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ȼɜɟɞɟɧɢɟ. ɇа ɫɟɝɨɞɧяшɧɢɣ ɞɟɧь аɤɬɭаɥьɧɵɦ яɜɥяɟɬɫя ɫɨɡɞаɧɢɟ ɧɨɜɨɝɨ ɨɛɥɢɤа 
яɞɟɪɧɨɣ ɷɧɟɪɝɟɬɢɤɢ, ɨɫɧɨɜаɧɧɨɣ ɧа ɩɪɢɦɟɧɟɧɢɢ ɪɟаɤɬɨɪɨɜ ɟɫɬɟɫɬɜɟɧɧɨɣ ɛɟɡɨɩаɫɧɨɫɬɢ, ɱɬɨ 
ɩɨɡɜɨɥɢɬ ɢɫɤɥɸɱɢɬь ɤɪɭɩɧɵɟ аɜаɪɢɢ ɧа Ⱥɗɋ ɢ ɜɦɟɫɬɟ ɫ ɷɬɢɦ ɫɧɢɡɢɬь ɫɬɨɢɦɨɫɬь 
ɫɬɪɨɢɬɟɥьɫɬɜа ɢ ɷɤɫɩɥɭаɬаɰɢɢ яɞɟɪɧɵɯ ɷɧɟɪɝɨɛɥɨɤɨɜ, а ɬаɤɠɟ ɪɟаɥɢɡаɰɢɢ ɡаɦɤɧɭɬɨɝɨ 
яɞɟɪɧɨɝɨ ɬɨɩɥɢɜɧɨɝɨ ɰɢɤɥа (əɌЦ) ɞɥя ɩɨɥɧɨɝɨ ɢɫɩɨɥьɡɨɜаɧɢя ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢаɥа 
ɭɪаɧɨɜɨɝɨ ɫɵɪья. ɉɟɪɜɵɦ ɢɬɨɝɨɦ ɪаɛɨɬɵ ɫɬаɥ ɤɨɧɰɟɩɬɭаɥьɧɵɣ ɩɪɨɟɤɬ яɞɟɪɧɨɝɨ 
ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɤɨɦɩɥɟɤɫа, ɫɨɫɬɨяɳɟɝɨ ɢɡ Ⱥɗɋ, ɩɪɢɫɬаɧɰɢɨɧɧɨɝɨ яɞɟɪɧɨɝɨ ɬɨɩɥɢɜɧɨɝɨ 
ɰɢɤɥа ɢ ɯɪаɧɢɥɢɳа ɨɬɯɨɞɨɜ. 

Ɋɟɚɤɬɨɪɧɚɹ ɭɫɬɚɧɨɜɤɚ ȻɊȿɋɌ-ɈȾ-γ00 ɩɪɟɞɫɬаɜɥяɟɬ ɫɨɛɨɣ ɞɜɭɯɤɨɧɬɭɪɧɵɣ 
ɩаɪɨɝɟɧɟɪɢɪɭɸɳɢɣ ɷɧɟɪɝɨɛɥɨɤ. 

ȼ ɤаɱɟɫɬɜɟ ɬɨɩɥɢɜа ɪаɫɫɦаɬɪɢɜаɟɬɫя ɯɨɪɨшɨ ɫɨɜɦɟɫɬɢɦɨɟ ɫɨ ɫɜɢɧɰɨɦ ɢ ɦаɬɟɪɢаɥɨɦ 
ɨɛɨɥɨɱɤɢ ɬɜɷɥа ɜɵɫɨɤɨɩɥɨɬɧɨɟ (14.γ ɝ/ɫɦ3) ɢ ɜɵɫɨɤɨɬɟɩɥɨɩɪɨɜɨɞɧɨɟ (β0 ȼɬ/ɦ • К) 
ɦɨɧɨɧɢɬɪɢɞɧɨɟ ɫɦɟшаɧɧɨɟ ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɟ ɬɨɩɥɢɜɨ (UN-PЮσ), ɜ ɤаɱɟɫɬɜɟ ɦаɬɟɪɢаɥа 
ɨɛɨɥɨɱɤɢ - ɯɪɨɦɢɫɬая ɫɬаɥь ɮɟɪɪɢɬɧɨ-ɦаɪɬɟɧɫɢɬɧɨɝɨ ɤɥаɫɫа. Ɍɟɩɥɨɧɨɫɢɬɟɥь - ɠɢɞɤɢɣ 
ɫɜɢɧɟɰ, ɤɨɬɨɪɵɣ ɧɟ ɜɫɬɭɩаɟɬ ɜ ɷɤɡɨɬɟɪɦɢɱɟɫɤɨɟ ɜɡаɢɦɨɞɟɣɫɬɜɢɟ ɫ ɜɨɞɨɣ, ɜɨɡɞɭɯɨɦ ɢ 
ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɦɢ ɦаɬɟɪɢаɥаɦɢ, ɧɟ ɝɨɪɢɬ, ɪаɞɢаɰɢɨɧɧɨ ɫɬɨɟɤ, ɫɥаɛɨ аɤɬɢɜɢɪɭɟɬɫя ɢ 
ɩɨɡɜɨɥяɟɬ ɨɫɭɳɟɫɬɜɢɬь ɬɟɩɥɨɨɬɜɨɞ ɩɪɢ ɧɢɡɤɨɦ ɞаɜɥɟɧɢɢ ɢ ɛɨɥьшɨɦ ɡаɩаɫɟ ɞɨ ɤɢɩɟɧɢя (Ɍɤɢɩ 
= β000°ɋ ɩɪɢ Ɋ = 1 Ɇɉа). 

Ⱥɤɬɢɜɧая ɡɨɧа ɧаɛɪаɧа ɢɡ 14η ɛɟɫɤɨɠɭɯɨɜɵɯ Ɍȼɋ ɤɜаɞɪаɬɧɨɝɨ ɫɟɱɟɧɢя ɫ ɬɜɷɥаɦɢ 
ɫɬɟɪɠɧɟɜɨɣ ɤɨɧɫɬɪɭɤɰɢɢ. Ⱦɥя ɪаɞɢаɥьɧɨɝɨ ɜɵɪаɜɧɢɜаɧɢя ɩɨɞɨɝɪɟɜа ɬɟɩɥɨɧɨɫɢɬɟɥя 
ɰɟɧɬɪаɥьɧɵɟ Ɍȼɋ ɧаɛɪаɧɵ ɢɡ ɬɜɷɥɨɜ ɞɢаɦɟɬɪɨɦ λ.4 ɦɦ, ɞɜа ɫɥɟɞɭɸɳɢɯ ɪяɞа - ɢɡ ɬɜɷɥɨɜ 
ɞɢаɦɟɬɪɨɦ λ.8 ɦɦ, ɢ ɩɨɫɥɟɞɧɢɣ ɪяɞ - ɢɡ ɬɜɷɥɨɜ 10.η ɦɦ.  

Ɉɬɜɨɞ ɬɟɩɥа ɨɬ аɤɬɢɜɧɨɣ ɡɨɧɵ ɪɟаɤɬɨɪа ɨɫɭɳɟɫɬɜɥяɟɬɫя ɡа ɫɱɟɬ ɩɪɢɧɭɞɢɬɟɥьɧɨɣ 
ɰɢɪɤɭɥяɰɢɢ ɧаɫɨɫаɦɢ ɫɜɢɧɰɨɜɨɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥя (ɋɌ). ɇаɝɪɟɜаяɫь ɞɨ ɬɟɦɩɟɪаɬɭɪɵ η40°ɋ ɨɧ 
ɩɟɪɟɬɟɤаɟɬ ɜɨ ɜɯɨɞɧɵɟ ɩɨɥɨɫɬɢ ɩаɪɨɝɟɧɟɪаɬɨɪа (ɉȽ) ɢ ɨɩɭɫɤаяɫь ɩɨ ɦɟɠɬɪɭɛɧɨɦɭ 
ɩɪɨɫɬɪаɧɫɬɜɭ, ɨɬɞаɟɬ ɫɜɨɟ ɬɟɩɥɨ ɬɟɩɥɨɧɨɫɢɬɟɥɸ ɜɬɨɪɨɝɨ ɤɨɧɬɭɪа (ɜɨɞяɧɨɦɭ ɩаɪɭ), 
ɩɪɨɯɨɞяɳɟɦɭ ɜɧɭɬɪɢ ɬɪɭɛɨɤ ɉȽ. Ɉɯɥаɠɞɟɧɧɵɣ ɩɪɢɦɟɪɧɨ ɞɨ 4β0°ɋ ɫɜɢɧɟɰ ɜɵɥɢɜаɟɬɫя ɜ 
ɤаɦɟɪɭ ɜɫаɫɵɜаɧɢя ɧаɫɨɫɨɜ, ɨɬɤɭɞа ɫɧɨɜа ɩɨɞаɟɬɫя ɜ ɧаɩɨɪɧɭɸ ɤаɦɟɪɭ. Кɨɧɫɬɪɭɤɰɢя 
ɫɜɢɧɰɨɜɨɝɨ ɤɨɧɬɭɪа ɫ ɛɨɥьшɨɣ ɬɟɩɥɨаɤɤɭɦɭɥɢɪɭɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬьɸ ɢ ɢɧɟɪɰɢɟɣ ɪаɫɯɨɞа, а 
ɬаɤɠɟ ɧаɥɢɱɢɟ ɛаɣɩаɫɧɨɝɨ ɬɪаɤɬа ɨɛɟɫɩɟɱɢɜаɟɬ ɟɫɬɟɫɬɜɟɧɧɭɸ ɰɢɪɤɭɥяɰɢɸ ɫɜɢɧɰа ɩɪɢ 
ɨɬɤɥɸɱɟɧɢɢ ɧаɫɨɫɨɜ Д1Ж. 

ɉɨɦɢɦɨ ɷɧɟɪɝɨɛɥɨɤа ȻɊȿɋɌ-ɈȾ-ЗɈɈ ɜ ɫɨɫɬаɜ ɪɟаɤɬɨɪɧɨɣ ɭɫɬаɧɨɜɤɢ ɜɯɨɞяɬ ɫɢɫɬɟɦɵ, 
ɨɛɟɫɩɟɱɢɜаɸɳɢɟ ɟɟ ɧɨɪɦаɥьɧɭɸ ɷɤɫɩɥɭаɬаɰɢɸμ 

- ɋɢɫɬɟɦа ɝаɡɨɜɨɝɨ ɪаɡɨɝɪɟɜа ɪɟаɤɬɨɪа ɧɟɨɛɯɨɞɢɦа ɞɥя ɪаɡɨɝɪɟɜа ɤɨɧɫɬɪɭɤɰɢɣ 
ɪɟаɤɬɨɪа ɩɟɪɟɞ ɡаɩɨɥɧɟɧɢɟɦ ɟɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɟɦ. 

- ɋɢɫɬɟɦа ɡаɩɨɥɧɟɧɢя ɪɟаɤɬɨɪа ɫɜɢɧɰɨɦɨɛɟɫɩɟɱɢɜаɟɬ ɩɪɢɟɦ ɫɜɢɧɰа ɜ ɬɪаɧɫɩɨɪɬɧɵɟ 
ɟɦɤɨɫɬɢ. 

- ɋɢɫɬɟɦа ɨɛɪаɛɨɬɤɢ ɬɟɩɥɨɧɨɫɢɬɟɥя ɝаɡɨɜɵɦɢ ɫɦɟɫяɦɢ ɞɥя ɩɟɪɢɨɞɢɱɟɫɤɨɣ (1 ɪаɡ ɜ 1-2 
ɝɨɞа) ɨɛɪаɛɨɬɤɢ ɫɜɢɧɰɨɜɨɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥя ɨɤɢɫɥɢɬɟɥьɧɨ-ɜɨɫɫɬаɧɨɜɢɬɟɥьɧɵɦɢ ɝаɡɨɜɵɦɢ 
ɫɦɟɫяɦɢ ɢ ɨɱɢɫɬɤɢ ɢɫɩɨɥьɡɭɟɦɵɯ ɫɦɟɫɟɣ ɨɬ ɪаɞɢɨаɤɬɢɜɧɵɯ ɩɪɢɦɟɫɟɣ. 

- ɋɢɫɬɟɦа ɨɱɢɫɬɤɢ ɪаɞɢɨаɤɬɢɜɧɨɝɨ ɝаɡа ɪɟаɤɬɨɪа ɩɪɟɞɧаɡɧаɱɟɧа ɞɥя ɨɱɢɫɬɤɢ ɝаɡɨ-
аɷɪɨɡɨɥьɧɵɯ ɜɵɛɪɨɫɨɜ Ⱥɗɋ ɨɬ ɪаɞɢɨаɤɬɢɜɧɵɯ ɩɪɨɞɭɤɬɨɜ ɞɟɥɟɧɢя. 

- ɋɢɫɬɟɦа ɨɯɥаɠɞɟɧɢя шаɯɬɵ ɪɟаɤɬɨɪа ɧɟɨɛɯɨɞɢɦа ɞɥя ɨɯɥаɠɞɟɧɢя ɛɟɬɨɧа шаɯɬɵ 
аɬɦɨɫɮɟɪɧɵɦ ɜɨɡɞɭɯɨɦ, ɪаɛɨɬаɟɬ ɡа ɫɱɟɬ ɟɫɬɟɫɬɜɟɧɧɨɣ ɰɢɪɤɭɥяɰɢɢ ɜɨɡɞɭɯа (ɩаɫɫɢɜɧɵɣ 
ɩɪɢɧɰɢɩ ɨɯɥаɠɞɟɧɢя). Ɍɪɭɛɨɩɪɨɜɨɞɵ ɨɯɥаɠɞɟɧɢя ɪаɫɩɨɥаɝаɸɬɫя ɜ ɛɟɬɨɧɟ ɩɨ ɩɟɪɢɦɟɬɪɭ 
шаɯɬɵ ɪɟаɤɬɨɪа. 
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- ɑɟɬɵɪɟ ɤаɧаɥа ɛɟɡɨɩаɫɧɨɫɬɢ ɞɥя ɨɛɟɫɩɟɱɟɧɢя ɛɟɡɨɩаɫɧɨɫɬɢ ɪаɛɨɬɵ ɛɥɨɤа. ȼ ɤаɠɞɵɣ 
ɤаɧаɥ ɜɯɨɞɢɬ ɫɢɫɬɟɦа ɧɨɪɦаɥьɧɨɝɨ ɢ аɜаɪɢɣɧɨɝɨ ɪаɫɯɨɥаɠɢɜаɧɢя ɪɟаɤɬɨɪа (ωHχP) - ɞɥя 
ɨɬɜɨɞа ɨɫɬаɬɨɱɧɵɯ ɬɟɩɥɨɜɵɞɟɥɟɧɢɣ ɪɟаɤɬɨɪа ɤ ɤɨɧɟɱɧɨɦɭ ɩɨɝɥɨɬɢɬɟɥɸ (аɬɦɨɫɮɟɪɧɨɦɭ 
ɜɨɡɞɭɯɭ). ɋɢɫɬɟɦа ɪаɛɨɬаɟɬ ɧа ɩаɫɫɢɜɧɨɦ ɩɪɢɧɰɢɩɟ ɨɯɥаɠɞɟɧɢя. 

- ɋɢɫɬɟɦа ɥɨɤаɥɢɡаɰɢɢ ɬɟɱɢ ɩаɪɨɝɟɧɟɪаɬɨɪɨɜ ɫɥɭɠɢɬ ɞɥя ɡаɳɢɬɵ ɪɟаɤɬɨɪа ɨɬ 
ɩɪɟɜɵшɟɧɢя ɞɨɩɭɫɬɢɦɨɝɨ ɞаɜɥɟɧɢя ɜ ɤɨɪɩɭɫɟ ɢ ɥɨɤаɥɢɡаɰɢɢ ɪаɞɢɨаɤɬɢɜɧɵɯ ɜɟɳɟɫɬɜ, 
ɨɛɪаɡɭɸɳɢɯɫя ɩɪɢ аɜаɪɢɣɧɨɣ ɪаɡɝɟɪɦɟɬɢɡаɰɢɢ ɬɪɭɛɤɢ ɩаɪɨɝɟɧɟɪаɬɨɪа, ɩɪɢ аɜаɪɢɢ 
ɩаɪɨɝаɡɨɜая ɫɦɟɫь ɩɨɫɬɭɩаɟɬ ɜ ɬɟɩɥɨɨɛɦɟɧɧɢɤ-ɤɨɧɞɟɧɫаɬɨɪ, ɞаɥɟɟ ɤɨɧɞɟɧɫаɬ ɧаɩɪаɜɥяɟɬɫя ɜ 
ɫɩɟɰɤаɧаɥɢɡаɰɢɸ, а ɝаɡ – ɥɢɛɨ ɜ ɫɩɟɰɜɟɧɬɢɥяɰɢɸ, ɥɢɛɨ ɜ ɫɢɫɬɟɦɭ ɝаɡɨɨɱɢɫɬɤɢ. 

- ɋɢɫɬɟɦа ɡаɳɢɬɵ ɨɬ ɩɪɟɜɵшɟɧɢя ɞаɜɥɟɧɢя ɫɥɭɠɢɬ ɞɥя ɡаɳɢɬɵ ɪɟаɤɬɨɪа ɨɬ 
ɩɪɟɜɵшɟɧɢя ɞɨɩɭɫɬɢɦɨɝɨ ɞаɜɥɟɧɢя ɜ ɤɨɪɩɭɫɟ ɩɪɢ ɜɨɡɧɢɤɧɨɜɟɧɢɢ аɜаɪɢɢ, ɫɜяɡаɧɧɨɣ ɫ 
ɨɞɧɨɜɪɟɦɟɧɧɵɦ ɪаɡɪɵɜɨɦ ɞɨ 11 ɬɪɭɛɨɤ ɩаɪɨɝɟɧɟɪаɬɨɪа ɢ ɩɨɫɥɟɞɨɜаɬɟɥьɧɵɦ ɪаɡɪɵɜɨɦ ɞɨ β4 
ɬɪɭɛɨɤ. 

ȼɬɨɪɨɣ ɤɨɧɬɭɪ - ɧɟɪаɞɢɨаɤɬɢɜɧɵɣ ɢ ɫɨɫɬɨɢɬ ɢɡ ɩаɪɨɩɪɨɢɡɜɨɞɢɬɟɥьɧɨɣ ɱаɫɬɢ 
ɩаɪɨɝɟɧɟɪаɬɨɪɨɜ, ɝɥаɜɧɵɯ ɩаɪɨɩɪɨɜɨɞɨɜ, ɫɢɫɬɟɦɵ ɩɢɬаɬɟɥьɧɨɣ ɜɨɞɵ ɢ ɨɞɧɨɝɨ ɬɭɪɛɨаɝɪɟɝаɬа. 
ȼ ɤаɱɟɫɬɜɟ ɜɨɞɧɨɯɢɦɢɱɟɫɤɨɝɨ ɪɟɠɢɦа ɜɬɨɪɨɝɨ ɤɨɧɬɭɪа ɩɪɢɧяɬ ɨɫɜɨɟɧɧɵɣ ɢ 
ɪаɫɩɪɨɫɬɪаɧɟɧɧɵɣ ɩɪаɤɬɢɱɟɫɤɢ ɧа ɜɫɟɯ ɛɥɨɤаɯ Ɍɗɋ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɞаɜɥɟɧɢя 
ɧɟɣɬɪаɥьɧɨ-ɤɢɫɥɨɪɨɞɧɵɣ ɜɨɞɧɵɣ ɪɟɠɢɦ. 

ȼ ɨɬɥɢɱɢɟ ɨɬ ɫɭɳɟɫɬɜɭɸɳɢɯ ɜ ɦɢɪɟ Ⱥɗɋ, ɝɞɟ ɜɬɨɪɨɣ ɤɨɧɬɭɪ ɜɥɢяɟɬ ɧа ɨɛɟɫɩɟɱɟɧɢɟ 
ɛɟɡɨɩаɫɧɨɫɬɢ ɜ ɫɥɭɱаɟ аɜаɪɢɣɧɨɝɨ ɨɬɜɨɞа ɬɟɩɥа ɨɬ ɪɟаɤɬɨɪɧɨɣ ɭɫɬаɧɨɜɤɢ, ɜ ɪаɫɫɦаɬɪɢɜаɟɦɨɦ 
ɩɪɨɟɤɬɟ ɧа ɧɟɝɨ ɷɬа ɮɭɧɤɰɢя ɧɟ ɜɨɡɥаɝаɟɬɫя. ȼɨ ɜɬɨɪɨɦ ɤɨɧɬɭɪɟ ɢɦɟɟɬɫя - ɜɫɟɝɨ ɥɢшь ɞɜа 
ɷɥɟɦɟɧɬа ɛɟɡɨɩаɫɧɨɫɬɢ - ɩɪɟɞɨɯɪаɧɢɬɟɥьɧɵɟ ɤɥаɩаɧɵ ɩаɪɨɝɟɧɟɪаɬɨɪа ɢ ɨɬɫɟɱɧɵɟ ɤɥаɩаɧɵ, 
ɭɫɬаɧɨɜɥɟɧɧɵɟ ɧа ɥɢɧɢɢ ɩɨɞаɱɢ ɩɢɬаɬɟɥьɧɨɣ ɜɨɞɵ ɜ ɩаɪɨɝɟɧɟɪаɬɨɪ. ɂɯ ɧаɡɧаɱɟɧɢɟμ 
ɩɪɟɞɨɬɜɪаɳɟɧɢɟ ɧɟɞɨɩɭɫɬɢɦɨɝɨ ɩɨɜɵшɟɧɢя ɞаɜɥɟɧɢя ɜ ɩаɪɨɝɟɧɟɪаɬɨɪɟ ɢ ɩɪɟɞɭɩɪɟɠɞɟɧɢɟ 
“ɡаɦɟɪɡаɧɢя” ɫɜɢɧɰɨɜɨɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥя 1-ɝɨ ɤɨɧɬɭɪа. 

Ⱥɪɯɢɬɟɤɬɭɪɧɨ-ɫɬɪɨɢɬɟɥɶɧɨɟ ɪɟɲɟɧɢɟ ɤɨɦɩɥɟɤɫɚ. ȼɩɟɪɜɵɟ ɜ ɨɬɟɱɟɫɬɜɟɧɧɨɣ 
ɩɪаɤɬɢɤɟ ɫɬɪɨɢɬɟɥьɫɬɜа аɬɨɦɧɵɯ ɷɥɟɤɬɪɨɫɬаɧɰɢɣ ɜ ɩɪɨɟɤɬɟ ɤɨɦɩɥɟɤɫа ɡаɥɨɠɟɧа ɬɟɯɧɨɥɨɝɢя 
ɫɬɪɨɢɬɟɥьɫɬɜа ɧа ɨɫɧɨɜɟ ɦɨɧɨɥɢɬɧɨɝɨ ɠɟɥɟɡɨɛɟɬɨɧа, ɱɬɨ ɩɨɡɜɨɥяɟɬ ɭɞɟшɟɜɢɬь ɢ ɫɨɤɪаɬɢɬь 
ɫɪɨɤɢ ɫɬɪɨɢɬɟɥьɫɬɜа. 

Ƚɥаɜɧɵɣ ɤɨɪɩɭɫ Ⱥɗɋ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɱаɫɬɟɣμ ɡɞаɧɢɟ ɪɟаɤɬɨɪа ɢ ɡɞаɧɢɟ 
ɬɭɪɛɨɭɫɬаɧɨɜɤɢ. ȼ ɤаɱɟɫɬɜɟ ɩɪɨɟɤɬɧɨɝɨ ɡɟɦɥɟɬɪяɫɟɧɢя ɩɪɢɧяɬɨ θ ɛаɥɥɨɜ, ɜ ɤаɱɟɫɬɜɟ 
ɦаɤɫɢɦаɥьɧɨ ɪаɫɱɟɬɧɨɝɨ ɡɟɦɥɟɬɪяɫɟɧɢя - 7 ɛаɥɥɨɜ, ɡɞаɧɢя ɪаɡɞɟɥɟɧɵ ɦɟɠɞɭ ɫɨɛɨɣ 
аɧɬɢɫɟɣɫɦɢɱɟɫɤɢɦ ɬɟɦɩɟɪаɬɭɪɧɨ-ɞɟɮɨɪɦаɰɢɨɧɧɵɦ шɜɨɦ. 

Зɞаɧɢɟ ɬɭɪɛɨɭɫɬаɧɨɜɤɢ, ɫɨɫɬɨяɳɟɟ ɢɡ ɦашɢɧɧɨɝɨ ɡаɥа ɢ ɨɛɫɬɪɨɟɤ, ɪаɡɦɟɳаɟɬɫя ɧа 
ɟɞɢɧɨɣ ɦɨɧɨɥɢɬɧɨɣ ɠɟɥɟɡɨɛɟɬɨɧɧɨɣ ɮɭɧɞаɦɟɧɬɧɨɣ ɩɥɢɬɟ. Цɟɧɬɪаɥьɧɵɣ ɨɛɴɟɦ (шɢɪɢɧа - 32 
ɦ, ɞɥɢɧа - η0 ɦ, ɜɵɫɨɬа ɫɜɨɞа - 48.4 ɦ), ɫɨɞɟɪɠɢɬ шаɯɬɭ ɫ ɪɟаɤɬɨɪɧɨɣ ɭɫɬаɧɨɜɤɨɣ ɢ 
ɨɛɨɪɭɞɨɜаɧɢɟɦ ɩɟɪɜɨɝɨ ɤɨɧɬɭɪа, ɬɨɧɧɟɥь ɩɟɪɟɝɪɭɡɤɢ ɬɨɩɥɢɜа, ɬɪаɧɫɩɨɪɬɧɵɣ ɤɨɪɢɞɨɪ, 
ɰɟɧɬɪаɥьɧɵɣ ɡаɥ ɫ ɬɪɭɛɨɩɪɨɜɨɞаɦɢ ɜɬɨɪɨɝɨ ɤɨɧɬɭɪа ɢ ɫɢɫɬɟɦаɦɢ ɨɯɥаɠɞɟɧɢя шаɯɬɵ 
ɪɟаɤɬɨɪа. Цɟɧɬɪаɥьɧɵɣ ɨɛɴɟɦ ɩɟɪɟɤɪɵɬ ɦɨɧɨɥɢɬɧɵɦ ɠɟɥɟɡɨɛɟɬɨɧɧɵɦ ɫɜɨɞɨɦ ɜ ɨɬɦɟɬɤаɯ 
40.800 × 48.400 ɢ ɫɥɭɠɢɬ ɡаɳɢɬɨɣ ɞɥя ɨɛɨɪɭɞɨɜаɧɢя ɨɬ ɜɧɟшɧɢɯ ɜɨɡɞɟɣɫɬɜɢɣ. 

ɉɪɢɫɬɚɧɰɢɨɧɧɵɣ ɹɞɟɪɧɵɣ ɬɨɩɥɢɜɧɵɣ ɰɢɤɥ ȻɊȿɋɌ-ɈȾ-ЗɈɈ ɩɨɡɜɨɥяɟɬ 
ɩɪаɤɬɢɱɟɫɤɢ ɧɟɨɝɪаɧɢɱɟɧɧɨ ɪаɫшɢɪɢɬь ɪɟɫɭɪɫɧɭɸ ɛаɡɭ аɬɨɦɧɨɣ ɷɧɟɪɝɟɬɢɤɢ ɡа ɫɱɟɬ 
ɨɪɝаɧɢɡаɰɢɢ ɰɢɪɤɭɥяɰɢɢ яɞɟɪɧɨɝɨ ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɝɨ ɬɨɩɥɢɜа ɪаɜɧɨɜɟɫɧɨɝɨ ɫɨɫɬаɜа ɫ 
ɧɟɨɛɯɨɞɢɦɨɫɬьɸ ɞɨɛаɜɥɟɧɢя ɥɢшь ɧɟɛɨɥьшɨɝɨ ɤɨɥɢɱɟɫɬɜа ɨɛɟɞɧɟɧɧɨɝɨ ɢɥɢ ɩɪɢɪɨɞɧɨɝɨ 
ɭɪаɧа. 

Ɉɫɨɛɟɧɧɨɫɬяɦɢ ɰɢɤɥа яɜɥяɟɬɫя, ɜɨ-ɩɟɪɜɵɯ, ɩɨɥɧая ɞɢɫɬаɧɰɢɨɧɧɨɫɬь ɜɟɞɟɧɢя 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫа, ɪɟɦɨɧɬа ɢ ɨɛɫɥɭɠɢɜаɧɢя ɨɛɨɪɭɞɨɜаɧɢя ɢ, ɜɨ-ɜɬɨɪɵɯ, 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɛɟɡ ɢɫɩɨɥьɡɨɜаɧɢя ɦаɧɢɩɭɥяɬɨɪɨɜ, ɤɨɬɨɪɵɟ ɩɪɢɦɟɧяɸɬɫя ɬɨɥьɤɨ 
ɞɥя ɩɟɪɟɧаɥаɞɤɢ ɨɛɨɪɭɞɨɜаɧɢя ɢ ɡаɦɟɧɵ ɜɵшɟɞшɢɯ ɢɡ ɫɬɪɨя ɥɢɛɨ ɢɡɧɨшɟɧɧɵɯ ɭɡɥɨɜ 
ɨɛɨɪɭɞɨɜаɧɢя. 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɯɪɨɧɨɥɨɝɢɟɣ ɢ ɨɛɴɟɦɨɦ ɜɵɩɨɥɧяɟɦɨɣ ɩɪɨɝɪаɦɦɵ, ɩɪɢɫɬаɧɰɢɨɧɧɵɣ 
ɰɢɤɥ ȻɊȿɋɌ-ɈȾ-ЗɈɈ ɪаɡɛɢɬ ɧа ɞɜɟ ɨɱɟɪɟɞɢ. 
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ɉɟɪɜая ɨɱɟɪɟɞь ɩɪɢɫɬаɧɰɢɨɧɧɨɝɨ ɰɢɤɥа ɩɪɟɞɧаɡɧаɱɟɧа ɞɥя ɮаɛɪɢɤаɰɢɢ ɩɟɪɜɵɯ 
ɬɨɩɥɢɜɧɵɯ ɡаɝɪɭɡɨɤ ɪɟаɤɬɨɪɧɵɯ ɭɫɬаɧɨɜɨɤ ȻɊȿɋɌ-ɈȾ-ЗɈɈ (14η Ɍȼɋ, 17 θ00 ɤɝ 
ɦɨɧɨɧɢɬɪɢɞɧɨɝɨ ɬɨɩɥɢɜа) ɢ Ȼɇ-800 (77θ Ɍȼɋ, γ1 700 ɤɝ ɦɨɧɨɧɢɬɪɢɞɧɨɝɨ ɬɨɩɥɢɜа) ɜ ɬɟɱɟɧɢɟ 
ɝɨɞа ɢ ɜɤɥɸɱаɟɬ ɜ ɫɟɛя ɭɱаɫɬɤɢ ɮаɛɪɢɤаɰɢɢ ɩɨɪɨшɤа ɢɡ ɢɫɯɨɞɧɵɯ яɞɟɪɧɵɯ ɦаɬɟɪɢаɥɨɜ, 
ɬаɛɥɟɬɨɤ, ɬɜɷɥɨɜ, ɬɟɩɥɨɜɵɞɟɥяɸɳɢɯ ɫɛɨɪɨɤ. 

ȼɬɨɪая ɨɱɟɪɟɞь ɩɪɢɫɬаɧɰɢɨɧɧɨɝɨ ɰɢɤɥа ɜɤɥɸɱаɟɬ (ɞɨɩɨɥɧɢɬɟɥьɧɨ ɤ ɩɟɪɜɨɣ) ɭɱаɫɬɤɢ 
ɪаɡɞɟɥɤɢ ɢ ɪɟɝɟɧɟɪаɰɢɢ ɨɛɥɭɱɟɧɧɨɝɨ ɬɨɩɥɢɜа. ȼɜɨɞ ɜ ɞɟɣɫɬɜɢɟ β-ɣ ɨɱɟɪɟɞɢ ɩɥаɧɢɪɭɟɬɫя 
ɨɪɢɟɧɬɢɪɨɜɨɱɧɨ ɱɟɪɟɡ γ ɝɨɞа ɩɨɫɥɟ ɜɜɨɞа ɜ ɷɤɫɩɥɭаɬаɰɢɸ ɩɟɪɜɨɣ ɨɱɟɪɟɞɢ. 

ȼ ɜɵɩɨɥɧɟɧɧɨɦ ɬɟɯɧɢɱɟɫɤɨɦ ɩɪɨɟɤɬɟ ɨɛɪаɳɟɧɢя ɫ ɪаɞɢɨаɤɬɢɜɧɵɦɢ ɨɬɯɨɞаɦɢ 
ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɨɩɬɢɦаɥьɧɨɟ ɢɯ ɪаɡɞɟɥɟɧɢɟ ɧа ɨɬɞɟɥьɧɵɟ ɩɨɬɨɤɢ ɫ ɭɱɟɬɨɦ аɤɬɢɜɧɨɫɬɢ, 
аɝɪɟɝаɬɧɨɝɨ ɫɨɫɬɨяɧɢя ɢ ɞɪɭɝɢɯ ɯаɪаɤɬɟɪɢɫɬɢɤ ɞɥя ɩɨɫɥɟɞɭɸɳɟɣ ɩɟɪɟɪаɛɨɬɤɢ ɤаɠɞɨɝɨ 
ɩɨɬɨɤа ɧаɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ ɢ ɛɟɡɨɩаɫɧɵɦ ɫɩɨɫɨɛɨɦ. ȼ ɪɟɡɭɥьɬаɬɟ ɩɟɪɟɪаɛɨɬɤɢ 
ɩɨɥɭɱаɸɬɫя ɦɢɧɢɦаɥьɧɵɟ ɩɨ ɨɛɴɟɦɭ ɤɨɧɟɱɧɵɟ ɩɪɨɞɭɤɬɵ, ɧаɞɟɠɧɨ ɭɞɟɪɠɢɜаɸɳɢɟ 
ɫɨɞɟɪɠаɳɢɟɫя ɜ ɧɢɯ ɪаɞɢɨɧɭɤɥɢɞɵ ɜ ɭɫɥɨɜɢяɯ ɯɪаɧɟɧɢя ɢ ɡаɯɨɪɨɧɟɧɢя ДβЖ. 

Ⱦɨɥɝɨɫɪɨɱɧɵɣ ɫɰɟɧɚɪɢɣ ɪɚɡɜɢɬɢɹ ɚɬɨɦɧɨɣ ɷɧɟɪɝɟɬɢɤɢ. 
ȼ ɫɬɪаɬɟɝɢɢ ɪаɡɜɢɬɢя яɞɟɪɧɨɣ ɷɧɟɪɝɟɬɢɤɢ Ɋɨɫɫɢɢ ɦɨɠɧɨ ɜɵɞɟɥɢɬь ɧɟɤɨɬɨɪɵɟ 

ɤɥɸɱɟɜɵɟ ɧаɩɪаɜɥɟɧɢяμ 
- ɫɬɪɨɢɬɟɥьɫɬɜɨ ɜ ɛɥɢɠаɣшɢɟ β0-γ0 ɥɟɬ ɭɫɨɜɟɪшɟɧɫɬɜɨɜаɧɧɵɯ ɬɟɩɥɨɜɵɯ ɪɟаɤɬɨɪɨɜ, 

ɪаɛɨɬаɸɳɢɯ ɧа ɨɛɨɝаɳɟɧɧɨɦ ɭɪаɧɟ, ɞɨ ɢɫɱɟɪɩаɧɢя ɷɤɨɧɨɦɢɱɟɫɤɢ ɩɪɢɟɦɥɟɦɵɯ ɡаɩаɫɨɜ 
ɩɪɢɪɨɞɧɨɝɨ ɭɪаɧа (ɩɟɪɜɵɣ ɷɬаɩ)ν 

- ɩɟɪɟɪаɛɨɬɤа ɨɬɪаɛɨɬаɜшɟɝɨ ɬɨɩɥɢɜа ɬɟɩɥɨɜɵɯ ɪɟаɤɬɨɪɨɜ ɞɥя ɜɵɞɟɥɟɧɢя ɩɥɭɬɨɧɢя ɢ 
ɞɨɥɝɨɠɢɜɭɳɢɯ ɧɭɤɥɢɞɨɜν 

- ɧаɱаɥɨ ɪаɡɜɢɬɢя ɩɨɫɥɟ β0γ0 ɝ. ɛɵɫɬɪɵɯ ɪɟаɤɬɨɪɨɜ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢя ɧа ɛаɡɟ 
ɩɥɭɬɨɧɢя, ɜɵɞɟɥɟɧɧɨɝɨ ɢɡ ɨɛɥɭɱɟɧɧɨɝɨ ɬɨɩɥɢɜа яɞɟɪɧɵɯ ɪɟаɤɬɨɪɨɜ (ɜɬɨɪɨɣ ɷɬаɩ). 

ɇа ɛаɡɟ ɦаɬɟɪɢаɥьɧɵɯ ɛаɥаɧɫɨɜ ɬɨɩɥɢɜа ɪаɫɫɦɨɬɪɢɦ ɩɨɬɟɧɰɢаɥ ɪаɡɜɢɬɢя ɫɢɫɬɟɦɵ 
яɞɟɪɧɨɣ ɷɧɟɪɝɟɬɢɤɢ ɧа ɬɟɩɥɨɜɵɯ ɢ ɛɵɫɬɪɵɯ ɪɟаɤɬɨɪаɯ ɬɢɩа ȻɊȿɋɌ ɫ ɧɟɛɨɥьшɢɦ 
ɢɡɛɵɬɨɱɧɵɦ ɜɨɫɩɪɨɢɡɜɨɞɫɬɜɨɦ (КȼȺ з 1,0η). 

ɋ β0γ0 ɝ. ɧа ɛаɡɟ ɩɥɭɬɨɧɢя, ɜɵɞɟɥяɟɦɨɝɨ ɢɡ ɩɟɪɟɪаɛаɬɵɜаɟɦɨɝɨ ɨɛɥɭɱɟɧɧɨɝɨ ɬɨɩɥɢɜа 
ɬɟɩɥɨɜɵɯ ɪɟаɤɬɨɪɨɜ, ɜɜɨɞɢɬɫя ɩɨ ɨɞɧɨɦɭ ɪɟаɤɬɨɪɭ ȻɊȿɋɌ-1β00 ɡа ɨɞɢɧ ɝɨɞ. ȿɫɥɢ ɬɪɟɛɭɟɦɨɝɨ 
ɤɨɥɢɱɟɫɬɜа ɩɥɭɬɨɧɢя ɧɟɞɨɫɬаɬɨɱɧɨ, ɜ ɪаɫɫɦаɬɪɢɜаɟɦɵɣ ɝɨɞ ȻɊȿɋɌ ɧɟ ɜɜɨɞɢɬɫя. 

Ɋаɡɜɢɬɢɟ ɪɟаɤɬɨɪɨɜ ȻɊȿɋɌ ɩɪɨɜɨɞɢɬɫя ɞɨ ɞɨɫɬɢɠɟɧɢя ɭɫɬаɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ γ00 
Ƚȼɬ (βη0 ɪɟаɤɬɨɪɨɜ ȻɊȿɋɌ-1β00), ɞаɥɟɟ ɷɬа ɫɢɫɬɟɦа ɪаɛɨɬаɟɬ ɞɨ ɢɫɱɟɪɩаɧɢя ɨɬɜаɥьɧɨɝɨ 
ɭɪаɧа, ɬаɤ ɤаɤ ɩɨɞɩɢɬɤа ɜ ɞаɧɧɨɦ ɪаɫɱɟɬɟ ɨɫɭɳɟɫɬɜɥяɥаɫь ɬɨɥьɤɨ ɨɬɜаɥьɧɵɦ ɭɪаɧɨɦ. 

Ɋɟɡɭɥьɬаɬɵ ɪаɫɱɟɬɨɜ ɩɨ ɪаɫɫɦаɬɪɢɜаɟɦɨɦɭ ɫɰɟɧаɪɢɸ ɪаɡɜɢɬɢя яɞɟɪɧɨɣ ɷɧɟɪɝɟɬɢɤɢ 
ɩɪɟɞɫɬаɜɥɟɧɵ ɧа ɪɢɫɭɧɤаɯ. ɋɨɝɥаɫɧɨ ɪɢɫɭɧɤɭ 1 ɞɥя ɞɨɫɬɭɩɧɵɯ ɡаɩаɫɨɜ ɩɪɢɪɨɞɧɨɝɨ ɭɪаɧа ɜ 
ɪаɡɦɟɪɟ η00 ɬɵɫ. ɬ ɫɭɦɦаɪɧая ɷɥɟɤɬɪɢɱɟɫɤая ɦɨɳɧɨɫɬь ɬɟɩɥɨɜɵɯ ɪɟаɤɬɨɪɨɜ ɜɨɡɪаɫɬаɟɬ ɞɨ 4λ 
Ƚȼɬ ɤ β0γθ ɝ., ɩɨɫɥɟ β041 ɝ. ɨɧа ɦɨɧɨɬɨɧɧɨ ɭɛɵɜаɟɬ ɜ ɫɜяɡɢ ɫ ɜɵɜɨɞɨɦ ɪɟаɤɬɨɪɨɜ ɢɡ 
ɷɤɫɩɥɭаɬаɰɢɢ ɩɨɫɥɟ ɞɨɫɬɢɠɟɧɢя ɩɪɟɞɟɥьɧɨɝɨ ɫɪɨɤа ɫɥɭɠɛɵ. ɇаɱаɜ ɪаɡɜɢɬɢɟ ɜ β0γ0 ɝ., 
ɦɨɳɧɨɫɬь ɪɟаɤɬɨɪɨɜ ȻɊȿɋɌ-1β00 ɞɨɫɬɢɝаɟɬ ɤ β0η0 ɝ. βθ Ƚȼɬ, ɤ β100 ɝ. – 11β Ƚȼɬ ɢ ɜɵɯɨɞɢɬ 
ɧа ɭɪɨɜɟɧь γ00 Ƚȼɬ ɜ β1θ0 ɝ. Ⱦаɥɟɟ ɷɬа ɫɢɫɬɟɦа ɨɛɟɫɩɟɱɟɧа ɪɟɫɭɪɫаɦɢ ɨɬɜаɥьɧɨɝɨ ɭɪаɧа ɞɥя 
ɪаɛɨɬɵ ɞɨ γ7η0 ɝ (ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɢɫɭɧɤɨɦ β). ɉɪɟɞɫɬаɜɥɟɧɧɵɟ ɪɟɡɭɥьɬаɬɵ ɩɨɤаɡɵɜаɸɬ 
ɜɨɡɦɨɠɧɨɫɬɢ ɪаɡɜɢɬɢя ɫɢɫɬɟɦɵ ɬɟɩɥɨɜɵɯ ɢ ɛɵɫɬɪɵɯ ɪɟаɤɬɨɪɨɜ ɩɨ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɢɯ 
ɬɨɩɥɢɜɨɦ. 

Ⱦаɥьɧɟɣшая ɩɟɪɫɩɟɤɬɢɜа ɬɟɩɥɨɜɵɯ ɪɟаɤɬɨɪɨɜ ɡаɤɥɸɱаɟɬɫя ɜ ɩɟɪɟɜɨɞɟ ɧа ɬɨɪɢɟɜɵɣ 
ɰɢɤɥ ɫ ɧаɪаɛɨɬɤɨɣ ɧɟɞɨɫɬаɸɳɟɝɨ 233U ɜ ɛɥаɧɤɟɬаɯ ɛɵɫɬɪɵɯ ɢɥɢ ɜ ɰɢɤɥɟ Pu-Th-233U ɬɟɩɥɨɜɵɯ 
ɪɟаɤɬɨɪɨɜ ДγЖ. 
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ЗȺКɅɘɑȿɇɂȿ 
Ɋɟɡɭɥьɬаɬɵ ɢɫɫɥɟɞɨɜаɬɟɥьɫɤɢɯ ɢ ɩɪɨɟɤɬɧɵɯ ɪаɛɨɬ ɭɤаɡɵɜаɸɬ ɧа ɜɨɡɦɨɠɧɨɫɬь 

ɪɟаɥɢɡаɰɢɢ ɜ ɷɧɟɪɝɨɤɨɦɩɥɟɤɫаɯ ɫ ɪɟаɤɬɨɪɧɨɣ ɭɫɬаɧɨɜɤɨɣ ɬɢɩа ȻɊȿɋɌ ɨɫɧɨɜɧɵɯ ɬɪɟɛɨɜаɧɢɣ 
ɤ ɤɪɭɩɧɨɦаɫшɬаɛɧɨɣ яɞɟɪɧɨɣ ɷɧɟɪɝɟɬɢɤɟ ɩɨ ɛɟɡɨɩаɫɧɨɫɬɢ ɢ ɷɤɨɧɨɦɢɱɧɨɫɬɢ. Ⱥ ɜɨɡɦɨɠɧɨɫɬь 
ɪаɛɨɬɵ ɭɫɬаɧɨɜɤɢ ɜ ɡаɦɤɧɭɬɨɦ əɌЦ ɧа ɫɨɛɫɬɜɟɧɧɨɦ ɪɟɝɟɧɟɪɢɪɨɜаɧɧɨɦ ɬɨɩɥɢɜɟ ɜ 
ɡɧаɱɢɬɟɥьɧɨɣ ɦɟɪɟ ɪаɫшɢɪяɟɬ ɦаɫшɬаɛɵ ɢ ɝɨɪɢɡɨɧɬɵ ɪаɡɜɢɬɢя яɞɟɪɧɨɣ ɷɧɟɪɝɟɬɢɤɢ. 
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Cross-section of fission fuel (235U, 239Pu, 233Th) is a continuous spectrum with energy 
distinct from zero. It is mean, that in all reactors there are processes of fission on a heat, resonance 
and fast neutrons. Such elements as uranium and thorium are fissionable at specific energy (higher 
than boundary energy). For example, fast neutrons with energy 1.1 Mev fission 238U. There is a 
chance that fast neutrons will cause fission. It appearance causes other fission neutrons. The 
coefficient of the fast fission accounts this process. 

Ɋɢɫ.1. ɍɫɬаɧɨɜɥɟɧɧая ɦɨɳɧɨɫɬь Ⱥɗɋ ɫ 
ɬɟɩɥɨɜɵɦɢ ɢ ɛɵɫɬɪɵɦɢ ɪɟаɤɬɨɪаɦɢ (1), 
ɬɟɩɥɨɜɵɦɢ (γ), ɛɵɫɬɪɵɦɢ (β) ɧа 
ɧаɱаɥьɧɨɦ ɷɬаɩɟ ɪаɡɜɢɬɢя 
ɤɪɭɩɧɨɦаɫшɬаɛɧɨɣ яɞɟɪɧɨɣ ɷɧɟɪɝɟɬɢɤɢ 
Ɋɨɫɫɢɢ (ɞɨ ββ00 ɝ.) 

Ɋɢɫ.β. ɉɨɬɪɟɛɥɟɧɢɟ ɩɪɢɪɨɞɧɨɝɨ 100 
ɬɵɫ. ɬ ɊȻɆК (1), 47θ ɬɵɫ. ɬ ȼȼɗɊ 
(γ), ɫɭɦɦаɪɧɨɟ η7θ ɬɵɫ. ɬ (4) ɢ η70 
ɬɵɫ. ɬ ɨɬɜаɥьɧɨɝɨ ɭɪаɧа ɪɟаɤɬɨɪаɦɢ 
ȻɊȿɋɌ (β) 
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