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ȼȼȿȾȿɇɂȿ 

 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚ ɬɟɪɪɢɬɨɪɢɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɚɤɬɢɜɧɨ 

ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɤɚɤ ɠɢɥɵɯ ɫɬɪɨɟɧɢɣ, ɬɚɤ ɢ ɪɚɫɲɢɪɟɧɢɟ ɫɟɬɢ 

ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɞɨɪɨɝ. ȼɫɟ ɨɩɟɪɚɰɢɢ, ɤɨɬɨɪɵɟ ɬɪɟɛɭɸɬ ɡɟɦɥɟɪɨɣɧɵɯ, ɡɚɫɵɩɧɵɯ, 

ɨɱɢɫɬɧɵɯ ɢ ɢɧɵɯ ɜɢɞɨɜ ɪɚɛɨɬ ɜɵɩɨɥɧɹɸɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɞɨɪɨɠɧɨ-ɫɬɪɨɢɬɟɥɶɧɵɯ 

ɦɚɲɢɧ. ɍɤɚɡɚɧɧɵɟ ɦɚɲɢɧɵ ɷɤɫɩɥɭɚɬɢɪɭɸɬɫɹ ɜ ɬɹɠɟɥɵɯ, ɢ, ɢɧɨɝɞɚ, ɜ 

ɷɤɫɬɪɟɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ, ɬɚɤɢɯ ɤɚɤ ɤɪɭɝɥɨɫɭɬɨɱɧɚɹ ɪɚɛɨɬɚ, ɪɚɛɨɬɚ ɜ ɭɫɥɨɜɢɹɯ 

ɧɢɡɤɢɯ ɢ ɤɪɚɣɧɟ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪ. ɉɨɷɬɨɦɭ ɪɟɫɭɪɫ ɞɚɧɧɵɯ ɦɚɲɢɧ ɢɝɪɚɟɬ ɧɟ 

ɩɨɫɥɟɞɧɸɸ ɪɨɥɶ ɜ ɩɨɥɭɱɟɧɢɢ ɩɪɢɛɵɥɢ ɞɥɹ ɩɪɟɞɩɪɢɹɬɢɹ. 

ɏɨɪɨɲɨ ɩɪɢ ɪɚɛɨɬɟ ɜ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɹɯ ɡɚɪɟɤɨɦɟɧɞɨɜɚɥɢ ɫɟɛɹ ɮɪɨɧɬɚɥɶɧɵɟ 

ɩɨɝɪɭɡɱɢɤɢ, ɧɚɩɪɢɦɟɪ, ɩɨɝɪɭɡɱɢɤ ȼ-1γ8. ɗɬɚ ɦɚɲɢɧɚ ɩɪɢɦɟɧɹɟɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɜɨ 

ɜɫɟɯ ɨɛɥɚɫɬɹɯ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɩɪɢ ɩɨɜɵɲɟɧɧɨɦ ɫɩɪɨɫɟ ɧɚ ɧɟɟ, ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ 

ɪɚɛɨɬɵ ɜ ɬɹɠɟɥɵɯ ɭɫɥɨɜɢɹɯ. ɇɚɢɛɨɥɶɲɭɸ ɧɚɝɪɭɡɤɭ ɧɟɫɟɬ ɧɚ ɫɟɛɟ ɦɨɫɬ. Ɋɚɡɥɢɱɚɸɬ 

ɜ ɩɨɝɪɭɡɱɢɤɟ ȼ-1γ8 ɩɟɪɟɞɧɢɣ ɢ ɡɚɞɧɢɣ ɦɨɫɬɵ. ȼ ɫɨɫɬɚɜ ɡɚɞɧɟɝɨ ɦɨɫɬɚ ɜɯɨɞɢɬ 

ɞɟɬɚɥɶ ɩɨɞ ɧɚɡɜɚɧɢɟɦ ɪɚɦɤɚ. Ɉɧɚ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɧɚɝɪɭɠɟɧɧɵɦ ɭɡɥɨɦ, ɬɚɤ ɤɚɤ 

ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɧɚ ɧɟɟ ɞɟɣɫɬɜɭɸɬ ɧɚɝɪɭɡɤɢ ɨɬ ɜɟɫɚ ɫɚɦɨɝɨ ɩɨɝɪɭɡɱɢɤɚ, ɧɚɝɪɭɡɤɢ 

ɨɬ ɟɝɨ ɩɟɪɟɞɜɢɠɟɧɢɹ ɢ ɟɝɨ ɪɚɛɨɬɵ. 

ȼ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɥɚɝɚɟɬɫɹ ɪɚɫɫɦɨɬɪɟɬɶ 

ɫɭɳɟɫɬɜɭɸɳɭɸ ɬɟɯɧɨɥɨɝɢɸ ɢɡɝɨɬɨɜɥɟɧɢɹ ɪɚɦɤɢ ɡɚɞɧɟɝɨ ɦɨɫɬɚ ɮɪɨɧɬɚɥɶɧɨɝɨ 

ɩɨɝɪɭɡɱɢɤɚ ȼ-1γ8 ɢ ɩɪɟɞɥɨɠɢɬɶ ɫɩɨɫɨɛɵ ɤɚɤ ɩɨɜɵɲɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ, ɬɚɤ 

ɢ ɤɚɱɟɫɬɜɚ ɜɵɩɨɥɧɟɧɢɹ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. 
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1 ɌȿɏɇɈɅɈȽɂɑȿɋɄɂɃ ɊȺɁȾȿɅ 

 

1.1 Ɉɩɢɫɚɧɢɟ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɢɡɞɟɥɢɹ 

 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɬɟɯɧɨɥɨɝɢɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɪɚɦɤɢ 

ɮɪɨɧɬɚɥɶɧɨɝɨ ɩɨɝɪɭɡɱɢɤɚ ȼ-1γ8. ɉɨɝɪɭɡɱɢɤ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɪɚɛɨɬ 

ɩɨ ɩɨɝɪɭɡɤɟ, ɪɵɬɶɸ ɡɟɦɥɢ, ɚ ɬɚɤɠɟ ɞɥɹ ɪɚɫɱɢɫɬɧɵɯ ɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɨɱɧɵɯ ɪɚɛɨɬ. 

Ɉɛɳɢɣ ɜɢɞ ɩɨɝɪɭɡɱɢɤɚ ȼ-1γ8 ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 1.1. 

 
Ɋɢɫɭɧɨɤ 1.1 – Ɉɛɳɢɣ ɜɢɞ ɩɨɝɪɭɡɱɢɤɚ ȼ1γ8 

Ɋɚɫɫɦɚɬɪɢɜɚɟɦɚɹ ɜ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ ɞɟɬɚɥɶ ɧɚɡɵɜɚɟɬɫɹ 

ɪɚɦɤɨɣ. Ɉɧɚ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɤɚɤ ɷɥɟɦɟɧɬ ɡɚɞɧɟɝɨ ɦɨɫɬɚ ɧɚ ɲɚɫɫɢ ɡɚɞɧɢɯ ɤɨɥɟɫ. Ɍɚɤ 

ɤɚɤ ɩɨɝɪɭɡɱɢɤ ɹɜɥɹɟɬɫɹ ɩɨɥɧɨɩɪɢɜɨɞɧɵɦ, ɬɨ ɪɚɦɤɚ ɧɟɫɟɬ ɧɚ ɫɟɛɟ ɨɫɧɨɜɧɵɟ 

ɧɚɝɪɭɡɤɢ, ɜɨɡɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɩɨɞɜɟɫɤɭ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɧɚ ɪɚɦɤɭ ɜɨɡɞɟɣɫɬɜɭɸɬ 

ɫɥɟɞɭɸɳɢɟ ɧɚɝɪɭɡɤɢ: 

– ɪɚɫɬɹɠɟɧɢɟ; 

– ɫɠɚɬɢɟ; 

– ɜɢɛɪɚɰɢɹ; 

– ɢɡɝɢɛɚɸɳɢɣ ɦɨɦɟɧɬ; 

– ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ. 

Ɉɛɳɢɣ ɜɢɞ ɪɚɦɤɢ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 1.β. 
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1 – Ʌɢɫɬ ɥɟɜɵɣ; β – Ʌɢɫɬ ɩɪɚɜɵɣ; γ – ɋɬɟɧɤɚ ɬɨɪɰɟɜɚɹ; 4 – ɋɬɟɧɤɚ ɮɥɚɧɝɨɜɚɹ;  

η – Ʉɨɫɵɧɤɚ; θ – ɇɚɤɥɚɞɤɚ; 7 – Ʌɢɫɬ ɨɩɨɪɧɵɣ 

Ɋɢɫɭɧɨɤ 1.β – Ɉɛɳɢɣ ɜɢɞ ɪɚɦɤɢ 
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Ɋɚɦɤɚ ɹɜɥɹɟɬɫɹ ɰɟɥɶɧɨɫɜɚɪɧɨɣ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɤɨɧɫɬɪɭɤɰɢɟɣ. 

ɇɚ ɪɢɫɭɧɤɟ 1.γ ɩɨɤɚɡɚɧɨ ɪɚɫɩɨɥɨɠɟɧɢɟ ɫɜɚɪɧɵɯ ɲɜɨɜ ɪɚɦɤɢ. 

 
Ɋɢɫɭɧɨɤ 1.γ – ɋɯɟɦɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɫɜɚɪɧɵɯ ɲɜɨɜ 
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Ɉɛɳɢɣ ɜɢɞ ɫɜɚɪɧɵɯ ɲɜɨɜ ɫ ɝɟɨɦɟɬɪɢɱɟɫɤɢɦɢ ɪɚɡɦɟɪɚɦɢ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 

1.4. 

 
Ɋɢɫɭɧɨɤ 1.4 – Ɉɛɳɢɣ ɜɢɞ ɫɜɚɪɧɵɯ ɲɜɨɜ ɫ ɝɟɨɦɟɬɪɢɱɟɫɤɢɦɢ ɪɚɡɦɟɪɚɦɢ 

ɗɫɤɢɡɵ ɞɟɬɚɥɟɣ, ɫɨɫɬɚɜɥɹɸɳɢɯ ɪɚɦɤɭ ɡɚɞɧɟɝɨ ɦɨɫɬɚ ɮɪɨɧɬɚɥɶɧɨɝɨ 

ɩɨɝɪɭɡɱɢɤɚ, ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 1.η…1.11. 

ɗɫɤɢɡ ɥɢɫɬɚ ɥɟɜɨɝɨ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 1.η. 

 
Ɋɢɫɭɧɨɤ 1.η – ɗɫɤɢɡ ɥɢɫɬɚ ɥɟɜɨɝɨ 
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ɗɫɤɢɡ ɥɢɫɬɚ ɩɪɚɜɨɝɨ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 1.θ. 

 
Ɋɢɫɭɧɨɤ 1.θ – ɗɫɤɢɡ ɥɢɫɬɚ ɩɪɚɜɨɝɨ 

ɗɫɤɢɡ ɫɬɟɧɤɢ ɬɨɪɰɟɜɨɣ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 1.7. 

 
Ɋɢɫɭɧɨɤ 1.7 – ɗɫɤɢɡ ɫɬɟɧɤɢ ɬɨɪɰɟɜɨɣ 

ɗɫɤɢɡ ɫɬɟɧɤɢ ɮɥɚɧɝɨɜɨɣ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 1.8. 

 
Ɋɢɫɭɧɨɤ 1.8 – ɗɫɤɢɡ ɫɬɟɧɤɢ ɮɥɚɧɝɨɜɨɣ 

ɗɫɤɢɡ ɤɨɫɵɧɤɢ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 1.9. 
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Ɋɢɫɭɧɨɤ 1.9 – ɗɫɤɢɡ ɤɨɫɵɧɤɢ 

ɗɫɤɢɡ ɧɚɤɥɚɞɤɢ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 1.10. 

 
Ɋɢɫɭɧɨɤ 1.10 – ɗɫɤɢɡ ɧɚɤɥɚɞɤɢ 

ɗɫɤɢɡ ɥɢɫɬɚ ɨɩɨɪɧɨɝɨ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 1.11. 

 
Ɋɢɫɭɧɨɤ 1.11 – ɗɫɤɢɡ ɥɢɫɬɚ ɨɩɨɪɧɨɝɨ 

ɍɤɚɡɚɧɧɵɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɞɟɬɚɥɟɣ, ɫɨɫɬɚɜɥɹɸɳɢɯ ɪɚɦɤɭ ɩɨɞɜɟɫɤɢ 

ɡɚɞɧɟɝɨ ɦɨɫɬɚ ɮɪɨɧɬɚɥɶɧɨɝɨ ɩɨɝɪɭɡɱɢɤɚ ȼ-1γ8, ɨɛɟɫɩɟɱɢɜɚɸɬ ɬɪɟɛɭɟɦɵɣ ɡɚɩɚɫ 

ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɢ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ. 
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1.β Ɉɩɢɫɚɧɢɟ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɢɚɥɚ 

 

Ɉɫɧɨɜɧɵɦ ɦɟɬɚɥɥɨɦ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɪɚɦɤɢ ɮɪɨɧɬɚɥɶɧɨɝɨ ɩɨɝɪɭɡɱɢɤɚ 

ɧɢɡɤɨɥɟɝɢɪɨɜɚɧɧɚɹ ɧɢɡɤɨɭɝɥɟɪɨɞɢɫɬɚɹ ɫɬɚɥɶ ɩɟɪɥɢɬɧɨɝɨ ɤɥɚɫɫɚ ɦɚɪɤɢ 1ηɏɋɇȾ, 

ɤɨɬɨɪɚɹ ɩɨɫɬɚɜɥɹɟɬɫɹ ɜ ɜɢɞɟ ɥɢɫɬɨɜɨɝɨ ɩɪɨɤɚɬɚ ɩɨɜɵɲɟɧɧɨɣ ɩɪɨɱɧɨɫɬɢ ɬɨɥɳɢɧɨɣ 

8, 10, β0, γ0 ɢ θ0 ɦɦ. Ɍɪɟɛɨɜɚɧɢɹ ɤ ɥɢɫɬɨɜɨɦɭ ɩɪɨɤɚɬɭ ɨɝɨɜɨɪɟɧɵ ȽɈɋɌ 19β81-

β014. ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɫɬɚɥɢ 1ηɏɋɇȾ ɩɪɢɜɟɞɟɧ ɜ ɬɚɛɥɢɰɟ 1.1. 

Ɍɚɛɥɢɰɚ 1.1 – ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɫɬɚɥɢ 1ηɏɋɇȾ (ɫɨɝɥɚɫɧɨ ȽɈɋɌ 19β81-β014) 

ȼ ɩɪɨɰɟɧɬɚɯ  

ω SТ MЧ ωr NТ ωЮ 
S P 

ɇɟ ɛɨɥɟɟ 

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 (ɩɨ ȽɈɋɌ 19β81-β014) 

Ɍɨɥɳɢɧɚ, 

ɦɦ 

Ʉɥɚɫɫ 

ɩɪɨɱɧɨɫɬɢ 

ɉɪɟɞɟɥ 

ɬɟɤɭɱɟɫɬɢ σɬ, 

Ɇɉɚ 

ɉɪɟɞɟɥ 

ɜɪɟɦɟɧɧɨɝɨ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ σɜ, 

Ɇɉɚ 

Ɉɬɧɨɫɢɬɟɥɶɧɨɟ 

ɭɞɥɢɧɟɧɢɟ δη, % 

ɇɟ ɦɟɧɟɟ 

8…γβ γ4η γ4η 490 β1 

Ⱦɨ θ0 ɜɤɥ. γβη γβη 4η0 β1 

 

Ɉɰɟɧɤɚ ɜɨɡɦɨɠɧɨɫɬɢ ɨɛɪɚɡɨɜɚɧɢɹ ɝɨɪɹɱɢɯ ɬɪɟɳɢɧ ɩɪɢ ɫɜɚɪɤɟ ɫɬɚɥɢ 1ηɏɋɇȾ 

ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ 

ɭɝɥɟɪɨɞɚ. Ⱦɚɧɧɵɣ ɩɚɪɚɦɟɬɪ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ 
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ɝɞɟ ɋ, MЧ, SТ, ωr, V, NТ, ωЮ, P – ɦɚɫɫɨɜɵɟ ɞɨɥɢ ɭɝɥɟɪɨɞɚ, ɦɚɪɝɚɧɰɚ, ɤɪɟɦɧɢɹ, 

ɯɪɨɦɚ, ɧɢɤɟɥɹ, ɦɟɞɢ, ɜɚɧɚɞɢɹ ɢ ɮɨɫɮɨɪɚ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɤɨɧɬɪɨɥɶɧɨɝɨ ɨɬɛɨɪɚ 

ɩɪɨɛɵ ɨɬ ɩɥɚɜɤɢ, %. 

ɍɱɢɬɵɜɚɹ, ɱɬɨ ɜ ɫɟɪɬɢɮɢɤɚɬɧɵɯ ɞɚɧɧɵɯ ɩɪɢɜɨɞɹɬɫɹ ɞɚɧɧɵɟ ɩɨ ɮɚɤɬɢɱɟɫɤɨɦɭ 

ɫɨɞɟɪɠɚɧɢɸ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ, ɚ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɨɧɢ ɨɬɫɭɬɫɬɜɭɸɬ, ɬɨ ɪɚɫɱɟɬ 

ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɭɝɥɟɪɨɞɚ ɞɥɹ ɫɬɚɥɢ 1ηɏɋɇȾ ɛɭɞɟɦ ɩɪɨɢɡɜɨɞɢɬɶ ɩɨ 

ɦɚɤɫɢɦɚɥɶɧɵɦ ɡɧɚɱɟɧɢɹɦ ɫɨɞɟɪɠɚɧɢɹ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ, ɩɪɢɜɟɞɟɧɧɵɦ ɜ 

ɬɚɛɥɢɰɟ 1.1. 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (1) ɩɨɥɭɱɢɦ, ɱɬɨ 

 

ɋɗ=0,18+
0,7
θ
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η
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+
0,0γη

β
=0,η7 %. 

 

Ɍɚɤ ɤɚɤ ɋɗ = 0,η7 % ɩɪɟɜɵɲɚɟɬ ɞɨɩɭɫɬɢɦɨɟ 0,4γ%, ɬɨ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ 

ɢɡɛɟɠɚɬɶ ɩɨɹɜɥɟɧɢɹ ɝɨɪɹɱɢɯ ɬɪɟɳɢɧ, ɬɪɟɛɭɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ 

ɩɨɞɨɝɪɟɜɚ. Ɍɟɦɩɟɪɚɬɭɪɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɩɨɞɨɝɪɟɜɚ ɩɟɪɟɞ ɫɜɚɪɤɨɣ 

ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 

Ɍ0=γη0∙ሺ|ɋ|ɗ-0,βηሻ0,η, (β) 

 

ɝɞɟ |ɋ|ɗ – ɷɤɜɢɜɚɥɟɧɬ ɭɝɥɟɪɨɞɚ ɩɨɥɧɵɣ, %. 

ɗɤɜɢɜɚɥɟɧɬ ɭɝɥɟɪɨɞɚ ɩɨɥɧɵɣ |ɋ|ɗ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ 

 |ɋ|ɗ=|ɋ|ɏ+|ɋ|Ɋ, (γ) 

 

ɝɞɟ |ɋ|ɏ – ɷɤɜɢɜɚɥɟɧɬ ɭɝɥɟɪɨɞɚ ɯɢɦɢɱɟɫɤɢɣ, %; |ɋ|Ɋ – ɷɤɜɢɜɚɥɟɧɬ ɭɝɥɟɪɨɞɚ ɪɚɡɦɟɪɧɵɣ, %.  

Ɋɚɫɫɱɢɬɚɟɦ ɷɤɜɢɜɚɥɟɧɬ ɭɝɥɟɪɨɞɚ ɯɢɦɢɱɟɫɤɢɣ |ɋ|ɏ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ 
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|ɋ|ɏ=ɋ+
MЧ+ωr

9
+

NТ
18

+
7MШ
90

, (4) 

 

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

ɦɨɥɢɛɞɟɧɚ, ɧɢɤɟɥɹ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɤɨɧɬɪɨɥɶɧɨɝɨ ɨɬɛɨɪɚ ɩɪɨɛɵ ɨɬ ɩɥɚɜɤɢ, %. 

ɉɨɞɫɬɚɜɥɹɹ ɡɧɚɱɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ ɢɡ ɬɚɛɥɢɰɵ 1.1 ɜ 

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

 |ɋ|ɏ=0,18+
0,7+0,9

9
+

0,θ
18

=0,γ9 %. 

 

Ɋɚɫɫɱɢɬɚɟɦ ɷɤɜɢɜɚɥɟɧɬ ɭɝɥɟɪɨɞɚ ɪɚɡɦɟɪɧɵɣ |ɋ|Ɋ ɩɨ ɮɨɪɦɭɥɟ 

 |ɋ|Ɋ=0,00ηS|ɋ|ɏ, (η) 

 

ɝɞɟ S=θ0 – ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɨɥɳɢɧɚ ɫɨɟɞɢɧɹɟɦɵɯ ɷɥɟɦɟɧɬɨɜ, ɦɦ. 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (η) ɩɨɥɭɱɢɦ, ɱɬɨ 

 |ɋ|Ɋ=0,00η∙θ0∙0,γ9=0,117 %. 

 

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

ɩɨɥɧɵɣ ɷɤɜɢɜɚɥɟɧɬ ɭɝɥɟɪɨɞɚ |ɋ|ɗ 

 |ɋ|ɗ=0,γ9+0,117=0,η07 %. 

 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɨɝɥɚɫɧɨ ɮɨɪɦɭɥɟ (β) ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ 

ɩɨɞɨɝɪɟɜɚ Ɍ0 

 

Ɍ0=γη0∙ሺ0,η07-0,βηሻ0,η=177,4 °ɋ. 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɭɩɪɨɳɟɧɢɹ ɞɚɥɶɧɟɣɲɢɯ ɪɚɫɱɟɬɨɜ ɩɪɢɦɟɦ, ɱɬɨ 
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ɦɢɧɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɩɨɞɨɝɪɟɜɚ ɩɪɢ ɫɜɚɪɤɟ ɫɬɚɥɢ 1ηɏɋɇȾ 

ɫɨɫɬɚɜɥɹɟɬ 180 °ɋ. 

 

1.γ Ɉɩɢɫɚɧɢɟ ɩɪɢɦɟɧɹɟɦɨɣ ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ 

 

Ʌɸɛɚɹ ɬɟɯɧɨɥɨɝɢɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɚɤɢɯ-ɥɢɛɨ ɢɡɞɟɥɢɣ ɧɚɱɢɧɚɟɬɫɹ ɫ ɨɩɟɪɚɰɢɢ 

ɜɯɨɞɧɨɝɨ ɤɨɧɬɪɨɥɹ. ɇɚ ɞɚɧɧɨɣ ɨɩɟɪɚɰɢɢ ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɦɟɬɚɥɥ, ɩɨɫɬɚɜɥɹɟɦɵɣ ɜ 

ɜɢɞɟ ɥɢɫɬɨɜɨɝɨ ɥɢɛɨ ɫɨɪɬɨɜɨɝɨ ɢɥɢ ɮɚɫɨɧɧɨɝɨ ɩɪɨɤɚɬɚ, ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ 

ɩɪɨɞɭɤɰɢɢ. ȼɯɨɞɧɨɣ ɤɨɧɬɪɨɥɹ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɫɚɦɵɯ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɨɩɟɪɚɰɢɣ, 

ɬɚɤ ɤɚɤ ɨɬ ɟɝɨ ɤɚɱɟɫɬɜɚ ɡɚɜɢɫɢɬ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɢɡɞɟɥɢɣ. 

Ⱦɟɬɚɥɢ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɪɚɦɤɢ ɩɨɞɜɟɫɤɢ ɡɚɞɧɟɝɨ ɦɨɫɬɚ 

ɮɪɨɧɬɚɥɶɧɨɝɨ ɩɨɝɪɭɡɱɢɤɚ ȼ-1γ8, ɩɪɨɢɡɜɨɞɹɬɫɹ ɢɡ ɥɢɫɬɨɜɨɝɨ ɩɪɨɤɚɬɚ. ȼ ɩɪɨɰɟɫɫɟ 

ɜɯɨɞɧɨɝɨ ɤɨɧɬɪɨɥɹ ɩɪɨɜɟɪɹɸɬɫɹ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɫɟɪɬɢɮɢɤɚɬɧɵɟ ɞɚɧɧɵɟ ɧɚ 

ɥɢɫɬ. Ɂɞɟɫɶ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɜɟɪɤɚ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɧɚ 

ɫɨɨɬɜɟɬɫɬɜɢɟ ɬɪɟɛɨɜɚɧɢɹɦ ȽɈɋɌ 19β81-β014. Ƚɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɩɪɨɤɚɬɚ 

ɩɪɨɜɟɪɹɸɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ȽɈɋɌ 1990γ-β01η. Ɍɚɤɠɟ ɜ 

ɫɟɪɬɢɮɢɤɚɬɟ ɞɨɥɠɧɨ ɛɵɬɶ ɭɤɚɡɚɧɢɟ ɬɨɝɨ, ɱɬɨ ɧɚ ɡɚɜɨɞɟ-ɢɡɝɨɬɨɜɢɬɟɥɟ ɥɢɫɬɚ 

ɩɪɨɜɟɞɟɧ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɤɨɧɬɪɨɥɶ ɩɨ ɜɫɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫ ɰɟɥɶɸ ɨɛɧɚɪɭɠɟɧɢɹ 

ɜɧɭɬɪɟɧɧɢɯ ɞɟɮɟɤɬɨɜ ɬɢɩɚ ɪɚɫɫɥɨɣ. 

Ɍɚɤɠɟ ɧɚ ɨɩɟɪɚɰɢɢ ɜɯɨɞɧɨɝɨ ɤɨɧɬɪɨɥɹ ɩɪɨɢɡɜɨɞɢɬɫɹ ɨɬɛɨɪ ɨɛɪɚɡɰɨɜ ɪɚɡɦɟɪɨɦ 

γ00×γ00 ɦɦ ɨɬ ɨɞɧɨɝɨ ɥɢɫɬɚ ɨɬ ɤɚɠɞɨɣ ɩɚɪɬɢɢ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɩɨɞɬɜɟɪɞɢɬɶ 

ɫɨɨɬɜɟɬɫɬɜɢɟ ɩɨɫɬɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɬɪɟɛɨɜɚɧɢɹɦ ɩɪɨɟɤɬɚ. 

ȼɯɨɞɧɨɣ ɤɨɧɬɪɨɥɶ ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚ ɫɤɥɚɞɟ ɥɢɫɬɨɜɨɝɨ ɩɪɨɤɚɬɚ. 

ɉɨɫɥɟ ɩɪɨɯɨɠɞɟɧɢɹ ɨɩɟɪɚɰɢɢ ɜɯɨɞɧɨɝɨ ɤɨɧɬɪɨɥɹ ɥɢɫɬɨɜɨɣ ɩɪɨɤɚɬ ɩɪɨɯɨɞɢɬ 

ɨɩɟɪɚɰɢɸ ɩɟɪɜɢɱɧɨɣ ɨɱɢɫɬɤɢ. Ⱦɚɧɧɚɹ ɨɩɟɪɚɰɢɹ ɩɪɨɜɨɞɢɬɫɹ ɧɚ ɭɫɬɚɧɨɜɤɟ ɞɥɹ 

ɩɪɨɜɟɞɟɧɢɹ ɚɛɪɚɡɢɜɨɫɬɪɭɣɧɨɣ ɨɱɢɫɬɤɢ ɦɚɪɤɢ SТКЩrШ Rω βη00×θ00, ɩɨɤɚɡɚɧɧɨɣ ɧɚ 

ɪɢɫɭɧɤɟ 1.1β. ɍɫɬɚɧɨɜɤɚ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɚɛɪɚɡɢɜɨɫɬɪɭɣɧɨɣ ɨɱɢɫɬɤɢ ɦɚɪɤɢ SТКЩrШ 

Rω βη00×θ00 ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɨɱɢɫɬɤɢ ɥɢɫɬɨɜɨɝɨ ɢ ɩɪɨɮɢɥɶɧɨɝɨ ɩɪɨɤɚɬɚ ɨɬ 

ɨɤɢɫɧɨɣ ɩɥɟɧɤɢ, ɩɪɨɤɚɬɧɨɣ ɨɤɚɥɢɧɵ, ɪɠɚɜɱɢɧɵ, ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɤɨɪɪɨɡɢɢ ɢ 

ɞɪɭɝɢɯ ɜɢɞɨɜ ɡɚɝɪɹɡɧɟɧɢɣ, ɜɥɢɹɸɳɢɯ ɤɚɤ ɧɚ ɤɚɱɟɫɬɜɨ ɩɨɜɟɪɯɧɨɫɬɢ, ɬɚɤ ɢ ɧɚ 
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ɜɨɡɦɨɠɧɨɫɬɶ ɨɩɪɟɞɟɥɢɬɶ ɧɟɞɨɩɭɫɤɚɟɦɵɟ ɞɟɮɟɤɬɵ. 

 
Ɋɢɫɭɧɨɤ 1.1β – ɍɫɬɚɧɨɜɤɚ ɚɛɪɚɡɢɜɨɫɬɪɭɣɧɨɣ ɨɱɢɫɬɤɢ ɦɚɪɤɢ SТКЩrШ Rω 

βη00×θ00 

Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɭɫɬɚɧɨɜɤɢ ɚɛɪɚɡɢɜɨɫɬɪɭɣɧɨɣ ɨɱɢɫɬɤɢ ɦɚɪɤɢ 

SТКЩrШ Rω βη00×θ00 ɩɨɤɚɡɚɧɵ ɜ ɬɚɛɥɢɰɟ 1.γ. 

Ɍɚɛɥɢɰɚ 1.γ – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɭɫɬɚɧɨɜɤɢ ɚɛɪɚɡɢɜɨɫɬɪɭɣɧɨɣ 

ɨɱɢɫɬɤɢ ɦɚɪɤɢ SТКЩrШ Rω βη00×θ00 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ Ɂɧɚɱɟɧɢɟ 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɲɢɪɢɧɚ ɨɱɢɳɚɟɦɵɯ ɥɢɫɬɨɜ, ɦɦ βη00 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɜɵɫɨɬɚ ɨɱɢɳɚɟɦɵɯ ɩɪɨɮɢɥɟɣ, ɦɦ θ00 

Ɇɢɧɢɦɚɥɶɧɚɹ ɬɨɥɳɢɧɚ ɥɢɫɬɚ, ɦɦ η 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɬɨɥɳɢɧɚ ɥɢɫɬɚ, ɦɦ θ0 

ɋɤɨɪɨɫɬɶ ɩɪɨɜɟɞɟɧɢɹ ɨɱɢɫɬɤɢ, ɦ/ɦɢɧ 0,7…1,γ 

Ƚɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ ɭɫɬɚɧɨɜɤɢ, ɦɦ θ700×η000×θγ00 

 

ɉɨ ɨɤɨɧɱɚɧɢɢ ɨɱɢɫɬɤɢ ɤɚɠɞɵɣ ɥɢɫɬ ɩɪɨɯɨɞɢɬ ɨɩɟɪɚɰɢɸ ɤɨɧɬɪɨɥɹ 

ɩɨɜɟɪɯɧɨɫɬɢ. Ɉɧɚ ɩɪɨɜɨɞɢɬɫɹ ɧɚ ɫɩɟɰɢɚɥɶɧɨɦ ɫɬɟɧɞɟ. Ɉɫɦɨɬɪɟɧɧɵɣ ɢ 

ɩɪɢɡɧɚɧɧɵɣ ɝɨɞɧɵɦ ɥɢɫɬ ɧɚɩɪɚɜɥɹɸɬ ɧɚ ɫɥɟɞɭɸɳɢɟ ɨɩɟɪɚɰɢɢ. Ʌɢɫɬɵ ɫ 
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ɜɵɹɜɥɟɧɧɵɦɢ ɞɟɮɟɤɬɚɦɢ ɩɨɦɟɱɚɸɬɫɹ ɦɟɥɨɦ ɢ ɨɬɤɥɚɞɵɜɚɸɬɫɹ ɜ ɢɡɨɥɹɬɨɪ ɛɪɚɤɚ 

ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɡɛɢɪɚɬɟɥɶɫɬɜɚ ɫ ɧɢɦɢ. 

Ƚɨɞɧɵɟ ɥɢɫɬɵ ɨɬɩɪɚɜɥɹɸɬɫɹ ɧɚ ɭɱɚɫɬɨɤ ɩɪɨɜɟɞɟɧɢɹ ɬɟɪɦɢɱɟɫɤɨɣ ɪɟɡɤɢ. Ɉɧɚ 

ɩɪɨɜɨɞɢɬɫɹ ɧɚ ɩɨɪɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɟ ɬɟɪɦɢɱɟɫɤɨɣ ɪɟɡɤɢ ɦɚɪɤɢ SNR-QLβ-βηθη, 

ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 1.1γ. 

 
Ɋɢɫɭɧɨɤ 1.1γ – ɍɫɬɚɧɨɜɤɚ ɬɟɪɦɢɱɟɫɤɨɣ ɪɟɡɤɢ ɦɚɪɤɢ SNR-QLβ-βηθη 

Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɭɫɬɚɧɨɜɤɢ ɬɟɪɦɢɱɟɫɤɨɣ ɪɟɡɤɢ ɦɚɪɤɢ SNR-QLβ-

βηθη ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.4. 

Ɍɚɛɥɢɰɚ 1.4 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɭɫɬɚɧɨɜɤɢ ɬɟɪɦɢɱɟɫɤɨɣ ɪɟɡɤɢ 

ɦɚɪɤɢ SNR-QLβ-βηθη 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ Ɂɧɚɱɟɧɢɟ 

Ⱦɥɢɧɚ ɛɚɥɤɢ ɩɨɩɟɪɟɱɧɨɣ, ɦɦ βη00 

Ⱦɥɢɧɚ ɩɭɬɢ, ɦɦ θη00 

Ɋɚɡɦɟɪ ɪɚɛɨɱɟɣ ɡɨɧɵ, ɦ β×θ 

ȼɵɫɨɬɚ ɪɟɝɭɥɢɪɨɜɤɢ ɪɟɡɚɤɚ, ɦɦ 1β0 

Ɍɨɱɧɨɫɬɶ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ, ɦɦ ±0,βη 

ɋɤɨɪɨɫɬɶ ɪɟɡɚɧɢɹ, ɦɦ/ɦɢɧ 0…4000 

ɋɤɨɪɨɫɬɶ ɩɟɪɟɦɟɳɟɧɢɹ, ɦɦ/ɦɢɧ 0…θ000 

Ɍɨɥɳɢɧɚ ɪɚɡɪɟɡɚɟɦɵɯ ɥɢɫɬɨɜ, ɦɦ 8…1β0 

ɉɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ, ɧɟ ɛɨɥɟɟ, ɤȼɬ β,θ 
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ɉɨɫɥɟ ɪɟɡɤɢ ɧɚ ɭɱɚɫɬɤɟ ɫɥɟɫɚɪɧɨɣ ɨɛɪɚɛɨɬɤɢ ɞɟɬɚɥɢ ɨɱɢɳɚɸɬ ɨɬ ɲɥɚɤɚ ɢ ɝɪɚɬɚ 

ɲɥɢɮɨɜɚɥɶɧɵɦɢ ɦɚɲɢɧɤɚɦɢ ɢ ɩɪɢɬɭɩɥɹɸɬ ɨɫɬɪɵɟ ɤɪɨɦɤɢ, ɚ ɬɚɤɠɟ ɡɚɱɢɳɚɸɬ 

ɡɚɭɫɟɧɰɵ. 

ɉɨɞɝɨɬɨɜɥɟɧɧɵɟ ɞɟɬɚɥɢ ɤɨɦɩɥɟɤɬɨɦ ɨɬɩɪɚɜɥɹɸɬ ɧɚ ɭɱɚɫɬɨɤ ɫɛɨɪɤɢ ɢ ɫɜɚɪɤɢ. 

ɋɛɨɪɤɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚ ɫɩɟɰɢɚɥɶɧɨɦ ɫɬɨɥɟ. ɗɫɤɢɡ ɫɛɨɪɨɱɧɨɝɨ ɫɬɨɥɚ ɩɨɤɚɡɚɧ ɧɚ 

ɪɢɫɭɧɤɟ 1.14. 

 
Ɋɢɫɭɧɨɤ 1.14 – ɗɫɤɢɡ ɫɛɨɪɨɱɧɨɝɨ ɫɬɨɥɚ 

Ɏɢɤɫɚɰɢɹ ɷɥɟɦɟɧɬɨɜ ɫɛɨɪɤɢ ɦɟɠɞɭ ɫɨɛɨɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ 

ɩɪɢɯɜɚɬɨɤ. ɉɪɢɯɜɚɬɤɢ ɜɚɪɹɬɫɹ ɬɟɦɢ ɠɟ ɫɜɚɪɨɱɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ, ɱɬɨ ɢ ɨɫɧɨɜɧɵɟ 

ɲɜɵ. 

ȼ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, ɧɚ ɫɛɨɪɨɱɧɵɣ ɫɬɨɥ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɩɨ ɪɚɧɟɟ 

ɜɵɫɬɚɜɥɟɧɧɵɦ ɭɩɨɪɚɦ ɥɢɫɬ ɥɟɜɵɣ ɢ ɥɢɫɬ ɩɪɚɜɵɣ (ɞɟɬɚɥɢ ɩɨɡ. 1 ɢ β 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ). Ⱦɚɥɟɟ ɨɧɢ ɩɪɢɠɢɦɚɸɬɫɹ ɤ ɫɬɨɥɭ ɩɪɢ ɩɨɦɨɳɢ ɦɟɯɚɧɢɱɟɫɤɢɯ 
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ɩɪɢɠɢɦɨɜ. 

ɉɨɫɥɟ ɷɬɨɝɨ, ɧɚ ɥɢɫɬ ɩɪɚɜɵɣ ɢ ɥɟɜɵɣ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɫɬɟɧɤɢ ɬɨɪɰɟɜɵɟ 

(ɞɟɬɚɥɢ ɩɨɡ. γ). ɋɛɨɪɤɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɡɚɪɚɧɟɟ ɜɵɫɬɚɜɥɟɧɧɵɦ ɭɩɨɪɚɦ. 

ɉɪɨɢɡɜɨɞɢɬɫɹ ɩɪɨɜɟɪɤɚ ɪɚɡɦɟɪɨɜ ɢ ɜɚɪɹɬɫɹ ɩɪɢɯɜɚɬɤɢ. Ⱦɥɢɧɚ ɤɚɠɞɨɣ ɩɪɢɯɜɚɬɤɢ 

ɧɟ ɦɟɧɟɟ η0 ɦɦ ɫ ɤɚɬɟɬɨɦ ɧɟ ɦɟɧɟɟ η ɦɦ. Ʉɨɥɢɱɟɫɬɜɨ ɩɪɢɯɜɚɬɨɤ ɧɟ ɦɟɧɟɟ ɞɜɭɯ ɧɚ 

ɤɚɠɞɵɣ ɫɟɝɦɟɧɬ ɫɛɨɪɤɢ. 

Ⱦɚɥɟɟ ɫɨɛɪɚɧɧɵɣ ɭɡɟɥ ɩɪɨɯɨɞɢɬ ɨɩɟɪɚɰɢɨɧɧɵɣ ɩɟɪɟɞɟɥ ɫɛɨɪɤɢ ɫɨ ɫɬɟɧɤɚɦɢ 

ɮɥɚɧɝɨɜɵɦɢ (ɞɟɬɚɥɢ ɩɨɡ. 4). ɉɪɨɢɡɜɨɞɢɬɫɹ ɜɪɭɱɧɭɸ ɜɵɫɬɚɜɥɟɧɢɟ ɪɚɡɦɟɪɚ ɞɥɹ 

ɫɛɨɪɤɢ, ɤɨɧɬɪɨɥɶ ɟɝɨ ɢ ɜɚɪɹɬɫɹ ɩɪɢɯɜɚɬɤɢ. Ⱦɥɢɧɚ ɤɚɠɞɨɣ ɩɪɢɯɜɚɬɤɢ ɧɟ ɦɟɧɟɟ η0 

ɦɦ ɫ ɤɚɬɟɬɨɦ ɧɟ ɦɟɧɟɟ η ɦɦ. Ʉɨɥɢɱɟɫɬɜɨ ɩɪɢɯɜɚɬɨɤ ɧɟ ɦɟɧɟɟ ɬɪɟɯ ɫ ɤɚɠɞɨɣ 

ɫɬɨɪɨɧɵ ɫɛɨɪɤɢ. ɉɪɢ ɷɬɨɦ, ɩɪɢɯɜɚɬɤɢ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɬɚɤɠɟ ɫ ɬɨɪɰɟɜɨɣ ɱɚɫɬɢ 

ɫɬɵɤɚ ɞɟɬɚɥɟɣ ɩɨɡ. γ ɢ ɩɨɡ. 4. 

Ɋɟɠɢɦɵ ɫɜɚɪɤɢ ɩɪɢɯɜɚɬɨɤ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.η. 

Ɍɚɛɥɢɰɚ 1.η – Ɋɟɠɢɦɵ ɫɜɚɪɤɢ ɩɪɢɯɜɚɬɨɤ 

Iωψ, Ⱥ НɗɅ, ɦɦ Uɞ, ȼ 

1η0…170 1,β βθ…β8 

 

ɉɨɫɥɟ ɜɵɫɬɚɜɥɟɧɢɹ ɜɫɟɯ ɬɪɟɛɭɟɦɵɯ ɪɚɡɦɟɪɨɜ, ɭɡɟɥ ɨɬɩɪɚɜɥɹɸɬ ɧɚ ɫɜɚɪɤɭ. 

ɋɜɚɪɤɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚ ɫɜɚɪɨɱɧɨɦ ɫɬɨɥɟ. Ʉɪɟɩɥɟɧɢɟ ɭɡɥɚ ɤ ɫɜɚɪɨɱɧɨɦɭ ɫɬɨɥɭ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɛɨɥɬɨɜ ɢ ɝɚɟɤ, ɤɨɬɨɪɵɟ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɜ ɨɬɜɟɪɫɬɢɹ 

ɫɬɨɥɚ, ɜɵɪɟɡɚɧɧɵɟ ɩɨ ɡɚɪɚɧɟɟ ɭɫɬɚɧɨɜɥɟɧɧɵɦ ɪɚɡɦɟɪɚɦ ɭɡɥɚ. ɗɫɤɢɡ ɫɬɨɥɚ 

ɫɜɚɪɨɱɧɨɝɨ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 1.1η. 
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Ɋɢɫɭɧɨɤ 1.1η – ɗɫɤɢɡ ɫɬɨɥɚ ɫɜɚɪɨɱɧɨɝɨ 

ȼ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɜɚɪɤɚ ɲɜɨɜ №4 ɢ №θ ɩɪɢɜɚɪɤɢ ɫɬɟɧɨɤ 

ɬɨɪɰɟɜɵɯ ɤ ɫɬɟɧɤɚɦ ɮɥɚɧɝɨɜɵɦ. ɒɨɜ №4 ɜɚɪɢɬɫɹ ɡɚ ɨɞɢɧ ɩɪɨɯɨɞ, ɲɨɜ №θ 

ɜɚɪɢɬɫɹ ɡɚ ɞɜɚ ɩɪɨɯɨɞɚ. ɉɚɪɚɦɟɬɪɵ ɪɟɠɢɦɚ ɫɜɚɪɤɢ ɲɜɨɜ №4 ɩɨɤɚɡɚɧɵ ɜ ɬɚɛɥɢɰɟ 

1.θ. 

Ɍɚɛɥɢɰɚ 1.θ – ɉɚɪɚɦɟɬɪɵ ɪɟɠɢɦɨɜ ɫɜɚɪɤɢ ɲɜɨɜ №4 

Iωψ, A UȾ, ȼ Нɗ, ɦɦ Vωψ, ɫɦ/ɫ 

ββ0…βη0 βη…β8 1,β 0,γ 

 

ɉɚɪɚɦɟɬɪɵ ɪɟɠɢɦɚ ɫɜɚɪɤɢ ɲɜɨɜ №θ ɩɨɤɚɡɚɧɵ ɜ ɬɚɛɥɢɰɟ 1.7. 
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Ɍɚɛɥɢɰɚ 1.7 – ɉɚɪɚɦɟɬɪɵ ɪɟɠɢɦɨɜ ɫɜɚɪɤɢ ɲɜɨɜ №θ 

ɉɪɨɯɨɞ Iωψ, A UȾ, ȼ Нɗ, ɦɦ Vωψ, ɫɦ/ɫ 

ɉɟɪɜɵɣ ββ0…βη0 βη…β8 1,β 0,γ 

ȼɬɨɪɨɣ βη0…β80 β8…γγ 1,β 0,β 

 

ɋɯɟɦɚ ɫɜɚɪɤɢ ɲɜɨɜ №4 ɢ №θ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 1.1θ. 

 
Ɋɢɫɭɧɨɤ 1.1θ – ɋɯɟɦɚ ɫɜɚɪɤɢ ɲɜɨɜ №4 ɢ №θ 

Ɂɚɬɟɦ ɧɚɱɢɧɚɟɬɫɹ ɫɜɚɪɤɚ ɲɜɨɜ №β ɧɚ ɭɱɚɫɬɤɟ ɩɪɢɜɚɪɤɢ ɫɬɟɧɨɤ ɬɨɪɰɟɜɵɯ ɤ 

ɥɢɫɬɭ ɥɟɜɨɦɭ ɢ ɥɢɫɬɭ ɩɪɚɜɨɦɭ ɫ ɧɚɪɭɠɧɨɣ ɫɬɨɪɨɧɵ. ɋɜɚɪɤɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ 

ɩɨɪɹɞɤɟ «ɤɪɟɫɬ-ɧɚɤɪɟɫɬ» ɫɨɝɥɚɫɧɨ ɫɯɟɦɟ, ɩɪɢɜɟɞɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 1.17. 

 
Ɋɢɫɭɧɨɤ 1.17 – ɋɯɟɦɚ ɫɜɚɪɤɢ ɲɜɨɜ №β ɫ ɧɚɪɭɠɧɨɣ ɫɬɨɪɨɧɵ 
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Ʉɚɠɞɵɣ ɭɱɚɫɬɨɤ ɲɜɚ ɜɚɪɢɬɫɹ ɡɚ β ɩɪɨɯɨɞɚ. ɉɚɪɚɦɟɬɪɵ ɪɟɠɢɦɨɜ ɫɜɚɪɤɢ ɲɜɨɜ 

№β ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.8. 

Ɍɚɛɥɢɰɚ 1.8 – ɉɚɪɚɦɟɬɪɵ ɪɟɠɢɦɨɜ ɫɜɚɪɤɢ ɲɜɨɜ №β 

ɉɪɨɯɨɞ Iωψ, A UȾ, ȼ Нɗ, ɦɦ Vωψ, ɫɦ/ɫ 

ɉɟɪɜɵɣ ββ0…βη0 βη…β8 1,β 0,γ 

ȼɬɨɪɨɣ βη0…β80 β8…γγ 1,β 0,β 

 

ɉɨɫɥɟ ɷɬɨɝɨ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɜɚɪɤɚ ɲɜɨɜ №β ɫ ɜɧɭɬɪɟɧɧɟɣ ɫɬɨɪɨɧɵ. ɉɪɢ ɷɬɨɦ 

ɫɜɚɪɢɜɚɸɬɫɹ ɫɬɟɧɤɢ ɮɥɚɧɝɨɜɵɟ ɢ ɫɬɟɧɤɢ ɬɨɪɰɟɜɵɟ. 

Ⱦɚɥɟɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɜɚɪɤɚ ɲɜɨɜ №γ ɩɪɢɜɚɪɤɢ ɫɬɟɧɨɤ ɮɥɚɧɝɨɜɵɯ ɤ ɥɢɫɬɚɦ 

ɥɟɜɨɦɭ ɢ ɩɪɚɜɨɦɭ ɫ ɧɚɪɭɠɧɨɣ ɫɬɨɪɨɧɵ. ɒɨɜ ɪɚɡɛɢɜɚɟɬɫɹ ɧɚ ɬɪɢ ɭɱɚɫɬɤɚ ɫɨɝɥɚɫɧɨ 

ɫɯɟɦɟ, ɩɨɤɚɡɚɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 1.18. ɋɜɚɪɤɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɩɨɪɹɞɤɟ «ɤɪɟɫɬ-

ɧɚɤɪɟɫɬ». 

 
Ɋɢɫɭɧɨɤ 1.18 – ɋɯɟɦɚ ɫɜɚɪɤɢ ɲɜɚ №γ ɫ ɧɚɪɭɠɧɨɣ ɫɬɨɪɨɧɵ 

Ʉɚɠɞɵɣ ɭɱɚɫɬɨɤ ɲɜɚ ɜɚɪɢɬɫɹ ɡɚ β ɩɪɨɯɨɞɚ. ɉɚɪɚɦɟɬɪɵ ɪɟɠɢɦɨɜ ɫɜɚɪɤɢ ɲɜɨɜ 

№γ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.9. 

Ɍɚɛɥɢɰɚ 1.9 – ɉɚɪɚɦɟɬɪɵ ɪɟɠɢɦɨɜ ɫɜɚɪɤɢ ɲɜɨɜ №γ 

ɉɪɨɯɨɞ Iωψ, A UȾ, ȼ Нɗ, ɦɦ Vωψ, ɫɦ/ɫ 

ɉɟɪɜɵɣ ββ0…βη0 βη…β8 1,β 0,γ 

ȼɬɨɪɨɣ βη0…β80 β8…γγ 1,β 0,β 

 

ɉɨɫɥɟ ɷɬɨɝɨ ɧɚɱɢɧɚɟɬɫɹ ɨɛɜɚɪɤɚ ɲɜɨɜ ɜɧɭɬɪɢ ɭɡɥɚ. ɉɪɢ ɫɜɚɪɤɟ ɜɧɭɬɪɢ ɭɡɥɚ 

ɩɪɢɦɟɧɹɟɬɫɹ ɲɨɜ №γ. ɋɯɟɦɚ ɫɜɚɪɤɢ ɲɜɨɜ №γ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 1.19. 
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Ɋɢɫɭɧɨɤ 1.19 – ɋɯɟɦɚ ɫɜɚɪɤɢ ɲɜɨɜ №γ ɜɧɭɬɪɢ ɭɡɥɚ 

ɒɨɜ ɪɚɡɛɢɜɚɟɬɫɹ ɧɚ ɩɹɬɶ ɭɱɚɫɬɤɨɜ. ɋɜɚɪɤɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɩɨɪɹɞɤɟ «ɤɪɟɫɬ-

ɧɚɤɪɟɫɬ». Ʉɚɠɞɵɣ ɭɱɚɫɬɨɤ ɲɜɚ ɜɚɪɢɬɫɹ ɡɚ β ɩɪɨɯɨɞɚ. ɉɚɪɚɦɟɬɪɵ ɪɟɠɢɦɨɜ ɫɜɚɪɤɢ 

ɲɜɚ №γ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.9. 

ɉɨɫɥɟ ɫɜɚɪɤɢ ɭɤɚɡɚɧɧɵɯ ɜɵɲɟ ɲɜɨɜ ɧɚɱɢɧɚɟɬɫɹ ɜɬɨɪɨɣ ɷɬɚɩ ɫɛɨɪɤɢ. ɇɚ 

ɞɚɧɧɨɦ ɷɬɚɩɟ, ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɟɪɟɜɨɪɨɬ ɭɡɥɚ ɧɚ 180 ɢ 

ɧɚɱɢɧɚɟɬɫɹ ɫɛɨɪɤɚ ɥɢɫɬɚ ɩɪɚɜɨɝɨ ɢ ɥɢɫɬɚ ɥɟɜɨɝɨ ɫ ɥɢɫɬɨɦ ɨɩɨɪɧɵɦ (ɞɟɬɚɥɶ ɩɨɡ. 7). 

ɉɨɫɥɟ ɭɫɬɚɧɨɜɥɟɧɢɹ ɥɢɫɬɨɜ ɨɩɨɪɧɵɯ ɩɨ ɬɪɟɛɭɟɦɵɦ ɝɟɨɦɟɬɪɢɱɟɫɤɢɦ ɪɚɡɦɟɪɚɦ 

ɜɚɪɹɬɫɹ ɩɪɢɯɜɚɬɤɢ. Ⱦɥɢɧɚ ɤɚɠɞɨɣ ɩɪɢɯɜɚɬɤɢ ɧɟ ɦɟɧɟɟ 10 ɦɦ ɫ ɤɚɬɟɬɨɦ ɧɟ ɦɟɧɟɟ γ 

ɦɦ. Ɂɚɬɟɦ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɜɚɪɤɚ. ɉɪɢ ɫɜɚɪɤɟ ɥɢɫɬɨɜ ɩɪɚɜɨɝɨ ɢ ɥɟɜɨɝɨ ɫ ɥɢɫɬɚɦɢ 

ɨɩɨɪɧɵɦɢ ɩɪɢɦɟɧɹɟɬɫɹ ɲɨɜ №γ. ɉɚɪɚɦɟɬɪɵ ɪɟɠɢɦɚ ɫɜɚɪɤɢ ɲɜɨɜ №γ ɩɨɤɚɡɚɧɵ ɜ 

ɬɚɛɥɢɰɟ 1.9. ɋɯɟɦɚ ɫɜɚɪɤɢ ɲɜɨɜ №γ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 1.β0. 
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Ɋɢɫɭɧɨɤ 1.β0 – ɋɯɟɦɚ ɫɜɚɪɤɢ ɲɜɨɜ №γ 

ɉɨɫɥɟ ɩɪɢɜɚɪɤɢ ɥɢɫɬɨɜ ɨɩɨɪɧɵɯ ɭɡɟɥ ɡɚɧɨɜɨ ɩɟɪɟɜɨɪɚɱɢɜɚɟɬɫɹ ɧɚ 180 ɢ 

ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɛɨɪɤɚ ɤɨɫɵɧɨɤ (ɞɟɬɚɥɶ ɩɨɡ. η). ɉɨɫɥɟ ɫɛɨɪɤɢ ɤɨɫɵɧɨɤ ɜɚɪɹɬɫɹ 

ɩɪɢɯɜɚɬɤɢ ɞɥɢɧɨɣ ɧɟ ɦɟɧɟɟ 10 ɦɦ ɫ ɤɚɬɟɬɨɦ ɧɟ ɦɟɧɟɟ γ ɦɦ ɜ ɞɜɭɯ ɩɥɨɫɤɨɫɬɹɯ. 

Ɂɚɬɟɦ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɜɚɪɤɚ ɲɜɨɜ №η. ɉɚɪɚɦɟɬɪɵ ɪɟɠɢɦɚ ɫɜɚɪɤɢ ɲɜɨɜ №η 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.10. 

Ɍɚɛɥɢɰɚ 1.10 – ɉɚɪɚɦɟɬɪɵ ɪɟɠɢɦɨɜ ɫɜɚɪɤɢ ɲɜɨɜ №η 

Iωψ, A UȾ, ȼ Нɗ, ɦɦ Vωψ, ɫɦ/ɫ 

βη0…β80 β8…γγ 1,β 0,γ 

 

ɉɨ ɡɚɜɟɪɲɟɧɢɢ ɫɜɚɪɤɢ ɲɜɨɜ №η ɩɪɢɜɚɪɤɢ ɤɨɫɵɧɨɤ ɧɚɱɢɧɚɟɬɫɹ ɬɪɟɬɢɣ ɷɬɚɩ 

ɫɛɨɪɤɢ. ɇɚ ɞɚɧɧɨɦ ɷɬɚɩɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɛɨɪɤɚ ɧɚɤɥɚɞɨɤ (ɞɟɬɚɥɶ ɩɨɡ. θ) ɫɨ ɫɬɟɧɤɨɣ 

ɬɨɪɰɟɜɨɣ. ȼ ɧɚɱɚɥɟ, ɭɡɟɥ ɩɨɜɨɪɚɱɢɜɚɟɬɫɹ ɧɚ ɭɝɨɥ 90 ɬɚɤ, ɱɬɨɛɵ ɩɟɪɜɚɹ ɧɚɤɥɚɞɤɚ, 

ɤɨɬɨɪɚɹ ɧɚɯɨɞɢɬɫɹ ɜɧɭɬɪɢ, ɨɤɚɡɚɥɚɫɶ ɜ ɧɢɠɧɟɦ ɩɨɥɨɠɟɧɢɢ. ɉɪɢ ɩɨɦɨɳɢ ɨɫɢ 

ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɧɚɤɥɚɞɤɚ. ɋɬɚɜɹɬɫɹ ɞɜɟ ɩɪɢɯɜɚɬɤɢ ɩɨ 1η ɦɦ ɞɥɢɧɨɣ ɫ ɤɚɬɟɬɨɦ γ 

ɦɦ. Ɂɚɬɟɦ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɜɚɪɤɚ ɲɜɚ №1. ɉɚɪɚɦɟɬɪɵ ɪɟɠɢɦɚ ɫɜɚɪɤɢ ɲɜɚ №1 

ɩɨɤɚɡɚɧɵ ɜ ɬɚɛɥɢɰɟ 1.11. 

Ɍɚɛɥɢɰɚ 1.11 – ɉɚɪɚɦɟɬɪɵ ɪɟɠɢɦɨɜ ɫɜɚɪɤɢ ɲɜɨɜ №η 

Iωψ, A UȾ, ȼ Нɗ, ɦɦ Vωψ, ɫɦ/ɫ 

β40…β70 β8…γγ 1,β 0,γ 

 

ɉɨɫɥɟ ɫɜɚɪɤɢ ɩɟɪɜɨɣ ɧɚɤɥɚɞɤɢ ɭɡɟɥ ɩɨɜɨɪɚɱɢɜɚɟɬɫɹ ɧɚ 180 ɢ ɩɨɜɬɨɪɹɟɬɫɹ 



 

Иɡм. Лɢɫɬ № дɨкɭм. Пɨдɩɢɫь Даɬа 

Лɢɫɬ 

β8 1η.0γ.01.β017.491.00 ɉɁ 

ɩɪɟɞɵɞɭɳɚɹ ɨɩɟɪɚɰɢɹ. 

ɉɪɢ ɫɛɨɪɤɟ ɢ ɩɪɢ ɫɜɚɪɤɟ ɩɪɢɦɟɧɹɟɬɫɹ ɫɜɚɪɨɱɧɵɣ ɢɧɜɟɪɬɨɪɧɵɣ ɩɨɥɭɚɜɬɨɦɚɬ 

ɦɚɪɤɢ UЧТsЭОЩ γ000, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 1.β1. 

 
Ɋɢɫɭɧɨɤ 1.β1 – ɂɧɜɟɪɬɨɪɧɵɣ ɩɨɥɭɚɜɬɨɦɚɬ ɦɚɪɤɢ UЧТsЭОЩ γ000 

Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɜɚɪɨɱɧɨɝɨ ɚɩɩɚɪɚɬɚ UЧТsЭОЩ γ000 ɩɪɢɜɟɞɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 1.1β. 

Ɍɚɛɥɢɰɚ 1.1β – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɚɩɩɚɪɚɬɚ UЧТsЭОЩ γ000 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ Ɂɧɚɱɟɧɢɟ 

ɂɫɬɨɱɧɢɤ ɩɢɬɚɧɢɹ 

ɉɪɟɞɟɥɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ, Ⱥ γ0…γγ0 

ɇɚɩɪɹɠɟɧɢɟ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ, ȼ 4γ 

ɋɟɬɟɜɨɟ ɧɚɩɪɹɠɟɧɢɟ, ȼ γ×γ80 

ɉɨɬɪɟɛɥɹɟɦɚɹ ɢɡ ɫɟɬɢ ɦɨɳɧɨɫɬɶ, ɤȼȺ 1η,9 

Ƚɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ, ɦɦ 910×η00×7η0 

ȼɟɫ, ɤɝ 88 

Ȼɥɨɤ ɩɨɞɚɱɢ ɩɪɨɜɨɥɨɤɢ 

Ⱦɢɚɦɟɬɪ ɩɪɨɜɨɥɨɤɢ, ɦɦ 1,0…1,β 

ɋɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɩɪɨɜɨɥɨɤɢ, ɦ/ɦɢɧ 1,η…18 

ɋɟɬɟɜɨɟ ɧɚɩɪɹɠɟɧɢɟ, ȼ γ×400 

Ɇɨɳɧɨɫɬɶ, ȼɬ 90 

Ƚɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ, ɦɦ θ00×ββ0×440 

ȼɟɫ, ɤɝ 17,η 
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Ɋɚɦɤɚ ɡɚɞɧɟɣ ɩɨɞɜɟɫɤɢ ɢɡɝɨɬɚɜɥɢɜɚɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɦɟɯɚɧɢɡɢɪɨɜɚɧɧɨɣ ɫɜɚɪɤɢ 

ɜ ɫɪɟɞɟ ɡɚɳɢɬɧɵɯ ɝɚɡɨɜ. ȼ ɤɚɱɟɫɬɜɟ ɡɚɳɢɬɧɨɣ ɫɪɟɞɵ ɢɫɩɨɥɶɡɭɟɬɫɹ ɱɢɫɬɚɹ 

ɭɝɥɟɤɢɫɥɨɬɚ ɋɈβ. 

ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɫɚɞɨɱɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɪɢɦɟɧɹɟɬɫɹ ɫɜɚɪɨɱɧɚɹ ɩɪɨɜɨɥɨɤɚ ɋɜ-

08Ƚβɋ ɞɢɚɦɟɬɪɨɦ 1,β ɦɦ, ɩɨɫɬɚɜɥɹɟɦɚɹ ɫɨɝɥɚɫɧɨ ȽɈɋɌ ββ4θ-70. ɏɢɦɢɱɟɫɤɢɣ 

ɫɨɫɬɚɜ ɩɪɨɜɨɥɨɤɢ ɋɜ-08Ƚβɋ ɩɪɢɜɟɞɟɧ ɜ ɬɚɛɥɢɰɟ 1.1γ. 

Ɍɚɛɥɢɰɚ 1.1γ – 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 1.14. 

Ɍɚɛɥɢɰɚ 1.14 – Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɲɜɚ, ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɩɪɨɜɨɥɨɤɨɣ ɋɜ-

08Ƚβɋ 

ɉɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ σɬ, 

Ɇɉɚ 

ɉɪɟɞɟɥ ɜɪɟɦɟɧɧɨɝɨ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ σɜ, Ɇɉɚ 

Ɉɬɧɨɫɢɬɟɥɶɧɨɟ 

ɭɞɥɢɧɟɧɢɟ δη, % 

ɇɟ ɦɟɧɟɟ 

4θ4 η80 βθ 

 

ɉɪɢ ɫɜɚɪɤɟ ɥɸɛɵɦɢ ɫɜɚɪɨɱɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ ɜ ɫɜɚɪɧɨɦ ɲɜɟ ɜɨɡɦɨɠɧɨ 

ɨɛɪɚɡɨɜɚɧɢɟ ɝɨɪɹɱɢɯ ɬɪɟɳɢɧ. ɉɨɷɬɨɦɭ, ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɨɰɟɧɢɬɶ ɫɤɥɨɧɧɨɫɬɶ 

ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɝɨɪɹɱɢɯ ɬɪɟɳɢɧ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɫɥɟɞɭɸɳɟɣ 

ɮɨɪɦɭɥɨɣ 

 

HωS=
ω ቀS+P+ SТ

βη +0,01NТቁ 10γ

γMЧ+ωr+MШ+V
, (θ) 

 

ɝɞɟ ɋ, S, P, SТ, NТ, MЧ, ωr, MШ, V – ɩɪɨɰɟɧɬɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ 
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ɜ ɫɜɚɪɨɱɧɨɣ ɩɪɨɜɨɥɨɤɟ, %. 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (θ) 

 

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 ɢɦɟɟɬ ɫɤɥɨɧɧɨɫɬɢ ɤ ɨɛɪɚɡɨɜɚɧɢɸ 

ɝɨɪɹɱɢɯ ɬɪɟɳɢɧ. 

ɉɨɫɥɟ ɫɜɚɪɤɢ ɭɡɟɥ ɩɟɪɟɞɚɟɬɫɹ ɧɚ ɭɱɚɫɬɨɤ ɫɥɟɫɚɪɧɨɣ ɨɱɢɫɬɤɢ. Ɂɞɟɫɶ 

ɩɪɨɢɡɜɨɞɢɬɫɹ ɨɱɢɫɬɤɚ ɢɡɞɟɥɢɹ ɨɬ ɲɥɚɤɚ ɢ ɛɪɵɡɝ ɪɚɫɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ. ɉɨɫɥɟ 

ɷɬɨɝɨ ɩɪɨɢɡɜɨɞɢɬɫɹ ɤɨɧɬɪɨɥɶ ɤɚɱɟɫɬɜɚ ɫɜɚɪɧɵɯ ɲɜɨɜ ɢ ɝɟɨɦɟɬɪɢɢ ɪɚɦɤɢ. 

ȼ ɤɚɱɟɫɬɜɟ ɦɟɬɨɞɨɜ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜɢɡɭɚɥɶɧɨ-ɢɡɦɟɪɢɬɟɥɶɧɵɣ 

ɤɨɧɬɪɨɥɶ ɢ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɤɨɧɬɪɨɥɶ. 

ɉɨɥɧɨɫɬɶɸ ɫɜɚɪɟɧɧɨɟ ɢɡɞɟɥɢɟ ɢɡɝɨɬɚɜɥɢɜɚɟɬɫɹ ɜ ɬɟɱɟɧɢɟ 41γ ɦɢɧɭɬ 

ɩɟɪɫɨɧɚɥɨɦ ɜ ɤɨɥɢɱɟɫɬɜɟ: 

– ɫɥɟɫɚɪɶ-ɡɚɱɢɫɬɧɢɤ – β ɱɟɥɨɜɟɤɚ; 

– ɫɛɨɪɳɢɤ ɦɟɬɚɥɥɨɤɨɧɫɬɪɭɤɰɢɣ – β ɱɟɥɨɜɟɤɚ; 

– ɷɥɟɤɬɪɨɫɜɚɪɳɢɤ – β ɱɟɥɨɜɟɤɚ. 

ɋɭɳɟɫɬɜɭɸɳɢɣ ɜɚɪɢɚɧɬ ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɩɨɡɜɨɥɹɟɬ ɜɵɩɭɫɤɚɬɶ 

ɩɪɨɞɭɤɰɢɸ ɜ ɤɨɥɢɱɟɫɬɜɟ η00 ɲɬ ɜ ɝɨɞ. 

 

1.4 Ⱥɧɚɥɢɡ ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ 

 

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɚɧɚɥɢɡɚ ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɪɚɦɤɢ ɩɨɞɜɟɫɤɢ ɡɚɞɧɟɝɨ 

ɦɨɫɬɚ ɮɪɨɧɬɚɥɶɧɨɝɨ ɩɨɝɪɭɡɱɢɤɚ ȼ-1γ8 ɛɵɥɢ ɜɵɹɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɮɚɤɬɨɪɵ, 

ɤɨɬɨɪɵɟ ɧɟɝɚɬɢɜɧɨ ɜɥɢɹɸɬ ɧɚ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢ ɤɚɱɟɫɬɜɨ ɫɜɚɪɧɵɯ 

ɫɨɟɞɢɧɟɧɢɣ: 

– ɫɛɨɪɤɚ ɢɡɞɟɥɢɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɧɟɫɤɨɥɶɤɨ ɷɬɚɩɨɜ, ɱɬɨ ɫɧɢɠɚɟɬ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ; 

– ɩɪɢɦɟɧɟɧɢɟ ɦɟɯɚɧɢɡɢɪɨɜɚɧɧɨɣ ɫɜɚɪɤɢ ɫɜɚɪɨɱɧɵɦ ɩɨɥɭɚɜɬɨɦɚɬɨɦ; 



 

Иɡм. Лɢɫɬ № дɨкɭм. Пɨдɩɢɫь Даɬа 

Лɢɫɬ 

γ1 1η.0γ.01.β017.491.00 ɉɁ 

– ɧɟɭɞɨɛɫɬɜɨ ɫɜɚɪɤɢ ɲɜɨɜ, ɧɚɯɨɞɹɳɢɯɫɹ ɜɧɭɬɪɢ ɪɚɦɤɢ; 

– ɦɚɥɵɣ ɞɢɚɦɟɬɪ ɫɜɚɪɨɱɧɨɣ ɩɪɨɜɨɥɨɤɢ; 

– ɨɬɫɭɬɫɬɜɢɟ ɠɟɫɬɤɨɝɨ ɡɚɤɪɟɩɥɟɧɢɹ ɫɜɚɪɢɜɚɟɦɨɝɨ ɢɡɞɟɥɢɹ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ 

ɧɟɞɨɩɭɫɬɢɦɵɦ ɨɫɬɚɬɨɱɧɵɦ ɞɟɮɨɪɦɚɰɢɹɦ; 

– ɩɟɪɟɜɨɪɨɬ ɢɡɞɟɥɢɹ ɢ ɩɨɜɨɪɨɬ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɝɪɭɡɨɩɨɞɴɟɦɧɨɝɨ 

ɤɪɚɧɚ, ɱɬɨ ɜɥɟɱɟɬ ɡɚ ɫɨɛɨɣ ɨɩɚɫɧɨɫɬɶ ɩɨɥɭɱɢɬɶ ɜɪɟɞ ɡɞɨɪɨɜɶɸ ɩɟɪɫɨɧɚɥɚ, ɚ ɬɚɤɠɟ 

ɫɧɢɠɟɧɢɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ. 

Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɭɫɬɪɚɧɢɬɶ ɜɵɲɟɭɤɚɡɚɧɧɵɟ ɮɚɤɬɨɪɵ, ɤɨɬɨɪɵɟ ɧɟɝɚɬɢɜɧɨ 

ɜɥɢɹɸɬ ɧɚ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢ ɧɚ ɤɚɱɟɫɬɜɨ ɫɜɚɪɧɵɯ ɲɜɨɜ ɩɪɟɞɥɚɝɚɟɬɫɹ 

ɭɥɭɱɲɢɬɶ ɩɪɨɢɡɜɨɞɫɬɜɨ ɡɚ ɫɱɟɬ ɩɪɢɦɟɧɟɧɢɹ ɫɥɟɞɭɸɳɢɯ ɤɨɪɪɟɤɬɢɪɭɸɳɢɯ 

ɦɟɪɨɩɪɢɹɬɢɣ: 

– ɢɡɦɟɧɢɬɶ ɩɨɪɹɞɨɤ ɫɛɨɪɤɢ, ɭɦɟɧɶɲɢɜ ɩɪɢ ɷɬɨɦ ɤɨɥɢɱɟɫɬɜɨ ɷɬɚɩɨɜ, ɱɬɨ 

ɩɨɡɜɨɥɢɬ ɩɨɜɵɫɢɬɶ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ; 

– ɩɪɢɦɟɧɢɬɶ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɭɸ ɫɜɚɪɤɭ ɜɡɚɦɟɧ ɦɟɯɚɧɢɡɢɪɨɜɚɧɧɨɣ. Ɍɨɝɞɚ 

ɭɜɟɥɢɱɢɬɫɹ ɫɤɨɪɨɫɬɶ ɫɜɚɪɤɢ, ɭɦɟɧɶɲɢɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɨɛɪɚɡɨɜɚɜɲɢɯɫɹ ɞɟɮɟɤɬɨɜ; 

– ɡɚɦɟɧɢɬɶ ɫɜɚɪɨɱɧɵɣ ɫɬɨɥ ɧɚ ɫɜɚɪɨɱɧɵɣ ɩɨɡɢɰɢɨɧɟɪ. ɗɬɨ ɩɨɡɜɨɥɢɬ 

ɭɦɟɧɶɲɢɬɶ ɜɪɟɦɹ ɧɚ ɩɨɜɨɪɨɬ ɢɡɞɟɥɢɹ ɢ ɩɪɢɞɚɧɢɟ ɟɦɭ ɬɪɟɛɭɟɦɨɝɨ 

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɩɨɥɨɠɟɧɢɹ; 

– ɡɚɦɟɧɢɬɶ ɫɜɚɪɨɱɧɭɸ ɩɪɨɜɨɥɨɤɭ ɦɚɪɤɢ ɋɜ-08Ƚβɋ ɧɚ ɩɨɪɨɲɤɨɜɭɸ ɩɪɨɜɨɥɨɤɭ 

ɢ ɩɟɪɟɫɱɢɬɚɬɶ ɪɟɠɢɦɵ ɫɜɚɪɤɢ. ɗɬɨ ɩɨɡɜɨɥɢɬ ɭɜɟɥɢɱɢɬɶ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, ɚ 

ɬɚɤɠɟ ɩɨɜɵɫɢɬɶ ɩɪɨɱɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɜɚɪɧɵɯ ɲɜɨɜ; 

– ɞɥɹ ɫɜɚɪɤɢ ɜ ɩɨɡɢɰɢɨɧɟɪɟ ɪɚɡɪɚɛɨɬɚɬɶ ɩɟɪɟɯɨɞɧɭɸ ɪɚɦɤɭ, ɤɨɬɨɪɚɹ 

ɤɨɦɩɟɧɫɢɪɭɟɬ ɨɫɬɚɬɨɱɧɵɟ ɞɟɮɨɪɦɚɰɢɢ ɩɪɢ ɫɜɚɪɤɟ. 

ȼɵɜɨɞɵ ɩɨ ɪɚɡɞɟɥɭ 1: 

ȼ ɪɚɡɞɟɥɟ 1 ɨɩɢɫɵɜɚɟɬɫɹ ɬɟɯɧɨɥɨɝɢɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɪɚɦɤɢ ɡɚɞɧɟɝɨ ɦɨɫɬɚ 

ɮɪɨɧɬɚɥɶɧɨɝɨ ɩɨɝɪɭɡɱɢɤɚ ȼ-1γ8. Ɋɚɫɫɦɨɬɪɟɧɨ ɩɪɢɦɟɧɹɟɦɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ, 

ɩɨɪɹɞɨɤ ɩɪɨɜɟɞɟɧɢɹ ɫɛɨɪɤɢ ɢ ɫɜɚɪɤɢ. Ɍɚɤɠɟ ɪɚɫɫɦɨɬɪɟɧɚ ɩɪɢɦɟɧɹɟɦɚɹ ɨɫɧɚɫɬɤɚ. 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɚɧɚɥɢɡɚ ɛɵɥɢ ɜɵɹɜɥɟɧɵ ɧɟɞɨɫɬɚɬɤɢ ɩɪɢɦɟɧɹɟɦɨɣ ɬɟɯɧɨɥɨɝɢɢ ɢ 

ɩɪɟɞɥɨɠɟɧɵ ɩɪɚɤɬɢɱɟɫɤɢɟ ɪɟɤɨɦɟɧɞɚɰɢɢ ɢɯ ɭɫɬɪɚɧɟɧɢɹ. 
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β ɉɊȿȾɅȺȽȺȿɆȺə ɌȿɏɇɈɅɈȽɂə ɂɁȽɈɌɈȼɅȿɇɂə 

 

β.1 Ɉɩɢɫɚɧɢɟ ɩɪɟɞɥɚɝɚɟɦɨɣ ɬɟɯɧɨɥɨɝɢɢ 

 

ȼ ɩɪɟɞɥɚɝɚɟɦɨɣ ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɚɤɰɟɧɬ ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɤɚɱɟɫɬɜɚ ɢ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɫɬɚɜɢɬɫɹ ɧɚ ɨɩɟɪɚɰɢɹɯ ɫɛɨɪɤɢ ɢ ɫɜɚɪɤɢ. ɉɨɷɬɨɦɭ, ɜɚɪɢɚɧɬɵ 

ɭɥɭɱɲɟɧɢɹ ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɡɚ ɫɱɟɬ ɡɚɦɟɧɵ ɡɚɝɨɬɨɜɢɬɟɥɶɧɨɝɨ 

ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɚɝɨɬɨɜɢɬɟɥɶɧɵɟ ɨɩɟɪɚɰɢɢ 

ɨɫɬɚɸɬɫɹ ɩɪɟɠɧɢɦɢ ɫ ɫɭɳɟɫɬɜɭɸɳɢɦ ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɢ ɨɩɢɫɚɧɢɟ ɩɪɟɞɥɚɝɚɟɦɨɝɨ 

ɜɚɪɢɚɧɬɚ ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɧɚɱɢɧɚɟɬɫɹ ɫ ɤɨɦɩɥɟɤɬɚɰɢɢ ɧɚ ɭɱɚɫɬɤɟ ɫɛɨɪɤɢ. 

ɇɚ ɭɱɚɫɬɤɟ ɫɛɨɪɤɢ ɡɚɝɨɬɨɜɥɟɧɧɵɟ ɢ ɩɪɢɧɹɬɵɟ ɞɟɬɚɥɢ ɤɨɦɩɥɟɤɬɭɸɬɫɹ ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ɄȾ. ɋɛɨɪɤɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚ ɫɛɨɪɨɱɧɨɦ ɫɬɨɥɟ, 

ɩɨɤɚɡɚɧɧɨɦ ɧɚ ɪɢɫɭɧɤɟ 1.14. ɗɥɟɦɟɧɬɵ ɫɛɨɪɤɢ ɮɢɤɫɢɪɭɸɬɫɹ ɦɟɠɞɭ ɫɨɛɨɣ 

ɩɪɢɯɜɚɬɤɚɦɢ. 

ɋɛɨɪɤɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɞɜɚ ɷɬɚɩɚ. ɉɨɪɹɞɨɤ ɫɛɨɪɤɢ ɩɟɪɜɨɝɨ ɷɬɚɩɚ 

ɫɥɟɞɭɸɳɢɣ: 

– ɧɚ ɫɛɨɪɨɱɧɵɣ ɫɬɨɥ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɩɨ ɪɚɧɟɟ ɜɵɫɬɚɜɥɟɧɧɵɦ ɭɩɨɪɚɦ ɥɢɫɬ 

ɥɟɜɵɣ ɢ ɥɢɫɬ ɩɪɚɜɵɣ. ɉɨɫɥɟ ɷɬɨɝɨ ɨɧɢ ɩɪɢɠɢɦɚɸɬɫɹ ɤ ɫɬɨɥɭ ɩɪɢ ɩɨɦɨɳɢ 

ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɪɢɠɢɦɨɜ; 

– ɧɚ ɥɢɫɬ ɩɪɚɜɵɣ ɢ ɥɟɜɵɣ ɫɬɚɜɹɬɫɹ ɫɬɟɧɤɢ ɬɨɪɰɟɜɵɟ ɢ ɮɥɚɧɝɨɜɵɟ. ȼɚɪɹɬɫɹ 

ɩɪɢɯɜɚɬɤɢ. Ⱦɥɢɧɚ ɤɚɠɞɨɣ ɩɪɢɯɜɚɬɤɢ ɧɟ ɦɟɧɟɟ η0 ɦɦ ɫ ɤɚɬɟɬɨɦ ɧɟ ɦɟɧɟɟ η ɦɦ. 

Ʉɨɥɢɱɟɫɬɜɨ ɩɪɢɯɜɚɬɨɤ ɧɟ ɦɟɧɟɟ ɞɜɭɯ ɧɚ ɤɚɠɞɵɣ ɫɟɝɦɟɧɬ ɫɛɨɪɤɢ. Ɋɟɠɢɦɵ ɫɜɚɪɤɢ 

ɩɪɢɯɜɚɬɨɤ ɩɨɤɚɡɚɧɵ ɜ ɬɚɛɥɢɰɟ 1.η; 

– ɩɨ ɨɤɨɧɱɚɧɢɢ ɫɛɨɪɤɢ ɭɡɟɥ ɪɚɫɤɪɟɩɥɹɟɬɫɹ ɨɬ ɭɩɨɪɨɜ ɢ ɡɚɠɢɦɨɜ ɢ 

ɩɟɪɟɜɨɪɚɱɢɜɚɟɬɫɹ ɧɚ 180. ɉɨɫɥɟ ɩɨ ɨɬɜɟɪɫɬɢɹɦ ɩɪɢ ɩɨɦɨɳɢ «ɩɚɥɶɰɟɜ» 

ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɥɢɫɬɵ ɨɩɨɪɧɵɟ. ȼɚɪɹɬɫɹ ɩɪɢɯɜɚɬɤɢ ɞɥɢɧɨɣ ɧɟ ɦɟɧɟɟ 10 ɦɦ ɫ 

ɤɚɬɟɬɨɦ ɧɟ ɦɟɧɟɟ γ ɦɦ. Ʉɨɥɢɱɟɫɬɜɨ ɩɪɢɯɜɚɬɨɤ ɧɟ ɦɟɧɟɟ ɞɜɭɯ ɫ ɤɚɠɞɨɣ ɫɬɨɪɨɧɵ. 

Ɂɚɬɟɦ ɭɡɟɥ ɡɚɧɨɜɨ ɩɟɪɟɜɨɪɚɱɢɜɚɸɬ ɧɚ 180 ɢ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɧɚ ɩɟɪɟɯɨɞɧɭɸ 

ɪɚɦɤɭ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɭɸ ɞɥɹ ɡɚɤɪɟɩɥɟɧɢɹ ɫɨɛɪɚɧɧɨɝɨ ɭɡɥɚ ɧɚ ɩɥɚɧɲɚɣɛɟ 

ɩɨɡɢɰɢɨɧɟɪɚ. Ɉɩɢɫɚɧɢɟ ɪɚɦɤɢ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɪɚɡɞɟɥɟ γ. 
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ɉɨɫɥɟ ɬɨɝɨ, ɤɚɤ ɫɨɛɪɚɧɧɵɣ ɭɡɟɥ ɡɚɤɪɟɩɥɟɧ ɧɚ ɪɚɦɤɟ, ɨɧ ɜɦɟɫɬɟ ɫ ɧɟɣ 

ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɧɚ ɩɥɚɧɲɚɣɛɭ ɩɨɡɢɰɢɨɧɟɪɚ, ɜ ɤɨɬɨɪɨɦ ɛɭɞɟɬ ɩɪɨɢɡɜɨɞɢɬɫɹ 

ɩɪɨɰɟɫɫ ɫɜɚɪɤɢ. Ɉɩɢɫɚɧɢɟ ɩɨɡɢɰɢɨɧɟɪɚ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɪɚɡɞɟɥɟ γ. 

ɉɨɪɹɞɨɤ ɫɜɚɪɤɢ ɲɜɨɜ ɫɥɟɞɭɸɳɢɣ: 

– ɫɜɚɪɤɚ ɲɜɨɜ №4 ɢ №θ ɩɪɢɜɚɪɤɢ ɫɬɟɧɨɤ ɬɨɪɰɟɜɵɯ ɤ ɫɬɟɧɤɚɦ ɮɥɚɧɝɨɜɵɦ. 

ɋɯɟɦɚ ɫɜɚɪɤɢ ɲɜɨɜ №4 ɢ №θ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 1.1θ; 

– ɫɜɚɪɤɚ ɲɜɨɜ №β ɧɚ ɭɱɚɫɬɤɟ ɩɪɢɜɚɪɤɢ ɫɬɟɧɨɤ ɬɨɪɰɟɜɵɯ ɤ ɥɢɫɬɭ ɥɟɜɨɦɭ ɢ 

ɥɢɫɬɭ ɩɪɚɜɨɦɭ ɫ ɧɚɪɭɠɧɨɣ ɫɬɨɪɨɧɵ. ɋɜɚɪɤɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɩɨɪɹɞɤɟ «ɤɪɟɫɬ-

ɧɚɤɪɟɫɬ» ɫɨɝɥɚɫɧɨ ɫɯɟɦɟ, ɩɪɢɜɟɞɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 1.17; 

– ɫɜɚɪɤɚ ɲɜɨɜ №β ɩɪɢɜɚɪɤɢ ɫɬɟɧɨɤ ɮɥɚɧɝɨɜɵɯ ɤ ɫɬɟɧɤɚɦ ɬɨɪɰɟɜɵɦ. ɋɜɚɪɤɚ 

ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɧɢɠɧɟɦ ɩɨɥɨɠɟɧɢɢ, ɤɨɬɨɪɨɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɡɢɰɢɨɧɟɪ; 

– ɫɜɚɪɤɚ ɲɜɨɜ №γ ɩɪɢɜɚɪɤɢ ɫɬɟɧɨɤ ɮɥɚɧɝɨɜɵɯ ɤ ɥɢɫɬɚɦ ɥɟɜɨɦɭ ɢ ɩɪɚɜɨɦɭ ɫ 

ɧɚɪɭɠɧɨɣ ɫɬɨɪɨɧɵ. ɋɜɚɪɤɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɨɝɥɚɫɧɨ ɫɯɟɦɟ, ɩɨɤɚɡɚɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 

1.18; 

– ɫɜɚɪɤɚ ɲɜɨɜ №γ ɩɪɢɜɚɪɤɢ ɦɟɠɞɭ ɫɨɛɨɣ ɥɢɫɬɚ ɥɟɜɨɝɨ ɫɨ ɫɬɟɧɤɚɦɢ ɢ ɥɢɫɬɚ 

ɩɪɚɜɨɝɨ ɫɨ ɫɬɟɧɤɚɦɢ ɜɧɭɬɪɢ ɭɡɥɚ. ɋɯɟɦɚ ɫɜɚɪɤɢ ɲɜɨɜ №γ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 

1.19. 

ɉɨɪɹɞɨɤ ɫɛɨɪɤɢ ɧɚ ɜɬɨɪɨɦ ɷɬɚɩɟ: 

– ɫɛɨɪɤɚ ɤɨɫɵɧɨɤ. Ɏɢɤɫɚɰɢɹ ɫɛɨɪɤɢ ɤɨɫɵɧɨɤ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɢɯɜɚɬɤɚɦɢ 

ɞɥɢɧɨɣ ɧɟ ɦɟɧɟɟ 10 ɦɦ ɫ ɤɚɬɟɬɨɦ ɧɟ ɦɟɧɟɟ γ ɦɦ ɜ ɞɜɭɯ ɩɥɨɫɤɨɫɬɹɯ; 

– ɫɛɨɪɤɚ ɧɚɤɥɚɞɨɤ ɫɨ ɫɬɟɧɤɨɣ ɬɨɪɰɟɜɨɣ. Ɏɢɤɫɚɰɢɹ ɫɛɨɪɤɢ ɧɚɤɥɚɞɨɤ ɫɨ ɫɬɟɧɤɨɣ 

ɬɨɪɰɟɜɨɣ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɢɯɜɚɬɤɚɦɢ ɞɥɢɧɨɣ ɧɟ ɦɟɧɟɟ 1η ɦɦ ɫ ɤɚɬɟɬɨɦ γ ɦɦ. 

ɉɨɫɥɟ ɫɛɨɪɤɢ ɜɬɨɪɨɣ ɧɚɤɥɚɞɤɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɟɟ ɫɜɚɪɤɚ ɲɜɨɦ №1. ɋɜɚɪɤɚ 

ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɧɢɠɧɟɦ ɩɨɥɨɠɟɧɢɢ. ȼ ɷɬɨɦ ɠɟ ɩɨɥɨɠɟɧɢɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɜɚɪɤɚ 

ɤɨɫɵɧɨɤ ɲɜɚɦɢ №η. ɉɨɫɥɟ ɫɜɚɪɤɢ ɭɡɟɥ ɩɨɜɨɪɚɱɢɜɚɟɬɫɹ ɜ ɩɨɡɢɰɢɨɧɟɪɟ ɢ ɜɚɪɹɬɫɹ 

ɲɜɵ №1 ɩɪɢɜɚɪɤɢ ɜɬɨɪɨɣ ɧɚɤɥɚɞɤɢ ɤ ɫɬɟɧɤɟ ɬɨɪɰɟɜɨɣ ɢ ɲɜɵ №η ɩɪɢɜɚɪɤɢ 

ɤɨɫɵɧɨɤ ɫ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ. 

ɉɨ ɨɤɨɧɱɚɧɢɢ ɫɜɚɪɤɢ ɭɡɟɥ ɫɧɢɦɚɟɬɫɹ ɫ ɩɨɡɢɰɢɨɧɟɪɚ. Ɂɚɬɟɦ ɩɪɨɢɡɜɨɞɢɬɫɹ 

ɞɟɦɨɧɬɚɠ ɩɟɪɟɯɨɞɧɨɣ ɪɚɦɤɢ. ɉɨɫɥɟ ɷɬɨɝɨ ɜɚɪɹɬɫɹ ɲɜɵ №γ ɩɪɢɜɚɪɤɢ ɥɢɫɬɨɜ 

ɨɩɨɪɧɵɯ ɤ ɥɢɫɬɭ ɥɟɜɨɦɭ ɢ ɥɢɫɬɭ ɩɪɚɜɨɦɭ ɫɨɝɥɚɫɧɨ ɫɯɟɦɟ, ɩɪɢɜɟɞɟɧɧɨɣ ɧɚ 
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ɪɢɫɭɧɤɟ 1.β0. 

Ɉɤɨɧɱɚɬɟɥɶɧɨ ɫɜɚɪɟɧɧɵɣ ɭɡɟɥ ɨɬɩɪɚɜɥɹɟɬɫɹ ɧɚ ɭɱɚɫɬɨɤ ɫɥɟɫɚɪɧɨɣ ɨɛɪɚɛɨɬɤɢ 

ɞɥɹ ɡɚɱɢɫɬɤɢ ɢ ɞɥɹ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɩɨɪɹɞɤɚ ɫɛɨɪɤɢ ɧɚɛɥɸɞɚɟɬɫɹ ɫɧɢɠɟɧɢɟ 

ɤɨɥɢɱɟɫɬɜɚ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɨɩɟɪɚɰɢɣ, ɱɬɨ ɜ ɢɬɨɝɟ, ɩɪɢɜɨɞɢɬ ɤ ɩɨɜɵɲɟɧɢɸ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ. 

 

β.β ɉɨɹɫɧɟɧɢɟ ɩɨ ɜɵɛɨɪɭ ɫɩɨɫɨɛɚ ɫɜɚɪɤɢ 

 

ɂɡɝɨɬɨɜɥɟɧɢɟ ɪɚɦɤɢ ɜɨɡɦɨɠɧɨ ɨɫɭɳɟɫɬɜɥɹɬɶ ɞɜɭɦɹ ɫɩɨɫɨɛɚɦɢ: 

– ɫɜɚɪɤɚ ɩɨɞ ɫɥɨɟɦ ɮɥɸɫɚ; 

– ɫɜɚɪɤɚ ɜ ɫɪɟɞɟ ɡɚɳɢɬɧɵɯ ɝɚɡɨɜ. 

ɉɪɢ ɫɜɚɪɤɟ ɩɨɞ ɮɥɸɫɨɦ ɧɚɛɥɸɞɚɟɬɫɹ ɛɨɥɟɟ ɜɵɫɨɤɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫɨ ɫɜɚɪɤɨɣ ɜ ɡɚɳɢɬɧɵɯ ɝɚɡɚɯ, ɫɬɚɛɢɥɶɧɨɟ ɤɚɱɟɫɬɜɨ ɫɜɚɪɧɨɝɨ ɲɜɚ, 

ɦɚɥɵɣ ɪɚɫɯɨɞ ɷɥɟɤɬɪɨɞɧɨɝɨ ɦɟɬɚɥɥɚ ɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɯɨɪɨɲɢɟ ɭɫɥɨɜɢɹ ɬɪɭɞɚ. 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɪɢ ɫɜɚɪɤɟ ɩɨɞ ɮɥɸɫɨɦ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɭɬɟɦ ɩɪɢɦɟɧɟɧɢɹ 

ɩɨɜɵɲɟɧɧɵɯ ɬɨɤɨɜ ɢ ɛɨɥɶɲɟɣ  ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ ɜ ɷɥɟɤɬɪɨɞɟ. ɍɜɟɥɢɱɟɧɢɟ ɜɟɥɢɱɢɧɵ 

ɢ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ ɞɨɫɬɢɝɚɟɬɫɹ ɢɡ-ɡɚ ɧɚɥɢɱɢɹ ɩɥɨɬɧɨɝɨ ɫɥɨɹ ɮɥɸɫɚ, ɡɚɳɢɳɚɸɳɟɝɨ 

ɫɜɚɪɨɱɧɭɸ ɜɚɧɧɭ. ɉɪɟɞɨɬɜɪɚɳɟɧɢɟ ɜɵɞɭɜɚɧɢɹ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ ɢɡ ɫɜɚɪɨɱɧɨɣ 

ɜɚɧɧɵ ɭɦɟɧɶɲɚɟɬ ɩɨɬɟɪɢ ɧɚ ɭɝɚɪ ɢ ɪɚɡɛɪɵɡɝɢɜɚɧɢɟ ɞɨ ɜɟɥɢɱɢɧɵ 1-γ %.  

ɉɪɢ ɫɜɚɪɤɟ ɩɨɞ ɮɥɸɫɨɦ ɨɬɫɭɬɫɬɜɭɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɡɚɱɢɫɬɤɢ ɩɨɜɟɪɯɧɨɫɬɢ 

ɫɜɚɪɢɜɚɟɦɵɯ ɞɟɬɚɥɟɣ ɨɬ ɤɚɩɟɥɶ ɪɚɫɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ. ɇɚɞɟɠɧɚɹ ɡɚɳɢɬɚ 

ɫɜɚɪɨɱɧɨɣ ɜɚɧɧɵ ɨɬ ɜɨɡɞɟɣɫɬɜɢɹ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ, ɨɞɧɨɪɨɞɧɨɫɬɶ ɦɟɬɚɥɥɚ 

ɲɜɚ ɩɨ ɯɢɦɢɱɟɫɤɨɦɭ ɫɨɫɬɚɜɭ, ɭɥɭɱɲɟɧɢɟ ɮɨɪɦɢɪɨɜɚɧɢɹ ɲɜɚ ɢ ɫɨɯɪɚɧɟɧɢɹ 

ɩɨɫɬɨɹɧɫɬɜɚ ɟɝɨ ɪɚɡɦɟɪɨɜ ɨɛɟɫɩɟɱɢɜɚɸɬ ɯɨɪɨɲɟɟ ɤɚɱɟɫɬɜɨ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ. 

ɗɬɨ ɬɚɤɠɟ ɩɨɡɜɨɥɹɟɬ ɭɦɟɧɶɲɢɬɶ ɜɟɪɨɹɬɧɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɬɚɤɢɯ ɞɟɮɟɤɬɨɜ, ɤɚɤ 

ɧɟɩɪɨɜɚɪɵ, ɩɨɞɪɟɡɵ ɢ ɞɪ.  

Ɉɫɧɨɜɧɵɦɢ ɧɟɞɨɫɬɚɬɤɚɦɢ ɩɪɢ ɫɜɚɪɤɟ ɩɨɞ ɮɥɸɫɨɦ ɹɜɥɹɸɬɫɹ: 

– ɬɨɱɧɨɫɬɶ ɫɛɨɪɤɢ ɞɟɬɚɥɟɣ ɞɨɥɠɧɚ ɛɵɬɶ ɫ ɦɢɧɢɦɚɥɶɧɵɦɢ ɞɨɩɭɫɤɚɦɢ; 

– ɦɚɥɨ ɩɪɢɦɟɧɹɟɬɫɹ ɩɪɢ ɫɜɚɪɤɟ ɞɟɬɚɥɟɣ ɦɚɥɵɯ ɬɨɥɳɢɧ (γ-θ ɦɦ); 
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– ɩɪɨɰɟɫɫ ɫɬɚɛɢɥɟɧ ɬɨɥɶɤɨ ɜ ɧɢɠɧɟɦ ɩɨɥɨɠɟɧɢɢ; 

– ɛɨɥɶɲɨɟ ɬɟɩɥɨɜɥɨɠɟɧɢɟ ɜ ɫɜɚɪɢɜɚɟɦɨɟ ɢɡɞɟɥɢɟ.  

ɉɪɨɰɟɫɫ ɫɜɚɪɤɢ ɜ ɫɪɟɞɟ ɡɚɳɢɬɧɵɯ ɝɚɡɨɜ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɦɟɧɶɲɟɣ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɪɨɰɟɫɫɨɦ ɫɜɚɪɤɢ ɩɨɞ ɫɥɨɟɦ ɮɥɸɫɚ. ɇɨ, 

ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɨɫɬɚɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɨɣ. ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɨɜɵɲɚɟɬɫɹ 

ɩɭɬɟɦ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ. Ⱦɥɹ ɥɭɱɲɟɣ ɡɚɳɢɬɵ ɫɜɚɪɨɱɧɨɣ ɜɚɧɧɵ ɨɬ 

ɜɨɡɞɟɣɫɬɜɢɹ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ ɩɪɢɦɟɧɹɟɬɫɹ ɫɦɟɫɶ ɝɚɡɨɜ: ɭɝɥɟɤɢɫɥɨɬɚ ɫ 

ɚɪɝɨɧɨɦ, ɭɝɥɟɤɢɫɥɨɬɚ ɫ ɚɪɝɨɧɨɦ ɢ ɤɢɫɥɨɪɨɞɨɦ, ɭɝɥɟɤɢɫɥɨɬɚ ɫ ɝɟɥɢɟɦ, ɝɟɥɢɣ ɫ 

ɚɪɝɨɧɨɦ. Ɋɚɡɥɢɱɧɵɟ ɫɨɱɟɬɚɧɢɹ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɣ ɢ ɡɚɜɢɫɹɬ 

ɬɚɤɠɟ ɨɬ ɫɬɨɢɦɨɫɬɢ. 

Ⱦɨɫɬɨɢɧɫɬɜɚɦɢ ɫɜɚɪɤɢ ɜ ɫɪɟɞɟ ɡɚɳɢɬɧɵɯ ɝɚɡɨɜ ɹɜɥɹɸɬɫɹ: 

– ɜɵɩɨɥɧɟɧɢɟ ɩɪɨɰɟɫɫɚ ɜɨ ɜɫɟɯ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɩɨɥɨɠɟɧɢɹɯ; 

– ɜɵɫɨɤɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ; 

– ɥɭɱɲɢɟ ɭɫɥɨɜɢɹ ɬɪɭɞɚ; 

– ɩɪɨɫɬɨɬɚ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

ɂɡ-ɡɚ ɜɵɲɟɭɤɚɡɚɧɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ, ɫɜɚɪɤɚ ɜ ɫɪɟɞɟ ɡɚɳɢɬɧɵɯ ɝɚɡɨɜ ɹɜɥɹɟɬɫɹ 

ɧɚɢɛɨɥɟɟ ɥɭɱɲɢɦ ɜɚɪɢɚɧɬɨɦ ɩɪɢ ɫɜɚɪɤɟ ɪɚɦɤɢ. 

 

β.γ ȼɵɛɨɪ ɫɜɚɪɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 

 

Ⱦɥɹ ɭɜɟɥɢɱɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɢ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɩɪɨɱɧɨɫɬɧɵɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɜɚɪɧɵɯ ɲɜɨɜ ɪɚɦɤɢ ɩɨɞɜɟɫɤɢ ɡɚɞɧɟɝɨ ɦɨɫɬɚ ɮɪɨɧɬɚɥɶɧɨɝɨ 

ɩɨɝɪɭɡɱɢɤɚ ȼ-1γ8 ɡɚɦɟɧɢɦ ɫɭɳɟɫɬɜɭɸɳɭɸ ɫɜɚɪɨɱɧɭɸ ɩɪɨɜɨɥɨɤɭ ɦɚɪɤɢ ɋɜ-08Ƚβɋ 

ɞɢɚɦɟɬɪɨɦ 1,β ɦɦ ɧɚ ɩɨɪɨɲɤɨɜɭɸ ɩɪɨɜɨɥɨɤɭ.  

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ, ɧɚ ɪɵɧɤɟ ɫɜɚɪɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɩɪɢɫɭɬɫɬɜɭɟɬ ɨɝɪɨɦɧɨɟ 

ɤɨɥɢɱɟɫɬɜɨ ɩɨɪɨɲɤɨɜɵɯ ɩɪɨɜɨɥɨɤ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɨɛɥɚɫɬɟɣ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. ɉɪɚɜɢɥɶɧɵɣ ɜɵɛɨɪ ɩɨɪɨɲɤɨɜɨɣ ɩɪɨɜɨɥɨɤɢ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ 

ɬɪɟɛɭɟɦɵɟ ɩɪɨɱɧɨɫɬɧɵɟ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ.  

Ɋɚɫɫɦɨɬɪɢɦ ɫɥɟɞɭɸɳɢɟ ɦɚɪɤɢ ɩɨɪɨɲɤɨɜɨɣ ɩɪɨɜɨɥɨɤɢ ɨɬɟɱɟɫɬɜɟɧɧɵɯ 

ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ, ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɢɟ ɞɥɹ ɫɜɚɪɤɢ: 
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– ɩɪɨɜɨɥɨɤɚ ɦɚɪɤɢ ɉɉ-Ⱥɇ18 ɞɢɚɦɟɬɪɨɦ β ɦɦ; 

– ɩɪɨɜɨɥɨɤɚ ɦɚɪɤɢ ɉɉ-Ⱥɇ19ɋ ɞɢɚɦɟɬɪɨɦ β ɦɦ; 

– ɩɪɨɜɨɥɨɤɚ ɦɚɪɤɢ ɉɉ-Ⱥɇβ0 ɞɢɚɦɟɬɪɨɦ β ɦɦ. 

ɉɨɪɨɲɤɨɜɚɹ ɩɪɨɜɨɥɨɤɚ ɦɚɪɤɢ ɉɉ-Ⱥɇ18 ɞɢɚɦɟɬɪɨɦ β ɦɦ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ 

ɫɜɚɪɤɢ ɤɨɧɫɬɪɭɤɰɢɣ ɢɡ ɦɚɥɨɭɝɥɟɪɨɞɢɫɬɨɣ ɢ ɧɢɡɤɨɥɟɝɢɪɨɜɚɧɧɨɣ ɫɬɚɥɢ, ɤɨɬɨɪɵɟ 

ɷɤɫɩɥɭɚɬɢɪɭɸɬɫɹ ɜ ɭɫɥɨɜɢɹɯ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɭɠɟɧɢɹ. ɋɜɚɪɤɚ ɜɵɩɨɥɧɹɟɬɫɹ ɧɚ 

ɩɨɫɬɨɹɧɧɨɦ ɬɨɤɟ ɨɛɪɚɬɧɨɣ ɩɨɥɹɪɧɨɫɬɢ. ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɩɪɨɜɨɥɨɤɢ ɉɉ-Ⱥɇ18 

ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ β.1. 

Ɍɚɛɥɢɰɚ β.1 – ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɩɪɨɜɨɥɨɤɢ ɉɉ-Ⱥɇ18 

ȼ ɩɪɨɰɟɧɬɚɯ 

ω SТ MЧ S Ɋ 

0,09…0,11 0,βη…0,γη 1,γ…1,4 0,0β…0,0β7 0,0β1…0,0β7 

 

Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɦɟɬɚɥɥɚ ɲɜɚ, ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɩɪɨɜɨɥɨɤɨɣ ɉɉ-Ⱥɇ18, 

ɩɨɤɚɡɚɧɵ ɜ ɬɚɛɥɢɰɟ β.β. 

Ɍɚɛɥɢɰɚ β.β – Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɦɟɬɚɥɥɚ ɲɜɚ, ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɩɪɨɜɨɥɨɤɨɣ 

ɉɉ-Ⱥɇ18 

ɉɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ σɬ, 

Ɇɉɚ 

ɉɪɟɞɟɥ ɜɪɟɦɟɧɧɨɝɨ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ σɜ, Ɇɉɚ 

Ɉɬɧɨɫɢɬɟɥɶɧɨɟ 

ɭɞɥɢɧɟɧɢɟ δη, % 

ɇɟ ɦɟɧɟɟ 

η10 θβ0 ββ 

 

ɋɤɥɨɧɧɨɫɬɶ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɝɨɪɹɱɢɯ ɬɪɟɳɢɧ ɩɪɢ ɫɜɚɪɤɟ 

ɩɪɨɜɨɥɨɤɨɣ ɉɉ-Ⱥɇ18 ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (θ) 

 

HωS=
0,11∙ ቀ0,0β7+0,0β7+ 0,γη

βη ቁ ∙ 10γ

γ∙1,4
=1,8 ɟɞ. 

 

Ɍɚɤ ɤɚɤ 1,8 < 4, ɬɨ ɫɜɚɪɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ɧɟ ɢɦɟɟɬ ɫɤɥɨɧɧɨɫɬɢ ɤ ɨɛɪɚɡɨɜɚɧɢɸ 

ɝɨɪɹɱɢɯ ɬɪɟɳɢɧ. 
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ɉɨɪɨɲɤɨɜɚɹ ɩɪɨɜɨɥɨɤɚ ɦɚɪɤɢ ɉɉ-Ⱥɇ19ɋ ɞɢɚɦɟɬɪɨɦ β ɦɦ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɫɜɚɪɤɢ ɤɨɧɫɬɪɭɤɰɢɣ ɢɡ ɧɢɡɤɨɥɟɝɢɪɨɜɚɧɧɨɣ ɫɬɚɥɢ, ɤɨɬɨɪɵɟ 

ɷɤɫɩɥɭɚɬɢɪɭɸɬɫɹ ɜ ɭɫɥɨɜɢɹɯ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɭɠɟɧɢɹ. ɋɜɚɪɤɚ ɜɵɩɨɥɧɹɟɬɫɹ ɧɚ 

ɩɨɫɬɨɹɧɧɨɦ ɬɨɤɟ ɨɛɪɚɬɧɨɣ ɩɨɥɹɪɧɨɫɬɢ. ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɩɪɨɜɨɥɨɤɢ ɉɉ-Ⱥɇ19ɋ 

ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ β.γ. 

Ɍɚɛɥɢɰɚ β.γ – ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɩɪɨɜɨɥɨɤɢ ɉɉ-Ⱥɇ19ɋ 

ȼ ɩɪɨɰɟɧɬɚɯ 

ω SТ MЧ NТ MШ S Ɋ 

0,08…0,11 0,γγ…0,η 1,1…1,γ 0,η…0,θ 0,βη…0,4 0,0β…0,0γ 0,01η…0,0γ 

 

Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɦɟɬɚɥɥɚ ɲɜɚ, ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɩɪɨɜɨɥɨɤɨɣ ɉɉ-Ⱥɇ19ω, 

ɩɨɤɚɡɚɧɵ ɜ ɬɚɛɥɢɰɟ β.4. 

Ɍɚɛɥɢɰɚ β.4 – Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɦɟɬɚɥɥɚ ɲɜɚ, ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɩɪɨɜɨɥɨɤɨɣ 

ɉɉ-Ⱥɇ19ω 

ɉɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ σɬ, 

Ɇɉɚ 

ɉɪɟɞɟɥ ɜɪɟɦɟɧɧɨɝɨ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ σɜ, Ɇɉɚ 

Ɉɬɧɨɫɢɬɟɥɶɧɨɟ 

ɭɞɥɢɧɟɧɢɟ δη, % 

ɇɟ ɦɟɧɟɟ 

490 η90 βγ 

 

ɋɤɥɨɧɧɨɫɬɶ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɝɨɪɹɱɢɯ ɬɪɟɳɢɧ ɩɪɢ ɫɜɚɪɤɟ 

ɩɪɨɜɨɥɨɤɨɣ ɉɉ-Ⱥɇ19ɋ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (θ) 

 

HωS=
0,11∙ ቀ0,0γ+0,0γ+ 0,η

βη +0,01∙0,θቁ ∙10γ

γ∙1,γ+0,4
=β,β ɟɞ. 

 

Ɍɚɤ ɤɚɤ β,β < 4, ɬɨ ɫɜɚɪɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ɧɟ ɢɦɟɟɬ ɫɤɥɨɧɧɨɫɬɢ ɤ ɨɛɪɚɡɨɜɚɧɢɸ 

ɝɨɪɹɱɢɯ ɬɪɟɳɢɧ. 

ɉɨɪɨɲɤɨɜɚɹ ɩɪɨɜɨɥɨɤɚ ɦɚɪɤɢ ɉɉ-Ⱥɇβ0 ɞɢɚɦɟɬɪɨɦ β ɦɦ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɫɜɚɪɤɢ ɤɨɧɫɬɪɭɤɰɢɣ ɢɡ ɧɢɡɤɨɥɟɝɢɪɨɜɚɧɧɨɣ ɫɬɚɥɢ, ɤɨɬɨɪɵɟ 

ɷɤɫɩɥɭɚɬɢɪɭɸɬɫɹ ɜ ɭɫɥɨɜɢɹɯ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɭɠɟɧɢɹ. ɋɜɚɪɤɚ ɜɵɩɨɥɧɹɟɬɫɹ ɧɚ 
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ɩɨɫɬɨɹɧɧɨɦ ɬɨɤɟ ɨɛɪɚɬɧɨɣ ɩɨɥɹɪɧɨɫɬɢ. ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɩɪɨɜɨɥɨɤɢ ɉɉ-Ⱥɇβ0 

ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ β.η. 

Ɍɚɛɥɢɰɚ β.η – ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɩɪɨɜɨɥɨɤɢ ɉɉ-Ⱥɇβ0 

ȼ ɩɪɨɰɟɧɬɚɯ 

ω SТ MЧ S Ɋ 

0,08…0,11 0,γ…0,η 1,γ…1,θ 0,01θ…0,0βθ 0,01η…0,0β 

 

Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɦɟɬɚɥɥɚ ɲɜɚ, ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɩɪɨɜɨɥɨɤɨɣ ɉɉ-Ⱥɇβ0, 

ɩɨɤɚɡɚɧɵ ɜ ɬɚɛɥɢɰɟ β.θ. 

Ɍɚɛɥɢɰɚ β.θ – Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɦɟɬɚɥɥɚ ɲɜɚ, ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɩɪɨɜɨɥɨɤɨɣ 

ɉɉ-Ⱥɇβ0 

ɉɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ σɬ, 

Ɇɉɚ 

ɉɪɟɞɟɥ ɜɪɟɦɟɧɧɨɝɨ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ σɜ, Ɇɉɚ 

Ɉɬɧɨɫɢɬɟɥɶɧɨɟ 

ɭɞɥɢɧɟɧɢɟ δη, % 

ɇɟ ɦɟɧɟɟ 

490 θ00 βγ 

 

ɋɤɥɨɧɧɨɫɬɶ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɝɨɪɹɱɢɯ ɬɪɟɳɢɧ ɩɪɢ ɫɜɚɪɤɟ 

ɩɪɨɜɨɥɨɤɨɣ ɉɉ-Ⱥɇβ0 ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (θ) 

 

HωS=
0,11∙ ቀ0,0βθ+0,0β+ 0,η

βη ቁ ∙10γ

γ∙1,θ
=1,η ɟɞ. 

 

Ɍɚɤ ɤɚɤ 1,η < 4, ɬɨ ɫɜɚɪɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ɧɟ ɢɦɟɟɬ ɫɤɥɨɧɧɨɫɬɢ ɤ ɨɛɪɚɡɨɜɚɧɢɸ 

ɝɨɪɹɱɢɯ ɬɪɟɳɢɧ. 

Ɋɚɫɫɦɨɬɪɟɜ ɬɪɢ ɪɚɡɥɢɱɧɵɟ ɦɚɪɤɢ ɫɜɚɪɨɱɧɨɣ ɩɨɪɨɲɤɨɜɨɣ ɩɪɨɜɨɥɨɤɢ ɦɨɠɧɨ 

ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɟɣ ɹɜɥɹɟɬɫɹ ɩɪɨɜɨɥɨɤɚ ɦɚɪɤɢ ɉɉ-

Ⱥɇβ0, ɬɚɤ ɤɚɤ ɩɪɢ ɫɜɚɪɤɟ ɷɬɨɣ ɩɪɨɜɨɥɨɤɨɣ ɧɚɛɥɸɞɚɟɬɫɹ ɧɚɢɦɟɧɶɲɚɹ ɜɟɪɨɹɬɧɨɫɬɶ 

ɨɛɪɚɡɨɜɚɧɢɹ ɝɨɪɹɱɢɯ ɬɪɟɳɢɧ. Ɍɚɤɠɟ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɢ ɩɪɟɞɧɚɡɧɚɱɟɧɢɟ 

ɞɚɧɧɨɣ ɩɪɨɜɨɥɨɤɢ ɨɛɨɫɧɨɜɵɜɚɸɬ ɩɪɚɜɢɥɶɧɨɫɬɶ ɟɟ ɩɪɢɦɟɧɟɧɢɹ ɩɪɢ ɫɜɚɪɤɟ ɪɚɦɤɢ 

ɩɨɞɜɟɫɤɢ ɡɚɞɧɟɝɨ ɦɨɫɬɚ ɮɪɨɧɬɚɥɶɧɨɝɨ ɩɨɝɪɭɡɱɢɤɚ ȼ-1γ8. 
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β.4 Ɋɚɫɱɟɬ ɪɟɠɢɦɨɜ ɫɜɚɪɤɢ 

 

2.4.1 Рɚɫɱɟɬ ɪɟɠɢɦɨɜ ɫɜɚɪɤɢ ɲɜɚ №1 

 

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

№1 ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ β.1.  

 
Ɋɢɫɭɧɨɤ β.1 – Ɉɛɳɢɣ ɜɢɞ ɫɜɚɪɧɨɝɨ ɲɜɚ №1 

ȼɵɥɟɬ ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ ɩɪɢɦɟɦ ɪɚɜɧɵɦ β0 ɦɦ. Ɋɚɫɯɨɞ ɝɚɡɚ ɩɪɢɦɟɦ 

ɪɚɜɧɵɦ β0 ɥ/ɦɢɧ. Ɍɨɤ ɩɨɫɬɨɹɧɧɵɣ ɨɛɪɚɬɧɨɣ ɩɨɥɹɪɧɨɫɬɢ. 

Ɉɩɪɟɞɟɥɢɦ ɩɥɨɳɚɞɶ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɩɨ ɮɨɪɦɭɥɟ 

 

FH=
Kβ

β
, ɦɦβ, (7) 

 

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

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (7) ɩɨɥɭɱɢɦ, ɱɬɨ 

 

FH=
θβ

β
=18 ɦɦβ. 

 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɜɚɪɤɚ ɲɜɚ №1 ɜɟɞɟɬɫɹ ɡɚ ɨɞɢɧ ɩɪɨɯɨɞ. 

ɋɢɥɚ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ ɜɵɛɢɪɚɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɢɚɦɟɬɪɚ ɩɪɨɜɨɥɨɤɢ ɢ ɨɬ 

ɩɥɨɬɧɨɫɬɢ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ. ɉɪɢɦɟɦ, ɱɬɨ ɞɥɹ ɞɢɚɦɟɬɪɚ ɩɪɨɜɨɥɨɤɢ β ɦɦ ɫɢɥɚ 

ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ ɫɨɫɬɚɜɥɹɟɬ 400 Ⱥ. 
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Ɉɩɪɟɞɟɥɢɦ ɩɥɨɬɧɨɫɬɶ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ ɩɨ ɮɨɪɦɭɥɟ 

 

У=
4Iωψ

πНɗ
β =

4∙400
γ,14∙ββ =1β7,4

Ⱥ
ɦɦβ . (8) 

 

ɉɪɢ ɞɢɚɦɟɬɪɟ ɷɥɟɤɬɪɨɞɚ β ɦɦ ɢ ɩɪɢ ɫɜɚɪɤɟ ɧɚɯɥɟɫɬɨɱɧɨɝɨ ɲɜɚ ɩɥɨɬɧɨɫɬɶ 

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

ɜɯɨɞɢɬ ɜ ɭɤɚɡɚɧɧɵɣ ɢɧɬɟɪɜɚɥ. 

Ɋɚɫɫɱɢɬɚɟɦ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɞɭɝɟ ɩɨ ɮɨɪɦɭɥɟ 

 

UȾ=β0+
0,0ηඥНɗ

Iωψ±1, ψ, (9) 

 

ɝɞɟ Нɗ = β – ɞɢɚɦɟɬɪ ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ, ɦɦ; 

Iωψ = 400 – ɫɢɥɚ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ, Ⱥ. 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (9) ɩɨɥɭɱɢɦ, ɱɬɨ 

 

UȾ=β0+
0,0η√β

∙400±1≈γ4,1±1 ȼ. 

 

Ɋɚɫɫɱɢɬɚɟɦ ɫɤɨɪɨɫɬɶ ɫɜɚɪɤɢ ɩɪɢ ɜɵɛɪɚɧɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɪɟɠɢɦɚ ɩɨ ɮɨɪɦɭɥɟ  

 

Vωψ=
VɉɈȾ

FH
∙FɗɅ,

ɫɦ
ɫ

, (10) 

 

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

FH=0,18 – ɩɥɨɳɚɞɶ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ, ɫɦβ; 

Fɗ =0,0γ1 – ɩɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɷɥɟɤɬɪɨɞɚ, ɫɦβ. 

Ɋɚɫɫɱɢɬɚɟɦ ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ VɉɈȾ ɩɨ ɮɨɪɦɭɥɟ 
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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 

 

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 ɢɦɟɟɬ ɡɧɚɱɟɧɢɟ 11,θ±0,4 ɝ/Ⱥɱ. 

ɋɨɫɬɚɜɥɹɸɳɚɹ, ɡɚɜɢɫɹɳɚɹ ɨɬ ɬɟɩɥɨɜɥɨɠɟɧɢɹ ɜɫɥɟɞɫɬɜɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ 

ɧɚɝɪɟɜɚ ɜɵɥɟɬɚ ɷɥɟɤɬɪɨɞɚ ɩɪɨɬɟɤɚɸɳɢɦ ɬɨɤɨɦ ΔαɊ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ 

 

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 

 

Qɉɉ=0,1884Уβρ0Нɗ
β ቆ Vɗ

ɚαȕ
൫ɟ-ɪβХ − 1൯-

αሺɌɉɅ-Ɍ0ሻ
ɪ1

ቇ , (14) 
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ɝɞɟ У = 1β740 – 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 – 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 

 

ȕ=
0,β4Уβρ0

КМȖ
=

0,β4∙1β740β∙0,000014
0,08∙1,βη

=η4η4	ˈˇ. (1η) 

 

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

Ɉɩɪɟɞɟɥɢɦ ɭɫɥɨɜɧɭɸ ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɩɪɨɜɨɥɨɤɢ ɩɨ ɮɨɪɦɭɥɟ 

 

Vɗ=
4αɊ

' Iωψ

γθ00πȖНɗ
β =

4∙11,θ∙400
γθ00∙γ,14∙7,8η∙0,ββ =η,ββ9 ɫɦ/ɫ.	 (1θ) 

 

Ɉɩɪɟɞɟɥɢɦ ɤɨɷɮɮɢɰɢɟɧɬɵ ɪ1 ɢ ɪβ ɢɫɯɨɞɹ ɢɡ ɭɫɥɨɜɢɹ 
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۔ۖۖەۖۖ
ۓ

Щ1=-
Vɗ

βɚ
-ඨVɗ

β

4ɚβ -αȕ=-
η,ββ9
β∙0,08

-ඨ η,ββ9β

4∙0,08β -0,008γ∙η4η4=-θ4,7 ɟɞ;

Щβ=-
Vɗ

βɚ
+ඨVɗ

β

4ɚβ -αȕ=-
η,ββ9
β∙0,08

+ඨ η,ββ9β

4∙0,08β -0,008γ∙η4η4=-0,7 ɟɞ. (17) 

 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (14) ɩɨɥɭɱɢɦ, ɱɬɨ 

 

Qɉɉ=0,1884∙1β740β∙0,000014∙0,ββ∙ ቆ η,ββ9
0,08∙0,008γ∙η4η4

ሺɟ-0,7∙β-1ሻ-
0,008γ∙ሺ1η00-β0ሻ

-θ4,7
ቇ = =78,8 ɤɚɥ. 

 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɨ ɮɨɪɦɭɥɟ (1γ) 

 

ΔαɊ=
γθ00∙78,8
γβη∙400

=β,β
ɝ

Ⱥɱ
. 

 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (1β) ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɥɚɜɥɟɧɢɹ 

 

αɊ=11,θ+β,β=1γ,8 ɝ/Ⱥɱ. 

 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɨ ɮɨɪɦɭɥɟ (11) ɩɨɥɭɱɢɦ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ VɉɈȾ 

 

VɉɈȾ=
1γ,8∙400

γθ00∙0,0γ1∙7,8η
=θ,γ 

ɫɦ
ɫ

. 

 

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

 

Vωψ=
θ,γ
0,18

∙0,0γ1=1,1 
ɫɦ
ɫ

. 
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Ɋɚɫɫɱɢɬɚɟɦ ɩɨɝɨɧɧɭɸ ɷɧɟɪɝɢɸ ɩɪɢ ɫɜɚɪɤɟ ɩɨ ɮɨɪɦɭɥɟ 

 

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∙γ4,1∙400∙0,8η

1,1
=βηγ0 

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 

 

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 = 180 – ɧɚɱɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɢɡɞɟɥɢɹ, °ɋ; 

Ф1 = β/γ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢɜɟɞɟɧɢɹ ɞɥɹ ɧɚɯɥɟɫɬɨɱɧɨɝɨ ɲɜɚ, ɟɞ. 

Ȼɟɡɪɚɡɦɟɪɧɵɣ ɤɪɢɬɟɪɢɣ ɩɪɨɰɟɫɫɚ Ȧ  ɡɚɜɢɫɢɬ ɨɬ ɞɪɭɝɨɝɨ ɛɟɡɪɚɡɦɟɪɧɨɝɨ 

ɤɪɢɬɟɪɢɹ, ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 

1
ș

=
βФ1qɉɈȽ

πሺδФβሻβМȖሺɌɆ-Ɍ0ሻ =
β∙β∙γ87θ

γ∙γ,14∙ሺθ∙1ሻβ∙1,βη∙ሺη00-180ሻ =0,114. (β0) 

 

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

Фβ = 1 – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢɜɟɞɟɧɢɹ ɞɥɹ ɧɚɯɥɟɫɬɨɱɧɨɝɨ ɲɜɚ, ɟɞ. 
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ɉɪɢ ɡɧɚɱɟɧɢɢ ɛɟɡɪɚɡɦɟɪɧɨɝɨ ɤɪɢɬɟɪɢɹ 0,114 ɜɟɥɢɱɢɧɚ Ȧ=1. 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (19) ɩɨɥɭɱɢɦ, ɱɬɨ 

 

Ȧ=1∙β∙γ,14∙0,1∙
γ∙ሺη00-180ሻβ

β∙γ87θ
=β4,9

ɋ
ɫ

. 

 

ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɦɝɧɨɜɟɧɧɨɣ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɧɟ ɜɯɨɞɢɬ ɜ 

ɬɪɟɛɭɟɦɵɣ ɢɧɬɟɪɜɚɥ ɦɝɧɨɜɟɧɧɵɯ ɫɤɨɪɨɫɬɟɣ ɨɯɥɚɠɞɟɧɢɹ ɞɥɹ ɫɬɚɥɢ 1ηɏɋɇȾ, 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɬɪɟɛɭɟɬɫɹ ɭɜɟɥɢɱɢɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɩɨɞɨɝɪɟɜɚ. 

ɉɪɢɦɟɦ, ɱɬɨ ɨɧɚ ɫɨɫɬɚɜɥɹɟɬ γβ0ɋ. Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (β0) ɩɨɥɭɱɢɦ, ɱɬɨ 

 
1
ș

=
β∙β∙γ87θ

γ∙γ,14∙ሺθ∙1ሻβ∙1,βη∙ሺη00-γβ0ሻ =0,β0γ. 

 

ɉɪɢ ɡɧɚɱɟɧɢɢ ɛɟɡɪɚɡɦɟɪɧɨɝɨ ɤɪɢɬɟɪɢɹ 0,β0γ ɜɟɥɢɱɢɧɚ Ȧ=1. 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (19) ɩɨɥɭɱɢɦ, ɱɬɨ 

 

Ȧ=1∙β∙γ,14∙0,1∙
γ∙ሺη00-γβ0ሻβ

β∙γ87θ
=7,9

ɋ
ɫ

. 

 

ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɦɝɧɨɜɟɧɧɨɣ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɜɯɨɞɢɬ ɜ ɭɤɚɡɚɧɧɵɣ 

ɢɧɬɟɪɜɚɥ ɞɥɹ ɫɬɚɥɢ 1ηɏɋɇȾ. 
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2.4.2 Рɚɫɱɟɬ ɪɟɠɢɦɨɜ ɫɜɚɪɤɢ ɲɜɚ №2 

 

ɒɨɜ №β ɧɟɫɬɚɧɞɚɪɬɧɵɣ. ɋɜɚɪɤɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɫɪɟɞɟ ɡɚɳɢɬɧɵɯ ɝɚɡɨɜ. Ɉɛɳɢɣ 

ɜɢɞ ɫɜɚɪɧɨɝɨ ɲɜɚ №β ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ β.β.  

 
Ɋɢɫɭɧɨɤ β.β – Ɉɛɳɢɣ ɜɢɞ ɫɜɚɪɧɨɝɨ ɲɜɚ №β 

ȼɵɥɟɬ ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ βη ɦɦ. Ɋɚɫɯɨɞ ɝɚɡɚ 

ɩɪɢɦɟɦ ɪɚɜɧɵɦ β0 ɥ/ɦɢɧ. Ɍɨɤ ɩɨɫɬɨɹɧɧɵɣ ɨɛɪɚɬɧɨɣ ɩɨɥɹɪɧɨɫɬɢ. ɉɥɨɳɚɞɶ 

ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (7) ɢ ɫɨɫɬɚɜɥɹɟɬ 

 

FH=
10β

β
=η0 ɦɦβ. 

 

ɋɜɚɪɤɭ ɲɜɚ №β ɛɭɞɟɦ ɜɟɫɬɢ ɡɚ ɨɞɢɧ ɩɪɨɯɨɞ ɜ ɩɨɥɨɠɟɧɢɢ ɜ ɫɢɦɦɟɬɪɢɱɧɭɸ 

«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 
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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 ɟɞ; 

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

– 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 

 

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 
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Ȧ=
β

π∙1/ș
=

β
γ,14∙β,9β

=0,β18. 

 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (19) 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. 

 

2.4.3 Рɚɫɱɟɬ ɪɟɠɢɦɨɜ ɫɜɚɪɤɢ ɲɜɚ №3 

 

ɒɨɜ №γ ɧɟɫɬɚɧɞɚɪɬɧɵɣ. ɋɜɚɪɤɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɫɪɟɞɟ ɡɚɳɢɬɧɵɯ ɝɚɡɨɜ. Ɉɛɳɢɣ 

ɜɢɞ ɫɜɚɪɧɨɝɨ ɲɜɚ №γ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ β.γ.  

 
Ɋɢɫɭɧɨɤ β.γ – Ɉɛɳɢɣ ɜɢɞ ɫɜɚɪɧɨɝɨ ɲɜɚ №γ 

ȼɵɥɟɬ ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ β0 ɦɦ. Ɋɚɫɯɨɞ ɝɚɡɚ 

ɩɪɢɦɟɦ ɪɚɜɧɵɦ β0 ɥ/ɦɢɧ. Ɍɨɤ ɩɨɫɬɨɹɧɧɵɣ ɨɛɪɚɬɧɨɣ ɩɨɥɹɪɧɨɫɬɢ. ɉɥɨɳɚɞɶ 

ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (7) ɢ ɫɨɫɬɚɜɥɹɟɬ 

 

FH=
1ββ

β
=7β ɦɦβ. 

 

ɋɜɚɪɤɭ ɲɜɚ №γ ɛɭɞɟɦ ɜɟɫɬɢ ɡɚ ɞɜɚ ɩɪɨɯɨɞɚ ɜ ɧɢɠɧɟɦ ɩɨɥɨɠɟɧɢɢ. ɉɥɨɳɚɞɶ 

ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɩɪɢ ɩɟɪɜɨɦ ɩɪɨɯɨɞɟ ɫɨɫɬɚɜɥɹɟɬ F1 = 0,γ ɫɦβ, ɩɥɨɳɚɞɶ 
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ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɩɪɢ ɜɬɨɪɨɦ ɩɪɨɯɨɞɟ ɫɨɫɬɚɜɥɹɟɬ Fβ = 0,4β ɫɦβ. 

Ɋɚɫɫɱɢɬɚɟɦ ɩɚɪɚɦɟɬɪɵ ɪɟɠɢɦɚ ɫɜɚɪɤɢ ɲɜɚ №γ ɩɪɢ ɩɟɪɜɨɦ ɩɪɨɯɨɞɟ. ɉɪɢɦɟɦ, 

ɱɬɨ ɫɢɥɚ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ ɫɨɫɬɚɜɥɹɟɬ γη0 Ⱥ. ɉɥɨɬɧɨɫɬɶ ɩɪɢɧɹɬɨɝɨ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ 

ɩɪɢ ɞɢɚɦɟɬɪɟ ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ β ɦɦ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (8) ɢ 

ɫɨɫɬɚɜɥɹɟɬ 

 

У=
4Iωψ

πНɗ
β =

4∙γη0
γ,14∙ββ =111,η

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

∙γη0±1≈γβ,4±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 = 4,η7η ɫɦ/ɫ; 

– ɤɨɷɮɮɢɰɢɟɧɬ ȕ = 4177,β ɟɞ; 

– ɤɨɷɮɮɢɰɢɟɧɬ ɪ1 = -ηθ,η7η ɟɞ, ɪβ = -0,θ1γ ɟɞ; 

– ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɪɚɫɯɨɞɭɟɦɨɟ ɧɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɩɨɞɨɝɪɟɜ ɜɵɥɟɬɚ 

ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ ɩɪɨɬɟɤɚɸɳɢɦ ɩɨ ɧɟɦɭ ɬɨɤɨɦ Qɉɉ = ηη ɤɚɥ; 

– ɫɨɫɬɚɜɥɹɸɳɚɹ, ɡɚɜɢɫɹɳɚɹ ɨɬ ɬɟɩɥɨɜɥɨɠɟɧɢɹ ɜɫɥɟɞɫɬɜɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ 

ɧɚɝɪɟɜɚ ɜɵɥɟɬɚ ɷɥɟɤɬɪɨɞɚ ɩɪɨɬɟɤɚɸɳɢɦ ɬɨɤɨɦ ΔαɊ = 1,74 ɝ/Ⱥɱ; 

– ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɥɚɜɥɟɧɢɹ αɊ = 1γ,γ4 ɝ/Ⱥɱ; 

– ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɩɪɨɜɨɥɨɤɢ VɉɈȾ = η,γγ ɫɦ/ɫ; 

– ɫɤɨɪɨɫɬɶ ɫɜɚɪɤɢ Vɋȼ = 0,ηη1 ɫɦ/ɫ. 
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Ⱦɚɥɟɟ ɩɨ ɮɨɪɦɭɥɟ (18) ɨɩɪɟɞɟɥɹɟɦ ɩɨɝɨɧɧɭɸ ɷɧɟɪɝɢɸ 

 

qɉɈȽ=
0,β4∙γβ,4∙γη0∙0,8η

0,ηη1
=4198 

ɤɚɥ
ɫɦ

. 

 

Ɉɩɪɟɞɟɥɢɦ ɦɝɧɨɜɟɧɧɭɸ ɫɤɨɪɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ ɦɟɬɚɥɥɚ ɩɪɢ ɩɟɪɜɨɦ ɩɪɨɯɨɞɟ ɩɨ 

ɮɨɪɦɭɥɟ (19) ɫ ɭɱɟɬɨɦ ɮɨɪɦɭɥɵ (β0). Ɍɚɤ, ɩɨ ɮɨɪɦɭɥɟ (β0) 

 

1
ș

=
βФ1qɉɈȽ

πሺδФβሻβМȖሺɌɆ-Ɍ0ሻ =
β∙β∙4198

γ∙γ,14∙ሺβ∙1ሻβ∙1,βη∙ሺη00-180ሻ =1,14. 

 

ɉɪɢ ɡɧɚɱɟɧɢɢ ɛɟɡɪɚɡɦɟɪɧɨɝɨ ɤɪɢɬɟɪɢɹ 1,14 ɜɟɥɢɱɢɧɚ Ȧ  = 0,7β. Ɍɨɝɞɚ, ɩɨ 

ɮɨɪɦɭɥɟ (19) ɩɨɥɭɱɢɦ, ɱɬɨ 

 

Ȧ=0,7β∙β∙γ,14∙0,1∙
γ∙ሺη00-180ሻβ

β∙4198
=1θ,η

ɋ
ɫ

. 

 

ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɦɝɧɨɜɟɧɧɨɣ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɧɟ ɜɯɨɞɢɬ ɜ 

ɬɪɟɛɭɟɦɵɣ ɢɧɬɟɪɜɚɥ ɦɝɧɨɜɟɧɧɵɯ ɫɤɨɪɨɫɬɟɣ ɨɯɥɚɠɞɟɧɢɹ ɞɥɹ ɫɬɚɥɢ 1ηɏɋɇȾ. 

ɉɨɷɬɨɦɭ ɩɪɢɦɟɦ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɩɨɞɨɝɪɟɜɚ ɫɨɫɬɚɜɥɹɟɬ βη0 

°ɋ. Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (β0) 

 

1
ș

=
βФ1qɉɈȽ

πሺδФβሻβМȖሺɌɆ-Ɍ0ሻ =
β∙β∙4198

γ∙γ,14∙ሺβ∙1ሻβ∙1,βη∙ሺη00-βη0ሻ =1,4βθ. 

 

ɉɪɢ ɡɧɚɱɟɧɢɢ ɛɟɡɪɚɡɦɟɪɧɨɝɨ ɤɪɢɬɟɪɢɹ 1,4βθ ɜɟɥɢɱɢɧɚ Ȧ  = 0,ηβ. Ɍɨɝɞɚ, ɩɨ 

ɮɨɪɦɭɥɟ (19) ɩɨɥɭɱɢɦ, ɱɬɨ 

 

Ȧ=0,ηβ∙β∙γ,14∙0,1∙
γ∙ሺη00-βη0ሻβ

β∙4198
=7,γ

ɋ
ɫ

. 
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ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɜɯɨɞɢɬ ɜ ɬɪɟɛɭɟɦɵɣ ɢɧɬɟɪɜɚɥ. 

Ɋɚɫɫɱɢɬɚɟɦ ɩɚɪɚɦɟɬɪɵ ɪɟɠɢɦɚ ɫɜɚɪɤɢ ɲɜɚ №γ ɩɪɢ ɜɬɨɪɨɦ ɩɪɨɯɨɞɟ. ɉɪɢɦɟɦ, 

ɱɬɨ 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 ɟɞ; 

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

– 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,η4θ ɫɦ/ɫ. 
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Ⱦɚɥɟɟ ɩɨ ɮɨɪɦɭɥɟ (18) ɨɩɪɟɞɟɥɹɟɦ ɩɨɝɨɧɧɭɸ ɷɧɟɪɝɢɸ 

 

qɉɈȽ=
0,β4∙γη,9∙4η0∙0,8η

0,η4θ
=θ0γθ 

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∙θ0γθ

γ∙γ,14∙ሺβ∙1ሻβ∙1,βη∙ሺη00-βη0ሻ =β,1. 

 

ɉɪɢ ɡɧɚɱɟɧɢɢ ɛɟɡɪɚɡɦɟɪɧɨɝɨ ɤɪɢɬɟɪɢɹ β,1 ɜɟɥɢɱɢɧɚ Ȧ  = 0,γ1η. Ɍɨɝɞɚ, ɩɨ 

ɮɨɪɦɭɥɟ (19) ɩɨɥɭɱɢɦ, ɱɬɨ 

 

Ȧ=0,γ1η∙β∙γ,14∙0,1∙
γ∙ሺη00-βη0ሻβ

β∙θ0γθ
=γ,1

ɋ
ɫ

. 

 

ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɦɝɧɨɜɟɧɧɨɣ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɜɯɨɞɢɬ ɜ ɬɪɟɛɭɟɦɵɣ 

ɢɧɬɟɪɜɚɥ ɦɝɧɨɜɟɧɧɵɯ ɫɤɨɪɨɫɬɟɣ ɨɯɥɚɠɞɟɧɢɹ ɞɥɹ ɫɬɚɥɢ 1ηɏɋɇȾ. 

 

2.4.4 Рɚɫɱɟɬ ɪɟɠɢɦɨɜ ɫɜɚɪɤɢ ɲɜɚ №4 

 

ɒɨɜ №4 ɧɟɫɬɚɧɞɚɪɬɧɵɣ. Ɍɢɩ ɲɜɚ ɫɬɵɤɨɜɨɣ. ɋɜɚɪɤɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɫɪɟɞɟ 

ɡɚɳɢɬɧɵɯ ɝɚɡɨɜ. Ɉɛɳɢɣ ɜɢɞ ɫɜɚɪɧɨɝɨ ɲɜɚ №4 ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ β.4.  

 
Ɋɢɫɭɧɨɤ β.4 – Ɉɛɳɢɣ ɜɢɞ ɫɜɚɪɧɨɝɨ ɲɜɚ №4 

ȼɵɥɟɬ ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ β0 ɦɦ. Ɋɚɫɯɨɞ ɝɚɡɚ 

ɩɪɢɦɟɦ ɪɚɜɧɵɦ β0 ɥ/ɦɢɧ. Ɍɨɤ ɩɨɫɬɨɹɧɧɵɣ ɨɛɪɚɬɧɨɣ ɩɨɥɹɪɧɨɫɬɢ. Ɍɪɟɛɭɟɦɚɹ 
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ɩɥɨɳɚɞɶ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 

FH=0,7γψР, (β1) 

 

ɝɞɟ ȼ = 1β – ɬɪɟɛɭɟɦɚɹ ɲɢɪɢɧɚ ɭɫɢɥɟɧɢɹ ɫɜɚɪɧɨɝɨ ɲɜɚ, ɦɦ; 

Р = β – ɬɪɟɛɭɟɦɚɹ ɜɵɫɨɬɚ ɭɫɢɥɟɧɢɹ ɫɜɚɪɧɨɝɨ ɲɜɚ, ɦɦ.  

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (β1) ɩɨɥɭɱɢɦ, ɱɬɨ 

 

FH=0,7γ∙1β∙β=17,η ɦɦβ. 

 

ɋɜɚɪɤɭ ɲɜɚ №4 ɛɭɞɟɦ ɜɟɫɬɢ ɡɚ ɨɞɢɧ ɩɪɨɯɨɞ. ɉɪɢɦɟɦ, ɱɬɨ 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 ɫɬɵɤɨɜɨɝɨ ɲɜɚ ɩɥɨɬɧɨɫɬɶ 

ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ ɧɚɯɨɞɢɬɫɹ ɜ ɢɧɬɟɪɜɚɥɟ θη…β10 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 ɟɞ; 
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– ɤɨɷɮɮɢɰɢɟɧɬ ɪ1 = -7β,7η ɟɞ, ɪβ = -0,787 ɟɞ; 

– ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɪɚɫɯɨɞɭɟɦɨɟ ɧɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɩɨɞɨɝɪɟɜ ɜɵɥɟɬɚ 

ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ ɩɪɨɬɟɤɚɸɳɢɦ ɩɨ ɧɟɦɭ ɬɨɤɨɦ Qɉɉ = ηη ɤɚɥ; 

– ɫɨɫɬɚɜɥɹɸɳɚɹ, ɡɚɜɢɫɹɳɚɹ ɨɬ ɬɟɩɥɨɜɥɨɠɟɧɢɹ ɜɫɥɟɞɫɬɜɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ 

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

– ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɥɚɜɥɟɧɢɹ αɊ = 1β,9η ɝ/Ⱥɱ; 

– ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɩɪɨɜɨɥɨɤɢ VɉɈȾ = θ,θη ɫɦ/ɫ; 

– ɫɤɨɪɨɫɬɶ ɫɜɚɪɤɢ Vɋȼ = 1,18 ɫɦ/ɫ. 

Ⱦɚɥɟɟ ɩɨ ɮɨɪɦɭɥɟ (18) ɨɩɪɟɞɟɥɹɟɦ ɩɨɝɨɧɧɭɸ ɷɧɟɪɝɢɸ 

 

qɉɈȽ=
0,β4∙γη,9∙4η0∙0,8η

1,18
=β79γ 

ɤɚɥ
ɫɦ

. 

 

Ɉɩɪɟɞɟɥɢɦ ɝɥɭɛɢɧɭ ɩɪɨɜɚɪɚ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ 

 

С=0,01θηඨ qɉ
ȥɉɊ

, (ββ) 

 

ɝɞɟ qɉ – ɜɟɥɢɱɢɧɚ ɩɨɝɨɧɧɨɣ ɷɧɟɪɝɢɢ, ɤɚɥ/ɫɦ; 

ȥɉɊ – ɤɨɷɮɮɢɰɢɟɧɬ ɮɨɪɦɵ ɩɪɨɜɚɪɚ, ɟɞ. 

Ɉɩɪɟɞɟɥɢɦ ɤɨɷɮɮɢɰɢɟɧɬ ɮɨɪɦɵ ɲɜɚ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ 

 

ȥɉɊ=
Ф'ሺ19-0,01IωψሻНɗUȾ

Iωψ
, (βγ) 

 

ɝɞɟ Ф’ = 0,9β – ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɩɥɨɬɧɨɫɬɢ ɢ ɩɨɥɹɪɧɨɫɬɢ ɬɨɤɚ, ɟɞ. 

Ɂɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ Ф’ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɬɨɤɟ ɨɛɪɚɬɧɨɣ ɩɨɥɹɪɧɨɫɬɢ ɢ ɩɪɢ 

ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ У=14γ,γ Ⱥ/ɦɦβ ɫɨɫɬɚɜɥɹɟɬ 0,9β. 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (βγ) ɩɨɥɭɱɢɦ, ɱɬɨ 

 



 

Иɡм. Лɢɫɬ № дɨкɭм. Пɨдɩɢɫь Даɬа 

Лɢɫɬ 

ηη 1η.0γ.01.β017.491.00 ɉɁ 

ȥɉɊ=
0,9β∙ሺ19-0,01∙4η0ሻ∙β∙γη,9

4η0
=β,1γ ɟɞ. 

 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (ββ) ɝɥɭɛɢɧɚ ɩɪɨɜɚɪɚ 

 

С=0,01θη∙ඨβ79γ
β,1γ

=0,θ ɫɦ. 

 

Ɉɩɪɟɞɟɥɢɦ ɲɢɪɢɧɭ ɲɜɚ ɩɨ ɮɨɪɦɭɥɟ 

 

ψ=ȥɉɊС=β,1γ∙0,θ=1,β78 ɫɦ. (β4) 

 

Ɉɩɪɟɞɟɥɢɦ ɜɵɫɨɬɭ ɜɚɥɢɤɚ ɩɨ ɮɨɪɦɭɥɟ 

 

ɋ=
Fɇ

0,7γȼ
=

0,17η
0,7γ∙1,β78

=0,188 ɫɦ. 

 

ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɫɜɚɪɧɨɝɨ ɲɜɚ 

ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɬɪɟɛɭɟɦɵɦ. 

Ɉɩɪɟɞɟɥɢɦ ɦɝɧɨɜɟɧɧɭɸ ɫɤɨɪɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ ɦɟɬɚɥɥɚ ɩɨ ɮɨɪɦɭɥɟ  

 

Ȧ=Ȧഥβπλ
ሺɌɆ-Ɍ0ሻβ

qɉɈȽ
,
ɋ
ɫ

, (βη) 

 

ɝɞɟ Ȧ  – ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɪɢɬɟɪɢɣ ɩɪɨɰɟɫɫɚ, ɟɞ; 

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

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

Ɍ0 = 180 – ɧɚɱɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɢɡɞɟɥɢɹ, °ɋ. 

Ȼɟɡɪɚɡɦɟɪɧɵɣ ɤɪɢɬɟɪɢɣ ɩɪɨɰɟɫɫɚ Ȧ  ɡɚɜɢɫɢɬ ɨɬ ɞɪɭɝɨɝɨ ɛɟɡɪɚɡɦɟɪɧɨɝɨ 

ɤɪɢɬɟɪɢɹ, ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
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1
ș

=
βqɉɈȽ

πሺδሻβМȖሺɌɆ-Ɍ0ሻ =
β∙β79γ

γ∙γ,14∙ሺθሻβ∙1,βη∙ሺη00-180ሻ =0,1β4. (βθ) 

 

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

ɉɪɢ ɡɧɚɱɟɧɢɢ ɛɟɡɪɚɡɦɟɪɧɨɝɨ ɤɪɢɬɟɪɢɹ 0,1β4 ɜɟɥɢɱɢɧɚ Ȧ=1. 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (βη) ɩɨɥɭɱɢɦ, ɱɬɨ 

 

Ȧ=1∙β∙γ,14∙0,1∙
ሺη00-180ሻβ

β79γ
=βγ

ɋ
ɫ

. 

 

ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɦɝɧɨɜɟɧɧɨɣ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɧɟ ɜɯɨɞɢɬ ɜ 

ɬɪɟɛɭɟɦɵɣ ɢɧɬɟɪɜɚɥ ɦɝɧɨɜɟɧɧɵɯ ɫɤɨɪɨɫɬɟɣ ɨɯɥɚɠɞɟɧɢɹ ɞɥɹ ɫɬɚɥɢ 1ηɏɋɇȾ, 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɬɪɟɛɭɟɬɫɹ ɭɜɟɥɢɱɢɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɩɨɞɨɝɪɟɜɚ. 

ɉɪɢɦɟɦ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɩɨɞɨɝɪɟɜɚ ɫɨɫɬɚɜɥɹɟɬ γ00 °ɋ. Ɍɨɝɞɚ, 

ɩɨ ɮɨɪɦɭɥɟ (βθ) ɩɨɥɭɱɢɦ, ɱɬɨ 

 
1
ș

=
β∙β79γ

γ∙γ,14∙ሺθሻβ∙1,βη∙ሺη00-γ00ሻ =0,198. 

 

ɉɪɢ ɡɧɚɱɟɧɢɢ ɛɟɡɪɚɡɦɟɪɧɨɝɨ ɤɪɢɬɟɪɢɹ 0,198 ɜɟɥɢɱɢɧɚ Ȧ=1. 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (βη) ɩɨɥɭɱɢɦ, ɱɬɨ 

 

Ȧ=1∙β∙γ,14∙0,1∙
ሺη00-γ00ሻβ

β79γ
=9

ɋ
ɫ

. 

 

ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɦɝɧɨɜɟɧɧɨɣ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɜɯɨɞɢɬ ɜ ɬɪɟɛɭɟɦɵɣ 

ɢɧɬɟɪɜɚɥ ɦɝɧɨɜɟɧɧɵɯ ɫɤɨɪɨɫɬɟɣ ɨɯɥɚɠɞɟɧɢɹ ɞɥɹ ɫɬɚɥɢ 1ηɏɋɇȾ. 
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2.4.5 Рɚɫɱɟɬ ɪɟɠɢɦɨɜ ɫɜɚɪɤɢ ɲɜɚ №5 

 

Ɍɢɩ ɲɜɚ Ɍγ ɫ ɤɚɬɟɬɨɦ 8 ɦɦ ɫɨɝɥɚɫɧɨ ȽɈɋɌ 14771-7θ. Ɉɛɳɢɣ ɜɢɞ ɫɜɚɪɧɨɝɨ ɲɜɚ 

№η ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ β.η. 

 
Ɋɢɫɭɧɨɤ β.η – Ɉɛɳɢɣ ɜɢɞ ɫɜɚɪɧɨɝɨ ɲɜɚ №η 

ȼɵɥɟɬ ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ β0 ɦɦ. Ɋɚɫɯɨɞ ɝɚɡɚ 

ɩɪɢɦɟɦ ɪɚɜɧɵɦ β0 ɥ/ɦɢɧ. Ɍɨɤ ɩɨɫɬɨɹɧɧɵɣ ɨɛɪɚɬɧɨɣ ɩɨɥɹɪɧɨɫɬɢ. ɉɥɨɳɚɞɶ 

ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (7) ɢ ɫɨɫɬɚɜɥɹɟɬ 

 

FH=
8β

β
=γβ ɦɦβ. 

 

ɋɜɚɪɤɭ ɲɜɚ №β ɛɭɞɟɦ ɜɟɫɬɢ ɡɚ ɨɞɢɧ ɩɪɨɯɨɞ ɜ ɩɨɥɨɠɟɧɢɢ ɜ ɫɢɦɦɟɬɪɢɱɧɭɸ 

«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. 
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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 ɟɞ; 

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

– 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 = 0,7β ɫɦ/ɫ. 

Ⱦɚɥɟɟ ɩɨ ɮɨɪɦɭɥɟ (18) ɨɩɪɟɞɟɥɹɟɦ ɩɨɝɨɧɧɭɸ ɷɧɟɪɝɢɸ 

 

qɉɈȽ=
0,β4∙γη,9∙4η0∙0,8η

0,7β
=4η77 

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∙4η77

γ∙γ,14∙ሺθ∙1ሻβ∙1,βη∙ሺη00-180ሻ =0,1γη. 

 

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

(19) ɩɨɥɭɱɢɦ, ɱɬɨ 
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Ȧ=1∙β∙γ,14∙0,1∙
γ∙ሺη00-180ሻβ

β∙4η77
=β1,1

ɋ
ɫ

. 

 

ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɦɝɧɨɜɟɧɧɨɣ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɧɟ ɜɯɨɞɢɬ ɜ 

ɬɪɟɛɭɟɦɵɣ ɢɧɬɟɪɜɚɥ ɦɝɧɨɜɟɧɧɵɯ ɫɤɨɪɨɫɬɟɣ ɨɯɥɚɠɞɟɧɢɹ ɞɥɹ ɫɬɚɥɢ 1ηɏɋɇȾ. 

ɉɨɷɬɨɦɭ, ɬɪɟɛɭɟɬɫɹ ɭɜɟɥɢɱɢɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɩɨɞɨɝɪɟɜɚ ɞɨ 

ɡɧɚɱɟɧɢɹ γ00°ɋ. 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (β0) ɩɨɥɭɱɢɦ, ɱɬɨ 

 
1
ș

=
β∙β∙4η77

γ∙γ,14∙ሺθ∙1ሻβ∙1,βη∙ሺη00-γ00ሻ =0,β1θ. 

 

ɉɪɢ ɡɧɚɱɟɧɢɢ ɛɟɡɪɚɡɦɟɪɧɨɝɨ ɤɪɢɬɟɪɢɹ 0,β1θ ɜɟɥɢɱɢɧɚ Ȧ=1. Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ 

(19) ɩɨɥɭɱɢɦ, ɱɬɨ 

 

Ȧ=1∙β∙γ,14∙0,1∙
γ∙ሺη00-γ00ሻβ

β∙4η77
=8,β

ɋ
ɫ

. 

 

ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɦɝɧɨɜɟɧɧɨɣ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɜɯɨɞɢɬ ɜ ɬɪɟɛɭɟɦɵɣ 

ɢɧɬɟɪɜɚɥ ɦɝɧɨɜɟɧɧɵɯ ɫɤɨɪɨɫɬɟɣ ɨɯɥɚɠɞɟɧɢɹ ɞɥɹ ɫɬɚɥɢ 1ηɏɋɇȾ.  
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2.4.6 Рɚɫɱɟɬ ɪɟɠɢɦɨɜ ɫɜɚɪɤɢ ɲɜɚ №6 

 

ɒɨɜ №θ ɧɟɫɬɚɧɞɚɪɬɧɵɣ. ɋɜɚɪɤɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɫɪɟɞɟ ɡɚɳɢɬɧɵɯ ɝɚɡɨɜ. Ɉɛɳɢɣ 

ɜɢɞ ɫɜɚɪɧɨɝɨ ɲɜɚ №θ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ β.θ.  

 
Ɋɢɫɭɧɨɤ β.θ – Ɉɛɳɢɣ ɜɢɞ ɫɜɚɪɧɨɝɨ ɲɜɚ №θ 

ȼɵɥɟɬ ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ β0 ɦɦ. Ɋɚɫɯɨɞ ɝɚɡɚ 

ɩɪɢɦɟɦ ɪɚɜɧɵɦ β0 ɥ/ɦɢɧ. Ɍɨɤ ɩɨɫɬɨɹɧɧɵɣ ɨɛɪɚɬɧɨɣ ɩɨɥɹɪɧɨɫɬɢ. ɉɥɨɳɚɞɶ 

ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (β1) 

 

FH=0,7γ∙4β∙β=θβ ɦɦβ. 

 

ɋɜɚɪɤɭ ɲɜɚ №θ ɛɭɞɟɦ ɜɟɫɬɢ ɡɚ ɞɜɚ ɩɪɨɯɨɞɚ ɜɚɥɢɤɚɦɢ ɫ ɩɥɨɳɚɞɶɸ ɩɨɩɟɪɟɱɧɨɝɨ 

ɫɟɱɟɧɢɹ 0,γ ɫɦβ ɢ 0,γβ ɫɦβ.  

Ɋɚɫɫɱɢɬɚɟɦ ɩɚɪɚɦɟɬɪɵ ɪɟɠɢɦɚ ɫɜɚɪɤɢ ɩɪɢ ɩɟɪɜɨɦ ɩɪɨɯɨɞɟ. ɉɪɢɦɟɦ, ɱɬɨ ɫɢɥɚ 

ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ ɫɨɫɬɚɜɥɹɟɬ η00 Ⱥ. 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,γ

Ⱥ
ɦɦβ . 

 

ɉɪɢ ɞɢɚɦɟɬɪɟ ɷɥɟɤɬɪɨɞɚ β ɦɦ ɢ ɩɪɢ ɫɜɚɪɤɟ ɫɬɵɤɨɜɨɝɨ ɲɜɚ ɩɥɨɬɧɨɫɬɶ 

ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ ɧɚɯɨɞɢɬɫɹ ɜ ɢɧɬɟɪɜɚɥɟ θη…β10 Ⱥ/ɦɦβ. ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ 
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ɜɯɨɞɢɬ ɜ ɭɤɚɡɚɧɧɵɣ ɢɧɬɟɪɜɚɥ. 

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

 

UȾ=β0+
0,0η√β

∙η00±1≈γ7,7±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 = θ,ηγθ ɫɦ/ɫ; 

– ɤɨɷɮɮɢɰɢɟɧɬ ȕ = 8ηβθ,η ɟɞ; 

– ɤɨɷɮɮɢɰɢɟɧɬ ɪ1 = -80,8β ɟɞ, ɪβ = -0,87θ ɟɞ; 

– ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɪɚɫɯɨɞɭɟɦɨɟ ɧɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɩɨɞɨɝɪɟɜ ɜɵɥɟɬɚ 

ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ ɩɪɨɬɟɤɚɸɳɢɦ ɩɨ ɧɟɦɭ ɬɨɤɨɦ Qɉɉ = 1η1,4 ɤɚɥ; 

– ɫɨɫɬɚɜɥɹɸɳɚɹ, ɡɚɜɢɫɹɳɚɹ ɨɬ ɬɟɩɥɨɜɥɨɠɟɧɢɹ ɜɫɥɟɞɫɬɜɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ 

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

– ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɥɚɜɥɟɧɢɹ αɊ = 1η ɝ/Ⱥɱ; 

– ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɩɪɨɜɨɥɨɤɢ VɉɈȾ = 8,θ ɫɦ/ɫ; 

– ɫɤɨɪɨɫɬɶ ɫɜɚɪɤɢ Vɋȼ = 0,89 ɫɦ/ɫ. 

Ⱦɚɥɟɟ ɩɨ ɮɨɪɦɭɥɟ (18) ɨɩɪɟɞɟɥɹɟɦ ɩɨɝɨɧɧɭɸ ɷɧɟɪɝɢɸ 

 

qɉɈȽ=
0,β4∙γ7,7∙η00∙0,8η

0,89
=4γβ1 

ɤɚɥ
ɫɦ

. 

 

Ɂɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ Ф’ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɬɨɤɟ ɨɛɪɚɬɧɨɣ ɩɨɥɹɪɧɨɫɬɢ ɢ ɩɪɢ 

ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ У=1η9,γ Ⱥ/ɦɦβ ɫɨɫɬɚɜɥɹɟɬ 0,9β. 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (βγ) ɩɨɥɭɱɢɦ, ɱɬɨ 

 

ȥȼ=
0,9β∙ሺ19-0,01∙η00ሻ∙β∙γ7,7

η00
=1,94β ɟɞ. 
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Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (ββ) ɝɥɭɛɢɧɚ ɩɪɨɜɚɪɚ 

 

С=0,01θη∙ඨ 4γβ1
1,94β

=0,78 ɫɦ. 

 

Ɉɩɪɟɞɟɥɢɦ ɲɢɪɢɧɭ ɲɜɚ ɩɨ ɮɨɪɦɭɥɟ (β4) 

 

ψ=ȥɉɊС=1,94β∙0,78=1,η1η ɫɦ. 

 

Ɉɩɪɟɞɟɥɢɦ ɜɵɫɨɬɭ ɜɚɥɢɤɚ ɩɨ ɮɨɪɦɭɥɟ 

 

ɋ=
Fɇ

0,7γȼ
=

0,γ
0,7γ∙1,η1η

=0,β71 ɫɦ. 

 

Ɋɚɫɫɱɢɬɚɟɦ ɩɚɪɚɦɟɬɪɵ ɪɟɠɢɦɚ ɫɜɚɪɤɢ ɲɜɚ №θ ɩɪɢ ɜɬɨɪɨɦ ɩɪɨɯɨɞɟ. ɉɪɢɦɟɦ, 

ɱɬɨ ɫɢɥɚ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ ɫɨɫɬɚɜɥɹɟɬ η00 Ⱥ. 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,γ

Ⱥ
ɦɦβ . 

 

ɉɪɢ ɞɢɚɦɟɬɪɟ ɷɥɟɤɬɪɨɞɚ β ɦɦ ɢ ɩɪɢ ɫɜɚɪɤɟ ɫɬɵɤɨɜɨɝɨ ɲɜɚ ɩɥɨɬɧɨɫɬɶ 

ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ ɧɚɯɨɞɢɬɫɹ ɜ ɢɧɬɟɪɜɚɥɟ θη…β10 Ⱥ/ɦɦβ. ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ 

ɜɯɨɞɢɬ ɜ ɭɤɚɡɚɧɧɵɣ ɢɧɬɟɪɜɚɥ. 

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

 

UȾ=β0+
0,0η√β

∙η00±1≈γ7,7±1 ȼ. 
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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 = θ,ηγθ ɫɦ/ɫ; 

– ɤɨɷɮɮɢɰɢɟɧɬ ȕ = 8ηβθ,η ɟɞ; 

– ɤɨɷɮɮɢɰɢɟɧɬ ɪ1 = -80,8β ɟɞ, ɪβ = -0,87θ ɟɞ; 

– ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɪɚɫɯɨɞɭɟɦɨɟ ɧɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɩɨɞɨɝɪɟɜ ɜɵɥɟɬɚ 

ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ ɩɪɨɬɟɤɚɸɳɢɦ ɩɨ ɧɟɦɭ ɬɨɤɨɦ Qɉɉ = 1η1,4 ɤɚɥ; 

– ɫɨɫɬɚɜɥɹɸɳɚɹ, ɡɚɜɢɫɹɳɚɹ ɨɬ ɬɟɩɥɨɜɥɨɠɟɧɢɹ ɜɫɥɟɞɫɬɜɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ 

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

– ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɥɚɜɥɟɧɢɹ αɊ = 1η ɝ/Ⱥɱ; 

– ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɩɪɨɜɨɥɨɤɢ VɉɈȾ = 8,θ ɫɦ/ɫ; 

– ɫɤɨɪɨɫɬɶ ɫɜɚɪɤɢ Vɋȼ = 0,8γ ɫɦ/ɫ. 

ɉɪɢɦɟɦ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɫɜɚɪɤɢ ɫɨɫɬɚɜɥɹɟɬ Vωψ = 0,4 ɫɦ/ɫ, ɚ ɡɧɚɱɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ 

UȾ = 4η ȼ. Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (18) ɨɩɪɟɞɟɥɹɟɦ ɩɨɝɨɧɧɭɸ ɷɧɟɪɝɢɸ 

 

qɉɈȽ=
0,β4∙4η∙η00∙0,8η

0,4
=11470 

ɤɚɥ
ɫɦ

. 

 

Ɂɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ Ф’ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɬɨɤɟ ɨɛɪɚɬɧɨɣ ɩɨɥɹɪɧɨɫɬɢ ɢ ɩɪɢ 

ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ У=1η9,γ Ⱥ/ɦɦβ ɫɨɫɬɚɜɥɹɟɬ 0,9β. 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (βγ) ɩɨɥɭɱɢɦ, ɱɬɨ 

 

ȥȼ=
0,9β∙ሺ19-0,01∙η00ሻ∙β∙4η

η00
=β,γ18 ɟɞ. 

 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (ββ) ɝɥɭɛɢɧɚ ɩɪɨɜɚɪɚ 

 

С=0,01θη∙ඨ11470
β,γ18

=1,1θ1 ɫɦ. 
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Ɉɩɪɟɞɟɥɢɦ ɲɢɪɢɧɭ ɲɜɚ ɩɨ ɮɨɪɦɭɥɟ (β4) 

 

ψ=ȥɉɊС=1,1θ1∙β,γ18=β,θ91 ɫɦ. 

 

Ɉɩɪɟɞɟɥɢɦ ɜɵɫɨɬɭ ɜɚɥɢɤɚ ɩɨ ɮɨɪɦɭɥɟ 

 

ɋ=
Fɇ

0,7γȼ
=

0,γβ
0,7γ∙β,θ91

=0,1θγ ɫɦ. 

 

ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɫɜɚɪɧɨɝɨ ɲɜɚ 

ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɬɪɟɛɭɟɦɵɦ. 

Ɉɩɪɟɞɟɥɢɦ ɦɝɧɨɜɟɧɧɭɸ ɫɤɨɪɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ ɦɟɬɚɥɥɚ ɩɨ ɮɨɪɦɭɥɟ (βη) ɫ 

ɭɱɟɬɨɦ ɮɨɪɦɭɥɵ (βθ). Ɍɚɤ, ɩɨ ɮɨɪɦɭɥɟ (βθ) ɩɨɥɭɱɢɦ, ɱɬɨ 

 

1
ș

=
βqɉɈȽ

πሺδሻβМȖሺɌɆ-Ɍ0ሻ =
β∙11470

γ∙γ,14∙ሺθሻβ∙1,βη∙ሺη00-180ሻ =0,η07. 

 

ɉɪɢ ɡɧɚɱɟɧɢɢ ɛɟɡɪɚɡɦɟɪɧɨɝɨ ɤɪɢɬɟɪɢɹ 0,η07 ɜɟɥɢɱɢɧɚ Ȧ=0,98. 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (βθ) ɩɨɥɭɱɢɦ, ɱɬɨ 

 

Ȧ=0,98∙β∙γ,14∙0,1∙
ሺη00-180ሻβ

11470
=η,η

ɋ
ɫ

. 

 

ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɦɝɧɨɜɟɧɧɨɣ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɜɯɨɞɢɬ ɜ ɬɪɟɛɭɟɦɵɣ 

ɢɧɬɟɪɜɚɥ ɦɝɧɨɜɟɧɧɵɯ ɫɤɨɪɨɫɬɟɣ ɨɯɥɚɠɞɟɧɢɹ ɞɥɹ ɫɬɚɥɢ 1ηɏɋɇȾ. 
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β.η ȼɵɛɨɪ ɫɜɚɪɨɱɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 

 

Ⱦɥɹ ɫɜɚɪɤɢ ɪɚɦɤɢ ɩɨɞɜɟɫɤɢ ɡɚɞɧɟɝɨ ɦɨɫɬɚ ɮɪɨɧɬɚɥɶɧɨɝɨ ɩɨɝɪɭɡɱɢɤɚ ȼ-1γ8 

ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɚɜɬɨɦɚɬɢɱɟɫɤɭɸ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɭɸ ɫɜɚɪɤɭ ɜ ɫɪɟɞɟ 

ɡɚɳɢɬɧɵɯ ɝɚɡɨɜ. 

ȼɵɛɟɪɟɦ ɫɜɚɪɨɱɧɵɣ ɪɨɛɨɬ ɞɥɹ ɞɭɝɨɜɨɣ ɫɜɚɪɤɢ ɦɚɪɤɢ KКаКsКФТ RA10N 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɮɢɪɦɵ KКаКsКФТ RШЛШЭ. Ɉɛɳɢɣ ɜɢɞ ɫɜɚɪɨɱɧɨɝɨ ɪɨɛɨɬɚ KКаКsКФТ 

RA10N ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ β.7. 

 
Ɋɢɫɭɧɨɤ β.7 – Ɉɛɳɢɣ ɜɢɞ ɫɜɚɪɨɱɧɨɝɨ ɪɨɛɨɬɚ KКаКsКФТ RA10N 

Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɨɛɨɬɚ ɞɥɹ ɞɭɝɨɜɨɣ ɫɜɚɪɤɢ KКаКsКФТ RA10N 

ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ β.7. 

Ɍɚɛɥɢɰɚ β.7 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɨɛɨɬɚ ɞɥɹ ɞɭɝɨɜɨɣ ɫɜɚɪɤɢ 

KКаКsКФТ RA10N 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ Ɂɧɚɱɟɧɢɟ 

Ʉɨɥɢɱɟɫɬɜɨ ɨɫɟɣ, ɲɬ θ 

Ƚɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶ ɤɢɫɬɢ, ɤɝ 10 

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɜɵɥɟɬ, ɦɦ 14η0 

Ɍɨɱɧɨɫɬɶ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ, ɦɦ ±0,0θ 

Ɇɚɫɫɚ (ɛɟɡ ɤɨɧɬɪɨɥɥɟɪɚ), ɤɝ γ80 

ɋɩɨɫɨɛ ɭɫɬɚɧɨɜɤɢ ɇɚɩɨɥɶɧɵɣ, ɩɨɞɜɟɫɧɨɣ ɩɨɬɨɥɨɱɧɵɣ 
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Ʉɨɦɩɥɟɤɬɚɰɢɹ ɫɜɚɪɨɱɧɨɝɨ ɪɨɛɨɬɚ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ: 

– ɢɫɬɨɱɧɢɤ ɩɢɬɚɧɢɹ ɫɜɚɪɨɱɧɨɣ ɞɭɝɢ; 

– ɭɫɬɪɨɣɫɬɜɨ ɩɨɞɚɱɢ ɫɜɚɪɨɱɧɨɣ ɩɪɨɜɨɥɨɤɢ; 

– ɝɚɡɨɜɵɟ ɛɚɥɥɨɧɵ; 

– ɭɫɬɪɨɣɫɬɜɨ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɨɛɪɟɡɤɢ ɤɨɧɰɚ ɷɥɟɤɬɪɨɞɚ, ɨɱɢɫɬɤɢ ɝɨɪɟɥɤɢ ɨɬ 

ɛɪɵɡɝ ɢ ɜɩɪɵɫɤɢɜɚɧɢɹ ɩɪɨɬɢɜɨɩɪɢɝɚɪɧɨɣ ɠɢɞɤɨɫɬɢ. 

ȼ ɨɫɧɚɫɬɤɭ ɫɜɚɪɨɱɧɨɝɨ ɪɨɛɨɬɚ ɜɯɨɞɢɬ ɫɥɟɞɭɸɳɟɟ ɨɛɨɪɭɞɨɜɚɧɢɟ: 

– ɫɜɚɪɨɱɧɵɣ ɚɩɩɚɪɚɬ ɫ ɢɫɬɨɱɧɢɤɨɦ ɩɢɬɚɧɢɹ ɢ ɭɫɬɪɨɣɫɬɜɨɦ ɩɨɞɚɱɢ ɩɪɨɜɨɥɨɤɢ; 

– ɝɚɡɨɜɵɟ ɛɚɥɥɨɧɵ; 

– ɭɫɬɪɨɣɫɬɜɨ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɨɛɪɟɡɤɢ ɤɨɧɰɚ ɷɥɟɤɬɪɨɞɚ; 

– ɭɫɬɪɨɣɫɬɜɨ ɨɱɢɫɬɤɢ ɝɨɪɟɥɤɢ ɨɬ ɛɪɵɡɝ ɢ ɜɩɪɵɫɤɢɜɚɧɢɹ ɩɪɨɬɢɜɨɩɪɢɝɚɪɧɨɣ 

ɠɢɞɤɨɫɬɢ. 

ȼ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ ɩɪɢ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɨɣ ɫɜɚɪɤɟ ɜɵɛɟɪɟɦ 

ɫɜɚɪɨɱɧɵɣ ɚɩɩɚɪɚɬ ɦɚɪɤɢ OrТРШMТР θη0βɋ ɩɪɨɢɡɜɨɞɫɬɜɚ ɮɢɪɦɵ EsКЛ. Ɉɛɳɢɣ ɜɢɞ 

ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ OrТРШMТР θη0βɋ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ β.8. 

 
Ɋɢɫɭɧɨɤ β.8 – Ɉɛɳɢɣ ɜɢɞ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ OrТРШMТР θη0βɋ 

Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ OrТРШMТР 400βɋ ɩɪɢɜɟɞɟɧɵ ɜ 

ɬɚɛɥɢɰɟ β.8. 
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Ɍɚɛɥɢɰɚ β.8 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ OrТРШMТР 

θη0βɋ 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ Ɂɧɚɱɟɧɢɟ 

ɉɪɟɞɟɥɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ, Ⱥ 1θ…θη0 

ɇɚɩɪɹɠɟɧɢɟ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ, ȼ θβ 

ɋɟɬɟɜɨɟ ɧɚɩɪɹɠɟɧɢɟ, ȼ γ×γ80 

ɉɨɬɪɟɛɥɹɟɦɚɹ ɢɡ ɫɟɬɢ ɦɨɳɧɨɫɬɶ, ɤȼȺ 1η,9 

Ƚɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ, ɦɦ 8γ0×θ40×8γη 

ȼɟɫ, ɤɝ βββ 

 

ɉɪɢ ɜɵɛɨɪɟ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɨɣ ɝɨɪɟɥɤɢ ɭɱɢɬɵɜɚɸɬɫɹ ɬɚɤɢɟ ɮɚɤɬɨɪɵ ɤɚɤ: 

– ɧɟɨɛɯɨɞɢɦɚɹ ɧɚɝɪɭɡɤɚ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ; 

– ɪɚɛɨɱɢɣ ɰɢɤɥ; 

– ɜɢɞ ɨɯɥɚɠɞɟɧɢɹ. 

ɉɪɢ ɭɱɟɬɟ ɷɬɢɯ ɮɚɤɬɨɪɨɜ ɞɨɫɬɢɝɚɟɬɫɹ ɭɥɭɱɲɟɧɢɟ ɤɚɱɟɫɬɜɚ ɲɜɨɜ, ɡɧɚɱɢɬɟɥɶɧɨ 

ɫɨɤɪɚɳɚɸɬɫɹ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ. Ɉɬ ɬɨɱɧɨɫɬɢ ɜɵɛɨɪɚ ɝɨɪɟɥɤɢ ɞɥɹ 

ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɨɣ ɫɜɚɪɤɢ ɡɚɜɢɫɢɬ ɬɚɤɠɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ. 

 

2.5.1 Гɨɪɟɥɤɚ ɫ ɜɨɡɞɭɲɧɨɣ ɫɢɫɬɟɦɨɣ ɨхɥɚɠɞɟɧɢя 

 

ɑɚɳɟ ɜɫɟɝɨ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɜɚɪɨɱɧɨɣ ɝɨɪɟɥɤɢ ɞɥɹ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɨɣ 

ɫɜɚɪɤɢ ɩɪɢ ɫɢɥɟ ɬɨɤɚ ɨɬ β00 ɞɨ γ00 ɚɦɩɟɪ ɢ ɩɪɢ ɪɚɛɨɱɟɦ ɰɢɤɥɟ ɫɨ ɡɧɚɱɟɧɢɟɦ θ0% 

ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɝɚɡɨɜɨɣ ɫɪɟɞɵ ɚɤɬɢɜɧɨ ɩɪɢɦɟɧɹɟɬɫɹ ɜɨɡɞɭɲɧɨɟ ɨɯɥɚɠɞɟɧɢɟ. 

Ƚɨɪɟɥɤɢ ɫ ɜɨɡɞɭɲɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɫɜɚɪɤɢ ɬɨɧɤɢɯ 

ɦɚɬɟɪɢɚɥɨɜ, ɬɨɥɳɢɧɚ ɤɨɬɨɪɵɯ ɫɨɫɬɚɜɥɹɟɬ ɩɪɢɦɟɪɧɨ 4 ɦɦ. ɉɪɢ ɷɬɨɦ 

ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɚ ɬɟɯɧɢɤɚ ɫɜɚɪɤɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɝɨɪɟɥɤɢ ɫ ɜɨɡɞɭɲɧɵɦ 

ɨɯɥɚɠɞɟɧɢɟɦ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɛɨɥɶɲɢɯ ɨɛɴɟɦɨɜ ɢɡɞɟɥɢɣ, ɝɞɟ ɲɢɪɨɤɨ 

ɩɪɢɦɟɧɹɸɬ ɫɜɚɪɤɭ ɤɨɪɨɬɤɢɦɢ ɲɜɚɦɢ. 

Ⱦɥɹ ɨɯɥɚɠɞɟɧɢɹ ɝɨɪɟɥɨɤ ɫ ɜɨɡɞɭɲɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ, ɜ ɩɪɨɰɟɫɫɟ ɫɜɚɪɤɢ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɨɤɪɭɠɚɸɳɢɣ ɜɨɡɞɭɯ. ȼ ɫɨɫɬɚɜ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ 
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ɞɨɥɠɟɧ ɜɯɨɞɢɬɶ ɭɧɢɜɟɪɫɚɥɶɧɵɣ ɤɚɛɟɥɶ, ɱɟɪɟɡ ɤɨɬɨɪɵɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨɞɚɱɚ 

ɫɜɚɪɨɱɧɨɣ ɩɪɨɜɨɥɨɤɢ, ɝɚɡɚ ɢ ɩɢɬɚɧɢɹ. ȼ ɭɧɢɜɟɪɫɚɥɶɧɵɯ ɤɚɛɟɥɹɯ ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɦɟɞɧɨɟ ɩɨɤɪɵɬɢɟ ɞɥɹ ɥɭɱɲɟɣ ɩɪɨɜɨɞɢɦɨɫɬɢ ɢ ɤɨɧɬɪɨɥɹ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ ɛɟɡ 

ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ. 

ɉɪɟɢɦɭɳɟɫɬɜɚɦɢ ɝɨɪɟɥɨɤ ɫ ɜɨɡɞɭɲɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ: 

– ɂɡɧɨɫɨɫɬɨɣɤɨɫɬɶ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɝɨɪɟɥɨɤ ɫ S-ɨɛɪɚɡɧɵɦ ɤɨɥɟɧɨɦ ɫ 

ɜɨɡɞɭɲɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ ɧɚɛɥɸɞɚɟɬɫɹ ɛɨɥɟɟ ɜɵɫɨɤɚɹ ɩɪɨɱɧɨɫɬɶ ɤɨɧɫɬɪɭɤɰɢɢ, ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɚɧɚɥɨɝɢɱɧɵɦɢ ɝɨɪɟɥɤɚɦɢ ɫ ɜɨɞɹɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ. ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ 

ɝɨɪɟɥɤɢ ɫ ɜɨɡɞɭɲɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ ɦɟɧɶɲɟ ɩɨɞɜɟɪɠɟɧɵ ɢɡɝɢɛɭ ɜ ɫɥɭɱɚɟ 

ɫɬɨɥɤɧɨɜɟɧɢɹ ɢɥɢ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɢɡɧɨɫɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɫɬɨɢɦɨɫɬɶ ɪɚɫɯɨɞɧɵɯ 

ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɝɨɪɟɥɨɤ ɫ ɜɨɡɞɭɲɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ ɧɢɠɟ, ɱɟɦ ɞɥɹ ɝɨɪɟɥɨɤ ɫ 

ɜɨɞɹɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ, ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢɯ ɨɛɫɥɭɠɢɜɚɬɶ ɞɟɲɟɜɥɟ; 

– ɝɨɪɟɥɤɢ ɫ ɜɨɡɞɭɲɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ ɨɛɥɚɞɚɸɬ ɛɨɥɟɟ ɨɛɬɟɤɚɟɦɨɣ 

ɤɨɧɫɬɪɭɤɰɢɟɣ ɢ ɦɟɧɶɲɟɣ ɪɚɛɨɱɟɣ ɡɨɧɨɣ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɢɯ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ 

ɫɜɚɪɤɢ ɛɨɥɟɟ ɦɟɥɤɢɯ ɫɨɟɞɢɧɟɧɢɣ, ɱɟɦ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɝɨɪɟɥɨɤ ɫ ɜɨɞɹɧɵɦ 

ɨɯɥɚɠɞɟɧɢɟɦ. ɉɨɜɵɲɟɧɧɚɹ ɬɨɱɧɨɫɬɶ ɝɨɪɟɥɨɤ ɫ ɜɨɡɞɭɲɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ ɞɟɥɚɟɬ 

ɢɯ ɧɟɡɚɦɟɧɢɦɵɦɢ ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɫɜɚɪɤɢ ɩɪɨɱɧɵɯ ɲɜɨɜ ɫ ɯɨɪɨɲɟɣ 

ɩɨɜɬɨɪɹɟɦɨɫɬɶɸ. 

Ɉɫɧɨɜɧɨɣ ɧɟɞɨɫɬɚɬɨɤ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɵɯ ɝɨɪɟɥɨɤ ɫ ɜɨɡɞɭɲɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ 

ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɵɦɢ ɝɨɪɟɥɤɚɦɢ ɫ ɜɨɞɹɧɵɦ 

ɨɯɥɚɠɞɟɧɢɟɦ, ɨɧɢ ɨɛɥɚɞɚɸɬ ɦɟɧɶɲɢɦ ɪɚɛɨɱɢɦ ɰɢɤɥɨɦ. Ƚɨɪɟɥɤɢ ɫ ɜɨɡɞɭɲɧɵɦ 

ɨɯɥɚɠɞɟɧɢɟɦ ɧɟ ɩɨɞɯɨɞɹɬ ɞɥɹ ɞɥɢɬɟɥɶɧɨɣ ɫɜɚɪɤɢ. 

 

2.5.2 Гɨɪɟɥɤɚ ɫ ɜɨɞяɧɨɣ ɫɢɫɬɟɦɨɣ ɨхɥɚɠɞɟɧɢя  

 

ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɵɯ ɝɨɪɟɥɨɤ ɫ ɜɨɞɹɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ 

ɫɜɚɪɤɚ ɞɟɬɚɥɟɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚ ɩɨɜɵɲɟɧɧɵɯ ɫɜɚɪɨɱɧɵɯ ɬɨɤɚɯ ɩɪɢ ɛɨɥɟɟ 

ɜɵɫɨɤɨɣ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɜɪɟɦɟɧɢ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɝɨɪɟɥɤɚɦɢ ɫ ɜɨɡɞɭɲɧɵɦ 

ɨɯɥɚɠɞɟɧɢɟɦ. Ɉɧɢ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɫɜɚɪɤɢ ɩɪɢ ɩɨɜɵɲɟɧɧɵɯ ɬɨɤɚɯ (ɛɨɥɟɟ γ00 

Ⱥ), ɩɪɢ ɪɚɛɨɱɢɯ ɰɢɤɥɚɯ ɨɬ θ0% ɞɨ 100%. Ɉɧɢ ɱɚɳɟ ɜɫɟɝɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ 
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ɫɜɚɪɤɢ ɬɨɥɫɬɵɯ ɦɚɬɟɪɢɚɥɨɜ. 

Ⱦɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɩɟɪɟɝɪɟɜɚ ɩɪɢ ɫɜɚɪɤɟ, ɜ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɵɯ ɫɜɚɪɨɱɧɵɯ 

ɝɨɪɟɥɤɚɯ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɨɞɚɱɚ ɜɨɞɵ ɢɥɢ ɨɯɥɚɠɞɚɸɳɟɣ ɠɢɞɤɨɫɬɢ ɨɬ ɜɧɟɲɧɟɝɨ 

ɢɫɬɨɱɧɢɤɚ. ȼ ɫɨɫɬɚɜ ɢɫɬɨɱɧɢɤɚ ɜɯɨɞɢɬ ɰɢɪɤɭɥɹɰɢɨɧɧɵɣ ɧɚɫɨɫ ɢɥɢ ɯɨɥɨɞɢɥɶɧɚɹ 

ɭɫɬɚɧɨɜɤɚ, ɱɬɨ ɫɨɡɞɚɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɭɞɨɪɨɠɚɧɢɟ ɢ ɭɫɥɨɠɧɹɟɬ ɨɛɫɥɭɠɢɜɚɧɢɟ 

ɫɢɫɬɟɦɵ. ɉɨɞɚɱɚ ɨɯɥɚɠɞɚɸɳɟɣ ɠɢɞɤɨɫɬɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɱɟɪɟɡ ɲɥɚɧɝ, 

ɧɚɯɨɞɹɳɢɣɫɹ ɜ ɨɛɳɟɦ ɩɭɱɤɟ ɤɚɛɟɥɟɣ, ɜɤɥɸɱɚɸɳɟɝɨ ɤɚɛɟɥɶ ɩɢɬɚɧɢɹ, ɩɪɨɜɨɥɨɤɭ, 

ɝɚɡɨɜɵɣ ɢ ɜɨɡɜɪɚɬɧɵɣ ɲɥɚɧɝ ɨɯɥɚɠɞɚɸɳɟɣ ɠɢɞɤɨɫɬɢ. 

ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ ɝɨɪɟɥɤɚɦɢ ɫ ɜɨɡɞɭɲɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ, ɜ ɫɨɫɬɚɜ ɤɚɛɟɥɟɣ 

ɩɢɬɚɧɢɹ ɫ ɜɨɞɹɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ ɜɯɨɞɢɬ ɜɫɟɝɨ 1/4 ɦɟɞɢ ɨɬ ɤɚɛɟɥɟɣ ɫ ɜɨɡɞɭɲɧɵɦ 

ɨɯɥɚɠɞɟɧɢɟɦ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɚɛɟɥɹ ɫ ɜɨɞɹɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ ɦɨɝɭɬ ɛɵɫɬɪɨ 

ɜɵɣɬɢ ɢɡ ɫɬɪɨɹ ɜ ɫɥɭɱɚɟ ɩɟɪɟɛɨɹ ɩɨɞɚɱɢ ɜɨɞɵ. ɗɬɨ ɹɜɥɹɟɬɫɹ ɛɨɥɶɲɢɦ 

ɧɟɞɨɫɬɚɬɤɨɦ, ɩɨɫɤɨɥɶɤɭ ɡɚɩɱɚɫɬɢ ɞɥɹ ɝɨɪɟɥɨɤ ɫ ɜɨɞɹɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ ɞɨɪɨɝɢɟ ɢ 

ɧɚ ɢɯ ɡɚɦɟɧɭ ɭɯɨɞɢɬ ɦɧɨɝɨ ɜɪɟɦɟɧɢ. 

ɋɥɨɠɧɨɫɬɶ ɫɨɫɬɚɜɥɹɟɬ ɢ ɨɛɫɥɭɠɢɜɚɧɢɟ ɤɚɛɟɥɟɣ, ɜɯɨɞɹɳɢɯ ɜ ɫɨɫɬɚɜ ɤɚɛɟɥɶɧɨɝɨ 

ɩɭɱɤɚ, ɩɨɫɤɨɥɶɤɭ ɨɧɢ ɪɚɫɩɨɥɨɠɟɧɵ ɫɥɢɲɤɨɦ ɛɥɢɡɤɨ ɞɪɭɝ ɤ ɞɪɭɝɭ. ɉɨɦɢɦɨ ɷɬɨɝɨ, 

ɭ ɝɨɪɟɥɨɤ ɫ ɜɨɞɹɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ ɢɦɟɸɬɫɹ ɜɧɭɬɪɟɧɧɢɟ ɜɨɞɹɧɵɟ ɤɚɦɟɪɵ, 

ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɜ S-ɨɛɪɚɡɧɨɦ ɤɨɥɟɧɟ, ɤɨɬɨɪɨɟ ɛɨɥɟɟ ɯɪɭɩɤɨɟ, ɱɟɦ ɭ ɝɨɪɟɥɨɤ ɫ 

ɜɨɡɞɭɲɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ ɢ ɛɨɥɟɟ ɩɨɞɜɟɪɠɟɧɨ ɢɡɝɢɛɭ ɜ ɫɥɭɱɚɟ ɫɬɨɥɤɧɨɜɟɧɢɹ. 

ɇɟɫɦɨɬɪɹ ɧɚ ɧɟɞɨɫɬɚɬɤɢ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɵɯ ɝɨɪɟɥɨɤ ɫ ɜɨɞɹɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ, 

ɨɧɢ ɞɨɜɨɥɶɧɨ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɬɟɯ ɩɪɨɢɡɜɨɞɫɬɜɚɯ, ɝɞɟ ɬɪɟɛɭɟɬɫɹ ɜɵɫɨɤɚɹ 

ɫɢɥɚ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ ɢ ɞɥɢɬɟɥɶɧɨɟ ɨɯɥɚɠɞɟɧɢɟ ɝɨɪɟɥɤɢ. 

 

2.5.3 Гɢɛɪɢɞɧыɟ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧыɟ ɝɨɪɟɥɤɢ 

 

Ⱦɥɹ ɩɪɨɢɡɜɨɞɫɬɜ, ɢɫɩɨɥɶɡɭɸɳɢɯ ɫɜɚɪɤɭ ɦɚɬɟɪɢɚɥɨɜ ɫ ɪɚɡɥɢɱɧɵɦɢ ɬɨɥɳɢɧɚɦɢ 

ɩɪɢ ɪɚɡɧɨɣ ɬɨɤɨɜɨɣ ɧɚɝɪɭɡɤɟ ɫɭɳɟɫɬɜɭɟɬ ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɜɚɪɢɚɧɬ 

ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɵɯ ɫɜɚɪɨɱɧɵɯ ɝɨɪɟɥɨɤ – ɝɢɛɪɢɞɧɵɟ ɝɨɪɟɥɤɢ ɞɥɹ 

ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɨɣ ɫɜɚɪɤɢ ɫ ɜɨɞɹɧɵɦ ɢ ɜɨɡɞɭɲɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ. Ɍɚɤɢɟ ɝɨɪɟɥɤɢ 

ɨɛɥɚɞɚɸɬ ɜɨɞɹɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ ɢ ɢɡɧɨɫɨɫɬɨɣɤɢɦ S-ɨɛɪɚɡɧɵɦ ɤɨɥɟɧɨɦ, ɤɚɤ ɭ 



 

Иɡм. Лɢɫɬ № дɨкɭм. Пɨдɩɢɫь Даɬа 

Лɢɫɬ 

70 1η.0γ.01.β017.491.00 ɉɁ 

ɝɨɪɟɥɨɤ ɫ ɜɨɡɞɭɲɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ. ɉɨɞɚɱɚ ɨɯɥɚɠɞɚɸɳɟɣ ɠɢɞɤɨɫɬɢ ɜ ɝɢɛɪɢɞɧɵɯ 

ɫɜɚɪɨɱɧɵɯ ɝɨɪɟɥɤɚɯ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɜɧɟɲɧɢɦ ɬɪɭɛɤɚɦ, ɪɚɫɩɨɥɨɠɟɧɧɵɦ ɜɞɨɥɶ 

ɜɧɟɲɧɟɣ ɫɬɟɧɤɢ S-ɨɛɪɚɡɧɨɝɨ ɤɨɥɟɧɚ ɝɨɪɟɥɤɢ. Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ, ɜ ɫɜɚɪɨɱɧɵɯ 

ɝɨɪɟɥɤɚɯ ɫ ɜɨɞɹɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ ɷɬɢ ɬɪɭɛɤɢ ɧɚɯɨɞɹɬɫɹ ɜɧɭɬɪɢ S-ɨɛɪɚɡɧɨɝɨ 

ɤɨɥɟɧɚ. 

ɋɢɥɚ ɬɨɤɚ ɝɨɪɟɥɨɤ ɫ ɝɢɛɪɢɞɧɵɦ ɜɨɡɞɭɲɧɵɦ ɢ ɜɨɞɹɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ ɨɛɵɱɧɨ 

ɫɨɫɬɚɜɥɹɟɬ ɨɬ γ00 ɞɨ ηη0 ɚɦɩɟɪ, ɪɚɛɨɱɢɣ ɰɢɤɥ – ɜ ɩɪɟɞɟɥɚɯ θ0% (ɩɪɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɦɟɫɢ ɝɚɡɨɜ). 

ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ ɝɨɪɟɥɤɚɦɢ ɫ ɜɨɞɹɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ, ɨɛɫɥɭɠɢɜɚɧɢɟ ɝɢɛɪɢɞɧɵɯ 

ɝɨɪɟɥɨɤ ɭɩɪɨɳɟɧɨ. Ʌɢɧɢɹ ɩɨɞɚɱɢ ɜɨɞɵ ɜ ɝɢɛɪɢɞɧɵɯ ɝɨɪɟɥɤɚɯ ɪɚɫɩɨɥɨɠɟɧɚ 

ɨɬɞɟɥɶɧɨ ɨɬ ɤɚɛɟɥɹ ɩɢɬɚɧɢɹ ɢ ɛɨɥɟɟ ɞɨɫɬɭɩɧɚ, ɱɟɦ ɜ ɝɨɪɟɥɤɚɯ ɫɨ ɫɬɚɧɞɚɪɬɧɵɦ 

ɜɨɞɹɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɤɥɸɱɚɟɬɫɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɫɧɹɬɢɹ 

ɝɢɛɪɢɞɧɨɣ ɫɜɚɪɨɱɧɨɣ ɝɨɪɟɥɤɢ ɫ ɪɨɛɨɬɚ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɨɛɫɥɭɠɢɜɚɧɢɹ. Ʉɪɨɦɟ 

ɬɨɝɨ, ɜ ɫɥɭɱɚɟ ɩɟɪɟɛɨɹ ɫ ɩɨɞɚɱɟɣ ɨɯɥɚɠɞɚɸɳɟɣ ɠɢɞɤɨɫɬɢ, ɜ ɝɢɛɪɢɞɧɵɯ ɝɨɪɟɥɤɚɯ 

ɩɪɟɞɭɫɦɨɬɪɟɧ ɭɧɢɜɟɪɫɚɥɶɧɵɣ ɤɚɛɟɥɶ ɫ ɜɨɡɞɭɲɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ, ɫɩɨɫɨɛɧɵɣ 

ɨɛɟɫɩɟɱɢɬɶ ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ, ɞɨɫɬɚɬɨɱɧɭɸ ɞɥɹ ɢɫɤɥɸɱɟɧɢɹ ɬɚɤɢɯ 

ɫɟɪɶɟɡɧɵɯ ɩɨɥɨɦɨɤ, ɤɚɤ ɩɨɜɪɟɠɞɟɧɢɟ ɤɚɛɟɥɹ ɩɢɬɚɧɢɹ ɢ ɞɪɭɝɢɯ ɤɨɦɩɨɧɟɧɬɨɜ. 

Ɉɫɧɨɜɧɨɣ ɧɟɞɨɫɬɚɬɨɤ ɝɢɛɪɢɞɧɵɯ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɵɯ ɝɨɪɟɥɨɤ ɫ ɜɨɡɞɭɲɧɵɦ ɢ 

ɜɨɞɹɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ, ɤɚɤ ɢ ɭ ɝɨɪɟɥɨɤ ɫ ɜɨɡɞɭɲɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ, ɡɚɤɥɸɱɚɟɬɫɹ ɜ 

ɬɨɦ, ɱɬɨ ɨɧɢ ɨɛɥɚɞɚɸɬ ɨɝɪɚɧɢɱɟɧɧɵɦ ɪɚɛɨɱɢɦ ɰɢɤɥɨɦ.  

Ɋɚɫɫɦɨɬɪɟɜ ɞɨɫɬɨɢɧɫɬɜɚ ɢ ɧɟɞɨɫɬɚɬɤɢ ɪɚɡɥɢɱɧɵɯ ɝɨɪɟɥɨɤ, ɜɵɛɟɪɟɦ ɝɨɪɟɥɤɭ ɫ 

ɜɨɞɹɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ ROψO VTS η00 TS ɩɪɨɢɡɜɨɞɫɬɜɚ ɮɢɪɦɵ AЛТМШr ψТЧгОХ. 

Ɉɛɳɢɣ ɜɢɞ ɝɨɪɟɥɤɢ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ β.9. 

Е  

Ɋɢɫɭɧɨɤ β.9 – Ɉɛɳɢɣ ɜɢɞ ɝɨɪɟɥɤɢ 

Ƚɨɪɟɥɤɚ ɪɚɫɫɱɢɬɚɧɚ ɧɚ ɪɚɛɨɬɭ ɜ ɬɹɠɟɥɵɯ ɭɫɥɨɜɢɹɯ ɩɪɢ ɧɚɝɪɭɡɤɟ ɞɨ η00 Ⱥ ɜ 
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ɫɪɟɞɟ ɱɢɫɬɨɣ ɭɝɥɟɤɢɫɥɨɬɵ ɢɥɢ ɝɚɡɨɜɨɣ ɫɦɟɫɢ ɩɪɨɜɨɥɨɤɨɣ ɞɢɚɦɟɬɪɨɦ 0,8…β ɦɦ. 

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɨɝɨ ɭɱɚɫɬɤɚ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ 

ɫɥɟɞɭɸɳɢɟ ɨɫɨɛɟɧɧɨɫɬɢ: 

– ɫɜɚɪɢɜɚɟɦɨɟ ɢɡɞɟɥɢɟ ɞɨɥɠɧɨ ɜɯɨɞɢɬɶ ɜ ɩɟɪɟɤɪɵɜɚɟɦɭɸ ɪɚɛɨɱɭɸ ɡɨɧɭ 

ɦɚɧɢɩɭɥɹɬɨɪɚ; 

– ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ ɨɫɧɚɫɬɤɚ ɞɨɥɠɧɚ ɛɵɬɶ ɜ ɩɪɟɞɟɥɚɯ ɪɚɛɨɱɟɣ ɡɨɧɵ 

ɦɚɧɢɩɭɥɹɬɨɪɚ ɢ ɛɵɬɶ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ; 

– ɭɱɚɫɬɨɤ ɞɨɥɠɟɧ ɢɦɟɬɶ ɡɚɳɢɬɧɵɟ ɨɝɪɚɠɞɟɧɢɹ; 

– ɪɚɛɨɱɟɟ ɦɟɫɬɨ ɨɩɟɪɚɬɨɪɚ ɞɨɥɠɧɨ ɛɵɬɶ ɡɚ ɩɪɟɞɟɥɚɦɢ ɪɚɛɨɱɟɣ ɡɨɧɵ 

ɦɚɧɢɩɭɥɹɬɨɪɚ. 

 

β.θ Ʉɨɧɬɪɨɥɶ ɤɚɱɟɫɬɜɚ 

 

Ɉɬɜɟɬɫɬɜɟɧɧɨɣ ɱɚɫɬɶɸ ɩɪɢ ɤɨɧɬɪɨɥɟ ɦɟɬɚɥɥɨɤɨɧɫɬɪɭɤɰɢɣ ɹɜɥɹɟɬɫɹ ɩɪɨɜɟɪɤɚ 

ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ. 

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 ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ. ɉɪɢ 

ɩɪɨɜɟɞɟɧɢɢ ɜɢɡɭɚɥɶɧɨ-ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɤɨɧɬɪɨɥɹ ɛɭɞɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɥɟɞɭɸɳɢɟ 

ɢɧɫɬɪɭɦɟɧɬɵ: 

– ɥɭɩɚ 10×; 

– ɲɬɚɧɝɟɧɰɢɪɤɭɥɶ; 

– ɥɢɧɟɣɤɚ ɦɟɬɚɥɥɢɱɟɫɤɚɹ; 

– ɪɭɥɟɬɤɚ; 

– ɭɧɢɜɟɪɫɚɥɶɧɵɣ ɲɚɛɥɨɧ ɫɜɚɪɳɢɤɚ ɍɒɋ-β. 

ɉɪɢ ɜɢɡɭɚɥɶɧɨ-ɢɡɦɟɪɢɬɟɥɶɧɨɦ ɦɟɬɨɞɟ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ ɩɪɨɜɟɪɹɟɬɫɹ:   

– ɜɧɟɲɧɢɣ ɜɢɞ ɲɜɨɜ – ɝɥɚɞɤɚɹ ɢɥɢ ɪɚɜɧɨɦɟɪɧɨ ɱɟɲɭɣɱɚɬɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɫ 

ɩɥɚɜɧɵɦ ɩɟɪɟɯɨɞɨɦ ɤ ɨɫɧɨɜɧɨɦɭ ɦɟɬɚɥɥɭ; 
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– ɨɬɫɭɬɫɬɜɢɟ ɧɚɩɥɵɜɨɜ ɢ ɩɨɞɪɟɡɨɜ; 

– ɨɬɫɭɬɫɬɜɢɟ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɬɪɟɳɢɧ; 

– ɨɬɫɭɬɫɬɜɢɟ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɧɟɩɪɨɜɚɪɨɜ, ɧɟɫɩɥɚɜɥɟɧɢɣ, ɩɪɨɠɨɝɨɜ; 

– ɫɦɟɳɟɧɢɟ ɤɪɨɦɨɤ ɧɟ ɛɨɥɟɟ 1 ɦɦ; 

– ɨɬɫɭɬɫɬɜɢɟ ɧɟɡɚɜɚɪɟɧɧɵɯ ɤɪɚɬɟɪɨɜ ɜ ɫɜɚɪɧɵɯ ɲɜɚɯ. 

ȼɢɡɭɚɥɶɧɨɦɭ ɤɨɧɬɪɨɥɸ ɩɨɞɥɟɠɢɬ 100% ɫɜɚɪɧɵɯ ɲɜɨɜ. Ⱦɟɮɟɤɬɵ, ɜɵɹɜɥɟɧɧɵɟ 

ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ȼɂɄ, ɩɨɞɥɟɠɚɬ ɭɫɬɪɚɧɟɧɢɸ. ɍɫɬɪɚɧɟɧɢɟ ɞɟɮɟɤɬɚ ɲɥɢɮɨɜɤɨɣ ɛɟɡ 

ɩɪɢɦɟɧɟɧɢɹ ɫɜɚɪɤɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɢ ɧɚɪɭɲɟɧɢɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ 

ɲɜɨɜ ɜ ɛɨɥɶɲɭɸ ɫɬɨɪɨɧɭ, ɩɪɢ ɢɫɩɪɚɜɥɟɧɢɢ ɩɨɞɪɟɡɨɜ, ɧɚɩɥɵɜɨɜ. 

ɉɨɞɜɚɪɤɚ ɢɫɩɪɚɜɥɟɧɧɨɝɨ ɭɱɚɫɬɤɚ ɢ ɢɫɩɪɚɜɥɟɧɢɟ ɞɟɮɟɤɬɚ ɫɜɚɪɤɨɣ ɩɪɢɦɟɧɹɟɬɫɹ 

ɩɪɢ ɫɥɟɞɭɸɳɢɯ ɫɥɭɱɚɹɯ: 

– ɩɪɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɚɯ ɡɚɱɢɳɟɧɧɨɝɨ ɭɱɚɫɬɤɚ ɧɟɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 

ɬɪɟɛɨɜɚɧɢɹɦ ɞɨɤɭɦɟɧɬɚɰɢɢ; 

– ɩɪɢ ɝɥɭɛɢɧɟ ɩɨɞɪɟɡɚ ɛɨɥɟɟ 0,η ɦɦ; 

– ɩɪɢ ɢɫɩɪɚɜɥɟɧɢɢ ɭɱɚɫɬɤɚ ɫ ɬɪɟɳɢɧɨɣ; 

– ɩɪɢ ɢɫɩɪɚɜɥɟɧɢɢ ɧɟɡɚɜɚɪɟɧɧɨɝɨ ɤɪɚɬɟɪɚ; 

– ɩɪɢ ɢɫɩɪɚɜɥɟɧɢɢ ɩɪɨɠɨɝɨɜ ɢ ɧɟɫɩɥɚɜɥɟɧɢɣ; 

– ɩɪɢ ɜɵɯɨɞɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɨɞɢɧɨɱɧɵɯ ɩɨɪ ɢ ɢɯ ɫɤɨɩɥɟɧɢɣ. 

ɂɫɩɪɚɜɥɟɧɢɟ ɞɟɮɟɤɬɧɨɝɨ ɭɱɚɫɬɤɚ ɡɚɜɚɪɤɨɣ ɞɨɩɭɫɤɚɟɬɫɹ ɧɟ ɛɨɥɟɟ ɞɜɭɯ ɪɚɡ. 

Ɍɚɤɠɟ ɜɢɡɭɚɥɶɧɵɦ ɤɨɧɬɪɨɥɟɦ ɩɪɨɜɟɪɹɟɬɫɹ ɡɚɱɢɫɬɤɚ ɤɚɠɞɨɝɨ ɩɪɨɯɨɞɚ ɩɨɫɥɟ 

ɩɪɨɜɟɞɟɧɢɹ ɫɜɚɪɤɢ. Ʉɨɧɬɪɨɥɶ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɜɚɪɳɢɤɨɦ. 

Ⱦɥɹ ɨɛɧɚɪɭɠɟɧɢɹ ɜɨɡɦɨɠɧɵɯ ɜɧɭɬɪɟɧɧɢɯ ɞɟɮɟɤɬɨɜ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɫɬɟɩɟɧɢ ɢɯ 

ɝɨɞɧɨɫɬɢ ɩɪɢɦɟɧɹɟɬɫɹ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɤɨɧɬɪɨɥɶ. ɍɥɶɬɪɚɡɜɭɤɨɜɵɦ ɤɨɧɬɪɨɥɟɦ 

ɩɪɨɜɟɪɹɸɬɫɹ ɲɜɵ №β ɢ №γ ɩɪɢɜɚɪɤɢ ɫɬɟɧɨɤ ɬɨɪɰɟɜɵɯ ɢ ɮɥɚɧɝɨɜɵɯ ɤ ɥɢɫɬɚɦ 

ɥɟɜɨɦɭ ɢ ɩɪɚɜɨɦɭ ɢ ɲɜɵ №θ ɩɪɢɜɚɪɤɢ ɫɬɟɧɨɤ ɬɨɪɰɟɜɵɯ ɤ ɫɬɟɧɤɚɦ ɮɥɚɧɝɨɜɵɦ ɫ 

ɧɚɪɭɠɧɨɣ ɫɬɨɪɨɧɵ.  

Ʉɨɧɬɪɨɥɶ ɲɜɨɜ №β ɢ №γ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɩɶɟɡɨɷɥɟɤɬɪɢɱɟɫɤɢɯ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɫ ɭɝɥɨɦ ɜɜɨɞɚ γη°. Ʉɨɧɬɪɨɥɶ ɲɜɨɜ №θ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɢ 

ɩɨɦɨɳɢ ɩɶɟɡɨɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɫ ɭɝɥɨɦ ɜɜɨɞɚ η0°. 

ɉɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɜɵɛɢɪɚɸɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ȽɈɋɌ Ɋ ηη7βη-β01γ. 
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ɍɥɶɬɪɚɡɜɭɤɨɜɨɣ ɤɨɧɬɪɨɥɶ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ 

ɞɟɮɟɤɬɨɫɤɨɩɚ ɦɚɪɤɢ ɍɋȾ-η0. Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ 

ɞɟɮɟɤɬɨɫɤɨɩɚ ɍɋȾ-η0 ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ β.9. 

Ɍɚɛɥɢɰɚ β.9 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ ɞɟɮɟɤɬɨɫɤɨɩɚ 

ɍɋȾ-η0 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ Ɂɧɚɱɟɧɢɟ 

ȼɟɥɢɱɢɧɚ ɪɚɡɜɟɪɬɤɢ, ɦɤɫ, ɫ ɲɚɝɨɦ 1 ɦɤɫ: 

– ɦɢɧɢɦɚɥɶɧɚɹ 

– ɦɚɤɫɢɦɚɥɶɧɚɹ 

 

0…4 

0…1000  

Ɂɚɞɟɪɠɤɚ, ɦɤɫ, ɫ ɲɚɝɨɦ 0,0β ɦɤɫ -0,η…99θ 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɞɥɢɧɚ ɤɨɧɬɪɨɥɢɪɭɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɦɦ γ000 

Ⱦɢɚɩɚɡɨɧ ɫɤɨɪɨɫɬɟɣ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɜɨɥɧɵ, ɦ/ɫ 1000…9999 

Ɂɚɞɟɪɠɤɚ ɜ ɩɪɢɡɦɟ, ɦɤɫ, ɫ ɲɚɝɨɦ 0,01 ɦɤɫ 0…100 

Ⱦɟɦɩɮɢɪɨɜɚɧɢɟ, Ɉɦ βη/η0/1000 

ȼɯɨɞɧɨɣ ɢɦɩɟɞɚɧɫ, Ɉɦ η0/θ00 

Ɂɨɧɞɢɪɭɸɳɢɣ ɢɦɩɭɥɶɫ, ɪɚɞɢɨɢɦɩɭɥɶɫ ɚɦɩɥɢɬɭɞɨɣ η0 ɢɥɢ 

β00 ȼ ɫ ɪɟɝɭɥɢɪɭɟɦɵɦ ɱɢɫɥɨɦ ɩɨɥɭɩɟɪɢɨɞɨɜ (1…10) 

η0…η00 ɫ ɲɚɝɨɦ 

1θ ɧɫ 

Ⱦɟɦɩɮɟɪ ɡɨɧɞɢɪɭɸɳɟɝɨ ɢɦɩɭɥɶɫɚ, ɱɢɫɥɨ ɩɨɥɭɩɟɪɢɨɞɨɜ, ɲɬ: 

– ɪɟɝɭɥɢɪɭɟɦɵɣ 

– ɫ ɡɚɞɟɪɠɤɨɣ ɞɟɦɩɮɢɪɨɜɚɧɢɹ 

 

0…10 

0…10 

ɑɚɫɬɨɬɚ ɩɨɜɬɨɪɟɧɢɣ ɡɨɧɞɢɪɭɸɳɢɯ ɢɦɩɭɥɶɫɨɜ, Ƚɰ ɫ ɲɚɝɨɦ 

40Ƚɰ 
Ⱦɨ 800 

ɍɫɢɥɢɬɟɥɶ ɲɢɪɨɤɨɩɨɥɨɫɧɵɣ, ɆȽɰ 0,4…1η 

Ⱦɢɚɩɚɡɨɧ ɪɟɝɭɥɢɪɨɜɤɢ ɭɫɢɥɟɧɢɹ, ɞȻ 
110 ɫ ɲɚɝɨɦ 0,η, 1, 

β, θ 

ɇɚɩɪɹɠɟɧɢɟ ɩɢɬɚɧɢɹ ,ȼ 1η 

Ⱦɢɚɩɚɡɨɧ ɪɚɛɨɱɢɯ ɬɟɦɩɟɪɚɬɭɪ, °ɋ -γ0…ηη 

Ƚɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ, ɦɦ β00×ββη×80 

Ɇɚɫɫɚ, ɤɝ 1,γ8 
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ȼɵɜɨɞɵ ɩɨ ɪɚɡɞɟɥɭ β: 

ȼ ɪɚɡɞɟɥɟ β ɩɨɞɪɨɛɧɨ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɦɟɪɨɩɪɢɹɬɢɣ, 

ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ ɭɫɬɪɚɧɟɧɢɟ ɧɟɞɨɫɬɚɬɤɨɜ ɫɭɳɟɫɬɜɭɸɳɟɝɨ ɜɚɪɢɚɧɬɚ ɬɟɯɧɨɥɨɝɢɢ 

ɢɡɝɨɬɨɜɥɟɧɢɹ. Ɉɩɢɫɚɧ ɧɨɜɵɣ ɩɨɪɹɞɨɤ ɫɛɨɪɤɢ, ɨɩɢɫɚɧ ɩɨɪɹɞɨɤ ɫɜɚɪɤɢ, ɪɚɫɫɱɢɬɚɧɵ 

ɪɟɠɢɦɵ ɫɜɚɪɤɢ. Ɍɚɤɠɟ ɪɚɫɫɦɨɬɪɟɧ ɪɚɡɞɟɥ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ. 

 

γ ɄɈɇɋɌɊɍɄɌɈɊɋɄɂɃ ɊȺɁȾȿɅ 

 

Ⱦɥɹ ɩɪɢɞɚɧɢɹ ɭɞɨɛɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɩɨɥɨɠɟɧɢɹ ɩɪɢ ɫɜɚɪɤɢ ɪɚɦɤɢ 

ɩɨɞɜɟɫɤɢ ɡɚɞɧɟɝɨ ɦɨɫɬɚ ɮɪɨɧɬɚɥɶɧɨɝɨ ɩɨɝɪɭɡɱɢɤɚ ȼ-1γ8 ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɜɚɪɨɱɧɵɣ 

ɩɨɡɢɰɢɨɧɟɪ. Ɉɛɳɢɣ ɜɢɞ ɫɜɚɪɨɱɧɨɝɨ ɩɨɡɢɰɢɨɧɟɪɚ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ γ.1. 

ɍɫɬɚɧɨɜɤɚ ɫɨɛɪɚɧɧɨɝɨ ɭɡɥɚ ɩɪɨɢɡɜɨɞɢɬɫɹ  ɧɚ ɩɥɚɧɲɚɣɛɭ ɩɪɢ ɩɨɦɨɳɢ ɛɨɥɬɨɜɨɝɨ 

ɫɨɟɞɢɧɟɧɢɹ. 

 
Ɋɢɫɭɧɨɤ γ.1 – Ɉɛɳɢɣ ɜɢɞ ɫɜɚɪɨɱɧɨɝɨ ɩɨɡɢɰɢɨɧɟɪɚ 

Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɜɚɪɨɱɧɨɝɨ ɩɨɡɢɰɢɨɧɟɪɚ ɩɨɤɚɡɚɧɵ ɜ ɬɚɛɥɢɰɟ γ.1. 

Ɍɚɛɥɢɰɚ γ.1 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɜɚɪɨɱɧɨɝɨ ɩɨɡɢɰɢɨɧɟɪɚ 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ Ɂɧɚɱɟɧɢɟ 

ɋɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɩɥɚɧɲɚɣɛɵ, ɨɛ/ɦɢɧ 0,0η…0,η 

ɋɤɨɪɨɫɬɶ ɧɚɤɥɨɧɚ ɩɥɚɧɲɚɣɛɵ, ɨɛ/ɦɢɧ 0,4 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶ, ɤɝ: 

– ɩɪɢ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɩɨɥɨɠɟɧɢɢ ɩɥɚɧɲɚɣɛɵ 

– ɩɪɢ ɜɟɪɬɢɤɚɥɶɧɨɦ ɩɨɥɨɠɟɧɢɢ ɩɥɚɧɲɚɣɛɵ 

 

θ00 

γ00 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ γ.1. 

Ⱦɢɚɦɟɬɪ ɩɥɚɧɲɚɣɛɵ, ɦɦ 1000 

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɭɝɨɥ ɧɚɤɥɨɧɚ ɩɥɚɧɲɚɣɛɵ, ɝɪɚɞ 0…90 

ɉɪɢɜɨɞ ɗɥɟɤɬɪɢɱɟɫɤɢɣ 

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɷɤɫɰɟɧɬɪɢɫɢɬɟɬ, ɦɦ 1η0 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɜɵɫɨɬɚ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ, ɦɦ β00 

 

Ⱦɥ ɤɪɟɩɥɟɧɢɹ ɢ ɭɫɬɚɧɨɜɤɢ ɫɜɚɪɢɜɚɟɦɨɝɨ ɢɡɞɟɥɢɹ ɜ ɩɨɡɢɰɢɨɧɟɪ ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɩɟɪɟɯɨɞɧɚɹ ɪɚɦɤɚ, ɩɨɤɚɡɚɧɧɚɹ ɧɚ ɪɢɫɭɧɤɟ γ.β. 

 
Ɋɢɫɭɧɨɤ γ.β – Ɉɛɳɢɣ ɜɢɞ ɩɟɪɟɯɨɞɧɨɣ ɪɚɦɤɢ 

Ʉɪɟɩɥɟɧɢɟ ɫɜɚɪɢɜɚɟɦɨɝɨ ɭɡɥɚ ɧɚ ɩɟɪɟɯɨɞɧɨɣ ɪɚɦɤɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɢ ɩɨɦɨɳɢ 

ɛɨɥɬɨɜɨɝɨ ɫɨɟɞɢɧɟɧɢɹ. Ɋɚɦɤɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɰɟɥɶɧɭɸ ɦɟɬɚɥɥɢɱɟɫɤɭɸ 

ɩɥɚɫɬɢɧɭ ɢɡ ɦɟɬɚɥɥɚ ɬɨɥɳɢɧɨɣ 1θ ɦɦ ɫ ɩɥɨɳɚɞɤɨɣ ɤɪɟɩɥɟɧɢɹ ɤ ɩɥɚɧɲɚɣɛɟ 

ɩɨɡɢɰɢɨɧɟɪɚ ɬɨɥɳɢɧɨɣ γ0 ɦɦ. Ɉɧɚ ɹɜɥɹɟɬɫɹ ɠɟɫɬɤɨɣ ɢ ɧɟ ɞɚɟɬ ɨɫɬɚɬɨɱɧɵɦ 

ɞɟɮɨɪɦɚɰɢɹɦ ɨɬ ɫɜɚɪɤɢ ɧɚɪɭɲɢɬɶ ɝɟɨɦɟɬɪɢɸ ɢɡɞɟɥɢɹ. 

ȼɵɜɨɞɵ ɩɨ ɪɚɡɞɟɥɭ γ: 

ȼ ɬɟɤɭɳɟɦ ɪɚɡɞɟɥɟ ɪɚɫɫɦɨɬɪɟɧ ɫɜɚɪɨɱɧɵɣ ɩɨɡɢɰɢɨɧɟɪ ɢ ɪɚɦɤɚ ɞɥɹ ɫɛɨɪɤɢ ɢ 

ɞɥɹ ɫɜɚɪɤɢ ɪɚɦɤɢ ɡɚɞɧɟɝɨ ɦɨɫɬɚ. 
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4 ɌȿɏɇɂɑȿɋɄɈȿ ɇɈɊɆɂɊɈȼȺɇɂȿ 

 

4.1 Ɋɚɫɱɟɬ ɮɨɧɞɨɜ ɪɚɛɨɱɟɝɨ ɜɪɟɦɟɧɢ 

 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɪɚɦɤɢ ɡɚɞɧɟɝɨ ɦɨɫɬɚ ɮɪɨɧɬɚɥɶɧɨɝɨ 

ɩɨɝɪɭɡɱɢɤɚ ȼ-1γ8 ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɭɬɟɦ ɜɵɱɢɫɥɟɧɢɹ ɡɧɚɱɟɧɢɹ ɧɨɦɢɧɚɥɶɧɨɝɨ ɮɨɧɞɚ 

ɪɚɛɨɱɟɝɨ ɜɪɟɦɟɧɢ. ɗɬɚ ɜɟɥɢɱɢɧɚ ɡɚɜɢɫɢɬ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɜɵɯɨɞɧɵɯ, ɩɪɚɡɞɧɢɱɧɵɯ ɢ 

ɩɪɟɞɩɪɚɡɞɧɢɱɧɵɯ ɞɧɟɣ. 

Ɍɨɝɞɚ ɧɨɦɢɧɚɥɶɧɵɣ ɮɨɧɞ ɪɚɛɨɱɟɝɨ ɜɪɟɦɟɧɢ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɢɡ ɭɫɥɨɜɢɹ Д4, 

θ] 

FH=
ЭHDȽ
DH

, (β7) 

 

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

Эɇ = 1θ8 –ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɪɚɛɨɱɟɣ ɧɟɞɟɥɢ, ɱ; 

Dɇ = 7 – ɤɨɥɢɱɟɫɬɜɨ ɪɚɛɨɱɢɯ ɞɧɟɣ ɧɟɞɟɥɢ, ɲɬ. 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (β7) ɩɨɥɭɱɢɦ, ɱɬɨ 

 

FH=
γθη∙1θ8

7
=87θ0 ɱ. 

 

Ɋɚɫɱɟɬ ɧɨɦɢɧɚɥɶɧɨɝɨ ɮɨɧɞɚ ɪɚɛɨɱɟɝɨ ɜɪɟɦɟɧɢ ɬɚɤɠɟ ɭɱɢɬɵɜɚɟɬ ɮɨɧɞ ɜɪɟɦɟɧɢ 

ɪɚɛɨɬɵ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɜɤɥɸɱɚɸɳɢɣ ɜ ɫɟɛɹ ɫɦɟɧɧɨɫɬɶ ɪɚɛɨɬɵ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ 

ɩɨɬɟɪɢ ɩɨ ɜɪɟɦɟɧɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɪɟɦɨɧɬɨɦ. Ɉɧ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ 

ɮɨɪɦɭɥɟ Д4, θ] 

 

FȾ=FH ൬1-
P

100
൰ , (β8) 

 

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

Ɋ = γ,8 – ɜɟɥɢɱɢɧɚ, ɭɱɢɬɵɜɚɸɳɚɹ ɩɨɬɟɪɢ ɜɪɟɦɟɧɢ ɧɚ ɪɟɦɨɧɬ ɨɛɨɪɭɞɨɜɚɧɢɹ, %. 
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Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (β8) 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 ɪɚɦɤɢ ɡɚɞɧɟɝɨ ɦɨɫɬɚ ɮɪɨɧɬɚɥɶɧɨɝɨ ɩɨɝɪɭɡɱɢɤɚ ȼ-1γ8 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɛɪɢɝɚɞɚɦɢ ɜ ɤɨɥɢɱɟɫɬɜɟ 4 ɲɬɭɤ.  

Ɏɨɧɞ ɪɚɛɨɱɟɝɨ ɜɪɟɦɟɧɢ ɨɞɧɨɣ ɛɪɢɝɚɞɵ ɩɪɢ ɪɚɛɨɬɟ ɜ ɨɞɧɭ ɫɦɟɧɭ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ Д4, θ] 

 

Fɇ.ȻɊ.=
FH

Ч
, (β9) 

 

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

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

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (β9) ɩɨɥɭɱɢɦ, ɱɬɨ 

 

Fɇ.ȻɊ.=
87θ0

4
=β190 ɱ. 

 

ɉɪɢ ɜɵɱɢɬɚɧɢɢ ɢɡ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɮɨɧɞɨɜ ɪɚɛɨɱɟɝɨ 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 



 

Иɡм. Лɢɫɬ № дɨкɭм. Пɨдɩɢɫь Даɬа 

Лɢɫɬ 

78 1η.0γ.01.β017.491.00 ɉɁ 

ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɮɨɪɦɭɥɨɣ Д4, θ] 

 

FȾɊ=Fɇ.ȻɊ.[1-0,01ሺɊɇ+ɊɈ+ɊɈɌɉ+ɊɊሻ], (γ0) 

 

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

Ɋɇ = 4 – ɜɟɥɢɱɢɧɚ ɩɥɚɧɢɪɭɟɦɨɝɨ ɧɟɜɵɯɨɞɚ ɧɚ ɪɚɛɨɬɭ, %; 

PO = θ – ɜɟɥɢɱɢɧɚ ɩɟɪɟɪɵɜɨɜ ɧɚ ɨɬɞɵɯ, %; 

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

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

ɪɚɛɨɱɟɟ ɜɪɟɦɹ, %. 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (γ0), ɷɮɮɟɤɬɢɜɧɵɣ ɮɨɧɞ ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ ɨɞɧɨɝɨ ɪɚɛɨɱɟɝɨ 

 

FȾɊ=β190∙[1-0,01∙ሺ4+θ+θ+γሻ]=1774 ɱ. 

 

4.β Ɋɚɫɱɟɬ ɧɨɪɦ ɲɬɭɱɧɨɝɨ ɜɪɟɦɟɧɢ 

 

ȼɪɟɦɹ ɧɚ ɨɫɦɨɬɪ, ɡɚɱɢɫɬɤɭ ɩɪɢɤɪɨɦɨɱɧɨɣ ɡɨɧɵ ɢ ɢɫɩɪɚɜɥɟɧɢɟ ɨɛɧɚɪɭɠɟɧɧɵɯ 

ɜɢɡɭɚɥɶɧɨ ɞɟɮɟɤɬɨɜ ɫɨɫɬɚɜɥɹɟɬ 10 ɦɢɧ. 

ɉɪɢ ɪɚɫɱɟɬɟ ɧɨɪɦ ɜɪɟɦɟɧɢ ɞɥɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɫɜɚɪɤɢ ɜ ɫɪɟɞɟ ɡɚɳɢɬɧɵɯ ɝɚɡɨɜ 

ɩɪɢɦɟɦ ɫɟɪɢɣɧɵɣ ɬɢɩ ɩɪɨɢɡɜɨɞɫɬɜɚ. ɋɜɚɪɤɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɬɚɰɢɨɧɚɪɧɵɦ 

ɫɜɚɪɨɱɧɵɦ ɪɨɛɨɬɨɦ ɫ ɧɚɩɨɥɶɧɵɦ ɪɚɡɦɟɳɟɧɢɟɦ. ɍɫɬɚɧɨɜɤɚ ɢ ɩɨɜɨɪɨɬ ɢɡɞɟɥɢɣ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɩɪɢ ɩɨɞɝɨɬɨɜɤɟ ɩɨɞ ɫɜɚɪɤɭ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ ɭɱɚɫɬɢɟɦ 

ɷɥɟɤɬɪɨɫɜɚɪɳɢɤɚ. ɇɚɫɬɪɨɣɤɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɨɢɡɜɨɞɢɬɫɹ 

ɷɥɟɤɬɪɨɫɜɚɪɳɢɤɨɦ. 

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, (γ1) 

ɝɞɟ Эɩɡ – ɫɭɦɦɚ ɜɪɟɦɟɧɢ ɧɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɹɯ ɩɪɢ ɩɨɞɝɨɬɨɜɤɟ ɢ 

ɡɚɜɟɪɲɟɧɢɢ ɪɚɛɨɬ, ɦɢɧ. 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (γ1) 

 

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

 

Ɋɚɫɱɟɬ ɨɫɧɨɜɧɨɝɨ ɜɪɟɦɟɧɢ ɫɜɚɪɤɢ, ɜ ɬɟɱɟɧɢɟ ɤɨɬɨɪɨɝɨ ɝɨɪɢɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ 

ɫɜɚɪɨɱɧɚɹ ɞɭɝɚ, ɩɪɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɫɜɚɪɤɟ ɜ ɫɪɟɞɟ ɡɚɳɢɬɧɵɯ ɝɚɡɨɜ, ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɩɨ ɮɨɪɦɭɥɟ Д7] 

 

ɌɈ=θ0∙
LЧ

Vωψ
, (γβ) 

 

ɝɞɟ L – ɞɥɢɧɚ ɫɜɚɪɧɨɝɨ ɲɜɚ ɡɚ ɨɞɢɧ ɩɪɨɯɨɞ, ɦ; 

Ч – ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɯɨɞɨɜ, ɲɬ; 

Vɋȼ – ɫɤɨɪɨɫɬɶ ɫɜɚɪɤɢ, ɦ/ɱ. 

Ɋɚɫɫɱɢɬɚɟɦ ɨɫɧɨɜɧɨɟ ɜɪɟɦɹ ɫɜɚɪɤɢ ɫɨɝɥɚɫɧɨ ɮɨɪɦɭɥɟ (γβ) ɞɥɹ ɲɜɨɜ: 

– ɲɨɜ №1 

 

ɌɈ=θ0∙
0,γβ7∙1

β8,8
=0,θ81 ɦɢɧ. 
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– ɲɨɜ №β: 

 

ɌɈ=θ0∙
1,β44∙1

10,8
=θ,91 ɦɢɧ. 

 

– ɲɨɜ №γ: 

ɚ) ɩɪɢ ɩɟɪɜɨɦ ɩɪɨɯɨɞɟ 

 

ɌɈ=θ0∙
4,7β∙1
19,84

=14,γ ɦɢɧ. 

 

ɛ) ɩɪɢ ɩɨɫɥɟɞɭɸɳɢɯ ɩɪɨɯɨɞɚɯ 

 

ɌɈ=θ0∙
4,7β∙1
19,θθ

=14,41 ɦɢɧ. 

 

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

ɫɨɫɬɚɜɥɹɟɬ β8,71 ɦɢɧ. 

– ɲɨɜ №4 

 

ɌɈ=θ0∙
0,β4∙1
4β,48

=0,γγ9 ɦɢɧ. 

 

– ɲɨɜ №η 

 

ɌɈ=θ0∙
1,87β∙1
βη,9β

=4,γ ɦɢɧ. 

 

– ɲɨɜ №θ: 

ɚ) ɩɪɢ ɩɟɪɜɨɦ ɩɪɨɯɨɞɟ 
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ɌɈ=θ0∙
0,γβ4∙1
γβ,04

=0,θ07 ɦɢɧ. 

 

ɛ) ɩɪɢ ɜɬɨɪɨɦ ɩɪɨɯɨɞɟ 

 

ɌɈ=θ0∙
0,γβ4∙1
β9,88

=0,θη1 ɦɢɧ. 

 

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

ɫɨɫɬɚɜɥɹɟɬ 1,βη8 ɦɢɧ. 

Ɉɫɧɨɜɧɵɦ ɩɚɪɚɦɟɬɪɨɦ, ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, ɹɜɥɹɟɬɫɹ 

ɲɬɭɱɧɨɟ ɜɪɟɦɹ ɧɚ ɢɡɝɨɬɨɜɥɟɧɢɟ. Ɉɧɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ Д7] 

 

ɌɒɌ=ሺɌɇɒ+ɌȼɂሻФ1-Ч, (γγ) 

 

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, (γ4) 

 

ɝɞɟ ɌɈ – ɨɫɧɨɜɧɨɟ ɜɪɟɦɹ ɫɜɚɪɤɢ, ɦɢɧ; 

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

ɛ) ɞɥɹ ɲɜɚ №β – 0,γθ ɦɢɧ; 

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

ɝ) ɞɥɹ ɲɜɚ №4 – 0,γ ɦɢɧ; 

ɞ) ɞɥɹ ɲɜɚ №η – 0,γγ ɦɢɧ; 

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

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

ɚ) ɞɥɹ ɲɜɚ №1 – 0,ββ ɦɢɧ; 

ɛ) ɞɥɹ ɲɜɚ №β – 0,βη ɦɢɧ; 

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

ɝ) ɞɥɹ ɲɜɚ №4 – 0,β ɦɢɧ; 

ɞ) ɞɥɹ ɲɜɚ №η – 0,γ ɦɢɧ; 

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

– 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 β 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,θγ ɦɢɧ; 

ɜ) ɞɥɹ ɲɜɚ №γ – 0,4γ ɦɢɧ; 

ɝ) ɞɥɹ ɲɜɚ №4 – 0,γη ɦɢɧ; 

ɞ) ɞɥɹ ɲɜɚ №η – 0,θγ ɦɢɧ; 

ɟ) ɞɥɹ ɲɜɚ №θ – 0,γη ɦɢɧ; 
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– 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 – 0,7θ ɦɢɧ; 

ɛ) ɞɥɹ ɲɜɚ №β – 0,9η ɦɢɧ; 

ɜ) ɞɥɹ ɲɜɚ №γ – 0,9η ɦɢɧ; 

ɝ) ɞɥɹ ɲɜɚ №4 – 0,8γ ɦɢɧ; 

ɞ) ɞɥɹ ɲɜɚ №η – 0,7θ ɦɢɧ; 

ɟ) ɞɥɹ ɲɜɚ №θ – 0,8γ 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,η9 ɦɢɧ; 

ɛ) ɞɥɹ ɲɜɚ №β – 1,0β ɦɢɧ; 

ɜ) ɞɥɹ ɲɜɚ №γ – 1,0β ɦɢɧ; 

ɝ) ɞɥɹ ɲɜɚ №4 – 0,8θ ɦɢɧ; 

ɞ) ɞɥɹ ɲɜɚ №η – 0,η4 ɦɢɧ; 

ɟ) ɞɥɹ ɲɜɚ №θ – 0,8θ ɦɢɧ. 

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

– ɞɥɹ ɲɜɚ №1 ɩɪɢ ɨɛɳɟɣ ɞɥɢɧɟ 0,γβ7 ɦ 

 

Ɍȼɒ=ሺ0,γβ+0,ββ+0,γη+0,7θ+0,η9ሻ∙0,γβ7+0,βη=0,98β ɦɢɧ. 

 

– ɞɥɹ ɲɜɚ №β ɩɪɢ ɨɛɳɟɣ ɞɥɢɧɟ 1,β44 ɦ 

 

Ɍȼɒ=ሺ0,γθ+0,βη+0,θγ+0,9η+1,0βሻ∙1,β44+0,βη=4,β4 ɦɢɧ. 

 

– ɞɥɹ ɲɜɚ №γ ɩɪɢ ɨɛɳɟɣ ɞɥɢɧɟ 4,7β ɦ 

 

Ɍȼɒ=ሺ(0,θ+0,βη)∙β+0,4γ+0,9η+1,0βሻ∙4,7β+0,βη=19,θ ɦɢɧ. 
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– ɞɥɹ ɲɜɚ №4 ɩɪɢ ɨɛɳɟɣ ɞɥɢɧɟ 0,β4 ɦ 

 

Ɍȼɒ=ሺ0,γ+0,β+0,γη+0,8γ+0,8θሻ∙0,β4+0,βη=0,8θ ɦɢɧ. 

 

– ɞɥɹ ɲɜɚ №η ɩɪɢ ɨɛɳɟɣ ɞɥɢɧɟ 1,87β ɦ 

 

Ɍȼɒ=ሺ0,γγ+0,γ+0,θγ+0,7θ+0,η4ሻ∙1,87β+0,βη=η ɦɢɧ. 

 

– ɞɥɹ ɲɜɚ №θ ɩɪɢ ɨɛɳɟɣ ɞɥɢɧɟ 0,γβ4 ɦ 

 

Ɍȼɒ=ሺ(0,η+0,β)∙β+0,γη+0,8γ+0,8θሻ∙0,γβ4+0,βη=1,γθη ɦɢɧ. 

 

Ɍɨɝɞɚ, ɧɟɩɨɥɧɨɟ ɲɬɭɱɧɨɟ ɜɪɟɦɹ ɌɒɌ ɨɩɪɟɞɟɥɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (γ4) ɩɪɢ ɫɜɚɪɤɟ: 

– ɲɜɚ №1 

 

Ɍɇɒ=ሺ0,θ81+0,98βሻ∙1,1β=1,8θγ ɦɢɧ. 

 

– ɲɜɚ №β 

 

Ɍɇɒ=ሺθ,91+4,β4ሻ∙1,1β=1β,η ɦɢɧ. 

 

– ɲɜɚ №γ 

 

Ɍɇɒ=ሺβ8,71+19,θሻ∙1,1β=η4,11 ɦɢɧ. 

 

– ɲɜɚ №4 

 

Ɍɇɒ=ሺ0,γγ9+0,8θሻ∙1,1β=1,γ4γ ɦɢɧ. 

 

– ɲɜɚ №η 
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Ɍɇɒ=ሺ4,η+ηሻ∙1,1β=10,1 ɦɢɧ. 

 

– ɲɜɚ №θ 

 

Ɍɇɒ=ሺ1,βη8+1,γθηሻ∙1,1β=β,94 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, ɤɨɬɨɪɵɣ ɭɱɢɬɵɜɚɟɬ ɭɫɥɨɜɢɹ ɩɪɨɜɟɞɟɧɢɹ ɪɚɛɨɬ ɢ ɜɢɞ ɫɜɚɪɤɢ – 

1; 

– ɤɨɷɮɮɢɰɢɟɧɬ, ɤɨɬɨɪɵɣ ɭɱɢɬɵɜɚɟɬ ɩɨɥɨɠɟɧɢɟ ɲɜɚ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ – 1,η; 

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

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɨ ɮɨɪɦɭɥɟ (γγ) ɩɨɥɭɱɢɦ, ɱɬɨ: 

– ɩɪɢ ɫɜɚɪɤɟ ɲɜɚ №1 

 

ɌɒɌ=ሺ1,8θγ+1,4ሻ∙1∙1,η∙1,γβ=θ,η ɦɢɧ. 

 

– ɩɪɢ ɫɜɚɪɤɟ ɲɜɚ №β  

 

ɌɒɌ=ሺ1β,η+1,4ሻ∙1∙1,η∙1,γβ=β7,ηβ ɦɢɧ. 

 

– ɩɪɢ ɫɜɚɪɤɟ ɲɜɚ №γ 
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ɌɒɌ=ሺη4,11+1,4ሻ∙1∙1,η∙1,γβ=109,91 ɦɢɧ. 

 

– ɩɪɢ ɫɜɚɪɤɟ ɲɜɚ №4 

 

ɌɒɌ=ሺ1,γ4γ+1,4ሻ∙1∙1,η∙1,γβ=η,4γ1 ɦɢɧ. 

 

– ɩɪɢ ɫɜɚɪɤɟ ɲɜɚ №η 

 

ɌɒɌ=ሺ10,1+1,4ሻ∙1∙1,η∙1,γβ=ββ,77 ɦɢɧ. 

 

– ɩɪɢ ɫɜɚɪɤɟ ɲɜɚ №θ 

 

ɌɒɌ=ሺβ,94+1,4ሻ∙1∙1,η∙1,γβ=8,θ ɦɢɧ. 

 

ɋɭɦɦɚɪɧɨɟ ɲɬɭɱɧɨɟ ɜɪɟɦɹ ɧɚ ɢɡɝɨɬɨɜɥɟɧɢɟ ɨɞɧɨɝɨ ɢɡɞɟɥɢɹ ɜ ɪɚɡɪɟɡɟ ɨɩɟɪɚɰɢɣ 

ɫɛɨɪɤɢ ɢ ɫɜɚɪɤɢ ɫɨɫɬɚɜɥɹɟɬ 

 

ɌɒɌ
ɂ =(θ,η+β7,ηβ+109,91+η,4γ1+ββ,77+8,θ)+βη=β0η,7γ1 ɦɢɧ. 

 

Ɋɚɫɫɱɢɬɚɟɦ ɲɬɭɱɧɨɟ ɜɪɟɦɹ ɧɚ ɨɩɟɪɚɰɢɢ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ ɩɨ ɫɥɟɞɭɸɳɟɣ 

ɮɨɪɦɭɥɟ: 

 

ɌɒɌ
Ʉɨɧ=ሺTO+ЭɜɫɩሻФ, (γη) 

 

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 
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TO=
L

VɄ
, (γθ) 

 

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,γ ɦ/ɦɢɧ. 

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

ɩɪɢ ɩɪɨɜɟɪɤɟ: 

– ɲɜɚ №1 

 

TO=
0,γβ7

0,8
=0,41 ɦɢɧ. 

 

– ɲɜɚ №β 

 

TO=
1,β44

0,8
+

0,9β
0,γ

=4,θββ ɦɢɧ. 

 

– ɲɜɚ №γ 

 

TO=
4,7β∙β

0,8
+

4,7β
0,γ

=β7,ηγ ɦɢɧ. 

 

– ɲɜɚ №4 

 

TO=
0,β4
0,8

=0,γ ɦɢɧ. 

 

– ɲɜɚ №η 
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TO=
1,87β

0,8
=β,γ4 ɦɢɧ. 

 

– ɲɜɚ №θ 

 

TO=
0,γβ4∙β

0,8
+

0,γβ4
0,4

=1,89 ɦɢɧ. 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɛɳɟɟ ɨɩɟɪɚɰɢɨɧɧɨɟ ɜɪɟɦɹ ɧɚ ɤɨɧɬɪɨɥɶ ɤɚɱɟɫɬɜɚ ɫɨɫɬɚɜɥɹɟɬ  

ɌɈ
Ɉɛɳ=0,41+4,θββ+β7,ηγ+0,γ+β,γ4+1,89=γ7,09β ɦɢɧ. 

 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (γη) ɩɨɥɭɱɢɦ, ɱɬɨ 

 

ɌɒɌ
Ʉɨɧ=ሺγ7,09β+ηሻ∙1,19=4θ,γ ɦɢɧ. 

 

4.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
, (γ7) 

 

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

N = η00 – 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; 
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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
, (γ8) 

 

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 
β0η,7γ1 0,09β 1 0,09β 

Ʉɨɧɬɪɨɥɶ ɤɚɱɟɫɬɜɚ 4θ,γ 0,0β1 1 0,0β1 

 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱɟɬɨɜ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɧɢɡɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ 

ɡɚɝɪɭɡɤɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɤɨɦɩɟɧɫɢɪɭɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟɦ ɷɬɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ 

ɞɪɭɝɢɯ ɨɩɟɪɚɰɢɹɯ ɢ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɞɪɭɝɢɯ ɢɡɞɟɥɢɣ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɦɨɠɧɨ 

ɭɜɟɥɢɱɢɬɶ ɤɨɥɢɱɟɫɬɜɨ ɜɵɩɭɫɤɚɟɦɵɯ ɪɚɦɨɤ ɩɪɢ ɧɚɥɢɱɢɢ ɡɚɤɚɡɨɜ. 

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
, (γ9) 

 

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

N = η00 – ɝɨɞɨɜɚɹ ɩɪɨɝɪɚɦɦɚ ɢɡɝɨɬɨɜɥɟɧɢɹ ɫɢɫɬɟɦ ɡɚɩɢɪɚɧɢɹ, ɲɬ; 
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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
, (40) 

 

ɝɞɟ RɊ – ɪɚɫɱɟɬɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɛɨɱɢɯ, ɱɟɥ; 

RɉɊ – ɩɪɢɧɹɬɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɛɨɱɢɯ, ɱɟɥ.  

Ɋɚɫɱɟɬɵ ɱɢɫɥɟɧɧɨɫɬɢ ɨɫɧɨɜɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɪɚɛɨɱɢɯ ɢ ɢɯ ɡɚɧɹɬɨɫɬɢ 

ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ γ.β. 

Ɍɚɛɥɢɰɚ γ.β – ɑɢɫɥɟɧɧɨɫɬɶ ɪɚɛɨɱɢɯ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɨɩɟɪɚɰɢɢ 
ɉɪɨɮɟɫɫɢɹ / 

ɫɩɟɰɢɚɥɶɧɨɫɬɶ 
ɌɒɌ, ɦɢɧ RɊ RɉɊ ɄɁ 

Ⱥɜɬɨɦɚɬɢɱɟɫɤɚɹ ɫɜɚɪɤɚ ɜ ɫɪɟɞɟ 

ɡɚɳɢɬɧɵɯ ɝɚɡɨɜ 
ɋɜɚɪɳɢɤ β0η,7γ1 0,44 1 0,44 

Ʉɨɧɬɪɨɥɶ ɤɚɱɟɫɬɜɚ Ʉɨɧɬɪɨɥɟɪ 4θ,γ 0,099 1 0,0η 

 

4.4 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, (41) 
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ɝɞɟ Ф = 1,β – ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɩɨɬɟɪɢ ɧɚ 

ɪɚɡɛɪɵɡɝɢɜɚɧɢɟ ɢ ɭɝɚɪ ɩɪɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɫɜɚɪɤɟ ɜ ɡɚɳɢɬɧɵɯ ɝɚɡɚɯ, ɟɞ; 

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

ȼɟɫ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ Дγ] 

 

QH=FHLȖ, (4β) 

 

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 (4β): 

– ɩɪɢ ɫɜɚɪɤɟ ɲɜɚ №1 

 

QH=0,18∙γβ,7∙7,8η=4θ,β ɝ. 

 

– ɩɪɢ ɫɜɚɪɤɟ ɲɜɚ №β 

 

QH=0,η∙1β4,4∙7,8η=488,γ ɝ. 

 

– ɩɪɢ ɫɜɚɪɤɟ ɲɜɚ №γ 

 

QH=0,7β∙47β∙7,8η=βθθ8 ɝ. 

 

– ɩɪɢ ɫɜɚɪɤɟ ɲɜɚ №4 

 

QH=0,17η∙β4∙7,8η=γγ ɝ. 

 

– ɩɪɢ ɫɜɚɪɤɟ ɲɜɚ №η 
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QH=0,γβ∙187,β∙7,8η=470,γ ɝ. 

 

– ɩɪɢ ɫɜɚɪɤɟ ɲɜɚ №θ 

 

QH=0,θβ∙γβ,4∙7,8η=1η7,7 ɝ. 

 

ɋɭɦɦɚɪɧɚɹ ɦɚɫɫɚ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɫɨɫɬɚɜɥɹɟɬ 

 

QH	ɈȻɓ=4θ,β+488,γ+βθθ8+γγ+470,γ+1η7,7=γ8θ4 ɝ. 

 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɨɝɥɚɫɧɨ ɮɨɪɦɭɥɟ (41), ɜɟɫ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɧɚ ɨɞɧɨ 

ɢɡɞɟɥɢɟ ɫɨɫɬɚɜɥɹɟɬ 

 

Qɗ=γ8θ4∙1,β=4θγθ,8 ɝ. 

 

Ɋɚɫɯɨɞ ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ ɧɚ ɝɨɞɨɜɭɸ ɩɪɨɝɪɚɦɦɭ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ Дγ] 

 

Qɗ ɈȻɓ=QɗN, (4γ) 

 

ɝɞɟ Qɗ – ɜɟɫ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ, ɝ; 

N = η00 – ɤɨɥɢɱɟɫɬɜɨ ɫɢɫɬɟɦ ɡɚɩɢɪɚɧɢɹ, ɲɬ. 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (4γ) ɩɨɥɭɱɢɦ, ɱɬɨ: 

 

Qɗ ɈȻɓ=4,θγθ8∙η00=βγ18,4 ɤɝ. 

 

Ɋɚɫɯɨɞ ɝɚɡɚ ɧɚ ɨɞɧɨ ɢɡɞɟɥɢɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ Дγ]: 

 

QȽȺɁ=Qɗk, (44) 



 

Иɡм. Лɢɫɬ № дɨкɭм. Пɨдɩɢɫь Даɬа 

Лɢɫɬ 

9γ 1η.0γ.01.β017.491.00 ɉɁ 

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

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (44) ɩɨɥɭɱɢɦ, ɱɬɨ 

 

QȽȺɁ=4,θγθ8∙1,β=η,ηθ4 ɤɝ. 

 

Ɋɚɫɯɨɞ ɡɚɳɢɬɧɨɝɨ ɝɚɡɚ, ɩɨɬɪɚɱɟɧɧɨɝɨ ɧɚ ɫɜɚɪɤɭ, ɧɚ ɝɨɞɨɜɭɸ ɩɪɨɝɪɚɦɦɭ 

ɜɵɩɭɫɤɚ ɢɡɞɟɥɢɣ ɫɨɫɬɚɜɥɹɟɬ 

 

QȽȺɁ	ɈȻɓ=η,ηθ4∙η00=β78β ɤɝ. 

 

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, (4η) 

 

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

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (γη) ɩɨɥɭɱɢɦ, ɱɬɨ 

 

QɗɅ=βγ18,4∙β,η=η79θ ɤȼɬ. 

 

ȼɵɜɨɞɵ ɩɨ ɪɚɡɞɟɥɭ 4: 

ȼ ɪɚɡɞɟɥɟ 4 ɩɪɨɢɡɜɟɞɟɧɵ ɪɚɫɱɟɬɵ ɨɫɧɨɜɧɵɯ ɮɨɧɞɨɜ ɜɪɟɦɟɧɢ. ɉɪɨɢɡɜɟɞɟɧ 

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

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

ɪɚɫɫɱɢɬɚɧɨ ɧɟɨɛɯɨɞɢɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɜɚɪɨɱɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ 
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ɞɥɹ ɤɨɧɬɪɨɥɹ. Ɍɚɤɠɟ ɪɚɫɫɱɢɬɚɧɚ ɧɟɨɛɯɨɞɢɦɚɹ ɱɢɫɥɟɧɧɨɫɬɶ ɩɟɪɫɨɧɚɥɚ. 
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ɁȺɄɅɘɑȿɇɂȿ 

 

ȼ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɬɟɯɧɨɥɨɝɢɹ 

ɢɡɝɨɬɨɜɥɟɧɢɹ ɪɚɦɤɢ ɡɚɞɧɟɝɨ ɦɨɫɬɚ ɮɪɨɧɬɚɥɶɧɨɝɨ ɩɨɝɪɭɡɱɢɤɚ ȼ-1γ8. ȼ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦ ɪɚɡɞɟɥɟ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɚ ɫɚɦɚ ɤɨɧɫɬɪɭɤɰɢɹ, ɨɩɢɫɚɧ ɨɫɧɨɜɧɨɣ 

ɦɚɬɟɪɢɚɥ, ɩɪɢɦɟɧɹɟɦɵɣ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ (ɫɬɚɥɢ 1ηɏɋɇȾ). 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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ɉɪɢɥɨɠɟɧɢɟ 

 

Ɋɚɫɱɟɬ ɭɝɥɨɜɨɝɨ ɲɜɚ ɩɪɢ ɩɨɦɨɳɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ AЧsвs 

 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 

ɫɭɳɟɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ ɦɟɬɨɞɢɤ ɢ ɩɪɨɝɪɚɦɦɧɵɯ ɤɨɦɩɥɟɤɫɨɜ. Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ 

ɢɡɜɟɫɬɧɵɯ ɹɜɥɹɟɬɫɹ ɤɨɦɩɥɟɤɫ AЧsвs. Ɋɚɫɱɟɬɵ, ɜɵɩɨɥɧɹɟɦɵɟ ɧɚ ɭɤɚɡɚɧɧɨɦ 

ɤɨɦɩɥɟɤɫɟ, ɨɫɧɨɜɚɧɵ ɧɚ ɦɟɬɨɞɟ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɫɜɚɪɧɨɝɨ ɲɜɚ №γ ɪɚɦɤɢ ɩɨɝɪɭɡɱɢɤɚ ȼ-

1γ8 ɧɟɨɛɯɨɞɢɦɨ ɩɪɟɞɫɬɚɜɢɬɶ ɟɝɨ ɪɚɫɱɟɬɧɭɸ ɫɯɟɦɭ. Ɉɛɳɢɣ ɜɢɞ ɲɜɚ №γ ɩɨɤɚɡɚɧ ɧɚ 

ɪɢɫɭɧɤɟ ɉ.1. 

 
Ɋɢɫɭɧɨɤ ɉ.1 – Ɉɛɳɢɣ ɜɢɞ ɲɜɚ №γ 

Ⱦɥɹ ɚɧɚɥɢɡɚ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɫɜɚɪɧɨɝɨ ɲɜɚ ɩɪɨɜɟɞɟɦ ɫɪɚɜɧɟɧɢɟ ɦɟɠɞɭ 

ɩɪɨɱɧɨɫɬɶɸ ɫɜɚɪɧɨɝɨ ɲɜɚ ɩɪɢ ɫɭɳɟɫɬɜɭɸɳɟɦ ɜɚɪɢɚɧɬɟ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢ ɩɪɢ 

ɩɪɟɞɥɚɝɚɟɦɨɦ.  

ȼ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, ɞɥɹ ɪɚɫɱɟɬɚ ɬɪɟɛɭɟɬɫɹ ɫɨɡɞɚɬɶ ɦɨɞɟɥɶ. Ɉɧɚ ɩɨɤɚɡɚɧɚ ɧɚ 

ɪɢɫɭɧɤɟ ɉ.β. 
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Ɋɢɫɭɧɨɤ ɉ.β – Ɇɨɞɟɥɶ 

ȼ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, ɬɪɟɛɭɟɬɫɹ ɫɨɡɞɚɬɶ ɩɪɨɟɤɬ ɜ ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ AЧsвs. 

Ɉɛɳɢɣ ɜɢɞ ɫɨɡɞɚɧɧɨɝɨ ɩɪɨɟɤɬɚ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ ɉ.γ. 

 
Ɋɢɫɭɧɨɤ ɉ.γ – Ɉɛɳɢɣ ɜɢɞ ɫɨɡɞɚɧɧɨɝɨ ɩɪɨɟɤɬɚ 

ɉɪɨɟɤɬ ɫɨɡɞɚɟɬɫɹ ɜ ɦɚɫɲɬɚɛɟ 1:1. ɉɨɫɥɟ ɷɬɨɝɨ ɜɨ ɜɤɥɚɞɤɟ PrОПОrОЧМОs ɡɚɞɚɟɬɫɹ 

ɬɢɩ ɪɚɫɱɟɬɚ SЭrЮМЭЮrКХ (ɪɢɫɭɧɨɤ ɉ.4). 
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Ɋɢɫɭɧɨɤ ɉ.4 – Ɍɢɩ ɪɚɫɱɟɬɚ 

 Ɂɚɬɟɦ ɡɚɞɚɟɬɫɹ ɬɢɩ ɷɥɟɦɟɧɬɨɜ. Ɉɧ ɪɚɛɨɬɚɟɬ ɜɨ ɜɤɥɚɞɤɟ PrОЩrШМОssШr–EХОmОЧЭ 

TвЩО–AНН (ɪɢɫɭɧɨɤ ɉ.η). 

 
Ɋɢɫɭɧɨɤ ɉ.η – Ɍɢɩ ɷɥɟɦɟɧɬɨɜ 

ɉɨɫɥɟ ɷɬɨɝɨ ɡɚɞɚɟɬɫɹ ɬɢɩ ɧɚɝɪɭɠɟɧɢɹ (ɪɢɫɭɧɨɤ ɉ.θ). 
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Ɋɢɫɭɧɨɤ ɉ.θ – Ɍɢɩ ɧɚɝɪɭɠɟɧɢɹ 

ɉɨɫɥɟ ɷɬɨɝɨ ɡɚɞɚɟɬɫɹ ɦɨɞɟɥɶ ɦɚɬɟɪɢɚɥɚ (ɪɢɫɭɧɨɤ ɉ.7). 

 
Ɋɢɫɭɧɨɤ ɉ.7 – Ɇɨɞɟɥɶ ɦɚɬɟɪɢɚɥɚ 

ɉɪɨɢɡɜɨɞɢɬɫɹ ɡɚɞɚɱɚ ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ ɢ ɦɨɞɭɥɹ ɘɧɝɚ (ɪɢɫɭɧɨɤ ɉ.8). 
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Ɋɢɫɭɧɨɤ ɉ.8 – Ɂɚɞɚɱɚ ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ ɢ ɦɨɞɭɥɹ ɘɧɝɚ 

Ⱦɚɥɟɟ ɡɚɞɚɟɬɫɹ ɩɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɢɚɥɚ (ɞɥɹ ɫɬɚɥɢ 1ηɏɋɇȾ 

ɤɥɚɫɫɚ ɩɪɨɱɧɨɫɬɢ γβη ɩɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ ɫɨɫɬɚɜɥɹɟɬ ɧɟ ɦɟɧɟɟ γβη Ɇɉɚ) (ɪɢɫɭɧɨɤ 

ɉ.9). 

 
Ɋɢɫɭɧɨɤ ɉ.9 – Ɂɚɞɚɱɚ ɩɪɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

Ɂɚɬɟɦ ɫɨɡɞɚɟɬɫɹ ɟɳɟ ɨɞɧɚ ɦɨɞɟɥɶ ɦɚɬɟɪɢɚɥɚ, ɧɨ ɨɧɚ ɭɠɟ ɛɭɞɟɬ ɨɬɧɨɫɢɬɫɹ ɤ 

ɫɜɚɪɧɨɦɭ ɲɜɭ (ɪɢɫɭɧɨɤ ɉ.1β). ɉɨɜɬɨɪɢɦ ɞɟɣɫɬɜɢɹ ɩɨ ɪɢɫɭɧɤɚɦ (ɉ.9)…(ɉ.11). ɇɨ 
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ɩɪɢ ɷɬɨɦ ɩɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ ɭɤɚɠɟɦ ɞɥɹ ɩɪɨɜɨɥɨɤɢ ɋɜ-08Ƚβɋ (4θ4 Ɇɉɚ) (ɪɢɫɭɧɨɤ 

ɉ.10). 

 
Ɋɢɫɭɧɨɤ ɉ.10 – Ɂɚɞɚɱɚ ɩɪɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɉɨɫɥɟ ɷɬɨɝɨ ɩɪɨɢɫɯɨɞɢɬ ɫɨɡɞɚɧɢɟ ɩɨɜɟɪɯɧɨɫɬɟɣ ArОКs. Ɉɧɨ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɢ 

ɩɨɦɨɳɢ ɥɢɧɢɣ ψв ХТЧОs. Ɉɛɳɢɣ ɜɢɞ ɫɨɡɞɚɧɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 

ɉ.11. 

 
Ɋɢɫɭɧɨɤ ɉ.11 – ɋɨɡɞɚɧɢɟ ɩɨɜɟɪɯɧɨɫɬɟɣ 
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ɉɨɫɥɟ ɷɬɨɝɨ ɧɚɱɢɧɚɟɬɫɹ ɪɚɡɛɢɟɧɢɟ ɦɨɞɟɥɢ ɧɚ ɤɨɧɟɱɧɵɟ ɷɥɟɦɟɧɬɵ MОsСТЧР. 

Ɂɞɟɫɶ ɡɚɞɚɟɬɫɹ ɪɚɡɦɟɪ ɷɥɟɦɟɧɬɨɜ ɢ ɧɨɦɟɪ ɪɚɡɛɢɜɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. Ɉɛɳɢɣ ɜɢɞ 

ɩɨɜɟɪɯɧɨɫɬɢ, ɪɚɡɛɢɬɨɣ ɧɚ ɤɨɧɟɱɧɵɟ ɷɥɟɦɟɧɬɵ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ ɉ.1β. 

 
Ɋɢɫɭɧɨɤ ɉ.1β – Ɋɚɡɛɢɟɧɢɟ ɆɄɗ 

Ⱦɚɥɟɟ ɩɪɢɤɥɚɞɵɜɚɸɬɫɹ ɧɚɝɪɭɡɤɢ LШКНs. Ɉɧɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɟɞɢɧɢɱɧɨɟ 

ɩɟɪɟɦɟɳɟɧɢɟ ɮɪɚɝɦɟɧɬɚ ɧɚ ɜɟɥɢɱɢɧɭ 0,01 ɨɬ ɢɫɬɢɧɧɨɝɨ ɪɚɡɦɟɪɚ ɮɪɚɝɦɟɧɬɚ. Ɉɞɧɚ 

ɫɬɨɪɨɧɚ ɡɚɮɢɤɫɢɪɨɜɚɧɚ ɨɬ ɩɟɪɟɦɟɳɟɧɢɣ, ɞɪɭɝɚɹ ɩɟɪɟɦɟɳɚɟɬɫɹ (ɪɢɫɭɧɨɤ ɉ.1γ). 

 
Ɋɢɫɭɧɨɤ ɉ.1γ – ɉɪɢɥɨɠɟɧɢɟ ɧɚɝɪɭɡɨɤ 
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ɉɨɫɥɟ ɷɬɨɝɨ ɩɪɨɢɡɜɨɞɢɬɫɹ ɪɟɲɟɧɢɟ ɧɚɝɪɭɠɚɟɦɨɣ ɱɚɫɬɢ (ɪɢɫɭɧɨɤ ɉ.14). 

 
Ɋɢɫɭɧɨɤ ɉ.14 – Ɋɚɫɱɟɬ 

ɉɨɫɥɟ ɷɬɨɝɨ ɩɨɤɚɡɵɜɚɟɬɫɹ ɤɚɪɬɢɧɚ ɧɚɝɪɭɠɟɧɢɹ (ɪɢɫɭɧɨɤ ɉ.1η). Ɂɞɟɫɶ 

ɜɵɛɢɪɚɟɬɫɹ ɬɢɩ ЯШЧ MТsОs.  

 
Ɋɢɫɭɧɨɤ ɉ.1η – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ ɪɚɡɪɭɲɟɧɢɹ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɩɪɨɢɫɯɨɞɢɬ. ȿɫɥɢ ɭɜɟɥɢɱɢɬɶ 

ɜɪɟɦɹ ɧɚɝɪɭɠɟɧɢɹ, ɬɨ ɪɚɡɪɭɲɟɧɢɟ ɩɪɨɢɡɨɣɞɟɬ ɜ ɡɨɧɟ ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ. 
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Ɋɚɫɫɦɨɬɪɢɦ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɲɜɚ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɩɨ 

ɩɪɟɞɥɚɝɚɟɦɨɣ ɬɟɯɧɨɥɨɝɢɢ. 

ɉɨɪɹɞɨɤ ɪɚɫɱɟɬɚ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫɭɧɤɚɯ (ɉ.β)…(ɉ.1γ). 

Ʉɚɪɬɢɧɚ ɧɚɝɪɭɠɟɧɢɹ ɩɪɢ ɩɪɢɦɟɧɟɧɢɢ ɩɪɨɜɨɥɨɤɢ ɉɉ-Ⱥɇβ0 (ɩɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ 

ɧɟ ɦɟɧɟɟ 490 Ɇɉɚ) ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ ɉ.1θ. 

 
Ɋɢɫɭɧɨɤ ɉ.1θ – Ʉɚɪɬɢɧɚ ɧɚɝɪɭɠɟɧɢɹ 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ ɉ.1θ ɪɚɡɪɭɲɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɩɨ ɨɫɧɨɜɧɨɦɭ ɦɟɬɚɥɥɭ, 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɭɫɥɨɜɢɟ ɩɪɨɱɧɨɫɬɢ ɜɵɩɨɥɧɟɧɨ. ɉɪɢ ɷɬɨɦ ɧɚɛɥɸɞɚɟɬɫɹ ɬɚɤɠɟ 

ɩɪɢɡɧɚɤ ɪɚɡɪɭɲɟɧɢɹ ɩɨ ɫɜɚɪɧɨɦɭ ɲɜɭ. ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɧɟɩɨɥɧɨɬɨɣ ɤɚɪɬɢɧɵ 

ɧɚɝɪɭɠɟɧɢɹ ɧɚɪɢɫɨɜɚɧɧɨɣ ɦɨɞɟɥɢ. 

ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɪɨɜɨɥɨɤɢ ɉɉ-Ⱥɇβ0 

ɫɧɢɠɚɟɬɫɹ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚɩɪɹɠɟɧɢɣ, ɱɬɨ, ɜ ɫɜɨɸ 

ɨɱɟɪɟɞɶ, ɬɚɤɠɟ ɩɨɥɨɠɢɬɟɥɶɧɨ ɜɥɢɹɟɬ ɧɚ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ. 

 


