɪавɥеɧɢɹ ȺȾ ɫ ɮаɡɧыɦ ɪɨɬɨɪɨɦ вɤɥɸɱаеɬ ȺȾ ɫ 
ɮаɡɧыɦ ɪɨɬɨɪɨɦ, ɪаɡɴеɞɢɧɢɬеɥɢμ в ɫɢɥɨвɨɣ ɰеɩɢ QS1, в ɰеɩɢ ɭɩɪавɥеɧɢɹ QS2, 
ɤɨɦаɧɞɨаɩɩаɪаɬ SA, ɪеɥе ɞɭɝɨвɨɣ ɛɥɨɤɢɪɨвɤɢ KU2, ɪеɥе ɧаɩɪɹɠеɧɢɹ KU1, 
ɥɢɧеɣɧые ɤɨɧɬаɤɬɨɪы ɄɆ1, ɄɆ2, ɤɨɧɬаɤɬɨɪы ɭɫɤɨɪеɧɢɹ ɄɆ3-ɄɆ7, ɪеɥе 
ɦаɤɫɢɦаɥɶɧɨɝɨ ɬɨɤа FA1, FA2, ɪеɥе ɬɨɤа ɭɩɪавɥеɧɢɹ ɄȺ3-ɄȺ7, ɬеɩɥɨвые ɪеɥе FR1, 
FR2, ɩɪеɞɨхɪаɧɢɬеɥɢ FU1, FU2. 

ɉɪɢ ɩɨɞɝɨɬɨвɤе ɫхеɦы ɤ ɪаɛɨɬе вɤɥɸɱаɸɬɫɹ ɪаɡɴеɞɢɧɢɬеɥɢ QS1 в ɝɥавɧɨɣ 
ɰеɩɢ ɢ QS2 в ɰеɩɢ ɭɩɪавɥеɧɢɹ. ɉɪɢ эɬɨɦ в ɝɥавɧɨɣ ɰеɩɢ ɧɢɱеɝɨ ɧе ɩɪɨɢɫхɨɞɢɬ. ȼ 
ɰеɩɢ ɭɩɪавɥеɧɢɹ ɪɭɤɨɹɬɤа ɤɨɦаɧɞɨаɩɩаɪаɬа ɭɫɬаɧавɥɢваеɬɫɹ в ɧɭɥевɭɸ ɩɨɡɢɰɢɸ. 
ɉɪɢ эɬɨɦ ɡаɦыɤаеɬɫɹ ɤɨɧɬаɤɬ SA-0, ɢ ɬɨɤ, ɩɪɨɬеɤаɸɳɢɣ ɩɨ ɰеɩɢμ QS2-FU1-SA-0-

KA1-KA2-FR1-FR2-KU1-FU2-QS2, выɡываеɬ ɫɪаɛаɬываɧɢе ɪеɥе ɧаɩɪɹɠеɧɢɹ KU1 
ɢ ɡаɦыɤаɧɢе ɤɨɧɬаɤɬа KU1, шɭɧɬɢɪɭɸɳеɝɨ ɤɨɧɬаɤɬ ɤɨɦаɧɞɨаɩɩаɪаɬа SA-0. ɇа 
эɬɨɦ ɩɨɞɝɨɬɨвɤа ɫхеɦы ɤ ɪаɛɨɬе ɡавеɪшаеɬɫɹ. 

 
Ɋɢɫɭɧɨɤ 4.1 - ɉɪɢɧɰɢɩɢаɥɶɧаɹ ɪевеɪɫɢвɧаɹ ɫхеɦа ɭɩɪавɥеɧɢɹ аɫɢɧхɪɨɧɧыɦ 

ɞвɢɝаɬеɥеɦ ɫ ɮаɡɧыɦ ɪɨɬɨɪɨɦ ɢ ɤɨɦаɧɞɨаɩɩаɪаɬɨɦ. 
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5 Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɱɚɫɬɶ 

5.1 Ⱥɧɚɥɢɡ ɤɢɧɟɬɢɱɟɫɤɨɝɨ ɩɪɢɜɨɞɚ  
 

Ɂаɞаɱа ɩɨɫɬɪɨеɧɢɹ выɫɨɤɨɤаɱеɫɬвеɧɧɨɝɨ ɬɨɪɰевɨɝɨ аɫɢɧхɪɨɧɧɨɝɨ 
эɥеɤɬɪɨɩɪɢвɨɞа ɫ веɤɬɨɪɧыɦ ɭɩɪавɥеɧɢеɦ ɛеɡ ɢɫɩɨɥɶɡɨваɧɢɹ ɤаɤɢх-ɥɢɛɨ ɞаɬɱɢɤɨв, 
ɩɪɢɫɬɪɨеɧɧых ɤ ваɥɭ ɢɥɢ вɫɬɪɨеɧɧых в ɞвɢɝаɬеɥɶ, ɩɨɫɬɨɹɧɧɨ ɩɪɢвɥеɤаеɬ вɧɢɦаɧɢе 
ɪаɡɪаɛɨɬɱɢɤɨв ɫ ɦɨɦеɧɬа ɩɨɹвɥеɧɢɹ ɫаɦɨɝɨ ɬеɪɦɢɧа «веɤɬɨɪɧɨе ɭɩɪавɥеɧɢе» 
ɩɪɢɦеɧɢɬеɥɶɧɨ ɤ ɬɨɪɰевɨɦɭ аɫɢɧхɪɨɧɧɨɦɭ эɥеɤɬɪɨɞвɢɝаɬеɥɸ в ɧаɱаɥе 1λ70-х 
ɝɨɞɨв. Ɉɛɥаɫɬɶ ɩɪɢɦеɧеɧɢɹ ɬаɤɢх эɥеɤɬɪɨɩɪɢвɨɞɨв ɨɩɪеɞеɥɹеɬɫɹ ɫɥеɞɭɸɳɢɦɢ 
ɭɫɥɨвɢɹɦɢμ  

1) Ɇехаɧɢɡɦ ɩɪеɞɴɹвɥɹеɬ ɩɨвышеɧɧые ɬɪеɛɨваɧɢɹ ɤ ɛыɫɬɪɨɞеɣɫɬвɢɸ 
эɥеɤɬɪɨɩɪɢвɨɞа.  

2)  ȼ эɥеɤɬɪɨɩɪɢвɨɞе ɬɪеɛɭеɬɫɹ ɪеɝɭɥɢɪɨваɧɢе эɥеɤɬɪɨɦаɝɧɢɬɧɨɝɨ ɦɨɦеɧɬа 
ɧа ваɥɭ ɞвɢɝаɬеɥɹ.  

3) ɇе ɬɪеɛɭеɬɫɹ выɫɨɤаɹ ɫɬаɬɢɱеɫɤаɹ ɬɨɱɧɨɫɬɶ ɢ шɢɪɨɤɢɣ ɞɢаɩаɡɨɧ 
ɪеɝɭɥɢɪɨваɧɢɹ ɫɤɨɪɨɫɬɢ (ɞɢаɩаɡɨɧ ɧе ɛɨɥее 100).  

4) ɍɫɬаɧɨвɤа ɞаɬɱɢɤа ɫɤɨɪɨɫɬɢ ɧа ваɥ ɞвɢɝаɬеɥɹ ɧевɨɡɦɨɠɧа ɩɨ ɭɫɥɨвɢɹɦ 
эɤɫɩɥɭаɬаɰɢɢ, ɬехɧɨɥɨɝɢɱеɫɤɢɦ, ɫɬɨɢɦɨɫɬɧыɦ ɢɥɢ ɩɪɨɱɢɦ ɨɝɪаɧɢɱеɧɢɹɦ. 
Ɍɢɩɢɱɧыɦɢ ɨɛɴеɤɬаɦɢ ɹвɥɹɸɬɫɹ эɥеɤɬɪɨɩɪɢвɨɞы ɩɨɞɴеɦɧɨ-ɬɪаɧɫɩɨɪɬɧых ɫɪеɞɫɬв, 
ɦехаɧɢɡɦɨв ɧаɦɨɬɤɢ, эɤɫɬɪɭɞеɪɨв, ɞɪɨɛɢɥɨɤ, ɪаɛɨɬаɸɳɢх в ɩɨɠаɪɨɨɩаɫɧых, 
вɡɪывɨɨɩаɫɧых, хɢɦɢɱеɫɤɢ ɢ ɪаɞɢɨаɤɬɢвɧых ɫɪеɞах, в ɭɫɥɨвɢɹх ɩɨвышеɧɧых 
вɢɛɪаɰɢɣ ɢ ɭɞаɪɧых ɦехаɧɢɱеɫɤɢх ɧаɝɪɭɡɨɤ.  

ȼ ɧаɫɬɨɹɳее вɪеɦɹ ɛеɡɞаɬɱɢɤɨвые ɬɨɪɰевые аɫɢɧхɪɨɧɧые эɥеɤɬɪɨɩɪɢвɨɞы ɫ 
веɤɬɨɪɧыɦ ɭɩɪавɥеɧɢеɦ ɩɪеɞɫɬавɥеɧы ɩɪаɤɬɢɱеɫɤɢ вɫеɦɢ веɞɭɳɢɦɢ ɮɢɪɦаɦɢ, 
ɩɪɨɢɡвɨɞɢɬеɥɹɦɢ ɩɪеɨɛɪаɡɨваɬеɥеɣ ɱаɫɬɨɬы. ɉɪɢ эɬɨɦ хаɪаɤɬеɪɢɫɬɢɤɢ 
ɛɨɥɶшɢɧɫɬва эɬɢх эɥеɤɬɪɨɩɪɢвɨɞɨв ɨɤаɡываɸɬɫɹ веɫɶɦа ɫɤɪɨɦɧыɦɢ. ȼ ɱаɫɬɧɨɫɬɢ, 
ɩɨɥɨɫа ɩɪɨɩɭɫɤаɧɢɹ ɤɨɧɬɭɪа ɫɤɨɪɨɫɬɢ, ɤаɤ ɩɪавɢɥɨ, ɧе ɩɪевышаеɬ 5-7 Ƚɰ, а ɨɛɳɢɣ 
ɞɢаɩаɡɨɧ ɪеɝɭɥɢɪɨваɧɢɹ ɫɤɨɪɨɫɬɢ (ввеɪх ɢ вɧɢɡ ɨɬ ɧɨɦɢɧаɥɶɧɨɣ) ɧе ɛɨɥее 20-100, 

ɱɬɨ вɩɨɥɧе ɞɨɫɬɢɠɢɦɨ ɢ в ɫɢɫɬеɦе ɱаɫɬɨɬɧɨɝɨ ɭɩɪавɥеɧɢɹ ɫ веɤɬɨɪɧɨɣ 
ɨɪɢеɧɬаɰɢеɣ ɩеɪеɦеɧɧых в ɭɫɬаɧɨвɢвшɢхɫɹ ɪеɠɢɦах ɪаɛɨɬы. Ȼɨɥɶшɢɧɫɬвɨ ɠе 
ɩɪɨɢɡвɨɞɢɬеɥеɣ ɩɪеɨɛɪаɡɨваɬеɥеɣ ɱаɫɬɨɬы вɨɨɛɳе ɧе ɡаɹвɥɹɸɬ в ɬехɧɢɱеɫɤɨɣ 
ɞɨɤɭɦеɧɬаɰɢɢ ɩɨɥɨɫɭ ɩɪɨɩɭɫɤаɧɢɹ ɢ ɞɢаɩаɡɨɧ ɪеɝɭɥɢɪɨваɧɢɹ ɫɤɨɪɨɫɬɢ. ȼ эɬɨɦ 
ɫɥɭɱае ɩɨɥɭɱɢɬɶ ɩɨɞɨɛɧɭɸ ɢɧɮɨɪɦаɰɢɸ ɭɞаеɬɫɹ ɬɨɥɶɤɨ в ɪеɡɭɥɶɬаɬе ɩɪɨвеɞеɧɢɹ 
ɫɬеɧɞɨвых ɢɫɩыɬаɧɢɣ [7, c.93].  

Ɍаɤɢɦ ɨɛɪаɡɨɦ, еɫɥɢ ɪаɫɫɦаɬɪɢваɬɶ ɭɤаɡаɧɧые хаɪаɤɬеɪɢɫɬɢɤɢ 
ɪеɝɭɥɢɪɨваɧɢɹ ɫɤɨɪɨɫɬɢ, ɬɨ ɩɪаɤɬɢɱеɫɤɢ «ɫɬɢɪаеɬɫɹ ɝɪаɧɶ» ɦеɠɞɭ ɛеɡɞаɬɱɢɤɨвыɦɢ 
эɥеɤɬɪɨɩɪɢвɨɞаɦɢ ɫ ɱаɫɬɨɬɧыɦ ɢ веɤɬɨɪɧыɦ ɭɩɪавɥеɧɢеɦ. ɂɫɫɥеɞɨваɧɢɹ, 
выɩɨɥɧеɧɧые в ɞаɧɧɨɣ ɞɢɩɥɨɦɧɨɣ ɪаɛɨɬе, ɩɨɤаɡаɥɢ, ɱɬɨ хаɪаɤɬеɪɢɫɬɢɤɢ ɬɨɪɰевых 
аɫɢɧхɪɨɧɧых веɤɬɨɪɧых эɥеɤɬɪɨɩɪɢвɨɞɨв ɛеɡ ɞаɬɱɢɤа ɫɤɨɪɨɫɬɢ ɦɨɝɭɬ ɫɭɳеɫɬвеɧɧɨ 
ɩɪевышаɬɶ аɧаɥɨɝɢɱɧые хаɪаɤɬеɪɢɫɬɢɤɢ ɫɢɫɬеɦ ɱаɫɬɨɬɧɨɝɨ ɭɩɪавɥеɧɢɹ. ȼ 
ɱаɫɬɧɨɫɬɢ, ɩɨɥɨɫа ɩɪɨɩɭɫɤаɧɢɹ ɤɨɧɬɭɪа ɫɤɨɪɨɫɬɢ ɦɨɠеɬ ɫɨɫɬавɥɹɬɶ ɛɨɥее 30 Ƚɰ, а в 
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ɞɢаɩаɡɨɧе ɪеɝɭɥɢɪɨваɧɢɹ ɫɤɨɪɨɫɬɢ ɧе ɦеɧее 100 ɨɛеɫɩеɱɢваɸɬɫɹ ɡɧаɱɢɬеɥɶɧɨ 
ɦеɧɶшɢе ɫɬаɬɢɱеɫɤɢе ɢ ɞɢɧаɦɢɱеɫɤɢе ɨшɢɛɤɢ. Ɉɞɧаɤɨ ɞɥɹ ɞɨɫɬɢɠеɧɢɹ ɬаɤɢх 
ɪеɡɭɥɶɬаɬɨв ɩɪɢхɨɞɢɬɫɹ ɪешɢɬɶ ɪɹɞ ɩɪɨɛɥеɦ.  

Ɉɫɧɨвɧые ɩɪɨɛɥеɦы, ɫвɹɡаɧɧые ɫ ɩɨɫɬɪɨеɧɢеɦ ɛеɡɞаɬɱɢɤɨвɨɝɨ веɤɬɨɪɧɨɝɨ 
эɥеɤɬɪɨɩɪɢвɨɞа, ɡаɤɥɸɱаɸɬɫɹ в ɫɥеɞɭɸɳеɦμ  

1) ɇаɛɥɸɞаɬеɥɶ ɫɨɫɬɨɹɧɢɹ ɬɨɪɰевɨɝɨ аɫɢɧхɪɨɧɧɨɝɨ эɥеɤɬɪɨɞвɢɝаɬеɥɹ, 
ɩɨɫɬɪɨеɧɧыɣ ɧа ɨɫɧɨве ɪешеɧɢɹ ɩɨɥɧɨɣ ɫɢɫɬеɦы ɭɪавɧеɧɢɣ эɥеɤɬɪɢɱеɫɤɨɝɨ 
ɪавɧɨвеɫɢɹ ɞɥɹ ɫɬаɬɨɪа ɢ ɪɨɬɨɪа ɩɨ ɞɨɫɬɭɩɧɨɣ ɢɧɮɨɪɦаɰɢɢ ɨ ɧаɩɪɹɠеɧɢɹх ɢ ɬɨɤах 
ɫɬаɬɨɪа, ɫɩɨɫɨɛеɧ ɨɛеɫɩеɱɢɬɶ ɩɪɢеɦɥеɦɭɸ ɬɨɱɧɨɫɬɶ выɱɢɫɥеɧɢɹ ɩɨɬɨɤɨ-ɫɰеɩɥеɧɢɹ 
ɢ ɫɤɨɪɨɫɬɢ ɬɨɥɶɤɨ в ɨɝɪаɧɢɱеɧɧɨɦ ɞɢаɩаɡɨɧе ɱаɫɬɨɬ. Эɬɨ ɫвɹɡаɧɨ ɫ ɢɡвеɫɬɧɨɣ 
ɩɪɨɛɥеɦɨɣ ввеɞеɧɢɹ ɧаɱаɥɶɧых ɭɫɥɨвɢɣ ɩɪɢ ɱаɫɬɨɬах, ɛɥɢɡɤɢх ɤ ɧɭɥевɨɣ. 
ɉɪаɤɬɢɱеɫɤɢ вɫе ɫɩɨɫɨɛы ɪешеɧɢɹ ɞаɧɧɨɣ ɩɪɨɛɥеɦы ɫвɹɡаɧы ɫ ввеɞеɧɢеɦ 
ɨɩɪеɞеɥеɧɧɨɝɨ ɨɬɤɥɨɧеɧɢɹ ɦаɬеɦаɬɢɱеɫɤɨɝɨ ɨɩɢɫаɧɢɹ ɧаɛɥɸɞаɬеɥɹ ɫɨɫɬɨɹɧɢɹ 
ɨɬɧɨɫɢɬеɥɶɧɨ ɪеаɥɶɧɨɝɨ ɨɛɴеɤɬа ɩɪɢ ɪаɛɨɬе в ɨɛɥаɫɬɢ ɦаɥых ɱаɫɬɨɬ. Эɬɢ 
ɨɬɤɥɨɧеɧɢɹ ɩɪɨɹвɥɹɸɬɫɹ в вɢɞе ɨшɢɛɤɢ в выɱɢɫɥеɧɢɢ ɩɨɬɨɤɨ-ɫɰеɩɥеɧɢɹ, ɫɤɨɪɨɫɬɢ, 
аɤɬɢвɧɨɣ ɢ ɪеаɤɬɢвɧɨɣ ɫɨɫɬавɥɹɸɳɢх ɬɨɤа.  

2) ɋɥеɞɭɸɳеɣ ɩɪɨɛɥеɦɨɣ ɹвɥɹеɬɫɹ ɱɭвɫɬвɢɬеɥɶɧɨɫɬɶ эɥеɤɬɪɨɩɪɢвɨɞа ɤ 
ɢɡɦеɧеɧɢɸ еɝɨ ɩаɪаɦеɬɪɨв в ɩɪɨɰеɫɫе ɪаɛɨɬы. ɉɪеɠɞе вɫеɝɨ эɬɨ ɨɬɧɨɫɢɬɫɹ ɤ 
ɬеɦɩеɪаɬɭɪɧыɦ ɢɡɦеɧеɧɢɹɦ аɤɬɢвɧых ɫɨɩɪɨɬɢвɥеɧɢɣ ɫɬаɬɨɪа ɢ ɪɨɬɨɪа, а ɬаɤɠе ɤ 
ɢɡɦеɧеɧɢɸ вɡаɢɦɧɨɣ ɢɧɞɭɤɬɢвɧɨɫɬɢ в ɡавɢɫɢɦɨɫɬɢ ɨɬ ɬɨɤа ɰеɩɢ ɧаɦаɝɧɢɱɢваɧɢɹ. 
Ɉɞɧɢɦ ɢɡ ɩɨɞхɨɞɨв ɤ ɪешеɧɢɸ ɞаɧɧɨɣ ɩɪɨɛɥеɦы в ɩɨɫɬɪɨеɧɢɢ веɤɬɨɪɧɨɝɨ 
ɪеɝɭɥɹɬɨɪа ɢ ɧаɛɥɸɞаɬеɥɹ ɫɨɫɬɨɹɧɢɹ ɬɨɪɰевɨɝɨ ȺȾ ɹвɥɹеɬɫɹ ɩɪɢɦеɧеɧɢе 
ɪеɝɭɥɹɬɨɪɨв, ɝɪɭɛых в ɨɬɧɨшеɧɢɢ ɩаɪаɦеɬɪɢɱеɫɤɢх вɨɡɦɭɳеɧɢɣ, в ɱаɫɬɧɨɫɬɢ, 
ɪеɥеɣɧых ɪеɝɭɥɹɬɨɪɨв, ɮɭɧɤɰɢɨɧɢɪɭɸɳɢх в ɫɤɨɥɶɡɹɳɢх ɪеɠɢɦах. Ⱦɪɭɝɢɦ 
ɩɨɞхɨɞɨɦ ɹвɥɹеɬɫɹ ɩаɪаɦеɬɪɢɱеɫɤаɹ аɞаɩɬаɰɢɹ, ɨɫɭɳеɫɬвɥɹеɦаɹ в ɪеаɥɶɧɨɦ 
вɪеɦеɧɢ ɩɪɢ ɪаɛɨɬе эɥеɤɬɪɨɩɪɢвɨɞа.  

3) Ɍɪеɬɶеɣ ɩɪɨɛɥеɦɨɣ ɹвɥɹеɬɫɹ ɩɨɥɭɱеɧɢе ɧеɨɛхɨɞɢɦɨɣ ɬɨɱɧɨɫɬɢ ɨɰеɧɤɢ 
эɤвɢваɥеɧɬɧых (ɭɫɪеɞɧеɧɧых ɧа ɢɧɬеɪваɥе ɪаɫɱеɬа ɩɪɨɰеɫɫɨв в ɧаɛɥɸɞаɬеɥе 
ɫɨɫɬɨɹɧɢɹ) ɡɧаɱеɧɢɣ ɬɨɤɨв ɢ ɧаɩɪɹɠеɧɢɣ ɫɬаɬɨɪа. ɇа ɬɨɱɧɨɫɬɶ ɨɰеɧɤɢ 
эɤвɢваɥеɧɬɧых ɧаɩɪɹɠеɧɢɣ в ɨɛɥаɫɬɢ ɦаɥых ɱаɫɬɨɬ ɨɫɧɨвɧɨɣ ɝаɪɦɨɧɢɤɢ ɢ 
выɫɨɤɢх ɱаɫɬɨɬ ɦɨɞɭɥɹɰɢɢ ɫɭɳеɫɬвеɧɧɨ вɥɢɹеɬ «ɦеɪɬвɨе вɪеɦɹ» ɢ ɡаɞеɪɠɤɢ 
ɩеɪеɤɥɸɱеɧɢɹ ɤɥɸɱеɣ ɢɧвеɪɬɨɪа. Ɂаɦеɬɢɦ, ɱɬɨ ɩɪɨɛɥеɦа ɬɨɱɧɨɫɬɢ ɢɡɦеɪеɧɢɹ 
ɧаɩɪɹɠеɧɢɹ ɧа ɦаɥых ɱаɫɬɨɬах в ɝɨɪаɡɞɨ ɦеɧɶшеɣ ɫɬеɩеɧɢ ɩɪɨɹвɥɹеɬɫɹ в 
веɤɬɨɪɧых эɥеɤɬɪɨɩɪɢвɨɞах ɫ ɞаɬɱɢɤɨɦ ɫɤɨɪɨɫɬɢ/ɩɨɥɨɠеɧɢɹ, ɬаɤ ɤаɤ 
ɛыɫɬɪɨɞеɣɫɬвɭɸɳɢɣ ɤɨɧɬɭɪ ɫɤɨɪɨɫɬɢ, ɡаɦɤɧɭɬыɣ ɩɨ ɪеаɥɶɧɨ ɢɡɦеɪɹеɦɨɦɭ 
ɫɢɝɧаɥɭ, ɫɩɨɫɨɛеɧ в ɡɧаɱɢɬеɥɶɧɨɣ ɫɬеɩеɧɢ ɤɨɦɩеɧɫɢɪɨваɬɶ ɨшɢɛɤɢ, ɫвɹɡаɧɧые ɫ 
ɞɢɧаɦɢɱеɫɤɢɦɢ «ɧеɢɞеаɥɶɧɨɫɬɹɦɢ» ɤɥɸɱеɣ ɢɧвеɪɬɨɪа. ɂɡвеɫɬɧые ɩɨɞхɨɞы ɤ 
ɩɨɫɬɪɨеɧɢɸ ɧаɛɥɸɞаɬеɥеɣ ɫɨɫɬɨɹɧɢɹ ɞɥɹ ɛеɡɞаɬɱɢɤɨвɨɝɨ ɬɨɪɰевɨɝɨ аɫɢɧхɪɨɧɧɨɝɨ 
эɥеɤɬɪɨɩɪɢвɨɞа ɞɨɫɬаɬɨɱɧɨ ɩɨɥɧɨ ɩɪеɞɫɬавɥеɧы. Ɉɬɥɢɱɢɬеɥɶɧɨɣ ɨɫɨɛеɧɧɨɫɬɶɸ 
ɩɪеɞɥаɝаеɦɨɝɨ в ɝɥаве ɩɨɞхɨɞа ɹвɥɹеɬɫɹ еɝɨ ɨɬɧɨɫɢɬеɥɶɧаɹ ɩɪɨɫɬɨɬа ɩɪɨɝɪаɦɦɧɨɣ 
ɪеаɥɢɡаɰɢɢ ɢ ɧаɫɬɪɨɣɤɢ (ɛɨɥɶшɢɧɫɬвɨ ɤɨɧɬɭɪɨв ɧаɛɥɸɞаɬеɥɹ ɢ ɫɢɫɬеɦы 

Иɡɦ. Лɢɫɬ № ɞɨɤɭɦ. Пɨɞɩɢɫɶ Дɚɬɚ 

Лɢɫɬ 

91 
ДП-140604.65 ПɁ 

 



ɭɩɪавɥеɧɢɹ ɞɨɩɭɫɤаɸɬ ɧеɡавɢɫɢɦɭɸ ɩɨɫɥеɞɨваɬеɥɶɧɭɸ ɧаɫɬɪɨɣɤɭ). ȼыɫɨɤɢе 
ɬехɧɢɱеɫɤɢе хаɪаɤɬеɪɢɫɬɢɤɢ эɥеɤɬɪɨɩɪɢвɨɞа ɞɨɫɬɢɝаɸɬɫɹ ɡа ɫɱеɬ еɝɨ 
аɞаɩɬɢɪɭеɦɨɫɬɢ ɫɪаɡɭ ɤ ɬɪеɦ ɩаɪаɦеɬɪаɦ эɥеɤɬɪɨɞвɢɝаɬеɥɹ, ɩɨɞвеɪɝаɸɳɢɦɫɹ 
ɧаɢɛɨɥɶшɢɦ ɢɡɦеɧеɧɢɹɦ в ɩɪɨɰеɫɫе ɪаɛɨɬы, а ɢɦеɧɧɨ ɤ аɤɬɢвɧыɦ ɫɨɩɪɨɬɢвɥеɧɢɹɦ 
ɫɬаɬɨɪа ɢ ɪɨɬɨɪа ɢ ɤ вɡаɢɦɧɨɣ ɢɧɞɭɤɬɢвɧɨɫɬɢ, а ɬаɤɠе ɡа ɫɱеɬ ɤɨɦɩеɧɫаɰɢɢ 
ɡаɞеɪɠеɤ ɩеɪеɤɥɸɱеɧɢɹ ɫɢɥɨвых ɤɥɸɱеɣ ɩɪеɨɛɪаɡɨваɬеɥɹ. 

 

5.2 ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɫɢɫɬɟɦɵ ɚɞɚɩɬɢɜɧɨ-ɜɟɤɬɨɪɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 
ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ 

 

ɋɬɪɭɤɬɭɪɧаɹ ɫхеɦа ɫɢɫɬеɦы аɞаɩɬɢвɧɨ-веɤɬɨɪɧɨɝɨ ɭɩɪавɥеɧɢɹ ɬɨɪɰевыɦ 
аɫɢɧхɪɨɧɧыɦ эɥеɤɬɪɨɩɪɢвɨɞɨɦ ɩɪɢвеɞеɧа ɧа ɪɢɫ. 5.2.1 [12].  

 

 
Ɋɢɫɭɧɨɤ 5.2.1 - ɋɬɪɭɤɬɭɪɧаɹ ɫхеɦа эɥеɤɬɪɨɩɪɢвɨɞа 
 

ɇаɡɧаɱеɧɢе эɥеɦеɧɬɨв, ɦаɬеɦаɬɢɱеɫɤɨе ɨɩɢɫаɧɢе, ɫɬɪɭɤɬɭɪɧɨе ɩɨɫɬɪɨеɧɢе ɢ 
ɩɪɢɧɰɢɩ ɞеɣɫɬвɢɹ веɤɬɨɪɧɨɝɨ ɦɨɞɭɥɹɬɨɪа, ɩɪеɨɛɪаɡɨваɬеɥɹ ɧаɩɪɹɠеɧɢɣ, ɛаɡɨвых 
ɫɬɪɭɤɬɭɪ веɤɬɨɪɧɨɝɨ ɪеɝɭɥɹɬɨɪа ɬɨɤɨв IН, I, ɪеɝɭɥɹɬɨɪɨв ЭȾɋ ɢ ɫɤɨɪɨɫɬɢ 
аɧаɥɨɝɢɱɧы ɢ ɩɪɢɦеɧɢɬеɥɶɧɨ ɤ ɫɢɫɬеɦе аɞаɩɬɢвɧɨ-веɤɬɨɪɧɨɝɨ ɭɩɪавɥеɧɢɹ ɫ 
ɞаɬɱɢɤɨɦ ɫɤɨɪɨɫɬɢ/ɩɨɥɨɠеɧɢɹ (ɢɫɩɨɥɧеɧɢе 2 ɩɪеɨɛɪаɡɨваɬеɥеɣ ɱаɫɬɨɬы ɫеɪɢɢ 
Эɉȼ). ɉɨɞ ɛаɡɨвыɦɢ ɡɞеɫɶ ɩɨɧɢɦаɸɬɫɹ ɫɬɪɭɤɬɭɪы ɛеɡ ɭɱеɬа эɥеɦеɧɬɨв аɞаɩɬаɰɢɢ.  

ȼеɤɬɨɪɧыɣ ɪеɝɭɥɹɬɨɪ ɬɨɤɨв вɤɥɸɱаеɬ в ɫеɛɹ ɉɂ-ɪеɝɭɥɹɬɨɪы ɫɨɫɬавɥɹɸɳɢх 
веɤɬɨɪа ɬɨɤа ɫɬаɬɨɪа ɩɨ ɨɫɹɦ Н ɢ q, ɨɪɢеɧɬɢɪɨваɧɧыɦ ɩɨ ɨɰеɧɤе ɭɝɥɨвɨɝɨ 
ɩɨɥɨɠеɧɢɹ веɤɬɨɪа ɩɨɬɨɤɨ-ɫɰеɩɥеɧɢɹ ɪɨɬɨɪа, ɢ ɛɥɨɤ ɤɨɦɩеɧɫаɰɢɢ ɩеɪеɤɪеɫɬɧых 
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ɫвɹɡеɣ.  
ɉɪеɨɛɪаɡɨваɬеɥɶ ɧаɩɪɹɠеɧɢɣ вɤɥɸɱаеɬ в ɫеɛɹ ɨɝɪаɧɢɱɢɬеɥɶ ɡаɞаɧɧɨɝɨ 

ɧаɩɪɹɠеɧɢɹ ɫɬаɬɨɪа ɩɨ ɨɫɹɦ Н ɢ q ɢ ɩɪеɨɛɪаɡɨваɬеɥɶ ɤɨɨɪɞɢɧаɬμ ɨɪɬɨɝɨɧаɥɶɧаɹ 
ɫɢɫɬеɦа (Н, q) - ɩɨɥɹɪɧаɹ ɫɢɫɬеɦа - еɫɬеɫɬвеɧɧаɹ ɬɪехɮаɡɧаɹ ɫɢɫɬеɦа (К, Л, М), 
ɧеɩɨɞвɢɠɧаɹ ɨɬɧɨɫɢɬеɥɶɧɨ ɫɬаɬɨɪа, ɢ ɛɥɨɤ ɤɨɦɩеɧɫаɰɢɢ ɡаɩаɡɞываɧɢɹ ɫɢɫɬеɦы 
ɭɩɪавɥеɧɢɹ.  

ȼеɤɬɨɪɧыɣ ɦɨɞɭɥɹɬɨɪ ɪеаɥɢɡɭеɬ «ɬɪеɭɝɨɥɶɧыɣ» аɥɝɨɪɢɬɦ ɩɪɨɫɬɪаɧɫɬвеɧɧɨ-

веɤɬɨɪɧɨɝɨ ɮɨɪɦɢɪɨваɧɢɹ выхɨɞɧɨɝɨ ɧаɩɪɹɠеɧɢɹ IGBT ɢɧвеɪɬɨɪа ɫ ɮɭɧɤɰɢеɣ 
ɤɨɦɩеɧɫаɰɢɢ «ɦеɪɬвɨɝɨ вɪеɦеɧɢ» ɢ ɡаɞеɪɠеɤ ɩеɪеɤɥɸɱеɧɢɹ ɫɢɥɨвых ɤɥɸɱеɣ.  

ɇаɛɥɸɞаɬеɥɶ ɫɨɫɬɨɹɧɢɹ ɪеаɥɢɡɭеɬ выɱɢɫɥеɧɢе вɫех ɩеɪеɦеɧɧых ɢ 
ɩаɪаɦеɬɪɨв эɥеɤɬɪɨɞвɢɝаɬеɥɹ, ɧеɨɛхɨɞɢɦых ɞɥɹ ɪеаɥɢɡаɰɢɢ аɥɝɨɪɢɬɦа аɞаɩɬɢвɧɨ-

веɤɬɨɪɧɨɝɨ ɭɩɪавɥеɧɢɹ, ɩɨ ɢɧɮɨɪɦаɰɢɢ ɨ ɞвɭх ɮаɡɧых ɬɨɤах ɫɬаɬɨɪа ɢ ɞвɭх 
ɡаɞаɧɧых ɡɧаɱеɧɢɹх ɮаɡɧых ɧаɩɪɹɠеɧɢɣ.  

Ȼɥɨɤ аɞаɩɬаɰɢɢ выɩɨɥɧɹеɬ ɩеɪеɪаɫɱеɬ ɩаɪаɦеɬɪɨв ɪеɝɭɥɹɬɨɪɨв ɫɢɫɬеɦы 
ɭɩɪавɥеɧɢɹ в ɡавɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦеɧеɧɢɹ ɩаɪаɦеɬɪɨв ɞвɢɝаɬеɥɹ, ɩɪɨɹвɥɹɸɳɢхɫɹ в 
ɩɪɨɰеɫɫе ɪаɛɨɬы эɥеɤɬɪɨɩɪɢвɨɞа.  

 

5.3 ɇɚɛɥɸɞɚɬɟɥɶ ɫɨɫɬɨɹɧɢɹ 

 

ɋɬɪɭɤɬɭɪɧаɹ ɫхеɦа ɧаɛɥɸɞаɬеɥɹ ɫɨɫɬɨɹɧɢɹ ɩɪɢвеɞеɧа ɧа ɪɢɫɭɧɤе 5.3.1. ȼɫе 
выɱɢɫɥеɧɧые ɩеɪеɦеɧɧые (ɨɰеɧɤɢ) ɩɨɦеɱеɧы веɪхɧɢɦ ɫɢɦвɨɥɨɦ. Ⱦɥɹ выɱɢɫɥеɧɢɹ 
ɧеɨɛхɨɞɢɦых ɩеɪеɦеɧɧых ввɨɞɢɬɫɹ ɨɪɬɨɝɨɧаɥɶɧаɹ ɫɢɫɬеɦа ɤɨɨɪɞɢɧаɬ (б, в), 
вɪаɳаɸɳаɹɫɹ ɫɢɧхɪɨɧɧɨ ɫ ɱаɫɬɨɬɨɣ ɩɨɥɹ. ȿе ɭɝɥɨвɨе ɩɨɥɨɠеɧɢе ɧе ɮɢɤɫɢɪɭеɬɫɹ 
ɨɬɧɨɫɢɬеɥɶɧɨ ɤаɤɨɣ-ɥɢɛɨ ɩеɪеɦеɧɧɨɣ ɢɥɢ ɨɫɢ эɥеɤɬɪɨɞвɢɝаɬеɥɹ ɢ ɦɨɠеɬ ɛыɬɶ 
ɩɪɨɢɡвɨɥɶɧыɦ, ɬɨ еɫɬɶ «ɩɥаваɸɳɢɦ». ɉɪɢɧɰɢɩɢаɥɶɧыɦɢ ɮаɤɬɨɪаɦɢ ɹвɥɹɸɬɫɹ ɧе 
ɭɝɥɨвɨе ɩɨɥɨɠеɧɢе, а ɫɢɧхɪɨɧɧɨɫɬɶ ɫɢɫɬеɦы (б, в), ɤɨɬɨɪаɹ ɨɛеɫɩеɱɢваеɬ в 
ɭɫɬаɧɨвɢвшɢхɫɹ ɪеɠɢɦах ɪаɛɨɬы ɞвɢɝаɬеɥɹ ɩɨɫɬɨɹɧɧые ɡɧаɱеɧɢɹ выɱɢɫɥɹеɦых 
ɩеɪеɦеɧɧых, а ɬаɤɠе ее ɨɬɧɨɫɢɬеɥɶɧɨ выɫɨɤаɹ ɢɧеɪɰɢɨɧɧɨɫɬɶ (ɫɤɨɪɨɫɬɶ ɢɡɦеɧеɧɢɹ 
ɭɝɥɨвɨɝɨ ɩɨɥɨɠеɧɢɹ ɞɨɥɠɧа ɛыɬɶ ɨɝɪаɧɢɱеɧа), ɱɬɨ ɨɛеɫɩеɱɢваеɬ ɠеɥаеɦɭɸ 
ɫɬеɩеɧɶ ɭɫɬɨɣɱɢвɨɫɬɢ ɰɢɮɪɨвых выɱɢɫɥɢɬеɥɶɧых аɥɝɨɪɢɬɦɨв. ȼ ɤаɱеɫɬве ɱаɫɬɨɬы 
вɪаɳеɧɢɹ ɫɢɫɬеɦы ɤɨɨɪɞɢɧаɬ (б, в) ɦɨɝɭɬ ɩɪɢɧɢɦаɬɶɫɹ ɩеɪеɦеɧɧые, веɥɢɱɢɧа 
ɤɨɬɨɪых в ɭɫɬаɧɨвɢвшɢхɫɹ ɪеɠɢɦах ɪаɛɨɬы ɪавɧа ɱаɫɬɨɬе вɪаɳеɧɢɹ ɩɨɥɹ. Эɬɨ 
ɦɨɝɭɬ ɛыɬɶ ɱаɫɬɨɬы вɪаɳеɧɢɹ веɤɬɨɪɨв ɩɨɬɨɤɨ-ɫɰеɩɥеɧɢɣ, ɨɬɮɢɥɶɬɪɨваɧɧые 
ɡɧаɱеɧɢɹ ɱаɫɬɨɬ вɪаɳеɧɢɹ веɤɬɨɪɨв ɧаɩɪɹɠеɧɢɹ ɢɥɢ ɬɨɤа ɫɬаɬɨɪа. ȼ 
ɪаɫɫɦаɬɪɢваеɦɨɦ ɫɥɭɱае ɱаɫɬɨɬа вɪаɳеɧɢɹ ɫɢɫɬеɦы (б, в) ɩɪɢɧɹɬа ɪавɧɨɣ ɨɰеɧɤе 

ɱаɫɬɨɬы вɪаɳеɧɢɹ веɤɬɨɪа ɩɨɬɨɤɨɫɰеɩɥеɧɢɹ ɪɨɬɨɪа . ɍɝɥɨвɨе ɩɨɥɨɠеɧɢе ɢ 
ɱаɫɬɨɬа ɫɢɫɬеɦы ɤɨɨɪɞɢɧаɬ ɧа Ф-ɢɧɬеɪваɥе ɪаɫɱеɬа ɩеɪеɦеɧɧых ɧаɛɥɸɞаɬеɥɹ 
выɱɢɫɥɹɸɬɫɹ ɩɨ выɪаɠеɧɢɹɦμ  
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                                                                                (1)  

ɝɞе    Ɍ0 - ɢɧɬеɪваɥ ɪаɫɱеɬа ɩеɪеɦеɧɧых ɧаɛɥɸɞаɬеɥɹ.  
 

 
Ɋɢɫɭɧɨɤ 5.3.1 - ɋɬɪɭɤɬɭɪɧаɹ ɫхеɦа ɧаɛɥɸɞаɬеɥɹ ɫɨɫɬɨɹɧɢɹ 

 

ɉɪеɨɛɪаɡɨваɧɢе 1 ɬɨɤɨв ɢ ɩɪеɨɛɪаɡɨваɧɢе 2 ɧаɩɪɹɠеɧɢɣ ɢɡ ɫɢɫɬеɦы 
ɤɨɨɪɞɢɧаɬ (К, Л, М) в ɫɢɫɬеɦɭ ɤɨɨɪɞɢɧаɬ (б, в) ɨɫɭɳеɫɬвɥɹɸɬɫɹ ɩɨ выɪаɠеɧɢɹɦμ  

 

                                                        (3), (4) 
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ɝɞе    Ia, Ib, Uaz, Ubz - ɬɨɤɢ ɢ ɡаɞаɧɧые ɧаɩɪɹɠеɧɢɹ ɫɬаɬɨɪа ɮаɡ К ɢ Л.  
 

ɂɫɩɨɥɶɡɨваɧɢе ɞɥɹ ɩɪеɨɛɪаɡɨваɧɢɹ ɧаɩɪɹɠеɧɢɣ ɭɝɥɨвɨɝɨ ɩɨɥɨɠеɧɢɹ 
ɫɢɫɬеɦы ɤɨɨɪɞɢɧаɬ ɧа ɩɪеɞыɞɭɳеɦ ɢɧɬеɪваɥе ɪаɫɱеɬа (φб, Ф -1) ɫвɹɡаɧɨ ɫ 
ɧаɥɢɱɢеɦ ɡаɩаɡɞываɧɢɹ в ɢɡɦеɪеɧɢɢ ɬɨɤа ɩɨ ɨɬɧɨшеɧɢɸ ɤ ɮɨɪɦɢɪɨваɧɢɸ 
ɧаɩɪɹɠеɧɢɹ. ɉеɪехɨɞ в ɩɨɥɹɪɧɭɸ ɫɢɫɬеɦɭ ɤɨɨɪɞɢɧаɬ, ɧеɩɨɞвɢɠɧɭɸ ɨɬɧɨɫɢɬеɥɶɧɨ 
ɫɬаɬɨɪа, ɞаеɬ ɭɝɥɨвые ɩɨɥɨɠеɧɢɹ веɤɬɨɪɨв ɡаɞаɧɧɨɝɨ ɧаɩɪɹɠеɧɢɹ ɢ ɬɨɤа ɫɬаɬɨɪа 
(φЮг, φТ).  

Ɋаɫɱеɬ ЭȾɋ ɪɨɬɨɪа ɨɫɭɳеɫɬвɥɹеɬɫɹ ɧа ɨɫɧɨве ɰɢɮɪɨвɨɝɨ ɪешеɧɢɹ ɭɪавɧеɧɢɣ 
ɫɬаɬɨɪɧɨɣ ɰеɩɢ эɥеɤɬɪɨɞвɢɝаɬеɥɹ, ɡаɩɢɫаɧɧых в ɫɢɫɬеɦе ɤɨɨɪɞɢɧаɬ (б, в)μ  

 

Uб = Rs Iб + ıLs (НIб /НЭ) - ıLsωб Iy + Erx ; = Rs Iy + ıLs (НIв/НЭ) - ıLsωб Iв + Erв (5)              
 

ɝɞе  Erб = (LЦ/Lr)(НΨrx /dt) - ωб (LЦ/Lr)Ψrв; Erв = (LЦ/Lr)(НΨrв/НЭ) - ωб 
(LЦ/Lr)Ψrб- ɩɪɨеɤɰɢɢ веɤɬɨɪа ЭȾɋ ɪɨɬɨɪа в ɫɢɫɬеɦе ɤɨɨɪɞɢɧаɬ (б, в); Ψ rб, Ψ rв - 
ɩɪɨеɤɰɢɢ веɤɬɨɪа ɩɨɬɨ-ɤɨɫɰеɩɥеɧɢɹ ɪɨɬɨɪа в ɫɢɫɬеɦе ɤɨɨɪɞɢɧаɬ (б, в); ı = 1 - 

(L2m/LsLr) - ɤɨэɮɮɢɰɢеɧɬ ɪаɫɫеɹɧɢɹ; Ls, Lr, Lm - ɢɧɞɭɤɬɢвɧɨɫɬɢ ɫɬаɬɨɪа, ɪɨɬɨɪа, 
вɡаɢɦɧаɹ; Rs - аɤɬɢвɧɨе ɫɨɩɪɨɬɢвɥеɧɢе ɫɬаɬɨɪа.  

ɉɪеɨɛɪаɡɨваɧɢе Erб, E в ɩɨɥɹɪɧɭɸ ɫɢɫɬеɦɭ ɤɨɨɪɞɢɧаɬ, ɧеɩɨɞвɢɠɧɭɸ 
ɨɬɧɨɫɢɬеɥɶɧɨ ɫɬаɬɨɪа, ɞаеɬ ɨɰеɧɤɢ ɦɨɞɭɥɹ ɢ ɭɝɥɨвɨɝɨ ɩɨɥɨɠеɧɢɹ веɤɬɨɪа ЭȾɋ 

ɪɨɬɨɪа ( ).  

ȼыɱɢɫɥеɧɢе ɦɨɞɭɥɹ ɩеɪвɨɣ ɨɰеɧɤɢ ɱаɫɬɨɬы вɪаɳеɧɢɹ веɤɬɨɪа ɩɨɬɨɤɨ-

ɫɰеɩɥеɧɢɹ ɪɨɬɨɪа выɩɨɥɧɹеɬɫɹ ɫ ɭɱеɬɨɦ ɩɪеɞɩɨɥɨɠеɧɢɹ, ɱɬɨ ɬɪаɧɫɮɨɪɦаɬɨɪɧаɹ 

ɫɨɫɬавɥɹɸɳаɹ ЭȾɋ ɪɨɬɨɪа ( ) ɩɪеɧеɛɪеɠɢɦɨ ɦаɥа в ɫɪавɧеɧɢɢ ɫ 

ЭȾɋ вɪаɳеɧɢɹ , ɩɨ выɪаɠеɧɢɸμ                              (6)  

ɝɞе    - ɨɰеɧɤа ɩɨɬɨɤɨɫɰеɩɥеɧɢɹ ɪɨɬɨɪа.  
 

Ɂɧаɤ ɱаɫɬɨɬы вɪаɳеɧɢɹ веɤɬɨɪа ɩɨɬɨɤɨɫɰеɩɥеɧɢɹ ɪɨɬɨɪа выɱɢɫɥɹеɬɫɹ ɧа 
ɨɫɧɨве ɨɪɢɝɢɧаɥɶɧɨɝɨ аɥɝɨɪɢɬɦа ɩɨ ɢɧɮɨɪɦаɰɢɢ ɨɛ ɭɝɥɨвых ɩɨɥɨɠеɧɢɹх веɤɬɨɪɨв 
ɡаɞаɧɧɨɝɨ ɧаɩɪɹɠеɧɢɹ ɢ ɬɨɤа ɫɬаɬɨɪа, ɦɨɞɭɥе ɱаɫɬɨɬы вɪаɳеɧɢɹ ɧа ɬеɤɭɳеɦ ɢ 
ɩɪеɞыɞɭɳɢх ɢɧɬеɪваɥах ɪаɫɱеɬа ɢ ɡɧаɤе ɱаɫɬɨɬы вɪаɳеɧɢɹ ɧа ɩɪеɞыɞɭɳеɦ 
ɢɧɬеɪваɥе ɪаɫɱеɬа.  

Ʉɨɪɪеɤɰɢɹ ɨɰеɧɤɢ ɱаɫɬɨɬы вɪаɳеɧɢɹ веɤɬɨɪа ɩɨɬɨɤɨɫɰеɩɥеɧɢɹ ɪɨɬɨɪа ɩɨ 
ɮаɤɬɢɱеɫɤɨɣ ɦɝɧɨвеɧɧɨɣ ɱаɫɬɨɬе вɪаɳеɧɢɹ веɤɬɨɪа ЭȾɋ ɪɨɬɨɪа, выɱɢɫɥеɧɧɨɣ ɢɡ 
еɝɨ ɭɝɥɨвɨɝɨ ɩɨɥɨɠеɧɢɹ φО, выɩɨɥɧɹеɬɫɹ ɫ ɰеɥɶɸ ɭɫɬɪаɧɢɬɶ в ɨɰеɧɤе ɱаɫɬɨɬы 
ɨшɢɛɤɭ, выɡваɧɧɭɸ ɫɬɪɭɤɬɭɪɧɨɣ ɢ ɩаɪаɦеɬɪɢɱеɫɤɨɣ ɧеаɞеɤваɬɧɨɫɬɶɸ ɦɨɞеɥɢ 
ɫɬаɬɨɪɧɨɣ ɰеɩɢ, ɩɨɝɪешɧɨɫɬɹɦɢ ɢɡɦеɪɢɬеɥɶɧых ɤаɧаɥɨв ɢ ɩɪɢɛɥɢɠеɧɧыɦ 
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хаɪаɤɬеɪɨɦ выɱɢɫɥеɧɢɣ. Ʉɨɪɪеɤɰɢɹ выɩɨɥɧɹеɬɫɹ ɧа ɨɫɧɨве ɢɧɬеɝɪаɥɶɧɨɝɨ 
ɪеɝɭɥɹɬɨɪа ɱаɫɬɨɬы, ɤɨэɮɮɢɰɢеɧɬ ɤɨɬɨɪɨɝɨ ɭɫɬаɧавɥɢваеɬɫɹ ɢɫхɨɞɹ ɢɡ ɠеɥаеɦɨɝɨ 
хаɪаɤɬеɪа ɞвɢɠеɧɢɹ ɨшɢɛɤɢ.  

Ɉɰеɧɤа ɭɝɥɨвɨɝɨ ɩɨɥɨɠеɧɢɹ веɤɬɨɪа ɩɨɬɨɤɨɫɰеɩɥеɧɢɹ ɪɨɬɨɪа 

выɩɨɥɧɹеɬɫɹ ɧа ɨɫɧɨве ɢɧɮɨɪɦаɰɢɢ ɨɛ ɭɝɥɨвых ɩɨɥɨɠеɧɢɹх веɤɬɨɪɨв ЭȾɋ 
ɪɨɬɨɪа, ɬɨɤа ɫɬаɬɨɪа ɢ ɨɰеɧɨɤ ɱаɫɬɨɬы вɪаɳеɧɢɹ веɤɬɨɪа ɩɨɬɨɤɨɫɰеɩɥеɧɢɹ ɪɨɬɨɪа 

. ɋ ɭɱеɬɨɦ ɩɪеɧеɛɪеɠеɧɢɹ ɦаɥɨɣ веɥɢɱɢɧɨɣ ɬɪаɧɫɮɨɪɦаɬɨɪɧɨɣ ЭȾɋ, 
ɭɝɥɨвые ɩɨɥɨɠеɧɢɹ веɤɬɨɪɨв ЭȾɋ ɢ ɩɨɬɨɤɨɫɰеɩɥеɧɢɹ ɪɨɬɨɪа ɨɬɫɬɨɹɬ ɞɪɭɝ ɨɬ ɞɪɭɝа 
ɧа ɭɝɨɥμ ±π/2 Ɂɧаɤ ɨɩɪеɞеɥɹеɬɫɹ ɧаɩɪавɥеɧɢеɦ вɪаɳеɧɢɹ веɤɬɨɪɨв (ɡɧаɤɨɦ 
ɱаɫɬɨɬы). ɇа ɦаɥых ɱаɫɬɨɬах веɥɢɱɢɧа ЭȾɋ ɪɨɬɨɪа ɫɬɪеɦɢɬɫɹ ɤ ɧɭɥɸ, ɢ, 
ɫɥеɞɨваɬеɥɶɧɨ, ɞɢаɩаɡɨɧ выɱɢɫɥеɧɢɹ ɩɨɥɨɠеɧɢɹ веɤɬɨɪа ЭȾɋ ɫ ɡаɞаɧɧɨɣ 
ɬɨɱɧɨɫɬɶɸ ɨɝɪаɧɢɱеɧ ɧеɤɨɬɨɪыɦ ɦɢɧɢɦаɥɶɧыɦ ɡɧаɱеɧɢеɦ ɱаɫɬɨɬы ωΨЦТЧ. ɑɬɨɛы 
ɨɛеɫɩеɱɢɬɶ ɪаɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɧаɛɥɸɞаɬеɥɹ ɫɨɫɬɨɹɧɢɹ ɧа ɱаɫɬɨɬах, ɦеɧɶшɢх 
ωΨЦТЧ, ɨɫɭɳеɫɬвɥɹеɬɫɹ ɩеɪехɨɞ ɨɬ ɨɪɢеɧɬаɰɢɢ ɩɨ веɤɬɨɪɭ ЭȾɋ ɤ ɨɪɢеɧɬаɰɢɢ ɩɨ 
веɤɬɨɪɭ ɬɨɤа ɫɬаɬɨɪа. Ⱥɥɝɨɪɢɬɦ выɱɢɫɥеɧɢɣ ɨɪɝаɧɢɡɨваɧ ɬаɤɢɦ ɨɛɪаɡɨɦ, ɱɬɨ эɬɨɬ 
ɩеɪехɨɞ ɨɫɭɳеɫɬвɥɹеɬɫɹ ɬɨɥɶɤɨ в ɪеɠɢɦах ɦаɥых ɫɤɨɥɶɠеɧɢɣ, ɬɨ еɫɬɶ ɛɥɢɡɤɢх ɤ 
хɨɥɨɫɬɨɦɭ хɨɞɭ эɥеɤɬɪɨɞвɢɝаɬеɥɹ. ȼ эɬɨɦ ɫɥɭɱае ɩɨɥɨɠеɧɢе веɤɬɨɪа ɬɨɤа ɫɬаɬɨɪа 
ɨɤаɡываеɬɫɹ ɛɥɢɡɤɢɦ ɤ ɩɨɥɨɠеɧɢɸ веɤɬɨɪа ɩɨɬɨɤɨɫɰеɩɥеɧɢɹ ɪɨɬɨɪа, ɢ ɩеɪехɨɞ ɧа 
ɨɪɢеɧɬаɰɢɸ ɩɨ ɬɨɤɭ ɧе ɩɪɢвɨɞɢɬ ɤ ɛɨɥɶшɢɦ ɨшɢɛɤаɦ в ɬɨɱɧɨɫɬɢ выɱɢɫɥеɧɢɹ 
ɩеɪеɦеɧɧых.  

Ⱦɨɩɨɥɧɢɬеɥɶɧаɹ ɤɨɪɪеɤɰɢɹ ɨɰеɧɤɢ ɭɝɥɨвɨɝɨ ɩɨɥɨɠеɧɢɹ веɤɬɨɪа 
ɩɨɬɨɤɨɫɰеɩɥеɧɢɹ ɪɨɬɨɪа выɩɨɥɧɹеɬɫɹ ɫ ɰеɥɶɸ ɦɢɧɢɦɢɡаɰɢɢ вɥɢɹɧɢɹ ɧа ɬɨɱɧɨɫɬɶ 
выɱɢɫɥеɧɢɹ ɩеɪеɦеɧɧых эɥеɤɬɪɨɞвɢɝаɬеɥɹ ɨшɢɛɨɤ, выɡываеɦых ɫɥеɞɭɸɳɢɦɢ 
ɮаɤɬɨɪаɦɢμ  

Ɇаɥыɦɢ ɞɢɧаɦɢɱеɫɤɢɦɢ ɨɬɤɥɨɧеɧɢɹɦɢ ɪаɡɧɨɫɬɢ ɭɝɥɨвых ɩɨɥɨɠеɧɢɣ 
веɤɬɨɪɨв ЭȾɋ ɢ ɩɨɬɨɤɨɫɰеɩɥеɧɢɹ ɪɨɬɨɪа ɨɬ веɥɢɱɢɧы ±π/2 

Ⱦɢɧаɦɢɱеɫɤɢɦɢ ɨшɢɛɤаɦɢ выɱɢɫɥеɧɢɹ веɤɬɨɪа ЭȾɋ ɪɨɬɨɪа. 
ɇаɥɢɱɢеɦ ɫɤаɱɤɨв в ɨɰеɧɤе ɩɨɥɨɠеɧɢɹ веɤɬɨɪа ɩɨɬɨɤɨɫɰеɩɥеɧɢɹ, выɡваɧɧых 

ɢɡɦеɧеɧɢеɦ ɫɬɪɭɤɬɭɪы ɧаɛɥɸɞаɬеɥɹ ɫɨɫɬɨɹɧɢɹ в ɨɛɥаɫɬɢ ɦаɥых ɱаɫɬɨɬ ɩɪɢ 
ɩеɪехɨɞе ɫ ɨɪɢеɧɬаɰɢɢ ɩɨ веɤɬɨɪɭ ЭȾɋ ɤ ɨɪɢеɧɬаɰɢɢ ɩɨ веɤɬɨɪɭ ɬɨɤа.  

Ʉɨɪɪеɤɰɢɹ выɩɨɥɧɹеɬɫɹ ɧа ɨɫɧɨве ɉ-ɪеɝɭɥɹɬɨɪа ɩɨɥɨɠеɧɢɹ. ɉаɪаɦеɬɪы 
ɪеɝɭɥɹɬɨɪа выɛɢɪаɸɬɫɹ ɢɫхɨɞɹ ɢɡ ɠеɥаеɦɨɝɨ хаɪаɤɬеɪа ɞвɢɠеɧɢɹ ɨшɢɛɤɢ ɦеɠɞɭ 
ɧеɫɤɨɪɪеɤɬɢɪɨваɧɧыɦ ɢ ɫɤɨɪɪеɤɬɢɪɨваɧɧыɦ ɡɧаɱеɧɢɹɦɢ ɭɝɥɨвɨɝɨ ɩɨɥɨɠеɧɢɹ 
веɤɬɨɪа ɩɨɬɨɤɨɫɰеɩɥеɧɢɹ ɪɨɬɨɪа. Ʉɨɪɪеɤɰɢɹ ɭɝɥа выɩɨɥɧɹеɬɫɹ ɫ ɢɫɩɨɥɶɡɨваɧɢеɦ 
аɥɝɨɪɢɬɦа ɛеɡɢɧеɪɰɢɨɧɧɨɝɨ ɭɫɬɪаɧеɧɢɹ ɨшɢɛɨɤ, ɩɪевышаɸɳɢх ɨɩɪеɞеɥеɧɧɨе 
ɩɨɪɨɝɨвɨе ɡɧаɱеɧɢе. Эɬɨ ɞеɥаеɬɫɹ ɞɥɹ ɭɫɬɪаɧеɧɢɹ вɨɡɦɨɠɧɨɫɬɢ ɧаɤɨɩɥеɧɢɹ 
ɛɨɥɶшɢх ɩɨɝɪешɧɨɫɬеɣ в выɱɢɫɥеɧɢɢ ɭɝɥа ɩɨɬɨɤɨɫɰеɩɥеɧɢɹ ɩɪɢ ɩеɪехɨɞɧых 
ɩɪɨɰеɫɫах «в ɛɨɥɶшɨɦ» (ɤɨɝɞа ɪеɝɭɥɹɬɨɪ ɫɤɨɪɨɫɬɢ ɩеɪехɨɞɢɬ ɢɡ ɥɢɧеɣɧɨɣ ɨɛɥаɫɬɢ 
в ɨɝɪаɧɢɱеɧɢе, в ɱаɫɬɧɨɫɬɢ, ɩɪɢ ɩɭɫɤах, ɬɨɪɦɨɠеɧɢɹх ɢ ɪевеɪɫе ɫ ɧɨɦɢɧаɥɶɧɨɣ 
ɱаɫɬɨɬы вɪаɳеɧɢɹ).  
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ɉɪеɨɛɪаɡɨваɧɢе ɬɪех ɬɨɤɨв ɫɬаɬɨɪа ɢɡ ɫɢɫɬеɦы ɤɨɨɪɞɢɧаɬ (К, Л, М) в 
ɨɪɬɨɝɨɧаɥɶɧɭɸ ɫɢɫɬеɦɭ ɤɨɨɪɞɢɧаɬ (Н, q), ɨɪɢеɧɬɢɪɨваɧɧɭɸ ɩɨ ɨɰеɧɤе ɭɝɥɨвɨɝɨ 
ɩɨɥɨɠеɧɢɹ веɤɬɨɪа ɩɨɬɨɤɨɫɰеɩɥеɧɢɹ ɪɨɬɨɪа, ɨɫɭɳеɫɬвɥɹеɬɫɹ ɩɨ выɪаɠеɧɢɹɦμ  

 

                                                             (7)  

 

Ⱦɥɹ выɞеɥеɧɢɹ ɩаɪаɦеɬɪɨв эɥеɤɬɪɨɞвɢɝаɬеɥɹ, ɤ ɢɡɦеɧеɧɢɹɦ ɤɨɬɨɪых 
эɥеɤɬɪɨɩɪɢвɨɞ ɨɤаɡываеɬɫɹ ɧаɢɛɨɥее ɱɭвɫɬвɢɬеɥɶɧыɦ, а ɢɦеɧɧɨ вɡаɢɦɧɨɣ 
ɢɧɞɭɤɬɢвɧɨɫɬɢ, аɤɬɢвɧых ɫɨɩɪɨɬɢвɥеɧɢɣ ɫɬаɬɨɪа ɢ ɪɨɬɨɪа, ɢɫɩɨɥɶɡɭеɬɫɹ ɫɢɝɧаɥ 
ɧевɹɡɤɢ δω. Эɬɨɬ ɫɢɝɧаɥ ɨɩɪеɞеɥɹеɬ ɪаɡɧɢɰɭ ɦеɠɞɭ ɫɤɨɪɪеɤɬɢɪɨваɧɧыɦ ɡɧаɱеɧɢеɦ 

ɱаɫɬɨɬы вɪаɳеɧɢɹ веɤɬɨɪа ɩɨɬɨɤɨɫɰеɩɥеɧɢɹ ɪɨɬɨɪа ɢ ее ɩеɪвɨɣ ɨɰеɧɤɨɣ . 

ȼ ɤаɱеɫɬве ɢɫхɨɞɧых ɡɧаɱеɧɢɣ выɱɢɫɥɹеɦых ɩаɪаɦеɬɪɨв (LЦ0, Rs 0, Rr 0) 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɡɧаɱеɧɢɹ, ɨɩɪеɞеɥеɧɧые в ɪеɡɭɥɶɬаɬе выɩɨɥɧеɧɢɹ ɩɪɨɰеɞɭɪы 
авɬɨɧаɫɬɪɨɣɤɢ эɥеɤɬɪɨɩɪɢвɨɞа ɢɥɢ ввеɞеɧɧые ɩɨɥɶɡɨваɬеɥеɦ ɧа ɨɫɧɨве 
ɩаɫɩɨɪɬɧых ɞаɧɧых ɞвɢɝаɬеɥɹ. Ɍаɤ ɤаɤ ɧевɹɡɤа ɨɞɧа, а ɨɰеɧɢваеɦых ɩаɪаɦеɬɪɨв 
ɬɪɢ, ɬɨ ɞɥɹ ɨɛеɫɩеɱеɧɢɹ ɫхɨɞɢɦɨɫɬɢ ɨɰеɧɨɤ ɤ ɢɫɬɢɧɧыɦ ɡɧаɱеɧɢɹɦ ɩаɪаɦеɬɪɨв 
аɥɝɨɪɢɬɦы выɱɢɫɥеɧɢɹ ɨɰеɧɨɤ ɪаɡɧеɫеɧы вɨ вɪеɦеɧɢ ɢ в ɡавɢɫɢɦɨɫɬɢ ɨɬ ɪеɠɢɦа 
ɪаɛɨɬы эɥеɤɬɪɨɩɪɢвɨɞа (ɭɪɨвɧɹ ɱаɫɬɨɬы ɢ ɧаɝɪɭɡɤɢ). ɋ эɬɨɣ ɰеɥɶɸ в ɛɥɨɤ ɨɰеɧɤɢ 
ɩаɪаɦеɬɪɨв ввɨɞɢɬɫɹ ɞɨɩɨɥɧɢɬеɥɶɧаɹ ɢɧɮɨɪɦаɰɢɹ ɨ ɩɪеɞеɥах ɮɭɧɤɰɢɨɧɢɪɨваɧɢɹ 
аɥɝɨɪɢɬɦɨв ɨɰеɧɤɢ (ωЦКбR, ωЦТЧR, ωЦКбL, ωЦТЧL, IЦТЧR ) ɢ ɩеɪеɦеɧɧые, 
хаɪаɤɬеɪɢɡɭɸɳɢе веɥɢɱɢɧɭ ɱаɫɬɨɬы ɢ ɧаɝɪɭɡɤɢ. Ⱦɥɹ ɨɰеɧɤɢ Rs ɢɫɩɨɥɶɡɨваɧ 
ɢɧɬеɝɪаɥɶɧыɣ ɪеɝɭɥɹɬɨɪ, ɞɥɹ ɨɰеɧɤɢ LЦ - ɩɪɨɩɨɪɰɢɨɧаɥɶɧɨ-ɢɧɬеɝɪаɥɶɧыɣ. 
ɇаɫɬɪɨɣɤɢ ɪеɝɭɥɹɬɨɪɨв ɩɪɨɢɡвеɞеɧы ɬаɤɢɦ ɨɛɪаɡɨɦ, ɱɬɨɛы ɨɛеɫɩеɱɢɬɶ ɠеɥаеɦыɣ 
хаɪаɤɬеɪ ɞвɢɠеɧɢɹ ɨшɢɛɨɤ ɨɰеɧɤɢ ɩаɪаɦеɬɪɨв. Ɉɰеɧɤа ɬеɦɩеɪаɬɭɪɧɨɝɨ ɢɡɦеɧеɧɢɹ 
Rr выɩɨɥɧɹеɬɫɹ ɤɨɫвеɧɧыɦ ɨɛɪаɡɨɦ, ɩɨ ɨɰеɧɤе ɬеɦɩеɪаɬɭɪɧɨɝɨ ɢɡɦеɧеɧɢɹ 

аɤɬɢвɧɨɝɨ ɫɨɩɪɨɬɢвɥеɧɢɹ ɫɬаɬɨɪа. 
 

6 Ȼɟɡɨɩɚɫɧɨɫɬɶ ɩɪɨɟɤɬɚ 

 

Эɥеɤɬɪɢɱеɫɤɢе ɫеɬɢ ɧеɮɬеɝаɡɨɩɪɨɦыɫɥɨвых ɨɛɴеɤɬɨв ɩɪеɢɦɭɳеɫɬвеɧɧɨ 
ɢɦеɸɬ ɬɪɢ ɩɨɫɥеɞɨваɬеɥɶɧые ɫɬɭɩеɧɢ ɬɪаɧɫɮɨɪɦаɰɢɢ ɧа ɧаɩɪɹɠеɧɢɹ 110, 35, 6(10) 
ɤȼ. ɉɨɬɪеɛɢɬеɥɹɦɢ эɥеɤɬɪɨэɧеɪɝɢɢ в ɨɫɧɨвɧɨɣ ɬехɧɨɥɨɝɢɱеɫɤɨɣ ɰеɩɨɱɤе ɞɨɛыɱɢ ɢ 
ɩеɪвɢɱɧɨɣ ɩеɪеɪаɛɨɬɤɢ ɧеɮɬɢ ɹвɥɹɸɬɫɹμ 

 ɦехаɧɢɡɦы ɞɨɛыɱɢ ɧеɮɬɢ – эɬɨ ɫɬаɧɤɢ-ɤаɱаɥɤɢ ɧеɮɬɢ, ɭɫɬаɧɨвɤɢ ɫ 
ɩɨɝɪɭɠɧыɦ эɥеɤɬɪɨɰеɧɬɪɨɛеɠɧыɦ ɧаɫɨɫɨɦ, вɢɧɬɨвые ɧаɫɨɫы ɢ ɞɪ.; 
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 ɨɛɴеɤɬы ɫɛɨɪа ɢ ɩеɪеɤаɱɤɢ ɧеɮɬɢ, ɤ ɤɨɬɨɪыɦ ɨɬɧɨɫɹɬɫɹ ɝɪɭɩɩɨвые 
ɡаɦеɪɧые ɭɫɬаɧɨвɤɢ, ɞɨɠɢɦɧые ɧаɫɨɫɧые ɫɬаɧɰɢɢ; 

 ɨɛɴеɤɬы ɩɨɞɝɨɬɨвɤɢ ɢ ɩеɪвɢɱɧɨɣ ɩеɪеɪаɛɨɬɤɢ ɧеɮɬɢ – 

эɥеɤɬɪɨɨɛеɡвɨɠɢваɸɳɢе ɢ эɥеɤɬɪɨɨɛеɫɫɨɥɢваɸɳɢе ɭɫɬаɧɨвɤɢ, 
ɬеɪɦɨхɢɦɢɱеɫɤɢе ɭɫɬаɧɨвɤɢ, ɧаɫɨɫɧые ɫɬаɧɰɢɢ вɧешɧеɣ ɩеɪеɤаɱɤɢ 
ɧеɮɬеɫɛɨɪɧых ɩɭɧɤɬɨв; 

 ɝаɡɨɤɨɦɩɪеɫɫɨɪɧые ɫɬаɧɰɢɢ, ɤɨɦɩɪɢɦɢɪɭɸɳɢе ɩɨɩɭɬɧыɣ ɧеɮɬɹɧɨɣ 
ɝаɡ; 

 ɨɛɴеɤɬы ɩɨɞɞеɪɠаɧɢɹ ɩɥаɫɬɨвɨɝɨ ɞавɥеɧɢɹ – ɤɭɫɬɨвые ɧаɫɨɫɧые 
ɫɬаɧɰɢɢ, вɨɞɨɪаɫɩɪеɞеɥɢɬеɥɶɧые ɛɥɨɤɢ, вɨɞɨɡаɛɨɪы, ɭɫɬаɧɨвɤɢ 
ɨɱɢɫɬɤɢ ɫɬɨɱɧых вɨɞ; 

 ɛɭɪɨвые ɭɫɬаɧɨвɤɢ. 
Ȼɨɥɶшɢɧɫɬвɨ ɢɡ ɧаɡваɧɧых выше ɨɛɴеɤɬɨв ɩɨɥɭɱаɸɬ эɥеɤɬɪɨэɧеɪɝɢɸ ɩɨ 

вɨɡɞɭшɧыɦ ɥɢɧɢɹɦ эɥеɤɬɪɨɩеɪеɞаɱɢ. Ƚɥавɧаɹ ɡаɞаɱа эɥеɤɬɪɨэɧеɪɝеɬɢɱеɫɤɨɝɨ 
ɤɨɦɩɥеɤɫа ɡаɤɥɸɱаеɬɫɹ в ɧаɞеɠɧɨɦ ɢ ɛеɫɩеɪеɛɨɣɧɨɦ эɥеɤɬɪɨɫɧаɛɠеɧɢɢ 
ɩɨɬɪеɛɢɬеɥеɣ ɧеɮɬеɝаɡɨɩɪɨɦыɫɥɨвых ɨɛɴеɤɬɨв, ɩɨɫɤɨɥɶɤɭ ɩеɪеɪывы в 
эɥеɤɬɪɨɫɧаɛɠеɧɢɢ ɨɛɨɪаɱɢваɸɬɫɹ ɞɥɹ ɩɪеɞɩɪɢɹɬɢɣ ɩɪɹɦыɦɢ ɩɨɬеɪɹɦɢ ɢ 
вɨɡɦɨɠɧыɦɢ выхɨɞаɦɢ ɢɡ ɫɬɪɨɹ ɞɨɛыɱɧɨɝɨ ɨɛɨɪɭɞɨваɧɢɹ (ɫɦ. ȼвеɞеɧɢе).  

 

6.1 Ⱥɧɚɥɢɡ ɮɚɤɬɨɪɨɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɫɪɟɞɵ 

ȼɪɟɞɧɵɟ ɢ ɨɩɚɫɧɵɟ ɮɚɤɬɨɪɵ 

 

 ɉɪɨɰеɫɫ ɛɭɪеɧɢɹ веɞеɬɫɹ ɩɨɠаɪɨ- ɢ вɡɪывɨɨɩаɫɧыɦ. ɉɪɨɞɭɤɬаɦɢ, 
ɨɩɪеɞеɥɹɸɳɢɦɢ вɡɪывɨɨɩаɫɧɨɫɬɶ ɭɫɬаɧɨвɤɢ, ɹвɥɹɸɬɫɹ ɩɨɩɭɬɧыɣ (ɩɪɢɪɨɞɧыɣ) ɝаɡ, 
ɥёɝɤɢе ɮɪаɤɰɢɢ ɧеɮɬɢ , ɤɨɬɨɪые ɦɨɝɭɬ ɩɪɨɹвɥɹɬɶɫɹ в ɩɪɨɰеɫɫе ɩɪɨхɨɠɞеɧɢɹ 
ɩɪɨɞɭɤɬɢвɧых ɩɥаɫɬɨв ɢ в ɫɦеɫɢ ɫ ɤɢɫɥɨɪɨɞɨɦ вɨɡɞɭха ɨɛɪаɡɭɸɬ ɫɦеɫɢ, 
вɡɪываɸɳɢеɫɹ ɩɪɢ ɧаɥɢɱɢɢ ɨɝɧɹ ɢɥɢ ɢɫɤɪы. 

   Ɍаɤ ɠе ɦɧɨɝɢе ɢɡ хɢɦɢɱеɫɤɢх ɪеаɝеɧɬɨв, ɫɨɞеɪɠаɳɢхɫɹ в ɛɭɪɨвых 
ɪаɫɬвɨɪах ɹвɥɹɸɬɫɹ ɝɨɪɸɱɢɦɢ веɳеɫɬваɦɢ. ɇаɥɢɱɢе аɩɩаɪаɬɨв, ɪаɛɨɬаɸɳɢх ɩɪɢ 
выɫɨɤɢх ɞавɥеɧɢɹх ɢ ɬеɦɩеɪаɬɭɪах ɢ ɫɨɞеɪɠаɳɢх ɛɨɥɶшɨе ɤɨɥɢɱеɫɬвɨ ɩɪɨɞɭɤɬɨв  
в ɝаɡɨ- ɢ ɩаɪɨɨɛɪаɡɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɦɨɠеɬ ɫɨɡɞаваɬɶ ɨɩаɫɧɨɫɬɶ ɡаɝаɡɨваɧɧɨɫɬɢ 
ɬеɪɪɢɬɨɪɢɢ. ɉɪɨɰеɫɫ ɨɬɧɨɫɢɬɫɹ ɤ вɪеɞɧыɦ, ɞɥɹ ɡɞɨɪɨвɶɹ ɨɛɫɥɭɠɢваɸɳеɝɨ 
ɩеɪɫɨɧаɥа, ɩɪɨɢɡвɨɞɫɬвɨɦ, ɬаɤ ɤаɤ ɫвɹɡаɧ ɫ ɩɨɥɭɱеɧɢеɦ ɩɪɨɞɭɤɬɨв ɪеаɤɰɢɢ ɢ 
ɭɝɥевɨɞɨɪɨɞɧых ɝаɡɨв, в ɫɨɫɬаве ɤɨɬɨɪых ɢɦееɬɫɹ ɫеɪɨвɨɞɨɪɨɞ, ɨɛɥаɞаɸɳɢɣ 
ɫɢɥɶɧыɦɢ ɹɞɨвɢɬыɦɢ ɫвɨɣɫɬваɦɢ. 

ɇаɢɛɨɥее ɨɩаɫɧые ɦеɫɬа ɧа ɛɭɪɨвɨɣ ɩɥɨɳаɞɤеμ 
- ɛɭɪɨваɹ ɩɥɨɳаɞɤа ɪɨɬɨɪɧɨɝɨ ɫɬɨɥа; 
- ɩɨɞɪɨɬɨɪɧаɹ ɩɥɨɳаɞɤа; 
- ɧаɫɨɫɧые ɛɥɨɤɢ; 
- ёɦɤɨɫɬɧɨɣ ɛɥɨɤ ɩɪɢɝɨɬɨвɥеɧɢɹ ɪаɫɬвɨɪа; 
- ёɦɤɨɫɬɧɨɣ ɛɥɨɤ ɨɱɢɫɬɤɢ ɛɭɪɨвɨɝɨ ɪаɫɬвɨɪа; 
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- ɩɥɨɳаɞɤа ɄɌɉɇ 6/0,4 ɤȼ ; 
- ɬеɪɪɢɬɨɪɢɹ ɩɥɨɳаɞɤɢ, вɤɥɸɱаɸɳаɹ в ɫеɛɹ ɬɪаɫɫɭ ɩɪɨхɨɠɞеɧɢɹ ɝɪɹɡевɨɝɨ 

шɥаɧɝа выɫɨɤɨɝɨ ɞавɥеɧɢɹ ɞɨ 2κ0 ɛаɪ/ɫɦ2
; 

- ɩаɪɨɝеɧеɪаɬɨɪɧаɹ ɭɫɬаɧɨвɤа. 
Ɉɫɧɨвɧыɦɢ ɩɪɢɱɢɧаɦɢ, ɤɨɬɨɪые ɦɨɝɭɬ выɡваɬɶ аваɪɢɢ ɧа ɩɥɨɳаɞɢ ɛɭɪɨвɨɣ  

ɭɫɬаɧɨвɤɢ, ɹвɥɹɸɬɫɹμ 
- ɧаɪɭшеɧɢе ɬехɧɨɥɨɝɢɱеɫɤɨɝɨ ɪеɠɢɦа; 
- ɩɪɨɝаɪ ɬɪɭɛы в ɡɦеевɢɤе ɩеɱɢ Ɇɇɋ (ɩаɪɨɝеɧеɪаɬɨɪа); 
- ɪаɡɪыв ɢ ɧеɢɫɩɪавɧɨɫɬɶ ɨɛɨɪɭɞɨваɧɢɹ, ɩаɪɨвых ɥɢɧɢɣ, ɥɢɧɢɢ ɩɨɞаɱɢ 

ɪаɫɬвɨɪа в ɫɤваɠɢɧɭ; 
- ɧеɢɫɩɪавɧɨɫɬɶ ɩɪеɞɨхɪаɧɢɬеɥɶɧых ɤɥаɩаɧɨв; 
- ɡаɝаɡɨваɧɧɨɫɬɶ ɩɨɦеɳеɧɢɣ ёɦɤɨɫɬɧых ɛɥɨɤɨв, ɧаɫɨɫɧых ɛɥɨɤɨв ɢ 

ɬеɪɪɢɬɨɪɢɢ ɭɫɬаɧɨвɤɢ; 
- ɩɪеɤɪаɳеɧɢе ɩɨɞаɱɢ вɨɞɹɧɨɝɨ ɩаɪа, ɫвɨевɪеɦеɧɧɨɝɨ ɞɨɥɢва ɛɭɪɨвɨɝɨ 

ɪаɫɬвɨɪа в ɫɤваɠɢɧɭ вɨ вɪеɦɹ ɋɉɈ, ɨɬɤɥɸɱеɧɢе эɥеɤɬɪɨэɧеɪɝɢɢ; 
- ɧаɪɭшеɧɢе ɩɪавɢɥ ɬехɧɢɤɢ ɛеɡɨɩаɫɧɨɫɬɢ ɨɛɫɥɭɠɢваɸɳɢɦ ɩеɪɫɨɧаɥɨɦ; 
- ɧеɫɨɛɥɸɞеɧɢе ɝɪаɮɢɤɨв ɉɉɊ, ɫɪɨɤɨв ɬехɧɢɱеɫɤɨɝɨ ɨɫвɢɞеɬеɥɶɫɬвɨваɧɢɹ 

ɨɛɨɪɭɞɨваɧɢɹ; 
- ɨɬɫɭɬɫɬвɢе ɡаɡеɦɥеɧɢɹ ɢ ɧе ɫɨɛɥɸɞеɧɢе ɩɪавɢɥ эɥеɤɬɪɨɛеɡɨɩаɫɧɨɫɬɢ. 
Ɉɫɧɨвɧые вɪеɞɧɨɫɬɢ ɢ ɨɩаɫɧɨɫɬɢ ɧа ɭɫɬаɧɨвɤеμ 
- ɩаɪы ɭɝɥевɨɞɨɪɨɞɨв ɧеɮɬɢ (ɉȾɄ – 300 ɦɝ/ɦ3, ɮаɤɬɢɱеɫɤɢ – ɦеɧее 100 

ɦɝ/ɦ3
); 

- ɩаɪы ɫеɪɨвɨɞɨɪɨɞа H2S (ɉȾɄ – 3 ɦɝ/ɦ3, ɮаɤɬɢɱеɫɤɢ – ɦеɧее 2 ɦɝ/ɦ3
); 

- шɭɦ ɨɬ ɪаɛɨɬаɸɳеɝɨ ɨɛɨɪɭɞɨваɧɢɹ (ɧɨɪɦа – κ0 Ⱦɛ, ɮаɤɬɢɱеɫɤɢ – 70…κ0 
Ⱦɛ); 

- ɬеɦɩеɪаɬɭɪа ɩаɪɨвɨɣ ɥɢɧɢɢ ɢ ɧеɤɨɬɨɪɨɝɨ ɨɛɨɪɭɞɨваɧɢɹ ɞɨɫɬɢɝаеɬ ɛɨɥее 
100°ɋ; 

- ɧеɤɨɬɨɪɨе ɨɛɨɪɭɞɨваɧɢе ɢ ɪаɛɨɱɢе ɩɥɨɳаɞɤɢ ɧахɨɞɹɬɫɹ ɧа выɫɨɬе ɛɨɥее 15 

ɦ ɨɬ ɩɨвеɪхɧɨɫɬɢ ɡеɦɥɢ. 
 

ɋɨɝɥаɫɧɨ ȽɈɋɌ 12.0.003 «ɋɋȻɌ. Ɉɩаɫɧые ɢ вɪеɞɧые ɩɪɨɢɡвɨɞɫɬвеɧɧые 
ɮаɤɬɨɪы» ɩɪɢ выɩɨɥɧеɧɢɢ ɪаɛɨɬ вɨɡɦɨɠɧы ɫɥеɞɭɸɳɢе ɨɩаɫɧые ɢ вɪеɞɧые 
ɩɪɨɢɡвɨɞɫɬвеɧɧые ɮаɤɬɨɪыμ 

 ɞвɢɠɭɳɢеɫɹ ɦашɢɧы ɢ ɦехаɧɢɡɦы; 
 ɩɨвышеɧɧаɹ ɢɥɢ ɩɨɧɢɠеɧɧаɹ ɬеɦɩеɪаɬɭɪа вɨɡɞɭха ɪаɛɨɱеɣ ɡɨɧы 

(Ɍаɛɥ.6.1.1; 6.1.2; 6.1.3); 
 

Ɍаɛɥɢɰа 6.1.1 - Ʉɥаɫɫы ɭɫɥɨвɢɣ ɬɪɭɞа ɩɨ ɩɨɤаɡаɬеɥɸ ɬеɦɩеɪаɬɭɪы вɨɡɞɭха, °ɋ 

(ɧɢɠɧɹɹ ɝɪаɧɢɰа), ɞɥɹ ɨɬɤɪыɬых ɬеɪɪɢɬɨɪɢɣ в ɡɢɦɧɢɣ ɩеɪɢɨɞ ɝɨɞа 
ɩɪɢɦеɧɢɬеɥɶɧɨ ɤ ɤаɬеɝɨɪɢɢ ɪаɛɨɬ Iɛ 
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Ʉɥɢɦаɬɢɱеɫɤɢɣ 
ɪеɝɢɨɧ (ɩɨɹɫ) 

Ʉɥаɫɫ ɭɫɥɨвɢɣ ɬɪɭɞа 

 Ⱦɨɩɭɫɬɢɦыɣ ȼɪеɞɧыɣ Ɉɩаɫɧыɣ 
(эɤɫɬɪеɦаɥɶɧыɣ) 

 2 3.1 3.2 3.3 3.4 4 

IȺ (ɨɫɨɛыɣ) -3,4 

-5,9 

-5,0 

-8,1 

-7,9 

-12,2 

-10,5 

-15,3 

-14,0 

-20,0 

-14,0 

-20,0 

IȻ (IV) -15,1 

-18,1 

-17,3 

-21,3 

-20,5 

-26,2 

-23,5 

-29,8 

-27,5 

-35,5 

-27,5 

-35,5 

II (III) +1,4 

-0,7 

0,0 

-2,7 

-2,6 

-6,3 

-5,1 

-9,2 

-8,3 

-13,5 

-8,3 

-13,5 

III (II) +7,0 

+5,3 

+5,7 

+3,5 

+3,5 

+0,6 

+1,2 

-2,1 

-1,7 

-5,9 

-1,7 

-5,9 

ȼ ɱɢɫɥɢɬеɥе - ɬеɦɩеɪаɬɭɪа вɨɡɞɭха ɩɪɢ ɨɬɫɭɬɫɬвɢɢ ɪеɝɥаɦеɧɬɢɪɨваɧɧых ɩеɪеɪывɨв ɧа 
ɨɛɨɝɪев; в ɡɧаɦеɧаɬеɥе - ɩɪɢ ɪеɝɥаɦеɧɬɢɪɨваɧɧых ɩеɪеɪывах ɧа ɨɛɨɝɪев (ɧе ɛɨɥее ɱеɦ 
ɱеɪеɡ 2 ɱаɫа ɩɪеɛываɧɢɹ ɧа ɨɬɤɪыɬɨɣ ɬеɪɪɢɬɨɪɢɢ). 

 

Ɍаɛɥɢɰа 6.1.2 - Ʉɥаɫɫы ɭɫɥɨвɢɣ ɬɪɭɞа ɩɨ ɩɨɤаɡаɬеɥɸ ɬеɦɩеɪаɬɭɪы вɨɡɞɭха, °ɋ 
(ɧɢɠɧɹɹ ɝɪаɧɢɰа), ɞɥɹ ɨɬɤɪыɬых ɬеɪɪɢɬɨɪɢɣ в ɡɢɦɧɢɣ ɩеɪɢɨɞ ɝɨɞа 
ɩɪɢɦеɧɢɬеɥɶɧɨ ɤ ɤаɬеɝɨɪɢɢ ɪаɛɨɬ Iɛ 
Ʉɥɢɦаɬɢɱеɫɤɢɣ 
ɪеɝɢɨɧ (ɩɨɹɫ) 

Ʉɥаɫɫ ɭɫɥɨвɢɣ ɬɪɭɞа 

 Ⱦɨɩɭɫɬɢɦыɣ ȼɪеɞɧыɣ Ɉɩаɫɧыɣ 
(эɤɫɬɪеɦаɥɶɧыɣ) 

 2 3.1 3.2 3.3 3.4 4 

IȺ (ɨɫɨɛыɣ) -3,4 

-5,9 

-5,0 

-8,1 

-7,9 

-12,2 

-10,5 

-15,3 

-14,0 

-20,0 

-14,0 

-20,0 

IȻ (IV) -15,1 

-18,1 

-17,3 

-21,3 

-20,5 

-26,2 

-23,5 

-29,8 

-27,5 

-35,5 

-27,5 

-35,5 

II (III) +1,4 

-0,7 

0,0 

-2,7 

-2,6 

-6,3 

-5,1 

-9,2 

-8,3 

-13,5 

-8,3 

-13,5 

III (II) +7,0 

+5,3 

+5,7 

+3,5 

+3,5 

+0,6 

+1,2 

-2,1 

-1,7 

-5,9 

-1,7 

-5,9 

ȼ ɱɢɫɥɢɬеɥе - ɬеɦɩеɪаɬɭɪа вɨɡɞɭха ɩɪɢ ɨɬɫɭɬɫɬвɢɢ ɪеɝɥаɦеɧɬɢɪɨваɧɧых ɩеɪеɪывɨв ɧа 
ɨɛɨɝɪев; в ɡɧаɦеɧаɬеɥе - ɩɪɢ ɪеɝɥаɦеɧɬɢɪɨваɧɧых ɩеɪеɪывах ɧа ɨɛɨɝɪев (ɧе ɛɨɥее ɱеɦ 
ɱеɪеɡ 2 ɱаɫа ɩɪеɛываɧɢɹ ɧа ɨɬɤɪыɬɨɣ ɬеɪɪɢɬɨɪɢɢ). 

 

Ɍаɛɥɢɰа 6.1.3 - Ʉɥаɫɫ ɭɫɥɨвɢɣ ɬɪɭɞа ɩɨ ɩɨɤаɡаɬеɥɸ Ɍɇɋ-ɢɧɞеɤɫа (°ɋ) ɞɥɹ 
ɪаɛɨɱɢх ɩɨɦеɳеɧɢɣ ɫ ɧаɝɪеваɸɳɢɦ ɦɢɤɪɨɤɥɢɦаɬɨɦ ɧеɡавɢɫɢɦɨ ɨɬ ɩеɪɢɨɞа ɝɨɞа 

ɢ ɨɬɤɪыɬых ɬеɪɪɢɬɨɪɢɣ в ɬеɩɥыɣ ɩеɪɢɨɞ ɝɨɞа (веɪхɧɹɹ ɝɪаɧɢɰа) 
Ʉаɬеɝɨɪɢɹ 
ɪаɛɨɬ* 

Ʉɥаɫɫ ɭɫɥɨвɢɣ ɬɪɭɞа Ɉɩаɫɧыɣ 
(эɤɫɬɪеɦ.) 

 Ⱦɨɩɭɫɬɢɦыɣ* ȼɪеɞɧыɣ  

  3.1 3.2 3.3 3.4  

Iа 26,4 26,6 27,4 28,6 31,0 31,0 
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ɉɪɨɞɨɥɠеɧɢе ɬаɛɥɢɰы 6.1.3 
Iɛ 25,8 26,1 26,9 27,9 30,3 30,3 

IIа 25,1 25,5 26,2 27,3 29,9 29,9 

IIɛ 23,9 24,2 25,0 26,4 29,1 29,1 

III 21,8 22,0 23,4 25,7 27,9 27,9 

* ɋɨɝɥаɫɧɨ ɩɪɢɥɨɠ.1 ɋаɧɉɢɇ 2.2.4.54κ-96 "Ƚɢɝɢеɧɢɱеɫɤɢе ɬɪеɛɨваɧɢɹ ɤ ɦɢɤɪɨɤɥɢɦаɬɭ 
ɩɪɨɢɡвɨɞɫɬвеɧɧых ɩɨɦеɳеɧɢɣ" 

 

 ɩɨвышеɧɧыɣ ɭɪɨвеɧɶ шɭɦа (Ɍаɛɥ.6.1.4); 
 ɩɨвышеɧɧыɣ ɭɪɨвеɧɶ вɢɛɪаɰɢɢ (Ɍаɛɥ.6.1.4); 
 

Ɍаɛɥɢɰа 6.1.4 - Ʉɥаɫɫы ɭɫɥɨвɢɣ ɬɪɭɞа в ɡавɢɫɢɦɨɫɬɢ ɨɬ ɭɪɨвɧеɣ шɭɦа, ɥɨɤаɥɶɧɨɣ, 
ɨɛɳеɣ вɢɛɪаɰɢɢ, ɢɧɮɪа- ɢ ɭɥɶɬɪаɡвɭɤа ɧа ɪаɛɨɱеɦ ɦеɫɬе 
ɇаɡваɧɢе ɮаɤɬɨɪа, ɩɨɤаɡаɬеɥɶ, еɞɢɧɢɰа 

ɢɡɦеɪеɧɢɹ 

Ʉɥаɫɫ ɭɫɥɨвɢɣ ɬɪɭɞа 

 Ⱦɨɩɭɫɬɢ
ɦыɣ 

ȼɪеɞɧыɣ Ɉɩаɫɧы
ɣ 

 2 3.1 3.2 3.3 3.4 4 

 ɉɪевышеɧɢе ɉȾɍ ɞɨ ...ɞȻ/ɪаɡ (вɤɥɸɱɢɬеɥɶɧɨ)μ 
Шɭɦ, эɤвɢваɥеɧɬɧыɣ ɭɪɨвеɧɶ ɡвɭɤа, ɞȻȺ 

 

ɉȾɍ
 

 
5 15 25 35 

 

35 

ȼɢɛɪаɰɢɹ ɥɨɤаɥɶɧаɹ, эɤвɢваɥеɧɬɧыɣ 
ɤɨɪɪеɤɬɢɪɨваɧɧыɣ ɭɪɨвеɧɶ (ɡɧаɱеɧɢе) 
вɢɛɪɨɫɤɨɪɨɫɬɢ, вɢɛɪɨɭɫɤɨɪеɧɢɹ (ɞȻ/ɪаɡ) 

 ɉȾɍ
 

 

3/1,4 6/2 9/2,8 12/4 
 

12/4 

ȼɢɛɪаɰɢɹ ɨɛɳаɹ, эɤвɢваɥеɧɬɧыɣ 
ɤɨɪɪеɤɬɢɪɨваɧɧыɣ ɭɪɨвеɧɶ 
вɢɛɪɨɫɤɨɪɨɫɬɢ, вɢɛɪɨɭɫɤɨɪеɧɢɹ (ɞȻ/ɪаɡ) 

 ɉȾɍ
 

 

6/2 12/4 18/6 24/8 
 

24/8 

ɂɧɮɪаɡвɭɤ, ɨɛɳɢɣ ɭɪɨвеɧɶ ɡвɭɤɨвɨɝɨ 
ɞавɥеɧɢɹ, ɞȻ/Ʌɢɧ  ɉȾɍ

 

 

5 10 15 20 
 

20 

ɍɥɶɬɪаɡвɭɤ вɨɡɞɭшɧыɣ, ɭɪɨвɧɢ 

ɡвɭɤɨвɨɝɨ ɞавɥеɧɢɹ в 1/3 ɨɤɬавɧых 
ɩɨɥɨɫах ɱаɫɬɨɬ, ɞȻ 

 ɉȾɍ
 

 

10 20 30 40 
 

40 

ɍɥɶɬɪаɡвɭɤ ɤɨɧɬаɤɬɧыɣ, ɭɪɨвеɧɶ 
вɢɛɪɨɫɤɨɪɨɫɬɢ, ɞȻ  ɉȾɍ

 

 

5 10 15 20 
 

20 

 

  ȼ ɫɨɨɬвеɬɫɬвɢɢ ɫ ɫаɧɢɬаɪɧыɦɢ ɧɨɪɦаɦɢ ɋɇ 2.2.4/2.1.κ.562-96 "Шɭɦ ɧа ɪаɛɨɱɢх ɦеɫɬах, в 
ɩɨɦеɳеɧɢɹх ɠɢɥых, ɨɛɳеɫɬвеɧɧых ɡɞаɧɢɣ ɢ ɧа ɬеɪɪɢɬɨɪɢɢ ɠɢɥɨɣ ɡаɫɬɪɨɣɤɢ". 
 
 

 ȼ ɫɨɨɬвеɬɫɬвɢɢ ɫ ɫаɧɢɬаɪɧыɦɢ ɧɨɪɦаɦɢ ɋɇ 2.2.4/2.1.κ.566-96 "ɉɪɨɢɡвɨɞɫɬвеɧɧаɹ вɢɛɪаɰɢɹ, 
вɢɛɪаɰɢɹ в ɩɨɦеɳеɧɢɹх ɠɢɥых ɢ ɨɛɳеɫɬвеɧɧых ɡɞаɧɢɣ". 
 
 

 ȼ ɫɨɨɬвеɬɫɬвɢɢ ɫ ɫаɧɢɬаɪɧыɦɢ ɧɨɪɦаɦɢ ɋɇ 2.2.4/2.1.κ.5κ3-96 "ɂɧɮɪаɡвɭɤ ɧа ɪаɛɨɱɢх 
ɦеɫɬах, в ɠɢɥых ɢ ɨɛɳеɫɬвеɧɧых ɩɨɦеɳеɧɢɹх ɢ ɧа ɬеɪɪɢɬɨɪɢɢ ɠɢɥɨɣ ɡаɫɬɪɨɣɤɢ". 
  

 

 ȼ ɫɨɨɬвеɬɫɬвɢɢ ɫ ɫаɧɢɬаɪɧыɦɢ ɩɪавɢɥаɦɢ ɢ ɧɨɪɦаɦɢ ɋаɧɉɢɇ 2.2.4/2.1.κ.5κ2-

96"Ƚɢɝɢеɧɢɱеɫɤɢе ɬɪеɛɨваɧɢɹ ɩɪɢ ɪаɛɨɬах ɫ ɢɫɬɨɱɧɢɤаɦɢ вɨɡɞɭшɧɨɝɨ ɢ ɤɨɧɬаɤɬɧɨɝɨ 
ɭɥɶɬɪаɡвɭɤа ɩɪɨɦышɥеɧɧɨɝɨ, ɦеɞɢɰɢɧɫɤɨɝɨ ɢ ɛыɬɨвɨɝɨ ɧаɡɧаɱеɧɢɹ". 
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 ɩɨвышеɧɧыɣ ɭɪɨвеɧɶ эɥеɤɬɪɨɦаɝɧɢɬɧых ɩɨɥеɣ ɢ ɢɡɥɭɱеɧɢɣ; 
 ɪаɫɩɨɥɨɠеɧɢе ɪаɛɨɱеɝɨ ɦеɫɬа ɧа ɡɧаɱɢɬеɥɶɧɨɣ выɫɨɬе ɨɬɧɨɫɢɬеɥɶɧɨ 

ɩɨвеɪхɧɨɫɬɢ ɡеɦɥɢ; 
 ɮɢɡɢɱеɫɤɢе ɩеɪеɝɪɭɡɤɢ; 
 ɛɢɨɥɨɝɢɱеɫɤɢе (ɤɥеɳɢ, ɝɧɭɫ ɢ ɞɪ.) (Ɍаɛɥ.6.1.5). 

 

Ɍаɛɥɢɰа 6.1.5 - Ʉɥаɫɫы ɭɫɥɨвɢɣ ɬɪɭɞа в ɡавɢɫɢɦɨɫɬɢ ɨɬ ɫɨɞеɪɠаɧɢɹ в вɨɡɞɭхе 
ɪаɛɨɱеɣ ɡɨɧы ɛɢɨɥɨɝɢɱеɫɤɨɝɨ ɮаɤɬɨɪа (ɩɪевышеɧɢе ɉȾɄ, ɪаɡ) 

Ȼɢɨɥɨɝɢɱеɫɤɢɣ ɮаɤɬɨɪ Ʉɥаɫɫ ɭɫɥɨвɢɣ ɬɪɭɞа 

 ɞɨɩɭɫɬɢɦыɣ вɪеɞɧыɣ ɨɩаɫɧыɣ 

 2 3.1 3.2 3.3 3.4 4 

Ɇɢɤɪɨɨɪɝаɧɢɡɦы-ɩɪɨɞɭɰеɧɬы, 
ɩɪеɩаɪаɬы, ɫɨɞеɪɠаɳɢе ɠɢвые 
ɤɥеɬɤɢ ɢ ɫɩɨɪы ɦɢɤɪɨɨɪɝаɧɢɡɦɨв* 

ɉȾɄ 1,1-

10,0 

10,1-

100,0 

100 -  

ɉаɬɨɝеɧɧые 
ɦɢɤɪɨɨɪɝаɧɢɡɦы** 

Ɉɫɨɛɨ ɨɩаɫɧые 
ɢɧɮеɤɰɢɢ 

     + 

 ȼɨɡɛɭɞɢɬеɥɢ 
ɞɪɭɝɢх 
ɢɧɮеɤɰɢɨɧɧых 
ɡаɛɨɥеваɧɢɣ 

  + +   

* ȼ ɫɨɨɬвеɬɫɬвɢɢ ɫ ɝɢɝɢеɧɢɱеɫɤɢɦɢ ɧɨɪɦаɬɢваɦɢ Ƚɇ 2.2.6.70λ-98 "ɉɪеɞеɥɶɧɨ 
ɞɨɩɭɫɬɢɦые ɤɨɧɰеɧɬɪаɰɢɢ (ɉȾɄ) ɦɢɤɪɨɨɪɝаɧɢɡɦɨв-ɩɪɨɞɭɰеɧɬɨв, ɛаɤɬеɪɢаɥɶɧых 
ɩɪеɩаɪаɬɨв ɢ ɢх ɤɨɦɩɨɧеɧɬɨв в вɨɡɞɭхе ɪаɛɨɱеɣ ɡɨɧы" ɢ ɞɨɩɨɥɧеɧɢɹɦɢ ɤ ɧеɦɭ. 
     ** ɍɫɥɨвɢɹ ɬɪɭɞа ɨɬɞеɥɶɧых ɤаɬеɝɨɪɢɣ ɪаɛɨɬɧɢɤɨв ɨɬɧɨɫɹɬ (ɛеɡ ɩɪɨвеɞеɧɢɹ 
ɢɡɦеɪеɧɢɣ) ɤ ɨɩɪеɞеɥеɧɧɨɦɭ ɤɥаɫɫɭ в ɫɨɨɬвеɬɫɬвɢɢ ɫ ɩ.5.2.3. 

         

  Ⱦɥɹ ɩɪеɞɨɬвɪаɳеɧɢɹ ɧеɫɱаɫɬɧых ɫɥɭɱаев, ɡаɛɨɥеваɧɢɣ ɢ ɨɬɪавɥеɧɢɣ, ɫвɹɡаɧɧых ɫ 
ɩɪɨɢɡвɨɞɫɬвɨɦ, в ɫɨɨɬвеɬɫɬвɢɢ ɫ Ɍɢɩɨвыɦɢ ɧɨɪɦаɦɢ выɞаɱɢ ɫɩеɰɨɞеɠɞы, 
ɫɩеɰɨɛɭвɢ ɢ ɞɪɭɝɢх ɋɂɁ эɥеɤɬɪɨɦɨɧɬеɪ ɩɨ ɨɛɫɥɭɠɢваɧɢɸ ɛɭɪɨвых ɨɛеɫɩеɱеɧμ 

• ɛеɥɶеɦ ɧаɬеɥɶɧыɦ хɥɨɩɱаɬɨɛɭɦаɠɧыɦ ɢɥɢ ɬеɪɦɨɫɬɨɣɤɢɦ; 

• ɛɨɬɢɧɤаɦɢ ɢɥɢ ɩɨɥɭɫаɩɨɝаɦɢ ɤɨɠаɧыɦɢ ɥеɬɧɢɦɢ ɞɥɹ ɡаɳɢɬы ɨɬ  

   ɬеɦɩеɪаɬɭɪ ɧа ɦаɫɥɨɛеɧɡɨɫɬɨɣɤɨɣ ɩɨɞɨшве. 

ɇа ɧаɪɭɠɧых ɪаɛɨɬах ɡɢɦɨɣ ɞɨɩɨɥɧɢɬеɥɶɧɨ выɞаɸɬɫɹμ 

• ɤɨɫɬɸɦ ɡɢɦɧɢɣ ɢɡ ɦаɬеɪɢаɥа ɫ ɩɨɫɬɨɹɧɧыɦɢ ɬеɪɦɨɫɬɨɣɤɢɦɢ ɫвɨɣɫɬваɦɢ 
ɬɢɩа ɇɨɦеɤɫ; 

• ɩɨɞшɥеɦɧɢɤ ɬеɪɦɨɫɬɨɣɤɢɣ (ɡɢɦɧɢɣ); 

• ɫаɩɨɝɢ ɤɨɠаɧые ɡɢɦɧɢе ɞɥɹ ɡаɳɢɬы ɨɬ ɩɨвышеɧɧых ɬеɦɩеɪаɬɭɪ ɧа 
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ɦаɫɥɨɛеɧɡɨɫɬɨɣɤɨɣ ɩɨɞɨшве; 

• ɪɭɤавɢɰаɦɢ ɤɨɦɛɢɧɢɪɨваɧɧые ɢɥɢ ɩеɪɱаɬɤɢ; 

• ɩеɪɱаɬɤɢ ɞɢэɥеɤɬɪɢɱеɫɤɢе; 

• ɝаɥɨшɢ ɞɢэɥеɤɬɪɢɱеɫɤɢе; 

• ɩɨɹɫ ɩɪеɞɨхɪаɧɢɬеɥɶɧыɣ; 

• ɨɱɤɢ ɡаɳɢɬɧые; 

• ɧаɭшɧɢɤɢ ɩɪɨɬɢвɨшɭɦɧые ɢɥɢ ɛеɪɭшɢ. 

ɉɪɢ выɩɨɥɧеɧɢɢ ɪаɛɨɬ в ɭɫɥɨвɢɹх ɩɨвышеɧɧɨɝɨ ɡаɝɪɹɡɧеɧɢɹ, ɧе ɫвɹɡаɧɧых ɫ 
ɪɢɫɤɨɦ вɨɡɧɢɤɧɨвеɧɢɹ эɥеɤɬɪɢɱеɫɤɨɣ ɞɭɝɢ, ɞɨɩɨɥɧɢɬеɥɶɧɨμ 

ɤɨɦɛɢɧеɡɨɧ ɞɥɹ ɡаɳɢɬы ɨɬ ɨɛɳɢх ɩɪɨɢɡвɨɞɫɬвеɧɧых ɡаɝɪɹɡɧеɧɢɣ ɢɡ ɧеɬɤаɧых 
ɦаɬеɪɢаɥɨв ɬɢɩа Ɍаɣвеɤ. 

ɇа ɧаɪɭɠɧых ɪаɛɨɬах, ɧе ɫвɹɡаɧɧых ɫ ɪɢɫɤɨɦ вɨɡɧɢɤɧɨвеɧɢɹ эɥеɤɬɪɢɱеɫɤɨɣ ɞɭɝɢ, 
ɡɢɦɨɣ ɞɨɩɨɥɧɢɬеɥɶɧɨμ 

• ɩɨɥɭшɭɛɨɤ;  

• ваɥеɧɤɢ ɧа ɪеɡɢɧɨвɨɣ ɩɨɞɨшве; 

• шаɩɤа-ɭшаɧɤа; 

• ɪɭɤавɢɰы ɦехɨвые ɢɥɢ хɥɨɩɱаɬɨɛɭɦаɠɧые ɭɬеɩɥеɧɧые. 

ɉɪɢ выɩɨɥɧеɧɢɢ ɪаɛɨɬ в ɡаɛɨɥɨɱеɧɧɨɣ ɦеɫɬɧɨɫɬɢ ɞɨɩɨɥɧɢɬеɥɶɧɨμ 

• ɫаɩɨɝɢ ɪеɡɢɧɨвые ɛɨɥɨɬɧые; 

• ɩɥаɳ ɩɪɨɪеɡɢɧеɧɧыɣ. 

ɉɪɢ выɩɨɥɧеɧɢɢ ɪаɛɨɬ ɧа ɬеɪɪɢɬɨɪɢɢ ɩɪɢɪɨɞɧых ɨɱаɝɨв ɤɥеɳевɨɝɨ 
эɧɰеɮаɥɢɬа, ɩеɪɫɨɧаɥ ɨɛеɫɩеɱɢваеɬɫɹ ɤɨɫɬɸɦаɦɢ ɤɨɦɛɢɧеɡɨɧаɦɢ «ȻɂɈɋɌɈɉ 
ɌȿɊɆɈɅɘɄɋ» ɞɥɹ ɡаɳɢɬы ɨɬ ɤɥеɳеɣ ɢ ɝɧɭɫа. Ɇɨɠɧɨ ɢɫɩɨɥɶɡɨваɬɶ ɡаɳɢɬɧɭɸ 
ɨɞеɠɞɭ, ɢɡɝɨɬɨвɥеɧɧɭɸ ɢɡ хɥɨɩɱаɬɨɛɭɦаɠɧɨɣ ɬɤаɧɢ «ɇеɮɬɹɧɢɤ».  

ȼ ɰеɥɹх ɧɨɪɦаɥɢɡаɰɢɢ ɬеɩɥɨвɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɪɢ выɩɨɥɧеɧɢɢ ɪаɛɨɬ в 
хɨɥɨɞɧыɣ ɩеɪɢɨɞ ɝɨɞа ɬеɦɩеɪаɬɭɪа вɨɡɞɭха в ɦеɫɬах ɨɛɨɝɪева ɩɨɞɞеɪɠɢваеɬɫɹ ɧа 
ɭɪɨвɧе 21–25 °C. ɉɨɦеɳеɧɢе ɨɛɨɪɭɞɨваɧɨ ɭɫɬɪɨɣɫɬваɦɢ ɞɥɹ ɨɛɨɝɪева ɤɢɫɬеɣ ɢ 
ɫɬɨɩ, ɬеɦɩеɪаɬɭɪа ɤɨɬɨɪых в ɞɢаɩаɡɨɧе 35–40 °C. 

ȼɨ ɢɡɛеɠаɧɢе ɩеɪеɨхɥаɠɞеɧɢɹ ɪаɛɨɬɧɢɤаɦ ɧе ɫɥеɞɭеɬ вɨ вɪеɦɹ ɩеɪеɪывɨв в 
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ɪаɛɨɬе ɧахɨɞɢɬɶɫɹ ɧа хɨɥɨɞе в ɬеɱеɧɢе ɛɨɥее 10 ɦɢɧ. ɩɪɢ ɬеɦɩеɪаɬɭɪе вɨɡɞɭха ɞɨ -
10 °C ɢ ɧе ɛɨɥее 5 ɦɢɧ. ɩɪɢ ɬеɦɩеɪаɬɭɪе вɨɡɞɭха ɧɢɠе -10 °C. 

ȼ ɨɛеɞеɧɧыɣ ɩеɪеɪыв ɪаɛɨɬɧɢɤɢ ɨɛеɫɩеɱɢваɸɬɫɹ «ɝɨɪɹɱɢɦ» ɩɢɬаɧɢеɦ.  

ɂɧɬеɝɪаɥɶɧыɣ ɩɨɤаɡаɬеɥɶ ɭɫɥɨвɢɣ ɨхɥаɠɞеɧɢɹ (ɨɛɦɨɪɨɠеɧɢɹ) – ɂɉɍɈɈ 
ɨɩɪеɞеɥɢɦ ɫɨɝɥаɫɧɨ ɭɪавɧеɧɢɸμ 

ɂɉɍɈɈ = 34,654 - 0,4664 · Эȼ + 0,6337 · V,  

ɝɞе   Эȼ – ɬеɦɩеɪаɬɭɪа вɨɡɞɭха, °C; V – ɫɤɨɪɨɫɬɶ веɬɪа, ɦ/ɫ. 

ɇаɩɪɢɦеɪ, ɩɪɢ ɬеɦɩеɪаɬɭɪе вɨɡɞɭха -15 ɨɋ ɢ ɫɤɨɪɨɫɬɢ веɬɪа – 6 ɦ/ɫ 
ɢɧɬеɝɪаɥɶɧыɣ ɩɨɤаɡаɬеɥɶ ɭɫɥɨвɢɣ ɨхɥаɠɞеɧɢɹ ɫɨɫɬавɢɬμ 

ɂɉɍɈɈ = 34,654 - 0,4664 · (-15) + 0,6337 · 6 = 45,4542. 

 ȼ ɫɨɨɬвеɬɫɬвɢɢ ɫ ɦеɬɨɞɢɱеɫɤɢɦɢ ɪеɤɨɦеɧɞаɰɢɹɦɢ ɆɊ 2.2.7.212λ-06 ɩɪɢ 
ɞаɧɧɨɦ ɡɧаɱеɧɢɢ ɂɉɍɈɈ ɪɢɫɤ ɨɛɦɨɪɨɠеɧɢɹ- ɭɦеɪеɧɧыɣ, ɩɪɨɞɨɥɠɢɬеɥɶɧɨɫɬɶ 
ɛеɡɨɩаɫɧɨɝɨ ɩɪеɛываɧɢɹ ɧа хɨɥɨɞе ɫɨɫɬавɥɹеɬ ɧе ɛɨɥее 60 ɦɢɧ. 

         Ɋаɛɨɬаɸɳɢе ɧа ɨɬɤɪыɬɨɣ ɬеɪɪɢɬɨɪɢɢ в хɨɥɨɞɧыɣ ɩеɪɢɨɞ ɝɨɞа 
ɨɛеɫɩеɱɢваɸɬɫɹ ɤɨɦɩɥеɤɬɨɦ ɋɂɁ ɨɬ хɨɥɨɞа, ɢɦеɸɳɢɦ ɬеɩɥɨɢɡɨɥɹɰɢɸ,   

ɪаɫɫɱɢɬаɧɧɨɣ в ɡавɢɫɢɦɨɫɬɢ ɨɬ ɂɉɍɈɈ. 

          ȼɨ ɢɡɛеɠаɧɢе ɥɨɤаɥɶɧɨɝɨ ɨхɥаɠɞеɧɢɹ ɬеɥа ɪаɛɨɬɧɢɤɨв ɢ ɭɦеɧɶшеɧɢɹ ɨɛɳɢх 
ɬеɩɥɨɩɨɬеɪɶ ɫ ɩɨвеɪхɧɨɫɬɢ ɬеɥа ɢх ɨɛеɫɩеɱɢваɸɬ ɪɭɤавɢɰаɦɢ, ɨɛɭвɶɸ, ɝɨɥɨвɧыɦɢ 
ɭɛɨɪаɦɢ, ɢɦеɸɳɢɦɢ ɬаɤɠе ɫɨɨɬвеɬɫɬвɭɸɳɭɸ ɬеɩɥɨɢɡɨɥɹɰɢɸ. 

6.2 ɉɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ 

ɉɪɢɡɧаɤɢ аваɪɢɢ ɨɩɪеɞеɥɹɸɬɫɹ ɨɬɪаɫɥевыɦ ɧɨɪɦаɬɢвɧɨ-ɬехɧɢɱеɫɤɢɦ 
ɞɨɤɭɦеɧɬɨɦ – ɂɧɫɬɪɭɤɰɢеɣ ɩɨ ɩɪеɞɨɬвɪаɳеɧɢɸ ɢ ɥɢɤвɢɞаɰɢɢ аваɪɢɣ в 
эɥеɤɬɪɢɱеɫɤɨɣ ɱаɫɬɢ эɧеɪɝɨɫɢɫɬеɦ (ɭɬв. ɩɪɢɤаɡɨɦ Ɇɢɧэɧеɪɝɨ Ɋɨɫɫɢɢ ɨɬ 30 ɢɸɧɹ 
2003 ɝ. № 2κλ). 

ɉɥаɧ ɬɭшеɧɢɹ ɩɨɠаɪа ɫɨɫɬɨɢɬ ɢɡ ɬеɤɫɬɨвɨɣ ɢ ɝɪаɮɢɱеɫɤɨɣ ɱаɫɬɢ. ȼ 
ɬеɤɫɬɨвɨɣ ɱаɫɬɢ ɩɥаɧа ɭɤаɡаɧы ɨɫɧɨвɧые ɨɛɹɡаɧɧɨɫɬɢ ɢ ɞеɣɫɬвɢɹ ɞеɠɭɪɧɨɝɨ 
ɩеɪɫɨɧаɥа ɢ ɞɪɭɝɢх ɪаɛɨɬɧɢɤɨв ɩɪɢ вɨɡɧɢɤɧɨвеɧɢɢ ɩɨɠаɪа ɢ еɝɨ ɬɭшеɧɢɢ. 
Ƚɪаɮɢɱеɫɤаɹ ɱаɫɬɶ ɩɥаɧа ɫɨɫɬавɥɹеɬɫɹ ɫɨɝɥаɫɧɨ ɬɪеɛɨваɧɢɹɦ ɩɨ ɪаɡɪаɛɨɬɤе 
ɨɩеɪаɬɢвɧых ɩɥаɧɨв ɢ ɨɩеɪаɬɢвɧых ɤаɪɬɨɱеɤ ɩɨ ɬɭшеɧɢɸ ɩɨɠаɪɨв. 

Ⱦɨɩɭɫɤаеɬɫɹ ɬɭшеɧɢе ɩɨɠаɪɨв в эɥеɤɬɪɨɭɫɬаɧɨвɤах, ɧахɨɞɹɳɢхɫɹ ɩɨɞ 
ɧаɩɪɹɠеɧɢеɦ, ɩɨɪɨшɤɨвыɦɢ (ɞɨ 1 ɤȼ ɢɥɢ ɞɨ ɧаɩɪɹɠеɧɢɹ, ɭɤаɡаɧɧɨɝɨ ɡавɨɞɨɦ-

ɢɡɝɨɬɨвɢɬеɥеɦ), ɭɝɥеɤɢɫɥɨɬɧыɦɢ (ɞɨ 10 ɤȼ) ɨɝɧеɬɭшɢɬеɥɹɦɢ, а еɫɥɢ вɨɡɧɢɤшɢɣ 
ɩɨɠаɪ ɧе ɩɨɬɭшеɧ, ɬɨ вɨɞɨɣ ɫ ɫɨɛɥɸɞеɧɢеɦ ɬɪеɛɨваɧɢɣ ɩɪавɢɥ ɛеɡɨɩаɫɧɨɫɬɢ (в 
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ɞɢэɥеɤɬɪɢɱеɫɤɢх  ɩеɪɱаɬɤах ɢ ɛɨɬах, ɫ ɡаɡеɦɥеɧɢеɦ ɩɨɠаɪɧɨɝɨ ɫɬвɨɥа ɢ ɧаɫɨɫа 
аваɪɢɣɧɨ-ɫɩаɫаɬеɥɶɧɨɝɨ ɢ ɩɨɠаɪɧɨɝɨ авɬɨɦɨɛɢɥɹ ɩɭɬеɦ ɩɪɢɫɨеɞɢɧеɧɢɹ ɢх ɤ 
ɨɛɳеɦɭ ɤɨɧɬɭɪɭ ɡаɡеɦɥеɧɢɹ ɪаɫɩɪеɞеɥɢɬеɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬва) ɢ ɦɢɧɢɦаɥɶɧɨ 
ɞɨɩɭɫɬɢɦых ɪаɫɫɬɨɹɧɢɣ ɫɨɝɥаɫɧɨ ɬаɛɥ. 6.2.1. 

 

Ɍаɛɥɢɰа 6.2.1 – Ɇɢɧɢɦаɥɶɧɨ ɞɨɩɭɫɬɢɦые ɪаɫɫɬɨɹɧɢɹ ɨɬ ɞеɣɫɬвɭɸɳɢх 
эɥеɤɬɪɨɭɫɬаɧɨвɨɤ ɞɨ ɧаɫаɞɨɤ ɩɨɠаɪɧых ɫɬвɨɥɨв 

ɇɨɦɢɧаɥɶɧɨе 
ɧаɩɪɹɠеɧɢе 

эɥеɤɬɪɨɭɫɬаɧɨвɤɢ, 
ɤȼ 

Ɇɢɧɢɦаɥɶɧɨ ɞɨɩɭɫɬɢɦые ɪаɫɫɬɨɹɧɢɹ ɨɬ ɧаɫаɞɤɢ ɩɨɠаɪɧɨɝɨ 
ɫɬвɨɥа (ɩɪɢ ɫɬɪɭе вɨɞы, ɩɨɞаваеɦɨɣ ɢɡ ɩɨɠаɪɧых ɫɬвɨɥɨв ɫ 

ɞɢаɦеɬɪɨɦ ɫɩɪыɫɤа 13 ɦɦ) 
ɞɨ ɝɨɪɹɳɢх эɥеɤɬɪɨɭɫɬаɧɨвɨɤ ɢ ɤаɛеɥеɣ, ɦ 

Ⱦɨ 1 ɤȼ вɤɥɸɱɢɬеɥɶɧɨ 4,0 

Ɉɬ 1 ɞɨ 10 6,0 

Ɉɬ 10 ɞɨ 35 8,0 

Ɉɬ 35 ɞɨ 110 10,0 

 

ɉɪɢɦеɱаɧɢе. ȼ ɩеɪɢɨɞ ɢɧɬеɧɫɢвɧɨɝɨ ɬаɹɧɢɹ ɫɧеɠɧых ɦаɫɫ ɩɪɢ ɬеɦɩеɪаɬɭɪе 
ɨɤɪɭɠаɸɳеɝɨ вɨɡɞɭха выше 0 °ɋ ɭɤаɡаɧɧые ɪаɫɫɬɨɹɧɢɹ ɧеɨɛхɨɞɢɦɨ ɭвеɥɢɱɢɬɶ ɧа 
30 Σ. ɉɪɢɦеɧеɧɢе ɫɨɥеɧɨɣ ɢ ɫɢɥɶɧɨ ɡаɝɪɹɡɧеɧɧɨɣ вɨɞы ɞɥɹ ɬɭшеɧɢɹ ɩɨɠаɪɨв в 
эɥеɤɬɪɨɭɫɬаɧɨвɤах ɡаɩɪеɳаеɬɫɹ в ɫвɹɡɢ ɫ ее ɩɨвышеɧɧɨɣ эɥеɤɬɪɨɩɪɨвɨɞɧɨɫɬɶɸ. 

ɉɪɢ вɨɡɦɨɠɧɨɫɬɢ ɨɫеɞаɧɢɹ ɤɨɩɨɬɢ ɢ ɫаɠɢ ɧа ɩɨвеɪхɧɨɫɬɢ ɢɡɨɥɹɰɢɢ 
эɥеɤɬɪɨɨɛɨɪɭɞɨваɧɢɹ, ɧа ɩɪɨвɨɞах, ɩɪɢɛɨɪах, ɭɫɬɪɨɣɫɬвах ɡаɳɢɬы ɢ авɬɨɦаɬɢɤɢ 
ɧеɨɛхɨɞɢɦɨ ɨɬɤɥɸɱɢɬɶ ɨɛɨɪɭɞɨваɧɢе в ɪаɫɩɪеɞеɥɢɬеɥɶɧɨɦ ɭɫɬɪɨɣɫɬве, а в 
ɡаɤɪыɬых ɪаɫɩɪеɞеɥɢɬеɥɶɧых ɭɫɬɪɨɣɫɬвах (ȽɊɍ, ɄɊɍ, Ɋɍɋɇ) – ɫɧɹɬɶ ɧаɩɪɹɠеɧɢе 
ɫ ɫеɤɰɢɢ шɢɧ ɞɥɹ ɩɪеɞɨɬвɪаɳеɧɢɹ ɢх ɩɨвɪеɠɞеɧɢɹ вɫɥеɞɫɬвɢе ɤɨɪɨɬɤɢх 
ɡаɦыɤаɧɢɣ. 

Ɍɪаɧɫɮɨɪɦаɬɨɪɧɨе ɦаɫɥɨ, ɪаɡɥɢвшееɫɹ в ɹɱеɣɤе ɢɥɢ в ɤɨɪɢɞɨɪе 
ɪаɫɩɪеɞеɥɢɬеɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬва, ɫɥеɞɭеɬ ɬɭшɢɬɶ ɬɨɧɤɨɪаɫɩыɥеɧɧɨɣ вɨɞɨɣ, 
ɩɨɪɨшɤɨвыɦɢ ɫɨɫɬаваɦɢ, ɩеɫɤɨɦ ɢɥɢ ɫ ɢɫɩɨɥɶɡɨваɧɢеɦ аɫɛеɫɬɨвɨɝɨ ɩɨɥɨɬɧа ɢ 
ɩɨɥɨɬеɧ ɧа ɨɫɧɨве ɦɢɧеɪаɥɶɧых вɨɥɨɤɨɧ. 

ɉɪɢ ɩɨɠаɪе в ȽɊɍ, ɄɊɍ, ɄɊɍɇ ɢ Ɋɍɋɇ ɨɫɭɳеɫɬвɥɹɸɬ ɤɨɧɬɪɨɥɶ ɡа ɧаɝɪевɨɦ 

ɫɢɥɨвых ɢ ɤɨɧɬɪɨɥɶɧых ɤаɛеɥеɣ, ɪаɫɩɨɥɨɠеɧɧых в ɩɨɦеɳеɧɢɹх ɩɨɞ эɬɢɦɢ 
ɪаɫɩɪеɞеɥɢɬеɥɶɧыɦɢ ɭɫɬɪɨɣɫɬваɦɢ, ɢ ɩɪеɞɭɩɪеɞɢɬɶ вɨɡɦɨɠɧɨɫɬɶ ɢх ɡаɝɨɪаɧɢɹ. 

ɉɪɢ ɩɨɠаɪе ɧа ɩɭɧɤɬах (ɳɢɬах) ɭɩɪавɥеɧɢɹ ɢ ɧа ɩаɧеɥɹх ɫ ɭɫɬɪɨɣɫɬваɦɢ 
ɪеɥеɣɧɨɣ ɡаɳɢɬы, авɬɨɦаɬɢɤɢ ɢ ɭɩɪавɥеɧɢɹ ɞɨɥɠɧы ɩɪɢɧɢɦаɬɶɫɹ ɦеɪы ɩɨ 
ɭɦеɧɶшеɧɢɸ ɨɛɴеɦɨв ɩɨвɪеɠɞеɧɢɹ ɭɫɬɪɨɣɫɬв ɭɩɪавɥеɧɢɹ, ɬеɥеɫɢɝɧаɥɢɡаɰɢɢ, 
ɬеɥеɭɩɪавɥеɧɢɹ, ɪеɥеɣɧɨɣ ɡаɳɢɬы, авɬɨɦаɬɢɤɢ ɢ ɩɢɬаɸɳɢх ɢх ɤаɛеɥеɣ. 

Ɍɭшеɧɢе ɩɨɠаɪɨв ɧа ɩɭɧɤɬах ɢ ɳɢɬах ɭɩɪавɥеɧɢɹ ɩɪɢ ɧаɥɢɱɢɢ ɧа ɧɢх 
эɥеɤɬɪɨɭɫɬаɧɨвɨɤ ɧаɩɪɹɠеɧɢеɦ ɞɨ 400 ȼ вɤɥɸɱɢɬеɥɶɧɨ ɞɨɩɭɫɤаеɬɫɹ ɩɪɨвɨɞɢɬɶ ɩɨɞ 
ɧаɩɪɹɠеɧɢеɦ ɫ ɩɪɢɦеɧеɧɢеɦ ɭɝɥеɤɢɫɥɨɬɧых ɢ ɩɨɪɨшɤɨвых ɨɝɧеɬɭшɢɬеɥеɣ. 

ɉɪɢ ɧеɨɛхɨɞɢɦɨɫɬɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɢɧɞɢвɢɞɭаɥɶɧые ɫɪеɞɫɬва ɡаɳɢɬы ɨɪɝаɧɨв 
ɞыхаɧɢɹ. 
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ɋɨɡɞаɧɢе ɢ ɢɫɩɨɥɶɡɨваɧɢе ɧеɫɧɢɠаеɦɨɝɨ аваɪɢɣɧɨɝɨ ɫɬɪахɨвɨɝɨ ɡаɩаɫа 
ɡаɩаɫɧых ɱаɫɬеɣ, ɨɛɨɪɭɞɨваɧɢɹ, ɢɡɞеɥɢɣ ɢ ɦаɬеɪɢаɥɨв ɩɪɨɢɡвɨɞɹɬɫɹ в 
ɫɨɨɬвеɬɫɬвɢɢ ɫ ɧɨɪɦаɦɢ ɇɊ 34-00-092–86. 

 

6.3 Эɥɟɤɬɪɨɛɟɡɨɩɚɫɧɨɫɬɶ 

          ȼ ɫɨɫɬав ɫеɤɰɢɢ ɝɢɞɪɨɨɱɢɫɬɤɢ ɞɢɡеɥɶɧɨɝɨ ɬɨɩɥɢва вхɨɞɹɬ ɤаɤ 
ɧɢɡɤɨвɨɥɶɬɧые, ɬаɤ ɢ выɫɨɤɨвɨɥɶɬɧые эɥеɤɬɪɨɩɪɢёɦɧɢɤɢ, ɫ ɧаɩɪɹɠеɧɢеɦ ɩɢɬаɧɢɹ 
3κ0 ɢ 6000 ȼ ɫɨɨɬвеɬɫɬвеɧɧɨ.  

         Эɥеɤɬɪɨɭɫɬаɧɨвɤɢ ɧаɩɪɹɠеɧɢеɦ ɞɨ 1 ɤȼ ɢɦеɸɬ ɝɥɭхɨɡаɡеɦɥёɧɧɭɸ ɧеɣɬɪаɥɶ, 
выше 1 ɤȼ – ɢɡɨɥɢɪɨваɧɧɭɸ. 

        Эɥеɤɬɪɨɨɛɨɪɭɞɨваɧɢе эɤɫɩɥɭаɬɢɪɭеɬɫɹ ɤаɤ ɧа ɨɬɤɪыɬых ɩɥɨɳаɞɤах, ɬаɤ ɢ в 
ɩɨɦеɳеɧɢɹх ɫ ɛɨɥɶшɨɣ вɥаɠɧɨɫɬɶɸ ɢ ɩɨвышеɧɧɨɣ ɬеɦɩеɪаɬɭɪɨɣ вɨɡɞɭха, 
ɡаɝɪɹɡɧеɧɧɨɝɨ ɝаɡаɦɢ, ɩаɪаɦɢ ɢ аэɪɨвɡвеɫɹɦɢ веɳеɫɬв, ɪаɡɪɭшаɸɳɢɦɢ ɢɡɨɥɹɰɢɸ ɢ 
ɬɨɤɨвеɞɭɳɢе ɱаɫɬɢ ɨɛɨɪɭɞɨваɧɢɹ. 

        Эɥеɤɬɪɢɱеɫɤɢɣ ɬɨɤ ɧе ɢɦееɬ ɡаɩаха, ɰвеɬа ɢ ɛеɫшɭɦеɧ. ɇеɫɩɨɫɨɛɧɨɫɬɶ 
ɨɪɝаɧɢɡɦа ɱеɥɨвеɤа ɨɛɧаɪɭɠɢваɬɶ еɝɨ ɞɨ ɧаɱаɥа ɞеɣɫɬвɢɹ ɩɪɢвɨɞɢɬ ɤ ɬɨɦɭ, ɱɬɨ 
ɪаɛɨɬаɸɳɢе ɱаɫɬɨ ɧе ɨɫɨɡɧаɸɬ ɪеаɥɶɧɨ ɢɦеɸɳɢеɫɹ ɨɩаɫɧɨɫɬɢ ɢ ɧе ɩɪɢɧɢɦаɸɬ 
ɫвɨевɪеɦеɧɧɨ ɧеɨɛхɨɞɢɦых ɡаɳɢɬɧых ɦеɪ. ɋɬаɬɢɫɬɢɱеɫɤɢе ɞаɧɧые ɩɨ 
эɥеɤɬɪɨɬɪавɦаɬɢɡɦɭ ɩɨɤаɡываɸɬ, ɱɬɨ ɩɨɪаɠеɧɢе эɥеɤɬɪɢɱеɫɤɢɦ ɬɨɤɨɦ ɩɨ 
ɫɪавɧеɧɢɸ ɫ ɞɪɭɝɢɦɢ вɢɞаɦɢ ɬɪавɦаɬɢɡɦа ɧевеɥɢɤɨ, ɧɨ ɨɧɢ ɧɨɫɹɬ ɛɨɥее ɬɹɠеɥыɣ 
хаɪаɤɬеɪ. Ɉɫɧɨва ɨɪɝаɧɢɡаɰɢɢ ɛеɡɨɩаɫɧɨɣ эɤɫɩɥɭаɬаɰɢɢ эɥеɤɬɪɨɨɛɨɪɭɞɨваɧɢɹ – 

выɫɨɤаɹ ɬехɧɢɱеɫɤаɹ ɝɪаɦɨɬɧɨɫɬɶ ɨɛɫɥɭɠɢваɸɳеɝɨ ɩеɪɫɨɧаɥа.  

         ɉɪɢ ɧаɪɭшеɧɢɢ ɩɪавɢɥ ɬехɧɢɱеɫɤɨɣ эɤɫɩɥɭаɬаɰɢɢ эɥеɤɬɪɨɨɛɨɪɭɞɨваɧɢɹ  ɢ 
ɩɪавɢɥ ɛеɡɨɩаɫɧɨɫɬɢ,  эɥеɤɬɪɢɱеɫɤɢɣ ɬɨɤ ɦɨɠеɬ ɫɬаɬɶ  ɩɪɢɱɢɧɨɣ ɬɪавɦы. 

         Ɉɫɧɨвɧые ɩɪɢɱɢɧы ɩɨɪаɠеɧɢɹ эɥеɤɬɪɢɱеɫɤɢɦ ɬɨɤɨɦμ 

- ɧеɢɫɩɪавɧɨɫɬɶ эɥеɤɬɪɨɨɛɨɪɭɞɨваɧɢɹ, ɩɪɨвɨɞɨв ɢ ɩɭɫɤɨвых ɭɫɬɪɨɣɫɬв; 

- ɨɬɫɭɬɫɬвɢе ɢɥɢ ɧеɭɞɨвɥеɬвɨɪɢɬеɥɶɧɨе ɫɨɫɬɨɹɧɢе ɡаɳɢɬɧых ɭɫɬɪɨɣɫɬв 
(ɡаɡеɦɥеɧɢе, ɡаɧɭɥеɧɢе); 

- ɨɬɫɭɬɫɬвɢе ɢɥɢ ɧеɩɪɢɦеɧеɧɢе ɫɪеɞɫɬв ɢɧɞɢвɢɞɭаɥɶɧɨɣ ɡаɳɢɬы; 

- ɧеɫɨɨɬвеɬɫɬвɢе ɩɪɢɦеɧɹеɦɨɝɨ ɨɛɨɪɭɞɨваɧɢɹ ɭɫɥɨвɢɹɦ ɩɪɨɢɡвɨɞɫɬва. 

         ɉɪɢ вɨɡɞеɣɫɬвɢɢ эɥеɤɬɪɢɱеɫɤɨɝɨ ɬɨɤа ɩɪɨɢɫхɨɞɢɬ ɧаɪɭшеɧɢе ɨɫɧɨвɧых 
ɮɢɡɢɨɥɨɝɢɱеɫɤɢх ɮɭɧɤɰɢɣ ɨɪɝаɧɢɡɦа – ɞыхаɧɢɹ, ɪаɛɨɬы ɫеɪɞɰа, ɤɪɨвɨɨɛɪаɳеɧɢɹ, 
ɨɛɦеɧа веɳеɫɬв ɢ ɬ.ɞ.  
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        Ⱦɥɹ ɡаɳɢɬы ɪаɛɨɬаɸɳɢх ɨɬ ɩɨɪаɠеɧɢɹ эɥеɤɬɪɢɱеɫɤɢɦ ɬɨɤɨɦ ɢɫɩɨɥɶɡɭɸɬ 
ɫɥеɞɭɸɳɢе ɡаɳɢɬɧые ɦеɪыμ  

       Ɍехɧɢɱеɫɤɢе ɫɩɨɫɨɛыμ 

- ɡаɳɢɬɧɨе ɡаɡеɦɥеɧɢе; 

- ɡаɧɭɥеɧɢе; 

- выɪавɧɢваɧɢе ɩɨɬеɧɰɢаɥɨв; 

- ɦаɥɨе ɧаɩɪɹɠеɧɢе; 

- эɥеɤɬɪɢɱеɫɤɨе ɪаɡɞеɥеɧɢе ɫеɬеɣ; 

- ɡаɳɢɬɧɨе ɨɬɤɥɸɱеɧɢе; 

- ɢɡɨɥɹɰɢɹ ɬɨɤɨвеɞɭɳɢх ɱаɫɬеɣ (ɪаɛɨɱаɹ, ɞɨɩɨɥɧɢɬеɥɶɧаɹ, ɭɫɢɥеɧɧаɹ, 
ɞвɨɣɧаɹ); 

- ɩɪеɞɭɩɪеɞɢɬеɥɶɧаɹ ɫɢɝɧаɥɢɡаɰɢɹ, ɛɥɨɤɢɪɨвɤа, ɡɧаɤɢ ɛеɡɨɩаɫɧɨɫɬɢ. 

       Эɥеɤɬɪɨɡаɳɢɬɧые ɫɪеɞɫɬваμ 

- ɢɡɨɥɢɪɭɸɳɢе шɬаɧɝɢ (ɨɩеɪаɬɢвɧые, ɞɥɹ ɧаɥɨɠеɧɢɹ ɡаɡеɦɥеɧɢɹ, 
ɢɡɦеɪɢɬеɥɶɧые), ɢɡɨɥɢɪɭɸɳɢе ɤɥеɳɢ (ɞɥɹ ɨɩеɪаɰɢɣ ɫ ɩɪеɞɨхɪаɧɢɬеɥɹɦɢ) 
ɢ эɥеɤɬɪɨɢɡɦеɪɢɬеɥɶɧые ɭɤаɡаɬеɥɢ ɧаɩɪɹɠеɧɢɹ, ɭɤаɡаɬеɥɢ ɞɥɹ ɮаɡɢɪɨвɤɢ 
ɢ ɬ.ɞ.; 

- ɢɡɨɥɢɪɭɸɳɢе ɭɫɬɪɨɣɫɬва ɢ ɩɪɢɫɩɨɫɨɛɥеɧɢɹ ɞɥɹ ɪеɦɨɧɬɧых ɪаɛɨɬ ɩɨɞ 
ɧаɩɪɹɠеɧɢеɦ выше 1000 ȼ ɢ ɫɥеɫаɪɧɨ-ɦɨɧɬаɠɧыɣ ɢɧɫɬɪɭɦеɧɬ ɫ 
ɢɡɨɥɢɪɭɸɳɢɦɢ ɪɭɤɨɹɬɤаɦɢ ɞɥɹ ɪаɛɨɬы в эɥеɤɬɪɨɭɫɬаɧɨвɤах ɧаɩɪɹɠеɧɢеɦ 
ɞɨ 1000 ȼ; 

- ɞɢэɥеɤɬɪɢɱеɫɤɢе ɩеɪɱаɬɤɢ, ɛɨɬы, ɝаɥɨшɢ, ɤɨвɪы, ɢɡɨɥɢɪɭɸɳɢе ɧаɤɥаɞɤɢ 
ɢ ɩɨɞɫɬавɤɢ; 

- ɢɧɞɢвɢɞɭаɥɶɧые эɤɪаɧɢɡɢɪɭɸɳɢе ɤɨɦɩɥеɤɬы; 

- ɩеɪеɧɨɫɧые ɡаɡеɦɥеɧɢɹ; 

- ɨɝɪаɞɢɬеɥɶɧые ɭɫɬɪɨɣɫɬва ɢ ɞɢэɥеɤɬɪɢɱеɫɤɢе ɤɨɥɩаɤɢ; 

- ɩɥаɤаɬы ɢ ɡɧаɤɢ ɛеɡɨɩаɫɧɨɫɬɢ. 

         ɇаɡɧаɱеɧɢе ɡаɳɢɬɧɨɝɨ ɡаɡеɦɥеɧɢɹ – ɭɫɬɪаɧеɧɢе ɨɩаɫɧɨɫɬɢ ɩɨɪаɠеɧɢɹ ɥɸɞеɣ 
эɥеɤɬɪɢɱеɫɤɢɦ ɬɨɤɨɦ ɩɪɢ ɩɨɹвɥеɧɢɢ ɧаɩɪɹɠеɧɢɹ ɧа ɤɨɧɫɬɪɭɤɬɢвɧых ɱаɫɬɹх 
ɨɛɨɪɭɞɨваɧɢɹ (ɪаɫɱёɬ ɡаɡеɦɥеɧɢɹ ɫɦ. в ɱаɫɬɢ “Эɥеɤɬɪɨɫɧаɛɠеɧɢе”). ɉɪɢɱɢɧы 
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ɞеɣɫɬвɢɹ ɡаɳɢɬɧɨɝɨ ɡаɡеɦɥеɧɢɹ – ɫɧɢɠеɧɢе ɞɨ ɛеɡɨɩаɫɧых ɡɧаɱеɧɢɣ ɧаɩɪɹɠеɧɢɣ 
ɩɪɢɤɨɫɧɨвеɧɢɣ ɢ шаɝа, ɨɛɭɫɥɨвɥеɧɧых «ɡаɦыɤаɧɢеɦ ɧа ɤɨɪɩɭɫ». Ʉɨɧɬɪɨɥɶ ɢ 
ɩɪɨɮɢɥаɤɬɢɤа ɩɨвɪеɠɞеɧɢɣ ɢɡɨɥɹɰɢɢ ɨɬɧɨɫɢɬɫɹ ɤ ɡаɳɢɬɧыɦ ɦеɪаɦ. ȼ ɩɨɪɹɞɤе 
ɩɪɨɮɢɥаɤɬɢɤɢ ɧеɨɛхɨɞɢɦɨ ɤɨɧɬɪɨɥɢɪɨваɬɶ ɫɨɫɬɨɹɧɢе ɫɨɩɪɨɬɢвɥеɧɢɹ ɢɡɨɥɹɰɢɢ 
ɩɪɨвɨɞɨв ɨɬɧɨɫɢɬеɥɶɧɨ ɡеɦɥɢ ɢ ɞɪɭɝ ɞɪɭɝа. Ȼɨɥее ɧаɞеɠɧɨɣ ɦеɪɨɣ ɡаɳɢɬы 
ɹвɥɹеɬɫɹ ɞвɨɣɧаɹ ɢɡɨɥɹɰɢɹ. 

ɋɨɩɪɨɬɢвɥеɧɢе ɭɬеɱɤɢ ɬɨɤа в ɥɸɛɨɣ ɬɨɱɤе ɨɛɨɪɭɞɨваɧɢɹ ɩɪɢ ɫаɦых 
ɧеɛɥаɝɨɩɪɢɹɬɧых ɭɫɥɨвɢɹх ɧе ɩɪевышаеɬ 10 Ɉɦ. 

         Ɉɛɨɪɭɞɨваɧɢе, аɩɩаɪаɬы, ɬɪɭɛɨɩɪɨвɨɞы, ɫвɹɡаɧɧые ɫ ɩɪɢеɦɨɦ ɢ 
ɩеɪеɦеɳеɧɢеɦ ɠɢɞɤɨɫɬеɣ, ɫыɩɭɱɢх веɳеɫɬв ɩɪɢ ɩɪɢеɦе ɢ выɝɪɭɡɤе ɤаɬаɥɢɡаɬɨɪɨв, 
ɹвɥɹɸɳɢхɫɹ ɢɫɬɨɱɧɢɤɨɦ вɨɡɧɢɤɧɨвеɧɢɹ ɫɬаɬɢɱеɫɤɨɝɨ эɥеɤɬɪɢɱеɫɬва, ɡаɳɢɳеɧы в 
ɫɨɨɬвеɬɫɬвɢɢ ɫ ɬɪеɛɨваɧɢɹɦɢ ɞеɣɫɬвɭɸɳɢх ɩɪавɢɥ ɡаɳɢɬы ɨɬ ɫɬаɬɢɱеɫɤɨɝɨ 
эɥеɤɬɪɢɱеɫɬва в ɩɪɨɢɡвɨɞɫɬвах хɢɦɢɱеɫɤɨɣ ɢ ɧеɮɬехɢɦɢɱеɫɤɨɣ ɩɪɨɦышɥеɧɧɨɫɬɢ.         
ɉɨɞ ɫɬаɬɢɱеɫɤɢɦ эɥеɤɬɪɢɱеɫɬвɨɦ ɩɪɢɧɹɬɨ ɩɨɧɢɦаɬɶ эɥеɤɬɪɢɱеɫɤɢе ɡаɪɹɞы, 
ɧахɨɞɹɳɢеɫɹ в ɫɨɫɬɨɹɧɢɢ ɨɬɧɨɫɢɬеɥɶɧɨɝɨ ɩɨɤɨɹ, ɪаɫɩɪеɞеɥеɧɧые ɧа ɩɨвеɪхɧɨɫɬɢ 
ɢɥɢ в ɨɛɴеɦе ɞɢэɥеɤɬɪɢɤа, ɧа ɩɨвеɪхɧɨɫɬɢ ɢɡɨɥɢɪɨваɧɧɨɝɨ ɩɪɨвɨɞɧɢɤа. 
ɉеɪеɦеɳеɧɢе ɡаɪɹɞɨв ɫɬаɬɢɱеɫɤɨɝɨ эɥеɤɬɪɢɱеɫɬва в ɩɪɨɫɬɪаɧɫɬве ɨɛыɱɧɨ 
ɩɪɨɢɫхɨɞɢɬ вɦеɫɬе ɫ ɧаэɥеɤɬɪɢɡɨваɧɧыɦɢ ɬеɥаɦɢ. 

          Ɏɢɡɢɨɥɨɝɢɱеɫɤɨе вɨɡɞеɣɫɬвɢе ɫɬаɬɢɱеɫɤɨɝɨ эɥеɤɬɪɢɱеɫɬва ɧа ɨɪɝаɧɢɡɦ 
ɱеɥɨвеɤа ɦɨɠеɬ ɩɪɨɹвɥɹɬɶɫɹ в ɮɨɪɦе ɦаɥɨɝɨ ɬɨɤа, ɞɥɢɬеɥɶɧɨ ɩɪɨɬеɤаɸɳеɝɨ ɱеɪеɡ 
ɬеɥɨ ɱеɥɨвеɤа; ɤɪаɬɤɨвɪеɦеɧɧɨɝɨ эɥеɤɬɪɢɱеɫɤɨɝɨ ɡаɪɹɞа, а ɬаɤɠе эɥеɤɬɪɢɱеɫɤɨɝɨ 
ɩɨɥɹ, ɞеɣɫɬвɭɸɳеɝɨ ɧа ɨɪɝаɧɢɡɦ ɱеɥɨвеɤа. ȼыɡываеɦые ɫɬаɬɢɱеɫɤɢɦ 
эɥеɤɬɪɢɱеɫɬвɨɦ ɧеɩɪɢɹɬɧые ɨɳɭɳеɧɢɹ ɦɨɝɭɬ ɹвɢɬɶɫɹ ɩɪɢɱɢɧаɦɢ ɪаɡвɢɬɢɹ 
ɧевɪаɫɬеɧɢɢ, ɝɨɥɨвɧɨɣ ɛɨɥɢ, ɩɥɨхɨɝɨ ɫɧа, ɪаɡɞɪаɠɢɬеɥɶɧɨɫɬɢ, ɧеɩɪɢɹɬɧых 
ɨɳɭɳеɧɢɣ в ɨɛɥаɫɬɢ ɫеɪɞɰа ɢ ɬ.ɞ. 

           ɍɫɬаɧɨвɥеɧɨ, ɱɬɨ ɧахɨɞɹɳɢɣɫɹ ɩɨɞ ɩɨɬеɧɰɢаɥɨɦ ɨɪɝаɧɢɡɦ ɛɨɥее ɩɥɨɬɧɨ 
ɭɫваɢваеɬ ɝаɡы ɢ ɩаɪы ɪаɡɥɢɱɧых веɳеɫɬв. 

          Ⱦɥɹ ɨɬвɨɞа ɫɬаɬɢɱеɫɤɨɝɨ эɥеɤɬɪɢɱеɫɬва, ɧаɤаɩɥɢваɸɳеɝɨɫɹ ɧа ɥɸɞɹх, 
ɨɫɨɛеɧɧɨ ɩɪɢ выɩɨɥɧеɧɢɢ ɪɭɱɧых ɨɩеɪаɰɢɣ (ɩɪɨɦывɤа, ɱɢɫɬɤа) ɧеɨɛхɨɞɢɦɨμ 

- ɨɛеɫɩеɱɢɬɶ ɪаɛɨɬаɸɳɢх в эɬɢх ɩɨɦеɳеɧɢɹх ɬɨɤɨɨɬвɨɞɹɳеɣ ɨɛɭвɶɸ; 

- ɧе ɞɨɩɭɫɤаɬɶ ɩɪɢɦеɧеɧɢɹ ɨɞеɠɞы ɢɡ ɫɢɧɬеɬɢɱеɫɤɢх ɦаɬеɪɢаɥɨв. 

          Ɋаɡɪɹɞы аɬɦɨɫɮеɪɧɨɝɨ эɥеɤɬɪɢɱеɫɬва ɫɩɨɫɨɛɧы выɡваɬɶ вɡɪывы, ɡаɝɨɪаɧɢɹ ɢ 
ɪаɡɪɭшеɧɢɹ ɧаɡеɦɧых ɨɛɴеɤɬɨв, ɩɨэɬɨɦɭ ɧеɨɛхɨɞɢɦɨ ɩɪɢɧɢɦаɬɶ ɫɩеɰɢаɥɶɧые 
ɦеɪы ɡаɳɢɬы ɨɬ ɦɨɥɧɢɢ. ɋɨɨɪɭɠеɧɢɹ ɩɪеɞɩɪɢɹɬɢɣ ɧеɮɬеɩɪɨɞɭɤɬɨɨɛеɫɩеɱеɧɢɹ 
ɞɨɥɠɧы ɛыɬɶ ɡаɳɢɳеɧы ɨɬ ɩɪɹɦых ɭɞаɪɨв ɦɨɥɧɢɢ, ее вɬɨɪɢɱɧых ɩɪɨɹвɥеɧɢɣ. ɉɪɢ 
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эɤɫɩɥɭаɬаɰɢɢ ɭɫɬɪɨɣɫɬв ɦɨɥɧɢеɡаɳɢɬы ɞɨɥɠɧɨ ɨɫɭɳеɫɬвɥɹɬɶɫɹ ɫɢɫɬеɦаɬɢɱеɫɤɨе 
ɧаɛɥɸɞеɧɢе ɡа ɢх ɫɨɫɬɨɹɧɢеɦ. 

Ɂаɳɢɬа ɡɞаɧɢɣ, ɫɨɨɪɭɠеɧɢɣ ɢ ɬехɧɨɥɨɝɢɱеɫɤɨɝɨ ɨɛɨɪɭɞɨваɧɢɹ ɨɬ ɩɪɹɦых 
ɭɞаɪɨв ɦɨɥɧɢɢ выɩɨɥɧеɧа в ɫɨɨɬвеɬɫɬвɢɢ ɫɨ вɫеɦɢ ɫɨвɪеɦеɧɧыɦɢ ɧɨɪɦаɦɢ ɢ 
ɬɪеɛɨваɧɢɹɦɢ. ɉɨ ɭɫɬɪɨɣɫɬвɭ ɦɨɥɧɢеɡаɳɢɬы ɨɛɴеɤɬы ɭɫɬаɧɨвɤɢ в ɨɫɧɨвɧɨɦ 
ɨɬɧɨɫɹɬɫɹ ɤɨ II ɤаɬеɝɨɪɢɢ.  

ɏаɪаɤɬеɪ вɨɡɞеɣɫɬвɢɹ ɩеɪеɦеɧɧɨɝɨ ɬɨɤа ɩɪɨɦышɥеɧɧɨɣ ɱаɫɬɨɬы ɧа ɨɪɝаɧɢɡɦ 
ɱеɥɨвеɤа ɪаɫɫɦɨɬɪеɧ в ɩɪɢɥɨɠеɧɢɢ в вɢɞе ɫɥаɣɞа (ɨɛɨɡɧаɱеɧɢе ɫɥаɣɞа 
Ⱦɉ.1κ04.λκ.λ0κ.0λ.ȻɀȾ). 

 

7 Эɤɨɧɨɦɢɱɟɫɤɚɹ ɱɚɫɬɶ 

7.1 Эɤɨɧɨɦɢɱɟɫɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɦɟɫɬɨɪɨɠɞɟɧɢɹ 

 

əɦаɥɨ-ɇеɧеɰɤɢɣ авɬɨɧɨɦɧыɣ ɨɤɪɭɝ (əɇȺɈ) ɱаɫɬɨ ɧаɡываɸɬ ɝаɡɨвыɦ 
ɫеɪɞɰеɦ Ɋɨɫɫɢɢ. Ɂɞеɫɶ ɫɨɫɪеɞɨɬɨɱеɧɨ 70Σ ее ɞɨɤаɡаɧɧых ɡаɩаɫɨв ɩɪɢɪɨɞɧɨɝɨ ɝаɡа 
ɢ 1κΣ ɧеɮɬɢ ɢ ɝаɡɨвɨɝɨ ɤɨɧɞеɧɫаɬа. ȼ авɬɨɧɨɦɧɨɦ ɨɤɪɭɝе ɨɬɤɪыɬы 232 
ɦеɫɬɨɪɨɠɞеɧɢɹ ɭɝɥеɪɨɞɧɨɝɨ ɫыɪɶɹ, ɢɡ ɤɨɬɨɪых ɬɨɥɶɤɨ 63 ɧахɨɞɹɬɫɹ в 
ɩɪɨɦышɥеɧɧɨɣ ɪаɡɪаɛɨɬɤе, а 1λ ɩɨɞɝɨɬɨвɥеɧы ɤ эɤɫɩɥɭаɬаɰɢɢ. ɇа 150 
ɦеɫɬɨɪɨɠɞеɧɢɹх веɞɭɬɫɹ ɝеɨɥɨɝɨɪаɡвеɞɨɱɧые ɪаɛɨɬы. 

Ɋеɫɭɪɫɧаɹ ɛаɡа ɨɝɪɨɦɧа — ɧаɱаɥɶɧые ɫɭɦɦаɪɧые ɪеɫɭɪɫы ɩɪɢɪɨɞɧɨɝɨ ɝаɡа в 
авɬɨɧɨɦɧɨɦ ɨɤɪɭɝе ɨɰеɧɢваɸɬɫɹ в 125,3 ɬɪɥɧ ɤɭɛɨɦеɬɪɨв, ɢɡ ɤɨɬɨɪых ɧа ɫеɝɨɞɧɹ 
ɞɨɛыɬɨ 14 ɬɪɥɧ. Эɬɨ, ɤɨɧеɱɧɨ, ɫаɦɨ ɩɨ ɫеɛе ɦɧɨɝɨ, ɧɨ ɡа 40 ɥеɬ ɫ ɧаɱаɥа 
ɩɪɨɦышɥеɧɧɨɣ ɪаɡɪаɛɨɬɤɢ Ɍаɡɨвɫɤɨɝɨ ɦеɫɬɨɪɨɠɞеɧɢɹ ɢɡ ɧеɞɪ əɦаɥа ɛыɥɨ 
ɢɡвɥеɱеɧɨ ɧеɦɧɨɝɢɦ ɛɨɥее 11Σ ɨɛɳеɣ ɨɰеɧɤɢ ɪеɫɭɪɫɧɨɣ ɛаɡы ɨɤɪɭɝа ɢ ɨɤɨɥɨ 30Σ 
ɡаɩаɫɨв ɝаɡа ɩɪɨɦышɥеɧɧых ɤаɬеɝɨɪɢɣ, ɤɨɬɨɪыɦɢ ɨɧ ɪаɫɩɨɥаɝаеɬ. 

ɉɨ ɪеɡɭɥɶɬаɬаɦ ɝеɨɥɨɝɨɪаɡвеɞɤɢ ɧа ɬеɪɪɢɬɨɪɢɢ ɨɤɪɭɝа в ɬеɤɭɳеɦ ɝɨɞɭ 
ɩɨɫɬавɥеɧɨ ɧа ɛаɥаɧɫ ɞва ɧɨвых ɧеɮɬɹɧых ɦеɫɬɨɪɨɠɞеɧɢɹ – ɋевеɪɨ-Ɋɨɦаɧɫɤɨе ɢ 
ɋевеɪɨ-ɇɹɪɬɨɥɶɫɤɨе, а ɬаɤɠе 1λ ɧɨвых ɡаɥеɠеɣ.  
«ɉеɪвɨɨɬɤɪываɬеɥɶɧɢɰеɣ» ɋевеɪɨ-Ɋɨɦаɧɨвɫɤɨɝɨ ɦеɫɬɨɪɨɠɞеɧɢɹ ɫɬаɥа ɫɤваɠɢɧа 
№7λ (ɋевеɪɨ-Ɋɨɦаɧɨвɫɤɢɣ ɥɢɰеɧɡɢɨɧɧыɣ ɭɱаɫɬɨɤ, ɉȺɈ «Ƚаɡɩɪɨɦɧеɮɬɶ – 

ɇɨɹɛɪɶɫɤɧеɮɬеɝаɡ 
ɇа ɋевеɪɨ-ɇɹɪɬɨɥɶɫɤɨɦ ɦеɫɬɨɪɨɠɞеɧɢɢ ɫɬаɥа ɩɪɨɞɭɤɬɢвɧɨɣ ɫɤваɠɢɧа №115 

(ȼɨɫɬɨɱɧɨ-əɪаɣɧеɪɫɤɢɣ ɥɢɰеɧɡɢɨɧɧыɣ ɭɱаɫɬɨɤ, ɈɈɈ «ɇȽɉ ȼɨɫɬɨɱɧɨ-

əɪаɣɧеɪɫɤɨе»). ɉɪɢɬɨɤ ɧеɮɬɢ ɡɞеɫɶ ɩɨɥɭɱеɧ ɩɪɢ ɢɫɩыɬаɧɢɢ ɸɪɫɤɨɝɨ ɩɥаɫɬа. 
Ʉɪɨɦе ɬɨɝɨ, ɧа ɪаɧее ɨɬɤɪыɬых ɦеɫɬɨɪɨɠɞеɧɢɹх ɩɨ ɪеɡɭɥɶɬаɬаɦ 
ɝеɨɥɨɝɨɪаɡвеɞɨɱɧых ɪаɛɨɬ ɛыɥɢ ɨɬɤɪыɬы еɳе 11 ɧɨвых ɡаɥеɠеɣ ɧеɮɬɢ, ɝаɡа ɢ 
ɝаɡɨɤɨɧɞеɧɫаɬа (ɨɩеɪаɬɢвɧɨɝɨ ɩɨɞɫɱёɬа ɡаɩаɫɨв ɩɨ ɧɢɦ ɩɨɤа ɧеɬ).  
ɉɪɢɪɨɫɬ ɡаɩаɫɨв ɩɨ ɤаɬеɝɨɪɢɢ ɋ1 в ɫɱёɬ «ɪаɡвеɞɤɢ» ɫɨɫɬавɢɥ – 242,611 ɦɥɧ. ɬɧ ɭ. 
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ɬ., в ɬɨɦ ɱɢɫɥе ɩɨ ɧеɮɬɢ – 2κ,63λ ɦɥɧ. ɬɧ, ɤɨɧɞеɧɫаɬа - 6,201 ɦɥɧ. ɬɧ, ɝаɡа – 207,771 

ɦɥɪɞ. ɦ3. 
ɉɪɢɪɨɫɬ ɡаɩаɫɨв ɩɨ ɤаɬеɝɨɪɢɢ ɋ1 ɩɨ ɝɪаɮе «ɩеɪеɨɰеɧɤа» ɫɨɫɬавɢɥ 34λ,κ71 ɦɥɧ. ɬɧ 
ɭ. ɬ.μ ɧеɮɬɢ - 4,κ0κ ɦɥɧ. ɬɧ, ɤɨɧɞеɧɫаɬа - 12,λ7λ ɦɥɧ. ɬɧ, ɝаɡа - 341,700 ɦɥɪɞ. ɦ3. 
Ƚеɨɥɨɝɨɪаɡвеɞɨɱɧые ɪаɛɨɬы ɧа ɬеɪɪɢɬɨɪɢɢ əɦаɥа в эɬɨɦ ɝɨɞɭ ɩɪɨвɨɞɢɥɢ 32 

ɩɪеɞɩɪɢɹɬɢɹ ɧа κ3 ɥɢɰеɧɡɢɨɧɧых ɭɱаɫɬɤах. 
ȼ 2015 ɝɨɞɭ ɮаɤɬɢɱеɫɤɢе ɡаɬɪаɬы ɩɨ ɫɬаɬɶɹɦ ɧа ɞɨɛыɱɭ ɧеɮɬɢ ɨɩɪеɞеɥɹɥɢɫɶ 

ɪаɫɱеɬɧɨ ɢɫхɨɞɹ ɢɡ ɫɬаɬеɣ ɡаɬɪаɬ ɰеха ɞɨɛыɱɢ ɧеɮɬɢ.  
Эɤɫɩɥɭаɬаɰɢɨɧɧые ɡаɬɪаɬы ɪаɫɩɪеɞеɥɹɥɢɫɶ ɫɥеɞɭɸɳɢɦ ɨɛɪаɡɨɦμ 
1. ɋɬаɬɶɢ ɡаɬɪаɬ, ɡавɢɫɹɳɢе ɨɬ ɨɛɴеɦɨв ɞɨɛыɱɢ ɧеɮɬɢ ɩɨ ɦеɫɬɨɪɨɠɞеɧɢɹɦμ 

вɫɩɨɦɨɝаɬеɥɶɧые ɦаɬеɪɢаɥы, ɬɨɩɥɢвɨ, ɩаɪ, вɨɞа, ɫɛɨɪ ɢ ɬɪаɧɫɩɨɪɬ ɧеɮɬɢ, 
ɩɨɞɝɨɬɨвɤа ɧеɮɬɢ, ɭɫɥɭɝɢ ɰехɨв. 

2. ɋɬаɬɶɹ, ɡавɢɫɹɳаɹ ɨɬ ɨɛɴеɦа ɦехаɧɢɡɢɪɨваɧɧɨɣ (Эɐɇ, ШȽɇ) ɞɨɛыɱɢ 
ɧеɮɬɢμ эɥеɤɬɪɨэɧеɪɝɢɹ. 

3. Ɂаɪаɛɨɬɧаɹ ɩɥаɬа ɢ ɨɬɱɢɫɥеɧɢɹ ɧа ɫɨɰ.ɫɬɪах. 
4. Ⱥɦɨɪɬɢɡаɰɢɹ ɨɫɧɨвɧых ɮɨɧɞɨв ɩɨ ɦеɫɬɨɪɨɠɞеɧɢɹɦ. 
5. Ɍɪаɧɫɩɨɪɬɧые ɪаɫхɨɞы ɩɨ ɦеɫɬɨɪɨɠɞеɧɢɹɦ. 
6. Ɂаɬɪаɬы ɩɨ ɉɊɋ ɢ ɄɊɋ.  
7. Ɂаɬɪаɬы ɩɨ ɩɪɨɤаɬɭ Эɉɍ ɩɨ ɦеɫɬɨɪɨɠɞеɧɢɹɦ. 
κ. Ɂаɤаɱɤа вɨɞы ɩɨ ɦеɫɬɨɪɨɠɞеɧɢɹɦ. 
 ȼ ɨɛшеɣ ɫɭɦɦе ɡаɬɪаɬ ɧаɢɛɨɥɶшɢɣ ɭɞеɥɶɧыɣ веɫ ɫɨɫɬавɥɹеɬμ  
Ⱥɦɨɪɬɢɡаɰɢɹ ɨɫɧɨвɧых ɮɨɧɞɨв    21,08 % 

Ɂаɬɪаɬы ɧа ɩɨɞɡеɦɧыɣ ɪеɦɨɧɬ ɫɤваɠɢɧ   6,8 %  

Ɂаɬɪаɬы ɧа ɤаɩɢɬаɥɶɧыɣ ɪеɦɨɧɬ ɫɤваɠɢɧ  6,84 % 

Ɂаɬɪаɬы ɧа эɥеɤɬɪɨэɧеɪɝɢɸ    9,0 % 

Ɂаɬɪаɬы ɧа ɡаɤаɱɤɭ вɨɞы     16,23 % 

ɋеɛеɫɬɨɢɦɨɫɬɶ 1 ɬɨɧɧы ɧеɮɬɢ ɫɨɫɬавɥɹеɬ 1416,κ4 ɪɭɛ. (ɬаɛɥɢɰа 1). 
 

Ɍаɛɥɢɰа 1 – Ɂаɬɪаɬы ɧа ɞɨɛыɱɭ ɧеɮɬɢ  
ɋɬаɬɶɢ ɡаɬɪаɬ ɂɬɨɝɨ ɩɨ ȼахɭ 

ȼɫɩɨɦɨɝаɬеɥɶɧые 
ɦаɬеɪɢаɥы 

4307880,00 5613190,00 2881570,00 50870,00 12853510,00 

ɬɨɩɥɢвɨ 830,00 1150,00 - 30,00 2010,00 

ɍɫɥɭɝɢ ɈɈɈ 
«Эɧеɪɝɨɧеɮɬɶ» 
эɥеɤɬɪɨэɧеɪɝɢɹ 

108947010,00 150512120,00 65690270,00 1200530,00 326349920,00 

Ɂаɪаɛɨɬɧаɹ ɩɥаɬа ɢ 
ɨɬɱɢɫɥеɧɢɹ ɫɨɰ.ɫɬɪах. 

15096430,00 19552550,00 13933040,00 648050,00 49230070,00 

Ⱥɦɨɪɬɢɡаɰɢɹ 
ɨɫɧɨвɧых ɮɨɧɞɨв 

265795410,00 340511000,00 142937590,00 14884920,00 764128930,00 

Ɍɪаɧɫɩɨɪɬɧые 
ɪаɫхɨɞы 

12930650,00 16567010,00 7747000,00 828670,00 38073340,00 

ɍɫɥɭɝ ɈɈɈ «Эɉɍ» 38353170,00 50581960,00 21062050,00 - 109997170,00 

ɍɫɥɭɝɢ ɈɈɈ 
«Эɧеɪɝɨɧеɮɬɶ» 
ɩаɪ,вɨɞа 

662370,00 886100,00 930320,00 6680,00 2485470,00 
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ɉɪɨɞɨɥɠеɧɢе ɬаɛɥɢɰы 1 
Ɂаɤаɱɤа вɨɞы 259765130,00 228178020,00 89794020,00 10306380,00 588583540,00 

ɉɨɞɝɨɬɨвɤа ɧеɮɬɢ 31062440,00 41282680,00 17218070,00 328700,00 89891890,00 

ɋɛɨɪ ɢ 
ɬɪаɧɫɩɨɪɬɢɪɨвɤа 
ɧеɮɬɢ 

13408050,00 17741580,00 7413620,00 146360,00 38709610,00 

ɍɫɥɭɝɢ ɈɈɈ «ɉɊɋ» 109991150,00 81591360,00 47266690,00 7892430,00 246741620,00 

ɍɫɥɭɝɢ ɰехɨв 1619550,00 2174050,00 857320,00 14800,00 4665720,00 

ɍɫɥɭɝɢ ɈɈɈ «ɉɊɋ» 77069160,00 92950780,00 70739030,00 7334420,00 248093380,00 

Ɉɛɳеɩɪɨɢɡвɨɞɫɬвеɧɧ
ые ɪаɫхɨɞы 

382441050,00 507577770,00 211824050,00 4086870,00 1105929750,00 

ɂɬɨɝɨ ɡаɬɪаɬ ɫ 
аɦɨɪɬɢɡаɰɢеɣ 

1321450290,00 1556261310,00 700294650,00 47729690,00 3625735930,00 

ɂɬɨɝɨ ɡаɬɪаɬ ɛеɡ 
аɦɨɪɬɢɡаɰɢɢ 

1055654880,00 1215750310,00 557357050,00 32844770,00 2861607000,00 

Ⱦɨɛыɱа ɧеɮɬɢ 
(ɬыɫ.ɬɧ.) 

697,90 929,00 387,20 7,30 2021,00 

Ɇех.ɞɨɛыɱа (ɬыɫ.ɬɧ.) 670,12 927,01 382,84 7,30 1987,00 

Ɂаɤаɱɤа вɨɞы (ɦɥɧ.ɦ3
) 2486,00 1183,00 857,00 98,00 5624,00 

ɋеɛеɫɬɨɢɦɨɫɬɶ 
1ɬɧ.ɧеɮɬɢ ɫ 
аɦɨɪɬ.(ɪɭɛ.) 

1512,62 1308,67 1439,46 4499,28 1415,94 

ɋеɛеɫɬɨɢɦɨɫɬɶ 
1ɬɧ.ɧеɮɬɢ ɛеɡ 
аɦɨɪɬ.(ɪɭɛ.) 

1131,77 942,13 1070,30 2460,25 1037,84 

ɋɤв.-ɦеɫɬ 
ɱɢɫɥɢвшɢеɫɹ 

1893,50 2423,70 1016,40 103,70 5437,00 

Эɐɇ 
(ɫɪеɞɧеɞеɣɫɬвɭɸɳɢɣ) 

44,00 58,00 20,00 - 122,00 

Ʉɨɥ-вɨ ɉɊɋ 520,00 388,00 224,00 37,00 1169,00 

ɋɪеɞɧеɞеɣɫɬвɭɸɳɢɣ 
ɮɨɧɞ 

156,00 199,00 84,00 9,00 448,00 

Ʉɨɥ-вɨ ɄɊɋ (в ɬɨɦ 
ɱɢɫɥе ȽɊɉ) 

23,00 27,00 19,00 2,00 71,00 

ɑɢɫɥеɧɧɨɫɬɶ  19,00 25,00 22,00 1,00 67,00 

 

7.2 Ⱥɧɚɥɢɡ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɫɧɢɠɟɧɢɸ ɫɟɛɟɫɬɨɢɦɨɫɬɢ 1 ɬɨɧɧɵ ɞɨɛɵɱɢ ɧɟɮɬɢ 
ɩɭɬɟɦ ɩɪɨɜɟɞɟɧɢɹ ɡɚɤɭɩɨɱɧɵɯ ɩɪɨɰɟɞɭɪ 

 

ȼ ɧаɫɬɨɹɳее вɪеɦɹ, ɨɫɧɨвɧɨɣ эɤɨɧɨɦɢɱеɫɤɨɣ ɡаɞаɱеɣ ɩɪɢ ɪаɡɪаɛɨɬɤе 
ɦеɫɬɨɪɨɠɞеɧɢɹ ɹвɥɹеɬɫɹ ɫɧɢɠеɧɢе ɫеɛеɫɬɨɢɦɨɫɬɢ ɞɨɛыɱɢ 1 ɬɨɧɧы ɧеɮɬɢ. 
ɍɩɪавɥеɧɢе ɡаɬɪаɬаɦɢ в ɞɨɛыɱе ɧеɮɬɢ вɤɥɸɱаеɬ аɧаɥɢɡ ɡаɬɪаɬ, эɤɨɧɨɦɢɤɨ-

ɦаɬеɦаɬɢɱеɫɤɨе ɦɨɞеɥɢɪɨваɧɢе ɫеɛеɫɬɨɢɦɨɫɬɢ ɞɨɛыɱɢ ɧеɮɬɢ ɢ ɧаɭɱɧыɣ ɩɨɢɫɤ 
ɪеɡеɪвɨв ɫɧɢɠеɧɢɹ ɫеɛеɫɬɨɢɦɨɫɬɢ ɩɪɨɞɭɤɰɢɢ. 

ȼ ɩɪɨɦыɫɥɨвɨɣ ɫеɛеɫɬɨɢɦɨɫɬɢ ɞɨɛыɱɢ ɧеɮɬɢ ɛɨɥɶшɢɦ ɭɞеɥɶɧыɦ веɫɨɦ 
хаɪаɤɬеɪɢɡɭɸɬɫɹ ɭɫɥɨвɧɨ-ɩɨɫɬɨɹɧɧые ɡаɬɪаɬы - аɦɨɪɬɢɡаɰɢɹ ɫɤваɠɢɧ ɢ ɩɪɨɱɢх 
ɨɫɧɨвɧых ɫɪеɞɫɬв, ɰехɨвые ɢ ɨɛɳеɩɪɨɦыɫɥɨвые ɪаɫхɨɞы, ɡаɪаɛɨɬɧаɹ ɩɥаɬа, 
ɡаɬɪаɬы ɧа ɨɫвɨеɧɢе ɢ ɩɨɞɝɨɬɨвɤɭ ɩɪɨɢɡвɨɞɫɬва, ɧа ɫɨɞеɪɠаɧɢе ɢ эɤɫɩɥɭаɬаɰɢɸ 
ɨɛɨɪɭɞɨваɧɢɹ ɢ ɞɪ. Эɬа ɨɫɨɛеɧɧɨɫɬɶ ɫɬɪɭɤɬɭɪы ɩɨɡвɨɥɹеɬ ɫɧɢɠаɬɶ ɫеɛеɫɬɨɢɦɨɫɬɶ 
ɝɥавɧыɦ ɨɛɪаɡɨɦ ɡа ɫɱеɬ ɪɨɫɬа ɨɛɴеɦɨв ɞɨɛыɱɢ ɧеɮɬɢ ɢ ɝаɡа. 
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ɋɬɪɭɤɬɭɪа ɫеɛеɫɬɨɢɦɨɫɬɢ ɧеɮɬɢ ɢ ɝаɡа ɩɨ ɪаɣɨɧаɦ ɢɦееɬ ɛɨɥɶшɢе ɪаɡɥɢɱɢɹ, 
ɫвɹɡаɧɧые ɫ ɩɪɢɪɨɞɧɨ-ɝеɨɝɪаɮɢɱеɫɤɢɦɢ ɨɫɨɛеɧɧɨɫɬɹɦɢ. Ʉ ɧɢɦ ɨɬɧɨɫɹɬɫɹ 
ɦеɫɬɨɪаɫɩɨɥɨɠеɧɢе, ɪеɥɶеɮ ɦеɫɬɧɨɫɬɢ, ɤɥɢɦаɬ, хаɪаɤɬеɪ ɩɨɱвы ɢ ɪаɫɬɢɬеɥɶɧɨɫɬɢ, 
вɨɞɧые ɢ эɧеɪɝеɬɢɱеɫɤɢе ɪеɫɭɪɫы, ɪеɫɭɪɫы ɫɬɪɨɢɬеɥɶɧых ɦаɬеɪɢаɥɨв. ȼ ɫɥɨɠɧых 
эɤɨɧɨɦɢɤɨ-ɝеɨɝɪаɮɢɱеɫɤɢх ɭɫɥɨвɢɹх ɩɪɢɦеɧɹɸɬ ɤɭɫɬɨвɨе ɧаɤɥɨɧɧɨ-ɧаɩɪавɥеɧɧɨе 
ɛɭɪеɧɢе, ɱɬɨ ɫɧɢɠаеɬ ɡаɬɪаɬы ɧа ɩɨɞɝɨɬɨвɢɬеɥɶɧые ɢ вышɤɨɦɨɧɬаɠɧые ɪаɛɨɬы. 

Ƚɥɭɛɢɧа ɫɤваɠɢɧ - ɨɞɢɧ ɢɡ веɞɭɳɢх ɮаɤɬɨɪɨв эɤɨɧɨɦɢɤɢ ɪаɡɪаɛɨɬɤɢ. ɋ 
ɭвеɥɢɱеɧɢеɦ ɝɥɭɛɢɧы ɫɤваɠɢɧ вɨɡɪаɫɬаɸɬ ɤаɩɢɬаɥɶɧые вɥɨɠеɧɢɹ в ɛɭɪеɧɢе 
ɫɤваɠɢɧ ɢ ɢх ɨɛɨɪɭɞɨваɧɢе ɞɥɹ эɤɫɩɥɭаɬаɰɢɢ, ɱɬɨ ɨɬɪаɠаеɬɫɹ ɧа аɦɨɪɬɢɡаɰɢɢ 
ɫɤваɠɢɧ ɢ ɩɪɨɱɢх ɨɫɧɨвɧых ɫɪеɞɫɬв. Эɤɫɩɥɭаɬаɰɢɹ ɝɥɭɛɨɤɢх ɫɤваɠɢɧ ɨɬɥɢɱаеɬɫɹ 
ɬаɤɠе ɩɨвышеɧɧыɦɢ ɡаɬɪаɬаɦɢ ɧа ɨɩɥаɬɭ ɬɪɭɞа, эɧеɪɝɢɸ, ɬеɤɭɳɢɣ ɪеɦɨɧɬ 
ɨɫɧɨвɧых ɫɪеɞɫɬв ɢ ɩɨ ɭвеɥɢɱеɧɢɸ ɨɬɞаɱɢ ɩɥаɫɬɨв. 

ɋɭɳеɫɬвеɧɧɨ вɥɢɹɸɬ ɧа ɬехɧɢɤɭ ɢ ɨɪɝаɧɢɡаɰɢɸ ɪаɛɨɬ, а, ɫɥеɞɨваɬеɥɶɧɨ, ɢ ɧа 

ɫеɛеɫɬɨɢɦɨɫɬɶ ɞɨɛыɱɢ ɧеɮɬɢ ɩɨɫɬɭɩɥеɧɢе ɢɡ ɩɥаɫɬа в ɫɬвɨɥ ɫɤваɠɢɧы вɦеɫɬе ɫ 
ɧеɮɬɶɸ ɢ ɝаɡɨɦ ɡɧаɱɢɬеɥɶɧɨɝɨ ɤɨɥɢɱеɫɬва ɩеɫɤа, ɨɬɥɨɠеɧɢɹ ɩаɪаɮɢɧа, 
ɤɨɪɪɨɞɢɪɭɸɳɢе ɫвɨɣɫɬва ɫɪеɞы в ɫɤваɠɢɧах, ɪаɫɩɨɥɨɠеɧɢе ɧеɮɬɹɧых 
ɦеɫɬɨɪɨɠɞеɧɢɣ в ɦɨɪе. 

Ɋаɛɨɬы ɩɨ ɥɢɤвɢɞаɰɢɢ ɩеɫɱаɧых ɩɪɨɛɨɤ веɞɭɬ ɤ ɩɪɨɫɬɨɹɦ ɫɤваɠɢɧ, 
ɫɧɢɠеɧɢɸ ɞɨɛыɱɢ ɧеɮɬɢ ɢ ɬɪеɛɭɸɬ ɡɧаɱɢɬеɥɶɧых ɡаɬɪаɬ. Ⱦɨɛыɱа ɩаɪаɮɢɧɢɫɬɨɣ 
ɧеɮɬɢ ɬɪеɛɭеɬ ɫɩеɰɢаɥɶɧых ɢɡɞеɪɠеɤ, ɫвɹɡаɧɧых ɫ ɛɨɪɶɛɨɣ ɫ ɨɬɥɨɠеɧɢɹɦɢ 
ɩаɪаɮɢɧа в ɩɨɞɴеɦɧых ɬɪɭɛах, выɤɢɞɧых ɦаɧɢɮɨɥɶɞах, ɬɪаɩах, ɩɪɨɦыɫɥɨвых 
ɧеɮɬеɩɪɨвɨɞах ɢ ɧа ɡаɛɨɹх ɫɤваɠɢɧ. 

ɇа эɤɨɧɨɦɢɤɭ ɞɨɛыɱɢ ɧеɮɬɢ вɥɢɹеɬ ɬаɤɠе ɤɨɪɪɨɡɢɹ ɩɥаɫɬɨвɨɣ вɨɞɨɣ  
ɧаɫɨɫɧɨ-ɤɨɦɩɪеɫɫɨɪɧых ɬɪɭɛ, ɧаɫɨɫɧых шɬаɧɝ, ɝɥɭɛɢɧɧых ɧаɫɨɫɨв, 
ɧеɮɬеɩɪɨвɨɞɧых ɬɪɭɛ ɢ ɞɪ. 

ɉɪɨɢɡвɨɞɢɬеɥɶɧɨɫɬɶ ɧеɮɬɹɧых ɩɥаɫɬɨв ɢ ɫɤваɠɢɧ - ɨɞɢɧ ɢɡ ɝɥавɧых 
ɮаɤɬɨɪɨв, ɨɩɪеɞеɥɹɸɳɢх ɭɪɨвеɧɶ ɫеɛеɫɬɨɢɦɨɫɬɢ ɢ ɞɪɭɝɢе эɤɨɧɨɦɢɱеɫɤɢе 
ɩɨɤаɡаɬеɥɢ. Ɉɧа ɡавɢɫɢɬ ɨɬ ɤɨɦɩɥеɤɫа ɩɪɢɪɨɞɧых ɭɫɥɨвɢɣ ɢ ɨɬ ɭɪɨвɧɹ ɬехɧɢɤɢ ɢ 
ɬехɧɨɥɨɝɢɢ ɧеɮɬеɞɨɛыɱɢ. ɇа ɭвеɥɢɱеɧɢе ɞеɛɢɬɨв ɫɤваɠɢɧ ɨɫɨɛеɧɧɨ вɥɢɹɸɬ 
ɩɪɢɦеɧеɧɢе ɦеɬɨɞɨв вɨɡɞеɣɫɬвɢɹ ɧа ɩɥаɫɬы, а ɬаɤɠе ɢɧɬеɧɫɢɮɢɤаɰɢɹ ɞɨɛыɱɢ 
ɧеɮɬɢ ɩɭɬеɦ вɨɡɞеɣɫɬвɢɹ ɧа ɩɪɢɡаɛɨɣɧɭɸ ɡɨɧɭ ɫɤваɠɢɧ. 

ɋɬаɞɢɹ ɪаɡɪаɛɨɬɤɢ ɧеɮɬɹɧых ɡаɥеɠеɣ - ɨɞɢɧ ɢɡ ɨɩɪеɞеɥɹɸɳɢх ɮаɤɬɨɪɨв ее 
эɤɨɧɨɦɢɤɢ. Ɋаɡɪаɛɨɬɤа ɧеɮɬɹɧых ɦеɫɬɨɪɨɠɞеɧɢɣ ɩɪеɞɫɬавɥɹеɬ ɫɨɛɨɣ ɫɥɨɠɧыɣ 
ɩɪɨɢɡвɨɞɫɬвеɧɧыɣ ɩɪɨɰеɫɫ, ɩɪɨɬеɤаɸɳɢɣ в ɬеɱеɧɢе ɞɥɢɬеɥɶɧɨɝɨ ɩеɪɢɨɞа ɩɪɢ 
ɢɡɦеɧеɧɢɢ ɭɫɥɨвɢɣ эɤɫɩɥɭаɬаɰɢɢ ɢ ɭхɭɞшеɧɢɢ вɫех ɩɨɤаɡаɬеɥеɣ ɧеɮɬеɞɨɛыɱɢ. 

Ƚɥавɧые ɩɭɬɢ ɫɧɢɠеɧɢɹ ɫеɛеɫɬɨɢɦɨɫɬɢ ɞɨɛыɱɢ ɧеɮɬɢ ɢ ɝаɡа - ɬехɧɢɱеɫɤɢɣ 
ɩɪɨɝɪеɫɫ, ɫɨвеɪшеɧɫɬвɨваɧɢе ɨɪɝаɧɢɡаɰɢɢ ɩɪɨɢɡвɨɞɫɬва ɢ ɬɪɭɞа, ɩɨвышеɧɢе 
ɧаɞеɠɧɨɫɬɢ ɝеɨɥɨɝɨɪаɡвеɞɤɢ, ɞɨɥɝɨвеɱɧɨɫɬɢ ɫɤваɠɢɧ ɢ ɧеɮɬеɩɪɨɦыɫɥɨвɨɝɨ 
ɨɛɨɪɭɞɨваɧɢɹ. 

Ɉɞɧɢɦ ɢɡ ваɠɧых ɧаɩɪавɥеɧɢɣ ɫɧɢɠеɧɢɹ ɫеɛеɫɬɨɢɦɨɫɬɢ ɞɨɛыɱɢ ɧеɮɬɢ ɢ 
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ɝаɡа ɹвɥɹеɬɫɹ ɫɨɤɪаɳеɧɢе ɡаɬɪаɬ ɧа ɦаɬеɪɢаɥы, ɬɨɩɥɢвɨ, эɧеɪɝɢɸ ɢ ɩɪɢɨɛɪеɬаеɦые 
ɭɫɥɭɝɢ. ɋɨɤɪаɳеɧɢе ɡаɬɪаɬ ɧа ɦаɬеɪɢаɥы, в ɱаɫɬɧɨɫɬɢ, ɞɨɫɬɢɝаеɬɫɹ ɪаɫшɢɪеɧɢеɦ ɢ 
ɫɨвеɪшеɧɫɬвɨваɧɢеɦ ɢɫɤɭɫɫɬвеɧɧɨɝɨ вɨɡɞеɣɫɬвɢɹ ɧа ɧеɮɬɹɧые ɩɥаɫɬы ɫ ɰеɥɶɸ 
ɩɨвышеɧɢɹ ɢх ɧеɮɬеɨɬɞаɱɢ. 

ɋɨɤɪаɳеɧɢе ɡаɬɪаɬ ɧа ɩɪɢɨɛɪеɬаеɦые ɭɫɥɭɝɢ ɞɨɫɬɢɝаеɬɫɹ ɩɭɬеɦ ɩɪɨвеɞеɧɢɹ 
ɡаɤɭɩɨɱɧых ɩɪɨɰеɞɭɪ. Ɉɫɧɨвɧыɦ ɮаɤɬɨɪɨɦ, ɨɩɪеɞеɥɹɸɳɢɦ ɫɬɨɢɦɨɫɬɶ ɭɫɥɭɝ, 
ɹвɥɹеɬɫɹ ɪаɫɱеɬ ɧаɱаɥɶɧɨɣ ɦаɤɫɢɦаɥɶɧɨɣ ɰеɧы ɩɨ Ʌɨɬɭ. 

ȼ Ɇеɬɨɞɢɱеɫɤɢх ɭɤаɡаɧɢɹх ɨɩɢɫаɧы ɦехаɧɢɡɦы ɢ ɩɨɪɹɞɨɤ ɪаɫɱеɬа ɧаɱаɥɶɧɨɣ 
(ɦаɤɫɢɦаɥɶɧɨɣ) ɰеɧы ɞɨɝɨвɨɪа (ɰеɧы ɥɨɬа) ɞɥɹ ɪаɡɦеɳеɧɢɹ ɡаɤаɡɨв ɩɭɬеɦ 
ɩɪɨвеɞеɧɢɹ ɡаɤɭɩɨɤ ɧа ɩɨɫɬавɤɭ ɬɨваɪɨв, выɩɨɥɧеɧɢе ɪаɛɨɬ, ɨɤаɡаɧɢе ɭɫɥɭɝ. 

ɇаɱаɥɶɧаɹ (ɦаɤɫɢɦаɥɶɧаɹ) ɰеɧа ɞɨɝɨвɨɪа (ɥɨɬа) ɭɤаɡываеɬɫɹ ɩɪɢ ɩɪɨвеɞеɧɢɢ 
ɨɬɤɪыɬых ɡаɤɭɩɨɤ в ɢɡвеɳеɧɢɹх ɨ ɡаɤɭɩɤе ɢ в ɫɨɨɬвеɬɫɬвɭɸɳеɣ ɞɨɤɭɦеɧɬаɰɢɢ, а 
ɩɪɢ ɩɪɨвеɞеɧɢɢ ɡаɤɪыɬых ɡаɤɭɩɨɤ - в ɩɪɢɝɥашеɧɢɹх, ɪаɫɫыɥаеɦых ɩɨɬеɧɰɢаɥɶɧыɦ 
ɭɱаɫɬɧɢɤаɦ ɡаɤɭɩɨɤ ɢ в ɞɨɤɭɦеɧɬаɰɢɢ. 

Ɋаɫɱеɬ ɨɪɢеɧɬɢɪɨвɨɱɧɨɣ ɰеɧы ɩɪɨɞɭɤɰɢɢ ɞɨɥɠеɧ ɨɫɭɳеɫɬвɥɹɬɶɫɹ 
ɡаɤаɡɱɢɤɨɦ в ɩɪɨɰеɫɫе ɨɩɪеɞеɥеɧɢɹ ɩɨɬɪеɛɧɨɫɬɢ в ɬɨваɪах, ɪаɛɨɬах, ɭɫɥɭɝах ɩɪɢ 
ɫɨɫɬавɥеɧɢɢ ɊɉɁ. 

Ȼɨɥее ɬɨɱɧыɣ ɪаɫɱеɬ ɧаɱаɥɶɧɨɣ (ɦаɤɫɢɦаɥɶɧɨɣ) ɰеɧы ɞɨɝɨвɨɪа (ɰеɧы ɥɨɬа) 
ɞɨɥɠеɧ ɩɪɨɢɡвɨɞɢɬɶɫɹ ɩɪɢ ɩɨɞɝɨɬɨвɤе ɬехɧɢɱеɫɤɢх ɬɪеɛɨваɧɢɣ, ɫɩеɰɢɮɢɤаɰɢɣ ɢ 
ɬехɧɢɱеɫɤɢх ɡаɞаɧɢɣ ɧа ɩɨɫɬавɤɭ ɬɨваɪɨв, выɩɨɥɧеɧɢе ɪаɛɨɬ, ɨɤаɡаɧɢе ɭɫɥɭɝ, 
ɹвɥɹɸɳɢхɫɹ ɩɪеɞɦеɬɨɦ ɞɨɝɨвɨɪа, ɢ ɩɨɞɝɨɬɨвɤе ɫɨɨɬвеɬɫɬвɭɸɳеɣ ɞɨɤɭɦеɧɬаɰɢɢ ɨ 
ɡаɤɭɩɤе. 

Ɋаɫɱеɬ ɧаɱаɥɶɧɨɣ (ɦаɤɫɢɦаɥɶɧɨɣ) ɰеɧы ɞɨɝɨвɨɪа (ɰеɧы ɥɨɬа) ɦɨɠеɬ 
ɩɪɨɢɡвɨɞɢɬɶɫɹ ɩɪɢ ɧеɨɛхɨɞɢɦɨɫɬɢ ɫ ɩɪɢвɥеɱеɧɢеɦ эɤɫɩеɪɬɨв в ɨɛɥаɫɬɢ ɩɪеɞɦеɬа 
ɞɨɝɨвɨɪа ɢ ɰеɧɨɨɛɪаɡɨваɧɢɹ, а ɬаɤɠе ɤɨɦɩаɧɢɣ, ɡаɧɢɦаɸɳɢхɫɹ ɨɫɦеɱɢваɧɢеɦ, 
ɫɩеɰɢаɥɢɡɢɪɨваɧɧых ɨɪɝаɧɢɡаɰɢɣ, ɦаɪɤеɬɢɧɝɨвых ɢ ɰеɧɨвых ɮɢɪɦ. 

Ɋаɫɱеɬ ɧаɱаɥɶɧɨɣ (ɦаɤɫɢɦаɥɶɧɨɣ) ɰеɧы ɞɨɝɨвɨɪа (ɰеɧы ɥɨɬа) ɩɪɨɢɡвɨɞɢɬɫɹ 

ɧа ɨɫɧɨваɧɢɢ ɰеɧɨвɨɣ ɢɧɮɨɪɦаɰɢɢ. ȼ ɤаɱеɫɬве ɢɫɬɨɱɧɢɤɨв ɰеɧɨвɨɣ ɢɧɮɨɪɦаɰɢɢ 
ɦɨɝɭɬ ɢɫɩɨɥɶɡɨваɬɶɫɹμ 

- ɰеɧы ɡаɤɥɸɱеɧɧых ɫɞеɥɨɤ (ɞɨɝɨвɨɪɨв, ɫɨɝɥашеɧɢɣ, ɫɱеɬɨв-ɮаɤɬɭɪ) ɤаɤ ɭɠе 
выɩɨɥɧеɧɧых, ɬаɤ ɢ ɞеɣɫɬвɭɸɳɢх, ɩɨɥɭɱаеɦых ɢɡ ɬеɤɫɬɨв ɞɨɝɨвɨɪɨв, ɪееɫɬɪɨв 
ɞɨɝɨвɨɪɨв ɢɥɢ ɢɡ ɞɪɭɝɢх ɢɫɬɨɱɧɢɤɨв, выɡываɸɳɢх ɞɨвеɪɢе; 

- ɩɪеɣɫɤɭɪаɧɬɧые, ɢɥɢ ɤаɬаɥɨɠɧые, ɰеɧы - ɰеɧы ɩɪɨɢɡвɨɞɢɬеɥеɣ, 
ɩɨɫɬавɳɢɤɨв, ɩɨɞɪɹɞɱɢɤɨв, ɢɫɩɨɥɧɢɬеɥеɣ, ɩɭɛɥɢɤɭеɦые ɢɦɢ в ɩеɱаɬɧɨɦ вɢɞе ɢɥɢ 
в ɂɧɬеɪɧеɬе в ɫɨɛɫɬвеɧɧых ɢɥɢ ɫɛɨɪɧых ɩɪеɣɫɤɭɪаɧɬах, ɤаɬаɥɨɝах, ɛɸɥɥеɬеɧɹх; 

- ɨɮеɪеɧɬɧые ɰеɧы - ɰеɧы ɧе выɢɝɪавшɢх ɭɱаɫɬɧɢɤɨв ɡаɤɭɩɤɢ, ɫɨɞеɪɠаɳɢеɫɹ 
в ɩɪɨɬɨɤɨɥах ɩɪɨвеɞеɧɢɹ ɡаɤɭɩɨɤ; 

- ɫɩɪавɨɱɧые ɰеɧы ɧа ɬɨваɪы, ɪаɛɨɬы, ɭɫɥɭɝɢ, ɩɭɛɥɢɤɭеɦые в ɫɥеɞɭɸɳɢх 
ɢɡɞаɧɢɹхμ ɪɨɫɫɢɣɫɤɢх ɢ ɡаɪɭɛеɠɧых ɢɧɮɨɪɦаɰɢɨɧɧɨ-ɫɩɪавɨɱɧых ɢɡɞаɧɢɹх 
(ɛɸɥɥеɬеɧɹх) ɨ ɰеɧах ɧа ɬɨваɪы, ɪаɛɨɬы, ɭɫɥɭɝɢ, выɩɭɫɤаеɦых в ɩеɱаɬɧɨɣ ɢ 
эɥеɤɬɪɨɧɧɨɣ ɮɨɪɦе ɢɥɢ ɪаɡɦеɳаеɦых в ɫеɬɢ ɂɧɬеɪɧеɬ; ɫɩеɰɢаɥɢɡɢɪɨваɧɧых 
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ɠɭɪɧаɥах, ɫɬаɬɢɫɬɢɱеɫɤɢх ɢ аɧаɥɢɬɢɱеɫɤɢх ɨɛɡɨɪах, ɞɪɭɝɢх ɩеɱаɬɧых ɢ ɢɧɬеɪɧеɬ-

ɢɡɞаɧɢɹх; 
- ɛаɡɢɫɧые ɰеɧы - ɞаɧɧые, ɫɨɞеɪɠаɳɢеɫɹ в ɨɬɪаɫɥевых ɧɨɪɦаɬɢвɧых 

ɫɩɪавɨɱɧɢɤах; 
- ɭɬвеɪɠɞеɧɧые ɬаɪɢɮы, ɰеɧы ɢɥɢ ɩɪеɞеɥɶɧые ɰеɧы - ɰеɧы ɧа ɩɪɨɞɭɤɰɢɸ, 

ɞɥɹ ɤɨɬɨɪɨɣ ɩɪɨɢɡвɨɞɢɬɫɹ ɝɨɫɭɞаɪɫɬвеɧɧɨе ɪеɝɭɥɢɪɨваɧɢе ɰеɧ ɢ ɬаɪɢɮɨв 
(ɩɨɫɬаɧɨвɥеɧɢɹ, ɩɪɢɤаɡы, ɢɧые ɧɨɪɦаɬɢвɧые ɩɪавɨвые аɤɬы ɨɪɝаɧɨв 
ɝɨɫɭɞаɪɫɬвеɧɧɨɣ вɥаɫɬɢ, ɭɩɨɥɧɨɦɨɱеɧɧых ɧа ɨɫɭɳеɫɬвɥеɧɢе ɝɨɫɭɞаɪɫɬвеɧɧɨɝɨ 
ɪеɝɭɥɢɪɨваɧɢɹ ɰеɧ в ɫɨɨɬвеɬɫɬвɭɸɳеɣ ɫɮеɪе); 

- ɫɬаɬɢɫɬɢɱеɫɤɢе вɧешɧеɬɨɪɝɨвые ɰеɧы. 
Ɍɨɱɧɨɫɬɶ ɩɨɥɭɱаеɦых ɪаɫɱеɬɨв ɧаɱаɥɶɧɨɣ (ɦаɤɫɢɦаɥɶɧɨɣ) ɰеɧы ɡавɢɫɢɬ ɨɬ 

ɞɨɫɬɨвеɪɧɨɫɬɢ ɢɫɩɨɥɶɡɭеɦых ɤɨɧɴɸɧɤɬɭɪɧых ɞаɧɧых. ɉɨ ɩɪɢɨɪɢɬеɬɧɨɫɬɢ ɞɥɹ 
ɢɫɩɨɥɶɡɨваɧɢɹ в ɪаɫɱеɬах ɪеɤɨɦеɧɞɭеɬɫɹ ɫɥеɞɭɸɳаɹ ɩɨɫɥеɞɨваɬеɥɶɧɨɫɬɶ 

ɢɫɬɨɱɧɢɤɨв ɢɧɮɨɪɦаɰɢɢμ 
- ɤɨɧɬɪаɤɬɧые, ɛɢɪɠевые; 
- ɩɪеɣɫɤɭɪаɧɬɧые, ɤɨɬɢɪɨвɨɱɧые ɢ ɨɮеɪеɧɬɧые; 
- ɫɩɪавɨɱɧые ɢ ɛаɡɢɫɧые; 
- вɧешɧеɬɨɪɝɨвые ɢ ɩɪɨɱɢе ɰеɧы ɫɩɨɬɨвых ɫɞеɥɨɤ. 
Ɋыɧɨɱɧыɣ ɭɪɨвеɧɶ ɰеɧ ɮɨɪɦɢɪɭɸɬ ɰеɧы ɮаɤɬɢɱеɫɤɢх ɫɞеɥɨɤ (ɞɨɝɨвɨɪɨв). 

ɉɪɢ эɬɨɦ ɰеɧы ɫɞеɥɨɤ ɧа ɨɞɧɢ ɢ ɬе ɠе ɬɨваɪы ɦɨɝɭɬ ɪаɡɥɢɱаɬɶɫɹ в ɡавɢɫɢɦɨɫɬɢ ɨɬ 
ɭɫɥɨвɢɣ ɫɨвеɪшеɧɢɹ ɫɞеɥɨɤμ 

- ɭɫɬаɧɨвɥеɧɧые в эɤɫɩɨɪɬɧых ɢ ɢɦɩɨɪɬɧых ɨɩеɪаɰɢɹх; 
- в ɭɫɥɨвɢɹх ɨɩɥаɬы ɧаɥɢɱɧыɦɢ; 
- ɮɨɪɦɢɪɭɸɳɢеɫɹ в ɪаɦɤах ɨɛыɱɧых ɤɨɦɦеɪɱеɫɤɢх ɫɞеɥɨɤ; 
- ɩɨɥɭɱаеɦые ɩɨ ɪеɡɭɥɶɬаɬаɦ ɪаɡɦеɳеɧɢɹ ɡаɤаɡɨв ɧа ɡаɤɭɩɤɭ; 
- ɩɨɥɭɱаеɦые ɩɨ ɪеɡɭɥɶɬаɬаɦ аɭɤɰɢɨɧɨв ɧа ɩɪɨɞаɠɭ. 
ɇɢɠе ɩеɪеɱɢɫɥеɧы ɨɫɨɛеɧɧɨɫɬɢ ɰеɧ ɪаɡɧых вɢɞɨв, ɤɨɬɨɪые ɦɨɝɭɬ 

ɢɫɩɨɥɶɡɨваɬɶɫɹ в ɤаɱеɫɬве ɢɫхɨɞɧых ɞаɧɧых ɞɥɹ ɪаɫɱеɬɨв. 
Ʉɨɧɬɪаɤɬɧаɹ ɰеɧа - эɬɨ ɤɨɧɤɪеɬɧаɹ ɰеɧа ɮаɤɬɢɱеɫɤɨɣ ɫɞеɥɤɢ, ɤɨɬɨɪаɹ 

ɡаɮɢɤɫɢɪɨваɧа в ɤɨɧɬɪаɤɬе (ɞɨɝɨвɨɪе, ɫɨɝɥашеɧɢɢ ɢ ɬ. ɩ.) ɢ ɫвɢɞеɬеɥɶɫɬвɭеɬ ɨ 
вɡаɢɦɧɨɦ ɫɨɝɥаɫɢɢ ɩɪɨɞавɰа ɢ ɩɨɤɭɩаɬеɥɹ ɩɨ вɫеɦ ɭɫɥɨвɢɹɦ ɞɨɝɨвɨɪа. 
Ʉɨɧɬɪаɤɬɧаɹ ɰеɧа ɞеɣɫɬвɢɬеɥɶɧа ɧа веɫɶ ɩеɪɢɨɞ ɞеɣɫɬвɢɹ ɤɨɧɬɪаɤɬа (ɞɨɝɨвɨɪа, 
ɫɨɝɥашеɧɢɹ), еɫɥɢ ее ɧе ɩɨɞвеɪɝɥɢ ɩеɪеɫɦɨɬɪɭ в хɨɞе выɩɨɥɧеɧɢɹ ɞɨɝɨвɨɪа. 
ɍɫɪеɞɧеɧɧаɹ ɩɨ ɧеɫɤɨɥɶɤɢɦ ɫɞеɥɤаɦ ɤɨɧɬɪаɤɬɧаɹ ɰеɧа ɹвɥɹеɬɫɹ ɫаɦыɦ ɬɨɱɧыɦ 
ɨɩɪеɞеɥеɧɢеɦ ɪыɧɨɱɧɨɝɨ ɭɪɨвɧɹ ɰеɧ. 

Ʉɨɧɬɪаɤɬɧые ɰеɧы, ɹвɥɹɹɫɶ ɰеɧаɦɢ ɤɨɧɤɪеɬɧых ɫɞеɥɨɤ, ɦɨɝɭɬ ɧеɫɬɢ в ɫеɛе 
ɞɨɩɨɥɧɢɬеɥɶɧые ɧаɰеɧɤɢ, ɩɨɩɪавɤɢ, ɫɤɢɞɤɢ, ɬɪаɧɫɩɨɪɬɧые ɫɨɫɬавɥɹɸɳɢе ɢ ɞɪɭɝɢе 
ɤɨɪɪеɤɬɢɪɨвɤɢ. 

Ȼɢɪɠеваɹ ɰеɧа - эɬɨ ɬɨɠе ɰеɧа ɮаɤɬɢɱеɫɤɨɣ ɫɞеɥɤɢ, ɧɨ ɡаɤɥɸɱеɧɧɨɣ ɩɨ 
ɪеɡɭɥɶɬаɬаɦ ɬɨɪɝɨв ɧа ɬɨваɪɧых ɛɢɪɠах. Ʉ ɛɢɪɠевыɦ ɬɨваɪаɦ ɨɬɧɨɫɹɬɫɹ в 
ɨɫɧɨвɧɨɦ ɫыɪɶе ɢ ɩɨɥɭɮаɛɪɢɤаɬы. ɐеɧы ɧа ɛɢɪɠевые ɬɨваɪы ɨɩеɪаɬɢвɧɨ 
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ɨɬɪаɠаɸɬ ɢɡɦеɧеɧɢɹ, ɩɪɨɢɫхɨɞɹɳɢе ɧа ɪыɧɤе ɞаɧɧɨɝɨ ɬɨваɪа. Ȼɢɪɠевые ɰеɧы 
ɪеɝɢɫɬɪɢɪɭɸɬɫɹ ɢ ɩɭɛɥɢɤɭɸɬɫɹ в ɫɩеɰɢаɥɶɧых ɛɸɥɥеɬеɧɹх. Ⱦɥɹ ɢɫɩɨɥɶɡɨваɧɢɹ 
ɛɢɪɠевых ɰеɧ в ɪаɫɱеɬах ɫɥеɞɭеɬ ɭɱɢɬываɬɶ ɭɪɨвеɧɶ ɰеɧɨвых ɬɪеɧɞɨв ɛɢɪɠɢ. 

Ɉɮеɪеɧɬɧые, ɢɥɢ ɩɪеɣɫɤɭɪаɧɬɧые, ɰеɧы ɨɬɪаɠаɸɬ ɭɪɨвеɧɶ ɰеɧ ɩɪɨɞавɰа, ɩɨ 
ɤɨɬɨɪыɦ ɩɪɨɞавеɰ ɠеɥаеɬ ɩɪɨɞаɬɶ (эɬɨ ɧе ɨɡɧаɱаеɬ, ɱɬɨ ɩɨɤɭɩаɬеɥɶ ɝɨɬɨв ɩɨ эɬɢɦ 
ɰеɧаɦ ɤɭɩɢɬɶ). Ʉɨɬɢɪɨвɨɱɧые ɰеɧы ɹвɥɹɸɬɫɹ ɠеɥаеɦыɦɢ ɰеɧаɦɢ ɩɪɨɞавɰа ɢ ɦɨɝɭɬ 
хаɪаɤɬеɪɢɡɨваɬɶ ɰеɧɭ ɩɨɤɭɩɤɢ еɞɢɧɢɱɧɨɝɨ эɤɡеɦɩɥɹɪа ɧа ɭɫɥɨвɢɹх ɩɪɨɞавɰа, в 
ɤɨɬɨɪɭɸ ɡаɥɨɠеɧы вɨɡɦɨɠɧые ɫɤɢɞɤɢ ɧа ɭɬɨɪɝɨваɧɢе ɢ ɨɩɬɨвые ɩɨɫɬавɤɢ.  

ɋɩɪавɨɱɧые, ɢɥɢ ɛаɡɢɫɧые, ɰеɧы – эɬɨ ɰеɧы, ɮɨɪɦɢɪɭеɦые  
ɫɩеɰɢаɥɢɡɢɪɨваɧɧыɦɢ ɨɪɝаɧɢɡаɰɢɹɦɢ (ɱаɫɬɧыɦɢ ɤɨɦɦеɪɱеɫɤɢɦɢ ɢ 
ɧеɤɨɦɦеɪɱеɫɤɢɦɢ ɤɨɦɩаɧɢɹɦɢ, ɝɨɫɭɞаɪɫɬвеɧɧыɦɢ ɢ ɦɭɧɢɰɢɩаɥɶɧыɦɢ 
ɭɱɪеɠɞеɧɢɹɦɢ) ɧа ɨɫɧɨве аɧаɥɢɡа ɤɨɧɴɸɧɤɬɭɪы ɪыɧɤа ɩɭɬеɦ ɫɢɫɬеɦɧɨɝɨ ɫɛɨɪа ɢ 
ɨɛɪаɛɨɬɤɢ ɰеɧɨвɨɣ ɢɧɮɨɪɦаɰɢɢ. Ɉɛыɱɧɨ ɨɧɢ ɩɭɛɥɢɤɭɸɬɫɹ в ɫɩɪавɨɱɧых ɢɡɞаɧɢɹх 
ɢɥɢ в ɫеɬɢ ɂɧɬеɪɧеɬ ɢ ɩеɪɢɨɞɢɱеɫɤɢ ɨɛɧɨвɥɹɸɬɫɹ. ɇеɤɨɬɨɪые ɫɩɪавɨɱɧɢɤɢ ɧе 
ɨɛɧɨвɥɹɸɬ ɰеɧы, а ɩɭɛɥɢɤɭɸɬ ɢɧɞеɤɫы ɧа ɨɩɪеɞеɥеɧɧɭɸ ɞаɬɭ ɤ ɪаɧее 
ɨɩɭɛɥɢɤɨваɧɧыɦ ɰеɧаɦ, ɩɨɤаɡываɸɳɢе ɬеɧɞеɧɰɢɢ ɢɡɦеɧеɧɢɹ ɰеɧы. Ʉɪɭɝ ɬɨваɪɨв, 
ɩɨɩаɞаɸɳɢх в ɰеɧɨвые ɫɩɪавɨɱɧɢɤɢ, в ɨɫɧɨвɧɨɦ ɨхваɬываеɬ ɧеɛɢɪɠевые ɬɨваɪы. 
Ʉаɤ ɩɪавɢɥɨ, ɫɩɪавɨɱɧые ɰеɧы ɧеɫɤɨɥɶɤɨ ɨɬɫɬаɸɬ ɨɬ ɪыɧɤа, ɱɬɨ ɫвɹɡаɧɨ ɫ 
ɡаɬɪаɬаɦɢ вɪеɦеɧɢ ɧа ɨɛɪаɛɨɬɤɭ ɰеɧɨвɨɣ ɢɧɮɨɪɦаɰɢɢ ɢ ɩɨɫɥеɞɭɸɳɭɸ 
ɩɭɛɥɢɤаɰɢɸ. Ɉɞɧаɤɨ ɫɩɪавɨɱɧые ɰеɧы ɞɨвɨɥɶɧɨ ɬɨɱɧɨ ɨɬɪаɠаɸɬ ɞɢɧаɦɢɤɭ ɰеɧ ɧа 
ɞаɧɧɨɦ ɪыɧɤе ɢ ɬеɧɞеɧɰɢɢ. 

Ɉɩɪеɞеɥеɧɢе ɧаɱаɥɶɧɨɣ (ɦаɤɫɢɦаɥɶɧɨɣ) ɰеɧы ɞɨɝɨвɨɪа (ɰеɧы ɥɨɬа) 
ɪеɤɨɦеɧɞɭеɬɫɹ ɩɪɨвɨɞɢɬɶ ɫ ɢɫɩɨɥɶɡɨваɧɢеɦ ɨɞɧɨɝɨ ɢɥɢ ɧеɫɤɨɥɶɤɢх ɦеɬɨɞɨвμ 

- ɪыɧɨɱɧɨɝɨ; 
- ɩɨ аɧаɥɨɝаɦ; 
- ɪеɫɭɪɫɧɨɝɨ (ɫɦеɬɧɨɝɨ); 
- ɩɨ ɭɞеɥɶɧыɦ ɩɨɤаɡаɬеɥɹɦ ɫ ɢɫɩɨɥɶɡɨваɧɢеɦ шɤаɥɢɪɨваɧɢɹ 

(ɩаɪаɦеɬɪɢɱеɫɤɢɣ ɦеɬɨɞ). 
Ⱦɨвɨɥɶɧɨ ɱаɫɬɨ ɧа ɩɪаɤɬɢɤе ɩɪɢɦеɧɹɸɬɫɹ ɩɪɨɢɡвɨɞɧые ɢɥɢ ɫɦешаɧɧые 

ɦеɬɨɞы ɧа ɨɫɧɨве ɭɤаɡаɧɧых. 
Ɋыɧɨɱɧыɣ ɦеɬɨɞ ɨɩɪеɞеɥеɧɢɹ ɧаɱаɥɶɧɨɣ (ɦаɤɫɢɦаɥɶɧɨɣ) ɰеɧы ɞɨɝɨвɨɪа 

(ɰеɧы ɥɨɬа) ɩɪеɞɩɨɥаɝаеɬ аɧаɥɢɡ ɤɨɧɴɸɧɤɬɭɪы ɪыɧɤа ɧа ɧаɥɢɱɢе ɩɪеɞɥɨɠеɧɢɣ, 
ɫɩɪɨɫа ɢɥɢ ɫɞеɥɨɤ ɩɨ ɤɨɧɤɪеɬɧɨɣ ɩɪɨɞɭɤɰɢɢ ɫ ɨɩɪеɞеɥеɧɧыɦɢ ɩаɪаɦеɬɪаɦɢ, 
ɤɨɬɨɪɭɸ ɫɨɛɢɪаеɬɫɹ ɡаɤɭɩɢɬɶ ɡаɤаɡɱɢɤ. ȼ ɰеɥɹх ɪаɫɱеɬа ɫɨɛɢɪаеɬɫɹ ɢ ɨɛɨɛɳаеɬɫɹ 
ɢɧɮɨɪɦаɰɢɹ ɨ ɰеɧах ɧа ɤɨɧɤɪеɬɧɭɸ ɩɪɨɞɭɤɰɢɸ. ɇа ɨɫɧɨве ɧаɣɞеɧɧых ɞаɧɧых 
ɩɭɬеɦ выɱɢɫɥеɧɢɹ ɫɪеɞɧевɡвешеɧɧɨɣ веɥɢɱɢɧы ɢ ɩɪɢɦеɧеɧɢɹ ɪаɡɥɢɱɧых 
ɤɨɪɪеɤɬɢɪɨвɨɤ ɧа ɭɫɥɨвɢɹ ɤɨɧɤɪеɬɧых ɫɞеɥɨɤ выɱɢɫɥɹеɬɫɹ ɨɪɢеɧɬɢɪɨвɨɱɧыɣ 

ɭɪɨвеɧɶ ɱɢɫɬɨɣ ɰеɧы ɧа ɩɪɨɞɭɤɰɢɸ, ɤɨɬɨɪаɹ ɡаɬеɦ ɩɪɢвɨɞɢɬɫɹ ɤ ɭɫɥɨвɢɹɦ 
ɩɪеɞɩɨɥаɝаеɦɨɝɨ ɤ ɡаɤɥɸɱеɧɢɸ ɞɨɝɨвɨɪа.  

Ɉɞɧɢɦ ɢɡ ɪаɡɧɨвɢɞɧɨɫɬеɣ ɪыɧɨɱɧɨɝɨ ɹвɥɹеɬɫɹ ɦеɬɨɞ ɨɩɪеɞеɥеɧɢɹ ɧаɱаɥɶɧɨɣ 
(ɦаɤɫɢɦаɥɶɧɨɣ) ɰеɧы ɞɨɝɨвɨɪа (ɰеɧы ɥɨɬа) ɩɨ аɧаɥɨɝаɦ. Эɬɨɬ ɫɩɨɫɨɛ ɢɫɩɨɥɶɡɭɸɬ, 
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ɤɨɝɞа ɩɪеɞɩɨɥаɝаеɦыɣ ɤ ɡаɤɭɩɤе ɩɪеɞɦеɬ ɞɨɝɨвɨɪа ɧе ɩɪеɞɫɬавɥеɧ ɧа ɪыɧɤе ɢɥɢ 
ɧевɨɡɦɨɠɧɨ ɧаɣɬɢ ɤɨɧɴɸɧɤɬɭɪɧые ɞаɧɧые ɨ еɝɨ ɪыɧɨɱɧых ɰеɧах, ɧɨ ɩɪɢɫɭɬɫɬвɭеɬ 
ɩɨхɨɠаɹ ɩɪɨɞɭɤɰɢɹ, ɢɦеɸɳаɹ ɧеɛɨɥɶшɢе ɨɬɥɢɱɢɹ в ɮɭɧɤɰɢɨɧаɥɶɧых ɢ 
ɤаɱеɫɬвеɧɧых хаɪаɤɬеɪɢɫɬɢɤах. ȼ эɬɨɦ ɫɥɭɱае ɬаɤ ɠе, ɤаɤ ɢ ɩɪɢ ɪыɧɨɱɧɨɦ ɫɩɨɫɨɛе 
ɨɩɪеɞеɥеɧɢɹ ɰеɧы, ɩɪɨвɨɞɢɬɫɹ ɢɫɫɥеɞɨваɧɢе ɢ аɧаɥɢɡ ɪыɧɤа ɧа ɧаɥɢɱɢе ɰеɧ 
ɩɪеɞɥɨɠеɧɢɣ, ɫɩɪɨɫа ɢɥɢ ɮаɤɬɢɱеɫɤɢх ɫɞеɥɨɤ ɧа аɧаɥɨɝɢɱɧɭɸ ɢɥɢ ɫхɨɠɭɸ 
ɩɪɨɞɭɤɰɢɸ, ɤɨɬɨɪые ɡаɬеɦ ɩɭɬеɦ ɩɪɢɦеɧеɧɢɹ ɩɨɩɪавɨɤ ɧа ɪаɡɥɢɱɢе в 
хаɪаɤɬеɪɢɫɬɢɤах ɢ ɞɨɩɨɥɧɢɬеɥɶɧых ɫвɨɣɫɬвах ɩɪɢвɨɞɹɬɫɹ ɤ ɬɪеɛɨваɧɢɹɦ ɩɨ 
ɡаɤɭɩаеɦɨɣ ɩɪɨɞɭɤɰɢɢ. 

Ɋеɫɭɪɫɧыɣ, ɢɥɢ ɡаɬɪаɬɧыɣ, ɦеɬɨɞ, ɨɩɪеɞеɥеɧɢɹ ɧаɱаɥɶɧɨɣ (ɦаɤɫɢɦаɥɶɧɨɣ) 
ɰеɧы ɞɨɝɨвɨɪа (ɰеɧы ɥɨɬа) ɩɪɢɦеɧɹеɬɫɹ в ɨɫɧɨвɧɨɦ в ɫɬɪɨɢɬеɥɶɫɬве, а ɬаɤɠе ɩɪɢ 
ɪаɫɱеɬах ɰеɧ ɧа ɫɥɨɠɧɨе ɤɨɦɩɥеɤɬɧɨе ɨɛɨɪɭɞɨваɧɢе ɢɥɢ ɧа ɤɨɦɩɥеɤɫɧые ɪаɛɨɬы, 
ɭɫɥɭɝɢ. ȼ ɨɛɳеɦ ɩɨɧɢɦаɧɢɢ ɰеɧа ɩɪеɞɦеɬа ɡаɤɭɩɤɢ ɫɨɫɬавɥɹеɬɫɹ ɩɭɬеɦ ɧаɛɨɪа ɢ 
ɫɥɨɠеɧɢɹ (ɤаɥɶɤɭɥɹɰɢɢ) ɰеɧ еɝɨ ɫɨɫɬавɥɹɸɳɢх (ɪаɛɨɬ, ɬɨваɪɨв, ɨɛɨɪɭɞɨваɧɢɹ, 
ɫɬɨɢɦɨɫɬɢ ɦашɢɧ ɢ ɦехаɧɢɡɦɨв) ɫ ɭɱеɬɨɦ ɢх ɨɛɴеɦɨв. Ⱦɥɹ ɬɨваɪа ɫɭɦɦɢɪɭɸɬɫɹ 
ɡаɬɪаɬы ɦаɬеɪɢаɥɨв ɢ ɡаɩɱаɫɬеɣ, а ɬаɤɠе ɬɪɭɞɨɡаɬɪаɬы ɩɨ еɝɨ ɩɪɨɢɡвɨɞɫɬвɭ 
(ɫɛɨɪɤе). Ⱦɥɹ ɨɰеɧɤɢ ɪаɛɨɬ ɢ ɭɫɥɭɝ ɫɨɫɬавɥɹɸɬɫɹ ɫɩɢɫɤɢ ɭɡɤɨɫɩеɰɢаɥɢɡɢɪɨваɧɧых 
ɡаɞаɱ, ɨɩɪеɞеɥɹеɬɫɹ ɧɨɪɦаɬɢвɧɨе ɢɥɢ ɨɰеɧɨɱɧɨе вɪеɦɹ ɧа ɢх ɢɫɩɨɥɧеɧɢе, ɤɨɬɨɪɨе 
ɭɦɧɨɠаеɬɫɹ ɧа ɫɪеɞɧɸɸ ɰеɧɭ ɪаɛɨɱеɣ ɫɢɥы. ɉɨɥɭɱеɧɧые ɬɪɭɞɨɡаɬɪаɬы 
ɫɭɦɦɢɪɭɸɬɫɹ ɫ ɫɨɩɭɬɫɬвɭɸɳɢɦɢ ɨɰеɧɨɱɧыɦɢ ɡаɬɪаɬаɦɢ ɧа ɢɫɩɨɥɶɡɭеɦые ɩɪɢ 
выɩɨɥɧеɧɢɢ ɪаɛɨɬ, ɨɤаɡаɧɢɢ ɭɫɥɭɝ ɬɨваɪы, ɪаɫхɨɞɧые ɦаɬеɪɢаɥы, ɦашɢɧы ɢ 
ɦехаɧɢɡɦы (ɉɋȾ). 

Ⱦаɧɧыɣ ɫɩɨɫɨɛ ɫаɦыɣ ɬɪɭɞɨеɦɤɢɣ, ɧɨ ɧаɢɛɨɥее ɬɨɱɧыɣ. 
ɍ ɤаɠɞɨɝɨ ɢɡ ɭɤаɡаɧɧых ɫɩɨɫɨɛɨв ɪаɫɱеɬа ɰеɧы еɫɬɶ ɧеɞɨɫɬаɬɤɢ ɢ 

ɩɨɝɪешɧɨɫɬɢ, ɩɨэɬɨɦɭ в ɰеɥɹх ɛɨɥее ɬɨɱɧɨɝɨ ɨɩɪеɞеɥеɧɢɹ ɧаɱаɥɶɧɨɣ 
(ɦаɤɫɢɦаɥɶɧɨɣ) ɰеɧы ɪеɤɨɦеɧɞɭеɬɫɹ ɩɪɨвеɪɹɬɶ ɪеɡɭɥɶɬаɬы, ɩɨɥɭɱеɧɧые ɨɞɧɢɦ 
ɫɩɨɫɨɛɨɦ, ɪаɫɱеɬɨɦ ɞɪɭɝɢɦ ɫɩɨɫɨɛɨɦ. ȿɫɥɢ ɪеɡɭɥɶɬаɬы ɪаɫɱеɬɨв ɪаɡɧыɦɢ 
ɦеɬɨɞаɦɢ ɪаɡɥɢɱаɸɬɫɹ в ɩɪеɞеɥах 3-5Σ, ɬɨ ɦɨɠɧɨ ɭɬвеɪɠɞаɬɶ, ɱɬɨ ɨɰеɧɤа веɪɧа. 

 

 
Ɋɢɫɭɧɨɤ 7.2.1 
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ȼ ɬаɛɥɢɰе ɩɪɢвеɞеɧы ɞаɧɧые ɩɨ эɤɨɧɨɦɢɢ ɫеɛеɫɬɨɢɦɨɫɬɢ ɞɨɛыɱɢ 1 ɬɨɧɧы 
ɧеɮɬɢ ɡа ɩеɪɢɨɞ. 
 

Ɍаɛɥɢɰа 2 – Ⱥɧаɥɢɡ эɤɨɧɨɦɢɢ ɫеɛеɫɬɨɢɦɨɫɬɢ 1 ɬɨɧɧы ɧеɮɬɢ ɩɭɬеɦ ɩɪɨвеɞеɧɢɹ 

ɡаɤɭɩɨɱɧых ɩɪɨɰеɞɭɪ 

 

ɉɪɢ ɩɪɨвеɞеɧɢɢ Ɂаɤɭɩɨɱɧых ɩɪɨɰеɞɭɪ ɫɧɢɠеɧɢе ɮаɤɬɢɱеɫɤɨɣ ɫеɛеɫɬɨɢɦɨɫɬɢ 
ɨɬ ɩɥаɧɨвɨɣ ɫеɛеɫɬɨɢɦɨɫɬɢ ɩɨ ɝɨɞɭ ɫɨɫɬавɢɥɨ 204 069 055,50 ɪɭɛ., ɢɥɢ 6,66Σ.  

Эɤɨɧɨɦɢɹ ɛыɥа ɞɨɫɬɢɝɧɭɬа ɩɨ ɫɬаɬɶɹɦ ɡаɬɪаɬ ɬɪаɧɫɩɨɪɬɧые ɪаɫхɨɞы, ɭɫɥɭɝɢ 
ɈɈɈ «Эɉɍ», ɭɫɥɭɝɢ ɈɈɈ «Эɧеɪɝɨɧеɮɬɶ», ɭɫɥɭɝɢ ɈɈɈ «ɉɊɋ», ɩɨ 
ɨɛɳеɩɪɨɢɡвɨɞɫɬвеɧɧыɦ ɪаɫхɨɞаɦ. 
 

 

ɋɬаɬɶɢ ɡаɬɪаɬ ɩɥаɧ ɮаɤɬ ɨɬɤɥɨɧеɧɢе 

Ɋɭɛ. % 

ȼɫɩɨɦɨɝаɬеɥɶɧые ɦаɬеɪɢаɥы 14781536,50 12853510,00 1928026,50 13,04 

ɬɨɩɥɢвɨ 2010,00 2010,00 - - 

ɍɫɥɭɝɢ ɈɈɈ «Эɧеɪɝɨɧеɮɬɶ» 
эɥеɤɬɪɨэɧеɪɝɢɹ  

326349920,00 326349920,00 - - 

Ɂаɪаɛɨɬɧаɹ ɩɥаɬа ɢ 
ɨɬɱɢɫɥ.ɫɨɰ.ɫɬɪах. 

49230070,00 49230070,00 - - 

Ⱥɦɨɪɬɢɡаɰɢɹ ɨɫɧɨвɧых ɮɨɧɞɨв 764128930,00 764128930,00 - - 

Ɍɪаɧɫɩɨɪɬɧые ɪаɫхɨɞы 45688008,00 38073340,00 7614668,00 16,67 

ɍɫɥɭɝɢ ɈɈɈ «Эɉɍ» 131996604,00 109997170,00 21999434,00 16,67 

ɍɫɥɭɝɢ ɈɈɈ «Эɧеɪɝɨɧеɮɬɶ» 
ɩаɪ,вɨɞа 

2734017,00 2485470,00 2485470,00 9,09 

Ɂаɤаɱɤа вɨɞы 588583540,00 588583540,00 - - 

ɉɨɞɝɨɬɨвɤа ɧеɮɬɢ 89891890,00 89891890,00 - - 

ɋɛɨɪ ɢ ɬɪаɧɫɩɨɪɬɢɪɨвɤа ɧеɮɬɢ 38709610,00 38709610,00 - - 

ɍɫɥɭɝɢ ɈɈɈ «ɉɊɋ» 308427025,00 246741620,00 61685405,00 20,00 

Ɉɛɳеɩɪɨɢɡвɨɞɫɬвеɧɧые ɪаɫхɨɞы 1216522725,00 1105929750,00 110592975,00 9,09 

ɂɬɨɝɨ ɡаɬɪаɬ ɫ аɦɨɪɬɢɡаɰɢеɣμ 3829804985,50 3625735930,00 204069055,50 5,33 

ɂɬɨɝɨ ɡаɬɪаɬ ɛеɡ аɦɨɪɬɢɡаɰɢɢμ 3065676055,50 2861607000,00 204069055,50 6,66 

Ⱦɨɛыɱа ɧеɮɬɢ (ɬыɫ.ɬɧ.) 2021,00 2021,00 - - 

Ɇех.ɞɨɛыɱа (ɬыɫ.ɬɧ.) 1987,00 1987,00 - - 

Ɂаɤаɱɤа вɨɞы (ɦɥɧ.ɦ3
) 5624,00 5624,00 - - 

ɋеɛеɫɬɨɢɦɨɫɬɶ 1ɬ ɧеɮɬɢ ɫ аɦɨɪɬ. 
(ɪɭɛ.) 

1516,91 1415,94 100,97 6,66 

ɋеɛеɫɬɨɢɦɨɫɬɶ 1ɬ ɧеɮɬɢ ɛеɡ аɦɨɪɬ. 
(ɪɭɛ.) 

1138,82 1037,84 100,97 8,87 
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Зɚɤɥɸɱɟɧɢɟ 

 

ȼ хɨɞе ɪаɛɨɬы ɧаɞ ɞɢɩɥɨɦɧыɦ ɩɪɨеɤɬɨɦ ɛыɥа ɫɩɪɨеɤɬɢɪɨваɧа ɢ ɪаɫɫɱɢɬаɧа 
ɫɢɫɬеɦа ɭɩɪавɥеɧɢɹ ɞвɢɝаɬеɥеɦ ɛɭɪɨвɨɣ ɭɫɬаɧɨвɤɢ ɩɨ ɫɢɫɬеɦе ɉɑ-ȺȾ. ɉɨ 
ɡаɞаɧɧыɦ ɡɧаɱеɧɢɹɦ ɛыɥ ɩɪɨɢɡвеɞеɧ ɪаɫɱеɬ ɢ ɩɨɫɬɪɨеɧа ɬехɧɨɝɪаɦɦа ɞвɢɠеɧɢɹ.  

ɋɥеɞɭɸɳɢɦ эɬаɩɨɦ в ɪаɛɨɬе ɛыɥа ɩɪɨвеɞеɧа ɩɪɨвеɪɤа ɪаɫɱеɬɧɨɝɨ ɞвɢɝаɬеɥɹ 
ɩɨ ɭɫɥɨвɢɸ ɧаɝɪева ɢ ɩеɪеɝɪɭɡɨɱɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ.  

Ⱦаɥее ɛыɥɢ ɩɨɫɬɪɨеɧы ɮɭɧɤɰɢɨɧаɥɶɧаɹ ɢ ɫɬɪɭɤɬɭɪɧаɹ ɫхеɦы, ɫ ɩɨɦɨɳɶɸ 
ɤɨɬɨɪых ɛыɥɢ ɪаɫɫɱɢɬаɧы ɩаɪаɦеɬɪы ɞɥɹ ɩɨɫɬɪɨеɧɢɹ ɦаɬеɦаɬɢɱеɫɤɨɣ ɦɨɞеɥɢ в 
ɫɪеɞе MКЭLКЛ.  

ɂɫɫɥеɞɨваɧɢе, ɩɪɨвеɞеɧɧɨе в ɩɪɨеɤɬе ɩɨɥɭɱеɧɧɨɣ вɢɪɬɭаɥɶɧɨɣ ɦɨɞеɥɢ, 
ɩɨɡвɨɥɢɥɨ ɢɡɭɱɢɬɶ ɞɢɧаɦɢɱеɫɤɢе ɢ ɫɬаɬɢɱеɫɤɢе хаɪаɤɬеɪɢɫɬɢɤɢ ɫɢɫɬеɦы 
ɭɩɪавɥеɧɢɹ эɥеɤɬɪɨɩɪɢвɨɞа ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤа ɩɨ ɫɢɫɬеɦе ɉɑ-ȺȾ ɩɨɞ ɧаɝɪɭɡɤɨɣ ɢ 
ɩɪɢ хɨɥɨɫɬɨɦ хɨɞе. 
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ɋɩɢɫɨɤ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ 

1) Ⱥɫɢɧхɪɨɧɧые ɞвɢɝаɬеɥɢ ɫеɪɢɢ 4Ⱥ. ɋɩɪавɨɱɧɢɤ. Ⱥ. Э. Ʉɪавɱɢɤ, 1λκ2ɝ. - 504ɫ. 
2) Ȼашаɪɢɧ Ⱥ.ȼ., ɇɨвɢɤɨв ȼ.Ⱥ., ɋɨɤɨɥɨвɫɤɢɣ Ƚ.Ƚ. ɍɩɪавɥеɧɢе эɥеɤɬɪɨɩɪɢвɨɞаɦɢμ 

ɍɱеɛɧɨе ɩɨɫɨɛɢе ɞɥɹ вɭɡɨв. - Ʌ.μ Эɧеɪɝɨɢɡɞаɬ. Ʌеɧɢɧɝɪ. ɨɬɞ-ɧɢе, 1λκ2. - 3λ2 ɫ., 
ɢɥ. 

3) ɋɩɢваɤɨвɫɤɢɣ Ⱥ. Ɉ., Ⱦɶɹɱɤɨв ȼ.Ʉ. Ɍɪаɧɫɩɨɪɬɢɪɭɸɳɢе ɦашɢɧыμ ɍɱеɛ. ɩɨɫɨɛɢе 
ɞɥɹ ɦашɢɧɨɫɬɪɨɢɬеɥɶɧых вɭɡɨв.- 3-е ɢɡɞ.- Ɇ.μ Ɇашɢɧɨɫɬɪɨеɧɢе, 1λκ3.- 4κ7ɫ. 

4) ɂваɧɨв ɂ.ɂ., Ɋавɞɨɧɢɤ ȼ.ɋ. Эɥеɤɬɪɨɬехɧɢɤаμ ɍɱеɛɧɢɤ ɞɥɹ вɭɡɨв. - Ɇ.μ ȼыɫшаɹ 
шɤɨɥа, 1λκ4. - 375 ɫ. 

5) ɑɭɪɸɤɢɧ ȼ.Ⱥ., əшɤɨв ɘ.Ʉ. Ɉɛɨɡɧаɱеɧɢе ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɣ ɞɨɤɭɦеɧɬаɰɢɢμ 
ɍɱеɧɨе ɩɨɫɨɛɢе. - ɑеɥɹɛɢɧɫɤμ ɑȽɌɍ, 1λκ6. - 61 ɫ. 

6) Ɂеɧɤɨв Ɋ. Ʌ., ɂвашɤɨв ɂ. ɂ., Ʉɨɥɨɛɨв Ʌ. ɇ. Ɇашɢɧы ɧеɩɪеɪывɧɨɝɨ ɬɪаɧɫɩɨɪɬа. 
- 2 -е ɢɡɞ., ɩеɪеɪаɛ. ɢ ɞɨɩ. - Ɇ.μ Ɇашɢɧɨɫɬɪɨеɧɢе, 1λκ7. - 432 ɫ.μ ɢɥ. 

7) Ɋɭɞаɤɨв ȼ. ȼ. ɢ ɞɪ. Ⱥɫɢɧхɪɨɧɧые эɥеɤɬɪɨɩɪɢвɨɞы ɫ веɤɬɨɪɧыɦ ɭɩɪавɥеɧɢеɦ. ȼ. 
ȼ. Ɋɭɞаɤɨв, ɂ. Ɇ. ɋɬɨɥɹɪɨв, ȼ. Ⱥ. Ⱦаɪɬаɭ. - Ʌ. Эɧеɪɝɨаɬɨɦɢɡɞаɬ, Ʌеɧɢɧɝɪ. ɨɬɞ-

ɧɢе, 1λκ7, - 136 ɫ. 
8) ɑɭɥɤɨв ɇ.ɇ. Ɋаɫɱеɬ ɩɪɢвɨɞɨв ɤаɪɶеɪɧых ɦашɢɧ. - Ɇ.μ ɇеɞɪа. 1λκ7. - 196c. 

9) Ʉɨɩыɥɨв ɂ. ɉ., Ʉɥɨɤɨва Ȼ. Ʉ. ɋɩɪавɨɱɧɢɤ ɩɨ эɥеɤɬɪɢɱеɫɤɢɦ ɦашɢɧаɦμ ȼ 2 ɬ./ Ɍ. 
1 ɢ 2.-Ɇ.μ Эɧеɪɝɨаɬɨɦɢɡɞаɬ, 1λκκ.-456 ɫμ 

10) ɋɬɨɥɨв Ʌ.ɂ., Ⱥɮаɧаɫɶев Ⱥ.ɘ. Ɇɨɦеɧɬɧые ɞвɢɝаɬеɥɢ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤа. - Ɇ.μ 
Эɧеɪɝɨаɬɨɦɢɡɞаɬ,1λκλ. - 224 ɫ. 

11) Ɍɨɤаɪев Ȼ.Ɏ. Эɥеɤɬɪɢɱеɫɤɢе ɦашɢɧыμ ɍɱеɛɧɢɤ ɞɥɹ ɬехɧɢɤɭɦɨв - Ɇ.μ 
Эɧеɪɝɨаɬɨɦɢɡɞаɬ, 1λκλ. - 672 ɫ. 

12) ɂ.ɉ. Ʉɨɩыɥɨв. ɉɪɨеɤɬɢɪɨваɧɢе эɥеɤɬɪɢɱеɫɤɢх ɦашɢɧ. Ɇ.μ Эɧеɪɝɨаɬɨɦɢɡɞаɬ, 
1λλ3ɝ. - 454ɫ.  

13) Эɥеɤɬɪɨɞвɢɝаɬеɥɢ ɢ эɥеɤɬɪɨɨɛɨɪɭɞɨваɧɢе. Ʉаɬаɥɨɝ. ɑ1 - Ɇ.μ ɂɄɎ «Ʉаɬаɥɨɝ», 
1994.  

14) Эɥеɤɬɪɨɞвɢɝаɬеɥɢ ɢ эɥеɤɬɪɨɨɛɨɪɭɞɨваɧɢе. Ʉаɬаɥɨɝ. ɑ3 - Ɇ.μ ɂɄɎ «Ʉаɬаɥɨɝ», 
1996. 

15) Ɇɨɳɢɧɫɤɢɣ ɘ.Ⱥ. ɢ ɞɪ., "Ɉɩɪеɞеɥеɧɢе ɩаɪаɦеɬɪɨв ɫхеɦы ɡаɦеɳеɧɢɹ 
аɫɢɧхɪɨɧɧых ɦашɢɧ ɩɨ ɤаɬаɥɨɠɧыɦ ɞаɧɧыɦ". ɀ.μ "Эɥеɤɬɪɢɱеɫɬвɨ" в №4/λκ. 
1λλκ, ɫɬɪ. 3κ-42. 

16) Ƚɨɥɶɞɛеɪɝ Ɉ.Ⱦ. Ƚɭɪɢɧ ə.ɋ. ɉɪɨеɤɬɢɪɨваɧɢе эɥеɤɬɪɢɱеɫɤɢх ɦашɢɧ. - 2-е ɢɡɞ. 
ɩеɪеɪаɛ ɢ ɞɨɩ. - Ɇ.μ ȼыɫшаɹ шɤɨɥа. - 2001.  

17) ȿɮɢɦɱеɧɤɨ ɋ.ɂ., ɍɱеɛɧɨе ɩɨɫɨɛɢеμ Ɋаɫɱеɬы ɪеɫɭɪɫа ɧеɫɭɳɢх эɥеɦеɧɬɨв 
ɛɭɪɨвых ɭɫɬаɧɨвɨɤ, Ɇɨɫɤва 2001ɝ. 

18) Ʉɥɸɱев ȼ.ɂ. Ɍеɨɪɢɹ эɥеɤɬɪɨɩɪɢвɨɞаμ ɍɱеɛ. ɞɥɹ вɭɡɨв. - 2-е ɢɡɞ. Ɇ.μ 
Эɧеɪɝɨаɬɨɦɢɡɞаɬ, 2001ɝ. - 704ɫ. 

19) Ɂаɹɤɢɧ ɋ. ɑаɫɬɨɬɧыɣ ɩɪеɨɛɪаɡɨваɬеɥɶ в ɫɢɫɬеɦах вɨɞɨɫɧаɛɠеɧɢɹμ 
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- 2005. - №1. - 140 c. 
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2005. - 202ɫ. 
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