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ȼȼȿȾȿɇɂȿ 

 

ȼ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɚɤɬɢɜɧɨ ɩɪɨɢɡɜɨɞɢɬɫɹ ɭɥɭɱɲɟɧɢɟ 

ɞɨɪɨɠɧɨɣ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ. Ȼɥɚɝɨɞɚɪɹ ɷɬɨɦɭ, ɩɪɨɢɡɜɨɞɢɬɫɹ ɤɚɤ ɫɬɪɨɢɬɟɥɶɫɬɜɨ 

ɧɨɜɵɯ ɞɨɪɨɠɧɵɯ ɦɚɝɢɫɬɪɚɥɟɣ, ɬɚɤ ɢ ɤɚɩɢɬɚɥɶɧɵɣ ɢ ɫɪɟɞɧɢɣ ɪɟɦɨɧɬ 

ɫɭɳɟɫɬɜɭɸɳɢɯ ɚɜɬɨɞɨɪɨɝ. 

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɭɤɚɡɚɧɧɵɯ ɪɚɛɨɬ ɚɤɬɢɜɧɨɟ ɭɱɚɫɬɢɟ ɩɪɢɧɢɦɚɟɬ ɫɩɟɰɬɟɯɧɢɤɚ. ȼ 

ɩɨɧɹɬɢɟ ɫɩɟɰɬɟɯɧɢɤɢ ɜɯɨɞɹɬ ɪɚɡɥɢɱɧɵɟ ɞɨɪɨɠɧɨ-ɫɬɪɨɢɬɟɥɶɧɵɟ ɦɚɲɢɧɵ, 

ɢɫɩɨɥɶɡɭɸɳɢɟɫɹ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɪɚɛɨɬ. ɇɟɦɚɥɨɜɚɠɧɭɸ ɪɨɥɶ ɡɞɟɫɶ ɢɝɪɚɟɬ ɧɚɥɢɱɢɟ 

ɭ ɞɨɪɨɠɧɵɯ ɫɥɭɠɛ ɚɜɬɨɝɪɟɣɞɟɪɨɜ, ɨɫɨɛɟɧɧɨ ɚɜɬɨɝɪɟɣɞɟɪɨɜ ɦɚɪɤɢ ȾɁ-98. 

Ⱥɜɬɨɝɪɟɣɞɟɪ ȾɁ-98 ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɪɚɛɨɬ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɜ 

ɫɥɨɠɧɵɯ ɭɫɥɨɜɢɹɯ ɛɟɡɞɨɪɨɠɶɹ ɢ ɪɚɡɥɢɱɧɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɩɨɹɫɨɜ. ɉɪɢ ɷɬɨɦ ɜ 

ɪɚɛɨɬɟ ɭɱɚɫɬɜɭɟɬ ɜɫɹ ɤɨɧɫɬɪɭɤɰɢɹ ɚɜɬɨɝɪɟɣɞɟɪɚ. Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɧɚɝɪɭɠɟɧɧɵɯ 

ɷɥɟɦɟɧɬɨɜ ɜ ɫɢɫɬɟɦɟ ɹɜɥɹɟɬɫɹ ɛɚɥɤɚ ɩɪɨɞɨɥɶɧɚɹ, ɤɨɬɨɪɚɹ ɡɚɤɪɟɩɥɟɧɚ ɧɚ ɪɚɦɟ ɫ 

ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɚ ɫ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ ɭɞɟɪɠɢɜɚɟɬ ɧɚ ɫɟɛɟ ɫɝɪɟɛɚɸɳɢɣ ɤɨɜɲ. 

ɍɤɚɡɚɧɧɵɟ ɭɫɥɨɜɢɹ ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɠɟɫɬɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɤɚɱɟɫɬɜɭ 

ɢɡɝɨɬɨɜɥɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɭɡɥɚ. ɉɪɢɦɟɧɟɧɢɟ ɤɚɱɟɫɬɜɟɧɧɵɯ ɫɜɚɪɨɱɧɵɯ 

ɦɚɬɟɪɢɚɥɨɜ ɢ ɡɚɳɢɬɧɨɣ ɫɪɟɞɵ ɩɨɡɜɨɥɹɟɬ ɞɨɛɢɬɶɫɹ ɬɪɟɛɭɟɦɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. 

Ɉɞɧɚɤɨ ɜ ɭɫɥɨɜɢɹɯ ɢɦɩɨɪɬɨɡɚɦɟɳɟɧɢɹ ɧɚɣɬɢ ɤɚɱɟɫɬɜɟɧɧɵɟ ɚɧɚɥɨɝɢ ɡɚɪɭɛɟɠɧɵɯ 

ɫɜɚɪɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ Ɋɨɫɫɢɣɫɤɨɦ ɪɵɧɤɟ ɞɨɜɨɥɶɧɨ ɫɥɨɠɧɨ. 

ɐɟɥɶɸ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ 

ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɛɚɥɤɢ ɩɪɨɞɨɥɶɧɨɣ ɚɜɬɨɝɪɟɣɞɟɪɚ ȾɁ-98 ɩɭɬɟɦ ɡɚɦɟɧɵ 

ɡɚɪɭɛɟɠɧɵɯ ɫɜɚɪɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɬɟɱɟɫɬɜɟɧɧɵɟ ɢ ɢɡɦɟɧɟɧɢɟ ɫɩɨɫɨɛɚ ɫɜɚɪɤɢ 

ɩɪɢɦɟɧɟɧɢɟɦ ɫɜɚɪɨɱɧɨɝɨ ɪɨɛɨɬɚ ɢ ɫɩɟɰɢɚɥɶɧɨɣ ɨɫɧɚɫɬɤɢ. 
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1 ɌȿɏɇɈɅɈȽɂɑȿɋɄɂɃ ɊȺɁȾȿɅ 

 

1.1 Ɉɩɢɫɚɧɢɟ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɤɨɧɫɬɪɭɤɰɢɢ 

 

ȼ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɛɚɥɤɚ ɩɪɨɞɨɥɶɧɚɹ 

ɚɜɬɨɝɪɟɣɞɟɪɚ ȾɁ-98. Ɉɧɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɤɪɟɩɥɟɧɢɹ ɧɚ ɧɟɟ ɪɚɦɵ, ɧɚ ɤɨɬɨɪɭɸ 

ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɤɚɛɢɧɚ, ɚ ɬɚɤɠɟ ɞɥɹ ɤɪɟɩɥɟɧɢɹ ɯɪɟɛɬɨɜɨɣ ɛɚɥɤɢ, ɧɚ ɤɨɬɨɪɨɣ 

ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɫɝɪɟɛɚɸɳɢɣ ɤɨɜɲ. Ɉɛɳɢɣ ɜɢɞ ɛɚɥɤɢ ɩɪɨɞɨɥɶɧɨɣ ɩɨɤɚɡɚɧ ɧɚ 

ɪɢɫɭɧɤɟ 1.1. 

 
1 – Ʌɢɫɬ ɜɟɪɯɧɢɣ; β – Ȼɨɤɨɜɢɧɚ ɤɨɪɨɬɤɚɹ; γ – Ȼɨɤɨɜɢɧɚ ɞɥɢɧɧɚɹ; 4 – Ʌɢɫɬ 

ɧɢɠɧɢɣ; η – ȼɬɭɥɤɚ; θ – ɋɬɟɧɤɚ ɩɟɪɟɯɨɞɧɚɹ; 7 – Ʉɪɵɲɤɚ; 8 – Ʉɜɚɞɪɚɬ 

ɭɫɢɥɢɜɚɸɳɢɣ 

Ɋɢɫɭɧɨɤ 1.1 – Ɉɛɳɢɣ ɜɢɞ ɛɚɥɤɢ ɩɪɨɞɨɥɶɧɨɣ 

Ȼɚɥɤɚ ɩɪɨɞɨɥɶɧɚɹ ɢɫɩɵɬɵɜɚɟɬ ɧɚ ɫɟɛɟ ɨɫɧɨɜɧɵɟ ɜɢɞɵ ɧɚɝɪɭɡɨɤ, 

ɜɨɫɩɪɢɧɢɦɚɟɦɵɟ ɚɜɬɨɝɪɟɣɞɟɪɨɦ. Ɍɚɤ, ɧɚ ɧɟɟ ɞɟɣɫɬɜɭɟɬ ɢɡɛɵɬɨɱɧɵɣ ɢɡɝɢɛɚɸɳɢɣ 

ɦɨɦɟɧɬ, ɜɢɛɪɚɰɢɨɧɧɚɹ ɧɚɝɪɭɡɤɚ, ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ. 
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Ȼɚɥɤɚ ɹɜɥɹɟɬɫɹ ɰɟɥɶɧɨɫɜɚɪɧɨɣ ɤɨɧɫɬɪɭɤɰɢɟɣ, ɫɨɫɬɨɹɳɟɣ ɢɡ ɥɢɫɬɨɜɵɯ ɢ 

ɬɪɭɛɱɚɬɵɯ ɷɥɟɦɟɧɬɨɜ. ɋɟɱɟɧɢɟ ɤɨɧɫɬɪɭɤɰɢɢ ɤɨɪɨɛɱɚɬɨɟ. 

Ɉɛɳɢɣ ɜɢɞ ɥɢɫɬɚ ɜɟɪɯɧɟɝɨ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 1.β. 

 
Ɋɢɫɭɧɨɤ 1.β – Ɉɛɳɢɣ ɜɢɞ ɥɢɫɬɚ ɜɟɪɯɧɟɝɨ 

Ɉɛɳɢɣ ɜɢɞ ɛɨɤɨɜɢɧɵ ɤɨɪɨɬɤɨɣ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 1.γ. 

 
Ɋɢɫɭɧɨɤ 1.γ – Ɉɛɳɢɣ ɜɢɞ ɛɨɤɨɜɢɧɵ ɤɨɪɨɬɤɨɣ 

Ɉɛɳɢɣ ɜɢɞ ɛɨɤɨɜɢɧɵ ɞɥɢɧɧɨɣ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 1.4. 
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Ɋɢɫɭɧɨɤ 1.4 – Ɉɛɳɢɣ ɜɢɞ ɛɨɤɨɜɢɧɵ ɞɥɢɧɧɨɣ 

Ɉɛɳɢɣ ɜɢɞ ɥɢɫɬɚ ɧɢɠɧɟɝɨ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 1.η. 

 
Ɋɢɫɭɧɨɤ 1.η – Ɉɛɳɢɣ ɜɢɞ ɥɢɫɬɚ ɧɢɠɧɟɝɨ 

Ɉɛɳɢɣ ɜɢɞ ɜɬɭɥɤɢ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 1.θ. 

 
Ɋɢɫɭɧɨɤ 1.θ – Ɉɛɳɢɣ ɜɢɞ ɜɬɭɥɤɢ 



 

Иɡм. Лɢɫɬ № дɨкɭм. Пɨдɩɢɫь Даɬа 

Лɢɫɬ 

11 1η.0γ.01.β017.10γ.00 ɉɁ 

Ɉɛɳɢɣ ɜɢɞ ɫɬɟɧɤɢ ɩɟɪɟɯɨɞɧɨɣ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 1.7. 

 
Ɋɢɫɭɧɨɤ 1.7 – Ɉɛɳɢɣ ɜɢɞ ɫɬɟɧɤɢ ɩɟɪɟɯɨɞɧɨɣ 

Ɉɛɳɢɣ ɜɢɞ ɤɪɵɲɤɢ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 1.8. 

 
Ɋɢɫɭɧɨɤ 1.8 – Ɉɛɳɢɣ ɜɢɞ ɤɪɵɲɤɢ 

Ɉɛɳɢɣ ɜɢɞ ɤɜɚɞɪɚɬɚ ɭɫɢɥɢɜɚɸɳɟɝɨ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 1.9. 

 
Ɋɢɫɭɧɨɤ 1.9 – Ɉɛɳɢɣ ɜɢɞ ɤɜɚɞɪɚɬɚ ɭɫɢɥɢɜɚɸɳɟɝɨ 



 

Иɡм. Лɢɫɬ № дɨкɭм. Пɨдɩɢɫь Даɬа 

Лɢɫɬ 

1β 1η.0γ.01.β017.10γ.00 ɉɁ 

ɋɯɟɦɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɫɜɚɪɧɵɯ ɲɜɨɜ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 1.10. 

 
Ɋɢɫɭɧɨɤ 1.10 – ɋɯɟɦɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɫɜɚɪɧɵɯ ɲɜɨɜ 

Ɉɫɧɨɜɧɵɦ ɦɚɬɟɪɢɚɥɨɦ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɛɚɥɤɢ ɩɪɨɞɨɥɶɧɨɣ ɫɥɭɠɢɬ 

ɧɢɡɤɨɭɝɥɟɪɨɞɢɫɬɚɹ ɧɢɡɤɨɥɟɝɢɪɨɜɚɧɧɚɹ ɫɬɚɥɶ ɦɚɪɤɢ 1ηɏɋɇȾ, ɩɨɫɬɚɜɥɹɟɦɚɹ ɜ ɜɢɞɟ 

ɥɢɫɬɨɜ ɫɨɝɥɚɫɧɨ ȽɈɋɌ 19β81-β014. Ɉɫɧɨɜɧɵɦ ɦɚɬɟɪɢɚɥɨɦ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ 

ɤɜɚɞɪɚɬɨɜ ɭɫɢɥɢɜɚɸɳɢɯ ɩɪɢɦɟɧɹɟɬɫɹ ɋɬγ, ɩɨɫɬɚɜɥɹɟɦɚɹ ɜ ɜɢɞɟ ɥɢɫɬɨɜ ɫɨɝɥɚɫɧɨ 

ȽɈɋɌ γ80-94. 

ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɫɬɚɥɢ 1ηɏɋɇȾ ɩɪɢɜɟɞɟɧ ɜ ɬɚɛɥɢɰɟ 1.1. 

Ɍɚɛɥɢɰɚ 1.1 – ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɫɬɚɥɢ 1ηɏɋɇȾ Дβ] 

ȼ ɩɪɨɰɟɧɬɚɯ  

ω SТ MЧ ωr NТ ωЮ S P 

0,1β – 0,18 0,4 – 0,7 0,4 – 0,7 0,θ – 0,9 0,γ – 0,θ 0,β – 0,4 ≤0,0γη 

 

Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɬɚɥɢ 1ηɏɋɇȾ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.β. 

Ɍɚɛɥɢɰɚ 1.β – Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɬɚɥɢ 1ηɏɋɇȾ Дβ] 

Ɍɨɥɳɢɧɚ, 

ɦɦ 

Ʉɥɚɫɫ 

ɩɪɨɱɧɨɫɬɢ 

ɉɪɟɞɟɥ 

ɬɟɤɭɱɟɫɬɢ σɬ, 

Ɇɉɚ 

ɉɪɟɞɟɥ 

ɩɪɨɱɧɨɫɬɢ σɜ, 

Ɇɉɚ 

Ɉɬɧɨɫɢɬɟɥɶɧɨɟ 

ɭɞɥɢɧɟɧɢɟ δη, % 

8-γβ γ4η γ4η 490-θ8η β1 

 



 

Иɡм. Лɢɫɬ № дɨкɭм. Пɨдɩɢɫь Даɬа 

Лɢɫɬ 

1γ 1η.0γ.01.β017.10γ.00 ɉɁ 

Ɋɚɫɱɟɬ ɫɜɚɪɢɜɚɟɦɨɫɬɢ ɫɬɚɥɢ ɩɪɨɜɨɞɢɬɫɹ ɩɨ ɡɧɚɱɟɧɢɸ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ 

ɫɨɞɟɪɠɚɧɢɹ ɭɝɥɟɪɨɞɚ ɩɨ ɯɢɦɢɱɟɫɤɨɦɭ ɫɨɫɬɚɜɭ ɫɬɚɥɢ. Ɉɧ ɩɪɨɜɨɞɢɬɫɹ ɞɥɹ 

ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɢɦɟɧɟɧɢɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɩɨɞɨɝɪɟɜɚ ɩɟɪɟɞ ɫɜɚɪɤɨɣ. Ɉɩɪɟɞɟɥɢɦ 

ɷɤɜɢɜɚɥɟɧɬɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɭɝɥɟɪɨɞɚ ɫɬɚɥɢ 1ηɏɋɇȾ ɩɨ ɮɨɪɦɭɥɟ Дβ] 

 

ɋɗ=ɋ+
MЧ
θ

+
SТ
β4

+
ωr
η

+
V
14

+
NТ
40

+
ωЮ
1γ

+
P
β

, (1) 

 

ɝɞɟ ɋɗ – ɷɤɜɢɜɚɥɟɧɬɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɭɝɥɟɪɨɞɚ ɜ ɫɬɚɥɢ, %; 

ɋ, MЧ, SТ, ωr, V, NТ, ωЮ, P – ɦɚɫɫɨɜɵɟ ɞɨɥɢ ɭɝɥɟɪɨɞɚ, ɦɚɪɝɚɧɰɚ, ɤɪɟɦɧɢɹ, 

ɯɪɨɦɚ, ɧɢɤɟɥɹ, ɦɟɞɢ, ɜɚɧɚɞɢɹ ɢ ɮɨɫɮɨɪɚ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɩɥɚɜɨɱɧɨɝɨ ɚɧɚɥɢɡɚ 

(ɤɨɜɲɨɜɨɣ ɩɪɨɛɵ), %. Ⱦɥɹ ɪɚɫɱɟɬɚ ɫɜɚɪɢɜɚɟɦɨɫɬɢ ɩɪɢɦɟɦ ɦɚɤɫɢɦɚɥɶɧɨ 

ɜɨɡɦɨɠɧɵɟ ɡɧɚɱɟɧɢɹ ɭɤɚɡɚɧɧɵɯ ɷɥɟɦɟɧɬɨɜ. 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (1) ɩɨɥɭɱɢɦ, ɱɬɨ 

 

ɋɗ=0,18+
0,7
θ

+
0,7
β4

+
0,9
η

+
0,θ
40

+
0,4
1γ

+
0,0γη

β
=0,η7 %. 

 

Ɍɚɤ ɤɚɤ ɋɗ = 0,η7 % ɩɪɟɜɵɲɚɟɬ ɞɨɩɭɫɬɢɦɨɟ 0,4γ%, ɬɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ 

ɩɨɞɨɝɪɟɜ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɦɟɧɹɬɶ. 

Ɉɩɪɟɞɟɥɢɦ ɬɟɦɩɟɪɚɬɭɪɭ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɩɨɞɨɝɪɟɜɚ ɩɨ ɮɨɪɦɭɥɟ Дβ] 

 

Ɍ0=γη0∙ሺ|ɋ|ɗ-0,βηሻ0,η, (β) 

 

ɝɞɟ ɋɗ – ɩɨɥɧɵɣ ɷɤɜɢɜɚɥɟɧɬ ɭɝɥɟɪɨɞɚ, %. 

ɉɨɥɧɵɣ ɷɤɜɢɜɚɥɟɧɬ ɭɝɥɟɪɨɞɚ |ɋ|ɗ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 

|ɋ|ɗ=|ɋ|ɏ+|ɋ|Ɋ, (γ) 

 

ɝɞɟ |ɋ|ɏ – ɯɢɦɢɱɟɫɤɢɣ ɷɤɜɢɜɚɥɟɧɬ ɭɝɥɟɪɨɞɚ, %; 

|ɋ|Ɋ – ɪɚɡɦɟɪɧɵɣ ɷɤɜɢɜɚɥɟɧɬ ɭɝɥɟɪɨɞɚ, %.  



 

Иɡм. Лɢɫɬ № дɨкɭм. Пɨдɩɢɫь Даɬа 

Лɢɫɬ 

14 1η.0γ.01.β017.10γ.00 ɉɁ 

Ɋɚɫɫɱɢɬɚɟɦ ɯɢɦɢɱɟɫɤɢɣ ɷɤɜɢɜɚɥɟɧɬ ɭɝɥɟɪɨɞɚ |ɋ|ɏ 

 

|ɋ|ɏ=ɋ+
MЧ+ωr

9
+

NТ
18

+
7MШ
90

, (4) 

 

ɝɞɟ ω, MЧ, ωr, MШ, NТ – ɦɚɫɫɨɜɵɟ ɞɨɥɢ ɜ ɫɬɚɥɢ ɭɝɥɟɪɨɞɚ (ɋ), ɦɚɪɝɚɧɰɚ (MЧ), ɯɪɨɦɚ 

(ωr), ɦɨɥɢɛɞɟɧɚ (MШ), ɧɢɤɟɥɹ (NТ) ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɤɨɜɲɨɜɨɣ ɩɪɨɛɵ, %. 

ɉɨɞɫɬɚɜɢɦ ɩɪɢɧɹɬɵɟ ɡɧɚɱɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ ɜ ɮɨɪɦɭɥɭ 

(4) ɢ ɩɨɥɭɱɢɦ, ɱɬɨ ɯɢɦɢɱɟɫɤɢɣ ɷɤɜɢɜɚɥɟɧɬ ɭɝɥɟɪɨɞɚ |ɋ|ɏ 

 

|ɋ|ɏ=0,18+
0,7+0,9

9
+

0,θ
18

=0,γ9 %. 

 

Ɋɚɫɫɱɢɬɚɟɦ ɪɚɡɦɟɪɧɵɣ ɷɤɜɢɜɚɥɟɧɬ ɭɝɥɟɪɨɞɚ |ɋ|Ɋ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ 

 

|ɋ|Ɋ=0,00ηS|ɋ|ɏ, (η) 

 

ɝɞɟ S = β0 – ɬɨɥɳɢɧɚ ɫɜɚɪɢɜɚɟɦɵɯ ɞɟɬɚɥɟɣ, ɦɦ. 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (η) ɩɨɥɭɱɢɦ, ɱɬɨ 

 

|ɋ|Ɋ=0,00η∙β0∙0,γ9=0,04 %. 

 

ɉɨɞɫɬɚɜɥɹɹ ɩɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ |ɋ|ɏ ɢ |ɋ|Ɋ ɜ ɮɨɪɦɭɥɭ (γ) ɩɨɥɭɱɢɦ, ɱɬɨ 

ɩɨɥɧɵɣ ɷɤɜɢɜɚɥɟɧɬ ɭɝɥɟɪɨɞɚ |ɋ|ɗ 

 

|ɋ|ɗ=0,γ9+0,04=0,4γ %. 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɩɨɞɨɝɪɟɜɚ Ɍ0 ɪɚɜɧɚ 

 

Ɍ0=γη0∙ሺ0,4γ-0,βηሻ0,η=148,η °ɋ. 



 

Иɡм. Лɢɫɬ № дɨкɭм. Пɨдɩɢɫь Даɬа 

Лɢɫɬ 

1η 1η.0γ.01.β017.10γ.00 ɉɁ 

ɉɪɢɦɟɦ, ɱɬɨ ɦɢɧɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɩɨɞɨɝɪɟɜɚ ɩɪɢ 

ɫɜɚɪɤɟ ɫɬɚɥɢ 1ηɏɋɇȾ ɫɨɫɬɚɜɥɹɟɬ 1η0 °ɋ. ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 

ɪɚɫɫɱɢɬɚɧɨ ɢɫɯɨɞɹ ɢɡ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ ɜ ɫɬɚɥɢ. 

ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɫɬɚɥɢ ɋɬγ ɩɪɢɜɟɞɟɧ ɜ ɬɚɛɥɢɰɟ 1.γ. 

Ɍɚɛɥɢɰɚ 1.γ – ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɫɬɚɥɢ ɋɬγ (ɩɨ ȽɈɋɌ γ80-94) 

ȼ ɩɪɨɰɟɧɬɚɯ  

ω SТ MЧ 

0,14 – 0,ββ 0,1η – 0,γ 0,4 – 0,θη 

 

Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɬɚɥɢ ɋɬγ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.4. 

Ɍɚɛɥɢɰɚ 1.4 – Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɬɚɥɢ ɋɬγ (ɩɨ ȽɈɋɌ ηγη-88) 

Ɍɨɥɳɢɧɚ, ɦɦ 
ɉɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ 

σɬ, Ɇɉɚ 

ɉɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ 

σɜ, Ɇɉɚ 

Ɉɬɧɨɫɢɬɟɥɶɧɨɟ 

ɭɞɥɢɧɟɧɢɟ δη, % 

10 β4η γ70 βθ 

 

ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɩɨɞɨɝɪɟɜɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (1). 

Ɍɨɝɞɚ 

 

ɋɗ=0,ββ+
0,θη

θ
+

0,γ
β4

=0,γ4 %. 

 

Ɍɚɤ ɤɚɤ ɡɧɚɱɟɧɢɟ ɋɗ = 0,γ4 % ɧɟ ɩɪɟɜɵɲɚɟɬ ɬɪɟɛɭɟɦɨɝɨ ɡɧɚɱɟɧɢɹ, ɪɚɜɧɨɝɨ 

0,4γ%, ɬɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɩɨɞɨɝɪɟɜ ɩɟɪɟɞ ɩɪɨɜɟɞɟɧɢɟɦ ɫɜɚɪɤɢ ɧɟ ɬɪɟɛɭɟɬɫɹ. 

 

1.β Ɉɩɢɫɚɧɢɟ ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ 

 

ȼ ɧɚɱɚɥɟ, ɜɟɫɶ ɥɢɫɬɨɜɨɣ ɢ ɫɨɪɬɨɜɨɣ ɩɪɨɤɚɬ ɩɪɨɯɨɞɢɬ ɜɯɨɞɧɨɣ ɤɨɧɬɪɨɥɶ. ɉɪɢ 

ɜɯɨɞɧɨɦ ɤɨɧɬɪɨɥɟ ɩɪɨɜɟɪɹɸɬɫɹ ɫɟɪɬɢɮɢɤɚɬɧɵɟ ɞɚɧɧɵɟ ɧɚ ɥɢɫɬ, ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ 

ɪɚɡɦɟɪɵ ɥɢɫɬɚ, ɫɜɟɞɟɧɢɹ ɨ ɩɪɨɜɟɞɟɧɢɢ ɧɚ ɡɚɜɨɞɟ-ɢɡɝɨɬɨɜɢɬɟɥɟ ɥɢɫɬɨɜɨɝɨ ɩɪɨɤɚɬɚ 

100% ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ ɤɨɧɬɪɨɥɹ ɜɫɟ ɩɨɜɟɪɯɧɨɫɬɢ. ɗɬɨ ɩɪɨɜɨɞɢɬɫɹ ɫ ɰɟɥɶɸ 



 

Иɡм. Лɢɫɬ № дɨкɭм. Пɨдɩɢɫь Даɬа 

Лɢɫɬ 

1θ 1η.0γ.01.β017.10γ.00 ɉɁ 

ɜɵɹɫɧɢɬɶ, ɢɦɟɟɬɫɹ ɥɢ ɪɚɫɫɥɨɣ ɜ ɨɫɧɨɜɧɨɦ ɦɟɬɚɥɥɟ. Ɍɚɤɠɟ ɨɬ ɨɞɧɨɝɨ ɥɢɫɬɚ ɨɬ 

ɤɚɠɞɨɣ ɩɚɪɬɢɢ ɨɬɛɢɪɚɟɬɫɹ ɩɪɨɛɚ ɞɥɹ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɯɢɦɢɱɟɫɤɨɝɨ 

ɫɨɫɬɚɜɚ ɢ ɩɪɨɜɟɪɤɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. 

ɉɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɜɯɨɞɧɨɝɨ ɤɨɧɬɪɨɥɹ ɜɟɫɶ ɥɢɫɬɨɜɨɣ ɩɪɨɤɚɬ ɩɪɨɯɨɞɢɬ 

ɨɩɟɪɚɰɢɸ ɞɪɨɛɟɦɟɬɧɨɣ ɨɱɢɫɬɤɢ ɞɥɹ ɭɞɚɥɟɧɢɹ ɩɪɨɤɚɬɧɨɣ ɨɤɚɥɢɧɵ, ɝɪɚɬɚ, 

ɧɚɝɚɪɬɨɜɤɢ ɢ ɩɪɨɱɢɯ ɡɚɝɪɹɡɧɟɧɢɣ. Ɉɩɟɪɚɰɢɹ ɩɪɨɜɨɞɢɬɫɹ ɧɚ ɞɪɨɛɟɦɟɬɧɨɣ 

ɭɫɬɚɧɨɜɤɟ ɩɪɨɯɨɞɧɨɝɨ ɬɢɩɚ ɦɚɪɤɢ GШsЭШХ P-β000бη00. Ɉɛɳɢɣ ɜɢɞ ɞɪɨɛɟɦɟɬɧɨɣ 

ɭɫɬɚɧɨɜɤɢ GШsЭШХ P-β000бη00 ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 1.11. 

 
Ɋɢɫɭɧɨɤ 1.11 – Ɉɛɳɢɣ ɜɢɞ ɞɪɨɛɟɦɟɬɧɨɣ ɭɫɬɚɧɨɜɤɢ GШsЭШХ P-β000бη00 

Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɪɨɛɟɦɟɬɧɨɣ ɭɫɬɚɧɨɜɤɢ GШsЭШХ P-β000бη00 

ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.η. 

Ɍɚɛɥɢɰɚ 1.η – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɪɨɛɟɦɟɬɧɨɣ ɭɫɬɚɧɨɜɤɢ GШsЭШХ P-

β000бη00 Д11] 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ Ɂɧɚɱɟɧɢɟ 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɪɚɛɨɱɚɹ ɲɢɪɢɧɚ ɥɢɫɬɨɜ, ɦɦ β000 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɪɚɛɨɱɚɹ ɲɢɪɢɧɚ ɩɪɨɮɢɥɟɣ, ɦɦ 1β00 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɪɚɛɨɱɚɹ ɜɵɫɨɬɚ ɩɪɨɮɢɥɟɣ, ɦɦ η00 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 1.η. 

Ɇɢɧɢɦɚɥɶɧɚɹ ɬɨɥɳɢɧɚ ɥɢɫɬɚ, ɦɦ θ 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɬɨɥɳɢɧɚ ɥɢɫɬɚ, ɦɦ θ0 

ɋɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɨɛɪɚɛɚɬɵɜɚɟɦɵɯ ɢɡɞɟɥɢɣ, ɦ/ɦɢɧ 0,η…β,η 

Ƚɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ ɭɫɬɚɧɨɜɤɢ, ɦɦ βγ000×4000×1β000 

 

ɉɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɨɩɟɪɚɰɢɢ ɨɱɢɫɬɤɢ, ɤɚɠɞɵɣ ɥɢɫɬɵ ɫɤɥɚɞɢɪɭɸɬɫɹ ɧɚ 

ɩɥɨɳɚɞɤɟ ɯɪɚɧɟɧɢɹ ɨɱɢɳɟɧɧɵɯ ɥɢɫɬɨɜ, ɤɨɬɨɪɚɹ ɨɫɧɚɳɟɧɚ ɫɬɟɧɞɨɦ ɞɥɹ 

ɩɪɨɜɟɞɟɧɢɹ ɨɫɦɨɬɪɚ ɢɡɞɟɥɢɣ ɩɨɫɥɟ ɨɱɢɫɬɤɢ. Ʉɚɠɞɵɣ ɥɢɫɬ ɨɫɦɚɬɪɢɜɚɟɬɫɹ ɧɚ 

ɧɚɥɢɱɢɟ ɧɟɞɨɩɭɫɬɢɦɵɯ ɞɟɮɟɤɬɨɜ ɬɚɤɢɯ ɤɚɤ: 

– ɨɬɫɥɨɟɧɢɹ; 

– ɤɨɪɪɨɡɢɹ; 

– ɪɚɤɨɜɢɧɵ. 

Ɉɛɧɚɪɭɠɟɧɧɵɟ ɞɟɮɟɤɬɵ ɪɟɦɨɧɬɢɪɭɸɬɫɹ. ɉɪɢ ɧɟɜɨɡɦɨɠɧɨɫɬɢ ɢɯ 

ɨɬɪɟɦɨɧɬɢɪɨɜɚɬɶ ɥɢɫɬɵ ɛɪɚɤɭɸɬɫɹ.  

Ⱦɚɥɟɟ ɨɱɢɳɟɧɧɵɟ ɥɢɫɬɵ ɧɚɩɪɚɜɥɹɸɬɫɹ ɧɚ ɨɩɟɪɚɰɢɸ ɪɚɫɤɪɨɹ. Ⱦɥɹ ɪɚɫɤɪɨɹ 

ɥɢɫɬɨɜ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɨɪɬɚɥɶɧɚɹ ɦɚɲɢɧɚ ɬɟɪɦɢɱɟɫɤɨɣ ɪɟɡɤɢ ɦɚɪɤɢ «ɉɚɪɚɥɥɟɥɶ». 

Ɉɛɳɢɣ ɜɢɞ ɩɨɪɬɚɥɶɧɨɣ ɦɚɲɢɧɵ ɬɟɪɦɢɱɟɫɤɨɣ ɪɟɡɤɢ ɦɚɪɤɢ «ɉɚɪɚɥɥɟɥɶ» ɩɨɤɚɡɚɧ 

ɧɚ ɪɢɫɭɧɤɟ 1.1β. 

 
Ɋɢɫɭɧɨɤ 1.1β – Ɉɛɳɢɣ ɜɢɞ ɩɨɪɬɚɥɶɧɨɣ ɦɚɲɢɧɵ ɬɟɪɦɢɱɟɫɤɨɣ ɪɟɡɤɢ ɦɚɪɤɢ 

«ɉɚɪɚɥɥɟɥɶ» 

Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɚɲɢɧɵ «ɉɚɪɚɥɥɟɥɶ» ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.θ. 



 

Иɡм. Лɢɫɬ № дɨкɭм. Пɨдɩɢɫь Даɬа 

Лɢɫɬ 

18 1η.0γ.01.β017.10γ.00 ɉɁ 

Ɍɚɛɥɢɰɚ 1.θ – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɚɲɢɧɵ «ɉɚɪɚɥɥɟɥɶ» Д11] 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ Ɂɧɚɱɟɧɢɟ 

Ɋɚɡɦɟɪ ɨɛɪɚɛɚɬɵɜɚɟɦɵɯ ɥɢɫɬɨɜ, ɦ Ɉɬ 1,η×γ ɞɨ γ,θ×1β 

Ɍɨɥɳɢɧɚ ɪɚɡɪɟɡɚɟɦɨɝɨ ɥɢɫɬɚ, ɦɦ: 
ɩɥɚɡɦɟɧɧɚɹ ɬɟɯɧɨɥɨɝɢɹ 

ɝɚɡɨɜɚɹ ɬɟɯɧɨɥɨɝɢɹ 

 
1…70 

1…1η0 
ɋɤɨɪɨɫɬɶ ɪɟɡɚɧɢɹ, ɦɦ/ɦɢɧ η0…θ000 

ɋɤɨɪɨɫɬɶ ɩɟɪɟɦɟɳɟɧɢɹ ɦɚɲɢɧɵ, 

ɦɦ/ɦɢɧ 
β0000 

Ʉɨɥɢɱɟɫɬɜɨ ɪɟɡɚɤɨɜ, ɲɬ 1…8 

Ɍɨɱɧɨɫɬɶ ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɹ 

ɡɚɞɚɧɧɨɝɨ ɤɨɧɬɭɪɚ ɩɨ 

ȽɈɋɌ ηθ14-74, ɦɦ 

±0,γη 

ɉɢɬɚɧɢɟ ββ0 ȼ/η0 Ƚɰ 

ɉɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ,  ɧɟ ɛɨɥɟɟ, ȼɬ 400 

 

ȼɵɪɟɡɚɧɧɵɟ ɡɚɝɨɬɨɜɤɢ ɩɪɨɯɨɞɹɬ ɨɩɟɪɚɰɢɸ ɬɟɤɭɳɟɝɨ ɤɨɧɬɪɨɥɹ ɢ ɩɪɨɜɟɪɹɸɬɫɹ 

ɩɨ ɝɟɨɦɟɬɪɢɱɟɫɤɢɦ ɩɚɪɚɦɟɬɪɚɦ. Ɂɚɝɨɬɨɜɤɢ ɫɤɥɚɞɢɪɭɸɬɫɹ ɧɚ ɩɥɨɳɚɞɤɟ 

ɫɤɥɚɞɢɪɨɜɚɧɢɹ ɝɨɬɨɜɵɯ ɞɟɬɚɥɟɣ. ɇɚ ɷɬɨɣ ɠɟ ɩɥɨɳɚɞɤɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɡɚɱɢɫɬɤɚ 

ɤɪɨɦɨɤ ɪɚɡɪɟɡɚɧɧɵɯ ɞɟɬɚɥɟɣ ɨɬ ɲɥɚɤɚ. ɉɚɪɚɥɥɟɥɶɧɨ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɢɬɭɩɥɟɧɢɟ 

ɨɫɬɪɵɯ ɤɪɨɦɨɤ. 

ɉɨɫɥɟ ɜɵɪɟɡɤɢ ɡɚɝɨɬɨɜɨɤ ɞɟɬɚɥɟɣ ɩɨɡ. β ɢ 7 ɩɪɨɢɡɜɨɞɢɬɫɹ ɡɚɝɨɬɨɜɤɚ ɮɚɫɤɢ ɧɚ 

ɭɱɚɫɬɤɟ ɬɟɪɦɢɱɟɫɤɨɣ ɪɟɡɤɢ. Ɋɟɡɤɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜɪɭɱɧɭɸ ɚɩɩɚɪɚɬɨɦ ɪɭɱɧɨɣ 

ɩɥɚɡɦɟɧɧɨɣ ɪɟɡɤɢ ɦɚɪɤɢ PШаОrЦКб 8η. Ɉɛɳɢɣ ɜɢɞ ɚɩɩɚɪɚɬɚ PШаОrЦКб 8η ɩɨɤɚɡɚɧ 

ɧɚ ɪɢɫɭɧɤɟ 1.1γ. 

 
Ɋɢɫɭɧɨɤ 1.1γ – Ɉɛɳɢɣ ɜɢɞ ɚɩɩɚɪɚɬɚ PШаОrЦКб 8η 
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Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɚɩɩɚɪɚɬɚ PШаОrЦКб 8η ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.7. 

Ɍɚɛɥɢɰɚ 1.7 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɚɩɩɚɪɚɬɚ PШаОrЦКб 8η Д9] 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ Ɂɧɚɱɟɧɢɟ 

Ɂɧɚɱɟɧɢɟ ɜɯɨɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ȼ 400 

ɑɚɫɬɨɬɚ ɩɢɬɚɸɳɟɣ ɫɟɬɢ, Ƚɰ η0/θ0 

ȼɵɯɨɞɧɨɣ ɬɨɤ, Ⱥ β0…8η 

ɇɨɦɢɧɚɥɶɧɨɟ ɜɵɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ȼ 14γ 

ɇɚɩɪɹɠɟɧɢɟ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ, ȼ β70 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɬɨɥɳɢɧɚ ɪɟɡɚ, ɦɦ 40 

Ƚɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ, ɦɦ η00×βγ4×4ηη 

Ɇɚɫɫɚ, ɤɝ β0 

 

Ɋɟɡɤɚ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɰɟɯɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɬɨɥɶɤɨ ɥɢɫɬɨɜɨɝɨ ɩɪɨɤɚɬɚ. ȼ ɫɜɨɸ 

ɨɱɟɪɟɞɶ, ɜɬɭɥɤɢ ɩɨɫɬɚɜɥɹɸɬɫɹ ɝɨɬɨɜɵɦɢ ɩɨ ɤɨɨɩɟɪɚɰɢɢ. 

Ⱦɥɹ ɝɢɛɤɢ ɞɟɬɚɥɟɣ ɩɨɡ. 1 ɢ ɩɨɡ. 4 ɩɪɢɦɟɧɹɟɬɫɹ ɥɢɫɬɨɝɢɛɨɱɧɵɣ ɩɪɟɫɫ ɫ ɑɉɍ 

ɦɚɪɤɢ ȺɇɄ D ɋNɋ γ11θ0. Ɉɛɳɢɣ ɜɢɞ ɩɪɟɫɫɚ ȺɇɄ D ɋNɋ γ11θ0 ɩɨɤɚɡɚɧ ɧɚ 

ɪɢɫɭɧɤɟ 1.14. 

 
Ɋɢɫɭɧɨɤ 1.14 – Ɉɛɳɢɣ ɜɢɞ ɩɪɟɫɫɚ ȺɇɄ D ɋNɋ γ11θ0 
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Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɟɫɫɚ ȺɇɄ D ɋNɋ γ11θ0 ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 

1.8. 

Ɍɚɛɥɢɰɚ 1.8 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɟɫɫɚ ȺɇɄ D ɋNɋ γ11θ0 Д11] 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ Ɂɧɚɱɟɧɢɟ 

Ⱦɥɢɧɚ ɨɬɛɨɪɬɨɜɤɢ, ɦɦ γ0η0 

Ⱦɥɢɧɚ ɪɟɝɭɥɢɪɨɜɤɢ ɡɚɞɧɟɝɨ ɭɩɨɪɚ, ɦɦ β00…700 

Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɨɩɨɪɚɦɢ, ɦɦ β0η0 

Ⱦɥɢɧɚ ɯɨɞɚ, ɦɦ β00 

ɋɤɨɪɨɫɬɶ ɝɢɛɤɢ, ɦɦ/ɫ 9 

ɋɤɨɪɨɫɬɶ ɜɨɡɜɪɚɬɚ, ɦɦ/ɫ 8θ 

ɋɨɡɞɚɜɚɟɦɨɟ ɞɚɜɥɟɧɢɟ, ɬ 1θ0 

Ƚɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ, ɦɦ 4β00×1η00×β700 

Ɇɚɫɫɚ, ɤɝ 9000 

 

Ɋɚɞɢɭɫ ɡɚɝɢɛɚ ɩɪɨɜɟɪɹɟɬɫɹ ɲɚɛɥɨɧɚɦɢ ɧɚ ɩɥɨɳɚɞɤɟ ɫɤɥɚɞɢɪɨɜɚɧɢɹ ɝɨɬɨɜɵɯ 

ɞɟɬɚɥɟɣ. Ɍɚɤɠɟ ɩɪɨɜɟɪɹɟɬɫɹ ɪɚɫɫɬɨɹɧɢɟ ɞɨ ɧɚɱɚɥɚ ɝɢɛɚ. 

ɉɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɜɫɟɯ ɡɚɝɨɬɨɜɢɬɟɥɶɧɵɯ ɨɩɟɪɚɰɢɣ ɞɟɬɚɥɢ ɨɬɩɪɚɜɥɹɸɬɫɹ ɧɚ 

ɨɩɟɪɚɰɢɸ ɫɛɨɪɤɢ ɢ ɫɜɚɪɤɢ. ɋɛɨɪɤɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚ ɫɛɨɪɨɱɧɨɣ ɩɥɢɬɟ ɩɪɢ 

ɩɨɦɨɳɢ ɫɢɫɬɟɦɵ ɩɪɢɠɢɦɨɜ, ɫɬɪɭɛɰɢɧ ɢ ɭɩɨɪɨɜ. 

ɉɟɪɜɵɦ ɷɬɚɩɨɦ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɛɨɪɤɚ ɦɟɠɞɭ ɫɨɛɨɣ ɞɟɬɚɥɟɣ ɩɨɡ. β ɢ ɩɨɡ. γ 

(ɪɢɫɭɧɨɤ 1.1). Ⱦɟɬɚɥɢ ɭɤɥɚɞɵɜɚɸɬɫɹ ɧɚ ɩɥɢɬɭ ɢ ɩɪɢɠɢɦɚɸɬɫɹ ɩɨ ɛɨɤɚɦ 

ɫɬɪɭɛɰɢɧɚɦɢ ɞɥɹ ɫɧɢɠɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɢ ɩɨɹɜɥɟɧɢɹ ɨɫɬɚɬɨɱɧɵɯ ɞɟɮɨɪɦɚɰɢɣ. 

ɍɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɞɜɟ ɩɪɢɯɜɚɬɤɢ ɩɨ ɤɪɚɹɦ ɫɬɵɤɚ.  

Ɋɟɠɢɦɵ ɫɜɚɪɤɢ ɩɪɢɯɜɚɬɨɤ ɩɨɤɚɡɚɧɵ ɜ ɬɚɛɥɢɰɟ 1.9. 

Ɍɚɛɥɢɰɚ 1.9 – Ɋɟɠɢɦɵ ɫɜɚɪɤɢ ɩɪɢɯɜɚɬɨɤ 

Iωψ, A UȾ, ȼ Нɗ, ɦɦ 

1γ0 – 1η0 ββ – β4 1,β 

 

Ⱦɥɢɧɚ ɤɚɠɞɨɣ ɨɬɞɟɥɶɧɨɣ ɩɪɢɯɜɚɬɤɢ ɧɟ ɦɟɧɟɟ 40 ɦɦ. ɉɨɫɥɟ ɨɫɬɵɜɚɧɢɹ 

ɩɪɢɯɜɚɬɨɤ, ɫɬɪɭɛɰɢɧɵ ɪɚɡɠɢɦɚɸɬɫɹ ɢ ɫɨɛɪɚɧɧɵɣ ɭɡɟɥ ɨɬɩɪɚɜɥɹɟɬɫɹ ɧɚ ɫɜɚɪɤɭ. 
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ɉɪɢ ɫɜɚɪɤɟ ɭɡɟɥ ɮɢɤɫɢɪɭɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɩɪɢɠɢɦɨɜ ɧɚ ɫɜɚɪɨɱɧɨɦ ɫɬɨɥɟ. 

ɋɜɚɪɤɚ ɦɟɯɚɧɢɡɢɪɨɜɚɧɧɚɹ ɜ ɫɪɟɞɟ 100% ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ. ɉɪɢ ɫɜɚɪɤɟ ɢ ɩɪɢ 

ɫɛɨɪɤɟ ɩɪɢɦɟɧɹɟɬɫɹ ɫɜɚɪɨɱɧɚɹ ɩɪɨɜɨɥɨɤɚ ɦɚɪɤɢ OK ArТsЭШrШН 1β.η0 ɞɢɚɦɟɬɪɨɦ 1,β 

ɦɦ ɩɪɨɢɡɜɨɞɫɬɜɚ ɮɢɪɦɵ EsКЛ. ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɩɪɨɜɨɥɨɤɢ OK ArТsЭШrШН 1β.η0 

ɩɪɢɜɟɞɟɧ ɜ ɬɚɛɥɢɰɟ 1.10. 

Ɍɚɛɥɢɰɚ 1.10 – ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɩɪɨɜɨɥɨɤɢ OK ArТsЭШrШН 1β.η0 

ȼ ɩɪɨɰɟɧɬɚɯ 

ω SТ MЧ 
ωЮ S Ɋ 

ɇɟ ɛɨɥɟɟ 

0,0θ – 0,14 0,8 – 1,0 1,4 – 1,θ 0,1η 0,0βη 0,0βη 

 

Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɲɜɚ, ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɩɪɨɜɨɥɨɤɨɣ OK ArТsЭШrШН 1β.η0, 

ɩɨɤɚɡɚɧɵ ɜ ɬɚɛɥɢɰɟ 1.11. 

Ɍɚɛɥɢɰɚ 1.11 – Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɲɜɚ, ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɩɪɨɜɨɥɨɤɨɣ OK 

ArТsЭШrШН 1β.η0 

Ɂɚɳɢɬɧɵɣ ɝɚɡ ɉɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ σɬ, 

Ɇɉɚ, ɧɟ ɦɟɧɟɟ 

ɉɪɟɞɟɥ 

ɩɪɨɱɧɨɫɬɢ σɜ, Ɇɉɚ 

Ɉɬɧɨɫɢɬɟɥɶɧɨɟ 

ɭɞɥɢɧɟɧɢɟ δη, % 

100% ɋɈβ 440 η40 βη 

 

ɋɤɥɨɧɧɨɫɬɶ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɝɨɪɹɱɢɯ ɬɪɟɳɢɧ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɩɨ ɮɨɪɦɭɥɟ Дγ] 

 

HωS=
ω ቀS+P+ SТ

βη +0,01NТቁ 10γ

γMЧ+ωr+MШ+V
, (θ) 

 

ɝɞɟ ɋ, S, P, SТ, NТ, MЧ, ωr, MШ, V – ɦɚɫɫɨɜɵɟ ɞɨɥɢ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ ɜ 

ɫɜɚɪɨɱɧɨɣ ɩɪɨɜɨɥɨɤɟ, %. 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (θ) 
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HωS=
0,14∙ ቀ0,0βη+0,0βη+ 1

βηቁ ∙ 10γ

γ∙1,θ
=β,θ, ɟɞ. 

 

Ɍɚɤ ɤɚɤ β,θ<4, ɬɨ ɫɜɚɪɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ɧɟ ɫɤɥɨɧɧɨ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɝɨɪɹɱɢɯ 

ɬɪɟɳɢɧ. 

ɋɨɝɥɚɫɧɨ ɪɢɫɭɧɤɭ 1.10, ɞɥɹ ɫɜɚɪɤɢ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɭɡɥɚ ɩɪɢɦɟɧɹɟɬɫɹ ɲɨɜ 

№γ ɬɢɩɚ ɋ8, ɜɵɩɨɥɧɹɟɦɵɣ ɫɨɝɥɚɫɧɨ ȽɈɋɌ 14771-7θ. Ɉɛɳɢɣ ɜɢɞ ɲɜɚ ɩɨɤɚɡɚɧ ɧɚ 

ɪɢɫɭɧɤɟ 1.1η. 

 
Ɋɢɫɭɧɨɤ 1.1η – Ɉɛɳɢɣ ɜɢɞ ɲɜɚ №γ (ɫɨɝɥɚɫɧɨ ɪɢɫɭɧɤɭ 1.10) 

ɋɜɚɪɤɚ ɞɚɧɧɨɝɨ ɲɜɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚ ɪɟɠɢɦɚɯ, ɭɤɚɡɚɧɧɵɯ ɜ ɬɚɛɥɢɰɟ 1.1β. 

Ɍɚɛɥɢɰɚ 1.1β – Ɋɟɠɢɦɵ ɫɜɚɪɤɢ ɲɜɚ №γ (ɫɨɝɥɚɫɧɨ ɪɢɫɭɧɤɭ 1.10) 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɪɨɯɨɞɚ Iωψ, A UȾ, ȼ Нɗ, ɦɦ Vωψ, ɫɦ/ɫ 

Ʉɨɪɧɟɜɨɣ 180 – β00 β4 – βθ 1,β 0,η 

Ɂɚɩɨɥɧɹɸɳɢɟ (θ ɲɬ) ββ0 – β40 β4 – β8 1,β 0,γ 

Ɉɛɥɢɰɨɜɨɱɧɵɣ ββ0 – β40 βθ – γ0 1,β 0,γ 

 

ɉɨɫɥɟ ɫɜɚɪɤɢ ɭɡɟɥ ɞɨɥɠɟɧ ɨɫɬɵɬɶ. ȼ ɩɪɨɰɟɫɫɟ ɨɫɬɵɜɚɧɢɹ ɩɪɨɢɡɜɨɞɢɬɫɹ 

ɡɚɱɢɫɬɤɚ ɲɜɚ ɢ ɨɤɨɥɨɲɨɜɧɨɣ ɡɨɧɵ ɧɚ ɜɟɥɢɱɢɧɭ ɧɟ ɦɟɧɟɟ η0 ɦɦ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ 

ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ ɤɨɧɬɪɨɥɹ ɲɜɚ. Ⱦɚɥɟɟ ɨɫɦɚɬɪɢɜɚɟɬɫɹ ɜɢɡɭɚɥɶɧɨ ɲɨɜ, ɩɨɬɨɦ ɨɧ 

ɩɟɪɟɜɨɪɚɱɢɜɚɟɬɫɹ ɢ ɨɛɪɚɬɧɵɣ ɜɚɥɢɤ ɡɚɱɢɳɚɟɬɫɹ ɡɚɩɨɞɥɢɰɨ ɫ ɨɫɧɨɜɧɵɦ ɦɟɬɚɥɥɨɦ. 

ɉɨɫɥɟ ɡɚɱɢɫɬɤɢ ɭɡɟɥ ɩɪɨɜɟɪɹɟɬɫɹ ɭɥɶɬɪɚɡɜɭɤɨɜɵɦ ɤɨɧɬɪɨɥɟɦ. 

ɉɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɍɁɄ ɭɡɟɥ ɨɱɢɳɚɟɬɫɹ ɨɬ ɨɫɬɚɬɤɨɜ ɤɨɧɬɚɤɬɧɨɣ ɠɢɞɤɨɫɬɢ ɢ ɧɚ 

ɫɜɚɪɨɱɧɨɦ ɫɬɨɥɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɛɨɪɤɚ ɫɜɚɪɟɧɧɨɝɨ ɭɡɥɚ ɫ ɞɟɬɚɥɹɦɢ ɩɨɡ. 8 (ɪɢɫɭɧɨɤ 

1.1). ȼ ɩɪɨɰɟɫɫɟ ɫɛɨɪɤɢ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɩɨ ɞɜɟ ɞɢɚɦɟɬɪɚɥɶɧɨ ɪɚɫɩɨɥɨɠɟɧɧɵɟ 

ɩɪɢɯɜɚɬɤɢ ɧɚ ɪɟɠɢɦɚɯ, ɭɤɚɡɚɧɧɵɯ ɜ ɬɚɛɥɢɰɟ 1.9. Ⱦɥɢɧɚ ɤɚɠɞɨɣ ɨɬɞɟɥɶɧɨɣ 
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ɩɪɢɯɜɚɬɤɢ ɧɟ ɦɟɧɟɟ 10 ɦɦ. ɉɨɫɥɟ ɷɬɨɝɨ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɜɚɪɤɚ ɲɜɚ №η (ɬɢɩ ɲɜɚ ɇ1 

ɫ ɤɚɬɟɬɨɦ 10 ɦɦ ɩɨ ȽɈɋɌ 14771-7θ) ɫɨɝɥɚɫɧɨ ɪɢɫɭɧɤɭ 1.10. Ɉɛɳɢɣ ɜɢɞ ɲɜɚ №η 

ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 1.1θ. 

 
Ɋɢɫɭɧɨɤ 1.1θ – Ɉɛɳɢɣ ɜɢɞ ɲɜɚ №η 

ɋɜɚɪɤɚ ɲɜɚ №η ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚ ɪɟɠɢɦɚɯ, ɭɤɚɡɚɧɧɵɯ ɜ ɬɚɛɥɢɰɟ 1.1γ. 

Ɍɚɛɥɢɰɚ 1.1γ – Ɋɟɠɢɦɵ ɫɜɚɪɤɢ ɲɜɚ №η (ɫɨɝɥɚɫɧɨ ɪɢɫɭɧɤɭ 1.10) 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɪɨɯɨɞɚ Iωψ, A UȾ, ȼ Нɗ, ɦɦ Vωψ, ɫɦ/ɫ 

ɉɟɪɜɵɣ 180 – β00 β4 – βθ 1,β 0,η 

ȼɬɨɪɨɣ ββ0 – β40 β4 – β8 1,β 0,γ 

 

ɉɨɫɥɟ ɫɜɚɪɤɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɡɚɱɢɫɬɤɚ ɲɜɚ ɢ ɨɤɨɥɨɲɨɜɧɨɣ ɡɨɧɵ ɨɬ ɲɥɚɤɚ ɢ 

ɛɪɵɡɝ ɦɟɬɚɥɥɚ. ɉɨɫɥɟ ɷɬɨɝɨ ɲɜɵ ɨɫɦɚɬɪɢɜɚɸɬɫɹ ɜɢɡɭɚɥɶɧɨ. 

ɉɚɪɚɥɥɟɥɶɧɨ ɫ ɪɚɧɟɟ ɪɚɫɫɦɨɬɪɟɧɧɵɦɢ ɨɩɟɪɚɰɢɹɦɢ ɩɨ ɫɜɚɪɤɟ ɭɡɥɚ, ɫɨɫɬɨɹɳɟɝɨ 

ɢɡ ɞɟɬɚɥɟɣ ɩɨɡ. β, ɩɨɡ. γ ɢ ɩɨɡ. 8 (ɫɨɝɥɚɫɧɨ ɪɢɫɭɧɤɭ 1.1) ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɛɨɪɤɚ ɭɡɥɚ 

ɢɡ ɞɟɬɚɥɟɣ ɩɨɡ. θ ɢ ɩɨɡ. 7 (ɪɢɫɭɧɨɤ 1.1). ɋɛɨɪɤɚ ɬɚɤɠɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚ ɫɛɨɪɨɱɧɨɦ 

ɫɬɨɥɟ. ɉɨɫɥɟ ɜɵɫɬɚɜɥɟɧɢɹ ɪɚɡɦɟɪɨɦ ɢ ɭɫɬɚɧɨɜɤɢ ɪɚɫɩɨɪɨɤ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɜɚɪɤɚ 

ɩɪɢɯɜɚɬɨɤ ɩɨ ɪɟɠɢɦɚɦ, ɭɤɚɡɚɧɧɵɦ ɜ ɬɚɛɥɢɰɟ 1.9. Ⱦɥɢɧɚ ɤɚɠɞɨɣ ɨɬɞɟɥɶɧɨɣ 

ɩɪɢɯɜɚɬɤɢ ɧɟ ɞɨɥɠɧɚ ɛɵɬɶ ɦɟɧɟɟ β0 ɦɦ. ɉɨɫɥɟ ɫɛɨɪɤɢ ɭɡɟɥ ɬɚɤɠɟ ɩɟɪɟɦɟɳɚɟɬɫɹ 

ɧɚ ɫɜɚɪɨɱɧɵɣ ɫɬɨɥ ɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɜɚɪɤɚ ɲɜɚ №θ (ɬɢɩ ɲɜɚ ɍθ ɩɨ ȽɈɋɌ 14771-

7θ). Ɉɛɳɢɣ ɜɢɞ ɲɜɚ №θ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 1.17. 
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Ɋɢɫɭɧɨɤ 1.17 – Ɉɛɳɢɣ ɜɢɞ ɲɜɚ №θ 

ɉɚɪɚɦɟɬɪɵ ɪɟɠɢɦɚ ɫɜɚɪɤɢ ɲɜɚ №θ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.1β. ɒɨɜ №θ, ɬɚɤɠɟ 

ɤɚɤ ɢ ɲɨɜ №γ ɜɚɪɢɬɫɹ ɡɚ ɱɟɬɵɪɟ ɩɪɨɯɨɞɚ. ɉɨɫɥɟ ɫɜɚɪɤɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɧɹɬɢɟ 

ɧɚɪɭɠɧɨɝɨ ɭɫɢɥɟɧɢɹ ɫɜɚɪɧɨɝɨ ɲɜɚ ɡɚɩɨɞɥɢɰɨ ɫ ɨɫɧɨɜɧɵɦ ɦɟɬɚɥɥɨɦ. ɉɨɫɥɟ ɫɧɹɬɢɹ 

ɭɫɢɥɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɫɹ ɍɁɄ ɫɜɚɪɧɨɝɨ ɲɜɚ №θ. 

ɉɨɫɥɟ ɫɜɚɪɤɢ ɢ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ ɞɜɭɯ ɫɛɨɪɨɱɧɵɯ ɭɡɥɨɜ ɩɪɨɢɡɜɨɞɢɬɫɹ 

ɭɤɪɭɩɧɢɬɟɥɶɧɚɹ ɫɛɨɪɤɚ ɢɡɞɟɥɢɹ. ɋɛɨɪɤɚ ɬɚɤɠɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚ ɫɛɨɪɨɱɧɨɦ ɫɬɨɥɟ. 

ȼ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, ɧɚ ɫɬɨɥ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɞɟɬɚɥɶ ɩɨɡ. 1 (ɪɢɫɭɧɨɤ 1.1) «ɯɪɟɛɬɨɦ» 

ɜɧɢɡ. Ɂɚɤɪɟɩɥɹɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɫɬɪɭɛɰɢɧ. Ⱦɚɥɟɟ ɧɚ ɧɟɟ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɩɨ 

ɬɪɟɛɭɟɦɵɦ ɝɟɨɦɟɬɪɢɱɟɫɤɢɦ ɪɚɡɦɟɪɚɦ ɪɚɧɟɟ ɫɜɚɪɟɧɧɵɟ ɭɡɥɵ. ȼ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, 

ɫɬɚɜɹɬɫɹ ɭɡɥɵ, ɫɨɫɬɨɹɳɢɟ ɢɡ ɫɬɟɧɨɤ, ɬɨ ɟɫɬɶ ɬɟ, ɤɨɬɨɪɵɟ ɮɨɪɦɢɪɭɸɬ ɤɨɪɨɛɱɚɬɨɟ 

ɫɟɱɟɧɢɟ ɛɚɥɤɢ. Ɇɟɠɞɭ ɧɢɦɢ ɫɬɚɜɹɬɫɹ ɪɚɫɩɨɪɤɢ ɞɥɹ ɮɢɤɫɚɰɢɢ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ 

ɧɢɦɢ. ɉɨɫɥɟ ɷɬɨɝɨ, ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜɬɨɪɨɣ ɭɡɟɥ. ȼɫɹ ɫɛɨɪɤɚ ɡɚɤɪɟɩɥɹɟɬɫɹ ɩɪɢ 

ɩɨɦɨɳɢ ɩɪɢɯɜɚɬɨɤ. Ɋɟɠɢɦɵ ɫɜɚɪɤɢ ɩɪɢɯɜɚɬɨɤ ɛɵɥɢ ɩɪɢɜɟɞɟɧɵ ɪɚɧɟɟ ɜ ɬɚɛɥɢɰɟ 

1.9. Ɂɚɬɟɦ ɫɨɛɪɚɧɧɵɣ ɭɡɟɥ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜ ɰɟɩɧɨɣ ɤɚɧɬɨɜɚɬɟɥɶ ɢ ɧɚɱɢɧɚɟɬɫɹ ɟɝɨ 

ɨɛɜɚɪɤɚ.  

Ɉɛɳɢɣ ɜɢɞ ɤɚɧɬɨɜɚɬɟɥɹ ɰɟɩɧɨɝɨ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 1.18. 



 

Иɡм. Лɢɫɬ № дɨкɭм. Пɨдɩɢɫь Даɬа 
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Ɋɢɫɭɧɨɤ 1.18 – Ɉɛɳɢɣ ɜɢɞ ɤɚɧɬɨɜɚɬɟɥɹ ɰɟɩɧɨɝɨ 

ȼ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, ɜɚɪɹɬɫɹ ɲɜɵ №4 (ɪɢɫɭɧɨɤ 1.10). Ɍɢɩ ɞɚɧɧɵɯ ɲɜɨɜ ɍ8 

ɫɨɝɥɚɫɧɨ ȽɈɋɌ 14771-7θ. Ʉɚɬɟɬ ɲɜɚ 10 ɦɦ. Ɉɛɳɢɣ ɜɢɞ ɲɜɚ №4 ɩɨɤɚɡɚɧ ɧɚ 

ɪɢɫɭɧɤɟ 1.19. 

 
Ɋɢɫɭɧɨɤ 1.19 – Ɉɛɳɢɣ ɜɢɞ ɲɜɚ №4 

Ɋɟɠɢɦɵ ɫɜɚɪɤɢ ɲɜɚ №4 ɚɧɚɥɨɝɢɱɧɵ ɪɟɠɢɦɚɦ ɫɜɚɪɤɢ ɲɜɚ №η ɢ ɩɪɢɜɟɞɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 1.1γ. 

ɉɨɫɥɟ ɜɵɩɨɥɧɟɧɢɹ ɲɜɚ №4 ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɜɚɪɤɚ ɲɜɨɜ №β (ɇ1 ɫ ɤɚɬɟɬɨɦ 1β ɦɦ 

ɩɨ ȽɈɋɌ 14771-7θ) ɢ №η (ɇ1 ɫ ɤɚɬɟɬɨɦ 10 ɦɦ ɩɨ ȽɈɋɌ 14771-7θ). Ɋɟɠɢɦɵ ɫɜɚɪɤɢ 

ɲɜɚ №β ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɪɟɠɢɦɚɦ ɫɜɚɪɤɢ ɲɜɚ №η ɢ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.1γ. 

ɉɨɫɥɟ ɫɜɚɪɤɢ ɫɨɛɪɚɧɧɨɝɨ ɭɡɥɚ ɢɡɞɟɥɢɟ ɩɨɜɨɪɚɱɢɜɚɟɬɫɹ ɜ ɰɟɩɧɨɦ ɤɚɧɬɨɜɚɬɟɥɟ 

«ɯɪɟɛɬɨɦ» ɜɧɢɡ. Ⱦɚɥɟɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɛɨɪɤɚ ɭɡɥɚ ɫ ɞɟɬɚɥɶɸ ɩɨɡ. 4 (ɪɢɫɭɧɨɤ 1.1). 

ɍɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɩɪɢɯɜɚɬɤɢ ɧɚ ɪɟɠɢɦɚɯ, ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɬɚɛɥɢɰɟ 1.9. 
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ɉɪɨɢɡɜɨɞɢɬɫɹ ɫɜɚɪɤɚ ɲɜɚ №4 (ɪɟɠɢɦɵ ɫɜɚɪɤɢ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.1γ).  

ɉɨɫɥɟ ɷɬɨɝɨ ɭɡɟɥ ɩɟɪɟɜɨɪɚɱɢɜɚɟɬɫɹ ɜ ɩɨɥɨɠɟɧɢɟ «ɯɪɟɛɬɨɦ» ɜɜɟɪɯ. 

ɉɪɨɢɡɜɨɞɢɬɫɹ ɫɛɨɪɤɚ ɭɡɥɚ ɫ ɞɟɬɚɥɶɸ ɩɨɡ. η (ɪɢɫɭɧɨɤ 1.1). ɉɪɨɢɡɜɨɞɢɬɫɹ ɫɜɚɪɤɚ 

ɲɜɚ №1 (ɇ1 ɫ ɤɚɬɟɬɨɦ η ɦɦ ɩɨ ȽɈɋɌ 14771-7θ) ɢ ɲɜɚ №7 (Ɍ1 ɫ ɤɚɬɟɬɨɦ 10 ɦɦ ɩɨ 

ȽɈɋɌ 14771-7θ). Ɉɛɳɢɣ ɜɢɞ ɲɜɚ №1 ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 1.β0. 

 
Ɋɢɫɭɧɨɤ 1.β0 – Ɉɛɳɢɣ ɜɢɞ ɲɜɚ №1 

Ɉɛɳɢɣ ɜɢɞ ɲɜɚ №7 ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 1.β1. 

 
Ɋɢɫɭɧɨɤ 1.β1 – Ɉɛɳɢɣ ɜɢɞ ɲɜɚ №7 

Ɋɟɠɢɦɵ ɫɜɚɪɤɢ ɲɜɨɜ №1 ɢ №7 ɩɨɤɚɡɚɧɵ ɜ ɬɚɛɥɢɰɟ 1.1γ. 

ɉɨ ɨɤɨɧɱɚɧɢɢ ɫɜɚɪɤɢ ɝɨɬɨɜɨɟ ɢɡɞɟɥɢɟ ɫɧɢɦɚɟɬɫɹ ɫ ɤɚɧɬɨɜɚɬɟɥɹ ɢ 

ɩɟɪɟɦɟɳɚɟɬɫɹ ɧɚ ɭɱɚɫɬɨɤ ɫɥɟɫɚɪɧɨɣ ɨɱɢɫɬɤɢ ɢ ɨɤɨɧɱɚɬɟɥɶɧɨɝɨ ɤɨɧɬɪɨɥɹ. ȼɫɟ 

ɫɜɚɪɧɵɟ ɲɜɵ ɩɪɨɜɟɪɹɸɬɫɹ ɜɢɡɭɚɥɶɧɵɦ ɢ ɢɡɦɟɪɢɬɟɥɶɧɵɦ ɤɨɧɬɪɨɥɟɦ ɜ ɨɛɴɟɦɟ 

100%. ɋɜɚɪɧɵɟ ɲɜɵ №4 ɢ №θ ɬɚɤɠɟ ɩɨɞɥɟɠɚɬ ɩɪɨɜɟɪɤɟ ɭɥɶɬɪɚɡɜɭɤɨɜɵɦ 

ɤɨɧɬɪɨɥɟɦ ɤɚɱɟɫɬɜɚ. 

ȼ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɢɧɜɟɪɬɨɪɧɵɣ ɜɵɩɪɹɦɢɬɟɥɶ ɦɚɪɤɢ 

UЧТsЭОЩ γη00 ɏɊ ɩɪɨɢɡɜɨɞɫɬɜɚ ɮɢɪɦɵ SОХМШ. Ɉɛɳɢɣ ɜɢɞ ɜɵɩɪɹɦɢɬɟɥɹ UЧТsЭОЩ 

γη00 ɏɊ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 1.ββ. 
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Ɋɢɫɭɧɨɤ 1.ββ – Ɉɛɳɢɣ ɜɢɞ ɜɵɩɪɹɦɢɬɟɥɹ UЧТsЭОЩ γη00 ɏɊ 

Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɵɩɪɹɦɢɬɟɥɹ UЧТsЭОЩ γη00 ɏɊ ɩɪɢɜɟɞɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 1.14. 

Ɍɚɛɥɢɰɚ 1.14 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɵɩɪɹɦɢɬɟɥɹ UЧТsЭОЩ γη00 ɏɊ Д9] 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ Ɂɧɚɱɟɧɢɟ 

ɂɫɬɨɱɧɢɤ ɩɢɬɚɧɢɹ 

ɉɪɟɞɟɥɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ, Ⱥ γ0…γβ0 

ɇɚɩɪɹɠɟɧɢɟ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ, ȼ 4β 

ɋɟɬɟɜɨɟ ɧɚɩɪɹɠɟɧɢɟ, ȼ γ×γ80 

ɉɨɬɪɟɛɥɹɟɦɚɹ ɢɡ ɫɟɬɢ ɦɨɳɧɨɫɬɶ, ɤȼȺ 1η,9 

Ƚɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ, ɦɦ 10θ0×η70×780 

ȼɟɫ, ɤɝ 1γ9 

Ȼɥɨɤ ɩɨɞɚɱɢ ɩɪɨɜɨɥɨɤɢ 

ɉɪɟɞɟɥɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ, Ⱥ θ…η00 

Ⱦɢɚɦɟɬɪ ɩɪɨɜɨɥɨɤɢ, ɦɦ 0,θ…1,θ 

ɋɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɩɪɨɜɨɥɨɤɢ, ɦ/ɦɢɧ 1…18 

ɋɟɬɟɜɨɟ ɧɚɩɪɹɠɟɧɢɟ, ȼ γ×400 

Ƚɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ, ɦɦ θ00×ββ0×440 

ȼɟɫ, ɤɝ 17,8 
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ɋɭɳɟɫɬɜɭɸɳɚɹ ɬɟɯɧɨɥɨɝɢɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɩɨɡɜɨɥɹɟɬ ɩɪɨɢɡɜɨɞɢɬɶ ɩɪɢɦɟɪɧɨ γ00 

ɛɚɥɨɤ ɡɚ ɨɞɢɧ ɝɨɞ. 

ȼ ɯɨɞɟ ɪɚɫɫɦɨɬɪɟɧɢɹ ɩɪɢɦɟɧɹɟɦɨɣ ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɛɚɥɤɢ 

ɩɪɨɞɨɥɶɧɨɣ ɚɜɬɨɝɪɟɣɞɟɪɚ ȾɁ-98 ɛɵɥɢ ɜɵɹɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɧɟɞɨɫɬɚɬɤɢ: 

1. Ɇɚɥɚɹ ɫɬɟɩɟɧɶ ɦɟɯɚɧɢɡɚɰɢɢ ɨɫɧɨɜɧɵɯ ɩɪɨɰɟɫɫɨɜ ɫɛɨɪɤɢ ɢ ɫɜɚɪɤɢ; 

β. ɇɟɜɵɫɨɤɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ; 

γ. ɉɪɹɦɨɟ ɜɥɢɹɧɢɟ ɱɟɥɨɜɟɱɟɫɤɨɝɨ ɮɚɤɬɨɪɚ ɧɚ ɩɪɨɰɟɫɫ ɫɜɚɪɤɢ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ 

ɫɧɢɠɟɧɢɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɢ ɩɨɜɵɲɟɧɢɸ ɜɟɪɨɹɬɧɨɫɬɢ ɨɛɪɚɡɨɜɚɧɢɹ ɞɟɮɟɤɬɨɜ 

ɫɜɚɪɧɵɯ ɲɜɨɜ; 

4. ɉɪɢ ɡɚɤɪɟɩɥɟɧɢɢ ɢɡɞɟɥɢɹ ɜ ɤɚɧɬɨɜɚɬɟɥɟ ɩɪɢ ɫɜɚɪɤɟ ɨɛɪɚɡɭɸɬɫɹ ɨɫɬɚɬɨɱɧɵɟ 

ɞɟɮɨɪɦɚɰɢɢ, ɬɚɤ ɤɚɤ ɧɟɬ ɠɟɫɬɤɨɝɨ ɡɚɤɪɟɩɥɟɧɢɹ ɢɡɞɟɥɢɹ. 

Ⱦɥɹ ɭɫɬɪɚɧɟɧɢɹ ɜɵɹɜɥɟɧɧɵɯ ɧɟɫɨɨɬɜɟɬɫɬɜɢɣ ɜɨɡɦɨɠɧɨ ɩɪɢɦɟɧɟɧɢɟ 

ɫɥɟɞɭɸɳɢɯ ɦɟɪɨɩɪɢɹɬɢɣ: 

1. Ɂɚɦɟɧɢɬɶ ɩɪɢɦɟɧɹɟɦɭɸ ɫɜɚɪɨɱɧɭɸ ɩɪɨɜɨɥɨɤɭ OK ArТsЭШrШН 1γ.09 ɞɢɚɦɟɬɪɨɦ 

1,β ɦɦ ɧɚ ɫɜɚɪɨɱɧɭɸ ɩɪɨɜɨɥɨɤɭ ɦɚɪɤɢ ɋɜ-08Ƚβɋ ɞɢɚɦɟɬɪɨɦ β ɦɦ. ɗɬɨ ɩɨɡɜɨɥɢɬ 

ɫɧɢɡɢɬɶ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɢɡɝɨɬɨɜɥɟɧɢɹ ɛɚɥɤɢ ɩɪɨɞɨɥɶɧɨɣ, ɩɨɜɵɫɢɬɶ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, ɚ ɬɚɤɠɟ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ. ȼ ɬɨ 

ɠɟ ɜɪɟɦɹ ɜ ɭɫɥɨɜɢɹɯ ɢɦɩɨɪɬɨɡɚɦɟɳɟɧɢɹ ɩɪɢɦɟɧɟɧɢɟ ɩɪɨɜɨɥɨɤ ɨɬɟɱɟɫɬɜɟɧɧɨɝɨ 

ɩɪɨɢɡɜɨɞɢɬɟɥɹ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɟɟ; 

β. ɉɪɢɦɟɧɢɬɶ ɞɥɹ ɫɜɚɪɤɢ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɵɣ ɫɜɚɪɨɱɧɵɣ ɤɨɦɩɥɟɤɫ;  

γ. Ɂɚɦɟɧɢɬɶ ɩɪɢɦɟɧɹɟɦɵɣ 100% ɋɈβ ɧɚ ɝɚɡɨɜɭɸ ɫɦɟɫɶ ɦɚɪɤɢ Ʉ18. ɗɬɨ 

ɩɨɡɜɨɥɢɬ ɫɧɢɡɢɬɶ ɪɚɡɛɪɵɡɝɢɜɚɧɢɟ ɩɪɢ ɫɜɚɪɤɟ, ɭɥɭɱɲɢɬɶ ɤɚɱɟɫɬɜɨ ɢ ɜɧɟɲɧɢɣ ɜɢɞ 

ɫɜɚɪɧɨɝɨ ɲɜɚ. 

 

1.γ Ɉɛɳɢɟ ɩɨɥɨɠɟɧɢɹ ɩɪɟɞɥɚɝɚɟɦɨɣ ɬɟɯɧɨɥɨɝɢɢ 

 

ȼ ɩɪɨɟɤɬɟ ɩɪɟɞɥɚɝɚɟɦɨɣ ɬɟɯɧɨɥɨɝɢɢ ɬɪɟɛɭɟɬɫɹ ɜɧɟɫɬɢ ɢɡɦɟɧɟɧɢɹ ɧɚ ɷɬɚɩɟ 

ɩɪɨɰɟɫɫɚ ɫɛɨɪɤɢ ɢ ɫɜɚɪɤɢ, ɩɨɷɬɨɦɭ ɡɚɝɨɬɨɜɢɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɨɫɬɚɟɬɫɹ 

ɩɪɟɠɧɢɦ. ɉɪɟɞɥɚɝɚɟɦɭɸ ɬɟɯɧɨɥɨɝɢɸ ɧɚɱɧɟɦ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɫ ɨɩɟɪɚɰɢɢ ɫɛɨɪɤɢ. 

ȼ ɫɭɳɟɫɬɜɭɸɳɟɣ ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɛɚɥɤɢ ɩɪɨɞɨɥɶɧɨɣ ɨɩɟɪɚɰɢɢ ɩɪɢ 
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ɫɛɨɪɤɟ ɢ ɫɜɚɪɤɟ ɭɡɥɨɜ ɩɪɨɜɨɞɹɬɫɹ ɩɚɪɚɥɥɟɥɶɧɨ ɧɚ ɞɜɭɯ ɫɛɨɪɨɱɧɵɯ ɫɬɨɥɚɯ. 

ɉɨɷɬɨɦɭ, ɩɪɢ ɩɪɢɦɟɧɟɧɢɢ ɩɪɟɞɥɚɝɚɟɦɨɣ ɬɟɯɧɨɥɨɝɢɢ ɷɬɨ ɭɱɢɬɵɜɚɟɬɫɹ. Ɍɚɤ, ɧɚ 

ɷɬɚɩɟ ɭɤɪɭɩɧɟɧɢɹ ɭɡɥɨɜ ɩɚɪɚɥɥɟɥɶɧɨ (ɬ.ɟ. ɨɞɧɨɜɪɟɦɟɧɧɨ) ɩɪɨɜɨɞɹɬɫɹ ɫɥɟɞɭɸɳɢɟ 

ɨɩɟɪɚɰɢɢ: 

– ɫɛɨɪɤɚ ɢ ɫɜɚɪɤɚ ɦɟɠɞɭ ɫɨɛɨɣ ɞɟɬɚɥɟɣ ɩɨɡ. β ɢ ɩɨɡ. γ (ɪɢɫɭɧɨɤ 1.1), ɚ ɬɚɤɠɟ 

ɫɛɨɪɤɚ ɢ ɫɜɚɪɤɚ ɭɡɥɚ, ɫɨɫɬɨɹɳɟɝɨ ɢɡ ɞɟɬɚɥɟɣ ɩɨɡ. β ɢ ɩɨɡ. γ ɫ ɞɟɬɚɥɹɦɢ ɩɨɡ. 8. ȼ 

ɩɪɨɰɟɫɫɟ ɷɬɨɣ ɨɩɟɪɚɰɢɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɜɚɪɤɚ ɲɜɨɜ №γ ɢ №η; 

– ɫɛɨɪɤɚ ɢ ɫɜɚɪɤɚ ɭɡɥɚ, ɫɨɫɬɨɹɳɟɝɨ ɢɡ ɞɟɬɚɥɟɣ ɩɨɡ. θ ɢ ɩɨɡ. 7 (ɪɢɫɭɧɨɤ 1.1). ȼ 

ɩɪɨɰɟɫɫɟ ɷɬɨɣ ɨɩɟɪɚɰɢɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɜɚɪɤɚ ɲɜɨɜ №θ. 

ɉɨɫɥɟ ɢɡɝɨɬɨɜɥɟɧɢɹ ɫɛɨɪɨɱɧɵɯ ɭɡɥɨɜ ɩɪɨɢɡɜɨɞɢɬɫɹ ɭɤɪɭɩɧɢɬɟɥɶɧɚɹ ɫɛɨɪɤɚ 

ɢɡɞɟɥɢɹ. Ɉɧɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚ ɫɛɨɪɨɱɧɨɦ ɫɬɨɥɟ. ɉɨɪɹɞɨɤ ɫɛɨɪɤɢ ɫɥɟɞɭɸɳɢɣ: 

– ɭɫɬɚɧɨɜɤɚ ɞɟɬɚɥɢ ɩɨɡ. 1 ɧɚ ɫɛɨɪɨɱɧɵɣ ɫɬɨɥ ɜ ɩɨɥɨɠɟɧɢɢ «ɯɪɟɛɬɨɦ» ɜɧɢɡ; 

– ɡɚɤɪɟɩɥɟɧɢɟ ɞɟɬɚɥɢ; 

– ɭɫɬɚɧɨɜɤɚ ɭɡɥɨɜ, ɫɨɫɬɨɹɳɢɯ ɢɡ ɞɟɬɚɥɟɣ ɩɨɡ. β ɢ ɩɨɡ. γ; 

– ɭɫɬɚɧɨɜɤɚ ɪɚɫɩɨɪɨɤ; 

– ɫɜɚɪɤɚ ɩɪɢɯɜɚɬɨɤ; 

– ɭɫɬɚɧɨɜɤɚ ɭɡɥɚ, ɫɨɫɬɨɹɳɟɝɨ ɢɡ ɞɟɬɚɥɟɣ ɩɨɡ. θ ɢ ɩɨɡ. 7; 

– ɫɜɚɪɤɚ ɩɪɢɯɜɚɬɨɤ; 

– ɡɚɤɪɟɩɥɟɧɢɟ ɜ ɫɜɚɪɨɱɧɨɦ ɩɪɢɫɩɨɫɨɛɥɟɧɢɢ. 

ɉɨɫɥɟ ɫɛɨɪɤɢ ɢ ɡɚɤɪɟɩɥɟɧɢɹ ɭɡɥɚ ɜ ɫɛɨɪɨɱɧɨɦ ɩɪɢɫɩɨɫɨɛɥɟɧɢɢ ɩɪɨɢɡɜɨɞɢɬɫɹ 

ɫɜɚɪɤɚ ɲɜɨɜ №4, №β, №η. 

ɉɨɫɥɟ ɫɜɚɪɤɢ ɢɡɞɟɥɢɟ ɩɨɜɨɪɚɱɢɜɚɟɬɫɹ ɜ ɩɨɥɨɠɟɧɢɟ «ɯɪɟɛɬɨɦ» ɜɧɢɡ ɢ 

ɫɜɚɪɟɧɧɵɣ ɭɡɟɥ ɫɨɛɢɪɚɟɬɫɹ ɫ ɞɟɬɚɥɶɸ ɩɨɡ. 4. ɉɨɫɥɟ ɷɬɨɝɨ ɫɬɚɜɹɬɫɹ ɩɪɢɯɜɚɬɤɢ ɢ 

ɜɚɪɢɬɫɹ ɲɨɜ №4. Ɂɚɬɟɦ ɢɡɞɟɥɢɟ ɤɚɧɬɭɟɬɫɹ ɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɛɨɪɤɚ ɫ ɞɟɬɚɥɶɸ ɩɨɡ. η. 

ɋɬɚɜɹɬɫɹ ɩɪɢɯɜɚɬɤɢ ɢ ɜɚɪɹɬɫɹ ɲɜɵ № 1 ɢ №7. 

ɉɨ ɨɤɨɧɱɚɧɢɢ ɫɜɚɪɤɢ ɝɨɬɨɜɨɟ ɢɡɞɟɥɢɟ ɫɧɢɦɚɟɬɫɹ ɫ ɤɚɧɬɨɜɚɬɟɥɹ ɢ 

ɩɟɪɟɦɟɳɚɟɬɫɹ ɧɚ ɭɱɚɫɬɨɤ ɫɥɟɫɚɪɧɨɣ ɨɱɢɫɬɤɢ ɢ ɨɤɨɧɱɚɬɟɥɶɧɨɝɨ ɤɨɧɬɪɨɥɹ. ȼɫɟ 

ɫɜɚɪɧɵɟ ɲɜɵ ɩɪɨɜɟɪɹɸɬɫɹ ɜɢɡɭɚɥɶɧɵɦ ɢ ɢɡɦɟɪɢɬɟɥɶɧɵɦ ɤɨɧɬɪɨɥɟɦ ɜ ɨɛɴɟɦɟ 

100%. ɋɜɚɪɧɵɟ ɲɜɵ №4 ɢ №θ ɬɚɤɠɟ ɩɨɞɥɟɠɚɬ ɩɪɨɜɟɪɤɟ ɭɥɶɬɪɚɡɜɭɤɨɜɵɦ 

ɤɨɧɬɪɨɥɟɦ ɤɚɱɟɫɬɜɚ. 
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Ɉɬɥɢɱɢɟɦ ɩɪɢɦɟɧɹɟɦɨɣ ɬɟɯɧɨɥɨɝɢɢ ɨɬ ɩɪɟɞɥɚɝɚɟɦɨɣ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɫɜɚɪɤɚ 

ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɨɦ ɫɜɚɪɨɱɧɨɦ ɤɨɦɩɥɟɤɫɟ, ɜ ɫɨɫɬɚɜ ɤɨɬɨɪɨɝɨ 

ɜɯɨɞɹɬ: 

– ɞɜɚ ɫɜɚɪɨɱɧɵɯ ɪɨɛɨɬɚ; 

– ɬɪɢ ɫɛɨɪɨɱɧɵɯ ɫɬɨɥɚ; 

– ɫɜɚɪɨɱɧɨɟ ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ, ɫɨɫɬɨɹɳɟɟ ɢɡ ɫɜɚɪɨɱɧɵɯ ɜɪɚɳɚɬɟɥɟɣ; 

– ɢɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ. 

Ɉɛɨɪɭɞɨɜɚɧɢɟ, ɩɪɢɦɟɧɹɟɦɨɟ ɩɪɢ ɫɛɨɪɤɟ ɨɫɬɚɟɬɫɹ ɩɪɟɠɧɢɦ, ɬ.ɟ. ɫɛɨɪɤɚ 

ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɢɧɜɟɪɬɨɪɧɨɝɨ ɜɵɩɪɹɦɢɬɟɥɹ ɦɚɪɤɢ UЧТsЭОЩ γη00 ɏɊ 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɮɢɪɦɵ SОХМШ. 

ɉɪɢ ɫɜɚɪɤɟ ɩɪɟɞɥɚɝɚɟɬɫɹ ɩɪɢɦɟɧɢɬɶ ɫɜɚɪɨɱɧɵɟ ɪɨɛɨɬɵ ɞɜɭɯ ɦɚɪɨɤ: 

– FКЧЮМ ArМ MКЭО 100Тω; 

– FКЧЮМ AM 1β0Тψ/β0T. 

Ɉɛɳɢɣ ɜɢɞ ɫɜɚɪɨɱɧɨɝɨ ɪɨɛɨɬɚ FКЧЮМ ArМ MКЭО 100Тω ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 1.βγ. 

 
Ɋɢɫɭɧɨɤ 1.βγ – Ɉɛɳɢɣ ɜɢɞ ɫɜɚɪɨɱɧɨɝɨ ɪɨɛɨɬɚ FКЧЮМ ArМ MКЭО 100Тω  

Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɨɛɨɬɚ ɫɜɚɪɨɱɧɨɝɨ ɪɨɛɨɬɚ FКЧЮМ ArМ MКЭО 100Тω 

ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.1η. 

Ɍɚɛɥɢɰɚ 1.1η – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɨɛɨɬɚ ɫɜɚɪɨɱɧɨɝɨ ɪɨɛɨɬɚ FКЧЮМ 

ArМ MКЭО 100Тω Д9] 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ Ɂɧɚɱɟɧɢɟ 

ɉɪɢɧɰɢɩ ɤɨɧɫɬɪɭɤɰɢɢ ɒɚɪɧɢɪɧɨ-ɪɵɱɚɠɧɚɹ, θ ɨɫɟɣ 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 1.1η. 

ɉɨɜɬɨɪɹɟɦɨɫɬɶ, ɦɦ 0,08 

ȼɟɫ ɦɟɯɚɧɢɱɟɫɤɨɣ ɱɚɫɬɢ, ɤɝ 1γ0 

Ƚɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶ, ɤɝ 10 

Ɍɨɱɧɨɫɬɶ ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɹ ɩɨɡɢɰɢɢ, ɦɦ 0,1 

Ɏɨɪɦɚ ɪɚɛɨɱɟɣ ɡɨɧɵ ɩɨɥɭɲɚɪɨɜɚɹ 

Ɋɚɞɢɭɫ ɞɟɣɫɬɜɢɹ, ɦɦ 14β0 

ȼɵɫɨɬɚ ɪɚɛɨɱɟɣ ɡɨɧɵ, ɦɦ γ170 

ɉɥɨɳɚɞɶ ɭɫɬɚɧɨɜɤɢ, ɦɦ η00×η1η 

 

Ɉɛɳɢɣ ɜɢɞ ɫɜɚɪɨɱɧɨɝɨ ɪɨɛɨɬɚ FКЧЮМ AM 1β0Тψ/β0T ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 1.β4. 

 
Ɋɢɫɭɧɨɤ 1.β4 – Ɉɛɳɢɣ ɜɢɞ ɫɜɚɪɨɱɧɨɝɨ ɪɨɛɨɬɚ FКЧЮМ AM 1β0Тψ/β0T 

Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɨɛɨɬɚ ɫɜɚɪɨɱɧɨɝɨ ɪɨɛɨɬɚ FКЧЮМ AM 1β0Тψ/β0T 

ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.1θ. 

Ɍɚɛɥɢɰɚ 1.1θ – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɨɛɨɬɚ ɫɜɚɪɨɱɧɨɝɨ ɪɨɛɨɬɚ FКЧЮМ 

FКЧЮМ AM 1β0Тψ/β0T Д9] 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ Ɂɧɚɱɟɧɢɟ 

ɉɪɢɧɰɢɩ ɤɨɧɫɬɪɭɤɰɢɢ ɒɚɪɧɢɪɧɨ-ɪɵɱɚɠɧɚɹ, θ ɨɫɟɣ 

ɉɨɜɬɨɪɹɟɦɨɫɬɶ, ɦɦ 0,1 

ȼɟɫ ɦɟɯɚɧɢɱɟɫɤɨɣ ɱɚɫɬɢ, ɤɝ 1γη 

Ƚɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶ, ɤɝ 10 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 1.1θ. 

Ɍɨɱɧɨɫɬɶ ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɹ ɩɨɡɢɰɢɢ, ɦɦ 0,1 

Ɏɨɪɦɚ ɪɚɛɨɱɟɣ ɡɨɧɵ ɤɪɭɝɨɜɚɹ 

Ɋɚɞɢɭɫ ɞɟɣɫɬɜɢɹ, ɦɦ 17γη 

 

ȼ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ ɩɪɢ ɫɜɚɪɤɟ ɪɨɛɨɬɚɦɢ FКЧЮМ FКЧЮМ ArМ MКЭО 

100Тω ɢ FКЧЮМ AM 1β0Тψ/β0T ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɧɜɟɪɬɨɪɧɵɣ 

ɜɵɩɪɹɦɢɬɟɥɶ ɦɚɪɤɢ PШаОr АКvО 4ηη R ɩɪɨɢɡɜɨɞɫɬɜɚ ɮɢɪɦɵ LТЧМШХЧ EХОМЭrТМ. 

Ɉɛɳɢɣ ɜɢɞ ɢɧɜɟɪɬɨɪɧɨɝɨ ɜɵɩɪɹɦɢɬɟɥɹ PШаОr АКvО 4ηη R ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 

1.βη. 

 
Ɋɢɫɭɧɨɤ 1.βη – Ɉɛɳɢɣ ɜɢɞ ɢɧɜɟɪɬɨɪɧɨɝɨ ɜɵɩɪɹɦɢɬɟɥɹ PШаОr АКvО 4ηη R 

Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɧɜɟɪɬɨɪɧɨɝɨ ɜɵɩɪɹɦɢɬɟɥɹ PШаОr АКvО 4ηη R 

ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.17. 

Ɍɚɛɥɢɰɚ 1.17 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɧɜɟɪɬɨɪɧɨɝɨ ɜɵɩɪɹɦɢɬɟɥɹ PШаОr 

АКvО 4ηη R Д9] 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ Ɂɧɚɱɟɧɢɟ 

ɉɪɟɞɟɥɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ, Ⱥ η…η70 

ɇɚɩɪɹɠɟɧɢɟ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ, ȼ 4β 

ɋɟɬɟɜɨɟ ɧɚɩɪɹɠɟɧɢɟ, ȼ γ×γ80 

ɉɨɬɪɟɛɥɹɟɦɚɹ ɢɡ ɫɟɬɢ ɦɨɳɧɨɫɬɶ, ɤȼȺ 1η,9 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 1.17. 

Ƚɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ, ɦɦ θθγ×η0η×8γη 

ȼɟɫ, ɤɝ 1β1 

 

ɋɜɚɪɤɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɫɪɟɞɟ ɡɚɳɢɬɧɵɯ ɝɚɡɨɜ. ȼ ɤɚɱɟɫɬɜɟ ɦɟɪɨɩɪɢɹɬɢɣ ɞɥɹ 

ɭɥɭɱɲɟɧɢɹ ɬɟɯɧɨɥɨɝɢɢ ɫɜɚɪɤɢ ɩɪɟɞɥɚɝɚɟɬɫɹ ɡɚɦɟɧɢɬɶ 100% ɋɈβ ɧɚ ɝɚɡɨɜɭɸ ɫɦɟɫɶ 

ɦɚɪɤɢ Ʉ18 (18%ɋɈβ + 8β%Ar). ɉɪɢɦɟɧɟɧɢɟ ɚɪɝɨɧɚ ɜ ɝɚɡɨɜɨɣ ɫɦɟɫɢ ɩɨɡɜɨɥɹɟɬɫɹ 

ɫɧɢɡɢɬɶ ɪɚɡɛɪɵɡɝɢɜɚɧɢɟ ɦɟɬɚɥɥɚ ɩɪɢ ɫɜɚɪɤɟ, ɫɬɚɛɢɥɢɡɢɪɨɜɚɬɶ ɞɭɝɭ (ɛɥɚɝɨɞɚɪɹ 

ɬɨɦɭ, ɱɬɨ ɚɪɝɨɧ ɹɜɥɹɟɬɫɹ ɢɧɟɪɬɧɵɦ ɝɚɡɨɦ), ɭɥɭɱɲɢɬɶ ɮɨɪɦɢɪɨɜɚɧɢɟ ɲɜɚ ɢ 

ɩɨɜɵɫɢɬɶ ɤɚɱɟɫɬɜɨ (ɡɚɳɢɬɚ ɫɜɚɪɨɱɧɨɣ ɜɚɧɧɵ ɜ ɫɪɟɞɟ ɚɪɝɨɧɚ ɜɵɲɟ, ɱɟɦ ɜ ɫɪɟɞɟ 

100% ɋɈβ) Д4]. 

ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɫɚɞɨɱɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɜɚɪɨɱɧɭɸ 

ɩɪɨɜɨɥɨɤɭ ɦɚɪɤɢ ɋɜ-08Ƚβɋ ɞɢɚɦɟɬɪɨɦ β ɦɦ. ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɩɪɨɜɨɥɨɤɢ ɋɜ-

08Ƚβɋ ɩɪɢɜɟɞɟɧ ɜ ɬɚɛɥɢɰɟ 1.18. 

Ɍɚɛɥɢɰɚ 1.18 – ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɩɪɨɜɨɥɨɤɢ ɋɜ-08Ƚβɋ  

ȼ ɩɪɨɰɟɧɬɚɯ 

ω SТ MЧ 
ωr NТ S Ɋ 

ɇɟ ɛɨɥɟɟ 

0,0η – 0,11 0,7 – 0,9η 1,8 – β,1 0,β 0,βη 0,0βη 0,0γ 

 

Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɲɜɚ, ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɩɪɨɜɨɥɨɤɨɣ ɋɜ-08Ƚβɋ, ɩɨɤɚɡɚɧɵ ɜ 

ɬɚɛɥɢɰɟ 1.19. 

Ɍɚɛɥɢɰɚ 1.19 – Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɲɜɚ, ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɩɪɨɜɨɥɨɤɨɣ ɋɜ-

08Ƚβɋ 

ɉɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ σɬ, 

Ɇɉɚ, ɧɟ ɦɟɧɟɟ 

ɉɪɟɞɟɥ 

ɩɪɨɱɧɨɫɬɢ σɜ, Ɇɉɚ 

Ɉɬɧɨɫɢɬɟɥɶɧɨɟ 

ɭɞɥɢɧɟɧɢɟ δη, % 

4θ4 η80 βθ 

 

ɋɤɥɨɧɧɨɫɬɶ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɝɨɪɹɱɢɯ ɬɪɟɳɢɧ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɩɨ ɮɨɪɦɭɥɟ (θ). Ɍɚɤ ɞɥɹ ɩɪɨɜɨɥɨɤɢ ɋɜ-08Ƚβɋ ɫɤɥɨɧɧɨɫɬɶ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɝɨɪɹɱɢɯ 
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ɬɪɟɳɢɧ 

 

HωS=
0,11∙ ቀ0,0βη+0,0γ+ 0,9η

βη +0,01∙0,βηቁ ∙10γ

γ∙β,1+0,β
=1,θ, ɟɞ. 

 

Ɍɚɤ ɤɚɤ 1,θ<4, ɬɨ ɫɜɚɪɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ɧɟ ɫɤɥɨɧɧɨ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɝɨɪɹɱɢɯ 

ɬɪɟɳɢɧ. Ɂɧɚɱɟɧɢɟ HωS ɞɥɹ ɩɪɨɜɨɥɨɤɢ ɋɜ-08Ƚβɋ ɦɟɧɶɲɟ, ɱɟɦ ɭ ɩɪɨɜɨɥɨɤɢ OK 

ArТsЭШrШН 1β.η0, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɢ ɫɜɚɪɤɟ ɞɚɧɧɨɣ ɩɪɨɜɨɥɨɤɨɣ ɦɟɧɶɲɟ 

ɜɟɪɨɹɬɧɨɫɬɶ ɩɨɹɜɥɟɧɢɹ ɝɨɪɹɱɢɯ ɬɪɟɳɢɧ. 

 

1.4 Ɋɚɫɱɟɬ ɪɟɠɢɦɨɜ ɫɜɚɪɤɢ 

ɇɚɡɧɚɱɚɟɦ ɫɜɚɪɨɱɧɵɣ ɬɨɤ ɩɨɫɬɨɹɧɧɵɣ ɨɛɪɚɬɧɨɣ ɩɨɥɹɪɧɨɫɬɢ, ɬɚɤ ɩɪɢ ɷɬɨɦ 

ɫɬɚɛɢɥɶɧɨɫɬɶ ɝɨɪɟɧɢɹ ɞɭɝɢ ɢ ɟɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɨɜɵɲɚɸɬɫɹ. ɋɜɚɪɤɚ 

ɚɜɬɨɦɚɬɢɱɟɫɤɚɹ ɜ ɫɪɟɞɟ ɡɚɳɢɬɧɵɯ ɝɚɡɨɜ ɩɪɨɜɨɥɨɤɨɣ ɋɜ-08Ƚβɋ ɞɢɚɦɟɬɪɨɦ β ɦɦ. 

 

1.4.1 Раɫɱɟɬ ɩаɪамɟɬɪɨв ɪɟɠима ɫваɪки ɲва №1 

 

Ɍɢɩ ɲɜɚ ɇ1 ɫɨɝɥɚɫɧɨ ȽɈɋɌ 14771-7θ ɫ ɤɚɬɟɬɨɦ η ɦɦ. Ɉɛɳɢɣ ɜɢɞ ɫɜɚɪɧɨɝɨ ɲɜɚ 

№1 ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 1.β0. ȼɵɥɟɬ ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ ɩɪɢɦɟɦ ɪɚɜɧɵɦ β0 

ɦɦ. Ɋɚɫɯɨɞ ɝɚɡɚ ɩɪɢɦɟɦ ɪɚɜɧɵɦ β0 ɥ/ɦɢɧ. 

Ɉɩɪɟɞɟɥɢɦ ɩɥɨɳɚɞɶ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɩɨ ɮɨɪɦɭɥɟ Дβ] 

 

FH=
Kβ

β
, ɦɦβ, (7) 

 

ɝɞɟ K = η – ɜɟɥɢɱɢɧɚ ɤɚɬɟɬɚ ɫɜɚɪɧɨɝɨ ɲɜɚ, ɦɦ. 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (7) ɩɨɥɭɱɢɦ, ɱɬɨ 
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FH=
ηβ

β
=1β,η ɦɦβ. 

 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɩɥɨɳɚɞɶ ɦɟɬɚɥɥɚ ɩɪɢ ɨɞɧɨɩɪɨɯɨɞɧɨɣ ɫɜɚɪɤɟ ɞɨɥɠɧɚ ɫɨɫɬɚɜɥɹɬɶ 

ɧɟ ɛɨɥɟɟ γη ɦɦβ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɜɚɪɤɚ ɲɜɚ №1 ɜɟɞɟɬɫɹ ɡɚ ɨɞɢɧ ɩɪɨɯɨɞ. 

Ɍɚɤ ɤɚɤ ɫɜɚɪɤɚ ɚɜɬɨɦɚɬɢɱɟɫɤɚɹ, ɬɨ ɫɢɥɚ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ ɡɚɞɚɟɬɫɹ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɢɚɦɟɬɪɚ ɩɪɨɜɨɥɨɤɢ ɢ ɩɥɨɬɧɨɫɬɢ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ. ɉɪɢɦɟɦ, ɱɬɨ 

ɫɢɥɚ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ ɫɨɫɬɚɜɥɹɟɬ 4β0 Ⱥ. 

ɉɥɨɬɧɨɫɬɶ ɩɪɢɧɹɬɨɝɨ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ ɩɪɢ ɞɢɚɦɟɬɪɟ ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ β 

ɦɦ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ Д1] 

 

У=
4Iωψ

πНɗ
β =

4∙4β0
γ,14∙ββ =1γγ,8

Ⱥ
ɦɦβ . (8) 

 

ɝɞɟ Iωψ = 4β0 – ɫɢɥɚ ɬɨɤɚ, Ⱥ; 

Нɗ = β – ɞɢɚɦɟɬɪ ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ, ɦɦ. 

ɉɪɢ ɞɢɚɦɟɬɪɟ ɷɥɟɤɬɪɨɞɚ β ɦɦ ɢ ɩɪɢ ɫɜɚɪɤɟ ɲɜɚ ɫ ɬɚɜɪɨɜɵɦ ɬɢɩɨɦ ɩɥɨɬɧɨɫɬɶ 

ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ ɧɚɯɨɞɢɬɫɹ ɜ ɢɧɬɟɪɜɚɥɟ θ0…1η0 Ⱥ/ɦɦβ Дβ]. ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ 

ɜɯɨɞɢɬ ɜ ɭɤɚɡɚɧɧɵɣ ɢɧɬɟɪɜɚɥ. 

Ɋɚɫɫɱɢɬɚɟɦ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɞɭɝɟ ɩɨ ɮɨɪɦɭɥɟ Дβ] 

 

UȾ=β0+
0,0η

ඥНɗ
Iωψ±1, ψ, (9) 

 

ɝɞɟ Нɗ = β – ɞɢɚɦɟɬɪ ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ, ɦɦ; 

Iωψ = 4β0 – ɫɢɥɚ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ, Ⱥ. 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (9) ɩɨɥɭɱɢɦ, ɱɬɨ 

 

UȾ=β0+
0,0η

√β
∙4β0±1≈γη±1 ȼ. 
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Ɋɚɫɫɱɢɬɚɟɦ ɫɤɨɪɨɫɬɶ ɫɜɚɪɤɢ ɩɪɢ ɜɵɛɪɚɧɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɪɟɠɢɦɚ ɩɨ ɮɨɪɦɭɥɟ 

Дβ] 

 

Vωψ=
VɉɈȾ

FH
∙FɗɅ,

ɫɦ
ɫ

, (10) 

 

ɝɞɟ VɉɈȾ – ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ, ɫɦ/ɫ; 

FH=0,1βη – ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ, ɫɦβ; 

Fɗ = 0,0γ1 – ɩɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ, ɫɦβ. 

Ɋɚɫɫɱɢɬɚɟɦ ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ VɉɈȾ ɩɨ ɮɨɪɦɭɥɟ Дβ] 

 

VɉɈȾ=
αɊIωψ

γθ00FɗɅȖ
,
ɫɦ
ɫ

, (11) 

 

ɝɞɟ αɊ – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɥɚɜɥɟɧɢɹ, ɝ/Ⱥɱ; 

FɗɅ = 0,0γ1 – ɩɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ, ɫɦβ; 

Ȗ = 7,8η – ɩɥɨɬɧɨɫɬɶ ɦɟɬɚɥɥɚ, ɝ/ɫɦγ. 

Ɉɩɪɟɞɟɥɢɦ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɥɚɜɥɟɧɢɹ ɩɨ ɮɨɪɦɭɥɟ Дβ] 

 

αɊ=αɊ
' +ΔαɊ, (1β) 

 

ɝɞɟ α’Ɋ – ɫɨɫɬɚɜɥɹɸɳɚɹ, ɨɛɭɫɥɨɜɥɟɧɧɚɹ ɬɟɩɥɨɜɥɨɠɟɧɢɟɦ ɞɭɝɢ, ɝ/Ⱥɱ; 

ΔαɊ – ɫɨɫɬɚɜɥɹɸɳɚɹ, ɡɚɜɢɫɹɳɚɹ ɨɬ ɬɟɩɥɨɜɥɨɠɟɧɢɹ ɜɫɥɟɞɫɬɜɢɟ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɧɚɝɪɟɜɚ ɜɵɥɟɬɚ ɷɥɟɤɬɪɨɞɚ ɩɪɨɬɟɤɚɸɳɢɦ ɬɨɤɨɦ, ɝ/Ⱥɱ. 

ɋɨɫɬɚɜɥɹɸɳɚɹ, ɨɛɭɫɥɨɜɥɟɧɧɚɹ ɬɟɩɥɨɜɥɨɠɟɧɢɟɦ ɞɭɝɢ α’Ɋ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɬɨɤɟ 

ɨɛɪɚɬɧɨɣ ɩɨɥɹɪɧɨɫɬɢ ɪɚɜɧɹɟɬɫɹ 11,θ±0,4 ɝ/Ⱥɱ. 

ɋɨɫɬɚɜɥɹɸɳɚɹ, ɡɚɜɢɫɹɳɚɹ ɨɬ ɬɟɩɥɨɜɥɨɠɟɧɢɹ ɜɫɥɟɞɫɬɜɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ 

ɧɚɝɪɟɜɚ ɜɵɥɟɬɚ ɷɥɟɤɬɪɨɞɚ ɩɪɨɬɟɤɚɸɳɢɦ ɬɨɤɨɦ ΔαɊ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ Дβ] 
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ΔαɊ=
γθ00Qɉɉ

qɗIωψ
, (1γ) 

 

ɝɞɟ Qɉɉ – ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɪɚɫɯɨɞɭɟɦɨɟ ɧɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɩɨɞɨɝɪɟɜ 

ɜɵɥɟɬɚ ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ ɩɪɨɬɟɤɚɸɳɢɦ ɩɨ ɧɟɦɭ ɬɨɤɨɦ, ɤɚɥ; 

qɗ = γβη – ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɪɚɫɩɥɚɜɥɟɧɢɹ 1 ɝ 

ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ, ɤɚɥ/ɝ. 

Ɋɚɫɫɱɢɬɚɟɦ ɡɧɚɱɟɧɢɟ Qɉɉ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ Дβ] 

 

Qɉɉ=0,1884Уβρ0Нɗ
β ቆ

Vɗ

ɚαȕ
൫ɟ-ɪβХ − 1൯-

αሺɌɉɅ-Ɍ0ሻ
ɪ1

ቇ , (14) 

 

ɝɞɟ У = 1γγ80 – ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ ɜ ɷɥɟɤɬɪɨɞɟ, Ⱥ/ɫɦβ; 

ρ0 = 0,000014 – ɭɞɟɥɶɧɨɟ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɷɥɟɤɬɪɨɞɧɨɣ 

ɩɪɨɜɨɥɨɤɢ ɩɪɢ ɧɭɥɟ ɝɪɚɞɭɫɨɜ, Ɉɦ/ɫɦ; 

Нɗ = 0,β – ɞɢɚɦɟɬɪ ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ, ɫɦ; 

Vɗ – ɭɫɥɨɜɧɚɹ ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɷɥɟɤɬɪɨɞɚ, ɫɦ/ɫ; 

ɚ = 0,08 – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ, ɫɦβ/ɫ; 

α = 0,008γ – ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɦɟɧɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫ 

ɢɡɦɟɧɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ, °ɋ-1; 

ȕ – ɤɨɷɮɮɢɰɢɟɧɬ, ɟɞ; 

Х = β,η – ɜɵɥɟɬ ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ, ɫɦ; 

ɌɉɅ = 1η00 – ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ ɩɪɨɜɨɥɨɤɢ, °ɋ; 

ɌɈ = β0 – ɧɚɱɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɨɜɨɥɨɤɢ, °ɋ; 

ɪ1 ɢ ɪβ – ɤɨɷɮɮɢɰɢɟɧɬɵ, ɟɞ. 

Ɉɩɪɟɞɟɥɢɦ ɤɨɷɮɮɢɰɢɟɧɬ ȕ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ Дβ] 

 

ȕ=
0,β4Уβρ0

КМȖ
=

0,β4∙1γγ80β∙0,000014
0,08∙1,βη

=θ01η,β	ˈˇ. (1η) 
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ɝɞɟ ɫȖ = 1,βη – ɨɛɴɟɦɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ, ɤɚɥ/ɫɦγ. 

Ɉɩɪɟɞɟɥɢɦ ɭɫɥɨɜɧɭɸ ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɩɪɨɜɨɥɨɤɢ ɩɨ ɮɨɪɦɭɥɟ Дβ] 

 

Vɗ=
4αɊ

' Iωψ

γθ00πȖНɗ
β =

4∙1β∙4β0
γθ00∙γ,14∙7,8η∙0,ββ =η,7 ɫɦ/ɫ.	 (1θ) 

 

Ɉɩɪɟɞɟɥɢɦ ɤɨɷɮɮɢɰɢɟɧɬɵ ɪ1 ɢ ɪβ ɢɫɯɨɞɹ ɢɡ ɭɫɥɨɜɢɹ Дβ] 

 

ە
ۖۖ
۔

ۖۖ
ۓ

Щ1=-
Vɗ

βɚ
-ඨ

Vɗ
β

4ɚβ -αȕ=-
η,7

β∙0,08
-ඨ

η,7β

4∙0,08β -0,008γ∙θ01η,β=-70,η ɟɞ;

Щβ=-
Vɗ

βɚ
+ඨVɗ

β

4ɚβ -αȕ=-
η,7

β∙0,08
+ඨ

η,7β

4∙0,08β -0,008γ∙θ01η,β=-0,71 ɟɞ.

 (17) 

 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (14) ɩɨɥɭɱɢɦ, ɱɬɨ 

 

Qɉɉ=0,1884∙1γγ80β∙0,000014∙0,ββ∙ ቆ
η,7

0,08∙0,008γ∙θ01η,β
ሺɟ-0,71∙β,η-1ሻ-

0,008γ∙ሺ1η00-β0ሻ
-70,η

ቇ = 

=1γη,4 ɤɚɥ. 

 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɨ ɮɨɪɦɭɥɟ (1γ) 

 

ΔαɊ=
γθ00∙1γη,
γβη∙4β0

=γ,θ
ɝ

Ⱥɱ
. 

 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (1β) ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɥɚɜɥɟɧɢɹ 

 

αɊ=1β+γ,θ=1η,θ ɝ/Ⱥɱ. 

 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɨ ɮɨɪɦɭɥɟ (11) ɩɨɥɭɱɢɦ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ VɉɈȾ 
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VɉɈȾ=
1η,θ∙4β0

γθ00∙0,0γ1∙7,8
=7,η 

ɫɦ
ɫ

. 

 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (10) ɩɨɥɭɱɢɦ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɫɜɚɪɤɢ Vωψ 

 

Vωψ=
7,η

0,1βη
∙0,0γ1=1,8θ 

ɫɦ
ɫ

. 

 

Ɋɚɫɫɱɢɬɚɟɦ ɩɨɝɨɧɧɭɸ ɷɧɟɪɝɢɸ ɩɪɢ ɫɜɚɪɤɟ ɩɨ ɮɨɪɦɭɥɟ Дβ] 

 

qɉɈȽ=
0,β4UȾIωψȘ

Vωψ
,
ɤɚɥ
ɫɦ

, (18) 

 

ɝɞɟ Ș=0,8η – ɷɮɮɟɤɬɢɜɧɵɣ ɄɉȾ ɧɚɝɪɟɜɚ ɢɡɞɟɥɢɹ ɞɭɝɨɣ. 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (18) ɩɨɥɭɱɢɦ, ɱɬɨ 

 

qɉɈȽ=
0,β4∙γη∙4β0∙0,8η

1,8θ
=1θ1β 

ɤɚɥ
ɫɦ

. 

 

Ⱦɥɹ ɫɬɚɥɢ 1ηɏɋɇȾ ɫɤɨɪɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ ɦɟɬɚɥɥɚ ɜ ɨɤɨɥɨɲɨɜɧɨɣ ɡɨɧɟ ɩɪɢ 

ɧɚɢɦɟɧɶɲɟɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɚɭɫɬɟɧɢɬɚ ɢɦɟɟɬ ɢɧɬɟɪɜɚɥ 1,8 – 9,0 °ɋ/ɫ. 

Ɉɩɪɟɞɟɥɢɦ ɦɝɧɨɜɟɧɧɭɸ ɫɤɨɪɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ ɦɟɬɚɥɥɚ ɩɨ ɮɨɪɦɭɥɟ Дβ] 

 

Ȧ=Ȧഥβπλ
ሺɌɆ-Ɍ0ሻβ

Ф1qɉɈȽ
,
ɋ
ɫ

, (19) 

 

ɝɞɟ Ȧ  – ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɪɢɬɟɪɢɣ ɩɪɨɰɟɫɫɚ, ɟɞ; 

λ = 0,1 – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɤɚɥ/ɫɦ ɫ °ɋ; 

ɌɆ =η00 – ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɢɦɟɧɶɲɟɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɚɭɫɬɟɧɢɬɚ, °ɋ;  

Ɍ0 = 1η0 – ɧɚɱɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɢɡɞɟɥɢɹ, °ɋ; 

Ф1 = β/γ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢɜɟɞɟɧɢɹ ɞɥɹ ɧɚɯɥɟɫɬɨɱɧɨɝɨ ɲɜɚ, ɟɞ. 
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Ȼɟɡɪɚɡɦɟɪɧɵɣ ɤɪɢɬɟɪɢɣ ɩɪɨɰɟɫɫɚ Ȧ  ɡɚɜɢɫɢɬ ɨɬ ɞɪɭɝɨɝɨ ɛɟɡɪɚɡɦɟɪɧɨɝɨ 

ɤɪɢɬɟɪɢɹ, ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ Дβ] 

 

1
ș

=
βФ1qɉɈȽ

πሺδФβሻβМȖሺɌɆ-Ɍ0ሻ =
β∙β∙1θ1β

γ∙γ,14∙ሺβ∙1ሻβ∙1,βη∙ሺη00-1η0ሻ =0,4. (β0) 

 

ɝɞɟ ɫȖ =1,βη – ɨɛɴɟɦɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ, ɤɚɥ/ɫɦγ°ɋ; 

Фβ = 1 – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢɜɟɞɟɧɢɹ ɞɥɹ ɬɚɜɪɨɜɨɝɨ ɲɜɚ, ɟɞ. 

ɉɪɢ ɡɧɚɱɟɧɢɢ ɛɟɡɪɚɡɦɟɪɧɨɝɨ ɤɪɢɬɟɪɢɹ 0,4 ɜɟɥɢɱɢɧɚ Ȧ=1. 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (19) ɩɨɥɭɱɢɦ, ɱɬɨ 

 

Ȧ=1∙β∙γ,14∙0,1∙
γ∙ሺη00-1η0ሻβ

β∙1θ1β
=71,θ

ɋ
ɫ

. 

 

ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɦɝɧɨɜɟɧɧɨɣ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɧɟ ɜɯɨɞɢɬ ɜ 

ɬɪɟɛɭɟɦɵɣ ɢɧɬɟɪɜɚɥ ɦɝɧɨɜɟɧɧɵɯ ɫɤɨɪɨɫɬɟɣ ɨɯɥɚɠɞɟɧɢɹ ɞɥɹ ɫɬɚɥɢ 1ηɏɋɇȾ. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ ɦɝɧɨɜɟɧɧɨɣ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɧɭɠɟɧ 

ɩɨɞɨɝɪɟɜ. ɉɪɢɦɟɦ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɩɨɞɨɝɪɟɜɚ ɫɨɫɬɚɜɥɹɟɬ 

γ70ɋ. Ɍɨɝɞɚ: 

– 1/ș = 1,1; 

– Ȧ= 0,7β; 

– Ȧ = 7,1 ɋ/ɫ. 

ɍɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ. 

 

1.4.2 Раɫɱɟɬ ɩаɪамɟɬɪɨв ɪɟɠима ɫваɪки ɲва №2 

 

Ɍɢɩ ɲɜɚ ɇ1 ɫɨɝɥɚɫɧɨ ȽɈɋɌ 14771-7θ ɫ ɤɚɬɟɬɨɦ 1β ɦɦ. ȼɵɥɟɬ ɷɥɟɤɬɪɨɞɧɨɣ 

ɩɪɨɜɨɥɨɤɢ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ β0 ɦɦ. Ɋɚɫɯɨɞ ɝɚɡɚ ɩɪɢɦɟɦ ɪɚɜɧɵɦ β0 ɥ/ɦɢɧ. 

Ɉɩɪɟɞɟɥɢɦ ɩɥɨɳɚɞɶ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɩɨ ɮɨɪɦɭɥɟ (7) ɫ ɭɱɟɬɨɦ ɬɨɝɨ, ɱɬɨ 

ɤɚɬɟɬ ɪɚɜɟɧ 1β ɦɦ. Ɍɨɝɞɚ 
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FH=
1ββ

β
=7β ɦɦβ. 

 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɩɥɨɳɚɞɶ ɦɟɬɚɥɥɚ ɩɪɢ ɨɞɧɨɩɪɨɯɨɞɧɨɣ ɫɜɚɪɤɟ ɞɨɥɠɧɚ ɫɨɫɬɚɜɥɹɬɶ 

ɧɟ ɛɨɥɟɟ γη ɦɦβ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɜɚɪɤɚ ɲɜɚ №β ɜɟɞɟɬɫɹ ɡɚ ɞɜɚ ɩɪɨɯɨɞɚ. ɉɪɢ ɷɬɨɦ: 

– ɩɥɨɳɚɞɶ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɩɪɢ ɩɟɪɜɨɦ ɩɪɨɯɨɞɟ ɫɨɫɬɚɜɥɹɟɬ γ0 ɦɦβ = 0,γ 

ɫɦβ; 

– ɩɥɨɳɚɞɶ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɜɬɨɪɨɝɨ ɩɪɨɯɨɞɚ ɫɨɫɬɚɜɥɹɟɬ 4β ɦɦβ = 0,4β 

ɫɦβ. 

Ɍɚɤ ɤɚɤ ɫɜɚɪɤɚ ɚɜɬɨɦɚɬɢɱɟɫɤɚɹ, ɬɨ ɫɢɥɚ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ ɡɚɞɚɟɬɫɹ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɢɚɦɟɬɪɚ ɩɪɨɜɨɥɨɤɢ ɢ ɩɥɨɬɧɨɫɬɢ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ. 

ɉɪɨɢɡɜɟɞɟɦ ɪɚɫɱɟɬ ɩɚɪɚɦɟɬɪɨɜ ɪɟɠɢɦɚ ɫɜɚɪɤɢ ɲɜɚ №β ɩɪɢ ɩɟɪɜɨɦ ɩɪɨɯɨɞɟ. 

ɉɪɢɦɟɦ, ɱɬɨ ɫɢɥɚ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ ɫɨɫɬɚɜɥɹɟɬ 400 Ⱥ. ɉɥɨɬɧɨɫɬɶ ɩɪɢɧɹɬɨɝɨ 

ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ ɩɪɢ ɞɢɚɦɟɬɪɟ ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ β ɦɦ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ (8) ɢ ɫɨɫɬɚɜɥɹɟɬ 

 

У=
4Iωψ

πНɗ
β =

4∙400
γ,14∙ββ =1β7,4

Ⱥ
ɦɦβ . 

 

ɉɪɢ ɞɢɚɦɟɬɪɟ ɷɥɟɤɬɪɨɞɚ β ɦɦ ɢ ɩɪɢ ɫɜɚɪɤɟ ɭɝɥɨɜɨɝɨ ɲɜɚ ɩɥɨɬɧɨɫɬɶ ɫɜɚɪɨɱɧɨɝɨ 

ɬɨɤɚ ɧɚɯɨɞɢɬɫɹ ɜ ɢɧɬɟɪɜɚɥɟ θ0…1η0 Ⱥ/ɦɦβ. ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɜɯɨɞɢɬ ɜ 

ɭɤɚɡɚɧɧɵɣ ɢɧɬɟɪɜɚɥ. 

Ɋɚɫɫɱɢɬɚɟɦ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɞɭɝɟ ɩɨ ɮɨɪɦɭɥɟ (9) 

 

UȾ=β0+
0,0η

√β
∙400±1≈γ4,1±1 ȼ. 

 

Ɋɚɫɫɱɢɬɚɟɦ ɫɤɨɪɨɫɬɶ ɫɜɚɪɤɢ ɩɪɢ ɜɵɛɪɚɧɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɪɟɠɢɦɚ ɩɨ ɮɨɪɦɭɥɟ 

(10) ɫ ɭɱɟɬɨɦ ɮɨɪɦɭɥ (11)…(17). Ɍɨɝɞɚ ɩɨɥɭɱɢɦ, ɱɬɨ: 

– ɫɨɫɬɚɜɥɹɸɳɚɹ, ɨɛɭɫɥɨɜɥɟɧɧɚɹ ɬɟɩɥɨɜɥɨɠɟɧɢɟɦ ɞɭɝɢ α’Ɋ = 1β ɝ/Ⱥɱ; 

– ɭɫɥɨɜɧɚɹ ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɩɪɨɜɨɥɨɤɢ Vɗ = η,4 ɫɦ/ɫ; 



 

Иɡм. Лɢɫɬ № дɨкɭм. Пɨдɩɢɫь Даɬа 

Лɢɫɬ 

4β 1η.0γ.01.β017.10γ.00 ɉɁ 

– ɤɨɷɮɮɢɰɢɟɧɬ ȕ = η4η4; 

– ɤɨɷɮɮɢɰɢɟɧɬ ɪ1 = -θθ,8, ɪβ = -0,7; 

– ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɪɚɫɯɨɞɭɟɦɨɟ ɧɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɩɨɞɨɝɪɟɜ ɜɵɥɟɬɚ 

ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ ɩɪɨɬɟɤɚɸɳɢɦ ɩɨ ɧɟɦɭ ɬɨɤɨɦ Qɉɉ = 1β4,θ ɤɚɥ; 

– ɫɨɫɬɚɜɥɹɸɳɚɹ, ɡɚɜɢɫɹɳɚɹ ɨɬ ɬɟɩɥɨɜɥɨɠɟɧɢɹ ɜɫɥɟɞɫɬɜɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ 

ɧɚɝɪɟɜɚ ɜɵɥɟɬɚ ɷɥɟɤɬɪɨɞɚ ɩɪɨɬɟɤɚɸɳɢɦ ɬɨɤɨɦ ΔαɊ = γ,η ɝ/Ⱥɱ; 

– ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɥɚɜɥɟɧɢɹ αɊ = 1η,η ɝ/Ⱥɱ; 

– ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɩɪɨɜɨɥɨɤɢ VɉɈȾ = 7,1 ɫɦ/ɫ; 

– ɫɤɨɪɨɫɬɶ ɫɜɚɪɤɢ Vɋȼ = 0,7γ ɫɦ/ɫ. 

Ⱦɚɥɟɟ ɩɨ ɮɨɪɦɭɥɟ (18) ɨɩɪɟɞɟɥɹɟɦ ɩɨɝɨɧɧɭɸ ɷɧɟɪɝɢɸ 

 

qɉɈȽ=
0,β4∙γ4,1∙400∙0,8η

0,7γ
=γ81β 

ɤɚɥ
ɫɦ

. 

 

Ɉɩɪɟɞɟɥɢɦ ɦɝɧɨɜɟɧɧɭɸ ɫɤɨɪɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ ɦɟɬɚɥɥɚ ɩɨ ɮɨɪɦɭɥɟ (19) ɫ 

ɭɱɟɬɨɦ ɮɨɪɦɭɥɵ (β0). ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɨ ɮɨɪɦɭɥɟ (β0) ɩɨɥɭɱɢɦ, ɱɬɨ 

 

1
ș

=
βФ1qɉɈȽ

πሺδФβሻβМȖሺɌɆ-Ɍ0ሻ =
β∙β∙γ81β

γ∙γ,14∙ሺβ∙1ሻβ∙1,βη∙ሺη00-1η0ሻ =0,9γ. 

 

ɉɪɢ ɡɧɚɱɟɧɢɢ ɛɟɡɪɚɡɦɟɪɧɨɝɨ ɤɪɢɬɟɪɢɹ 0,9γ ɜɟɥɢɱɢɧɚ Ȧ  =0,84. Ɍɨɝɞɚ, ɩɨ 

ɮɨɪɦɭɥɟ (19) ɩɨɥɭɱɢɦ, ɱɬɨ 

 

Ȧ=0,84∙β∙γ,14∙0,1∙
γ ∙ ሺη00-1η0ሻβ

β∙γ81β
=βη,4γ

ɋ
ɫ

. 

 

ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɦɝɧɨɜɟɧɧɨɣ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɧɟ ɜɯɨɞɢɬ ɜ 

ɬɪɟɛɭɟɦɵɣ ɢɧɬɟɪɜɚɥ ɦɝɧɨɜɟɧɧɵɯ ɫɤɨɪɨɫɬɟɣ ɨɯɥɚɠɞɟɧɢɹ ɞɥɹ ɫɬɚɥɢ 1ηɏɋɇȾ. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɦɨɠɧɨ ɭɜɟɥɢɱɢɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɩɨɞɨɝɪɟɜɚ ɞɨ 

β70 ɋ. Ɍɨɝɞɚ: 

– 1/ș = 1,4; 
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– Ȧ  = 0,ηγ; 

– Ȧ = θ,9 °ɋ/ɫ. 

ɍɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ. 

ɉɪɨɢɡɜɟɞɟɦ ɪɚɫɱɟɬ ɩɚɪɚɦɟɬɪɨɜ ɪɟɠɢɦɚ ɫɜɚɪɤɢ ɩɪɢ ɜɬɨɪɨɦ ɩɪɨɯɨɞɟ. ɉɪɢɦɟɦ, 

ɱɬɨ ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɞɨɥɠɧɚ ɛɵɬɶ 0,4β ɫɦβ. 

Ɂɚɞɚɞɢɦ ɡɧɚɱɟɧɢɟ ɫɢɥɵ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ 400 Ⱥ. ɋɜɚɪɤɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚ 

ɩɨɫɬɨɹɧɧɨɦ ɬɨɤɟ ɩɪɹɦɨɣ ɩɨɥɹɪɧɨɫɬɢ. 

ɉɥɨɬɧɨɫɬɶ ɩɪɢɧɹɬɨɝɨ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ ɩɪɢ ɞɢɚɦɟɬɪɟ ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ 

β,4 ɦɦ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (8) ɢ ɫɨɫɬɚɜɥɹɟɬ 

 

У=
4Iωψ

πНɗ
β =

4∙400
γ,14∙ββ =1β7,4

Ⱥ
ɦɦβ . 

 

ɉɪɢ ɞɢɚɦɟɬɪɟ ɷɥɟɤɬɪɨɞɚ β ɦɦ ɢ ɩɪɢ ɫɜɚɪɤɟ ɭɝɥɨɜɨɝɨ ɲɜɚ ɩɥɨɬɧɨɫɬɶ ɫɜɚɪɨɱɧɨɝɨ 

ɬɨɤɚ ɧɚɯɨɞɢɬɫɹ ɜ ɢɧɬɟɪɜɚɥɟ θ0…1η0 Ⱥ/ɦɦβ. ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɜɯɨɞɢɬ ɜ 

ɭɤɚɡɚɧɧɵɣ ɢɧɬɟɪɜɚɥ. 

Ɋɚɫɫɱɢɬɚɟɦ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɞɭɝɟ ɩɨ ɮɨɪɦɭɥɟ (9) 

 

UȾ=β0+
0,0η

√β
∙400±1≈γ4,1±1 ȼ. 

 

Ɋɚɫɫɱɢɬɚɟɦ ɫɤɨɪɨɫɬɶ ɫɜɚɪɤɢ ɩɪɢ ɜɵɛɪɚɧɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɪɟɠɢɦɚ ɩɨ ɮɨɪɦɭɥɟ 

(10) ɫ ɭɱɟɬɨɦ ɮɨɪɦɭɥ (11)…(17).  

Ɍɚɤ ɤɚɤ ɩɪɢ ɡɚɩɨɥɧɟɧɢɢ ɛɵɥɚ ɢɡɦɟɧɟɧɚ ɩɨɥɹɪɧɨɫɬɶ ɬɨɤɚ ɫ ɨɛɪɚɬɧɨɣ ɧɚ ɩɪɹɦɭɸ, 

ɬɨ ɫɨɫɬɚɜɥɹɸɳɚɹ, ɨɛɭɫɥɨɜɥɟɧɧɚɹ ɬɟɩɥɨɜɥɨɠɟɧɢɟɦ ɞɭɝɢ α’Ɋ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ 

ɭɫɥɨɜɢɹ Дβ] 

 

α'ɪ=θ,γ+
0,070βIωψ

Нɗ
1,0γη =θ,γ+

0,070β∙400
β1,0γη =β0 ɝ/Ⱥɱ. (β1) 
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Ɍɨɝɞɚ ɩɨɥɭɱɢɦ, ɱɬɨ: 

– ɭɫɥɨɜɧɚɹ ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɩɪɨɜɨɥɨɤɢ Vɗ = 9 ɫɦ/ɫ; 

– ɤɨɷɮɮɢɰɢɟɧɬ ȕ = η4η4; 

– ɤɨɷɮɮɢɰɢɟɧɬ ɪ1 = -11β,1, ɪβ = -0,4; 

– ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɪɚɫɯɨɞɭɟɦɨɟ ɧɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɩɨɞɨɝɪɟɜ ɜɵɥɟɬɚ 

ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ ɩɪɨɬɟɤɚɸɳɢɦ ɩɨ ɧɟɦɭ ɬɨɤɨɦ Qɉɉ = 7η ɤɚɥ; 

– ɫɨɫɬɚɜɥɹɸɳɚɹ, ɡɚɜɢɫɹɳɚɹ ɨɬ ɬɟɩɥɨɜɥɨɠɟɧɢɹ ɜɫɥɟɞɫɬɜɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ 

ɧɚɝɪɟɜɚ ɜɵɥɟɬɚ ɷɥɟɤɬɪɨɞɚ ɩɪɨɬɟɤɚɸɳɢɦ ɬɨɤɨɦ ΔαɊ = β,1 ɝ/Ⱥɱ; 

– ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɥɚɜɥɟɧɢɹ αɊ = ββ,1 ɝ/Ⱥɱ; 

– ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɩɪɨɜɨɥɨɤɢ VɉɈȾ = 10,1 ɫɦ/ɫ; 

– ɫɤɨɪɨɫɬɶ ɫɜɚɪɤɢ Vɋȼ = 0,7η ɫɦ/ɫ. 

Ⱦɚɥɟɟ ɩɨ ɮɨɪɦɭɥɟ (18) ɨɩɪɟɞɟɥɹɟɦ ɩɨɝɨɧɧɭɸ ɷɧɟɪɝɢɸ 

 

qɉɈȽ=
0,β4∙γ4,1∙400∙0,8η

0,7η
=γ710 

ɤɚɥ
ɫɦ

. 

 

Ⱦɥɹ ɫɬɚɥɢ 1ηɏɋɇȾ ɫɤɨɪɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ ɦɟɬɚɥɥɚ ɜ ɨɤɨɥɨɲɨɜɧɨɣ ɡɨɧɟ ɩɪɢ 

ɧɚɢɦɟɧɶɲɟɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɚɭɫɬɟɧɢɬɚ ɢɦɟɟɬ ɢɧɬɟɪɜɚɥ 1,8 – 9,0 °ɋ/ɫ. 

Ɉɩɪɟɞɟɥɢɦ ɦɝɧɨɜɟɧɧɭɸ ɫɤɨɪɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ ɦɟɬɚɥɥɚ ɩɨ ɮɨɪɦɭɥɟ Дβ] 

 

Ȧ=Ȧഥβπλ
ሺɌɆ-Ɍ0ሻβ

qɉɈȽ
,
ɋ
ɫ

, (ββ) 

 

ɝɞɟ Ȧ  – ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɪɢɬɟɪɢɣ ɩɪɨɰɟɫɫɚ, ɟɞ; 

λ = 0,1 – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɤɚɥ/ɫɦ ɫ °ɋ; 

ɌɆ =η00 – ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɢɦɟɧɶɲɟɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɚɭɫɬɟɧɢɬɚ, °ɋ;  

Ɍ0 = 1η0 – ɧɚɱɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɢɡɞɟɥɢɹ, °ɋ. 

Ȼɟɡɪɚɡɦɟɪɧɵɣ ɤɪɢɬɟɪɢɣ ɩɪɨɰɟɫɫɚ Ȧ  ɡɚɜɢɫɢɬ ɨɬ ɞɪɭɝɨɝɨ ɛɟɡɪɚɡɦɟɪɧɨɝɨ 

ɤɪɢɬɟɪɢɹ, ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ Дβ] 
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1
ș

=
βqɉɈȽ

πሺδሻβМȖሺɌɆ-Ɍ0ሻ =
β∙γ710

γ,14∙ሺβ∙1ሻβ∙1,βη∙ሺη00-β00ሻ =1,θ. (βγ) 

 

ɝɞɟ ɫȖ =1,βη – ɨɛɴɟɦɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ, ɤɚɥ/ɫɦγ°ɋ. 

ɉɪɢ ɡɧɚɱɟɧɢɢ ɛɟɡɪɚɡɦɟɪɧɨɝɨ ɤɪɢɬɟɪɢɹ 1,θ ɜɟɥɢɱɢɧɚ Ȧ=0,44. 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (ββ) ɩɨɥɭɱɢɦ, ɱɬɨ 

 

Ȧ=0,44∙β∙γ,14∙0,1∙
ሺη00-β00ሻβ

γ710
=θ,7

ɋ
ɫ

. 

 

ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɦɝɧɨɜɟɧɧɨɣ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɜɯɨɞɢɬ ɜ ɬɪɟɛɭɟɦɵɣ 

ɢɧɬɟɪɜɚɥ ɦɝɧɨɜɟɧɧɵɯ ɫɤɨɪɨɫɬɟɣ ɨɯɥɚɠɞɟɧɢɹ ɞɥɹ ɫɬɚɥɢ 1ηɏɋɇȾ.  

 

1.4.3 Раɫɱɟɬ ɩаɪамɟɬɪɨв ɪɟɠима ɫваɪки ɲва №3 

 

Ɍɢɩ ɲɜɚ ɋ8 ɫɨɝɥɚɫɧɨ ȽɈɋɌ 14771-7θ. ȼɵɥɟɬ ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ 

ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ β0 ɦɦ. Ɋɚɫɯɨɞ ɝɚɡɚ ɩɪɢɦɟɦ ɪɚɜɧɵɦ β0 ɥ/ɦɢɧ. 

Ɉɩɪɟɞɟɥɢɦ ɩɥɨɳɚɞɶ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɩɨ ɮɨɪɦɭɥɟ Дβ] 

 

FH=SЛ+СβЭРα+0,7γψq, (β4) 

 

ɝɞɟ S = β0 – ɬɨɥɳɢɧɚ ɫɨɟɞɢɧɹɟɦɵɯ ɷɥɟɦɟɧɬɨɜ, ɦɦ; 

Л = β – ɜɟɥɢɱɢɧɚ ɡɚɡɨɪɚ, ɦɦ; 

С = 18 – ɜɵɫɨɬɚ ɪɚɡɞɟɥɤɢ, ɦɦ; 

α = 40 – ɭɝɨɥ ɪɚɡɞɟɥɤɢ, ɝɪɚɞ; 

ȼ = β0 – ɲɢɪɢɧɚ ɫɜɚɪɧɨɝɨ ɲɜɚ, ɦɦ; 

q = β – ɜɵɫɨɬɚ ɜɚɥɢɤɚ ɭɫɢɥɟɧɢɹ ɫɜɚɪɧɨɝɨ ɲɜɚ, ɦɦ. 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (β4) ɩɨɥɭɱɢɦ, ɱɬɨ ɩɥɨɳɚɞɶ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ 

 

FH=β0∙β+18βЭР40+0,7γ∙β0∙β=γ40 ɦɦβ=γ,4 ɫɦβ. 
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Ɇɚɤɫɢɦɚɥɶɧɚɹ ɩɥɨɳɚɞɶ ɦɟɬɚɥɥɚ ɩɪɢ ɩɟɪɜɨɦ ɩɪɨɯɨɞɟ ɞɨɥɠɧɚ ɫɨɫɬɚɜɥɹɬɶ ɧɟ 

ɛɨɥɟɟ γη ɦɦβ. Ɍɨɝɞɚ ɩɪɢɦɟɦ, ɱɬɨ: 

– ɩɥɨɳɚɞɶ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɩɪɢ ɩɟɪɜɨɦ ɩɪɨɯɨɞɟ ɫɨɫɬɚɜɥɹɟɬ γ0 ɦɦβ = 0,γ 

ɫɦβ; 

– ɩɥɨɳɚɞɶ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɩɪɢ ɩɨɫɥɟɞɭɸɳɢɯ ɩɪɨɯɨɞɚɯ ɫɨɫɬɚɜɥɹɟɬ 70 

ɦɦβ = 0,7 ɫɦβ; 

– ɬɪɟɛɭɟɦɚɹ ɩɥɨɳɚɞɶ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɩɪɢ ɫɜɚɪɤɟ ɨɛɥɢɰɨɜɨɱɧɨɝɨ ɫɥɨɹ 

ɲɜɚ ɫɨɫɬɚɜɥɹɟɬ 0,γ ɫɦβ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɜɚɪɤɭ ɲɜɚ №γ ɛɭɞɟɦ ɜɟɫɬɢ ɡɚ ɲɟɫɬɶ ɩɪɨɯɨɞɨɜ. 

Ɋɚɫɫɱɢɬɚɟɦ ɩɚɪɚɦɟɬɪɵ ɪɟɠɢɦɚ ɫɜɚɪɤɢ ɲɜɚ №γ ɩɪɢ ɩɟɪɜɨɦ ɩɪɨɯɨɞɟ. 

ɉɪɢɦɟɦ, ɱɬɨ ɫɢɥɚ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ ɫɨɫɬɚɜɥɹɟɬ 400 Ⱥ.  

ɉɥɨɬɧɨɫɬɶ ɩɪɢɧɹɬɨɝɨ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ ɩɪɢ ɞɢɚɦɟɬɪɟ ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ β 

ɦɦ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (8) ɢ ɫɨɫɬɚɜɥɹɟɬ 

 

У=
4Iωψ

πНɗ
β =

4∙400
γ,14∙ββ =1β7,4

Ⱥ
ɦɦβ . 

 

ɉɪɢ ɞɢɚɦɟɬɪɟ ɷɥɟɤɬɪɨɞɚ β ɦɦ ɢ ɩɪɢ ɫɜɚɪɤɟ ɫɬɵɤɨɜɨɝɨ ɲɜɚ ɩɥɨɬɧɨɫɬɶ 

ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ ɧɚɯɨɞɢɬɫɹ ɜ ɢɧɬɟɪɜɚɥɟ θ0…β00 Ⱥ/ɦɦβ. ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ 

ɜɯɨɞɢɬ ɜ ɭɤɚɡɚɧɧɵɣ ɢɧɬɟɪɜɚɥ. 

Ɋɚɫɫɱɢɬɚɟɦ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɞɭɝɟ ɩɨ ɮɨɪɦɭɥɟ (9) 

 

UȾ=β0+
0,0η

√β
∙400±1≈γ4,1±1 ȼ. 

 

Ɋɚɫɫɱɢɬɚɟɦ ɫɤɨɪɨɫɬɶ ɫɜɚɪɤɢ ɩɪɢ ɜɵɛɪɚɧɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɪɟɠɢɦɚ ɩɨ ɮɨɪɦɭɥɟ 

(10) ɫ ɭɱɟɬɨɦ ɮɨɪɦɭɥ (11)…(17). Ɍɨɝɞɚ ɩɨɥɭɱɢɦ, ɱɬɨ: 

– ɫɨɫɬɚɜɥɹɸɳɚɹ, ɨɛɭɫɥɨɜɥɟɧɧɚɹ ɬɟɩɥɨɜɥɨɠɟɧɢɟɦ ɞɭɝɢ α’Ɋ = 1β ɝ/Ⱥɱ; 

– ɭɫɥɨɜɧɚɹ ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɩɪɨɜɨɥɨɤɢ Vɗ = η,4 ɫɦ/ɫ; 

– ɤɨɷɮɮɢɰɢɟɧɬ ȕ = η4η4; 



 

Иɡм. Лɢɫɬ № дɨкɭм. Пɨдɩɢɫь Даɬа 

Лɢɫɬ 

47 1η.0γ.01.β017.10γ.00 ɉɁ 

– ɤɨɷɮɮɢɰɢɟɧɬ ɪ1 = -θθ,8, ɪβ = -0,7; 

– ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɪɚɫɯɨɞɭɟɦɨɟ ɧɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɩɨɞɨɝɪɟɜ ɜɵɥɟɬɚ 

ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ ɩɪɨɬɟɤɚɸɳɢɦ ɩɨ ɧɟɦɭ ɬɨɤɨɦ Qɉɉ = 1β4,θ ɤɚɥ; 

– ɫɨɫɬɚɜɥɹɸɳɚɹ, ɡɚɜɢɫɹɳɚɹ ɨɬ ɬɟɩɥɨɜɥɨɠɟɧɢɹ ɜɫɥɟɞɫɬɜɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ 

ɧɚɝɪɟɜɚ ɜɵɥɟɬɚ ɷɥɟɤɬɪɨɞɚ ɩɪɨɬɟɤɚɸɳɢɦ ɬɨɤɨɦ ΔαɊ = γ,η ɝ/Ⱥɱ; 

– ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɥɚɜɥɟɧɢɹ αɊ = 1η,η ɝ/Ⱥɱ; 

– ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɩɪɨɜɨɥɨɤɢ VɉɈȾ = 7,1 ɫɦ/ɫ; 

– ɫɤɨɪɨɫɬɶ ɫɜɚɪɤɢ Vɋȼ = 0,7γ ɫɦ/ɫ. 

Ⱦɚɥɟɟ ɩɨ ɮɨɪɦɭɥɟ (18) ɨɩɪɟɞɟɥɹɟɦ ɩɨɝɨɧɧɭɸ ɷɧɟɪɝɢɸ 

 

qɉɈȽ=
0,β4∙γ4,1∙400∙0,8η

0,7γ
=γ81β 

ɤɚɥ
ɫɦ

. 

 

Ɉɩɪɟɞɟɥɢɦ ɦɝɧɨɜɟɧɧɭɸ ɫɤɨɪɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ ɦɟɬɚɥɥɚ ɩɨ ɮɨɪɦɭɥɟ (19) ɫ 

ɭɱɟɬɨɦ ɮɨɪɦɭɥɵ (β0).  

Ʉɨɷɮɮɢɰɢɟɧɬɵ ɩɪɢɜɟɞɟɧɢɹ ɩɪɢ ɭɤɚɡɚɧɧɨɦ ɬɢɩɟ ɲɜɚ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ Дβ] 

 

Ф1=Фβ=
180°

180°-α
=

180
180-40

=1,γ ɟɞ. (βη) 

 

ɝɞɟ α = 40 – ɭɝɨɥ ɪɚɡɞɟɥɤɢ ɤɪɨɦɨɤ, ɝɪɚɞ. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɨ ɮɨɪɦɭɥɟ (β0) ɩɨɥɭɱɢɦ, ɱɬɨ 

 

1
ș

=
βФ1qɉɈȽ

πሺδФβሻβМȖሺɌɆ-Ɍ0ሻ =
β∙1,γ∙γ81β

γ,14∙ሺβ∙1,γሻβ∙1,βη∙ሺη00-1η0ሻ =1,1. 

 

ɉɪɢ ɡɧɚɱɟɧɢɢ ɛɟɡɪɚɡɦɟɪɧɨɝɨ ɤɪɢɬɟɪɢɹ 1,1 ɜɟɥɢɱɢɧɚ Ȧ  =0,7β. Ɍɨɝɞɚ, ɩɨ 

ɮɨɪɦɭɥɟ (19) ɩɨɥɭɱɢɦ, ɱɬɨ 

 



 

Иɡм. Лɢɫɬ № дɨкɭм. Пɨдɩɢɫь Даɬа 

Лɢɫɬ 

48 1η.0γ.01.β017.10γ.00 ɉɁ 

Ȧ=0,7β∙β∙γ,14∙0,1∙
ሺη00-1η0ሻβ

1,γ∙γ81β
=11,β

ɋ
ɫ

. 

 

ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɦɝɧɨɜɟɧɧɨɣ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɧɟ ɜɯɨɞɢɬ ɜ 

ɬɪɟɛɭɟɦɵɣ ɢɧɬɟɪɜɚɥ ɦɝɧɨɜɟɧɧɵɯ ɫɤɨɪɨɫɬɟɣ ɨɯɥɚɠɞɟɧɢɹ ɞɥɹ ɫɬɚɥɢ 1ηɏɋɇȾ. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɦɨɠɧɨ ɭɜɟɥɢɱɢɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɩɨɞɨɝɪɟɜɚ ɞɨ 

β00 ɋ. Ɍɨɝɞɚ: 

– 1/ș = 1,γ; 

– Ȧ  = 0,η9; 

– Ȧ = θ,7 °ɋ/ɫ. 

ɍɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ. 

ɉɪɨɢɡɜɟɞɟɦ ɪɚɫɱɟɬ ɩɚɪɚɦɟɬɪɨɜ ɪɟɠɢɦɚ ɫɜɚɪɤɢ ɩɪɢ ɡɚɩɨɥɧɟɧɢɢ. ɉɪɢɦɟɦ ,ɱɬɨ 

ɬɪɟɛɭɟɦɚɹ ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɞɨɥɠɧɚ ɛɵɬɶ 0,7 

ɫɦβ. Ɂɚɞɚɞɢɦ ɡɧɚɱɟɧɢɟ ɫɢɥɵ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ η00 Ⱥ. ɋɜɚɪɤɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚ 

ɩɨɫɬɨɹɧɧɨɦ ɬɨɤɟ ɩɪɹɦɨɣ ɩɨɥɹɪɧɨɫɬɢ. 

ɉɥɨɬɧɨɫɬɶ ɩɪɢɧɹɬɨɝɨ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ ɩɪɢ ɞɢɚɦɟɬɪɟ ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ β 

ɦɦ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (8) ɢ ɫɨɫɬɚɜɥɹɟɬ 

 

У=
4Iωψ

πНɗ
β =

4∙η00
γ,14∙ββ =1η9,β

Ⱥ
ɦɦβ . 

 

ɉɪɢ ɞɢɚɦɟɬɪɟ ɷɥɟɤɬɪɨɞɚ β ɦɦ ɢ ɩɪɢ ɫɜɚɪɤɟ ɫɬɵɤɨɜɨɝɨ ɲɜɚ ɩɥɨɬɧɨɫɬɶ 

ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ ɧɚɯɨɞɢɬɫɹ ɜ ɢɧɬɟɪɜɚɥɟ θ0…β00 Ⱥ/ɦɦβ. ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ 

ɜɯɨɞɢɬ ɜ ɭɤɚɡɚɧɧɵɣ ɢɧɬɟɪɜɚɥ. 

Ɋɚɫɫɱɢɬɚɟɦ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɞɭɝɟ ɩɨ ɮɨɪɦɭɥɟ (9) 

 

UȾ=β0+
0,0η

√β
∙η00±1≈γ7,7±1 ȼ. 

 

Ɋɚɫɫɱɢɬɚɟɦ ɫɤɨɪɨɫɬɶ ɫɜɚɪɤɢ ɩɪɢ ɜɵɛɪɚɧɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɪɟɠɢɦɚ ɩɨ ɮɨɪɦɭɥɟ 
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(10) ɫ ɭɱɟɬɨɦ ɮɨɪɦɭɥ (11)…(17).  

Ɍɚɤ ɤɚɤ ɩɪɢ ɡɚɩɨɥɧɟɧɢɢ ɛɵɥɚ ɢɡɦɟɧɟɧɚ ɩɨɥɹɪɧɨɫɬɶ ɬɨɤɚ ɫ ɨɛɪɚɬɧɨɣ ɧɚ ɩɪɹɦɭɸ, 

ɬɨ ɫɨɫɬɚɜɥɹɸɳɚɹ, ɨɛɭɫɥɨɜɥɟɧɧɚɹ ɬɟɩɥɨɜɥɨɠɟɧɢɟɦ ɞɭɝɢ α’Ɋ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ 

ɭɫɥɨɜɢɹ (β1) 

 

α'ɪ=θ,γ+
0,070βIωψ

Нɗ
1,0γη =θ,γ+

0,070β∙η00
β1,0γη =βγ,η ɝ/Ⱥɱ. 

 

Ɍɨɝɞɚ ɩɨɥɭɱɢɦ, ɱɬɨ: 

– ɭɫɥɨɜɧɚɹ ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɩɪɨɜɨɥɨɤɢ Vɗ = 1γ,β ɫɦ/ɫ; 

– ɤɨɷɮɮɢɰɢɟɧɬ ȕ = 8η1η,8; 

– ɤɨɷɮɮɢɰɢɟɧɬ ɪ1 = -1θ4,θ, ɪβ = -0,4γ; 

– ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɪɚɫɯɨɞɭɟɦɨɟ ɧɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɩɨɞɨɝɪɟɜ ɜɵɥɟɬɚ 

ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ ɩɪɨɬɟɤɚɸɳɢɦ ɩɨ ɧɟɦɭ ɬɨɤɨɦ Qɉɉ = 1ββ,η ɤɚɥ; 

– ɫɨɫɬɚɜɥɹɸɳɚɹ, ɡɚɜɢɫɹɳɚɹ ɨɬ ɬɟɩɥɨɜɥɨɠɟɧɢɹ ɜɫɥɟɞɫɬɜɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ 

ɧɚɝɪɟɜɚ ɜɵɥɟɬɚ ɷɥɟɤɬɪɨɞɚ ɩɪɨɬɟɤɚɸɳɢɦ ɬɨɤɨɦ ΔαɊ = β,7 ɝ/Ⱥɱ; 

– ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɥɚɜɥɟɧɢɹ αɊ = ββ,β ɝ/Ⱥɱ; 

– ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɩɪɨɜɨɥɨɤɢ VɉɈȾ = 1η ɫɦ/ɫ; 

– ɫɤɨɪɨɫɬɶ ɫɜɚɪɤɢ Vɋȼ = 0,θθ ɫɦ/ɫ. 

Ⱦɚɥɟɟ ɩɨ ɮɨɪɦɭɥɟ (18) ɨɩɪɟɞɟɥɹɟɦ ɩɨɝɨɧɧɭɸ ɷɧɟɪɝɢɸ 

 

qɉɈȽ=
0,β4∙γ7,7∙η00∙0,8η

0,θθ
=η8βθ 

ɤɚɥ
ɫɦ

. 

 

ɉɪɨɢɡɜɟɞɟɦ ɪɚɫɱɟɬ ɩɚɪɚɦɟɬɪɨɜ ɪɟɠɢɦɚ ɫɜɚɪɤɢ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ 

ɨɛɥɢɰɨɜɨɱɧɨɝɨ ɲɜɚ. ɉɪɢ ɫɜɚɪɤɟ ɨɛɥɢɰɨɜɨɱɧɨɝɨ ɫɥɨɹ ɬɪɟɛɭɟɬɫɹ ɩɨɥɭɱɢɬɶ ɜɚɥɢɤ 

ɲɢɪɢɧɨɣ β0±γ ɦɦ ɢ ɜɵɫɨɬɨɣ 0…γ ɦɦ. Ɍɪɟɛɭɟɦɚɹ ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ 

ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɞɨɥɠɧɚ ɛɵɬɶ 0,γ ɫɦβ. Ɂɚɞɚɞɢɦ ɡɧɚɱɟɧɢɟ ɫɢɥɵ ɫɜɚɪɨɱɧɨɝɨ 

ɬɨɤɚ η00 Ⱥ. ɋɜɚɪɤɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚ ɩɨɫɬɨɹɧɧɨɦ ɬɨɤɟ ɩɪɹɦɨɣ ɩɨɥɹɪɧɨɫɬɢ. 

ɉɨɥɭɱɢɦ ɫɥɟɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɪɟɠɢɦɚ ɫɜɚɪɤɢ: 



 

Иɡм. Лɢɫɬ № дɨкɭм. Пɨдɩɢɫь Даɬа 

Лɢɫɬ 

η0 1η.0γ.01.β017.10γ.00 ɉɁ 

– ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ У = 1η9,β Ⱥ/ɦɦβ; 

– ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɞɭɝɟ UȾ = γ7,7 ȼ; 

– ɫɨɫɬɚɜɥɹɸɳɚɹ, ɨɛɭɫɥɨɜɥɟɧɧɚɹ ɬɟɩɥɨɜɥɨɠɟɧɢɟɦ ɞɭɝɢ α’Ɋ = βγ,η ɝ/Ⱥɱ; 

– ɭɫɥɨɜɧɚɹ ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɩɪɨɜɨɥɨɤɢ Vɗ = 1γ,β ɫɦ/ɫ; 

– ɤɨɷɮɮɢɰɢɟɧɬ ȕ = 8η1η,8; 

– ɤɨɷɮɮɢɰɢɟɧɬ ɪ1 = -1θ4,θ, ɪβ = -0,4γ; 

– ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɪɚɫɯɨɞɭɟɦɨɟ ɧɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɩɨɞɨɝɪɟɜ ɜɵɥɟɬɚ 

ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ ɩɪɨɬɟɤɚɸɳɢɦ ɩɨ ɧɟɦɭ ɬɨɤɨɦ Qɉɉ = 1ββ,η ɤɚɥ; 

– ɫɨɫɬɚɜɥɹɸɳɚɹ, ɡɚɜɢɫɹɳɚɹ ɨɬ ɬɟɩɥɨɜɥɨɠɟɧɢɹ ɜɫɥɟɞɫɬɜɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ 

ɧɚɝɪɟɜɚ ɜɵɥɟɬɚ ɷɥɟɤɬɪɨɞɚ ɩɪɨɬɟɤɚɸɳɢɦ ɬɨɤɨɦ ΔαɊ = β,7 ɝ/Ⱥɱ; 

– ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɥɚɜɥɟɧɢɹ αɊ = βθ,β ɝ/Ⱥɱ; 

– ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɩɪɨɜɨɥɨɤɢ VɉɈȾ = 1η ɫɦ/ɫ; 

– ɫɤɨɪɨɫɬɶ ɫɜɚɪɤɢ Vɋȼ = 1,ηη ɫɦ/ɫ; 

– ɩɨɝɨɧɧɚɹ ɷɧɟɪɝɢɹ ɩɪɢ ɫɜɚɪɤɟ qɉ = β481 ɤɚɥ/ɫɦ; 

– ɤɨɷɮɮɢɰɢɟɧɬ Ф’ = 1,1β; 

–ɤɨɷɮɮɢɰɢɟɧɬ ɮɨɪɦɵ ɩɪɨɜɚɪɚ ȥȼ = β,γ; 

– ɝɥɭɛɢɧɚ ɩɪɨɜɚɪɚ С = 0,η4 ɫɦ; 

– ɲɢɪɢɧɚ ɲɜɚ ȼ = 1,β4β ɫɦ; 

– ɜɵɫɨɬɚ ɜɚɥɢɤɚ ɫɨɫɬɚɜɥɹɟɬ ɋ = 0,γγ1 ɫɦ; 

– ɨɛɳɚɹ ɜɵɫɨɬɚ ɲɜɚ D = 1,η7γ ɫɦ. 

ɉɨɥɭɱɟɧɧɵɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɫɜɚɪɧɨɝɨ ɲɜɚ ɧɟ ɫɨɨɬɜɟɬɫɬɜɭɸɬ 

ɬɪɟɛɭɟɦɵɦ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɭɠɧɨ ɫɤɨɪɪɟɤɬɢɪɨɜɚɬɶ ɩɚɪɚɦɟɬɪɵ ɪɟɠɢɦɚ ɫɜɚɪɤɢ. 

ɉɪɢɦɟɦ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɫɜɚɪɤɢ ɫɨɫɬɚɜɥɹɟɬ 0,9 ɫɦ/ɫ, ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɞɭɝɟ 4β ȼ. Ɍɨɝɞɚ: 

– qɉ = 47θ0 ɤɚɥ/ɫɦ; 

– ȥɉɊ = β,θ; 

– С = 0,71 ɫɦ; 

– ȼ = 1,8γθ ɫɦ; 

– ɋ = 0,ββ ɫɦ. 

Ɍɪɟɛɨɜɚɧɢɹ ɤ ɫɬɵɤɨɜɨɦɭ ɲɜɭ ɜɵɩɨɥɧɹɸɬɫɹ. 
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Ɉɩɪɟɞɟɥɢɦ ɦɝɧɨɜɟɧɧɭɸ ɫɤɨɪɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ ɦɟɬɚɥɥɚ ɩɨ ɮɨɪɦɭɥɟ (ββ) ɫ 

ɭɱɟɬɨɦ ɮɨɪɦɭɥɵ (βγ). Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (βγ) ɩɨɥɭɱɢɦ, ɱɬɨ 

 

1
ș

=
βqɉɈȽ

πሺδሻβМȖሺɌɆ-Ɍ0ሻ =
β∙47θ0

γ,14∙ሺβሻβ∙1,βη∙ሺη00-1η0ሻ =1,7. 

 

ɝɞɟ ɫȖ =1,βη – ɨɛɴɟɦɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ, ɤɚɥ/ɫɦγ°ɋ. 

ɉɪɢ ɡɧɚɱɟɧɢɢ ɛɟɡɪɚɡɦɟɪɧɨɝɨ ɤɪɢɬɟɪɢɹ 1,7 ɜɟɥɢɱɢɧɚ Ȧ=0,4. Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ 

(ββ) ɩɨɥɭɱɢɦ, ɱɬɨ 

 

Ȧ=0,4∙β∙γ,14∙0,1∙
ሺη00-1η0ሻβ

47θ0
=θ,η

ɋ
ɫ

. 

 

ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɦɝɧɨɜɟɧɧɨɣ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɜɯɨɞɢɬ ɜ ɬɪɟɛɭɟɦɵɣ 

ɢɧɬɟɪɜɚɥ ɦɝɧɨɜɟɧɧɵɯ ɫɤɨɪɨɫɬɟɣ ɨɯɥɚɠɞɟɧɢɹ ɞɥɹ ɫɬɚɥɢ 1ηɏɋɇȾ. 

 

1.4.4 Раɫɱɟɬ ɩаɪамɟɬɪɨв ɪɟɠима ɫваɪки ɲвɨв №4, №5, №7 

 

Ɍɢɩɵ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɲɜɨɜ: 

– ɲɨɜ №4 ɍ8 ɫɨɝɥɚɫɧɨ ȽɈɋɌ 14771-7θ ɫ ɤɚɬɟɬɨɦ 10 ɦɦ; 

– ɲɨɜ №η ɇ1 ɫɨɝɥɚɫɧɨ ȽɈɋɌ 14771-7θ ɫ ɤɚɬɟɬɨɦ 10 ɦɦ; 

– ɲɨɜ №7 Ɍ1 ɫɨɝɥɚɫɧɨ ȽɈɋɌ 14771-7θ ɫ ɤɚɬɟɬɨɦ 10 ɦɦ. 

ȼɵɥɟɬ ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ βη ɦɦ. Ɋɚɫɯɨɞ ɝɚɡɚ 

ɩɪɢɦɟɦ ɪɚɜɧɵɦ β0 ɥ/ɦɢɧ. 

Ɉɩɪɟɞɟɥɢɦ ɩɥɨɳɚɞɶ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɩɨ ɮɨɪɦɭɥɟ (7) ɫ ɭɱɟɬɨɦ ɬɨɝɨ, ɱɬɨ 

ɤɚɬɟɬ ɪɚɜɟɧ 10 ɦɦ. Ɍɨɝɞɚ 

 

FH=
10β

β
=η0 ɦɦβ. 

 

ɋɜɚɪɤɭ ɲɜɨɜ ɛɭɞɟɦ ɜɟɫɬɢ ɡɚ ɨɞɢɧ ɩɪɨɯɨɞ ɜ ɩɨɥɨɠɟɧɢɢ ɜ ɫɢɦɦɟɬɪɢɱɧɭɸ 
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«ɥɨɞɨɱɤɭ». ɉɪɢɦɟɦ, ɱɬɨ ɞɥɹ ɞɢɚɦɟɬɪɚ ɩɪɨɜɨɥɨɤɢ β ɦɦ ɫɢɥɚ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ 

ɫɨɫɬɚɜɥɹɟɬ 4η0 Ⱥ. 

ɉɥɨɬɧɨɫɬɶ ɩɪɢɧɹɬɨɝɨ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ ɩɪɢ ɞɢɚɦɟɬɪɟ ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ β 

ɦɦ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (8) ɢ ɫɨɫɬɚɜɥɹɟɬ 

 

У=
4Iωψ

πНɗ
β =

4∙4η0
γ,14∙ββ =14γ,γ

Ⱥ
ɦɦβ . 

 

ɉɪɢ ɞɢɚɦɟɬɪɟ ɷɥɟɤɬɪɨɞɚ β ɦɦ ɢ ɩɪɢ ɫɜɚɪɤɟ ɬɚɜɪɨɜɨɝɨ ɲɜɚ ɩɥɨɬɧɨɫɬɶ 

ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ ɧɚɯɨɞɢɬɫɹ ɜ ɢɧɬɟɪɜɚɥɟ θ0…1η0 Ⱥ/ɦɦβ. ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ 

ɜɯɨɞɢɬ ɜ ɭɤɚɡɚɧɧɵɣ ɢɧɬɟɪɜɚɥ. 

Ɋɚɫɫɱɢɬɚɟɦ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɞɭɝɟ ɩɨ ɮɨɪɦɭɥɟ (9) ɢ ɩɨɥɭɱɢɦ, ɱɬɨ 

 

UȾ=β0+
0,0η

√β
∙4η0±1≈γη,9±1 ȼ. 

 

Ɋɚɫɫɱɢɬɚɟɦ ɫɤɨɪɨɫɬɶ ɫɜɚɪɤɢ ɩɪɢ ɜɵɛɪɚɧɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɪɟɠɢɦɚ ɩɨ ɮɨɪɦɭɥɟ 

(10) ɫ ɭɱɟɬɨɦ ɮɨɪɦɭɥ (11)…(17). Ɍɨɝɞɚ ɩɨɥɭɱɢɦ, ɱɬɨ: 

– ɫɨɫɬɚɜɥɹɸɳɚɹ, ɨɛɭɫɥɨɜɥɟɧɧɚɹ ɬɟɩɥɨɜɥɨɠɟɧɢɟɦ ɞɭɝɢ α’Ɋ = 11,θ ɝ/Ⱥɱ; 

– ɭɫɥɨɜɧɚɹ ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɩɪɨɜɨɥɨɤɢ Vɗ = η,88γ ɫɦ/ɫ; 

– ɤɨɷɮɮɢɰɢɟɧɬ ȕ = θ899,7; 

– ɤɨɷɮɮɢɰɢɟɧɬ ɪ1 = -7β,7η, ɪβ = -0,787; 

– ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɪɚɫɯɨɞɭɟɦɨɟ ɧɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɩɨɞɨɝɪɟɜ ɜɵɥɟɬɚ 

ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ ɩɪɨɬɟɤɚɸɳɢɦ ɩɨ ɧɟɦɭ ɬɨɤɨɦ Qɉɉ = 110,1 ɤɚɥ; 

– ɫɨɫɬɚɜɥɹɸɳɚɹ, ɡɚɜɢɫɹɳɚɹ ɨɬ ɬɟɩɥɨɜɥɨɠɟɧɢɹ ɜɫɥɟɞɫɬɜɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ 

ɧɚɝɪɟɜɚ ɜɵɥɟɬɚ ɷɥɟɤɬɪɨɞɚ ɩɪɨɬɟɤɚɸɳɢɦ ɬɨɤɨɦ ΔαɊ = β,71 ɝ/Ⱥɱ; 

– ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɥɚɜɥɟɧɢɹ αɊ = 14,γ1 ɝ/Ⱥɱ; 

– ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɩɪɨɜɨɥɨɤɢ VɉɈȾ = 7,4 ɫɦ/ɫ; 

– ɫɤɨɪɨɫɬɶ ɫɜɚɪɤɢ Vɋȼ = 0,4θ ɫɦ/ɫ. 

Ⱦɚɥɟɟ ɩɨ ɮɨɪɦɭɥɟ (18) ɨɩɪɟɞɟɥɹɟɦ ɩɨɝɨɧɧɭɸ ɷɧɟɪɝɢɸ 
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qɉɈȽ=
0,β4∙γη,9∙4η0∙0,8η

0,4θ
=71θ4 

ɤɚɥ
ɫɦ

. 

 

Ɉɩɪɟɞɟɥɢɦ ɦɝɧɨɜɟɧɧɭɸ ɫɤɨɪɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ ɦɟɬɚɥɥɚ ɩɨ ɮɨɪɦɭɥɟ (19) ɫ 

ɭɱɟɬɨɦ ɮɨɪɦɭɥɵ (β0). Ɍɚɤ, ɩɨ ɮɨɪɦɭɥɟ (β0) 

 

1
ș

=
βФ1qɉɈȽ

πሺδФβሻβМȖሺɌɆ-Ɍ0ሻ =
β∙β∙10990

γ∙γ,14∙ሺβ∙1ሻβ∙1,βη∙ሺη00-180ሻ =β,9β. 

 

ɉɪɢ ɡɧɚɱɟɧɢɢ ɛɟɡɪɚɡɦɟɪɧɨɝɨ ɤɪɢɬɟɪɢɹ β,9β ɜɟɥɢɱɢɧɚ Ȧ  ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ 

 

Ȧ=
β

π∙1/ș
=

β
γ,14∙β,9β

=0,β18. (βθ) 

 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (β0) ɩɨɥɭɱɢɦ, ɱɬɨ 

 

Ȧ=0,β18∙β∙γ,14∙0,1∙
γ∙ሺη00-180ሻβ

β∙10990
=1,9

ɋ
ɫ

. 

 

ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɦɝɧɨɜɟɧɧɨɣ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɜɯɨɞɢɬ ɜ ɬɪɟɛɭɟɦɵɣ 

ɢɧɬɟɪɜɚɥ ɦɝɧɨɜɟɧɧɵɯ ɫɤɨɪɨɫɬɟɣ ɨɯɥɚɠɞɟɧɢɹ ɞɥɹ ɫɬɚɥɢ 1ηɏɋɇȾ. 

 

1.4.5 Раɫɱɟɬ ɩаɪамɟɬɪɨв ɪɟɠима ɫваɪки ɲва №6 

 

Ɍɢɩ ɲɜɚ ɍθ ɫɨɝɥɚɫɧɨ ȽɈɋɌ 14771-7θ. ȼɵɥɟɬ ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ 

ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ β0 ɦɦ. Ɋɚɫɯɨɞ ɝɚɡɚ ɩɪɢɦɟɦ ɪɚɜɧɵɦ β0 ɥ/ɦɢɧ. 

Ɉɩɪɟɞɟɥɢɦ ɩɥɨɳɚɞɶ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɩɨ ɮɨɪɦɭɥɟ Дβ] 

 

FH=SЛ+СβЭРα+0,7γψq, (β7) 
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ɝɞɟ S = β0 – ɬɨɥɳɢɧɚ ɫɨɟɞɢɧɹɟɦɵɯ ɷɥɟɦɟɧɬɨɜ, ɦɦ; 

Л = β – ɜɟɥɢɱɢɧɚ ɡɚɡɨɪɚ, ɦɦ; 

С = 18 – ɜɵɫɨɬɚ ɪɚɡɞɟɥɤɢ, ɦɦ; 

α = 40 – ɭɝɨɥ ɪɚɡɞɟɥɤɢ, ɝɪɚɞ; 

ȼ = βθ – ɲɢɪɢɧɚ ɫɜɚɪɧɨɝɨ ɲɜɚ, ɦɦ; 

q = β – ɜɵɫɨɬɚ ɜɚɥɢɤɚ ɭɫɢɥɟɧɢɹ ɫɜɚɪɧɨɝɨ ɲɜɚ, ɦɦ. 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (β7) ɩɨɥɭɱɢɦ, ɱɬɨ ɩɥɨɳɚɞɶ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ 

 

FH=β0∙β+18βЭР40+0,7γ∙βθ∙β=γη0 ɦɦβ=γ,η ɫɦβ. 

 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɩɥɨɳɚɞɶ ɦɟɬɚɥɥɚ ɩɪɢ ɩɟɪɜɨɦ ɩɪɨɯɨɞɟ ɞɨɥɠɧɚ ɫɨɫɬɚɜɥɹɬɶ ɧɟ 

ɛɨɥɟɟ γη ɦɦβ. Ɍɨɝɞɚ ɩɪɢɦɟɦ, ɱɬɨ: 

– ɩɥɨɳɚɞɶ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɩɪɢ ɩɟɪɜɨɦ ɩɪɨɯɨɞɟ ɫɨɫɬɚɜɥɹɟɬ γ0 ɦɦβ = 0,γ 

ɫɦβ; 

– ɩɥɨɳɚɞɶ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɩɪɢ ɡɚɩɨɥɧɹɸɳɢɯ ɩɪɨɯɨɞɚɯ ɫɨɫɬɚɜɥɹɟɬ 70 

ɦɦβ = 0,7 ɫɦβ 

– ɬɪɟɛɭɟɦɚɹ ɩɥɨɳɚɞɶ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɩɪɢ ɨɛɥɢɰɨɜɨɱɧɨɦ ɩɪɨɯɨɞɟ 40 

ɦɦβ = 0,4 ɫɦβ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɲɨɜ №θ ɜɚɪɢɬɫɹ ɡɚ θ ɩɪɨɯɨɞɨɜ. 

Ɋɚɫɫɱɢɬɚɟɦ ɩɚɪɚɦɟɬɪɵ ɪɟɠɢɦɚ ɫɜɚɪɤɢ ɲɜɚ №θ ɩɪɢ ɩɟɪɜɨɦ ɩɪɨɯɨɞɟ. 

ɉɪɢɦɟɦ, ɱɬɨ ɫɢɥɚ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ ɫɨɫɬɚɜɥɹɟɬ 400 Ⱥ.  

ɉɥɨɬɧɨɫɬɶ ɩɪɢɧɹɬɨɝɨ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ ɩɪɢ ɞɢɚɦɟɬɪɟ ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ β 

ɦɦ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (8) ɢ ɫɨɫɬɚɜɥɹɟɬ 

 

У=
4Iωψ

πНɗ
β =

4∙400
γ,14∙ββ =1β7,4

Ⱥ
ɦɦβ . 

 

ɉɪɢ ɞɢɚɦɟɬɪɟ ɷɥɟɤɬɪɨɞɚ β ɦɦ ɢ ɩɪɢ ɫɜɚɪɤɟ ɭɝɥɨɜɨɝɨ ɲɜɚ ɩɥɨɬɧɨɫɬɶ ɫɜɚɪɨɱɧɨɝɨ 

ɬɨɤɚ ɧɚɯɨɞɢɬɫɹ ɜ ɢɧɬɟɪɜɚɥɟ θ0…1η0 Ⱥ/ɦɦβ. ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɜɯɨɞɢɬ ɜ 

ɭɤɚɡɚɧɧɵɣ ɢɧɬɟɪɜɚɥ. 
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Ɋɚɫɫɱɢɬɚɟɦ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɞɭɝɟ ɩɨ ɮɨɪɦɭɥɟ (9) 

 

UȾ=β0+
0,0η

√β
∙400±1≈γ4,1±1 ȼ. 

 

Ɋɚɫɫɱɢɬɚɟɦ ɫɤɨɪɨɫɬɶ ɫɜɚɪɤɢ ɩɪɢ ɜɵɛɪɚɧɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɪɟɠɢɦɚ ɩɨ ɮɨɪɦɭɥɟ 

(10) ɫ ɭɱɟɬɨɦ ɮɨɪɦɭɥ (11)…(17). Ɍɨɝɞɚ ɩɨɥɭɱɢɦ, ɱɬɨ: 

– ɫɨɫɬɚɜɥɹɸɳɚɹ, ɨɛɭɫɥɨɜɥɟɧɧɚɹ ɬɟɩɥɨɜɥɨɠɟɧɢɟɦ ɞɭɝɢ α’Ɋ = 1β ɝ/Ⱥɱ; 

– ɭɫɥɨɜɧɚɹ ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɩɪɨɜɨɥɨɤɢ Vɗ = η,4 ɫɦ/ɫ; 

– ɤɨɷɮɮɢɰɢɟɧɬ ȕ = η4η4; 

– ɤɨɷɮɮɢɰɢɟɧɬ ɪ1 = -θθ,8, ɪβ = -0,7; 

– ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɪɚɫɯɨɞɭɟɦɨɟ ɧɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɩɨɞɨɝɪɟɜ ɜɵɥɟɬɚ 

ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ ɩɪɨɬɟɤɚɸɳɢɦ ɩɨ ɧɟɦɭ ɬɨɤɨɦ Qɉɉ = 1β4,θ ɤɚɥ; 

– ɫɨɫɬɚɜɥɹɸɳɚɹ, ɡɚɜɢɫɹɳɚɹ ɨɬ ɬɟɩɥɨɜɥɨɠɟɧɢɹ ɜɫɥɟɞɫɬɜɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ 

ɧɚɝɪɟɜɚ ɜɵɥɟɬɚ ɷɥɟɤɬɪɨɞɚ ɩɪɨɬɟɤɚɸɳɢɦ ɬɨɤɨɦ ΔαɊ = γ,η ɝ/Ⱥɱ; 

– ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɥɚɜɥɟɧɢɹ αɊ = 1η,η ɝ/Ⱥɱ; 

– ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɩɪɨɜɨɥɨɤɢ VɉɈȾ = 7,1 ɫɦ/ɫ; 

– ɫɤɨɪɨɫɬɶ ɫɜɚɪɤɢ Vɋȼ = 0,7γ ɫɦ/ɫ. 

Ⱦɚɥɟɟ ɩɨ ɮɨɪɦɭɥɟ (18) ɨɩɪɟɞɟɥɹɟɦ ɩɨɝɨɧɧɭɸ ɷɧɟɪɝɢɸ 

 

qɉɈȽ=
0,β4∙γ4,1∙400∙0,8η

0,7γ
=γ81β 

ɤɚɥ
ɫɦ

. 

 

Ɉɩɪɟɞɟɥɢɦ ɦɝɧɨɜɟɧɧɭɸ ɫɤɨɪɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ ɦɟɬɚɥɥɚ ɩɨ ɮɨɪɦɭɥɟ (19) ɫ 

ɭɱɟɬɨɦ ɮɨɪɦɭɥɵ (β0).  

Ʉɨɷɮɮɢɰɢɟɧɬɵ ɩɪɢɜɟɞɟɧɢɹ ɩɪɢ ɭɤɚɡɚɧɧɨɦ ɬɢɩɟ ɲɜɚ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ (βη) 

 

Ф1=Фβ=
180°

180°-α
=

180
180-40

=1,γ ɟɞ. 
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ɝɞɟ α = 40 – ɭɝɨɥ ɪɚɡɞɟɥɤɢ ɤɪɨɦɨɤ, ɝɪɚɞ. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɨ ɮɨɪɦɭɥɟ (19) ɩɨɥɭɱɢɦ, ɱɬɨ 

 

1
ș

=
βФ1qɉɈȽ

πሺδФβሻβМȖሺɌɆ-Ɍ0ሻ =
β∙1,γ∙γ81β

γ,14∙ሺβ∙1,γሻβ∙1,βη∙ሺη00-1η0ሻ =1,1. 

 

ɉɪɢ ɡɧɚɱɟɧɢɢ ɛɟɡɪɚɡɦɟɪɧɨɝɨ ɤɪɢɬɟɪɢɹ 1,1 ɜɟɥɢɱɢɧɚ Ȧ  =0,7β. Ɍɨɝɞɚ, ɩɨ 

ɮɨɪɦɭɥɟ (β0) ɩɨɥɭɱɢɦ, ɱɬɨ 

 

Ȧ=0,7β∙β∙γ,14∙0,1∙
ሺη00-1η0ሻβ

1,γ∙γ81β
=11,β

ɋ
ɫ

. 

 

ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɦɝɧɨɜɟɧɧɨɣ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɧɟ ɜɯɨɞɢɬ ɜ 

ɬɪɟɛɭɟɦɵɣ ɢɧɬɟɪɜɚɥ ɦɝɧɨɜɟɧɧɵɯ ɫɤɨɪɨɫɬɟɣ ɨɯɥɚɠɞɟɧɢɹ ɞɥɹ ɫɬɚɥɢ 1ηɏɋɇȾ. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɦɨɠɧɨ ɭɜɟɥɢɱɢɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɩɨɞɨɝɪɟɜɚ ɞɨ 

β00 ɋ. Ɍɨɝɞɚ: 

– 1/ș = 1,γ; 

– Ȧ  = 0,η9; 

– Ȧ = θ,7 °ɋ/ɫ. 

ɍɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ. 

ɉɪɨɢɡɜɟɞɟɦ ɪɚɫɱɟɬ ɩɚɪɚɦɟɬɪɨɜ ɪɟɠɢɦɚ ɫɜɚɪɤɢ ɩɪɢ ɡɚɩɨɥɧɟɧɢɢ. ɉɪɢɦɟɦ ,ɱɬɨ 

ɬɪɟɛɭɟɦɚɹ ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɞɨɥɠɧɚ ɛɵɬɶ 0,7 

ɫɦβ. Ɂɚɞɚɞɢɦ ɡɧɚɱɟɧɢɟ ɫɢɥɵ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ 4η0 Ⱥ. ɋɜɚɪɤɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚ 

ɩɨɫɬɨɹɧɧɨɦ ɬɨɤɟ ɩɪɹɦɨɣ ɩɨɥɹɪɧɨɫɬɢ. 

ɉɥɨɬɧɨɫɬɶ ɩɪɢɧɹɬɨɝɨ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ ɩɪɢ ɞɢɚɦɟɬɪɟ ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ β 

ɦɦ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (8) ɢ ɫɨɫɬɚɜɥɹɟɬ 

 

У=
4Iωψ

πНɗ
β =

4∙4η0
γ,14∙ββ =14γ,γ

Ⱥ
ɦɦβ . 
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ɉɪɢ ɞɢɚɦɟɬɪɟ ɷɥɟɤɬɪɨɞɚ β ɦɦ ɢ ɩɪɢ ɫɜɚɪɤɟ ɭɝɥɨɜɨɝɨ ɲɜɚ ɩɥɨɬɧɨɫɬɶ ɫɜɚɪɨɱɧɨɝɨ 

ɬɨɤɚ ɧɚɯɨɞɢɬɫɹ ɜ ɢɧɬɟɪɜɚɥɟ θ0…1η0 Ⱥ/ɦɦβ. ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɜɯɨɞɢɬ ɜ 

ɭɤɚɡɚɧɧɵɣ ɢɧɬɟɪɜɚɥ. 

Ɋɚɫɫɱɢɬɚɟɦ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɞɭɝɟ ɩɨ ɮɨɪɦɭɥɟ (9) 

 

UȾ=β0+
0,0η

√β
∙4η0±1≈γη,9±1 ȼ. 

 

Ɋɚɫɫɱɢɬɚɟɦ ɫɤɨɪɨɫɬɶ ɫɜɚɪɤɢ ɩɪɢ ɜɵɛɪɚɧɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɪɟɠɢɦɚ ɩɨ ɮɨɪɦɭɥɟ 

(10) ɫ ɭɱɟɬɨɦ ɮɨɪɦɭɥ (11)…(17).  

Ɍɚɤ ɤɚɤ ɩɪɢ ɡɚɩɨɥɧɟɧɢɢ ɛɵɥɚ ɢɡɦɟɧɟɧɚ ɩɨɥɹɪɧɨɫɬɶ ɬɨɤɚ ɫ ɨɛɪɚɬɧɨɣ ɧɚ ɩɪɹɦɭɸ, 

ɬɨ ɫɨɫɬɚɜɥɹɸɳɚɹ, ɨɛɭɫɥɨɜɥɟɧɧɚɹ ɬɟɩɥɨɜɥɨɠɟɧɢɟɦ ɞɭɝɢ α’Ɋ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ 

ɭɫɥɨɜɢɹ (β1) 

 

α'ɪ=θ,γ+
0,070βIωψ

Нɗ
1,0γη =θ,γ+

0,070β∙4η0
β1,0γη =β1,7 ɝ/Ⱥɱ. 

 

Ɍɨɝɞɚ ɩɨɥɭɱɢɦ, ɱɬɨ: 

– ɭɫɥɨɜɧɚɹ ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɩɪɨɜɨɥɨɤɢ Vɗ = 11 ɫɦ/ɫ; 

– ɤɨɷɮɮɢɰɢɟɧɬ ȕ = θ900; 

– ɤɨɷɮɮɢɰɢɟɧɬ ɪ1 = -1γ7,1, ɪβ = -0,4β; 

– ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɪɚɫɯɨɞɭɟɦɨɟ ɧɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɩɨɞɨɝɪɟɜ ɜɵɥɟɬɚ 

ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ ɩɪɨɬɟɤɚɸɳɢɦ ɩɨ ɧɟɦɭ ɬɨɤɨɦ Qɉɉ = 98,θ ɤɚɥ; 

– ɫɨɫɬɚɜɥɹɸɳɚɹ, ɡɚɜɢɫɹɳɚɹ ɨɬ ɬɟɩɥɨɜɥɨɠɟɧɢɹ ɜɫɥɟɞɫɬɜɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ 

ɧɚɝɪɟɜɚ ɜɵɥɟɬɚ ɷɥɟɤɬɪɨɞɚ ɩɪɨɬɟɤɚɸɳɢɦ ɬɨɤɨɦ ΔαɊ = β,4γ ɝ/Ⱥɱ; 

– ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɥɚɜɥɟɧɢɹ αɊ = β4,1γ ɝ/Ⱥɱ; 

– ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɩɪɨɜɨɥɨɤɢ VɉɈȾ = 1β,4 ɫɦ/ɫ; 

– ɫɤɨɪɨɫɬɶ ɫɜɚɪɤɢ Vɋȼ = 0,ηη ɫɦ/ɫ. 

Ⱦɚɥɟɟ ɩɨ ɮɨɪɦɭɥɟ (18) ɨɩɪɟɞɟɥɹɟɦ ɩɨɝɨɧɧɭɸ ɷɧɟɪɝɢɸ 
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qɉɈȽ=
0,β4∙γη,9∙4η0∙0,8η

0,ηη
=η99β 

ɤɚɥ
ɫɦ

. 

 

ɉɪɨɢɡɜɟɞɟɦ ɪɚɫɱɟɬ ɩɚɪɚɦɟɬɪɨɜ ɪɟɠɢɦɚ ɫɜɚɪɤɢ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ 

ɨɛɥɢɰɨɜɨɱɧɨɝɨ ɲɜɚ. ɉɪɢ ɫɜɚɪɤɟ ɨɛɥɢɰɨɜɨɱɧɨɝɨ ɫɥɨɹ ɬɪɟɛɭɟɬɫɹ ɩɨɥɭɱɢɬɶ ɜɚɥɢɤ 

ɲɢɪɢɧɨɣ βθ±γ ɦɦ ɢ ɜɵɫɨɬɨɣ 0…γ ɦɦ. Ɍɪɟɛɭɟɦɚɹ ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ 

ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɞɨɥɠɧɚ ɛɵɬɶ 0,4 ɫɦβ. Ɂɚɞɚɞɢɦ ɡɧɚɱɟɧɢɟ ɫɢɥɵ ɫɜɚɪɨɱɧɨɝɨ 

ɬɨɤɚ η00 Ⱥ. ɋɜɚɪɤɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚ ɩɨɫɬɨɹɧɧɨɦ ɬɨɤɟ ɩɪɹɦɨɣ ɩɨɥɹɪɧɨɫɬɢ. 

ɉɨɥɭɱɢɦ ɫɥɟɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɪɟɠɢɦɚ ɫɜɚɪɤɢ: 

– ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ У = 1η9,β Ⱥ/ɦɦβ; 

– ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɞɭɝɟ UȾ = γ7,7 ȼ; 

– ɫɨɫɬɚɜɥɹɸɳɚɹ, ɨɛɭɫɥɨɜɥɟɧɧɚɹ ɬɟɩɥɨɜɥɨɠɟɧɢɟɦ ɞɭɝɢ α’Ɋ = βγ,η ɝ/Ⱥɱ; 

– ɭɫɥɨɜɧɚɹ ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɩɪɨɜɨɥɨɤɢ Vɗ = 1γ,β ɫɦ/ɫ; 

– ɤɨɷɮɮɢɰɢɟɧɬ ȕ = 8η1η,8; 

– ɤɨɷɮɮɢɰɢɟɧɬ ɪ1 = -1θ4,θ, ɪβ = -0,4γ; 

– ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɪɚɫɯɨɞɭɟɦɨɟ ɧɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɩɨɞɨɝɪɟɜ ɜɵɥɟɬɚ 

ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ ɩɪɨɬɟɤɚɸɳɢɦ ɩɨ ɧɟɦɭ ɬɨɤɨɦ Qɉɉ = 1ββ,η ɤɚɥ; 

– ɫɨɫɬɚɜɥɹɸɳɚɹ, ɡɚɜɢɫɹɳɚɹ ɨɬ ɬɟɩɥɨɜɥɨɠɟɧɢɹ ɜɫɥɟɞɫɬɜɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ 

ɧɚɝɪɟɜɚ ɜɵɥɟɬɚ ɷɥɟɤɬɪɨɞɚ ɩɪɨɬɟɤɚɸɳɢɦ ɬɨɤɨɦ ΔαɊ = β,7 ɝ/Ⱥɱ; 

– ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɥɚɜɥɟɧɢɹ αɊ = βθ,β ɝ/Ⱥɱ; 

– ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɩɪɨɜɨɥɨɤɢ VɉɈȾ = 1η ɫɦ/ɫ; 

– ɫɤɨɪɨɫɬɶ ɫɜɚɪɤɢ Vɋȼ = 1,β ɫɦ/ɫ; 

– ɩɨɝɨɧɧɚɹ ɷɧɟɪɝɢɹ ɩɪɢ ɫɜɚɪɤɟ qɉ = γβ04 ɤɚɥ/ɫɦ; 

– ɤɨɷɮɮɢɰɢɟɧɬ Ф’ = 1,1β; 

–ɤɨɷɮɮɢɰɢɟɧɬ ɮɨɪɦɵ ɩɪɨɜɚɪɚ ȥɉɊ = β,4; 

– ɝɥɭɛɢɧɚ ɩɪɨɜɚɪɚ С = 0,θ ɫɦ; 

– ɲɢɪɢɧɚ ɲɜɚ ȼ = 1,44 ɫɦ; 

– ɜɵɫɨɬɚ ɜɚɥɢɤɚ ɫɨɫɬɚɜɥɹɟɬ ɋ = 0,γ8 ɫɦ; 

– ɨɛɳɚɹ ɜɵɫɨɬɚ ɲɜɚ D = 0,98 ɫɦ. 

ɉɨɥɭɱɟɧɧɵɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɫɜɚɪɧɨɝɨ ɲɜɚ ɧɟ ɫɨɨɬɜɟɬɫɬɜɭɸɬ 
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ɬɪɟɛɭɟɦɵɦ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɭɠɧɨ ɫɤɨɪɪɟɤɬɢɪɨɜɚɬɶ ɩɚɪɚɦɟɬɪɵ ɪɟɠɢɦɚ ɫɜɚɪɤɢ. 

ɉɪɢɦɟɦ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɫɜɚɪɤɢ ɫɨɫɬɚɜɥɹɟɬ 0,η ɫɦ/ɫ, ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɞɭɝɟ 4β ȼ. Ɍɨɝɞɚ: 

– qɉ = 8ηθ8 ɤɚɥ/ɫɦ; 

– ȥɉɊ = β,θ; 

– С = 0,9η ɫɦ; 

– ȼ = β,47 ɫɦ; 

– ɋ = 0,ββ ɫɦ. 

Ɍɪɟɛɨɜɚɧɢɹ ɤ ɲɜɭ ɜɵɩɨɥɧɹɸɬɫɹ. 

Ɉɩɪɟɞɟɥɢɦ ɦɝɧɨɜɟɧɧɭɸ ɫɤɨɪɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ ɦɟɬɚɥɥɚ ɩɨ ɮɨɪɦɭɥɟ (ββ) ɫ 

ɭɱɟɬɨɦ ɮɨɪɦɭɥɵ (βγ). Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (βγ) ɩɨɥɭɱɢɦ, ɱɬɨ 

 

1
ș

=
βqɉɈȽ

πሺδሻβМȖሺɌɆ-Ɍ0ሻ =
β∙8ηθ8

γ,14∙ሺβሻβ∙1,βη∙ሺη00-1η0ሻ =γ,β. 

 

ɝɞɟ ɫȖ =1,βη – ɨɛɴɟɦɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ, ɤɚɥ/ɫɦγ°ɋ. 

ɉɪɢ ɡɧɚɱɟɧɢɢ ɛɟɡɪɚɡɦɟɪɧɨɝɨ ɤɪɢɬɟɪɢɹ γ,β ɜɟɥɢɱɢɧɚ Ȧ  ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ (βθ) 

 

Ȧ=
β

π∙ 1
șൗ

=
β

γ,14∙γ,β
=0,β. 

 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (ββ) ɩɨɥɭɱɢɦ, ɱɬɨ 

 

Ȧ=0,β∙β∙γ,14∙0,1∙
ሺη00-1η0ሻβ

8ηθ8
=1,8

ɋ
ɫ

. 

 

ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɦɝɧɨɜɟɧɧɨɣ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɜɯɨɞɢɬ ɜ ɬɪɟɛɭɟɦɵɣ 

ɢɧɬɟɪɜɚɥ ɦɝɧɨɜɟɧɧɵɯ ɫɤɨɪɨɫɬɟɣ ɨɯɥɚɠɞɟɧɢɹ ɞɥɹ ɫɬɚɥɢ 1ηɏɋɇȾ. 
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1.η Ʉɨɧɬɪɨɥɶ ɤɚɱɟɫɬɜɚ  

 

ȼ ɩɪɨɰɟɫɫɟ ɢɡɝɨɬɨɜɥɟɧɢɹ ɛɚɥɨɤ ɫ ɤɨɪɨɛɱɚɬɵɦ ɫɟɱɟɧɢɟɦ ɩɪɢɫɭɬɫɬɜɭɸɬ 

ɨɫɬɚɬɨɱɧɵɟ ɞɟɮɨɪɦɚɰɢɢ ɩɨɫɥɟ ɫɜɚɪɤɢ. Ɉɧɢ ɢɦɟɸɬ ɪɚɡɥɢɱɧɵɣ ɯɚɪɚɤɬɟɪ, ɚ ɬɚɤɠɟ 

ɜɢɞ ɞɟɮɨɪɦɚɰɢɢ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɨɫɥɟ ɨɩɟɪɚɰɢɢ ɫɜɚɪɤɢ ɢ ɤɨɧɬɪɨɥɹ 

ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɬɪɟɛɭɟɬɫɹ, ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ, ɩɪɨɢɡɜɨɞɢɬɶ 

ɢɫɩɪɚɜɥɟɧɢɟ. ɉɪɢ ɩɪɚɜɤɟ ɨɛɳɢɯ ɞɟɮɨɪɦɚɰɢɣ ɬɢɩɚ ɫɚɛɥɟɜɢɞɧɨɫɬɢ ɢ ɩɪɨɞɨɥɶɧɨɝɨ 

ɢɡɝɢɛɚ ɞɨɥɠɧɵ ɫɨɛɥɸɞɚɬɶɫɹ ɫɥɟɞɭɸɳɢɟ ɩɨɥɨɠɟɧɢɹ: 

– ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɧɚɝɪɟɜɚ ɩɨɥɨɫ ɢɥɢ ɤɥɢɧɶɟɜ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɧɚ ɲɢɪɨɤɢɯ 

ɩɨɹɫɚɯ ɤɨɪɨɛɱɚɬɵɯ ɷɥɟɦɟɧɬɨɜ, ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɢɦɟɧɹɬɶ ɨɞɧɨɜɪɟɦɟɧɧɨ ɞɜɟ 

ɝɨɪɟɥɤɢ (ɩɨ ɨɞɧɨɣ ɧɚ ɫɬɟɧɤɭ), ɩɨɪɹɞɨɤ ɩɟɪɟɦɟɳɟɧɢɹ ɤɨɬɨɪɵɯ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 

1.βθ. 

 
Ɋɢɫɭɧɨɤ 1.βθ – ɉɨɪɹɞɨɤ ɩɪɚɜɤɢ ɛɚɥɤɢ ɤɨɪɨɛɱɚɬɨɝɨ ɫɟɱɟɧɢɹ 

ɝɞɟ I, II – ɝɚɡɨɜɵɟ ɝɨɪɟɥɤɢ, ɪɚɛɨɬɚɸɳɢɟ ɜ ɤɚɠɞɨɦ ɫɟɱɟɧɢɢ;  

1 – ɲɢɪɢɧɚ ɩɨɥɨɫɵ ɧɚɝɪɟɜɚ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɥɢɫɬɚ; 

Ɋ – ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɧɚɝɪɭɡɤɢ. 

– ɩɪɢ ɩɪɨɞɨɥɶɧɨɦ ɢɡɝɢɛɟ ɫɟɱɟɧɢɹ ɜ ɞɜɭɯ ɜɡɚɢɦɧɨ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɯ 

ɩɥɨɫɤɨɫɬɹɯ, ɩɪɚɜɤɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɪɚɡɞɟɥɶɧɨ ɧɚ ɤɚɠɞɵɣ ɜɵɝɢɛ ɫɧɚɱɚɥɚ ɜ ɨɞɧɨɣ 

ɩɥɨɫɤɨɫɬɢ, ɡɚɬɟɦ ɜ ɞɪɭɝɨɣ. Ʉɨɧɬɪɨɥɶ ɩɪɚɜɤɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɬɨɥɶɤɨ ɩɨɫɥɟ 

ɩɨɥɧɨɝɨ ɨɫɬɵɜɚɧɢɹ ɡɨɧɵ ɧɚɝɪɟɜɚ. ɉɪɢ ɨɬɫɭɬɫɬɜɢɢ ɢɫɩɪɚɜɥɟɧɢɹ ɧɚɡɧɚɱɚɸɬɫɹ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɡɨɧɵ ɧɚɝɪɟɜɚ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɧɚɝɪɭɡɨɤ; 

– ɩɪɢ ɧɚɥɢɱɢɢ ɜɢɧɬɨɨɛɪɚɡɧɨɫɬɢ ɜ ɤɨɪɨɛɱɚɬɵɯ ɷɥɟɦɟɧɬɚɯ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ 

ɨ ɬɨɦ, ɨɧɚ ɩɨɹɜɥɹɟɬɫɹ ɢɡ-ɡɚ ɧɟɩɪɚɜɢɥɶɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɫɛɨɪɤɢ ɤɨɧɫɬɪɭɤɰɢɢ, 

ɧɟɞɨɫɬɚɬɨɱɧɨ ɠɟɫɬɤɨɝɨ ɡɚɤɪɟɩɥɟɧɢɹ ɩɪɨɟɤɬɧɨɝɨ ɩɨɥɨɠɟɧɢɹ ɞɟɬɚɥɟɣ ɩɪɢ ɫɛɨɪɤɟ ɜ 

ɧɟɤɚɱɟɫɬɜɟɧɧɨɣ ɨɫɧɚɫɬɤɟ. ɉɨɫɥɟɞɭɸɳɚɹ ɫɜɚɪɤɚ ɬɨɥɶɤɨ ɡɚɤɪɟɩɥɹɟɬ ɧɟɩɪɚɜɢɥɶɧɨ 

ɫɨɛɪɚɧɧɭɸ ɤɨɧɫɬɪɭɤɰɢɸ. Ɍɟɪɦɢɱɟɫɤɚɹ ɩɪɚɜɤɚ ɜɢɧɬɨɨɛɪɚɡɧɨɫɬɢ ɠɟɫɬɤɢɯ 

ɤɨɪɨɛɱɚɬɵɯ ɷɥɟɦɟɧɬɨɜ ɷɤɨɧɨɦɢɱɟɫɤɢ ɧɟɰɟɥɟɫɨɨɛɪɚɡɧɚ ɢ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɜɨɡɦɨɠɧɚ. 
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ɇɟɩɪɚɜɢɥɶɧɨ ɫɨɛɪɚɧɧɵɣ ɢ ɫɜɚɪɟɧɧɵɣ ɤɨɪɨɛɱɚɬɵɣ ɷɥɟɦɟɧɬ ɛɪɚɤɭɟɬɫɹ 

ɩɪɨɢɡɜɨɞɢɬɫɹ ɪɚɫɤɪɨɣ ɩɨ ɫɜɚɪɧɵɦ ɭɝɥɨɜɵɦ ɫɨɟɞɢɧɟɧɢɹɦ ɩɨɫɪɟɞɫɬɜɨɦ 

ɝɚɡɨɤɢɫɥɨɪɨɞɧɨɣ ɪɟɡɤɢ ɢ ɭɡɟɥ ɡɚɧɨɜɨ ɫɨɛɢɪɚɟɬɫɹ. 

Ʉ ɦɟɫɬɧɵɦ ɞɟɮɨɪɦɚɰɢɹɦ ɨɬɧɨɫɹɬɫɹ: 

– ɜɨɥɧɢɫɬɨɫɬɶ; 

– ɩɟɪɟɝɢɛɵ ɢ ɡɚɝɢɛɵ ɤɪɨɦɨɤ, ɧɟ ɜɵɩɪɚɜɥɟɧɧɵɟ ɧɚ ɦɚɲɢɧɚɯ ɩɪɢ ɦɟɯɚɧɢɱɟɫɤɨɣ 

ɩɪɚɜɤɟ ɢɥɢ ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɟ ɜ ɩɪɨɰɟɫɫɟ ɢɡɝɨɬɨɜɥɟɧɢɹ, ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ ɢ 

ɦɨɧɬɚɠɚ ɦɟɬɚɥɥɨɤɨɧɫɬɪɭɤɰɢɣ; 

– ɜɵɩɭɱɢɜɚɧɢɹ («ɯɥɨɩɭɧɵ») ɜ ɫɬɟɧɤɚɯ ɛɚɥɨɱɧɵɯ ɢ ɤɨɪɨɛɱɚɬɵɯ ɫɟɱɟɧɢɣ 

ɫɩɥɨɲɧɨɫɬɟɧɱɚɬɵɯ ɤɨɧɫɬɪɭɤɰɢɣ, ɤɨɬɨɪɵɟ ɩɨɥɭɱɟɧɵ ɜ ɡɚɦɤɧɭɬɵɯ ɤɨɧɬɭɪɚɯ, 

ɨɝɪɚɧɢɱɟɧɧɵɯ ɪɟɛɪɚɦɢ ɠɟɫɬɤɨɫɬɢ ɢ ɩɨɹɫɚɦɢ, ɚ ɬɚɤɠɟ ɜɵɯɨɞɹɳɢɟ ɧɚ ɫɜɨɛɨɞɧɵɟ 

ɤɪɨɦɤɢ;  

– ɭɝɥɨɜɵɟ ɞɟɮɨɪɦɚɰɢɢ (ɞɨɦɢɤɢ) ɜ ɫɜɚɪɧɵɯ ɫɬɵɤɨɜɵɯ ɫɨɟɞɢɧɟɧɢɹɯ. 

ɉɪɢ ɩɪɚɜɤɟ ɦɟɫɬɧɵɯ ɞɟɮɨɪɦɚɰɢɣ ɞɨɥɠɧɵ ɜɵɩɨɥɧɹɬɶɫɹ ɫɥɟɞɭɸɳɢɟ 

ɩɨɥɨɠɟɧɢɹ: 

– ɜɨɥɧɢɫɬɨɫɬɶ, ɡɚɝɢɛɵ, ɩɟɪɟɝɢɛɵ ɥɢɫɬɨɜ ɢ ɭɝɥɨɜɵɟ ɞɟɮɨɪɦɚɰɢɢ (ɞɨɦɢɤɢ) 

ɫɬɵɤɨɜɵɯ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɩɨɞɜɟɪɝɚɸɬɫɹ ɩɪɚɜɤɟ ɧɚɝɪɟɜɨɦ ɩɨɥɨɫ ɲɢɪɢɧɨɣ ɧɟ 

ɛɨɥɟɟ 1,ηS (ɝɞɟ S – ɬɨɥɳɢɧɚ ɥɢɫɬɚ, ɟɞ). ȿɫɥɢ ɲɢɪɢɧɚ ɩɨɥɨɫɵ ɧɚɝɪɟɜɚ ɛɨɥɶɲɟ 1,ηS, 

ɬɨ ɩɨɫɥɟ ɨɫɬɵɜɚɧɢɹ ɦɟɬɚɥɥɚ ɩɨɹɜɥɹɟɬɫɹ ɜɵɩɭɱɢɜɚɧɢɟ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɡɨɧɟ 

ɧɚɝɪɟɜɚ ɜ ɩɪɨɬɢɜɨɩɨɥɨɠɧɭɸ ɫɬɨɪɨɧɭ, ɚ ɷɬɨ ɹɜɥɹɟɬɫɹ ɧɟɞɨɩɭɫɬɢɦɵɦ. ɇɚɝɪɟɜ ɩɨɥɨɫ 

ɜɟɞɟɬɫɹ ɫ ɜɵɩɭɤɥɨɣ ɫɬɨɪɨɧɵ, ɩɪɢ ɷɬɨɦ ɧɚɱɚɥɨ ɢɞɟɬ ɨɬ ɨɫɧɨɜɚɧɢɹ ɜɵɝɢɛɚ ɢ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɧɚɝɪɟɜɚɸɬɫɹ ɩɨɥɨɫɵ ɤ ɟɝɨ ɜɟɪɲɢɧɟ. ɉɚɪɚɥɥɟɥɶɧɨ ɫ ɷɬɢɦ 

ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɢɤɥɚɞɵɜɚɬɶ ɦɟɯɚɧɢɱɟɫɤɢɟ ɭɫɢɥɢɹ (ɬɚɤ ɧɚɡɵɜɚɟɦɚɹ 

ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɚɹ ɩɪɚɜɤɚ) ɜ ɩɪɨɰɟɫɫɟ ɧɚɝɪɟɜɚ ɩɨɥɨɫ. ɍɫɢɥɢɟ ɞɨɩɭɫɤɚɟɬɫɹ 

ɨɫɬɚɜɥɹɬɶ ɧɚ ɤɨɧɫɬɪɭɤɰɢɢ ɞɨ ɟɟ ɩɨɥɧɨɝɨ ɨɫɬɵɜɚɧɢɹ. ɉɪɢɥɨɠɟɧɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ 

ɚɤɬɢɜɧɵɯ ɭɫɢɥɢɣ (ɧɚɩɪɢɦɟɪ, ɨɬ ɞɨɦɤɪɚɬɨɜ) ɩɨɫɥɟ ɨɫɬɵɜɚɧɢɹ ɦɟɬɚɥɥɚ ɧɢɠɟ θ00 °ɋ 

ɹɜɥɹɟɬɫɹ ɧɟ ɞɨɩɭɫɬɢɦɵɦ. Ʉɨɥɢɱɟɫɬɜɨ ɧɚɝɪɟɜɚɟɦɵɯ ɩɨɥɨɫ ɧɚɡɧɚɱɚɟɬɫɹ ɩɨɷɬɚɩɧɨ ɫ 

ɡɚɦɟɪɚɦɢ ɧɚ ɤɚɠɞɨɦ ɷɬɚɩɟ ɨɫɬɚɬɨɱɧɨɣ ɜɟɥɢɱɢɧɵ ɞɟɮɨɪɦɚɰɢɢ ɩɨɫɥɟ ɩɨɥɧɨɝɨ 

ɨɫɬɵɜɚɧɢɹ ɦɟɬɚɥɥɚ ɢ ɫɧɹɬɢɹ ɧɚɝɪɭɡɤɢ; 

– ɩɪɚɜɤɚ ɜɵɩɭɱɢɜɚɧɢɹ («ɯɥɨɩɭɧɚ») ɧɚɱɢɧɚɟɬɫɹ ɫ ɡɚɦɟɪɚ ɫɬɪɟɥɵ. Ɂɚɦɟɪ 
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ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ ɥɸɛɨɣ (ɜɵɩɭɤɥɨɣ ɢɥɢ ɜɨɝɧɭɬɨɣ) ɫɬɨɪɨɧɵ. ɉɪɢ ɡɚɦɟɪɟ ɩɪɨɢɫɯɨɞɢɬ 

ɨɩɪɟɞɟɥɟɧɢɟ ɝɪɚɧɢɰɵ ɨɫɧɨɜɚɧɢɹ ɢ ɜɟɪɲɢɧɵ (ɰɟɧɬɪɚ) «ɯɥɨɩɭɧɚ». Ɋɚɡɦɟɬɤɚ 

ɜɵɩɨɥɧɹɟɬɫɹ ɦɟɥɨɦ ɫ ɜɵɩɭɤɥɨɣ ɫɬɨɪɨɧɵ. ȼɧɭɬɪɟɧɧɢɟ ɨɫɬɚɬɨɱɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɜ 

«ɯɥɨɩɭɧɟ», ɤɨɬɨɪɵɣ ɨɛɪɚɡɨɜɚɧ ɜ ɡɚɦɤɧɭɬɨɦ ɤɨɧɬɭɪɟ ɫɬɟɧɤɢ ɦɟɠɞɭ ɪɟɛɪɚɦɢ ɢ 

ɩɨɹɫɚɦɢ, ɨɛɵɱɧɨ, ɧɟ ɩɪɟɜɵɲɚɸɬ ɡɧɚɱɟɧɢɹ ɩɪɟɞɟɥɚ ɬɟɤɭɱɟɫɬɢ. ɇɨ ɩɪɢ ɷɬɨɦ ɨɧɢ 

ɦɨɝɭɬ ɛɵɬɶ ɛɥɢɡɤɢɦɢ ɤ ɧɟɦɭ. ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ, ɩɟɪɟɯɨɞ ɦɟɬɚɥɥɚ ɜ ɩɥɚɫɬɢɱɟɫɤɨɟ 

ɫɨɫɬɨɹɧɢɟ ɩɪɢ ɧɚɝɪɟɜɟ ɜɵɲɟ θ00°ɋ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɞɟɮɨɪɦɚɰɢɢ 

ɜɵɩɭɱɢɜɚɧɢɹ. Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɷɬɨɝɨ ɢɡɛɟɠɚɬɶ ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚɝɪɟɜ ɧɚɦɟɱɟɧɧɵɯ 

ɡɨɧ ɬɨɥɶɤɨ ɩɨɫɥɟ ɭɫɬɚɧɨɜɤɢ ɧɚ ɜɵɩɭɤɥɭɸ ɫɬɨɪɨɧɭ ɫɩɟɰɢɚɥɶɧɵɯ ɩɪɢɫɩɨɫɨɛɥɟɧɢɣ, 

ɤɨɬɨɪɵɟ ɩɪɟɩɹɬɫɬɜɭɸɬ ɪɨɫɬɭ ɩɥɚɫɬɢɱɟɫɤɢɯ ɞɟɮɨɪɦɚɰɢɣ. ȼɟɥɢɱɢɧɚ ɦɟɯɚɧɢɱɟɫɤɨɝɨ 

ɭɫɢɥɢɹ, ɩɪɢɤɥɚɞɵɜɚɟɦɨɝɨ ɤ «ɯɥɨɩɭɧɭ», ɢ ɩɥɨɳɚɞɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɟɝɨ ɩɨɞɛɢɪɚɟɬɫɹ 

ɨɩɵɬɧɵɦ ɩɭɬɟɦ ɞɨ ɧɚɱɚɥɚ ɨɩɟɪɚɰɢɢ ɩɪɚɜɤɢ. ȼɵɩɭɱɢɜɚɧɢɟ («ɯɥɨɩɭɧ») ɫɥɟɞɭɟɬ 

ɩɪɚɜɢɬɶ ɧɚɝɪɟɜɨɦ ɫ ɜɵɩɭɤɥɨɣ ɫɬɨɪɨɧɵ ɩɨɥɨɫ, ɤɨɬɨɪɵɟ ɩɚɪɚɥɥɟɥɶɧɵ ɞɪɭɝ ɞɪɭɝɭ ɢ 

ɧɚɩɪɚɜɥɟɧɧɵ ɜɞɨɥɶ ɛɨɥɶɲɨɝɨ ɨɫɧɨɜɚɧɢɹ ɜɵɩɭɱɢɧɵ. ɉɪɢ ɫɮɟɪɢɱɟɫɤɨɣ (ɤɪɭɝɥɨɣ) 

ɮɨɪɦɟ ɧɚɩɪɚɜɥɟɧɢɟ ɩɨɥɨɫ ɧɚɝɪɟɜɚ ɩɪɢɧɢɦɚɸɬ ɩɚɪɚɥɥɟɥɶɧɨ ɪɟɛɪɚɦ ɠɟɫɬɤɨɫɬɢ; 

– ɪɨɦɛɨɜɢɞɧɨɫɬɶ ɜ ɷɥɟɦɟɧɬɚɯ ɫ ɤɨɪɨɛɱɚɬɵɦ ɫɟɱɟɧɢɟɦ ɢɫɩɪɚɜɥɹɟɬɫɹ 

ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɢɦ ɫɩɨɫɨɛɨɦ. Ⱦɥɹ ɷɬɨɝɨ ɜɧɭɬɪɢ ɫɟɱɟɧɢɹ ɩɨ ɦɟɧɶɲɟɣ ɞɢɚɝɨɧɚɥɢ 

ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɜɢɧɬɨɜɵɟ ɢɥɢ ɝɢɞɪɚɜɥɢɱɟɫɤɢɟ ɞɨɦɤɪɚɬɵ ɢ ɜ ɧɢɯ ɫɨɡɞɚɸɬɫɹ 

ɭɫɢɥɢɹ. ɉɨɥɨɫɵ ɧɚɝɪɟɜɚ ɞɨɥɠɧɵ ɛɵɬɶ ɨɬɦɟɱɟɧɵ ɫɧɚɪɭɠɢ ɢ, ɩɨ ɜɨɡɦɨɠɧɨɫɬɢ, 

ɜɧɭɬɪɢ. ɉɪɢ ɧɚɝɪɟɜɟ ɩɨɥɨɫ ɪɟɝɭɥɢɪɭɟɬɫɹ ɭɫɢɥɢɟ ɧɚ ɞɨɦɤɪɚɬɚɯ ɞɨ ɩɨɥɧɨɝɨ 

ɢɫɩɪɚɜɥɟɧɢɹ ɪɨɦɛɨɜɢɞɧɨɫɬɢ. Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɢɡɛɟɠɚɬɶ ɩɨɹɜɥɟɧɢɹ ɞɟɮɨɪɦɚɰɢɣ 

ɪɨɦɛɨɜɢɞɧɨɫɬɢ ɞɨɥɠɧɚ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɬɟɯɧɨɥɨɝɢɹ ɫ ɢɡɦɟɧɟɧɧɵɦ ɩɨɪɹɞɤɨɦ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ.  

Ʉɨɧɬɪɨɥɶ ɤɚɱɟɫɬɜɚ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɹɜɥɹɟɬɫɹ ɨɛɹɡɚɬɟɥɶɧɨɣ ɨɩɟɪɚɰɢɟɣ ɢ 

ɫɨɫɬɨɢɬ ɢɡ ɫɥɟɞɭɸɳɢɯ ɜɢɞɨɜ: ɜɢɡɭɚɥɶɧɨ-ɢɡɦɟɪɢɬɟɥɶɧɵɣ ɢ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ. 

Ɋɚɞɢɨɝɪɚɮɢɱɟɫɤɢɣ ɦɟɬɨɞ ɧɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɢɡ-ɡɚ ɫɥɨɠɧɵɯ ɷɥɟɦɟɧɬɨɜ 

ɦɟɬɚɥɥɨɤɨɧɫɬɪɭɤɰɢɣ. 

ȼɢɡɭɚɥɶɧɨ-ɢɡɦɟɪɢɬɟɥɶɧɵɣ ɤɨɧɬɪɨɥɶ ɩɪɨɜɨɞɢɬɫɹ ɞɨ ɩɪɨɜɟɞɟɧɢɹ 

ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ. ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɜɢɡɭɚɥɶɧɨ-ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɤɨɧɬɪɨɥɹ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɢɧɫɬɪɭɦɟɧɬɵ (ɩɪɢɛɨɪɵ): 
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– ɥɭɩɚ 10×-ɤɪɚɬɧɨɝɨ ɭɜɟɥɢɱɟɧɢɹ; 

– ɲɬɚɧɝɟɧɰɢɪɤɭɥɶ; 

– ɥɢɧɟɣɤɚ ɦɟɬɚɥɥɢɱɟɫɤɚɹ; 

– ɪɭɥɟɬɤɚ; 

– ɭɧɢɜɟɪɫɚɥɶɧɵɟ ɲɚɛɥɨɧɵ ɫɜɚɪɳɢɤɚ ɍɒɋ №β, ɍɒɋ №γ. 

ɉɪɢ ɜɢɡɭɚɥɶɧɨ-ɢɡɦɟɪɢɬɟɥɶɧɨɦ ɦɟɬɨɞɟ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ ɩɪɨɜɟɪɹɟɬɫɹ: 

– ɜɧɟɲɧɢɣ ɜɢɞ ɲɜɨɜ – ɝɥɚɞɤɚɹ ɢɥɢ ɪɚɜɧɨɦɟɪɧɨ ɱɟɲɭɣɱɚɬɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɫ 

ɩɥɚɜɧɵɦ ɩɟɪɟɯɨɞɨɦ ɤ ɨɫɧɨɜɧɨɦɭ ɦɟɬɚɥɥɭ; 

– ɨɬɫɭɬɫɬɜɢɟ ɧɚɩɥɵɜɨɜ ɢ ɩɨɞɪɟɡɨɜ; 

– ɨɬɫɭɬɫɬɜɢɟ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɬɪɟɳɢɧ; 

– ɨɬɫɭɬɫɬɜɢɟ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɧɟɩɪɨɜɚɪɨɜ, ɧɟɫɩɥɚɜɥɟɧɢɣ, ɩɪɨɠɨɝɨɜ; 

– ɫɦɟɳɟɧɢɟ ɤɪɨɦɨɤ ɧɟ ɛɨɥɟɟ 1 ɦɦ; 

– ɨɬɫɭɬɫɬɜɢɟ ɧɟɡɚɜɚɪɟɧɧɵɯ ɤɪɚɬɟɪɨɜ ɜ ɫɜɚɪɧɵɯ ɲɜɚɯ. 

ɂɫɩɪɚɜɥɟɧɢɟ ɞɟɮɟɤɬɧɨɝɨ ɭɱɚɫɬɤɚ ɡɚɜɚɪɤɨɣ ɞɨɩɭɫɤɚɟɬɫɹ ɧɟ ɛɨɥɟɟ ɞɜɭɯ ɪɚɡ. 

Ɍɚɤɠɟ ɜɢɡɭɚɥɶɧɵɦ ɤɨɧɬɪɨɥɟɦ ɩɪɨɜɟɪɹɟɬɫɹ ɡɚɱɢɫɬɤɚ ɤɚɠɞɨɝɨ ɩɪɨɯɨɞɚ ɩɨɫɥɟ 

ɩɪɨɜɟɞɟɧɢɹ ɫɜɚɪɤɢ. Ʉɨɧɬɪɨɥɶ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɜɚɪɳɢɤɨɦ. 

Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ ɧɚɥɢɱɢɟ ɜɨɡɦɨɠɧɵɯ ɞɟɮɟɤɬɨɜ ɜɧɭɬɪɢ ɫɜɚɪɧɨɝɨ 

ɲɜɚ, ɢɫɩɨɥɶɡɭɟɬɫɹ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɦɟɬɨɞ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ. Ⱦɚɧɧɵɦ ɦɟɬɨɞɨɦ 

ɦɨɠɧɨ ɨɛɧɚɪɭɠɢɬɶ ɫɥɟɞɭɸɳɢɟ ɧɟɞɨɩɭɫɤɚɟɦɵɟ ɞɟɮɟɤɬɵ: 

– ɜɧɭɬɪɟɧɧɢɟ ɩɨɪɵ ɪɚɡɦɟɪɨɦ ɛɨɥɟɟ 1 ɦɦ;  

– ɲɥɚɤɨɜɵɟ ɜɤɥɸɱɟɧɢɹ ɪɚɡɦɟɪɨɦ ɛɨɥɟɟ 1 ɦɦ; 

– ɜɧɭɬɪɟɧɧɢɟ ɩɨɪɵ ɞɨɩɭɫɬɢɦɵɯ ɪɚɡɦɟɪɨɜ ɩɪɢ ɪɚɫɫɬɨɹɧɢɢ ɦɟɠɞɭ ɧɢɦɢ ɦɟɧɟɟ 

4η ɦɦ;  

– ɲɥɚɤɨɜɵɟ ɜɤɥɸɱɟɧɢɹ ɞɨɩɭɫɬɢɦɵɯ ɪɚɡɦɟɪɨɜ ɩɪɢ ɪɚɫɫɬɨɹɧɢɢ ɦɟɠɞɭ ɧɢɦɢ 

ɦɟɧɟɟ 4η ɦɦ;  

– ɜɧɭɬɪɟɧɧɢɟ ɩɨɪɵ ɞɨɩɭɫɬɢɦɵɯ ɪɚɡɦɟɪɨɜ ɢ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɧɢɦɢ ɩɪɢ 

ɨɛɳɟɦ ɢɯ ɤɨɥɢɱɟɫɬɜɟ ɛɨɥɟɟ ɱɟɬɵɪɟɯ ɧɚ ɭɱɚɫɬɤɟ ɫɜɚɪɧɨɝɨ ɲɜɚ ɞɥɢɧɨɣ 400 ɦɦ;  

– ɲɥɚɤɨɜɵɟ ɜɤɥɸɱɟɧɢɹ ɞɨɩɭɫɬɢɦɵɯ ɪɚɡɦɟɪɨɜ ɢ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɧɢɦɢ ɩɪɢ 

ɨɛɳɟɦ ɢɯ ɤɨɥɢɱɟɫɬɜɟ ɛɨɥɟɟ ɱɟɬɵɪɟɯ ɧɚ ɭɱɚɫɬɤɟ ɫɜɚɪɧɨɝɨ ɲɜɚ ɞɥɢɧɨɣ 400 ɦɦ. 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ ɦɟɬɨɞɚ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ ɩɪɢɦɟɧɹɟɬɫɹ 
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ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɞɟɮɟɤɬɨɫɤɨɩ ɍȾβ-10β «ɉɟɥɟɧɝ». 

Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ ɞɟɮɟɤɬɨɫɤɨɩɚ ɍȾβ-10β 

«ɉɟɥɟɧɝ» ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.β0. 

Ɍɚɛɥɢɰɚ 1.β0 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ ɞɟɮɟɤɬɨɫɤɨɩɚ 

ɍȾβ-10β «ɉɟɥɟɧɝ» 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ Ɂɧɚɱɟɧɢɟ 

Ʉɨɥɢɱɟɫɬɜɨ ɭɥɶɬɪɚɡɜɭɤɨɜɵɯ ɤɚɧɚɥɨɜ, ɲɬ 1 

ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɭɥɶɬɢɩɥɟɤɫɨɪɚ, ɲɬ 1β8 

ȼɵɯɨɞɧɨɣ ɢɦɩɭɥɶɫ, ȼ η0…β00, ɢɡɦɟɧɹɟɦɵɣ ɫ ɲɚɝɨɦ 10 

ɑɚɫɬɨɬɚ ɢɫɩɨɥɶɡɭɟɦɵɯ ɞɚɬɱɢɤɨɜ, ɆȽɰ 1,βη; 1,8; β,η; η 

Ⱥɦɩɥɢɬɭɞɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɤɨɥɟɛɚɧɢɣ ɩɪɢ 

ɜɨɡɛɭɠɞɟɧɢɢ ɍɁɄ, ȼ 
η…1θ0 

ɍɫɢɥɟɧɢɟ, ɞȻ 0-80, ɫ ɲɚɝɨɦ 0,η 

ɑɚɫɬɨɬɚ ɜɵɛɨɪɤɢ, ɆȽɰ η0…100 

Ƚɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ, ɦɦ 140×ββ0×4β 

ȼɟɫ, ɤɝ 0,7β 

 
ɂɫɩɪɚɜɥɟɧɢɟ ɨɛɧɚɪɭɠɟɧɧɵɯ ɞɟɮɟɤɬɨɜ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɫɥɟɞɭɸɳɢɦ 

ɬɟɯɧɨɥɨɝɢɹɦ: 

– ɢɫɩɪɚɜɥɟɧɢɟ ɞɟɮɟɤɬɨɜ ɡɚɱɢɫɬɤɨɣ ɛɟɡ ɩɪɢɦɟɧɟɧɢɹ ɫɜɚɪɤɢ; 

– ɢɫɩɪɚɜɥɟɧɢɟ ɞɟɮɟɤɬɨɜ ɡɚɱɢɫɬɤɨɣ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɩɨɞɜɚɪɤɨɣ; 

– ɩɨɥɧɨɟ ɭɞɚɥɟɧɢɟ ɞɟɮɟɤɬɨɜ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɡɚɜɚɪɤɨɣ ɜɵɛɪɚɧɧɨɝɨ ɭɱɚɫɬɤɚ. 

ɂɫɩɪɚɜɥɟɧɢɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚ ɪɟɦɨɧɬɧɨɣ ɩɥɨɳɚɞɤɟ ɫɜɚɪɤɨɣ ɜ ɫɪɟɞɟ ɡɚɳɢɬɧɵɯ 

ɝɚɡɨɜ. 

ȼɵɜɨɞ ɩɨ ɪɚɡɞɟɥɭ 1: 

ȼ ɪɚɡɞɟɥɟ 1 ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɬɟɯɧɨɥɨɝɢɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɛɚɥɤɢ ɩɪɨɞɨɥɶɧɨɣ 

ɚɜɬɨɝɪɟɣɞɟɪɚ ȾɁ-98. Ɋɚɫɫɦɨɬɪɟɧɚ ɤɨɧɫɬɪɭɤɰɢɹ, ɫɛɨɪɨɱɧɵɟ ɷɥɟɦɟɧɬɵ, ɩɪɢɦɟɧɹɟɦɚɹ 

ɩɪɢ ɫɛɨɪɤɟ ɢ ɩɪɢ ɫɜɚɪɤɟ ɨɫɧɚɫɬɤɚ. Ɍɚɤɠɟ ɪɚɫɫɦɨɬɪɟɧɵ ɩɪɢɦɟɧɹɟɦɵɟ ɫɜɚɪɨɱɧɵɟ 

ɦɚɬɟɪɢɚɥɵ, ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɨɛɳɚɹ ɬɟɯɧɨɥɨɝɢɹ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɚɧɚɥɢɡɚ ɛɵɥɢ 

ɜɵɹɜɥɟɧɵ ɧɟɞɨɫɬɚɬɤɢ, ɤɨɬɨɪɵɟ ɩɪɟɞɥɨɠɟɧɨ ɭɫɬɪɚɧɢɬɶ ɡɚɦɟɧɨɣ ɫɜɚɪɨɱɧɵɯ 



 

Иɡм. Лɢɫɬ № дɨкɭм. Пɨдɩɢɫь Даɬа 

Лɢɫɬ 

θη 1η.0γ.01.β017.10γ.00 ɉɁ 

ɦɚɬɟɪɢɚɥɨɜ, ɩɪɢɦɟɧɹɟɦɨɣ ɨɫɧɚɫɬɤɢ, ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɪɚɛɨɬ. Ɍɚɤɠɟ 

ɪɚɫɫɱɢɬɚɧɵ ɪɟɠɢɦɵ ɫɜɚɪɤɢ ɢ ɨɩɢɫɚɧɵ ɦɟɬɨɞɵ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ ɢ ɧɟɞɨɩɭɫɤɚɟɦɵɟ 

ɞɟɮɟɤɬɵ. 

 

β ɄɈɇɋɌɊɍɄɌɈɊɋɄɂɃ ɊȺɁȾȿɅ 

 

Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɩɪɨɜɟɫɬɢ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɢ ɫɛɨɪɤɢ ɢ ɫɜɚɪɤɢ 

ɛɚɥɤɢ ɩɪɨɞɨɥɶɧɨɣ ɚɜɬɨɝɪɟɣɞɟɪɚ ȾɁ-98 ɬɪɟɛɭɟɬɫɹ ɢɡɦɟɧɢɬɶ ɫɨɫɬɚɜ ɭɱɚɫɬɤɚ ɫɛɨɪɤɢ 

ɢ ɫɜɚɪɤɢ. Ɍɚɤ, ɧɚ ɭɱɚɫɬɨɤ ɜɦɟɫɬɨ ɰɟɩɧɨɝɨ ɤɚɧɬɨɜɚɬɟɥɹ ɭɫɬɚɧɨɜɢɦ ɫɩɟɰɢɚɥɶɧɭɸ 

ɨɫɧɚɫɬɤɭ, ɩɨɦɨɝɚɸɳɭɸ ɦɚɤɫɢɦɚɥɶɧɨ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɬɶ ɬɟɯɧɨɥɨɝɢɸ. 

Ⱦɥɹ ɫɜɚɪɤɢ ɞɟɬɚɥɟɣ ɩɟɪɜɨɣ ɨɱɟɪɟɞɢ ɫɛɨɪɤɢ ɭɤɨɦɩɥɟɤɬɭɟɦ ɫɜɚɪɨɱɧɵɣ ɭɱɚɫɬɨɤ 

ɪɨɛɨɬɨɦ FКЧЮМ ArМ MКЭО 100Тω ɫ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦ ɫɜɚɪɨɱɧɵɦ ɜɪɚɳɚɬɟɥɟɦ ɢ 

ɫɛɨɪɨɱɧɨ-ɫɜɚɪɨɱɧɵɦ ɫɬɨɥɨɦ. Ɉɛɳɢɣ ɜɢɞ ɭɡɥɨɜ ɩɟɪɜɨɣ ɨɱɟɪɟɞɢ ɫɛɨɪɤɢ ɩɨɤɚɡɚɧ ɧɚ 

ɪɢɫɭɧɤɚɯ β.1 ɢ β.β. 

 
Ɋɢɫɭɧɨɤ β.1 – Ɉɛɳɢɣ ɜɢɞ ɭɡɥɚ, ɫɨɫɬɨɹɳɟɝɨ ɢɡ ɞɟɬɚɥɟɣ ɩɨɡ. β, γ, 8 
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Ɋɢɫɭɧɨɤ β.β – Ɉɛɳɢɣ ɜɢɞ ɭɡɥɚ, ɫɨɫɬɨɹɳɟɝɨ ɢɡ ɞɟɬɚɥɟɣ ɩɨɡ. θ ɢ 7 

ɋɛɨɪɤɭ ɞɟɬɚɥɟɣ ɩɨɡ. β ɢ γ ɩɪɟɞɥɚɝɚɟɬɫɹ ɨɫɭɳɟɫɬɜɢɬɶ ɜ ɫɛɨɪɨɱɧɨɣ ɪɚɦɤɟ, ɤɨɬɨɪɚɹ 

ɩɨɡɜɨɥɢɬ ɡɚɤɪɟɩɢɬɶ ɭɤɚɡɚɧɧɵɟ ɞɟɬɚɥɢ ɜɨ ɜɪɚɳɚɬɟɥɟ. Ɉɛɳɢɣ ɜɢɞ ɪɚɦɤɢ ɩɨɤɚɡɚɧ ɧɚ 

ɪɢɫɭɧɤɟ β.γ. 

 
Ɋɢɫɭɧɨɤ β.γ – Ɉɛɳɢɣ ɜɢɞ ɪɚɦɤɢ 

ɋɯɟɦɚ ɡɚɤɪɟɩɥɟɧɢɹ ɞɟɬɚɥɢ ɜ ɪɚɦɤɟ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ β.4. 
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Ɋɢɫɭɧɨɤ β.4 – ɋɯɟɦɚ ɡɚɤɪɟɩɥɟɧɢɹ ɞɟɬɚɥɢ ɜ ɪɚɦɤɟ 

Ɂɚɤɪɟɩɥɟɧɢɟ ɞɟɬɚɥɢ ɜɨ ɜɪɚɳɚɬɟɥɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɩɪɢɠɢɦɨɜ, 

ɤɨɬɨɪɵɟ ɜɫɬɚɜɥɹɸɬɫɹ ɜ ɫɩɟɰɢɚɥɶɧɵɟ ɩɚɡɵ ɪɚɦɤɢ. 

Ⱦɥɹ ɫɛɨɪɤɢ ɢ ɫɜɚɪɤɢ ɭɤɚɡɚɧɧɨɝɨ ɭɡɥɚ ɩɪɟɞɥɚɝɚɟɬɫɹ ɩɪɢɦɟɧɢɬɶ ɫɜɚɪɨɱɧɵɣ 

ɜɪɚɳɚɬɟɥɶ, ɩɨɤɚɡɚɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ β.η. 

 
Ɋɢɫɭɧɨɤ β.η – Ɉɛɳɢɣ ɜɢɞ ɜɪɚɳɚɬɟɥɹ ɫɜɚɪɨɱɧɨɝɨ 

Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɪɚɳɚɬɟɥɹ ɫɜɚɪɨɱɧɨɝɨ ɩɨɤɚɡɚɧɵ ɜ ɬɚɛɥɢɰɟ β.1. 
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Ɍɚɛɥɢɰɚ β.1 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɪɚɳɚɬɟɥɹ ɫɜɚɪɨɱɧɨɝɨ 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ Ɂɧɚɱɟɧɢɟ 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶ, ɤɝ θ00 

ɋɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ, ɨɛ/ɦɢɧ β0 

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɜɪɚɳɚɸɳɢɣ ɦɨɦɟɧɬ, ɇɦ θη0 

 

ɋɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɪɚɦɤɢ ɜɨ ɜɪɚɳɚɬɟɥɟ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ β.θ. 

 
Ɋɢɫɭɧɨɤ β.θ – ɋɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɪɚɦɤɢ ɜɨ ɜɪɚɳɚɬɟɥɟ 

Ɋɚɦɤɚ ɜɨ ɜɪɚɳɚɬɟɥɟ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɛɨɥɬɨɜ Ɇβ4ɯ1η0 ɦɦ. Ƚɚɣɤɢ ɢ 

ɲɚɣɛɵ, ɮɢɤɫɢɪɭɸɳɢɟ ɛɨɥɬɵ Ɇβ4. 

ɋɛɨɪɤɚ ɢ ɫɜɚɪɤɚ ɞɟɬɚɥɟɣ ɩɨɡ. θ ɢ 7 ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚ ɫɛɨɪɨɱɧɨɦ ɫɬɨɥɟ. Ɉɛɳɢɣ 

ɜɢɞ ɫɬɨɥɚ ɫɛɨɪɨɱɧɨ-ɫɜɚɪɨɱɧɨɝɨ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ β.7. 
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Ɋɢɫɭɧɨɤ β.7 – Ɉɛɳɢɣ ɜɢɞ ɫɬɨɥɚ ɫɛɨɪɨɱɧɨ-ɫɜɚɪɨɱɧɨɝɨ 

ɍɫɬɚɧɨɜɤɚ ɞɟɬɚɥɟɣ ɩɨɡ. θ ɢ 7 ɧɚ ɫɬɨɥɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɤɨɧɞɭɤɬɨɪɚ, 

ɤɨɬɨɪɵɣ ɡɚɤɪɟɩɥɟɧ ɧɚ ɫɬɨɥɟ ɩɪɢ ɩɨɦɨɳɢ ɛɨɥɬɨɦ Ɇβ7ɯ80. Ƚɚɣɤɢ ɢ ɲɚɣɛɵ, 

ɮɢɤɫɢɪɭɸɳɢɟ ɛɨɥɬɵ Ɇβ7. Ɉɛɳɢɣ ɜɢɞ ɤɨɧɞɭɤɬɨɪɚ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ β.8. 

 
Ɋɢɫɭɧɨɤ β.8 – Ɉɛɳɢɣ ɜɢɞ ɤɨɧɞɭɤɬɨɪɚ 

ɋɯɟɦɚ ɡɚɤɪɟɩɥɟɧɢɹ ɞɟɬɚɥɟɣ ɩɨɡ. θ ɢ 7 ɜ ɤɨɧɞɭɤɬɨɪɟ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ β.9. 
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Ɋɢɫɭɧɨɤ β.9 – ɋɯɟɦɚ ɡɚɤɪɟɩɥɟɧɢɹ ɞɟɬɚɥɟɣ ɩɨɡ. θ ɢ 7 ɜ ɤɨɧɞɭɤɬɨɪɟ 

Ⱦɥɹ ɫɛɨɪɤɢ ɢ ɫɜɚɪɤɢ ɩɪɢ ɭɤɪɭɩɧɟɧɢɢ ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɩɨɜɨɪɨɬɧɵɣ ɫɬɨɥ ɫ ɭɫɬɚɧɨɜɥɟɧɧɵɦɢ ɧɚ ɧɟɝɨ ɫɜɚɪɨɱɧɵɦɢ ɜɪɚɳɚɬɟɥɹɦɢ. Ɉɛɳɢɣ ɜɢɞ 

ɫɬɨɥɚ ɩɨɜɨɪɨɬɧɨɝɨ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ β.10. 
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Ɋɢɫɭɧɨɤ β.10 – Ɉɛɳɢɣ ɜɢɞ ɫɬɨɥɚ ɩɨɜɨɪɨɬɧɨɝɨ 

Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɬɨɥɚ ɩɨɜɨɪɨɬɧɨɝɨ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ β.β. 

Ɍɚɛɥɢɰɚ β.β – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɬɨɥɚ ɩɨɜɨɪɨɬɧɨɝɨ 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ Ɂɧɚɱɟɧɢɟ 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶ, ɤɝ γη00 

ɋɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ, ɨɛ/ɦɢɧ 0,β…0,η 

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɜɪɚɳɚɸɳɢɣ ɦɨɦɟɧɬ, ɇɦ 1βθ00 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶ ɜɪɚɳɚɬɟɥɟɣ, ɤɝ 1700 

ɋɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ, ɨɛ/ɦɢɧ 0,η…β 

 

ȼɵɜɨɞɵ ɩɨ ɪɚɡɞɟɥɭ β: 

ȼ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɦ ɪɚɡɞɟɥɟ ɪɚɫɫɦɨɬɪɟɧɚ ɩɪɢɦɟɧɹɟɦɚɹ ɢ ɩɪɟɞɥɚɝɚɟɦɚɹ ɨɫɧɚɫɬɤɚ, 

ɤɨɬɨɪɚɹ ɩɪɢɦɟɧɹɟɬɫɹ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ. 
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γ ɌȿɏɇɂɑȿɋɄɈȿ ɇɈɊɆɂɊɈȼȺɇɂȿ 

 

γ.1 Ɋɚɫɱɟɬ ɮɨɧɞɨɜ ɪɚɛɨɱɟɝɨ ɜɪɟɦɟɧɢ 

 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɛɚɥɤɢ ɩɪɨɞɨɥɶɧɨɣ ɚɜɬɨɝɪɟɣɞɟɪɚ ȾɁ-98 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɱɟɪɟɡ ɨɩɪɟɞɟɥɟɧɢɟ ɧɨɦɢɧɚɥɶɧɨɝɨ ɮɨɧɞɚ ɪɚɛɨɱɟɝɨ ɜɪɟɦɟɧɢ. ɗɬɚ 

ɜɟɥɢɱɢɧɚ ɡɚɜɢɫɢɬ ɨɬ ɫɥɟɞɭɸɳɢɯ ɮɚɤɬɨɪɨɜ: 

– ɤɨɥɢɱɟɫɬɜɨ ɜɵɯɨɞɧɵɯ ɞɧɟɣ; 

– ɤɨɥɢɱɟɫɬɜɨ ɩɪɚɡɞɧɢɱɧɵɯ ɞɧɟɣ; 

– ɤɨɥɢɱɟɫɬɜɨ ɩɪɟɞɩɪɚɡɞɧɢɱɧɵɯ ɞɧɟɣ.  

Ɍɨɝɞɚ ɧɨɦɢɧɚɥɶɧɵɣ ɮɨɧɞ ɪɚɛɨɱɟɝɨ ɜɪɟɦɟɧɢ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɢɡ ɭɫɥɨɜɢɹ Д4, 

θ] 

 

FH=
DȽЭH
DH

, (β8) 

 

ɝɞɟ DȽ = γθη – ɤɨɥɢɱɟɫɬɜɨ ɪɚɛɨɱɢɯ ɞɧɟɣ ɜ ɬɟɤɭɳɟɦ ɝɨɞɭ, ɲɬ; 

Dɇ = 7 – ɤɨɥɢɱɟɫɬɜɨ ɪɚɛɨɱɢɯ ɞɧɟɣ ɧɟɞɟɥɢ, ɲɬ; 

Эɇ = 1θ8 –ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɪɚɛɨɱɟɣ ɧɟɞɟɥɢ, ɱ. 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (β8) ɩɨɥɭɱɢɦ, ɱɬɨ 

 

FH=
γθη∙1θ8

7
=87θ0 ɱ. 

 

ɉɪɢ ɪɚɫɱɟɬɟ ɧɨɦɢɧɚɥɶɧɨɝɨ ɮɨɧɞɚ ɪɚɛɨɱɟɝɨ ɜɪɟɦɟɧɢ ɬɚɤɠɟ ɭɱɢɬɵɜɚɟɬɫɹ ɮɨɧɞ 

ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɤɨɬɨɪɵɣ ɭɱɢɬɵɜɚɟɬ ɫɦɟɧɧɨɫɬɶ ɪɚɛɨɬɵ 

ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɩɨɬɟɪɢ ɩɨ ɜɪɟɦɟɧɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɪɟɦɨɧɬɨɦ. ȿɝɨ ɜɨɡɦɨɠɧɨ 

ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ Д4, θ] 

 

FȾ=FH ൬1-
P

100
൰ , (β9) 
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ɝɞɟ Fɇ = 87θ0 – ɧɨɦɢɧɚɥɶɧɵɣ ɝɨɞɨɜɨɣ ɮɨɧɞ ɪɚɛɨɱɟɝɨ ɜɪɟɦɟɧɢ, ɱ; 

Ɋ = γ,8 – ɩɪɨɰɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɩɨɬɟɪɢ ɜɪɟɦɟɧɢ ɧɚ ɪɟɦɨɧɬ ɨɛɨɪɭɞɨɜɚɧɢɹ, %. 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (β9) ɩɨɥɭɱɢɦ, ɱɬɨ ɞɟɣɫɬɜɢɬɟɥɶɧɵɣ ɝɨɞɨɜɨɣ ɮɨɧɞ ɜɪɟɦɟɧɢ 

ɩɪɢ ɪɚɛɨɬɟ ɨɛɨɪɭɞɨɜɚɧɢɹ 

 

FȾ=87θ0∙ ൬1-
γ,8
100

൰ =84β7 ɱ. 

 

Ɋɚɫɫɦɚɬɪɢɜɚɟɦɨɟ ɩɪɟɞɩɪɢɹɬɢɟ ɪɚɛɨɬɚɟɬ ɜ ɤɪɭɝɥɨɫɭɬɨɱɧɨɦ ɪɟɠɢɦɟ. 

ɂɡɝɨɬɨɜɥɟɧɢɟ ɛɚɥɨɤ ɩɪɨɞɨɥɶɧɵɯ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɱɟɬɵɪɶɦɹ ɛɪɢɝɚɞɚɦɢ. Ɏɨɧɞ 

ɪɚɛɨɱɟɝɨ ɜɪɟɦɟɧɢ ɨɞɧɨɣ ɛɪɢɝɚɞɵ ɩɪɢ ɪɚɛɨɬɟ ɜ ɨɞɧɭ ɫɦɟɧɭ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ 

ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ Д4, θ] 

 

Fɇ.ȻɊ.=
FH

Ч
, (γ0) 

 

ɝɞɟ Fɇ = 87θ0 – ɧɨɦɢɧɚɥɶɧɵɣ ɝɨɞɨɜɨɣ ɮɨɧɞ ɪɚɛɨɱɟɝɨ ɜɪɟɦɟɧɢ, ɱ; 

Ч = 4 – ɤɨɥɢɱɟɫɬɜɨ ɛɪɢɝɚɞ, ɡɚɧɹɬɵɯ ɧɚ ɨɛɴɟɤɬɟ, ɲɬ. 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (γ0) ɩɨɥɭɱɢɦ, ɱɬɨ 

 

Fɇ.ȻɊ.=
87θ0

4
=β190 ɱ. 

 

ɉɪɢ ɜɵɱɟɬɟ ɢɡ ɮɨɧɞɨɜ ɜɪɟɦɟɧɢ ɩɥɚɧɢɪɭɟɦɵɯ ɞɧɟɜɧɵɯ ɢ ɜɧɭɬɪɢɫɦɟɧɧɵɯ 

ɮɨɧɞɨɜ ɩɨɬɟɪɶ ɜɪɟɦɟɧɢ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɷɮɮɟɤɬɢɜɧɵɣ ɮɨɧɞ ɜɪɟɦɟɧɢ ɞɥɹ ɨɞɧɨɣ 

ɛɪɢɝɚɞɵ ɩɪɢ ɪɚɛɨɬɟ ɜ ɨɞɧɭ ɫɦɟɧɭ. Ʉ ɬɚɤɢɦ ɩɨɬɟɪɹɦ ɜɪɟɦɟɧɢ ɨɬɧɨɫɹɬɫɹ: 

– ɨɫɧɨɜɧɨɣ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɨɬɩɭɫɤ ɜɫɟɯ ɜɢɞɨɜ; 

– ɛɨɥɟɡɧɢ; 

– ɜɵɩɨɥɧɟɧɢɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ ɨɛɹɡɚɧɧɨɫɬɟɣ; 

– ɫɨɤɪɚɳɟɧɢɟ ɪɚɛɨɱɟɝɨ ɞɧɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɣɫɬɜɭɸɳɢɦ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɨɦ.  

ɉɪɢ ɪɚɫɱɟɬɟ ɷɮɮɟɤɬɢɜɧɨɝɨ ɮɨɧɞɚ ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ ɨɞɧɨɝɨ ɪɚɛɨɱɟɝɨ 
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ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɮɨɪɦɭɥɨɣ Д4, θ]:  

 

FȾɊ=Fɇ.ȻɊ.[1-0,01ሺɊɇ+ɊɈ+ɊɈɌɉ+ɊɊሻ], (γ1) 

 

ɝɞɟ Fɇ.ȻɊ. = β190 – ɧɨɦɢɧɚɥɶɧɵɣ ɮɨɧɞ ɪɚɛɨɱɟɝɨ ɜɪɟɦɟɧɢ ɨɞɧɨɣ ɛɪɢɝɚɞɵ, ɱ; 

Ɋɇ = 4 – ɩɥɚɧɢɪɭɟɦɵɣ ɩɪɨɰɟɧɬ ɧɟɜɵɯɨɞɚ ɧɚ ɪɚɛɨɬɭ, %; 

PO = θ – ɩɪɨɰɟɧɬ ɩɟɪɟɪɵɜɨɜ ɧɚ ɨɬɞɵɯ, %; 

ɊɈɌɉ = θ– ɩɪɨɰɟɧɬ ɧɟɜɵɯɨɞɚ ɧɚ ɪɚɛɨɬɭ ɜ ɫɜɹɡɢ ɫ ɨɬɩɭɫɤɨɦ, %; 

PP = γ – ɩɪɨɰɟɧɬ ɩɨɬɟɪɶ ɜɪɟɦɟɧɢ, ɫɜɹɡɚɧɧɵɯ ɫ ɪɟɦɨɧɬɨɦ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ 

ɪɚɛɨɱɟɟ ɜɪɟɦɹ, %. 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (γ1), ɷɮɮɟɤɬɢɜɧɵɣ ɮɨɧɞ ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ ɨɞɧɨɝɨ ɪɚɛɨɱɟɝɨ 

 

FȾɊ=β190∙[1-0,01∙ሺ4+θ+θ+γሻ]=1774 ɱ. 

 

γ.β Ɋɚɫɱɟɬ ɧɨɪɦ ɲɬɭɱɧɨɝɨ ɜɪɟɦɟɧɢ 

 

ȼɪɟɦɹ ɧɚ ɨɩɟɪɚɰɢɸ ɨɛɪɚɛɨɬɤɢ ɮɚɫɨɤ, ɨɫɦɨɬɪ, ɡɚɱɢɫɬɤɭ ɩɪɢɤɪɨɦɨɱɧɨɣ ɡɨɧɵ ɢ 

ɢɫɩɪɚɜɥɟɧɢɟ ɨɛɧɚɪɭɠɟɧɧɵɯ ɜɢɡɭɚɥɶɧɨ ɞɟɮɟɤɬɨɜ ɫɨɫɬɚɜɥɹɟɬ 10 ɦɢɧ. 

ɉɪɢ ɪɚɫɱɟɬɟ ɧɨɪɦ ɜɪɟɦɟɧɢ ɞɥɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɫɜɚɪɤɢ ɩɪɢɦɟɦ ɫɟɪɢɣɧɵɣ ɬɢɩ 

ɩɪɨɢɡɜɨɞɫɬɜɚ. ɋɜɚɪɤɚ ɩɪɢ ɭɤɪɭɩɧɟɧɢɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɬɚɰɢɨɧɚɪɧɵɦ ɫɜɚɪɨɱɧɵɦ 

ɪɨɛɨɬɨɦ ɫ ɧɚɩɨɥɶɧɵɦ ɪɚɡɦɟɳɟɧɢɟɦ. ɋɜɚɪɤɚ ɩɪɢ ɨɛɳɟɣ ɨɛɜɚɪɤɟ ɭɡɥɚ 

ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨɞɜɟɫɧɵɦ ɪɨɛɨɬɨɦ. ɍɫɬɚɧɨɜɤɚ ɢ ɩɨɜɨɪɨɬ ɢɡɞɟɥɢɣ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɨɫɢ ɩɪɢ ɩɨɞɝɨɬɨɜɤɟ ɩɨɞ ɫɜɚɪɤɭ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ ɭɱɚɫɬɢɟɦ ɷɥɟɤɬɪɨɫɜɚɪɳɢɤɚ. 

ɇɚɫɬɪɨɣɤɭ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɨɢɡɜɨɞɢɬ ɷɥɟɤɬɪɨɫɜɚɪɳɢɤ. 

Ⱦɥɹ ɩɪɨɞɨɥɠɟɧɢɹ ɞɚɥɶɧɟɣɲɢɯ ɪɚɫɱɟɬɨɜ ɩɨ ɨɪɝɚɧɢɡɚɰɢɢ ɢ ɧɨɪɦɢɪɨɜɚɧɢɸ 

ɬɪɟɛɭɟɬɫɹ ɪɚɫɫɱɢɬɚɬɶ ɩɨɞɝɨɬɨɜɢɬɟɥɶɧɨ-ɡɚɤɥɸɱɢɬɟɥɶɧɨɟ ɜɪɟɦɹ. Ɉɧɨ ɩɪɟɞɫɬɚɜɥɹɟɬ 

ɫɨɛɨɣ ɫɭɦɦɭ ɜɪɟɦɟɧɢ ɩɨ ɫɥɟɞɭɸɳɢɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɨɩɟɪɚɰɢɹɦ Д7]:  

1. ɉɨɥɭɱɟɧɢɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɡɚɞɚɧɢɹ – θ ɦɢɧ; 

β. Ɉɡɧɚɤɨɦɥɟɧɢɟ ɫ ɪɚɛɨɬɨɣ – θ ɦɢɧ; 

γ. ɍɫɬɚɧɨɜɤɚ ɜɟɥɢɱɢɧɵ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ – 0,γ ɦɢɧ; 
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4. ɍɫɬɚɧɨɜɤɚ ɫɤɨɪɨɫɬɢ ɫɜɚɪɤɢ – 0,β ɦɢɧ; 

η. ɍɫɬɚɧɨɜɤɚ ɫɤɨɪɨɫɬɢ ɩɨɞɚɱɢ ɩɪɨɜɨɥɨɤɢ – 0,γ ɦɢɧ; 

θ. ɍɫɬɚɧɨɜɤɚ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɚɫɯɨɞɚ ɝɚɡɚ – 0,η ɦɢɧ; 

7. ɉɨɞɝɨɬɨɜɤɚ ɪɚɛɨɱɟɝɨ ɦɟɫɬɚ ɜ ɧɚɱɚɥɟ ɢ ɤɨɧɰɟ ɫɦɟɧɵ – 10 ɦɢɧ; 

8. ɋɞɚɱɚ ɪɚɛɨɬɵ – γ ɦɢɧ. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɪɟɦɹ ɧɚ ɫɜɚɪɤɭ ɩɨɞɝɨɬɨɜɢɬɟɥɶɧɨ-ɡɚɤɥɸɱɢɬɟɥɶɧɨɟ ɦɨɠɧɨ 

ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ Д7] 

 

ɌɉɁ=  Эɩɡ, (γβ) 

 

ɝɞɟ Эɩɡ – ɫɭɦɦɚ ɜɪɟɦɟɧɢ ɧɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɹɯ ɩɪɢ ɩɨɞɝɨɬɨɜɤɟ ɢ 

ɡɚɜɟɪɲɟɧɢɢ ɪɚɛɨɬ, ɦɢɧ. 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (γβ) 

 

ɌɉɁ=θ+θ+0,γ+0,β+0,γ+0,η+10+γ=βθ,γ ɦɢɧ. 

 

Ɋɚɫɱɟɬ ɨɫɧɨɜɧɨɝɨ ɜɪɟɦɟɧɢ ɫɜɚɪɤɢ, ɜ ɩɟɪɢɨɞ ɤɨɬɨɪɨɝɨ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɝɨɪɢɬ 

ɫɜɚɪɨɱɧɚɹ ɞɭɝɚ ɩɪɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɫɜɚɪɤɟ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ Д7] 

 

ɌɈ=θ0∙
LЧ

Vωψ
, (γγ) 

 

ɝɞɟ L – ɞɥɢɧɚ ɫɜɚɪɧɨɝɨ ɲɜɚ ɡɚ ɨɞɢɧ ɩɪɨɯɨɞ, ɦ 

Ч – ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɯɨɞɨɜ, ɲɬ; 

Vɋȼ – ɫɤɨɪɨɫɬɶ ɫɜɚɪɤɢ, ɦ/ɱ. 

Ɋɚɫɫɱɢɬɚɟɦ ɨɫɧɨɜɧɨɟ ɜɪɟɦɹ ɫɜɚɪɤɢ ɞɥɹ ɫɥɟɞɭɸɳɢɯ ɲɜɨɜ ɫɨɝɥɚɫɧɨ ɮɨɪɦɭɥɟ 

(γγ): 

– ɲɨɜ №1 
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ɌɈ=θ0∙
0,1βη7∙1

θθ,9θ
=0,11 ɦɢɧ. 

 

– ɲɨɜ №β: 

ɚ) ɩɪɢ ɩɟɪɜɨɦ ɩɪɨɯɨɞɟ 

 

ɌɈ=θ0∙
1,44∙1
βθ,γ

=γ,γ ɦɢɧ. 

 

ɛ) ɩɪɢ ɜɬɨɪɨɦ ɩɪɨɯɨɞɟ 

 

ɌɈ=θ0∙
1,44∙1

β7
=γ,β ɦɢɧ. 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɭɦɦɚɪɧɨɟ ɨɩɟɪɚɰɢɨɧɧɨɟ ɜɪɟɦɹ ɧɚ ɫɜɚɪɤɭ ɜɫɟɯ ɲɜɨɜ №β 

ɫɨɫɬɚɜɥɹɟɬ θ,η ɦɢɧ. 

– ɲɨɜ №γ: 

ɚ) ɩɪɢ ɩɟɪɜɨɦ ɩɪɨɯɨɞɟ 

 

ɌɈ=θ0∙
0,44∙1
βθ,γ

=1 ɦɢɧ. 

 

ɛ) ɩɪɢ ɡɚɩɨɥɧɹɸɳɢɯ ɩɪɨɯɨɞɚɯ 

 

ɌɈ=θ0∙
0,44∙4
βγ,7θ

=4,44 ɦɢɧ. 

 

ɜ) ɩɪɢ ɨɛɥɢɰɨɜɨɱɧɨɦ ɩɪɨɯɨɞɟ 

 

ɌɈ=θ0∙
0,44∙1
γβ,4

=0,8β ɦɢɧ. 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɭɦɦɚɪɧɨɟ ɨɩɟɪɚɰɢɨɧɧɨɟ ɜɪɟɦɹ ɧɚ ɫɜɚɪɤɭ ɜɫɟɯ ɲɜɨɜ №γ 

ɫɨɫɬɚɜɥɹɟɬ θ,βθ ɦɢɧ. 

– ɲɨɜ №4 

 

ɌɈ=θ0∙
7,θ4∙1
1θ,ηθ

=β7,7 ɦɢɧ. 

 

– ɲɨɜ №η 

 

ɌɈ=θ0∙
1,71∙1
1θ,ηθ

=θ,β ɦɢɧ. 

 

– ɲɨɜ №θ: 

ɚ) ɩɪɢ ɩɟɪɜɨɦ ɩɪɨɯɨɞɟ 

 

ɌɈ=θ0∙
0,8β∙1
βθ,γ

=1,87 ɦɢɧ. 

 

ɛ) ɩɪɢ ɡɚɩɨɥɧɹɸɳɢɯ ɩɪɨɯɨɞɚɯ 

 

ɌɈ=θ0∙
0,8β∙4
19,8

=9,94 ɦɢɧ. 

 

ɜ) ɩɪɢ ɨɛɥɢɰɨɜɨɱɧɨɦ ɩɪɨɯɨɞɟ 

 

ɌɈ=θ0∙
0,8β∙1

18
=β,7γ ɦɢɧ. 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɭɦɦɚɪɧɨɟ ɨɩɟɪɚɰɢɨɧɧɨɟ ɜɪɟɦɹ ɧɚ ɫɜɚɪɤɭ ɜɫɟɯ ɲɜɨɜ №θ 

ɫɨɫɬɚɜɥɹɟɬ 14,η4 ɦɢɧ. 

– ɲɨɜ №7 
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ɌɈ=θ0∙
0,04∙1
1θ,ηθ

=0,β ɦɢɧ. 

 

Ɉɫɧɨɜɧɵɦ ɩɚɪɚɦɟɬɪɨɦ, ɨɩɪɟɞɟɥɹɸɳɢɦ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, ɹɜɥɹɟɬɫɹ ɲɬɭɱɧɨɟ 

ɜɪɟɦɹ ɧɚ ɢɡɝɨɬɨɜɥɟɧɢɟ. ɉɪɨɢɡɜɟɞɟɦ ɪɚɫɱɟɬ ɲɬɭɱɧɨɝɨ ɜɪɟɦɟɧɢ ɧɚ ɨɩɟɪɚɰɢɸ 

ɫɜɚɪɤɢ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ Д7] 

 

ɌɒɌ=ሺɌɇɒ+ɌȼɂሻФ1-Ч, (γ4) 

 

ɝɞɟ Ɍɇɒ – ɧɟɩɨɥɧɨɟ ɲɬɭɱɧɨɟ ɜɪɟɦɹ ɧɚ ɞɥɢɧɭ ɲɜɚ, ɦɢɧ; 

Ɍȼɂ – ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɜɪɟɦɹ, ɫɜɹɡɚɧɧɨɟ ɫ ɢɡɞɟɥɢɟɦ ɢ ɬɢɩɨɦ ɨɛɨɪɭɞɨɜɚɧɢɹ, 

ɜɤɥɸɱɚɸɳɟɟ ɜ ɫɟɛɹ ɡɚɬɪɚɬɵ ɧɚ ɫɥɟɞɭɸɳɢɟ ɨɩɟɪɚɰɢɢ: 

– ɧɚ ɤɥɟɣɦɨɜɤɭ ɲɜɚ; 

– ɧɚ ɫɧɹɬɢɟ ɢ ɭɫɬɚɧɨɜɤɭ ɳɢɬɨɜ ɞɥɹ ɡɚɳɢɬɵ ɨɬ ɫɜɚɪɨɱɧɨɣ ɞɭɝɢ; 

– ɧɚ ɨɩɟɪɚɰɢɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɢɡɞɟɥɢɟɦ (ɡɚɤɪɟɩɥɟɧɢɟ, ɩɟɪɟɦɟɳɟɧɢɟ, ɭɫɬɚɧɨɜɤɭ, 

ɫɧɹɬɢɟ ɢ ɩɨɜɨɪɨɬ ɢɡɞɟɥɢɣ); 

Ф1-Ч – ɩɨɩɪɚɜɨɱɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɧɚ ɢɡɦɟɧɟɧɧɵɟ ɭɫɥɨɜɢɹ ɪɚɛɨɬɵ. 

Ɉɩɪɟɞɟɥɢɦ ɧɟɩɨɥɧɨɟ ɲɬɭɱɧɨɟ ɜɪɟɦɹ ɧɚ ɞɥɢɧɭ ɲɜɚ Ɍɇɒ ɩɨ ɮɨɪɦɭɥɟ Д7] 

 

Ɍɇɒ=ሺɌɈ+ɌȼɒሻФ, (γη) 

 

ɝɞɟ ɌɈ – ɨɫɧɨɜɧɨɟ ɜɪɟɦɹ ɫɜɚɪɤɢ, ɦɢɧ; 

Ɍȼɒ – ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɜɪɟɦɹ, ɫɜɹɡɚɧɧɨɟ ɫɨ ɫɜɚɪɤɨɣ ɲɜɚ, ɦɢɧ; 

Ф =1,1β – ɤɨɷɮɮɢɰɢɟɧɬ ɤ ɨɩɟɪɚɬɢɜɧɨɦɭ ɜɪɟɦɟɧɢ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɪɟɦɹ ɧɚ 

ɨɛɫɥɭɠɢɜɚɧɢɟ. 

ȼɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɜɪɟɦɹ, ɫɜɹɡɚɧɧɨɟ ɫɨ ɫɜɚɪɤɨɣ ɲɜɚ Ɍȼɒ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ 

ɫɥɟɞɭɸɳɢɟ ɨɩɟɪɚɰɢɨɧɧɵɟ ɩɟɪɟɞɟɥɵ Д7]: 

– ɡɚɱɢɫɬɤɚ ɫɜɚɪɧɨɝɨ ɲɜɚ ɨɬ ɨɤɢɫɧɨɣ ɩɥɟɧɤɢ ɩɨɫɥɟ ɤɚɠɞɨɝɨ ɩɪɨɯɨɞɚ (ɧɚ 1 ɦ 

ɲɜɚ ɡɚ ɨɞɢɧ ɩɪɨɯɨɞ): 

ɚ) ɞɥɹ ɲɜɚ №1 – 0,γβ ɦɢɧ; 
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ɛ) ɞɥɹ ɲɜɚ №β – 0,ηγ ɦɢɧ ɧɚ ɤɚɠɞɵɣ ɩɪɨɯɨɞ; 

ɜ) ɞɥɹ ɲɜɚ №γ – 0,η8 ɦɢɧ ɧɚ ɤɚɠɞɵɣ ɩɪɨɯɨɞ; 

ɝ) ɞɥɹ ɲɜɚ №4 – 0,γθ ɦɢɧ; 

ɞ) ɞɥɹ ɲɜɚ №η – 0,γβ ɦɢɧ; 

ɟ) ɞɥɹ ɲɜɚ №θ – 0,ηη ɦɢɧ ɧɚ ɤɚɠɞɵɣ ɩɪɨɯɨɞ; 

ɠ) ɞɥɹ ɲɜɚ №7 – 0,γγ ɦɢɧ; 

– ɨɫɦɨɬɪ ɢ ɩɪɨɦɟɪ ɲɜɚ (ɧɚ 1 ɦ ɲɜɚ ɡɚ ɨɞɢɧ ɩɪɨɯɨɞ): 

ɚ) ɞɥɹ ɲɜɚ №1 – 0,ββ ɦɢɧ; 

ɛ) ɞɥɹ ɲɜɚ №β – 0,ββ ɦɢɧ ɧɚ ɤɚɠɞɵɣ ɩɪɨɯɨɞ; 

ɜ) ɞɥɹ ɲɜɚ №γ – 0,β ɦɢɧ ɧɚ ɤɚɠɞɵɣ ɩɪɨɯɨɞ; 

ɝ) ɞɥɹ ɲɜɚ №4 – 0,βη ɦɢɧ; 

ɞ) ɞɥɹ ɲɜɚ №η – 0,ββ ɦɢɧ; 

ɟ) ɞɥɹ ɲɜɚ №θ – 0,β ɦɢɧ ɧɚ ɤɚɠɞɵɣ ɩɪɨɯɨɞ; 

ɠ) ɞɥɹ ɲɜɚ №7 – 0,γ ɦɢɧ; 

– ɩɨɞɬɹɝɢɜɚɧɢɟ ɩɪɨɜɨɞɨɜ, ɨɬɤɭɫɵɜɚɧɢɟ ɢ ɭɞɚɥɟɧɢɟ ɨɫɬɚɬɤɨɜ ɩɪɨɜɨɥɨɤɢ, ɩɨɞɚɱɚ 

ɩɪɨɜɨɥɨɤɢ ɜ ɝɨɥɨɜɤɭ ɚɜɬɨɦɚɬɚ (ɜɵɛɢɪɚɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɢɚɦɟɬɪɚ ɫɜɚɪɨɱɧɨɣ 

ɩɪɨɜɨɥɨɤɢ) – 0,βη ɦɢɧ ɞɥɹ ɞɢɚɦɟɬɪɚ ɩɪɨɜɨɥɨɤɢ 1,θ ɦɦ; 

– ɨɛɦɚɡɤɚ ɪɚɫɬɜɨɪɨɦ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɬɚɥɥɚ ɨɤɨɥɨɲɨɜɧɨɣ ɡɨɧɵ (ɜ ɡɚɜɢɫɢɦɨɫɬɢ 

ɨɬ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɩɨɥɨɠɟɧɢɹ ɲɜɚ ɩɪɢ ɫɜɚɪɤɟ ɧɚ 1 ɦ ɫɜɚɪɧɨɝɨ ɲɜɚ): 

ɚ) ɞɥɹ ɲɜɚ №1 – 0,γη ɦɢɧ; 

ɛ) ɞɥɹ ɲɜɚ №β – 0,γη ɦɢɧ; 

ɜ) ɞɥɹ ɲɜɚ №γ – 0,γη ɦɢɧ; 

ɝ) ɞɥɹ ɲɜɚ №4 – 0,4γ ɦɢɧ; 

ɞ) ɞɥɹ ɲɜɚ №η – 0,γη ɦɢɧ; 

ɟ) ɞɥɹ ɲɜɚ №θ – 0,γη ɦɢɧ; 

ɠ) ɞɥɹ ɲɜɚ №7 – 0,4γ ɦɢɧ; 

– ɡɚɱɢɫɬɤɚ ɨɤɨɥɨɲɨɜɧɨɣ ɡɨɧɵ ɨɬ ɛɪɵɡɝ ɪɚɫɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɪɭɱɧɵɦ 

ɢɧɫɬɪɭɦɟɧɬɨɦ (ɜɪɟɦɹ ɡɚɜɢɫɢɬ ɨɬ ɧɚɥɢɱɢɹ ɨɛɦɚɡɤɢ, ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɩɨɥɨɠɟɧɢɹ 

ɲɜɚ ɩɪɢ ɫɜɚɪɤɟ ɢ ɭɤɚɡɚɧɨ ɧɚ 1 ɦ ɲɜɚ): 

ɚ) ɞɥɹ ɲɜɚ №1 – 0,71 ɦɢɧ; 
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ɛ) ɞɥɹ ɲɜɚ №β – 0,71 ɦɢɧ; 

ɜ) ɞɥɹ ɲɜɚ №γ – 0,ηθ ɦɢɧ; 

ɝ) ɞɥɹ ɲɜɚ №4 – 0,71 ɦɢɧ; 

ɞ) ɞɥɹ ɲɜɚ №η – 0,71 ɦɢɧ; 

ɟ) ɞɥɹ ɲɜɚ №θ – 0,ηθ ɦɢɧ; 

ɠ) ɞɥɹ ɲɜɚ №7 – 0,71 ɦɢɧ; 

– ɡɚɱɢɫɬɤɚ ɤɪɨɦɨɤ ɩɟɪɟɞ ɫɜɚɪɤɨɣ ɨɬ ɧɚɥɟɬɚ ɪɠɚɜɱɢɧɵ ɢɥɢ ɨɤɢɫɧɨɣ ɩɥɟɧɤɢ 

ɦɟɯɚɧɢɡɢɪɨɜɚɧɧɵɦ  ɢɧɫɬɪɭɦɟɧɬɨɦ (ɜɪɟɦɹ ɡɚɜɢɫɢɬ ɨɬ ɬɢɩɚ ɲɜɚ, ɧɚɥɢɱɢɹ ɪɚɡɞɟɥɤɢ 

ɤɪɨɦɨɤ ɢ ɭɤɚɡɚɧɨ ɧɚ 1 ɦ ɲɜɚ): 

ɚ) ɞɥɹ ɲɜɚ №1 – 0,ηθ ɦɢɧ; 

ɛ) ɞɥɹ ɲɜɚ №β – 0,ηθ ɦɢɧ; 

ɜ) ɞɥɹ ɲɜɚ №γ – 0,ηθ ɦɢɧ; 

ɝ) ɞɥɹ ɲɜɚ №4 – 0,ηθ ɦɢɧ; 

ɞ) ɞɥɹ ɲɜɚ №η – 0,ηθ ɦɢɧ; 

ɟ) ɞɥɹ ɲɜɚ №θ – 0,ηθ ɦɢɧ; 

ɠ) ɞɥɹ ɲɜɚ №7 – 0,ηθ ɦɢɧ 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɜɪɟɦɹ, ɫɜɹɡɚɧɧɨɟ ɫɨ ɫɜɚɪɤɨɣ ɲɜɚ Ɍȼɒ: 

– ɞɥɹ ɲɜɚ №1 ɩɪɢ ɨɛɳɟɣ ɞɥɢɧɟ 0,1βη7 ɦ 

 

Ɍȼɒ=ሺ0,γβ+0,ββ+0,γη+0,71+0,ηθሻ∙0,1βη7+0,βη=0,ηβ ɦɢɧ. 

 

– ɞɥɹ ɲɜɚ №β ɩɪɢ ɨɛɳɟɣ ɞɥɢɧɟ 1,44 ɦ 

 

Ɍȼɒ=ሺ(0,ηγ+0,ββ)∙β+0,γη+0,71+0,ηθሻ∙1,44+0,βη=4,7 ɦɢɧ. 

 

– ɞɥɹ ɲɜɚ №γ ɩɪɢ ɨɛɳɟɣ ɞɥɢɧɟ 0,44 ɦ 

 

Ɍȼɒ=ሺ(0,η8+0,β)∙θ+0,γη+0,ηθ+0,ηθሻ∙0,44+0,βη=γ ɦɢɧ. 

 

– ɞɥɹ ɲɜɚ №4 ɩɪɢ ɨɛɳɟɣ ɞɥɢɧɟ 7,θ4 ɦ 
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Ɍȼɒ=ሺ0,γθ+0,βη+0,4γ+0,71+0,ηθሻ∙7,θ4+0,βη=17,9 ɦɢɧ. 

 

– ɞɥɹ ɲɜɚ №η ɩɪɢ ɨɛɳɟɣ ɞɥɢɧɟ 1,71 ɦ 

 

Ɍȼɒ=ሺ0,γβ+0,ββ+0,γη+0,71+0,ηθሻ∙1,71+0,βη=γ,9 ɦɢɧ. 

 

– ɞɥɹ ɲɜɚ №θ ɩɪɢ ɨɛɳɟɣ ɞɥɢɧɟ 0,8β ɦ 

 

Ɍȼɒ=ሺ(0,ηη+0,β)∙θ+0,γη+0,ηθ+0,ηθሻ∙0,8β+0,βη=η,β ɦɢɧ. 

 

– ɞɥɹ ɲɜɚ №7 ɩɪɢ ɨɛɳɟɣ ɞɥɢɧɟ 0,04 ɦ 

 

Ɍȼɒ=ሺ0,γγ+0,γ+0,4γ+0,71+0,ηθሻ∙0,04+0,βη=0,4 ɦɢɧ. 

 

Ɍɨɝɞɚ, ɧɟɩɨɥɧɨɟ ɲɬɭɱɧɨɟ ɜɪɟɦɹ ɌɒɌ ɨɩɪɟɞɟɥɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (γη) ɩɪɢ ɫɜɚɪɤɟ: 

– ɲɜɚ №1 

 

Ɍɇɒ=ሺ0,11+0,ηβሻ∙1,1β=0,71 ɦɢɧ. 

 

– ɞɥɹ ɲɜɚ №β 

 

Ɍɇɒ=ሺθ,η+4,7ሻ∙1,1β=1β,η4 ɦɢɧ. 

 

– ɞɥɹ ɲɜɚ №γ 

 

Ɍɇɒ=ሺθ,βθ+γሻ∙1,1β=10,4 ɦɢɧ. 

 

– ɞɥɹ ɲɜɚ №4 

 

Ɍɇɒ=ሺβ7,7+17,9ሻ∙1,1β=η1,1 ɦɢɧ. 
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– ɞɥɹ ɲɜɚ №η 

 

Ɍɇɒ=ሺθ,β+γ,9ሻ∙1,1β=11,γ ɦɢɧ. 

 

– ɞɥɹ ɲɜɚ №θ 

 

Ɍɇɒ=ሺ14,η4+η,βሻ∙1,1β=ββ,11 ɦɢɧ. 

 

– ɞɥɹ ɲɜɚ №7 

 

Ɍɇɒ=ሺ0,β+0,4ሻ∙1,1β=0,θ7 ɦɢɧ. 

 

ȼɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɜɪɟɦɹ, ɫɜɹɡɚɧɧɨɟ ɫ ɢɡɞɟɥɢɟɦ ɢ ɬɢɩɨɦ ɨɛɨɪɭɞɨɜɚɧɢɹ Ɍȼɂ, 

ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɡɚɬɪɚɬɵ ɧɚ ɫɥɟɞɭɸɳɢɟ ɨɩɟɪɚɰɢɢ Д7]: 

– ɧɚ ɤɥɟɣɦɨɜɤɭ ɲɜɚ – 0,β1 ɦɢɧ ɧɚ ɤɚɠɞɵɣ ɲɨɜ; 

– ɧɚ ɫɧɹɬɢɟ ɢ ɭɫɬɚɧɨɜɤɭ ɳɢɬɨɜ ɞɥɹ ɡɚɳɢɬɵ ɨɬ ɫɜɚɪɨɱɧɨɣ ɞɭɝɢ – 1,19 ɦɢɧ; 

– ɧɚ ɨɩɟɪɚɰɢɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɢɡɞɟɥɢɟɦ (ɡɚɤɪɟɩɥɟɧɢɟ, ɩɟɪɟɦɟɳɟɧɢɟ, ɭɫɬɚɧɨɜɤɭ, 

ɫɧɹɬɢɟ ɢ ɩɨɜɨɪɨɬ ɢɡɞɟɥɢɣ) – βη ɦɢɧ. ɉɪɢ ɷɬɨɦ ɭɤɚɡɚɧɧɨɟ ɜɪɟɦɹ ɫɭɦɦɢɪɭɟɬɫɹ ɫ 

ɨɛɳɢɦ ɲɬɭɱɧɵɦ ɜɪɟɦɟɧɟɦ ɧɚ ɢɡɝɨɬɨɜɥɟɧɢɟ ɢɡɞɟɥɢɹ ɜ ɰɟɥɨɦ. 

ɉɪɢɦɟɦ, ɱɬɨ ɡɧɚɱɟɧɢɹ ɩɨɩɪɚɜɨɱɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɧɚ ɢɡɦɟɧɟɧɧɵɟ ɭɫɥɨɜɢɹ 

ɪɚɛɨɬɵ ɫɨɫɬɚɜɥɹɸɬ: 

– ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɫɥɨɜɢɹ ɩɪɨɜɟɞɟɧɢɹ ɪɚɛɨɬ ɢ ɜɢɞ ɫɜɚɪɤɢ – 1; 

– ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɩɨɥɨɠɟɧɢɟ ɲɜɚ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ – 1,η; 

– ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɢɞ ɫɜɚɪɤɢ, ɲɜɚ ɢ ɟɝɨ ɞɥɢɧɭ – 1,γβ. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɨ ɮɨɪɦɭɥɟ (γ4) ɩɨɥɭɱɢɦ, ɱɬɨ: 

– ɩɪɢ ɫɜɚɪɤɟ ɲɜɚ №1 

 

ɌɒɌ=ሺ0,71+1,4ሻ∙1∙1,η∙1,γβ=4,β ɦɢɧ. 

 

– ɩɪɢ ɫɜɚɪɤɟ ɲɜɚ №β  



 

Иɡм. Лɢɫɬ № дɨкɭм. Пɨдɩɢɫь Даɬа 

Лɢɫɬ 

8γ 1η.0γ.01.β017.10γ.00 ɉɁ 

ɌɒɌ=ሺ1β,η4+1,4ሻ∙1∙1,η∙1,γβ=β7,θ ɦɢɧ. 

 

– ɩɪɢ ɫɜɚɪɤɟ ɲɜɚ №γ 

 

ɌɒɌ=ሺ10,4+1,4ሻ∙1∙1,η∙1,γβ=βγ,4 ɦɢɧ. 

 

– ɩɪɢ ɫɜɚɪɤɟ ɲɜɚ №4 

 

ɌɒɌ=ሺη1,1+1,4ሻ∙1∙1,η∙1,γβ=10γ,9η ɦɢɧ. 

 

– ɩɪɢ ɫɜɚɪɤɟ ɲɜɚ №η 

 

ɌɒɌ=ሺ11,γ+1,4ሻ∙1∙1,η∙1,γβ=βη,β ɦɢɧ. 

 

– ɩɪɢ ɫɜɚɪɤɟ ɲɜɚ №θ 

 

ɌɒɌ=ሺββ,11+1,4ሻ∙1∙1,η∙1,γβ=4θ,θ ɦɢɧ. 

 

– ɩɪɢ ɫɜɚɪɤɟ ɲɜɚ №7 

 

ɌɒɌ=ሺ0,θ7+1,4ሻ∙1∙1,η∙1,γβ=4,1 ɦɢɧ. 

 

ɋɭɦɦɚɪɧɨɟ ɲɬɭɱɧɨɟ ɜɪɟɦɹ ɧɚ ɢɡɝɨɬɨɜɥɟɧɢɟ ɨɞɧɨɝɨ ɢɡɞɟɥɢɹ ɜ ɪɚɡɪɟɡɟ ɨɩɟɪɚɰɢɣ 

ɫɛɨɪɤɢ ɢ ɫɜɚɪɤɢ ɫɨɫɬɚɜɥɹɟɬ 

 

ɌɒɌ
ɂ =(4,β+β7,θ+βγ,4+10γ,9η+βη,β+4θ,θ+4,1)+βη=βθ0,1 ɦɢɧ. 

 

Ɋɚɫɫɱɢɬɚɟɦ ɲɬɭɱɧɨɟ ɜɪɟɦɹ ɧɚ ɨɩɟɪɚɰɢɢ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ ɩɨ ɫɥɟɞɭɸɳɟɣ 

ɮɨɪɦɭɥɟ: 
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ɌɒɌ
Ʉɨɧ=ሺTO+ЭɜɫɩሻФ, (γθ) 

 

ɝɞɟ ɌɈ – ɜɪɟɦɹ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɤɨɧɬɪɨɥɹ, ɦɢɧ; 

Эɜɫɩ – ɜɪɟɦɹ, ɡɚɬɪɚɱɢɜɚɟɦɨɟ ɧɚ ɩɨɞɝɨɬɨɜɤɭ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɞɟɬɚɥɢ, ɦɢɧ; 

Ф=1,19 – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɡɚɬɪɚɬɵ ɜɪɟɦɟɧɢ ɧɚ ɨɛɫɥɭɠɢɜɚɧɢɟ 

ɪɚɛɨɱɟɝɨ ɦɟɫɬɚ, ɧɚ ɨɬɞɵɯ ɢ ɟɫɬɟɫɬɜɟɧɧɵɟ ɧɚɞɨɛɧɨɫɬɢ, ɟɞ. 

ȼɪɟɦɹ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɤɨɧɬɪɨɥɹ ɨɩɪɟɞɟɥɢɦ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ 

 

TO=
L

VɄ
, (γ7) 

 

ɝɞɟ Lɒ  – ɞɥɢɧɚ ɤɨɧɬɪɨɥɢɪɭɟɦɨɝɨ ɫɜɚɪɧɨɝɨ ɲɜɚ, ɦ; 

VɄ – ɫɤɨɪɨɫɬɶ ɩɪɨɜɟɞɟɧɢɹ ɤɨɧɬɪɨɥɹ, ɦ/ɦɢɧ. ɉɪɢɦɟɦ, ɱɬɨ ɩɪɢ ɜɢɡɭɚɥɶɧɨɦ 

ɤɨɧɬɪɨɥɟ ɫɤɨɪɨɫɬɶ ɫɨɫɬɚɜɥɹɟɬ 0,8 ɦ/ɦɢɧ, ɩɪɢ ɭɥɶɬɪɚɡɜɭɤɨɜɨɦ ɤɨɧɬɪɨɥɟ ɫɤɨɪɨɫɬɶ 

ɫɨɫɬɚɜɥɹɟɬ 0,4 ɦ/ɦɢɧ. 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (γ7) ɩɨɥɭɱɢɦ, ɱɬɨ ɨɫɧɨɜɧɨɟ ɜɪɟɦɹ ɞɥɹ ɨɩɟɪɚɰɢɢ ɤɨɧɬɪɨɥɹ 

ɩɪɢ ɩɪɨɜɟɪɤɟ: 

– ɲɜɚ №1 

 

TO=
0,1βη7

0,8
=0,1θ ɦɢɧ. 

 

– ɲɜɚ №β 

 

TO=
1,44∙β

0,8
+

1,0β8
0,4

=θ,β ɦɢɧ. 

 

– ɲɜɚ №γ 

 

TO=
0,44∙θ

0,8
+

0,44
0,4

=4,4 ɦɢɧ. 



 

Иɡм. Лɢɫɬ № дɨкɭм. Пɨдɩɢɫь Даɬа 

Лɢɫɬ 

8η 1η.0γ.01.β017.10γ.00 ɉɁ 

– ɲɜɚ №4 

 

TO=
7,θ4
0,8

=9,θ ɦɢɧ. 

 

– ɲɜɚ №η 

 

TO=
1,71
0,8

+
0,1βγ

0,4
=β,η ɦɢɧ. 

 

– ɲɜɚ №θ 

 

TO=
0,8β∙θ

0,8
+

0,8β
0,4

=8,β ɦɢɧ. 

 

– ɲɜɚ №7 

 

TO=
0,04
0,8

=0,0η ɦɢɧ. 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɛɳɟɟ ɨɩɟɪɚɰɢɨɧɧɨɟ ɜɪɟɦɹ ɧɚ ɤɨɧɬɪɨɥɶ ɤɚɱɟɫɬɜɚ ɫɨɫɬɚɜɥɹɟɬ  

 

ɌɈ
Ɉɛɳ=0,1θ+θ,β+4,4+9,θ+β,η+8,β+0,0η=γ1,1 ɦɢɧ. 

 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (γθ) ɩɨɥɭɱɢɦ, ɱɬɨ 

 

ɌɒɌ
Ʉɨɧ=ሺγ1,1+βሻ∙1,19=γ9,4 ɦɢɧ. 
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γ.γ Ɉɪɝɚɧɢɡɚɰɢɹ ɩɪɨɢɡɜɨɞɫɬɜɚ 

 

Ɍɪɟɛɭɟɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɤɨɬɨɪɨɟ ɩɪɢɦɟɧɹɟɬɫɹ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ 

ɛɚɥɤɢ ɩɪɨɞɨɥɶɧɨɣ ɚɜɬɨɝɪɟɣɞɟɪɚ ȾɁ-98, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɬɪɭɞɨɡɚɬɪɚɬ ɢ ɞɟɣɫɬɜɢɬɟɥɶɧɨɝɨ ɮɨɧɞɚ ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ ɨɛɨɪɭɞɨɜɚɧɢɹ.  

Ɂɚɝɪɭɡɤɚ ɨɛɨɪɭɞɨɜɚɧɢɹ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ Д7] 

 

ɋɊ=
ɌɒɌN

θ0FȾKȼɇЧ
, (γ8) 

 

ɝɞɟ ɌɒɌ  – ɜɪɟɦɹ ɲɬɭɱɧɨɟ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɨɩɟɪɚɰɢɢ ɞɥɹ ɨɞɧɨɝɨ ɢɡɞɟɥɢɹ, ɦɢɧ; 

N = γ00 – ɝɨɞɨɜɚɹ ɩɪɨɝɪɚɦɦɚ ɜɵɩɭɫɤɚ ɛɚɥɨɤ ɩɪɨɞɨɥɶɧɵɯ, ɲɬ; 

FȾ = 84β7 – ɞɟɣɫɬɜɢɬɟɥɶɧɵɣ ɮɨɧɞ ɜɪɟɦɟɧɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɢ ɞɜɭɯɫɦɟɧɧɨɦ 

ɝɪɚɮɢɤɟ ɜ ɫɭɬɤɢ, ɱ; 

Ʉȼɇ = 1,1 – ɤɨɷɮɮɢɰɢɟɧɬ ɜɵɩɨɥɧɟɧɢɹ ɧɨɪɦ ɜɵɪɚɛɨɬɤɢ; 

Ч = β – ɤɨɥɢɱɟɫɬɜɨ ɫɦɟɧ. 

ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɋɊ ɞɨɥɠɧɨ ɛɵɬɶ ɨɤɪɭɝɥɟɧɨ ɞɨ ɛɥɢɠɚɣɲɟɝɨ ɰɟɥɨɝɨ ɱɢɫɥɚ 

ɋɉɊ, ɹɜɥɹɸɳɢɦɫɹ ɩɪɢɧɹɬɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ Д7] 

 

ɄɁ=
ɋɊ

ɋɉɊ
, (γ9) 

 

ɝɞɟ ɋɊ – ɪɚɫɱɟɬɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɲɬ; 

ɋɉɊ – ɩɪɢɧɹɬɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɲɬ. 

Ɋɚɫɱɟɬ ɤɨɥɢɱɟɫɬɜɚ ɩɪɢɦɟɧɹɟɦɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɨɤɚɡɚɧ ɜ ɬɚɛɥɢɰɟ γ.1. 

Ɍɚɛɥɢɰɚ γ.1 – Ʉɨɥɢɱɟɫɬɜɨ ɩɪɢɦɟɧɹɟɦɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɨɩɟɪɚɰɢɢ ɌɒɌ, ɦɢɧ ɋɊ ɋɉɊ ɄɁ 

Ⱥɜɬɨɦɚɬɢɱɟɫɤɚɹ ɫɜɚɪɤɚ ɜ 

ɫɪɟɞɟ ɡɚɳɢɬɧɵɯ ɝɚɡɨɜ 
βθ0,1 0,07 1 0,07 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ γ.1. 

Ʉɨɧɬɪɨɥɶ ɤɚɱɟɫɬɜɚ γ9,4 0,011 1 0,011 

 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱɟɬɨɜ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɧɢɡɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ 

ɡɚɝɪɭɡɤɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɤɨɦɩɟɧɫɢɪɭɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟɦ ɷɬɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ 

ɞɪɭɝɢɯ ɨɩɟɪɚɰɢɹɯ. 

ɑɢɫɥɟɧɧɨɫɬɶ ɨɫɧɨɜɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɪɚɛɨɱɢɯ ɦɟɧɹɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɬɪɭɞɨɟɦɤɨɫɬɢ ɪɚɛɨɬ, ɧɨɪɦ ɜɵɪɚɛɨɬɤɢ ɢɥɢ ɧɨɪɦɚɦ ɨɛɫɥɭɠɢɜɚɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ.  

Ʉɨɥɢɱɟɫɬɜɨ ɪɚɛɨɱɢɯ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ Д7]:  

 

RɊ=
ɌɒɌN

θ0FȾɊKȼS
, (40) 

 

ɝɞɟ ɌɒɌ – ɲɬɭɱɧɨɟ ɜɪɟɦɹ ɩɪɨɜɟɞɟɧɢɟ ɨɩɟɪɚɰɢɢ ɞɥɹ ɨɞɧɨɝɨ ɢɡɞɟɥɢɹ, ɦɢɧ;  

N = γ00 – ɝɨɞɨɜɚɹ ɩɪɨɝɪɚɦɦɚ ɢɡɝɨɬɨɜɥɟɧɢɹ ɫɢɫɬɟɦ ɡɚɩɢɪɚɧɢɹ, ɲɬ; 

FȾɊ = 1774 – ɞɟɣɫɬɜɢɬɟɥɶɧɵɣ ɝɨɞɨɜɨɣ ɮɨɧɞ ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ ɩɪɢ ɞɜɭɯɫɦɟɧɧɨɦ 

ɝɪɚɮɢɤɟ ɜ ɫɭɬɤɢ, ɱɚɫ/ɝɨɞ;  

S = β – ɤɨɥɢɱɟɫɬɜɨ ɫɦɟɧ ɪɚɛɨɬɵ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɲɬ; 

Ʉȼ = 1,1 – ɤɨɷɮɮɢɰɢɟɧɬ ɜɵɩɨɥɧɟɧɢɹ ɧɨɪɦ ɜɵɪɚɛɨɬɤɢ, ɟɞ. 

ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ RɊ ɞɨɥɠɧɨ ɛɵɬɶ ɨɤɪɭɝɥɟɧɨ ɞɨ ɛɥɢɠɚɣɲɟɝɨ ɰɟɥɨɝɨ ɱɢɫɥɚ 

RɉɊ, ɹɜɥɹɸɳɢɦɫɹ ɩɪɢɧɹɬɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɡɚɧɹɬɨɫɬɢ ɪɚɛɨɱɟɝɨ Д7]: 

 

ɄɁ=
RɊ

RɉɊ
, (41) 

 

ɝɞɟ RɊ – ɪɚɫɱɟɬɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɛɨɱɢɯ, ɱɟɥ; 

RɉɊ – ɩɪɢɧɹɬɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɛɨɱɢɯ, ɱɟɥ.  

Ɋɚɫɱɟɬɵ ɱɢɫɥɟɧɧɨɫɬɢ ɨɫɧɨɜɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɪɚɛɨɱɢɯ ɢ ɢɯ ɡɚɧɹɬɨɫɬɢ 

ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ γ.β. 
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Ɍɚɛɥɢɰɚ γ.β – ɑɢɫɥɟɧɧɨɫɬɶ ɪɚɛɨɱɢɯ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɨɩɟɪɚɰɢɢ 
ɉɪɨɮɟɫɫɢɹ / 

ɫɩɟɰɢɚɥɶɧɨɫɬɶ 
ɌɒɌ, ɦɢɧ RɊ RɉɊ ɄɁ 

Ⱥɜɬɨɦɚɬɢɱɟɫɤɚɹ ɫɜɚɪɤɚ ɜ ɫɪɟɞɟ 

ɡɚɳɢɬɧɵɯ ɝɚɡɨɜ 
ɋɜɚɪɳɢɤ βθ0,1 0,γγ 1 0,γγ 

Ʉɨɧɬɪɨɥɶ ɤɚɱɟɫɬɜɚ Ʉɨɧɬɪɨɥɟɪ γ9,4 0,0η 1 0,0η 

 

γ.4 Ɋɚɫɱɟɬ ɪɚɫɯɨɞɚ ɦɚɬɟɪɢɚɥɨɜ ɢ ɷɧɟɪɝɨɧɨɫɢɬɟɥɟɣ 

 

Ɋɚɫɱɟɬ ɧɨɪɦ ɪɚɫɯɨɞɚ ɦɚɬɟɪɢɚɥɨɜ ɢ ɷɧɟɪɝɨɧɨɫɢɬɟɥɟɣ ɡɚɜɢɫɢɬ ɨɬ ɤɨɥɢɱɟɫɬɜɚ 

ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɧɚ ɢɡɞɟɥɢɟ ɦɟɬɚɥɥɚ. ȼɟɫ ɦɟɬɚɥɥɚ, ɤɨɬɨɪɵɣ ɧɚɩɥɚɜɥɟɧ ɧɚ ɢɡɞɟɥɢɟ, 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ Дγ]: 

 

Qɗ=QɇФ, (4β) 

 

ɝɞɟ Ф = 1,β – ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɤɨɬɨɪɵɣ ɭɱɢɬɵɜɚɟɬ ɩɨɬɟɪɢ ɧɚ ɭɝɚɪ ɢ 

ɪɚɡɛɪɵɡɝɢɜɚɧɢɟ ɩɪɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɫɜɚɪɤɟ ɜ ɫɪɟɞɟ ɡɚɳɢɬɧɵɯ ɝɚɡɨɜ, ɟɞ; 

QH – ɜɟɫ ɦɟɬɚɥɥɚ, ɤɨɬɨɪɵɣ ɧɚɩɥɚɜɥɟɧ ɧɚ ɨɞɧɨ ɢɡɞɟɥɢɟ, ɤɝ. 

ȼɟɫ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ Дγ] 

 

QH=FHLȖ, (4γ) 

 

ɝɞɟ Fɇ – ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɲɜɚ, ɫɦβ; 

L – ɞɥɢɧɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɲɜɚ, ɫɦ; 

Ȗ =7,8η – ɩɥɨɬɧɨɫɬɶ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ, ɝ/ɫɦγ. 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (4γ): 

– ɩɪɢ ɫɜɚɪɤɟ ɲɜɚ №1 

 

QH=0,1βη∙1β,η7∙7,8η=1β,γ ɝ. 
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– ɩɪɢ ɫɜɚɪɤɟ ɲɜɚ №β 

 

QH=0,7β∙144∙7,8η=814 ɝ. 

 

– ɩɪɢ ɫɜɚɪɤɟ ɲɜɚ №γ 

 

QH=γ,4∙44∙7,8η=1174 ɝ. 

 

– ɩɪɢ ɫɜɚɪɤɟ ɲɜɚ №4 

 

QH=0,η∙7,θ4∙7,8η=γ000 ɝ. 

 

– ɩɪɢ ɫɜɚɪɤɟ ɲɜɚ №η 

 

QH=0,η∙1,71∙7,8η=θ71,β ɝ. 

 

– ɩɪɢ ɫɜɚɪɤɟ ɲɜɚ №θ 

 

QH=γ,η∙8β∙7,8η=ββηγ ɝ. 

 

– ɩɪɢ ɫɜɚɪɤɟ ɲɜɚ №7 

 

QH=0,η∙4∙7,8η=1η,7 ɝ. 

 

ɋɭɦɦɚɪɧɚɹ ɦɚɫɫɚ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɫɨɫɬɚɜɥɹɟɬ 

 

QH	ɈȻɓ=1η,7+1β,γ+814+1174+γ000+θ71,β+ββηγ=7940,β ɝ. 
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ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɨɝɥɚɫɧɨ ɮɨɪɦɭɥɟ (4β), ɜɟɫ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɧɚ ɨɞɧɨ 

ɢɡɞɟɥɢɟ ɫɨɫɬɚɜɥɹɟɬ 

 

Qɗ=7940,β∙1,β=9ηβ8 ɝ. 

 

Ɋɚɫɯɨɞ ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ ɧɚ ɝɨɞɨɜɭɸ ɩɪɨɝɪɚɦɦɭ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ Дγ] 

 

Qɗ ɈȻɓ=QɗN, (44) 

 

ɝɞɟ Qɗ – ɜɟɫ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ, ɝ; 

N = γ00 – ɤɨɥɢɱɟɫɬɜɨ ɫɢɫɬɟɦ ɡɚɩɢɪɚɧɢɹ, ɲɬ. 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (44) ɩɨɥɭɱɢɦ, ɱɬɨ: 

 

Qɗ ɈȻɓ=9,ηβ8∙γ00=β8η8,4 ɤɝ. 

 

Ɋɚɫɯɨɞ ɝɚɡɚ ɧɚ ɨɞɧɨ ɢɡɞɟɥɢɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ Дγ]: 

 

QȽȺɁ=Qɗk, (4η) 

 

ɝɞɟ Ф =1,β – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ ɝɚɡɚ, ɟɞ.  

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (4η) ɩɨɥɭɱɢɦ, ɱɬɨ 

 

QȽȺɁ=9,ηβ8∙1,β=11,4γ ɤɝ. 

 

Ɋɚɫɯɨɞ ɡɚɳɢɬɧɨɝɨ ɝɚɡɚ, ɩɨɬɪɚɱɟɧɧɨɝɨ ɧɚ ɫɜɚɪɤɭ, ɧɚ ɝɨɞɨɜɭɸ ɩɪɨɝɪɚɦɦɭ 

ɜɵɩɭɫɤɚ ɢɡɞɟɥɢɣ ɫɨɫɬɚɜɥɹɟɬ 

 

QȽȺɁ	ɈȻɓ=11,4γ∙γ00=γ4β9 ɤɝ. 
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Ɋɚɫɯɨɞ ɷɧɟɪɝɨɧɨɫɢɬɟɥɟɣ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɪɚɛɨɬɵ ɫɜɚɪɨɱɧɵɯ ɦɚɲɢɧ ɢ 

ɚɩɩɚɪɚɬɨɜ ɜ ɨɛɳɟɦ ɜɢɞɟ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧ ɩɨ ɬɟɯɧɢɱɟɫɤɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ 

ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɩɨɬɟɪɹɦ ɷɧɟɪɝɢɢ. ȼɨɫɩɨɥɶɡɭɟɦɫɹ ɦɟɬɨɞɢɤɨɣ ɞɥɹ ɞɭɝɨɜɵɯ 

ɫɩɨɫɨɛɨɜ ɫɜɚɪɤɢ, ɨɫɧɨɜɚɧɧɨɣ ɧɚ ɭɱɟɬɟ ɦɚɫɫɵ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɢ ɭɞɟɥɶɧɵɯ 

ɪɚɫɯɨɞɚɯ ɷɧɟɪɝɢɢ. Ɋɚɫɯɨɞ ɷɧɟɪɝɨɧɨɫɢɬɟɥɟɣ ɩɪɢ ɫɜɚɪɤɟ ɧɚ ɝɨɞɨɜɭɸ ɩɪɨɝɪɚɦɦɭ 

ɧɚɯɨɞɢɬɫɹ ɢɡ ɜɵɪɚɠɟɧɢɹ Дγ] 

 

QɗɅ=Qɗ ɈȻɓРɗ, (4θ) 

 

ɝɞɟ Рɗ = β,η – ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɤȼɬ/ɤɝ. 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (4θ) ɩɨɥɭɱɢɦ, ɱɬɨ 

 

QɗɅ=β8η8,4∙β,η=714θ ɤȼɬ. 

 

ȼɵɜɨɞɵ ɩɨ ɪɚɡɞɟɥɭ γ: 

ȼ ɪɚɡɞɟɥɟ γ ɩɪɨɢɡɜɟɞɟɧɵ ɪɚɫɱɟɬɵ ɨɫɧɨɜɧɵɯ ɮɨɧɞɨɜ ɜɪɟɦɟɧɢ. ɉɪɨɢɡɜɟɞɟɧ 

ɪɚɫɱɟɬ ɲɬɭɱɧɨɝɨ ɜɪɟɦɟɧɢ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɢɡɞɟɥɢɹ ɜ ɪɚɡɪɟɡɟ ɧɚ ɤɚɠɞɵɣ ɲɨɜ ɢ 

ɛɚɥɤɭ ɜ ɨɛɳɟɦ. ɉɪɨɢɡɜɟɞɟɧ ɪɚɫɱɟɬ ɡɚɬɪɚɬ ɫɜɚɪɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɚ ɬɚɤɠɟ 

ɪɚɫɫɱɢɬɚɧɨ ɧɟɨɛɯɨɞɢɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɜɚɪɨɱɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ 

ɞɥɹ ɤɨɧɬɪɨɥɹ. Ɍɚɤɠɟ ɪɚɫɫɱɢɬɚɧɚ ɧɟɨɛɯɨɞɢɦɚɹ ɱɢɫɥɟɧɧɨɫɬɶ ɩɟɪɫɨɧɚɥɚ. 
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ɁȺɄɅɘɑȿɇɂȿ 

 

ȼ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɬɟɯɧɨɥɨɝɢɹ 

ɢɡɝɨɬɨɜɥɟɧɢɹ ɛɚɥɤɢ ɩɪɨɞɨɥɶɧɨɣ ɚɜɬɨɝɪɟɣɞɟɪɚ ȾɁ-98. ȼ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦ ɪɚɡɞɟɥɟ 

ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɚ ɫɚɦɚ ɤɨɧɫɬɪɭɤɰɢɹ, ɨɩɢɫɚɧ ɨɫɧɨɜɧɨɣ ɦɚɬɟɪɢɚɥ, ɩɪɢɦɟɧɹɟɦɵɣ 

ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ (ɫɬɚɥɢ 1ηɏɋɇȾ ɢ ɋɬγ). Ɋɚɫɫɱɢɬɚɧɚ ɢɯ ɫɜɚɪɢɜɚɟɦɨɫɬɶ ɢ ɫɞɟɥɚɧ 

ɜɵɜɨɞ ɨ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɪɨɜɟɞɟɧɢɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɩɨɞɨɝɪɟɜɚ. Ɉɩɢɫɚɧɧɚɹ 

ɬɟɯɧɨɥɨɝɢɹ ɢɡɝɨɬɨɜɥɟɧɢɹ, ɤɨɬɨɪɚɹ ɩɪɢɧɹɬɚ ɧɚ ɩɪɟɞɩɪɢɹɬɢɢ ɢɦɟɟɬ ɧɟɞɨɫɬɚɬɤɢ, 

ɭɤɚɡɚɧɧɵɟ ɜ ɪɚɡɞɟɥɟ 1. Ⱦɥɹ ɢɯ ɭɫɬɪɚɧɟɧɢɹ ɛɵɥɚ ɩɪɟɞɥɨɠɟɧɚ ɧɨɜɚɹ ɬɟɯɧɨɥɨɝɢɹ, 

ɩɨɡɜɨɥɹɸɳɚɹ ɦɚɤɫɢɦɚɥɶɧɨ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɬɶ ɩɪɨɰɟɫɫ ɢɡɝɨɬɨɜɥɟɧɢɹ. Ⱦɥɹ ɧɟɟ 

ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɪɟɠɢɦɵ ɫɜɚɪɤɢ, ɜɵɛɪɚɧɵ ɫɜɚɪɨɱɧɵɟ ɦɚɬɟɪɢɚɥɵ ɢ ɫɜɚɪɨɱɧɨɟ 

ɨɛɨɪɭɞɨɜɚɧɢɟ. ȼ ɫɭɳɟɫɬɜɭɸɳɟɦ ɜɚɪɢɚɧɬɟ ɫɜɚɪɤɚ ɩɪɨɢɡɜɨɞɢɥɚɫɶ 

ɦɟɯɚɧɢɡɢɪɨɜɚɧɧɵɦ ɫɩɨɫɨɛɨɦ. ɉɪɟɞɥɚɝɚɟɦɚɹ ɬɟɯɧɨɥɨɝɢɹ ɩɨɡɜɨɥɹɟɬ ɩɪɢ ɫɜɚɪɤɟ 

ɩɪɢɦɟɧɢɬɶ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɵɣ ɤɨɦɩɥɟɤɫ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ, ɫɧɢɡɢɬɶ ɜɥɢɹɧɢɟ ɱɟɥɨɜɟɱɟɫɤɨɝɨ ɮɚɤɬɨɪɚ ɢ 

ɩɨɜɵɫɢɬɶ ɤɚɱɟɫɬɜɨ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. 

ȼ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɦ ɪɚɡɞɟɥɟ ɨɩɢɫɚɧɚ ɩɪɢɦɟɧɹɟɦɚɹ ɢ ɩɪɟɞɥɚɝɚɟɦɚɹ ɫɜɚɪɨɱɧɚɹ 

ɨɫɧɚɫɬɤɚ. 

ȼ ɪɚɡɞɟɥɟ ɬɟɯɧɢɱɟɫɤɨɝɨ ɧɨɪɦɢɪɨɜɚɧɢɹ ɩɪɨɢɡɜɟɞɟɧɵ ɪɚɫɱɟɬɵ ɨɫɧɨɜɧɵɯ ɮɨɧɞɨɜ 

ɜɪɟɦɟɧɢ. ɉɪɨɢɡɜɟɞɟɧ ɪɚɫɱɟɬ ɲɬɭɱɧɨɝɨ ɜɪɟɦɟɧɢ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɢɡɞɟɥɢɹ ɜ 

ɪɚɡɪɟɡɟ ɧɚ ɤɚɠɞɵɣ ɲɨɜ ɢ ɛɚɥɤɭ ɜ ɨɛɳɟɦ. ɉɪɨɢɡɜɟɞɟɧ ɪɚɫɱɟɬ ɡɚɬɪɚɬ ɫɜɚɪɨɱɧɵɯ 

ɦɚɬɟɪɢɚɥɨɜ, ɚ ɬɚɤɠɟ ɪɚɫɫɱɢɬɚɧɨ ɧɟɨɛɯɨɞɢɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɜɚɪɨɱɧɨɝɨ 

ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɤɨɧɬɪɨɥɹ. Ɍɚɤɠɟ ɪɚɫɫɱɢɬɚɧɚ ɧɟɨɛɯɨɞɢɦɚɹ 

ɱɢɫɥɟɧɧɨɫɬɶ ɩɟɪɫɨɧɚɥɚ. 
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