
Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

ɉɈɅɂɌȿɏɇɂЧȿɋɄɂɃ ɂɇɋɌɂɌɍɌ 

Ʉɚɮɟɞɪɚ «Ɇɚɲɢɧɨɫɬɪɨɟɧɢɟ» 

 
 
 

ɍɌȼȿɊɀȾȺЮ              
Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 

______________   Ⱥ.ɂ. Ⱦɟɦɱɟɧɤɨ 
« ИИИИИ»   ИИИИИИИ  β016ɝ. 

 
 
 

 

МАȽИɋɌȿɊɋКАЯ ȾИɋɋȿɊɌАЦИЯ 
 

15.04.01.01 - «Ɇɚɲɢɧɵ ɢ ɬɟɯɧɨɥɨɝɢɹ ɫɜɚɪɨɱɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ» 
 

Ɋɚɡɪɚɛɨɬɤɚ ɬɟɯɧɨɥɨɝɢɢ ɢ ɢɡɝɨɬɨɜɥɟɧɢɟ ɨɩɵɬɧɨɝɨ ɨɛɪɚɡɰɚ ɫɜɚɪɧɨɝɨ ɚɧɨɞɚ ɞɥɹ 
ɯɢɦɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. 

ɉɨɹɫɧɢɬɟɥɶɧɚɹ ɡɚɩɢɫɤɚ 
 
 

Ɋɭɤɨɜɨɞɢɬɟɥɶ _____________ __________________ Ⱥ.ɂ. Ⱦɟɦɱɟɧɤɨ 
ɩɨɞɩɢɫɶ, ɞɚɬɚ  ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɚɹ ɫɬɟɩɟɧɶ ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

ȼɵɩɭɫɤɧɢɤ  _____________     Ⱥ.ɂ. Ⱦɟɪɛɟɧɟɜ 
ɩɨɞɩɢɫɶ, ɞɚɬɚ      ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

Ɋɟɰɟɧɡɟɧɬ  _____________ ___________________ ȼ.ɋ.Ʉɚɡɚɤɨɜ 
ɩɨɞɩɢɫɶ, ɞɚɬɚ  ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɚɹ ɫɬɟɩɟɧɶ ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

 

Ʉɨɧɫɭɥɶɬɚɧɬɵ: 
Ɉɪɝɚɧɢɡɚɰɢɨɧɧɨ- 
ɷɤɨɧɨɦɢɱɟɫɤɢɣ 
ɪɚɡɞɟɥ  _____________ __________________ Ⱥ.ɂ.Ⱦɟɦɱɟɧɤɨ 

ɩɨɞɩɢɫɶ, ɞɚɬɚ  ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɚɹ ɫɬɟɩɟɧɶ ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

Ȼɟɡɨɩɚɫɧɨɫɬɶ 
ɢ ɷɤɨɥɨɝɢɱɧɨɫɬɶ 
ɩɪɨɟɤɬɚ  _____________ ___________________ ɋ.ȼ. Ɇɢɲɧɟɜ 

ɩɨɞɩɢɫɶ, ɞɚɬɚ  ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɚɹ ɫɬɟɩɟɧɶ ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

ɇɨɪɦɨɤɨɧɬɪɨɥɟɪ _____________ ___________________ ɋ.Ʌ. Ȼɭɫɵɝɢɧ 
ɩɨɞɩɢɫɶ, ɞɚɬɚ  ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɚɹ ɫɬɟɩɟɧɶ ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

 

 

Ʉɪɚɫɧɨɹɪɫɤ β016 
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Каф. Машиностроение 

Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

ɉɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ 
Ʉɚɮɟɞɪɚ «Ɇɚɲɢɧɨɫɬɪɨɟɧɢɟ» 

ɍɌȼȿɊɀȾȺЮ 
Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 

__________   Ⱥ.ɂ. Ⱦɟɦɱɟɧɤɨ 
« ИИИИИИ»   ИИИИИИИИИ  β016 ɝ. 

ɁАȾАɇИȿ 
ɇА ȼЫɉɍɋКɇɍЮ КȼАɅИɎИКАЦИɈɇɇɍЮ ɊАȻɈɌɍ 

ȼ ɎɈɊМȿ МАȽИɋɌȿɊɋКɈɃ ȾИɋɋȿɊɌАЦИИ 
 

ɋɬɭɞɟɧɬɭ Ⱦɟɪɛɟɧɟɜɭ Ⱥ.ɂ. 
Ƚɪɭɩɩɚ ɆɌ 14-0βɆ ɇɚɩɪɚɜɥɟɧɢɟ (ɫɩɟɰɢɚɥɶɧɨɫɬɶ) 15.04.01.01 - «Ɇɚɲɢɧɵ ɢ 
ɬɟɯɧɨɥɨɝɢɹ ɫɜɚɪɨɱɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ» 
Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ: «Ɋɚɡɪɚɛɨɬɤɚ ɬɟɯɧɨɥɨɝɢɢ ɢ 
ɢɡɝɨɬɨɜɥɟɧɢɟ ɨɩɵɬɧɨɝɨ ɨɛɪɚɡɰɚ ɫɜɚɪɧɨɝɨ ɚɧɨɞɚ ɞɥɹ ɯɢɦɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ» 
ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ № 6721/ɫ ɨɬ  20.05.2016 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ: Ⱦɟɦɱɟɧɤɨ Ⱥ.ɂ., ɉɂ ɋɎɍ, Ⱦɨɰɟɧɬ 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ȼɄɊ: 1. Чɟɪɬɟɠ ɢɡɞɟɥɢɹ; β. Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ ɧɚ 
ɢɡɝɨɬɨɜɥɟɧɢɟ. 
ɉɟɪɟɱɟɧɶ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɜɨɩɪɨɫɨɜ (ɪɚɡɞɟɥɨɜ ȼɄɊ) 

1. Ʌɢɬɟɪɚɬɭɪɧɨ-ɩɚɬɟɧɬɧɵɣ ɨɛɡɨɪ 
2. Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɱɚɫɬɶ 
3. Ʉɨɧɫɬɪɭɤɬɨɪɫɤɚɹ ɱɚɫɬɶ 
4. Ɉɪɝɚɧɢɡɚɰɢɨɧɧɨ-ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɱɚɫɬɶ 
5. Ȼɟɡɨɩɚɫɧɨɫɬɶ ɢ ɷɤɨɥɨɝɢɱɧɨɫɬɶ ɩɪɨɟɤɬɚ 

ɉɟɪɟɱɟɧɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɢɥɢ ɢɥɥɸɫɬɪɢɪɨɜɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɫ ɭɤɚɡɚɧɢɟɦ ɨɫɧɨɜɧɵɯ 
ɱɟɪɬɟɠɟɣ, ɩɥɚɤɚɬɨɜ: 

1. Ⱥɧɨɞ ɨɱɢɫɬɧɨɣ (Ⱥ1) 
2. Ʉɨɧɞɭɤɬɨɪ ɞɥɹ ɫɜɚɪɤɢ ɲɢɧɵ ɢ ɲɬɚɧɝɢ (Ⱥ1) 
3. ɋɬɟɧɞ (Ⱥβ) 
4. ɍɩɨɪ ɞɥɹ ɤɨɧɬɚɤɬɧɨɣ ɫɜɚɪɤɢ (Ⱥβ) 
5. ɗɥɟɤɬɪɨɞ ɧɢɠɧɢɣ (Ⱥβ) 
6. ɋɯɟɦɚ ɤɨɧɬɚɤɬɧɨɣ ɫɜɚɪɤɢ ɲɩɢɥɟɤ (Ⱥ1) 
7. Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ (β Ⱥ1) 
8.Ʉɨɦɩɨɧɨɜɤɚ ɰɟɯɚ (Ⱥ1) 
9.Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ (Ⱥ1). 

Ʉɨɧɫɭɥɶɬɚɧɬɵ ɩɨ ɪɚɡɞɟɥɚɦ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɪɚɡɞɟɥɚ ȼɄɊ 
ɂɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ ɩɪɟɩɨɞɚɜɚɬɟɥɹ-

ɤɨɧɫɭɥɶɬɚɧɬɚ ɩɨ ɪɚɡɞɟɥɭ 
Ɉɪɝɚɧɢɡɚɰɢɨɧɧɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɪɚɡɞɟɥ Ⱥ.ɂ. Ⱦɟɦɱɟɧɤɨ 
Ɋɚɡɞɟɥ ɛɟɡɨɩɚɫɧɨɫɬɢ ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ ɢ 
ɷɤɨɥɨɝɢɱɧɨɫɬɢ ɩɪɨɟɤɬɚ 

ɋ.ȼ. Ɇɢɲɧɟɜ 
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КАɅȿɇȾАɊɇЫɃ ȽɊАɎИК 
ɜɵɩɨɥɧɟɧɢɹ ɷɬɚɩɨɜ ȼɄɊ 

 
№ ɷɬɚɩɚ ɋɪɨɤ Ɍɟɤɫɬɨɜɚɹ ɱɚɫɬɶ Ƚɪɚɮɢɱɟɫɤɚɹ ɱɚɫɬɶ 

1 ɫ 01.10.2015 ɅɉɈ - 100 % ɥɢɫɬ № 1 
 ɩɨ γ1.01.2016   
    
    
2 ɫ 01.0β.2016 ɄЧɉ – 60 % ɥɢɫɬ № β 
 ɩɨ γ1.0γ.β016 ɌЧɉ – 50 % ɥɢɫɬ № γ 
    
    
    
3 ɫ 01.04.β016 ɄЧɉ – 40 % ɥɢɫɬ № 4 
 ɩɨ 15.04.β016 Ȼ ɢ ɗɉ – 40 % ɥɢɫɬ № 5 
  ɈɗЧ – 25 %  
  ɌЧɉ – 50 %  
    
4 ɫ 16.04.β016 Ȼ ɢ ɗɉ –40 % ɥɢɫɬ № 6 
 ɩɨ γ0.04.β016 ɈɗЧ – 25 % ɥɢɫɬ № 7 
   ɥɢɫɬ № 8 
    
5 ɫ 01.05.β016 ɈɗЧ – 50 %  
 ɩɨ β5.05.β016  ɥɢɫɬ №9 
    

ȼɫɟɝɨ ɧɚ β5.05.β016 100% ɩɨ ɪɚɡɞɟɥɚɦ 100% 
 

 
ɅɉɈ – ɥɢɬɟɪɚɬɭɪɧɨ-ɩɚɬɟɧɬɧɵɣ ɨɛɡɨɪ 
ɌЧɉ – ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɱɚɫɬɶ 
ɄЧɉ – ɤɨɧɫɬɪɭɤɬɨɪɫɤɚɹ ɱɚɫɬɶ 
Ȼ ɢ ɗɉ – ɛɟɡɨɩɚɫɧɨɫɬɶ ɢ ɷɤɨɥɨɝɢɱɧɨɫɬɶ ɩɪɨɟɤɬɚ 
ɈɗЧ – ɨɪɝɚɧɢɡɚɰɢɨɧɧɨ-ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɱɚɫɬɶ 

 
 
 

 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ɜɵɩɭɫɤɧɨɣ 
ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ  ИИИИИИИИИИИИИИИИИИ Ⱥ.ɂ. Ⱦɟɦɱɟɧɤɨ 

ɩɨɞɩɢɫɶ, ɞɚɬɚ 
 
Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ 
ɤ ɢɫɩɨɥɧɟɧɢɸ             ИИИИИИИИИИИИИИИИИИИ Ⱥ.ɂ. Ⱦɟɪɛɟɧɟɜ 

ɩɨɞɩɢɫɶ, ɞɚɬɚ 



 

ɊȿɎȿɊАɌ 
 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ: «Ɋɚɡɪɚɛɨɬɤɚ ɬɟɯɧɨɥɨɝɢɢ 

ɢ ɢɡɝɨɬɨɜɥɟɧɢɟ ɨɩɵɬɧɨɝɨ ɨɛɪɚɡɰɚ ɫɜɚɪɧɨɝɨ ɚɧɨɞɚ ɞɥɹ ɯɢɦɢɱɟɫɤɨɣ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ» ɫɨɞɟɪɠɢɬ 23 ɬɚɛɥɢɰ, 36 ɢɥɥɸɫɬɪɚɰɢɸ ɢ 128 ɫɬɪɚɧɢɰɵ 

ɩɟɱɚɬɧɨɝɨ ɬɟɤɫɬɚ, ɤɨɥɢɱɟɫɬɜɨ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ γγ, ɝɪɚɮɢɱɟɫɤɚɹ 

ɱɚɫɬɶ ɩɪɨɟɤɬɚ ɫɨɫɬɚɜɥɹɟɬ 9 ɥɢɫɬɨɜ ɮɨɪɦɚɬɚ Ⱥ1. 

ɉɨɹɫɧɢɬɟɥɶɧɚɹ ɡɚɩɢɫɤɚ ɤ ɩɪɨɟɤɬɭ ɫɨɫɬɨɢɬ ɢɡ ɜɜɟɞɟɧɢɹ, ɩɹɬɢ ɨɫɧɨɜɧɵɯ 

ɪɚɡɞɟɥɨɜ (ɥɢɬɟɪɚɬɭɪɧɨ-ɩɚɬɟɧɬɧɵɣ ɨɛɡɨɪ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɱɚɫɬɶ, 

ɤɨɧɫɬɪɭɤɬɨɪɫɤɚɹ ɱɚɫɬɶ, ɨɪɝɚɧɢɡɚɰɢɨɧɧɨ-ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɱɚɫɬɶ, ɛɟɡɨɩɚɫɧɨɫɬɶ ɢ 

ɷɤɨɥɨɝɢɱɧɨɫɬɶ ɩɪɨɟɤɬɚ), ɡɚɤɥɸɱɟɧɢɹ ɢ ɩɪɢɥɨɠɟɧɢɹ. 

ȼ ɨɫɧɨɜɧɵɯ ɪɚɡɞɟɥɚɯ ɫɨɞɟɪɠɚɬɫɹ ɪɟɡɭɥɶɬɚɬɵ ɧɚɞ ɩɪɨɟɤɬɨɦ. ɉɪɨɜɟɞɟɧɵ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɟ ɪɚɫɱɟɬɵ. 

ɉɪɢɜɨɞɢɬɫɹ ɚɧɚɥɢɡ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɩɪɨɟɤɬɚ. 

ȼ ɡɚɤɥɸɱɟɧɢɢ ɩɪɢɜɨɞɹɬɫɹ ɜɵɜɨɞɵ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɛɨɬɵ ɧɚɞ 

ɩɪɨɟɤɬɨɦ. ȼ ɩɪɢɥɨɠɟɧɢɢ ɪɚɡɦɟɳɟɧɵ ɫɩɟɰɢɮɢɤɚɰɢɢ ɤ ɱɟɪɬɟɠɚɦ. 

  



 

ɋɈȾȿɊɀАɇИȿ 
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ȼɜɟɞɟɧɢɟ 
 
ɋɟɝɨɞɧɹ ɫɜɚɪɤɚ – ɨɞɢɧ ɢɡ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 

ɩɪɨɰɟɫɫɨɜ ɜ ɪɹɞɟ ɨɬɪɚɫɥɟɣ ɩɪɨɢɡɜɨɞɫɬɜɚ. Ɇɧɨɝɢɟ ɤɨɧɫɬɪɭɤɰɢɢ ɫɨɜɪɟɦɟɧɧɵɯ 
ɦɚɲɢɧ ɢ ɫɨɨɪɭɠɟɧɢɣ, ɧɚɩɪɢɦɟɪ ɤɨɫɦɢɱɟɫɤɢɟ ɪɚɤɟɬɵ, ɩɨɞɜɨɞɧɵɟ ɥɨɞɤɢ, ɝɚɡɨ- 
ɢ ɧɟɮɬɟɩɪɨɜɨɞɵ, ɢɡɝɨɬɨɜɢɬɶ ɛɟɡ ɩɨɦɨɳɢ ɫɜɚɪɤɢ ɧɟɜɨɡɦɨɠɧɨ. ɋɟɝɨɞɧɹ 
ɫɜɚɪɢɜɚɸɬ ɦɚɬɟɪɢɚɥɵ, ɤɨɬɨɪɵɟ ɟɳɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɞɚɜɧɨ ɫɱɢɬɚɥɢɫɶ 
ɷɤɡɨɬɢɱɟɫɤɢɦɢ. ɗɬɨ ɬɢɬɚɧɨɜɵɟ, ɧɢɨɛɢɟɜɵɟ ɢ ɛɟɪɢɥɥɢɟɜɵɟ ɫɩɥɚɜɵ, ɦɨɥɢɛɞɟɧ, 
ɜɨɥɶɮɪɚɦ, ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɜɵɫɨɤɨɩɪɨɱɧɵɟ ɦɚɬɟɪɢɚɥɵ, ɤɟɪɚɦɢɤɚ, ɚ ɬɚɤɠɟ 
ɜɫɟɜɨɡɦɨɠɧɵɟ ɫɨɱɟɬɚɧɢɹ ɪɚɡɧɨɪɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. ɋɜɚɪɢɜɚɸɬɫɹ ɞɟɬɚɥɢ 
ɷɥɟɤɬɪɨɧɢɤɢ ɬɨɥɳɢɧɨɣ ɜ ɧɟɫɤɨɥɶɤɨ ɦɢɤɪɨɧ ɢ ɞɟɬɚɥɢ ɬɹɠɟɥɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
ɬɨɥɳɢɧɨɣ ɜ ɧɟɫɤɨɥɶɤɨ ɦɟɬɪɨɜ. ɉɨɫɬɨɹɧɧɨ ɭɫɥɨɠɧɹɸɬɫɹ ɭɫɥɨɜɢɹ, ɜ ɤɨɬɨɪɵɯ 
ɜɵɩɨɥɧɹɸɬɫɹ ɫɜɚɪɨɱɧɵɟ ɪɚɛɨɬɵ: ɫɜɚɪɢɜɚɬɶ ɩɪɢɯɨɞɢɬɫɹ ɩɨɞ ɜɨɞɨɣ, ɩɪɢ 
ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɜ ɝɥɭɛɨɤɨɦ ɜɚɤɭɭɦɟ, ɩɪɢ ɩɨɜɵɲɟɧɧɨɣ ɪɚɞɢɚɰɢɢ, ɜ 
ɧɟɜɟɫɨɦɨɫɬɢ. 

Ⱦɚɧɧɵɣ ɩɪɨɟɤɬ ɩɨɫɜɹɳɟɧ ɪɚɡɪɚɛɨɬɤɟ ɬɟɯɧɨɥɨɝɢɢ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ 
ɢɡɝɨɬɨɜɥɟɧɢɹ ɚɧɨɞɨɜ, ɜɵɩɨɥɧɟɧɧɵɯ ɢɡ ɬɢɬɚɧɚ ɢ ɦɟɞɢ, ɤɨɬɨɪɵɟ ɩɪɢɦɟɧɹɸɬɫɹ 
ɩɪɢ ɧɚɧɟɫɟɧɢɢ ɝɚɥɶɜɚɧɢɱɟɫɤɢɯ ɦɟɞɧɵɯ ɩɨɤɪɵɬɢɣ. Ⱥɧɨɞɵ ɫɥɭɠɚɬ ɞɥɹ ɩɨɞɜɨɞɚ 
ɬɨɤɚ ɜ ɷɥɟɤɬɪɨɥɢɬ ɢ ɞɥɹ ɪɚɜɧɨɦɟɪɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɟɝɨ ɩɨ ɩɨɤɪɵɜɚɟɦɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ, ɢ, ɤɪɨɦɟ ɬɨɝɨ, ɜɨɡɦɟɳɚɸɬ ɭɛɵɥɶ ɦɟɬɚɥɥɚ ɜɡɚɦɟɧ ɜɵɞɟɥɟɧɧɨɝɨ 
ɩɪɢ ɩɨɤɪɵɬɢɢ ɢɡɞɟɥɢɣ. 

ȼɜɢɞɭ ɫɜɨɢɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɢɡɞɟɥɢɹ ɩɪɢɦɟɧɹɥɚɫɶ 
ɚɪɝɨɧɨɞɭɝɨɜɚɹ ɫɜɚɪɤɚ ɧɟɩɥɚɜɹɳɢɦɫɹ ɜɨɥɶɮɪɚɦɨɜɵɦ ɷɥɟɤɬɪɨɞɨɦ. 
Ⱥɪɝɨɧɨɞɭɝɨɜɚɹ ɫɜɚɪɤɚ ɧɟɩɥɚɜɹɳɢɦɫɹ ɷɥɟɤɬɪɨɞɨɦ ɲɢɪɨɤɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɚ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɫɩɨɫɨɛɚɦɢ ɫɜɚɪɤɢ. ȿɟ ɩɪɨɫɬɨɬɚ, ɦɚɧɟɜɪɟɧɧɨɫɬɶ, 
ɜɨɡɦɨɠɧɨɫɬɶ ɧɚɛɥɸɞɟɧɢɹ ɡɚ ɞɭɝɨɣ ɢ ɪɹɞ ɞɪɭɝɢɯ ɩɪɟɢɦɭɳɟɫɬɜ ɹɜɢɥɢɫɶ 
ɨɫɧɨɜɚɧɢɟɦ ɞɥɹ ɟɟ ɜɧɟɞɪɟɧɢɹ ɜɨ ɜɫɟɯ ɨɬɪɚɫɥɹɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ.  

ȼ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɧɚɞ ɩɪɨɟɤɬɨɦ ɪɚɡɪɚɛɨɬɚɧɚ ɬɟɯɧɢɤɚ ɢ ɬɟɯɧɨɥɨɝɢɹ 
ɫɜɚɪɤɢ ɬɢɬɚɧɚ ɢ ɬɢɬɚɧɚ ɫ ɦɟɞɶɸ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ 
ɦɚɬɟɪɢɚɥɚ, ɢɫɤɥɸɱɚɸɳɚɹ ɝɥɭɛɨɤɨɟ ɜɡɚɢɦɨɩɪɨɧɢɤɧɨɜɟɧɢɟ ɦɟɬɚɥɥɚ. 
ɋɩɪɨɟɤɬɢɪɨɜɚɧɚ ɧɟɨɛɯɨɞɢɦɚɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɨɫɧɚɫɬɤɚ, ɩɨɞɨɛɪɚɧɨ 
ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ, ɨɩɪɟɞɟɥɟɧɵ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ 
ɩɨɤɚɡɚɬɟɥɢ. 
  



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1 Ʌɢɬɟɪɚɬɭɪɧɨ-ɩɚɬɟɧɬɧɵɣ 
ɨɛɡɨɪ 

  



 

1.1. Ɉɛɳɢɟ ɫɜɟɞɟɧɢɹ ɨ ɦɟɞɢ, ɫɜɚɪɢɜɚɟɦɨɫɬɶ ɦɟɞɢ, ɫɩɨɫɨɛɵ ɫɜɚɪɤɢ 
ɦɟɞɢ 

 
Ɇɟɞɶ — ɦɹɝɤɢɣ ɤɨɜɤɢɣ ɦɟɬɚɥɥ (ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ββ0 Ɇɉɚ, 

ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɭɞɥɢɧɟɧɢɟ 60 %) ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ 108γ,4°ɋ, ɤɢɩɟɧɢɹ 
βγ60°ɋ ɢ ɩɥɨɬɧɨɫɬɶɸ 8,9β ɝ/ɫɦ3. ɉɨɫɥɟ ɨɛɪɚɛɨɬɤɢ ɞɚɜɥɟɧɢɟɦ ɡɚ ɫɱɟɬ ɧɚɤɥɟɩɚ 
ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɦɟɞɢ ɜɨɡɪɚɫɬɚɟɬ ɞɨ 400-450 Ɇɉɚ. Ɇɟɞɶ ɲɢɪɨɤɨ 
ɢɫɩɨɥɶɡɭɸɬ ɜ ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ ɛɥɚɝɨɞɚɪɹ ɟɟ ɜɵɫɨɤɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, 
ɧɢɡɤɨɦɭ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɸ ɢ ɜɵɫɨɤɨɣ ɤɨɪɪɨɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ ɜ ɪɹɞɟ 
ɚɝɪɟɫɫɢɜɧɵɯ ɫɪɟɞ. ȼ ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ ɢɫɩɨɥɶɡɭɸɬ ɦɟɞɶ ɪɚɡɥɢɱɧɵɯ ɦɚɪɨɤ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɱɢɫɬɨɬɵ ɩɨ ȽɈɋɌ 859-78. ȼ ɫɜɚɪɧɵɯ ɤɨɧɫɬɪɭɤɰɢɹɯ ɦɟɞɶ 
ɢɫɩɨɥɶɡɭɸɬ ɜ ɜɢɞɟ ɥɢɫɬɨɜ, ɥɟɧɬ, ɩɨɥɨɫ, ɬɪɭɛ ɢ ɩɪɨɜɨɥɨɤɢ. 

Ʉɪɢɫɬɚɥɥɢɡɭɟɬɫɹ ɦɟɞɶ ɜ ɝɪɚɧɟɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɤɭɛɢɱɟɫɤɨɣ ɪɟɲɟɬɤɟ; 
ɩɨɥɢɦɨɪɮɢɡɦɨɦ ɧɟ ɨɛɥɚɞɚɟɬ ɢ ɮɚɡɨɜɵɟ ɩɪɟɜɪɚɳɟɧɢɹ ɜ ɧɟɣ ɫɜɹɡɚɧɵ ɬɨɥɶɤɨ ɫ 
ɢɡɦɟɧɟɧɢɟɦ ɚɝɪɟɝɚɬɧɨɝɨ ɫɨɫɬɨɹɧɢɹ. Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɦɟɞɢ ɞɨɫɬɚɬɨɱɧɨ 
ɯɨɪɨɲɢ ɢ ɫɨɯɪɚɧɹɸɬɫɹ ɞɚɠɟ ɜ ɭɫɥɨɜɢɹɯ ɝɥɭɛɨɤɨɝɨ ɯɨɥɨɞɚ (—β5γ °ɋ), ɤɨɝɞɚ, 
ɧɚɩɪɢɦɟɪ, ɩɨɱɬɢ ɜɫɟ ɫɬɚɥɢ ɫɬɚɧɨɜɹɬɫɹ ɯɪɭɩɤɢɦɢ. Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɟɟ 
ɫɢɥɶɧɨ ɢɡɦɟɧɹɸɬɫɹ ɢ ɫ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ. ȼ ɢɧɬɟɪɜɚɥɟ β50-550 °ɋ 
ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɠɚɸɬɫɹ ɩɪɨɱɧɨɫɬɶ ɢ ɩɥɚɫɬɢɱɧɨɫɬɶ ɦɟɞɢ, ɜ ɫɜɹɡɢ ɫ ɱɟɦ ɩɪɢ 
ɞɟɮɨɪɦɚɰɢɢ ɟɟ ɦɨɝɭɬ ɩɨɹɜɢɬɶɫɹ ɬɪɟɳɢɧɵД1Ж. 

ɋɨɫɬɚɜ ɢ ɨɫɧɨɜɧɵɟ ɫɜɨɣɫɬɜɚ ɩɪɢɦɟɧɹɟɦɨɝɨ ɫɩɥɚɜɚ ɨɬɪɚɠɟɧɵ ɜ 
ɫɥɟɞɭɸɳɢɯ ɬɚɛɥɢɰɚɯ: [2] 

 
Ɍɚɛɥɢɰɚ 1.1 - ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɜ % ɦɚɬɟɪɢɚɥɚ Ɇ1 ȽɈɋɌ 859-2001 

Fe Ni S As Pb Zn O Sb Bi Sn 
Cu+Ag 

min  
Ⱦɨ 

0,005 
Ⱦɨ 

0,002 
Ⱦɨ 

0,004 
Ⱦɨ 

0,002 
Ⱦɨ 

0,005 
Ⱦɨ 

0,004 
Ⱦɨ 
0,05 

Ⱦɨ 
0,002 

Ⱦɨ 
0,001 

Ⱦɨ 
0,002 

99.9 

 
Ɍɚɛɥɢɰɚ 1.β - Ɏɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɚ Ɇ1 ȽɈɋɌ 859-2001 

Ɇɨɞɭɥɶ 
ɭɩɪɭɝɨɫɬɢ 

E, Ɇɉɚ 

Ɇɨɞɭɥɶ 
ɫɞɜɢɝɚ 

G, 
Ɇɉɚ 

ɉɥɨɬɧɨɫɬɶ ߩ, ˍˆ/ˏଷ 

ɍɞɟɥɶɧɨɟ 
ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɟ 

ɩɪɢ β0°ʠ, ʝˏ ∙ ˔ˏ ∙ͳͲ−଺ 

Ɍɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ 
ɩɪɢ β0°ʠ, 

ɤɚɥ/ɫɦ∙ɫ∙ɝɪɚɞ 

115000 42400 8940 1,75 0,86 

 
  



 

Ɍɚɛɥɢɰɚ 1.γ - Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɚ Ɇ1 ȽɈɋɌ 859-2001 

ɋɨɫɬɨɹɧɢɟ 
ȼɪɟɦɟɧɧɨɟ 

ɫɨɩɪɨɬɢɜɥɟɧɢɟ �˅, 
Ɇɉɚ 

ɉɪɟɞɟɥ 
ɬɟɤɭɱɟɫɬɢ �௧, Ɇɉɚ 

Ɉɬɧɨɫɢɬɟɥɶɧɨɟ 
ɭɞɥɢɧɟɧɢɟ ɩɨɫɥɟ 

ɪɚɡɪɵɜɚ ߜ, % 

Ɍɜɟɪɞɨɫɬɶ ɩɨ 
Ȼɪɢɧɟɥɥɸ HB 

Ɉɬɬɨɠɟɧɧɚɹ 220 70 50 45 

Ⱦɟɮɨɪɦɢɪɨɜ
ɚɧɧɚɹ 

450 380 4...10 100 

 
ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɩɨɫɨɛɚ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɧɚ ɪɚɡɞɟɥɹɟɬɫɹ ɧɚ ɱɟɬɵɪɟ 

ɝɪɭɩɩɵ: ɛɟɫɤɢɫɥɨɪɨɞɧɭɸ, ɤɚɬɨɞɧɭɸ ɩɟɪɟɩɥɚɜɥɟɧɧɭɸ, ɪɚɫɤɢɫɥɟɧɧɭɸ ɢ 
ɨɝɧɟɜɨɝɨ ɪɚɮɢɧɢɪɨɜɚɧɢɹ. 

Ɇɟɞɶ ɦɚɪɤɢɪɭɸɬ ɛɭɤɜɨɣ «Ɇ» ɢ ɰɢɮɪɚɦɢ, ɤɨɬɨɪɵɟ ɨɛɨɡɧɚɱɚɸɬ 
ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɵɟ ɤɨɥɢɱɟɫɬɜɚ ɜɪɟɞɧɵɯ ɩɪɢɦɟɫɟɣ ɜ ɞɚɧɧɨɣ ɦɚɪɤɟ, ɧɨ 
ɱɢɫɥɟɧɧɨ ɫ ɧɢɦɢ ɧɟ ɫɜɹɡɚɧɧɵɟ, ɬ.ɟ. ɹɜɥɹɸɬɫɹ ɩɨɪɹɞɤɨɜɵɦɢ ɧɨɦɟɪɚɦɢ ɦɚɪɨɤ. 
ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɩɨɪɹɞɤɨɜɨɝɨ ɧɨɦɟɪɚ ɦɚɪɤɢ ɦɟɞɢ ɩɨɜɵɲɚɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɨ 
ɞɨɩɭɫɬɢɦɨɟ ɫɨɞɟɪɠɚɧɢɟ ɩɪɢɦɟɫɟɣ. ɉɪɢ ɦɚɪɤɢɪɨɜɤɟ ɛɟɫɤɢɫɥɨɪɨɞɧɚɹ ɢ 
ɪɚɫɤɢɫɥɟɧɧɚɹ ɦɟɞɶ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɫɨɞɟɪɠɚɬ ɛɭɤɜɵ «ɛ» (ɛɟɫɤɢɫɥɨɪɨɞɧɚɹ) ɢ 
«ɪ» (ɪɚɫɤɢɫɥɟɧɧɚɹ). 

ɉɪɢɦɟɫɢ, ɨɤɚɡɵɜɚɸɳɢɟ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ 
ɢ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɦɟɞɢ, ɭɫɥɨɜɧɨ ɪɚɡɞɟɥɹɸɬ ɧɚ ɬɪɢ ɝɪɭɩɩɵ: 

 ɷɥɟɦɟɧɬɵ ɫ ɨɱɟɧɶ ɦɚɥɨɣ (ɞɟɫɹɬɢɬɵɫɹɱɧɵɟ ɢ ɬɵɫɹɱɧɵɟ ɞɨɥɢ 
ɩɪɨɰɟɧɬɚ) ɪɚɫɬɜɨɪɢɦɨɫɬɶɸ ɜ ɬɜɟɪɞɨɣ ɦɟɞɢ (ɜɢɫɦɭɬ, ɫɜɢɧɟɰ), ɤɨɬɨɪɵɟ ɪɟɡɤɨ 
ɫɧɢɠɚɸɬ ɩɥɚɫɬɢɱɧɨɫɬɶ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ 400-800 °ɋ ɢ ɜɵɡɵɜɚɸɬ 
ɪɚɫɬɪɟɫɤɢɜɚɧɢɟ ɦɟɬɚɥɥɚ ɩɪɢ ɝɨɪɹɱɟɣ ɨɛɪɚɛɨɬɤɟ; 

 ɷɥɟɦɟɧɬɵ, ɨɝɪɚɧɢɱɟɧɧɨ ɪɚɫɬɜɨɪɢɦɵɟ ɜ ɬɜɟɪɞɨɣ ɦɟɞɢ (ɤɢɫɥɨɪɨɞ, 
ɮɨɫɮɨɪ, ɫɟɪɚ), ɨɛɪɚɡɭɸɳɢɟ (ɩɪɢ ɫɨɞɟɪɠɚɧɢɢ ɜ ɞɟɫɹɬɵɯ ɞɨɥɹɯ ɩɪɨɰɟɧɬɚ) 
ɯɪɭɩɤɢɟ ɮɚɡɵ ɩɨ ɝɪɚɧɢɰɚɦ ɤɪɢɫɬɚɥɥɢɬɨɜ; 

 ɷɥɟɦɟɧɬɵ, ɨɛɪɚɡɭɸɳɢɟ ɩɪɢ ɢɯ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɨɦ ɫɨɞɟɪ-
ɠɚɧɢɢ (ɞɨ ɨɞɧɨɝɨ ɢ ɛɨɥɟɟ ɩɪɨɰɟɧɬɚ) ɬɜɟɪɞɵɟ ɪɚɫɬɜɨɪɵ (ɠɟɥɟɡɨ, ɧɢɤɟɥɶ, 
ɦɵɲɶɹɤ). 

ɉɪɢɦɟɫɢ ɜɫɟɯ ɬɪɟɯ ɝɪɭɩɩ ɫɧɢɠɚɸɬ ɬɟɩɥɨ- ɢ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɦɟɞɢ. 
Ɉɫɨɛɟɧɧɨ ɜɪɟɞɧɨɟ ɜɥɢɹɧɢɟ ɨɤɚɡɵɜɚɟɬ ɤɢɫɥɨɪɨɞ, ɫɧɢɠɚɸɳɢɣ ɦɟɯɚɧɢɱɟɫɤɢɟ ɢ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɦɟɞɢ, ɚ ɬɚɤɠɟ ɟɟ ɤɨɪɪɨɡɢɨɧɧɭɸ ɫɬɨɣɤɨɫɬɶ. 

ɉɪɢ ɧɚɝɪɟɜɟ ɦɟɞɶ ɪɟɚɝɢɪɭɟɬ ɫ ɤɢɫɥɨɪɨɞɨɦ, ɫɟɪɨɣ, ɮɨɫɮɨɪɨɦ ɢ 
ɝɚɥɨɝɟɧɚɦɢ. ɋ ɜɨɞɨɪɨɞɨɦ ɨɧɚ ɨɛɪɚɡɭɟɬ ɝɢɞɪɢɞ CuH, ɫ ɭɝɥɟɪɨɞɨɦ — 
ɚɰɟɬɢɥɟɧɢɫɬɭɸ ɦɟɞɶ Cu2C2 (ɜɡɪɵɜɱɚɬɭɸ), ɫ ɚɡɨɬɨɦ ɦɟɞɶ ɧɟ ɪɟɚɝɢɪɭɟɬДγЖ. 

Ɇɟɞɶ ɫ ɤɢɫɥɨɪɨɞɨɦ ɧɚɱɢɧɚɟɬ ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ ɩɪɢ ɤɨɦɧɚɬɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɨɤɢɫɢ ɦɟɞɢ ɋuɈ. Ɉɤɢɫɧɚɹ ɩɥɟɧɤɚ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɞɢ ɩɪɟɞɨɯɪɚɧɹɟɬ ɟɟ ɨɬ ɞɚɥɶɧɟɣɲɟɝɨ ɨɤɢɫɥɟɧɢɹ. ɉɪɢ ɜɵɫɨɤɢɯ 
ɬɟɦɩɟɪɚɬɭɪɚɯ ɜ ɨɛɵɱɧɨɣ ɚɬɦɨɫɮɟɪɟ ɫɤɨɪɨɫɬɶ ɨɤɢɫɥɟɧɢɹ ɦɟɞɢ ɪɟɡɤɨ 
ɜɨɡɪɚɫɬɚɟɬ. ȼ ɬɚɤɢɯ ɭɫɥɨɜɢɹɯ ɭɩɪɭɝɨɫɬɶ ɞɢɫɫɨɰɢɚɰɢɢ ɨɤɢɫɢ ɦɟɞɢ ɛɨɥɶɲɟ 



 

ɞɚɜɥɟɧɢɹ ɤɢɫɥɨɪɨɞɚ ɜ ɜɨɡɞɭɯɟ, ɩɨɷɬɨɦɭ ɋuɈ ɞɢɫɫɨɰɢɢɪɭɟɬ ɧɚ ɫɜɨɛɨɞɧɵɣ 
ɤɢɫɥɨɪɨɞ ɢ ɡɚɤɢɫɶ ɦɟɞɢ Cu2O. 

ɉɪɢ ɩɥɚɜɥɟɧɢɢ ɡɚɤɢɫɶ ɦɟɞɢ ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɦɟɞɢ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 
ɷɜɬɟɤɬɢɤɢ Cu+Cu2O, ɫɨɞɟɪɠɚɳɟɣ γ,4 % Cu2O ɢɥɢ 0,γ9 % ɤɢɫɥɨɪɨɞɚ 
(ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ Cu2O - 1065 °ɋ). 

ȼɥɢяɧɢɟ ɩɪɢɦɟɫɢ ɢ ɝɚɡɨɜ. 
Ⱥɥɸɦɢɧɢɣ ɨɛɥɚɞɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɶɸ ɜ ɦɟɞɢ. Ɉɛɥɚɫɬɶ α-

ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 570 °ɋ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɞɨ 9,4 % 
ɚɥɸɦɢɧɢɹ. ɉɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɬɚɤɢɟ ɫɩɥɚɜɵ ɹɜɥɹɸɬɫɹ 
ɨɞɧɨɮɚɡɧɵɦɢ, ɨɬɥɢɱɚɸɬɫɹ ɜɵɫɨɤɨɣ ɩɥɚɫɬɢɱɧɨɫɬɶɸ ɢ ɯɨɪɨɲɨ 
ɨɛɪɚɛɚɬɵɜɚɸɬɫɹ ɞɚɜɥɟɧɢɟɦ. ɋɩɥɚɜɵ, ɫɨɞɟɪɠɚɳɢɟ ɛɨɥɟɟ 10 % ɚɥɸɦɢɧɢɹ, 
ɹɜɥɹɸɬɫɹ ɞɜɭɯɮɚɡɧɵɦɢ ɢ ɩɪɢɦɟɧɹɸɬɫɹ ɤɚɤ ɥɢɬɟɣɧɵɟ. ȼɜɟɞɟɧɢɟ ɚɥɸɦɢɧɢɹ 
ɡɚɦɟɬɧɨ ɭɯɭɞɲɚɟɬ ɫɜɚɪɢɜɚɟɦɨɫɬɶ ɦɟɞɢ. Ⱥɥɸɦɢɧɢɣ ɩɪɢɦɟɧɹɟɬɫɹ ɤɚɤ 
ɚɤɬɢɜɧɵɣ ɪɚɫɤɢɫɥɢɬɟɥɶ ɦɟɞɢ. Ⱥɥɸɦɢɧɢɣ ɩɨɜɵɲɚɟɬ ɤɨɪɪɨɡɢɨɧɧɭɸ ɫɬɨɣɤɨɫɬɶ 
ɦɟɞɢ ɢ ɩɨɧɢɠɚɟɬ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɦɟɞɢ. 

Ȼɟɪɢɥɥɢɣ ɩɨɧɢɠɚɟɬ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɦɟɞɢ, ɩɨɜɵɲɚɟɬ ɦɟɯɚɧɢɱɟɫɤɢɟ 
ɫɜɨɣɫɬɜɚ ɢ ɪɟɡɤɨ ɭɦɟɧɶɲɚɟɬ ɨɤɢɫɥɹɟɦɨɫɬɶ ɦɟɞɢ ɩɪɢ ɩɨɜɵɲɟɧɧɵɯ 
ɬɟɦɩɟɪɚɬɭɪɚɯ. 

ɋɜɢɧɟɰ ɢ ɜɢɫɦɭɬ ɧɟ ɪɚɫɬɜɨɪɹɸɬɫɹ ɜ ɦɟɞɢ ɢ ɨɛɪɚɡɭɸɬ ɷɜɬɟɤɬɢɤɢ, 
ɡɚɥɟɝɚɸɳɢɟ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɩɨ ɝɪɚɧɢɰɚɦ ɤɪɢɫɬɚɥɥɨɜ. ɉɪɢ ɫɜɚɪɤɟ 
ɷɜɬɟɤɬɢɤɢ ɩɪɢɜɨɞɹɬ ɤ ɨɯɪɭɩɱɢɜɚɧɢɸ ɦɟɬɚɥɥɚ ɲɜɚ. ɇɚ ɬɟɩɥɨ- ɢ 
ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɦɟɞɢ ɜɢɫɦɭɬ ɢ ɫɜɢɧɟɰ ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɜɥɢɹɧɢɹ ɧɟ 
ɨɤɚɡɵɜɚɸɬ. Ⱦɥɹ ɫɧɢɠɟɧɢɹ ɜɪɟɞɧɨɝɨ ɞɟɣɫɬɜɢɹ ɫɜɢɧɰɚ ɜ ɦɟɞɶ ɞɨɛɚɜɥɹɸɬ 
ɩɪɢɦɟɫɢ ɤɚɥɶɰɢɹ, ɰɢɪɤɨɧɢɹ ɢɥɢ ɰɟɪɢɹ, ɚ ɞɥɹ ɧɟɣɬɪɚɥɢɡɚɰɢɢ ɨɬɪɢɰɚɬɟɥɶɧɨɝɨ 
ɜɥɢɹɧɢɹ ɜɢɫɦɭɬɚ ɩɪɢɦɟɧɹɸɬ ɞɨɛɚɜɤɢ ɤɚɥɶɰɢɹ, ɥɢɬɢɹ, ɦɚɝɧɢɹ, ɰɢɪɤɨɧɢɹ ɢ ɞɪ. 

ɀɟɥɟɡɨ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɪɚɫɬɜɨɪɢɦɨ ɜ ɦɟɞɢ. ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 6γ5 °ɋ 
ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɠɟɥɟɡɚ ɜ ɦɟɞɢ ɫɨɫɬɚɜɥɹɟɬ 0,16 % ɢ ɫɧɢɠɚɟɬɫɹ ɩɪɢ ɞɚɥɶɧɟɣɲɟɦ 
ɭɦɟɧɶɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ. ɋɩɥɚɜɵ ɦɟɞɢ, ɫɨɞɟɪɠɚɳɢɟ ɞɨ 0,5 % ɠɟɥɟɡɚ, 
ɨɛɥɚɞɚɸɬ ɯɨɪɨɲɟɣ ɫɜɚɪɢɜɚɟɦɨɫɬɶɸ, ɜɵɫɨɤɨɣ ɩɥɚɫɬɢɱɧɨɫɬɶɸ ɢ ɩɨ ɫɪɚɜɧɟɧɢɸ 
ɫ ɦɟɞɶɸ ɛɨɥɶɲɟɣ ɩɪɨɱɧɨɫɬɶɸ ɢ ɥɭɱɲɟɣ ɫɬɨɣɤɨɫɬɶɸ ɩɪɢ ɩɨɜɵɲɟɧɧɵɯ 
ɬɟɦɩɟɪɚɬɭɪɚɯ. ɉɪɢ ɫɜɚɪɤɟ ɦɟɞɢ ɬɚɤɨɝɨ ɫɨɫɬɚɜɚ ɲɜɵ ɧɟ ɫɤɥɨɧɧɵ ɤ 
ɨɛɪɚɡɨɜɚɧɢɸ ɝɨɪɹɱɢɯ ɬɪɟɳɢɧ, ɨɞɧɚɤɨ ɜ ɡɨɧɟ ɫɩɥɚɜɥɟɧɢɹ ɜɨɡɦɨɠɧɨ 
ɨɛɪɚɡɨɜɚɧɢɟ ɩɨɪ. ȿɫɥɢ ɠɟɥɟɡɨ ɩɪɢɫɭɬɫɬɜɭɟɬ ɜ ɜɢɞɟ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɣ ɮɚɡɵ, 
ɦɟɞɶ ɩɪɢɨɛɪɟɬɚɟɬ ɦɚɝɧɢɬɧɵɟ ɫɜɨɣɫɬɜɚ. 

Ʉɢɫɥɨɪɨɞ ɜ ɫɜɨɛɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɜ ɬɜɟɪɞɨɣ ɦɟɞɢ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ 
ɪɚɫɬɜɨɪɹɟɬɫɹ. ɗɜɬɟɤɬɢɤɚ ɡɚɬɜɟɪɞɟɜɚɟɬ ɩɨɡɠɟ ɦɟɞɢ ɢ, ɪɚɫɩɨɥɚɝɚɹɫɶ ɩɨ 
ɝɪɚɧɢɰɚɦ ɤɪɢɫɬɚɥɥɨɜ, ɩɨɧɢɠɚɟɬ ɟɟ ɩɥɚɫɬɢɱɧɨɫɬɶ ɢ ɤɨɪɪɨɡɢɨɧɧɭɸ ɫɬɨɣɤɨɫɬɶ, 
ɚ ɬɚɤɠɟ ɡɚɬɪɭɞɧɹɟɬ ɩɪɨɰɟɫɫɵ ɝɨɪɹɱɟɣ ɨɛɪɚɛɨɬɤɢ ɞɚɜɥɟɧɢɟɦ. Ɇɟɞɶ, 
ɩɨɞɥɟɠɚɳɚɹ ɫɜɚɪɤɟ, ɞɨɥɠɧɚ ɫɨɞɟɪɠɚɬɶ ɤɢɫɥɨɪɨɞɚ ɧɟ ɛɨɥɟɟ 0,01 %. ɋɭɪɶɦɚ ɢ 
ɦɵɲɶɹɤ ɭɦɟɧɶɲɚɸɬ ɜɪɟɞɧɨɟ ɞɟɣɫɬɜɢɟ ɤɢɫɥɨɪɨɞɚ, ɨɞɧɚɤɨ ɩɪɢ ɷɬɨɦ ɫɧɢɠɚɟɬɫɹ 
ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɦɟɞɢ. 

ȼɨɞɨɪɨɞ ɩɪɢ ɫɜɚɪɤɟ ɨɛɪɚɡɭɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɢɫɫɨɰɢɚɰɢɢ ɜɨɞɹɧɵɯ 
ɩɚɪɨɜ, ɜɥɚɝɢ ɡɚɳɢɬɧɨɝɨ ɝɚɡɚ, ɞɢɫɫɨɰɢɚɰɢɢ ɤɨɧɞɟɧɫɚɬɚ ɧɚ ɤɪɨɦɤɚɯ 
ɫɜɚɪɢɜɚɟɦɨɝɨ ɦɟɬɚɥɥɚ ɢ ɬ. ɞ. ȼɨɞɨɪɨɞ ɪɚɫɬɜɨɪɢɦ ɤɚɤ ɜ ɬɜɟɪɞɨɣ, ɬɚɤ ɢ ɜ 



 

ɠɢɞɤɨɣ ɦɟɞɢ. ɋ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɜɨɞɨɪɨɞɚ ɜ ɦɟɞɢ 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɢ ɩɪɢ 1000 °ɋ ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ γ,β ɫɦγ/100 ɝ. ɉɪɢ ɩɟɪɟɯɨɞɟ 
ɦɟɞɢ ɢɡ ɬɜёɪɞɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ ɠɢɞɤɨɟ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɜɨɞɨɪɨɞɚ ɡɧɚɱɢɬɟɥɶɧɨ 
ɜɨɡɪɚɫɬɚɟɬ ɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1100°ɋ ɫɨɫɬɚɜɥɹɟɬ 1γ ɫɦγ/100 ɝ. ɉɪɢ 
ɞɚɥɶɧɟɣɲɟɦ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɞɨɫɬɢɝɚɟɬ β8,1 ɫɦγ/100 
ɝ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1600 °ɋ. ɋɨɞɟɪɠɚɳɢɣɫɹ ɜ ɫɜɚɪɨɱɧɨɣ ɜɚɧɧɟ ɜɨɞɨɪɨɞ ɩɪɢ ɟɟ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɜɵɞɟɥɹɟɬɫɹ, ɨɛɪɚɡɭɹ ɩɨɪɵ. Ⱦɨɛɚɜɤɚ ɨɥɨɜɚ ɩɨɧɢɠɚɟɬ 
ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɜɨɞɨɪɨɞɚ ɜ ɦɟɞɢ. ȼ ɪɚɫɩɥɚɜɥɟɧɧɨɣ ɦɟɞɢ ɪɚɫɬɜɨɪɢɦɨɫɬɶ 
ɜɨɞɨɪɨɞɚ ɢ ɤɢɫɥɨɪɨɞɚ ɫɜɹɡɚɧɚ ɪɚɜɧɨɜɟɫɧɨɣ ɡɚɜɢɫɢɦɨɫɬɶɸ. ɂɫɩɨɥɶɡɭɹ ɷɬɨɬ 
ɡɚɤɨɧ ɞɥɹ ɫɧɢɠɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɜɨɞɨɪɨɞɚ, ɜ ɪɚɫɩɥɚɜɥɟɧɧɭɸ ɦɟɞɶ ɩɪɢ 
ɜɵɩɥɚɜɤɟ ɞɨɛɚɜɥɹɸɬ ɤɢɫɥɨɪɨɞ ɜ ɜɢɞɟ ɡɚɤɢɫɢ ɦɟɞɢ ɫ ɩɨɫɥɟɞɭɸɳɢɦ 
ɬɳɚɬɟɥɶɧɵɦ ɢ ɛɵɫɬɪɵɦ ɪɚɫɤɢɫɥɟɧɢɟɦ ɪɚɫɩɥɚɜɚ. 

Ʉɪɟɦɧɢɣ ɜ ɦɟɞɢ ɪɚɫɬɜɨɪɹɟɬɫɹ ɞɨ γ % ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɨɞɧɨɮɚɡɧɨɝɨ α-
ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ. ɉɪɢ ɫɨɞɟɪɠɚɧɢɢ ɜ ɦɟɞɢ ɞɨ 1 % ɤɪɟɦɧɢɹ ɫɩɥɚɜɵ ɨɛɥɚɞɚɸɬ 
ɯɨɪɨɲɟɣ ɫɜɚɪɢɜɚɟɦɨɫɬɶɸ, ɧɟ ɫɤɥɨɧɧɵ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɜ ɫɜɚɪɧɵɯ ɲɜɚɯ ɩɨɪ ɢ 
ɬɪɟɳɢɧ. ɉɪɢ ɫɜɚɪɤɟ ɦɟɞɢ ɤɪɟɦɧɢɣ ɩɪɢɦɟɧɹɟɬɫɹ ɤɚɤ ɚɤɬɢɜɧɵɣ ɪɚɫɤɢɫɥɢɬɟɥɶ. 

ɇɢɤɟɥɶ ɧɟɨɝɪɚɧɢɱɟɧɧɨ ɪɚɫɬɜɨɪɢɦ ɜ ɦɟɞɢ. ɉɪɢ ɫɨɞɟɪɠɚɧɢɢ ɞɨ 1 % ɨɧ 
ɨɤɚɡɵɜɚɟɬ ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɫɜɚɪɢɜɚɟɦɨɫɬɶ ɦɟɞɢ ɢ ɧɟ ɫɧɢɠɚɟɬ 
ɩɨɪɢɫɬɨɫɬɢ ɫɜɚɪɧɵɯ ɲɜɨɜ. Ɉɞɧɚɤɨ ɧɢɤɟɥɶ ɭɜɟɥɢɱɢɜɚɟɬ ɫɬɨɣɤɨɫɬɶ ɫɜɚɪɧɵɯ 
ɲɜɨɜ ɤ ɬɪɟɳɢɧɨɨɛɪɚɡɨɜɚɧɢɸ ɢ ɭɦɟɧɶɲɚɟɬ ɪɨɫɬ ɡɟɪɧɚ ɜ ɨɤɨɥɨɲɨɜɧɨɣ ɡɨɧɟ. 

Ɇɚɪɝɚɧɟɰ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɝɪɚɧɢɱɟɧɧɨ ɪɚɫɬɜɨɪɢɦ ɜ ɦɟɞɢ. 
Ƚɪɚɧɢɰɚ ɧɚɫɵɳɟɧɢɹ ɨɛɥɚɫɬɢ Ȗ-ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɫɨɞɟɪɠɚɧɢɹ 
ɦɚɪɝɚɧɰɚ ɢ ɩɨɧɢɠɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɪɟɡɤɨ ɫɞɜɢɝɚɟɬɫɹ ɜ ɫɬɨɪɨɧɭ ɦɟɞɢ. 
ɋɩɥɚɜ ɦɟɞɢ, ɫɨɞɟɪɠɚɳɢɣ ɞɨ β0 % ɦɚɪɝɚɧɰɚ, ɜ ɬɜɟɪɞɨɦ ɫɨɫɬɨɹɧɢɢ ɹɜɥɹɟɬɫɹ 
ɨɞɧɨɮɚɡɧɵɦ. ɋɩɥɚɜɵ ɦɟɞɢ, ɫɨɞɟɪɠɚɳɢɟ ɞɨ 1 % ɦɚɪɝɚɧɰɚ, ɨɛɥɚɞɚɸɬ ɯɨɪɨɲɟɣ 
ɫɜɚɪɢɜɚɟɦɨɫɬɶɸ, ɩɥɚɫɬɢɱɧɨɫɬɶɸ, ɩɨɜɵɲɟɧɧɨɣ ɩɪɨɱɧɨɫɬɶɸ ɢ ɧɟ ɫɤɥɨɧɧɵ ɩɪɢ 
ɫɜɚɪɤɟ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɬɪɟɳɢɧ, ɧɨ ɩɪɢ ɫɜɚɪɤɟ ɬɚɤɨɝɨ ɦɟɬɚɥɥɚ ɲɜɵ ɫɤɥɨɧɧɵ ɤ 
ɩɨɪɢɫɬɨɫɬɢ. 

ɐɢɧɤ ɜ ɦɟɞɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɪɚɫɬɜɨɪɹɟɬɫɹ ɞɨ γ8-γ9 % ɫ 
ɨɛɪɚɡɨɜɚɧɢɟɦ α-ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ. Ɍɚɤɚɹ ɫɬɪɭɤɬɭɪɚ ɫɨɯɪɚɧɹɟɬɫɹ ɞɨ 
ɬɟɦɩɟɪɚɬɭɪɵ 454 °ɋ. ɋɩɥɚɜɵ ɷɬɨɣ ɨɛɥɚɫɬɢ ɩɥɚɫɬɢɱɧɵ ɢ ɯɨɪɨɲɨ ɩɨɞɞɚɸɬɫɹ 
ɨɛɪɚɛɨɬɤɟ ɞɚɜɥɟɧɢɟɦ ɜ ɝɨɪɹɱɟɦ ɢ ɯɨɥɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ. ɉɪɢ ɫɨɞɟɪɠɚɧɢɢ 
ɛɨɥɟɟ γ9% ɰɢɧɤɚ ɫɩɥɚɜɵ ɢɦɟɸɬ ɞɜɭɯɮɚɡɧɭɸ ɫɬɪɭɤɬɭɪɭ α+ȕ ɢɥɢ ɨɞɧɨɮɚɡɧɭɸ 
ȕ. Ɉɧɢ ɨɛɥɚɞɚɸɬ ɧɢɡɤɨɣ ɩɥɚɫɬɢɱɧɨɫɬɶɸ ɢ ɨɛɪɚɛɚɬɵɜɚɸɬɫɹ ɞɚɜɥɟɧɢɟɦ ɬɨɥɶɤɨ 
ɜ ɝɨɪɹɱɟɦ ɫɨɫɬɨɹɧɢɢ. 

Ɇɵɲɶɹɤ ɜ ɬɜɟɪɞɨɣ ɦɟɞɢ ɪɚɫɬɜɨɪɢɦ, ɟɫɥɢ ɟɝɨ ɫɨɞɟɪɠɢɬɫɹ ɞɨ 7,5%. ɉɪɢ 
ɧɟɡɧɚɱɢɬɟɥɶɧɨɦ ɫɨɞɟɪɠɚɧɢɢ ɦɵɲɶɹɤ ɧɟ ɨɤɚɡɵɜɚɟɬ ɡɚɦɟɬɧɨɝɨ ɜɥɢɹɧɢɹ ɧɚ 
ɦɟɯɚɧɢɱɟɫɤɢɟ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɦɟɞɢ. Ɇɵɲɶɹɤ ɧɟɣɬɪɚɥɢɡɭɟɬ 
ɜɪɟɞɧɨɟ ɞɟɣɫɬɜɢɟ ɜɢɫɦɭɬɚ, ɫɭɪɶɦɵ ɢ ɤɢɫɥɨɪɨɞɚ; ɨɞɧɨɜɪɟɦɟɧɧɨ ɫɧɢɠɚɹ 
ɷɥɟɤɬɪɨ- ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɦɟɞɢ. 

ɋɟɪɚ ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɪɚɫɩɥɚɜɥɟɧɧɨɣ ɦɟɞɢ, ɚ ɩɪɢ ɡɚɬɜɟɪɞɟɜɚɧɢɢ ɟё 
ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɫɧɢɠɚɟɬɫɹ ɞɨ ɧɭɥɹ. ɋɟɪɚ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɜɥɢɹɟɬ ɧɚ 
ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɦɟɞɢ, ɡɚɦɟɬɧɨ ɫɧɢɠɚɟɬ 
ɩɥɚɫɬɢɱɧɨɫɬɶ. ɉɪɢ ɩɨɜɵɲɟɧɧɨɦ ɫɨɞɟɪɠɚɧɢɢ ɫɟɪɵ ɫɧɢɠɚɟɬɫɹ ɩɥɚɫɬɢɱɧɨɫɬɶ ɢ 



 

ɭɯɭɞɲɚɟɬɫɹ ɤɨɪɪɨɡɢɨɧɧɚɹ ɫɬɨɣɤɨɫɬɶ ɦɟɞɢ. ɉɨɞ ɜɥɢɹɧɢɟɦ ɫɟɪɵ ɡɧɚɱɢɬɟɥɶɧɨ 
ɭɥɭɱɲɚɟɬɫɹ ɨɛɪɚɛɚɬɵɜɚɟɦɨɫɬɶ ɦɟɞɢ ɪɟɡɚɧɢɟɦ. 

Ɏɨɫɮɨɪ ɨɝɪɚɧɢɱɟɧɧɨ ɪɚɫɬɜɨɪɢɦ ɜ ɬɜɟɪɞɨɣ ɦɟɞɢ. ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
714°ɋ ɩɪɟɞɟɥ ɧɚɫɵɳɟɧɢɹ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɞɨɫɬɢɝɚɟɬ 1,75 % ɮɨɫɮɨɪɚ. ɋ 
ɩɨɧɢɠɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɦɟɞɢ ɞɨ γ00 °ɋ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɮɨɫɮɨɪɚ ɜ ɦɟɞɢ 
ɭɦɟɧɶɲɚɟɬɫɹ ɞɨ 0,6%. Ɏɨɫɮɨɪ ɩɨɥɨɠɢɬɟɥɶɧɨ ɜɥɢɹɟɬ ɧɚ ɦɟɯɚɧɢɱɟɫɤɢɟ 
ɫɜɨɣɫɬɜɚ ɦɟɞɢ, ɩɨɜɵɲɚɟɬ ɠɢɞɤɨɬɟɤɭɱɟɫɬɶ, ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɠɚɟɬ ɟɟ 
ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɢ ɡɚɦɟɬɧɨ ɭɦɟɧɶɲɚɟɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ. ɉɪɢ ɫɜɚɪɤɟ 
ɦɟɞɢ ɮɨɫɮɨɪ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɚɤ ɚɤɬɢɜɧɵɣ ɪɚɫɤɢɫɥɢɬɟɥɶ. 

Ɉɥɨɜɨ ɜ ɬɜɟɪɞɨɣ ɦɟɞɢ ɧɟ ɪɚɫɬɜɨɪɹɟɬɫɹ. ɉɪɢ ɧɚɝɪɟɜɟ ɪɚɫɬɜɨɪɢɦɨɫɬɶ 
ɨɥɨɜɚ ɜ ɦɟɞɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɢ ɭɠɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ β00 °ɋ ɞɨɫɬɢɝɚɟɬ 1 %. 
Ⱦɚɥɶɧɟɣɲɟɟ ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɪɚɫɬɜɨɪɢɦɨɫɬɢ 
ɨɥɨɜɚ ɜ ɦɟɞɢ. Ȼɪɨɧɡɵ, ɫɨɞɟɪɠɚɳɢɟ ɞɨ 4-5 % ɨɥɨɜɚ, ɹɜɥɹɸɬɫɹ ɨɞɧɨɮɚɡɧɵɦɢ, ɢ 
ɫɬɪɭɤɬɭɪɚ ɢɯ ɫɨɫɬɨɢɬ ɢɡ α-ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ. ɉɪɢ ɛɨɥɶɲɟɦ ɫɨɞɟɪɠɚɧɢɢ 
ɨɥɨɜɚ ɨɛɪɚɡɭɸɬɫɹ ɞɜɭɯɮɚɡɧɵɟ ɫɩɥɚɜɵ. 

Ɍɟɥɥɭɪ ɪɚɫɬɜɨɪɢɦ ɜ ɦɟɞɢ ɜ ɬɜёɪɞɨɦ ɫɨɫɬɨɹɧɢɢ ɞɨ 0,01%. ɇɚ 
ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɦɟɞɢ ɬɟɥɥɭɪ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɜɥɢɹɧɢɹ ɧɟ ɨɤɚɡɵɜɚɟɬ. 

ɋɟɥɟɧ ɦɚɥɨ ɪɚɫɬɜɨɪɢɦ ɜ ɦɟɞɢ ɜ ɬɜёɪɞɨɦ ɫɨɫɬɨɹɧɢɢ – ɞɨ 0,1% ɢ 
ɜɵɞɟɥɹɟɬɫɹ ɩɪɢ ɡɚɬɜɟɪɞɟɜɚɧɢɢ ɜ ɜɢɞɟ ɫɨɟɞɢɧɟɧɢɹ Se2O. ȼɥɢɹɧɢɟ ɧɚ ɦɟɞɶ 
ɚɧɚɥɨɝɢɱɧɨ ɜɥɢɹɧɢɸ ɫɟɪɵД4Ж. 

Ʉɨɪɪɨɡɢɨɧɧɚя ɫɬɨɣɤɨɫɬɶ. 
ɋɬɟɩɟɧɶ ɤɨɪɪɨɡɢɢ ɦɟɞɢ ɢ ɟɟ ɫɩɥɚɜɨɜ ɜ ɚɬɦɨɫɮɟɪɟ, ɫɨɞɟɪɠɚɳɟɣ ɜɥɚɝɭ ɢ 

ɫɟɪɧɢɫɬɵɣ ɝɚɡ, ɡɚɜɢɫɢɬ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɝɚɡɚ, ɬɚɤ ɤɚɤ ɨɧ ɹɜɥɹɟɬɫɹ 
ɫɬɢɦɭɥɹɬɨɪɨɦ, ɚ ɜɥɚɝɚ - ɭɫɤɨɪɢɬɟɥɟɦ ɤɨɪɪɨɡɢɢ. 

Ʉɨɪɪɨɡɢɹ ɦɟɞɧɵɯ ɫɩɥɚɜɨɜ ɧɚɱɢɧɚɟɬɫɹ ɩɪɢ ɫɨɞɟɪɠɚɧɢɢ ɫɟɪɧɢɫɬɨɝɨ ɝɚɡɚ 
ɜ ɚɬɦɨɫɮɟɪɟ ɛɨɥɟɟ 1%. Ⱦɢɨɤɫɢɞ ɦɟɞɢ, ɨɤɢɫɥɹɹɫɶ ɞɨ ɨɤɫɢɞɚ CЮ(II) ɢ 
ɚɞɫɨɪɛɢɪɭɹ ɜɥɚɝɭ, ɨɛɪɚɡɭɟɬ ɫɟɪɧɭɸ ɤɢɫɥɨɬɭ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ 
ɜɨɡɞɟɣɫɬɜɭɸɳɭɸ ɧɚ ɦɟɞɧɵɣ ɫɩɥɚɜ. 

ȼɨɡɞɭɯ ɜɵɡɵɜɚɟɬ ɪɚɜɧɨɦɟɪɧɭɸ ɤɨɪɪɨɡɢɸ ɦɟɞɢ ɨɤɨɥɨ 1,γ ɦɤɦ/ɝɨɞ. ɋ 
ɩɨɜɵɲɟɧɢɟɦ ɫɨɞɟɪɠɚɧɢɹ ɫɟɪɧɢɫɬɨɝɨ ɝɚɡɚ ɜ ɜɨɡɞɭɯɟ ɤɨɪɪɨɡɢɹ ɜɨɡɪɚɫɬɚɟɬ. 

Ʌɚɬɭɧɢ, ɛɪɨɧɡɵ, ɦɟɞɧɨ-ɧɢɤɟɥɟɜɵɟ ɫɩɥɚɜɵ (ɬɢɩɚ ɧɟɣɡɢɥɶɛɟɪɚ Ɇɇɐ15 - 
β0), ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɦɵɟ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɸɜɟɥɢɪɧɵɯ ɢ ɯɭɞɨɠɟɫɬɜɟɧɧɵɯ 
ɢɡɞɟɥɢɣ, ɨɛɥɚɞɚɸɬ ɞɨɫɬɚɬɨɱɧɨ ɯɨɪɨɲɢɦɢ ɤɨɪɪɨɡɢɨɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. 

ɇɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ, ɱɬɨ ɦɧɨɝɢɟ ɦɟɞɧɵɟ ɫɩɥɚɜɵ ɛɨɥɟɟ ɫɬɨɣɤɢ ɤ 
ɤɨɪɪɨɡɢɢ, ɱɟɦ ɫɚɦɚ ɦɟɞɶ. ɗɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɧɚɥɢɱɢɟɦ ɜ ɫɩɥɚɜɟ ɥɢɛɨ 
ɤɨɪɪɨɡɢɨɧɧɨɫɬɨɣɤɢɯ ɦɟɬɚɥɥɨɜ (ɧɢɤɟɥɶ ɢ ɨɥɨɜɨ), ɥɢɛɨ ɬɚɤɢɯ ɦɟɬɚɥɥɨɜ, ɤɚɤ 
ɚɥɸɦɢɧɢɣ ɢ ɛɟɪɢɥɥɢɣ, ɩɪɢɫɭɬɫɬɜɢɟ ɤɨɬɨɪɵɯ ɫɩɨɫɨɛɫɬɜɭɟɬ ɮɨɪɦɢɪɨɜɚɧɢɸ 
ɡɚɳɢɬɧɵɯ ɨɤɫɢɞɧɵɯ ɩɥɟɧɨɤ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɢɡɞɟɥɢɣ, ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɢɡ ɷɬɢɯ 
ɫɩɥɚɜɨɜД5Ж. 
  



 

ɋɜɚɪɢɜɚɟɦɨɫɬɶ ɦɟɞɢ. 
Ɇɟɞɶ ɦɨɠɧɨ ɫɜɚɪɢɜɚɬɶ ɜɫɟɦɢ ɫɩɨɫɨɛɚɦɢ ɩɥɚɜɥɟɧɢɹ, ɚ ɢɦɟɧɧɨ: ɝɚɡɨɜɨɣ, 

ɪɭɱɧɨɣ ɫɜɚɪɤɨɣ, ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɫɜɚɪɤɨɣ ɩɨɞ ɫɥɨɟɦ ɮɥɸɫɚ, ɷɥɟɤɬɪɨɲɥɚɤɨɜɨɣ 
ɫɜɚɪɤɨɣ, ɞɭɝɨɜɨɣ ɫɜɚɪɤɨɣ ɜ ɡɚɳɢɬɧɵɯ ɝɚɡɚɯ. Ɉɞɧɚɤɨ ɩɪɢ ɷɬɨɦ ɫɥɟɞɭɟɬ 
ɭɱɢɬɵɜɚɬɶ ɫɩɟɰɢɮɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɷɬɨɝɨ ɦɟɬɚɥɥɚ, ɜ ɱɚɫɬɧɨɫɬɢ, ɜɵɫɨɤɭɸ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, ɛɨɥɶɲɭɸ ɠɢɞɤɨɬɟɤɭɱɟɫɬɶ ɢ ɡɧɚɱɢɬɟɥɶɧɭɸ ɚɤɬɢɜɧɨɫɬɶ 
ɦɟɬɚɥɥɚ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ ɤɢɫɥɨɪɨɞɨɦ ɢ ɜɨɞɨɪɨɞɨɦ ɜ ɪɚɫɩɥɚɜɥɟɧɧɨɦ 
ɫɨɫɬɨɹɧɢɢ. ȼ ɫɜɹɡɢ ɫ ɜɵɫɨɤɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ ɦɟɞɢ (ɜ 6 ɪɚɡ ɜɵɲɟ, ɱɟɦ ɭ 
ɫɬɚɥɢ) ɞɥɹ ɫɜɚɪɤɢ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɦɟɧɹɬɶ ɢɫɬɨɱɧɢɤɢ ɧɚɝɪɟɜɚ ɫ ɛɨɥɶɲɨɣ 
ɬɟɩɥɨɜɨɣ ɦɨɳɧɨɫɬɶɸ. ȼɵɫɨɤɚɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɩɪɢɜɨɞɢɬ ɬɚɤɠɟ ɤ 
ɫɭɳɟɫɬɜɟɧɧɨɣ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɦɟɬɚɥɥɚ ɲɜɚ ɢ ɁɌȼ ɢ ɦɚɥɨɦɭ ɜɪɟɦɟɧɢ 
ɩɪɟɛɵɜɚɧɢɹ ɫɜɚɪɨɱɧɨɣ ɜɚɧɧɵ ɜ ɠɢɞɤɨɦ ɫɨɫɬɨɹɧɢɢ, ɱɬɨ ɭɯɭɞɲɚɟɬ 
ɮɨɪɦɢɪɨɜɚɧɢɟ ɲɜɚ. ɏɨɪɨɲɨ ɫɮɨɪɦɢɪɨɜɚɧɧɵɣ ɲɨɜ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɫ 
ɩɨɦɨɳɶɸ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɩɨɞɨɝɪɟɜɚ, ɤɨɬɨɪɵɣ ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɨɥɟɟ 
ɪɚɜɧɨɦɟɪɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɬɟɩɥɨɬɵ ɜ ɫɜɚɪɨɱɧɨɣ ɜɚɧɧɟ. ɉɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɢ 
ɫɨɩɭɬɫɬɜɭɸɳɢɣ ɩɨɞɨɝɪɟɜ, ɩɨɦɢɦɨ ɫɧɢɠɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɢ ɨɛɪɚɡɨɜɚɧɢɹ 
ɞɟɮɟɤɬɨɜ (ɩɨɞɪɟɡɨɜ, ɧɚɩɥɵɜɨɜ, ɬɪɟɳɢɧ, ɩɨɪɢɫɬɨɫɬɢ), ɭɥɭɱɲɚɟɬ ɭɫɥɨɜɢɹ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɜɚɪɧɨɝɨ ɲɜɚ, ɫɧɢɠɚɟɬ ɜɧɭɬɪɟɧɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɢ ɭɫɬɪɚɧɹɟɬ 
ɫɤɥɨɧɧɨɫɬɶ ɦɟɬɚɥɥɚ ɲɜɚ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɬɪɟɳɢɧ. 

Ɉɫɨɛɟɧɧɨ ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɫɜɚɪɢɜɚɟɦɨɫɬɶ ɨɤɚɡɵɜɚɟɬ 
ɤɢɫɥɨɪɨɞ, ɫɧɢɠɚɸɳɢɣ ɦɟɯɚɧɢɱɟɫɤɢɟ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɦɟɞɢ, ɚ 
ɬɚɤɠɟ ɟɟ ɤɨɪɪɨɡɢɨɧɧɭɸ ɫɬɨɣɤɨɫɬɶ. ȼ ɩɪɨɰɟɫɫɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɞɢ ɫ 
ɤɢɫɥɨɪɨɞɨɦ ɨɛɪɚɡɭɟɬɫɹ ɯɨɪɨɲɨ ɪɚɫɬɜɨɪɢɦɵɣ ɜ ɠɢɞɤɨɦ ɦɟɬɚɥɥɟ ɨɤɫɢɞ ɦɟɞɢ 
(Cu2O), ɫɨɡɞɚɸɳɢɣ ɫ ɦɟɞɶɸ ɥɟɝɤɨɩɥɚɜɤɭɸ ɷɜɬɟɤɬɢɤɭ (Cu–Cu2O), ɤɨɬɨɪɚɹ ɩɪɢ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɩɨ ɝɪɚɧɢɰɚɦ ɡɟɪɟɧ, ɨɯɪɭɩɱɢɜɚɹ ɦɟɬɚɥɥ ɲɜɚ. 

ȼɪɟɞɧɵɟ ɩɪɢɦɟɫɢ ɬɚɤɠɟ ɨɛɪɚɡɭɸɬ ɫ ɦɟɞɶɸ ɥɟɝɤɨɩɥɚɜɤɢɟ ɷɜɬɟɤɬɢɤɢ, 
ɤɨɬɨɪɵɟ ɨɯɪɭɩɱɢɜɚɸɬ ɨɫɧɨɜɧɨɣ ɢ ɧɚɩɥɚɜɥɟɧɧɵɣ ɦɟɬɚɥɥ: ɫɟɪɚ (Cu–Cu2S), 
ɫɜɢɧɟɰ (Cu-PbO-PbO2-PbO3), ɜɢɫɦɭɬ (Cu- BiO-Bi2O3-Bi2O5) ɢ ɞɪ. 

ɉɪɢ ɫɨɞɟɪɠɚɧɢɢ ɜ ɦɟɞɢ ɛɨɥɟɟ 0,01 % ɤɢɫɥɨɪɨɞɚ ɧɟ ɭɞɚɟɬɫɹ ɩɨɥɭɱɢɬɶ 
ɦɟɬɚɥɥ ɲɜɚ ɛɟɡ ɩɨɪ. Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɬɚɤɠɟ 
ɧɚɯɨɞɹɬɫɹ ɜ ɩɪɹɦɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɞɟɪɠɚɧɢɹ ɤɢɫɥɨɪɨɞɚ ɜ ɦɟɬɚɥɥɟ ɲɜɚ. 
ɉɨɷɬɨɦɭ ɨɬɜɟɬɫɬɜɟɧɧɵɟ ɦɟɬɚɥɥɨɤɨɧɫɬɪɭɤɰɢɢ ɫɥɟɞɭɟɬ ɢɡɝɨɬɚɜɥɢɜɚɬɶ ɢɡ 
ɛɟɫɤɢɫɥɨɪɨɞɧɨɣ (Ɇ06) ɢɥɢ ɪɚɫɤɢɫɥɟɧɧɨɣ (Ɇ1ɪ-Ɇγɪ) ɦɟɞɢ. Ⱥɧɚɥɨɝɢɱɧɵɟ 
ɬɪɟɛɨɜɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɩɪɟɞɴɹɜɥɹɬɶ ɢ ɤ ɩɪɢɫɚɞɨɱɧɨɦɭ ɦɚɬɟɪɢɚɥɭ. 

Ɉɬɪɢɰɚɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɫɜɚɪɢɜɚɟɦɨɫɬɶ ɦɟɞɢ ɨɤɚɡɵɜɚɟɬ ɬɚɤɠɟ 
ɜɨɞɨɪɨɞ, ɤɨɬɨɪɵɣ ɯɨɪɨɲɨ ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɠɢɞɤɨɣ ɦɟɞɢ ɢ ɜɵɡɵɜɚɟɬ 
ɨɛɪɚɡɨɜɚɧɢɟ ɩɨɪ ɜ ɲɜɚɯ ɢ ɬɪɟɳɢɧɵ ɜ ɨɤɨɥɨɲɨɜɧɨɣ ɡɨɧɟ, ɬɚɤ ɧɚɡɵɜɚɟɦɭɸ 
ɜɨɞɨɪɨɞɧɭɸ ɛɨɥɟɡɧɶ. ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɬɟɦ, ɱɬɨ ɪɚɫɬɜɨɪɢɜɲɢɣɫɹ ɜ ɦɟɬɚɥɥɟ 
ɲɜɚ ɜɨɞɨɪɨɞ ɞɢɮɮɭɧɞɢɪɭɟɬ ɜ ɨɤɨɥɨɲɨɜɧɭɸ ɡɨɧɭ ɢ ɩɪɢ ɧɚɥɢɱɢɢ ɜ ɦɟɬɚɥɥɟ 
ɨɤɫɢɞɚ ɦɟɞɢ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ ɧɢɦ ɩɨ ɪɟɚɤɰɢɢ:Cu2O + ɇ2= Cu + H2O. 

Ɉɛɪɚɡɭɸɳɢɟɫɹ ɩɚɪɵ ɜɨɞɵ ɫɤɚɩɥɢɜɚɸɬɫɹ ɦɟɠɞɭ ɤɪɢɫɬɚɥɥɢɬɚɦɢ ɜ 
ɝɚɡɨɨɛɪɚɡɧɵɟ ɩɪɨɫɥɨɣɤɢ ɢ ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɫɩɨɫɨɛɫɬɜɭɸɬ ɜɨɡɧɢɤɧɨɜɟɧɢɸ 
ɬɪɟɳɢɧ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ γ00-γ50°ɋ (ɢɧɬɟɪɜɚɥ ɯɪɭɩɤɨɫɬɢ ɦɟɞɢ). 



 

Ɉɬɪɢɰɚɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɫɜɚɪɢɜɚɟɦɨɫɬɶ ɦɟɞɢ ɨɤɚɡɵɜɚɟɬ ɬɚɤɠɟ ɟɟ 
ɛɨɥɶɲɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɜɨɝɨ ɪɚɫɲɢɪɟɧɢɹ (ɜ 1,5 ɪɚɡɚ ɜɵɲɟ, ɱɟɦ ɭ 
ɭɝɥɟɪɨɞɢɫɬɵɯ ɢ ɥɟɝɢɪɨɜɚɧɧɵɯ ɫɬɚɥɟɣ), ɤɪɨɦɟ ɬɨɝɨ, ɛɨɥɶɲɚɹ ɭɫɚɞɤɚ, ɤɨɬɨɪɚɹ 
ɜɵɡɵɜɚɟɬ ɩɨɜɵɲɟɧɧɵɟ ɞɟɮɨɪɦɚɰɢɢ ɢ ɨɫɬɚɬɨɱɧɵɟ ɫɜɚɪɨɱɧɵɟ ɧɚɩɪɹɠɟɧɢɹ. 
ɗɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɨɛɪɚɡɨɜɚɧɢɸ ɬɪɟɳɢɧ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ β50-
550°ɋ, ɤɨɝɞɚ ɦɟɬɚɥɥ ɨɛɥɚɞɚɟɬ ɦɢɧɢɦɚɥɶɧɨɣ ɩɥɚɫɬɢɱɧɨɫɬɶɸ ɢ ɩɪɨɱɧɨɫɬɶɸ. 
Ⱦɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɨɛɪɚɡɨɜɚɧɢɹ ɬɪɟɳɢɧ, ɜɵɡɜɚɧɧɵɯ ɞɟɮɨɪɦɚɰɢɹɦɢ ɢ 
ɧɚɩɪɹɠɟɧɢɹɦɢ, ɫɥɟɞɭɟɬ ɢɡɛɟɝɚɬɶ ɠɟɫɬɤɨɝɨ ɡɚɤɪɟɩɥɟɧɢɹ ɫɜɚɪɢɜɚɟɦɵɯ 
ɷɥɟɦɟɧɬɨɜ, ɚ ɬɚɤɠɟ ɩɪɨɜɨɞɢɬɶ ɩɪɨɤɨɜɤɭ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɦɧɨɝɨɫɥɨɣɧɵɯ ɲɜɨɜ 
ɤɚɠɞɨɝɨ ɫɥɨɹ (ɩɨɫɥɟ ɩɟɪɜɨɝɨ) ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɦɟɬɚɥɥɚ ɲɜɚ ɧɟ ɜɵɲɟ β00 °ɋ, 
ɤɨɝɞɚ ɨɧ ɢɦɟɟɬ ɩɨɜɵɲɟɧɧɭɸ ɩɥɚɫɬɢɱɧɨɫɬɶ Дγ, 6Ж. 

ɋɩɨɫɨɛɵ ɫɜɚɪɤɢ ɦɟɞɢ. 
Ⱦɥɹ ɫɜɚɪɤɢ ɢɡɞɟɥɢɣ ɢɡ ɱɢɫɬɨɣ ɦɟɞɢ ɱɚɳɟ ɢɫɩɨɥɶɡɭɸɬ ɫɜɚɪɤɭ 

ɧɟɩɥɚɜɹɳɢɦɫɹ ɜɨɥɶɮɪɚɦɨɜɵɦ ɷɥɟɤɬɪɨɞɨɦ ɜ ɫɪɟɞɟ ɚɪɝɨɧɚ, ɝɟɥɢɹ ɢɥɢ ɚɡɨɬɚ. 
Ɂɚɳɢɬɧɵɟ ɝɚɡɵ ɞɨɥɠɧɵ ɛɵɬɶ ɨɫɨɛɨ ɱɢɫɬɵɦɢ. ɐɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɝɚɡɨɜɵɯ ɫɦɟɫɟɣ ɬɢɩɚ 70 ÷ 80% Ⱥɝ + β0 ÷ γ0% N2, ɞɥɹ ɷɤɨɧɨɦɢɢ ɚɪɝɨɧɚ ɢ 
ɭɜɟɥɢɱɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ (ɩɨɜɵɲɚɟɬɫɹ ɝɥɭɛɢɧɚ ɩɪɨɩɥɚɜɥɟɧɢɹ). 

ɂɫɩɨɥɶɡɭɸɬ ɜɨɥɶɮɪɚɦɨɜɵɟ ɥɚɧɬɚɧɢɪɨɜɚɧɧɵɟ ɢɥɢ ɢɬɬɪɢɪɨɜɚɧɧɵɟ 
ɷɥɟɤɬɪɨɞɵ ɞɢɚɦɟɬɪɨɦ ɞɨ 6 ɦɦ. ɋɬɨɣɤɨɫɬɶ ɜɨɥɶɮɪɚɦɨɜɨɝɨ ɷɥɟɤɬɪɨɞɚ ɜ ɱɢɫɬɨɦ 
ɚɡɨɬɟ ɜɩɨɥɧɟ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɚɹ, ɢ ɩɪɢɦɟɧɟɧɢɟ ɷɬɨɝɨ ɧɟɞɟɮɢɰɢɬɧɨɝɨ ɢ 
ɧɟɞɨɪɨɝɨɝɨ ɝɚɡɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɡɧɚɱɢɬɟɥɶɧɵɣ ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ. 
ɇɟɫɦɨɬɪɹ ɧɚ ɩɪɢɦɟɧɟɧɢɟ ɡɚɳɢɬɵ ɢɧɟɪɬɧɵɦɢ ɝɚɡɚɦɢ, ɩɪɢ ɫɜɚɪɤɟ ɩɪɨɢɫɯɨɞɢɬ 
ɨɤɢɫɥɟɧɢɟ ɦɟɞɢ, ɢ ɞɥɹ ɟɟ ɪɚɫɤɢɫɥɟɧɢɹ ɫɥɟɞɭɟɬ ɩɪɢɦɟɧɹɬɶ 
ɦɢɤɪɨɥɟɝɢɪɨɜɚɧɧɵɟ ɩɪɢɫɚɞɨɱɧɵɟ ɩɪɨɜɨɥɨɤɢ, ɫɨɞɟɪɠɚɳɢɟ ɫɢɥɶɧɵɟ 
ɪɚɫɤɢɫɥɢɬɟɥɢ (ɬɢɬɚɧ, ɰɢɪɤɨɧɢɣ, ɛɨɪ, ɪɟɞɤɨɡɟɦɟɥɶɧɵɟ ɦɟɬɚɥɥɵ). ȼ ɪɟɡɭɥɶɬɚɬɟ 
ɷɬɨɝɨ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɦɟɬɚɥɥ ɲɜɚ ɫɨ ɫɜɨɣɫɬɜɚɦɢ ɧɚ ɭɪɨɜɧɟ ɱɢɫɬɨɣ ɦɟɞɢ. 

ɇɚɢɛɨɥɟɟ ɱɚɫɬɨ ɞɥɹ ɱɢɫɬɨɣ ɦɟɞɢ ɩɪɢɦɟɧɹɸɬ ɫɜɚɪɤɭ ɜɨɥɶɮɪɚɦɨɜɵɦ 
ɷɥɟɤɬɪɨɞɨɦ (ɞɥɹ ɬɨɥɳɢɧ ɞɨ 10 ɦɦ) ɫ ɩɨɞɚɱɟɣ ɩɪɢɫɚɞɨɱɧɨɣ ɩɪɨɜɨɥɨɤɢ, ɪɟɠɟ 
— ɫɜɚɪɤɭ ɩɥɚɜɹɳɢɦɫɹ ɷɥɟɤɬɪɨɞɨɦ. ɉɪɢɦɟɧɹɸɬ ɡɚɳɢɬɧɵɟ ɝɚɡɵ: ɚɪɝɨɧ 
ɜɵɫɲɟɝɨ ɫɨɪɬɚ ɩɨ ȽɈɋɌ 10157—7γ, ɝɟɥɢɣ ɨɫɨɛɨɣ ɱɢɫɬɨɬɵ ɩɨ ɆɊɌɍ 6-02-
274—66, ɚɡɨɬ ɨɫɨɛɨɣ ɱɢɫɬɨɬɵ ɩɨ ɆɊɌɍ 6-02-375—66.  

ɉɪɢɫɚɞɨɱɧɵɟ ɩɪɨɜɨɥɨɤɢ ɢɡ ɱɢɫɬɨɣ ɦɟɞɢ Ɇ1 ɢ ɆɈ ɩɪɢ ɫɜɚɪɤɟ 
ɨɛɟɫɩɟɱɢɜɚɸɬ ɩɨɥɭɱɟɧɢɟ ɦɟɬɚɥɥɚ ɲɜɚ, ɩɨ ɫɨɫɬɚɜɭ ɢ ɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ 
ɛɥɢɡɤɨɝɨ ɤ ɨɫɧɨɜɧɨɦɭ ɦɟɬɚɥɥɭ, ɨɞɧɚɤɨ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɜɚɪɧɨɝɨ 
ɫɨɟɞɢɧɟɧɢɹ ɩɨɧɢɠɟɧɵ, ɚ ɩɨɪɢɫɬɨɫɬɶ ɭɦɟɧɶɲɚɟɬ ɩɥɨɬɧɨɫɬɶ ɦɟɬɚɥɥɚ ɲɜɚ. ɉɪɢ 
ɜɜɟɞɟɧɢɢ ɜ ɫɨɫɬɚɜ ɩɪɢɫɚɞɨɱɧɵɯ ɩɪɨɜɨɥɨɤ ɪɚɫɤɢɫɥɢɬɟɥɟɣ ɢ ɥɟɝɢɪɭɸɳɢɯ 
ɤɨɦɩɨɧɟɧɬɨɜ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɜɨɡɪɚɫɬɚɸɬ, ɧɨ, 
ɤɚɤ ɩɪɚɜɢɥɨ, ɫɧɢɠɚɸɬɫɹ ɬɟɩɥɨ- ɢ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɦɟɬɚɥɥɚ ɲɜɚ, ɱɬɨ 
ɧɟɞɨɩɭɫɬɢɦɨ ɩɪɢ ɫɜɚɪɤɟ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɢɡɞɟɥɢɣ ɢɡ ɱɢɫɬɨɣ ɦɟɞɢ. ȼ ɬɚɤɢɯ 
ɫɥɭɱɚɹɯ ɪɟɤɨɦɟɧɞɭɸɬɫɹ ɩɪɢɫɚɞɨɱɧɵɟ ɩɪɨɜɨɥɨɤɢ, ɥɟɝɢɪɨɜɚɧɧɵɟ ɫɢɥɶɧɵɦɢ 
ɪɚɫɤɢɫɥɢɬɟɥɹɦɢ (ɜ ɦɢɤɪɨɤɨɥɢɱɟɫɬɜɚɯ), ɤɨɬɨɪɵɟ ɩɨɫɥɟ ɫɜɚɪɤɢ ɧɟ ɨɫɬɚɸɬɫɹ ɜ 
ɫɨɫɬɚɜɟ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ, ɚ ɩɟɪɟɯɨɞɹɬ ɜ ɫɜɨɢ ɫɨɟɞɢɧɟɧɢɹ 
(ɜɵɫɨɤɨɞɢɫɩɟɪɫɧɵɟ, ɲɥɚɤɨɜɵɟ ɜɤɥɸɱɟɧɢɹ), ɢ ɩɨɷɬɨɦɭ ɧɟ ɜɥɢɹɸɬ ɧɚ 
ɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɦɟɬɚɥɥɨɜ. Ⱥɪɝɨɧɨɞɭɝɨɜɚɹ ɢ ɚɡɨɬɧɨ-ɞɭɝɨɜɚɹ ɫɜɚɪɤɢ 



 

ɛɭɞɭɬ ɪɚɡɥɢɱɚɬɶɫɹ ɩɨ ɫɨɫɬɚɜɭ ɩɪɢɫɚɞɨɱɧɵɯ ɩɪɨɜɨɥɨɤ, ɬɚɤ ɤɚɤ ɜ ɚɡɨɬɟ 
ɜɨɡɦɨɠɧɨ ɨɛɪɚɡɨɜɚɧɢɟ ɧɢɬɪɢɞɨɜ ɧɟɤɨɬɨɪɵɦɢ ɥɟɝɢɪɭɸɳɢɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ. 

ɋɜɚɪɢɜɚɟɦɵɟ ɤɪɨɦɤɢ ɢ ɫɜɚɪɨɱɧɭɸ ɩɪɨɜɨɥɨɤɭ ɬɳɚɬɟɥɶɧɨ ɨɱɢɳɚɸɬ ɨɬ 
ɨɤɢɫɥɨɜ ɢ ɡɚɝɪɹɡɧɟɧɢɣ: ɤɪɨɦɤɭ — ɦɟɯɚɧɢɱɟɫɤɢɦ ɩɭɬɟɦ (ɧɚɠɞɚɤɨɦ, 
ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɳɟɬɤɨɣ ɢ ɬ. ɩ.), ɩɪɨɜɨɥɨɤɭ — ɬɪɚɜɥɟɧɢɟɦ ɜ ɪɚɫɬɜɨɪɟ, 
ɫɨɫɬɨɹɳɟɦ ɢɡ ɚɡɨɬɧɨɣ, ɫɟɪɧɨɣ ɢ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬ, ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɩɪɨɦɵɜɤɨɣ 
ɜ ɜɨɞɟ, ɳɟɥɨɱɢ, ɜɨɞɟ ɢ ɫɭɲɤɨɣ ɝɨɪɹɱɢɦ ɜɨɡɞɭɯɨɦ Д7Ж. 

ȼ ɪɹɞɟ ɫɥɭɱɚɟɜ (ɫɜɚɪɤɚ ɜ ɚɡɨɬɟ) ɞɥɹ ɭɥɭɱɲɟɧɢɹ ɤɚɱɟɫɬɜɚ ɩɪɢɦɟɧɹɸɬ 
ɮɥɸɫ ɧɚ ɛɨɪɧɨɣ ɨɫɧɨɜɟ, ɤɨɬɨɪɵɣ ɧɚɧɨɫɹɬ ɧɚ ɩɪɢɫɚɞɨɱɧɵɣ ɦɟɬɚɥɥ, ɥɢɛɨ 
ɡɚɤɥɚɞɵɜɚɸɬ ɜ ɤɚɧɚɜɤɭ ɩɨɞɤɥɚɞɤɢ. 

ɉɨɞɝɨɬɨɜɤɚ ɤɪɨɦɨɤ ɡɚɜɢɫɢɬ ɨɬ ɬɨɥɳɢɧɵ ɦɟɬɚɥɥɚ. ɉɪɢ ɬɨɥɳɢɧɟ ɦɟɬɚɥɥɚ 
δ< 5 ɦɦ — ɛɟɡ ɫɤɨɫɚ ɤɪɨɦɨɤ, ɩɪɢ δ = 6 ÷ 1β ɦɦ — V-ɨɛɪɚɡɧɚɹ ɢ ɩɪɢ ɛɨɥɶɲɟɣ 
ɬɨɥɳɢɧɟ — ɏ-ɨɛɪɚɡɧɚɹ ɪɚɡɞɟɥɤɚ ɫ ɭɝɥɨɦ ɪɚɫɤɪɵɬɢɹ 70—90° ɞɥɹ 
ɧɟɩɥɚɜɹɳɟɝɨɫɹ ɷɥɟɤɬɪɨɞɚ ɢ 60—70° ɞɥɹ ɩɥɚɜɹɳɟɝɨɫɹ ɛɟɡ ɩɪɢɬɭɩɥɟɧɢɹ. 
Ⱦɟɬɚɥɢ ɩɨɞ ɫɜɚɪɤɭ ɫɨɛɢɪɚɸɬ ɧɚ ɩɪɢɯɜɚɬɤɚɯ (ɲɚɝ ɞɨ 400 ɦɦ) ɢɥɢ ɜ 
ɫɩɟɰɢɚɥɶɧɵɯ ɠɟɫɬɤɢɯ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹɯ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɦɟɧɶɲɢɟ 
ɞɟɮɨɪɦɚɰɢɢ. Ⱦɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɤɨɪɧɹ ɲɜɚ ɢɫɩɨɥɶɡɭɸɬ ɩɨɞɤɥɚɞɤɢ ɢɡ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɪɨɤɚɥɟɧɧɨɝɨ ɝɪɚɮɢɬɚ ɢɥɢ ɦɟɞɢ (ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɫ ɜɨɞɹɧɵɦ ɟɟ 
ɨɯɥɚɠɞɟɧɢɟɦ). Ɇɟɬɚɥɥ ɬɨɥɳɢɧɨɣ ɞɨ 5 ɦɦ ɫɜɚɪɢɜɚɸɬ ɫ ɩɨɞɨɝɪɟɜɨɦ ɞɨ 
ɬɟɦɩɟɪɚɬɭɪɵ γ50° ɋ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɬɨɥɳɢɧɵ ɦɟɬɚɥɥɚ ɩɨɞɨɝɪɟɜ ɭɜɟɥɢɱɢɜɚɸɬ 
ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 600—800° ɋ. 

ɉɪɢ ɧɟɩɥɚɜɹɳɟɦɫɹ ɷɥɟɤɬɪɨɞɟ ɫɜɚɪɤɭ ɜɵɩɨɥɧɹɸɬ ɧɚ ɩɟɪɟɦɟɧɧɨɦ ɬɨɤɟ 
ɢɥɢ ɧɚ ɩɨɫɬɨɹɧɧɨɦ ɬɨɤɟ ɩɪɹɦɨɣ ɩɨɥɹɪɧɨɫɬɢ. ɉɪɢ ɫɜɚɪɤɟ ɩɥɚɜɹɳɢɦɫɹ 
ɷɥɟɤɬɪɨɞɨɦ ɢɫɩɨɥɶɡɭɸɬ ɩɨɫɬɨɹɧɧɵɣ ɬɨɤ ɨɛɪɚɬɧɨɣ ɩɨɥɹɪɧɨɫɬɢ. ȼɵɛɨɪ 
ɞɢɚɦɟɬɪɚ ɜɨɥɶɮɪɚɦɨɜɨɝɨ ɷɥɟɤɬɪɨɞɚ ɢ ɩɪɢɫɚɞɤɢ ɡɚɜɢɫɢɬ ɨɬ ɬɨɥɳɢɧɵ 
ɫɜɚɪɢɜɚɟɦɨɝɨ ɦɟɬɚɥɥɚ Д8Ж. 

Ⱦɥɹ ɫɜɚɪɤɢ ɜɚɤɭɭɦɧɨ-ɩɥɨɬɧɵɯ ɲɜɨɜ ɜɵɩɨɥɧɹɸɬ ɪɚɡɞɟɥɤɭ «ɜɚɤɭɭɦɧɵɣ 
ɡɚɦɨɤ» ɫ ɨɛɹɡɚɬɟɥɶɧɨɣ ɩɪɨɜɚɪɤɨɣ ɤɨɪɧɟɜɨɝɨ ɲɜɚ. ɋɜɚɪɤɭ ɨɫɭɳɟɫɬɜɥɹɸɬ ɧɚ 
ɩɨɞɤɥɚɞɤɚɯ ɢɡ ɩɪɨɤɚɥɟɧɧɨɝɨ ɝɪɚɮɢɬɚ ɢɥɢ ɦɟɞɧɵɯ ɩɥɚɫɬɢɧ, ɨɯɥɚɠɞɚɟɦɵɯ 
ɜɨɞɨɣ. Чɪɟɡɦɟɪɧɨɟ ɨɯɥɚɠɞɟɧɢɟ ɦɟɞɧɨɣ ɩɨɞɤɥɚɞɤɢ ɢ ɩɨɹɜɥɟɧɢɟ ɬɨɱɤɢ ɪɨɫɵ 
ɦɨɠɟɬ ɜɵɡɜɚɬɶ ɩɨɪɢɫɬɨɫɬɶ ɜ ɧɢɠɧɟɣ ɱɚɫɬɢ ɲɜɚ. Ɇɟɞɶ ɬɨɥɳɢɧɨɣ ɛɨɥɟɟ 5 ɦɦ 
ɫɜɚɪɢɜɚɸɬ ɧɚ ɮɥɸɫɨɜɨɣ ɩɨɞɭɲɤɟ.  
  



 

1.2. Ɉɛɳɢɟ ɫɜɟɞɟɧɢɹ ɨ ɬɢɬɚɧɟ, ɫɜɚɪɢɜɚɟɦɨɫɬɶ ɬɢɬɚɧɚ, ɫɩɨɫɨɛɵ 
ɫɜɚɪɤɢ ɬɢɬɚɧɚ 

 
Ɍɢɬɚɧ — ɫɚɦɵɣ «ɦɨɥɨɞɨɣ» ɢɡ ɤɪɭɩɧɵɯ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɟɬɚɥɥɨɜ, 

ɯɨɬɹ ɛɵɥ ɨɬɤɪɵɬ ɜ 1795 ɝ. ɋɨɞɟɪɠɚɧɢɟ ɟɝɨ ɜ ɡɟɦɧɨɣ ɤɨɪɟ 0,6%. Ɍɢɬɚɧ — 
ɩɟɪɟɯɨɞɧɵɣ ɦɟɬɚɥɥ IV ɝɪɭɩɩɵ, ɩɨɪɹɞɤɨɜɵɣ ɧɨɦɟɪ ββ, ɩɥɨɬɧɨɫɬɶ 4510 ɤɝ/ɦ3. 
Ɍɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ 1800° ɋ, ɤɢɩɟɧɢɹ γ400° ɋ; ɬɜɟɪɞɨɫɬɶ ɇȼ 850 Ɇɇ/ɦ2 ɢ 
σɜ = γβ0 Ɇɇ/ɦ2.Чɢɫɬɵɣ ɬɢɬɚɧ ɩɥɚɫɬɢɱɟɧ, ɦɹɝɨɤ; ɬɟɯɧɢɱɟɫɤɢɣ — ɯɪɭɩɤɢɣ ɢ 
ɬɜɟɪɞɵɣ Д9Ж. 

Ƚɥɚɜɧɨɟ ɩɪɟɢɦɭɳɟɫɬɜɨ ɬɢɬɚɧɚ ɢ ɟɝɨ ɫɩɥɚɜɨɜ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɲɢɪɨɤɨ 
ɢɡɜɟɫɬɧɵɦɢ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ (ɬɚɤɢɦɢ ɤɚɤ ɚɥɸɦɢɧɢɟɜɵɟ ɢ 
ɦɚɝɧɢɟɜɵɟ ɫɩɥɚɜɵ, ɤɢɫɥɨɬɨɫɬɨɣɤɢɟ ɢ ɠɚɪɨɫɬɨɣɤɢɟ ɚɭɫɬɟɧɢɬɧɵɟ ɫɬɚɥɢ ɢ 
ɞɪɭɝɢɟ) ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɩɪɢ ɦɚɥɨɣ ɩɥɨɬɧɨɫɬɢ (4,5 ɝ/ɫɦγ) ɨɧɢ ɨɛɥɚɞɚɸɬ 
ɜɵɫɨɤɢɦɢ ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɢ ɜɵɫɨɤɢɯ 
ɬɟɦɩɟɪɚɬɭɪɚɯ ɢ ɛɨɥɶɲɨɣ ɤɨɪɪɨɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɶɸ ɜɨ ɦɧɨɝɢɯ ɫɪɟɞɚɯ. 
ɉɪɢɦɟɧɹɟɬɫɹ ɜɨ ɜɫɟ ɛɨɥɶɲɢɯ ɦɚɫɲɬɚɛɚɯ ɜ ɬɚɤɢɯ ɨɬɪɚɫɥɹɯ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ, 
ɤɚɤ ɫɚɦɨɥɟɬɨ- ɢ ɪɚɤɟɬɨɫɬɪɨɟɧɢɟ, ɫɭɞɨɫɬɪɨɟɧɢɟ, ɯɢɦɢɱɟɫɤɨɟ ɦɚɲɢɧɨɫɬɪɨɟɧɢɟ 
ɢ ɧɟɤɨɬɨɪɵɯ ɞɪɭɝɢɯ Д6Ж. 

ɉɪɢ ɨɛɵɱɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɨɤɪɵɜɚɟɬɫɹ ɡɚɳɢɬɧɨɣ ɩɚɫɫɢɜɢɪɭɸɳɟɣ 
ɩɥёɧɤɨɣ ɨɤɫɢɞɚ TТO2, ɛɥɚɝɨɞɚɪɹ ɷɬɨɦɭ ɤɨɪɪɨɡɢɨɧɧɨɫɬɨɟɤ ɜ ɛɨɥɶɲɢɧɫɬɜɟ 
ɫɪɟɞ, ɚ ɢɦɟɧɧɨ: ɭɫɬɨɣɱɢɜ ɤ ɪɚɡɛɚɜɥɟɧɧɵɦ ɪɚɫɬɜɨɪɚɦ ɦɧɨɝɢɯ ɤɢɫɥɨɬ ɢ 
ɳɟɥɨɱɟɣ (ɤɪɨɦɟ HF,H3PO4 ɢ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ H2SO4)[10]. 

ɋɨɫɬɚɜ ɢ ɨɫɧɨɜɧɵɟ ɫɜɨɣɫɬɜɚ ɩɪɢɦɟɧɹɟɦɨɝɨ ɫɩɥɚɜɚ ɨɬɪɚɠɟɧɵ ɜ 
ɫɥɟɞɭɸɳɢɯ ɬɚɛɥɢɰɚɯ: Д11Ж. 

 
Ɍɚɛɥɢɰɚ 1.4- ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ȼɌ1-0 ȽɈɋɌ 19807-91 

Fe C Si N Ti O H ɉɪɢɦɟɫɟɣ 

Ⱦɨ 
0,25 

Ⱦɨ 0,07 Ⱦɨ 0,1 Ⱦɨ 0,04 99,24-
99,7 

Ⱦɨ 0,β Ⱦɨ 0,01 ɉɪɨɱɢɯ 0,γ 

 
Ɍɚɛɥɢɰɚ 1.5- Ɏɢɡɢɱɟɫɤɢɟ ɢ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɚ ȼɌ1-0 
ɉɥɨɬɧɨɫɬɶ ɩɪɢ β0°ʠ, ̂ /˔ˏଷ 4,505 

Ɍɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ, °ʠ 1668 

Ɍɟɦɩɟɪɚɬɭɪɚ ɤɢɩɟɧɢɹ, °ʠ 3260 

Ɍɟɩɥɨɬɚ ɩɥɚɜɥɟɧɢɹ, ɤȾɠ/ɦɨɥɶ 18,8 

ɍɞɟɥɶɧɚɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɩɪɢ β0°ʠ, ȼɬ/(ɦ∙ ˍ) 18,85 

Ʉɨɷɮɮɢɰɢɟɧɬ ɥɢɧɟɣɧɨɝɨ ɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɩɪɢ β5°ʠ,ͳͲ−଺ˏ/ˏʙ 8,15 

ɍɞɟɥɶɧɨɟ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɢ β0°ʠ, ʝˏ ∙ ˔ˏ ∙ ͳͲ−଺ 45 

Ɇɨɞɭɥɶ ɧɨɪɦɚɥɶɧɨɣ ɭɩɪɭɝɨɫɬɢ, ɝɉɚ 112 

Ɍɜɟɪɞɨɫɬɶ, ɇȼ 130 

 



 

ȼɨɡɞɟɣɫɬɜɢɟ ɬɟɪɦɢɱɟɫɤɨɝɨ ɰɢɤɥɚ ɫɜɚɪɤɢ ɧɚ ɦɟɬɚɥɥ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ 
ɫɨɡɞɚɧɢɟɦ ɨɫɨɛɨɝɨ ɫɬɪɭɤɬɭɪɧɨɝɨ ɢ ɮɚɡɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ, 
ɨɬɥɢɱɚɸɳɟɝɨɫɹ ɨɩɪɟɞɟɥɟɧɧɵɦ ɤɨɦɩɥɟɤɫɨɦ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɨɬ 
ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ. ɋɥɟɞɭɟɬ ɢɦɟɬɶ ɜ ɜɢɞɭ, ɱɬɨ ɬɢɩɵ ɫɜɚɪɨɤ — ɫɜɚɪɤɚ 
ɩɥɚɜɥɟɧɢɟɦ ɫ ɪɚɫɯɨɞɭɟɦɵɦ ɢɥɢ ɧɟɪɚɫɯɨɞɭɟɦɵɦ ɷɥɟɤɬɪɨɞɨɦ, 
ɷɥɟɤɬɪɨɧɧɨɥɭɱɟɜɚɹ ɫɜɚɪɤɚ, ɦɧɨɝɨɩɪɨɯɨɞɧɚɹ ɫɜɚɪɤɚ, ɤɨɧɬɚɤɬɧɚɹ (ɬɨɱɟɱɧɚɹ ɢɥɢ 
ɪɨɥɢɤɨɜɚɹ) ɢ ɬ. ɩ, — ɨɤɚɡɵɜɚɸɬ ɫɚɦɨɟ ɪɚɡɥɢɱɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɫɬɪɭɤɬɭɪɭ ɢ 
ɫɜɨɣɫɬɜɚ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɜ ɫɜɹɡɢ ɫ ɢɯ ɪɚɡɥɢɱɧɵɦ ɬɟɪɦɢɱɟɫɤɢɦ ɰɢɤɥɨɦ ɢ 
ɪɚɡɥɢɱɧɵɦ ɜɥɢɹɧɢɟɦ ɧɚ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ. Ʉɪɨɦɟ 
ɬɨɝɨ, ɭ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ (ɫ α-, α+ȕ- ɢɥɢ ȕ-ɫɬɪɭɤɬɭɪɨɣ) ɩɪɢ 
ɬɟɪɦɢɱɟɫɤɨɦ ɰɢɤɥɟ ɫɜɚɪɤɢ ɨɛɪɚɡɭɟɬɫɹ ɫɜɨɟ ɫɬɪɭɤɬɭɪɧɨɟ ɢ ɮɚɡɨɜɨɟ ɫɨɫɬɨɹɧɢɟ 
ɢ ɫɜɨɣ ɤɨɦɩɥɟɤɫ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ. 
ɉɨɫɥɟɞɭɸɳɚɹ ɬɟɪɦɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɦɨɠɟɬ ɨɤɚɡɵɜɚɬɶ ɞɚɥɶɧɟɣɲɟɟ 
ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɫɜɨɣɫɬɜɚ ɢ ɫɬɪɭɤɬɭɪɭ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ. 

ȼ ɫɜɚɪɧɵɯ ɤɨɧɫɬɪɭɤɰɢɹɯ ɢɫɩɨɥɶɡɭɸɬ ɫɚɦɵɟ ɪɚɡɧɨɨɛɪɚɡɧɵɟ ɬɢɬɚɧɨɜɵɟ 
ɫɩɥɚɜɵ, ɧɚɱɢɧɚɹ ɨɬ ɫɩɥɚɜɨɜ ɧɚ ɨɫɧɨɜɟ ɝɟɤɫɚɝɨɧɚɥɶɧɨɣ α-ɫɬɪɭɤɬɭɪɵ ɢ ɤɨɧɱɚɹ 
ɫɩɥɚɜɚɦɢ ɧɚ ɨɫɧɨɜɟ ɤɭɛɢɱɟɫɤɨɣ ȕ-ɫɬɪɭɤɬɭɪɵ. 

ȿɫɥɢ ɨɞɧɨɮɚɡɧɵɟ ɬɢɬɚɧɨɜɵɟ ɫɩɥɚɜɵ ɫ α- ɢ ȕ-ɫɬɪɭɤɬɭɪɨɣ ɩɪɢ ɫɜɚɪɤɟ 
ɩɪɟɬɟɪɩɟɜɚɸɬ ɫɪɚɜɧɢɬɟɥɶɧɨ ɩɪɨɫɬɵɟ ɮɚɡɨɜɵɟ ɩɪɟɜɪɚɳɟɧɢɹ, ɬɨ ɞɜɭɯɮɚɡɧɵɟ 
α+ȕ-ɫɩɥɚɜɵ ɩɪɢ ɬɟɪɦɢɱɟɫɤɨɦ ɰɢɤɥɟ ɫɜɚɪɤɢ ɩɪɟɬɟɪɩɟɜɚɸɬ ɫɥɨɠɧɵɟ ɮɚɡɨɜɵɟ 
ɩɪɟɜɪɚɳɟɧɢɹ, ɯɚɪɚɤɬɟɪ ɤɨɬɨɪɵɯ ɡɚɜɢɫɢɬ ɨɬ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɫɩɥɚɜɚ ɢ 
ɜɵɛɪɚɧɧɨɝɨ ɜɢɞɚ ɫɜɚɪɤɢ. ɋɜɚɪɧɵɟ ɫɨɟɞɢɧɟɧɢɹ α+ȕ-ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɜɟɫɶɦɚ 
ɱɭɜɫɬɜɢɬɟɥɶɧɵ ɤ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɜ ɲɢɪɨɤɨɦ 
ɞɢɚɩɚɡɨɧɟ ɢɡɦɟɧɹɬɶ ɢɯ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. 

Ɋɹɞ ɷɥɟɦɟɧɬɨɜ, ɜ ɱɚɫɬɧɨɫɬɢ ɚɥɸɦɢɧɢɣ, ɨɥɨɜɨ, ɚɡɨɬ, ɤɢɫɥɨɪɨɞ, 
ɩɨɜɵɲɚɸɬ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɥɢɦɨɪɮɧɨɝɨ ɩɪɟɜɪɚɳɟɧɢɹ, ɪɚɫɲɢɪɹɸɬ ɨɛɥɚɫɬɶ α-
ɬɢɬɚɧɚ ɢ ɧɚɡɵɜɚɸɬɫɹ α-ɫɬɚɛɢɥɢɡɚɬɨɪɚɦɢ. Ɍɚɤɢɟ ɷɥɟɦɟɧɬɵ, ɤɚɤ ɦɨɥɢɛɞɟɧ, 
ɜɚɧɚɞɢɣ, ɦɚɪɝɚɧɟɰ, ɯɪɨɦ, ɫɩɨɫɨɛɫɬɜɭɸɬ ɫɨɯɪɚɧɟɧɢɸ ɩɪɢ ɧɨɪɦɚɥɶɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɫɬɪɭɤɬɭɪɵ ȕ-ɬɢɬɚɧɚ ɢ ɧɚɡɵɜɚɸɬɫɹ ȕ 
ɫɬɚɛɢɥɢɡɚɬɨɪɚɦɢ Д1Ж. 

ɋɩɥɚɜɵ ɫɨ ɫɬɚɛɢɥɶɧɨɣ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɫɬɪɭɤɬɭɪɨɣ 
(ɬɟɯɧɢɱɟɫɤɢɣ ɬɢɬɚɧ ȼɌ1, ɫɩɥɚɜɵ ȼɌ5 ɢ ȼɌ5-1) ɬɟɪɦɨɨɛɪɚɛɨɬɤɨɣ ɧɟ 
ɭɩɪɨɱɧɹɸɬɫɹ, ɩɨɷɬɨɦɭ ɨɧɢ ɨɛɥɚɞɚɸɬ ɯɨɪɨɲɟɣ ɫɜɚɪɢɜɚɟɦɨɫɬɶɸ. ɋɩɥɚɜɵ ɫɨ 
ɫɬɚɛɢɥɶɧɨɣ ȕ-ɫɬɪɭɤɬɭɪɨɣ (ɬɢɩɚ ȼɌ14) ɬɚɤɠɟ ɢɦɟɸɬ ɜɵɫɨɤɭɸ ɬɟɪɦɢɱɟɫɤɭɸ 
ɫɬɚɛɢɥɶɧɨɫɬɶ, ɜɵɫɨɤɭɸ ɩɪɨɱɧɨɫɬɶ, ɩɥɚɫɬɢɱɧɨɫɬɶ ɢ ɬɚɤɠɟ ɯɨɪɨɲɨ 
ɫɜɚɪɢɜɚɸɬɫɹ. 

Ⱦɜɭɯɮɚɡɧɵɟ ɫɩɥɚɜɵ, ɝɞɟ ȕ-ɮɚɡɚ ɫɭɳɟɫɬɜɭɟɬ ɩɪɢ ɩɨɜɵɲɟɧɧɵɯ 
ɬɟɦɩɟɪɚɬɭɪɚɯ (ɬɢɩɚ ɈɌ4), ɬɟɪɦɨɨɛɪɚɛɨɬɤɨɣ ɧɟ ɭɩɪɨɱɧɹɸɬɫɹ, ɚ ɫɩɥɚɜɵ, ɝɞɟ ȕ-
ɮɚɡɚ ɦɨɠɟɬ ɫɨɯɪɚɧɹɬɶɫɹ ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɞɨ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ (ɫɩɥɚɜɵ 
ȼɌ6, ȼɌ14), ɭɩɪɨɱɧɹɸɬɫɹ ɬɟɪɦɨɨɛɪɚɛɨɬɤɨɣ ɢ ɫɜɚɪɢɜɚɸɬɫɹ ɯɭɠɟ; 
ɬɟɪɦɨɨɛɪɚɛɨɬɤɚ (ɡɚɤɚɥɤɚ + ɢɫɤɭɫɫɬɜɟɧɧɨɟ ɫɬɚɪɟɧɢɟ) ɩɨɡɜɨɥɹɟɬ ɞɨɜɟɫɬɢ ɢɯ 
ɩɪɨɱɧɨɫɬɶ ɞɨ 140 ɤɝɫ/ɦɦ2 ɩɪɢ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɣ ɩɥɚɫɬɢɱɧɨɫɬɢ. 
  



 

ȼɥɢяɧɢɟ ɩɪɢɦɟɫɟɣ ɢ ɝɚɡɨɜ. 
ɉɪɢɦɟɧɹɟɦɵɣ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɬɟɯɧɢɱɟɫɤɢɣ ɬɢɬɚɧ ɫɨɞɟɪɠɢɬ 

ɩɪɢɦɟɫɢ ɤɢɫɥɨɪɨɞɚ, ɚɡɨɬɚ, ɠɟɥɟɡɚ, ɤɪɟɦɧɢɹ ɢ ɭɝɥɟɪɨɞɚ, ɩɨɜɵɲɚɸɳɟɝɨ 
ɩɪɨɱɧɨɫɬɶ, ɫɧɢɠɚɸɳɢɟ ɩɥɚɫɬɢɱɧɨɫɬɶ ɢ ɜɥɢɹɸɳɢɟ ɧɚ ɬɟɦɩɟɪɚɬɭɪɭ 
ɩɨɥɢɦɨɪɮɧɨɝɨ ɩɪɟɜɪɚɳɟɧɢɹ, ɤɨɬɨɪɨɟ ɩɪɨɢɫɯɨɞɢɬ ɜ ɢɧɬɟɪɜɚɥɟ 865-
9β0°ɋ.Ɋɚɡɞɟɥɶɧɨɟ ɢɥɢ ɫɨɜɦɟɫɬɧɨɟ ɥɟɝɢɪɨɜɚɧɢɟ ɬɟɯɧɢɱɟɫɤɨɝɨ ɬɢɬɚɧɚ 
ɧɟɛɨɥɶɲɢɦɢ ɞɨɛɚɜɤɚɦɢ ɧɟɤɨɬɨɪɵɯ ɷɥɟɦɟɧɬɨɜ, ɧɚɩɪɢɦɟɪ γ—6,5% Ⱥl, ɞɨ β% 
Ɇn, 3,5—4,5% V, ɞɨ β,5 ɋr, 2—3% Sn, ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɟɬ ɟɝɨ 
ɩɪɨɱɧɨɫɬɶ (ɞɨ 100—140 ɤɝɫ/ɦɦβ) ɩɪɢ ɞɨɫɬɚɬɨɱɧɨɣ ɩɥɚɫɬɢɱɧɨɫɬɢ. 

Ɍɢɬɚɧ ɥɟɝɤɨ ɪɟɚɝɢɪɭɟɬ ɞɚɠɟ ɫɨ ɫɥɚɛɵɦɢ ɤɢɫɥɨɬɚɦɢ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 
ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɬɟɥɟɣ, ɧɚɩɪɢɦɟɪ, ɫ ɩɥɚɜɢɤɨɜɨɣ ɤɢɫɥɨɬɨɣ HF ɨɧ 
ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɛɥɚɝɨɞɚɪɹ ɨɛɪɚɡɨɜɚɧɢɸ ɤɨɦɩɥɟɤɫɧɨɝɨ ɚɧɢɨɧɚ ДTТF6]2. 

ɋ ɤɢɫɥɨɪɨɞɨɦ ɜɨɡɞɭɯɚ ɡɚɦɟɬɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɵɲɟ 
600°ɋ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɌiO2. Ɍɨɧɤɚɹ ɬɢɬɚɧɨɜɚɹ ɫɬɪɭɠɤɚ ɩɪɢ ɧɟɞɨɫɬɚɬɨɱɧɨɣ 
ɫɦɚɡɤɟ ɦɨɠɟɬ ɡɚɝɨɪɚɬɶɫɹ ɜ ɩɪɨɰɟɫɫɟ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ. ɉɪɢ 
ɞɨɫɬɚɬɨɱɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɢɫɥɨɪɨɞɚ ɜ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɟ ɢ ɩɨɜɪɟɠɞɟɧɢɢ 
ɨɤɢɫɧɨɣ ɩɥɟɧɤɢ ɩɭɬɟɦ ɭɞɚɪɚ ɢɥɢ ɬɪɟɧɢɹ ɜɨɡɦɨɠɧɨ ɡɚɝɨɪɚɧɢɟ ɦɟɬɚɥɥɚ ɩɪɢ 
ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɜ ɫɪɚɜɧɢɬɟɥɶɧɨ ɤɪɭɩɧɵɯ ɤɭɫɤɚɯД4Ж. 

Ⱥɡɨɬ, ɧɚɯɨɞɹɳɢɣɫɹ ɜ ɬɢɬɚɧɟ ɜ ɜɢɞɟ ɧɢɬɪɢɞɨɜ ɢ ɷɥɟɦɟɧɬɨɜ ɜɧɟɞɪɟɧɢɹ, 
ɩɨɜɵɲɚɟɬ ɬɜɟɪɞɨɫɬɶ ɢ ɫɧɢɠɚɟɬ ɟɝɨ ɩɥɚɫɬɢɱɧɨɫɬɶ. ɉɨ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɬɢɬɚɧ ɚɡɨɬ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɷɧɟɪɝɢɱɧɵɦ ɷɥɟɦɟɧɬɨɦ, ɱɟɦ 
ɤɢɫɥɨɪɨɞ. ɉɨɜɟɪɯɧɨɫɬɧɵɣ ɫɥɨɣ ɬɢɬɚɧɚ ɧɚɫɵɳɚɟɬɫɹ ɩɨɜɵɲɟɧɧɵɦ 
ɤɨɥɢɱɟɫɬɜɨɦ ɚɡɨɬɚ ɢ ɤɢɫɥɨɪɨɞɚ (ɚɥɶɮɢɪɨɜɚɧɧɵɣ ɫɥɨɣ). ɉɨɩɚɞɚɧɢɟ ɱɚɫɬɢɰ 
ɷɬɨɝɨ ɫɥɨɹ ɜ ɫɜɚɪɧɨɣ ɲɨɜ ɩɪɢɜɨɞɢɬ ɤ ɯɪɭɩɤɨɫɬɢ ɦɟɬɚɥɥɚ ɢ ɨɛɪɚɡɨɜɚɧɢɸ 
ɯɨɥɨɞɧɵɯ ɬɪɟɳɢɧ, ɜ ɫɜɹɡɢ ɫ ɱɟɦ ɩɟɪɟɞ ɫɜɚɪɤɨɣ ɟɝɨ ɫɥɟɞɭɟɬ ɩɨɥɧɨɫɬɶɸ 
ɭɞɚɥɹɬɶ. 

ȼɨɞɨɪɨɞ ɞɚɠɟ ɩɪɢ ɦɚɥɨɦ ɫɨɞɟɪɠɚɧɢɢ ɧɚɢɛɨɥɟɟ ɪɟɡɤɨ ɭɯɭɞɲɚɟɬ 
ɫɜɨɣɫɬɜɚ ɬɢɬɚɧɚ. Ɋɚɫɬɜɨɪɢɦɨɫɬɶ ɜɨɞɨɪɨɞɚ ɜ ɬɢɬɚɧɚ ɱɪɟɡɜɵɱɚɣɧɨ ɜɟɥɢɤɚ ɢ 
ɩɪɟɜɨɫɯɨɞɢɬ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɟɝɨ ɜ ɫɬɚɥɢ ɜ ɞɟɫɹɬɤɢ ɬɵɫɹɱ ɪɚɡ. ɏɨɬɹ 
ɫɨɞɟɪɠɚɧɢɟ ɜɨɞɨɪɨɞɚ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɩɚɞɚɟɬ, ɜɨɞɨɪɨɞ 
ɧɚɯɨɞɹɳɢɣɫɹ ɜ ɬɜɟɪɞɨɦ ɩɟɪɟɫɵɳɟɧɧɨɦ ɪɚɫɬɜɨɪɟ ɜɵɞɟɥɹɟɬɫɹ ɢ ɨɛɪɚɡɭɟɬ 
ɨɬɞɟɥɶɧɭɸ ɮɚɡɭ — ɝɢɞɪɢɞɵ ɬɢɬɚɧɚ (TiH2), ɤɨɬɨɪɚɹ ɫɢɥɶɧɨ ɨɯɪɭɩɱɢɜɚɟɬ ɬɢɬɚɧ 
ɢ ɭɫɢɥɢɜɚɟɬ ɨɯɪɭɩɱɢɜɚɸɳɟɟ ɞɟɣɫɬɜɢɟ ɤɢɫɥɨɪɨɞɚ ɢ ɚɡɨɬɚ, ɢ ɫɩɨɫɨɛɫɬɜɭɟɬ 
ɨɛɪɚɡɨɜɚɧɢɸ ɯɨɥɨɞɧɵɯ ɬɪɟɳɢɧ ɱɟɪɟɡ ɞɥɢɬɟɥɶɧɨɟ ɜɪɟɦɹ ɩɨɫɥɟ ɫɜɚɪɤɢ 
(ɡɚɦɟɞɥɟɧɧɨɟ ɪɚɡɪɭɲɟɧɢɟ). Ʉɪɨɦɟ ɬɨɝɨ, ɜɨɞɨɪɨɞ ɫɩɨɫɨɛɫɬɜɭɟɬ ɨɛɪɚɡɨɜɚɧɢɸ 
ɩɨɪ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨɦ ɞɨɩɭɫɬɢɦɨɟ ɫɨɞɟɪɠɚɧɢɟ ɜɨɞɨɪɨɞɚ ɜ 
ɦɟɬɚɥɥɟ ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ ɞɨ 0,01 %, ɢ ɩɪɢɧɢɦɚɸɬɫɹ ɜɫɟ ɦɟɪɵ ɤ ɭɫɬɪɚɧɟɧɢɸ 
ɜɨɡɦɨɠɧɨɫɬɢ ɧɚɜɨɞɨɪɨɠɢɜɚɧɢɹ ɦɟɬɚɥɥɚ (ɧɚɩɪɢɦɟɪ, ɫɜɚɪɨɱɧɭɸ ɩɪɨɜɨɥɨɤɭ 
ɩɨɞɜɟɪɝɚɸɬ ɜɚɤɭɭɦɧɨɦɭ ɨɬɠɢɝɭ)Д8Ж. 

ɍɝɥɟɪɨɞ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɬɚɤɢɯ ɩɪɢɦɟɫɟɣ, ɩɨɜɵɲɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ 
ɤɨɬɨɪɨɣ ɜɵɡɵɜɚɟɬ ɩɨɧɢɠɟɧɢɟ ɩɥɚɫɬɢɱɧɨɫɬɢ ɬɢɬɚɧɚ ɢ ɟɝɨ ɫɩɥɚɜɨɜ. ɗɬɨ ɢɦɟɟɬ 
ɦɟɫɬɨ ɩɨɬɨɦɭ, ɱɬɨ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɭɝɥɟɪɨɞɚ ɜ ɬɢɬɚɧɟ ɧɟɜɟɥɢɤɚ ɢ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 900 °ɋ ɫɨɫɬɚɜɥɹɟɬ 0,β8 %, ɚ ɜ α-ɬɢɬɚɧɟ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɭɝɥɟɪɨɞɚ ɜ 
5 ɪɚɡ ɦɟɧɶɲɟ. ȼɫɥɟɞɫɬɜɢɟ ɦɚɥɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɭɝɥɟɪɨɞɚ ɫɨɞɟɪɠɚɧɢɟ ɟɝɨ ɜ 



 

ɬɢɬɚɧɟ ɜ ɤɨɥɢɱɟɫɬɜɟ ɧɟɫɤɨɥɶɤɢɯ ɞɟɫɹɬɵɯ ɩɪɨɰɟɧɬɚ ɩɪɢɜɨɞɢɬ ɤ ɜɵɞɟɥɟɧɢɸ 
ɤɚɪɛɢɞɨɜ ɢ ɡɚɦɟɬɧɨɦɭ ɩɨɜɵɲɟɧɢɸ ɩɪɨɱɧɨɫɬɢ ɢ ɩɨɧɢɠɟɧɢɸ ɩɥɚɫɬɢɱɧɨɫɬɢД6Ж. 

Ʉɨɪɪɨɡɢɨɧɧɚя ɫɬɨɣɤɨɫɬɶ. 
Ɍɢɬɚɧ ɤɨɪɪɨɡɢɨɧɧɨ ɭɫɬɨɣɱɢɜ ɜ ɚɬɦɨɫɮɟɪɧɨɦ ɜɨɡɞɭɯɟ, ɦɨɪɫɤɨɣ ɜɨɞɟ ɢ 

ɦɨɪɫɤɨɣ ɚɬɦɨɫɮɟɪɟ, ɜɨ ɜɥɚɠɧɨɦ ɯɥɨɪɟ, ɯɥɨɪɧɨɣ ɜɨɞɟ, ɝɨɪɹɱɢɯ ɢ ɯɨɥɨɞɧɵɯ 
ɪɚɫɬɜɨɪɚɯ ɯɥɨɪɢɞɨɜ, ɜ ɪɚɡɥɢɱɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɚɯ ɢ ɪɟɚɝɟɧɬɚɯ, 
ɩɪɢɦɟɧɹɟɦɵɯ ɜ ɯɢɦɢɱɟɫɤɨɣ, ɧɟɮɬɹɧɨɣ, ɛɭɦɚɝɨɞɟɥɚɬɟɥɶɧɨɣ ɢ ɞɪɭɝɢɯ ɨɬɪɚɫɥɹɯ 
ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɜ ɝɢɞɪɨɦɟɬɚɥɥɭɪɝɢɢ Д7Ж. 

ɋɜɚɪɢɜɚɟɦɨɫɬɶ ɬɢɬɚɧɚ 
ȼɚɠɧɟɣɲɢɦ ɤɪɢɬɟɪɢɟɦ ɜɵɛɨɪɚ ɪɚɡɥɢɱɧɵɯ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɫɩɥɚɜɨɜ 

ɬɢɬɚɧɚ ɹɜɥɹɟɬɫɹ ɢɯ ɫɜɚɪɢɜɚɟɦɨɫɬɶ, ɬ. ɟ. ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɫɜɚɪɧɨɝɨ 
ɫɨɟɞɢɧɟɧɢɹ, ɫɜɨɣɫɬɜɚ ɤɨɬɨɪɨɝɨ ɧɟ ɭɫɬɭɩɚɥɢ ɛɵ ɚɧɚɥɨɝɢɱɧɵɦ ɫɜɨɣɫɬɜɚɦ 
ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ ɢ ɨɛɟɫɩɟɱɢɜɚɥɢ ɨɞɢɧɚɤɨɜɭɸ ɫ ɧɢɦ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɢ 
ɞɨɥɝɨɜɟɱɧɨɫɬɶ ɜɨ ɜɫɟɦ ɞɢɚɩɚɡɨɧɟ ɫɬɚɬɢɱɟɫɤɢɯ ɢ ɰɢɤɥɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ, 
ɫɜɨɣɫɬɜɟɧɧɵɯ ɧɚɝɪɭɡɤɚɦ ɜ ɪɟɚɥɶɧɵɯ ɢɡɞɟɥɢɹɯ. ɉɨɷɬɨɦɭ ɪɚɫɫɦɨɬɪɟɧɢɟ 
ɫɜɚɪɢɜɚɟɦɨɫɬɢ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɜɟɫɬɢ ɜ ɫɜɟɬɟ ɢɯ 
ɫɬɪɭɤɬɭɪɧɨɝɨ ɫɬɪɨɟɧɢɹ ɫ ɭɱɟɬɨɦ ɭɫɥɨɜɢɹ ɪɚɛɨɬɵ ɤɨɧɫɬɪɭɤɰɢɢ (ɜɨɡɞɟɣɫɬɜɢɟ 
ɧɚɝɪɭɡɨɤ, ɬɟɦɩɟɪɚɬɭɪ ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚɩɪɹɠɟɧɢɣ). 

Ɇɧɨɝɨɩɪɨɯɨɞɧɚɹ ɫɜɚɪɤɚ ɢ ɫɜɚɪɤɚ ɫ ɩɪɢɫɚɞɤɨɣ ɦɨɝɭɬ ɩɪɢɜɨɞɢɬɶ ɤ 
ɮɚɡɨɜɵɦ ɩɪɟɜɪɚɳɟɧɢɹɦ ɜ ɫɜɚɪɧɨɦ ɫɨɟɞɢɧɟɧɢɢ ɡɚ ɫɱɟɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɢ 
ɧɟɨɞɧɨɤɪɚɬɧɨɝɨ ɰɢɤɥɚ ɧɚɝɪɟɜɚ ɢ ɨɯɥɚɠɞɟɧɢɹ, ɩɪɢ ɷɬɨɦ ɭ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ 
ɫɩɥɚɜɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ, ɯɚɪɚɤɬɟɪɧɨɣ ɞɥɹ ɞɚɧɧɨɝɨ ɜɢɞɚ 
ɫɜɚɪɤɢ, ɜɨɡɦɨɠɧɚ ɯɢɦɢɱɟɫɤɚɹ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ ɨɤɨɥɨɲɨɜɧɵɯ ɡɨɧ, ɤɨɬɨɪɚɹ 
ɦɨɠɟɬ ɦɟɧɹɬɶɫɹ ɩɨ ɬɨɥɳɢɧɟ ɫɜɚɪɢɜɚɟɦɨɝɨ ɦɟɬɚɥɥɚ. Ⱦɥɹ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ 
ɯɚɪɚɤɬɟɪɧɚ ɩɨɜɵɲɟɧɧɚɹ ɞɢɮɮɭɡɢɨɧɧɚɹ ɩɨɞɜɢɠɧɨɫɬɶ ɚɬɨɦɨɜ ɜɨɞɨɪɨɞɚ, 
ɩɨɷɬɨɦɭ ɜɥɢɹɧɢɟ ɬɟɪɦɢɱɟɫɤɨɝɨ ɰɢɤɥɚ ɫɜɚɪɤɢ ɦɨɠɟɬ ɜɵɡɵɜɚɬɶ ɨɛɪɚɡɨɜɚɧɢɟ 
ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɯ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ ɜ ɪɚɡɥɢɱɧɵɯ ɭɱɚɫɬɤɚɯ ɨɤɨɥɨɲɨɜɧɨɣ 
ɡɨɧɵ. 

Ɉɬɪɢɰɚɬɟɥɶɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɫɜɨɣɫɬɜɚ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɨɤɚɡɵɜɚɟɬ 
ɧɢɡɤɚɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ, ɜɵɡɵɜɚɸɳɚɹ ɩɟɪɟɝɪɟɜ ɦɟɬɚɥɥɚ 
ɨɤɨɥɨɲɨɜɧɨɣ ɡɨɧɵ ɢ ɭɜɟɥɢɱɟɧɢɟ ɪɚɡɦɟɪɨɜ ɦɢɤɪɨɡɟɪɧɚ ɩɪɢ ɧɚɝɪɟɜɟ ɜ ȕ 
ɨɛɥɚɫɬɢ ɜɛɥɢɡɢ ɥɢɧɢɢ ɫɩɥɚɜɥɟɧɢɹ, ɚ ɬɚɤɠɟ ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɡɧɚɱɢɬɟɥɶɧɵɯ 
ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ, ɫɨɡɞɚɸɳɢɯ ɜɨɡɦɨɠɧɨɫɬɶ ɡɚɞɟɪɠɚɧɧɨɝɨ ɪɚɡɪɭɲɟɧɢɹ 
ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. 

Ʉɪɨɦɟ ɷɬɢɯ ɮɚɤɬɨɪɨɜ, ɜɥɢɹɸɳɢɯ ɧɚ ɫɜɨɣɫɬɜɚ ɦɟɬɚɥɥɚ ɫɜɚɪɧɨɝɨ 
ɫɨɟɞɢɧɟɧɢɹ, ɛɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɦɟɬɚɥɥɚ ɲɜɚ ɢɦɟɟɬ 
ɫɩɥɨɲɧɨɫɬɶ ɥɢɬɨɣ ɫɬɪɭɤɬɭɪɵ, ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ 
ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ ɫ ɡɚɳɢɬɧɨɣ ɝɚɡɨɜɨɣ ɚɬɦɨɫɮɟɪɨɣ ɢ ɩɪɨɰɟɫɫɚɦɢ 
ɩɨɪɨɨɛɪɚɡɨɜɚɧɢɹ ɜɨ ɜɪɟɦɹ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɪɚɫɩɥɚɜɥɟɧɧɨɣ ɜɚɧɧɵ. Ʉɪɨɦɟ 
ɭɱɚɫɬɢɹ ɜ ɩɨɪɨɨɛɪɚɡɨɜɚɧɢɢ, ɩɨɝɥɨɳɟɧɧɵɟ ɝɚɡɵ ɢɧɬɟɧɫɢɜɧɨ ɪɚɫɬɜɨɪɹɸɬɫɹ ɜ 
ɠɢɞɤɨɦ ɬɢɬɚɧɟ (ɨɫɨɛɟɧɧɨ ɤɢɫɥɨɪɨɞ ɢ ɚɡɨɬ) ɢ ɤɚɤ ɥɟɝɢɪɭɸɳɢɟ ɷɥɟɦɟɧɬɵ ɪɟɡɤɨ 
ɢɡɦɟɧɹɸɬ ɫɜɨɣɫɬɜɚ ɥɢɬɨɝɨ ɦɟɬɚɥɥɚ, ɜɵɡɵɜɚɹ ɟɝɨ ɨɯɪɭɩɱɢɜɚɧɢɟ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɫɱɢɬɚɬɶ, ɱɬɨ ɫɜɨɣɫɬɜɚ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ 
ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɛɭɞɭɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɯɢɦɢɱɟɫɤɢɦ ɢ ɮɚɡɨɜɵɦ ɫɨɫɬɚɜɨɦ ɜɫɟɯ 



 

ɡɨɧ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ; ɮɚɡɨɜɵɦɢ ɢ ɫɬɪɭɤɬɭɪɧɵɦɢ ɩɪɟɜɪɚɳɟɧɢɹɦɢ ɜ 
ɦɟɬɚɥɥɟ ɲɜɚ, ɩɪɨɬɟɤɚɸɳɢɦɢ ɩɪɢ ɬɟɪɦɢɱɟɫɤɨɦ ɰɢɤɥɟ ɫɜɚɪɤɢ; ɨɛɪɚɡɨɜɚɧɢɟɦ 
ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɣ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɢ ɩɪɢɦɟɫɟɣ; 
ɧɚɥɢɱɢɟɦ ɢ ɜɟɥɢɱɢɧɨɣ ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɨɤɨɥɨɲɨɜɧɨɣ ɡɨɧɟ; 
ɜɨɡɞɟɣɫɬɜɢɟɦ ɩɨɝɥɨɳɟɧɧɵɯ ɝɚɡɨɜ ɧɚ ɫɜɨɣɫɬɜɚ ɥɢɬɨɝɨ ɦɟɬɚɥɥɚ ɢ ɟɝɨ 
ɩɨɪɢɫɬɨɫɬɶɸ. 

ɉɨɫɥɟɞɭɸɳɚɹ ɬɟɪɦɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɨɤɚɡɵɜɚɟɬ 
ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɜɫɟ ɩɟɪɟɱɢɫɥɟɧɧɵɟ ɜɵɲɟ ɮɚɤɬɨɪɵ ɢ ɦɨɠɟɬ ɜ ɬɨɣ 
ɢɥɢ ɢɧɨɣ ɫɬɟɩɟɧɢ ɭɦɟɧɶɲɢɬɶ ɢɯ ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ. 

Ⱦɥɹ ɩɪɚɜɢɥɶɧɨɝɨ ɩɨɫɬɪɨɟɧɢɹ ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɫɜɚɪɧɵɯ 
ɤɨɧɫɬɪɭɤɰɢɣ ɧɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ ɩɨɥɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ ɩɨɜɟɞɟɧɢɢ ɫɜɚɪɧɨɝɨ 
ɫɨɟɞɢɧɟɧɢɹ ɜ ɩɪɨɰɟɫɫɟ ɬɟɪɦɢɱɟɫɤɨɝɨ ɰɢɤɥɚ ɫɜɚɪɤɢ ɢ ɩɨɫɥɟɞɭɸɳɟɣ ɬɟɪɦɢ-
ɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ. 

ȼɚɠɧɵɦ ɮɚɤɬɨɪɨɦ, ɜɥɢɹɸɳɢɦ ɧɚ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɢ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ, ɹɜɥɹɟɬɫɹ ɬɟɪɦɢɱɟɫɤɚɹ 
ɫɬɚɛɢɥɶɧɨɫɬɶ ɦɟɬɚɥɥɚ, ɬ. ɟ. ɫɩɨɫɨɛɧɨɫɬɶ ɟɝɨ ɫɨɯɪɚɧɹɬɶ ɫɜɨɣɫɬɜɚ ɧɟɢɡɦɟɧɧɵɦɢ 
ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɪɚɛɨɱɢɯ ɬɟɦɩɟɪɚɬɭɪ ɢ ɧɚɩɪɹɠɟɧɢɣ, ɗɬɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ 
ɬɟɫɧɨ ɫɜɹɡɚɧɚ ɫ ɮɚɡɨɜɵɦ ɫɨɫɬɚɜɨɦ ɫɩɥɚɜɚ ɢ ɫ ɫɨɫɬɨɹɧɢɟɦ ɫɜɚɪɧɨɝɨ 
ɫɨɟɞɢɧɟɧɢɹ. 

Ɍɟɯɧɢɱɟɫɤɢɣ ɬɢɬɚɧ ɫɨɞɟɪɠɢɬ ɩɪɢɦɟɫɢ, ɢɡ ɤɨɬɨɪɵɯ ɜɚɠɧɟɣɲɢɦɢ 
ɹɜɥɹɸɬɫɹ ɚɡɨɬ, ɤɢɫɥɨɪɨɞ, ɜɨɞɨɪɨɞ, ɭɝɥɟɪɨɞ. ɗɬɢ ɩɪɢɦɟɫɢ ɩɨɜɵɲɚɸɬ 
ɩɪɨɱɧɨɫɬɶ ɢ ɫɧɢɠɚɸɬ ɩɥɚɫɬɢɱɧɨɫɬɶ ɢ ɜɹɡɤɨɫɬɶ ɦɟɬɚɥɥɚ, ɱɬɨ ɜ ɫɜɚɪɧɵɯ ɲɜɚɯ 
ɜɵɡɵɜɚɟɬ ɨɛɪɚɡɨɜɚɧɢɟ ɯɨɥɨɞɧɵɯ ɬɪɟɳɢɧ. ɉɪɢ ɷɬɨɦ ɯɨɥɨɞɧɵɟ ɬɪɟɳɢɧɵ ɜ 
ɲɜɚɯ ɦɨɝɭɬ ɨɛɪɚɡɨɜɚɬɶɫɹ ɫɨ ɜɪɟɦɟɧɟɦ. Ɉɫɧɨɜɧɨɣ ɩɪɢɱɢɧɨɣ ɩɨɹɜɥɟɧɢɹ 
ɯɨɥɨɞɧɵɯ ɬɪɟɳɢɧ ɹɜɥɹɟɬɫɹ ɛɨɥɶɲɚɹ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɜɨɞɨɪɨɞɚ ɜ ɬɢɬɚɧɟ ɩɪɢ 
ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. ɉɪɢ ɡɧɚɱɢɬɟɥɶɧɨɦ ɫɧɢɠɟɧɢɢ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɫ 
ɩɨɧɢɠɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɜɵɩɚɞɟɧɢɟ ɜɨɞɨɪɨɞɚ ɢɡ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɩɪɢ 
ɨɯɥɚɠɞɟɧɢɢ, ɚ ɬɚɤɠɟ ɢɡ ɩɨɥɧɨɫɬɶɸ ɨɫɬɵɜɲɟɝɨ ɦɟɬɚɥɥɚ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ 
ɨɛɪɚɡɨɜɚɧɢɟɦ ɝɢɞɪɢɞɨɜ, ɩɪɢɜɨɞɹɳɢɯ ɤ ɯɪɭɩɤɨɫɬɢ ɬɢɬɚɧɚ, ɢ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɜ 
ɲɜɟ ɛɨɥɶɲɢɯ ɜɧɭɬɪɟɧɧɢɯ ɧɚɩɪɹɠɟɧɢɣ, ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ - ɬɪɟɳɢɧ. 

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɯɨɪɨɲɟɣ ɫɜɚɪɢɜɚɟɦɨɫɬɢ ɜ ɬɟɯɧɢɱɟɫɤɨɦ ɬɢɬɚɧɟ 
ɨɝɪɚɧɢɱɢɜɚɸɬ ɫɨɞɟɪɠɚɧɢɟ ɷɬɢɯ ɩɪɢɦɟɫɟɣ. Ɍɢɬɚɧ ɢɦɟɟɬ ɞɜɟ ɚɥɥɨɬɪɨɩɢɱɟɫɤɢɟ 
ɮɨɪɦɵ: α-ɬɢɬɚɧ, ɢɦɟɸɳɢɣ ɝɟɤɫɚɝɨɧɚɥɶɧɭɸ ɪɟɲɟɬɤɭ ɢ ɫɭɳɟɫɬɜɭɸɳɢɣ ɞɨ 
882°ɋ — ɷɬɨɦɭ ɫɩɨɫɨɛɫɬɜɭɸɬ ɥɟɝɢɪɭɸɳɢɟ ɩɪɢɦɟɫɢ ɚɥɸɦɢɧɢɹ, ɨɥɨɜɚ, 
ɰɢɪɤɨɧɢɹ; ȕ-ɬɢɬɚɧ — ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɚɹ ɦɨɞɢɮɢɤɚɰɢɹ ɫ ɤɭɛɢɱɟɫɤɨɣ 
ɨɛɴɟɦɧɨ-ɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɪɟɲɟɬɤɨɣ — ɷɬɨɦɭ ɫɩɨɫɨɛɫɬɜɭɸɬ ɥɟɝɢɪɭɸɳɢɟ 
ɩɪɢɦɟɫɢ ɚɥɸɦɢɧɢɹ, ɦɨɥɢɛɞɟɧɚ, ɜɚɧɚɞɢɹ, ɦɚɪɝɚɧɰɚ, ɠɟɥɟɡɚ, ɯɪɨɦɚ. 

ɋɜɚɪɤɚ ɬɢɬɚɧɚ ɫɨɩɪɹɠɟɧɚ ɫ ɨɩɪɟɞɟɥɟɧɧɵɦɢ ɬɪɭɞɧɨɫɬɹɦɢ, ɝɥɚɜɧɨɣ ɢɡ 
ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ ɛɨɥɶɲɚɹ ɯɢɦɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɬɢɬɚɧɚ ɩɪɢ ɜɵɫɨɤɢɯ 
ɬɟɦɩɟɪɚɬɭɪɚɯ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɚɡɨɬɭ, ɤɢɫɥɨɪɨɞɭ ɢ ɜɨɞɨɪɨɞɭ, ɩɨɷɬɨɦɭ ɧɟɥɶɡɹ 
ɩɪɢɦɟɧɹɬɶ ɞɥɹ ɫɜɚɪɤɢ ɬɢɬɚɧɚ ɞɭɝɨɜɭɸ ɫɜɚɪɤɭ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɨɤɪɵɬɢɣ ɢ 
ɮɥɸɫɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɨɤɫɢɞɵ ɢ ɞɪɭɝɢɟ ɷɥɟɦɟɧɬɵ, ɡɚɝɪɹɡɧɹɸɳɢɟ ɲɨɜ. 
ɂɧɫɬɢɬɭɬ ɷɥɟɤɬɪɨɫɜɚɪɤɢ ɢɦ. ȿ.Ɉ. ɉɚɬɨɧɚ ɪɚɡɪɚɛɨɬɚɥ ɫɩɟɰɢɚɥɶɧɨ ɫɟɪɢɸ 



 

ɮɥɸɫɨɜ-ɩɚɫɬ (ɨɬ Ⱥɇ-ɌȺ ɞɨ Ⱥɇ-Ɍ17Ⱥ), ɤɨɬɨɪɵɟ ɩɨ ɫɨɫɬɚɜɭ ɹɜɥɹɸɬɫɹ 
ɛɟɫɤɢɫɥɨɪɨɞɧɵɦɢ ɮɬɨɪɢɞɧɨ-ɯɥɨɪɢɞɧɵɦɢ Д1βЖ. 

ɇɟɨɛɯɨɞɢɦɵɦ ɭɫɥɨɜɢɟɦ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɩɪɢ 
ɫɜɚɪɤɟ ɹɜɥɹɟɬɫɹ ɧɚɞɟɠɧɚɹ ɡɚɳɢɬɚ ɨɬ ɝɚɡɨɜ ɜɨɡɞɭɯɚ ɧɟ ɬɨɥɶɤɨ ɫɜɚɪɨɱɧɨɣ 
ɜɚɧɧɵ, ɧɨ ɢ ɨɫɬɵɜɚɸɳɢɯ ɭɱɚɫɬɤɨɜ ɦɟɬɚɥɥɚ ɲɜɚ ɢ ɡɨɧɵ ɬɟɪɦɢɱɟɫɤɨɝɨ ɜɥɢɹɧɢɹ 
ɜɩɥɨɬɶ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 400°ɋ. ɇɟɨɛɯɨɞɢɦɨ ɬɚɤɠɟ ɡɚɳɢɳɚɬɶ ɨɛɪɚɬɧɭɸ 
ɫɬɨɪɨɧɭ ɲɜɚ ɞɚɠɟ ɢ ɬɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ ɨɧɚ ɧɟ ɪɚɫɩɥɚɜɥɹɟɬɫɹ, ɚ ɬɨɥɶɤɨ 
ɧɚɝɪɟɜɚɟɬɫɹ ɜɵɲɟ 400°ɋ. 

Ɉɩɪɟɞɟɥɟɧɧɵɟ ɬɪɭɞɧɨɫɬɢ ɜɨɡɧɢɤɚɸɬ ɜ ɫɜɹɡɢ ɫ ɛɨɥɶɲɨɣ ɫɤɥɨɧɧɨɫɬɶɸ 
ɬɢɬɚɧɚ ɤ ɪɨɫɬɭ ɡɟɪɧɚ, ɩɪɢ ɧɚɝɪɟɜɟ ɞɨ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ, ɨɫɨɛɟɧɧɨ ɜ ɨɛɥɚɫɬɢ 
ȕ-ɮɚɡɵ. Ⱦɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɷɬɨɝɨ ɫɜɚɪɤɭ ɫɥɟɞɭɟɬ ɩɪɨɢɡɜɨɞɢɬɶ ɫ ɜɨɡɦɨɠɧɨ 
ɦɢɧɢɦɚɥɶɧɨɣ ɩɨɝɨɧɧɨɣ ɷɧɟɪɝɢɟɣ. 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɤɚɱɟɫɬɜɟɧɧɵɯ ɫɜɚɪɧɵɯ ɲɜɨɜ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɢɦɟɧɹɬɶ 
ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɡɚɳɢɬɭ ɚɪɝɨɧɨɦ, ɤɚɤ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ (ɪɢɫ 1.1). ɗɬɨ 
ɫɜɹɡɚɧɧɨ ɫ ɜɵɫɨɤɨɣ ɯɢɦɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɢ ɧɟɤɨɬɨɪɵɯ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜ ɬɢɬɚɧɚ ɢ ɟɝɨ ɫɩɥɚɜɨɜ, ɚ ɬɚɤɠɟ ɫɤɥɨɧɧɨɫɬɶ ɤ ɪɨɫɬɭ ɡɟɪɧɚ ɜ 
ɨɤɨɥɨɲɨɜɧɨɣ ɡɨɧɟ. 

 

 
 
1 — ɫɜɚɪɨɱɧɚɹ ɝɨɪɟɥɤɚ; β — ɤɚɦɟɪɚ-ɧɚɫɚɞɤɚ; γ — ɫɜɚɪɢɜɚɟɦɨɟ ɢɡɞɟɥɢɟ; 4 —ɩɨɞɞɭɜ; 

5 — ɩɪɢɫɚɞɨɱɧɚɹ ɩɪɨɜɨɥɨɤɚ. Ɋɢɫɭɧɨɤ 1.1. -ɋɯɟɦɚ ɡɚɳɢɬɵ ɫɬɵɤɨɜɵɯ ɢ ɬɚɜɪɨɜɵɯ 
ɫɨɟɞɢɧɟɧɢɣ ɬɢɬɚɧɚ ɢ ɟɝɨ ɫɩɥɚɜɨɜ ɩɪɢ ɚɪɝɨɧɨɞɭɝɨɜɨɣ ɫɜɚɪɤɟ 

 
Ɉ ɤɚɱɟɫɬɜɟ ɝɚɡɨɜɨɣ ɡɚɳɢɬɵ ɩɪɢ ɫɜɚɪɤɟ ɬɢɬɚɧɚ ɦɨɠɧɨ ɫɭɞɢɬɶ 

ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɩɨ ɰɜɟɬɭ ɦɟɬɚɥɥɚ ɲɜɚ ɢ ɨɤɨɥɨɲɨɜɧɨɣ ɡɨɧɵ. Ȼɥɟɫɬɹɳɚɹ 
ɫɟɪɟɛɪɢɫɬɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɲɜɚ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɯɨɪɨɲɟɣ ɡɚɳɢɬɟ ɨɬ 
ɤɢɫɥɨɪɨɞɚ ɢ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɯ ɫɜɨɣɫɬɜɚɯ ɲɜɚ. ɋɢɧɢɣ ɰɜɟɬ ɢ ɫɟɪɵɟ ɧɚɥɟɬɵ 
ɧɚ ɧɟɦ ɭɤɚɡɵɜɚɸɬ ɧɚ ɩɥɨɯɭɸ ɡɚɳɢɬɭ. Ɍɚɤɨɣ ɜɢɡɭɚɥɶɧɵɣ ɦɟɬɨɞ ɨɰɟɧɤɢ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɝɚɡɨɜɨɣ ɡɚɳɢɬɵ ɧɟ ɹɜɥɹɟɬɫɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɡɚɝɪɹɡɧɟɧɢɹ 
ɲɜɚ ɚɡɨɬɨɦ ɢ ɜɨɞɨɪɨɞɨɦ ɜ ɨɩɪɟɞɟɥɟɧɧɵɯ ɤɨɥɢɱɟɫɬɜɚɯ ɧɟ ɢɡɦɟɧɹɟɬ ɰɜɟɬ 
ɦɟɬɚɥɥɚ (ɜ ɫɜɹɡɢ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɪɚɫɬɜɨɪɚ ɜɧɟɞɪɟɧɢɹ). ɉɨɷɬɨɦɭ ɨɰɟɧɤɚ 



 

ɧɚɫɵɳɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɥɨɟɜ ɦɟɬɚɥɥɚ ɝɚɡɚɦɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɞɚɧɧɵɦ 
ɯɢɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɢɥɢ ɢɡɦɟɪɟɧɢɟɦ ɬɜɟɪɞɨɫɬɢ. 

ɂɡɞɟɥɢɟ ɫɥɨɠɧɨɣ ɮɨɪɦɵ ɫɨ ɲɜɚɦɢ, ɪɚɫɩɨɥɨɠɟɧɧɵɦɢ ɜ ɪɚɡɧɵɯ 
ɩɥɨɫɤɨɫɬɹɯ, ɫɜɚɪɢɜɚɸɬ ɜ ɝɟɪɦɟɬɢɱɧɵɯ ɤɚɦɟɪɚɯ ɫ ɤɨɧɬɪɨɥɢɪɭɟɦɨɣ 
ɚɬɦɨɫɮɟɪɨɣ ɚɜɬɨɦɚɬɚɦɢ ɢɥɢ ɜɪɭɱɧɭɸ. 

 

 
Ɋɢɫɭɧɨɤ 1.β – Ɏɨɪɦɵ ɩɪɨɩɥɚɜɥɟɧɢɹ ɩɪɢ ɫɜɚɪɤɟ ɬɢɬɚɧɚ ɩɥɚɜɹɳɢɦɫɹ ɷɥɟɤɬɪɨɞɨɦ. 

 
ȼ ɫɜɹɡɢ ɫ ɧɢɡɤɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ ɬɢɬɚɧɚ ɫɬɵɤɨɜɵɟ ɲɜɵ ɩɪɢ ɫɜɚɪɤɟ 

ɩɥɚɜɹɳɢɦɫɹ ɷɥɟɤɬɪɨɞɨɦ ɜ ɚɪɝɨɧɟ ɢɦɟɸɬ ɯɚɪɚɤɬɟɪɧɭɸ ɤɨɧɭɫɨɨɛɪɚɡɧɭɸ 
ɮɨɪɦɭ (ɪɢɫ. 1.β, ɚ) ɫ ɦɚɥɵɦ ߰˒˓ = ܤ ⁄ܪ , ɱɬɨ ɜɵɡɵɜɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɞɥɹ 
ɧɟɤɨɬɨɪɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɧɚɥɨɠɟɧɢɹ ɝɚɥɬɟɥɶɧɵɯ ɲɜɨɜ (ɪɢɫ. 1.β, ɛ) ɥɢɛɨ 
ɩɟɪɟɯɨɞɚ ɤ ɫɜɚɪɤɟ ɜ ɝɟɥɢɢ ɫ ɰɟɥɶɸ ɭɥɭɱɲɟɧɢɹ ɮɨɪɦɵ ɜɧɟɲɧɟɣ ɱɚɫɬɢ 
ɭɫɢɥɟɧɢɹ ɲɜɚ (ɪɢɫ. 1.β, ɜ). ɍɞɟɥɶɧɨɟ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɢɬɚɧɚ ɩɪɢɦɟɪɧɨ 
ɜ 4 ɪɚɡɚ ɛɨɥɶɲɟ, ɱɟɦ ɭ ɠɟɥɟɡɚ, ɩɨɷɬɨɦɭ ɜɵɥɟɬ ɩɥɚɜɹɳɟɝɨɫɹ ɷɥɟɤɬɪɨɞɚ ɞɨɥɠɟɧ 
ɛɵɬɶ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɢɦ. 

ɋɩɨɫɨɛɵ ɫɜɚɪɤɢ ɬɢɬɚɧɚ. 
Ⱦɥɹ ɫɨɟɞɢɧɟɧɢɹ ɞɟɬɚɥɟɣ ɢɡ ɬɢɬɚɧɚ ɢ ɟɝɨ ɫɩɥɚɜɨɜ ɩɪɢɦɟɧɹɸɬɫɹ: ɪɭɱɧɚɹ 

ɚɪɝɨɧɨ-ɞɭɝɨɜɚɹ ɫɜɚɪɤɚ ɧɟɩɥɚɜɹɳɢɦɫɹ ɷɥɟɤɬɪɨɞɨɦ; ɚɜɬɨɦɚɬɢɱɟɫɤɚɹ ɚɪɝɨɧɨ-
ɞɭɝɨɜɚɹ ɫɜɚɪɤɚ ɩɪɨɜɨɥɨɤɨɣ ɢɡ ɬɢɬɚɧɚ; ɚɜɬɨɦɚɬɢɱɟɫɤɚɹ ɞɭɝɨɜɚɹ ɫɜɚɪɤɚ ɩɨɞ 
ɮɥɸɫɨɦ; ɷɥɟɤɬɪɨɲɥɚɤɨɜɚɹ ɫɜɚɪɤɚ ɫ ɩɨɞɚɱɟɣ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɲɥɚɤɨɜɨɣ ɜɚɧɧɵ 
ɢɧɟɪɬɧɨɝɨ ɝɚɡɚ, ɤɨɧɬɚɤɬɧɨɣ (ɫɬɵɤɨɜɨɣ, ɬɨɱɟɱɧɨɣ ɢ ɲɨɜɧɨɣ), ɷɥɟɤɬɪɨɧɧɨ-
ɥɭɱɟɜɨɣ, ɩɥɚɡɦɟɧɧɨɣ ɢ ɞɪ. Д1γЖ. 

Ⱥɪɝɨɧɨɞɭɝɨɜɚɹ ɫɜɚɪɤɚ ɧɟɩɥɚɜɹɳɢɦɫɹ ɷɥɟɤɬɪɨɞɨɦ ɧɚɢɛɨɥɟɟ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɫɩɨɫɨɛɚɦɢ. ɗɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɟɟ 
ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɩɪɨɫɬɨɬɨɣ ɢ ɛɨɥɶɲɢɦɢ ɜɨɡɦɨɠɧɨɫɬɹɦɢ. Чɢɫɬɨɬɚ ɚɪɝɨɧɚ ɩɪɢ 
ɷɬɨɦ ɞɨɥɠɧɚ ɛɵɬɶ ɧɟ ɦɟɧɟɟ 99.7%. ɉɨɜɟɪɯɧɨɫɬɢ ɫɜɚɪɢɜɚɟɦɨɝɨ ɢ 
ɩɪɢɫɚɞɨɱɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɞɨɥɠɧɵ ɛɵɬɶ ɯɨɪɨɲɨ ɨɱɢɳɟɧɵ ɨɬ ɨɤɢɫɥɨɜ ɢ ɞɪɭɝɢɯ 
ɡɚɝɪɹɡɧɟɧɢɣ ɩɭɬɟɦ ɦɟɯɚɧɢɱɟɫɤɨɣ ɡɚɱɢɫɬɤɢ ɢɥɢ ɬɪɚɜɥɟɧɢɟɦ ɜ ɬɟɱɟɧɢɟ 5 ɦɢɧ ɜ 
ɪɚɫɬɜɨɪɟ ɢɡ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɵ – γ40ɦɥ, ɚɡɨɬɧɨɣ – 60ɦɥ, ɮɬɨɪɢɫɬɨɣ ɤɚɥɶɰɢɹ – 
50ɝ, ɜɨɞɵ – 600ɦɥ. ɂɫɩɨɥɶɡɭɸɬ ɩɪɢɫɚɞɨɱɧɵɣ ɦɟɬɚɥɥ, ɛɥɢɡɤɢɣ ɩɨ ɫɨɫɬɚɜɭ ɤ 
ɨɫɧɨɜɧɨɦɭ ɦɟɬɚɥɥɭ. ȼɨ ɦɧɨɝɢɯ ɫɥɭɱɚɹɯ ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ 
ɩɨɥɭɱɚɸɬɫɹ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɪɨɜɨɥɨɤɢ ȼɌ1-00. Ⱦɥɹ ɭɞɚɥɟɧɢɹ ɜɨɞɨɪɨɞɚ 
ɩɪɨɜɨɥɨɤɭ ɨɛɵɱɧɨ ɩɨɞɜɟɪɝɚɸɬ ɞɢɮɮɭɡɢɨɧɧɨɦɭ (ɜɚɤɭɭɦɧɨɦɭ) ɨɬɠɢɝɭ. 
ɋɨɞɟɪɠɚɧɢɟ ɜɨɞɨɪɨɞɚ ɜ ɬɚɤɨɣ ɩɪɨɜɨɥɨɤɟ ɧɟ ɩɪɟɜɵɲɚɟɬ 0,004—0,006%. 



 

ɋɜɚɪɤɭ ɜɟɞɭɬ ɛɟɡ ɤɨɥɟɛɚɬɟɥɶɧɵɯ ɞɜɢɠɟɧɢɣ ɝɨɪɟɥɤɢ, ɧɚ ɤɨɪɨɬɤɨɣ ɞɭɝɟ 
ɭɝɥɨɦ ɜɩɟɪɟɞ. ɍɝɨɥ ɦɟɠɞɭ ɷɥɟɤɬɪɨɞɨɦ ɢ ɩɪɢɫɚɞɨɱɧɵɦ ɦɚɬɟɪɢɚɥɨɦ 
ɩɨɞɞɟɪɠɢɜɚɸɬ ɜ ɩɪɟɞɟɥɚɯ 90°, ɩɨɞɚɱɭ ɩɪɢɫɚɞɨɱɧɨɣ ɩɪɨɜɨɥɨɤɢ ɨɫɭɳɟɫɬɜɥɹɸɬ 
ɧɟɩɪɟɪɵɜɧɨД14Ж. 

ɉɪɢɦɟɧɹɸɬ ɩɨɫɬɨɹɧɧɵɣ ɬɨɤ ɩɪɹɦɨɣ ɩɨɥɹɪɧɨɫɬɢ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ 
ɬɨɥɳɢɧɵ ɫɜɚɪɢɜɚɟɦɨɝɨ ɦɟɬɚɥɥɚ ɨɬ 0,8 ɞɨ γɦɦ ɜɟɥɢɱɢɧɚ ɬɨɤɚ ɢɡɦɟɧɹɟɬɫɹ ɨɬ 
40-50 ɞɨ 100-1β0 Ⱥ. Ⱦɢɚɦɟɬɪ ɜɨɥɶɮɪɚɦɨɜɨɝɨ ɷɥɟɤɬɪɨɞɚ β.0-β.5, ɩɪɢɫɚɞɨɱɧɨɣ 
ɩɪɨɜɨɥɨɤɢ 1-βɦɦ, ɧɚɩɪɹɠɟɧɢɟ ɞɭɝɢ – 14-18 ȼ. Ⱦɥɹ ɡɚɳɢɬɵ ɨɛɪɚɬɧɨɣ ɫɬɨɪɨɧɵ 
ɲɜɚ ɢɧɨɝɞɚ ɩɨɞɞɭɜɚɸɬ ɚɪɝɨɧɨɦ, ɪɚɫɩɨɥɚɝɚɹ ɨɛɪɚɬɧɭɸ ɫɬɨɪɨɧɭ ɲɜɚ ɧɚɞ ɩɚɡɨɦ 
ɫɬɚɥɶɧɨɣ ɩɥɚɫɬɢɧɵ. 

ɉɪɢ ɬɨɥɳɢɧɟ ɦɟɬɚɥɥɚ ɫɜɵɲɟ 4 ɦɦ ɩɪɢɦɟɧɹɸɬ ɪɚɡɞɟɥɤɭ ɤɪɨɦɨɤ V-, ɏ-
ɨɛɪɚɡɧɭɸ. Ⱦɥɹ ɭɜɟɥɢɱɟɧɢɹ ɝɥɭɛɢɧɵ ɩɪɨɩɥɚɜɥɟɧɢɹ ɩɪɢ ɫɜɚɪɤɟ ɜɨɥɶɮɪɚɦɨɜɵɦ 
ɷɥɟɤɬɪɨɞɨɦ ɩɪɢɦɟɧɹɸɬ ɮɥɸɫɵ-ɩɚɫɬɵ ɬɢɩɚ Ⱥɇ-ɌȺ, ɤɨɬɨɪɵɟ ɧɚɧɨɫɹɬ ɬɨɧɤɢɦ 
ɫɥɨɟɦ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɤɪɨɦɨɤ. Ɉɧɢ ɩɨɡɜɨɥɹɸɬ ɛɟɡ ɪɚɡɞɟɥɤɢ ɤɪɨɦɨɤ ɫɜɚɪɢɜɚɬɶ 
ɦɟɬɚɥɥ ɬɨɥɳɢɧɨɣ ɞɨ 1β ɦɦ ɧɚ ɦɟɧɶɲɢɯ, ɱɟɦ ɩɪɢ ɨɛɵɱɧɵɯ ɫɩɨɫɨɛɚɯ, 
ɫɜɚɪɨɱɧɵɯ ɬɨɤɚɯ. ɗɬɚ ɬɟɯɧɨɥɨɝɢɹ ɫɧɢɠɚɟɬ ɞɟɮɨɪɦɚɰɢɢ ɫɜɚɪɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ 
ɢ ɭɦɟɧɶɲɚɟɬ ɩɨɪɢɫɬɨɫɬɶ ɲɜɨɜ, ɚ ɬɚɤɠɟ ɫɩɨɫɨɛɫɬɜɭɟɬ ɱɚɫɬɢɱɧɨɦɭ 
ɪɚɮɢɧɢɪɨɜɚɧɢɸ ɦɟɬɚɥɥɚ ɲɜɚ. 

ɉɪɢ ɫɜɚɪɤɟ ɩɥɚɜɹɳɢɦɫɹ ɷɥɟɤɬɪɨɞɨɦ ɡɚ ɞɜɚ ɩɪɨɯɨɞɚ (ɫ ɞɜɭɯ ɫɬɨɪɨɧ) 
ɦɨɠɧɨ ɫɜɚɪɢɜɚɬɶ ɦɟɬɚɥɥ ɛɟɡ ɫɤɨɫɚ ɤɪɨɦɨɤ ɬɨɥɳɢɧɨɣ ɞɨ γ6 ɦɦ. ȼ ɤɚɱɟɫɬɜɟ 
ɡɚɳɢɬɧɨɝɨ ɝɚɡɚ ɢɫɩɨɥɶɡɭɸɬ ɚɪɝɨɧ ɢ ɝɟɥɢɣ. ɉɪɢ ɫɜɚɪɤɟ ɡɚ ɞɜɚ ɩɪɨɯɨɞɚ ɜ 
ɚɪɝɨɧɟ ɲɜɵ ɩɨɥɭɱɚɸɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɨɥɟɟ ɭɡɤɢɦɢ (ɪɢɫ. 1.β, ɚ), ɚ ɜ ɝɟɥɢɢ — 
ɛɨɥɟɟ ɲɢɪɨɤɢɦɢ (ɪɢɫ 1.β, ɜ), ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɮɢɡɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ 
ɡɚɳɢɬɧɵɯ ɝɚɡɨɜ: ɩɪɢ ɫɜɚɪɤɟ ɜ ɝɟɥɢɢ ɬɪɟɛɭɟɬɫɹ ɛɨɥɟɟ ɜɵɫɨɤɨɟ ɧɚɩɪɹɠɟɧɢɟ 
ɞɭɝɢ. ɋɜɚɪɤɭ ɜɟɞɭɬ ɧɚ ɩɨɫɬɨɹɧɧɨɦ ɬɨɤɟ ɨɛɪɚɬɧɨɣ ɩɨɥɹɪɧɨɫɬɢ. 

ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɭɝɥɨɜɵɯ ɢ ɧɚɯɥɟɫɬɨɱɧɵɯ ɫɨɟɞɢɧɟɧɢɣ 
ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɯ ɢɡɞɟɥɢɣ, ɤɨɝɞɚ ɩɨɞɞɭɜ ɚɪɝɨɧɚ ɡɚɬɪɭɞɧɟɧ, ɫɜɚɪɤɭ ɦɨɠɧɨ 
ɩɪɨɢɡɜɨɞɢɬɶ ɛɟɡ ɡɚɳɢɬɵ ɨɛɪɚɬɧɨɣ ɫɬɨɪɨɧɵ ɲɜɚ, ɜɵɩɨɥɧɹɹ ɫɜɚɪɤɭ ɧɚ 
ɭɱɚɫɬɤɚɯ ɞɥɢɧɨɣ 15—20ɦɦ ɫ ɩɟɪɟɪɵɜɚɦɢ ɩɪɢ ɦɢɧɢɦɚɥɶɧɨɦ ɪɚɡɨɝɪɟɜɟ 
ɫɜɚɪɢɜɚɟɦɵɯ ɷɥɟɦɟɧɬɨɜД8Ж.  



 

1.3. ɋɜɚɪɤɚ ɦɟɞɢ ɢ ɬɢɬɚɧɚ 

 
ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɫɜɚɪɢɜɚɬɶ ɪɚɡɧɨɪɨɞɧɵɟ ɦɟɬɚɥɥɵ, ɨɛɥɚɞɚɸɳɢɟ 

ɪɚɡɥɢɱɧɵɦɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦɢ ɢ ɩɪɨɱɧɨɫɬɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɜɨɡɧɢɤɥɚ ɜ 
ɫɜɹɡɢ ɫ ɪɚɡɜɢɬɢɟɦ ɬɟɯɧɢɤɢ ɢ ɩɨɬɪɟɛɧɨɫɬɶɸ ɧɚɢɛɨɥɟɟ ɩɨɥɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ 
ɦɚɲɢɧɚɯ ɢ ɚɩɩɚɪɚɬɚɯ ɯɚɪɚɤɬɟɪɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ. ɗɬɨ ɞɚɥɨ ɛɵ 
ɜɨɡɦɨɠɧɨɫɬɶ ɫɨɡɞɚɜɚɬɶ ɷɤɨɧɨɦɢɱɟɫɤɢ ɢ ɬɟɯɧɢɱɟɫɤɢ ɷɮɮɟɤɬɢɜɧɨɟ 
ɩɪɨɦɵɲɥɟɧɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɭɡɥɵ ɢ ɞɟɬɚɥɢ ɤɨɬɨɪɨɝɨ ɪɚɛɨɬɚɥɢ ɛɵ ɜ 
ɨɩɬɢɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ, ɩɨɜɵɫɢɬɶ ɟɝɨ ɧɚɞɟɠɧɨɫɬɶ ɢ ɞɨɥɝɨɜɟɱɧɨɫɬɶ, ɭɥɭɱɲɢɬɶ 
ɤɚɱɟɫɬɜɨ ɜɵɩɭɫɤɚɟɦɨɣ ɩɪɨɞɭɤɰɢɢ. Ɉɞɧɚɤɨ ɫɨɟɞɢɧɟɧɢɟ ɪɚɡɧɨɪɨɞɧɵɯ 
ɦɟɬɚɥɥɨɜ ɪɚɡɥɢɱɧɵɦɢ ɫɩɨɫɨɛɚɦɢ ɫɜɚɪɤɢ ɨɝɪɚɧɢɱɟɧɨ ɪɹɞɨɦ 
ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɯ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɬɪɭɞɧɨɫɬɟɣ. 

ɉɪɢ ɫɜɚɪɤɟ ɪɚɡɧɨɪɨɞɧɵɯ ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ ɛɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ 
ɩɪɢɨɛɪɟɬɚɟɬ ɩɪɚɜɢɥɶɧɵɣ ɜɵɛɨɪ ɫɩɨɫɨɛɚ ɢ ɬɟɯɧɨɥɨɝɢɢ ɫɜɚɪɤɢ. ȼ ɚɬɨɦ 
ɛɨɥɶɲɭɸ ɩɨɦɨɳɶ ɦɨɠɟɬ ɨɤɚɡɚɬɶ ɪɚɫɫɦɨɬɪɟɧɢɟ ɪɚɜɧɨɜɟɫɧɵɯ ɞɢɚɝɪɚɦɦ 
ɫɨɫɬɨɹɧɢɹ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɚɧɚɥɢɡɢɪɨɜɚɬɶ ɩɪɟɜɪɚɳɟɧɢɹ, ɩɪɨɬɟɤɚɸɳɢɟ ɜ 
ɞɜɭɯ, ɬɪɟɯ ɢ ɛɨɥɟɟ ɤɨɦɩɨɧɟɧɬɧɵɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɫɢɫɬɟɦɚɯ ɩɪɢ ɩɥɚɜɤɟ, 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ ɢ ɞɪɭɝɢɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɨɩɟɪɚɰɢɹɯ. ɏɨɬɹ ɞɢɚɝɪɚɦɦɵ ɫɨɫɬɨɹɧɢɹ ɫɬɪɨɹɬ ɞɥɹ ɭɫɥɨɜɢɣ ɪɚɜɧɨɜɟɫɢɹ ɢɥɢ 
ɞɨɫɬɚɬɨɱɧɨ ɛɥɢɡɤɢɦ ɤ ɧɢɦ, ɡɧɚɬɶ ɢɯ ɩɪɢ ɫɜɚɪɤɟ ɪɚɡɧɨɪɨɞɧɵɯ ɦɟɬɚɥɥɨɜ 
ɧɟɨɛɯɨɞɢɦɨ. Ɉɧɢ ɩɨɡɜɨɥɹɸɬ ɨɰɟɧɢɬɶ ɮɚɡɨɜɵɟ ɩɪɟɜɪɚɳɟɧɢɹ ɢ ɭɫɥɨɜɢɹ ɢɯ 
ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɜ ɞɚɧɧɨɣ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟД7Ж. 

Ɉɫɨɛɟɧɧɨɫɬɢ ɫɜɚɪɤɢ ɪɚɡɧɨɪɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɜɵɡɵɜɚɟɦɵɟ ɩɪɢ ɷɬɨɦ 
ɬɪɭɞɧɨɫɬɢ ɫɜɹɡɚɧɵ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɫ ɫɭɳɟɫɬɜɟɧɧɵɦ ɪɚɡɥɢɱɢɟɦ 
ɮɢɡɢɱɟɫɤɢɯ ɢ ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɫɨɟɞɢɧɹɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ. Ʉ ɱɢɫɥɭ ɬɚɤɢɯ 
ɨɫɨɛɟɧɧɨɫɬɟɣ ɧɟɨɛɯɨɞɢɦɨ ɨɬɧɟɫɬɢ ɫɥɟɞɭɸɳɢɟ: 

― ɪɟɡɤɨɟ ɪɚɡɥɢɱɢɟ ɜ ɯɢɦɢɱɟɫɤɨɦ ɫɨɫɬɚɜɟ ɦɚɬɟɪɢɚɥɨɜ. ɗɬɨ ɩɪɢɜɨɞɢɬ 
ɜɨ ɦɧɨɝɢɯ ɫɥɭɱɚɹɯ ɤ ɩɨɹɜɥɟɧɢɸ ɧɨɜɵɯ ɧɟɠɟɥɚɬɟɥɶɧɵɯ ɫ ɩɨɡɢɰɢɣ 
ɮɨɪɦɢɪɨɜɚɧɢɹ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ ɫɨɟɞɢɧɟɧɢɹ ɮɚɡ, ɢɡɦɟɧɟɧɢɸ 
ɫɜɨɣɫɬɜ ɦɟɬɚɥɥɚ ɜ ɨɤɨɥɨɲɨɜɧɨɣ ɡɨɧɟ ɢ ɢɡɦɟɧɟɧɢɹɦ ɜ ɫɬɪɭɤɬɭɪɟ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɞɢɮɮɭɡɢɢ ɤɨɦɩɨɧɟɧɬɨɜ ɩɚɪɧɨɝɨ ɦɟɬɚɥɥɚ; 

― ɪɚɡɥɢɱɢɟ ɜ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜɚɯ (ɬɟɦɩɟɪɚɬɭɪɟ ɩɥɚɜɥɟɧɢɹ, 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɬɟɩɥɨɟɦɤɨɫɬɢ, ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɫɲɢɪɟɧɢɹ), 
ɱɬɨ ɜɟɞɟɬ ɤ ɚɫɢɦɦɟɬɪɢɢ ɬɟɩɥɨɜɨɝɨ ɩɨɥɹ, ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɨɫɬɚɬɨɱɧɵɯ 
ɧɚɩɪɹɠɟɧɢɣ ɢ ɞɟɮɨɪɦɚɰɢɣ; 

― ɧɟɫɨɜɩɚɞɟɧɢɟ ɞɢɚɩɚɡɨɧɨɜ ɫɜɚɪɨɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪ ɨɞɧɨɝɨ 
ɦɚɬɟɪɢɚɥɚ ɫ ɞɨɩɭɫɤɚɟɦɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ, ɩɪɢ ɤɨɬɨɪɨɣ ɧɟ ɩɪɨɢɫɯɨɞɢɬ 
ɭɯɭɞɲɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɞɪɭɝɨɝɨ ɦɟɬɚɥɥɚ; 

― ɨɬɥɢɱɢɟ ɜ ɩɪɢɪɨɞɟ ɨɤɫɢɞɨɜ, ɢɯ ɯɢɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɬɟɦ-
ɩɟɪɚɬɭɪɚɯ ɩɥɚɜɥɟɧɢɹ, ɫɩɨɫɨɛɧɨɫɬɢ ɤ ɪɚɫɬɜɨɪɟɧɢɸ ɜ ɨɫɧɨɜɧɨɦ ɦɟɬɚɥɥɟ, 
ɡɚɳɢɬɧɵɯ ɫɜɨɣɫɬɜɚɯ ɢ ɬ. ɩ.; 



 

― ɪɚɡɥɢɱɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɢ ɦɚɝɧɢɬɧɵɯ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɨɜ; 
ɧɟɨɞɢɧɚɤɨɜɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɪɚɫɬɜɨɪɹɬɶ ɝɚɡɵ; ɧɟɫɨɜɩɚɞɟɧɢɟ ɞɢɚɩɚɡɨɧɨɜ 
ɪɟɠɢɦɨɜ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ, ɬɪɟɛɭɟɦɨɣ ɜ ɪɹɞɟ ɫɥɭɱɚɟɜ ɞɥɹ ɫɧɹɬɢɹ 
ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ. 

ɇɚ ɫɜɚɪɢɜɚɟɦɨɫɬɶ ɪɚɡɧɨɪɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɨɩɪɟɞɟɥɹɸɳɟɟ ɜɥɢɹɧɢɟ 
ɨɤɚɡɵɜɚɟɬ ɢɯ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɚɹ ɫɨɜɦɟɫɬɢɦɨɫɬɶ, ɩɪɨɹɜɥɹɸɳɚɹɫɹ ɜ 
ɫɩɨɫɨɛɧɨɫɬɢ ɨɛɪɚɡɨɜɵɜɚɬɶ ɦɟɠɞɭ ɫɨɛɨɣ ɬɜɟɪɞɵɟ ɪɚɫɬɜɨɪɵ ɢ ɯɢɦɢɱɟɫɤɢɟ 
ɫɨɟɞɢɧɟɧɢɹ (ɢɧɬɟɪɦɟɬɚɥɥɢɞɵ)Д15Ж. 

Ɍɢɬɚɧ ɢ ɦɟɞɶ ɪɟɡɤɨ ɨɬɥɢɱɚɸɬɫɹ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ, ɪɟɡɤɨ ɨɬɥɢɱɚɸɬɫɹ ɬɢɩɚɦɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɪɟɲɟɬɨɤ ɢ 
ɪɚɡɦɟɪɚɦɢ ɚɬɨɦɧɵɯ ɪɚɞɢɭɫɨɜ ɢ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɩɨ ɬɟɦɩɟɪɚɬɭɪɟ ɩɥɚɜɥɟɧɢɹ. 
Ⱦɥɹ ɬɢɬɚɧɚ ɨɧɚ ɫɨɫɬɚɜɥɹɟɬ 1660±β0 °C, ɞɥɹ ɦɟɞɢ 1085±15 °C. ɗɬɢ ɦɚɬɟɪɢɚɥɵ 
ɜɫɬɭɩɚɸɬ ɞɪɭɝ ɫ ɞɪɭɝɨɦ ɜ ɯɢɦɢɱɟɫɤɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ, ɨɛɪɚɡɭɹ 
ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɬɢɩɚ TТCЮ(57,0% ɋЮ), Ti2Cu(γ9,88 % ɋЮ) ɢ 
TiCu3(79,9β % ɋЮ). ɉɪɢ ɪɚɫɩɥɚɜɟ ɬɢɬɚɧɚ ɢ ɦɟɞɢ ɤɪɢɫɬɚɥɥɢɡɭɸɬɫɹ 
ɥɟɝɤɨɩɥɚɜɤɢɟ ɫɨɟɞɢɧɟɧɢɹ ɷɜɬɟɤɬɢɱɟɫɤɨɝɨ ɬɢɩɚ, ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɫ 
ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɦɟɞɢ 66 % (Ɍɩɥ= 855 °ɋ) ɢ 4γ % (Ɍɩɥ= 955 °ɋ). Ɍɢɬɚɧ ɢ ɦɟɞɶ 
ɨɛɪɚɡɭɸɬ ɫɢɫɬɟɦɭ ɫ ɨɝɪɚɧɢɱɟɧɧɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɶɸ ɢ ɷɜɬɟɤɬɨɢɞɧɵɦ ɪɚɫɩɚɞɨɦ 
ȕ-ɮɚɡɵ. Ɇɚɤɫɢɦɚɥɶɧɚɹ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɦɟɞɢ ɜ α-ɬɢɬɚɧɟ ɢ ȕ-ɬɢɬɚɧɟ ɫɨɫɬɚɜɥɹɟɬ 
β,1 ɢ 1γ,4 % ɩɪɢ 990 °ɋ. Ɋɚɫɬɜɨɪɢɦɨɫɬɶ TТ ɜ ɋЮ ɩɪɢ 400 °ɋ 0,4 %. ɉɨɷɬɨɦɭ ɜ 
ɭɫɥɨɜɢɹɯ ɫɜɚɪɤɢ ɩɥɚɜɥɟɧɢɟɦ, ɤɨɝɞɚ ɦɚɬɟɪɢɚɥ ɨɛɟɢɯ ɡɚɝɨɬɨɜɨɤ ɧɚɯɨɞɢɬɫɹ ɜ 
ɠɢɞɤɨɦ ɫɨɫɬɨɹɧɢɢ, ɜ ɦɟɬɚɥɥɟ ɲɜɚ ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɛɭɞɭɬ ɧɟɢɡɛɟɠɧɨ 
ɩɨɹɜɥɹɬɶɫɹ ɢɧɬɟɪɦɟɬɚɥɥɢɞɵ ɢ ɥɟɝɤɨɩɥɚɜɤɢɟ ɷɜɬɟɤɬɢɤɢ. Ⱥ ɷɬɨ ɜɟɞɟɬ ɤ ɜɵɫɨɤɨɣ 
ɜɟɪɨɹɬɧɨɫɬɢ ɪɚɫɬɪɟɫɤɢɜɚɧɢɹ ɫɜɚɪɨɱɧɵɯ ɲɜɨɜ – ɤɚɤ ɧɟɦɟɞɥɟɧɧɨɝɨ, ɬɚɤ ɢ 
«ɨɬɥɨɠɟɧɧɨɝɨ», ɱɬɨ ɟɳɟ ɯɭɠɟД16Ж. 

ɉɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞɨɜ ɫɜɚɪɤɢ ɜ ɠɢɞɤɨɣ ɮɚɡɟ ɜɨɡɦɨɠɧɨ ɩɪɢ ɭɫɥɨɜɢɢ 
ɩɥɚɜɥɟɧɢɹ ɬɨɥɶɤɨ ɦɟɞɧɨɣ ɡɚɝɨɬɨɜɤɢ (ɪɟɠɢɦ ɫɜɚɪɤɨ-ɩɚɣɤɢ) ɫ ɨɝɪɚɧɢɱɟɧɢɟɦ 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɤɨɧɬɚɤɬɚ ɪɚɫɩɥɚɜɚ ɫ ɬɜɟɪɞɵɦ ɦɟɬɚɥɥɨɦ ɢɥɢ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɜɫɬɚɜɨɤ, ɢɝɪɚɸɳɢɯ ɪɨɥɶ ɛɚɪɶɟɪɚ. 

Ⱦɢɮɮɭɡɢɨɧɧɚя ɫɜɚɪɤɚ ɛɟɡ ɩɪɢɦɟɧɟɧɢɹ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɛɚɪɶɟɪɧɵɯ 
ɫɥɨɟɜ ɜɨɡɦɨɠɧɚ ɜ ɭɡɤɨɦ ɞɢɚɩɚɡɨɧɟ ɪɟɠɢɦɨɜ ɢ ɞɚɟɬ ɫɨɟɞɢɧɟɧɢɹ ɫ ɧɢɡɤɨɣ 
ɩɪɨɱɧɨɫɬɶɸ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɪɚɜɧɨɩɪɨɱɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɢɫɩɨɥɶɡɭɸɬ 
ɩɪɨɫɥɨɣɤɢ ɢɡ ɜɚɧɚɞɢɹ, ɦɨɥɢɛɞɟɧɚ, ɧɢɨɛɢɹ. 

ɋɜɚɪɤɚ ɩɥɚɜɥɟɧɢɟɦ ɜɟɞɟɬɫɹ ɫ ɪɚɫɩɥɚɜɥɟɧɢɟɦ ɬɨɥɶɤɨ ɦɟɞɢ. 
ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɠɟɫɬɤɢɯ ɪɟɠɢɦɨɜ ɫɩɨɫɨɛɫɬɜɭɟɬ ɫɨɤɪɚɳɟɧɢɸ ɜɪɟɦɟɧɢ 
ɤɨɧɬɚɤɬɚ ɪɚɫɩɥɚɜɚ ɫ ɬɜɟɪɞɵɦ ɬɢɬɚɧɨɦ. 

Эɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɚя ɫɜɚɪɤɚ ɧɚ ɠɟɫɬɤɢɯ ɪɟɠɢɦɚɯ ɞɚɟɬ ɫɨɟɞɢɧɟɧɢɹ ɫ 
ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɦɢ ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɬɨɥɶɤɨ ɧɚ ɬɨɧɤɢɯ 
ɥɢɫɬɨɜɵɯ ɡɚɝɨɬɨɜɤɚɯД15Ж. 

ɇɚɢɛɨɥɟɟ ɭɫɩɟɲɧɚ ɫɜɚɪɤɚ ɩɥɚɜɥɟɧɢɟɦ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɜɫɬɚɜɨɤ ɢɡ ɫɩɟɰɢɚɥɶɧɨ ɜɵɩɥɚɜɥɟɧɧɵɯ ɫɩɥɚɜɨɜ ɬɢɬɚɧɚ, 
ɥɟɝɢɪɨɜɚɧɧɨɝɨ ɦɨɥɢɛɞɟɧɨɦ, ɧɢɨɛɢɟɦ ɢɥɢ ɬɢɬɚɧɨɦ, ɤɨɬɨɪɵɟ ɩɨɧɢɠɚɸɬ 
ɬɟɦɩɟɪɚɬɭɪɭ ɩɪɟɜɪɚɳɟɧɢɹ α↔ȕ ɢ ɨɛɟɫɩɟɱɢɜɚɸɬ ɩɨɥɭɱɟɧɢɟ ɨɞɧɨɪɨɞɧɨɝɨ 
ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ɫɨ ɫɬɚɛɢɥɶɧɨɣ ɫɬɪɭɤɬɭɪɨɣ, ɧɟ ɨɱɟɧɶ ɨɬɥɢɱɚɸɳɟɣɫɹ ɨɬ 



 

ɫɬɪɭɤɬɭɪɵ ɦɟɞɢ. Ɇɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɟ ɜɫɬɚɜɤɢ ɢɡ ɫɩɥɚɜɨɜ 
Ɍi + 30% Nb ɢ ɫɩɥɚɜɨɜ ȼɌ15Д17Ж. ɍɤɚɡɚɧɧɵɟ ɫɩɨɫɨɛɵ ɫɜɚɪɤɢ ɨɩɢɫɚɧɵ ɜ Д18, 
19]. 

ɋɩɨɫɨɛ ɫɜɚɪɤɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɬɭɝɨɩɥɚɜɤɨɝɨ ɦɟɬɚɥɥɚ 
ɨɛɥɚɞɚɟɬ ɫɭɳɟɫɬɜɟɧɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ, ɬɚɤ ɤɚɤ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜɫɬɚɜɨɤ 
ɭɫɥɨɠɧɹɟɬ ɤɨɧɫɬɪɭɤɰɢɸ ɫɨɟɞɢɧɟɧɢɹ, ɡɚɬɪɭɞɧɹɟɬ ɩɪɨɰɟɫɫ ɫɛɨɪɤɢ ɢ ɫɜɚɪɤɢ, ɢ 
ɡɧɚɱɢɬɟɥɶɧɨ ɭɞɨɪɨɠɚɟɬ ɢɡɞɟɥɢɹ. Ʉɪɨɦɟ ɬɨɝɨ, ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ 
ɤɨɪɪɨɡɢɨɧɧɭɸ ɫɬɨɣɤɨɫɬɶ ɫɨɟɞɢɧɟɧɢɣ ɢɡ ɪɚɡɧɨɪɨɞɧɵɯ ɦɟɬɚɥɥɨɜ, ɟɫɥɢ ɫɜɚɪɧɚɹ 
ɤɨɧɫɬɪɭɤɰɢɹ ɩɪɟɞɧɚɡɧɚɱɚɟɬɫɹ ɞɥɹ ɪɚɛɨɬɵ ɜ ɚɝɪɟɫɫɢɜɧɵɯ ɫɪɟɞɚɯ. 

ɋɭɳɟɫɬɜɭɟɬ ɬɚɤɠɟ ɫɩɨɫɨɛ ɫɜɚɪɤɢ ɦɟɞɢ ɫ ɬɢɬɚɧɨɜɵɦɢ ȕ-ɫɩɥɚɜɚɦɢ, 
ɨɛɥɚɞɚɸɳɢɦɢ ɈɐɄ ɪɟɲɟɬɤɨɣ ɢ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɶɸ ɦɟɞɢ. Ʉ 
ɱɢɫɥɭ ȕ-ɫɬɚɛɢɥɢɡɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ, ɤɨɬɨɪɵɟ ɧɟ ɨɛɪɚɡɭɸɬ ɫ ɦɟɞɶɸ ɢɧɬɟɪ-
ɦɟɬɚɥɥɢɞɧɵɯ ɮɚɡ, ɨɬɧɨɫɹɬɫɹ ɦɨɥɢɛɞɟɧ, ɧɢɨɛɢɣ, ɜɚɧɚɞɢɣ, ɬɚɧɬɚɥД7Ж. 

ȼ ɩɚɬɟɧɬɟ ɊɎ № βγ46087 ɨɩɢɫɵɜɚɟɬɫɹ ɫɨɟɞɢɧɟɧɢɟ ɦɟɞɢ ɢ ɬɢɬɚɧɚ 
ɩɨɫɪɟɞɫɬɜɨɦ ɫɜɚɪɤɢ ɜɡɪɵɜɨɦ.  

ȼɫɟ ɜɵɲɟɭɤɚɡɚɧɧɵɟ ɫɩɨɫɨɛɵ ɫɜɚɪɤɢ ɧɟ ɩɨɞɯɨɞɹɬ ɞɥɹ ɧɚɲɟɝɨ ɫɥɭɱɚɹ 
ɜɫɥɟɞɫɬɜɢɟ ɫɥɨɠɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ ɢɡɞɟɥɢɹ, ɞɨɪɨɝɨɜɢɡɧɵ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɞɪ. 
ɉɨɷɬɨɦɭ ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɢɦ ɞɥɹ ɫɜɚɪɤɢ ɚɧɨɞɨɜ ɛɵɥɚ ɩɪɢɡɧɚɧɚ ɪɭɱɧɚɹ 
ɚɪɝɨɧɨɞɭɝɨɜɚɹ ɫɜɚɪɤɚ. 
  



 

1.4. ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 

 
1. ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɭɤɚɡɚɧɵ ɨɛɥɚɫɬɢ ɩɪɢɦɟɧɟɧɢɹ, ɨɫɧɨɜɧɵɟ ɫɜɨɣɫɬɜɚ ɢ 

ɫɜɚɪɢɜɚɟɦɨɫɬɶ ɦɚɬɟɪɢɚɥɨɜ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɚɧɨɞɨɜ ɞɥɹ 
ɯɢɦɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ.  

β. Ɋɚɫɫɦɨɬɪɟɧɵ ɜɢɞɵ ɫɜɚɪɤɢ, ɨɫɨɛɟɧɧɨɫɬɢ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɪɢɟɦɵ, 
ɩɪɢɦɟɧɹɟɦɵɟ ɞɥɹ ɫɨɟɞɢɧɟɧɢɹ ɬɢɬɚɧɚ, ɦɟɞɢ ɢ ɦɟɞɢ ɫ ɬɢɬɚɧɨɦ. ɉɨɤɚɡɚɧɚ 
ɜɚɠɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɡɚɳɢɬɵ ɫɜɚɪɨɱɧɨɣ ɜɚɧɧɵ ɢ ɨɤɨɥɨɲɨɜɧɨɣ ɡɨɧɵ ɩɪɢ 
ɫɜɚɪɤɟ ɬɢɬɚɧɚ ɫ ɰɟɥɶɸ ɭɫɬɪɚɧɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɢ ɩɨɹɜɥɟɧɢɹ ɬɪɟɳɢɧ. 

γ. ɋɩɟɰɢɚɥɶɧɵɟ ɜɢɞɵ ɫɜɚɪɤɢ (ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɚɹ ɫɜɚɪɤɚ, 
ɞɢɮɮɭɡɢɨɧɧɚɹ ɫɜɚɪɤɚ, ɫɜɚɪɤɚ ɜɡɪɵɜɨɦ ɢ ɞɪ.), ɩɪɢɦɟɧɹɟɦɵɟ ɜ 
ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɞɥɹ ɫɨɟɞɢɧɟɧɢɹ ɦɟɞɢ ɫ ɬɢɬɚɧɨɦ, ɚ ɬɚɤɠɟ ɞɭɝɨɜɚɹ ɫɜɚɪɤɚ ɫ 
ɩɪɢɦɟɧɟɧɢɟɦ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ ɩɨ ɪɚɡɧɵɦ 
ɩɪɢɱɢɧɚɦ ɧɟɩɪɢɦɟɧɢɦɵ. ɉɨɷɬɨɦɭ ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɢɦ ɞɥɹ ɫɜɚɪɤɢ ɚɧɨɞɨɜ 
ɛɵɥɚ ɩɪɢɡɧɚɧɚ ɪɭɱɧɚɹ ɚɪɝɨɧɨɞɭɝɨɜɚɹ ɫɜɚɪɤɚ. 
  



 

 

 

 

 

 

 

 

 

 

 

 

2 Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɱɚɫɬɶ 
  



 

2.1Ɉɩɢɫɚɧɢɟ ɢɡɞɟɥɢɹ 
 
Ⱥɧɨɞ ɩɪɢɦɟɧɹɟɬɫɹ ɩɪɢ ɧɚɧɟɫɟɧɢɢ ɝɚɥɶɜɚɧɢɱɟɫɤɢɯ ɦɟɞɧɵɯ ɩɨɤɪɵɬɢɣ 

(ɦɟɞɧɟɧɢɟ). Ⱥɧɨɞɵ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, ɫɥɭɠɚɬ ɞɥɹ ɩɨɞɜɨɞɚ ɬɨɤɚ ɜ ɷɥɟɤɬɪɨɥɢɬ 
ɢ ɞɥɹ ɪɚɜɧɨɦɟɪɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɟɝɨ ɩɨ ɩɨɤɪɵɜɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. ȼɬɨɪɨɟ 
ɡɧɚɱɟɧɢɟ – ɜɨɡɦɟɳɚɬɶ ɭɛɵɥɶ ɦɟɬɚɥɥɚ ɜɡɚɦɟɧ ɜɵɞɟɥɟɧɧɨɝɨ ɩɪɢ ɩɨɤɪɵɬɢɢ 
ɢɡɞɟɥɢɣ. Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ ɪɚɫɬɜɨɪɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɚɧɨɞɚ ɩɪɢɦɟɧɹɸɬɫɹ 
ɚɧɨɞɧɵɟ ɤɨɪɡɢɧɵ. ȼ ɤɚɱɟɫɬɜɟ ɦɚɬɟɪɢɚɥɚ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɚɧɨɞɧɵɯ ɤɨɪɡɢɧ 
ɩɪɢ ɝɚɥɶɜɚɧɢɱɟɫɤɨɦ ɦɟɞɧɟɧɢɢ ɥɭɱɲɟ ɜɫɟɝɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɢɬɚɧ. ɇɚ ɬɢɬɚɧɟ ɜ 
ɩɪɢɫɭɬɫɬɜɢɢ ɧɢɱɬɨɠɧɵɯ ɫɥɟɞɨɜ ɤɢɫɥɨɪɨɞɚ ɢɥɢ ɢɧɵɯ ɨɤɢɫɥɢɬɟɥɟɣ ɨɛɪɚɡɭɟɬɫɹ 
ɬɨɧɤɚɹ ɧɟɩɪɨɜɨɞɹɳɚɹ ɨɤɢɫɧɚɹ ɩɥɟɧɤɚ, ɤɨɬɨɪɚɹ ɪɚɡɪɭɲɚɟɬɫɹ ɬɨɥɶɤɨ ɜ 
ɩɪɢɫɭɬɫɬɜɢɢ ɢɨɧɨɜ ɮɬɨɪɚ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɬɢɬɚɧɨɜɵɯ ɤɨɪɡɢɧ ɧɭɠɧɨ, 
ɱɬɨɛɵ ɤɨɪɡɢɧɚ ɛɵɥɚ ɧɚɩɨɥɧɟɧɚ ɚɧɨɞɧɵɦ ɦɚɬɟɪɢɚɥɨɦ ɜɵɲɟ ɜɟɪɯɧɟɝɨ ɤɪɚɹ 
ɩɨɤɪɵɜɚɟɦɨɣ ɩɥɨɳɚɞɢ. Ɍɢɬɚɧɨɜɚɹ ɤɨɪɡɢɧɚ ɦɨɠɟɬ ɧɚɯɨɞɢɬɶɫɹ ɛɟɡ ɬɨɤɚ ɜ 
ɧɟɪɚɛɨɬɚɸɳɟɣ ɜɚɧɧɟ [20]. 

 
 

1 – ɒɬɚɧɝɚ, β – ɒɢɧɚ, γ – Ʉɪɵɲɤɚ, 4 – ɉɚɬɪɭɛɨɤ, 5 – ɉɚɬɪɭɛɨɤ, 6 – ɒɬɢɮɬ, 7 – 
ɍɲɤɨ, 8 – ɋɟɝɦɟɧɬ, 9 – Ɂɚɝɥɭɲɤɚ, 10 – Ɏɢɤɫɚɬɨɪ. Ɋɢɫɭɧɨɤ β.1-ɗɫɤɢɡ ɢɡɞɟɥɢɹ. 

  



 

2.2 Ɍɟɯɧɢɱɟɫɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɧɚ ɢɡɝɨɬɨɜɥɟɧɢɟ ɢɡɞɟɥɢɹ 
 
ɂɡɴɹɬɨ 0,5 ɫɬɪɚɧɢɰɵ. 
 
 

2.3. ȼɵɛɨɪ ɫɩɨɫɨɛɚ ɫɜɚɪɤɢ 

 
Ⱦɥɹ ɜɵɩɨɥɧɟɧɢɹ ɫɜɚɪɧɵɯ ɲɜɨɜ ɜɵɛɢɪɚɟɦ ɪɭɱɧɭɸ ɚɪɝɨɧɨɞɭɝɨɜɭɸ 

ɫɜɚɪɤɭ ɧɟɩɥɚɜɹɳɢɦɫɹ ɷɥɟɤɬɪɨɞɨɦ (ɊȺȾ).  
Ⱦɨɫɬɨɢɧɫɬɜɚɦɢ ɞɚɧɧɨɝɨ ɫɩɨɫɨɛɚ ɫɜɚɪɤɢ ɹɜɥɹɸɬɫɹ:  ɧɚɞɟɠɧɚɹ ɡɚɳɢɬɚ ɫɜɚɪɨɱɧɨɣ ɜɚɧɧɵ;   ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɩɨɥɧɹɬɶ ɫɜɚɪɤɭ ɜ ɪɚɡɥɢɱɧɵɯ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ 

ɩɨɥɨɠɟɧɢɹɯ;  ɜɨɡɦɨɠɧɨɫɬɶ ɜɢɡɭɚɥɶɧɨɝɨ ɧɚɛɥɸɞɟɧɢɹ ɡɚ ɫɜɚɪɨɱɧɨɣ ɜɚɧɧɨɣ;  ɩɪɨɫɬɨɬɚ ɬɟɯɧɨɥɨɝɢɢ, ɧɟ ɬɪɟɛɭɟɬɫɹ ɩɪɢɦɟɧɟɧɢɹ ɭɞɟɪɠɢɜɚɸɳɢɯ 
ɩɪɢɫɩɨɫɨɛɥɟɧɢɣ, ɤɚɤ, ɧɚɩɪɢɦɟɪ, ɩɪɢ ɫɜɚɪɤɟ ɩɨ ɮɥɸɫɭ. 

Ɉɩɢɫɚɧɢɟ ɷɥɟɤɬɪɨɞɭɝɨɜɨɣ ɫɜɚɪɤɢ ɜ ɫɪɟɞɟ ɢɧɟɪɬɧɵɯ ɝɚɡɨɜ 
ɧɟɩɥɚɜɹɳɢɦɫɹ ɷɥɟɤɬɪɨɞɨɦ (ɌɂȽ ɩɪɨɰɟɫɫ). 

ɋɜɚɪɤɚ ɜ ɫɪɟɞɟ ɢɧɟɪɬɧɵɯ ɝɚɡɨɜ ɧɟɩɥɚɜɹɳɢɦɫɹ ɷɥɟɤɬɪɨɞɨɦ ɌɂȽ, 
ɩɪɢɦɟɧɹɟɬɫɹ ɩɪɢ ɫɨɡɞɚɧɢɢ ɦɟɬɚɥɥɨɤɨɧɫɬɪɭɤɰɢɣ ɢɡ ɠɚɪɨɩɪɨɱɧɵɯ ɢ 
ɤɨɪɪɨɡɢɨɧɨɫɬɨɣɤɢɯ ɫɬɚɥɟɣ, ɚ ɬɚɤ ɠɟ ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ ɢ ɢɯ ɫɩɥɚɜɨɜ, 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɢɟ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɦɟɬɚɥɥɚ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɢ 
ɯɨɪɨɲɢɣ ɜɧɟɲɧɢɣ ɜɢɞ ɲɜɚ. Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɥɟɝɤɨ ɨɫɜɚɢɜɚɟɬɫɹ 
ɫɜɚɪɳɢɤɨɦ. 

ɋɜɚɪɤɭ, ɤɚɤ ɩɪɚɜɢɥɨ, ɜɵɩɨɥɧɹɸɬ ɧɚ ɩɨɫɬɨɹɧɧɨɦ ɬɨɤɟ ɩɪɹɦɨɣ 
ɩɨɥɹɪɧɨɫɬɢ (ɦɢɧɭɫ ɧɚ ɷɥɟɤɬɪɨɞɟ) ɢ ɩɟɪɟɦɟɧɧɨɦ ɬɨɤɟ.  

Ɉɛɳɢɟ ɩɨɥɨɠɟɧɢɹ ɬɟɯɧɢɤɢ ɪɭɱɧɨɣ ɚɪɝɨɧɨɞɭɝɨɜɨɣ ɫɜɚɪɤɢ 
ɧɟɩɥɚɜɹɳɢɦɫɹ ɷɥɟɤɬɪɨɞɨɦ. 

Ɍɟɯɧɢɤɚ ɪɭɱɧɨɣ ɚɪɝɨɧɨɞɭɝɨɜɨɣ ɫɜɚɪɤɢ ɢɦɟɟɬ ɫɜɨɢ ɨɫɨɛɟɧɧɨɫɬɢ. ɉɪɢ 
ɫɜɚɪɤɟ ɤɨɪɧɟɜɵɯ ɲɜɨɜ ɧɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨɩɟɪɟɱɧɨɟ ɩɟɪɟɦɟɳɟɧɢɟ ɤɨɧɰɚ 
ɷɥɟɤɬɪɨɞɚ. Ⱦɚɥɶɧɟɣɲɟɟ ɡɚɩɨɥɧɟɧɢɟ ɪɚɡɞɟɥɤɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɢ 
ɦɢɧɢɦɚɥɶɧɵɯ ɩɨɩɟɪɟɱɧɵɯ ɩɟɪɟɦɟɳɟɧɢɹɯ ɤɨɧɰɚ ɷɥɟɤɬɪɨɞɚ, ɱɬɨ ɨɛɭɫɥɨɜɥɟɧɨ 
ɧɚɪɭɲɟɧɢɟɦ ɡɚɳɢɬɵ ɡɨɧɵ ɫɜɚɪɤɢ ɩɪɢ ɛɨɥɶɲɢɯ ɡɧɚɱɟɧɢɹɯ ɚɦɩɥɢɬɭɞɵ 
ɩɟɪɟɦɟɳɟɧɢɹ ɝɨɪɟɥɤɢ. ɍɝɨɥ ɦɟɠɞɭ ɨɫɶɸ ɝɨɪɟɥɤɢ ɢ ɩɥɨɫɤɨɫɬɶɸ ɢɡɞɟɥɢɹ 
ɫɨɫɬɚɜɥɹɟɬ 60-90°. ɉɪɢɫɚɞɨɱɧɵɣ ɦɚɬɟɪɢɚɥ ɜ ɡɨɧɭ ɫɜɚɪɤɢ ɩɨɞɚɸɬ ɩɨɞ ɭɝɥɨɦ 
15-45° ɤ ɩɥɨɫɤɨɫɬɢ ɢɡɞɟɥɢɹ. ɋɯɟɦɵ ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɪɢɫɚɞɨɱɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢ 
ɞɭɝɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɨɥɨɠɟɧɢɹ ɲɜɚ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 4.  
ɉɪɢ ɫɜɚɪɤɟ ɜɪɭɱɧɭɸ ɤɨɧɟɰ ɩɪɢɫɚɞɨɱɧɨɣ ɩɪɨɜɨɥɨɤɢ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɩɨɥɚɝɚɬɶ 
ɬɚɤ, ɱɬɨɛɵ ɨɧ ɩɨɫɬɨɹɧɧɨ ɧɚɯɨɞɢɥɫɹ ɜ ɫɬɪɭɟ ɡɚɳɢɬɧɨɝɨ ɝɚɡɚ. Ɋɟɠɢɦɵ ɫɜɚɪɤɢ 
ɜɵɛɢɪɚɸɬ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɨɥɳɢɧɵ, ɩɨɥɨɠɟɧɢɹ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɢ 
ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɫɜɚɪɢɜɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ. Дβ1Ж. 



 

 
Ɋɢɫɭɧɨɤ β.β. -ɋɯɟɦɵ ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɪɢɫɚɞɨɱɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢ ɧɟɩɥɚɜɹɳɟɝɨɫɹ 

ɷɥɟɤɬɪɨɞɚ ɩɪɢ ɫɜɚɪɤɟ ɜ ɧɢɠɧɟɦ (ɚ), ɜɟɪɬɢɤɚɥɶɧɨɦ (ɛ), ɢ ɩɨɬɨɥɨɱɧɨɦ (ɜ) ɩɨɥɨɠɟɧɢɹɯ. 
 
Ⱦɥɹ ɫɜɚɪɤɢ ɲɩɢɥɶɤɢ ɢ ɩɚɬɪɭɛɤɚ ɜ ɧɚɫɬɨɹɳɟɦ ɨɬɱɟɬɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ 

ɞɜɚ ɜɚɪɢɚɧɬɚ ɫɜɚɪɤɢ. ȼ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɜɚɪɢɚɧɬɚ ɩɪɟɞɥɚɝɚɟɬɫɹ ɬɚɤɠɟ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɊȺȾ. Ʉɪɨɦɟ ɬɨɝɨ, ɫ ɰɟɥɶɸ ɭɜɟɥɢɱɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ, 
ɫɧɢɠɟɧɢɹ «ɱɟɥɨɜɟɱɟɫɤɨɝɨ ɮɚɤɬɨɪɚ» ɢ ɞɪ. ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɤɨɧɬɚɤɬɧɭɸ ɪɟɥɶɟɮɧɭɸ ɫɜɚɪɤɭ. Ɉɞɧɚɤɨ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ, ɱɬɨ 
ɜɧɟɞɪɟɧɢɟ ɞɚɧɧɨɝɨ ɜɢɞɚ ɫɜɚɪɤɢ ɜ ɩɪɨɰɟɫɫ ɢɡɝɨɬɨɜɥɟɧɢɹ ɚɧɨɞɨɜ, ɩɪɢɜɨɞɢɬ ɤ 
ɭɜɟɥɢɱɟɧɢɸ ɦɚɬɟɪɢɚɥɶɧɵɯ ɡɚɬɪɚɬ (ɧɚ ɭɫɬɚɧɨɜɤɭ ɤɨɧɬɚɤɬɧɨɣ ɫɜɚɪɤɢ). 

 
Ɋɟɥɶɟɮɧɚɹ ɫɜɚɪɤɚ— ɫɜɚɪɨɱɧɵɣ ɩɪɨɰɟɫɫ, ɩɪɢ ɤɨɬɨɪɨɦ ɞɟɬɚɥɢ 

ɫɨɟɞɢɧɹɸɬɫɹ ɜ ɨɞɧɨɣ ɢɥɢ ɨɞɧɨɜɪɟɦɟɧɧɨ ɜ ɧɟɫɤɨɥɶɤɢɯ ɬɨɱɤɚɯ, ɢɦɟɸɳɢɯ 
ɫɩɟɰɢɚɥɶɧɨ ɩɨɞɝɨɬɨɜɥɟɧɧɵɟ ɜɵɫɬɭɩɵ-ɪɟɥɶɟɮɵ. ɗɬɨɬ ɫɩɨɫɨɛ ɚɧɚɥɨɝɢɱɟɧ 
ɬɨɱɟɱɧɨɣ ɤɨɧɬɚɤɬɧɨɣ ɫɜɚɪɤɟ. Ƚɥɚɜɧɨɟ ɨɬɥɢɱɢɟ: ɤɨɧɬɚɤɬ ɦɟɠɞɭ ɞɟɬɚɥɹɦɢ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɮɨɪɦɨɣ ɢɯ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɦɟɫɬɟ ɫɨɟɞɢɧɟɧɢɹ, ɚ ɧɟ ɮɨɪɦɨɣ 
ɪɚɛɨɱɟɣ ɱɚɫɬɢ ɷɥɟɤɬɪɨɞɨɜ, ɤɚɤ ɩɪɢ ɬɨɱɟɱɧɨɣ ɫɜɚɪɤɟ.ДββЖ 

ȼ ɯɨɞɟ ɪɟɥɶɟɮɧɨɣ ɫɜɚɪɤɢ ɷɥɟɤɬɪɨɞɵ ɫɜɚɪɨɱɧɨɝɨ ɩɪɟɫɫɚ ɫɠɢɦɚɸɬ 
ɞɟɬɚɥɢ ɢ ɩɪɨɩɭɫɤɚɸɬ ɱɟɪɟɡ ɧɢɯ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ. ɋɜɚɪɢɜɚɟɦɵɟ ɞɟɬɚɥɢ 
ɤɨɧɬɚɤɬɢɪɭɸɬ ɬɨɥɶɤɨ ɜ ɦɟɫɬɚɯ ɪɟɥɶɟɮɧɵɯ ɜɵɫɬɭɩɨɜ, ɩɨɷɬɨɦɭ ɦɟɬɚɥɥ 
ɪɟɥɶɟɮɨɜ ɢɧɬɟɧɫɢɜɧɨ ɧɚɝɪɟɜɚɟɬɫɹ ɢ ɩɨɞɜɟɪɝɚɟɬɫɹ ɩɥɚɫɬɢɱɟɫɤɢɦ 
ɞɟɮɨɪɦɚɰɢɹɦ. Ʉɨɧɬɚɤɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɛɵɫɬɪɨ ɭɦɟɧɶɲɚɟɬɫɹ, ɢ ɬɟɩɥɨɬɚ 
ɜɵɞɟɥɹɟɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɡɚ ɫɱɟɬ ɫɨɛɫɬɜɟɧɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɦɟɬɚɥɥɚ ɪɟɥɶɟɮɚ. 
Ʉɨɝɞɚ ɡɨɧɚ ɪɚɫɩɥɚɜɥɟɧɢɹ ɞɨɫɬɢɝɚɟɬ ɧɟɨɛɯɨɞɢɦɵɯ ɪɚɡɦɟɪɨɜ, ɫɜɚɪɨɱɧɵɣ ɬɨɤ 
ɜɵɤɥɸɱɚɟɬɫɹ. Ɇɟɬɚɥɥ ɥɢɬɨɝɨ ɹɞɪɚ ɨɯɥɚɠɞɚɟɬɫɹ ɢ ɤɪɢɫɬɚɥɥɢɡɭɟɬɫɹ. 

http://ru.wikipedia.org/wiki/%D0%A2%D0%BE%D1%87%D0%B5%D1%87%D0%BD%D0%B0%D1%8F_%D0%BA%D0%BE%D0%BD%D1%82%D0%B0%D0%BA%D1%82%D0%BD%D0%B0%D1%8F_%D1%81%D0%B2%D0%B0%D1%80%D0%BA%D0%B0
http://ru.wikipedia.org/wiki/%D0%9A%D1%80%D0%B8%D1%81%D1%82%D0%B0%D0%BB%D0%BB%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D1%8F


 

Ɉɞɧɢɦ ɢɡ ɩɪɟɢɦɭɳɟɫɬɜ ɪɟɥɶɟɮɧɨɣ ɫɜɚɪɤɢ ɹɜɥɹɟɬɫɹ ɜɵɫɨɤɚɹ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ. Ɂɚ ɨɞɢɧ ɯɨɞ ɫɜɚɪɨɱɧɨɣ ɦɚɲɢɧɵ ɩɪɨɢɡɜɨɞɢɬɫɹ ɞɨ 
ɧɟɫɤɨɥɶɤɢɯ ɞɟɫɹɬɤɨɜ ɫɜɚɪɧɵɯ ɬɨɱɟɤ, ɤɨɥɢɱɟɫɬɜɨ ɤɨɬɨɪɵɯ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɱɢɫɥɨɦ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɵɲɬɚɦɩɨɜɚɧɧɵɯ ɜɵɫɬɭɩɨɜ-ɪɟɥɶɟɮɨɜ. Ⱦɥɹ 
ɩɨɥɭɱɟɧɢɹ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɬɪɟɛɭɟɬɫɹ ɬɨɱɧɚɹ ɲɬɚɦɩɨɜɤɚ ɢ ɩɥɨɬɧɨɟ 
ɩɪɢɥɟɝɚɧɢɟ ɫɨɛɪɚɧɧɵɯ ɞɟɬɚɥɟɣ ɩɨ ɜɫɟɦ ɜɵɫɬɭɩɚɦ. Ⱦɪɭɝɨɟ ɩɪɟɢɦɭɳɟɫɬɜɨ — 
ɦɚɥɵɣ ɢɡɧɨɫ ɷɥɟɤɬɪɨɞɨɜ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɨɣ ɠɟ ɬɨɱɟɱɧɨɣ ɤɨɧɬɚɤɬɧɨɣ 
ɫɜɚɪɤɨɣ, ɬɚɤ ɤɚɤ ɞɥɹ ɪɟɥɶɟɮɧɨɣ ɫɜɚɪɤɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɷɥɟɤɬɪɨɞɵ ɫ ɛɨɥɶɲɟɣ 
ɩɥɨɳɚɞɶɸ ɤɨɧɬɚɤɬɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɟɪɟɧɨɫ ɤɨɧɰɟɧɬɪɚɰɢɣ 
ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ ɢ ɞɚɜɥɟɧɢɹ ɜ ɨɛɥɚɫɬɢ ɪɟɥɶɟɮɧɵɯ ɜɵɫɬɭɩɨɜ. 

Ƚɥɚɜɧɵɣ ɧɟɞɨɫɬɚɬɨɤ ɪɟɥɶɟɮɧɨɣ ɫɜɚɪɤɢ— ɩɨɬɪɟɛɥɟɧɢɟ ɛɨɥɶɲɨɣ 
ɦɨɳɧɨɫɬɢ, ɬɪɟɛɭɟɦɨɣ ɞɥɹ ɫɜɚɪɢɜɚɧɢɹ ɞɟɬɚɥɟɣ. 

ɋɭɳɟɫɬɜɭɟɬ ɦɧɨɝɨ ɪɚɡɧɨɜɢɞɧɨɫɬɟɣ ɤɨɧɬɚɤɬɧɨɣ ɪɟɥɶɟɮɧɨɣ ɫɜɚɪɤɢ. Ɉɞɧɚ 
ɢɡ ɪɚɡɧɨɜɢɞɧɨɫɬɟɣ ɪɟɥɶɟɮɧɨɣ ɫɜɚɪɤɢ ɹɜɥɹɟɬɫɹ Ɍ-ɨɛɪɚɡɧɚɹ ɫɜɚɪɤɚ ɢɥɢ ɫɜɚɪɤɚ 
ɜɬɚɜɪ. ɉɪɢ Ɍ-ɨɛɪɚɡɧɨɣ ɫɜɚɪɤɟ ɨɞɧɚ ɢɡ ɞɟɬɚɥɟɣ ɩɪɢɜɚɪɢɜɚɟɬɫɹ ɫɜɨɟɣ ɬɨɪɰɨɜɨɣ 
ɩɨɜɟɪɯɧɨɫɬɶɸ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɞɪɭɝɨɣ ɞɟɬɚɥɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ 
ɩɪɢɜɚɪɢɜɚɬɶ ɫɬɟɪɠɧɢ, ɥɢɫɬɵ, ɬɪɭɛɵ, ɚ ɬɚɤɠɟ ɫɜɚɪɢɜɚɬɶ ɬɪɭɛɵ ɢɥɢ ɫɬɟɪɠɧɢ 
ɞɪɭɝ ɫ ɞɪɭɝɨɦ. ɇɚ ɩɪɢɜɚɪɢɜɚɟɦɵɯ ɬɨɪɰɚɯ ɞɟɬɚɥɟɣ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɨɣ 
ɢɥɢ ɜɵɫɚɞɤɨɣ ɢɡɝɨɬɚɜɥɢɜɚɸɬ ɤɨɦɩɚɤɬɧɵɟ (ɪɢɫ. β.γ, ɚ, ɛ, ɜ) ɢɥɢ ɤɨɥɶɰɟɜɵɟ 
(ɪɢɫ. β.γ, ɝ, ɞ, ɟ) ɪɟɥɶɟɮɵ. ȼ ɩɨɫɥɟɞɧɟɦ ɫɥɭɱɚɟ, ɬɚɤ ɠɟ ɤɚɤ ɢ ɩɪɢ ɫɜɚɪɤɟ 
ɥɢɫɬɨɜ, ɜɧɚɯɥɟɫɬɤɭ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɤɨɥɶɰɟɜɵɯ ɪɟɥɶɟɮɨɜ, ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ 
ɝɟɪɦɟɬɢɱɧɵɟ ɫɨɟɞɢɧɟɧɢɹ. Ƚɟɪɦɟɬɢɱɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɮɨɪɦɢɪɭɸɬɫɹ ɬɚɤɠɟ ɩɪɢ 
ɜɜɚɪɢɜɚɧɢɢ ɞɟɬɚɥɟɣ ɜ ɨɬɜɟɪɫɬɢɟ ɥɢɫɬɚ ɢɥɢ ɬɪɭɛɵ (ɫɜɚɪɤɚ «ɨɫɬɪɨɣ ɝɪɚɧɶɸ»). 
Ʉɨɥɶɰɟɜɨɣ ɤɨɧɬɚɤɬ ɨɛɪɚɡɭɟɬɫɹ ɩɪɢ ɷɬɨɦ ɦɟɠɞɭ ɜɧɭɬɪɟɧɧɟɣ ɤɪɨɦɤɨɣ 
ɨɬɜɟɪɫɬɢɹ ɢ ɫɤɨɫɨɦ ɧɚ ɧɚɪɭɠɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɞɟɬɚɥɢ, ɨɛɪɚɡɨɜɚɧɧɨɦ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɪɚɡɜɚɥɶɰɨɜɤɢ ɞɟɬɚɥɢ  ɢɥɢ ɟɟ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ. [22] 

 
 

Ɋɢɫɭɧɨɤ β.γ-Ɍɢɩɵ ɫɨɟɞɢɧɟɧɢɣ ɩɪɢ ɪɟɥɶɟɮɧɨɣ ɫɜɚɪɤɟ ɜ ɬɚɜɪ 

http://ru.wikipedia.org/wiki/%D0%A8%D1%82%D0%B0%D0%BC%D0%BF%D0%BE%D0%B2%D0%BA%D0%B0
http://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%B4
http://ru.wikipedia.org/wiki/%D0%A2%D0%BE%D1%87%D0%B5%D1%87%D0%BD%D0%B0%D1%8F_%D0%BA%D0%BE%D0%BD%D1%82%D0%B0%D0%BA%D1%82%D0%BD%D0%B0%D1%8F_%D1%81%D0%B2%D0%B0%D1%80%D0%BA%D0%B0
http://ru.wikipedia.org/wiki/%D0%A2%D0%BE%D1%87%D0%B5%D1%87%D0%BD%D0%B0%D1%8F_%D0%BA%D0%BE%D0%BD%D1%82%D0%B0%D0%BA%D1%82%D0%BD%D0%B0%D1%8F_%D1%81%D0%B2%D0%B0%D1%80%D0%BA%D0%B0


 

 
2.4. ȼɵɛɨɪ ɫɜɚɪɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 

 
Ⱦɥɹ ɫɜɚɪɤɢ ɲɜɨɜ ɨɱɢɫɬɧɨɝɨ ɚɧɨɞɚ ɜɵɛɢɪɚɟɦ ɫɜɚɪɨɱɧɭɸ ɩɪɨɜɨɥɨɤɭ 

ȼɌ1-00 ɈɋɌ 190015-71 ɞɢɚɦɟɬɪɨɦ γɦɦ (ɞɥɹ ɫɨɟɞɢɧɟɧɢɣ ɬɢɬɚɧ-ɬɢɬɚɧ, ɬɢɬɚɧ-
ɦɟɞɶ).ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɷɬɨɣ ɩɪɨɜɨɥɨɤɢ ɧɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜ ɩɪɢɦɟɧɟɧɢɢ 
ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

 
Ɍɚɛɥɢɰɚ β.1- ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɫɜɚɪɨɱɧɨɣ ɩɪɨɜɨɥɨɤɢ ȼɌ1-00. 
Ɇɚɪɤɚ 
ɬɢɬɚɧɚ 

Fe C Si N Ti O H ɉɪɢɦɟɫɢ 

ȼɌ1-00 Ⱦɨ 0.1β Ⱦɨ 0.05 Ⱦɨ 0.08 Ⱦɨ 0.04 99.5-
99.99 

Ⱦɨ 0.1 Ⱦɨ 
0.008 

ɉɪɨɱɢɯ 
0.1 

 
Ⱦɥɹ ɦɟɞɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɜɵɛɢɪɚɟɦ ɫɜɚɪɨɱɧɭɸ ɩɪɨɜɨɥɨɤɭ ɆɇɀɄɌ5-1-

0.2-0.β ȽɈɋɌ 161γ0-90 ɞɢɚɦɟɬɪɨɦ γ ɦɦ. 
 

Ɍɚɛɥɢɰɚ β.β - ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɫɜɚɪɨɱɧɨɣ ɩɪɨɜɨɥɨɤɢ  
ɆɇɀɄɌ5-1-0.2-0.2 
Ni+Co Fe C Si Mn Ti Cu Pb Zn ɉɪɢɦɟɫɟɣ 
5-6.5 1-1.4 Ⱦɨ 

0.03 
0.15-
0.3 

0.3-
0.8 

0.1-
0.3 

90-
93.45 

Ⱦɨ 
0.005 

Ⱦɨ 0.5 ȼɫɟɝɨ 0.7 

  
Ɍɚɤ ɠɟ ɞɥɹ ɚɪɝɨɧɨɞɭɝɨɜɨɣ ɫɜɚɪɤɢ ɜɵɛɢɪɚɟɦ ɬɨɪɢɪɨɜɚɧɧɵɟ 

ɜɨɥɶɮɪɚɦɨɜɵɟ ɷɥɟɤɬɪɨɞɵ ɞɥɹ ɫɜɚɪɤɢ ɧɚ ɩɨɫɬɨɹɧɧɨɦ ɬɨɤɟ 4 ȼɅ. 
ɋɨɨɬɜɟɬɫɬɜɭɟɬ ɫɬɚɧɞɚɪɬɭISO6848-2004. 

ɗɬɨ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɟ ɷɥɟɤɬɪɨɞɵ, ɩɨɫɤɨɥɶɤɭ ɨɧɢ ɩɟɪɜɵɟ 
ɩɨɤɚɡɚɥɢ ɫɭɳɟɫɬɜɟɧɧɵɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɷɥɟɤɬɪɨɞɨɜ ɧɚɞ 
ɱɢɫɬɨ ɜɨɥɶɮɪɚɦɨɜɵɦɢ ɩɪɢ ɫɜɚɪɤɟ ɧɚ ɩɨɫɬɨɹɧɧɨɦ ɬɨɤɟ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɬɨɪɢɣ - 
ɪɚɞɢɨɚɤɬɢɜɧɵɣ ɦɚɬɟɪɢɚɥ ɧɢɡɤɨɝɨ ɭɪɨɜɧɹ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɚɪɵ ɢ ɩɵɥɶ, 
ɨɛɪɚɡɭɸɳɚɹɫɹ ɩɪɢ ɡɚɬɨɱɤɟ ɷɥɟɤɬɪɨɞɚ, ɦɨɝɭɬ ɜɥɢɹɬɶ ɧɚ ɡɞɨɪɨɜɶɟ ɫɜɚɪɳɢɤɚ ɢ 
ɛɟɡɨɩɚɫɧɨɫɬɶ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. 

ɋɪɚɜɧɢɬɟɥɶɧɨ ɧɟ ɛɨɥɶɲɨɟ ɜɵɞɟɥɟɧɢɟ ɬɨɪɢɹ ɩɪɢ ɷɩɢɡɨɞɢɱɟɫɤɨɣ ɫɜɚɪɤɟ, 
ɤɚɤ ɩɨɤɚɡɚɥɚ ɩɪɚɤɬɢɤɚ, ɧɟ ɹɜɥɹɸɬɫɹ ɮɚɤɬɨɪɚɦɢ ɪɢɫɤɚ. ɇɨ, ɟɫɥɢ ɫɜɚɪɤɚ 
ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɨɝɪɚɧɢɱɟɧɧɵɯ ɩɪɨɫɬɪɚɧɫɬɜɚɯ ɪɟɝɭɥɹɪɧɨ ɢ ɜ ɬɟɱɟɧɢɟ 
ɞɥɢɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɢɥɢ ɫɜɚɪɳɢɤ ɜɵɧɭɠɞɟɧ ɜɞɵɯɚɬɶ ɩɵɥɶ, ɨɛɪɚɡɭɸɳɭɸɫɹ 
ɩɪɢ ɡɚɬɨɱɤɟ ɷɥɟɤɬɪɨɞɚ, ɧɟɨɛɯɨɞɢɦɨ ɜ ɰɟɥɹɯ ɛɟɡɨɩɚɫɧɨɫɬɢ ɨɛɨɪɭɞɨɜɚɬɶ ɦɟɫɬɚ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɪɚɛɨɬ ɦɟɫɬɧɨɣ ɜɟɧɬɢɥɹɰɢɟɣ. Ɍɨɪɢɪɨɜɚɧɧɵɟ ɷɥɟɤɬɪɨɞɵ ɯɨɪɨɲɨ 
ɪɚɛɨɬɚɸɬ ɩɪɢ ɫɜɚɪɤɟ ɧɚ ɩɨɫɬɨɹɧɧɨɦ ɬɨɤɟ ɢ ɫ ɭɥɭɱɲɟɧɧɵɦɢ ɢɫɬɨɱɧɢɤɚɦɢ 
ɬɨɤɚ, ɩɪɢ ɷɬɨɦ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɦɨɠɧɨ ɦɟɧɹɬɶ ɭɝɨɥ 
ɡɚɬɨɱɤɢ ɷɥɟɤɬɪɨɞɚ. Ɍɨɪɢɪɨɜɚɧɧɵɟ ɷɥɟɤɬɪɨɞɵ ɯɨɪɨɲɨ ɫɨɯɪɚɧɹɸɬ ɫɜɨɸ ɮɨɪɦɭ 
ɩɪɢ ɛɨɥɶɲɢɯ ɫɜɚɪɨɱɧɵɯ ɬɨɤɚɯ ɞɚɠɟ ɜ ɬɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɱɢɫɬɨ 
ɜɨɥɶɮɪɚɦɨɜɵɣ ɷɥɟɤɬɪɨɞ ɧɚɱɢɧɚɟɬ ɩɥɚɜɢɬɶɫɹ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɧɚ ɤɨɧɰɟ 
ɫɮɟɪɢɱɟɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. 

http://www.gweld.ru/materials/wolframelectrod.html


 

Ⱦɥɹ ɡɚɳɢɬɵ ɫɜɚɪɨɱɧɨɣ ɜɚɧɧɵ ɨɬ ɤɢɫɥɨɪɨɞɚ ɜɨɡɞɭɯɚ ɩɪɢɦɟɧɹɟɦ ɚɪɝɨɧ 
ɩɟɪɜɨɝɨ ɫɨɪɬɚ ɩɨ ȽɈɋɌ 10157–79. ɉɨ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦ ɩɨɤɚɡɚɬɟɥɹɦ 
ɝɚɡɨɨɛɪɚɡɧɵɣ ɢ ɠɢɞɤɢɣ ɚɪɝɨɧ ɞɨɥɠɟɧ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɧɨɪɦɚɦ, ɭɤɚɡɚɧɧɵɦ ɜ 
ɬɚɛɥɢɰɟ β.γ. 

 
Ɍɚɛɥɢɰɚ β.γ – Ɏɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɚɪɝɨɧɚ ɩɨ ȽɈɋɌ 10157–79. 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ 
ɇɨɪɦɚ 
ȼɵɫɲɢɣ 
ɫɨɪɬ 

ɉɟɪɜɵɣ 
ɫɨɪɬ 

Ɉɛɴɟɦɧɚɹ ɞɨɥɹ ɚɪɝɨɧɚ, %, ɧɟ ɦɟɧɟɟ 99,993 99,987 
Ɉɛɴɟɦɧɚɹ ɞɨɥɹ ɤɢɫɥɨɪɨɞɚ, %, ɧɟ ɛɨɥɟɟ 0,0007 0,002 
Ɉɛɴɟɦɧɚɹ ɞɨɥɹ ɚɡɨɬɚ, %, ɧɟ ɛɨɥɟɟ 0,005 0,01 
Ɉɛɴɟɦɧɚɹ ɞɨɥɹ ɜɨɞɹɧɵɯ ɩɚɪɨɜ, %, ɧɟ ɛɨɥɟɟ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɫɵɳɟɧɢɹ ɚɪɝɨɧɚ ɜɨɞɹɧɵɦɢ ɩɚɪɚɦɢ ɩɪɢ ɞɚɜɥɟɧɢɢ 101,γ 
ɤɉɚ (760 ɦɦ ɪɬ.ɋɬ.), °ɋ, ɧɟ ɜɵɲɟ 

0,0009 0,001 

Ɉɛɴɟɦɧɚɹ ɞɨɥɹ ɫɭɦɦɵ ɭɝɥɟɪɨɞɫɨɞɟɪɠɚɳɢɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɩɟɪɟɫɱɟɬɟ 

ɧɚ ɋɈ , %, ɧɟ ɛɨɥɟɟ 
0,0005 0,001 

 
ɉɪɢɦɟɱɚɧɢɹ: 
1. Ɉɛɴɟɦɧɚɹ ɞɨɥɹ ɫɭɦɦɵ ɭɝɥɟɪɨɞɫɨɞɟɪɠɚɳɢɯ ɫɨɟɞɢɧɟɧɢɣ ɧɟ 

ɧɨɪɦɢɪɭɟɬɫɹ ɜ ɝɚɡɨɨɛɪɚɡɧɨɦ ɢ ɠɢɞɤɨɦ ɚɪɝɨɧɟ, ɜɵɪɚɛɚɬɵɜɚɟɦɨɦ ɢɡ ɜɨɡɞɭɯɚ, 
ɟɫɥɢ ɞɥɹ ɨɱɢɫɬɤɢ ɫɵɪɨɝɨ ɚɪɝɨɧɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɷɥɟɤɬɪɨɧɧɵɣ ɜɨɞɨɪɨɞ, ɧɟ 
ɫɨɞɟɪɠɚɳɢɣ ɩɪɢɦɟɫɟɣ ɭɝɥɟɪɨɞɫɨɞɟɪɠɚɳɢɯ ɫɨɟɞɢɧɟɧɢɣ ɢ ɳɟɥɨɱɢ, ɚ ɬɚɤɠɟ 
ɜɨɞɨɪɨɞ ɤɨɤɫɨɜɨɝɨ ɝɚɡɚ ɢ ɫɢɧɬɟɡ-ɝɚɡɚ, ɫɩɟɰɢɚɥɶɧɨ ɞɨɱɢɳɚɟɦɵɣ ɧɚ 
ɚɦɦɢɚɱɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɚɯ. 

β. ɇɨɪɦɵ ɞɥɹ ɠɢɞɤɨɝɨ ɚɪɝɨɧɚ, ɭɤɚɡɚɧɧɵɟ ɜ ɬɚɛɥɢɰɟ, ɫɨɨɬɜɟɬɫɬɜɭɸɬ 
ɩɨɤɚɡɚɬɟɥɹɦ ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɚɪɝɨɧɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɩɪɢ ɩɨɥɧɨɦ ɢɫɩɚɪɟɧɢɢ 
ɩɪɨɛɵ ɠɢɞɤɨɝɨ ɚɪɝɨɧɚ. 

γ. Ⱦɨɩɭɫɤɚɟɬɫɹ ɭɦɟɧɶɲɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɠɢɞɤɨɝɨ ɚɪɝɨɧɚ ɜɫɥɟɞɫɬɜɢɟ ɟɝɨ 
ɢɫɩɚɪɟɧɢɹ ɩɪɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɧɢɢ ɢ ɯɪɚɧɟɧɢɢ ɧɟ ɛɨɥɟɟ ɱɟɦ ɧɚ 10%. 

 
ɗɥɟɤɬɪɨɞɵ ɞɥɹ ɤɨɧɬɚɤɬɧɨɣ ɪɟɥɶɟɮɧɨɣ ɫɜɚɪɤɢ ɢɡɝɨɬɨɜɥɹɸɬ ɢɡ ɩɪɭɬɤɚ 

ɞɢɚɦɟɬɪɨɦ 1β-40 ɦɦ (ȽɈɋɌ 14111—90). Ɋɚɛɨɱɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɷɥɟɤɬɪɨɞɨɜ 
ɦɨɠɟɬ ɛɵɬɶ ɩɥɨɫɤɨɣ ɢɥɢ ɫɮɟɪɢɱɟɫɤɨɣ. Ⱦɥɹ ɫɜɚɪɤɢ ɞɟɬɚɥɟɣ ɫɥɨɠɧɨɣ 
ɤɨɧɫɬɪɭɤɰɢɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɷɥɟɤɬɪɨɞɵ ɫɨ ɫɦɟɳɟɧɧɨɣ ɪɚɛɨɱɟɣ ɩɨɜɟɪɯɧɨɫɬɶɸ 
(ɫɚɩɨɠɤɨɜɵɟ). ɗɥɟɤɬɪɨɞ ɤɪɟɩɢɬɫɹ ɯɜɨɫɬɨɜɢɤɨɦ, ɤɨɬɨɪɵɣ ɢɦɟɟɬ ɤɨɧɭɫɧɨɫɬɶ 
1:10 ɢɥɢ 1:5. ɂɧɨɝɞɚ ɷɥɟɤɬɪɨɞɵ ɢɦɟɸɬ ɰɢɥɢɧɞɪɢɱɟɫɤɢɟ ɩɨɜɟɪɯɧɨɫɬɢ 
ɤɪɟɩɥɟɧɢɹ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɢɯ ɡɚɠɢɦɚɸɬ ɫɩɟɰɢɚɥɶɧɵɦɢ ɡɚɠɢɦɚɦɢ ɢɥɢ ɤɪɟɩɹɬ 
ɤɨɧɭɫɧɵɦɢ ɪɟɡɶɛɨɜɵɦɢ ɫɨɟɞɢɧɟɧɢɹɦɢ. ɗɥɟɤɬɪɨɞɵ ɫɨ ɫɦɟɧɧɨɣ ɪɚɛɨɱɟɣ 
ɱɚɫɬɶɸ ɦɨɠɧɨ ɤɪɟɩɢɬɶ ɧɚ ɤɨɧɭɫɟ, ɧɚɤɢɞɧɨɣ ɝɚɣɤɨɣ, ɩɪɢɩɚɢɜɚɬɶ ɢɥɢ 
ɡɚɩɪɟɫɫɨɜɵɜɚɬɶ. 

Ⱦɥɹ ɪɟɥɶɟɮɧɨɣ ɤɨɧɬɚɤɬɧɨɣ ɫɜɚɪɤɢ ɩɪɢɦɟɧɹɸɬ ɷɥɟɤɬɪɨɞɵ, ɤɨɧɫɬɪɭɤɰɢɹ 
ɤɨɬɨɪɵɯ ɡɚɜɢɫɢɬ ɨɬ ɬɢɩɚ ɫɨɟɞɢɧɟɧɢɣ ɢ ɮɨɪɦɵ ɢɡɞɟɥɢɹ. Ɋɚɡɦɟɪ ɢɯ ɪɚɛɨɱɟɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɵɱɧɨ ɧɟ ɢɦɟɟɬ ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɞɥɹ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɬɨɤɚ, ɬɚɤ ɤɚɤ ɮɨɪɦɚ ɢ ɩɥɨɳɚɞɶ ɤɨɧɬɚɤɬɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɮɨɪɦɨɣ ɫɜɚɪɢɜɚɟɦɵɯ 
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ɩɨɜɟɪɯɧɨɫɬɟɣ ɜ ɦɟɫɬɟ ɫɨɩɪɢɤɨɫɧɨɜɟɧɢɹ. Ɋɚɡɥɢɱɚɸɬ ɷɥɟɤɬɪɨɞɵ ɞɥɹ ɨɞɧɨ- ɢ 
ɦɧɨɝɨɪɟɥɶɟɮɧɨɣ ɫɜɚɪɤɢ, ɞɥɹ ɫɜɚɪɤɢ ɤɨɥɶɰɟɜɵɯ ɪɟɥɶɟɮɨɜ ɢ Ɍ-ɨɛɪɚɡɧɵɯ 
ɫɨɟɞɢɧɟɧɢɣ. ДβγЖ 

ȼ ɤɚɱɟɫɬɜɟ ɦɚɬɟɪɢɚɥɚ ɷɥɟɤɬɪɨɞɨɜ ɞɨɩɭɫɤɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɥɸɛɨɝɨ ɢɡ 
ɦɚɬɟɪɢɚɥɨɜ, ɭɤɚɡɚɧɧɵɯ ɜ ɬɚɛɥɢɰɟ β.4: 
 
Ɍɚɛɥɢɰɚ β.4. - ɋɨɫɬɚɜ ɢ ɫɜɨɣɫɬɜɚ ɷɥɟɤɬɪɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ[22]. 

Ɇɚɬɟɪɢɚɥ Ʌɟɝɢɪɭɸɳɢɟ 
ɷɥɟɦɟɧɬɵ, % 

ɗɥ-ɫɬɶ ɩɨ 
ɨɬɧɨɲɟɧɢɸ ɤ 

ɱɢɫɬɨɣ 
ɨɬɨɠɠɟɧɧɨɣ 

ɦɟɞɢ, % 

Ɍɜɟɪɞɨɫɬɶ ɩɨ 
Ȼɪɟɧɟɥɥɸ 

(ɩɨɫɥɟ 
ɨɛɪɚɛɨɬɤɢ) 

Ɍɟɦɩɟɪɚɬɭɪɚ 
ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, 

°ɋ 

Ɇɟɞɶ 
ɯɨɥɨɞɧɨɬɹɧɭɬɚɹ 
Ɇ1 

- 98 80 200 

ɋɩɥɚɜ ɦɟɞɢ ɫ 
ɫɟɪɟɛɪɨɦ Ɇɋ1 

0.07-0.12 97-99 90-100 350 

ɋɩɥɚɜ ɦɟɞɢ ɫ 
ɦɚɝɧɢɟɦ ɢ ɛɨɪɨɦ 

Ɇɟɧɟɟ 0.γ 92 110 330-380 

Ȼɪɨɧɡɚ 
ɰɢɪɤɨɧɢɟɜɚɹ 
Ȼɪɐɪ 

Ɇɟɧɟɟ 0.γ7 90-95 130-150 480 

ɋɩɥɚɜ Ɇɰ4 0.4-0.8 75-78 110-120 400 
Ȼɪɨɧɡɚ ɯɪɨɦɨɜɚɹ 
Ȼɪɯ 

0.4-1.0 80-85 140-180 370-420 

 



 

2.5. ȼɵɛɨɪ ɪɟɠɢɦɨɜ ɫɜɚɪɤɢ 

 
ȼɵɛɨɪ ɪɟɠɢɦɨɜ ɚɪɝɨɧɨɞɭɝɨɜɨɣ ɫɜɚɪɤɢ 
 
ɉɪɢ ɫɜɚɪɤɟ ɦɟɞɢ ɜ ɪɚɡɥɢɱɧɵɯ ɝɚɡɨɜɵɯ ɫɪɟɞɚɯ ɧɟɨɛɯɨɞɢɦɨ 

ɩɨɞɞɟɪɠɢɜɚɬɶ ɪɚɡɧɵɟ ɩɨ ɞɥɢɧɟ ɞɭɝɢ. Ⱦɥɹ ɚɪɝɨɧɚ ɢ ɝɟɥɢɹ ɞɥɢɧɚ ɞɭɝɢ ɞɨɥɠɧɚ 
ɛɵɬɶ ɤɚɤ ɦɨɠɧɨ ɦɟɧɶɲɟ (ɨɤɨɥɨ γ ɦɦ).  Ɂɧɚɱɢɬɟɥɶɧɨ ɞɥɢɧɧɟɟ ɞɭɝɚ ɜ ɚɡɨɬɟ 
(ɨɤɨɥɨ 1β ɦɦ). Ɇɨɳɧɨɫɬɶ ɞɭɝɢ ɢ ɬɟɩɥɨɜɵɞɟɥɟɧɢɟ ɧɚɢɛɨɥɟɟ ɜɵɫɨɤɢ ɜ ɚɡɨɬɟ (ɜ 
3-4 ɪɚɡɚ ɜɵɲɟ, ɱɟɦ ɜ ɚɪɝɨɧɟ), ɜ ɝɟɥɢɢ ɷɬɢ ɩɨɤɚɡɚɬɟɥɢ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɜ β ɪɚɡɚ 
ɜɵɲɟ, ɱɟɦ ɜ ɚɪɝɨɧɟ. 
 
Ɍɚɛɥɢɰɚ β.5. - Ɂɚɜɢɫɢɦɨɫɬɶ ɞɢɚɦɟɬɪɚ ɷɥɟɤɬɪɨɞɚ ɢ ɩɪɢɫɚɞɨɱɧɨɣ ɩɪɨɜɨɥɨɤɢ ɨɬ 
ɬɨɥɳɢɧɵ ɫɜɚɪɢɜɚɟɦɨɝɨ ɦɟɬɚɥɥɚ 
Ɍɨɥɳɢɧɚ ɫɜɚɪɢɜɚɟɦɨɝɨ 
ɦɟɬɚɥɥɚ, ɦɦ 

Ⱦɢɚɦɟɬɪ ɜɨɥɶɮɪɚɦɨɜɨɝɨ 
ɷɥɟɤɬɪɨɞɚ, ɦɦ 

Ⱦɢɚɦɟɬɪ ɩɪɢɫɚɞɨɱɧɨɣ 
ɩɪɨɜɨɥɨɤɢ, ɦɦ 

1-1.5 1.6-2.0 2 

2-3 3-4 3 

4-6 4-5 4 

7-10 4-5 5 

11-16 5-6 5-6 

≥16 6 6 

 
Ɍɚɛɥɢɰɚ β.6. -Ɋɟɠɢɦɵ ɫɜɚɪɤɢ ɌɂȽ ɦɟɞɢ ɬɨɥɳɢɧɨɣ ɞɨ γ ɦɦ ɜ ɫɪɟɞɟ ɚɪɝɨɧɚ ɢ 
ɚɡɨɬɚ 
Ɍɨɥɳɢɧɚ 
ɫɜɚɪɢɜɚɟɦɨɝɨ 
ɦɟɬɚɥɥɚ, ɦɦ 

Ⱦɢɚɦɟɬɪ ɷɥɟɤɬɪɨɞɚ, 
ɦɦ 

Ⱦɢɚɦɟɬɪ 
ɩɪɢɫɚɞɨɱɧɨɣ 
ɩɪɨɜɨɥɨɤɢ, ɦɦ 

Ɍɨɤ ɞɭɝɢ, Ⱥ 

Ⱥɪɝɨɧ (ɡɚɳɢɬɧɵɣ ɝɚɡ ȾɋɌɍ ISO 14175:2004-T1) 

1.2-1.5 2.0-3.0 1.6-2.0 120-150 

1.5-2.5 2.0-4.0 2.5-3.0 150-230 

2.5-3.0 3.0-4.0 2.5-3.0 230-250 

Ⱥɡɨɬ (ɡɚɳɢɬɧɵɣ ɝɚɡ ȾɋɌɍ ISO 14175:2004 F1) 

1.2-1.5 2.0-3.0 1.6-2.0 110-130 

2.5-3.0 3.0-4.0 2.5-3.0 200-230 

ɉɪɢɦɢɱɚɧɢɟ: Ɋɚɫɯɨɞ ɚɪɝɨɧɚ 8-11, ɪɚɫɯɨɞ ɚɡɨɬɚ 10-15 ̌ ˏଷ ∙ ˏˋː 

 
  



 

Ɍɚɛɥɢɰɚ β.7. - Ɋɟɠɢɦɵ ɪɭɱɧɨɣ ɚɪɝɨɧɨ-ɞɭɝɨɜɨɣ ɫɜɚɪɤɢ ɬɢɬɚɧɚ ɢ ɟɝɨ ɫɩɥɚɜɨɜ. 

Ɍɨɥɳɢɧɚ 
ɫɜɚɪɢɜɚɟɦɵɯ 
ɤɪɨɦɨɤ, ɦɦ 

ɋɢɥɚ 
ɬɨɤɚ, ɚ 

Ⱦɢɚɦɟɬɪ 
ɩɪɢɫɚɞɨɱɧɨɝɨ 
ɦɚɬɟɪɢɚɥɚ 
(ɩɪɨɜɨɥɨɤɚ),ɦɦ 

Ⱦɢɚɦɟɬɪ 
ɦɭɧɞɲɬɭɤɚ, ɦɦ 

Ɋɚɫɯɨɞ ɚɪɝɨɧɚ 
ɱɟɪɟɡ ɝɨɪɟɥɤɭ, 
ɥ/ɦɢɧ 

0,5 15-30 1,0 8-10 8-12 

1,0 50—60 1,5 8—10 8—12 

2,0 80—100 2,0 10-12 10—14 

3,0 
120—
140 

3,0 10-12 10—14 

4,0 
120—
150 

3,0 12-16 12-16 

5,0 
130—
160 

3,0 12-16 12—16 

7,0 
140—
180 

3—4 12—16 12-16 

ɉɪɢɦɟɱɚɧɢɹ.    
1. ɇɚɩɪɹɠɟɧɢɢ ɧɚ ɞɭɝɟ 1β—16 ȼ. 
2. ɋɤɨɪɨɫɬɶ ɧɚɥɨɠɟɧɢɹ ɩɪɨɯɨɞɚ β0—25 ɫɦ/ɦɢɧ. 

 
ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɩɭɬɟɦ ɭɫɬɚɧɨɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɪɟɠɢɦɵ ɫɜɚɪɤɢ:  
Ⱦɥɹ ɫɨɟɞɢɧɟɧɢɣ ɬɢɬɚɧ-ɬɢɬɚɧ, ɬɢɬɚɧ-ɦɟɞɶ ɫɢɥɚ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ ܫɫɜ =ͺͲ − ͳͲͲȺ, ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɞɭɝɟ �ɞ = ͳʹ − ͳ͸ʑ, Ɋɚɫɯɨɞ ɚɪɝɨɧɚ 10-14 ɥ/ɦɢɧ. 
Ⱦɥɹ ɫɨɟɞɢɧɟɧɢɣ ɦɟɞɶ-ɦɟɞɶ ɫɢɥɚ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ ܫɫɜ = ͳͳͲ − ͳͶͲȺ, 

ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɞɭɝɟ ɫܷɜ = ͳͲ − ͳʹȼ, ɪɚɫɯɨɞ ɚɪɝɨɧɚ 5-6 ɥ/ɦɢɧ. Ⱦɢɚɦɟɬɪ 
ɜɨɥɶɮɪɚɦɨɜɨɝɨ ɷɥɟɤɬɪɨɞɚ γ ɦɦ.  

 
ȼɵɛɨɪ ɪɟɠɢɦɨɜ ɪɟɥɶɟɮɧɨɣ ɤɨɧɬɚɤɬɧɨɣ ɫɜɚɪɤɢ 
Ɉɩɬɢɦɚɥɶɧɵɦɢ ɫɱɢɬɚɸɬɫɹ ɬɚɤɢɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɪɟɠɢɦɚ, ɤɨɬɨɪɵɟ 

ɩɨɡɜɨɥɹɸɬ ɞɨɫɬɚɬɨɱɧɨ ɩɨɥɧɨ ɭɞɨɜɥɟɬɜɨɪɢɬɶ ɜɫɟ ɬɪɟɛɨɜɚɧɢɹ, ɩɪɟɞɴɹɜɥɹɟɦɵɟ 
ɤ ɤɚɱɟɫɬɜɭ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɢ ɩɪɨɰɟɫɫɭ ɟɝɨ ɨɫɭɳɟɫɬɜɥɟɧɢɹ. 

Ⱦɥɹ ɤɚɠɞɨɝɨ ɤɨɧɤɪɟɬɧɨɝɨ ɢɡɞɟɥɢɹ ɤɚɱɟɫɬɜɨ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ 
ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɫɥɟɞɭɸɳɢɟ ɩɨɤɚɡɚɬɟɥɢ: 

- ɫɨɨɬɜɟɬɫɬɜɢɟ ɪɚɡɦɟɪɨɜ ɥɢɬɨɝɨ ɹɞɪɚ, ɟɝɨ  ɪɚɫɩɨɥɨɠɟɧɢɹ  ɨɬɧɨɫɢɬɟɥɶɧɨ  
ɩɥɨɫɤɨɫɬɢ ɫɨɩɪɹɠɟɧɢɹ ɞɟɬɚɥɟɣ ɢ ɝɥɭɛɢɧɵ ɜɦɹɬɢɧɵ ɬɪɟɛɨɜɚɧɢɹɦ ȽɈɋɌ 
15878-79 ɢɥɢ ɫɩɟɰɢɚɥɶɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ ɨɬɪɚɫɥɟɜɵɯ ɫɬɚɧɞɚɪɬɨɜ; 

- ɩɪɨɱɧɨɫɬɶ, ɩɥɚɫɬɢɱɧɨɫɬɶ, ɜɹɡɤɨɫɬɶ ɢ ɚɧɬɢɤɨɪɪɨɡɢɨɧɧɚɹ ɫɬɨɣɤɨɫɬɶ 
ɦɟɬɚɥɥɚ ɲɜɚ (ɥɢɬɨɝɨ ɹɞɪɚ) ɢ ɨɤɨɥɨɲɨɜɧɨɣ ɡɨɧɵ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɬɟɯ ɜɢɞɨɜ 
ɢ ɭɫɥɨɜɢɣ ɧɚɝɪɭɠɟɧɢɹ, ɤɨɬɨɪɵɟ ɢɫɩɵɬɵɜɚɟɬ ɫɨɟɞɢɧɟɧɢɟ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ; 

- ɨɬɫɭɬɫɬɜɢɟ ɪɵɯɥɨɬ, ɪɚɤɨɜɢɧ ɢ ɩɨɪ, ɝɨɪɹɱɢɯ ɢ ɯɨɥɨɞɧɵɯ ɬɪɟɳɢɧ, 
ɜɧɭɬɪɟɧɧɢɯ ɜɵɩɥɟɫɤɨɜ ɢ ɩɟɪɟɧɨɫɚ ɱɚɫɬɢ ɷɥɟɤɬɪɨɞɧɨɝɨ ɦɟɬɚɥɥɚ ɧɚ 



 

ɩɨɜɟɪɯɧɨɫɬɶ ɫɨɟɞɢɧɟɧɢɹ. 
Ɉɫɧɨɜɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɪɟɠɢɦɚ ɬɨɱɟɱɧɨɣ ɫɜɚɪɤɢ ɹɜɥɹɸɬɫɹ ɫɢɥɚ ɫɜɚ-

ɪɨɱɧɨɝɨ ɬɨɤɚ Iɫɜ, ɜɪɟɦɹ ɟɝɨ ɞɟɣɫɬɜɢɹ tɫɜ, ɫɢɥɚ ɫɠɚɬɢɹ ɞɟɬɚɥɟɣ FCB. Ʉɪɨɦɟ 
ɩɚɪɚɦɟɬɪɨɜ ɪɟɠɢɦɚ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɩɨɤɚɡɚɬɟɥɢ ɤɚɱɟɫɬɜɚ 
ɫɨɟɞɢɧɟɧɢɣ ɨɤɚɡɵɜɚɸɬ ɮɨɪɦɚ ɢ ɪɚɡɦɟɪɵ ɪɚɛɨɱɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɷɥɟɤɬɪɨɞɚ ɢ 
ɟɝɨ ɦɚɬɟɪɢɚɥ. Ȼɥɚɝɨɞɚɪɹ ɷɥɟɤɬɪɨɞɚɦ ɩɪɢ ɫɜɚɪɤɟ ɩɪɨɢɫɯɨɞɹɬ ɫɠɚɬɢɟ ɞɟɬɚɥɟɣ, 
ɩɨɞɜɨɞ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ ɢ ɨɬɜɨɞ ɬɟɩɥɨɬɵ, ɜɵɞɟɥɹɸɳɟɣɫɹ ɜ ɡɨɧɟ ɫɜɚɪɤɢ. 

Ɋɚɫɱɟɬ ɪɟɠɢɦɨɜ ɞɥɹ ɬɨɱɟɱɧɨɣ ɤɨɧɬɚɤɬɧɨɣ ɫɜɚɪɤɢ: 
1 ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɢɚɦɟɬɪ ɩɥɨɫɤɨɣ ɤɨɧɬɚɤɬɧɨɣ 

ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɜɟɧ: 
 ݀ˍэ = ͵ˏˏ 
 
β ɍɫɢɥɢɟ ɷɥɟɤɬɪɨɞɚ ɜɵɛɢɪɚɟɬɫɹ ɢɥɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɭɫɥɨɜɢɣ 

ɩɪɨɱɧɨɫɬɢ ɫɜɚɪɢɜɚɟɦɵɯ ɦɟɬɚɥɥɨɜ ɜ ɦɨɦɟɧɬ ɢɯ ɫɜɚɪɤɢ: 
ˎэܨ  = ఋ˅+ఋ˕ଶ ܵ௞,         (2.1) 

 
ɝɞɟ  ߜ ˋ ˅ߜ˕ – ɩɪɟɞɟɥɵ ɩɪɨɱɧɨɫɬɢ ɢ ɬɟɤɭɱɟɫɬɢ ɫɜɚɪɢɜɚɟɦɵɣ ɦɟɬɚɥɥɨɜ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 0,5 Tɩɥ ɞɚɧɧɨɝɨ ɫɜɚɪɢɜɚɟɦɨɝɨ ɦɟɬɚɥɥɚ, Ɇɉɚ; ܵ௞ − ɩɥɨɳɚɞɶ ɤɨɧɬɚɤɬɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɷɥɟɤɬɪɨɞɚ, ɦɦ2. 

 ܵ௞ = ଶܴߨ = ͵,ͳͶ ∗ ͳ.ͷଶ = ͹.Ͳ͸ ˏˏଶ 
 

Ɍɚɛɥɢɰɚ β.8 – ɉɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɢ ɩɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ ɞɥɹ ȼɌ1-0 
Ɇɚɬɟɪɢɚɥ ɉɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ, 

ɇ/ɦɦ2. 
ɉɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ, 

ɇ/ɦɦ2. 
ȼɌ1-0 400-450 300-420 
 
ɂɫɯɨɞɹ ɢɡ ɬɚɛɥɢɱɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɬɢɬɚɧɚ ȼɌ1-0 ɬɨɥɳɢɧɨɣ γ ɦɦ 

ɩɪɢɧɢɦɚɟɦ: 
ˎэܨ  = ఋ˅+ఋ˕ଶ ∙ ܵ௞ = ସଶହ+ଷହ଴ଶ  ∙7.06 = β7γ5 ɇ 

 
γ. ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɫɜɚɪɤɢ. 
Ʉɪɢɬɢɱɟɫɤɢɣ ɞɢɚɦɟɬɪ ɥɢɬɨɝɨ ɹɞɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 ݀яˇ.ˍ˓. ≤ ݀ˍ +  (2.2)         , ߜ
 
tɫɜ= (0,1-0,2) 0,1 = ߜβ·γ=0,γ ɫ 

  



 

4. ɋɜɚɪɨɱɧɵɣ ɬɨɤ. 
Ɍɟɩɥɨɬɚ, ɜɵɞɟɥɹɸɳɚɹɫɹ ɜ ɡɨɧɟ ɫɜɚɪɤɢ ɩɪɢ ɩɪɨɬɟɤɚɧɢɢ ɬɨɤɚ, 

ɪɚɫɯɨɞɭɟɬɫɹ ɧɚ ɩɥɚɜɥɟɧɢɟ ɦɟɬɚɥɥɚ ɜ ɨɛɴɟɦɟ ɹɞɪɚ Q1 ɢ ɩɨɬɟɪɢ ɬɟɩɥɨɬɵ ɡɚ ɫɱɟɬ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɨɤɪɭɠɚɸɳɢɣ ɦɟɬɚɥɥ Q2 ɢ ɷɥɟɤɬɪɨɞɵ Q3.  

Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɜɵɞɟɥɹɟɦɨɟ ɩɪɢ ɫɜɚɪɤɟ ܳ˔˅ = ܳଵ + ܳଶ+ ܳଷ. 
Ɂɧɚɹ ɜɪɟɦɹ ɢ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɡɨɧɵ ɫɜɚɪɤɢ, ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɜɟɥɢɱɢɧɭ 

ɬɨɤɚ: ̝ܫ ˅ = √ ொ˔˅଴,ଶସ�యோˇ.ˍˑː௧˔˅ ,        (2.3) 

 
ɝɞɟ  ܴ ˇ.ˍˑː - ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɡɨɧɵ ɫɜɚɪɤɢ ɜ ɤɨɧɰɟ ɧɚɝɪɟɜɚ 
ɬɨɱɤɢ; �ଷ - ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɢɡɦɟɧɟɧɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɨ ɜɪɟɦɹ 
ɫɜɚɪɤɢ. 

 ܴˇ.ˍˑː = ʏˇ௞˒௧˔˅గௗˍ.ˍˑːమ ସ⁄ ሺߩଵ + ଶሻߩ = ଴,ଽ଴∙଴,଼ହ∙଴,ଶଷ,ଵସ∙బ,ఱఱమర ሺ͹ͷ + ͻͳሻ = ͳͲ͹ ˏˍʝˏ, 

 ܳଵ = ቀగௗэమସ ቁ ˒ܶߛܿݏʹ ˎ,        (2.4) 

 
ɝɞɟ  ݏ - ɬɨɥɳɢɧɚ ɨɞɧɨɣ ɞɟɬɚɥɢ; ܿ ˋ ߛ – ɬɟɩɥɨɟɦɤɨɫɬɶ ɢ ɩɥɨɬɧɨɫɬɶ ɦɟɬɚɥɥɚ; ܶ˒ ˎ - ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ ɦɟɬɚɥɥɚ (ȼɌ1-0). 

ȼɌ1-0: 
ɫ ɞɥɹ ȼɌ1-0 0,54 Ʉɞɠ ; ߛ ɞɥɹ ȼɌ1-0 4505 ɤɝ/ɦ3; 
ɚ ɞɥɹ ȼɌ1-0 9∙ ͳͲ−଺ ˏଶ/˔ . 
Ɇɟɞɶ: 
ɫ ɞɥɹ ɦɟɞɢ 0,γ8 Ʉɞɠ ; ߛ ɞɥɹ ɦɟɞɢ 8900 ɤɝ/ɦ3; 
ɚ ɞɥɹ ɦɟɞɢ 8∙ ͳͲ−ହ ˏଶ/˔ . 
Ɍɟɦɩɟɪɚɬɭɪɚ ɥɢɤɜɢɞɭɫɚ ȼɌ1-0 1668 ɨɋ 
 ܳଵ = ቀଷ,ଵସ∙ଵ.ହమ∙ଵ଴−లସ ቁ ʹ ∙ ͳ ∙ ͳͲ−ଷ ∙ Ͳ,ͷͶ ∙ ͶͷͲͷ ∙ ͳ͸͸ͺ = Ͳ,ͲͳͶ ˍʓˉ, 

 ܳଶ = ݇ଵߨ�ଶሺ݀э + �ଶሻ ଶ௦௖ఊ்˒ ˎସ ,       (2.5) 

 
ɝɞɟ  ݇ଵ – ɤɨɷɮɮɢɰɢɟɧɬ ɛɥɢɡɤɢɣ ɤ 0,8, ɭɱɢɬɵɜɚɟɬ, ɱɬɨ ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ 
ɤɨɥɶɰɚ ɧɟɫɤɨɥɶɤɨ ɧɢɠɟ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ 

்˒ ˎସ ; �ଶ - ɞɥɹ ɧɢɡɤɨɭɝɥɟɪɨɞɢɫɬɵɯ ɫɬɚɥɟɣ �ଶ = Ͷ√˃ ∙  .˅˔ݐ
 



 �ଶ = Ͷ√ ͻ ∙ ͳͲ−଺ ∙Ͳ,ͳ = Ͳ,ͷ͵͸ ∙ ͳͲଷ ˏ, 
 ܳଶ = Ͳ,ͺ ∙ ͵,ͳͶ ∙ ͷ,͵͸ ∙ ሺ͵ ∙ ͳͲ−ଷ + ͷ,͵͸ ∙ ͳͲ−ଷሻ ଶ∙ଵ∙ଵ଴−య∙଴,଺଻∙ସହ଴ହ∙ଵ଺଺଼ସ =Ͳ,ʹͳ ˍʓˉ, 
 ܳଷ = ʹ݇ଶ ቀగௗэమସ ቁ ௫య௖эఊэ்˒ ˎ଼ ,        (2.6) 

 
ɝɞɟ  ݇ଶ = ͳ,ͷ, �ଷ = Ͷ√ܽэݐ˔˅. 

 �ଷ = Ͷ√ ͺ ∙ ͳͲ−ହ ∙ Ͳ,ʹ = ͳ,͸ ∙ ͳͲ−ଷ, 
 ܳଷ = ʹ ∙ ͳ,ͷ ∙ ቆ͵,ͳͶ ∙ ͷ,ͷଶ ∙ ͳͲ−଺Ͷ ቇ ͳ͸ ∙ ͳͲ−ଷ ∙ Ͳ,͵ͺ ∙ ͺͻͲͲ ∙ ͳ͸͸ͺͺ == Ͳ,͹ʹ ˍʓˉ 
 
Ɉɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ:  
 ܳ˔˅ = ܳଵ + ܳଶ + ܳଷ = Ͳ,ͲͳͶ + Ͳ,ʹͳ + Ͳ,͹ʹ = Ͳ.ͻͶ ˍʓˉ 
 
ɋɜɚɪɨɱɧɵɣ ɬɨɤ: 
ܫ̝  ˅ = √ ܳ˔˅Ͳ,ʹͶ�ଷܴˇ.ˍˑːݐ˔˅ = √ ͻͶͲͲ,ʹͶ ∙ ͳ ∙ ͳͲ͹ ∙ ͳͲ−଺ ∙ Ͳ,͵ = ͳͳ ˍʏ 

 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɹɜɥɹɸɬɫɹ ɨɪɢɟɧɬɢɪɨɜɨɱɧɵɦɢ ɢ ɩɨɞɥɟɠɚɬ 

ɨɛɹɡɚɬɟɥɶɧɨɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɨɬɪɚɛɨɬɤɟ. Ʉɪɨɦɟ ɬɨɝɨ, ɪɟɤɨɦɟɧɞɭɟɬɫɹ 
ɩɨɥɶɡɨɜɚɬɶɫɹ ɫɩɪɚɜɨɱɧɵɦɢ ɬɚɛɥɢɰɚɦɢ ɪɟɠɢɦɨɜ, ɧɚɩɪɢɦɟɪ, ɢɡ [22]. 
 

2.6. ȼɵɛɨɪ ɫɜɚɪɨɱɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 

 
Ⱦɥɹ ɜɵɩɨɥɧɟɧɢɹ ɫɜɚɪɨɱɧɵɯ ɪɚɛɨɬ ɜɵɛɢɪɚɟɦ ɫɜɚɪɨɱɧɵɣ ɚɩɩɚɪɚɬ TIG 

250PAC/AD (R62). 
ɋɜɚɪɨɱɧɵɣ ɢɧɜɟɪɬɨɪ ɋɜɚɪɨɝ TIG 250P AC/DC (R62) - ɢɧɜɟɪɬɨɪɧɵɣ 

ɫɜɚɪɨɱɧɵɣ ɚɩɩɚɪɚɬ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɝɨ ɭɪɨɜɧɹ ɞɥɹ ɚɪɝɨɧɨɞɭɝɨɜɨɣ ɫɜɚɪɤɢ 
(TIG DC), (TIG AC), (TIG AC/DC PULSE)  ɢ ɪɭɱɧɨɣ ɞɭɝɨɜɨɣ ɫɜɚɪɤɢ 
ɩɨɤɪɵɬɵɦ ɷɥɟɤɬɪɨɞɨɦ (ɆɆȺ), ɨɛɨɪɭɞɨɜɚɧɧɵɣ ɰɢɮɪɨɜɵɦ ɢɧɞɢɤɚɬɨɪɨɦ 
ɩɚɪɚɦɟɬɪɨɜ ɫɜɚɪɤɢ ɢ ɛɨɥɶɲɢɦ ɧɚɛɨɪɨɦ ɪɭɱɧɵɯ ɪɟɝɭɥɢɪɨɜɨɤ. ȼɨɡɦɨɠɧɨɫɬɶ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɚɩɩɚɪɚɬɚ ɞɥɹ ɞɜɭɯ ɜɢɞɨɜ ɪɚɛɨɬ ɜɟɫɶɦɚ ɪɚɫɲɢɪɹɟɬ ɨɛɥɚɫɬɶ 
ɩɪɢɦɟɧɟɧɢɹ ɚɩɩɚɪɚɬɚ. ɇɚɥɢɱɢɟ ɜɵɫɨɤɨɱɚɫɬɨɬɧɨɝɨ ɩɨɞɠɢɝɚ ɞɭɝɢ ɧɚ TIG 
ɫɜɚɪɤɟ ɩɨɡɜɨɥɹɟɬ ɚɤɤɭɪɚɬɧɨ ɢ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨ ɫɜɚɪɢɜɚɬɶ ɤɚɤ ɬɢɬɚɧ ɢ 



 

ɧɟɪɠɚɜɟɸɳɭɸ ɫɬɚɥɶ, ɬɚɤ ɢ ɚɥɸɦɢɧɢɟɜɵɟ ɫɩɥɚɜɵ, ɚ ɮɭɧɤɰɢɹ ɢɦɩɭɥɶɫɧɨɣ 
ɫɜɚɪɤɢ ɩɨɡɜɨɥɹɟɬ ɫɜɚɪɢɜɚɬɶ ɬɨɧɤɢɟ ɦɚɬɟɪɢɚɥɵ. ɇɚɥɢɱɢɟ ɪɚɫɲɢɪɟɧɧɵɯ 
ɜɨɡɦɨɠɧɨɫɬɟɣ ɩɨ ɪɟɝɭɥɢɪɨɜɤɟ ɫɜɚɪɨɱɧɨɝɨ ɰɢɤɥɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɨɟ 
ɤɚɱɟɫɬɜɨ ɫɨɟɞɢɧɟɧɢɣ ɢ ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɛɨɬɵ ɫ ɦɚɬɟɪɢɚɥɚɦɢ ɫ ɨɫɨɛɵɦɢ 
ɫɜɨɣɫɬɜɚɦɢ. 

Ⱥɩɩɚɪɚɬ ɩɨɫɬɪɨɟɧ ɧɚ ɛɚɡɟ MOSFET ɬɪɚɧɡɢɫɬɨɪɨɜ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ ɩɨ 
ɫɨɜɪɟɦɟɧɧɨɣ ɢɧɜɟɪɬɨɪɧɨɣ ɫɯɟɦɟ. Ⱦɚɧɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ 
ɦɚɤɫɢɦɚɥɶɧɭɸ ɦɨɳɧɨɫɬɶ ɢ ɞɥɢɬɟɥɶɧɨɟ ɜɤɥɸɱɟɧɢɟ ɚɩɩɚɪɚɬɚ ɩɪɢ ɟɝɨ 
ɦɢɧɢɦɚɥɶɧɵɯ ɪɚɡɦɟɪɚɯ ɢ ɦɚɫɫɟ. 

Ⱥɩɩɚɪɚɬ ɢɦɟɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɮɭɧɤɰɢɢ, ɬɚɤɢɟ ɤɚɤ ɝɨɪɹɱɢɣ ɫɬɚɪɬ, 
ɪɟɝɭɥɢɪɭɟɦɵɣ ɫɩɚɞ ɬɨɤɚ, βɌ ɢ 4Ɍ ɪɟɠɢɦ, ɞɢɫɬɚɧɰɢɨɧɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɢ 
ɞɪɭɝɢɟ, ɩɨɡɜɨɥɹɸɳɢɟ ɛɨɥɟɟ ɤɨɦɮɨɪɬɧɨ, ɤɚɱɟɫɬɜɟɧɧɨ ɢ ɛɟɡɨɩɚɫɧɨ ɪɚɛɨɬɚɬɶ ɧɚ 
ɧɟɦ. 

Ɉɫɨɛɟɧɧɨɫɬɢ: 
 Ⱥɪɝɨɧɨɞɭɝɨɜɚɹ ɫɜɚɪɤɚ (TIG DC), (TIGAC), (TIG AC/DC PULSE). 
 Ɋɭɱɧɚɹ ɞɭɝɨɜɚɹ ɫɜɚɪɤɚ ɩɨɤɪɵɬɵɦ ɷɥɟɤɬɪɨɞɨɦ (ɆɆȺ). 
 ɋɜɚɪɨɱɧɵɣ ɬɨɤ ɪɟɝɭɥɢɪɭɟɬɫɹ ɩɟɞɚɥɶɸ ɭɩɪɚɜɥɟɧɢɹ, ɱɬɨ 

ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɪɨɫɬɨɬɭ ɫɜɚɪɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ. 
 ɋɬɚɛɢɥɶɧɚɹ ɞɭɝɚ, ɤɚɱɟɫɬɜɟɧɧɵɣ ɫɜɚɪɧɨɣ ɲɨɜ, ɥɟɝɤɨɫɬɶ ɩɪɢ 

ɷɤɫɩɥɭɚɬɚɰɢɢ. 
 Ⱥɜɬɨɡɚɳɢɬɚ ɨɬ ɩɟɪɟɩɚɞɨɜ ɧɚɩɪɹɠɟɧɢɹ ɢ ɬɨɤɚ. 
 ɐɢɮɪɨɜɨɣ ɞɢɫɩɥɟɣ, ɮɭɧɤɰɢɹ βɌ/4Ɍ. 
 ȼɵɫɨɤɚɹ ɧɚɞɟɠɧɨɫɬɶ ɜ ɪɚɛɨɬɟ, ɭɞɨɛɫɬɜɨ ɜ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ 

ɫɟɪɜɢɫɧɨɦ ɨɛɫɥɭɠɢɜɚɧɢɢ. 

 
Ɋɢɫɭɧɨɤ 2.4. -TIG 250ɊAC/DC 

 
  



 

Ɍɚɛɥɢɰɚ β.9-Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ TIG 250P 
ɇɚɩɪɹɠɟɧɢɟ ɩɢɬɚɸɳɟɣ ɫɟɬɢ, ȼ γ80±15% 
ɉɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ, ɤȼɚ 6.3 
Ⱦɢɚɩɚɡɨɧ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ, Ⱥ 10-250 
Чɚɫɬɨɬɚ ɩɢɬɚɸɳɟɣ ɫɟɬɢ, Ƚɰ 50/60 
Ɋɚɛɨɱɟɟ ɧɚɩɪɹɠɟɧɢɟ ɞɭɝɢ, ȼ 20 
ɇɚɩɪɹɠɟɧɢɟ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ, ȼ 42 
ɉȼ, % 60 
ɋɩɨɫɨɛ ɜɨɡɛɭɠɞɟɧɢɹ ɞɭɝɢ ȼɵɫɨɤɨɱɚɫɬɨɬɧɵɣ 
Чɚɫɬɨɬɚ ɩɨɜɬɨɪɟɧɢɹ ɢɦɩɭɥɶɫɚ, Ƚɰ 0.5-300 
ɄɉȾ, % 85 
Ʉɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ 0.93 
ɉɪɟɞɜɚɪɢɬɟɥɶɧɚɹ ɩɪɨɞɭɜɤɚ ɝɚɡɨɜ, ɫɟɤ 0-2 
ȼɪɟɦɹ ɫɩɚɞɚ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ, ɫɟɤ 0-10 
Ƚɚɡ ɩɨɫɥɟ ɫɜɚɪɤɢ, ɫɟɤ 0-10 
Ɇɚɤɫɢɦɚɥɶɧɚɹ ɫɜɚɪɢɜɚɟɦɚɹ ɬɨɥɳɢɧɚ, ɦɦ 12 
ȼɟɫ, ɤɝ 33.5 
Ƚɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ, ɦɦ 540ɯγ65ɯγ55 

 
Ⱦɥɹ ɤɨɧɬɚɤɬɧɨɣ ɫɜɚɪɤɢ ɲɬɢɮɬɚ ɫ ɩɚɬɪɭɛɤɨɦ ɦɨɠɧɨ ɜɵɛɪɚɬɶ ɥɸɛɭɸ 

ɭɫɬɚɧɨɜɤɭ ɤɨɧɬɚɤɬɧɨɣ ɬɨɱɟɱɧɨɣ ɢɥɢ ɪɟɥɶɟɮɧɨɣ ɫɜɚɪɤɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɭɸ 
ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɢ ɭɫɢɥɢɟ ɫɠɚɬɢɹ ɜɵɲɟ ɪɚɫɫɱɢɬɚɧɧɵɯ ɪɚɧɟɟ (11 ɤȺ ɢ β800ɇ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ).  

ȼ ɱɚɫɬɧɨɫɬɢ, ɭɤɚɡɚɧɧɵɦ ɭɫɥɨɜɢɹɦ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɭɫɬɚɧɨɜɤɚ ɤɨɧɬɚɤɬɧɨɣ 
ɫɜɚɪɤɢ ɆɌ-1ββ9Ʌ. 

 

 
Ɋɢɫɭɧɨɤ β.5. – ɍɫɬɚɧɨɜɤɚ ɤɨɧɬɚɤɬɧɨɣ ɫɜɚɪɤɢ ɆɌ-1ββ9Ʌ 

 
Ɇɚɲɢɧɚ ɬɨɱɟɱɧɨɣ ɤɨɧɬɚɤɬɧɨɣ ɫɜɚɪɤɢ MT-1ββ9Ʌ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ 

ɤɨɧɬɚɤɬɧɨɣ ɬɨɱɟɱɧɨɣ ɫɜɚɪɤɢ ɧɢɡɤɨɭɝɥɟɪɨɞɢɫɬɨɣ ɫɬɚɥɢ, ɧɟɪɠɚɜɟɸɳɟɣ ɫɬɚɥɢ, 
ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ, ɤɪɟɫɬɨɨɛɪɚɡɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɫɬɟɪɠɧɟɣ ɚɪɦɚɬɭɪɵ ɤɥɚɫɫɚ 
Ⱥ1, ȼ1. Ɉɫɨɛɟɧɧɨɫɬɢ:  Ʉɨɦɩɚɤɬɧɚɹ, ɛɵɫɬɪɨɞɟɣɫɬɜɭɸɳɚɹ ɢ ɩɪɨɫɬɚɹ ɜ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɫɜɚɪɨɱɧɚɹ ɦɚɲɢɧɚ ɭɧɢɜɟɪɫɚɥɶɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ. 



 

 ɉɪɢ ɨɛɳɟɣ ɤɨɦɩɚɤɬɧɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ ɦɚɲɢɧɚ ɢɦɟɟɬ ɲɢɪɨɤɢɟ 
ɬɟɯɧɢɱɟɫɤɢɟ ɜɨɡɦɨɠɧɨɫɬɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɤɨɧɫɬɪɭɤɰɢɟɣ ɜɟɪɯɧɟɝɨ ɢ 
ɧɢɠɧɟɝɨ ɯɨɛɨɬɨɜ ɢ ɛɨɥɶɲɢɦ ɪɚɫɬɜɨɪɨɦ.  Ɋɚɫɬɜɨɪ ɷɥɟɤɬɪɨɞɨɜ ɪɟɝɭɥɢɪɭɟɬɫɹ ɫɬɭɩɟɧɱɚɬɨ.  ɉɥɚɜɧɚɹ ɪɟɝɭɥɢɪɨɜɤɚ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ.  Ɇɨɠɟɬ ɤɨɦɩɥɟɤɬɨɜɚɬɶɫɹ ɜɧɟɲɧɢɦ ɩɟɪɟɤɥɸɱɚɬɟɥɟɦ ɫɜɚɪɨɱɧɵɯ 
ɩɪɨɝɪɚɦɦ.  Ɇɨɠɟɬ ɤɨɦɩɥɟɤɬɨɜɚɬɶɫɹ ɚɜɬɨɧɨɦɧɨɣ ɫɢɫɬɟɦɨɣ ɨɯɥɚɠɞɟɧɢɹ. Дβ4Ж 

 
Ɍɚɛɥɢɰɚ β.10 - Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɜɚɪɨɱɧɨɣ ɦɚɲɢɧɵ  
ɆɌ-1ββ9Ʌ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ 
ɇɨɪɦɚ ɞɥɹ ɫɜɚɪɨɱɧɨɣ 

ɦɚɲɢɧɵ 
ɏɨɞ ɷɥɟɤɬɪɨɞɚ ɉɪɹɦɨɥɢɧɟɣɧɵɣ 
ɇɚɩɪɹɠɟɧɢɟ ɩɢɬɚɧɢɹ, ȼ 380 
ɇɚɢɛɨɥɶɲɚɹ ɦɨɳɧɨɫɬɶ ɩɪɢ ɤɨɪɨɬɤɨɦ ɡɚɦɵɤɚɧɢɢ, ɤȼȺ 62 
Ɇɨɳɧɨɫɬɶ ɩɪɢ ɉȼ=50%, ɤȼȺ 28 
ɇɚɢɛɨɥɶɲɢɣ ɜɬɨɪɢɱɧɵɣ ɬɨɤ, ɤȺ 12,5 
Ɇɚɤɫɢɦɚɥɶɧɵɣ ɞɥɢɬɟɥɶɧɵɣ ɬɨɤ, ɤȺ 4 
ɍɫɢɥɢɹ ɫɠɚɬɢɹ, ɇ 1000 - 4400 
ȼɵɥɟɬ ɷɥɟɤɬɪɨɞɨɜ, ɦɦ 500 
Ɋɚɫɬɜɨɪ ɷɥɟɤɬɪɨɞɨɜ, ɦɦ 130 - 235 
ɏɨɞ ɜɟɪɯɧɟɝɨ ɷɥɟɤɬɪɨɞɚ, ɦɦ 60 
Ɋɚɫɯɨɞ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ, ɥ\ɱ 300 
Ɋɚɫɯɨɞ ɫɜɨɛɨɞɧɨɝɨ ɜɨɡɞɭɯɚ, ɦ3/100 ɯɨɞɨɜ ɷɥɟɤɬɪɨɞɚ 0,27 
Ƚɚɛɚɪɢɬɵ ( Ⱦɯɒɯȼ ), ɦɦ 1150x420x1650 
Ɇɚɫɫɚ, ɤɝ 280 

 
ɂɡɴɹɬɨ 2,5 ɫɬɪɚɧɢɰɵ. 

 

 

2.7. Ɉɛɨɪɭɞɨɜɚɧɢɟ ɞɥɹ ɡɚɝɨɬɨɜɢɬɟɥɶɧɵɯ ɨɩɟɪɚɰɢɣ 

 
Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɡɚɝɨɬɨɜɨɤ ɧɟɨɛɯɨɞɢɦɵ ɥɚɡɟɪɧɚɹ ɭɫɬɚɧɨɜɤɚ ɫ Чɉɍ ɢ 

ɮɪɟɡɟɪɧɵɣ ɫɬɚɧɨɤ ɫ Чɉɍ.  
ȼɫɟ ɞɟɬɚɥɢ ɩɨɫɥɟ ɩɪɨɯɨɠɞɟɧɢɹ ɜɯɨɞɧɨɝɨ ɤɨɧɬɪɨɥɹ ɩɨɫɬɭɩɚɸɬ ɧɚ 

ɥɚɡɟɪɧɭɸ ɪɟɡɤɭ, ɝɞɟ ɪɚɡɪɟɡɚɸɬɫɹ ɩɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɪɚɡɦɟɪɚɦ. ɉɨɫɥɟ ɪɟɡɤɢ 
ɧɟ ɬɪɟɛɭɟɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ ɪɟɡɚ.  

Ɋɹɞ ɡɚɝɨɬɨɜɨɤ ɧɟɨɛɯɨɞɢɦɨ ɩɨɞɜɟɪɝɧɭɬɶ ɮɪɟɡɟɪɧɨɣ ɨɛɪɚɛɨɬɤɟ (ɫɧɹɬɢɟ 
ɮɚɫɨɤ ɞɥɹ ɫɜɚɪɤɢ). Ⱦɥɹ ɷɬɨɝɨ ɦɨɠɧɨ ɩɪɢɦɟɧɢɬɶ ɮɪɟɡɟɪɧɵɣ ɫɬɚɧɨɤ Чɉɍ EБT 
SHM 0609 Дγ0Ж ɥɢɛɨ ɚɧɚɥɨɝɢɱɧɵɣ ɩɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ. 

 
Ɍɚɛɥɢɰɚ β.1β. - Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ  Чɉɍ EБT SHM 0609 

http://www.yusto.ru/katalog/frezernye-stanki/cnc-router-ext-shm-0609-detail/
http://www.yusto.ru/katalog/frezernye-stanki/cnc-router-ext-shm-0609-detail/
http://www.yusto.ru/katalog/frezernye-stanki/cnc-router-ext-shm-0609-detail/


 

Ɋɚɛɨɱɟɟ ɩɨɥɟ, ɦɦ 600ɯ900ɯ105 
ɋɬɚɧɢɧɚ Чɭɝɭɧɧɚɹ ɥɢɬɚɹ 
Ɇɨɳɧɨɫɬɶ ɲɩɢɧɞɟɥɹ, ɤȼɬ 1.5 ER-16 
Ȼɚɡɨɜɚɹ ɬɨɱɧɨɫɬɶ, ɦɦ ±0.01 
Ɇɚɤɫɢɦɚɥɶɧɚɹ ɪɚɛɨɱɚɹ ɫɤɨɪɨɫɬɶ, ɦɦ/ɦɢɧ 5000 
Ⱦɢɚɦɟɬɪ ɮɪɟɡ, ɦɦ 1-10 
Ɋɚɛɨɱɚɹ ɬɟɦɩɟɪɚɬɭɪɚ, °ɋ 10-45 
ɗɥɟɤɬɪɨɩɢɬɚɧɢɹ, ȼ ββ0±10% 50Hz 
Ɇɚɫɫɚ, ɤɝ 165 
ɋɬɪɚɧɚ ɩɪɨɢɡɜɨɞɢɬɟɥɶ Ʉɢɬɚɣ 

 
Ⱦɥɹ ɪɟɡɤɢ ɦɨɠɧɨ ɩɪɢɦɟɧɢɬɶ ɭɫɬɚɧɨɜɤɭ ECKERT DIAMENT FIBER 

LASER Дγ1Ж ɥɢɛɨ ɚɧɚɥɨɝɢɱɧɭɸ ɩɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ. 
 

Ɍɚɛɥɢɰɚ β.1γ. - Ɉɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɭɫɬɚɧɨɜɤɢ 
Ɇɨɳɧɨɫɬɶ ɢɫɬɨɱɧɢɤɚ, ɤȼɬ 1-4 
ɉɪɢɦɟɧɹɟɦɵɟ ɝɚɡɵ ଶܰˋˎˋ ܱଶ (ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɚɞɚɱ) 
Ɋɚɡɦɟɪɵ ɪɚɛɨɱɟɝɨ ɫɬɨɥɚ, ɦɦ β000ɯγ000 
Ɇɢɧɢɦɚɥɶɧɵɣ ɲɚɝ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɦɦ 0.001 
Ɍɨɱɧɨɫɬɶ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ, ɦɦ ±0.0γ 
Ɇɚɤɫɢɦɚɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɫɬɨɥ, ɤɝ 800 
ɉɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ Lantek Expert || 
ɋɤɨɪɨɫɬɶ ɩɟɪɟɦɟɳɟɧɢɹ, ɦ/ɦɢɧ 120 

 
2.8. Ɍɟɯɧɢɤɚ ɫɜɚɪɤɢ ɬɢɬɚɧɚ ɢ ɬɢɬɚɧɚ ɫ ɦɟɞɶɸ 

 
ɂɡɴɹɬɚ 1 ɫɬɪɚɧɢɰɚ. 
 

  



 

2.9 ɋɛɨɪɤɚ ɢ ɫɜɚɪɤɚ ɭɡɥɨɜ ɚɧɨɞɚ 

 
ɂɡɴɹɬɨ 12 ɫɬɪɚɧɢɰ. 
 

2.10 Ɉɩɟɪɚɰɢɨɧɧɵɣ ɤɨɧɬɪɨɥɶ 

 
ɉɨɫɥɟ ɜɵɩɨɥɧɟɧɢɹ ɫɛɨɪɤɢ ɢ ɫɜɚɪɤɢ ɨɱɢɫɬɧɨɝɨ ɚɧɨɞɚ, ɨɛɹɡɚɬɟɥɶɧɨ 

ɩɪɨɜɨɞɢɬɫɹ ɜɢɡɭɚɥɶɧɨ ɢɡɦɟɪɢɬɟɥɶɧɵɣ (ȼɂɄ) ɤɨɧɬɪɨɥɶ ɢɡɞɟɥɢɹ. ȼɢɡɭɚɥɶɧɵɣ 
ɢ ɢɡɦɟɪɢɬɟɥɶɧɵɣ ɤɨɧɬɪɨɥɶ ɩɪɢ ɨɰɟɧɤɟ ɫɨɫɬɨɹɧɢɹ ɦɚɬɟɪɢɚɥɚ ɢ ɫɜɚɪɧɵɯ 
ɫɨɟɞɢɧɟɧɢɣ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɬɟɯɧɢɱɟɫɤɢɯ ɭɫɬɪɨɣɫɬɜ ɢ ɫɨɨɪɭɠɟɧɢɣ 
ɜɵɩɨɥɧɹɸɬ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ɪɭɤɨɜɨɞɹɳɢɯ ɞɨɤɭɦɟɧɬɨɜ 
(ɦɟɬɨɞɢɱɟɫɤɢɯ ɭɤɚɡɚɧɢɣ) ɩɨ ɨɰɟɧɤɟ (ɷɤɫɩɟɪɬɢɡɟ) ɤɨɧɤɪɟɬɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ 
ɭɫɬɪɨɣɫɬɜ ɢ ɫɨɨɪɭɠɟɧɢɣ. ɉɪɢ ɷɬɨɦ ɜɢɡɭɚɥɶɧɵɣ ɢ ɢɡɦɟɪɢɬɟɥɶɧɵɣ ɤɨɧɬɪɨɥɶ 
ɦɨɠɟɬ ɜɵɩɨɥɧɹɬɶɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɯɟɦɚɦɢ ɜɢɡɭɚɥɶɧɨɝɨ ɢ 
ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɤɨɧɬɪɨɥɹ, ɤɨɬɨɪɵɟ ɪɚɡɪɚɛɚɬɵɜɚɸɬɫɹ ɜ ɫɨɫɬɚɜɟ ɉɪɨɝɪɚɦɦɵ 
ɬɟɯɧɢɱɟɫɤɨɝɨ ɞɢɚɝɧɨɫɬɢɪɨɜɚɧɢɹ (ɨɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɧɢɹ). ȼ ɫɯɟɦɚɯ 
ɭɤɚɡɵɜɚɸɬɫɹ ɦɟɫɬɚ ɩɪɨɜɟɞɟɧɢɹ ɤɨɧɬɪɨɥɹ ɧɚ ɤɨɧɤɪɟɬɧɨɦ ɬɟɯɧɢɱɟɫɤɨɦ 
ɭɫɬɪɨɣɫɬɜɟ, ɫɨɨɪɭɠɟɧɢɢ, ɫɯɟɦɵ ɤɨɧɬɪɨɥɹ, ɫɪɟɞɫɬɜɚ ɢɡɦɟɪɟɧɢɹ 
ɤɨɧɬɪɨɥɢɪɭɟɦɨɝɨ ɩɚɪɚɦɟɬɪɚ, ɧɨɪɦɵ ɨɰɟɧɤɢ ɤɚɱɟɫɬɜɚ, ɩɪɢɜɨɞɹɬɫɹ ɛɥɚɧɤɢ 
ɪɟɝɢɫɬɪɚɰɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɤɨɧɬɪɨɥɹ. 

ȼɢɡɭɚɥɶɧɵɣ ɢ ɢɡɦɟɪɢɬɟɥɶɧɵɣ ɤɨɧɬɪɨɥɶ ɫɥɟɞɭɟɬ ɩɪɨɜɨɞɢɬɶ ɜɫɟɯ 
ɞɨɫɬɭɩɧɵɯ ɞɥɹ ɷɬɨɝɨ ɩɨɜɟɪɯɧɨɫɬɟɣ ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ, ɡɚɝɨɬɨɜɨɤ, ɞɟɬɚɥɟɣ, 
ɫɛɨɪɨɱɧɵɯ ɟɞɢɧɢɰ, ɢɡɞɟɥɢɣ. 

ȼɢɡɭɚɥɶɧɵɣ ɢ ɢɡɦɟɪɢɬɟɥɶɧɵɣ ɤɨɧɬɪɨɥɶ ɩɪɨɜɨɞɹɬ ɧɟɜɨɨɪɭɠɟɧɧɵɦ 
ɝɥɚɡɨɦ ɢ (ɢɥɢ) ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɜɢɡɭɚɥɶɧɨ-ɨɩɬɢɱɟɫɤɢɯ ɩɪɢɛɨɪɨɜ ɞɨβ0-
ɤɪɚɬɧɨɝɨ ɭɜɟɥɢɱɟɧɢɹ (ɥɭɩ, ɦɢɤɪɨɫɤɨɩɨɜ, ɷɧɞɨɫɤɨɩɨɜ, ɡɟɪɤɚɥ ɢ ɞɪ.). ɉɪɢ 
ɤɨɧɬɪɨɥɟ ɦɚɬɟɪɢɚɥɚ ɢ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ (ɧɚɩɥɚɜɨɤ) ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ 
(ɫɬɪɨɢɬɟɥɶɫɬɜɟ, ɦɨɧɬɚɠɟ, ɪɟɦɨɧɬɟ ɢ ɪɟɤɨɧɫɬɪɭɤɰɢɢ) ɬɟɯɧɢɱɟɫɤɢɯ ɭɫɬɪɨɣɫɬɜ ɢ 
ɫɨɨɪɭɠɟɧɢɣ ɢɫɩɨɥɶɡɭɸɬ ɥɭɩɵ ɫβ - 7-ɤɪɚɬɧɵɦ ɭɜɟɥɢɱɟɧɢɟɦ, ɚ ɩɪɢ ɨɰɟɧɤɟ 
ɫɨɫɬɨɹɧɢɹ ɬɟɯɧɢɱɟɫɤɢɯ ɭɫɬɪɨɣɫɬɜ ɢ ɫɨɨɪɭɠɟɧɢɣ ɜ ɩɪɨɰɟɫɫɟ ɢɯ ɷɤɫɩɥɭɚɬɚɰɢɢ- 
ɥɭɩɵ ɞɨβ0-ɤɪɚɬɧɨɝɨ ɭɜɟɥɢɱɟɧɢɹ. 

ȼɢɡɭɚɥɶɧɵɣ ɢ ɢɡɦɟɪɢɬɟɥɶɧɵɣ ɤɨɧɬɪɨɥɶ ɩɪɢ ɫɛɨɪɤɟ ɫɜɚɪɢɜɚɟɦɵɯ 
ɷɥɟɦɟɧɬɨɜ (ɡɚɝɨɬɨɜɨɤ, ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ, ɞɟɬɚɥɟɣ) ɩɪɨɜɨɞɹɬ ɫ ɰɟɥɶɸ ɜɵɹɜɥɟɧɢɹ 
ɢ ɩɪɨɜɟɪɤɢ ɨɛɟɫɩɟɱɟɧɢɹ ɞɨɩɭɫɬɢɦɵɯ ɪɚɡɦɟɪɨɜ ɡɚɡɨɪɨɜ, ɫɦɟɳɟɧɢɣ ɤɪɨɦɨɤ, 
ɮɨɪɦɵ ɢ ɪɚɡɦɟɪɨɜ ɤɪɨɦɨɤ ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɨɝɨ ɩɨɥɨɠɟɧɢɹ (ɢɡɥɨɦɚ ɢɥɢ 
ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɫɬɢ) ɨɫɟɣ ɢ ɩɨɜɟɪɯɧɨɫɬɟɣ ɫɨɛɪɚɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ДγβЖ. 

Ɍɚɤɠɟ ɧɟɨɛɯɨɞɢɦɨ ɩɨɫɥɟ ɫɛɨɪɤɢ ɢ ɫɜɚɪɤɢ ɨɱɢɫɬɧɨɝɨ ɚɧɨɞɚ ɧɟɨɛɯɨɞɢɦɨ 
ɩɪɨɜɟɪɢɬɶ ɝɟɪɦɟɬɢɱɧɨɫɬɶ ɚɧɨɞɚ ɜɨɡɞɭɯɨɦ ɩɨɞ ɞɚɜɥɟɧɢɟɦ 0,15 Ɇɉɚ (1,5 
ɤɝɫ/˔ˏଶ).ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ «ɈɋɌ β6-11-14-88 Ƚɚɡɨɜɵɟ ɢ ɠɢɞɤɨɫɬɧɵɟ ɦɟɬɨɞɵ 
ɤɨɧɬɪɨɥɹ ɝɟɪɦɟɬɢɱɧɨɫɬɢ (ɤɨɧɬɪɨɥɶ ɝɟɪɦɟɬɢɱɧɨɫɬɢ ɩɭɡɵɪɶɤɨɜɵɣ ɦɟɬɨɞ)». 

ɉɪɢ ɩɧɟɜɦɚɬɢɱɟɫɤɨɦ ɢɫɩɵɬɚɧɢɢ (ɨɩɪɟɫɫɨɜɤɟ) (ȽɈɋɌγβ4β—79) ɫɠɚɬɵɣ 
ɝɚɡ (ɜɨɡɞɭɯ, ɢɧɟɪɬɧɵɟ ɝɚɡɵ ɢ ɞɪ.) ɩɨɞɚɸɬ ɜ ɢɫɩɵɬɭɟɦɵɣ ɫɨɫɭɞ ɩɨɞ ɞɚɜɥɟɧɢɟɦ, 



 

ɧɟɫɤɨɥɶɤɨ ɩɪɟɜɵɲɚɸɳɟɦ ɪɚɛɨɱɟɟ. ɉɥɨɬɧɨɫɬɶ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ 
ɩɪɨɜɟɪɹɸɬ ɦɵɥɶɧɵɦ ɪɚɫɬɜɨɪɨɦ ɢɥɢ ɩɨɝɪɭɠɟɧɢɟɦ ɫɨɫɭɞɚ ɜ ɜɨɞɭ ДβγЖ. 
  



 

 

 

 

 

 

 

 

 

 

 

 

3 Кɨɧɫɬɪɭɤɬɨɪɫɤɚɹ ɱɚɫɬɶ 



 

3.1 ɉɪɢɦɟɧɹɟɦɚɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɨɫɧɚɫɬɤɚ 
 

3.1.1 Кɨɧɞɭɤɬɨɪ ɞɥɹ ɫɛɨɪɤɢ ɲɢɧɵ ɢ ɲɬɚɧɝɢ 
 
Ʉɨɧɞɭɤɬɨɪ (ɪɢɫ.γ.1 ) ɞɥɹ ɫɛɨɪɤɢ ɢ ɫɜɚɪɤɢ ɲɢɧɵ ɢ ɲɬɚɧɝɢ ɩɪɟɞɫɬɚɜɥɹɟɬ 

ɫɨɛɨɣ ɦɟɬɚɥɥɢɱɟɫɤɭɸ ɤɨɧɫɬɪɭɤɰɢɸ, ɨɛɟɫɩɟɱɢɜɚɸɳɭɸ ɭɞɨɛɧɭɸ ɫɛɨɪɤɭ ɢ 
ɫɜɚɪɤɭ ɭɡɥɚ. 

Ʉɨɧɞɭɤɬɨɪ ɩɨɡɜɨɥɹɟɬ ɫɨɤɪɚɬɢɬɶ ɡɚɬɪɚɬɵ ɜɪɟɦɟɧɢ ɧɚ ɫɛɨɪɤɭ, ɚ 
ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɨɜɵɲɚɟɬɫɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɬɪɭɞɚ. 

Ʉɨɧɞɭɤɬɨɪ ɫɨɫɬɨɢɬ ɢɡ ɪɚɦɵ ɢ 8 ɭɩɨɪɨɜ ɢ ɢɡɝɨɬɚɜɥɢɜɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ 
ɪɭɱɧɨɣ ɞɭɝɨɜɨɣ ɫɜɚɪɤɢ ɢɡ ɩɪɨɮɢɥɶɧɵɯ ɬɪɭɛ ɪɚɡɧɨɝɨ ɫɟɱɟɧɢɹ. ɍɩɨɪɵ ɫɥɭɠɚɬ 
ɞɥɹ ɭɞɟɪɠɚɧɢɹ ɞɟɬɚɥɟɣ ɜ ɧɟɨɛɯɨɞɢɦɨɦ ɩɨɥɨɠɟɧɢɢ. 

Чɟɪɬɟɠ ɤɨɧɞɭɤɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɩɪɢɥɨɠɟɧɢɢ. 
 

 
Ɋɢɫɭɧɨɤ 3.1 - ɗɫɤɢɡ ɤɨɧɞɭɤɬɨɪɚ ɞɥɹ ɫɛɨɪɤɢ ɲɢɧɵ ɢ ɲɬɚɧɝɢ. 

 
3.1.2 ɉɪɢɫɩɨɫɨɛɥɟɧɢɟ ɞɥɹ ɤɨɧɬɚɤɬɧɨɣ ɫɜɚɪɤɢ 

 
ɉɪɢɫɩɨɫɨɛɥɟɧɢɟ ɞɥɹ ɤɨɧɬɚɤɬɧɨɣ ɫɜɚɪɤɢ ɩɚɬɪɭɛɤɚ ɢ ɲɬɢɮɬɚ  

(ɪɢɫ. γ.β) ɫɥɭɠɢɬ ɞɥɹ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɫɜɚɪɢɜɚɟɦɵɯ ɞɟɬɚɥɟɣ ɞɪɭɝ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝɚ, ɚ ɬɚɤɠɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɷɥɟɤɬɪɨɞɨɜ ɤɨɧɬɚɤɬɧɨɣ ɦɚɲɢɧɵ. 
ɉɪɢɫɩɨɫɨɛɥɟɧɢɟ ɫɨɫɬɨɢɬ ɢɡ β-ɯ ɭɲɟɣ (ɩɨɡ. №1), ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɵɯ ɞɚɧɧɚɹ 
ɤɨɧɫɬɪɭɤɰɢɹ ɤɪɟɩɢɬɫɹ ɤ ɧɢɠɧɟɦɭ ɷɥɟɤɬɪɨɞɨɞɟɪɠɚɬɟɥɸ ɤɨɧɬɚɤɬɧɨɣ ɦɚɲɢɧɵ. 
Ʉ ɨɞɧɨɦɭ ɢɡ ɭɲɟɣ ɩɪɢɜɚɪɟɧɚ ɦɟɬɚɥɥɢɱɟɫɤɚɹ ɩɥɚɫɬɢɧɚ (ɩɨɡ. №β). Ʉ ɞɚɧɧɨɣ 
ɩɥɚɫɬɢɧɟ ɫ ɩɨɦɨɳɶɸ ɛɨɥɬɨɜ ɤɪɟɩɢɬɫɹ ɩɥɚɫɬɢɧɚ (ɩɨɡ. №γ), ɜɵɩɨɥɧɟɧɧɚɹ ɢɡ 
ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ (ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɲɭɧɬɢɪɨɜɚɧɢɹ ɬɨɤɚ).  

ɋɯɟɦɚ ɤɪɟɩɥɟɧɢɹ ɞɚɧɧɨɝɨ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ, ɚ ɬɚɤɠɟ ɫɯɟɦɚ ɫɜɚɪɤɢ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɚɧɧɨɝɨ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 2.21. 

Чɟɪɬɟɠ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɩɪɢɥɨɠɟɧɢɢ. 



 

 

 
Ɋɢɫɭɧɨɤ 3.2 - ɗɫɤɢɡ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ ɞɥɹ ɤɨɧɬɚɤɬɧɨɣ ɫɜɚɪɤɢ. 

 
 

3.1.3 Эɥɟɤɬɪɨɞɵ ɞɥɹ ɤɨɧɬɚɤɬɧɨɣ ɫɜɚɪɤɢ 

 
ɗɥɟɤɬɪɨɞɵ ɞɥɹ ɤɨɧɬɚɤɬɧɨɣ ɫɜɚɪɤɢ ɩɚɬɪɭɛɤɚ ɢ ɲɬɢɮɬɨɜ ɩɨɤɚɡɚɧɵ ɧɚ 

ɪɢɫ. γ.γ ɢ γ.4. 

 
Ɋɢɫɭɧɨɤ γ.γ – ɗɥɟɤɬɪɨɞ ɞɥɹ ɩɚɬɪɭɛɤɚ 

 
ɗɥɟɤɬɪɨɞ ɞɥɹ ɩɚɬɪɭɛɤɚ (ɪɢɫ. γ.γ) ɢɡɝɨɬɚɜɥɢɜɚɟɬɫɹ ɢɡ ɰɟɥɶɧɨɣ ɡɚɝɨɬɨɜɤɢ. 

Ɍɨɪɟɰ ɪɚɛɨɱɟɣ ɱɚɫɬɢ ɷɥɟɤɬɪɨɞɚ ɜɵɩɨɥɧɹɟɬɫɹ ɜ ɜɢɞɟ ɮɚɫɨɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, 
ɤɨɩɢɪɭɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɶ ɩɚɬɪɭɛɤɚ (ɪɚɡɦɟɪ R30). ɇɚ ɬɨɪɰɚɯ ɪɚɛɨɱɟɣ ɱɚɫɬɢ 
ɷɥɟɤɬɪɨɞɚ ɜɵɩɨɥɧɟɧɚ ɮɚɫɤɚ (1,5ɯγ0ɨ), ɤɨɬɨɪɚɹ ɫɥɭɠɢɬ ɭɩɨɪɨɦ ɞɥɹ 
ɩɪɢɜɚɪɟɧɧɵɯ ɲɬɢɮɬɨɜ. 



 

ɗɥɟɤɬɪɨɞ ɞɥɹ ɲɬɢɮɬɚ (ɪɢɫ. γ.4) ɜɵɩɨɥɧɟɧ ɢɡ ɫɬɚɧɞɚɪɬɧɨɝɨ ɷɥɟɤɬɪɨɞɚ 
ɞɥɹ ɪɟɥɶɟɮɧɨɣ ɫɜɚɪɤɢ. ɇɚ ɬɨɪɰɟ ɪɚɛɨɱɟɣ ɱɚɫɬɢ ɜɵɩɨɥɧɟɧɨ ɭɫɬɚɧɨɜɨɱɧɨɟ 
ɝɥɭɯɨɟ ɨɬɜɟɪɫɬɢɟ ɞɥɹ ɪɚɡɦɟɳɟɧɢɹ ɲɬɢɮɬɚ. Ɏɢɤɫɚɰɢɹ ɲɬɢɮɬɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
ɜɢɧɬɨɦ ɱɟɪɟɡ ɛɨɤɨɜɨɟ ɨɬɜɟɪɫɬɢɟ. 

 

 
Ɋɢɫɭɧɨɤ γ.4 – ɗɫɤɢɡ ɷɥɟɤɬɪɨɞɚ ɞɥɹ ɲɬɢɮɬɚ 

 
ɏɜɨɫɬɨɜɚɹ ɱɚɫɬɶ ɷɥɟɤɬɪɨɞɨɜ ɜɵɩɨɥɧɟɧɚ ɜ ɜɢɞɟ ɤɨɧɭɫɚ ɞɥɹ ɪɚɡɦɟɳɟɧɢɹ ɜ 

ɷɥɟɤɬɪɨɞɨɞɟɪɠɚɬɟɥɢ ɤɨɧɬɚɤɬɧɨɣ ɦɚɲɢɧɵ. 
ɗɥɟɤɬɪɨɞɵ ɦɨɝɭɬ ɛɵɬɶ ɜɵɩɨɥɧɟɧɵ ɢɡ ɥɸɛɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɭɤɚɡɚɧɧɨɝɨ ɜ 

ɬɚɛɥɢɰɟ β.4. 
Чɟɪɬɟɠɢ ɷɥɟɤɬɪɨɞɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ. 
 

3.1.4 ɋɬɟɧɞ ɞɥɹ ɫɜɚɪɤɢ 

 
ɋɬɟɧɞ ɞɥɹ ɫɛɨɪɤɢ ɢ ɫɜɚɪɤɢ ɩɚɬɪɭɛɤɨɜ (ɪɢɫ. γ.5) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɦɟɬɚɥɥɢɱɟɫɤɭɸ ɪɚɦɭ ɢɡ ɩɪɨɮɢɥɶɧɵɯ ɬɪɭɛ, ɧɚ ɤɨɬɨɪɵɯ ɭɤɪɟɩɥɟɧɵ 4 
ɜɪɚɳɚɸɳɢɯɫɹ ɜɚɥɚ, ɫɥɭɠɚɳɢɯ ɞɥɹ ɪɚɡɦɟɳɟɧɢɹ ɩɚɬɪɭɛɤɨɜ. Ɋɚɫɩɨɥɨɠɟɧɢɟ 
ɜɚɥɨɜ ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɨɨɫɧɨɫɬɶ ɛɨɥɶɲɨɝɨ ɢ ɦɚɥɨɝɨ ɩɚɬɪɭɛɤɚ ɩɪɢ ɫɛɨɪɤɟ – 
ɫɜɚɪɤɟ. ȼɚɥɵ ɩɨɫɚɠɟɧɵ ɧɚ ɩɨɞɲɢɩɧɢɤɢ ɤɚɱɟɧɢɹ, ɤɨɬɨɪɵɟ ɡɚɩɪɟɫɫɨɜɚɧɵ ɜ 
ɭɩɨɪɵ (ɪɢɫ. γ.5). ȼɫɟ ɷɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɪɚɳɟɧɢɟ ɩɚɬɪɭɛɤɨɜ ɞɥɹ ɫɜɚɪɤɢ 
ɤɨɥɶɰɟɜɵɯ ɲɜɨɜ ɢ ɭɞɨɛɧɨɣ ɫɛɨɪɤɢ ɢ ɫɜɚɪɤɢ ɨɫɬɚɥɶɧɵɯ ɞɟɬɚɥɟɣ.  

Чɟɪɬɟɠ ɫɬɟɧɞɚ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɩɪɢɥɨɠɟɧɢɢ. 
 



 

 
Ɋɢɫɭɧɨɤ 3.5 - ɗɫɤɢɡ ɫɬɟɧɞɚ ɞɥɹ ɫɛɨɪɤɢ ɢ ɫɜɚɪɤɢ ɩɚɬɪɭɛɤɨɜ. 

 
3.1.5 Ɂɚɝɥɭɲɤɢ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɡɚɳɢɬɵ ɤɨɪɧɹ ɲɜɚ 

 
Ɂɚɝɥɭɲɤɢ (ɪɢɫ. γ.6) ɜɵɩɨɥɧɹɸɬɫɹ ɢɡ ɤɚɭɱɭɤɚ EPDM. Ɉɧɢ ɧɟɨɛɯɨɞɢɦɵ 

ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɡɚɳɢɬɵ ɤɨɪɧɹ ɲɜɚ ɩɪɢ ɫɜɚɪɤɟ ɬɢɬɚɧɚ. Ɉɧɢ ɜɫɬɚɜɥɹɸɬɫɹ ɜ 
ɬɨɪɰɟɜɵɟ ɨɬɜɟɪɫɬɢɹ ɩɚɬɪɭɛɤɨɜ. 

Ɂɚɝɥɭɲɤɢ ɦɨɝɭɬ ɜɵɩɨɥɧɹɬɶɫɹ ɝɥɭɯɢɦɢ ɢ ɫ ɨɬɜɟɪɫɬɢɟɦ ɜ ɰɟɧɬɪɟ ɞɥɹ 
ɨɛɟɫɩɟɱɟɧɢɹ ɩɨɞɞɭɜɚ ɚɪɝɨɧɚ. 

 

 
Ɋɢɫɭɧɨɤ 3.6–Ɂɚɝɥɭɲɤɚ ɞɥɹ ɛɨɥɶɲɨɝɨ ɩɚɬɪɭɛɤɚ. 

 
Чɟɪɬɟɠɢ ɡɚɝɥɭɲɟɤ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ. 
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3.2 Ɋɚɫɱɟɬ ɫɜɚɪɨɱɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɢɩɚ К-12.04 ɞɥɹ ɬɨɱɟɱɧɨɣ 
ɦɚɲɢɧɵ МɌ-1229Ʌ ɧɚ Uc=380 ȼ 

 
Ɍɟɯɧɢɱɟɫɤɨɟ ɡɚɞɚɧɢɟ. 
1. ɇɨɦɢɧɚɥɶɧɵɣ ɜɬɨɪɢɱɧɵɣ (ɫɜɚɪɨɱɧɵɣ) ɬɨɤ ܫଶɧ = ͳʹͲͲͲ Ⱥ. β. ɉɪɟɞɟɥɵ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜɬɨɪɢɱɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ: ɦɢɧɢɦɚɥɶɧɨɟ – ɧɚ 
ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ ሺܷଶ଴ሻɦɢɧ = ͳ,ͺ ȼ; ɦɚɤɫɢɦɚɥɶɧɨɟ – ɧɚ ɩɨɫɥɟɞɧɟɣ ɫɬɭɩɟɧɢ ሺܷଶ଴ሻɦɚɤɫ = ͵,͸ ȼ γ. Чɢɫɥɨ ɫɬɭɩɟɧɟɣ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ݊ = ͵; ɧɨɦɢɧɚɥɶɧɚɹ 
ɫɬɭɩɟɧɶ – 3-ɹ. 4. ɇɚɩɪɹɠɟɧɢɟ ɩɢɬɚɸɳɟɣ ɫɟɬɢ ଵܷ = ͵ͺͲ ȼ. 5. Чɚɫɬɨɬɚ ɬɨɤɚ � = ͷͲ Ƚɰ. 6. ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɜɤɥɸɱɟɧɢɹ ɉȼ = 50%. 7. Ɍɪɚɧɫɮɨɪɦɚɬɨɪ 
ɛɪɨɧɟɜɨɝɨ ɬɢɩɚ. 8. ɋɟɪɞɟɱɧɢɤ ɲɢɯɬɨɜɚɧɧɵɣ. 9. Ɇɚɬɟɪɢɚɥ ɨɛɦɨɬɨɤ – ɦɟɞɶ. 
ɂɡɨɥɹɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɨɛɦɨɬɨɤ ɢ ɩɪɨɩɢɬɤɚ – Ʌɋɗ ɢ ɥɚɤ ɆɅ-92. 10. 
Ɉɯɥɚɠɞɟɧɢɟ: ɚ) ɜɬɨɪɢɱɧɨɣ ɨɛɦɨɬɤɢ – ɜɨɞɹɧɨɟ, ɩɪɨɬɨɱɧɨɟ; ɛ) ɩɟɪɜɢɱɧɨɣ 
ɨɛɦɨɬɤɢ – ɩɭɬɟɦ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɞɢɫɤɚɦ ɜɬɨɪɢɱɧɨɝɨ ɜɢɬɤɚ; ɜ) ɫɟɪɞɟɱɧɢɤɚ – 
ɟɫɬɟɫɬɜɟɧɧɨɟ ɜɨɡɞɭɲɧɨɟ. 11. Ʉɥɚɫɫ ɢɡɨɥɹɰɢɢ ȼ. 1β. ȼɤɥɸɱɚɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ 
– ɬɢɪɢɫɬɨɪɧɵɣ ɩɪɟɪɵɜɚɬɟɥɶ ɫ Ɋɐɋ-403. 

 
ɗɥɟɤɬɪɢɱɟɫɤɢɣ ɪɚɫɱɟɬ. 
 
1. ɉɪɢɧɢɦɚɟɦ ߱ଶ = ͳ. 
β. ɉɨ ɮɨɪɦɭɥɟ (γ.1) ɢ (γ.β) ɨɩɪɟɞɟɥɹɟɦ: 

 ሺ߱ଵሻଵ = ௎భ�మሺ௎మబሻɦɢɧ
,   (3.1) 

 ሺ߱ଵሻଷ = ௎భ�మሺ௎మబሻˏ˃ˍ˔,  (3.2) 

 ሺ߱ଵሻଵ = ଷ଼଴∙ଵଵ,଼ = ʹͳͲ ˅ˋ˕ˍ˃, 

 ሺ߱ଵሻଷ = ͵ͺͲ ∙ ͳ͵,͸ = ͳͲͷ ˅ˋ˕ˍˑ˅ 

 
γ. ɋɟɤɰɢɨɧɢɪɭɟɦ ɩɟɪɜɢɱɧɭɸ ɨɛɦɨɬɤɭ ɩɨ ɫɯɟɦɟ №4 ДγγЖ. ɉɪɢɧɢɦɚɟɦ: 

ɱɢɫɥɨ ɜɢɬɤɨɜ ɨɞɧɨɣ ɱɚɫɬɢ ɩɟɪɜɨɣ ɫɟɤɰɢɢ – 15; ɜɬɨɪɨɣ ɫɟɤɰɢɢ – γ0; ɬɪɟɬɶɟɣ 
ɫɟɤɰɢɢ – 60. 

4. ɋɨɫɬɚɜɥɹɟɦ ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɫɯɟɦɭ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɢ. ȼ ɬɚɛɥɢɰɟ γ.1 
ɡɚɩɨɥɧɹɟɦ ɬɪɢ ɝɪɚɮɵ: ɧɨɦɟɪ ɫɬɭɩɟɧɢ, ߱ଵ ɢ ܷଶ଴. 

ɉɟɪɟɤɥɸɱɚɬɟɥɶ ɫɬɭɩɟɧɟɣ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɢɡɨɛɪɚɠɚɟɦ ɭɫɥɨɜɧɨ. 
Ʉɨɧɤɪɟɬɧɵɣ ɬɢɩ ɩɟɪɟɤɥɸɱɚɬɟɥɹ ɜɵɛɢɪɚɟɦ ɩɨɫɥɟ ɭɬɨɱɧɟɧɢɹ ɬɨɤɨɜ ɩɟɪɜɢɱɧɨɣ 
ɨɛɦɨɬɤɢ. 

5. ɂɡ ɬɚɛɥɢɰɵ γ.1 ɨɩɪɟɞɟɥɹɟɦ ɞɥɹ ɧɨɦɢɧɚɥɶɧɨɣ, ɬɪɟɬɶɟɣ, ɫɬɭɩɟɧɢ 
ɩɟɪɜɢɱɧɵɟ ɜɢɬɤɢ ሺ߱ଵሻː = ͳͲͷ, ɜɬɨɪɢɱɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ሺ ଶܷ଴ሻː = ͵,͸ ʑ ɢ 
ɦɨɳɧɨɫɬɶ ܲː = ଶːሺܷଶ଴ሻːܫ = ͳʹͲͲͲ ∙ ͵,͸ = Ͷ͵,ʹ ˍʑ ∙ ʏ. 



 

6. Ʉɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ: 
 � = ሺ�భሻː�మ ,          (3.3) 

 � = ͳͲͷͳ = ͳͲͷ 

 
7. Ʉɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɥɢɹɧɢɟ ɬɨɤɚ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɧɚ 

ɧɨɦɢɧɚɥɶɧɵɣ ɩɟɪɜɢɱɧɵɣ ɬɨɤ: 
 �ଵ = ͳ + Ͳ,ͲͲͷ݅଴√ ʞʑଵ଴଴,        (3.4) 

 
ɝɞɟ ݅଴ – ɜɟɥɢɱɢɧɚ ɬɨɤɚ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ, %.  
 �ଵ = ͳ + Ͳ,ͲͲͷ ∗ ʹͲ√ ͷͲͳͲͲ = ͳ,Ͳ͹ 

 
8. ɇɨɦɢɧɚɥɶɧɵɣ ɩɟɪɜɢɱɧɵɣ ɬɨɤ: 

ଵːܫ  = �ଵ �మ�ː ,          (3.5) 

ଵːܫ  = ͳ,Ͳ͹ ͳʹͲͲͲͳͲͷ = ͳ͵͹ ܣ 

 
 



 

 
 

Ɋɢɫɭɧɨɤ γ.7 - ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɫɯɟɦɚ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɢ 
 
Ɍɚɛɥɢɰɚ γ.1 - Ɍɚɛɥɢɰɚ ɫɬɭɩɟɧɟɣ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɢ 

ɇɨɦɟɪ 
ɫɬɭɩɟɧɢ 

ɇɨɠɢ ɩɟɪɟɤɥɸɱɚɬɟɥɹ ߱ଵ ܷଶ଴, ʑ ܫଵ, ʏ ݍ, ˏˏଶ 
1 2 3 

1 
2 
3 

2 
1 
2 

2 1 
210 
140 
105 

1,8 
2,7 
3,6 

24,2 
54,6 
97 

7 
16 
28,5 

 
9. Ɋɚɫɱɟɬɧɵɣ ɬɨɤ: 

ଵܫ  = √ଵːܫ ʞʑଵ଴଴,         (3.6) 

ଵܫ  = √ଵːܫ ʞʑͳͲͲ = ͳ͵͹√ ͷͲͳͲͲ = ͻ͹ ʏ. 
 

10. Ɋɚɫɱɟɬɧɵɟ ɬɨɤɢ ɞɥɹ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ: 
ଵሺଶ˔˕ሻܫ  = ଵܫ [ሺ�భሻయሺ�భሻమ]ଶ,        (3.7) 

 
  



 

ɧɚ ɩɟɪɜɨɣ: 
ଵሺଵ˔˕ሻܫ  = ଵܫ [ሺ�భሻయሺ�భሻభ]ଶ,        (3.8) 

ଵሺଶ˔˕ሻܫ  = ͻ͹ (ͳͲͷͳͶͲ)ଶ = ͷͶ,͸ ʏ 

ଵሺଵ˔˕ሻܫ  = ͻ͹ (ͳͲͷʹͳͲ)ଶ = ʹͶ,ʹ ʏ 

 
Ɋɚɫɱɟɬɧɵɟ ɜɟɥɢɱɢɧɵ ɬɨɤɨɜ ɩɨ ɜɫɟɦ ɫɬɭɩɟɧɹɦ ɜɩɢɫɵɜɚɟɦ ɜ ɬɚɛɥɢɰɭ γ.1. 

Ɉɩɪɟɞɟɥɹɟɦ ɧɚɢɛɨɥɶɲɢɟ ɬɨɤɢ ɞɥɹ ɤɚɠɞɨɣ ɫɟɤɰɢɢ: ɚ) ɫɟɤɰɢɹ 1 ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ 
ɧɚ 97 Ⱥ; ɛ) ɫɟɤɰɢɹ 2 – ɧɚ 54,6 Ⱥ; ɜ) ɫɟɤɰɢɹ γ – ɧɚ β4,β Ⱥ. Ɋɚɫɱɟɬɧɵɟ ɬɨɤɢ ɞɥɹ 
ɤɚɠɞɨɣ ɫɟɤɰɢɢ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɢ ɜɩɢɫɵɜɚɟɦ ɜ ɬɚɛɥɢɰɭ γ.1. 

11. ɉɨ ɬɚɛɥ. 4-1[33Ж (ɢɫɩɨɥɧɟɧɢɟ 4 ɞɥɹ ɢɡɨɥɹɰɢɢ ɤɥɚɫɫɚ ȼ) ɞɥɹ ɜɫɟɯ 
ɫɟɤɰɢɣ ɡɚɞɚɟɦɫɹ ɩɥɨɬɧɨɫɬɶɸ ɬɨɤɚ ݆ଵ = ͵,Ͷ ܣ ˏˏଶ⁄ . 

1β. Ɍɪɟɛɭɟɦɵɟ ɫɟɱɟɧɢɹ ɦɟɞɧɨɝɨ ɩɪɨɜɨɞɚ: 
ଵ௫ݍ  = �భ�௝భ ,          (3.9) 

 
ɞɥɹ ɫɟɤɰɢɢ 1: 
ଵሺଵሻݍ  = ͻ͹͵,Ͷ = ʹͺ,ͷ ˏˏଶ 

 
ɞɥɹ ɫɟɤɰɢɢ β: 
ଵሺଶሻݍ  = ͷͶ,͸͵,Ͷ = ͳ͸ ˏˏଶ 

 
ɞɥɹ ɫɟɤɰɢɢ γ: 
ଵሺଷሻݍ  = ʹͶ,ʹ͵,Ͷ = ͹ ˏˏଶ 

 
1γ. ɋɭɦɦɚɪɧɨɟ ɫɟɱɟɧɢɟ ɩɪɨɜɨɞɚ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɢ: 

ଵݍ  = ߱ଵሺଵሻݍଵሺଵሻ + ߱ଵሺଶሻݍଵሺଶሻ + ߱ଵሺଷሻݍଵሺଷሻ,     (3.10) 
 
ɝɞɟ ߱ଵሺଵሻ,߱ଵሺଶሻ ɢ ߱ଵሺଷሻ – ɱɢɫɥɚ ɜɢɬɤɨɜ ɨɬɞɟɥɶɧɵɯ ɫɟɤɰɢɣ; ݍଵሺଵሻ,ݍଵሺଶሻ ɢ ݍଵሺଷሻ – ɫɟɱɟɧɢɹ ɜɢɬɤɨɜ ɨɬɞɟɥɶɧɵɯ ɫɟɤɰɢɣ, ɦɦ2. 



 

ଵݍ  = ሺͳͷ + ͳͷሻʹͺ,ͷ + ሺ͵Ͳ + ͵Ͳሻͳ͸ + ሺ͸Ͳ + ͸Ͳሻ͹ = ʹ͸ͷͷ ˏˏଶ 
 

14. Ɋɚɫɱɟɬɧɵɣ ɬɨɤ ɜɬɨɪɢɱɧɨɣ ɨɛɦɨɬɤɢ ɧɚ ɧɨɦɢɧɚɥɶɧɨɣ ɫɬɭɩɟɧɢ: 
ଶܫ  = √ଶːܫ ʞʑଵ଴଴,         (3.11) 

ଶܫ  = ͳʹͲͲͲ√ ͷͲͳͲͲ = ͺͶͺͷ ʏ 

 
15. ɉɨ ɡɚɞɚɧɢɸ ɜɬɨɪɢɱɧɵɣ ɜɢɬɨɤ – ɦɟɞɧɵɣ ɫ ɜɨɞɹɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ. 

ɋɨɝɥɚɫɧɨ ɬɚɛɥ. 4-1[33Ж, ɛɟɪɟɦ ݆ଶ = Ͷ,ͷ ܣ ˏˏଶ⁄ . 
16. ɋɟɱɟɧɢɟ ɜɬɨɪɢɱɧɨɝɨ ɜɢɬɤɚ: 

ଶݍ  = �మ௝మ,          (3.12) 

ଶݍ  = ͺͶͺͷͶ,ͷ = ͳͺͺͷ ˏˏଶ 

 
17. ɋɭɦɦɚɪɧɨɟ ɫɟɱɟɧɢɟ ɨɛɦɨɬɨɤ: 

ݍ  = ଵݍ +  ଶ,         (3.13)ݍ
ݍ  = ʹ͸ͷͷ + ͳͺͺͷ = ͶͷͶͲ ˏˏଶ 
 

18. ɉɨ ɬɚɛɥ. 4-3[33Ж ɞɥɹ ɪɚɡɦɟɳɟɧɢɹ ɨɛɦɨɬɤɢ ɩɥɨɳɚɞɶɸ 4540 ˏˏଶ 
ɩɨɬɪɟɛɭɟɬɫɹ ɩɥɨɳɚɞɶ ɨɤɧɚ ɨɤɨɥɨ 9100 ˏˏଶ. Ɍɚɤ ɤɚɤ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɣ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɩɪɟɞɧɚɡɧɚɱɚɟɬɫɹ ɞɥɹ ɫɟɪɢɣɧɨɣ ɦɚɲɢɧɵ, ɬɨ ɠɟɥɚɬɟɥɶɧɨ, 
ɱɬɨɛɵ ɩɥɚɫɬɢɧɵ ɫɟɪɞɟɱɧɢɤɚ ɭɞɨɜɥɟɬɜɨɪɹɥɢ ɜɫɟɦ ɬɪɟɛɨɜɚɧɢɹɦ, ɢɡɥɨɠɟɧɧɵɦ ɜ 
§ β-6[33Ж. ɇɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɢɦɢ ɩɥɚɫɬɢɧɚɦɢ ɞɥɹ ɞɚɧɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɛɭɞɭɬ ɩɥɚɫɬɢɧɵ ɉ-ɨɛɪɚɡɧɨɣ ɮɨɪɦɵ IV ɝɚɛɚɪɢɬɚ. Ɋɚɡɦɟɪɵ ɨɤɧɚ 96 ɏ 96 ɦɦ, ɢ ܵ଴ = ͻʹͲͲ ˏˏଶ. ȼɫɟ ɪɚɡɦɟɪɵ ɜɵɛɪɚɧɧɵɯ ɩɥɚɫɬɢɧ ɞɚɧɵ ɧɚ ɪɢɫɭɧɤɟ 3.8. 
 



 

 
Ɋɢɫɭɧɨɤ γ.8 - ȼɫɟ ɪɚɡɦɟɪɵ ɜɵɛɪɚɧɧɵɯ ɩɥɚɫɬɢɧ ɫɟɪɞɟɱɧɢɤɚ 

 
19. Ɋɚɫɩɪɟɞɟɥɹɟɦ ɨɛɦɨɬɤɭ ɩɨ ɤɚɬɭɲɤɚɦ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɚ) 15 

ɜɢɬɤɨɜ ɩɟɪɜɨɣ ɫɟɤɰɢɢ ɢ γ0 ɜɢɬɤɨɜ ɜɬɨɪɨɣ ɫɟɤɰɢɢ ɭɥɨɠɢɦ ɜ ɨɞɧɭ ɤɚɬɭɲɤɭ, 
ɩɨɥɭɱɚɟɦ ɞɜɟ ɤɚɬɭɲɤɢ № 1 ɫ ɱɢɫɥɨɦ ɜɢɬɤɨɜ ߱ˍଵ′ = ͳͷ ɢ ߱ˍଵ′′ = ͵Ͳ; ɛ) ɜɢɬɤɢ 
ɬɪɟɬɶɟɣ ɫɟɤɰɢɢ ɭɥɨɠɢɦ ɜ ɞɜɟ ɤɚɬɭɲɤɢ № β ɩɨ 60 ɜɢɬɤɨɜ ɜ ɤɚɠɞɨɣ. Ɍɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɜɫɸ ɩɟɪɜɢɱɧɭɸ ɨɛɦɨɬɤɭ ɭɤɥɚɞɵɜɚɟɦ ɜ ɱɟɬɵɪɟ ɤɚɬɭɲɤɢ. 

β0. ɉɨ ɮɨɪɦɭɥɚɦ (γ.14) ɢ (γ.15) ɜɵɛɢɪɚɟɦ ɪɚɡɦɟɪɵ ɨɛɦɨɬɨɱɧɨɝɨ 
ɦɟɞɧɨɝɨ ɩɪɨɜɨɞɚ. Ɍɚɤ ɤɚɤ 15 ɜɢɬɤɨɜ ɢ γ0 ɜɢɬɤɨɜ ɛɭɞɭɬ ɭɥɨɠɟɧɵ ɜ ɨɞɧɭ 
ɤɚɬɭɲɤɭ, ɬɨ ɩɪɢ ɜɵɛɨɪɟ ɪɚɡɦɟɪɨɜ ɩɪɨɜɨɞɨɜ ɧɟɨɛɯɨɞɢɦɨ ɫɥɟɞɢɬɶ, ɱɬɨɛɵ 
ɪɚɡɦɟɪ ܾ ɛɵɥ ɨɞɢɧɚɤɨɜ, ɚ ɪɚɡɧɵɟ ɫɟɱɟɧɢɹ ɩɨɞɛɢɪɚɬɶ ɡɚ ɫɱɟɬ ɪɚɡɦɟɪɚ ܽ. Ʉɪɨɦɟ 
ɬɨɝɨ, ɤɨɧɫɬɪɭɤɬɢɜɧɨ ɞɜɟ ɞɚɧɧɵɟ ɤɚɬɭɲɤɢ ɞɨɥɠɧɵ ɛɵɬɶ ɜɵɩɨɥɧɟɧɵ ɬɚɤ, 
ɱɬɨɛɵ ɜɢɬɤɢ ɤɚɠɞɨɣ ɫɟɤɰɢɢ ɛɵɥɢ ɪɚɫɩɨɥɨɠɟɧɵ ɨɞɢɧɚɤɨɜɨ ɜ ɤɚɠɞɨɣ ɢɡ 
ɤɚɬɭɲɟɤ: ɟɫɥɢ 15 ɜɢɬɤɨɜ ɨɞɧɨɣ ɤɚɬɭɲɤɢ ɧɚɯɨɞɹɬɫɹ ɜɧɢɡɭ, ɚ γ0 – ɜɜɟɪɯɭ, ɬɨ ɢ 
ɞɪɭɝɚɹ ɤɚɬɭɲɤɚ ɞɨɥɠɧɚ ɛɵɬɶ ɜɵɩɨɥɧɟɧɚ ɬɨɱɧɨ ɬɚɤɠɟ. 
 ܽˋ = ௕బ−ሺ଼÷ଵ଴ሻ−(�ˍఋ˒˓)−଻�ˍ ,       (3.14) 

 
ɝɞɟ ܾ଴ – ɲɢɪɢɧɚ ɨɤɧɚ, ɦɦ; ߱ˍ – ɱɢɫɥɨ ɜɢɬɤɨɜ ɜ ɤɚɬɭɲɤɟ, ɦɦ2; ߜ˒˓ – ɬɨɥɳɢɧɚ ɢɡɨɥɹɰɢɨɧɧɨɣ ɩɪɨɤɥɚɞɤɢ ɦɟɠɞɭ ɜɢɬɤɚɦɢ, ɦɦ. 
 ܾ = ௤భሺభሻˏ˃ˍ˔௔ˋ ,          (3.15) 

  



 

Ɍɨɥɳɢɧɚ ɢɡɨɥɢɪɨɜɚɧɧɨɝɨ ɦɟɞɧɨɝɨ ɩɪɨɜɨɞɚ ɨɞɧɨɝɨ ɜɢɬɤɚ: 
 ܽˋ = ͻ͸ − ͳͲ − ሺͳͷ + ͵ͲሻͲ,ͳ͹ − ͹ͳͷ + ͵Ͳ = ͳ,͸ ˏˏ 

 
ɉɪɢɛɥɢɡɢɬɟɥɶɧɚɹ ɲɢɪɢɧɚ ɩɪɨɜɨɞɚ: 

 ܾ = ʹͺ,ͷͳ,͸ = ͳ͹,ͺ ˏˏ 

 
ɉɨɫɤɨɥɶɤɭ ɲɢɪɢɧɚ ɩɪɨɜɨɞɨɜ ɨɛɦɨɬɨɤ 1-ɣ ɢ β-ɣ ɫɟɤɰɢɣ ɞɨɥɠɧɚ ɛɵɬɶ 

ɨɞɢɧɚɤɨɜɚɹ, ɬɨ ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ ɬɨɥɳɢɧɵ ɩɪɨɜɨɞɚ (ܽ = ʹ,Ͳ ˏˏ) ɪɚɫɩɪɟɞɟɥɢɬɫɹ 
ɩɪɢɦɟɪɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɬɪɟɛɭɟɦɵɦ ɫɟɱɟɧɢɹɦ, ɚ ɢɦɟɧɧɨ: ܽˋ 1-ɣ ɫɟɤɰɢɢ  β,β ɦɦ ɢ ܽˋ 2-ɣ ɫɟɤɰɢɢ  1,8 ɦɦ. 

ɉɨ ɬɚɛɥ. β-3 [33Ж ɞɜɭɫɬɨɪɨɧɧɹɹ ɬɨɥɳɢɧɚ ɢɡɨɥɹɰɢɢ ܽˋ −  ܽ = Ͳ,Ͷͺ ˏˏ ɢ ܾˋ − ܾ = Ͳ,ʹ͹ ˏˏ. Ɍɨɥɳɢɧɚ ɝɨɥɨɝɨ ɩɪɨɜɨɞɚ ɞɥɹ 1-ɣ ɫɟɤɰɢɢ ܽሺଵሻ = ܽˋ −−Ͳ,Ͷͺ = ʹ,ʹ − Ͳ,Ͷͺ = ͳ,͹ʹ ɢ ɞɥɹ β-ɣ ɫɟɤɰɢɢ ܽሺଶሻ = ͳ,ͺ − Ͳ,Ͷͺ = ͳ,͵ʹ ˏˏ. 
ɒɢɪɢɧɚ ɝɨɥɨɝɨ ɩɪɨɜɨɞɚ ɞɥɹ ɨɛɟɢɯ ɫɟɤɰɢɣ: 

 ܾ = ଵሺଵሻܽሺଵሻݍ = ଵሺଶሻܽሺଶሻݍ = ʹͺ,ͷͳ,͹ʹ = ͳ͸ͳ,͵ʹ ≈ ͳͲ,͹ ˏˏ 

 
ɉɨ ȽɈɋɌ 7019–71 ɢ 4γ4–78 ɜɵɛɢɪɚɟɦ ɩɪɨɜɨɞɚ ɫɥɟɞɭɸɳɢɯ ɪɚɡɦɟɪɨɜ:  

ɞɥɹ 1-ɣ ɫɟɤɰɢɢ ܽ × ܾ = ͳ,ͺ × ͳͲ; ܽˋ × ܾˋ = ʹ,ʹͺ × ͳͲ,ʹ͹; ଵሺଵሻݍ = ͳ͹,͸Ͷ ˏˏଶ; 
ɞɥɹ β-ɣ ɫɟɤɰɢɢ ܽ × ܾ = ͳ,Ͷ × ͳͲ; ܽˋ × ܾˋ = ͳ,ͺͺ × ͳͲ,ʹ͹; ଵሺଶሻݍ = ͳ͵,͹ͻ ˏˏଶ. 
 

β1. ɉɥɨɬɧɨɫɬɶ ɬɨɤɚ ɞɥɹ ɨɛɦɨɬɨɤ 1-ɣ ɢ β-ɣ ɫɟɤɰɢɣ ɤɚɬɭɲɤɢ № 1: 
 ݆ଵሺଵሻ = ͻ͹ͳ͹,͸Ͷ = ͷ,ͷ ʏ ˏˏଶ⁄ , 
 ݆ଵሺଶሻ = ͷͶ,͸ͳ͵,͹ͻ ≈ Ͷ ʏ ˏˏଶ⁄ . 
 

ββ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ § β-12[33Ж ɪɚɫɫɱɢɬɵɜɚɟɦ ɫɥɟɞɭɸɳɢɟ ɪɚɡɦɟɪɵ 
ɤɚɬɭɲɟɤ № 1: 

ɪɚɞɢɚɥɶɧɵɣ ɪɚɡɦɟɪ: 
 ʏˍଵ = ߱ˍଵ′ (ܽˋ + (˓˒ߜ + ߱′̱′(ܽˋ + (˓˒ߜ + ͹,    (3.16) 
 ʏˍଵ = ͳͷሺʹ,ʹͺ + Ͳ,ͳ͹ሻ + ͵Ͳሺͳ,ͺͺ + Ͳ,ͳ͹ሻ + ͹ = ͳͲͷ,ʹͷ ˏˏ 
 



 

ɨɫɟɜɨɣ ɪɚɡɦɟɪ: 
 ܽˍଵ = ܾˋ + ͵,ͷ,         (3.17) 
 ܽˍଵ = ͳͲ,ʹ͹ + ͵,ͷ = ͳͶ,Ͳ ˏˏ 
 

ɜɧɭɬɪɟɧɧɢɣ ɪɚɡɦɟɪ ɩɨ ɲɢɪɢɧɟ: 
 ʐ = ܾ˔ + ʕ          (3.18) 
 

ɉɪɢɧɢɦɚɟɦ ɀ = 11 ɦ. 
 ʐ = Ͷͺ + Ͷ + Ͷͺ + ͳͳ = ͳͳͳ ˏˏ 
 

ɜɧɭɬɪɟɧɧɢɣ ɪɚɡɦɟɪ ɩɨ ɞɥɢɧɟ: 
 ʑ = ℎ + ʒ,          (3.19) 
 ʑ = ͳͶͲ + ʹͷ = ͳ͸ͷ ˏˏ 
 

Ɋɚɞɢɭɫ ɡɚɤɪɭɝɥɟɧɢɹ ɭɝɥɨɜ R = 10 ɦɦ. Ʉɨɥɢɱɟɫɬɜɨ ɤɚɬɭɲɟɤ № 1 ɪɚɜɧɨ 
ɞɜɭɦ. 

ȼɫɟ ɷɬɢ ɞɚɧɧɵɟ ɜɩɢɫɵɜɚɟɦ ɜ ɬɚɛɥɢɰɭ γ.β ɞɥɹ 1-ɣ ɢ β-ɣ ɫɟɤɰɢɣ. 
Ɉɫɬɚɥɶɧɵɟ ɪɚɡɦɟɪɵ ɤɚɬɭɲɟɤ ɢ ɪɚɡɦɟɪɵ ɜɵɜɨɞɨɜ ɜɵɛɟɪɟɦ ɩɨɡɞɧɟɟ. 

βγ. ȼɵɛɨɪ ɩɪɨɜɨɞɚ ɞɥɹ ɞɜɭɯ ɤɚɬɭɲɟɤ № β ɩɪɨɢɡɜɨɞɢɦ ɬɨɱɧɨ ɬɚɤ ɠɟ: 
 ܽˋ = ͻ͸ − ͳͲ − ሺ͸Ͳ ∗ Ͳ,ͳʹሻ − ͹͸Ͳ = ͳ,ʹ ˏˏ 

 
Ɂɞɟɫɶ ߜ˒˓ɛɟɪɟɦ 0,1β ɦɦ, ɬɚɤ ɤɚɤ ɩɪɨɜɨɞ ɬɨɧɤɢɣ ɢ ɢɡɨɥɹɰɢɹ ɯɨɪɨɲɚɹ. 
ɉɪɟɞɜɚɪɢɬɟɥɶɧɚɹ ɲɢɪɢɧɚ: 

 ܾ = ͹ͳ,ʹ = ͷ,ͺ ˏˏ. 
 

ɉɨ ɬɚɛɥ. 2-3[33] ܽˋ −  ܽ = Ͳ,ͶͶ ˏˏ ɢ ܾˋ − ܾ = Ͳ,ʹ͹ ˏˏ. Ɍɨɥɳɢɧɚ ɝɨɥɨɝɨ 
ɩɪɨɜɨɞɚ ܽ = ͳ,ʹ − Ͳ,ͶͶ = Ͳ,͹͸ ˏˏ ɢ ܾ = ͻ,ʹ ˏˏ. 

ɉɨ ȽɈɋɌ 7019–71 ɢ 4γ4–78 ɜɵɛɢɪɚɟɦ ɩɪɨɜɨɞ ܽ × ܾ = ͳ,ͳʹ × ͺ,ͷ; ܽˋ × ܾˋ = ͳ,͸ × ͺ,͹͹; ݍଵሺଷሻ = ͻ,͵ ˏˏଶ; ݆ଵሺଷሻ = ʹͶ,ʹ ͻ,͵⁄ = ʹ,͸ ʏ ˏˏଶ⁄ , 
 ʏˍଶ = ߱ˍଵ(ܽˋ + (˓˒ߜ + ͹ = ͸Ͳሺͳ,͸ + Ͳ,ͳʹሻ + ͹ = ͳͳͲ,ʹ ˏˏ, 
 



 ܽˍଶ = ܾˋ + ͵,ͷ = ͺ,͹͹ + ͵,ͷ ≈ ͳʹ ˏˏ 
 
Ʉɨɥɢɱɟɫɬɜɨ ɤɚɬɭɲɟɤ № β ɪɚɜɧɨ ɞɜɭɦ. 
ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɩɥɚɫɬɢɧɵ ɜɩɢɫɵɜɚɟɦ ɜ ɬɚɛɥɢɰɭ γ.β ɞɥɹ ɤɚɬɭɲɟɤ 

3-ɣ ɫɟɤɰɢɢ. ȼɧɭɬɪɟɧɧɢɟ ɪɚɡɦɟɪɵ ɤɚɬɭɲɟɤ ɞɨɥɠɧɵ ɛɵɬɶ ɬɚɤɢɟ, ɤɚɤ ɞɥɹ 
ɤɚɬɭɲɟɤ № 1, ɬ.ɟ. ʐ = ͳͳͳ ˏˏ; ʑ = ͳ͸ʹ ˏˏ; ܴ = ͳͲ ˏˏ. 
 
Ɍɚɛɥɢɰɚ γ.β - ɋɟɤɰɢɢ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɢ 

ɋɟɤɰɢɹ 1 ɋɟɤɰɢɹ β ɋɟɤɰɢɹ γ ሺ߱ଵሻଵ = ͳͷ + ͳͷ = ͵Ͳ ܫଵሺଵሻ = ͻ͹ ʏ 
ሺ߱ଵሻଶ = ͵Ͳ + ͵Ͳ = ͸Ͳ ܫଵሺଶሻ = ͷͶ,͸ ʏ 

ሺ߱ଵሻଷ = ͸Ͳ + ͸Ͳ = ͳʹͲ ܫଵሺଷሻ = ʹͶ,ʹ ʏ 
ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɪɢ ݆ = ͵,Ͷ ܣ ˏˏଶ⁄ ଵሺଵሻݍ  = ʹͺ,ͷ ˏˏଶ Σݍଵ = ͺͷͷ ˏˏଶ 

ଵሺଶሻݍ = ͳ͸ ˏˏଶ Σݍଵሺଶሻ = ͻ͸Ͳ ˏˏଶ 
ଵሺଷሻݍ = ͹ ˏˏଶ Σݍଵሺଷሻ = ͺͶͲ ˏˏଶ 

Ɉɛɦɨɬɨɱɧɵɟ ɞɚɧɧɵɟ 
Ⱦɜɟ ɤɚɬɭɲɤɢ № 1 Ⱦɜɟ ɤɚɬɭɲɤɢ № β ߱ˍଵ′ = ͳͷ 

ɉɪɨɜɨɞ ɉɋȾ ͳ,ͺ × ͳͲ ݍଵሺଵሻ = ͳ͹,͸Ͷ ˏˏଶ ݆ଵሺଵሻ = ͷ,ͷ ʏ ˏˏଶ⁄  

߱ˍଵ′′ = ͵Ͳ 
ɉɪɨɜɨɞ ɉɋȾ ͳ,Ͷ × ͳͲ ݍଵሺଶሻ = ͳ͵,͹ͻ ˏˏଶ ݆ଵሺଶሻ = Ͷ ʏ ˏˏଶ⁄  

߱ˍଶ = ͸Ͳ 
ɉɪɨɜɨɞ ɉɋȾ ͳ,ͳʹ × ͺ,ͷ ݍଵሺଷሻ = ͻ,͵ ˏˏଶ ݆ଵሺଷሻ = ʹ,͸ ʏ ˏˏଶ⁄  

Ɋɚɞɢɚɥɶɧɵɟ ɪɚɡɦɟɪɵ ɤɚɬɭɲɟɤ, ɦɦ ʏˍଵ = ͳͷሺʹ,ʹͺ + Ͳ,ͳ͹ሻ + ͵Ͳሺͳ,ͺͺ + Ͳ,ͳ͹ሻ + ͹= ͳͲͷ,ʹͷ ˏˏ 

ʏˍଶ = ͸Ͳሺͳ,͸ + Ͳ,ͳʹሻ+ ͹= ͳͳͲ,ʹ ˏˏ 
Ɉɫɧɨɜɧɵɟ ɪɚɡɦɟɪɵ ɤɚɬɭɲɟɤ, ɦɦ ܽˍଵ = ͳͲ,ʹ͹ + ͵,ͷ ≈ ͳͶ ˏˏ 

ܽˍଶ = ͺ,͹͹ + ͵,ͷ≈ ͳʹ ˏˏ 
 

β4. Ɍɚɤ ɤɚɤ ɤɚɬɭɲɟɤ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɢ ɱɟɬɵɪɟ, ɬɨ ɱɢɫɥɨ ɞɢɫɤɨɜ 
ɞɨɥɠɧɨ ɛɵɬɶ ɞɜɚ. ɉɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɫɟɱɟɧɢɟ ɤɚɠɞɨɝɨ ɞɢɫɤɚ: 
ଶሺଵሻݍ  = ௤మ௡ˇ,          (3.20) 

ଶሺଵሻݍ  = ͳͺͺͷʹ = ͻͶʹ,ͷ ˏˏଶ 

 
β5. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ § β-15, ɪɢɫ. β-11, ɜ [33Ж ɪɚɞɢɚɥɶɧɚɹ ɲɢɪɢɧɚ ɞɢɫɤɚ 

ɜɦɟɫɬɟ ɫ ɬɪɭɛɤɨɣ ɛɭɞɟɬ: 
 � + ݀˕˓ = ܾ଴ − ቀʕ−ହଶ + ʜቁ,       (3.21) 

 



 � + ݀˕˓ = ͻ͸ − (ͳͳ − ͷʹ + Ͷ) = ͺͻ ˏˏ 

 
β6. ɉɪɟɞɜɚɪɢɬɟɥɶɧɚɹ ɬɨɥɳɢɧɚ ɞɢɫɤɚ 

 ܽˇ = ௤మሺభሻ�+ௗ˕˓,          (3.22) 

 ܽˇ = ͻͶʹ,ͷͺͻ = ͹ ˏˏ 

 
β7. ȼɵɛɢɪɚɟɦ ɬɨɥɳɢɧɭ ɞɢɫɤɚ ܽˇ = ͺ ˏˏ 
β8. ɇɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɬɪɭɛɤɢ ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɵɦ 10 ɦɦ ɫ ɬɨɥɳɢɧɨɣ 

ɫɬɟɧɨɤ 1,5 ɦɦ. Ɍɪɭɛɤɚ ɞɨɥɠɧɚ ɛɵɬɶ ɫɩɥɸɳɟɧɚ ɞɨ ɪɚɡɦɟɪɚ 8 ɦɦ. Ɋɚɞɢɚɥɶɧɵɣ 
ɪɚɡɦɟɪ ɬɪɭɛɤɢ ɛɭɞɟɬ ɪɚɜɟɧ 11 ɦɦ. 

β9.Ɋɚɞɢɚɥɶɧɚɹ ɲɢɪɢɧɚ ɞɢɫɤɚ ʙ = ͺͻ − ͳͳ = ͹ͺ ˏˏ 
γ0. ɋɟɱɟɧɢɟ ɜɬɨɪɢɱɧɨɝɨ ɜɢɬɤɚ ݍଶ = ʹ ∗ ͺ ∗ ͹ͺ = ͳͺͺͷ ˏˏଶ 
31. ɍɬɨɱɧɟɧɧɚɹ ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ: 

 ݆ଶ = �మ௤మ,          (3.23) 

 ݆ଶ = ͺͶͺͷͳͺͺͷ = Ͷ,ͷ ʏ ˏˏଶ⁄  

 
Ɋɚɡɦɟɳɚɟɦ ɤɚɬɭɲɤɢ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɢ ɜ ɨɤɧɟ ɢ ɫɨɫɬɚɜɥɹɟɦ ɫɯɟɦɭ ɢɯ 

ɫɨɟɞɢɧɟɧɢɹ. ɉɪɨɜɟɪɹɟɦ, ɜɨɣɞɟɬ ɥɢ ɜɫɹ ɨɛɦɨɬɤɚ ɜ ɨɤɧɨ ɩɨ ɜɵɫɨɬɟ (96 ɦɦ) ɢ 
ɛɭɞɟɬ ɥɢ ɞɨɫɬɚɬɨɱɟɧ ɡɚɡɨɪ ɦɟɠɞɭ ɤɚɬɭɲɟɱɧɵɦɢ ɝɪɭɩɩɚɦɢ. ɂɡɨɥɹɰɢɨɧɧɚɹ 
ɲɚɣɛɚ ɦɟɠɞɭ ɤɚɬɭɲɤɨɣ ɢ ɞɢɫɤɨɦ – ɢɡ ɫɬɟɤɥɨɬɟɤɫɬɨɥɢɬɚ ɬɨɥɳɢɧɨɣ 1 ɦɦ. 
Ʉɨɥɢɱɟɫɬɜɨ ɲɚɣɛ 4 (ɪɚɜɧɨ ɱɢɫɥɭ ɤɚɬɭɲɟɤ). 

γβ. ɋɭɦɦɚɪɧɵɣ ɡɚɡɨɪ ɜ ɨɤɧɟ: 
 Σߜ = ܾ଴ − (Σܽˍ + Σܽˇ + Σܽш),      (3.24) 
 
ɝɞɟ ܾ଴ – ɜɵɫɨɬɚ ɨɤɧɚ, ɦɦ; Σܽˍ – ɫɭɦɦɚɪɧɚɹ ɚɤɫɢɚɥɶɧɚɹ ɜɟɥɢɱɢɧɚ ɜɫɟɯ ɤɚɬɭɲɟɤ ɩɟɪɜɢɱɧɨɣ 
ɨɛɦɨɬɤɢ, ɦɦ; Σܽˇ – ɫɭɦɦɚɪɧɚɹ ɬɨɥɳɢɧɚ ɞɢɫɤɨɜ, ɦɦ; Σܽш – ɫɭɦɦɚɪɧɚɹ ɬɨɥɳɢɧɚ ɢɡɨɥɹɰɢɨɧɧɵɯ ɲɚɣɛ (ɩɪɨɤɥɚɞɨɤ), 
ɤɨɧɫɬɪɭɤɬɢɜɧɨ ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɦɟɠɞɭ ɞɢɫɤɚɦɢ ɢ ɤɚɬɭɲɤɚɦɢ, ɦɦ. 

 Σߜ = ͻ͸ − [ሺʹ ∗ ͳͶ + ʹ ∗ ͳʹሻ + ʹ ∗ ͺ + +Ͷ ∗ ͳሻ] = ʹͶ ˏˏ 
 



 

Ɋɚɫɩɪɟɞɟɥɹɟɦ ɷɬɨɬ ɡɚɡɨɪ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɞɥɹ ɡɚɡɨɪɚ ɦɟɠɞɭ ɹɪɦɨɦ 
ɢ ɤɪɚɣɧɢɦɢ ɤɚɬɭɲɤɚɦɢ ɩɨ 5 ɦɦ, ɚ ɢɦɟɧɧɨ ʹߜ଴ = ͳͲ ˏˏ; ɨɞɢɧ ɡɚɡɨɪ ɦɟɠɞɭ 
ɤɚɬɭɲɟɱɧɵɦɢ ߜˊ = ͳͶ ˏˏ. 

γγ. ȼɵɛɢɪɚɟɦ ɬɢɩ ɩɟɪɟɤɥɸɱɚɬɟɥɹ, ɬɨɤɨɜɟɞɭɳɢɟ ɱɚɫɬɢ ɤɨɬɨɪɨɝɨ ɞɨɥɠɧɵ 
ɛɵɬɶ ɪɚɫɫɱɢɬɚɧɵ ɧɚ ɞɥɢɬɟɥɶɧɵɣ ɬɨɤ 97 Ⱥ. ɉɟɪɟɤɥɸɱɟɧɢɟ ɫɬɭɩɟɧɟɣ ɩɪɢ ɬɚɤɨɦ 
ɬɨɤɟ ɦɨɠɧɨ ɩɪɨɢɡɜɨɞɢɬɶ ɩɚɤɟɬɧɵɦɢ ɩɟɪɟɤɥɸɱɚɬɟɥɹɦɢ, ɚ ɦɨɠɧɨ ɢ 
ɲɬɟɩɫɟɥɶɧɵɦ ɫɟɪɢɣɧɵɦ ɬɢɩɚ ɉɒ-200-8[33].  

ɋɨɫɬɚɜɥɹɟɦ ɫɯɟɦɭ ɫɨɟɞɢɧɟɧɢɹ ɤɚɬɭɲɟɤ. ɂɦɟɟɦ: ɞɜɟ ɤɚɬɭɲɤɢ № 1 ɫ 
ɨɫɟɜɵɦɢ ɪɚɡɦɟɪɚɦɢ ɩɨ 14 ɦɦ, ɢɡ ɤɨɬɨɪɵɯ ɤɚɬɭɲɤɚ № 1–I ɢɦɟɟɬ ɱɟɬɵɪɟ 
ɜɵɜɨɞɚ (ɇ1–Ʉ1; ɇ2–Ʉ2) ɢ ɤɚɬɭɲɤɚ № 1–II  – ɬɪɢ ɜɵɜɨɞɚ Дɇ1–(Ʉ1+ɇ2) –Ʉ2] = 
ɇ1–Ɉ–Ʉ2 (ɜ ɷɬɨɣ ɤɚɬɭɲɤɟ Ʉ1 ɢ ɇ2 ɫɨɟɞɢɧɹɸɬɫɹ ɜɧɭɬɪɢ ɢ ɧɚ ɩɟɪɟɤɥɸɱɚɬɟɥɶ 
ɢɞɟɬ ɨɞɢɧ ɨɬɜɨɞ); ɞɜɟ ɤɚɬɭɲɤɢ № β ɫ ɨɫɟɜɵɦɢ ɪɚɡɦɟɪɚɦɢ ɩɨ 1β ɦɦ. Ʉɚɠɞɚɹ 
ɢɡ ɧɢɯ ɢɦɟɟɬ ɩɨ ɞɜɚ ɜɵɜɨɞɚ ɇ ɢ Ʉ. 

Ɋɚɫɩɨɥɚɝɚɟɦ ɞɜɟ ɤɚɬɭɲɤɢ № 1 ɩɨ ɤɪɚɹɦ. ɋɨɝɥɚɫɧɨ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 
ɫɯɟɦɟ, ɫɟɤɰɢɹ 1 ɤɚɬɭɲɤɢ № 1–I ɫɨɟɞɢɧɹɟɬɫɹ ɫ ɫɟɤɰɢɟɣ 1 ɤɚɬɭɲɤɢ № 1–II  
ɱɟɪɟɡ ɩɟɪɟɤɥɸɱɚɬɟɥɶ ɫɬɭɩɟɧɟɣ. ɋɟɤɰɢɹ β ɤɚɬɭɲɤɢ № 1–I ɫɨɟɞɢɧɹɟɬɫɹ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫ ɫɟɤɰɢɟɣ γ, ɭɥɨɠɟɧɧɨɣ ɜ ɤɚɬɭɲɤɭ № β. Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ 
ɛɵɥɨ ɭɞɨɛɧɟɟ ɨɫɭɳɟɫɬɜɢɬɶ ɷɬɨ ɫɨɟɞɢɧɟɧɢɟ, ɪɚɡɦɟɳɚɟɦ ɨɞɧɭ ɤɚɬɭɲɤɭ № β ɜ 
ɤɚɬɭɲɟɱɧɭɸ ɝɪɭɩɩɭ ɫ ɤɚɬɭɲɤɨɣ № 1–I, ɚ ɜɬɨɪɭɸ ɤɚɬɭɲɤɭ № β – ɫ ɤɚɬɭɲɤɨɣ 
№ 1–II , ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. γ.7. Ɍɚɦ ɠɟ ɞɚɧɨ ɢ ɤɨɧɫɬɪɭɤɬɢɜɧɨɟ 
ɪɚɫɩɨɥɨɠɟɧɢɟ ɜɵɜɨɞɨɜ ɨɬ ɤɚɬɭɲɟɤ. 

γ4. ȼɵɛɢɪɚɟɦ ɪɚɡɦɟɪɵ ɜɵɜɨɞɨɜ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ § β-12[33]. 
Ⱦɥɹ ɤɚɬɭɲɟɤ № 1 ɪɚɡɦɟɪɵ ɜɵɜɨɞɨɜ ɞɥɹ 1-ɣ ɢ β-ɣ ɫɟɤɰɢɣ ɛɟɪɟɦ 

ɨɞɢɧɚɤɨɜɵɟ, ɪɚɫɫɱɢɬɚɧɧɵɟ ɧɚ ɛɨɥɶɲɨɣ ɬɨɤ, ɬ.ɟ. ɧɚ 97 Ⱥ. ɉɨ ɬɚɛɥ. 4-1[33] 
ɡɚɞɚɟɦɫɹ ɩɥɨɬɧɨɫɬɶɸ ɬɨɤɚ ݆˅ = Ͷ,͹ ʏ ˏˏଶ⁄ . ɋɟɱɟɧɢɟ ɜɵɜɨɞɚ: 
ሺଵሻ˅ݍ  = ͻ͹Ͷ,͹ = ʹͲ,͹ ˏˏଶ. 
 

Ɉɬ ɤɚɬɭɲɤɢ № 1–I ɧɭɠɧɨ ɫɞɟɥɚɬɶ 4 ɜɵɜɨɞɚ, ɨɬ ɤɚɬɭɲɤɢ № 1–II  – 3 
ɜɵɜɨɞɚ. ȿɫɥɢ ɪɚɫɩɨɥɨɠɢɬɶ ɜɵɜɨɞɵ ɜ ɨɞɢɧ ɪɹɞ, ɬɨ ɜɵɜɨɞ ɛɭɞɟɬ ɨɱɟɧɶ ɭɡɤɢɣ. 
ɉɨɷɬɨɦɭ ɜɵɜɨɞ ɨɬ Ʉ2 ɪɚɡɦɟɫɬɢɦ ɫ ɬɨɪɰɚ ɤɚɬɭɲɤɢ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɨɤ 
3.10 
  



 

 
Ɋɢɫɭɧɨɤ γ.10 - Ɋɚɡɦɟɪɵ ɜɵɜɨɞɨɜ ɨɬ ɤɚɬɭɲɟɤ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɢ 

 
Ɍɨɝɞɚ: 

 ܾ˅.ˋ = ʐ−[ଶோ+ఋ˅ሺ௡−ଵሻ]௡ ,        (3.25) 

 ܾ˅.ˋ = ͳͳͳ − [ʹ ∗ ͳͲ + ͳ͵ሺ͵ − ͳሻ]͵ = ʹͳ,͹ ˏˏ 

 
Ⱦɜɭɫɬɨɪɨɧɧɹɹ ɬɨɥɳɢɧɚ ɢɡɨɥɹɰɢɢ ɜɵɜɨɞɚ ɪɚɜɧɚ γ ɦɦ, ɢ ɲɢɪɢɧɚ ɝɨɥɨɝɨ 

ɜɵɜɨɞɚ ܾ˅.ˍଵ = ʹͳ,͹ − ͵ = ͳͺ,͹ ˏˏ. Ɍɨɥɳɢɧɚ ɝɨɥɨɝɨ ɜɵɜɨɞɚ 
 ܽ˅.ˍଵ = ଵˍ.˅ݍ ܾ˅.ˍଵ⁄ = ʹͲ,͹ ͳͺ,͹⁄ = ͳ,ͳʹ ˏˏ 

 
ɍɬɨɱɧɹɟɦ ɪɚɡɦɟɪɵ ɜɵɜɨɞɚ ɩɨ ȽɈɋɌ 4γ4–78. Ȼɟɪɟɦ ɉɆɆ (ɩɪɨɜɨɞ 

ɦɟɞɧɵɣ ɦɹɝɤɢɣ) ɫ ɪɚɡɦɟɪɚɦɢ ܽ˅.ˍଵ = ͳ ˏˏ; ܾ˅.ˍଵ = ͳͶ,ͷ ˏˏ; ݍ˅.ˍଵ = ͳͶ,͵ ˏˏଶ. 
ɍɬɨɱɧɟɧɧɚɹ ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ ݆˅.ˍଵ = ͳ,Ͷ͵ ʏ ˏˏଶ.⁄  

Ⱦɥɹ ɤɚɬɭɲɟɤ № β ɛɟɪɟɦ ɷɬɨɬ ɠɟ ɜɵɜɨɞ, ɬ.ɟ. ܾ˅.ˍଶ = ͳͶ,ͷ ˏˏ; ܽ˅.ˍଶ =ͳ ˏˏ. 
35. Ɍɪɟɛɭɟɦɵɟ ɡɚɡɨɪɵ ɦɟɠɞɭ ɤɚɬɭɲɟɱɧɵɦɢ ɝɪɭɩɩɚɦɢ: 

ଵߜ  = ሺܽ˅.ˍଶ + ሻˋߜ +  ଴,        (3.26)ߜ
 
ɝɞɟ ߜ଴– ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɡɚɡɨɪ, ɭɱɢɬɵɜɚɸɳɢɣ ɧɟɩɥɨɬɧɨɟ ɩɪɢɥɟɝɚɧɢɟ 
ɜɵɜɨɞɨɜ ɤ ɤɚɬɭɲɤɚɦ ɢ ɞɪɭɝɢɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɨɬɤɥɨɧɟɧɢɹ, ߜ଴= γɦɦ. 
ଵߜ  = ሺͳ + ͵ሻ + ͵ = ͹ ˏˏ, 
 



 

ɱɬɨ ɧɟ ɛɨɥɟɟ 14 ɦɦ, ɩɨɥɭɱɟɧɧɵɯ ɜ ɩ.γβ. ɉɪɢ ɪɚɫɱɟɬɟ ɡɚɡɨɪɚ ߜଵ ɧɟɨɛɯɨɞɢɦɨ 
ɭɱɟɫɬɶ, ɱɬɨ ɜɵɜɨɞɵ ɫɨɫɟɞɧɢɯ ɤɚɬɭɲɟɤ № β ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɲɚɯɦɚɬɧɨɦ 
ɩɨɪɹɞɤɟ. 

γ6. ɋɟɱɟɧɢɹ ɨɬɜɨɞɨɜ, ɫɨɟɞɢɧɹɸɳɢɯ ɤɚɬɭɲɤɢ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɢ ɫ 
ɩɟɪɟɤɥɸɱɚɬɟɥɟɦ ɫɬɭɩɟɧɟɣ, ɫɜɟɞɟɧɵ ɜ ɬɚɛɥ. γ.γ. 

γ7. ɉɨ ɪɟɤɨɦɟɧɞɚɰɢɢ § β-5[33Ж ɜ ɤɚɱɟɫɬɜɟ ɦɚɬɟɪɢɚɥɚ ɫɟɪɞɟɱɧɢɤɚ ɛɟɪɟɦ 
ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɭɸ ɫɬɚɥɶ ɦɚɪɤɢ ɗ11 ɬɨɥɳɢɧɨɣ ߜˉ = Ͳ,ͷ ˏˏ. 
 
Ɍɚɛɥɢɰɚ γ.γ - ɋɟɱɟɧɢɹ ɨɬɜɨɞɨɜ 

ɇɨɦɟɪ ɤɨɧɰɚ 11 12 13 14 21 23 32 33 ɏ 

Ɋɚɫɱɟɬɧɵɣ ɬɨɤ, 
Ⱥ 

97 97 97 54,6 54,6 54,6 24,2 24,2 24,2 

ɋɟɱɟɧɢɟ 
ɨɬɜɨɞɨɜ ɢɡ 
ɉȽȼ-1, ɦɦ2 

10 

 
γ8. ɉɨ ɬɚɛɥ. 4-2[33Ж ɞɥɹ ɧɨɦɢɧɚɥɶɧɨɣ ɫɬɭɩɟɧɢ ɛɟɪɟɦ ɢɧɞɭɤɰɢɸ ɜ 

ɫɟɪɞɟɱɧɢɤɟ ȼ =1,4 Ɍ. 
γ9. Ⱥɤɬɢɜɧɨɟ ɫɟɱɟɧɢɟ ɫɟɪɞɟɱɧɢɤɚ: 

 ܵ = ௎ସ,ସସ��భ஻ː,         (3.27) 

 
ɝɞɟ ܷ – ɩɟɪɜɢɱɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ȼ; ߱ଵ – ɫɭɦɦɚɪɧɚɹ ɚɤɫɢɚɥɶɧɚɹ ɜɟɥɢɱɢɧɚ ɜɫɟɯ ɤɚɬɭɲɟɤ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɢ; ܤː – ɢɧɞɭɤɰɢɹ ɞɥɹ ɧɨɦɢɧɚɥɶɧɨɣ ɫɬɭɩɟɧɢ, Ɍ. 
 ܵ = ͵ͺͲͶ,ͶͶ ∗ ͷͲ ∗ ͳͲͷ ∗ ͳ,Ͷ = Ͳ,Ͳͳʹ͵ ˏଶ 

 
40. Ʉɨɷɮɮɢɰɢɟɧɬ ɡɚɩɨɥɧɟɧɢɹ ɫɟɪɞɟɱɧɢɤɚ: 

 �ˊ = ఋˉఋˉ+଴,଴ସ,         (3.28) 

 
ɝɞɟ ߜˉ – ɬɨɥɳɢɧɚ ɨɬɞɟɥɶɧɵɯ ɥɢɫɬɨɜ ɩɚɤɟɬɚ, ɦɦ. 0,5 =ˉߜ ɦɦ. 
 �ˊ = Ͳ,ͷͲ,ͷ + Ͳ,ͲͶ = Ͳ,ͻ͵ 

  



 

41. ɉɨɥɧɨɟ ɫɟɱɟɧɢɟ ɫɟɪɞɟɱɧɢɤɚ: 
 ܵˉ = ௌ�ˊ,          (3.29) 

 ܵˉ = Ͳ,Ͳͳʹ͵Ͳ,ͻ͵ = Ͳ,Ͳͳ͵ʹ ˏଶ 

 
4β. Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɛɪɨɧɟɜɨɝɨ ɬɢɩɚ, ɢ ɩɨɥɭɱɟɧɧɚɹ ɜɟɥɢɱɢɧɚ ɫɟɱɟɧɢɹ 

ɫɟɪɞɟɱɧɢɤɚ ɨɬɧɨɫɢɬɫɹ ɤ ɫɪɟɞɧɟɦɭ ɫɬɟɪɠɧɸ. Ɍɪɟɛɭɟɦɚɹ ɬɨɥɳɢɧɚ ɧɚɛɨɪɚ: 
 ℎ = ௌˉଶ௕భ,          (3.30) 

 ℎ = Ͳ,Ͳͳ͵ʹ ∗ ͳͲସʹ ∗ Ͷ,ͺ = ͳ͵,͹ ˔ˏ 

 
4γ. ɉɨ ɪɟɤɨɦɟɧɞɚɰɢɹɦ §4-4[33Ж ɛɟɪɟɦ h = 140 ɦɦ. 
44. ɍɬɨɱɧɟɧɧɨɟ ɚɤɬɢɜɧɨɟ ɫɟɱɟɧɢɟ ɫɟɪɞɟɱɧɢɤɚ ɢ ɢɧɞɭɤɰɢɹ ɧɚ β-ɣ 

ɫɬɭɩɟɧɢ: 
 ܵ = ʹܾℎ�ˊ,          (3.31) 

 ܵ = ʹ ∗ Ͳ,ͲͶͺ ∗ Ͳ,ͳͶ ∗ Ͳ,ͻ͵ = Ͳ,Ͳͳʹͷ ˏଶ, 
ːܤ  = ͵ͺͲͶ,ͶͶ ∗ ͷͲ ∗ ͳͶͲ ∗ Ͳ,Ͳͳʹͷ = ͳ,͵ͺ ʡ 

 
45. ɂɧɞɭɤɰɢɹ ɧɚ γ-ɣ (ɩɨɫɥɟɞɧɟɣ) ɫɬɭɩɟɧɢ: 

ଷܤ  = ͵ͺͲͶ,ͶͶ ∗ ͷͲ ∗ ͳͲͷ ∗ Ͳ,Ͳͳʹͷ = ͳ,ͷͺ ʡ 

 
46. Чɢɫɥɨ ɥɢɫɬɨɜ ɞɜɭɯ ɩɚɤɟɬɨɜ ɫɟɪɞɟɱɧɢɤɚ: 

 ݊ = ʹ ℎʙˊఋˉ ,          (3.32) 

 ݊ = ʹ ଵସ଴∗଴,ଽଷ଴,ହ = ͷʹͶ ɩɥɚɫɬɢɧɵ (ɥɢɫɬɚ). 
 
 

47. Ɇɚɫɫɚ ɫɟɪɞɟɱɧɢɤɚ. 
ˉܩ  = ˉΣVߛ ∗ ͳͲ−ଷ,        (3.33) 



 

 
ɝɞɟ  ߛ – ɩɥɨɬɧɨɫɬɶ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɣ ɫɬɚɥɢ, ɢɡ ɤɨɬɨɪɨɣ ɢɡɝɨɬɨɜɥɟɧɵ 
ɥɢɫɬɵ ɫɟɪɞɟɱɧɢɤɚ, ߛ = ͹,ͺ ɝ/ɫɦ3; ΣVˉ – ɫɭɦɦɚɪɧɵɣ ɨɛɴɟɦ ɜɫɟɯ ɱɚɫɬɟɣ ɦɚɝɧɢɬɨɩɪɨɜɨɞɚ, ɫɦ3. 
 ΣVˉ = ʹℎʙˊሺ݈ܪ − ℎ଴ܾ଴ሻ,       (3.34) 
 
ˉܩ  = ͹,ͺ ∗ ʹ ∗ ͳͶ ∗ Ͳ,ͻ͵ሺͳͻ,ʹ ∗ ͳͻ,ʹ − ͻ,͸ ∗ ͻ,͸ሻ ∗ ͳͲ−ଷ = ͷ͸,͵ ˍˆ 
 

48. ɋɪɟɞɧɹɹ ɞɥɢɧɚ ɜɢɬɤɚ ɤɚɬɭɲɟɤ № 1 (ɪɢɫ. γ.11, ɚ): ɚ) 15 ɜɢɬɤɨɜ 1-ɣ 
ɫɟɤɰɢɢ, ɭɥɨɠɟɧɧɨɣ ɫɧɢɡɭ: 
 ݈˔˓.ˍଵ′ = ʹሺʐ − ʹܴሻ + ʹሺܤ − ʹܴሻ + ߨʹ ቀܴ + ஺+ாସ ቁ,   (3.35) 

 ݈˔˓.ˍଵ′ = ʹሺͳͳͳ − ʹ ∗ ͳͲሻ + ʹሺͳ͸ͷ − ʹ ∗ ͳͲሻ + ʹ ∗ ͵,ͳͶ (ͳͲ + ͵ʹ + ͵ͷͶ ) == Ͷ͹ʹ + ͳ͸ͺ = Ͳ,͸Ͷ ˏ 
 

ɛ) γ0 ɜɢɬɤɨɜ β-ɣ ɫɟɤɰɢɢ, ɭɥɨɠɟɧɧɨɣ ɫɜɟɪɯɭ: 
 ݈˔˓.ˍଵ′′ = Ͷ͹ʹ + ʹ ∗ ͵,ͳͶ [ሺͳͲ + ͵ʹሻ + ͷͳ + ͷͳͶ ] = Ͳ,ͺͻ ˏ 

 
ɜ) ɰɟɥɨɣ ɤɚɬɭɲɤɢ № 1: 

 ݈˔˓.ˍଵ = Ͷ͹ʹ + ʹ ∗ ͵,ͳͶ [ͳͲ + ሺ͵ʹ + ͷͳሻ + ሺ͵ͷ + ͷͶሻͶ ] = Ͳ,ͺ ˏ 

 
 

 
 

Ɋɢɫɭɧɨɤ γ.11 - ɋɪɟɞɧɢɟ ɞɥɢɧɵ ɜɢɬɤɨɜ ɤɚɬɭɲɟɤ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɢ ɢ ɞɢɫɤɚ ɜɬɨɪɢɱɧɨɝɨ 
ɜɢɬɤɚ 

 



 

49. ɋɪɟɞɧɹɹ ɞɥɢɧɚ ɜɢɬɤɚ ɤɚɬɭɲɟɤ № β (ɪɢɫ. №γ.11, ɛ): 
 ݈˔˓.ˍଶ = Ͷ͹ʹ + ʹ ∗ ͵,ͳͶ (ͳͲ + ͺʹ + ͺͷͶ ) = Ͳ,͹ͻͶ ˏ 

 
Ɇɚɫɫɚ ɤɚɬɭɲɤɢ № 1: 

ଵˍܩ  = ௬�ߛ ∗ ͳͲ−ଷ(߱ˍଵ′ ′ଵሺଵሻ݈˔˓.ˍଵݍ + ߱ˍଵ′′ ′′ଵሺଶሻ݈˔˓.ˍଵݍ ),   (3.36) 
 
ɝɞɟ ߛ – ɩɥɨɬɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɩɪɨɜɨɞɚ, ߛ = ͺ,ͻ ɝ/ɫɦ3; ߱ˍଵ′ ˋ ߱ˍଵ′′  – ɱɢɫɥɨ ɜɢɬɤɨɜ ɜ ɤɚɬɭɲɤɟ; ݈˔˓.ˍଵ′ ˋ ݈˔˓.ˍଵ′′  – ɫɪɟɞɧɹɹ ɞɥɢɧɚ ɜɢɬɤɚ, ɦ; ݍଵሺଵሻ ˋ ݍଵሺଶሻ – ɫɟɱɟɧɢɟ ɤɚɠɞɨɝɨ ɜɢɬɤɚ ɤɚɬɭɲɤɢ, ɦɦ2; �௬ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɜɟɥɢɱɟɧɢɟ ɦɚɫɫɵ ɩɪɨɜɨɞɚ ɡɚ ɫɱɟɬ 
ɟɝɨ ɢɡɨɥɹɰɢɢ, �௬ = 1,08. 
ଵˍܩ  = ͺ,ͻ ∗ ͳ,Ͳͺ ∗ ͳͲ−ଷሺͳʹ ∗ ͳ͹,͸Ͷ ∗ Ͳ,͸Ͷ + ʹͶ ∗ ͳ͵,͹ͻ ∗ Ͳ,ͺͺሻ = = ͳ,͵Ͷ + ʹ,ͺ͸ = Ͷ,ʹ ˍˆ. 
 

50. Ɇɚɫɫɚ ɤɚɬɭɲɤɢ № β: 
ଶˍܩ  = ͺ,ͻ ∗ ͳ,Ͳͺ ∗ ͳͲ−ଷ ∗ Ͷ͸ ∗ ͻ,͵ ∗ Ͳ,͹ͻͶ = ͵,͵ ˍˆ 
 

51. Ɇɚɫɫɚ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɢ: 
ଵܩ  = ଵˍܩʹ +  ଶ,        (3.37)ˍܩʹ

ଵܩ  = ଵˍܩʹ + ଶˍܩʹ = ʹ ∗ Ͷ,ʹ + ʹ ∗ ͵,͵ = ͳͷ ˍˆ 
 

5β. Ɋɚɡɦɟɪɵ ɞɢɫɤɚ ɜɵɛɢɪɚɟɦ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ § β-15 ɢ ɪɢɫ. β-11, ɜ[33]: 
 ʚ = ܾ˔ + ሺʕ − ͷሻ = Ͷͺ + Ͷ + Ͷͺ + ሺͳͳ − ͷሻ = ͳͲ͸ ˏˏ, ʟ = ℎ + ሺʒ − ͷሻ = ͳͶͲ + ሺʹͷ − ͷሻ = ͳ͸Ͳ ˏˏ, ܥ + ݀˕˓ = ʔˍଵ + ͵ = ሺ͵ͷ + ͷͶሻ + ͵ = ͻʹ ˏˏ, ʠ = ͻʹ − ݀˕˓ = ͻʹ − ͳͳ = ͺͳ ˏˏ, ʞ = ʏ + ሺʹ + ͷ + ͷ + ሻˍߜ = ͺ͸ + ͳʹ + ͺ = ͳͲ͸ ˏˏ. 
 

5γ. ɋɪɟɞɧɹɹ ɞɥɢɧɚ ɜɢɬɤɚ ɞɢɫɤɚ. 
 ݈˔˓ଶ = ʹሺʚ − ʹܴሻ + ʹሺܲ − ʹܴሻ + ߨʹ ቀܴ + ଶ�+ʞ+ʠ଼ ቁ,   (3.38) 

 



 ݈˔˓ଶ = ʹሺͳͲ͸ − ʹ ∗ ͳͲሻ + ʹሺͳ͸Ͳ − ʹ ∗ ͳͲሻ + ʹ∗ ͵,ͳͶ (ͳͲ + ʹ ∗ ͹ͺ + ͳͲ͸ + ͺͳͺ ) = Ͳ,͹ͺͶ ˏ 

 
54. Ɇɚɫɫɚ ɞɜɭɯ ɞɢɫɤɨɜ: 

ଶܩ  = (ଶሺଵሻݍଶ˓˔݈ߛ)ˇ݊ ∗ ͳͲ−ଷ,       (3.39) 
 
ɝɞɟ  ݊ˇ – ɱɢɫɥɨ ɞɢɫɤɨɜ; ߛ – ɩɥɨɬɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɞɢɫɤɨɜ, ߛ = ͺ,ͻ ɝ/ɫɦ3; ݈˔˓ଶ – ɫɪɟɞɧɹɹ ɞɥɢɧɚ ɜɢɬɤɚ, ɦ; ݍଶሺଵሻ – ɫɪɟɞɧɟɟ ɫɟɱɟɧɢɟ ɞɢɫɤɚ, ɦɦ2. 
ଶܩ  = ʹሺͺ,ͻ ∗ Ͳ,͹ͺͶ ∗ ͸ʹͶሻ ∗ ͳͲ−ଷ = ʹ ∗ Ͷ,͵ͷ ˍˆ. 
 

55. Ɋɚɡɦɟɪɵ ɢ ɦɚɫɫɚ ɞɢɫɤɨɜ ɭɬɨɱɧɹɸɬɫɹ ɩɨɫɥɟ ɤɨɧɫɬɪɭɤɬɢɜɧɨɝɨ 
ɨɮɨɪɦɥɟɧɢɹ ɜɬɨɪɢɱɧɨɝɨ ɜɢɬɤɚ. Ɍɨɝɞɚ ɠɟ ɩɨɞɫɱɢɬɵɜɚɟɬɫɹ ɢ ɦɚɫɫɚ ɤɨɧɬɚɤɬɧɵɯ 
ɩɥɢɬ. 

56. ɉɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 
ɚ) ɧɚ ɧɨɦɢɧɚɥɶɧɨɣ ɫɬɭɩɟɧɢ ɩɪɢ 
ːܤ  = ͳ,͵ͺʡ ʟ଴ = ʙ଴ܩߩˉ = ͳ,ͳͷ ∗ ͸,͵ʹ ∗∗ ͷ͸,͵ = ͶͳͲ ʑ˕ 
 
ɛ) ɧɚ ɩɨɫɥɟɞɧɟɣ ɫɬɭɩɟɧɢ ɩɪɢ 
ːܤ  = ͳ,ͷͺʡ ʟ଴ˏ˃ˍ˔ = ͳ,ͳͷ ∗ ͺ,ͷ͸ ∗ ͷ͸,͵ =  = ͷͷͶ ʑ˕ 

 
57. ɋɪɟɞɧɹɹ ɞɥɢɧɚ ɦɚɝɧɢɬɧɨɣ ɥɢɧɢɢ: 

 ݈ఓ = ʹሺͻ͸ + ͻ͸ሻ + ߨʹ ͻ͸ʹ = ͸ͺ,Ͷ ˔ˏ 

 
58. ɋɭɦɦɚɪɧɚɹ ɦ.ɞ.ɫ., ɧɟɨɛɯɨɞɢɦɚɹ ɞɥɹ ɫɨɡɞɚɧɢɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɬɨɤɚ ɜ 

ɫɬɚɥɢ ɫɟɪɞɟɱɧɢɤɚ ɢ ɜɨɡɞɭɲɧɵɯ ɡɚɡɨɪɚɯ ɞɥɹ ɧɨɦɢɧɚɥɶɧɨɣ ɫɬɭɩɟɧɢ: 
 Σܹܣ = ܹ̄ܣ + ܣ ఋܹ ,        (3.40) 
 
ɝɞɟ  ܹ̄ܣ  – ɦ.ɞ.ɫ., ɧɟɨɛɯɨɞɢɦɚɹ ɞɥɹ ɫɨɡɞɚɧɢɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɬɨɤɚ ɜ ɫɬɚɥɢ 
ɫɟɪɞɟɱɧɢɤɚ, Ⱥ; ܣ ఋܹ – ɦ.ɞ.ɫ., ɧɟɨɛɯɨɞɢɦɚɹ ɞɥɹ ɫɨɡɞɚɧɢɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɬɨɤɚ ɜ ɫɬɵɤɚɯ 
ɦɟɠɞɭ ɥɢɫɬɚɦɢ (ɜ ɜɨɡɞɭɲɧɵɯ ɡɚɡɨɪɚɯ), Ⱥ. 
ܹ̄ܣ  = ݈ܽ߱ఓ ,         (3.41) 



 

ܣ  ఋܹ = Ͳ,ͺߜܤˊ ∗ ͳͲସ,        (3.42) 
 
ɝɞɟ  ܤ – ɫɪɟɞɧɹɹ ɢɧɞɭɤɰɢɹ ɜ ɡɚɡɨɪɚɯ, Ɍ; ߜˊ – ɫɭɦɦɚ ɡɚɡɨɪɨɜ ɦɚɝɧɢɬɧɨɣ ɰɟɩɢ, 0,005 = ˊߜɫɦ. 
 Σܹܣ = ͳͶ,ͺ ∗ ͸ͺ,Ͷ + Ͳ,ͺ ∗ ͳ,͵ͺ ∗ ʹ ∗ Ͳ,ͲͲͷ ∗ ͳͲସ = ͳͳͳͲ ʏ 
 

59. Ⱥɛɫɨɥɸɬɧɨɟ ɡɧɚɱɟɧɢɟ ɬɨɤɚ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ: 
଴ܫ  = ଴௔ଶܫ√ + ˓଴ଶܫ ,         (3.43) 

 
ɝɞɟ  ܫ଴௔ – ɚɤɬɢɜɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɬɨɤɚ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ, ɨɛɭɫɥɨɜɥɟɧɧɚɹ 
ɩɨɬɟɪɹɦɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ଴ܲ, Ⱥ; ܫ଴˓ – ɪɟɚɤɬɢɜɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ, ɧɟɨɛɯɨɞɢɦɚɹ ɞɥɹ ɫɨɡɞɚɧɢɹ ɦɚɝɧɢɬɧɨɝɨ 
ɩɨɬɨɤɚ, Ⱥ. 
଴௔ܫ  = ௉బ௎భ,          (3.44) 

 
ɝɞɟ ଴ܲ  – ɩɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ, ȼɬ. 
଴௔ܫ  = ͶͳͲ͵ͺͲ = ͳ,ͳͶ ʏ, 
˓଴ܫ  = Σ஺ௐ�ˆ√ଶሺ�భሻయ,         (3.45) 

 
ɝɞɟ  �ˆ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɧɚɥɢɱɢɟ ɝɚɪɦɨɧɢɤ ɜ ɤɪɢɜɨɣ 
ɧɚɦɚɝɧɢɱɢɜɚɸɳɟɝɨ ɬɨɤɚ; ሺ߱ଵሻଷ – ɱɢɫɥɨ ɜɢɬɤɨɜ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɢ, ɜɤɥɸɱɟɧɧɵɯ ɜ ɫɟɬɶ. 
˓଴ܫ  = ͳͳͳͲͳ,ͳ͵ ∗ ͳ,Ͷͳ ∗ ͳͶͲ = ͹,Ͷ ʏ, 
଴ܫ  = √ͳ,ͳͶଶ + ͹,Ͷଶ = ͹,ͷ ʏ. 
 

60. ȼɟɥɢɱɢɧɚ ɬɨɤɚ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɜ ɩɪɨɰɟɧɬɚɯ ɨɬ ɧɨɦɢɧɚɥɶɧɨɝɨ 
ɪɚɫɱɟɬɧɨɝɨ: 
 ݈଴ = �బ�భ ∗ ͳͲͲ,         (3.46) 

 



 ݈଴ = ͹,ͷͻ͹ ∗ ͳͲͲ = ͳʹ%, 
 
ɱɬɨ ɦɟɧɶɲɟ β0% ɢ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ȽɈɋɌ β97–80. 

61. Ɍɨɤ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɧɚ ɩɨɫɥɟɞɧɟɣ ɫɬɭɩɟɧɢ ɩɪɢ ȼ = 1,58 Ɍ: 
˔ˍ˃ˏ଴ܫ  = √ͳ,ͷ͵ଶ + ͳͷ,͸ଶ = ͳͷ,͹ ʏ, 

 Σܹܣ = ͵ʹ,ͻ ∗ ͸ͺ,Ͷ + Ͳ,ͺ ∗ ͳ,ͷͺ ∗ ʹ ∗ Ͳ,ͲͲͷ ∗ ͳͲସ = ʹ͵͹͸ ʏ, 
˓଴ܫ  = ʹ͵͹͸ͳ,͵ʹ ∗ ͳ,Ͷͳ ∗ ͳͲͷ = ͳͷ,͸ ʏ 

 
6β. Ɉɦɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 15 ɜɢɬɤɨɜ ɤɚɬɭɲɤɢ № 1: 

଴ሺଵሻଵݎ  = ߩ ௟˔˓.ˍభ′ �′̱௤భሺభሻ ,         (3.47) 

 
ɝɞɟ ߩ – ɭɞɟɥɶɧɨɟ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɦɚɬɟɪɢɚɥɚ ɩɪɨɜɨɞɚ 
ɤɚɬɭɲɤɢ, ߩ = Ͳ,Ͳͳ͹ͷ ʝˏ ∙ ˏˏଶ/ˏ; ߱′̱  – ɱɢɫɥɨ ɜɢɬɤɨɜ ɤɚɬɭɲɤɢ; ݈˔˓.ˍଵ′  – ɫɪɟɞɧɹɹ ɞɥɢɧɚ ɜɢɬɤɚ ɩɪɨɜɨɞɚ ɤɚɬɭɲɤɢ, ɦ; ݍଵሺଵሻ – ɫɟɱɟɧɢɟ ɩɪɨɜɨɞɚ ɤɚɬɭɲɤɢ, ɦɦ2. 
଴ሺଵሻଵݎ  = Ͳ,Ͳͳ͹ͷ Ͳ,͸Ͷ ∗ ͳͷͳ͹,͸Ͷ = Ͳ,ͲͲ͹͸ ʝˏ 

 
6γ. Ɉɦɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ γ0 ɜɢɬɤɨɜ ɤɚɬɭɲɤɢ № 1: 

଴ሺଵሻଶݎ  = Ͳ,Ͳͳ͹ͷ Ͳ,ͺͻ ∗ ͵Ͳͳ͵,͹ͻ = Ͳ,Ͳʹ͹Ͳ ʝˏ 

 
64. Ɉɦɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɚɬɭɲɤɢ № β: 

଴ሺଶሻݎ  = Ͳ,Ͳͳ͹ͷ Ͳ,͹ͻͶ ∗ ͸Ͳͻ,͵ = Ͳ,Ͳ͸ͺ ʝˏ 

 
65. Ɉɦɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɞɢɫɤɚ ɜɬɨɪɢɱɧɨɝɨ ɜɢɬɤɚ: 

଴ሺˇሻݎ  = ߩ ௟˔˓మ௤మሺభሻ,         (3.48) 

 



଴ሺˇሻݎ  = Ͳ,Ͳͳ͹ͷ Ͳ,͹ͺͶ͸ʹͶ = ʹʹ ∗ ͳͲ−଺ ʝˏ 

 
66. Ɉɦɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɢ ɧɚ ɧɨɦɢɧɚɥɶɧɨɣ 

(ɬɪɟɬɶɟɣ) ɫɬɭɩɟɧɢ: 
଴ݎ  = ଴ሺଶሻଵݎʹ + ௥బሺభሻమଶ + ௥బሺమሻଶ ,       (3.49) 

଴ݎ  = ʹ ∗ Ͳ,ͲͲ͹͸ + Ͳ,Ͳʹ͹Ͳʹ + Ͳ,Ͳ͸ͺʹ = Ͳ,Ͳ͸ʹ͹ ʝˏ 

 
67. Ɉɦɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɢ ɧɚ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ 

଴ݎ  = ଴ሺଵሻଵݎʹ + ଴ሺଵሻଶݎʹ +  ଴ሺଶሻ,      (3.50)ݎʹ
଴ݎ  = ʹ ∗ Ͳ,ͲͲ͹͸ + ʹ ∗ Ͳ,Ͳʹ͹Ͳ + ʹ ∗ Ͳ,Ͳ͸ͺ = Ͳ,ʹ ʝˏ 
 

68. Ʉɨɷɮɮɢɰɢɟɧɬ Ɏɢɥɶɞɚ ɞɥɹ 15 ɜɢɬɤɨɜ ɤɚɬɭɲɤɢ № 1: 
 �ிˍ′ = ͳ + ௡�మ−଴,ଶଽ ሺ� ′̱ ሻସ,        (3.51) 

 
ɝɞɟ ݊௔  – ɱɢɫɥɨ ɜɢɬɤɨɜ ɨɞɧɨɣ ɤɚɬɭɲɤɢ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ 
ɩɨɬɨɤɭ ɪɚɫɫɟɹɧɢɹ, ݊௔  = 1; � ′̱  – ɩɪɢɜɟɞɟɧɧɵɣ ɪɚɡɦɟɪ ɫɬɨɪɨɧɵ ɩɪɨɜɨɞɚ, ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ 
ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɩɨɬɨɤɭ ɪɚɫɫɟɹɧɢɹ, ɫɦ. 
 � ′̱ = ʹܾˍ√ �௔ˍ�′̱௟�ఘ∗ଵ଴ర,         (3.52) 

 
ɝɞɟ ܾˍ – ɪɚɡɦɟɪ ɫɬɨɪɨɧɵ ɝɨɥɨɝɨ ɩɪɨɜɨɞɚ, ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ 
ɩɨɬɨɤɭ ɪɚɫɫɟɹɧɢɹ, ɫɦ; � – ɱɚɫɬɨɬɚ ɬɨɤɚ, Ƚɰ; ߱′̱  – ɱɢɫɥɨ ɜɢɬɤɨɜ ɤɚɬɭɲɤɢ ɜ ɧɚɩɪɚɜɥɟɧɢɢ, ɩɚɪɚɥɥɟɥɶɧɨɦ ɩɨɬɨɤɭ 
ɪɚɫɫɟɹɧɢɹ; ܽˍ – ɪɚɡɦɟɪ ɫɬɨɪɨɧɵ ɝɨɥɨɝɨ ɩɪɨɜɨɞɚ, ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ ɩɚɪɚɥɥɟɥɶɧɨ 
ɩɨɬɨɤɭ ɪɚɫɫɟɹɧɢɹ, ɫɦ; ݈௦ – ɫɪɟɞɧɹɹ ɞɥɢɧɚ ɥɢɧɢɣ ɩɨɬɨɤɚ ɪɚɫɫɟɹɧɢɹ, ɫɦ; ߩ – ɭɞɟɥɶɧɨɟ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɦɚɬɟɪɢɚɥɚ ɩɪɨɜɨɞɚ 
ɤɚɬɭɲɤɢ,ʝˏ ∙ ˏˏଶ/ˏ. 
 



 

�ˍଵሺଵሻ′ = ʹ ∗ ͳ√ ͷͲ ∗ Ͳ,ͳͺ ∗ ͳͷͻ,͸ ∗ Ͳ,Ͳͳ͹ͷ ∗ ͳͲସ = ʹ ∗ Ͳ,ʹͷ͸ = Ͳ,ͷͳʹ ˔ˏ, 
 �ிˍଵ′ = ͳ + ͳଶ − Ͳ,ʹͻ ሺͲ,ͷͳʹሻସ = ͳ,ͲͲ͸͵ 

 
ȼ ɩɪɨɰɟɧɬɚɯ: 

 �ிˍଵ′ = [݊௔ଶ − Ͳ,ʹͻ ሺ�ˍଵሺଵሻ′ ሻସ − ͳ] ∗ ͳͲͲ = Ͳ,͸͵% 

 
Ⱦɥɹ γ0 ɜɢɬɤɨɜ: 

 �ˍଵሺଶሻ′ = ʹ ∗ ͳ√ ͷͲ ∗ Ͳ,ͳͶ ∗ ͵Ͳͻ,͸ ∗ Ͳ,Ͳͳ͹ͷ ∗ ͳͲସ = ʹ ∗ Ͳ,͵͵ = Ͳ,͸͸ ˔ˏ, 
 �ிˍଵ′′ = ͳ + ͳଶ − Ͳ,ʹͻ ሺͲ,͸͸ሻଶ = ͳ,Ͳͳ͹ 

 
ȼ ɩɪɨɰɟɧɬɚɯ �ிˍଵ′′ = ͳ,͹%. 

 
69. Ⱦɥɹ ɤɚɬɭɲɤɢ № β 

 �ˍଶ = ʹ ∗ Ͳ,ͺͷ√ ͷͲ ∗ Ͳ,ͳͳʹ ∗ ͸Ͳͻ,͸ ∗ Ͳ,Ͳͳ͹ͷ ∗ ͳͲସ = Ͳ,͸͹ ˔ˏ, 
 �ிଶ = ͳ + ͳଶ − Ͳ,ʹͻ ሺͲ,͸͹ሻଶ = ͳ,ͲͳͺͶ 

 
ȼ ɩɪɨɰɟɧɬɚɯ �ிଶ = ͳ,ͺ%. 

 
70. Ʉɨɷɮɮɢɰɢɟɧɬ Ɏɢɥɶɞɚ ɞɥɹ ɨɞɧɨɝɨ ɞɢɫɤɚ ɜɬɨɪɢɱɧɨɝɨ ɜɢɬɤɚ: 

 �ிଵ = ͳ + Ͳ,Ͳͻሺ�ଶ′ ሻସ,        (3.53) 
 
ɝɞɟ �ଶ′  – ɩɪɢɜɟɞɟɧɧɵɣ ɪɚɡɦɟɪ ɫɬɨɪɨɧɵ ɩɪɨɜɨɞɚ, ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ 
ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɩɨɬɨɤɭ ɪɚɫɫɟɹɧɢɹ, ɫɦ. 
 �ଶ′ = ʹܽˇ√ ��௟�ఘ∗ଵ଴ర,         (3.54) 



 

ɝɞɟ ܽˇ – ɪɚɡɦɟɪ ɞɢɫɤɚ ɜ ɧɚɩɪɚɜɥɟɧɢɢ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɦ ɩɨɬɨɤɭ ɪɚɫɫɟɹɧɢɹ, ɫɦ; � – ɪɚɡɦɟɪ ɞɢɫɤɚ ɜ ɧɚɩɪɚɜɥɟɧɢɢ, ɩɚɪɚɥɥɟɥɶɧɨɦ ɩɨɬɨɤɭ ɪɚɫɫɟɹɧɢɹ, ɫɦ; ߩ – ɭɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɦɚɬɟɪɢɚɥɚ ɞɢɫɤɨɜ,ʝˏ ∙ ˏˏଶ/ˏ; � – ɱɚɫɬɨɬɚ ɬɨɤɚ, Ƚɰ; ݈௦ – ɫɪɟɞɧɹɹ ɞɥɢɧɚ ɥɢɧɢɣ ɩɨɬɨɤɚ ɪɚɫɫɟɹɧɢɹ, ɫɦ. 
 �ଶ′ = ʹ ∗ Ͳ,ͺ√ ͷͲ ∗ ͹,ͺͻ,͸ ∗ Ͳ,Ͳͳ͹ͷ ∗ ͳͲସ = Ͳ,͹͹ ˔ˏ, 
 �ிଶ = ͳ + Ͳ,ͲͻሺͲ,͹͹ሻସ = ͳ,Ͳ͵ͳ 
 

ȼ ɩɪɨɰɟɧɬɚɯ �ிଶ = ͵,ͳ%. 
71. Ⱥɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 15 ɜɢɬɤɨɜ: 

ሺଵሻଵݎ  = ′଴ሺଵሻଵ�ிˍଵݎ ,        (3.55) 
ሺଵሻଵݎ  = Ͳ,ͲͲ͹͸ ∗ ͳ,ͲͲ͸͵ = Ͳ,ͲͲ͹͸ͷ ʝˏ 
 

7β. Ⱥɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ γ0 ɜɢɬɤɨɜ: 
ሺଵሻଶݎ  = Ͳ,Ͳʹ͹ ∗ ͳ,Ͳͳ͹ = Ͳ,Ͳʹ͹Ͷ ʝˏ. 
 

7γ. Ⱥɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɚɬɭɲɤɢ № β: 
ሺଶሻݎ  = Ͳ,Ͳ͸ͺ ∗ ͳ,ͲͳͺͶ = Ͳ,Ͳ͸ͻʹ ʝˏ 
 

74. Ⱥɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɞɧɨɝɨ ɞɢɫɤɚ ɜɬɨɪɢɱɧɨɝɨ ɜɢɬɤɚ: 
ݎ̌  =  ଴ሺˇሻ�ிଶ,         (3.56)ݎ
ݎ̌  = ʹʹ ∗ ͳͲ−଺ ∗ ͳ,Ͳ͵ = ʹʹ,͹ ∗ ͳͲ−଺ ʝˏ 
 

75. Ⱥɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɢ: ɚ) ɧɚ ɧɨɦɢɧɚɥɶɧɨɣ 
(ɬɪɟɬɶɟɣ) ɫɬɭɩɟɧɢ ɩɪɢ ʹͲ଴ʠ : 
ଵሺଶ଴బሻݎ  = ʹ ∗ Ͳ,ͲͲ͹͸ͷ + Ͳ,Ͳʹ͹Ͷʹ + Ͳ,Ͳ͸ͻʹʹ = Ͳ,Ͳ͸͵͸ ʝˏ 

 
ɛ) ɧɚ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ: 

ሺଵሻݎ  = ʹ ∗ Ͳ,Ͳ͹͸ͷ + ʹ ∗ Ͳ,Ͳʹ͹͵ + ʹ ∗ Ͳ,Ͳ͸ͻʹ = Ͳ,ʹͲͺ ʝˏ 



 

76. Ⱥɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɬɨɪɢɱɧɨɝɨ ɜɢɬɤɚ: 
ଶሺଶ଴బሻݎ  = ଵ௡ˇ ݎ̌ ,         (3.57) 

ଶሺଶ଴బሻݎ  = ʹʹ,͹ ∗ ͳͲ−଺ʹ = ͳͳ,͵ͷ ∗ ͳͲ−଺ ʝˏ 

 
77. Ⱥɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɢ ɧɚ ɬɪɟɬɶɟɣ ɫɬɭɩɟɧɢ 

ɩɪɢ ݐ˓˃˄ = ͳͲͲ଴ʠ : 
ଵݎ  = ଵሺଶ଴బሻ[ͳݎ + ˄˃˓ݐ)� − ʹͲ)],      (3.58) 
ଵݎ  = Ͳ,Ͳ͸͵͸(ͳ + Ͳ,ͲͲ͵ͻ ∗ ሺͳͲͲ − ʹͲሻ) = Ͳ,ͲͺͶ ʝˏ 
 

78. Ⱥɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɬɨɪɢɱɧɨɣ ɨɛɦɨɬɤɢ ɩɪɢ ݐ˓˃˄ = Ͷͷ଴ʠ: 
ଶݎ  = ଶሺଶ଴బሻ[ͳݎ + ˄˃˓ݐ)� − ʹͲ)],      (3.59) 
ଶݎ  = ͳͳ,͵ͷ ∗ ͳͲ−଺(ͳ + Ͳ,ͲͲ͵ͻ ∗ ሺͶͷ − ʹͲሻ) = ͳʹ,ͷ ∗ ͳͲ−଺ ʝˏ 
 

79. ɉɨɬɟɪɢ ɜ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɟ ɧɚ ɧɨɦɢɧɚɥɶɧɨɣ ɫɬɭɩɟɧɢ ɩɪɢ 
ɧɨɦɢɧɚɥɶɧɨɦ ɬɨɤɟ: 
 ଵܲː = ଵଶːܫ  ଵ,          (3.60)ݎ
 
ɝɞɟ ܫଵː – ɧɨɦɢɧɚɥɶɧɚɹ ɜɟɥɢɱɢɧɚ ɩɟɪɜɢɱɧɨɝɨ ɬɨɤɚ, Ⱥ; ݎଵ – ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɟɪɜɢɱɧɨɝɨ ɜɢɬɤɚ, Ɉɦ. 
 ଵܲː = ͳ͵ͺଶ ∗ Ͳ,ͲͺͶ = ͳ͸ͲͲ ʑ˕ 
 

80. ɉɨɬɟɪɢ ɜ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɟ ɧɚ ɧɨɦɢɧɚɥɶɧɨɣ ɫɬɭɩɟɧɢ ɩɪɢ 
ɪɚɫɱɟɬɧɨɦ ɬɨɤɟ: 
 ଵܲ =  ଵ,          (3.61)ݎଵଶܫ
 
ɝɞɟ ܫଵ – ɪɚɫɱɟɬɧɚɹ ɜɟɥɢɱɢɧɚ ɩɟɪɜɢɱɧɨɝɨ ɬɨɤɚ, Ⱥ. 
 ଵܲ = ͻ͹ଶ ∗ Ͳ,ͲͺͶ = ͵ʹʹ ʑ˕ 
 

81. ɉɨɬɟɪɢ ɜɨ ɜɬɨɪɢɱɧɨɦ ɜɢɬɤɟ: 
 ଶܲː = ଶଶːܫ  ଶ,          (3.62)ݎ



 

ɝɞɟ ܫଶː – ɧɨɦɢɧɚɥɶɧɚɹ ɜɟɥɢɱɢɧɚ ɜɬɨɪɢɱɧɨɝɨ ɬɨɤɚ, Ⱥ; ݎଶ – ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɬɨɪɢɱɧɨɝɨ ɜɢɬɤɚ, Ɉɦ. 
 ଶܲː = ͳʹͲͲͲଶ ∗ ͳʹ,ͷ ∗ ͳͲ−଺ = ͳͻͷͲ ʑ˕, 
 ଶܲ =  ଶ,          (3.63)ݎଶଶܫ
 
ɝɞɟ ܫଶ – ɪɚɫɱɟɬɧɚɹ ɜɟɥɢɱɢɧɚ ɜɬɨɪɢɱɧɨɝɨ ɬɨɤɚ, Ⱥ. 
 ଶܲ = ͺͶͺͷଶ ∗ ͳʹ,ͷ ∗ ͳͲ−଺ = ͵ͻʹ ʑ˕ 
 

8β. Ⱥɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɛɦɨɬɨɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɩɪɢɜɟɞɟɧɧɨɟ ɤɨ 
ɜɬɨɪɢɱɧɨɣ ɨɛɦɨɬɤɟ, ɞɥɹ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ: 
ݎ̞  ሺଵሻ = ௥ሺభሻଵ,ଷଵଶ�మ +  ଶ,        (3.64)ݎ

 
ɝɞɟ � – ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɧɚ ɬɪɟɛɭɟɦɨɣ ɫɬɭɩɟɧɢ. 
ݎ̞  ሺଵሻ = Ͳ,ʹͲͺ ∗ ͳ,͵ͳʹʹͳͲଶ + ͳʹ,ͷ ∗ ͳͲ−଺ = ʹʹ,͹ ∗ ͳͲ−଺ ʝˏ 

 
8γ. Ⱦɥɹ ɧɨɦɢɧɚɥɶɧɨɣ ɫɬɭɩɟɧɢ: 

ݎ̞  = ௥భ�మ +  ଶ,         (3.65)ݎ

ݎ̞  = Ͳ,ͲͺͶͳͲͷଶ + ͳʹ,ͷ ∗ ͳͲ−଺ = ʹʹ,Ͳ ∗ ͳͲ−଺ ʝˏ 

 
84. ɇɚ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ I ɢ II  ɤɚɬɭɲɟɱɧɵɟ ɝɪɭɩɩɵ ɨɛɦɨɬɨɤ  ɜɤɥɸɱɟɧɵ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɢ ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, 
ɩɪɢɜɟɞɟɧɧɨɟ ɤ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɟ, ܺ˕ሺଵሻ′ = ܺˆ˓� + ܺˆ˓�� . 

ɇɚ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ ɤɚɬɭɲɤɢ ɜ ɝɪɭɩɩɚɯ I ɢ II  ɫɨɟɞɢɧɟɧɵ ɦɟɠɞɭ ɫɨɛɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɢ ɝɪɭɩɩɚ I ɢɞɟɧɬɢɱɧɚ ɝɪɭɩɩɟ II ; ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɦɨɠɧɨ 
ɫɱɢɬɚɬɶ, ɱɬɨ ܺ˕ሺଵሻ′ = ʹܺˆ˓� = ʹ( ሺܺଵሻ + ሺܺଶሻ). 

ɉɨɥɶɡɭɹɫɶ ɮɨɪɦɭɥɨɣ ɞɥɹ ɪɚɫɱɟɬɚ ሺܺଵሻ ɢ ɮɨɪɦɭɥɨɣ ɞɥɹ ɪɚɫɱɟɬɚ ሺܺଶሻ, 
ɨɩɪɟɞɟɥɹɟɦ ɢɧɞɭɤɬɢɜɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 
 ܺሺଵሻ = ͻ,ͷ ∗ ͳͲ−଺ ௟˔˓.ˍభ��ˍభ�ˍభమ௕బ [௕ˍభଷ + Δଵ + �ˍభ௔ˇଷሺ�ˍభ+�ˍమሻ],   (3.66) 

 ܺሺଶሻ = ͻ,ͷ ∗ ͳͲ−଺ ௟˔˓.ˍమ��ˍమ�ˍమమ௕బ [௕ˍమଷ + Δଶ + �ˍమ௔ˇଷሺ�ˍమ+�ˍభሻ],   (3.67) 

 



 

ɝɞɟ ݈˔˓.ˍଵˋ ݈˔˓.ˍଶ – ɫɪɟɞɧɹɹ ɞɥɢɧɚ ɜɢɬɤɨɜ ɤɚɬɭɲɟɤ № 1 ɢ β,݈˔˓.ˍଵ = 80ɫɦ, ݈˔˓.ˍଶ = = 79,4ɫɦ;߱ˍଵˋ ߱ˍଶ – ɱɢɫɥɚ ɜɢɬɤɨɜ ɤɚɬɭɲɟɤ № 1 ɢ β, ɜɤɥɸɱɟɧɧɵɯ 
ɜ ɫɟɬɶ, ߱ˍଵ= =(15+30) = 45, ߱ ˍଶ = 60; ܾ଴ – ɲɢɪɢɧɚ ɨɤɧɚ ɫɟɪɞɟɱɧɢɤɚ, ܾ଴ = 9,6ɫɦ; Δଵˋ Δଶ – ɡɚɡɨɪɵ ɦɟɠɞɭ ɞɢɫɤɨɦ ɢ ɤɚɬɭɲɤɚɦɢ № 1 ɢ β, Δଵ = Δଶ= 0,44ɫɦ; ܾˍଵˋ ܾˍଶ – ɲɢɪɢɧɚ ɝɨɥɵɯ ɩɪɨɜɨɞɨɜ ɤɚɬɭɲɟɤ № 1 ɢ β, ܾˍଵ= 1ɫɦ, ܾˍଶ= 
0,85ɫɦ; ܽˇ – ɬɨɥɳɢɧɚ ɞɢɫɤɚ, ܽˇ= 0,8ɫɦ; �ோˍଵˋ �ோˍଶ – ɤɨɷɮɮɢɰɢɟɧɬɵ, ɩɨɤɚɡɵɜɚɸɳɢɟ ɨɬɧɨɲɟɧɢɟ ɲɢɪɢɧɵ ɨɤɧɚ ɤ 
ɞɥɢɧɟ ɫɢɥɨɜɨɣ ɥɢɧɢɢ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɩɨɥɹ ɪɚɫɫɟɹɧɢɹ (ɤɨɷɮɮɢɰɢɟɧɬɵ 
Ɋɨɝɨɜɫɤɨɝɨ), �ோˍଵ= 0,955, �ோˍଶ= 0,958. 
 

 ܺ˕ሺଵሻ′ = ʹ ∗ ͻ,ͷ ∗ ͳͲ−଺ {଼଴∗଴,ଽହହሺଵହ+ଷ଴ሻమଽ,଺ [ଵ,଴ଷ + Ͳ,ͶͶ + ሺଵହ+ଷ଴ሻ଴,଼ଷሺଵହ+ଷ଴+଺଴ሻ] ++ ଻ଽ,ସ∗଴,ଽହ଼∗ସ଺మଽ,଺ [଴,଼଺ଷ + Ͳ,ͶͶ + ଺଴∗଴,଼ଷሺ଺଴+ଵହ+ଷ଴ሻ]} = ʹ ∗ Ͳ,ʹʹ = Ͳ,Ͷͷ ʝˏ. 
 

Ɍɨɥɳɢɧɚ ɢɡɨɥɹɰɢɢ ɦɟɠɞɭ ɥɸɛɨɣ ɤɚɬɭɲɤɨɣ ɢ ɞɢɫɤɨɦ Δଵ = Δଶ = Ͳ,ͶͶ ˔ˏ ɢ ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ ɫɥɟɞɭɸɳɢɯ ɫɥɚɝɚɟɦɵɯ: 
1) ɨɞɧɨɫɬɨɪɨɧɧɟɣ ɬɨɥɳɢɧɵ ɩɪɨɜɨɞɚ ɩɨ ɫɬɨɪɨɧɟ b, 

ɪɚɜɧɨɣ ଴,ଶ଻ଶ = Ͳ,ͳ͵ͷ ˔ˏ; 
β) ɬɨɥɳɢɧɵ ɢɡɨɥɹɰɢɢ ɤɚɬɭɲɤɢ: ɚ) ɥɚɤɨɬɤɚɧɢ ɫɬɟɤɥɨɷɫɤɚɩɨɧɨɜɨɣ  

Ʌɋɗ-1 0,17 ɦɦ – 1 ɫɥɨɣ ɜɩɨɥɧɚɯɥɟɫɬɚ – 0,0γ4 ɫɦ; ɛ) ɥɟɧɬɵ ɫɬɟɤɥɹɧɧɨɣ 0,β ɦɦ, 
ɩɪɨɩɢɬɚɧɧɨɣ ɷɥɟɤɬɪɨɢɡɨɥɹɰɢɨɧɧɵɦ ɥɚɤɨɦ ɆɅ-9β, ɜɩɨɥɧɚɯɥɟɫɬɚ – 0,04 ɫɦ; 

γ) ɬɨɥɳɢɧɵ ɲɚɣɛɵ ɢɡɨɥɹɰɢɨɧɧɨɣ ɢɡ ɫɬɟɤɥɨɬɟɤɫɬɨɥɢɬɚ 0,1 ɫɦ; 
4) ɜɨɡɞɭɲɧɵɯ ɡɚɡɨɪɨɜ ɦɟɠɞɭ ɧɚɪɭɠɧɨɣ ɢɡɨɥɹɰɢɟɣ ɢ ɩɪɨɜɨɞɨɦ, 

ɪɚɡɛɭɯɚɧɢɹ ɨɬ ɩɪɨɩɢɬɤɢ ɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɨɬɤɥɨɧɟɧɢɣ – ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 
0,1γ ɫɦ. 

 
85. Ʉɨɷɮɮɢɰɢɟɧɬ Ɋɨɝɨɜɫɤɨɝɨ ɞɥɹ ɤɚɬɭɲɤɢ № 1: 

 �ோˍଵ = ͳ − ଵଶగఞˍభ,         (3.68) 

 ߯ˍଵ = ௕బଶΔభ+௕ˍభ+௔ˇ,         (3.69) 

 ߯ˍଵ = ͻ,͸ʹ ∗ Ͳ,ͶͶ + ͳ,Ͳ + Ͳ,ͺ = ͵,ͷͺ ˔ˏ, 
 �ோˍଵ = ͳ − ͳ͸,ʹͺ ∗ ͵,ͷͺ = Ͳ,ͻͷͷ 

  



 

86. Ʉɨɷɮɮɢɰɢɟɧɬ Ɋɨɝɨɜɫɤɨɝɨ ɞɥɹ ɤɚɬɭɲɤɢ № β: 
 ߯ˍଶ = ͻ,͸ʹ ∗ Ͳ,ͶͶ + Ͳ,ͺͷ + Ͳ,ͺ = ͵,ͺ ˔ˏ. 
 �ோˍଶ = ͳ − ͳ͸,ʹͺ ∗ ͵,ͺ = Ͳ,ͻͷͺ. 
 

87. ɂɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ 
ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ, ɩɪɢɜɟɞɟɧɧɨɟ ɤɨ ɜɬɨɪɢɱɧɨɣ ɨɛɦɨɬɤɟ: 
 ܺ˕ሺଵሻ = ௑˕ሺభሻ′ሺ�భሻభమ,         (3.70) 

 ܺ˕ሺଵሻ = Ͳ,ͶͷʹͳͲଶ = ͳ͸,͹ ∗ ͳͲ−଺ ʝˏ 

 
88. ɇɚ ɬɪɟɬɶɟɣ ɫɬɭɩɟɧɢ 15-ɜɢɬɤɨɜɵɟ ɫɟɤɰɢɢ ɤɚɬɭɲɟɤ № 1–I ɢ № 1–II  

ɫɨɟɞɢɧɟɧɵ ɦɟɠɞɭ ɫɨɛɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɚ ɫɟɤɰɢɢ ɩɨ γ0 ɜɢɬɤɨɜ – 
ɩɚɪɚɥɥɟɥɶɧɨ. Ʉɚɬɭɲɤɢ № β ɫɨɟɞɢɧɟɧɵ ɦɟɠɞɭ ɫɨɛɨɣ ɬɚɤɠɟ ɩɚɪɚɥɥɟɥɶɧɨ. ȼ I ɢ 
ɜɨ II  ɤɚɬɭɲɟɱɧɵɯ ɝɪɭɩɩɚɯ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɬɨɤɨɜ, ɦ.ɞ.ɫ. ɢ ɩɨɬɨɤɨɜ ɪɚɫɫɟɹɧɢɹ 
ɫɨɜɟɪɲɟɧɧɨ ɢɞɟɧɬɢɱɧɵ, ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢɧɞɭɤɬɢɜɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢɯ 
ɛɭɞɭɬ ɨɞɢɧɚɤɨɜɵ. Ɋɚɫɱɟɬ ɜɟɞɟɦ ɩɨ ɮɨɪɦɭɥɟ: 
 

  ܺˆ˓� = ܺˆ˓�� = ଽ,ହ∗ଵ଴−ల௟˔˓.ˍభ௕బ {�ோˍଵ ቀ�ˍభ′௔ + ߱ˍଵ′′ ቁଶ × [௕ˍభଷ + Δଵ +
+ ௔ˇ(�ˍభ′� +�ˍభ′′ )ଷ(�ˍభ′� +�ˍభ′′ +�ˍమ� )] + �ோˍଶ ቀ�ˍమ௔ ቁଶ × [௕ˍమଷ + Δଶ + ௔ˇ�ˍమ�ଷ(�ˍభ′� +�ˍభ′′ +�ˍభ� )]},   (3.71) 

 

 ܺˆ˓� = ܺˆ˓�� = ଽ,ହ∗ଵ଴−ల∗଼଴ଽ,଺ {Ͳ,ͻͷͷ ቀଵହଶ + ͵Ͳቁଶ [ଵଷ + Ͳ,ͶͶ + + ଴,଼ቀభఱమ +ଷ଴ቁଷቀభఱమ +ଷ଴+లబమ ቁ] +Ͳ,ͻͷͺ ቀ଺଴ଷ ቁଶ ∗ [଴,଼ହଷ + Ͳ,ͶͶ + ଴,଼ହలబమଷቀభఱమ +ଶସ+లబమ ቁ]} = Ͳ,Ͳͻʹ ʝˏ 

 
Ʉɚɬɭɲɟɱɧɵɟ ɝɪɭɩɩɵ I ɢ II  ɜɤɥɸɱɟɧɵ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ, 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 
 ܺ ′̞ = ܺˆ˓� + ܺˆ˓�� ,         (3.72) 
 ܺ ′̞ = Ͳ,Ͳͻʹ + Ͳ,Ͳͻʹ = Ͳ,ͳͺͶ ʝˏ 
 



 

89. ɂɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚ ɧɨɦɢɧɚɥɶɧɨɣ 
ɫɬɭɩɟɧɢ, ɩɪɢɜɟɞɟɧɧɨɟ ɤɨ ɜɬɨɪɢɱɧɨɣ ɨɛɦɨɬɤɟ: 
 ܺ˕ = ௑′̞�మ,          (3.73) 

 ܺ˕ = Ͳ,ͳͺͶͻͶଶ = ʹͲ,ͺ ∗ ͳͲ−଺ ʝˏ 

 
90. ɉɨɥɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɛɦɨɬɨɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚ ɧɨɦɢɧɚɥɶɧɨɣ 

ɫɬɭɩɟɧɢ: 
 ܼ˕ = √ܺଶ̞ +  ଶ,         (3.74)ݎ̞
 ܼ˕ = ͳͲ−଺ ∗ √ሺʹͲ,ͺଶ + ʹʹ,Ͳଶሻ = ͵Ͳ,ʹ ∗ ͳͲ−଺ ʝˏ 
 

91. ɇɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ: 
 ܷˍ = √ ˃ܷଶ + ܷଶ˓,         (3.75) 

 
ɝɞɟ ˃ܷ – ɚɤɬɢɜɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɧɚɩɪɹɠɟɧɢɹ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ, ȼ; ܷ˓ – ɪɟɚɤɬɢɜɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɧɚɩɪɹɠɟɧɢɹ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ, ȼ. 
 ˃ܷ = ′ଵݎଵːሺܫ +  ଶ�ଶሻ,        (3.76)ݎ

 ܷ˓ = ଵːܺܫ ′̞,          (3.77) 
 ˃ܷ = ͳ͵ͺሺͲ,ͲͺͶ + ͳʹ,ͷ ∗ ͳͲ−଺ ∗ ͳͲͷଶሻ = ʹ͸,ͺ ʑ, 
 ܷ˓ = ͳ͵ͺ ∗ Ͳ,ͳͺͶ = ʹͷ,Ͷ ʑ, 
 ܷˍ = √ʹ͸,ͺଶ + ʹͷ,Ͷଶ = ͵͸,͹ ʑ 

 
ɇɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ݑˍ ɜ ɩɪɨɰɟɧɬɚɯ ɨɬ ɩɟɪɜɢɱɧɨɝɨ 

ɧɚɩɪɹɠɟɧɢɹ ଵܷ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɪɚɫɱɟɬɧɨɣ ɫɬɭɩɟɧɢ, ɫɨɫɬɚɜɢɬ 
ˍݑ  = ௎ˍ∗ଵ଴଴௎భ ,          (3.78) 

ˍݑ  = ͵͹ ∗ ͳͲͲ͵ͺͲ = ͳͲ,ʹ% 

 



 

9β. Ʉ.ɩ.ɞ. ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 
 � = ͳ − Σ௉௎భ�భː௖௢௦ఝభ,        (3.79) 

 
ɝɞɟ Σܲ – ɫɭɦɦɚɪɧɵɟ ɩɨɬɟɪɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɧɨɦɢɧɚɥɶɧɨɣ ɫɬɭɩɟɧɢ, ȼɬ; ߮ଵ – ɭɝɨɥ ɫɞɜɢɝɚ ɜɟɤɬɨɪɚ ɜɬɨɪɢɱɧɨɝɨ ɬɨɤɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɟɤɬɨɪɚ ɧɚ 
ɡɚɠɢɦɚɯ ɜɬɨɪɢɱɧɨɣ ɨɛɦɨɬɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. 
 Σܲ = ଴ܲ + ଵܲː + ଶܲː,        (3.80) 
 Σܲ = ͶͳͲ + ͳ͸ͲͲ + ͳͻͷͲ = ͵ͻ͸Ͳ ʑ˕ 
 
Ɉɪɢɟɧɬɢɪɨɜɨɱɧɨ ɩɪɢɧɢɦɚɟɦ ܿ߮ݏ݋ଵ = Ͳ,ͺͷ. 
 � = ͳ − ͵ͻ͸Ͳ͵ͺͲ ∗ ͳ͵ͺ ∗ Ͳ,ͺͷ = Ͳ,ͻͲ͹ 

 
9γ. Ⱦɥɹ ɬɟɩɥɨɜɨɝɨ ɪɚɫɱɟɬɚ ɨɛɦɨɬɨɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚ ɪɢɫɭɧɤɟ γ.11 ɞɚɧɚ 

ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɫɯɟɦɚ ɫɨɟɞɢɧɟɧɢɹ ɤɚɬɭɲɟɤ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɢ ɧɚ 
ɧɨɦɢɧɚɥɶɧɨɣ ɫɬɭɩɟɧɢ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɬɨɤɚ ɩɨ ɩɚɪɚɥɥɟɥɶɧɵɦ ɜɟɬɜɹɦ. 
 

 
 

Ɋɢɫɭɧɨɤ γ.11 - ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɫɯɟɦɚ ɫɨɟɞɢɧɟɧɢɹ ɤɚɬɭɲɟɤ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɢ ɧɚ 
ɧɨɦɢɧɚɥɶɧɨɣ ɫɬɭɩɟɧɢ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɬɨɤɚ ɩɨ ɩɚɪɚɥɥɟɥɶɧɵɦ ɜɟɬɜɹɦ 

 
94. ɉɨɬɟɪɢ ɜ ɤɚɬɭɲɤɟ № 1 ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 

ɪɚɫɱɟɬɧɵɦ ɡɧɚɱɟɧɢɹɦ ɬɨɤɨɜ: 
 ሺܲଵሻ = ሺܲଵሻଵ + ሺܲଵሻଶ,        (3.81) 
 



 

ɝɞɟ  ሺܲଵሻଵ – ɩɨɬɟɪɢ ɜ 15-ɜɢɬɤɨɜɨɣ ɫɟɤɰɢɢ ɤɚɬɭɲɤɢ № 1, ȼɬ; ሺܲଵሻଶ – ɩɨɬɟɪɢ ɜ γ0-ɜɢɬɤɨɜɨɣ ɫɟɤɰɢɢ ɤɚɬɭɲɤɢ № 1, ȼɬ. 
 ሺܲଵሻଵ = ଵሺଵሻଶܫ ሺଵሻଵݎ ∗ ͳ,͵ͳʹ,       (3.82) 
 ሺܲଵሻଶ = ଵሺଶሻଶܫ ሺଵሻଶݎ ∗ ͳ,͵ͳʹ,       (3.83) 
 
ɝɞɟ 1,312 – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢɜɟɞɟɧɢɹ ɚɤɬɢɜɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɟɪɜɢɱɧɨɣ 
ɨɛɦɨɬɤɢ ɤ ɪɚɛɨɱɟɣ ɬɟɦɩɟɪɚɬɭɪɟ. 
 ሺܲଵሻଵ = ͻ͹ଶ ∗ Ͳ,ͲͲ͹͸ͷ ∗ ͳ,͵ͳʹ = ͵ͺ,͸ ʑ˕, 
 ሺܲଵሻଶ = Ͷͺ,ͷଶ ∗ Ͳ,Ͳʹ͹Ͷ ∗ ͳ,͵ͳʹ = ͵Ͷ,ͷ ʑ˕, 
 ሺܲଵሻ = ͵ͺ,͸ + ͵Ͷ,ͷ = ͹͵,ͳ ʑ˕ 
 

95. ȼ ɤɚɬɭɲɤɟ № β: 
 ሺܲଶሻ = ሺଶሻݎଶଶܫ ∗ ͳ,͵ͳʹ,        (3.84) 
 ሺܲଶሻ = Ͷͺ,ͷଶ ∗ Ͳ,Ͳ͸ͻʹ ∗ ͳ,͵ͳʹ = ͺͺ ʑ˕ 
 

96. ȼ ɨɞɧɨɦ ɞɢɫɤɟ ɜɬɨɪɢɱɧɨɝɨ ɜɢɬɤɚ: 
 ܲ̌ = ଶଶ̌ܫ ݎ̌ ଵ,଴ଽ଻∗ଵ௡మ̌ ,         (3.85) 

 
ɝɞɟ ܫଶˇ – ɪɚɫɱɟɬɧɵɣ ɬɨɤ ɜɨ ɜɬɨɪɢɱɧɨɣ ɨɛɦɨɬɤɟ, Ⱥ. 

1,097 – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢɜɟɞɟɧɢɹ ɚɤɬɢɜɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɬɨɪɢɱɧɨɣ 
ɨɛɦɨɬɤɢ ɤ ɪɚɛɨɱɟɣ ɬɟɦɩɟɪɚɬɭɪɟ. 
 ܲ̌ = ͺͶͺͷଶ ∗ ʹʹ,͹ ∗ ͳͲ−଺ ͳ,Ͳͻ͹ ∗ ͳʹଶ = ͳͻͷ ʑ˕ 

 
97. ɉɨɜɟɪɯɧɨɫɬɶ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɚɬɭɲɟɤ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɢ ɫ ɞɢɫɤɚɦɢ 

ɜɬɨɪɢɱɧɨɝɨ ɜɢɬɤɚ ɞɥɹ ɤɚɬɭɲɤɢ № 1: 
ܨ̱  ଵ = ݈˔˓.ˍଵܣˍଵ,         (3.86) 
 
ɝɞɟ ܣˍଵ– ɪɚɞɢɚɥɶɧɵɣ ɪɚɡɦɟɪ ɰɟɥɨɣ ɤɚɬɭɲɤɢ № 1. 
ܨ̱  ଵ = ͺͲ,Ͳ ∗ ͳͲ,ͷʹͷ = ͸ͺͺ ˔ˏଶ 



 

98. Ⱦɥɹ ɤɚɬɭɲɤɢ № β: 
ܨ̱  ଶ = ݈˔˓.ˍଶܣˍଶ,         (3.87) 
ܨ̱  ଶ = ͹͹,Ͷ ∗ ͳͳ,Ͳʹ = ͸ͷ͸ ˔ˏଶ 
 

99. ɍɞɟɥɶɧɵɣ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɨɬ ɩɪɨɜɨɞɚ ɤɚɬɭɲɤɢ № 1 ɤ ɞɢɫɤɭ 
ɜɬɨɪɢɱɧɨɣ ɨɛɦɨɬɤɢ ɞɥɹ ɤɚɬɭɲɤɢ № 1: 
 ሺܲଵሻ̱ܨ ଵ = ͹͵,ͳ͸ͺͺ = Ͳ,ͳͲ͸ ʑ˕ ˔ˏଶ⁄  

 
100. Ⱦɥɹ ɤɚɬɭɲɤɢ № β: 

 ሺܲଶሻ̱ܨ ଶ = ͺͺ͸ͷ͸ = Ͳ,ͳ͵Ͷ ʑ˕ ˔ˏଶ⁄  

 
ɂɡ ɷɬɢɯ ɪɚɫɱɟɬɨɜ ɫɥɟɞɭɟɬ, ɱɬɨ ɧɚɢɛɨɥɶɲɢɣ ɩɟɪɟɩɚɞ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬ 

ɩɪɨɜɨɞɚ ɤɚɬɭɲɤɢ ɤ ɞɢɫɤɭ ɛɭɞɟɬ ɜ ɤɚɬɭɲɤɚɯ № β, ɢɦɟɸɳɢɯ ɧɚɢɛɨɥɶɲɢɣ 
ɭɞɟɥɶɧɵɣ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ, ɩɨɷɬɨɦɭ ɨɩɪɟɞɟɥɹɟɦ ɬɟɦɩɟɪɚɬɭɪɭ ɧɚɝɪɟɜɚ ɤɚɬɭɲɟɤ 
№ β. ɉɪɢ ɪɚɫɱɟɬɟ ɩɪɢɧɢɦɚɟɦ, ɱɬɨ ɩɨɬɨɤ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɧɚɩɪɚɜɥɟɧ ɨɬ I 
ɤɚɬɭɲɟɱɧɨɣ ɝɪɭɩɩɵ ɤɨ II  (ɪɢɫ.γ.7) ɢ ɪɚɫɫɱɢɬɵɜɚɟɦɵɟ ɧɚɦɢ ɤɚɬɭɲɤɢ № β 
ɪɚɫɩɨɥɨɠɟɧɵ ɜ I ɢ ɜɨ II  ɤɚɬɭɲɟɱɧɵɯ ɝɪɭɩɩɚɯ. 

101. ɋɪɟɞɧɟɟ ɩɪɟɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɩɪɢ 
ɩɪɨɯɨɠɞɟɧɢɟ ɟɟ ɩɨ 1 ɤɚɬɭɲɟɱɧɨɣ ɝɪɭɩɩɟ: 
 Δݐ˅ = ௉ሺభሻ+௉ሺమሻ+௉̌஼�ொ∗ଵ଴య ,         (3.88) 

 
ɝɞɟ ሺܲଵሻ + ሺܲଶሻ + ܲ̌  – ɩɨɬɟɪɢ ɜ ɤɚɬɭɲɤɚɯ ɢ ɞɢɫɤɟ, ȼɬ; ܳ – ɪɚɫɯɨɞ ɜɨɞɵ, ɥ/ɫ. ɉɪɢɧɢɦɚɟɦ ɪɚɜɧɵɦ Q = 0,0γ6 ɥ/ɫ; ܥ௏ – ɨɛɴɟɦɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɜɨɞɵ, ɪɚɜɧɚɹ 4,18 ɤȾɠ/(ɥ∙Ʉ). 
 Δݐ˅ = ͹͵,ͳ + ͺͺ + ͳͻͷͶ,ͳͺ ∗ Ͳ,Ͳ͵͸ ∗ ͳͲଷ = ʹ,͵͸଴ʠ 

 
10β. ɉɟɪɟɩɚɞ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɬɪɭɛɤɢ ɤ ɜɨɞɟ: 

 Δݐˇ.˅ = ௉ሺభሻ+௉ሺమሻ+௉̌�ி̞ ,        (3.89) 

 
ɝɞɟ ̞ܨ  – ɩɥɨɳɚɞɶ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɬɪɭɛɤɢ, ɫɦ2; � – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ, ȼɬ/(ɫɦ2∙Ʉ). 
 



ܨ̞  = ˕݈˕݀ߨ ∗ ͳͲସ,         (3.90) 
 
ɝɞɟ ݀˕ – ɜɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɬɪɭɛɤɢ, ݀˕= 0,007ɦ; ݈˕ – ɞɥɢɧɚ ɬɪɭɛɤɢ ɨɞɧɨɝɨ ɞɢɫɤɚ, ݈˕= 1,0ɦ. 
ܨ̞  = ͵,ͳͶ ∗ Ͳ,Ͳ͹ ∗ ͳ,Ͳ ∗ ͳͲସ = ʹ͵Ͳ ˔ˏଶ, 
 � = ͳ,ͳ͸ ∗ ͳͲ−ସܾ߭଴,଼଻݀−̞଴,ଵଷ,       (3.91) 
 
ɝɞɟ ܾ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, ɩɥɨɬɧɨɫɬɶ, 
ɜɹɡɤɨɫɬɶ ɢ ɞɪɭɝɢɟ ɫɜɨɣɫɬɜɚ ɜɨɞɵ; ߭ – ɫɤɨɪɨɫɬɶ ɬɟɱɟɧɢɹ ɜɨɞɵ, ɦ/ɫ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ܾ ɜɡɹɬ ɢɡ ɬɚɛɥ. 4-7[33Ж ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɚɤ ɧɚɡɵɜɚɟɦɨɣ 
ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ ݐ˔˓, ɞɥɹ ɪɚɫɱɟɬɚ ɤɨɬɨɪɨɣ ɩɪɢɧɢɦɚɟɦ: 

ɚ) ݐˑ.˅ = ͳͷ଴ʠ ɬɟɦɩɟɪɚɬɭɪɚ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɜ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪ; 

ɛ) Δݐˇ.˅′ = ͷ଴ʠ − ɩɪɟɞɩɨɥɚɝɚɟɦɵɣ ɩɟɪɟɩɚɞ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɬɪɭɛɤɢ ɤ ɜɨɞɟ. 
ɋɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ: 

˓˔ݐ  = ˅.ˑݐ + Ͳ,ͳ(ʹݐˑ.˅ + Δݐ˅ + Δݐˇ.˅′ ),      (3.92) 
˓˔ݐ  = ͳͷ + Ͳ,ͳሺʹ ∗ ͳͷ + ʹ,͵͸ + ͷሻ = ͳͺ,͹Ͷ଴ʠ 
 

ɂɡ ɬɚɛɥ. 4-7[33Ж ɫɥɟɞɭɟɬ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɟ ݐ˔˓ = ͳͺ,͹Ͷ଴ʠ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ܾ = ʹʹ͹Ͳ. 
ɋɤɨɪɨɫɬɶ ɢɫɬɟɱɟɧɢɹ ɜɨɞɵ: 

 ߭ = ொ∗ଵ଴యௌ˕ ,          (3.93) 

 
ɝɞɟ ܵ˕ – ɩɥɨɳɚɞɶ ɨɬɜɟɪɫɬɢɢ ɬɪɭɛɵ, ɦ2. 
 ܵ˕ = గௗమ̞ସ ,          (3.94) 

 ܵ˕ = ͵,ͳͶ ∗ Ͳ,ͲͲ͹ଶͶ = ͵ͺ,ͷ ∗ ͳͲ−଺ˏଶ, 
 ߭ = ܳ ∗ ͳͲଷܵ˕ = Ͳ,Ͳ͵͸ ∗ ͳͲ−ଷ͵ͺ,ͷ ∗ ͳͲ−଺ = Ͳ,ͻͶ ˏ ˔⁄ , 
 � = ͳ,ͳ͸ ∗ ͳͲ−ସ ∗ ʹʹ͹Ͳ ∗ Ͳ,ͻͶ଴,଼଻ ∗ Ͳ,ͲͲ͹−଴,ଵଷ = Ͳ,Ͷͻ ʑ˕ ሺ˔ˏଶ ∗ ʙሻ⁄ , 
 



 Δݐˇ.˅ = ͹͵,ͳ + ͺͺ + ͳͻͷͲ,Ͷͻ ∗ ʹʹͲ = ͵,͵଴ʠ 

 
10γ. ɉɟɪɟɩɚɞ ɬɟɦɩɟɪɚɬɭɪɵ ɦɟɠɞɭ ɞɢɫɤɨɦ ɢ ɤɚɬɭɲɤɨɣ № β ɝɪɭɩɩɵ II : 

 Δݐଵ = ௉ሺమሻΔభఒி̱ మ ,         (3.95) 

 
ɝɞɟ Δଵ – ɡɚɡɨɪ ɦɟɠɞɭ ɞɢɫɤɨɦ ɢ ɤɚɬɭɲɤɨɣ; � – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ȼɬ/(ɫɦ∙Ʉ). ɉɪɢɧɢɦɚɟɦ � = 0,0014 
ȼɬ/(ɫɦ∙Ʉ)Дβ0Ж. 
 Δݐଵ = ͺͺ ∗ Ͳ,ͶͶͲ,ͲͲͳͶ ∗ ͸ͷ͸ = Ͷʹ,Ͷ଴ʠ 

 
104. Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚɝɪɟɜɚ ɩɪɨɜɨɞɚ ɤɚɬɭɲɤɢ № β: 

ଵݐ  = Δݐଵ + Δݐˇ.˅ + Δݐ˅ + Δݐˑ.˅,       (3.96) 
ଵݐ  = Ͷʹ,Ͷ + ͵,͵ + ʹ,͵͸ + ͳͷ = ͸͵,Ͳ͸଴ʠ 
 

ɉɨɥɭɱɟɧɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɝɪɟɜɚ ɧɟ ɩɪɟɜɵɲɚɟɬ ɦɚɤɫɢɦɚɥɶɧɭɸ 
ɬɟɦɩɟɪɚɬɭɪɭ ɩɟɪɟɝɪɟɜɚ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɩɪɨɜɨɞɚ ɜ ɤɚɬɭɲɤɟ. 
  



 

 

 

 

 

 

 

 

 

 

 

4 Ɉɪɝɚɧɢɡɚɰɢɨɧɧɨ-ɷɤɨɧɨɦɢɱɟɫɤɚɹ 
ɱɚɫɬɶ 



 

ȼɜɟɞɟɧɢɟ 
ɂɡɝɨɬɨɜɥɟɧɢɟ ɨɱɢɫɬɧɨɝɨ ɚɧɨɞɚ ɜɤɥɸɱɚɟɬ 9 ɫɜɚɪɨɱɧɵɯ ɨɩɟɪɚɰɢɣ; 8 – 

ɚɪɝɨɧɨɞɭɝɨɜɚɹ ɫɜɚɪɤɚ ɧɟɩɥɚɜɹɳɢɦɫɹ ɷɥɟɤɬɪɨɞɨɦ ɢ 1 ɤɨɧɬɚɤɬɧɚɹ ɪɟɥɶɟɮɧɚɹ 
ɫɜɚɪɤɚ ɲɩɢɥɟɤ ɢ ɩɚɬɪɭɛɤɚ. Ȼɨɥɶɲɭɸ ɱɚɫɬɶ ɜɪɟɦɟɧɢ ɧɚ ɫɛɨɪɤɭ – ɫɜɚɪɤɭ 
ɡɚɧɢɦɚɟɬ ɢɦɟɧɧɨ ɚɪɝɨɧɨɞɭɝɨɜɚɹ ɫɜɚɪɤɚ ɫ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɢ ɩɨɫɥɟ ɫɜɚɪɨɱɧɨɣ 
ɩɪɨɞɭɜɤɨɣ ɚɪɝɨɧɚ ɞɥɹ ɡɚɳɢɬɵ ɦɟɬɚɥɥɚ. ɉɪɨɝɪɚɦɦɚ ɜɵɩɭɫɤɚ β000 ɲɬ/ɝɨɞ.  

 
4.1 Ɋɚɫɱɟɬ ɧɨɪɦɵ ɜɪɟɦɟɧɢ ɢ ɮɨɧɞɨɜ ɜɪɟɦɟɧɢ, 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɪɚɛɨɱɢɯ 
 
ɉɪɢ ɫɟɪɢɣɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ ɪɚɫɫɱɢɬɵɜɚɟɦ ɲɬɭɱɧɨ-ɤɚɥɶɤɭɥɹɰɢɨɧɧɨɟ 

ɜɪɟɦɹ tɲɬ-ɤ: 
 

(4.1) 
 

(4.2) 
 

ɝɞɟ  tɲɬ – ɲɬɭɱɧɨɟ ɜɪɟɦɹ, ɧ/ɱ; 
tɩɡ – ɩɨɞɝɨɬɨɜɢɬɟɥɶɧɨ-ɡɚɤɥɸɱɢɬɟɥɶɧɨɟ ɜɪɟɦɹ ɧɚ ɩɚɪɬɢɸ ɢɡɞɟɥɢɣ ɜ 

ɫɟɪɢɣɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ, ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɜɪɟɦɹ ɧɚ ɩɨɥɭɱɟɧɢɟ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɡɚɞɚɧɢɹ, ɧɚɪɹɞɚ, ɬɟɯɧɢɱɟɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ, ɭɤɚɡɚɧɢɣ ɢ 
ɢɧɫɬɪɭɤɬɚɠɚ, ɨɡɧɚɤɨɦɥɟɧɢɟ ɫ ɧɢɦɢ, ɩɨɥɭɱɟɧɢɟ ɢɧɫɬɪɭɦɟɧɬɨɜ ɢ 
ɩɪɢɫɩɨɫɨɛɥɟɧɢɣ, ɧɚɥɚɞɤɚ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɭɫɬɚɧɨɜɤɚ ɢ ɧɚɥɚɞɤɚ 
ɩɪɢɫɩɨɫɨɛɥɟɧɢɣ ɢ ɢɧɫɬɪɭɦɟɧɬɨɜ, ɢɯ ɫɧɹɬɢɟ, ɫɞɚɱɚ ɜɵɩɨɥɧɟɧɧɨɣ ɪɚɛɨɬɵ, 
ɩɪɢɫɩɨɫɨɛɥɟɧɢɣ, ɢɧɫɬɪɭɦɟɧɬɨɜ, ɬɟɯɧɢɱɟɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ ɢ ɧɚɪɹɞɚ, ɧ/ɱ; 

tɨ – ɨɫɧɨɜɧɨɟ ɜɪɟɦɹ ɫɜɚɪɤɢ ɢɡɞɟɥɢɹ (ɨɛɪɚɡɨɜɚɧɢɟ ɫɜɚɪɧɨɝɨ ɲɜɚ), ɧ/ɱ; 
tɜɧ – ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɧɟɩɟɪɟɤɪɵɜɚɟɦɨɟ ɜɪɟɦɹ, ɡɚɬɪɚɱɢɜɚɟɦɨɟ ɧɚ 

ɞɟɣɫɬɜɢɹ ɪɚɛɨɱɟɝɨ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɨɫɧɨɜɧɨɣ ɪɚɛɨɬɵ: ɜɪɟɦɹ ɧɚ 
ɭɫɬɚɧɨɜɤɭ, ɤɚɧɬɨɜɚɧɢɟ ɜ ɩɪɨɰɟɫɫɟ ɨɛɪɚɛɨɬɤɢ, ɫɧɹɬɢɟ ɢɡɞɟɥɢɹ, ɤɥɟɣɦɟɧɢɟ ɲɜɚ, 
ɩɟɪɟɦɟɳɟɧɢɟ ɫɜɚɪɳɢɤɚ ɫ ɚɜɬɨɦɚɬɨɦ ɢ ɢɧɫɬɪɭɦɟɧɬɨɦ ɨɬ ɲɜɚ ɤ ɲɜɭ, ɡɚɱɢɫɬɤɚ 
ɫɜɚɪɢɜɚɟɦɵɯ ɤɪɨɦɨɤ ɨɬ ɨɤɚɥɢɧɵ, ɲɥɚɤɚ, ɪɠɚɜɱɢɧɵ ɢ ɬ.ɞ., ɧ/ɱ; 

tɨɛɫ – ɜɪɟɦɹ ɡɚɬɪɚɱɢɜɚɟɦɨɟ ɪɚɛɨɱɢɦ ɧɚ ɭɯɨɞ ɡɚ ɪɚɛɨɱɢɦ ɦɟɫɬɨɦ 
(ɦɟɯɚɧɢɡɦɨɦ, ɢɧɫɬɪɭɦɟɧɬɚɦ), ɧɚ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɢ ɩɨɞɞɟɪɠɚɧɢɟ ɡɚɞɚɧɧɨɝɨ 
ɪɟɠɢɦɚ (ɩɨɞɧɚɥɚɞɤɚ ɨɛɨɪɭɞɨɜɚɧɢɹ), ɜɤɥɸɱɟɧɢɟ ɢ ɜɵɤɥɸɱɟɧɢɟ ɨɛɨɪɭɞɨɜɚɧɢɹ 
ɢ ɦɟɯɚɧɢɡɦɨɜ, ɧ/ɱ; 

tɨɬɞ – ɜɪɟɦɹ ɧɚ ɨɬɞɵɯ ɢ ɥɢɱɧɵɟ ɧɚɞɨɛɧɨɫɬɢ ɪɚɛɨɱɟɝɨ, ɧ/ɱ; 
n – ɱɢɫɥɨ ɢɡɞɟɥɢɣ ɜ ɩɚɪɬɢɢ, ɲɬ.  

 
 

(4.3) 

 
ɝɞɟ     lɲ – ɞɥɢɧɚ ɫɜɚɪɧɵɯ ɲɜɨɜ, ɦ; 

υɫɜ – ɫɤɨɪɨɫɬɶ ɫɜɚɪɤɢ, ɦ/ɱ. 

,
n

t
tt ɩɡ

ɲɬɤɲɬ 

,ɨɬɞɨɛɫɜɧɨɲɬ ttttt 

,
ɋȼ

Ш
Ɉ

l
t 



 

Ⱦɥɢɧɚ ɫɜɚɪɧɵɯ ɲɜɨɜ ɫɨɫɬɚɜɥɹɟɬ 1 ɦ. 
 

ɱɧtɈ /1
1

1   

 
ɉɪɢɧɢɦɚɟɦ tɜɧ ɪɚɜɧɨɟ 1 ɧ/ɱ. 
 
Tɨɛɫ ɪɚɫɫɱɢɬɵɜɚɟɦ ɜ ɩɪɨɰɟɧɬɚɯ ɨɬ ɨɩɟɪɚɬɢɜɧɨɝɨ ɜɪɟɦɟɧɢ (tɨ+tɜɧ) 
Tɨɛɫ ɫɨɫɬɚɜɥɹɟɬ 10% ɨɬ (tɨ+tɜɧ); 
tɨɛɫ=0,1∙(1+1)=0.β ɧ/ɱ. 
 
Tɨɬɞ ɫɨɫɬɚɜɥɹɟɬ 7% ɨɬ (tɨ+tɜɧ); 
tɨɬɞ=0,07∙(1+1)=0.14 ɧ/ɱ. 
 
Tɲɬ=1+1+0.β+0.14=β.γ4 ɧ/ɱ. 
ɉɪɢɧɢɦɚɟɦ tɲɬ=β.5 ɧ/ɱ. 
 
Ɉɩɪɟɞɟɥɢɦ ɱɢɫɥɨ ɢɡɞɟɥɢɣ n ɜ ɩɚɪɬɢɢ. 
 

 
(4.4) 

 
ɝɞɟ  ɤɩɧ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɬɟɪɶ ɜɪɟɦɟɧɢ ɧɚ ɧɚɥɚɞɤɭ, ɤɨɬɨɪɵɣ ɡɚɜɢɫɢɬ ɨɬ ɬɢɩɚ 
ɩɪɨɢɡɜɨɞɫɬɜɚ. Ⱦɥɹ ɫɟɪɢɣɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɪɢɧɢɦɚɟɦ ɤɩɧ=0,1. 

ɉɪɢɧɢɦɚɟɦ tɩɡ= 1 ɱɚɫ. 
 

,4
1.05.2

1 ɲɬn   

 

ɱɧt ɤɲɬ /75.2
4

1
5.2   

 
Ɋɚɫɱɟɬ ɞɟɣɫɬɜɢɬɟɥɶɧɨɝɨ ɮɨɧɞɚ ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ ɨɛɨɪɭɞɨɜɚɧɢɹ 

ɩɪɨɢɡɜɨɞɢɦ ɩɨ ɮɨɪɦɭɥɟ: 
 

(4.5) 
 

ɝɞɟ Fɞ
ɨ – ɞɟɣɫɬɜɢɬɟɥɶɧɵɣ ɮɨɧɞ ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɱ/ɝɨɞ; 

Fɧɨɦ – ɧɨɦɢɧɚɥɶɧɵɣ ɝɨɞɨɜɨɣ ɮɨɧɞ ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ ɨɛɨɪɭɞɨɜɚɧɢɹ, 
ɱ/ɝɨɞ; 

ɤɩɩɪ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɪɟɦɹ ɩɨ ɩɥɚɧɭ ɧɚ ɤɚɩɢɬɚɥɶɧɵɣ ɢ 
ɫɪɟɞɧɢɣ ɪɟɦɨɧɬɵ, ɬɟɤɭɳɟɟ ɩɥɚɧɨɜɨ-ɩɪɟɞɭɩɪɟɞɢɬɟɥɶɧɨɟ ɨɛɫɥɭɠɢɜɚɧɢɟ. 

ɉɪɢ ɨɞɧɨɫɦɟɧɧɨɦ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɤɩɩɪ=0,97. 

,
ɩɧɲɬ

ɩɡ

ɤt

t
n 

,ɉɉɊɇɈɆ
Ɉ

ɞ FF 



 

ɇɨɦɢɧɚɥɶɧɵɣ ɝɨɞɨɜɨɣ ɮɨɧɞ ɪɚɛɨɬɵ ɨɛɨɪɭɞɨɜɚɧɢɹ ɨɩɪɟɞɟɥɢɦ 
ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

 
(4.6) 

 
ɝɞɟ  Ⱦɝ – ɱɢɫɥɨ ɞɧɟɣ ɪɚɛɨɬɵ ɜ ɝɨɞɭ (ɤɚɥɟɧɞɚɪɧɵɟ ɞɧɢ ɡɚ ɦɢɧɭɫɨɦ 
ɩɪɚɡɞɧɢɱɧɵɯ ɢ ɜɵɯɨɞɧɵɯ); 

rɧ – ɱɢɫɥɨ ɱɚɫɨɜ ɪɚɛɨɬɵ ɜ ɧɟɞɟɥɸ; 
Ⱦɧ – ɱɢɫɥɨ ɞɧɟɣ ɪɚɛɨɬɵ ɜ ɧɟɞɟɥɸ. 
ɋɭɬɨɱɧɵɣ ɪɟɠɢɦ ɪɚɛɨɬɵ ɧɚ ɩɪɟɞɩɪɢɹɬɢɢ – 8 ɱɚɫɨɜ. 
ɉɪɢɧɢɦɚɟɦ Ⱦɝ=β5β ɞɧɟɣ. 
 

,/2016
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40252 ɝɨɞɱFɇɈɆ   

 
ɝɨɞɱF Ɉ

ɞ /52.195597,02016   
 
Ⱦɟɣɫɬɜɢɬɟɥɶɧɵɣ ɮɨɧɞ ɜɪɟɦɟɧɢ ɪɚɛɨɱɟɝɨ ̌ܨʟ ɪɚɫɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ: 

 
(4.7) 

 
ɝɞɟ ɤɨ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɪɟɦɹ ɩɨ ɩɥɚɧɭ ɧɚ ɨɬɩɭɫɤɚ, ɛɨɥɟɡɧɢ, 
ɜɵɩɨɥɧɟɧɢɟ ɨɛɳɟɫɬɜɟɧɧɵɯ ɢ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ ɨɛɹɡɚɧɧɨɫɬɟɣ. 

ɉɪɢɧɢɦɚɟɦ ɤɨ ɪɚɜɧɨɟ 0,88. 
 

ɝɨɞɱF Ɋ
ɞ /08.177488,02016   

 
4.2 Ɋɚɫɱɟɬ ɩɨɬɪɟɛɧɨɫɬɢ ɜ ɨɛɨɪɭɞɨɜɚɧɢɢ ɢ ɤɨɥɢɱɟɫɬɜɟ ɪɚɛɨɱɢɯ  
 
Ɋɚɫɱɟɬɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɜɚɪɨɱɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ 

ɜɵɩɨɥɧɟɧɢɹ ɩɥɚɧɨɜɨɝɨ ɡɚɞɚɧɢɹ ɋɪ, ɫɥɟɞɭɟɬ ɨɩɪɟɞɟɥɢɦ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
 

 
(4.8) 

 
ɝɞɟ tɲɬ-ɤ – ɲɬɭɱɧɨ-ɤɚɥɶɤɭɥɹɰɢɨɧɧɨɟ ɜɪɟɦɹ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɞɧɨɝɨ ɢɡɞɟɥɢɹ 
ɧɚ ɞɚɧɧɨɦ ɬɢɩɟ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɧ/ɱ; 

N – ɝɨɞɨɜɚɹ ɩɪɨɝɪɚɦɦɚ ɜɵɩɭɫɤɚ ɢɡɞɟɥɢɣ, ɲɬ; 
Fɞ

ɨ – ɞɟɣɫɬɜɢɬɟɥɶɧɵɣ ɝɨɞɨɜɨɣ ɮɨɧɞ ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ ɨɛɨɪɭɞɨɜɚɧɢɹ, 
ɱ/ɝɨɞ; 

ɤɜ –  ɤɨɷɮɮɢɰɢɟɧɬ ɜɵɩɨɥɧɟɧɢɹ ɧɨɪɦ ɜɵɪɚɛɨɬɤɢ, ɪɚɜɧɵɣ 1,β; 
ɤɩɪ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɩɪɨɫɬɨɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɚɜɚɪɢɣɧɨɦ 

ɪɟɦɨɧɬɟ, ɜɫɥɟɞɫɬɜɢɟ ɡɚɧɹɬɨɫɬɢ ɪɚɛɨɱɢɯ-ɫɜɚɪɳɢɤɨɜ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɞɪɭɝɢɯ 

,
ɇ

ɇȽ
ɇɈɆ Ⱦ

rȾ
F



,ɈɇɈɆ
Ɋ

ɞ FF 

,
ɉɊȼ

Ɉ
Ⱦ

ɄШɌ
Ɋ ɤɤF

Ntɋ 
 



 

ɪɚɛɨɬ. ȿɝɨ ɜɟɥɢɱɢɧɚ ɡɚɜɢɫɢɬ ɨɬ ɬɢɩɚ ɩɪɨɢɡɜɨɞɫɬɜɚ: ɞɥɹ ɦɚɫɫɨɜɨɝɨ  
ɤɩɪ=0,7-0,75. 

 

ɟɞɋɊ 35.3
7,02,152.1955

200075.2 
  

 
ɉɪɢɧɹɬɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɛɨɪɨɱɧɨ-ɫɜɚɪɨɱɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɋɩɪ, 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɭɬɟɦ ɨɤɪɭɝɥɟɧɢɹ ɪɚɫɱɟɬɧɨɣ ɜɟɥɢɱɢɧɵ ɋɪ ɞɨ ɰɟɥɨɝɨ. 
ɉɪɢɧɢɦɚɟɦ ɋɩɪ ɪɚɜɧɨɟ 4 ɟɞɢɧɢɰɟ. 
 
Ʉɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ηɡɚɝɪ ɪɚɫɫɱɢɬɚɟɦ ɤɚɤ ɨɬɧɨɲɟɧɢɟ 

ɪɚɫɱɟɬɧɨɝɨ ɱɢɫɥɚ ɨɛɨɪɭɞɨɜɚɧɢɹ ɤ ɩɪɢɧɹɬɨɦɭ: 
 
 

(4.9) 
 

84.0
4

35.3 ЗȺȽɊ  

 
Ɋɚɫɱɟɬɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɫɧɨɜɧɵɯ ɪɚɛɨɱɢɯ Ɋɪ

ɨ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ: 
 

 
(4.10) 

 
ɝɞɟ  ܨʓʟ – ɞɟɣɫɬɜɢɬɟɥɶɧɵɣ ɮɨɧɞ ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ ɨɞɧɨɝɨ ɪɚɛɨɱɟɝɨ ɜ ɝɨɞ, 
ɱ/ɝɨɞ; 

ɤɜ – ɤɨɷɮɮɢɰɢɟɧɬ ɜɵɩɨɥɧɟɧɢɹ ɧɨɪɦ ɜɵɪɚɛɨɬɤɢ ɪɚɛɨɱɢɦ. 
 

.58.2
2,108.1774

200075.2 ɱɟɥɊɈ
Ɋ 


 

 
ɉɪɢɧɹɬɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɫɧɨɜɧɵɯ ɪɚɛɨɱɢɯ Ɋɨ

ɩɪ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɩɪɢɧɹɬɨɦɭ 
ɱɢɫɥɭ ɟɞɢɧɢɰ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫ ɭɱɟɬɨɦ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɩɪɟɞɩɪɢɹɬɢɹ. ɉɪɢ 
ɪɚɛɨɬɟ ɜ ɨɞɧɭ ɫɦɟɧɭ Ɋɨ

ɩɪ=1ɋɩɪ. 
ɉɪɢɧɢɦɚɟɦ Ɋɨ

ɩɪ ɪɚɜɧɨɟ 4∙1=4 ɪɚɛɨɱɢɯ. 
Ʉɨɷɮɮɢɰɢɟɧɬ ɡɚɧɹɬɨɫɬɢ ɪɚɛɨɱɢɯ ηɡɚɧ ɪɚɫɫɱɢɬɚɟɦ ɤɚɤ ɨɬɧɨɲɟɧɢɟ 

ɪɚɫɱɟɬɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɪɚɛɨɱɢɯ ɤ ɩɪɢɧɹɬɨɦɭ: 
 
 

(4.11) 
 

645.0
3

06.2 ЗȺɇ  

ȼ
Ɋ

Ⱦ

ɄШɌɈ
Ɋ ɤF

NtɊ 
 

,
ɉɊ

Ɋ
ЗȺȽɊ ɋ

ɋ

,Ɉ
ɉɊ

Ɉ
Ɋ

ЗȺɇ Ɋ
Ɋ



 

Ʉɨɥɢɱɟɫɬɜɨ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɪɚɛɨɱɢɯ Ɋɜ
ɩɪ ɨɩɪɟɞɟɥɹɟɦ ɭɩɪɨɳɟɧɧɨ ɜ 

ɪɚɡɦɟɪɟ γ0-γ5% ɨɬ ɱɢɫɥɚ ɨɫɧɨɜɧɵɯ ɪɚɛɨɱɢɯ Ɋɨ
ɩɪ: 

 
.2.143,0 ɱɟɥɊȼ

ɉɊ   
 

ɉɪɢɧɢɦɚɟɦ ʟʞʟʑ  ɪɚɜɧɨɟ β ɱɟɥɨɜɟɤɚ. 
 
4.3 Ɋɚɫɱɟɬ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ 
 
ɂɡɴɹɬɨ 0,5 ɫɬɪɚɧɢɰɵ. 
 
4.4 Ɋɚɫɱɟɬ ɬɟɤɭɳɢɯ ɡɚɬɪɚɬ 
 
Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɋɬ ɫɜɚɪɨɱɧɵɯ ɪɚɛɨɬ ɧɚ ɨɞɧɨ ɢɡɞɟɥɢɟ 

ɜɤɥɸɱɚɟɬ ɡɚɬɪɚɬɵ ɧɚ ɫɜɚɪɨɱɧɵɟ ɦɚɬɟɪɢɚɥɵ ɋɦ, ɧɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɋɷ, ɡɚɪɚɛɨɬɧɭɸ ɩɥɚɬɭ ɋɡ, ɪɚɫɯɨɞɵ ɧɚ ɷɤɫɩɥɭɚɬɚɰɢɸ ɢ 
ɫɨɞɟɪɠɚɧɢɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɋɨɛ: 

 
(4.13) 

 
Ɂɚɬɪɚɬɵ ɧɚ ɫɜɚɪɨɱɧɵɟ ɦɚɬɟɪɢɚɥɵ: 

 
(4.14) 

 
ɝɞɟ  ɋɷɥ – ɫɬɨɢɦɨɫɬɶ ɷɥɟɤɬɪɨɞɨɜ, ɚ ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ ɫɬɨɢɦɨɫɬɶ ɩɪɢɫɚɞɨɱɧɨɣ 
ɩɪɨɜɨɥɨɤɢ, ɪɭɛ.; 

ɋɝ – ɫɬɨɢɦɨɫɬɶ ɡɚɳɢɬɧɨɝɨ ɝɚɡɚ, ɪɭɛ. 
ɋɬɨɢɦɨɫɬɶ ɫɜɚɪɨɱɧɨɣ ɩɪɨɜɨɥɨɤɢ ɋɷɥ ɪɭɛ. ɨɩɪɟɞɟɥɹɟɦ ɢɫɯɨɞɹ ɢɡ ɧɨɪɦ 

ɪɚɫɯɨɞɚ ɢ ɰɟɧɵ ɡɚ ɟɞɢɧɢɰɭ ɜɟɫɚ: 
 

(4.15) 
 

ɝɞɟ  ɇ – ɪɚɫɯɨɞ ɫɜɚɪɨɱɧɨɣ ɩɪɨɜɨɥɨɤɢ ɧɚ ɫɜɚɪɤɭ ɭɡɥɨɜ ɨɱɢɫɬɧɨɝɨ ɚɧɨɞɚ, ɤɝ; 
ɐɷɥ – ɰɟɧɚ ɨɞɧɨɝɨ ɤɢɥɨɝɪɚɦɦɚ ɫɜɚɪɨɱɧɨɣ ɩɪɨɜɨɥɨɤɢ, ɪɭɛ. 
 
[ɂɡɴɹɬɚ 1 ɫɬɪɚɧɢɰɚ.] 
 

.384400020001922 ɪɭɛɋ Ƚ
Ɇ   

 
Ɂɚɬɪɚɬɵ ɧɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɋɷ ɜ ɪɭɛɥɹɯ 

ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ: 
 

(4.17) 
 

ɈȻЗЭɆɌ ɋɋɋɋɋ 

,ȽЭɅɆ ɋɋɋ 

,ЭɅЭɅЭɅ Цɇɋ 

ЭɈЭ ЦtQɋ 



 

ɝɞɟ  Q – ɦɨɳɧɨɫɬɶ ɫɜɚɪɨɱɧɨɝɨ ɩɨɥɭɚɜɬɨɦɚɬɚ, ɤȼɬ/ɱ; 
tɨ – ɜɪɟɦɹ ɫɜɚɪɤɢ, ɧ/ɱ; 
ɐɷ – ɰɟɧɚ 1 ɤȼɬ/ɱ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɪɭɛ. 
Ɇɨɳɧɨɫɬɶ ɫɜɚɪɨɱɧɨɝɨ ɚɩɩɚɪɚɬɚ Q=8 ɤȼɬ/ɱ. 
ȼɪɟɦɹ ɫɜɚɪɤɢ tɨ=1 ɧ/ɱ. 
ɐɟɧɚ ɨɞɧɨɝɨ ɤȼɬ/ɱ ɐɷ=β.5 ɪɭɛ. 
 

.205.218 ɪɭɛɋЭ   
 
Ɍɨɝɞɚ ɫɬɨɢɦɨɫɬɶ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɦɟɫɹɱɧɨɣ ɩɪɨɝɪɚɦɦɵ: 
 

.334016720 ɪɭɛɋ Ɇ
Э  . 

 
Ⱥ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɝɨɞɨɜɨɣ ɩɪɨɝɪɚɦɦɵ: 
 

.40080123340 ɪɭɛɋ Ƚ
Э   

 
Ɂɚɬɪɚɬɵ ɧɚ ɡɚɪɚɛɨɬɧɭɸ ɩɥɚɬɭ ɋɡ, ɪɭɛ/ɢɡɞɟɥɢɟ, ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ 

ɨɫɧɨɜɧɭɸ Ɂɨ, ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ Ɂɞ ɡɚɪɚɛɨɬɧɭɸ ɩɥɚɬɭ ɢ ɨɬɱɢɫɥɟɧɢɹ ɧɚ 
ɫɨɰɢɚɥɶɧɨɟ ɫɬɪɚɯɨɜɚɧɢɟ Ɉɫ: 

 
(4.18) 

 
 

Ɉɫɧɨɜɧɭɸ ɡɚɪɚɛɨɬɧɭɸ ɩɥɚɬɭ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɪɚɛɨɱɢɯ ɨɩɪɟɞɟɥɢɦ 
ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

 
(4.19) 

 
ɝɞɟ    tɲɬ-ɤ – ɲɬɭɱɧɨ-ɤɚɥɶɤɭɥɹɰɢɨɧɧɨɟ ɜɪɟɦɹ ɧɚ ɢɡɝɨɬɨɜɥɟɧɢɟ ɢɡɞɟɥɢɹ ɩɨ i-ɨɣ 
ɨɩɟɪɚɰɢɢ, ɧ/ɱ; 

rɬ – ɱɚɫɨɜɚɹ ɬɚɪɢɮɧɚɹ ɫɬɚɜɤɚ ɪɚɛɨɱɟɝɨ, ɪɭɛ./ɱ; 
ɤɞ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɟɥɢɱɢɧɭ ɞɨɩɥɚɬ ɤ ɬɚɪɢɮɧɨɣ 

ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɟ. 
ɒɬɭɱɧɨ-ɤɚɥɶɤɭɥɹɰɢɨɧɧɨɟ ɜɪɟɦɹ ɧɚ ɢɡɝɨɬɨɜɥɟɧɢɟ ɨɞɧɨɝɨ ɨɱɢɫɬɧɨɝɨ 

ɚɧɨɞɚ ɫɨɫɬɚɜɥɹɟɬ tɲɬ-ɤ=2.75 ɧ/ɱ. 
Чɚɫɨɜɭɸ ɬɚɪɢɮɧɭɸ ɫɬɚɜɤɭ ɪɚɛɨɱɟɝɨ ɩɪɢɧɢɦɚɟɦ 100 ɪɭɛ./ɱ. 
ɉɪɢɧɢɦɚɟɦ ɤɞ=1,6 
 

./4406,110075.2 ɢɡɞɟɥɢɟɪɭɛЗɈ   
 
Ɂɚ ɦɟɫɹɰ ɨɫɧɨɜɧɚɹ ɡɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ ɨɞɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ 

ɪɚɛɨɱɟɝɨ ɫɨɫɬɚɜɢɬ: 

ɋȾɈЗ ɋЗЗɋ 

,ȾɌɄШɌɈ ɤrtЗ  



 

 
 

(4.20) 
 

 
ɝɞɟ  n – ɩɪɨɝɪɚɦɦɚ ɜɵɩɭɫɤɚ ɜ ɦɟɫɹɰ, ɲɬ.; 

Ɋɨ
ɩɪ – ɩɪɢɧɹɬɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɫɧɨɜɧɵɯ ɪɚɛɨɱɢɯ, ɱɟɥ. 

 

.18370
4

167440 ɪɭɛЗ Ɇ
Ɉ   

 
Ɂɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ ɡɚ ɢɡɝɨɬɨɜɥɟɧɢɟ ɨɞɧɨɝɨ ɢɡɞɟɥɢɹ ɫɨɫɬɚɜɢɬ: 
 

./110
167

18370 ɢɡɞɟɥɢɟɪɭɛЗɈ 
 

 
Ɂɚ ɝɨɞ ɨɫɧɨɜɧɚɹ ɡɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɪɚɛɨɱɟɝɨ 

ɫɨɫɬɚɜɢɬ: 
 

.2204401218370 ɪɭɛЗ Ƚ
Ɉ   

  

,Ɉ
ɉɊ

ɈɆ
Ɉ Ɋ

nЗ
З





 

Ⱦɨɩɨɥɧɢɬɟɥɶɧɭɸ ɡɚɪɚɛɨɬɧɭɸ ɩɥɚɬɭ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɪɚɛɨɱɢɯ 
ɪɚɫɫɱɢɬɚɟɦ ɜ ɩɪɨɰɟɧɬɚɯ ɨɬ ɨɫɧɨɜɧɨɣ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ: 

 
(4.21) 

 
 

ɝɞɟ  Ⱦ – ɩɪɨɰɟɧɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ (ɨɩɥɚɬɚ ɪɚɛɨɱɢɦ 
ɨɬɩɭɫɤɨɜ, ɥɶɝɨɬɧɵɯ ɱɚɫɨɜ ɩɨɞɪɨɫɬɤɨɜ, ɨɩɥɚɬɚ ɩɟɪɟɪɵɜɨɜ ɤɨɪɦɹɳɢɦ ɦɚɬɟɪɹɦ, 
ɨɩɥɚɬɚ ɜɪɟɦɟɧɢ ɪɚɛɨɱɟɝɨ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ ɢ ɨɛɳɟɫɬɜɟɧɧɵɯ 
ɨɛɹɡɚɧɧɨɫɬɟɣ). 

ɉɪɢɧɢɦɚɟɦ Ⱦ ɜ ɪɚɡɦɟɪɟ 15%. 
 

./5.16
100

15
110 ɢɡɞɟɥɢɟɪɭɛЗȾ   

 
Ɂɚ ɦɟɫɹɰ: 
 

.5.27551675.16 ɪɭɛЗ Ɇ
Ⱦ   

 
Ɂɚ ɝɨɞ: 
 

.33066125.2755 ɪɭɛЗ Ƚ
Ⱦ   

 
Ɉɬɱɢɫɥɟɧɢɹ ɧɚ ɫɨɰɢɚɥɶɧɵɟ ɧɭɠɞɵ ɨɩɪɟɞɟɥɢɦ ɜ ɩɪɨɰɟɧɬɚɯ ɨɬ ɫɭɦɦɵ 

ɨɫɧɨɜɧɨɣ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ: 
 

 
(4.22) 

 
ɝɞɟ    ɋ – ɩɪɨɰɟɧɬ ɨɬɱɢɫɥɟɧɢɣ ɜ ɫɨɰɫɬɪɚɯ. 

 
ɉɪɢɧɢɦɚɟɦ ɋ ɜ ɪɚɡɦɟɪɟ γ1.β%. 
 

./5.39
100

2.31
)5.16110( ɢɡɞɟɥɢɟɪɭɛɈɋ   

 
Ɂɚ ɦɟɫɹɰ: 
 

.5.65961675.39 ɪɭɛɈɆ
ɋ   

 
Ɂɚ ɝɨɞ: 
 

.79158125.6596 ɪɭɛɈȽ
ɋ   

,
100

ȾЗЗ ɈȾ 

,
100

)(
ɋЗЗɈ ȾɈɋ 



 

ɂɬɨɝɨ ɡɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ ɡɚ ɢɡɝɨɬɨɜɥɟɧɢɟ ɨɞɧɨɝɨ ɨɱɢɫɬɧɨɝɨ ɚɧɨɞɚ 
ɫɨɫɬɚɜɢɬ: 

 
.1665.395.16110 ɪɭɛɋЗ   

 
ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɡɚ ɦɟɫɹɰ: 
 

.27722167166 ɪɭɛɋ Ɇ
З   

 
ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɡɚ ɜɵɩɨɥɧɟɧɢɟ ɝɨɞɨɜɨɣ ɩɪɨɝɪɚɦɦɵ: 
 

.3326641227722 ɪɭɛɋ Ƚ
З   

 
Ɂɚɬɪɚɬɵ ɧɚ ɫɨɞɟɪɠɚɧɢɟ ɢ ɷɤɫɩɥɭɚɬɚɰɢɸ ɨɛɨɪɭɞɨɜɚɧɢɹ ɋɨɛ 

ɜɤɥɸɱɚɸɬ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ Ⱥɨ, ɡɚɬɪɚɬɵ ɧɚ ɬɟɤɭɳɢɣ ɪɟɦɨɧɬ ɢ 
ɨɛɫɥɭɠɢɜɚɧɢɟ Ɂɬɪ ɫɜɚɪɨɱɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ: 

 
(4.23) 

 
Ɂɚɬɪɚɬɵ ɧɚ ɚɦɨɪɬɢɡɚɰɢɸ ɫɜɚɪɨɱɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɨ ɢɡɞɟɥɢɸ 

ɨɩɪɟɞɟɥɢɦ ɢɫɯɨɞɹ ɢɡ ɟɝɨ ɛɚɥɚɧɫɨɜɨɣ ɫɬɨɢɦɨɫɬɢ ɢ ɧɨɪɦ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɯ 
ɨɬɱɢɫɥɟɧɢɣ: 

 
(4.24) 

 
 

ɝɞɟ  Si – ɛɚɥɚɧɫɨɜɚɹ ɫɬɨɢɦɨɫɬɶ ɟɞɢɧɢɰɵ ɨɛɨɪɭɞɨɜɚɧɢɹ i-ɬɢɩɨɪɚɡɦɟɪɚ; 
ni – ɤɨɥɢɱɟɫɬɜɨ ɟɞɢɧɢɰ ɨɛɨɪɭɞɨɜɚɧɢɹ i-ɬɢɩɨɪɚɡɦɟɪɚ; 
ɇȺ – ɧɨɪɦɚ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɯ ɨɬɱɢɫɥɟɧɢɣ; 
ηɡɚɝɪ – ɫɪɟɞɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɢ ɫɜɚɪɤɟ 

ɢɡɞɟɥɢɹ; 
N – ɝɨɞɨɜɚɹ ɩɪɨɝɪɚɦɦɚ ɜɵɩɭɫɤɚ ɢɡɞɟɥɢɣ. 
 

.1.62
1002000

84,04,34430000 ɪɭɛȺɈ 
  

 
Ɂɚɬɪɚɬɵ ɧɚ ɬɟɤɭɳɢɣ ɪɟɦɨɧɬ ɢ ɨɛɫɥɭɠɢɜɚɧɢɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɨɩɪɟɞɟɥɢɦ 

ɩɨ ɮɨɪɦɭɥɟ: 
 

 
(4.25) 

 
ɝɞɟ  Ɋɨ – ɩɪɨɰɟɧɬ ɨɬɱɢɫɥɟɧɢɣ ɧɚ ɬɟɤɭɳɢɣ ɪɟɦɨɧɬ ɨɛɨɪɭɞɨɜɚɧɢɹ ɨɬ ɟɝɨ 
ɛɚɥɚɧɫɨɜɨɣ ɫɬɨɢɦɨɫɬɢ Si. 

ɌɊɈɈȻ ЗȺɋ 

100


N

HnS
Ⱥ ЗȺȽɊȺii

Ɉ



100
 

N

nSɊ
З ЗȺȽɊiiɈ

ɌɊ





 

ɉɪɢɧɢɦɚɟɦ Ɋɨ=10% 
 

.,06.18
1002000

84,043000010 ɪɭɛЗɌɊ 
  

 
.2.8006.181.612 ɪɭɛɋɈȻ   

 
ɂɬɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɫɜɚɪɤɢ ɨɞɧɨɝɨ ɨɱɢɫɬɧɨɝɨ ɚɧɨɞɚ 

ɫɨɫɬɚɜɢɬ: 
 

.2.21882.80166201922 ɪɭɛɋɌ   
 
Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɜɵɩɨɥɧɟɧɢɹ ɝɨɞɨɜɨɣ ɩɪɨɝɪɚɦɦɵ 

ɫɨɫɬɚɜɢɬ: 
 

.437640020002.2188 ɪɭɛɋɌ   
 
ɉɪɢɜɟɞɟɧɧɵɟ ɡɚɬɪɚɬɵ: 
 

(4.26) 
 

ɝɞɟ  ɫi – ɬɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɟɞɢɧɢɰɵ ɩɪɨɞɭɤɰɢɢ, ɪɭɛ.; 
ȿɧ – ɤɨɷɮɮɢɰɢɟɧɬ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ; 
ɤi – ɭɞɟɥɶɧɵɟ ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ; 
Ni – ɝɨɞɨɜɚɹ ɩɪɨɝɪɚɦɦɚ ɜɵɩɭɫɤɚ ɩɪɨɞɭɤɰɢɢ. 
 

.33839002000)
2000

430000
25,02.2188( ɪɭɛW 

 
 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɫɜɟɞɟɦ ɜ ɬɚɛɥɢɰɭ. 
  

iiHi NkEcW  )(



 

Ɍɚɛɥɢɰɚ γ.1 - ɋɜɨɞɧɚɹ ɬɚɛɥɢɰɚ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ 

ɉɨɤɚɡɚɬɟɥɶ ȿɞɢɧɢɰɵ ɢɡɦɟɪɟɧɢɹ 

Ɂɧɚɱɟɧɢɟ ɩɨɤɚɡɚɬɟɥɹ 

ɇɚ 
ɟɞɢɧɢɰɭ 

ɇɚ 
ɩɪɨɝɪɚɦɦɭ 

ɜɵɩɭɫɤɚ 
Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ 

ɫɟɛɟɫɬɨɢɦɨɫɬɶ 
Ɋɭɛ. 2188.2 4376400 

ɋɜɚɪɨɱɧɵɟ ɦɚɬɟɪɢɚɥɵ Ɋɭɛ. 1922 3844000 
Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɹ 

Ɋɭɛ. 20 40080 

Ɂɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ 
ɪɚɛɨɱɢɯ 

Ɋɭɛ. 166 332664 

Ʉɨɥɢɱɟɫɬɜɨ ɪɚɛɨɱɢɯ Чɟɥ. 4 
Ʉɨɥɢɱɟɫɬɜɨ 

ɨɛɨɪɭɞɨɜɚɧɢɹ 
ɒɬ. 4 

Ɉɛɳɢɟ ɤɚɩɢɬɚɥɶɧɵɟ 
ɜɥɨɠɟɧɢɹ, ɜɫɟɝɨ: 

ȼ ɬɨɦ ɱɢɫɥɟ: 
- ɫɜɚɪɨɱɧɨɟ 

ɨɛɨɪɭɞɨɜɚɧɢɟ 
- ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ 

Ɋɭɛ. 

 
430000 

 
380000 

 
50000 

Ɋɚɫɯɨɞɵ ɧɚ ɫɨɞɟɪɠɚɧɢɟ 
ɢ ɷɤɫɩɥɭɚɬɚɰɢɸ 

ɫɜɚɪɨɱɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ 

Ɋɭɛ. 80.2 

ɉɪɢɜɟɞɟɧɧɵɟ ɡɚɬɪɚɬɵ Ɋɭɛ. 3383900 
Ɍɪɭɞɨɟɦɤɨɫɬɶ ɧ/ɱ 2.75 

Ƚɨɞɨɜɚɹ ɩɪɨɝɪɚɦɦɚ 
ɜɵɩɭɫɤɚ 

ɒɬ. 2000 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

5 Ȼɟɡɨɩɚɫɧɨɫɬɶ ɢ ɷɤɨɥɨɝɢɱɧɨɫɬɶ 
ɩɪɨɟɤɬɚ 

  



 

ȼɜɟɞɟɧɢɟ 
 
ɉɪɨɛɥɟɦɚ ɨɛɟɫɩɟɱɟɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ɱɟɥɨɜɟɤɚ ɜ ɫɪɟɞɟ ɨɛɢɬɚɧɢɹ ɛɵɥɚ 

ɜɫɟɝɞɚ ɚɤɬɭɚɥɶɧɨɣ. Ɉɫɨɛɟɧɧɨ ɨɧɚ ɨɛɨɫɬɪɢɥɚɫɶ ɜ ɩɟɪɢɨɞ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɝɨ 
ɩɪɨɝɪɟɫɫɚ, ɤɨɝɞɚ ɱɟɥɨɜɟɤ ɫɬɚɥ ɢɦɟɬɶ ɞɟɥɨ ɫ ɛɨɥɶɲɢɦɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦɢ 
ɦɨɳɧɨɫɬɹɦɢ, ɫɥɨɠɧɵɦɢ ɬɟɯɧɢɱɟɫɤɢɦɢ ɤɨɦɩɥɟɤɫɚɦɢ ɢ ɫɢɫɬɟɦɚɦɢ. 

Ɉɛɟɫɩɟɱɟɧɢɟɦ ɛɟɡɨɩɚɫɧɨɫɬɢ ɱɟɥɨɜɟɤɚ ɜ ɫɪɟɞɟ ɨɛɢɬɚɧɢɹ, ɹɜɥɹɸɬɫɹ 
ɨɯɪɚɧɚ ɬɪɭɞɚ ɢ ɬɟɯɧɢɤɚ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɪɚɡɧɵɯ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ. 

ɇɟɫɨɦɧɟɧɧɨ, ɨɛɟɫɩɟɱɟɧɢɟ ɛɟɡɨɩɚɫɧɵɯ ɭɫɥɨɜɢɣ ɬɪɭɞɚ, ɨɫɨɛɟɧɧɨ 
ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɦɟɧɶɲɟɧɢɸ ɱɢɫɥɚ ɩɨɫɬɪɚɞɚɜɲɢɯ ɧɚ ɫɜɨɢɯ ɪɚɛɨɱɢɯ ɦɟɫɬɚɯ, ɢ 
ɬɚɤɠɟ ɭɦɟɧɶɲɚɟɬ ɤɨɥɢɱɟɫɬɜɨ ɠɟɪɬɜ ɷɤɨɥɨɝɢɱɟɫɤɢ ɜɪɟɞɧɨɝɨ ɜɥɢɹɧɢɹ 
ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ. 

ȼɪɟɞɧɵɟ ɮɚɤɬɨɪɵ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɢɡɞɟɥɢɹ: 
1) Ɉɩɚɫɧɨɫɬɶ ɩɨɪɚɠɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɬɨɤɨɦ; 
2) Ɉɩɚɫɧɨɫɬɶ ɬɪɚɜɦɢɪɨɜɚɧɢɹ ɞɜɢɠɭɳɢɦɢɫɹ ɱɚɫɬɹɦɢ ɦɚɲɢɧ ɢ 

ɦɟɯɚɧɢɡɦɨɜ; 
3) Ɉɩɚɫɧɨɫɬɶ ɜɡɪɵɜɚ ɢ ɩɨɠɚɪɚ; 
4) Ɉɩɚɫɧɨɫɬɶ ɜɵɞɟɥɟɧɢɹ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ; 



 

5.1 Ɉɛɴɟɦɧɨ-ɩɥɚɧɢɪɨɜɨɱɧɨɟ ɪɟɲɟɧɢɟ ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɭɱɚɫɬɤɚ 
 
ɉɥɨɳɚɞɶ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɩɨɦɟɳɟɧɢɹ, ɚ ɬɚɤ ɠɟ ɜɵɫɨɬɚ ɡɞɚɧɢɹ (ɰɟɯɚ), 

ɨɛɴɟɦ ɩɨɦɟɳɟɧɢɹ, ɫɬɪɨɝɨ ɧɨɪɦɢɪɭɟɬɫɹ ɩɨ ɦɢɧɢɦɚɥɶɧɵɦ ɡɧɚɱɟɧɢɹɦ. Ⱦɚɧɧɵɟ 
ɞɥɹ ɷɬɨɝɨ ɫɥɭɠɚɬ ɧɨɪɦɵ ɋɉ β.β.1.1γ1β-0γ. Ɋɟɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɨɝɨɜɚɪɢɜɚɟɦɵɯ 
ɜɟɥɢɱɢɧ ɧɚ ɩɪɨɟɤɬɢɪɭɟɦɨɦ ɭɱɚɫɬɤɟ ɫɥɟɞɭɸɳɢɟ: ɜɵɫɨɬɚ 9,6 ɦ; ɩɥɨɳɚɞɶ 18×γ0 
=540 ɦ2; ɨɛɴɟɦ 5184 ɦ3. ɋɨɩɨɫɬɚɜɢɜ ɪɟɚɥɶɧɵɟ ɞɚɧɧɵɟ ɫ ɫɚɧɢɬɚɪɧɵɦɢ 
ɧɨɪɦɚɦɢ, ɞɟɥɚɟɦ ɜɵɜɨɞɵ ɨ ɩɪɢɝɨɞɧɨɫɬɢ ɤ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɪɚɛɨɱɢɦɢ ɪɚɛɨɱɢɯ 
ɦɟɫɬ. ɍɱɚɫɬɨɤ ɫɛɨɪɤɢ-ɫɜɚɪɤɢ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ: ɲɟɫɬɶ ɫɜɚɪɨɱɧɵɯ ɩɨɫɬɨɜ. ȼɫɟ 
ɪɚɫɩɨɥɨɠɟɧɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɢɦɟɟɬ ɫɜɨɛɨɞɧɵɣ ɞɨɫɬɭɩ, ɲɢɪɢɧɚ ɩɪɨɯɨɞɨɜ 
ɦɟɠɞɭ ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɧɟ ɦɟɧɟɟ 1 ɦɟɬɪɚ. Ɋɚɫɩɨɥɨɠɟɧɧɨɟ ɜ ɛɥɢɡɢ ɫɬɟɧ 
ɫɜɚɪɨɱɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ –ɧɚɯɨɞɢɬɫɹ ɧɚ ɪɚɫɫɬɨɹɧɢɢ ɧɟ ɦɟɧɟɟ 1 ɦɟɬɪɚ ɱɬɨ 
ɞɨɩɭɫɤɚɟɬɫɹ ɧɨɪɦɚɦɢ.  

 
  



 

5.2 ɉɪɨɢɡɜɨɞɫɬɜɟɧɧɚɹ ɫɚɧɢɬɚɪɢɹ 
 
5.2.1 Мɢɤɪɨɤɥɢɦɚɬ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɨɦɟɳɟɧɢɣ 
 
Ɇɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ ɢɥɢ ɦɢɤɪɨɤɥɢɦɚɬ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ 

ɭɫɥɨɜɢɹɯ ɨɩɪɟɞɟɥɹɟɬɫɹ ɞɟɣɫɬɜɭɸɳɢɦɢ ɧɚ ɱɟɥɨɜɟɤɚ ɫɨɱɟɬɚɧɢɹɦɢ 
ɬɟɦɩɟɪɚɬɭɪɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ  
ɋɚɧɉɢɧ 2.2.4.548-96, ɜɵɩɨɥɧɹɟɦɵɟ ɪɚɛɨɬɵ ɧɚ ɭɱɚɫɬɤɟ ɨɬɧɨɫɹɬɫɹ ɤ ɫɪɟɞɧɟɣ 
ɤɚɬɟɝɨɪɢɢ ІІɛ ɬɹɠɟɫɬɢ, ɫ ɷɧɟɪɝɨɡɚɬɪɚɬɚɦɢ  β00-β50 ɤɤɚɥ/ɱɚɫ, ɫɜɹɡɚɧɧɵɟ ɫ 
ɯɨɞɶɛɨɣ ɢ ɩɟɪɟɦɟɳɟɧɢɟɦ ɝɪɭɡɨɜ ɞɨ 10 ɤɝ, ɪɚɛɨɱɢɦɢ ɩɨ ɬɟɪɪɢɬɨɪɢɢ ɭɱɚɫɬɤɚ 
ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ ɫɛɨɪɤɢ ɢ ɫɜɚɪɤɢ, ɤɚɧɬɨɜɤɢ ɢ 
ɫɤɥɚɞɢɪɨɜɚɧɢɸ ɢɡɞɟɥɢɣ. 

 
Ɍɚɛɥɢɰɚ 5.1- ɉɚɪɚɦɟɬɪɵ ɦɢɤɪɨɤɥɢɦɚɬɚ ɪɚɛɨɱɟɣ ɡɨɧɵ 

ɋɟɡɨɧ ɝɨɞɚ 
Ʉɚɬɟɝɨɪɢɹ 
ɪɚɛɨɬ 

Ɍɟɦɩɟɪɚɬɭɪɚ, 0ɋ ȼɥɚɠɧɨɫɬɶ, % 
ɋɤɨɪɨɫɬɶ 
ɜɨɡɞɭɯɚ, ɦ/ɫ 

ɨɩɬ ɞɨɩ ɨɩɬ ɞɨɩ ɨɩɬ ɞɨɩ 

ɏɨɥɨɞɧɵɣ ɋɪɟɞɧɟɣ 
ɬɹɠɟɫɬɢ-ІІɛ 

17-19 15-21 40-60 75 0,3 ≤0,4 

Ɍɟɩɥɵɣ 20-22 16-17 40-60 70 0,3 0,2-0,5 

 
Ɇɟɬɨɞɵ ɨɛɟɫɩɟɱɟɧɢɹ ɧɨɪɦɢɪɭɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɦɢɤɪɨɤɥɢɦɚɬɚ: 

ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɜ ɩɨɦɟɳɟɧɢɢ ɡɚɜɢɫɢɬ ɨɬ ɧɚɪɭɠɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ, 
ɬɟɩɥɨɢɡɨɥɢɪɭɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɫɬɟɧ, ɩɨɥɨɜ, ɦɨɳɧɨɫɬɢ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ. 
Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɜɥɚɠɧɨɫɬɶ ɜɨɡɞɭɯɚ ɡɚɜɢɫɢɬ ɨɬ ɫɨɞɟɪɠɚɧɢɹ ɩɚɪɨɜ ɜ ɧɚɪɭɠɧɨɦ 
ɜɨɡɞɭɯɟ ɢ ɜɵɞɟɥɟɧɢɢ ɜɥɚɝɢ ɨɬ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ. 

ɂɡɦɟɧɟɧɢɟ ɜɥɚɠɧɨɫɬɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɥɢɛɨ, ɪɚɡɛɪɵɡɝɢɜɚɹ ɜɨɞɭ 
ɮɨɪɫɭɧɚɦɢ ɜ ɜɟɧɬɢɥɹɰɢɨɧɧɨɣ ɫɢɫɬɟɦɟ, ɥɢɛɨ ɭɥɭɱɲɚɸɬ ɪɚɛɨɬɭ ɨɬɫɨɫɨɜ ɜɨ 
ɜɥɚɠɧɵɯ ɩɨɦɟɳɟɧɢɹɯ. 

ɋɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɜɨɡɞɭɯɚ ɡɚɜɢɫɢɬ ɨɬ ɩɪɚɜɢɥɶɧɨɫɬɢ ɭɫɬɪɨɣɫɬɜɚ 
ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɚɛɨɬɵ ɜɟɧɬɢɥɹɰɢɨɧɧɵɯ ɫɢɫɬɟɦ. Ɍɚɤ ɤɚɤ ɧɚ ɭɱɚɫɬɤɟ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɢɧɟɪɬɧɵɣ ɝɚɡ, ɩɪɨɢɡɜɟɞɟɦ ɪɚɫɱɟɬ ɧɟɨɛɯɨɞɢɦɨɝɨ ɜɨɡɞɭɯɨɨɛɦɟɧɚ. 

ɇɟɨɛɯɨɞɢɦɵɣ ɜɨɡɞɭɯɨɨɛɦɟɧ ɩɨ ɚɷɪɨɡɨɥɸ ɬɢɬɚɧɚ ɧɢɬɪɢɞ, ɧɚ 1 ɤɝ 
ɪɚɫɯɨɞɭɟɦɵɯ ɧɚ ɫɜɚɪɤɭ ɦɚɬɟɪɢɚɥɨɜ: 

ɉȾɄ=4 ɦɝ/ɦ3 

 
L ' =G·1000/ɉȾɄ,    (5.1) 

 
L ' = 15·1000/4 = γ750 ɦ3/ɱ 
 
ɇɚ ɭɱɚɫɬɤɟ ɪɚɫɯɨɞɭɟɬɫɹ 1.5 ɤɝ/ɱ ɫɜɚɪɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɧɟɨɛɯɨɞɢɦɵɣ 

ɜɨɡɞɭɯɨɨɛɦɟɧ: 
 
L = L '·1.5,   (5.2) 



 

 
L = γ750·1.5 = 56β5 ɦ3/ɱ 
 
ɉɪɢɧɢɦɚɟɦ ɜɨɡɞɭɯɨɨɛɦɟɧ 5700 ɦ3/ɱ. 
 
Ⱦɥɹ ɭɞɚɥɟɧɢɹ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɨɛɳɟɨɛɦɟɧɧɚɹ 

ɜɟɧɬɢɥɹɰɢɹ. 
 
5.2.2 Ɉɫɜɟɳɟɧɢɟ ɪɚɛɨɱɢɯ ɦɟɫɬ 
 
ȼɵɛɢɪɚɟɦ ɫɢɦɦɟɬɪɢɱɧɨɟ ɪɚɡɦɟɳɟɧɢɟ ɫɜɟɬɢɥɶɧɢɤɨɜ. ɋɢɦɦɟɬɪɢɱɧɨɟ 

ɪɚɡɦɟɳɟɧɢɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɨɞɢɧɚɤɨɜɨɟ ɨɫɜɟɳɟɧɢɟ ɪɚɛɨɱɢɯ ɦɟɫɬ ɢ 
ɨɛɨɪɭɞɨɜɚɧɢɹ. 

Ɂɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɨɫɜɟɳɟɧɢɹ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɋɇɢɉ βγ-05-95 "ȿɫɬɟɫɬɜɟɧɧɨɟ ɢ ɢɫɤɭɫɫɬɜɟɧɧɨɟ ɨɫɜɟɳɟɧɢɟ", 
ɋȺɇɉɂɇ β.β.1/β.1.1.1β78-0γ "Ƚɢɝɢɟɧɢɱɟɫɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɟɫɬɟɫɬɜɟɧɧɨɦɭ, 
ɢɫɤɭɫɫɬɜɟɧɧɨɦɭ ɢ ɫɨɜɦɟɳёɧɧɨɦɭ ɨɫɜɟɳɟɧɢɸ ɠɢɥɵɯ ɢ ɨɛɳɟɫɬɜɟɧɧɵɯ 
ɡɞɚɧɢɣ" 

ɇɚɢɦɟɧɶɲɢɣ ɪɚɡɦɟɪ ɨɛɴɟɤɬɚ ɪɚɡɦɟɳɟɧɢɹ ɫɜɚɪɧɨɣ ɲɨɜ ɞɥɢɧɧɨɣ 60 ɦɦ ɫ 
ɤɚɬɟɬɨɦ 8 ɦɦ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɷɬɨɝɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɡɪɢɬɟɥɶɧɨɣ ɪɚɛɨɬɵ 
ɫɪɟɞɧɟɣ ɬɨɱɧɨɫɬɢ – ɲɟɫɬɨɝɨ ɪɚɡɪɹɞɚ. Ɍɚɤɨɦɭ ɪɚɡɪɹɞɭ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɨɪɦɚ 
ɨɫɜɟɳɟɧɧɨɫɬɢ ɦɟɫɬɨɦ – β00 ɅɄ. 

 
Ɋɚɫɱɟɬ ɧɟɨɛɯɨɞɢɦɨɝɨ ɫɜɟɬɨɜɨɝɨ ɩɨɬɨɤɚ: 
Ɋɚɫɱɟɬ ɜɵɫɨɬɵ ɩɨɞɜɟɫɚ ɫɜɟɬɢɥɶɧɢɤɨɜ: 
 

(5.3) 

 
 

ɝɞɟ    ɇɫ – ɜɵɫɨɬɚ ɩɨɞɜɟɫɚ ɫɜɟɬɢɥɶɧɢɤɨɜ, ɦ; 
ɇ – ɜɵɫɨɬɚ ɩɨɦɟɳɟɧɢɹ, ɦ; 
hɫ – ɫɜɟɫ, ɦ; 
hɪ – ɜɵɫɨɬɚ ɪɚɛɨɱɟɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɦ. 
 

0,2( ),h H hc ɪ   

 
ɝɞɟ    hɪ  - ɜɵɫɨɬɚ ɪɚɛɨɱɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɬ ɩɨɥɚ, hɪ  = 0,8. 

 ℎ௖ = Ͳ.ʹሺͻ.͸ − Ͳ.ͺሻ = ͳ.͹͸ˏ 
 

.776.18,06,9 ɦɇɋ   
 

  

,Ɋɋɋ hhɇɇ 



 

β. Ɋɚɫɱɟɬ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɫɜɟɬɢɥɶɧɢɤɚɦɢ: 
 

(5.4) 
 

ɝɞɟ    L – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɫɜɟɬɢɥɶɧɢɤɚɦɢ, ɦ. 
 

.8.94,17 ɦL   
 
γ. Ɋɚɫɱɟɬ ɧɟɨɛɯɨɞɢɦɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɫɜɟɬɢɥɶɧɢɤɨɜ: 
 

 
(5.5) 

 
ɝɞɟ    N – ɧɟɨɛɯɨɞɢɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɜɟɬɢɥɶɧɢɤɨɜ, ɲɬ; 

S – ɩɥɨɳɚɞɶ ɨɫɜɟɳɚɟɦɨɝɨ ɩɨɦɟɳɟɧɢɹ, ɦ2. 
 

.625,5
8.9

540
2

ɲɬN   

 
ɉɪɢɧɢɦɚɟɦ ɤɨɥɢɱɟɫɬɜɨ ɫɜɟɬɢɥɶɧɢɤɨɜ 6 ɲɬɭɤ. 
Ɉɩɪɟɞɟɥɢɦ ɧɟɨɛɯɨɞɢɦɵɣ ɫɜɟɬɨɜɨɣ ɩɨɬɨɤ ɨɞɧɨɣ ɥɚɦɩɵ: 

 
 (5.6) 

 
 

ɝɞɟ    Fɥ – ɧɟɨɛɯɨɞɢɦɵɣ ɫɜɟɬɨɜɨɣ ɩɨɬɨɤ ɨɞɧɨɣ ɥɚɦɩɵ, ɥɦ; 
ȿɧ – ɧɨɪɦɢɪɨɜɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɨɫɜɟɳɟɧɧɨɫɬɢ, ɥɤ; 
Ʉ3 – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ; 
Z – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɨɫɜɟɳɟɧɢɹ 

ɩɨɜɟɪɯɧɨɫɬɢ; 
η – ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɜɟɬɨɜɨɝɨ ɩɨɬɨɤɚ. 
ɇɨɪɦɢɪɨɜɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɨɫɜɟɳɟɧɧɨɫɬɢ ɩɪɢɧɢɦɚɟɦ ȿɧ=β00 ɥɤ . 
Ɂɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɩɚɫɚ ɩɪɢɧɢɦɚɟɦ Ʉɡ=1,8. 
Ɂɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɜɟɬɨɜɨɝɨ ɩɨɬɨɤɚ ɩɪɢɧɢɦɚɟɦ 

η= 0,γ5. 
Ɂɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ, ɭɱɢɬɵɜɚɸɳɟɝɨ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɨɫɜɟɳɟɧɢɹ 

ɩɨɜɟɪɯɧɨɫɬɢ, ɩɪɢɧɢɦɚɟɦ ɜ ɩɪɟɞɟɥɚɯ Z=1,15÷1,γ. 
 

.25365
635,0

3,18,1540200 ɥɦFɅ 
  

 
ɉɨɞɛɢɪɚɟɦ ɬɢɩ ɫɜɟɬɢɥɶɧɢɤɨɜ: ɥɚɦɩɵ ɧɚɤɚɥɢɜɚɧɢɹ ɇȽ-1500 ɫɜɟɬɨɜɨɣ 

ɩɨɬɨɤ β8000 ɥɦ. 
  

,4,1 CɇL

2L

S
N 

,
N

ZɄSȿ
F Зɇ

Ʌ 
 



 

5.2.3 ɏɨɡɹɣɫɬɜɟɧɧɨ-ɩɢɬɶɟɜɨɟ ɜɨɞɨɫɧɚɛɠɟɧɢɟ 
 
ɇɚ ɭɱɚɫɬɤɟ ɪɚɛɨɬɚɟɬ γ ɱɟɥɨɜɟɤɚ ɜ ɨɞɧɭ ɫɦɟɧɭ. ɐɟɯ ɯɨɥɨɞɧɵɣ, ɧɚ 

ɭɱɚɫɬɨɤ ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɞɜɚ ɤɪɚɧɚ ɭɦɵɜɚɥɶɧɢɤɚ, ɡɧɚɱɢɬ ɩɨɬɪɟɛɥɟɧɢɟ ɜɨɞɵ: 
Ⱦɥɹ ɩɢɬɶɹ: Q1=γ·5=15 ɥ/ɫɦɟɧɭ; 
Ⱦɥɹ ɯɨɡɹɣɫɬɜɟɧɧɵɯ ɰɟɥɟɣ: Q2=γ·β5=75 ɥ/ɫɦɟɧɭ. 
Ɉɛɳɟɟ ɩɨɬɪɟɛɥɟɧɢɟ ɜɨɞɵ ɡɚ ɫɦɟɧɭ ɫɨɫɬɚɜɢɬ  Qɨɛɳ=15+75=90 ɥ/ɫɦɟɧɭ. 
 
5.3 Аɧɚɥɢɡ ɢ ɭɫɬɪɚɧɟɧɢɟ ɩɨɬɟɧɰɢɚɥɶɧɵɯ ɨɩɚɫɧɨɫɬɟɣ ɢ ɜɪɟɞɧɨɫɬɟɣ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ 
 
ȼɨɡɦɨɠɧɵɟ ɨɩɚɫɧɨɫɬɢ ɷɬɨ: ɩɨɪɚɠɟɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɬɨɤɨɦ, 

ɬɪɚɜɦɢɪɨɜɚɧɢɟ ɞɜɢɠɭɳɢɦɢɫɹ ɱɚɫɬɹɦɢ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɩɟɪɟɜɨɡɢɦɵɟ 
ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɟ ɩɪɟɞɦɟɬɵ ɢ ɢɡɞɟɥɢɹ, ɞɜɢɠɭɳɢɟɫɹ ɬɪɚɧɫɩɨɪɬɧɵɟ ɫɪɟɞɫɬɜɚ 
(ɬɟɥɟɠɤɢ, ɬɪɚɤɬɨɪɚ ), ɜɵɞɟɥɟɧɢɟ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɨɬ ɫɜɚɪɤɢ, ɜɨɡɦɨɠɧɨɫɬɶ 
ɜɡɪɵɜɚ ɛɚɥɥɨɧɨɜ ɫ ɝɚɡɨɦ, ɩɨɪɚɠɟɧɢɟ ɪɚɡɥɢɱɧɵɦɢ ɜɢɞɚɦɢ ɢɡɥɭɱɟɧɢɣ.  

 
5.3.1 Ɉɩɚɫɧɨɫɬɶ ɩɨɪɚɠɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɬɨɤɨɦ 
 
Ɋɚɛɨɱɢɟ ɦɟɫɬɨ ɞɨɥɠɧɨ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɬɪɟɛɨɜɚɧɢɟɦ ȽɈɋɌ 1β.β.00γ. 
ɒɢɪɨɤɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɨɛɹɡɵɜɚɟɬ 

ɭɞɟɥɹɬɶ ɛɨɥɶɲɨɟ ɜɧɢɦɚɧɢɟ ɩɪɨɮɢɥɚɤɬɢɤɟ ɷɥɟɤɬɪɨ-ɬɪɚɜɦɚɬɢɡɦɚ. Ȼɨɥɶɲɚɹ 
ɨɩɚɫɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ ɞɥɹ ɡɞɨɪɨɜɶɹ ɱɟɥɨɜɟɤɚ ɨɛɭɫɥɨɜɥɟɧɚ ɬɟɦ, ɱɬɨ 
ɬɨɤ ɨɱɟɧɶ ɱɚɫɬɨ ɧɟ ɜɨɫɩɪɢɧɢɦɚɟɬɫɹ ɤɚɤ ɢɫɬɨɱɧɢɤ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ 
ɨɩɚɫɧɨɫɬɢ, ɩɨɷɬɨɦɭ ɫɬɪɨɝɨɟ ɫɨɛɥɸɞɟɧɢɟ ɩɪɚɜɢɥ ɷɥɟɤɬɪɨɛɟɡɨɩɚɫɧɨɫɬɢ – 
ɜɚɠɧɟɣɲɚɹ ɡɚɞɚɱɚ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɭɦɟɧɶɲɢɬɶ ɱɢɫɥɨ ɧɟɫɱɚɫɬɧɵɯ ɫɥɭɱɚɟɜ ɨɬ 
ɩɨɪɚɠɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɬɨɤɨɦ. 

ɉɪɢɤɨɫɧɨɜɟɧɢɟ ɱɟɥɨɜɟɤɨɦ ɤ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɸ, ɧɚɯɨɞɹɳɟɦɭɫɹ ɩɨɞ 
ɧɚɩɪɹɠɟɧɢɟɦ ɩɨ ɩɪɢɱɢɧɟ ɩɟɪɟɯɨɞɚ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɤɨɪɩɭɫ, ɦɨɠɟɬ ɛɵɬɶ ɬɚɤɠɟ 
ɨɩɚɫɧɨ ɞɥɹ ɠɢɡɧɢ, ɤɚɤ ɢ ɩɪɢɤɨɫɧɨɜɟɧɢɟ ɤ ɨɝɨɥɟɧɧɨɦɭ ɩɪɨɜɨɞɭ. ȼ ɰɟɥɹɯ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɤɨɪɩɭɫɚ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɡɚɡɟɦɥɹɸɬ. ɋɨɝɥɚɫɧɨ 
ɞɟɣɫɬɜɭɸɳɢɦ ɩɪɚɜɢɥɚɦ ɭɫɬɪɨɣɫɬɜɚ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ ɤɨɪɩɭɫɚ 
ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɫ ɧɚɩɪɹɠɟɧɢɟɦ γ80ȼ ɡɚɡɟɦɥɹɸɬ ɜ ɨɛɹɡɚɬɟɥɶɧɨɦ 
ɩɨɪɹɞɤɟ. 

Ɉɩɪɟɞɟɥɹɸɳɢɦ ɮɚɤɬɨɪɨɦ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɱɟɥɨɜɟɤɚ ɹɜɥɹɟɬɫɹ ɫɢɥɚ ɬɨɤɚ, 
ɩɪɨɬɟɤɚɸɳɟɝɨ ɱɟɪɟɡ ɨɪɝɚɧɢɡɦ. Ɉɧɚ ɡɚɜɢɫɢɬ ɨɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɟɥɚ ɱɟɥɨɜɟɤɚ ɢ 
ɧɚɩɪɹɠɟɧɢɹ, ɩɨɞ ɤɨɬɨɪɵɦ ɨɤɚɡɚɥɫɹ ɱɟɥɨɜɟɤ. ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɬɟɥɚ 
ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɨɠɢ ɢ ɜɧɭɬɪɟɧɧɢɯ ɬɤɚɧɟɣ. ɉɨɷɬɨɦɭ ɩɪɢ 
ɨɛɟɫɩɟɱɟɧɢɢ ɷɥɟɤɬɪɨɛɟɡɨɩɚɫɧɨɫɬɢ ɜɵɛɢɪɚɸɬ ɢɥɢ ɪɚɡɪɚɛɚɬɵɜɚɸɬ ɬɚɤɢɟ ɦɟɪɵ 
ɡɚɳɢɬɵ, ɱɬɨɛɵ ɜ ɫɥɭɱɚɟ ɩɨɩɚɞɚɧɢɹ ɱɟɥɨɜɟɤɚ ɩɨɞ ɧɚɩɪɹɠɟɧɢɟ ɬɨɤ, 
ɩɪɨɯɨɞɹɳɢɣ ɱɟɪɟɡ ɟɝɨ ɬɟɥɨ, ɧɟ ɩɪɟɜɵɲɚɥ ɡɧɚɱɟɧɢɣ 10-15 ɦȺ – ɞɥɹ 
ɩɟɪɟɦɟɧɧɨɝɨ ɢ 50-70 ɦȺ – ɞɥɹ ɩɨɫɬɨɹɧɧɨɝɨ. 

ȼɟɪɨɹɬɧɨɫɬɶ ɩɨɪɚɠɟɧɢɹ ɱɟɥɨɜɟɤɚ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɬɨɤɨɦ ɡɚɜɢɫɢɬ ɨɬ 
ɭɫɥɨɜɢɣ, ɜ ɤɨɬɨɪɵɯ ɩɪɢɦɟɧɹɸɬ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ ɢ ɫɪɟɞɫɬɜ ɡɚɳɢɬɵ, 



 

ɪɟɤɨɦɟɧɞɭɟɦɵɯ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɣ. ɉɨ ɫɬɟɩɟɧɢ ɨɩɚɫɧɨɫɬɢ ɩɨɪɚɠɟɧɢɹ 
ɬɨɤɨɦ ɜɵɞɟɥɹɸɬ ɬɪɢ ɤɥɚɫɫɚ ɩɨɦɟɳɟɧɢɣ. 

ɇɚɩɥɚɜɨɱɧɵɟ ɪɚɛɨɬɵ ɩɪɨɢɡɜɨɞɹɬ ɧɚ ɭɱɚɫɬɤɟ ɧɚɩɥɚɜɤɢ. Ⱦɚɧɧɵɣ ɭɱɚɫɬɨɤ 
ɨɬɧɨɫɢɬɫɹ ɤ ɬɪɟɬɶɟɦɭ ɤɥɚɫɫɭ ɩɨɦɟɳɟɧɢɣ – ɨɫɨɛɨɨɩɚɫɧɵɟ. ɇɚɩɪɹɠɟɧɢɟ 
ɩɢɬɚɸɳɟɣ ɫɟɬɢ ɫɨɫɬɚɜɥɹɟɬ γ80 ȼɨɥɶɬ, ɩɨɷɬɨɦɭ ɧɟɨɛɯɨɞɢɦɨ ɧɚɥɢɱɢɟ 
ɧɚɞɟɠɧɨɣ ɢɡɨɥɹɰɢɢ ɜɫɟɯ ɩɪɨɜɨɞɨɜ, ɫɜɹɡɚɧɧɵɯ ɫ ɩɢɬɚɧɢɟɦ ɢɫɬɨɱɧɢɤɚ ɬɨɤɚ ɢ 
ɫɜɚɪɨɱɧɨɣ ɞɭɝɢ, ɚ ɬɚɤ ɠɟ ɡɚɳɢɬɧɨɟ ɨɬɤɥɸɱɟɧɢɟ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ. ȼ ɦɟɫɬɚɯ 
ɜɨɡɦɨɠɧɨɝɨ ɩɨɪɚɠɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɬɨɤɨɦ ɩɪɢɜɟɞɟɧɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 
ɬɚɛɥɢɰɵ ɢ ɧɚɞɩɢɫɢ. 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ȽɈɋɌ 1β.1.019-79 ɞɥɹ ɡɚɳɢɬɵ ɥɸɞɟɣ ɨɬ ɩɨɪɚɠɟɧɢɹ 
ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɬɨɤɨɦ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɟɬɨɞ ɡɚɳɢɬɧɨɝɨ ɡɚɡɟɦɥɟɧɢɹ, 
ɡɚɤɥɸɱɚɸɳɢɣɫɹ ɜ ɩɪɟɞɧɚɦɟɪɟɧɧɨɦ ɷɥɟɤɬɪɢɱɟɫɤɨɦ ɫɨɟɞɢɧɟɧɢɢ ɱɚɫɬɟɣ 
ɨɛɨɪɭɞɨɜɚɧɢɹ, ɧɟ ɧɚɯɨɞɹɳɢɯɫɹ ɩɨɞ ɧɚɩɪɹɠɟɧɢɟɦ ɜ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ 
ɪɚɛɨɬɵ, ɫ ɡɚɡɟɦɥɹɸɳɢɦ ɭɫɬɪɨɣɫɬɜɨɦ, ɜ ɬɨɦ ɫɥɭɱɚɟ ɟɫɥɢ ɷɬɢ ɱɚɫɬɢ ɦɨɝɭɬ 
ɨɤɚɡɚɬɶɫɹ ɩɨɞ ɧɚɩɪɹɠɟɧɢɟɦ ɜ ɚɜɚɪɢɣɧɵɯ ɫɢɬɭɚɰɢɹɯ. 

 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɨɞɢɧɨɱɧɨɝɨ ɬɪɭɛɱɚɬɨɝɨ ɡɚɡɟɦɥɢɬɟɥɹ, ɜɟɪɬɢɤɚɥɶɧɨ 

ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɜ ɡɟɦɥɸ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 

(5.7) 
 

 
ɝɞɟ    ρ – ɭɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɪɭɧɬɚ ɫ ɭɱɟɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɟɡɨɧɧɨɫɬɢ 
ψɜ = 1,5 (Ɉɦ•ɫɦ) 

l – ɞɥɢɧɚ ɡɚɡɟɦɥɢɬɟɥɹ, ɫɦ; 
d – ɞɢɚɦɟɬɪ ɬɪɭɛɵ, ɫɦ; 
t – ɝɥɭɛɢɧɚ ɡɚɥɨɠɟɧɢɹ ɬɪɭɛɵ, ɜ ɫɦ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɡɟɦɥɢ ɞɨ ɫɟɪɟɞɢɧɵ 

ɬɪɭɛɵ. 
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɢɧɢɦɚɟɦ ɫɥɟɞɭɸɳɢɟ ɪɚɡɦɟɪɵ (ɬɪɭɛɵ) ɷɥɟɦɟɧɬɨɜ 

ɡɚɡɟɦɥɟɧɢɹ: 
l = β50 ɫɦ; d = 6 ɫɦ; t = 70+1β5 = 195 ɫɦ. 
 
ρ = 1,5·100 = 150 Ɉɦ/ɦ 
 

ɝɞɟ    100 Ɉɦ·ɦ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɪɭɧɬɚ ρɨ. 
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Ɍɚɤ ɤɚɤ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɞɢɧɨɱɧɨɝɨ ɡɚɡɟɦɥɢɬɟɥɹ ɩɪɟɜɵɲɚɟɬ 
ɧɨɪɦɢɪɭɟɦɨɟ ɡɧɚɱɟɧɢɟ, ɬɨ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɦɟɧɢɬɶ ɝɪɭɩɩɭ ɢɡ ɧɟɫɤɨɥɶɤɢɯ 
ɩɚɪɚɥɥɟɥɶɧɨ ɫɨɟɞɢɧɟɧɧɵɯ ɡɚɡɟɦɥɢɬɟɥɟɣ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɧɚ β,5 - 5 ɦɟɬɪɨɜ 
ɞɪɭɝ ɨɬ ɞɪɭɝɚ. Ʉɨɥɢɱɟɫɬɜɨ ɡɚɡɟɦɥɢɬɟɥɟɣ ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ :  

 
 

(5.8) 

 
 

ɝɞɟ    n – ɤɨɥɢɱɟɫɬɜɨ ɡɚɡɟɦɥɢɬɟɥɟɣ; 
rɬɪ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɞɢɧɨɱɧɨɝɨ ɡɚɡɟɦɥɢɬɟɥɹ; 
rɡ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɡɚɡɟɦɥɹɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ ɩɨ ɧɨɪɦɚɦ, rɡ= 4 (Ɉɦ); 
ηɬɪ – ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɪɭɛɱɚɬɵɯ ɡɚɡɟɦɥɢɬɟɥɟɣ,  
ηɬɪ = 0,8. 

 
Ɉɬɫɸɞɚ ɩɨɥɭɱɢɦ: 
 

.13
8,04

2,51 ɲɬn   

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɱɬɨɛɵ ɡɚɡɟɦɥɟɧɢɟ ɛɵɥɨ ɧɚɞɟɠɧɵɦ ɧɟɨɛɯɨɞɢɦɨ 1γ 

ɬɪɭɛɱɚɬɵɯ ɡɚɡɟɦɥɢɬɟɥɟɣ. 
 
Ɋɚɫɫɱɢɬɵɜɚɟɦ ɪɚɫɬɟɤɚɧɢɟ ɬɨɤɚ ɫɨɟɞɢɧɢɬɟɥɶɧɨɣ ɩɨɥɨɫɵ ɩɨ ɮɨɪɦɭɥɟ: 

 
 

(5.9) 
 

ɝɞɟ     t =0,8; d=0,5 ɜ; ρ=0,γ66; 
ɜ – ɲɢɪɢɧɚ ɩɨɥɨɫɵ 0,04 ɦ; 
l – ɡɚɡɟɦɥɹɸɳɟɣ ɩɨɥɨɫɵ ɪɚɜɧɨ β,5÷5·1γ=γβ,5÷65 ɦ. 
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ɇɚɯɨɞɢɦ Rɝɪ – ɝɪɭɩɩɨɜɨɟ ɡɚɡɟɦɥɟɧɢɟ: 

 
(5.10) 

 
 

ɝɞɟ    ηɩɨɥ – ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɨɥɨɫɵ 0,7; 
ηɬɪ – ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɪɭɛɱɚɬɵɯ ɡɚɡɟɦɥɢɬɟɥɟɣ 0,5. 
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199,02,51 ɈɦRɝɪ 
  

 
0,β8 Ɉɦ < 6 Ɉɦ. 
 
ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɦɨɠɧɨ ɭɦɟɧɶɲɢɬɶ ɤɨɥɢɱɟɫɬɜɨ ɜɟɪɬɢɤɚɥɶɧɵɯ 

ɡɚɡɟɦɥɢɬɟɥɟɣ. 
 

5.3.2 Ɉɩɚɫɧɨɫɬɶ ɬɪɚɜɦɢɪɨɜɚɧɢɹ ɞɜɢɠɭɳɢɦɢɫɹ ɱɚɫɬɹɦɢ ɦɚɲɢɧ ɢ 
ɦɟɯɚɧɢɡɦɨɜ 

 
ɇɟɡɚɳɢɳɟɧɧɵɟ ɩɨɞɜɢɠɧɵɟ ɱɚɫɬɢ ɦɚɲɢɧ ɢ ɦɟɯɚɧɢɡɦɨɜ, ɞɜɢɠɭɳɢɟɫɹ 

ɡɚɝɨɬɨɜɤɢ ɢ ɦɚɬɟɪɢɚɥɵ ɩɨɜɵɲɚɸɬ ɜɟɪɨɹɬɧɨɫɬɶ ɬɪɚɜɦɢɪɨɜɚɧɢɹ ɩɟɪɫɨɧɚɥɚ 
ȽɈɋɌ 1β.0.00γ. ɍɡɥɵ ɩɟɪɟɦɟɳɚɸɬɫɹ ɫ ɩɨɦɨɳɶɸ ɤɪɚɧɚ, ɝɥɚɜɧɨɣ ɨɩɚɫɧɨɫɬɶ ɜ 
ɷɬɨɦ ɫɥɭɱɚɟ ɹɜɥɹɟɬɫɹ ɩɚɞɟɧɢɟ ɭɡɥɨɜ ɨɱɢɫɬɧɨɝɨ ɚɧɨɞɚ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɤɪɚɧɚ ɢɥɢ ɨɛɪɵɜɚ ɫɬɪɨɩ. 

ɉɟɪɟɞɜɢɠɟɧɢɟ ɨɫɭɳɟɫɬɜɥɹɬɶ ɬɨɥɶɤɨ ɩɨ ɫɩɟɰɢɚɥɶɧɨ ɨɛɨɡɧɚɱɟɧɧɵɦ 
ɩɟɲɟɯɨɞɧɵɦ ɞɨɪɨɠɤɚɦ. 

ȼɧɢɦɚɬɟɥɶɧɨ ɫɥɭɲɚɬɶ ɫɢɝɧɚɥɵ ɧɚɱɚɥɚ ɞɜɢɠɟɧɢɹ ɤɪɚɧɚ ɢ ɩɟɪɟɯɨɞɢɬɶ ɜ 
ɡɨɧɵ ɛɟɡɨɩɚɫɧɨɫɬɢ. 

ȼɫɟ ɛɟɡ ɢɫɤɥɸɱɟɧɢɹ ɪɚɛɨɱɢɟ ɞɨɥɠɧɵ ɧɨɫɢɬɶ ɤɚɫɤɢ ɩɪɢ ɧɚɯɨɠɞɟɧɢɢ ɜ 
ɩɨɦɟɳɟɧɢɢ ɰɟɯɚ. 

ɉɪɢɱɢɧɚɦɢ ɬɪɚɜɦɚɬɢɡɦɚ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɫɜɚɪɨɱɧɵɯ ɪɚɛɨɬ, ɹɜɥɹɸɬɫɹ 
ɧɟɢɫɩɪɚɜɧɨɫɬɶ ɫɪɟɞɫɬɜ ɞɥɹ ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɧɢɹ ɬɹɠɟɥɵɯ ɞɟɬɚɥɟɣ, ɧɚɥɢɱɢɟ 
ɞɜɢɠɭɳɢɯɫɹ ɱɚɫɬɟɣ ɩɪɢ ɪɚɛɨɬɟ ɫɜɚɪɨɱɧɵɯ ɭɫɬɚɧɨɜɨɤ, ɨɬɫɭɬɫɬɜɢɟ 
ɫɩɟɰɨɞɟɠɞɵ ɢ ɞɪɭɝɢɯ ɫɪɟɞɫɬɜ ɡɚɳɢɬɵ. 

Ɇɟɪɚɦɢ ɩɪɟɞɭɩɪɟɠɞɟɧɢɹ ɬɪɚɜɦɚɬɢɡɦɚ ɹɜɥɹɸɬɫɹ ɫɜɨɟɜɪɟɦɟɧɧɚɹ 
ɩɪɨɜɟɪɤɚ ɢɧɫɬɪɭɦɟɧɬɚ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ. Ɋɚɛɨɬɚɬɶ ɧɟɨɛɯɨɞɢɦɨ ɜ ɫɩɟɰɨɞɟɠɞɟ, ɚ 
ɬɚɤ ɠɟ ɫɨɛɥɸɞɚɬɶ ɩɪɚɜɢɥɚ ɬɟɯɧɢɤɢ ɛɟɡɨɩɚɫɧɨɫɬɢ. 

 
5.3.3 Ɉɩɚɫɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɬɟɪɦɢɱɟɫɤɢɯ ɨɠɨɝɨɜ 
 
ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɝɚɡɨɪɟɡɚɬɟɥɶɧɵɯ ɢ ɫɜɚɪɨɱɧɵɯ ɪɚɛɨɬ ɜɨɡɧɢɤɚɟɬ 

ɨɩɚɫɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɪɚɛɨɱɢɦɢ ɨɠɨɝɨɜ ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɟɣɫɬɜɢɹ ɨɬɤɪɵɬɨɝɨ 
ɩɥɚɦɟɧɢ (ɝɚɡɨɜɚɹ ɪɟɡɤɚ) ɢ ɪɚɫɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ( ɫɜɚɪɤɚ). Ɍɚɤ ɠɟ ɩɪɢ ɷɬɢɯ 
ɩɪɨɰɟɫɫɚɯ ɜɵɞɟɥɹɟɬɫɹ ɹɪɤɨɟ ɢɡɥɭɱɟɧɢɟ, ɱɬɨ ɨɫɨɛɟɧɧɨ ɜɪɟɞɧɨ ɞɥɹ ɝɥɚɡ, 
ɤɨɬɨɪɨɟ ɜɵɡɵɜɚɟɬ ɨɠɨɝɢ ɧɚ ɧɟɡɚɳɢɳɟɧɧɵɯ ɱɚɫɬɹɯ ɬɟɥɚ ɪɚɛɨɱɢɯ. Ⱦɥɹ ɡɚɳɢɬɵ 
ɨɬ ɬɟɩɥɨɜɨɝɨ ɢɡɥɭɱɟɧɢɹ ɩɪɢɦɟɧɹɟɬɫɹ ɫɩɟɰɨɞɟɠɞɚ, ɚ ɬɚɤɠɟ ɡɚɳɢɬɧɵɟ ɨɱɤɢ ( 
ɩɪɢ ɝɚɡɨɜɨɣ ɪɟɡɤɟ ) ɢ ɡɚɳɢɬɧɵɟ ɳɢɬɤɢ ( ɩɪɢ ɫɜɚɪɤɟ). 

Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɜ ɝɨɪɹɱɢɯ ɰɟɯɚɯ ɫɨɩɪɨɜɨɠɞɚɸɬɫɹ 
ɜɵɞɟɥɟɧɢɟɦ ɛɨɥɶɲɢɯ ɤɨɥɢɱɟɫɬɜ ɬɟɩɥɚ. Ɋɚɫɤɚɥɟɧɧɵɦ ɦɟɬɚɥɥɨɦ, ɲɥɚɤɨɦ ɢ 
ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɫɨɡɞɚɸɬɫɹ ɩɨɬɨɤɢ ɬɟɩɥɨɜɵɯ ɢɡɥɭɱɟɧɢɣ, ɤɨɬɨɪɵɟ ɩɪɢɜɨɞɹɬ ɤ 
ɧɚɪɭɲɟɧɢɸ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɨɪɝɚɧɢɡɦɚ. ɍɥɶɬɪɚɮɢɨɥɟɬɨɜɵɟ ɢ 
ɢɧɮɪɚɤɪɚɫɧɵɟ ɥɭɱɢ ɬɚɤɠɟ ɦɨɝɭɬ ɩɪɢɜɟɫɬɢ ɤ ɬɹɠɟɥɵɦ ɩɨɫɥɟɞɫɬɜɢɹɦ. 



 

ɋɜɟɬɨɜɵɟ ɥɭɱɢ, ɞɚɠɟ ɩɪɢ ɧɟɛɨɥɶɲɨɦ ɨɛɥɭɱɟɧɢɢ ɜɵɡɵɜɚɸɬ ɜɪɟɦɟɧɧɨɟ 
ɨɫɥɟɩɥɟɧɢɟ ɢ ɜɨɫɩɚɥɟɧɢɟ ɫɥɢɡɢɫɬɨɣ ɨɛɨɥɨɱɤɢ ɝɥɚɡ. 

ɋɪɟɞɫɬɜɚ ɢɧɞɢɜɢɞɭɚɥɶɧɨɣ ɡɚɳɢɬɵ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɰɟɥɹɯ ɢɫɤɥɸɱɟɧɢɹ 
ɢɥɢ ɫɧɢɠɟɧɢɹ ɜɨɡɞɟɣɫɬɜɢɹ ɥɭɱɢɫɬɨɣ ɷɧɟɪɝɢɢ, ɛɪɵɡɝ ɪɚɫɤɚɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ. 
ɂɦɢ ɫɥɭɠɚɬ ɛɪɟɡɟɧɬɨɜɵɣ ɤɨɫɬɸɦ, ɪɭɤɚɜɢɰɵ, ɲɥɟɦ ɞɥɹ ɡɚɳɢɬɵ ɝɥɚɡ ɢ ɤɨɠɢ 
ɥɢɰɚ, ɤɨɠɚɧɚɹ ɨɛɭɜɶ, ɝɨɥɨɜɧɨɣ ɭɛɨɪ. 
 

5.3.4 Ɉɩɚɫɧɨɫɬɶ ɜɡɪɵɜɚ ɢ ɩɨɠɚɪɚ 
 
Чɬɨɛɵ ɩɪɟɞɭɩɪɟɞɢɬɶ ɧɟɫɱɚɫɬɧɵɟ ɫɥɭɱɚɢ ɨɬ ɜɡɪɵɜɚ ɛɚɥɥɨɧɨɜ ɫ ɝɚɡɨɦ 

ɫɥɟɞɭɟɬ ɫɬɪɨɝɨ ɫɨɛɥɸɞɚɬɶ ɩɪɚɜɢɥɚ ɨɛɪɚɳɟɧɢɹ ɫ ɧɢɦɢ. ɇɟɥɶɡɹ ɞɨɩɭɫɤɚɬɶ 
ɩɟɪɟɝɪɟɜɚ ɛɚɥɥɨɧɨɜ, ɪɟɡɤɢɯ ɬɨɥɱɤɨɜ ɢ ɭɞɚɪɨɜ. Ȼɚɥɥɨɧɵ ɚɪɝɨɧɨɦ 
ɭɤɨɦɩɥɟɤɬɨɜɵɜɚɸɬɫɹ ɫɢɫɬɟɦɚɦɢ ɡɚɳɢɬɵ ɨɬ ɩɟɪɟɝɪɟɜɚ ɢ ɩɨɜɵɲɟɧɢɹ ɞɚɜɥɟɧɢɹ 
(ɬɟɪɦɨɪɟɥɟ ɢ ɝɚɡɨɜɵɣ ɩɪɟɞɨɯɪɚɧɢɬɟɥɶɧɵɣ ɤɥɚɩɚɧ). ȿɞɢɧɢɱɧɵɟ ɛɚɥɥɨɧɵ 
ɞɨɥɠɧɵ ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɬɶɫɹ ɧɚ ɪɭɱɧɵɯ ɬɟɥɟɠɤɚɯ ɢɥɢ ɫɩɟɰɢɚɥɶɧɵɯ ɧɨɫɢɥɤɚɯ. 
Ɂɚɩɪɟɳɚɟɬɫɹ ɩɟɪɟɧɨɫɢɬɶ ɧɚ ɪɭɤɚɯ. 

Ɋɟɞɭɤɬɨɪɵ, ɢɫɩɨɥɶɡɭɸɳɢɟɫɹ ɞɥɹ ɫɜɚɪɤɢ ɜ ɫɪɟɞɟ ɚɪɝɨɧɚ, ɞɨɥɠɧɵ ɛɵɬɶ 
ɜɵɤɪɚɲɟɧɵ ɜ ɫɟɪɵɣ ɰɜɟɬ. ɉɪɢ ɨɬɨɝɪɟɜɚɧɢɢ ɪɟɞɭɤɬɨɪɨɜ ɢ ɝɚɡɨɜɵɯ ɫɢɫɬɟɦ 
ɡɚɩɪɟɳɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɬɤɪɵɬɨɝɨ ɩɥɚɦɟɧɢ. 

Ƚɨɪɸɱɢɟ ɜɟɳɟɫɬɜɚ ɧɚ ɭɱɚɫɬɤɟ ɨɬɫɭɬɫɬɜɭɸɬ. 
ɂɫɬɨɱɧɢɤɢ ɡɚɠɢɝɚɧɢɹ:  Ȼɪɵɡɝɢ ɪɚɫɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɩɪɢ ɩɨɹɜɥɟɧɢɢ ɜɵɩɥɟɫɤɨɜ;  ɉɪɢ ɡɚɦɵɤɚɧɢɢ ɷɥɟɤɬɪɨɩɪɨɜɨɞɤɢ. 
ȼ ɤɚɱɟɫɬɜɟ ɫɪɟɞɫɬɜ ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɢɫɩɨɥɶɡɭɸɬɫɹ ɨɝɧɟɬɭɲɢɬɟɥɢ ɬɢɩɚ 

ɈɍβȺ, Ɉɍ5 ɢ ɬ.ɩ. ɢɥɢ ɩɨɪɨɲɤɨɜɵɟ ɨɝɧɟɬɭɲɢɬɟɥɢ ɫ ɫɨɫɬɚɜɨɦ ɉɋȻ-γ. Ɍɚɤɠɟ ɜ 
ɰɟɯɟ ɢɦɟɟɬɫɹ ɛɚɤ ɫ ɩɟɫɤɨɦ. 

ȼ ɰɟɥɹɯ ɩɪɨɮɢɥɚɤɬɢɤɢ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɜɨɡɝɨɪɚɧɢɹ ɫɥɟɞɭɟɬ ɢɫɤɥɸɱɢɬɶ 
ɩɨɩɚɞɚɧɢɟ ɛɪɵɡɝ ɪɚɫɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɧɚ ɝɨɪɸɱɢɟ ɦɚɬɟɪɢɚɥɵ. ȼɫɟ 
ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɰɟɩɢ ɞɨɥɠɧɵ ɩɢɬɚɬɶɫɹ ɱɟɪɟɡ ɩɪɟɞɨɯɪɚɧɢɬɟɥɶɧɵɟ ɳɢɬɵ, 
ɤɨɬɨɪɵɟ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɨɬɤɥɸɱɚɸɬɫɹ ɩɪɢ ɩɟɪɟɝɪɭɡɤɟ ɷɥɟɤɬɪɨɰɟɩɢ. 

Ⱦɥɹ ɭɫɬɪɚɧɟɧɢɹ ɩɪɢɱɢɧ, ɫɩɨɫɨɛɫɬɜɭɸɳɢɯ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɩɨɠɚɪɨɜ, 
ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɹɬɶ ɫɥɟɞɭɸɳɢɟ ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɟ ɦɟɪɨɩɪɢɹɬɢɹ: 

ɚ) ɧɟɥɶɡɹ ɯɪɚɧɢɬɶ ɜ ɪɚɛɨɱɟɦ ɩɨɦɟɳɟɧɢɢ ɢɥɢ ɪɚɛɨɱɟɣ ɡɨɧɟ 
ɥɟɝɤɨɜɨɫɩɥɚɦɟɧɹɸɳɢɟɫɹ ɢɥɢ ɨɝɧɟɨɩɚɫɧɵɟ ɦɚɬɟɪɢɚɥɵ; 

ɛ) ɤɚɠɞɵɣ ɫɜɚɪɨɱɧɵɣ ɩɨɫɬ ɞɨɥɠɟɧ ɢɦɟɬɶ ɨɝɧɟɬɭɲɢɬɟɥɶ, ɹɳɢɤ ɫ ɩɟɫɤɨɦ 
ɢ ɥɨɩɚɬɨɣ; 

ɜ) ɩɨɫɥɟ ɨɤɨɧɱɚɧɢɹ ɫɜɚɪɨɱɧɵɯ ɪɚɛɨɬ ɫɥɟɞɭɟɬ ɩɪɨɜɟɪɹɬɶ ɪɚɛɨɱɟɟ 
ɩɨɦɟɳɟɧɢɟ ɢ ɡɨɧɭ, ɝɞɟ ɩɪɨɢɡɜɨɞɢɥɢɫɶ ɫɜɚɪɨɱɧɵɟ ɪɚɛɨɬɵ, ɢ ɧɟ ɨɫɬɚɜɥɹɬɶ 
ɨɬɤɪɵɬɨɝɨ ɩɥɚɦɟɧɢ ɢ ɬɥɟɸɳɢɯ ɩɪɟɞɦɟɬɨɜ. 

 
  



 

5.3.5 Ɍɪɟɛɨɜɚɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɚɪɝɨɧɚ 
 
Ⱥɪɝɨɧ ɧɟɬɨɤɫɢɱɟɧ ɢ ɧɟɜɡɪɵɜɨɨɩɚɫɟɧ, ɨɞɧɚɤɨ ɩɪɟɞɫɬɚɜɥɹɟɬ ɨɩɚɫɧɨɫɬɶ 

ɞɥɹ ɠɢɡɧɢ: ɩɪɢ ɟɝɨ ɜɞɵɯɚɧɢɢ ɱɟɥɨɜɟɤ ɦɝɧɨɜɟɧɧɨ ɬɟɪɹɟɬ ɫɨɡɧɚɧɢɟ, ɢ ɱɟɪɟɡ 
ɧɟɫɤɨɥɶɤɨ ɦɢɧɭɬ ɧɚɫɬɭɩɚɟɬ ɫɦɟɪɬɶ. ȼ ɫɦɟɫɢ ɚɪɝɨɧɚ ɫ ɞɪɭɝɢɦɢ ɝɚɡɚɦɢ ɢɥɢ ɜ 
ɫɦɟɫɢ ɚɪɝɨɧɚ ɫ ɤɢɫɥɨɪɨɞɨɦ ɩɪɢ ɨɛɴɟɦɧɨɣ ɞɨɥɟ ɤɢɫɥɨɪɨɞɚ ɜ ɫɦɟɫɢ ɦɟɧɟɟ 19% 
ɪɚɡɜɢɜɚɟɬɫɹ ɤɢɫɥɨɪɨɞɧɚɹ ɧɟɞɨɫɬɚɬɨɱɧɨɫɬɶ, ɩɪɢ ɡɧɚɱɢɬɟɥɶɧɨɦ ɩɨɧɢɠɟɧɢɢ 
ɫɨɞɟɪɠɚɧɢɹ ɤɢɫɥɨɪɨɞɚ - ɭɞɭɲɶɟ. 

Ƚɚɡɨɨɛɪɚɡɧɵɣ ɚɪɝɨɧ ɬɹɠɟɥɟɟ ɜɨɡɞɭɯɚ ɢ ɦɨɠɟɬ ɧɚɤɚɩɥɢɜɚɬɶɫɹ ɜ ɫɥɚɛɨ 
ɩɪɨɜɟɬɪɢɜɚɟɦɵɯ ɩɨɦɟɳɟɧɢɹɯ ɭ ɩɨɥɚ ɢ ɜ ɩɪɢɹɦɤɚɯ, ɚ ɬɚɤɠɟ ɜɨ ɜɧɭɬɪɟɧɧɢɯ 
ɨɛɴɟɦɚɯ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɝɨ ɞɥɹ ɩɨɥɭɱɟɧɢɹ, ɯɪɚɧɟɧɢɹ ɢ 
ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɧɢɹ ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɢ ɠɢɞɤɨɝɨ ɚɪɝɨɧɚ. ɉɪɢ ɷɬɨɦ ɫɧɢɠɚɟɬɫɹ 
ɫɨɞɟɪɠɚɧɢɟ ɤɢɫɥɨɪɨɞɚ ɜ ɜɨɡɞɭɯɟ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɤɢɫɥɨɪɨɞɧɨɣ 
ɧɟɞɨɫɬɚɬɨɱɧɨɫɬɢ, ɚ ɩɪɢ ɡɧɚɱɢɬɟɥɶɧɨɦ ɩɨɧɢɠɟɧɢɢ ɫɨɞɟɪɠɚɧɢɹ ɤɢɫɥɨɪɨɞɚ - ɤ 
ɭɞɭɲɶɸ, ɩɨɬɟɪɟ ɫɨɡɧɚɧɢɹ ɢ ɫɦɟɪɬɢ ɱɟɥɨɜɟɤɚ. 

ȼ ɦɟɫɬɚɯ ɜɨɡɦɨɠɧɨɝɨ ɧɚɤɨɩɥɟɧɢɹ ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɚɪɝɨɧɚ ɧɟɨɛɯɨɞɢɦɨ 
ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɫɨɞɟɪɠɚɧɢɟ ɤɢɫɥɨɪɨɞɚ ɜ ɜɨɡɞɭɯɟ ɩɪɢɛɨɪɚɦɢ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɢɥɢ ɪɭɱɧɨɝɨ ɞɟɣɫɬɜɢɹ ɫ ɭɫɬɪɨɣɫɬɜɨɦ ɞɥɹ ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ 
ɨɬɛɨɪɚ ɩɪɨɛ ɜɨɡɞɭɯɚ. Ɉɛɴɟɦɧɚɹ ɞɨɥɹ ɤɢɫɥɨɪɨɞɚ ɜ ɜɨɡɞɭɯɟ ɞɨɥɠɧɚ ɛɵɬɶ ɧɟ 
ɦɟɧɟɟ 19%. 

ɀɢɞɤɢɣ ɚɪɝɨɧ - ɧɢɡɤɨɤɢɩɹɳɚɹ ɠɢɞɤɨɫɬɶ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɜɵɡɜɚɬɶ 
ɨɛɦɨɪɚɠɢɜɚɧɢɟ ɤɨɠɢ ɢ ɩɨɪɚɠɟɧɢɟ ɫɥɢɡɢɫɬɨɣ ɨɛɨɥɨɱɤɢ ɝɥɚɡ. ɉɪɢ ɨɬɛɨɪɟ 
ɩɪɨɛ ɢ ɚɧɚɥɢɡɟ ɠɢɞɤɨɝɨ ɚɪɝɨɧɚ ɧɟɨɛɯɨɞɢɦɨ ɪɚɛɨɬɚɬɶ ɜ ɡɚɳɢɬɧɵɯ ɨɱɤɚɯ. 

ɉɪɢ ɪɚɛɨɬɟ ɜ ɚɬɦɨɫɮɟɪɟ ɚɪɝɨɧɚ ɧɟɨɛɯɨɞɢɦɨ ɩɨɥɶɡɨɜɚɬɶɫɹ 
ɢɡɨɥɢɪɭɸɳɢɦ ɤɢɫɥɨɪɨɞɧɵɦ ɩɪɢɛɨɪɨɦ ɢɥɢ ɲɥɚɧɝɨɜɵɦ ɩɪɨɬɢɜɨɝɚɡɨɦ. 

ɗɤɫɩɥɭɚɬɚɰɢɹ ɛɚɥɥɨɧɨɜ, ɧɚɩɨɥɧɟɧɧɵɯ ɝɚɡɨɨɛɪɚɡɧɵɦ ɚɪɝɨɧɨɦ, ɞɨɥɠɧɚ 
ɩɪɚɜɢɥɚɦɢ ɭɫɬɪɨɣɫɬɜɚ ɢ ɛɟɡɨɩɚɫɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɨɫɭɞɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɩɨɞ 
ɞɚɜɥɟɧɢɟɦ, ɭɬɜɟɪɠɞɟɧɧɵɦɢ Ƚɨɫɝɨɪɬɟɯɧɚɞɡɨɪɨɦ. 
  



 

Ɂɚɤɥɸɱɟɧɢɟ 
 
1.Ɋɚɫɫɦɨɬɪɟɧɵ ɜɢɞɵ ɫɜɚɪɤɢ, ɨɫɨɛɟɧɧɨɫɬɢ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɪɢɟɦɵ, 

ɩɪɢɦɟɧɹɟɦɵɟ ɞɥɹ ɫɨɟɞɢɧɟɧɢɹ ɬɢɬɚɧɚ, ɦɟɞɢ ɢ ɦɟɞɢ ɫ ɬɢɬɚɧɨɦ. ɉɨɤɚɡɚɧɚ 
ɜɚɠɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɡɚɳɢɬɵ ɫɜɚɪɨɱɧɨɣ ɜɚɧɧɵ ɢ ɨɤɨɥɨɲɨɜɧɨɣ ɡɨɧɵ ɩɪɢ 
ɫɜɚɪɤɟ ɬɢɬɚɧɚ ɫ ɰɟɥɶɸ ɭɫɬɪɚɧɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɢ ɩɨɹɜɥɟɧɢɹ ɬɪɟɳɢɧ.  

β. Ⱦɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɫɜɚɪɧɵɯ ɬɢɬɚɧɨɜɨ-ɦɟɞɧɵɯ ɚɧɨɞɨɜ ɜɵɛɪɚɧ ɫɩɨɫɨɛ 
ɫɜɚɪɤɢ, ɩɨɞɨɛɪɚɧɵ ɫɜɚɪɨɱɧɵɟ ɦɚɬɟɪɢɚɥɵ ɢ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɩɪɟɞɥɨɠɟɧɵ 
ɜɚɪɢɚɧɬɵ ɩɪɢɫɩɨɫɨɛɥɟɧɢɣ ɢ ɞɪ. ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɨɫɧɚɫɬɤɢ, ɜɵɛɪɚɧɵ ɢ 
ɪɚɫɫɱɢɬɚɧɵ ɪɟɠɢɦɵ ɫɜɚɪɤɢ. Ɋɚɡɪɚɛɨɬɚɧɚ ɬɟɯɧɢɤɚ ɫɜɚɪɤɢ ɬɢɬɚɧɚ ɫ ɦɟɞɶɸ, 
ɢɫɤɥɸɱɚɸɳɚɹ ɝɥɭɛɨɤɨɟ ɜɡɚɢɦɨɩɪɨɧɢɤɧɨɜɟɧɢɟ ɦɟɬɚɥɥɨɜ. ɍɤɚɡɚɧɚ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ, ɜɤɥɸɱɚɹ ɤɨɧɬɪɨɥɶɧɵɟ 
ɨɩɟɪɚɰɢɢ. ɉɪɢɜɟɞɟɧɵ ɨɫɧɨɜɧɵɟ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ 
ɫɜɚɪɨɱɧɵɯ ɪɚɛɨɬ. 

γ. Ɋɚɡɪɚɛɨɬɚɧɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɢ ɤɨɧɫɬɪɭɤɬɨɪɫɤɚɹ ɞɨɤɭɦɟɧɬɚɰɢɹ ɧɚ 
ɫɛɨɪɤɭ-ɫɜɚɪɤɭ ɚɧɨɞɚ. 

4. ɂɡɝɨɬɨɜɥɟɧ ɨɩɵɬɧɵɣ ɨɛɪɚɡɟɰ ɚɧɨɞɚ, ɩɪɨɜɟɞɟɧɵ ɟɝɨ ɢɫɩɵɬɚɧɢɹ, 
ɩɨɞɬɜɟɪɞɢɜɲɢɟ ɟɝɨ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ. 

 



 

Ɉɩɪɟɞɟɥɟɧɢɹ, ɨɛɨɡɧɚɱɟɧɢɹ ɢ ɫɨɤɪɚɳɟɧɢɹ 
 
ɁɌȼ – Ɂɨɧɚ ɬɟɪɦɢɱɟɫɤɨɝɨ ɜɥɢɹɧɢɹ - ɭɱɚɫɬɨɤ ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ, ɧɟ 

ɩɨɞɜɟɪɝɲɢɣɫɹ ɪɚɫɩɥɚɜɥɟɧɢɸ ɩɪɢ ɫɜɚɪɤɟ, ɫɬɪɭɤɬɭɪɚ ɢ ɫɜɨɣɫɬɜɚ ɤɨɬɨɪɨɝɨ 
ɢɡɦɟɧɢɥɢɫɶ ɜ ɪɟɡɭɥɶɬɚɬɟ ɧɚɝɪɟɜɚ. 

ɊȺȾ - Ɋɭɱɧɚɹ ɚɪɝɨɧɨɞɭɝɨɜɚɹ ɫɜɚɪɤɚ ɧɟɩɥɚɜɹɳɢɦɫɹ ɷɥɟɤɬɪɨɞɨɦ. 
ɌɂȽ - Ɋɭɱɧɚɹ ɫɜɚɪɤɚ ɧɟɩɥɚɜɹɳɢɦɢɫɹ ɜɨɥɶɮɪɚɦɨɜɵɦɢ ɷɥɟɤɬɪɨɞɚɦɢ ɜ 

ɫɪɟɞɟ ɚɪɝɨɧɚ. 
DC – ɉɨɫɬɨɹɧɧɵɣ ɬɨɤ. 
AC – ɉɟɪɟɦɟɧɧɵɣ ɬɨɤ. 
ɆɆȺ - Ɋɭɱɧɚɹ ɞɭɝɨɜɚɹ ɫɜɚɪɤɚ ɩɨɤɪɵɬɵɦ ɷɥɟɤɬɪɨɞɨɦ. 
MOSFET – ɉɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɟ ɬɪɚɧɡɢɫɬɨɪɵ. 
ɉȼ – ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɜɤɥɸɱɟɧɢɹ ɫɜɚɪɨɱɧɨɝɨ ɚɩɩɚɪɚɬɚ. 
ɄɉȾ – Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ. 
Чɉɍ – Чɢɫɥɨɜɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɭɩɪɚɜɥɟɧɢɟ. 
ȼɂɄ - ȼɢɡɭɚɥɶɧɵɣ ɢɡɦɟɪɢɬɟɥɶɧɵɣ ɤɨɧɬɪɨɥɶ. 
Ɉɩɪɟɫɫɨɜɤɚ–Ƚɢɞɪɚɜɥɢɱɟɫɤɢɟ ɢɥɢ ɩɧɟɜɦɚɬɢɱɟɫɤɢɟ ɢɫɩɵɬɚɧɢɹ 

ɝɟɪɦɟɬɢɱɧɵɯ ɢɡɞɟɥɢɣ ɩɪɨɛɧɵɦ ɞɚɜɥɟɧɢɟɦ. 
  



 

ɋɩɢɫɨɤ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ. 
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