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ɋȿɄɐɂə 12. ɋɈȼɊȿɆȿɇɇɕȿ ɌȿɏɇɈɅɈȽɂɂ ɊȺɁɊȺȻɈɌɄɂ ɇȿɎɌəɇɕɏ ɂ 
ȽȺɁɈȼɕɏ ɆȿɋɌɈɊɈɀȾȿɇɂɃ. 

 

 
ɚ 

 
ɛ 

Ɋɢɫ. 4: Ɋɚɫɬɜɨɪ H2τ+σКτH+ɤɪɚɯɦɚɥ 
ɚ – ɡɚɜɢɫɢɦɨɫɬɶ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɪɚɫɫɟɹɧɧɨɝɨ ɫɟɬɚ ɨɬ ɜɪɟɦɟɧɢ; ɛ – ɡɚɜɢɫɢɦɨɫɬɶ ɫɪɟɞɧɟɝɨ ɪɚɞɢɭɫɚ ɱɚɫɬɢɰ ɨɬ 

ɜɪɟɦɟɧɢ 
 

Ⱦɥɹ ɪɚɫɬɜɨɪɚ Hβτ+σКτH+ɤɪɚɯɦɚɥ ɛɵɥɚ ɡɚɩɢɫɚɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɪɚɫɫɟɹɧɧɨɝɨ ɫɜɟɬɚ ɨɬ 
ɜɪɟɦɟɧɢ ɢ ɨɩɪɟɞɟɥɟɧɵ ɡɧɚɱɟɧɢɹ ɫɪɟɞɧɢɯ ɪɚɞɢɭɫɨɜ ɱɚɫɬɢɰ (ɪɢɫ. ζ). ɂɡ ɩɟɪɜɨɝɨ ɝɪɚɮɢɤɚ (ɪɢɫ. ζ.ɚ) ɜɢɞɧɨ, ɱɬɨ ɩɨɫɥɟ 
γ00 ɦɢɧɭɬɵ ɧɚɛɥɸɞɚɟɬɫɹ ɫɢɥɶɧɵɣ ɪɚɡɛɪɨɫ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɜɵɩɚɞɟɧɢɢ ɬɹɠɟɥɵɯ 
ɱɚɫɬɢɰ, ɢ ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɨ ɫɟɞɢɦɟɧɬɚɰɢɨɧɧɨɣ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ ɫɢɫɬɟɦɵ. Ɍɚɤɠɟ ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɪɚɫɬɜɨɪ 
Hβ0+σКτH+ɤɪɚɯɦɚɥ ɹɜɥɹɟɬɫɹ ɩɨɥɢɞɢɫɩɟɪɫɧɨɣ ɫɢɫɬɟɦɨɣ, ɜ ɤɨɬɨɪɨɣ ɱɚɫɬɢɰɵ ɢɦɟɸɬ ɩɨɪɹɞɨɤ 10, 100 ɢ 1000 ɧɦ 
(ɪɢɫ. ζɛ). 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɛɨɬɵ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɩɪɢɝɨɞɧɨɫɬɢ ɦɟɬɨɞɚ ȾɊɋ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɚɫɬɜɨɪɚ 
ɤɪɚɯɦɚɥɚ ɜ ɜɨɞɟ, ɬɚɤ ɤɚɤ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɡɧɚɱɟɧɢɹ ɫɪɟɞɧɢɯ ɪɚɞɢɭɫɨɜ ɱɚɫɬɢɰ ɜɫɟɯ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɫɦɟɫɟɣ. Ⱦɥɹ 
ɞɚɥɶɧɟɣɲɢɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɪɟɤɨɦɟɧɞɨɜɚɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɯɢɦɢɱɟɫɤɢ ɱɢɫɬɭɸ ɳɟɥɨɱɶ ɞɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ 
ɪɚɫɬɜɨɪɚ, ɚ ɬɚɤɠɟ ɢɫɫɥɟɞɨɜɚɬɶ ɞɪɭɝɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɪɚɯɦɚɥɚ ɜ ɜɨɞɟ. 
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ɈɉɊȿȾȿɅȿɇɂȿ ɊȺȼɇɈȼȿɋɇɕɏ ɍɋɅɈȼɂɃ ȽɂȾɊȺɌɈɈȻɊȺɁɈȼȺɇɂə ɇȺ ɉɊɂɆȿɊȿ 
ȽȺɁɈɄɈȾȿɇɋȺɌɇɈȽɈ ɆȿɌɋɌɈɊɈɀȾȿɇɂə ɈɌɊȺȾɇɂɇɋɄɈȿ 

Ⱥ.Ɇ. ȼɚɫɢɥɶɟɜɚ 

ɇɚɭɱɧɵɣΝɪɭɤɨɜɨɞɢɬɟɥɶΝɚɫɫɢɫɬɟɧɬΝɈέȼέΝɇɨɫɨɜɚ 

ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ Ɍɨɦɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɝ. Ɍɨɦɫɤ, Ɋɨɫɫɢɹ 

Ɉɬɪɚɞɧɢɧɫɤɨɟ ɦɟɫɬɨɪɨɠɞɟɧɢɟ ɧɚɯɨɞɢɬɫɹ ɧɚ ɬɟɪɪɢɬɨɪɢɢ Ʌɟɧɫɤɨɝɨ ɪɚɣɨɧɚ Ɋɟɫɩɭɛɥɢɤɢ ɋɚɯɚ (əɤɭɬɢɹ). ɋ 
ɫɟɧɬɹɛɪɹ β00λ ɝɨɞɚ ɜ ɪɟɠɢɦɟ ɨɩɵɬɧɨ-ɩɪɨɦɵɲɥɟɧɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜɜɟɥɚɫɶ ɜ ɪɚɛɨɬɭ ɨɞɧɚ ɫɤɜɚɠɢɧɚ. ȼɨ ɜɪɟɦɹ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɨɬɦɟɱɚɥɚɫɶ ɤɪɚɣɧɟ ɧɟɫɬɚɛɢɥɶɧɚɹ ɪɚɛɨɬɚ ɷɬɨɣ ɫɤɜɚɠɢɧɵ. ɉɪɢɱɢɧɨɣ ɬɚɤɨɣ ɪɚɛɨɬɵ ɛɵɥɨ ɹɜɥɹɥɨɫɶ 
ɨɛɪɚɡɨɜɚɧɢɟ ɭɫɬɨɣɱɢɜɵɯ ɝɚɡɨɜɵɯ ɝɢɞɪɚɬɨɜ,  ɤɚɤ ɜ ɩɪɢɡɚɛɨɣɧɨɣ ɡɨɧɟ, ɬɚɤ ɢ ɜ ɫɬɜɨɥɟ ɫɚɦɨɣ ɫɤɜɚɠɢɧɵ. 

Ⱦɥɹ ɩɪɟɞɭɩɪɟɠɞɟɧɢɹ ɨɛɪɚɡɨɜɚɧɢɹ ɝɢɞɪɚɬɨɜ ɜ ɫɤɜɚɠɢɧɚɯ ɧɟɨɛɯɨɞɢɦɨ ɫɨɡɞɚɬɶ ɬɚɤɨɣ ɪɟɠɢɦ ɨɬɛɨɪɚ ɝɚɡɚ, 
ɩɪɢ ɤɨɬɨɪɨɦ ɟɝɨ ɬɟɦɩɟɪɚɬɭɪɚ ɛɭɞɟɬ ɜɵɲɟ ɪɚɜɧɨɜɟɫɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɝɢɞɪɚɬɨɨɛɪɚɡɨɜɚɧɢɹ, ɩɨɷɬɨɦɭ ɜɚɠɧɨ 
ɩɪɚɜɢɥɶɧɨ ɨɩɪɟɞɟɥɢɬɶ ɪɚɜɧɨɜɟɫɧɵɟ ɭɫɥɨɜɢɹ ɨɛɪɚɡɨɜɚɧɢɹ ɝɢɞɪɚɬɨɜ. 

ɐɟɥɶ ɪɚɛɨɬɵμ ɨɩɪɟɞɟɥɢɬɶ ɭɫɥɨɜɢɹ ɝɢɞɪɚɬɨɨɛɪɚɡɨɜɚɧɢɹ ɧɚ Ɉɬɪɚɞɧɢɧɫɤɨɦ ɝɚɡɨɤɨɧɞɟɧɫɚɬɧɨɦ 
ɦɟɫɬɨɪɨɠɞɟɧɢɢ. Ⱦɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɷɬɨɣ ɰɟɥɢ ɫɬɚɜɹɬɫɹ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢμ 

- Ɉɫɜɨɟɧɢɟ ɦɟɬɨɞɢɤɢ ɢɧɠɟɧɟɪɧɨɝɨ ɪɚɫɱɟɬɚ ɪɚɜɧɨɜɟɫɧɵɯ ɭɫɥɨɜɢɣ ɝɢɞɪɚɬɨɨɛɪɚɡɨɜɚɧɢɹ. 
- Ɋɚɫɱɟɬ ɞɚɜɥɟɧɢɹ ɝɢɞɪɚɬɨɨɛɪɚɡɨɜɚɧɢɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. 
- Ɋɚɫɱɟɬ ɭɫɥɨɜɢɹ ɨɛɪɚɡɨɜɚɧɢɹ ɝɢɞɪɚɬɨɜ ɫ ɭɱɟɬɨɦ ɢɡɦɟɧɟɧɢɹ ɫɨɫɬɚɜɚ ɝɚɡɚ ɜ ɩɪɨɰɟɫɫɟ ɪɚɡɪɚɛɨɬɤɢ. 
- Ɉɰɟɧɤɚ ɜɥɢɹɧɢɹ ɢɧɝɢɛɢɬɨɪɚ ɧɚ ɭɫɥɨɜɢɹ ɨɛɪɚɡɨɜɚɧɢɹ ɝɢɞɪɚɬɨɜ. 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɭɫɥɨɜɢɣ ɝɢɞɪɚɬɨɨɛɪɚɡɨɜɚɧɢɹ, ɧɟɫɦɨɬɪɹ ɧɚ ɧɚɥɢɱɢɟ ɞɨɫɬɚɬɨɱɧɨ 

ɫɬɪɨɝɢɯ ɪɚɫɱɟɬɧɵɯ ɦɟɬɨɞɨɜ, ɜ ɢɧɠɟɧɟɪɧɨɣ ɩɪɚɤɬɢɤɟ ɨɛɵɱɧɨ ɢɫɩɨɥɶɡɭɸɬ ɩɪɨɫɬɵɟ ɷɦɩɢɪɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ. 
Ɉɞɧɚɤɨ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɪɚɜɧɨɜɟɫɧɨɝɨ ɞɚɜɥɟɧɢɹ ɞɥɹ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨ ɷɬɢɦ ɦɟɬɨɞɚɦ ɜ ɨɬɞɟɥɶɧɵɯ 
ɫɥɭɱɚɹɯ ɪɚɡɥɢɱɚɸɬɫɹ ɦɟɠɞɭ ɫɨɛɨɣ ɜ β-γ ɪɚɡɚ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ȼ.Ⱥ. ɂɫɬɨɦɢɧ ɢ ȼ.Ƚ. Ʉɜɨɧ Д1Ж, ɫɨɯɪɚɧɢɜ 
ɩɪɟɢɦɭɳɟɫɬɜɚ ɩɪɨɫɬɵɯ ɪɚɫɱɟɬɧɵɯ ɫɯɟɦ, ɪɚɡɪɚɛɨɬɚɥɢ ɪɚɫɱɟɬɧɭɸ ɦɟɬɨɞɢɤɭ, ɩɪɢɛɥɢɠɚɸɳɭɸɫɹ ɤ ɬɨɱɧɨɫɬɢ 
ɧɚɞɟɠɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ. 

ɗɬɚ ɦɟɬɨɞɢɤɚ ɪɚɫɱɟɬɚ ɪɚɜɧɨɜɟɫɧɵɯ ɭɫɥɨɜɢɣ ɜ ɫɢɫɬɟɦɟ «ɩɪɢɪɨɞɧɵɣ ɝɚɡ – ɜɨɞɚ – ɝɢɞɪɚɬ» ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɞɥɹ ɩɪɢɪɨɞɧɵɯ ɢ ɩɨɩɭɬɧɵɯ ɧɟɮɬɹɧɵɯ ɝɚɡɨɜ, ɫɨɫɬɨɹɳɢɯ ɜ ɨɫɧɨɜɧɨɦ ɢɡ ɦɟɬɚɧɚ ɋɇ4 (ɛɨɥɟɟ η0% ɨɛ.) ɫɨ 
ɡɧɚɱɢɬɟɥɶɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɋ2ɇ6, ɋ3ɇ8, i-ɋ4ɇ10, ɋO2, H2S. ȼ ɷɬɨɣ ɦɟɬɨɞɢɤɟ ɜ ɤɚɱɟɫɬɜɟ ɩɟɪɜɨɝɨ ɲɚɝɚ ɮɢɤɫɢɪɭɸɬ 
ɧɟɤɨɬɨɪɭɸ ɬɟɦɩɟɪɚɬɭɪɭ, ɞɥɹ ɤɨɬɨɪɨɣ ɨɩɪɟɞɟɥɹɸɬ ɞɚɜɥɟɧɢɟ ɝɢɞɪɚɬɨɨɛɪɚɡɨɜɚɧɢɹ ɢɫɫɥɟɞɭɟɦɨɣ ɫɦɟɫɢ ɝɚɡɨɜ. 
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ɉɊɈȻɅȿɆɕ ȽȿɈɅɈȽɂɂ ɂ ɈɋȼɈȿɇɂə ɇȿȾɊ 

ȼɧɚɱɚɥɟ, ɢɫɯɨɞɹ ɢɡ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɨɜɨɝɨ ɝɢɞɪɚɬɚ, ɪɚɡɪɚɛɚɬɵɜɚɟɬɫɹ ɮɨɪɦɚ 
ɷɦɩɢɪɢɱɟɫɤɢɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɞɥɹ ɞɚɜɥɟɧɢɹ p0

m ɧɚ ɨɫɧɨɜɟ ɭɩɪɨɳɟɧɢɹ ɮɨɪɦɚɥɶɧɨ ɛɨɥɟɟ ɫɬɪɨɝɢɯ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɦɟɬɨɞɢɤ ɢ ɡɚɬɟɦ ɩɨɞɛɢɪɚɸɬɫɹ ɩɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɞɚɧɧɵɦ ɤɨɷɮɮɢɰɢɟɧɬɵ ɜ ɩɨɥɭɱɚɟɦɵɯ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢ ɨɛɨɫɧɨɜɚɧɧɵɯ ɮɨɪɦɭɥɚɯ. ɉɪɢ ɷɬɨɦ ɢɫɩɨɥɶɡɭɸɬɫɹ ɧɚɢɛɨɥɟɟ ɞɨɫɬɨɜɟɪɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ 
ɞɚɧɧɵɟ. 

Ⱥɥɝɨɪɢɬɦ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɜɧɨɜɟɫɧɵɯ ɭɫɥɨɜɢɣ ɝɢɞɪɚɬɨɨɛɪɚɡɨɜɚɧɢɹ ɞɥɹ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɣ ɝɚɡɨɜɨɣ 
ɫɦɟɫɢ Ɉɬɪɚɞɧɟɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ: ɋɇ4 – 83.15, ɋ2ɇ6 – 4.16, ɋ3ɇ8 – 1.48, i-ɋ4ɇ10 – 0.17, n-ɋ4ɇ10 – 0.50, i-ɋ5ɇ12 
– 0.12, n-ɋ5ɇ12 – 0.17, ɋ6ɇ14 – 0.17, ɋ7ɇ16+ – 0.28, ɋO2 – 0.07, N2 – 9.50, He – 0.21, H2 – 0.02 ɫɨɫɬɨɢɬ ɜ ɫɥɟɞɭɸɳɟɦμ 

Ɋɚɫɫɱɢɬɵɜɚɟɬɫɹ ɞɚɜɥɟɧɢɟ ɝɢɞɪɚɬɨɨɛɪɚɡɨɜɚɧɢɹ p0
m (ɜ Ɇɉɚ) ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ T0=β7γ,1η Ʉ ɩɨ ɭɪɚɜɧɟɧɢɸ, 

ɤɨɬɨɪɨɟ ɞɥɹ ɝɢɞɪɚɬɨɜ ɤɭɛɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ II ɢɦɟɟɬ ɜɢɞμ 
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ɝɞɟ ɭ – ɦɨɥɶɧɚɹ ɞɨɥɹ i-ɝɨ ɤɨɦɩɨɧɟɧɬɚ ɝɚɡɨɜɨɣ ɫɦɟɫɢ 
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p0
m=0,λ17Ɇɉɚ=λ,γηγɚɬ 

Ɇɟɬɨɞɨɦ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɨɞɨɛɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɜɧɨɜɟɫɧɨɟ ɞɚɜɥɟɧɢɟ ɝɢɞɪɚɬɨɨɛɪɚɡɨɜɚɧɢɹ pm ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ Tρβ7γ,1η Ʉ, ɢɫɩɨɥɶɡɭɹ ɭɫɥɨɜɢɹ ɝɢɞɪɚɬɨɨɛɪɚɡɨɜɚɧɢɹ ɞɥɹ ɷɬɚɥɨɧɧɨɣ ɝɚɡɨɜɨɣ ɫɦɟɫɢ. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, 
ɱɬɨ ɟɫɥɢ ɢɫɫɥɟɞɭɟɦɚɹ ɢ ɷɬɚɥɨɧɧɚɹ ɝɚɡɨɜɵɟ ɫɦɟɫɢ ɛɥɢɡɤɢ ɩɨ ɫɨɫɬɚɜɭ (ɩɨ ɝɢɞɪɚɬɨɨɛɪɚɡɭɸɳɢɦ ɤɨɦɩɨɧɟɧɬɚɦ), ɬɨ ɢɯ 
ɪɚɜɧɨɜɟɫɧɵɟ ɤɪɢɜɵɟ ɝɢɞɪɚɬɨɨɛɪɚɡɨɜɚɧɢɹ ɩɪɚɤɬɢɱɟɫɤɢ ɷɤɜɢɞɢɫɬɚɧɬɧɵ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɞɚɜɥɟɧɢɟ 
ɝɢɞɪɚɬɨɨɛɪɚɡɨɜɚɧɢɹ pm ɞɥɹ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ Ɍ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɢɡ ɫɨɨɬɧɨɲɟɧɢɹμ 
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ɝɞɟ z – ɤɨɷɮɮɢɰɢɟɧɬ ɫɠɢɦɚɟɦɨɫɬɢ ɝɚɡɨɜɨɣ ɫɦɟɫɢν ɜɟɪɯɧɢɣ ɢɧɞɟɤɫ «0» ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɟɦɩɟɪɚɬɭɪɟ 
T0=β7γ,1η Ʉ, ɚ ɧɢɠɧɢɟ ɢɧɞɟɤɫɵ «m» ɢ «e» ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɢɫɫɥɟɞɭɟɦɨɣ ɢ ɷɬɚɥɨɧɧɨɣ ɝɚɡɨɜɨɣ ɫɦɟɫɢ. ɇɚɢɛɨɥɟɟ 
ɩɨɞɯɨɞɹɳɟɣ ɹɜɥɹɟɬɫɹ ɷɬɚɥɨɧɧɚɹ ɤɪɢɜɚɹ ɝɢɞɪɚɬɨɨɛɪɚɡɨɜɚɧɢɹ ɫ ɛɥɢɡɤɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɠɢɦɚɟɦɨɫɬɢ 
ɢ ɫ ɛɥɢɡɤɨɣ ɫɭɦɦɨɣ ɦɨɥɹɪɧɵɯ ɞɨɥɟɣ ɜ ɝɚɡɟ ɧɚɢɛɨɥɟɟ ɝɢɞɪɚɬɨɨɛɪɚɡɭɸɳɢɯ ɤɨɦɩɨɧɟɧɬɨɜ – ɩɪɨɩɚɧɚ, ɢɡɨɛɭɬɚɧɚ ɢ 
ɫɟɪɨɜɨɞɨɪɨɞɚ. 

ȼ.Ⱥ. ɂɫɬɨɦɢɧɵɦ Д1Ж ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɭɫɥɨɜɢɣ ɝɢɞɪɚɬɨɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ Tρβ7γ,1η Ʉ 
ɩɪɟɞɥɨɠɟɧ ɧɚɛɨɪ ɷɬɚɥɨɧɧɵɯ ɤɪɢɜɵɯ ɝɢɞɪɚɬɨɨɛɪɚɡɨɜɚɧɢɹ, ɡɚɩɢɫɚɧɧɵɯ ɜ ɮɨɪɦɟμ 

B
T

A
pln   ɢɥɢ 1

1 B
T

A
pzln  , 

ɝɞɟ Ⱥ, ȼ, Ⱥ1, ȼ1 – ɩɚɪɚɦɟɬɪɵ, ɡɚɜɢɫɹɳɢɟ ɨɬ ɫɨɫɬɚɜɚ. 
ɋ ɭɱɟɬɨɦ ɷɬɢɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɢɫɤɨɦɨɟ ɞɚɜɥɟɧɢɟ Щm ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ TρT0 ɧɚɯɨɞɢɬɫɹ ɩɨ ɭɪɚɜɧɟɧɢɸμ 
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ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ T=β78,1η K ɞɚɜɥɟɧɢɟ ɝɢɞɪɚɬɨɨɛɪɚɡɨɜɚɧɢɹ ɛɭɞɟɬ ɪɚɜɧɨμ 
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Ⱦɥɹ ɪɚɫɱɟɬɚ ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɠɢɦɚɟɦɨɫɬɢ ɝɚɡɨɜɨɣ ɫɦɟɫɢ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɨɨɬɧɨɲɟɧɢɟ Ʌɚɬɨɧɨɜɚ–
Ƚɭɪɟɜɢɱɚ ɢɥɢ ɫɨɨɬɧɨɲɟɧɢɟ Ȼɟɪɬɥɨ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɚ ɩɨ ɞɚɧɧɨɣ ɦɟɬɨɞɢɤɟ ɛɵɥɚ ɩɨɫɬɪɨɟɧɚ ɤɪɢɜɚɹ ɪɚɜɧɨɜɟɫɧɵɯ ɭɫɥɨɜɢɣ 
ɝɢɞɪɚɬɨɨɛɪɚɡɨɜɚɧɢɹ (Ɋɢɫ. 1). Ɋɚɜɧɨɜɟɫɧɚɹ ɤɪɢɜɚɹ, ɜɵɱɢɫɥɟɧɧɚɹ ɩɨ ɭɪɚɜɧɟɧɢɸ Ʌɚɬɨɧɨɜɚ - Ƚɭɪɟɜɢɱɚ, ɛɵɥɚ 
ɩɟɪɟɫɱɢɬɚɧɚ ɞɥɹ ɭɱɟɬɚ ɡɚɫɨɥɟɧɧɨɫɬɢ ɩɥɚɫɬɨɜɨɣ ɜɨɞɵ ɩɨ ɦɟɬɨɞɢɤɟ ɩɪɟɞɥɨɠɟɧɧɨɣ ȼ.Ⱥ. ɂɫɬɨɦɢɧɵɦ ɢ ȼ.Ƚ. Ʉɜɨɧɨɦ 
[1]. ɉɥɚɫɬɨɜɵɟ ɭɫɥɨɜɢɹ Ɉɬɪɚɞɧɢɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ (Щɩɥ=1λβɚɬ, Tɩɥ=1γ,β˚ω) ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɭɫɥɨɜɢɹɦ 
ɝɢɞɪɚɬɨɨɛɪɚɡɨɜɚɧɢɹ ɜ ɩɪɢɡɚɛɨɣɧɨɣ ɡɨɧɟ. Ɉɞɧɚɤɨ, ɧɚɥɢɱɢɟ ɡɚɫɨɥɟɧɧɵɯ ɩɥɚɫɬɨɜɵɯ ɜɨɞ, ɜɟɪɨɹɬɧɨ, ɫɩɨɫɨɛɫɬɜɭɟɬ 
ɬɨɦɭ, ɱɬɨ ɝɢɞɪɚɬɨɧɚɫɵɳɟɧɧɨɫɬɶ ɩɪɢɡɚɛɨɣɧɨɣ ɡɨɧɵ ɛɭɞɟɬ ɧɟɡɧɚɱɢɬɟɥɶɧɨɣ. 
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ɋȿɄɐɂə 12. ɋɈȼɊȿɆȿɇɇɕȿ ɌȿɏɇɈɅɈȽɂɂ ɊȺɁɊȺȻɈɌɄɂ ɇȿɎɌəɇɕɏ ɂ 
ȽȺɁɈȼɕɏ ɆȿɋɌɈɊɈɀȾȿɇɂɃ. 

 

 
Ɋɢɫ.1 Ʉɪɢɜɚɹ ɪɚɜɧɨɜɟɫɧɵɯ ɭɫɥɨɜɢɣ ɝɢɞɪɚɬɨɨɛɪɚɡɨɜɚɧɢɹ ɞɥɹ Ɉɬɪɚɞɧɢɧɫɤɨɝɨ ɝɚɡɨɤɨɧɞɟɧɫɚɬɧɨɝɨ 

ɦɟɫɬɨɪɨɠɞɟɧɢɹ 
 
ȼ ɩɪɨɰɟɫɫɟ ɪɚɡɪɚɛɨɬɤɢ ɝɚɡɨɤɨɧɞɟɧɫɚɬɧɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɢɡɦɟɧɹɟɬɫɹ ɮɚɡɨɜɨɟ ɫɨɫɬɨɹɧɢɟ ɩɥɚɫɬɨɜɵɯ 

ɫɦɟɫɟɣ. ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɫɨɫɬɚɜ ɞɨɛɵɜɚɟɦɨɝɨ ɝɚɡɚ ɧɟɩɪɟɪɵɜɧɨ ɦɟɧɹɟɬɫɹ – ɭɦɟɧɶɲɚɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɬɹɠɟɥɵɯ 
ɭɝɥɟɜɨɞɨɪɨɞɨɜ (Ɍɚɛɥɢɰɚ) ɂɡ ɩɨɥɭɱɟɧɧɨɣ ɤɪɢɜɨɣ ɪɚɜɧɨɜɟɫɧɵɯ ɭɫɥɨɜɢɣ ɝɢɞɪɚɬɨɨɛɪɚɡɨɜɚɧɢɹ ɦɨɠɧɨ ɫɞɟɥɚɬɶ 
ɜɵɜɨɞ, ɱɬɨ ɞɚɜɥɟɧɢɟ ɨɛɪɚɡɨɜɚɧɢɹ ɝɢɞɪɚɬɨɜ ɜ ɩɪɨɰɟɫɫɟ ɪɚɡɪɚɛɨɬɤɢ ɭɦɟɧɶɲɚɟɬɫɹ (Ɋɢɫ. β). 

Ɍɚɛɥɢɰɚ 
ɂɡɦɟɧɟɧɢɟ ɫɨɫɬɚɜɚ ɝɚɡɚ ɜ ɩɪɨɰɟɫɫɟ ɪɚɡɪɚɛɨɬɤɢ 

Ʉɨɦɩɨɧɟɧɬ ɋɨɫɬɚɜ ɩɥɚɫɬɨɜɨɝɨ ɝɚɡɚ, 
 ɦɨɥɶ 

ɋH4 83,15 84,6371 
ɋ2H6 4,16 4,2 
ɋɈ2 0,07 0,07 
ɋ3ɇ8 1,48 1,3 

Тɋ4ɇ10 0,17 0,04 
Чɋ4ɇ10 0,50 0,009 
Тɋ5ɇ12 0,12 0,005 
Чɋ5ɇ12 0,17 0,005 

ɋ6ɇ14 0,17 0,003 

ɋ7ɇ1θ+ ɜɵɫɲ. 0,28 0,0009 
N2 9,50 9,5 
ɇȿ 0,21 0,21 
ɇ2 0,02 0,02 

ɇ2S - - 
ȼɫɟɝɨ 100,00 100,00 

 

 
Ɋɢɫ.2 Ʉɪɢɜɚɹ ɪɚɜɧɨɜɟɫɧɵɯ ɭɫɥɨɜɢɣ ɝɢɞɪɚɬɨɨɛɪɚɡɨɜɚɧɢɹ ɞɥɹ Ɉɬɪɚɞɧɢɧɫɤɨɝɨ ɝɚɡɨɤɨɧɞɟɧɫɚɬɧɨɝɨ 

ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɫ ɭɱɟɬɨɦ ɢɡɦɟɧɟɧɢɹ ɫɨɫɬɚɜɚ ɝɚɡɚ ɜ ɩɪɨɰɟɫɫɟ ɪɚɡɪɚɛɨɬɤɢ 
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ɭɪ-ɟ Ȼɟɪɬɥɨ 

13
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t, ͼC  

1 ɝɨɞ ɪɚɡɪɚɛɨɬɤɢ 

~25 ɥɟɬ 
ɪɚɡɪɚɛɨɬɤɢ 
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ɉɊɈȻɅȿɆɕ ȽȿɈɅɈȽɂɂ ɂ ɈɋȼɈȿɇɂə ɇȿȾɊ 

ɋ ɩɨɦɨɳɶɸ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɦɨɠɧɨ ɬɚɤɠɟ ɨɩɪɟɞɟɥɢɬɶ, ɧɚɫɤɨɥɶɤɨ ɢɡɦɟɧɹɸɬɫɹ ɪɚɜɧɨɜɟɫɧɵɟ 
ɩɚɪɚɦɟɬɪɵ ɝɢɞɪɚɬɨɨɛɪɚɡɨɜɚɧɢɹ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɢɧɝɢɛɢɬɨɪɚ. ȼ ɤɚɱɟɫɬɜɟ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɞɥɹ ɫɧɢɠɟɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɱɚɥɚ ɝɢɞɪɚɬɨɨɛɪɚɡɨɜɚɧɢɹ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɜɨɞɨɦɟɬɚɧɨɥɶɧɨɝɨ ɪɚɫɬɜɨɪɚ ɢɫɩɨɥɶɡɨɜɚɧɚ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢ ɨɛɨɫɧɨɜɚɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɜɢɞɚ Д1Ж 













X4378.0100

X100
lnAT , 

ɝɞɟ ɏ – ɤɨɧɰɟɧɬɪɚɰɢɹ ɦɟɬɚɧɨɥɚ ɜ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ, ɦɚɫɫ.%, Ⱥ– ɷɦɩɢɪɢɱɟɫɤɢɣ ɩɨɞɝɨɧɨɱɧɵɣ 
ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɞɚɜɥɟɧɢɹ ɢ ɫɨɫɬɚɜɚ ɝɚɡɚ. Ⱦɥɹ ɩɪɢɪɨɞɧɵɯ ɝɚɡɨɜ ɝɚɡɨɤɨɧɞɟɧɫɚɬɧɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ 
ɋɟɜɟɪɚ Ɋɨɫɫɢɢ, ɬ.ɟ. ɞɥɹ ɝɚɡɨɜ, ɨɛɪɚɡɭɸɳɢɯ ɝɢɞɪɚɬɵ ɤɭɛɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ II, ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɫɥɟɞɭɸɳɚɹ 
ɡɚɜɢɫɢɦɨɫɬɶ 

 5.7pX01.0X33.081A   

ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɪɟɡɭɥɶɬɚɬɚɦ ɛɵɥɢ ɩɨɫɬɪɨɟɧɵ ɤɪɢɜɵɟ ɝɢɞɪɚɬɨɨɛɪɚɡɨɜɚɧɢɹ ɫ ɭɱɟɬɨɦ ɩɪɢɫɭɬɫɬɜɢɹ 
ɜɨɞɨɦɟɬɚɧɨɥɶɧɨɝɨ ɪɚɫɬɜɨɪɚ ɫ ɪɚɡɧɵɦɢ ɤɨɧɰɟɧɬɪɚɰɢɹɦɢ (Ɋɢɫ.γ). ȼ ɩɥɚɫɬɨɜɵɯ ɭɫɥɨɜɢɹɯ Ɉɬɪɚɞɧɢɧɫɤɨɝɨ 
ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɝɢɞɪɚɬɵ ɧɟ ɛɭɞɭɬ ɨɛɪɚɡɨɜɵɜɚɬɶɫɹ ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɦɟɬɚɧɨɥɚ ɜ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ γ0% ɦɚɫɫ. 

 

 
 

Ɋɢɫ.2 Ʉɪɢɜɚɹ ɪɚɜɧɨɜɟɫɧɵɯ ɭɫɥɨɜɢɣ ɝɢɞɪɚɬɨɨɛɪɚɡɨɜɚɧɢɹ ɞɥɹ Ɉɬɪɚɞɧɢɧɫɤɨɝɨ ɝɚɡɨɤɨɧɞɟɧɫɚɬɧɨɝɨ 
ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɫ ɭɱɟɬɨɦ ɩɪɢɫɭɬɫɬɜɢɹ ɜɨɞɨɦɟɬɚɧɨɥɶɧɨɝɨ ɪɚɫɬɜɨɪɚ 

 
Ʌɢɬɟɪɚɬɭɪɚ 

 

 ɂɫɬɨɦɢɧΝȼέȺέ,ΝɄɜɨɧΝȼέȽέΝɉɪɟɞɭɩɪɟɠɞɟɧɢɟΝɢΝɥɢɤɜɢɞɚɰɢɹΝɝɚɡɨɜɵɯΝɝɢɞɪɚɬɨɜΝɜΝɫɢɫɬɟɦɚɯΝɞɨɛɵɱɢΝɝɚɡɚέΝ– ɆέμΝɈɈɈΝ1.

«ɂɊɐΝȽɚɡɩɪɨɦ»,Ν2ίί4έΝ– 5ίκΝɫέ 
 

 

ɗɎɎȿɄɌɂȼɇɈɋɌɖ ȼɈȾɈɂɁɈɅəɐɂɈɇɇɈɃ ɌȿɏɇɈɅɈȽɂɂ ɇȺ ɁȺɅȿɀɂ ʋ31 
ȻɈȻɊɂɄɈȼɋɄɈȽɈ ȽɈɊɂɁɈɇɌȺ ɊɈɆȺɒɄɂɇɋɄɈȽɈ ɆȿɋɌɈɊɈɀȾȿɇɂə ɇȿɎɌɂ 

Ɋ.Ɏ. ȼɚɮɢɧ, Ɋ.Ⱥ. ɏɚɫɚɧɨɜɚ, ȿ.Ɍ. Ʉɭɤɥɢɧɚ 

ɇɚɭɱɧɵɣΝɪɭɤɨɜɨɞɢɬɟɥɶΝɫɬɚɪɲɢɣΝɩɪɟɩɨɞɚɜɚɬɟɥɶΝɊέɎέΝȼɚɮɢɧΝ 
Ʉɚɡɚɧɫɤɢɣ (ɉɪɢɜɨɥɠɫɤɢɣ) ɮɟɞɟɪɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɝ. Ʉɚɡɚɧɶ, Ɋɨɫɫɢɹ 

ɉɪɢ ɫɭɳɟɫɬɜɭɸɳɢɯ ɰɟɧɚɯ ɢ ɭɪɨɜɧɟ ɪɟɧɬɚɛɟɥɶɧɨɫɬɢ ɞɨɛɵɱɢ ɧɟɮɬɢ ɜ ɫɬɚɪɵɯ ɧɟɮɬɟɞɨɛɵɜɚɸɳɢɯ 
ɪɟɝɢɨɧɚɯ ɨɫɧɨɜɧɵɦɢ ɢɫɬɨɱɧɢɤɨɦ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɫɵɪɶɹ ɨɫɬɚɸɬɫɹ ɭɠɟ ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɟ ɨɛɴɟɤɬɵ, ɜ 
ɛɨɥɶɲɢɧɫɬɜɟ ɫɜɨɟɦ ɜɫɬɭɩɢɜɲɢɟ ɜ ɩɨɡɞɧɸɸ ɫɬɚɞɢɸ ɪɚɡɪɚɛɨɬɤɢ, ɬɚɤɢɯ ɤɚɤ Ɋɨɦɚɲɤɢɧɫɤɨɟ ɧɟɮɬɹɧɨɟ 
ɦɟɫɬɨɪɨɠɞɟɧɢɟ Ɋɟɫɩɭɛɥɢɤɢ Ɍɚɬɚɪɫɬɚɧ. 

ȼ ɩɪɨɰɟɫɫɟ ɡɚɤɚɱɢɜɚɧɢɹ, ɪɟɦɨɧɬɚ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɞɨɛɵɜɚɸɳɢɯ ɢ ɧɚɝɧɟɬɚɬɟɥɶɧɵɯ ɫɤɜɚɠɢɧ ɩɪɨɢɫɯɨɞɢɬ 
ɭɯɭɞɲɟɧɢɟ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɩɪɢɡɚɛɨɣɧɨɣ ɡɨɧɵ ɩɥɚɫɬɚ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɨɬɤɥɸɱɟɧɢɸ ɧɟɮɬɟɧɚɫɵɳɟɧɧɵɯ 
ɩɪɨɩɥɚɫɬɤɨɜ ɫ ɩɨɧɢɠɟɧɧɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɶɸ, ɫɧɢɠɟɧɢɸ ɩɪɨɞɭɤɬɢɜɧɨɫɬɢ (ɩɪɢɟɦɢɫɬɨɫɬɢ) ɫɤɜɚɠɢɧ, ɚ ɬɚɤɠɟ 
ɭɜɟɥɢɱɟɧɢɸ ɨɛɜɨɞɧɟɧɧɨɫɬɢ ɞɨɛɵɜɚɟɦɨɣ ɩɪɨɞɭɤɰɢɢ ɢ ɤɨɧɫɟɪɜɚɰɢɢ ɚɤɬɢɜɧɵɯ ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɡɚɩɚɫɨɜ ɧɟɮɬɢ. ɗɬɢ 
ɩɪɨɰɟɫɫɵ ɤɪɚɣɧɟ ɨɬɪɢɰɚɬɟɥɶɧɨ ɜɥɢɹɸɬ ɧɚ ɬɟɤɭɳɭɸ ɢ ɤɨɧɟɱɧɭɸ ɧɟɮɬɟɨɬɞɚɱɭ. 

ȼ ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɡɧɚɱɢɬɟɥɶɧɵɦ ɪɟɡɟɪɜɨɦ ɭɜɟɥɢɱɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɫɤɜɚɠɢɧ ɢ ɧɟɮɬɟɨɬɞɚɱɢ 
ɩɥɚɫɬɚ ɹɜɥɹɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɵɯ ɬɪɟɬɢɱɧɵɯ ɦɟɬɨɞɨɜ ɞɨɛɵɱɢ ДζЖ. Ɂɚɥɟɠɶ ʋ γ1 ɪɚɫɩɨɥɨɠɟɧɚ ɜ 
ɫɟɜɟɪɧɨɣ ɱɚɫɬɢ Ɋɨɦɚɲɤɢɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ, ɜ ɩɪɟɞɟɥɚɯ ɑɢɲɦɢɧɫɤɨɣ, ɋɚɪɦɚɧɨɜɫɤɨɣ ɢ Ɍɚɲɥɢɹɪɫɤɨɣ 
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ɤɨɧɰ-ɹ 
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20% 
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