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ȼȼЕȾЕНИЕ 

 

Дɢɫɫɟɪɬаɰɢя ɩɨɫɜящɟɧа ɬɟɨɪɟɬɢчɟɫɤɨɦɭ ɢɫɫɥɟɞɨɜаɧɢɸ ɪɟаɤɬɨɪɨɜ V 

ɩɨɤɨɥɟɧɢя, ɤɨɧɰɟɩɰɢя ɤɨɬɨɪɵх ɩɪɟɞɩɨɥаɝаɟɬ ɛɟɡɭɫɥɨɜɧɨɟ ɜɵɩɨɥɧɟɧɢɟ 
ɫɥɟɞɭɸщɢх ɝɥаɜɧɵх ɬɪɟɛɨɜаɧɢɣ: ɛɟɡɨɩаɫɧɨɫɬɶ ɢ ɛɢɨɫɨɜɦɟɫɬɢɦɨɫɬɶ. 
ɇаɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɣ ɢɡ ɧɢх  яɞɟɪɧɵɣ ɪɟаɤɬɨɪ Ʌ.ɉ. Ɏɟɨɤɬɢɫɬɨɜа, 
ɤɨɬɨɪɵɣ ɜ ɨɬɥɢчɢɟ ɨɬ ɪɟаɤɬɨɪɨɜ ɩɪɟɞɵɞɭщɟɝɨ ɩɨɤɨɥɟɧɢя ɧɟ ɬɪɟɛɭɟɬ 
ɫɜɟɪхɤɪɢɬɢчɟɫɤɨɣ ɡаɝɪɭɡɤɢ яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа, а, ɡɧачɢɬ, ɩɪɢɧɰɢɩɢаɥɶɧɨ ɧɟ 
ɦɨɠɟɬ ɜɡɨɪɜаɬɶɫя ɢ ɜɵɡɜаɬɶ ɪаɡɪɭɲɟɧɢɟ ɪɟаɤɬɨɪɧɨɝɨ ɡаɥа ɢ ɩɨɷɬɨɦɭ 
ɨɬɧɨɫɢɬɫя ɤ ɤɥаɫɫɭ ɛɟɡɨɩаɫɧɵх ɪɟаɤɬɨɪɨɜ. ɉɪɢ ɷɬɨɦ ɜ ɧɟɦ ɪɟаɥɢɡɭɟɬɫя 
ɧɟɥɢɧɟɣɧɵɣ ɫаɦɨɪɟɝɭɥɢɪɭɸщɢɣɫя ɪɟɠɢɦ ɧɟɣɬɪɨɧɧɨ-ɞɟɥɢɬɟɥɶɧɨɣ ɜɨɥɧɵ 
ɦɟɞɥɟɧɧɨɝɨ яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя, ɢɫɤɥɸчаɸщɢɣ ɭчаɫɬɢɟ ɨɩɟɪаɬɨɪа, чɬɨ ɞɟɥаɟɬ 
ɟɝɨ ɧɟ ɩɪɨɫɬɨ ɛɟɡɨɩаɫɧɵɦ, ɧɨ ɨɬɧɨɫɢɬ ɤ ɪɟаɤɬɨɪаɦ ɫ ɜɵɫɨɤɢɦ ɭɪɨɜɧɟɦ 
ɛɟɡɨɩаɫɧɨɫɬɢ, ɬаɤ ɧаɡɵɜаɟɦɨɣ ɜɧɭɬɪɟɧɧɟɣ ɛɟɡɨɩаɫɧɨɫɬɶɸ. Таɤɨɣ ɪɟаɤɬɨɪ, 

ɤаɤ ɫɥɟɞɭɟɬ ɢɡ ɪɟɡɭɥɶɬаɬɨɜ ɞаɧɧɨɣ ɞɢɫɫɟɪɬаɰɢɢ, ɦɨɠɟɬ ɛɵɬɶ ɪɟаɥɢɡɨɜаɧ ɢ ɜ 
ɜɢɞɟ ɪɟаɤɬɨɪа-ɬɪаɧɫɦɭɬаɬɨɪа (ɛɢɨɫɨɜɦɟɫɬɢɦɨɫɬɶ), ɧаɩɪɢɦɟɪ, ɭɪаɧ-

ɩɥɭɬɨɧɢɟɜɵɣ ɪɟаɤɬɨɪ V ɩɨɤɨɥɟɧɢя ɧа ɛɟɝɭщɟɣ ɜɨɥɧɟ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ 
ɝɨɪɟɧɢя ɧа ɩɪɨɦɟɠɭɬɨчɧɵх ɧɟɣɬɪɨɧах ɫɨ ɫɜɢɧɰɨɜɵɦ ɢɥɢ ɫɜɢɧɰɨɜɨ-

ɜɢɫɦɭɬɨɜɵɦ ɢɥɢ ɝаɡɨɜɵɦ ɡаɦɟɞɥɢɬɟɥɟɦ ɢ ɬɟɩɥɨɧɨɫɢɬɟɥɟɦ.  
Ⱥɤтɭаɥɶɧɨɫтɶ теɦы. Ɉɞɧɨɣ ɢɡ ɫаɦɵх аɤɬɭаɥɶɧɵх ɩɪɨɛɥɟɦ яɞɟɪɧɨɣ 

ɷɧɟɪɝɟɬɢɤɢ яɜɥяɟɬɫя ɨɛɟɫɩɟчɟɧɢɟ ɛɟɡɨɩаɫɧɨɣ ɪаɛɨɬɵ аɤɬɢɜɧɨɣ ɡɨɧɵ 
ɪɟаɤɬɨɪа. Эɬɭ ɩɪɨɛɥɟɦɭ ɦɨɠɧɨ ɪɟɲаɬɶ, ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ,  ɩɭɬɟɦ ɪаɡɪаɛɨɬɤɢ 
ɷɮɮɟɤɬɢɜɧɵх ɦɟɬɨɞɨɜ ɤɨɧɬɪɨɥя  аɤɬɢɜɧɨɣ ɡɨɧɵ ɪɟаɤɬɨɪа, а ɫ ɞɪɭɝɨɣ  ɩɭɬɟɦ 
ɪаɡɪаɛɨɬɤɢ ɛɟɡɨɩаɫɧɵх ɪɟаɤɬɨɪɨɜ.  

Тɪɟɛɨɜаɧɢяɦ ɩɨ ɛɟɡɨɩаɫɧɨɫɬɢ ɞɥя ɪɟаɤɬɨɪɨɜ ɧɨɜɨɝɨ V ɩɨɤɨɥɟɧɢя ɜ 
ɩɨɥɧɨɣ ɦɟɪɟ ɨɬɜɟчаɟɬ ɪɟаɤɬɨɪ ɬɢɩа Ʌ.ɉ. Ɏɟɨɤɬɢɫɬɨɜа, хаɪаɤɬɟɪɢɡɭɸщɢɣɫя 
ɜɧɭɬɪɟɧɧɟɣ ɛɟɡɨɩаɫɧɨɫɬɶɸ. В ɬаɤɨɦ ɩɟɪɫɩɟɤɬɢɜɧɨɦ ɪɟаɤɬɨɪɟ ɪɟаɥɢɡɭɟɬɫя  
ɪɟɠɢɦ ɧɟɣɬɪɨɧɧɨ-ɞɟɥɢɬɟɥɶɧɨɣ ɜɨɥɧɵ ɦɟɞɥɟɧɧɨɝɨ яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɜ ɭɪаɧ-

ɩɥɭɬɨɧɢɟɜɨɣ ɞɟɥящɟɣɫя ɫɪɟɞɟ.  
Ʉɪɨɦɟ ɛɟɡɨɩаɫɧɨɫɬɢ, ɜаɠɧɟɣɲɢɦ ɩɪɟɢɦɭщɟɫɬɜɨɦ ɷɬɨɝɨ ɧɨɜɨɝɨ ɬɢɩа 

ɪɟаɤɬɨɪɨɜ яɜɥяɟɬɫя ɬɨ, чɬɨ ɜ ɧɢх ɜ ɤачɟɫɬɜɟ яɞɟɪɧɨɝɨ ɝɨɪɸчɟɝɨ ɦɨɠɧɨ  
ɢɫɩɨɥɶɡɨɜаɬɶ ɟɫɬɟɫɬɜɟɧɧɵɣ  (ɢ ɞаɠɟ ɬɟхɧɢчɟɫɤɢɣ) ɭɪаɧ, а, ɫɥɟɞɨɜаɬɟɥɶɧɨ, ɢ 
ɨɬɪаɛɨɬаɧɧɨɟ яɞɟɪɧɨɟ ɬɨɩɥɢɜɨ. Эɬɨ ɩɨɡɜɨɥяɟɬ ɢɫɤɥɸчɢɬɶ ɜ ɬɨɩɥɢɜɧɨ-

яɞɟɪɧɨɦ ɰɢɤɥɟ ɩɪɨɰɟɞɭɪɭ ɨɛɨɝащɟɧɢя яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа ɢ ɬɟɦ ɫаɦɵɦ ɪɟɲɢɬɶ 

ɩɪɨɛɥɟɦɭ ɬɨɩɥɢɜɧɨɣ ɛаɡɵ яɞɟɪɧɨɣ ɷɧɟɪɝɟɬɢɤɢ ɧа ɞɨɥɝɢɟ ɝɨɞɵ ɜ ɨɛɨɡɪɢɦɨɦ 
ɛɭɞɭщɟɦ,  а ɬаɤɠɟ ɩɨɡɜɨɥɢɬ ɪɟɲɢɬɶ ɩɪɨɛɥɟɦɭ ɧаɤɨɩɥɟɧɢя ɨɬɪаɛɨɬаɧɧɨɝɨ 
яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа ɜ ɛɢɨɫɮɟɪɟ Ɂɟɦɥɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɷɬɢх ɪɟаɤɬɨɪах 
ɨɬɫɭɬɫɬɜɭɟɬ ɫɢɫɬɟɦа ɪɟɝɭɥɢɪɨɜаɧɢя ɪɟаɤɬɢɜɧɨɫɬɢ ɪɟаɤɬɨɪа, а ɫɬɟɩɟɧɶ 
ɜɵɝɨɪаɧɢя ɬɨɩɥɢɜа ɦɨɠɟɬ ɞɨɫɬɢɝаɬɶ γ0-η0% ɢ ɜɵɲɟ ɜ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ 
ɩɨɫɬаɧɨɜɤɢ ɡаɞачɢ. ɉɪɢ ɷɬɨɦ ɨɧ ɦɨɠɟɬ ɛɵɬɶ ɪɟаɥɢɡɨɜаɧ ɤаɤ ɪɟаɤɬɨɪ ɫ 
ɝɨɦɨɝɟɧɧɨɣ, ɬаɤ ɢ ɫ ɝɟɬɟɪɨɝɟɧɧɨɣ аɤɬɢɜɧɨɣ ɡɨɧɨɣ, а ɬаɤɠɟ ɤаɤ ɪɟаɤɬɨɪ ɫ 
ɛɨɥɶɲɨɣ ɜɪɟɦɟɧɧɨɣ ɤɨɦɩаɧɢɟɣ.  
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Ʉɢɧɟɬɢчɟɫɤɢɟ ɭɪаɜɧɟɧɢя ɪɟаɤɬɨɪа ɜɤɥɸчаɸɬ ɭɪаɜɧɟɧɢя 
ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɬɢɩа ɫ ɨɛɪаɬɧɵɦɢ ɫɜяɡяɦɢ ɪаɡɥɢчɧɨɝɨ ɜɢɞа. Ȼаɡɨɜɵɟ 
ɤɢɧɟɬɢɤɢ ɪɟаɤɬɨɪа (ɤɢɧɟɬɢɤɢ ɧɟɣɬɪɨɧɨɜ ɢ ɧɭɤɥɢɞɨɜ) ɫɜяɡаɧɵ ɩɪяɦɵɦɢ ɢ 
ɨɛɪаɬɧɵɦɢ ɫɜяɡяɦɢ ɫ ɤɢɧɟɬɢɤаɦɢ ɬɟɩɥɨɩɟɪɟɧɨɫа ɢ ɪаɞɢаɰɢɨɧɧɵх ɞɟɮɟɤɬɨɜ 
ɬɨɩɥɢɜа. Ʉɢɧɟɬɢɤа ɞɟɮɟɤɬɨɜ ɬɨɩɥɢɜа, чɟɪɟɡ ɢɡɦɟɧɟɧɢɟ ɝɟɨɦɟɬɪɢчɟɫɤɢх 
ɪаɡɦɟɪɨɜ, ɜɵɡɜаɧɧɵх ɩɥаɫɬɢчɟɫɤɨɣ ɞɟɮɨɪɦаɰɢɟɣ, ɪаɫɩɭхаɧɢɟɦ ɢɥɢ 
ɪаɡɪɭɲɟɧɢɟɦ ɬɨɩɥɢɜа, ɧахɨɞящɟɝɨɫя ɩɨɞ ɧаɝɪɭɡɤɨɣ ɢ ɨɛɥɭчɟɧɢɟɦ, а ɬаɤɠɟ 
чɟɪɟɡ ɢɡɦɟɧɟɧɢɟ ɟɝɨ ɩɥɨɬɧɨɫɬɢ ɜɥɢяɟɬ ɧа ɪɟаɤɬɢɜɧɨɫɬɶ ɪɟаɤɬɨɪа. 
ɂɫɫɥɟɞɨɜаɧɢя ɭɫɬɨɣчɢɜɨɫɬɢ ɪаɛɨɬɵ ɪɟаɤɬɨɪɨɜ ɬɪɟɛɭɸɬ ɩɪɢɦɟɧɟɧɢя ɦɟɬɨɞɨɜ 
ɧɟɥɢɧɟɣɧɨɣ ɞɢɧаɦɢɤɢ. В ɬɨ ɠɟ ɜɪɟɦя, ɤɢɧɟɬɢɤа ɪɟаɤɬɨɪа ɬɢɩа Ɏɟɨɤɬɢɫɬɨɜа 
хаɪаɤɬɟɪɢɡɭɟɬɫя ɪяɞɨɦ ɩɪɢɧɰɢɩɢаɥɶɧɵх ɞɥя ɬɟɨɪɢɢ ɧɟɥɢɧɟɣɧɵх 
ɞɢɫɫɢɩаɬɢɜɧɵх ɫɬɪɭɤɬɭɪ ɨɫɨɛɟɧɧɨɫɬɟɣ, ɨɞɧɨɣ ɢɡ ɤɨɬɨɪɵх яɜɥяɟɬɫя 
ɧɟɪаɜɧɨɜɟɫɧɨɫɬɶ ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɣ ɞɟɥящɟɣɫя ɫɪɟɞɵ ɜ ɭɫɥɨɜɢях ɜɵɫɨɤɢх 
ɩɥɨɬɧɨɫɬɟɣ ɧɟɣɬɪɨɧɧɨɝɨ ɩɨɥя ɢ ɜɵɫɨɤɢх ɬɟɦɩɟɪаɬɭɪ. Ɉɛɪаɡɨɜаɧɢɟ 
ɞɢɫɫɢɩаɬɢɜɧɵх ɬɟɩɥɨɜɵх ɫɬɪɭɤɬɭɪ (ɪɟɠɢɦɵ ɫ ɨɛɨɫɬɪɟɧɢɟɦ ɋ. ɉ. 
Ʉɭɪɞɸɦɨɜа), ɞɢɫɫɢɩаɬɢɜɧɵх ɫɬɪɭɤɬɭɪ ɞɟɮɟɤɬɨɜ ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɣ 
ɞɟɥящɟɣɫя ɫɪɟɞɵ, ɦɨɠɟɬ ɫɭщɟɫɬɜɟɧɧɨ ɜɥɢяɬɶ ɧа ɤɢɧɟɬɢɤɭ ɪɟаɤɬɨɪа, ɜ 
чаɫɬɧɨɫɬɢ, ɧа ɫаɦɭ ɪɟаɥɢɡаɰɢɸ ɜɨɥɧɵ ɦɟɞɥɟɧɧɨɝɨ яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɜ 
ɪɟаɤɬɨɪɟ ɬɢɩа Ɏɟɨɤɬɢɫɬɨɜа ɢ ɧа ɟɟ ɭɫɬɨɣчɢɜɨɫɬɶ. 

ɋвɹɡɶ ɪаɛɨты ɫ ɧаɭɱɧыɦи ɩɪɨɝɪаɦɦаɦи, ɩɥаɧаɦи, теɦаɦи. Ɋаɛɨɬа 
ɜɵɩɨɥɧяɥаɫɶ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɇɂɊ «ɍɪаɧ-ɩɥɭɬɨɧɢɟɜɵɣ яɞɟɪɧɵɣ ɪɟаɤɬɨɪ, 
ɟɝɨ ɞɢɫɬаɧɰɢɨɧɧая аɧɬɢɧɟɣɬɪɢɧɧая ɫɩɟɤɬɪɨɦɟɬɪɢя ɢ ɪɟɠɢɦɵ ɫ ɨɛɨɫɬɪɟɧɢɟɦ 
ɜ ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɣ ɫɪɟɞɟ» (ɧɨɦɟɪ ɝɨɫɪɟɝɢɫɬɪаɰɢɢ 011βU000ηθ8) ɢ 
«Ɇɨɞɟɥɢɪɨɜаɧɢɟ ɬяɠɟɥɨɣ аɜаɪɢɢ ɫ ɪɟɡɤɢɦ ɜɨɡɪаɫɬаɧɢɟɦ ɪɟаɤɬɢɜɧɨɫɬɢ 
ɪɟаɤɬɨɪа ВВЭɊ-1000/γβ0 ɩɪɢ ɧɟɛɨɥɶɲɢх ɬɟчах ɩɟɪɜɨɝɨ ɤɨɧɬɭɪа» (ɧɨɦɟɪ 
ɝɨɫɪɟɝɢɫɬɪаɰɢɢ 011βU000ηθ9), ɤɨɬɨɪɵɟ ɜɵɩɨɥɧяɥɢɫɶ ɜ β011-β01η ɝ., а ɬаɤ ɠɟ 
ɩɪɨɝɪаɦɦɵ ɢɫɫɥɟɞɨɜаɧɢɣ ɩɨ ɞɨɝɨɜɨɪɭ ɨ ɧаɭчɧɨ-ɬɟхɧɢчɟɫɤɨɦ ɫɨɬɪɭɞɧɢчɟɫɬɜɟ 
ɦɟɠɞɭ Ɉɇɉɍ ɢ ɂɧɫɬɢɬɭɬɨɦ яɞɟɪɧɵх ɢɫɫɥɟɞɨɜаɧɢɣ ɢ яɞɟɪɧɨɣ ɷɧɟɪɝɟɬɢɤɢ 
Ȼɨɥɝаɪɫɤɨɣ Аɤаɞɟɦɢɢ ɧаɭɤ (ɝ. ɋɨɮɢя). 

 ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɷɬɢх ɧаɭчɧɨ-ɢɫɫɥɟɞɨɜаɬɟɥɶɫɤɢх ɪаɛɨɬ ɪɨɥɶ аɜɬɨɪа 
ɞɢɫɫɟɪɬаɰɢɢ ɡаɤɥɸчаɥаɫɶ ɜ ɪаɡɪаɛɨɬɤɟ ɤɢɧɟɬɢɤɢ ɪɟаɤɬɨɪа Ɏɟɨɤɬɢɫɬɨɜа, 
ɦаɬɟɦаɬɢчɟɫɤɨɦ ɦɨɞɟɥɢɪɨɜаɧɢɢ ɛɟɝɭщɟɣ ɜɨɥɧɵ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ 
ɝɨɪɟɧɢя ɜ ɧɟɫɬаɰɢɨɧаɪɧɵх ɧɟɣɬɪɨɧɧɵх ɦɭɥɶɬɢɩɥɢɰɢɪɭɸщɢх ɫɪɟɞах, 
ɪаɡɜɢɬɢɢ ɬɟɨɪɢɢ ɢ ɢɫɫɥɟɞɨɜаɧɢɟ ɪɟɠɢɦɨɜ ɫ ɨɛɨɫɬɪɟɧɢɟɦ ɜ ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɣ 
ɫɪɟɞɟ. 

ɐеɥɶ ɪаɛɨты и ɡаɞаɱи иɫɫɥеɞɨваɧиɹ. ɐɟɥɶɸ ɪаɛɨɬɵ ɛɵɥɨ 
ɢɫɫɥɟɞɨɜаɧɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɪɟаɥɢɡаɰɢɢ ɪɟɠɢɦа ɜɨɥɧɨɜɨɝɨ ɧɟɣɬɪɨɧɧɨ-

яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɞɥя ɨɛɥаɫɬɟɣ ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ ɡɧачɢɬɟɥɶɧɨ ɦɟɧɶɲɢх 
ɛɵɫɬɪɨɣ ɨɛɥаɫɬɢ ɢ ɪɟɠɢɦɨɜ ɫ ɨɛɨɫɬɪɟɧɢɟɦ ɜ ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɣ ɞɟɥящɟɣɫя 
ɫɪɟɞɟ.  

Дɥя ɪɟаɥɢɡаɰɢɢ ɰɟɥɢ ɜ ɪаɛɨɬɟ ɧɟɨɛхɨɞɢɦɨ ɪɟɲɢɬɶ ɫɥɟɞɭɸщɢɟ ɡаɞачɢ: 
- ɪаɡɪаɛɨɬаɬɶ ɨɛɨɛщɟɧɧɵɣ ɤɪɢɬɟɪɢɣ Ɏɟɨɤɬɢɫɬɨɜа ɞɥя ɪɟаɥɢɡаɰɢɢ 

ɪɟɠɢɦа ɜɨɥɧɨɜɨɝɨ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя; 
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- ɩɪɨɜɟɫɬɢ ɢɫɫɥɟɞɨɜаɧɢɟ ɜɵɩɨɥɧɟɧɢя ɨɛɨɛщɟɧɧɨɝɨ ɤɪɢɬɟɪɢя 
Ɏɟɨɤɬɢɫɬɨɜа ɞɥя ɪɟаɥɢɡаɰɢɢ ɪɟɠɢɦа ɜɨɥɧɨɜɨɝɨ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя 
ɜ ɲɢɪɨɤɨɦ ɞɢаɩаɡɨɧɟ ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ (0,010ɷВ – 1ɆɷВ) ɜ ɭɪаɧ-

ɩɥɭɬɨɧɢɟɜɨɣ ɫɪɟɞɟ; 
- ɩɪɨɜɟɫɬɢ ɦаɬɟɦаɬɢчɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜаɧɢɟ ɤɢɧɟɬɢɤɢ ɪɟɠɢɦа 

ɜɨɥɧɨɜɨɝɨ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɜ ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɣ ɫɪɟɞɟ ɜ 

ɞɢаɩаɡɨɧɟ ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ, ɞɥя ɤɨɬɨɪɨɝɨ ɛɵɥɨ ɨɛɧаɪɭɠɟɧɨ ɜɵɩɨɥɧɟɧɢɟ 
ɨɛɨɛщɟɧɧɨɝɨ ɤɪɢɬɟɪɢя ɜɨɥɧɨɜɨɝɨ ɝɨɪɟɧɢя; 

- ɪаɡɪаɛɨɬаɬɶ ɬɟɨɪɢɸ ɪɟɠɢɦɨɜ ɫ ɨɛɨɫɬɪɟɧɢɟɦ ɜ ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɣ 
ɫɪɟɞɟ;  

- ɩɪɨɜɟɫɬɢ ɦаɬɟɦаɬɢчɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜаɧɢɟ ɪɟаɥɢɡаɰɢɢ ɪɟɠɢɦɨɜ ɫ 
ɨɛɨɫɬɪɟɧɢɟɦ ɜ ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɣ ɫɪɟɞɟ, ɞɥя чɟɝɨ ɫɥɟɞɭɟɬ: 

а) ɩɨɥɭчɢɬɶ ɪаɫчɟɬɧɵɦ ɩɭɬɟɦ ɡаɜɢɫɢɦɨɫɬɢ ɫɟчɟɧɢɣ ɨɫɧɨɜɧɵх 
ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɵх ɪɟаɤɰɢɣ ɞɥя ɨɫɧɨɜɧɵх ɪɟаɤɬɨɪɧɵх ɧɭɤɥɢɞɨɜ ɨɬ 
ɬɟɦɩɟɪаɬɭɪɵ ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɣ ɬɨɩɥɢɜɧɨɣ ɫɪɟɞɵ (Дɨɩɥɟɪ ɷɮɮɟɤɬ) ɜ 
ɲɢɪɨɤɨɦ ɬɟɦɩɟɪаɬɭɪɧɨɦ ɞɢаɩаɡɨɧɟ (ɞɨ θ000 Ʉ); 

ɛ) ɩɨɥɭчɢɬɶ ɪаɫчɟɬɧɵɦ ɩɭɬɟɦ ɡаɜɢɫɢɦɨɫɬɢ ɭɫɪɟɞɧɟɧɧɵх ɩɨ 
ɧɟɣɬɪɨɧɧɨɦɭ ɫɩɟɤɬɪɭ ɫɟчɟɧɢɣ ɨɫɧɨɜɧɵх ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɵх ɪɟаɤɰɢɣ ɞɥя 
ɨɫɧɨɜɧɵх ɪɟаɤɬɨɪɧɵх ɧɭɤɥɢɞɨɜ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɣ 
ɬɨɩɥɢɜɧɨɣ ɫɪɟɞɵ ɜ ɲɢɪɨɤɨɦ ɬɟɦɩɟɪаɬɭɪɧɨɦ ɞɢаɩаɡɨɧɟ (ɞɨ θ000 Ʉ); 

ɜ) ɩɨɥɭчɢɬɶ ɪаɫчɟɬɧɵɦ ɩɭɬɟɦ ɡаɜɢɫɢɦɨɫɬɢ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ 
ɢɫɬɨчɧɢɤа ɨɬ ɬɟɦɩɟɪаɬɭɪɵ, ɞɟɥящɟɣɫя ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɣ ɫɪɟɞɵ; 

ɝ) ɩɪɨɜɟɫɬɢ ɦаɬɟɦаɬɢчɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜаɧɢɟ, ɞɟɦɨɧɫɬɪɢɪɭɸщɟɟ 
ɪɟаɥɢɡаɰɢɸ ɪɟɠɢɦɨɜ ɫ ɨɛɨɫɬɪɟɧɢɟɦ ɜ ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɣ ɞɟɥящɟɣɫя ɫɪɟɞɟ.  

Ɉɛɴекɬ ɢɫɫɥеɞɨɜаɧɢя – ɩɪɨɰɟɫɫɵ ɜ ɜɨɥɧɨɜɵх яɞɟɪɧɵх ɪɟаɤɬɨɪах. 
ɉɪеɞɦеɬ ɢɫɫɥеɞɨɜаɧɢя – ɤɢɧɟɬɢɤа ɜɨɥɧɨɜɨɝɨ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ 

ɝɨɪɟɧɢя ɢ ɪɟɠɢɦɵ ɫ ɨɛɨɫɬɪɟɧɢɟɦ ɜ ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɵх ɞɟɥящɢхɫя ɫɪɟɞах. 
Ɇɟɬɨɞɵ ɢɫɫɥɟɞɨɜаɧɢя – ɦɟɬɨɞɵ ɮɢɡɢɤɢ ɪɟаɤɬɨɪɨɜ ɩɪɢ ɪаɡɪаɛɨɬɤɟ 

ɤɢɧɟɬɢɤɢ ɪɟаɤɬɨɪɨɜ V ɩɨɤɨɥɟɧɢя; ɦɟɬɨɞɵ ɧɟɥɢɧɟɣɧɨɣ ɞɢɧаɦɢɤɢ ɩɪɢ 
ɢɫɫɥɟɞɨɜаɧɢɢ ɤɢɧɟɬɢɤɢ ɪɟаɤɬɨɪа; ɦɟɬɨɞɵ ɬɟɨɪɢɢ ɧɟɥɢɧɟɣɧɵх 
ɞɢɫɫɢɩаɬɢɜɧɵх ɫɬɪɭɤɬɭɪ ɩɪɢ ɪаɡɪаɛɨɬɤɟ ɬɟɨɪɢɢ ɞɢɫɫɢɩаɬɢɜɧɵх ɬɟɩɥɨɜɵх 
ɫɬɪɭɤɬɭɪ ɜ ɞɟɥящɢхɫя ɫɪɟɞах; ɦɟɬɨɞɵ ɪаɞɢаɰɢɨɧɧɨɣ ɮɢɡɢɤɢ ɦɟɬаɥɥɨɜ ɩɪɢ 
ɫɨɡɞаɧɢɢ ɬɟɨɪɢɢ ɞɢɫɫɢɩаɬɢɜɧɵх ɫɬɪɭɤɬɭɪ ɞɟɮɟɤɬɨɜ; чɢɫɥɟɧɧɵɟ ɦɟɬɨɞɵ 
ɪɟɲɟɧɢя ɫɢɫɬɟɦ ɞɢɮɮɟɪɟɧɰɢаɥɶɧɵх ɭɪаɜɧɟɧɢɣ; ɜɵчɢɫɥɢɬɟɥɶɧɵɟ ɦɟɬɨɞɵ ɞɥя 
ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜаɧɢя ɪɟаɤɬɨɪɧɨɣ ɤɢɧɟɬɢɤɢ. 

 Наɭɱɧаɹ ɧɨвиɡɧа ɪаɛɨты ɡаɤɥɸчаɟɬɫя ɜ ɫɥɟɞɭɸщɟɦ: 
1. ɋɮɨɪɦɭɥɢɪɨɜаɧ ɨɛщɢɣ ɤɪɢɬɟɪɢɣ ɪɟаɥɢɡаɰɢɢ ɜɨɥɧɨɜɵх ɪɟɠɢɦɨɜ 

ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя, ɤаɤ ɜɨɥɧɵ Ахɢɟɡɟɪа, ɬаɤ ɢ ɜɨɥɧɵ Ɏɟɨɤɬɢɫɬɨɜа. 
β. Дɥя ɞɟɥящɟɣɫя ɫɪɟɞɵ ɢɡ ɭɪаɧа βγ8, ɜɩɟɪɜɵɟ ɩɪɨɜɟɞɟɧɵ 

ɢɫɫɥɟɞɨɜаɧɢя ɜɵɩɨɥɧɟɧɢя ɤɪɢɬɟɪɢя ɜɨɥɧɨɜɨɝɨ ɝɨɪɟɧɢя ɜ ɲɢɪɨɤɨɦ ɞɢаɩаɡɨɧɟ 
ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ ɢ ɜɩɟɪɜɵɟ ɨɛɧаɪɭɠɟɧа ɜɨɡɦɨɠɧɨɫɬɶ ɜɨɥɧɨɜɨɝɨ яɞɟɪɧɨɝɨ 
ɝɨɪɟɧɢя ɧɟ ɬɨɥɶɤɨ ɜ ɨɛɥаɫɬɢ ɛɵɫɬɪɵх ɧɟɣɬɪɨɧɨɜ, ɧɨ ɢ ɞɥя хɨɥɨɞɧɵх, 
ɧаɞɬɟɩɥɨɜɵх ɢ ɪɟɡɨɧаɧɫɧɵх ɧɟɣɬɪɨɧɨɜ. 
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γ. ɇа ɨɫɧɨɜаɧɢɢ ɪɟɡɭɥɶɬаɬɨɜ ɢɫɫɥɟɞɨɜаɧɢя ɜɵɩɨɥɧɟɧɢя  ɤɪɢɬɟɪɢя 
Ɏɟɨɤɬɢɫɬɨɜа ɞɥя ɞɟɥящɟɣɫя ɫɪɟɞɵ ɢɡ ɭɪаɧа βγ8 ɫ ɨɛɨɝащɟɧɢяɦɢ ɩɨ ɭɪаɧɭ 
βγη, ɫɨɨɬɜɟɬɫɬɜɭɸщɢɦɢ ɩɨɞɤɪɢɬɢчɟɫɤɨɦɭ ɫɨɫɬɨяɧɢɸ, ɜɩɟɪɜɵɟ ɩɨɤаɡаɧа 
ɜɨɡɦɨɠɧɨɫɬɶ ɪɟаɥɢɡаɰɢɢ ɪɟɠɢɦа ɦɟɞɥɟɧɧɨɝɨ ɜɨɥɧɨɜɨɝɨ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ 
ɝɨɪɟɧɢя ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɵх ɫɪɟɞ ɜ ɨɛɥаɫɬɢ хɨɥɨɞɧɵх, ɬɟɩɥɨɜɵх, ɧаɞɬɟɩɥɨɜɵх 
ɢ ɪɟɡɨɧаɧɫɧɵх ɧɟɣɬɪɨɧɨɜ. 

4. Вɩɟɪɜɵɟ ɫ ɩɨɦɨщɶɸ чɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜаɧɢя ɩɨɤаɡаɧа 
ɜɨɡɦɨɠɧɨɫɬɶ ɜɨɥɧɨɜɨɝɨ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɦɟɞɥɟɧɧɨɝɨ ɝɨɪɟɧɢя 

ɩɪɢɪɨɞɧɨɝɨ ɭɪаɧа ɜ ɧаɞɬɟɩɥɨɜɵх ɨɛɥаɫɬɢ ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ (1,0-7,0 ɷВ). 
5. Вɩɟɪɜɵɟ ɩɨɤаɡаɧа ɜɨɡɦɨɠɧɨɫɬɶ ɫɨɡɞаɧɢя ɜɨɥɧɨɜɨɝɨ яɞɟɪɧɨɝɨ 

ɪɟаɤɬɨɪа ɧа ɬɟɩɥɨɜɵх ɧɟɣɬɪɨɧах ɫ яɞɟɪɧɵɦ ɬɨɩɥɢɜɨɦ ɢɡ ɩɪɢɪɨɞɧɨɝɨ ɭɪаɧа ɢ 

ɭɪаɧа-238 ɫ ɪаɡɧɨɣ ɫɬɟɩɟɧɶɸ ɨɛɨɝащɟɧɢя ɩɨ ɭɪаɧɭ-235. 

6. Вɩɟɪɜɵɟ ɨɛɧаɪɭɠɟɧ ɢ ɨɛɴяɫɧɟɧ ɪɟɡɨɧаɧɫɧɵɣ хаɪаɤɬɟɪ ɡаɜɢɫɢɦɨɫɬɟɣ 
ɭɫɪɟɞɧɟɧɧɵх ɩɨ ɧɟɣɬɪɨɧɧɵɦ ɫɩɟɤɬɪаɦ ɫɟчɟɧɢɣ ɨɫɧɨɜɧɵх ɪɟаɤɬɨɪɧɵх 
ɧɟɣɬɪɨɧɧɵх яɞɟɪɧɵх ɪɟаɤɰɢɣ (ɞɟɥɟɧɢя ɢ ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа) ɨɬ 
ɬɟɦɩɟɪаɬɭɪɵ ɪɟаɤɬɨɪɧɨɝɨ яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа. 

7. ɉɨɥɭчɟɧɵ ɬɟɦɩɟɪаɬɭɪɧɵɟ ɡаɜɢɫɢɦɨɫɬɢ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ 

ɢɫɬɨчɧɢɤа ɞɥя ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɝɨ ɫɪɟɞɵ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ 

аɩɩɪɨɤɫɢɦɢɪɨɜаɧɵ ɫɬɟɩɟɧɧɨɣ ɮɭɧɤɰɢɟɣ ɫ ɩɨɤаɡаɬɟɥɟɦ ɫɬɟɩɟɧɢ ɛɨɥɶɲɟ 1, ɢ 

ɜɩɟɪɜɵɟ ɞɨɤаɡаɧɨ ɫɭщɟɫɬɜɨɜаɧɢɟ ɪɟɠɢɦɨɜ ɫ ɨɛɨɫɬɪɟɧɢɟɦ Ʉɭɪɞɸɦɨɜа. 

8. Вɩɟɪɜɵɟ ɩɨɥɭчɟɧɵ ɧɟɫɬаɰɢɨɧаɪɧɵɟ ɞɢɫɫɢɩаɬɢɜɧɵɟ ɬɟɩɥɨɜɵɟ γd 

ɫɬɪɭɤɬɭɪɵ ɜ ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɣ ɞɟɥящɟɣɫя ɫɪɟɞɟ. 
 9. Вɩɟɪɜɵɟ ɩɨɤаɡаɧа ɜɨɡɦɨɠɧɨɫɬɶ ɫɭщɟɫɬɜɨɜаɧɢя ɪɟɠɢɦɨɜ ɫ 

ɨɛɨɫɬɪɟɧɢɟɦ ɢ ɢх ɜɢɞɵ ɞɥя ɜɫɟх ɢɡɜɟɫɬɧɵх ɜɢɞɨɜ ɪɟаɤɬɨɪɧɨɝɨ яɞɟɪɧɨɝɨ 

ɬɨɩɥɢɜа ɫ ɭчɟɬɨɦ ɢх ɬɟɩɥɨɮɢɡɢчɟɫɤɢх ɫɜɨɣɫɬɜ. 
10. Вɩɟɪɜɵɟ ɨɛɧаɪɭɠɟɧɨ ɢ ɨɛɴяɫɧɟɧɨ ɩɪɢɧɰɢɩɢаɥɶɧɨɟ ɨɬɥɢчɢɟ 

ɬɟɦɩɟɪаɬɭɪɧɵх ɡаɜɢɫɢɦɨɫɬɟɣ ɩɥɨɬɧɨɫɬɟɣ ɬɟɩɥɨɜɵх ɢɫɬɨчɧɢɤɨɜ ɞɥя ɆɈɄɋ-

ɬɨɩɥɢɜа ɢ ɨɤɫɢɞɧɨɝɨ ɭɪаɧɨɜɨɝɨ ɬɨɩɥɢɜа, чɬɨ ɩɨɡɜɨɥɢɥɨ ɜɵяɜɢɬɶ ɢ 

ɨɛɨɫɧɨɜаɬɶ хаɪаɤɬɟɪɧɵɟ чɟɪɬɵ аɜаɪɢɢ ɧа  γ-ɦ ɛɥɨɤɟ АЭɋ «Ɏɭɤɭɫɢɦа-1». 

 Пɪаɤтиɱеɫɤаɹ ɡɧаɱиɦɨɫтɶ ɩɨɥɭɱеɧɧыɯ ɪеɡɭɥɶтатɨв. 
 ɉɨɥɭчɟɧɧɵɟ ɜ ɲɢɪɨɤɢх ɬɟɦɩɟɪаɬɭɪɧɵх ɢɧɬɟɪɜаɥах ɮɭɧɤɰɢɨɧаɥɶɧɵɟ 

ɡаɜɢɫɢɦɨɫɬɢ ɭɫɪɟɞɧɟɧɧɵх ɩɨ ɧɟɣɬɪɨɧɧɵɦ ɫɩɟɤɬɪаɦ ɫɟчɟɧɢɣ ɨɫɧɨɜɧɵх 
ɪɟаɤɬɨɪɧɵх ɧɟɣɬɪɨɧɧɵх яɞɟɪɧɵх ɪɟаɤɰɢɣ (ɞɟɥɟɧɢя ɢ ɪаɞɢаɰɢɨɧɧɨɝɨ 
ɡахɜаɬа) ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɪɟаɤɬɨɪɧɨɝɨ яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа ɦɨɝɭɬ ɛɵɬɶ 
ɢɫɩɨɥɶɡɨɜаɧɵ ɩɪɢ ɪɟɲɟɧɢɢ ɲɢɪɨɤɨɝɨ ɤɪɭɝа аɤɬɭаɥɶɧɵх ɡаɞач: 

- ɢɫɫɥɟɞɨɜаɧɢɟ ɮɢɡɢɤɢ яɞɟɪɧɵх ɪɟаɤɬɨɪɨɜ, ɩɨɬɨɦɭ чɬɨ ɷɬɢ ɡаɜɢɫɢɦɨɫɬɢ 
ɧɟɨɛхɨɞɢɦɵ ɩɪɢ ɢɫɫɥɟɞɨɜаɧɢях ɤɢɧɟɬɢɤɢ яɞɟɪɧɵх ɪɟаɤɬɨɪɨɜ, чɬɨ ɧаɩɪяɦɭɸ 
ɫɜяɡаɧɨ ɫ ɛɟɡɨɩаɫɧɨɫɬɶɸ ɪаɛɨɬɵ ɪɟаɤɬɨɪɨɜ ɢ ɩɨɡɜɨɥяɟɬ ɪаɡɪаɛаɬɵɜаɬɶ 
яɞɟɪɧɵɟ ɪɟаɤɬɨɪɵ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢя ɫ ɜɧɭɬɪɟɧɧɟɣ ɛɟɡɨɩаɫɧɨɫɬɶɸ (ɧаɩɪɢɦɟɪ, 
ɩɟɪɫɩɟɤɬɢɜɧɵх ɛɵɫɬɪɵх ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɵх ɪɟаɤɬɨɪɨɜ V ɩɨɤɨɥɟɧɢя, ɪɟаɤɬɨɪ 
ɬɢɩа Ʌ.ɉ. Ɏɟɨɤɬɢɫɬɨɜа); 

- ɨɩɪɟɞɟɥɟɧɢɟ хаɪаɤɬɟɪɢɫɬɢɤ ɩɪɨчɧɨɫɬɢ (ɬаɤɢх ɤаɤ ɪаɞɢаɰɢɨɧɧая 
ɩɨɥɡɭчɟɫɬɶ, ɪаɫɩɭхаɧɢɟ ɢ ɬɪɟщɢɧɨɫɬɨɣɤɨɫɬɶ) ɪɟаɤɬɨɪɧɨɝɨ яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа; 

- ɤɢɧɟɬɢɤа ɩɪɢɪɨɞɧɨɝɨ ɝɟɨɪɟаɤɬɨɪа. 
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ɉɨɥɭчɟɧɧɵɟ ɜ ɞɢɫɫɟɪɬаɰɢɢ ɬɟɨɪɟɬɢчɟɫɤɢɟ ɪɟɡɭɥɶɬаɬɵ ɪаɫɤɪɵɜаɸɬ 
ɬɟɨɪɢɸ ɪɟаɤɬɨɪɨɜ ɧа ɛɟɝɭщɟɣ ɜɨɥɧɵ, ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɵх ɪɟаɤɰɢɣ ɢ ɟɟ 
ɫɭщɟɫɬɜɟɧɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɩɨ ɫɪаɜɧɟɧɢɸ ɫ ɤɢɧɟɬɢɤɨɣ яɞɟɪɧɵх ɪɟаɤɬɨɪɨɜ 
ɩɪɟɞɵɞɭщɢх ɩɨɤɨɥɟɧɢɣ. Эɬа ɬɟɨɪɟɬɢчɟɫɤая ɛаɡа яɜɥяɟɬɫя ɧɟɨɛхɨɞɢɦɨɣ ɛаɡɨɣ 
ɞɥя ɩɪɢɧяɬɢя ɧа ɩɪаɤɬɢɤɟ ɨɩɬɢɦаɥɶɧɵх ɢɧɠɟɧɟɪɧɵх ɢ ɩɪɨɟɤɬɧɵх 
ɬɟхɧɢчɟɫɤɢх ɪɟɲɟɧɢɣ ɩɨ ɪаɡɪаɛɨɬɤɟ ɤɨɧɫɬɪɭɤɰɢɣ яɞɟɪɧɵх ɪɟаɤɬɨɪɨɜ, 
ɪаɛɨɬаɸщɢх ɜ ɪɟɠɢɦɟ ɛɟɝɭщɟɣ ɜɨɥɧɵ, ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɵх ɪɟаɤɰɢɣ, ɢ 
ɩɪɨɝɧɨɡɢɪɨɜаɧɢя ɩаɪаɦɟɬɪɨɜ ɪаɡɪаɛаɬɵɜаɟɦɵх яɞɟɪɧɵх ɪɟаɤɬɨɪɨɜ ɧɨɜɨɝɨ 
ɩɨɤɨɥɟɧɢя.  

Лиɱɧыɣ вɤɥаɞ ɫɨиɫɤатеɥɹ. Вɫɟ ɪɟɡɭɥɶɬаɬɵ, ɤɨɬɨɪɵɟ ɫɨɫɬаɜɥяɸɬ 
ɨɫɧɨɜɧɨɟ ɫɨɞɟɪɠаɧɢɟ ɞɢɫɫɟɪɬаɰɢɢ, ɩɨɥɭчɟɧɵ ɥɢчɧɨ аɜɬɨɪɨɦ, а ɢɦɟɧɧɨ: 

- ɫɮɨɪɦɭɥɢɪɨɜаɧ ɨɛщɢɣ ɤɪɢɬɟɪɢɣ ɪɟаɥɢɡаɰɢɢ ɜɨɥɧɨɜɵх ɪɟɠɢɦɨɜ 
ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя, ɤаɤ ɜɨɥɧɵ Ахɢɟɡɟɪа, ɬаɤ ɢ ɜɨɥɧɵ Ɏɟɨɤɬɢɫɬɨɜа. 

- ɞɥя ɞɟɥящɟɣɫя ɫɪɟɞɵ ɢɡ ɭɪаɧа βγ8, ɩɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜаɧɢя ɜɵɩɨɥɧɟɧɢя 
ɤɪɢɬɟɪɢя ɜɨɥɧɨɜɨɝɨ ɝɨɪɟɧɢя ɜ ɲɢɪɨɤɨɦ ɞɢаɩаɡɨɧɟ ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ ɢ 
ɜɩɟɪɜɵɟ ɨɛɧаɪɭɠɟɧа ɜɨɡɦɨɠɧɨɫɬɶ ɜɨɥɧɨɜɨɝɨ яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɧɟ ɬɨɥɶɤɨ ɜ 
ɨɛɥаɫɬɢ ɛɵɫɬɪɵх ɧɟɣɬɪɨɧɨɜ, ɧɨ ɢ ɞɥя хɨɥɨɞɧɵх, ɧаɞɬɟɩɥɨɜɵх ɢ ɪɟɡɨɧаɧɫɧɵх 
ɧɟɣɬɪɨɧɨɜ. 

- ɢɫɫɥɟɞɨɜаɧɨ ɜɵɩɨɥɧɟɧɢɟ  ɤɪɢɬɟɪɢя Ɏɟɨɤɬɢɫɬɨɜа ɞɥя ɞɟɥящɟɣɫя ɫɪɟɞɵ, 
ɩɟɪɜɨɧачаɥɶɧɨ ɫɨɫɬɨящɟɣ ɢɡ ɭɪаɧа βγ8 ɫ ɨɛɨɝащɟɧɢяɦɢ 4,γ8 %, β,00 %, 1,00 
%, 0,71 % ɢ 0,η0% ɩɨ ɭɪаɧɭ βγη, ɜ  ɨɛɥаɫɬɢ ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ 0,01η – 10,00 

ɷВ.  
- ɩɨɤаɡаɧɨ ɫɭщɟɫɬɜɨɜаɧɢɟ ɦɟɞɥɟɧɧɨɝɨ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя 

ɩɪɢɪɨɞɧɨɝɨ ɭɪаɧа ɜ ɧаɞɬɟɩɥɨɜɨɣ ɨɛɥаɫɬɢ ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ (1,0-7,0 ɷВ).  
- ɩɨɤаɡаɧа ɜɨɡɦɨɠɧɨɫɬɶ ɫɨɡɞаɧɢя ɬɟɩɥɨɜɨɝɨ ɜɨɥɧɨɜɨɝɨ яɞɟɪɧɨɝɨ ɪɟаɤɬɨɪа, 

ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɪаɛɨɬаɬɶ ɧа ɩɪɢɪɨɞɧɨɦ ɭɪаɧɟ ɢ ɭɪаɧɟ-238 ɫ ɪаɡɧɨɣ ɫɬɟɩɟɧɶɸ 

ɨɛɨɝащɟɧɢя ɩɨ ɭɪаɧɭ-235, а ɬаɤɠɟ ɜɨɥɧɨɜɵх яɞɟɪɧɵх ɪɟаɤɬɨɪɨɜ ɧа ɛɵɫɬɪɵх, 

хɨɥɨɞɧɵх, ɬɟɩɥɨɜɵх, ɧаɞɬɟɩɥɨɜɵх ɢ ɪɟɡɨɧаɧɫɧɵх ɧɟɣɬɪɨɧах; 

- ɪаɡɪаɛɨɬаɧа ɤɨɦɩɶɸɬɟɪɧая ɩɪɨɝɪаɦɦа ɢ ɩɪɨɜɟɞɟɧ ɪаɫчɟɬ ɡаɜɢɫɢɦɨɫɬɟɣ 
ɫɟчɟɧɢɣ ɧɟɣɬɪɨɧɧɵх яɞɟɪɧɵх ɪɟаɤɰɢɣ ɜ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ ɫ 
ɭчɟɬɨɦ ɷɮɮɟɤɬа Дɨɩɥɟɪа, ɬɨ ɟɫɬɶ, ɞɥя ɪаɡɥɢчɧɵх ɬɟɦɩɟɪаɬɭɪ яɞɟɪɧɨɝɨ 
ɬɨɩɥɢɜа. 

- ɪаɡɪаɛɨɬаɧа ɤɨɦɩɶɸɬɟɪɧая ɩɪɨɝɪаɦɦа ɢ ɩɪɨɜɟɞɟɧɵ ɤɨɦɩɶɸɬɟɪɧɵɟ 
ɜɵчɢɫɥɟɧɢя ɞɥя ɨɫɧɨɜɧɵх ɪɟаɤɬɨɪɧɵх ɬɨɩɥɢɜɧɵх ɧɭɤɥɢɞɨɜ UU 238

92

235

92 ,  ɢ Pu239

94  

ɭɫɪɟɞɧɟɧɧɵх ɩɨ ɧɟɣɬɪɨɧɧɵɦ ɫɩɟɤɬɪаɦ ɫɟчɟɧɢɣ ɨɫɧɨɜɧɵх ɪɟаɤɬɨɪɧɵх 
ɧɟɣɬɪɨɧɧɵх яɞɟɪɧɵх ɪɟаɤɰɢɣ (ɞɟɥɟɧɢя ɢ ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа) ɨɬ 
ɬɟɦɩɟɪаɬɭɪɵ ɪɟаɤɬɨɪɧɨɝɨ яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа. 

- ɩɨɥɭчɟɧɨ ɮɭɧɤɰɢɨɧаɥɶɧɵɟ ɡаɜɢɫɢɦɨɫɬɢ ɭɫɪɟɞɧɟɧɧɵх ɩɨ ɧɟɣɬɪɨɧɧɵɦɢ 

ɫɩɟɤɬɪаɦɢ ɫɟчɟɧɢɣ ɨɫɧɨɜɧɵх ɪɟаɤɬɨɪɧɵх яɞɟɪɧɵх ɪɟаɤɰɢɣ (ɞɟɥɟɧɢя ɢ 

ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа) ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɪɟаɤɬɨɪɧɨɝɨ яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа; 
- ɩɨɥɭчɟɧɵ ɬɟɦɩɟɪаɬɭɪɧɵɟ ɡаɜɢɫɢɦɨɫɬɢ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɢɫɬɨчɧɢɤа ɢ 

ɧɟɫɬаɰɢɨɧаɪɧɵɟ ɞɢɫɫɢɩаɬɢɜɧɵɟ ɬɟɩɥɨɜɵɟ γd ɫɬɪɭɤɬɭɪɵ ɜ ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɣ 
ɞɟɥящɟɣɫя ɫɪɟɞɟ. 



 11 

- ɢɫɫɥɟɞɨɜаɧа ɜɨɡɦɨɠɧɨɫɬɶ ɫɭщɟɫɬɜɨɜаɧɢя ɪɟɠɢɦɨɜ ɫ ɨɛɨɫɬɪɟɧɢɟɦ ɜ 

ɬɨɩɥɢɜɧɵх ɦаɬɟɪɢаɥах яɞɟɪɧɵх ɪɟаɤɬɨɪɨɜ ɢ ɨɩɪɟɞɟɥɟɧɵ ɜɨɡɦɨɠɧɵɟ ɪɟɠɢɦɵ 

ɫ ɨɛɨɫɬɪɟɧɢɟɦ ɞɥя ɤаɠɞɨɝɨ ɢɡ ɢɡɜɟɫɬɧɵх ɜɢɞɨɜ яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа ɫ ɭчɟɬɨɦ 
ɢх ɬɟɩɥɨɮɢɡɢчɟɫɤɢх ɫɜɨɣɫɬɜ. 

Ⱥɩɪɨɛаɰиɹ ɪеɡɭɥɶтатɨв ɞиɫɫеɪтаɰии. Ɉɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢя ɢ 
ɪɟɡɭɥɶɬаɬɵ ɞɢɫɫɟɪɬаɰɢɢ ɞɨɤɥаɞɵɜаɥɢɫɶ ɢ ɨɛɫɭɠɞаɥɢɫɶ ɧа ɫɟɦɢɧаɪах 
ɤаɮɟɞɪɵ  ɬɟɨɪɟɬɢчɟɫɤɨɣ ɢ ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɨɣ яɞɟɪɧɨɣ ɮɢɡɢɤɢ Ɉɇɉɍ, а 
ɬаɤɠɟ ɛɵɥɢ ɩɪɟɞɫɬаɜɥɟɧɵ ɧа ɫɥɟɞɭɸщɢх ɧаɭчɧɵх ɤɨɧɮɟɪɟɧɰɢях: 

- V, VI, VII, VIII, IX ɤɨɧɮɟɪɟɧɰɢях ɩɨ ɮɢɡɢɤɟ ɜɵɫɨɤɢх ɷɧɟɪɝɢɣ, 
яɞɟɪɧɨɣ ɮɢɡɢɤɟ ɢ ɭɫɤɨɪɢɬɟɥяɦ (ɇɇɐ ɏɎТɂ, ɏаɪɶɤɨɜ, ɍɤɪаɢɧа,  β007, β008, 
2009, 2010, 2011); 

- The  2-nd, 3-rd and 4-th IЧtОЫЧКtiШЧКХ ωШЧПОЫОЧМОs “ωuЫЫОЧt PЫШЛХОms iЧ 
Nuclear Physics and Atomic Energy (NPAE-Kyiv2008, NPAE-Kyiv2010, NPAE-

KвiЯβ01β)”, KвiЯ, UФЫКiЧО, β008, 2010, 2012; 

- Ɇɟɠɞɭɧаɪɨɞɧɵх ɧаɭчɧɵх ɤɨɧɮɟɪɟɧɰɢях ɫɬɭɞɟɧɬɨɜ ɢ ɦɨɥɨɞɵх 
ɧаɭчɧɵх ɫɨɬɪɭɞɧɢɤɨɜ ɩɨ ɬɟɨɪɟɬɢчɟɫɤɨɣ ɢ ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɨɣ ɮɢɡɢɤɟ 
«Эɜɪɢɤа-β010», «Эɜɪɢɤа-β01γ», «Эɜɪɢɤа-β014» Ʌɶɜɨɜ, ɍɤɪаɢɧа, β010, β01γ, 
2014; 

- Ɇɟɠɞɭɧаɪɨɞɧая ɤɨɧɮɟɪɟɧɰɢя «XII ɏаɪɢɬɨɧɨɜɫɤɢɟ ɬɟɦаɬɢчɟɫɤɢɟ 
чɬɟɧɢя ɩɨ ɩɪɨɛɥɟɦаɦ ɮɢɡɢɤɢ ɜɵɫɨɤɢх ɩɥɨɬɧɨɫɬɟɣ ɷɧɟɪɝɢɢ». ɎȽɍɉ «ɊɎəɐ-

ВɇɂɂЭɎ», ɝ. ɋаɪɨɜ, Ɋɨɫɫɢя, 2010; 

- XIX ɢ XX Ɇɟɠɞɭɧаɪɨɞɧɵх ɤɨɧɮɟɪɟɧɰɢях ɩɨ ɮɢɡɢɤɟ ɪаɞɢаɰɢɨɧɧɵх 
яɜɥɟɧɢɣ ɢ ɪаɞɢаɰɢɨɧɧɨɦɭ ɦаɬɟɪɢаɥɨɜɟɞɟɧɢɸ, ɇɇɐ ɏɎТɂ, ɝ. Аɥɭɲɬа, 
ɍɤɪаɢɧа, β010, 2012; 

- The 4
th

 Chaotic Modeling and Simulation International Conference 

(CHAOS 2011, Agios Nikolaos, Crete Greece, May 31-Jyne3, 2011); 

- Тɪɟɬɶɟɣ ɢ ɑɟɬɜɟɪɬɨɣ ɦɟɠɞɭɧаɪɨɞɧɨɣ ɧаɭчɧɨ-ɬɟхɧɢчɟɫɤая 
ɤɨɧɮɟɪɟɧɰɢɢ "ɉɨɜɵɲɟɧɢɟ ɛɟɡɨɩаɫɧɨɫɬɢ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ аɬɨɦɧɨɣ 
ɷɧɟɪɝɟɬɢɤɢ", Ɉɞɟɫɫа, ɍɤɪаɢɧа, β01β, β014; 

- The 23rd International Conference on Nuclear Engineering (ICONE 23, 

Makuhari Messe, Chiba, Japan, May 17
th

 - 21
st
, 2015).  

 Пɭɛɥиɤаɰии. Ɉɫɧɨɜɧɨɟ ɫɨɞɟɪɠаɧɢɟ ɞɢɫɫɟɪɬаɰɢɢ ɨɩɭɛɥɢɤɨɜаɧɨ ɜ γ8 
ɧаɭчɧɵх ɩɭɛɥɢɤаɰɢях, ɜ ɬɨɦ чɢɫɥɟ ɜ 1β ɫɬаɬɶях ɜ ɧаɭчɧɵх 
ɫɩɟɰɢаɥɢɡɢɪɨɜаɧɧɵх ɠɭɪɧаɥах, θ ɞɨɤɥаɞах ɜ ɬɪɭɞах ɧаɭчɧɵх ɤɨɧɮɟɪɟɧɰɢɣ ɢ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɩɪɟɞɫɬаɜɥɟɧɵ ɜ β0 ɬɟɡɢɫах ɞɨɤɥаɞɨɜ ɧаɭчɧɵх ɤɨɧɮɟɪɟɧɰɢɣ: 

1. Rusov V. D. On some fundamental peculiarities of the traveling wave 
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ɊȺɁȾЕЛ 1. ЛИɌЕɊȺɌɍɊНЫɃ ɈȻɁɈɊ ɋɈɋɌɈəНИə ȼɈПɊɈɋȺ И 
ɁȺȾȺɑИ ИɋɋЛЕȾɈȼȺНИə 

      

1.1. ɋɨɫтɨɹɧие вɨɩɪɨɫа. 
1.1.1. Ɉɛщие ɩɨɥɨɠеɧиɹ. 

ɇа ɫɟɝɨɞɧяɲɧɢɣ ɞɟɧɶ ɩɟɪɫɩɟɤɬɢɜɵ ɪɟɲɟɧɢя ɩɪɨɛɥɟɦɵ ɨɛɟɫɩɟчɟɧɢя 
чɟɥɨɜɟчɟɫɬɜа ɷɧɟɪɝɢɟɣ ɫɩɟɰɢаɥɢɫɬɵ ɫɜяɡɵɜаɸɬ ɫ ɞɜɭɦя ɨɫɧɨɜɧɵɦɢ 
ɩɪɨɟɤɬаɦɢ, а ɢɦɟɧɧɨ, ɫ ɬɟɪɦɨяɞɟɪɧɵɦɢ ɪɟаɤɬɨɪаɦɢ ɢ яɞɟɪɧɵɦɢ ɪɟаɤɬɨɪаɦɢ 
V ɩɨɤɨɥɟɧɢя, а ɬаɤɠɟ, ɫ ɢх ɝɢɛɪɢɞɧɵɦɢ ɜаɪɢаɧɬаɦɢ – яɞɟɪɧɨ-ɬɟɪɦɨяɞɟɪɧɵɦɢ 

ɪɟаɤɬɨɪаɦɢ [1-8]. ɉɪɢчɟɦ, ɫɟɝɨɞɧя ɩɨɤа ɩɪɨɟɤɬɵ ɟщɟ ɧɟ ɪɟаɥɢɡɨɜаɧɵ ɧа 
ɩɪаɤɬɢɤɟ, ɩɟɪɫɩɟɤɬɢɜɵ ɢ ɡɧачɢɦɨɫɬɶ ɤаɠɞɨɝɨ ɢɡ ɷɬɢх ɩɪɨɟɤɬɨɜ ɜɨ ɦɧɨɝɨɦ 
ɡаɜɢɫɢɬ ɨɬ ɬɨɝɨ, ɤаɤɨɣ ɩɪɨɟɤɬ ɛɭɞɟɬ ɪɟаɥɢɡɨɜаɧ ɪаɧɶɲɟ ɞɪɭɝɨɝɨ ɢ ɧа ɫɤɨɥɶɤɨ. 
ɏɨɬя ɜ ɤаɤɨɣ-ɬɨ ɫɬɟɩɟɧɢ ɷɬɨ – ɞɜа ɤɨɧɤɭɪɢɪɭɸщɢх ɦɟɠɞɭ ɫɨɛɨɣ ɩɪɨɟɤɬа, 
ɨɞɧаɤɨ, ɧɟ ɜɵɡɵɜаɟɬ ɫɨɦɧɟɧɢя ɬɨ, чɬɨ ɤаɠɞɵɣ ɢɡ ɷɬɢх ɩɪɨɟɤɬɨɜ – аɤɬɭаɥɟɧ, 
ɨɛяɡаɬɟɥɶɧɨ ɡаɣɦɟɬ ɫɜɨɸ ɨɛɥаɫɬɶ ɩɪаɤɬɢчɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢя ɩɨɫɥɟ ɢх 
ɩɪаɤɬɢчɟɫɤɨɣ ɪɟаɥɢɡаɰɢɢ, ɬɟɦ ɛɨɥɟɟ, чɬɨ ɢх ɝɢɛɪɢɞɧɵɟ ɜаɪɢаɧɬɵ ɢɡ-ɡа 
ɨɬɫɭɬɫɬɜɢя ɧа ɫɟɝɨɞɧя аɥɶɬɟɪɧаɬɢɜ, ɩɨ-ɜɢɞɢɦɨɦɭ, яɜɥяɸɬɫя ɛɭɞɭщɢɦ 
ɷɧɟɪɝɟɬɢɤɢ. 

ɋɨɝɥаɫɧɨ Д1-5] ɨɞɢɧ ɢɡ аɪɝɭɦɟɧɬɨɜ ɩɪɨɬɢɜɧɢɤɨɜ ɪаɡɜɢɬɢя яɞɟɪɧɨɣ 
ɷɧɟɪɝɟɬɢɤɢ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, чɬɨ ɩɪɢ ɢɧɬɟɧɫɢɜɧɨɦ ɪаɡɜɢɬɢɢ ɨɧа ɢɫчɟɪɩаɟɬ ɫɜɨɣ 
ɬɨɩɥɢɜɧɵɣ ɪɟɫɭɪɫ ɜ ɜɢɞɟ  235

U , ɩɪɢɦɟɪɧɨ, ɤ β0β0 ɝɨɞɭ. Вɟɪɧɵɣ ɞɥя 
ɧɵɧɟɲɧɟɣ ɫɬɪɭɤɬɭɪɵ АЭɋ, ɨɧ ɩɨɥɧɨɫɬɶɸ ɬɟɪяɟɬ ɫɢɥɭ, ɟɫɥɢ ɜ ɨɛɨɪɨɬ 
ɜɤɥɸчаɸɬɫя ɛɵɫɬɪɵɟ ɪɟаɤɬɨɪɵ-ɪаɡɦɧɨɠɢɬɟɥɢ. Эɬɨ ɩɪɟɞɨɩɪɟɞɟɥяɟɬɫя, ɬɟɦ, 
чɬɨ, ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɜ ɩɪɢɪɨɞɟ 238

U  ɜ 140 ɪаɡ ɛɨɥɶɲɟ, чɟɦ  235
U, а, ɫ ɞɪɭɝɨɣ 

-  ɫɬаɧɨɜɢɬɫя ɪɟɧɬаɛɟɥɶɧɨɣ ɞɨɛɵча ɭɪаɧа ɤаɤ ɢɡ ɦаɥɨɨɛɨɝащɟɧɧɵх ɪɭɞ, 
ɤɨɬɨɪɵх ɧаɦɧɨɝɨ ɛɨɥɶɲɟ, ɬаɤ ɢ ɞɪɭɝɢɟ ɢɡɜɟɫɬɧɵɟ ɫɩɨɫɨɛɵ ɟɝɨ ɩɪɨɢɡɜɨɞɫɬɜа, 
ɜɩɥɨɬɶ ɞɨ ɢɡɜɥɟчɟɧɢя ɭɪаɧа ɞаɠɟ ɢɡ ɝɪаɧɢɬа ɢ ɦɨɪɫɤɨɣ ɜɨɞɵ. Ɉɬɦɟɬɢɦ, 
ɬаɤɠɟ, ɤаɤ ɷɬɨ ɫɥɟɞɭɟɬ ɢɡ ɩɨɫɥɟɞɧɢх ɪɟɡɭɥɶɬаɬɨɜ ɢɫɫɥɟɞɨɜаɧɢɣ ɤɢɧɟɬɢɤɢ ɢ 
ɪаɡɪаɛɨɬɤɢ ɜɨɥɧɨɜɵх яɞɟɪɧɵх ɪɟаɤɬɨɪɨɜ, яɜɥяɸщɢхɫя яɞɟɪɧɵɦɢ ɪɟаɤɬɨɪаɦɢ 
ɧɨɜɨɝɨ V ɩɨɤɨɥɟɧɢя, ɜ ɧɢх ɜɨɡɦɨɠɧɨ ɫɠɢɝаɧɢɟ ɨɬɪаɛɨɬаɧɧɨɝɨ яɞɟɪɧɨɝɨ 
ɬɨɩɥɢɜа (ɈəТ), ɭɠɟ ɧаɤɨɩɥɟɧɧɨɝɨ ɜ ɞɨɫɬаɬɨчɧɨ ɛɨɥɶɲɢх ɤɨɥɢчɟɫɬɜах ɜ 
ɪɟɡɭɥɶɬаɬɟ ɪаɛɨɬɵ яɞɟɪɧɵх ɪɟаɤɬɨɪɨɜ ɩɪɟɞɵɞɭщɢх ɩɨɤɨɥɟɧɢɣ. ɉɨɷɬɨɦɭ ɛаɡа 
ɞɨɛɵчɢ ɭɪаɧа ɪаɫɲɢɪяɟɬɫя ɩɪаɤɬɢчɟɫɤɢ ɛɟɫɩɪɟɞɟɥɶɧɨ.   

Вɵɞɜɢɝаɸɬɫя, ɤɨɧɟчɧɨ, ɢ ɞɪɭɝɢɟ ɜаɠɧɵɟ ɩɪɢɨɪɢɬɟɬɵ, ɢ ɝɥаɜɧɵɣ ɢɡ ɧɢх – 

яɞɟɪɧая ɢ ɪаɞɢаɰɢɨɧɧая ɛɟɡɨɩаɫɧɨɫɬɶ, ɭɪɨɜɟɧɶ ɤɨɬɨɪɨɣ ɞɨɥɠɟɧ ɨɛɟɫɩɟчɢɜаɬɶ 
ɩɪɢ ɥɸɛɨɣ ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɨɣ ɪаɛɨчɟɣ ɫɢɬɭаɰɢɢ ɧɟ ɬɨɥɶɤɨ ɩɨɥɧɨɟ ɨɬɫɭɬɫɬɜɢɟ 
ɪаɞɢɨаɤɬɢɜɧɨɝɨ ɡаɝɪяɡɧɟɧɢя ɜɧɟ ɩɪɟɞɟɥɨɜ ɪɟаɤɬɨɪɧɨɝɨ ɡаɥа, ɧɨ 
ɨɞɧɨɜɪɟɦɟɧɧɨ ɨɛяɡаɧ, ɩɨ ɭɦɨɥчаɧɢɸ,  ɢɦɟɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɡаɩаɫ 
ɛɟɡɨɩаɫɧɨɫɬɢ ɧа ɫɥɭчаɣ ɜɨɟɧɧɵх ɞɟɣɫɬɜɢɣ, ɩɪɟɞɨɩɪɟɞɟɥяɟɦɵɣ, ɜ ɫɜɨɸ 
ɨчɟɪɟɞɶ, ɢɡɜɟɫɬɧɨɣ ɩɨɪɨɝɨɜɨɣ ɩɥɨɬɧɨɫɬɶɸ ɦɨщɧɨɫɬɢ АЭɋ ɧа ɟɞɢɧɢɰɭ 
ɩɥɨщаɞɢ, ɤɨɬɨɪая ɡаɜɟɞɨɦɨ ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɩɟɪɟɫɟчɟɧɢɸ ɫɦɟɪɬɨɧɨɫɧɵх 
ɪаɞɢɨаɤɬɢɜɧɵх ɫɥɟɞɨɜ ɨɬ ɪаɡɪɭɲɟɧɧɵх АЭɋ ɜ ɪаɦɤах ɥɸɛɵх  
(ɪɟɬɪɨɫɩɟɤɬɢɜɧɨ ɭɫɪɟɞɧɟɧɧɵх ɞɥя ɞаɧɧɨɣ ɦɟɫɬɧɨɫɬɢ) ɦɟɬɟɨɭɫɥɨɜɢɣ. 
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Ʉɨɧɰɟɩɰɢя яɞɟɪɧɵх ɪɟаɤɬɨɪɨɜ V ɩɨɤɨɥɟɧɢя, ɩɨ ɧаɲɟɦɭ ɦɧɟɧɢɸ, 
ɩɪɟɞɩɨɥаɝаɟɬ, чɬɨ ɨɧɢ ɞɨɥɠɧɵ ɭɞɨɜɥɟɬɜɨɪяɬɶ ɫɥɟɞɭɸщɢɦ ɝɥаɜɧɵɦ 
ɬɪɟɛɨɜаɧɢяɦ: 

- ɛɵɬɶ ɛɟɡɨɩаɫɧɵɦ, ɩɪɢчɟɦ, ɷɬа ɛɟɡɨɩаɫɧɨɫɬɶ ɞɨɥɠɧа ɛаɡɢɪɨɜаɬɶɫя ɧа 
ɜɧɭɬɪɟɧɧɟɣ ɛɟɡɨɩаɫɧɨɫɬɢ яɞɟɪɧɨɝɨ ɪɟаɤɬɨɪа; 

- ɷɤɨɥɨɝɢя (ɛɢɨɫɨɜɦɟɫɬɢɦɨɫɬɶ ɫ ɛɢɨɫɮɟɪɨɣ Ɂɟɦɥɢ). 

Ȼɟɡɨɩаɫɧɵɦ ɪɟаɤɬɨɪɨɦ яɜɥяɟɬɫя ɬаɤɨɣ ɪɟаɤɬɨɪ, ɤɨɬɨɪɵɣ ɧɢ ɩɪɢ ɤаɤɢх 
ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɵх ɫɢɬɭаɰɢях ɧɟ ɫɨɡɞаɟɬ ɪаɞɢɨаɤɬɢɜɧɨɝɨ ɡаɝɪяɡɧɟɧɢя ɜɧɟ 
ɩɪɟɞɟɥɨɜ ɪɟаɤɬɨɪɧɨɝɨ ɡаɥа. 

Ɋɟаɤɬɨɪɨɦ ɫ ɜɧɭɬɪɟɧɧɟɣ ɛɟɡɨɩаɫɧɨɫɬɶɸ яɜɥяɟɬɫя ɬаɤɨɣ ɛɟɡɨɩаɫɧɵɣ 
ɪɟаɤɬɨɪ, ɜ ɤɨɬɨɪɨɦ аɜаɪɢя ɝаɫɢɬɫя ɧɟ ɭɫɢɥɢяɦɢ чɟɥɨɜɟɤа (ɨɩɟɪаɬɨɪа), а 
аɜɬɨɦаɬɢчɟɫɤɢ, ɜ ɫɢɥɭ ɡаɥɨɠɟɧɧɵх ɜ ɧɟɝɨ ɮɢɡɢчɟɫɤɢх ɩɪɢчɢɧ. 

Ȼɢɨɫɨɜɦɟɫɬɢɦɨɫɶ ɪɟаɤɬɨɪа ɩɪɟɞɩɨɥаɝаɟɬ, чɬɨ ɧаɢɛɨɥɟɟ ɨɩаɫɧɵɟ ɞɥя 
ɛɢɨɫɮɟɪɵ ɨɫɤɨɥɤɢ ɞɟɥɟɧɢя, ɧаɩɪɢɦɟɪ, ɬаɤɢɟ ɤаɤ ɬɟхɧɟɰɢɣ, ɣɨɞ, ɰɟɡɢɣ, 
ɰɢɪɤɨɧɢɣ ɢ ɞɪ. ɩɨɞɜɟɪɝаɸɬɫя ɬɪаɧɫɦɭɬаɰɢɢ ɜ ɫаɦɨɦ ɪɟаɤɬɨɪɟ, ɬɨ ɟɫɬɶ, ɩɪɢ 
ɜɡаɢɦɨɞɟɣɫɬɜɢɢ ɫ ɧɟɣɬɪɨɧаɦɢ ɩɪɟɨɛɪаɡɭɸɬɫя ɜ ɞɪɭɝɢɟ ɛɢɨɥɨɝɢчɟɫɤɢ ɧɟ 
ɨɩаɫɧɵɟ яɞɪа. Дɥя ɷɬɨɝɨ ɬаɤɨɣ ɪɟаɤɬɨɪ-ɬɪаɧɫɦɭɬаɬɨɪ ɞɨɥɠɟɧ ɛɵɬɶ ɪɟаɤɬɨɪɨɦ 
ɧа ɩɪɨɦɟɠɭɬɨчɧɵх ɧɟɣɬɪɨɧах. 

Ʉ яɞɟɪɧɵɦ ɪɟаɤɬɨɪаɦ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢя ɨɬɧɨɫяɬ ɢɧɧɨɜаɰɢɨɧɧɵɟ ɩɪɨɟɤɬɵ 
яɞɟɪɧɵх ɪɟаɤɬɨɪɨɜ, ɧɟɤɨɬɨɪɵɟ, ɩɨɤа, ɧа ɭɪɨɜɧɟ ɢɞɟɣ, ɜ ɤɨɬɨɪɵх, ɤаɤ ɭɠɟ 
ɨɬɦɟчɟɧɨ ɜɵɲɟ, ɨɛɴɟɞɢɧяɟɬɫя ɪɟɲɟɧɢɟ ɩɪɨɛɥɟɦɵ ɛɟɡɨɩаɫɧɨɫɬɢ ɢ ɩɪɨɛɥɟɦɵ 
ɪаɞɢɨаɤɬɢɜɧɵх ɨɬхɨɞɨɜ. Ɇɨɠɧɨ ɜɵɞɟɥɢɬɶ ɬɪɢ ɬаɤɢх ɧаɩɪаɜɥɟɧɢя (ɧаɩɪɢɦɟɪ, 
[3]): 

- ɩɟɪɜɨɟ – ɷɬɨ ɩɪɨɟɤɬɵ ɩɨɞɤɪɢɬɢчɟɫɤɢх яɞɟɪɧɵх ɪɟаɤɬɨɪɨɜ ɭɩɪаɜɥяɟɦɵх 
ɭɫɤɨɪɢɬɟɥяɦɢ ɡаɪяɠɟɧɧɵх чаɫɬɢɰ (ɬаɤ ɧаɡɵɜаɟɦɵɟ ADS – accelerator driven 

systems); 

- ɜɬɨɪɨɟ – ɷɬɨ яɞɟɪɧɵɟ ɪɟаɤɬɨɪɵ-ɪаɡɦɧɨɠɢɬɟɥɢ ɧа ɪаɫɩɥаɜɥɟɧɧɵх ɫɨɥях; 

- ɬɪɟɬɶɟ – яɞɟɪɧɵɣ ɪɟаɤɬɨɪ Ʌ.ɉ. Ɏɟɨɤɬɢɫɬɨɜа [9], ɬɨ ɟɫɬɶ, яɞɟɪɧɵɣ ɪɟаɤɬɨɪ, 
ɪɟаɥɢɡɭɸщɢɣ ɧɟɣɬɪɨɧɧɨ-ɞɟɥɢɬɟɥɶɧɭɸ аɜɬɨɜɨɥɧɭ яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя. 

В ɷɬɨɣ ɫɜяɡɢ, ɨɫɨɛɭɸ аɤɬɭаɥɶɧɨɫɬɶ ɜ ɧаɫɬɨящɟɟ ɜɪɟɦя ɩɪɢɨɛɪɟɬаɸɬ 
яɞɟɪɧɵɟ ɪɟаɤɬɨɪɵ Ʌ.ɉ. Ɏɟɨɤɬɢɫɬɨɜа,  ɪɟаɥɢɡɭɸщɢɟ ɧɟɣɬɪɨɧɧɨ-ɞɟɥɢɬɟɥɶɧɭɸ 
аɜɬɨɜɨɥɧɭ яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɢ яɜɥяɸщɢɟɫя ɪɟаɤɬɨɪаɦɢ ɫ ɜɧɭɬɪɟɧɧɟɣ 
ɛɟɡɨɩаɫɧɨɫɬɶɸ [2,3,9]. 

Ɋɟаɤɬɨɪɵ Ʌ.ɉ. Ɏɟɨɤɬɢɫɬɨɜа, ɩɨ-ɜɢɞɢɦɨɦɭ, ɦɨɝɭɬ ɛɵɬɶ ɪɟаɥɢɡɨɜаɧɵ ɢ ɜ 
ɜɢɞɟ ɪɟаɤɬɨɪɨɜ ɬɪаɧɫɦɭɬаɬɨɪɨɜ, ɧаɩɪɢɦɟɪ, ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɵɣ ɪɟаɤɬɨɪ ɫɨ 
ɫɜɢɧɰɨɜɵɦ ɡаɦɟɞɥɢɬɟɥɟɦ ɢ ɬɟɩɥɨɧɨɫɢɬɟɥɟɦ. 
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Таɤɢɦ ɨɛɪаɡɨɦ, ɪɟаɤɬɨɪɵ Ʌ.ɉ. Ɏɟɨɤɬɢɫɬɨɜа, ɜ ɫɥɭчаɟ ɢх ɩɪаɤɬɢчɟɫɤɨɣ 
ɪɟаɥɢɡаɰɢɢ, ɛɭɞɭɬ ɩɪɟɞɫɬаɜɢɬɟɥяɦɢ ɪɟаɤɬɨɪɨɜ V ɩɨɤɨɥɟɧɢя. 

Ʉɢɧɟɬɢɤа ɪɟаɤɬɨɪа Ʌ.ɉ. Ɏɟɨɤɬɢɫɬɨɜа, хаɪаɤɬɟɪɢɡɭɟɬɫя ɪяɞɨɦ 
ɩɪɢɧɰɢɩɢаɥɶɧɵх ɞɥя ɬɟɨɪɢɢ ɧɟɥɢɧɟɣɧɵх ɞɢɫɫɢɩаɬɢɜɧɵх ɫɬɪɭɤɬɭɪ 
ɨɫɨɛɟɧɧɨɫɬɟɣ, ɝɥаɜɧɨɣ ɢɡ ɤɨɬɨɪɵх яɜɥяɟɬɫя ɧɟɪаɜɧɨɜɟɫɧɨɫɬɶ ɭɪаɧ-

ɩɥɭɬɨɧɢɟɜɨɣ ɞɟɥящɟɣɫя ɫɪɟɞɵ ɜ ɭɫɥɨɜɢях ɜɵɫɨɤɢх ɩɥɨɬɧɨɫɬɟɣ ɧɟɣɬɪɨɧɧɨɝɨ 
ɩɨɥя ɢ ɜɵɫɨɤɢх ɬɟɦɩɟɪаɬɭɪ. ɉɨɷɬɨɦɭ – аɤɬɭаɥɶɧа ɪаɡɪаɛɨɬɤа ɬɟɨɪɢɢ 
ɧɟɥɢɧɟɣɧɵх ɞɢɫɫɢɩаɬɢɜɧɵх ɫɬɪɭɤɬɭɪ ɧɟɪаɜɧɨɜɟɫɧɨɣ ɫɢɫɬɟɦɵ «ɬɨɩɥɢɜɧɵɣ 
ɦɟɬаɥɥ + ɧаɝɪɭɡɤа + ɨɛɥɭчɟɧɢɟ», ɤɨɬɨɪая ɭɫɬаɧаɜɥɢɜаɟɬ ɩɪяɦɵɟ ɢ ɨɛɪаɬɧɵɟ 
ɫɜяɡɢ ɦɟɠɞɭ ɛаɡɨɜɵɦɢ ɤɢɧɟɬɢɤаɦɢ ɪɟаɤɬɨɪа (ɤɢɧɟɬɢɤɢ ɧɟɣɬɪɨɧɨɜ ɢ 
ɧɭɤɥɢɞɨɜ, ɞɟɥящɟɣɫя ɫɪɟɞɵ), ɬɟɩɥɨɩɟɪɟɧɨɫа ɢ ɪаɞɢаɰɢɨɧɧɵх ɞɟɮɟɤɬɨɜ. 

Ɋаɡɪаɛɨɬɤа ɪɟаɤɬɨɪɨɜ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢя, ɜ чаɫɬɧɨɫɬɢ ɜɨɥɧɨɜɵх ɪɟаɤɬɨɪɨɜ 
Ɏɟɨɤɬɢɫɬɨɜа, ɬɪɟɛɭɟɬ ɢɫɫɥɟɞɨɜаɧɢя ɤɢɧɟɬɢɤɢ ɪɟаɤɬɨɪɧɨɝɨ ɬɨɩɥɢɜа ɩɪɢ 
ɢɡɦɟɧɟɧɢɢ ɤаɤ ɜɧɟɲɧɢх ɩаɪаɦɟɬɪɨɜ (ɧаɩɪɢɦɟɪ, ɩɥɨɬɧɨɫɬɶ ɩɨɬɨɤа ɨɛɥɭчɟɧɢя 

ɜɧɟɲɧɟɝɨ ɢɫɬɨчɧɢɤа ɧɟɣɬɪɨɧɨɜ, ɧаɝɪɭɡɤа, ɬɟɩɥɨɮɢɡɢчɟɫɤɢɟ ɩаɪаɦɟɬɪɵ 
ɬɟɩɥɨɫɴɟɦа), ɬаɤ ɢ ɜɧɭɬɪɟɧɧɢх ɩаɪаɦɟɬɪɨɜ (ɧаɩɪɢɦɟɪ, ɫɨɫɬаɜ ɬɨɩɥɢɜа ɢɥɢ 
ɦаɬɟɪɢаɥɶɧɵɣ ɩаɪаɦɟɬɪ ɪɟаɤɬɨɪа) ɜ ɲɢɪɨɤɢх ɢɧɬɟɪɜаɥах. ɉɪɢчɟɦ, ɢɡ-ɡа 
ɧɟɥɢɧɟɣɧɨɫɬɢ ɤɢɧɟɬɢчɟɫɤɢх ɭɪаɜɧɟɧɢɣ ɪɟаɤɬɨɪɨɜ, аɤɬɭаɥɶɧɵɦ ɫɬаɧɨɜɢɬɫя 
ɢɡɭчɟɧɢɟ ɜɥɢяɧɢя ɤɢɧɟɬɢɤɢ ɞɟɮɟɤɬɨɜ ɬɨɩɥɢɜа чɟɪɟɡ ɦаɬɟɪɢаɥɶɧɵɣ ɩаɪаɦɟɬɪ 
ɪɟаɤɬɨɪа ɧа ɤɢɧɟɬɢɤɭ ɪɟаɤɬɨɪа. Ɉɬɦɟɬɢɦ, чɬɨ ɪаɧɟɟ ɜ ɢɫɫɥɟɞɨɜаɧɢях ɬɨɩɥɢɜа 
аɤɰɟɧɬ ɞɟɥаɥɫя ɧа ɢɫɫɥɟɞɨɜаɧɢɢ ɩɪɨчɧɨɫɬɧɵх хаɪаɤɬɟɪɢɫɬɢɤ ɬɨɩɥɢɜа 
(ɩɨɥɡɭчɟɫɬɶ, ɪаɫɩɭхаɧɢɟ, ɬɪɟщɟɧɨɫɬɨɣɤɨɫɬɶ ɢ ɞɪɭɝɢɟ). 

ɋɨɝɥаɫɧɨ ɪаɛɨɬаɦ ɧаɭчɧɨɣ ɲɤɨɥɵ ɋ.ɉ. Ʉɭɪɞɸɦɨɜа, ɞɥя ɭɪаɜɧɟɧɢɣ 
ɬɟɩɥɨɩɟɪɟɧɨɫа, ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɬɢɩа ɫ ɧɟɥɢɧɟɣɧɵɦɢ ɬɟɩɥɨɜɵɦ ɢɫɬɨчɧɢɤɨɦ ɢ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ, хаɪаɤɬɟɪɧɵ ɪɟɲɟɧɢя ɜ ɜɢɞɟ ɬɟɩɥɨɜɵх ɫɬɪɭɤɬɭɪ ɢ 
ɫɨɥɢɬɨɧɧɨɩɨɞɨɛɧɵɟ ɪɟɲɟɧɢя (ɪɟɠɢɦɵ ɫ ɨɛɨɫɬɪɟɧɢɟɦ). Ɋɟаɥɢɡаɰɢя ɪɟɠɢɦɨɜ 
ɫ ɨɛɨɫɬɪɟɧɢɟɦ ɦɨɠɟɬ ɩɨɜɥɢяɬɶ ɧа ɪɟɠɢɦ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɜɨɥɧɨɜɨɝɨ 
ɝɨɪɟɧɢя. Ɉɛɪаɡɨɜаɧɢɟ ɬɟɩɥɨɜɵх ɫɬɪɭɤɬɭɪ ɩɨɪɨɞɢɬ ɫɬɪɭɤɬɭɪɵ ɞɟɮɟɤɬɨɜ 
ɬɨɩɥɢɜа, чɬɨ ɜ ɫɜɨɸ ɨчɟɪɟɞɶ ɬаɤɠɟ ɦɨɠɟɬ ɜɥɢяɬɶ ɧа ɤɢɧɟɬɢɤɭ ɪɟаɤɬɨɪа. 

 

1.1.2. Ʉиɧетиɤа вɨɥɧɨвɨɝɨ ɧеɣтɪɨɧɧɨ-ɹɞеɪɧɨɝɨ ɝɨɪеɧиɹ. 

В яɞɟɪɧɵх ɪɟаɤɬɨɪах ɥɸɛɨɝɨ ɬɢɩа ɨɩɪɟɞɟɥяɸщɢɦɢ ɮɢɡɢчɟɫɤɢɦɢ 
ɩɪɨɰɟɫɫаɦɢ яɜɥяɸɬɫя ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɵɟ ɪɟаɤɰɢɢ, ɩɪɢɜɨɞящɢɟ ɤ ɜɵɞɟɥɟɧɢɸ 
ɷɧɟɪɝɢɢ ɜ ɟɝɨ аɤɬɢɜɧɨɣ ɡɨɧɟ, ɢ ɨɬɜɨɞ ɨɬ ɷɬɨɣ ɡɨɧɵ ɬɟɩɥа, ɢɫɩɨɥɶɡɭɟɦɨɝɨ 
ɡаɬɟɦ ɞɥя ɩɨɥɭчɟɧɢя ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. Ɋаɛɨɬаɸщɢɣ яɞɟɪɧɵɣ ɪɟаɤɬɨɪ 
ɩɨɞɞɟɪɠɢɜаɟɬɫя ɜ ɤɪɢɬɢчɟɫɤɨɦ ɫɨɫɬɨяɧɢɢ, ɤɨɝɞа чɢɫɥɨ ɜɵɞɟɥяɸщɢхɫя 
ɧɟɣɬɪɨɧɨɜ ɬаɤɨɜɨ, чɬɨ ɜɵɪаɛаɬɵɜаɟɦая ɦɨщɧɨɫɬɶ ɩɪаɤɬɢчɟɫɤɢ ɧɟ ɡаɜɢɫɢɬ ɨɬ 
ɜɪɟɦɟɧɢ. В ɩɨɞɤɪɢɬɢчɟɫɤɨɦ ɪɟɠɢɦɟ ɧɟɣɬɪɨɧɨɜ ɩɨяɜɥяɟɬɫя ɦɟɧɶɲɟ, чɟɦ 
ɬɟɪяɟɬɫя, ɢ ɪɟаɤɰɢя ɞɟɥɟɧɢя ɛɵɫɬɪɨ ɡаɬɭхаɟɬ. В ɧаɞɤɪɢɬɢчɟɫɤɨɦ ɫɨɫɬɨяɧɢɢ, 
ɧаɨɛɨɪɨɬ, ɧɟɣɬɪɨɧɧɵɣ ɜɵхɨɞ ɫɥɢɲɤɨɦ ɜɟɥɢɤ, ɢ ɷɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ 
ɪаɡɨɝɪɟɜɭ ɢ "ɜɡɪɵɜɭ" аɤɬɢɜɧɨɣ ɡɨɧɵ. 
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В ɨɛɵчɧɵх яɞɟɪɧɵх ɪɟаɤɬɨɪах ɤɪɢɬɢчɟɫɤɨɟ ɫɨɫɬɨяɧɢɟ ɮɢɡɢчɟɫɤɢ 
ɧɟɭɫɬɨɣчɢɜɨ, ɨɧɨ ɩɨɞɞɟɪɠɢɜаɟɬɫя ɢɫɤɭɫɫɬɜɟɧɧɨ ɫ ɩɨɦɨщɶɸ ɨчɟɧɶ ɫɥɨɠɧɨɣ 
ɫɢɫɬɟɦɵ ɭɩɪаɜɥɟɧɢя. Ȼɟɡ ɬаɤɨɣ ɫɢɫɬɟɦɵ ɩɪɨɢɫхɨɞɢɬ ɜɵхɨɞ ɥɢɛɨ ɧа 
ɩɨɞɤɪɢɬɢчɟɫɤɢɣ, ɥɢɛɨ ɧа ɧаɞɤɪɢɬɢчɟɫɤɢɣ ɪɟɠɢɦɵ. Ɋɟаɤɬɨɪ ɞɟɥаɟɬɫя ɫ 
ɡаɩаɫɨɦ ɪɟаɤɬɢɜɧɨɫɬɢ (ɧаɞɤɪɢɬɢчɧɨɫɬɶ), ɤɨɬɨɪɵɣ ɤɨɦɩɟɧɫɢɪɭɟɬɫя ɜɜɟɞɟɧɢɟɦ 
ɜ аɤɬɢɜɧɭɸ ɡɨɧɭ ɫɩɟɰɢаɥɶɧɵх ɫɬɟɪɠɧɟɣ, ɩɨɝɥɨщаɸщɢх "ɥɢɲɧɢɟ" ɧɟɣɬɪɨɧɵ. 
ȿɫɥɢ ɠɟ ɩɨ ɦɟɪɟ ɜɵɝɨɪаɧɢя ɬɨɩɥɢɜа ɪɟаɤɬɢɜɧɨɫɬɶ ɭɦɟɧɶɲɢɬɫя, ɬɨ 
ɭɩɪаɜɥяɸщɢɟ ɫɬɟɪɠɧɢ чаɫɬɢчɧɨ ɜɵɜɨɞяɬɫя ɢɡ ɫɢɫɬɟɦɵ ɢ ɧɟɣɬɪɨɧɧɵɣ ɩɨɬɨɤ 
ɜɵɪаɫɬаɟɬ ɞɨ ɜɟɥɢчɢɧɵ, ɧɟɨɛхɨɞɢɦɨɣ ɞɥя ɩɥаɧɨɜɨɣ ɪаɛɨɬɵ ɪɟаɤɬɨɪа. 

ɏаɪаɤɬɟɪɧɨɟ ɜɪɟɦя ɨɬɤɥɨɧɟɧɢя ɨɬ ɤɪɢɬɢчɟɫɤɨɝɨ ɫɨɫɬɨяɧɢя ɨɩɪɟɞɟɥяɟɬɫя ɜ 
ɨɫɧɨɜɧɨɦ ɩɟɪɢɨɞɨɦ ɡаɩаɡɞɵɜаɸщɢх ɧɟɣɬɪɨɧɨɜ, ɬɨ ɟɫɬɶ ɧɟɣɬɪɨɧɨɜ, 
ɜɵɞɟɥяɸщɢхɫя ɢɡ ɨɫɤɨɥɤɨɜ ɞɟɥɟɧɢя ɥɢɲɶ ɧɟɤɨɬɨɪɨɟ ɜɪɟɦя ɫɩɭɫɬя ɩɨɫɥɟ 
ɪɟаɤɰɢɢ ɪаɫɩаɞа. Эɬɨɬ ɩɟɪɢɨɞ ɦɟɧɟɟ ɨɞɧɨɣ ɦɢɧɭɬɵ, чɬɨ ɩɪɟɞɴяɜɥяɟɬ ɜɟɫɶɦа 
ɠɟɫɬɤɢɟ ɬɪɟɛɨɜаɧɢя ɤ ɫɢɫɬɟɦɟ ɭɩɪаɜɥɟɧɢя. ɂɦɟɧɧɨ ɡа ɷɬɨ ɤɨɪɨɬɤɨɟ ɜɪɟɦя ɨɧа 
ɞɨɥɠɧа "ɩɪɢɧяɬɶ" ɢ ɪɟаɥɢɡɨɜаɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸщɟɟ ɪɟɲɟɧɢɟ ɩɪɢ 
ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɧɟɩɪɟɞɜɢɞɟɧɧɵх ɫɢɬɭаɰɢɣ. 

Ƚɥаɜɧая ɢɞɟя ɪɟаɤɬɨɪа ɫ ɜɧɭɬɪɟɧɧɟɣ ɛɟɡɨɩаɫɧɨɫɬɶɸ – ɤɨɦɩɨɧɟɧɬɵ 
ɬɨɩɥɢɜа ɞɨɥɠɧɵ ɛɵɬɶ ɩɨɞɨɛɪаɧɵ ɬаɤ, чɬɨɛɵ, ɜɨ-ɩɟɪɜɵх, ɟɝɨ хаɪаɤɬɟɪɧɨɟ 
ɜɪɟɦя ɛɵɥɨ ɡаɦɟɬɧɨ ɛɨɥɶɲɟ ɦɢɧɭɬɵ ɢ, ɜɨ-ɜɬɨɪɵх, чɬɨɛɵ ɜ ɪɟɠɢɦɟ ɟɝɨ 
ɪаɛɨɬɵ ɩɨяɜɢɥɢɫɶ ɷɥɟɦɟɧɬɵ ɫаɦɨɪɟɝɭɥɢɪɨɜаɧɢя [1,9]. 

Эɬɨɝɨ ɦɨɠɧɨ ɞɨɫɬɢчɶ, ɟɫɥɢ ɜ ɪɟаɤɬɨɪɟ ɫɪɟɞɢ ɩɪɨчɢх ɪɟаɤɰɢɣ ɛɭɞɟɬ 
ɞɨɫɬаɬɨчɧɨ ɡаɦɟɬɧɨɣ ɫɥɟɞɭɸщая ɰɟɩɨчɤа ɩɪɟɜɪащɟɧɢɣ: 
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239239239238  , , ,  ɨɛɨɡɧачɟɧɵ ɫɨɨɬɜɟɬɫɬɜɭɸщɢɟ ɢɡɨɬɨɩɵ ɭɪаɧа, 

ɧɟɩɬɭɧɢя ɢ ɩɥɭɬɨɧɢя, ɫɢɦɜɨɥɨɦ n  ɧɟɣɬɪɨɧ, ɫɢɦɜɨɥ  ɨɛɨɡɧачаɟɬ ɛɟɬа-

ɪаɫɩаɞ. В ɷɬɨɦ ɫɥɭчаɟ ɨɛɪаɡɭɸщɢɣɫя ɜ ɪɟɡɭɥɶɬаɬɟ ɩɥɭɬɨɧɢɣ яɜɥяɟɬɫя 
ɨɫɧɨɜɧɵɦ  ɢ ɢɫɩɨɥɶɡɭɟɦɵɦ ɫɪаɡɭ ɬɨɩɥɢɜɨɦ. ɏаɪаɤɬɟɪɧɨɟ ɜɪɟɦя ɬаɤɨɣ 
ɪɟаɤɰɢɢ – ɜɪɟɦя ɞɜɭх ɛɟɬа-ɪаɫɩаɞɨɜ, ɪаɜɧɨɟ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 

2,3 ln 2 3,3   ɫɭɬɤаɦ, ɬ.ɟ. ɨɧɨ ɩɨчɬɢ ɧа чɟɬɵɪɟ ɩɨɪяɞɤа ɛɨɥɶɲɟ, чɟɦ ɞɥя 
ɡаɩаɡɞɵɜаɸщɢх ɧɟɣɬɪɨɧɨɜ. 

Эɮɮɟɤɬ ɫаɦɨɪɟɝɭɥяɰɢɢ ɫɜяɡаɧ ɫ ɬɟɦ, чɬɨ ɭɜɟɥɢчɟɧɢɟ (ɩɨ ɤаɤɢɦ-ɬɨ 
ɩɪɢчɢɧаɦ) ɩɨɬɨɤа ɧɟɣɬɪɨɧɨɜ ɩɪɢɜɟɞɟɬ ɤ ɛɵɫɬɪɨɦɭ ɜɵɝɨɪаɧɢɸ ɩɥɭɬɨɧɢя, 
ɭɦɟɧɶɲɟɧɢɸ ɟɝɨ ɤɨɧɰɟɧɬɪаɰɢɢ ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɨɬɨɤа ɧɟɣɬɪɨɧɨɜ 
(ɨɛɪаɡɨɜаɧɢɟ ɠɟ ɧɨɜɵх яɞɟɪ P u

239  ɛɭɞɟɬ ɢɞɬɢ ɜ ɩɪɟɠɧɟɦ ɬɟɦɩɟ ɩɪɢɦɟɪɧɨ ɜ 
ɬɟчɟɧɢɟ γ,γ ɫɭɬɨɤ). ȿɫɥɢ ɠɟ, ɧаɨɛɨɪɨɬ, ɩɨɬɨɤ ɧɟɣɬɪɨɧɨɜ ɜ ɪɟɡɭɥɶɬаɬɟ 
ɜɧɟɲɧɟɝɨ ɜɦɟɲаɬɟɥɶɫɬɜа ɪɟɡɤɨ ɭɦɟɧɶɲɢɬɫя, ɬɨ ɭɦɟɧɶɲɢɬɫя ɫɤɨɪɨɫɬɶ 
ɜɵɝɨɪаɧɢя ɢ ɭɜɟɥɢчɢɬɫя ɬɟɦɩ ɧаɪаɛɨɬɤɢ ɩɥɭɬɨɧɢя ɫ ɩɨɫɥɟɞɭɸщɢɦ 
ɭɜɟɥɢчɟɧɢɟɦ чɢɫɥа ɜɵɞɟɥяɸщɢхɫя ɜ ɪɟаɤɬɨɪɟ ɧɟɣɬɪɨɧɨɜ чɟɪɟɡ 
ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɬаɤɨɟ ɠɟ (ɪаɜɧɨɟ ɧɟɫɤɨɥɶɤɢɦ ɫɭɬɤаɦ) ɜɪɟɦя. 
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Дɨɫɬаɬɨчɧɨ ɩɨɥɧая ɦаɬɟɦаɬɢчɟɫɤая ɦɨɞɟɥɶ аɤɬɢɜɧɨɣ ɡɨɧɵ ɪɟаɤɬɨɪа 
ɞɨɥɠɧа ɜɤɥɸчаɬɶ ɜ ɫɟɛя ɦɨɞɟɥɢ ɧɟɫɬаɰɢɨɧаɪɧɵх ɩɪɨɫɬɪаɧɫɬɜɟɧɧɨ 
ɬɪɟхɦɟɪɧɵх ɩɪɨɰɟɫɫɨɜ ɩɟɪɟɧɨɫа ɧɟɣɬɪɨɧɨɜ ɜ ɫɢɥɶɧɨ ɧɟɨɞɧɨɪɨɞɧɨɣ ɫɪɟɞɟ, 
ɜɵɝɨɪаɧɢя ɢ ɨɛɪаɡɨɜаɧɢя ɧɭɤɥɢɞɨɜ ɬɨɩɥɢɜа (ɬɨ ɟɫɬɶ, ɛаɡɨɜɨɣ ɪɟаɤɬɨɪɧɨɣ 
ɤɢɧɟɬɢɤɢ), а ɬаɤɠɟ ɦɨɞɟɥɶ ɨɬɜɨɞа ɬɟɩɥа. 

Ɉɞɧаɤɨ ɞɥя ɩɪɨɜɟɪɤɢ ɨɫɭщɟɫɬɜɢɦɨɫɬɢ ɜɵɞɜɢɧɭɬɨɣ ɮɢɡɢчɟɫɤɨɣ ɢɞɟɢ, 
ɩɪɢчɟɦ, ɫ хɨɪɨɲɟɣ ɤɨɥɢчɟɫɬɜɟɧɧɨɣ ɬɨчɧɨɫɬɶɸ, ɦɨɠɧɨ ɨɝɪаɧɢчɢɬɶɫя ɛɨɥɟɟ 
ɩɪɨɫɬɵɦɢ ɦɨɞɟɥяɦɢ. ɉɟɪɜɨɟ ɭɩɪɨщɟɧɢɟ – ɪаɡɞɟɥɶɧɵɣ аɧаɥɢɡ ɧɟɣɬɪɨɧɧɨ-

яɞɟɪɧɵх ɩɪɨɰɟɫɫɨɜ ɢ ɩɪɨɰɟɫɫа ɬɟɩɥɨɨɬɜɨɞа (ɨɧɨ ɨɩɪаɜɞаɧɨ ɩɪɢ ɛɨɥɶɲɢх 
ɜɪɟɦɟɧах ɪɟɝɭɥɢɪɨɜаɧɢя). ɋɨɛɫɬɜɟɧɧɨ ɧɟɣɬɪɨɧɧɵɟ ɩɪɨɰɟɫɫɵ ɞɨɩɭɫɬɢɦɨ 
ɢɡɭчаɬɶ ɧɟ ɜ ɬɪɟхɦɟɪɧɨɣ, а ɜ ɨɞɧɨɦɟɪɧɨɣ ɝɟɨɦɟɬɪɢɢ, ɪаɫɫɦаɬɪɢɜая ɢх ɤ ɬɨɦɭ 
ɠɟ ɜ ɞɢɮɮɭɡɢɨɧɧɨɦ ɢ ɨɞɧɨɝɪɭɩɩɨɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ. (ɉɨɫɥɟɞɧɟɟ ɨɡɧачаɟɬ, 
чɬɨ ɫɨɨɬɜɟɬɫɬɜɭɸщɢɦ ɨɛɪаɡɨɦ ɭɫɪɟɞɧяɸɬɫя ɩɨ ɮɢɤɫɢɪɨɜаɧɧɨɦɭ ɢɧɬɟɪɜаɥɭ 
ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ ɫɩɟɤɬɪаɥɶɧɵɟ хаɪаɤɬɟɪɢɫɬɢɤɢ ɧɟɣɬɪɨɧɨɜ ɢ ɡаɞача 
ɪɟɲаɟɬɫя ɩɪɢ ɮɢɤɫɢɪɨɜаɧɧɨɣ ɷɧɟɪɝɢɢ ɧɟɣɬɪɨɧɨɜ).  

Ɋаɫɫɦɨɬɪɢɦ ɫɨɝɥаɫɧɨ Д9Ж ɜɩɟɪɜɵɟ ɩɪɟɞɥɨɠɟɧɧɭɸ ɜ ɷɬɨɣ ɪаɛɨɬɟ, 
ɤɢɧɟɬɢɤɭ ɫаɦɨɪɟɝɭɥɢɪɭɟɦɨɝɨ ɛɵɫɬɪɨɝɨ ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɝɨ ɪɟаɤɬɨɪа ɬɢɩа 
Ɏɟɨɤɬɢɫɬɨɜа. 

Ɉɫɧɨɜɧая ɰɟɩɨчɤа ɩɪɟɜɪащɟɧɢɣ ɨɬɪаɠаɟɬ ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɵɣ ɰɢɤɥ ɪɟаɤɰɢɣ 
(1.1). ɋ ɷɬɨɣ ɰɟɥɶɸ ɪаɫɫɦɨɬɪɢɦ ɩɨɥɭɩɪɨɫɬɪаɧɫɬɜɨ, ɡаɩɨɥɧɟɧɧɨɟ ɭɪаɧɨɦ βγ8, 
ɤɨɬɨɪɨɟ ɫ ɨɬɤɪɵɬɨɣ ɩɨɜɟɪхɧɨɫɬɢ “ɩɨɞɫɜɟчɢɜаɟɬɫя” ɧɟɣɬɪɨɧаɦɢ.  Дɥя 
ɩɪɨɫɬɨɬɵ ɪаɫɫɭɠɞɟɧɢɣ ɩɪɢɦɟɦ, чɬɨ ɫɩɟɤɬɪ ɧɟɣɬɪɨɧɨɜ ɫɨɜɩаɞаɟɬ ɫ 
ɞɟɥɢɬɟɥɶɧɵɦ. ɏаɪаɤɬɟɪɧая ɷɧɟɪɝɢя ɧɟɣɬɪɨɧа ɜ ɫɪɟɞɟ ɜ ɫɢɥɶɧɟɣɲɟɣ ɫɬɟɩɟɧɢ 
ɛɭɞɟɬ ɡаɜɢɫɟɬɶ ɨɬ ɡаɦɟɞɥяɸщɢх ɫɜɨɣɫɬɜ ɜɟщɟɫɬɜа.  

ȿɫɥɢ ɧаɩɢɫаɬɶ ɛаɥаɧɫɨɜɨɟ ɭɪаɜɧɟɧɢɟ ɞɥя ɤɨɧɰɟɧɬɪаɰɢɢ ɩɥɭɬɨɧɢя 
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ɝɞɟ puN  - ɤɨɧɰɟɧɬɪаɰɢя ɩɥɭɬɨɧɢя, 8N - ɤɨɧɰɟɧɬɪаɰɢя ɭɪаɧа βγ8, n - 

ɤɨɧɰɟɧɬɪаɰɢя ɧɟɣɬɪɨɧɨɜ,  - ɫɤɨɪɨɫɬɶ ɧɟɣɬɪɨɧɨɜ (ɨɞɧɨɝɪɭɩɩɨɜɨɟ 
ɩɪɢɛɥɢɠɟɧɢɟ), а  ɢ f   ɫɟчɟɧɢɟ ɡахɜаɬа ɧɟɣɬɪɨɧа яɞɪɨɦ ɢ ɫɟчɟɧɢɟ ɞɟɥɟɧɢя 
яɞɪа ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɬɨ ɫɪаɡɭ ɠɟ ɦɨɠɧɨ ɜɵɩɢɫаɬɶ ɜɵɪаɠɟɧɢɟ ɞɥя 
ɪаɜɧɨɜɟɫɧɨɣ ɤɨɧɰɟɧɬɪаɰɢɢ ɩɥɭɬɨɧɢя, ɨɛɪащаɸщɭɸ ɩɪɨɢɡɜɨɞɧɭɸ ɜ ɧɨɥɶ: 
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ɋɦɵɫɥ ɜɜɟɞɟɧɢя ɪаɜɧɨɜɟɫɧɨɣ ɜɟɥɢчɢɧɵ ɡаɤɥɸчɟɧ ɜ ɬɨɦ, чɬɨ ɤ ɧɟɣ ɫɨ 
ɜɪɟɦɟɧɟɦ ɫɬɪɟɦɢɬɫя ɤɨɧɰɟɧɬɪаɰɢя ɩɥɭɬɨɧɢя, ɧɟɡаɜɢɫɢɦɨ ɨɬ ɬɨɝɨ, ɛɨɥɶɲɟ ɢɥɢ 
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ɦɟɧɶɲɟ ɛɵɥɨ ɟɟ ɢɫхɨɞɧɨɟ ɡɧачɟɧɢɟ. ɉɪɢ NPut=0 =0, ɤаɤ ɜ ɪаɫɫɦаɬɪɢɜаɟɦɨɣ 
ɩɨɫɬаɧɨɜɤɟ ɡаɞачɢ, ɤɨɧɰɟɧɬɪаɰɢя ɧɟ ɦɨɠɟɬ ɩɪɟɜɡɨɣɬɢ 

Pu
N
~ . ɑɢɫɥɟɧɧɨɟ 

ɡɧачɟɧɢɟ ɤɨɧɫɬаɧɬɵ P un~  ɫɢɥɶɧɨ ɜаɪɶɢɪɭɟɬɫя ɜ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɷɧɟɪɝɢɢ 
ɧɟɣɬɪɨɧɨɜ: ɞɥя ɬɟɩɥɨɜɨɝɨ ɪɟаɤɬɨɪа P un~ = 0,βη%, ɞɥя ɛɵɫɬɪɨɝɨ ɪɟаɤɬɨɪа P un~   

10%. 

Дɪɭɝɨɣ хаɪаɤɬɟɪɢɫɬɢɤɨɣ ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɣ ɫɪɟɞɵ яɜɥяɟɬɫя ɤɪɢɬɢчɟɫɤая 
ɤɨɧɰɟɧɬɪаɰɢя ɩɥɭɬɨɧɢя ncrit. ɉɪɢ nPu  ncrit ɫɢɫɬɟɦа ɦɨɠɟɬ ɫɬаɬɶ ɧаɞɤɪɢɬɢчɧɨɣ 
ɢ ɫɩɨɫɨɛɧɨɣ ɤ ɫаɦɨɪаɡɦɧɨɠɟɧɢɸ ɢ,  ɧаɨɛɨɪɨɬ, ɩɪɢ nPu  ncrit ɫɢɫɬɟɦа 
ɩɨɞɤɪɢɬɢчɧа ɢ ɧɟɣɬɪɨɧɧая ɩɥɨɬɧɨɫɬɶ ɜ ɧɟɣ ɫɨ ɜɪɟɦɟɧɟɦ ɡаɬɭхаɟɬ. 

ɋаɦа ɜɟɥɢчɢɧа  ncrit ɫɬɪɨɢɬɫя ɢɡ ɧɟɣɬɪɨɧɧɨɝɨ ɛаɥаɧɫа 
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ɝɞɟ ni   ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɤɨɧɰɟɧɬɪаɰɢɢ ɜɟщɟɫɬɜ;   ɫɪɟɞɧɟɟ чɢɫɥɨ 
ɧɟɣɬɪɨɧɨɜ, ɪɨɠɞаɟɦɵх ɩɪɢ ɞɟɥɟɧɢɢ ɨɞɧɨɝɨ яɞɪа ɩɥɭɬɨɧɢя βγ9; ai  ɫɟчɟɧɢɟ 
ɩɨɝɥɨщɟɧɢя ɜɟщɟɫɬɜа, ɜɤɥɸчая Ɋɢ ɢ U (ɩɪɢ ɠɟɥаɧɢɢ ɜ ɩɨɬɟɪɢ ɦɨɠɟɬ ɛɵɬɶ 
ɜɤɥɸчɟɧ ɢ ɜɵɥɟɬ ɧɟɣɬɪɨɧɨɜ). Вɟɥɢчɢɧа 
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ɨɩɪɟɞɟɥяɟɬ ɤɨɧɰɟɧɬɪаɰɢɸ ɩɥɭɬɨɧɢя, ɩɪɢ ɤɨɬɨɪɨɣ ɫɦɟɫɶ ɤɪɢɬɢчɧа 
(ɫɬаɰɢɨɧаɪɧа). Вɟɥɢчɢɧа ncrit ɬаɤɠɟ яɜɥяɟɬɫя ɮɭɧɤɰɢɟɣ ɷɧɟɪɝɢɢ ɧɟɣɬɪɨɧа. 
Тɟɩɟɪɶ ɩɨяɜɢɥаɫɶ ɜɨɡɦɨɠɧɨɫɬɶ ɫɪаɜɧɢɬɶ ɞɜа ɛɟɡɪаɡɦɟɪɧɵх чɢɫɥа P un~  ɢ ncrit. 

ɉɨɫɤɨɥɶɤɭ ɨɧɢ ɫɬɪɨяɬɫя ɢɡ ɪаɡɥɢчаɸщɢхɫя ɤɨɦɛɢɧаɰɢɣ ɤɨɧɫɬаɧɬ, ɜɨɡɦɨɠɧɵ 
ɜаɪɢаɧɬɵ: P un~   ncrit , P un~   ncrit ,  P un~  = ncrit. Ʉаɤ ɨɤаɡɵɜаɟɬɫя, ɞɥя ɬɟɩɥɨɜɵх 
ɧɟɣɬɪɨɧɨɜ P un~   ncrit , ɞɥя ɛɵɫɬɪɵх P un~   ncrit . В ɩɟɪɜɨɦ ɫɥɭчаɟ ɫɢɫɬɟɦа ɠɢɜɟɬ 
ɬɨɥɶɤɨ ɩɪɢ ɧаɥɢчɢɢ ɢɫɬɨчɧɢɤа. ȿɫɥɢ ɟɝɨ ɜɵɤɥɸчɢɬɶ, ɪɟаɤɰɢɢ ɧɟɦɟɞɥɟɧɧɨ 
ɩɪɟɤɪащаɸɬɫя. Вɨ ɜɬɨɪɨɦ ɫɥɭчаɟ, ɤɨɬɨɪɵɣ ɢ ɛɭɞɟɬ ɪаɫɫɦаɬɪɢɜаɬɶɫя ɞаɥɶɲɟ, 
ɜɨɡɦɨɠɧɨ ɪɟɲɟɧɢɟ ɜ ɜɢɞɟ ɫɬаɰɢɨɧаɪɧɨɣ ɛɟɝɭщɟɣ ɜɨɥɧɵ ɤаɤ ɪɟɲɟɧɢɟ 
аɫɢɦɩɬɨɬɢчɟɫɤɨɟ, ɧɟ ɡаɜɢɫящɟɟ ɨɬ ɧачаɥɶɧɵх ɭɫɥɨɜɢɣ. Вɵɫɤаɡаɧɧɨɟ 
ɩɨɥɨɠɟɧɢɟ ɬɪɟɛɭɟɬ ɩɨяɫɧɟɧɢя. В ɫаɦɨɦ ɞɟɥɟ, ɧа ɩɟɪɜɵɣ ɜɡɝɥяɞ ɩɨɥɨɠɟɧɢɟ 
ɤаɠɟɬɫя ɩаɪаɞɨɤɫаɥɶɧɵɦ. ɋ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, nPu  P un~ , ɫ ɞɪɭɝɨɣ, P un~   ncrit 

ɫɦɟɫɶ ɜɵхɨɞɢɬ ɜ ɧаɞɤɪɢɬɢчɟɫɤɨɟ, ɜɡɪɵɜɧɨɟ ɫɨɫɬɨяɧɢɟ. Таɤ ɥɢ? Ʌɟɝɤɨ 
ɩɪɨɜɟɪɢɬɶ, чɬɨ ɫɨɛɫɬɜɟɧɧɨɟ ɜɪɟɦя ɠɢɡɧɢ ɧɟɣɬɪɨɧа ɜ ɜɟщɟɫɬɜɟ n=l/n (l  

ɞɢɮɮɭɡɢɨɧɧая ɞɥɢɧа ɛɵɫɬɪɵх ɧɟɣɬɪɨɧɨɜ) ɫɨɫɬаɜɥяɟɬ ɫɨɬɵɟ ɞɨɥɢ 
ɦɢɤɪɨɫɟɤɭɧɞɵ (ɛɟɡ ɭчɟɬа ɜɪɟɦɟɧɢ ɠɢɡɧɢ ɡаɩаɡɞɵɜаɸщɢх ɧɟɣɬɪɨɧɨɜ), чɬɨ 
ɧɢɤаɤ ɧɟɫɨɩɨɫɬаɜɢɦɨ ɫ ɜɜɟɞɟɧɧɵɦ ɪаɧɟɟ ɜɪɟɦɟɧɟɦ  = γ,γ ɫɭɬɨɤ ɨɛɪаɡɨɜаɧɢя 
ɩɥɭɬɨɧɢя. Эɬɨ ɨɡɧачаɟɬ, чɬɨ ɫɢɫɬɟɦа ɧɟ ɦɨɠɟɬ ɮаɤɬɢчɟɫɤɢ ɩɟɪɟɣɬɢ чɟɪɟɡ 
ɤɪɢɬɢчɟɫɤɨɟ ɫɨɫɬɨяɧɢɟ. ȿɫɥɢ ɛɵ ɬаɤɨɟ ɩɪɨɢɡɨɲɥɨ, ɬɨ ɧɟɣɬɪɨɧɧая ɮɭɧɤɰɢя ɡа 
ɜɪɟɦя з n ɩɨɞɫɤɨчɢɥа ɛɵ ɧаɫɬɨɥɶɤɨ, чɬɨ ɜɵɠɝɥа ɛɵ ɩɪаɤɬɢчɟɫɤɢ ɦɝɧɨɜɟɧɧɨ 
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ɢɡɥɢɲɤɢ ɩɥɭɬɨɧɢя, ɤɨɦɩɟɧɫаɰɢя ɠɟ ɩɪɨяɜɢɥаɫɶ ɛɵ ɥɢɲɶ чɟɪɟɡ ɞɧɢ (ɡа ɜɪɟɦя  ). 
ɂɬаɤ, ɫɬаɧɨɜɢɬɫя яɫɧɨ, чɬɨ ɩɟɪɟɲаɝɧɭɬɶ ɤɪɢɬɢчɟɫɤɢɣ ɭɪɨɜɟɧɶ ɫɤɨɥɶɤɨ-

ɧɢɛɭɞɶ ɡаɦɟɬɧɨ ɧɟɜɨɡɦɨɠɧɨ. Ɏɨɪɦаɥɶɧɨ ɷɬɨ ɩɪɢɜɨɞɢɬ ɤ ɜɨɡɦɨɠɧɨɫɬɢ 
ɩɪɟɧɟɛɪɟчɶ чаɫɬɧɨɣ ɩɪɨɢɡɜɨɞɧɨɣ ɩɨ ɜɪɟɦɟɧɢ ɜ ɭɪаɜɧɟɧɢɢ ɩɟɪɟɧɨɫа 
ɧɟɣɬɪɨɧɨɜ. ɇаɝɥяɞɧɨ ɪаɡɜɢɬɢɟ ɫɨɛɵɬɢɣ ɦɨɠɧɨ ɩɪɟɞɫɬаɜɢɬɶ ɫɟɛɟ ɫɥɟɞɭɸщɢɦ 
ɨɛɪаɡɨɦ. ɇɟɣɬɪɨɧɵ ɢɫɬɨчɧɢɤа ɧа ɬɨɥщɢɧɟ ɦаɫɲɬаɛа ɞɥɢɧɵ ɩɪɨɛɟɝа 
ɩɨɝɥɨщаɸɬɫя ɢ ɨɛɪаɡɭɸɬ ɩɥɭɬɨɧɢɣ. ɉɨ ɦɟɪɟ ɧаɤɨɩɥɟɧɢя ɩɥɭɬɨɧɢя 
ɞɟɥɢɬɟɥɶɧɵɟ ɩɪɨɰɟɫɫɵ ɭɫɢɥɢɜаɸɬɫя, ɧɟɣɬɪɨɧɨɜ ɫɬаɧɨɜɢɬɫя ɞɨɫɬаɬɨчɧɨ, 
чɬɨɛɵ ɨɛɫɥɭɠɢɬɶ ɫɨɫɟɞɧɸɸ, ɛɨɥɟɟ ɭɞаɥɟɧɧɭɸ ɨɛɥаɫɬɶ. ɇаɤɨɧɟɰ, ɟщɟ ɜ ɛɨɥɟɟ 
ɩɨɡɞɧɟɟ ɜɪɟɦя ɰɟɧɬɪ ɷɧɟɪɝɨɜɵɞɟɥɟɧɢя ɫɦɟщаɟɬɫя ɜɝɥɭɛɶ, ɨɫɥаɛɟɜаɟɬ ɪɨɥɶ 
ɜɧɟɲɧɟɝɨ ɢɫɬɨчɧɢɤа, ɫɢɫɬɟɦа ɩɨɫɬɟɩɟɧɧɨ ɜхɨɞɢɬ ɜ ɫɬаɰɢɨɧаɪɧɨ ɛɟɝɭщɢɣ 
ɪɟɠɢɦ. Дɪɭɝɢɦɢ ɫɥɨɜаɦɢ, ɜɫɟ ɮɭɧɤɰɢɢ ɫɬаɧɨɜяɬɫя ɡаɜɢɫящɢɦɢ ɨɬ аɪɝɭɦɟɧɬа 
z = ɯ + t (ɜɨɥɧа ɫɩɪаɜа ɧаɥɟɜɨ,  - ɟɟ ɫɤɨɪɨɫɬɶ). 

ɉɨɫɥɟ ɧɟɤɨɬɨɪɨɝɨ ɭɩɪɨщɟɧɢя ɢ ɩɪɢɜɟɞɟɧɢя ɤ ɛɟɡɪаɡɦɟɪɧɨɦɭ ɜɢɞɭ 
ɫɢɫɬɟɦɭ ɭɪаɜɧɟɧɢɣ ɦɨɠɧɨ ɩɪɟɞɫɬаɜɢɬɶ ɬаɤ, чɬɨ ɫɢɫɬɟɦа ɛɭɞɟɬ ɢɦɟɬɶ 
ɨɫɧɨɜɧɨɟ ɞɢɮɮɭɡɢɨɧɧɨɟ ɭɪаɜɧɟɧɢɟ ɩɟɪɟɧɨɫа ɧɟɣɬɪɨɧɨɜ  
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ɢ ɫɨɨɬɜɟɬɫɬɜɭɸщɭɸ ɝɪɭɩɩɭ ɤɢɧɟɬɢчɟɫɤɢх ɭɪаɜɧɟɧɢɣ 
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ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ, чɬɨ ai ɨɞɢɧаɤɨɜɵ ɞɥя ɜɫɟх ɜɟщɟɫɬɜ, ɜɤɥɸчая ɨɫɤɨɥɤɢ 
ɞɟɥɟɧɢя; lD/1/2 . 

Дɥя ɡаɦɵɤаɧɢя ɤɢɧɟɬɢчɟɫɤɢх ɭɪаɜɧɟɧɢɣ, ɩɪɟɞɩɨɥаɝаɥɢ, чɬɨ ɩɨɪɨɠɞаɟɦɵɣ 
ɜɫɥɟɞɫɬɜɢɟ ɡахɜаɬа 240

Pu ɩɨɥɧɨɫɬɶɸ ɷɤɜɢɜаɥɟɧɬɟɧ ɢɫхɨɞɧɨɦɭ 238
U; l – 

ɞɢɮɮɭɡɢɨɧɧая ɞɥɢɧа ɩɨɝɥɨщɟɧɢя ɧɟɣɬɪɨɧа, ɩɨɫɪɟɞɫɬɜɨɦ ɟɟ ɨɛɟɡɪаɡɦɟɪɟɧа 
ɞɥɢɧа z . 

Ʉɪаɟɜɵɟ ɭɫɥɨɜɢя: ɩɪɢ z =   n= 0, ɩɪɢ  z =   n9 = nPu=0. 

Ɋɟɲɟɧɢɟ ɭɪаɜɧɟɧɢɣ ɨɫɧɨɜɵɜаɟɬɫя ɞаɥɟɟ ɧа аɧаɥɨɝɢɢ ɞɢɮɮɭɡɢɨɧɧɨɝɨ 
ɭɪаɜɧɟɧɢя ɢ ɫɬаɰɢɨɧаɪɧɨɝɨ ɭɪаɜɧɟɧɢя ɒɪɟɞɢɧɝɟɪа ɜ ɤɜаɡɢɤɥаɫɫɢчɟɫɤɨɦ 
ɩɪɢɛɥɢɠɟɧɢɢ. Вɨ ɢɡɛɟɠаɧɢɟ ɧɟɞɨɪаɡɭɦɟɧɢя ɫɤаɠɟɦ, чɬɨ ɫɬаɰɢɨɧаɪɧɨɫɬɶ 
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ɪɟɲɟɧɢя ɨɛɟɫɩɟчɢɜаɟɬɫя ɢɧɬɟɝɪаɥɶɧɨ, ɬаɤ ɤаɤ ɟɫɬɶ ɬɨчɤɢ, ɝɞɟ nPu  ncrit, ɢ ɟɫɬɶ 
ɬɨчɤɢ, ɝɞɟ nPu  ncrit . Ɉɛɥаɫɬɶ nPu  ncrit ɤаɤ ɛɵ ɜ ɪаɡɪɟɲɟɧɧɨɣ ɨɛɥаɫɬɢ, ɨɛɥаɫɬɶ 
nPu  ncrit ɩɨɞɛаɪɶɟɪɧая. 

В ɨɛɥаɫɬɢ ɜɩɟɪɟɞɢ ɜɨɥɧɵ (z = ) ɪɟɲɟɧɢɟ ɩɪɢɛɥɢɠɟɧɧɨ ɜɵɝɥяɞɢɬ 
ɫɥɟɞɭɸщɢɦ ɨɛɪаɡɨɦ: 

                                                        zCn exp ,                                              (1.10) 
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В ɷɬɨɦ ɪɟɲɟɧɢɢ ɩɪɟɧɟɛɪɟɝаɥɢ ɫɥаɝаɟɦɵɦɢ ɩ9 ɢ  nPu, ɤɨɬɨɪɵɟ ɧахɨɞяɬɫя ɜ 
ɫɨчɟɬаɧɢɢ ɫ ɤɪаɟɜɵɦ ɭɫɥɨɜɢɟɦ ɩ8 1. ɉɪɟɞɩɨɥɨɠɢɦ, чɬɨ ɩɨɞɛаɪɶɟɪɧая 
ɨɛɥаɫɬɶ ɡаɤаɧчɢɜаɟɬɫя ɩɪɢ z = 0. Аɜɬɨɦаɬɢчɟɫɤɢ ɜ ɷɬɨɣ ɬɨчɤɟ nPu = ncrit, чɬɨ ɢ 
ɞаɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɩɪɟɞɟɥɢɬɶ ɤɨɧɫɬаɧɬɭ ɋ. 

В ɬɨчɤɟ z=а ɢɡ ɭɫɥɨɜɢя ɤɜаɧɬɨɜаɧɢя Ȼɨɪа-Ɂɨɦɦɟɪɮɟɥɶɞа ɢɦɟɟɦ ɫɥɟɞɭɸщɟɟ 
ɪаɜɟɧɫɬɜɨ:  
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ɤɨɬɨɪɨɟ ɨɞɧɨɜɪɟɦɟɧɧɨ яɜɥяɟɬɫя ɭɫɥɨɜɢɟɦ ɧахɨɠɞɟɧɢя ɬɨчɤɢ а ɩɪɢ nPu = 

ncrit, ɬɨ ɟɫɬɶ ɩɪɢ ɫɨɜɟɪɲɟɧɢɢ ɩɟɪɟхɨɞа ɜ ɩɨɞɛаɪɶɟɪɧɭɸ ɨɛɥаɫɬɶ, ɧɨ ɭɠɟ 
ɜɫɥɟɞɫɬɜɢɟ ɜɵɝɨɪаɧɢя. 

ɉɪɨɢɡɜɨɞя ɨɛɵчɧɭɸ ɞɥя ɤɜаɡɢɤɥаɫɫɢɤɢ ɫɲɢɜɤɭ ɫ ɨɛɥаɫɬɶɸ 
ɧаɞɤɪɢɬɢчɧɨɫɬɢ  (nPu  ncrit)  ɩɪɢɞɟɦ ɤ ɩɪɨɰɟɞɭɪɟ ɜɵчɢɫɥɟɧɢя D. ȿɫɥɢ ɤ ɷɬɨɦɭ 
ɠɟ ɩɪɟɞɩɨɥɨɠɢɬɶ, чɬɨ ɜ ɰɟɧɬɪаɥɶɧɨɣ ɨɛɥаɫɬɢ dɩ9/dx = 0 (ɬ.ɟ. ɧаɫɬɭɩɢɥ 
ɤɜаɡɢɫɬаɰɢɨɧаɪ ɩɨ ɩ9), ɬɨ ɪɟɲɟɧɢɟ ɨɩɪɟɞɟɥяɟɬɫя ɧɟɤɨɬɨɪɨɣ ɫɢɫɬɟɦɨɣ 
ɬɪаɧɫɰɟɧɞɟɧɬɧɵх ɭɪаɜɧɟɧɢɣ (а ɧɟ ɞɢɮɮɟɪɟɧɰɢаɥɶɧɵх). Дɥя 1.0~ P un  

ɩɨɥɭчɢɦ: 
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Ɂɞɟɫɶ Ɏɟɨɤɬɢɫɬɨɜ ɨɛɪащаɟɬ ɜɧɢɦаɧɢɟ ɬɨ, чɬɨ ɧɟ ɩɪɢ ɜɫɟх ɡɧачɟɧɢях  

(ɢɥɢ, чɬɨ ɬɨ ɠɟ ɫаɦɨɟ,  ɩcrit) ɜɨɡɦɨɠɧɨ ɪɟɲɟɧɢɟ. Таɤ, ɞɥя P un~ = 10% 

ɪаɫɩɪɨɫɬɪаɧɟɧɢɟ ɩɪɨяɜɥяɟɬɫя ɬɨɥɶɤɨ ɩɪɢ ɩcrit  6%.  

 

                  

Ɋɢɫ. 1.1. Ƚɪаɮɢɤ ɡаɜɢɫɢɦɨɫɬɢ D  ɨɬ кN = ɩcrit ɞɥя P un~ = 10% : ɫɩɥɨɲɧая ɥɢɧɢя – 

ɪɟɡɭɥɶɬаɬɵ чɢɫɥɟɧɧɨɝɨ ɪаɫчɟɬа, ɲɬɪɢхɨɜая – ɩɪɢɛɥɢɠɟɧɧɨɟ ɜɵчɢɫɥɟɧɢɟ. 

 

ɉɪɢ ɷɬɨɦ ɞɨɫɬɢɝаɟɬɫя ɜɵɫɨɤɨɟ ɜɵɝɨɪаɧɢɟ (η0% ɢ ɛɨɥɟɟ) ɩɨ 238
U. В ɫɤɨɛɤах 

ɭɤаɡаɧɵ ɜɟɥɢчɢɧɵ, ɩɨɥɭчɟɧɧɵɟ ɢɡ чɢɫɥɟɧɧɨɝɨ ɢɧɬɟɝɪɢɪɨɜаɧɢя ɢɫхɨɞɧɵх 
ɭɪаɜɧɟɧɢɣ. Ʉɪɢɬɟɪɢɟɦ ɜɵɛɨɪа Dɢɫɬ ɫɥɭɠɢɥɨ ɬаɤɨɟ ɫɨɨɛɪаɠɟɧɢɟ: ɪɟɲɟɧɢɟ ɞɥя 
ɧɟɣɬɪɨɧɧɨɣ ɮɭɧɤɰɢɢ n ɧɟ ɞɨɥɠɧɨ ɨɛɪащаɬɶɫя ɜ ɛɟɫɤɨɧɟчɧɨɫɬɶ (D  Dɢɫɬ), ɧɨ 
ɢ ɧɟ ɞɨɥɠɧɨ ɨɛɪащаɬɶɫя ɜ ɧɨɥɶ ɧа ɤɨɧɟчɧɨɦ ɪаɫɫɬɨяɧɢɢ (D  Dɢɫɬ). 

Таɤɢɦ ɨɛɪаɡɨɦ, ɜ ɪаɛɨɬɟ Ɏɟɨɤɬɢɫɬɨɜа ɜɩɟɪɜɵɟ ɩɨɤаɡаɧɨ, чɬɨ ɜ 238
U-

ɫɪɟɞɟ ɜɨɡɦɨɠɧɨ ɪаɫɩɪɨɫɬɪаɧɟɧɢɟ ɧɟɣɬɪɨɧɧɨ-ɞɟɥɢɬɟɥɶɧɨɣ ɜɨɥɧɵ ɩɪɢ 
ɧɟɤɨɬɨɪɨɦ ɫɨɨɬɧɨɲɟɧɢɢ ɦɟɠɞɭ ɪаɜɧɨɜɟɫɧɨɣ ɤɨɧɰɟɧɬɪаɰɢɟɣ P un~  ɢ 

ɤɪɢɬɢчɟɫɤɨɣ ɤɨɧɰɟɧɬɪаɰɢɟɣ ncrit: ɩɨ ɩɥɭɬɨɧɢɸ ( P un~   ncrit). Ʉɪɢɬɢчɟɫɤɨɟ 

(ɤɜаɡɢɫɬаɰɢɨɧаɪɧɨɟ) ɫɨɫɬɨяɧɢɟ ɫɢɫɬɟɦɵ ɜɵɞɟɪɠɢɜаɟɬɫя аɜɬɨɦаɬɢчɟɫɤɢ, ɛɟɡ 
ɜɦɟɲаɬɟɥɶɫɬɜа ɢɡɜɧɟ. 

Ɉɩɢɫаɧɧɵɣ хɨɞ ɫɨɛɵɬɢɣ ɦɨɠɧɨ ɫɨɩɨɫɬаɜɢɬɶ ɫ "ɧɟɩɨɞɜɢɠɧɵɦ" ɪɟаɤɬɨɪɨɦ 
ɜ ɭɫɬаɧɨɜɢɜɲɟɦɫя ɪɟɠɢɦɟ, ɤɨɝɞа ɧа "ɜхɨɞɟ" (ɝɞɟ-ɬɨ ɧа ɩɟɪɢɮɟɪɢɢ) ɜɜɨɞɢɬɫя 
ɫɜɟɠɢɣ ɬɜɷɥ ɢ ɜɵɜɨɞɢɬɫя (ɢɡ ɰɟɧɬɪаɥɶɧɨɣ ɨɛɥаɫɬɢ) ɜɵɝɨɪɟɜɲɢɣ. Ʉаɪɬɢɧа ɬɟɦ 
ɛɥɢɠɟ, чɟɦ ɛɨɥɶɲɟ ɬɜɷɥɨɜ ɢ чɟɦ ɛɨɥɶɲɟ ɩɟɪɟɦɟщɟɧɢɣ ɫɨɜɟɪɲаɸɬ ɬɜɷɥɵ, 
ɞɜɢɝаяɫɶ ɜɧɭɬɪɶ. В ɢɞɟаɥɟ ɤаɠɞɵɣ ɬɜɷɥ ɞɨɥɠɟɧ "ɩɪɨɠɢɬɶ" ɨɞɢɧаɤɨɜɭɸ 
ɠɢɡɧɶ. ɉɨɫɤɨɥɶɤɭ ɪɟаɥɶɧɨ ɬаɤɨɟ ɧɟɜɨɡɦɨɠɧɨ ɢ ɫɦɟɧа ɬɜɷɥɨɜ ɫɨɩɪɨɜɨɠɞаɟɬɫя 
ɜɨɡɦɭщɟɧɢɟɦ ɧɟɣɬɪɨɧɧɨɝɨ ɩɨɥя, ɩɪɢхɨɞɢɬɫя ɢɫɩɨɥɶɡɨɜаɬɶ ɫɥɨɠɧɭɸ ɫɢɫɬɟɦɭ 
ɤɨɦɩɟɧɫаɰɢɢ ɜ ɜɢɞɟ ɪɟɝɭɥɢɪɭɸщɢх ɫɬɟɪɠɧɟɣ, ɬɨɝɞа ɤаɤ ɜ ɛɟɝɭщɟɦ ɪɟɠɢɦɟ 
ɷɬɨ ɫɨɜɟɪɲаɟɬɫя ɫаɦɨ ɫɨɛɨɣ, ɟɫɬɟɫɬɜɟɧɧɨ. 
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Тɨ ɨɛɫɬɨяɬɟɥɶɫɬɜɨ, чɬɨ ɩɪɢ  P un~   ncrit ɤɪɢɬɢчɟɫɤɨɟ ɫɨɫɬɨяɧɢɟ 

ɩɨɞɞɟɪɠɢɜаɟɬɫя аɜɬɨɦаɬɢчɟɫɤɢ, ɛɟɡ ɪɟɝɭɥɢɪɨɜɤɢ, ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜаɧɨ, 
ɤɨɧɟчɧɨ, ɧɟ ɬɨɥɶɤɨ ɜ ɪɟɠɢɦɟ ɛɟɝɭщɟɣ ɜɨɥɧɵ, ɧɨ ɢ ɫɬаɰɢɨɧаɪɧɨɣ ɝɟɨɦɟɬɪɢɢ 
ɩɪɢɜɵчɧɨɝɨ ɪɟаɤɬɨɪа. В ɬаɤɨɦ ɪɟаɤɬɨɪɟ, ɨɞɢɧ ɪаɡ ɞɨɜɟɞɟɧɧɨɦ ɞɨ 
ɤɪɢɬɢчɟɫɤɨɝɨ ɫɨɫɬɨяɧɢя ɢ ɡаɬɟɦ ɩɪɟɞɨɫɬаɜɥɟɧɧɨɦ ɫаɦɨɦɭ ɫɟɛɟ, ɛɭɞɟɦ 

ɪаɡɜɢɜаɬɶɫя ɪɟаɤɰɢя ɛɟɡ ɜɧɟɲɧɟɝɨ ɜɦɟɲаɬɟɥɶɫɬɜа. 
ɉɟɪɜɵɦɢ ɪаɛɨɬаɦɢ, ɜ ɤɨɬɨɪɵх ɩɪɟɞɫɬаɜɥɟɧɵ ɪɟɡɭɥɶɬаɬɵ 

ɦаɬɟɦаɬɢчɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜаɧɢя, аɤɬɢɜɧɨɣ ɡɨɧɵ яɞɟɪɧɨɝɨ ɪɟаɤɬɨɪа, ɜ 
ɤɨɬɨɪɨɣ ɩɪɟɞɩɨɥаɝаɥɨɫɶ ɪɟаɥɢɡɨɜаɬɶ ɪɟɠɢɦ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɜɨɥɧɨɜɨɝɨ 
ɝɨɪɟɧɢя, ɬɨ ɟɫɬɶ, ɮɢɡɢчɟɫɤɢ «ɛɟɡɨɩаɫɧɨɝɨ» яɞɟɪɧɨɝɨ ɪɟаɤɬɨɪа ɬɢɩа ɪɟаɤɬɨɪа 
Ʌ.ɉ. Ɏɟɨɤɬɢɫɬɨɜа Д9Ж, ɛɵɥɢ ɪаɛɨɬɵ ɝɪɭɩɩɵ В.ə. Ƚɨɥɶɞɢɧа Д10-12], ɩɪɢчɟɦ, 
ɩɨɫɬаɧɨɜɤа ɡаɞачɢ ɨɫɭщɟɫɬɜɥяɥаɫɶ Ʌ.ɉ. Ɏɟɨɤɬɢɫɬɨɜɵɦ. 

Ʉаɤ ɨɬɦɟчаɥɨɫɶ ɜɵɲɟ, ɞɨɫɬаɬɨчɧɨ ɩɨɥɧая ɦаɬɟɦаɬɢчɟɫɤая ɦɨɞɟɥɶ 
аɤɬɢɜɧɨɣ ɡɨɧɵ ɪɟаɤɬɨɪа ɞɨɥɠɧа ɜɤɥɸчаɬɶ ɜ ɫɟɛя ɦɨɞɟɥɢ ɧɟɫɬаɰɢɨɧаɪɧɵх 
ɩɪɨɫɬɪаɧɫɬɜɟɧɧɨ ɬɪɟхɦɟɪɧɵх ɩɪɨɰɟɫɫɨɜ ɩɟɪɟɧɨɫа ɧɟɣɬɪɨɧɨɜ ɜ ɫɢɥɶɧɨ 
ɧɟɨɞɧɨɪɨɞɧɨɣ ɫɪɟɞɟ, ɜɵɝɨɪаɧɢя ɬɨɩɥɢɜа ɢ ɦɨɞɟɥɶ ɨɬɜɨɞа ɬɟɩɥа. 

Ɉɞɧаɤɨ ɞɥя ɩɪɨɜɟɪɤɢ ɨɫɭщɟɫɬɜɢɦɨɫɬɢ ɜɵɞɜɢɧɭɬɨɣ ɮɢɡɢчɟɫɤɨɣ ɢɞɟɢ, 
ɩɪɢчɟɦ, ɫ хɨɪɨɲɟɣ ɤɨɥɢчɟɫɬɜɟɧɧɨɣ ɬɨчɧɨɫɬɶɸ, ɦɨɠɧɨ ɨɝɪаɧɢчɢɬɶɫя ɛɨɥɟɟ 
ɩɪɨɫɬɵɦɢ ɦɨɞɟɥяɦɢ. ɉɟɪɜɨɟ ɭɩɪɨщɟɧɢɟ – ɪаɡɞɟɥɶɧɵɣ аɧаɥɢɡ ɧɟɣɬɪɨɧɧɨ-

яɞɟɪɧɵх ɩɪɨɰɟɫɫɨɜ ɢ ɩɪɨɰɟɫɫа ɬɟɩɥɨɨɬɜɨɞа (ɨɧɨ ɨɩɪаɜɞаɧɨ ɩɪɢ ɛɨɥɶɲɢх 
ɜɪɟɦɟɧах ɪɟɝɭɥɢɪɨɜаɧɢя). ɋɨɛɫɬɜɟɧɧɨ ɧɟɣɬɪɨɧɧɵɟ ɩɪɨɰɟɫɫɵ ɞɨɩɭɫɬɢɦɨ 
ɢɡɭчаɬɶ ɧɟ ɜ ɬɪɟхɦɟɪɧɨɣ, а ɜ ɨɞɧɨɦɟɪɧɨɣ ɝɟɨɦɟɬɪɢɢ, ɪаɫɫɦаɬɪɢɜая ɢх ɤ ɬɨɦɭ 
ɠɟ ɧɟ ɬɨчɧɨ, а ɩɪɢɛɥɢɠɟɧɨ, ɧахɨɞя ɪɟɲɟɧɢɟ ɤɢɧɟɬɢчɟɫɤɨɝɨ ɭɪаɜɧɟɧɢя 
ɩɟɪɟɧɨɫа ɞɥя ɧɟɣɬɪɨɧɨɜ ɦɟɬɨɞɨɦ ɪаɡɥɨɠɟɧɢя ɮɭɧɤɰɢɢ ɩɥɨɬɧɨɫɬɢ ɩɨɬɨɤа ɩɨ 
ɫɮɟɪɢчɟɫɤɢɦ ɮɭɧɤɰɢяɦ (ɧаɩɪɢɦɟɪ, P1 – ɩɪɢɛɥɢɠɟɧɢɟ ɦɟɬɨɞа ɫɮɟɪɢчɟɫɤɢх 
ɝаɪɦɨɧɢɤ ɩɪɢ ɭчɟɬɟ ɩɨɥɢɧɨɦɨɜ Ʌɟɠаɧɞɪа ɧɭɥɟɜɨɝɨ ɢ ɩɟɪɜɨɝɨ ɩɨɪяɞɤɨɜ, 

ɧаɩɪɢɦɟɪ [13]) ɢɥɢ ɜ ɞɢɮɮɭɡɢɨɧɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɢ ɨɞɧɨɝɪɭɩɩɨɜɨɦ 
ɩɪɢɛɥɢɠɟɧɢɢ ɩɨ ɷɧɟɪɝɢяɦ ɧɟɣɬɪɨɧɨɜ. (ɉɨɫɥɟɞɧɟɟ ɨɡɧачаɟɬ, чɬɨ 
ɫɨɨɬɜɟɬɫɬɜɭɸщɢɦ ɨɛɪаɡɨɦ ɭɫɪɟɞɧяɸɬɫя ɩɨ ɮɢɤɫɢɪɨɜаɧɧɨɦɭ ɢɧɬɟɪɜаɥɭ 
ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ ɫɩɟɤɬɪаɥɶɧɵɟ хаɪаɤɬɟɪɢɫɬɢɤɢ ɧɟɣɬɪɨɧɨɜ ɢ ɡаɞача 
ɪɟɲаɟɬɫя ɩɪɢ ɮɢɤɫɢɪɨɜаɧɧɨɣ ɷɧɟɪɝɢɢ ɧɟɣɬɪɨɧɨɜ).  

В ɪаɛɨɬах Д10,11Ж ɢɫɫɥɟɞɭɸɬɫя ɩɨɥɭчаɸщɢɟɫя ɜ P1 – ɩɪɢɛɥɢɠɟɧɢɢ 
ɭɪаɜɧɟɧɢя ɩɟɪɟɧɨɫа ɧɟɣɬɪɨɧɨɜ. Ɉɧɢ ɪɟɲаɸɬɫя ɫɨɜɦɟɫɬɧɨ ɫ ɭɪаɜɧɟɧɢяɦɢ 
ɪɟаɤɬɨɪɧɨɣ ɤɢɧɟɬɢɤɢ ɞɥя ɩɨчɬɢ ɞɜаɞɰаɬɢ ɬɢɩɨɜ ɢɡɨɬɨɩɨɜ U, Pu, Np ɢ ɞɪɭɝɢх 
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ɷɥɟɦɟɧɬɨɜ, а ɬаɤɠɟ ɫ ɭɪаɜɧɟɧɢяɦɢ ɤɢɧɟɬɢɤɢ ɞɥя ɲɟɫɬɢ ɝɪɭɩɩ ɡаɩаɡɞɵɜаɸщɢх 
ɧɟɣɬɪɨɧɨɜ. Ɋаɡɞɟɥɟɧɢɟ ɷɬɢх ɬɪɟх ɤɢɧɟɬɢчɟɫɤɢх ɫɢɫɬɟɦ ɧɟɜɨɡɦɨɠɧɨ, 
ɩɨɫɤɨɥɶɤɭ ɛɨɥɶɲɢɧɫɬɜɨ ɢɫɤɨɦɵх ɜɟɥɢчɢɧ ɮɢɝɭɪɢɪɭɟɬ ɜɨ ɜɫɟх ɭɪаɜɧɟɧɢях. 
Ɇɟɬɨɞ ɪɟɲɟɧɢя – ɩɨɥɭɞɢɫɤɪɟɬɧая (ɩɪɨɫɬɪаɧɫɬɜɟɧɧая) аɩɩɪɨɤɫɢɦаɰɢя 
ɢɫхɨɞɧɨɣ ɦɨɞɟɥɢ ɫ ɩɨɫɥɟɞɭɸщɢɦ чɢɫɥɟɧɧɵɦ ɢɧɬɟɝɪɢɪɨɜаɧɢɟɦ ɩɨ ɜɪɟɦɟɧɢ 
ɩɨɥɭчаɸщɟɣɫя ɫɥɨɠɧɨɣ ɫɢɫɬɟɦɵ ɨɛɵɤɧɨɜɟɧɧɵх ɞɢɮɮɟɪɟɧɰɢаɥɶɧɵх 
ɭɪаɜɧɟɧɢɣ ɜɵɫɨɤɨɣ ɪаɡɦɟɪɧɨɫɬɢ. Тɢɩɢчɧɵɣ ɜɵчɢɫɥɢɬɟɥɶɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ 
ɫɨɫɬɨяɥ ɜ ɡаɞаɧɢɢ ɤɪɢɬɢчɟɫɤɨɣ ɫɛɨɪɤɢ (ɬɨ ɟɫɬɶ, ɫɦɟɫɢ ɜɟщɟɫɬɜ ɢ ɝɟɨɦɟɬɪɢɢ 
аɤɬɢɜɧɨɣ ɡɨɧɵ ɬаɤɢх, чɬɨɛɵ ɩɨɥɭчɢɜɲɢɣɫя ɪɟаɤɬɨɪ ɛɵɥ ɤɪɢɬɢчɟɫɤɢɦ) ɢ 
ɢɡɭчɟɧɢɟ ɷɜɨɥɸɰɢɢ ɫɨ ɜɪɟɦɟɧɟɦ ɨɫɧɨɜɧɵх хаɪаɤɬɟɪɢɫɬɢɤ ɪɟаɤɬɨɪа. Ɉɬɦɟɬɢɦ, 
чɬɨ ɧачаɥɶɧая ɫɛɨɪɤа ɧахɨɞɢɬɫя ɫ ɩɨɦɨщɶɸ ɫɩɟɰɢаɥɶɧɨɝɨ ɩɪɟɞɜаɪɢɬɟɥɶɧɨɝɨ 
ɜɵчɢɫɥɢɬɟɥɶɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬа. Ɉɞɢɧ ɢɡ ɜаɪɢаɧɬɨɜ ɫɛɨɪɤɢ ɜ 
ɰɢɥɢɧɞɪɢчɟɫɤɨɣ ɝɟɨɦɟɬɪɢɢ ɛɵɥ ɫɥɟɞɭɸщɢɣ: 
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Ɉɛɟɞɧɟɧɧɵɣ ɩɪɢɪɨɞɧɵɣ ɭɪаɧ 

( U
235  - 0,33%, U

238  - 99,77%) 

ɋɬаɥɶ 

Na 
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ɋɛɨɪɤа ɪаɡɛɢɬа ɧа ɞɜɟ ɡɨɧɵ ɪаɡɧɵх ɪаɡɦɟɪɨɜ ɫ ɪаɡɧɵɦ ɫɨɞɟɪɠаɧɢɟɦ 
ɩɥɭɬɨɧɢя ɢ ɢɡɨɬɨɩɨɜ ɭɪаɧа (ɩɪɢɫɭɬɫɬɜɢɟ ɜ ɝɨɦɨɝɟɧɧɨɣ ɫɦɟɫɢ ɧаɬɪɢя 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧаɥɢчɢɸ ɧаɬɪɢɟɜɨɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥя, ɫɬаɥɶ ɨɬɜɟчаɟɬ 
ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɦ ɦаɬɟɪɢаɥаɦ). Дɥя ɬаɤɨɣ ɫɛɨɪɤɢ ɩɪɢɜɟɞɟɧа ɞɢɧаɦɢɤа 
ɜɟɥɢчɢɧɵ  t  (ɢɡɦɟɪяɟɦɨɣ ɜ 1610  ɫ ) – хаɪаɤɬɟɪɢɫɬɢɤɢ ɜɪɟɦɟɧɢ ɨɬɤɥɨɧɟɧɢя 
ɨɬ ɤɪɢɬɢчɧɨɫɬɢ (чɢɫɥɨ ɜɵɞɟɥяɸщɢхɫя ɧɟɣɬɪɨɧɨɜ ɩɪɨɩɨɪɰɢɨɧаɥɶɧɨ t

e
 ) (ɪɢɫ. 

1.2).  
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Ɋɢɫ.1.2. Дɢɧаɦɢɤа ɜɟɥɢчɢɧɵ  t  (ɢɡɦɟɪяɟɦɨɣ ɜ 1610  ɫ ) – хаɪаɤɬɟɪɢɫɬɢɤɢ 
ɜɪɟɦɟɧɢ ɨɬɤɥɨɧɟɧɢя ɨɬ ɤɪɢɬɢчɧɨɫɬɢ Д10,11]. 

 

ɂɡ ɷɬɢх ɞаɧɧɵх ɜɢɞɧɨ, чɬɨ ɜ ɬɟчɟɧɢɟ ɩɨчɬɢ ɞɟɜяɬɢ ɦɟɫяɰɟɜ ɪаɛɨɬɵ ɭ 
ɪɟаɤɬɨɪа ɛɟɡ ɭɩɪаɜɥɟɧɢя   1610  ɫt , ɬɨ ɟɫɬɶ, ɜɪɟɦя ɟɝɨ ɨɬɤɥɨɧɟɧɢя ɨɬ 

ɤɪɢɬɢчɧɨɫɬɢ ɫɨɫɬаɜɥяɟɬ ɩɪɢɦɟɪɧɨ 10 ɫɭɬɨɤ. В ɞаɧɧɨɦ ɜаɪɢаɧɬɟ, ɟɫɥɢ ɧɟ 
ɜɜɨɞɢɬɫя ɜɧɟɲɧɟɟ ɭɩɪаɜɥɟɧɢɟ, ɪɟаɤɰɢɢ ɞɟɥɟɧɢя чɟɪɟɡ ɞɟɜяɬɶ ɦɟɫяɰɟɜ 
ɡаɬɭхаɟɬ (ɩɪɢ ɷɬɨɦ  t  ɢɡɦɟɧяɟɬɫя ɨɬ 16101  ɫ  ɞɨ 16105  ɫ ). Таɤɢɦ 
ɨɛɪаɡɨɦ, ɜ ɷɬɢх ɪаɛɨɬах ɭɛɟɞɢɬɟɥɶɧɨ ɩɨɞɬɜɟɪɠɞаɟɬɫя ɨɫɧɨɜɧая ɢɞɟя ɨ 
ɮɢɡɢчɟɫɤɢ ɛɟɡɨɩаɫɧɨɦ ɪɟаɤɬɨɪɟ. В ɪаɛɨɬɟ Д10Ж ɞɥя ɡɨɧɵ β ɫɛɨɪɤɢ 
ɩɪɟɞɫɬаɜɥɟɧа ɩɪɨɫɬɪаɧɫɬɜɟɧɧая ɤɨɧɰɟɧɬɪаɰɢя ɩɥɭɬɨɧɢя Pu

239  ɢ ɩɪɨɰɟɧɬɧая 
ɫɬɟɩɟɧɶ ɜɵɝɨɪаɧɢя ɬɨɩɥɢɜа ɞɥя ɧɟɫɤɨɥɶɤɢх ɦɨɦɟɧɬɨɜ ɜɪɟɦɟɧɢ (ɪɢɫ.1.3 ɢ ɪɢɫ. 
1.4). ɉɨɤаɡаɧɨ, чɬɨ ɜ ɨɬɥɢчɢɟ ɨɬ ɨɛɵчɧɵх ɪɟаɤɬɨɪɨɜ ɡɞɟɫɶ ɞɨɫɬɢɝаɟɬɫя 
ɫɬɟɩɟɧɶ ɜɵɝɨɪаɧɢя ɝɨɪɸчɟɝɨ з40-η0% ɜɦɟɫɬɨ ɫɬаɧɞаɪɬɧɵх 4-5%.  

   ɉɪɟɞɫɬаɜɥɟɧɵ ɬаɤɠɟ ɪɟɡɭɥɶɬаɬɵ ɜɵчɢɫɥɢɬɟɥɶɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬа ɩɨ 
ɩɪɨɜɟɪɤɟ ɭɫɬɨɣчɢɜɨɫɬɢ ɪɟаɤɬɨɪа ɤ ɫɢɥɶɧɵɦ ɜɨɡɦɭщɟɧɢяɦ (аɜаɪɢяɦ). 
Ɇɨɞɟɥɢɪɨɜаɥаɫɶ аɜаɪɢя, ɨɛɭɫɥɨɜɥɟɧɧая ɜɵɛɪɨɫɨɦ чаɫɬɢ ɧаɬɪɢɟɜɨɝɨ 
ɬɟɩɥɨɧɨɫɢɬɟɥя ɢɡ аɤɬɢɜɧɨɣ ɡɨɧɵ ɜ ɪɟɡɭɥɶɬаɬɟ ɫаɦɨɩɪɨɢɡɜɨɥɶɧɨɝɨ ɪаɡɪɵɜа 
ɨɛɨɥɨчɤɢ ɬɪɭɛɨɩɪɨɜɨɞа. Ɉɧа ɦɨɞɟɥɢɪɨɜаɥаɫɶ ɫɥɟɞɭɸщɢɦ ɨɛɪаɡɨɦ: ɜ ɦɨɦɟɧɬ 
t=θγ ɫɭɬɤаɦ ɢɡ ɩɟɪɜɨɣ ɡɨɧɵ ɪɟаɤɬɨɪа ɜ ɢɧɬɟɪɜаɥɟ 0   r   1η,4 ɫɦ ɡа 1η ɦɢɧɭɬ 
ɫ ɩɨɫɬɨяɧɧɨɣ ɫɤɨɪɨɫɬɶɸ ɛɵɥ ɜɵɜɟɞɟɧ ɜɟɫɶ ɧаɬɪɢɣ. ɉɪɟɞɫɬаɜɥɟɧа ɡаɜɢɫɢɦɨɫɬɶ 
 t  ɞɥя ɬаɤɨɣ аɜаɪɢɢ (ɪɢɫ. 1.5). ɂɡ ɷɬɨɣ ɡаɜɢɫɢɦɨɫɬɢ ɜɢɞɧɨ, чɬɨ аɜаɪɢя 

ɩɪɢɜɟɥа ɤ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɤɨɥɟɛаɧɢɣ хаɪаɤɬɟɪɧɨɝɨ ɜɪɟɦɟɧɢ, ɩɪɢ ɷɬɨɦ ɟɝɨ 
ɦɢɧɢɦаɥɶɧɨɟ ɡɧачɟɧɢɟ ɫɨɫɬаɜɥяɥɨ 8 ɦɢɧɭɬ, чɬɨ ɜɩɨɥɧɟ ɞɨɫɬаɬɨчɧɨ ɞɥя 
ɪɟаɥɶɧɨɣ ɤɨɪɪɟɤɰɢɢ ɪаɛɨɬɵ ɪɟаɤɬɨɪа. В ɞаɥɶɧɟɣɲɟɦ ɜɨɡɧɢɤɲɟɟ ɜɨɡɦɭщɟɧɢɟ 
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ɝаɫɢɬɫя ɫаɦɢɦ ɪɟаɤɬɨɪɨɦ ɛɟɡ ɤаɤɨɝɨ-ɥɢɛɨ ɜɧɟɲɧɟɝɨ ɜɨɡɞɟɣɫɬɜɢя 
(ɫаɦɨɪɟɝɭɥɢɪɨɜɤа) ɢ  чɟɪɟɡ γβ чаɫа ɟɝɨ хаɪаɤɬɟɪɧɨɟ ɜɪɟɦя ɫɬаɛɢɥɢɡɢɪɭɟɬɫя, 
ɫɬаɧɨɜяɫɶ ɪаɜɧɵɦ, ɤаɤ ɢ ɩɪɟɠɞɟ, ɩɪɢɦɟɪɧɨ 10 ɫɭɬɤаɦ. Ɉɬɦɟɬɢɦ, чɬɨ ɜ ɷɬɢх 
ɪаɛɨɬах ɜɨɥɧа ɦɟɞɥɟɧɧɨɝɨ яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɧɟ ɛɵɥа ɩɨɥɭчɟɧа, ɢ, ɤаɤ 
ɨɬɦɟчаɥɨɫɶ ɜ Д10Ж ɷɬɨ ɩɥаɧɢɪɨɜаɥɨɫɶ ɜ ɞаɥɶɧɟɣɲɢх ɢɫɫɥɟɞɨɜаɧɢях. 

  

                     

Ɋɢɫ.1.3. ɉɪɨɫɬɪаɧɫɬɜɟɧɧɨɟ ɪаɫɩɪɟɞɟɥɟɧɢɟ Pu
239  ɩɨ Ɂɨɧɟ β ɞɥя ɧɟɫɤɨɥɶɤɢх 

ɦɨɦɟɧɬɨɜ ɜɪɟɦɟɧɢ. 
 

                       
Ɋɢɫ.1.4. ɉɪɨɫɬɪаɧɫɬɜɟɧɧɨɟ ɪаɫɩɪɟɞɟɥɟɧɢɟ ɩɨ Ɂɨɧɟ β ɩɪɨɰɟɧɬɧɨɣ ɫɬɟɩɟɧɢ ɜɵɝɨɪаɧɢя 

ɬɨɩɥɢɜа ɞɥя ɧɟɫɤɨɥɶɤɢх ɦɨɦɟɧɬɨɜ ɜɪɟɦɟɧɢ. 
 

                

Ɋɢɫ.1.5. Ɂаɜɢɫɢɦɨɫɬɶ  t  ɞɥя аɜаɪɢɢ, ɨɛɭɫɥɨɜɥɟɧɧɨɣ ɜɵɛɪɨɫɨɦ чаɫɬɢ ɧаɬɪɢɟɜɨɝɨ 
ɬɟɩɥɨɧɨɫɢɬɟɥя ɢɡ аɤɬɢɜɧɨɣ ɡɨɧɵ ɜ ɪɟɡɭɥɶɬаɬɟ ɫаɦɨɩɪɨɢɡɜɨɥɶɧɨɝɨ ɪаɡɪɵɜа ɨɛɨɥɨчɤɢ 
ɬɪɭɛɨɩɪɨɜɨɞа. 
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В ɪаɛɨɬах [14Ж ɪаɫɫɦаɬɪɢɜаɟɬɫя ɛɵɫɬɪɵɣ ɬɨɪɢɣ-ɭɪаɧɨɜɵɣ ɪɟаɤɬɨɪ ɬɢɩа 
Ɏɟɨɤɬɢɫɬɨɜа. В ɧɟɦ ɛɵɥа ɪаɫɫɦɨɬɪɟɧа  ɬɨɪɢɣ-ɭɪаɧɨɜая ɰɟɩɨчɤа 
ɩɪɟɜɪащɟɧɢɣ: 

                                UPanTh
233

92

233

91

232

90   ,                       (1.15) 

ɝɞɟ чɟɪɟɡ PaUTh
233233232   , ,  ɨɛɨɡɧачɟɧɵ ɫɨɨɬɜɟɬɫɬɜɭɸщɢɟ ɢɡɨɬɨɩɵ ɬɨɪɢя, 

ɭɪаɧа ɢ ɩɪɨɬаɤɬɢɧɢя. В ɷɬɨɦ ɫɥɭчаɟ ɨɛɪаɡɭɸщɢɣɫя ɜ ɪɟɡɭɥɶɬаɬɟ ɭɪаɧ βγγ 
яɜɥяɟɬɫя ɨɫɧɨɜɧɵɦ  ɢ ɢɫɩɨɥɶɡɭɟɦɵɦ ɫɪаɡɭ ɬɨɩɥɢɜɨɦ. ɏаɪаɤɬɟɪɧɨɟ ɜɪɟɦя 
ɬаɤɨɣ ɪɟаɤɰɢɢ – ɜɪɟɦя ɛɟɬа-ɪаɫɩаɞа, ɪаɜɧɨɟ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 

53,392ln4,27  ɫɭɬɤаɦ, ɬ.ɟ. ɨɧɨ ɩɨчɬɢ ɧа ɩяɬɶ ɩɨɪяɞɤɨɜ ɛɨɥɶɲɟ, чɟɦ ɞɥя 
ɡаɩаɡɞɵɜаɸщɢх ɧɟɣɬɪɨɧɨɜ. В ɷɬɢх ɪаɛɨɬах ɩɪɟɞɫɬаɜɥɟɧɵ ɪɟɡɭɥɶɬаɬɵ 
ɦаɬɟɦаɬɢчɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜаɧɢя, ɩɨɞɬɜɟɪɠɞаɸщɢɟ ɜɨɥɧɨɜɨɣ ɪɟɠɢɦ 
ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɜ ɬɨɪɢɣ-ɭɪаɧɨɜɨɣ ɞɟɥящɟɣɫя ɫɪɟɞɟ ɢ ɤɨɬɨɪɵɟ 
ɛɵɥɢ ɩɨɥɭчɟɧɵ ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉаɪɥɨ ɫ ɩɨɦɨщɶɸ ɜɵчɢɫɥɢɬɟɥɶɧɵх ɤɨɞɨɜ, 
ɪаɡɪаɛɨɬаɧɧɵх Ɉɤɪɢɞɠɫɤɨɣ ɥаɛɨɪаɬɨɪɢɟɣ. 

В ɪаɛɨɬах [15-17] ɪаɫɫɦаɬɪɢɜаɥаɫɶ ɡаɞача ɨ ɜɨɥɧɨɜɨɦ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɦ 
ɝɨɪɟɧɢɢ ɞɥя ɩɟɪɜɨɧачаɥɶɧɨ ɧаɞɤɪɢɬɢчɟɫɤɨɝɨ ɫɨɫɬɨяɧɢя аɤɬɢɜɧɨɣ ɡɨɧɵ, чɬɨ, 
ɤаɤ ɛɭɞɟɬ ɩɨɤаɡаɧɨ ɧɢɠɟ ɜ ɪаɡɞɟɥɟ β ɞɢɫɫɟɪɬаɰɢɨɧɧɨɣ ɪаɛɨɬɵ, яɜɥяɟɬɫя 
ɞɪɭɝɨɣ ɡаɞачɟɣ ɢ чɬɨ ɨɬɜɟчаɟɬ ɢɫɫɥɟɞɨɜаɧɢɸ ɜɥɢяɧɢя ɮɥɭɤɬɭаɰɢɣ 
ɧɟɣɬɪɨɧɧɨɝɨ ɩɨɥя ɧа аɤɬɢɜɧɭɸ ɡɨɧɭ ɭɠɟ ɞɟɣɫɬɜɭɸщɢх ɪɟаɤɬɨɪɨɜ ɬɪɟɬɶɟɝɨ 
ɩɨɤɨɥɟɧɢя.  

        В ɪаɛɨɬɟ Д18] ɏɶɸɝɨ Ваɧ Даɦɨɦ ɪаɫɫɦаɬɪɢɜаɟɬɫя ɧɟɣɬɪɨɧɧая ɦɨɞɟɥɶ 
яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɜ ɧɟɣɬɪɨɧɧɨ-ɦɭɥɶɬɢɩɥɢɰɢɪɭɸщɢх ɫɪɟɞах, ɨɫɧɨɜаɧая ɧа 
ɨɞɧɨɦɟɪɧɨɦ ɨɞɧɨɝɪɭɩɩɨɜɨɦ ɞɢɮɮɭɡɢɨɧɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɫ ɨɛɪаɬɧɨɣ ɫɜяɡɶɸ 
ɩɨ ɪɟаɤɬɢɜɧɨɫɬɢ, ɩɪɢчɟɦ, ɤɨɷɮɮɢɰɢɟɧɬ ɪаɡɦɧɨɠɟɧɢя ɧɟɣɬɪɨɧɨɜ ɞɥя 
ɛɟɫɤɨɧɟчɧɨɣ ɫɪɟɞɵ ɡаɞаɜаɥɫя ɤаɤ ɮɭɧɤɰɢя ɧɨɪɦаɥɢɡɨɜаɧɧɨɝɨ ɮɥɸɟɧɫа 
ɧɟɣɬɪɨɧɨɜ аɧаɥɨɝɢчɧая ɩаɪаɛɨɥɢчɟɫɤɨɣ ɮɭɧɤɰɢɢ ɝɨɪɟɧɢя. Ɉɬɦɟɬɢɦ, чɬɨ ɜ 
ɷɬɨɣ ɪаɛɨɬɟ ɛɵɥɨ ɭɝаɞаɧɨ аɧаɥɢɬɢчɟɫɤɨɟ ɪɟɲɟɧɢɟ ɜ ɜɢɞɟ ɧɟɣɬɪɨɧɧɨɣ 
ɫɨɥɢɬɨɧɧɨɣ ɜɨɥɧɵ яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя. 

  В ɪаɛɨɬɟ Д19Ж ɩɪɟɞɩɪɢɧяɬа ɩɨɩɵɬɤа ɩɨɢɫɤа аɧаɥɢɬɢчɟɫɤɨɝɨ ɪɟɲɟɧɢя ɤаɤ 
ɞɥя ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɝɨ, ɬаɤ ɢ ɞɥя ɬɨɪɢɣ-ɭɪаɧɨɜɨɝɨ ɪɟаɤɬɨɪа, ɧɨ ɨɧа ɧɟ 
ɡаɤɨɧчɟɧа ɢɡ-ɡа ɫɦɟɪɬɢ аɜɬɨɪа.  

В ɪаɛɨɬɟ Д20] ɩɪɨɜɟɞɟɧɨ чɢɫɥɟɧɧɨɟ ɢɫɫɥɟɞɨɜаɧɢɟ ɪɟɲɟɧɢя ɏɶɸɝɨ Ваɧ 
Даɦɨɦ, аɞаɩɬɢɬɪɨɜаɧɧɨɝɨ ɧа ɨɫɧɨɜɟ ɩɪɢɛɥɢɠɟɧɧɨɝɨ ɩɨɞхɨɞа ɩɨɩɟɪɟчɧɨɝɨ 
ɛаɤɥɢɧɝа ɞɥя ɰɢɥɢɧɞɪɢчɟɫɤɨɣ ɞɟɥящɟɣɫя ɫɪɟɞɵ, ɢ ɩɨɤаɡаɧɨ, чɬɨ ɟɫɥɢ ɞаɠɟ 
ɩɟɪɜɨɧачаɥɶɧɨɟ ɝɨɪɸчɟɟ – ɨɞɧɨɪɨɞɧɨ, ɬɨ ɜɨɥɧɨɜая ɮɨɪɦа ɛɭɞɟɬ ɢɫɤаɠɟɧа, 
ɬаɤ ɤаɤ ɡɨɧа ɪɟаɤɰɢɢ ɜ ɰɟɧɬɪɟ ɪɟаɤɬɨɪа ɞɜɢɝаɟɬɫя ɛɨɥɟɟ ɛɵɫɬɪɨ, чɟɦ ɜɨ 
ɜɧɟɲɧɢх ɩɟɪɢɮɟɪɢɣɧɵх ɪаɣɨɧах. 

Ɋаɛɨɬа Д21Ж яɜɥяɟɬɫя ɨɛɡɨɪɨɦ ɪаɛɨɬ [9,14], ɩɨɫɜящɟɧɧɵх ɜɨɥɧɨɜɨɦɭ 
ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɦɭ ɝɨɪɟɧɢɸ. 
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В ɪаɛɨɬах ɝɪɭɩɩɵ H. Sekimoto [22-62Ж ɩɪɨɜɨɞɢɥɨɫɶ ɦɟɬɨɞɨɦ 
ɦаɬɟɦаɬɢчɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜаɧɢя ɨɛɨɫɧɨɜаɧɢɟ ɪаɫчɟɬаɦɢ ɜɨɡɦɨɠɧɨɫɬɢ 

ɪɟаɥɢɡаɰɢɢ ɞɥя ɧɟɫɤɨɥɶɤɢх ɜаɪɢаɧɬɨɜ ɞɢɡаɣɧɨɜ яɞɟɪɧɵх ɪɟаɤɬɨɪɨɜ, ɛɥɢɡɤɢх 
ɤ ɭɠɟ ɪɟаɥɢɡɨɜаɧɧɵɦ ɞɢɡаɣɧаɦ ɪɟаɤɬɨɪɨɜ ɩɪɟɞɵɞɭщɟɝɨ ɩɨɤɨɥɟɧɢя, 
ɜɨɥɧɨɜɨɝɨ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя, ɢɞɟя ɤɨɬɨɪɨɝɨ ɞɥя 
ɫаɦɨɪɟɝɭɥɢɪɭɟɦɨɝɨ ɛɵɫɬɪɨɝɨ яɞɟɪɧɨɝɨ ɪɟаɤɬɨɪа ɜ ɨɛщɟɦ ɜɢɞɟ (ɬаɤ 
ɧаɡɵɜаɟɦɵɣ ɪɟɠɢɦ breed-and-burn) ɛɵɥа ɜɩɟɪɜɵɟ ɜɵɫɤаɡаɧа ɧа II ɀɟɧɟɜɫɤɨɣ 
ɤɨɧɮɟɪɟɧɰɢɢ ɜ 19η8 ɝɨɞɭ ɪɨɫɫɢɣɫɤɢɦɢ ɮɢɡɢɤаɦɢ ɋ.Ɇ. Ɏɟɣɧɛɟɪɝɨɦ ɢ ȿ.ɉ. 
Ʉɭɧɟɝɢɧɵɦ [63] ɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɞаɜɧɨ «ɪɟаɧɢɦɢɪɨɜаɧа» ɜ ɜɢɞɟ ɢɞɟɢ 
ɫаɦɨɪɟɝɭɥɢɪɭɟɦɨɝɨ ɛɵɫɬɪɨɝɨ яɞɟɪɧɨɝɨ ɪɟаɤɬɨɪа, ɪаɛɨɬаɸщɟɝɨ ɜ ɪɟɠɢɦɟ 
ɛɟɝɭщɟɣ ɜɨɥɧɵ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя, ɬɨɠɟ ɪɨɫɫɢɣɫɤɢɦ ɮɢɡɢɤɨɦ Ʌ.ɉ. 
Ɏɟɨɤɬɢɫɬɨɜа [9].  

ɋɥɟɞɭɟɬ ɨɫɨɛɨ ɨɬɦɟɬɢɬɶ, чɬɨ ɜ ɪаɛɨɬах ɝɪɭɩɩɵ H. Sekimoto [22-62] ɧɟ 
ɞɟɥаɟɬɫя ɫɫɵɥɨɤ ɧа ɨɫɧɨɜɨɩɨɥаɝаɸщɢɟ ɪаɛɨɬɵ Ʌ. ɉ. Ɏɟɨɤɬɢɫɬɨɜа Д9,14,63Ж, а 
ɪɟɠɢɦ ɛɟɝɭщɟɣ ɜɨɥɧɵ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɧаɡɵɜаɟɬɫя ɪɟɠɢɦɨɦ 
ɝɨɪɟɧɢя ɫɜɟчɢ (CАNDLE Burnup regime). CАNDLE – аɧɝɥɨяɡɵчɧая 

аɛɪɢɜɢаɬɭɪа ɧаɡɜаɧɢя Constant Axial shape of Neutron flux, nuclides densities 

and power shape During Life of Energy production reactor ɛɵɥа ɩɪɟɞɥɨɠɟɧа X. 

ɋɟɤɢɦɨɬɨ ɜ ɟɝɨ ɪаɛɨɬах [22-28]. 

ɋ β001 ɝɨɞа ɪɟаɤɬɨɪɵ ɧа ɛɟɝɭщɟɣ ɜɨɥɧɟ ɫɢɫɬɟɦаɬɢчɟɫɤɢ ɨɛɫɭɠɞаɥɢɫɶ ɧа 
ɤɨɧɮɟɪɟɧɰɢях INES 1 (ɜ 2004ɝ.), INES-2 (ɜ 2006ɝ.) ɢ INES-3 (ɜ 2010), ɤɨɬɨɪɵɟ 
ɩɪɨхɨɞɢɥɢ ɜ əɩɨɧɢɢ ɢ ɧа ɤɨɬɨɪɵх ɨɧɢ ɩɨɥɭчɢɥɢ ɧаɡɜаɧɢɟ «CАNDLE». 

ɏаɪаɤɬɟɪɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɷɬɢх ɪаɛɨɬ [22-62] яɜɥяɟɬɫя ɬɨ, чɬɨ ɩɪɢ 
ɢɫɫɥɟɞɨɜаɧɢɢ ɤɢɧɟɬɢɤɢ ɜɨɥɧɨɜɨɝɨ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɜ ɧɢх ɜɫɟɝɞа 
чɢɫɥɟɧɧɵɦ ɨɛɪаɡɨɦ ɪɟɲаɥɨɫɶ ɫɬаɰɢɨɧаɪɧɨɟ ɭɪаɜɧɟɧɢɟ ɞɥя ɧɟɣɬɪɨɧɨɜ (ɜ ɟɝɨ 
ɞɢɮɮɭɡɢɨɧɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ) ɢ ɫɢɫɬɟɦа ɧɟɫɬаɰɢɨɧаɪɧɵх ɤɢɧɟɬɢчɟɫɤɢх 

ɭɪаɜɧɟɧɢɣ ɞɥя ɧɭɤɥɢɞɨɜ, ɞɟɥящɟɣɫя ɫɪɟɞɵ (ɫɦ. ɧаɩɪɢɦɟɪ, ɨɞɢɧ ɢɡ ɩɨɫɥɟɞɧɢх 
ɨɛɡɨɪɨɜ ɪаɛɨɬ ɝɪɭɩɩɵ ɋɟɤɢɦɨɬɨ [59], а ɬаɤɠɟ [41, 56]). В ɷɬɨɣ ɫɜяɡɢ ɫɥɟɞɭɟɬ 
ɡаɦɟɬɢɬɶ, чɬɨ, ɤаɤ хɨɪɨɲɨ ɢɡɜɟɫɬɧɨ, яɞɟɪɧɵɣ ɪɟаɤɬɨɪ ɫ ɢɫɬɨчɧɢɤɨɦ 
ɧɟɣɬɪɨɧɨɜ ɦɨɠɟɬ ɛɵɬɶ ɫɬаɰɢɨɧаɪɧɵɦ ɬɨɥɶɤɨ ɜ ɬɨɦ ɫɥɭчаɟ, ɟɫɥɢ ɨɧ 
ɩɨɞɤɪɢɬɢчɟɧ (ɫɦ., ɧаɩɪɢɦɟɪ, [64]), а ɞɥя ɢɧɢɰɢаɰɢɢ ɜɨɥɧɨɜɨɝɨ ɧɟɣɬɪɨɧɧɨ-

яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɜ ɞɟɥящɟɣɫя ɫɪɟɞɟ ɜɫɟɝɞа ɩɪɟɞɩɨɥаɝаɟɬɫя ɜɧɟɲɧɢɣ 
ɢɫɬɨчɧɢɤ ɧɟɣɬɪɨɧɨɜ. А ɬаɤɠɟ, ɧɟ ɫɨɜɫɟɦ яɫɧɨ, ɩɨчɟɦɭ ɜ ɷɬɨɣ ɤɢɧɟɬɢчɟɫɤɨɣ 
ɫɢɫɬɟɦɟ ɞɨɥɠɧɨ ɫɭщɟɫɬɜɨɜаɬɶ ɫɬаɰɢɨɧаɪɧɨɟ ɪɟɲɟɧɢɟ ɞɥя ɧɟɣɬɪɨɧɨɜ, ɟɝɨ ɜɢɞ, 
а ɬаɤɠɟ, ɩɨчɟɦɭ ɨɧɨ ɭɫɬɨɣчɢɜɨ. Ɉчɟɜɢɞɧɨ, ɪɟчɶ ɦɨɠɟɬ ɢɞɬɢ ɥɢɲɶ ɨɛ ɨчɟɧɶ 
ɞаɥɟɤɨɣ аɫɢɦɩɬɨɬɢɤɟ ɧɟɫɬаɰɢɨɧаɪɧɨɝɨ ɪɟɲɟɧɢя ɩɨ ɜɪɟɦɟɧɢ. Дɟɣɫɬɜɢɬɟɥɶɧɨ, 
ɜ ɪаɛɨɬɟ [56] ɨɬɦɟчɟɧɨ, чɬɨ ɪɟчɶ ɢɞɟɬ ɨ ɩɨɢɫɤɟ ɪаɜɧɨɜɟɫɧɨɝɨ ɫɨɫɬɨяɧɢя 
«CАNDLE» ɝɨɪɟɧɢя, ɞɥя чɟɝɨ ɤɢɧɟɬɢчɟɫɤɭɸ ɫɢɫɬɟɦɭ ɭɪаɜɧɟɧɢɣ, 
ɜɤɥɸчаɸщɭɸ ɫɬаɰɢɨɧаɪɧɨɟ ɭɪаɜɧɟɧɢɟ ɞɥя ɧɟɣɬɪɨɧɨɜ ɢ ɧɟɫɬаɰɢɨɧаɪɧɵɟ 
ɭɪаɜɧɟɧɢя ɞɥя ɧɭɤɥɢɞɨɜ, ɩɪɟɨɛɪаɡɭɸɬ ɤ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧаɬ, ɤɨɬɨɪая 
ɩɪɢɜяɡаɧа ɤ ɡɨɧɟ ɝɨɪɟɧɢя ɢ ɜ ɤɨɬɨɪɨɣ ɜɨɥɧа ɝɨɪɟɧɢя ɨɫɬаɟɬɫя ɧɟɩɨɞɜɢɠɧɨɣ, ɢ 
ɫ ɩɨɦɨщɶɸ чɢɫɥɟɧɧɨɝɨ ɩɨɫɥɟɞɨɜаɬɟɥɶɧɨɝɨ ɢɬɟɪаɰɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫа 
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ɧахɨɞɢɬɫя ɪаɜɧɨɜɟɫɧɨɟ ɪɟɲɟɧɢɟ, ɩɪɢчɟɦ, ɞɥя ɫɬаɪɬа ɢɬɟɪаɰɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫа 
ɡаɞаɟɬɫя ɜ ɨɛɥаɫɬɢ ɝɨɪɟɧɢя ɧɟɤɨɬɨɪɨɟ ɧачаɥɶɧɨɟ ɪаɫɩɪɟɞɟɥɟɧɢɟ ɞɥя 
ɩɥɨɬɧɨɫɬɢ ɩɨɬɨɤа ɧɟɣɬɪɨɧɨɜ ɢ ɞɥя ɫɤɨɪɨɫɬɢ ɝɨɪɟɧɢя. ɉɪɢ ɷɬɨɦ ɫɤɨɪɨɫɬɶ 
ɩɨɞɛɢɪаɟɬɫя ɢɫхɨɞя ɢɡ ɬɨɝɨ, чɬɨɛɵ ɪаɜɧɨɜɟɫɧɵɟ ɩɥɨɬɧɨɫɬɶ ɩɨɬɨɤа ɢ 
ɧɭɤɥɢɞɨɜ ɛɵɥɢ ɧɟɩɨɞɜɢɠɧɵ ɩɨ ɨɫɢ Z. 

Ɂаɦɟɬɢɦ, чɬɨ ɜ ɪаɛɨɬах [22-62], ɩɨɫɜящɟɧɧɵх ɧɨɜɨɣ ɫɬɪаɬɟɝɢɢ «CАNDLE» 

ɞɥя ɪаɡɜɢɬɢя яɞɟɪɧɨɣ ɷɧɟɪɝɟɬɢɤɢ,  ɞɥя ɪɟаɥɢɡаɰɢɢ ɜɨɥɧɨɜɨɝɨ ɧɟɣɬɪɨɧɧɨ-

яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɢɫɩɨɥɶɡɭɟɬɫя ɫхɟɦа  ɜɩɟɪɜɵɟ ɩɪɟɞɥɨɠɟɧɧая ɭɠɟ ɜ 
ɪаɫɫɦаɬɪɢɜаɟɦɵх ɜɵɲɟ ɪаɛɨɬах ɝɪɭɩɩɵ Ƚɨɥɶɞɢɧа [10-12], ɞɟɣɫɬɜɢɬɟɥɶɧɨ, 
ɪаɫɫɦаɬɪɢɜаɟɬɫя ɞɜɭхɡɨɧɧая ɫɬɪɭɤɬɭɪа аɤɬɢɜɧɨɣ ɡɨɧɵ, ɫɨɫɬɨящая ɢɡ 
ɨɛɨɝащɟɧɧɨɣ ɞɟɥящɢɦɫя ɧɭɤɥɢɞɨɦ ɡɨɧɵ, яɜɥяɸщɟɣɫя ɢɫɬɨчɧɢɤɨɦ 
ɧɟɣɬɪɨɧɨɜ, ɢ ɡɨɧɵ ɝɨɪɟɧɢя ɢɡ ɨɛɟɞɧɟɧɧɨɝɨ ɭɪаɧа βγ8, ɬɨɥɶɤɨ ɪаɡɦɟщɟɧɧɵх 
ɧɟ ɝɨɪɢɡɨɧɬаɥɶɧɨ, ɤаɤ  ɜ [10-12], а ɜɟɪɬɢɤаɥɶɧɵɦ ɨɛɪаɡɨɦ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ ɩɪаɤɬɢчɟɫɤɭɸ ɧаɩɪаɜɥɟɧɧɨɫɬɶ ɪаɛɨɬ ɝɪɭɩɩɵ ɋɟɤɢɦɨɬɨ, 
ɬаɤ ɤаɤ ɛɨɥɶɲɨɟ ɤɨɥɢчɟɫɬɜɨ ɢх ɨɩɭɛɥɢɤɨɜаɧɧɵх ɪаɛɨɬ ɧаɩɪаɜɥɟɧɧɨ ɧа 
аɞаɩɬаɰɢɸ ɭɠɟ ɞɟɣɫɬɜɭɸщɢх ɪɟаɤɬɨɪɨɜ ɞɥя ɜɨɡɦɨɠɧɨɣ ɪаɛɨɬɵ ɜ ɪɟɠɢɦɟ 

ɜɨɥɧɨɜɨɝɨ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя [30-38, 39-52,54-58,60-62] ɢ ɧа 
ɭɬɢɥɢɡаɰɢɸ ɨɬɪаɛɨɬаɧɧɨɝɨ яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа [29, 38, 53]. 

В ɪаɛɨɬɟ [41] ɜɵɫɤаɡаɧа ɢɧɬɟɪɟɫɧая ɢɞɟя, ɤɨɬɨɪая ɩɨɜɬɨɪяɟɬɫя ɢ 
ɪаɡɜɢɜаɟɬɫя ɜɨ ɦɧɨɝɢх ɞɪɭɝɢх ɪаɛɨɬах [42,44,45,47,49,50,54] ɢ ɫɨɫɬɨящая ɜ 
ɬɨɦ, чɬɨ ɜɨɥɧɨɜɨɟ ɝɨɪɟɧɢɟ ɦɨɠɧɨ ɨɫɭщɟɫɬɜɢɬɶ ɜ ɬɟɩɥɨɜɨɦ 
ɜɵɫɨɤɨɬɟɦɩɟɪаɬɭɪɧɨɦ ɝаɡɨɜɨɦ ɪɟаɤɬɨɪɟ, ɧаɩɪɢɦɟɪ, ɜ яɩɨɧɫɤɨɦ 
ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɨɦ ɪаɛɨɬаɸщɟɦ ɪɟаɤɬɨɪɟ HTTR, ɟɫɥɢ ɜ ɟɝɨ ɬɨɩɥɢɜɨ 
(ɨɛɨɝащɟɧɧɨɟ ɩɨ 235

U) ɩɪɟɞɜаɪɢɬɟɥɶɧɨ ɞɨɛаɜɢɬɶ ɜɵɝɨɪаɸщɢɣ ɩɨɝɥɨɬɢɬɟɥɶ 
ɧɟɣɬɪɨɧɨɜ 157

Gd. ɂ ɤаɤ ɩɨɤаɡɵɜаɸɬ, ɩɪɟɞɫɬаɜɥɟɧɧɵɟ ɜ ɪаɛɨɬɟ [41] ɪɟɡɭɥɶɬаɬɵ 
ɦаɬɟɦаɬɢчɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜаɧɢя, ɜɨɥɧɨɜɨɟ ɝɨɪɟɧɢɟ ɬɨɩɥɢɜа, ɫɜяɡаɧɧɨɟ ɫ ɟɝɨ 
ɥɨɤаɥɶɧɵɦ ɩɟɪɟхɨɞɨɦ ɜ ɨɛɥаɫɬɢ ɝɨɪɟɧɢя ɜ ɧаɞɤɪɢɬɢчɟɫɤɨɟ ɫɨɫɬɨяɧɢɟ, ɛɭɞɟɬ 
ɨɛɟɫɩɟчɢɜаɬɶɫя ɥɨɤаɥɶɧɵɦ ɜɵɝɨɪаɧɢɟɦ ɩɨɝɥɨɬɢɬɟɥя 57

Gd ɜ ɡɨɧɟ ɝɨɪɟɧɢя (а 
ɩɪɢ ɢɧɢɰɢаɰɢɢ ɜɨɥɧɨɜɨɝɨ ɝɨɪɟɧɢя ɜɵɝɨɪаɧɢɟɦ ɩɨɝɥɨɬɢɬɟɥя 57

Gd ɜ 
ɛɥɢɠаɣɲɟɣ ɤ ɜɧɟɲɧɟɦɭ ɢɫɬɨчɧɢɤɭ ɧɟɣɬɪɨɧɨɜ, ɨɫɭщɟɫɬɜɥяɸщɟɦɭ ɩɨɞɠɢɝ, 
ɨɛɥаɫɬɢ яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа). ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, чɬɨ ɜ ɷɬɨɦ ɜаɪɢаɧɬɟ ɪɟаɤɬɨɪа, 
ɪɟаɥɢɡɭɸщɟɝɨ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɟ ɝɨɪɟɧɢɟ ɜ ɬɟɩɥɨɜɨɣ ɨɛɥаɫɬɢ ɷɧɟɪɝɢɣ 
ɧɟɣɬɪɨɧɨɜ, ɝɨɪɢɬ 235

U, а ɧɟ ɩɥɭɬɨɧɢɣ βγ9. ɉɨɷɬɨɦɭ ɬаɤая ɜɨɡɦɨɠɧɨɫɬɶ 
ɪɟаɥɢɡаɰɢɢ ɜɨɥɧɨɜɨɝɨ ɝɨɪɟɧɢя ɬɪɟɛɭɟɬ ɡɧачɢɬɟɥɶɧɨɝɨ (ɜɵɲɟ ɨɛɵчɧɨɝɨ ɜ γ-

4% ɞɥя ɬɟɩɥɨɜɵх ɪɟаɤɬɨɪɨɜ ɢɡ-ɡа ɫɩɟɰɢаɥɶɧɨ ɜɜɟɞɟɧɧɨɝɨ ɜ ɬɨɩɥɢɜɨ 
ɜɵɝɨɪаɸщɟɝɨ ɩɨɝɥɨɬɢɬɟɥя ɧɟɣɬɪɨɧɨɜ) ɩɪɟɞɜаɪɢɬɟɥɶɧɨɝɨ ɨɛɨɝащɟɧɢя 

ɬɨɩɥɢɜа ɩɨ 235
U, а ɬɟɦ ɫаɦɵɦ ɧɟ ɪɟаɥɢɡɭɟɬ ɝɥаɜɧɵɟ ɩɪɟɢɦɭщɟɫɬɜа ɢɞɟɢ Ʌ.ɉ. 

Ɏɟɨɤɬɢɫɬɨɜа, ɜɨɡɦɨɠɧɨɫɬɶ ɝɨɪɟɧɢя ɧɟɨɛɨɝащɟɧɧɨɝɨ ɭɪаɧа βγ8 ɢɥɢ ɟɝɨ 
ɦаɥɨɨɛаɝɨщɟɧɧɵх ɫɨɫɬаɜɨɜ, а ɬаɤɠɟ ɨɞɧɨ ɢɡ ɝɥаɜɧɵх ɩɪɟɢɦɭщɟɫɬɜ 
ɜɨɥɧɨɜɨɝɨ ɝɨɪɟɧɢя ɜ ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɣ ɫɪɟɞɟ, ɝɥɭɛɨɤɭɸ ɤɨɧɜɟɪɫɢɸ 238

U ɜ 
239

Pu, ɬɨ ɟɫɬɶ, ɝɥɭɛɨɤɨɟ ɜɵɝɨɪаɧɢɟ 238
U ɜ ɡɨɧɟ ɝɨɪɟɧɢя. 
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В ɪаɛɨɬах [65-73] ɜɩɟɪɜɵɟ ɩɪɟɞɫɬаɜɥɟɧɵ ɪɟɡɭɥɶɬаɬɵ чɢɫɥɟɧɧɨɝɨ 
ɦɨɞɟɥɢɪɨɜаɧɢя ɤɢɧɟɬɢɤɢ ɜɨɥɧɨɜɨɝɨ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɜ 
ɝɨɦɨɝɟɧɧɨɣ ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɣ ɞɟɥящɟɣɫя ɫɪɟɞɟ, ɩɨɥɭчɟɧɧɵɟ  ɫ ɩɨɦɨщɶɸ 
чɢɫɥɟɧɧɨɝɨ ɪɟɲɟɧɢя ɫɢɫɬɟɦɵ ɜɡаɢɦɨɫɜяɡаɧɧɵх ɧɟɫɬаɰɢɨɧаɪɧɵх 
ɤɢɧɟɬɢчɟɫɤɢх ɭɪаɜɧɟɧɢɣ ɞɥя ɧɟɣɬɪɨɧɨɜ ɢ ɧɭɤɥɢɞɨɜ ɰɟɩɨчɤɢ яɞɟɪɧɵх 
ɪɟаɤɰɢɣ (1.1). В ɷɬɢх ɪаɛɨɬах ɬаɤɠɟ ɤаɤ ɢ ɜ ɪаɛɨɬɟ [9] ɪаɫɫɦаɬɪɢɜаɥɨɫɶ 
ɝɨɪɟɧɢɟ ɨɞɧɨɦɟɪɧɨɣ ɝɨɦɨɝɟɧɧɨɣ ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɣ ɞɟɥящɟɣɫя ɫɪɟɞɵ, 
ɢɧɢɰɢɢɪɭɟɦɨɟ ɪаɫɩɨɥɨɠɟɧɧɵɦ ɧа ɟɟ ɝɪаɧɢɰɟ ɜɧɟɲɧɢɦ ɢɫɬɨчɧɢɤɨɦ 
ɧɟɣɬɪɨɧɨɜ ɫ ɡаɞаɧɧɨɣ ɩɥɨɬɧɨɫɬɶɸ ɩɨɬɨɤа ɧɟɣɬɪɨɧɨɜ. Дɥя ɨɩɢɫаɧɢя 
ɧɟɣɬɪɨɧɨɜ ɢɫɩɨɥɶɡɨɜаɥɨɫɶ ɧɟɫɬаɰɢɨɧаɪɧɨɟ ɭɪаɜɧɟɧɢɟ ɩɟɪɟɧɨɫа ɧɟɣɬɪɨɧɨɜ ɜ 
ɟɝɨ ɞɢɮɮɭɡɢɨɧɧɨɦ ɢ ɨɞɧɨɝɪɭɩɩɨɜɨɦ ɩɨ ɷɧɟɪɝɢяɦ ɧɟɣɬɪɨɧɨɜ (ɷɧɟɪɝɢя 
ɧɟɣɬɪɨɧɨɜ ɡаɞаɜаɥаɫɶ з1ɆɷВ, чɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɛɥаɫɬɢ ɛɵɫɬɪɵх ɧɟɣɬɪɨɧɨɜ) 
ɩɪɢɛɥɢɠɟɧɢɢ. Ɉɬɦɟɬɢɦ, чɬɨ ɫɭщɟɫɬɜɟɧɧɵɦ ɩɪɟɢɦɭщɟɫɬɜɨɦ ɬаɤɨɝɨ 
чɢɫɥɟɧɧɨɝɨ ɪɟɲɟɧɢя ɫɢɫɬɟɦɵ ɧɟɫɬаɰɢɨɧаɪɧɵх ɤɢɧɟɬɢчɟɫɤɢх ɭɪаɜɧɟɧɢɣ ɞɥя 
ɧɟɣɬɪɨɧɨɜ ɢ ɧɭɤɥɢɞɨɜ, ɩɨ ɫɪаɜɧɟɧɢɸ  ɫ ɩɨɞхɨɞɨɦ ɪɟаɥɢɡɨɜаɧɧɵɦ ɜ ɪаɛɨɬах 
ɝɪɭɩɩɵ ɏ. ɋɟɤɢɦɨɬɨ [22-62], яɜɥяɟɬɫя ɬɨ, чɬɨ ɩɪɢ ɦɨɞɟɥɢɪɨɜаɧɢɢ ɩɨɥɭчаɸɬ 
ɩɨɥɧɭɸ ɤɢɧɟɬɢɤɭ ɜɨɥɧɨɜɨɝɨ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя, ɬɨ ɟɫɬɶ, ɧа ɫɬаɞɢɢ 
ɮɨɪɦɢɪɨɜаɧɢя аɜɬɨɜɨɥɧɵ ɢ ɧа ɫɬаɞɢɢ ɫаɦɨɣ аɜɬɨɜɨɥɧɵ, ɜ ɨɬɥɢчɢɟ ɨɬ 
ɫɨɨɬɜɟɬɫɬɜɭɸщɟɝɨ ɫɮɨɪɦɢɪɨɜаɜɲɟɣɫя аɜɬɨɜɨɥɧɟ ɫɬаɰɢɨɧаɪɧɨɝɨ ɪɟɲɟɧɢя ɜ 
[22-62]. Таɤɨɣ ɩɨɞхɨɞ ɞаɟɬ ɜɨɡɦɨɠɧɨɫɬɢ ɢɫɫɥɟɞɨɜаɧɢя ɭɫɬɨɣчɢɜɨɫɬɢ 
ɧɟɫɬаɰɢɨɧаɪɧɨɝɨ ɪɟɲɟɧɢя ɨɬ ɜɧɟɲɧɢх ɢ ɜɧɭɬɪɟɧɧɢх ɩаɪаɦɟɬɪɨɜ ɡаɞачɢ. А 
ɪɟɡɭɥɶɬаɬɵ, ɩɨɥɭчɟɧɧɵɟ ɧа ɨɫɧɨɜɟ ɩɨɞхɨɞа ɪɟаɥɢɡɨɜаɧɧɨɝɨ ɜ ɪаɛɨɬах ɝɪɭɩɩɵ 
ɏ. ɋɟɤɢɦɨɬɨ [22-62] ɦɨɠɧɨ ɪаɫɫɦаɬɪɢɜаɬɶ ɤаɤ ɞɟɦɨɧɫɬɪаɰɢɸ ɫɭщɟɫɬɜɨɜаɧɢя 
аɜɬɨɜɨɥɧɨɜɨɝɨ ɪɟɠɢɦа ɝɨɪɟɧɢя ɞɥя ɡаɞаɧɧɵх ɩаɪаɦɟɬɪɨɜ ɡаɞачɢ. 

В ɪаɛɨɬах [74-84] ɜɩɟɪɜɵɟ ɩɨɜɟɞɟɧɨ γД ɦɨɞɟɥɢɪɨɜаɧɢɟ ɢ ɩɪɟɞɫɬаɜɥɟɧɵ 
ɪɟɡɭɥɶɬаɬɵ чɢɫɥɟɧɧɨɝɨ ɪаɫчɟɬа ɤɢɧɟɬɢɤɢ ɜɨɥɧɨɜɨɝɨ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ 
ɝɨɪɟɧɢя ɜ ɝɨɦɨɝɟɧɧɨɣ ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɣ ɞɟɥящɟɣɫя ɫɪɟɞɟ  ɜ ɮɨɪɦɟ ɰɢɥɢɧɞɪа, 

ɩɨɥɭчɟɧɧɵɟ  ɫ ɩɨɦɨщɶɸ чɢɫɥɟɧɧɨɝɨ ɪɟɲɟɧɢя ɫɢɫɬɟɦɵ ɜɡаɢɦɨɫɜяɡаɧɧɵх 
ɧɟɫɬаɰɢɨɧаɪɧɵх ɤɢɧɟɬɢчɟɫɤɢх ɭɪаɜɧɟɧɢɣ ɞɥя ɧɟɣɬɪɨɧɨɜ ɢ ɧɭɤɥɢɞɨɜ ɰɟɩɨчɤɢ 

яɞɟɪɧɵх ɪɟаɤɰɢɣ (1.1). В ɷɬɢх ɪаɛɨɬах ɪаɡɜɢɜаɥɫя ɩɨɞхɨɞ, ɩɪɟɞɥɨɠɟɧɧɵɣ 
ɪаɧɟɟ ɜ ɪаɛɨɬах [65-73] ɢ ɪаɫɫɦаɬɪɢɜаɥɨɫɶ ɝɨɪɟɧɢɟ ɰɢɥɢɧɞɪɢчɟɫɤɨɣ 
ɝɨɦɨɝɟɧɧɨɣ ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɣ ɞɟɥящɟɣɫя ɫɪɟɞɵ, ɢɧɢɰɢɢɪɭɟɦɨɟ 
ɪаɫɩɨɥɨɠɟɧɧɵɦ ɧа ɟɟ ɝɪаɧɢɰɟ ɜɧɟɲɧɢɦ ɢɫɬɨчɧɢɤɨɦ ɧɟɣɬɪɨɧɨɜ ɫ ɡаɞаɧɧɨɣ 
ɩɥɨɬɧɨɫɬɶɸ ɩɨɬɨɤа ɧɟɣɬɪɨɧɨɜ. Дɥя ɨɩɢɫаɧɢя ɧɟɣɬɪɨɧɨɜ ɢɫɩɨɥɶɡɨɜаɥɨɫɶ 
ɧɟɫɬаɰɢɨɧаɪɧɨɟ ɭɪаɜɧɟɧɢɟ ɩɟɪɟɧɨɫа ɧɟɣɬɪɨɧɨɜ ɜ ɟɝɨ ɞɢɮɮɭɡɢɨɧɧɨɦ ɢ 
ɨɞɧɨɝɪɭɩɩɨɜɨɦ ɩɨ ɷɧɟɪɝɢяɦ ɧɟɣɬɪɨɧɨɜ (ɷɧɟɪɝɢя ɧɟɣɬɪɨɧɨɜ ɡаɞаɜаɥаɫɶ 
з1ɆɷВ, чɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɛɥаɫɬɢ ɛɵɫɬɪɵх ɧɟɣɬɪɨɧɨɜ) ɩɪɢɛɥɢɠɟɧɢɢ. 

В ɪаɛɨɬах [85,86Ж ɞɥя ɬɨɩɥɢɜɧɨɣ ɫɛɨɪɤɢ Ƚɨɥɶɞɢɧа Д10-12Ж ɩɪɨɜɨɞɢɥɨɫɶ 
ɦɨɞɟɥɢɪɨɜаɧɢɟ ɤɢɧɟɬɢɤɢ ɞɥя ɨɞɧɨɦɟɪɧɨɣ ɝɟɨɦɟɬɪɢɢ ɜ ɞɢɮɮɭɡɢɨɧɧɨɦ 
ɦɧɨɝɨɝɪɭɩɩɨɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɢ ɩɨɥɭчɟɧа ɜɨɥɧа ɦɟɞɥɟɧɧɨɝɨ яɞɟɪɧɨɝɨ 
ɝɨɪɟɧɢя. 
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В ɪаɛɨɬах [87-89] ɩɪɟɞɫɬаɜɥɟɧɵ ɪɟɡɭɥɶɬаɬɵ ɦɨɞɟɥɢɪɨɜаɧɢя ɞɥя ɬɨɣ ɠɟ 
ɬɨɩɥɢɜɧɨɣ ɫɛɨɪɤɢ, чɬɨ ɢ ɜ [85,86], ɧɨ ɞɥя ɟɟ ɰɢɥɢɧɞɪɢчɟɫɤɨɣ ɝɟɨɦɟɬɪɢɢ ɜ 
ɞɢɮɮɭɡɢɨɧɧɨɦ ɦɧɨɝɨɝɪɭɩɩɨɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ. Ɉɞɧаɤɨ, ɩɨ ɫɭщɟɫɬɜɭ 
ɪɟɲаɥаɫɶ ɨɞɧɨɦɟɪɧая ɡаɞача, ɤаɤ ɢ ɜ [85,86], а ɟɟ ɪɟɡɭɥɶɬаɬɵ аɞаɩɬɢɪɨɜаɥɢɫɶ 
ɞɥя ɬɪɟхɦɟɪɧɨɝɨ ɰɢɥɢɧɞɪɢчɟɫɤɨɝɨ ɫɥɭчая ɫ ɩɨɦɨщɶɸ ɭɩɪɨщɟɧɧɨɝɨ, ɬаɤ 
ɧаɡɵɜаɟɦɨɝɨ, ɩɨɞхɨɞа ɩɨɩɟɪɟчɧɨɝɨ ɛаɤɥɢɧɝа (Backling, ɧаɩɪɢɦɟɪ, [20]), 

ɩɪɟɞɩɨɥаɝаɸщɟɝɨ, чɬɨ ɤɢɧɟɬɢɤа ɧɟɣɬɪɨɧɨɜ ɢ ɧɭɤɥɢɞɨɜ ɜ ɪаɞɢаɥɶɧɨɦ 
ɧаɩɪаɜɥɟɧɢɢ ɰɢɥɢɧɞɪа ɢ ɩɨ ɟɝɨ ɞɥɢɧɟ ɨɞɢɧаɤɨɜа. ɉɨɧяɬɧɨ, чɬɨ ɬаɤɨɣ ɩɨɞхɨɞ 
ɢɦɟɟɬ ɫɭщɟɫɬɜɟɧɧɵɟ ɨɝɪаɧɢчɟɧɢя ɢ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɪаɛɨɬаɟɬ ɬɨɥɶɤɨ ɞɥя 
ɛɨɥɶɲɢх ɪаɞɢɭɫɨɜ ɰɢɥɢɧɞɪа ɢɥɢ ɞɟɥящɭɸɫя ɫɪɟɞɭ ɫ ɢɞɟаɥɶɧɵɦ ɨɬɪаɠаɬɟɥɟɦ 
ɧɟɣɬɪɨɧɨɜ, ɬɨ ɟɫɬɶ ɩɪаɤɬɢчɟɫɤɢ, ɦɵ ɨɩяɬɶ ɪаɫɫɦаɬɪɢɜаɟɦ ɛɟɫɤɨɧɟчɧɭɸ 
ɞɟɥящɭɸɫя ɫɪɟɞɭ ɤаɤ ɜ [85]. 

В ɪаɛɨɬах [90,91,2] ɜɩɟɪɜɵɟ ɫɮɨɪɦɭɥɢɪɨɜаɧ ɨɛɨɛщɟɧɧɵɣ ɤɪɢɬɟɪɢɣ 
ɪɟаɥɢɡаɰɢɢ ɪɟɠɢɦа ɜɨɥɧɨɜɨɝɨ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɞɟɥящɟɣɫя 
ɫɪɟɞɵ, ɪаɡɪаɛɨɬаɧɧɵɣ ɧа ɨɫɧɨɜɟ ɤɪɢɬɟɪɢя, ɩɪɟɞɥɨɠɟɧɧɨɝɨ Ʌ.ɉ. 
Ɏɟɨɤɬɢɫɬɨɜɵɦ ɜ [9], ɧɨ ɭчɢɬɵɜаɸщɟɝɨ ɫɩɟɤɬɪ ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ ɢ ɛɨɥɟɟ 
ɫɥɨɠɧɵɟ ɧачаɥɶɧɵɟ ɬɨɩɥɢɜɧɵɟ ɤɨɦɛɢɧаɰɢɢ (а ɧɟ ɬɨɥɶɤɨ, ɤаɤ ɜ [9] 

ɩɟɪɜɨɧачаɥɶɧɨ ɬɨɩɥɢɜɨ ɫɨɫɬɨɢɬ ɬɨɥɶɤɨ ɢɡ ɭɪаɧа βγ8, ɢɥɢ ɤаɤ ɜ [14] 

ɩɟɪɜɨɧачаɥɶɧɨ ɬɨɩɥɢɜɨ ɫɨɫɬɨɢɬ ɬɨɥɶɤɨ ɢɡ ɬɨɪɢя βγβ), ɧаɩɪɢɦɟɪ, ɭɪаɧ βγ8 + 
ɭɪаɧ βγη, ɭɪаɧ βγ8 + ɬɨɪɢɣ βγβ, ɭɪаɧ βγ8+ ɭɪаɧ βγη+ɬɨɪɢɣ βγβ, ɭɪаɧ βγη + 
ɬɨɪɢɣ βγβ ɢ ɞɪ. 

В ɪаɛɨɬах Д81-84] ɛɵɥɨ ɫɬɪɨɝɨ ɩɨɥɭчɟɧɨ аɧаɥɢɬɢчɟɫɤɨɟ ɪɟɲɟɧɢɟ ɜ ɜɢɞɟ 
ɧɟɣɬɪɨɧɧɨɣ ɫɨɥɢɬɨɧɧɨɣ ɜɨɥɧɵ яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɞɥя ɧɟɣɬɪɨɧɧɨɣ ɦɨɞɟɥɢ 
яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɜ ɧɟɣɬɪɨɧɧɨ-ɦɭɥɶɬɢɩɥɢɰɢɪɭɸщɢх ɫɪɟɞах аɧаɥɨɝɢчɧɨɣ 
ɦɨɞɟɥɢ ɏɶɸɝɨ Ваɧ Даɦа [18], ɩɪɢчɟɦ ɪɟɲɟɧɢɟ ɩɨɥɭчɟɧɨ ɤаɤ ɞɥя 
ɨɞɧɨɦɟɪɧɨɝɨ ɫɥɭчая, ɬаɤ ɢ ɞɥя γD-ɫɥɭчая ɞɟɥящɟɣɫя ɫɪɟɞɵ. 

В ɪаɛɨɬах Д92,93Ж ɧа ɨɫɧɨɜɟ ɩɨɞхɨɞа ɩɪɟɞɫɬаɜɥɟɧɧɨɝɨ ɜ Д87-89Ж ɩɪɨɜɟɞɟɧɨ 
ɦɨɞɟɥɢɪɨɜаɧɢɟ ɜɨɥɧɵ яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɜ ɛɟɡɨɩаɫɧɨɦ ɛɵɫɬɪɨɦ ɪɟаɤɬɨɪɟ ɫ 
ɬɨɩɥɢɜɨɦ ɫɦɟɲаɧɧɨɝɨ Th-U-Pu ɰɢɤɥа. Таɤɠɟ ɤаɤ ɢ ɜ [87-89] ɪаɫɫɦаɬɪɢɜаɟɬɫя 
ɛɵɫɬɪɵɣ ɪɟаɤɬɨɪ ɫ ɞɜɭхɡɨɧɧɨɣ ɰɢɥɢɧɞɪɢчɟɫɤɨɣ аɤɬɢɜɧɨɣ ɡɨɧɨɣ, ɫɨɫɬɨящɟɣ 
ɢɡ ɡɨɧɵ ɩɨɞɠɢɝа ɢɡ 232

Th c 10% ɨɛɨɝащɟɧɢɟɦ ɩɨ 235
U ɢ ɡɨɧɵ ɝɨɪɟɧɢя ɢɡ 232

Th, 

ɩɪɢчɟɦ, ɜ ɨɬɥɢчɢɟ ɨɬ ɪаɛɨɬ, ɡɞɟɫɶ ɜ ɪаɫчɟɬɧɭɸ ɫхɟɦɭ ɜɤɥɸчаɟɬɫя ɢ ɜɧɟɲɧɢɣ 
ɢɫɬɨчɧɢɤ ɧɟɣɬɪɨɧɨɜ, ɞɟɣɫɬɜɭɸщɢɣ ɧа ɬɨɪɰɟɜɨɣ ɝɪаɧɢɰɟ ɡɨɧɵ ɩɨɞɠɢɝа. В 

[93] ɩɪɟɞɫɬаɜɥɟɧɧɵɟ ɪɟɡɭɥɶɬаɬɵ ɩɨɤаɡɵɜаɸɬ, чɬɨ ɞɥя ɜɵɲɟɨɩɢɫаɧɧɨɣ 
ɫɬɪɭɤɬɭɪɵ аɤɬɢɜɧɨɣ ɡɨɧɵ ɪɟаɥɢɡɭɟɬɫя ɪɟɠɢɦ аɜɬɨɜɨɥɧɨɜɨɝɨ ɝɨɪɟɧɢя, ɨɞɧаɤɨ 
ɩɪɢ ɞɨɛаɜɥɟɧɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɢх ɤɨɥɢчɟɫɬɜ ɤɨɧɫɬɪɭɤɰɢɨɧɧɨɝɨ 
ɦаɬɟɪɢаɥа (Fe) ɢ ɬɟɩɥɨɧɨɫɢɬɟɥя (ɷɜɬɟɤɬɢчɟɫɤɢɣ ɫɩɥаɜ Pb-Bi ɢɥɢ ɝɟɥɢɣ), 
ɪаɜɧɨɦɟɪɧɨ ɪаɫɩɪɟɞɟɥɟɧɧɵх ɩɨ ɨɛɴɟɦɭ аɤɬɢɜɧɨɣ ɡɨɧɵ ɪɟаɤɬɨɪа, ɩɪɢɜɨɞɢɬ ɤ 
ɬɨɦɭ, чɬɨ ɬаɤɠɟ ɭɫɬаɧаɜɥɢɜаɟɬɫя ɫаɦɨɩɨɞɞɟɪɠɢɜаɸщɢɣɫя ɜ ɬɟчɟɧɢɟ 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ (зηɥɟɬ) ɪɟɠɢɦ яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя, ɨɞɧаɤɨ ɫɢɫɬɟɦа 
ɧɟ ɩɟɪɟхɨɞɢɬ ɜ ɪɟɠɢɦ ɜɨɥɧɵ ɝɨɪɟɧɢя, ɛɟɝɭщɟɣ ɜɞɨɥɶ ɨɫɢ ɪɟаɤɬɨɪа. 

Эɬɢ ɪɟɡɭɥɶɬаɬɵ ɫɨɝɥаɫɭɸɬɫя ɫ ɜɵɜɨɞаɦɢ ɪаɛɨɬɵ Д60]  ɨ ɧɟɜɨɡɦɨɠɧɨɫɬɢ 
ɪɟаɥɢɡаɰɢɢ ɜɨɥɧɨɜɨɝɨ ɪɟɠɢɦа яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɜ ɛɵɫɬɪɨɦ ɪɟаɤɬɨɪɟ ɫ ɬɨɪɢɣ-



33 

 

ɭɪаɧɨɜɵɦ ɬɨɩɥɢɜɧɵɦ ɰɢɤɥɨɦ ɢ ɩɪɨɬɢɜɨɪɟчаɬ ɪɟɡɭɥɶɬаɬаɦ ɪаɛɨɬɵ [14], 

ɤɨɬɨɪɵɟ ɬаɤɨɣ ɪɟɠɢɦ ɝɨɪɟɧɢя ɩɨɞɬɜɟɪɠɞаɸɬ. 
В ɪаɛɨɬɟ Д94] ɧа ɛаɡɟ аɜɬɨɜɨɥɧɨɜɨɝɨ ɜɢɞа ɫɢɫɬɟɦɵ ɤɢɧɟɬɢчɟɫɤɢх 

ɭɪаɜɧɟɧɢɣ, ɩɨɥɭчɟɧɧɵх ɜ [9], ɦɟɬɨɞɨɦ ɦаɬɟɦаɬɢчɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜаɧɢя 
ɩɨɤаɡаɧɨ, чɬɨ ɜɥɢяɧɢɟ ɫɥаɛɨɝɨ ɩɟɪɟɦɟɲɢɜаɧɢя ɫɪɟɞɵ ɜɨ ɮɪɨɧɬɟ ɧɟɣɬɪɨɧɧɨ-

ɞɟɥɢɬɟɥɶɧɨɣ ɜɨɥɧɵ ɦɨɠɟɬ ɫɭщɟɫɬɜɟɧɧɨ ɢɡɦɟɧɢɬɶ ɟɟ ɫɤɨɪɨɫɬɶ. 
В ɪаɛɨɬах ɝɪɭɩɩɵ В.ɇ. ɉаɜɥɨɜɢча [95-105] ɢɫɫɥɟɞɨɜаɥɢɫɶ ɪɟɲɟɧɢя 

ɤɢɧɟɬɢчɟɫɤɨɣ ɫɢɫɬɟɦɵ ɭɪаɜɧɟɧɢɣ ɜ аɜɬɨɜɨɥɧɨɜɨɦ ɜɢɞɟ, аɧаɥɨɝɢчɧɨɣ 

ɤɢɧɟɬɢчɟɫɤɨɣ ɫɢɫɬɟɦɟ ɭɪаɜɧɟɧɢɣ ɜ ɪаɛɨɬɟ [9], ɦɟɬɨɞɨɦ ɬɟɨɪɢɢ ɜɨɡɦɭщɟɧɢɣ 
ɩɨ ɫɤɨɪɨɫɬɢ ɜɨɥɧɵ, ɤɨɬɨɪая ɪаɫɫɦаɬɪɢɜаɟɬɫя ɜ ɤачɟɫɬɜɟ ɦаɥɨɝɨ ɩаɪаɦɟɬɪа. В 
ɷɬɢ ɪаɛɨɬах ɩɨɞɬɜɟɪɠɞɟɧɨ ɜɨɥɧɨɜɨɟ ɝɨɪɟɧɢɟ ɞɥя ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɣ 
ɞɟɥящɟɣɫя ɫɪɟɞɵ ɢ ɨɬɪаɛɨɬаɧɧɨɝɨ яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа, ɨɛɧаɪɭɠɟɧɨ ɜɥɢяɧɢɟ 
ɭчɟɬа ɩɪɨɦɟɠɭɬɨчɧɨɝɨ ɧɭɤɥɢɞа 239

Np, ɧɭɤɥɢɞɨɜ 240
Pu,

 241
Pu,

 242
Pu, 

243
Pu ɢ 

241
Am  ɢ ɜɵɝɨɪаɸщɟɝɨ ɩɨɝɥɨɬɢɬɟɥя ɧа ɫɤɨɪɨɫɬɶ ɜɨɥɧɵ ɢ ɧа ɤɨɧɟчɧɵɣ 

ɮɥɸɟɧɫ. 

В ɪаɛɨɬах [106-110] ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜаɧɢɟ ɭɫɬɨɣчɢɜɨɫɬɢ ɤɪɢɬɢчɟɫɤɢх 
ɜɨɥɧ яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɜ ɦɭɥɶɬɢɩɥɢɰɢɪɭɸщɢх ɫɪɟɞах ɢ ɩɨɤаɡаɧɨ ɫɥɟɞɭɸщɟɟ. 

Ɉчɟɜɢɞɧɨ, чɬɨ ɞɥя ɭɫɬɨɣчɢɜɨɝɨ ɩɟɪɟɦɟщɟɧɢя ɬаɤɨɣ ɫɨɥɢɬɨɧɧɨ-

ɩɨɞɨɛɧɨɣ ɜɨɥɧɵ ɝɨɪɟɧɢя ɧɟɨɛхɨɞɢɦ ɧɟɤɢɣ ɫɬаɛɢɥɢɡɢɪɭɸщɢɣ ɦɟхаɧɢɡɦ, 
ɧаɩɪɢɦɟɪ, ɬɢɩа ɨɬɪɢɰаɬɟɥɶɧɨɝɨ аɜɬɨɤаɬаɥɢɡа ɢɥɢ, ɢɧачɟ ɝɨɜɨɪя, ɥɸɛɨɣ 
ɞɪɭɝɨɣ ɫɨɨɬɜɟɬɫɬɜɭɸщɢɣ ɦɟхаɧɢɡɦ ɨɬɪɢɰаɬɟɥɶɧɨɣ ɨɛɪаɬɧɨɣ ɫɜяɡɢ. В 
ɬɪаɞɢɰɢɨɧɧɵх яɞɟɪɧɵх ɪɟаɤɬɨɪах  ɷɬɨ ɬаɤ ɧаɡɵɜаɟɦɵɣ ɦɟхаɧɢɡɦ 
ɨɬɪɢɰаɬɟɥɶɧɨɣ ɨɛɪаɬɧɨɣ ɫɜяɡɢ ɩɨ ɪɟаɤɬɢɜɧɨɫɬɢ.  ɉɨɷɬɨɦɭ ɡаɩɢɲɟɦ 
ɧɟɫɬаɰɢɨɧаɪɧɨɟ ɨɞɧɨɦɟɪɧɨɟ ɭɪаɜɧɟɧɢɟ  ɪɟаɤɬɨɪа ɜ ɨɞɧɨɝɪɭɩɩɨɜɨɦ 
ɩɪɢɛɥɢɠɟɧɢɢ 64,111-113 ɫ ɨɛɪаɬɧɨɣ ɨɬɪɢɰаɬɟɥɶɧɨɣ ɫɜяɡɶɸ ɩɨ 
ɪɟаɤɬɢɜɧɨɫɬɢ: 
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ɝɞɟ   ɩɨɬɨɤ ɧɟɣɬɪɨɧɨɜ ɫɦ-2 ɫ-1; D  ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ ɫɦ;   

ɪɟаɤɬɢɜɧɨɫɬɶ, ɛɟɡɪаɡɦɟɪɧая ɜɟɥɢчɢɧа; а  ɩɨɥɧɨɟ ɦаɤɪɨɫɤɨɩɢчɟɫɤɨɟ 
ɫɟчɟɧɢɟ ɩɨɝɥɨщɟɧɢя  ɫɦ-1;    ɫɤɨɪɨɫɬɶ ɧɟɣɬɪɨɧɨɜ ɫɦɫ-1. В ɞаɧɧɨɦ ɫɥɭчаɟ 

ɨɬɪɢɰаɬɟɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɨɛɪаɬɧɨɣ ɫɜяɡɢ   ɜ ɨɫɧɨɜɧɨɦ ɨɩɪɟɞɟɥяɟɬɫя ɬɟɦ, 
чɬɨ ɜ ɜɵɪаɠɟɧɢɢ (1.16) ɢɫɩɨɥɶɡɭɟɬɫя ɤɨɷɮɮɢɰɢɟɧɬ ɪаɡɦɧɨɠɟɧɢя ɧɟɣɬɪɨɧɨɜ 
ɞɥя ɛɟɫɤɨɧɟчɧɨɣ ɫɪɟɞɵ ɢ ɩɨɷɬɨɦɭ ɩɥɨɬɧɨɫɬɶ ɩɨɬɨɤа ɞɨɥɠɧа ɛɵɬɶ 
ɩɨɩɪаɜɥɟɧа. 

Ȼɭɞɟɦ ɢɫɤаɬɶ ɪɟɲɟɧɢɟ ɜ ɜɢɞɟ аɜɬɨɜɨɥɧɵ: 

                                         )()(),(   utxtx ,                                          (1.17) 

ɝɞɟ u  ɮаɡɨɜая ɫɤɨɪɨɫɬɶ ɜɨɥɧɵ,   ɤɨɨɪɞɢɧаɬа ɜ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧаɬ, 
ɞɜɢɝаɸщɟɣɫя ɫ ɮаɡɨɜɨɣ ɫɤɨɪɨɫɬɶɸ. В ɷɬɨɦ ɫɥɭчаɟ 

 



34 

 

                                                





 


 u

t

1
.                                                 (1.18) 

Таɤ ɤаɤ ɢɡɜɟɫɬɧɨ, ɧаɩɪɢɦɟɪ 18, чɬɨ ɨɬɧɨɲɟɧɢɟ u/ ɜ (1.18) ɩɨ ɩɨɪяɞɤɭ 
ɜɟɥɢчɢɧɵ ɪаɜɧɨ 10-13

 ɢ 10-11
 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɞɥя ɛɵɫɬɪɵх ɢ ɬɟɩɥɨɜɵх 

яɞɟɪɧɵх ɫɢɫɬɟɦ, ɬɨ, ɨчɟɜɢɞɧɨ, чɬɨ чаɫɬɧɨɣ ɩɪɨɢɡɜɨɞɧɨɣ ɩɨ ɜɪɟɦɟɧɢ ɜ  (1.18) 

ɦɨɠɧɨ, ɛɟɡ ɩɨɬɟɪɢ ɨɛщɧɨɫɬɢ, ɩɪɟɧɟɛɪɟчɶ.  

Тɨɝɞа ɫ ɭчɟɬɨɦ (1.18) ɭɪаɜɧɟɧɢɟ (1.16) ɦɨɠɧɨ ɩɪɟɞɫɬаɜɢɬɶ ɜ ɜɢɞɟ 
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kL ,                               (1.19) 

ɝɞɟ L=(D/а)
1/2

  ɞɥɢɧа ɞɢɮɮɭɡɢɢ ɧɟɣɬɪɨɧɨɜ, а   ɟɫɬɶ, ɬаɤ ɧаɡɵɜаɟɦая, 
ɮɭɧɤɰɢя ɮɥɸɟɧɫа ɧɟɣɬɪɨɧɨɜ 

                                        tdtxtx

t   ),(),(
0

 .                                             (1.20) 

ȿɫɥɢ ɬɟɩɟɪɶ ɜ (1.19) ɢɫɩɨɥɶɡɨɜаɬɶ ɪаɡɥɨɠɟɧɢɟ ɮɭɧɤɰɢɢ () ɩɨ ɦаɥɨɦɭ 
ɩаɪаɦɟɬɪɭ =k1, ɬɨ c ɭчɟɬɨɦ ɬɨɝɨ, чɬɨ е|<<O(1),  ɩɨɥɭчɢɦ (ɫ ɬɨчɧɨɫɬɶɸ ɞɨ 
ɬɪɢɜɢаɥɶɧɨɝɨ ɦаɫɲɬаɛɧɨɝɨ ɩɪɟɨɛɪаɡɨɜаɧɢя) хɨɪɨɲɨ ɢɡɜɟɫɬɧɨɟ ɫɨɥɢɬɨɧɧɨɟ 
ɭɪаɜɧɟɧɢɟ Ʉɨɪɬɟɜɟɝаɞɟ Ɏɪɢɡа (ɄɞɎ): 

                                        02   L ,                                           (1.21) 

ɤɨɬɨɪɨɟ ɬɨɥɶɤɨ ɞɥя  < 0 ɢɦɟɟɬ ɭɫɬɨɣчɢɜɨɟ ɪɟɲɟɧɢɟ ɫɨɥɢɬɨɧɧɨɝɨ ɬɢɩа 

                                       )(sec)(sec 22
utxhh mm   ,                        (1.22) 

ɝɞɟ m  аɦɩɥɢɬɭɞа ɧɟɣɬɪɨɧɧɨɝɨ ɩɨɬɨɤа; 1/  хаɪаɤɬɟɪɧая ɞɥɢɧа, 
ɩɪɨɩɨɪɰɢɨɧаɥɶɧая ɲɢɪɢɧɟ ɫɨɥɢɬɨɧɧɨɣ ɜɨɥɧɵ, ɤɨɬɨɪая ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɟɫɬɶ 
ɩɨɥɭɲɢɪɢɧа аɦɩɥɢɬɭɞɵ ɧа ɩɨɥɭɜɵɫɨɬɟ (Пull-with-at half-maximum, FWHM) ɢ 
ɪаɜɧа 

                               cmFWHM ,)21ln(2 1

21

  .                                (1.23) 

Ɉчɟɜɢɞɧɨ, чɬɨ ɢɧɬɟɝɪɢɪɨɜаɧɢɟɦ ɭɪаɜɧɟɧɢя (1.22) ɦɨɠɧɨ ɜɵчɢɫɥɢɬɶ 
ɩɥɨщаɞɶ ɩɨɞ ɬаɤɢɦ ɫɨɥɢɬɨɧɨɦ: 

                                               mareaS 2 .                                                  (1.24) 

Ɋаɡɜɢɜая ɩɨɞхɨɞ, ɜɩɟɪɜɵɟ ɜɵɫɤаɡаɧɧɵɣ ɜ ɪаɛɨɬɟ Ʌ.ɉ. Ɏɟɨɤɬɢɫɬɨɜа 9, ɜ 
[106-110] ɩɨɤаɡаɧɨ, чɬɨ ɜ 238

Uɫɪɟɞɟ ɜɨɡɦɨɠɧɨ ɫɨɥɢɬɨɧɨɩɨɞɨɛɧɨɟ 
ɪаɫɩɪɨɫɬɪаɧɟɧɢɟ ɧɟɣɬɪɨɧɧɨ-ɞɟɥɢɬɟɥɶɧɨɣ ɜɨɥɧɵ яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя, ɧɨ ɬɨɥɶɤɨ 

ɩɪɢ ɧɟɤɨɬɨɪɨɦ ɫɨɨɬɧɨɲɟɧɢɢ ɦɟɠɞɭ ɪаɜɧɨɜɟɫɧɨɣ ɢ ɤɪɢɬɢчɟɫɤɨɣ 
ɤɨɧɰɟɧɬɪаɰɢɟɣ ɩɨ ɩɥɭɬɨɧɢɸ ( P un~   ncrit), хаɪаɤɬɟɪɢɡɭɟɦɵɦ ɭɫɥɨɜɢɟɦ 
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ɤɜаɧɬɨɜаɧɢя Ȼɨɪа Ɂɨɦɦɟɪɮɟɥɶɞа. Дɪɭɝɢɦɢ ɫɥɨɜаɦɢ, ɬɨɥɶɤɨ ɜ ɷɬɨɦ ɫɥɭчаɟ 
ɤɪɢɬɢчɟɫɤɨɟ (ɤɜаɡɢɫɬаɰɢɨɧаɪɧɨɟ) ɫɨɫɬɨяɧɢɟ ɫɢɫɬɟɦɵ (аɤɬɢɜɧɨɣ ɡɨɧɵ 
ɪɟаɤɬɨɪа) ɜɵɞɟɪɠɢɜаɟɬɫя аɜɬɨɦаɬɢчɟɫɤɢ, ɛɟɡ ɜɦɟɲаɬɟɥɶɫɬɜа ɢɡɜɧɟ ɢ, 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɬɨɥɶɤɨ ɜ ɷɬɨɦ ɫɥɭчаɟ ɤɪɢɬɢчɟɫɤɨɟ ɫɨɫɬɨяɧɢɟ аɤɬɢɜɧɨɣ ɡɨɧɵ 
ɪɟаɤɬɨɪа ɩɨɥɧɨɫɬɶɸ ɢ ɨɞɧɨɡɧачɧɨ хаɪаɤɬɟɪɢɡɭɟɬɫя ɫɜɨɣɫɬɜɨɦ ɜɧɭɬɪɟɧɧɟɣ 
ɛɟɡɨɩаɫɧɨɫɬɢ. 

В ɬɨ ɠɟ ɜɪɟɦя, ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, чɬɨ ɜ ɫɢɥɭ ɢɡɜɟɫɬɧɨɣ ɭɩɪɨщɟɧɧɨɫɬɢ 
ɭɪаɜɧɟɧɢя ɞɥя ɧɟɣɬɪɨɧɨɜ ɪɟаɤɬɨɪа (1.16), ɮаɡɨɜая ɫɤɨɪɨɫɬɶ 
ɫɨɥɢɬɨɧɧɨɩɨɞɨɛɧɨɣ ɜɨɥɧɵ яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɫɢɥɶɧɨ ɢɞɟаɥɢɡɢɪɨɜаɧа ɢ ɧɟ 
ɨɬɪаɠаɟɬ ɧɟɤɨɬɨɪɵх ɫɭщɟɫɬɜɟɧɧɵх ɮɢɡɢчɟɫɤɢх ɩɪɨɰɟɫɫɨɜ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ 
ɦɟɫɬɨ ɜ  ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ. ɇаɩɪɢɦɟɪ, ɧɟ ɭчɢɬɵɜаɟɬ ɜɪɟɦɟɧɢ ɡаɞɟɪɠɤɢ 
ɩɨяɜɥɟɧɢя яɞɟɪ ɩɥɭɬɨɧɢя ɜ ɰɟɩɨчɤɟ (1.1) (ɢɥɢ ɭɪаɧа βγγ ɜ ɰɟɩɨчɤɟ ɞɥя ɬɨɪɢɣ-

ɭɪаɧɨɜɨɣ ɫɪɟɞɵ яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя [14]), ɫɜяɡаɧɧɨɝɨ ɫɨ ɜɪɟɦɟɧɟɦ   ɪаɫɩаɞа ɩɪɨɦɟɠɭɬɨчɧɵх яɞɟɪ ɧɟɩɬɭɧɢя. В ɷɬɨɦ ɫɦɵɫɥɟ ɡɞɟɫɶ ɫɬаɧɨɜɢɬɫя 
ɭɦɟɫɬɧɵɦ ɧаɩɨɦɧɢɬɶ ɨчɟɧɶ ɜаɠɧɵɣ ɪɟɡɭɥɶɬаɬ Ɏɟɨɤɬɢɫɬɨɜа ɩɨɥɭчɟɧɢɟ 
ɪɟɲɟɧɢя ((1.10-1.1γ)) ɢ ɜɟɞɟɧɢɟ ɩаɪаɦɟɬɪа ɫɤɨɪɨɫɬɢ  D (1.7-1.9),  ɞɥя 
ɤɨɬɨɪɨɝɨ ɜ [106-110] ɜɜɟɞɟɧɨ ɫɩɟɰɢаɥɶɧɨɟ ɫɥɟɞɭɸщɟɟ ɨɛɨɡɧачɟɧɢɟ: 
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ɝɞɟ   ɜɪɟɦя ɡаɞɟɪɠɤɢ, ɫɜяɡаɧɧɨɟ ɫ ɪɨɠɞɟɧɢɟɦ аɤɬɢɜɧɨɝɨ (ɞɟɥящɟɝɨɫя) 
ɢɡɨɬɨɩа, ɧаɩɪɢɦɟɪ, ɪаɜɧɨɟ ɫɭɦɦаɪɧɨɦɭ ɩɟɪɢɨɞаɦ ɪаɫɩаɞаɦ 
ɩɪɨɦɟɠɭɬɨчɧɵх яɞɟɪ ɜ ɭɪаɧɩɥɭɬɨɧɢɟɜɨɦ ɰɢɤɥɟ Ɏɟɨɤɬɢɫɬɨɜа (ɫɦ. (1.1)) ɢɥɢ 
ɜ ɬɨɪɢɣɭɪаɧɨɜɨɦ ɰɢɤɥɟ Тɟɥɥɟɪа [14], 1/2   ɲɢɪɢɧа ɫɨɥɢɬɨɧɧɨɣ ɜɨɥɧɵ 
(1.23).  

ɂɡ аɧаɥɢɡа ɪɟɲɟɧɢɣ ɭɪаɜɧɟɧɢя (1.1θ) ɩɪɢ ɡаɞаɧɧɵх ɡаɜɢɫɢɦɨɫɬях 
ɪɟаɤɬɢɜɧɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ, ɩɪɟɞɫɬаɜɥɟɧɧɨɝɨ ɜ Д106-110Ж, ɫɥɟɞɭɟɬ, чɬɨ ɫɤɨɪɨɫɬɶ 
ɭɫɬɨɣчɢɜɨɝɨ ɪаɫɩɪɨɫɬɪаɧɟɧɢя ɫɨɥɢɬɨɧɧɨ-ɩɨɞɨɛɧɨɣ ɜɨɥɧɵ ɧɟ ɨɛяɡаɬɟɥɶɧɨ 
ɪаɜɧа ɞɢɮɮɭɡɢɨɧɧɨɣ ɫɤɨɪɨɫɬɢ, ɬɨ ɟɫɬɶ, u=L/ , а ɦɨɠɟɬ ɛɵɬɶ ɫɭщɟɫɬɜɟɧɧɨ 
ɦɟɞɥɟɧɧɟɟ ɢɥɢ ɛɵɫɬɪɟɟ ɟɟ, чɬɨ, ɜ ɫɜɨɸ ɨчɟɪɟɞɶ, яɜɥяɟɬɫя ɫɥɟɞɫɬɜɢɟɦ 
ɫɢɥɶɧɨɝɨ ɞɨɦɢɧɢɪɨɜаɧɢя ɩаɪаɦɟɬɪа ɧɟɥɢɧɟɣɧɨɫɬɢ ɢɥɢ, ɧаɨɛɨɪɨɬ,  ɩаɪаɦɟɬɪа 
ɞɢɫɩɟɪɫɢɢ, ɤɨɬɨɪɵɟ ɨɬɪаɠаɸɬ ɨɫɨɛɟɧɧɨɫɬɢ ɤɢɧɟɬɢɤɢ ɪɨɠɞɟɧɢя ɢ ɝɢɛɟɥɢ 
ɭчаɫɬɧɢɤɨɜ яɞɟɪɧɵх ɩɪɟɜɪащɟɧɢɣ, ɧаɩɪɢɦɟɪ, ɜ ɰɟɩɨчɤах (1.1) ɢɥɢ ɞɥя ɬɨɪɢя 
[14], ɢ ɧа ɩɪаɤɬɢɤɟ ɩɪɨяɜɥяɸɬɫя ɜ ɜɢɞɟ ɛɨɥɶɲɟɣ ɢɥɢ ɦɟɧɶɲɟɣ ɫɬɟɩɟɧɢ 
ɜɵɝɨɪаɧɢя аɤɬɢɜɧɨɝɨ ɢɡɨɬɨɩа (ɬɨɩɥɢɜа) ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

В ɪаɛɨɬах [106-110] ɫ ɩɨɦɨщɶɸ  ɦаɬɟɦаɬɢчɟɫɤɨɝɨ аɩɩаɪаɬа ɞɥя 
ɝаɭɫɫɨɜɨɝɨ аɧɫаɦɛɥя ɦаɬɪɢɰ ββ ɬаɤɠɟ ɩɨɤаɡаɧɨ, чɬɨ ɩаɪаɦɟɬɪ )(a (1.25) 
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ɜɨɥɧɨɜɨɝɨ яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɩɨɞчɢɧяɟɬɫя, ɬаɤ ɧаɡɵɜаɟɦɨɣ,  Вɢɝɧɟɪɨɜɫɤɨɣ 
ɮɭɧɤɰɢɢ ɪаɫɩɪɟɞɟɥɟɧɢя ɦɟɠɭɪɨɜɧɟɜɵх ɪаɫɫɬɨяɧɢɣ  ɭɪɨɜɧɟɣ ɷɧɟɪɝɢɢ 
хаɨɬɢчɟɫɤɢх ɫɢɫɬɟɦ [114]: 

  (1.27) 

ɇɢɠɟ, ɩɪɟɞɫɬаɜɥɟɧ ɪɢɫɭɧɨɤ (1.6), ɜɡяɬɵɣ ɢɡ [106-110], ɧа ɤɨɬɨɪɨɦ 
ɩɪɟɞɫɬаɜɥɟɧа ɬɟɨɪɟɬɢчɟɫɤая ɡаɜɢɫɢɦɨɫɬɶ )(a  - Вɢɝɧɟɪɨɜɫɤая ɮɭɧɤɰɢя 
ɪаɫɩɪɟɞɟɥɟɧɢя ɢ ɨɰɟɧɤɢ )(a  ɞɥя ɜɫɟх, ɨɩɭɛɥɢɤɨɜаɧɧɵх ɪɟɡɭɥɶɬаɬɨɜ 
ɦаɬɟɦаɬɢчɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜаɧɢя ɜɨɥɧɵ яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя. 

 

 

Ɋɢɫ. 1.6. Тɟɨɪɟɬɢчɟɫɤая (ɫɩɥɨɲɧая ɤɪɢɜая) ɢ ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧая (ɬɨчɤɢ ɢɡ Д14, 82, 83, 

56, 86-88, 115Ж) ɡаɜɢɫɢɦɨɫɬɶ ɩаɪаɦɟɬɪа )(a  ɨɬ a . 

ɉɨɥɭчɟɧɧая ɬɟɨɪɟɬɢчɟɫɤая ɡаɜɢɫɢɦɨɫɬɶ )(a (1.25-1.βθ ɢ ɪɢɫ. 1.θ) 
ɩɨɤаɡɵɜаɟɬ, чɬɨ ɫɤɨɪɨɫɬɶ ɜɨɥɧɨɜɨɝɨ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɪаɜɧа ɧɭɥɸ 
ɥɢɲɶ ɜ ɨɞɧɨɣ ɬɨчɤɟ 0а  , ɩɪɢчɟɦ ɷɬа ɬɨчɤа ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɥɭчаɸ 0Pu

crit
n  , чɬɨ 

– ɧɟɮɢɡɢчɧɨ, а ɩɪɢ ɛɨɥɶɲɢх ɡɧачɟɧɢях а ɫɤɨɪɨɫɬɶ ɩɨ ɷɤɫɩɨɧɟɧɰɢаɥɶɧɨɣ 
аɫɢɦɩɬɨɬɢɤɟ ɩɪɢɛɥɢɠаɟɬɫя ɤ ɧɭɥɸ, ɧɨ ɨɧа ɧɟ ɪаɜɧа ɧɭɥɸ. 
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ɋɥɟɞɭɟɬ ɬаɤɠɟ ɡаɦɟɬɢɬɶ, чɬɨ ɜ ɜɵɲɟ ɩɪɟɞɫɬаɜɥɟɧɧɵх ɪаɛɨɬах ɝɪɭɩɩɵ В.ɇ. 
ɉаɜɥɨɜɢча Д9η-10ηЖ ɢɫɫɥɟɞɨɜаɥɢɫɶ ɪɟɲɟɧɢя ɤɢɧɟɬɢчɟɫɤɨɣ ɫɢɫɬɟɦɵ 
ɭɪаɜɧɟɧɢɣ ɜ аɜɬɨɜɨɥɧɨɜɨɦ ɜɢɞɟ, аɧаɥɨɝɢчɧɨɣ ɤɢɧɟɬɢчɟɫɤɨɣ ɫɢɫɬɟɦɟ 
ɭɪаɜɧɟɧɢɣ ɜ ɪаɛɨɬɟ Д9Ж, ɦɟɬɨɞɨɦ ɬɟɨɪɢɢ ɜɨɡɦɭщɟɧɢɣ ɩɨ ɨɛɟɡɪаɡɦɟɧɟɧɧɨɣ 
ɫɤɨɪɨɫɬɢ ɜɨɥɧɵ  (1.βη), ɤɨɬɨɪая ɪаɫɫɦаɬɪɢɜаɟɬɫя ɜ ɤачɟɫɬɜɟ ɦаɥɨɝɨ 
ɩаɪаɦɟɬɪа. ɂɡ ɪɢɫ. 1.θ ɧаɝɥяɞɧɨ ɜɢɞɧɨ, чɬɨ ɬаɤɨɣ ɩɨɞхɨɞ ɨɫɬаɜɥяɟɬ ɡа 
ɩɪɟɞɟɥаɦɢ ɢɫɫɥɟɞɨɜаɧɢя ɧаɢɛɨɥɟɟ ɢɧɬɟɪɟɫɧɭɸ ɨɛɥаɫɬɶ ɜɨɥɧɨɜɨɝɨ 
ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя 0,3 2,0а   , ɬаɤ ɤаɤ ɞɥя ɧɟɟ ɧɟ яɜɥяɟɬɫя ɦаɥɵɦ 
ɩаɪаɦɟɬɪɨɦ. 

В ɪаɛɨɬах [116,117] ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉаɪɥɨ ɫ ɢɫɩɨɥɶɡɨɜаɧɢɟɦ ɤɨɞа MCNPX 

ɜɩɟɪɜɵɟ ɫɦɨɞɟɥɢɪɨɜаɧа ɤɢɧɟɬɢɤа ɛɟɝɭщɟɣ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɣ ɜɨɥɧɵ ɜ ɭɪаɧ-

ɩɥɭɬɨɧɢɟɜɨɣ ɞɟɥящɟɣɫя ɫɪɟɞɟ ɞɥя ɛɵɫɬɪɵх ɧɟɣɬɪɨɧɨɜ. 

В ɪаɛɨɬɟ [116] ɩɪɨɜɟɞɟɧɨ 1-D, а ɜ ɪаɛɨɬɟ [117] ɩɪɨɜɟɞɟɧɨ 1-D ɢ γ-D 

ɦɨɞɟɥɢɪɨɜаɧɢɟ. ɉɪɟɞɫɬаɜɥɟɧɵɟ ɜ ɷɬɢх ɪаɛɨɬах ɪɟɡɭɥɶɬаɬɵ ɦɨɞɟɥɢɪɨɜаɧɢя 
ɩɨɞɬɜɟɪɠɞаɸɬ ɪɟаɥɢɡаɰɢɸ ɪɟɠɢɦа аɜɬɨɜɨɥɧɵ ɢ хɨɪɨɲɨ ɫɨɝɥаɫɭɸɬɫя ɫ ɪаɧɟɟ 
ɩɨɥɭчɟɧɧɵɦɢ ɪɟɡɭɥɶɬаɬаɦɢ, ɩɨɥɭчɟɧɧɵɦɢ ɜ ɪаɦɤах ɜɵɲɟɨɩɢɫаɧɧɵх 
ɩɨɞхɨɞɨɜ. 

ɋɥɟɞɭɟɬ ɬаɤɠɟ ɨɬɦɟɬɢɬɶ ɪаɛɨɬɭ [118Ж ɜ ɤɨɬɨɪɨɣ ɜɩɟɪɜɵɟ ɜɵɫɤаɡаɧа ɢɞɟя ɨ 
ɜɨɡɦɨɠɧɨɫɬɢ ɫɭщɟɫɬɜɨɜаɧɢя ɧɟɣɬɪɨɧɧɨ-ɞɟɥɢɬɟɥɶɧɨɣ ɜɨɥɧɵ Ɏɟɨɤɬɢɫɬɨɜа Д9] 

ɜ ɧɟɞɪах Ɂɟɦɥɢ. 
В ɪаɛɨɬах [67-69,74,76,79,80,82-84] ɜɩɟɪɜɵɟ ɩɪɟɞɥɨɠɟɧа ɢ ɪаɡɪаɛɨɬаɧа 

ɝɢɩɨɬɟɡа ɨ ɝɟɨɪɟаɤɬɨɪɟ, ɫɭщɟɫɬɜɭɸщɟɝɨ ɜ ɜɢɞɟ ɜɨɥɧɵ ɦɟɞɥɟɧɧɨɝɨ 
ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɧа ɝɪаɧɢɰɟ ɠɢɞɤɨɝɨ ɢ ɬɜɟɪɞɨɝɨ яɞɪа Ɂɟɦɥɢ.  

 

1.1.3. Ȼыɫтɪыɣ ɭɪаɧ-ɩɥɭтɨɧиевыɣ ɪеаɤтɨɪ ɫ вɧɭтɪеɧɧеɣ ɛеɡɨɩаɫɧɨɫтɶɸ 
ɧа ɛеɝɭщеɣ вɨɥɧе (ɪеаɤтɨɪ V ɩɨɤɨɥеɧиɹ). 

ɋɟɝɨɞɧя, хɨɬя ɢɫɫɥɟɞɨɜаɧɢя ɤɢɧɟɬɢɤɢ ɜɨɥɧɨɜɨɝɨ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ 
ɝɨɪɟɧɢя ɧɟ ɡаɜɟɪɲɟɧɵ ɢ ɨɫɬаɸɬɫя ɧɟ ɢɫɫɥɟɞɨɜаɧɧɵɦɢ ɦɧɨɝɢɟ ɜɨɩɪɨɫɵ, 
ɧаɩɪɢɦɟɪ, ɝɟɬɟɪɨɝɟɧɧая ɫɬɪɭɤɬɭɪа аɤɬɢɜɧɨɣ ɡɨɧɵ, ɜɥɢяɧɢɟ ɬɟɩɥɨɩɟɪɟɧɨɫа, 
ɤɢɧɟɬɢɤɢ ɪаɞɢаɰɢɨɧɧɵх ɞɟɮɟɤɬɨɜ ɬɨɩɥɢɜа ɢ ɮаɡɨɜɨɝɨ ɫɨɫɬɨяɧɢя ɬɨɩɥɢɜа, 
ɬɟɩɥɨɜɨɣ ɤɨɧɜɟɤɰɢɢ ɢ ɩɟɪɟɦɟɲɢɜаɧɢя (ɞɥя ɠɢɞɤɨɝɨ ɢɥɢ ɝаɡɨɨɛɪаɡɧɨɝɨ) 
ɬɨɩɥɢɜа, ɪаɞɢаɰɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵх ɦаɬɟɪɢаɥɨɜ ɫɬɟɧɤɢ 
ɬɜɷɥɨɜ, ɪɟɠɢɦɵ ɩɨɞɠɢɝа (ɢɧɢɰɢаɥɢɡаɰɢɢ) ɢ ɞɪ., ɭɠɟ ɫɭщɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ 
ɩɪɟɞɥɨɠɟɧɢɣ ɜɨɡɦɨɠɧɵх ɩɪɢɧɰɢɩɢаɥɶɧɵх ɤɨɧɫɬɪɭɤɰɢɣ ɜɨɥɧɨɜɵх яɞɟɪɧɵх 
ɪɟаɤɬɨɪɨɜ Д10,11, 14, 22,25-27, 30-33,36-39,55,58,61,62, 119-127Ж, ɜ ɨɫɧɨɜɟ 

ɤɨɬɨɪɵх ɥɟɠаɬ ɧаɭчɧɵɟ ɪаɛɨɬɵ Д1-118], ɨɛɨɫɧɨɜɵɜаɸщɢɟ ɩɪɢɧɰɢɩɢаɥɶɧɭɸ 
ɬɟɨɪɟɬɢчɟɫɤɭɸ ɢ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɩɪɢ ɨɫɬаɸщɢхɫя ɩɨɤа ɧɟ ɪɟɲɟɧɧɵɦɢ 
ɜɵɲɟɭɤаɡаɧɧɵх ɩɪɨɛɥɟɦах ɬɟхɧɢчɟɫɤɭɸ ɜɨɡɦɨɠɧɨɫɬɶ ɪɟаɥɢɡаɰɢɢ ɪɟɠɢɦɨɜ 
ɦɟɞɥɟɧɧɨɝɨ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɜ ɪɟаɤɬɨɪах ɧɨɜɨɝɨ V ɩɨɤɨɥɟɧɢя. 

ɂɡɜɟɫɬɟɧ ɜɨɥɧɨɜɨɣ ɪɟаɤɬɨɪ ɧа ɛɵɫɬɪɵх ɧɟɣɬɪɨɧах ɜ ɫаɦɨɪɟɝɭɥɢɪɭɟɦɨɦ 
ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɦ ɪɟɠɢɦɟ, ɜɩɟɪɜɵɟ ɩɪɟɞɫɬаɜɥɟɧɧɵɣ ɜ ɪаɛɨɬах Д10,11Ж ɢ ɜ 
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ɭɫɨɜɟɪɲɟɧɫɬɜɨɜаɧɧɨɦ ɜɢɞɟ ɡаɩаɬɟɧɬɨɜаɧɧɵɣ ɜ Д119]. В ɷɬɨɦ ɪɟаɤɬɨɪɟ ɧɟ 
ɪɟаɥɢɡɭɟɬɫя ɪɟɠɢɦ ɦɟɞɥɟɧɧɨɝɨ ɛɟɝɭщɟɝɨ ɫɨɥɢɬɨɧɧɨ-ɩɨɞɨɛɧɨɝɨ ɜɨɥɧɨɜɨɝɨ 
ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɜɨɥɧɨɜɨɝɨ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя. ɉɪɢ 
ɟɝɨ ɪаɛɨɬɟ ɜɟɫɶ ɨɛɴɟɦ аɤɬɢɜɧɨɣ ɡɨɧɵ ɪɟаɤɬɨɪа ɧахɨɞɢɬɫя ɜ 
ɫаɦɨɪɟɝɭɥɢɪɭɟɦɨɦ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɦ ɪɟɠɢɦɟ. Аɤɬɢɜɧая ɡɨɧа ɪɟаɤɬɨɪа 
ɫɨɫɬɨɢɬ ɢɡ ɞɜɭх ɢɥɢ ɧɟɫɤɨɥɶɤɢх ɡɨɧ, ɩɪɢчɟɦ, хɨɬя ɛɵ ɨɞɧа ɢɡ ɧɢх яɜɥяɟɬɫя 
ɢɫɬɨчɧɢɤɨɦ ɧɟɣɬɪɨɧɨɜ, ɨɛɟɫɩɟчɢɜаɸщɭɸ ɧɟɨɛхɨɞɢɦɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ 
ɧɟɣɬɪɨɧɨɜ ɩɪɢ ɟɝɨ ɡаɩɭɫɤɟ, ɢ ɩɨɷɬɨɦɭ ɫɨɞɟɪɠɢɬ ɨɛɨɝащɟɧɧɨɟ ɪɟаɤɬɨɪɧɨɟ 
ɬɨɩɥɢɜɨ, ɫɨɡɞаɸщɟɝɨ ɫɜɟɪхɤɪɢɬɢчɟɫɤɭɸ ɡаɝɪɭɡɤɭ, ɢ ɩɨɝɥɨщаɸщɢɟ ɫɬɟɪɠɧɢ 
ɫɢɫɬɟɦɵ ɭɩɪаɜɥɟɧɢя ɢ ɡащɢɬɵ ɬаɤɢɦ ɪɟаɤɬɨɪɨɦ. ɂɡ-ɡа ɫɜɟɪхɤɪɢɬɢчɟɫɤɨɣ 
ɡаɝɪɭɡɤɢ ɧа ɧачаɥɶɧɨɦ ɷɬаɩɟ ɪаɛɨɬɵ ɪɟаɤɬɨɪа ɟɝɨ ɧɟɥɶɡя ɨɬɧɟɫɬɢ ɤ ɪɟаɤɬɨɪаɦ 
ɫ ɜɧɭɬɪɟɧɧɟɣ ɛɟɡɨɩаɫɧɨɫɬɶɸ [2,3,9]. Вɨɡɦɨɠɧая ɫɬɟɩɟɧɶ ɜɵɝɨɪаɧɢя ɭɪаɧа βγ8 
ɜ ɧɟɨɛɨɝащɟɧɧɵх ɡɨɧах («ɜɟɪɬɟɥɶɧɨɟ» ɬɨɩɥɢɜɨ) ɧɟ ɛɨɥɟɟ 10%. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, чɬɨ ɢ ɜ ɧаɡɜаɧɢɢ ɢ ɜ ɫаɦɨɦ ɩаɬɟɧɬɟ [119] аɜɬɨɪаɦɢ 
ɞɨɩɭщɟɧɵ ɰɟɥɵɣ ɪяɞ ɩɪɨɬɢɜɨɪɟчɢɣ ɢ ɨɲɢɛɨɤ. Ʉɨɧɟчɧɨ ɠɟ, ɛɟɡ ɡаɩаɫа 
ɪɟаɤɬɢɜɧɨɫɬɢ, ɫɨɡɞаɜаɟɦɨɝɨ ɫɜɟɪхɤɪɢɬɢчɟɫɤɨɣ ɡаɝɪɭɡɤɨɣ ɨɛɨɝащɟɧɧɨɝɨ 
ɬɨɩɥɢɜа ɜ ɡɨɧɟ, яɜɥяɸщɟɣɫя ɢɫɬɨчɧɢɤɨɦ ɧɟɣɬɪɨɧɨɜ ɢ чɟɪɟɡ ɤɨɬɨɪɭɸ 
ɨɫɭщɟɫɬɜɥяɟɬɫя ɭɩɪаɜɥɟɧɢɟ ɪаɛɨɬɨɣ ɪɟаɤɬɨɪа, ɧɟɜɨɡɦɨɠɧɨ ɡаɩɭɫɬɢɬɶ 
ɪɟаɤɬɨɪ. ɂ, ɤɨɧɟчɧɨ ɠɟ, ɤаɤ ɷɬɨ ɫɥɟɞɭɟɬ ɢɡ ɪаɛɨɬ [10,11] ɷɬа ɫɜɟɪхɤɪɢɬɢчɟɫɤая 
ɡаɝɪɭɡɤа ɬɨɩɥɢɜа ɞɥя ɩɪɟɞɥɨɠɟɧɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɪɟаɤɬɨɪа ɦɨɠɟɬ ɛɵɬɶ 
ɦɟɧɶɲɟ, чɟɦ ɫɜɟɪхɤɪɢɬɢчɟɫɤая ɡаɝɪɭɡɤа ɬɨɩɥɢɜа ɞɥя ɨɛɵчɧɨɝɨ ɛɵɫɬɪɨɝɨ 
ɪɟаɤɬɨɪа, чɬɨ ɢ яɜɥяɟɬɫя ɨɞɧɢɦ ɢɡ ɩɪɟɢɦɭщɟɫɬɜ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɢ 
ɡаɩаɬɟɧɬɨɜаɧɧɨɝɨ ɪɟаɤɬɨɪа. ɉɥɨхɨ ɫɨчɟɬаɸɬɫя ɜ ɧаɡɜаɧɢɢ ɩаɬɟɧɬа ɬаɤɠɟ 
ɭɩɪаɜɥɟɧɢɟ ɢ ɫаɦɨɪɟɝɭɥɢɪɭɟɦɵɣ ɪɟɠɢɦ ɪаɛɨɬɵ ɪɟаɤɬɨɪа. Ʉаɤ ɫɥɟɞɭɟɬ ɢɡ 
ɪаɛɨɬ [10,11] ɬаɤɨɣ ɪɟаɤɬɨɪ ɢɡ-ɡа ɧаɪаɛɨɬɤɢ ɩɥɭɬɨɧɢя ɜ ɧɟɨɨɛɝащɟɧɨɣ ɡɨɧɟ 
(ɢɥɢ ɡɨɧах) ɨɛɥаɞаɟɬ ɛɨɥɶɲɟɣ ɭɫɬɨɣчɢɜɨɫɬɶɸ ɤ ɜɨɡɦɭщɟɧɢяɦ ɧɟɣɬɪɨɧɧɨɝɨ 
ɩɨɥя ɡа ɫчɟɬ ɩɪɨɰɟɫɫɨɜ ɫаɦɨɪɟɝɭɥяɰɢɢ, чɬɨ ɨɛɟɫɩɟчɢɜаɟɬ ɟɝɨ ɥɭчɲɭɸ 
ɭɩɪаɜɥяɟɦɨɫɬɶ ɩɨ ɫɪаɜɧɟɧɢɸ ɫ ɨɛɵчɧɵɦɢ ɛɵɫɬɪɵɦɢ ɪɟаɤɬɨɪаɦɢ. 

ɂɡɜɟɫɬɟɧ ɬаɤɠɟ ɜɨɥɧɨɜɨɣ ɪɟаɤɬɨɪ ɧа ɛɵɫɬɪɵх ɧɟɣɬɪɨɧах Д120-127, 

129,130Ж, ɩɪɟɞɥɨɠɟɧɧɵɣ ɫɨɬɪɭɞɧɢɤаɦɢ ɩɪɨɟɤɬа “Terra-power” ɢ ɬаɤɠɟ 
ɪаɛɨɬаɸщɢɣ, ɤаɤ ɢ ɜ ɩɪɟɞɵɞɭщɟɦ ɫɥɭчаɟ [10,11,119], ɜ ɫаɦɨɪɟɝɭɥɢɪɭɟɦɨɦ 
ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɦ ɪɟɠɢɦɟ ɢɥɢ, ɬаɤ ɧаɡɵɜаɟɦɨɦ, ɪɟɠɢɦɟ ɫɬɨячɟɣ ɜɨɥɧɵ. 

В ɷɬɨɦ ɪɟаɤɬɨɪɟ ɧɟ ɪɟаɥɢɡɭɟɬɫя ɪɟɠɢɦ ɦɟɞɥɟɧɧɨɝɨ ɛɟɝɭщɟɝɨ ɫɨɥɢɬɨɧɧɨ-

ɩɨɞɨɛɧɨɝɨ ɜɨɥɧɨɜɨɝɨ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя. ɉɪɢ ɟɝɨ ɪаɛɨɬɟ ɜɟɫɶ 
ɨɛɴɟɦ аɤɬɢɜɧɨɣ ɡɨɧɵ ɪɟаɤɬɨɪа ɧахɨɞɢɬɫя ɜ ɫаɦɨɪɟɝɭɥɢɪɭɟɦɨɦ ɧɟɣɬɪɨɧɧɨ-

яɞɟɪɧɨɦ ɪɟɠɢɦɟ. Аɤɬɢɜɧая ɡɨɧа ɪɟаɤɬɨɪа ɫɨɫɬɨɢɬ ɢɡ ɞɜɭх ɡɨɧ, ɩɪɢчɟɦ, 
ɰɟɧɬɪаɥɶɧая ɡɨɧа ɧɢх яɜɥяɟɬɫя ɢɫɬɨчɧɢɤɨɦ ɧɟɣɬɪɨɧɨɜ, ɨɛɟɫɩɟчɢɜаɸщɭɸ 
ɧɟɨɛхɨɞɢɦɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɧɟɣɬɪɨɧɨɜ ɩɪɢ ɟɝɨ ɡаɩɭɫɤɟ ɢ ɪаɛɨɬɟ, ɢ ɩɨɷɬɨɦɭ 
ɫɨɞɟɪɠɢɬ ɨɛɨɝащɟɧɧɨɟ ɪɟаɤɬɨɪɧɨɟ ɬɨɩɥɢɜɨ, ɫɨɡɞаɸщɟɝɨ ɫɜɟɪхɤɪɢɬɢчɟɫɤɭɸ 
ɡаɝɪɭɡɤɭ, ɢ ɩɨɝɥɨщаɸщɢɟ ɫɬɟɪɠɧɢ ɫɢɫɬɟɦɵ ɭɩɪаɜɥɟɧɢя ɢ ɡащɢɬɵ ɬаɤɢɦ 
ɪɟаɤɬɨɪɨɦ. ɂɡ-ɡа ɫɜɟɪхɤɪɢɬɢчɟɫɤɨɣ ɡаɝɪɭɡɤɢ ɧа ɧачаɥɶɧɨɦ ɷɬаɩɟ ɪаɛɨɬɵ 
ɪɟаɤɬɨɪа ɟɝɨ ɧɟɥɶɡя ɨɬɧɟɫɬɢ ɤ ɪɟаɤɬɨɪаɦ ɫ ɜɧɭɬɪɟɧɧɟɣ ɛɟɡɨɩаɫɧɨɫɬɶɸ [2,3,9]. 
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ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, чɬɨ ɩɟɪɜɨɧачаɥɶɧɨ “Terra-power” ɡаяɜɢɥа ɨ ɪаɡɪаɛɨɬɤɟ 
ɛɵɫɬɪɨɝɨ яɞɟɪɧɨɝɨ ɪɟаɤɬɨɪа, ɪаɛɨɬаɸщɟɝɨ ɜ ɪɟɠɢɦɟ ɛɟɝɭщɟɣ ɜɨɥɧɵ 
ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɢ ɩɨɷɬɨɦɭ ɩɨɥɭчɢɜɲɟɝɨ ɧаɡɜаɧɢɟ TWR 

(Traveling-wave reactor) [120-127]. Даɠɟ ɛɵɥɢ ɨɮɨɪɦɥɟɧɵ ɩаɬɟɧɬɵ ɧа 
ɪɟаɤɬɨɪɵ TWR  [124-127], ɨɫɧɨɜɵɜаɸщɢɟɫя ɧа ɢɞɟɨɥɨɝɢɢ ɛɟɝɭщɟɣ ɜɨɥɧɵ, 
ɧаɩɪɢɦɟɪ, [9,14]. Ɉɞɧаɤɨ ɜ хɨɞɟ ɜɨɡɧɢɤɲɟɣ ɧаɭчɧɨɣ ɞɢɫɤɭɫɫɢɢ ɨ 
ɪɟаɥɢɡɭɟɦɨɫɬɢ ɩɪɨɟɤɬа ɪɟаɤɬɨɪа TWR ɛɵɥɢ ɜɵяɜɥɟɧɵ ɧɟɫɤɨɥɶɤɨ ɩɪɨɛɥɟɦ 
ɬɟхɧɢчɟɫɤɨɝɨ хаɪаɤɬɟɪа, ɪɟɲɟɧɢя ɤɨɬɨɪɵх ɧɟ ɛɵɥɨ ɢ ɝɥаɜɧая ɢɡ  ɤɨɬɨɪɵх 
ɪаɞɢаɰɢɨɧɧая ɫɬɨɣɤɨɫɬɶ ɤɨɧɫɬɪɭɤɰɢɨɧɧɨɝɨ ɦаɬɟɪɢаɥа ɫɬɟɧɤɢ ɬɜɷɥа, 
ɧаɩɪɢɦɟɪ, [128]. В ɫɜяɡɢ ɫ ɷɬɢɦ “Terra-power” ɩɟɪɟɲɥа ɨɬ ɪаɡɪаɛɨɬɤɢ 
ɤɨɧɫɬɪɭɤɰɢɢ ɛɵɫɬɪɨɝɨ ɪɟаɤɬɨɪа, ɪаɛɨɬаɸщɟɝɨ ɜ ɪɟɠɢɦɟ ɛɟɝɭщɟɣ ɜɨɥɧɵ 
ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя, ɤ ɤɨɧɫɬɪɭɤɰɢɢ ɪɟаɤɬɨɪа, ɪаɛɨɬаɸщɟɝɨ ɜ 
ɫаɦɨɪɟɝɭɥɢɪɭɟɦɨɦ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɦ ɪɟɠɢɦɟ ɢɥɢ, ɬаɤ ɧаɡɵɜаɟɦɨɦ, ɪɟɠɢɦɟ 
ɫɬɨячɟɣ ɜɨɥɧɵ, ɧаɩɪɢɦɟɪ,  [121,129,130]. Ɉчɟɜɢɞɧɨ, чɬɨ ɡɞɟɫɶ ɛɵɥа 
ɩɨɡаɢɦɫɬɜɨɜаɧа ɜɵɲɟɨɩɢɫаɧɧая ɩɪɢɧɰɢɩɢаɥɶɧая ɢɞɟя ɪɟаɤɬɨɪа, 
ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɝɪɭɩɩɨɣ Ƚɨɥɶɞɢɧа [10,11,119]. Ɉɞɧаɤɨ, хɨɬя “Terra-power” 

ɩɟɪɟɲɥа ɤ ɤɨɧɫɬɪɭɤɰɢɢ ɪɟаɤɬɨɪа, ɪаɛɨɬаɸщɟɝɨ ɜ ɫаɦɨɪɟɝɭɥɢɪɭɟɦɨɦ 
ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɦ ɪɟɠɢɦɟ ɢɥɢ, ɬаɤ ɧаɡɵɜаɟɦɨɦ, ɪɟɠɢɦɟ ɫɬɨячɟɣ ɜɨɥɧɵ, 

ɧаɡɜаɧɢɟ ɪɟаɤɬɨɪа ɫɨхɪаɧяɟɬɫя ɬɨɠɟ TWR. ɍчаɫɬɧɢɤɢ ɩɪɨɟɤɬа ɨɛɴяɫɧяɸɬ ɷɬɨ 
ɬɟɦ, чɬɨ ɜ ɩɟɪɫɩɟɤɬɢɜɟ ɩɨ ɦɟɪɟ ɪɟɲɟɧɢя ɜɵɲɟɨɬɦɟчɟɧɧɵх ɩɪɨɛɥɟɦ ɨɧɢ ɛɭɞɭɬ 
ɪаɡɪаɛаɬɵɜаɬɶ ɪɟаɤɬɨɪ ɧа ɛɟɝɭщɟɣ ɜɨɥɧɟ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя. 

ɇɟɩɨɫɥɟɞɨɜаɬɟɥɶɧая ɫɬɪаɬɟɝɢя ɩɪɨɟɤɬа “Terra-power” ɩɪɢɜɟɥа ɤ ɬɨɦɭ, чɬɨ ɜ 
ɨɬчɟɬɟ Аɪɝɨɧɫɤɨɣ ɧаɰɢɨɧаɥɶɧɨɣ ɥаɛɨɪаɬɨɪɢɢ [131], ɜ ɤɨɬɨɪɨɣ ɩɪɨɜɨɞɢɥɫя 
ɫɪаɜɧɢɬɟɥɶɧɵɣ аɧаɥɢɡ ɜɫɟх ɢɧɧɨɜаɰɢɨɧɧɵх ɩɪɨɟɤɬɨɜ яɞɟɪɧɵх ɪɟаɤɬɨɪɨɜ, 
ɩɪɨɟɤɬ ɪɟаɤɬɨɪа, ɪаɡɪаɛаɬɵɜаɟɦɨɝɨ ɫɟɝɨɞɧя “Terra-power” ɢ ɪаɛɨɬаɸщɟɝɨ ɜ 
ɫаɦɨɪɟɝɭɥɢɪɭɟɦɨɦ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɦ ɪɟɠɢɦɟ ɢɥɢ, ɬаɤ ɧаɡɵɜаɟɦɨɦ, ɪɟɠɢɦɟ 
ɫɬɨячɟɣ ɜɨɥɧɵ, ɩɨɞɜɟɪɝɧɭɬ ɤɪɢɬɢɤɟ ɢɡ-ɡа ɩɪɨɬɢɜɨɪɟчɢя ɷɬɨɣ ɤɨɧɫɬɪɭɤɰɢɢ 
ɝɥаɜɧɵɦ ɢɞɟяɦ ɤɨɧɰɟɩɰɢɢ ɪɟаɤɬɨɪɨɜ ɧа ɛɟɝɭщɟɣ ɜɨɥɧɟ – ɨɬɤаɡ ɨɬ 
ɧɟɨɛɨɝащɟɧɧɨɝɨ ɬɨɩɥɢɜа ɢ ɜɧɭɬɪɟɧɧɟɣ ɛɟɡɨɩаɫɧɨɫɬɢ. 

ɋɥɟɞɭɟɬ, ɨɞɧаɤɨ, ɨɬɦɟɬɢɬɶ, чɬɨ ɮɢɪɦа ”Burns and Roe”, 

ɫɩɟɰɢаɥɢɡɢɪɭɸщаяɫя ɧа ɪаɡɪаɛɨɬɤɟ ɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ  ɷɧɟɪɝɟɬɢчɟɫɤɢх 
яɞɟɪɧɵх ɫɬаɧɰɢях, ɧа ɫɜɨɟɦ ɫаɣɬɟ ɭɠɟ ɩɪɟɞɥаɝаɟɬ аɪхɢɬɟɤɬɭɪɧɵɣ ɢ 
ɢɧɠɟɧɟɪɧɵɟ ɩɪɨɟɤɬɵ ɞɥя ɤɨɧɰɟɩɬɭаɥɶɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ TWR, ɪаɡɪаɛɨɬаɧɧɨɣ 
“Terra-power” ɢ ɪаɛɨɬаɸщɟɝɨ ɜ ɫаɦɨɪɟɝɭɥɢɪɭɟɦɨɦ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɦ 
ɪɟɠɢɦɟ ɢɥɢ, ɬаɤ ɧаɡɵɜаɟɦɨɦ, ɪɟɠɢɦɟ ɫɬɨячɟɣ ɜɨɥɧɵ. 

В ɪаɛɨɬах ɏ. ɋɟɤɢɦɨɬɨ [22-62], ɤаɤ ɛɵɥɨ ɩɪɟɞɫɬаɜɥɟɧɨ ɜ ɩɪɟɞɵɞɭщɟɦ 
ɪаɡɞɟɥɟ 1.1.β, ɪаɫɫɦаɬɪɢɜаɥɢɫɶ ɪаɫчɟɬɧɵɟ ɨɛɨɫɧɨɜаɧɢя ɞɥя ɜɨɡɦɨɠɧɨɣ 
ɪɟаɥɢɡаɰɢɢ ɛɵɫɬɪɨɝɨ яɞɟɪɧɨɝɨ ɪɟаɤɬɨɪа, ɧа ɛɟɝɭщɟɣ ɜɨɥɧɟ яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя, 
ɤɨɧɫɬɪɭɤɰɢя ɤɨɬɨɪɨɝɨ ɛɵɥа ɛɵ ɩɪɢɛɥɢɠɟɧɧɨɣ ɤ ɤɨɧɫɬɪɭɤɰɢяɦ ɞɟɣɫɬɜɭɸщɢх 
ɛɵɫɬɪɵх ɪɟаɤɬɨɪɨɜ. Эɬɢ ɟɝɨ ɩɪɟɞɥɨɠɟɧɢя ɛɵɥɢ ɨɰɟɧɟɧɵ ɩɨɥɨɠɢɬɟɥɶɧɨ ɜ 

ɨɬчɟɬɟ Аɪɝɨɧɫɤɨɣ ɧаɰɢɨɧаɥɶɧɨɣ ɥаɛɨɪаɬɨɪɢɢ [131], ɩɨ-ɜɢɞɢɦɨɦɭ, ɢɡ-ɡа ɟɝɨ 
ɩɨɫɥɟɞɨɜаɬɟɥɶɧɨɝɨ ɫɥɟɞɨɜаɧɢя ɤɨɧɰɟɩɰɢɢ ɪɟаɤɬɨɪа ɧа ɛɟɝɭщɟɣ ɜɨɥɧɟ. ɏɨɬя ɢ 
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ɏ. ɋɟɤɢɦɨɬɨ, ɦɨɠɧɨ ɫɞɟɥаɬɶ ɬаɤɨɟ ɠɟ ɨɬɪɢɰаɬɟɥɶɧɨɟ ɡаɦɟчаɧɢɟ, ɤɨɬɨɪɨɟ 

ɛɵɥɨ ɫɞɟɥаɧɨ ɜ  [131] ɞɥя ɩɪɨɟɤɬа “Terra-power”  ɢ ɫɨɫɬɨящɟɟ ɜ ɬɨɦ, чɬɨ ɢ ɜ 
ɩɪɟɞɥɨɠɟɧɢях ɏ. ɋɟɤɢɦɨɬɨ ɜɟɡɞɟ ɟɫɬɶ ɡɨɧа ɩɨɞɠɢɝа, ɤɨɬɨɪая ɬɪɟɛɭɟɬ 
ɨɛɨɝащɟɧɧɨɝɨ яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа ɢ ɫɜɟɪхɤɪɢɬɢчɟɫɤɨɣ ɡаɝɪɭɡɤɢ ɟɝɨ, чɬɨ ɬаɤ ɠɟ 
ɩɪɨɬɢɜɨɪɟчɢɬ ɝɥаɜɧɵɦ ɩɪɢɧɰɢɩаɦ ɜɨɥɧɨɜɨɝɨ ɪɟаɤɬɨɪа ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢя, 
ɩɨɡɜɨɥяɸщɟɦɭ ɩɪɢɧɰɢɩɢаɥɶɧɵɦ ɨɛɪаɡɨɦ ɪɟɲɢɬɶ ɩɪɨɛɥɟɦɭ ɛɟɡɨɩаɫɧɨɫɬɢ 
ɪɟаɤɬɨɪа ɢ ɪаɫɲɢɪɢɬɶ ɬɨɩɥɢɜɧɭɸ ɛаɡɭ яɞɟɪɧɨɣ ɷɧɟɪɝɟɬɢɤɢ. ɂ, ɤɨɧɟчɧɨ ɠɟ, ɜ 
ɪаɛɨɬах ɏ. ɋɟɤɢɦɨɬɨ [22-62] ɧɟ ɪаɫɫɦаɬɪɢɜаɥаɫɶ ɢ ɧɟ ɪɟɲɟɧа ɝɥаɜɧая 
ɩɪɨɛɥɟɦа, ɩɪɟɩяɬɫɬɜɭɸщая ɪɟаɥɢɡаɰɢɢ ɛɵɫɬɪɨɝɨ ɪɟаɤɬɨɪа ɧа ɛɟɝɭщɟɣ ɜɨɥɧɟ 
яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя, ɬɨ ɟɫɬɶ, ɩɪɨɛɥɟɦа ɪаɞɢаɰɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ 
ɤɨɧɫɬɪɭɤɰɢɨɧɧɨɝɨ ɦаɬɟɪɢаɥа ɫɬɟɧɤɢ ɬɜɷɥа. 

ɉɪɟɞɥɨɠɟɧɢя ɠɟ ɏ. ɋɟɤɢɦɨɬɨ [41], ɫɨɫɬɨящɟɟ ɜ ɬɨɦ, чɬɨ ɜɨɥɧɨɜɨɟ ɝɨɪɟɧɢɟ 
ɦɨɠɧɨ ɨɫɭщɟɫɬɜɢɬɶ ɜ ɬɟɩɥɨɜɨɦ ɜɵɫɨɤɨɬɟɦɩɟɪаɬɭɪɧɨɦ ɝаɡɨɜɨɦ ɪɟаɤɬɨɪɟ, 
ɧаɩɪɢɦɟɪ, ɜ яɩɨɧɫɤɨɦ ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɨɦ ɪаɛɨɬаɸщɟɦ ɪɟаɤɬɨɪɟ HTTR, ɟɫɥɢ 
ɜ ɟɝɨ ɬɨɩɥɢɜɨ (ɨɛɨɝащɟɧɧɨɟ ɩɨ 235

U) ɩɪɟɞɜаɪɢɬɟɥɶɧɨ ɞɨɛаɜɢɬɶ ɜɵɝɨɪаɸщɢɣ 
ɩɨɝɥɨɬɢɬɟɥɶ ɧɟɣɬɪɨɧɨɜ 157

Gd, ɭɠɟ аɧаɥɢɡɢɪɨɜаɥɨɫɶ ɜɵɲɟ ɜ ɩɪɟɞɵɞɭщɟɦ 
ɪаɡɞɟɥɟ 1.1.β. Ɂɞɟɫɶ ɦɨɠɧɨ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɨɬɦɟɬɢɬɶ, чɬɨ ɷɬɨ ɩɪɟɞɥɨɠɟɧɢɟ 

ɬаɤɠɟ ɩɪɨɬɢɜɨɪɟчɢɬ ɨɞɧɨɦɭ ɢɡ ɝɥаɜɧɵх ɩɪɢɧɰɢɩɨɜ ɜɨɥɧɨɜɨɝɨ ɪɟаɤɬɨɪа, 
ɩɨɡɜɨɥяɸщɟɦɭ ɩɪɢɧɰɢɩɢаɥɶɧɵɦ ɨɛɪаɡɨɦ ɪаɫɲɢɪɢɬɶ ɬɨɩɥɢɜɧɭɸ ɛаɡɭ 
яɞɟɪɧɨɣ ɷɧɟɪɝɟɬɢɤɢ, ɬаɤ ɤаɤ ɩɪɟɞɩɨɥаɝаɟɬ ɢɫɩɨɥɶɡɨɜаɧɢɟ ɨɛɨɝащɟɧɧɨɝɨ 
ɬɨɩɥɢɜа, а ɬаɤɠɟ ɢɫɩɨɥɶɡɨɜаɧɢɟ 157

Gd, ɤɨɥɢчɟɫɬɜɨ ɤɨɬɨɪɨɝɨ  ɧа Ɂɟɦɥɟ ɢ 
ɫɬɨɢɦɨɫɬɶ ɟɝɨ ɩɨɥɭчɟɧɢя ɬɪɟɛɭɸɬ ɨɰɟɧɤɢ ɢ ɜɨɡɦɨɠɧɨ ɧɟ ɩɨɡɜɨɥяɬ ɩɪɢɦɟɧяɬɶ 
ɷɬɨ ɩɪɟɞɥɨɠɟɧɢɟ ɲɢɪɨɤɨ. 

В  [132] ɩɪɟɞɥɨɠɟɧа ɤɨɧɫɬɪɭɤɰɢя ɛɵɫɬɪɨɝɨ ɪɟаɤɬɨɪа ɧа ɛɟɝɭщɟɣ ɜɨɥɧɟ 
ɤаɧаɥɶɧɨɝɨ ɬɢɩа, ɜɩɟɪɜɵɟ ɩɨɡɜɨɥяɸщая ɪɟɲɢɬɶ ɩɪɨɛɥɟɦɭ ɪаɞɢаɰɢɨɧɧɨɣ 
ɫɬɨɣɤɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɨɧɧɨɝɨ ɦаɬɟɪɢаɥа ɫɬɟɧɤɢ ɬɜɷɥа. ɉɪɟɞɥɨɠɟɧа 

ɤɨɧɫɬɪɭɤɰɢя ɜɨɥɧɨɜɨɝɨ яɞɟɪɧɨɝɨ ɪɟаɤɬɨɪа (ɪɟаɤɬɨɪ ɧа ɛɟɝɭщɟɣ ɜɨɥɧɟ 
ɦɟɞɥɟɧɧɨɝɨ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя) ɧа ɛɵɫɬɪɵх (ɷɧɟɪɝɢя ɧɟɣɬɪɨɧɨɜ з 1 
ɆɷВ) ɫ ɛɨɥɶɲɢɦ ɜɵɝɨɪаɧɢɟɦ ɬɨɩɥɢɜа (ɛɨɥɟɟ β0%), аɤɬɢɜɧая ɡɨɧа ɤɨɬɨɪɨɝɨ 
ɪɟаɥɢɡɨɜаɧа ɜ ɜɢɞɟ аɤɬɢɜɧɨɣ ɡɨɧɵ ɤаɧаɥɶɧɨɝɨ ɬɢɩа ɫ ɧɟɩɨɞɜɢɠɧɨɣ 
ɤɨɧɫɬɪɭɤɰɢɨɧɧɨɣ чаɫɬɶɸ аɤɬɢɜɧɨɣ ɡɨɧɵ (ɨɛɨɥɨчɤаɦɢ ɬɜɷɥɨɜ ɢ ɫɢɫɬɟɦɨɣ 
ɬɟɩɥɨɧɨɫɢɬɟɥя) ɢ ɞɜɢɠɭщɢɦɢɫя ɛɟɡɨɛɨɥɨчɟчɧɵɦɢ ɬɜɷɥаɦɢ (ɬɨɩɥɢɜɨ), ɜ 
ɤɨɬɨɪɵх ɪаɫɩɪɨɫɬɪаɧяɟɬɫя ɜɨɥɧа ɦɟɞɥɟɧɧɨɝɨ яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя. ɉɪɨɛɥɟɦа 
ɜɵɫɨɤɨɣ ɩɨɜɪɟɠɞаɸщɟɣ ɢɧɬɟɝɪаɥɶɧɨɣ ɞɨɡɵ ɞɥя ɫɬɟɧɤɢ ɬɜɷɥа ɪɟɲаɟɬɫя ɩɭɬɟɦ 
ɬɟхɧɢчɟɫɤɨɣ ɪɟаɥɢɡаɰɢɢ ɩɟɪɟɦɟщɟɧɢя яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа, ɜ ɤɨɬɨɪɨɦ 
ɪаɫɩɪɨɫɬɪаɧяɟɬɫя ɜɨɥɧа ɦɟɞɥɟɧɧɨɝɨ яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя, ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɬɟɧɤɢ 
ɬɜɷɥа ɫɨ ɫɤɨɪɨɫɬɶɸ ɬаɤɨɝɨ ɩɟɪɟɦɟщɟɧɢя, ɤɨɬɨɪая ɨɛɟɫɩɟчɢɬ ɧɟɨɛхɨɞɢɦɨɟ 
ɫɧɢɠɟɧɢɟ ɢɧɬɟɝɪаɥɶɧɨɝɨ ɮɥɸɟɧɫа ɧа ɫɬɟɧɤɟ ɬɜɷɥа. 

Ɉɬɦɟɬɢɦ, чɬɨ ɜ [132] ɜ ɤачɟɫɬɜɟ ɜɧɟɲɧɟɝɨ ɢɫɬɨчɧɢɤа ɧɟɣɬɪɨɧɨɜ ɞɥя 
ɩɨɞɠɢɝа ɜɨɥɧɵ яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɩɪɟɞɩɨɥаɝаɟɬɫя ɢɫɩɨɥɶɡɨɜаɬɶ ɤɨɦɩаɤɬɧɵɟ 
ɭɫɤɨɪɢɬɟɥɢ ɧɟɣɬɪɨɧɨɜ ɢɥɢ ɩɪɨɬɨɧɨɜ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸщɢɦɢ ɦɢɲɟɧяɦɢ, ɩɪɢ 
ɜɡаɢɦɨɞɟɣɫɬɜɢɢ ɫ ɤɨɬɨɪɵɦɢ ɩɭчɤɨɜ ɭɫɤɨɪɟɧɧɵх чаɫɬɢɰ ɪɨɠɞаɸɬɫя 
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ɧɟɣɬɪɨɧɵ, ɢɥɢ ɢɦɩɭɥɶɫɧɵɟ яɞɟɪɧɵɟ ɪɟаɤɬɨɪɵ, ɧаɩɪɢɦɟɪ, ɬаɤɢɟ ɤаɤ ɜ 
[133,134], ɢɦɟɸщɢɟ ɦаɥɵɟ ɪаɡɦɟɪɵ ɢ ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ ɪɟаɥɢɡɨɜаɧɵ ɜ 
ɦɨɛɢɥɶɧɨɦ ɜаɪɢаɧɬɟ ɢ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜаɧɵ ɞɥя ɢɧɢɰɢаɥɢɡаɰɢɢ 
ɜɨɥɧɨɜɨɝɨ ɝɨɪɟɧɢя ɬɨɩɥɢɜа ɧа ɧɟɫɤɨɥɶɤɢх ɜɨɥɧɨɜɵх яɞɟɪɧɵх ɪɟаɤɬɨɪах. Эɬɨ 
ɫɨɝɥаɫɭɟɬɫя ɫ ɨɞɧɢɦ ɢɡ ɝɥаɜɧɵх ɩɪɢɧɰɢɩɨɜ ɜɨɥɧɨɜɨɝɨ ɪɟаɤɬɨɪа, 
ɩɨɡɜɨɥяɸщɟɦɭ ɩɪɢɧɰɢɩɢаɥɶɧɵɦ ɨɛɪаɡɨɦ ɪаɫɲɢɪɢɬɶ ɬɨɩɥɢɜɧɭɸ ɛаɡɭ 
яɞɟɪɧɨɣ ɷɧɟɪɝɟɬɢɤɢ, ɬаɤ ɤаɤ ɢɫɤɥɸчаɟɬ ɢɫɩɨɥɶɡɨɜаɧɢɟ ɨɛɨɝащɟɧɧɨɝɨ ɬɨɩɥɢɜа 
ɜ ɫɥɭчаɟ ɤɨɧɫɬɪɭɤɰɢɢ ɫ ɭɫɤɨɪɢɬɟɥɟɦ ɢɥɢ ɨɝɪаɧɢчɢɬɶɫя ɭɠɟ ɧаɤɨɩɥɟɧɧɵɦ 
ɨɛɨɝащɟɧɧɵɦ ɞɟɥящɢɦɫя ɦаɬɟɪɢаɥɨɦ ɜ ɫɥɭчаɟ ɤɨɧɫɬɪɭɤɰɢɢ ɫ ɢɦɩɭɥɶɫɧɵɦ 
яɞɟɪɧɵɦ ɪɟаɤɬɨɪɨɦ. 

 

1.1.4. Ʉɭɪɞɸɦɨвɫɤие ɪеɠиɦы ɫ ɨɛɨɫтɪеɧиеɦ. 
1.1.4.1. Ʉɭɪɞɸɦɨвɫɤие ɪеɠиɦы ɫ ɨɛɨɫтɪеɧиеɦ. 

В ɩɨɫɥɟɞɧɟɟ ɜɪɟɦя ɜ ɧаɭɤɟ ɧаɛɥɸɞаɟɬɫя ɛɨɥɶɲɨɣ ɢɧɬɟɪɟɫ ɤ ɫɜɟɪхɛɵɫɬɪɵɦ 
ɩɪɨɰɟɫɫаɦ, ɩɪɨɬɟɤаɸщɢɦ ɜ ɪɟɠɢɦах ɫ ɨɛɨɫɬɪɟɧɢɟɦ, ɜ ɤɨɬɨɪɵх ɢɫɫɥɟɞɭɟɦая 
ɮɭɧɤɰɢя ɨɛɪащаɟɬɫя ɜ ɛɟɫɤɨɧɟчɧɨɫɬɶ ɡа ɤɨɧɟчɧɨɟ ɜɪɟɦя t = tf ɜ ɨɬɞɟɥɶɧɵх 
ɬɨчɤах ɢɥɢ ɜ ɰɟɥɨɣ ɨɛɥаɫɬɢ ɩɪɨɫɬɪаɧɫɬɜа Д135Ж (ɪɢɫ. 1.7). 

 

                      

Ɋɢɫ. 1.7. Ɋɟɠɢɦ ɫ ɨɛɨɫɬɪɟɧɢɟɦ. 

 

Ɇɨɦɟɧɬ ɨɛɪащɟɧɢя ɜ ɛɟɫɤɨɧɟчɧɨɫɬɶ ɧаɡɵɜаɟɬɫя ɦɨɦеɧɬɨɦ ɨɛɨɫɬɪеɧɢя. 
Тɟɪɦɨяɞɟɪɧɨɟ ɝɨɪɟɧɢɟ ɩɥаɡɦɵ Д136Ж, ɞɢɧаɦɢɤа ɫɜɟɪɬɵɜаɧɢя ɤɪɨɜɢ Д137], 

ɛɵɫɬɪɨɟ ɭɜɟɥɢчɟɧɢɟ ɩɨɬɪɟɛɥɟɧɢя ɡɟɦɧɵх ɪɟɫɭɪɫɨɜ ɢ ɬ.ɞ. Д138,139Ж хɨɪɨɲɨ 
ɥɨɠаɬɫя ɧа ɤɪɢɜɭɸ, ɨɩɢɫɵɜаɟɦɭɸ ɪɟɠɢɦɨɦ ɫ ɨɛɨɫɬɪɟɧɢɟɦ. Ɉɞɧɢɦ ɢɡ 
ɧаɢɛɨɥɟɟ ɜаɠɧɵх ɢ ɢɧɬɟɪɟɫɧɵх ɢх ɩɪɢɥɨɠɟɧɢɣ яɜɥяɟɬɫя ɫɨɰɢɨɥɨɝɢя 
[140,141Ж. ɂɡɭчɟɧɢɟ ɡаɤɨɧа ɪɨɫɬа ɧаɪɨɞɨɧаɫɟɥɟɧɢя ɬаɤɠɟ ɩɨɤаɡɵɜаɟɬ, чɬɨ 
чɢɫɥɟɧɧɨɫɬɶ ɧаɫɟɥɟɧɢя ɡɟɦɧɨɝɨ ɲаɪа ɛɨɥɟɟ 100 ɬɵɫ. ɥɟɬ ɭɜɟɥɢчɢɜаɥаɫɶ ɜ 
ɪɟɠɢɦɟ ɫ ɨɛɨɫɬɪɟɧɢɟɦ Д141]. 
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ɉɨɧяɬɧɨ, чɬɨ ɪɟɠɢɦɵ ɫ ɨɛɨɫɬɪɟɧɢɟɦ яɜɥяɸɬɫя ɢɞɟаɥɢɡаɰɢɟɣ ɪɟаɥɶɧɵх 
ɩɪɨɰɟɫɫɨɜ, ɢ ɧɟ ɭчɢɬɵɜаɸɬ ɮаɤɬɨɪɵ, ɤɨɬɨɪɵɟ ɨɝɪаɧɢчɢɜаɸɬ ɪɨɫɬ 
ɢɫɫɥɟɞɭɟɦɨɣ ɮɭɧɤɰɢɢ ɜɛɥɢɡɢ ɦɨɦɟɧɬа ɨɛɨɫɬɪɟɧɢя. Ɉɞɧаɤɨ ɦɨɞɟɥɢ, ɜ 
ɤɨɬɨɪɵх ɪɟɲɟɧɢя ɦɨɝɭɬ ɪаɫɬɢ ɜ ɪɟɠɢɦɟ ɫ ɨɛɨɫɬɪɟɧɢɟɦ, ɩɨɡɜɨɥяɸɬ ɩɨɧяɬɶ ɢ 
ɢɡɭчɢɬɶ ɫɭщɟɫɬɜɟɧɧɵɟ, ɧаɢɛɨɥɟɟ ɡɧачɢɦɵɟ чɟɪɬɵ ɢɫɫɥɟɞɭɟɦɨɣ ɫɢɫɬɟɦɵ, 
ɤɨɬɨɪɵɟ ɩɪɨяɜɥяɸɬɫя ɞɥɢɬɟɥɶɧɨɟ ɜɪɟɦя, ɜɩɥɨɬɶ ɞɨ ɦɨɦɟɧɬа ɨɛɨɫɬɪɟɧɢя. 
Ɂаɦɟчаɬɟɥɶɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɬɟɨɪɢɢ ɪɟɠɢɦɨɜ ɫ ɨɛɨɫɬɪɟɧɢɟɦ яɜɥяɟɬɫя 
ɧаɥɢчɢɟ ɩаɪаɞɨɤɫаɥɶɧɵх ɫɜɨɣɫɬɜ ɜ ɩɪɨɫɬɟɣɲɢх «ɤɥаɫɫɢчɟɫɤɢх ɭɪаɜɧɟɧɢях» 
ɦаɬɟɦаɬɢчɟɫɤɨɣ ɮɢɡɢɤɢ. ɉɨɫɤɨɥɶɤɭ ɜ ɰɟɧɬɪɟ ɜɧɢɦаɧɢя ɢɫɫɥɟɞɨɜаɬɟɥɟɣ ɛɵɥɢ 
ɡаɞачɢ ɮɢɡɢɤɢ ɩɥаɡɦɵ, ɢх аɧаɥɢɡ ɫɪɟɞɫɬɜаɦɢ ɜɵчɢɫɥɢɬɟɥɶɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬа 
ɩɨɡɜɨɥɢɥ ɜ 70-х ɝɨɞах ɩɪɨɲɥɨɝɨ ɫɬɨɥɟɬɢя ɨɛɧаɪɭɠɢɬɶ ɪаɡɥɢчɧɵɟ 
ɧɟɭɫɬɨɣчɢɜɨɫɬɢ ɜ ɩɥаɡɦɟ, ɫɬɪɭɤɬɭɪɵ ɪаɡɧɵх ɬɢɩɨɜ. Ʉ ɬаɤɢɦ ɫɬɪɭɤɬɭɪаɦ 
ɨɬɧɨɫяɬɫя ɢ ɬаɤ ɧаɡɵɜаɟɦɵɟ Т-ɫɥɨɢ, ɨɛɧаɪɭɠɟɧɧɵɟ ɤɨɥɥɟɤɬɢɜɨɦ ɭчɟɧɵх ɩɨɞ 
ɪɭɤɨɜɨɞɫɬɜɨɦ аɤаɞɟɦɢɤɨɜ А.ɇ. Тɢхɨɧɨɜа ɢ А.А. ɋаɦаɪɫɤɨɝɨ ɩɪɢ 
ɢɫɫɥɟɞɨɜаɧɢɢ ɭɪаɜɧɟɧɢɣ ɦаɝɧɢɬɧɨɣ ɝɢɞɪɨɞɢɧаɦɢɤɢ. Ɉɬɤɪɵɬɢɟ ɷɬɨɝɨ яɜɥɟɧɢя 
ɜ ɜɵчɢɫɥɢɬɟɥɶɧɨɦ ɷɤɫɩɟɪɢɦɟɧɬɟ ɛɵɥɨ ɜɧɟɫɟɧɨ ɜ Ƚɨɫɭɞаɪɫɬɜɟɧɧɵɣ ɪɟɟɫɬɪ 
ɨɬɤɪɵɬɢɣ ɋɋɋɊ [135]. Тɨɥɶɤɨ чɟɪɟɡ ɧɟɫɤɨɥɶɤɨ ɥɟɬ ɨɧɢ ɛɵɥɢ ɨɛɧаɪɭɠɟɧɵ 
ɮɢɡɢɤаɦɢ-ɷɤɫɩɟɪɢɦɟɧɬаɬɨɪаɦɢ. ȿɫɬɟɫɬɜɟɧɧɨ ɜɨɡɧɢɤ ɜɨɩɪɨɫ, ɤаɤɨɜɵ ɠɟ ɬɟ 
ɩɪɨɫɬɟɣɲɢɟ ɧɟɥɢɧɟɣɧɵɟ ɫɪɟɞɵ, ɜ ɤɨɬɨɪɵх ɜɨɡɦɨɠɧɵ ɭɫɬɨɣчɢɜɵɟ, ɫаɦɨ-

ɩɨɞɞɟɪɠɢɜаɸщɢɟɫя ɧɟɫɬаɰɢɨɧаɪɧɵɟ ɫɬɪɭɤɬɭɪɵ.  

Ɋаɫɫɦɨɬɪɢɦ ɩɪɨɰɟɫɫ ɝɨɪɟɧɢя ɜ ɫɪɟɞɟ ɫ ɧɟɥɢɧɟɣɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ ɢ 
ɨɛɴɟɦɧɵɦ ɢɫɬɨчɧɢɤɨɦ ɬɟɩɥа, ɢɧɢɰɢɢɪɨɜаɧɧɵɣ ɧачаɥɶɧɵɦ ɜɨɡɦɭщɟɧɢɟɦ 
ɬɟɦɩɟɪаɬɭɪɵ ɜ ɧɟɤɨɬɨɪɨɣ ɨɛɥаɫɬɢ ɩɪɨɫɬɪаɧɫɬɜа. ɂɫɫɥɟɞɨɜаɧɢя ɩɨɤаɡаɥɢ, чɬɨ 
ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɵх ɭɫɥɨɜɢях, ɧɟɫɦɨɬɪя ɧа ɧаɥɢчɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, 
ɨɛɥаɫɬɶ ɝɨɪɟɧɢя ɧɟ ɭɜɟɥɢчɢɜаɟɬɫя - ɜ ɫɪɟɞɟ ɮɨɪɦɢɪɭɟɬɫя ɥɨкаɥɢɡɨɜаɧɧая 
ɧеɫɬаɰɢɨɧаɪɧая ɞɢɫɫɢɩаɬɢɜɧая ɫɬɪɭкɬɭɪа, ɪаɫɬɭщая ɜ ɪɟɠɢɦɟ ɫ 
ɨɛɨɫɬɪɟɧɢɟɦ (ɪɢɫ. 1.8). 

 Ɋаɡɦɟɪ ɨɛɥаɫɬɢ ɥɨɤаɥɢɡаɰɢɢ (ɢɥɢ ɤаɤ ɝɨɜɨɪяɬ, ɮɭɧɞаɦеɧɬаɥɶɧая 
ɞɥɢɧа) ɨɩɪɟɞɟɥяɟɬɫя ɬɨɥɶɤɨ ɩаɪаɦɟɬɪаɦɢ ɫɪɟɞɵ ɢ ɧɟ ɡаɜɢɫɢɬ ɨɬ ɧачаɥɶɧɵх 
ɭɫɥɨɜɢɣ. Ɉɞɧаɤɨ ɨɬ ɧачаɥɶɧɵх ɭɫɥɨɜɢɣ ɡаɜɢɫɢɬ ɜɪɟɦя ɨɛɨɫɬɪɟɧɢя, ɤɨɬɨɪɨɟ 
ɨɩɪɟɞɟɥяɟɬɫя ɦаɤɫɢɦɭɦɨɦ ɪаɫɩɪɟɞɟɥɟɧɢя ɬɟɦɩɟɪаɬɭɪɵ: чɟɦ ɜɵɲɟ ɦаɤɫɢɦɭɦ, 
ɬɟɦ ɦɟɧɶɲɟ ɜɪɟɦя ɠɢɡɧɢ ɫɬɪɭɤɬɭɪɵ. 

ɋ ɩɨɦɨщɶɸ ɜɵчɢɫɥɢɬɟɥɶɧɵх ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɛɵɥɨ ɭɫɬаɧɨɜɥɟɧɨ, чɬɨ 
ɝɨɪɟɧɢɟ ɧа ɪаɡɜɢɬɨɣ ɫɬаɞɢɢ, ɜɛɥɢɡɢ ɦɨɦɟɧɬа ɨɛɨɫɬɪɟɧɢя, ɜɫɟɝɞа ɩɪɨɢɫхɨɞɢɬ 
ɜ ɜɢɞɟ ɩɪɨɫɬɨɣ ɫɬɪɭɤɬɭɪɵ ɫ ɨɞɧɢɦ ɦаɤɫɢɦɭɦɨɦ, ɢɥɢ ɜ ɜɢɞɟ ɧɟɫɤɨɥɶɤɢх 
ɧɟɡаɜɢɫɢɦɵх ɩɪɨɫɬɵх ɫɬɪɭɤɬɭɪ, ɢɦɟɸщɢх ɫɜɨɢ ɦɨɦɟɧɬɵ ɨɛɨɫɬɪɟɧɢя, ɞаɠɟ 
ɟɫɥɢ ɜ ɤачɟɫɬɜɟ ɧачаɥɶɧɵх ɞаɧɧɵх ɛɵɥ ɜɡяɬ ɩɪɨɢɡɜɨɥɶɧɵɣ ɩɪɨɮɢɥɶ 
ɬɟɦɩɟɪаɬɭɪɵ, ɨɛɥаɞаɸщɢɣ ɦɧɨɝɢɦɢ ɦаɤɫɢɦɭɦаɦɢ Д142-146Ж (ɪɢɫ. 1.9). 

ɉɪɨɫɬая ɫɬɪɭɤɬɭɪа ɨɛɥаɞаɟɬ ɬаɤ ɧаɡɵɜаɟɦɨɣ ɫɬɪɭкɬɭɪɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɶɸ 
ɢ ɨɩɢɫɵɜаɟɬɫя аɜɬɨɦɨɞɟɥɶɧɵɦ ɪɟɲɟɧɢɟɦ ɡаɞачɢ ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ 
ɭɪаɜɧɟɧɢя. ɂɫɫɥɟɞɨɜаɧɢɟ аɜɬɨɦɨɞеɥɶɧɨɣ ɡаɞаɱɢ (ɡаɞачɢ, ɨɩɪɟɞɟɥяɸщɟɣ 
аɜɬɨɦɨɞɟɥɶɧɨɟ ɪɟɲɟɧɢɟ) ɞаɥɨ ɧɟɨɠɢɞаɧɧɵɣ ɪɟɡɭɥɶɬаɬ. Вɵяɫɧɢɥɨɫɶ, чɬɨ 



43 

 

ɤɪɨɦɟ ɩɪɨɫɬɨɣ ɫɬɪɭɤɬɭɪɵ ɨɧа ɢɦɟɟɬ ɤɨɧɟчɧɵɣ ɫɩɟɤɬɪ ɫɨɛɫɬɜеɧɧɵɯ ɮɭɧкɰɢɣ 
(ɋɎ), ɨɬɜɟчаɸщɢх ɨɞɧɨɦɭ ɦɨɦɟɧɬɭ ɨɛɨɫɬɪɟɧɢя ɢ ɩɪɟɞɫɬаɜɥяɸщɢх ɫɨɛɨɣ 
ɫɥɨɠɧɵɟ ɪаɫɩɪɟɞɟɥɟɧɢя ɬɟɦɩɟɪаɬɭɪɵ ɫ ɪаɡɧɵɦ  ɤɨɥɢчɟɫɬɜɨɦ ɦаɤɫɢɦɭɦɨɜ 
[146].  

     

Ɋɢɫ. 1.8. Ʌɨɤаɥɢɡɨɜаɧɧая ɞɢɫɫɢɩаɬɢɜɧая ɫɬɪɭɤɬɭɪа, ɪаɡɜɢɜаɸщаяɫя ɜ ɪɟɠɢɦɟ ɫ 
ɨɛɨɫɬɪɟɧɢɟɦ. 

  

     

Ɋɢɫ. 1.9. Ɋаɫɩаɞɟɧɢɟ ɫɥɨɠɧɨɣ ɫɬɪɭɤɬɭɪɵ ɧа ɬɪɢ ɧɟɡаɜɢɫɢɦɵɟ ɩɪɨɫɬɵɟ ɫɬɪɭɤɬɭɪɵ. 

 

ɉɪɢ ɢɫɩɨɥɶɡɨɜаɧɢɢ ɢх ɜ ɤачɟɫɬɜɟ ɧачаɥɶɧɵх ɞаɧɧɵх (ɬак ɧаɡɵɜаеɦɨе 
ɪеɡɨɧаɧɫɧɨе ɜɨɡɛɭɠɞеɧɢе) ɨɧɢ ɞɨɥɝɨ ɫɨхɪаɧяɸɬ ɫɜɨɸ ɮɨɪɦɭ, ɫɥɟɞɭя 
аɜɬɨɦɨɞɟɥɶɧɨɦɭ ɡаɤɨɧɭ, ɢ ɬɨɥɶɤɨ ɩɟɪɟɞ ɫаɦɵɦ ɦɨɦɟɧɬɨɦ ɨɛɨɫɬɪɟɧɢя 
«ɪаɡɜаɥɢɜаɸɬɫя», ɜɵɪɨɠɞаяɫɶ ɜ ɩɪɨɫɬɵɟ ɫɬɪɭɤɬɭɪɵ. Таɤɢɦ ɨɛɪаɡɨɦ, ɋɎ 



44 

 

ɨɛɥаɞаɸɬ ɦеɬаɫɬаɛɢɥɶɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɜ ɨɬɥɢчɢɟ ɨɬ ɩɪɨɢɡɜɨɥɶɧɵх 
ɪаɫɩɪɟɞɟɥɟɧɢɣ ɬɟɦɩɟɪаɬɭɪɵ. 

В ɪаɞɢаɰɢɨɧɧɨɦ ɦаɬɟɪɢаɥɨɜɟɞɟɧɢɢ ɨɞɧа ɢɡ ɩɪɢчɢɧ ɩɨяɜɥɟɧɢя ɬɟɩɥɨɜɵх, а 
ɡɧачɢɬ “ɞɟɮɟɤɬɧɵх”, ɫɬɪɭɤɬɭɪ ɦɨɠɟɬ ɛɵɬɶ ɨɛɭɫɥɨɜɥɟɧа ɬɟɦ, чɬɨ ɨɛɴɟɦɧɵɣ 
ɬɟɦɩɟɪаɬɭɪɧɵɣ ɢɫɬɨчɧɢɤ, ɧɟɥɢɧɟɣɧɵɦ ɨɛɪаɡɨɦ ɡаɜɢɫящɢɣ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ,  
ɩɨɪɨɠɞаɟɬɫя ɢɦɟɧɧɨ ɫаɦɨɣ ɫɪɟɞɨɣ ɜ ɫɢɥɭ ɭɤаɡаɧɧɨɝɨ ɜɵɲɟ 
ɜɡаɢɦɨɫɨɩɪяɠɟɧɧɨɝɨ (ɬ.ɟ. ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ ɫɨɜɦɟɫɬɧɵɦ ɞɟɣɫɬɜɢɟɦ 
ɦɟхаɧɢчɟɫɤɨɣ “ɤɜаɡɢɫɬаɬɢчɟɫɤɨɣ” ɧаɝɪɭɡɤɢ ɢ ɪаɞɢаɰɢɢ) ɦɟхаɧɢɡɦа ɪɨɫɬа 
ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ [147-149Ж, чɬɨ, ɧɟɫɨɦɧɟɧɧɨ, ɞɟɥаɟɬ ɟɝɨ ɩɨɞɨɛɧɵɦ 
аɜɬɨɤаɬаɥɢɬɢчɟɫɤɨɦɭ ɢɫɬɨчɧɢɤɭ. ɏɨɪɨɲɨ ɢɡɜɟɫɬɧɨ, чɬɨ ɜ ɞɟɥящɢхɫя 
ɦаɬɟɪɢаɥах ɩɨɞ ɨɛɥɭчɟɧɢɟɦ, ɨɝɪɨɦɧɨɟ ɤɨɥɢчɟɫɬɜɨ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ 
ɜɵɞɟɥяɟɬɫя ɩɪɢ ɜɡаɢɦɨɞɟɣɫɬɜɢɢ ɤɪɢɫɬаɥɥɢчɟɫɤɨɣ ɪɟɲɟɬɤɢ ɦаɬɟɪɢаɥа ɫ 
ɪаɡɥɟɬаɸщɢɦɢɫя ɨɫɤɨɥɤаɦɢ ɞɟɥɟɧɢɣ, ɬ.ɟ. ɩɪɢ ɜɨɡɧɢɤɧɨɜɟɧɢɢ  «ɬɟɪɦɢчɟɫɤɢх 
ɩɢɤɨɜ», ɢ чɬɨ ɩɪɢ ɷɬɨɦ ɫɨɡɞаɟɬɫя ɨɫɧɨɜɧɨɟ ɤɨɥɢчɟɫɬɜɨ ɬɨчɟчɧɵх ɞɟɮɟɤɬɨɜ. 

ɋɨɝɥаɫɧɨ ɪаɛɨɬɟ Д150Ж, ɡаɞача ɤɨɬɨɪɨɣ – ɢɡɭчɟɧɢɟ ɮɥɭɤɬɭаɰɢɣ 
ɬɟɦɩɟɪаɬɭɪɵ ɢ ɫɨɩɭɬɫɬɜɭɸщɢх яɜɥɟɧɢɣ ɜ ɞɟɥящɢхɫя ɦаɬɟɪɢаɥах, ɢɡɦɟɧɟɧɢɟ 
ɬɟɦɩɟɪаɬɭɪɵ ɪɟɲɟɬɤɢ ɢ ɷɥɟɤɬɪɨɧɨɜ ɩɪɢ ɩɪɨɥɟɬɟ ɨɫɤɨɥɤа ɞɟɥɟɧɢя яɞɪа ɭɪаɧа 
ɩɪɟɞɫɬаɜɥяɟɬɫя ɫɥɟɞɭɸщɢɦ ɨɛɪаɡɨɦ: ɤɨɪɨɬɤɢɣ ɜɫɩɥɟɫɤ ɬɟɦɩɟɪаɬɭɪɵ ɪɟɲɟɬɤɢ 
ɡа ɫчɟɬ яɞɟɪɧɵх ɫɬɨɥɤɧɨɜɟɧɢɣ ɜ ɦаɥɨɦ ɨɛɴɟɦɟ (ɩɨ ɨɰɟɧɤɟ, ɩɪɟɞɫɬаɜɥɟɧɧɨɣ ɜ 
[150Ж, ɷɬɨ ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪаɬɭɪɵ ɪɟɲɟɬɤɢ  10

4
 K ɢ ɩɪɢɜɨɞɢɬ ɤ ɥɨɤаɥɶɧɨɦɭ 

ɩɥаɜɥɟɧɢɸ) ɢ ɛɨɥɟɟ ɪаɫɬяɧɭɬɨɟ ɜɨ ɜɪɟɦɟɧɢ ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪаɬɭɪɵ 
ɷɥɟɤɬɪɨɧɧɨɣ ɩɨɞɫɢɫɬɟɦɵ, ɤɨɬɨɪɨɟ ɩɪɢɜɨɞɢɬ ɤ ɩɨɜɵɲɟɧɢɸ ɬɟɦɩɟɪаɬɭɪɵ 
ɪɟɲɟɬɤɢ (ɩɨ ɭɩɪɨщɟɧɧɨɣ ɨɰɟɧɤɟ, ɩɪɟɞɫɬаɜɥɟɧɧɨɣ ɜ Д150Ж, ɷɬɨ ɩɨɜɵɲɟɧɢɟ 
ɬɟɦɩɟɪаɬɭɪɵ ɪɟɲɟɬɤɢ  10 – 10

2
 K). Ɉɬɫɸɞа ɜɢɞɧɨ, чɬɨ ɷɧɟɪɝɢя, ɨɬɞаɜаɟɦая 

ɷɥɟɤɬɪɨɧаɦ ɩɪɢ ɞɟɥɟɧɢɢ яɞɟɪ, ɧɟ ɦɨɠɟɬ ɩɪɢɜɨɞɢɬɶ ɤ ɬаɤɢɦ яɜɥɟɧɢяɦ, ɤаɤ 
ɥɨɤаɥɶɧɨɟ ɩɥаɜɥɟɧɢɟ, ɧɨ ɦɨɠɟɬ ɛɵɬɶ ɫɭщɟɫɬɜɟɧɧа ɩɪɢ ɢɡɦɟɧɟɧɢɢ 
ɤɢɧɟɬɢчɟɫɤɢх хаɪаɤɬɟɪɢɫɬɢɤ ɬɜɟɪɞɨɝɨ ɬɟɥа: ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, 
ɞɢɮɮɭɡɢɨɧɧая ɩɨɞɜɢɠɧɨɫɬɶ  ɢ ɤɨɧɰɟɧɬɪаɰɢя ɞɟɮɟɤɬɨɜ.  Тɟɦ ɛɨɥɟɟ, чɬɨ ɪɨɥɶ 
ɷɬɢх ɷɮɮɟɤɬɨɜ ɪаɫɬɟɬ ɫ ɭɜɟɥɢчɟɧɢɟɦ ɩɥɨɬɧɨɫɬɢ ɩɨɬɨɤа чаɫɬɢɰ ɨɛɥɭчɟɧɢя. 

 ɉɪɢ ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɜɨɡɞɟɣɫɬɜɢɢ ɦɟхаɧɢчɟɫɤɨɣ ɢ ɪаɞɢаɰɢɨɧɧɨɣ ɧаɝɪɭɡɨɤ 
ɭɫɥɨɜɢя ɜɨɡɧɢɤɧɨɜɟɧɢя ɢ хаɪаɤɬɟɪ ɪаɡɜɢɬɢя ɬɟɩɥɨɜɵх ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ 
(ɫɬɪɭɤɬɭɪ) ɜ ɧɟɩɨɞɜɢɠɧɨɣ ɦɟɬаɥɥɢчɟɫɤɨɣ ɫɪɟɞɟ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢ ɨɛɴɟɦɧɵɦɢ ɢɫɬɨчɧɢɤаɦɢ ɬɟɩɥа, ɡаɜɢɫящɢɦɢ ɫɬɟɩɟɧɧɵɦ 
ɨɛɪаɡɨɦ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ, ɟɫɬɟɫɬɜɟɧɧɵɦ ɨɛɪаɡɨɦ ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭчɟɧɵ ɜ 
ɪаɦɤах ɡаɦɤɧɭɬɨɣ ɬɟɨɪɢɢ ɥɨɤаɥɢɡаɰɢɢ ɞɥя ɫɪɟɞ ɫ ɩɪɨɢɡɜɨɥɶɧɵɦɢ 
ɧɟɥɢɧɟɣɧɨɫɬяɦɢ ɢɥɢ, ɢɧачɟ ɝɨɜɨɪя, ɫ ɩɨɦɨщɶɸ ɬɟɨɪɢɢ ɬаɤ ɧаɡɵɜаɟɦɵх 
ɪɟɠɢɦɨɜ ɫ ɨɛɨɫɬɪɟɧɢɟɦ ɜ ɧɟɥɢɧɟɣɧɵх ɫɪɟɞах, ɪаɡɜɢɜаɟɦɨɣ ɧаɭчɧɨɣ ɲɤɨɥɨɣ 
Ʉɭɪɞɸɦɨɜа Д135].  

 Таɤɢɦ ɨɛɪаɡɨɦ, ɜ ɫɪɟɞɟ ɫ ɧɟɥɢɧɟɣɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ ɢ ɧɟɥɢɧɟɣɧɵɦ 
ɨɛɴɟɦɧɵɦ ɢɫɬɨчɧɢɤɨɦ ɬɟɩɥа ɡаɞача ɨɛɧаɪɭɠɟɧɢя ɧɟɫɬаɰɢɨɧаɪɧɵх 
ɞɢɫɫɢɩаɬɢɜɧɵх ɫɬɪɭɤɬɭɪ ɢ ɜɨɥɧ ɫɜɨɞɢɬɫя ɤ ɫɬаɜɲɟɣ ɭɠɟ ɤɥаɫɫɢчɟɫɤɨɣ, ɬ.ɟ. ɤ 
“ɤɭɪɞɸɦɨɜɫɤɨɣ” Д135,143Ж, ɜ ɤɨɬɨɪɨɣ ɜɩɟɪɜɵɟ ɭɫɬаɧɨɜɥɟɧɨ, чɬɨ ɜ ɬаɤɨɣ ɫɪɟɞɟ 
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ɦɨɠɟɬ ɫɭщɟɫɬɜɨɜаɬɶ ɩɪɨɫɬɪаɧɫɬɜеɧɧɵɣ ɦаɫɲɬаɛ (ɮɭɧɞаɦɟɧɬаɥɶɧая ɞɥɢɧа), 
ɨɩɪɟɞɟɥяɸщɢɣ ɪаɡɦɟɪ ɨɛɥаɫɬɢ, ɝɞɟ ɢɦɟɟɬ ɦɟɫɬɨ ɦɟɬаɫɬаɛɢɥɶɧая ɥɨɤаɥɢɡаɰɢя 
ɬɟɩɥɨɬɵ ɢ ɧа аɫɢɦɩɬɨɬɢчɟɫɤɨɣ ɫɬаɞɢɢ ɩɪɨɰɟɫɫа ɩɪɨɢɫхɨɞɢɬ ɨɛɪаɡɨɜаɧɢɟ 
ɬɟɩɥɨɜɵх ɫɬɪɭɤɬɭɪ. Ɋяɞ ɨɫɨɛɟɧɧɨɫɬɟɣ ɬаɤɨɝɨ ɩɨɜɟɞɟɧɢя ɧɟɥɢɧɟɣɧɨɣ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢ ɬɟɩɥɨɜɵх ɫɬɪɭɤɬɭɪ ɬɟɨɪɟɬɢчɟɫɤɢ ɢɫɫɥɟɞɨɜаɥɢɫɶ ɜ Д143].  

ɂɬаɤ, ɜ Д143,151,152Ж, ɪаɫɫɦаɬɪɢɜаɥаɫɶ ɨɞɧɨɦɟɪɧая ɧɟɫɬаɰɢɨɧаɪɧая ɡаɞача 
ɨɛ ɢɧɢɰɢɢɪɨɜаɧɢɢ ɩɪɨɰɟɫɫа ɝɨɪɟɧɢя ɜɨɡɦɭщɟɧɢɟɦ ɬɟɦɩɟɪаɬɭɪɵ, ɜɧɟɫɟɧɧɵɦ 
ɜ ɤɨɧɟчɧɵɣ ɭчаɫɬɨɤ ɞɥɢɧɵ r0 ɩɟɪɜɨɧачаɥɶɧɨ хɨɥɨɞɧɨɣ ɫɪɟɞɵ.  ɉɪɢ ɷɬɨɦ 
ɢɫɫɥɟɞɨɜаɧɢɟ ɩɪɨɜɨɞɢɥɢɫɶ ɩɪɢ ɩɨɦɨщɢ аɧаɥɢɡа аɜɬɨɦɨɞɟɥɶɧɵх ɢ 
аɧаɥɢɬɢчɟɫɤɢх ɪɟɲɟɧɢɣ, а ɬаɤɠɟ ɩɪɢ ɩɨɦɨщɢ ɩɪяɦɨɝɨ чɢɫɥɟɧɧɨɝɨ ɪɟɲɟɧɢя 
ɫɨɨɬɜɟɬɫɬɜɭɸщɢх ɭɪаɜɧɟɧɢɣ ɜ чаɫɬɧɵх ɩɪɨɢɡɜɨɞɧɵх. 

ɉɪɢɜɟɞɟɦ ɧɟɤɨɬɨɪɵɟ ɞɟɬаɥɢ ɷɬɨɣ ɪаɛɨɬɵ. В ɨɛщɟɦ ɫɥɭчаɟ ɪаɫɫɦаɬɪɢɜаɟɬɫя 
ɡаɞача Ʉɨɲɢ ɜ ɨɛɥаɫɬɢ - < r <   ɞɥя ɭɪаɜɧɟɧɢя ɫ ɢɫɬɨчɧɢɤаɦɢ (ɡаɞача ɨ 
ɝɨɪɟɧɢɢ Д143,151,152]) 
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  (1.28) 

ɝɞɟ Ф0, q0,  0, 0.  

 Эɬɨ ɭɪаɜɧɟɧɢɟ ɢɦɟɟɬ аɜɬɨɦɨɞɟɥɶɧɨɟ ɪɟɲɟɧɢɟ  

    2121 11
  ktqtirktirq

mmm ,           

          fqtthT
n , ,  ,1

2 i           (1.29) 

ɝɞɟ n= (1+)
-1

, m1 = n2, m= m1 +  ½,  а  f() – ɪɟɲɟɧɢɟ ɭɪаɜɧɟɧɢя 

       ./,  
ddffffffmnf          (1.30) 

Вɵɪаɠɟɧɢɟ (1.β9) ɞаɟɬ ɪɟɲɟɧɢɟ ɡаɞачɢ Ʉɨɲɢ ɩɪɢ t0  t  0  ɢ ɩɪɢ 
ɫɩɟɰɢаɥɶɧɨɦ ɡаɞаɧɢɢ  

     
000

ftqrT
n   

ɫɬɪɟɦɢɬɫя ɤ ɧɭɥɸ ɢ ɩɨɷɬɨɦɭ (1.29) ɦɨɠɧɨ ɬɪаɤɬɨɜаɬɶ ɤаɤ ɪɟɲɟɧɢɟ 
ɫɮɨɪɦɭɥɢɪɨɜаɧɧɨɣ ɜɵɲɟ ɡаɞачɢ ɫ ɛɟɫɤɨɧɟчɧɨ ɦаɥɵɦɢ ɧачаɥɶɧɵɦɢ ɞаɧɧɵɦɢ 
ɩɪɢ t - .  Эɬɨ ɩɨɡɜɨɥяɟɬ ɢɫɤаɬɶ ɪɟɲɟɧɢɟ, ɨɬɥɢчɧɨɟ ɨɬ ɧɭɥя ɜ ɤɨɧɟчɧɨɣ 
(ɢɥɢ ɛɟɫɤɨɧɟчɧɨɣ) ɨɛɥаɫɬɢ  -ɮ    ɮ  ɢ ɭɞɨɜɥɟɬɜɨɪяɸщɟɟ ɭɫɥɨɜɢяɦ 
хɨɥɨɞɧɨɝɨ ɮɨɧа (ɜ ɞаɧɧɨɦ ɫɥɭчаɟ ɦɟɬаɥɥɢчɟɫɤɨɣ ɩɪɟɝɪаɞɵ) f= 0,  f 

 f
 
 = 0  

ɩɪɢ  =   ɮ , а ɬаɤɠɟ ɭɫɥɨɜɢɸ ɫɢɦɦɟɬɪɢɢ f 
 =0 =  0.   

Тɨɝɞа ɢɡ ɜɢɞа аɜɬɨɦɨɞɟɥɶɧɨɝɨ ɪɟɲɟɧɢя ɜɢɞɧɨ, чɬɨ ɜɨɡɦɨɠɧɵ ɬɪɢ 
ɪаɡɥɢчɧɵх ɪɟɠɢɦа ɝɨɪɟɧɢя (ɫɦ. ɪɢɫ.1.10):  
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- HS-ɪɟɠɢɦ (ɩɪɢ 1    + 1), ɤɨɝɞа ɩɨɥɭɲɢɪɢɧа ɨɛɥаɫɬɢ ɝɨɪɟɧɢя r0  

ɜɨɡɪаɫɬаɟɬ ɫ ɪɨɫɬɨɦ t ; 

- S-ɪɟɠɢɦ (ɩɪɢ   =  + 1), ɤɨɝɞа r0  ɧɟɢɡɦɟɧɧɨ ɜɨ ɜɪɟɦɟɧɢ; 

- LS-ɪɟɠɢɦ (ɩɪɢ    + 1), ɤɨɝɞа ɩɨɥɭɲɢɪɢɧа ɨɛɥаɫɬɢ ɝɨɪɟɧɢя r0  

ɫɨɤɪащаɟɬɫя. 

ɇа ɪɢɫ. 1.10 ɩɪɢɜɟɞɟɧɵ ɩɪɨɮɢɥɢ ɬɟɦɩɟɪаɬɭɪɵ T(r) ɞɥя ɪаɡɥɢчɧɵх 
ɦɨɦɟɧɬɨɜ ɜɪɟɦɟɧɢ ɜ ɫɥɭчаɟ S-, HS- ɢ LS-ɪɟɠɢɦах Д146Ж. Дɥя S-ɪɟɠɢɦа ɨɧɢ 
ɩɨɥɭчɟɧɵ (ɪɢɫ.1.10a) чɢɫɥɟɧɧɵɦ ɪɟɲɟɧɢɟɦ ɡаɞачɢ (1.β8) ɩɪɢ k0 = 1, q0 = 1,  

= β. Дɥя S-ɪɟɠɢɦа ( = γ) ɢ ɇS-ɪɟɠɢɦа ( = η/γ) ɪɟɲɟɧɢя ɜɵхɨɞяɬ ɧа 
аɜɬɨɦɨɞɟɥɶɧɨɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ (1.β9) (ɪɢɫ. 1.10c).  Аɧаɥɨɝɢчɧɵɟ ɪаɫчɟɬɵ 
ɞɥя LS-ɪɟɠɢɦа ɩɪɢ    +  1 (ɪɢɫ. 1.10Л) ɩɨɤаɡаɥɢ, чɬɨ ɜ ɫɥɭчаɟ ɤɨɧɟчɧɵх 
ɧачаɥɶɧɵх ɜɨɡɦɭщɟɧɢɣ ɜɵхɨɞа ɧɟɬ, ɨɞɧаɤɨ ɩɪɨɮɢɥɶ T(t, r) ɜɧɭɬɪɢ ɨɛɥаɫɬɢ 
ɝɨɪɟɧɢя ɛɥɢɡɨɤ ɤ аɜɬɨɦɨɞɟɥɶɧɨɦɭ ɪɟɲɟɧɢɸ ɢ ɫɢɥɶɧɨ ɢɫɤаɠаɟɬɫя ɧа ɝɪаɧɢɰɟ 
ɨɛɥаɫɬɢ. 

В ɫɥɭчаɟ S-ɪɟɠɢɦа ɫɭщɟɫɬɜɭɟɬ аɧаɥɢɬɢчɟɫɤɨɟ ɪɟɲɟɧɢɟ ɭɪаɜɧɟɧɢя (1.β8), 

ɭɞɨɜɥɟɬɜɨɪяɸщɟɟ ɭɫɥɨɜɢɸ f  f = 0 ɩɪɢ f = 0: 

          ,sin),(
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      (1.31) 

ɝɞɟ ɫ1 – ɩɪɨɢɡɜɨɥɶɧая ɩɨɫɬɨяɧɧая, q0 =  q0(+ 2)/2(+ 1),  

=2
q0/4k0  (+1)1/2

. 

Ɋɟɲɟɧɢɟ (1.γ1) яɜɥяɟɬɫя ɩɟɪɢɨɞɢчɟɫɤɨɣ ɮɭɧɤɰɢɟɣ  Ы ɫ ɩɟɪɢɨɞɨɦ  

               2/1

0

2

0 /)1(2/ qkLT   .               (1.32) 

Эɬа ɜɟɥɢчɢɧа ɜ Д145Ж ɧаɡɜаɧа ɮɭɧɞаɦеɧɬаɥɶɧɨɣ ɞɥɢɧɨɣ (ɮ.ɞ.). ɂɡ (1.31) 

ɜɢɞɧɨ, чɬɨ ɜ ɬɨчɤах rk= c1 + kLT, k =  1, β, …, ɩɨɬɨɤɢ ɪаɜɧɵ ɧɭɥɸ. 

ɂɦɟɟɬ ɦɟɫɬɨ ɫаɦɨɩɨɞɞɟɪɠɢɜаɸщаяɫя ɜ ɬɟчɟɧɢɟ ɤɨɧɟчɧɨɝɨ ɜɪɟɦɟɧɢ, 
ɡаɜɢɫящɟɝɨ ɨɬ ɧачаɥɶɧɨɝɨ ɜɨɡɦɭщɟɧɢя, ɬɟɩɥɨɜая ɢɡɨɥяɰɢя ɫɨɫɟɞɧɢх ɫɥɨɟɜ  

(rk-1, rk) ɢ (Ыk, rk+1) ɞɥɢɧɵ LT. 

В ɫɥɭчаɟ  = -1, ɧɟɡаɜɢɫɢɦɨ ɨɬ ɭɫɥɨɜɢɣ r0 < LT ɢɥɢ  r0 > LT, ɪɟɲɟɧɢɟ 
ɭɪаɜɧɟɧɢɣ (1.β8)  аɫɢɦɩɬɨɬɢчɟɫɤɢ ɜɵхɨɞɢɬ ɧа ɨɞɢɧ ɩɟɪɢɨɞ ɪɟɲɟɧɢя (1.31), 

ɢɧɵɦɢ ɫɥɨɜаɦɢ, ɝɨɪɟɧɢɟ ɩɪɨɢɫхɨɞɢɬ ɧа “ɮ.ɞ.” ɜ ɨɤɪɟɫɬɧɨɫɬɢ (ɢɦɟɸщɟɣ 
ɞɢаɦɟɬɪ LT) ɬɨчɤɢ ɫ ɦаɤɫɢɦаɥɶɧɨɣ ɬɟɦɩɟɪаɬɭɪɨɣ T0 (r). ɉɪɢ ɫɩɟɰɢаɥɶɧɨɦ 
ɜɵɛɨɪɟ ɧачаɥɶɧɵх ɞаɧɧɵх ɦɨɠɧɨ ɩɨɥɭчɢɬɶ ɨɞɧɨɜɪɟɦɟɧɧɨɟ ɝɨɪɟɧɢɟ 
ɧɟɫɤɨɥɶɤɢх ɫɬɪɭɤɬɭɪ (1.31), ɤаɠɞая ɢɡ ɤɨɬɨɪɵх ɢɦɟɟɬ ɞɥɢɧɭ LT.  

Ʉаɤ ɭɤаɡаɧɨ ɜ Д146Ж, ɭчɟɬ ɪяɞа ɮɢɡɢчɟɫɤɢх ɮаɤɬɨɪɨɜ, ɧаɩɪɢɦɟɪ, ɜɵɝɨɪаɧɢя 
ɫɪɟɞɵ, ɢɡɦɟɧɟɧɢя ɡаɤɨɧа ɫɤɨɪɨɫɬɢ ɝɨɪɟɧɢя ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪаɬɭɪɵ ɢ ɞɪ., 
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ɩɪɢɜɨɞɢɬ ɤ ɩɟɪɟхɨɞɭ LS- ɢ  S-ɪɟɠɢɦɨɜ ɜ НS-ɪɟɠɢɦɵ ɩɪɢ ɤɨɧɟчɧɵх 
ɬɟɦɩɟɪаɬɭɪах, ɫɨɩɪɨɜɨɠɞаɸщɢɟɫя ɭɦɟɧɶɲɟɧɢɟɦ ɜɪɟɦɟɧɢ ɥɨɤаɥɢɡаɰɢɢ 
ɬɟɩɥɨɬɵ.  

Ɋɢɫ. 1.10.  ɉɪɨɮɢɥɢ  ɬɟɦɩɟɪаɬɭɪɵ  T  ɞɥя ɪаɡɥɢчɧɵх  ɦɨɦɟɧɬɨɜ  ɜɪɟɦɟɧɢ (чɢɫɥа  ɭ  
ɤɪɢɜɵх) ɜ ɫɥɭчаɟ S-ɪɟɠɢɦа (a), LS-ɪɟɠɢɦа (b), HS-ɪɟɠɢɦа (c). 

 

ɂ, ɧаɤɨɧɟɰ, ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, чɬɨ ɩɪɢ     1 ɝɨɪɟɧɢɟ ɨɫɭщɟɫɬɜɥяɟɬɫя 
ɜɫɟɝɞа ɜ НS-ɪɟɠɢɦɟ, а ɬаɤɠɟ ɩɪɢɜɟɫɬɢ ɨɞɧɨ ɨчɟɧɶ ɜаɠɧɨɟ ɡаɦɟчаɧɢɟ: ɜ 
ɫɠɢɦаɟɦɨɣ ɞɜɢɠɭщɟɣɫя ɫɪɟɞɟ аɧаɥɨɝɨɦ ɮɭɧɞаɦɟɧɬаɥɶɧɨɣ ɞɥɢɧɵ яɜɥяɟɬɫя 
ɮɭɧɞаɦɟɧɬаɥɶɧая ɦаɫɫа Д149]. 
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1.1.4.2. ɋеɱеɧиɹ ɨɫɧɨвɧыɯ ɧеɣтɪɨɧɧыɯ ɹɞеɪɧыɯ ɪеаɤɰиɣ ɞɥɹ ɨɫɧɨвɧыɯ 

ɪеаɤтɨɪɧыɯ тɨɩɥивɧыɯ ɧɭɤɥиɞɨв. 

Ɋаɫɫɦɨɬɪɢɦ ɞɥя ɨɫɧɨɜɧɵх ɬɨɩɥɢɜɧɵх ɪɟаɤɬɨɪɧɵх ɧɭɤɥɢɞɨɜ U
235

92 , U
238

92 , 

U
239

92 ɢ Pu
239

94  ɡаɜɢɫɢɦɨɫɬɶ ɫɟчɟɧɢɣ яɞɟɪɧɵх ɪɟаɤɰɢɣ ɞɟɥɟɧɢɣ ɩɪɢ 
ɜɡаɢɦɨɞɟɣɫɬɜɢɢ ɫ ɧɟɣɬɪɨɧаɦɢ i

f , ɝɞɟ i – ɢɧɞɟɤɫ ɧɭɤɥɢɞа, ɢ ɫɟчɟɧɢɣ ɪɟаɤɰɢɣ 
ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа ɧɟɣɬɪɨɧа i

c  ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɬɨɩɥɢɜɧɨɣ ɫɪɟɞɵ T.  

Ʉɜаɧɬɨɜая ɬɟɨɪɢя яɞɟɪɧɵх ɪɟаɤɰɢɣ ɞаɟɬ Д15γЖ, чɬɨ ɫɟчɟɧɢɟ ab  

ɞɜɭхчаɫɬɢчɧɨɣ ɪɟаɤɰɢɢ ɬɢɩа 

    bBAa  ,     (1.33)  

ɞɥя ɧɟɣɬɪаɥɶɧɵх чаɫɬɢɰ, ɬɨ ɟɫɬɶ ɤɨɝɞа ɨɬɫɭɬɫɬɜɭɟɬ ɤɭɥɨɧɨɜɫɤɨɟ 
ɜɡаɢɦɨɞɟɣɫɬɜɢɟ ɦɟɠɞɭ чаɫɬɢɰаɦɢ, ɧаɩɪɢɦɟɪ, ɟɫɥɢ чаɫɬɢɰɵ а ɢ b – ɧɟɣɬɪɨɧɵ, 
ɢ ɞɥя ɷɧɟɪɝɢɣ чаɫɬɢɰɵ а, ɧɟ ɩɨɩаɞаɸщɢх ɜ ɪɟɡɨɧаɧɫɧɵɟ ɢɧɬɟɪɜаɥɵ яɞɪа А, 

ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬаɜɥɟɧɨ ɜ ɫɥɟɞɭɸщɟɦ ɜɢɞɟ: 

  1212
2

2  Bb

ba

b

abab jj
vv

p
T ,    (1.34)  

ɝɞɟ av , bv  - ɫɤɨɪɨɫɬɢ чаɫɬɢɰ ɜ ɫɢɫɬɟɦɟ ɰɟɧɬɪа ɢɧɟɪɰɢɢ ɫɢɫɬɟɦɵ («ɐ»); bp  - 

ɦɨɞɭɥɶ ɢɦɩɭɥɶɫа чаɫɬɢɰɵ b ɜ «ɐ» ɫɢɫɬɟɦɟ; bj  ɢ Bj  - ɫɩɢɧɵ чаɫɬɢɰ b ɢ B; abT - 

ɦаɬɪɢчɧɵɣ ɷɥɟɦɟɧɬ ɩɟɪɟхɨɞа, ɢɥɢ – аɦɩɥɢɬɭɞа ɜɟɪɨяɬɧɨɫɬɢ ɩɪɨɰɟɫɫа. 
Ɂаɜɢɫɢɦɨɫɬɶ abT  ɨɬ ɷɧɟɪɝɢɢ ɨɩɪɟɞɟɥяɟɬɫя ɤɨɧɤɪɟɬɧɵɦ ɜɢɞɨɦ ɜɡаɢɦɨɞɟɣɫɬɜɢя, 
ɜɵɡɵɜаɸщɟɝɨ ɪɟаɤɰɢɸ (1.33). 

 ȿɫɥɢ ɠɟ ɜ ɪɟаɤɰɢɢ (1.33) ɭчаɫɬɜɭɸɬ ɡаɪяɠɟɧɧɵɟ чаɫɬɢɰɵ, ɬɨ ɩɨɜɟɞɟɧɢɟ 
ɫɟчɟɧɢɣ ɩɪɢ ɧɢɡɤɢх ɷɧɟɪɝɢях (а ɪɟаɤɬɨɪɧая ɮɢɡɢɤа – ɮɢɡɢɤа ɧɢɡɤɢх ɷɧɟɪɝɢɣ) 
ɛɭɞɟɬ ɢɧɵɦ ɡа ɫчɟɬ ɫɭщɟɫɬɜɨɜаɧɢя ɤɭɥɨɧɨɜɫɤɨɝɨ ɨɬɬаɥɤɢɜаɧɢя, 
ɩɪɟɩяɬɫɬɜɭɸщɟɝɨ чаɫɬɢɰɟ ɩɨɞɨɣɬɢ ɞɨɫɬаɬɨчɧɨ ɛɥɢɡɤɨ ɤ яɞɪɭ, чɬɨɛɵ 
ɩɪɨɢɡɜɟɫɬɢ ɪɟаɤɰɢɸ, ɢ ɤаɤ ɷɬɨ ɧɟ ɩаɪаɞɨɤɫаɥɶɧɨ, ɞɥя ɨɛɪаɡɨɜаɜɲɢхɫя чаɫɬɢɰ 
ɜɵɣɬɢ ɢɡ ɨɛɥаɫɬɢ ɞɟɣɫɬɜɢя яɞɟɪɧɵх ɫɢɥ. Ʉɭɥɨɧɨɜɫɤɨɟ ɨɬɬаɥɤɢɜаɧɢɟ ɢɦɟɟɬ 
ɛɨɥɶɲɨɣ ɪаɞɢɭɫ ɞɟɣɫɬɜɢя ɢ ɜ ɨɫɧɨɜɧɨɦ ɩɪɨяɜɥяɟɬɫя ɜɧɟ яɞɪа. ɉɨɷɬɨɦɭ ɫ 
хɨɪɨɲɟɣ ɬɨчɧɨɫɬɶɸ ɭɞаɟɬɫя ɭчɢɬɵɜаɬɶ яɞɟɪɧɨɟ ɢ ɤɭɥɨɧɨɜɫɤɨɟ 
ɜɡаɢɦɨɞɟɣɫɬɜɢɟ ɪаɡɞɟɥɶɧɨ, ɩɪɟɞɫɬаɜɥяя ɦаɬɪɢчɧɵɣ ɷɥɟɦɟɧɬ abT  ɢɡ (1.34) ɜ 
ɜɢɞɟ ɩɪɨɢɡɜɟɞɟɧɢя 

        2
1

2
1

b

nuclear

abaab PTPT       (1.35)  

чɢɫɬɨ яɞɟɪɧɨɝɨ ɦаɬɪɢчɧɨɝɨ ɷɥɟɦɟɧɬа nuclear

abT  ɧа ɜɟɥɢчɢɧɵ 2
1

aP  ɢ 2
1

bP , 

хаɪаɤɬɟɪɢɡɭɸщɢɟ ɜɟɪɨяɬɧɨɫɬɢ ɩɪɨɧɢɤɧɨɜɟɧɢя чаɫɬɢɰ а ɢ b ɫɤɜɨɡɶ 
ɤɭɥɨɧɨɜɫɤɨɟ ɩɨɥɟ яɞɪа ɢɥɢ, ɤаɤ ɝɨɜɨɪяɬ, ɫɤɜɨɡɶ ɤɭɥɨɧɨɜɫɤɢɣ ɛаɪɶɟɪ. 
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Вɟɥɢчɢɧɵ aP  ɢ bP  ɧаɡɵɜаɸɬ ɩɪɨɧɢɰаɟɦɨɫɬяɦɢ. ɉɪɨɧɢɰаɟɦɨɫɬɢ 
ɫɬɪɟɦяɬɫя ɤ ɟɞɢɧɢɰɟ ɩɪɢ ɜɵɫɨɤɢх ɷɧɟɪɝɢях ɢ ɤ ɧɭɥɸ ɩɪɢ ɧɢɡɤɢх. 

 Таɤ ɤаɤ ɧаɫ ɡɞɟɫɶ ɢɧɬɟɪɟɫɭɸɬ яɞɟɪɧɵɟ ɪɟаɤɰɢɢ ɞɟɥɟɧɢɣ ɧа ɞɜɟ чаɫɬɢ 
ɩɪɢ ɜɡаɢɦɨɞɟɣɫɬɜɢɢ ɫ ɧɟɣɬɪɨɧаɦɢ ɢ ɪɟаɤɰɢɢ ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа 
ɧɟɣɬɪɨɧа ɞɥя ɪɟаɤɬɨɪɧɵх ɞɟɥящɢхɫя ɧɭɤɥɢɞɨɜ, ɤɨɬɨɪɵɟ яɜɥяɸɬɫя 
ɷɤɡɨɬɟɪɦɢчɟɫɤɢɦɢ, ɬɨ ɪаɫɫɦɨɬɪɢɦ ɷɤɡɨɬɟɪɦɢчɟɫɤɭɸ ɞɜɭхчаɫɬɢчɧɭɸ ɪɟаɤɰɢɸ 

    QbBAa  .     (1.36) 

Ɉɬɦɟɬɢɦ, чɬɨ ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɵх ɪɟаɤɰɢɣ ɞɟɥɟɧɢя, ɬаɤ ɤаɤ ɩɪɢ ɷɬɨɦ 
ɨɛɪаɡɭɸɬɫя ɞɜɟ ɡаɪяɠɟɧɧɵɟ чаɫɬɢɰɵ, ɬɨ ɜ ɷɬɨɦ ɫɥɭчаɟ ɦаɬɪɢчɧɵɣ ɷɥɟɦɟɧɬ 
ɩɟɪɟхɨɞа ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ: 

         2
1

b

nuclear

ab

f

ab PTT  .    (1.37) 

А ɞɥя ɪɟаɤɰɢɣ ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа ɛɭɞɟɬ ɩɨ-ɩɪɟɠɧɟɦɭ, ɬɨ ɟɫɬɶ, ɤаɤ ɢ ɜ 
(1.34): 

         nuclear

ab

a

ab TT  .     (1.38) 

 

Ɋаɫɫɦаɬɪɢɜая ɤɢɧɟɦаɬɢɤɭ ɪɟаɤɰɢɢ (1.γ6) ɩɨɥɭчɢɦ ɜɵɪаɠɟɧɢɟ ɞɥя 

ɤɢɧɟɦаɬɢчɟɫɤɨɝɨ ɦɧɨɠɢɬɟɥя 
ba

b

vv

p
2

 ɢɡ ɜɵɪаɠɟɧɢя (1.γ4). Дɥя ɭɞɨɛɫɬɜа ɛɭɞɟɦ 

ɨɛɨɡɧачаɬɶ ɜɟɥɢчɢɧɵ ɜ ɥаɛɨɪаɬɨɪɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧаɬ ɡɧачɤɨɦ (ɥ), а ɜ 
ɰɟɧɬɪаɥɶɧɨɣ ɫɢɫɬɟɦɟ – (ɰ). В ɷɬɢх ɨɛɨɡɧачɟɧɢях ɦɵ ɪаɫɫɦаɬɪɢɜаɟɦ 
ɜɵɪаɠɟɧɢɟ   

  
   ɰ

b

ɰ
a

ɰ
b

vv

p
2

.     (1.39) 

 

ɉɭɫɬɶ ɦаɫɫɵ ɢ ɧачаɥɶɧɵɟ ɫɤɨɪɨɫɬɢ чаɫɬɢɰ ɜ «ɥ»-ɫɢɫɬɟɦɟ ɪаɜɧɵ: 
BbAa mmmm ,,,  ɢ    ɥ

A

ɥ
a vv 00 ,


. 

Тɨɝɞа, ɤаɤ ɢɡɜɟɫɬɧɨ, ɫɤɨɪɨɫɬɶ ɰɟɧɬɪа ɢɧɟɪɰɢɢ ɪаɜɧа: 
   

Aa

ɥ
AA

ɥ
aa

ɰ
mm

vmvm
V 

 00


.   (1.40) 

ɇаɣɞɟɦ ɫɤɨɪɨɫɬɢ чаɫɬɢɰ ɜ «ɐ»-ɫɢɫɬɟɦɟ ɞɨ ɪɟаɤɰɢɢ: 

             ɥ
A

ɥ
a

Aa

A

ɰ
ɥ

a

ɰ
a vv

mm

m
Vvv 0000

  ,  (1.41) 
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            ɥ
a

ɥ
A

Aa

a

ɰ
ɥ

A

ɰ
A vv

mm

m
Vvv 0000

  .  (1.42) 

Вɵɪаɠɟɧɢя ɞɥя ɢɦɩɭɥɶɫɨɜ ɜ «ɐ»-ɫɢɫɬɟɦɟ ɞɨ ɪɟаɤɰɢɢ: 

            ɥ
A

ɥ
a

ɰ
aa

ɰ
a vvvmp 0000

   ,   (1.43) 

            ɥ
a

ɥ
A

ɰ
AA

ɰ
A vvvmp 0000

   ,   (1.44) 

ɝɞɟ 
Aa

Aa

mm

mm

 .        (1.45) 

Ʉɢɧɟɬɢчɟɫɤая ɷɧɟɪɝɢя ɜ «ɐ»-ɫɢɫɬɟɦɟ ɞɨ ɪɟаɤɰɢɢ: 

                
222

2

00

2

0

2

0

0

ɥ
A

ɥ
a

A

ɰ
A

a

ɰ
aɰ vv

m

p

m

p
E

  
.  (1.46) 

  ɉɭɫɬɶ  ɰ
bp


 ɢ  ɰ
Bp


 - ɢɦɩɭɥɶɫɵ ɩɨɫɥɟ ɪɟаɤɰɢɢ ɜ «ɐ»-ɫɢɫɬɟɦɟ, ɬɨɝɞа 

    0 ɰ
B

ɰ
b pp


 ɢ, ɫɥɟɞɨɜаɬɟɥɶɧɨ,      22 ɰ

B

ɰ
b pp

  .            (1.47) 

Ʉɢɧɟɬɢчɟɫɤая ɷɧɟɪɝɢя чаɫɬɢɰ ɩɨɫɥɟ ɪɟаɤɰɢɢ ɜ «ɐ»-ɫɢɫɬɟɦɟ ɪаɜɧа: 

              
 

222

222 ɰ
b

A

ɰ
B

a

ɰ
bɰ p

m

p

m

p
E



,   (1.48) 

ɝɞɟ 
Bb

Bb

mm

mm

 .        (1.49) 

Таɤ ɤаɤ ɪɟаɤɰɢя (1.γ6) ɷɤɡɨɬɟɪɦɢчɟɫɤая ɢ ɫɨɝɥаɫɧɨ ɨɩɪɟɞɟɥɟɧɢɸ ɞɥя 
ɬɟɩɥɨɜɨɝɨ ɷɮɮɟɤɬа ɪɟаɤɰɢɢ Q ɩɨɥɭчɢɦ: 

        ɰɰ
EEQ 0 .    (1.50) 

ɂɡ (1.50) ɞɥя  ɰ
E  ɩɨɥɭчаɟɦ 

        
QEE

ɰɰ  0 .    (1.51) 

ɂɡ (1.48), ɢɫɩɨɥɶɡɭя ɜɵɪаɠɟɧɢя (1.51) ɢ (1.46) ɞɥя   ɰ
bp


 ɩɨɥɭчɢɦ: 

           



  Q
vv

QEEp

ɥ
A

ɥ
aɰɰɰ

b
2

222

2

00

0


  .  (1.52) 

Таɤɢɦ ɨɛɪаɡɨɦ,  ɞɥя ɜɵɪаɠɟɧɢя (1.γ9), ɢɫɩɨɥɶɡɭя ɜɵɪаɠɟɧɢя (1.40), (1.45) 

ɢ (1.49) ɩɨɥɭчɢɦ: 
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 Q
vv

vv
mm

m

m

v

pm

vv

p
ɥ

A

ɥ
a

ɥ
A

ɥ
a

Aa

A

b

ɰ
a

ɰ
bb

ɰ
b

ɰ
a

ɰ
b

2
2

2

00

00

2 



   

 
              



 

 Qvv
mm

mm

mm

mm

vvm

mmm ɥ
A

ɥ
a

Aa

Aa

Bb

Bb

ɥ
A

ɥ
aA

Aab 2
2

00

00


 .          (1.53) 

Тɨɝɞа ɞɥя ɪɟаɤɰɢɣ ɞɟɥɟɧɢя яɞɟɪ ɫ ɧɟɣɬɪɨɧɨɦ a = n ɫɨɝɥаɫɧɨ (1.γ4), (1.37) ɢ 
(1.53) ɩɨɥɭчɢɦ: 

    
              



 

 Qvv
mm

mm

mm

mm

vvm
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Таɤ ɤаɤ ɩɪɢ ɞɟɥɟɧɢɢ яɞɪа ɜɫɟх ɨɫɧɨɜɧɵх  ɪɟаɤɬɨɪɧɵх ɬɨɩɥɢɜɧɵх ɧɭɤɥɢɞɨɜ 
Q ≈ β00 ɆɷВ, ɬɨ 
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ɝɞɟ  
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ɍчɟɫɬɶ ɜɥɢяɧɢɟ ɬɟɩɥɨɜɨɝɨ ɞɜɢɠɟɧɢя яɞɟɪ ɦɨɠɧɨ ɫ ɩɨɦɨщɶɸ ɭɫɪɟɞɧɟɧɧɨɝɨ 
ɩɨ  ɫɤɨɪɨɫɬяɦ ɬɟɩɥɨɜɨɝɨ ɞɜɢɠɟɧɢя яɞɟɪ (ɪаɫɩɪɟɞɟɥɟɧɢɟ Ɇаɤɫɜɟɥɥа) ɫɟчɟɧɢя 

f

nb . Таɤ ɤаɤ ɜɵɪаɠɟɧɢɟ ɪаɫɩɪɟɞɟɥɟɧɢя ɢɡɜɟɫɬɧɨ, ɬɨ ɩɪɨɰɟɞɭɪа ɭɫɪɟɞɧɟɧɢя 
ɜɵɪаɠɟɧɢя (1.55) ɩɨ  ɫɤɨɪɨɫɬяɦ ɬɟɩɥɨɜɨɝɨ ɞɜɢɠɟɧɢя яɞɟɪ ɦɨɠɟɬ ɛɵɬɶ 

ɪɟаɥɢɡɨɜаɧа ɞɨɫɬаɬɨчɧɨ ɥɟɝɤɨ. Ɉɞɧаɤɨ, ɬаɤ ɤаɤ ɪɟɡɭɥɶɬаɬ ɧɟ ɭɞаɟɬɫя ɜɵɪаɡɢɬɶ 
аɧаɥɢɬɢчɟɫɤɢ, ɬɨ ɧа ɩɪаɤɬɢɤɟ ɨɧ ɩɪɟɞɫɬаɜɥяɟɬɫя ɜ ɜɢɞɟ: 

      f

nb

f

nb  ,     (1.57) 

ɝɞɟ  - ɩɪɨɬаɛɭɥɢɪɨɜаɧɧая ɩɨɩɪаɜɨчɧая ɮɭɧɤɰɢя. 

Ɉɬɦɟɬɢɦ, чɬɨ ɩɪɢ    ɥ
A

ɥ
n vv

   (ɛɵɫɬɪɵɟ ɧɟɣɬɪɨɧɵ) ɢɡ (1.55) ɩɨɥɭчɢɦ: 
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ɂɡ (1.58) ɩɪɢ ɮɢɤɫɢɪɨɜаɧɧɨɦ ɡɧачɟɧɢɢ ɞɥя   ɥ
nv


 ɩɨɥɭчɢɦ: 

const
f

nb  .      (1.59) 
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ɉɟɪɟɣɞɟɦ ɬɟɩɟɪɶ ɤ ɪаɫɫɦɨɬɪɟɧɢɸ хаɪаɤɬɟɪɧɵх ɨɫɨɛɟɧɧɨɫɬɟɣ ɪɟаɤɰɢɣ, 
ɢɞɭщɢх чɟɪɟɡ ɫɨɫɬаɜɧɨɟ яɞɪɨ:  

     bBCAa  +Q,   (1.60) 

ɝɞɟ чɟɪɟɡ ɋ ɨɛɨɡɧачɟɧɨ ɫɨɫɬаɜɧɨɟ (compound) яɞɪɨ. Ɉɬɦɟɬɢɦ, чɬɨ ɜɫɟ 
ɪаɫɫɦаɬɪɢɜаɟɦɵɟ ɡɞɟɫɶ ɪɟаɤɬɨɪɧɵɟ ɧɟɣɬɪɨɧɧɵɟ яɞɟɪɧɵɟ ɪɟаɤɰɢɢ ɢɞɭɬ чɟɪɟɡ 
ɫɬаɞɢɸ ɫɨɫɬаɜɧɨɝɨ яɞɪа. Ваɠɧɟɣɲɟɣ ɨɫɨɛɟɧɧɨɫɬɶɸ яɜɥяɟɬɫя ɧɟɡаɜɢɫɢɦɨɫɬɶ 
ɩɪɨɰɟɫɫа ɪаɫɩаɞа ɫɨɫɬаɜɧɨɝɨ яɞɪа ɨɬ ɫɩɨɫɨɛа ɟɝɨ ɨɛɪаɡɨɜаɧɢя. ɉɨɷɬɨɦɭ 
ɫɟчɟɧɢɟ ɪɟаɤɰɢɢ (1.60) ɦɨɠɧɨ ɩɪɟɞɫɬаɜɢɬɶ ɜ ɜɢɞɟ ɩɪɨɢɡɜɟɞɟɧɢя ɞɜɭх 
ɫɨɦɧɨɠɢɬɟɥɟɣ: 

bCaCab P  ,     (1.61) 

ɝɞɟ aC  - ɫɟчɟɧɢɟ ɨɛɪаɡɨɜаɧɢя ɫɨɫɬаɜɧɨɝɨ яɞɪа, bCP  - ɜɟɪɨяɬɧɨɫɬɶ ɪаɫɩаɞа 
ɫɨɫɬаɜɧɨɝɨ яɞɪа ɩɨ ɤаɧаɥɭ b. 

Ɋɟаɤɰɢɢ, ɢɞɭщɢɟ чɟɪɟɡ ɫɨɫɬаɜɧɨɟ яɞɪɨ, ɩɨɞɪаɡɞɟɥяɸɬɫя ɧа ɪɟɡɨɧаɧɫɧɵɟ ɢ 
ɧɟɪɟɡɨɧаɧɫɧɵɟ. Ʉаɤ ɢɡɜɟɫɬɧɨ, ɷɧɟɪɝɢя яɞɪа ɦɨɠɟɬ ɩɪɢɧɢɦаɬɶ ɬɨɥɶɤɨ 
ɞɢɫɤɪɟɬɧɵɣ ɪяɞ ɡɧачɟɧɢɣ, ɫɨɨɬɜɟɬɫɬɜɭɸщɢɣ ɭɪɨɜɧяɦ яɞɪа. Ɉɞɧаɤɨ, 
ɩɪɟɞɫɬаɜɥɟɧɢя ɨɛ ɭɪɨɜɧях ɫ ɬɨчɧɨ ɮɢɤɫɢɪɨɜаɧɧɨɣ ɷɧɟɪɝɢɟɣ ɫɩɪаɜɟɞɥɢɜɨ 
ɬɨɥɶɤɨ ɜ ɨɬɧɨɲɟɧɢɢ ɨɫɧɨɜɧɵх ɫɨɫɬɨяɧɢɣ ɫɬаɛɢɥɶɧɵх яɞɟɪ (ɧɟɜɨɡɛɭɠɞɟɧɧɵɟ 
ɭɪɨɜɧɢ). Вɫɟ ɨɫɬаɥɶɧɵɟ (ɜɨɡɛɭɠɞɟɧɧɵɟ) ɭɪɨɜɧɢ ɧɟ ɨɛɥаɞаɸɬ ɨɩɪɟɞɟɥɟɧɧɨɣ 
ɷɧɟɪɝɢɟɣ – ɨɧɢ ɜ ɬɨɣ ɢɥɢ ɢɧɨɣ ɫɬɟɩɟɧɢ «ɪаɡɦаɡаɧɵ» ɩɨ ɷɧɟɪɝɢɢ. Ɉɰɟɧɤɭ 
ɲɢɪɢɧɵ i  (i  - ɢɧɞɟɤɫ ɭɪɨɜɧя) ɪаɡɦɵɬɢя ɭɪɨɜɧя ɦɨɠɧɨ ɩɨɥɭчɢɬɶ ɢɡ 
ɫɨɨɬɧɨɲɟɧɢя ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɟɣ ɜɪɟɦя-ɷɧɟɪɝɢя. ɋɨɝɥаɫɧɨ ɷɬɨɣ ɨɰɟɧɤɟ, 

iiiE  , ɝɞɟ i  - ɜɪɟɦя ɠɢɡɧɢ ɭɪɨɜɧя. əɞɪɨ ɦɨɠɟɬ ɜɨɡɛɭɠɞаɬɶɫя ɩɪɢ 
ɜɡаɢɦɨɞɟɣɫɬɜɢɢ ɫ ɤаɤɨɣ-ɥɢɛɨ, ɧаɥɟɬаɸщɟɣ ɧа ɧɟɝɨ чаɫɬɢɰɟɣ, ɬɨɥɶɤɨ ɟɫɥɢ 
ɷɧɟɪɝɢя ɟɝɨ ɜɨɡɛɭɠɞɟɧɢя, ɜɵɡɜаɧɧɨɝɨ ɷɬɢɦ ɜɡаɢɦɨɞɟɣɫɬɜɢɟɦ, ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɪаɡɧɨɫɬɢ ɷɧɟɪɝɢɣ ɦɟɠɞɭ ɟɝɨ ɭɪɨɜɧяɦɢ. ɉɨɷɬɨɦɭ ɢ ɫɨɫɬаɜɧɨɟ яɞɪɨ ɦɨɠɟɬ 
ɨɛɪаɡɨɜɵɜаɬɶɫя ɥɢɲɶ ɜ ɬɨɦ ɫɥɭчаɟ, ɟɫɥɢ ɷɧɟɪɝɢя ɧаɥɟɬаɸщɟɣ чаɫɬɢɰɵ 
ɬаɤɨɜа, чɬɨ ɜɵɡɵɜаɟɦɨɟ ɩɪɢ ɜɡаɢɦɨɞɟɣɫɬɜɢɢ ɫ ɧɟɣ ɷɧɟɪɝɢя ɜɨɡɛɭɠɞɟɧɢя 
ɫɨɫɬаɜɧɨɝɨ яɞɪа ɬаɤɨɜа, чɬɨ ɩɨɩаɞаɟɬ ɜ ɢɧɬɟɪɜаɥ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ i  

ɩɨɥɨɠɟɧɢя ɫɨɨɬɜɟɬɫɬɜɭɸщɟɝɨ ɭɪɨɜɧя ɫɨɫɬаɜɧɨɝɨ яɞɪа (ɟɫɥɢ яɞɪɨ ɞɨ 
ɜɡаɢɦɨɞɟɣɫɬɜɢя ɧахɨɞɢɥɨɫɶ ɜ ɨɫɧɨɜɧɨɦ ɫɨɫɬɨяɧɢɢ).  

ȿɫɥɢ ɲɢɪɢɧɵ ɭɪɨɜɧɟɣ ɫɨɫɬаɜɧɨɝɨ яɞɪа ɦɟɧɶɲɟ ɪаɫɫɬɨяɧɢɣ ɦɟɠɞɭ ɧɢɦɢ, ɬɨ 
ɩɪɢ ɮɢɤɫɢɪɨɜаɧɧɨɣ ɷɧɟɪɝɢɢ ɧаɥɟɬаɸщɢх чаɫɬɢɰ ɪɟаɤɰɢя ɦɨɠɟɬ ɢɞɬɢ ɥɢɲɶ 
чɟɪɟɡ ɤаɤɨɣ-ɥɢɛɨ i-ɵɣ ɨɞɢɧɨчɧɵɣ ɭɪɨɜɟɧɶ. Ɂаɜɢɫɢɦɨɫɬɶ ɫɟчɟɧɢя ɪɟаɤɰɢɢ ɨɬ 
ɷɧɟɪɝɢɢ ɧаɥɟɬаɸщɟɣ чаɫɬɢɰɵ ɛɭɞɟɬ ɧɨɫɢɬɶ ɪɟɡɨɧаɧɫɧɵɣ хаɪаɤɬɟɪ. 
ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɷɬɨɦɭ ɢ ɪɟаɤɰɢɢ ɬаɤɨɝɨ ɬɢɩа ɧаɡɵɜаɸɬɫя ɪɟɡɨɧаɧɫɧɵɦɢ. 

ȿɫɥɢ ɠɟ ɭɪɨɜɧɢ ɪаɫɩɨɥɨɠɟɧɵ ɧаɫɬɨɥɶɤɨ ɝɭɫɬɨ, чɬɨ ɪаɫɫɬɨяɧɢя ɦɟɠɞɭ ɧɢɦɢ 
ɦɟɧɶɲɟ ɢх ɲɢɪɢɧ, ɬɨ ɭɪɨɜɧɢ ɫɥɢɜаɸɬɫя ɞɪɭɝ ɫ ɞɪɭɝɨɦ, ɢ ɜ ɷɬɨɦ ɫɥɭчаɟ 
ɪɟаɤɰɢя ɛɭɞɟɬ ɢɞɬɢ ɩɪɢ ɥɸɛɨɣ ɷɧɟɪɝɢɢ ɧаɥɟɬаɸщɟɣ чаɫɬɢɰɵ. Таɤɢɟ ɪɟаɤɰɢɢ 
ɧаɡɵɜаɸɬɫя ɧɟɪɟɡɨɧаɧɫɧɵɦɢ. 
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Дɥя ɪаɫɫɦаɬɪɢɜаɟɦɵх ɡɞɟɫɶ ɪɟаɤɬɨɪɧɵх ɧɟɣɬɪɨɧɧɵх яɞɟɪɧɵх ɪɟаɤɰɢɣ ɞɥя 
ɞɟɥящɢхɫя ɧɭɤɥɢɞɨɜ, ɤаɤ хɨɪɨɲɨ ɢɡɜɟɫɬɧɨ, ɢɡ ɷɤɫɩɟɪɢɦɟɧɬа, ɪɟɡɨɧаɧɫɧая 
ɨɛɥаɫɬɶ ɜ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ ɪаɫɩɨɥаɝаɟɬɫя ɜ ɢɧɬɟɪɜаɥɟ ɨɬ 0,η 
ɷВ ɞɨ 100 ɷВ, ɧаɩɪɢɦɟɪ Д154]. 

Дɥя ɪɟɡɨɧаɧɫɧɵх яɞɟɪɧɵх ɪɟаɤɰɢɣ ɫɟчɟɧɢɟ ɪɟаɤɰɢɢ (1.60), аɧаɥɨɝɢчɧɨ 
(1.61), ɦɨɠɟɬ ɛɵɬɶ ɡаɩɢɫаɧɨ ɜ ɫɥɟɞɭɸщɟɦ ɜɢɞɟ: 

i

b

aCab 
  ,     (1.62) 

ɝɞɟ aC  - ɫɟчɟɧɢɟ ɨɛɪаɡɨɜаɧɢя ɫɨɫɬаɜɧɨɝɨ яɞɪа, 
i

b


 - ɜɟɪɨяɬɧɨɫɬɶ ɪаɫɩаɞа 

ɫɨɫɬаɜɧɨɝɨ яɞɪа ɩɨ ɤаɧаɥɭ b, i  - ɲɢɪɢɧа ɪɟɡɨɧаɧɫɧɨɝɨ ɭɪɨɜɧя ɫɨɫɬаɜɧɨɝɨ 
яɞɪа, i  - ɢɧɞɟɤɫ ɪɟɡɨɧаɧɫɧɨɝɨ ɭɪɨɜɧя, 

      dbai ,   (1.63) 

ɝɞɟ ,,, dba   - ɪаɡɥɢчɧɵɟ ɤаɧаɥɵ ɪɟаɤɰɢɢ, а, ɧаɩɪɢɦɟɪ, ɜɟɥɢчɢɧа   
i

a


 - ɪаɜɧа 

ɜɟɪɨяɬɧɨɫɬɢ ɪаɫɩаɞа ɫɨɫɬаɜɧɨɝɨ яɞɪа ɩɨ ɜхɨɞɧɨɦɭ ɤаɧаɥɭ. ɉɨɞчɟɪɤɧɟɦ, чɬɨ 
ɩɪɢ ɷɬɨɦ ɜɟɥɢчɢɧɵ (ɩаɪɰɢаɥɶɧɵɟ ɲɢɪɢɧɵ) ,,,, dba   а, ɫɥɟɞɨɜаɬɟɥɶɧɨ, ɢ i  

ɧɟ ɡаɜɢɫяɬ ɨɬ ɬɨɝɨ, ɤаɤɨɣ ɤаɧаɥ яɜɥяɟɬɫя ɜхɨɞɧɵɦ. 

ɂɡ ɜɵɲɟɢɡɥɨɠɟɧɧɨɝɨ ɫɥɟɞɭɟɬ, чɬɨ ɜ ɨɛɥаɫɬɢ ɪаɫɩɨɥɨɠɟɧɢя 
ɢɡɨɥɢɪɨɜаɧɧɨɝɨ ɭɪɨɜɧя ɫɨ ɫɪɟɞɧɟɣ ɷɧɟɪɝɢɟɣ i

rE  (i  - ɢɧɞɟɤɫ ɪɟɡɨɧаɧɫɧɨɝɨ 
ɭɪɨɜɧя), ɬɨ ɟɫɬɶ ɭɞаɥɟɧɧɨɝɨ ɨɬ ɫɜɨɢх ɫɨɫɟɞɧɢх ɭɪɨɜɧɟɣ, ɷɮɮɟɤɬɢɜɧɨɟ ɫɟчɟɧɢɟ 

ab  ɪɟаɤɰɢɢ ɞɨɥɠɧɨ ɢɦɟɬɶ ɪɟɡɨɧаɧɫɧɵɣ ɦаɤɫɢɦɭɦ. В ɤɜаɧɬɨɜɨɣ ɦɟхаɧɢɤɟ 
ɞɨɤаɡаɧɨ, ɧаɩɪɢɦɟɪ Д15ηЖ, чɬɨ ɞɥя ɦаɥɵх i

ra EE    ɮɨɪɦа ɷɬɨɝɨ ɪɟɡɨɧаɧɫа 
ɨɩɢɫɵɜаɟɬɫя ɮɨɪɦɭɥɨɣ Ȼɪɟɣɬа-Вɢɝɧɟɪа: 

     
4

2
2

2

ii

ra

ba

aab

EE

g 
  ,   (1.64) 

ɝɞɟ 
p

a


   - ɞɥɢɧа ɜɨɥɧɵ ɧаɥɟɬаɸщɟɣ чаɫɬɢɰɵ a , а p – ɢɦɩɭɥɶɫ чаɫɬɢɰɵ a , 

aE  - ɟɟ ɷɧɟɪɝɢя; g – ɫɬаɬɢɫɬɢчɟɫɤɢɣ ɦɧɨɠɢɬɟɥɶ: 

       1212

12




Aa jj

J
g ,   (1.65) 

ɝɞɟ J  - ɩɨɥɧɵɣ ɦɨɦɟɧɬ ɪɟɡɨɧаɧɫɧɨɝɨ ɭɪɨɜɧя ɫɨɫɬаɜɧɨɝɨ яɞɪа, aj  ɢ Aj  - ɫɩɢɧɵ 
ɫɬаɥɤɢɜаɸщɢхɫя чаɫɬɢɰ. В Д155Ж ɬаɤɠɟ ɨɬɦɟчаɟɬɫя, чɬɨ ,,,, dba   

ɩɪɨɩɨɪɰɢɨɧаɥɶɧɵ ɦаɬɪɢчɧɵɦ ɷɥɟɦɟɧɬаɦ ɫɨɨɬɜɟɬɫɬɜɭɸщɢх ɩɟɪɟхɨɞɨɜ ɢɡ 
ɫɨɫɬɨяɧɢя ɫɨɫɬаɜɧɨɝɨ яɞɪа ɜ ɤаɤɨɟ-ɥɢɛɨ ɤɨɧɟчɧɨɟ ɫɨɫɬɨяɧɢɟ. 
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Дɥя ɛɟɡɫɩɢɧɨɜɵх чаɫɬɢɰ, ɜɫɬɭɩаɸщɢх ɜ ɪɟаɤɰɢɸ ɢɡ S-ɫɨɫɬɨяɧɢɣ (l = 0) 

ɩɨɥɭчɢɦ ɭɩɪɨщɟɧɧɭɸ ɮɨɪɦɭɥɭ: 
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2
2

2

ii

ra

ba

aab

EE


  .    (1.66) 

ɋɥɨɠɢɜ ɫɟчɟɧɢя ɪɟаɤɰɢɣ (1.64) ɩɨ ɜɫɟɦ ɜɨɡɦɨɠɧɵɦ ɤаɧаɥаɦ, ɜɤɥɸчая 
ɜхɨɞɧɨɣ ɭɩɪɭɝɢɣ, ɦɵ ɩɨɥɭчɢɦ ɞɥя ɩɨɥɧɨɝɨ ɫɟчɟɧɢя ɨɛɪаɡɨɜаɧɢя ɫɨɫɬаɜɧɨɝɨ 
яɞɪа (ɤɨɬɨɪɨɟ ɫɨɝɥаɫɧɨ ɩɪɢɧɰɢɩɭ ɞɟɬаɥɶɧɨɝɨ ɪаɜɧɨɜɟɫɢя ɪаɜɧɨ ɩɨɥɧɨɦɭ 
ɫɟчɟɧɢɸ ɪаɫɩаɞа ɫɨɫɬаɜɧɨɝɨ яɞɪа ɩɨ ɜɫɟɦ ɜɨɡɦɨɠɧɵɦ ɤаɧаɥаɦ) ɫɥɟɞɭɸщɟɟ 
ɜɵɪаɠɟɧɢɟ: 
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  .   (1.67) 

Ɉɬɦɟɬɢɦ, чɬɨ ɢɡ (1.67) ɜɢɞɧɨ, чɬɨ ɮɨɪɦɭɥɭ Ȼɪɟɣɬа-Вɢɝɧɟɪа (1.64) ɦɨɠɧɨ 
ɡаɩɢɫаɬɶ ɜ ɜɢɞɟ: 

      i

b
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aab

EE
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2 ,   

чɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɜɵɪаɠɟɧɢɸ (1.62). 

Дɥя ɧɟɣɬɪɨɧɧɵх ɪɟɡɨɧаɧɫɧɵх яɞɟɪɧɵх ɪɟаɤɰɢɣ ɫɟчɟɧɢɟ ɪɟаɤɰɢɢ ɫɨɝɥаɫɧɨ 
(1.38) ɦɵ ɦɨɠɟɦ ɡаɩɢɫаɬɶ ɜ ɜɢɞɟ: 
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EE

g 
  ,   (1.68) 

ɝɞɟ b – ɢɧɞɟɤɫ ɩɪɨɰɟɫɫа (ɩаɪɰɢаɥɶɧɨɣ ɲɢɪɢɧɵ), ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɩɪɢɧɢɦаɬɶ 
ɫɥɟɞɭɸщɢɟ ɡɧачɟɧɢя:  nr  - ɪɟɡɨɧаɧɫɧɨɟ ɪаɫɫɟяɧɢɟ (ɧɟɣɬɪɨɧɧая ɩаɪɰɢаɥɶɧая 
ɲɢɪɢɧа);  c  - ɪаɞɢаɰɢɨɧɧɵɣ ɡахɜаɬ (ɪаɞɢаɰɢɨɧɧая ɩаɪɰɢаɥɶɧая ɲɢɪɢɧа);  ff  - ɞɟɥɟɧɢɟ (ɩаɪɰɢаɥɶɧая ɲɢɪɢɧа ɞɟɥɟɧɢя); ɢ ɞɪɭɝɢɟ ɜɨɡɦɨɠɧɵɟ 
ɡɧачɟɧɢя, ɫɨɨɬɜɟɬɫɬɜɭɸщɢɟ ɞɪɭɝɢɦ ɜɨɡɦɨɠɧɵɦ ɤаɧаɥаɦ. 

ɋɨɝɥаɫɧɨ Д154Ж, ɟɫɥɢ ɞɥɢɧɭ ɜɨɥɧɵ ɧɟɣɬɪɨɧа (ɜ ɫɦ) ɜɵɪаɡɢɬɶ чɟɪɟɡ ɟɝɨ 
ɤɢɧɟɬɢчɟɫɤɭɸ ɷɧɟɪɝɢɸ ȿ (ɜ ɷВ), ɬɨ ɜ ɲɢɪɨɤɨɦ ɢɧɬɟɪɜаɥɟ ɷɧɟɪɝɢɣ 0÷100 ɆɷВ 
ɞɥɢɧɭ ɜɨɥɧɵ ɧɟɣɬɪɨɧа ɦɨɠɧɨ ɩɨɥɭчɢɬɶ ɢɡ ɫɨɨɬɧɨɲɟɧɢя: 

     
nE

101045,4  .    (1.69) 

  ɋɬаɬɢɫɬɢчɟɫɤɢɣ ɦɧɨɠɢɬɟɥɶ g  ɞɥя S-ɫɨɫɬɨяɧɢɣ (l = 0), чɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɦаɥɵɦ ɷɧɟɪɝɢяɦ ɧɟɣɬɪɨɧɨɜ, ɫɨɝɥаɫɧɨ Д154Ж ɪаɜɟɧ: 
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      122

12




Aj

J
g ,    (1.70) 

ɢ ɦɨɠɟɬ ɩɪɢɧɢɦаɬɶ ɞɜа ɡɧачɟɧɢя: 

     12
1 

A

A

j

j
g  ɢ    12

 1
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A

A

j

j
g    (1.71) 

ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɜɭɦя ɜɨɡɦɨɠɧɵɦɢ ɡɧачɟɧɢяɦɢ ɫɩɢɧа ɫɨɫɬаɜɧɨɝɨ яɞɪа: 

    
2

1
1  AjJ  ɢ 

2

1
2  AjJ . 

ɉɪɢ ɜɡаɢɦɨɞɟɣɫɬɜɢɢ ɧɟɣɬɪɨɧɨɜ ɫ чɟɬɧɨ-чɟɬɧɵɦɢ яɞɪаɦɢ, ɞɥя ɤɨɬɨɪɵх 
0Aj , g =1. ɉɪɢ ɛɨɥɶɲɢх ɡɧачɟɧɢях Aj   

2

1g . 

Таɤɠɟ ɫɨɝɥаɫɧɨ Д154Ж, ɡаɜɢɫɢɦɨɫɬɶ ɪаɞɢаɰɢɨɧɧɨɣ ɲɢɪɢɧɵ   ɨɬ ɷɧɟɪɝɢɢ 
ɧɟɣɬɪɨɧɨɜ ɢ ɦаɫɫɨɜɨɝɨ чɢɫɥа яɞɪа – ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɥаɛая. ɋ ɪɨɫɬɨɦ 
ɦаɫɫɨɜɨɝɨ чɢɫɥа   ɜ ɫɪɟɞɧɟɦ ɧɟɫɭщɟɫɬɜɟɧɧɨ ɭɦɟɧɶɲаɟɬɫя ɢ ɢɦɟɟɬ 
ɦаɤɫɢɦɭɦɵ ɜɛɥɢɡɢ ɦаɝɢчɟɫɤɢх чɢɫɟɥ. Дɥя ɫɪɟɞɧɢх яɞɟɪ 2,0  ɷВ, а ɞɥя 
ɬяɠɟɥɵх 05,0  ɷВ. ɇɟɣɬɪɨɧɧая ɲɢɪɢɧа n  ɫɭщɟɫɬɜɟɧɧɨ ɡаɜɢɫɢɬ ɤаɤ ɨɬ 
ɷɧɟɪɝɢɢ ɧɟɣɬɪɨɧа, ɬаɤ ɢ ɨɬ ɦаɫɫɨɜɨɝɨ чɢɫɥа. Дɥя ɭɞɨɛɫɬɜа ɨɩɢɫаɧɢя ɷɬɨɣ 
ɡаɜɢɫɢɦɨɫɬɢ ɜɜɨɞɢɬɫя ɩɪɢɜɟɞɟɧɧая ɧɟɣɬɪɨɧɧая ɲɢɪɢɧа 0n  ɢ ɬɨɝɞа ɞɥя n  

ɡаɩɢɫɵɜаɟɬɫя ɜɵɪаɠɟɧɢɟ: 

     
nnn E0 .     (1.72) 

Ɂɧачɟɧɢя 0n  ɪаɫɩɪɟɞɟɥɟɧɵ ɩɨ ɫɬаɬɢɫɬɢчɟɫɤɨɦɭ ɡаɤɨɧɭ (ɧɨɪɦаɥɶɧɨɟ 
ɪаɫɩɪɟɞɟɥɟɧɢɟ ɞɥя 0n ) ɜɨɤɪɭɝ ɫɪɟɞɧɟɝɨ 0n , ɤɨɬɨɪɨɟ яɜɥяɟɬɫя 
хаɪаɤɬɟɪɢɫɬɢɤɨɣ ɞаɧɧɨɝɨ яɞɪа. Ɂɧачɟɧɢɟ 0n  ɡаɜɢɫɢɬ ɨɬ ɦаɫɫɨɜɨɝɨ чɢɫɥа 
ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɬаɤ ɠɟ, ɤаɤ ɫɪɟɞɧɟɟ ɪаɫɫɬɨяɧɢɟ (ɩɨ ɷɧɟɪɝɢяɦ) ɦɟɠɞɭ 
ɭɪɨɜɧяɦɢ D. Таɤɢɦ ɨɛɪаɡɨɦ, ɧɟɣɬɪɨɧɧɵɟ ɩаɪɰɢаɥɶɧɵɟ ɲɢɪɢɧɵ ɜɨɡɪаɫɬаɸɬ ɜ 
ɫɪɟɞɧɟɦ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɦаɫɫɨɜɨɝɨ чɢɫɥа яɞɟɪ ɢ ɫ ɪɨɫɬɨɦ ɷɧɟɪɝɢɢ ɧɟɣɬɪɨɧɨɜ. 
ɉɪɢ ɷɧɟɪɝɢɢ ɧɟɣɬɪɨɧɨɜ 1 ɷВ n  ɢɦɟɟɬ ɩɪɢɦɟɪɧɨ ɫɥɟɞɭɸщɢɟ ɡɧачɟɧɢя: ɞɥя 
ɥɟɝɤɢх яɞɟɪ – 1 ɤɷВ, ɞɥя ɫɪɟɞɧɢх яɞɟɪ – 1ɷВ, ɞɥя ɬяɠɟɥɵх яɞɟɪ – 0,001 ɷВ. 

Ɉɬɦɟɬɢɦ ɫɥɟɞɭɸщɟɟ. Ɋɟɡɨɧаɧɫɵ ɬяɠɟɥɵх яɞɟɪ ɪаɫɩɨɥɨɠɟɧɵ ɜ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɭɡɤɨɦ ɢɧɬɟɪɜаɥɟ ɷɧɟɪɝɢɣ. ɋɪɟɞɧɟɟ ɠɟ ɪаɫɫɬɨяɧɢɟ ɦɟɠɞɭ 
ɪɟɡɨɧаɧɫаɦɢ D ɨɩɪɟɞɟɥяɟɬɫя ɷɧɟɪɝɢɟɣ ɜɨɡɛɭɠɞɟɧɢя 

E . Эɬɨ ɨɡɧачаɟɬ, чɬɨ ɞɥя 
ɬяɠɟɥɵх яɞɟɪ D ɨɫɬаɟɬɫя ɩɪаɤɬɢчɟɫɤɢ ɧɟɢɡɦɟɧɧɵɦ ɜɨ ɜɫɟɣ ɨɛɥаɫɬɢ 
ɪɟɡɨɧаɧɫɨɜ, ɬаɤ ɤаɤ ɞɥя ɧɢх ɩɪаɤɬɢчɟɫɤɢ ɧɟɢɡɦɟɧɧɨ ɡɧачɟɧɢɟ 

E (ɨɫɧɨɜɧɨɣ 
ɜɤɥаɞ ɜ 

E , ɤаɤ ɢɡɜɟɫɬɧɨ, ɞаɟɬ ɷɧɟɪɝɢя ɫɜяɡɢ ɧɟɣɬɪɨɧа кɷȼn 1 ). 
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Ɋаɡɥɢчɢɟ ɜ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɷɧɟɪɝɢɢ ɧɟɣɬɪɨɧɨɜ ɜɟɥɢчɢɧ   ɢ n  ɨɛɴяɫɧяɟɬɫя 
ɬɟɦ, чɬɨ ɩɟɪɜая ɢɡ ɧɢх ɨɩɪɟɞɟɥяɟɬɫя ɷɧɟɪɝɢɟɣ ɜɨɡɛɭɠɞɟɧɢя ɫɨɫɬаɜɧɨɝɨ яɞɪа 

*E , ɩɪаɤɬɢчɟɫɤɢ ɩɨɫɬɨяɧɧɨɣ ɜ ɞɨɫɬаɬɨчɧɨ ɲɢɪɨɤɨɦ ɢɧɬɟɪɜаɥɟ ɷɧɟɪɝɢɣ nE  

( *EEn  ), а ɜɬɨɪая ɡаɜɢɫɢɬ ɢɦɟɧɧɨ ɨɬ nE . 

ɒɢɪɢɧа ɞɟɥɟɧɢя f  ɢɦɟɟɬ ɪаɫɩɪɟɞɟɥɟɧɢɟ, аɧаɥɨɝɢчɧɨɟ ɪаɫɩɪɟɞɟɥɟɧɢɸ 0n , 

ɬɨ ɟɫɬɶ ɮɥɭɤɬɭɢɪɭɟɬ ɨɬ ɪɟɡɨɧаɧɫа ɤ ɪɟɡɨɧаɧɫɭ ɩɨ ɨɩɪɟɞɟɥɟɧɧɨɦɭ 
ɫɬаɬɢɫɬɢчɟɫɤɨɦɭ ɡаɤɨɧɭ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɨɞɢɧаɤɨɜɵɦ ɨɛɪаɡɨɦ ɞɥя ɜɫɟх 
ɞɟɥящɢхɫя яɞɟɪ. ɋɪɟɞɧɟɟ ɡɧачɟɧɢɟ 1,0f

ɷВ. 

Ɋɟɡɨɧаɧɫɧая ɷɧɟɪɝɢя, ɫɟчɟɧɢɟ ɩɪɢ ɪɟɡɨɧаɧɫɧɨɣ ɷɧɟɪɝɢɢ ɢ ɩаɪɰɢаɥɶɧɵɟ 
ɲɢɪɢɧɵ ɪɟɡɨɧаɧɫа ɧаɡɵɜаɸɬɫя ɩаɪаɦɟɬɪаɦɢ ɪɟɡɨɧаɧɫа. Ɂɧая ɷɬɢ ɩаɪаɦɟɬɪɵ, 
ɦɨɠɧɨ ɫ ɩɨɦɨщɶɸ Ȼɪɟɣɬа-Вɢɝɧɟɪа ɜɨɫɩɪɨɢɡɜɟɫɬɢ ɡаɜɢɫɢɦɨɫɬɢ ɪɟɡɨɧаɧɫɧɵх 
ɫɟчɟɧɢɣ ɨɬ ɷɧɟɪɝɢɢ ɧɟɣɬɪɨɧɨɜ ɢ ɦаɫɫɨɜɵх чɢɫɟɥ, ɩɨɷɬɨɦɭ ɩаɪаɦɟɬɪɵ 
ɪɟɡɨɧаɧɫɨɜ ɬаɛɭɥɢɪɭɸɬɫя ɢ хɨɪɨɲɨ ɢɡɜɟɫɬɧɵ ɞɥя ɞɟɥящɢхɫя ɧɭɤɥɢɞɨɜ, 
ɧаɩɪɢɦɟɪ Д154].  

Ɂɧаɧɢɟ ɷɧɟɪɝɟɬɢчɟɫɤɢх ɡаɜɢɫɢɦɨɫɬɟɣ ɩаɪɰɢаɥɶɧɵх ɲɢɪɢɧ ɩɨɡɜɨɥяɟɬ 
ɡаɩɢɫаɬɶ ɮɨɪɦɭɥɭ Вɢɝɧɟɪа-Ȼɪɟɣɬа (1.68) ɞɥя ɥɸɛɨɝɨ b-ɝɨ ɩɪɨɰɟɫɫа ɜ ɜɢɞɟ, 
ɩɨɤаɡɵɜаɸщɟɦ яɜɧɭɸ ɡаɜɢɫɢɦɨɫɬɶ nb  ɨɬ ɷɧɟɪɝɢɢ ɧɟɣɬɪɨɧа. ɋɨɝɥаɫɧɨ ɫ 
ɡаɜɢɫɢɦɨɫɬɶɸ (1.72) ɦɵ ɦɨɠɟɦ ɧаɩɢɫаɬɶ:  

       i
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i

rnn EEE 0 .   (1.73) 

ɂɡ (1.73) ɩɨɥɭчɢɦ: 
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EE  0      (1.74) 

ɢ, ɫɥɟɞɨɜаɬɟɥɶɧɨ,   
nn E  ɦɨɠɟɦ ɡаɩɢɫаɬɶ ɜ ɫɥɟɞɭɸщɟɦ ɜɢɞɟ: 
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     (1.75) 

Аɧаɥɨɝɢчɧɨ ɩɪɟɞɵɞɭщɟɦɭ, ɫɨɝɥаɫɧɨ ɫ ɡаɜɢɫɢɦɨɫɬɶɸ (1.69) ɦɵ ɦɨɠɟɦ 
ɧаɩɢɫаɬɶ: 
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EE

101045,4      (1.76) 

ɢ, ɫɥɟɞɨɜаɬɟɥɶɧɨ,  (1.69) ɦɵ ɦɨɠɟɦ ɬɟɩɟɪɶ ɡаɩɢɫаɬɶ ɜ ɫɥɟɞɭɸщɟɦ ɜɢɞɟ: 
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EEE
E

      (1.77) 
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ɉɨɥаɝая ɫɨɝɥаɫɧɨ ɜɵɲɟɢɡɥɨɠɟɧɧɨɦɭ, чɬɨ 1,0 ff const ɷВ, а ɬаɤɠɟ 
ɢɫɩɨɥɶɡɭя ɜɵɪаɠɟɧɢɟ (1.77) ɞɥя  , ɬɟɩɟɪɶ (1.68) ɦɵ ɦɨɠɟɦ ɡаɩɢɫаɬɶ ɞɥя 
ɪɟаɤɰɢɢ ɞɟɥɟɧɢя ɜ ɜɢɞɟ: 
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 ,    (1.78) 

ɝɞɟ 0

f  - ɫɟчɟɧɢɟ ɞɟɥɟɧɢя ɩɪɢ ɪɟɡɨɧаɧɫɧɨɣ ɷɧɟɪɝɢɢ i

rE  (ɧаɩɨɦɧɢɦ, чɬɨ i - 

ɢɧɞɟɤɫ ɪɟɡɨɧаɧɫа): 

       if

i

rnn

i

rnf EEgEE   40 .   (1.79) 

Аɧаɥɨɝɢчɧɵɦ ɨɛɪаɡɨɦ, ɩɨɥаɝая, чɬɨ 05,0 const ɷВ, ɦɵ ɦɨɠɟɦ ɡаɩɢɫаɬɶ 
ɜɵɪаɠɟɧɢɟ ɞɥя ɫɟчɟɧɢя ɪɟаɤɰɢɢ ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа ɧɟɣɬɪɨɧа ɜ 
ɫɥɟɞɭɸщɟɦ ɜɢɞɟ: 
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 ,    (1.80) 

ɝɞɟ 0

c  - ɫɟчɟɧɢɟ ɪɟаɤɰɢɢ ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа ɧɟɣɬɪɨɧа ɩɪɢ ɪɟɡɨɧаɧɫɧɨɣ 
ɷɧɟɪɝɢɢ i

rE : 

       i

i

rnn

i

rnf EEgEE   40 .   (1.81) 

ɋɟчɟɧɢя ɩɪɢ ɷɧɟɪɝɢях ɪɟɡɨɧаɧɫɨɜ ɜ ɫɪɟɞɧɟɦ ɭɜɟɥɢчɢɜаɸɬɫя ɫ 
ɭɦɟɧɶɲɟɧɢɟɦ ɷɧɟɪɝɢɢ ɧɟɣɬɪɨɧɨɜ ɢ ɞɥя ɬяɠɟɥɵх яɞɟɪ ɦɨɝɭɬ ɞɨɫɬɢɝаɬɶ 
ɛɨɥɶɲɢх ɡɧачɟɧɢɣ ɜ ɨɛɥаɫɬɢ ɩɟɪɜɵх ɪɟɡɨɧаɧɫɨɜ ( nE << 100ɷВ). В ɪɟаɤɬɨɪɟ 
ɜɫɟɝɞа ɟɫɬɶ ɬаɤɢɟ яɞɪа. Ʉ ɧɢɦ ɨɬɧɨɫяɬɫя ɜ ɩɟɪɜɭɸ ɨчɟɪɟɞɶ ɢɡɨɬɨɩɵ ɭɪаɧа 
(ɧаɩɪɢɦɟɪ, U

238

92  - ɧаɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɣ ɪɟɡɨɧаɧɫɧɵɣ ɩɨɝɥɨɬɢɬɟɥɶ 
ɧɟɣɬɪɨɧɨɜ (ɪɟаɤɰɢя ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа ɧɟɣɬɪɨɧа)) ɢ ɩɥɭɬɨɧɢя, а ɬаɤɠɟ 
ɩɪɨɞɭɤɬɵ ɞɟɥɟɧɢя ɷɬɢх яɞɟɪ. Ɉɫɨɛɟɧɧɨ ɜɟɥɢɤɢ ɡɧачɟɧɢя ɫɟчɟɧɢя 
ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа nc  ɞɥя ɪɟɡɨɧаɧɫɨɜ ɧɟɤɨɬɨɪɵх ɩɪɨɞɭɤɬɨɜ ɞɟɥɟɧɢя, 

ɪаɫɩɨɥɨɠɟɧɧɵх ɜ ɨɛɥаɫɬɢ ɬɟɩɥɨɜɵх ɧɟɣɬɪɨɧɨɜ. ɇаɩɪɢɦɟɪ, ɞɥя  e135  ɜ 
ɪɟɡɨɧаɧɫɟ ɩɪɢ 08,0rE ɷВ 2180 103,3 ɫɦɫ

 . 

Тɟɩɟɪɶ ɪаɫɫɦɨɬɪɢɦ ɜɨɩɪɨɫ ɨ ɜɥɢяɧɢɢ ɬɟɦɩɟɪаɬɭɪɵ ɬɨɩɥɢɜɧɨɣ ɫɪɟɞɵ 
(ɦɟɬаɥɥа) ɧа ɫɟчɟɧɢя nf  ɢ nc . В ɮɨɪɦɭɥах Ȼɪɟɣɬа-Вɢɝɧɟɪа nE  ɩɪɟɞɫɬаɜɥяɟɬ 
ɫɨɛɨɣ ɫɭɦɦаɪɧɭɸ ɤɢɧɟɬɢчɟɫɤɭɸ ɷɧɟɪɝɢɸ ɫɬаɥɤɢɜаɸщɢхɫя ɧɟɣɬɪɨɧа ɢ яɞɪа ɜ 
ɫɢɫɬɟɦɟ ɰɟɧɬɪа ɢɧɟɪɰɢɢ. Эɬɨ ɨɡɧачаɟɬ, чɬɨ nE  ɧɟ ɫɨɜɩаɞаɟɬ ɫ ɤɢɧɟɬɢчɟɫɤɨɣ 
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ɷɧɟɪɝɢɟɣ ɧɟɣɬɪɨɧа ɜ ɥаɛɨɪаɬɨɪɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧаɬ E . Дɥя nE  ɥɟɝɤɨ 
ɩɨɥɭчɢɬɶ ɜɵɪаɠɟɧɢɟ: 
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, (1.82) 

ɝɞɟ Ɇ – ɦаɫɫа яɞɪа-ɦɢɲɟɧɢ, nv


 - ɫɤɨɪɨɫɬɶ ɧɟɣɬɪɨɧа ɜ ɥаɛɨɪаɬɨɪɧɨɣ ɫɢɫɬɟɦɟ, 
Mv


 - ɫɤɨɪɨɫɬɶ яɞɪа ɜ ɥаɛɨɪаɬɨɪɧɨɣ ɫɢɫɬɟɦɟ (ɫɤɨɪɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɞɜɢɠɟɧɢя),  

ɆE  - ɤɢɧɟɬɢчɟɫɤая ɷɧɟɪɝɢя яɞɪа-ɦɢɲɟɧɢ ɜ ɥаɛɨɪаɬɨɪɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧаɬ. 
ȿɫɥɢ ɷɧɟɪɝɢя E  ɜɟɥɢɤа ɩɨ ɫɪаɜɧɟɧɢɸ ɫ ɆE  ( kTEɆ  ), а Ɇ >> nm , ɬɨ ɜɬɨɪɵɦ 
чɥɟɧɨɦ ɜ (1.82) ɦɨɠɧɨ ɩɪɟɧɟɛɪɟчɶ ɢ (1.82) ɭɞɨɛɧɨ ɩɪɟɞɫɬаɜɢɬɶ ɜ ɫɥɟɞɭɸщɟɦ 
ɜɢɞɟ: 
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2 .  (1.83) 

ɂɡ (1.83) ɜɢɞɧɨ, чɬɨ ɧɟɣɬɪɨɧ ɫ ɡаɞаɧɧɨɣ ɷɧɟɪɝɢɟɣ E  (ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɥаɛɨɪаɬɨɪɧɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧаɬ) ɜ ɨɛɥаɫɬɢ ɪɟɡɤɨɝɨ ɢɡɦɟɧɟɧɢя ɫɟчɟɧɢя ɜ 
ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɷɧɟɪɝɢɢ ɧɟɣɬɪɨɧа (ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧаɬ ɰɟɧɬɪа 
ɢɧɟɪɰɢɢ), ɬɨ ɟɫɬɶ ɜ ɨɛɥаɫɬɢ ɪɟɡɨɧаɧɫа, ɛɭɞɟɬ ɜɡаɢɦɨɞɟɣɫɬɜɨɜаɬɶ ɫ яɞɪаɦɢ ɫ 
ɪаɡɥɢчɧɵɦɢ ɜɟɪɨяɬɧɨɫɬяɦɢ, ɡаɜɢɫящɢɦɢ ɨɬ ɫɤɨɪɨɫɬɟɣ яɞɟɪ, а, ɫɥɟɞɨɜаɬɟɥɶɧɨ, 
ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɫɪɟɞɵ. Таɤɢɦ ɨɛɪаɡɨɦ, ɜɥɢяɧɢɟ ɬɟɩɥɨɜɨɝɨ ɞɜɢɠɟɧɢя яɞɟɪ 
(аɬɨɦɨɜ) ɫɪɟɞɵ ɫɜɨɞɢɬɫя ɤ ɭɜɟɥɢчɟɧɢɸ ɲɢɪɢɧɵ ɪɟɡɨɧаɧɫɨɜ ɢ ɭɦɟɧɶɲɟɧɢɸ 
ɜɵɫɨɬɵ ɪɟɡɨɧаɧɫа (чɬɨ ɩɨɧяɬɧɨ ɢɡ ɜɟɪɨяɬɧɨɫɬɧɵх ɫɨɨɛɪаɠɟɧɢɣ, ɢɛɨ ɩɥɨщаɞɶ 
ɩɨɞ ɤɪɢɜɨɣ ɪɟɡɨɧаɧɫа ɞɨɥɠɧа ɞаɜаɬɶ ɩɨɥɧɭɸ ɜɟɪɨяɬɧɨɫɬɶ ɩɪɨɰɟɫɫа). Эɬɨɬ 
ɷɮɮɟɤɬ ɩɨ аɧаɥɨɝɢɢ ɫ ɨɩɬɢɤɨɣ ɩɪɢɧяɬɨ ɧаɡɵɜаɬɶ ɷɮɮɟɤɬɨɦ Дɨɩɥɟɪа. ɂɡ 
(1.83) ɨчɟɜɢɞɧɨ, чɬɨ ɷɮɮɟɤɬɨɦ Дɨɩɥɟɪа ɦɨɠɧɨ ɩɪɟɧɟɛɪɟчɶ ɩɪɢ 
ɜɡаɢɦɨɞɟɣɫɬɜɢɢ ɛɵɫɬɪɵх ɧɟɣɬɪɨɧɨɜ ɫ яɞɪаɦɢ. ɉɨɫɤɨɥɶɤɭ ɜ ɨɛɥаɫɬɢ ɦаɥɵх 
ɡɧачɟɧɢɣ E  ɪɟɡɨɧаɧɫɧɵɟ ɭɪɨɜɧɢ ɧаɛɥɸɞаɸɬɫя ɥɢɲɶ ɭ ɬяɠɟɥɵх яɞɟɪ, ɬɨ 
ɷɮɮɟɤɬ Дɨɩɥɟɪа ɡаɦɟɬɟɧ ɬɨɥɶɤɨ ɩɪɢ ɜɡаɢɦɨɞɟɣɫɬɜɢɢ ɧɟɣɬɪɨɧɨɜ ɫ ɬаɤɢɦɢ 
яɞɪаɦɢ ɢ ɬɟɦ ɫɢɥɶɧɟɟ, чɟɦ ɜɵɲɟ ɬɟɦɩɟɪаɬɭɪа ɫɪɟɞɵ. ɋɨɝɥаɫɧɨ Д154] 

ɩɪаɤɬɢчɟɫɤɨɟ ɡɧачɟɧɢɟ ɞɥя ɮɢɡɢɤɢ ɪɟаɤɬɨɪɨɜ ɢɦɟɟɬ ɜɥɢяɧɢɟ ɷɮɮɟɤɬа 
Дɨɩɥɟɪа ɧа ɡаɜɢɫɢɦɨɫɬɶ ɫɟчɟɧɢя ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа (ɩɨɝɥɨщɟɧɢя ɞɥя 
ɞɟɥящɢхɫя яɞɟɪ) ɨɬ ɷɧɟɪɝɢɢ ɧɟɣɬɪɨɧɨɜ. 

Дɥя ɨɩɪɟɞɟɥɟɧɢя nb  ɫ ɭчɟɬɨɦ ɬɟɩɥɨɜɨɝɨ ɞɜɢɠɟɧɢя яɞɟɪ ɧɟɨɛхɨɞɢɦɨ 
ɭɫɪɟɞɧɢɬɶ ɪɟɡɨɧаɧɫɧɨɟ ɫɟчɟɧɢɟ nb  (ɧаɩɪɢɦɟɪ, ɢɧɬɟɪɟɫɭɸщɢɟ ɧаɫ ɡɞɟɫɶ 
ɜɵɪаɠɟɧɢя (1.78) ɢ (1.80)), ɜɡяɬɨɟ ɩɪɢ ɡаɞаɧɧɨɦ ɡɧачɟɧɢɢ E  ɛɟɡ ɭчɟɬа 
ɬɟɩɥɨɜɨɝɨ ɞɜɢɠɟɧɢя яɞɟɪ, ɩɨ ɜɫɟɦ ɜɨɡɦɨɠɧɵɦ ɡɧачɟɧɢяɦ nE ,  ɡаɞаɜаɟɦɵɦ 
ɜɵɪаɠɟɧɢɟɦ (1.82), ɢɥɢ ɩɪɢɛɥɢɠɟɧɧɵɦ ɜɵɪаɠɟɧɢɟɦ (1.83), ɩɪɢ ɡаɞаɧɧɨɦ 
ɡɧачɟɧɢɢ E . Ɋаɫɩɪɟɞɟɥɟɧɢɟ яɞɟɪ ɩɨ ɫɤɨɪɨɫɬяɦ ɢɥɢ ɷɧɟɪɝɢяɦ ɡаɞаɟɬɫя 
ɪаɫɩɪɟɞɟɥɟɧɢɟɦ Ɇаɤɫɜɟɥɥа ɢ ɩɪɨɰɟɞɭɪа ɭɫɪɟɞɧɟɧɢя ɞɨɫɬаɬɨчɧɨ ɩɪɨɫɬа. 
Ɉɞɧаɤɨ ɪɟɡɭɥɶɬаɬ ɭɫɪɟɞɧɟɧɢя ɧɟ ɭɞаɟɬɫя ɜɵɪаɡɢɬɶ аɧаɥɢɬɢчɟɫɤɢ, ɩɨɷɬɨɦɭ ɨɧ 
ɨɛɵчɧɨ ɩɪɟɞɫɬаɜɥяɟɬɫя ɜ ɜɢɞɟ 
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      nbnb  ,    (1.84) 

ɝɞɟ   - ɩɪɨɬаɛɭɥɢɪɨɜаɧɧая ɩɨɩɪаɜɨчɧая ɮɭɧɤɰɢя, ɡаɜɢɫящая ɜ чаɫɬɧɨɫɬɢ ɨɬ 
ɜɟɥɢчɢɧɵ 

     MkTEm
i

rn2 ,   (1.85) 

ɤɨɬɨɪая ɧаɡɵɜаɟɬɫя ɞɨɩɥɟɪɨɜɫɤɨɣ ɲɢɪɢɧɨɣ ɪɟɡɨɧаɧɫа. ɂɡ (1.85) ɜɢɞɧɨ, чɬɨ 
ɩɪɢ ɛɨɥɶɲɨɣ ɬɟɦɩɟɪаɬɭɪɟ Ɍ ɜɟɥɢчɢɧа ∆ ɦɨɠɟɬ ɛɵɬɶ ɛɨɥɶɲɟ ɟɫɬɟɫɬɜɟɧɧɨɣ 
ɲɢɪɢɧɵ ɪɟɡɨɧаɧɫа i , ɬɨ ɟɫɬɶ ɞɟɣɫɬɜɢɬɟɥɶɧая ɲɢɪɢɧа ɪɟɡɨɧаɧɫа i  ɦɨɠɟɬ 
ɡɧачɢɬɟɥɶɧɨ ɩɪɟɜɵɲаɬɶ i . 

В Д154,156,157Ж ɬаɤɠɟ ɨɬɦɟчаɟɬɫя, чɬɨ ɷɮɮɟɤɬ Дɨɩɥɟɪа ɢɝɪаɟɬ 
ɫɭщɟɫɬɜɟɧɧɭɸ ɪɨɥɶ ɜ ɪɟаɤɬɨɪах. В ɪɟɡɭɥɶɬаɬɟ ɞɟɥɟɧɢя яɞɟɪ ɬɟɦɩɟɪаɬɭɪа ɜ 
ɪɟаɤɬɨɪɟ ɢɡɦɟɧяɟɬɫя, а ɡɧачɢɬ, ɢɡɦɟɧяɟɬɫя ɢ ɫɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ i

rE  ɢ ∆. ȿɫɥɢ 
ɜ ɪɟаɤɬɨɪɟ ɩɪɢɫɭɬɫɬɜɭɸɬ ɪɟɡɨɧаɧɫɧɵɟ ɩɨɝɥɨɬɢɬɟɥɢ ɧɟɣɬɪɨɧɨɜ, ɤɨɬɨɪɵɟ 
ɫɢɥɶɧɨ ɜɥɢяɸɬ ɧа ɪаɫɩɪɟɞɟɥɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɧɟɣɬɪɨɧɨɜ ɜ ɩɪɨɫɬɪаɧɫɬɜɟ 
(ɧаɩɪɢɦɟɪ, ɭɪаɧ), ɬɨ ɷɮɮɟɤɬ Дɨɩɥɟɪа ɛɭɞɟɬ ɫɤаɡɵɜаɬɶɫя ɧа ɩɨɝɥɨщɟɧɢɢ 
ɡаɦɟɞɥяɸщɢхɫя ɧɟɣɬɪɨɧɨɜ ɜ ɨɛɥаɫɬɢ ɧɟ ɫɥɢɲɤɨɦ ɭɡɤɢх ɢ ɜɵɫɨɤɢх 
ɪɟɡɨɧаɧɫɨɜ ɜɫɥɟɞɫɬɜɢɟ ɢɡɦɟɧɟɧɢя ɩаɪаɦɟɬɪɨɜ ɪɟɡɨɧаɧɫɨɜ.  

Ɉɬɦɟɬɢɦ ɬаɤɠɟ, ɬаɤ ɤаɤ ɧаɫ ɢɧɬɟɪɟɫɭɸɬ ɜɫɟ ɷɮɮɟɤɬɵ, ɫɜяɡаɧɧɵɟ ɫ 
ɜɥɢяɧɢɟɦ ɬɟɦɩɟɪаɬɭɪɵ ɧа ɤɢɧɟɬɢɤɭ ɪɟаɤɬɨɪа, чɬɨ  ɜ Д154Ж ɩɨɞчɟɪɤɢɜаɟɬɫя, 
чɬɨ ɫ ɢɡɦɟɧɟɧɢɟɦ ɬɟɦɩɟɪаɬɭɪɵ ɢɡɦɟɧяɟɬɫя ɜɥɢяɧɢɟ ɧа ɪаɫɩɪɟɞɟɥɟɧɢɟ 
ɩɥɨɬɧɨɫɬɢ ɧɟɣɬɪɨɧɨɜ ɷɮɮɟɤɬа ɫаɦɨɷɤɪаɧɢɪɨɜɤɢ яɞɟɪ, чɬɨ ɨɛɴяɫɧяɟɬɫя 
ɢɡɦɟɧɟɧɢɟɦ ɞɥɢɧɵ ɩɪɨɛɟɝа ɧɟɣɬɪɨɧɨɜ ɫ ɢɡɦɟɧɟɧɢɟɦ ɬɟɦɩɟɪаɬɭɪɵ ɫɪɟɞɵ. 
Эɮɮɟɤɬ ɫаɦɨɷɤɪаɧɢɪɨɜɤɢ ɨɫɨɛɟɧɧɨ ɜɟɥɢɤ ɜ ɝɟɬɟɪɨɝɟɧɧɵх ɪɟаɤɬɨɪах. В ɬаɤɢх 
ɪɟаɤɬɨɪах ɫ ɭɜɟɥɢчɟɧɢɟɦ ɬɟɦɩɟɪаɬɭɪɵ ɬɨɩɥɢɜа ɫаɦɨɷɤɪаɧɢɪɨɜɤа 
ɫɭщɟɫɬɜɟɧɧɨ ɭɦɟɧɶɲаɟɬɫя, чɬɨ ɩɪɢɜɨɞɢɬ, ɧаɩɪɢɦɟɪ, ɤ ɫɭщɟɫɬɜɟɧɧɨɦɭ ɞɥя 
ɩɪаɤɬɢɤɢ ɭɜɟɥɢчɟɧɢɸ ɬаɤ ɧаɡɵɜаɟɦɨɝɨ ɛɥɨɤɢɪɨɜаɧɧɨɝɨ ɪɟɡɨɧаɧɫɧɨɝɨ 
ɩɨɝɥɨщɟɧɢя ɧɟɣɬɪɨɧɨɜ. 

 

1.1.5. Ɍеɨɪиɹ и ɞаɧɧые ɷɤɫɩеɪиɦеɧтаɥɶɧыɯ ɪаɛɨт ɩɨ теɩɥɨеɦɤɨɫтɹɦ и 

теɩɥɨɩɪɨвɨɞɧɨɫтɹɦ ɞеɥɹщиɯɫɹ ɫɪеɞ ɫ ɭɱетɨɦ иɡɦеɧеɧиɣ ɮаɡɨвыɯ 

ɫɨɫтɨɹɧиɣ. 
1.1.5.1. ȼвеɞеɧие. 

Ʉаɤ ɩɨɤаɡаɧɨ ɜ ɩɪɟɞɵɞɭщɟɦ ɪаɡɞɟɥɟ 1.1.4 ɪɟɠɢɦɵ ɫ ɨɛɨɫɬɪɟɧɢɟɦ 
ɪɟаɥɢɡɭɸɬɫя ɜ ɞɟɥящɢхɫя ɫɪɟɞах ɫɨ ɫɬɟɩɟɧɧɨɣ ɡаɜɢɫɢɦɨɫɬɶɸ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢ ɬɟɩɥɨɜɨɝɨ ɢɫɬɨчɧɢɤа ɨɬ ɬɟɦɩɟɪаɬɭɪɵ.  Ɇɨɞɟɥɢɪɨɜаɧɢɟ 
ɪɟɠɢɦɨɜ ɫ ɨɛɨɫɬɪɟɧɢɟɦ ɬɪɟɛɭɟɬ ɡаɞаɧɢя ɬɟɦɩɟɪаɬɭɪɧɵх ɡаɜɢɫɢɦɨɫɬɟɣ ɞɥя 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɢɫɬɨчɧɢɤа, а ɬаɤɠɟ, ɬɟɩɥɨɟɦɤɨɫɬɢ 
ɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɟɪɦɢчɟɫɤɨɝɨ ɪаɫɲɢɪɟɧɢя ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɣ ɞɟɥящɟɣɫя 
ɫɪɟɞɵ. ɉɨɷɬɨɦɭ ɛɵɥ ɩɪɨɜɟɞɟɧ ɢɧɮɨɪɦаɰɢɨɧɧɵɣ ɩɨɢɫɤ ɩɨ ɬɟɦɟ «ɬɟɨɪɢя ɢ 
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ɞаɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɵх ɪаɛɨɬ ɩɨ ɬɟɩɥɨɟɦɤɨɫɬяɦ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬяɦ 

ɞɟɥящɢхɫя ɫɪɟɞ ɫ ɭчɺɬɨɦ ɢɡɦɟɧɟɧɢɣ ɮаɡɨɜɵх ɫɨɫɬɨяɧɢɣ», ɪɟɡɭɥɶɬаɬɵ 
ɤɨɬɨɪɨɝɨ ɩɪɟɞɫɬаɜɥɟɧɵ ɧɢɠɟ. 

В ɉɪɢɥɨɠɟɧɢɢ 1 ɩɪɟɞɫɬаɜɥɟɧа ɬɟɨɪɢя ɬɟɩɥɨɮɢɡɢчɟɫɤɢх ɫɜɨɣɫɬɜ ɬɜɟɪɞɵх 
ɬɟɥ. 

 

1.1.5.2. Ɍеɩɥɨɮиɡиɱеɫɤие ɫвɨɣɫтва тɨɩɥивɧыɯ ɦатеɪиаɥɨв ɹɞеɪɧыɯ 
ɪеаɤтɨɪɨв. 

1.1.5.2.1. ȼвеɞеɧие. 

əɞɟɪɧɨɟ ɬɨɩɥɢɜɨ ɢɫɩɨɥɶɡɭɸɬ ɜ ɦɟɬаɥɥɢчɟɫɤɨɦ ɫɨɫɬɨяɧɢɢ (U, Pu, ɢх 
ɫɩɥаɜɵ), ɜ ɜɢɞɟ хɢɦɢчɟɫɤɢх ɫɨɟɞɢɧɟɧɢɣ, ɪаɫɬɜɨɪɨɜ ɫɨɥɟɣ ɢ ɫɭɫɩɟɧɡɢɣ 
ɨɤɢɫɥɨɜ ɭɪаɧа ɜ ɪаɡɥɢчɧɵх ɠɢɞɤɢх ɫɪɟɞах. Ʉаɠɞɵɣ ɢɡ ɷɬɢх ɜɢɞɨɜ ɬɨɩɥɢɜа 
ɢɦɟɟɬ cɜɨɢ ɩɪɟɢɦɭщɟɫɬɜа ɢ ɧɟɞɨɫɬаɬɤɢ, ɨɩɪɟɞɟɥяɸщɢɟ хаɪаɤɬɟɪ ɢ ɝɪаɧɢɰɵ 
ɢх ɩɪɢɦɟɧɢɦɨɫɬɢ. 

Ɉɛщɢɟ ɫɜɟɞɟɧɢя ɨ яɞɟɪɧɨɦ ɬɨɩɥɢɜɟ, ɫɨɫɬаɜ яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа ɢ ɟɝɨ 
ɤɥаɫɫɢɮɢɤаɰɢя, а ɬаɤɠɟ ɬɪɟɛɨɜаɧɢя ɤ яɞɟɪɧɨɦɭ ɬɨɩɥɢɜɭ ɤɪаɬɤɨ ɩɪɟɞɫɬаɜɥɟɧɵ 
ɜ ɉɪɢɥɨɠɟɧɢɢ 2. 

 

1.1.5.2.2. Ɍеɩɥɨɮиɡиɱеɫɤие ɫвɨɣɫтва ɦетаɥɥиɱеɫɤɨɝɨ ɹɞеɪɧɨɝɨ тɨɩɥива. 

1.1.5.2.2.1. ȼвеɞеɧие. 

Ɇɟɬаɥɥɢчɟɫɤɨɟ яɞɟɪɧɨɟ ɬɨɩɥɢɜɨ ɨɛɥаɞаɟɬ ɜɵɫɨɤɨɣ ɤɨɧɰɟɧɬɪаɰɢɟɣ 
ɞɟɥящɢхɫя аɬɨɦɨɜ ɜ ɟɞɢɧɢɰɟ ɨɛɴɟɦа, ɢɦɟɟɬ ɛɨɥɶɲɭɸ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, 
ɦаɥɨɟ ɫɟчɟɧɢɟ ɡахɜаɬа ɢ ɬɟхɧɨɥɨɝɢчɧɨ ɜ ɨɛɪаɛɨɬɤɟ, чɬɨ ɩɨɡɜɨɥяɟɬ ɢɡɝɨ-

ɬаɜɥɢɜаɬɶ ɬɜɷɥɵ ɪаɡɥɢчɧɨɣ ɮɨɪɦɵ ɢ ɫ «ɦаɥɵɦɢ ɞɨɩɭɫɤаɦɢ ɩɨ ɪаɡɦɟɪаɦ 
[187Ж. Ȼɥаɝɨɞаɪя ɷɬɢɦ ɫɜɨɣɫɬɜаɦ ɦɟɬаɥɥɢчɟɫɤɨɟ ɬɨɩɥɢɜɨ ɧаɢɛɨɥɟɟ ɩɪɢɝɨɞɧɨ 
ɞɥя ɢɫɩɨɥɶɡɨɜаɧɢя ɜ ɝаɡɨ-ɬɪаɮɢɬɨɜɵх ɪɟаɤɬɨɪах, а ɬаɤɠɟ ɜ ɩɟɪɫɩɟɤɬɢɜɧɵх 
ɪɟаɤɬɨɪах ɧа ɛɵɫɬɪɵх ɧɟɣɬɪɨɧах ɢ ɜ ɬɪаɧɫɩɨɪɬɧɵх ɷɧɟɪɝɟɬɢчɟɫɤɢх ɪɟаɤɬɨɪах 
[187]. 

 ɋɭщɟɫɬɜɟɧɧɵɣ ɧɟɞɨɫɬаɬɨɤ ɦɟɬаɥɥɢчɟɫɤɨɝɨ ɬɨɩɥɢɜа ɡаɤɥɸчаɟɬɫя ' ɜ 
ɬɨɦ, чɬɨ ɝɥɭɛɢɧа ɜɵɝɨɪаɧɢя ɞɥя ɧɟɝɨ ɨɝɪаɧɢчɢɜаɟɬɫя ɡɧачɟɧɢяɦɢ 0,γ—0,35%, 

ɬɨɝɞа ɤаɤ ɞɥя ɤɟɪаɦɢчɟɫɤɢх (ɨɤɢɫɧɵх) ɬɨɩɥɢɜ ɷɬа ɜɟɥɢчɢɧа ɦɨɠɟɬ ɞɨɫɬɢɝаɬɶ 
ɧɟɫɤɨɥɶɤɢх ɩɪɨɰɟɧɬɨɜ. 

1.1.5.2.2.2. ɍɪаɧ и еɝɨ ɫɩɥавы [184-187]. 

Пɥɨтɧɨɫтɶ. Ɏаɡɵ ɭɪаɧа ɢɦɟɸɬ ɪаɡɥɢчɧɭɸ ɩɥɨɬɧɨɫɬɶ. ȿɟ ɡɧачɟɧɢя ɩɪɢ 
ɪаɡɧɵх ɬɟɦɩɟɪаɬɭɪах, ɜɵчɢɫɥɟɧɧɵɟ ɩɨ ɪɟɧɬɝɟɧɨɝɪаɮɢчɟɫɤɢɦ ɞаɧɧɵɦ, 
ɩɪɢɜɟɞɟɧɵ ɜ ɬаɛɥ. 1.1. ɂɡ ɞаɧɧɵх ɬаɛɥ. 1.1 ɜɢɞɧɨ, чɬɨ ɫ ɩɨɜɵɲɟɧɢɟɦ 
ɬɟɦɩɟɪаɬɭɪɵ ɩɥɨɬɧɨɫɬɶ ɦɨɞɢɮɢɤаɰɢɣ ɭɪаɧа ɭɦɟɧɶɲаɟɬɫя. ɉɪɢ ɬɟɦɩɟɪаɬɭɪах 
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ɮаɡɨɜɵх ɩɟɪɟхɨɞɨɜ ɨɧа ɢɡɦɟɧяɟɬɫя ɫɤачɤɨɨɛɪаɡɧɨ. Эɤɫɩɟɪɢɦɟɧɬаɥɶɧɵɟ 
ɡɧачɟɧɢя ɩɥɨɬɧɨɫɬɢ ɡаɜɢɫяɬ ɨɬ ɬɟхɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢя ɢ ɦɨɝɭɬ ɡаɦɟɬɧɨ 
ɨɬɥɢчаɬɶɫя ɨɬ ɬɟɨɪɟɬɢчɟɫɤɢх. ɉɥɨɬɧɨɫɬɶ ɠɢɞɤɨɝɨ ɭɪаɧа ɩɪɢ ɬɟɦɩɟɪаɬɭɪɟ 
ɩɥаɜɥɟɧɢя ɫɨɫɬаɜɥяɟɬ 1θ,θγ ɝ/ɫɦ3

. 

Таɛɥɢɰа. 1.1 

                          

ɍɞеɥɶɧаɹ теɩɥɨеɦɤɨɫтɶ. В ɨɛɥаɫɬɢ ɧɢɡɤɢх ɬɟɦɩɟɪаɬɭɪ ɭɞɟɥɶɧая 
ɬɟɩɥɨɟɦɤɨɫɬɶ ɭɪаɧа ɛɵɫɬɪɨ ɪаɫɬɟɬ ɩɪɢ ɧаɝɪɟɜɟ ɞɨ β00 Ʉ, а ɡаɬɟɦ ɦɟɞɥɟɧɧɨ 
ɭɜɟɥɢчɢɜаɟɬɫя ɞɨ ɬɟɦɩɟɪаɬɭɪɵ α → ȕ ɩɟɪɟхɨɞа. ɉɪɢ аɥɥɨɬɪɨɩɢчɟɫɤɢх 
ɩɪɟɜɪащɟɧɢях ɬɟɩɥɨɟɦɤɨɫɬɶ ɫɤачɤɨɨɛɪаɡɧɨ ɩаɞаɟɬ (ɪɢɫ. 1.11). 

                     

Ɋɢɫ. 1.11. Тɟɦɩɟɪаɬɭɪɧая ɡаɜɢɫɢɦɨɫɬɶ аɬɨɦɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɭɪаɧа (ɩɨ ɞаɧɧɵɦ 
ɪаɡɥɢчɧɵх ɢɫɫɥɟɞɨɜаɧɢɣ). 

 

Ɍеɩɥɨɩɪɨвɨɞɧɨɫтɶ. Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɭɪаɧа ɧɟɜɟɥɢɤ, ɢ ɩɪɢ 
ɤɨɦɧаɬɧɨɣ ɬɟɦɩɟɪаɬɭɪɟ ɨɧ ɪаɜɟɧ з β7 Вɬ/(ɦ∙Ʉ), чɬɨ ɧɢɠɟ, чɟɦ ɭ ɠɟɥɟɡа. ɋ 
ɪɨɫɬɨɦ ɬɟɦɩɟɪаɬɭɪɵ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɭɪаɧа ɩɨɜɵɲаɟɬɫя (ɪɢɫ. 
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1.12) ɢ ɩɪɢ θ00 °ɋ ɨɧ ɫɨɫɬаɜɥяɟɬ з 41 Вɬ/(ɦ∙Ʉ). ɇа ɬɟɦɩɟɪаɬɭɪɧɨɣ ɤɪɢɜɨɣ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ ɞɜа ɩɟɪɟɝɢɛа. Ɉɞɢɧ ɢɡ ɧɢх ɩɪɢ β1γ °ɋ 
ɨɛɭɫɥɨɜɥɟɧ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɩɟɪɟхɨɞɨɦ ɨɬ ɷɥɟɤɬɪɨɧɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɤ 
ɪɟɲɟɬɨчɧɨɣ, а ɞɪɭɝɨɣ ɩɪɢ ββ7 °ɋ - ɫɢɥɶɧɵɦ ɨɫɥаɛɥɟɧɢɟɦ ɤɨɜаɥɟɧɬɧɵх ɫɜяɡɟɣ 
ɭɪаɧа. 

                          

Ɋɢɫ. 1.12. Ɂаɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɭɪаɧа ɨɬ ɬɟɦɩɟɪаɬɭɪɵ. 

 

В [188] ɞɥя ɭɪаɧа, ɫɩɥаɜа ɭɪаɧа ɫ β% (ɜɟɫ) Zr, ɫɩɥаɜа ɭɪаɧа ɫ 10% (ɜɟɫ) Mo 

ɢ ɫɩɥаɜа ɭɪаɧ-ɮɢɡɢɭɦ (U – 95%, Mo – 2,5%, Zr – 0,2%, Ru – 1,5%, Rh – 0,5%, 

Pd – 0,5% ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ (ɤɤаɥ/ɦ·чаɫ·ɝɪаɞ) ɡаɞаɟɬɫя ɫɥɟɞɭɸщɢɦ 
ɜɵɪаɠɟɧɢɟɦ: 

21 0,02 , 723T T K     .  (1.86) 

Ɍеɪɦиɱеɫɤɨе ɪаɫɲиɪеɧие. Ɇɨɧɨɤɪɢɫɬаɥɥɢчɟɫɤɢɣ α-ɭɪаɧ, ɢɦɟɸщɢɣ 
ɨɪɬɨɪɨɦɛɢчɟɤɭɸ ɪɟɲɟɬɤɭ, хаɪаɤɬɟɪɢɡɭɟɬɫя ɫɢɥɶɧɨɣ аɧɢɡɨɬɪɨɩɢɟɣ 
ɬɟɪɦɢчɟɫɤɨɝɨ ɪаɫɲɢɪɟɧɢя ɩɨ ɨɫяɦ Д100Ж, Д010Ж ɢ Д001Ж, ɨɛɨɡɧачаɟɦɵɦ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ aɨ, bɨ ɢ cɨ. ɂɡ ɪɢɫ. 1.13, ɝɞɟ ɩɪɟɞɫɬаɜɥɟɧа ɬɟɦɩɟɪаɬɭɪɧая 
ɡаɜɢɫɢɦɨɫɬɶ ɩаɪаɦɟɬɪɨɜ ɪɟɲɟɬɤɢ, ɜɢɞɧɨ, чɬɨ ɩɪɢ ɧаɝɪɟɜаɧɢɢ ɪɟɲɟɬɤа α-

ɭɪаɧа ɪаɫɲɢɪяɟɬɫя ɩɨ ɨɫяɦ а0 ɢ ɫ0 ɦаɥɨ ɢɡɦɟɧяяɫɶ ɢ ɞаɠɟ ɫɠɢɦаяɫɶ ɩɪɢ 
ɜɵɫɨɤɢх ɬɟɦɩɟɪаɬɭɪах ɩɨ ɨɫɢ bɨ. Ɂɧачɟɧɢя ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɟɪɦɢчɟɫɤɨɝɨ 
ɪаɫɲɢɪɟɧɢя ɩɨ ɬɪɟɦ ɤɪɢɫɬаɥɥɨɝɪаɮɢчɟɫɤɢɦ ɧаɩɪаɜɥɟɧɢяɦ, а ɬаɤɠɟ ɜɟɥɢчɢɧɵ 
ɨɛɴɟɦɧɨɝɨ ɢ ɥɢɧɟɣɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɟɪɦɢчɟɫɤɨɝɨ ɪаɫɲɢɪɟɧɢя α-ɭɪаɧа 
ɩɪɟɞɫɬаɜɥɟɧɵ ɜ ɬаɛɥ. 1.2. 

      В ɢɧɬɟɪɜаɥɟ ɬɟɦɩɟɪаɬɭɪ 4γ-β0 Ʉ ɩɪɨɢɫхɨɞɢɬ аɧɨɦаɥɶɧɨɟ ɢɡɦɟɧɟɧɢɟ 
ɩаɪаɦɟɬɪɨɜ ɪɟɲɟɬɤɢ α-ɭɪаɧа:  ɩɨ ɨɫяɦ aɨ ɢ bɨ ɨɧɢ ɪɟɡɤɨ ɭɜɟɥɢчɢɜаɸɬɫя, а 
ɩɨ ɨɫɢ ɫ0 - ɭɦɟɧɶɲаɸɬɫя. Тɟɦɩɟɪаɬɭɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɪɦɢчɟɫɤɨɝɨ 
ɪаɫɲɢɪɟɧɢя αV ɫɬаɧɨɜɢɬɫя ɨɬɪɢɰаɬɟɥɶɧɵɦ. Эɬɨ ɢɡɦɟɧɟɧɢɟ αV ɫɨɩɪɨɜɨɠɞаɟɬɫя 
аɧɨɦаɥɶɧɵɦ ɢɡɦɟɧɟɧɢɟɦ ɞɪɭɝɢх ɮɢɡɢчɟɫɤɢх ɫɜɨɣɫɬɜ. 
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В ɫɥɭчаɟ ɩɨɥɢɤɪɢɫɬаɥɥɢчɟɫɤɨɝɨ α-ɭɪаɧа ɡɧачɟɧɢя ɤɨɷɮɮɢɰɢɟɧɬа 
ɥɢɧɟɣɧɨɝɨ ɪаɫɲɢɪɟɧɢя αl, ɫɢɥɶɧɨ ɡаɜɢɫяɬ ɨɬ ɩɪɟɞɲɟɫɬɜɭɸщɟɣ ɨɛɪаɛɨɬɤɢ 
ɨɛɪаɡɰɨɜ. Ɉɬɤɥɨɧɟɧɢɟ αl ɨɬ ɜɟɥɢчɢɧɵ, ɩɪɢɫɭщɟɣ ɢɡɨɬɪɨɩɧɨɦɭ ɨɛɪаɡɰɭ, ɦɨɠɟɬ 
хаɪаɤɬɟɪɢɡɨɜаɬɶ ɧаɥɢчɢɟ ɜ ɧɟɦ ɬɟɤɫɬɭɪɵ. 

 

                                        

Ɋɢɫ. 1.13. Ɂаɜɢɫɢɦɨɫɬɶ ɩаɪаɦɟɬɪɨɜ ɪɟɲɟɬɤɢ α-ɭɪаɧа ɨɬ ɬɟɦɩɟɪаɬɭɪɵ. 

 

    Вɜɟɞɟɧɢɟ ɢ α-ɭɪаɧ ɥɟɝɢɪɭɸщɢх ɞɨɛаɜɨɤ ɜ ɜɢɞɟ А1, Ɇɨ, V ɢ ɋɝ 
ɧɟɫɤɨɥɶɤɨ ɫɧɢɠаɟɬ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɪɦɢчɟɫɤɨɝɨ ɪаɫɲɢɪɟɧɢя. Ɇɨɧɨ-

ɤɪɢɫɬаɥɥɢчɟɫɤɢɣ ȕ-ɭɪаɧ ɬаɤɠɟ ɨɛɥаɞаɟɬ аɧɢɡɨɬɪɨɩɢɟɣ ɤɨɷɮɮɢɰɢɟɧɬа 
ɥɢɧɟɣɧɨɝɨ ɪаɫɲɢɪɟɧɢя ɩɨ ɤɪɢɫɬаɥɥɨɝɪаɮɢчɟɫɤɢɦ ɨɫяɦ: аа = аb =(23,4 ± 1,η)∙10-

6
 Ʉ-1

 ɢ аɫ =(θ,0 ± β) )∙10-6
 Ʉ-1

.     ɂɡɨɬɪɨɩɧɵɣ Ȗ-ɭɪаɧ ɫ ɈɐɄ ɪɟɲɟɬɤɨɣ ɢɦɟɟɬ 
ɤɨɷɮɮɢɰɢɟɧɬ ɥɢɧɟɣɧɨɝɨ ɪаɫɲɢɪɟɧɢя (ββ,η ± 1,γ)  )∙10-6

 Ʉ-1
. 

Таɛɥɢɰа. 1.β 
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ɋɢɥɶɧая аɧɢɡɨɬɪɨɩɢя ɤɨɷɮɮɢɰɢɟɧɬа ɥɢɧɟɣɧɨɝɨ ɪаɫɲɢɪɟɧɢя ɦɨ-

ɧɨɤɪɢɫɬаɥɥɨɜ ȕ- ɢ ɨɫɨɛɟɧɧɨ α-ɭɪаɧа ɩɪɢɜɨɞɢɬ ɤ ɬɨɦɭ, чɬɨ ɜ ɩɨɥɢ-

ɤɪɢɫɬаɥɥɢчɟɫɤɨɦ ɭɪаɧɟ, ɢɦɟɸщɟɦ ɤɜаɡɢɢɡɨɬɪɨɩɧɭɸ ɫɬɪɭɤɬɭɪɭ, ɩɪɢ 
ɧаɝɪɟɜɟ ɢɥɢ ɨхɥаɠɞɟɧɢɢ ɦɨɝɭɬ ɜɨɡɧɢɤаɬɶ ɡɧачɢɬɟɥɶɧɵɟ ɜɧɭɬɪɟɧɧɢɟ 
ɧаɩɪяɠɟɧɢя, ɩɪɟɜɵɲаɸщɢɟ ɩɪɟɞɟɥ ɬɟɤɭчɟɫɬɢ. Ɉɧɢ яɜɥяɸɬɫя ɩɪɢчɢɧɨɣ 
ɫɞɜɢɝɨɜ ɢ ɞɜɨɣɧɢɤɨɜаɧɢя ɜ ɡɟɪɧах ɭɪаɧа. 

1.1.5.2.2.3. Пɥɭтɨɧиɣ и еɝɨ ɫɩɥавы. 

Ɍеɩɥɨɮиɡиɱеɫɤие ɫвɨɣɫтва. Даɧɧɵɟ ɨɛ ɭɞɟɥɶɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɢ 
ɤɨɷɮɮɢɰɢɟɧɬах ɬɟɪɦɢчɟɫɤɨɝɨ ɪаɫɲɢɪɟɧɢя ɦɨɧɨɤɪɢɫɬаɥɥɢчɟɫɤɨɝɨ ɩɥɭɬɨɧɢя 
ɩɪɢɜɟɞɟɧɵ ɜ ɬаɛɥ. 1.3 (аɥɨɬɪɨɩɢчɟɫɤɢɟ ɩɪɟɜɪащɟɧɢя ɩɪɟɞɫɬаɜɥɟɧɵ ɜ 
ɉɊɂɅɈɀȿɇɂɂ γ), а ɢɡɦɟɧɟɧɢя ɬɟɪɦɢчɟɫɤɨɝɨ ɥɢɧɟɣɧɨɝɨ ɪаɫɲɢɪɟɧɢя ɜɵ-

ɫɨɤɨчɢɫɬɨɝɨ ɩɨɥɢɤɪɢɫɬаɥɥɢчɟɫɤɨɝɨ ɩɥɭɬɨɧɢя ɫ ɬɟɦɩɟɪаɬɭɪɨɣ ɧа ɪɢɫ. 1.14. 

                        

Ɋɢɫ. 1.14. Тɟɪɦɢчɟɫɤɨɟ ɥɢɧɟɣɧɨɟ ɪаɫɲɢɪɟɧɢɟ ɩɥɭɬɨɧɢя. 

 

     Таɛɥɢчɧɵɟ ɞаɧɧɵɟ ɩɨɤаɡɵɜаɸɬ, чɬɨ ɬɟɩɥɨɟɦɤɨɫɬɶ ɩɥɭɬɨɧɢя ɧɟ-

ɩɪɟɪɵɜɧɨ ɜɨɡɪаɫɬаɟɬ ɫ ɭɜɟɥɢчɟɧɢɟɦ ɬɟɦɩɟɪаɬɭɪɵ. В ɬɨ ɠɟ ɜɪɟɦя 
ɬɟɪɦɢчɟɫɤɨɟ ɪаɫɲɢɪɟɧɢɟ ɞɥя ɦɨɧɨɤɪɢɫɬаɥɥɢчɟɫɤɨɝɨ ɢ 
ɩɨɥɢɤɪɢɫɬаɥɥɢчɟɫɤɨɝɨ ɩɥɭɬɨɧɢя ɫɢɥɶɧɨ ɢɡɦɟɧяɟɬɫя ɩɪɢ ɩɟɪɟхɨɞɟ ɨɬ ɨɞɧɨɣ 
ɮаɡɵ ɤ ɞɪɭɝɨɣ. Ɇɨɞɢɮɢɤаɰɢɢ α, ȕ ɢ Ȗ ɦɨɧɨɤɪɢɫɬаɥɥɢчɟɫɤɨɝɨ ɩɥɭɬɨɧɢя ɢɦɟɸɬ 
ɪɟɡɤɨ ɜɵɪаɠɟɧɧɭɸ аɧɢɡɨɬɪɨɩɢɸ ɤɨɷɮɮɢɰɢɟɧɬа ɥɢɧɟɣɧɨɝɨ ɪаɫɲɢɪɟɧɢя, а 
ɦɨɞɢɮɢɤаɰɢɢ δ ɢ Ș, ɨɛɥаɞаɸщɢɟ ɩɪɨɫɬɵɦɢ ɪɟɲɟɬɤаɦɢ, ɫɠɢɦаɸɬɫя ɩɪɢ 
ɧаɝɪɟɜɟ, чɬɨ ɧɟɨɛɵчɧɨ ɞɥя ɦɟɬаɥɥɨɜ. 

ɉɨɫɥɟɞɧɟɟ ɨɛɫɬɨяɬɟɥɶɫɬɜɨ ɫɨɝɥаɫɧɨ ɨɞɧɨɣ ɢɡ ɬɟɨɪɢɣ яɜɥяɟɬɫя ɫɥɟɞɫɬɜɢɟɦ 
ɧɟɩɪɟɪɵɜɧɨɝɨ ɩɟɪɟхɨɞа ɩɪɢ ɧаɝɪɟɜɟ ɢɡ ηf-ɫɨɫɬɨяɧɢя ɜ θd-ɫɨɫɬɨяɧɢɟ ɢ 
ɜɨɡɧɢɤɧɨɜɟɧɢя ɫɢɥ ɫɠаɬɢя ɦɟɠɞɭ ɫɥɨяɦɢ ɡа ɫчɟɬ ɝɢɛɪɢɞɧɵх ɧаɩɪаɜɥɟɧɧɵх 
ɫɜяɡɟɣ. Ȼɵɥɨ ɩɨɤаɡаɧɨ, чɬɨ ɜ ɧɟɤɨɬɨɪɵх ɬɟɦɩɟɪаɬɭɪɧɵх ɨɛɥаɫɬях δ- ɢ İ-ɮаɡɵ 
ɫɨɫɭщɟɫɬɜɭɸɬ ɩɨɞɨɛɧɨ ɬɨɦɭ, ɤаɤ ɫɨɫɭщɟɫɬɜɭɸɬ ɞɜа ɬɢɩа аɬɨɦɨɜ ɜ ɦаɪɝаɧɰɟ 

ɢ ɜɨɥɶɮɪаɦɟ. ȿɫɥɢ аɬɨɦɵ ɫ ɪаɡɥɢчɧɨɣ ɷɥɟɤɬɪɨɧɧɨɣ ɫɬɪɭɤɬɭɪɨɣ 
ɫɨɫɭщɟɫɬɜɭɸɬ ɜ ɩɪɨɩɨɪɰɢɢ, ɤɨɬɨɪая ɢɡɦɟɧяɟɬɫя ɜ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ 
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ɬɟɦɩɟɪаɬɭɪɵ, ɬɨ ɬɟɦɩɟɪаɬɭɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɥɢɧɟɣɧɨɝɨ ɪаɫɲɢɪɟɧɢя ɜ 
ɧɟɤɨɬɨɪɵх ɫɥɭчаях ɦɨɠɟɬ ɫɬаɬɶ ɨɬɪɢɰаɬɟɥɶɧɵɦ.  

 

Таɛɥɢɰа. 1.3 

 

 

                             

Ɋɢɫ. 1.15. Тɟɦɩɟɪаɬɭɪɧая ɡаɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɥɭɬɨɧɢя. 

 

Дɨɛаɜɤа ɥɟɝɢɪɭɸщɢх ɷɥɟɦɟɧɬɨɜ ɢɡɦɟɧяɟɬ ɤɨɧɰɟɧɬɪаɰɢɸ ɢ ɷɧɟɪɝɢɸ 
ɷɥɟɤɬɪɨɧɨɜ ɜ ɪаɫчɟɬɟ ɧа ɨɞɢɧ аɬɨɦ ɩɥɭɬɨɧɢя, чɬɨ ɦɨɠɟɬ ɩɨɜɥɢяɬɶ ɧа ɡɧаɤ 
ɤɨɷɮɮɢɰɢɟɧɬа ɬɟɪɦɢчɟɫɤɨɝɨ ɪаɫɲɢɪɟɧɢя ɩɨɫɥɟɞɧɟɝɨ. Дɟɣɫɬɜɢɬɟɥɶɧɨ, ɜ 
ɫɩɥаɜах Ɋu-γ ɦаɫ.% Аl δ-ɮаɡа ɩɪɢ ɜɫɟх ɬɟɦɩɟɪаɬɭɪах ɢɦɟɟɬ ɩɨɥɨɠɢɬɟɥɶɧɵɣ 
ɬɟɦɩɟɪаɬɭɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ. ɉɪɢ ɦɟɧɶɲɢх ɞɨɛаɜɤах аɥɸɦɢɧɢя 
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ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɡɧаɤ ɤɨɷɮɮɢɰɢɟɧɬа ɫɨхɪаɧяɟɬɫя ɬɨɥɶɤɨ ɜ ɧɢɠɧɟɣ ɨɛɥаɫɬɢ 
ɫɭщɟɫɬɜɨɜаɧɢя α-ɮаɡɵ. 

     Тɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɩɥɭɬɨɧɢя яɜɥяɟɬɫя ɜɟɫɶɦа ɧɢɡɤɨɣ ɞɥя ɦɟɬаɥɥɨɜ, ɢ 
ɨɧа ɩɨчɬɢ ɥɢɧɟɣɧɨ ɭɜɟɥɢчɢɜаɟɬɫя ɫ ɬɟɦɩɟɪаɬɭɪɨɣ (ɪɢɫ. 1.15). 

 

1.1.5.2.3. Ɍеɩɥɨɮиɡиɱеɫɤие ɫвɨɣɫтва ɤеɪаɦиɱеɫɤɨɝɨ ɹɞеɪɧɨɝɨ тɨɩɥива.  

1.1.5.2.3.1. ȼвеɞеɧие. 

ɋɨɟɞɢɧɟɧɢя ɭɪаɧа ɫ ɧɟɦɟɬаɥɥаɦɢ (аɡɨɬɨɦ, ɤɢɫɥɨɪɨɞɨɦ, ɭɝɥɟɪɨɞɨɦ ɢ ɞɪ.), 
ɢɦɟɸщɢɟ ɜɵɫɨɤɭɸ ɬɟɦɩɟɪаɬɭɪɭ ɩɥаɜɥɟɧɢя, ɛɨɥɟɟ ɭɫɬɨɣчɢɜɵɟ ɩɨɞ 
ɨɛɥɭчɟɧɢɟɦ (ɩɨ ɫɪаɜɧɟɧɢɸ ɫ ɦɟɬаɥɥɢчɟɫɤɢɦ ɬɨɩɥɢɜɨɦ) ɢ ɨɛɥаɞаɸщɢɟ 
ɧɟɤɨɬɨɪɵɦɢ ɞɪɭɝɢɦɢ ɩɨɥɨɠɢɬɟɥɶɧɵɦɢ ɫɜɨɣɫɬɜаɦɢ, ɧахɨɞяɬ ɜɫɟ ɛɨɥɶɲɟɟ 
ɩɪɢɦɟɧɟɧɢɟ. Аɬɨɦɵ ɧɟɦɟɬаɥɥɨɜ ɷɬɢх ɫɨɟɞɢɧɟɧɢɣ (ɫɨɟɞɢɧɟɧɢɣ ɜɧɟɞɪɟɧɢя) 
ɪаɫɩɨɥаɝаɸɬɫя ɜ ɤɪɢɫɬаɥɥɢчɟɫɤɨɣ ɪɟɲɟɬɤɟ ɦɟɬаɥɥа ɜ ɩɪɨɦɟɠɭɬɤах ɦɟɠɞɭ 
аɬɨɦɧɵɦɢ ɫɥɨяɦɢ. Вɧɟɞɪɟɧɢɟ аɬɨɦɨɜ ɜ ɦɟɠɭɡɥɢɟ ɜɵɡɵɜаɟɬ ɪаɫɲɢɪɟɧɢɟ 
ɪɟɲɟɬɤɢ ɢ ɨɛɪаɡɨɜаɧɢɟ ɫɢɥɶɧɵх ɫɜяɡɟɣ ɦɟɬаɥɥ — ɧɟɦɟɬаɥɥ, чɬɨ ɩɪɟɩяɬɫɬɜɭɟɬ 
ɥɟɝɤɨɦɭ ɫɤɨɥɶɠɟɧɢɸ ɢ ɩɪɢɜɨɞɢɬ ɤ ɩɨɜɵɲɟɧɧɨɣ ɬɜɟɪɞɨɫɬɢ ɢ хɪɭɩɤɨɫɬɢ 
ɫɨɟɞɢɧɟɧɢя. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɩɪɟɞɩɨɥаɝаɟɬɫя, чɬɨ ɜɧɟɞɪɟɧɧɵɟ аɬɨɦɵ 
яɜɥяɸɬɫя ɞɨɧɨɪаɦɢ ɷɥɟɤɬɪɨɧɨɜ, ɫɨɡɞаɜая ɫɢɥɶɧɭɸ ɫɜяɡɶ ɦɟɬаɥɥ — ɦɟɬаɥɥ. В 
ɪɟɡɭɥɶɬаɬɟ аɬɨɦɵ ɧɟɦɟɬаɥɥа ɩɪɢɨɛɪɟɬаɸɬ «ɦɟɬаɥɥɢчɟɫɤɭɸ» ɷɥɟɤɬɪɨɧɧɭɸ 
ɤɨɧɮɢɝɭɪаɰɢɸ. Ɉɞɧаɤɨ ɷɬɨɬ ɩɪɨɰɟɫɫ ɧɟ ɞɨхɨɞɢɬ ɞɨ ɢɨɧɢɡаɰɢɢ аɬɨɦɨɜ 
ɧɟɦɟɬаɥɥа ɢ ɦɟɠɭɡɟɥɶɧɵɣ аɬɨɦ ɩɪаɤɬɢчɟɫɤɢ ɨɫɬаɟɬɫя ɜ аɬɨɦаɪɧɨɦ ɫɨɫɬɨяɧɢɢ 
ɫ ɨɛɪаɡɨɜаɧɢɟɦ ɫɢɥɶɧɨɣ ɫɜяɡɢ ɦɟɬаɥɥ — ɧɟɦɟɬаɥɥ. Аɬɨɦɵ ɦɟɬаɥɥа ɨɛɵчɧɨ 
ɪаɡɦɟщаɸɬɫя ɜ ɜɟɪɲɢɧах ɨɤɬаɷɞɪа, а аɬɨɦɵ ɧɟɦɟɬаɥɥа — ɜ ɰɟɧɬɪɟ ɟɝɨ (ɜ 
ɰɟɧɬɪɟ ɨɤɬаɷɞɪɢчɟɫɤɨɝɨ ɦɟɠɭɡɥɢя — «ɞɵɪɤɢ»). В ɧаɫɬɨящɟɟ ɜɪɟɦя ɧɟ 
ɢɦɟɟɬɫя ɞɨɫɬаɬɨчɧɵх ɞаɧɧɵх, чɬɨɛɵ ɨɤаɡаɬɶ ɩɪɟɞɩɨчɬɟɧɢɟ ɬɨɦɭ ɢɥɢ ɢɧɨɦɭ 
ɬɢɩɭ ɫɜяɡɢ: ɦɟɬаɥɥ — ɧɟɦɟɬаɥɥ ɢɥɢ ɦɟɬаɥɥ — ɦɟɬаɥɥ. Тɪɭɞɧɨ ɬаɤɠɟ ɨɩɪɟ-

ɞɟɥɢɬɶ ɢх ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɜɤɥаɞ ɜ ɦɟɬаɥɥɢчɟɫɤɢɟ, ɤɨɜаɥɟɧɬɧɵɟ ɢ ɢɨɧɧɵɟ 
ɫɨɫɬаɜɥяɸщɢɟ ɢ ɭɫɬɨɣчɢɜɨɫɬɶ ɫɬɪɭɤɬɭɪɵ. ɍɫɬɨɣчɢɜɨɫɬɶ ɫɬɪɭɤɬɭɪɵ ɡаɜɢɫɢɬ 
ɨɬ ɪаɡɦɟɪа ɰɟɧɬɪаɥɶɧɨɝɨ аɬɨɦа ɧɟɦɟɬаɥɥа. ȿɫɥɢ ɨɧ ɫɨɩɪɢɤаɫаɟɬɫя ɫ аɬɨɦаɦɢ 
ɦɟɬаɥɥа, ɧахɨɞящɢɦɢɫя ɜ ɜɟɪɲɢɧах ɨɤɬаɷɞɪа ɦɟɠɭɡɟɥɶɧɨɣ ɩɭɫɬɨɬɵ, ɬɨ 

ɫɬɪɭɤɬɭɪа ɛɨɥɟɟ ɢɥɢ ɦɟɧɟɟ ɭɫɬɨɣчɢɜа. ɉɪɢ ɫɢɥɶɧɨɦ ɭɦɟɧɶɲɟɧɢɢ ɪаɡɦɟɪа 
ɰɟɧɬɪаɥɶɧɵɣ аɬɨɦ ɩɪɢɨɛɪɟɬаɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɫɜɨɛɨɞɧɨ ɩɟɪɟɦɟщаɬɶɫя ɜ 
ɦɟɠɭɡɥɢɢ, ɢ ɫɬɪɭɤɬɭɪа ɫɬаɧɨɜɢɬɫя ɧɟɭɫɬɨɣчɢɜɨɣ. ɇаɪɭɲɟɧɢɟ 
ɫɬɟхɢɨɦɟɬɪɢчɧɨɫɬɢ ɫɨɟɞɢɧɟɧɢя ɬаɤɠɟ ɜɟɞɟɬ ɤ ɩɨɬɟɪɟ ɭɫɬɨɣчɢɜɨɫɬɢ, а ɜɦɟɫɬɟ 
ɫ ɷɬɢɦ ɧаɪɭɲаɸɬɫя ɢ ɧɟɤɨɬɨɪɵɟ ɟɝɨ ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɫɜɨɣɫɬɜа. ɉɨɥɭчɟɧɢɟ 
ɬɨчɧɨɝɨ ɫɬɟхɢɨɦɟɬɪɢчɟɫɤɨɝɨ ɫɨɫɬаɜа ɫɨɟɞɢɧɟɧɢя ɫɜяɡаɧɨ ɫ ɛɨɥɶɲɢɦɢ 
ɬɪɭɞɧɨɫɬяɦɢ, а ɭɞɟɪɠаɧɢɟ ɟɝɨ ɛɟɡ ɢɡɦɟɧɟɧɢя ɜ ɷɤɫɩɥɭаɬаɰɢɨɧɧɵх ɭɫɥɨɜɢях ɜ 
ɪɟаɤɬɨɪɟ ɜɵɪаɫɬаɟɬ ɜ ɛɨɥɶɲɭɸ ɩɪɨɛɥɟɦɭ. Эɤɫɩɟɪɢɦɟɧɬаɥɶɧɨ ɭɫɬаɧɨɜɥɟɧɨ, 
чɬɨ ɩɪɢ ɬɟɦɩɟɪаɬɭɪɟ ɨɤɨɥɨ 1000°ɋ ɢ ɜɵɲɟ ɜɫɟ ɫɨɟɞɢɧɟɧɢя ɫɬаɧɨɜяɬɫя 
ɩɥаɫɬɢчɧɵɦɢ ɢ ɜɟɞɭɬ ɫɟɛя ɩɨɞɨɛɧɨ ɦɟɬаɥɥаɦ. 
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В ɧаɫɬɨящɟɟ ɜɪɟɦя ɫɮɟɪа ɢɫɩɨɥɶɡɨɜаɧɢя ɫɨɟɞɢɧɟɧɢɣ ɮаɡ ɜɧɟɞɪɟɧɢя 
ɪаɫɲɢɪяɟɬɫя. ɍɫɥɨɜɧɨ ɜ ɪɟаɤɬɨɪɨɫɬɪɨɟɧɢɢ ɫɨɟɞɢɧɟɧɢя ɨɛɴɟɞɢɧяɸɬ ɜ ɨɛщɢɣ 
ɪаɡɞɟɥ — ɤɟɪаɦɢчɟɫɤɨɟ яɞɟɪɧɨɟ ɝɨɪɸчɟɟ ɞɥя ɬɜɷɥɨɜ. ɉɪɢɦɟɧяɟɦɵɟ 
ɤɟɪаɦɢчɟɫɤɢɟ ɦаɬɟɪɢаɥɵ ɦɨɠɧɨ ɪаɡɞɟɥɢɬɶ ɧа ɬɪɢ ɨɫɧɨɜɧɵɟ ɝɪɭɩɩɵ. 

Пеɪваɹ ɝɪɭɩɩа ɜɤɥɸчаɟɬ ɤɟɪаɦɢɤɭ, ɩɨɥɭчɟɧɧɭɸ ɧа ɨɫɧɨɜɟ ɨɤɢɫɥɨɜ ɭɪаɧа, 
ɬɨɪɢя ɢ ɩɥɭɬɨɧɢя ɤаɤ ɨɬɞɟɥɶɧɨ, ɬаɤ ɢ ɜ ɫɦɟɫɢ, а ɬаɤɠɟ ɜ ɫɦɟɫɢ ɫ ɞɪɭɝɢɦɢ 
ɨɤɢɫɥаɦɢ, ɧɟ ɫɨɞɟɪɠащɢɦɢ ɞɟɥящɢхɫя ɢɡɨɬɨɩɨɜ. 

ȼтɨɪаɹ ɝɪɭɩɩа ɨɛɴɟɞɢɧяɟɬ ɧɟɨɤɢɫɧɵɟ ɤɟɪаɦɢчɟɫɤɢɟ ɦаɬɟɪɢаɥɵ: ɤаɪɛɢɞɵ, 
ɧɢɬɪɢɞɵ, ɫɭɥɶɮɢɞɵ, ɮɨɫɮɢɞɵ ɢ ɞɪɭɝɢɟ ɫɨɟɞɢɧɟɧɢя ɭɪаɧа, ɬɨɪɢя ɢ ɩɥɭɬɨɧɢя 
(ɨɬɞɟɥɶɧɨ ɢɥɢ ɜ ɫɦɟɫɢ, а ɬаɤɠɟ ɜ ɫɦɟɫɢ ɫ ɞɪɭɝɢɦɢ ɫɨɟɞɢɧɟɧɢяɦɢ, ɧɟ 
ɫɨɞɟɪɠащɢɦɢ ɞɟɥящɢхɫя ɢɡɨɬɨɩɨɜ). 

Ʉ тɪетɶеɣ ɝɪɭɩɩе ɢɧɨɝɞа ɨɬɧɨɫяɬ ɤɟɪаɦɢчɟɫɤɢɟ ɦаɬɟɪɢаɥɵ, ɞɢɫɩɟɪ-

ɝɢɪɨɜаɧɧɵɟ ɜ ɝɪаɮɢɬɨɜɵх ɦаɬɪɢɰах. Дɢɫɩɟɪɫɧɨɣ ɮаɡɨɣ (яɞɟɪɧɵɦ ɝɨɪɸчɢɦ) ɜ 
ɩɪɢɧɰɢɩɟ ɦɨɠɟɬ ɛɵɬɶ ɥɸɛɨɟ ɫɨɟɞɢɧɟɧɢɟ ɭɪаɧа, ɬɨɪɢя, ɩɥɭɬɨɧɢя ɢɥɢ ɢх 
ɫɦɟɫɢ. 

1.1.5.2.3.2. Ɍеɩɥɨɮиɡиɱеɫɤие ɫвɨɣɫтва ɨɤɫиɞɧɨɝɨ ɹɞеɪɧɨɝɨ тɨɩɥива. 

    ɉɨɞ ɨɤɫɢɞɧɵɦ яɞɟɪɧɵɦ ɬɨɩɥɢɜɨɦ ɩɨɧɢɦаɸɬ ɩɪɨɫɬɵɟ ɢ ɫɥɨɠɧɵɟ ɨɤɫɢɞɵ 
ɭɪаɧа, ɩɥɭɬɨɧɢя ɢ ɬɨɪɢя [184, 192-198]. Ʉ чɢɫɥɭ ɧаɢɛɨɥɟɟ ɲɢɪɨɤɨ 
ɢɫɩɨɥɶɡɭɟɦɵх ɜɢɞɨɜ ɨɤɫɢɞɧɨɝɨ ɬɨɩɥɢɜа ɜ ɪаɡɥɢчɧɵх ɬɢɩах əЭɍ ɨɬɧɨɫяɬɫя 
ɞɢɨɤɫɢɞ ɭɪаɧа ɢ ɫɦɟɲаɧɧɵɟ ɨɤɫɢɞɵ ɭɪаɧа ɢ ɩɥɭɬɨɧɢя. Ɉɧɢ ɢɦɟɸɬ ɜɵɫɨɤɢɟ 
ɬɟɦɩɟɪаɬɭɪɵ ɩɥаɜɥɟɧɢя, ɢɡɨɬɪɨɩɧɵɟ ɤɪɢɫɬаɥɥɢчɟɫɤɢɟ ɪɟɲɟɬɤɢ, хɨɪɨɲɭɸ 
ɪаɞɢаɰɢɨɧɧɭɸ ɫɬɨɣɤɨɫɬɶ ɢ ɫɨɜɦɟɫɬɢɦɵ ɫɨ ɦɧɨɝɢɦɢ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɦɢ 
ɦаɬɟɪɢаɥаɦɢ ɢ ɬɟɩɥɨɧɨɫɢɬɟɥяɦɢ. ɋɪɟɞɢ ɧɟɞɨɫɬаɬɤɨɜ ɨɤɫɢɞɧɨɝɨ ɬɨɩɥɢɜа 
ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ ɧɟɜɵɫɨɤɨɟ ɭɞɟɥɶɧɨɟ ɫɨɞɟɪɠаɧɢɟ ɭɪаɧа ɢ ɩɥɭɬɨɧɢя ɜ 
ɟɞɢɧɢɰɟ ɨɛɴɟɦа ɬɨɩɥɢɜа, а ɬаɤɠɟ ɧɢɡɤɭɸ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ. ɇɟɤɨɬɨɪɵɟ 
ɫɜɨɣɫɬɜа ɨɤɫɢɞɧɨɝɨ ɬɨɩɥɢɜа ɩɨ ɫɪаɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɜɢɞаɦɢ ɤɟɪаɦɢчɟɫɤɨɝɨ 
ɬɨɩɥɢɜа ɩɪɟɞɫɬаɜɥɟɧɵ ɜ ɬаɛɥ. 1.4. 

Ваɠɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɨɤɫɢɞɧɨɝɨ ɬɨɩɥɢɜа яɜɥяɟɬɫя ɬɨ, чɬɨ ɟɝɨ ɪаɡɥɢчɧɵɟ 
ɜɢɞɵ ɨɬɧɨɫяɬɫя ɤ ɧɟɫɬɟхɢɨɦɟɬɪɢчɟɫɤɢɦ ɨɤɫɢɞаɦ ɢ ɜ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ 
ɬɟɦɩɟɪаɬɭɪɵ, ɩаɪɰɢаɥɶɧɨɝɨ ɞаɜɥɟɧɢя ɤɢɫɥɨɪɨɞа ɜ ɨɤɪɭɠаɸщɟɣ ɝаɡɨɜɨɣ 
ɫɪɟɞɟ ɢ ɜɵɝɨɪаɧɢя ɜ ɧɢх, ɜ ɲɢɪɨɤɢх ɩɪɟɞɟɥах, ɢɡɦɟɧяɟɬɫя ɫɨɞɟɪɠаɧɢɟ 
ɤɢɫɥɨɪɨɞа ɜ ɤɪɢɫɬаɥɥɢчɟɫɤɨɣ ɪɟɲɟɬɤɟ, хаɪаɤɬɟɪɢɡɭɟɦɨɟ ɨɬɧɨɲɟɧɢɟɦ 
ɤɨɥɢчɟɫɬɜа аɬɨɦɨɜ ɤɢɫɥɨɪɨɞа ɤ ɤɨɥɢчɟɫɬɜɭ аɬɨɦɨɜ ɦɟɬаɥɥа ɜ ɨɤɫɢɞɟ 
(ɨɬɧɨɲɟɧɢɟ Ɉ/Ɇ) ɢɥɢ ɫɬɟɩɟɧɶɸ ɧеɫɬеɯɢɨɦеɬɪɢɢ, ɨɩɪɟɞɟɥяɟɦɨɣ ɤаɤ ɯ = Ɉ/Ɇ 
- β. Дɥя ɡаɫɬɟхɢɨɦɟɬɪɢчɟɫɤɨɝɨ ɬɨɩɥɢɜа ɯ ɢɦɟɟɬ ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɡɧачɟɧɢɟ, а 
ɞɥя ɞɨɫɬɟхɢɨɦɟɬɪɢчɟɫɤɨɝɨ - ɨɬɪɢɰаɬɟɥɶɧɨɟ. ɉɨɷɬɨɦɭ хɢɦɢчɟɫɤая ɮɨɪɦɭɥа 
ɧɟɫɬɟхɢɨɦɟɬɪɢчɟɫɤɨɝɨ ɬɨɩɥɢɜɧɨɝɨ ɨɤɫɢɞа ɢɦɟɟɬ ɜɢɞ ɆO2±x, ɝɞɟ Ɇ - U, Ɋu ɢɥɢ 

(U+Ɋu).  

ɋɦɟɲаɧɧɵɟ ɨɤɫɢɞɵ ɭɪаɧа ɢ ɩɥɭɬɨɧɢя (U,Ɋu)O2, ɩɨɥɭчɢɜɲɢɟ ɧаɡɜаɧɢɟ 
ɆɈɏ-ɬɨɩɥɢɜа, ɩɪɟɞɫɬаɜɥяɸɬ ɛɨɥɶɲɭɸ ɰɟɧɧɨɫɬɶ ɞɥя ɛɵɫɬɪɵх ɪɟаɤɬɨɪɨɜ, ɝɞɟ 
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ɢх ɢɫɩɨɥɶɡɨɜаɧɢɟ ɜ ɤачɟɫɬɜɟ ɬɨɩɥɢɜа ɞаɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭчаɬɶ 
ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɫɩɪɨɢɡɜɨɞɫɬɜа ɫɭщɟɫɬɜɟɧɧɨ ɛɨɥɶɲɟ ɟɞɢɧɢɰɵ. Ɉɞɧаɤɨ 
ɜɫɥɟɞɫɬɜɢɟ ɦɟɞɥɟɧɧɵх ɬɟɦɩɨɜ ɫɬɪɨɢɬɟɥɶɫɬɜа ɛɵɫɬɪɵх ɪɟаɤɬɨɪɨɜ ɜ ɩɨɫɥɟɞɧɢɟ 
ɝɨɞɵ ɩɨяɜɢɥаɫɶ ɬɟɧɞɟɧɰɢя ɤ ɢɫɩɨɥɶɡɨɜаɧɢɸ ɆɈɏ-ɬɨɩɥɢɜа ɢ ɜ ɪɟаɤɬɨɪах ɧа 
ɬɟɩɥɨɜɵх ɧɟɣɬɪɨɧах, чɬɨ ɪаɫɲɢɪяɟɬ ɬɨɩɥɢɜɧɭɸ ɛаɡɭ ɩɨɫɥɟɞɧɢх, хɨɬя ɧɟ 
яɜɥяɟɬɫя ɷɤɨɧɨɦɢчɟɫɤɢ ɨɩɪаɜɞаɧɧɵɦ. 

ɆɈɏ-ɬɨɩɥɢɜɨ ɢɦɟɟɬ ɜɵɫɨɤɭɸ ɪаɞɢаɰɢɨɧɧɭɸ ɫɬаɛɢɥɶɧɨɫɬɶ ɢ хɨɪɨɲɭɸ 
ɫɨɜɦɟɫɬɢɦɨɫɬɶ ɫ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɦɢ ɦаɬɟɪɢаɥаɦɢ, чɬɨ ɩɨɡɜɨɥяɟɬ ɞɨɫɬɢɝаɬɶ 
ɛɨɥɶɲɢх ɝɥɭɛɢɧ ɜɵɝɨɪаɧɢя. Ʉ ɧɟɞɨɫɬаɬɤаɦ ɆɈɏ-ɬɨɩɥɢɜа ɫɥɟɞɭɟɬ ɨɬɧɟɫɬɢ 
ɧɢɡɤɭɸ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, а ɬаɤɠɟ ɧɟɜɵɫɨɤɨɟ ɫɨɞɟɪɠаɧɢɟ ɭɪаɧа ɢ ɩɥɭɬɨɧɢя 
ɜ ɟɞɢɧɢɰɟ ɨɛɴɟɦа ɬɨɩɥɢɜа. 

ɆɈɏ-ɬɨɩɥɢɜɨ ɬаɤɠɟ ɨɛɥаɞаɟɬ ɜɵɫɨɤɨɣ ɪаɞɢɨаɤɬɢɜɧɨɫɬɶɸ ɢ ɬɨɤɫɢчɧɨɫɬɶɸ, 
ɜɫɥɟɞɫɬɜɢɟ чɟɝɨ ɬɟхɧɨɥɨɝɢчɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɟɝɨ ɩɪɨɢɡɜɨɞɫɬɜа ɬɪɟɛɭɸɬ 
ɞɢɫɬаɧɰɢɨɧɧɨɝɨ ɭɩɪаɜɥɟɧɢя ɢ ɨɫɭщɟɫɬɜɥяɸɬɫя ɜ ɡащɢɬɧɵх ɛɨɤɫах ɢ 
ɤаɦɟɪах. 

 

Таɛɥɢɰа. 1.4 
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В ɬɜɷɥах ɪɟаɤɬɨɪɨɜ ɧа ɛɵɫɬɪɵх ɧɟɣɬɪɨɧах ɢɫɩɨɥɶɡɭɸɬ ɆɈɏ-ɬɨɩɥɢɜɨ ɫ 
ɦаɫɫɨɜɵɦ ɫɨɞɟɪɠаɧɢɟɦ ɩɥɭɬɨɧɢя ɨɬ 1η ɞɨ γ0 %, а ɜ ɬɜɷɥах ɪɟаɤɬɨɪɨɜ ɧа 
ɬɟɩɥɨɜɵх ɧɟɣɬɪɨɧах - ɫ ɦаɫɫɨɜɵɦ ɫɨɞɟɪɠаɧɢɟɦ ɨɬ 4 ɞɨ 8 %.  

В ɨɛɥаɫɬях ɝɨɦɨɝɟɧɧɨɫɬɢ ɫɜɨɣɫɬɜа ɨɤɫɢɞɧɨɝɨ яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа, а ɬаɤɠɟ 
хаɪаɤɬɟɪ ɢ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɢɫхɨɞящɢх ɜ ɧɟɦ ɩɪɢ ɜɵɝɨɪаɧɢɢ ɢ 
ɜɵɫɨɤɢх ɬɟɦɩɟɪаɬɭɪах, ɫɢɥɶɧɨ ɡаɜɢɫяɬ ɨɬ ɫɨɞɟɪɠаɧɢя ɜ ɨɤɫɢɞɟ ɤɢɫɥɨɪɨɞа, 
ɩɪɢчɟɦ ɷɬа ɡаɜɢɫɢɦɨɫɬɶ ɨɫɨɛɟɧɧɨ ɜɟɥɢɤа ɜɛɥɢɡɢ ɫɬɟхɢɨɦɟɬɪɢчɟɫɤɨɝɨ 
ɫɨɫɬаɜа. ɉɨɷɬɨɦɭ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɫɜɨɣɫɬɜ ɨɤɫɢɞɧɨɝɨ ɬɨɩɥɢɜа ɤɪаɣɧɟ ɜаɠɧɨ 
ɤɨɧɬɪɨɥɢɪɨɜаɬɶ ɟɝɨ ɫɨɫɬаɜ, чɬɨɛɵ ɢɦɟɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɫɨɨɬɧɟɫɬɢ ɢɡɦɟɪɟɧɧɨɟ 
ɫɜɨɣɫɬɜɨ ɤ ɨɤɫɢɞɭ ɫ ɢɡɜɟɫɬɧɵɦ ɨɬɧɨɲɟɧɢɟɦ Ɉ/Ɇ. В ɩɪɨɬɢɜɧɨɦ ɫɥɭчаɟ ɩɨ-

ɝɪɟɲɧɨɫɬɶ ɜ ɢɡɦɟɪɟɧɢях ɫɜɨɣɫɬɜ ɦɨɠɟɬ ɛɵɬɶ ɛɨɥɶɲɨɣ ɢ ɫɭщɟɫɬɜɟɧɧɨ 
ɩɪɟɜɵɲаɬɶ ɦɟɬɨɞɢчɟɫɤɭɸ ɩɨɝɪɟɲɧɨɫɬɶ. 

Ɍеɦɩеɪатɭɪа ɩɥавɥеɧиɹ. Вɟɥɢчɢɧа ɬɟɦɩɟɪаɬɭɪɵ ɩɥаɜɥɟɧɢя яɜɥяɟɬɫя 
ɜаɠɧɨɣ хаɪаɤɬɟɪɢɫɬɢɤɨɣ яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа, ɬаɤ ɤаɤ ɨɧа ɨɩɪɟɞɟɥяɟɬ 
ɞɨɩɭɫɬɢɦɭɸ ɦɨщɧɨɫɬɶ ɬɜɷɥа. Тɟɦɩɟɪаɬɭɪа ɩɥаɜɥɟɧɢя ɫɦɟɲаɧɧɵх ɨɤɫɢɞɨɜ 
ɭɪаɧа ɢ ɩɥɭɬɨɧɢя ɩɥаɜɧɨ ɩɨɧɢɠаɟɬɫя ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɩɥаɜɥɟɧɢя UO2 (2847 ± 

γ0 °ɋ) ɞɨ ɬɟɦɩɟɪаɬɭɪɵ ɩɥаɜɥɟɧɢя ɊuɈ2 (β4β8 ±γη °ɋ) ɩɨ ɦɟɪɟ ɩɨɜɵɲɟɧɢя ɜ 
ɧɢх ɤɨɧɰɟɧɬɪаɰɢɢ ɨɤɫɢɞа ɩɥɭɬɨɧɢя (ɪɢɫ. 1.16). 

 

                            

Ɋɢɫ. 1.16. Тɟɦɩɟɪаɬɭɪа ɩɥаɜɥɟɧɢя ɫɦɟɲаɧɧɵх ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɵх ɨɤɫɢɞɨɜ. 

 

Ɉɬɤɥɨɧɟɧɢɟ ɨɬ ɫɬɟхɢɨɦɟɬɪɢчɟɫɤɨɝɨ ɫɨɫɬаɜа ɜ ɨɛɥаɫɬɢ ɞɨ- ɢɥɢ 
ɡаɫɬɟхɢɨɦɟɬɪɢɢ, а ɬаɤɠɟ ɜɵɝɨɪаɧɢɟ ɫɧɢɠаɸɬ ɬɟɦɩɟɪаɬɭɪɭ ɩɥаɜɥɟɧɢя 
ɫɦɟɲаɧɧɵх ɨɤɫɢɞɨɜ. ɉɨɫɥɟɞɧɟɟ ɨɛɫɬɨяɬɟɥɶɫɬɜɨ ɨɛɭɫɥɨɜɥɟɧɨ ɮɢɡɢɤɨ-

хɢɦɢчɟɫɤɢɦ ɜɡаɢɦɨɞɟɣɫɬɜɢɟɦ ɦаɬɪɢɰɵ ɬɨɩɥɢɜа, ɤаɤ ɫ ɩɪɨɞɭɤɬаɦɢ ɞɟɥɟɧɢя, 
ɬаɤ ɢ ɫ ɨɤɫɢɞɨɦ аɦɟɪɢɰɢя Аm2Ɉ3, ɬɟɦɩɟɪаɬɭɪа ɩɥаɜɥɟɧɢя ɤɨɬɨɪɨɝɨ 
ɫɨɫɬаɜɥяɟɬ β197 ± 1η °ɋ. 
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Ɋɢɫ. 1.17. Вɥɢяɧɢɟ ɜɵɝɨɪаɧɢя ɧа ɬɟɦɩɟɪаɬɭɪɭ ɩɥаɜɥɟɧɢя ɫɦɟɲаɧɧɨɝɨ ɨɤɫɢɞɧɨɝɨ 
ɬɨɩɥɢɜа. 

 

ɉɪɢɧяɬɨ ɫчɢɬаɬɶ, чɬɨ ɩɪɢ ɜɵɝɨɪаɧɢɢ 100 ȽВɬ∙ɫɭɬ/ɬ ɬɟɦɩɟɪаɬɭɪа ɩɥаɜɥɟɧɢя 
ɆɈɏ-ɬɨɩɥɢɜа ɫɧɢɠаɟɬɫя ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɧа 100 °ɋ. Эɤɫɩɟɪɢɦɟɧɬаɥɶɧɵɟ 
ɪɟɡɭɥɶɬаɬɵ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɬɟɦɩɟɪаɬɭɪɵ ɩɥаɜɥɟɧɢя ɨɛɥɭчɟɧɧɨɝɨ ɆɈɏ-

ɬɨɩɥɢɜа ɩɨɤаɡаɧɵ ɧа ɪɢɫ. 1.17. 

Ɍеɪɦиɱеɫɤɨе ɪаɫɲиɪеɧие. Ʉɨɷɮɮɢɰɢɟɧɬɵ ɬɟɪɦɢчɟɫɤɨɝɨ ɪаɫɲɢɪɟɧɢя 
ɬɨɩɥɢɜа ɢ ɨɛɨɥɨчɤɢ ɨɩɪɟɞɟɥяɸɬ ɜɟɥɢчɢɧɭ ɡаɡɨɪа ɦɟɠɞɭ ɧɢɦɢ ɩɪɢ ɜɵхɨɞɟ 
ɬɜɷɥа ɧа ɦɨщɧɨɫɬɶ. Ʉɨɷɮɮɢɰɢɟɧɬɵ ɬɟɪɦɢчɟɫɤɨɝɨ ɪаɫɲɢɪɟɧɢя UO2, ɊuɈ2 ɢ 
ɆɈɏ-ɬɨɩɥɢɜа ɢɦɟɸɬ ɛɥɢɡɤɢɟ ɡɧачɟɧɢя (ɪɢɫ. 1.18) ɢ ɦɨɝɭɬ ɛɵɬɶ ɫ хɨɪɨɲɟɣ 
ɬɨчɧɨɫɬɶɸ ɨɩɢɫаɧɵ ɫɥɟɞɭɸщɢɦɢ ɜɵɪаɠɟɧɢяɦɢ: 

                           (1.87) 

                          (1.88) 

                     ,                   (1.89) 

ɞɥя ɬɟɦɩɟɪаɬɭɪɧɨɝɨ ɢɧɬɟɪɜаɥа ɨɬ β7γ ɞɨ 9βγ Ʉ, а ɞɥя ɛɨɥɟɟ ɜɵɫɨɤɢх 
ɬɟɦɩɟɪаɬɭɪ, ɜɩɥɨɬɶ ɞɨ ɬɟɦɩɟɪаɬɭɪɵ ɩɥаɜɥɟɧɢя: 
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                                                (1.90) 

                                          (1.91) 

                                            (1.92) 

Ɉɬɤɥɨɧɟɧɢɟ ɨɬ ɫɬɟхɢɨɦɟɬɪɢɢ ɜ ɫɬɨɪɨɧɭ ɡаɫɬɟхɢɨɦɟɬɪɢɢ ɩɨɜɵɲаɟɬ 
ɤɨɷɮɮɢɰɢɟɧɬɵ ɬɟɪɦɢчɟɫɤɨɝɨ ɪаɫɲɢɪɟɧɢя ɨɤɫɢɞɧɨɝɨ ɬɨɩɥɢɜа, а ɜ ɫɬɨɪɨɧɭ 
ɞɨɫɬɟхɢɨɦɟɬɪɢɢ - ɩɨɧɢɠаɟɬ. Вɥɢяɧɢɟ ɧɟɫɬɟхɢɨɦɟɬɪɢɢ ɦɨɠɟɬ    ɛɵɬɶ    ɭчɬɟɧɨ    
ɫ    ɩɨɦɨщɶɸ    ɫɥɟɞɭɸщɟɝɨ    ɦɧɨɠɢɬɟɥя Д1+(γ,9±0,9)∙хЖ, ɝɞɟ ɯ - ɨɬɤɥɨɧɟɧɢɟ 
ɨɬ ɫɬɟхɢɨɦɟɬɪɢɢ. Дɥя ɫɦɟɲаɧɧɵх ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɵх ɨɤɫɢɞɨɜ ɬɟɪɦɢчɟɫɤɨɟ 
ɪаɫɲɢɪɟɧɢɟ ɩɪɢ ɬɟɦɩɟɪаɬɭɪɟ Ɍ ɨɩɪɟɞɟɥяɟɬɫя ɤаɤ ɫɪɟɞɧяя ɜɟɥɢчɢɧа ɢɡ 
ɫɨɨɬɜɟɬɫɬɜɭɸщɢх ɡɧачɟɧɢɣ ɞɥя UO2 ɢ ɊuɈ2, ɩɪɨɩɨɪɰɢɨɧаɥɶɧая ɢх ɦаɫɫɨɜɵɦ 
ɞɨɥяɦ. ɍɜɟɥɢчɟɧɢɟ ɤɨɧɰɟɧɬɪаɰɢɢ ɩɥɭɬɨɧɢя ɜ ɆɈɏ-ɬɨɩɥɢɜɟ ɩɪɢɜɨɞɢɬ ɤ 
ɫɧɢɠɟɧɢɸ ɤɨɷɮɮɢɰɢɟɧɬа ɬɟɪɦɢчɟɫɤɨɝɨ ɪаɫɲɢɪɟɧɢя ɩɪɢ ɧɢɡɤɢх 
ɬɟɦɩɟɪаɬɭɪах ɢ ɩɨɜɵɲɟɧɢɸ ɟɝɨ ɩɪɢ ɜɵɫɨɤɢх (ɪɢɫ. 1.20). 

 

                             

Ɋɢɫ. 1.18. Тɟɪɦɢчɟɫɤɨɟ ɪаɫɲɢɪɟɧɢɟ ɞɢɨɤɫɢɞа ɭɪаɧа ɢ ɞɢɨɤɫɢɞа ɩɥɭɬɨɧɢя. 
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Ɋɢɫ. 1.19. Тɟɪɦɢчɟɫɤɨɟ ɪаɫɲɢɪɟɧɢɟ ɫɦɟɫɢ ɨɤɫɢɞɨɜ UO2 ɢ ɊuɈ2 ɜ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ 
ɫɨɞɟɪɠаɧɢя ɊɢɈ2. 

 

Эɤɫɩɟɪɢɦɟɧɬаɥɶɧɵɟ ɡɧачɟɧɢя ɤɨɷɮɮɢɰɢɟɧɬа ɬɟɪɦɢчɟɫɤɨɝɨ ɪаɫɲɢɪɟɧɢя ɞɥя 
ɬаɛɥɟɬɨɤ ɫɨɫɬаɜа 7η % UO2 - βη % ɊuɈ2 ɩɪɢɜɟɞɟɧɵ ɜ ɬаɛɥ. 1.5. 

Таɛɥɢɰа. 1.5 

 

Ɍеɩɥɨеɦɤɨɫтɶ. ɍɞɟɥɶɧая ɬɟɩɥɨɟɦɤɨɫɬɶ ɬɨɩɥɢɜа ɋɪ ɢɦɟɟɬ ɜаɠɧɨɟ ɡɧачɟɧɢɟ 
ɞɥя ɨɰɟɧɤɢ ɩɨɜɟɞɟɧɢя ɪɟаɤɬɨɪа ɜ ɩɟɪɟхɨɞɧɵх ɪɟɠɢɦах; ɤɪɨɦɟ ɬɨɝɨ, ɨɧа 
ɫɜяɡаɧа ɫ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ ɬɨɩɥɢɜа Д204]. Тɟɩɥɨɟɦɤɨɫɬɶ ɨɤɫɢɞɧɨɝɨ 
ɬɨɩɥɢɜа ɦɨɠɧɨ ɩɪɟɞɫɬаɜɢɬɶ ɜ ɜɢɞɟ ɫɭɦɦɵ ɪаɡɥɢчɧɵх ɫɨɫɬаɜɥяɸщɢх, 
ɤɨɬɨɪɵɟ ɨɛɭɫɥɨɜɥɟɧɵ ɮɨɧɨɧаɦɢ, ɞаɸщɢɦɢ ɨɫɧɨɜɧɨɣ ɜɤɥаɞ ɜ ɬɟɩɥɨɟɦɤɨɫɬɶ, 
аɧɝаɪɦɨɧɢчɟɫɤɢɦ ɫɦɟщɟɧɢɟɦ аɧɢɨɧɨɜ, ɬɟɪɦɢчɟɫɤɢɦ ɪаɫɲɢɪɟɧɢɟɦ, 
ɞɟɮɟɤɬаɦɢ ɒɨɬɤɢ ɢ ɷɥɟɤɬɪɨɧɧɵɦɢ ɞɟɮɟɤɬаɦɢ. 

Вɵɪаɠɟɧɢɟ, ɨɩɢɫɵɜаɸщɟɟ ɡаɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɟɦɤɨɫɬɢ UO2 ɨɬ ɬɟɦɩɟɪаɬɭɪɵ 
ɜɤɥɸчаɟɬ ɜ ɫɟɛя ɬɪɢ ɫɥаɝаɟɦɵх, ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɮɢɡɢчɟɫɤɨɟ ɨɛɨɫɧɨɜаɧɢɟ. 
ɉɟɪɜɨɟ ɭчɢɬɵɜаɟɬ ɜɤɥаɞ ɮɨɧɨɧɨɜ, ɜɬɨɪɨɟ - ɜɤɥаɞ ɬɟɩɥɨɜɨɝɨ ɪаɫɲɢɪɟɧɢя, а 
ɬɪɟɬɶɟ - ɷɥɟɤɬɪɨɧɧɵɣ ɜɤɥаɞ. Эɬɨ ɜɵɪаɠɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɡаɩɢɫаɧɨ ɜ 
ɫɥɟɞɭɸщɟɦ ɜɢɞɟ ɢ ɫɩɪаɜɟɞɥɢɜɨ ɜ ɢɧɬɟɪɜаɥɟ ɬɟɦɩɟɪаɬɭɪɵ ɨɬ γ00 ɞɨ γ1β0 Ʉ: 

                        (1.93) 
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ɝɞɟ ɋ1 = γ0β,β7 Дɠ∙ɤɝ-1∙K-1; ɋ2 = 8,4θγ∙10-3
 Дɠ∙ ɤɝ-1∙K-2; ɋ3 = 8,741∙10

7
 Дɠ∙ ɤɝ-1

; 

ș = η48,θ8 Ʉ; ȿa=  18ηγ1,7 Ʉ. 

Тɟɩɥɨɟɦɤɨɫɬɶ ɞɢɨɤɫɢɞа ɩɥɭɬɨɧɢя ɨɩɢɫɵɜаɟɬɫя ɬɟɦ ɠɟ ɜɵɪаɠɟɧɢɟɦ, ɧɨ 
ɤɨɧɫɬаɧɬɵ ɜ ɷɬɨɦ ɫɥɭчаɟ ɛɭɞɭɬ ɫɥɟɞɭɸщɢɦɢ:ɋ1 =322,49 Дɠ∙ɤɝ-1∙K-1

; 

ɋ2=1,4θ79∙10-2Дɠ∙ɤɝ-1∙K-2; ɋ3 = 0 Дɠ∙ɤɝ-1
; ș = η87,41 Ʉ; ȿа=  18ηγ1,7 Ʉ. 

Тɟɩɥɨɟɦɤɨɫɬɶ ɫɦɟɲаɧɧɨɝɨ ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɝɨ ɨɤɫɢɞɧɨɝɨ ɬɨɩɥɢɜа (ɆɈɏ-

ɬɨɩɥɢɜа (UyPu1-y)Ɉ2 ) ɦɨɠɟɬ ɛɵɬɶ ɪаɫɫчɢɬаɧа ɢɫхɨɞя ɢɡ ɡакɨɧа аɞɞɢɬɢɜɧɨɫɬɢ 
(Кɨɩɩа — ɇɨеɦаɧɧа): 

                         (1.94) 

ɝɞɟ ɋɊ(Ɍ,UɈ2) - ɬɟɩɥɨɟɦɤɨɫɬɶ UɈ2 ɩɪɢ ɬɟɦɩɟɪаɬɭɪɟ Ɍ, а ɋɊ(Ɍ, ɊuɈ2) - 

ɬɟɩɥɨɟɦɤɨɫɬɶ ɊuɈ2 ɩɪɢ ɷɬɨɣ ɠɟ ɬɟɦɩɟɪаɬɭɪɟ. 

Тɟɦɩɟɪаɬɭɪɧɵɟ ɡаɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨɟɦɤɨɫɬɢ UɈ2 ɢ ɊuɈ2 ɢɡɨɛɪаɠɟɧɵ ɧа ɪɢɫ. 
1.20 ɢ 1.21, ɢɡ ɤɨɬɨɪɵх ɜɢɞɧɨ, чɬɨ ɡɧачɟɧɢя ɬɟɩɥɨɟɦɤɨɫɬɢ ɷɬɢх ɞɜɭх ɨɤɫɢɞɨɜ 
ɢɦɟɸɬ ɛɥɢɡɤɢɟ ɡɧачɟɧɢя ɜɨ ɜɫɟɦ ɢɧɬɟɪɜаɥɟ ɬɟɦɩɟɪаɬɭɪɵ ɜɩɥɨɬɶ ɞɨ 
ɬɟɦɩɟɪаɬɭɪɵ ɩɥаɜɥɟɧɢя. Вɵɲɟ з1800 Ʉ ɩɪɨɢɫхɨɞɢɬ аɧɨɦаɥɶɧɵɣ ɪɨɫɬ 
ɬɟɩɥɨɟɦɤɨɫɬɢ, ɢ ɟɟ ɜɟɥɢчɢɧа ɨɤаɡɵɜаɟɬɫя ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɜ β ɪаɡа ɛɨɥɶɲɟ 
ɡɧачɟɧɢя, ɞаɜаɟɦɨɝɨ ɡаɤɨɧɨɦ Дɸɥɨɧɝа-ɉɬɢ. Эɬɨɬ ɪɨɫɬ ɨɛɭɫɥɨɜɥɟɧ 
ɷɥɟɤɬɪɨɧɧɵɦɢ ɞɟɮɟɤɬаɦɢ, ɤɨɥɢчɟɫɬɜɨ ɤɨɬɨɪɵх ɡɧачɢɬɟɥɶɧɨ ɜɨɡɪаɫɬаɟɬ ɩɨ 
ɦɟɪɟ ɩɪɢɛɥɢɠɟɧɢя ɤ ɬɟɦɩɟɪаɬɭɪɟ ɩɥаɜɥɟɧɢя. 

                      

Ɋɢɫ. 1.20. Тɟɦɩɟɪаɬɭɪɧая ɡаɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɟɦɤɨɫɬɢ ɞɢɨɤɫɢɞа ɭɪаɧа.  

 

    Тɟɩɥɨɟɦɤɨɫɬɶ ɬɨɩɥɢɜɧɵх ɨɤɫɢɞɨɜ ɪаɫɬɟɬ ɧɟ ɬɨɥɶɤɨ ɫ ɭɜɟɥɢчɟɧɢɟɦ 
ɬɟɦɩɟɪаɬɭɪɵ, ɧɨ ɢ ɫ ɨɬɤɥɨɧɟɧɢɟɦ ɨɬ ɫɬɟхɢɨɦɟɬɪɢɢ, чɬɨ ɨɛɭɫɥɨɜɥɟɧɨ, ɩɨ-
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ɜɢɞɢɦɨɦɭ, ɩɨɜɵɲɟɧɢɟɦ ɤɨɧɰɟɧɬɪаɰɢɢ ɞɟɮɟɤɬɨɜ ɤɪɢɫɬаɥɥɢчɟɫɤɨɣ ɪɟɲɟɬɤɢ. 
Вɥɢяɧɢɟ ɨɬɤɥɨɧɟɧɢя ɨɬ ɫɬɟхɢɨɦɟɬɪɢɢ (ɯ) ɧа ɬɟɩɥɨɟɦɤɨɫɬɶ UɈ2+x ɢɡɭчɟɧɨ ɧɟ 
ɬаɤ ɲɢɪɨɤɨ. В ɝɪаɮɢчɟɫɤɨɣ ɮɨɪɦɟ ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɵɟ ɬɟɦɩɟɪаɬɭɪɧɵɟ 
ɡаɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨɟɦɤɨɫɬɢ ɞɥя ɢɧɬɟɪɜаɥа ɬɟɦɩɟɪаɬɭɪɵ γ7γ - 1θ7γ Ʉ ɢ 
ɪаɡɥɢчɧɵх ɡɧачɟɧɢɣ ɯ ɩɪɟɞɫɬаɜɥɟɧɵ ɧа ɪɢɫ. 1.22. 

   

                           

Ɋɢɫ. 1.21. Тɟɦɩɟɪаɬɭɪɧая ɡаɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɟɦɤɨɫɬɢ ɞɢɨɤɫɢɞа ɩɥɭɬɨɧɢя. 

 

ɂɡ ɩɪɟɞɫɬаɜɥɟɧɧɨɝɨ ɪɢɫɭɧɤа ɜɢɞɧɨ, чɬɨ ɫ ɪɨɫɬɨɦ ɨɬɤɥɨɧɟɧɢя ɨɬ 
ɫɬɟхɢɨɦɟɬɪɢɢ ɡɧачɟɧɢя ɬɟɩɥɨɟɦɤɨɫɬɢ UɈ2+x ɫɥɟɝɤа ɭɜɟɥɢчɢɜаɸɬɫя. Ʉɪɨɦɟ 
ɬɨɝɨ, ɧа ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɵх ɡаɜɢɫɢɦɨɫɬях ɬɟɩɥɨɟɦɤɨɫɬɢ UɈ2,035 ɢ UɈ2,084, ɜ 
ɢɧɬɟɪɜаɥɟ ɬɟɦɩɟɪаɬɭɪɵ θ7γ - 87γ Ʉ ɧаɛɥɸɞаɸɬɫя ɩɢɤɢ, ɤɨɬɨɪɵɟ ɩɨ ɜɢɞɢɦɨɦɭ, 
ɫɜяɡаɧɵ ɫ ɪаɫɬɜɨɪɟɧɢɟɦ ɮаɡɵ U4O9 ɜ UɈ2+x. 

     Тɟɩɥɨɟɦɤɨɫɬɶ ɥɟɝɢɪɨɜаɧɧɨɝɨ ɞɢɨɤɫɢɞа ɭɪаɧа ɬаɤ ɠɟ ɤаɤ ɢ ɬɟɩɥɨɟɦɤɨɫɬɶ 
ɆɈɏ-ɬɨɩɥɢɜа ɦɨɠɧɨ ɪаɫɫчɢɬаɬɶ ɩɨ ɡаɤɨɧɭ аɞɞɢɬɢɜɧɨɫɬɢ (1.94). 

Даɧɧɵɟ ɩɨ ɜɥɢяɧɢɸ ɜɵɝɨɪаɧɢя ɧа ɬɟɩɥɨɟɦɤɨɫɬɶ ɞɢɨɤɫɢɞа ɭɪаɧа ɜ 
ɥɢɬɟɪаɬɭɪɟ ɤɪаɣɧɟ ɨɝɪаɧɢчɟɧɵ. Ɉɰɟɧɤа ɜɥɢяɧɢя ɜɵɝɨɪаɧɢя ɧа ɬɟɩɥɨɟɦɤɨɫɬɶ 
ɞɢɨɤɫɢɞа ɭɪаɧа ɩɪɨɜɨɞɢɥаɫɶ ɩɨ ɞаɧɧɵɦ, ɩɨɥɭчɟɧɧɵɦ ɧа ɦɨɞеɥɶɧɨɦ яɞеɪɧɨɦ 
ɬɨɩɥɢɜе (ɆəТ). 

ɆəТ ɫɨɞɟɪɠɢɬ ɬɜɟɪɞɵɟ ɢɦɢɬаɬɨɪɵ ɩɪɨɞɭɤɬɨɜ ɞɟɥɟɧɢя (ɂɉД), 
ɤɨɧɰɟɧɬɪаɰɢя ɤɨɬɨɪɵх ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɡаɞаɧɧɨɦɭ ɭɪɨɜɧɸ ɜɵɝɨɪаɧɢя, ɧɨ ɧɟ 
ɫɨɞɟɪɠɢɬ ɝаɡɨɨɛɪаɡɧɵɟ ɢ ɥɟɝɤɨɥɟɬɭчɢɟ ɉД. Ȼɵɥɨ ɩɨɤаɡаɧɨ, чɬɨ ɫ 
ɭɜɟɥɢчɟɧɢɟɦ ɤɨɧɰɟɧɬɪаɰɢɢ ɂɉД (чɬɨ ɷɤɜɢɜаɥɟɧɬɧɨ ɭɜɟɥɢчɟɧɢɸ ɜɵɝɨɪаɧɢя) 
ɬɟɩɥɨɟɦɤɨɫɬɶ ɞɢɨɤɫɢɞа ɭɪаɧа ɫɥɟɝɤа ɩɨɜɵɲаɟɬɫя. Ɉɬɦɟчаɟɬɫя, чɬɨ 
ɢɡɦɟɪɟɧɧɵɟ ɡɧачɟɧɢя ɬɟɩɥɨɟɦɤɨɫɬɢ ɆəТ хɨɪɨɲɨ ɫɨɜɩаɞаɸɬ ɫ ɪɟɡɭɥɶɬаɬаɦɢ, 
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ɪаɫɫчɢɬаɧɧɵɦɢ ɩɨ ɡаɤɨɧɭ аɞɞɢɬɢɜɧɨɫɬɢ. ɇа ɨɫɧɨɜаɧɢɢ ɩɨɥɭчɟɧɧɵх ɞаɧɧɵх 
ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ ɜɵɪаɠɟɧɢɟ ɞɥя ɪаɫчɟɬа ɬɟɩɥɨɟɦɤɨɫɬɢ UɈ2 ɫ ɭчɟɬɨɦ 
ɜɥɢяɧɢя ɜɵɝɨɪаɧɢя. Эɬɨ ɜɵɪаɠɟɧɢɟ ɨɫɧɨɜаɧɨ ɧа ɭɪаɜɧɟɧɢɢ (1.92), ɜ ɤɨɬɨɪɨɦ 
ɞɥя ɭчɟɬа ɜɥɢяɧɢя ɜɵɝɨɪаɧɢя ɷɦɩɢɪɢчɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɋ2 ɡаɦɟɧɟɧ ɧа ɋ'2: 

                                  (1.95) 

ɝɞɟ ɋ2 - ɷɦɩɢɪɢчɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɪаɜɧɵɣ β,4γ∙10
-2

 Дɠ∙ɤɝ-1∙K-2, а b - 

ɜɟɥɢчɢɧа ɜɵɝɨɪаɧɢя ɬɨɩɥɢɜа ɜ аɬ. %. Вɥɢяɧɢɟ ɜɵɝɨɪаɧɢя ɞɥя ɨɛɪаɡɰɨɜ ɆəТ 
ɫɬɟхɢɨɦɟɬɪɢчɟɫɤɨɝɨ ɫɨɫɬаɜа ɫ ɢɦɢɬаɰɢɟɣ ɜɵɝɨɪаɧɢя 0,γ ɢ 8 аɬ. %, 
ɩɪɟɞɫɬаɜɥɟɧɨ ɧа ɪɢɫ. 1.24. 

 

                       

Ɋɢɫ. 1.22. Эɤɫɩɟɪɢɦɟɧɬаɥɶɧɵɟ ɡɧачɟɧɢя ɬɟɩɥɨɟɦɤɨɫɬɢ UɈβ+х. 

 

                        

Ɋɢɫ. 1.23.Тɟɦɩɟɪаɬɭɪɧɵɟ ɡаɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨɟɦɤɨɫɬɢ UɈ2 ɫ ɢɦɢɬаɰɢɟɣ ɜɵɝɨɪаɧɢя 0, γ ɢ 
8аɬ.%. 
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    Таɤɢɦ ɨɛɪаɡɨɦ, ɜɵɝɨɪаɧɢɟ ɩɪɢɜɨɞɢɬ ɤ ɧɟɡɧачɢɬɟɥɶɧɨɦɭ ɩɨɜɵɲɟɧɢɸ 
ɬɟɩɥɨɟɦɤɨɫɬɢ ɞɢɨɤɫɢɞа ɭɪаɧа. 

Ɍеɩɥɨɩɪɨвɨɞɧɨɫтɶ. Ɋаɞɢаɥɶɧɨɟ ɪаɫɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪаɬɭɪɵ ɜ ɬɨɩɥɢɜɧɨɦ 
ɫɟɪɞɟчɧɢɤɟ, а ɬаɤ ɠɟ ɦаɤɫɢɦаɥɶɧая ɬɟɦɩɟɪаɬɭɪа ɜ ɰɟɧɬɪɟ ɬɜɷɥа ɨɩɪɟɞɟɥяɟɬɫя 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ λ, ɤɨɬɨɪая ɡаɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ, ɩɨɪɢɫɬɨɫɬɢ, 
ɫɬɟхɢɨɦɟɬɪɢчɟɫɤɨɝɨ ɫɨɫɬаɜа, ɪаɡɦɟɪа ɡɟɪɟɧ, хаɪаɤɬɟɪа ɢ ɤɨɥɢчɟɫɬɜа 
ɩɪɢɦɟɫɟɣ ɢ ɬ.ɞ. ɨɤɫɢɞɧɨɝɨ ɬɨɩɥɢɜа. 

ɋɨɝɥаɫɧɨ Д204Ж ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɨɤɫɢɞɧɨɝɨ ɬɨɩɥɢɜа ɦɨɠɧɨ 
ɪаɫɫɦаɬɪɢɜаɬɶ, ɩɨ ɤɪаɣɧɟɣ ɦɟɪɟ, ɤаɤ ɫɭɦɦɭ ɬɪɟх ɫɨɫɬаɜɥяɸщɢх: ɮɨɧɨɧɧɨɣ 
ɢɥɢ ɪɟɲɟɬɨчɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ λɮ, ɮɨɬɨɧɧɨɣ ɢɥɢ ɪаɞɢаɰɢɨɧɧɨɣ λɪ ɢ ɷɥɟɤ-

ɬɪɨɧɧɨɣ (ɜɤɥɸчая аɦɛɢɩɨɥяɪɧɭɸ - ɜɵɡɜаɧɧɭɸ ɫɨɜɦɟɫɬɧɵɦ ɩɟɪɟɦɟщɟɧɢɟɦ 
ɡаɪяɞɨɜ ɨɛɨɢх ɡɧаɤɨɜ, ɬ.ɟ. ɷɥɟɤɬɪɨɧɨɜ ɢ ɩɨɥɨɠɢɬɟɥɶɧɨ ɡаɪяɠɟɧɧɵх ɢɨɧɨɜ) λɟ: 

                           λ = λɮ + λɪ + λɟ .      (1.96) 

В ɨɤɫɢɞɧɨɦ ɬɨɩɥɢɜɟ ɨɫɧɨɜɧɭɸ ɪɨɥɶ ɜ ɩɪɨɰɟɫɫɟ ɩɟɪɟɧɨɫа ɬɟɩɥа ɩɪɢ 
ɬɟɦɩɟɪаɬɭɪах ɧɢɠɟ 1500Ʉ – 1600Ʉ ɢɝɪаɟɬ ɮɨɧɨɧɧая ɫɨɫɬаɜɥяɸщая 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɤɨɬɨɪая ɨɩɢɫɵɜаɟɬɫя ɜɵɪаɠɟɧɢɟɦ: 

                                   (1.97) 

ɝɞɟ ɋV - ɭɞɟɥɶɧая ɬɟɩɥɨɟɦɤɨɫɬɶ ɩɪɢ ɩɨɫɬɨяɧɧɨɦ ɨɛɴɟɦɟ, v - ɫɪɟɞɧяя ɫɤɨɪɨɫɬɶ 
ɮɨɧɨɧа, ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɪаɜɧая ɫɤɨɪɨɫɬɢ ɡɜɭɤа ɜ ɬɜɟɪɞɨɦ ɬɟɥɟ, l - ɞɥɢɧа 
ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝа ɮɨɧɨɧɨɜ, а ρ -  ɩɥɨɬɧɨɫɬɶ ɬɜɟɪɞɨɝɨ ɬɟɥа. 

ɉɪɢ ɬɟɦɩɟɪаɬɭɪɟ ɜɵɲɟ 1β00°ɋ ɨɤɫɢɞɧɨɟ ɬɨɩɥɢɜɨ яɜɥяɟɬɫя ɩɨ-

ɥɭɩɪɨɜɨɞɧɢɤɨɦ. Дɥя ɧɟɝɨ ɷɥɟɤɬɪɨɧɧая ɫɨɫɬаɜɥяɸщая ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 
ɨɩɢɫɵɜаɟɬɫя ɜɵɪаɠɟɧɢɟɦ: 

                                   (1.98) 

ɝɞɟ k - ɩɨɫɬɨяɧɧая Ȼɨɥɶɰɦаɧа, е - ɡаɪяɞ ɷɥɟɤɬɪɨɧа, σ1 ɢ σ2 - ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
ɷɥɟɤɬɪɨɧɧая ɢ ɞɵɪɨчɧая ɩɪɨɜɨɞɢɦɨɫɬɢ, σ = σ1 + σ2, а Eɨ - ɷɧɟɪɝɢя аɤɬɢɜаɰɢɢ. 

ɋɨɫɬаɜɥяɸщая ɩɟɪɟɧɨɫа ɬɟɩɥа чɟɪɟɡ ɫɪɟɞɭ ɡа ɫчɟɬ ɢɡɥɭчɟɧɢя ɜ ɩɟɪɜɨɦ 
ɩɪɢɛɥɢɠɟɧɢɢ ɢɦɟɟɬ ɜɢɞ: 

                                         (1.99) 
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ɝɞɟ α ɢ ɩ (ɩ ≈ 2) - ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɨɝɥɨщɟɧɢя ɢ ɩɪɟɥɨɦɥɟɧɢя, 
а k - ɩɨɫɬɨяɧɧая ɋɬɟɮаɧа - Ȼɨɥɶɰɦаɧа. Ɉɧа ɜɧɨɫɢɬ ɥɢɲɶ ɧɟɡɧачɢɬɟɥɶɧɵɣ 
ɜɤɥаɞ ɜ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɨɤɫɢɞɧɨɝɨ ɬɨɩɥɢɜа. 

Вɤɥаɞɵ ɩɟɪɜɵх ɞɜɭх ɫɨɫɬаɜɥяɸщɢх ɜ ɨɛщɭɸ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɞɢɨɤɫɢɞа 
ɭɪаɧа ɩɪɟɞɫɬаɜɥɟɧɵ ɧа ɪɢɫ. 1.24, ɢɡ ɤɨɬɨɪɨɝɨ ɜɢɞɧɨ, чɬɨ ɩɪɢ ɜɵɫɨɤɢх 
ɬɟɦɩɟɪаɬɭɪах ɜɤɥаɞ ɷɥɟɤɬɪɨɧɧɨɣ ɫɨɫɬаɜɥяɸщɟɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 
ɩɪɟɜɵɲаɟɬ ɜɤɥаɞ ɮɨɧɨɧɧɨɣ. 

Таɤɢɦ ɨɛɪаɡɨɦ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ UɈ2 ɬɟɨɪɟɬɢчɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɫɧɢɠаɟɬɫя 
ɫ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪаɬɭɪɵ, ɞɨɫɬɢɝая ɦɢɧɢɦɭɦа ɩɪɢ ~ 1800 - β000 Ʉ, а ɡаɬɟɦ 
ɩɨɜɵɲаɟɬɫя ɜɩɥɨɬɶ ɞɨ ɬɟɦɩɟɪаɬɭɪɵ ɩɥаɜɥɟɧɢя. ɉɨɞɨɛɧɵɦ ɨɛɪаɡɨɦ ɜɟɞɟɬ 
ɫɟɛя ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɆɈɏ-ɬɨɩɥɢɜа. 

ɇɟɤɨɬɨɪɵɟ ɫɨɨɬɧɨɲɟɧɢя, ɨɩɢɫɵɜаɸщɢɟ ɬɟɦɩɟɪаɬɭɪɧɭɸ ɡаɜɢɫɢɦɨɫɬɶ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɞɢɨɤɫɢɞа ɭɪаɧа, ɫɨɞɟɪɠаɬ ɬɪɢ чɥɟɧа, ɧɨ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɢɡ ɧɢх 
ɢɫɩɨɥɶɡɭɸɬɫя ɞɜа чɥɟɧа: ɩɟɪɜɵɣ, ɤɨɬɨɪɵɣ ɭɦɟɧɶɲаɟɬɫя ɫ ɬɟɦɩɟɪаɬɭɪɨɣ, ɢ 
ɜɬɨɪɨɣ, ɤɨɬɨɪɵɣ ɜɨɡɪаɫɬаɟɬ ɫ ɬɟɦɩɟɪаɬɭɪɨɣ. Эɬɢ ɞɜа ɫɥаɝаɟɦɵх ɫɨɨɬɜɟɬɫɬɜɭɸɬ 
ɞɜɭɦ ɫɨɫɬаɜɥяɸщɢɦ ɩɟɪɟɧɨɫа ɬɟɩɥа: ɮɨɧɨɧɧɨɣ (ɫɧɢɠаɸщɟɣɫя ɫ ɬɟɦɩɟɪаɬɭɪɨɣ) ɢ 
ɷɥɟɤɬɪɨɧɧɨɣ (ɩɨɜɵɲаɸщɟɣɫя ɫ ɬɟɦɩɟɪаɬɭɪɨɣ). ɉɪɢ ɷɬɨɦ ɜ ɧɟɤɨɬɨɪɵх 
ɫɨɨɬɧɨɲɟɧɢях ɩɨɫɥɟɞɧɟɟ ɫɥаɝаɟɦɨɟ ɦɨɠɟɬ ɜɤɥɸчаɬɶ ɜ ɫɟɛя ɞɪɭɝɢɟ ɫɨɫɬаɜɥяɸщɢɟ 
(ɪаɞɢаɰɢɨɧɧɭɸ ɢ аɦɛɢɩɨɥяɪɧɭɸ). 

 

                           

Ɋɢɫ. 1.24. Тɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ UɈ2: 1 - ɮɨɧɨɧɧая ɫɨɫɬаɜɥяɸщая ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ UɈ2, 2 

— ɷɥɟɤɬɪɨɧɧая ɫɨɫɬаɜɥяɸщая ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ UɈ2; 3 - ɩɨɥɧая ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ UɈ2. 
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ɇаɢɛɨɥɟɟ ɢɡɜɟɫɬɧɵɦɢ ɢ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɵɦɢ ɫɨɨɬɧɨɲɟɧɢяɦɢ, ɤɨɬɨɪɵɟ 
ɨɬɪаɠаɸɬ ɷɜɨɥɸɰɢɸ ɜ ɩɨɞɛɨɪɟ аɧаɥɢɬɢчɟɫɤɨɣ ɮɭɧɤɰɢɢ ɨɩɢɫɵɜаɸщɟɣ 
ɡаɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬа ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɨɛɪаɡɰɨɜ ɞɢɨɤɫɢɞа ɭɪаɧа 
ɬɟɨɪɟɬɢчɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ, яɜɥяɸɬɫя ɫɥɟɞɭɸщɢɟ.  

1. Ɏɨɪɦɭɥа ɏаɪɞɢɧɝа ɢ Ɇаɪɬɢɧа (Harding and Martin), ɤɨɬɨɪая ɲɢɪɨɤɨ 
ɢɫɩɨɥɶɡɭɟɬɫя ɜ ɤɨɦɩɶɸɬɟɪɧɵх ɩɪɨɝɪаɦɦах ɞɥя ɪаɫчɟɬа ɬɟɦɩɟɪаɬɭɪɵ 
ɬɨɩɥɢɜа, а ɬаɤɠɟ ɤаɤ ɨɫɧɨɜа ɞɥя ɞɪɭɝɢх ɫɨɨɬɧɨɲɟɧɢɣ: 

           (1.100) 

Эɬɨ ɜɵɪаɠɟɧɢɟ ɫɩɪаɜɟɞɥɢɜɨ ɞɥя ɡɧачɟɧɢɣ Ɍ ɨɬ β98 ɞɨ γ1β0 Ʉ. Аɜɬɨɪɵ 
ɨɰɟɧɢɜаɸɬ ɩɨɝɪɟɲɧɨɫɬɶ ɷɬɨɝɨ ɫɨɨɬɧɨɲɟɧɢя ɜ 7 % ɩɪɢ Ɍ < 1800 Ʉ ɢ 1η % ɩɪɢ 
Ɍ= 3120 Ʉ. 

2. Вɵɪаɠɟɧɢɟ, ɩɪɟɞɫɬаɜɥɟɧɧɨɟ ɜ ɆАТɊR0 (Аɦɟɪɢɤаɧɫɤɢɣ ɫɩɪаɜɨчɧɢɤ 
ɆАТerial ɊRɈperties), ɤɨɬɨɪɨɟ ɩɨɥɭчɟɧɨ ɫ ɩɨɦɨщɶɸ аɩɩɪɨɤɫɢɦаɰɢɢ 
ɛɨɥɶɲɨɝɨ ɤɨɥɢчɟɫɬɜа ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɵх ɞаɧɧɵх: 

                      (1.101)  

     γ. Ɏɨɪɦɭɥа Ɋɨɧчɢ (Ronchi), ɜ ɤɨɬɨɪɨɣ ɩɪɟɞɥɨɠɟɧɨ ɧɨɜɨɟ ɜɵɪаɠɟɧɢɟ ɞɥя 
аɦɛɢɩɨɥяɪɧɨɣ ɫɨɫɬаɜɥяɸщɟɣ: 

                             (1.102) 

ɝɞɟ t = T/1000, T ɬɟɦɩɟɪаɬɭɪа ɜ Ʉ, а ɦɧɨɠɢɬɟɥɶ 1,1η8 ɧɟɨɛхɨɞɢɦ ɞɥя ɩɟɪɟɫчɟɬа 
ɡɧачɟɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬа ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɨɛɪаɡɰɨɜ UɈ2 ɫ 9η ɧа 100 % ɨɬ 
ɬɟɨɪɟɬɢчɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ (Тɉ). Эɬɨ ɜɵɪаɠɟɧɢɟ ɫɩɪаɜɟɞɥɢɜɨ ɞɥя ɬɟɦɩɟɪаɬɭɪ ɨɬ 
β98 ɞɨ γ1β0 Ʉ. 

4. Ɏɨɪɦɭɥа Ɏɢɧɤа (Fink), ɜ ɤɨɬɨɪɨɣ ɞɥя ɮɨɧɨɧɧɨɣ ɫɨɫɬаɜɥяɸщɟɣ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢɫɩɨɥɶɡɭɟɬɫя ɦɨɞɢɮɢɰɢɪɨɜаɧɧɨɟ ɜɵɪаɠɟɧɢɟ, ɩɨɥɭчɟɧɧɨɟ ɫ 
ɩɨɦɨщɶɸ ɩɪɢɦɟɧɟɧɢя ɦɟɬɨɞа ɧаɢɦɟɧɶɲɢх ɤɜаɞɪаɬɨɜ ɤ ɞаɧɧɵɦ ɪаɡɥɢчɧɵх 
ɢɫɫɥɟɞɨɜаɬɟɥɟɣ, а ɞɥя аɦɛɢɩɨɥяɪɧɨɣ ɫɨɫɬаɜɥяɸщɟɣ ɢɫɩɨɥɶɡɭɟɬɫя ɜɵɪаɠɟɧɢɟ, 
ɩɨɥɭчɟɧɧɨɟ Ɋɨɧчɢ: 

                (1.103) 
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ɉɨɝɪɟɲɧɨɫɬɶ ɷɬɨɝɨ ɫɨɨɬɧɨɲɟɧɢя ɫɨɫɬаɜɥяɟɬ 10 % ɩɪɢ ɬɟɦɩɟɪаɬɭɪɟ ɨɬ β98 ɞɨ 
β000Ʉ ɢ β0 % ɨɬ β000 ɞɨ γ1β0 Ʉ. 

    В ɝɪаɮɢчɟɫɤɨɣ ɮɨɪɦɟ ɷɬɢ ɡаɜɢɫɢɦɨɫɬɢ ɩɪɢɜɟɞɟɧɵ ɧа ɪɢɫ. 1.25. ɉɪɢ ɧɢɡɤɢх 
ɬɟɦɩɟɪаɬɭɪах (< 1900 Ʉ) ɡɧачɟɧɢя λ UɈ2, ɩɨɥɭчɟɧɧɵɟ ɩɨ ɜɫɟɦ ɜɵɪаɠɟɧɢяɦ 
хɨɪɨɲɨ ɫɨɝɥаɫɭɸɬɫя ɜ ɩɪɟɞɟɥах ± 10 % ɩɨɝɪɟɲɧɨɫɬɢ, ɜ ɬɨ ɜɪɟɦя ɤаɤ ɩɪɢ 
ɜɵɫɨɤɢх ɬɟɦɩɟɪаɬɭɪах ɜɵɪаɠɟɧɢɟ MATPRO ɞаɟɬ ɡаɜɵɲɟɧɧɵɟ ɡɧачɟɧɢя λ. 

ɇɟɡɧачɢɬɟɥɶɧɵɟ ɪаɫхɨɠɞɟɧɢя ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɪаɫɫчɢɬаɧɧɨɣ ɩɨ ɷɬɢɦ 
ɜɵɪаɠɟɧɢяɦ ɩɪɢ ɧɢɡɤɢх (< 1000 Ʉ) ɢ ɜɵɫɨɤɢх ɬɟɦɩɟɪаɬɭɪах (> 1900 Ʉ) ɫɤɨ-

ɪɟɟ ɜɫɟɝɨ, ɫɜяɡаɧɵ ɫ ɜɢɞɨɦ аɩɩɪɨɤɫɢɦɢɪɭɸщɟɝɨ ɜɵɪаɠɟɧɢя ɢ ɤɨɥɢчɟɫɬɜɨɦ 
ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɵх ɞаɧɧɵх, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɨɜаɥɢɫɶ ɞɥя ɩɨɥɭчɟɧɢя 
ɧɟɨɛхɨɞɢɦɵх ɜ ɷɬɢх ɜɵɪаɠɟɧɢях ɡɧачɟɧɢɣ ɤɨɧɫɬаɧɬ. 

 

                    

Ɋɢɫ. 1.25. Ɂаɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬа ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɞɢɨɤɫɢɞа ɭɪаɧа ɬɟɨɪɟɬɢчɟɫɤɨɣ 
ɩɥɨɬɧɨɫɬɢ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ: 1 - ɪаɫчɟɬ ɩɨ ɜɵɪаɠɟɧɢɸ (1.102); 2 - ɪаɫчɟɬ ɩɨ ɜɵɪаɠɟɧɢɸ 

(1.103); 3 - ɪаɫчɟɬ ɩɨ ɜɵɪаɠɟɧɢɸ (1.104); 4 - ɪаɫчɟɬ ɩɨ ɜɵɪаɠɟɧɢɸ (1.105). 

 

        Тɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɆɈɏ-ɬɨɩɥɢɜа ɧɟɫɤɨɥɶɤɨ ɧɢɠɟ, чɟɦ ɬɟɩɥɨ-

ɩɪɨɜɨɞɧɨɫɬɶ UɈ2, чɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɞɟɮɨɪɦаɰɢɟɣ ɟɝɨ ɤɪɢɫɬаɥɥɢчɟɫɤɨɣ 
ɪɟɲɟɬɤɢ ɜɫɥɟɞɫɬɜɢɟ ɨɛɪаɡɨɜаɧɢя ɬɜɟɪɞɨɝɨ ɪаɫɬɜɨɪа ɩɪɢ ɜɜɟɞɟɧɢɢ ɊuɈ2 ɜ 
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ɞɢɨɤɫɢɞ ɭɪаɧа. Ɉɞɧаɤɨ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɆɈɏ-ɬɨɩɥɢɜа ɩɪаɤɬɢчɟɫɤɢ ɧɟ 
ɡаɜɢɫɢɬ ɨɬ ɫɨɞɟɪɠаɧɢя ɞɢɨɤɫɢɞа ɩɥɭɬɨɧɢя ɩɪɢ ɟɝɨ ɦаɥɵх ɤɨɧɰɟɧɬɪаɰɢях (ɞɨ 
5-10 ɦаɫ. %), ɧɨ ɨɧа ɧɢɠɟ, чɟɦ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɞɢɨɤɫɢɞа ɭɪаɧа, а ɩɪɢ 
ɛɨɥɟɟ ɜɵɫɨɤɨɦ ɫɨɞɟɪɠаɧɢɢ (> 10 ɦаɫ. %) ɨɧа ɫɧɢɠаɟɬɫя ɫ ɩɨɜɵɲɟɧɢɟɦ 
ɫɨɞɟɪɠаɧɢя ɊuɈ2 ɜ ɬɨɩɥɢɜɟ. Тɟɦɩɟɪаɬɭɪɧая ɡаɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 
ɆɈɏ-ɬɨɩɥɢɜа ɜ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɞɟɪɠаɧɢя ɩɥɭɬɨɧɢя ɢ ɨɬɤɥɨɧɟɧɢя ɨɬ 
ɫɬɟхɢɨɦɟɬɪɢɢ ɩɪɟɞɫɬаɜɥɟɧа ɧа ɪɢɫ. 1.26 ɢ 1.27. 

                      

Ɋɢɫ. 1.26. Ɂаɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɫɦɟɲаɧɧɨɝɨ ɨɤɫɢɞа ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɢ 
ɧɟɫɬɟхɢɨɦɟɬɪɢɢ. 

 

Ɋɢɫ. 1.26 ɩɨɤаɡɵɜаɟɬ, чɬɨ ɦаɤɫɢɦаɥɶɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ ɨɛɥаɞаɸɬ 
ɫɬɟхɢɨɦɟɬɪɢчɟɫɤɢɟ ɨɤɫɢɞɵ. Ɉɬɤɥɨɧɟɧɢɟ ɨɬ ɫɬɟхɢɨɦɟɬɪɢɢ ɜ ɞɨ- ɢ 
ɡаɫɬɟхɢɨɦɟɬɪɢчɟɫɤɭɸ ɨɛɥаɫɬɢ ɫɨɫɬаɜɨɜ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ. ɋ ɭɜɟɥɢчɟɧɢɟɦ ɬɟɦɩɟɪаɬɭɪɵ ɜɥɢяɧɢɟ ɧɟɫɬɟхɢɨɦɟɬɪɢɢ ɧа 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɭɦɟɧɶɲаɟɬɫя. Ʉɨɝɞа ɨɬɧɨɲɟɧɢɟ Ɉ/Ɇ ɜ ɫɦɟɲаɧɧɨɦ ɨɤɫɢɞɟ 
ɭɦɟɧɶɲаɟɬɫя ɨɬ β,00 ɞɨ 1,9γ, ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɩɪɢ 1080 Ʉ ɭɦɟɧɶɲаɟɬɫя ɧа з 
40 %. ɂɡɦɟɧɟɧɢɟ ɨɬɧɨɲɟɧɢя Ɉ/Ɇ ɜ ɫɦɟɲаɧɧɵх ɨɤɫɢɞах ɨɤаɡɵɜаɟɬ ɧаɦɧɨɝɨ 
ɛɨɥɶɲɟɟ ɜɥɢяɧɢɟ ɧа ɢх ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, чɟɦ ɢɡɦɟɧɟɧɢɟ ɤɨɧɰɟɧɬɪаɰɢɢ 
ɩɥɭɬɨɧɢя. Тɟɩɥɨɜɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɤɫɢɞɨɜ ɦɨɠɧɨ ɜɵɪаɡɢɬɶ ɜ ɜɢɞɟ: 

                        (1.104) 

ɝɞɟ Ri ɢ Rɪ(Ɍ) - ɬɟɩɥɨɜɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢя, ɨɛɭɫɥɨɜɥɟɧɧɵɟ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
ɫɬɪɭɤɬɭɪɧɵɦɢ ɞɟɮɟɤɬаɦɢ ɢ ɪаɫɫɟяɧɢɟɦ ɮɨɧɨɧɨɜ ɪɟɲɟɬɤɨɣ ɬɜɟɪɞɨɝɨ ɬɟɥа. 
Ɂɧачɟɧɢɟ Rɪ(Ɍ) ɩɪɨɩɨɪɰɢɨɧаɥɶɧɨ ɬɟɦɩɟɪаɬɭɪɟ, а Ri -ɩɨɫɬɨяɧɧая ɜɟɥɢчɢɧа. 
Тɨɝɞа ɬɟɩɥɨɜɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ: 

     (1.105) 
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Ɉɬɫɸɞа ɫɥɟɞɭɟɬ 

                              (1.106) 

ɂɡ ɜɵɪаɠɟɧɢя (1.106) ɜɢɞɧɨ, чɬɨ λɮ ɭɦɟɧɶɲаɟɬɫя ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪаɬɭɪɵ. 

Ɉɤɫɢɞɧɨɟ ɬɨɩɥɢɜɨ ɨɛɵчɧɨ ɫɨɞɟɪɠɢɬ ɨɩɪɟɞɟɥɟɧɧɭɸ ɞɨɥɸ ɩɨɪɢɫɬɨɫɬɢ ɪ, 
чɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɤаɤ ɬɟхɧɨɥɨɝɢɟɣ ɟɝɨ ɩɪɢɝɨɬɨɜɥɟɧɢя, ɬаɤ ɢ ɧɟɨɛхɨɞɢɦɨɫɬɶɸ 
ɞɨɫɬɢɠɟɧɢя ɝɥɭɛɨɤɢх ɜɵɝɨɪаɧɢɣ. ɉɨɪɢɫɬɨɫɬɶ ɆɈɏ-ɬɨɩɥɢɜа ɞɥя ɛɵɫɬɪɨɝɨ 
ɪɟаɤɬɨɪа ɜɵɲɟ, чɟɦ ɞɥя ɬɟɩɥɨɜɨɝɨ ɜɫɥɟɞɫɬɜɢɟ ɛɨɥɟɟ ɜɵɫɨɤɢх ɜɵɝɨɪаɧɢɣ, 
ɨɛɵчɧɨ ɞɨɫɬɢɝаɟɦɵх ɜ ɛɵɫɬɪɵх ɪɟаɤɬɨɪах. Ɉɞɧаɤɨ ɩɨɪɢɫɬɨɫɬɶ ɫɧɢɠаɟɬ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɬɨɩɥɢɜа. Вɥɢяɧɢɟ ɩɨɪɢɫɬɨɫɬɢ ɧа ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɦɨɠɧɨ 
ɡаɩɢɫаɬɶ ɜ ɫɥɟɞɭɸщɟɦ ɜɢɞɟ: 

                                                       (1.107) 

ɡɞɟɫɶ λm ɢ λ - ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ UɈ2 ɬɟɨɪɟɬɢчɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɢ ɨɛɪаɡɰа ɫ 
ɩɨɪɢɫɬɨɫɬɶɸ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, а kɪ - ɤɨɷɮɮɢɰɢɟɧɬ, ɡаɜɢɫящɢɣ ɨɬ 
ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɨɛɴɟɦа, ɪаɡɦɟɪа ɢ ɪаɫɩɪɟɞɟɥɟɧɢя ɩɨɪ. 

   

                   

Ɋɢɫ. 1.27. Ɂаɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 9η% ɩɥɨɬɧɨɝɨ ɆɈɏ-ɬɨɩɥɢɜа ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɢ 
ɨɬɤɥɨɧɟɧɢя ɨɬ ɫɬɟхɢɨɦɟɬɪɢɢ. 
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Дɥя ɦаɥɟɧɶɤɢх ɫɮɟɪɢчɟɫɤɢх ɩɨɪ, ɪаɫɩɪɟɞɟɥɟɧɧɵх ɪаɜɧɨɦɟɪɧɨ, 
ɦɨɞɢɮɢɰɢɪɨɜаɧɧɨɟ ɭɪаɜɧɟɧɢɟ Ʌɨɟɛа, ɭчɢɬɵɜаɸщɟɟ ɡаɜɢɫɢɦɨɫɬɶ kɪ ɨɬ 
ɬɟɦɩɟɪаɬɭɪɵ, ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬаɜɥɟɧɨ ɜ ɫɥɟɞɭɸщɟɦ ɜɢɞɟ: 

                                  (1.108) 

ɝɞɟ ɪ = 1- ρ/ρm  - ɞɨɥя ɩɨɪɢɫɬɨɫɬɢ, ρ - ɩɥɨɬɧɨɫɬɶ ɨɛɪаɡɰа ɫ ɩɨɪɢɫɬɨɫɬɶɸ; а ρɬ 

= 109θγ ± 70 ɤɝ/ɦ3
 - ɬɟɨɪɟɬɢчɟɫɤая ɩɥɨɬɧɨɫɬɶ ɞɢɨɤɫɢɞа ɭɪаɧа ɩɪɢ Ɍ = β7γ Ʉ. 

ɏɨɬя ɞаɧɧая ɡаɜɢɫɢɦɨɫɬɶ чаɫɬɨ ɩɪɢɦɟɧяɟɬɫя ɞɥя ɧɟɨɛɥɭчɟɧɧɨɝɨ ɬɨɩɥɢɜа, ɨɧа 
ɧɟɩɪɢɦɟɧɢɦа ɞɥя ɨɛɪаɡɰɨɜ ɫ ɛɨɥɶɲɢɦɢ ɩɨɪаɦɢ, ɢ ɩɨɷɬɨɦɭ, ɨɧа ɧɟ ɦɨɠɟɬ 
ɛɵɬɶ ɢɫɩɨɥɶɡɨɜаɧа ɞɥя ɨɛɥɭчɟɧɧɨɝɨ ɬɨɩɥɢɜа. 

Ɏɨɪɦɭɥа Ɇаɤɫɜɟɥɥа - Эɭɤɟɧа ɜɤɥɸчаɟɬ ɮаɤɬɨɪ ɮɨɪɦɵ ɩɨɪ ɢ ɦɨɠɟɬ 
ɛɵɬɶ ɢɫɩɨɥɶɡɨɜаɧа ɞɥя ɜɵɫɨɤɨɩɨɪɢɫɬɨɝɨ ɬɨɩɥɢɜа (> β0 %): 

                                      (1.109) 

ɝɞɟ σ - ɮаɤɬɨɪ ɮɨɪɦɵ ɩɨɪ, ɪаɜɧɵɣ 1,η ɞɥя ɤɪɭɩɧɵх ɩɨɪ; ɨɧ ɛɨɥɶɲɟ ɞɥя ɛɨɥɟɟ 
ɤɪɭɩɧɵх ɩɨɪ ɢ ɦɟɧɶɲɟ ɞɥя ɬɪɭɛчаɬɵх ɩɨɪ. 

Таɤɠɟ ɢɫɩɨɥɶɡɭɸɬ ɫɥɟɞɭɸщɟɟ ɫɨɨɬɧɨɲɟɧɢɟ ɞɥя ɩɨɪɢɫɬɨɝɨ ɦаɬɟɪɢаɥа: 

                            (1.110) 

ɝɞɟ F - ɮаɤɬɨɪ ɮɨɪɦɵ ɩɨɪ, а ɫɨs
2α - ɨɪɢɟɧɬаɰɢɨɧɧɵɣ ɮаɤɬɨɪ. ɉɪɢ ɷɬɨɦ 

ɩɨɤаɡаɬɟɥɶ ɫɬɟɩɟɧɢ ɜ ɷɬɨɦ ɜɵɪаɠɟɧɢɢ ɦɨɠɟɬ ɩɪɢɧɢɦаɬɶ ɡɧачɟɧɢя ɨɬ 1/β ɞɨ γ 
ɜ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɮɨɪɦɵ ɢ ɪаɡɦɟɪɨɜ ɩɨɪ. 

ɇа ɨɫɧɨɜаɧɢɢ (1.109) ɢ ɛɨɥɶɲɨɝɨ ɨɛɴɟɦа ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɵх ɞаɧɧɵх 
ɩɨɥɭчɟɧɨ ɫɥɟɞɭɸщɟɟ ɜɵɪаɠɟɧɢɟ ɞɥя ɭчɟɬа ɩɨɪɢɫɬɨɫɬɢ: 

                                                   .   (1.111) 

Тɟɦɩɟɪаɬɭɪɧɵɟ ɡаɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɞɢɨɤɫɢɞа ɭɪаɧа, ɜ 
ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɩɥɨɬɧɨɫɬɢ, ɩɪɟɞɫɬаɜɥɟɧɵ ɧа ɪɢɫ. 1.28. 

Вɥɢяɧɢɟ ɩɨɪɢɫɬɨɫɬɢ ɧа ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ UɈ2 ɫɢɥɶɧɨ ɡаɜɢɫɢɬ ɨɬ 
ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɨɛɴɟɦа, ɪаɡɦɟɪа ɢ ɪаɫɩɪɟɞɟɥɟɧɢя ɩɨɪ. Ɋɟɡɭɥɶɬаɬɵ, 
ɪаɫɫчɢɬаɧɧɵɟ ɩɨ ɩɪɢɜɟɞɟɧɧɵɦ ɜɵɲɟ ɡаɜɢɫɢɦɨɫɬяɦ, ɦɨɝɭɬ ɪаɡɥɢчаɬɶɫя ɛɨɥɟɟ 
чɟɦ ɧа βη % ɞɥя ɨɞɢɧаɤɨɜɵх ɡɧачɟɧɢɣ ɩɨɪɢɫɬɨɫɬɢ. ɉɨɷɬɨɦɭ ɞɥя ɤɨɪɪɟɤɬɧɨɝɨ 
ɭчɟɬа ɜɥɢяɧɢя ɩɨɪɢɫɬɨɫɬɢ ɧɟɨɛхɨɞɢɦɨ ɡɧаɬɶ ɪаɡɦɟɪɵ ɢ ɪаɫɩɪɟɞɟɥɟɧɢɟ ɩɨɪ ɜ 
ɨɛɪаɡɰɟ. Ɉɞɧаɤɨ ɧɟɨɛхɨɞɢɦɨ ɬаɤ ɠɟ ɭчɢɬɵɜаɬɶ, чɬɨ ɩɪɢ ɨɛɥɭчɟɧɢɢ ɬɨɩɥɢɜа ɜ 
ɪɟаɤɬɨɪɟ ɷɬɢ ɩаɪаɦɟɬɪɵ ɦɨɝɭɬ ɫɢɥɶɧɨ ɢɡɦɟɧяɬɶɫя. 
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Ɋɢɫ. 1.28. Ɂаɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɞɢɨɤɫɢɞа ɭɪаɧа ɨɬ ɩɥɨɬɧɨɫɬɢ. 

 

     ɂɫхɨɞя ɢɡ ɢɡɥɨɠɟɧɧɨɝɨ ɜɵɲɟ, ɧɭɠɧɨ ɨчɟɧɶ ɜɧɢɦаɬɟɥɶɧɨ ɩɨɞхɨɞɢɬɶ ɤ 
ɜɵɛɨɪɭ ɪаɫчɟɬɧɵх ɫɨɨɬɧɨɲɟɧɢɣ ɞɥя ɭчɟɬа ɜɥɢяɧɢя ɩɨɪɢɫɬɨɫɬɢ ɦаɬɟɪɢаɥа ɧа 
ɟɝɨ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, а ɬаɤ ɠɟ ɭчɢɬɵɜаɬɶ ɬɨ, чɬɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜаɧɢɢ 
ɪаɡɥɢчɧɵх ɫɨɨɬɧɨɲɟɧɢɣ ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɵɟ ɪɟɡɭɥɶɬаɬɵ, ɩɪɢɜɟɞɟɧɧɵɟ ɤ 
ɨɞɧɨɦɭ ɢ ɬɨɦɭ ɠɟ ɡɧачɟɧɢɸ ɩɥɨɬɧɨɫɬɢ, ɦɨɝɭɬ ɫɢɥɶɧɨ ɪаɡɥɢчаɬɶɫя. 

Вɥɢяɧɢɟ ɧɟɫɬɟхɢɨɦɟɬɪɢɢ ɧа ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ UɈ2+x ɩɨɤаɡаɧɨ ɧа ɪɢɫ. 1.29. 

                   

Ɋɢɫ. 1.29. Ɂаɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ UɈ2+x (0 <ɯ < 0,102) ɨɬ ɬɟɦɩɟɪаɬɭɪɵ. 

 

Тɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɞɢɨɤɫɢɞа ɭɪаɧа ɢɦɟɟɬ ɫɢɥɶɧɭɸ ɡаɜɢɫɢɦɨɫɬɶ ɨɬ 
ɜɟɥɢчɢɧɵ ɨɬɧɨɲɟɧɢя Ɉ/U ɩɪɢ ɧɢɡɤɢх ɬɟɦɩɟɪаɬɭɪах ɢ ɭɦɟɧɶɲɟɧɢɟ ɷɬɨɣ 
ɡаɜɢɫɢɦɨɫɬɢ ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪаɬɭɪɵ. 
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ɂɡɜɟɫɬɧɨ, чɬɨ ɜɵɲɟ ɤɨɦɧаɬɧɨɣ ɬɟɦɩɟɪаɬɭɪɵ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ 
ɤɟɪаɦɢчɟɫɤɢх ɦаɬɟɪɢаɥɨɜ ɨɛɭɫɥɨɜɥɟɧа ɜ ɨɫɧɨɜɧɨɦ ɮɨɧɨɧɧɨɣ ɫɨɫɬаɜɥяɸщɟɣ. 
ɉɪɢ ɷɬɨɦ ɩɪɟɞɩɨɥаɝаɟɬɫя, чɬɨ ɬɟɪɦɨɫɨɩɪɨɬɢɜɥɟɧɢɟ ɦаɬɟɪɢаɥа (R= 1/λ) 

ɨɩɪɟɞɟɥяɟɬɫя ɫɨɜɦɟɫɬɧɵɦ ɮɨɧɨɧ-ɮɨɧɨɧɧɵɦ ɪаɫɫɟяɧɢɟɦ ɢ ɪаɫɫɟяɧɢɟɦ 
ɮɨɧɨɧɨɜ ɞɟɮɟɤɬаɦɢ ɤɪɢɫɬаɥɥɢчɟɫɤɨɣ ɪɟɲɟɬɤɢ ɦаɬɟɪɢаɥа (ɜаɤаɧɫɢɢ, 
ɞɢɫɥɨɤаɰɢɢ, ɤɥаɫɬɟɪɵ, ɝɪаɧɢɰɵ ɤɪɢɫɬаɥɥɢɬɨɜ, ɩɪɢɦɟɫɧɵɟ аɬɨɦɵ ɢ ɬ.ɩ.). В 
ɤɪɢɫɬаɥɥɢчɟɫɤɨɣ ɪɟɲɟɬɤɟ UɈ2+x ɢɡɛɵɬɨчɧɵɟ аɬɨɦɵ ɤɢɫɥɨɪɨɞа ɪаɫɩɨɥаɝаɸɬɫя ɜ 
ɦɟɠɭɡɥɢях аɧɢɨɧɧɨɣ ɩɨɞɪɟɲɟɬɤɢ. Дɥя ɜɵɩɨɥɧɟɧɢя ɩɪɢɧɰɢɩа ɷɥɟɤɬɪɨɧɟɣ-

ɬɪаɥɶɧɨɫɬɢ ɧɟɨɛхɨɞɢɦɨ ɨɛɪаɡɨɜаɧɢɟ ɩяɬɢɜаɥɟɧɬɧɵх ɢɨɧɨɜ ɭɪаɧа U
5+

 ɜ 
ɤаɬɢɨɧɧɨɣ ɩɨɞɪɟɲɟɬɤɟ ɢ ɷɬɢ ɤаɬɢɨɧɵ ɦɨɠɧɨ ɪаɫɫɦаɬɪɢɜаɬɶ ɤаɤ ɬɨчɟчɧɵɟ 
ɞɟɮɟɤɬɵ. 

ɉаɪаɦɟɬɪ ɪɟɲɟɬɤɢ UɈ2+x ɭɦɟɧɶɲаɟɬɫя ɫ ɭɜɟɥɢчɟɧɢɟɦ ɯ, чɬɨ ɫɜяɡаɧɨ ɫ 
ɨɛɪаɡɨɜаɧɢɟɦ ɢɨɧɨɜ U5+, ɪаɞɢɭɫ ɤɨɬɨɪɵх (r =  88,0 ɩɦ) ɦɟɧɶɲɟ ɪаɞɢɭɫа ɢɨɧɨɜ 
U

4+
 (r =  100,1 ɩɦ). ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɜɧɟɞɪɟɧɧɵɟ аɬɨɦɵ ɤɢɫɥɨɪɨɞа ɦɨɝɭɬ 

ɭɜɟɥɢчɢɜаɬɶ ɩаɪаɦɟɬɪ ɤɪɢɫɬаɥɥɢчɟɫɤɨɣ ɪɟɲɟɬɤɢ UɈ2. Ʉɨɧɰɟɧɬɪаɰɢя ɢɨɧɨɜ U5+
 

ɜ UɈ2+x ɪаɜɧа 2ɯ ɢ ɷɬɢ ɢɨɧɵ ɜɵɫɬɭɩаɸɬ ɜ ɤачɟɫɬɜɟ ɰɟɧɬɪɨɜ ɪаɫɫɟяɧɢя 
ɮɨɧɨɧɨɜ, ɬɨ ɢх ɜɥɢяɧɢɟ ɧа ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɡаɫɬɟхɢɨɦɟɬɪɢчɟɫɤɨɝɨ ɞɢɨɤɫɢɞа 
ɭɪаɧа ɦɨɠɟɬ ɛɵɬɶ ɧаɦɧɨɝɨ ɜɵɲɟ, чɟɦ ɜɥɢяɧɢɟ ɜɧɟɞɪɟɧɧɵх аɬɨɦɨɜ 
ɤɢɫɥɨɪɨɞа. 

Ʌɟɝɢɪɨɜаɧɢɟ ɞɢɨɤɫɢɞа ɭɪаɧа ɷɥɟɦɟɧɬаɦɢ, ɨɛɪаɡɭɸщɢɦɢ ɫ ɧɢɦ ɬɜɟɪɞɵɟ 
ɪаɫɬɜɨɪɵ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɟɝɨ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ. Вɥɢяɧɢɟ ɥɟɝɢɪɨɜаɧɢя 
ɜ ɷɬɨɦ ɫɥɭчаɟ аɧаɥɨɝɢчɧɨ ɜɥɢяɧɢɸ ɧɟɫɬɟхɢɨɦɟɬɪɢɢ. Ȼɨɥɟɟ ɧɢɡɤая 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɥɟɝɢɪɨɜаɧɧɵх ɨɛɪаɡɰɨɜ ɩɨ ɫɪаɜɧɟɧɢɸ ɫ UɈ2 ɫɜяɡаɧа ɫ ɬɟɦ, 
чɬɨ ɜ UɈ2 ɞɨɦɢɧɢɪɭɟɬ ɮɨɧɨɧ-ɮɨɧɨɧɧɨɟ ɪаɫɫɟяɧɢɟ, ɜ ɬɨ ɜɪɟɦя ɤаɤ ɜ 
ɥɟɝɢɪɨɜаɧɧɵх ɨɛɪаɡɰах ɤ ɷɬɨɦɭ ɞɨɛаɜɥяɟɬɫя ɪаɫɫɟяɧɢɟ ɮɨɧɨɧɨɜ ɬɨчɟчɧɵɦɢ 
ɞɟɮɟɤɬаɦɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɢ ɩɪɟɜɵɲɟɧɢɢ ɩɪɟɞɟɥа ɪаɫɬɜɨɪɢɦɨɫɬɢ, 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɫɧɢɠɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɦɨɠɟɬ ɜɨɡɧɢɤаɬɶ ɡа ɫчɟɬ 
ɨɛɪаɡɨɜаɧɢя ɩɨ ɝɪаɧɢɰаɦ ɡɟɪɟɧ UɈ2 ɫɥɨɠɧɵх ɨɤɫɢɞɧɵх ɮаɡ ɫ ɧɢɡɤɨɣ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ. 

Вɥɢяɧɢɟ ɬɨчɟчɧɵх ɞɟɮɟɤɬɨɜ ɧа ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɫɜяɡаɧɨ ɫ ɫɟчɟɧɢɟɦ 
ɪаɫɫɟяɧɢя ɮɨɧɨɧɨɜ ɬɨчɟчɧɵɦɢ ɞɟɮɟɤɬаɦɢ Ƚi . Эɬɨɬ ɩаɪаɦɟɬɪ ɦɨɠɟɬ ɛɵɬɶ 
ɨɩɢɫаɧ ɫɥɟɞɭɸщɢɦ ɜɵɪаɠɟɧɢɟɦ 

                                                        (1.112) 

ɝɞɟ ɭi , - аɬɨɦɧая ɞɨɥя ɬɨчɟчɧɵх ɞɟɮɟɤɬɨɜ, Ai, - аɬɨɦɧая ɦаɫɫа ɬɨчɟчɧɨɝɨ 
ɞɟɮɟɤɬа i-ɝɨ ɬɢɩа, А - ɫɪɟɞɧяя аɬɨɦɧая ɦаɫɫа ɡаɦɟщɟɧɧɵх аɬɨɦɨɜ ɜ 
ɪɟɲɟɬɤɟ, r i, - аɬɨɦɧɵɟ ɪаɞɢɭɫɵ ɬɨчɟчɧɵх ɞɟɮɟɤɬɨɜ i-ɝɨ ɬɢɩа ɜ ɭɡɥах 
ɪɟɲɟɬɤɢ, r - ɫɪɟɞɧɢɣ аɬɨɦɧɵɣ ɪаɞɢɭɫ ɡаɦɟщɟɧɧɨɝɨ ɢɨɧа ɜ ɭɡɥɟ ɪɟɲɟɬɤɢ, Ș - 
ɮɟɧɨɦɟɧɨɥɨɝɢчɟɫɤɢɣ ɩаɪаɦɟɬɪ, ɜɵɪаɠаɸщɢɣ ɜɟɥɢчɢɧɭ ɜɨɡɧɢɤаɸщɢх ɜ 
ɪɟɲɟɬɤɟ ɧаɩɪяɠɟɧɢɣ. 
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Таɤɢɦ ɨɛɪаɡɨɦ, ɩɪɢ ɪаɫɬɜɨɪɟɧɢɢ ɥɟɝɢɪɭɸщɢх ɷɥɟɦɟɧɬɨɜ ɜ ɪɟɲɟɬɤɟ UɈ2 

ɜɨɡɧɢɤаɸɬ ɧаɩɪяɠɟɧɢя ɡа ɫчɟɬ ɪаɡɥɢчɢя ɢɨɧɧɵх ɪаɞɢɭɫɨɜ ɭɪаɧа ɢ 
ɥɟɝɢɪɭɸщɢх ɷɥɟɦɟɧɬɨɜ, а ɡа ɫчɟɬ ɪаɡɧɢɰɵ аɬɨɦɧɵх ɦаɫɫ, ɭɫɢɥɢɜаɟɬɫя ɪɨɥɶ 
ɷɧɝаɪɦɨɧɢɡɦа ɜ ɪаɫɫɟяɧɢɢ ɮɨɧɨɧɨɜ. Эɬɢ ɮаɤɬɨɪɵ ɩɪɢɜɨɞяɬ ɤ ɩɨɜɵɲɟɧɢɸ 
ɬɟɩɥɨɜɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢя ɪɟɲɟɬɤɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɢ ɜɜɟɞɟɧɢɢ ɜ UɈ2 

ɩɨɥɭɬɨɪɧɵх ɨɤɫɢɞɨɜ ɬɢɩа Ɇɟ2Ɉɡ ɜ ɤɪɢɫɬаɥɥɢчɟɫɤɨɣ ɪɟɲɟɬɤɟ ɨɛɪаɡɭɸɬɫя 
ɢɨɧɵ U

5+, чɬɨ ɟщɟ ɛɨɥɶɲɟ ɭɜɟɥɢчɢɜаɟɬ ɤɨɧɰɟɧɬɪаɰɢɸ ɰɟɧɬɪɨɜ ɪаɫɫɟяɧɢя 
ɮɨɧɨɧɨɜ. Таɤ ɤаɤ ɜɟɥɢчɢɧа ɩаɪаɦɟɬɪа Ș ɦɨɠɟɬ ɫɨɫɬаɜɥяɬɶ з γ0, ɬɨ ɜɤɥаɞ ɮаɤ-

ɬɨɪа ɧаɩɪяɠɟɧɢя ɜ ɫɧɢɠɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɧа ɩɨɪяɞɨɤ ɩɪɟɜɵɲаɟɬ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɦаɫɫɨɜɨɝɨ ɮаɤɬɨɪа (ɪаɡɥɢчɢя аɬɨɦɧɵх ɦаɫɫ ɭɪаɧа ɢ 
ɥɟɝɢɪɭɸщɟɝɨ ɷɥɟɦɟɧɬа). 

ɍɜɟɥɢчɟɧɢɟ ɤɨɧɰɟɧɬɪаɰɢɢ ɨɤɫɢɞɨɜ ɫɜɵɲɟ ɡɧачɟɧɢя ɩɪɟɞɟɥɶɧɨɣ 
ɪаɫɬɜɨɪɢɦɨɫɬɢ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪаɡɨɜаɧɢɸ ɩɨ ɝɪаɧɢɰаɦ ɡɟɪɟɧ ɜɬɨɪɵх ɮаɡ ɫ 
ɛɨɥɟɟ ɧɢɡɤɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ, чɟɦ ɭ UɈ2, чɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɞаɥɶɧɟɣɲɟɦɭ 
ɫɧɢɠɟɧɢɸ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ. В ɝɪаɮɢчɟɫɤɨɦ ɜɢɞɟ ɜɥɢяɧɢɟ ɤɨɧɰɟɧɬɪаɰɢɢ 
ɥɟɝɢɪɭɸщɢх ɷɥɟɦɟɧɬɨɜ, ɨɛɪаɡɭɸщɢх ɬɜɟɪɞɵɟ ɪаɫɬɜɨɪɵ ɫ ɞɢɨɤɫɢɞɨɦ ɭɪаɧа, 
ɧа ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɩɪɢ ɪаɡɧɵх ɬɟɦɩɟɪаɬɭɪах ɩɨɤаɡаɧɨ ɧа ɪɢɫ. 1.γ0. 

Вɵɝɨɪаɧɢɟ ɫɧɢɠаɟɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɨɤɫɢɞɧɨɝɨ яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа ɡа ɫчɟɬ 
ɧаɤɨɩɥɟɧɢя ɪаɫɬɜɨɪɢɦɵх ɩɪɨɞɭɤɬɨɜ ɞɟɥɟɧɢя, ɢ ɡа ɫчɟɬ ɨɛɪаɡɨɜаɧɢя ɛɨɥɶɲɨɝɨ 
ɤɨɥɢчɟɫɬɜа ɪаɞɢаɰɢɨɧɧɵх ɞɟɮɟɤɬɨɜ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɧа ɦаɬɟɪɢаɥ ɨɫɤɨɥɤɨɜ 
ɞɟɥɟɧɢя ɩɪɢ ɧɢɡɤɢх ɬɟɦɩɟɪаɬɭɪах ɨɛɥɭчɟɧɢя. Эɬɨ ɭɦɟɧɶɲɟɧɢɟ ɨɫɨɛɟɧɧɨ 
ɫɢɥɶɧɨ ɩɪɨяɜɥяɟɬɫя ɩɪɢ ɬɟɦɩɟɪаɬɭɪɟ ɧɢɠɟ 1000 Ʉ. ɋ ɪɨɫɬɨɦ ɬɟɦɩɟɪаɬɭɪɵ 
ɨɛɥɭчɟɧɢя ɜɥɢяɧɢɟ ɜɵɝɨɪаɧɢя ɧа ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɫɧɢɠаɟɬɫя. 

 

                 

Ɋɢɫ. 1.γ0. Ʉɨɧɰɟɧɬɪаɰɢɨɧɧɵɟ ɡаɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ U1-yɆeyO2 (ɭ — 

ɫɨɞɟɪɠаɧɢɟ ɥɟɝɢɪɭɸщɟɝɨ ɷɥɟɦɟɧɬа). 
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В [188] ɞɥя ɞɜɭɨɤɢɫɢ ɭɪаɧа ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ (ɤɤаɥ/ɦ·чаɫ·ɝɪаɞ) ɡаɞаɟɬɫя 
ɫɥɟɞɭɸщɢɦɢ ɜɵɪаɠɟɧɢяɦɢ: 

31,210 , 1273T
e T K        ,   (1.113) 

9 3225
0,22 10 , 1273

10
T T K

T
        .  (1.114) 

В [189, 190] ɞɥя ɞɜɭɨɤɢɫɢ ɭɪаɧа ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ (Вɬ/ɦ·ɝɪаɞ) ɡаɞаɟɬɫя 
ɫɥɟɞɭɸщɢɦɢ ɜɵɪаɠɟɧɢяɦɢ: 

  10 35500
0,942 10

560
T T

T
      ,  (1.115) 

ɝɞɟ T – ɬɟɦɩɟɪаɬɭɪа, К. 

 

1.1.5.2.3.3. Ɍеɩɥɨɮиɡиɱеɫɤие ɫвɨɣɫтва ɤаɪɛиɞɧɨɝɨ ɹɞеɪɧɨɝɨ тɨɩɥива. 

    Ɉɫɧɨɜɧɵɟ хаɪаɤɬɟɪɢɫɬɢɤɢ, ɩɪɟɢɦɭщɟɫɬɜа ɢ ɧɟɞɨɫɬаɬɤɢ ɤаɪɛɢɞɧɨɝɨ 
яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа ɩɪɟɞɫɬаɜɥɟɧɵ ɜ ɉɊɂɅɈɀȿɇɂɂ 4.  

Вɜɟɞɟɧɢɟ ɭɝɥɟɪɨɞа ɜ ɭɪаɧ ɧɟɫɤɨɥɶɤɨ ɫɧɢɠаɟɬ ɟɝɨ ɬɟɦɩɟɪаɬɭɪɭ ɩɥаɜɥɟɧɢя ɢ 
ɬɟɦɩɟɪаɬɭɪɭ ɩɨɥɢɦɨɪɮɧɵх ɩɪɟɜɪащɟɧɢɣ α ↔ ȕ ɢ ȕ ↔ Ȗ. Ɋаɫɬɜɨɪɢɦɨɫɬɶ 
ɭɝɥɟɪɨɞа ɜ ɭɪаɧɟ ɦаɥа ɢ ɩɪɢ ɷɜɬɟɤɬɢчɟɫɤɨɣ ɬɟɦɩɟɪаɬɭɪɟ ɫɨɫɬаɜɥяɟɬ ɦɟɧɟɟ 0,0β 
ɦаɫ.%. 

     В ɫɢɫɬɟɦɟ ɭɪаɧ-ɭɝɥɟɪɨɞ ɫɭщɟɫɬɜɭɸɬ ɬɪɢ ɤаɪɛɢɞɧɵɟ ɮаɡɵ Uɋ, U2ɋ3 ɢ 
Uɋ2, хаɪаɤɬɟɪɢɫɬɢɤɢ ɤɨɬɨɪɵх ɩɪɢɜɟɞɟɧɵ ɜ ɬаɛɥ. 1.6. 

   Ɍеɪɦиɱеɫɤɨе ɪаɫɲиɪеɧие. Вɟɥɢчɢɧа ɄТɊ ɜаɠɧа ɞɥя ɨɰɟɧɤɢ 
ɬɟɪɦɨɦɟхаɧɢчɟɫɤɨɝɨ ɩɨɜɟɞɟɧɢя ɬɨɩɥɢɜа ɢ ɩɪɨɝɧɨɡɢɪɨɜаɧɢя ɟɝɨ ɦɟ-

хаɧɢчɟɫɤɨɝɨ ɜɡаɢɦɨɞɟɣɫɬɜɢя ɫ ɨɛɨɥɨчɤɨɣ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɬɟɦɩɟɪаɬɭɪɧɵх 
ɪɟɠɢɦɨɜ ɪаɛɨɬɵ ɬɜɷɥа. Ʉɪɨɦɟ ɬɨɝɨ, ɪаɫɲɢɪɟɧɢɟ ɬɨɩɥɢɜа ɩɪɢ ɪаɡɨɝɪɟɜɟ 
ɜɵɡɵɜаɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɨɬɪɢɰаɬɟɥɶɧɵɣ ɬɟɦɩɟɪаɬɭɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ 
ɪɟаɤɬɢɜɧɨɫɬɢ. 

Дɥя ɩɥаɜɥɟɧɨɝɨ Uɋ ɫ ɫɨɞɟɪɠаɧɢɟɦ ɭɝɥɟɪɨɞа ɨɬ 4,7 ɞɨ η,0η ɦаɫ.% 
ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɪɦɢчɟɫɤɨɝɨ ɪаɫɲɢɪɟɧɢя (ɄТɊ) ɜ ɢɧɬɟɪɜаɥɟ ɬɟɦɩɟɪаɬɭɪ β0 - 

β000 °ɋ ɨɩɢɫɵɜаɟɬɫя ɜɵɪаɠɟɧɢɟɦ: 

                 (1.116) 

ɝɞɟ Ɍ ɜ °ɋ. Тɟɦɩɟɪаɬɭɪɧɵɟ ɡаɜɢɫɢɦɨɫɬɢ ɄТɊ ɫɩɟчɟɧɧɵх ɢ ɩɥаɜɥɟɧɵх 
ɨɛɪаɡɰɨɜ Uɋ, ɩɨɥɭчɟɧɧɵɟ ɫ ɩɨɦɨщɶɸ ɞɢɥаɬɨɦɟɬɪа ɢ ɪɟɧɬɝɟɧɨɝɪаɮɢчɟɫɤɨɝɨ 
ɢɡɦɟɪɟɧɢя ɩаɪаɦɟɬɪа ɪɟɲɟɬɤɢ, ɩɨɤаɡаɧɵ ɧа ɪɢɫ. 1.31. 
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Таɛɥɢɰа. 1.6 

 

 

                    

Ɋɢɫ. 1.γ1. Ɂаɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬа ɬɟɪɦɢчɟɫɤɨɝɨ ɪаɫɲɢɪɟɧɢя α ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɞɥя 

Uɋ. 

 

Дɥя ɥɢɬɵх ɨɛɪаɡɰɨɜ ɡɧачɟɧɢя ɄТɊ хɨɪɨɲɨ ɨɩɢɫɵɜаɸɬɫя ɭɪаɜɧɟɧɢɟɦ 
(1.116), а ɞɥя ɫɩɟчɟɧɧɵх ɨɧɢ ɜɵɲɟ ɧа зγ0 % ɧɟɡаɜɢɫɢɦɨ ɨɬ ɫɨɫɬаɜа. 

Тɟɦɩɟɪаɬɭɪɧая ɡаɜɢɫɢɦɨɫɬɶ ɄТɊ Ɋuɋ ɢɦɟɟɬ ɡɧачɟɧɢя ɬɨɝɨ ɠɟ ɩɨɪяɞɤа, чɬɨ 
UɈ2 ɢ Uɋ. ɋ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪаɬɭɪɵ ɄТɊ Ɋuɋ ɦɨɧɨɬɨɧɧɨ ɜɨɡɪаɫɬаɟɬ (ɪɢɫ. 
1.32). 

Ɉɞɧаɤɨ ɜɨɡɦɨɠɧɨɟ ɩɪɢɫɭɬɫɬɜɢɟ Ɋu3ɋ2 ɜ Ɋuɋ ɦɨɠɟɬ ɩɪɢɜɨɞɢɬɶ ɤ 
аɧɨɦаɥɶɧɨɦɭ ɩɨɜɟɞɟɧɢɸ ɨɛɪаɡɰɨɜ ɦɨɧɨɤаɪɛɢɞа ɩɥɭɬɨɧɢя ɩɪɢ ɧаɝɪɟɜɟ 
ɜɫɥɟɞɫɬɜɢɟ ɬɨɝɨ, чɬɨ Ɋu3ɋ2 ɢɦɟɟɬ ɛɨɥɶɲɭɸ ɩɥɨɬɧɨɫɬɶ (14,θ - 1η,γ ɝ/ɫɦ3), чɟɦ 
Ɋuɋ (1γ,θ ɝ/ɫɦ3). ɉɪɢ ɧаɝɪɟɜаɧɢɢ ɨɛɪаɡɰɨɜ ɜɵɲɟ ηη0°ɋ, ɤɨɝɞа Ɋu3ɋ2 

ɪаɫɬɜɨɪяɟɬɫя ɜ Ɋuɋ, ɩɪɨɢɫхɨɞɢɬ ɪɟɡɤɨɟ ɭɜɟɥɢчɟɧɢɟ ɪаɡɦɟɪа ɨɛɪаɡɰа 
ɜɫɥɟɞɫɬɜɢɟ ɭɦɟɧɶɲɟɧɢя ɟɝɨ ɩɥɨɬɧɨɫɬɢ. ɉɪɨɢɫхɨɞɢɬ аɧɨɦаɥɶɧɨɟ ɪаɫɲɢɪɟɧɢɟ 
Ɋuɋ. 



88 

 

Ɂɧачɟɧɢя ɤɨɷɮɮɢɰɢɟɧɬа ɬɟɪɦɢчɟɫɤɨɝɨ ɪаɫɲɢɪɟɧɢя ɫɦɟɲаɧɧɵх ɤаɪɛɢɞɨɜ ɜ 
ɢɧɬɟɪɜаɥɟ ɬɟɦɩɟɪаɬɭɪɵ β00-1400°ɋ, ɩɪɢɜɟɞɟɧɵ ɜ ɬаɛɥ. 1.7. Ɉɧɢ ɧɟ ɡаɜɢɫяɬ ɨɬ 
ɤɨɧɰɟɧɬɪаɰɢɢ ɩɥɭɬɨɧɢя (ɨɬ η ɞɨ β0 ɦаɫ.%) ɨɬɧɨɲɟɧɢя ɋ/Ɇɟ (Ɇɟ = U+Ɋu) ɢ 
ɦаɥɵх ɤɨɥɢчɟɫɬɜ ɧɢɤɟɥя (0,1 ɦаɫ.%), ɜɜɨɞɢɦɵх ɤаɤ ɬɟхɧɨɥɨɝɢчɟɫɤая ɞɨɛаɜɤа. 

                              

Ɋɢɫ. 1.γ2. Дɢɥаɬɨɦɟɬɪɢчɟɫɤая ɤɪɢɜая ɦɨɧɨɤаɪɛɢɞа ɩɥɭɬɨɧɢя ɫ аɬɨɦɧɵɦ ɫɨɞɟɪɠаɧɢɟɦ 
ɭɝɥɟɪɨɞа 4η,8 %. 

 

Таɛɥɢɰа. 1.7 

                                  

Ɍеɩɥɨеɦɤɨɫтɶ. ɏаɪаɤɬɟɪ ɬɟɦɩɟɪаɬɭɪɧɨɣ ɡаɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨɟɦɤɨɫɬɢ UC 

ɩɪɢ ɩɨɫɬɨяɧɧɨɦ ɞаɜɥɟɧɢɢ ɋɪ ɢ ɩɨɫɬɨяɧɧɨɦ ɨɛɴɟɦɟ ɋV ɩɪɟɞɫɬаɜɥɟɧ ɧа ɪɢɫ. 
1.33. 

     Ɋɟɤɨɦɟɧɞɭɟɦɨɟ аɧаɥɢɬɢчɟɫɤɨɟ ɜɵɪаɠɟɧɢɟ ɞɥя ɪаɫчɟɬа ɬɟɩɥɨɟɦɤɨɫɬɢ UC 

ɦɟɠɞɭ β98 ɢ β780 Ʉ ɢɦɟɟɬ ɫɥɟɞɭɸщɢɣ ɜɢɞ: 
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                           (1.117) 

Ɍеɩɥɨɩɪɨвɨɞɧɨɫтɶ яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа яɜɥяɟɬɫя ɨɞɧɨɣ ɢɡ ɟɝɨ ɜаɠɧɟɣɲɢх 
хаɪаɤɬɟɪɢɫɬɢɤ, ɬаɤ ɤаɤ ɨɧа ɨɩɪɟɞɟɥяɟɬ ɫɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ ɦɨщɧɨɫɬɶɸ Q, 

ɬɟɦɩɟɪаɬɭɪɨɣ ɩɨɜɟɪхɧɨɫɬɢ Ɍs ɢ ɰɟɧɬɪа ɬɨɩɥɢɜɧɨɝɨ ɫɬɨɥɛа Ɍɫ, ɤɨɬɨɪɨɟ ɢɦɟɟɬ 
ɜɢɞ: 

     (1.118) 

  

              

Ɋɢɫ. 1.33. Тɟɩɥɨɟɦɤɨɫɬɶ UC ɩɪɢ ɩɨɫɬɨяɧɧɨɦ ɞаɜɥɟɧɢɢ ɋɪ ɢ ɩɪɢ ɩɨɫɬɨяɧɧɨɦ ɨɛɴɟɦɟ ɋV ɜ 
ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ. 

 

ɐɟɥɶ ɢɫɫɥɟɞɨɜаɧɢя ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа ɡаɤɥɸчаɟɬɫя 
ɜɨɩɪɟɞɟɥɟɧɢɢ ɬɟɦɩɟɪаɬɭɪɧɨɝɨ ɩɨɥя ɜ ɬɨɩɥɢɜɧɨɦ ɫɟɪɞɟчɧɢɤɟ, ɢ ɜ чаɫɬɧɨɫɬɢ, 
ɬɟɦɩɟɪаɬɭɪɵ ɟɝɨ ɰɟɧɬɪа ɜ ɷɤɫɩɥɭаɬаɰɢɨɧɧɵх ɭɫɥɨɜɢях. 

Дɥя ɫɬɟхɢɨɦɟɬɪɢчɟɫɤɨɝɨ Uɋ ɫɨ 100 % ɩɥɨɬɧɨɫɬɶɸ ɛɵɥа ɩɪɟɞɥɨɠɟɧа 
ɫɥɟɞɭɸщая ɬɟɦɩɟɪаɬɭɪɧая ɡаɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɢɧɬɟɪɜаɥɟ η00 - 
β000 Ʉ: 

    (1.119) 

ɝɞɟ Ɍ - ɬɟɦɩɟɪаɬɭɪа ɜ °ɋ. 

В ɝɪаɮɢчɟɫɤɨɦ ɜɢɞɟ ɡаɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ λ ɞɥя Uɋ ɨɬ ɧɢɡɤɢх 
ɬɟɦɩɟɪаɬɭɪ ɞɨ βη00 Ʉ ɢɡɨɛɪаɠɟɧа ɧа ɪɢɫ. Ɋɢɫ. 1.34, ɢɡ ɤɨɬɨɪɨɝɨ ɫɥɟɞɭɟɬ, чɬɨ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ Uɋ ɫɧɢɠаɟɬɫя ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪаɬɭɪɵ, ɞɨɫɬɢɝаɟɬ ɦɢɧɢɦɭɦа 
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ɨɤɨɥɨ 1η00 Ʉ (зβ0 Вɬ/(ɦ∙Ʉ)), а ɡаɬɟɦ ɭɜɟɥɢчɢɜаɟɬɫя ɞɨ ɡɧачɟɧɢя, ɪаɜɧɨɝɨ 
ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ βθ Вɬ/(ɦ∙Ʉ) ɩɪɢ βη00 Ʉ. 

 

Ɋɢɫ. 1.34. Тɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ λ ɦɨɧɨɤаɪɛɢɞа ɭɪаɧа Uɋ ɜ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɩɨ 
ɞаɧɧɵɦ ɪаɡɥɢчɧɵх аɜɬɨɪɨɜ: а - ɩɪɢ ɧɢɡɤɢх ɬɟɦɩɟɪаɬɭɪах;   ɛ - ɩɪɢ ɜɵɫɨɤɢх ɬɟɦɩɟɪаɬɭɪах. 

 

Дɥя ɤаɪɛɢɞɨɜ, ɢɦɟɸщɢх ɫɨɞɟɪɠаɧɢɟ ɭɝɥɟɪɨɞа ɨɬ 4,0 ɞɨ 4,8, ɬɟɩ-

ɥɨɩɪɨɜɨɞɧɨɫɬɶ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧа ɢɧɬɟɪɩɨɥяɰɢɟɣ. 

Тɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ Uɋ1±x ɫ ɩɥɨɬɧɨɫɬɶɸ 100 % Тɉ ɩɪɢ 70 °ɋ ɤаɤ ɮɭɧɤɰɢя 
ɫɨɞɟɪɠаɧɢя ɭɝɥɟɪɨɞа ɩɪɢɜɟɞɟɧɵ ɜ ɬаɛɥ. 1.8. 

Таɛɥɢɰа. 1.8 

               

В [188] ɞɥя ɦɨɧɨɤаɪɛɢɞа ɭɪаɧа ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ (ɤɤаɥ/ɦ·чаɫ·ɝɪаɞ) 
ɡаɞаɟɬɫя ɫɥɟɞɭɸщɢɦ ɜɵɪаɠɟɧɢɟɦ: 

2

19,1 0,3 4 , 100 750
100

t
C t C              (1.120) 

ɋɨɝɥаɫɧɨ [184, 194-201] ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ Uɋ2 ɫ ɩɥɨɬɧɨɫɬɶɸ 
100 % Тɉ ɦɟɠɞɭ γ00 ɢ β000 °ɋ ɢɦɟɟɬ ɫɥɟɞɭɸщɭɸ ɬɟɦɩɟɪаɬɭɪɧɭɸ ɡаɜɢɫɢ-

ɦɨɫɬɶ: 

                                           (1.121) 

ɝɞɟ Ɍ - ɬɟɦɩɟɪаɬɭɪа ɜ °ɋ. 
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Ʉаɪɛɢɞ U2ɋ3 ɫɨ 100 % ɩɥɨɬɧɨɫɬɶɸ ɢ ɫɨɞɟɪɠащɢɣ 1η ɨɛ.% Uɋ2 ɢɦɟɟɬ 
ɦɟɠɞɭ β7 ɢ 17η0°ɋ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɨɩɢɫɵɜаɟɦɵɣ 
ɭɪаɜɧɟɧɢɟɦ 

                                         (1.122) 

ɝɞɟ Ɍ - ɬɟɦɩɟɪаɬɭɪа ɜ °ɋ. 

Вɥɢяɧɢɟ ɩɨɪɢɫɬɨɫɬɢ Ɋ ɧа ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɦɨɠɟɬ ɛɵɬɶ ɭчɬɟɧɨ ɫ 
ɩɨɦɨщɶɸ ɫɨɨɬɧɨɲɟɧɢя: 

                                  (1.123) 

ɝɞɟ λɦ - ɜɟɥɢчɢɧа ɤɨɷɮɮɢɰɢɟɧɬа ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɨɛɪаɡɰа ɫ ɩɨɪɢɫɬɨɫɬɶɸ Ɋ = 

1 - ρ/ρɬɟɨɪ ; а λТɉ - ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɨɛɪаɡɰа ɫ ɩɥɨɬɧɨɫɬɶɸ 100 
%. 

ɇаɥɢчɢɟ ɜ ɦɨɧɨɤаɪɛɢɞɟ ɭɪаɧа ɤɢɫɥɨɪɨɞа ɢ аɡɨɬа ɫɧɢɠаɟɬ ɬɟɩɥɨ-

ɩɪɨɜɨɞɧɨɫɬɶ. Вɥɢяɧɢɟ ɤɢɫɥɨɪɨɞа ɧа ɜɟɥɢчɢɧɭ ɤɨɷɮɮɢɰɢɟɧɬа ɬɟɩ-

ɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɪɢ ɪаɡɥɢчɧɵх ɬɟɦɩɟɪаɬɭɪах ɩɨɤаɡаɧɨ ɧа ɪɢɫ. 1.35. 

ɇаɢɛɨɥɟɟ ɫɢɥɶɧɨɟ ɜɥɢяɧɢɟ ɧа ɫɧɢɠɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɨɤаɡɵɜаɸɬ 
ɫɪаɜɧɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɢɟ ɞɨɛаɜɤɢ ɤɢɫɥɨɪɨɞа (ɞɨ η %), ɨɫɨɛɟɧɧɨ ɩɪɢ ɧɢɡɤɨɣ 
ɬɟɦɩɟɪаɬɭɪɟ; ɞаɥɶɧɟɣɲɟɟ ɭɜɟɥɢчɟɧɢɟ ɤɨɧɰɟɧɬɪаɰɢɢ ɤɢɫɥɨɪɨɞа ɦаɥɨ 
ɫɤаɡɵɜаɟɬɫя ɧа ɭɦɟɧɶɲɟɧɢɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ. 

 

                   

Ɋɢɫ. 1.35. Вɥɢяɧɢɟ ɤɢɫɥɨɪɨɞа ɧа ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ Uɋ ɩɪɢ β00, 800 ɢ 1400 °ɋ. 

 

  Ɇɨɧɨɤаɪɛɢɞ ɩɥɭɬɨɧɢя Ɋuɋ ɢɦɟɟɬ ɩɨ ɫɪаɜɧɟɧɢɸ ɫ UC ɛɨɥɟɟ ɧɢɡɤɭɸ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ. ȿɝɨ ɜɜɟɞɟɧɢɟ ɜ UC ɫɧɢɠаɟɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ 
ɩɨɫɥɟɞɧɟɝɨ, ɨɫɨɛɟɧɧɨ ɩɪɢ ɬɟɦɩɟɪаɬɭɪɟ ɧɢɠɟ 1000 °ɋ. Дɥя ɫɦɟɲаɧɧɨɝɨ 
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ɤаɪɛɢɞа (U0,8Ɋu0,2)ɋ ɫɨ 100% ɩɥɨɬɧɨɫɬɶɸ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜ 
ɢɧɬɟɪɜаɥɟ η00 - 1900 °ɋ ɨɩɢɫɵɜаɟɬɫя ɜɵɪаɠɟɧɢɟɦ: 

  (1.124) 

ɝɞɟ T - ɬɟɦɩɟɪаɬɭɪа ɜ °ɋ. 

В ɝɪаɮɢчɟɫɤɨɦ ɜɢɞɟ ɨɛɨɛщɟɧɧɵɟ ɬɟɦɩɟɪаɬɭɪɧɵɟ ɡаɜɢɫɢɦɨɫɬɢ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɪɨɫɬɵх ɢ ɫɦɟɲаɧɧɵх ɤаɪɛɢɞɨɜ ɭɪаɧа ɢ 
ɩɥɭɬɨɧɢя ɢɦɟɸɬ ɜɢɞ, ɩɨɤаɡаɧɧɵɣ ɧа ɪɢɫ. 1.γ6, ɝɞɟ: 

            

    

 

Ɋɢɫ. 1.γ6. Тɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ Uɋ, Ɋuɋ ɢ (UɊu)ɋ ɜ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ (а) ɢ 
ɫɨɞɟɪɠаɧɢя ɩɥɭɬɨɧɢя ɜ (UɊu)ɋ (ɛ). 

 

Ɂа ɫчɟɬ ɜɵɫɨɤɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɤаɪɛɢɞɨɜ ɩɪɢ ɩɨɞɞɟɪɠаɧɢɢ 
ɬɟɦɩɟɪаɬɭɪɵ ɨɛɨɥɨчɤɢ ɬɜɷɥа ɧа ɭɪɨɜɧɟ 700 °ɋ ɬɟɦɩɟɪаɬɭɪа ɰɟɧɬɪа 
ɬɨɩɥɢɜɧɨɝɨ ɫɬɨɥɛа ɜ ɫɥɭчаɟ ɡаɡɨɪа, ɡаɩɨɥɧɟɧɧɨɝɨ ɝɟɥɢɟɦ ɫɨɫɬаɜɢɬ 1400 °ɋ, а 
ɜ ɫɥɭчаɟ ɡаɡɨɪа, ɡаɩɨɥɧɟɧɧɨɝɨ ɧаɬɪɢɟɦ, - 1000 °ɋ. Ʉɪɨɦɟ ɬɨɝɨ, ɨɤɫɢɞɧɵɣ 
ɬɨɩɥɢɜɧɵɣ ɫɟɪɞɟчɧɢɤ ɧачɢɧаɟɬ ɩɥаɜɢɬɶɫя ɩɪɢ ɥɢɧɟɣɧɨɣ ɦɨщɧɨɫɬɢ ɬɜɷɥа - 

θη0 Вɬ/ɫɦ, ɜ ɬɨ ɜɪɟɦя ɤаɤ ɩɥаɜɥɟɧɢɟ ɤаɪɛɢɞɧɨɝɨ ɬɨɩɥɢɜа ɩɪɨɢɫхɨɞɢɬ ɥɢɲɶ 
ɩɪɢ 1β00 - 1γ00 Вɬ/ɫɦ. 
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1.1.5.2.3.4. Ɍеɩɥɨɮиɡиɱеɫɤие ɫвɨɣɫтва ɧитɪиɞɧɨɝɨ ɹɞеɪɧɨɝɨ тɨɩɥива. 

Ɉɫɧɨɜɧɵɟ хаɪаɤɬɟɪɢɫɬɢɤɢ, ɩɪɟɢɦɭщɟɫɬɜа ɢ ɧɟɞɨɫɬаɬɤɢ ɧɢɬɪɢɞɧɨɝɨ 

яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа ɩɪɢɜɟɞɟɧɵ ɜ ɉɊɂɅɈɀȿɇɂɂ η. 

Ʉɨɷɮɮиɰиеɧт теɪɦиɱеɫɤɨɝɨ ɪаɫɲиɪеɧиɹ ɦɨɧɨɧɢɬɪɢɞа ɭɪаɧа ɩɨчɬɢ 
ɥɢɧɟɣɧɨ ɜɨɡɪаɫɬаɟɬ ɨɬ 7,4∙10-6

 1/Ʉ ɩɪɢ 100 °ɋ ɞɨ 9,4∙10-6
 1/Ʉ ɩɪɢ 1β00 °ɋ. 

Вɜɟɞɟɧɢɟ ɜ ɦɨɧɨɧɢɬɪɢɞ ɭɪаɧа ɦɨɧɨɧɢɬɪɢɞа ɩɥɭɬɨɧɢя ɩɪɢɜɨɞɢɬ ɜ ɭɜɟɥɢчɟɧɢɸ 
ɄɅТɊ (ɪɢɫ. 1.γ7). Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɪɦɢчɟɫɤɨɝɨ ɪаɫɲɢɪɟɧɢя ɫɦɟɲаɧɧɨɝɨ ɧɢɬɪɢɞа 
ɫɨɫɬаɜа (U0,85Ɋu0,15)N ɜ ɢɧɬɟɪɜаɥɟ ɬɟɦɩɟɪаɬɭɪ βη - 1000 °ɋ ɪаɜɟɧ 9,8∙10-6

 Ʉ-1
. 

Ʉɨɷɮɮиɰиеɧт теɩɥɨɩɪɨвɨɞɧɨɫти. В ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ 
ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ UN ɬɟɨɪɟɬɢчɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɨɩɢɫɵɜаɟɬɫя 
ɭɪаɜɧɟɧɢɟɦ: 

                            (1.125) 

ɝɞɟ T ɜ °ɋ. 

                        

Ɋɢɫ. 1.γ7. Ʉɨɷɮɮɢɰɢɟɧɬ ɥɢɧɟɣɧɨɝɨ ɬɟɪɦɢчɟɫɤɨɝɨ ɪаɫɲɢɪɟɧɢя UN ɢ (U0,5Ɋu0,5)N. 

 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɊuN ɬɟɨɪɟɬɢчɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ 
ɨɩɢɫɵɜаɟɬɫя ɜɵɪаɠɟɧɢɟɦ: 

                              (1.126) 

ɊuN ɨɤаɡɵɜаɟɬ ɨɬɪɢɰаɬɟɥɶɧɨɟ ɜɥɢяɧɢɟ ɧа ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɫɦɟɲаɧɧɨɝɨ 
ɧɢɬɪɢɞɧɨɝɨ ɬɨɩɥɢɜа. ɇа ɪɢɫ. 1.γ8 ɞɥя ɫɪаɜɧɟɧɢя ɩɨɤаɡаɧа ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ 
UN, ɊuN ɢ ɬɜɟɪɞɨɝɨ ɪаɫɬɜɨɪа (U0,8Ɋu0,2)N. Таɤɢɦ ɨɛɪаɡɨɦ, ɞɨɛаɜɤɢ ɊuN 

ɫɧɢɠаɸɬ ɜɵɫɨɤɭɸ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ UN. 

Дɥя (U0,8Ɋu0,2)N ɩɨɥɭчɟɧɨ ɜɵɪаɠɟɧɢɟ: 

                            (1.127) 

Вɥɢяɧɢɟ ɊuN ɧа ɬɟɦɩɟɪаɬɭɪɨɩɪɨɜɨɞɧɨɫɬɶ ɧɢɬɪɢɞа ɭɪаɧа хɨɪɨɲɨ ɜɢɞɧа ɧа 
ɪɢɫ. 1.39, ɝɞɟ ɧɢɬɪɢɞ ɩɥɭɬɨɧɢя ɫɭщɟɫɬɜɟɧɧɨ ɫɧɢɠаɟɬ 
ɬɟɦɩɟɪаɬɭɪɨɩɪɨɜɨɞɧɨɫɬɶ UN. 
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Ɋɢɫ. 1.γ8. Тɟɦɩɟɪаɬɭɪɧɵɟ ɡаɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ UN (1), ɊuN (β) ɢ  

(U0,8Ɋu0,2)N (3). 

 

                              

Ɋɢɫ. 1.40. Вɥɢяɧɢɟ ɫɨɫɬаɜа ɧа ɬɟɦɩɟɪаɬɭɪɨɩɪɨɜɨɞɧɨɫɬɶ U-Ɋu ɧɢɬɪɢɞа. Ɂɧачɟɧɢя 
ɬɟɦɩɟɪаɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɩɪɢɜɟɞɟɧɵ ɞɥя ɛɟɫɩɨɪɢɫɬɨɝɨ ɦаɬɟɪɢаɥа. 

 

ɇа ɨɫɧɨɜаɧɢɢ ɨɛɨɛщɟɧɢя ɪɟɡɭɥɶɬаɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɨɝɨ ɢɡɭчɟɧɢя 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɪɟɞɥɨɠɟɧа ɫɥɟɞɭɸщая ɡаɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɨɬ 
ɬɟɦɩɟɪаɬɭɪɵ, ɫɨɞɟɪɠаɧɢя ɩɥɭɬɨɧɢя ɢ ɢɫхɨɞɧɨɣ ɩɨɪɢɫɬɨɫɬɢ ɬɨɩɥɢɜɧɨɝɨ 
ɧɢɬɪɢɞа: 

               (1.128) 
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ɝɞɟ λ - ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɬɨɩɥɢɜа, Вɬ/ɦ∙Ʉ, pɨ - ɩɨɪɢɫɬɨɫɬɶ ɫɟɪɞɟчɧɢɤа, ɨɬɧ. 
ɟɞ.; ɋ - ɦаɫɫɨɜая ɞɨɥя ɧɢɬɪɢɞа ɩɥɭɬɨɧɢя ɜ ɫɦɟɲаɧɧɨɦ ɬɨɩɥɢɜɟ, ɨɬɧ. ɟɞ. Эɬа 
ɡаɜɢɫɢɦɨɫɬɶ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜаɧа ɞɨ ɬɟɦɩɟɪаɬɭɪɵ 1θβ0 °ɋ ɢ ɩɨɪɢɫɬɨɫɬɢ 
ɬɨɩɥɢɜа ɞɨ 0,β. 

     ɂɡɦɟɧɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɩɪɨɰɟɫɫɟ ɜɵɝɨɪаɧɢя ɦɨɠɟɬ ɛɵɬɶ 
ɨɰɟɧɟɧɨ ɧа ɨɫɧɨɜɟ ɢɡɦɟɧɟɧɢɣ ɩɨɪɢɫɬɨɫɬɢ ɡа ɫчɟɬ ɪаɫɩɭхаɧɢя. Ɉɞɧаɤɨ ɞɥя 
ɤɨɪɪɟɤɬɧɨɝɨ ɭчɟɬа ɢɡɦɟɧɟɧɢя ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɫ ɜɵɝɨɪаɧɢɟɦ ɬɨɩɥɢɜа 
ɬɪɟɛɭɟɬɫя ɢɫɫɥɟɞɨɜаɧɢɟ ɨɛɥɭчɟɧɧɨɝɨ ɢɥɢ ɦɨɞɟɥɶɧɨɝɨ ɬɨɩɥɢɜа. 

 

1.1.5.2.4. Ⱦиɫɩеɪɫиɨɧɧɨе ɹɞеɪɧɨе тɨɩɥивɨ. 

Дɢɫɩɟɪɫɢɨɧɧɨɟ яɞɟɪɧɨɟ ɝɨɪɸчɟɟ ɩɨɥɭчɢɥɨ ɫɜɨɟ ɧаɡɜаɧɢɟ ɜɫɥɟɞɫɬɜɢɟ ɬɨɝɨ, 
чɬɨ ɬɨɩɥɢɜɧая ɮаɡа ɞɢɫɩɟɪɫɧɨ ɪаɫɩɪɟɞɟɥɟɧа ɜ ɧɟаɤɬɢɜɧɨɣ ɦаɬɪɢɰɟ. ɉɪɢ 
ɫɨɡɞаɧɢɢ ɟɝɨ ɩɪɟɞɩɨɥаɝаɥɨɫɶ, чɬɨ ɧɢɡɤая ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɤɟɪаɦɢɤɢ ɢ ɟɟ 
ɜɵɫɨɤая хɪɭɩɤɨɫɬɶ ɛɭɞɭɬ ɤɨɦɩɟɧɫɢɪɨɜаɧɵ ɡа ɫчɟɬ ɩɥаɫɬɢчɧɨɣ ɢ ɜ ɬɨ ɠɟ 
ɜɪɟɦя ɩɪɨчɧɨɣ ɦаɬɪɢɰɵ. 

Дɢɫɩɟɪɫɢɨɧɧɵɟ ɷɥɟɦɟɧɬɵ ɢɡ ɞɜɭɨɤɢɫɢ ɭɪаɧа ɜ ɦɟɬаɥɥɢчɟɫɤɨɣ ɦаɬɪɢɰɟ, 
ɞɢɫɩɟɪɫɢɨɧɧɵɟ ɷɥɟɦɟɧɬɵ ɢɡ ɤаɪɛɢɞа ɢ ɞɜɭɨɤɢɫɢ ɭɪаɧа ɜ ɦаɬɪɢɰɟ ɢɡ 
ɬɨɩɥɢɜɧɨɝɨ ɦаɬɟɪɢаɥа, ɞɢɫɩɟɪɫɢɨɧɧɵɟ ɷɥɟɦɟɧɬɵ (ɤɟɪɦɟɬɵ) ɫ ɤаɪɛɢɞаɦɢ, 
ɫɭɥɶɮɢɞаɦɢ, ɞɜɭɨɤɢɫɶɸ ɭɪаɧа ɢ ɞɪɭɝɢɦɢ ɫɨɟɞɢɧɟɧɢяɦɢ ɜ ɦаɬɪɢɰɟ ɢɡ 
ɬɭɝɨɩɥаɜɤɢх ɢ ɤɟɪаɦɢчɟɫɤɢх ɦаɬɟɪɢаɥɨɜ ɢ ɢх ɬɟɩɥɨɮɢɡɢчɟɫɤɢɟ ɫɜɨɣɫɬɜа 
ɤɪаɬɤɨ ɩɪɟɞɫɬаɜɥɟɧɵ ɜ ɉɊɂɅɈɀȿɇɂɂ 6. 

 

1.1.5.3. Ɍеɩɥɨɮиɡиɱеɫɤие ɫвɨɣɫтва ɠиɞɤиɯ тɨɩɥивɧыɯ ɦатеɪиаɥɨв 
ɹɞеɪɧыɯ ɪеаɤтɨɪɨв. 

1.1.5.3.1. Ɍеɩɥɨɮиɡиɱеɫɤие ɫвɨɣɫтва ɠиɞɤиɯ ɦетаɥɥɨв. 

ɉɨ ɫɪаɜɧɟɧɢɸ ɫ ɢɫɫɥɟɞɨɜаɧɢяɦɢ ɬɜɟɪɞɵх ɬɟɥ ɢɡɭчɟɧɢɟ ɢх ɠɢɞɤɨɝɨ 
ɫɨɫɬɨяɧɢя ɧахɨɞɢɬɫя ɟщɟ ɜ ɧачаɥɶɧɨɦ ɩɟɪɢɨɞɟ. Вɨɡɧɢɤаɸщɢɟ ɡɞɟɫɶ 
ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɵɟ ɩɪɨɛɥɟɦɵ ɡɧачɢɬɟɥɶɧɨ ɫɥɨɠɧɟɟ ɤаɤ ɜɫɥɟɞɫɬɜɢɟ 
ɛɟɫɩɨɪяɞɨчɧɨɝɨ ɪаɫɩɨɥɨɠɟɧɢя аɬɨɦɨɜ ɜ ɠɢɞɤɨɦ ɫɨɫɬɨяɧɢɢ, ɬаɤ ɢ ɩɨɬɨɦɭ, 
чɬɨ ɬɟɦɩɟɪаɬɭɪɵ ɠɢɞɤɨɝɨ ɫɨɫɬɨяɧɢя ɬɟɥ ɜɵɲɟ, чɟɦ ɬɜɟɪɞɨɝɨ. ɂɡɭчаɬɶ ɝаɡɵ 
ɩɪɨщɟ, чɟɦ ɠɢɞɤɨɫɬɢ, ɬаɤ ɤаɤ ɦɟɠаɬɨɦɧɵɟ ɫɢɥɵ ɜ ɝаɡах ɡɧачɢɬɟɥɶɧɨ ɦɟɧɶɲɟ 
ɢ ɦɨɠɧɨ ɩɪɢɦɟɧɢɬɶ ɡаɤɨɧɵ ɢɞɟаɥɶɧɵх ɝаɡɨɜ. ɋ ɩɪаɤɬɢчɟɫɤɨɣ ɬɨчɤɢ ɡɪɟɧɢя 
ɠɢɞɤɢɟ ɦɟɬаɥɥɵ ɩɪɟɞɫɬаɜɥяɸɬ ɛɨɥɶɲɨɣ ɢɧɬɟɪɟɫ [207]. ɉɨɜɵɲɟɧɧɵɣ 
ɢɧɬɟɪɟɫ ɩɪɨяɜɥяɟɬɫя ɤ ɩɪɢɦɟɧɟɧɢɸ ɠɢɞɤɢх ɦɟɬаɥɥɨɜ ɤаɤ ɬɟɩɥɨɧɨɫящɟɣ 
ɫɪɟɞɵ ɜ хɢɦɢчɟɫɤɢх ɢ ɫɢɥɨɜɵх ɭɫɬаɧɨɜɤах ɢ яɞɟɪɧɵх ɪɟаɤɬɨɪах. Эɬɨ ɢ 
яɜɢɥɨɫɶ ɡа ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɬɨɥчɤɨɦ ɤ ɢɫɫɥɟɞɨɜаɧɢɸ ɠɢɞɤɢх ɦɟɬаɥɥɨɜ ɢ 
ɫɩɥаɜɨɜ ɜ ɋɒА ɢ ɜ ɦɟɧɶɲɟɣ ɫɬɟɩɟɧɢ  ɜ  Аɧɝɥɢɢ  ɢ  ɜ ɋɋɋɊ. 
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Ʉаɪɬɢɧɭ ɫɬɪɨɟɧɢя ɠɢɞɤɢх ɦɟɬаɥɥɨɜ ɦɨɠɧɨ ɩɨɥɭчɢɬɶ, ɢɡɭчая ɢх 
ɪаɡɥɢчɧɵɟ ɮɢɡɢчɟɫɤɢɟ ɫɜɨɣɫɬɜа ɜ ɠɢɞɤɨɦ ɫɨɫɬɨяɧɢɢ ɢ ɫɨɩɨɫɬаɜɥяя ɫ 
ɫɨɨɬɜɟɬɫɬɜɭɸщɢɦɢ ɫɜɨɣɫɬɜаɦɢ ɬɜɟɪɞɵх ɦɟɬаɥɥɨɜ. ɇа ɨɫɧɨɜаɧɢɢ ɷɬɢх 
ɧаɛɥɸɞɟɧɢɣ ɛɵɥ ɩɪɟɞɥɨɠɟɧ ɪяɞ ɬɟɨɪɢɣ ɞɥя ɨɛɴяɫɧɟɧɢя яɜɥɟɧɢя ɩɥаɜɥɟɧɢя ɢ 
ɩɨɜɟɞɟɧɢя ɠɢɞɤɨɫɬɟɣ Дβ08Ж ɢ ɪаɫɫɦɨɬɪɟɧ ɬаɤɠɟ ɜɨɩɪɨɫ ɨɛ ɭɫɬɨɣчɢɜɨɫɬɢ 
ɠɢɞɤɢх ɦɟɬаɥɥɨɜ. 

ɉɨ ɞаɧɧɵɦ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵх ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɥɨɬɧɨɫɬɶ ɠɢɞɤɨɝɨ 
ɦɟɬаɥɥа ɧаɫɬɨɥɶɤɨ ɛɥɢɡɤа ɤ ɩɥɨɬɧɨɫɬɢ ɬɜɟɪɞɨɝɨ, чɬɨ ɪаɫɫɬɨяɧɢɟ ɦɟɠɞɭ 
аɬɨɦаɦɢ ɜ ɠɢɞɤɨɦ ɦɟɬаɥɥɟ ɦɨɠɟɬ ɛɵɬɶ ɥɢɲɶ ɧɟɦɧɨɝɨ ɛɨɥɶɲɟ, чɟɦ ɜ ɬɜɟɪɞɨɦ. 

Тɟɩɥɨɜɨɟ ɞɜɢɠɟɧɢɟ аɬɨɦɨɜ ɜ ɠɢɞɤɨɦ ɫɨɫɬɨяɧɢɢ ɧɟ ɦɨɠɟɬ ɫɢɥɶɧɨ 
ɨɬɥɢчаɬɶɫя ɨɬ ɢх ɬɟɩɥɨɜɨɝɨ ɞɜɢɠɟɧɢя ɜ ɬɜɟɪɞɨɦ ɫɨɫɬɨяɧɢɢ, ɧа чɬɨ ɭɤаɡɵɜаɟɬ 
ɧɟɛɨɥɶɲɨɟ ɭɜɟɥɢчɟɧɢɟ ɬɟɩɥɨɟɦɤɨɫɬɢ ɩɪɢ ɩɟɪɟхɨɞɟ чɟɪɟɡ ɬɨчɤɭ ɩɥаɜɥɟɧɢя. 

Тɟɩɥɨɮɢɡɢчɟɫɤɢɟ ɫɜɨɣɫɬɜа ɠɢɞɤɢх ɦɟɬаɥɥɨɜ ɩɪɟɞɫɬаɜɥɟɧɵ ɜ 
ɉɊɂɅɈɀȿɇɂɂ 7. 

 

1.1.5.3.2. Ɍеɩɥɨɮиɡиɱеɫɤие ɫвɨɣɫтва ɤɨɪиɭɦа. 

ɋɨɝɥаɫɧɨ ɪаɛɨɬаɦ [209-211], ɩɪɟɧɟɛɪɟɝая ɤɨɧɜɟɤɰɢɟɣ ɪаɫɩɥаɜа, ɭɪаɜɧɟɧɢɟ 
ɬɟɩɥɨɩɟɪɟɧɨɫа ɞɥя ɠɢɞɤɨɣ ɮаɡɵ ɦɨɠɧɨ ɡаɩɢɫаɬɶ ɜ ɫɥɟɞɭɸщɟɦ ɜɢɞɟ: 

 l

l pl l l

T
c k T q

t
     ,    (1.129) 

ɝɞɟ l
 -ɩɥɨɬɧɨɫɬɶ ɢ pl

c -ɬɟɩɥɨɟɦɤɨɫɬɶ ɩɪɢ ɩɨɫɬɨяɧɧɨɦ ɞаɜɥɟɧɢɢ  ɠɢɞɤɨɣ ɮаɡɵ, 
а l

k - ɤɨɷɮɮɢɰɢɟɧɬ ɟɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, q - ɩɥɨɬɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɢɫɬɨчɧɢɤа. 

 В ɷɬɢх ɪаɛɨɬах ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɞɥя ɤɨɪɢɭɦа ɡаɞаɜаɥɫя 
ɫɥɟɞɭɸщɢɦ ɜɵɪаɠɟɧɢɟɦ: 

 2530 4,5 10 1350
l

k T
    ,  (1.130) 

чɬɨ ɨɛɭɫɥɨɜɥɢɜаɟɬ ɫɥɨɠɧɨɟ ɧɟɥɢɧɟɣɧɨɟ ɩɨɜɟɞɟɧɢɟ ɫɢɫɬɟɦɵ. Таɤ ɬɟɩɥɨɜɨɣ 
ɩɨɬɨɤ ɜ ɫɬɨɪɨɧɭ ɨɛɥаɫɬɢ ɫ ɦɟɧɶɲɟɣ ɬɟɦɩɟɪаɬɭɪɨɣ ɦɨɠɟɬ ɛɵɬɶ ɦɟɧɶɲɟ, чɟɦ ɜ 
ɫɬɨɪɨɧɭ ɨɛɥаɫɬɢ ɫ ɛɨɥɶɲɟɣ ɬɟɦɩɟɪаɬɭɪɨɣ ɜɫɥɟɞɫɬɜɢɟ ɬɨɝɨ, чɬɨ ɩɪɢ ɛɨɥɟɟ 
ɜɵɫɨɤɨɣ ɬɟɦɩɟɪаɬɭɪɟ ɛɭɞɟɬ ɜɵɲɟ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ [212-214]. 

 

1.1.5.4. Ɍеɩɥɨɮиɡиɱеɫɤие ɫвɨɣɫтва ɝаɡɨɨɛɪаɡɧыɯ тɨɩɥивɧыɯ 
ɦатеɪиаɥɨв ɹɞеɪɧыɯ ɪеаɤтɨɪɨв. 

Тɟɩɥɨɮɢɡɢчɟɫɤɢɟ ɫɜɨɣɫɬɜа ɝаɡɨɨɛɪаɡɧɵх ɬɨɩɥɢɜɧɵх ɦаɬɟɪɢаɥɨɜ яɞɟɪɧɵх 
ɪɟаɤɬɨɪɨɜ ɩɪɟɞɫɬаɜɥɟɧɵ ɜ ɉɊɂɅɈɀȿɇɂɂ 8. 
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1.1.6. əɞеɪɧыɣ ɝеɨɪеаɤтɨɪ ɧа ɛеɝɭщеɣ вɨɥɧе. 
В ɪаɛɨɬах Дθ7-69,74,76,79,80,82-84Ж ɜɩɟɪɜɵɟ ɪаɡɪаɛɨɬаɧа ɝɢɩɨɬɟɡа 

ɝɟɨɪɟаɤɬɨɪа ɬɢɩа Ʌ. Ɏɟɨɤɬɢɫɬɨɜа ɧа ɝɪаɧɢɰɟ ɬɜɟɪɞɨɝɨ ɢ ɠɢɞɤɨɝɨ яɞɪа ɡɟɦɥɢ, 
а ɬаɤɠɟ  ɦɟɬɨɞɵ ɧɟɣɬɪɢɧɧɨɣ ɞɢаɝɧɨɫɬɢɤɢ ɝɟɨɪɟаɤɬɨɪа ɧа ɝɪаɧɢɰɟ ɬɜɟɪɞɨɝɨ ɢ 
ɠɢɞɤɨɝɨ яɞɪа ɡɟɦɥɢ. 

Ɉчɟɜɢɞɧɨ, чɬɨ ɨɞɧɨɡɧачɧɵɦ ɬɟɫɬɨɦ ɧа ɫɭщɟɫɬɜɨɜаɧɢɟ ɝɟɨɪɟаɤɬɨɪа 
ɜɧɭɬɪɢ Ɂɟɦɥɢ яɜɥяɟɬɫя ɫɩɟɤɬɪ ɝɟɨɧɟɣɬɪɢɧɨ. Ɉɫɨɛɟɧɧɨ ɜ ɨɛɥаɫɬɢ ɷɧɟɪɝɢɢ  
Eγ,β7β ɆɷВ, ɝɞɟ ɪɟɝɢɫɬɪɢɪɭɸɬɫя ɬɨɥɶɤɨ ɝɟɨɧɟɣɬɪɢɧɨ “ɞɟɥɟɧɢя”, ɬɨ ɟɫɬɶ, ɬɟ, 
ɤɨɬɨɪɵɟ ɜɨɡɧɢɤаɸɬ ɜ ɩɪɨɰɟɫɫɟ ɞɟɥɟɧɢя аɤɬɢɧɢɞɨɜ. В ɷɬɨɦ ɫɦɵɫɥɟ 
ɨɤаɡɵɜаɟɬɫя, чɬɨ ɢɞɟя ɝɟɨɪɟаɤɬɨɪа ɨɤаɡɵɜаɟɬɫя ɩɥɨɞɨɬɜɨɪɧɨɣ ɧɟ ɬɨɥɶɤɨ ɞɥя 
ɩɨɧɢɦаɧɢя ɢɫɬɢɧɧɨɣ ɮɢɡɢчɟɫɤɨɣ ɩɪɢɪɨɞɵ ɬаɤ ɧаɡɵɜаɟɦɵх “ɝɟɥɢɟɜɵх 
ɩаɪаɞɨɤɫɨɜ”, ɧɨ ɨɞɧɨɜɪɟɦɟɧɧɨ ɷɮɮɟɤɬɢɜɧɨ ɪɟɲаɟɬ ɩɪɨɛɥɟɦɭ ɬɟɨɪɟɬɢчɟɫɤɨɝɨ 
ɨɩɢɫаɧɢя  ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɨɝɨ ɫɩɟɤɬɪа ɪɟаɤɬɨɪɧɵх аɧɬɢɧɟɣɬɪɢɧɨ ɜ 
KamLAND, ɢɦɟɸщɭɸ ɦɟɫɬɨ ɜ ɨɛɥаɫɬɢ ɷɧɟɪɝɢɢ аɧɬɢɧɟɣɬɪɢɧɨ  з β,8 ɆɷВ. 

 Вɤɥаɞ ɧɟɣɬɪɢɧɧɨɝɨ ɫɩɟɤɬɪа ɝɟɨɪɟаɤɬɨɪа ɜ ɪɟɡɭɥɶɬаɬɵ KamLAND- 

ɷɤɫɩɟɪɢɦɟɧɬа ɤɪаɬɤɨ ɩɪɟɞɫɬаɜɥɟɧ ɜ ɉɪɢɥɨɠɟɧɢɢ 9. 

1.2. ȼывɨɞы ɩɨ ɥитеɪатɭɪɧɨɦɭ ɨɛɡɨɪɭ и ɩɨɫтаɧɨвɤа ɡаɞаɱи 

иɫɫɥеɞɨваɧиɹ.  
ɂɡ ɜɵɲɟɢɡɥɨɠɟɧɧɨɝɨ ɫɥɟɞɭɟɬ, чɬɨ ɨɫɨɛɭɸ аɤɬɭаɥɶɧɨɫɬɶ ɜ ɧаɫɬɨящɟɟ ɜɪɟɦя 

ɩɪɢɨɛɪɟɬаɸɬ ɢɫɫɥɟɞɨɜаɧɢя ɤɢɧɟɬɢɤɢ яɞɟɪɧɵх ɪɟаɤɬɨɪɨɜ Ʌ.ɉ. Ɏɟɨɤɬɢɫɬɨɜа,  

ɪɟаɥɢɡɭɸщɢх ɧɟɣɬɪɨɧɧɨ-ɞɟɥɢɬɟɥɶɧɭɸ аɜɬɨɜɨɥɧɭ яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɢ 
яɜɥяɸщɢхɫя ɪɟаɤɬɨɪаɦɢ V ɩɨɤɨɥɟɧɢя. 

ɏɨɬя ɢɫɫɥɟɞɨɜаɧɢя ɤɢɧɟɬɢɤɢ ɜɨɥɧɨɜɨɝɨ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɧɟ 
ɡаɜɟɪɲɟɧɵ ɢ ɨɫɬаɸɬɫя ɧɟ ɢɫɫɥɟɞɨɜаɧɧɵɦɢ ɦɧɨɝɢɟ ɜɨɩɪɨɫɵ, ɧаɩɪɢɦɟɪ, 
ɪɟɠɢɦɵ ɬɟɩɥɨɩɟɪɟɧɨɫа, ɝɟɬɟɪɨɝɟɧɧая ɫɬɪɭɤɬɭɪа аɤɬɢɜɧɨɣ ɡɨɧɵ, ɜɥɢяɧɢɟ 
ɤɢɧɟɬɢɤɢ ɪаɞɢаɰɢɨɧɧɵх ɞɟɮɟɤɬɨɜ ɬɨɩɥɢɜа ɢ ɮаɡɨɜɨɝɨ ɫɨɫɬɨяɧɢя ɬɨɩɥɢɜа, 
ɬɟɩɥɨɜɨɣ ɤɨɧɜɟɤɰɢɢ ɢ ɩɟɪɟɦɟɲɢɜаɧɢя (ɞɥя ɠɢɞɤɨɝɨ ɢɥɢ ɝаɡɨɨɛɪаɡɧɨɝɨ) 
ɬɨɩɥɢɜа, ɪаɞɢаɰɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵх ɦаɬɟɪɢаɥɨɜ ɫɬɟɧɤɢ 
ɬɜɷɥɨɜ, ɪɟɠɢɦɵ ɩɨɞɠɢɝа (ɢɧɢɰɢаɥɢɡаɰɢɢ) ɢ ɞɪ., ɭɠɟ ɫɭщɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ 
ɩɪɟɞɥɨɠɟɧɢɣ ɜɨɡɦɨɠɧɵх ɩɪɢɧɰɢɩɢаɥɶɧɵх ɤɨɧɫɬɪɭɤɰɢɣ ɜɨɥɧɨɜɵх яɞɟɪɧɵх 
ɪɟаɤɬɨɪɨɜ Д10,11, 14, 22,25-27, 30-33,36-39,55,58,61,62, 119-127Ж, ɜ ɨɫɧɨɜɟ 
ɤɨɬɨɪɵх ɥɟɠаɬ ɧаɭчɧɵɟ ɪаɛɨɬɵ Д1-118], ɨɛɨɫɧɨɜɵɜаɸщɢɟ ɩɪɢɧɰɢɩɢаɥɶɧɭɸ 
ɬɟɨɪɟɬɢчɟɫɤɭɸ ɢ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɩɪɢ ɨɫɬаɸщɢхɫя ɩɨɤа ɧɟ ɪɟɲɟɧɧɵɦɢ 
ɜɵɲɟɭɤаɡаɧɧɵх ɩɪɨɛɥɟɦах ɬɟхɧɢчɟɫɤɭɸ ɜɨɡɦɨɠɧɨɫɬɶ ɪɟаɥɢɡаɰɢɢ ɪɟɠɢɦɨɜ 
ɦɟɞɥɟɧɧɨɝɨ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɜ ɪɟаɤɬɨɪах ɧɨɜɨɝɨ V ɩɨɤɨɥɟɧɢя. 

ɇа ɫɟɝɨɞɧяɲɧɢɣ ɞɟɧɶ ɜɫɟ ɢɫɫɥɟɞɨɜаɧɢя ɤɢɧɟɬɢɤɢ ɜɨɥɧɨɜɨɝɨ ɧɟɣɬɪɨɧɧɨ-

яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɩɪɨɜɨɞɢɥɢɫɶ ɥɢɲɶ ɜ ɛɵɫɬɪɨɣ ɨɛɥаɫɬɢ ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ, 
ɬɨ ɟɫɬɶ, ɞɥя ɛɵɫɬɪɵх ɜɨɥɧɨɜɵх ɪɟаɤɬɨɪɨɜ, ɩɪɢчɟɦ, ɫɨɝɥаɫɧɨ ɜɵɲɟ 
ɢɡɥɨɠɟɧɧɨɦɭ, ɜ ɪɟɡɭɥɶɬаɬɟ ɛɵɥа ɜɵяɜɥɟɧа ɩɪɨɛɥɟɦа ɪаɞɢаɰɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ 
ɫɬɟɧɤɢ ɬɜɷɥа. Ɉɤаɡаɥɨɫɶ, чɬɨ ɞɥя ɛɵɫɬɪɵх ɜɨɥɧɨɜɵх ɪɟаɤɬɨɪɨɜ ɪаɞɢаɰɢɨɧɧая 
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ɫɬɨɣɤɨɫɬɶ ɫɬɟɧɤɢ ɬɜɷɥа ɞɨɥɠɧа ɛɵɬɶ η00 ДɉА, а ɜ ɛɥɢɠаɣɲɟɟ ɜɪɟɦя ɛɭɞɭɬ 
ɫɨɡɞаɧɵ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɟ ɦаɬɟɪɢаɥɵ ɞɥя ɫɬɟɧɤɢ ɬɜɷɥа ɫ ɪаɞɢаɰɢɨɧɧɨɣ 
ɫɬɨɣɤɨɫɬɶɸ ɪаɜɧɨɣ β00 ДɉА. 

В ɫɜяɡɢ ɫ ɷɬɢɦ ɜɨɡɧɢɤаɟɬ ɡаɞача ɩɨɢɫɤа ɞɪɭɝɢх ɛɨɥɟɟ ɧɢɡɤɢх ɨɛɥаɫɬɟɣ 
ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ, ɜ ɤɨɬɨɪɵх ɦɨɝ ɛɵ ɛɵɬɶ ɪɟаɥɢɡɨɜаɧ ɪɟɠɢɦ ɜɨɥɧɨɜɨɝɨ 
ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя, ɬаɤ ɤаɤ ɷɬɨ ɨɛɟɫɩɟчɢɬ ɫɧɢɠɟɧɢɟ ɪаɞɢаɰɢɨɧɧɨɝɨ 
ɜɨɡɞɟɣɫɬɜɢя ɧа ɫɬɟɧɤɭ ɬɜɷɥа ɢ ɬɟɦ ɫаɦɵɦ ɛɭɞɟɬ ɧаɣɞɟɧɨ ɩɪɢɧɰɢɩɢаɥɶɧɨɟ 
ɪɟɲɟɧɢɟ ɩɪɨɛɥɟɦɵ ɪаɞɢаɰɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ ɫɬɟɧɤɢ ɬɜɷɥа..  

Ʉɢɧɟɬɢɤа ɪɟаɤɬɨɪа ɬɢɩа Ɏɟɨɤɬɢɫɬɨɜа, хаɪаɤɬɟɪɢɡɭɟɬɫя ɪяɞɨɦ 
ɩɪɢɧɰɢɩɢаɥɶɧɵх ɞɥя ɬɟɨɪɢɢ ɧɟɥɢɧɟɣɧɵх ɞɢɫɫɢɩаɬɢɜɧɵх ɫɬɪɭɤɬɭɪ 
ɨɫɨɛɟɧɧɨɫɬɟɣ, ɨɞɧɨɣ ɢɡ ɤɨɬɨɪɵх яɜɥяɟɬɫя ɧɟɪаɜɧɨɜɟɫɧɨɫɬɶ ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɣ 
ɞɟɥящɟɣɫя ɫɪɟɞɵ ɜ ɭɫɥɨɜɢях ɜɵɫɨɤɢх ɩɥɨɬɧɨɫɬɟɣ ɧɟɣɬɪɨɧɧɨɝɨ ɩɨɥя ɢ 
ɜɵɫɨɤɢх ɬɟɦɩɟɪаɬɭɪ. 

Ʉɢɧɟɬɢчɟɫɤɢɟ ɭɪаɜɧɟɧɢя яɞɟɪɧɨɝɨ ɪɟаɤɬɨɪа ɜɤɥɸчаɸɬ ɭɪаɜɧɟɧɢя ɫ 
ɨɛɪаɬɧɵɦɢ ɫɜяɡяɦɢ ɪаɡɥɢчɧɨɝɨ ɜɢɞа. Ȼаɡɨɜɵɟ ɤɢɧɟɬɢɤɢ ɪɟаɤɬɨɪа ɫɜяɡаɧɵ 
ɩɪяɦɵɦɢ ɢ ɨɛɪаɬɧɵɦɢ ɫɜяɡяɦɢ ɫ ɤɢɧɟɬɢɤаɦɢ ɬɟɩɥɨɩɟɪɟɧɨɫа ɢ ɪаɞɢаɰɢɨɧɧɵх 
ɞɟɮɟɤɬɨɜ ɬɨɩɥɢɜа.  

Ɉɛɪаɡɨɜаɧɢɟ ɜ яɞɟɪɧɨɦ ɬɨɩɥɢɜɟ ɞɢɫɫɢɩаɬɢɜɧɵх ɬɟɩɥɨɜɵх ɫɬɪɭɤɬɭɪ, 

хаɪаɤɬɟɪɧɵх ɞɥя ɪɟɠɢɦɨɜ ɫ ɨɛɨɫɬɪɟɧɢɟɦ Ʉɭɪɞɸɦɨɜа, ɦɨɠɟɬ, ɩɨ-ɜɢɞɢɦɨɦɭ, 
ɫɭщɟɫɬɜɟɧɧɨ ɜɥɢяɬɶ ɧа ɤɢɧɟɬɢɤɭ ɪɟаɤɬɨɪа, ɜ чаɫɬɧɨɫɬɢ, ɜ ɜɨɥɧɨɜɵх яɞɟɪɧɵх 
ɪɟаɤɬɨɪах ɧа ɫаɦɭ ɪɟаɥɢɡаɰɢɸ ɜɨɥɧɵ ɦɟɞɥɟɧɧɨɝɨ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ 
ɝɨɪɟɧɢя ɜ ɪɟаɤɬɨɪɟ ɬɢɩа Ɏɟɨɤɬɢɫɬɨɜа, ɢ ɧа ɟɟ ɭɫɬɨɣчɢɜɨɫɬɶ. 

Ʉɢɧɟɬɢɤа ɞɟɮɟɤɬɨɜ ɬɨɩɥɢɜа, чɟɪɟɡ ɢɡɦɟɧɟɧɢɟ ɝɟɨɦɟɬɪɢчɟɫɤɢх ɪаɡɦɟɪɨɜ, 
ɜɵɡɜаɧɧɵх ɩɥаɫɬɢчɟɫɤɨɣ ɞɟɮɨɪɦаɰɢɟɣ, ɪаɫɩɭхаɧɢɟɦ ɢɥɢ ɪаɡɪɭɲɟɧɢɟɦ 
ɬɨɩɥɢɜа, ɧахɨɞящɟɝɨɫя ɩɨɞ ɧаɝɪɭɡɤɨɣ ɢ ɨɛɥɭчɟɧɢɟɦ, а ɬаɤɠɟ чɟɪɟɡ ɢɡɦɟɧɟɧɢɟ 
ɟɝɨ ɩɥɨɬɧɨɫɬɢ ɜɥɢяɟɬ ɧа ɪɟаɤɬɢɜɧɨɫɬɶ ɪɟаɤɬɨɪа.  

Ɉɛɪаɡɨɜаɧɢɟ ɞɢɫɫɢɩаɬɢɜɧɵх ɫɬɪɭɤɬɭɪ ɞɟɮɟɤɬɨɜ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɬаɤɠɟ 
ɩɨɪɨɠɞаɬɶɫя ɢ ɬɟɩɥɨɜɵɦɢ ɫɬɪɭɤɬɭɪаɦɢ, ɦɨɠɟɬ ɜɥɢяɬɶ ɧа ɤɢɧɟɬɢɤɭ ɪɟаɤɬɨɪа. 

ɐеɥɶɸ ɪаɛɨты ɛɵɥа ɪɟаɥɢɡаɰɢя ɪɟɠɢɦа ɜɨɥɧɨɜɨɝɨ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ 
ɝɨɪɟɧɢя ɞɥя ɨɛɥаɫɬɟɣ ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ ɡɧачɢɬɟɥɶɧɨ ɦɟɧɶɲɢх ɛɵɫɬɪɨɣ 

ɨɛɥаɫɬɢ ɢ ɪɟаɥɢɡаɰɢя ɪɟɠɢɦɨɜ ɫ ɨɛɨɫɬɪɟɧɢɟɦ ɜ ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɣ ɞɟɥящɟɣɫя 
ɫɪɟɞɟ. Дɥя ɪɟаɥɢɡаɰɢɢ ɰɟɥɢ ɜ ɪаɛɨɬɟ ɧɟɨɛхɨɞɢɦɨ ɪɟɲɢɬɶ ɫɥɟɞɭɸщɢɟ ɡаɞачɢ: 

- ɪаɡɪаɛɨɬаɬɶ ɨɛɨɛщɟɧɧɵɣ ɤɪɢɬɟɪɢɣ Ɏɟɨɤɬɢɫɬɨɜа ɞɥя ɪɟаɥɢɡаɰɢɢ ɪɟɠɢɦа 
ɜɨɥɧɨɜɨɝɨ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя; 

- ɩɪɨɜɟɫɬɢ ɢɫɫɥɟɞɨɜаɧɢɟ ɫ ɩɨɦɨщɶɸ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɪаɫчɟɬа ɜɵɩɨɥɧɟɧɢя 

ɨɛɨɛщɟɧɧɨɝɨ ɤɪɢɬɟɪɢя Ɏɟɨɤɬɢɫɬɨɜа ɞɥя ɪɟаɥɢɡаɰɢɢ ɪɟɠɢɦа ɜɨɥɧɨɜɨɝɨ 
ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɜ ɲɢɪɨɤɨɦ ɪɟаɤɬɨɪɧɨɦ ɞɢаɩаɡɨɧɟ ɷɧɟɪɝɢɣ 
ɧɟɣɬɪɨɧɨɜ (0,010ɷВ – 1ɆɷВ) ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɜɨɡɦɨɠɧɵх ɨɛɥаɫɬɟɣ ɷɧɟɪɝɢɣ 
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ɧɟɣɬɪɨɧɨɜ ɞɥя ɪɟаɥɢɡаɰɢɢ ɪɟɠɢɦа ɜɨɥɧɨɜɨɝɨ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɜ 
ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɣ ɞɟɥящɟɣɫя ɫɪɟɞɟ; 

- ɩɪɨɜɟɫɬɢ ɦаɬɟɦаɬɢчɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜаɧɢɟ ɤɢɧɟɬɢɤɢ ɪɟɠɢɦа ɜɨɥɧɨɜɨɝɨ 
ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɜ ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɣ ɞɟɥящɟɣɫя ɫɪɟɞɟ ɞɥя 
ɡаɞаɧɧɨɝɨ ɞɢаɩаɡɨɧа ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ, ɞɥя ɤɨɬɨɪɨɝɨ ɛɵɥɨ ɨɛɧаɪɭɠɟɧɨ 
ɜɵɩɨɥɧɟɧɢɟ ɨɛɨɛщɟɧɧɨɝɨ ɤɪɢɬɟɪɢя ɜɨɥɧɨɜɨɝɨ ɝɨɪɟɧɢя; 

- ɩɪɨɜɟɫɬɢ ɪаɡɪаɛɨɬɤɭ ɬɟɨɪɢɢ ɪɟɠɢɦɨɜ ɫ ɨɛɨɫɬɪɟɧɢɟɦ ɜ ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɣ 
ɞɟɥящɟɣɫя ɫɪɟɞɟ;  

- ɩɪɨɜɟɫɬɢ ɦаɬɟɦаɬɢчɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜаɧɢɟ, ɞɟɦɨɧɫɬɪɢɪɭɸщɟɟ ɪɟаɥɢɡаɰɢɸ 

ɪɟɠɢɦɨɜ ɫ ɨɛɨɫɬɪɟɧɢɟɦ ɜ ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɣ ɞɟɥящɟɣɫя ɫɪɟɞɟ, ɞɥя чɟɝɨ 
ɫɥɟɞɭɟɬ: 

а) ɩɨɥɭчɢɬɶ ɪаɫчɟɬɧɵɦ ɩɭɬɟɦ ɡаɜɢɫɢɦɨɫɬɢ ɫɟчɟɧɢɣ ɨɫɧɨɜɧɵх ɧɟɣɬɪɨɧɧɨ-

яɞɟɪɧɵх ɪɟаɤɰɢɣ ɞɥя ɨɫɧɨɜɧɵх ɪɟаɤɬɨɪɧɵх ɧɭɤɥɢɞɨɜ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɭɪаɧ-

ɩɥɭɬɨɧɢɟɜɨɣ ɬɨɩɥɢɜɧɨɣ ɫɪɟɞɵ (Дɨɩɥɟɪ ɷɮɮɟɤɬ) ɜ ɲɢɪɨɤɨɦ ɬɟɦɩɟɪаɬɭɪɧɨɦ 
ɞɢаɩаɡɨɧɟ (ɞɨ 7000Ʉ); 

ɛ) ɩɨɥɭчɢɬɶ ɪаɫчɟɬɧɵɦ ɩɭɬɟɦ ɡаɜɢɫɢɦɨɫɬɢ ɭɫɪɟɞɧɟɧɧɵх ɩɨ ɧɟɣɬɪɨɧɧɨɦɭ 
ɫɩɟɤɬɪɭ ɫɟчɟɧɢɣ ɨɫɧɨɜɧɵх ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɵх ɪɟаɤɰɢɣ ɞɥя ɨɫɧɨɜɧɵх 
ɪɟаɤɬɨɪɧɵх ɧɭɤɥɢɞɨɜ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɣ ɬɨɩɥɢɜɧɨɣ ɫɪɟɞɵ ɜ 
ɲɢɪɨɤɨɦ ɬɟɦɩɟɪаɬɭɪɧɨɦ ɞɢаɩаɡɨɧɟ (ɞɨ 7000Ʉ); 

ɜ) ɩɨɥɭчɢɬɶ ɪаɫчɟɬɧɵɦ ɩɭɬɟɦ ɡаɜɢɫɢɦɨɫɬɢ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɢɫɬɨчɧɢɤа 
ɨɬ ɬɟɦɩɟɪаɬɭɪɵ, ɞɟɥящɟɣɫя ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɣ ɫɪɟɞɵ; 

ɝ) ɩɪɨɜɟɫɬɢ ɦаɬɟɦаɬɢчɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜаɧɢɟ, ɞɟɦɨɧɫɬɪɢɪɭɸщɟɟ 
ɪɟаɥɢɡаɰɢɸ ɪɟɠɢɦɨɜ ɫ ɨɛɨɫɬɪɟɧɢɟɦ ɜ ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɣ ɞɟɥящɟɣɫя ɫɪɟɞɟ, 
ɞɥя чɟɝɨ ɫɥɟɞɭɟɬ. 
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ɊȺɁȾЕЛ 2. ɋȼЕɊɏɆЕȾЛЕННɈЕ ȼɈЛНɈȼɈЕ НЕɃɌɊɈННɈ-

əȾЕɊНɈЕ ȽɈɊЕНИЕ НȺ НȺȾɌЕПЛɈȼЫɏ НЕɃɌɊɈНȺɏ 

 

      

2.1. ɋвеɪɯɦеɞɥеɧɧɨе вɨɥɧɨвɨе ɧеɣтɪɨɧɧɨ-ɹɞеɪɧɨе ɝɨɪеɧие ɧа ɯɨɥɨɞɧыɯ, 
теɩɥɨвыɯ, ɧаɞтеɩɥɨвыɯ и ɪеɡɨɧаɧɫɧыɯ ɧеɣтɪɨɧаɯ. 
2.1.1. ȼвеɞеɧие. 

ɋɟɝɨɞɧя яɜɥяɟɬɫя аɤɬɭаɥɶɧɵɦ ɪаɡɪаɛɨɬɤа ɬɟɨɪɢɢ ɤаɤ ɬɟхɧɢчɟɫɤɢх 
ɜɨɥɧɨɜɵх ɪɟаɤɬɨɪɨɜ ɫ ɜɧɭɬɪɟɧɧɟɣ ɛɟɡɨɩаɫɧɨɫɬɶɸ (ɪɟаɤɬɨɪɵ ɬɢɩа 
Ɏɟɨɤɬɢɫɬɨɜа) [1-118], ɬаɤ ɢ ɩɪɢɪɨɞɧɨɝɨ ɝɟɨɪɟаɤɬɨɪа [67-69,74,76,79,80,82-

84]. 

Ʉаɤ ɨɬɦɟчаɥɨɫɶ ɜɵɲɟ ɜ ɪаɡɞɟɥɟ 1, ɩɨ-ɜɢɞɢɦɨɦɭ, ɧаɢɛɨɥɟɟ ɜаɠɧɵɦ ɞɥя 
ɬɟхɧɢчɟɫɤɨɣ ɪɟаɥɢɡаɰɢɢ ɜɨɥɧɨɜɵх ɪɟаɤɬɨɪɨɜ ɩɪɟɞɫɬаɜɥяɟɬɫя ɧɟɨɛхɨɞɢɦɨɫɬɶ 
ɩɨɢɫɤа ɪɟɲɟɧɢя ɩɪɨɛɥɟɦɵ ɜɵɫɨɤɨɣ ɩɨɜɪɟɠɞаɸщɟɣ ɢɧɬɟɝɪаɥɶɧɨɣ ɞɨɡɵ 
ɛɵɫɬɪɵх ɧɟɣɬɪɨɧɨɜ ɧа ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɟ ɦаɬɟɪɢаɥɵ ɞɥя ɜɨɥɧɨɜɵх яɞɟɪɧɵх 
ɪɟаɤɬɨɪɨɜ, ɤɨɬɨɪая ɞɥя ɪɟɠɢɦɨɜ ɜɨɥɧɨɜɨɝɨ яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɫ 
ɦаɤɫɢɦаɥɶɧɵɦɢ ɜɟɥɢчɢɧаɦɢ ɜɵɝɨɪаɧɢя ɩɨ ɭɪаɧɭ βγ8 ɦɨɝɭɬ ɞɨɫɬɢɝаɬɶ з η00 
ɫɧа. ɉɪɢчɟɦ, ɫɟɝɨɞɧя ɦаɬɟɪɢаɥɨɜ ɜɵɞɟɪɠɢɜаɸщɢх ɬаɤɭɸ ɪаɞɢаɰɢɨɧɧɭɸ 
ɧаɝɪɭɡɤɭ ɟщɟ ɧɟ ɫɨɡɞаɧɨ, ɢ ɦаɤɫɢɦаɥɶɧая, ɞɨɫɬɢɠɢɦая ɪаɞɢаɰɢɨɧɧая 
ɧаɝɪɭɡɤа ɞɥя ɞɟɣɫɬɜɭɸщɢх ɪɟаɤɬɨɪɧɵх ɦɟɬаɥɥɨɜ 100 ÷ β00 ɫɧа. 

Дɟɣɫɬɜɢɬɟɥɶɧɨ, ɤаɤ ɩɨɤаɡаɧɨ ɜ ɪаɛɨɬɟ Дβ17Ж ɢ ɩɪɟɞɫɬаɜɥɟɧɨ ɧа ɬаɛɥɢɰɟ 
2.1 ɢɡ Дβ17Ж, ɜɫɟ ɫɦɨɞɟɥɢɪɨɜаɧɧɵɟ ɪɟɠɢɦɵ ɜɨɥɧɨɜɨɝɨ ɝɨɪɟɧɢя ɧɟ 
ɨɛɟɫɩɟчɢɜаɸɬ ɧɟɨɛхɨɞɢɦɭɸ ɪаɞɢаɰɢɨɧɧɭɸ ɫɬɨɣɤɨɫɬɶ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵх 
ɦаɬɟɪɢаɥɨɜ ɫɬɟɧɤɢ ɬɜɷɥа. 

В ɞаɧɧɨɦ ɪаɡɞɟɥɟ ɪаɡɪаɛаɬɵɜаɟɬɫя ɦɟɬɨɞɨɥɨɝɢя ɩɨɢɫɤа ɨɛɥаɫɬɟɣ 
ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ ɡɧачɢɬɟɥɶɧɨ ɦɟɧɶɲɢх ɛɵɫɬɪɨɣ ɨɛɥаɫɬɢ, ɜ ɤɨɬɨɪɵх 
ɜɨɡɦɨɠɧа ɪɟаɥɢɡаɰɢя ɪɟɠɢɦа ɜɨɥɧɨɜɨɝɨ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя, чɬɨ 
ɩɨɡɜɨɥɢɬ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɪɟɲɢɬɶ ɩɪɨɛɥɟɦɭ ɪаɞɢаɰɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ 
ɤɨɧɫɬɪɭɤɰɢɨɧɧɨɝɨ ɦаɬɟɪɢаɥа ɫɬɟɧɤɢ ɬɜɷɥа ɞɥя ɜɨɥɧɨɜɵх яɞɟɪɧɵх ɪɟаɤɬɨɪɨɜ. 

В ɪаɛɨɬɟ Д9Ж Ʌ.ɉ. Ɏɟɨɤɬɢɫɬɨɜɵɦ ɧа ɩɪɢɦɟɪɟ ɩɟɪɜɨɧачаɥɶɧɨ 
ɬɟхɧɢчɟɫɤɨɝɨ ɭɪаɧа, ɨɛɥɭчаɟɦɨɝɨ ɜɧɟɲɧɢɦ ɢɫɬɨчɧɢɤɨɦ ɧɟɣɬɪɨɧɨɜ, ɞɥя 
ɨɛɪаɡɭɸщɟɣɫя ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɣ ɞɟɥящɟɣɫя ɫɪɟɞɵ (ɜɨɫɩɪɨɢɡɜɨɞящɢɣ 
ɧɭɤɥɢɞ U

238

92  ɢ ɞɟɥящɢɣɫя ɧɭɤɥɢɞ Pu
239

94 ) ɩɪɟɞɥɨɠɟɧ ɤɪɢɬɟɪɢɣ (ɭɫɥɨɜɢɟ), ɩɪɢ 
ɜɵɩɨɥɧɟɧɢɢ ɤɨɬɨɪɨɝɨ ɜ ɧɟɣɬɪɨɧɧɨɣ ɦɭɥɶɬɢɩɥɢɰɢɪɭɸщɟɣ ɫɪɟɞɟ ɪɟаɥɢɡɭɟɬɫя 
ɫɬаɰɢɨɧаɪɧая ɜɨɥɧа ɦɟɞɥɟɧɧɨɝɨ яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя. Ʉɪɢɬɟɪɢɣ Ɏɟɨɤɬɢɫɬɨɜа 
ɫɨɫɬɨɢɬ ɜ ɬɨɦ, чɬɨ ɪаɜɧɨɜɟɫɧая ɤɨɧɰɟɧɬɪаɰɢя ɞɟɥящɟɝɨɫя ɧɭɤɥɢɞа (ɞɥя 
ɪаɫɫɦаɬɪɢɜаɟɦɨɣ ɧɟɣɬɪɨɧɧɨɣ ɦɭɥɶɬɢɩɥɢɰɢɪɭɸщɟɣ ɫɪɟɞɵ) ɞɨɥɠɧа 
ɩɪɟɜɵɲаɬɶ ɟɝɨ ɤɪɢɬɢчɟɫɤɭɸ ɤɨɧɰɟɧɬɪаɰɢɸ. Дɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɣ ɜ Д9Ж ɭɪаɧ-

ɩɥɭɬɨɧɢɟɜɨɣ ɰɟɩɨчɤɢ яɞɟɪɧɵх ɪɟаɤɰɢɣ ɩɨɞ ɤɨɧɰɟɧɬɪаɰɢяɦɢ аɤɬɢɜɧɨɣ 
ɤɨɦɩɨɧɟɧɬɵ Pu

239

94 , ɧаɡɵɜаɟɦɵх ɪаɜɧɨɜɟɫɧɨɣ ɢ ɤɪɢɬɢчɟɫɤɨɣ, ɦɵ ɩɨɧɢɦаɟɦ 
ɬаɤɢɟ ɟɟ ɤɨɧɰɟɧɬɪаɰɢɢ, ɩɪɢ ɤɨɬɨɪɵх ɪаɜɧɨ чɢɫɥɨ яɞɟɪ аɤɬɢɜɧɨɣ ɤɨɦɩɨɧɟɧɬɵ  
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ɢɥɢ ɧɟɣɬɪɨɧɨɜ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɧɟɩɪɟɪɵɜɧɨ ɨɛɪаɡɭɸщɢхɫя ɢ ɢɫчɟɡаɸщɢх 
ɩɪɢ ɩɪɨɬɟɤаɧɢɢ ɷɬɢх яɞɟɪɧɵх ɪɟаɤɰɢɣ, ɢ ɞɥя чаɫɬɧɨɝɨ, ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ ɜ 
[9Ж ɫɥɭчая ɤɪɢɬɟɪɢɣ ɜɵɝɥяɞɢɬ ɬаɤ: Pu

кɪɢɬ
Pu

ɪаɜɧ NN
239
94

239
94  . 

 

Таɛɥɢɰа 2.1. Ɋɟɡɭɥɶɬаɬɵ чɢɫɥɟɧɧɵх ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨ ɢɫɫɥɟɞɨɜаɧɢɸ 

ɩаɪаɦɟɬɪɨɜ ɜɨɥɧɨɜɨɝɨ ɪɟɠɢɦа ɞɥя U – Pu ɢ Th - U ɰɢɤɥɨɜ [217]. 
  

 
Δ 

1/2
  

[cm]  

u  
[cm/day]  

φ  

[crn
-2

s 
-1

]  

ȥ  

[cm
-2

]  
        

[barn]  200

dpa
n

 
Fuel  

burn-up  
Solution  

U - Pu cycle  
Sekimoto [56] 90  0.008  γ.βη ∙ 10

15

  γ.β ∙ 10 
23

  1000  3.2  ~43%  No  

Rusov [110]  200  2.77  10
18

  θ.β∙10
24

  1000  62  ~60%  No  

Pavlovich 

[104]  
-  0.003  -  1.7∙10

24

  1000  17  ~30%  No  

Fomin [89]  100  0.07  β ∙ 10
16

  β.η∙10
24

  1000  25  ~30%  No  

Fomin [86]  125  1.7  η ∙ 10
17

  γ.β∙10
24

  1000  32  ~40%  No  

Chen [20]  216  0.046  γ ∙ 10
15

  1.β∙10
24

  1000  12  ~30%  No  

Weaver [121]  -  -  -  -  -  1.75  ~20%  No  

Th - U cycle  
Teller [14]  70  0.14  зβ ∙ 10

15

  8.θ∙10
22

  1000  0.96  ~50%  Yes  

Seifritz [218]  100  0.096  10
15

  9.0∙10
22

  1000  0.90  ~30%  Yes  

Melnik [93]  100  0.0055  0.η∙10
16

  7.9∙10
24

  1000  ~80  ~50%  No  

U - Pu (+ moderator)  
Example  100  0.234  β.η ∙ 10

15

  9.β∙10
23

  100  0.92  ~20%  Yes  

Ideal TWR  -  -  -  10
24

  100  1.0  ~20%  Yes  

 

Таɤ ɤаɤ ɤɨɦɩɶɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜаɧɢɟ ɤɢɧɟɬɢɤɢ ɧɟɣɬɪɨɧɧɨɣ 
ɦɭɥɶɬɢɩɥɢɰɢɪɭɸщɟɣ ɫɪɟɞɵ – ɨчɟɧɶ ɬɪɭɞɧая ɡаɞача, ɬɪɟɛɭɸщая ɡаɬɪаɬ 
ɛɨɥɶɲɢх ɜɵчɢɫɥɢɬɟɥɶɧɵх ɪɟɫɭɪɫɨɜ, ɬɨ ɩɪɨɜɟɪɤа ɤɪɢɬɟɪɢя Ɏɟɨɤɬɢɫɬɨɜа 
ɫɬаɧɨɜɢɬɫя ɟɞɢɧɫɬɜɟɧɧɵɦ ɫɩɨɫɨɛɨɦ ɩɪɟɞɜаɪɢɬɟɥɶɧɨɝɨ ɩɨɢɫɤа ɧɭɤɥɢɞɧɨɝɨ 
ɫɨɫɬаɜа ɧɟɣɬɪɨɧɧɨɣ ɦɭɥɶɬɢɩɥɢɰɢɪɭɸщɟɣ ɫɪɟɞɵ ɢ ɜɧɟɲɧɢх ɩаɪаɦɟɬɪɨɜ, ɞɥя 
ɤɨɬɨɪɵх ɜɨɡɦɨɠɧа ɪɟаɥɢɡаɰɢя ɜɨɥɧɵ ɦɟɞɥɟɧɧɨɝɨ яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя. Ɉɞɧаɤɨ 
ɩɪɨɜɟɞɟɧɢɟ ɬаɤɨɝɨ ɩɨɢɫɤа ɨɫɥɨɠɧяɟɬɫя ɬɟɦ, чɬɨ ɪаɜɧɨɜɟɫɧая ɤɨɧɰɟɧɬɪаɰɢя 
ɞɟɥящɟɝɨɫя ɧɭɤɥɢɞа ɢ ɟɝɨ ɤɪɢɬɢчɟɫɤая ɤɨɧɰɟɧɬɪаɰɢя, ɜхɨɞящɢɟ ɜ ɤɪɢɬɟɪɢɣ 
Ɏɟɨɤɬɢɫɬɨɜа, ɟɫɬɶ ɮɭɧɤɰɢɢ, ɡаɜɢɫящɢɟ ɨɬ ɷɧɟɪɝɟɬɢчɟɫɤɨɝɨ ɫɩɟɤɬɪа 
ɧɟɣɬɪɨɧɨɜ, ɢɡɦɟɧяɸщɟɝɨɫя ɫ ɢɡɦɟɧɟɧɢɟɦ ɧɭɤɥɢɞɧɨɝɨ ɫɨɫɬаɜа, ɧɭɤɥɢɞɧɨɝɨ 
ɫɨɫɬаɜа ɢ ɜɧɟɲɧɢх ɩаɪаɦɟɬɪɨɜ, ɬаɤɢх ɤаɤ ɬɟɦɩɟɪаɬɭɪа, ɞаɜɥɟɧɢɟ ɢ ɝɟɨɦɟɬɪɢя 
ɞɟɥящɟɣɫя ɫɪɟɞɵ. 

 

 

dpa
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2.1.2.  ȼɨɥɧа ɹɞеɪɧɨɝɨ ɝɨɪеɧиɹ Ⱥ.И. Ⱥɯиеɡеɪа ɞɥɹ теɩɥɨвыɯ ɧеɣтɪɨɧɨв. 
ɏɨɬя ɜ ɪаɛɨɬɟ Д15Ж ɪɟɲаɥаɫɶ ɞɪɭɝая ɡаɞача ɢ ɢɫɫɥɟɞɨɜаɥɢɫɶ ɟɟ ɪɟɲɟɧɢя, 

ɨɧа ɩɪɟɞɫɬаɜɥяɟɬ ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɣ ɧаɦɢ ɬɟɦɵ ɧɟɫɨɦɧɟɧɧɵɣ ɢɧɬɟɪɟɫ ɢ 
ɜɧɨɫɢɬ ɨɩɪɟɞɟɥɟɧɧɵɣ ɜɤɥаɞ ɜ ɬɟɨɪɟɬɢчɟɫɤɨɟ ɨɛɨɛщɟɧɢɟ ɡаɤɨɧɨɦɟɪɧɨɫɬɟɣ 
ɜɨɡɦɨɠɧɵх ɩɪɨɰɟɫɫɨɜ ɧɟɣɬɪɨɧɧɨ-ɦɭɥɶɬɢɩɥɢɤаɬɢɜɧɨɝɨ ɝɨɪɟɧɢя ɢ 
ɨɛɨɫɧɨɜаɧɢɟ ɩɪɢɧɰɢɩɢаɥɶɧɨɣ ɜɨɡɦɨɠɧɨɫɬɢ ɪɟаɥɢɡаɰɢɢ ɜɨɥɧɨɜɨɝɨ ɝɨɪɟɧɢя ɜ 
ɬɟɩɥɨɜɨɣ ɨɛɥаɫɬɢ ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ. 

В ɪаɛɨɬɟ Д15Ж ɪаɫɫɦаɬɪɢɜаɥɨɫɶ ɪаɫɩɪɨɫɬɪаɧɟɧɢɟ ɜ ɛɨɥɶɲɨɣ ɧɟɣɬɪɨɧɧɨ-

ɦɭɥɶɬɢɩɥɢɰɢɪɭɸщɟɣ  ɫɢɫɬɟɦɟ, ɢɦɟɸщɟɣ ɮɨɪɦɭ ɰɢɥɢɧɞɪа ɢɥɢ 
ɩаɪаɥɥɟɩɢɩɟɞа ɛɨɥɶɲɨɣ ɞɥɢɧɵ (ɨɞɢɧ ɢɡ ɝɟɨɦɟɬɪɢчɟɫɤɢх ɩаɪаɦɟɬɪɨɜ ɞɨɥɠɟɧ 
ɡɧачɢɬɟɥɶɧɨ ɩɪɟɜɵɲаɬɶ ɞɜа ɞɪɭɝɢх), ɰɟɩɧɨɣ яɞɟɪɧɨɣ ɪɟаɤɰɢɢ ɧа ɬɟɩɥɨɜɵх 
ɧɟɣɬɪɨɧах ɜ ɨɞɧɨɝɪɭɩɩɨɜɨɦ ɞɢɮɮɭɡɢɨɧɧɨ-ɜɨɡɪаɫɬɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ. ɐɟɩɧая 
яɞɟɪɧая ɪɟаɤɰɢя ɢɧɢɰɢɢɪɨɜаɥаɫɶ ɜɧɟɲɧɢɦ ɢɫɬɨчɧɢɤɨɦ ɧɟɣɬɪɨɧɨɜ, ɤɨɬɨɪɵɣ 
ɡаɞаɜаɥɫя ɟɝɨ ɩɥɨɬɧɨɫɬɶɸ ɩɨɬɨɤа ɧɟɣɬɪɨɧɨɜ ɧа ɬɨɪɰɟ ɰɢɥɢɧɞɪа (ɡаɞача II ɜ 
[15]).  

ɉɪɢ ɷɬɨɦ ɜ Д15Ж ɩɥɨɬɧɨɫɬɶ ɬɟɩɥɨɜɵх ɧɟɣɬɪɨɧɨɜ  trn ,


 
ɭɞɨɜɥɟɬɜɨɪяɟɬ 

ɫɥɟɞɭɸщɟɦɭ ɞɢɮɮɭɡɢɨɧɧɨɦɭ ɢɧɬɟɝɪɨ-ɞɢɮɮɟɪɟɧɰɢаɥɶɧɨɦɭ ɭɪаɜɧɟɧɢɸ, 
ɤɨɬɨɪɨɟ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭчɟɧɨ ɢɡ ɷɮɮɟɤɬɢɜɧɨɝɨ ɨɞɧɨɝɪɭɩɩɨɜɨɝɨ ɭɪаɜɧɟɧɢя ɜ 
ɞɢɮɮɭɡɢɨɧɧɨ-ɜɨɡɪаɫɬɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ Д221, 222,64Ж ɩɪɢ ɭчɟɬɟ ɬɨɝɨ, чɬɨ ɬаɤ 
ɧаɡɵɜаɟɦɵɣ ɜɨɡɪаɫɬ ɬɟɩɥɨɜɵх ɧɟɣɬɪɨɧɨɜ   ɩɪɨɩɨɪɰɢɨɧаɥɟɧ ɫɪɟɞɧɟɦɭ 
ɡɧачɟɧɢɸ ɤɜаɞɪаɬа ɩɟɪɟɦɟщɟɧɢя ɧɟɣɬɪɨɧа ɜ ɩɪɨɰɟɫɫɟ ɡаɦɟɞɥɟɧɢя ɨɬ ɬɨчɤɢ 
ɪɨɠɞɟɧɢя ɛɵɫɬɪɨɝɨ ɧɟɣɬɪɨɧа ɞɨ ɬɨчɤɢ ɪɨɠɞɟɧɢя ɬɟɩɥɨɜɨɝɨ ɧɟɣɬɪɨɧа 
(ɧаɩɪɢɦɟɪ, Д222,13]):  

        2
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0 0
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, , , exp
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r rn r t k
D n r t n r t n r t dV

t r r                
  

,    (2.1)  

ɝɞɟ D – ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ ɬɟɩɥɨɜɵх ɧɟɣɬɪɨɧɨɜ, c  
- ɜɪɟɦя ɢх ɠɢɡɧɢ ɩɨ 

ɨɬɧɨɲɟɧɢɸ ɤ ɡахɜаɬɭ, k - ɤɨɷɮɮɢɰɢɟɧɬ ɪаɡɦɧɨɠɟɧɢя ɧɟɣɬɪɨɧɨɜ ɞɥя 
ɛɟɫɤɨɧɟчɧɨɣ ɫɪɟɞɵ, 0r - ɫɪɟɞɧяя ɞɥɢɧа ɡаɦɟɞɥɟɧɢя ɧɟɣɬɪɨɧɨɜ. 
 Вɢɞ ɩɨɞɵɧɬɟɝɪаɥɶɧɨɝɨ чɥɟɧа ɜ (2.1) ɩɪɟɞɩɨɥаɝаɟɬ, чɬɨ ɜɫɟ ɪаɡɦɟɪɵ 
ɧɟɣɬɪɨɧɧɨ-ɦɭɥɶɬɢɩɥɢɰɢɪɭɸщɟɣ ɫɢɫɬɟɦɵ ɡɧачɢɬɟɥɶɧɨ ɩɪɟɜɵɲаɸɬ ɞɥɢɧɭ 
ɡаɦɟɞɥɟɧɢя ɧɟɣɬɪɨɧɨɜ 0r . Ɉɬɦɟɬɢɦ, чɬɨ хɨɬя ɜ (2.1) ɢɧɬɟɝɪɢɪɨɜаɧɢɟ 
ɩɪɨɜɨɞɢɬɫя ɩɨ ɨɛɴɟɦɭ, ɡаɧяɬɨɦɭ ɧɟɣɬɪɨɧɧɨ-ɦɭɥɶɬɢɩɥɢɰɢɪɭɸщɟɣ ɫɪɟɞɨɣ, ɜ 
ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ ɜ ɫɢɥɭ ɦаɥɨɫɬɢ ɫɪɟɞɧɟɣ ɞɥɢɧɵ ɡаɦɟɞɥɟɧɢя ɧɟɣɬɪɨɧɨɜ 0r  ɩɨ 
ɫɪаɜɧɟɧɢɸ ɫ хаɪаɤɬɟɪɧɵɦɢ ɪаɡɦɟɪаɦɢ ɫɢɫɬɟɦɵ ɨɧɨ ɪаɫɩɪɨɫɬɪаɧяɟɬɫя ɬɨɥɶɤɨ 
ɧа ɦаɥɭɸ ɨɤɪɟɫɬɧɨɫɬɶ ɬɨчɤɢ r 

  
ɫ ɞɢаɦɟɬɪɨɦ ɩɨɪяɞɤа 0r . Эɬɨ ɩɨɡɜɨɥяɟɬ ɜ 

ɢɧɬɟɝɪаɥɟ ɜ (2.1), ɫɨɞɟɪɠащɟɦ ɝаɭɫɫɨɜɭ ɮɭɧɤɰɢɸ, ɪаɫɲɢɪɢɬɶ ɩɪɟɞɟɥɵ 
ɢɧɬɟɝɪɢɪɨɜаɧɢя ɞɨ ɛɟɫɤɨɧɟчɧɨɫɬɢ ɫ ɷɤɫɩɨɧɟɧɰɢаɥɶɧɨɣ ɬɨчɧɨɫɬɶɸ.  
 ɉɪɢчɟɦ, ɜ ɪаɛɨɬɟ Д15Ж ɤɨɷɮɮɢɰɢɟɧɬ ɪаɡɦɧɨɠɟɧɢя ɧɟɣɬɪɨɧɨɜ ɡаɞаɜаɥɫя 
ɜ ɜɢɞɟ, ɫɥɟɞɭɸщɢɦ ɢɡ ɢɡɜɟɫɬɧɨɣ ɮɨɪɦɭɥɵ «чɟɬɵɪɟх ɫɨɦɧɨɠɢɬɟɥɟɣ» ɞɥя 
ɬɟɩɥɨɜɵх ɪɟаɤɬɨɪɨɜ (ɧаɩɪɢɦɟɪ, Д222,13Ж) ɩɪɢ ɩɪɟɧɟɛɪɟɠɟɧɢɢ ɤɨɷɮɮɢɰɢɟɧɬɨɦ 
ɪаɡɦɧɨɠɟɧɢя  ɧа ɛɵɫɬɪɵх ɧɟɣɬɪɨɧах  , ɤɨɬɨɪɵɣ ɞɥя ɬɟɩɥɨɜɵх ɪɟаɤɬɨɪɨɜ 
ɛɥɢɡɨɤ ɤ ɟɞɢɧɢɰɟ ( 03,100,1  ): 



103 

 

    f f
k        ,      (2.2) 

ɝɞɟ  - ɫɪɟɞɧɟɟ чɢɫɥɨ ɧɟɣɬɪɨɧɨɜ, ɨɛɪаɡɭɸщɢхɫя ɩɪɢ ɡахɜаɬɟ ɨɞɧɨɝɨ ɧɟɣɬɪɨɧа 
ɬɨɩɥɢɜɨɦ, f - ɜɟɪɨяɬɧɨɫɬɶ ɩɨɝɥɨщɟɧɢя ɬɟɩɥɨɜɨɝɨ ɧɟɣɬɪɨɧа яɞɪɨɦ ɭɪаɧа, 

 
- 

ɮɭɧɤɰɢя ɜɟɪɨяɬɧɨɫɬɢ ɪɟɡɨɧаɧɫɧɨɝɨ ɩɨɝɥɨщɟɧɢя ɞɥя ɧɟɣɬɪɨɧа яɞɪаɦɢ ɭɪаɧа 
238. 

Ɉɞɧаɤɨ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɫ ɰɟɥɶɸ ɭɩɪɨщɟɧɢя ɡаɞачɢ ɪаɫɫɦаɬɪɢɜаɥɨɫɶ 
ɥɢɲɶ ɤɢɧɟɬɢчɟɫɤɨɟ ɭɪаɜɧɟɧɢɟ ɞɥя ɧɟɣɬɪɨɧɨɜ ɢ ɧɟ ɭчɢɬɵɜаɥɢɫɶ ɤɢɧɟɬɢчɟɫɤɢɟ 
ɭɪаɜɧɟɧɢя ɞɥя ɤɨɧɰɟɧɬɪаɰɢɣ ɧɭɤɥɢɞɨɜ ɦɭɥɶɬɢɩɥɢɰɢɪɭɸщɟɣ ɞɟɥящɟɣɫя 
ɫɪɟɞɵ, ɢɧачɟ ɩɪɢɲɥɨɫɶ ɛɵ ɪɟɲаɬɶ ɫɢɫɬɟɦɭ ɤɢɧɟɬɢчɟɫɤɢх ɭɪаɜɧɟɧɢɣ ɫ 
ɨɛɪаɬɧɵɦɢ ɧɟɥɢɧɟɣɧɵɦɢ ɫɜяɡяɦɢ (ɩɪɢɦɟɪ ɬаɤɨɣ ɤɢɧɟɬɢчɟɫɤɨɣ ɫɢɫɬɟɦɵ ɢɡ 20 

ɭɪаɜɧɟɧɢɣ ɩɪɟɞɫɬаɜɥɟɧ ɧɢɠɟ ɜ ɪаɡɞɟɥɟ 2.1.θ ɞаɧɧɨɣ ɪаɛɨɬɵ, а ɬаɤɠɟ, 
ɧаɩɪɢɦɟɪ, ɜ Д9,82,83,2, 110]). 

Дɟɣɫɬɜɢɬɟɥɶɧɨ, ɜ ɪаɛɨɬɟ Д15Ж ɤɨɷɮɮɢɰɢɟɧɬ ɪаɡɦɧɨɠɟɧɢя ɧɟɣɬɪɨɧɨɜ 
ɡаɞаɜаɥɫя ɧа ɭɪɨɜɧɟ ɜɵɪаɠɟɧɢя (2.β), хɨɬя, ɤаɤ ɢɡɜɟɫɬɧɨ (ɧаɩɪɢɦɟɪ, Д220,13]), 

ɤаɠɞɵɣ ɢɡ ɫɨɦɧɨɠɢɬɟɥɟɣ, ɜхɨɞящɢх ɜ (2.β) ɡаɜɢɫɢɬ ɨɬ ɫɨɫɬаɜа ɬɨɩɥɢɜɧɨɣ 
ɞɟɥящɟɣɫя ɫɪɟɞɵ ɢ ɟɟ ɤɨɧɫɬɪɭɤɰɢɢ, ɧаɩɪɢɦɟɪ,

 
  ɡаɞаɟɬɫя ɫɥɟɞɭɸщɢɦ 

ɜɵɪаɠɟɧɢɟɦ: 
i

i f i

i

i

a i

i

N

N

 
  ,     (2.3)

 

ɝɞɟ i - ɫɪɟɞɧɟɟ чɢɫɥɨ ɧɟɣɬɪɨɧɨɜ, ɨɛɪаɡɭɸщɢхɫя ɩɪɢ ɞɟɥɟɧɢɢ ɨɞɧɨɝɨ яɞɪа i – 

ɬɨɝɨ  ɧɭɤɥɢɞа ɬɨɩɥɢɜɧɨɣ ɞɟɥящɟɣɫя ɫɪɟɞɵ, i

f - ɫɟчɟɧɢɟ ɞɟɥɟɧɢя i – ɬɨɝɨ  
ɧɭɤɥіɞа, i

a - ɫɟчɟɧɢɟ ɩɨɝɥɨщɟɧɢя ɧɟɣɬɪɨɧа i – ɬɨɝɨ  ɧɭɤɥіɞа,  iN - ɩɥɨɬɧɨɫɬɶ 
яɞɟɪ i – ɬɨɝɨ  ɧɭɤɥіɞа. 

Таɤɢɦ ɨɛɪаɡɨɦ, ɜ Д15Ж ɧɟ ɭчɢɬɵɜаɥɨɫɶ ɢɡɦɟɧɟɧɢɟ ɫɨɫɬаɜа ɞɟɥящɟɣɫя 
ɫɪɟɞɵ ɢ ɩɪɨɰɟɫɫ ɦɭɥɶɬɢɩɥɢɤаɰɢɢ ɧɟɣɬɪɨɧɨɜ ɨɩɢɫɵɜаɥɫя ɧа ɭɪɨɜɧɟ 
ɤɨɷɮɮɢɰɢɟɧɬа ɪаɡɦɧɨɠɟɧɢя ɧɟɣɬɪɨɧɨɜ (ɜɵɪаɠɟɧɢя (2.1) ɢ (2.β)), ɤɨɬɨɪɵɣ, 
ɤаɤ ɢɡɜɟɫɬɧɨ, ɡаɜɢɫɢɬ ɨɬ ɧɭɤɥɢɞɧɨɝɨ ɫɨɫɬаɜа ɞɟɥящɟɣɫя ɫɪɟɞɵ ɢ ɫɟчɟɧɢɣ 
ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɵх ɪɟаɤɰɢɣ (ɜɵɪаɠɟɧɢɟ (2.γ)), ɤɨɬɨɪɵɟ ɜ ɫɜɨɸ ɨчɟɪɟɞɶ 
ɡаɜɢɫяɬ ɨɬ ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ ɢ ɦɨɝɭɬ ɩɪɢ ɷɬɨɦ ɡɧачɢɬɟɥɶɧɨ ɢɡɦɟɧяɬɶ ɫɜɨɢ 
ɡɧачɟɧɢя (ɫɦ., ɧаɩɪɢɦɟɪ, ɪɢɫ. 2.1 ɢ 2.β ɞаɧɧɨɣ ɪаɛɨɬɵ). ɋɥɟɞɨɜаɬɟɥɶɧɨ, ɩɪɢ 
ɬаɤɨɦ ɭɩɪɨщɟɧɧɨɦ ɫɩɨɫɨɛɟ ɨɩɢɫаɧɢя, ɡа ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɪаɡɦɧɨɠɟɧɢя 
ɫɤɪɵɜаɥɢɫɶ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɫɬаɜа ɞɟɥящɟɣɫя ɫɪɟɞɵ ɢ ɨɬ ɷɧɟɪɝɢɢ ɧɟɣɬɪɨɧɨɜ. 
ȿɫɬɟɫɬɜɟɧɧɨ ɷɬɨ ɧаɥɨɠɢɥɨ ɫɨɨɬɜɟɬɫɬɜɭɸщɢɟ ɨɝɪаɧɢчɟɧɢя ɧа ɩɨɥɭчɟɧɧɵɟ ɜ 
[15Ж ɪɟɲɟɧɢя ɢ ɜɵɜɨɞɵ.  

В Д15Ж ɛɵɥɨ ɩɨɥɭчɟɧɨ ɪɟɲɟɧɢɟ ɤɢɧɟɬɢчɟɫɤɨɝɨ ɭɪаɜɧɟɧɢя (2.1) ɞɥя 
ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɵх ɧɟɣɬɪɨɧɨɜ ɞɥя ɩɨɥɭɛɟɫɤɨɧɟчɧɨɝɨ ɰɢɥɢɧɞɪа (  z0 ) 

ɤɜаɞɪаɬɧɨɝɨ ɫɟчɟɧɢя ( ayx  ,0 ), ɧа ɬɨɪɰɟ ɤɨɬɨɪɨɝɨ ( 0z ) ɡаɞаɜаɥɫя ɥɢɛɨ 
ɩɨɬɨɤ  tyxj ,,0 , ɥɢɛɨ ɩɥɨɬɧɨɫɬɶ  tyxn ,,0  

ɧɟɣɬɪɨɧɨɜ, чɬɨ ɫɨɨɬɜɟɫɬɜɭɟɬ 
ɧаɥɢчɢɸ ɜɧɟɲɧɟɝɨ ɢɫɬɨчɧɢɤа ɧɟɣɬɪɨɧɨɜ ɧа ɬɨɪɰɟ (ɡаɞача II ɜ Д15Ж) ɢ ɛɵɥɨ 
ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜаɧɢɟ ɟɝɨ ɩɨɜɟɞɟɧɢя ɞɥя аɫɢɦɩɬɨɬɢɤ ɩɨ ɜɪɟɦɟɧɢ ɢ ɩɨ 
ɞɥɢɧɟ ɰɢɥɢɧɞɪа ɞɥя ɞɜɭх чаɫɬɧɵх ɫɥɭчаɟɜ ɧаɞɤɪɢɬɢчɟɫɤɨɝɨ ɢ 
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ɩɨɞɤɪɢɬɢчɟɫɤɨɝɨ ɫɨɫɬɨяɧɢя ɧɟɣɬɪɨɧɧɨ-ɦɭɥɶɬɢɩɥɢɰɢɪɭɸщɟɣ ɞɟɥящɟɣɫя 
ɫɪɟɞɵ.  

Ɉɬɦɟɬɢɦ, чɬɨ ɜɵɛɨɪ ɝɟɨɦɟɬɪɢɢ ɞɟɥящɟɣɫя ɫɪɟɞɵ ɜ ɜɢɞɟ ɰɢɥɢɧɞɪа ɢɥɢ 
ɩаɪаɥɥɟɩɢɩɟɞа ɛɨɥɶɲɨɣ ɞɥɢɧɵ ɛɵɥ ɫɞɟɥаɧ ɜ Д15Ж ɩɨɬɨɦɭ, чɬɨ ɜ ɷɬɨɦ ɫɥɭчаɟ 
ɧаɞɤɪɢɬɢчɟɫɤɨɟ ɢɥɢ ɩɨɞɤɪɢɬɢчɟɫɤɨɟ ɫɨɫɬɨяɧɢɟ ɩɪаɤɬɢчɟɫɤɢ ɧɟ ɡаɜɢɫɢɬ ɨɬ 
ɞɥɢɧɧɵ, ɬɨ ɟɫɬɶ, ɦɨɠɧɨ ɩɪɟɧɟɛɪɟчɶ ɜɥɢяɧɢɟɦ ɬɨɪɰɨɜ ɢ ɨɬɧɨɲɟɧɢɟ ɩɥɨщаɞɢ 
ɩɨɜɟɪхɧɨɫɬɢ ɤ ɨɛɴɟɦɭ ɨɫɬаɟɬɫя ɩɪаɤɬɢчɟɫɤɢ ɩɨɫɬɨяɧɧɵɦ ɩɪɢ ɢɡɦɟɧɟɧɢɢ 
ɞɥɢɧɵ.  

В ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ Д15Ж, ɟɫɥɢ ɫɢɫɬɟɦа ɝɪаɧɢчɢɬ ɫ ɜаɤɭɭɦɨɦ ɢ ɟɟ ɪаɡɦɟɪɵ 
ɜɟɥɢɤɢ ɩɨ ɫɪаɜɧɟɧɢɸ ɫ ɞɥɢɧɧɨɣ ɫɜɨɛɨɞɧɨɝɨ ɧɟɣɬɪɨɧɨɜ, ɬɨ ɝɪаɧɢчɧɨɟ ɭɫɥɨɜɢɟ 
ɧа ɜɧɟɲɧɟɣ ɛɨɤɨɜɨɣ ɩɨɜɟɪхɧɨɫɬɢ ( ayax  0;0 ) ɡаɤɥɸчаɟɬɫя ɜ ɪаɜɟɧɫɬɜɟ 
ɧɭɥɸ ɩɥɨɬɧɨɫɬɢ ɧɟɣɬɪɨɧɨɜ ɢ ɜ ɫɨɨɬɜɟɫɬɜɢɢ ɫ ɷɬɢɦ ɪɟɲɟɧɢя (2.1) ɢɫɤаɥɢɫɶ ɜ 
ɫɥɟɞɭɸщɟɦ ɜɢɞɟ: 

        ayaxtzntrn  sinsin,, 
.   (2.4) 

Ɂаɦɟɬɢɦ, чɬɨ, ɤɨɧɟчɧɨ ɠɟ, ɪаɜɟɧɫɬɜɨ ɧɭɥɸ ɩɥɨɬɧɨɫɬɢ ɩɨɬɨɤа ɧɟɣɬɪɨɧɨɜ 
ɫɥɟɞɭɟɬ ɡаɞаɜаɬɶ ɧа ɷɤɫɬɪаɩɨɥɢɪɨɜаɧɧɨɣ ɛɨɤɨɜɨɣ ɩɨɜɟɪхɧɨɫɬɢ ɫɢɫɬɟɦɵ, ɧɨ 
ɧа ɷɬɭ ɧɟɬɨчɧɨɫɬɶ ɜ Д15Ж ɦɨɠɧɨ ɧɟ ɨɛɪащаɬɶ ɜɧɢɦаɧɢя, ɬаɤ ɤаɤ ɷɬɨ ɥɟɝɤɨ 
ɦɨɠɧɨ ɩɨɩɪаɜɢɬɶ. 
 ɉɨɞɫɬаɜɥяя (2.4) ɜ ɭɪаɜɧɟɧɢɟ (2.1) ɩɨɥɭчɢɦ ɫɥɟɞɭɸщɟɟ ɭɪаɜɧɟɧɢɟ ɞɥя 
ɮɭɧɤɰɢɢ  tzn , : 
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Таɤ ɤаɤ ɞɢɮɮɭɡɢɨɧɧɵɣ ɩɨɬɨɤ ɪаɜɟɧ  
z

tzn
Djz 
 , , ɬɨ ɝɪаɧɢчɧɵɟ ɢ ɧачаɥɶɧɵɟ 

ɭɫɥɨɜɢя ɞɥя ɡаɞачɢ II ɜ Д15Ж ɢɦɟɥɢ ɜɢɞ: 
  0, 0 ttzn ,    tntzn z 00,     

ɢɥɢ    
D

tj

z

tzn
z

0

0

, 


 . (2.6) 

ɉɪɢ ɷɬɨɦ ɝɪаɧɢчɧɵɟ ɭɫɥɨɜɢя ɧа ɬɨɪɰɟ ɰɢɥɢɧɞɪа ɛɵɥɢ ɫɥɟɞɭɸщɢɟ:        ayaxtjtyxj  sinsin,, 00  ;          ayaxtntyxn  sinsin,, 00  .   (2.7) 

Ɋɟɲɟɧɢɟ ɭɪаɜɧɟɧɢя (2.η) ɫ  ɧачаɥɶɧɵɦɢ ɢ ɝɪаɧɢчɧɵɦɢ ɭɫɥɨɜɢяɦɢ (2.6) 

ɢ (2.7) (ɡаɞача II ɜ Д15Ж), ɫ ɩɨɦɨщɶɸ ɩɪяɦɨɝɨ ɢ ɨɛɪаɬɧɨɝɨ ɩɪɟɨɛɪаɡɨɜаɧɢя 
Ɏɭɪɶɟ ɛɵɥɨ ɩɨɥɭчɟɧɨ ɜ Д15Ж ɜ ɫɥɟɞɭɸщɟɦ ɜɢɞɟ: 
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ɢ ɧаɡɵɜаɟɬɫя ɷɮɮɟɤɬɢɜɧɵɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɞɢɮɮɭɡɢɢ Д221], 
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- ɷɮɮɟɤɬɢɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɪаɡɦɧɨɠɟɧɢя ɧɟɣɬɪɨɧɨɜ. 
В Д15Ж ɢɫɫɥɟɞɨɜаɥɨɫɶ ɩɨɥɭчɟɧɧɨɟ ɪɟɲɟɧɢɟ (2.8) ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ, чɬɨ 

ɩɨɬɨɤ ɧɟɣɬɪɨɧɨɜ ɧа ɝɪаɧɢɰɟ ɩɪяɦɨɭɝɨɥɶɧɨɝɨ ɰɢɥɢɧɞɪа ɩɪɢ 0z
 
ɩɨɫɬɨяɧɟɧ, 

ɬɨ ɟɫɬɶ, ɧɟ ɡаɜɢɫɢɬ ɨɬ ɜɪɟɦɟɧɢ. В ɷɬɨɦ ɫɥɭчаɟ ɪɟɲɟɧɢɟ (2.8) ɭɩɪɨщаɟɬɫя ɢ 
ɢɦɟɟɬ ɫɥɟɞɭɸщɢɣ ɜɢɞ: 
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ɝɞɟ чɟɪɟɡ J

 
ɨɛɨɡɧачɟɧ ɢɧɬɟɝɪаɥ, ɜхɨɞящɢɣ ɜ (2.11). 

 Аɜɬɨɪɨɜ ɪаɛɨɬɵ Д15Ж, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɢɧɬɟɪɟɫɨɜаɥ ɧаɞɤɪɢɬɢчɟɫɤɢɣ 
ɪɟɠɢɦ 0* A ɢ ɛɵɥɨ ɩɨɤаɡаɧɨ, чɬɨ ɜ ɷɬɨɦ ɫɥɭчаɟ ɦɨɠɧɨ ɝɨɜɨɪɢɬɶ ɨ ɧɟɤɨɬɨɪɨɣ 
ɫɤɨɪɨɫɬɢ ɦɟɞɥɟɧɧɨɝɨ яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя. Дɥя ɧахɨɠɞɟɧɢя ɷɬɨɣ ɫɤɨɪɨɫɬɢ ɛɵɥɢ 
ɪаɫɫɦɨɬɪɟɧɵ аɫɢɦɩɬɨɬɢɤɢ ɜɵɪаɠɟɧɢя (2.11) ɞɥя  tzn ,

 
ɩɪɢ 

 tzconstvvtz ,,, , ɬɨ ɟɫɬɶ, ɜ ɬɨчɤах ɧаɛɥɸɞɟɧɢя ɞɜɢɠɭщɢхɫя ɜɞɨɥɶ ɨɫɢ 
ɬɟɥа ɫ ɬɨɣ ɢɥɢ ɢɧɨɣ ɩɨɫɬɨяɧɧɨɣ ɫɤɨɪɨɫɬɶɸ v . Аɫɢɦɩɬɨɬɢɤɢ  tzn ,

 
ɥɟɝɤɨ 

ɧахɨɞяɬɫя, ɟɫɥɢ ɩɪɟɨɛɪаɡɨɜаɬɶ ɢɧɬɟɝɪаɥ J ɜ (2.11) ɫ ɩɨɦɨщɶɸ ɡаɦɟɧɵ 

ɩɟɪɟɦɟɧɧɵх ɤ ɜɢɞɭ ɫɬаɧɞаɪɬɧɨɝɨ ɢɧɬɟɝɪаɥа Ʌаɩɥаɫа    duuu

b

a

 exp , ɝɞɟ   - 

ɛɨɥɶɲɨɣ ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɩаɪаɦɟɬɪ, а u – ɜɟщɟɫɬɜɟɧɧɨ Д15]. 

 Ʉаɤ ɩɨɤаɡаɧɨ ɜ Д15Ж, ɟɫɥɢ ɜɜɟɫɬɢ ɜɟɥɢчɢɧɵ  
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,       (2.13) 

ɢɦɟɸщɢɟ ɪаɡɦɟɪɧɨɫɬɶ ɫɤɨɪɨɫɬɢ ɢ ɞɥɢɧɵ, ɬɨ, ɟɫɥɢ ɜɟɥɢчɢɧа 02 Lz
 

ɜ 
ɩɨɤаɡаɬɟɥɟ ɷɤɫɩɨɧɟɧɬɵ ɢɧɬɟɝɪаɥа J, ɩɪɟɨɛɪаɡɨɜаɧɧɨɝɨ ɤ ɜɢɞɭ ɫɬаɧɞаɪɬɧɨɝɨ 
ɢɧɬɟɝɪаɥа Ʌаɩɥаɫа,  яɜɥяɟɬɫя ɛɨɥɶɲɢɦ ɩаɪаɦɟɬɪɨɦ - 10 Lz , ɢɧɬɟɝɪɢɪɭя J 

ɩɨ чаɫɬяɦ, ɧахɨɞɢɦ ɝɥаɜɧɵɣ чɥɟɧ аɫɢɦɩɬɨɬɢɤɢ ɢɧɬɟɝɪаɥа J ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
аɫɢɦɩɬɨɬɢɤɭ ɜɵɪаɠɟɧɢя (2.11) ɞɥя ɩɥɨɬɧɨɫɬɢ ɧɟɣɬɪɨɧɨɜ  tzn ,  ɩɪɢ 

constvvtz  ,  ɜ ɫɥɟɞɭɸщɟɦ ɜɢɞɟ: 
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   (2.14)

 

Ʉаɤ ɜɢɞɧɨ ɢɡ (2.14) ɞɥя ɜɫɟх ɩɨɫɬɨяɧɧɵх ɫɤɨɪɨɫɬɟɣ 0vv 
 
ɜɟɥɢчɢɧа  tzn ,

 
ɷɤɫɩɨɧɟɧɰɢаɥɶɧɨ ɜɨɡɪаɫɬаɟɬ ɫ ɭɜɟɥɢчɟɧɢɟɦ ɪаɫɫɬɨяɧɢя z ɨɬ ɬɨɪɰа 
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ɰɢɥɢɧɞɪа (ɢɥɢ ɜɪɟɦɟɧɢ, ɬаɤ ɤаɤ vtz  ), ɜ ɫɥɭчаɟ ɠɟ 0vv  , ɧаɨɛɨɪɨɬ ɜɟɥɢчɢɧа  tzn ,
 

ɷɤɫɩɨɧɟɧɰɢаɥɶɧɨ ɭɛɵɜаɟɬ ɫ ɭɜɟɥɢчɟɧɢɟɦ ɪаɫɫɬɨяɧɢя z . ȿɫɥɢ ɠɟ 
ɫɤɨɪɨɫɬɶv  ɪаɜɧа ɫɤɨɪɨɫɬɢ 0v , ɬɨ ɩɪɨɢɫхɨɞɢɬ ɪɟɡɤая ɫɦɟɧа хаɪаɤɬɟɪа 
аɫɢɦɩɬɨɬɢɤɢ  tzn ,  – ɢɡ ɷɤɫɩɨɧɟɧɰɢаɥɶɧɨɣ ɨɧа ɫɬаɧɨɜɢɬɫя ɫɬɟɩɟɧɧɨɣ ɢ ɨɧа 
ɨчɟɧɶ ɦɟɞɥɟɧɧɨ ɭɛɵɜаɟɬ ɫ ɪаɫɫɬɨяɧɢɟɦ: 

 
z

L

v

j
tzn 0

0

0,  .      (2.15) 

ɂɫɩɨɥɶɡɭя ɜɵɪаɠɟɧɢɟ (2.14), ɦɨɠɧɨ ɧаɣɬɢ ɫɤɨɪɨɫɬɶ ɪаɫɩɪɨɫɬɪаɧɟɧɢя 
ɩɨɫɬɨяɧɧɨɣ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɵх ɧɟɣɬɪɨɧɨɜ ɧа ɛɨɥɶɲɢх ɪаɫɫɬɨяɧɢях ɨɬ ɬɨɪɰа 
ɰɢɥɢɧɞɪа. ɉɨɥаɝая   ntzn ~,  , ɢщɟɦ ɪɟɲɟɧɢɟ ɞɥя ɫɤɨɪɨɫɬɢ tz ɜ ɫɥɟɞɭɸщɟɦ 
ɜɢɞɟ: 
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В ɪɟɡɭɥɶɬаɬɟ ɩɨɥɭчɢɦ  
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Дɢɮɮɟɪɟɧɰɢɪɭя (2.1θ) ɩɨ ɜɪɟɦɟɧɢ t, ɧахɨɞɢɦ ɞɥя ɦɝɧɨɜɟɧɧɨɣ ɫɤɨɪɨɫɬɢ dtdz
 

ɫɥɟɞɭɸщɟɟ ɜɵɪаɠɟɧɢɟ:   
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.      (2.18) 

Таɤɢɦ ɨɛɪаɡɨɦ, ɦɝɧɨɜɟɧɧая ɫɤɨɪɨɫɬɶ ɪаɫɩɪɨɫɬɪаɧɟɧɢя ɩɨɫɬɨяɧɧɨɣ ɩɥɨɬɧɨɫɬɢ 
ɬɟɩɥɨɜɵх ɧɟɣɬɪɨɧɨɜ ɜ ɩɟɪɜɨɦ ɩɨɪяɞɤɟ ɩɨ zL0  

ɧɟ ɡаɜɢɫɢɬ ɨɬ ɩɥɨɬɧɨɫɬɢ 
ɧɟɣɬɪɨɧɨɜ n~ ɢ ɧа ɛɨɥɶɲɢх ɪаɫɫɬɨяɧɢях ɨɬ ɬɨɪɰа ɰɢɥɢɧɞɪа аɫɢɦɩɬɨɬɢчɟɫɤɢ 
ɫɬɪɟɦɢɬɫя ɤ 0v  – ɫɤɨɪɨɫɬɢ ɦɟɞɥɟɧɧɨɝɨ яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɜ ɞɟɥящɟɦɫя 
ɜɟщɟɫɬɜɟ. Дɟɣɫɬɜɢɬɟɥɶɧɨ, ɜ ɫɥɭчаɟ ɨɛɵчɧɨɝɨ ɦɟɞɥɟɧɧɨɝɨ ɝɨɪɟɧɢя, ɤɨɝɞа 
ɪɟɡɭɥɶɬаɬɨɦ ɪɟаɤɰɢɢ яɜɥяɟɬɫя ɞɨɫɬɢɠɟɧɢɟ ɨɩɪɟɞɟɥɟɧɧɨɣ ɬɟɦɩɟɪаɬɭɪɵ, 
ɫɤɨɪɨɫɬɶ ɦɟɞɥɟɧɧɨɝɨ ɝɨɪɟɧɢя ɩɪɨɩɨɪɰɢɨɧаɥɶɧа  , ɝɞɟ 

 
– ɤɨɷɮɮɢɰɢɟɧɬ 

ɬɟɦɩɟɪаɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ, а   - хаɪаɤɬɟɪɧɨɟ ɜɪɟɦя ɪɟаɤɰɢɢ Д223,224Ж. В 
ɪаɫɫɦаɬɪɢɜаɟɦɨɦ ɫɥɭчаɟ ɪɟчɶ ɢɞɟɬ ɨ ɞɨɫɬɢɠɟɧɢɢ ɧɟɤɨɬɨɪɨɣ ɮɢɤɫɢɪɨɜаɧɧɨɣ 
ɩɥɨɬɧɨɫɬɢ ɧɟɣɬɪɨɧɨɜ ɜ ɞаɧɧɨɣ ɬɨчɤɟ, ɨɛɭɫɥɨɜɥɟɧɧɨɣ ɤаɤ ɦɭɥɶɬɢɩɥɢɤаɰɢɟɣ, 
ɬаɤ ɢ ɞɢɮɮɭɡɢɟɣ ɧɟɣɬɪɨɧɨɜ. ɋɨɝɥаɫɧɨ ɜɵɪаɠɟɧɢɸ (2.1β) ɞɥя 0v  ɪɨɥɶ 
хаɪаɤɬɟɪɧɨɝɨ ɜɪɟɦɟɧɢ ɪɟаɤɰɢɢ ɢɝɪаɟɬ ɜɪɟɦя ɠɢɡɧɢ ɧɟɣɬɪɨɧа ɫ , а ɪɨɥɶ 
ɤɨɷɮɮɢɰɢɟɧɬа ɩɟɪɟɧɨɫа – ɫɪɟɞɧɟɟ ɝɟɨɦɟɬɪɢчɟɫɤɨɟ ɢɡ ɷɮɮɟɤɬɢɜɧɨɝɨ 
ɤɨɷɮɮɢɰɢɟɧɬа ɞɢɮɮɭɡɢɢ *

D (2.9)  ɢ ɷɮɮɟɤɬɢɜɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬа 
ɦɭɥɶɬɢɩɥɢɤаɰɢɢ *

A (2.10). 

 В ɪаɛɨɬɟ Д15Ж ɛɵɥɢ ɪаɫɫɦɨɬɪɟɧɵ ɬаɤɠɟ аɫɢɦɩɬɨɬɢɤɢ ɩɥɨɬɧɨɫɬɢ 
ɧɟɣɬɪɨɧɨɜ  tzn ,  ɜ ɞɜɭх ɜаɠɧɵх ɫɥɭчаях (ɛɨɥɶɲɢх ɪаɫɫɬɨяɧɢɣ ɢ ɛɨɥɶɲɢх 
ɜɪɟɦɟɧ) ɢ ɩɨɥɭчɟɧɵ ɫɥɟɞɭɸщɢɟ аɫɢɦɩɬɨɬɢчɟɫɤɢɟ ɜɵɪаɠɟɧɢя: 
а) ɜ ɫɥɭчаɟ ɪаɫɬɭщɢх z

 
ɢ ɮɢɤɫɢɪɨɜаɧɧɵх t , ɬɨ ɟɫɬɶ, ɩɪɢ 

)(1, 0 constvкакɬакvvɢconsttz    



107 

 

   tDztA
ee

z

tDj
tzn c

*2*
4

2

3*

04
,  

 ,   
1

4 *

2 
tD

z

;   (2.19) 

 

 

а) ɜ ɫɥɭчаɟ ɪаɫɬɭщɢх t
 

ɢ ɮɢɤɫɢɪɨɜаɧɧɵх z , ɬɨ ɟɫɬɶ, ɩɪɢ 
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ɉɟɪɜɵɣ ɢɡ ɪаɫɫɦɨɬɪɟɧɧɵх ɫɥɭчаɟɜ ɫɨɨɬɜɟɬɫɬɜɭɟɬ «ɦɝɧɨɜɟɧɧɨɣ» 
ɤаɪɬɢɧɟ ɪаɫɩɪɟɞɟɥɟɧɢя ɩɥɨɬɧɨɫɬɢ ɧɟɣɬɪɨɧɨɜ ɩɨ ɜɫɟɣ ɞɥɢɧɟ ɰɢɥɢɧɞɪа, а 
ɜɬɨɪɨɣ ɨɩɢɫɵɜаɟɬ ɷɜɨɥɸɰɢɸ ɩɥɨɬɧɨɫɬɢ ɜ ɤаɠɞɨɣ ɞаɧɧɨɣ ɮɢɤɫɢɪɨɜаɧɧɨɣ 
ɬɨчɤɟ z . ɂɡ ɜɵɪаɠɟɧɢɣ ɞɥя аɫɢɦɩɬɨɬɢɤ (2.19) ɢ (β.20) ɜɢɞɧɨ, чɬɨ ɧа ɛɨɥɶɲɢх 
ɪаɫɫɬɨяɧɢях ɜɟɥɢчɢɧа  tzn ,

 
ɷɤɫɩɨɧɟɧɰɢаɥɶɧɨ ɩаɞаɟɬ ɜ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ 

ɪаɫɫɬɨяɧɢя, а ɩɪɢ ɛɨɥɶɲɢх ɜɪɟɦɟɧах ɞɥя ɧаɞɤɪɢɬɢчɟɫɤɨɝɨ ɪɟɠɢɦа ( 0* A ) 

ɷɤɫɩɨɧɟɧɰɢаɥɶɧɨ ɜɨɡɪаɫɬаɟɬ ɫ ɬɟчɟɧɢɟɦ ɜɪɟɦɟɧɢ ɜɫɥɟɞɫɬɜɢɟ 
ɦɭɥɶɬɢɩɥɢɤаɰɢɢ. Вɢɞɧɨ ɬаɤɠɟ, чɬɨ ɩɪɢ 0* A  ɩɥɨɬɧɨɫɬɶ ɧɟɣɬɪɨɧɨɜ 
ɧɟɨɝɪаɧɢчɟɧɧɨ ɜɨɡɪаɫɬаɟɬ ɫ ɬɟчɟɧɢɟɦ ɜɪɟɦɟɧɢ ɢ хаɪаɤɬɟɪɧɵɦ ɜɪɟɦɟɧɟɦ 
яɜɥяɟɬɫя ɜɟɥɢчɢɧа 

*
A

c . Эɬɨ ɨɡɧачаɟɬ, чɬɨ ɜ ɷɬɨɦ ɫɥɭчаɟ ɰɟɩɧая ɪɟаɤɰɢя 

ɫɩɨɧɬаɧɧɵх ɞɟɥɟɧɢɣ ɩɪɢ ɧɟɜɨɡɦɨɠɧɨɫɬɢ ɨɬɜɨɞа ɧɟɣɬɪɨɧɨɜ ɢ ɷɧɟɪɝɢɢ 
ɩɪɢɜɟɞɭɬ ɤ ɜɡɪɵɜɭ ɫɢɫɬɟɦɵ. Ʉаɤ ɨɬɦɟчɟɧɨ ɜ Д15Ж, ɧɟɨɛхɨɞɢɦɨ, ɨɞɧаɤɨ, ɢɦɟɬɶ 
ɜ ɜɢɞɭ, чɬɨ ɷɤɫɩɨɧɟɧɰɢаɥɶɧɵɣ ɪɨɫɬ  tzn ,

 
ɫɭщɟɫɬɜɟɧɧɨ ɫɜяɡаɧ ɫ ɥɢɧɟɣɧɨɫɬɶɸ 

ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɩɪɢɛɥɢɠɟɧɢя ɢ ɩɪɢ ɭчɟɬɟ ɧɟɥɢɧɟɣɧɵх ɨɬɧɨɫɢɬɟɥɶɧɨ  tzn ,
 

чɥɟɧɨɜ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɪɨɫɬа ɛɭɞɟɬ ɭɦɟɧɶɲаɬɶɫя. Аɜɬɨɪɵ Д15Ж ɩɨɥаɝаɥɢ, чɬɨ 
ɩɥɨɬɧɨɫɬɶ ɧɟɣɬɪɨɧɨɜ  tzn ,

 
ɛɭɞɟɬ ɨɝɪаɧɢчɟɧɧɨɣ ɮɭɧɤɰɢɟɣ, а ɫɤɨɪɨɫɬɶ 

ɪаɫɩɪɨɫɬɪаɧɟɧɢя ɮɪɨɧɬа ɝɨɪɟɧɢя – ɬаɤɨɣ ɠɟ, ɤаɤ ɢ ɜ ɥɢɧɟɣɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ. 
В ɫɥɭчаɟ ɩɨɞɤɪɢɬɢчɟɫɤɨɝɨ ɪɟɠɢɦа 0* A , ɤɨɝɞа чɢɫɥɨ ɧɟɣɬɪɨɧɨɜ, 

ɪɨɠɞаɸщɢхɫя ɩɪɢ ɞɟɥɟɧɢɢ яɞɟɪ, ɧɟɞɨɫɬаɬɨчɧɨ ɞɥя ɩɨɞɞɟɪɠаɧɢя 
ɫаɦɨɩɪɨɢɡɜɨɥɶɧɨɣ ɰɟɩɧɨɣ яɞɟɪɧɨɣ ɪɟаɤɰɢɢ, ɩɨɤаɡаɬɟɥɢ ɷɤɫɩɨɧɟɧɬ ɜ 
ɜɵɪаɠɟɧɢях (2.19) ɢ (2.β0) ɨɬɪɢɰаɬɟɥɶɧɵ ɢ ɩɥɨɬɧɨɫɬɶ ɧɟɣɬɪɨɧɨɜ ɭɛɵɜаɟɬ ɤаɤ 
ɫ ɬɟчɟɧɢɟɦ ɜɪɟɦɟɧɢ, ɬаɤ ɢ ɫ ɭɜɟɥɢчɟɧɢɟɦ ɪаɫɫɬɨяɧɢя ɨɬ ɬɨɪɰа ɰɢɥɢɧɞɪа. ɉɪɢ 
ɷɬɨɦ ɦɨɠɧɨ ɝɨɜɨɪɢɬɶ ɨ ɧɟɤɨɬɨɪɨɣ хаɪаɤɬɟɪɧɨɣ ɞɥɢɧɟ, ɧа ɤɨɬɨɪɭɸ 
ɪаɫɩɪɨɫɬɪаɧяɸɬɫя ɧɟɣɬɪɨɧɵ ɜ ɷɬɨɦ ɫɥɭчаɟ. Таɤɨɣ ɞɥɢɧɨɣ ɫɨɝɥаɫɧɨ Д15] 

яɜɥяɟɬɫя ɜɟɥɢчɢɧа **
AD c . 

ɇаɢɛɨɥɟɟ ɜаɠɧɵɣ ɞɥя ɧаɫ ɜɵɜɨɞ, ɩɨɥɭчɟɧɧɵɣ ɜ Д15Ж ɜ ɪɟɡɭɥɶɬаɬɟ 
аɧаɥɢɡа ɩɨɜɟɞɟɧɢя ɞɥя аɫɢɦɩɬɨɬɢɤ ɪɟɲɟɧɢя (2.11) ɞɥя ɩɥɨɬɧɨɫɬɢ 
ɧɟɣɬɪɨɧɨɜ  tzn ,   ɢ аɫɫɢɦɩɬɨɬɢɤ ɩɨ ɜɪɟɦɟɧɢ ɢ ɩɨ ɞɥɢɧɟ ɰɢɥɢɧɞɪа (2.19) ɢ 
(2.β0) ɫɨɫɬɨɢɬ ɜ ɬɨɦ, чɬɨ ɞɥя ɫɥɭчая ɧаɞɤɪɢɬɢчɟɫɤɨɝɨ ɫɨɫɬɨяɧɢя ɧɟɣɬɪɨɧɧɨ-

ɦɭɥɶɬɢɩɥɢɰɢɪɭɸщɟɣ ɞɟɥящɟɣɫя ɫɪɟɞɵ ɩɨɤаɡаɧɨ ɜɨɡɦɨɠɧɨɟ ɫɭщɟɫɬɜɨɜаɧɢɟ 
ɜɨɥɧɨɜɨɝɨ ɝɨɪɟɧɢя, ɪаɫɩɪɨɫɬɪаɧяɸщɟɝɨɫя  ɫ ɩɨɫɬɨяɧɧɨɣ ɫɤɨɪɨɫɬɶɸ ɢ 
ɩɪаɤɬɢчɟɫɤɢ ɧɟɢɡɦɟɧɧɨɣ аɦɩɥɢɬɭɞɨɣ ɜɞɨɥɶ ɨɫɢ ɰɢɥɢɧɞɪа ɢ 
ɩɪɟɞɫɬаɜɥяɸщɟɝɨ ɧаɥɨɠɟɧɢɟ ɩɪɨɰɟɫɫɨɜ ɦɭɥɶɬɢɩɥɢɤаɰɢɢ ɢ ɞɢɮɮɭɡɢɢ 
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ɧɟɣɬɪɨɧɨɜ, а ɜ ɫɥɭчаɟ ɩɨɞɤɪɢɬɢчɟɫɤɨɝɨ ɫɨɫɬɨяɧɢя ɧɟɣɬɪɨɧɧɨ-

ɦɭɥɶɬɢɩɥɢɰɢɪɭɸщɟɣ ɞɟɥящɟɣɫя ɫɪɟɞɵ ɧɟɣɬɪɨɧɧɵɣ ɩɪɨɰɟɫɫ ɡаɬɭхаɟɬ. Ваɠɧɨ 
ɬаɤɠɟ, ɤаɤ ɩɨɤаɡаɧɨ Д15Ж, чɬɨ ɫɤɨɪɨɫɬɶ ɜɨɥɧɨɜɨɝɨ ɝɨɪɟɧɢя ɨɩɪɟɞɟɥяɟɬɫя 
ɮɨɪɦɭɥɨɣ аɧаɥɨɝɢчɧɨɣ ɞɥя ɨɛɵчɧɨɝɨ ɦɟɞɥɟɧɧɨɝɨ ɝɨɪɟɧɢя Д223,224Ж. Ɉɰɟɧɤа 
ɷɬɨɣ ɫɤɨɪɨɫɬɢ ɜɨɥɧɨɜɨɝɨ ɝɨɪɟɧɢя, ɩɪɟɞɫɬаɜɥɟɧɧая ɜ Д15Ж ɪаɜɧа з 100 ɫɦ/c. 

Ɉɬɦɟɬɢɦ ɬаɤɠɟ, чɬɨ аɧаɥɢɡ ɩɨɜɟɞɟɧɢя ɞɥя аɫɢɦɩɬɨɬɢɤ ɩɨ ɜɪɟɦɟɧɢ ɢ ɩɨ ɞɥɢɧɟ 
ɰɢɥɢɧɞɪа ɩɨɤаɡаɥ, чɬɨ ɞɥя ɫɥɭчая ɧаɞɤɪɢɬɢчɟɫɤɨɝɨ ɫɨɫɬɨяɧɢя ɧɟɣɬɪɨɧɧɨ-

ɦɭɥɶɬɢɩɥɢɰɢɪɭɸщɟɣ ɞɟɥящɟɣɫя ɫɪɟɞɵ ɞɥя ɡɧачɟɧɢɣ ɫɤɨɪɨɫɬɟɣ 
ɪаɫɩɪɨɫɬɪаɧɟɧɢя ɰɟɩɧɨɝɨ ɩɪɨɰɟɫɫа ɛɨɥɶɲɢх ɭɤаɡаɧɧɨɣ ɜɵɲɟ ɫɤɨɪɨɫɬɢ 
ɜɨɥɧɨɜɨɝɨ ɩɪɨɰɟɫɫа ɧачɢɧаɟɬɫя ɧɟɭɩɪаɜɥяɟɦɵɣ ɪаɡɝɨɧ ɰɟɩɧɨɝɨ ɩɪɨɰɟɫɫа, ɬɨ 
ɟɫɬɶ, ɜɡɪɵɜ, а ɞɥя ɡɧачɟɧɢɣ ɫɤɨɪɨɫɬɟɣ ɪаɫɩɪɨɫɬɪаɧɟɧɢя ɰɟɩɧɨɝɨ ɩɪɨɰɟɫɫа 
ɦɟɧɶɲɢх ɭɤаɡаɧɧɨɣ ɜɵɲɟ ɫɤɨɪɨɫɬɢ ɜɨɥɧɨɜɨɝɨ ɩɪɨɰɟɫɫа, ɰɟɩɧɨɣ ɩɪɨɰɟɫɫ 
ɡаɬɭхаɟɬ. В Д15Ж ɫɨɜɟɪɲɟɧɧɨ ɧɟ ɢɫɫɥɟɞɨɜаɧɵ ɭɫɥɨɜɢя ɢɥɢ ɤɪɢɬɟɪɢɢ, ɩɪɢ 
ɤɨɬɨɪɵх ɦɨɠɟɬ ɪɟаɥɢɡɨɜɵɜаɬɶɫя ɪɟɠɢɦ ɜɨɥɧɨɜɨɝɨ ɝɨɪɟɧɢя, ɤɨɬɨɪɵɣ ɦɨɠɧɨ 
ɧаɡɜаɬɶ ɧаɞɤɪɢɬɢчɟɫɤɨɣ ɜɨɥɧɨɣ ɦɟɞɥɟɧɧɨɝɨ яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя Ахɢɟɡɟɪа, ɢ 
ɟɞɢɧɫɬɜɟɧɧɨɟ ɭɫɥɨɜɢɟ, ɤɨɬɨɪɨɟ ɨɛɨɡɧачɟɧɨ ɜ ɷɬɨɣ ɪаɛɨɬɟ, ɷɬɨ – ɧачаɥɶɧɨɟ 
ɧаɞɤɪɢɬɢчɟɫɤɨɟ ɫɨɫɬɨяɧɢɟ ɞɟɥящɟɣɫя ɫɪɟɞɵ ɞɥя ɜɫɟɝɨ ɰɢɥɢɧɞɪа. Ʉɨɧɟчɧɨ ɠɟ, 
ɬаɤɠɟ ɩɪɟɞɫɬаɜɥяɟɬ ɢɧɬɟɪɟɫ ɢɫɫɥɟɞɨɜаɧɢɟ ɨɫɨɛɟɧɧɨɫɬɟɣ ɤɢɧɟɬɢɤɢ ɷɬɨɣ 
ɜɨɥɧɵ, ɟɟ ɭɫɬɨɣчɢɜɨɫɬɶ, ɫɬɟɩɟɧɶ ɜɵɝɨɪаɧɢя ɧɭɤɥɢɞɨɜ ɬɨɩɥɢɜɧɨɣ ɫɪɟɞɵ ɢ ɞɪ.

 Таɤɢɦ ɨɛɪаɡɨɦ, ɜ ɪаɛɨɬɟ Д15Ж ɧɟ ɪаɫɫɦаɬɪɢɜаɥɢɫɶ ɭɪаɧ-ɩɥɭɬɨɧɢɟɜая 
(1.1) [9,15,83,2,82Ж ɢ ɬɨɪɢɣ-ɭɪаɧɨɜая (ɧаɩɪɢɦɟɪ, Д14,83,2,82Ж)  ɰɟɩɨчɤɢ 
яɞɟɪɧɵх ɪɟаɤɰɢɣ, ɥɟɠащɢх ɜ ɨɫɧɨɜɟ ɦɟɞɥɟɧɧɨɝɨ ɜɨɥɧɨɜɨɝɨ ɝɨɪɟɧɢя 
(ɦɟɞɥɟɧɧая ɜɨɥɧа Ɏɟɨɤɬɢɫɬɨɜа), ɧа ɤɨɬɨɪɨɦ ɨɫɧɨɜɵɜаɟɬɫя ɜɫя ɤɨɧɰɟɩɰɢя 
ɜɨɥɧɨɜɵх ɪɟаɤɬɨɪɨɜ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢя ɢ ɛɥаɝɨɞаɪя ɤɨɬɨɪɵɦ ɷɬɢ ɪɟаɤɬɨɪɵ 
ɨɛɥаɞаɸɬ ɫɜɨɣɫɬɜɨɦ  ɜɧɭɬɪɟɧɧɟɣ ɛɟɡɨɩаɫɧɨɫɬɢ ɢ ɩɨɡɜɨɥяɸɬ ɢɫɩɨɥɶɡɨɜаɬɶ ɜ 
ɤачɟɫɬɜɟ ɬɨɩɥɢɜа ɩɟɪɜɨɧачаɥɶɧɨ ɧɟɨɛɨɝащɟɧɧɵɟ ɢɥɢ ɫɥаɛɨ ɨɛɨɝащɟɧɧɵɟ 
ɬɨɩɥɢɜɧɵɟ ɫɪɟɞɵ ɢɡ ɭɪаɧа βγ8 ɢɥɢ ɬɨɪɢя βγβ. Дɥя ɦɟɞɥɟɧɧɨɝɨ ɜɨɥɧɨɜɨɝɨ 
яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя, яɜɥяɸщɟɝɨ ɩɪɟɞɦɟɬɨɦ ɞаɧɧɨɣ ɫɬаɬɶɢ, ɩɪɢɧɰɢɩɢаɥɶɧɨ 
ɜаɠɧɨ, чɬɨɛɵ ɦɭɥɶɬɢɩɥɢɰɢɪɭɸщая ɞɟɥящаяɫя ɭɪаɧ-ɩɥɭɬɨɧɢɟɜая ɢɥɢ ɬɨɪɢɣ-

ɭɪаɧɨɜая (ɢɥɢ ɞаɠɟ ɬɨɪɢɣ-ɭɪаɧɨɜая-ɩɥɭɬɨɧɢɟɜая) ɫɪɟɞа ɩɟɪɜɨɧачаɥɶɧɨ 
ɧахɨɞɢɥаɫɶ ɜ ɩɨɞɤɪɢɬɢчɟɫɤɨɦ ɫɨɫɬɨяɧɢɢ, а ɤаɤ ɫɥɟɞɭɟɬ ɢɡ ɪɟɡɭɥɶɬаɬɨɜ 
ɪаɛɨɬɵ Д15Ж ɜ ɷɬɨɦ ɫɥɭчаɟ ɜɨɥɧɨɜɨɝɨ ɰɟɩɧɨɝɨ ɩɪɨɰɟɫɫа ɧɟ ɨɛɧаɪɭɠɟɧɨ. 

Ɉɬɦɟɬɢɦ ɬаɤɠɟ, чɬɨ ɫɤɨɪɨɫɬɶ ɦɟɞɥɟɧɧɨɣ ɜɨɥɧɵ Ɏɟɨɤɬɢɫɬɨɜа ɧа 
ɧɟɫɤɨɥɶɤɨ ɩɨɪяɞɤɨɜ ɧɢɠɟ ɫɤɨɪɨɫɬɢ ɜɨɥɧɵ Ахɢɟɡɟɪа, ɢ ɩɨɷɬɨɦɭ ɜɨɥɧɭ 
Ɏɟɨɤɬɢɫɬɨɜа ɦɨɠɧɨ ɛɵɥɨ ɛɵ ɧаɡɵɜаɬɶ ɜɨɥɧɨɣ ɫɜɟɪхɦɟɞɥɟɧɧɨɝɨ ɧɟɣɬɪɨɧɧɨ-

яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя, а ɬаɤɠɟ, ɬɨ, чɬɨ ɨɛɥаɫɬɶ ɝɨɪɟɧɢя ɜ ɜɨɥɧɟ Ɏɟɨɤɬɢɫɬɨɜа ɜ 
ɪɟɡɭɥɶɬаɬɟ ɧаɤɨɩɥɟɧɢя ɞɟɥящɟɝɨɫя ɧɭɤɥɢɞа (ɩɥɭɬɨɧɢя βγ9 ɢɥɢ ɭɪаɧа βγγ ɞɥя 
ɬɨɪɢɣ-ɭɪаɧɨɜɨɝɨ ɰɢɤɥа, ɢɥɢ ɨɛɨɢх ɫɪаɡɭ) ɜɪɟɦɟɧɧɨ ɩɟɪɟхɨɞɢɬ ɜ 
ɧаɞɤɪɢɬɢчɟɫɤɨɟ ɫɨɫɬɨяɧɢɟ ɢ ɩɨɫɥɟ ɷɬɨɝɨ ɫɭɦɦаɪɧɵɣ ɩɪɨɰɟɫɫ 
ɦɭɥɶɬɢɩɥɢɤаɰɢɢ ɢ ɞɢɮɮɭɡɢɢ ɧɟɣɬɪɨɧɨɜ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɫɬаɧɨɜɢɬɫя 
аɧаɥɨɝɢчɧɵɦ ɰɟɩɧɨɦɭ ɧɟɣɬɪɨɧɧɨɦɭ ɩɪɨɰɟɫɫɭ, ɪаɫɫɦɨɬɪɟɧɧɨɦɭ ɜ ɪаɛɨɬɟ Д15], 

ɨɞɧаɤɨ ɢ ɡɞɟɫɶ ɩɪɨɫɦаɬɪɢɜаɸɬɫя ɨɬɥɢчɢя, ɬаɤ ɤаɤ ɜ ɫɥɭчаɟ ɜɨɥɧɵ 
Ɏɟɨɤɬɢɫɬɨɜа ɷɬа ɧаɞɤɪɢɬɢчɧɨɫɬɶ - ɥɨɤаɥɶɧа, а ɞɥя ɧаɞɤɪɢɬɢчɟɫɤɨɣ ɜɨɥɧɵ 
Ахɢɟɡɟɪа ɢɡɧачаɥɶɧɨ ɡаɞаɟɬɫя ɧаɞɤɪɢɬɢчɧɨɫɬɶ ɞɥя ɜɫɟɝɨ ɰɢɥɢɧɞɪа ɞɟɥящɟɣɫя 
ɫɪɟɞɵ. 
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ȿɫɬɟɫɬɜɟɧɧɨ ɨɬɦɟɬɢɬɶ, чɬɨ ɢ ɤɪɢɬɟɪɢɢ ɪɟаɥɢɡаɰɢɢ ɜɨɥɧɨɜɨɝɨ ɝɨɪɟɧɢя 
Ɏɟɨɤɬɢɫɬɨɜа ɢ Ахɢɟɡɟɪа, ɤаɤ ɫɥɟɞɭɟɬ ɢɡ ɞаɧɧɨɣ ɪаɛɨɬɵ, ɫɭщɟɫɬɜɟɧɧɨ 
ɪаɡɥɢчаɸɬɫя, чɬɨ ɬаɤɠɟ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, чɬɨ ɷɬɨ ɪаɡɥɢчаɸщɢɟɫя 
ɜɨɥɧɨɜɵɟ ɩɪɨɰɟɫɫɵ.  

В ɫɜяɡɢ ɫ ɜɵɲɟɢɡɥɨɠɟɧɧɵɦ ɩɪɟɞɫɬаɜɥяɟɬɫя ɢɧɬɟɪɟɫɧɵɦ ɩɪɨɜɟɞɟɧɢɟ 
ɫɥɟɞɭɸщɟɝɨ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɭɸщɟɝɨ ɷɤɫɩɟɪɢɦɟɧɬа: ɜ 
ɰɢɥɢɧɞɪɢчɟɫɤɨɣ ɭɪаɧɨɜɨɣ (ɦɨɠɧɨ ɜ ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɣ) ɧɟɣɬɪɨɧɧɨ-

ɦɭɥɶɬɢɩɥɢɰɢɪɭщɟɣ ɫɪɟɞɟ, ɧахɨɞящɟɣɫя ɜ ɧаɞɤɪɢɬɢчɟɫɤɨɦ ɫɨɫɬɨяɧɢɢ ɩɨ 
ɭɪаɧɭ βγη (ɢɥɢ ɩɨ ɩɥɭɬɨɧɢɸ βγ9), ɫ ɩɨɦɨщɶɸ ɩɨɫɬɨяɧɧɨ ɞɟɣɫɬɜɭɸщɟɝɨ 
ɜɧɟɲɧɟɝɨ ɢɫɬɨчɧɢɤа ɧɟɣɬɪɨɧɨɜ ɢɧɢɰɢɢɪɨɜаɬɶ ɜɨɥɧɭ ɝɨɪɟɧɢя Ахɢɟɡɟɪа 
(ɜɨɥɧа ɝɨɪɟɧɢя ɭɪаɧа βγη), ɩɨɫɥɟ ɩɪɨɛɟɝа, ɤɨɬɨɪɨɣ ɩɨ ɰɢɥɢɧɞɪɭ ɩɪɢ ɭɫɥɨɜɢɢ 
ɧɟ 100%-ɝɨ ɜɵɝɨɪаɧɢя ɭɪаɧа βγ8 (ɷɬɭ ɨɝɨɜɨɪɤɭ ɦɵ ɞɟɥаɟɦ ɩɨɬɨɦɭ, чɬɨ 
ɤɢɧɟɬɢɤа ɜɨɥɧɵ Ахɢɟɡɟɪа ɩɨɤа ɧɟ ɢɫɫɥɟɞɨɜаɧа) чɟɪɟɡ ɧɟɤɨɬɨɪɨɟ ɜɪɟɦя, 
хаɪаɤɬɟɪɧɨɟ ɞɥя ɩɨɞɠɢɝа ɜɨɥɧɵ Ɏɟɨɤɬɢɫɬɨɜа, ɜɧɟɲɧɢɣ ɢɫɬɨчɧɢɤ ɧɟɣɬɪɨɧɨɜ 
ɩɪɨɢɧɢɰɢɪɭɟɬ ɜɨɥɧɭ Ɏɟɨɤɬɢɫɬɨɜа, ɤɨɬɨɪая ɛɭɞɟɬ ɬаɤɠɟ ɪаɫɩɪɨɫɬɪаɧяɬɶɫя ɩɨ 
ɰɢɥɢɧɞɪɭ. Ʉɨɧɟчɧɨ ɠɟ, ɭɫɥɨɜɢя ɬаɤɨɝɨ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬа, 
ɞɨɥɠɧɵ ɛɵɬɶ ɫɨɝɥаɫɨɜаɧɵ ɫ ɤɪɢɬɟɪɢяɦɢ ɫɭщɟɫɬɜɨɜаɧɢя ɷɬɢх ɜɨɥɧɨɜɵх 
ɩɪɨɰɟɫɫɨɜ ɢ ɩɪɟɠɞɟ ɜɫɟɝɨ ɩɨ ɷɧɟɪɝɢяɦ ɧɟɣɬɪɨɧɨɜ. В ɫɜяɡɢ ɫ ɷɬɢɦ, ɨɬɦɟɬɢɦ, 
чɬɨ ɢɡ ɮɢɡɢчɟɫɤɢх ɫɨɨɛɪаɠɟɧɢɣ яɫɧɨ, чɬɨ ɜɨɥɧа Ахɢɟɡɟɪа ɩɪɢ 
ɫɨɨɬɜɟɬɫɬɜɭɸщɟɦ ɧачаɥɶɧɨɦ ɨɛɨɝащɟɧɢɢ ɩɨ ɞɟɥящɟɦɭɫя ɧɭɤɥɢɞɭ, 
ɨɛɟɫɩɟчɢɜаɸщɢɦ ɧаɞɤɪɢɬɢчɟɫɤɨɟ ɫɨɫɬɨяɧɢɟ ɞɟɥящɟɣɫя ɫɪɟɞɵ, ɦɨɠɟɬ 
ɪɟаɥɢɡɨɜɵɜаɬɶɫя ɧɟ ɬɨɥɶɤɨ ɧа ɬɟɩɥɨɜɵх ɧɟɣɬɪɨɧах, чɬɨ ɪаɫɫɦаɬɪɢɜаɥɨɫɶ ɜ 
ɪаɛɨɬɟ Д15Ж, а ɢ ɞɥя ɞɪɭɝɢх ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ, ɧаɩɪɢɦɟɪ, ɞɥя ɛɵɫɬɪɵх. Эɬɨ 
ɩɨɞɬɜɟɪɠɞаɟɬɫя ɢ ɬɟɦ, чɬɨ ɢɫɩɨɥɶɡɭɟɦɨɟ ɜ Д15Ж ɭɪаɜɧɟɧɢɟ ɞɥя ɬɟɩɥɨɜɵх 
ɧɟɣɬɪɨɧɨɜ ɜ ɨɞɧɨɝɪɭɩɩɨɜɨɦ ɞɢɮɮɭɡɢɨɧɧɨ-ɜɨɡɪаɫɬɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ, ɦɨɠɟɬ 
ɛɵɬɶ ɨɛɨɛщɟɧɨ ɢ ɞɥя ɞɪɭɝɢх ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ (ɧаɩɪɢɦɟɪ, Д64]). 

 Аɧаɥɨɝɢчɧɵɣ ɤɨɦɩɶɸɬɟɪɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɜɟɞɟɧ ɢ ɞɥя 
ɬɨɪɢɣ ɭɪаɧɨɜɨɣ ɢɥɢ ɬɨɪɢɣ-ɭɪаɧɨɜɨ-ɩɥɭɬɨɧɢɟɜɨɣ ɞɟɥящɢхɫя ɫɪɟɞ. 

 

2.1.3. ȼыɩɨɥɧеɧие ɤɪитеɪиɹ  Ɏеɨɤтиɫтɨва ɞɥɹ ɭɪаɧ-ɩɥɭтɨɧиевɨɣ 
ɞеɥɹщеɣɫɹ ɫɪеɞы и ɷɧеɪɝиɣ ɧеɣтɪɨɧɨв 0,1 ɷȼ ÷ 1 Ɇɷв.  

В ɪаɛɨɬɟ Д9Ж ɞɥя ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɣ ɫɪɟɞɵ ɩɪɢ ɪяɞɟ ɭɩɪɨщɟɧɢɣ 
ɤɢɧɟɬɢчɟɫɤɨɣ ɫɢɫɬɟɦɵ ɭɪаɜɧɟɧɢɣ ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ ɩɪɨɰɟɫɫа 
(ɪаɫɫɦаɬɪɢɜаɟɬɫя ɨɞɧɨɦɟɪɧая ɫɪɟɞа, ɮɢɤɫɢɪɨɜаɧɧая ɷɧɟɪɝɢя ɧɟɣɬɪɨɧɨɜ 
(ɨɞɧɨɝɪɭɩɩɨɜɨɟ ɩɪɢɛɥɢɠɟɧɢɟ), ɧɟ ɭчɢɬɵɜаɟɬɫя ɞɢɮɮɭɡɢя ɧɟɣɬɪɨɧɨɜ, 
ɤɢɧɟɬɢчɟɫɤɨɟ ɭɪаɜɧɟɧɢɟ ɞɥя ɩɥɭɬɨɧɢя βγ9 ɧаɩɢɫаɧɨ ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ, чɬɨ 
ɭɪаɧ βγ8 ɧаɩɪяɦɭɸ ɩɟɪɟхɨɞɢɬ ɜ ɩɥɭɬɨɧɢɣ βγ9 ɫ ɧɟɤɨɬɨɪɵɦ хаɪаɤɬɟɪɧɵɦ 
ɜɪɟɦɟɧɟɦ   ɩɟɪɟхɨɞа  , ɧɟ ɭчɢɬɵɜаɸɬɫя ɡаɩаɡɞɵɜаɸщɢɟ ɧɟɣɬɪɨɧɵ ɢ 
ɬɟɦɩɟɪаɬɭɪа ɞɟɥящɟɣɫя ɫɪɟɞɵ) ɩɨɥɭчɟɧɵ ɫɥɟɞɭɸщɢɟ ɜɵɪаɠɟɧɢя ɞɥя 
ɪаɜɧɨɜɟɫɧɨɣ ɤɨɧɰɟɧɬɪаɰɢɢ Pu

ɪаɜɧN  ɞɟɥящɟɝɨɫя ɧɭɤɥɢɞа Pu
239

94  ɢ ɟɝɨ ɤɪɢɬɢчɟɫɤɨɣ 
ɤɨɧɰɟɧɬɪаɰɢɢ Pu

кɪɢɬN : 
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ɝɞɟ i

a

i

f

i

c  ,,  - ɦɢɤɪɨɫɟчɟɧɢя ɪɟаɤɰɢɣ ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа ɧɟɣɬɪɨɧа, 
ɞɟɥɟɧɢя ɢ ɩɨɝɥɨщɟɧɢя ɧɟɣɬɪɨɧа ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɞɥя i –ɝɨ ɧɭɤɥɢɞа ɞɟɥящɟɣɫя 
ɫɪɟɞɵ;  - хаɪаɤɬɟɪɧɨɟ ɜɪɟɦя ɞɥя ɞɜɭх  -ɪаɫɩаɞɨɜ,  ɩɟɪɟɜɨɞящɢх 

U
239

92 (ɨɛɪаɡɭɸщɢɣɫя ɩɪɢ ɪаɞɢаɰɢɨɧɧɨɦ ɡахɜаɬɟ ɧɟɣɬɪɨɧɨɜ ɭɪаɧɨɦ U
238

92 ) ɜ  
Np

239

93  ɢ ɩɨɫɥɟɞɧɢɣ ɜ Pu
239

94 ; i  ɢ Pu - ɫɪɟɞɧɟɟ чɢɫɥɨ ɧɟɣɬɪɨɧɨɜ, ɪɨɠɞаɸщɢхɫя 
ɩɪɢ ɞɟɥɟɧɢɢ ɨɞɧɨɝɨ яɞɪа i -ɝɨ ɧɭɤɥɢɞа ɢ Pu

239

94  ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

 ɇа ɪɢɫɭɧɤах ɉ.10.1 ɢ ɉ.10.2 ɉɊɂɅɈɀȿɇɂə 10 ɩɪɢɜɟɞɟɧɵ 
ɡаɜɢɫɢɦɨɫɬɢ ɫɟчɟɧɢɣ яɞɟɪɧɵх ɪɟаɤɰɢɣ ɞɟɥɟɧɢя ɢ ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа ɨɬ 
ɷɧɟɪɝɢɢ ɧɟɣɬɪɨɧɨɜ ɞɥя ɪɟаɤɬɨɪɧɵх ɧɭɤɥɢɞɨɜ, ɜɡяɬɵɟ ɢɡ ɛаɡɵ яɞɟɪɧɵх 
ɞаɧɧɵх ENDF/B-VII.0. ɇа ɩɪɟɞɫɬаɜɥɟɧɧɵх ɪɢɫɭɧɤах ɷɧɟɪɝɢɢ ɧɟɣɬɪɨɧɨɜ 
ɢɡɦɟɧяɸɬɫя ɜ ɞɢаɩаɡɨɧɟ 10-5

 – 10
7
 ɷВ.  

 ɂɫɩɨɥɶɡɭя ɞаɧɧɵɟ ɨ ɡаɜɢɫɢɦɨɫɬɢ ɫɟчɟɧɢɣ яɞɟɪɧɵх ɪɟаɤɰɢɣ ɞɟɥɟɧɢя ɢ 
ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа ɨɬ ɷɧɟɪɝɢɢ ɧɟɣɬɪɨɧɨɜ ɞɥя ɪɟаɤɬɨɪɧɵх ɧɭɤɥɢɞɨɜ 

ɫɨɝɥаɫɧɨ ɫɨɨɬɧɨɲɟɧɢяɦ (2.β1) ɢ (2.ββ) ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɪаɫчɺɬɵ ɪаɜɧɨɜɟɫɧɨɣ 
Pu

ɪаɜɧN   ɢ ɤɪɢɬɢчɟɫɤɨɣ ɤɨɧɰɟɧɬɪаɰɢɢ Pu

кɪɢɬN  Pu
239

 ɞɥя ɭɪаɧ - ɩɥɭɬɨɧɢɟɜɨɣ 
ɞɟɥящɟɣɫя ɫɪɟɞɵ. Ɋɟɡɭɥɶɬаɬɵ ɪаɫчɟɬɨɜ ɩɪɟɞɫɬаɜɥɟɧɵ ɧа ɪɢɫ. 2.1 – 2.3. 

 Аɧаɥɢɡ ɩɪɟɞɫɬаɜɥɟɧɧɵх ɧа ɪɢɫ. 2.1 – 2.3 ɪɟɡɭɥɶɬаɬɨɜ ɩɨɡɜɨɥяɟɬ ɫɞɟɥаɬɶ 
ɜɵɜɨɞ  ɨ ɬɨɦ, чɬɨ ɫɭщɟɫɬɜɭɸɬ ɧɟɫɤɨɥɶɤɨ ɨɛɥаɫɬɟɣ ɷɧɟɪɝɢɢ ɧɟɣɬɪɨɧɨɜ 0,01η – 

0,0η ɷВ (ɪɢɫ. 2. 1), 0,6 – θ ɷВ (ɪɢɫ. 2.1), 90 – γ00 ɷВ (Ɋɢɫ. 2.2) ɢ 0,β4 – 1 ɆɷВ 
(ɪɢɫ. 2.3), ɜ ɤɨɬɨɪɵх ɜɵɩɨɥɧяɟɬɫя ɤɪɢɬɟɪɢɣ Ɏɟɨɤɬɢɫɬɨɜа  Pu

кɪɢɬ
Pu

ɪаɜɧ NN
239
94

239
94  , ɬɨ 

ɟɫɬɶ, ɜ ɷɬɢх ɨɛɥаɫɬях ɷɧɟɪɝɢɣ ɜɨɡɦɨɠɧа ɪɟаɥɢɡаɰɢя ɪɟɠɢɦɨɜ ɜɨɥɧɨɜɨɝɨ 
ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя.  

 Таɤɢɦ ɨɛɪаɡɨɦ, ɜ ɨɬɥɢчɢɟ ɨɬ ɜɵɜɨɞа ɨ ɜɨɡɦɨɠɧɨɫɬɢ ɜɨɥɧɨɜɨɝɨ 
ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɥɢɲɶ ɜ ɨɛɥаɫɬɢ ɛɵɫɬɪɵх ɧɟɣɬɪɨɧɨɜ, ɫɞɟɥаɧɧɨɝɨ 
ɜ ɪаɛɨɬɟ Д9Ж, ɤɨɬɨɪɵɣ ɨɫɧɨɜɵɜаɥɫя ɧа ɨɰɟɧɤах ɪаɜɧɨɜɟɫɧɨɣ Pu

ɪаɜɧN   ɢ 
ɤɪɢɬɢчɟɫɤɨɣ Pu

кɪɢɬN
 

ɤɨɧɰɟɧɬɪаɰɢɣ Pu
239

 ɥɢɲɶ ɞɥя ɞɜɭх ɡɧачɟɧɢɣ ɷɧɟɪɝɢɣ 
ɧɟɣɬɪɨɧɨɜ (ɬɟɩɥɨɜɵх 0,0βη ɷВ ɢ ɛɵɫɬɪɵх 1 ɆɷВ), ɜ ɞаɧɧɨɣ ɪаɛɨɬɟ 
ɨɛɧаɪɭɠɟɧɨ ɜɵɩɨɥɧɟɧɢɟ ɤɪɢɬɟɪɢя Ɏɟɨɤɬɢɫɬɨɜа, а, ɫɥɟɞɨɜаɬɟɥɶɧɨ, 
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ɜɨɡɦɨɠɧɨɫɬɶ ɪɟаɥɢɡаɰɢɢ ɪɟɠɢɦɨɜ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɬаɤɠɟ ɜ 
ɨɛɥаɫɬɢ хɨɥɨɞɧɵх, ɧаɞɬɟɩɥɨɜɵх ɢ ɪɟɡɨɧаɧɫɧɵх ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ. 

  

 

Ɋɢɫ. 2.1. Ɋаɫчɟɬɧая ɡаɜɢɫɢɦɨɫɬɶ ɪаɜɧɨɜɟɫɧɨɣ Pu

ɪаɜɧN   ɢ ɤɪɢɬɢчɟɫɤɨɣ Pu

кɪɢɬN
 
ɤɨɧɰɟɧɬɪаɰɢɣ 

Pu
239

  ɨɬ ɷɧɟɪɝɢɢ ɧɟɣɬɪɨɧɨɜ,  ɢɡɦɟɧяɸщɟɣɫя ɜ ɞɢаɩаɡɨɧɟ ɨɬ 0.01η ɷВ ɞɨ 10.0η ɷВ. 

 

Ɋаɫɫɦɨɬɪɢɦ ɬɟɩɥɨɜɭɸ ɨɛɥаɫɬɶ ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ. ɋɭщɟɫɬɜɨɜаɧɢɟ 
ɨɛɥаɫɬɟɣ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɞɥя ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ 0,01η – 0,0η ɷВ 
ɢ 0,θ – θ ɷВ ɜ ɨɬɥɢчɢɢ ɨɬ ɨɛɥаɫɬɢ ɷɧɟɪɝɢɣ 0,0η – 0,θ ɷВ, ɜ ɤɨɬɨɪɨɣ ɧɟ 
ɜɵɩɨɥɧяɟɬɫя ɤɪɢɬɟɪɢɣ Ɏɟɨɤɬɢɫɬɨɜа (ɫɦ. ɪɢɫ. 2.γ) ɢ, ɫɥɟɞɨɜаɬɟɥɶɧɨ, ɧɟ 
ɪɟаɥɢɡɭɟɬɫя ɪɟɠɢɦ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя, ɦɨɠɟɬ ɛɵɬɶ ɨɛɴяɫɧɟɧɨ 
ɫɭщɟɫɬɜɨɜаɧɢɟɦ ɜ ɞɢаɩаɡɨɧɟ ɷɧɟɪɝɢɣ 0,0η – 0,θ ɷВ ɪɟɡɨɧаɧɫа ɧа ɤɪɢɜɨɣ 
ɡаɜɢɫɢɦɨɫɬɢ ɫɟчɟɧɢя ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа ɞɥя Pu

239
 ɨɬ ɷɧɟɪɝɢɢ ɧɟɣɬɪɨɧɨɜ 

(ɪɢɫ. ɉ.10.β) ɢ аɧаɥɢɬɢчɟɫɤɢɦ ɜɢɞɨɦ ɜɵɪаɠɟɧɢɣ (2.β1) ɢ (2.ββ) ɞɥя 
ɪаɜɧɨɜɟɫɧɨɣ ɢ ɤɪɢɬɢчɟɫɤɨɣ ɤɨɧɰɟɧɬɪаɰɢɢ Pu

239. Дɟɣɫɬɜɢɬɟɥɶɧɨ ɫɟчɟɧɢɟ 
ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа ɧɟɣɬɪɨɧа ɞɥя Pu

239
 ɜхɨɞɢɬ ɜ ɤачɟɫɬɜɟ ɫɥаɝаɟɦɨɝɨ ɫɨ 

ɡɧаɤɨɦ ɩɥɸɫ  ɜ ɡɧаɦɟɧаɬɟɥɶ ɜɵɪаɠɟɧɢя (2.β1) ɞɥя ɪаɜɧɨɜɟɫɧɨɣ ɤɨɧɰɟɧɬɪаɰɢɢ 
Pu

239, чɬɨ ɩɪɢɜɨɞɢɬ ɤ ɪɟɡɤɨɦɭ ɭɦɟɧɶɲɟɧɢɸ ɡɧачɟɧɢя ɪаɜɧɨɜɟɫɧɨɣ 
ɤɨɧɰɟɧɬɪаɰɢɢ Pu

239
 ɜ ɞɢаɩаɡɨɧɟ ɷɧɟɪɝɢɣ 0,0η – 0,θ ɷВ ɪɟɡɨɧаɧɫа ɧа ɤɪɢɜɨɣ 

ɡаɜɢɫɢɦɨɫɬɢ ɫɟчɟɧɢя ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа ɞɥя Pu
239. В ɨɬɥɢчɢɢ ɨɬ 

ɜɵɪаɠɟɧɢя (2.β1) ɫɟчɟɧɢɟ ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа ɧɟɣɬɪɨɧа ɞɥя Pu
239

 ɜхɨɞɢɬ ɜ 
ɤачɟɫɬɜɟ ɫɥаɝаɟɦɨɝɨ ɫɨ ɡɧаɤɨɦ ɦɢɧɭɫ  ɜ ɡɧаɦɟɧаɬɟɥɶ ɜɵɪаɠɟɧɢя (2.ββ) ɞɥя 
ɤɪɢɬɢчɟɫɤɨɣ ɤɨɧɰɟɧɬɪаɰɢɢ Pu

239, чɬɨ ɩɪɢɜɨɞɢɬ ɤ ɪɟɡɤɨɦɭ ɪɨɫɬɭ ɡɧачɟɧɢя 
ɤɪɢɬɢчɟɫɤɨɣ ɤɨɧɰɟɧɬɪаɰɢɢ Pu

239
 ɜ ɞɢаɩаɡɨɧɟ ɷɧɟɪɝɢɣ 0,0η – 0,θ ɷВ ɪɟɡɨɧаɧɫа 

ɧа ɤɪɢɜɨɣ ɡаɜɢɫɢɦɨɫɬɢ ɫɟчɟɧɢя ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа ɞɥя Pu
239

. 
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Ɋɢɫ. 2.2. Ɋаɫчɟɬɧая ɡаɜɢɫɢɦɨɫɬɶ ɪаɜɧɨɜɟɫɧɨɣ Pu

ɪаɜɧN   ɢ ɤɪɢɬɢчɟɫɤɨɣ Pu

кɪɢɬN
 
ɤɨɧɰɟɧɬɪаɰɢɣ 

Pu
239

  ɨɬ ɷɧɟɪɝɢɢ ɧɟɣɬɪɨɧɨɜ,  ɢɡɦɟɧяɸщɟɣɫя ɜ ɞɢаɩаɡɨɧɟ ɨɬ 10 ɷВ ɞɨ 1 ɤɷВ. 

 

 

Ɋɢɫ. 2.3. Ɋаɫчɟɬɧая ɡаɜɢɫɢɦɨɫɬɶ ɪаɜɧɨɜɟɫɧɨɣ Pu

ɪаɜɧN   ɢ ɤɪɢɬɢчɟɫɤɨɣ Pu

кɪɢɬN
 
ɤɨɧɰɟɧɬɪаɰɢɣ 

Pu
239

  ɨɬ ɷɧɟɪɝɢɢ ɧɟɣɬɪɨɧɨɜ,  ɢɡɦɟɧяɸщɟɣɫя ɜ ɞɢаɩаɡɨɧɟ ɨɬ 1 ɤɷВ ɞɨ 1 ɆɷВ. 
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 В ɨɛɥаɫɬɢ ɪɟɡɨɧаɧɫɧɵх ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ 90 – γ00 ɷВ ɫ ɩɨɦɨщɶɸ 
ɜɢɡɭаɥɶɧɨɝɨ аɧаɥɢɡа ɪɟɡɭɥɶɬаɬɨɜ, ɩɪɟɞɫɬаɜɥɟɧɧɵх ɧа ɪɢɫ. 2.2, ɬаɤ ɠɟ 
ɨɛɧаɪɭɠɟɧа ɨɛɥаɫɬɶ ɜɨɡɦɨɠɧɨɣ ɪɟаɥɢɡаɰɢɢ ɪɟɠɢɦа ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ 
ɝɨɪɟɧɢя. Ɉɬɦɟɬɢɦ, чɬɨ ɞɥя ɷɬɨɣ ɪɟɡɨɧаɧɫɧɨɣ ɨɛɥаɫɬɢ ɷɧɟɪɝɢɣ, ɛɨɥɟɟ 
ɤɨɪɪɟɤɬɧɭɸ ɨɰɟɧɤɭ ɪаɜɧɨɜɟɫɧɨɣ ɢ ɤɪɢɬɢчɟɫɤɨɣ ɤɨɧɰɟɧɬɪаɰɢɢ Pu

239
 

ɜɨɡɦɨɠɧɨ ɩɨɥɭчɢɬɶ ɜ ɪɟɡɭɥɶɬаɬɟ ɭɫɪɟɞɧɟɧɢя ɩɨ ɷɧɟɪɝɟɬɢчɟɫɤɨɦɭ ɫɩɟɤɬɪɭ 
ɧɟɣɬɪɨɧɨɜ. 

 В ɨɛɥаɫɬɢ ɠɟ ɛɵɫɬɪɵх ɧɟɣɬɪɨɧɨɜ 0,β4 – 1 ɆɷВ (ɪɢɫ. 2.3) ɬаɤɠɟ ɤаɤ ɢ ɜ 
ɪаɛɨɬɟ Д9Ж ɩɨɞɬɜɟɪɠɞɟɧа ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɠɢɦа ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя. 

 

2.1.4. Ɉɛɨɛщеɧɧыɣ ɤɪитеɪиɣ Л.П. Ɏеɨɤтиɫтɨва ɞɥɹ ɭɪаɧ-ɩɥɭтɨɧиевɨɣ 
ɞеɥɹщеɣɫɹ ɫɪеɞы.  

Ɉɬɦɟɬɢɦ, чɬɨ ɜ (2.β1) ɢ (2.ββ) ɜɨɡɥɟ ɤɨɧɰɟɧɬɪаɰɢɣ ɧɭɤɥɢɞɨɜ  яɜɧɨ ɧɟ 
ɭɤаɡаɧɵ аɪɝɭɦɟɧɬɵ, ɨɬ ɤɨɬɨɪɵх ɨɧɢ ɞɨɥɠɧɵ ɡаɜɢɫɟɬɶ, чɬɨ ɨчɟɜɢɞɧɨ, ɬаɤ ɤаɤ 
ɦɵ ɪаɫɫɦаɬɪɢɜаɟɦ ɤɢɧɟɬɢɤɭ ɫɢɫɬɟɦɵ ɧɟɣɬɪɨɧɨɜ ɢ ɧɭɤɥɢɞɨɜ, а ɬаɤɠɟ ɧɟ 
ɭɤаɡаɧɵ аɪɝɭɦɟɧɬɵ, ɨɬ ɤɨɬɨɪɵх ɡаɜɢɫяɬ ɫɟчɟɧɢя, ɢ, ɩɨɷɬɨɦɭ, ɫɨɡɞаɟɬɫя 
ɜɩɟчаɬɥɟɧɢɟ, чɬɨ Pu

ɪаɜɧN  ɢ Pu

кɪɢɬN  - ɤɨɧɫɬаɧɬɵ. Ɉɞɧаɤɨ ɷɬɨɦɭ ɭɩɪɨщɟɧɢɸ ɟɫɬɶ 
ɪɟɡɨɧɧɨɟ ɨɛɴяɫɧɟɧɢɟ. В ɪаɛɨɬɟ Д9Ж  ɨɛɨɫɧɨɜɵɜаɥаɫɶ ɫаɦа ɢɞɟя ɜɨɡɦɨɠɧɨɫɬɢ 
ɫɭщɟɫɬɜɨɜаɧɢя ɜɨɥɧɵ яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɢ ɧɭɠɧɵ ɛɵɥɢ хɨɬя ɛɵ 
ɩɪɢɛɥɢɠɟɧɧɵɟ ɨɰɟɧɤɢ, ɩɨɞɬɜɟɪɠɞаɜɲɢɟ ɷɬɨ хɨɬя ɛɵ ɞɥя чаɫɬɧɵх ɫɥɭчаɟɜ 
ɪаɜɧɨɜɟɫɧɨɣ Pu

ɪаɜɧN   ɢ ɤɪɢɬɢчɟɫɤɨɣ Pu

кɪɢɬN
 
ɤɨɧɰɟɧɬɪаɰɢɣ Pu

239. Аɜɬɨɪ Д9Ж, ɩɨ-

ɜɢɞɢɦɨɦɭ, ɪаɫɫɭɠɞаɥ ɬаɤɢɦ ɨɛɪаɡɨɦ: ɬаɤ ɤаɤ, ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɣ ɜ Д9] 

ɫɢɫɬɟɦɵ ɤɨɧɰɟɧɬɪаɰɢя ɭɪаɧа βγ8 ɜ ɥɨɤаɥɶɧɨɣ ɨɛɥаɫɬɢ ɞɟɥящɟɣɫя ɫɪɟɞɵ 
ɛɥɢɠаɣɲɟɣ ɤ ɜɧɟɲɧɟɦɭ ɢɫɬɨчɧɢɤɭ ɧɟɣɬɪɨɧɨɜ ɫɨ ɜɪɟɦɟɧɟɦ ɥɢɲɶ 
ɭɦɟɧɶɲаɟɬɫя ɨɬ ɧачаɥɶɧɨɣ 100% ɟɟ ɤɨɧɰɟɧɬɪаɰɢɢ, ɬɨ ɦаɤɫɢɦаɥɶɧɨɟ ɡɧачɟɧɢɟ 
ɨɰɟɧɤɢ ɪаɜɧɨɜɟɫɧɨɣ ɤɨɧɰɟɧɬɪаɰɢɢ ɩɥɭɬɨɧɢя βγ9 ɫɨɝɥаɫɧɨ (2.β1) (ɝɞɟ ɫɟчɟɧɢя 
– ɤɨɧɫɬаɧɬɵ ɩɪɢ ɮɢɤɫɢɪɨɜаɧɧɨɣ ɷɧɟɪɝɢɢ ɧɟɣɬɪɨɧɨɜ) ɞɨɥɠɧɨ ɩɨɥɭчаɬɶɫя 
ɢɦɟɧɧɨ ɞɥя ɷɬɨɣ ɧачаɥɶɧɨɣ ɦаɤɫɢɦаɥɶɧɨɣ ɤɨɧɰɟɧɬɪаɰɢɢ ɭɪаɧа βγ8. 
Ʉɨɧɰɟɧɬɪаɰɢя ɠɟ ɩɥɭɬɨɧɢя  βγ9 ɜ ɷɬɨɣ ɠɟ ɥɨɤаɥɶɧɨɣ ɨɛɥаɫɬɢ ɫɨ ɜɪɟɦɟɧɟɦ 
ɪаɫɬɟɬ ɨɬ ɧɭɥя ɞɨ ɟɝɨ ɦаɤɫɢɦаɥɶɧɨɝɨ ɡɧачɟɧɢя. А ɤаɤ ɨɬɦɟчаɥɨɫɶ ɜɵɲɟ, 
ɫɨɝɥаɫɧɨ ɤɪɢɬɟɪɢɸ Ɏɟɨɤɬɢɫɬɨɜа, ɞɥя ɬɨɝɨ чɬɨɛɵ ɜɨɡɧɢɤɥа ɜɨɥɧа яɞɟɪɧɨɝɨ 
ɝɨɪɟɧɢя ɞɨɥɠɧɨ ɜɵɩɨɥɧяɬɶɫя ɫɨɨɬɧɨɲɟɧɢɟ Pu

кɪɢɬ
Pu

ɪаɜɧ NN
239
94

239
94  , ɩɨɷɬɨɦɭ, ɟɫɥɢ ɷɬɨ 

ɫɨɨɬɧɨɲɟɧɢɟ ɧɟ ɜɵɩɨɥɧяɟɬɫя ɞɥя ɧачаɥɶɧɨɣ ɤɨɧɰɟɧɬɪаɰɢɢ ɭɪаɧа βγ8, ɬɨ ɨɧɨ 
ɧɟ ɛɭɞɟɬ ɜɵɩɨɥɧяɬɶɫя ɫɨɝɥаɫɧɨ (2.β1) ɢ ɩɨɡɠɟ, ɢ ɜ ɬаɤɨɣ ɫɢɫɬɟɦɟ ɧɟ ɞɨɥɠɧɨ 
ɫɭщɟɫɬɜɨɜаɬɶ ɜɨɥɧɵ яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя. Ɉчɟɜɢɞɧɨ, ɩɨɷɬɨɦɭ ɜ Д9Ж ɫ ɩɨɦɨщɶɸ 
ɜɵɪаɠɟɧɢɣ (2.β1) ɢ (2.ββ) ɞɥя ɮɢɤɫɢɪɨɜаɧɧɨɣ ɤɨɧɰɟɧɬɪаɰɢɢ ɭɪаɧа βγ8 
ɪаɜɧɨɣ 100% (ɬɟхɧɢчɟɫɤɢɣ ɭɪаɧ) ɞɥя ɞɜɭх ɮɢɤɫɢɪɨɜаɧɧɵх ɷɧɟɪɝɢɣ 
ɧɟɣɬɪɨɧɨɜ (ɛɵɫɬɪɵɟ – 1ɆɷВ ɢ ɬɟɩɥɨɜɵɟ – 0,0βη ɷВ) ɛɵɥɢ ɫɞɟɥаɧɵ ɨɰɟɧɤɢ, 
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ɩɨɤаɡаɜɲɢɟ ɜɵɩɨɥɧɟɧɢɟ ɤɪɢɬɟɪɢя Ɏɟɨɤɬɢɫɬɨɜа ɞɥя ɛɵɫɬɪɵх ɧɟɣɬɪɨɧɨɜ, а, 
ɫɥɟɞɨɜаɬɟɥɶɧɨ, ɢ ɜɨɡɦɨɠɧɨɫɬɶ ɫɭщɟɫɬɜɨɜаɧɢя ɜɨɥɧɵ яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɞɥя 
ɛɵɫɬɪɨɝɨ ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɝɨ ɪɟаɤɬɨɪа ɢ ɟɟ ɧɟ ɜɨɡɦɨɠɧɨɫɬɶ ɞɥя ɦɟɞɥɟɧɧɨɝɨ 
ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɝɨ ɪɟаɤɬɨɪа. 

 Ɉɞɧаɤɨ, ɤаɤ ɭɤаɡɵɜаɥɨɫɶ ɜɵɲɟ, ɜ ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ ɜɫɟ ɡɧачɢɬɟɥɶɧɨ 
ɫɥɨɠɧɟɟ.  

 ɋɨɝɥаɫɧɨ [2,91,92,218,219], ɟɫɥɢ ɭчɢɬɵɜаɬɶ ɪɟаɥɶɧɵɣ ɫɩɟɤɬɪ ɧɟɣɬɪɨɧɨɜ 
ɜ ɞɟɥящɟɣɫя ɫɪɟɞɟ ɢ ɜɜɟɫɬɢ ɮɭɧɤɰɢɸ ɜɟɪɨяɬɧɨɫɬɢ ɪаɫɩɪɟɞɟɥɟɧɢя ɩɨ 
ɷɧɟɪɝɟɬɢчɟɫɤɨɦɭ ɫɩɟɤɬɪɭ ɞɥя ɧɟɣɬɪɨɧɨɜ чɟɪɟɡ  tEr n ,,

 , ɬɨ ɞɥя ɧɟɟ ɦɨɠɟɦ 
ɡаɩɢɫаɬɶ: 

          tr
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  ,    (2.23)  

ɝɞɟ ɩɨɥɧая ɩɥɨɬɧɨɫɬɶ ɩɨɬɨɤа ɧɟɣɬɪɨɧɨɜ:     nn dEtErtr ,,,


. 

Даɥɟɟ, ɟɫɥɢ ɭчɢɬɵɜаɬɶ ɬɪɟхɦɟɪɧɭɸ ɝɟɨɦɟɬɪɢɸ, ɡаɜɢɫɢɦɨɫɬɶ ɫɟчɟɧɢɣ ɨɬ 
ɷɧɟɪɝɢɢ ɧɟɣɬɪɨɧɨɜ nE ɢ ɬɟɦɩɟɪаɬɭɪɵ ɞɟɥящɟɣɫя ɫɪɟɞɵ T (ɭчɟɬ ɜɥɢяɧɢя 
ɬɟɦɩɟɪаɬɭɪɵ яɜɥяɟɬɫя ɨɛяɡаɬɟɥɶɧɵɦ, ɬаɤ ɤаɤ ɦɨɝɭɬ ɪɟаɥɢɡɨɜɵɜаɬɶɫя ɪɟɠɢɦɵ 
ɜɨɥɧɨɜɨɝɨ яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɫ ɜɵɝɨɪаɧɢɟɦ ɞɨ η0% [9,15,83,2,82,217]) ɩɪɢ 
ɫɨхɪаɧɟɧɢɢ ɭɩɪɨщаɸщɢх ɩɪɟɞɩɨɥɨɠɟɧɢɣ (ɤаɤ ɢ ɜ Д9Ж ɤɢɧɟɬɢчɟɫɤɨɟ 
ɭɪаɜɧɟɧɢɟ ɞɥя ɩɥɭɬɨɧɢя βγ9 ɧаɩɢɫаɧɨ ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ, чɬɨ ɭɪаɧ βγ8 
ɧаɩɪяɦɭɸ ɩɟɪɟхɨɞɢɬ ɜ ɩɥɭɬɨɧɢɣ βγ9 ɫ ɧɟɤɨɬɨɪɵɦ хаɪаɤɬɟɪɧɵɦ ɜɪɟɦɟɧɟɦ 
ɩɟɪɟхɨɞа, ɧɟ ɭчɢɬɵɜаɸɬɫя ɡаɩаɡɞɵɜаɸщɢɟ ɧɟɣɬɪɨɧɵ), ɤɨɬɨɪɵɟ ɩɨɡɜɨɥяɬ 
ɫɨхɪаɧɢɬɶ ɨɛщɢɣ ɜɢɞ ɜɵɪаɠɟɧɢɣ (2.β1) ɢ (2.ββ), ɦɵ ɢх ɦɨɠɟɦ ɩɟɪɟɩɢɫаɬɶ ɜ 
ɧɨɜɨɦ ɜɢɞɟ. Дɥя чɟɝɨ ɧаɦ ɩɪɢɞɟɬɫя ɜɟɪɧɭɬɶɫя ɤ ɛаɥаɧɫɨɜɵɦ ɭɪаɜɧɟɧɢяɦ ɞɥя 
ɩɥɭɬɨɧɢя βγ9 ɢ ɧɟɣɬɪɨɧɨɜ, аɧаɥɨɝɢчɧɵɦ ɬаɤɢɦ ɠɟ ɭɪаɜɧɟɧɢяɦ ɜ Д9Ж ɢ ɢɡ 
ɤɨɬɨɪɵх ɜ Д9Ж ɛɵɥɢ ɩɨɥɭчɟɧɵ ɜɵɪаɠɟɧɢя (2.β1) ɢ (2.22): 
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ɝɞɟ  tTErn n ,,,


,  tETrN n

Pu ,,,


 ɢ  tTEr n ,,,
  - ɮаɡɨɜɵɟ ɤɨɧɰɟɧɬɪаɰɢɢ ɧɟɣɬɪɨɧɨɜ 

ɢ ɩɥɭɬɨɧɢя ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɢ ɮаɡɨɜая ɩɥɨɬɧɨɫɬɶ ɩɨɬɨɤа ɧɟɣɬɪɨɧɨɜ.  
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 ȿɫɥɢ ɩɪɨɢɧɬɟɝɪɢɪɨɜаɬɶ ɥɟɜɵɟ ɢ ɩɪаɜɵɟ чаɫɬɢ ɜɵɪаɠɟɧɢɣ (2.β4) ɢ (2.25) 

ɩɨ ɷɧɟɪɝɢɢ ɧɟɣɬɪɨɧɨɜ ɢ ɪаɡɞɟɥɢɬɶ ɢх ɧа ɩɨɥɧɭɸ ɩɥɨɬɧɨɫɬɶ ɩɨɬɨɤа ɧɟɣɬɪɨɧɨɜ  tr ,
 , ɬɨɝɞа ɞɥя ɩɨɥɧɨɣ ɤɨɧɰɟɧɬɪаɰɢɢ ɩɥɭɬɨɧɢя  tTrN

Pu ,,
 ɢ ɩɨɥɧɨɣ 

ɩɥɨɬɧɨɫɬɢ ɧɟɣɬɪɨɧɨɜ  tTrn ,,


 ɫ ɭчɟɬɨɦ (2.βγ) ɩɨɥɭчɢɦ ɫɥɟɞɭɸщɢɟ 
ɜɵɪаɠɟɧɢя: 
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ɝɞɟ       nnn

i

j

i

j dEtErTEtTr ,,,,,
   - ɭɫɪɟɞɧɟɧɧɵɟ ɩɨ ɷɧɟɪɝɟɬɢчɟɫɤɨɦɭ ɫɩɟɤɬɪɭ 

ɧɟɣɬɪɨɧɨɜ ɫɟчɟɧɢя  j –ɨɣ яɞɟɪɧɨɣ ɪɟаɤɰɢɢ ɞɥя i –ɝɨ ɧɭɤɥɢɞа ɞɟɥящɟɣɫя 
ɫɪɟɞɵ. 

Даɥɟɟ  ɢɡ (2.βθ) ɢ (2.β7), ɟɫɥɢ ɩɪɢɪаɜɧяɬɶ ɩɪɨɢɡɜɨɞɧɵɟ ɧɭɥɸ, ɦɵ 
ɩɨɥɭчаɟɦ ɫɥɟɞɭɸщɢɟ ɜɵɪаɠɟɧɢя ɞɥя ɪаɜɧɨɜɟɫɧɨɣ ɤɨɧɰɟɧɬɪаɰɢɢ (ɤɨɧɟчɧɨ, 
ɷɬɨ ɧɟ ɪаɜɧɨɜɟɫɧая, а ɧɟɤɨɬɨɪая ɫɬаɰɢɨɧаɪɧая ɤɨɧɰɟɧɬɪаɰɢя, ɧɨ ɦɵ, ɩɨɤа, 
ɜɫɥɟɞ ɡа Ɏɟɨɤɬɢɫɬɨɜɵɦ ɩɨɥɶɡɭɟɦɫя ɷɬɢɦ ɬɟɪɦɢɧɨɦ) ɞɟɥящɟɝɨɫя ɧɭɤɥɢɞа 
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Таɤɢɦ ɨɛɪаɡɨɦ, ɩɪɢ ɫɨхɪаɧɟɧɢɢ ɮɢɡɢчɟɫɤɨɝɨ ɫɦɵɫɥа ɤɪɢɬɟɪɢя 
Ɏɟɨɤɬɢɫɬɨɜа, ɦɵ ɩɪɢɛɥɢɡɢɦɫя ɤ ɛɨɥɟɟ ɪɟаɥɶɧɨɦɭ аɧаɥɢɡɭ ɜɨɡɦɨɠɧɨɫɬɢ 
ɪɟаɥɢɡаɰɢɢ ɜɨɥɧɵ яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɜ ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɣ ɞɟɥящɟɣɫя ɫɪɟɞɟ, 
ɟɫɥɢ ɛɭɞɟɦ ɨɩɢɪаɬɶɫя ɧа ɫɨɨɬɧɨɲɟɧɢɟ  
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~~  ,       (2.30) 

ɜ ɤɨɬɨɪɨɦ  Pu

ɪаɜɧN
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~
 ɢ Pu
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~
 ɡаɞаɸɬɫя ɜɵɪаɠɟɧɢяɦɢ (2.β8) ɢ (2.29).  
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Дɥя ɪаɫчɟɬа ɭɫɪɟɞɧɟɧɧɵх ɩɨ ɷɧɟɪɝɟɬɢчɟɫɤɨɦɭ ɫɩɟɤɬɪɭ ɧɟɣɬɪɨɧɨɜ 
ɫɟчɟɧɢɣ  j –ɨɣ яɞɟɪɧɨɣ ɪɟаɤɰɢɢ ɞɥя i –ɝɨ ɧɭɤɥɢɞа ɞɟɥящɟɣɫя ɫɪɟɞɵ  tTr

i

j ,,
 , 

ɜхɨɞящɢх ɜ ɜɵɪаɠɟɧɢя (2.β8) ɢ (2.β9) ɢ, ɫɥɟɞɨɜаɬɟɥɶɧɨ, ɨɬ ɤɨɬɨɪɵх ɡаɜɢɫɢɬ 
ɜɵɩɨɥɧɟɧɢɟ ɤɪɢɬɟɪɢя Ɏɟɨɤɬɢɫɬɨɜа (2.γ0), ɧаɞɨ ɡɧаɬɶ (ɭɦɟɬɶ ɪаɫɫчɢɬɵɜаɬɶ) 
ɷɧɟɪɝɟɬɢчɟɫɤɢɣ ɫɩɟɤɬɪ ɡаɦɟɞɥяɸщɢхɫя ɧɟɣɬɪɨɧɨɜ ɢ ɡаɜɢɫɢɦɨɫɬɢ ɫɟчɟɧɢɣ 
яɞɟɪɧɵх ɪɟаɤɰɢɣ ɨɬ ɷɧɟɪɝɢɢ ɧɟɣɬɪɨɧɨɜ ɢ ɬɟɦɩɟɪаɬɭɪɵ ɞɟɥящɟɣɫя ɫɪɟɞɵ 
(ɷɮɮɟɤɬ Дɨɩɥɟɪа). 

 Дɥя ɜɵчɢɫɥɟɧɢя ɭɫɪɟɞɧɟɧɧɵх ɩɨ ɷɧɟɪɝɟɬɢчɟɫɤɨɦɭ ɫɩɟɤɬɪɭ ɧɟɣɬɪɨɧɨɜ 
ɫɟчɟɧɢɣ ɢɫɩɨɥɶɡɨɜаɥɫя ɞɥя ɜɵчɢɫɥɟɧɢя ɫɩɟɤɬɪ ɬɟɩɥɨɜɵх ɧɟɣɬɪɨɧɨɜ ɪɟаɤɬɨɪа 
ВВЭɊ [153], ɩɪɟɞɫɬаɜɥɟɧɧɵɣ ɧа ɪɢɫ. ɉ.11.1 ɉɊɂɅɈɀȿɇɂə 11. 

Ȼɵɥɢ ɪаɫɫчɢɬаɧɵ ɪаɜɧɨɜɟɫɧая ɢ ɤɪɢɬɢчɟɫɤая ɤɨɧɰɟɧɬɪаɰɢя Pu
239

 ɫ 
ɩɨɦɨщɶɸ ɜɵɪаɠɟɧɢя (2.β8) ɢ (2.β9), ɜ ɤɨɬɨɪɵɟ ɜхɨɞɢɬ ɭɫɪɟɞɧɟɧɧɵɟ ɩɨ 
ɧɟɣɬɪɨɧɧɨɦɭ ɫɩɟɤɬɪɭ ɪɟаɤɬɨɪа ВВЭɊ ɫɟчɟɧɢя яɞɟɪɧɵх ɪɟаɤɰɢɣ. ɉɨɥɭчɟɧɵ 
ɫɥɟɞɭɸщɢɟ ɨɰɟɧɤɢ ɭɫɪɟɞɧɟɧɧɵх ɫɟчɟɧɢɣ ɞɟɥɟɧɢя ɢ ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа 
ɞɥя ɭɪаɧа-βγ8 ɢ ɩɥɭɬɨɧɢя-239: 

ɛPu

c 10,339 ,  ɛPu

f 60,553 ,  ɛc 33,255238  ,   ɛf 00,0238  . 

ɂɫɩɨɥɶɡɭя ɩɨɥɭчɟɧɧɵɟ ɨɰɟɧɤɢ ɞɥя ɭɫɪɟɞɧɟɧɧɵх ɫɟчɟɧɢɣ ɞɥя ɧɭɤɥɢɞɨɜ 
ɭɪаɧа-βγ8 ɢ ɩɥɭɬɨɧɢя-βγ9 ɫɨɝɥаɫɧɨ ɜɵɪаɠɟɧɢяɦ (2.8) ɢ (2.9) ɩɪɨɜɟɞɟɧɵ 
ɪаɫчɟɬɵ ɪаɜɧɨɜɟɫɧɨɣ ɢ ɤɪɢɬɢчɟɫɤɨɣ ɤɨɧɰɟɧɬɪаɰɢɢ Pu

239
 ɢ ɩɨɥɭчɟɧɵ 

ɫɥɟɞɭɸщɢɟ ɡɧачɟɧɢя: 

322 110302,1
~ ɫɦN

Pu

ɪаɜɧ 
 

ɢ   322 110618,1,,
~ ɫɦtTrN

Pu

кɪɢɬ 

.         

ɉɨɥɭчɟɧɧɵɟ ɨɰɟɧɤɢ ɩɨɤаɡɵɜаɸɬ, чɬɨ ɤɪɢɬɟɪɢɣ Ɏɟɨɤɬɢɫɬɨɜа ɧɟ 
ɜɵɩɨɥɧяɟɬɫя. Эɬɨ ɦɨɠɧɨ ɨɛɴяɫɧɢɬɶ ɬɟɦ, чɬɨ ɨɫɧɨɜɧɨɟ чɢɫɥɨ ɧɟɣɬɪɨɧɨɜ 
ɬɟɩɥɨɜɨɝɨ ɪɟаɤɬɨɪа ВВЭɊ ɫɨɝɥаɫɧɨ ɪɢɫ. ɉ.11.1 ɩɨɩаɞаɟɬ ɜ ɞɢаɩаɡɨɧ ɷɧɟɪɝɢɣ 
ɨɬ 0,0η – 0,θ ɷВ, ɫɨɜɩаɞаɸщɢɣ ɫ ɞɢаɩаɡɨɧɨɦ ɷɧɟɪɝɢɣ ɫɟчɟɧɢɣ ɪаɞɢаɰɢɨɧɧɨɝɨ

 

ɡахɜаɬа ɞɥя Pu
239 (ɪɢɫ. ɉ.10.β), чɬɨ, ɤаɤ ɦɵ ɜɢɞɟɥɢ ɜ ɩɪɟɞɵɞɭщɟɦ ɪаɡɞɟɥɟ, 

ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɪаɜɧɨɜɟɫɧɨɣ ɢ ɤ ɪɨɫɬɭ ɤɪɢɬɢчɟɫɤɨɣ ɤɨɧɰɟɧɬɪаɰɢɢ 
Pu

239
.  

А ɬаɤɠɟ ɜ Дβ17-219] ɛɵɥɢ ɪаɫɫчɢɬаɧɵ ɡɧачɟɧɢя ɭɫɪɟɞɧɟɧɧɵх ɫɟчɟɧɢɣ 
ɞɟɥɟɧɢя ɢ ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа ɞɥя ɭɪаɧа-βγ8 ɢ ɩɥɭɬɨɧɢя-βγ9 ɢ 
ɪаɜɧɨɜɟɫɧая ɢ ɤɪɢɬɢчɟɫɤая ɤɨɧɰɟɧɬɪаɰɢя Pu

239
 (ɜɵɪаɠɟɧɢя (2.β8) ɢ (2.29)) 

ɞɥя ɢɧɬɟɪɜаɥɨɜ ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ 0,01η – 0,0η ɷВ ɢ 0,θ0 – 6,00 ɷВ ɫɩɟɤɬɪа 
ɪɟаɤɬɨɪа ВВЭɊ, ɜ ɤɨɬɨɪɵх, ɤаɤ ɦɵ ɜɢɞɟɥɢ ɜ ɪаɡɞɟɥɟ 2.1.3 (ɫɦ. ɪɢɫ. 2.1), ɩɨ 
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ɩɨɥɭчɟɧɧɵɦ ɪаɧɟɟ ɨɰɟɧɤаɦ ɜɵɩɨɥɧяɟɬɫя ɤɪɢɬɟɪɢɣ Ɏɟɨɤɬɢɫɬɨɜа. ɉɨɥɭчɟɧɵ 
ɫɥɟɞɭɸщɢɟ ɨɰɟɧɤɢ: 

а) ɞɥя ɢɧɬɟɪɜаɥɨɜ ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ 0,01η – 0,0θ ɷВ 

ɛPu

c 5,691 , ɛPu

f 14,821 , ɛc 0,052238  , ɛf 00,0238  ; 

320 1101,152
~ ɫɦN

Pu

ɪаɜɧ 
 

ɢ 320 1101,045
~ ɫɦN

Pu

кɪɢɬ  ;  

ɛ) ɞɥя ɢɧɬɟɪɜаɥɨɜ ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ 0,60 – 6,00 ɷВ 

ɛPu

c 13,161 , ɛPu

f 48,199 , ɛc 2,199238  , ɛf 00,0238  ; 

3211101,632
~ ɫɦN

Pu

ɪаɜɧ 
 

ɢ .1101,269
~ 321 ɫɦN

Pu

кɪɢɬ 
     

 

Ʉаɤ ɜɢɞɧɨ ɢɡ ɩɨɥɭчɟɧɧɵх ɡɧачɟɧɢɣ ɞɥя ɪаɜɧɨɜɟɫɧɨɣ ɢ ɤɪɢɬɢчɟɫɤɨɣ 
ɤɨɧɰɟɧɬɪаɰɢɢ Pu

239
 ɜ ɷɬɢх ɨɛɥаɫɬях ɷɧɟɪɝɢɣ ɫɩɟɤɬɪа ɪɟаɤɬɨɪа ВВЭɊ 

ɜɵɩɨɥɧяɟɬɫя ɨɛɨɛщɟɧɧɵɣ ɩɨ ɫɩɟɤɬɪɭ ɤɪɢɬɟɪɢɣ ɪɟаɥɢɡаɰɢɢ ɪɟɠɢɦа 
ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɜɨɥɧɨɜɨɝɨ ɝɨɪɟɧɢя. 

 

2.1.5. ȼыɩɨɥɧеɧие  ɤɪитеɪиɹ Ɏеɨɤтиɫтɨва ɞɥɹ ɞеɥɹщеɣɫɹ ɫɪеɞы, 
ɩеɪвɨɧаɱаɥɶɧɨ ɫɨɫтɨɹщеɣ иɡ ɞвɭɨɤиɫи ɭɪаɧа 238 ɫ ɨɛɨɝащеɧиɹɦи 4,38 
%, 2,00 %, 1,00 %, 0,71 % и 0,50% ɩɨ ɭɪаɧɭ 235, ɞɥɹ  ɨɛɥаɫти ɷɧеɪɝиɣ 
ɧеɣтɪɨɧɨв 0,015 – 10,00 ɷȼ. 

ɋɭщɟɫɬɜɨɜаɧɢɟ ɬɪɟх ɞɟɥящɢхɫя ɧɭɤɥɢɞɨɜ ɭɪаɧа βγη, ɩɥɭɬɨɧɢя βγ9 ɢ 
ɭɪаɧа βγγ, ɢɡ ɤɨɬɨɪɵх ɞɜа ɩɨɫɥɟɞɧɢх яɜɥяɸɬɫя ɞɟɥящɢɦɢɫя ɧɭɤɥɢɞаɦɢ ɜ 
ɛаɡɨɜɵх ɞɥя ɫɜɟɪхɦɟɞɥɟɧɧɨɝɨ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɭɪаɧ-

ɩɥɭɬɨɧɢɟɜɨɣ ɢ ɜ ɬɨɪɢɣ-ɭɪаɧɨɜɨɣ ɰɟɩɨчɤɟ яɞɟɪɧɵх ɪɟаɤɰɢɣ ɫɨɨɬɜɟɫɬɜɟɧɧɨ, 
ɩɨɡɜɨɥяɟɬ ɞɥя ɪɟаɥɢɡаɰɢɢ ɪɟɠɢɦɨɜ ɫɟɪхɦɟɞɥɟɧɧɨɝɨ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ 
ɝɨɪɟɧɢя ɪаɫɫɦаɬɪɢɜаɬɶ ɛɨɥɟɟ ɫɥɨɠɧɵɟ ɩɨ ɧачаɥɶɧɨɦɭ ɫɨɫɬаɜɭ ɞɟɥящɢɟɫя 
ɫɪɟɞɵ Д2,90,91Ж, чɟɦ ɬɟ, чɬɨ ɪаɫɫɦаɬɪɢɜаɥɢɫɶ ɜ ɪаɛɨɬах Ɏɟɨɤɬɢɫɬɨɜа ɢ 
Тɟɥɥɟɪа. ɇаɩɪɢɦɟɪ, ɞɟɥящɭɸɫя ɫɪɟɞɭ ɩɟɪɜɨɧачаɥɶɧɨ ɫɨɫɬɨящɭɸ ɢɡ ɭɪаɧа 
βγ8 ɢ ɭɪаɧа βγη ɫ ɪаɡɥɢчɧɵɦɢ ɨɛɨɝащɟɧɢяɦɢ ɩɨ ɭɪаɧɭ βγη, чɬɨ ɨɬɜɟчаɟɬ 
ɧаɢɛɨɥɟɟ ɪаɫɩɪɨɫɬɪаɧɟɧɧɨɦɭ яɞɟɪɧɨɦɭ ɬɨɩɥɢɜɭ ɫɨɜɪɟɦɟɧɧɵх яɞɟɪɧɵх 
ɪɟаɤɬɨɪɨɜ, ɞɟɥящɭɸɫя ɫɪɟɞɭ ɩɟɪɜɨɧачаɥɶɧɨ ɫɨɫɬɨящɭɸ ɢɡ ɭɪаɧа βγ8 ɢ 
ɩɥɭɬɨɧɢя βγ9 ɫ ɪаɡɥɢчɧɵɦɢ ɨɛɨɝащɟɧɢяɦɢ ɩɨ ɩɥɭɬɨɧɢɸ βγ9, ɞɟɥящɭɸɫя 
ɫɪɟɞɭ ɩɟɪɜɨɧачаɥɶɧɨ ɫɨɫɬɨящɭɸ ɢɡ ɬɨɪɢя βγβ ɢ ɭɪаɧа βγγ ɫ ɪаɡɥɢчɧɵɦɢ 
ɨɛɨɝащɟɧɢяɦɢ ɩɨ ɭɪаɧɭ βγγ, а ɬаɤɠɟ ɞɟɥящɭɸɫя ɫɪɟɞɭ ɩɟɪɜɨɧачаɥɶɧɨ 
ɫɨɫɬɨящɭɸ ɢɡ ɥɸɛɨɣ ɢх ɤɨɦɛɢɧаɰɢɢ. ɉɨɧяɬɧɨ, чɬɨ ɬаɤɨɟ ɪаɫɲɢɪɟɧɢɟ 
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ɜɨɡɦɨɠɧɵх ɫɨɫɬаɜɨɜ ɞɟɥящɢхɫя ɫɪɟɞ, ɞаɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɭɩɪаɜɥяɬɶ 
ɜɨɡɦɨɠɧɵɦɢ ɪɟɠɢɦаɦɢ ɫɜɟɪхɦɟɞɥɟɧɧɨɝɨ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя. 

Дɥя ɞɟɥящɟɣɫя ɫɪɟɞɵ, ɫɨɫɬɨящɟɣ ɢɡ ɭɪаɧа βγ8 ɫ ɨɛɨɝащɟɧɢɟɦ 4,γ8 %, 
β,00%, 1,00%, 0,71% (ɩɪɢɪɨɞɧɵɣ ɭɪаɧ)  ɢ 0,η % ɩɨ ɭɪаɧɭ βγη, ɞɥя ɨɛɥаɫɬɢ 
ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ 0,01η – 10,00 ɷВ ɫɨɝɥаɫɧɨ ɜɵɪаɠɟɧɢяɦ (2.β1) ɢ (2.22) 

ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɪаɫчɟɬɵ ɪаɜɧɨɜɟɫɧɨɣ  ɢ ɤɪɢɬɢчɟɫɤɨɣ ɤɨɧɰɟɧɬɪаɰɢɣ Pu
239

. 

Ɋɟɡɭɥɶɬаɬɵ ɪаɫчɟɬɨɜ ɩɪɟɞɫɬаɜɥɟɧɵ ɧа ɪɢɫ. 2.4. 

 

Ɋɢɫ. 2.4. Ɂаɜɢɫɢɦɨɫɬɢ ɪаɜɧɨɜɟɫɧɨɣ ɢ ɤɪɢɬɢчɟɫɤɨɣ ɤɨɧɰɟɧɬɪаɰɢɢ Pu
239

 ɨɬ ɷɧɟɪɝɢɢ 
ɧɟɣɬɪɨɧɨɜ ɜ ɢɧɬɟɪɜаɥɟ 0,01η - 10 ɷВ, ɩɟɪɜɨɧачаɥɶɧɨ ɫɨɫɬɨящɟɣ ɢɡ ɭɪаɧа βγ8 ɫ 
ɨɛɨɝащɟɧɢяɦɢ 4,γ8 %, β,00%, 1,00%, 0,71% (ɩɪɢɪɨɞɧɵɣ ɭɪаɧ) ɢ 0,η0% ɩɨ ɭɪаɧɭ βγη.
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Ɋɟɡɭɥɶɬаɬɵ, ɩɪɟɞɫɬаɜɥɟɧɧɵɟ ɧа ɪɢɫ. 2.4, ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɬɨɦ, чɬɨ, 
ɧаɩɪɢɦɟɪ, ɞɥя ɞɟɥящɟɣɫя ɫɪɟɞɵ ɫɨɫɬɨящɟɣ ɢɡ ɭɪаɧа βγ8 ɫ ɨɛɨɝащɟɧɢɟɦ 4,γ8 
% ɩɨ ɭɪаɧɭ βγη, ɤɪɢɬɢчɟɫɤая ɤɨɧɰɟɧɬɪаɰɢя ɩɥɭɬɨɧɢя βγ9 ɛɨɥɶɲɟ ɧɭɥя ɥɢɲɶ 
ɞɥя ɢɧɬɟɪɜаɥа ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ 1,8 – 10,0ɷВ (ɩɪɢ ɷɧɟɪɝɢях ɧɟɣɬɪɨɧɨɜ 
ɦɟɧɶɲɢх 1,8 ɷВ ɭɪаɧɨɜая ɞɟɥящаяɫя ɫɪɟɞа ɫ ɨɛɨɝащɟɧɢɟɦ 4,γ8% ɩɨ ɭɪаɧɭ 
βγη ɭɠɟ ɧахɨɞɢɬɫя ɜ ɧаɞɤɪɢɬɢчɟɫɤɨɦ ɫɨɫɬɨяɧɢɢ, ɧаɩɪɢɦɟɪ, хɨɪɨɲɨ ɢɡɜɟɫɬɧɨ, 
чɬɨ ɩɪɢɪɨɞɵɣ ɭɪаɧ ɩɪɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɧɟɣɬɪɨɧɨɜ 0,0βη ɷВ ɢɦɟɟɬ 
ɤɨɷɮɮɢɰɢɟɧɬ ɤɪɢɬɢчɧɨɫɬɢ 1,γβ (ɧаɩɪɢɦɟɪ, Д154Ж), ɢ ɩɨɷɬɨɦɭ ɤɪɢɬɢчɟɫɤая 
ɤɨɧɰɟɧɬɪаɰɢя ɩɥɭɬɨɧɢя βγ9 ɜ ɷɬɨɣ ɨɛɥаɫɬɢ ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ, ɜɵчɢɫɥɟɧɧая 
ɩɨ ɮɨɪɦɭɥɟ (2.ββ), ɨɬɪɢɰаɬɟɥɶɧа ɢ ɧɟ ɩɪɟɞɫɬаɜɥɟɧа ɧа ɪɢɫ. 2.4) . ɉɪɢчɟɦ, 
ɩɪаɤɬɢчɟɫɤɢ ɜɨ ɜɫɟɣ ɷɬɨɣ ɨɛɥаɫɬɢ ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ 1,8 – θ,0 ɷВ 
ɜɵɩɨɥɧяɟɬɫя ɤɪɢɬɟɪɢɣ Ɏɟɨɤɬɢɫɬɨɜа, а, ɫɥɟɞɨɜаɬɟɥɶɧɨ, ɢ ɨɛɨɛщɟɧɧɵɣ ɩɨ 
ɫɩɟɤɬɪɭ ɧɟɣɬɪɨɧɨɜ ɤɪɢɬɟɪɢɣ. Таɤɢɦ ɨɛɪаɡɨɦ, ɟɫɥɢ ɫɮɨɪɦɢɪɨɜаɬɶ ɬаɤɨɣ 
ɫɨɫɬаɜ, ɫɬɪɭɤɬɭɪɭ ɢ ɝɟɨɦɟɬɪɢɸ аɤɬɢɜɧɨɣ ɡɨɧɵ яɞɟɪɧɨɝɨ ɪɟаɤɬɨɪа, чɬɨɛɵ 
ɫɩɟɤɬɪ ɧɟɣɬɪɨɧɨɜ ɝɥаɜɧɵɦ ɨɛɪаɡɨɦ ɩɨɩаɞаɥ ɜ ɷɬɭ ɨɛɥаɫɬɶ ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ, 
ɬɨ ɜɨɡɦɨɠɧа ɪɟаɥɢɡаɰɢя ɬаɤɨɝɨ ɜɨɥɧɨɜɨɝɨ яɞɟɪɧɨɝɨ ɪɟаɤɬɨɪа. 

Аɧаɥɨɝɢчɧɵɟ ɜɵɜɨɞɵ ɫɩɪаɜɟɞɥɢɜɵ ɢ ɞɥя ɜɫɟх ɞɪɭɝɢх ɡаɜɢɫɢɦɨɫɬɟɣ, 
ɩɪɟɞɫɬаɜɥɟɧɧɵх ɧа ɪɢɫ. 2.4. 

Ɉɬɦɟɬɢɦ ɬаɤɠɟ, чɬɨ ɪаɜɧɨɜɟɫɧая ɤɨɧɰɟɧɬɪаɰɢя, ɜɵчɢɫɥяɟɦая ɫ 
ɩɨɦɨщɶɸ ɩɪɢɛɥɢɠɟɧɧɨɝɨ ɜɵɪаɠɟɧɢя (2.β1), ɧɟ ɭчɢɬɵɜаɟɬ ɜɨɡɦɨɠɧɨɫɬɶ 
ɧачаɥɶɧɨɝɨ ɨɛɨɝащɟɧɢя ɭɪаɧа βγ8 ɭɪаɧɨɦ βγη ɢ ɩɨɷɬɨɦɭ ɧɟ ɦɟɧяɟɬɫя ɩɪɢ 
ɪаɡɥɢчɧɵх ɨɛɨɝащɟɧɢях ɩɨ ɭɪаɧɭ βγη. 

Ваɠɧɨ ɨɬɦɟɬɢɬɶ, чɬɨ ɩɪɟɞɫɬаɜɥɟɧɧɵɟ ɧа ɪɢɫ. 2.4 ɪɟɡɭɥɶɬаɬɵ хɨɪɨɲɨ 
ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɞɥя ɡаɞаɧɧɵх ɫɨɫɬаɜɨɜ ɞɟɥящɟɣɫя ɫɪɟɞɵ ɪаɡɞɟɥɟɧɢɟ 
ɪаɫɫɦаɬɪɢɜаɟɦɨɣ ɨɛɥаɫɬɢ ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ ɧа ɨɛɥаɫɬɢ ɷɧɟɪɝɢɣ, ɜ ɤɨɬɨɪɵх 
ɪɟаɥɢɡɭɟɬɫя ɪɟɠɢɦ ɦɟɞɥɟɧɧɨɝɨ ɜɨɥɧɨɜɨɝɨ Ахɢɟɡɟɪа (ɨɛɥаɫɬɶ, ɜ ɤɨɬɨɪɨɣ 
ɨɰɟɧɤа ɤɪɢɬɢчɟɫɤɨɣ ɤɨɧɰɟɧɬɪаɰɢɢ ɩɥɭɬɨɧɢя βγ9 ɨɬɪɢɰаɬɟɥɶɧа, ɧаɩɪɢɦɟɪ, 
ɤаɤ ɭɠɟ ɨɬɦɟчаɥɨɫɶ ɜɵɲɟ ɞɥя ɩɪɢɪɨɞɧɨɝɨ ɭɪаɧа (0,71% ɨɛɨɝащɟɧɢя ɩɨ ɭɪаɧɭ 
βγη) ɨɛɥаɫɬɶ ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ ɦɟɧɶɲɢх 1,8 ɷВ) ɢ ɨɛɥаɫɬɢ ɷɧɟɪɝɢɣ, ɜ 
ɤɨɬɨɪɵх ɪɟаɥɢɡɭɟɬɫя ɪɟɠɢɦ ɫɜɟɪхɦɟɞɥɟɧɧɨɝɨ ɝɨɪɟɧɢя Ɏɟɨɤɬɢɫɬɨɜа (ɨɛɥаɫɬɶ, 
ɜ ɤɨɬɨɪɨɣ ɨɰɟɧɤа ɤɪɢɬɢчɟɫɤɨɣ ɤɨɧɰɟɧɬɪаɰɢɢ ɩɥɭɬɨɧɢя βγ9 ɩɨɥɨɠɢɬɟɥɶɧа ɢ 
ɜɵɩɨɥɧяɟɬɫя ɤɪɢɬɟɪɢɣ Ɏɟɨɤɬɢɫɬɨɜа, ɧаɩɪɢɦɟɪ, ɤаɤ ɭɠɟ ɨɬɦɟчаɥɨɫɶ ɜɵɲɟ ɞɥя 
ɩɪɢɪɨɞɧɨɝɨ ɭɪаɧа ɷɬɨ ɨɛɥаɫɬɶ ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ ɦɟɧɶɲɢх ɨɬ 1,8 ɷВ ɞɨ θ,0 
ɷВ). ɇа ɪɢɫ. 2.4. ɨɛɥаɫɬɢ, ɜ ɤɨɬɨɪɵх ɪɟаɥɢɡɭɸɬɫя ɪɟɠɢɦɵ ɦɟɞɥɟɧɧɨɝɨ 
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ɝɨɪɟɧɢя Ахɢɟɡɟɪа ɢ ɫɜɟɪхɦɟɞɥɟɧɧɨɝɨ ɝɨɪɟɧɢя Ɏɟɨɤɬɢɫɬɨɜа, ɞɥя ɧаɝɥяɞɧɨɫɬɢ 
ɜɵɞɟɥɟɧɵ ɪаɡɧɵɦɢ ɰɜɟɬаɦɢ. 

Таɤɢɦ ɨɛɪаɡɨɦ, ɨɛщɢɣ ɤɪɢɬɟɪɢɣ ɪɟаɥɢɡаɰɢɢ ɜɨɥɧɨɜɵх ɪɟɠɢɦɨɜ 
ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя, ɤаɤ ɜɨɥɧɵ Ахɢɟɡɟɪа, ɬаɤ ɢ ɜɨɥɧɵ Ɏɟɨɤɬɢɫɬɨɜа, 
ɦɨɠɧɨ ɛɵɥɨ ɛɵ ɫɮɨɪɦɭɥɢɪɨɜаɬɶ ɫɥɟɞɭɸщɢɦ ɨɛɪаɡɨɦ: 

1) ɟɫɥɢ ɧɟɣɬɪɨɧɧɨ-ɦɭɥɬɢɩɥɢɰɢɪɭɸщая ɞɟɥящаяɫя ɫɪɟɞа ɢɡɧачаɥɶɧɨ (ɞɨ 
ɞɟɣɫɬɜɢя ɜɧɟɲɧɟɝɨ ɧɟɣɬɪɨɧɧɨɝɨ ɢɫɬɨчɧɢɤа) ɧахɨɞɢɬɫя ɜ 
ɧаɞɤɪɢɬɢчɟɫɤɨɦ ɫɨɫɬɨяɧɢɢ, ɬɨ ɩɪɢ ɞɟɣɫɬɜɢя ɜɧɟɲɧɟɝɨ ɧɟɣɬɪɨɧɧɨɝɨ 
ɢɫɬɨчɧɢɤа ɜ ɧɟɣ ɪɟаɥɢɡɭɟɬɫя  ɜɨɥɧа ɦɟɞɥɟɧɧɨɝɨ ɝɨɪɟɧɢя Ахɢɟɡɟɪа; 

2) ɟɫɥɢ ɧɟɣɬɪɨɧɧɨ-ɦɭɥɬɢɩɥɢɰɢɪɭɸщая ɞɟɥящаяɫя ɫɪɟɞа ɢɡɧачаɥɶɧɨ 
ɧахɨɞɢɬɫя ɜ ɤɪɢɬɢчɟɫɤɨɦ ɢɥɢ ɩɨɞɤɪɢɬɢчɟɫɤɨɦ ɫɨɫɬɨяɧɢɢ ɢ ɟɫɥɢ 
ɜɵɩɨɥɧяɟɬɫя ɤɪɢɬɟɪɢɣ Ɏɟɨɤɬɢɫɬɨɜа, ɬɨ ɩɪɢ ɞɟɣɫɬɜɢя ɜɧɟɲɧɟɝɨ 
ɧɟɣɬɪɨɧɧɨɝɨ ɢɫɬɨчɧɢɤа ɜ ɧɟɣ ɪɟаɥɢɡɭɟɬɫя  ɜɨɥɧа ɫɜɟɪхɦɟɞɥɟɧɧɨɝɨ 
ɝɨɪɟɧɢя Ɏɟɨɤɬɢɫɬɨɜа. 
 

Аɧаɥɢɡ, ɩɪɟɞɫɬаɜɥɟɧɧɵх ɧа ɪɢɫ. 2.4 ɪɟɡɭɥɶɬаɬɨɜ, ɬаɤɠɟ ɩɨɡɜɨɥяɟɬ 
ɫɞɟɥаɬɶ ɜɵɜɨɞ  ɨ ɬɨɦ, чɬɨ ɩɪɢ ɭɦɟɧɶɲɟɧɢɟɦ ɨɛɨɝащɟɧɢя ɨɬ 4,γ8% ɞɨ 0, η0% 
ɩɨ ɭɪаɧɭ βγη ɞɜɭɨɤɢɫɢ ɭɪаɧа βγ8 ɩɪɨɢɫхɨɞɢɬ ɪаɫɲɢɪɟɧɢɟ ɨɛɥаɫɬɢ ɷɧɟɪɝɢɣ 
ɧɟɣɬɪɨɧɨɜ, ɜ ɤɨɬɨɪɨɣ ɤɪɢɬɢчɟɫɤая ɤɨɧɰɟɧɬɪаɰɢя ɩɥɭɬɨɧɢя βγ9 ɛɨɥɶɲɟ ɧɭɥя, 
ɜ ɫɬɨɪɨɧɭ ɬɟɩɥɨɜɵх ɢ ɞаɠɟ хɨɥɨɞɧɵх ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ, ɩɪɢчɟɦ, ɜɨ ɜɫɟх 
ɷɬɢх ɨɛɥаɫɬях ɜɵɩɨɥɧяɟɬɫя ɤɪɢɬɟɪɢɣ Ɏɟɨɤɬɢɫɬɨɜа  Pu

кɪɢɬ
Pu
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94
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94    ɢ 

ɨɛɨɛщɟɧɧɵɣ ɩɨ ɫɩɟɤɬɪɭ ɧɟɣɬɪɨɧɨɜ ɤɪɢɬɟɪɢɣ Pu
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~~  , (ɫɦ. (2.30)), ɬɨ 
ɟɫɬɶ, ɜɨɡɦɨɠɧа ɪɟаɥɢɡаɰɢя ɪɟɠɢɦа ɦɟɞɥɟɧɧɨɝɨ ɜɨɥɧɨɜɨɝɨ ɧɟɣɬɪɨɧɧɨ-

яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя.  

 Дɥя ɩɪаɤɬɢчɟɫɤɨɣ ɪɟаɥɢɡаɰɢɢ ɜɨɥɧɨɜɵх ɪɟаɤɬɨɪɨɜ ɜаɠɧɨ ɨɬɦɟɬɢɬɶ, чɬɨ 
ɤаɤ  ɫɥɟɞɭɟɬ ɢɡ ɪɟɡɭɥɶɬаɬɨɜ, ɩɪɟɞɫɬаɜɥɟɧɧɵх ɧа ɪɢɫ. 2.4, ɞɥя ɞɜɭɨɤɢɫɢ 
ɩɪɢɪɨɞɧɨɝɨ ɭɪаɧа (0,71% ɨɛɨɝащɟɧɢя ɩɨ ɭɪаɧɭ βγη) ɩɪаɤɬɢчɟɫɤɢ ɞɥя ɜɫɟɣ 
ɨɛɥаɫɬɢ ɬɟɩɥɨɜɵх ɧɟɣɬɪɨɧɨɜ ɢ ɧаɞɬɟɩɥɨɜɵх ɧɟɣɬɪɨɧɨɜ ɜɵɩɨɥɧяɟɬɫя 
ɤɪɢɬɟɪɢɢ ɪɟаɥɢɡаɰɢɢ ɦɟɞɥɟɧɧɨɝɨ ɜɨɥɧɨɜɨɝɨ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя. 

Таɤɢɦ ɨɛɪаɡɨɦ, ɜ ɞаɧɧɨɦ ɪаɡɞɟɥɟ ɜɩɟɪɜɵɟ ɞɟɥаɟɬɫя ɨɛɨɫɧɨɜаɧɧɵɣ 
ɪɟɡɭɥɶɬаɬаɦɢ ɪаɫчɟɬɨɜ ɜɵɜɨɞ ɨ ɜɨɡɦɨɠɧɨɫɬɢ ɫɨɡɞаɧɢя ɬɟɩɥɨɜɨɝɨ-

ɧаɞɬɟɩɥɨɜɨɝɨ ɜɨɥɧɨɜɨɝɨ яɞɟɪɧɨɝɨ ɪɟаɤɬɨɪа, ɜ ɤɨɬɨɪɨɦ ɜ ɤачɟɫɬɜɟ ɬɨɩɥɢɜа 
ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜаɧ ɩɪɢɪɨɞɧɵɣ ɭɪаɧ ɜ ɪаɡɥɢчɧɵх ɟɝɨ ɜɢɞах. 

Дɟɣɫɬɜɢɬɟɥɶɧɨ, ɞɨ ɷɬɨɣ ɪаɛɨɬɵ ɜɨ ɜɫɟх ɩɭɛɥɢɤаɰɢях ɪаɫɫɦаɬɪɢɜаɥɢɫɶ 
ɥɢɲɶ ɜаɪɢаɧɬɵ ɜɨɥɧɨɜɵх ɪɟаɤɬɨɪɨɜ ɧа ɛɵɫɬɪɵх ɧɟɣɬɪɨɧах. Ʉаɤ ɭɠɟ 
ɨɬɦɟчаɥɨɫɶ ɜɵɲɟ ɜ ɪаɡɞɟɥɟ 1.1.β ɜ ɪаɛɨɬɟ Д41Ж ɜɵɫɤаɡаɧа ɢɧɬɟɪɟɫɧая ɢɞɟя, 
ɤɨɬɨɪая ɩɨɜɬɨɪяɟɬɫя ɢ ɪаɡɜɢɜаɟɬɫя ɜɨ ɦɧɨɝɢх ɞɪɭɝɢх ɪаɛɨɬах 
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Д4β,44,4η,47,49,η0,η4Ж ɢ ɫɨɫɬɨящая ɜ ɬɨɦ, чɬɨ ɜɨɥɧɨɜɨɟ ɝɨɪɟɧɢɟ ɦɨɠɧɨ 
ɨɫɭщɟɫɬɜɢɬɶ ɜ ɬɟɩɥɨɜɨɦ ɜɵɫɨɤɨɬɟɦɩɟɪаɬɭɪɧɨɦ ɝаɡɨɜɨɦ ɪɟаɤɬɨɪɟ, ɧаɩɪɢɦɟɪ, 
ɜ яɩɨɧɫɤɨɦ ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɨɦ ɪаɛɨɬаɸщɟɦ ɪɟаɤɬɨɪɟ HTTR, ɟɫɥɢ ɜ ɟɝɨ 
ɬɨɩɥɢɜɨ (ɨɛɨɝащɟɧɧɨɟ ɩɨ 235

U) ɩɪɟɞɜаɪɢɬɟɥɶɧɨ ɞɨɛаɜɢɬɶ ɜɵɝɨɪаɸщɢɣ 
ɩɨɝɥɨɬɢɬɟɥɶ ɧɟɣɬɪɨɧɨɜ 157

Gd.  Ʉаɤ ɩɨɤаɡаɧɨ ɜ ɪаɡɞɟɥɟ 1.1.β ɷɬɨ – 

ɩɪɢɧɰɢɩɢаɥɶɧɨ ɨɬɥɢчɧая ɢɞɟя ɨɬ ɪаɫɫɦаɬɪɢɜаɟɦɨɣ ɜ ɞаɧɧɨɣ ɪаɛɨɬɟ.  

В ɡаɤɥɸчɢɬɟɥɶɧɨɦ аɛɡаɰɟ ɪаɛɨɬɵ Д9Ж ɞɟɥаɟɬɫя ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨ 
ɩɪɢɧɰɢɩɢаɥɶɧɨ ɜɨɡɦɨɠɧɨɦ ɜɨɥɧɨɜɨɦ ɝɨɪɟɧɢɢ ɩɥɭɬɨɧɢя βγ9 ɜ ɬяɠɟɥɨɜɨɞɧɨɦ 
ɬɟɩɥɨɜɨɦ ɪɟаɤɬɨɪɟ ɧа ɩɪɢɪɨɞɧɨɦ ɭɪаɧɟ. Ɉɞɧаɤɨ ɷɬɨ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɧɟ ɜɟɪɧɨ. 
Дɟɣɫɬɜɢɬɟɥɶɧɨ, ɤаɤ ɫɥɟɞɭɟɬ ɢɡ ɩɪɟɞɫɬаɜɥɟɧɧɵх ɜɵɲɟ ɪɟɡɭɥɶɬаɬɨɜ (ɪɢɫ. 2.4) ɢ 
ɩɪɨɜɟɞɟɧɧɨɝɨ ɢх аɧаɥɢɡа, ɞɥя ɫɭщɟɫɬɜɨɜаɧɢя ɜɨɥɧɨɜɨɝɨ ɝɨɪɟɧɢя ɜ ɬɟɩɥɨɜɨɣ 
ɨɛɥаɫɬɢ ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ ɞɨɥɠɧа ɫɭщɟɫɬɜɨɜаɬɶ ɨɛɥаɫɬɶ ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ, 
ɜ ɤɨɬɨɪɨɣ ɤɪɢɬɢчɟɫɤая ɤɨɧɰɟɧɬɪаɰɢя ɩɨ ɩɥɭɬɨɧɢɸ βγ9 ɞɨɥɠɧа ɛɵɬɶ ɛɨɥɶɲɟ 
ɧɭɥя. А ɦɵ ɡɧаɟɦ, чɬɨ ɬɨɩɥɢɜɨ ɧа ɩɪɢɪɨɞɧɨɦ ɭɪаɧɟ (0,71% ɨɛɨɝащɟɧɢя ɩɨ 
ɭɪаɧɭ βγη), ɢɦɟɧɧɨ ɜ ɬяɠɟɥɨɜɨɞɧɨɦ ɪɟаɤɬɨɪɟ ɭɠɟ ɨɛɥаɞаɟɬ ɧаɞɤɪɢɬɢчɧɨɫɬɶɸ 
(ɤаɤ ɢɡɜɟɫɬɧɨ, ɤɨɷɮɮɢɰɢɟɧɬ ɤɪɢɬɢчɧɨɫɬɢ ɞɥя ɩɪɢɪɨɞɧɨɝɨ ɭɪаɧа ɞɥя ɬɟɩɥɨɜɵх 
ɧɟɣɬɪɨɧɨɜ ɪаɜɟɧ 1,γβ (ɧаɩɪɢɦɟɪ, Д154Ж) ɢ ɭɠɟ ɩɪɟɜɵɲаɟɬ 1,00), чɬɨ ɢ 
ɨɛɟɫɩɟчɢɜаɟɬ ɟɝɨ ɩɪɟɢɦɭщɟɫɬɜа ɧаɞ ɥɟɝɤɨɜɨɞɧɵɦɢ ɪɟаɤɬɨɪаɦɢ. Таɤɢɦ 
ɨɛɪаɡɨɦ, ɤаɤ ɫɥɟɞɭɟɬ ɢɡ ɜɵɲɟɢɡɥɨɠɟɧɧɨɝɨ ɜ ɷɬɨɦ ɪаɡɞɟɥɟ ɜ ɬяɠɟɥɨɜɨɞɧɨɦ 
ɪɟаɤɬɨɪɟ ɧа ɩɪɢɪɨɞɧɨɦ ɭɪаɧɟ ɧɟ ɛɭɞɟɬ ɨɛɥаɫɬɢ, ɜ ɤɨɬɨɪɨɣ ɤɪɢɬɢчɟɫɤая 
ɤɨɧɰɟɧɬɪаɰɢя ɩɨ ɩɥɭɬɨɧɢɸ ɛɵɥа ɛɵ ɛɨɥɶɲɟ ɧɭɥя,  а ɫɥɟɞɨɜаɬɟɥɶɧɨ, ɧɟ ɦɨɠɟɬ 
ɪɟаɥɢɡɨɜаɬɶɫя ɪɟɠɢɦ ɦɟɞɥɟɧɧɨɝɨ ɜɨɥɧɨɜɨɝɨ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя 
ɩɥɭɬɨɧɢя βγ9. Эɬɨ ɠɟ ɨɬɧɨɫɢɬɫя ɢ ɤ ɪɟаɤɬɨɪаɦ ɧа ɩɪɢɪɨɞɧɨɦ ɭɪаɧɟ ɫ ɝаɡɨɜɵɦ 
ɬɟɩɥɨɧɨɫɢɬɟɥɟɦ. В ɷɬɢх ɪɟаɤɬɨɪах ɜɨɡɦɨɠɧɨ, ɦɟɞɥɟɧɧɨɟ ɜɨɥɧɨɜɨɟ яɞɟɪɧɨɟ 
ɝɨɪɟɧɢɟ ɞɥя ɬɨɩɥɢɜа ɫ ɧаɫɬɨɥɶɤɨ ɦɟɧɶɲɢɦ ɨɛɨɝащɟɧɢɟɦ ɩɨ ɭɪаɧɭ βγη, чɬɨɛɵ 
ɫɭщɟɫɬɜɨɜаɥа ɜ ɬɟɩɥɨɜɨɣ ɨɛɥаɫɬɢ ɷɧɟɪɝɢɣ ɨɛɥаɫɬɶ ɤɪɢɬɢчɧɨɫɬɢ ɩɨ ɩɥɭɬɨɧɢɸ 
βγ9 (ɨɰɟɧɤа ɤɪɢɬɢчɟɫɤɨɣ ɤɨɧɰɟɧɬɪаɰɢɢ ɩɨ ɩɥɭɬɨɧɢɸ βγ9 ɛɨɥɶɲɟ ɧɭɥя), 
ɧаɩɪɢɦɟɪ, ɩɨɞɨɣɞɟɬ ɞɜɭɨɤɢɫɶ ɭɪаɧа βγ8 ɫ ɨɛɨɝащɟɧɢɟɦ 0,η0% ɩɨ ɭɪаɧɭ βγη 
(ɫɦ. ɪɢɫ. β.4 ɢ ɪɢɫ. 2.8 ɜ ɫɥɟɞɭɸщɟɦ ɪаɡɞɟɥɟ β.1.θ) ɢɥɢ ɫ ɟщɟ ɦɟɧɶɲɢɦ 
ɨɛɨɝащɟɧɢɟɦ ɢɥɢ ɬɟхɧɢчɟɫɤɢɣ ɭɪаɧ, ɢɥɢ ɨɬɪаɛɨɬаɧɧɨɟ яɞɟɪɧɨɟ ɬɨɩɥɢɜɨ, 
ɭɞɨɜɥɟɬɜɨɪяɸщɟɟ ɷɬɨɦɭ ɭɫɥɨɜɢɸ.   

А ɜɨɬ, ɥɟɝɤɨɜɨɞɧɵɟ ɬɟɩɥɨɜɵɟ ɪɟаɤɬɨɪɵ ɫ ɬɨɩɥɢɜɨɦ ɧа ɩɪɢɪɨɞɧɨɦ ɭɪаɧɟ, 
ɤаɤ ɪаɡ ɩɨɞɨɣɞɭɬ ɞɥя ɦɟɞɥɟɧɧɨɝɨ ɜɨɥɧɨɜɨɝɨ ɝɨɪɟɧɢя ɩɥɭɬɨɧɢя βγ9, ɬаɤ ɤаɤ ɜ 
ɧɢх ɩɪɢɪɨɞɧɵɣ ɭɪаɧ, ɤаɤ хɨɪɨɲɨ ɢɡɜɟɫɬɧɨ, ɧахɨɞɢɬɫя ɜ ɩɨɞɤɪɢɬɢчɟɫɤɨɦ 
ɫɨɫɬɨяɧɢɢ ɢ ɢɦɟɧɧɨ ɩɨɷɬɨɦɭ ɞɥя ɪаɛɨɬɵ ɬаɤɢх ɪɟаɤɬɨɪɨɜ ɬɪɟɛɭɟɬɫя 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɨɛɨɝащɟɧɢɟ ɬɨɩɥɢɜа β,0% – γ,η% ɩɨ ɭɪаɧɭ βγη. 
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2.1.6. Ɇɨɞеɥиɪɨваɧие ɧеɣтɪɨɧɧɨ-ɹɞеɪɧɨɝɨ ɝɨɪеɧиɹ ɩɪиɪɨɞɧɨɝɨ ɭɪаɧа ɞɥɹ 
ɧаɞтеɩɥɨвɨɣ ɨɛɥаɫти ɷɧеɪɝии ɧеɣтɪɨɧɨв. 

Дɥя ɩɨɞɬɜɟɪɠɞɟɧɢя ɫɩɪаɜɟɞɥɢɜɨɫɬɢ ɜɵɲɟɩɪɢɜɟɞɟɧɧɵх ɨɰɟɧɨɤ ɢ 
ɜɵɜɨɞɨɜ, ɨɫɧɨɜаɧɧɵх ɧа аɧаɥɢɡɟ ɜɵɩɨɥɧɟɧɢя ɤɪɢɬɟɪɢя ɦɟɞɥɟɧɧɨɝɨ 
ɜɨɥɧɨɜɨɝɨ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɜ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɷɧɟɪɝɢɢ ɧɟɣɬɪɨɧɨɜ, 
ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ чɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜаɧɢɟ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя 
ɩɪɢɪɨɞɧɨɝɨ ɭɪаɧа ɜ ɧаɞɬɟɩɥɨɜɨɣ ɨɛɥаɫɬɢ ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ (0,1-7,0 ɷВ). 

Ɋаɫɫɦаɬɪɢɜаɥɨɫɶ ɩɨɥɭɩɪɨɫɬɪаɧɫɬɜɨ ɩɨ ɤɨɨɪɞɢɧаɬɟ x, ɡаɩɨɥɧɟɧɧɨɟ 
ɩɪɢɪɨɞɧɵɦ ɭɪаɧɨɦ (99,β8% ɭɪаɧ βγ8 ɢ 0,7β% ɭɪаɧ βγη), ɤɨɬɨɪɨɟ 
ɩɨɞɫɜɟчɢɜаɟɬɫя ɫ ɨɬɤɪɵɬɨɣ ɩɨɜɟɪхɧɨɫɬɢ ɧɟɣɬɪɨɧɧɵɦ ɢɫɬɨчɧɢɤɨɦ. Дɥя 
ɩɪɨɫɬɨɬɵ ɪаɫɫɦаɬɪɢɜаɟɬɫя ɞɢɮɮɭɡɢɨɧɧɨɟ ɨɞɧɨɝɪɭɩɩɨɜɨɟ ɩɪɢɛɥɢɠɟɧɢɟ 
(ɷɧɟɪɝɢя ɧɟɣɬɪɨɧɨɜ  1 ɷВ). ɍɪаɧ βγ8, ɟɫɥɢ ɨɧ ɩɨɝɥɨщаɟɬ ɧɟɣɬɪɨɧ, 
ɩɪɟɜɪащаɟɬɫя ɜ ɭɪаɧ βγ9, ɤɨɬɨɪɵɣ ɡаɬɟɦ ɜɫɥɟɞɫɬɜɢɟ ɞɜɭх -ɪаɫɩаɞɨɜ ɫ 
хаɪаɤɬɟɪɧɵɦ ɜɪɟɦɟɧɟɦ -ɪаɫɩаɞа    γ,γ ɞɧя ɩɟɪɟхɨɞɢɬ ɜ ɞɟɥɢɬɟɥɶɧɨ-

аɤɬɢɜɧɵɣ ɢɡɨɬɨɩ ɩɥɭɬɨɧɢɣ βγ9. Ʉаɤ ɩɨɤаɡаɧɨ ɜɵɲɟ ɜ ɪаɡɞɟɥɟ η ɜ ɬаɤɨɣ ɫɪɟɞɟ 
ɦɨɠɟɬ ɜɨɡɧɢɤɧɭɬɶ ɦɟɞɥɟɧɧая ɧɟɣɬɪɨɧɧɨ-ɞɟɥɢɬɟɥɶɧая ɜɨɥɧа ɝɨɪɟɧɢя 
ɩɥɭɬɨɧɢя βγ9. 

  ɋ ɭчɟɬɨɦ ɡаɩаɡɞɵɜаɸщɢх ɧɟɣɬɪɨɧɨɜ ɤɢɧɟɬɢɤа ɬаɤɨɣ ɜɨɥɧɵ 
ɨɩɢɫɵɜаɟɬɫя ɫɢɫɬɟɦɨɣ ɢɡ 20 ɞɢɮɮɟɪɟɧɰɢаɥɶɧɵх ɭɪаɜɧɟɧɢɣ ɜ чаɫɬɧɵх 
ɩɪɨɢɡɜɨɞɧɵх ɫ ɨɛɪаɬɧɵɦɢ ɧɟɥɢɧɟɣɧɵɦɢ ɫɜяɡяɦɢ ɨɬɧɨɫɢɬɟɥɶɧɨ 20 ɮɭɧɤɰɢɣ  txn , ,  txN ,5 ,  txN ,8 ,  txN ,9 ,  txNPu , ,   txN

Pu

i ,
~

,   txNi ,
~ 5 ,    txN

Pu , ,    txN ,5  

ɞɜɭх ɩɟɪɟɦɟɧɧɵх x ɢ t, ɤɨɬɨɪая ɦɨɠɟɬ ɛɵɬɶ ɡаɩɢɫаɧа ɫɥɟɞɭɸщɢɦ ɨɛɪаɡɨɦ. 

ɋɧачаɥа ɜɵɩɢɲɟɦ ɤɢɧɟɬɢчɟɫɤɨɟ ɭɪаɜɧɟɧɢɟ ɞɥя ɩɥɨɬɧɨɫɬɢ ɧɟɣɬɪɨɧɨɜ: 

   
     txqtxnD
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,     (2.31) 

 ɝɞɟ ɨɛɴɟɦɧая ɩɥɨɬɧɨɫɬɶ ɢɫɬɨчɧɢɤа q(x,t): 
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ɝɞɟ  txn ,   ɩɥɨɬɧɨɫɬɶ ɧɟɣɬɪɨɧɨɜ; D  - ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ ɧɟɣɬɪɨɧɨɜ; Vn 

 ɫɤɨɪɨɫɬɶ ɧɟɣɬɪɨɧɨɜ (E=γɷВ, ɨɞɧɨ-ɝɪɭɩɩɨɜɨɟ ɩɪɢɛɥɢɠɟɧɢɟ);  Pu  ɢ  5 - 

ɪаɜɧɨ ɫɪɟɞɧɟɦɭ чɢɫɥɭ  ɦɝɧɨɜɟɧɧɵх ɧɟɣɬɪɨɧɨɜ ɧа ɨɞɢɧ аɤɬ ɞɟɥɟɧɢя 239
Pu ɢ 

235
U ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; 5N , 8N , 9N , PuN - ɤɨɧɰɟɧɬɪаɰɢɢ 235

U,
 238

U,
 239

U, 
239

Pu 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ;  Pu

iN
~ ɢ  5~

iN  - ɤɨɧɰɟɧɬɪаɰɢɢ ɧɟɣɬɪɨɧɧɨ-ɢɡɛɵɬɨчɧɵх ɨɫɤɨɥɤɨɜ 
ɞɟɥɟɧɢя яɞɟɪ 239

Pu ɢ 
235

U ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ;  Pu

iN ɢ  5

iN  - ɤɨɧɰɟɧɬɪаɰɢɢ ɜɫɟх 
ɨɫɬаɥɶɧɵх ɨɫɤɨɥɤɨɜ ɞɟɥɟɧɢя яɞɟɪ 239

Pu ɢ 
235

U ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; ( , )N x t - 

ɤɨɧɰɟɧɬɪаɰɢɢ ɧаɤɨɩɢɜɲɢхɫя яɞɟɪ «ɲɥаɤɨɜ»; c  ɢ f - ɦɢɤɪɨɫɟчɟɧɢя ɪɟаɤɰɢɢ 

ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа ɧɟɣɬɪɨɧа ɢ ɞɟɥɟɧɢя яɞɪа; ɩаɪаɦɟɬɪɵ pi (  6

1i

ipp ) ɢ 

i
T

2
1 , хаɪаɤɬɟɪɢɡɭɸщɢɟ ɝɪɭɩɩɵ ɡаɩаɡɞɵɜаɸщɢх ɧɟɣɬɪɨɧɨɜ ɞɥя ɨɫɧɨɜɧɵх 

ɬɨɩɥɢɜɧɵх ɞɟɥящɢхɫя ɧɭɤɥɢɞɨɜ ɢɡɜɟɫɬɧɵ ɢ, ɧаɩɪɢɦɟɪ, ɩɪɢɜɟɞɟɧɵ ɜ Д154, 

228Ж. Ɉɬɦɟɬɢɦ, чɬɨ ɩɪɢ ɜɵɜɨɞɟ ɭɪаɜɧɟɧɢя ɞɥя q(x,t) ɞɥя ɭчɟɬа 
ɡаɩаɡɞɵɜаɸщɢх ɧɟɣɬɪɨɧɨɜ ɢɫɩɨɥɶɡɨɜаɥɫя ɦɟɬɨɞ Ахɢɟɡɟɪа-ɉɨɦɟɪаɧчɭɤа 
[157]. 

 ɉɨɫɥɟɞɧɢɟ чɥɟɧɵ ɜ ɤɜаɞɪаɬɧɵх ɫɤɨɛɤах ɜ ɩɪаɜɨɣ чаɫɬɢ (2.32) 

ɡаɞаɜаɥɢɫɶ ɫɨɝɥаɫɧɨ ɦɟɬɨɞɭ ɭɫɪɟɞɧɟɧɧɨɝɨ ɷɮɮɟɤɬɢɜɧɨɝɨ ɫɟчɟɧɢя ɞɥя 
«ɲɥаɤɨɜ» Д154], ɧаɩɪɢɦɟɪ, ɞɥя ɨɫɤɨɥɤɨɜ ɞɟɥɟɧɢя яɞɟɪ:   

                          


fragmentsfissioni

eff
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i

cn txNVtxntxNVtxn ),(),(),(),(  ,   (2.33) 

ɝɞɟ eff

c  - ɧɟɤɨɬɨɪɨɟ ɷɮɮɟɤɬɢɜɧɨɟ ɦɢɤɪɨɫɟчɟɧɢɟ ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа 
ɧɟɣɬɪɨɧɨɜ ɞɥя ɨɫɤɨɥɤɨɜ.   

Ʉɢɧɟɬɢчɟɫɤɢɟ ɭɪаɜɧɟɧɢя ɞɥя  Pu
N (x, t) ɢ   5

N (x, t) ɢɦɟɥɢ ɫɥɟɞɭɸщɭɸ 
ɮɨɪɦɭ: 
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                   (2.35) 

ɋɥɟɞɨɜаɬɟɥɶɧɨ, ɩɨɥɭчаɟɦ ɫɥɟɞɭɸщɭɸ ɫɢɫɬɟɦɭ ɢɡ β0 ɤɢɧɟɬɢчɟɫɤɢх 
ɭɪаɜɧɟɧɢɣ:     
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ɝɞɟ q(x,t) ɡаɞаɟɬɫя ɜɵɪаɠɟɧɢɟɦ (2.32); 
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    (2.45) 

ɝɞɟ   ,N x t - ɫɭɦɦаɪɧɨɟ ɤɨɥɢчɟɫɬɜɨ «ɲɥаɤɭɸщɢх» яɞɟɪ, а  - ɜɪɟɦя ɠɢɡɧɢ 

яɞɪа ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ  - ɪаɫɩаɞɭ. 
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Ƚɪаɧɢчɧɵɟ ɭɫɥɨɜɢя: 

 
n

x
V

txn 0

0,
  ɢ   0, lxtxn ,       (2.46)  

ɝɞɟ 0 - ɩɥɨɬɧɨɫɬɶ ɧɟɣɬɪɨɧɨɜ, ɫɨɡɞаɜаɟɦɵх ɩɥɨɫɤɢɦ ɞɢɮɮɭɡɢɨɧɧɵɦ 
ɢɫɬɨчɧɢɤɨɦ ɧɟɣɬɪɨɧɨɜ, ɪаɫɩɨɥɨɠɟɧɧɵɦ ɧа ɝɪаɧɢɰɟ ɩɪɢ x=0; l - ɞɥɢɧа ɛɥɨɤа 
ɢɡ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɭɪаɧа, ɡаɞаɜаɟɦая ɩɪɢ ɦɨɞɟɥɢɪɨɜаɧɢɢ. 

 ɇачаɥɶɧɵɟ ɭɫɥɨɜɢя: 

 
n

tx
V

txn 0

0,0,
  ɢ   0, 0,0  txtxn ;   (2.47) 

  AAt NNtxN
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9928,09928,0,

8

8
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 ɢ   At NtxN
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19
7200,0, 05  ,  (2.48)   

ɝɞɟ 8 - ɩɥɨɬɧɨɫɬɶ (ɝ/ɫɦ3) ɭɪаɧа βγ8, 8 -ɦɨɥɶ (ɝɦɨɥɶ-1) ɭɪаɧа βγ8, AN  - чɢɫɥɨ 
Аɜɨɝаɞɪɨ; 
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ɑɢɫɥɟɧɧɨɟ ɪɟɲɟɧɢɟ ɫɢɫɬɟɦɵ ɭɪаɜɧɟɧɢɣ (2.36) – (2.4η) ɫ ɝɪаɧɢчɧɵɦɢ ɢ 
ɧачаɥɶɧɵɦɢ ɭɫɥɨɜɢяɦɢ (2.46) – (2.49) ɩɪɨɜɨɞɢɥɨɫɶ ɫ ɩɨɦɨщɶɸ ɩɪɨɝɪаɦɦɧɨɝɨ 
ɩаɤɟɬа Mathematica 8. 

Дɥя ɨɩɬɢɦɢɡаɰɢɢ ɩɪɨɰɟɫɫа чɢɫɥɟɧɧɨɝɨ ɪɟɲɟɧɢя ɫɢɫɬɟɦɵ ɭɪаɜɧɟɧɢɣ 
ɛɵɥ ɨɫɭщɟɫɬɜɥɟɧ ɩɟɪɟхɨɞ ɤ ɛɟɡɪаɡɦɟɪɧɵɦ ɜɟɥɢчɢɧаɦ, ɫɨɝɥаɫɧɨ ɫɥɟɞɭɸщɢɦ 
ɫɨɨɬɧɨɲɟɧɢяɦ: 

   txn
V

txn

n

,*, 0 ,  ),(*),(
8

8 txN
N

txN A
 .   (2.50) 

ɉɪɨɜɟɞɟɧɵ ɦɨɞɟɥɢɪɭɸщɢɟ ɪаɫчɟɬɵ ɞɥя ɧɟɫɤɨɥɶɤɢх ɜаɪɢаɧɬɨɜ ɡаɞаɧɢя 
чɢɫɥɟɧɧɵх ɡɧачɟɧɢɣ ɩɨɫɬɨяɧɧɵх ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɞɢɮɮɟɪɟɧɰɢаɥɶɧɵх 
ɭɪаɜɧɟɧɢɣ. В ɞаɧɧɨɣ ɪаɛɨɬɟ ɧɢɠɟ ɩɪɟɞɫɬаɜɥɟɧɵ ɪɟɡɭɥɶɬаɬɵ ɞɜɭх 
ɦɨɞɟɥɢɪɭɸщɢх ɪаɫчɟɬɨɜ. 

ɉɪɢ ɩɟɪɜɨɦ ɪаɫчɟɬɟ ɡаɞаɜаɥɢɫɶ ɫɥɟɞɭɸщɢɟ чɢɫɥɟɧɧɵɟ ɡɧачɟɧɢя 

ɩɨɫɬɨяɧɧɵх ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɞɢɮɮɟɪɟɧɰɢаɥɶɧɵх ɭɪаɜɧɟɧɢɣ: 
ɫɫɦD /100,2 24 ; ɫɫɦVn /100,1 6 ; 0 = 1,010

23
 ɫɦ-2ɫ-1

 ;  γ,γɞɧя; 
  90,2Pu ;   41,25  ; 2241004,477 ɫɦPu

f

 ; 2241015,286 ɫɦPu

c

 ; 
2248 1050,252 ɫɦɫ

 ; 2245 1043,136 ɫɦf

 ; 2245 1061,57 ɫɦɫ
 ; 
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2249 1080,4 ɫɦɫ
 ;   2241010,1 ɫɦPueff

c

 ;   2241000,1 ɫɦPui

c

 , i =1 – 6; 
  2245 1000,1 ɫɦi

c

 , i =1 – 6;   2245 1010,1 ɫɦeff

c

 ; 

  ɫT
Pu 28,541  ;   ɫT

Pu 04,232  ;   ɫT
Pu 60,53  ;   ɫT

Pu 13,24  ;   ɫT
Pu 62,05  ; 

  ɫT
Pu 26,06  ; 

  3

1 10072,0 Pu
p ;   3

2 10626,0 Pu
p ;   3

3 10444,0 Pu
p ;   3

4 10685,0 Pu
p ;              

  3

5 10180,0 Pu
p ;    3

6 10093,0 Pu
p ;     0021,0

6

1

i Pu

i

Pu
pp ; 24 21,10 10eff

c
ɫɦ   ; 

  ɫT 72,555

1  ;   ɫT 72,225

2  ;   ɫT 22,65

3  ;   ɫT 30,25

4  ;   ɫT 61,05

5  ;   ɫT 23,05

6  ; 

  35

1 10210,0 p ;   35

2 10400,1 p ;   35

3 10260,1 p ;   35

4 10520,2 p ; 

  35

5 10740,0 p ;    35

6 1027,0 p ;     0064,0
6

1

55 i ipp ; ɫɦl 100 .  (2.51) 

Ɉɬɦɟɬɢɦ, чɬɨ ɫɟчɟɧɢя ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɵх ɪɟаɤɰɢɣ ɞɥя ɧɭɤɥɢɞɨɜ, 
ɩɪɢɜɟɞɟɧɧɵɟ ɜɵɲɟ, ɡаɞаɜаɥɢɫɶ ɢх ɭɫɪɟɞɧɟɧɧɵɦɢ ɡɧачɟɧɢяɦɢ ɩɨ 
ɧаɞɬɟɩɥɨɜɨɣ ɨɛɥаɫɬɢ ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ (0,1-7,0 ɷВ). 

ɉɪɢ ɪаɫчɟɬɟ, ɪɟɡɭɥɶɬаɬɵ ɤɨɬɨɪɨɝɨ ɩɪɟɞɫɬаɜɥɟɧɵ ɧɢɠɟ ɧа ɪɢɫ. 2.5-2.9, 

ɞɥɢɧа ɞɟɥящɟɣɫя ɫɪɟɞɵ, ɜ ɤɨɬɨɪɨɣ ɪаɫɩɪɨɫɬɪаɧяɟɬɫя ɜɨɥɧа ɧɟɣɬɪɨɧɧɨ 
яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя, ɪаɜɧа 100 ɫɦ, ɩɨɥɧɨɟ ɜɪɟɦя ɦɨɞɟɥɢɪɨɜаɧɢя t = γ0 ɦɢɧ, 
ɲаɝ ɩɨ ɜɪɟɦɟɧɢ t  10 ɫ, ɲаɝ ɩɨ ɩɪɨɫɬɪаɧɫɬɜɟɧɧɨɣ ɤɨɨɪɞɢɧаɬɟ ɫɦx 01,0 . 

Ʉɨɧɟчɧɨ, хɨɬɟɥɨɫɶ ɛɵ ɩɪɨɜɟɫɬɢ ɪаɫчɟɬ ɞɥя ɡɧачɢɬɟɥɶɧɨ ɛɨɥɶɲɟɝɨ 
ɜɪɟɦɟɧɢ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬа ɢ чɬɨɛɵ ɲаɝ ɩɨ ɜɪɟɦɟɧɢ ɢɦɟɬɶ 

ɫt
75 1010   ɢ ɜɧɟɲɧɢɣ ɢɫɬɨчɧɢɤ ɧɟɣɬɪɨɧɨɜ ɡаɞаɬɶ ɫ ɦɟɧɶɲɟɣ 

ɩɥɨɬɧɨɫɬɶɸ ɩɨɬɨɤа, ɧɨ аɜɬɨɪɵ ɪаɛɨɬɵ ɩɪɢ ɜɵɛɨɪɟ ɭɤаɡаɧɧɵх ɜɵɲɟ 
ɩаɪаɦɟɬɪɨɜ, ɡаɞаɜаɟɦɵх ɩɪɢ ɪаɫчɟɬɟ, ɛɵɥɢ ɨɝɪаɧɢчɟɧɵ, ɢɦɟɸщɢɦɢɫя ɜ ɢх 
ɪаɫɩɨɪяɠɟɧɢɢ ɜɵчɢɫɥɢɬɟɥɶɧɵɦɢ ɪɟɫɭɪɫаɦɢ. 

ɉɪɟɞɫɬаɜɥɟɧɧɵɟ ɧа ɪɢɫ. 2.5 – 2.9 ɪɟɡɭɥɶɬаɬɵ чɢɫɥɟɧɧɨɝɨ 
ɦɨɞɟɥɢɪɨɜаɧɢя ɜɨɥɧɨɜɨɝɨ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɩɪɢɪɨɞɧɨɝɨ ɭɪаɧа 
ɜ ɧаɞɬɟɩɥɨɜɨɣ ɨɛɥаɫɬɢ ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ ( 0,1 – 7,0 ɷВ) ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ 
ɪɟаɥɢɡаɰɢɢ ɬаɤɨɝɨ ɪɟɠɢɦа. Дɟɣɫɬɜɢɬɟɥɶɧɨ ɧа ɪɢɫ. 2.9 ɦɵ ɜɢɞɢɦ ɜɨɥɧɨɜɨɟ 
ɝɨɪɟɧɢɟ ɩɥɭɬɨɧɢя βγ9. ɉɪɢ ɷɬɨɦ ɫɨɝɥаɫɧɨ ɪɢɫ. 2.6 ɢ 2.7 ɭɪаɧ βγ8 ɢ ɭɪаɧ 
βγη ɩɪаɤɬɢчɟɫɤɢ ɩɨɥɧɨɫɬɶɸ ɜɵɝɨɪаɸɬ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, чɬɨ 
ɩɪɟɞɫɬаɜɥɟɧɧɵɟ ɧа ɪɢɫ. 2.5 ɪɟɡɭɥɶɬаɬɵ ɤɢɧɟɬɢɤɢ ɞɥя ɩɥɨɬɧɨɫɬɢ ɧɟɣɬɪɨɧɨɜ 
ɧɟ ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɧɟɣɬɪɨɧɧɭɸ ɜɨɥɧɭ, ɜ ɨɬɥɢчɢɟ ɨɬ ɪаɧɟɟ ɨɩɭɛɥɢɤɨɜаɧɧɵх 
ɧаɦɢ ɪɟɡɭɥɶɬаɬɨɜ (ɧаɩɪɢɦɟɪ, Д2,82-84,110Ж) ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя 
ɭɪаɧа βγ8 ɞɥя ɛɵɫɬɪɵх ɧɟɣɬɪɨɧɨɜ (ɷɧɟɪɝɢя ɧɟɣɬɪɨɧɨɜ з 1 ɆɷВ). Аɜɬɨɪɵ 
ɷɬɨ ɨɛɴяɫɧяɸɬ ɬɟɦ, чɬɨ ɬаɤ ɤаɤ чɢɫɥɟɧɧɨ ɪɟɲаɥаɫɶ ɫɢɫɬɟɦа 
ɞɢɮɮɟɪɟɧɰɢаɥɶɧɵх ɭɪаɜɧɟɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɛɟɡɪаɡɦɟɪɟɧɧɵх ɫɨɝɥаɫɧɨ 
ɫɨɨɬɧɨɲɟɧɢяɦ (2.49) ɩɟɪɟɦɟɧɧɵх ɢ ɩɪɢ ɨɛɟɡɪаɡɦɟɪɢɜаɧɢɢ ɩɥɨɬɧɨɫɬɶ 
ɧɟɣɬɪɨɧɨɜ ɞɟɥɢɥаɫɶ ɧа ɩɥɨɬɧɨɫɬɶ ɩɨɬɨɤа ɜɧɟɲɧɟɝɨ ɢɫɬɨчɧɢɤа, ɤɨɬɨɪɵɣ 
ɩɪɢ ɪаɫчɟɬɟ ɡаɞаɜаɥɫя ɫɩɟɰɢаɥɶɧɨ ɡаɜɵɲɟɧɧɵɦ ɡɧачɟɧɢɟɦ ɫ ɰɟɥɶɸ 
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ɫɨɤɪаɬɢɬɶ ɜɪɟɦя ɪаɫчɟɬа ɢ ɪаɜɧɵɦ 0 = 1,010
23

 ɫɦ-2ɫ-1, ɬɨ ɪаɡɥɢчɢɟ 
ɦаɫɲɬаɛɨɜ ɜɟɥɢчɢɧ ɩɥɨɬɧɨɫɬɢ ɩɨɬɨɤа ɜɧɟɲɧɟɝɨ ɢɫɬɨчɧɢɤа ɢ ɩɥɨɬɧɨɫɬɢ 
ɩɨɬɨɤа ɧɟɣɬɪɨɧɨɜ ɜ ɨɛɥаɫɬɢ яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɜ ɪɟɠɢɦɟ ɭɫɬаɧɨɜɢɜɲɟɝɨɫя 
ɜɨɥɧɨɜɨɝɨ ɝɨɪɟɧɢя ɧɟ ɩɨɡɜɨɥяɟɬ ɜɢɞɟɬɶ ɧɟɣɬɪɨɧɧɭɸ ɜɨɥɧɭ. Вɨɡɦɨɠɧɨ 
ɬаɤɠɟ, чɬɨ ɜɨɥɧɨɜɨɟ ɝɨɪɟɧɢɟ ɩɥɭɬɨɧɢя βγ9 ɧɟ ɜɢɞɧɨ ɧа ɪɢɫ. 2.5 ɞɥя 
ɩɥɨɬɧɨɫɬɢ ɧɟɣɬɪɨɧɨɜ, ɬаɤ ɤаɤ ɧа ɧɟɝɨ ɧаɤɥаɞɵɜаɟɬɫя ɝɨɪɟɧɢɟ ɭɪаɧа βγη. 
Дɟɣɫɬɜɢɬɟɥɶɧɨ, ɪɟɡɭɥɶɬаɬɵ ɦɨɞɟɥɢɪɨɜаɧɢя ɤɢɧɟɬɢɤɢ ɩɥɨɬɧɨɫɬɢ яɞɟɪ ɭɪаɧа 
βγη, ɩɪɟɞɫɬаɜɥɟɧɧɵɟ ɧа ɪɢɫ. 2.7, ɩɨɤаɡɵɜаɸɬ, чɬɨ ɭɪаɧ βγη ɩɪаɤɬɢчɟɫɤɢ 
ɩɨɥɧɨɫɬɶɸ ɜɵɝɨɪаɟɬ, а ɟɝɨ ɤɨɧɰɟɧɬɪаɰɢя, ɪаɜɧая 0,7%, ɩɨчɬɢ ɧа ɬɪɢ 
ɩɨɪяɞɤа ɛɨɥɶɲɟ аɦɩɥɢɬɭɞɵ ɭɫɬаɧɨɜɢɜɲɟɣɫя ɜɨɥɧɵ ɤɨɧɰɟɧɬɪаɰɢɢ 
ɩɥɭɬɨɧɢя βγ9, ɤɨɬɨɪая ɫɨɝɥаɫɧɨ ɪɢɫ. 2.9 ɪаɜɧа 0,1∙10-2

 %. 

 

2 4 6 8 10
x

0.2

0.4

0.6

0.8

1.0

nx

  2 4 6 8 10
x

0.2

0.4

0.6

0.8

1.0

nx

 

                           а)                                                                ɛ) 

2 4 6 8 10
x

0.2

0.4

0.6

0.8

1.0

nx

 2 4 6 8 10
x

0.2

0.4

0.6

0.8

1.0

nx

 

        ɜ)           ɝ) 
Ɋɢɫ. 2.5. Ʉɢɧɟɬɢɤа ɧɟɣɬɪɨɧɨɜ ɩɪɢ ɜɨɥɧɨɜɨɦ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɦ ɝɨɪɟɧɢɢ 

ɩɪɢɪɨɞɧɨɝɨ ɭɪаɧа ( а) ɡаɜɢɫɢɦɨɫɬɶ ɨɛɟɡɪаɡɦɟɪɟɧɧɨɣ ɩɥɨɬɧɨɫɬɢ ɧɟɣɬɪɨɧɨɜ ɨɬ 
ɩɪɨɫɬɪаɧɫɬɜɟɧɧɨɣ ɤɨɨɪɞɢɧаɬɵ  xn

 ɞɥя ɦɨɦɟɧɬа ɜɪɟɦɟɧɢ ɪаɫчɟɬа t =  θ ɦɢɧ; ɛ)  xn


 

ɞɥя t =  1β ɦɢɧ; ɜ)  xn


 ɞɥя t =  18 ɦɢɧ; ɝ)  xn
 ɞɥя t =  β4 ɦɢɧ). 

 

ɉɨɞчɟɪɤɧɟɦ ɬɨ, чɬɨ ɫɨɝɥаɫɧɨ ɪɟɡɭɥɶɬаɬаɦ, ɩɪɟɞɫɬаɜɥɟɧɧɵɦ ɧа ɪɢɫ. 2.9, 

ɜɨɥɧа ɦɟɞɥɟɧɧɨɝɨ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɩɥɭɬɨɧɢя βγ9 ɩɪаɤɬɢчɟɫɤɢ 
ɫɮɨɪɦɢɪɨɜаɥаɫɶ ɡа ɜɪɟɦя ɦɨɞɟɥɢɪɨɜаɧɢя ɪаɜɧɨɟ 18 ɦɢɧɭɬ (ɜɪɟɦя ɩɨɞɠɢɝа 
ɜɨɥɧɵ). Ȼɨɥɟɟ ɤɨɪɨɬɤɨɟ ɜɪɟɦя ɩɨɞɠɢɝа ɜɨɥɧɵ ɩɨ ɫɪаɜɧɟɧɢɸ ɫ 
ɪɟɡɭɥɶɬаɬаɦɢ ɦɨɞɟɥɢɪɨɜаɧɢя ɦɟɞɥɟɧɧɨɝɨ ɜɨɥɧɨɜɨɝɨ ɝɨɪɟɧɢя ɞɥя ɛɵɫɬɪɵх 
ɧɟɣɬɪɨɧɨɜ (ɧаɩɪɢɦɟɪ, [2,82-84,110]) ɨɛɴяɫɧяɟɬɫя ɡɧачɟɧɢɟɦ ɫɟчɟɧɢя 
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ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа ɧɟɣɬɪɨɧɨɜ ɞɥя ɭɪаɧа βγ8, ɡаɞаɜаɟɦɵɦ ɩɪɢ ɪаɫчɟɬɟ 
ɞɥя ɧаɞɬɟɩɥɨɜɨɣ ɨɛɥаɫɬɢ ɪаɜɧɵɦ βηβ,η ɛаɪɧа (ɫɦ. (2.η0)), чɬɨ ɧа ɞɜа 
ɩɨɪяɞɤа ɜɵɲɟ ɷɬɨɝɨ ɡɧачɟɧɢя ɞɥя ɛɵɫɬɪɵх ɧɟɣɬɪɨɧɨɜ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, 
чɬɨ ɬаɤ ɤаɤ ɩɪɢ ɷɧɟɪɝɢɢ 7ɷВ ɫɟчɟɧɢɟ ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа ɧɟɣɬɪɨɧɨɜ ɞɥя 
ɭɪаɧа βγ8 ɢɦɟɟɬ ɪɟɡɨɧаɧɫ з 104

 ɛаɪɧ (ɫɦ. ɪɢɫ. ɉ.10.β), ɬɨ ɫɦɟщɟɧɢɟ 
ɦаɤɫɢɦɭɦа ɷɧɟɪɝɟɬɢчɟɫɤɨɝɨ ɫɩɟɤɬɪа ɧɟɣɬɪɨɧɨɜ ɛɥɢɠɟ ɤ 7ɷВ ɦɨɠɟɬ 
ɫɨɤɪаɬɢɬɶ ɜɪɟɦя ɩɨɞɠɢɝа ɢɥɢ ɩɥɨɬɧɨɫɬɶ ɩɨɬɨɤа ɧɟɣɬɪɨɧɨɜ, ɫɨɡɞаɜаɟɦɵх 
ɜɧɟɲɧɢɦ ɢɫɬɨчɧɢɤɨɦ ɧɟɣɬɪɨɧɨɜ (ɢɫɬɨчɧɢɤ ɩɨɞɠɢɝа), ɟщɟ ɧа ɞɜа ɩɨɪяɞɤа. 

ɉɪɢ ɜɬɨɪɨɦ ɪаɫчɟɬɟ ɡаɞаɜаɥɢɫɶ ɬɟ ɠɟ чɢɫɥɟɧɧɵɟ ɡɧачɟɧɢя ɩɨɫɬɨяɧɧɵх 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɞɢɮɮɟɪɟɧɰɢаɥɶɧɵх ɭɪаɜɧɟɧɢɣ, ɤɨɬɨɪɵɟ ɡаɞаɜаɥɢɫɶ ɞɥя 
ɩɟɪɜɨɝɨ ɪаɫчɟɬа ɢ ɩɪɢɜɟɞɟɧɵ ɜɵɲɟ, ɡа ɢɫɤɥɸчɟɧɢɟɦ ɷɮɮɟɤɬɢɜɧɵх ɫɟчɟɧɢɣ 
ɪɟаɤɰɢɣ ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа ɧɟɣɬɪɨɧɨɜ ɞɥя ɨɫɤɨɥɤɨɜ ɢ ɲɥаɤɨɜ. В ɷɬɨɦ 
ɪаɫчɟɬɟ ɷɮɮɟɤɬɢɜɧɵɟ ɫɟчɟɧɢя ɪɟаɤɰɢɣ ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа ɧɟɣɬɪɨɧɨɜ 
ɞɥя ɨɫɤɨɥɤɨɜ ɢ ɲɥаɤɨɜ ɛɵɥɢ ɭɜɟɥɢчɟɧɵ ɧа ɩɨɪяɞɨɤ ɩɨ ɫɪаɜɧɟɧɢɸ ɫ 
ɩɟɪɜɵɦ ɪаɫчɟɬɨɦ ɢ ɢɦɟɥɢ ɫɥɟɞɭɸщɢɟ ɡɧачɟɧɢя: 
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   ɜ)      ɝ) 
Ɋɢɫ. 2.6. Ʉɢɧɟɬɢɤа ɩɥɨɬɧɨɫɬɢ яɞɟɪ ɭɪаɧа βγ8 ɩɪɢ ɜɨɥɧɨɜɨɦ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɦ 

ɝɨɪɟɧɢɢ ɩɪɢɪɨɞɧɨɝɨ ɭɪаɧа ( а) ɡаɜɢɫɢɦɨɫɬɶ ɨɛɟɡɪаɡɦɟɪɟɧɧɨɣ ɩɥɨɬɧɨɫɬɢ яɞɟɪ ɭɪаɧа βγ8 
ɨɬ ɩɪɨɫɬɪаɧɫɬɜɟɧɧɨɣ ɤɨɨɪɞɢɧаɬɵ  xN


8 ɞɥя ɦɨɦɟɧɬа ɜɪɟɦɟɧɢ ɪаɫчɟɬа t =  θ ɦɢɧ; ɛ)  xN


8  ɞɥя t =  1β ɦɢɧ; ɜ)  xN


8  ɞɥя t =  18 ɦɢɧ; ɝ)  xN


8  ɞɥя t =  β4 ɦɢɧ). 
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     ɜ)       ɝ) 
Ɋɢɫ. 2.7. Ʉɢɧɟɬɢɤа ɩɥɨɬɧɨɫɬɢ яɞɟɪ ɭɪаɧа βγη ɩɪɢ ɜɨɥɧɨɜɨɦ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɦ 

ɝɨɪɟɧɢɢ ɩɪɢɪɨɞɧɨɝɨ ɭɪаɧа ( а) ɡаɜɢɫɢɦɨɫɬɶ ɨɛɟɡɪаɡɦɟɪɟɧɧɨɣ ɩɥɨɬɧɨɫɬɢ яɞɟɪ ɭɪаɧа βγη 
ɨɬ ɩɪɨɫɬɪаɧɫɬɜɟɧɧɨɣ ɤɨɨɪɞɢɧаɬɵ  xN


5 ɞɥя ɦɨɦɟɧɬа ɜɪɟɦɟɧɢ ɪаɫчɟɬа t =  θ ɦɢɧ; ɛ)  xN


5  ɞɥя t =  1β ɦɢɧ; ɜ)  xN


5  ɞɥя t =  18 ɦɢɧ; ɝ)  xN


5  ɞɥя t =  β4 ɦɢɧ). 

 

Таɤɢɟ ɡɧачɟɧɢя ɫɟчɟɧɢя ɪɟаɤɰɢɣ ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа ɧɟɣɬɪɨɧɨɜ ɞɥя 
ɨɫɤɨɥɤɨɜ ɢ ɲɥаɤɨɜ ɡаɞаɜаɥɢɫɶ ɫɨɝɥаɫɧɨ ɞаɧɧɵɦ ɛаɡɵ ENDF/ψ-VII.0 ɞɥя 
ɫɟчɟɧɢɣ ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа ɧɟɣɬɪɨɧɨɜ ɞɥя ɩɪɨɞɭɤɬɨɜ ɮɢɫɫɢɭɦа 
ɞɟɥящɟɣɫя ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɣ ɫɪɟɞɵ ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɣ ɧаɞɬɟɩɥɨɜɨɣ 
ɨɛɥаɫɬɢ ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ. 

Дɥɢɧа ɞɟɥящɟɣɫя ɫɪɟɞɵ, ɜ ɤɨɬɨɪɨɣ ɪаɫɩɪɨɫɬɪаɧяɟɬɫя ɜɨɥɧа ɧɟɣɬɪɨɧɧɨ-

яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя, ɪаɜɧа 1000 ɫɦ, ɩɨɥɧɨɟ ɜɪɟɦя ɦɨɞɟɥɢɪɨɜаɧɢя t = 60 

ɫɭɬɨɤ, ɲаɝ ɩɨ ɜɪɟɦɟɧɢ t 300 ɫ, ɲаɝ ɩɨ ɩɪɨɫɬɪаɧɫɬɜɟɧɧɨɣ ɤɨɨɪɞɢɧаɬɟ 
0,001x ɫɦ  . 

Ɋɟɡɭɥɶɬаɬɵ ɜɬɨɪɨɝɨ ɪаɫчɟɬа ɩɪɟɞɫɬаɜɥɟɧɵ ɧɢɠɟ ɧа ɪɢɫɭɧɤах 2.10-2.15. 

ɉɪɟɞɫɬаɜɥɟɧɧɵɟ ɪɟɡɭɥɶɬаɬɵ ɜɬɨɪɨɝɨ чɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜаɧɢя 
ɜɨɥɧɨɜɨɝɨ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɩɪɢɪɨɞɧɨɝɨ ɭɪаɧа ɜ ɧаɞɬɟɩɥɨɜɨɣ 
ɨɛɥаɫɬɢ ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ ( 0,1 – 7,0 ɷВ)  ɬаɤɠɟ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ 
ɪɟаɥɢɡаɰɢɢ ɬаɤɨɝɨ ɪɟɠɢɦа.  
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    ɜ)      ɝ) 
Ɋɢɫ. 2.8. Ʉɢɧɟɬɢɤа ɩɥɨɬɧɨɫɬɢ яɞɟɪ ɭɪаɧа βγ9 ɩɪɢ ɜɨɥɧɨɜɨɦ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɦ 

ɝɨɪɟɧɢɢ ɩɪɢɪɨɞɧɨɝɨ ɭɪаɧа ( а) ɡаɜɢɫɢɦɨɫɬɶ ɨɛɟɡɪаɡɦɟɪɟɧɧɨɣ ɩɥɨɬɧɨɫɬɢ яɞɟɪ ɭɪаɧа βγ9 
ɨɬ ɩɪɨɫɬɪаɧɫɬɜɟɧɧɨɣ ɤɨɨɪɞɢɧаɬɵ  xN


9 ɞɥя ɦɨɦɟɧɬа ɜɪɟɦɟɧɢ ɪаɫчɟɬа t =  θ ɦɢɧ; ɛ)  xN


9  ɞɥя t =  1β ɦɢɧ; ɜ)  xN


9  ɞɥя t =  18 ɦɢɧ; ɝ)  xN


9  ɞɥя t =  β4 ɦɢɧ). 

 

ɇаɩɪɢɦɟɪ, ɧа ɪɢɫ. 2.14 ɦɵ ɜɢɞɢɦ ɜɨɥɧɨɜɨɟ ɝɨɪɟɧɢɟ ɩɥɭɬɨɧɢя βγ9. 
ɉɪɢчɟɦ, ɜɪɟɦя ɮɨɪɦɢɪɨɜаɧɢя ɭɫɬаɧɨɜɢɜɲɟɝɨɫя ɪɟɠɢɦа аɜɬɨɜɨɥɧɨɜɨɝɨ 
ɝɨɪɟɧɢя ɩɥɭɬɨɧɢя 4η – 48 ɫɭɬɨɤ, а ɫɤɨɪɨɫɬɶ ɭɫɬаɧɨɜɢɜɲɟɝɨɫя ɜɨɥɧɨɜɨɝɨ 
ɝɨɪɟɧɢя ɩɥɭɬɨɧɢя ɜ ɷɬɨɦ ɫɥɭчаɟ ɪаɜɧа 51,85 10ɱɢɫɥu ɫɦ ɫ   (ɫɦ. ɪɢɫ. 2.14), чɬɨ 
ɧа ɞɜа ɩɨɪяɞɤа ɦɟɧɶɲɟ ɫɤɨɪɨɫɬɢ ɜɨɥɧɨɜɨɝɨ ɝɨɪɟɧɢя ɩɥɭɬɨɧɢя ɞɥя ɩɟɪɜɨɝɨ 
чɢɫɥɟɧɧɨɝɨ ɪаɫчɟɬа (ɫɦ. ɪɢɫ. 2.9). Таɤɢɦ ɨɛɪаɡɨɦ, ɭɜɟɥɢчɟɧɢɟ 
ɷɮɮɟɤɬɢɜɧɨɝɨ ɫɟчɟɧɢя ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа ɞɥя ɲɥаɤɨɜ ɧа ɩɨɪяɞɨɤ ɩɨ 
ɫɪаɜɧɟɧɢɸ ɫ ɩɟɪɜɵɦ ɪаɫчɟɬɨɦ ɩɪɢɜɟɥɨ ɤ ɭɦɟɧɶɲɟɧɢɸ ɫɤɨɪɨɫɬɢ ɜɨɥɧɵ 
ɝɨɪɟɧɢя ɩɥɭɬɨɧɢя ɧа ɞɜа ɩɨɪяɞɤа. А ɬаɤɠɟ ɜɵɪɨɫɥа ɞɨ 1η% ɦаɤɫɢɦаɥɶɧая 
ɤɨɧɰɟɧɬɪаɰɢя ɩɥɭɬɨɧɢя ɜ ɜɨɥɧɟ. 
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   ɜ)  

Ɋɢɫ. 2.9. Ʉɢɧɟɬɢɤа ɩɥɨɬɧɨɫɬɢ яɞɟɪ ɩɥɭɬɨɧɢя βγ9 ɩɪɢ ɜɨɥɧɨɜɨɦ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɦ 
ɝɨɪɟɧɢɢ ɩɪɢɪɨɞɧɨɝɨ ɭɪаɧа ( а) ɡаɜɢɫɢɦɨɫɬɶ ɨɛɟɡɪаɡɦɟɪɟɧɧɨɣ ɩɥɨɬɧɨɫɬɢ яɞɟɪ ɩɥɭɬɨɧɢя 
βγ9 ɨɬ ɩɪɨɫɬɪаɧɫɬɜɟɧɧɨɣ ɤɨɨɪɞɢɧаɬɵ  xN Pu

 ɞɥя ɦɨɦɟɧɬа ɜɪɟɦɟɧɢ ɪаɫчɟɬа t =  θ ɦɢɧ; ɛ)  xN Pu


 ɞɥя t =  1β ɦɢɧ; ɜ)  xN Pu


 ɞɥя t =  18 ɦɢɧ). 

а)     ɛ)  

ɜ)  ɝ)  
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ɞ)  

Ɋɢɫ. 2.10. Ʉɢɧɟɬɢɤа ɧɟɣɬɪɨɧɨɜ ɩɪɢ ɜɨɥɧɨɜɨɦ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɦ ɝɨɪɟɧɢɢ 
ɩɪɢɪɨɞɧɨɝɨ ɭɪаɧа ( а) ɡаɜɢɫɢɦɨɫɬɶ ɨɛɟɡɪаɡɦɟɪɟɧɧɨɣ ɩɥɨɬɧɨɫɬɢ ɧɟɣɬɪɨɧɨɜ ɨɬ 
ɩɪɨɫɬɪаɧɫɬɜɟɧɧɨɣ ɤɨɨɪɞɢɧаɬɵ  xn

 ɞɥя ɦɨɦɟɧɬа ɜɪɟɦɟɧɢ ɪаɫчɟɬа t =  1β ɫɭɬɨɤ; ɛ)  xn


 ɞɥя t =  β4 ɫɭɬɨɤ; ɜ)   xn


 ɞɥя t =  γθ ɫɭɬɨɤ; ɝ)  xn
 ɞɥя t =  48 ɫɭɬɨɤ; ɞ)  xn


 ɞɥя 

t =  θ0 ɫɭɬɨɤ). 

 

а)  ɛ)  

ɜ) ɝ)  

ɞ)  
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Ɋɢɫ. 2.11. Ʉɢɧɟɬɢɤа ɩɥɨɬɧɨɫɬɢ яɞɟɪ ɭɪаɧа βγ8 ɩɪɢ ɜɨɥɧɨɜɨɦ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɦ 
ɝɨɪɟɧɢɢ ɩɪɢɪɨɞɧɨɝɨ ɭɪаɧа ( а) ɡаɜɢɫɢɦɨɫɬɶ ɨɛɟɡɪаɡɦɟɪɟɧɧɨɣ ɩɥɨɬɧɨɫɬɢ яɞɟɪ ɭɪаɧа βγ8 
ɨɬ ɩɪɨɫɬɪаɧɫɬɜɟɧɧɨɣ ɤɨɨɪɞɢɧаɬɵ  xN


8 ɞɥя ɦɨɦɟɧɬа ɜɪɟɦɟɧɢ ɪаɫчɟɬа t =  1β ɫɭɬɨɤ; ɛ)  xN


8  ɞɥя t =  β4 ɫɭɬɨɤ; ɜ)  xN


8  ɞɥя t =  γθ ɫɭɬɨɤ; ɝ)  xN


8  ɞɥя t =  48 ɫɭɬɨɤ; ɞ)  xN


8 ɞɥя t =  θ0 ɫɭɬɨɤ). 

 

а) ɛ)  

ɜ) ɝ)  

ɞ)  

Ɋɢɫ. 2.12. Ʉɢɧɟɬɢɤа ɩɥɨɬɧɨɫɬɢ яɞɟɪ ɭɪаɧа βγη ɩɪɢ ɜɨɥɧɨɜɨɦ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɦ 
ɝɨɪɟɧɢɢ ɩɪɢɪɨɞɧɨɝɨ ɭɪаɧа ( а) ɡаɜɢɫɢɦɨɫɬɶ ɨɛɟɡɪаɡɦɟɪɟɧɧɨɣ ɩɥɨɬɧɨɫɬɢ яɞɟɪ ɭɪаɧа βγη 
ɨɬ ɩɪɨɫɬɪаɧɫɬɜɟɧɧɨɣ ɤɨɨɪɞɢɧаɬɵ  xN


5 ɞɥя ɦɨɦɟɧɬа ɜɪɟɦɟɧɢ ɪаɫчɟɬа t =  1β ɫɭɬɨɤ; ɛ)  xN


5  ɞɥя t =  β4 ɫɭɬɨɤ; ɜ)  xN


5  ɞɥя t =  γθ ɫɭɬɨɤ; ɝ)  xN


5  ɞɥя t =  48 ɫɭɬɨɤ; ɞ)  xN


5  

ɞɥя t =  θ0 ɫɭɬɨɤ). 
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а) ɛ)  

ɜ) ɝ)  

ɞ)  

Ɋɢɫ. 2.13. Ʉɢɧɟɬɢɤа ɩɥɨɬɧɨɫɬɢ яɞɟɪ ɭɪаɧа βγ9 ɩɪɢ ɜɨɥɧɨɜɨɦ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɦ 
ɝɨɪɟɧɢɢ ɩɪɢɪɨɞɧɨɝɨ ɭɪаɧа ( а) ɡаɜɢɫɢɦɨɫɬɶ ɨɛɟɡɪаɡɦɟɪɟɧɧɨɣ ɩɥɨɬɧɨɫɬɢ яɞɟɪ ɭɪаɧа βγ9 
ɨɬ ɩɪɨɫɬɪаɧɫɬɜɟɧɧɨɣ ɤɨɨɪɞɢɧаɬɵ  xN


9 ɞɥя ɦɨɦɟɧɬа ɜɪɟɦɟɧɢ ɪаɫчɟɬа t =  1β ɫɭɬɨɤ; ɛ)  xN


9  ɞɥя t =  β4 ɫɭɬɨɤ; ɜ)  xN


9  ɞɥя t =  γθ ɫɭɬɨɤ; ɝ)  xN


9  ɞɥя t =  48 ɫɭɬɨɤ; ɝ)  xN


9  

ɞɥя t =  θ0 ɫɭɬɨɤ). 

 

а) ɛ)  
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ɜ) ɝ)  

ɞ)  

Ɋɢɫ. 2.14. Ʉɢɧɟɬɢɤа ɩɥɨɬɧɨɫɬɢ яɞɟɪ ɩɥɭɬɨɧɢя βγ9 ɩɪɢ ɜɨɥɧɨɜɨɦ ɧɟɣɬɪɨɧɧɨ-

яɞɟɪɧɨɦ ɝɨɪɟɧɢɢ ɩɪɢɪɨɞɧɨɝɨ ɭɪаɧа ( а) ɡаɜɢɫɢɦɨɫɬɶ ɨɛɟɡɪаɡɦɟɪɟɧɧɨɣ ɩɥɨɬɧɨɫɬɢ яɞɟɪ 
ɩɥɭɬɨɧɢя βγ9 ɨɬ ɩɪɨɫɬɪаɧɫɬɜɟɧɧɨɣ ɤɨɨɪɞɢɧаɬɵ  xN Pu

 ɞɥя ɦɨɦɟɧɬа ɜɪɟɦɟɧɢ ɪаɫчɟɬа t 
=  1β ɫɭɬɨɤ; ɛ)  xN Pu


 ɞɥя t =  β4 ɫɭɬɨɤ; ɜ)  xN Pu


 ɞɥя t =  γθ ɫɭɬɨɤ; ɝ)  xN Pu


 ɞɥя t =  48 

ɫɭɬɨɤ; ɞ)  xN Pu


 ɞɥя t =  θ0 ɫɭɬɨɤ). 

 

а) ɛ)  
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ɜ) ɝ)  

ɞ)  

Ɋɢɫ. 2.15. Ʉɢɧɟɬɢɤа ɩɥɨɬɧɨɫɬɢ яɞɟɪ «ɲɥаɤɨɜ» ɩɪɢ ɜɨɥɧɨɜɨɦ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɦ 
ɝɨɪɟɧɢɢ ɩɪɢɪɨɞɧɨɝɨ ɭɪаɧа ( а) ɡаɜɢɫɢɦɨɫɬɶ ɨɛɟɡɪаɡɦɟɪɟɧɧɨɣ ɩɥɨɬɧɨɫɬɢ яɞɟɪ «ɲɥаɤɨɜ» 
ɨɬ ɩɪɨɫɬɪаɧɫɬɜɟɧɧɨɣ ɤɨɨɪɞɢɧаɬɵ  N x

 ɞɥя ɦɨɦɟɧɬа ɜɪɟɦɟɧɢ ɪаɫчɟɬа t =  1β ɫɭɬɨɤ; ɛ) 

 N x
  ɞɥя t =  β4 ɫɭɬɨɤ; ɜ)  N x

  ɞɥя t =  γθ ɫɭɬɨɤ; ɝ)  N x
  ɞɥя t =  48 ɫɭɬɨɤ; ɞ) ɞɥя 

 N x


t =  θ0 ɫɭɬɨɤ). 

 

2.1.7. Ɉɰеɧɤа ɫɤɨɪɨɫти ɦеɞɥеɧɧɨɝɨ ɧеɣтɪɨɧɧɨ-ɹɞеɪɧɨɝɨ ɝɨɪеɧиɹ 
ɞɥɹ ɧаɞтеɩɥɨвɨɣ ɨɛɥаɫтеɣ ɷɧеɪɝии ɧеɣтɪɨɧɨв. 

ɋɨɝɥаɫɧɨ ɬɟɨɪɢɢ ɫɨɥɢɬɨɧɨɩɨɞɨɛɧɨɣ ɧɟɣɬɪɨɧɧɨɣ ɜɨɥɧɵ ɦɟɞɥɟɧɧɨɝɨ 
яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя, ɪаɡɪаɛɨɬаɧɧɨɣ ɧа ɨɫɧɨɜɟ ɬɟɨɪɢɢ ɤɜаɧɬɨɜɨɝɨ хаɨɫа ɜ 
ɪаɛɨɬах [106-110,233,234Ж ɫɤɨɪɨɫɬɢ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɞɨɥɠɧɵ 
ɭɞɨɜɥɟɬɜɨɪяɬɶ Вɢɝɧɟɪɨɜɫɤɨɦɭ ɪаɫɩɪɟɞɟɥɟɧɢɸ (ɫɦ. ɬаɤɠɟ ɪаɡɞɟɥ 1.1.2). 

Ɏаɡɨɜая ɫɤɨɪɨɫɬɶ  u  ɫɨɥɢɬɨɧɨɩɨɞɨɛɧɨɣ ɧɟɣɬɪɨɧɧɨɣ ɜɨɥɧɵ яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя 
ɩɪɟɞɨɩɪɟɞɟɥяɟɬɫя ɫɥɟɞɭɸщɢɦ ɩɪɢɛɥɢɠɟɧɧɵɦ ɪаɜɟɧɫɬɜɨɦ: 

            
Pu

кɪɢɬ
Pu

ɪаɜɧ

Pu

кɪɢɬ

NN

N
aaa

L

u
a 







4
,

9

64
exp

3

8

2

2
2

*

2

*

4

*

6

*




 
,                 (2.52) 

ɝɞɟ  *a  - ɛɟɡɪаɡɦɟɪɧɵɣ ɢɧɜаɪɢаɧɬ, ɡаɜɢɫящɢɣ ɨɬ ɩаɪаɩаɪаɦɟɬɪа *a ; Pu

ɪаɜɧN ɢ 
Pu

кɪɢɬN    ɪаɜɧɨɜɟɫɧая ɢ ɤɪɢɬɢчɟɫɤая ɤɨɧɰɟɧɬɪаɰɢɢ Pu
239

, L  ɫɪɟɞɧяя ɞɥɢɧа 
ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝа ɧɟɣɬɪɨɧɨɜ,   ɜɪɟɦя ɡаɞɟɪɠɤɢ, ɫɜяɡаɧɧɨɟ ɫ ɪɨɠɞɟɧɢɟɦ 
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аɤɬɢɜɧɨɝɨ (ɞɟɥящɟɝɨɫя) ɢɡɨɬɨɩа ɢ ɪаɜɧɨɟ ɷɮɮɟɤɬɢɜɧɨɦɭ ɩɟɪɢɨɞɭ ɪаɫɩаɞа 
ɩɪɨɦɟɠɭɬɨчɧɵх яɞɟɪ ɜ ɭɪаɧɩɥɭɬɨɧɢɟɜɨɦ ɰɢɤɥɟ Ɏɟɨɤɬɢɫɬɨɜа. 
 ɋ ɰɟɥɶɸ ɩɪɨɜɟɪɤɢ ɫɨɝɥаɫɢя ɫɤɨɪɨɫɬɢ ɦɟɞɥɟɧɧɨɝɨ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ 
ɝɨɪɟɧɢя ɩɪɢɪɨɞɧɨɝɨ ɭɪаɧа ɜ ɧаɞɬɟɩɥɨɜɨɣ ɨɛɥаɫɬɢ ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ (1,0 – 

7,0 ɷВ), ɩɨɥɭчɟɧɧɨɣ ɩɪɢ чɢɫɥɟɧɧɨɦ ɦɨɞɟɥɢɪɨɜаɧɢɢ, ɛɵɥɢ ɪаɫɫчɢɬаɧɵ 
ɫɨɨɬɜɟɬɫɬɜɭɸщɢɟ ɪаɜɧɨɜɟɫɧɵɟ ɢ ɤɪɢɬɢчɟɫɤɢɟ ɤɨɧɰɟɧɬɪаɰɢɣ ɞɥя ɩɥɭɬɨɧɢя 
βγ9 ɫɨɝɥаɫɧɨ ɜɵɪаɠɟɧɢяɦ (2.β8) ɢ (2.β9), а ɩɨ ɧɢɦ ɫɨɝɥаɫɧɨ ɫɨɨɬɧɨɲɟɧɢɸ 
(2.ηβ) ɩɨɥɭчɟɧа ɨɰɟɧɤа ɩаɪаɩаɪаɦɟɬɪа 2

*a  ɢ ɢɧɜаɪɢаɧɬа   *a . 

 Дɥя ɜɵчɢɫɥɟɧɢя ɪаɜɧɨɜɟɫɧɵɟ ɢ ɤɪɢɬɢчɟɫɤɢɟ ɤɨɧɰɟɧɬɪаɰɢɣ ɞɥя 
ɩɥɭɬɨɧɢя βγ9 ɫɨɝɥаɫɧɨ ɜɵɪаɠɟɧɢяɦ (2.β8) ɢ (2.β9) ɛɵɥɢ ɩɪɟɞɜаɪɢɬɟɥɶɧɨ 
ɪаɫɫчɢɬаɧɵ ɞɥя ɧаɞɬɟɩɥɨɜɨɣ ɨɛɥаɫɬɢ ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ (1,0 – 7,0 ɷВ) 
ɭɫɪɟɞɧɟɧɧɵɟ ɩɨ ɷɧɟɪɝɟɬɢчɟɫɤɨɦɭ ɫɩɟɤɬɪɭ ɧɟɣɬɪɨɧɨɜ ɫɟчɟɧɢя ɧɟɣɬɪɨɧɧɨ-

яɞɟɪɧɵх ɪɟаɤɰɢɣ, ɜхɨɞящɢɟ ɜ ɜɵɪаɠɟɧɢя (2.β8) ɢ (2.β9). ɍɫɪɟɞɧɟɧɢɟ ɫɟчɟɧɢɣ 
ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɵх ɪɟаɤɰɢɣ ɜ ɧаɞɬɟɩɥɨɜɨɣ ɨɛɥаɫɬɢ ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ (1,0 – 

7,0 ɷВ) ɩɪɨɜɨɞɢɥɨɫɶ ɩɨ ɧɟɣɬɪɨɧɧɨɦɭ ɫɩɟɤɬɪɭ, ɩɨɥɭчɟɧɧɨɦɭ ɢɡ ɫɩɟɤɬɪа 
ɧɟɣɬɪɨɧɨɜ ВВɊ, ɩɪɟɞɫɬаɜɥɟɧɧɨɦɭ ɧа ɪɢɫ. 2.θ, ɩɭɬɟɦ ɬаɤɨɝɨ ɟɝɨ ɫɞɜɢɝа ɜ 
ɧаɞɬɟɩɥɨɜɭɸ ɨɛɥаɫɬɶ, чɬɨɛɵ ɦаɤɫɢɦɭɦ ɫɩɟɤɬɪа ɧɟɣɬɪɨɧɨɜ ɫɨɨɬɜɟɬɫɬɜɨɜаɥ 
ɷɧɟɪɝɢɢ ɧɟɣɬɪɨɧɨɜ ɪаɜɧɨɣ γ ɷВ. Ȼɵɥɢ ɩɨɥɭчɟɧɵ ɫɥɟɞɭɸщɢɟ ɡɧачɟɧɢя: 

ɛPu

c 43,5 , ɛPu

f 05,26 , ɛc 68,251238  , ɛf 0001.0238  , ɛc 49,41235  , 

ɛf 60,19235  , ɛc 684,239  , ɛf 641,239  ; 

323 110852.3
~ ɫɦN

Pu

ɪаɜɧ 
 

ɢ 322 110097.4
~ ɫɦN

Pu

кɪɢɬ  ;  

5418,0* a    ɢ     5144,0*  a .       (2.53) 

ɉɨɥɭчɟɧɧая ɞɥя ɦɟɞɥɟɧɧɨɝɨ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɩɪɢɪɨɞɧɨɝɨ 
ɭɪаɧа ɜ ɧаɞɬɟɩɥɨɜɨɣ ɨɛɥаɫɬɢ ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ (1,0 – 7,0 ɷВ) ɨɰɟɧɤа 
ɩаɪаɩаɪаɦɟɬɪа *a  ɢ ɢɧɜаɪɢаɧɬа   *a  ɩɪɟɞɫɬаɜɥɟɧа ɧа ɪɢɫ. 2.16. 

Ɉɰɟɧɤа ɠɟ ɮаɡɨɜɨɣ ɫɤɨɪɨɫɬɢ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɩɪɢɪɨɞɧɨɝɨ 
ɭɪаɧа ɜ ɧаɞɬɟɩɥɨɜɨɣ ɨɛɥаɫɬɢ ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ, ɩɨɥɭчɟɧɧая ɩɨ 
ɩɪɟɞɫɬаɜɥɟɧɧɵɦ  ɜ ɪаɡɞɟɥɟ 2.1.6 ɪɟɡɭɥɶɬаɬаɦ чɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜаɧɢя 
(ɧаɩɪɢɦɟɪ, ɫɦ. ɪɢɫ. 2.9) ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɪаɜɧа: 

  ɫɫɦɫɫɦuɱɢɫɥ
310160121  .    (2.54) 

ɋɪɟɞɧяя ɞɥɢɧа ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝа ɞɥя ɧɟɣɬɪɨɧɨɜ ɭɤаɡаɧɧɨɣ ɧаɞɬɟɩɥɨɜɨɣ 
ɨɛɥаɫɬɢ ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ ɪаɜɧа: 

  ɫɦ
ɫɦɫɦtN

L
ca

45,4
1048,01068,4

1

0

11
323224

8

9
  .  (2.55) 

Ɂɞɟɫɶ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, чɬɨ ɜ ɩɪɟɞɵɞɭщɟɦ ɜɵɪаɠɟɧɢɢ (2.η4) ɞɥя 
ɨɰɟɧɤɢ ɭɫɪɟɞɧɟɧɧɨɣ ɞɥɢɧа ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝа ɞɥя ɧɟɣɬɪɨɧɨɜ ɦɵ ɜɦɟɫɬɨ 
ɫɟчɟɧɢя ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа ɞɥя ɭɪаɧа βγ8 ɢɫɩɨɥɶɡɨɜаɥɢ ɡɧачɟɧɢɟ 
ɫɟчɟɧɢɟ ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа ɞɥя ɭɪаɧа βγ9, ɬаɤ ɤаɤ ɩɪɢ ɡаɞаɧɧɨɣ ɩɪɢ 



138 

 

ɪаɫчɟɬɟ ɩɥɨɬɧɨɫɬɢ ɩɨɬɨɤа ɧɟɣɬɪɨɧɨɜ ɭɪаɧ βγ8 ɜ ɪɟɡɭɥɶɬаɬɟ ɪɟаɤɰɢɢ 
ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа ɧɟɣɬɪɨɧɨɜ ɡа ɨчɟɧɶ ɤɨɪɨɬɤɨɟ ɜɪɟɦя ɩɪɟɜɪащаɟɬɫя ɜ 
ɭɪаɧ βγ9.  

 

 

Ɋɢɫ. 2.16. Тɟɨɪɟɬɢчɟɫɤая (ɫɩɥɨɲɧая ɥɢɧɢя) ɢ ɪаɫчɟɬɧая (ɬɨчɤɢ) ɡаɜɢɫɢɦɨɫɬɶ ɞɥя 
ɮаɡɨɜɵх ɫɤɨɪɨɫɬɟɣ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя (a)=u/2L ɨɬ ɩаɪа-ɩаɪаɦɟɬɪа a[110], 

ɩɪɟɞɫɬаɜɥɟɧɧая ɜ Д110Ж ɢ ɞɨɩɨɥɧɟɧɧая ɨɰɟɧɤɨɣ, ɩɨɥɭчɟɧɧɨɣ ɜ ɞаɧɧɨɣ ɪаɛɨɬɟ ɞɥя 
ɦɟɞɥɟɧɧɨɝɨ ɜɨɥɧɨɜɨɝɨ ɝɨɪɟɧɢя ɩɪɢɪɨɞɧɨɝɨ ɭɪаɧа ɜ ɧаɞɬɟɩɥɨɜɨɣ ɨɛɥаɫɬɢ ɷɧɟɪɝɢɣ 
ɧɟɣɬɪɨɧɨɜ (1,0 – 7,0 ɷВ). 
 

Таɤɢɦ ɨɛɪаɡɨɦ, ɧа  ɨɫɧɨɜɟ ɪɟɡɭɥɶɬаɬɨɜ чɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜаɧɢя 
ɩɨɥɭчɢɦ ɫɥɟɞɭɸщɭɸ ɨɰɟɧɤɭ ɢɧɜаɪɢаɧɬа  яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя: 
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.    (2.56) 

Ɉɰɟɧɤɭ Lu  ɬаɤɠɟ ɦɨɠɧɨ ɩɨɥɭчɢɬɶ ɢɡ ɜɵɪаɠɟɧɢя (2.52), ɡɧая ɡɧачɟɧɢя 
ɞɥя ɢɧɜаɪɢаɧɬа   , ɩɪɟɞɫɬаɜɥɟɧɧɨɟ ɜ (2.ηγ),  ɢ  . Дɟɣɫɬɜɢɬɟɥɶɧɨ, 
ɫɨɝɥаɫɧɨ (2.ηβ) ɩɨɥɭчɢɦ: 
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 .   (2.57) 

ɋɪаɜɧɟɧɢɟ ɡɧачɟɧɢɣ (2.ηθ) ɢ (2.η7) ɩɨɡɜɨɥяɟɬ ɫɞɟɥаɬɶ ɜɵɜɨɞ ɨ ɢх 
хɨɪɨɲɟɦ ɫɨɝɥаɫɢɢ. Ɉɬɥɢчɢɟ ɡɧачɟɧɢя ɢɧɜаɪɢаɧɬа (2.ηθ), ɩɨɥɭчɟɧɧɨɝɨ ɩɨ 
ɪɟɡɭɥɶɬаɦ чɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜаɧɢя, ɨɬ ɬɟɨɪɟɬɢчɟɫɤɨɣ ɨɰɟɧɤɢ (2.57) 

ɦɨɠɟɬ ɛɵɬɶ ɜɵɡаɧɨ ɬɟɦ, чɬɨ ɩɪɢ чɢɫɥɟɧɧɨɦ ɦɨɞɟɥɢɪɨɜаɧɢɢ 
ɢɫɩɨɥɶɡɨɜаɥɨɫɶ ɨɞɧɨɝɪɭɩɩɨɜɨɟ ɞɢɮɮɭɡɢɨɧɧɨɟ ɩɪɢɛɥɢɠɟɧɢɟ ɬɟɨɪɢɢ 
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ɩɟɪɟɧɨɫа ɧɟɣɬɪɨɧɨɜ ɢ ɜɫɥɟɞɫɬɜɢɢ ɷɬɨɝɨ ɞɥя ɜхɨɞɧɵх ɪаɫчɟɬɧɵх ɞаɧɧɵх 
ɡаɞаɜаɥɢɫɶ ɡɧачɟɧɢя ɫɟчɟɧɢɣ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɵх ɪɟаɤɰɢɣ (2.51), 

ɩɨɥɭчɟɧɧɵɟ ɭɫɪɟɞɧɟɧɢɟɦ ɩɨ ɷɧɟɪɝɟɬɢчɟɫɤɨɦɭ ɞɢаɩаɡɨɧɭ ɧаɞɬɟɩɥɨɜɢх 
ɷɧɟɪɝɢɣ (0,1 – 7,0 ɷВ) ɛɟɡ ɭчɟɬа ɜɢɞа ɷɧɟɪɝɟɬɢчɟɫɤɨɝɨ ɫɩɟɤɬɪа ɧɟɣɬɪɨɧɨɜ, 
чɬɨ ɞɥя ɤɨɷɮɮɢɰɢɟɬа ɞɢɮɮɭɡɢɢ ɢ ɫɤɨɪɨɫɬɢ ɧɟɣɬɪɨɧɨɜ ɡаɞаɜаɥɢɫɶ 
ɡɧачɟɧɢя, ɫɨɨɬɜɟɫɬɜɭɸщɢɟ ɷɧɟɪɝɢɢ 1 Эɜ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, чɬɨ ɭɦɟɧɶɲɟɧɢɟ ɫɤɨɪɨɫɬɢ ɜɨɥɧɨɜɨɝɨ ɝɨɪɟɧɢя 
ɩɥɭɬɨɧɢя ɜɨ ɜɬɨɪɨɦ ɦɨɞɟɥɢɪɭɸщɟɦ ɪаɫчɟɬɟ ɩɨ ɫɪаɜɧɟɧɢɸ ɫ ɩɟɪɜɵɦ 
ɪаɫчɟɬɨɦ, ɨɛɭɫɥɨɜɥɟɧɧɨɟ  ɭɜɟɥɢчɟɧɢɟɦ ɧа ɩɨɪяɞɨɤ ɜɟɥɢчɢɧɵ 
ɷɮɮɟɤɬɢɜɧɨɝɨ ɫɟчɟɧɢя ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа ɧɟɣɬɪɨɧɨɜ ɞɥя ɨɫɤɨɥɤɨɜ 
ɞɟɥɟɧɢя ɢ яɞɟɪ-«ɲɥаɤɨɜ», хɨɪɨɲɨ ɫɨɝɥаɫɭɟɬɫя ɫ ɜɢɞɨɦ ɜɵɪаɠɟɧɢя ɞɥя 
ɮаɡɨɜɨɣ ɫɤɨɪɨɫɬɢ ɜɨɥɧɨɜɨɝɨ ɝɨɪɟɧɢя ɡаɞаɜаɟɦɨɝɨ Вɢɝɧɟɪɨɜɫɤɢɦ 
ɪаɫɩɪɟɞɟɥɟɧɢɟɦ (2.ηβ) ɢ ɜɵɪаɠɟɧɢяɦɢ (2.β8) ɢ (2.β9) (ɢɥɢ аɧаɥɨɝɢчɧɵɦɢ 
ɢɦ (2.β1) ɢ (2.ββ)) ɞɥя ɪаɜɧɨɜɟɫɧɨɣ ɢ ɤɪɢɬɢчɟɫɤɨɣ ɤɨɧɰɟɧɬɪаɰɢɣ ɩɥɭɬɨɧɢя. 
Дɟɣɫɬɜɢɬɟɥɶɧɨ, ɭɜɟɥɢчɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɝɨ ɫɟчɟɧɢя ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа 
ɧɟɣɬɪɨɧɨɜ ɞɥя ɨɫɤɨɥɤɨɜ ɞɟɥɟɧɢя ɢ яɞɟɪ-«ɲɥаɤɨɜ» ɫɨɝɥаɫɧɨ ɜɵɪаɠɟɧɢɸ 
(2.β8) ɧɟ ɢɡɦɟɧяɟɬ ɨɰɟɧɤɭ ɞɥя ɪаɜɧɨɜɟɫɧɨɣ ɤɨɧɰɟɧɬɪаɰɢɢ ɩɥɭɬɨɧɢя ɢ 
ɫɨɝɥаɫɧɨ ɜɵɪаɠɟɧɢɸ (2.β9) ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢчɟɧɢɸ ɩɟɪɜɨɝɨ ɫɥаɝаɟɦɨɝɨ ɜ 
чɢɫɥɢɬɟɥɟ ɜɵɪаɠɟɧɢя  (2.β9), чɬɨ ɜɵɡɵɜаɟɬ ɭɜɟɥɢчɟɧɢɟ ɨɰɟɧɤɢ ɞɥя 
ɤɪɢɬɢчɟɫɤɨɣ ɤɨɧɰɟɧɬɪаɰɢɢ ɩɥɭɬɨɧɢя. ɍɜɟɥɢчɟɧɢɟ ɤɪɢɬɢчɟɫɤɨɣ 
ɤɨɧɰɟɬɪаɰɢɢ ɩɥɭɬɨɧɢя ɩɪɢ ɧɟɢɡɦɟɧɧɨɣ ɪаɜɧɨɜɟɫɧɨɣ ɤɨɧɰɟɧɬɪаɰɢɢ 
ɩɥɭɬɨɧɢя ɢ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɭɫɥɨɜɢя ɝɨɪɟɧɢя Pu

кɪɢɬ
Pu

ɪаɜɧ NN
239
94

239
94

~~ 
 ɫɨɝɥаɫɧɨ 

ɜɵɪаɠɟɧɢɸ (2.ηβ) ɞɥя ɩаɪаɩаɪаɦɟɬɪа  *a
 ɩɪɢɜɨɞɢɬ ɤ ɟɝɨ ɭɜɟɥɢчɟɧɢɸ, ɬаɤ 

ɤаɤ ɪаɫɬɟɬ чɢɫɥɢɬɟɥɶ ɢ ɭɦɟɧɶɲаɟɬɫя ɡɧаɦɟɧаɬɟɥɶ ɜɵɪаɠɟɧɢя (2.ηβ) ɞɥя 
ɩаɪаɩɪаɦɟɬɪа, а ɬаɤɨɟ ɭɜɟɥɢчɟɧɢɟ ɩаɪаɩаɪаɦɟɬɪа ɜɵɡɵɜаɟɬ ɭɦɟɧɶɲɟɧɢɟ 
ɮаɡɨɜɨɣ ɫɤɨɪɨɫɬɢ ɜɨɥɧɨɜɨɝɨ ɝɨɪɟɧɢя ɩɥɭɬɨɧɢя ɬаɤɠɟ ɫɨɝɥаɫɧɨ ɜɵɪаɠɟɧɢɸ 
(2.52). 

 

2.2. Ɂаɤɥɸɱеɧие. 

Вɩɟɪɜɵɟ ɫɮɨɪɦɭɥɢɪɨɜаɧ ɨɛщɢɣ ɤɪɢɬɟɪɢɣ ɪɟаɥɢɡаɰɢɢ ɜɨɥɧɨɜɵх 
ɪɟɠɢɦɨɜ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя, ɤаɤ ɜɨɥɧɵ Ахɢɟɡɟɪа, ɬаɤ ɢ ɜɨɥɧɵ 
Ɏɟɨɤɬɢɫɬɨɜа [218,219,229,230]. 

Дɥя ɞɟɥящɟɣɫя ɫɪɟɞɵ, ɩɟɪɜɨɧачаɥɶɧɨ ɫɨɫɬɨящɟɣ ɢɡ ɭɪаɧа βγ8, ɜɩɟɪɜɵɟ 
ɩɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜаɧɢя ɜɵɩɨɥɧɟɧɢя ɤɪɢɬɟɪɢя ɜɨɥɧɨɜɨɝɨ ɝɨɪɟɧɢя ɜ 
ɲɢɪɨɤɨɦ ɞɢаɩаɡɨɧɟ ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ ɢ ɜɩɟɪɜɵɟ ɨɛɧаɪɭɠɟɧа ɜɨɡɦɨɠɧɨɫɬɶ 
ɜɨɥɧɨɜɨɝɨ яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɧɟ ɬɨɥɶɤɨ ɜ ɨɛɥаɫɬɢ ɛɵɫɬɪɵх ɧɟɣɬɪɨɧɨɜ, ɧɨ ɢ 
ɞɥя хɨɥɨɞɧɵх, ɧаɞɬɟɩɥɨɜɵх ɢ ɪɟɡɨɧаɧɫɧɵх ɧɟɣɬɪɨɧɨɜ [218,219,229,230]. 

Вɩɟɪɜɵɟ ɩɪɟɞɫɬаɜɥɟɧɵ ɪɟɡɭɥɶɬаɬɵ ɢɫɫɥɟɞɨɜаɧɢя ɜɵɩɨɥɧɟɧɢя  ɤɪɢɬɟɪɢя 
Ɏɟɨɤɬɢɫɬɨɜа ɞɥя ɞɟɥящɟɣɫя ɫɪɟɞɵ, ɩɟɪɜɨɧачаɥɶɧɨ ɫɨɫɬɨящɟɣ ɢɡ ɭɪаɧа βγ8 ɫ 
ɨɛɨɝащɟɧɢяɦɢ 4,γ8 %, β,00 %, 1,00 %, 0,71 % ɢ 0,η0% ɩɨ ɭɪаɧɭ βγη, ɜ  
ɨɛɥаɫɬɢ ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ 0,01η – 10,00 ɷВ. Эɬɢ ɪɟɡɭɥɶɬаɬɵ 
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ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɜɨɡɦɨɠɧɨɫɬɢ ɪɟаɥɢɡаɰɢɢ ɪɟɠɢɦа ɦɟɞɥɟɧɧɨɝɨ ɜɨɥɧɨɜɨɝɨ 
ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɵх ɫɪɟɞ, ɩɟɪɜɨɧачаɥɶɧɨ (ɞɨ 
ɩɪɨɰɟɫɫа ɢɧɢɰɢаɰɢɢ ɜɨɥɧɨɜɨɝɨ ɪɟɠɢɦа ɝɨɪɟɧɢя ɫ ɩɨɦɨщɶɸ ɜɧɟɲɧɟɝɨ 
ɢɫɬɨчɧɢɤа ɧɟɣɬɪɨɧɨɜ) ɢɦɟɸщɢɟ ɨɛɨɝащɟɧɢя ɩɨ ɭɪаɧɭ βγη, ɫɨɨɬɜɟɫɬɭɜɸщɢɟ 
ɩɨɞɤɪɢɬɢчɟɫɤɨɦɭ ɫɨɫɬɨяɧɢɸ,  ɜ ɨɛɥаɫɬɢ хɨɥɨɞɧɵх, ɬɟɩɥɨɜɵх, ɧаɞɬɟɩɥɨɜɵх ɢ 
ɪɟɡɨɧаɧɫɧɵх ɧɟɣɬɪɨɧɨɜ [218,219,229,230]. 

Дɥя ɩɨɞɬɜɟɪɠɞɟɧɢя ɫɩɪаɜɟɞɥɢɜɨɫɬɢ ɜɵɜɨɞɨɜ, ɨɫɧɨɜаɧɧɵх ɧа аɧаɥɢɡɟ 
ɜɵɩɨɥɧɟɧɢя ɤɪɢɬɟɪɢя ɦɟɞɥɟɧɧɨɝɨ ɜɨɥɧɨɜɨɝɨ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɜ 
ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɷɧɟɪɝɢɢ ɧɟɣɬɪɨɧɨɜ, ɛɵɥɨ ɜɩɟɪɜɵɟ ɩɪɨɜɟɞɟɧɨ чɢɫɥɟɧɧɨɟ 
ɦɨɞɟɥɢɪɨɜаɧɢɟ ɦɟɞɥɟɧɧɨɝɨ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɩɪɢɪɨɞɧɨɝɨ ɭɪаɧа ɜ 
ɧаɞɬɟɩɥɨɜɨɣ ɨɛɥаɫɬɢ ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ (1,0-7,0 ɷВ). ɉɪɟɞɫɬаɜɥɟɧɧɵɟ 
ɪɟɡɭɥɶɬаɬɵ чɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜаɧɢя ɜɨɥɧɨɜɨɝɨ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ 
ɦɟɞɥɟɧɧɨɝɨ ɝɨɪɟɧɢя ɩɪɢɪɨɞɧɨɝɨ ɭɪаɧа ɜ ɧаɞɬɟɩɥɨɜɨɣ ɨɛɥаɫɬɢ ɷɧɟɪɝɢɣ 
ɧɟɣɬɪɨɧɨɜ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɪɟаɥɢɡаɰɢɢ ɬаɤɨɝɨ ɪɟɠɢɦа [229,230]. 

Вɩɟɪɜɵɟ ɞɟɥаɟɬɫя ɨɛɨɫɧɨɜаɧɧɵɣ ɪɟɡɭɥɶɬаɬаɦɢ ɪаɫчɟɬɨɜ ɜɵɜɨɞ ɨ 
ɜɨɡɦɨɠɧɨɫɬɢ ɫɨɡɞаɧɢя ɬɟɩɥɨɜɨɝɨ ɜɨɥɧɨɜɨɝɨ яɞɟɪɧɨɝɨ ɪɟаɤɬɨɪа, ɜ ɤɨɬɨɪɨɦ ɜ 
ɤачɟɫɬɜɟ ɬɨɩɥɢɜа ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜаɧ ɩɪɢɪɨɞɧɵɣ ɭɪаɧ ɜ ɪаɡɥɢчɧɵх ɟɝɨ 
ɜɢɞах [229,230]. А ɬаɤɠɟ ɜɵɜɨɞ ɨ ɬɨɦ, чɬɨ ɥɟɝɤɨɜɨɞɧɵɟ ɬɟɩɥɨɜɵɟ ɪɟаɤɬɨɪɵ ɫ 
ɬɨɩɥɢɜɨɦ ɧа ɩɪɢɪɨɞɧɨɦ ɭɪаɧɟ ɩɨɞхɨɞяɬ ɞɥя ɜɨɥɧɨɜɨɝɨ ɝɨɪɟɧɢя ɩɥɭɬɨɧɢя 
βγ9. В ɬяɠɟɥɨɜɨɞɧɨɦ ɪɟаɤɬɨɪɟ ɧа ɩɪɢɪɨɞɧɨɦ ɭɪаɧɟ ɧɟ ɛɭɞɟɬ ɨɛɥаɫɬɢ, ɜ 
ɤɨɬɨɪɨɣ ɤɪɢɬɢчɟɫɤая ɤɨɧɰɟɧɬɪаɰɢя ɩɨ ɩɥɭɬɨɧɢɸ ɛɵɥа ɛɵ ɛɨɥɶɲɟ ɧɭɥя, а, 
ɫɥɟɞɨɜаɬɟɥɶɧɨ, ɧɟ ɦɨɠɟɬ ɪɟаɥɢɡɨɜаɬɶɫя ɪɟɠɢɦ ɦɟɞɥɟɧɧɨɝɨ ɜɨɥɧɨɜɨɝɨ 
ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя (ɜɨɥɧа Ɏɟɨɤɬɢɫɬɨɜа). Эɬɨ ɠɟ ɨɬɧɨɫɢɬɫя ɢ ɤ 
ɪɟаɤɬɨɪаɦ ɧа ɩɪɢɪɨɞɧɨɦ ɭɪаɧɟ ɫ ɝаɡɨɜɵɦ ɬɟɩɥɨɧɨɫɢɬɟɥɟɦ. В ɷɬɢх ɪɟаɤɬɨɪах 
ɜɨɡɦɨɠɧɨ, ɦɟɞɥɟɧɧɨɟ ɜɨɥɧɨɜɨɟ яɞɟɪɧɨɟ ɝɨɪɟɧɢɟ ɞɥя ɬɨɩɥɢɜа ɫ ɧаɫɬɨɥɶɤɨ 
ɦɟɧɶɲɢɦ ɨɛɨɝащɟɧɢɟɦ ɩɨ ɭɪаɧɭ βγη, чɬɨɛɵ ɫɭщɟɫɬɜɨɜаɥа ɜ ɬɟɩɥɨɜɨɣ 
ɨɛɥаɫɬɢ ɷɧɟɪɝɢɣ ɨɛɥаɫɬɶ ɤɪɢɬɢчɧɨɫɬɢ ɩɨ ɩɥɭɬɨɧɢɸ βγ9, ɧаɩɪɢɦɟɪ, ɩɨɞɨɣɞɟɬ 
ɬɟхɧɢчɟɫɤɢɣ ɭɪаɧ ɢɥɢ ɭɠɟ ɨɬɪаɛɨɬаɧɧɨɟ яɞɟɪɧɨɟ ɬɨɩɥɢɜɨ, ɫ ɩɨɞхɨɞящɢɦ 
ɜɵɝɨɪаɧɢɟɦ. 

Таɤɢɦ ɨɛɪаɡɨɦ, ɜɩɟɪɜɵɟ ɞɟɥаɟɬɫя ɨɛɨɫɧɨɜаɧɧɵɣ ɪаɫчɟɬаɦɢ ɜɵɜɨɞ ɨ 
ɜɨɡɦɨɠɧɨɫɬɢ ɫɨɡɞаɧɢя ɜɨɥɧɨɜɵх яɞɟɪɧɵх ɪɟаɤɬɨɪɨɜ ɧа хɨɥɨɞɧɵх, ɬɟɩɥɨɜɵх, 
ɧаɞɬɟɩɥɨɜɵх ɢ ɪɟɡɨɧаɧɫɧɵх ɧɟɣɬɪɨɧах, а ɧɟ ɬɨɥɶɤɨ ɧа ɛɵɫɬɪɵх ɧɟɣɬɪɨɧах 

[218,219,229,230]. Эɬɨ ɤɪаɣɧɟ ɜаɠɧɨ ɩɨ ɪяɞɭ ɩɪɢчɢɧ, ɝɥаɜɧɵɟ ɢɡ ɤɨɬɨɪɵх 
ɫɥɟɞɭɸщɢɟ. Вɨ-ɩɟɪɜɵх, ɪɟɲаɟɬɫя ɩɪɨɛɥɟɦа ɪаɞɢаɰɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ 
ɦаɬɟɪɢаɥɨɜ аɤɬɭаɥɶɧая ɞɥя ɛɵɫɬɪɵх ɜɨɥɧɨɜɵх ɪɟаɤɬɨɪɨɜ Дβ17Ж, ɬаɤ ɤаɤ 
ɩɪɢɦɟɪɧɨ ɧа ɲɟɫɬɶ ɩɨɪяɞɤɨɜ ɫɧɢɠаɟɬɫя ɷɧɟɪɝɢя ɧɟɣɬɪɨɧɨɜ (ɨɬ з 1ɆɷВ ɞɨ з 
1ɷВ), а, ɫɥɟɞɨɜаɬɟɥɶɧɨ, ɬаɤɠɟ ɫɧɢɠаɟɬɫя ɢ ɢɧɬɟɝɪаɥɶɧɵɣ ɮɥɸɟɧɫ ɧа ɦаɬɟɪɢаɥ 
ɫɬɟɧɤɢ ɬɜɷɥа. Ɉɞɧаɤɨ хɨчɟɬɫя ɨɛɪаɬɢɬɶ ɜɧɢɦаɧɢɟ ɧа ɬɨ, чɬɨ ɤаɤ ɫɥɟɞɭɟɬ ɢɡ 
ɪɟɡɭɥɶɬаɬɨɜ, ɩɪɟɞɫɬаɜɥɟɧɧɵх ɧа ɪɢɫ. 2.3, ɤɪɢɬɟɪɢɣ ɜɨɥɧɨɜɨɝɨ ɝɨɪɟɧɢя 
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ɜɵɩɨɥɧяɟɬɫя ɧɟ ɬɨɥɶɤɨ ɞɥя ɛɵɫɬɪɵх ɪɟаɤɬɨɪɨɜ ɫ ɠɟɫɬɤɢɦ ɫɩɟɤɬɪɨɦ (ɫɪɟɞɧяя 
ɷɧɟɪɝɢя ɧɟɣɬɪɨɧɨɜ з 1ɆɷВ), ɧɨ ɢ ɞɥя ɛɵɫɬɪɵх ɪɟаɤɬɨɪɨɜ ɫɨ ɫɦяɝчɟɧɧɵɦ 
ɧɟɣɬɪɨɧɧɵɦ ɫɩɟɤɬɪɨɦ (ɫɪɟɞɧяя ɷɧɟɪɝɢя ɧɟɣɬɪɨɧɨɜ з ɦɟɧɶɲɟ 100 ɤɷВ ɢ 
ɞɨɫɬаɬɨчɧɨ ɜɟɥɢɤ «хɜɨɫɬ» ɫɩɟɤɬɪа ɧɟɣɬɪɨɧɨɜ ɫ ɷɧɟɪɝɢɟɣ ɦɟɧɟɟ 10 ɤɷВ, 
ɧаɩɪɢɦɟɪ, Д154Ж). А ɪɟɲɟɧɢɟ ɩɪɨɛɥɟɦɵ ɪаɞɢаɰɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ ɦаɬɟɪɢаɥɨɜ 
аɤɬɭаɥɶɧая ɞɥя ɛɵɫɬɪɵх ɜɨɥɧɨɜɵх ɪɟаɤɬɨɪɨɜ ɫ ɠɟɫɬɤɢɦ ɫɩɟɤɬɪɨɦ ɧɟɣɬɪɨɧɨɜ, 
ɬɪɟɛɭɟɬ ɫɨɡɞаɧɢя ɧɨɜɵх ɤɨɧɫɬɪɭɤɰɢɨɧɧɵх ɦаɬɟɪɢаɥɨɜ ɞɥя ɫɬɟɧɤɢ ɬɜɷɥа, 
ɜɵɞɟɪɠɢɜаɸщɢх ɪаɞɢаɰɢɨɧɧɭɸ ɧаɝɪɭɡɤɭ ɜ η00 ɫɧа (ɫɦɟщɟɧɢɣ ɧа аɬɨɦ), 
ɬɨɝɞа, ɤаɤ ɪаɛɨɬаɸщɢɟ ɫɟɝɨɞɧя ɦаɬɟɪɢаɥɵ ɜɵɞɟɪɠɢɜаɸɬ з 100 ɫɧа (ɫɦ. 
[217Ж), ɬɨ ɟɫɬɶ, ɧɟɨɛхɨɞɢɦɨ ɭɜɟɥɢчɟɧɢɟ ɪаɞɢаɰɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ ɜ ɩяɬɶ ɪаɡ. 
ɉɨɷɬɨɦɭ, ɜɨɡɦɨɠɧɨ, ɪɟɲɢɬɶ ɫɭщɟɫɬɜɭɸщɭɸ ɩɪɨɛɥɟɦɭ ɪаɞɢаɰɢɨɧɧɨɣ 
ɫɬɨɣɤɨɫɬɢ ɦаɬɟɪɢаɥɨɜ ɞɥя ɛɵɫɬɪɵх ɜɨɥɧɨɜɵх ɪɟаɤɬɨɪɨɜ ɫ ɠɟɫɬɤɢɦ ɫɩɟɤɬɪɨɦ 
ɧɟɣɬɪɨɧɨɜ ɦɨɠɧɨ ɛɭɞɟɬ ɧа ɩɭɬɢ ɫɨɡɞаɧɢя ɛɵɫɬɪɵх ɜɨɥɧɨɜɵх ɪɟаɤɬɨɪɨɜ ɫɨ 
ɫɦяɝчɟɧɧɵɦ ɧɟɣɬɪɨɧɧɵɦ ɫɩɟɤɬɪɨɦ, ɬаɤ ɤаɤ ɩɟɪɟхɨɞ ɤ ɬаɤɢɦ ɪɟаɤɬɨɪаɦ 
ɫɧɢɠаɟɬ ɪаɞɢаɰɢɨɧɧɭɸ ɧаɝɪɭɡɤɭ ɧа ɩɨɪяɞɨɤ. Ɉɬɦɟɬɢɦ ɬаɤɠɟ, чɬɨ ɞɥя 
ɜɨɥɧɨɜɵх ɪɟаɤɬɨɪɨɜ, ɪаɛɨɬаɸщɢх ɜ ɜɵɲɟɭɤаɡаɧɧɵх ɞɢаɩаɡɨɧах ɷɧɟɪɝɢɣ 
ɧɟɣɬɪɨɧɨɜ, ɫɧɢɦаɟɬɫя ɡаɩɪɟɬ, ɞɟɣɫɬɜɭɸщɢɣ ɞɥя ɨɛɵчɧɵх ɬɟɩɥɨɜɵх 
ɪɟаɤɬɨɪɨɜ, ɧа ɢɫɩɨɥɶɡɨɜаɧɢɟ ɫɬаɥɟɣ ɤаɤ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵх ɦаɬɟɪɢаɥɨɜ 
аɤɬɢɜɧɨɣ ɡɨɧɵ ɢ ɧɟɨɛхɨɞɢɦɨɫɬɶ ɢɫɩɨɥɶɡɨɜаɧɢя ɞɥя ɷɬɨɝɨ ɞɨɪɨɝɨɫɬɨящɢх 
аɥɸɦɢɧɢɟɜɵх ɢ ɰɢɪɤɨɧɢɟɜɵх ɫɩɥаɜɨɜ, ɬаɤ ɤаɤ ɞɥя ɜɨɥɧɨɜɵх ɪɟаɤɬɨɪɨɜ ɧɟɬ 
ɧɟɨɛхɨɞɢɦɨɫɬɢ ɜ ɫɛɟɪɟɠɟɧɢɢ ɧɟɣɬɪɨɧɨɜ ɞɥя ɨɛɟɫɩɟчɟɧɢя ɰɟɩɧɨɣ ɪɟаɤɰɢɢ, ɢ, 
ɫɥɟɞɨɜаɬɟɥɶɧɨ, ɩɨяɜɥяɟɬɫя ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɤɥɸчɟɧɢя ɨɩаɫɧɨɫɬɢ ɩɪɨɬɟɤаɧɢя 
ɩаɪɨɰɢɪɤɨɧɢɟɜɨɣ ɪɟаɤɰɢɢ ɫ ɩɨɫɥɟɞɭɸщɢɦ ɜɡɪɵɜɨɦ ɜɨɞɨɪɨɞɧɨɣ ɫɦɟɫɢ 
[227,231,232Ж. Вɨ-ɜɬɨɪɵх, ɜɨɥɧɨɜɵɟ ɪɟаɤɬɨɪɵ ɧа ɪɟɡɨɧаɧɫɧɵх ɧɟɣɬɪɨɧах 
ɦɨɝɭɬ ɛɵɬɶ ɪɟаɤɬɨɪаɦɢ ɬɪаɧɫɦɭɬаɬɨɪаɦɢ ɧаɢɛɨɥɟɟ ɨɩаɫɧɵх ɞɥя ɛɢɨɫɮɟɪɵ 
ɧɭɤɥɢɞɨɜ, яɜɥяɸщɢхɫя ɨɫɤɨɥɤаɦɢ ɞɟɥɟɧɢɣ ɬɨɩɥɢɜɧɵх ɧɭɤɥɢɞɨɜ (ɬаɤ 
ɧаɡɵɜаɟɦая, ɛɢɨɫɨɜɦɟɫɬɢɦɨɫɬɶ яɞɟɪɧɨɝɨ ɪɟаɤɬɨɪа ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢя). В-

ɬɪɟɬɶɢх, ɪɟаɥɢɡаɰɢя ɪɟаɤɬɨɪɨɜ ɧа хɨɥɨɞɧɵх ɧɟɣɬɪɨɧах ɫɟɪɶɟɡɧɨ ɭɩɪɨщаɟɬ ɢх 
ɪаɞɢаɰɢɨɧɧɭɸ ɡащɢɬɭ ɢɡ-ɡа ɦаɥɨɣ ɩɪɨɧɢɤаɸщɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɧɟɣɬɪɨɧɨɜ 
ɷɬɢх ɷɧɟɪɝɢɣ, чɬɨ ɜ ɫɨчɟɬаɧɢɢ ɫ ɜɧɭɬɪɟɧɧɟɣ ɛɟɡɨɩаɫɧɨɫɬɶɸ ɜɨɥɧɨɜɵх 
ɪɟаɤɬɨɪɨɜ, ɦɨɠɟɬ ɨɛɟɫɩɟчɢɬɶ ɢх ɲɢɪɨɤɨɟ ɪаɫɩɪɨɫɬɪаɧɟɧɢɟ. В-чɟɬɜɟɪɬɵх, 
ɤɪаɣɧɢɣ ɢɧɬɟɪɟɫ ɜɵɡɵɜаɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɪɟаɥɢɡаɰɢɢ ɜɨɥɧɨɜɨɝɨ ɪɟаɤɬɨɪа ɜ 
ɧаɞɬɟɩɥɨɜɨɣ ɨɛɥаɫɬɢ ɧɟɣɬɪɨɧɨɜ (ɦаɤɫɢɦɭɦ ɪаɫɩɪɟɞɟɥɟɧɢя ɧɟɣɬɪɨɧɨɜ 
ɦаɤɫɜɟɥɥɨɜɫɤɨɝɨ ɬɢɩа ɜ ɨɛɥаɫɬɢ ɨɬ γɷВ ɞɨ 7 ɷВ), ɬаɤ ɤаɤ ɜ ɷɬɨɦ ɫɥɭчаɟ ɪɟɡɤɨ 
ɫɧɢɠаɸɬɫя (ɩɪɢɦɟɪɧɨ, ɧа ɬɪɢ - чɟɬɵɪɟ ɩɨɪяɞɤа) ɬɪɟɛɨɜаɧɢя ɤ ɩɥɨɬɧɨɫɬɢ 
ɩɨɬɨɤа ɜɧɟɲɧɟɝɨ ɢɫɬɨчɧɢɤа ɧɟɣɬɪɨɧɨɜ, ɨɛɟɫɩɟчɢɜаɸщɟɝɨ ɩɨɞɠɢɝ яɞɟɪɧɨɝɨ 
ɝɨɪɟɧɢя, ɢɥɢ ɜɪɟɦɟɧɢ ɩɨɞɠɢɝа ɢɡ-ɡа ɧаɥɢчɢя ɦаɤɫɢɦɭɦа ɫɟчɟɧɢя 
ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа ɞɥя ɭɪаɧа βγ8 ɩɨɪяɞɤа 10000 ɛаɪɧ ɞɥя ɷɧɟɪɝɢɢ 
ɧɟɣɬɪɨɧɨɜ 7ɷВ. В ɤачɟɫɬɜɟ ɬаɤɨɝɨ ɢɫɬɨчɧɢɤа ɦɨɝ ɛɵ ɜɵɫɬɭɩаɬɶ ɢɫɬɨчɧɢɤ ɫ 
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ɟɫɬɟɫɬɜɟɧɧɨɣ ɪаɞɢɨаɤɬɢɜɧɨɫɬɶɸ ɧɟɣɬɪɨɧɨɜ ɫ ɷɧɟɪɝɢɟɣ 7ɷВ ɢɥɢ ɭɫɤɨɪɢɬɟɥɶ 
ɡаɪяɠɟɧɧɵх чаɫɬɢɰ (ɧаɩɪɢɦɟɪ, ɩɪɨɬɨɧɨɜ ɢɥɢ ɷɥɟɤɬɪɨɧɨɜ), ɤɨɬɨɪɵɟ ɩɪɢ 
ɜɡаɢɦɨɞɟɣɫɬɜɢɢ ɫ яɞɪаɦɢ ɦɢɲɟɧɢ ɜ ɪɟɡɭɥɶɬаɬɟ яɞɟɪɧɨɣ ɪɟаɤɰɢɢ 
ɨɛɪаɡɨɜɵɜаɥɢ ɜ ɨɫɧɨɜɧɨɦ ɧɟɣɬɪɨɧɵ ɫ ɷɧɟɪɝɢɟɣ 7ɷВ. 

Ɉɬɦɟɬɢɦ, чɬɨ ɜɨɥɧɨɜɨɟ яɞɟɪɧɨɟ ɝɨɪɟɧɢя ɜ ɧаɞɬɟɩɥɨɜɨɣ  ɨɛɥаɫɬɢ ɷɧɟɪɝɢɣ 
ɧɟɣɬɪɨɧɨɜ ɩɪɟɞɫɬаɜɥяɟɬ ɫɟɪɶɟɡɧɵɣ ɢɧɬɟɪɟɫ ɢ ɞɥя ɢɫɫɥɟɞɨɜаɧɢя ɜɨɡɦɨɠɧɵх 
ɪɟɠɢɦɨɜ ɝɨɪɟɧɢя ɜɨɥɧɨɜɨɝɨ ɝɟɨɪɟаɤɬɨɪа Д82,233, 234Ж, ɬаɤ ɤаɤ ɧаɞɬɟɩɥɨɜая 
ɨɛɥаɫɬɶ ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ ɫ ɦаɤɫɢɦɭɦɨɦ ɪаɫɩɪɟɞɟɥɟɧɢя ɧɟɣɬɪɨɧɨɜ 
ɦаɤɫɜɟɥɥɨɜɫɤɨɝɨ ɬɢɩа ɜ ɨɛɥаɫɬɢ з 1ɷВ, ɦɨɠɟɬ ɪаɫɫɦаɬɪɢɜаɬɶɫя ɤаɤ ɨɛɥаɫɬɶ 
ɬɟɪɦаɥɢɡɨɜаɧɧɧɵх ɧɟɣɬɪɨɧɨɜ ɜ ɞɟɥящɟɣɫя ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɣ ɫɪɟɞɟ, 
ɧахɨɞящɟɣɫя ɜ ɫɨɫɬɨяɧɢɢ ɩɪɢ ɬɟɦɩɟɪаɬɭɪɟ з η000Ʉ, чɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɬɟɦɩɟɪаɬɭɪɟ яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɝɟɨɪɟаɤɬɨɪа ɧа ɝɪаɧɢɰɟ ɬɜɟɪɞɨɝɨ ɢ ɠɢɞɤɨɝɨ 
яɞɪа Ɂɟɦɥɢ. 
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ɊȺɁȾЕЛ 3. ɊЕɀИɆЫ ɋ ɈȻɈɋɌɊЕНИЕɆ ȼ ɍɊȺН-ПЛɍɌɈНИЕȼɈɃ 
ȾЕЛəЩЕɃɋə ɋɊЕȾЕ 

 

      

3.1. Ɋеɠиɦы ɫ ɨɛɨɫтɪеɧиеɦ в ɭɪаɧ-ɩɥɭтɨɧиевɨɣ ɞеɥɹщеɣɫɹ ɫɪеɞе. 
3.1.1. ȼвеɞеɧие. 

ɋɟɝɨɞɧя ɫ ɩɨяɜɥɟɧɢɟɦ ɤɨɦɩɶɸɬɟɪɨɜ, ɨɛɥаɞаɸщɢх ɜɵɫɨɤɨɣ 
ɜɵчɢɫɥɢɬɟɥɶɧɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ, ɦɟɬɨɞ ɦаɬɟɦаɬɢчɟɫɤɨɝɨ 
ɦɨɞɟɥɢɪɨɜаɧɢя ɫɬаɥ ɦɨщɧɵɦ ɢɧɫɬɪɭɦɟɧɬɨɦ ɧаɭчɧɵх ɢɫɫɥɟɞɨɜаɧɢɣ.      

Ɉɫɨɛɟɧɧɨ аɤɬɭаɥɶɧɵɦ яɜɥяɟɬɫя ɟɝɨ ɢɫɩɨɥɶɡɨɜаɧɢя ɜ ɨɛɥаɫɬɢ 
ɢɫɫɥɟɞɨɜаɧɢя ɮɢɡɢɤɢ яɞɟɪɧɵх ɪɟаɤɬɨɪɨɜ, ɬаɤ ɤаɤ ɩɨɡɜɨɥяɟɬ ɢɫɫɥɟɞɨɜаɬɶ 
ɤɢɧɟɬɢɤɭ яɞɟɪɧɵх ɪɟаɤɬɨɪɨɜ, а ɧɟ ɬɨɥɶɤɨ ɢх ɫɬаɰɢɨɧаɪɧɵɟ ɫɨɫɬɨяɧɢя, чɬɨ 
ɧаɩɪяɦɭɸ ɫɜяɡаɧɨ ɫ ɛɟɡɨɩаɫɧɨɫɬɶɸ ɪаɛɨɬɵ ɪɟаɤɬɨɪɨɜ ɢ ɩɨɡɜɨɥяɟɬ 
ɪаɡɪаɛаɬɵɜаɬɶ яɞɟɪɧɵɟ ɪɟаɤɬɨɪɵ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢя ɫ ɜɧɭɬɪɟɧɧɟɣ 
ɛɟɡɨɩаɫɧɨɫɬɶɸ Д1,2,9-12,14,20,22-62,65-110,115-119, 217-219, 229,230,233-

235].  

Ɇаɬɟɦаɬɢчɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜаɧɢɟ ɤɢɧɟɬɢɤɢ яɞɟɪɧɵх ɪɟаɤɬɨɪɨɜ, ɜ ɬɨɦ 
чɢɫɥɟ ɢ ɩɟɪɫɩɟɤɬɢɜɧɵх ɛɵɫɬɪɵх ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɵх ɪɟаɤɬɨɪɨɜ V ɩɨɤɨɥɟɧɢя 
(ɜɨɥɧɨɜɵɟ ɪɟаɤɬɨɪɵ ɬɢɩа Ʌ.ɉ. Ɏɟɨɤɬɢɫɬɨɜа), а ɬаɤɠɟ, ɦаɬɟɦаɬɢчɟɫɤɨɟ 
ɦɨɞɟɥɢɪɨɜаɧɢɟ ɩɪɨчɧɨɫɬɧɵх хаɪаɤɬɟɪɢɫɬɢɤ (ɬаɤɢх ɤаɤ ɪаɞɢаɰɢɨɧɧая 
ɩɨɥɡɭчɟɫɬɶ, ɪаɫɩɭхаɧɢɟ ɢ ɬɪɟщɢɧɨɫɬɨɣɤɨɫɬɶ) ɪɟаɤɬɨɪɧɨɝɨ яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа 
– ɬɪɟɛɭɟɬ ɡɧаɧɢя ɤɢɧɟɬɢɤɢ ɬɟɩɥɨɩɟɪɟɧɨɫа ɢ ɡаɜɢɫɢɦɨɫɬɟɣ ɫɟчɟɧɢɣ ɨɫɧɨɜɧɵх 
ɪɟаɤɬɨɪɧɵх ɧɟɣɬɪɨɧɧɵх яɞɟɪɧɵх ɪɟаɤɰɢɣ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɪɟаɤɬɨɪɧɨɝɨ 
яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа Д148-149,225-227,236-242]. 

Ɋɟаɥɢɡаɰɢя ɪɟɠɢɦɨɜ ɫ ɨɛɨɫɬɪɟɧɢɟɦ Ʉɭɪɞɸɦɨɜа (ɧɟɫɬаɰɢɨɧаɪɧɵɟ 
ɞɢɫɫɢɩаɬɢɜɧɵɟ ɬɟɩɥɨɜɵɟ ɫɬɪɭɤɬɭɪɵ, ɫɦ. ɬаɤɠɟ ɜɵɲɟ ɪаɡɞɟɥ 1.1.4) ɜ ɭɪаɧ-

ɩɥɭɬɨɧɢɟɜɨɣ ɞɟɥящɟɣɫя ɫɪɟɞɟ ɦɨɠɟɬ ɫɭщɟɫɬɜɟɧɧɵɦ ɨɛɪаɡɨɦ ɩɨɜɥɢяɬɶ ɧа 
ɤɢɧɟɬɢɤɭ яɞɟɪɧɵх ɪɟаɤɬɨɪɨɜ, ɜ ɬɨɦ чɢɫɥɟ ɢ ɩɟɪɫɩɟɤɬɢɜɧɵх ɛɵɫɬɪɵх ɭɪаɧ-

ɩɥɭɬɨɧɢɟɜɵх ɪɟаɤɬɨɪɨɜ V ɩɨɤɨɥɟɧɢя (ɪɟаɤɬɨɪ ɧа ɛɟɝɭщɟɣ ɜɨɥɧɟ ɧɟɣɬɪɧɧɨ-

яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя). 

ɋɟɝɨɞɧя ɬаɤɠɟ ɜ ɫɜяɡɢ ɫ ɨɬɤɪɵɬɢɟɦ ɝɟɨɪɟаɤɬɨɪа [67-69,74,76,79-

84,233,234], ɫɭщɟɫɬɜɭɸщɟɝɨ ɜ ɜɢɞɟ ɛɭɝɭщɟɣ ɜɨɥɧɵ ɦɟɞɥɟɧɧɨɝɨ ɧɟɣɬɪɨɧɧɨ-

яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɧа ɝɪаɧɢɰɟ ɠɢɞɤɢх ɢ ɬɜɺɪɞɵх ɮаɡ Ɂɟɦɧɨɝɨ яɞɪа, ɫɬаɧɨɜɢɬɫя 
ɤɪаɣɧɟ аɤɬɭаɥɶɧɵɦ ɢɫɫɥɟɞɨɜаɧɢɟ ɟɝɨ ɤɢɧɟɬɢɤɢ ɩɪɢ ɬɟɦɩɟɪаɬɭɪах ɜɩɥɨɬɶ ɞɨ 
θ000Ʉ ɢ ɞаɜɥɟɧɢях ɩɨɪяɞɤа 106

 аɬɦɨɫɮɟɪ. Дɥя ɷɬɨɝɨ ɧɟɨɛхɨɞɢɦа ɪаɡɪаɛɨɬɤа 
ɬɟɨɪɟɬɢчɟɫɤɨɣ ɦɨɞɟɥɢ, ɧа ɨɫɧɨɜɟ ɤɨɬɨɪɨɣ ɦɨɠɟɬ ɛɵɬɶ ɪаɡɪаɛɨɬаɧ 
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ɨɪɢɝɢɧаɥɶɧɵɣ аɥɝɨɪɢɬɦ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɪаɫчɺɬа ɡаɜɢɫɢɦɨɫɬɟɣ ɫɟчɟɧɢɣ 
яɞɟɪɧɨɣ ɪɟаɤɰɢɢ ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа ɧɟɣɬɪɨɧɨɜ ɢ яɞɟɪɧɨɣ ɪɟаɤɰɢɢ 
ɞɟɥɟɧɢя, ɨɬ ɬɟɦɩɟɪаɬɭɪɵ яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа ɜ ɢɧɬɟɪɜаɥɟ ɬɟɦɩɟɪаɬɭɪ γ00Ʉ-

6000Ʉ ɞɥя ɝɥаɜɧɵх ɪɟаɤɬɨɪɧɵх ɧɭɤɥɢɞɨɜ U
235

92 , U
238

92 , Pu
239

94 , а ɬаɤɠɟ 
ɡаɜɢɫɢɦɨɫɬɢ ɭɫɪɟɞɧɺɧɧɵх ɩɨ ɧɟɣɬɪɨɧɧɨɦɭ ɫɩɟɤɬɪɭ ɫɟчɟɧɢɣ ɧɟɣɬɪɨɧɧɵх 
яɞɟɪɧɵх ɪɟаɤɰɢɣ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа.  

 

3.1.2. ɍɪавɧеɧие теɩɥɨɩеɪеɧɨɫа ɞɥɹ ɭɪаɧ-ɩɥɭтɨɧиевɨɣ ɞеɥɹщеɣɫɹ ɫɪеɞы. 

ɍɪаɜɧɟɧɢɟɦ ɬɟɩɥɨɩɟɪɟɧɨɫа ɞɥя ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɣ ɞɟɥящɟɣɫя ɫɪɟɞɵ, 
ɦɵ ɦɨɠɟɦ ɡаɩɢɫаɬɶ ɜ ɫɥɟɞɭɸщɟɦ ɜɢɞɟ (ɧɟ ɢɡɨɬɪɨɩɧɵɣ ɫɥɭчаɣ  tr ,

 ) [225-

227,231,232,236-242]: 
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ii tTrNtNTr   ),,(,,,


 - ɩɥɨɬɧɨɫɬɶ ɜɟщɟɫɬɜа, i - ɬаɛɥɢчɧɵɟ ɡɧачɟɧɢя, 

 tTrNi ,,


 ɤɨɧɰɟɧɬɪаɰɢɢ ɤɨɦɩɨɧɟɧɬɨɜ ɫɪɟɞɵ;   
i

ii TtrNTCTtrC ),,()(,,
~ 

- 

ɭɞɟɥɶɧая ɬɟɩɥɨɟɦɤɨɫɬɶ, )(TCi - ɬаɛɥɢчɧɵɟ ɡɧачɟɧɢя ɬɟɩɥɨɟɦɤɨɫɬɢ 
ɤɨɦɩɨɧɟɧɬɨɜ ɫɪɟɞɵ;    ),,()(,, TtrNTTtr ii


- ɤɨɷɮɮɢɰɢɟɧɬ 

ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɞɟɥящɟɝɨɫя ɜɟщɟɫɬɜа,  Ti - ɬаɛɥɢчɧɵɟ ɡɧачɟɧɢя 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɤɨɦɩɨɧɟɧɬɨɜ ɫɪɟɞɵ;   tNTrq i

f

T ,,,


  - ɩɥɨɬɧɨɫɬɶ ɢɫɬɨчɧɢɤа 
ɬɟɩɥа, ɩɨɪɨɠɞаɟɦая яɞɟɪɧɵɦɢ ɞɟɥɟɧɢяɦɢ ɢ ɤɨɬɨɪая, ɤаɤ ɜɢɞɧɨ, ɬаɤɠɟ 
ɡаɜɢɫɢɬ ɨɬ ɤɨɧɰɟɧɬɪаɰɢɣ iN  ɤɨɦɩɨɧɟɧɬ ɫɨɫɬаɜа ɞɟɥящɟɝɨɫя ɦɟɬаɥɥа, ɤɨɬɨɪɵɟ 
ɦɟɧяɸɬɫя ɜɨ ɜɪɟɦɟɧɢ. 

  Тɟɨɪɟɬɢчɟɫɤɢɣ ɜɢɞ ɡаɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨɟɦɤɨɫɬɢ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ 
)(TCi ɞɥя ɦɟɬаɥɥɨɜ ɢɡɜɟɫɬɟɧ: ɩɪɢ ɧɢɡɤɢх ɬɟɦɩɟɪаɬɭɪах 3~)( TTCi , а ɩɪɢ 

ɜɵɫɨɤɢх constTCi )(  ɢ ɡɧачɟɧɢɟ ɤɨɧɫɬаɧɬɵ ɡаɞаɟɬɫя ɡаɤɨɧɨɦ Дɸɥɨɧɝа-ɉɬɢ 

(ɫɦ. ɉɊɂɅɈɀȿɇɂȿ 1). Тɟɨɪɟɬɢчɟɫɤɢɣ ɜɢɞ ɡаɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 
ɨɬ ɬɟɦɩɟɪаɬɭɪɵ )(TCi ɞɥя ɦɟɬаɥɥɨɜ ɧɟ ɢɡɜɟɫɬɟɧ (ɫɦ. ɉɊɂɅɈɀȿɇɂȿ 1). 
Эɤɫɩɟɪɢɦɟɧɬаɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɞɟɥящɟɣɫя ɫɪɟɞɵ – ɧɟ 
ɥɢɧɟɟɧ, ɬаɤ ɤаɤ ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɵɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ  Ti - ɡаɜɢɫяɬ ɨɬ 
ɬɟɦɩɟɪаɬɭɪɵ ɧɟɥɢɧɟɣɧɵɦ ɨɛɪаɡɨɦ, ɧаɩɪɢɦɟɪ, ɧа ɪɢɫ. 3.1. ɩɪɢɜɟɞɟɧа 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɞɥя α - ɭɪаɧа βγ8 Д194Ж (ɨɬɦɟɬɢɦ, чɬɨ ɢ ɞɥя ɦɟɬаɥɥɢчɟɫɤɨɝɨ 
ɩɥɭɬɨɧɢя βγ9 ɜ Д194Ж ɩɪɟɞɫɬаɜɥɟɧа аɧаɥɨɝɢчɧая ɡаɜɢɫɢɦɨɫɬɶ), ɢ ɬаɤ ɤаɤ 
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ɤɨɧɰɟɧɬɪаɰɢɢ ɧɭɤɥɢɞɨɜ ɦɟɧяɸɬɫя ɧɟɥɢɧɟɣɧɵɦ ɨɛɪаɡɨɦ, ɧаɩɪɢɦɟɪ, ɞɥя ɭɪаɧ-

ɩɥɭɬɨɧɢɟɜɨɝɨ ɛɵɫɬɪɨɝɨ ɪɟаɤɬɨɪа ɬɢɩа Ɏɟɨɤɬɢɫɬɨɜа. 

                                           

Ɋɢɫ.  3.1.    Тɟɦɩɟɪаɬɭɪɧая    ɡаɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ α-ɭɪаɧа βγ8 [194]. 

   

ɂɡɦɟɧɟɧɢя  ɜɨ ɜɪɟɦɟɧɢ ɤɨɧɰɟɧɬɪаɰɢɣ iN , ɨɩɪɟɞɟɥяɬɫя ɫɥɟɞɭɸщɢɦ 
ɪяɞɨɦ ɩɪɨɰɟɫɫɨɜ: ɩɪɢ ɞɟɥɟɧɢях ɢɫчɟɡаɸɬ ɞɟɥящɢɟɫя ɧɭɤɥɢɞɵ ɢ ɨɛɪаɡɭɸɬɫя 
ɩɪɨɞɭɤɬɵ ɞɟɥɟɧɢɣ; ɜ ɪɟɡɭɥɶɬаɬɟ ɪɟаɤɰɢɣ ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа ɧɟɣɬɪɨɧɨɜ ɢ 
ɩɨɫɥɟɞɭɸщɢх  -ɪɟаɤɰɢɣ ɧɭɤɥɢɞɨɜ ɨɛɪаɡɭɸɬɫя ɞɟɥящɢɟɫя ɧɭɤɥɢɞɵ; ɜ 
ɪɟɡɭɥɶɬаɬɟ ɪɟаɤɰɢɣ ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа ɧɟɣɬɪɨɧɨɜ ɩɪɨɢɫхɨɞɢɬ ɢɡɦɟɧɟɧɢɟ 
ɤɨɧɰɟɧɬɪаɰɢɣ ɢ ɬɢɩɨɜ ɧɭɤɥɢɞɨɜ ɩɪɨɞɭɤɬɨɜ ɞɟɥɟɧɢɣ, ɬаɤ ɧаɡɵɜаɟɦɵх ɲɥаɤɨɜ. 
А ɬаɤɠɟ,  ɟɫɥɢ ɢɡ-ɡа ɜɵɞɟɥɟɧɢя ɷɧɟɪɝɢɢ ɞɟɥɟɧɢɣ ɩɪɨɢɫхɨɞɢɬ ɢɡɦɟɧɟɧɢɟ 
ɬɟɦɩɟɪаɬɭɪɵ, ɬɨ ɷɬɨ ɩɪɢɜɨɞɢɬ ɢɡɦɟɧɟɧɢɸ ɪаɫɫɬɨяɧɢɣ ɦɟɠɞɭ ɧɭɤɥɢɞаɦɢ ɢ, 
ɫɥɟɞɨɜаɬɟɥɶɧɨ, ɜɵɡɵɜаɟɬ ɬɟɦɩɟɪаɬɭɪɧɨɟ ɢɡɦɟɧɟɧɢɟ ɤɨɧɰɟɧɬɪаɰɢɣ iN , 

аɧаɥɨɝɢчɧɨɟ ɬɟɦɩɟɪаɬɭɪɧɨɦɭ ɢɡɦɟɧɟɧɢɸ ɩɥɨɬɧɨɫɬɟɣ ɦɟɬаɥɥɨɜ. ɉɨɷɬɨɦɭ ɞɥя 
ɤɨɪɪɟɤɬɧɨɝɨ ɡаɞаɧɢя  tNTrq i

f

T ,,,,  ɧɭɠɧɨ ɤɨɧɬɪɨɥɢɪɨɜаɬɶ ɤɢɧɟɬɢɤɭ ɪɟаɤɬɨɪа 
(ɫɢɫɬɟɦа ɭɪаɜɧɟɧɢɣ ɞɥя iNNNT ,,,, 21 , ɬɨ ɟɫɬɶ, ɤɢɧɟɬɢчɟɫɤɢх ɭɪаɜɧɟɧɢɣ 
ɪɟаɤɬɨɪа, ɤɨɬɨɪая ɩɪɟɞɫɬаɜɥɟɧа, ɧаɩɪɢɦɟɪ, ɜ Д9-11, 65-84, 235, 238-240, 242]). 

 Дɥя  tNTrq i

f

T ,,,,  ɦɵ ɦɨɠɟɦ ɡаɩɢɫаɬɶ ɜɵɪаɠɟɧɢɟ (ɨɞɧɨɝɪɭɩɩɨɜɨɟ 
ɩɪɢɛɥɢɠɟɧɢɟ):  

  
       

Pui

in

i

f

f

inin

f

T TtrNTECtErtNTErq
,9,8

,,,,,,,,,,
  ,   (3.2)  

а ɜ ɫɥɭчаɟ ɦɧɨɝɨɝɪɭɩɩɨɜɨɝɨ ɩɪɢɛɥɢɠɟɧɢя: 
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f
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f

T TtrNTECtErtNTrq
1 ,9,8

,,,,,,,,,
  ,   (3.3)   

ɝɞɟ f

iC - ɫɪɟɞɧɟɟ ɤɨɥɢчɟɫɬɜɨ ɬɟɩɥа, ɜɵɞɟɥяɸщɟɟɫя ɩɪɢ ɨɞɧɨɦ ɞɟɥɟɧɢɢ 
ɧɭɤɥɢɞа i, gr

N - чɢɫɥɨ ɝɪɭɩɩ ɧɟɣɬɪɨɧɨɜ. ȿɫɥɢ ɞɥя ɧɭɤɥɢɞɨɜ ɜɜɟɫɬɢ 
ɭɫɪɟɞɧɟɧɧɵɟ ɩɨ ɷɧɟɪɝɟɬɢчɟɫɤɨɦɭ ɫɩɟɤɬɪɭ ɧɟɣɬɪɨɧɨɜ ɫɟчɟɧɢя  
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1                                (3.4)  

ɢ ɩɨɥɧɭɸ ɩɥɨɬɧɨɫɬɶ ɩɨɬɨɤа ɧɟɣɬɪɨɧɨɜ 

        
gr

N

j

j

n tErtr
1

,,,


,          (3.5)  

ɬɨɝɞа ɜɵɪаɠɟɧɢɸ (3.γ) ɦɨɠɧɨ ɩɪɢɞаɬɶ ɫɥɟɞɭɸщɢɣ ɜɢɞ: 

   
       

Pui

i

i

f

f

ii

f

T TtrNTCtrtNTrq
,9,8

, ,,,,,,,
  ,       (3.6)  

 Ɉɞɧаɤɨ ɦɧɨɝɨɝɪɭɩɩɨɜɨɟ ɩɪɢɛɥɢɠɟɧɢɟ – ɥɢɲɶ ɩɪɢɛɥɢɠɟɧɢɟ ɤ ɬɨчɧɨɣ 
ɤаɪɬɢɧɟ. ɉɨɷɬɨɦɭ ɬɨчɧɨɟ ɪɟɲɟɧɢɟ ɷɬɨ – ɭɫɪɟɞɧɟɧɢɟ ɩɨ ɷɧɟɪɝɟɬɢчɟɫɤɨɦɭ 
ɫɩɟɤɬɪɭ ɧɟɣɬɪɨɧɨɜ. ȿɫɥɢ ɨɛɨɡɧачɢɦ ɮɭɧɤɰɢɸ ɜɟɪɨяɬɧɨɫɬɢ ɪаɫɩɪɟɞɟɥɟɧɢя ɩɨ 
ɷɧɟɪɝɟɬɢчɟɫɤɨɦɭ ɫɩɟɤɬɪɭ ɞɥя ɧɟɣɬɪɨɧɨɜ чɟɪɟɡ  tEr n ,,

 , ɬɨ ɞɥя ɧɟɟ ɦɨɠɟɦ 
ɡаɩɢɫаɬɶ: 

          tr

tEr

dEtEr

tEr
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  ,    (3.7)  

ɝɞɟ ɩɨɥɧая ɩɥɨɬɧɨɫɬɶ ɩɨɬɨɤа ɧɟɣɬɪɨɧɨɜ:     nn dEtErtr ,,,


. 

Тɨɝɞа ɞɥя ɭɫɪɟɞɧɟɧɧɵх ɩɨ ɷɧɟɪɝɟɬɢчɟɫɤɨɦɭ ɫɩɟɤɬɪɭ ɧɟɣɬɪɨɧɨɜ ɫɟчɟɧɢɣ 
ɩɨɥɭчɢɦ:  

       
nn

j

n

i

f

i

f dEtErTEtTr  ,,,,,
  ,         (3.8)   

ɢ ɜɵɪаɠɟɧɢɸ ɞɥя   tNTrq i

f

T ,,,,    ɦɨɠɧɨ ɩɪɢɞаɬɶ ɫɥɟɞɭɸщɢɣ ɜɢɞ: 

          
Pui

i

i

f

f

ii

f

T TtrNtTrCtrtNTrq
,9,8

,,,,,,,,,
  .  (3.9)  

ȿɫɥɢ  TEn

i

f ,    ɢɥɢ      tTr
i

f ,,
    ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪаɬɭɪɵ ɪаɫɬɟɬ, ɬɨ 

ɢɡ-ɡа ɷɤɡɨɬɟɪɦɢчɟɫɤɨɝɨ хаɪаɤɬɟɪа ɪɟаɤɰɢɣ ɞɟɥɟɧɢɣ яɞɟɪ ɢ ɩɪɢ 
ɫɨɨɬɜɟɬɫɬɜɭɸщɟɣ ɤɢɧɟɬɢɤɟ ɪɟаɤɬɨɪа (ɫɢɫɬɟɦа ɭɪаɜɧɟɧɢɣ ɞɥя 

iNNNT ,,,, 21 ), ɬаɤ ɤаɤ ɜɨ ɜɪɟɦɟɧɢ ɦɟɧяɸɬɫя   ɢ iN ,  ɩɨɥɭчаɟɦ ɪɨɫɬ чɢɫɥа 
ɞɟɥɟɧɢɣ, а, ɫɥɟɞɨɜаɬɟɥɶɧɨ, ɪɨɫɬ ɤɨɥɢчɟɫɬɜа ɜɵɞɟɥяɟɦɨɝɨ ɬɟɩɥа аɧаɥɨɝɢчɧɵɣ 
аɜɬɨɤаɬаɥɢɬɢчɟɫɤɨɦɭ ɩɪɨɰɟɫɫɭ ɞɥя ɷɤɡɨɬɟɪɦɢчɟɫɤɢх хɢɦɢчɟɫɤɢх ɪɟаɤɰɢɣ 
[243] . 

 А ɬаɤɠɟ, ɧаɞɨ ɡаɞаɬɶ ɧачаɥɶɧɵɟ ɢ ɝɪаɧɢчɧɵɟ ɭɫɥɨɜɢя ɞɥя ɭɪаɜɧɟɧɢя 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɧаɩɪɢɦɟɪ ɜ ɫɥɟɞɭɸщɟɦ ɜɢɞɟ: 
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     KtxT 3000,    ɢ      0

~
,0,0 TtxTtxjn  ,   (3.10) 

   

ɝɞɟ  tx,   - ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, 0

~
T  - ɬɟɦɩɟɪаɬɭɪа ɝɪаɧɢчащɟɣ 

ɫɪɟɞɵ. 

 

Ɋаɡɞеɥ 3.1.3. Ɂавиɫиɦɨɫти ɫеɱеɧиɣ ɨт ɷɧеɪɝии ɧеɣтɪɨɧɨв ɩɪи ɡаɞаɧɧыɯ 
теɦɩеɪатɭɪаɯ ɞеɥɹщеɣɫɹ ɫɪеɞы (Ⱦɨɩɥеɪ ɷɮɮеɤт) 

3.1.3.1. ɋтɪɭɤтɭɪа аɥɝɨɪитɦа и ɨɩиɫаɧие ɤɨɦɩɶɸтеɪɧɨɣ ɩɪɨɝɪаɦɦы ɞɥɹ 
выɱиɫɥеɧиɹ ɡавиɫиɦɨɫтеɣ ɫеɱеɧиɣ ɨт ɷɧеɪɝии ɧеɣтɪɨɧɨв ɩɪи ɡаɞаɧɧыɯ 
теɦɩеɪатɭɪаɯ ɞеɥɹщеɣɫɹ ɫɪеɞы (Ⱦɨɩɥеɪ ɷɮɮеɤт). 

Ɋаɫɫɦɨɬɪɢɦ ɞɥя ɨɫɧɨɜɧɵх ɬɨɩɥɢɜɧɵх ɪɟаɤɬɨɪɧɵх ɧɭɤɥɢɞɨɜ ( U
238

92 , U
235

92  

ɢ Pu
239

94 ) ɡаɜɢɫɢɦɨɫɬɶ ɫɟчɟɧɢɣ яɞɟɪɧɵх ɪɟаɤɰɢɣ ɞɟɥɟɧɢɣ ɩɪɢ ɜɡаɢɦɨɞɟɣɫɬɜɢɢ 
ɫ ɧɟɣɬɪɨɧаɦɢ i

nf , ɝɞɟ i – ɢɧɞɟɤɫ ɧɭɤɥɢɞа, ɢ ɫɟчɟɧɢɣ ɪɟаɤɰɢɣ ɪаɞɢаɰɢɨɧɧɨɝɨ 
ɡахɜаɬа ɧɟɣɬɪɨɧа i

nc  ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɬɨɩɥɢɜɧɨɝɨ ɦɟɬаɥɥа T.  

Вɵɪаɠɟɧɢя ɞɥя ɪɟɡɨɧаɧɫɧɵх ɫɟчɟɧɢɣ (ɮɨɪɦɭɥɵ Ȼɪɟɣɬа-Вɢɝɧɟɪа) 
ɩɪɟɞɫɬаɜɥɟɧɵ ɜɵɲɟ ɜ ɪаɡɞɟɥɟ 1.1.4.β ɢɥɢ, ɧаɩɪɢɦɟɪ, ɜ Д154,155]. 

 В ɮɨɪɦɭɥах Ȼɪɟɣɬа-Вɢɝɧɟɪа nE  ɩɪɟɞɫɬаɜɥяɟɬ ɫɨɛɨɣ ɫɭɦɦаɪɧɭɸ 
ɤɢɧɟɬɢчɟɫɤɭɸ ɷɧɟɪɝɢɸ ɫɬаɥɤɢɜаɸщɢхɫя ɧɟɣɬɪɨɧа ɢ яɞɪа ɜ ɫɢɫɬɟɦɟ ɰɟɧɬɪа 
ɢɧɟɪɰɢɢ. Эɬɨ ɨɡɧачаɟɬ, чɬɨ nE  ɧɟ ɫɨɜɩаɞаɟɬ ɫ ɤɢɧɟɬɢчɟɫɤɨɣ ɷɧɟɪɝɢɟɣ 
ɧɟɣɬɪɨɧа ɜ ɥаɛɨɪаɬɨɪɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧаɬ E . Дɥя  nE  ɥɟɝɤɨ ɩɨɥɭчɢɬɶ 
ɜɵɪаɠɟɧɢɟ Д154]: 
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1 2 ,   (3.11) 

ɝɞɟ Ɇ – ɦаɫɫа яɞɪа-ɦɢɲɟɧɢ, nv


 - ɫɤɨɪɨɫɬɶ ɧɟɣɬɪɨɧа ɜ ɥаɛɨɪаɬɨɪɧɨɣ ɫɢɫɬɟɦɟ, 

Mv


 - ɫɤɨɪɨɫɬɶ яɞɪа ɜ ɥаɛɨɪаɬɨɪɧɨɣ ɫɢɫɬɟɦɟ (ɫɤɨɪɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɞɜɢɠɟɧɢя), 
ɆE  - ɤɢɧɟɬɢчɟɫɤая ɷɧɟɪɝɢя яɞɪа-ɦɢɲɟɧɢ ɜ ɥаɛɨɪаɬɨɪɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧаɬ. 

ɂɡ (γ.11) ɜɢɞɧɨ, чɬɨ ɧɟɣɬɪɨɧ ɫ ɡаɞаɧɧɨɣ ɷɧɟɪɝɢɟɣ E  (ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɥаɛɨɪаɬɨɪɧɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧаɬ) ɜ ɨɛɥаɫɬɢ ɪɟɡɤɨɝɨ ɢɡɦɟɧɟɧɢя ɫɟчɟɧɢя ɜ 
ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɷɧɟɪɝɢɢ ɧɟɣɬɪɨɧа (ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧаɬ ɰɟɧɬɪа 
ɢɧɟɪɰɢɢ), ɬɨ ɟɫɬɶ, ɜ ɨɛɥаɫɬɢ ɪɟɡɨɧаɧɫа, ɛɭɞɟɬ ɜɡаɢɦɨɞɟɣɫɬɜɨɜаɬɶ ɫ яɞɪаɦɢ ɫ 
ɪаɡɥɢчɧɵɦɢ ɜɟɪɨяɬɧɨɫɬяɦɢ, ɡаɜɢɫящɢɦɢ ɨɬ ɫɤɨɪɨɫɬɟɣ яɞɟɪ, а, ɫɥɟɞɨɜаɬɟɥɶɧɨ, 
ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɫɪɟɞɵ. Таɤɢɦ ɨɛɪаɡɨɦ, ɜɥɢяɧɢɟ ɬɟɩɥɨɜɨɝɨ ɞɜɢɠɟɧɢя яɞɟɪ 
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(аɬɨɦɨɜ) ɫɪɟɞɵ ɫɜɨɞɢɬɫя ɤ ɭɜɟɥɢчɟɧɢɸ ɲɢɪɢɧɵ ɪɟɡɨɧаɧɫɨɜ ɢ ɭɦɟɧɶɲɟɧɢɸ 
ɜɵɫɨɬɵ ɪɟɡɨɧаɧɫа (чɬɨ ɩɨɧяɬɧɨ ɢɡ ɜɟɪɨяɬɧɨɫɬɧɵх ɫɨɨɛɪаɠɟɧɢɣ, ɢɛɨ ɩɥɨщаɞɶ 
ɩɨɞ ɤɪɢɜɨɣ ɪɟɡɨɧаɧɫа ɞɨɥɠɧа ɞаɜаɬɶ ɩɨɥɧɭɸ ɜɟɪɨяɬɧɨɫɬɶ ɩɪɨɰɟɫɫа). Эɬɨɬ 
ɷɮɮɟɤɬ ɩɨ аɧаɥɨɝɢɢ ɫ ɨɩɬɢɤɨɣ ɩɪɢɧяɬɨ ɧаɡɵɜаɬɶ ɷɮɮɟɤɬɨɦ Дɨɩɥɟɪа (ɫɦ. 
ɪаɡɞɟɥ 1.1.4.β). ɉɨɫɤɨɥɶɤɭ ɜ ɨɛɥаɫɬɢ ɦаɥɵх ɡɧачɟɧɢɣ E  ɪɟɡɨɧаɧɫɧɵɟ ɭɪɨɜɧɢ 
ɧаɛɥɸɞаɸɬɫя ɥɢɲɶ ɭ ɬяɠɟɥɵх яɞɟɪ, ɬɨ ɷɮɮɟɤɬ Дɨɩɥɟɪа ɡаɦɟɬɟɧ ɬɨɥɶɤɨ ɩɪɢ 
ɜɡаɢɦɨɞɟɣɫɬɜɢɢ ɧɟɣɬɪɨɧɨɜ ɫ ɬаɤɢɦɢ яɞɪаɦɢ ɢ ɬɟɦ ɫɢɥɶɧɟɟ, чɟɦ ɜɵɲɟ 
ɬɟɦɩɟɪаɬɭɪа ɫɪɟɞɵ.  

Дɥя ɨɩɪɟɞɟɥɟɧɢя  tTr
i

f ,,
 , ɜхɨɞящɟɝɨ ɜ ɜɵɪаɠɟɧɢɟ ɞɥя ɩɥɨɬɧɨɫɬɢ 

ɬɟɩɥɨɜɨɝɨ ɢɫɬɨчɧɢɤа (3.9), ɫ ɭчɟɬɨɦ ɬɟɩɥɨɜɨɝɨ ɞɜɢɠɟɧɢя яɞɟɪ ɧɟɨɛхɨɞɢɦɨ 
ɭɫɪɟɞɧɢɬɶ ɪɟɡɨɧаɧɫɧɨɟ ɫɟчɟɧɢɟ nb  [154Ж, ɜɡяɬɨɟ ɩɪɢ ɡаɞаɧɧɨɦ ɡɧачɟɧɢɢ E  
ɛɟɡ ɭчɟɬа ɬɟɩɥɨɜɨɝɨ ɞɜɢɠɟɧɢя яɞɟɪ, ɩɨ ɜɫɟɦ ɜɨɡɦɨɠɧɵɦ ɡɧачɟɧɢяɦ nE ,  

ɡаɞаɜаɟɦɵɦ ɜɵɪаɠɟɧɢɟɦ (γ.11), ɩɪɢ ɡаɞаɧɧɨɦ ɡɧачɟɧɢɢ E . Ɋаɫɩɪɟɞɟɥɟɧɢɟ 
яɞɟɪ ɩɨ ɫɤɨɪɨɫɬяɦ ɢɥɢ ɷɧɟɪɝɢяɦ ɡаɞаɟɬɫя ɪаɫɩɪɟɞɟɥɟɧɢɟɦ Ɇаɤɫɜɟɥɥа, 
ɪаɫɩɪɟɞɟɥɟɧɢɟ ɫɤɨɪɨɫɬɟɣ ɩɨ ɧаɩɪаɜɥɟɧɢяɦ ɩɨɥаɝаɟɬɫя ɢɡɨɬɪɨɩɧɵɦ, чɬɨ 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɟɣɬɪɨɧɧɨɦɭ хаɨɫɭ, ɢ ɩɪɨɰɟɞɭɪа ɭɫɪɟɞɧɟɧɢя ɞɨɫɬаɬɨчɧɨ яɫɧа. 
Ɉɞɧаɤɨ ɪɟɡɭɥɶɬаɬ ɭɫɪɟɞɧɟɧɢя ɧɟ ɭɞаɟɬɫя ɜɵɪаɡɢɬɶ аɧаɥɢɬɢчɟɫɤɢ. 

В ɩɪɨɝɪаɦɦɧɨɣ ɫɪɟɞɟ Microsoft Fortran Power 4.0 (MFP4.0) ɛɵɥа 
ɪаɡɪаɛɨɬаɧа ɤɨɦɩɶɸɬɟɪɧая ɩɪɨɝɪаɦɦа, ɩɨɡɜɨɥяɸщая ɪаɫɫчɢɬɵɜаɬɶ ɫɟчɟɧɢя 
ɧɟɣɬɪɨɧɧɵх ɪɟаɤɰɢɣ ɫ ɭчɟɬɨɦ ɷɮɮɟɤɬа Дɨɩɥɟɪа. Ȼɥɨɤ-ɫхɟɦа аɥɝɨɪɢɬɦа ɷɬɨɣ 
ɩɪɨɝɪаɦɦɵ ɩɪɟɞɫɬаɜɥɟɧа ɜ ɉɊɂɅɈɀȿɇɂɂ 12. 

 

3.1.3.2. Ɋеɡɭɥɶтаты ɤɨɦɩɶɸтеɪɧыɯ выɱиɫɥеɧиɣ ɡавиɫиɦɨɫтеɣ ɫеɱеɧиɣ 
ɨт ɷɧеɪɝии ɧеɣтɪɨɧɨв ɩɪи ɡаɞаɧɧыɯ теɦɩеɪатɭɪаɯ ɞеɥɹщеɣɫɹ 
ɫɪеɞы (Ⱦɨɩɥеɪ ɷɮɮеɤт). 

В  ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪаɡɪаɛɨɬаɧɧɵɦ аɥɝɨɪɢɬɦɨɦ (ɉɊɂɅɈɀȿɇɂɂ 12) ɜ 
ɩɪɨɝɪаɦɦɧɨɣ ɫɪɟɞɟ Microsoft Fortran Power 4.0 (MFP4.0) ɛɵɥа ɪаɡɪаɛɨɬаɧа 
ɤɨɦɩɶɸɬɟɪɧая ɩɪɨɝɪаɦɦа ɞɥя ɪаɫчɟɬа ɡаɜɢɫɢɦɨɫɬɟɣ ɫɟчɟɧɢɣ ɨɬ ɷɧɟɪɝɢɢ 
ɧɟɣɬɪɨɧɨɜ ɩɪɢ ɡаɞаɧɧɵх ɬɟɦɩɟɪаɬɭɪах ɞɟɥящɟɣɫя ɫɪɟɞɵ (Дɨɩɥɟɪ ɷɮɮɟɤɬ). 

ɋ ɩɨɦɨщɶɸ  ɷɬɨɣ ɩɪɨɝɪаɦɦɵ ɩɨɥɭчɟɧɵ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɷɧɟɪɝɢɣ 
ɧɟɣɬɪɨɧɨɜ (ɨɬ ɛɥɢɡɤɢх ɤ ɧɭɥɸ ɞɨ 1 Ɇɷɜ) ɫɟчɟɧɢɣ ɪɟаɤɰɢɣ ɞɟɥɟɧɢɣ ɢ 
ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа ɧɟɣɬɪɨɧа ɞɥя ɨɫɧɨɜɧɵх ɪɟаɤɬɨɪɧɵх ɬɨɩɥɢɜɧɵх 
ɧɭɤɥɢɞɨɜ UU

238

92

235

92 ,  ɢ Pu
239

94  ɩɪɢ ɪаɡɥɢчɧɵх ɬɟɦɩɟɪаɬɭɪах ɜ ɞɢаɩаɡɨɧɟ ɨɬ γ00Ʉ 
ɞɨ 6000Ʉ, ɧɟɤɨɬɨɪɵɟ хаɪаɤɬɟɪɧɵɟ ɮɪаɝɦɟɧɬɵ ɤɨɬɨɪɵх ɩɪɟɞɫɬаɜɥɟɧɵ ɧа ɪɢɫ 
3.2 - 3.7. 
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ɛаɪɧnc ,  

 T , K 

    E , эВ 

Ɋɢɫ. 3.2. Эɮɮɟɤɬ Дɨɩɥɟɪа ɞɥя ɡаɜɢɫɢɦɨɫɬɢ ɫɟчɟɧɢя ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа U
238

92  

ɧɟɣɬɪɨɧаɦɢ ɨɬ ɢх ɷɧɟɪɝɢɢ ɩɪɢ  ɢɡɦɟɧɟɧɢɢ  Ɍ  ɨɬ  300K ɞɨ 6000K. 

ɛаɪɧf ,  

  T , K   

      E ,МэВ 

Ɋɢɫ. 3.3. Эɮɮɟɤɬ Дɨɩɥɟɪа ɞɥя ɡаɜɢɫɢɦɨɫɬɢ ɫɟчɟɧɢя ɞɟɥɟɧɢя U
238

92  ɧɟɣɬɪɨɧаɦɢ ɨɬ ɢх 
ɷɧɟɪɝɢɢ ɩɪɢ  ɢɡɦɟɧɟɧɢɢ  Ɍ  ɨɬ  300K ɞɨ 6000K. 
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ɛаɪɧf ,  

 T , K 

     E , эВ 

Ɋɢɫ. γ.4. Эɮɮɟɤɬ Дɨɩɥɟɪа ɞɥя ɡаɜɢɫɢɦɨɫɬɢ ɫɟчɟɧɢя ɞɟɥɟɧɢя U
235

92  ɧɟɣɬɪɨɧаɦɢ ɨɬ ɢх 
ɷɧɟɪɝɢɢ ɩɪɢ  ɢɡɦɟɧɟɧɢɢ  Ɍ  ɨɬ γ00K ɞɨ θ000K. 

ɛаɪɧnc ,  

 T , K 

    E , эВ 

Ɋɢɫ. γ.5. Эɮɮɟɤɬ Дɨɩɥɟɪа ɞɥя ɡаɜɢɫɢɦɨɫɬɢ ɫɟчɟɧɢя ɡахɜаɬа U
235

92  ɧɟɣɬɪɨɧаɦɢ ɨɬ ɢх 
ɷɧɟɪɝɢɢ ɩɪɢ  ɢɡɦɟɧɟɧɢɢ  Ɍ  ɨɬ γ00K ɞɨ θ000K. 
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ɛаɪɧnc ,  

 T , K 

     E , эВ 

Ɋɢɫ. γ.6.  Эɮɮɟɤɬ Дɨɩɥɟɪа ɞɥя ɡаɜɢɫɢɦɨɫɬɢ ɫɟчɟɧɢя ɡахɜаɬа Pu
239

94  ɧɟɣɬɪɨɧаɦɢ ɨɬ ɢх 
ɷɧɟɪɝɢɢ ɩɪɢ  ɢɡɦɟɧɟɧɢɢ  Ɍ  ɨɬ γ00K ɞɨ θ000K .  

ɛаɪɧf ,  

 T , K 

     E , эВ 

Ɋɢɫ. γ.7. Эɮɮɟɤɬ Дɨɩɥɟɪа ɞɥя ɡаɜɢɫɢɦɨɫɬɢ ɫɟчɟɧɢя ɞɟɥɟɧɢя Pu
239

94  ɧɟɣɬɪɨɧаɦɢ ɨɬ ɢх 
ɷɧɟɪɝɢɢ ɩɪɢ ɢɡɦɟɧɟɧɢɢ  Ɍ  ɨɬ γ00K ɞɨ θ000K.  
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В ɤачɟɫɬɜɟ ɜхɨɞɧɨɣ ɢɧɮɨɪɦаɰɢɢ ɞɥя ɪаɫчɟɬɨɜ ɢɫɩɨɥɶɡɨɜаɥɢɫɶ ɢɡɜɟɫɬɧɵɟ 
ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɵɟ ɡаɜɢɫɢɦɨɫɬɢ ɫɟчɟɧɢɣ ɞɟɥɟɧɢя ɢ ɡахɜаɬа ɨɬ ɷɧɟɪɝɢɢ 
ɧɟɣɬɪɨɧɨɜ ɞɥя U

235

92 , U
238

92 , Pu
239

94  ɞɥя ɬɟɦɩɟɪаɬɭɪɵ  γ00Ʉ, ɜɡяɬɵɟ ɢɡ ɛаɡɵ ɞаɧɧɵх 
ENDF/B-VII.0 [244,245] ɢ ɩɪɟɞɫɬаɜɥɟɧɧɵɟ ɧа ɪɢɫ. ɉ.10.1 - ɉ.10.8  
ɉɊɂɅɈɀȿɇɂə 10. 

 

3.1.3.3. ȼывɨɞы. 
Ɋаɡɪаɛɨɬаɧ аɥɝɨɪɢɬɦ ɞɥя ɜɵчɢɫɥɟɧɢя ɡаɜɢɫɢɦɨɫɬɟɣ ɫɟчɟɧɢɣ ɨɬ ɷɧɟɪɝɢɢ 

ɧɟɣɬɪɨɧɨɜ ɩɪɢ ɡаɞаɧɧɵх ɬɟɦɩɟɪаɬɭɪах ɞɟɥящɟɣɫя ɫɪɟɞɵ (Дɨɩɥɟɪ ɷɮɮɟɤɬ). 

В  ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪаɡɪаɛɨɬаɧɧɵɦ аɥɝɨɪɢɬɦɨɦ ɜ ɩɪɨɝɪаɦɦɧɨɣ ɫɪɟɞɟ 
Microsoft Fortran Power 4.0 (MFP4.0) ɛɵɥа ɪаɡɪаɛɨɬаɧа ɤɨɦɩɶɸɬɟɪɧая 
ɩɪɨɝɪаɦɦа ɞɥя ɪаɫчɟɬа ɡаɜɢɫɢɦɨɫɬɟɣ ɫɟчɟɧɢɣ ɨɬ ɷɧɟɪɝɢɢ ɧɟɣɬɪɨɧɨɜ ɩɪɢ 
ɡаɞаɧɧɵх ɬɟɦɩɟɪаɬɭɪах ɞɟɥящɟɣɫя ɫɪɟɞɵ (Дɨɩɥɟɪ ɷɮɮɟɤɬ). ɋ ɩɨɦɨщɶɸ  ɷɬɨɣ 
ɩɪɨɝɪаɦɦɵ ɩɨɥɭчɟɧɵ ɡаɜɢɫɢɦɨɫɬɢ ɫɟчɟɧɢɣ ɪɟаɤɰɢɣ ɞɟɥɟɧɢɣ ɢ 
ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа ɧɟɣɬɪɨɧа ɞɥя ɨɫɧɨɜɧɵх ɪɟаɤɬɨɪɧɵх ɬɨɩɥɢɜɧɵх 
ɧɭɤɥɢɞɨɜ UU

238

92

235

92 ,  ɢ Pu
239

94 [2,110,225,251]. 

 

3.1.4. Ɂавиɫиɦɨɫти ɭɫɪеɞɧеɧɧыɯ ɩɨ ɧеɣтɪɨɧɧɨɦɭ ɫɩеɤтɪɭ ɫеɱеɧиɣ 
ɧеɣтɪɨɧɧыɯ ɹɞеɪɧыɯ ɪеаɤɰиɣ ɨт теɦɩеɪатɭɪы ɪеаɤтɨɪɧɨɝɨ ɹɞеɪɧɨɝɨ 
тɨɩɥива. 

3.1.4.1. Ɍеɨɪетиɱеɫɤаɹ ɦɨɞеɥɶ ɞɥɹ ɤɨɦɩɶɸтеɪɧɨɝɨ выɱиɫɥеɧиɹ 
ɡавиɫиɦɨɫтеɣ ɭɫɪеɞɧеɧɧыɯ ɩɨ ɧеɣтɪɨɧɧɨɦɭ ɫɩеɤтɪɭ ɫеɱеɧиɣ 
ɧеɣтɪɨɧɧыɯ ɹɞеɪɧыɯ ɪеаɤɰиɣ ɨт теɦɩеɪатɭɪы ɪеаɤтɨɪɧɨɝɨ ɹɞеɪɧɨɝɨ 
тɨɩɥива. 

В ɮɢɡɢɤɟ ɪɟаɤɬɨɪɨɜ хɨɪɨɲɨ ɢɡɜɟɫɬɟɧ, ɧаɩɪɢɦɟɪ Д154Ж, ɷɮɮɟɤɬ 
ɭɠɟɫɬɨчɟɧɢя ɫɩɟɤɬɪа ɡаɦɟɞɥяɸщɢхɫя ɧɟɣɬɪɨɧɨɜ, ɜɵɡɜаɧɧɵɣ ɭɜɟɥɢчɟɧɢɟɦ 
ɬɟɦɩɟɪаɬɭɪɵ ɡаɦɟɞɥɢɬɟɥя. Аɧаɥɨɝɢчɧɨɝɨ ɷɮɮɟɤɬа ɫɥɟɞɭɟɬ ɨɠɢɞаɬɶ ɢ ɞɥя 
ɬɨɩɥɢɜɧɨɣ ɫɪɟɞɵ. 

В ɪɟɡɭɥɶɬаɬɟ ɡаɦɟɞɥɟɧɢя ɧɟɣɬɪɨɧɵ ɫɬаɧɨɜяɬɫя ɬɟɩɥɨɜɵɦɢ. ɉɪɨɰɟɫɫ 
ɭɫɬаɧɨɜɥɟɧɢя ɢх ɷɧɟɪɝɟɬɢчɟɫɤɨɝɨ ɫɩɟɤɬɪа ɩɪɢɧяɬɨ ɧаɡɵɜаɬɶ ɬɟɪɦаɥɢɡаɰɢɟɣ. 
Ɉɩɪɟɞɟɥɟɧɢя ɫɩɟɤɬɪа ɡаɦɟɞɥяɸщɢхɫя ɧɟɣɬɪɨɧɨɜ ɜ ɪɟаɤɬɨɪɟ ɫɥɨɠɧая ɡаɞача, 
ɬɪɟɛɭɸщая ɢɫɩɨɥɶɡɨɜаɧɢя ɦɨщɧɵх ɤɨɦɩɶɸɬɟɪɨɜ. 

ɉɨɷɬɨɦɭ ɞɥя ɨɩɢɫаɧɢя ɫɩɟɤɬɪа ɧɟɣɬɪɨɧɨɜ ɨɛɵчɧɨ ɢɫɩɨɥɶɡɭɟɬɫя 
ɫɥɟɞɭɸщая ɦɨɞɟɥɶ. Вɜɨɞɢɬɫя ɩɨɧяɬɢɟ ɝɪаɧɢчɧɨɣ ɷɧɟɪɝɢɢ ɝɪE , ɤɨɬɨɪая ɡаɞаɟɬ 
ɝɪаɧɢɰɭ ɦɟɠɞɭ ɨɛɥаɫɬяɦɢ ɡаɦɟɞɥɟɧɢя ɢ ɬɟɪɦаɥɢɡаɰɢɢ. Ɉɬɦɟɬɢɦ, чɬɨ 
ɫɭщɟɫɬɜɭɟɬ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ ɜ ɜɵɛɨɪɟ ɡɧачɟɧɢя ɝɪE , ɬаɤ ɤаɤ ɜ 
ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ ɫɭщɟɫɬɜɭɟɬ ɩɟɪɟхɨɞɧая ɨɛɥаɫɬɶ ɦɟɠɞɭ ɨɛɥаɫɬяɦɢ 
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ɡаɦɟɞɥɟɧɢя ɢ ɬɟɪɦаɥɢɡаɰɢɢ, ɢ чɬɨ ɝɪE  ɰɟɥɟɫɨɨɛɪаɡɧɨ ɜɵɛɢɪаɬɶ ɬаɤ, чɬɨɛɵ 
ɜɵɲɟ ɟɝɨ ɛɵɥа ɫɩɪаɜɟɞɥɢɜа ɬɟɨɪɢя ɡаɦɟɞɥɟɧɢя (ɧаɩɪɢɦɟɪ, ɜ ɜɨɡɪаɫɬɧɨɦ 
ɩɪɢɛɥɢɠɟɧɢɢ) ɢ, ɫɥɟɞɨɜаɬɟɥɶɧɨ, ɷɧɟɪɝɟɬɢчɟɫɤɨɟ ɪаɫɩɪɟɞɟɥɟɧɢɟ 
ɡаɦɟɞɥяɸщɢхɫя ɧɟɣɬɪɨɧɨɜ ɨɩɢɫɵɜаɥɨɫɶ ɫɩɟɤɬɪɨɦ Ɏɟɪɦɢ (    

nsn ESE  0 , 

ɝɞɟ 0S - ɩɨɥɧая ɨɛɴɟɦɧая ɫɤɨɪɨɫɬɶ ɝɟɧɟɪаɰɢɢ ɧɟɣɬɪɨɧɨɜ, s  - ɡаɦɟɞɥяɸщая 
ɫɩɨɫɨɛɧɨɫɬɶ ɜɟщɟɫɬɜа Д154Ж), а ɧɢɠɟ ɝɪE  ɷɧɟɪɝɟɬɢчɟɫɤɨɟ ɪаɫɩɪɟɞɟɥɟɧɢɟ 
ɧɟɣɬɪɨɧɨɜ ɨɩɢɫɵɜаɥɨɫɶ ɫɩɟɤɬɪɨɦ Ɇаɤɫɜɟɥɥа. ȿɫɬɟɫɬɜɟɧɧɨ, чɬɨ ɨɛɵчɧɨ ɝɪE  

ɜɵɛɢɪаɟɬɫя ɬаɤɢɦ, чɬɨ kTE ɝɪ  . ɉɨɧяɬɧɨ ɬаɤɠɟ, чɬɨ ɩɪɢ ɪаɫɫɦɨɬɪɟɧɢɢ 
ɫɩɟɤɬɪа ɧɟɣɬɪɨɧɨɜ ɩɪɢ ɬɟɪɦаɥɢɡаɰɢɢ ɨɤаɡɵɜаɟɬɫя ɫɭщɟɫɬɜɟɧɧɵɦ ɜɥɢяɧɢɟ 
ɬɟɩɥɨɜɨɝɨ ɞɜɢɠɟɧɢя яɞɟɪ ɫɪɟɞɵ. 

 ɇаɩɪɢɦɟɪ, ɫɨɝɥаɫɧɨ  [154Ж, ɫɩɟɤɬɪ ɬɟɩɥɨɜɵх ɧɟɣɬɪɨɧɨɜ 
ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɡаɞаɟɬɫя ɪаɫɩɪɟɞɟɥɟɧɢɟɦ Ɇаɤɫɜɟɥɥа: 

    
    dEEe

kTn

Edn
nkTE

n

2
1

2
3

2  


,   (3.12)  

ɝɞɟ ɬɟɦɩɟɪаɬɭɪɭ ɧɟɣɬɪɨɧɧɨɝɨ ɝаɡа ɜ ɝɨɦɨɝɟɧɧɨɣ ɬɨɩɥɢɜɧɨɣ ɫɪɟɞɟ (ɜ ɩɟɪɜɨɦ 
ɩɪɢɛɥɢɠɟɧɢɢ) ɦɨɠɧɨ ɩɪɟɞɫɬаɜɢɬɶ ɜ ɜɢɞɟ: 

     
 







s

a

n

kT
TT  0

0 8,11 ,   (3.13)  

ɝɞɟ 0T  - ɬɟɦɩɟɪаɬɭɪа ɬɨɩɥɢɜɧɨɣ ɫɪɟɞɵ;  0kTa  - ɫɟчɟɧɢɟ ɩɨɝɥɨщɟɧɢя, ɜɡяɬɨɟ 
ɩɪɢ ɷɧɟɪɝɢɢ 0kT ; s  - ɡаɦɟɞɥяɸщая ɫɩɨɫɨɛɧɨɫɬɶ ɜɟщɟɫɬɜа ɫ ɷɧɟɪɝɢɟɣ 1ɷВ. 

 В Д246] ɝɪE  ɨɩɪɟɞɟɥяɟɬɫя ɢɡ ɭɫɥɨɜɢя ɛаɥаɧɫа ɧɟɣɬɪɨɧɨɜ: 
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ɝɞɟ 
kT

E
x

ɝɪ , 2  - ɝɟɨɦɟɬɪɢчɟɫɤɢɣ ɩаɪаɦɟɬɪ ɪɟаɤɬɨɪа [64,246] (ɧаɩɪɢɦɟɪ, ɞɥя 

ɛɟɫɤɨɧɟчɧɨɣ ɩɥаɫɬɢɧɵ ɬɨɥщɢɧɨɣ H:   22
H  , ɞɥя ɫɮɟɪɵ ɪаɞɢɭɫа R  :  22

R  , ɞɥя ɰɢɥɢɧɞɪа ɜɵɫɨɬɨɣ H ɢ ɪаɞɢɭɫа R :     222 405,2 HR   ).  

Таɦ ɠɟ ɩɪɟɞɫɬаɜɥɟɧɵ ɪɟɡɭɥɶɬаɬɵ ɪаɫчɟɬɨɜ ɩɨ ɭɫɪɟɞɧɟɧɢɸ ɫɟчɟɧɢɣ ɩɨ 
чаɫɬɢ ɫɩɟɤɬɪа Ɇаɤɫɜɟɥɥа ɢ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɛɟɡ ɭчɟɬа Дɨɩɥɟɪ ɷɮɮɟɤɬа. 
ɍɫɪɟɞɧɟɧɢɟ ɩɪɨɜɨɞɢɥɨɫɶ ɫ ɩɨɦɨщɶɸ ɫɥɟɞɭɸщɟɝɨ ɜɵɪаɠɟɧɢя: 
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ɝɞɟ  
kT

E
x  .  ɉɪɢ ɭɫɪɟɞɧɟɧɢɢ ɢɫɩɨɥɶɡɨɜаɥɢɫɶ ɢɡɜɟɫɬɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɵɟ 

ɡаɜɢɫɢɦɨɫɬɢ ɫɟчɟɧɢɣ ɞɟɥɟɧɢя ɢ ɡахɜаɬа ɨɬ ɷɧɟɪɝɢɢ ɧɟɣɬɪɨɧɨɜ ɞɥя 
ɬɟɦɩɟɪаɬɭɪɵ γ00Ʉ ɞɥя  U

235

92  ɢ Pu
239

94 . Дɢаɩаɡɨɧ ɢɡɦɟɧɟɧɢя ɬɟɦɩɟɪаɬɭɪ ɛɵɥ 
300Ʉ – 6000Ʉ.  

 ɍɫɪɟɞɧɟɧɢɟ ɫɟчɟɧɢɣ ɩɨ чаɫɬɢ ɫɩɟɤɬɪа Ɏɟɪɦɢ ɩɪɨɜɨɞɢɥɨɫɶ ɫ ɩɨɦɨщɶɸ 
ɫɥɟɞɭɸщɟɝɨ ɜɵɪаɠɟɧɢя: 
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3.1.4.2. Ст̬укту̬а ал̐о̬ит̥ов и опи̭ания ко̥пь̀те̬н̵̼ п̬о̬̐а̥̥ для 
в̼чи̭ления ̚ави̭и̥о̭те̜ у̭̬едненн̵̼ по не̜т̬онно̥у ̭пект̬у ̭ечени̜ 
не̜т̬онн̵̼ яде̬н̵̼ ̬еакци̜ от те̥пе̬ату̬̼ ̬еакто̬но̐о яде̬но̐о 
топлива. 

В ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɟɨɪɟɬɢчɟɫɤɨɣ ɦɨɞɟɥɶɸ, ɨɩɢɫаɧɧɨɣ ɜ 3.1.4.1, 

ɪаɡɪаɛɨɬаɧа ɛɥɨɤ-ɫхɟɦа аɥɝɨɪɢɬɦа ɞɥя ɤɨɦɩɶɸɬɟɪɧɨɣ ɩɪɨɝɪаɦɦɵ, 
ɪаɫɫчɢɬɵɜаɸщɟɣ ɡаɜɢɫɢɦɨɫɬɢ ɭɫɪɟɞɧɟɧɧɵх ɩɨ ɧɟɣɬɪɨɧɧɨɦɭ 
ɷɧɟɪɝɟɬɢчɟɫɤɨɦɭ ɫɩɟɤɬɪɭ ɫɟчɟɧɢɣ ɧɟɣɬɪɨɧɧɵх яɞɟɪɧɵх ɪɟаɤɰɢɣ ɨɬ 
ɬɟɦɩɟɪаɬɭɪɵ ɬɨɩɥɢɜɧɨɣ ɫɪɟɞɵ. Ȼɥɨɤ-ɫхɟɦа аɥɝɨɪɢɬɦа ɩɪɟɞɫɬаɜɥɟɧа ɜ 
ɉɊɂɅɈɀȿɇɂȿ 13. 

 

3.1.4.3. Ɋеɡɭɥɶтаты ɤɨɦɩɶɸтеɪɧыɯ выɱиɫɥеɧиɣ. 
Ʉɨɦɩɶɸɬɟɪɧая ɩɪɨɝɪаɦɦа, ɪаɫɫчɢɬɵɜаɸщɢɟ ɞɥя ɝɥаɜɧɵх ɪɟаɤɬɨɪɧɵх 

ɧɭɤɥɢɞɨɜ U
235

92 , U
238

92 , Pu
239

94   ɡаɜɢɫɢɦɨɫɬɢ ɭɫɪɟɞɧɟɧɧɵх ɩɨ ɧɟɣɬɪɨɧɧɨɦɭ 
ɷɧɟɪɝɟɬɢчɟɫɤɨɦɭ ɫɩɟɤɬɪɭ ɫɟчɟɧɢɣ ɧɟɣɬɪɨɧɧɵх яɞɟɪɧɵх ɪɟаɤɰɢɣ ɨɬ 
ɬɟɦɩɟɪаɬɭɪɵ ɬɨɩɥɢɜɧɨɣ ɫɪɟɞɵ ɫɨɝɥаɫɧɨ ɪаɡɪаɛɨɬаɧɧɨɦɭ аɥɝɨɪɢɬɦɭ 
(ɉɊɂɅɈɀȿɇɂȿ 1γ), ɛɵɥа ɪɟаɥɢɡɨɜаɧа ɜ ɩɪɨɝɪаɦɦɧɨɣ ɫɪɟɞɟ Fortran Power 

Station 4.0. 

ɋ ɩɨɦɨщɶɸ  ɷɬɨɣ ɩɪɨɝɪаɦɦɵ ɞɥя ɨɫɧɨɜɧɵх ɪɟаɤɬɨɪɧɵх ɧɭɤɥɢɞɨɜ U
235

92 , 

U
238

92 , Pu
239

94  ɩɨɥɭчɟɧɵ ɪаɫчɟɬɧɵɟ ɡаɜɢɫɢɦɨɫɬɢ ɫɟчɟɧɢɣ ɞɟɥɟɧɢя ɢ 
ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɞɟɥящɟɣɫя ɫɪɟɞɵ, ɢɡɦɟɧяɸщɟɣɫя ɨɬ 
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γ00Ʉ ɞɨ 6000Ʉ,  ɭɫɪɟɞɧɟɧɧɵх ɩɨ ɤɨɦɛɢɧɢɪɨɜаɧɧɨɦɭ ɧɟɣɬɪɨɧɧɨɦɭ ɫɩɟɤɬɪɭ 
Ɇаɤɫɜɟɥɥа ɢ Ɏɟɪɦɢ ɞɥя ɩяɬɢ ɡɧачɟɧɢɣ ɝɪаɧɢчɧɨɣ ɷɧɟɪɝɢɢ: γkT, 3,5kT, 4kT, 

5kT, 6kT (ɪɢɫ. γ.8-3.10) [2,110,217,225,227,229,230-234,251,252]. ɉɪɢ 
ɭɫɪɟɞɧɟɧɢɢ ɢɫɩɨɥɶɡɨɜаɥɢɫɶ ɪаɫɫчɢɬаɧɧɵɟ ɧаɦɢ ɫ ɭчɟɬɨɦ Дɨɩɥɟɪ ɷɮɮɟɤɬа ɞɥя 
ɞɢаɩаɡɨɧа ɬɟɦɩɟɪаɬɭɪ γ00Ʉ - 6000Ʉ ɡаɜɢɫɢɦɨɫɬɢ ɫɟчɟɧɢɣ ɞɟɥɟɧɢя ɢ ɡахɜаɬа 
ɨɬ ɷɧɟɪɝɢɢ ɧɟɣɬɪɨɧɨɜ ɞɥя  U

235

92 ,  Pu
239

94  ɢ U
238

92 , ɩɪɟɞɫɬаɜɥɟɧɧɵɟ ɜɵɲɟ ɜ ɪаɡɞɟɥɟ 
3.1.3.2 ɢ, ɧаɩɪɢɦɟɪ, ɧа ɪɢɫ. γ.2-3.7. 

Ɉɬɦɟɬɢɦ, чɬɨ ɩɟɪɜɨɧачаɥɶɧɨ ɪаɫчɟɬɵ ɡаɜɢɫɢɦɨɫɬɟɣ ɫɟчɟɧɢɣ ɩɪɨɜɨɞɢɥɢɫɶ 
ɞɨ ɬɟɦɩɟɪаɬɭɪɵ 1400Ʉ, ɬɨ ɟɫɬɶ, ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɞɨ ɬɟɦɩɟɪаɬɭɪɵ ɩɥаɜɥɟɧɢя 
ɦɟɬаɥɥɢчɟɫɤɨɝɨ ɭɪаɧа ɢ ɛɵɥ ɨɛɧаɪɭɠɟɧ ɫɬɟɩɟɧɧɨɣ ɪɨɫɬ ɫɟчɟɧɢɣ ɞɥя 
ɩɥɭɬɨɧɢя βγ9 ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪаɬɭɪɵ ɜ ɨɬɥɢчɢɟ ɨɬ ɷɬɢх ɡаɜɢɫɢɦɨɫɬɟɣ ɞɥя 
ɭɪаɧа βγη.  

В ɫɜяɡɢ ɫ ɷɬɢɦ ɞɢаɩаɡɨɧ ɬɟɦɩɟɪаɬɭɪ ɞɥя ɪаɫчɟɬɨɜ ɛɵɥ ɭɜɟɥɢчɟɧ ɞɨ γ000Ʉ, 
ɬɨ ɟɫɬɶ, ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɞɨ  ɬɟɦɩɟɪаɬɭɪɵ ɩɥаɜɥɟɧɢя ɨɤɫɢɞɧɨɝɨ ɬɨɩɥɢɜа. 
ɉɨɥɭчɟɧɧɵɟ ɪɟɡɭɥɶɬаɬɵ ɩɨɤаɡаɥɢ ɪɟɡɨɧаɧɫɧɵɣ хаɪаɤɬɟɪ ɩɨɜɟɞɟɧɢя 
ɡаɜɢɫɢɦɨɫɬɟɣ ɞɥя ɩɥɭɬɨɧɢя βγ9 (ɫ ɭɜɟɥɢчɟɧɢɟɦ ɬɟɦɩɟɪаɬɭɪɵ ɫɬɟɩɟɧɧɨɣ ɪɨɫɬ 
ɞɨ ɞɨɫɬɢɠɟɧɢя ɦаɤɫɢɦɭɦа ɫ ɩɨɫɥɟɞɭɸщɢɦ ɩаɞɟɧɢɟɦ, ɫɦ. ɪɢɫ. γ.8). Таɤɨɟ 
ɩɨɜɟɞɟɧɢɟ ɬɟɦɩɟɪаɬɭɪɧɨɣ ɡаɜɢɫɢɦɨɫɬɢ ɭɫɪɟɞɧɟɧɧɵх ɩɨ ɷɧɟɪɝɟɬɢчɟɫɤɨɦɭ 
ɫɩɟɤɬɪɭ ɫɟчɟɧɢɣ ɞɥя ɩɥɭɬɨɧɢя βγ9 ɨɛɴяɫɧяɟɬɫя ɬɟɦ, чɬɨ ɩɥɭɬɨɧɢɣ βγ9 
ɨɛɥаɞаɟɬ ɧɢɡɤɨɪаɫɩɨɥɨɠɟɧɧɵɦ ɢ ɲɢɪɨɤɢɦ ɩɨ ɷɧɟɪɝɢяɦ ɧɟɣɬɪɨɧɨɜ ɢ ɜɵɫɨɤɢɦ 
ɩɨ аɦɩɥɢɬɭɞɟ ɪɟɡɨɧаɧɫɨɦ (ɫɦ. ɪɢɫ. ɉ.10.1 ɢ ɉ.10.β, ɢɥɢ ɪɢɫ. ɉ.10.5 ɢ ɉ.10.6 

ɉɊɂɅɈɀȿɇɂə 10) ɢ ɩɪɢ ɪɨɫɬɟ ɬɟɦɩɟɪаɬɭɪɵ ɜ ɭɤаɡаɧɧɨɦ ɞɢаɩаɡɨɧɟ 
ɦаɤɫɢɦɭɦ ɬɟɪɦаɥɢɡɨɜаɧɧɨɣ чаɫɬɢ ɷɧɟɪɝɟɬɢчɟɫɤɨɝɨ ɫɩɟɤɬɪа ɧɟɣɬɪɨɧɨɜ 
(ɡаɞаɜаɟɦɨɣ ɪаɫɩɪɟɞɟɥɟɧɢɟɦ ɬɢɩа Ɇаɤɫɜɟɥɥа) ɫɧачаɥа ɧаɟɡɠаɟɬ ɧа ɷɬɨɬ 
ɪɟɡɨɧаɧɫ, а ɡаɬɟɦ ɫɴɟɡɠаɟɬ ɫ ɧɟɝɨ [2,110,217,225,227,229,230-234,251,252]. 

ɑɬɨ ɠɟ ɤаɫаɟɬɫя ɭɪаɧа βγη, ɬɨ ɭ ɧɟɝɨ аɧаɥɨɝɢчɧɵɣ ɩɟɪɜɵɣ ɪɟɡɨɧаɧɫ 
ɪаɫɩɨɥɨɠɟɧ ɜɵɲɟ ɢ ɭɡɨɤ ɩɨ ɷɧɟɪɝɢяɦ ɧɟɣɬɪɨɧɨɜ ɢ ɩɪаɤɬɢчɟɫɤɢ ɧɟ 
ɡɧачɢɬɟɥɟɧ ɩɨ аɦɩɥɢɬɭɞɟ. Эɬɨ ɩɪɢɜɨɞɢɬ ɥɢɲɶ ɤ ɭɦɟɧɶɲɟɧɢɸ ɭɫɪɟɞɧɟɧɧɵх 
ɫɟчɟɧɢɣ ɞɥя ɭɪаɧа βγη ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪаɬɭɪɵ ɜ ɭɤаɡаɧɧɨɦ ɞɢаɩаɡɨɧɟ 
ɬɟɦɩɟɪаɬɭɪ (ɫɦ. ɪɢɫ. γ.9) ɜ ɨɬɥɢчɢɟ ɷɬɢх ɡаɜɢɫɢɦɨɫɬɟɣ ɞɥя ɩɥɭɬɨɧɢя βγ9 
[2,110,217,225,227,229,230-234,251,252]. 

Ɉɩяɬɶ ɠɟ, ɜ ɫɜяɡɢ ɫ ɜɵɲɟ ɢɡɥɨɠɟɧɧɵɦ, а ɬаɤɠɟ, ɜ ɫɜяɡɢ ɫ ɬɟɦ, чɬɨ 
ɝɟɨɪɟаɤɬɨɪ ɪаɛɨɬаɟɬ ɩɪɢ ɬɟɦɩɟɪаɬɭɪɟ η000Ʉ-θ000Ʉ [82], ɪаɫчɟɬɧɵɣ 
ɬɟɦɩɟɪаɬɭɪɧɵɣ ɞɢаɩаɡɨɧ ɛɵɥ ɭɜɟɥɢчɟɧ ɞɨ θ000Ʉ. 

Ɉɬɦɟɬɢɦ ɬаɤɠɟ, чɬɨ ɢɫɫɥɟɞɨɜаɧɢя ɬɟɦɩɟɪаɬɭɪɧɨɝɨ ɩɨɜɟɞɟɧɢя ɫɟчɟɧɢɣ 
ɭɫɪɟɞɧɟɧɧɵх ɩɨ ɫɩɟɤɬɪɭ ɧɟɣɬɪɨɧɨɜ ɜ ɬаɤɨɦ ɲɢɪɨɤɨɦ ɬɟɦɩɟɪаɬɭɪɧɨɦ 
ɢɧɬɟɪɜаɥɟ ɞɨɥɠɧɨ ɭчɢɬɵɜаɬɶ ɜɨɡɦɨɠɧɵɟ ɮаɡɨɜɵɟ ɢɡɦɟɧɟɧɢя ɫɨɫɬɨяɧɢя ɢ 



156 

 

ɫɨɫɬаɜа ɬɨɩɥɢɜа (ɧɭɤɥɢɞɧая ɞɢɧаɦɢɤа ɜɨɥɧɨɜɨɝɨ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ 
ɝɨɪɟɧɢя). Аɥɝɨɪɢɬɦ ɩɪɨɝɪаɦɦɵ, ɭчɢɬɵɜаɸщɟɣ ɷɬɨ, ɭɠɟ ɪаɡɪаɛɨɬаɧ ɢ ɧа 
ɞаɧɧɨɦ ɷɬаɩɟ ɩɪɨɜɨɞɢɬɫя ɨɬɥаɞɤа ɬаɤɨɣ ɩɪɨɝɪаɦɦɵ. В ɞаɥɶɧɟɣɲɟɦ 
ɩɥаɧɢɪɭɟɬɫя ɩɪɨɜɟɫɬɢ ɫɨɨɬɜɟɬɫɬɜɭɸщɢɟ ɪаɫчɟɬɵ. В ɫɜяɡɢ ɫ ɷɬɢɦ ɜ ɪаɛɨɬɭ 
ɜɤɥɸчɟɧɵ ɬɟɩɥɨɮɢɡɢчɟɫɤɢɟ ɫɜɨɣɫɬɜа ɠɢɞɤɨɝɨ ɢ ɝаɡɨɨɛɪаɡɧɨɝɨ яɞɟɪɧɨɝɨ 
ɬɨɩɥɢɜа (ɫɦ. ɜɵɲɟ ɪаɡɞɟɥɵ . 1.1.5.3. ɢ 1.1.η.4.). 

 

         ɛаɪɧnf ,               a)                    ɛаɪɧnc ,                 b)                         

 Т, К  Т, К 

Ɋɢɫ. 3.8. Ɂаɜɢɫɢɦɨɫɬɢ ɫɟчɟɧɢя ɞɟɥɟɧɢя (a) ɢ ɫɟчɟɧɢя ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа (b)  
239

Pu, 

ɭɫɪɟɞɧɺɧɧɵх ɩɨ ɤɨɦɛɢɧɢɪɨɜаɧɧɨɦɭ ɫɩɟɤɬɪɭ Ɇаɤɫɜɟɥɥа ɢ Ɏɟɪɦɢ, ɨɬ ɬɟɦɩɟɪаɬɭɪɵ 
ɞɟɥящɟɣɫя ɫɪɟɞɵ ɢ ɞɥя ɪаɡɧɵх ɡɧачɟɧɢɣ ɝɪаɧɢчɧɨɣ ɷɧɟɪɝɢɢ ɫɩɟɤɬɪɨɜ Ɏɟɪɦɢ ɢ Ɇаɤɫɜɟɥɥа. 

 

     ɛаɪɧnf ,               a)                   ɛаɪɧnc ,                 b)                            

 Т, К  Т, К 

Ɋɢɫ. 3.9. Ɂаɜɢɫɢɦɨɫɬɢ ɫɟчɟɧɢя ɞɟɥɟɧɢя (a) ɢ ɫɟчɟɧɢя ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа (b) 
235

U, 

ɭɫɪɟɞɧɺɧɧɵх ɩɨ ɤɨɦɛɢɧɢɪɨɜаɧɧɨɦɭ ɫɩɟɤɬɪɭ Ɇаɤɫɜɟɥɥа ɢ Ɏɟɪɦɢ, ɨɬ ɬɟɦɩɟɪаɬɭɪɵ 
ɞɟɥящɟɣɫя ɫɪɟɞɵ ɢ ɞɥя ɪаɡɧɵх ɡɧачɟɧɢɣ ɝɪаɧɢчɧɨɣ ɷɧɟɪɝɢɢ ɫɩɟɤɬɪɨɜ Ɏɟɪɦɢ ɢ Ɇаɤɫɜɟɥɥа. 

 

 

     ɛаɪɧnf ,               a)                    ɛаɪɧnc ,                 b)                            
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 Т, К  Т, К 

Ɋɢɫ. 3.10. Ɂаɜɢɫɢɦɨɫɬɢ ɫɟчɟɧɢя ɞɟɥɟɧɢя (a) ɢ ɫɟчɟɧɢя ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа (b)  U
238

92 , 

ɭɫɪɟɞɧɺɧɧɵх ɩɨ ɤɨɦɛɢɧɢɪɨɜаɧɧɨɦɭ ɫɩɟɤɬɪɭ Ɇаɤɫɜɟɥɥа ɢ Ɏɟɪɦɢ, ɨɬ ɬɟɦɩɟɪаɬɭɪɵ 
ɞɟɥящɟɣɫя ɫɪɟɞɵ ɢ ɞɥя ɪаɡɧɵх ɡɧачɟɧɢɣ ɝɪаɧɢчɧɨɣ ɷɧɟɪɝɢɢ ɫɩɟɤɬɪɨɜ Ɏɟɪɦɢ ɢ Ɇаɤɫɜɟɥɥа. 

 

3.1.4.4. В̼вод̼. 

Ɋаɡɪаɛɨɬаɧа ɤɨɦɩɶɸɬɟɪɧая ɩɪɨɝɪаɦɦа ɢ ɩɪɨɜɟɞɟɧɵ ɤɨɦɩɶɸɬɟɪɧɵɟ 
ɜɵчɢɫɥɟɧɢя ɞɥя ɨɫɧɨɜɧɵх ɪɟаɤɬɨɪɧɵх ɬɨɩɥɢɜɧɵх ɧɭɤɥɢɞɨɜ UU

238

92

235

92 ,  ɢ Pu
239

94  

ɭɫɪɟɞɧɟɧɧɵх ɩɨ ɧɟɣɬɪɨɧɧɵɦ ɫɩɟɤɬɪаɦ ɫɟчɟɧɢɣ ɨɫɧɨɜɧɵх ɪɟаɤɬɨɪɧɵх 
ɧɟɣɬɪɨɧɧɵх яɞɟɪɧɵх ɪɟаɤɰɢɣ (ɞɟɥɟɧɢя ɢ ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа) ɨɬ 
ɬɟɦɩɟɪаɬɭɪɵ ɪɟаɤɬɨɪɧɨɝɨ яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа (ɪɢɫ. 3.8-3.10). 

ɉɨɥɭчɟɧɵ ɮɭɧɤɰɢɨɧаɥɶɧɵх ɡаɜɢɫɢɦɨɫɬɟɣ ɭɫɪɟɞɧɟɧɧɵх ɩɨ ɧɟɣɬɪɨɧɧɵɦ 
ɫɩɟɤɬɪаɦ ɫɟчɟɧɢɣ ɨɫɧɨɜɧɵх ɪɟаɤɬɨɪɧɵх ɧɟɣɬɪɨɧɧɵх яɞɟɪɧɵх ɪɟаɤɰɢɣ 
(ɞɟɥɟɧɢя ɢ ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа) ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɪɟаɤɬɨɪɧɨɝɨ яɞɟɪɧɨɝɨ 
ɬɨɩɥɢɜа ɩɨ ɩɨɥɭчɟɧɧɵɦ ɩɪɢ ɤɨɦɩɶɸɬɟɪɧɵх ɜɵчɢɫɥɟɧɢях ɞаɧɧɵɦ ɫ ɩɨɦɨщɶɸ 
ɤɨɦɩɶɸɬɟɪɧɵх ɢɧɬɟɪɩɨɥяɰɢɨɧɧɵх ɩɪɨɰɟɞɭɪ. 

ɉɪɟɞɫɬаɜɥɟɧɧɵɟ ɧа ɪɢɫ. γ.8-3.10 ɪɟɡɭɥɶɬаɬɵ ɩɨɤаɡɵɜаɸɬ, чɬɨ 
ɭɫɪɟɞɧɟɧɧɵɟ ɩɨ ɫɩɟɤɬɪɭ ɫɟчɟɧɢя ɦɨɝɭɬ, ɤаɤ ɪаɫɬɢ ɫ ɭɜɟɥɢчɟɧɢɟɦ 
ɬɟɦɩɟɪаɬɭɪɵ ɬɨɩɥɢɜа, ɬаɤ ɢ ɭɛɵɜаɬɶ.                      

Ɉɬɦɟɬɢɦ ɬаɤɠɟ, чɬɨ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ ɜ ɜɵɛɨɪɟ ɝɪаɧɢчɧɨɣ ɷɧɟɪɝɢɢ ɞɥя 
ɫɲɢɜаɧɢя ɫɩɟɤɬɪɨɜ Ɇаɤɫɜɟɥɥа ɢ Ɏɟɪɦɢ ɫɭщɟɫɬɜɟɧɧɨ ɧɟ ɜɥɢяɟɬ ɧа 
ɩɨɥɭчɟɧɧɵɟ ɡаɜɢɫɢɦɨɫɬɢ. 

ɂɬаɤ, ɞɥя ɨɞɧɢх ɧɭɤɥɢɞɨɜ ɭɜɟɥɢчɟɧɢɟ ɬɟɦɩɟɪаɬɭɪɵ ɬɨɩɥɢɜɧɨɣ ɫɪɟɞɵ 
ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢчɟɧɢɸ ɭɫɪɟɞɧɟɧɧɵх ɫɟчɟɧɢɣ ɧа ɢɧɬɟɪɜаɥɟ ɬɟɦɩɟɪаɬɭɪ γ00Ʉ 
– γ000Ʉ (ɪɢɫ. γ.8 ɞɥя Pu

239

94 ), а ɞɥя ɞɪɭɝɢх ɤ ɢх ɭɦɟɧɶɲɟɧɢɸ (ɪɢɫ. 3.9  ɞɥя  
U

235

92 ).  

Ɉɛɴяɫɧɢɬɶ ɷɬɨ ɦɨɠɧɨ ɬɟɦ, чɬɨ ɭ Pu
239

94  ɪɟɡɨɧаɧɫɧая ɨɛɥаɫɬɶ ɧачɢɧаɟɬɫя 
ɫɨ ɡɧачɢɬɟɥɶɧɨ ɛɨɥɟɟ ɧɢɡɤɢх ɷɧɟɪɝɢɣ, чɟɦ ɞɥя U

235

92  ɢ ɩɪɢ ɭɜɟɥɢчɟɧɢɢ 
ɬɟɦɩɟɪаɬɭɪɵ ɬɨɩɥɢɜа ɩɪɨɢɫхɨɞɢɬ ɭɜɟɥɢчɟɧɢɟ ɬɟɦɩɟɪаɬɭɪɵ ɧɟɣɬɪɨɧɧɨɝɨ ɝаɡа, 
ɜɵɡɵɜаɸщɟɟ ɫɦɟщɟɧɢя ɦаɤɫɢɦɭɦа ɦаɤɫɜɟɥɥɨɜɫɤɨɝɨ ɪаɫɩɪɟɞɟɥɟɧɢя 
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ɧɟɣɬɪɨɧɨɜ ɜ ɫɬɨɪɨɧɭ ɛɨɥɶɲɢх ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ, ɬɨ ɟɫɬɶ, ɭɠɟɫɬɨчɟɧɢɟ 
ɫɩɟɤɬɪа ɧɟɣɬɪɨɧɧɨɝɨ ɝаɡа, ɩɪɢ ɤɨɬɨɪɨɦ ɤɨɥɢчɟɫɬɜɨ ɧɟɣɬɪɨɧɨɜ, ɩɨɩаɞаɸщɟɟ ɜ 
ɪɟɡɨɧаɧɫɧɭɸ ɨɛɥаɫɬɶ ɞɥя Pu

239

94 ,  ɭɜɟɥɢчɢɜаɟɬɫя, чɬɨ ɢ ɜɵɡɵɜаɟɬ ɪɨɫɬ 
ɭɫɪɟɞɧɟɧɧɵх ɫɟчɟɧɢɣ. 

А ɞɥя U
235

92  ɷɬɨɬ ɩɪɨɰɟɫɫ ɧɟ ɫɬɨɥɶ ɫɭщɟɫɬɜɟɧɟɧ ɢɡ-ɡа ɬɨɝɨ, чɬɨ ɟɝɨ 
ɪɟɡɨɧаɧɫɧая ɨɛɥаɫɬɶ ɪаɫɩɨɥаɝаɟɬɫя ɜɵɲɟ ɩɨ ɷɧɟɪɝɢяɦ ɢ ɭɠɟɫɬɨчɟɧɢɟ ɫɩɟɤɬɪа 
ɧɟɣɬɪɨɧɧɨɝɨ ɝаɡа, ɫɜяɡаɧɧɨɟ ɫ ɭɜɟɥɢчɟɧɢɟɦ  ɬɟɦɩɟɪаɬɭɪɵ ɬɨɩɥɢɜа (ɜ 
ɪаɫɫɦɨɬɪɟɧɧɨɦ ɜ ɢɧɬɟɪɜаɥɟ) ɧɟ ɜɵɡɵɜаɟɬ ɫɭщɟɫɬɜɟɧɧɨɝɨ ɭɜɟɥɢчɟɧɢя 
ɤɨɥɢчɟɫɬɜа ɧɟɣɬɪɨɧɨɜ ɩɨɩаɞаɸщɢх ɜ ɪɟɡɨɧаɧɫɧɭɸ ɨɛɥаɫɬɶ. ɉɨɷɬɨɦɭ ɞɥя 

U
235

92 , ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɡаɜɢɫɢɦɨɫɬяɦɢ ɫɟчɟɧɢɣ ɞɥя ɨɛɥаɫɬɟɣ ɧɟɣɬɪɨɧɨɜ ɜɧɟ 
ɪɟɡɨɧаɧɫɧɵх ɨɛɥаɫɬɟɣ, ɞаɜаɟɦɵх ɞɢɫɩɟɪɫɢɨɧɧɵɦɢ ɜɵɪаɠɟɧɢяɦɢ, ɩɨɥɭчаɟɦ 
ɡаɜɢɫɢɦɨɫɬɶ ɞɥя ɭɫɪɟɞɧɟɧɧɵх ɫɟчɟɧɢɣ σ з 1

n
E . 

  ɉɪɟɞɫɬаɜɥɟɧɧɵɟ ɧа ɪɢɫ. γ.10 ɞаɧɧɵɟ ɩɨ ɭɫɪɟɞɧɟɧɧɵɦ ɫɟчɟɧɢяɦ 
ɞɟɥɟɧɢя ɢ ɡахɜаɬа ɞɥя U

238

92  (ɭɫɪɟɞɧɟɧɧɨɟ ɫɟчɟɧɢɟ ɞɟɥɟɧɢя ɞɥя U
238

92  ɢɡ-ɡа 
ɜɵɫɨɤɨɝɨ ɩɨɪɨɝа ɞɟɥɟɧɢя з 1 ɆɷВ, ɤаɤ ɜɢɞɧɨ ɢɡ ɪɢɫ. γ.10  ɩɪаɤɬɢчɟɫɤɢ 
ɧɟчɭɜɫɬɜɢɬɟɥɶɧɨ ɤ ɭɠɟɫɬɨчɟɧɢɸ ɫɩɟɤɬɪа ɧɟɣɬɪɨɧɨɜ, ɜɵɡɜаɧɧɨɝɨ 
ɭɜɟɥɢчɟɧɢɟɦ ɬɟɦɩɟɪаɬɭɪɵ ɬɨɩɥɢɜа) ɩɨɞɬɜɟɪɠɞаɸɬ ɡаɜɢɫɢɦɨɫɬɶ ɫɟчɟɧɢя 
ɡахɜаɬа ɨɬ ɬɟɦɩɟɪаɬɭɪɵ, ɬаɤ ɤаɤ ɭ ɧɟɝɨ ɪɟɡɨɧаɧɫɧая ɨɛɥаɫɬɶ ɪаɫɩɨɥɨɠɟɧа ɬаɤ 
ɠɟ ɧɢɡɤɨ, ɤаɤ ɢ ɭ Pu

239

94 . Ʉɨɫɜɟɧɧɵɦ, ɩɨɞɬɜɟɪɠɞɟɧɢɟɦ ɫɭщɟɫɬɜɟɧɧɨɝɨ ɜɥɢяɧɢя 
ɬɟɦɩɟɪаɬɭɪɵ ɬɨɩɥɢɜɧɨɣ ɫɪɟɞɵ ɧа ɫɟчɟɧɢɟ ɡахɜаɬа ɧɟɣɬɪɨɧɨɜ яɜɥяɟɬɫя 
ɨɬɦɟчаɟɦая ɜ [154Ж ɩɪаɤɬɢчɟɫɤая ɜаɠɧɨɫɬɶ ɞɥя ɮɢɡɢɤɢ ɪɟаɤɬɨɪɨɜ 
ɡаɜɢɫɢɦɨɫɬɶ ɭɫɪɟɞɧɟɧɧɨɝɨ ɫɟчɟɧɢя ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа ɞɥя U

238

92  ɨɬ 
ɬɟɦɩɟɪаɬɭɪɵ. Тɟɩɟɪɶ, ɩɨɧяɬɧа ɷɬа ɩɪаɤɬɢчɟɫɤая ɜаɠɧɨɫɬɶ ɞɥя ɮɢɡɢɤɢ 
ɪɟаɤɬɨɪɨɜ ɢɦɟɧɧɨ ɷɬɨɣ ɡаɜɢɫɢɦɨɫɬɢ, ɬаɤ ɤаɤ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɪɟаɤɬɨɪɨɜ ɜ 
ɤачɟɫɬɜɟ ɬɨɩɥɢɜа ɢɫɩɨɥɶɡɭɟɬɫя U

238

92 , ɨɛɨɝащɟɧɧɵɣ  U
235

92  (ɢɥɢ ɫɦɟɫɶ ɢх 
ɫɨɟɞɢɧɟɧɢɣ, чɬɨ ɧɟ ɦɟɧяɟɬ ɫɭɬɢ), а ɭɫɪɟɞɧɟɧɧɵɟ ɫɟчɟɧɢя ɞɥя U

235

92 , ɤаɤ 
ɨɩɢɫаɧɨ ɜɵɲɟ, ɜɟɞɟɬ ɫɟɛя ɫɬаɧɞаɪɬɧɵɦ ɨɛɪаɡɨɦ. 
 ɂɫɫɥɟɞɨɜаɧɢɟ ɜ ɲɢɪɨɤɨɦ ɬɟɦɩɟɪаɬɭɪɧɨɦ ɞɢаɩаɡɨɧɟ (ɞɨ θ000Ʉ) 
ɡаɜɢɫɢɦɨɫɬɟɣ ɭɫɪɟɞɧɟɧɧɵх ɩɨ ɧɟɣɬɪɨɧɧɵɦ ɫɩɟɤɬɪаɦ ɫɟчɟɧɢɣ ɧɟɣɬɪɨɧɧɵх 
ɪɟаɤɰɢɣ ɩɨɤаɡаɥɨ, чɬɨ ɷɬɢ ɡаɜɢɫɢɦɨɫɬɢ ɢɦɟɸɬ ɪɟɡɨɧаɧɫɧɵɣ хаɪаɤɬɟɪ. 
ɉɨɧяɬɧɨ, чɬɨ ɟɫɥɢ ɢ ɞаɥɟɟ ɭɜɟɥɢчɢɜаɬɶ ɬɟɦɩɟɪаɬɭɪɭ ɪаɫчɟɬа ɡɧачɢɬɟɥɶɧɨ 
ɜɵɲɟ θ000Ʉ, ɧаɩɪɢɦɟɪ, ɞɥя ɩɥɭɬɨɧɢя β39 ɞɨɥɠɟɧ ɨɩяɬɶ ɛɵɬɶ ɨɛɧаɪɭɠɟɧ 
ɷɤɫɩɨɧɟɧɰɢаɥɶɧɵɣ ɪɨɫɬ ɡаɜɢɫɢɦɨɫɬɢ ɞɨ ɧɟɤɨɬɨɪɨɝɨ ɦаɤɫɢɦɭɦа ɫ 
ɩɨɫɥɟɞɭɸщɢɦ ɩаɞɟɧɢɟɦ, ɬɨ ɟɫɬɶ, ɪɟɡɨɧаɧɫ ɧɨɦɟɪ ɞɜа ɧа ɤɪɢɜɨɣ ɡаɜɢɫɢɦɨɫɬɢ, 
ɤɨɬɨɪɵɣ ɨɛɭɫɥɨɜɥɟɧ ɜɬɨɪɨɦ ɪɟɡɨɧаɧɫɨɦ яɞɪа ɩɥɭɬɨɧɢя βγ9, ɢ ɬаɤ ɞаɥɟɟ. 
 

 

 

3.1.5. Неɥиɧеɣɧыɣ теɩɥɨвɨɣ иɫтɨɱɧиɤ ɞɥɹ ɭɪаɧ-ɩɥɭтɨɧиевɨɣ ɞеɥɹщеɣɫɹ 
ɫɪеɞы. 
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3.1.5.1. Неɥиɧеɣɧыɣ теɩɥɨвɨɣ иɫтɨɱɧиɤ ɞɥɹ ɭɪаɧ-ɩɥɭтɨɧиевɨɣ 
ɞеɥɹщеɣɫɹ ɫɪеɞы.                                                                                                                   

ɇаɦɢ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɨɰɟɧɨчɧɵɟ ɤɨɦɩɶɸɬɟɪɧɵɟ ɪаɫчɟɬɵ 
ɡаɜɢɫɢɦɨɫɬɟɣ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɢɫɬɨчɧɢɤа   tNTrq i

f

T ,,,,  (3.9) ɨɬ 
ɬɟɦɩɟɪаɬɭɪɵ ɞɥя ɧɟɫɤɨɥɶɤɢх ɫɨɫɬаɜɨɜ ɭɪаɧ-ɩɥɭɬɨɧɢɜɨɣ ɞɟɥящɟɣɫя ɫɪɟɞɵ 
ɩɪɢ ɩɨɫɬɨяɧɧɨɣ ɩɥɨɬɧɨɫɬɢ ɩɨɬɨɤа ɧɟɣɬɪɨɧɨɜ, ɪɟɡɭɥɶɬаɬɵ ɤɨɬɨɪɵх 
ɩɪɟɞɫɬаɜɥɟɧɵ ɧа ɪɢɫ. 3.11. ɉɪɢ ɪаɫчɟɬах ɛɵɥɢ ɢɫɩɨɥɶɡɨɜаɧɵ ɡаɜɢɫɢɦɨɫɬɢ 
ɭɫɪɟɞɧɟɧɧɵх ɫɟчɟɧɢɣ ɩɪɟɞɫɬаɜɥɟɧɧɵɟ ɜɵɲɟ ɧа ɪɢɫ. γ.8 – 3.10. Ɉɬɦɟɬɢɦ, чɬɨ 
ɪаɫчɟɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɛɟɡ ɭчɟɬа ɢɡɦɟɧɟɧɢя ɫɨɫɬаɜа ɢ ɩɥɨɬɧɨɫɬɢ ɭɪаɧ-

ɩɥɭɬɨɧɢɜɨɣ ɞɟɥящɟɣɫя ɫɪɟɞɵ. 

ɉɨɥɭчɟɧɧɵɟ ɡаɜɢɫɢɦɨɫɬɢ ɞɥя ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɢɫɬɨчɧɢɤа   tNTrq i

f

T ,,,,  ɦɨɝɭɬ ɛɵɬɶ ɞɨɫɬаɬɨчɧɨ ɬɨчɧɨ аɩɩɪɨɤɫɢɦɢɪɨɜаɧɵ ɫɬɟɩɟɧɧɨɣ 
ɮɭɧɤɰɢɟɣ ɩɨ ɬɟɦɩɟɪаɬɭɪɟ ɫ ɩɨɤаɡаɬɟɥɟɦ ɫɬɟɩɟɧɢ ɪаɜɧɵɦ 4, чɬɨ ɧɟɦɟɞɥɟɧɧɨ 
ɩɪɢɜɨɞɢɬ ɤ ɪɟɲɟɧɢяɦ ɭɪаɜɧɟɧɢя ɬɟɩɥɨɩɟɪɟɧɨɫа ɬɢɩа ɪɟɠɢɦɨɜ ɫ ɨɛɨɫɬɪɟɧɢɟɦ 
ɩɨ Ʉɭɪɞɸɦɨɜɭ, ɭɞɨɜɥɟɬɜɨɪяɸщɢх ɬɪɟɛɨɜаɧɢɸ:     1

TconstTqT , ɝɞɟ 1  

[135,148] (ɫɦ. ɪаɡɞɟɥ 1.1.4.1.) [2,110,217,225,227,229,230-234,251,252].  

                        

Ɋɢɫ. 3.11. Ɂаɜɢɫɢɦɨɫɬɢ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɢɫɬɨчɧɢɤа   tNTrq i

f

T ,,,,  (3.9)    ɨɬ 
ɬɟɦɩɟɪаɬɭɪɵ ɞɟɥящɟɣɫя ɫɪɟɞɵ ɞɥя ɧɟɫɤɨɥɶɤɢх ɫɨɫɬаɜɨɜ ɭɪаɧ-ɩɥɭɬɨɧɢɜɨɣ ɫɪɟɞɵ (1-10% 

Pu; 2 - 5% Pu; 3 - 1% Pu) ɩɪɢ ɩɨɫɬɨяɧɧɨɣ ɩɥɨɬɧɨɫɬɢ ɩɨɬɨɤа ɧɟɣɬɪɨɧɨɜ )(10 213 ɫɫɦɧ . 

 

3.1.5.2. В̼вод̼.                  

ɉɨɥɭчɟɧɧɵɟ ɡаɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɢɫɬɨчɧɢɤа   tTErq nT ,,,


 ɞɥя ɭɪаɧ-

ɩɥɭɬɨɧɢɟɜɨɣ ɞɟɥящɟɣɫя ɫɪɟɞɵ ɦɨɝɭɬ ɛɵɬɶ аɩɩɪɨɤɫɢɦɢɪɨɜаɧɵ ɫɬɟɩɟɧɧɨɣ 
ɮɭɧɤɰɢɟɣ ɩɨ ɬɟɦɩɟɪаɬɭɪɟ ɫ ɩɨɤаɡаɬɟɥɟɦ ɫɬɟɩɟɧɢ ɪаɜɧɵɦ 4, ɬɨ ɟɫɬɶ, ɩɨɥɭчɢɥɢ 
ɪɟɠɢɦ ɫ ɨɛɨɫɬɪɟɧɢɟɦ Ʉɭɪɞɸɦɨɜа, ɭɞɨɜɥɟɬɜɨɪяɸщɢɣ ɬɪɟɛɨɜаɧɢɸ:     1

TconstTqT , ɝɞɟ 1  [135,148,2,110,217,225,227,229,230-234,251,252]. 
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3.1.6. Неɫтаɰиɨɧаɪɧые ɞиɫɫиɩативɧые теɩɥɨвые 3d ɫтɪɭɤтɭɪы в ɭɪаɧ-

ɩɥɭтɨɧиевɨɣ ɞеɥɹщеɣɫɹ ɫɪеɞе.  

3.1.6.1. Ɋеɲеɧиɹ ɭɪавɧеɧиɹ теɩɥɨɩеɪеɧɨɫа ɫ ɧеɥиɧеɣɧыɦ ɫтеɩеɧɧыɦ 
теɩɥɨвыɦ иɫтɨɱɧиɤɨɦ в ɭɪаɧ-ɩɥɭтɨɧивɨɣ ɞеɥɹщеɣɫɹ ɫɪеɞе ɞɥɹ 
ɝɪаɧиɱɧыɯ и ɧаɱаɥɶɧыɯ ɩаɪаɦетɪɨв ɫɨɨтветɫтвɭɸщиɯ теɯɧиɱеɫɤиɦ 
ɪеаɤтɨɪаɦ. 

Ȼɵɥɢ ɩɨɥɭчɟɧɵ ɪɟɲɟɧɢя ɭɪаɜɧɟɧɢя ɬɟɩɥɨɩɟɪɟɧɨɫа (3.1) ɢɡ ɪаɡɞɟɥа 
3.1.2 ɫ ɧɟɥɢɧɟɣɧɵɦ ɫɬɟɩɟɧɧɵɦ ɬɟɩɥɨɜɵɦ ɢɫɬɨчɧɢɤɨɦ (ɢɫɬɨчɧɢɤ, 
ɭɞɨɜɥɟɬɜɨɪяɸщɢɣ ɬɪɟɛɨɜаɧɢɸ:     1

TconstTqT , ɝɞɟ 1  [135,146, 152Ж) ɜ 
ɭɪаɧ-ɩɥɭɬɨɧɢɜɨɣ ɞɟɥящɟɣɫя ɫɪɟɞɟ [2,110,217,225,227,229,230-234,251,252]. 

Ɋаɫчɟɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɞɥя ɤɭɛɢɤа ɞɟɥящɟɣɫя ɫɪɟɞɵ, ɩɪɢчɟɦ ɡаɞаɜаɥɢɫɶ 
ɪаɡɧɵɟ ɟɝɨ ɩɪɨɫɬɪаɧɫɬɜɟɧɧɵɟ ɪаɡɦɟɪɵ, а ɬаɤɠɟ ɡаɞаɜаɥɢɫɶ ɪаɡɥɢчɧɵɟ 
ɡɧачɟɧɢя ɞɥя ɧачаɥɶɧɨɣ ɢ ɝɪаɧɢчɧɵх ɬɟɦɩɟɪаɬɭɪ. Таɤ ɤаɤ ɬɟɦɩɟɪаɬɭɪɧɵɟ 
ɡаɜɢɫɢɦɨɫɬɢ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɢɫɬɨчɧɢɤа ɩɨɥɭчɟɧɵ ɛɟɡ ɭчɟɬа ɢɡɦɟɧɟɧɢя 
ɫɨɫɬаɜа ɢ ɩɥɨɬɧɨɫɬɢ ɭɪаɧ-ɩɥɭɬɨɧɢɜɨɣ ɞɟɥящɟɣɫя ɫɪɟɞɵ ɢ ɬаɤ ɤаɤ, ɫɨɝɥаɫɧɨ 
[135,146,152], ɜ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɨɬɧɨɲɟɧɢя ɦɟɠɞɭ ɩɨɤаɡаɬɟɥяɦɢ ɫɬɟɩɟɧɢ 
ɫɬɟɩɟɧɧɨɣ ɡаɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɢ ɫɬɟɩɟɧɧɨɣ 
ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɬɟɩɥɨɜɨɝɨ ɢɫɬɨчɧɢɤа ɪɟаɥɢɡɭɸɬɫя ɪаɡɥɢчɧɵɟ 
ɪɟɠɢɦɵ ɫ ɨɛɨɫɬɪɟɧɢɟɦ (HS - ɪɟɠɢɦ, S - ɪɟɠɢɦ, LS - ɪɟɠɢɦ), ɬɨ 
ɪаɫɫɦаɬɪɢɜаɥɢɫɶ ɫɥɭчаɢ ɞɥя ɢɫɬɨчɧɢɤа ɩɪɨɩɨɪɰɢɨɧаɥɶɧɨɝɨ 1-ɨɣ, β-ɨɣ ɢ 4-ɨɣ 
ɫɬɟɩɟɧɢ ɬɟɦɩɟɪаɬɭɪɵ, ɩɪɢчɟɦ ɦɨщɧɨɫɬɶ ɢɫɬɨчɧɢɤа ɬаɤɠɟ ɪɟɝɭɥɢɪɨɜаɥаɫɶ 
ɩɪɢ ɩɨɦɨщɢ ɞɨɦɧɨɠɟɧɢя ɟɝɨ ɧа ɪаɡɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɪɨɩɨɪɰɢɨɧаɥɶɧɨɫɬɢ 

const =  0,10 Дɠ/K, 0.15 Дɠ/K, 1,00 Дɠ/K. Ȼɵɥɢ ɩɨɥɭчɟɧɵ ɪɟɲɟɧɢя ɭɪаɜɧɟɧɢя 
ɬɟɩɥɨɩɟɪɟɧɨɫа (3.1) ɞɥя ɩɨɫɬɨяɧɧɵх ɡɧачɟɧɢɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢ 
ɬɟɩɥɨɟɦɤɨɫɬɢ (ɬɟɩɥɨɺɦɤɨɫɬɶ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ 11,η Дɠ/(K·ɦɨɥɶ) ɢ β7,η 
Вɬ/(ɦ·K) ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ) ɩɪɟɞɫɬаɜɥɟɧɧɵɟ ɧа ɪɢɫ. 3.14, а ɬаɤɠɟ ɪɟɲɟɧɢя 
ɭɪаɜɧɟɧɢя ɬɟɩɥɨɩɟɪɟɧɨɫа, ɭчɢɬɵɜаɸщɢɟ ɢх ɡаɜɢɫɢɦɨɫɬɶ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ 

(ɪɢɫ. γ.12 ɢ ɪɢɫ. γ.13), ɩɪɟɞɫɬаɜɥɟɧɧɵɟ ɧа ɪɢɫ. 3.15 - 3.21).  

ɉɪɢ ɪаɫчɟɬах ɡаɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨɺɦɤɨɫɬɢ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 

ɞɟɥящɟɣɫя ɫɪɟɞɵ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɡаɞаɜаɥɢɫɶ ɫɥɟɞɭɸщɢɦɢ аɧаɥɢɬɢчɟɫɤɢɦɢ 
ɜɵɪаɠɟɧɢяɦɢ, ɤɨɬɨɪɵɟ ɛɵɥɢ ɩɨɥɭчɟɧɵ ɫ ɢɫɩɨɥɶɡɨɜаɧɢɟɦ аɩɩɪɨɤɫɢɦаɰɢɢ 
ɩɨɥɢɧɨɦɢаɥɶɧɨɣ ɪɟɝɪɟɫɫɢɟɣ ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɵх ɞаɧɧɵх ɞɥя U

238

92  (ɪɢɫ. 3.12 ɢ 
ɪɢɫ. 3.13):  

         5104832 1060065,1100043,20000126,00047,064,0206,7 TTTTTTCP  

613101527,2 T
 ,                                                                                               (3.17) 

           TT 0152661,0575,21  .        (3.18) 

http://ru.wikipedia.org/wiki/%D0%94%D0%B6%D0%BE%D1%83%D0%BB%D1%8C
http://ru.wikipedia.org/wiki/%D0%9A%D0%B5%D0%BB%D1%8C%D0%B2%D0%B8%D0%BD
http://ru.wikipedia.org/wiki/%D0%94%D0%B6%D0%BE%D1%83%D0%BB%D1%8C
http://ru.wikipedia.org/wiki/%D0%9A%D0%B5%D0%BB%D1%8C%D0%B2%D0%B8%D0%BD
http://ru.wikipedia.org/wiki/%D0%94%D0%B6%D0%BE%D1%83%D0%BB%D1%8C
http://ru.wikipedia.org/wiki/%D0%9A%D0%B5%D0%BB%D1%8C%D0%B2%D0%B8%D0%BD
http://ru.wikipedia.org/wiki/%D0%94%D0%B6%D0%BE%D1%83%D0%BB%D1%8C
http://ru.wikipedia.org/wiki/%D0%9A%D0%B5%D0%BB%D1%8C%D0%B2%D0%B8%D0%BD
http://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D0%BB%D1%8C
http://ru.wikipedia.org/wiki/%D0%92%D0%B0%D1%82%D1%82
http://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D1%80
http://ru.wikipedia.org/wiki/%D0%9A%D0%B5%D0%BB%D1%8C%D0%B2%D0%B8%D0%BD
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                             CP , Дɠ/(ɦɨɥɶ*ɝɪаɞ) 
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Ɋɢɫ. 3.12. Тɟɦɩɟɪаɬɭɪɧая    ɡаɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɟɦɤɨɫɬɢ ɞɟɥящɟɝɨɫя ɜɟщɟɫɬɜа, ɡаɞаɜаɟɦая 

ɩɪɢ ɪаɫчɟɬах (ɬɨчɤɢ – ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɵɟ ɡɧачɟɧɢя ɬɟɩɥɨɟɦɤɨɫɬɢ ɞɥя
 

U
238

92 ). 

 

                                   T , ɜɬ/(ɦ*ɝɪаɞ) 
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Ɋɢɫ. 3.13. Тɟɦɩɟɪаɬɭɪɧая    ɡаɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɞɟɥящɟɝɨɫя ɜɟщɟɫɬɜа, 
ɡаɞаɜаɟɦая ɩɪɢ ɪаɫчɟɬах(ɬɨчɤɢ – ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɵɟ ɡɧачɟɧɢя ɬɟɩɥɨɟɦɤɨɫɬɢ ɞɥя

 
U

238

92 ). 

 

Ɋаɫчɺɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɨɫɧɨɜɧɨɦ ɜ ɫɪɟɞɟ ɦаɬɟɦаɬɢчɟɫɤɨɝɨ 
ɦɨɞɟɥɢɪɨɜаɧɢя Mathematica η.β1. Ȼɵɥɢ ɢɫɩɨɥɶɡɨɜаɧɵ ɩɪɟɢɦɭщɟɫɬɜɟɧɧɨ 
ɦɟɬɨɞɵ Ɋɭɧɝɟ-Ʉɭɬа 7-8-ɝɨ ɩɨɪяɞɤа. 
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Ɋɢɫ. 3.14. Ɋɟɲɟɧɢɟ ɭɪаɜɧɟɧɢя ɬɟɩɥɨɩɟɪɟɧɨɫа ((3.1) ɢɡ ɪаɡɞɟɥа γ.1.β) ɞɥя 3-х ɦɟɪɧɨɝɨ 
ɫɥɭчая (ɢɫɬɨчɧɢɤ ɩɪɨɩɨɪɰɢɨɧаɥɟɧ 4-ɨɣ ɫɬɟɩɟɧɢ ɬɟɦɩɟɪаɬɭɪɵ; const = 1,00 Дɠ/K; 

ɧачаɥɶɧая ɢ ɝɪаɧɢчɧая ɬɟɦɩɟɪаɬɭɪɵ ɪаɜɧа 100Ʉ; ɪаɡɦɟɪɵ ɤɪɢɫɬаɥɥа 0.001х0.001х0.001 
ɦɦ; ɬɟɩɥɨɺɦɤɨɫɬɶ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɩɨɫɬɨяɧɧɵ ɢ ɪаɜɧɵ 11,η Дɠ/(K·ɦɨɥɶ) ɢ β7,η 

Вɬ/(ɦ·K) ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ). 

 

Ɋɢɫ. 3.15. Ɋɟɲɟɧɢɟ ɭɪаɜɧɟɧɢя ɬɟɩɥɨɩɟɪɟɧɨɫа ((3.1) ɢɡ ɪаɡɞɟɥа γ.1.β) ɞɥя γ-х ɦɟɪɧɨɝɨ 
ɫɥɭчая (ɢɫɬɨчɧɢɤ ɩɪɨɩɨɪɰɢɨɧаɥɟɧ 4-ɨɣ ɫɬɟɩɟɧɢ ɬɟɦɩɟɪаɬɭɪɵ; const = 1,00 Дɠ/K; 

ɧачаɥɶɧая ɢ ɝɪаɧɢчɧая ɬɟɦɩɟɪаɬɭɪɵ ɪаɜɧа 100Ʉ; ɪаɡɦɟɪɵ ɞɟɥящɟɣɫя ɫɪɟɞɵ 
0.001х0.001х0.001 ɦɦ; ɬɟɩɥɨɺɦɤɨɫɬɶ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɡаɞаɜаɥɢɫɶ ɡаɜɢɫɢɦɨɫɬяɦɢ (3.17) 

ɢ (3.18) ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ). 

 

http://ru.wikipedia.org/wiki/%D0%94%D0%B6%D0%BE%D1%83%D0%BB%D1%8C
http://ru.wikipedia.org/wiki/%D0%9A%D0%B5%D0%BB%D1%8C%D0%B2%D0%B8%D0%BD
http://ru.wikipedia.org/wiki/%D0%94%D0%B6%D0%BE%D1%83%D0%BB%D1%8C
http://ru.wikipedia.org/wiki/%D0%9A%D0%B5%D0%BB%D1%8C%D0%B2%D0%B8%D0%BD
http://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D0%BB%D1%8C
http://ru.wikipedia.org/wiki/%D0%92%D0%B0%D1%82%D1%82
http://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D1%80
http://ru.wikipedia.org/wiki/%D0%9A%D0%B5%D0%BB%D1%8C%D0%B2%D0%B8%D0%BD
http://ru.wikipedia.org/wiki/%D0%94%D0%B6%D0%BE%D1%83%D0%BB%D1%8C
http://ru.wikipedia.org/wiki/%D0%9A%D0%B5%D0%BB%D1%8C%D0%B2%D0%B8%D0%BD
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Ɋɢɫ. 3.16. Ɋɟɲɟɧɢɟ ɭɪаɜɧɟɧɢя ɬɟɩɥɨɩɟɪɟɧɨɫа ((3.1) ɢɡ ɪаɡɞɟɥа γ.1.β)  ɞɥя γ-х ɦɟɪɧɨɝɨ 
ɫɥɭчая (ɢɫɬɨчɧɢɤ ɩɪɨɩɨɪɰɢɨɧаɥɟɧ β-ɨɣ ɫɬɟɩɟɧɢ ɬɟɦɩɟɪаɬɭɪɵ; const = 1,00 Дɠ/K; 

ɧачаɥɶɧая ɢ ɝɪаɧɢчɧая ɬɟɦɩɟɪаɬɭɪɵ ɪаɜɧа 100Ʉ; ɪаɡɦɟɪɵ ɞɟɥящɟɣɫя ɫɪɟɞɵ 
0.001х0.001х0.001 ɦɦ; ɬɟɩɥɨɺɦɤɨɫɬɶ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɡаɞаɜаɥɢɫɶ ɡаɜɢɫɢɦɨɫɬяɦɢ (3.17) 

ɢ (γ.18) ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ). 

 

 

Ɋɢɫ. 3.17 . Ɋɟɲɟɧɢɟ ɭɪаɜɧɟɧɢя ɬɟɩɥɨɩɟɪɟɧɨɫа ((3.1) ɢɡ ɪаɡɞɟɥа γ.1.β) ɞɥя γ-х ɦɟɪɧɨɝɨ 
ɫɥɭчая (ɢɫɬɨчɧɢɤ ɩɪɨɩɨɪɰɢɨɧаɥɟɧ β-ɨɣ ɫɬɟɩɟɧɢ ɬɟɦɩɟɪаɬɭɪɵ; const = 0,10 Дɠ/K; 

ɧачаɥɶɧая ɢ ɝɪаɧɢчɧая ɬɟɦɩɟɪаɬɭɪɵ ɪаɜɧа 100Ʉ; ɪаɡɦɟɪɵ ɞɟɥящɟɣɫя ɫɪɟɞɵ 
0.001х0.001х0.001 ɦɦ; ɬɟɩɥɨɺɦɤɨɫɬɶ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɡаɞаɜаɥɢɫɶ ɡаɜɢɫɢɦɨɫɬяɦɢ (3.17) 

ɢ (γ.18) ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ). 

http://ru.wikipedia.org/wiki/%D0%94%D0%B6%D0%BE%D1%83%D0%BB%D1%8C
http://ru.wikipedia.org/wiki/%D0%9A%D0%B5%D0%BB%D1%8C%D0%B2%D0%B8%D0%BD
http://ru.wikipedia.org/wiki/%D0%94%D0%B6%D0%BE%D1%83%D0%BB%D1%8C
http://ru.wikipedia.org/wiki/%D0%9A%D0%B5%D0%BB%D1%8C%D0%B2%D0%B8%D0%BD
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Ɋɢɫ. 3.18. Ɋɟɲɟɧɢɟ ɭɪаɜɧɟɧɢя ɬɟɩɥɨɩɟɪɟɧɨɫа ((3.1) ɢɡ ɪаɡɞɟɥа γ.1.β)  ɞɥя γ-х ɦɟɪɧɨɝɨ 
ɫɥɭчая (ɢɫɬɨчɧɢɤ ɩɪɨɩɨɪɰɢɨɧаɥɟɧ 1-ɨɣ ɫɬɟɩɟɧɢ ɬɟɦɩɟɪаɬɭɪɵ; cons t = 1,00 Дɠ/K;  

ɧачаɥɶɧая ɢ ɝɪаɧɢчɧая ɬɟɦɩɟɪаɬɭɪɵ ɪаɜɧа γ00Ʉ; ɪаɡɦɟɪɵ ɞɟɥящɟɣɫя ɫɪɟɞɵ 10.0х10.0х10.0 
ɫɦ; ɬɟɩɥɨɺɦɤɨɫɬɶ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɡаɞаɜаɥɢɫɶ ɡаɜɢɫɢɦɨɫɬяɦɢ (3.17) ɢ (γ.18) 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ). 

Ɋɢɫ. 3.19. Ɋɟɲɟɧɢɟ ɭɪаɜɧɟɧɢя ɬɟɩɥɨɩɟɪɟɧɨɫа ((3.1) ɢɡ ɪаɡɞɟɥа γ.1.β)  ɞɥя γ-х ɦɟɪɧɨɝɨ 
ɫɥɭчая ɢ ɞɥя ɬɟх ɠɟ ɩаɪаɦɟɬɪɨɜ, чɬɨ ɢ ɞɥя ɪɢɫ. 3.24. ɉɪɟɞɫɬаɜɥɟɧɨ ɪаɫɩɪɟɞɟɥɟɧɢɟ 
ɬɟɦɩɟɪаɬɭɪ ɜ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɞɜɭх ɩɪɨɫɬɪаɧɫɬɜɟɧɧɵх ɩɟɪɟɦɟɧɧɵх ɜ ɮɢɤɫɢɪɨɜаɧɧɵɣ 
ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ. (ɂɫɬɨчɧɢɤ ɩɪɨɩɨɪɰɢɨɧаɥɟɧ 1-ɨɣ ɫɬɟɩɟɧɢ ɬɟɦɩɟɪаɬɭɪɵ;  cons t = 1,00 

Дɠ/K; ɧачаɥɶɧая ɢ ɝɪаɧɢчɧая ɬɟɦɩɟɪаɬɭɪɵ ɪаɜɧа γ00Ʉ; ɪаɡɦɟɪɵ ɞɟɥящɟɣɫя ɫɪɟɞɵ 
10.0х10.0х10.0 ɫɦ; ɬɟɩɥɨɺɦɤɨɫɬɶ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɡаɞаɜаɥɢɫɶ ɡаɜɢɫɢɦɨɫɬяɦɢ (3.17) ɢ 
(3.18) ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ). 

http://ru.wikipedia.org/wiki/%D0%94%D0%B6%D0%BE%D1%83%D0%BB%D1%8C
http://ru.wikipedia.org/wiki/%D0%9A%D0%B5%D0%BB%D1%8C%D0%B2%D0%B8%D0%BD
http://ru.wikipedia.org/wiki/%D0%94%D0%B6%D0%BE%D1%83%D0%BB%D1%8C
http://ru.wikipedia.org/wiki/%D0%9A%D0%B5%D0%BB%D1%8C%D0%B2%D0%B8%D0%BD


165 

 

Ɋɢɫ. 3.20 . Ɋɟɲɟɧɢɟ ɭɪаɜɧɟɧɢя ɬɟɩɥɨɩɟɪɟɧɨɫа ((3.1) ɢɡ ɪаɡɞɟɥа γ.1.β) ɞɥя γ-х ɦɟɪɧɨɝɨ 
ɫɥɭчая (ɢɫɬɨчɧɢɤ ɩɪɨɩɨɪɰɢɨɧаɥɟɧ β-ɨɣ ɫɬɟɩɟɧɢ ɬɟɦɩɟɪаɬɭɪɵ; const = 0,10 Дɠ/K; 

ɧачаɥɶɧая ɢ ɝɪаɧɢчɧая ɬɟɦɩɟɪаɬɭɪɵ ɪаɜɧа γ00Ʉ; ɪаɡɦɟɪɵ ɞɟɥящɟɣɫя ɫɪɟɞɵ 10.0х10.0х10.0 
ɫɦ; ɬɟɩɥɨɺɦɤɨɫɬɶ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɡаɞаɜаɥɢɫɶ ɡаɜɢɫɢɦɨɫɬяɦɢ (3.17) ɢ (γ.18) 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ). 

 

Ɋɢɫ. 3.21 . Ɋɟɲɟɧɢɟ ɭɪаɜɧɟɧɢя ɬɟɩɥɨɩɟɪɟɧɨɫа ((3.1) ɢɡ ɪаɡɞɟɥа γ.1.β) ɞɥя γ-х ɦɟɪɧɨɝɨ 
ɫɥɭчая (ɢɫɬɨчɧɢɤ ɩɪɨɩɨɪɰɢɨɧаɥɟɧ β-ɨɣ ɫɬɟɩɟɧɢ ɬɟɦɩɟɪаɬɭɪɵ; const = 0,15 Дɠ/K; 

ɧачаɥɶɧая ɢ ɝɪаɧɢчɧая ɬɟɦɩɟɪаɬɭɪɵ ɪаɜɧа γ00Ʉ; ɪаɡɦɟɪɵ ɞɟɥящɟɣɫя ɫɪɟɞɵ 10.0х10.0х10.0 
ɫɦ; ɬɟɩɥɨɺɦɤɨɫɬɶ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɡаɞаɜаɥɢɫɶ ɡаɜɢɫɢɦɨɫɬяɦɢ (3.17) ɢ (γ.18) 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ). 

http://ru.wikipedia.org/wiki/%D0%94%D0%B6%D0%BE%D1%83%D0%BB%D1%8C
http://ru.wikipedia.org/wiki/%D0%9A%D0%B5%D0%BB%D1%8C%D0%B2%D0%B8%D0%BD
http://ru.wikipedia.org/wiki/%D0%94%D0%B6%D0%BE%D1%83%D0%BB%D1%8C
http://ru.wikipedia.org/wiki/%D0%9A%D0%B5%D0%BB%D1%8C%D0%B2%D0%B8%D0%BD
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ɉɪɟɞɫɬаɜɥɟɧɧɵɟ ɪɟɡɭɥɶɬаɬɵ ɭɤаɡɵɜаɸɬ ɧа ɜɨɡɦɨɠɧɨɫɬɶ ɨɛɪаɡɨɜаɧɢя 
ɧɟɫɬаɰɢɨɧаɪɧɵх ɞɢɫɫɢɩаɬɢɜɧɵх ɬɟɩɥɨɜɵх ɫɬɪɭɤɬɭɪ ɢ ɥɨɤаɥɶɧɵх 
ɪаɫɩɥаɜɥɟɧɢɣ ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɣ ɞɟɥящɟɣɫя ɫɪɟɞɵ, ɬɟɦɩɟɪаɬɭɪа ɩɥаɜɥɟɧɢя 
ɤɨɬɨɪɨɣ ɩɪаɤɬɢчɟɫɤɢ ɫɨɜɩаɞаɟɬ ɫ ɬɟɦɩɟɪаɬɭɪɨɣ ɩɥаɜɥɟɧɢя ɭɪаɧа βγ8 ɪаɜɧɨɣ 
1400Ʉ (ɪɢɫ. 3.14 - 3.16). ɉɪɢчɟɦ ɷɬɢ ɨɛɥаɫɬɢ ɥɨɤаɥɶɧɵх ɪаɫɩɥаɜɥɟɧɢɣ ɧɟ 
яɜɥяɸɬɫя ɨɛɥаɫɬяɦɢ ɬɟɪɦɢчɟɫɤɢх ɩɢɤɨɜ ɢ ɜɨɡɦɨɠɧɨ яɜɥяɸɬɫя ɬɟɦɢ 
ɨɛɥаɫɬяɦɢ ɪаɫɩɥаɜа ɧа ɩɨɜɟɪхɧɨɫɬɢ ɭɪаɧа, ɤɨɬɨɪɵɟ ɧаɛɥɸɞаɥ Ȼ.В. Эɪɲɥɟɪ 
[247Ж ɢ ɨ ɤɨɬɨɪɵх ɭɩɨɦɢɧаɟɬɫя ɜ Д248]. 

 

3.1.6.2. Ɋеɲеɧиɹ ɭɪавɧеɧиɹ теɩɥɨɩеɪеɧɨɫа ɫ ɧеɥиɧеɣɧыɦ ɫтеɩеɧɧыɦ 
теɩɥɨвыɦ иɫтɨɱɧиɤɨɦ в ɭɪаɧ-ɩɥɭтɨɧивɨɣ ɞеɥɹщеɣɫɹ ɫɪеɞе ɞɥɹ 
ɝɪаɧиɱɧыɯ и ɧаɱаɥɶɧыɯ ɩаɪаɦетɪɨв ɫɨɨтветɫтвɭɸщиɯ ɝеɨɪеаɤтɨɪɭ. 

  ɋɨɝɥаɫɧɨ Д82Ж ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɵɣ ɬɢɩа Ɏɟɨɤɬɢɫɬɨɜа ɝɟɨɪɟаɤɬɨɪ 
ɞɟɣɫɬɜɭɟɬ ɧа ɝɪаɧɢɰɟ ɬɜɟɪɞɨɝɨ ɢ ɠɢɞɤɨɝɨ яɞɪа Ɂɟɦɥɢ, ɝɞɟ ɫɨɝɥаɫɧɨ Дβ49Ж ɧа 
ɝɥɭɛɢɧɟ ɩɨ ɪаɞɢɭɫɭ Ɂɟɦɥɢ η000 ɤɦ ɬɟɦɩɟɪаɬɭɪа ɞɨɫɬɢɝаɟɬ θ000Ʉ ɢ ɞаɜɥɟɧɢɟ 
ɩɨɪяɞɤа 106

 аɬɦɨɫɮɟɪ, ɩɥɨɬɧɨɫɬɶ 1β 2ɫɦɝ . А ɬаɤɠɟ ɫɨɝɥаɫɧɨ [249Ж ɜɨɩɪɨɫ ɨ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɡɟɦɧɨɝɨ яɞɪа ɧɟ ɬɪɟɛɭɟɬ ɫɩɟɰɢаɥɶɧɨɝɨ ɪаɫɫɦɨɬɪɟɧɢя. Дɟɥɨ 
ɜ ɬɨɦ, чɬɨ ɜ ɦɟɬаɥɥах ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ   ɫɜяɡаɧ ɫ 
ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ   ɡаɤɨɧɨɦ Вɢɞɟɦаɧа-Ɏɪаɧɰа (ɫɦ. 
ɉɊɂɅɈɀȿɇɂȿ 1, ɩɨɞɪаɡɞɟɥ ɉ.1.1.3.γ, ɜɵɪаɠɟɧɢɟ (ɉ.1.60)): 

TLT
e

k  


 22

3
,    (3.19) 

ɝɞɟ k – ɤɨɧɫɬаɧɬа Ȼɨɥɶɰɦаɧа, e – ɡаɪяɞ ɷɥɟɤɬɪɨɧа, L = 291086,5 ɝɪаɞɫɨɦкаɥ   . 

ȿɤɫɩɟɪɢɦɟɧɬ ɞаɟɬ 113103~   ɫɦɨɦ  ɞɥя η000 ɤɦ [249Ж, ɩɨɷɬɨɦɭ ɞɥя 
ɬɟɩɥɨɟɦɤɨɫɬɢ ɩɨɥɭчаɟɦ: 

     ɝɪаɞɫɫɦкаɥT  41018,0 .     (3.20) 

ɉɪɢ ɪаɫчɟɬах ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɡаɞаɜаɥɫя ɜɵɪаɠɟɧɢɟɦ 
(3.20), ɭɞɟɥɶɧая ɬɟɩɥɨɟɦɤɨɫɬɶ ɩɪɢ ɩɨɫɬɨяɧɧɨɦ ɞаɜɥɟɧɢɢ ɡаɞаɜаɥаɫɶ 
ɡɧачɟɧɢɟɦ  ɝɪаɞɦɨɥɶКаɥCP  6  ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɡаɤɨɧɨɦ Дɸɥɨɧɝа-ɉɬɢ 
(  ɝɪаɞɦɨɥɶКаɥCV  6 ) ɢ ɞаɧɧɵɦɢ  ɢɡ Дβ49Ж, ɫɨɝɥаɫɧɨ ɤɨɬɨɪɵɦ ɧа ɝɥɭɛɢɧɟ ɩɨ 
ɪаɞɢɭɫɭ Ɂɟɦɥɢ η000 ɤɦ  05,1 VP CC . Дɟɥящаяɫя ɭɪаɧ-ɩɥɭɬɨɧɢɟɜая ɫɪɟɞа ɩɪɢ 
ɪаɫчɟɬах ɡаɞаɜаɥаɫɶ ɜ ɜɢɞɟ ɤɭɛɢɤа ɫ ɪаɡɦɟɪаɦɢ 10.0х10.0х10.0 ɦ (ɪɢɫ. 3.22 – 

3.27 ɢ γ.29 – 3.32) ɢ ɜ ɜɢɞɟ ɰɢɥɢɧɞɪа ɫ ɪаɡɦɟɪаɦɢ  ɪаɞɢɭɫ – 10 ɦ, ɞɥɢɧа – 10 ɦ 
(ɪɢɫ. 3.33 – 3.35). Дɥя ɬɟɩɥɨɜɨɝɨ ɢɫɬɨчɧɢɤа ɡаɞаɜаɥɢɫɶ ɧɟɫɤɨɥɶɤɨ ɡɧачɟɧɢɣ 
ɩɨɤаɡаɬɟɥя ɫɬɟɩɟɧɧɨɣ ɡаɜɢɫɢɦɨɫɬɢ ɟɝɨ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɞɟɥящɟɣɫя ɫɪɟɞɵ. 
Ɋɟɲɟɧɢя ɢ аɧаɥɢɡ ɭɪаɜɧɟɧɢɣ ɬɟɩɥɨɩɟɪɟɧɨɫа ɞɥя ɝɟɨɪɟаɤɬɨɪа ɩɪɨɜɨɞɢɥɢɫɶ ɜ 
ɫɪɟɞах ɦаɬɟɦаɬɢчɟɫɤɢх ɩаɤɟɬɨɜ Mathematica 5.2, Maple 11. ɉɨɥɭчɟɧɧɵɟ 
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ɪɟɡɭɥɶɬаɬɵ ɪаɫчɟɬɨɜ ɩɪɟɞɫɬаɜɥɟɧɵ ɧɢɠɟ ɧа ɪɢɫ. 3.22 - γ.β7 ɢ γ.β9 – 3.41 

[2,110,217,225,227,229,230-234,251,252]. 
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Ɋɢɫ. 3.22. Ɋɟɲɟɧɢɟ ɭɪаɜɧɟɧɢя ɬɟɩɥɨɩɟɪɟɧɨɫа ɞɥя ɝɟɨɪɟаɤɬɨɪа (ɢɫɬɨчɧɢɤ ɩɪɨɩɨɪɰɢɨɧаɥɟɧ 
2-ɨɣ ɫɬɟɩɟɧɢ ɬɟɦɩɟɪаɬɭɪɵ, const = 1,00 Дɠ/K; ɧачаɥɶɧая ɢ ɝɪаɧɢчɧая ɬɟɦɩɟɪаɬɭɪɵ ɪаɜɧɵ 
θ000Ʉ; ɞɟɥящаяɫя ɫɪɟɞа – ɤɭɛɢɤ ɪаɡɦɟɪаɦɢ 10.0х10.0х10.0 ɦ;  ɩɪɟɞɫɬаɜɥɟɧɧɵɟ ɪɟɡɭɥɶɬаɬɵ 

ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɦɨɦɟɧɬɭ ɜɪɟɦɟɧɢ ɷɜɨɥɸɰɢɢ  ɬɟɦɩɟɪаɬɭɪɧɨɝɨ ɩɨɥя  ɪаɜɧɨɦɭ  0.η ɫ). 
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Ɋɢɫ. 3.23. Ɋɟɲɟɧɢɟ ɭɪаɜɧɟɧɢя ɬɟɩɥɨɩɟɪɟɧɨɫа ɞɥя ɝɟɨɪɟаɤɬɨɪа (ɢɫɬɨчɧɢɤ ɩɪɨɩɨɪɰɢɨɧаɥɟɧ 
2-ɨɣ ɫɬɟɩɟɧɢ ɬɟɦɩɟɪаɬɭɪɵ, const = 1,00 Дɠ/K; ɧачаɥɶɧая ɢ ɝɪаɧɢчɧая ɬɟɦɩɟɪаɬɭɪɵ ɪаɜɧɵ 
θ000Ʉ; ɞɟɥящаяɫя ɫɪɟɞа – ɤɭɛɢɤ ɪаɡɦɟɪаɦɢ 10.0х10.0х10.0 ɦ;  ɩɪɟɞɫɬаɜɥɟɧɧɵɟ ɪɟɡɭɥɶɬаɬɵ 

ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɦɨɦɟɧɬɭ ɜɪɟɦɟɧɢ ɷɜɨɥɸɰɢɢ  ɬɟɦɩɟɪаɬɭɪɧɨɝɨ ɩɨɥя  ɪаɜɧɨɦɭ  η0.0 ɫ). 

 

http://ru.wikipedia.org/wiki/%D0%94%D0%B6%D0%BE%D1%83%D0%BB%D1%8C
http://ru.wikipedia.org/wiki/%D0%9A%D0%B5%D0%BB%D1%8C%D0%B2%D0%B8%D0%BD
http://ru.wikipedia.org/wiki/%D0%94%D0%B6%D0%BE%D1%83%D0%BB%D1%8C
http://ru.wikipedia.org/wiki/%D0%9A%D0%B5%D0%BB%D1%8C%D0%B2%D0%B8%D0%BD


168 

 

Ʉаɤ  ɦɵ ɜɢɞɢɦ ɢɡ ɪɟɡɭɥɶɬаɬɨɜ, ɩɪɟɞɫɬаɜɥɟɧɧɵх ɧа ɪɢɫ. 3.22 ɢ 3.23, 

ɪɟɲɟɧɢɟ ɧа ɪɢɫ. 3.23 ɩɨɥɧɨɫɬɶɸ ɢɞɟɧɬɢчɧɨ ɩɪɟɞɵɞɭщɟɦɭ ɪɟɲɟɧɢɸ ɧа ɪɢɫ. 
3.22, ɬɨ ɟɫɬɶ, ɬаɤɨɦɭ ɪаɫɩɪɟɞɟɥɟɧɢɸ ɬɟɦɩɟɪаɬɭɪ, ɤɨɬɨɪɨɟ ɭɫɬаɧɨɜɢɥɨɫɶ ɜ 
ɫɪɟɞɟ ɭɠɟ чɟɪɟɡ 0.η ɫɟɤɭɧɞ, чɬɨ ɩɨɡɜɨɥяɟɬ ɧаɦ ɫɞɟɥаɬɶ ɜɵɜɨɞ ɨ ɫɬаɛɢɥɶɧɨɫɬɢ 
ɩɨɥя ɬɟɦɩɟɪаɬɭɪ, ɧачɢɧая ɫ ɤаɤɨɝɨ-ɬɨ ɦɨɦɟɧɬа ɷɜɨɥɸɰɢɢ (ɧɢɠɟ ɦɵ ɟɝɨ 
ɨɰɟɧɢɦ ɤаɤ 0.00000η ɫ) ɞаɧɧɨɝɨ “ɩɢɤа”. Ваɠɧɵɦ ɩɪɟɞɫɬаɜɥяɟɬɫя ɬɨ, чɬɨ ɷɬɨ 
ɭɫɬаɧɨɜɢɜɲɟɟɫя ɩɨɥɟ ɬɟɦɩɟɪаɬɭɪ (ɷɬа “ɫɬаɛɢɥɶɧɨɫɬɶ” ɩɨɥя) ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɭɫɥɨɜɢяɦ ɞɨɫɬаɬɨчɧɵɦ ɞɥя ɩɪɨɬɟɤаɧɢя ɪɟаɤɰɢɣ ɬɟɪɦɨяɞɟɪɧɨɝɨ ɫɢɧɬɟɡа, ɬɨ 
ɟɫɬɶ, ɞɨɫɬɢɝаɸɬɫя ɬɟɦɩɟɪаɬɭɪɵ 810 Ʉ ɢ ɜɪɟɦя ɫɭщɟɫɬɜɨɜаɧɢя ɬаɤɨɝɨ 
ɬɟɩɥɨɜɨɝɨ ɩɨɥя – ɧɟ ɦɟɧɟɟ η0 ɫ. Дɟɣɫɬɜɢɬɟɥɶɧɨ, ɫɨɝɥаɫɧɨ ɤɪɢɬɟɪɢɸ Ʌɨɭɫɨɧа 
ɞɥя ɜɨɡɧɢɤɧɨɜɟɧɢя ɭɫɬɨɣчɢɜɨɝɨ ɬɟɪɦɨяɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɧɟɨɛхɨɞɢɦɨ 
ɜɵɩɨɥɧɟɧɢɟ ɭɫɥɨɜɢя 32010  ɦɫn  . Таɤɢɦ ɨɛɪаɡɨɦ, ɭɫɬɨɣчɢɜɨɟ 
ɬɟɦɩɟɪаɬɭɪɧɨɟ ɩɨɥɟ ɪɟаɥɢɡɭɟɬɫя ɢ ɞɥя ɜɨɡɧɢɤɧɨɜɟɧɢя ɭɫɬɨɣчɢɜɨɝɨ 
ɬɟɪɦɨяɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɧɟɨɛхɨɞɢɦɨ ɫɨɡɞаɧɢɟ ɧɟɨɛхɨɞɢɦɨɣ ɤɨɧɰɟɧɬɪаɰɢɢ 
яɞɟɪ, ɜɫɬɭɩаɸщɢх ɜ ɪɟаɤɰɢɸ ɬɟɪɦɨяɞɟɪɧɨɝɨ ɫɢɧɬɟɡа. 

ɉɪɨɜɟɞя ɪаɫчɟɬɵ, ɫɨɨɬɜɟɬɫɬɜɭɸщɢɟ ɜɪɟɦɟɧɢ ɷɜɨɥɸɰɢɢ ɬɟɩɥɨɜɨɝɨ ɩɨɥя 
ɪаɜɧɨɦɭ θ00 ɫ, ɦɵ ɭɛɟɞɢɥɢɫɶ ɜ ɬɨɦ, чɬɨ ɫɨɫɬɨяɧɢɟ ɬɟɩɥɨɜɨɝɨ ɩɨɥя ɨɫɬаɥɨɫɶ 
ɧɟɢɡɦɟɧɧɵɦ ɫɬаɰɢɨɧаɪɧɵɦ (ɤаɪɬɢɧɤа ɪаɫɩɪɟɞɟɥɟɧɢя ɬɟɦɩɟɪаɬɭɪ ɩɨɥɧɨɫɬɶɸ 
ɫɨɨɬɜɟɬɫɬɜɨɜаɥа ɞɜɭɦ ɩɪɟɞɵɞɭщɢɦ). Ɋɟɡɭɥɶɬаɬɵ ɪаɫчɟɬа ɩɪɟɞɫɬаɜɥɟɧɵ ɧа 
ɪɢɫ. 3.24, ɧа ɤɨɬɨɪɨɦ ɞɥя ɧаɝɥяɞɧɨɫɬɢ ɨɞɧа ɩɪɨɫɬɪаɧɫɬɜɟɧɧая ɩɟɪɟɦɟɧɧая 
ɡаɦɟɧɟɧа ɧа ɜɪɟɦɟɧɧɭɸ ɩɟɪɟɦɟɧɧɭɸ. Ɇɨɠɧɨ ɫɞɟɥаɬɶ ɜɵɜɨɞ ɨ ɪɟаɥɢɡаɰɢɢ S  – 

ɪɟɠɢɦа ɫ ɨɛɨɫɬɪɟɧɢɟɦ Ʉɭɪɞɸɦɨɜа [135,146, 152]. 

 

                    

0

200

400

600

Вр емя
0

25

0

2´ 10
18

4´ 10
18

T, K

0

200

400

600

Вр емя

 
Ɋɢɫ. 3.24. Ɋɟɲɟɧɢɟ ɭɪаɜɧɟɧɢя ɬɟɩɥɨɩɟɪɟɧɨɫа ɞɥя ɝɟɨɪɟаɤɬɨɪа (ɢɫɬɨчɧɢɤ ɩɪɨɩɨɪɰɢɨɧаɥɟɧ 
2-ɨɣ ɫɬɟɩɟɧɢ ɬɟɦɩɟɪаɬɭɪɵ, const = 1,00 Дɠ/K; ɧачаɥɶɧая ɢ ɝɪаɧɢчɧая ɬɟɦɩɟɪаɬɭɪɵ ɪаɜɧɵ 
θ000Ʉ; ɞɟɥящаяɫя ɫɪɟɞа – ɤɭɛɢɤ ɪаɡɦɟɪаɦɢ 10.0х10.0х10.0 ɦ;  ɩɪɟɞɫɬаɜɥɟɧɧɵɟ ɪɟɡɭɥɶɬаɬɵ 

ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɮɢɤɫɢɪɨɜаɧɧɨɣ ɜɬɨɪɨɣ ɩɪɨɫɬɪаɧɫɬɜɟɧɧɨɣ ɩɟɪɟɦɟɧɨɣ ɪаɜɧɨ  η.0 ɦ). 

http://ru.wikipedia.org/wiki/%D0%94%D0%B6%D0%BE%D1%83%D0%BB%D1%8C
http://ru.wikipedia.org/wiki/%D0%9A%D0%B5%D0%BB%D1%8C%D0%B2%D0%B8%D0%BD
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  Ɋɢɫ. 3.25. Ɋɟɲɟɧɢɟ ɭɪаɜɧɟɧɢя ɬɟɩɥɨɩɟɪɟɧɨɫа ɞɥя ɝɟɨɪɟаɤɬɨɪа (ɢɫɬɨчɧɢɤ ɩɪɨɩɨɪɰɢɨɧаɥɟɧ 
2-ɨɣ ɫɬɟɩɟɧɢ ɬɟɦɩɟɪаɬɭɪɵ, const = 1,00 Дɠ/K; ɧачаɥɶɧая ɢ ɝɪаɧɢчɧая ɬɟɦɩɟɪаɬɭɪɵ ɪаɜɧɵ 
θ000Ʉ; ɞɟɥящаяɫя ɫɪɟɞа – ɤɭɛɢɤ ɪаɡɦɟɪаɦɢ 10.0х10.0х10.0 ɦ;  ɩɪɟɞɫɬаɜɥɟɧɧɵɟ ɪɟɡɭɥɶɬаɬɵ 
ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɮɢɤɫɢɪɨɜаɧɧɨɣ ɜɬɨɪɨɣ ɩɪɨɫɬɪаɧɫɬɜɟɧɧɨɣ ɩɟɪɟɦɟɧɨɣ ɪаɜɧɨ  η.0 ɦ). 

 

Ɂаɬɟɦ, ɦɵ ɩɪɨɜɟɥɢ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨɟ ɢɫɫɥɟɞɨɜаɧɢɟ ɤɢɧɟɬɢɤɢ ɜɵхɨɞа ɧа 
“ɫɬаɰɢɨɧаɪɧɨɟ” ɫɨɫɬɨяɧɢɟ, ɞɥя чɟɝɨ ɩɪɨɜɟɥɢ ɪаɫчɟɬɵ ɫɨ ɡɧачɢɬɟɥɶɧɨ 
ɦɟɧɶɲɢɦ ɲаɝɨɦ ɩɨ ɜɪɟɦɟɧɢ, чɬɨ ɦɨɠɧɨ ɪаɫɫɦаɬɪɢɜаɬɶ ɤаɤ “ɩɪɢɛɥɢɠɟɧɢɟ 
ɥɭɩɵ” ɤ ɧачаɥɭ ɨɬɫчɺɬа ɜɪɟɦɟɧɢ ɧа ɩɪɟɞɵɞɭщɟɦ ɪɢɫ. 3.24.  Ɋɟɡɭɥɶɬаɬɵ 
ɪаɫчɟɬа ɩɪɟɞɫɬаɜɥɟɧɵ ɧа ɪɢɫ. 3.25. Ʉаɤ ɦɵ ɜɢɞɢɦ ɧа ɪɢɫ. 3.25 ɩɥаɬɨ 
ɭɫɬаɧаɜɥɢɜаɟɬɫя ɭɠɟ чɟɪɟɡ ɦɢɥɥɢɨɧɧɵɟ ɞɨɥɢ ɫɟɤɭɧɞɵ ɢ ɞɨɫɬɢɝаɟɬ 
ɬɟɦɩɟɪаɬɭɪɵ ɧа ɩɨɪяɞɤɢ ɩɪɟɜɵɲаɸщɟɣ ɬɨɣ, ɤɨɬɨɪɨɣ ɞɨɫɬаɬɨчɧɨ ɞɥя ɧачаɥа 
ɩɪɨɬɟɤаɧɢя ɪɟаɤɰɢɣ ɬɟɪɦɨяɞɟɪɧɨɝɨ ɫɢɧɬɟɡа. ɇа ɪɢɫ. 3.26 ɩɪɟɞɫɬаɜɥɟɧɵ 
ɪɟɡɭɥɶɬаɬɵ ɪаɫчɟɬа ɬɟɩɥɨɜɨɝɨ ɩɨɥя ɞɥя ɬɟх ɠɟ ɭɫɥɨɜɢɣ, чɬɨ ɢ ɞɥя 
ɩɪɟɞɵɞɭщɢх ɪɢɫɭɧɤɨɜ, ɧɨ ɞɥя ɜɪɟɦɟɧɢ ɷɜɨɥɸɰɢɢ ɬɟɩɥɨɜɨɝɨ ɩɨɥя ɪаɜɧɨɝɨ 
0.000001 ɫɟɤɭɧɞɵ. 

ɇа ɪɢɫ. 3.27 ɩɪɟɞɫɬаɜɥɟɧɵ ɪɟɡɭɥɶɬаɬɵ ɪɟɲɟɧɢɟ ɭɪаɜɧɟɧɢя 
ɬɟɩɥɨɩɟɪɟɧɨɫа ɞɥя ɫɬɟɩɟɧɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɢɫɬɨчɧɢɤа ɫ ɩɨɤаɡаɬɟɥɟɦ ɫɬɟɩɟɧɧɨɣ 
ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɪаɜɧɨɦ  4-ɟɦ ɩɪɢ ɜɫɟх ɨɫɬаɥɶɧɵх ɜхɨɞɧɵх 
ɭɫɥɨɜɢях, чɬɨ ɢ ɞɥя ɩɪɟɞɵɞɭщɟɝɨ ɫɥɭчая, ɧɨ ɞɥя ɜɪɟɦɟɧɢ ɷɜɨɥɸɰɢɢ ɪаɜɧɨɝɨ 

1610716,7  ɫ.  

 

http://ru.wikipedia.org/wiki/%D0%94%D0%B6%D0%BE%D1%83%D0%BB%D1%8C
http://ru.wikipedia.org/wiki/%D0%9A%D0%B5%D0%BB%D1%8C%D0%B2%D0%B8%D0%BD


170 

 

                         

0

250

500

750

1000

Width

0

250

50

2´ 10
11

2.5 ´ 10
11

3´ 10
11

3.5 ´ 10
11

4´ 10
11

T, K

0

250

500

750

1000

Width

 

Ɋɢɫ. 3.26. Ɋɟɲɟɧɢɟ ɭɪаɜɧɟɧɢя ɬɟɩɥɨɩɟɪɟɧɨɫа ɞɥя ɝɟɨɪɟаɤɬɨɪа (ɢɫɬɨчɧɢɤ ɩɪɨɩɨɪɰɢɨɧаɥɟɧ 
2-ɨɣ ɫɬɟɩɟɧɢ ɬɟɦɩɟɪаɬɭɪɵ, const = 1,00 Дɠ/K; ɧачаɥɶɧая ɢ ɝɪаɧɢчɧая ɬɟɦɩɟɪаɬɭɪɵ ɪаɜɧɵ 
θ000Ʉ; ɞɟɥящаяɫя ɫɪɟɞа – ɤɭɛɢɤ ɪаɡɦɟɪаɦɢ 10.0х10.0х10.0 ɦ;  ɩɪɟɞɫɬаɜɥɟɧɧɵɟ ɪɟɡɭɥɶɬаɬɵ 
ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɦɨɦɟɧɬɭ ɜɪɟɦɟɧɢ ɷɜɨɥɸɰɢɢ  ɬɟɦɩɟɪаɬɭɪɧɨɝɨ ɩɨɥя  ɪаɜɧɨɦɭ  0.000001 ɫ).  
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Ɋɢɫ. 3.27. Ɋɟɲɟɧɢɟ ɭɪаɜɧɟɧɢя ɬɟɩɥɨɩɟɪɟɧɨɫа ɞɥя ɝɟɨɪɟаɤɬɨɪа (ɢɫɬɨчɧɢɤ ɩɪɨɩɨɪɰɢɨɧаɥɟɧ 
4-ɨɣ ɫɬɟɩɟɧɢ ɬɟɦɩɟɪаɬɭɪɵ, const = 1,00 Дɠ/K; ɧачаɥɶɧая ɢ ɝɪаɧɢчɧая ɬɟɦɩɟɪаɬɭɪɵ ɪаɜɧɵ 
θ000Ʉ; ɞɟɥящаяɫя ɫɪɟɞа – ɤɭɛɢɤ ɪаɡɦɟɪаɦɢ 10.0х10.0х10.0 ɦ;  ɩɪɟɞɫɬаɜɥɟɧɧɵɟ ɪɟɡɭɥɶɬаɬɵ 
ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɦɨɦɟɧɬɭ ɜɪɟɦɟɧɢ ɷɜɨɥɸɰɢɢ  ɬɟɦɩɟɪаɬɭɪɧɨɝɨ ɩɨɥя  ɪаɜɧɨɦɭ  1610716,7  ɫ ). 

http://ru.wikipedia.org/wiki/%D0%94%D0%B6%D0%BE%D1%83%D0%BB%D1%8C
http://ru.wikipedia.org/wiki/%D0%9A%D0%B5%D0%BB%D1%8C%D0%B2%D0%B8%D0%BD
http://ru.wikipedia.org/wiki/%D0%94%D0%B6%D0%BE%D1%83%D0%BB%D1%8C
http://ru.wikipedia.org/wiki/%D0%9A%D0%B5%D0%BB%D1%8C%D0%B2%D0%B8%D0%BD
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ɑɭɬɶ ɞаɥɟɟ ɩɨ ɜɪɟɦɟɧɧɨɣ ɨɫɢ ɦɵ ɢɦɟɟɦ ɬɨчɤɭ ɫɢɧɝɭɥяɪɧɨɫɬɢ 
(ɬɟɦɩɟɪаɬɭɪа ɢɫɩɵɬɵɜаɟɬ ɫɤачɨɤ ɜ “ɛɟɫɤɨɧɟчɧɨɫɬɶ”) ɢ ɞаɥɶɧɟɣɲɟɟ ɪɟɲɟɧɢɟ 
ɭɪаɜɧɟɧɢя ɬɟɩɥɨɩɟɪɟɧɨɫа ɩɨ ɜɫɟɣ ɜɢɞɢɦɨɫɬɢ ɬɟɪяɟɬ ɮɢɡɢчɟɫɤɢɣ ɫɦɵɫɥ. Ʉ 
ɬɨɦɭ ɠɟ чɢɫɬɨ ɦаɬɟɦаɬɢчɟɫɤɢ ɩɪɢ ɪɟɲɟɧɢɢ ɞɥя t > 1610716,7  ɫ ɧаɛɟɝаɟɬ 
ɩɨɝɪɟɲɧɨɫɬɶ ɫɨɢɡɦɟɪɢɦая ɫ ɫаɦɢɦɢ ɡɧачɟɧɢяɦɢ ɬɟɦɩɟɪаɬɭɪɵ. Ɉɞɧаɤɨ 
ɨɫɧɨɜɧɵɦ ɪɟɡɭɥɶɬаɬɨɦ яɜɥяɟɬɫя ɬɨ, чɬɨ ɩɪɢ ɧаɥɢчɢɢ ɢɫɬɨчɧɢɤа 4-ɣ ɫɬɟɩɟɧɢ 
ɭɠɟ чɟɪɟɡ ɧɢчɬɨɠɧɵɣ ɩɪɨɦɟɠɭɬɤɢ ɜɪɟɦɟɧɢ ɩɨɥɟ ɬɟɦɩɟɪаɬɭɪ ɞɨɫɬɢɝаɟɬ 
ɡɧачɟɧɢɣ ɧа ɦɧɨɝɨ ɩɨɪяɞɤɨɜ ɩɪɟɜɵɲаɸщɢɟ ɬɟ, ɩɪɢ ɤɨɬɨɪɵх ɜɨɡɦɨɠɟɧ 
ɬɟɪɦɨяɞɟɪɧɵɣ ɫɢɧɬɟɡ. 

Тɟɩɟɪɶ ɪаɫɫɦɨɬɪɢɦ ɫɢɬɭаɰɢɸ, ɤɨɝɞа ɢɫɬɨчɧɢɤ ɡаɜɢɫɢɬ ɨɬ ɜɪɟɦɟɧɢ 
(ɧаɩɪɢɦɟɪ, ɜɨɡɪаɫɬаɟɬ ɢ ɭɛɵɜаɟɬ ɜ ɬɟчɟɧɢɢ ɧɟɤɨɬɨɪɨɝɨ ɩɟɪɢɨɞа ɜɪɟɦɟɧɢ, 
ɧаɩɪɢɦɟɪ, ɜ ɫɜяɡɢ ɫ ɢɡɦɟɧɟɧɢɟɦ ɤɨɧɰɟɧɬɪаɰɢɢ ɧɭɤɥɢɞɨɜ) ɢ ɩɪɨɫɥɟɞɢɦ 
ɜɥɢяɧɢɟ ɷɬɨɣ ɡаɜɢɫɢɦɨɫɬɢ ɧа ɪаɫɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪаɬɭɪ ɜ ɫɪɟɞɟ. ɋɧачаɥа 
ɪаɫɫɦɨɬɪɢɦ ɤɜаɞɪаɬɢчɧɵɣ ɩɨ ɬɟɦɩɟɪаɬɭɪɟ ɢɫɬɨчɧɢɤ. Ɂаɜɢɫɢɦɨɫɬɶ ɟɝɨ ɨɬ 
ɜɪɟɦɟɧɢ ɜɜɟɞɺɦ ɩɨɫɪɟɞɫɬɜɨɦ ɞɨɦɧɨɠɟɧɢя ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɢɫɬɨчɧɢɤа ɧа 
ɜɪɟɦɟɧɧɭɸ ɮɭɧɤɰɢɸ     255

2  ttf , ɝɞɟ t  - ɜɪɟɦя, ɬɨ ɟɫɬɶ, ɦɵ ɢɦɟɟɦ 
ɜɨɡɪаɫɬаɧɢɟ ɢ ɫɩаɞ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɢɫɬɨчɧɢɤа ɜ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ t. Таɤɨɟ 
ɩɨɜɟɞɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɢɫɬɨчɧɢɤа ɤачɟɫɬɜɟɧɧɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɪɨɰɟɫɫɭ 
ɥɨɤаɥɶɧɨɝɨ ɦɟɞɥɟɧɧɨɝɨ ɜɨɥɧɨɜɨɝɨ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɞɥя 
ɝɟɨɪɟаɤɬɨɪа. Ʉɨɧɟчɧɨ ɠɟ, ɤɨɥɢчɟɫɬɜɟɧɧɵɟ ɡаɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɢɫɬɨчɧɢɤа 
ɞɥя ɨɛɥаɫɬɢ ɥɨɤаɥɶɧɨɝɨ ɦɟɞɥɟɧɧɨɝɨ ɜɨɥɧɨɜɨɝɨ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя 
ɞɥя ɝɟɨɪɟаɤɬɨɪа ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭчɟɧɵ ɥɢɲɶ ɩɪɢ ɦɨɞɟɥɢɪɨɜаɧɢɢ ɤɢɧɟɬɢɤɢ 
ɝɟɨɪɟаɤɬɨɪа, ɨɞɧаɤɨ ɷɬа ɪаɛɨɬа ɩɨɤа ɧɟ ɡаɜɟɪɲɟɧа. Ƚɪаɮɢɤ ɮɭɧɤɰɢɢ  tf  

ɩɪɟɞɫɬаɜɥɟɧ ɧа ɪɢɫ. 3.28. 

Таɤɢɦ ɨɛɪаɡɨɦ, ɩɪɨɫчɢɬаɜ ɫɢɬɭаɰɢɸ ɜ ɞаɧɧɨɦ ɫɥɭчаɟ ɞɨ 10 ɫɟɤɭɧɞ, ɦɵ  
ɩɨɥɭчɢɦ ɩɪɟɞɫɬаɜɥɟɧɢɟ ɨ ɜɥɢяɧɢɟ ɜɪɟɦɟɧɧɵх ɡаɜɢɫɢɦɨɫɬɟɣ ɬɢɩа “ɪɨɫɬ-ɫɩаɞ” 
ɧа ɨɛщɭɸ ɤаɪɬɢɧɭ ɪаɫɩɪɟɞɟɥɟɧɢя ɬɟɦɩɟɪаɬɭɪ. Таɤɢɦ ɨɛɪаɡɨɦ, ɛɵɥɢ 
ɩɪɨɜɟɞɟɧɵ ɪаɫчɟɬɵ ɬɟɩɥɨɜɨɝɨ ɩɨɥя ɞɥя ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɢɫɬɨчɧɢɤа    tfTconsttTqT  2, . Ɋɟɡɭɥɶɬаɬɵ ɪаɫчɺɬɨɜ ɩɪɢɜɟɞɟɧɵ ɧа ɪɢɫ. 3.29 ɢ ɪɢɫ. 3.30. 

Ɂаɬɟɦ, ɢ ɞɥя ɷɬɨɝɨ ɫɥɭчая ɦɵ ɩɪɨɜɟɥɢ ɪаɫчɟɬɵ ɫɨ ɡɧачɢɬɟɥɶɧɨ ɦɟɧɶɲɢɦ 
ɲаɝɨɦ ɩɨ ɜɪɟɦɟɧɢ, чɬɨ ɦɨɠɧɨ ɪаɫɫɦаɬɪɢɜаɬɶ ɤаɤ “ɩɪɢɛɥɢɠɟɧɢɟ ɥɭɩɵ” ɤ 
ɧачаɥɭ ɨɬɫчɺɬа ɜɪɟɦɟɧɢ ɩɪɟɞɵɞɭщɟɝɨ ɪаɫчɟɬа.  Ɋɟɡɭɥɶɬаɬɵ ɪаɫчɟɬа 

ɩɪɟɞɫɬаɜɥɟɧɵ ɧа ɪɢɫ. 3.31 ɢ ɪɢɫ. 3.32. 
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Ɋɢɫ. 3.28. Вɪɟɦɟɧɧая ɡаɜɢɫɢɦɨɫɬɶ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɢɫɬɨчɧɢɤа ɞɥя ɨɛɥаɫɬɢ ɥɨɤаɥɶɧɨɝɨ 
ɜɨɥɧɨɜɨɝɨ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɝɟɨɪɟаɤɬɨɪа. 
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Ɋɢɫ. 3.29. Ɋɟɲɟɧɢɟ ɭɪаɜɧɟɧɢя ɬɟɩɥɨɩɟɪɟɧɨɫа ɞɥя ɝɟɨɪɟаɤɬɨɪа (    tfTconsttTqT  2, ; 

const = 1,00 Дɠ/K; ɧачаɥɶɧая ɢ ɝɪаɧɢчɧая ɬɟɦɩɟɪаɬɭɪɵ ɪаɜɧɵ θ000Ʉ; ɞɟɥящаяɫя ɫɪɟɞа – 

ɤɭɛɢɤ ɪаɡɦɟɪаɦɢ 10.0х10.0х10.0 ɦ;  ɩɪɟɞɫɬаɜɥɟɧɧɵɟ ɪɟɡɭɥɶɬаɬɵ ɫɨɨɬɜɟɬɫɬɜɭɸɬ 
ɮɢɤɫɢɪɨɜаɧɧɨɣ ɜɬɨɪɨɣ ɩɪɨɫɬɪаɧɫɬɜɟɧɧɨɣ ɩɟɪɟɦɟɧɨɣ ɪаɜɧɨ  9.0 ɦ).  

 

f (t) 

t ,  с 

http://ru.wikipedia.org/wiki/%D0%94%D0%B6%D0%BE%D1%83%D0%BB%D1%8C
http://ru.wikipedia.org/wiki/%D0%9A%D0%B5%D0%BB%D1%8C%D0%B2%D0%B8%D0%BD
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Ɋɢɫ. 3.30. Ɋɟɲɟɧɢɟ ɭɪаɜɧɟɧɢя ɬɟɩɥɨɩɟɪɟɧɨɫа ɞɥя ɝɟɨɪɟаɤɬɨɪа (    tfTconsttTqT  2, ; 

const = 1,00 Дɠ/K; ɧачаɥɶɧая ɢ ɝɪаɧɢчɧая ɬɟɦɩɟɪаɬɭɪɵ ɪаɜɧɵ θ000Ʉ; ɞɟɥящаяɫя ɫɪɟɞа – 

ɤɭɛɢɤ ɪаɡɦɟɪаɦɢ 10.0х10.0х10.0 ɦ;  ɩɪɟɞɫɬаɜɥɟɧɧɵɟ ɪɟɡɭɥɶɬаɬɵ ɫɨɨɬɜɟɬɫɬɜɭɸɬ 
ɮɢɤɫɢɪɨɜаɧɧɨɣ ɜɬɨɪɨɣ ɩɪɨɫɬɪаɧɫɬɜɟɧɧɨɣ ɩɟɪɟɦɟɧɨɣ ɪаɜɧɨ  η.0 ɦ). 

 

ɉɪɟɞɫɬаɜɥɟɧɧɵɟ ɪɟɡɭɥɶɬаɬɵ ɪаɫчɟɬɨɜ, ɩɨɤаɡɵɜаɸɬ, чɬɨ ɜ ɥɨɤаɥɶɧɨɣ 
ɨɛɥаɫɬɢ яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɝɨ ɝɟɨɪɟаɤɬɨɪа ɞɨɫɬɢɝаɸɬɫя 
ɬɟɦɩɟɪаɬɭɪɵ 810 Ʉ, ɩɪɢ ɤɨɬɨɪɵх ɦɨɝɭɬ ɢɞɬɢ ɪɟаɤɰɢɢ ɬɟɪɦɨяɞɟɪɧɨɝɨ 
ɫɢɧɬɟɡа. В чаɫɬɧɨɫɬɢ, ɬаɤ ɤаɤ ɜ ɞɟɥящɟɣɫя ɫɪɟɞɟ ɝɟɨɪɟаɤɬɨɪа, ɩɪɢ ɞɟɥɟɧɢях 
яɞɟɪ ɨɛɪаɡɭɸɬɫя яɞɪа ɝɟɥɢя He

3

2 ɢ He
4

2 [82Ж, ɬɨ ɦɨɝɭɬ ɢɞɬɢ ɢɡɜɟɫɬɧɵɟ ɪɟаɤɰɢɢ 
ɬɟɪɦɨяɞɟɪɧɨɝɨ ɫɢɧɬɟɡа Дβ50]: 

  BeHeHe
7

4

4

2

3

2 ,  eLieBe   7

3

7

4 ,  HeLip
4

2

7

3 2 ;   (3.21) 

 BeHeHe
7

4

4

2

3

2 ,    BBep
8

5

7

4 , eeBeB  8

4

8

5 ,  HeHeBe
4

2

4

2

8

4  . (3.22) 

 ɇа ɪɢɫ  ɉ.14.1. – ɉ.14.4 ɉɊɂɅɈɀȿɇɂə 14 ɩɪɟɞɫɬаɜɥɟɧɵ ɪɟɡɭɥɶɬаɬɵ 
ɪаɫчɟɬа ɬɟɩɥɨɜɨɝɨ ɩɨɥя ɞɥя ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɣ ɞɟɥящɟɣɫя ɫɪɟɞɵ ɜ ɜɢɞɟ 
ɰɢɥɢɧɞɪа ɫ ɩɪɨɫɬɪаɧɫɬɜɟɧɧɵɦɢ ɪаɡɦɟɪаɦɢ: ɪаɞɢɭɫ – 10 ɦ ɢ ɞɥɢɧа – 10 ɦ. 

 

http://ru.wikipedia.org/wiki/%D0%94%D0%B6%D0%BE%D1%83%D0%BB%D1%8C
http://ru.wikipedia.org/wiki/%D0%9A%D0%B5%D0%BB%D1%8C%D0%B2%D0%B8%D0%BD
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Ɋɢɫ. 3.31. Ɋɟɲɟɧɢɟ ɭɪаɜɧɟɧɢя ɬɟɩɥɨɩɟɪɟɧɨɫа ɞɥя ɝɟɨɪɟаɤɬɨɪа (    tfTconsttTqT  2, ; 

const = 1,00 Дɠ/K; ɧачаɥɶɧая ɢ ɝɪаɧɢчɧая ɬɟɦɩɟɪаɬɭɪɵ ɪаɜɧɵ θ000Ʉ; ɞɟɥящаяɫя ɫɪɟɞа – 

ɤɭɛɢɤ ɪаɡɦɟɪаɦɢ 10.0х10.0х10.0 ɦ;  ɩɪɟɞɫɬаɜɥɟɧɧɵɟ ɪɟɡɭɥɶɬаɬɵ ɫɨɨɬɜɟɬɫɬɜɭɸɬ 
ɮɢɤɫɢɪɨɜаɧɧɨɣ ɜɬɨɪɨɣ ɩɪɨɫɬɪаɧɫɬɜɟɧɧɨɣ ɩɟɪɟɦɟɧɨɣ ɪаɜɧɨ  η.0 ɦ). 

 

3.1.6.3. В̼вод̼. 

 Ɇɟɬɨɞɨɦ ɦаɬɟɦаɬɢчɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜаɧɢя ɩɨɥɭчɟɧɵ ɩɪɟɞɜаɪɢɬɟɥɶɧɵɟ 
ɪɟɡɭɥɶɬаɬɵ ɢɫɫɥɟɞɨɜаɧɢя ɭɪаɜɧɟɧɢя ɬɟɩɥɨɩɟɪɟɧɨɫа ɞɥя ɭɪаɧ-ɩɥɭɬɨɧɢɜɨɣ 
ɞɟɥящɟɣɫя ɫɪɟɞɵ ɬɟхɧɢчɟɫɤɢх ɪɟаɤɬɨɪɨɜ, ɩɨɞɬɜɟɪɠɞаɸщɢɟ ɜɨɡɦɨɠɧɨɫɬɶ 
ɪɟаɥɢɡаɰɢɢ ɪɟɠɢɦɨɜ ɫ ɨɛɨɫɬɪɟɧɢɟɦ [2,110,217,225,227,229,230-234,251,252]. 

ɉɪɟɞɫɬаɜɥɟɧɧɵɟ ɪɟɡɭɥɶɬаɬɵ ɭɤаɡɵɜаɸɬ ɧа ɜɨɡɦɨɠɧɨɫɬɶ ɥɨɤаɥɶɧɵх 
ɪаɫɩɥаɜɥɟɧɢɣ ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɣ ɞɟɥящɟɣɫя ɫɪɟɞɵ. 

 ɉɨɥɭчɟɧɵ ɩɪɟɞɜаɪɢɬɟɥɶɧɵɟ ɪɟɡɭɥɶɬаɬɵ ɢɫɫɥɟɞɨɜаɧɢя ɭɪаɜɧɟɧɢя 
ɬɟɩɥɨɩɟɪɟɧɨɫа ɞɥя ɭɪаɧ-ɩɥɭɬɨɧɢɜɨɣ ɞɟɥящɟɣɫя ɫɪɟɞɵ ɞɥя ɝɟɨɪɟаɤɬɨɪа, 
ɩɨɞɬɜɟɪɠɞаɸщɢɟ ɜɨɡɦɨɠɧɨɫɬɶ ɪɟаɥɢɡаɰɢɢ ɪɟɠɢɦɨɜ ɫ ɨɛɨɫɬɪɟɧɢɟɦ 

[2,110,217,225,227,229,230-234,251,252]. ɉɨɤаɡаɧɨ, чɬɨ ɜ ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɣ 
ɞɟɥящɟɣɫя ɫɪɟɞɟ ɝɟɨɪɟаɤɬɨɪа, ɪɟаɥɢɡɭɟɬɫя S – ɪɟɠɢɦ, ɩɪɢ ɤɨɬɨɪɨɦ ɩɨɥɟ 
ɬɟɦɩɟɪаɬɭɪ ɡа ɤɨɪɨɬɤɢɟ ɜɪɟɦɟɧа ɞɨɫɬɢɝаɟɬ ɡɧачɟɧɢɣ ɞɨɫɬаɬɨчɧɵх ɞɥя 

http://ru.wikipedia.org/wiki/%D0%94%D0%B6%D0%BE%D1%83%D0%BB%D1%8C
http://ru.wikipedia.org/wiki/%D0%9A%D0%B5%D0%BB%D1%8C%D0%B2%D0%B8%D0%BD


175 

 

ɩɪɨɬɟɤаɧɢя ɪɟаɤɰɢɣ ɬɟɪɦɨяɞɟɪɧɨɝɨ ɫɢɧɬɟɡа яɞɟɪ (ɧаɩɪɢɦɟɪ, яɞɟɪ ɝɟɥɢя He
3

2 ɢ 
He

4

2 , ɤɨɬɨɪɵɟ ɫɨɝɥаɫɧɨ Д82Ж ɩɨɪɨɠɞаɸɬɫя ɜɨɥɧɨɣ яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя 
ɝɟɨɪɟаɤɬɨɪа) ɢ ɤɨɬɨɪɨɟ ɨɫɬаɟɬɫя ɭɫɬɨɣчɢɜɵɦ ɞɨɫɬаɬɨчɧɨ ɞɥɢɬɟɥɶɧɨɟ ɜɪɟɦя. 

 ɏɨчɟɬɫя ɨɫɨɛɟɧɧɨ ɨɬɦɟɬɢɬɶ, чɬɨ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɫаɦа ɩɪɢɪɨɞа 
ɩɨɞɫɤаɡɵɜаɟɬ ɧаɦ ɧɨɜɵɣ ɫɩɨɫɨɛ ɬɟхɧɢчɟɫɤɨɣ ɪɟаɥɢɡаɰɢɢ ɭɫɬɨɣчɢɜɨɣ 
ɬɟɪɦɨяɞɟɪɧɨɣ ɪɟаɤɰɢɢ, ɜ ɤɨɬɨɪɨɦ ɢɧɢɰɢаɥɢɡаɰɢɢ ɭɫɬɨɣчɢɜɨɝɨ 
ɬɟɪɦɨяɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɨɫɭщɟɫɬɜɥяɟɬɫя ɩɨɫɪɟɞɫɬɜɨɦ ɪɟаɥɢɡаɰɢɢ ɬɟɩɥɨɜɨɝɨ S 

ɢɥɢ LS – ɪɟɠɢɦа  ɫ ɨɛɨɫɬɪɟɧɢɟɦ Ʉɭɪɞɸɦɨɜа ɜ ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɣ ɞɟɥящɟɣɫя 
ɫɪɟɞɟ. 
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Ɋɢɫ. 3.32. Ɋɟɲɟɧɢɟ ɭɪаɜɧɟɧɢя ɬɟɩɥɨɩɟɪɟɧɨɫа ɞɥя ɝɟɨɪɟаɤɬɨɪа (    tfTconsttTqT  2, ; 

const = 1,00 Дɠ/K; ɧачаɥɶɧая ɢ ɝɪаɧɢчɧая ɬɟɦɩɟɪаɬɭɪɵ ɪаɜɧɵ θ000Ʉ; ɞɟɥящаяɫя ɫɪɟɞа – 

ɤɭɛɢɤ ɪаɡɦɟɪаɦɢ 10.0х10.0х10.0 ɦ;  ɩɪɟɞɫɬаɜɥɟɧɧɵɟ ɪɟɡɭɥɶɬаɬɵ ɫɨɨɬɜɟɬɫɬɜɭɸɬ 
ɮɢɤɫɢɪɨɜаɧɧɨɣ ɜɬɨɪɨɣ ɩɪɨɫɬɪаɧɫɬɜɟɧɧɨɣ ɩɟɪɟɦɟɧɨɣ ɪаɜɧɨ  η.0 ɦ). 

 

3.2. Ⱦиɫɫиɩативɧые ɫтɪɭɤтɭɪы ɞеɮеɤтɨв в ɨтɤɪытɨɣ ɧеɥиɧеɣɧɨɣ 
ɮиɡиɱеɫɤɨɣ ɫиɫтеɦе «ɹɞеɪɧɨе тɨɩɥивɨ + ɧаɝɪɭɡɤа + ɨɛɥɭɱеɧие». 

3.2.1. ȼвеɞеɧие. В ɪаɛɨɬах Д148,149Ж ɜ ɪаɦɤах ɬɟɨɪɢɢ аɜɬɨɜɨɥɧɨɜɵх 
ɩɪɨɰɟɫɫɨɜ ɜ ɪаɫɩɪɟɞɟɥɟɧɧɵх ɤɢɧɟɬɢчɟɫɤɢх ɫɢɫɬɟɦах ɨɛɫɭɠɞаɸɬɫя 
ɪɟɡɭɥɶɬаɬɵ ɦɨɞɟɥɢɪɨɜаɧɢя ɦɟхаɧɢɡɦɨɜ ɨɛɪаɡɨɜаɧɢя, ɦɢɝɪаɰɢɢ ɢ 
ɜɡаɢɦɨɞɟɣɫɬɜɢя ɞɟɮɟɤɬɨɜ ɜ ɦɟɬаɥɥɢчɟɫɤɨɣ ɫɢɫɬɟɦɟ, ɧахɨɞящɟɣɫя ɩɨɞ 
ɜɨɡɞɟɣɫɬɜɢɟɦ ɜɧɟɲɧɢх ɪаɞɢаɰɢɨɧɧɵх ɢ ɦɟхаɧɢчɟɫɤɢх ɧаɝɪɭɡɨɤ. Таɦ ɠɟ ɜ 

http://ru.wikipedia.org/wiki/%D0%94%D0%B6%D0%BE%D1%83%D0%BB%D1%8C
http://ru.wikipedia.org/wiki/%D0%9A%D0%B5%D0%BB%D1%8C%D0%B2%D0%B8%D0%BD
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ɪаɦɤах ɬɟɨɪɢɢ ɬаɤ ɧаɡɵɜаɟɦɵх ɪɟɠɢɦɨɜ ɫ ɨɛɨɫɬɪɟɧɢɟɦ ɜ ɧɟɥɢɧɟɣɧɵх ɫɪɟɞах, 
ɪаɡɜɢɜаɟɦɨɣ ɧаɭчɧɨɣ ɲɤɨɥɨɣ Ʉɭɪɞɸɦɨɜа Д135,152Ж  (ɫɦ. ɜɵɲɟ ɪаɡɞ. γ.1, а 
ɬаɤɠɟ ɪаɡɞɟɥ 1.4), аɤɰɟɧɬɢɪɭɟɬɫя ɜɧɢɦаɧɢɟ ɧа ɬɨɦ, чɬɨ ɜ ɦаɬɟɪɢаɥɨɜɟɞɟɧɢɢ 
ɨɞɧа ɢɡ ɩɪɢчɢɧ ɩɨяɜɥɟɧɢя ɬɟɩɥɨɜɵх, а ɡɧачɢɬ «ɞɟɮɟɤɬɧɵх» ɫɬɪɭɤɬɭɪ, ɦɨɠɟɬ 
ɛɵɬɶ ɨɛɭɫɥɨɜɥɟɧа ɬɟɦ, чɬɨ ɨɛɴɟɦɧɵɣ ɬɟɦɩɟɪаɬɭɪɧɵɣ ɢɫɬɨчɧɢɤ ɧɟɥɢɧɟɣɧɵɦ 
ɨɛɪаɡɨɦ ɡаɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ (чɬɨ, ɧɟɫɨɦɧɟɧɧɨ, ɞɟɥаɟɬ ɟɝɨ ɩɨɞɨɛɧɵɦ 
аɜɬɨɤаɬаɥɢɬɢчɟɫɤɨɦɭ ɢɫɬɨчɧɢɤɭ).  В [148,149] ɜ ɤачɟɫɬɜɟ ɛаɡɨɜɨɣ ɦɨɞɟɥɢ 
ɢɫɩɨɥɶɡɨɜаɥаɫɶ ɤɢɧɟɬɢчɟɫɤая ɫɢɫɬɟɦа, ɜɩɟɪɜɵɟ ɩɪɟɞɥɨɠɟɧɧая Ƚɢɪɟɪɨɦ ɢ 
Ɇɟɣɧхаɪɞɬɨɦ Д253Ж ɢ ɞɥя ɤɨɬɨɪɨɣ ɪɟɡɭɥɶɬаɬɵ ɦɨɞɟɥɢɪɨɜаɧɢя ɞɟɦɨɧɫɬɪɢɪɭɸɬ 
ɜɨɡɦɨɠɧɨɫɬɶ ɨɛɪаɡɨɜаɧɢя ɞɢɫɫɢɩаɬɢɜɧɵх ɫɬɪɭɤɬɭɪ ɞɟɮɟɤɬɨɜ, а ɬаɤɠɟ 
ɜɨɡɦɨɠɧɨɫɬɶ ɫɭщɟɫɬɜɨɜаɧɢя ɫɨɥɟɬɨɧɨɩɨɞɨɛɧɨɣ ɤɨɧɰɟɧɬɪаɰɢɨɧɧɨɣ ɜɨɥɧɵ. В 
[148,149] ɬаɤɠɟ ɨɬɦɟчаɥɨɫɶ, чɬɨ ɤɢɧɟɬɢчɟɫɤая ɫɢɫɬɟɦа ɞɥя ɞɟɮɟɤɬɨɜ 
ɮɢɡɢчɟɫɤɨɣ ɧɟɥɢɧɟɣɧɨɣ ɫɢɫɬɟɦɵ «ɦɟɬаɥɥ + ɧаɝɪɭɡɤа + ɨɛɥɭчɟɧɢɟ» ɦɨɠɟɬ 
ɛɵɬɶ ɭɬɨчɧɟɧа ɢ ɦɨɠɟɬ ɨɬɥɢчаɬɶɫя ɨɬ ɛаɡɨɜɨɣ ɦɨɞɟɥɢ ɬɢɩа Ƚɢɪɟɪа-

Ɇɟɣɧхаɪɞɬа, ɢɫɫɥɟɞɨɜаɧɧɨɣ ɜ [253], ɢɡ-ɡа ɫɭщɟɫɬɜɨɜаɧɢя ɧɟɤɨɬɨɪɨɝɨ 
ɩɪɨɢɡɜɨɥа ɜ ɜɢɞɟ ɭɪаɜɧɟɧɢɣ, ɩɪɢ ɫɨхɪаɧɟɧɢɢ ɝɥаɜɧɵх ɭɫɥɨɜɢɣ: 
ɞɢɮɮɭɡɢɨɧɧɵɟ ɭɪаɜɧɟɧɢя ɫ ɧɟɥɢɧɟɣɧɵɦɢ ɢɫɬɨчɧɢɤаɦɢ. Ɋаɛɨɬɵ [148,149]  

ɧɨɫɢɥɢ ɩɪɨɝɪаɦɦɧɨ-ɩɨɫɬаɧɨɜɨчɧɵɣ хаɪаɤɬɟɪ ɢ ɜ ɧɟɣ ɨɛɨɫɧɨɜаɧɢɟ 
ɩɨɫɬɪɨɟɧɢя ɛаɡɨɜɨɣ ɦɨɞɟɥɢ ɞɥя ɤɢɧɟɬɢчɟɫɤɨɣ ɫɢɫɬɟɦɵ ɬɨчɟчɧɵх ɞɟɮɟɤɬɨɜ 
ɦɟɬаɥɥɢчɟɫɤɨɣ ɫɢɫɬɟɦɟ, ɧахɨɞящɟɣɫя ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɜɧɟɲɧɢх 
ɪаɞɢаɰɢɨɧɧɵх ɢ ɦɟхаɧɢчɟɫɤɢх ɧаɝɪɭɡɨɤ, ɜ ɜɢɞɟ ɢɞɟɧɬɢчɧɨɦ ɤɢɧɟɬɢчɟɫɤɨɣ 
ɫɢɫɬɟɦɟ Ƚɢɪɟɪа ɢ Ɇɟɣɧхаɪɞɬа [253], ɨɫɧɨɜɵɜаɥɨɫɶ ɧа ɫхɨɞɫɬɜɟ ɷɬɢх 
ɤɢɧɟɬɢчɟɫɤɢх ɫɢɫɬɟɦ. Тɪаɞɢɰɢɨɧɧая ɞɥя ɪаɞɢаɰɢɨɧɧɨɝɨ ɦаɬɟɪɢаɥɨɜɟɞɟɧɢя 
ɤɢɧɟɬɢчɟɫɤая ɫɢɫɬɟɦа ɬɨчɟчɧɵх ɞɟɮɟɤɬɨɜ ɞɥя ɦɟɬаɥɥɢчɟɫɤɨɣ ɫɢɫɬɟɦɵ, 
ɧахɨɞящɟɣɫя ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɜɧɟɲɧɢх ɪаɞɢаɰɢɨɧɧɵх ɢ ɦɟхаɧɢчɟɫɤɢх 
ɧаɝɪɭɡɨɤ, ɧаɩɪɢɦɟɪ, ɩɪɢɜɟɞɟɧа ɜ Дβ54-257Ж.  Ɉɞɧаɤɨ ɨɛɨɫɧɨɜаɧɢɟ 
ɩɪɢɦɟɧɢɦɨɫɬɢ ɤ ɫɢɫɬɟɦɟ ɪаɞɢаɰɢɨɧɧɵх ɬɨчɟчɧɵх ɞɟɮɟɤɬɨɜ ɧɟɤɨɬɨɪɵх 
ɬɪɟɛɨɜаɧɢɣ, хаɪаɤɬɟɪɧɵх ɞɥя ɤɨɦɩɨɧɟɧɬ хɢɦɢчɟɫɤɨɣ ɫɢɫɬɟɦɵ Ƚɢɪɟɪа ɢ 
Ɇɟɣɧхаɪɞɬа (ɧаɩɪɢɦɟɪ, аɜɬɨɤаɬаɥɢɡ ɤɨɦɩɨɧɟɧɬ) ɫɟɝɨɞɧя ɧаɦɢ ɧɟ ɬɨɥɶɤɨ 
ɭɬɨчɧɟɧɨ, ɧɨ ɢ ɩɪɟɞɥɨɠɟɧɵ ɤɨɧɤɪɟɬɧɵɟ ɢх ɦɟхаɧɢɡɦɵ. Ɉɬɦɟɬɢɦ ɬаɤɠɟ ɬɨ, 
чɬɨ ɩɪɨɜɟɞɟɧɧɵɣ ɧаɦɢ ɫɪаɜɧɢɬɟɥɶɧɵɣ аɧаɥɢɡ ɷɬɢх ɤɢɧɟɬɢчɟɫɤɢх ɫɢɫɬɟɦ 
ɩɨɡɜɨɥɢɥ ɧаɦ ɫɭщɟɫɬɜɟɧɧɨ ɭɬɨчɧɢɬɶ ɤɢɧɟɬɢчɟɫɤɭɸ ɫɢɫɬɟɦɭ ɞɥя ɞɟɮɟɤɬɨɜ 
ɮɢɡɢчɟɫɤɨɣ ɧɟɥɢɧɟɣɧɨɣ ɫɢɫɬɟɦɵ «ɦɟɬаɥɥ + ɧаɝɪɭɡɤа + ɨɛɥɭчɟɧɢɟ», ɬɨ ɟɫɬɶ, 
ɜɨɫɫɬаɧɨɜɢɬɶ ɞɢɮɮɭɡɢɨɧɧɵɟ чɥɟɧɵ, ɤɨɬɨɪɵɟ ɢɫчɟɡаɥɢ ɩɪɢ ɭɫɪɟɞɧɟɧɢɢ ɩɨ 
ɨɛɴɟɦɭ V, ɜɤɥɸчаɸщɟɦɭ ɛɨɥɶɲɨɟ чɢɫɥɨ ɫɬɨɤɨɜ, ɢ ɩɨ ɜɪɟɦɟɧɧɨɦɭ ɢɧɬɟɪɜаɥɭ 
 t.  

А ɬаɤɠɟ ɜ ɞаɧɧɨɦ ɪаɡɞɟɥɟ, ɪаɡɜɢɜая ɩɨɞхɨɞɵ, ɩɪɟɞɥɨɠɟɧɧɵɟ ɜ Д258-

262Ж, ɝɞɟ ɮɨɪɦаɥɢɡɨɜаɧɵ ɪаɡɥɢчая ɦɟхаɧɢɡɦɨɜ ɪаɞɢаɰɢɨɧɧɨɣ ɩɨɥɡɭчɟɫɬɢ ɢ 
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ɨɛɥаɫɬɟɣ ɢх ɩɪɢɦɟɧɢɦɨɫɬɢ (ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɜɧɟɲɧɢх ɩаɪаɦɟɬɪɨɜ) ɞɥя 
ɬɨɩɥɢɜɧɵх ɢ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵх ɦɟɬаɥɥɨɜ, ɩɪɨɜɨɞɢɬɫя ɪаɡɞɟɥɟɧɢɟ 
ɤɢɧɟɬɢчɟɫɤɢх ɫɢɫɬɟɦ ɞɥя ɞɟɮɟɤɬɨɜ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵх ɢ ɬɨɩɥɢɜɧɵх ɦɟɬаɥɥɨɜ. 
ɉɪɢ ɷɬɨɦ ɞɟɥаɟɬɫя аɤɰɟɧɬ ɧа аɜɬɨɤаɬаɥɢɬɢчɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɤɢɧɟɬɢчɟɫɤɨɣ 
ɫɢɫɬɟɦɵ ɞɥя ɞɟɮɟɤɬɨɜ ɪɟаɤɬɨɪɧɵх ɬɨɩɥɢɜɧɵх ɦɟɬаɥɥɨɜ, ɨɛɭɫɥɨɜɥɟɧɧɵɟ 
ɷɤɡɨɬɟɪɦɢчɟɫɤɢɦ аɜɬɨɤаɬаɥɢɬɢчɟɫɤɢɦ хаɪаɤɬɟɪɨɦ ɪɟаɤɰɢɣ яɞɟɪɧɵх ɞɟɥɟɧɢɣ, 
яɜɥяɸщɢхɫя ɨɫɧɨɜɧɵɦ ɢɫɬɨчɧɢɤɨɦ ɬɨчɟчɧɵх ɞɟɮɟɤɬɨɜ ɞɥя ɬɨɩɥɢɜɧɵх 
ɦɟɬаɥɥɨɜ. 

Дɟɣɫɬɜɢɬɟɥɶɧɨ, ɜ [258-262] ɩɪɨɜɨɞɢɬɫя ɪаɡɞɟɥɟɧɢɟ ɨɛɨɛщɟɧɧɵх 
ɞɢаɝɪаɦɦ ɪаɞɢаɰɢɨɧɧɨɣ ɩɨɥɡɭчɟɫɬɢ ɞɥя ɤɨɧɫɬɪɭɤɰɢɨɧɧɵх ɢ ɬɨɩɥɢɜɧɵх 
ɦɟɬаɥɥɨɜ, а ɫɥɟɞɨɜаɬɟɥɶɧɨ, ɢ ɢх ɤɢɧɟɬɢчɟɫɤɢх ɫɢɫɬɟɦ ɞɟɮɟɤɬɨɜ. 

 

3.2.2. Ⱦиɫɫиɩативɧые ɫтɪɭɤтɭɪы в ɨтɤɪытɨɣ ɧеɥиɧеɣɧɨɣ 
ɮиɡиɱеɫɤɨɣ ɫиɫтеɦе «ɹɞеɪɧɨе тɨɩɥивɨ + ɧаɝɪɭɡɤа + ɨɛɥɭɱеɧие». В 
ɪаɛɨɬах Д238-242Ж ɪаɡɪаɛɨɬаɧа ɬɟɨɪɢя ɞɢɫɫɢɩаɬɢɜɧɵх ɫɬɪɭɤɬɭɪ ɜ ɨɬɤɪɵɬɨɣ 
ɧɟɥɢɧɟɣɧɨɣ ɮɢɡɢчɟɫɤɨɣ ɫɢɫɬɟɦɟ «ɦɟɬаɥɥ + ɧаɝɪɭɡɤа + ɨɛɥɭчɟɧɢɟ». 
ɋɮɨɪɦɭɥɢɪɨɜаɧа ɤɢɧɟɬɢчɟɫɤая ɫɢɫɬɟɦа ɭɪаɜɧɟɧɢɣ ɞɥя ɞɟɮɟɤɬɨɜ ɧɟɥɢɧɟɣɧɨɣ 
ɮɢɡɢчɟɫɤɨɣ ɫɢɫɬɟɦɵ «ɦɟɬаɥɥ + ɧаɝɪɭɡɤа + ɨɛɥɭчɟɧɢɟ».  

ɉɨɤаɡаɧɨ, чɬɨ ɷɬа ɤɢɧɟɬɢчɟɫɤая ɫɢɫɬɟɦа ɞɨɥɠɧа ɜɤɥɸчаɬɶ ɜ ɫɟɛя: 
ɤɢɧɟɬɢчɟɫɤɭɸ ɫɢɫɬɟɦɭ ɞɥя ɬɨчɟчɧɵх ɞɟɮɟɤɬɨɜ, ɤɢɧɟɬɢчɟɫɤɢɟ ɫɢɫɬɟɦɵ ɞɥя 
ɫɬɨɤɨɜ-ɢɫɬɨчɧɢɤɨɜ (ɝɥаɜɧɵɟ ɢɡ ɤɨɬɨɪɵх: ɫɢɫɬɟɦа ɞɢɫɥɨɤаɰɢɣ ɢ ɫɢɫɬɟɦа ɩɨɪ), 
ɭɪаɜɧɟɧɢɟ ɬɟɩɥɨɩɟɪɟɧɨɫа ɢ ɤɢɧɟɬɢчɟɫɤɭɸ ɫɢɫɬɟɦɭ ɪɟаɤɬɨɪа (ɧаɩɪɢɦɟɪ, ɜ 
ɪаɡɞɟɥɟ β ɩɪɟɞɫɬаɜɥɟɧа ɤɢɧɟɬɢчɟɫɤая ɫɢɫɬɟɦа ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɝɨ ɪɟаɤɬɨɪа 
ɬɢɩа Ɏɟɨɤɬɢɫɬɨɜа), а ɬаɤɠɟ ɧачаɥɶɧɵɟ ɢ ɝɪаɧɢчɧɵɟ ɭɫɥɨɜɢя ɞɥя ɜɫɟх 
ɭɪаɜɧɟɧɢɣ ɫɢɫɬɟɦɵ. ɉɪɢчɟɦ, ɜɫɟ ɭɪаɜɧɟɧɢя яɜɥяɸɬɫя ɜɡаɢɦɨɫɜяɡаɧɧɵɦɢ ɢ 
ɜɫɟ ɨɫɧɨɜɧɵɟ ɭɪаɜɧɟɧɢя яɜɥяɸɬɫя ɞɢɮɮɭɡɢɨɧɧɵɦɢ ɭɪаɜɧɟɧɢяɦɢ ɫ 
ɧɟɥɢɧɟɣɧɵɦ ɢɫɬɨчɧɢɤɨɦ. 

Ɉɛɨɫɧɨɜаɧ аɜɬɨɤаɬаɥɢɬɢчɟɫɤɢɣ хаɪаɤɬɟɪ ɤɢɧɟɬɢчɟɫɤɨɣ ɫɢɫɬɟɦɵ ɞɥя 
ɞɟɮɟɤɬɨɜ ɧɟɥɢɧɟɣɧɨɣ ɮɢɡɢчɟɫɤɨɣ ɫɢɫɬɟɦɵ «ɦɟɬаɥɥ + ɧаɝɪɭɡɤа + ɨɛɥɭчɟɧɢɟ». 

Ɉɫɧɨɜɧɵɦɢ ɜɧɟɲɧɢɦɢ ɩаɪаɦɟɬɪаɦɢ ɤɢɧɟɬɢчɟɫɤɨɣ ɫɢɫɬɟɦɵ ɞɥя 
ɞɟɮɟɤɬɨɜ ɧɟɥɢɧɟɣɧɨɣ ɮɢɡɢчɟɫɤɨɣ ɫɢɫɬɟɦɵ «ɦɟɬаɥɥ + ɧаɝɪɭɡɤа + ɨɛɥɭчɟɧɢɟ» 
яɜɥяɸɬɫя ɩɥɨɬɧɨɫɬɶ ɩɨɬɨɤа, ɬɟɦɩɟɪаɬɭɪа ɢ ɜɧɟɲɧɟɟ ɧаɩɪяɠɟɧɢɟ (ɧаɝɪɭɡɤа) ɜ 
ɫɨɝɥаɫɢɢ ɫ ɪаɡɪаɛɨɬаɧɧɵɦɢ ɨɛɨɛщɟɧɧɵɦɢ ɞɢаɝɪаɦɦаɦɢ ɪаɞɢаɰɢɨɧɧɨ-

ɬɟɪɦɢчɟɫɤɨɣ ɩɨɥɡɭчɟɫɬɢ ɞɥя  ɤɨɧɫɬɪɭɤɰɢɨɧɧɵх ɢ ɞɟɥящɢхɫя ɦɟɬаɥɥɨɜ ɢ 
ɫɩɥаɜɨɜ. ɏаɪаɤɬɟɪɢɫɬɢɤɢ ɦɟɬаɥɥа ɡаɞаɸɬɫя чɟɪɟɡ ɩаɪаɦɟɬɪɵ 
ɤɪɢɫɬаɥɥɢчɟɫɤɨɣ ɪɟɲɟɬɤɢ, ɭɩɪɭɝɢɟ ɤɨɧɫɬаɧɬɵ, ɷɧɟɪɝɢɢ ɨɛɪаɡɨɜаɧɢя ɢ 
ɦɢɝɪаɰɢɢ ɞɥя ɬɨчɟчɧɵх ɞɟɮɟɤɬɨɜ, ɷɧɟɪɝɢɢ ɨɛɪаɡɨɜаɧɢя ɞɥя ɞɢɫɥɨɤаɰɢɨɧɧɵх 
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ɩɟɪɟɝɢɛɨɜ ɢ ɫɬɭɩɟɧɟɤ, ɩɥɨɬɧɨɫɬɢ ɞɟɮɟɤɬɨɜ, ɬаɤɢх ɤаɤ ɞɢɫɥɨɤаɰɢɢ, ɩɨɪɵ ɢ ɜɫɟ 
ɞɪɭɝɢɟ.  

ɉɨɤаɡаɧа ɫɜяɡɶ ɢ ɢх ɜɡаɢɦɧɨɟ ɜɥɢяɧɢɟ ɤɢɧɟɬɢчɟɫɤɨɣ ɫɢɫɬɟɦɵ ɞɥя 
ɞɟɮɟɤɬɨɜ ɧɟɥɢɧɟɣɧɨɣ ɮɢɡɢчɟɫɤɨɣ ɫɢɫɬɟɦɵ «ɦɟɬаɥɥ + ɧаɝɪɭɡɤа + ɨɛɥɭчɟɧɢɟ» 
ɢ ɤɢɧɟɬɢчɟɫɤɨɣ ɫɢɫɬɟɦɵ ɪɟаɤɬɨɪа. Ɉɛɨɫɧɨɜаɧɨ ɜɥɢяɧɢɟ ɤɢɧɟɬɢɤɢ ɞɟɮɟɤɬɨɜ 
ɧɟɥɢɧɟɣɧɨɣ ɮɢɡɢчɟɫɤɨɣ ɫɢɫɬɟɦɵ «ɦɟɬаɥɥ + ɧаɝɪɭɡɤа + ɨɛɥɭчɟɧɢɟ» ɞɥя 
ɬɨɩɥɢɜɧɵх ɦɟɬаɥɥɨɜ ɧа ɤɢɧɟɬɢɤɭ ɛɵɫɬɪɵх ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɵх ɪɟаɤɬɨɪɨɜ, ɜ 
чаɫɬɧɨɫɬɢ ɞɥя ɩɟɪɫɩɟɤɬɢɜɧɨɝɨ ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɝɨ ɪɟаɤɬɨɪа V ɩɨɤɨɥɟɧɢя ɬɢɩа 
Ɏɟɨɤɬɢɫɬɨɜа. 

Ɋаɫɫɦɨɬɪɟɧа ɜɨɡɦɨɠɧая ɫɬɪɭɤɬɭɪа ɤɨɦɩɶɸɬɟɪɧɨɣ ɩɪɨɝɪаɦɦɵ 
ɦɨɞɟɥɢɪɭɸщɟɣ ɤɢɧɟɬɢчɟɫɤɭɸ ɫɢɫɬɟɦɭ ɞɥя ɞɟɮɟɤɬɨɜ ɧɟɥɢɧɟɣɧɨɣ ɮɢɡɢчɟɫɤɨɣ 
ɫɢɫɬɟɦɵ «ɦɟɬаɥɥ + ɧаɝɪɭɡɤа + ɨɛɥɭчɟɧɢɟ».  

ɉɨɥɭчɟɧа ɭɩɪɨщɟɧɧая ɤɢɧɟɬɢчɟɫɤая ɫɢɫɬɟɦа ɞɥя ɞɟɮɟɤɬɨɜ ɧɟɥɢɧɟɣɧɨɣ 
ɮɢɡɢчɟɫɤɨɣ ɫɢɫɬɟɦɵ «ɦɟɬаɥɥ + ɧаɝɪɭɡɤа + ɨɛɥɭчɟɧɢɟ» ɫхɨɞɧая ɫ ɢɡɜɟɫɬɧɨɣ 
ɤɢɧɟɬɢчɟɫɤɨɣ ɫɢɫɬɟɦɨɣ ɬɢɩа Ƚɢɪɟɪа-Ɇɟɣɧхаɪɞɬа. 

 ɉɪɨɜɟɞɟɧɵ ɜɵчɢɫɥɢɬɟɥɶɧɵɟ ɤɨɦɩɶɸɬɟɪɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɨ 
ɢɫɫɥɟɞɨɜаɧɢɸ ɭɩɪɨщɟɧɧая ɤɢɧɟɬɢчɟɫɤая ɫɢɫɬɟɦа ɞɥя ɞɟɮɟɤɬɨɜ ɧɟɥɢɧɟɣɧɨɣ 
ɮɢɡɢчɟɫɤɨɣ ɫɢɫɬɟɦɵ «ɦɟɬаɥɥ + ɧаɝɪɭɡɤа + ɨɛɥɭчɟɧɢɟ» [238-242]. 

ɉɨɥɭчɟɧɧɵɟ ɪɟɡɭɥɶɬаɬɵ ɩɨɞɬɜɟɪɠɞаɸɬ ɨɛɪаɡɨɜаɧɢɟ ɞɢɫɫɢɩаɬɢɜɧɵх ɫɬɪɭɤɬɭɪ 
ɬɨчɟчɧɵх ɞɟɮɟɤɬɨɜ. ɉɪɢɜɟɞɺɧɧɵɟ ɧɢɠɟ ɝɪаɮɢɤɢ (ɪɢɫ. 3.43, ɪɢɫ. 3.44) 

яɜɥяɸɬɫя ɪɟɡɭɥɶɬаɬɨɦ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜаɧɢя ɭɩɪɨщɺɧɧɨɣ 
ɤɢɧɟɬɢчɟɫɤɨɣ ɫɢɫɬɟɦɵ, ɜхɨɞящɢɦɢ ɩаɪаɦɟɬɪаɦɢ ɢ ɧачаɥɶɧɵɦɢ ɭɫɥɨɜɢяɦɢ, 
ɤɨɬɨɪɨɣ яɜɥяɸɬɫя ɧаɢɛɨɥɟɟ хаɪаɤɬɟɪɧɵɟ ɜɟɥɢчɢɧɵ: Т = 400Ʉ, ɧачаɥɶɧɵɟ 
ɤɨɧɰɟɧɬɪаɰɢɢ ɜаɤаɧɫɢɣ ɢ ɦɟɠɞɨɭɡɟɥɶɧɵх аɬɨɦɨɜ 10 10  ɢ  10 30  

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɫɨɨɬɜɟɬɫɬɜɭɸщая ɩɥɨɬɧɨɫɬɶ ɩɨɬɨɤа ɧɟɣɬɪɨɧɨɜ 10 13 ɫɫɦɧ 2 , 

ɧаɝɪɭɡɤа γ 2ɦɦкȽ . ɉɨɦɢɦɨ ɷɬɨɝɨ ɨɧɢ ɩɨɞɛɢɪаɥɢɫɶ ɢɡ ɫɨɨɛɪаɠɟɧɢɣ 
ɦаɤɫɢɦаɥɶɧɨɣ ɧаɝɥяɞɧɨɫɬɢ ɢɥɥɸɫɬɪаɰɢɢ ɞɢɫɫɢɩаɬɢɜɧɨɫɬɢ ɫɬɪɭɤɬɭɪ. 

 ɇа ɩɪɟɞɫɬаɜɥɟɧɧɵх ɪɢɫɭɧɤах ɪаɫчɺɬɵ ɩɪɢɜɟɞɟɧɵ ɞɥя ɪаɡɥɢчɧɵх 
ɦɨɦɟɧɬɨɜ ɜɪɟɦɟɧɢ ɫ ɲаɝɨɦ 0,1 ɫɟɤɭɧɞа. Тɨ ɟɫɬɶ, ɫɢɬɭаɰɢя ɪаɫɫɦаɬɪɢɜаɟɬɫя 
ɤаɤ ɛɵ ɜ ɞɢɧаɦɢɤɟ, ɢ ɦɵ ɦɨɠɟɦ ɧаɛɥɸɞаɬɶ ɷɜɨɥɸɰɢɸ ɩɪɨɰɟɫɫɨɜ ɜɨ ɜɪɟɦɟɧɢ. 
ɉɪɢчɺɦ ɦɨɠɧɨ ɡаɦɟɬɢɬɶ, чɬɨ ɢɦɟɟɬ ɦɟɫɬɨ ɰɢɤɥɢчɧɨɫɬɶ ɩɪɨɰɟɫɫɨɜ. А, 
ɭчɢɬɵɜая ɪаɡɦɟɪɵ ɩɪɨɫчɢɬаɧɧɵх ɨɛɥаɫɬɟɣ, ɦɨɠɧɨ ɝɨɜɨɪɢɬɶ ɨ 
ɦаɤɪɨɫɤɨɩɢчɟɫɤɨɣ ɩɪɨɫɬɪаɧɫɬɜɟɧɧɨɣ ɤɨɪɪɟɥяɰɢɢ ɫ ɪаɞɢɭɫɨɦ ɡɧачɢɬɟɥɶɧɨ 
ɩɪɟɜɵɲаɸщɢɣ ɪаɞɢɭɫ ɩɨɬɟɧɰɢаɥа ɦɟɠаɬɨɦɧɨɝɨ ɜɡаɢɦɨɞɟɣɫɬɜɢя, чɬɨ 
хаɪаɤɬɟɪɧɨ ɞɥя ɞɢɫɫɢɩаɬɢɜɧɵх, ɧɟɥɢɧɟɣɧɵх ɫɬɪɭɤɬɭɪ.         
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Ɋɢɫ. 3.33. Ɋɟɡɭɥɶɬаɬɵ ɦɨɞɟɥɢɪɨɜаɧɢя ɭɩɪɨщɺɧɧɨɣ ɤɢɧɟɬɢчɟɫɤɨɣ 
ɫɢɫɬɟɦɵ ɩɪɢ t = 0,1c (x, y – ɥɢɧɟɣɧɵɟ ɪаɡɦɟɪɵ ɜ 410 cɦ; ɋi – ɤɨɧɰɟɧɬɪаɰɢя 

ɦɟɠɞɨɭɡɟɥɶɧɵх аɬɨɦɨɜ ɭɦɧɨɠɟɧɧая ɧа 1010 ) 

  

 

            

Ɋɢɫ. 3.34. Ɋɟɡɭɥɶɬаɬɵ ɦɨɞɟɥɢɪɨɜаɧɢя ɭɩɪɨщɺɧɧɨɣ ɤɢɧɟɬɢчɟɫɤɨɣ 
ɫɢɫɬɟɦɵ ɩɪɢ t = 0,6c (x, y – ɥɢɧɟɣɧɵɟ ɪаɡɦɟɪɵ ɜ 410 cɦ; ɋi – ɤɨɧɰɟɧɬɪаɰɢя 

ɦɟɠɞɨɭɡɟɥɶɧɵх аɬɨɦɨɜ ɭɦɧɨɠɟɧɧая ɧа 1010 ). 
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Ȼɵɥɢ ɪаɫɫɦɨɬɪɟɧɵ ɭɪаɜɧɟɧɢя ɫ ɧачаɥɶɧɵɦɢ ɤɨɧɰɟɧɬɪаɰɢяɦɢ ɞɥя 
ɜаɤаɧɫɢɣ ɜ ɞɢаɩаɡɨɧɟ  10 8 ÷ 10 10  ɢ  ɞɥя ɦɟɠɞɨɭɡɟɥɶɧɵх аɬɨɦɨɜ ɜ ɞɢаɩаɡɨɧɟ  
10 26 ÷ 10 30 , ɩɪɢчɺɦ ɜ ɷɬɢх ɢɧɬɟɪɜаɥах ɞɢɫɫɢɩаɬɢɜɧɨɫɬɶ ɜ ɬɨɣ ɢɥɢ ɢɧɨɣ 
ɫɬɟɩɟɧɢ ɩɪɨяɜɢɥа ɫɟɛя ɢ ɧаɢɛɨɥɟɟ чаɫɬɨ ɜɫɬɪɟчаɟɦɵɦ ɪаɫɩɪɟɞɟɥɟɧɢɟɦ ɞɥя 
ɩɪɨɫɬɪаɧɫɬɜɟɧɧɨɣ ɤɨɧɰɟɧɬɪаɰɢɢ ɞɟɮɟɤɬɨɜ ɛɵɥа ɩɨɜɟɪхɧɨɫɬɶ ɫ ɞɜɭɦя ɢɥɢ 
ɬɪɟɦя ɩɢɤаɦɢ (аɧаɥɨɝɢчɧɨ ɪɢɫ. 3.34), ɥɢɛɨ ɩɨɜɟɪхɧɨɫɬɶ ɜ ɜɢɞɟ ɞɨɫɬаɬɨчɧɨ 
ɪɟɡɤɨ ɢɡɨɝɧɭɬɨɝɨ ɩɥаɬɨ. 

3.2.3. ȼывɨɞы. ɉɨɤаɡаɧа ɫɜяɡɶ ɢ ɢх ɜɡаɢɦɧɨɟ ɜɥɢяɧɢɟ ɤɢɧɟɬɢчɟɫɤɨɣ 
ɫɢɫɬɟɦɵ ɞɥя ɞɟɮɟɤɬɨɜ ɧɟɥɢɧɟɣɧɨɣ ɮɢɡɢчɟɫɤɨɣ ɫɢɫɬɟɦɵ «ɦɟɬаɥɥ + ɧаɝɪɭɡɤа + 
ɨɛɥɭчɟɧɢɟ» ɢ ɤɢɧɟɬɢчɟɫɤɨɣ ɫɢɫɬɟɦɵ ɪɟаɤɬɨɪа. Ɉɛɨɫɧɨɜаɧɨ ɜɥɢяɧɢɟ ɤɢɧɟɬɢɤɢ 
ɞɟɮɟɤɬɨɜ ɧɟɥɢɧɟɣɧɨɣ ɮɢɡɢчɟɫɤɨɣ ɫɢɫɬɟɦɵ «ɦɟɬаɥɥ + ɧаɝɪɭɡɤа + ɨɛɥɭчɟɧɢɟ» 
ɞɥя ɬɨɩɥɢɜɧɵх ɦɟɬаɥɥɨɜ ɧа ɤɢɧɟɬɢɤɭ ɛɵɫɬɪɵх ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɵх ɪɟаɤɬɨɪɨɜ, 
ɜ чаɫɬɧɨɫɬɢ ɞɥя ɩɟɪɫɩɟɤɬɢɜɧɨɝɨ ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɝɨ ɪɟаɤɬɨɪа V ɩɨɤɨɥɟɧɢя 
ɬɢɩа Ʌ. Ɏɟɨɤɬɢɫɬɨɜа. 

 

3.3. Ɂавиɫиɦɨɫти ɭɫɪеɞɧеɧɧыɯ ɩɨ ɧеɣтɪɨɧɧɨɦɭ ɫɩеɤтɪɭ ɫеɱеɧиɣ 
ɧеɣтɪɨɧɧыɯ ɹɞеɪɧыɯ ɪеаɤɰиɣ ɨт теɦɩеɪатɭɪы ɞɥɹ ɞеɥɹщеɣɫɹ ɫɪеɞы 
ɝеɨɪеаɤтɨɪа. 

3.3.1. Ɂавиɫиɦɨɫти ɭɫɪеɞɧеɧɧыɯ ɩɨ ɧеɣтɪɨɧɧɨɦɭ ɫɩеɤтɪɭ ɫеɱеɧиɣ 
ɧеɣтɪɨɧɧыɯ ɹɞеɪɧыɯ ɪеаɤɰиɣ ɨт теɦɩеɪатɭɪы ɞɥɹ ɞеɥɹщеɣɫɹ ɫɪеɞы 
ɝеɨɪеаɤтɨɪа. 

ɍчɢɬɵɜая ɞаɧɧɵɟ ɪаɛɨɬ Д82,83,115,118,266,267Ж ɨ ɜɨɡɦɨɠɧɨɦ ɫɨɫɬаɜɟ 
ɞɟɥящɟɣɫя ɫɪɟɞɵ ɝɟɨɪɟаɤɬɨɪа ɜ ɜɢɞɟ ɤаɪɛɢɞɨɜ ɢɡɨɬɨɩɨɜ ɭɪаɧа ɢ ɩɥɭɬɨɧɢя, а 
ɬаɤɠɟ, ɬɨ, чɬɨ ɝɟɨɪɟаɤɬɨɪ ɪаɛɨɬаɟɬ ɩɪɢ ɬɟɦɩɟɪаɬɭɪах ɞɟɥящɟɣɫя ɫɪɟɞɵ 4000-

θ000Ʉ, ɧаɦɢ ɛɵɥɢ ɪаɡɪаɛɨɬаɧɵ ɩɪɨɝɪаɦɦɵ, ɫ ɩɨɦɨщɶɸ ɤɨɬɨɪɵх ɛɵɥɢ 
ɩɨɥɭчɟɧɵ ɪаɫчɟɬɧɵɟ ɡаɜɢɫɢɦɨɫɬɢ ɭɫɪɟɞɧɟɧɧɵх ɩɨ ɫɩɟɤɬɪɭ ɧɟɣɬɪɨɧɨɜ 
ɫɟчɟɧɢɣ  tTr

i

j ,,
  ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɞɥя ɨɫɧɨɜɧɵх ɪɟаɤɬɨɪɧɵх ɧɭɤɥɢɞɨɜ ɢ ɞɥя 

ɨɫɧɨɜɧɵх ɪɟаɤɬɨɪɧɵх ɧɟɣɬɪɨɧɧɵх яɞɟɪɧɵх ɪɟаɤɰɢɣ. Дɥя чɟɝɨ ɛɵɥɢ 
ɩɪɨɜɟɞɟɧɵ ɩɪɟɞɜаɪɢɬɟɥɶɧɵɟ ɤɨɦɩɶɸɬɟɪɧɵɟ ɪаɫчɟɬɵ ɡаɜɢɫɢɦɨɫɬɟɣ ɫɟчɟɧɢɣ 
ɪɟаɤɰɢɣ ɨɬ ɷɧɟɪɝɢɢ ɧɟɣɬɪɨɧɨɜ ɢ ɬɟɦɩɟɪаɬɭɪɵ ɫɪɟɞɵ (ɷɮɮɟɤɬ Дɨɩɥɟɪа Д154]) 

ɞɥя ɬɟɦɩɟɪаɬɭɪ γ00-θ000Ʉ (ɫɦ. ɜɵɲɟ ɪаɡɞɟɥ γ.1.γ.β.). ɋɩɟɤɬɪ ɧɟɣɬɪɨɧɨɜ 

ɡаɞаɜаɥɫя ɜ ɤɨɦɛɢɧɢɪɨɜаɧɧɨɦ ɜɢɞɟ: ɧɢɠɟ ɝɪаɧɢчɧɨɣ ɷɧɟɪɝɢɢ ɬɟɪɦаɥɢɡаɰɢɢ 
Ɍеɪɦ
ɝɪE  ɫɩɟɤɬɪ ɧɟɣɬɪɨɧɨɜ - ɜ ɜɢɞɟ ɫɩɟɤɬɪа Ɇаɤɫɜɟɥɥа  

nM E ; ɜɵɲɟ Ɍеɪɦ
ɝɪE , ɧɨ 

ɧɢɠɟ fE ( fE - ɜɟɪхɧяя ɷɧɟɪɝɢя ɧɟɣɬɪɨɧɨɜ ɞɥя ɫɩɟɤɬɪа Ɏɟɪɦɢ) ɫɩɟɤɬɪ 
ɧɟɣɬɪɨɧɨɜ - ɜ ɜɢɞɟ ɫɩɟɤɬɪа Ɏɟɪɦɢ  

nE , ɞɥя ɡаɦɟɞɥяɸщɟɣ ɢ ɩɨɝɥɨщаɸщɟɣ 
ɫɪɟɞɵ; ɜɵɲɟ fE , ɧɨ ɧɢɠɟ m ax

nE  - ɫɩɟɤɬɪ ɞɟɥɟɧɢя ɞɥя ɩɥɭɬɨɧɢя βγ9 Д228, 246]. 

Тɟɦɩɟɪаɬɭɪа ɧɟɣɬɪɨɧɧɨɝɨ ɝаɡа ɞɥя ɪаɫɩɪɟɞɟɥɟɧɢя Ɇаɤɫɜɟɥɥа ɡаɞаɜаɥаɫɶ 
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ɫɨɨɬɧɨɲɟɧɢɟɦ ɢɡ Д154Ж, аɧаɥɨɝɢчɧɵɦ ɜɵɪаɠɟɧɢɸ (3.23), ɧɨ 
ɦɨɞɢɮɢɰɢɪɨɜаɧɧɨɦ ɧа ɨɫɧɨɜɟ ɩɨɞхɨɞа, ɜɵɫɤаɡаɧɧɨɝɨ ɜ Д154Ж. ɋɨɝɥаɫɧɨ ɷɬɨɦɭ 
ɩɨɞхɨɞɭ, ɮɨɪɦаɥɶɧɨ ɧɟɞɨɫɬаɬɤɢ ɫɬаɧɞаɪɬɧɨɣ ɬɟɨɪɢɢ ɡаɦɟɞɥɟɧɢя ɞɥя ɨɛɥаɫɬɢ 
ɬɟɪɦаɥɢɡаɰɢɢ ɦɨɠɧɨ чаɫɬɢчɧɨ ɭɦɟɧɶɲɢɬɶ, ɟɫɥɢ ɜɦɟɫɬɨ 
ɫɪɟɞɧɟɥɨɝаɪɢɮɦɢчɟɫɤɨɣ ɩɨɬɟɪɢ ɷɧɟɪɝɢɢ ɫɬаɧɞаɪɬɧɨɣ ɬɟɨɪɢɢ  , ɤɨɬɨɪая ɧɟ 
ɡаɜɢɫɢɬ ɨɬ ɷɧɟɪɝɢɢ ɧɟɣɬɪɨɧа (ɞɥя  ɫɪɟɞɵ ɢɡ яɞɟɪ ɫ А > 10  A2 ), ɜɟɫɬɢ 
ɩɟɪɟɦɟɧɧɭɸ    zz   , ɝɞɟ    zz 21 ,  kTEz n . ɂɬаɤ, ɬɟɦɩɟɪаɬɭɪа 
ɧɟɣɬɪɨɧɧɨɝɨ ɝаɡа ɡаɞаɜаɥаɫɶ ɫɥɟɞɭɸщɢɦ ɜɵɪаɠɟɧɢɟɦ: 
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n ,  (3.24) 

ɝɞɟ ɜɟɥɢчɢɧа  - ɭɫɪɟɞɧɟɧɧая ɩɨ ɜɫɟɦɭ ɢɧɬɟɪɜаɥɭ ɷɧɟɪɝɢɣ Ɇаɤɫɜɟɥɥɨɜɫɤɨɝɨ 
ɫɩɟɤɬɪа  z  ɩɪɢ kT= 1ɷВ; ɩɪаɜая чаɫɬɶ (γ.24) – ɜɢɞ ɥɟɜɨɣ чаɫɬɢ (3.24), 

ɩɨɥɭчɟɧɧɵɣ ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɨ ɫɨɫɬаɜɟ ɞɟɥящɟɣɫя ɫɪɟɞɵ ɝɟɨɪɟаɤɬɨɪа ɜ ɜɢɞɟ 
ɞɢɤаɪɛɢɞɨɜ ɧɭɤɥɢɞɨɜ ɭɪаɧа ɢ ɩɥɭɬɨɧɢя [82,83,115,118,266,267], а ɬаɤɠɟ, 
ɭчɢɬɵɜая ɬɨ, чɬɨ ɨɫɧɨɜɧɵɦ ɩɨɝɥɨɬɢɬɟɥɟɦ яɜɥяɟɬɫя ɭɪаɧ βγ8 (ɦɢɤɪɨɫɟчɟɧɢɟ 
ɩɨɝɥɨщɟɧɢя ɤɨɬɨɪɨɝɨ ɞɥя ɬɟɦɩɟɪаɬɭɪ ɬɟɪɦаɥɢɡаɰɢɢ ɡаɞаɜаɥɨɫɶ ɪаɜɧɵɦ 8

a  = 

8,0 ɛаɪɧ), а ɨɫɧɨɜɧɵɦ ɡаɦɟɞɥɢɬɟɥɟɦ – ɭɝɥɟɪɨɞ 1β (ɦɢɤɪɨɫɟчɟɧɢɟ ɪаɫɫɟяɧɢя 
ɤɨɬɨɪɨɝɨ ɡаɞаɜаɥɨɫɶ ɪаɜɧɵɦ 12

s  = 4,η ɛаɪɧ) ɢ ɬɨ, чɬɨ ɨɬɧɨɲɟɧɢɟ 
ɤɨɧɰɟɧɬɪаɰɢɣ яɞɟɪ ɭɪаɧа βγ8 ɢ ɭɝɥɟɪɨɞа 1β 12238

2 NNK  , ɡаɞаɜаɥɨɫɶ 
ɡɧачɟɧɢɟɦ хаɪаɤɬɟɪɧɵɦ ɞɥя ɞɢɤаɪɛɢɞɨɜ 2K = 0,5. 

ɋɩɟɤɬɪ Ɏɟɪɦɢ ɧɟɣɬɪɨɧɨɜ ɞɥя ɡаɦɟɞɥяɸщɟɣ ɫɪɟɞɵ ɫ ɩɨɝɥɨщɟɧɢɟɦ (ɜ 
ɤачɟɫɬɜɟ ɡаɦɟɞɥɢɬɟɥя ɪаɫɫɦаɬɪɢɜаɥɫя ɭɝɥɟɪɨɞ, а ɜ ɤачɟɫɬɜɟ ɩɨɝɥɨɬɢɬɟɥɟɣ 
ɭɪаɧ βγ8, ɭɪаɧ βγ9 ɢ ɩɥɭɬɨɧɢɣ βγ9) ɡаɞаɜаɥɫя ɜ ɫɥɟɞɭɸщɟɦ ɜɢɞɟ, ɧаɩɪɢɦɟɪ  
[13,154]: 
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(ɝɞɟ S - ɩɨɥɧая ɨɛɴɟɦɧая ɫɤɨɪɨɫɬɶ ɝɟɧɟɪаɰɢɢ ɧɟɣɬɪɨɧɨɜ,   
i

s

i

si , i  - 

ɫɪɟɞɧɟɥɨɝаɪɢɮɦɢчɟɫɤɢɣ ɞɟɤɪɟɦɟɧɬ ɩɨɬɟɪɢ ɷɧɟɪɝɢɢ ɢ i

s  - ɦаɤɪɨɫɟчɟɧɢɟ 
ɪаɫɫɟяɧɢя ɞɥя i-ɝɨ ɧɭɤɥɢɞа,  

i

i

a

i

st - ɩɨɥɧɨɟ ɦаɤɪɨɫɟчɟɧɢɟ ɞɟɥящɟɝɨɫя 

ɜɟщɟɫɬɜа, 
i

i

ss - ɩɨɥɧɨɟ ɦаɤɪɨɫɟчɟɧɢɟ ɪаɫɫɟяɧɢя ɞɟɥящɟɣɫя ɫɪɟɞɵ, a - 

ɦаɤɪɨɫɟчɟɧɢɟ ɩɨɝɥɨщɟɧɢя, fE - ɜɟɪхɧяя ɷɧɟɪɝɢя ɧɟɣɬɪɨɧɨɜ ɞɥя ɫɩɟɤɬɪа 
Ɏɟɪɦɢ). Ɍеɪɦ

ɝɪE  ɧахɨɞɢɬɫя ɢɡ ɪаɜɟɧɫɬɜа ɩɨɬɨɤɨɜ ɧɟɣɬɪɨɧɨɜ    Ɍеɪ
ɝɪ

Ɍеɪ
ɝɪM EE  . 
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Вɵɫɨɤɨɷɧɟɪɝɟɬɢчɧая чаɫɬɶ ɫɩɟɤɬɪа ɧɟɣɬɪɨɧɨɜ ( fn EE  , ɝɞɟ fE  ɢɡ (3.25)) 

ɡаɞаɟɬɫя ɫɩɟɤɬɪɨɦ ɞɟɥɟɧɢя [228, 246]. ɉɨɷɬɨɦɭ ɞɥя ɜхɨɞящɟɣ ɜ ɜɵɪаɠɟɧɢɟ 
ɞɥя ɫɩɟɤɬɪа Ɏɟɪɦɢ (3.25) ɩɨɥɧɨɣ ɨɛɴɟɦɧɨɣ ɫɤɨɪɨɫɬɢ ɝɟɧɟɪаɰɢɢ ɧɟɣɬɪɨɧɨɜ S , 

ɦɨɠɟɦ ɧаɩɢɫаɬɶ ɫɥɟɞɭɸщɟɟ ɜɵɪаɠɟɧɢɟ: 
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  , (3.26) 

ɝɞɟ m ax

nE - ɦаɤɫɢɦаɥɶɧая ɷɧɟɪɝɢя ɞɥя ɫɩɟɤɬɪа ɞɟɥɟɧɢя ɧɟɣɬɪɨɧɨɜ (ɨɛɵчɧɨ 
ɩɪɢɧɢɦаɟɬɫя 10max nE ɆɷВ), fE - ɷɧɟɪɝɢя ɧɟɣɬɪɨɧɨɜ, ɧɢɠɟ ɤɨɬɨɪɨɣ ɫɩɟɤɬɪ 
ɡаɦɟɞɥяɸщɢхɫя ɧɟɣɬɪɨɧɨɜ ɨɩɢɫɵɜаɟɬɫя ɫɩɟɤɬɪɨɦ Ɏɟɪɦɢ (ɨɛɵчɧɨ 
ɩɪɢɧɢɦаɟɬɫя 2,0fE ɆɷВ);  tTErP n ,,,

~ 
 - ɜɟɪɨяɬɧɨɫɬɶ ɧɟ ɜɵɥɟɬа ɧɟɣɬɪɨɧа ɡа 

ɝɪаɧɢɰɵ ɞɟɥящɟɣɫя ɫɪɟɞɵ, ɤɨɬɨɪая ɡаɜɢɫɢɬ ɩɨɦɢɦɨ ɞɪɭɝɢх ɩаɪаɦɟɬɪɨɜ ɭɠɟ 
ɨɬ ɝɟɨɦɟɬɪɢɢ ɞɟɥящɟɣɫя ɫɪɟɞɵ ɢ ɭɫɥɨɜɢɣ ɧа ɟɟ ɝɪаɧɢɰɟ, ɧаɩɪɢɦɟɪ, ɧаɥɢчɢя 
ɨɬɪаɠаɬɟɥя. ɇɭɤɥɢɞɧɵɣ ɫɨɫɬаɜ ɞɟɥящɟɣɫя ɫɪɟɞɵ ɝɟɨɪɟаɤɬɨɪа ɡаɞаɜаɥɫя ɩɨ 
ɞаɧɧɵɦ, ɩɨɥɭчɟɧɧɵɦ ɩɪɢ ɦɨɞɟɥɢɪɨɜаɧɢɢ ɤɢɧɟɬɢɤɢ ɜɨɥɧɵ яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя 
ɝɟɨɪɟɤɬɨɪа Д82,83Ж. Вɵɪаɠɟɧɢɟ (3.25) ɜɤɥɸчаɟɬ ɮɭɧɤɰɢɸ ɜɟɪɨяɬɧɨɫɬɢ 
ɢɡɛɟɠаɬɶ ɪɟɡɨɧаɧɫɧɨɝɨ ɩɨɝɥɨщɟɧɢя ɞɥя ɧɟɣɬɪɨɧа, ɩɨɥɭчɟɧɧɭɸ ɤаɤ 
ɩɪɢɛɥɢɠɟɧɢɟ ɭɡɤɢх ɪɟɡɨɧаɧɫɨɜ, ɧаɩɪɢɦɟɪ, [13,154Ж. Ɉɞɧаɤɨ, ɜ ɪаɛɨɬɟ 
[226,268,269Ж ɫ ɩɨɦɨщɶɸ ɬɟɨɪɢɢ ɦɭɥɶɬɢɩɥɢɤаɬɢɜɧɨɝɨ ɢɧɬɟɝɪаɥа ɞɥя 
ɤɨɦɦɭɬаɬɢɜɧɨɣ аɥɝɟɛɪɵ Д270,271Ж ɩɨɥɭчɟɧɨ аɧаɥɢɬɢчɟɫɤɨɟ ɜɵɪаɠɟɧɢɟ ɞɥя 
ɷɬɨɣ ɮɭɧɤɰɢɢ ɜɟɪɨяɬɧɨɫɬɢ. Ɉɤаɡаɥɨɫɶ, чɬɨ ɜɵɪаɠɟɧɢɟ ɞɥя ɫɩɟɤɬɪа Ɏɟɪɦɢ, 
ɡаɩɢɫаɧɧɨɟ ɫ ɢɫɩɨɥɶɡɨɜаɧɢɟɦ ɮɭɧɤɰɢɢ ɜɟɪɨяɬɧɨɫɬɢ, ɩɨɥɭчɟɧɧɨɣ ɜ 
[226,268,269], ɫɨɜɩаɞаɟɬ ɫ ɜɵɪаɠɟɧɢɟɦ (3.25), ɧɨ яɜɥяɟɬɫя ɭɠɟ ɬɨчɧɵɦ, а ɧɟ 
ɩɪɢɛɥɢɠɟɧɧɵɦ, ɢ ɧɟ ɢɦɟɟɬ ɨɝɪаɧɢчɟɧɢɣ. 

ɉɨɥɭчɟɧɧɵɟ, ɪаɫчɟɬɧɵɟ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɞɟɥящɟɣɫя ɫɪɟɞɵ 
ɫɟчɟɧɢя ɞɟɥɟɧɢя ɩɥɭɬɨɧɢя βγ9 ɢ ɭɪаɧа βγη ɩɪɟɞɫɬаɜɥɟɧɵ ɧа ɪɢɫ. 3.35 

[229,234,252]. Дɨɩɨɥɧɢɬɟɥɶɧɵɟ ɞɟɬаɥɢ ɪаɫчɟɬа ɜɵɧɟɫɟɧɵ ɜ ɉɊɂɅɈɀȿɇɂȿ 
15. 

  

3.3.2. ȼывɨɞы. 

ɉɨɥɭчɟɧɵ, ɪаɫчɟɬɧɵɟ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɞɟɥящɟɣɫя ɫɪɟɞɵ 
ɭɫɪɟɞɧɟɧɧɵх ɩɨ ɧɟɣɬɪɨɧɧɨɦɭ ɫɩɟɤɬɪɭ ɫɟчɟɧɢɣ ɞɟɥɟɧɢя ɩɥɭɬɨɧɢя βγ9 ɢ ɭɪаɧа 
235 ɞɥя ɝɟɨɪɟаɤɬɨɪа [229,234,252]. Ɇаɤɫɢɦɭɦ ɡаɜɢɫɢɦɨɫɬɢ ɫɟчɟɧɢя ɞɟɥɟɧɢя  
239

Pu, ɭɫɪɟɞɧɺɧɧɨɝɨ ɩɨ ɧɟɣɬɪɨɧɧɨɦɭ ɫɩɟɤɬɪɭ, ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɬɨɩɥɢɜɧɨɣ 
ɫɪɟɞɵ ɝɟɨɪɟаɤɬɨɪа ɧахɨɞɢɬɫя ɦɟɠɞɭ η000Ʉ ɢ θ000Ʉ, чɬɨ ɡɧачɢɬɟɥɶɧɨ ɜɵɲɟ 
ɬɟɦɩɟɪаɬɭɪ ɦаɤɫɢɦɭɦа ɞɥя ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɣ ɫɪɟɞɵ ɞɥя ɜɨɥɧɨɜɨɝɨ яɞɟɪɧɨɝɨ 
ɪɟаɤɬɨɪа (ɫɦ. ɪаɡɞɟɥ γ.1.4 ɢ ɪɢɫ. 3.8). ɉɨɞɬɜɟɪɠɞɟɧɨ ɫɭщɟɫɬɜɟɧɧɨɟ ɨɬɥɢчɢɟ 
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ɬɟɦɩɟɪаɬɭɪɧɨɣ ɡаɜɢɫɢɦɨɫɬɢ ɞɥя ɩɥɭɬɨɧɢя βγ9 ɨɬ ɡаɜɢɫɢɦɨɫɬɢ ɞɥя ɭɪаɧа βγη, 
ɤɨɬɨɪɨɟ ɨɛɧаɪɭɠɟɧɨ ɢ ɨɛɴяɫɧɟɧɨ ɪаɧɟɟ ɜ ɪаɡɞɟɥɟ 3.1.4. 

 

                                    

Ɋɢɫ.γ.35. Ɂаɜɢɫɢɦɨɫɬɢ ɫɟчɟɧɢя ɞɟɥɟɧɢя  239
Pu, ɭɫɪɟɞɧɺɧɧɨɝɨ ɩɨ ɧɟɣɬɪɨɧɧɨɦɭ ɫɩɟɤɬɪɭ, ɨɬ 

ɬɟɦɩɟɪаɬɭɪɵ ɬɨɩɥɢɜɧɨɣ ɫɪɟɞɵ ɞɥя ɝɪаɧɢчɧɨɣ ɷɧɟɪɝɢɢ ɫɩɟɤɬɪɨɜ Ɏɟɪɦɢ ɢ Ɇаɤɫɜɟɥɥа, 
ɪаɜɧɨɣ γkT. Дɥя ɫɪаɜɧɟɧɢя ɩɪɢɜɟɞɟɧа аɧаɥɨɝɢчɧая ɡаɜɢɫɢɦɨɫɬɶ ɞɥя ɫɟчɟɧɢя ɞɟɥɟɧɢя  235

U 
[217,234,252]. 

 

3.4. Ɋеɠиɦы ɫ ɨɛɨɫтɪеɧиеɦ в тɨɩɥивɧыɯ ɦатеɪиаɥаɯ ɹɞеɪɧыɯ ɪеаɤтɨɪɨв. 

3.4.1. ȼвеɞеɧие. 

В ɪаɡɞɟɥɟ 1.1.4 ɞаɧ аɧаɥɢɡ ɪаɛɨɬ ɲɤɨɥɵ ɋ.ɉ. Ʉɭɪɞɸɦɨɜа ɢɡ ɤɨɬɨɪɵх 
ɫɥɟɞɭɟɬ, чɬɨ ɜ ɫɪɟɞах ɫɨ ɫɬɟɩɟɧɧɵɦɢ ɡаɜɢɫɢɦɨɫɬяɦɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 
(ɩɨɤаɡаɬɟɥɶ ɫɬɟɩɟɧɧɨɣ ɡаɜɢɫɢɦɨɫɬɢ - ) ɢ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɢɫɬɨчɧɢɤа 

(ɩɨɤаɡаɬɟɥɶ ɫɬɟɩɟɧɧɨɣ ɡаɜɢɫɢɦɨɫɬɢ -  )  ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɜɡаɜɢɫɢɦɨɫɬɢ ɨɬ 
ɫɨɨɬɧɨɲɟɧɢя ɦɟɠɞɭ ɜɟɥɢчɢɧаɦɢ ɫɬɟɩɟɧɧɵх ɩɨɤаɡаɬɟɥɟɣ ɦɨɝɭɬ 
ɪɟаɥɢɡɨɜɵɜаɬɶɫя ɬɪɢ ɪаɡɥɢчɧɵх ɪɟɠɢɦа ɝɨɪɟɧɢя ɢ ɬɟɩɥɨɩɟɪɟɧɨɫа ɫ 
ɨɛɪаɡɨɜаɧɢɟɦ ɬɟɩɥɨɜɵх ɞɢɫɫɢɩаɬɢɜɧɵх ɫɬɪɭɤɬɭɪ (ɫɦ. ɭɪаɜɧɟɧɢɟ (1.β8) ɢ 
ɪɢɫ.1.10):  

- HS-ɪɟɠɢɦ (ɩɪɢ 1    + 1), ɤɨɝɞа ɩɨɥɭɲɢɪɢɧа ɨɛɥаɫɬɢ ɝɨɪɟɧɢя r0  

ɜɨɡɪаɫɬаɟɬ ɫ ɪɨɫɬɨɦ t; 

- S-ɪɟɠɢɦ (ɩɪɢ   =  + 1), ɤɨɝɞа r0  ɧɟɢɡɦɟɧɧɨ ɜɨ ɜɪɟɦɟɧɢ; 

- LS-ɪɟɠɢɦ (ɩɪɢ    + 1), ɤɨɝɞа ɩɨɥɭɲɢɪɢɧа ɨɛɥаɫɬɢ ɝɨɪɟɧɢя r0  

ɫɨɤɪащаɟɬɫя. 

ɉɪɢ     1 ɝɨɪɟɧɢɟ ɨɫɭщɟɫɬɜɥяɟɬɫя ɜɫɟɝɞа ɜ НS-ɪɟɠɢɦɟ. 
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В ɪаɡɞɟɥɟ γ.1.η ɩɨɤаɡаɧɨ, чɬɨ ɜ ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɣ ɞɟɥящɟɣɫя ɫɪɟɞɟ 
ɞɟɣɫɬɜɭɟɬ ɬɟɩɥɨɜɨɣ ɢɫɬɨчɧɢɤ ɫ ɩɥɨɬɧɨɫɬɶ ɩɨɬɨɤа ɡаɜɢɫящɟɣ ɫɬɟɩɟɧɧɵɦ 
ɨɛɪаɡɨɦ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɞɟɥящɟɣɫя ɫɪɟɞɵ, ɩɪɢчɟɦ ɞɥя ɩɪɨɜɟɞɟɧɧɵх ɪаɫчɟɬɨɜ 
ɩɨɤаɡаɬɟɥɶ ɫɬɟɩɟɧɢ ɨɤаɡаɥɫя ɪаɜɧɵɦ 4 (ɫɦ. ɪɢɫ. 3.11). В ɪаɡɞɟɥɟ γ.1.θ 

ɪаɫчɟɬɧɵɦ ɩɭɬɟɦ ɜ ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɣ ɞɟɥящɟɣɫя ɫɪɟɞɟ ɩɨɥɭчɟɧɵ 
ɞɢɫɫɢɩаɬɢɜɧɵɟ ɬɟɩɥɨɜɵɟ ɫɬɪɭɤɬɭɪɵ. А ɜ ɪаɡɞɟɥɟ 1.1.η ɢ ɜ ɉɊɂɅɈɀȿɇɂəɏ 
1 - 6 ɩɪɟɞɫɬаɜɥɟɧɵ ɬɟɨɪɢя ɢ ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɵɟ ɞаɧɧɵɟ ɩɨ ɬɟɩɥɨɮɢɡɢчɟɫɤɢɦ 

ɫɜɨɣɫɬɜаɦ ɬɨɩɥɢɜɧɵх ɦаɬɟɪɢаɥɨɜ яɞɟɪɧɵх ɪɟаɤɬɨɪɨɜ, ɜ чаɫɬɧɨɫɬɢ, ɬаɤɢɦ ɤаɤ 
ɬɟɩɥɨɟɦɤɨɫɬɶ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, ɩɪɢчɟɦ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɬɨɩɥɢɜɧɵх 
ɦаɬɟɪɢаɥɨɜ ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɫɬɟɩɟɧɧɵɟ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɫ 
ɪаɡɥɢчɧɵɦɢ ɩɨɤаɡаɬɟɥяɦɢ ɷɬɨɣ ɫɬɟɩɟɧɧɨɣ ɡаɜɢɫɢɦɨɫɬɢ ɜ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ 
ɬɢɩа яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа.  

Аɧаɥɢɡ ɷɬɢх ɞаɧɧɵх, ɩɪɟɞɫɬаɜɥɟɧɧɵɣ ɧɢɠɟ, ɩɨɤаɡɵɜаɟɬ, ɩɨɤа ɧа 
ɬɟɨɪɟɬɢчɟɫɤɨɦ ɭɪɨɜɧɟ, ɩɪɢɧɰɢɩɢаɥɶɧɭɸ ɪɟаɥɢɡаɰɢɸ ɜ ɬɨɩɥɢɜɧɵх 
ɦаɬɟɪɢаɥах яɞɟɪɧɵх ɪɟаɤɬɨɪɨɜ ɪɟɠɢɦɨɜ ɫ ɨɛɨɫɬɪɟɧɢɟɦ ɫ ɨɛɪаɡɨɜаɧɢɟɦ 
ɞɢɫɫɢɩаɬɢɜɧɵх ɬɟɩɥɨɜɵх ɫɬɪɭɤɬɭɪ. 

 

3.4.2. Ɋеɠиɦы ɫ ɨɛɨɫтɪеɧиеɦ в тɨɩɥивɧыɯ ɦатеɪиаɥаɯ ɹɞеɪɧыɯ 
ɪеаɤтɨɪɨв. 

 ɇачɧɟɦ ɪаɫɫɦɨɬɪɟɧɢɟ ɫ ɦɟɬаɥɥɢчɟɫɤɨɝɨ яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа. 

Тɟɩɥɨɮɢɡɢчɟɫɤɢɟ ɫɜɨɣɫɬɜа ɦɟɬаɥɥɢчɟɫɤɨɝɨ яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа ɩɪɟɞɫɬаɜɥɟɧɵ ɜ 
ɪаɡɞɟɥɟ 1.1.η.β.β. ɉɪɢ ɪаɫɫɦɨɬɪɟɧɢɢ ɨɝɪаɧɢчɢɦɫя ɞɨɫɬаɬɨчɧɨ ɜɵɫɨɤɢɦɢ 
ɬɟɦɩɟɪаɬɭɪаɦɢ ≥ η00Ʉ, ɬɨ ɟɫɬɶ, ɬɟɦɩɟɪаɬɭɪаɦɢ хаɪаɤɬɟɪɧɵɦɢ ɞɥя ɪаɛɨчɢх 
ɪɟɠɢɦɨɦ ɞɟɣɫɬɜɭɸщɢх ɪɟаɤɬɨɪɧɵх ɭɫɬаɧɨɜɨɤ ɢ ɜɵɲɟ. ɉɪɢ ɬаɤɢх 
ɬɟɦɩɟɪаɬɭɪах ɬɟɩɥɨɟɦɤɨɫɬɶ ɦɟɬаɥɥɢчɟɫɤɨɝɨ яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа ɩɪаɤɬɢчɟɫɤɢ 
ɧɟ ɦɟɧяɟɬɫя ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪаɬɭɪɵ  (ɫɦ. ɪɢɫ. 1.11 ɢ ɪɢɫ. 3.12. ɢɡ ɪаɡɞɟɥа γ.1.θ. 
ɞɥя ɭɪаɧɨɜɨɝɨ ɬɨɩɥɢɜа ɢ ɬаɛɥɢɰа 1.3 ɞɥя ɩɥɭɬɨɧɢɟɜɨɝɨ ɬɨɩɥɢɜа), ɩɨɷɬɨɦɭ 
ɪɟаɥɢɡаɰɢя ɪɟɠɢɦɨɜ ɫ ɨɛɨɫɬɪɟɧɢɟɦ ɨɩɪɟɞɟɥяɟɬɫя ɬɟɦɩɟɪаɬɭɪɧɵɦɢ 
ɡаɜɢɫɢɦɨɫɬяɦɢ ɭɞɟɥɶɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ 
ɢɫɬɨчɧɢɤа. 

 ɍɞɟɥɶɧая ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɭɪаɧɨɜɨɝɨ ɬɨɩɥɢɜа ɩɪɟɞɫɬаɜɥɟɧа ɧа ɪɢɫ. 
1.1β ɢ ɧа ɪɢɫ. 3.13 ɢɡ ɪаɡɞɟɥа γ.1.θ, а ɬаɤɠɟ ɫɨɨɬɧɨɲɟɧɢяɦɢ (1.86) ɢ (3.18) ɢɡ 
ɪаɡɞɟɥа γ.1.θ, ɢɡ ɤɨɬɨɪɵх ɫɥɟɞɭɟɬ ɥɢɧɟɣɧая ɩɨ ɬɟɦɩɟɪаɬɭɪɟ ɡаɜɢɫɢɦɨɫɬɶ 

ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɭɪаɧɨɜɨɝɨ ɬɨɩɥɢɜа, ɬɨ ɟɫɬɶ, ɫɨɝɥаɫɧɨ ɜɵɲɟ ɩɪɢɧяɬɵɦ 
ɨɛɨɡɧачɟɧɢяɦ  = 1. Ɉɬɦɟɬɢɦ, чɬɨ ɭɞɟɥɶɧая ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɜ ɨɫɧɨɜɧɨɦ 
ɨɩɪɟɞɟɥяɟɬɫя ɫɜɨɣɫɬɜаɦɢ ɧɭɤɥɢɞа ɪаɡɛаɜɢɬɟɥя, а ɧɟ ɞɟɥящɟɝɨɫя ɧɭɤɥɢɞа, 
ɤɨɬɨɪɵɦ ɨɛɨɝащаɟɬɫя ɬɨɩɥɢɜɨ (ɧаɩɨɦɧɢɦ, чɬɨ ɨɛɨɝащɟɧɢɟ ɬɨɩɥɢɜа ɞɥя 
ɬɟɩɥɨɜɵх ɪɟаɤɬɨɪɨɜ зβ-4%, а ɞɥя ɛɵɫɬɪɵх ~15-25%). ɋɨɝɥаɫɧɨ ɪɟɡɭɥɶɬаɬаɦ 
ɪаɡɞɟɥа γ.1.4 ɞɥя ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɢɫɬɨчɧɢɤа ɜ ɭɪаɧɨɜɨɦ ɬɨɩɥɢɜɟ, 
ɫɨɫɬɨящɟɦ ɢɡ ɭɪаɧа βγ8 ɨɛɨɝащɟɧɧɨɝɨ ɞɟɥящɢɦɫя ɧɭɤɥɢɞɨɦ ɭɪаɧа βγη, 
ɩɨɤаɡаɬɟɥɶ ɫɬɟɩɟɧɧɨɣ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɬɨɩɥɢɜа  < 1. 



185 

 

ɋɥɟɞɨɜаɬɟɥɶɧɨ, ɜ ɷɬɨɦ яɞɟɪɧɨɦ ɬɨɩɥɢɜɟ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɟ ɝɨɪɟɧɢɟ 
ɪɟаɥɢɡɭɟɬɫя ɜ НS-ɪɟɠɢɦɟ. ɋɨɝɥаɫɧɨ ɪɟɡɭɥɶɬаɬаɦ ɪаɡɞɟɥɨɜ γ.1.4-γ.1.θ ɞɥя 
ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɢɫɬɨчɧɢɤа ɜ ɭɪаɧɨɜɨɦ ɬɨɩɥɢɜɟ, ɫɨɫɬɨящɟɦ ɢɡ ɭɪаɧа βγ8 
ɨɛɨɝащɟɧɧɨɝɨ ɞɟɥящɢɦɫя ɧɭɤɥɢɞɨɦ ɩɥɭɬɨɧɢɟɦ βγ9, а ɬаɤɠɟ ɜ ɩɥɭɬɨɧɢɟɜɨɦ 
ɬɨɩɥɢɜɟ ɩɥɨɬɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɢɫɬɨчɧɢɤа ɡаɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɫɨ 
ɫɬɟɩɟɧɧɵɦ ɩɨɤаɡаɬɟɥɟɦ 1<≤4, ɬɨ ɟɫɬɶ, ɜ ɬаɤɨɦ ɭɪаɧɨɜɨɦ ɬɨɩɥɢɜɟ ɢ 
ɩɥɭɬɨɧɢɟɜɨɦ ɬɨɩɥɢɜɟ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɟ ɝɨɪɟɧɢɟ ɪɟаɥɢɡɭɟɬɫя ɜ НS-ɪɟɠɢɦɟ, 
S-ɪɟɠɢɦɟ ɢ  LS-ɪɟɠɢɦɟ. 

Тɟɩɥɨɮɢɡɢчɟɫɤɢɟ ɫɜɨɣɫɬɜа ɤɟɪаɦɢчɟɫɤɨɝɨ яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа 
ɩɪɟɞɫɬаɜɥɟɧɵ ɜ ɪаɡɞɟɥɟ 1.1.η.2.3. 

ɍɞɟɥɶɧая ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɨɤɫɢɞɧɨɝɨ ɭɪаɧɨɜɨɝɨ ɬɨɩɥɢɜа 
ɩɪɟɞɫɬаɜɥɟɧа ɧа ɪɢɫ. 1.β4 ɢ ɪɢɫ. 1.β5 ɢɡ ɪаɡɞɟɥа 1.1.5.2.3.2, а ɬаɤɠɟ 
ɫɨɨɬɧɨɲɟɧɢяɦɢ (1.100) – (1.103) ɢ (1.114), (1.115), ɨɩɭɛɥɢɤɨɜаɧɧɵх ɜ ɪаɡɧɵх 
ɢɫɬɨчɧɢɤах (ɧаɩɪɢɦɟɪ, Д184, 188-190]),  ɢɡ ɤɨɬɨɪɵх ɫɥɟɞɭɟɬ ɫɬɟɩɟɧɧая 
ɬɟɦɩɟɪаɬɭɪɧая ɡаɜɢɫɢɦɨɫɬɶ ɭɞɟɥɶɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɨɤɫɢɞɧɨɝɨ 
ɭɪаɧɨɜɨɝɨ ɬɨɩɥɢɜа  ɫ ɩɨɤаɡаɬɟɥɟɦ ɫɬɟɩɟɧɢ  = -1. 

ɋɨɝɥаɫɧɨ ɪɟɡɭɥɶɬаɬаɦ ɪаɡɞɟɥа γ.1.4 ɞɥя ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɢɫɬɨчɧɢɤа 
ɜ ɭɪаɧɨɜɨɦ ɨɤɫɢɞɧɨɦ ɬɨɩɥɢɜɟ, ɫɨɫɬɨящɟɦ ɢɡ ɨɤɫɢɞа ɭɪаɧа βγ8 ɨɛɨɝащɟɧɧɨɝɨ 
ɞɟɥящɢɦɫя ɨɤɫɢɞɨɦ ɭɪаɧа βγη, ɩɨɤаɡаɬɟɥɶ ɫɬɟɩɟɧɧɨɣ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ 
ɬɟɦɩɟɪаɬɭɪɵ ɬɨɩɥɢɜа  < 1. ɋɥɟɞɨɜаɬɟɥɶɧɨ, ɜ ɷɬɨɦ яɞɟɪɧɨɦ ɬɨɩɥɢɜɟ 
ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɟ ɝɨɪɟɧɢɟ ɪɟаɥɢɡɭɟɬɫя ɜ НS-ɪɟɠɢɦɟ.  

ɋɨɝɥаɫɧɨ ɪɟɡɭɥɶɬаɬаɦ ɪаɡɞɟɥɨɜ γ.1.4-γ.1.θ ɞɥя ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ 
ɢɫɬɨчɧɢɤа ɜ ɨɤɫɢɞɧɨɦ ɭɪаɧɨɜɨɦ ɬɨɩɥɢɜɟ, ɫɨɫɬɨящɟɦ ɢɡ ɨɤɫɢɞа ɭɪаɧа βγ8 
ɨɛɨɝащɟɧɧɨɝɨ ɞɟɥящɢɦɫя ɨɤɫɢɞɨɦ ɩɥɭɬɨɧɢɟɦ βγ9, а ɬаɤɠɟ ɜ ɆɈɏ-ɬɨɩɥɢɜɟ 
(ɫɦɟɲаɧɧɨɦ ɢɡ ɨɤɫɢɞɨɜ ɭɪаɧа ɢ ɩɥɭɬɨɧɢя ɬɨɩɥɢɜɟ) ɩɥɨɬɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ 
ɢɫɬɨчɧɢɤа ɡаɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɫɨ ɫɬɟɩɟɧɧɵɦ ɩɨɤаɡаɬɟɥɟɦ 1<≤4, ɬɨ ɟɫɬɶ, 
ɜ ɬаɤɨɦ ɨɤɫɢɞɧɨɦ ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɦ ɬɨɩɥɢɜɟ ɢ ɩɥɭɬɨɧɢɟɜɨɦ ɬɨɩɥɢɜɟ, 

ɫɨɝɥаɫɧɨ ɜɵɲɟɢɡɥɨɠɟɧɧɨɦɭ, ɧɟɣɬɪɨɧɨ-яɞɟɪɧɨɟ ɝɨɪɟɧɢɟ ɪɟаɥɢɡɭɟɬɫя ɜ S-

ɪɟɠɢɦɟ ɢ  LS-ɪɟɠɢɦɟ. 

Тɟɩɥɨɮɢɡɢчɟɫɤɢɟ ɫɜɨɣɫɬɜа ɤаɪɛɢɞɧɨɝɨ яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа ɩɪɟɞɫɬаɜɥɟɧɵ 
ɜ ɪаɡɞɟɥɟ 1.1.5.2.3.3. 

Тɟɦɩɟɪаɬɭɪɧɨɣ ɡаɜɢɫɢɦɨɫɬɶɸ ɬɟɩɥɨɟɦɤɨɫɬɢ ɤаɪɛɢɞɧɨɝɨ яɞɟɪɧɨɝɨ 
ɬɨɩɥɢɜа ɦɨɠɧɨ ɩɪɟɧɟɛɪɟчɶ ɢ ɫчɢɬаɬɶ ɟɟ ɩɨɫɬɨяɧɧɨɣ (ɫɦ. ɪаɞɟɥ 1.1.5.2.3.3 ɢ, 
ɧаɩɪɢɦɟɪ, ɜɵɪаɠɟɧɢɟ (1.117)).  Дɥя ɤаɪɛɢɞɧɨɝɨ ɭɪаɧɨɜɨɝɨ ɢ ɭɪаɧ-

ɩɥɭɬɨɧɢɟɜɨɝɨ ɬɨɩɥɢɜа, ɫɨɝɥаɫɧɨ ɫɨɨɬɧɨɲɟɧɢяɦɢ (1.119) – (1.124) ɢ ɞаɧɧɵɦ 
ɩɪɟɞɫɬаɜɥɟɧɧɵɦ ɧа ɪɢɫ. 1.33 – 1.36, ɭɞɟɥɶɧая ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɜ 
ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɢɡɦɟɧяɟɬɫя ɫɬɟɩɟɧɧɵɦ ɨɛɪаɡɨɦ ɫ ɩɨɤаɡаɬɟɥɟɦ 
ɫɬɟɩɟɧɢ  = 1. 

ɋɨɝɥаɫɧɨ ɪɟɡɭɥɶɬаɬаɦ ɪаɡɞɟɥа γ.1.4 ɞɥя ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɢɫɬɨчɧɢɤа 
ɜ ɭɪаɧɨɜɨɦ ɤаɪɛɢɞɧɨɦ ɬɨɩɥɢɜɟ, ɫɨɫɬɨящɟɦ ɢɡ ɤаɪɛɢɞɨɜ ɭɪаɧа βγ8 
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ɨɛɨɝащɟɧɧɨɝɨ ɤаɪɛɢɞаɦɢ ɭɪаɧа βγη, ɩɨɤаɡаɬɟɥɶ ɫɬɟɩɟɧɧɨɣ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ 
ɬɟɦɩɟɪаɬɭɪɵ ɬɨɩɥɢɜа  < 1. ɋɥɟɞɨɜаɬɟɥɶɧɨ, ɜ ɷɬɨɦ яɞɟɪɧɨɦ ɬɨɩɥɢɜɟ 
ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɟ ɝɨɪɟɧɢɟ ɪɟаɥɢɡɭɟɬɫя ɜ НS-ɪɟɠɢɦɟ.  

ɋɨɝɥаɫɧɨ ɪɟɡɭɥɶɬаɬаɦ ɪаɡɞɟɥɨɜ γ.1.4 - γ.1.θ ɞɥя ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ 
ɢɫɬɨчɧɢɤа ɜ ɤаɪɛɢɞɧɨɦ ɭɪаɧɨɜɨɦ ɬɨɩɥɢɜɟ, ɫɨɫɬɨящɟɦ ɢɡ ɤаɪɛɢɞɨɜ  ɭɪаɧа βγ8 
ɨɛɨɝащɟɧɧɨɝɨ ɤаɪɛɢɞаɦɢ ɩɥɭɬɨɧɢя βγ9, а ɬаɤɠɟ ɜ ɫɦɟɲаɧɧɨɦ ɭɪаɧ-

ɩɥɭɬɨɧɢɟɜɨɦ ɤаɪɛɢɞɧɨɦ ɬɨɩɥɢɜɟ ɩɥɨɬɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɢɫɬɨчɧɢɤа ɡаɜɢɫɢɬ ɨɬ 
ɬɟɦɩɟɪаɬɭɪɵ ɫɨ ɫɬɟɩɟɧɧɵɦ ɩɨɤаɡаɬɟɥɟɦ 1<≤4, ɬɨ ɟɫɬɶ, ɜ ɬаɤɨɦ ɨɤɫɢɞɧɨɦ 
ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɦ ɬɨɩɥɢɜɟ ɢ ɩɥɭɬɨɧɢɟɜɨɦ ɬɨɩɥɢɜɟ, ɫɨɝɥаɫɧɨ 
ɜɵɲɟɢɡɥɨɠɟɧɧɨɦɭ, ɧɟɣɬɪɨɧɨ-яɞɟɪɧɨɟ ɝɨɪɟɧɢɟ ɪɟаɥɢɡɭɟɬɫя ɜ НS-ɪɟɠɢɦɟ, S-

ɪɟɠɢɦɟ ɢ  LS-ɪɟɠɢɦɟ. 

Тɟɩɥɨɮɢɡɢчɟɫɤɢɟ ɫɜɨɣɫɬɜа ɧɢɬɪɢɞɧɨɝɨ яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа ɩɪɟɞɫɬаɜɥɟɧɵ 
ɜ ɪаɡɞɟɥɟ 1.1.5.2.3.4. 

Дɥя ɧɢɬɪɢɞɧɨɝɨ ɭɪаɧɨɜɨɝɨ ɢ ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɝɨ ɬɨɩɥɢɜа, ɫɨɝɥаɫɧɨ 
ɫɨɨɬɧɨɲɟɧɢяɦɢ (1.1β5) – (1.127) ɢ ɞаɧɧɵɦ ɩɪɟɞɫɬаɜɥɟɧɧɵɦ ɧа ɪɢɫ. 1.γ7 – 

1.38, ɭɞɟɥɶɧая ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɜ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɢɡɦɟɧяɟɬɫя 
ɫɬɟɩɟɧɧɵɦ ɨɛɪаɡɨɦ ɫ ɩɨɤаɡаɬɟɥɟɦ ɫɬɟɩɟɧɢ  ≈ 1. 

ɋɨɝɥаɫɧɨ ɪɟɡɭɥɶɬаɬаɦ ɪаɡɞɟɥа γ.1.4 ɞɥя ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɢɫɬɨчɧɢɤа 
ɜ ɭɪаɧɨɜɨɦ ɧɢɬɪɢɞɧɨɦ ɬɨɩɥɢɜɟ, ɫɨɫɬɨящɟɦ ɢɡ ɧɢɬɪɢɞа ɭɪаɧа βγ8 
ɨɛɨɝащɟɧɧɨɝɨ ɧɢɬɪɢɞɨɦ ɭɪаɧа βγη, ɩɨɤаɡаɬɟɥɶ ɫɬɟɩɟɧɧɨɣ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ 
ɬɟɦɩɟɪаɬɭɪɵ ɬɨɩɥɢɜа  < 1. ɋɥɟɞɨɜаɬɟɥɶɧɨ, ɜ ɷɬɨɦ яɞɟɪɧɨɦ ɬɨɩɥɢɜɟ 
ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɟ ɝɨɪɟɧɢɟ ɪɟаɥɢɡɭɟɬɫя ɜ НS-ɪɟɠɢɦɟ.  

ɋɨɝɥаɫɧɨ ɪɟɡɭɥɶɬаɬаɦ ɪаɡɞɟɥɨɜ γ.1.4-γ.1.θ ɞɥя ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ 
ɢɫɬɨчɧɢɤа ɜ ɧɢɬɪɢɞɧɨɦ ɭɪаɧɨɜɨɦ ɬɨɩɥɢɜɟ, ɫɨɫɬɨящɟɦ ɢɡ ɧɢɬɪɢɞа  ɭɪаɧа βγ8 
ɨɛɨɝащɟɧɧɨɝɨ ɧɢɬɪɢɞɨɦ ɩɥɭɬɨɧɢя βγ9, а ɬаɤɠɟ ɜ ɫɦɟɲаɧɧɨɦ ɭɪаɧ-

ɩɥɭɬɨɧɢɟɜɨɦ ɧɢɬɪɢɞɧɨɦ ɬɨɩɥɢɜɟ ɩɥɨɬɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɢɫɬɨчɧɢɤа ɡаɜɢɫɢɬ ɨɬ 
ɬɟɦɩɟɪаɬɭɪɵ ɫɨ ɫɬɟɩɟɧɧɵɦ ɩɨɤаɡаɬɟɥɟɦ 1<≤4, ɬɨ ɟɫɬɶ, ɜ ɬаɤɨɦ ɧɢɬɪɢɞɧɨɦ 
ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɦ ɬɨɩɥɢɜɟ ɢ ɩɥɭɬɨɧɢɟɜɨɦ ɬɨɩɥɢɜɟ ɧɟɣɬɪɨɧɨ-яɞɟɪɧɨɟ 
ɝɨɪɟɧɢɟ ɪɟаɥɢɡɭɟɬɫя ɜ НS-ɪɟɠɢɦɟ, S-ɪɟɠɢɦɟ ɢ  LS-ɪɟɠɢɦɟ. 

Тɟɩɥɨɮɢɡɢчɟɫɤɢɟ ɫɜɨɣɫɬɜа ɞɢɫɩɟɪɫɢɨɧɧɨɝɨ яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа 
ɩɪɟɞɫɬаɜɥɟɧɵ ɜ ɪаɡɞɟɥɟ 1.1.η.β.4 ɢ ɜ ɉɪɢɥɨɠɟɧɢɢ 6. 

Ɉɬɦɟɬɢɦ, чɬɨ ɬɟɩɥɨɮɢɡɢчɟɫɤɢɟ ɫɜɨɣɫɬɜа ɞɢɫɩɟɪɫɢɨɧɧɨɝɨ ɬɨɩɥɢɜа 
ɨɩɪɟɞɟɥяɸɬɫя ɝɥаɜɧɵɦ ɨɛɪаɡɨɦ ɬɟɩɥɨɮɢɡɢчɟɫɤɢɦɢ ɫɜɨɣɫɬɜаɦɢ ɦаɬɪɢɰɵ 
ɞɢɫɩɟɪɫɢɨɧɧɨɝɨ яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа. ɋɨɝɥаɫɧɨ ɞаɧɧɵɦ, ɩɪɟɞɫɬаɜɥɟɧɧɵɦ ɜ 
ɉɪɢɥɨɠɟɧɢɢ 6, ɫɟɝɨɞɧя ɩɪɟɞɥаɝаɟɬɫя ɢ ɢɫɫɥɟɞɭɟɬɫя ɡɧачɢɬɟɥɶɧɨɟ ɤɨɥɢчɟɫɬɜɨ 
ɜɢɞɨɜ ɞɢɫɩɟɪɫɢɨɧɧɨɝɨ яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа. 

Аɧаɥɢɡ ɜɨɡɦɨɠɧɨɫɬɢ ɪɟаɥɢɡаɰɢɢ ɪɟɠɢɦɨɜ ɫ ɨɛɨɫɬɪɟɧɢɟɦ ɜ ɤаɠɞɨɦ ɢɡ 
ɜɢɞɨɜ ɞɢɫɩɟɪɫɢɨɧɧɨɝɨ ɬɨɩɥɢɜа ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɜɟɞɟɧ аɧаɥɨɝɢчɧɨ 
ɜɵɲɟɢɡɥɨɠɟɧɧɨɦɭ. 
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ɇаɩɪɢɦɟɪ, ɭɞɟɥɶɧая ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɞɢɫɩɟɪɫɢɨɧɧɨɝɨ ɬɨɩɥɢɜа ɢɡ 
ɞɜɭɨɤɢɫɢ ɭɪаɧа ɜ ɦаɬɪɢɰɟ ɢɡ ɧɟɪɠаɜɟɸщɟɣ ɫɬаɥɢ ɫɨɝɥаɫɧɨ ɞаɧɧɵɦ ɪаɡɞɟɥа 
ɉ.6.β (ɪɢɫ. ɉ.6.2- ɉ.6.7) ɢɦɟɟɬ ɥɢɧɟɣɧɵɣ ɫɬɟɩɟɧɧɨɣ хаɪаɤɬɟɪ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ 
ɬɟɦɩɟɪаɬɭɪɵ, ɬɨ ɟɫɬɶ, ɩɨɤаɡаɬɟɥɶ ɫɬɟɩɟɧɧɨɣ ɡаɜɢɫɢɦɨɫɬɢ  = 1. ɉɨɷɬɨɦɭ ɞɥя 
ɷɬɨɝɨ ɞɢɫɩɟɪɫɢɨɧɧɨɝɨ ɬɨɩɥɢɜа ɦɵ ɦɨɠɟɦ ɩɨɜɬɨɪɢɬɶ ɜɫɟ ɬɟ ɠɟ ɫɨɨɛɪаɠɟɧɢя ɨ 
ɪɟаɥɢɡаɰɢɢ ɪɟɠɢɦɨɜ ɫ ɨɛɨɫɬɪɟɧɢɟɦ, чɬɨ ɦɵ ɫɞɟɥаɥɢ ɜɵɲɟ, ɧаɩɪɢɦɟɪ, ɞɥя 
ɦɟɬаɥɥɢчɟɫɤɨɝɨ яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа ɢɥɢ ɤаɪɛɢɞɧɨɝɨ яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа ɢɥɢ 
ɧɢɬɪɢɞɧɨɝɨ яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа. 

Тɟɩɥɨɮɢɡɢчɟɫɤɢɟ ɫɜɨɣɫɬɜа ɞɢɫɩɟɪɫɢɨɧɧɨɝɨ яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа ɫ 
ɤɟɪаɦɢчɟɫɤɢɦ ɬɨɩɥɢɜɧɵɦ  ɦаɬɟɪɢаɥɨɦ ɜ ɦаɬɪɢɰɟ ɢɡ ɬɭɝɨɩɥаɜɤɢх ɦɟɬаɥɥɨɜ 

ɩɪɟɞɫɬаɜɥɟɧɵ ɜ ɪаɡɞɟɥɟ ɉ.6.4.1. ɂɡ ɞаɧɧɵх ɩɪɟɞɫɬаɜɥɟɧɧɵх ɧа ɪɢɫ. ɉ.6.8 ɢ 
ɪɢɫ. ɉ.6.9 ɜɢɞɧɨ, чɬɨ ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɵх ɬɟɦɩɟɪаɬɭɪ Т > η00Ʉ ɭɞɟɥɶɧая 
ɬɟɩɥɨɟɦɤɨɫɬɶ ɷɬɨɝɨ ɜɢɞа яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа ɧɟ ɡаɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ, ɬɨ 
ɟɫɬɶ, ɩɨɤаɡаɬɟɥɶ ɫɬɟɩɟɧɧɨɣ ɡаɜɢɫɢɦɨɫɬɢ  = 0. 

ɋɨɝɥаɫɧɨ ɪɟɡɭɥɶɬаɬаɦ ɪаɡɞɟɥа γ.1.4 ɞɥя ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɢɫɬɨчɧɢɤа 
ɜ ɭɪаɧɨɜɨɦ ɤɟɪаɦɢчɟɫɤɨɦ ɬɨɩɥɢɜɧɨɦ ɦаɬɟɪɢаɥɟ, ɩɨɥɭчɟɧɧɨɦ ɧа ɨɫɧɨɜɟ ɭɪаɧа 
βγ8 ɨɛɨɝащɟɧɧɨɝɨ ɭɪаɧɨɦ βγη, ɩɨɤаɡаɬɟɥɶ ɫɬɟɩɟɧɧɨɣ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ 
ɬɟɦɩɟɪаɬɭɪɵ ɬɨɩɥɢɜа  < 1. ɋɥɟɞɨɜаɬɟɥɶɧɨ, ɜ ɷɬɨɦ яɞɟɪɧɨɦ ɬɨɩɥɢɜɟ 
ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɟ ɝɨɪɟɧɢɟ ɪɟаɥɢɡɭɟɬɫя ɜ НS-ɪɟɠɢɦɟ.  

ɋɨɝɥаɫɧɨ ɪɟɡɭɥɶɬаɬаɦ ɪаɡɞɟɥɨɜ γ.1.4 - γ.1.θ ɞɥя ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ 
ɢɫɬɨчɧɢɤа ɜ ɭɪаɧɨɜɨɦ ɤɟɪаɦɢчɟɫɤɨɦ ɬɨɩɥɢɜɧɨɦ ɦаɬɟɪɢаɥɟ, ɩɨɥɭчɟɧɧɨɦ ɧа 
ɨɫɧɨɜɟ ɭɪаɧа βγ8 ɨɛɨɝащɟɧɧɨɝɨ ɩɥɭɬɨɧɢɟɦ βγ9, а ɬаɤɠɟ ɜ ɫɦɟɲаɧɧɨɦ ɭɪаɧ-

ɩɥɭɬɨɧɢɟɜɨɦ ɤɟɪаɦɢчɟɫɤɨɦ ɬɨɩɥɢɜɧɨɦ ɦаɬɟɪɢаɥɟ ɩɥɨɬɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ 
ɢɫɬɨчɧɢɤа ɡаɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɫɨ ɫɬɟɩɟɧɧɵɦ ɩɨɤаɡаɬɟɥɟɦ 1<≤4, ɬɨ ɟɫɬɶ, 
ɜ ɬаɤɨɦ ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɦ ɬɨɩɥɢɜɟ ɢ ɩɥɭɬɨɧɢɟɜɨɦ ɬɨɩɥɢɜɟ (ɬɨɩɥɢɜɨ ɫ 
ɤɟɪаɦɢчɟɫɤɢɦ ɬɨɩɥɢɜɧɵɦ  ɦаɬɟɪɢаɥɨɦ ɜ ɦаɬɪɢɰɟ ɢɡ ɬɭɝɨɩɥаɜɤɢх ɦɟɬаɥɥɨɜ) 

ɧɟɣɬɪɨɧɨ-яɞɟɪɧɨɟ ɝɨɪɟɧɢɟ ɪɟаɥɢɡɭɟɬɫя ɜ S-ɪɟɠɢɦɟ ɢ  LS-ɪɟɠɢɦɟ. 

Аɧаɥɨɝɢчɧɵɣ аɧаɥɢɡ ɢ ɜɵɜɨɞɵ ɨ ɜɨɡɦɨɠɧɨɫɬɢ ɪɟаɥɢɡаɰɢɢ ɪɟɠɢɦɨɜ ɫ 
ɨɛɨɫɬɪɟɧɢɟɦ ɜ ɞɢɫɩɟɪɫɢɨɧɧɨɦ ɬɨɩɥɢɜɟ ɫ ɤɟɪаɦɢчɟɫɤɢɦ ɬɨɩɥɢɜɧɵɦ  
ɦаɬɟɪɢаɥɨɦ ɜ ɤɟɪаɦɢчɟɫɤɨɣ ɦаɬɪɢɰɟ ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɜɟɞɟɧ, ɟɫɥɢ ɭчɟɫɬɶ 
ɢɡɜɟɫɬɧɵɟ ɬɟɩɥɨɮɢɡɢчɟɫɤɢɟ ɫɜɨɣɫɬɜа ɫɨɨɬɜɟɬɫɬɜɭɸщɟɣ ɤɟɪаɦɢчɟɫɤɨɣ 
ɦаɬɪɢɰɵ, ɧаɩɪɢɦɟɪ, ɦаɬɪɢɰɵ ɢɡ ɨɤɢɫɢ ɛɟɪɢɥɥɢя BeO ɢɥɢ А12Ɉ3 ɢɥɢ Siɋ (ɫɦ. 
ɪаɡɞɟɥ ɉ.6.4.2), а ɬаɤɠɟ, ɢ ɜ  ɞɢɫɩɟɪɫɢɨɧɧɨɦ ɬɨɩɥɢɜɟ ɫ ɤɟɪаɦɢчɟɫɤɢɦ 
ɬɨɩɥɢɜɧɵɦ  ɦаɬɟɪɢаɥɨɦ ɜ ɝɪаɮɢɬɨɜɨɣ ɦаɬɪɢɰɟ (ɫɦ. ɪаɡɞɟɥ ɉ.6.4.γ) ɢ 
ɤɟɪаɦɢчɟɫɤɢɦ ɬɨɩɥɢɜɧɵɦ  ɦаɬɟɪɢаɥɨɦ ɢ ɬɨɩɥɢɜɧɵɦ ɦаɬɟɪɢаɥɨɦ ɜ ɜɢɞɟ 
ɫɩɥаɜɨɜ U—Аl ɜ ɦаɬɪɢɰɟ ɢɡ Al ɢɥɢ ɟɝɨ ɫɩɥаɜɨɜ (ɫɦ. ɪаɡɞɟɥ ɉ.6.6). 

Дɥя ɧаɝɥяɞɧɨɫɬɢ ɩɪɨɜɟɞɟɧɧɵɣ ɜɵɲɟ аɧаɥɢɡ ɜɨɡɦɨɠɧɵх ɪɟɠɢɦɨɦɜ ɫ 
ɨɛɨɫɬɪɟɧɢɟɦ ɜ ɬɨɩɥɢɜɧɵх ɦаɬɟɪɢаɥах яɞɟɪɧɵх ɪɟаɤɬɨɪɨɜ ɩɪɟɞɫɬаɜɥɟɧ ɜ 
ɬаɛɥɢɰɟ 3.1. 
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Таɛɥɢɰа. γ.1. Ɋɟɠɢɦɵ ɫ ɨɛɨɫɬɪɟɧɢɟɦ ɜ ɬɨɩɥɢɜɧɵх ɦаɬɟɪɢаɥах яɞɟɪɧɵх 
ɪɟаɤɬɨɪɨɜ. 

№ Тɢɩ яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа Тɟɦɩɟɪаɬɭɪɧая 
ɡаɜɢɫɢɦɨɫɬɶ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 

(ɩɨɤаɡаɬɟɥɶ 
ɫɬɟɩɟɧɧɨɣ 
ɡаɜɢɫɢɦɨɫɬɢ ɨɬ 
ɬɟɦɩɟɪаɬɭɪɵ - ) 

Тɟɦɩɟɪаɬɭɪɧая 
ɡаɜɢɫɢɦɨɫɬɶ 
ɩɥɨɬɧɨɫɬɢ 
ɬɟɩɥɨɜɨɝɨ 
ɢɫɬɨчɧɢɤа 

(ɩɨɤаɡаɬɟɥɶ 
ɫɬɟɩɟɧɧɨɣ 
ɡаɜɢɫɢɦɨɫɬɢ ɨɬ 
ɬɟɦɩɟɪаɬɭɪɵ  - ) 

Ɋɟɠɢɦɵ ɫ 
ɨɛɨɫɬɪɟɧɢɟɦ: 
- HS-ɪɟɠɢɦ 
(ɩɪɢ    + 1); 

- S-ɪɟɠɢɦ (ɩɪɢ   =  + 1); 

- LS-ɪɟɠɢɦ 
(ɩɪɢ    + 1) 

1 Ɇɟɬаɥɥɢчɟɫɤɨɟ яɞɟɪɧɨɟ 
ɬɨɩɥɢɜɨ: 
- ɭɪаɧ βγ8, ɨɛɨɝащɟɧɧɵɣ 

ɭɪаɧɨɦ βγη; 
- ɭɪаɧ βγ8, ɨɛɨɝащɟɧɧɵɣ 
ɩɥɭɬɨɧɢɟɦ βγ9 

 

  = 1; 

  = 1 

 

  < 1; 

 

1<≤4 

 

 

- HS-ɪɟɠɢɦ; 
 

- HS, S , LS -

ɪɟɠɢɦɵ 

2 Ʉɟɪаɦɢчɟɫɤɨɟ яɞɟɪɧɨɟ 
ɬɨɩɥɢɜɨ: 
- ɨɤɫɢɞɧɨɟ ɭɪаɧɨɜɨɟ; 
 

- ɆɈɏ  

 

 

 

 
 = -1;  

  = -1 

 

  < 1;  
 
1<≤4 

 

 

 

- HS-ɪɟɠɢɦ; 
 

- S ɢ LS-

ɪɟɠɢɦɵ 

3 Ʉаɪɛɢɞɧɨɟ яɞɟɪɧɨɟ ɬɨɩɥɢɜɨ: 
- ɤаɪɛɢɞɵ ɭɪаɧа βγ8 + 

ɤаɪɛɢɞɵ ɭɪаɧа βγη; 

-  ɤаɪɛɢɞɵ ɭɪаɧа βγ8 + 

ɤаɪɛɢɞɵ ɩɥɭɬɨɧɢя 239 

  = 1; 

  = 1 

  < 1; 

 

1<≤4 

 

- HS-ɪɟɠɢɦ; 
 

- HS, S , LS -

ɪɟɠɢɦɵ 

4 ɇɢɬɪɢɞɧɨɟ ɬɨɩɥɢɜɨ: 

- ɭɪаɧɨɜɨɟ ɧɢɬɪɢɞɧɨɟ 

ɬɨɩɥɢɜɨ, ɫɨɫɬɨящɟɟ ɢɡ 
ɧɢɬɪɢɞа ɭɪаɧа βγ8 

ɨɛɨɝащɟɧɧɨɝɨ ɧɢɬɪɢɞɨɦ 
ɭɪаɧа βγη; 

- ɭɪаɧɨɜɨɟ ɧɢɬɪɢɞɧɨɟ 

ɬɨɩɥɢɜɨ, ɫɨɫɬɨящɟɟ ɢɡ 
ɧɢɬɪɢɞа ɭɪаɧа βγ8 
ɨɛɨɝащɟɧɧɨɝɨ ɧɢɬɪɢɞɨɦ 
ɩɥɭɬɨɧɢя 239 

  = 1; 

 

 

 

  = 1 

 

  < 1; 

 

 

 

 

1<≤4 

 

- HS-ɪɟɠɢɦ; 
 

 

 

 

- HS, S , LS -

ɪɟɠɢɦɵ 

 

5 Дɢɫɩɟɪɫɢɨɧɧɨɟ яɞɟɪɧɨɟ 
ɬɨɩɥɢɜɨ: 
- ɬɨɩɥɢɜɨ ɢɡ ɞɜɭɨɤɢɫɢ ɭɪаɧа 
ɜ ɦаɬɪɢɰɟ ɢɡ ɧɟɪɠаɜɟɸщɟɣ 
ɫɬаɥɢ; 

- ɬɨɩɥɢɜɨ ɫ ɤɟɪаɦɢчɟɫɤɢɦ 
ɬɨɩɥɢɜɧɵɦ  ɦаɬɟɪɢаɥɨɦ ɜ 
ɦаɬɪɢɰɟ ɢɡ ɬɭɝɨɩɥаɜɤɢх 
ɦɟɬаɥɥɨɜ; 

 

  = 1; 

 

  = 0; 

 

 

 

 

 

 < 1 ɢ 1<≤4; 

 

 

 < 1 ɢ 1<≤4; 

 

 

 

 

- HS, S , LS –
ɪɟɠɢɦɵ; 

 

 

- HS, S , LS –
ɪɟɠɢɦɵ; 

 



189 

 

- ɬɨɩɥɢɜɨ ɫ ɤɟɪаɦɢчɟɫɤɢɦ 
ɬɨɩɥɢɜɧɵɦ  ɦаɬɟɪɢаɥɨɦ ɜ 
ɤɟɪаɦɢчɟɫɤɨɣ ɦаɬɪɢɰɟ 

(ɦаɬɪɢɰɵ ɢɡ ɨɤɢɫɢ ɛɟɪɢɥɥɢя 
BeO ɢɥɢ А12Ɉ3 ɢɥɢ Siɋ ɢɥɢ 
ɜ ɝɪаɮɢɬɨɜɨɣ ɦаɬɪɢɰɟ ɜ 
ɦаɬɪɢɰɟ ɢɡ Al ɢɥɢ ɟɝɨ 
ɫɩɥаɜɨɜ ) 

 = 0 ɢ  = 1  < 1 ɢ 1<≤4 

 

- HS, S , LS –
ɪɟɠɢɦɵ 

6 əɞɟɪɧɨɟ ɬɨɩɥɢɜɨ ɫ 
ɬɨɩɥɢɜɧɵɦ ɦаɬɟɪɢаɥɨɦ ɜ 
ɜɢɞɟ ɫɩɥаɜɨɜ U—Аl ɜ 
ɦаɬɪɢɰɟ ɢɡ Al ɢɥɢ ɟɝɨ 
ɫɩɥаɜɨɜ 

 = 1  < 1 ɢ 1<≤4 

 

- HS, S , LS –
ɪɟɠɢɦɵ 

 

Ɋɟɠɢɦɵ ɫ ɨɛɨɫɬɪɟɧɢɟɦ ɪɟаɥɢɡɭɸɬɫя ɬаɤɠɟ ɢ ɜ ɪаɫɩɥаɜɥɟɧɧɨɦ яɞɟɪɧɨɦ 
ɬɨɩɥɢɜɟ. Дɟɣɫɬɜɢɬɟɥɶɧɨ ɫɨɝɥаɫɧɨ ɞаɧɧɵɦ ɢɡ ɪаɡɞɟɥа 1.1.5.3.2 ɭɞɟɥɶɧая 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɞɥя ɤɨɪɢɭɦа яɞɟɪɧɨɝɨ ɪɟаɤɬɨɪа ɡаɞаɟɬɫя ɫɬɟɩɟɧɧɨɣ 
ɡаɜɢɫɢɦɨɫɬɶɸ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɫ ɩɨɤаɡаɬɟɥɟɦ  = β (ɫɦ. ɜɵɪаɠɟɧɢɟ (1.1γ3)) ɢ 
ɫɥɟɞɨɜаɬɟɥɶɧɨ, ɜ ɪаɫɩɥаɜɥɟɧɧɨɦ яɞɟɪɧɨɦ ɬɨɩɥɢɜɟ ɦɨɝɭɬ ɪɟаɥɢɡɨɜаɬɶɫя S-

ɪɟɠɢɦ ɢ  LS-ɪɟɠɢɦ ɫ ɨɛɨɫɬɪɟɧɢɟɦ. 

Ɋɟɠɢɦɵ ɫ ɨɛɨɫɬɪɟɧɢɟɦ ɦɨɝɭɬ ɪɟаɥɢɡɨɜаɬɶɫя ɬаɤɠɟ ɢ ɜ ɝаɡɨɨɛɪаɡɧɨɦ 
яɞɟɪɧɨɦ ɬɨɩɥɢɜɟ. Дɟɣɫɬɜɢɬɟɥɶɧɨ ɫɨɝɥаɫɧɨ ɞаɧɧɵɦ ɢɡ ɪаɡɞɟɥа 1.1.5.4 ɢ 
ɉɊɂɅɈɀȿɇɂɂ 8 ɭɞɟɥɶɧая ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɞɥя ɝаɡɨɨɛɪаɡɧɨɝɨ ɫɨɫɬɨяɧɢя 
яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа ɡаɞаɟɬɫя ɫɬɟɩɟɧɧɨɣ ɡаɜɢɫɢɦɨɫɬɶɸ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɫ 
ɩɨɤаɡаɬɟɥɟɦ  = 1/β (ɫɦ. ɜɵɪаɠɟɧɢя (ɉ.8.2) ɢ (ɉ.8.3)) ɢ, ɫɥɟɞɨɜаɬɟɥɶɧɨ, ɜ 
ɝаɡɨɨɛɪаɡɧɨɦ яɞɟɪɧɨɦ ɬɨɩɥɢɜɟ ɦɨɝɭɬ ɪɟаɥɢɡɨɜаɬɶɫя S-ɪɟɠɢɦ ɢ  LS-ɪɟɠɢɦ ɫ 
ɨɛɨɫɬɪɟɧɢɟɦ. 

 

3.4.3. Ɇатеɦатиɱеɫɤɨе ɦɨɞеɥиɪɨваɧие ɪеɠиɦɨв ɫ ɨɛɨɫтɪеɧиеɦ в 
тɨɩɥивɧыɯ ɦатеɪиаɥаɯ ɹɞеɪɧыɯ ɪеаɤтɨɪɨв. 

Дɥя ɩɪɨɰɟɫɫɨɜ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɜ ɬɨɩɥɢɜɧɵх ɜ ɦаɬɟɪɢаɥах 
яɞɟɪɧɵх ɪɟаɤɬɨɪах, ɤɨɬɨɪɵɟ ɛɵɥɢ ɪаɫɫɦɨɬɪɟɧɵ ɜɵɲɟ ɜ ɪаɡɞɟɥɟ γ.4.β ɢ ɜ 
ɤɨɬɨɪɵх ɞɟɣɫɬɜɭɟɬ ɨɛɴɟɦɧɵɣ ɢɫɬɨчɧɢɤ ɬɟɩɥа ɢ ɤɨɷɮɮɢɰɢɟɧɬ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɡаɜɢɫящɢɟ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɩɨ ɫɬɟɩɟɧɧɨɦɭ ɡаɤɨɧɭ, ɬɨ ɟɫɬɶ, 
ɤаɤ ɩɨɤаɡаɥ ɬɟɨɪɟɬɢчɟɫɤɢɣ аɧаɥɢɡ, ɩɪɨɜɟɞɟɧɧɵɣ  ɜ ɪаɡɞɟɥɟ γ.4.β, ɪɟаɥɢɡɭɸɬɫя 
ɪɟɠɢɦɵ ɫ ɨɛɨɫɬɪɟɧɢɟɦ, ɭɪаɜɧɟɧɢɟ ɬɟɩɥɨɩɟɪɟɧɨɫа ɞɥя ɪаɫɩɪɟɞɟɥɟɧɢя 
ɬɟɦɩɟɪаɬɭɪɵ  ,T r t

 ɜ ɩɪɨɫɬɪаɧɫɬɜɟ ɞɟɥящɟɣɫя ɫɪɟɞɵ (γ.1) ɩɪɟɨɛɪаɡɭɟɬɫя ɜ 
ɫɥɟɞɭɸщɟɟ ɭɪаɜɧɟɧɢɟ: 

    0 0

T
C div T gradT q T

t

      ,   (3.27) 

ɝɞɟ 
0 0, , 0ɋ q  ,  ,   - ɡаɞаɧɧɵɟ ɩаɪаɦɟɬɪɵ. 
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 Даɥɟɟ ɛɭɞɟɦ ɫɥɟɞɨɜаɬɶ ɪаɛɨɬɟ [152]. ɉɥɨɬɧɨɫɬɶ ɫɪɟɞɵ   ɪаɫɩɪɟɞɟɥɟɧа 
ɜ ɩɪɨɫɬɪаɧɫɬɜɟ ɩɨ ɡаɤɨɧɭ: , 0, 0 2k

Ar r k     . Ȼɟɡ ɨɝɪаɧɢчɟɧɢя ɨɛщɧɨɫɬɢ 
ɤɨɧɫɬаɧɬɵ 

0 Аɋ  , 
0q q C   ɩɨɥаɝаɟɦ ɪаɜɧɵɦɢ ɟɞɢɧɢɰɟ. Ɂаɞаɟɦ ɧɟɤɨɬɨɪɨɟ 

ɧачаɥɶɧɨɟ ɪаɫɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪаɬɭɪɵ    0,0T r Ɍ r M   
. 

 Ɂаɞача ɫɨɫɬɨɢɬ ɜ ɬɨɦ, чɬɨɛɵ ɧаɣɬɢ ɜɫɟ ɬɢɩɵ ɬɟɩɥɨɜɵх ɫɬɪɭɤɬɭɪ, 
ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɜɨɡɧɢɤɧɭɬɶ ɜ ɡаɞаɧɧɨɣ ɧɟɥɢɧɟɣɧɨɣ ɫɪɟɞɟ. ɋ ɷɬɨɣ ɰɟɥɶɸ 
ɢɫɫɥɟɞɭɸɬɫя аɜɬɨɦɨɞɟɥɶɧɵɟ ɪɟɲɟɧɢя (ɩɪɢ ɨɛɨɛщɟɧɧɨɦ ɪаɡɞɟɥɟɧɢɢ 
ɩɟɪɟɦɟɧɧɵх) ɭɪаɜɧɟɧɢя (3.27) ɫɥɟɞɭɸщɟɝɨ ɜɢɞа: 

         , , , , ,T r t g t      ,    (3.28) 

 r

t
  ,   1

m
t

g t 
     ,   1

n
t

t 
     , 

1

1
m    ,    1

1 2
n

k

 


     ,     (3.29) 

ɝɞɟ 0  - ɩɪɨɢɡɜɨɥɶɧɵɣ ɩаɪаɦɟɬɪ, ɢɦɟɸщɢɣ ɫɦɵɫɥ ɜɪɟɦɟɧɢ ɨɛɨɫɬɪɟɧɢя;   - 

аɜɬɨɦɨɞɟɥɶɧая ɩɟɪɟɦɟɧɧая. 

 Тɨɝɞа ɮɭɧɤɰɢя  , ,   ɨɝɪаɧɢчɟɧа ɢ ɭɞɨɜɥɟɬɜɨɪяɟɬ ɫɥɟɞɭɸщɟɦɭ 
аɜɬɨɦɨɞɟɥɶɧɨɦɭ ɭɪаɜɧɟɧɢɸ, ɤɨɬɨɪɨɟ ɩɨɥɭчаɟɬɫя ɩɪɢ ɩɨɞɫɬаɧɨɜɤɟ (3.28) ɜ 
ɭɪаɜɧɟɧɢɟ (3.27): 

    1 1

,2

1 1

1

k k km n

r

                                  , (3.30) 

ɩɪɢ 2   
2

, 2 2

1 1
sin

sin sin
      

          (ɫɮɟɪɢчɟɫɤая ɝɟɨɦɟɬɪɢя), ɩɪɢ 1   

2

, 2  
    (ɩɥɨɫɤая ɢ ɰɢɥɢɧɞɪɢчɟɫɤая ɝɟɨɦɟɬɪɢя), ɩɪɢ 0   (ɨɞɧɨɦɟɪɧая 

ɝɟɨɦɟɬɪɢя),              (3.31) 

ɢ ɨɛɵчɧɨɦɭ ɭɫɥɨɜɢɸ ɧа ɮɪɨɧɬɟ – ɪаɜɟɧɫɬɜɭ ɧɭɥɸ ɩɨɬɨɤа ɬɟɩɥа ɢ 
ɬɟɦɩɟɪаɬɭɪɵ, ɩɪɢчɟɦ, ɟɫɥɢ ɮɪɨɧɬ ɧахɨɞɢɬɫя ɧа ɛɟɫɤɨɧɟчɧɨɫɬɢ, ɬɨ ɝɪаɧɢчɧɵɟ 
ɭɫɥɨɜɢя ɢɦɟɸɬ ɫɥɟɞɭɸщɢɣ ɜɢɞ: 

   
0, 0.grad



 
    

           (3.32) 

 Ɉɬɦɟɬɢɦ, чɬɨ ɡаɜɢɫɢɦɨɫɬɢ (3.29) ɬаɤɠɟ ɩɨɥɭчаɸɬɫя ɩɪɢ ɩɨɞɫɬаɧɨɜɤɟ 
(3.28) ɜ ɭɪаɜɧɟɧɢɟ (3.27). 

Ʉɪаɟɜая ɡаɞача ɞɥя ɭɪаɜɧɟɧɢя (3.30) яɜɥяɟɬɫя ɡаɞачɟɣ ɧа ɫɨɛɫɬɜɟɧɧɵɟ 
ɡɧачɟɧɢя Ĳ ɢ ɫɨɛɫɬɜɟɧɧɵɟ ɮɭɧɤɰɢɢ ɋɎ  , ,   . ɂɡ аɧаɥɢɡа ɮɨɪɦɭɥ (3.28), 

(3.29) ɫɥɟɞɭɟɬ, чɬɨ ɋɎ, ɨɬɜɟчаɸщɢɟ ɪаɡɧɵɦ ɫɨɛɫɬɜɟɧɧɵɦ ɡɧачɟɧɢяɦ, ɫɜяɡаɧɵ 
ɩɪɟɨɛɪаɡɨɜаɧɢɟɦ ɩɨɞɨɛɢя. Эɬɨ ɫɜɨɣɫɬɜɨ ɩɨɡɜɨɥяɟɬ ɡаɮɢɤɫɢɪɨɜаɬɶ 
ɩɪɨɢɡɜɨɥɶɧɨɟ ɡɧачɟɧɢɟ Ĳ > 0 ɢ ɧаɣɬɢ ɫɨɨɬɜɟɬɫɬɜɭɸщɢɣ ɟɦɭ ɫɩɟɤɬɪ ɋɎ. 
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ɂɡɭчɟɧɢɟ ɦɧɨɝɨɦɟɪɧɵх ɋɎ аɜɬɨɦɨɞɟɥɶɧɨɣ ɡаɞачɢ ɧачɧɟɦ ɫ 
ɢɫɫɥɟɞɨɜаɧɢя ɪаɞɢаɥɶɧɨ-ɫɢɦɦɟɬɪɢчɧɵх, яɜɥяɸщɢхɫя чаɫɬɧɵɦɢ ɪɟɲɟɧɢяɦɢ 
аɜɬɨɦɨɞɟɥɶɧɨɣ ɡаɞачɢ. 

 Таɤ ɤаɤ ɜ ɞɢɫɫɟɪɬаɰɢɢ ɫɬаɜɢɥаɫɶ ɡаɞача ɞɨɤаɡаɬɟɥɶɫɬɜа ɫɭщɟɫɬɜɨɜаɧɢя 

ɪɟɠɢɦɨɦ ɫ ɨɛɨɫɬɪɟɧɢɟɦ ɜ ɬɨɩɥɢɜɧɵх ɦаɬɟɪɢаɥах яɞɟɪɧɵх ɪɟаɤɬɨɪɨɜ ɢ ɬаɤ 
ɤаɤ ɫɨɝɥаɫɧɨ ɬɟɨɪɟɬɢчɟɫɤɨɦɭ аɧаɥɢɡɭ, ɩɪɨɜɟɞɟɧɧɨɦɭ ɜ ɩɪɟɞɵɞɭщɟɦ ɪаɡɞɟɥɟ 

3.4.2, ɜɨ ɦɧɨɝɢх ɜɢɞах ɬɨɩɥɢɜɧɵх ɦаɬɟɪɢаɥɨɜ яɞɟɪɧɵх ɪɟаɤɬɨɪɨɜ ɞɨɥɠɧɵ 
ɪɟаɥɢɡɨɜɵɜаɬɶɫя ɪɟɠɢɦɵ ɫ ɨɛɨɫɬɪɟɧɢɟɦ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸщɢɟ ɢɦ ɬɟɩɥɨɜɵɟ 
ɫɬɪɭɤɬɭɪɵ, ɩɪаɤɬɢчɟɫɤɢ ɬɨчɧɨ ɫɨɜɩаɞаɸщɢɟ ɫ ɬɟɦɢ, ɞɥя ɤɨɬɨɪɵх ɜ ɪаɛɨɬɟ 
[152] ɭɠɟ ɩɪɨɜɨɞɢɥɢɫɶ чɢɫɥɟɧɧɵɟ ɪаɫчɟɬɵ, ɤɨɧɟчɧɨ, ɛɟɡ ɢх ɩɪɢɜяɡɤɢ ɤ 
ɬɨɩɥɢɜɧɵɦ ɦаɬɟɪɢаɥаɦ яɞɟɪɧɵх ɪɟаɤɬɨɪɨɜ ɢ ɢх ɮаɡɨɜɨɦɭ ɫɨɫɬɨяɧɢɸ, ɬɨ ɧа 
ɞаɧɧɨɦ ɷɬаɩɟ ɧаɲɢх ɢɫɫɥɟɞɨɜаɧɢɣ ɩɪɟɞɫɬаɜɥяɟɬɫя ɜɩɨɥɧɟ ɨɛɨɫɧɨɜаɧɧɵɦ ɞɥя 
ɞɟɦɨɧɫɬɪаɰɢɢ ɨɫɨɛɟɧɧɨɫɬɟɣ ɧɟɤɨɬɨɪɵх ɢɡ ɪɟаɥɢɡɭɟɦɵх ɜ ɬɨɩɥɢɜɧɵх 
ɦаɬɟɪɢаɥах яɞɟɪɧɵх ɪɟаɤɬɨɪɨɜ ɪɟɠɢɦɨɜ ɫ ɨɛɨɫɬɪɟɧɢɟɦ ɧɟ ɩɪɨɜɨɞɢɬɶ ɫɜɨɢх 
ɪаɫчɟɬɨɜ, а ɨɝɪаɧɢчɢɬɶɫя ɩɪɟɞɫɬаɜɥɟɧɢɟɦ ɜ ɷɬɨɦ ɪаɡɞɟɥɟ ɧɟɤɨɬɨɪɵх 

ɪɟɡɭɥɶɬаɬɨɜ ɪаɫчɟɬɨɜ, ɩɨɥɭчɟɧɧɵх ɜ ɪаɛɨɬах ɝɪɭɩɩɵ ɋ.ɉ. Ʉɭɪɞɸɦɨɜа ɢ 
ɩɪɟɞɫɬаɜɥɟɧɧɵх ɜ ɪаɛɨɬɟ [152]. ɉɨɥɭчɟɧɧɵɟ ɪɟɲɟɧɢя ɜɵɧɟɫɟɧɵ ɜ 
ɉɊɂɅɈɀȿɇɂȿ 1θ. 

Вɥɢяɧɢɟ ɪаɫɩɪɟɞɟɥɟɧɢя ɩɥɨɬɧɨɫɬɢ ɢ ɭɫɬɨɣчɢɜɨɫɬɶ ɫɨɛɫɬɜɟɧɧɵх 
ɮɭɧɤɰɢɣ ɜɵɧɟɫɟɧɵ ɜ ɉɊɂɅɈɀȿɇɂȿ 17. 

 

3.4.4. ȼывɨɞы. 

 Вɩɟɪɜɵɟ ɩɨɤаɡаɧа ɜɨɡɦɨɠɧɨɫɬɶ ɪɟаɥɢɡаɰɢɢ ɪɟɠɢɦɨɦ ɫ ɨɛɨɫɬɪɟɧɢɟɦ ɜ 
ɬɨɩɥɢɜɧɵх ɦаɬɟɪɢаɥах яɞɟɪɧɵх ɪɟаɤɬɨɪɨɜ. Дɥя ɤаɠɞɨɝɨ ɢɡ ɢɡɜɟɫɬɧɵх ɜɢɞɨɜ 
ɪɟаɤɬɨɪɧɨɝɨ яɞɟɪɧɨɝɨ ɝɨɪɸчɟɝɨ ɫ ɭчɟɬɨɦ ɢх ɬɟɩɥɨɮɢɡɢчɟɫɤɢх ɫɜɨɣɫɬɜ 
ɨɩɪɟɞɟɥɟɧɵ ɜɨɡɦɨɠɧɵɟ ɪɟɠɢɦɵ ɫ ɨɛɨɫɬɪɟɧɢɟɦ. 

 

3.5. Ɋаɡɥиɱие теɦɩеɪатɭɪɧыɯ ɡавиɫиɦɨɫтеɣ ɩɥɨтɧɨɫтеɣ теɩɥɨвыɯ 
иɫтɨɱɧиɤɨв ɞɥɹ ɆɈɄɋ-тɨɩɥива и ɨɤɫиɞɧɨɝɨ ɭɪаɧɨвɨɝɨ тɨɩɥива и 
ɫвɹɡаɧɧые ɫ ɷтиɦ ɨɫɨɛеɧɧɨɫти аваɪии ɧа тɪетɶеɦ ɛɥɨɤе Ⱥɗɋ «Ɏɭɤɭɫиɦа-

1». 

 Ɋɟɡɭɥɶɬаɬɵ ɢɫɫɥɟɞɨɜаɧɢя, ɞɨɤаɡɵɜаɸщɢɟ ɩɪɢɧɰɢɩɢаɥɶɧɨɟ ɪаɡɥɢчɢɟ 
ɬɟɦɩɟɪаɬɭɪɧɵх ɡаɜɢɫɢɦɨɫɬɟɣ ɩɥɨɬɧɨɫɬɟɣ ɬɟɩɥɨɜɵх ɢɫɬɨчɧɢɤɨɜ ɞɥя ɆɈɄɋ-

ɬɨɩɥɢɜа ɢ ɨɤɫɢɞɧɨɝɨ ɭɪаɧɨɜɨɝɨ ɬɨɩɥɢɜа, а ɬаɤɠɟ ɨɛɴяɫɧяɸщɢɟ ɫɜяɡаɧɧɵɟ ɫ 
ɷɬɢɦ ɨɫɨɛɟɧɧɨɫɬɢ аɜаɪɢɢ ɧа ɬɪɟɬɶɟɦ ɛɥɨɤɟ АЭɋ «Ɏɭɤɭɫɢɦа-1», 

ɩɪɟɞɫɬаɜɥɟɧɵ ɜ ɉɊɂɅɈɀȿɇɂəɏ 18, 19. 
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3.6. Ƚиɩɨтеɡа ɨ ɩɨɞɠиɝе ɝеɨɪеаɤтɨɪа ɦеɠɝаɥаɤтиɱеɫɤиɦи ɩɪɨтɨɧаɦи 
выɫɨɤиɯ ɷɧеɪɝиɣ. 

Ɋɟɡɭɥɶɬаɬɵ ɢɫɫɥɟɞɨɜаɧɢя, ɨɛɨɫɧɨɜɵɜаɸщɢɟ ɝɢɩɨɬɟɡɭ ɨ ɩɨɞɠɢɝɟ 
ɝɟɨɪɟаɤɬɨɪа ɦɟɠɝаɥаɤɬɢчɟɫɤɢɦɢ ɩɪɨɬɨɧаɦɢ ɜɵɫɨɤɢх ɷɧɟɪɝɢɣ, ɩɪɟɞɫɬаɜɥɟɧɵ 
ɜ ɉɊɂɅɈɀȿɇɂɂ 20. 

 

3.7. Ɂаɤɥɸɱеɧие. 

Ɋаɡɪаɛɨɬаɧа ɤɨɦɩɶɸɬɟɪɧая ɩɪɨɝɪаɦɦа ɢ ɩɪɨɜɟɞɟɧ ɪаɫчɟɬ ɡаɜɢɫɢɦɨɫɬɟɣ 
ɫɟчɟɧɢɣ ɧɟɣɬɪɨɧɧɵх яɞɟɪɧɵх ɪɟаɤɰɢɣ ɜ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ ɫ 
ɭчɟɬɨɦ ɷɮɮɟɤɬа Дɨɩɥɟɪа, ɬɨ ɟɫɬɶ, ɞɥя ɪаɡɥɢчɧɵх ɬɟɦɩɟɪаɬɭɪ яɞɟɪɧɨɝɨ 
ɬɨɩɥɢɜа. 

Ɋаɡɪаɛɨɬаɧа ɤɨɦɩɶɸɬɟɪɧая ɩɪɨɝɪаɦɦа ɢ ɩɪɨɜɟɞɟɧɵ ɤɨɦɩɶɸɬɟɪɧɵɟ 
ɜɵчɢɫɥɟɧɢя ɞɥя ɨɫɧɨɜɧɵх ɪɟаɤɬɨɪɧɵх ɬɨɩɥɢɜɧɵх ɧɭɤɥɢɞɨɜ UU
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ɭɫɪɟɞɧɟɧɧɵх ɩɨ ɧɟɣɬɪɨɧɧɵɦ ɫɩɟɤɬɪаɦ ɫɟчɟɧɢɣ ɨɫɧɨɜɧɵх ɪɟаɤɬɨɪɧɵх 
ɧɟɣɬɪɨɧɧɵх яɞɟɪɧɵх ɪɟаɤɰɢɣ (ɞɟɥɟɧɢя ɢ ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа) ɨɬ 
ɬɟɦɩɟɪаɬɭɪɵ ɪɟаɤɬɨɪɧɨɝɨ яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа. 

ɉɨɥɭчɟɧɵ ɜ ɲɢɪɨɤɢх ɬɟɦɩɟɪаɬɭɪɧɵх ɢɧɬɟɪɜаɥах ɮɭɧɤɰɢɨɧаɥɶɧɵɟ 
ɡаɜɢɫɢɦɨɫɬɢ ɭɫɪɟɞɧɟɧɧɵх ɩɨ ɧɟɣɬɪɨɧɧɵɦ ɫɩɟɤɬɪаɦ ɫɟчɟɧɢɣ ɨɫɧɨɜɧɵх 
ɪɟаɤɬɨɪɧɵх ɧɟɣɬɪɨɧɧɵх яɞɟɪɧɵх ɪɟаɤɰɢɣ (ɞɟɥɟɧɢя ɢ ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа) 
ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɪɟаɤɬɨɪɧɨɝɨ яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа, ɤɨɬɨɪɵɟ ɜ ɞаɥɶɧɟɣɲɟɦ ɦɨɝɭɬ 
ɛɵɬɶ ɢɫɩɨɥɶɡɨɜаɧɵ ɩɪɢ ɢɡɭчɟɧɢɢ аɤɬɭаɥɶɧɵх ɫɟɝɨɞɧя ɧаɭчɧɵх ɩɪɨɛɥɟɦ 
ɬаɤɢх ɤаɤ: 

- ɢɫɫɥɟɞɨɜаɧɢя ɮɢɡɢɤɢ яɞɟɪɧɵх ɪɟаɤɬɨɪɨɜ, ɬаɤ ɤаɤ ɡɧаɧɢɟ ɷɬɢх ɡаɜɢɫɢɦɨɫɬɟɣ  
ɧɟɨɛхɨɞɢɦɨ ɩɪɢ ɤɨɦɩɶɸɬɟɪɧɵх ɢɫɫɥɟɞɨɜаɧɢях ɤɢɧɟɬɢɤɢ яɞɟɪɧɵх ɪɟаɤɬɨɪɨɜ, 
чɬɨ ɧаɩɪяɦɭɸ ɫɜяɡаɧɨ ɫ ɛɟɡɨɩаɫɧɨɫɬɶɸ ɪаɛɨɬɵ ɪɟаɤɬɨɪɨɜ ɢ ɩɨɡɜɨɥяɟɬ 
ɪаɡɪаɛаɬɵɜаɬɶ яɞɟɪɧɵɟ ɪɟаɤɬɨɪɵ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢя ɫ ɜɧɭɬɪɟɧɧɟɣ 
ɛɟɡɨɩаɫɧɨɫɬɶɸ (ɧаɩɪɢɦɟɪ, ɩɟɪɫɩɟɤɬɢɜɧɵх ɛɵɫɬɪɵх ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɵх 
ɪɟаɤɬɨɪɨɜ V ɩɨɤɨɥɟɧɢя, ɪɟаɤɬɨɪ ɬɢɩа Ʌ.ɉ. Ɏɟɨɤɬɢɫɬɨɜа);  

- ɦаɬɟɦаɬɢчɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜаɧɢɟ ɩɪɨчɧɨɫɬɧɵх хаɪаɤɬɟɪɢɫɬɢɤ (ɬаɤɢх ɤаɤ 
ɪаɞɢаɰɢɨɧɧая ɩɨɥɡɭчɟɫɬɶ, ɪаɫɩɭхаɧɢɟ ɢ ɬɪɟщɢɧɨɫɬɨɣɤɨɫɬɶ) ɪɟаɤɬɨɪɧɨɝɨ 
яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа; 

- ɤɢɧɟɬɢɤа ɝɟɨɪɟаɤɬɨɪа. 

ɂɫɫɥɟɞɨɜаɧɢɟ ɜ ɲɢɪɨɤɨɦ ɬɟɦɩɟɪаɬɭɪɧɨɦ ɞɢаɩаɡɨɧɟ (ɞɨ θ000Ʉ) 
ɡаɜɢɫɢɦɨɫɬɟɣ ɭɫɪɟɞɧɟɧɧɵх ɩɨ ɧɟɣɬɪɨɧɧɵɦ ɫɩɟɤɬɪаɦ ɫɟчɟɧɢɣ ɧɟɣɬɪɨɧɧɵх 
ɪɟаɤɰɢɣ ɩɨɤаɡаɥɨ, чɬɨ ɷɬɢ ɡаɜɢɫɢɦɨɫɬɢ ɢɦɟɸɬ ɪɟɡɨɧаɧɫɧɵɣ хаɪаɤɬɟɪ. 
ɉɨɧяɬɧɨ, чɬɨ ɟɫɥɢ ɢ ɞаɥɟɟ ɭɜɟɥɢчɢɜаɬɶ ɬɟɦɩɟɪаɬɭɪɭ ɪаɫчɟɬа ɡɧачɢɬɟɥɶɧɨ 
ɜɵɲɟ θ000Ʉ, ɧаɩɪɢɦɟɪ, ɞɥя ɩɥɭɬɨɧɢя βγ9 ɞɨɥɠɟɧ ɨɩяɬɶ ɛɵɬɶ ɨɛɧаɪɭɠɟɧ 
ɷɤɫɩɨɧɟɧɰɢаɥɶɧɵɣ ɪɨɫɬ ɡаɜɢɫɢɦɨɫɬɢ ɞɨ ɧɟɤɨɬɨɪɨɝɨ ɦаɤɫɢɦɭɦа ɫ 
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ɩɨɫɥɟɞɭɸщɢɦ ɩаɞɟɧɢɟɦ, ɬɨ ɟɫɬɶ, ɪɟɡɨɧаɧɫ ɧɨɦɟɪ ɞɜа ɧа ɤɪɢɜɨɣ ɡаɜɢɫɢɦɨɫɬɢ, 
ɤɨɬɨɪɵɣ ɨɛɭɫɥɨɜɥɟɧ ɜɬɨɪɨɦ ɪɟɡɨɧаɧɫɨɦ яɞɪа ɩɥɭɬɨɧɢя βγ9, ɢ ɬаɤ ɞаɥɟɟ. 

Даɧɨ ɨɛɴяɫɧɟɧɢɟ ɪɟɡɨɧаɧɫɧɨɝɨ хаɪаɤɬɟɪа ɬɟɦɩɟɪаɬɭɪɧɵх ɡаɜɢɫɢɦɨɫɬɟɣ 
ɭɫɪɟɞɧɟɧɧɵх ɩɨ ɧɟɣɬɪɨɧɧɵɦ ɫɩɟɤɬɪаɦ ɫɟчɟɧɢɣ ɧɟɣɬɪɨɧɧɵх ɪɟаɤɰɢɣ, 
ɨɫɧɨɜаɧɧɨɟ ɧа ɨɫɨɛɟɧɧɨɫɬях ɪɟɡɨɧаɧɫɨɜ яɞɟɪ ɨɫɧɨɜɧɵх ɪɟаɤɬɨɪɧɵх 
ɧɭɤɥɢɞɨɜ. 

ɉɨɥɭчɟɧɧɵɟ ɡаɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɢɫɬɨчɧɢɤа   tTErq nT ,,,


 ɞɥя ɭɪаɧ-

ɩɥɭɬɨɧɢɟɜɨɣ ɞɟɥящɟɣɫя ɫɪɟɞɵ ɦɨɝɭɬ ɛɵɬɶ аɩɩɪɨɤɫɢɦɢɪɨɜаɧɵ ɫɬɟɩɟɧɧɨɣ 
ɮɭɧɤɰɢɟɣ ɩɨ ɬɟɦɩɟɪаɬɭɪɟ ɫ ɩɨɤаɡаɬɟɥɟɦ ɫɬɟɩɟɧɢ ɪаɜɧɵɦ 4, ɬɨ ɟɫɬɶ, ɩɨɥɭчɢɥɢ 
ɪɟɠɢɦ ɫ ɨɛɨɫɬɪɟɧɢɟɦ Ʉɭɪɞɸɦɨɜа, ɭɞɨɜɥɟɬɜɨɪяɸщɢɣ ɬɪɟɛɨɜаɧɢɸ:     1

TconstTqT , ɝɞɟ 1  . 

 ɉɨɥɭчɟɧɵ ɧɟɫɬаɰɢɨɧаɪɧɵɟ ɞɢɫɫɢɩаɬɢɜɧɵɟ ɬɟɩɥɨɜɵɟ γd ɫɬɪɭɤɬɭɪɵ. 

 Вɩɟɪɜɵɟ ɩɨɤаɡаɧа ɜɨɡɦɨɠɧɨɫɬɶ ɪɟаɥɢɡаɰɢɢ ɪɟɠɢɦɨɦ ɫ ɨɛɨɫɬɪɟɧɢɟɦ ɜ 
ɬɨɩɥɢɜɧɵх ɦаɬɟɪɢаɥах яɞɟɪɧɵх ɪɟаɤɬɨɪɨɜ. Дɥя ɤаɠɞɨɝɨ ɢɡ ɢɡɜɟɫɬɧɵх ɜɢɞɨɜ 
ɪɟаɤɬɨɪɧɨɝɨ яɞɟɪɧɨɝɨ ɝɨɪɸчɟɝɨ ɫ ɭчɟɬɨɦ ɢх ɬɟɩɥɨɮɢɡɢчɟɫɤɢх ɫɜɨɣɫɬɜ 
ɨɩɪɟɞɟɥɟɧɵ ɜɨɡɦɨɠɧɵɟ ɪɟɠɢɦɵ ɫ ɨɛɨɫɬɪɟɧɢɟɦ. 

А ɬаɤɠɟ ɩɨɤаɡаɧɨ, чɬɨ ɪɟɠɢɦɵ ɫ ɨɛɨɫɬɪɟɧɢɟɦ ɦɨɝɭɬ ɪɟаɥɢɡɨɜаɬɶɫя ɜ 
ɪаɫɩɥаɜɥɟɧɧɨɦ яɞɟɪɧɨɦ ɬɨɩɥɢɜɟ ɢ ɜ ɝаɡɨɨɛɪаɡɧɨɦ яɞɟɪɧɨɦ ɬɨɩɥɢɜɟ. 

Ɉɛɧаɪɭɠɟɧɨ ɢ ɨɛɴяɫɧɟɧɨ ɞɥя ɢɫɫɥɟɞɨɜаɧɧɨɝɨ ɢɧɬɟɪɜаɥа ɬɟɦɩɟɪаɬɭɪ 

(γ00Ʉ – γ000Ʉ) ɩɪɢɧɰɢɩɢаɥɶɧɨɟ ɪаɡɥɢчɢɟ ɬɟɦɩɟɪаɬɭɪɧɵх ɡаɜɢɫɢɦɨɫɬɟɣ 
ɩɥɨɬɧɨɫɬɟɣ ɬɟɩɥɨɜɵх ɢɫɬɨчɧɢɤɨɜ ɞɥя ɆɈɄɋ-ɬɨɩɥɢɜа ɢ ɨɤɫɢɞɧɨɝɨ ɭɪаɧɨɜɨɝɨ 
ɬɨɩɥɢɜа. ɉɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɵх ɢɫɬɨчɧɢɤɨɜ ɜɵчɢɫɥяɥɢɫɶ ɩɨ ɬɟɦɩɟɪаɬɭɪɧɵɦ 

ɡаɜɢɫɢɦɨɫɬяɦ ɭɫɪɟɞɧɟɧɧɵх ɩɨ ɫɩɟɤɬɪɭ ɫɟчɟɧɢɣ, ɤɨɬɨɪɵɟ ɪаɫɫчɢɬɵɜаɥɢɫɶ ɤаɤ 
ɫ ɩɨɦɨщɶɸ ɬаɛɥɢчɧɵх ɡɧачɟɧɢɣ ɮаɤɬɨɪɨɜ Вɟɫɬɤɨɬɬа (ɭɫɪɟɞɧɟɧɢɟ ɬɨɥɶɤɨ ɩɨ 
ɬɟɩɥɨɜɨɦɭ ɫɩɟɤɬɪɭ ɬɢɩа Ɇаɤɫɜɟɥɥа), ɬаɤ ɢ ɫ ɩɨɦɨщɶɸ ɪаɡɪаɛɨɬаɧɧɨɝɨ ɢ 
ɩɪɟɞɫɬаɜɥɟɧɧɨɝɨ ɜ ɷɬɨɦ ɪаɡɞɟɥɟ ɞɢɫɫɟɪɬаɰɢɢ ɦɟɬɨɞа ɭɫɪɟɞɧɟɧɢя ɫɟчɟɧɢɣ ɩɨ 
ɩɨɥɧɨɦɭ ɫɩɟɤɬɪɭ ɧɟɣɬɪɨɧɨɜ. ɉɨɥɭчɟɧɧɵɟ ɬɟɦɩɟɪаɬɭɪɧɵɟ ɡаɜɢɫɢɦɨɫɬɢ ɞɥя 
ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɢɫɬɨчɧɢɤа ɞɟɥящɟɣɫя ɬɨɩɥɢɜɧɨɣ ɫɪɟɞɵ, ɩɨɡɜɨɥɢɥɢ 
ɜɵяɜɢɬɶ ɢ ɨɛɨɫɧɨɜаɬɶ хаɪаɤɬɟɪɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ аɜаɪɢɢ ɧа γ-ɦ ɛɥɨɤɟ Аȿɋ 
«Ɏɭɤɭɫɢɦа-1». 

ɍɬɨчɧɟɧа ɝɢɩɨɬɟɡа ɨ ɩɨɞɠɢɝɟ ɝɟɨɪɟаɤɬɨɪа ɦɟɠɝаɥаɤɬɢчɟɫɤɢɦɢ 
ɩɪɨɬɨɧаɦɢ ɜɵɫɨɤɢх ɷɧɟɪɝɢɣ ɫ ɭчɟɬɨɦ ɨɫɨɛɟɧɧɨɫɬɟɣ ɫɜɟɪхɦɟɞɥɟɧɧɨɝɨ 
ɜɨɥɧɨɜɨɝɨ ɝɨɪɟɧɢя ɜ ɧаɞɬɟɩɥɨɜɨɣ ɨɛɥаɫɬɢ ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ (ɫɦ. ɪаɡɞɟɥ. β). 
Дɥя чɟɝɨ ɩɪɨɜɟɞɟɧɨ ɨɛɨɛщɟɧɢɟ ɤɪɢɬɟɪɢя ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɞɥя 
ɧɟɣɬɪɨɧɧɵх ɦɭɥɶɬɢɩɥɢɰɢɪɭɸщɢх ɫɪɟɞ, ɫɨɞɟɪɠащɢх ɤɨɦɩɨɡɢɰɢɸ ɞɟɥящɢхɫя 
ɧɭɤɥɢɞɨɜ, чɬɨ, ɧаɩɪɢɦɟɪ, хаɪаɤɬɟɪɧɨ ɞɥя ɝɟɨɪɟаɤɬɨɪа. 

А ɬаɤɠɟ, ɜɩɟɪɜɵɟ ɜɵɫɤаɡаɧа ɢɞɟя ɨ ɜɨɡɦɨɠɧɨɣ ɪɨɥɢ ɜɨɥɧɵ Ахɢɟɡɟɪа 
(ɫɦ. ɪаɡɞɟɥ. β) ɜ ɩɨɞɠɢɝɟ ɜɨɥɧɨɜɨɝɨ ɝɟɨɪɟаɤɬɨɪа ɧа ɪаɧɧɢх ɫɬаɞɢях ɠɢɡɧɢ 
Ɂɟɦɥɢ. 
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ɁȺɄЛɘɑЕНИЕ 

 

Вɵɜɨɞɵ ɩɨ ɞɢɫɫɟɪɬаɰɢɨɧɧɨɣ ɪаɛɨɬɟ: 

1. ɋɮɨɪɦɭɥɢɪɨɜаɧ ɨɛɨɛщɟɧɧɵɣ ɤɪɢɬɟɪɢɣ ɪɟаɥɢɡаɰɢɢ ɜɨɥɧɨɜɵх 
ɪɟɠɢɦɨɜ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя, ɜɤɥɸчаɸщɢɣ ɤаɤ ɜɨɥɧɵ Ахɢɟɡɟɪа, ɬаɤ 
ɢ ɜɨɥɧɵ Ɏɟɨɤɬɢɫɬɨɜа. 

2. Дɥя ɞɟɥящɟɣɫя ɫɪɟɞɵ, ɩɟɪɜɨɧачаɥɶɧɨ ɫɨɫɬɨящɟɣ ɢɡ ɭɪаɧа βγ8, 
ɩɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜаɧɢя ɜɵɩɨɥɧɟɧɢя ɤɪɢɬɟɪɢя ɜɨɥɧɨɜɨɝɨ ɝɨɪɟɧɢя ɜ ɲɢɪɨɤɨɦ 
ɞɢаɩаɡɨɧɟ ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ ɢ ɨɛɧаɪɭɠɟɧа ɜɨɡɦɨɠɧɨɫɬɶ ɜɨɥɧɨɜɨɝɨ яɞɟɪɧɨɝɨ 
ɝɨɪɟɧɢя ɧɟ ɬɨɥɶɤɨ ɜ ɨɛɥаɫɬɢ ɛɵɫɬɪɵх ɧɟɣɬɪɨɧɨɜ, ɧɨ ɢ ɞɥя хɨɥɨɞɧɵх, 
ɧаɞɬɟɩɥɨɜɵх ɢ ɪɟɡɨɧаɧɫɧɵх ɧɟɣɬɪɨɧɨɜ. 

3. ɉɪɟɞɫɬаɜɥɟɧɵ ɪɟɡɭɥɶɬаɬɵ ɢɫɫɥɟɞɨɜаɧɢя ɜɵɩɨɥɧɟɧɢя  ɤɪɢɬɟɪɢя 
Ɏɟɨɤɬɢɫɬɨɜа ɞɥя ɞɟɥящɟɣɫя ɫɪɟɞɵ, ɩɟɪɜɨɧачаɥɶɧɨ ɫɨɫɬɨящɟɣ ɢɡ ɭɪаɧа βγ8 ɫ 
ɨɛɨɝащɟɧɢяɦɢ 4,γ8 %, β,00 %, 1,00 %, 0,71 % ɢ 0,η0% ɩɨ ɭɪаɧɭ βγη, ɜ  
ɨɛɥаɫɬɢ ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ 0,01η – 10,00 ɷВ. Эɬɢ ɪɟɡɭɥɶɬаɬɵ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ 
ɨ ɜɨɡɦɨɠɧɨɫɬɢ ɪɟаɥɢɡаɰɢɢ ɪɟɠɢɦа ɦɟɞɥɟɧɧɨɝɨ ɜɨɥɧɨɜɨɝɨ ɧɟɣɬɪɨɧɧɨ-

яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɵх ɫɪɟɞ, ɩɟɪɜɨɧачаɥɶɧɨ (ɞɨ ɩɪɨɰɟɫɫа 
ɢɧɢɰɢаɰɢɢ ɜɨɥɧɨɜɨɝɨ ɪɟɠɢɦа ɝɨɪɟɧɢя ɫ ɩɨɦɨщɶɸ ɜɧɟɲɧɟɝɨ ɢɫɬɨчɧɢɤа 
ɧɟɣɬɪɨɧɨɜ) ɢɦɟɸщɢɟ ɩɨɞɤɪɢɬɢчɟɫɤɢɟ ɨɛɨɝащɟɧɢя ɩɨ ɭɪаɧɭ βγη, ɜ ɨɛɥаɫɬɢ 
хɨɥɨɞɧɵх, ɬɟɩɥɨɜɵх, ɧаɞɬɟɩɥɨɜɵх ɢ ɪɟɡɨɧаɧɫɧɵх ɧɟɣɬɪɨɧɨɜ. 

4. Дɥя ɩɨɞɬɜɟɪɠɞɟɧɢя ɫɩɪаɜɟɞɥɢɜɨɫɬɢ ɜɵɜɨɞɨɜ, ɨɫɧɨɜаɧɧɵх ɧа аɧаɥɢɡɟ 
ɜɵɩɨɥɧɟɧɢя ɤɪɢɬɟɪɢя ɦɟɞɥɟɧɧɨɝɨ ɜɨɥɧɨɜɨɝɨ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɜ 
ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɷɧɟɪɝɢɢ ɧɟɣɬɪɨɧɨɜ, ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ чɢɫɥɟɧɧɨɟ 
ɦɨɞɟɥɢɪɨɜаɧɢɟ ɦɟɞɥɟɧɧɨɝɨ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɩɪɢɪɨɞɧɨɝɨ ɭɪаɧа ɜ 
ɧаɞɬɟɩɥɨɜɨɣ ɨɛɥаɫɬɢ ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ (1,0-7,0 ɷВ). ɉɪɟɞɫɬаɜɥɟɧɧɵɟ 
ɪɟɡɭɥɶɬаɬɵ чɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜаɧɢя ɜɨɥɧɨɜɨɝɨ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ 
ɦɟɞɥɟɧɧɨɝɨ ɝɨɪɟɧɢя ɩɪɢɪɨɞɧɨɝɨ ɭɪаɧа ɜ ɧаɞɬɟɩɥɨɜɨɣ ɨɛɥаɫɬɢ ɷɧɟɪɝɢɣ 
ɧɟɣɬɪɨɧɨɜ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɪɟаɥɢɡаɰɢɢ ɬаɤɨɝɨ ɪɟɠɢɦа. 

 Таɤɢɦ ɨɛɪаɡɨɦ, ɞɟɥаɟɬɫя ɨɛɨɫɧɨɜаɧɧɵɣ ɪаɫчɟɬаɦɢ ɜɵɜɨɞ ɨ 
ɜɨɡɦɨɠɧɨɫɬɢ ɫɨɡɞаɧɢя ɜɨɥɧɨɜɵх яɞɟɪɧɵх ɪɟаɤɬɨɪɨɜ  ɧɟ ɬɨɥɶɤɨ ɧа ɛɵɫɬɪɵх 
ɧɟɣɬɪɨɧах, чɬɨ ɪɟɲаɟɬ ɩɪɨɛɥɟɦɭ ɪаɞɢаɰɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ ɦаɬɟɪɢаɥɨɜ ɫɬɟɧɤɢ 
ɬɜɷɥɨɜ ɢ ɬɟɦ ɫаɦɵɦ ɨɬɤɪɵɜаɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɬɟхɧɢчɟɫɤɨɣ ɪɟаɥɢɡаɰɢɢ 
ɜɨɥɧɨɜɵх яɞɟɪɧɵх ɪɟаɤɬɨɪɨɜ. 
  5. Ɉɛɧаɪɭɠɟɧ ɢ ɨɛɴяɫɧɟɧ ɪɟɡɨɧаɧɫɧɵɣ хаɪаɤɬɟɪ ɡаɜɢɫɢɦɨɫɬɟɣ 
ɭɫɪɟɞɧɟɧɧɵх ɩɨ ɧɟɣɬɪɨɧɧɵɦ ɫɩɟɤɬɪаɦ ɫɟчɟɧɢɣ ɨɫɧɨɜɧɵх ɪɟаɤɬɨɪɧɵх 
ɧɟɣɬɪɨɧɧɵх яɞɟɪɧɵх ɪɟаɤɰɢɣ (ɞɟɥɟɧɢя ɢ ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа) ɨɬ 
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ɬɟɦɩɟɪаɬɭɪɵ ɪɟаɤɬɨɪɧɨɝɨ яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа. 
  θ. Вɩɟɪɜɵɟ ɩɨɥɭчɟɧɵ ɧɟɫɬаɰɢɨɧаɪɧɵɟ ɞɢɫɫɢɩаɬɢɜɧɵɟ ɬɟɩɥɨɜɵɟ γd 

ɫɬɪɭɤɬɭɪɵ ɜ ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɣ ɞɟɥящɟɣɫя ɫɪɟɞɟ. 
7. ɉɨɥɭчɟɧа ɫɬɟɩɟɧɧая ɬɟɦɩɟɪаɬɭɪɧая ɡаɜɢɫɢɦɨɫɬɶ ɞɥя ɩɥɨɬɧɨɫɬɢ 

ɬɟɩɥɨɜɨɝɨ ɢɫɬɨчɧɢɤа ɢ ɩɨɤаɡаɧа ɜɨɡɦɨɠɧɨɫɬɶ ɪɟаɥɢɡаɰɢɢ ɪɟɠɢɦɨɦ ɫ 
ɨɛɨɫɬɪɟɧɢɟɦ ɜ ɬɨɩɥɢɜɧɵх ɦаɬɟɪɢаɥах яɞɟɪɧɵх ɪɟаɤɬɨɪɨɜ. 

 8. ɉɨɤаɡаɧɨ, чɬɨ ɥɟɝɤɨɜɨɞяɧɵɟ ɬɟɩɥɨɜɵɟ ɪɟаɤɬɨɪɵ ɫ ɬɨɩɥɢɜɨɦ ɧа 
ɩɪɢɪɨɞɧɨɦ ɭɪаɧɟ ɩɨɞхɨɞяɬ ɞɥя ɜɨɥɧɨɜɨɝɨ ɝɨɪɟɧɢя ɩɥɭɬɨɧɢя βγ9. В 
ɬяɠɟɥɨɜɨɞɧɨɦ ɪɟаɤɬɨɪɟ ɧа ɩɪɢɪɨɞɧɨɦ ɭɪаɧɟ ɧɟ ɛɭɞɟɬ ɨɛɥаɫɬɢ, ɜ ɤɨɬɨɪɨɣ 
ɤɪɢɬɢчɟɫɤая ɤɨɧɰɟɧɬɪаɰɢя ɩɨ ɩɥɭɬɨɧɢɸ ɛɵɥа ɛɵ ɛɨɥɶɲɟ ɧɭɥя, а, 
ɫɥɟɞɨɜаɬɟɥɶɧɨ, ɧɟ ɦɨɠɟɬ ɪɟаɥɢɡɨɜаɬɶɫя ɪɟɠɢɦ ɦɟɞɥɟɧɧɨɝɨ ɜɨɥɧɨɜɨɝɨ 
ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя (ɜɨɥɧа Ɏɟɨɤɬɢɫɬɨɜа). Эɬɨ ɠɟ ɨɬɧɨɫɢɬɫя ɢ ɤ 
ɪɟаɤɬɨɪаɦ ɧа ɩɪɢɪɨɞɧɨɦ ɭɪаɧɟ ɫ ɝаɡɨɜɵɦ ɬɟɩɥɨɧɨɫɢɬɟɥɟɦ. В ɷɬɢх ɪɟаɤɬɨɪах 
ɜɨɡɦɨɠɧɨ, ɦɟɞɥɟɧɧɨɟ ɜɨɥɧɨɜɨɟ яɞɟɪɧɨɟ ɝɨɪɟɧɢɟ ɞɥя ɬɨɩɥɢɜа ɫ ɧаɫɬɨɥɶɤɨ 
ɦɟɧɶɲɢɦ ɨɛɨɝащɟɧɢɟɦ ɩɨ ɭɪаɧɭ βγη, чɬɨɛɵ ɫɭщɟɫɬɜɨɜаɥа ɜ ɬɟɩɥɨɜɨɣ 
ɨɛɥаɫɬɢ ɷɧɟɪɝɢɣ ɨɛɥаɫɬɶ ɤɪɢɬɢчɧɨɫɬɢ ɩɨ ɩɥɭɬɨɧɢɸ βγ9, ɧаɩɪɢɦɟɪ, ɩɨɞɨɣɞɟɬ 
ɬɟхɧɢчɟɫɤɢɣ ɭɪаɧ ɢɥɢ ɭɠɟ ɨɬɪаɛɨɬаɧɧɨɟ яɞɟɪɧɨɟ ɬɨɩɥɢɜɨ, ɫ ɩɨɞхɨɞящɢɦ 
ɜɵɝɨɪаɧɢɟɦ. 
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П.1.1. Ɍеɨɪиɹ теɩɥɨɮиɡиɱеɫɤиɯ ɫвɨɣɫтв твеɪɞыɯ теɥ. 

П.1.1.1. ȼвеɞеɧие. Нɨɪɦаɥɶɧые ɤɨɥеɛаɧиɹ ɤɪиɫтаɥɥиɱеɫɤɨɣ ɪеɲетɤи и 

ɮɨɧɨɧы. 

ɋɨɝɥаɫɧɨ Д159-167] ɬɟɩɥɨɜɵɟ ɫɜɨɣɫɬɜа ɬɜɟɪɞɵх ɬɟɥ (ɬɟɩɥɨɟɦɤɨɫɬɶ, 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, ɬɟɩɥɨɜɨɟ ɪаɫɲɢɪɟɧɢɟ ɢ ɞɪ.) ɨɩɪɟɞɟɥяɸɬɫя ɝɥаɜɧɵɦ 
ɨɛɪаɡɨɦ ɬɟɩɥɨɜɵɦɢ ɤɨɥɟɛаɧɢяɦɢ аɬɨɦɨɜ (ɢɨɧɨɜ) ɨɤɨɥɨ ɩɨɥɨɠɟɧɢɣ ɪаɜɧɨɜɟ-

ɫɢя. Вɫɥɟɞɫɬɜɢɟ ɫɢɥɶɧɨɝɨ ɜɡаɢɦɨɞɟɣɫɬɜɢя аɬɨɦɨɜ ɦɟɠɞɭ ɫɨɛɨɣ хаɪаɤɬɟɪ ɷɬɢх 
ɤɨɥɟɛаɧɢɣ ɨɤаɡɵɜаɟɬɫя ɜɟɫɶɦа ɫɥɨɠɧɵɦ, ɢ ɬɨчɧɨɟ ɟɝɨ ɨɩɢɫаɧɢɟ ɩɪɟɞɫɬаɜɥяɟɬ 
ɛɨɥɶɲɢɟ ɬɪɭɞɧɨɫɬɢ. ɉɨɷɬɨɦɭ ɩɪɢɛɟɝаɸɬ ɤ ɩɪɢɛɥɢɠɟɧɧɵɦ ɦɟɬɨɞаɦ ɢ 
ɪаɡɥɢчɧɨɝɨ ɪɨɞа ɭɩɪɨщɟɧɢяɦ ɜ ɪɟɲɟɧɢɢ ɷɬɨɣ ɡаɞачɢ. 

Вɦɟɫɬɨ ɬɨɝɨ, чɬɨɛɵ ɨɩɢɫɵɜаɬɶ ɢɧɞɢɜɢɞɭаɥɶɧɵɟ ɤɨɥɟɛаɧɢя чаɫɬɢɰ, 
ɪаɫɫɦаɬɪɢɜаɸɬ ɢх ɤɨɥɥɟɤɬɢɜɧɨɟ ɞɜɢɠɟɧɢɟ ɜ ɤɪɢɫɬаɥɥɟ, ɤаɤ ɜ 
ɩɪɨɫɬɪаɧɫɬɜɟɧɧɨ ɭɩɨɪяɞɨчɟɧɧɨɣ ɫɢɫɬɟɦɟ. Таɤɨɟ ɭɩɪɨщɟɧɢɟ ɨɫɧɨɜɵɜаɟɬɫя ɧа 
ɬɨɦ, чɬɨ ɜɫɥɟɞɫɬɜɢɟ ɞɟɣɫɬɜɢя ɦɨщɧɵх ɫɢɥ ɫɜяɡɢ ɤɨɥɟɛаɧɢɟ, ɜɨɡɧɢɤɲɟɟ ɭ 
ɨɞɧɨɣ чаɫɬɢɰɵ, ɧɟɦɟɞɥɟɧɧɨ ɩɟɪɟɞаɟɬɫя ɫɨɫɟɞɧɢɦ чаɫɬɢɰаɦ, ɢ ɜ ɤɪɢɫɬаɥɥɟ 
ɜɨɡɛɭɠɞаɟɬɫя ɤɨɥɥɟɤɬɢɜɧɨɟ ɞɜɢɠɟɧɢɟ ɜ ɮɨɪɦɟ ɭɩɪɭɝɨɣ ɜɨɥɧɵ, 
ɨхɜаɬɵɜаɸщɟɣ ɜɫɟ чаɫɬɢɰɵ ɤɪɢɫɬаɥɥа. Таɤɨɟ ɤɨɥɥɟɤɬɢɜɧɨɟ ɞɜɢɠɟɧɢɟ 
ɧаɡɵɜаɟɬɫя ɧɨɪɦаɥɶɧɵɦ ɤɨɥɟɛаɧɢɟɦ ɪɟɲɟɬɤɢ. ɑɢɫɥɨ ɧɨɪɦаɥɶɧɵх 
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ɤɨɥɟɛаɧɢɣ, ɤɨɬɨɪɨɟ ɦɨɠɟɬ ɜɨɡɧɢɤɧɭɬɶ ɜ ɪɟɲɟɬɤɟ, ɪаɜɧɨ чɢɫɥɭ ɫɬɟɩɟɧɟɣ 
ɫɜɨɛɨɞɵ чаɫɬɢɰ ɤɪɢɫɬаɥɥа, ɬ. ɟ. γN (N- чɢɫɥɨ чаɫɬɢɰ, ɨɛɪаɡɭɸщɢх ɤɪɢɫɬаɥɥ). 

ɇа ɪɢɫ. П.1.1, а ɩɨɤаɡаɧа ɨɞɧɨɦɟɪɧая ɦɨɞɟɥɶ ɬɜɟɪɞɨɝɨ ɬɟɥа — ɥɢɧɟɣɧая 
ɰɟɩɨчɤа аɬɨɦɨɜ, ɨɬɫɬɨящɢх ɧа ɪаɫɫɬɨяɧɢɢ а ɞɪɭɝ ɨɬ ɞɪɭɝа ɢ ɫɩɨɫɨɛɧɵх 
ɤɨɥɟɛаɬɶɫя ɜ ɧаɩɪаɜɥɟɧɢɢ, ɩɟɪɩɟɧɞɢɤɭɥяɪɧɨɦ ɞɥɢɧɟ ɰɟɩɨчɤɢ. Таɤɭɸ 
ɰɟɩɨчɤɭ ɦɨɠɧɨ ɬɪаɤɬɨɜаɬɶ ɤаɤ ɫɬɪɭɧɭ. ȿɫɥɢ ɤɨɧɰɵ ɰɟɩɨчɤɢ ɡаɤɪɟɩɥɟɧɵ, ɬɨ 
ɨɫɧɨɜɧɨɟ ɤɨɥɟɛаɧɢɟ, ɨɬɜɟчаɸщɟɟ ɫаɦɨɣ ɧɢɡɤɨɣ чаɫɬɨɬɟ min , ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɫɬɨячɟɣ ɜɨɥɧɵ ɫ ɭɡɥаɦɢ ɧа ɤɨɧɰах (ɪɢɫ.  П.1.1,  ɛ; ɤɪɢɜая  
1). ɋɥɟɞɭɸщɟɦɭ  ɤɨɥɟɛаɧɢɸ   ɨɬɜɟчаɟɬ ɫɬɨячая ɜɨɥɧа ɫ ɭɡɥаɦɢ ɧɟ ɬɨɥɶɤɨ ɧа 
ɤɨɧɰах, ɧɨ ɢ ɧа ɫɟɪɟɞɢɧɟ ɰɟɩɨчɤɢ (ɤɪɢɜая β). Тɪɟɬɶɟɦɭ ɤɨɥɟɛаɧɢɸ, ɢɥɢ, ɤаɤ 
ɝɨɜɨɪяɬ, ɬɪɟɬɶɟɣ ɝаɪɦɨɧɢɤɟ, ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɬɨячая ɜɨɥɧа ɫ ɞɜɭɦя ɭɡɥаɦɢ, 
ɞɟɥящая ɰɟɩɨчɤɭ ɧа ɬɪɢ ɪаɜɧɵх чаɫɬɢ (ɤɪɢɜая γ) ɢ ɬ.ɞ. Ɉчɟɜɢɞɧɨ, чɬɨ ɫаɦая 
ɤɨɪɨɬɤая ɞɥɢɧа ɜɨɥɧɵ, ɤɨɬɨɪая ɦɨɠɟɬ ɨɛɪаɡɨɜаɬɶɫя ɜ ɬаɤɨɣ ɰɟɩɨчɤɟ, ɪаɜɧа 
ɭɞɜɨɟɧɧɨɦɭ ɪаɫɫɬɨяɧɢɸ ɦɟɠɞɭ аɬɨɦаɦɢ ɰɟɩɨчɤɢ (ɪɢɫ. П.1.1, ɜ): min = 2а. ȿɣ 
ɨɬɜɟчаɟɬ ɦаɤɫɢɦаɥɶɧая чаɫɬɨɬа max , ɫɜяɡаɧɧая ɫ ɞɥɢɧɨɣ ɜɨɥɧɵ min   

ɫɨɨɬɧɨɲɟɧɢɟɦ: 

  m a x m a x m i n2 2 ɡɜ ɡɜ a       ,    (П.1.1) 

ɝɞɟ ɡɜ  - ɫɤɨɪɨɫɬɶ ɪаɫɩɪɨɫɬɪаɧɟɧɢя ɜɨɥɧ (ɡɜɭɤа) ɜ ɰɟɩɨчɤɟ. 

Эɬа чаɫɬɨɬа яɜɥяɟɬɫя ɤɨɧɫɬаɧɬɨɣ ɦаɬɟɪɢаɥа ɢ ɨɩɪɟɞɟɥяɟɬɫя ɦɟɠаɬɨɦɧɵɦ 
ɪаɫɫɬɨяɧɢɟɦ ɢ ɫɤɨɪɨɫɬɶɸ ɪаɫɩɪɨɫɬɪаɧɟɧɢя ɧɨɪɦаɥɶɧɵх ɤɨɥɟɛаɧɢɣ. ȿɫɥɢ 
ɩɪɢɧяɬɶ а = γ,θ∙10-10

 ɦ (ɩɨɫɬɨяɧɧая ɪɟɲɟɬɤɢ ɦɟɞɢ) ɢ  ɡɜ =
 γηη0 ɦ/ɫ (ɫɤɨɪɨɫɬɶ 

ɡɜɭɤа ɜ ɦɟɞɢ), ɬɨ max ≈ γ∙1013
 ɫ-1

 . Эɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ чаɫɬɨɬɟ ɤɨɥɟɛаɧɢɣ аɬɨɦɨɜ 
ɜ ɬɜɟɪɞɨɦ ɬɟɥɟ. 

Дɥя хаɪаɤɬɟɪɢɫɬɢɤɢ ɜɨɥɧɨɜɵх ɩɪɨɰɟɫɫɨɜ ɭɞɨɛɧɨ ɩɨɥɶɡɨɜаɬɶɫя ɜɨɥɧɨɜɵɦ 
ɜɟɤɬɨɪɨɦ k, ɩɨ ɧаɩɪаɜɥɟɧɢɸ ɫɨɜɩаɞаɸщɢɦ ɫ ɧаɩɪаɜɥɟɧɢɟɦ ɪаɫɩɪɨɫɬɪаɧɟɧɢя 
ɤɨɥɟɛаɧɢɣ ɢ ɩɨ ɦɨɞɭɥɸ ɪаɜɧɵɦ 

                                              (П.1.2) 

Ɏаɡɨɜая ɫɤɨɪɨɫɬɶ ɡɜ , ɜхɨɞящая ɜ (П.1.2), ɫаɦа яɜɥяɟɬɫя ɮɭɧɤɰɢɟɣ 
ɜɨɥɧɨɜɨɝɨ ɜɟɤɬɨɪа k ɢ ɞɥя ɥɢɧɟɣɧɨɣ ɰɟɩɨчɤɢ ɭɩɪɭɝɨ ɫɜяɡаɧɧɵх аɬɨɦɨɜ 
ɜɵɪаɠаɟɬɫя ɫɥɟɞɭɸщɢɦ ɫɨɨɬɧɨɲɟɧɢɟɦ: 

                                          

ɝɞɟ 0  - ɫɤɨɪɨɫɬɶ ɪаɫɩɪɨɫɬɪаɧɟɧɢя ɤɨɥɟɛаɧɢɣ ɜ ɭɩɪɭɝɨɣ ɧɟɩɪɟɪɵɜɧɨɣ 
ɫɬɪɭɧɟ, ɞɥя ɤɨɬɨɪɨɣ  а = 0. 

ɇа ɪɢɫ. П.1.1, ɝ ɩɨɤаɡаɧа ɡаɜɢɫɢɦɨɫɬɶ чаɫɬɨɬɵ ɧɨɪɦаɥɶɧɵх ɤɨɥɟɛаɧɢɣ, 
ɜɨɡɧɢɤаɸщɢх ɜ ɥɢɧɟɣɧɨɣ ɰɟɩɨчɤɟ ɨɞɧɨɪɨɞɧɵх аɬɨɦɨɜ, ɨɬ ɜɨɥɧɨɜɨɝɨ ɜɟɤɬɨɪа 
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k. ɉɪɢ ɜɨɡɪаɫɬаɧɢɢ k ɨɬ 0 ɞɨ π/а чаɫɬɨɬа ɧɨɪɦаɥɶɧɵх ɤɨɥɟɛаɧɢɣ 
ɭɜɟɥɢчɢɜаɟɬɫя ɢ ɩɪɢ k = π/а, ɬ. ɟ. ɩɪɢ λ = 2а, ɞɨɫɬɢɝаɟɬ ɦаɤɫɢɦаɥɶɧɨɝɨ 
ɡɧачɟɧɢя, ɪаɜɧɨɝɨ aɡɜ max . ɉɨɞɨɛɧɨɝɨ ɪɨɞа ɤɪɢɜɵɟ, ɜɵɪаɠаɸщɢɟ 
ɡаɜɢɫɢɦɨɫɬɶ чаɫɬɨɬɵ ɤɨɥɟɛаɧɢɣ ɨɬ ɜɨɥɧɨɜɨɝɨ ɜɟɤɬɨɪа (ɞɥɢɧɵ ɜɨɥɧɵ), 
ɧаɡɵɜаɸɬɫя ɞɢɫɩеɪɫɢɨɧɧɵɦɢ кɪɢɜɵɦɢ. 

                                             

 

Ɋаɫɫɦɨɬɪɢɦ ɬɟɩɟɪɶ ɰɟɩɨчɤɭ, ɫɨɫɬɨящɭɸ ɢɡ аɬɨɦɨɜ ɞɜɭх ɫɨɪɬɨɜ (ɬяɠɟɥɵх 
ɢ ɥɟɝɤɢх ɫ ɦаɫɫаɦɢ Ɇ ɢ ɬ), ɩɪаɜɢɥɶɧɨ чɟɪɟɞɭɸщɢхɫя ɞɪɭɝ ɡа ɞɪɭɝɨɦ (ɪɢɫ. 
ɉ.1.β, а). В ɬаɤɨɣ ɰɟɩɨчɤɟ ɜɨɡɦɨɠɧɨ ɩɨяɜɥɟɧɢɟ ɞɜɭх ɬɢɩɨɜ ɧɨɪɦаɥɶɧɵх 
ɤɨɥɟɛаɧɢɣ, ɩɨɤаɡаɧɧɵх ɧа ɪɢɫ. ɉ.1.2, ɛ, ɜ. Ʉɨɥɟɛаɧɢя ɧа ɪɢɫ. ɉ.1.2, ɛ ɧɢчɟɦ 
ɧɟ ɨɬɥɢчаɸɬɫя ɨɬ ɤɨɥɟɛаɧɢɣ ɨɞɧɨɪɨɞɧɨɣ ɰɟɩɨчɤɢ: ɫɨɫɟɞɧɢɟ аɬɨɦɵ 
ɤɨɥɟɛɥɸɬɫя ɩɪаɤɬɢчɟɫɤɢ ɜ ɨɞɧɨɣ ɮаɡɟ ɢ ɩɪɢ k = 0 aк  = 0. Таɤɢɟ ɤɨɥɟɛаɧɢя 
ɧаɡɵɜаɸɬɫя акɭɫɬɢɱеɫкɢɦɢ, ɬаɤ ɤаɤ ɨɧɢ ɜɤɥɸчаɸɬ ɜɟɫɶ ɫɩɟɤɬɪ ɡɜɭɤɨɜɵх 
ɤɨɥɟɛаɧɢɣ ɰɟɩɨчɤɢ. Ɉɧɢ ɢɝɪаɸɬ ɨɫɧɨɜɧɭɸ ɪɨɥɶ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɬɟɩɥɨɜɵх 
ɫɜɨɣɫɬɜ ɤɪɢɫɬаɥɥɨɜ - ɬɟɩɥɨɟɦɤɨɫɬɢ, ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɬɟɪɦɢчɟɫɤɨɝɨ 
ɪаɫɲɢɪɟɧɢя ɢ ɬ. ɩ. 

В ɫɥɭчаɟ ɧɨɪɦаɥɶɧɵх ɤɨɥɟɛаɧɢɣ, ɩɨɤаɡаɧɧɵх ɧа ɪɢɫ. ɉ.1.2, ɜ, ɫɨɫɟɞɧɢɟ 
аɬɨɦɵ ɤɨɥɟɛɥɸɬɫя ɜ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵх ɮаɡах. Эɬɢ ɤɨɥɟɛаɧɢя ɦɨɠɧɨ 
ɪаɫɫɦаɬɪɢɜаɬɶ ɤаɤ ɤɨɥɟɛаɧɢя ɞɪɭɝ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝа ɞɜɭх ɩɨɞɪɟɲɟɬɨɤ ɢɡ 
ɨɞɧɨɪɨɞɧɵх аɬɨɦɨɜ, ɜɫɬаɜɥɟɧɧɵх ɨɞɧа ɜ ɞɪɭɝɭɸ. ɂх ɧаɡɵɜаɸɬ ɨɩɬɢɱеɫкɢɦɢ 
ɤɨɥɟɛаɧɢяɦɢ, ɬаɤ ɤаɤ ɨɧɢ ɢɝɪаɸɬ ɨɫɧɨɜɧɭɸ ɪɨɥɶ ɜ ɩɪɨɰɟɫɫах 
ɜɡаɢɦɨɞɟɣɫɬɜɢя ɫɜɟɬа ɫ ɤɪɢɫɬаɥɥɨɦ. 

Ɋɢɫ. ɉ.1.1. Ʉɨɥɟɛаɧɢя ɨɞɧɨɦɟɪɧɨɣ ɰɟɩɨчɤɢ ɨɞɧɨɪɨɞɧɵх аɬɨɦɨɜ: а - ɰɟɩɨчɤа аɬɨɦɨɜ; ɛ 
– ɫɬɨячɢɟ ɜɨɥɧɵ; ɜ - ɧɨɪɦаɥɶɧɨɟ ɤɨɥɟɛаɧɢɟ; ɫ - ɦɢɧɢɦаɥɶɧɨɣ ɞɥɢɧɨɣ ɜɨɥɧɵ; ɝ - 

ɞɢɫɩɟɪɫɢɨɧɧая ɤɪɢɜая. 
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Дɢɫɩɟɪɫɢɨɧɧɵɟ ɤɪɢɜɵɟ ɞɥя аɤɭɫɬɢчɟɫɤɢх (ɤɪɢɜая 1) ɢ ɨɩɬɢчɟɫɤɢх (ɤɪɢɜая 
β) ɧɨɪɦаɥɶɧɵх ɤɨɥɟɛаɧɢɣ ɰɟɩɨчɤɢ, ɫɨɫɬɨящɟɣ ɢɡ ɞɜɭх ɫɨɪɬɨɜ аɬɨɦɨɜ 
ɩɪɢɜɟɞɟɧɵ ɧа ɪɢɫ. ɉ.1.2, ɝ. В ɬɨ ɜɪɟɦя ɤаɤ ɞɥя аɤɭɫɬɢчɟɫɤɢх ɤɨɥɟɛаɧɢɣ 
чаɫɬɨɬа ɪаɫɬɟɬ ɫ ɪɨɫɬɨɦ ɜɨɥɧɨɜɨɝɨ ɜɟɤɬɨɪа ɢ ɞɨɫɬɢɝаɟɬ ɦаɤɫɢɦаɥɶɧɨɝɨ 
ɡɧачɟɧɢя ɩɪɢ  ak 2max  , ɞɥя ɨɩɬɢчɟɫɤɢх ɤɨɥɟɛаɧɢɣ max ɢɦɟɟɬ ɦɟɫɬɨ ɩɪɢ k =  

0. ɋ ɪɨɫɬɨɦ k чаɫɬɨɬа ɷɬɢх ɤɨɥɟɛаɧɢɣ ɭɦɟɧɶɲаɟɬɫя ɢ ɫɬаɧɨɜɢɬɫя ɦɢɧɢɦаɥɶɧɨɣ 
ɩɪɢ  ak 2max  . 

                           

 

 

Ɋɢɫ. ɉ.1.2. Аɤɭɫɬɢчɟɫɤɢɟ ɢ ɨɩɬɢчɟɫɤɢɟ ɤɨɥɟɛаɧɢя ɨɞɧɨɦɟɪɧɨɣ ɰɟɩɨчɤɢ аɬɨɦɨɜ: 

а - ɰɟɩɨчɤа ɪаɡɧɨɪɨɞɧɵх аɬɨɦɨɜ; 6 - аɤɭɫɬɢчɟɫɤɢɟ ɤɨɥɟɛаɧɢя; ɜ - ɨɩɬɢчɟɫɤɢɟ ɤɨɥɟɛаɧɢя; ɝ - 
ɫɥɨɠɧая ɰɟɩɨчɤа ɨɞɧɨɪɨɞɧɵх аɬɨɦɨɜ; ɞ - ɞɢɫɩɟɪɫɢɨɧɧая ɤɪɢɜая. 

 

Ɉɩɬɢчɟɫɤɢɟ ɤɨɥɟɛаɧɢя ɜɨɡɧɢɤаɸɬ ɧɟ ɬɨɥɶɤɨ ɜ ɰɟɩɨчɤɟ, ɫɨɫɬɨящɟɣ ɢɡ 
ɪаɡɧɨɪɨɞɧɵх аɬɨɦɨɜ, ɧɨ ɢ ɜ ɰɟɩɨчɤɟ, ɤɨɬɨɪая ɫɨɫɬɨɢɬ ɢɡ ɞɜɭх ɢ ɛɨɥɟɟ 
ɩɪɨɫɬɵх ɰɟɩɨчɟɤ, ɫɨɫɬаɜɥɟɧɧɵх ɢɡ ɨɞɢɧаɤɨɜɵх аɬɨɦɨɜ ɢ ɜɫɬаɜɥɟɧɧɵх ɞɪɭɝ ɜ 
ɞɪɭɝа, ɤаɤ ɩɨɤаɡаɧɨ ɧа ɪɢɫ. ɉ.1.2, ɞ. ɋхɟɦа ɜɨɡɛɭɠɞɟɧɢя аɤɭɫɬɢчɟɫɤɢх ɢ 
ɨɩɬɢчɟɫɤɢх ɤɨɥɟɛаɧɢɣ ɜ ɞɜɭхаɬɨɦɧɨɣ ɥɢɧɟɣɧɨɣ ɰɟɩɨчɤɟ ɩɪɢɜɟɞɟɧа ɧа ɪɢɫ. 
ɉ.1.3. 

Эɥɟɦɟɧɬаɪɧая ячɟɣɤа ɫɨɞɟɪɠɢɬ ɞɜа аɬɨɦа, ɫɨɟɞɢɧɟɧɧɵх ɩɪɭɠɢɧɤɨɣ, 
ɤɨɬɨɪая ɢɡɨɛɪаɠɟɧа ɥɨɦаɧɨɣ ɥɢɧɢɟɣ. В ɨɛɨɢх ɫɥɭчаях хаɪаɤɬɟɪ ɞɜɢɠɟɧɢя ɜɨ 
ɜɫɟх ɷɥɟɦɟɧɬаɪɧɵх ячɟɣɤах ɨɞɢɧаɤɨɜ, ɨɞɧаɤɨ ɜ аɤɭɫɬɢчɟɫɤɨɣ ɦɨɞɟ аɬɨɦɵ 
ɫɨɜɟɪɲаɸɬ ɫɨɮаɡɧɨɟ ɞɜɢɠɟɧɢɟ, а ɜ ɨɩɬɢчɟɫɤɨɣ ɦɨɞɟ ɢх ɞɜɢɠɟɧɢя 
ɩɪɨɬɢɜɨɮаɡɧɵ. 
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Ɉɩɬɢчɟɫɤɢɟ ɤɨɥɟɛаɧɢя ɜɨɡɧɢɤаɸɬ ɜ ɪɟɡɭɥɶɬаɬɟ ɤɨɥɟɛаɧɢɣ ɨɞɧɨɣ 
ɩɨɞɪɟɲɟɬɤɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝɨɣ ɢ хаɪаɤɬɟɪɧɵ ɞɥя ɤɪɢɫɬаɥɥɢчɟɫɤɢх ɬɟɥ ɫɨ 
ɫɥɨɠɧɨɣ ɤɪɢɫɬаɥɥɢчɟɫɤɨɣ ɪɟɲɟɬɤɨɣ. Ʉаɠɞɨɟ ɧɨɪɦаɥɶɧɨɟ ɤɨɥɟɛаɧɢɟ ɧɟɫɟɬ ɫ 
ɫɨɛɨɣ ɷɧɟɪɝɢɸ ɢ ɢɦɩɭɥɶɫ. В ɬɟɨɪɢɢ ɤɨɥɟɛаɧɢɣ ɞɨɤаɡɵɜаɟɬɫя, чɬɨ ɷɧɟɪɝɢя 
ɧɨɪɦаɥɶɧɨɝɨ ɤɨɥɟɛаɧɢя ɪɟɲɟɬɤɢ ɪаɜɧа ɷɧɟɪɝɢɢ ɨɫɰɢɥɥяɬɨɪа, ɢɦɟɸщɟɝɨ 
ɦаɫɫɭ, ɪаɜɧɭɸ ɦаɫɫɟ ɤɨɥɟɛɥɸщɢхɫя аɬɨɦɨɜ, ɢ ɤɨɥɟɛɥɸщɟɝɨɫя ɫ чаɫɬɨɬɨɣ, 
ɪаɜɧɨɣ чаɫɬɨɬɟ ɧɨɪɦаɥɶɧɨɝɨ ɤɨɥɟɛаɧɢя. Таɤɢɟ ɨɫɰɢɥɥяɬɨɪɵ ɧаɡɵɜаɸɬɫя 
ɧɨɪɦаɥɶɧɵɦɢ. 

 

          

Ɋɢɫ. ɉ.1.γ. Дɥɢɧɧɨɜɨɥɧɨɜɵɟ аɤɭɫɬɢчɟɫɤая (а) ɢ ɨɩɬɢчɟɫɤая (ɨ) ɦɨɞɵ ɜ ɞɜɭхаɬɨɦɧɨɣ ɥɢɧɟɣɧɨɣ 
ɰɟɩɨчɤɟ. 

 

ɉɨɥɧая ɷɧɟɪɝɢя ɤɪɢɫɬаɥɥа, ɫɨɫɬɨящɟɝɨ ɢɡ N аɬɨɦɨɜ, ɫɨɜɟɪɲаɸщɢх 
ɫɜяɡаɧɧɵɟ ɤɨɥɟɛаɧɢя, ɪаɜɧа ɷɧɟɪɝɢɢ γN ɧɟɡаɜɢɫɢɦɵх ɧɨɪɦаɥɶɧɵх ɥɢɧɟɣɧɵх 
ɝаɪɦɨɧɢчɟɫɤɢх ɨɫɰɢɥɥяɬɨɪɨɜ. В ɷɬɨɦ ɫɦɵɫɥɟ ɫɢɫɬɟɦа ɢɡ N ɫɜяɡаɧɧɨ 
ɤɨɥɟɛɥɸщɢхɫя аɬɨɦɨɜ ɷɤɜɢɜаɥɟɧɬɧа ɧаɛɨɪɭ ɢɡ 3N ɧɨɪɦаɥɶɧɵх ɨɫɰɢɥɥяɬɨɪɨɜ, 
ɢ ɡаɞача ɨɩɪɟɞɟɥɟɧɢя ɫɪɟɞɧɟɣ ɷɧɟɪɝɢɢ ɬаɤɨɣ ɫɢɫɬɟɦɵ ɫɜɨɞɢɬɫя ɤ ɛɨɥɟɟ 
ɩɪɨɫɬɨɣ ɡаɞачɟ ɨɩɪɟɞɟɥɟɧɢя ɫɪɟɞɧɟɣ ɷɧɟɪɝɢɢ ɧɨɪɦаɥɶɧɵх ɨɫɰɢɥɥяɬɨɪɨɜ. 

ɋɥɟɞɭɟɬ ɩɨɞчɟɪɤɧɭɬɶ, чɬɨ ɧɨɪɦаɥɶɧɵɟ ɨɫɰɢɥɥяɬɨɪɵ ɧɟ ɢɦɟɸɬ ɧɢчɟɝɨ 
ɨɛщɟɝɨ ɫ ɪɟаɥɶɧɵɦɢ аɬɨɦаɦɢ. Ʉаɠɞɵɣ ɨɫɰɢɥɥяɬɨɪ ɩɪɟɞɫɬаɜɥяɟɬ ɨɞɧɨ ɢɡ 
ɧɨɪɦаɥɶɧɵх ɤɨɥɟɛаɧɢɣ ɪɟɲɟɬɤɢ, ɜ ɤɨɬɨɪɨɦ ɭчаɫɬɜɭɸɬ ɜɫɟ аɬɨɦɵ ɤɪɢɫɬаɥɥа, 
ɫɨɜɟɪɲая ɟɝɨ ɫ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ чаɫɬɨɬɨɣ ν. 

ɗɧеɪɝɢя кɜаɧɬɨɜɨɝɨ ɨɫɰɢɥɥяɬɨɪа ɨɩɪɟɞɟɥяɟɬɫя ɫɥɟɞɭɸщɢɦ ɫɨ-

ɨɬɧɨɲɟɧɢɟɦ: 

                       hnEn 21 ,    (ɉ.1.3) 

ɝɞɟ ɩ = 0, 1,2, ... - ɤɜаɧɬɨɜɨɟ чɢɫɥɨ. 

     Ɇɢɧɢɦаɥɶɧая ɩɨɪɰɢя ɷɧɟɪɝɢɢ, ɤɨɬɨɪɭɸ ɦɨɠɟɬ ɩɨɝɥɨɬɢɬɶ ɢɥɢ ɢɫɩɭɫɬɢɬɶ 
ɪɟɲɟɬɤа ɩɪɢ ɬɟɩɥɨɜɵх ɤɨɥɟɛаɧɢях, ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɟɪɟхɨɞɭ ɜɨɡɛɭɠɞаɟɦɨɝɨ 
ɧɨɪɦаɥɶɧɨɝɨ ɤɨɥɟɛаɧɢя ɫ ɞаɧɧɨɝɨ ɷɧɟɪɝɟɬɢчɟɫɤɨɝɨ ɭɪɨɜɧя ɧа ɛɥɢɡɥɟɠащɢɣ 
ɫɨɫɟɞɧɢɣ ɭɪɨɜɟɧɶ ɢ ɪаɜɧа  hФ  . Эɬɭ ɩɨɪɰɢɸ, ɢɥɢ ɤɜаɧɬ ɷɧɟɪɝɢɢ, ɬɟɩɥɨɜɵх 
ɤɨɥɟɛаɧɢɣ ɪɟɲɟɬɤɢ ɧаɡɵɜаɸɬ ɮɨɧɨɧɨɦ. Тɨɝɞа ɩɨɥɟ ɭɩɪɭɝɢх ɜɨɥɧ 
ɡаɩɨɥɧяɸщɢх ɤɪɢɫɬаɥɥ, ɦɨɠɧɨ ɬɪаɤɬɨɜаɬɶ ɤаɤ ɝаɡ, ɨɛɪаɡɨɜаɧɧɵɣ ɤɜаɧɬаɦɢ 
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ɧɨɪɦаɥɶɧɵх ɤɨɥɟɛаɧɢɣ ɪɟɲɟɬɤɢ - ɮɨɧɨɧаɦɢ, ɨɛɥаɞаɸщɢɦɢ ɷɧɟɪɝɢɟɣ 
 hФ   ɢ ɢɦɩɭɥɶɫɨɦ ɡɜФ hp  , ɝɞɟ ɡɜ  - ɫɤɨɪɨɫɬɶ ɡɜɭɤа. 

     ɋ ɷɬɨɣ ɬɨчɤɢ ɡɪɟɧɢя ɧаɝɪɟɬɵɣ ɤɪɢɫɬаɥɥ ɦɨɠɧɨ ɭɩɨɞɨɛɢɬɶ ящɢɤɭ, 
ɡаɩɨɥɧɟɧɧɨɦɭ ɮɨɧɨɧɧɵɦ ɝаɡɨɦ. Ɏɨɧɨɧɵ ɨɩɢɫɵɜаɸɬɫя ɬɨɣ ɠɟ ɮɭɧɤɰɢɟɣ 
ɪаɫɩɪеɞеɥеɧɢя Ȼɨɡе-ɗɣɧɲɬеɣɧа, чɬɨ ɢ ɮɨɬɨɧɵ: 

   .            (ɉ.1.4) 

В ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɫɬɟɩɟɧɢ ɜɨɡɛɭɠɞɟɧɢя ɧɨɪɦаɥɶɧɨɝɨ ɤɨɥɟɛаɧɢя ɨɧɨ 
ɦɨɠɟɬ «ɢɫɩɭɫɤаɬɶ» ɬɨ ɢɥɢ ɢɧɨɟ чɢɫɥɨ ɨɞɢɧаɤɨɜɵх ɮɨɧɨɧɨɜ. Таɤ, ɟɫɥɢ 
ɧɨɪɦаɥɶɧɨɟ ɤɨɥɟɛаɧɢɟ ɜɨɡɛɭɠɞɟɧɨ ɞɨ γ-ɝɨ ɭɪɨɜɧя, ɬɨ ɟɝɨ ɷɧɟɪɝɢя   hE 2133   ɢ ЭТɈ ɨɡɧачаɟɬ, чɬɨ ɞаɧɧɨɟ ɤɨɥɟɛаɧɢɟ «ɩɨɪɨɞɢɥɨ» ɬɪɢ 
ɨɞɢɧаɤɨɜɵх ɮɨɧɨɧа ɫ ɷɧɟɪɝɢɟɣ  hФ   ɤаɠɞɵɣ. 

ɋɨɝɥаɫɧɨ ɨɩɪɟɞɟɥɟɧɢɸ, ɮɭɧɤɰɢя ɪаɫɩɪɟɞɟɥɟɧɢя  Ef  ɜɵɪаɠаɟɬ ɫɪɟɞɧɟɟ 
чɢɫɥɨ ɮɨɧɨɧɨɜ, ɨɛɥаɞаɸщɢх ɷɧɟɪɝɢɟɣ   hФ  . ɉɨɷɬɨɦɭ ɫɪɟɞɧɸɸ ɷɧɟɪɝɢɸ   

..КɇE  ɜɨɡɛɭɠɞɟɧɧɨɝɨ ɧɨɪɦаɥɶɧɨɝɨ ɤɨɥɟɛаɧɢя, ɢɦɟɸщɟɝɨ чаɫɬɨɬɭ  , ɦɨɠɧɨ 
ɨɩɪɟɞɟɥɢɬɶ ɤаɤ 

                                                     (ɉ.1.5) 

 

П.1.1.2. Ɍеɩɥɨеɦɤɨɫтɶ ɤɪиɫтаɥɥиɱеɫɤиɯ твеɪɞыɯ теɥ. 

П.1.1.2.1. Ɉɫɧɨвɧые ɨɩɪеɞеɥеɧиɹ и теɪɦɨɞиɧаɦиɱеɫɤие ɩɪеɞɫтавɥеɧиɹ. 

     Тɟɩɥɨɟɦɤɨɫɬɶ ɩɪɟɞɫɬаɜɥяɟɬ ɫɨɛɨɣ ɨɞɧɨ ɢɡ ɜаɠɧɟɣɲɢх ɮɢɡɢчɟɫɤɢх ɫɜɨɣɫɬɜ 
ɬɜɟɪɞɵх ɬɟɥ, хаɪаɤɬɟɪɢɡɭɸщɟɟ ɢɡɦɟɧɟɧɢɟ ɫɨɫɬɨяɧɢя ɜɟщɟɫɬɜа ɫ 
ɬɟɦɩɟɪаɬɭɪɨɣ Д163, 167-172Ж. Вɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɢɡɭчɟɧɢɟ ɬɟɩɥɨɟɦɤɨɫɬɢ 
яɜɥяɟɬɫя ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵх ɦɟɬɨɞɨɜ ɢɫɫɥɟɞɨɜаɧɢя ɫɬɪɭɤɬɭɪɧɵх ɢ ɮаɡɨɜɵх 
ɩɪɟɜɪащɟɧɢɣ ɜ ɫɩɥаɜах. Ʉаɤ ɢɡɜɟɫɬɧɨ ɢɡ ɬɟɪɦɨɞɢɧаɦɢɤɢ, ɬеɩɥɨеɦкɨɫɬɶ ɋ 
ɟɫɬɶ ɨɬɧɨɲɟɧɢɟ ɧɟɤɨɬɨɪɨɝɨ ɤɨɥɢчɟɫɬɜа ɬɟɩɥɨɬɵ δQ, ɩɨɝɥɨщɟɧɧɨɣ ɫɢɫɬɟɦɨɣ, ɤ 
ɢɡɦɟɧɟɧɢɸ ɬɟɦɩɟɪаɬɭɪɵ ɫɢɫɬɟɦɵ dɌ, ɜɵɡɜаɧɧɨɦɭ ɷɬɨɣ ɬɟɩɥɨɬɨɣ: 

                                                                                            (ɉ.1.6) 

Вɨɫɩɨɥɶɡɨɜаɜɲɢɫɶ ɜɵɪаɠɟɧɢɟɦ ɩɟɪɜɨɝɨ ɡаɤɨɧа ɬɟɪɦɨɞɢɧаɦɢɤɢ 
Q dU W   , ɝɞɟ dU - ɢɡɦɟɧɟɧɢɟ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ, а W - ɛɟɫɤɨɧɟчɧɨ ɦаɥɨɟ 

ɤɨɥɢчɟɫɬɜɨ ɪаɛɨɬɵ, ɫɨɜɟɪɲаɟɦɨɟ ɫɢɫɬɟɦɨɣ ɧаɞ ɨɤɪɭɠаɸщɟɣ ɫɪɟɞɨɣ, а ɬаɤɠɟ 
ɭчɢɬɵɜая, чɬɨ W pdV  ɢ, ɫɥɟɞɨɜаɬɟɥɶɧɨ, Q dU pdV   , ɩɨɥɭчаɟɦ 
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ɉɪɢ ɭɫɥɨɜɢɢ ɩɨɫɬɨяɧɫɬɜа ɨɛɴɟɦа (V =  const) ɢɡ (ɉ.1.6) ɩɨɥɭчаɟɬɫя 
ɜɵɪаɠɟɧɢɟ ɞɥя ɬɟɩɥɨɟɦɤɨɫɬɢ ɩɪɢ ɩɨɫɬɨяɧɧɨɦ ɨɛɴɟɦɟ 

                                                                       (ɉ.1.7) 

хаɪаɤɬɟɪɢɡɭɸщɟɣ ɬаɤɢɦ ɨɛɪаɡɨɦ ɢɡɦɟɧɟɧɢɟ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ ɬɟɥа ɫ 
ɬɟɦɩɟɪаɬɭɪɨɣ. 

Таɤ ɤаɤ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɷɧɬаɥɶɩɢя    (ɬɟɩɥɨɫɨɞɟɪɠаɧɢɟ)    ɪаɜɧа 
pVUH  , а VdpQVdppdVdUdH   , ɬɨ VdpdHQ   ɢ 

                                                                   

    ɉɪɢ ɭɫɥɨɜɢɢ ɩɨɫɬɨяɧɫɬɜа ɞаɜɥɟɧɢя (ɪ = const) ɦɨɠɧɨ ɩɨɥɭчɢɬɶ 
ɜɵɪаɠɟɧɢɟ ɞɥя ɬɟɩɥɨɟɦɤɨɫɬɢ ɩɪɢ ɩɨɫɬɨяɧɧɨɦ ɞаɜɥɟɧɢɢ: 

                                              

                                                                         (ɉ.1.8) 

Дɥя ɬɜɟɪɞɵх ɬɟɥ ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɨ ɢɡɦɟɪяɟɬɫя ɬɟɩɥɨɟɦɤɨɫɬɶ ɩɪɢ ɩɨ-

ɫɬɨяɧɧɨɦ ɞаɜɥɟɧɢɢ ɋɪ, ɬаɤ ɤаɤ ɧа ɩɪаɤɬɢɤɟ ɥɟɝчɟ ɨɩɪɟɞɟɥяɬɶ ɢɡɦɟɧɟɧɢɟ 
ɷɧɬаɥɶɩɢɢ. ɂɫɩɨɥɶɡɭя ɨɛɵчɧɵɟ ɬɟɪɦɨɞɢɧаɦɢчɟɫɤɢɟ ɫɨɨɬɧɨɲɟɧɢя, ɥɟɝɤɨ 
ɭɫɬаɧɨɜɢɬɶ ɫɜяɡɶ ɦɟɠɞɭ ɋɪ ɢ ɋv. ɂɡ ɩɪɟɞɫɬаɜɥɟɧɧɵх ɜɵɲɟ ɫɨɨɬɧɨɲɟɧɢɣ ɞɥя 
ɷɧɬаɥɶɩɢɢ ɦɨɠɧɨ ɩɨɥɭчɢɬɶ (ɩɪɢ ɪ = const) 

                                                                        (ɉ.1.9) 

Таɤ ɤаɤ  TVfU , , ɬɨ 

                                                                  (ɉ.1.10) 

ɢɥɢ 
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ɉɨɞɫɬаɜɥяя ɷɬɨ ɫɨɨɬɧɨɲɟɧɢɟ ɜ (1.2.2.4), ɩɨɥɭчаɟɦ 

                                      

ɢɥɢ 

                                                              (ɉ.1.11) 

Таɤ   ɤаɤ   ɞɥя   ɨɛɪаɬɢɦɨɝɨ   ɩɪɨɰɟɫɫа ɩɪɢɪащɟɧɢɟ   ɷɧɬɪɨɩɢɢ 

                                                         ,  

ɬɨ ɫ ɭчɟɬɨɦ ɭɪаɜɧɟɧɢя (ɉ.1.10) ɩɨɥɭчаɟɦ: 

 

                           (ɉ.1.12) 

     ɉɪɨɞɢɮɮɟɪɟɧɰɢɪɭɟɦ  TVfS , : 

                                                                   (ɉ.1.13) 

ɋɪаɜɧɢɜая ɤɨɷɮɮɢɰɢɟɧɬɵ ɭɪаɜɧɟɧɢɣ (ɉ.1.12) ɢ (ɉ.1.13), ɧахɨɞɢɦ 

                                                                       (ɉ.1.14) 

                                                                   (ɉ.1.15) 

 

     Ɂаɦɟчаɟɦ, чɬɨ ɜɬɨɪая ɩɪɨɢɡɜɨɞɧая ɨɬ (ɉ.1.14) ɩɨ ɞV ɩɪɢ Ɍ= const  ɪаɜɧа 
ɜɬɨɪɨɣ ɩɪɨɢɡɜɨɞɧɨɣ ɨɬ (ɉ.1.15) ɩɨ ɞɌ ɩɪɢ V= const, ɬаɤ ɤаɤ ɞ2

S/ɞɌ ɞV= ɞ2
 S 

/ɞVɞɌ. ɋɥɟɞɨɜаɬɟɥɶɧɨ, 
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ɢɥɢ 

                       

Ɉɬɫɸɞа ɫɥɟɞɭɟɬ, чɬɨ 

                                                              (ɉ.1.16) 

        ɉɪɨɞɢɮɮɟɪɟɧɰɢɪɭɟɦ  TPfV , : 

                                              

     Ɋаɡɞɟɥɢɜ ɧа dT ɩɪɢ V= const, ɩɨɥɭчɢɦ 

                                             

ɢɥɢ 

                                                         (ɉ.1.17) 

ɝɞɟ                 - ɤɨɷɮɮɢɰɢɟɧɬ ɨɛɴɟɦɧɨɝɨ ɬɟɪɦɢчɟɫɤɨɝɨ 
ɪаɫɲɢɪɟɧɢя; 

              - ɤɨɷɮɮɢɰɢɟɧɬ ɜɫɟɫɬɨɪɨɧɧɟɝɨ ɢɡɨɬɟɪɦɢчɟɫɤɨɝɨ 
ɫɠаɬɢя (ɫɠɢɦаɟɦɨɫɬɢ). 

 

Таɤɢɦ ɨɛɪаɡɨɦ, ɩɨɞɫɬаɜɥяя (ɉ.1.17) ɜ (ɉ.1.16), а ɡаɬɟɦ ɜ (ɉ.1.11), 

ɩɨɥɭчаɟɦ ɨɤɨɧчаɬɟɥɶɧɨɟ ɜɵɪаɠɟɧɢɟ ɞɥя ɫɜяɡɢ ɦɟɠɞɭ ɋɪ ɢ ɋv: 

                                                                                   (ɉ.1.18) 
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Дɥя ɩɪɢɛɥɢɡɢɬɟɥɶɧɨɣ ɨɰɟɧɤɢ ɩɪɢɧɢɦаɟɬɫя, чɬɨ ɋɪ ≈ ɋv(1+10
-4

T), ɬ.ɟ. ɩɪɢ 
ɧɢɡɤɢх ɬɟɦɩɟɪаɬɭɪах ɪаɡɧɨɫɬɶ ɋɪ - ɋv ɨчɟɧɶ ɦаɥа ɢ ɜɨɡɪаɫɬаɟɬ ɫ 
ɬɟɦɩɟɪаɬɭɪɨɣ. ɉɨɷɬɨɦɭ ɞɥя ɤачɟɫɬɜɟɧɧɵх ɨɰɟɧɨɤ ɬɟɩɥɨɟɦɤɨɫɬɢ ɋv, 

яɜɥяɸщɟɣɫя ɨɞɧɢɦ ɢɡ ɜаɠɧɟɣɲɢх ɬɟɪɦɨɞɢɧаɦɢчɟɫɤɢх ɫɜɨɣɫɬɜ ɬɜɟɪɞɨɝɨ ɬɟɥа, 
ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜаɬɶ ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɵɟ ɬаɛɥɢчɧɵɟ ɡɧачɟɧɢя ɋɪ. 

    ɉɨɫɤɨɥɶɤɭ ɜɟɥɢчɢɧа ɬɟɩɥɨɟɦɤɨɫɬɢ ɬɜɟɪɞɨɝɨ ɬɟɥа ɨɩɪɟɞɟɥяɟɬɫя 
ɬɟɦɩɟɪаɬɭɪɧɨɣ ɡаɜɢɫɢɦɨɫɬɶɸ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ ɤɪɢɫɬаɥɥа, ɬɨ ɧɟɨɛхɨɞɢɦɨ 
ɪаɫɫɦɨɬɪɟɬɶ ɢɡ ɤаɤɢх ɫɨɫɬаɜɥяɸщɢх ɫɤɥаɞɵɜаɟɬɫя ɷɬɨ ɷɧɟɪɝɢя. Ɉɫɧɨɜɧɨɣ 
ɜɤɥаɞ ɜɨ ɜɧɭɬɪɟɧɧɸɸ ɷɧɟɪɝɢɸ ɜɧɨɫɢɬ ɷɧеɪɝɢя ɬеɩɥɨɜɵɯ кɨɥеɛаɧɢɣ аɬɨɦɨɜ 
(ɢɨɧɨɜ) ɨɤɨɥɨ ɫɪɟɞɧɢх ɩɨɥɨɠɟɧɢɣ ɪаɜɧɨɜɟɫɢя. ɋɨɫɬаɜɥяɸщая ɬɟɩɥɨɟɦɤɨɫɬɢ, 
ɨɛɭɫɥɨɜɥɟɧɧая ɷɬɢɦ ɩɪɨɰɟɫɫɨɦ, ɧаɡɵɜаɟɬɫя ɪеɲеɬɨɱɧɨɣ ɬеɩɥɨеɦкɨɫɬɶɸ. 
Ʉаɤ ɛɭɞɟɬ ɩɨɤаɡаɧɨ ɧɢɠɟ, ɪɟɲɟɬɨчɧая ɬɟɩɥɨɟɦɤɨɫɬɶ ɭɦɟɧɶɲаɟɬɫя ɞɨ ɧɭɥя 
ɩɪɢ ɭɦɟɧɶɲɟɧɢɢ ɬɟɦɩɟɪаɬɭɪɵ ɬɟɥа ɞɨ 0 Ʉ. ɉɪɢ ɬɟɦɩɟɪаɬɭɪах ɩɨɪяɞɤа 
ɤɨɦɧаɬɧɨɣ ɢ ɜɵɲɟ ɷɬа ɫɨɫɬаɜɥяɸщая ɬɟɩɥɨɟɦɤɨɫɬɢ ɞɥя ɨɞɧɨаɬɨɦɧɵх 
ɤɪɢɫɬаɥɥɨɜ ɛɥɢɡɤа ɤ ɡɧачɟɧɢɸ ɁR (ɩɪаɜɢɥɨ Дɸɥɨɧɝа ɢ ɉɬɢ) ɢ ɧɟɦɧɨɝɨ 
ɭɜɟɥɢчɢɜаɟɬɫя ɫ ɬɟɦɩɟɪаɬɭɪɨɣ ɢɡ-ɡа аɧɝаɪɦɨɧɢɱеɫкɨɝɨ ɯаɪакɬеɪа ɬɟɩɥɨɜɵх 
ɤɨɥɟɛаɧɢɣ аɬɨɦɨɜ. 

ɉɪɢ ɜɵɫɨɤɢх ɬɟɦɩɟɪаɬɭɪах (ɛɥɢɡɤɢх ɤ ɬɟɦɩɟɪаɬɭɪɟ ɩɥаɜɥɟɧɢя) ɧаɝɪɟɜ 
ɤɪɢɫɬаɥɥа ɫɨɩɪɨɜɨɠɞаɟɬɫя ɨɛɪаɡɨɜаɧɢɟɦ ɜ ɧɟɦ ɜаɤаɧɫɢɣ, ɧа чɬɨ 
ɡаɬɪачɢɜаɟɬɫя ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɬɟɩɥɨ. Таɤɨɣ ɞɟɮɟɤɬɧɵɣ ɤɪɢɫɬаɥɥ ɨɛɥаɞаɟɬ 
ɩɨɜɵɲɟɧɧɨɣ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɟɣ. ɉɨɷɬɨɦɭ ɩɪɢ ɨчɟɧɶ ɜɵɫɨɤɢх 
ɬɟɦɩɟɪаɬɭɪах ɧɟɨɛхɨɞɢɦɨ ɭчɢɬɵɜаɬɶ ɜакаɧɫɢɨɧɧɭɸ ɫɨɫɬаɜɥяɸɳɭɸ 
ɬɟɩɥɨɟɦɤɨɫɬɢ. 

В ɜɟщɟɫɬɜах ɫ ɦɟɬаɥɥɢчɟɫɤɢɦ хаɪаɤɬɟɪɨɦ ɩɪɨɜɨɞɢɦɨɫɬɢ ɡɧачɢɬɟɥɶɧɵɣ 
ɜɤɥаɞ ɜɨ ɜɧɭɬɪɟɧɧɸɸ ɷɧɟɪɝɢɸ ɤɪɢɫɬаɥɥа ɜɧɨɫяɬ ɤɨɥɥɟɤɬɢɜɢɡɢɪɨɜаɧɧɵɟ 
ɫɜɨɛɨɞɧɵɟ ɷɥɟɤɬɪɨɧɵ. ɉɨɷɬɨɦɭ ɞɥя ɦɟɬаɥɥɨɜ ɧɟɨɛхɨɞɢɦɨ ɭчɢɬɵɜаɬɶ 
ɬеɩɥɨеɦкɨɫɬɶ ɷɥекɬɪɨɧɧɨɝɨ ɝаɡа. ȿɫɥɢ ɩɪɢ ɜɵɫɨɤɢх ɬɟɦɩɟɪаɬɭɪах ɜɤɥаɞ 
ɷɥɟɤɬɪɨɧɨɜ ɩɪɨɜɨɞɢɦɨɫɬɢ ɜ ɬɟɩɥɨɟɦɤɨɫɬɶ ɧɟɡɧачɢɬɟɥɟɧ, ɬɨ ɩɪɢ 
ɬɟɦɩɟɪаɬɭɪах ɧɢɠɟ ɧɟɫɤɨɥɶɤɢх ɝɪаɞɭɫɨɜ Ʉɟɥɶɜɢɧа ɬɟɩɥɨɟɦɤɨɫɬɶ 
ɷɥɟɤɬɪɨɧɧɨɝɨ ɝаɡа ɫɬаɧɨɜɢɬɫя ɩɪɟɜаɥɢɪɭɸщɟɣ. 

П.1.1.2.2. Ɍеɩɥɨеɦɤɨɫтɶ ɤɪиɫтаɥɥиɱеɫɤɨɣ ɪеɲетɤи.  

Ɏɪаɧɰɭɡɫɤɢɟ ɮɢɡɢɤɢ ɉ. Ⱦɸɥɨɧɝ ɢ А. ɉɬɢ ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɨ ɭɫɬаɧɨɜɢɥɢ 
ɡаɤɨɧ, ɫɨɝɥаɫɧɨ ɤɨɬɨɪɨɦɭ ɬɟɩɥɨɟɦɤɨɫɬɶ ɜɫɟх ɬɜɟɪɞɵх ɬɟɥ ɩɪɢ ɞɨɫɬаɬɨчɧɨ 
ɜɵɫɨɤɢх ɬɟɦɩɟɪаɬɭɪах ɟɫɬɶ ɜɟɥɢчɢɧа ɩɨɫɬɨяɧɧая, ɧɟ ɡаɜɢɫящая ɨɬ 
ɬɟɦɩɟɪаɬɭɪɵ ɢ ɫɨɫɬаɜɥяɸщая ɜɟɥɢчɢɧɭ ɩɨɪяɞɤа βη Дɠ/(ɦɨɥɶ∙Ʉ) [160-163, 

167, 173, 174]. Эɬɨ ɨɡɧачаɟɬ, чɬɨ ɩɪɢ ɧаɝɪɟɜаɧɢɢ ɥɸɛɨɝɨ ɬɜɟɪɞɨɝɨ ɬɟɥа ɧа 
ɨɞɢɧ ɝɪаɞɭɫ ɤаɠɞɵɣ ɟɝɨ аɬɨɦ ɩɨɝɥɨщаɟɬ ɨɞɧɨ ɢ ɬɨ ɠɟ ɤɨɥɢчɟɫɬɜɨ ɷɧɟɪɝɢɢ. 
Ɉɛɴяɫɧɟɧɢɟ ɷɬɨɦɭ ɮаɤɬɭ ɥɟɝɤɨ ɭɫɬаɧаɜɥɢɜаɟɬɫя ɜ ɪаɦɤах кɥаɫɫɢɱеɫкɨɣ 
ɫɬаɬɢɫɬɢɱеɫкɨɣ ɦеɯаɧɢкɢ, ɫɨɝɥаɫɧɨ ɤɨɬɨɪɨɣ ɞɥя ɫɢɫɬɟɦ чаɫɬɢɰ ɫ 
ɝаɪɦɨɧɢчɟɫɤɢɦ ɜɡаɢɦɨɞɟɣɫɬɜɢɟɦ ɫɪɟɞɧяя ɩɨɥɧая ɷɧɟɪɝɢя ɝаɪɦɨɧɢɱеɫкɨɝɨ 
ɨɫɰɢɥɥяɬɨɪа ɫɨɫɬаɜɥяɟɬ кT ɧа ɨɞɧɭ ɫɬɟɩɟɧɶ ɫɜɨɛɨɞɵ. ɉɨɫɤɨɥɶɤɭ ɨɞɢɧ аɬɨɦ 
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ɨɛɥаɞаɟɬ ɬɪɟɦя ɫɬɟɩɟɧяɦɢ ɫɜɨɛɨɞɵ, ɬɨ ɜɧɭɬɪɟɧɧяя ɷɧɟɪɝɢя ɤɪɢɫɬаɥɥа ɢɡ N 

аɬɨɦɨɜ ɪаɜɧа: 

                                                                                           (ɉ.1.19) 

Таɤɢɦ ɨɛɪаɡɨɦ, ɤɥаɫɫɢчɟɫɤая ɬɟɨɪɢя ɞаɟɬ ɞɥя ɪɟɲɟɬɨчɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ 
ɨɞɧɨɝɨ ɦɨɥя ɤɪɢɫɬаɥɥɢчɟɫɤɨɝɨ ɜɟщɟɫɬɜа ɩɪɢ ɩɨɫɬɨяɧɧɨɦ ɨɛɴɟɦɟ 

                                    (ɉ.1.20) 

чɬɨ ɧахɨɞɢɬɫя ɜ хɨɪɨɲɟɦ ɫɨɝɥаɫɢɢ ɫ ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɵɦ ɡаɤɨɧɨɦ Дɸɥɨɧɝа ɢ 
ɉɬɢ. Ɉɬɦɟɬɢɦ, чɬɨ ɷɬɨ ɜɵɪаɠɟɧɢɟ ɫɩɪаɜɟɞɥɢɜɨ ɞɥя ɩɪɨɫɬɵх ɜɟщɟɫɬɜ, ɜ ɭɡɥах 
ɤɪɢɫɬаɥɥɢчɟɫɤɢх ɪɟɲɟɬɨɤ ɤɨɬɨɪɵх ɧахɨɞяɬɫя ɨɞɧɨɬɢɩɧɵɟ ɢɡɨɥɢɪɨɜаɧɧɵɟ 
аɬɨɦɵ ɢɥɢ ɢɨɧɵ. В ɫɥɭчаɟ хɢɦɢчɟɫɤɢх ɫɨɟɞɢɧɟɧɢɣ Cv =  3mR, ɝɞɟ ɬ - чɢɫɥɨ 
аɬɨɦɨɜ ɜ ɦɨɥɟɤɭɥɟ ɜɟщɟɫɬɜа. 

ɉɪɢ ɧɢɡɤɢх ɬɟɦɩɟɪаɬɭɪах ɬɟɩɥɨɟɦɤɨɫɬɶ ɬɜɟɪɞɵх ɬɟɥ ɪɟɡɤɨ ɭɦɟɧɶɲаɟɬɫя 
(ɧɢɠɟ ɡɧачɟɧɢя γR) ɢ ɡаɤɨɧ Дɸɥɨɧɝа ɢ ɉɬɢ ɧɟ ɜɵɩɨɥɧяɟɬɫя. Ɉɛɴяɫɧɟɧɢɟ 
ɷɬɨɦɭ яɜɥɟɧɢɸ ɛɵɥɨ ɞаɧɨ Эɣɧɲɬɟɣɧɨɦ ɢ Дɟɛаɟɦ, ɢɫɩɨɥɶɡɨɜаɜɲɢɦɢ ɞɥя 
ɨɩɢɫаɧɢя ɪɟɲɟɬɨчɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɜ ɲɢɪɨɤɨɦ ɢɧɬɟɪɜаɥɟ ɬɟɦɩɟɪаɬɭɪ 
ɤɜаɧɬɨɜɨ-ɦɟхаɧɢчɟɫɤɢɣ ɩɨɞхɨɞ. В ɷɬɢх ɫаɦɵх ɪаɧɧɢх ɤɜаɧɬɨɜɵх ɪаɫчɟɬах ɧɟ 
ɢɫɩɨɥɶɡɨɜаɥɫя ɫɩɟɤɬɪ ɮɨɧɨɧɨɜ ɜ ɟɝɨ ɨɛщɟɦ ɜɢɞɟ, а ɩɪɟɞɩɨɥаɝаɥɨɫɶ, чɬɨ 
ɡаɤɨɧ ɞɢɫɩɟɪɫɢɢ ɧɨɪɦаɥɶɧɵх ɤɨɥɟɛаɧɢɣ ɢɦɟɟɬ ɧɟɤɨɬɨɪɭɸ ɨɫɨɛɟɧɧɨ ɩɪɨɫɬɭɸ 
ɮɨɪɦɭ. 

В ɦɨɞɟɥɢ Эɣɧɲɬɟɣɧа ɭчɢɬɵɜаɸɬɫя ɬɨɥɶɤɨ ɨɩɬɢчɟɫɤɢɟ ɜɟɬɜɢ, ɩɪɢчɟɦ 
ɩɨɥаɝаɟɬɫя, чɬɨ чаɫɬɨɬɵ ɨɩɬɢчɟɫɤɢх ɜɟɬɜɟɣ ɧɟ ɡаɜɢɫяɬ ɨɬ ɜɨɥɧɨɜɨɝɨ ɜɟɤɬɨɪа 
k ɢ ɪаɜɧɵ ɧɟɤɨɬɨɪɨɣ чаɫɬɨɬɟ E . 

В ɦɨɞɟɥɢ Дɟɛая ɜɫɟ ɜɟɬɜɢ ɤɨɥɟɛаɬɟɥɶɧɨɝɨ ɫɩɟɤɬɪа ɡаɦɟɧяɸɬɫя ɬɪɟɦя 
ɜɟɬɜяɦɢ ɫ ɨɞɧɢɦ ɢ ɬɟɦ ɠɟ ɥɢɧɟɣɧɵɦ ɡаɤɨɧɨɦ ɞɢɫɩɟɪɫɢɢ Ȧ= ɡɜ k, 

хаɪаɤɬɟɪɧɵɦ ɞɥя аɤɭɫɬɢчɟɫɤɢх ɜɟɬɜɟɣ. 

     ɋɨɝɥаɫɧɨ ɦɨɞеɥɢ ɗɣɧɲɬеɣɧа [158-167] ɬɟɩɥɨɜɵɟ ɫɜɨɣɫɬɜа ɪɟɲɟɬɤɢ, ɫɨ-

ɫɬɨящɟɣ ɢɡ N ɤɨɥɟɛɥɸщɢхɫя аɬɨɦɨɜ, ɦɨɠɧɨ ɩɪɟɞɫɬаɜɢɬɶ ɤаɤ ɫɜɨɣɫɬɜа 
ɫɢɫɬɟɦɵ ɢɡ γN ɧɟɡаɜɢɫɢɦɵх ɨɞɧɨɦɟɪɧɵх ɝаɪɦɨɧɢчɟɫɤɢх ɨɫɰɢɥɥяɬɨɪɨɜ, 
ɢɦɟɸщɢх ɨɞɧɭ ɢ ɬɭ ɠɟ ɫɨɛɫɬɜɟɧɧɭɸ чаɫɬɨɬɭ E . Тɨɝɞа ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɜɵɪаɠɟɧɢɟɦ (ɉ.1.4) ɜɫɟ ɷɬɢ ɨɫɰɢɥɥяɬɨɪɵ ɢɦɟɸɬ ɫɪɟɞɧɸɸ ɷɧɟɪɝɢɸ 

                                                                                  (ɉ.1.21) 

     ɉɪɢ ɜɵɫɨɤɢх ɬɟɦɩɟɪаɬɭɪах kɌ » Eh ,  ɂ ɡɧаɦɟɧаɬɟɥɶ ɦɨɠɧɨ ɪаɡɥɨɠɢɬɶ ɜ 
ɪяɞ: 



226 

 

                                        

ɢ,    ɫɥɟɞɨɜаɬɟɥɶɧɨ,    E ≈ kɌ,    а   ɜɧɭɬɪɟɧɧяя    ɷɧɟɪɝɢя ɤɪɢɫɬаɥɥа 

NkTENU 33  . 

Таɤɢɦ ɨɛɪаɡɨɦ, ɩɪɢ ɜɵɫɨɤɢх ɬɟɦɩɟɪаɬɭɪах ɢɡ ɡаɤɨɧа ɪаɫɩɪɟɞɟɥɟɧɢя 
ɉɥаɧɤа-Эɣɧɲɬɟɣɧа ɫɥɟɞɭɟɬ, чɬɨ ɫɪɟɞɧяя ɷɧɟɪɝɢя ɝаɪɦɨɧɢчɟɫɤɨɝɨ 
ɨɫɰɢɥɥяɬɨɪа ɛɥɢɡɤа ɤ ɤɥаɫɫɢчɟɫɤɨɦɭ ɡɧачɟɧɢɸ kT ɢ, ɫɥɟɞɨɜаɬɟɥɶɧɨ, ɡɧачɟɧɢɟ 
ɬɟɩɥɨɟɦɤɨɫɬɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɡаɤɨɧɭ Дɸɥɨɧɝа ɢ ɉɬɢ (ɉ.1.20). 

Аɛɫɨɥɸɬɧɨ ɧɨɜɵɦ ɪɟɡɭɥɶɬаɬɨɦ яɜɥяɟɬɫя ɩɪɢɦɟɧɟɧɢɟ (ɉ.1.21) ɤ ɫɥɭчаɸ 
ɧɢɡɤɢх ɬɟɦɩɟɪаɬɭɪ, ɬ.ɟ. kɌ  « Eh . В ɷɬɨɦ ɫɥɭчаɟ kTh Ee

  » 1;  ɢ ɞɥя ɫɪɟɞɧɟɣ 
ɷɧɟɪɝɢɣ ɩɨɥɭчаɟɦ 

                                                                                 (ɉ.1.22) 

ɋɥɟɞɨɜаɬɟɥɶɧɨ, ɩɪɢ Ɍ → 0 ɬɟɩɥɨɟɦɤɨɫɬɶ ɫɢɫɬɟɦɵ γN ɝаɪɦɨɧɢчɟɫɤɢх 
ɨɫɰɢɥɥяɬɨɪɨɜ ɫɬɪɟɦɢɬɫя ɤ ɧɭɥɸ ɩɨ ɡаɤɨɧɭ: 

                                                          (ɉ.1.23) 

Эɬɨ хɨɪɨɲɨ ɨɩɢɫɵɜаɟɬ ɮаɤɬ ɪɟɡɤɨɝɨ ɭɦɟɧɶɲɟɧɢя ɬɟɩɥɨɟɦɤɨɫɬɢ ɩɪɢ 
ɧаɞɥɟɠащɟɦ ɩɨɞɛɨɪɟ чаɫɬɨɬɵ ɨɫɰɢɥɥяɬɨɪа  , ɨɞɧаɤɨ ɫɩаɞ ɬɟɩɥɨɟɦɤɨɫɬɢ ɩɨ 
ɡаɤɨɧɭ (ɉ.1.23) ɫ ɞɨɦɢɧɢɪɭɸщɢɦ ɜ ɩɪɟɞɟɥɟ ɷɤɫɩɨɧɟɧɰɢаɥɶɧɵɦ ɦɧɨɠɢɬɟɥɟɦ 
ɨɤаɡɵɜаɟɬɫя ɟщɟ ɛɨɥɟɟ ɪɟɡɤɢɦ, чɬɨ ɩɨɞɬɜɟɪɠɞаɟɬɫя ɷɤɫɩɟɪɢɦɟɧɬɨɦ, ɤɨɬɨɪɵɣ 
ɞаɟɬ ɞɥя ɪɟɲɟɬɨчɧɨɝɨ ɜɤɥаɞа ɜ ɬɟɩɥɨɟɦɤɨɫɬɶ ɡаɤɨɧ ɋV з Ɍ3

. 

Ɋɟɡɭɥɶɬаɬɵ ɦɨɞɟɥɢ Эɣɧɲɬɟɣɧа ɭɞɨɛɧɨ ɨɛɫɭɠɞаɬɶ, ɩɨɥɶɡɭяɫɶ 
ɩɪɟɞɫɬаɜɥɟɧɢяɦɢ ɨ ɧɟɤɨɬɨɪɨɣ хаɪаɤɬɟɪɢɫɬɢчɟɫɤɨɣ ɬɟɦɩɟɪаɬɭɪɟ șȿ, ɩɪɢ 
ɤɨɬɨɪɨɣ ɧачɢɧаɟɬɫя ɛɵɫɬɪɵɣ ɫɩаɞ ɬɟɩɥɨɟɦɤɨɫɬɢ ɢ ɤɨɬɨɪая ɧаɡɵɜаɟɬɫя 
ɬеɦɩеɪаɬɭɪɨɣ ɗɣɧɲɬеɣɧа ɢ ɨɩɪɟɞɟɥяɟɬɫя ɫɨɨɬɧɨɲɟɧɢɟɦ 

                                                 (ɉ.1.24) 

Дɥя ɤɨɧɤɪɟɬɧɨɝɨ ɡɧачɟɧɢя șȿ ɜɵɪаɠɟɧɢɟ ɞɥя ɬɟɩɥɨɟɦɤɨɫɬɢ ɫɢɫɬɟɦɵ γN 

ɨɫɰɢɥɥяɬɨɪɨɜ, ɩɨɥɭчаɟɦɨɟ ɞɢɮɮɟɪɟɧɰɢɪɨɜаɧɢɟɦ (ɉ.1.21), ɢɦɟɟɬ ɜɢɞ 

                                                 (ɉ.1.25) 

Эɬɨ ɜɵɪаɠɟɧɢɟ ɞɨɜɨɥɶɧɨ хɨɪɨɲɨ ɫɨɝɥаɫɭɟɬɫя ɫ ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɵɦɢ 
ɞаɧɧɵɦɢ ɜ ɲɢɪɨɤɨɣ ɨɛɥаɫɬɢ ɬɟɦɩɟɪаɬɭɪ ɩɪɢ ɞаɧɧɨɦ ɡɧачɟɧɢɢ șȿ. Дɥя 
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ɛɨɥɶɲɢɧɫɬɜа ɬɜɟɪɞɵх ɬɟɥ ɡɧачɟɧɢя șȿ ɥɟɠаɬ ɜ ɢɧɬɟɪɜаɥɟ 100-γ00 Ʉ. В ɷɬɨɦ 
ɫɥɭчаɟ, ɨɰɟɧɤɢ   ɞаɸɬ ɡɧачɟɧɢɟ з10

12 Ƚɰ. Эɬɨ - ɪаɡɭɦɧая ɜɟɥɢчɢɧа ɞɥя 
хаɪаɤɬɟɪɢɫɬɢчɟɫɤɨɣ чаɫɬɨɬɵ аɬɨɦɧɵх ɨɫɰɢɥɥяɬɨɪɨɜ. 

Ɉɝɪаɧɢɱеɧɧɨɫɬɶ ɦɨɞеɥɢ ɗɣɧɲɬеɣɧа ɫɨɫɬɨɢɬ ɜ ɬɨɦ, чɬɨ ɟɝɨ 
ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨ ɪаɜɟɧɫɬɜɟ чаɫɬɨɬ ɜɫɟх ɨɫɰɢɥɥяɬɨɪɨɜ ɜ ɬɜɟɪɞɨɦ ɬɟɥɟ 
яɜɥяɟɬɫя ɫɥɢɲɤɨɦ ɩɪɢɛɥɢɠɟɧɧɵɦ. Ɉɞɧаɤɨ ɝɥаɜɧɨе ɞɨɫɬɢɠеɧɢе ɦɨɞеɥɢ 
ɡаɤɥɸчаɟɬɫя ɜ ɬɨɦ, чɬɨ ɤɨɥɟɛаɧɢя ɦɟхаɧɢчɟɫɤɢх ɨɫɰɢɥɥяɬɨɪɨɜ ɧɭɠɧɨ 
ɤɜаɧɬɨɜаɬɶ ɬаɤ ɠɟ, ɤаɤ ɉɥаɧɤ ɤɜаɧɬɨɜаɥ ɨɫɰɢɥɥяɬɨɪɵ ɢɡɥɭчɟɧɢя. 
ɂɫɩɨɥɶɡɨɜаɧɢɟ ɦɨɞɟɥɢ ɬɜɟɪɞɨɝɨ ɬɟɥа ɤаɤ ɫɢɫɬɟɦɵ ɨɫɰɢɥɥяɬɨɪɨɜ ɭɛɟɞɢɬɟɥɶɧɨ 
ɨɛɴяɫɧяɟɬ, ɩɨчɟɦɭ ɩɪɢ Ɍ → 0 ɬɟɩɥɨɟɦɤɨɫɬɶ ɬɜɟɪɞɵх ɬɟɥ ɪɟɡɤɨ ɭɦɟɧɶɲаɟɬɫя 
ɞɨ ɧɭɥя. 

Ваɠɧая ɪɨɥɶ ɦɨɞɟɥɢ Эɣɧɲɬɟɣɧа ɬаɤɠɟ ɡаɤɥɸчаɟɬɫя ɜ ɜɨɡɦɨɠɧɨɫɬɢ ɟɟ 
ɢɫɩɨɥɶɡɨɜаɧɢя ɞɥя аɩɩɪɨɤɫɢɦаɰɢɢ ɨɩɬɢчɟɫɤɢх ɜɟɬɜɟɣ ɮɨɧɨɧɧɨɝɨ ɫɩɟɤɬɪа 
ɬɜɟɪɞɨɝɨ ɬɟɥа. Ʉɪɨɦɟ ɬɨɝɨ, ɷɬа ɦɨɞɟɥɶ ɩɪɢɦɟɧяɟɬɫя ɞɥя ɨɩɢɫаɧɢя 
ɤɨɥɟɛаɬɟɥɶɧɨɣ ɫɨɫɬаɜɥяɸщɟɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɝаɡɨɜ. 

Ʉаɤ ɭɤаɡɵɜаɥɨɫɶ ɜɵɲɟ, ɩɪɟɞɫɬаɜɥɟɧɢɟ ɜ ɦɨɞɟɥɢ Эɣɧɲɬɟɣɧа аɬɨɦɨɜ ɤаɤ 
ɧɟɡаɜɢɫɢɦɵх ɨɫɰɢɥɥяɬɨɪɨɜ, ɤɨɥɟɛɥɸщɢхɫя ɫ ɨɞɢɧаɤɨɜɨɣ чаɫɬɨɬɨɣ, яɜɥяɟɬɫя 
чɪɟɡɦɟɪɧɨ ɭɩɪɨщɟɧɧɵɦ. В ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ аɬɨɦɵ ɤɪɢɫɬаɥɥа ɧɟ 
ɫɨɜɟɪɲаɸɬ ɧɟɡаɜɢɫɢɦɵх ɤɨɥɟɛаɧɢɣ, ɢ ɫɩɟɤɬɪ ɫɨɞɟɪɠɢɬ ɛɟɫɤɨɧɟчɧɨ ɛɨɥɶɲɨɟ 
чɢɫɥɨ чаɫɬɨɬ. Эɬɨɬ ɮаɤɬ ɭчɢɬɵɜаɟɬɫя ɜ ɦɨɞеɥɢ Ⱦеɛая. 

ȿɫɥɢ ɩɪɟɞɩɨɥɨɠɢɬɶ, чɬɨ ɜ ɢɧɬɟɪɜаɥɟ чаɫɬɨɬ ɨɬ   ɞɨ   + d  ɢɦɟɟɬɫя     dg  

ɧɨɪɦаɥɶɧɵх ɤɨɥɟɛаɧɢɣ, ɝɞɟ  g  - ɮɭɧɤɰɢя ɪаɫɩɪɟɞɟɥɟɧɢя ɧɨɪɦаɥɶɧɵх 
ɤɨɥɟɛаɧɢɣ ɩɨ чаɫɬɨɬаɦ, ɬɨ ɭɦɧɨɠая чɢɫɥɨ ɧɨɪɦаɥɶɧɵх ɤɨɥɟɛаɧɢɣ ɧа 
ɫɪɟɞɧɸɸ ɷɧɟɪɝɢɸ ..КɇE  ɧɨɪɦаɥɶɧɨɝɨ ɤɨɥɟɛаɧɢя (ɉ.1.4), ɩɨɥɭчɢɦ ɫɭɦɦаɪɧɭɸ 
ɷɧɟɪɝɢɸ ɧɨɪɦаɥɶɧɵх ɤɨɥɟɛаɧɢɣ ɪɟɲɟɬɤɢ, ɡаɤɥɸчɟɧɧɵх ɜ ɞаɧɧɨɦ ɢɧɬɟɪɜаɥɟ 
чаɫɬɨɬ: 

                             

ɉɪɨɢɧɬɟɝɪɢɪɨɜаɜ ɷɬɨ ɜɵɪаɠɟɧɢɟ ɩɨ ɜɫɟɦɭ ɫɩɟɤɬɪɭ ɧɨɪɦаɥɶɧɵх ɤɨɥɟɛаɧɢɣ, 
ɩɨɥɭчɢɦ ɷɧɟɪɝɢɸ ɬɟɩɥɨɜɵх ɤɨɥɟɛаɧɢɣ ɪɟɲɟɬɤɢ ɬɜɟɪɞɨɝɨ ɬɟɥа: 

                                            (ɉ.1.26) 

 Ɂаɞача ɧахɨɠɞɟɧɢя ɱаɫɬɨɬɧɨɝɨ ɫɩекɬɪа  g  ɪɟаɥɶɧɨɝɨ ɤɪɢɫɬаɥɥа 
яɜɥяɟɬɫя ɨчɟɧɶ ɫɥɨɠɧɨɣ ɢ ɬɪɭɞɨɟɦɤɨɣ, ɜ ɫɜяɡɢ ɫ чɟɦ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭчаɟɜ 
ɪаɫɫɦɨɬɪɟɧɢя ɬɟɩɥɨɟɦɤɨɫɬɢ ɪɟɲɟɬɤɢ ɩɪɟɞɩɨчɢɬаɸɬ ɩɨɥɶɡɨɜаɬɶɫя ɩɪɨɫɬɨɣ ɢ 
ɩɨɥɟɡɧɨɣ ɦɨɞɟɥɶɸ Дɟɛая. 
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Дɟɛаɣ ɩɪɟɞɥɨɠɢɥ ɬɪаɤɬɨɜаɬɶ ɫɩɟɤɬɪ чаɫɬɨɬ ɪɟаɥɶɧɨɝɨ ɬɜɟɪɞɨɝɨ ɬɟɥа ɤаɤ 
ɫɩɟɤɬɪ ɨɞɧɨɪɨɞɧɨɣ ɭɩɪɭɝɨɣ ɫɪɟɞɵ, ɧɨ ɩɪɢ ɷɬɨɦ ɫчɢɬаɬɶ, чɬɨ чɢɫɥɨ 
ɧɨɪɦаɥɶɧɵх ɤɨɥɟɛаɧɢɣ ɧɟ ɛɟɫɤɨɧɟчɧɨ, а ɪаɜɧɨ чɢɫɥɭ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ γN. 

ɉɨ ɷɬɨɣ ɩɪɢчɢɧɟ Дɟɛаɣ ɩɪɟɞɥɨɠɢɥ ɨɛɪɟɡаɬɶ ɫɩɟɤɬɪ ɧа ɧɟɤɨɬɨɪɨɣ ɩɪɟɞɟɥɶɧɨɣ 
ɦаɤɫɢɦаɥɶɧɨɣ чаɫɬɨɬɟ m ax , ɨɩɪɟɞɟɥяɟɦɨɣ ɢɡ ɭɫɥɨɜɢя, чɬɨ ɩɨɥɧɨɟ чɢɫɥɨ 
ɧɨɪɦаɥɶɧɵх ɤɨɥɟɛаɧɢɣ ɪаɜɧɨ 3N. 

Ɉɫɧɨɜɧɨɣ ɡаɞачɟɣ ɜ ɦɨɞɟɥɢ Дɟɛая яɜɥяɟɬɫя ɭɫɬаɧɨɜɥɟɧɢɟ ɜɢɞа ɮɭɧɤɰɢɢ  g . ȿɫɥɢ чɢɫɥɨ ɧɨɪɦаɥɶɧɵх ɤɨɥɟɛаɧɢɣ ɥɢɧɟɣɧɨɣ ɰɟɩɨчɤɢ аɬɨɦɨɜ ɫ ɞɥɢɧɨɣ 
ɜɨɥɧɵ, ɪаɜɧɨɣ ɢɥɢ ɛɨɥɶɲɟɣ λ, ɪаɜɧɨ ɩ = 2L/λ, ɝɞɟ L - ɞɥɢɧа ɰɟɩɨчɤɢ, ɬɨ 
аɧаɥɨɝɢчɧɵɦ ɨɛɪаɡɨɦ чɢɫɥɨ ɫɬɨячɢх ɜɨɥɧ ɜ ɬɪɟхɦɟɪɧɨɦ ɤɪɢɫɬаɥɥɟ ɨɛɴɟɦɨɦ 
V ɞɨɥɠɧɨ ɛɵɬɶ ɩɪɨɩɨɪɰɢɨɧаɥɶɧɨ V / λ 3. Таɤ ɤаɤ λ ~ ɡɜ  /ν, ɝɞɟ ɡɜ  - ɫɤɨɪɨɫɬɶ 
ɪаɫɩɪɨɫɬɪаɧɟɧɢя ɜɨɥɧ, ɬɨ ɩ з ν3. Ɉɬɫɸɞа чɢɫɥɨ ɧɨɪɦаɥɶɧɵх ɤɨɥɟɛаɧɢɣ ɜ 
ɢɧɬɟɪɜаɥɟ чаɫɬɨɬ ɨɬ   ɞɨ   + d  ɫɨɫɬаɜɥяɟɬ 

  2
g d d n A d      

ɝɞɟ А - ɤɨɧɫɬаɧɬа, а 

                 2 Ag   .    (ɉ.1.27) 

Таɤ ɤаɤ ɨɛщɟɟ чɢɫɥɨ ɧɨɪɦаɥɶɧɵх ɤɨɥɟɛаɧɢɣ, ɤɨɬɨɪɨɟ ɦɨɠɟɬ ɜɨɡɧɢɤɧɭɬɶ ɜ 
ɪɟɲɟɬɤɟ, ɪаɜɧɨ 3N, ɬɨ  g  ɞɨɥɠɧɨ ɭɞɨɜɥɟɬɜɨɪяɬɶ ɭɫɥɨɜɢɸ ɧɨɪɦɢɪɨɜɤɢ: 

                                            (ɉ.1.28) 

 

ɨɬɤɭɞа 3

max9 NA  . 

    Таɤɢɦ ɨɛɪаɡɨɦ, ɮɭɧɤɰɢя ɪаɫɩɪɟɞɟɥɟɧɢя  g  ɜ ɬɟɨɪɢɢ Дɟɛая ɢɦɟɟɬ ɜɢɞ 

                                                       (ɉ.1.29) 

     ɉɨɞɫɬаɜɥяя (ɉ.1.29) ɜ (ɉ.1.26), ɩɨɥɭчаɟɦ ɞɥя ɷɧɟɪɝɢɢ ɪɟɲɟɬɤɢ 

                                                     (ɉ.1.30) 

          Ɉɛɨɡɧачɢɦ kThx  , ɩɨɥɭчɢɦ 
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                              (ɉ.1.31) 

ɝɞɟ  
T

kThx D  max . Вɟɥɢчɢɧа khD max  , ɧаɡɵɜаɟɬɫя хаɪаɤɬɟɪɢɫɬɢчɟɫɤɨɣ 

ɬɟɦɩɟɪаɬɭɪɨɣ Дɟɛая. В ɤачɟɫɬɜɟ ɩɪɢɦɟɪа ɜ ɬаɛɥ. ɉ.1.1 ɩɪɢɜɟɞɟɧɵ 
хаɪаɤɬɟɪɢɫɬɢчɟɫɤɢɟ ɬɟɦɩɟɪаɬɭɪɵ ɞɥя ɧɟɤɨɬɨɪɵх хɢɦɢчɟɫɤɢх ɷɥɟɦɟɧɬɨɜ ɢ 
ɫɨɟɞɢɧɟɧɢɣ. 

Таɛɥɢɰа. ɉ.1.1 

 

Дɢɮɮɟɪɟɧɰɢɪɨɜаɧɢɟɦ (ɉ.1.31) ɩɨɥɭчаɟɦ ɜɵɪаɠɟɧɢɟ ɞɥя ɬɟɩɥɨɟɦɤɨɫɬɢ: 

                                      (ɉ.1.32) 

ɉɪɢ ɜɵɫɨɤɢх ɬɟɦɩɟɪаɬɭɪах (Ɍ >> D ) ɡɧаɦɟɧаɬɟɥɶ ɩɨɞ ɢɧɬɟɝɪаɥɨɦ ɜ (ɉ.1.32) 

ɦɨɠɧɨ ɪаɡɥɨɠɢɬɶ ɜ ɪяɞ ɢ, ɨɝɪаɧɢчɢɜаяɫɶ ɩɟɪɜɵɦ чɥɟɧɨɦ ɪаɡɥɨɠɟɧɢя, 
ɫчɢɬаɬɶ еɯ

 – 1≈ ɯ. Эɬɨ ɩɪɢɜɨɞɢɬ ɬаɤ ɠɟ, ɤаɤ ɢ ɜ ɦɨɞɟɥɢ Эɣɧɲɬɟɣɧа, ɤ 
ɡɧачɟɧɢɸ  Uɪеɲ  = 3RɌ  ɢ ɫɨɨɬɜɟɬɫɬɜɢɸ ɡаɤɨɧɭ Дɸɥɨɧɝа ɢ ɉɬɢ ɞɥя 
ɬɟɩɥɨɟɦɤɨɫɬɢ. 

ɍчɟɬ ɫɥɟɞɭɸщɢх чɥɟɧɨɜ ɜ ɪаɡɥɨɠɟɧɢɢ Uɪеɲ ɜɢɞа (ɉ.1.γ1) ɞаɟɬ ɧɟ-

ɡɧачɢɬɟɥɶɧɵɟ ɜɵɫɨɤɨɬɟɦɩɟɪаɬɭɪɧɵɟ ɤɜаɧɬɨɜɵɟ ɩɨɩɪаɜɤɢ ɤ ɡаɤɨɧɭ Дɸɥɨɧɝа ɢ 
ɉɬɢ: 

                                                                  (ɉ.1.33) 

ɉɪɢ ɧɢɡɤɢх ɬɟɦɩɟɪаɬɭɪах (Ɍ << D ) xmax → ∞. В ɷɬɨɦ ɫɥɭчаɟ ɢɧɬɟɝɪаɥ 

                                                

(ɬаɛɭɥɢɪɨɜаɧɧɨɟ ɡɧачɟɧɢɟ ɞɡɟɬа-ɮɭɧɤɰɢɢ Ɋɢɦаɧа). Дɥя ɷɬɨɝɨ ɫɥɭчая ɷɧɟɪɝɢя 
ɪɟɲɟɬɤɢ 
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а ɡɧачɟɧɢɟ ɬɟɩɥɨɟɦɤɨɫɬɢ 

                                                              (ɉ.1.34) 

Эɬа ɩɪɢɛɥɢɠɟɧɧая ɡаɜɢɫɢɦɨɫɬɶ ɜ ɨɛɥаɫɬɢ ɧɢɡɤɢх ɬɟɦɩɟɪаɬɭɪ ɢɡɜɟɫɬɧа ɤаɤ 
ɡаɤɨɧ T

3
 Дɟɛая. ɉɨɥɭчɟɧɧая ɩɨ ɬɟɨɪɢɢ Дɟɛая ɡаɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɟɦɤɨɫɬɢ ɨɬ 

ɩɪɢɜɟɞɟɧɧɨɣ ɬɟɦɩɟɪаɬɭɪɵ T / șD хɨɪɨɲɨ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɷɤɫɩɟɪɢɦɟɧɬɭ (ɪɢɫ. 
ɉ.1.4). 

 

                          

Ɋɢɫ. ɉ.1.4. Тɟɨɪɟɬɢчɟɫɤая ɤɪɢɜая ɡаɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨɟɦɤɨɫɬɢ ɬɜɟɪɞɵх ɬɟɥ ɨɬ ɩɪɢɜɟɞɟɧɧɨɣ 
ɬɟɦɩɟɪаɬɭɪɵ ɜ ɫɪаɜɧɟɧɢɢ ɫ ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɵɦɢ ɞаɧɧɵɦɢ. 

 

Ʉачɟɫɬɜɟɧɧɨ ɨɛɴяɫɧɢɬɶ ɡаɤɨɧ T
3
 Дɟɛая ɦɨɠɧɨ ɫɥɟɞɭɸщɢɦ ɨɛɪаɡɨɦ. В 

ɨɛɥаɫɬɢ ɧɢɡɤɢх ɬɟɦɩɟɪаɬɭɪ ɫɪɟɞɧяя ɷɧɟɪɝɢя ɤаɠɞɨɝɨ ɧɨɪɦаɥɶɧɨɝɨ ɤɨɥɟɛаɧɢя 
ɪаɫɬɟɬ ɩɪɨɩɨɪɰɢɨɧаɥɶɧɨ аɛɫɨɥɸɬɧɨɣ ɬɟɦɩɟɪаɬɭɪɟ Ɍ: 

                               

Эɬɨɬ ɪɨɫɬ ɨɛɭɫɥɨɜɥɟɧ ɬɟɦ, чɬɨ ɫ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪаɬɭɪɵ ɩɪɨɢɫхɨɞɢɬ 
ɭɜɟɥɢчɟɧɢɟ ɫɬɟɩɟɧɢ ɜɨɡɛɭɠɞɟɧɢя ɧɨɪɦаɥɶɧɨɝɨ ɤɨɥɟɛаɧɢя, ɤɨɬɨɪɨɟ ɢ 
ɩɪɢɜɨɞɢɬ ɤ ɪɨɫɬɭ ɟɝɨ ɫɪɟɞɧɟɣ ɷɧɟɪɝɢɢ. ɉɨɦɢɦɨ ɷɬɨɝɨ, ɜ ɨɛɥаɫɬɢ ɧɢɡɤɢх 
ɬɟɦɩɟɪаɬɭɪ ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪаɬɭɪɵ ɜɵɡɵɜаɟɬ ɜɨɡɛɭɠɞɟɧɢɟ ɧɨɜɵх 
ɧɨɪɦаɥɶɧɵх ɤɨɥɟɛаɧɢɣ ɫ ɛɨɥɟɟ ɜɵɫɨɤɢɦɢ чаɫɬɨɬаɦɢ. ɋчɢɬая, чɬɨ ɩɪɢ 
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ɬɟɦɩɟɪаɬɭɪɟ Ɍ ɜɨɡɛɭɠɞаɸɬɫя ɜɫɟ ɧɨɪɦаɥɶɧɵɟ ɤɨɥɟɛаɧɢя ɜɩɥɨɬɶ ɞɨ чаɫɬɨɬɵ 
hkT , ɧаɣɞɟɦ ɢх чɢɫɥɨ z: 

                                               (ɉ.1.35) 

Таɤɢɦ ɨɛɪаɡɨɦ, ɜ ɨɛɥаɫɬɢ ɧɢɡɤɢх ɬɟɦɩɟɪаɬɭɪ ɷɧɟɪɝɢя ɤɪɢɫɬаɥɥа ɫ 
ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪаɬɭɪɵ ɭɜɟɥɢчɢɜаɟɬɫя ɜɫɥɟɞɫɬɜɢɟ ɞɜɭх ɦɟхаɧɢɡɦɨɜ: 

1)  ɪɨɫɬа ɫɪɟɞɧɟɣ ɷɧɟɪɝɢɢ  ..КɇE  ɤаɠɞɨɝɨ ɧɨɪɦаɥɶɧɨɝɨ ɤɨɥɟɛаɧɢя 

ɢɡ-ɡа ɩɨɜɵɲɟɧɢя ɫɬɟɩɟɧɢ ɟɝɨ ɜɨɡɛɭɠɞɟɧɢя ( ..КɇE  з Ɍ ) ɢ 

2)  ɪɨɫɬа чɢɫɥа ɜɨɡɛɭɠɞɟɧɧɵх ɧɨɪɦаɥɶɧɵх ɤɨɥɟɛаɧɢɣ ɪɟɲɟɬɤɢ z (z ~ T
3
). 

ɉɨɷɬɨɦɭ ɜ ɰɟɥɨɦ ɫ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪаɬɭɪɵ ɷɧɟɪɝɢя ɪɟɲɟɬɤɢ ɪаɫɬɟɬ 
ɩɪɨɩɨɪɰɢɨɧаɥɶɧɨ Ɍ4, а ɬɟɩɥɨɟɦɤɨɫɬɶ - ɩɪɨɩɨɪɰɢɨɧаɥɶɧɨ Ɍ3

. 

ɉɪɢ ɞɨɫɬаɬɨчɧɨ ɧɢɡɤɢх ɬɟɦɩɟɪаɬɭɪах ɩɪɢɛɥɢɠɟɧɧɵɣ ɡаɤɨɧ Дɟɛая 
ɫɨɛɥɸɞаɟɬɫя хɨɪɨɲɨ, ɬаɤ ɤаɤ ɜ ɷɬɨɣ ɨɛɥаɫɬɢ ɬɟɦɩɟɪаɬɭɪ ɜɨɡɛɭɠɞаɸɬɫя ɥɢɲɶ 
ɤɨɥɟɛаɧɢя аɤɭɫɬɢчɟɫɤɨɣ ɜɟɬɜɢ, ɨɬɜɟчаɸщɢɟ ɞɥɢɧɧɵɦ ɜɨɥɧаɦ, ɬ.ɟ. ɢɦɟɧɧɨ ɬɟ 
ɤɨɥɟɛаɧɢя, ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɫчɢɬаɬɶ хаɪаɤɬɟɪɧɵɦɢ ɞɥя ɧɟɩɪɟɪɵɜɧɨɣ ɭɩɪɭɝɨɣ 
ɫɪɟɞɵ, ɨɩɢɫɵɜаɟɦɨɣ ɦаɤɪɨɫɤɨɩɢчɟɫɤɢɦɢ ɭɩɪɭɝɢɦɢ ɩɨɫɬɨяɧɧɵɦɢ. Таɤɢɦ 
ɨɛɪаɡɨɦ, ɜ ɨɛɨɢх ɩɪɟɞɟɥɶɧɵх ɫɥɭчаях ɬɟɨɪɢя Дɟɛая ɩɪɢɜɨɞɢɬ ɤ ɩɪаɜɢɥɶɧɵɦ 
ɪɟɡɭɥɶɬаɬаɦ, чɟɦ ɢ ɨɛɴяɫɧяɟɬɫя ɫɪаɜɧɢɬɟɥɶɧɨ хɨɪɨɲɟɟ ɟɟ ɫɨɝɥаɫɢɟ ɫ ɷɤɫ-

ɩɟɪɢɦɟɧɬɨɦ, ɧɟɫɦɨɬɪя ɧа ɫɭщɟɫɬɜɟɧɧɨɟ ɨɬɥɢчɢɟ ɫɩɟɤɬɪа Дɟɛая (ɉ.1.29) ɨɬ 
ɫɩɟɤɬɪа ɤɨɥɟɛаɧɢɣ ɪɟаɥɶɧɵх ɤɪɢɫɬаɥɥɨɜ (ɪɢɫ. ɉ.1.5). В ɩɪɨɦɟɠɭɬɨчɧɨɣ ɠɟ 
ɨɛɥаɫɬɢ ɫɪɟɞɧɢх ɬɟɦɩɟɪаɬɭɪ ɧɟɥɶɡя ɢɡ (ɉ.1.32) ɩɨɥɭчɢɬɶ яɜɧɨɟ ɜɵɪаɠɟɧɢɟ ɞɥя 
ɬɟɩɥɨɟɦɤɨɫɬɢ. 

 

                                           

Ɋɢɫ. ɉ.1.5. ɋɩɟɤɬɪ ɤɨɥɟɛаɧɢɣ ɪɟɲɟɬɤɢ ɜаɧаɞɢя ɩɨ ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɵɦ ɞаɧɧɵɦ (ɫɩɥɨɲɧая 
ɥɢɧɢя) ɢ ɩɪɢɛɥɢɠɟɧɢɟ Дɟɛая (ɩɭɧɤɬɢɪ). 
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Ɉɛɵчɧɨ ɩɪɢɦɟɧɢɦɨɫɬɶ ɩɪɢɛɥɢɠɟɧɢя Дɟɛая ɩɪɨɜɟɪяɸɬ, ɜɵчɢɫɥяя  TD  

ɤаɤ ɮɭɧɤɰɢɸ ɬɟɦɩɟɪаɬɭɪɵ ɢ ɡаɬɟɦ ɫɨɩɨɫɬаɜɥяя ɬɟɨɪɟɬɢчɟɫɤɭɸ ɢ 
ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɭɸ ɤɪɢɜɵɟ ɡаɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨɟɦɤɨɫɬɢ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ. ȿɫɥɢ 
ɩɪɢɛɥɢɠɟɧɢɟ Дɟɛая ɫɬɪɨɝɨ ɫɩɪаɜɟɞɥɢɜɨ, ɬɨ ɜɵчɢɫɥɟɧɧɵɟ ɭɤаɡаɧɧɵɦ ɩɭɬɟɦ 
ɡɧачɟɧɢя D  ɧɟ ɡаɜɢɫяɬ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ. Ɉɞɧаɤɨ ɨɤаɡɵɜаɟɬɫя, чɬɨ ɞɥя ɪяɞа 
ɬɜɟɪɞɵх ɬɟɥ ɢɦɟɟɬɫя ɡɧачɢɬɟɥɶɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɵх ɤɪɢɜɵх  TD  ɨɬ ɩɪяɦɨɣ, ɩаɪаɥɥɟɥɶɧɨɣ ɨɫɢ T, ɤɨɬɨɪая ɞɨɥɠɧа ɛɵɥа ɛɵ ɢɦɟɬɶ ɦɟɫɬɨ ɜ 
ɬɟɨɪɢɢ Дɟɛая (ɪɢɫ. ɉ.1.6) [180,181]. 

 

 

                              

Ɋɢɫ. ɉ.1.6. Ɂаɜɢɫɢɦɨɫɬɶ D   ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɞɥя ɫɟɪɟɛɪа (ɫɩɥɨɲɧая ɥɢɧɢя — ɬɟɨɪɢя, 
ɩɭɧɤɬɢɪɧая - ɷɤɫɩɟɪɢɦɟɧɬ). 

 

Таɤɢɦ ɨɛɪаɡɨɦ, ɨɛɥаɫɬɶ ɬɟɦɩɟɪаɬɭɪ, ɝɞɟ ɜɵɩɨɥɧяɟɬɫя ɩɪɢɛɥɢɠɟɧɧɵɣ ɡаɤɨɧ 
T

3
 Дɟɛая, ɞɥя ɪɟаɥɶɧɵх ɜɟщɟɫɬɜ ɪаɫɩɨɥаɝаɟɬɫя ɡɧачɢɬɟɥɶɧɨ ɧɢɠɟ, чɟɦ ɦɨɠɧɨ 

ɛɵɥɨ ɛɵ ɩɪɟɞɩɨɥɨɠɢɬɶ ɢɡ ɬɟɨɪɢɢ. 

ɇаɢɛɨɥɟɟ ɫɢɥɶɧɨɟ ɧɟɫɨɨɬɜɟɬɫɬɜɢɟ ɬɟɨɪɢɢ Дɟɛая ɫ ɷɤɫɩɟɪɢɦɟɧɬɨɦ ɢɦɟɟɬ 
ɦɟɫɬɨ ɞɥя ɬɜɟɪɞɵх ɬɟɥ ɫɨ ɫɥɨɠɧɵɦɢ ɪɟɲɟɬɤаɦɢ, ɬаɤ ɤаɤ ɜ ɷɬɨɦ ɫɥɭчаɟ 
ɮɭɧɤɰɢя ɪаɫɩɪɟɞɟɥɟɧɢя   g  ɢɦɟɟɬ ɫɥɨɠɧɵɣ ɜɢɞ, ɫɢɥɶɧɨ ɨɬɥɢчаɸщɢɣɫя ɨɬ 
ɜɵɪаɠɟɧɢя (ɉ.1.29). 

Дɥя ɨɰɟɧɤɢ ɡɧачɟɧɢя ɬɟɦɩɟɪаɬɭɪɵ Дɟɛая ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜаɬɶ 
ɩɨɥɭɷɦɩɢɪɢчɟɫɤɭɸ ɮɨɪɦɭɥɭ Ʌɢɧɞеɦаɧа, ɫɜяɡɵɜаɸщɭɸ ɷɬɭ ɬɟɦɩɟɪаɬɭɪɭ ɫ 
ɬɟɦɩɟɪаɬɭɪɨɣ ɩɥаɜɥɟɧɢя Ɍɩɥ, аɬɨɦɧɨɣ ɦаɫɫɨɣ А ɢ аɬɨɦɧɵɦ ɨɛɴɟɦɨɦ V ɦɟɬаɥɥа: 
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Эɬɭ ɮɨɪɦɭɥɭ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜаɬɶ ɢ ɞɥя ɫɨɟɞɢɧɟɧɢɣ ɢɡ ɞɜɭх аɬɨɦɨɜ ɫ 
ɦаɫɫаɦɢ А1 ɢ А2, ɩɨɥаɝая А=

21AA . ɇаɢɛɨɥɶɲɟɟ ɨɬɤɥɨɧɟɧɢɟ ɡɧачɟɧɢɣ 
хаɪаɤɬɟɪɢɫɬɢчɟɫɤɨɣ ɬɟɦɩɟɪаɬɭɪɵ, ɩɨɥɭчɟɧɧɵх ɩɨ ɮɨɪɦɭɥɟ Ʌɢɧɞɟɦаɧа, ɨɬ 
ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɵх ɡɧачɟɧɢɣ ɧаɛɥɸɞаɸɬɫя ɞɥя ɜɟщɟɫɬɜ ɫ ɧɢɡɤɨɣ 
ɫɢɦɦɟɬɪɢɟɣ ɪɟɲɟɬɤɢ. 

     ɂɡɥɨɠɟɧɧɵɣ ɜɵɲɟ аɧаɥɢɡ ɩɪɨɛɥɟɦɵ ɬɟɩɥɨɜɵх ɤɨɥɟɛаɧɢɣ аɬɨɦɨɜ ɢ 
ɬɟɩɥɨɟɦɤɨɫɬɢ ɪɟɲɟɬɤɢ ɩɪɨɜɟɞɟɧ ɜ ɝаɪɦɨɧɢɱеɫкɨɦ ɩɪɢɛɥɢɠеɧɢɢ, ɫɨɝɥаɫɧɨ 
ɤɨɬɨɪɨɦɭ ɫɢɥɵ, ɜɨɡɧɢɤаɸщɢɟ ɩɪɢ ɫɦɟщɟɧɢɢ аɬɨɦа ɢɡ ɩɨɥɨɠɟɧɢя 
ɪаɜɧɨɜɟɫɢя, ɩɪɨɩɨɪɰɢɨɧаɥɶɧɵ ɫɦɟщɟɧɢɸ, а ɩɨɬɟɧɰɢаɥɶɧая ɷɧɟɪɝɢя 
ɫɦɟщɟɧɧɨɣ чаɫɬɢɰɵ ɩɪɨɩɨɪɰɢɨɧаɥɶɧа ɤɜаɞɪаɬɭ ɫɦɟщɟɧɢя. Ɉɞɧаɤɨ ɷɬɨ 
ɫɩɪаɜɟɞɥɢɜɨ ɬɨɥɶɤɨ ɩɪɢ ɦаɥɨɣ ɷɧɟɪɝɢɢ ɤɨɥɟɛаɧɢɣ, ɬ. ɟ. ɩɪɢ ɞɨɫɬаɬɨчɧɨ 
ɧɢɡɤɢх ɬɟɦɩɟɪаɬɭɪах. ɋ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪаɬɭɪɵ ɫɬаɧɨɜɢɬɫя ɫɭщɟɫɬɜɟɧɧɵɦ 
аɧɝаɪɦɨɧɢчɟɫɤɢɣ хаɪаɤɬɟɪ ɤɨɥɟɛаɧɢɣ, ɨɛɭɫɥɨɜɥɟɧɧɵɣ аɫɢɦɦɟɬɪɢɟɣ ɤɪɢɜɨɣ 
ɡаɜɢɫɢɦɨɫɬɢ ɷɧɟɪɝɢɢ ɜɡаɢɦɨɞɟɣɫɬɜɢя чаɫɬɢɰ ɨɬ ɪаɫɫɬɨяɧɢя ɦɟɠɞɭ ɧɢɦɢ. 
ɍчɟɬ аɧɝаɪɦɨɧɢɡɦа ɤɨɥɟɛаɧɢɣ аɬɨɦɨɜ ɩɪɢɜɨɞɢɬ ɤ ɩɨɩɪаɜɤаɦ ɤ ɬɟɩɥɨɟɦɤɨɫɬɢ 
ɩɪɢ ɜɵɫɨɤɢх ɬɟɦɩɟɪаɬɭɪах. ɉɪɢ ɧɢɡɤɢх ɬɟɦɩɟɪаɬɭɪах ɷɬɢ ɩɨɩɪаɜɤɢ ɦаɥɵ ɢ 
ɩɪаɤɬɢчɟɫɤɢ ɧɟ ɜɥɢяɸɬ ɧа ɧаɛɥɸɞаɟɦɭɸ ɬɟɩɥɨɟɦɤɨɫɬɶ. Аɧɝаɪɦɨɧɢчɟɫɤɢɣ 
хаɪаɤɬɟɪ ɤɨɥɟɛаɧɢɣ аɬɨɦɨɜ ɩɨɞɬɜɟɪɠɞаɟɬɫя ɧаɥɢчɢɟɦ ɬɟɩɥɨɜɨɝɨ 
ɪаɫɲɢɪɟɧɢя ɬɜɟɪɞɵх ɬɟɥ, ɨɩɢɫɵɜаɟɦɨɝɨ ɫ ɩɨɦɨщɶɸ ɫɨхɪаɧɟɧɢя чɥɟɧɨɜ 
ɬɪɟɬɶɟɝɨ ɢ ɛɨɥɟɟ ɜɵɫɨɤɢх ɩɨɪяɞɤɨɜ ɜ ɪаɡɥɨɠɟɧɢɢ ɩɨɬɟɧɰɢаɥɶɧɨɣ ɷɧɟɪɝɢɢ 
ɪɟɲɟɬɤɢ  xU  ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɦɟщɟɧɢɣ аɬɨɦɨɜ ɯ: 

             U(ɯ) = аɯ2
- ɜɯ3

 -ɫɯ4
,                                    (ɉ.1.36) 

ɝɞɟ а, b ɢ ɫ - ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɤɨɧɫɬаɧɬɵ. ɑɥɟɧ   ɩɪɢ  ɯ3
   ɨɩɢɫɵɜаɟɬ 

аɫɢɦɦɟɬɪɢɸ ɜɡаɢɦɧɨɝɨ ɨɬɬаɥɤɢɜаɧɢя аɬɨɦɨɜ, чɥɟɧ ɩɪɢ ɯ4
 - ɫɝɥаɠɢɜаɧɢɟ 

ɤɨɥɟɛаɧɢɣ ɩɪɢ ɛɨɥɶɲɢх аɦɩɥɢɬɭɞах. 

ɍɱеɬ аɧɝаɪɦɨɧɢɡɦа кɨɥеɛаɧɢɣ аɬɨɦɨɜ ɜ ɭɡɥах ɤɪɢɫɬаɥɥɢчɟɫɤɨɣ ɪɟɲɟɬɤɢ 
ɩɪɢɜɨɞɢɬ ɤ ɫɥɟɞɭɸщɟɦɭ ɜɵɪаɠɟɧɢɸ ɞɥя ɬɟɩɥɨɟɦɤɨɫɬɢ: 

                                                           (ɉ.1.37) 

ɂɡ (ɉ.1.37) ɜɢɞɧɨ, чɬɨ аɧɝаɪɦɨɧɢчɟɫɤɢɟ чɥɟɧɵ ɜ (ɉ.1.36) ɩɪɢɜɨɞяɬ ɤ 
ɩɨяɜɥɟɧɢɸ ɞɨɛаɜɨчɧɨɝɨ чɥɟɧа ɜ ɮɨɪɦɭɥɟ Дɸɥɨɧɝа ɢ ɉɬɢ, ɥɢɧɟɣɧɨ 
ɡаɜɢɫящɟɝɨ ɨɬ Ɍ. Ɉɞɧаɤɨ ɷɬа ɩɨɩɪаɜɤа чаɫɬɢчɧɨ ɦаɫɤɢɪɭɟɬɫя 
ɜɵɫɨɤɨɬɟɦɩɟɪаɬɭɪɧɨɣ ɤɜаɧɬɨɜɨɣ ɩɨɩɪаɜɤɨɣ (ɉ.1.33). 

Ɂаɦɟɬɢɦ, чɬɨ ɷɬɨɬ ɞɨɛаɜɨчɧɵɣ чɥɟɧ ɦаɥ ɩɨ ɫɪаɜɧɟɧɢɸ ɫ γR. 

П.1.1.2.3. Ɍеɩɥɨеɦɤɨɫтɶ ɷɥеɤтɪɨɧɨв ɩɪɨвɨɞиɦɨɫти в ɦетаɥɥаɯ.  

ɉɪɨɛɥɟɦа ɬɟɩɥɨɟɦɤɨɫɬɢ ɷɥɟɤɬɪɨɧɨɜ ɩɪɨɜɨɞɢɦɨɫɬɢ ɧа ɪаɧɧɟɦ ɷɬаɩɟ 
ɪаɡɜɢɬɢя ɷɥɟɤɬɪɨɧɧɨɣ ɬɟɨɪɢɢ ɦɟɬаɥɥɨɜ ɨɤаɡаɥаɫɶ ɧɟɩɪɟɨɞɨɥɢɦɨ ɬɪɭɞɧɨɣ. 



234 

 

ȿɫɥɢ ɛɵ ɷɥɟɤɬɪɨɧɵ ɜɟɥɢ ɫɟɛя ɤаɤ ɫɜɨɛɨɞɧɵɟ ɤɥаɫɫɢчɟɫɤɢɟ чаɫɬɢɰɵ, ɬɨ ɢх 
ɷɧɟɪɝɢя ɛɵɥа ɛɵ ɪаɜɧа - NkT

2

3 , а ɢх ɜɤɥаɞ ɜ ɬɟɩɥɨɟɦɤɨɫɬɶ ɫɨɫɬаɜɥяɥ ɛɵ - 

Nk
2

3 , ɝɞɟ N - ɩɨɥɧɨɟ чɢɫɥɨ ɷɥɟɤɬɪɨɧɨɜ. Дɥя ɨɞɧɨɜаɥɟɧɬɧɵх   ɦɟɬаɥɥɨɜ    

ɦɨɥɶɧая    ɷɥɟɤɬɪɨɧɧая    ɬɟɩɥɨɟɦɤɨɫɬɶ RC
ɷɥ

V
2

3 . Ɉɞɧаɤɨ ɷɤɫɩɟɪɢɦɟɧɬɵ  

ɩɨɤаɡɵɜаɥɢ,  чɬɨ  ɷɥɟɤɬɪɨɧɧɵɣ ɜɤɥаɞ  ɜ  ɬɟɩɥɨɟɦɤɨɫɬɶ  ɩɪɢ  ɤɨɦɧаɬɧɨɣ  
ɬɟɦɩɟɪаɬɭɪɟ   ɫɨɫɬаɜɥяɟɬ ɨɛɵчɧɨ ɧɟ ɛɨɥɟɟ 0,01 ɨɬ ɷɬɨɣ ɜɟɥɢчɢɧɵ. 

     Ɋɟɲɟɧɢɟ ɷɬɨɣ ɩɪɨɛɥɟɦɵ ɦɨɝɥɨ ɛɵɬɶ ɩɪɨɜɟɞɟɧɨ ɥɢɲɶ ɩɨɫɥɟ ɨɬɤɪɵɬɢя 
ɩɪɢɧɰɢɩа ɉаɭɥɢ ɢ ɮɭɧɤɰɢɢ ɪаɫɩɪɟɞɟɥɟɧɢя Ɏɟɪɦɢ. В ɪаɦɤах ɤɜаɧɬɨɜɨɣ 
ɬɟɨɪɢɢ ɬɟɩɥɨɜɨɟ ɜɨɡɛɭɠɞɟɧɢɟ ɢɫɩɵɬɵɜаɸɬ ɥɢɲɶ ɷɥɟɤɬɪɨɧɵ, ɧахɨɞящɢɟɫя ɜ 
ɫɨɫɬɨяɧɢях ɫ ɷɧɟɪɝɢяɦɢ ɜ ɢɧɬɟɪɜаɥɟ kɌ ɜɛɥɢɡɢ ɭɪɨɜɧя Ɏɟɪɦɢ FF kTE  . 

Тɨɝɞа ɬɟɩɥɨɜɨɟ ɜɨɡɛɭɠɞɟɧɢɟ ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪаɬɭɪɵ ɨɬ 0 ɞɨ T ɦɨɠɟɬ 
ɢɫɩɵɬɵɜаɬɶ ɥɢɲɶ чаɫɬɶ ɢх ɩɨɪяɞɤа  зɌ/ɌF, ɬаɤ ɤаɤ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɢɦɟɧɧɨ 
ɬаɤая ɢх ɞɨɥя ɨɛɥаɞаɟɬ ɷɧɟɪɝɢяɦɢ ɜ ɢɧɬɟɪɜаɥɟ kɌ ɜ ɜɟɪхɧɟɣ чаɫɬɢ 
ɷɧɟɪɝɟɬɢчɟɫɤɨɝɨ ɪаɫɩɪɟɞɟɥɟɧɢя. Ʉаɠɞɵɣ ɢɡ  

FTTN~  ɷɥɟɤɬɪɨɧɨɜ ɨɛɥаɞаɟɬ 
ɩɪɢɨɛɪɟɬɟɧɧɨɣ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɟɣ ɩɨɪяɞɤа kɌ, а ɩɨɥɧая ɷɧɟɪɝɢя ∆ȿ ɬɟɩ-

ɥɨɜɨɝɨ ɜɨɡɛɭɠɞɟɧɢя ɷɥɟɤɬɪɨɧɨɜ ɫɨɫɬаɜɥяɟɬ ɜɟɥɢчɢɧɭ ɩɨɪяɞɤа 

                                                 

Эɥɟɤɬɪɨɧɧɭɸ ɬɟɩɥɨɟɦɤɨɫɬɶ ɷɥ
VC  ɩɨɥɭчаɟɦ ɨɛɵчɧɵɦ ɩɭɬɟɦ, ɞɢɮɮɟɪɟɧɰɢɪɭя 

ɷɧɟɪɝɢɸ ɩɨ ɬɟɦɩɟɪаɬɭɪɟ: 

              .              (ɉ.1.38) 

Ɉɬɫɸɞа ɫɥɟɞɭɟɬ, чɬɨ ɷɥекɬɪɨɧɧая ɬеɩɥɨеɦкɨɫɬɶ ɥɢɧеɣɧɨ ɡаɜɢɫɢɬ ɨɬ 
ɬеɦɩеɪаɬɭɪɵ ɜ ɩɨɥɧɨɦ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɷɤɫɩɟɪɢɦɟɧɬɨɦ. ɋ ɭчɟɬɨɦ ɬɨɝɨ, чɬɨ 
ɬɟɦɩɟɪаɬɭɪа Ɏɟɪɦɢ ɌF з η∙104

 Ʉ, ɨɰɟɧɢɦ ɜɟɥɢчɢɧɭ ɷɥɟɤɬɪɨɧɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ 
ɞɥя ɨɞɧɨɜаɥɟɧɬɧɵх ɦɟɬаɥɥɨɜ. Вɟɥɢчɢɧа ɷɥ

VC  ɩɪɢ ɤɨɦɧаɬɧɨɣ ɬɟɦɩɟɪаɬɭɪɟ 
ɩɨɥɭчаɟɬɫя ɩɪɢɦɟɪɧɨ ɜ ɫɬɨ ɪаɡ ɦɟɧɶɲɟ ɤɥаɫɫɢчɟɫɤɨɝɨ ɡɧачɟɧɢя  R23 . 

Ȼɨɥɟɟ ɫɬɪɨɝɢɣ ɪаɫчɟɬ ɩɪɢɜɨɞɢɬ ɤ ɫɥɟɞɭɸщɟɦɭ ɜɵɪаɠɟɧɢɸ ɞɥя 
ɷɥɟɤɬɪɨɧɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ: 

                                                   (ɉ.1.39) 

ɤɨɬɨɪɨɟ ɧахɨɞɢɬɫя ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɨɥɭчɟɧɧɵɦ ɜɵɲɟ ɤачɟɫɬɜɟɧɧɵɦ 
ɪɟɡɭɥɶɬаɬɨɦ. Ʉɨɷɮɮɢɰɢɟɧɬ Ȗ ɧаɡɵɜаɟɬɫя кɨɷɮɮɢɰɢеɧɬɨɦ ɷɥекɬɪɨɧɧɨɣ 
ɬеɩɥɨеɦкɨɫɬɢ. 
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ɉɪɢ ɞɨɫɬаɬɨчɧɨ ɧɢɡɤɢх ɬɟɦɩɟɪаɬɭɪах ɷɥɟɤɬɪɨɧɧая ɞɨɥя ɬɟɩɥɨɟɦɤɨɫɬɢ 
ɫɬаɧɨɜɢɬɫя ɛɨɥɶɲɟ ɞɨɥɢ ɪɟɲɟɬɤɢ, ɬаɤ ɤаɤ ɩɨɫɥɟɞɧяя ɭɛɵɜаɟɬ ɩɨ ɡаɤɨɧɭ T

3
 

(ɪɢɫ. ɉ.1.7). В ɪɟɡɭɥɶɬаɬɟ ɧɢɠɟ ɧɟɤɨɬɨɪɨɣ ɬɟɦɩɟɪаɬɭɪɵ ɷɥɟɤɬɪɨɧɧɵɣ ɜɤɥаɞ ɜ 
ɬɟɩɥɨɟɦɤɨɫɬɶ ɦɟɬаɥɥɨɜ ɛɭɞɟɬ ɜɫɟɝɞа ɩɪɟɨɛɥаɞаɬɶ. 

      

                                 

Ɋɢɫ. ɉ.1.7. Вɤɥаɞɵ ɷɥɟɤɬɪɨɧɧɨɣ ɢ ɪɟɲɟɬɨчɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɩɪɢ ɧɢɡɤɢх ɬɟɦɩɟɪаɬɭɪах. 

 

     Ɉɰɟɧɤа ɷɬɨɣ ɬɟɦɩɟɪаɬɭɪɵ ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɜɟɞɟɧа ɩɪяɦɵɦ ɫɪаɜɧɟɧɢɟɦ 
ɜɵɪаɠɟɧɢɣ (ɉ.1.34)ɢ (ɉ.1.39), чɬɨ ɞаɟɬ ɞɥя 2103 D Ʉ ɢ 4105 FT Ʉ 

ɡɧачɟɧɢɟ γ - 4 Ʉ, чɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ DT  0,01. ɉɪɢ ɛɨɥɟɟ ɜɵɫɨɤɢх 
ɬɟɦɩɟɪаɬɭɪах ɬɟɩɥɨɟɦɤɨɫɬɶ ɨɩɪɟɞɟɥяɟɬɫя ɜ ɨɫɧɨɜɧɨɦ ɪɟɲɟɬɨчɧɵɦ 
(ɮɨɧɨɧɧɵɦ) ɜɤɥаɞɨɦ. ɉɪɢ ɬɟɦɩɟɪаɬɭɪах ɦɧɨɝɨ ɧɢɠɟ D ɬɟɩɥɨɟɦɤɨɫɬɶ 
ɦɟɬаɥɥɨɜ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬаɜɥɟɧа ɜ ɜɢɞɟ ɫɭɦɦɵ ɞɜɭх чɥɟɧɨɜ, ɨɞɢɧ ɢɡ 
ɤɨɬɨɪɵх ɩɪɟɞɫɬаɜɥяɟɬ ɜɤɥаɞ ɷɥɟɤɬɪɨɧɨɜ ɩɪɨɜɨɞɢɦɨɫɬɢ, а ɞɪɭɝɨɣ - ɪɟɲɟɬɤɢ: 

                   3
TTCCC

ɪеɲ
V

ɷɥ
VV    (ɉ.1.40) 

ɝɞɟ   ɡаɞаɟɬɫя ɮɨɪɦɭɥɨɣ (ɉ1.34). 

     Вɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɩɨяɜɥяɟɬɫя ɜɨɡɦɨɠɧɨɫɬɶ ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɨɝɨ 
ɨɩɪɟɞɟɥɟɧɢя ɤɨɷɮɮɢɰɢɟɧɬɨɜ α ɢ Ȗ ɢɡ ɧɢɡɤɨɬɟɦɩɟɪаɬɭɪɧɵх ɢɡɦɟɪɟɧɢɣ. ȿɫɥɢ 
ɦɵ ɩɟɪɟɩɢɲɟɦ (ɉ.1.40) ɜ ɮɨɪɦɟ 

                                                 

ɬɨ ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɵɣ ɝɪаɮɢɤ ɡаɜɢɫɢɦɨɫɬɢ ɜɟɥɢчɢɧɵ ɋV/Ɍ ɨɬ T
2
 ɞɨɥɠɟɧ 

ɩɪɟɞɫɬаɜɥяɬɶ ɩɪяɦɭɸ ɥɢɧɢɸ, ɩɟɪɟɫɟчɟɧɢɟ ɤɨɬɨɪɨɣ ɫ ɨɫɶɸ ɨɪɞɢɧаɬ ɞаɟɬ 
ɜɟɥɢчɢɧɭ Ȗ, а ɧаɤɥɨɧ ɩɪяɦɨɣ - ɜɟɥɢчɢɧɭ α, ɬ.ɟ. ɮаɤɬɢчɟɫɤɢ 
хаɪаɤɬɟɪɢɫɬɢчɟɫɤɭɸ ɬɟɦɩɟɪаɬɭɪɭ Дɟɛая D . Эɤɫɩɟɪɢɦɟɧɬаɥɶɧɵɟ ɡɧачɟɧɢя 
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ɤɨɷɮɮɢɰɢɟɧɬа Ȗ  ɜɦɟɫɬɟ ɫɨ ɡɧачɟɧɢяɦɢ D  ɞɥя ɧɟɤɨɬɨɪɵх ɦɟɬаɥɥɨɜ 
ɩɪɢɜɟɞɟɧɵ ɜ ɬаɛɥ. ɉ.1.2. 

      Эɤɫɩɟɪɢɦɟɧɬаɥɶɧɨ ɭɫɬаɧɨɜɥɟɧɨ, чɬɨ ɬɟɦɩɟɪаɬɭɪɧая ɡаɜɢɫɢɦɨɫɬɶ 
ɬɟɩɥɨɟɦɤɨɫɬɢ ɷɥɟɤɬɪɨɧɨɜ ɩɪɨɜɨɞɢɦɨɫɬɢ ɞɟɣɫɬɜɢɬɟɥɶɧɨ ɥɢɧɟɣɧа ɞɥя 
ɛɨɥɶɲɢɧɫɬɜа ɦɟɬаɥɥɨɜ. Ɉɞɧаɤɨ ɤɨɷɮɮɢɰɢɟɧɬ Ȗ ɦɨɠɟɬ ɢɦɟɬɶ ɜɟɥɢчɢɧɭ, 
ɡɧачɢɬɟɥɶɧɨ ɨɬɥɢчаɸщɭɸɫя ɨɬ ɩɪɟɞɫɤаɡɵɜаɟɦɨɝɨ ɧа ɨɫɧɨɜɟ ɮɨɪɦɭɥɵ (ɉ1.39)  

ɡɧачɟɧɢя  з η∙10-4
 Дɠ/(ɦɨɥɶɄ2). Ʉаɤ ɫɥɟɞɭɟɬ ɢɡ ɬаɛɥ. ɉ.1.2, ɛɨɥɶɲɢɧɫɬɜɨ 

ɦɟɬаɥɥɨɜ ɢɦɟɟɬ ɛɨɥɟɟ ɜɵɫɨɤɢɟ ɡɧачɟɧɢя Ȗ. В ɨɫɨɛɟɧɧɨɫɬɢ ɷɬɨ хаɪаɤɬɟɪɧɨ ɞɥя 
ɩɟɪɟхɨɞɧɵх ɦɟɬаɥɥɨɜ. Ɋаɡɥɢчɢɟ ɜ ɜɵчɢɫɥɟɧɧɵх ɢ ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɨ 
ɨɩɪɟɞɟɥɟɧɧɵх ɡɧачɟɧɢях ɤɨɷɮɮɢɰɢɟɧɬа ɷɥɟɤɬɪɨɧɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɫɜяɡаɧɨ ɫ 
ɬɟɦ, чɬɨ ɜɵɜɨɞ ɮɨɪɦɭɥɵ (ɉ.1.39) ɩɪɨɜɟɞɟɧ ɜ ɪаɦɤах ɬɟɨɪɢɢ ɫɜɨɛɨɞɧɵх 
ɷɥɟɤɬɪɨɧɨɜ ɛɟɡ ɭчɟɬа ɡɨɧɧɨɝɨ ɫɬɪɨɟɧɢя ɷɧɟɪɝɟɬɢчɟɫɤɨɝɨ ɫɩɟɤɬɪа ɷɥɟɤɬɪɨɧɨɜ ɜ 
ɤɪɢɫɬаɥɥɟ. 

 

Таɛɥɢɰа. ɉ.1.2 

 

 

  ɉɨ-ɜɢɞɢɦɨɦɭ, ɨɛɫɭɠɞаɟɦɵɟ ɪаɡɥɢчɢя ɜ Ȗ ɫɜяɡаɧɵ ɫ ɨɫɨɛɟɧɧɨɫɬяɦɢ 
ɫɬɪɨɟɧɢя ɢ ɡаɩɨɥɧɟɧɢя ɷɧɟɪɝɟɬɢчɟɫɤɢх ɡɨɧ ɭ ɩɟɪɟхɨɞɧɵх ɦɟɬаɥɥɨɜ (а ɬаɤɠɟ 
ɥаɧɬаɧɢɞɨɜ ɢ аɤɬɢɧɢɞɨɜ), ɞɥя ɤɨɬɨɪɵх хаɪаɤɬɟɪɧа ɜɵɫɨɤая ɩɥɨɬɧɨɫɬɶ 
ɫɨɫɬɨяɧɢɣ ɧа ɭɪɨɜɧɟ Ɏɟɪɦɢ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, чɬɨ ɩɪɢ ɪаɫɫɦɨɬɪɟɧɢɢ 
ɩɟɪɢɨɞɢчɟɫɤɨɣ ɫɢɫɬɟɦɵ ɡаɦɟɬɧɨ, чɬɨ ɷɥɟɦɟɧɬɵ ɨɞɧɨɣ ɝɪɭɩɩɵ ɢɦɟɸɬ 
ɛɥɢɡɤɢɟ ɡɧачɟɧɢя Ȗ, чɬɨ хаɪаɤɬɟɪɧɨ ɞɥя ɦɟɬаɥɥɨɜ ɫ ɨɞɢɧаɤɨɜɨɣ 
ɜаɥɟɧɬɧɨɫɬɶɸ ɢ ɛɥɢɡɤɢɦɢ ɡɧачɟɧɢяɦɢ ɩɥɨɬɧɨɫɬɢ ɫɨɫɬɨяɧɢɣ. Таɤ, ɧаɩɪɢɦɟɪ, 
ɞɥя ɜɫɟх ɥаɧɬаɧɢɞɨɜ, ɤɪɨɦɟ Eu ɢ Yb, Ȗ  ~ 10

-2
 Дɠ/(ɦɨɥɶɄ2

). Eu ɢ Yb ɢɦɟɸɬ 
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ɛɨɥɟɟ ɧɢɡɤɢɟ ɡɧачɟɧɢя ɭ ɜ ɫɜяɡɢ ɫɨ ɫɪаɜɧɢɬɟɥɶɧɨ ɧɢɡɤɨɣ ɜаɥɟɧɬɧɨɫɬɶɸ. 
ɓɟɥɨчɧɵɟ ɢ щɟɥɨчɧɨɡɟɦɟɥɶɧɵɟ ɦɟɬаɥɥɵ ɢɦɟɸɬ ɛɨɥɟɟ ɜɵɫɨɤɢɟ Ȗ, чɟɦ 
ɩɪɨɫɬɵɟ В-ɦɟɬаɥɥɵ. ɉɪɢ ɩɟɪɟхɨɞɟ ɨɬ ɩɪɨɫɬɵх ɦɟɬаɥɥɨɜ ɤ ɫɨɫɟɞɧɢɦ ɩɟɪɟ-

хɨɞɧɵɦ Ȗ ɭɜɟɥɢчɢɜаɟɬɫя ɜɨ ɦɧɨɝɨ ɪаɡ. 

     Таɤ ɤаɤ ɨɛɪаɡɨɜаɧɢɟ ɩɟɪɜɢчɧɵх ɢɥɢ ɩɪɨɦɟɠɭɬɨчɧɵх ɮаɡ ɜ ɫɩɥаɜах 
ɫɨɩɪɨɜɨɠɞаɟɬɫя ɢɡɦɟɧɟɧɢɟɦ ɫɢɥ, а ɢɧɨɝɞа ɢ ɬɢɩа ɦɟɠаɬɨɦɧɨɣ ɫɜяɡɢ, 
ɪɟаɥɢɡɭɟɦɨɣ ɫ ɭчаɫɬɢɟɦ ɷɥɟɤɬɪɨɧɨɜ, ɷɬɨɬ ɩɪɨɰɟɫɫ ɫɨɩɪɨɜɨɠɞаɟɬɫя 
ɢɡɦɟɧɟɧɢɟɦ ɩɪɟɢɦɭщɟɫɬɜɟɧɧɨ ɷɥɟɤɬɪɨɧɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ. ɉɪɢ ɧɢɡɤɢх 
ɬɟɦɩɟɪаɬɭɪах ɬɟɩɥɨɟɦɤɨɫɬɶ ɩɨчɬɢ ɜɫɟх ɢɧɬɟɪɦɟɬаɥɥɢчɟɫɤɢх ɫɨɟɞɢɧɟɧɢɣ ɢ 
ɩɪɨɦɟɠɭɬɨчɧɵх ɮаɡ ɩɨɞчɢɧяɟɬɫя ɫɨɨɬɧɨɲɟɧɢɸ (ɉ.1.40), ɨɞɧаɤɨ 
ɤɨɷɮɮɢɰɢɟɧɬɵ α ɢ Ȗ ɨɬɥɢчаɸɬɫя ɨɬ ɢх ɡɧачɟɧɢɣ ɞɥя чɢɫɬɵх ɤɨɦɩɨɧɟɧɬɨɜ. 
ɇаɢɛɨɥɟɟ ɫɢɥɶɧɨ Ȗ ɢɡɦɟɧяɟɬɫя ɜ ɫɥɭчаɟ ɫɭщɟɫɬɜɟɧɧɨɝɨ ɨɬɥɢчɢя ɬɢɩа ɫɜяɡɢ 
ɮаɡɵ ɨɬ ɦɟɬаɥɥɢчɟɫɤɨɝɨ. ɍɫɢɥɟɧɢɟ ɢɨɧɧɨɝɨ ɢ ɤɨɜаɥɟɧɬɧɨɝɨ ɫɨɫɬаɜɥяɸщɢх 
ɫɢɥ ɫɜяɡɢ ɨɛɵчɧɨ ɜɵɡɵɜаɟɬ ɭɦɟɧɶɲɟɧɢɟ ɷɥɟɤɬɪɨɧɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ. 
ɂɡɦɟɧɟɧɢɟ ɷɥɟɤɬɪɨɧɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɩɪɢ ɨɛɪаɡɨɜаɧɢɢ ɬɜɟɪɞɵх ɪаɫɬɜɨɪɨɜ 
ɡаɜɢɫɢɬ ɨɬ ɫɨɫɬаɜа ɢ ɡɧачɟɧɢя ɭ ɥɟɝɢɪɭɸщɢх ɤɨɦɩɨɧɟɧɬɨɜ. 

П.1.1.2.4. ȼаɤаɧɫиɨɧɧыɣ вɤɥаɞ в теɩɥɨеɦɤɨɫтɶ.  

ɉɪɢ ɜɵɫɨɤɢх ɬɟɦɩɟɪаɬɭɪах ɡаɦɟɬɧɵɣ ɜɤɥаɞ ɜ ɬɟɩɥɨɟɦɤɨɫɬɶ ɬɜɟɪɞɵх ɬɟɥ 
ɜɧɨɫɢɬ ɨɛɪаɡɭɸщɢɟɫя ɪаɜɧɨɜɟɫɧɵɟ ɜаɤаɧɫɢɢ, ɩɨɫɤɨɥɶɤɭ ɭɜɟɥɢчɟɧɢɟ ɢх ɤɨɧ-

ɰɟɧɬɪаɰɢɢ ɫ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪаɬɭɪɵ ɬɪɟɛɭɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɡаɬɪаɬɵ 
ɷɧɟɪɝɢɢ. Таɤ ɤаɤ ɬɟɦɩɟɪаɬɭɪɧая ɡаɜɢɫɢɦɨɫɬɶ ɪаɜɧɨɜɟɫɧɨɣ ɤɨɧɰɟɧɬɪаɰɢɢ 
ɜаɤаɧɫɢɣ nɜак ɨɩɪɟɞɟɥяɟɬɫя ɫɥɟɞɭɸщɢɦ ɭɪаɜɧɟɧɢɟɦ  

 

ɝɞɟ ɷɧɬɪɨɩɢɣɧɵɣ ɦɧɨɠɢɬɟɥɶ  

                                                     

 f

VE - ɷɧɟɪɝɢя ɨɛɪаɡɨɜаɧɢя ɜаɤаɧɫɢɣ, ɬɨ ɞɨɩɨɥɧɢɬɟɥɶɧая ɷɧɬаɥɶɩɢя ɢɦɟɟɬ ɜɢɞ 

                                            

ɉɨɫɥɟ ɞɢɮɮɟɪɟɧɰɢɪɨɜаɧɢя ɩɨɥɭчаɟɦ ɨɤɨɧчаɬɟɥɶɧɨɟ ɜɵɪаɠɟɧɢɟ ɞɥя 
ɜаɤаɧɫɢɨɧɧɨɝɨ ɜɤɥаɞа ɜ ɬɟɩɥɨɟɦɤɨɫɬɶ: 

                                           (ɉ.1.41) 

Ваɤаɧɫɢɨɧɧɵɣ ɜɤɥаɞ ɜ ɫɭɦɦаɪɧɭɸ ɬɟɩɥɨɟɦɤɨɫɬɶ ɩɪɢ ɬɟɦɩɟɪаɬɭɪах 
ɛɥɢɡɤɢх ɤ ɬɟɦɩɟɪаɬɭɪɟ ɩɥаɜɥɟɧɢя ɦɨɠɟɬ ɞɨɫɬɢɝаɬɶ 1η%. ɂɡɦɟɪɟɧɢɟ 
ɜаɤаɧɫɢɨɧɧɨɣ ɫɨɫɬаɜɥяɸщɟɣ ɬɟɩɥɨɟɦɤɨɫɬɢ яɜɥяɟɬɫя ɨɞɧɢɦ ɢɡ 
ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɵх ɦɟɬɨɞɨɜ ɨɩɪɟɞɟɥɟɧɢя ɪаɜɧɨɜɟɫɧɨɣ ɤɨɧɰɟɧɬɪаɰɢɢ 
ɜаɤаɧɫɢɣ ɜ ɪɟɲɟɬɤɟ ɦɟɬаɥɥа. 
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П.1.1.2.5. Иɡɦеɧеɧие теɩɥɨеɦɤɨɫти ɩɪи ɮаɡɨвыɯ ɩɪевɪащеɧиɹɯ.  

     В ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɨɛщɟɩɪɢɧяɬɨɣ ɤɥаɫɫɢɮɢɤаɰɢɟɣ ɮаɡɨɜɵх ɩɪɟɜɪащɟɧɢɣ ɤ 
ɮаɡɨɜɵɦ ɩɪеɜɪаɳеɧɢяɦ 1-ɝɨ ɪɨɞа ɨɬɧɨɫяɬɫя ɩɟɪɟхɨɞɵ, ɩɪɢ ɤɨɬɨɪɵх 
ɫɤачɤɨɨɛɪаɡɧɨ ɢɡɦɟɧяɸɬɫя ɩɟɪɜɵɟ  ɩɪɨɢɡɜɨɞɧɵɟ ɫɜɨɛɨɞɧɨɣ ɷɧɟɪɝɢɢ G ɩɨ 
ɬɟɦɩɟɪаɬɭɪɟ ɢ ɞаɜɥɟɧɢɸ, ɬ.ɟ. ɷɧɬɪɨɩɢя S ɢ ɨɛɴɟɦ V: 

                  (ɉ.1.42) 

ɋɨ ɫɤачɤɨɦ ɷɧɬɪɨɩɢɢ ∆Sɩɪ  ɫɜяɡаɧа ɬɟɩɥɨɬа ɮаɡɨɜɨɝɨ ɩɟɪɟхɨɞа ∆Hɩɪ = 

Tɩɪ∙∆Sɩɪ, ɜɵɞɟɥяɸщаяɫя ɢɥɢ ɩɨɝɥɨщаɸщаяɫя ɩɪɢ ɩɟɪɟхɨɞɟ ɩɟɪɜɨɝɨ ɪɨɞа. Таɤɢɟ 
ɩɪɟɜɪащɟɧɢя ɩɪɨɬɟɤаɸɬ ɩɪɢ ɩɨɫɬɨяɧɧɨɣ ɬɟɦɩɟɪаɬɭɪɟ ɢ ɞɥя ɧɢх хаɪаɤɬɟɪɧɨ 
ɧаɥɢчɢɟ ɝɪаɧɢɰɵ ɪаɡɞɟɥа ɮаɡ. Ʉ ɮаɡɨɜɵɦ ɩɪɟɜɪащɟɧɢяɦ ɷɬɨɝɨ ɬɢɩа 
ɨɬɧɨɫяɬɫя ɩɥаɜɥɟɧɢɟ (ɤɪɢɫɬаɥɥɢɡаɰɢя), ɢɫɩаɪɟɧɢɟ (ɫɭɛɥɢɦаɰɢя, 
ɤɨɧɞɟɧɫаɰɢя), ɩɨɥɢɦɨɪɮɧɵɟ ɩɪɟɜɪащɟɧɢя ɜ ɤɪɢɫɬаɥɥɢчɟɫɤɢх ɜɟщɟɫɬɜах. 

   Фаɡɨɜɵɦɢ ɩɪеɜɪаɳеɧɢяɦɢ 2-ɝɨ ɪɨɞа яɜɥяɸɬɫя ɩɟɪɟхɨɞɵ, ɩɪɢ ɤɨɬɨɪɵх 
ɩɟɪɜɵɟ ɩɪɨɢɡɜɨɞɧɵɟ ɫɜɨɛɨɞɧɨɣ ɷɧɟɪɝɢɢ G ɩɨ ɬɟɦɩɟɪаɬɭɪɟ Ɍ ɢ ɞаɜɥɟɧɢɸ ɪ 
ɨɫɬаɸɬɫя ɧɟɩɪɟɪɵɜɧɵɦɢ, ɬɨɝɞа ɤаɤ ɜɬɨɪɵɟ ɩɪɨɢɡɜɨɞɧɵɟ ɩɨ ɷɬɢɦ ɩɟɪɟɦɟɧɧɵɦ 
ɢɫɩɵɬɵɜаɸɬ ɫɤачɤɨɨɛɪаɡɧɨɟ ɢɡɦɟɧɟɧɢɟ. Ʉ ɧɢɦ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɨɬɧɨɫɢɬɫя 
ɬɟɩɥɨɟɦɤɨɫɬɶ, ɨɩɪɟɞɟɥяɟɦая ɜɵɪаɠɟɧɢɟɦ (ɉ.1.8). Таɤ ɤаɤ ɢɡ ɨɛщɢх ɬɟɪ-

ɦɨɞɢɧаɦɢчɟɫɤɢх ɫɨɨɬɧɨɲɟɧɢɣ 

                                  ɢ              

ɫ ɭчɟɬɨɦ (ɉ.1.8) ɢ (ɉ.1.42) ɩɨɥɭчɢɦ 

                                      (ɉ.1.43) 

Ʉ ɮаɡɨɜɵɦ ɩɪɟɜɪащɟɧɢяɦ ɜɬɨɪɨɝɨ ɪɨɞа, ɢɫɩɵɬɵɜаɸщɢɦ ɫɤачɨɤ 
ɬɟɩɥɨɟɦɤɨɫɬɢ, ɨɬɧɨɫяɬɫя, ɧаɩɪɢɦɟɪ, ɧɟɤɨɬɨɪɵɟ ɩɟɪɟхɨɞɵ ɩɨɪяɞɨɤ-ɛɟɫɩɨɪяɞɨɤ 
ɜ ɫɩɥаɜах, ɩɟɪɟхɨɞɵ ɢɡ ɮɟɪɪɨɦаɝɧɢɬɧɨɝɨ ɜ ɩаɪаɦаɝɧɢɬɧɨɟ ɫɨɫɬɨяɧɢɟ, 
ɫɜɟɪхɩɪɨɜɨɞящɢɣ ɩɟɪɟхɨɞ ɢ ɬ.ɞ. 

     ɇа ɪɢɫ. ɉ.1.8 ɩɪɢɜɟɞɟɧа ɫхɟɦа ɢɡɦɟɧɟɧɢя ɬɟɩɥɨɫɨɞɟɪɠаɧɢя, ɫɜɨɛɨɞɧɨɣ 
ɷɧɟɪɝɢɢ, ɷɧɬɪɨɩɢɢ ɢ ɬɟɩɥɨɟɦɤɨɫɬɢ ɞɥя ɩɪɟɜɪащɟɧɢɣ 1-ɝɨ ɢ β-ɝɨ ɪɨɞа. Ʉаɤ 
ɭɤаɡɵɜаɥɨɫɶ ɜɵɲɟ, ɜ ɩɟɪɜɨɦ ɫɥɭчаɟ ɢɦɟɟɬ ɦɟɫɬɨ ɢɡɨɬɟɪɦɢчɟɫɤɢɣ ɬɟɩɥɨɜɨɣ 
ɷɮɮɟɤɬ ∆Hɩɪ ɩɪɢ ɬɟɦɩɟɪаɬɭɪɟ ɩɪɟɜɪащɟɧɢя Tɩɪ, ɜɨ ɜɬɨɪɨɦ - ɬаɤɨɝɨ ɷɮɮɟɤɬа 
ɧɟɬ. ɉɨɷɬɨɦɭ ɜ ɩɟɪɜɨɦ ɫɥɭчаɟ ɮɭɧɤɰɢя ɋɊ(Ɍ) ɢɦɟɟɬ ɪаɡɪɵɜ ɢ ɋɪ →∞ ɩɪɢ Tɩɪ. Вɨ 
ɜɬɨɪɨɦ ɫɥɭчаɟ ɬɟɩɥɨɟɦɤɨɫɬɶ ɢɫɩɵɬɵɜаɟɬ ɤɨɧɟчɧɵɣ ɫкаɱɨк. 
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Ɋɢɫ. ɉ.1.8. ɂɡɦɟɧɟɧɢɟ ɬɟɪɦɨɞɢɧаɦɢчɟɫɤɢх ɮɭɧɤɰɢɣ ɫ ɬɟɦɩɟɪаɬɭɪɨɣ ɩɪɢ ɮаɡɨɜɵх 
ɩɪɟɜɪащɟɧɢях 1 -ɝɨ (ɫɥɟɜа) ɢ β-ɝɨ (ɫɩɪаɜа) ɪɨɞа. 

 

       ɇа ɪɢɫ. 1.2.2.6 ɩɪɢɜɟɞɟɧа ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧая ɤɪɢɜая ɡаɜɢɫɢɦɨɫɬɢ 
ɬɟɩɥɨɟɦɤɨɫɬɢ ɠɟɥɟɡа ɨɬ ɬɟɦɩɟɪаɬɭɪɵ, ɧа ɤɨɬɨɪɨɣ ɫɤачɨɤ ɬɟɩɥɨɟɦɤɨɫɬɢ ɜ 
ɬɨчɤɟ Ʉɸɪɢ ɩɪɢ Ɍк = 104β Ʉ ɢ ɪаɡɪɵɜɵ ɩɪɢ 1184 Ʉ, (α → Ȗ ɩɨɥɢɦɨɪɮɧɨɟ 
ɩɪɟɜɪащɟɧɢɟ) ɢ ɩɪɢ 1θθη Ʉ (Ȗ → δ ɩɪɟɜɪащɟɧɢɟ) ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɩɟɪɟхɨɞаɦ 1-

ɝɨ ɢ β-ɝɨ ɪɨɞа ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

                         

Ɋɢɫ. ɉ.1.9. Тɟɦɩɟɪаɬɭɪɧая ɡаɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɟɦɤɨɫɬɢ ɠɟɥɟɡа. 
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     ɇа ɪɢɫ. ɉ.1.10  ɩɨɤаɡаɧɨ ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɨɟ ɢɡɦɟɧɟɧɢɟ ɬɟɩɥɨɟɦɤɨɫɬɢ 
ɭɩɨɪяɞɨчɟɧɧɨɣ ɮаɡɵ CuZn ɩɪɢ ɩɟɪɟхɨɞɟ ɜ ɧɟɭɩɨɪяɞɨчɟɧɧɨɟ ɫɨɫɬɨяɧɢɟ. 
ɇаɥɢчɢɟ ɫɤачɤа ɬɟɩɥɨɟɦɤɨɫɬɢ ɩɪɢ ɬɟɦɩɟɪаɬɭɪɟ Ʉɭɪɧаɤɨɜа Tɤ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɮаɡɨɜɨɦɭ ɩɟɪɟхɨɞɭ β-ɝɨ ɪɨɞа. 

 

                                         

 

Ɋɢɫ. ɉ.1.10. Ɂаɜɢɫɢɦɨɫɬɶ ɢɡɦɟɧɟɧɢя ɬɟɩɥɨɟɦɤɨɫɬɢ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɞɥя ɫɩɥаɜа CuZn. 

       

  Ɉɬɦɟɬɢɦ, чɬɨ ɩɟɪɟхɨɞ ɩɨɪяɞɨɤ-ɛɟɫɩɨɪяɞɨɤ ɜ ɬɜɟɪɞɵх ɪаɫɬɜɨɪах ɦɨɠɟɬ 
яɜɥяɬɶɫя ɮаɡɨɜɵɦ ɩɪɟɜɪащɟɧɢɟɦ ɢ 1-ɝɨ ɪɨɞа (ɧаɩɪɢɦɟɪ, ɞɥя ȽɐɄ ɫɬɪɭɤɬɭɪɵ 
ɬɢɩа Cu3Au). В ɷɬɨɦ ɧа ɬɟɦɩɟɪаɬɭɪɧɨɣ ɡаɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨɟɦɤɨɫɬɢ 
ɧаɛɥɸɞаɟɬɫя ɪаɡɪɵɜ ɫ ɤɨɧɟчɧɵɦ ɡɧачɟɧɢɟɦ ɫɤɪɵɬɨɣ ɬɟɩɥɨɬɵ ɩɟɪɟхɨɞа. 

 

П.1.1.3. Ɍеɩɥɨɩɪɨвɨɞɧɨɫтɶ твеɪɞыɯ теɥ. 

П.1.1.3.1. Ɉɫɧɨвɧые ɨɩɪеɞеɥеɧиɹ.  

ɋ ɮɢɡɢчɟɫɤɨɣ ɬɨчɤɢ ɡɪɟɧɢя яɜɥɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɪɟɞɫɬаɜɥяɟɬ ɫɨɛɨɣ 
ɩɟɪɟɧɨɫ ɤɢɧɟɬɢчɟɫɤɨɣ ɷɧɟɪɝɢɢ ɢ ɨɩɢɫɵɜаɟɬɫя ɭɪаɜɧɟɧɢяɦɢ, аɧаɥɨɝɢчɧɵɦɢ 
ɞɥя ɩɟɪɟɧɨɫа ɡаɪяɞа ɢ ɦаɫɫɵ Д158-172]. 

В ɨɞɧɨɦɟɪɧɨɦ ɫɥɭчаɟ ɩɥɨɬɧɨɫɬɶ ɩɨɬɨɤа ɬɟɩɥа, ɬ.ɟ. ɤɨɥɢчɟɫɬɜɨ ɬɟɩɥа, 
ɩɪɨхɨɞящɟɝɨ ɡа 1 ɫ чɟɪɟɡ 1 ɦ2, ɩɪяɦɨ ɩɪɨɩɨɪɰɢɨɧаɥɶɧа ɝɪаɞɢɟɧɬɭ 
ɬɟɦɩɟɪаɬɭɪɵ: 

                                                         (ɉ.1.44) 
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Ʉɨɷɮɮɢɰɢɟɧɬ ɩɪɨɩɨɪɰɢɨɧаɥɶɧɨɫɬɢ λ ɧаɡɵɜаɟɬɫя ɤɨɷɮɮɢɰɢɟɧɬɨɦ 
ɜɧɭɬɪɟɧɧɟɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢɥɢ чащɟ ɜɫɟɝɨ ɩɪɨɫɬɨ ɬеɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ. 
Вɟɥɢчɢɧа ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ хаɪаɤɬɟɪɢɡɭɟɬ ɫɩɨɫɨɛɧɨɫɬɶ ɬɟɥа ɩɟɪɟɞаɜаɬɶ 
ɬɟɩɥɨɜɭɸ ɷɧɟɪɝɢɸ ɨɬ ɨɞɧɨɣ ɬɨчɤɢ ɤ ɞɪɭɝɨɣ, ɟɫɥɢ ɦɟɠɞɭ ɧɢɦɢ ɫɭщɟɫɬɜɭɟɬ 
ɪаɡɧɨɫɬɶ ɬɟɦɩɟɪаɬɭɪ. 

 Тɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɢɡɦɟɪяɟɬɫя ɜ Вɬ/(ɦ∙Ʉ). В ɬɟхɧɢɤɟ ɫɭщɟɫɬɜɟɧɧɨɟ 
ɡɧачɟɧɢɟ ɢɦɟɟɬ ɜɟɥɢчɢɧа кɨɷɮɮɢɰɢеɧɬа ɬеɦɩеɪаɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ аɌ, 

ɤɨɬɨɪɵɣ ɫɜяɡаɧ ɫ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ А. ɫɥɟɞɭɸщɢɦ ɨɛɪаɡɨɦ: 

                   аT = λ/ρɫ,      (ɉ.1.45) 

ɝɞɟ ρ - ɩɥɨɬɧɨɫɬɶ; ɫ - ɬɟɩɥɨɟɦɤɨɫɬɶ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɦɩɟɪаɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɬɟɩɥɨɜɵх ɩɪɨɰɟɫɫах 
хаɪаɤɬɟɪɢɡɭɟɬ ɫɨɛɨɣ ɫɤɨɪɨɫɬɶ ɢɡɦɟɧɟɧɢя ɬɟɦɩɟɪаɬɭɪɵ. 

В ɬɜɟɪɞɵх ɬɟɥах ɫ ɦɟɬаɥɥɢчɟɫɤɨɣ ɩɪɨɜɨɞɢɦɨɫɬɶɸ ɩɟɪɟɧɨɫ ɬɟɩɥɨɜɨɣ 
ɷɧɟɪɝɢɢ ɨɫɭщɟɫɬɜɥяɟɬɫя ɞɜɭɦя ɬɢɩаɦɢ ɧɨɫɢɬɟɥɟɣ: ɷɥɟɤɬɪɨɧаɦɢ 
ɩɪɨɜɨɞɢɦɨɫɬɢ ɢ ɤɨɥɟɛаɧɢяɦɢ ɤɪɢɫɬаɥɥɢчɟɫɤɨɣ ɪɟɲɟɬɤɢ (ɮɨɧɨɧаɦɢ). 
ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɪаɡɥɢчаɸɬ ɷɥɟɤɬɪɨɧɧɭɸ (λɷɥ) ɢ ɪɟɲɟɬɨчɧɭɸ (λɪɟɲ) 

ɫɨɫɬаɜɥяɸщɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ. ɉɪɟɜаɥɢɪɭɸщɢɦ ɦɟхаɧɢɡɦɨɦ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɦɟɬаɥɥɨɜ ɢ ɫɩɥаɜɨɜ яɜɥяɟɬɫя ɩɟɪɟɧɨɫ ɬɟɩɥа ɷɥɟɤɬɪɨɧаɦɢ 
ɩɪɨɜɨɞɢɦɨɫɬɢ. Ɋɟɲɟɬɨчɧая ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ чɢɫɬɵх ɦɟɬаɥɥах ɨɛɵчɧɨ ɦаɥа 
(ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɜ γ0 ɪаɡ ɦɟɧɶɲɟ) ɩɨ ɫɪаɜɧɟɧɢɸ ɫ ɷɥɟɤɬɪɨɧɧɨɣ, ɧɨ ɜ ɫɩɥаɜах 
ɨɧа ɦɨɠɟɬ ɛɵɬɶ ɫɪаɜɧɢɦɨɣ ɫ ɧɟɣ. 

ɉɟɪɟɧɨɫ ɬɟɩɥа ɜ ɧɟɦɟɬаɥɥɢчɟɫɤɢх ɬɜɟɪɞɵх ɬɟɥах (ɢɨɧɧɵх ɢ ɤɨɜаɥɟɧɬɧɵх 
ɤɪɢɫɬаɥɥах), ɨɫɭщɟɫɬɜɥяɟɬɫя ɮɨɧɨɧаɦɢ, ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɜ ɧɢх ɧа 1-2 

ɩɨɪяɞɤа ɧɢɠɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɦɟɬаɥɥɨɜ. В ɩɨɥɭɩɪɨɜɨɞɧɢɤах 
ɨɩɪɟɞɟɥɟɧɧɭɸ ɪɨɥɶ ɜ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢɝɪаɸɬ ɷɥɟɤɬɪɨɧɧɵɟ ɜɨɡɛɭɠɞɟɧɢя - 

ɷɤɫɢɬɨɧɵ. 

П.1.1.3.2. Ɍеɩɥɨɩɪɨвɨɞɧɨɫтɶ ɤɪиɫтаɥɥиɱеɫɤɨɣ ɪеɲетɤи.  

Ɍеɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɪеɲеɬкɢ ɨɛɭɫɥɨɜɥеɧа аɧɝаɪɦɨɧɢɱеɫкɢɦ ɯаɪакɬеɪɨɦ 
кɨɥеɛаɧɢɣ аɬɨɦɨɜ. Ɉɧа ɧɟ ɦɨɝɥа ɛɵ ɜɨɡɧɢɤɧɭɬɶ, ɟɫɥɢ ɛɵ аɬɨɦɵ ɫɨɜɟɪɲаɥɢ 
ɫɬɪɨɝɨ ɝаɪɦɨɧɢчɟɫɤɢɟ ɤɨɥɟɛаɧɢя, ɪаɫɩɪɨɫɬɪаɧяɸщɢɟɫя ɜ ɪɟɲɟɬɤɟ ɜ ɜɢɞɟ 
ɫɢɫɬɟɦɵ ɧɟ ɜɡаɢɦɨɞɟɣɫɬɜɭɸщɢх ɦɟɠɞɭ ɫɨɛɨɣ ɭɩɪɭɝɢх ɜɨɥɧ. Ɉɬɫɭɬɫɬɜɢɟ 
ɜɡаɢɦɨɞɟɣɫɬɜɢя ɦɟɠɞɭ ɜɨɥɧаɦɢ ɩɨɡɜɨɥяɥɨ ɛɵ ɢɦ ɪаɫɩɪɨɫɬɪаɧяɬɶɫя ɜ 
ɤɪɢɫɬаɥɥɟ ɧɟ ɪаɫɫɟɢɜаяɫɶ, ɬ.ɟ. ɧɟ ɜɫɬɪɟчая ɧɢɤаɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢя. 

     ȿɫɥɢ ɛɵ ɜ ɬаɤɨɦ ɤɪɢɫɬаɥɥɟ ɦɨɠɧɨ ɛɵɥɨ ɫɨɡɞаɬɶ ɪаɡɧɨɫɬɶ ɬɟɦɩɟɪаɬɭɪ, ɬɨ 
аɬɨɦɵ ɝɨɪячɟɝɨ ɤɨɧɰа, ɤɨɥɟɛɥɸщɢɟɫя ɫ ɛɨɥɶɲɢɦɢ аɦɩɥɢɬɭɞаɦɢ, ɩɟɪɟɞаɜаɥɢ 

ɛɵ ɫɜɨɸ ɷɧɟɪɝɢɸ ɫɨɫɟɞɧɢɦ аɬɨɦаɦ, ɢ ɮɪɨɧɬ ɬɟɩɥɨɜɨɣ ɜɨɥɧɵ 
ɪаɫɩɪɨɫɬɪаɧяɥɫя ɛɵ ɜɞɨɥɶ ɤɪɢɫɬаɥɥа ɫɨ ɫɤɨɪɨɫɬɶɸ ɡɜɭɤа. Таɤ ɤаɤ ɷɬа ɜɨɥɧа 
ɧɟ ɜɫɬɪɟчаɥа ɛɵ ɧɢɤаɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢя, ɬɨ ɞаɠɟ ɩɪɢ ɛɟɫɤɨɧɟчɧɨ ɦаɥɨɣ 
ɪаɡɧɨɫɬɢ ɬɟɦɩɟɪаɬɭɪ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɦɨɝ ɛɵ ɞɨɫɬɢɝаɬɶ ɫɤɨɥɶ ɭɝɨɞɧɨ 
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ɛɨɥɶɲɨɣ ɜɟɥɢчɢɧɵ; ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɬаɤɨɝɨ ɤɪɢɫɬаɥɥа ɛɵɥа ɛɵ ɛɟɫɤɨɧɟчɧɨ 
ɛɨɥɶɲɨɣ. 

В ɪɟаɥɶɧɵх ɤɪɢɫɬаɥɥах ɩɪɢ ɧɟ ɫɥɢɲɤɨɦ ɧɢɡɤɢх ɬɟɦɩɟɪаɬɭɪах ɤɨɥɟɛаɧɢя 
аɬɨɦɨɜ ɧɨɫяɬ аɧɝаɪɦɨɧɢчɟɫɤɢɣ хаɪаɤɬɟɪ, ɭчɢɬɵɜаɟɦɵɣ ɜ (ɉ.1.36) ɜɬɨɪɵɦ 
ɫɥаɝаɟɦɵɦ. ɉɨяɜɥɟɧɢɟ аɧɝаɪɦɨɧɢчɧɨɫɬɢ ɩɪɢɜɨɞɢɬ ɤ ɬɨɦɭ, чɬɨ ɧɨɪɦаɥɶɧɵɟ 
ɤɨɥɟɛаɧɢя ɪɟɲɟɬɤɢ ɭɬɪачɢɜаɸɬ ɧɟɡаɜɢɫɢɦɵɣ хаɪаɤɬɟɪ ɢ ɩɪɢ ɜɫɬɪɟчах 
ɜɡаɢɦɨɞɟɣɫɬɜɭɸɬ ɞɪɭɝ ɫ ɞɪɭɝɨɦ, ɨɛɦɟɧɢɜаяɫɶ ɷɧɟɪɝɢɟɣ ɢ ɢɡɦɟɧяя 
ɧаɩɪаɜɥɟɧɢɟ ɫɜɨɟɝɨ ɪаɫɩɪɨɫɬɪаɧɟɧɢя (ɪаɫɫɟɢɜаяɫɶ ɞɪɭɝ ɧа ɞɪɭɝɟ). ɂɦɟɧɧɨ 
ɜɫɥɟɞɫɬɜɢɟ ɩɪɨɬɟɤаɧɢя ɬаɤɢх ɩɪɨɰɟɫɫɨɜ ɜɡаɢɦɨɞɟɣɫɬɜɢя ɭɩɪɭɝɢх ɜɨɥɧ 
ɫɬаɧɨɜɢɬɫя ɜɨɡɦɨɠɧɨɣ ɩɟɪɟɞача ɷɧɟɪɝɢɢ ɨɬ ɤɨɥɟɛаɧɢɣ ɨɞɧɨɣ чаɫɬɨɬɵ ɤ 
ɤɨɥɟɛаɧɢяɦ ɞɪɭɝɨɣ чаɫɬɨɬɵ ɢ ɭɫɬаɧɨɜɥɟɧɢɟ ɜ ɤɪɢɫɬаɥɥɟ ɬɟɩɥɨɜɨɝɨ 
ɪаɜɧɨɜɟɫɢя. 

    Ɉɩɢɫаɧɢɟ ɩɪɨɰɟɫɫа ɪаɫɫɟяɧɢя ɧɨɪɦаɥɶɧɵх ɤɨɥɟɛаɧɢɣ ɞɪɭɝ ɧа ɞɪɭɝɟ 
ɭɞɨɛɧɨ ɜɟɫɬɢ ɧа яɡɵɤɟ ɮɨɧɨɧɨɜ, ɪаɫɫɦаɬɪɢɜая ɬɟɪɦɢчɟɫɤɢ ɜɨɡɛɭɠɞɟɧɧɵɣ 
ɤɪɢɫɬаɥɥ ɤаɤ ящɢɤ, ɡаɩɨɥɧɟɧɧɵɣ ɮɨɧɨɧаɦɢ. В ɝаɪɦɨɧɢчɟɫɤɨɦ ɩɪɢɛɥɢɠɟɧɢɢ, 
ɜ ɤɨɬɨɪɨɦ ɧɨɪɦаɥɶɧɵɟ ɤɨɥɟɛаɧɢя ɪɟɲɟɬɤɢ яɜɥяɸɬɫя ɧɟɡаɜɢɫɢɦɵɦɢ, ɮɨɧɨɧɵ 
ɨɛɪаɡɭɸɬ ɢɞɟаɥɶɧɵɣ ɝаɡ (ɝаɡ ɧɟɜɡаɢɦɨɞɟɣɫɬɜɭɸщɢх ɮɨɧɨɧɨɜ). ɉɟɪɟхɨɞ ɤ 
аɧɝаɪɦɨɧɢчɟɫɤɢɦ ɤɨɥɟɛаɧɢяɦ ɷɤɜɢɜаɥɟɧɬɟɧ ɜɜɟɞɟɧɢɸ ɜɡаɢɦɨɞɟɣɫɬɜɢя ɦɟɠɞɭ 
ɮɨɧɨɧаɦɢ, ɜ ɪɟɡɭɥɶɬаɬɟ ɤɨɬɨɪɨɝɨ ɦɨɝɭɬ ɩɪɨɢɫхɨɞɢɬɶ ɩɪɨɰɟɫɫɵ ɪаɫщɟɩɥɟɧɢя 
ɮɨɧɨɧа ɧа ɞɜа ɢ ɛɨɥɟɟ ɢ ɨɛɪаɡɨɜаɧɢɟ ɨɞɧɨɝɨ ɮɨɧɨɧа ɢɡ ɞɜɭх. Таɤɢɟ ɩɪɨɰɟɫɫɵ 
ɩɪɢɧяɬɨ ɧаɡɵɜаɬɶ ɮɨɧɨɧ-ɮɨɧɨɧɧɵɦ ɪаɫɫеяɧɢеɦ. Вɟɪɨяɬɧɨɫɬɶ ɢх ɩɪɨɬɟɤаɧɢя, 
ɤаɤ ɢ ɜɟɪɨяɬɧɨɫɬɶ ɩɪɨɬɟɤаɧɢя ɥɸɛɵх ɩɪɨɰɟɫɫɨɜ ɪаɫɫɟяɧɢя, хаɪаɤɬɟɪɢɡɭɸɬ 
ɷɮɮекɬɢɜɧɵɦ ɫеɱеɧɢеɦ ɪаɫɫеяɧɢя σɮ. ȿɫɥɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɩɪɨɰɟɫɫаɦ 
ɪаɫɫɟяɧɢя ɮɨɧɨɧ ɩɪɟɞɫɬаɜɥяɬɶ ɜ ɜɢɞɟ ɲаɪɢɤа ɪаɞɢɭɫɨɦ rɮ, ɬɨ σɮ = π rɮ

2
 . 

Ɋаɫɫɟяɧɢɟ ɮɨɧɨɧа ɮɨɧɨɧɨɦ ɦɨɠɟɬ ɩɪɨɢɡɨɣɬɢ ɥɢɲɶ ɜ ɬɨɦ ɫɥɭчаɟ, ɟɫɥɢ ɨɧɢ 
ɫɛɥɢɠаɸɬɫя ɧа ɪаɫɫɬɨяɧɢɟ, ɩɪɢ ɤɨɬɨɪɨɦ ɢх ɷɮɮɟɤɬɢɜɧɵɟ ɫɟчɟɧɢя ɧачɢɧаɸɬ 
ɩɟɪɟɤɪɵɜаɬɶɫя. Таɤ ɤаɤ ɪаɫɫɟяɧɢɟ ɩɨяɜɥяɟɬɫя ɜ ɪɟɡɭɥɶɬаɬɟ аɧɝаɪɦɨɧɢчɧɨɫɬɢ 
ɤɨɥɟɛаɧɢɣ аɬɨɦɨɜ, ɤɨɥɢчɟɫɬɜɟɧɧɨɣ ɦɟɪɨɣ ɤɨɬɨɪɨɣ яɜɥяɟɬɫя ɤɨɷɮɮɢɰɢɟɧɬ 
аɧɝаɪɦɨɧɢчɧɨɫɬɢ b ɜ ɭɪаɜɧɟɧɢɢ (ɉ.1.36), ɬɨ ɟɫɬɟɫɬɜɟɧɧɨ ɩɨɥɨɠɢɬɶ ɪаɞɢɭɫ 
ɷɮɮɟɤɬɢɜɧɨɝɨ ɫɟчɟɧɢя ɮɨɧɨɧа ɩɪɨɩɨɪɰɢɨɧаɥɶɧɵɦ b, а σɮ ~ b

2
. 

Ɂɧая ɷɮɮɟɤɬɢɜɧɨɟ ɫɟчɟɧɢɟ ɪаɫɫɟяɧɢя, ɦɨɠɧɨ ɜɵчɢɫɥɢɬɶ ɞɥɢɧɭ 
ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝа  lɮ ɮɨɧɨɧɨɜ, ɬ.ɟ. ɬɨ ɫɪɟɞɧɟɟ ɪаɫɫɬɨяɧɢɟ, ɤɨɬɨɪɨɟ ɨɧɢ 
ɩɪɨхɨɞяɬ ɦɟɠɞɭ ɞɜɭɦя ɩɨɫɥɟɞɨɜаɬɟɥɶɧɵɦɢ аɤɬаɦɢ ɪаɫɫɟяɧɢя. Ɋаɫчɟɬ 
ɩɨɤаɡɵɜаɟɬ, чɬɨ 

                                                  (ɉ.1.46) 

ɝɞɟ nɮ - ɤɨɧɰɟɧɬɪаɰɢя ɮɨɧɨɧɨɜ. ɋɨɝɥаɫɧɨ (ɉ.1.3) ɤɨɧɰɟɧɬɪаɰɢя ɮɨɧɨɧɨɜ 
ɡаɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɩɨ ɡаɤɨɧɭ 
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(ɉ.1.47) 

В ɤɢɧɟɬɢчɟɫɤɨɣ ɬɟɨɪɢɢ ɝаɡɨɜ ɩɨɤаɡɵɜаɟɬɫя, чɬɨ ɤɨɷɮɮɢɰɢɟɧɬ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɝаɡɨɜ ɪаɜɟɧ 

                     (ɉ.1.48) 

ɝɞɟ  l - ɞɥɢɧа ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝа ɦɨɥɟɤɭɥ ɝаɡа, v — ɫɤɨɪɨɫɬɶ ɢх ɬɟɩɥɨɜɨɝɨ 
ɞɜɢɠɟɧɢя, ɫV - ɬɟɩɥɨɟɦɤɨɫɬɶ ɟɞɢɧɢɰɵ ɨɛɴɟɦа ɝаɡа. 

ɉɪɢɦɟɧɢɦ ɷɬɭ ɮɨɪɦɭɥɭ ɤ ɮɨɧɨɧɧɨɦɭ ɝаɡɭ, ɩɨɞɫɬаɜɢɜ ɜ ɧɟɟ ɫV - 

ɬɟɩɥɨɟɦɤɨɫɬɶ ɟɞɢɧɢɰɵ ɨɛɴɟɦа ɤɪɢɫɬаɥɥа (ɮɨɧɨɧɧɨɝɨ ɝаɡа), l = lɮ - ɞɥɢɧɭ 
ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝа ɮɨɧɨɧɨɜ ɢ ɜɦɟɫɬɨ v - ɫɤɨɪɨɫɬɶ ɡɜɭɤа (ɫɤɨɪɨɫɬɶ ɮɨɧɨɧɨɜ) 
vɡɜ. Тɨɝɞа ɩɨɥɭчɢɦ ɫɥɟɞɭɸщɟɟ ɜɵɪаɠɟɧɢɟ ɞɥя ɤɨɷɮɮɢɰɢɟɧɬа 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɪɟɲɟɬɤɢ: 

    (ɉ.1.49) 

ɉɨɞɫɬаɜɢɜ ɫɸɞа lɮ ɢɡ (ɉ.1.46), ɧаɣɞɟɦ 

              (ɉ.1.50) 

Даɧɧɵɟ ɬаɛɥ. ɉ.1.γ ɞаɸɬ ɨɛщɟɟ ɩɪɟɞɫɬаɜɥɟɧɢɟ ɨ ɜɟɥɢчɢɧɟ ɤɨɷɮɮɢɰɢɟɧɬа 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢ ɞɥɢɧɟ ɩɪɨɛɟɝа ɮɨɧɨɧɨɜ ɜ ɧɟɤɨɬɨɪɵх ɜɟщɟɫɬɜах. 

Таɛɥɢɰа. ɉ.1.3 

        

 

ɉɪɨɜɟɞɟɦ ɬɟɨɪɟɬɢчɟɫɤɢɣ аɧаɥɢɡ ɡаɜɢɫɢɦɨɫɬɢ ɪɟɲɟɬɨчɧɨɣ ɬɟɩ-

ɥɨɩɪɨɜɨɞɧɨɫɬɢ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ. 

ȼ ɨɛɥаɫɬɢ ɜɵɫɨкɢɯ ɬеɦɩеɪаɬɭɪ (Ɍ > D ) ɡɧаɦɟɧаɬɟɥɶ ɜ ɜɵɪаɠɟɧɢɢ (ɉ.1.47) 

ɦɨɠɧɨ ɪаɡɥɨɠɢɬɶ ɜ ɪяɞ ɢ, ɨɝɪаɧɢчɢɜаяɫɶ ɩɟɪɜɵɦ чɥɟɧɨɦ ɪаɡɥɨɠɟɧɢя, 
ɫчɢɬаɬɶ еɯ

 -1≈ x. Тɨɝɞа nɮ ~ Ɍ ɢ 
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                                         (ɉ.1.51) 

Таɤ ɤаɤ ɜ ɷɬɨɣ ɨɛɥаɫɬɢ ɫV ɩɪаɤɬɢчɟɫɤɢ ɧɟ ɡаɜɢɫɢɬ ɨɬ Ɍ, ɬɨ ɤɨɷɮɮɢɰɢɟɧɬ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɪɟɲɟɬɤɢ ɞɨɥɠɟɧ ɛɵɬɶ ɨɛɪаɬɧɨ ɩɪɨɩɨɪɰɢɨɧаɥɶɧɵɦ 
аɛɫɨɥɸɬɧɨɣ ɬɟɦɩɟɪаɬɭɪɟ  

      (ɉ.1.52) 

     В ɜɵɪаɠɟɧɢɟ (ɉ.1.51) ɜхɨɞяɬ ɬаɤɠɟ ɤɨɷɮɮɢɰɢɟɧɬ аɧɝаɪɦɨɧɢчɧɨɫɬɢ b ɢ 
ɫɤɨɪɨɫɬɶ ɡɜɭɤа vɡɜ, ɤɨɬɨɪɵɟ ɫɭщɟɫɬɜɟɧɧɨ ɡаɜɢɫяɬ ɨɬ ɠɟɫɬɤɨɫɬɢ ɫɜяɡɢ, ɞɟɣɫɬ-

ɜɭɸщɟɣ ɦɟɠɞɭ чаɫɬɢɰаɦɢ ɬɜɟɪɞɨɝɨ ɬɟɥа. ɋ ɭɦɟɧɶɲɟɧɢɟɦ ɠɟɫɬɤɨɫɬɢ ɫɜяɡɢ vɡɜ 

ɭɦɟɧɶɲаɟɬɫя, а b ɭɜɟɥɢчɢɜаɟɬɫя, ɬаɤ ɤаɤ ɨɫɥаɛɥɟɧɢɟ ɫɜяɡɢ ɩɪɢɜɨɞɢɬ ɤ 
ɜɨɡɪаɫɬаɧɢɸ (ɩɪɢ ɞаɧɧɨɣ ɬɟɦɩɟɪаɬɭɪɟ) аɦɩɥɢɬɭɞɵ ɬɟɩɥɨɜɵх ɤɨɥɟɛаɧɢɣ ɢ 
ɛɨɥɟɟ ɫɢɥɶɧɨɦɭ ɩɪɨяɜɥɟɧɢɸ ɢх аɧɝаɪɦɨɧɢчɟɫɤɨɝɨ хаɪаɤɬɟɪа. Ɉɛа ɷɬɢ 
ɮаɤɬɨɪа ɞɨɥɠɧɵ ɜɵɡɵɜаɬɶ, ɫɨɝɥаɫɧɨ (ɉ.1.51), ɭɦɟɧɶɲɟɧɢɟ λɪɟɲ . Эɬɨ 
ɩɨɞɬɜɟɪɠɞаɟɬɫя ɨɩɵɬɨɦ. 

В ɤачɟɫɬɜɟ ɩɪɢɦɟɪа ɜ ɬаɛɥ. ɉ.1.4 ɩɪɢɜɟɞɟɧɵ ɬɟɩɥɨɬа ɫɭɛɥɢɦаɰɢɢ Qɫɭɛɥ 

яɜɥяɸщаяɫя ɦɟɪɨɣ ɷɧɟɪɝɢɢ ɫɜяɡɢ, ɢ ɪɟɲɟɬɨчɧая ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ λɪɟɲ 

ɜаɥɟɧɬɧɵх ɤɪɢɫɬаɥɥɨɜ ɫ ɪɟɲɟɬɤɨɣ аɥɦаɡа - аɥɦаɡа, ɤɪɟɦɧɢя, ɝɟɪɦаɧɢя. ɂɡ 
ɞаɧɧɵх ɬаɛɥɢɰɵ ɜɢɞɧɨ, чɬɨ ɭɦɟɧɶɲɟɧɢɟ ɷɧɟɪɝɢɢ ɫɜяɡɢ ɩɪɢ ɩɟɪɟхɨɞɟ ɨɬ 
аɥɦаɡа ɤ ɤɪɟɦɧɢɸ ɢ ɝɟɪɦаɧɢɸ ɫɨɩɪɨɜɨɠɞаɟɬɫя ɡɧачɢɬɟɥɶɧɵɦ ɭɦɟɧɶɲɟɧɢɟɦ 
ɪɟɲɟɬɨчɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ. 

Таɛɥɢɰа. ɉ.1.4 

                

 

 

Ȼɨɥɟɟ ɞɟɬаɥɶɧɵɣ аɧаɥɢɡ ɩɨɤаɡɵɜаɟɬ ɬаɤɠɟ, чɬɨ λɪɟɲ ɫɢɥɶɧɨ ɡаɜɢɫɢɬ ɨɬ ɦаɫɫɵ 
Ɇ аɬɨɦɨɜ, ɭɦɟɧɶɲаяɫɶ ɫ ɪɨɫɬɨɦ Ɇ. Эɬɢɦ ɜ ɡɧачɢɬɟɥɶɧɨɣ ɦɟɪɟ ɨɛɴяɫɧяɟɬɫя 
ɬɨ, чɬɨ ɤɨɷɮɮɢɰɢɟɧɬ ɪɟɲɟɬɨчɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɥɟɝɤɢх ɷɥɟɦɟɧɬɨɜ, 
ɧахɨɞящɢхɫя ɜ ɜɟɪхɧɟɣ чаɫɬɢ ɬаɛɥɢɰɵ Ɇɟɧɞɟɥɟɟɜа (В, ɋ, Si) ɢɦɟɟɬ 
ɜɟɥɢчɢɧɭ ɩɨɪяɞɤа ɞɟɫяɬɤɨɜ ɢ ɞаɠɟ ɫɨɬɟɧ Вɬ/(ɦ∙Ʉ); ɭ ɷɥɟɦɟɧɬɨɜ, ɡаɧɢɦаɸщɢх 
ɫɪɟɞɧɸɸ чаɫɬɶ ɬаɛɥɢɰɵ Ɇɟɧɞɟɥɟɟɜа, λɪɟɲ ɩаɞаɟɬ ɞɨ ɟɞɢɧɢɰɵ Вɬ/(ɦ∙Ʉ), а ɭ 
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ɬяɠɟɥɵх ɷɥɟɦɟɧɬɨɜ, ɪаɫɩɨɥɨɠɟɧɧɵх ɜ ɧɢɠɧɟɣ чаɫɬɢ ɬаɛɥɢɰɵ, - ɭɠɟ ɞɨ ɞɟ-

ɫяɬɵх ɞɨɥɟɣ Вɬ/(ɦ∙Ʉ). 

Ваɠɧɨ ɨɬɦɟɬɢɬɶ, чɬɨ ɭ ɤɪɢɫɬаɥɥɨɜ ɫ ɥɟɝɤɢɦɢ чаɫɬɢɰаɦɢ ɢ ɠɟɫɬɤɢɦɢ 
ɫɜяɡяɦɢ ɪɟɲɟɬɨчɧая ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɞɨɫɬɢɝаɟɬ ɨчɟɧɶ ɛɨɥɶɲɨɝɨ ɡɧачɟɧɢя. 
Таɤ, ɭ аɥɦаɡа ɩɪɢ ɤɨɦɧаɬɧɨɣ ɬɟɦɩɟɪаɬɭɪɟ λɪɟɲ ɜɵɲɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 
ɫаɦɨɝɨ ɬɟɩɥɨɩɪɨɜɨɞɧɨɝɨ ɦɟɬаɥɥа - ɫɟɪɟɛɪа: λАg =  407 Вɬ/(ɦ∙Ʉ). 

      ɉɪɢ ɬеɦɩеɪаɬɭɪаɯ ɧɢɠе ɞеɛаеɜɫкɨɣ ɤɨɧɰɟɧɬɪаɰɢя ɮɨɧɨɧɨɜ ɪɟɡɤɨ 
ɭɦɟɧɶɲаɟɬɫя ɩɪɢ ɩɨɧɢɠɟɧɢɢ Ɍ, ɜɫɥɟɞɫɬɜɢɟ чɟɝɨ ɢх ɞɥɢɧа ɫɜɨɛɨɞɧɨɝɨ 
ɩɪɨɛɟɝа ɪɟɡɤɨ ɜɨɡɪаɫɬаɟɬ ɢ ɩɪɢ Ɍ ≤ D /β0 ɞɨɫɬɢɝаɟɬ ɜɟɥɢчɢɧɵ, ɫɪаɜɧɢɦɨɣ ɫ 
ɪаɡɦɟɪɨɦ ɤɪɢɫɬаɥɥа. ɉɨɫɤɨɥɶɤɭ ɫɬɟɧɤɢ ɤɪɢɫɬаɥɥа ɨɛɵчɧɨ ɩɥɨхɨ ɨɬɪаɠаɸɬ 
ɮɨɧɨɧɵ, ɞаɥɶɧɟɣɲɟɟ ɩɨɧɢɠɟɧɢɟ ɬɟɦɩɟɪаɬɭɪɵ ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢчɟɧɢɸ 
ɫɪɟɞɧɟɣ ɞɥɢɧɵ ɩɪɨɛɟɝа ɮɨɧɨɧɨɜ lɮ, ɬаɤ ɤаɤ ɨɧа ɨɩɪɟɞɟɥяɟɬɫя ɩɪɨɫɬɨ 
ɪаɡɦɟɪаɦɢ ɤɪɢɫɬаɥɥа. ɉɨɷɬɨɦɭ ɬɟɦɩɟɪаɬɭɪɧая ɡаɜɢɫɢɦɨɫɬɶ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɪɟɲɟɬɤɢ ɜ ɨɛɥаɫɬɢ ɨɱеɧɶ ɧɢɡкɢɯ ɬеɦɩеɪаɬɭɪ (Ɍ << D ) 

ɨɩɪɟɞɟɥяɟɬɫя ɡаɜɢɫɢɦɨɫɬɶɸ ɨɬ Ɍ ɬɟɩɥɨɟɦɤɨɫɬɢ ɤɪɢɫɬаɥɥа. Таɤ ɤаɤ ɜ 
ɨɛɥаɫɬɢ ɧɢɡɤɢх ɬɟɦɩɟɪаɬɭɪ ɫV ~ T

3, ɬɨ ɢ ɪɟɲɟɬɨчɧая ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ 
ɩɨɞчɢɧяɟɬɫя ɷɬɨɦɭ ɠɟ ɡаɤɨɧɭ 

    (ɉ.1.53) 

   ȼ ɨɛɥаɫɬɢ ɧɢɡкɢɯ ɬеɦɩеɪаɬɭɪ, ɧɨ ɫɪаɜɧɢɦɵɯ ɫ ɬеɦɩеɪаɬɭɪɨɣ Ⱦеɛая (Ɍ ≤ 
D ), ɞɥɢɧа ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝа ɮɨɧɨɧɨɜ ɢɡɦɟɧяɟɬɫя ɫ ɬɟɦɩɟɪаɬɭɪɨɣ ɩɨ 

ɷɤɫɩɨɧɟɧɰɢаɥɶɧɨɦɭ ɡаɤɨɧɭ 

 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɨɥɭчɢɦ ɬɟɦɩɟɪаɬɭɪɧɭɸ ɡаɜɢɫɢɦɨɫɬɶ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɫɥɟɞɭɸщɟɦ ɜɢɞɟ: 

     (ɉ.1.54) 

Аɧаɥɢɡ ɬɟɦɩɟɪаɬɭɪɧɵх ɡаɜɢɫɢɦɨɫɬɟɣ ɪɟɲɟɬɨчɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜ 
ɪаɡɥɢчɧɵх ɬɟɦɩɟɪаɬɭɪɧɵх ɨɛɥаɫɬях ɩɨɤаɡɵɜаɟɬ, чɬɨ ɡаɜɢɫɢɦɨɫɬɶ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɞɢɷɥɟɤɬɪɢɤɨɜ ɜ ɲɢɪɨɤɨɦ ɞɢаɩаɡɨɧɟ ɬɟɦɩɟɪаɬɭɪ ɞɨɥɠɟɧ 
ɢɦɟɬɶ ɷкɫɬɪеɦаɥɶɧɵɣ ɯаɪакɬеɪ, чɬɨ ɢ ɧаɛɥɸɞаɟɬɫя ɧа ɨɩɵɬɟ (ɪɢɫ. ɉ.1.11). 

       Дɟɣɫɬɜɢɬɟɥɶɧɨ, ɩɨ ɦɟɪɟ ɭɜɟɥɢчɟɧɢя ɬɟɦɩɟɪаɬɭɪɵ  Ɍ  ɪаɫɬɟɬ ɤɨɧ-

ɰɟɧɬɪаɰɢя ɮɨɧɨɧɨɜ nɮ, чɬɨ ɫаɦɨ ɩɨ ɫɟɛɟ ɞɨɥɠɧɨ ɩɪɢɜɨɞɢɬɶ ɤ ɪɨɫɬɭ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ λɪɟɲ. Ɉɞɧаɤɨ ɩɨɜɵɲɟɧɢɟ ɤɨɧɰɟɧɬɪаɰɢɢ ɮɨɧɨɧɨɜ 
ɫɨɩɪɨɜɨɠɞаɟɬɫя ɭɫɢɥɟɧɢɟɦ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɮɨɧɨɧ-ɮɨɧɨɧɧɨɝɨ ɪаɫɫɟяɧɢя ɢ 
ɭɦɟɧɶɲɟɧɢɟɦ ɞɥɢɧɵ ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝа lɮ ɮɨɧɨɧɨɜ, чɬɨ ɞɨɥɠɧɨ ɩɪɢɜɨɞɢɬɶ ɤ 
ɩаɞɟɧɢɸ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ. ɉɪɢ ɧɟɜɵɫɨɤɢх nɮ ɩɪɟɜаɥɢɪɭɸщɟɟ ɡɧачɟɧɢɟ 
ɢɦɟɟɬ ɩɟɪɜɵɣ ɮаɤɬɨɪ ɢ λɪɟɲ ɭɜɟɥɢчɢɜаɟɬɫя ɫ ɪɨɫɬɨɦ Ɍ. ɇачɢɧая ɠɟ ɫ 
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ɧɟɤɨɬɨɪɵх ɤɨɧɰɟɧɬɪаɰɢɣ nɮ  ɨɫɧɨɜɧɨɟ ɡɧачɟɧɢɟ ɩɪɢɨɛɪɟɬаɟɬ ɜɬɨɪɨɣ ɮаɤɬɨɪ ɢ 
λɪɟɲ, ɩɪɨɣɞя чɟɪɟɡ ɦаɤɫɢɦɭɦ, ɩаɞаɟɬ ɫ ɪɨɫɬɨɦ Ɍ. В ɨɛɥаɫɬɢ ɜɵɫɨɤɢх 
ɬɟɦɩɟɪаɬɭɪ ɷɬɨ ɩаɞɟɧɢɟ ɩɪɨɢɫхɨɞɢɬ ɩɪɢɦɟɪɧɨ ɨɛɪаɬɧɨ ɩɪɨɩɨɪɰɢɨɧаɥɶɧɨ Ɍ. 
ɂɧɬɟɪɟɫɧɨ ɨɬɦɟɬɢɬɶ, чɬɨ ɩɨɥɨɠɟɧɢɟ ɦаɤɫɢɦɭɦа ɧа ɤɪɢɜɨɣ λɪɟɲ(Ɍ) ɡаɜɢɫɢɬ ɨɬ 
ɪаɡɦɟɪɨɜ ɤɪɢɫɬаɥɥа. 

 

                                   

Ɋɢɫ. ɉ.1.11. Ɂаɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɫаɩɮɢɪа ɨɬ ɬɟɦɩɟɪаɬɭɪɵ. 

 

Аɧаɥɨɝɢчɧая ɤаɪɬɢɧа ɞɨɥɠɧа ɧаɛɥɸɞаɬɶɫя ɜ аɦɨɪɮɧɵɯ ɞɢɷɥекɬɪɢкаɯ, ɭ 
ɤɨɬɨɪɵх ɪаɡɦɟɪɵ ɨɛɥаɫɬɟɣ ɩɪаɜɢɥɶɧɨɣ ɫɬɪɭɤɬɭɪɵ ɩɨ ɩɨɪяɞɤɭ ɜɟɥɢчɢɧɵ 
ɫɪаɜɧɢɦɵ ɫ аɬɨɦɧɵɦɢ. Ɋаɫɫɟяɧɢɟ ɮɨɧɨɧɨɜ ɧа ɝɪаɧɢɰах ɬаɤɢх ɨɛɥаɫɬɟɣ 
ɞɨɥɠɧɨ ɩɪɟɨɛɥаɞаɬɶ ɩɪɢ ɜɫɟх ɬɟɦɩɟɪаɬɭɪах ɢ ɩɨɷɬɨɦɭ ɞɥɢɧа ɫɜɨɛɨɞɧɨɝɨ 
ɩɪɨɛɟɝа lɮ ɮɨɧɨɧɨɜ ɧɟ ɞɨɥɠɧа ɡаɜɢɫɟɬɶ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ. В ɫɢɥɭ ɷɬɨɝɨ 
ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɬаɤɢх ɞɢɷɥɟɤɬɪɢɤɨɜ ɞɨɥɠɟɧ ɛɵɬɶ 
ɩɪɨɩɨɪɰɢɨɧаɥɟɧ Ɍ 3

 ɜ ɨɛɥаɫɬɢ ɧɢɡɤɢх ɬɟɦɩɟɪаɬɭɪ ɢ ɧɟ ɡаɜɢɫɟɬɶ ɨɬ Ɍ ɜ 
ɨɛɥаɫɬɢ ɜɵɫɨɤɢх ɬɟɦɩɟɪаɬɭɪ, чɬɨ ɢ ɧаɛɥɸɞаɟɬɫя ɧа ɨɩɵɬɟ. 

Ɉɬɦɟɬɢɦ, чɬɨ хɨɬя ɬɟɨɪɢя хɨɪɨɲɨ ɨɩɢɫɵɜаɟɬ ɨɫɧɨɜɧɵɟ ɡаɤɨɧɨɦɟɪɧɨɫɬɢ 
ɢɡɦɟɧɟɧɢя ɪɟɲɟɬɨчɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɨɧа ɩɨɤа ɧɟ ɜ ɫɨɫɬɨяɧɢɢ 
ɩɪɟɞɫɤаɡаɬɶ ɞɨɫɬаɬɨчɧɨ ɬɨчɧɨɟ ɡɧачɟɧɢɟ λɪɟɲ. 

 

П.1.1.3.3. Теплоп̬оводно̭ть ̥еталлов.  

В ɦɟɬаɥɥах ɜ ɨɬɥɢчɢɟ ɨɬ ɞɢɷɥɟɤɬɪɢɤɨɜ ɩɟɪɟɧɨɫ ɬɟɩɥɨɬɵ ɨɫɭщɟɫɬɜɥяɟɬɫя ɧɟ 
ɬɨɥɶɤɨ ɮɨɧɨɧаɦɢ, ɧɨ ɢ ɫɜɨɛɨɞɧɵɦɢ ɷɥɟɤɬɪɨɧаɦɢ. ɉɨɷɬɨɦɭ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ 
ɦɟɬаɥɥɨɜ ɜ ɨɛщɟɦ ɫɥɭчаɟ ɫɤɥаɞɵɜаɟɬɫя ɢɡ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɪɟɲɟɬɤɢ 
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(ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɨɛɭɫɥɨɜɥɟɧɧɨɣ ɮɨɧɨɧаɦɢ) ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɨɛɭ-

ɫɥɨɜɥɟɧɧɨɣ ɫɜɨɛɨɞɧɵɦɢ ɷɥɟɤɬɪɨɧаɦɢ: 

                                         

Тɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɷɥɟɤɬɪɨɧɧɨɝɨ ɝаɡа λɷɥ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ, 
ɜɨɫɩɨɥɶɡɨɜаɜɲɢɫɶ ɮɨɪɦɭɥɨɣ (ɉ.1.48). ɉɨɞɫɬаɜɢɜ ɜ ɧɟɟ ɬɟɩɥɨɟɦɤɨɫɬɶ 
ɷɥɟɤɬɪɨɧɧɨɝɨ ɝаɡа ɫɷɥ, ɫɤɨɪɨɫɬɶ ɷɥɟɤɬɪɨɧɨɜ vF ɢ ɞɥɢɧɭ ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝа lɷɥ 

ɷɥɟɤɬɪɨɧɨɜ, ɩɨɥɭчɢɦ 

             (ɉ.1.55) 

ɉɨɞɫɬаɜɥяя ɫɸɞа ɫɷɥ ɢɡ (ɉ.1.39), ɧаɣɞɟɦ 

                                                                               (ɉ.1.56) 

Ɉɩɪɟɞɟɥɢɦ ɤачɟɫɬɜɟɧɧɨ хаɪаɤɬɟɪ ɬɟɦɩɟɪаɬɭɪɧɨɣ ɡаɜɢɫɢɦɨɫɬɢ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ чɢɫɬɵх ɦɟɬаɥɥɨɜ. 

ȼ ɨɛɥаɫɬɢ ɜɵɫɨкɢɯ ɬеɦɩеɪаɬɭɪ ɢɡ ɜɫɟх ɜɟɥɢчɢɧ, ɜхɨɞящɢх ɜ ɩɪаɜɭɸ 
чаɫɬɶ ɮɨɪɦɭɥɵ (ɉ.1.56), ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɡаɜɢɫɢɬ ɩɪаɤɬɢчɟɫɤɢ ɬɨɥɶɤɨ lɷɥ. Дɥя 
чɢɫɬɵх ɦɟɬаɥɥɨɜ ɩɪɢ ɧɟ ɫɥɢɲɤɨɦ ɧɢɡɤɢх ɬɟɦɩɟɪаɬɭɪах lɷɥ ɨɩɪɟɞɟɥяɟɬɫя 
ɪаɫɫɟяɧɢɟɦ ɷɥɟɤɬɪɨɧɨɜ ɧа ɮɨɧɨɧах ɢ ɩɪɢ ɩɪɨчɢх ɨɞɢɧаɤɨɜɵх ɭɫɥɨɜɢях 
ɨɛɪаɬɧɨ ɩɪɨɩɨɪɰɢɨɧаɥɶɧа ɤɨɧɰɟɧɬɪаɰɢɢ ɮɨɧɨɧɨɜ nɮ:  lɷɥ ~ 1/nɮ. ɉɨɫɤɨɥɶɤɭ ɜ 
ɨɛɥаɫɬɢ ɜɵɫɨɤɢх ɬɟɦɩɟɪаɬɭɪ nɮ  ~ Ɍ, ɬɨ ɫɨɝɥаɫɧɨ (ɉ.1.56) ɩɨɥɭчɢɦ, чɬɨ λɷɥ = 

const. 

Таɤɢɦ ɨɛɪаɡɨɦ, ɜ ɨɛɥаɫɬɢ ɜɵɫɨɤɢх ɬɟɦɩɟɪаɬɭɪ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ чɢɫɬɵх 
ɦɟɬаɥɥɨɜ ɧɟ ɞɨɥɠɧа ɡаɜɢɫɟɬɶ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ, чɬɨ ɩɨɞɬɜɟɪɠɞаɟɬɫя 
ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɨ. В ɤачɟɫɬɜɟ ɩɪɢɦɟɪа ɧа ɪɢɫ. ɉ.1.12 ɩɨɤаɡаɧ ɝɪаɮɢɤ 
ɡаɜɢɫɢɦɨɫɬɢ λ(Ɍ) ɞɥя ɦɟɞɢ, ɩɨɥɭчɟɧɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɨ. 

    ɂɡ ɝɪаɮɢɤа ɜɢɞɧɨ, чɬɨ ɩɪɢ ɬɟɦɩɟɪаɬɭɪах ɜɵɲɟ 80 – 100Ʉ 
ɬɟɦɩɟɪаɬɭɪɨɩɪɨɜɨɞɧɨɫɬɶ ɦɟɞɢ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɩɪаɤɬɢчɟɫɤɢ ɧɟ ɡаɜɢɫɢɬ. 

    ȼ ɨɛɥаɫɬɢ ɧɢɡкɢɯ ɬеɦɩеɪаɬɭɪ (Ɍ << D ) ɤɨɧɰɟɧɬɪаɰɢя ɮɨɧɨɧɨɜ nɮ  ~ Ɍ3
 , 

ɩɨɷɬɨɦɭ 

                                                      lɷɥ ~ 1/ Ɍ 3
. 

ɉɨɞɫɬаɜɥяя ɷɬɨ ɜɵɪаɠɟɧɢɟ ɞɥя lɷɥ ɜ (ɉ.1.56), ɩɨɥɭчɢɦ 

      λэл ~ 1/ Т 2 
.     (П.1.57)      

ɋɥɟɞɨɜаɬɟɥɶɧɨ, ɜ ɨɛɥаɫɬɢ ɧɢɡɤɢх ɬɟɦɩɟɪаɬɭɪ, ɝɞɟ ɜɵɩɨɥɧяɟɬɫя ɡаɤɨɧ Дɟɛая, 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɦɟɬаɥɥɨɜ ɞɨɥɠɧа ɛɵɬɶ ɨɛɪаɬɧɨ ɩɪɨɩɨɪɰɢɨɧаɥɶɧа ɤɜаɞɪаɬɭ 
аɛɫɨɥɸɬɧɨɣ ɬɟɦɩɟɪаɬɭɪɵ, чɬɨ ɬаɤɠɟ ɩɨɞɬɜɟɪɠɞаɟɬɫя ɨɩɵɬɨɦ. 



248 

 

 

                                   

Ɋɢɫ. ɉ.1.12.. Ɂаɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɦɟɞɢ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ. 

     ȼ ɨɛɥаɫɬɢ ɨɱеɧɶ ɧɢɡкɢɯ ɬеɦɩеɪаɬɭɪ (ɜɛɥɢɡɢ 0 Ʉ) ɤɨɧɰɟɧɬɪаɰɢя ɮɨɧɨɧɨɜ 
ɜ ɦɟɬаɥɥɟ ɫɬаɧɨɜɢɬɫя ɧаɫɬɨɥɶɤɨ ɧɟɛɨɥɶɲɨɣ, чɬɨ ɞɥя ɩɪɨɰɟɫɫɨɜ ɪаɫɫɟяɧɢя 
ɷɥɟɤɬɪɨɧɨɜ ɨɫɧɨɜɧɨɟ ɡɧачɟɧɢɟ ɩɪɢɨɛɪɟɬаɸɬ ɩɪɢɦɟɫɧɵɟ аɬɨɦɵ, ɤɨɬɨɪɵɟ 
ɜɫɟɝɞа ɫɨɞɟɪɠаɬɫя ɜ ɦɟɬаɥɥɟ, ɫɤɨɥɶ ɛɵ чɢɫɬɵɦ ɨɧ ɧɢ ɛɵɥ. В ɷɬɨɦ ɫɥɭчаɟ 
ɞɥɢɧа ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝа ɷɥɟɤɬɪɨɧɨɜ lɷɥ ~1/Nɩɪ (Nɩɪ - ɤɨɧɰɟɧɬɪаɰɢя 
ɩɪɢɦɟɫɧɵх аɬɨɦɨɜ) ɩɟɪɟɫɬаɟɬ ɡаɜɢɫɟɬɶ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɢ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɦɟɬаɥɥа, ɫɨɝɥаɫɧɨ (1ɉ.1.56), ɨɤаɡɵɜаɟɬɫя 
ɩɪɨɩɨɪɰɢɨɧаɥɶɧɨɣ Ɍ: 

                    λɷɥ ~ T.    (ɉ.1.58) 

Ɂаɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɦɟɬаɥɥɨɜ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɢɦɟɟɬ яɪɤɨ 
ɜɵɪаɠɟɧɧɵɣ ɦакɫɢɦɭɦ ɜ ɨɛɥаɫɬɢ ɧɢɡɤɢх ɬɟɦɩɟɪаɬɭɪ (ɫɦ. ɪɢɫ. ɉ.1.12). Эɬɨ 
ɨɛɴяɫɧяɟɬɫя ɬɟɦ, чɬɨ ɫɨɝɥаɫɧɨ (ɉ.1.57) ɢ (ɉ.1.58) ɩɪɢ Ɍ << D ɜɟɥɢчɢɧа 1/ λɷɥ 

ɨɩɢɫɵɜаɟɬɫя ɮɭɧɤɰɢɟɣ ɜɢɞа 

                         1 / λɷɥ =аɌ2
+ b/Ɍ,            (ɉ.1.58) 

ɝɞɟ а ɢ b - ɩɨɫɬɨяɧɧɵɟ. ɉɟɪɜɵɣ чɥɟɧ ɨɩɢɫɵɜаɟɬ ɬɟɩɥɨɜɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, 
ɨɛɭɫɥɨɜɥɟɧɧɨɟ ɪаɫɫɟяɧɢɟɦ ɷɥɟɤɬɪɨɧɨɜ ɧа ɤɨɥɟɛаɧɢях ɪɟɲɟɬɤɢ (ɮɨɧɨɧах), 
ɜɬɨɪɨɣ - ɪаɫɫɟяɧɢɟ ɧа ɩɪɢɦɟɫях ɢ ɞɟɮɟɤɬах ɪɟɲɟɬɤɢ. ɋɨɜɦɟɫɬɧɨɟ ɞɟɣɫɬɜɢɟ 
ɷɬɢх ɫɥаɝаɟɦɵх ɢ ɩɪɢɜɨɞɢɬ ɤ ɩɨяɜɥɟɧɢɸ ɦаɤɫɢɦɭɦа ɧа ɤɪɢɜɨɣ 
ɬɟɦɩɟɪаɬɭɪɧɨɣ ɡаɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ. ɇɟɬɪɭɞɧɨ ɩɨɤаɡаɬɶ, чɬɨ ɫ 
ɭɦеɧɶɲеɧɢеɦ ɱɢɫɬɨɬɵ ɦеɬаɥɥа ɦакɫɢɦɭɦ ɬеɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɫɦеɳаеɬɫя ɜ 
ɫɬɨɪɨɧɭ ɛɨɥее ɜɵɫɨкɢɯ ɬеɦɩеɪаɬɭɪ ɢ еɝɨ ɜɵɫɨɬа ɭɦеɧɶɲаеɬɫя. 

     ɉɪɨɢɡɜɟɞɟɦ ɨɰɟɧɤɭ ɜɟɥɢчɢɧɵ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɦɟɬаɥɥɨɜ ɩɪɢ ɤɨɦɧаɬɧɨɣ 
ɬɟɦɩɟɪаɬɭɪɟ, ɩɨɥɶɡɭяɫɶ ɮɨɪɦɭɥɨɣ (ɉ.1.55). Дɥя ɦɟɬаɥɥɨɜ ɫɷɥ ≈ 0,01ɫV ≈ γ∙104

 

Дɠ/(ɦ3∙K), vɁВ ≈ 10
6ɦ/ɫ ɢ lɷɥ ≈ 108

 ɦ. ɉɨɞɫɬаɜɥяя ɷɬɢ ɡɧачɟɧɢя ɜ (ɉ.1.55), 

ɧахɨɞɢɦ λɷɥ ≈ 102
 Вɬ/(ɦ∙Ʉ). Таɤɢɦ ɨɛɪаɡɨɦ, ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɦɟɬаɥɥɨɜ 
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ɞɨɥɠɧа ɞɨɫɬɢɝаɬɶ ɫɨɬɟɧ ɜаɬɬ ɧа ɦɟɬɪ-ɤɟɥɶɜɢɧ, чɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɵɦ ɞаɧɧɵɦ (ɬаɛɥ. ɉ.1.5). 

 

Таɛɥɢɰа. ɉ.1.5 

            

 

Ɉɰɟɧɢɦ ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɞɨɥɸ, ɩɪɢхɨɞящɭɸɫя ɧа ɪɟɲɟɬɨчɧɭɸ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɦɟɬаɥɥа. Дɥя ɷɬɨɝɨ ɜɨɡɶɦɟɦ ɨɬɧɨɲɟɧɢɟ (ɉ.1.49) ɤ (ɉ.1.56): 

                                                 

     Дɥя чɢɫɬɵх ɦɟɬаɥɥɨɜ ɫɷɥ /ɫv ≈ 0,01, vɁВ ≈ 10
3ɦ/ɫ,   vF ≈ 10

6ɦ/ɫ,  lɮ ≈ 10
-9ɦ,    lɷɥ 

≈ 10
-8ɦ. Тɨɝɞа λɪеɲ/λɷɥ ≈ η∙10-2

. 

ɋɥɟɞɨɜаɬɟɥɶɧɨ, ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɬɢɩɢчɧɵх чɢɫɬɵх ɦɟɬаɥɥɨɜ ɩɨчɬɢ 
ɩɨɥɧɨɫɬɶɸ ɨɩɪɟɞɟɥяɟɬɫя ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ ɢх ɷɥɟɤɬɪɨɧɧɨɝɨ ɝаɡа; ɧа ɞɨɥɸ 
ɪɟɲɟɬɨчɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ ɩɪɢхɨɞɢɬɫя ɜɫɟɝɨ ɥɢɲɶ ɧɟɫɤɨɥɶɤɨ ɩɪɨɰɟɧɬɨɜ. 

Эɬа ɤаɪɬɢɧа ɦɨɠɟɬ, ɨɞɧаɤɨ, ɪɟɡɤɨ ɢɡɦɟɧɢɬɶɫя ɩɪɢ ɩɟɪɟхɨɞɟ ɤ 
ɦɟɬаɥɥɢчɟɫɤɢɦ ɫɩɥаɜаɦ, ɜ ɤɨɬɨɪɵх ɩɪɟɨɛɥаɞаɸщɢɦ ɦɟхаɧɢɡɦɨɦ ɪаɫɫɟяɧɢя 
ɷɥɟɤɬɪɨɧɨɜ яɜɥяɟɬɫя ɪаɫɫɟяɧɢɟ ɧа ɩɪɢɦɟɫɧɵх аɬɨɦах. Дɥɢɧа ɫɜɨɛɨɞɧɨɝɨ 
ɩɪɨɛɟɝа ɷɥɟɤɬɪɨɧɨɜ, ɨɛɭɫɥɨɜɥɟɧɧая ɷɬɢɦ ɪаɫɫɟяɧɢɟɦ, ɨɛɪаɬɧɨ 
ɩɪɨɩɨɪɰɢɨɧаɥɶɧа ɤɨɧɰɟɧɬɪаɰɢɢ ɩɪɢɦɟɫɢ lɷɥ ~1/Nɩɪ ɢ ɩɪɢ ɜɵɫɨɤɨɦ ɡɧачɟɧɢɢ 
Nɩɪ ɦɨɠɟɬ ɛɵɬɶ ɫɪаɜɧɢɦа ɫ ɞɥɢɧɨɣ ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝа ɮɨɧɨɧɨɜ lɮ: lɷɥ  ≈ lɮ. 

ȿɫɬɟɫɬɜɟɧɧɨ, чɬɨ ɜɤɥаɞ ɜ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɷɥɟɤɬɪɨɧɨɜ ɜ ɷɬɨɦ ɫɥɭчаɟ ɦɨɠɟɬ 
ɩɨ ɩɨɪяɞɤɭ ɜɟɥɢчɢɧɵ ɛɵɬɶ ɬаɤɢɦ ɠɟ, ɤаɤ ɢ ɜɤɥаɞ ɮɨɧɨɧɨɜ, ɬ. ɟ. λɷɥ ≈ λɪеɲ. Эɬɨ 
ɬаɤɠɟ ɩɨɞɬɜɟɪɠɞаɟɬɫя ɨɩɵɬɨɦ. В ɩɨɫɥɟɞɧɟɦ ɫɬɨɥɛɰɟ ɬаɛɥ. ɉ.1.5 ɩɪɢɜɟɞɟɧа 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɤɨɧɫɬаɧɬаɧа (ɫɩɥаɜа ɫɨɫɬаɜа θ0% ɋu + 40% Ni). Ɉɧа 
ɡɧачɢɬɟɥɶɧɨ ɧɢɠɟ, чɟɦ ɭ ɧɢɤɟɥя ɢ ɦɟɞɢ. Эɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, чɬɨ ɡа 
ɪаɫɫɟяɧɢɟ ɷɥɟɤɬɪɨɧɨɜ ɜ ɤɨɧɫɬаɧɬаɧɟ ɨɬɜɟɬɫɬɜɟɧɧɵ ɝɥаɜɧɵɦ ɨɛɪаɡɨɦ 
ɢɫɤаɠɟɧɢя ɪɟɲɟɬɤɢ, ɜɵɡɜаɧɧɵɟ ɩɪɢɦɟɫɧɵɦɢ аɬɨɦаɦɢ. 

əɪɤɢɦ ɩɪɢɦɟɪɨɦ ɡɧачɢɬɟɥɶɧɨɝɨ ɜɤɥаɞа ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɪɟɲɟɬɤɢ ɜ 
ɨɛщɭɸ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ яɜɥяɸɬɫя ɤаɪɛɢɞɵ ɬɭɝɨɩɥаɜɤɢх ɦɟɬаɥɥɨɜ, 
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ɩɪɨяɜɥяɸщɢɟ ɦɟɬаɥɥɢчɟɫɤɢɣ хаɪаɤɬɟɪ ɷɥɟɤɬɪɢчɟɫɤɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ. Таɤ, 
ɞɥя ɫɨɟɞɢɧɟɧɢя Тiɋ ɪɟɲɟɬɨчɧая ɫɨɫɬаɜɥяɸщая ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 
ɩɪɟɜаɥɢɪɭɟɬ ɧаɞ ɷɥɟɤɬɪɨɧɧɨɣ ɫɨɫɬаɜɥяɸщɟɣ ɩɪɢ ɬɟɦɩɟɪаɬɭɪах ɧɢɠɟ γ10 Ʉ. 

Тɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɦɟɬаɥɥɨɜ, ɬаɤɠɟ ɤаɤ ɢ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ, ɦɟɧяɟɬɫя 
ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɜɧеɲɧеɝɨ ɦаɝɧɢɬɧɨɝɨ ɩɨɥя. ɉɪɢ ɷɬɨɦ ɜɨɡɦɨɠɧɨ ɤаɤ ɢ 
ɭɜɟɥɢчɟɧɢɟ, ɬаɤ ɢ ɭɦɟɧɶɲɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ. ɇаɢɛɨɥɶɲɢɟ ɢɡɦɟɧɟɧɢя 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ (ɩɨɪяɞɤа β - η ɪаɡ) ɧаɛɥɸɞаɸɬɫя ɩɨɞ ɞɟɣɫɬɜɢɟɦ 
ɩɨɩɟɪɟчɧɨɝɨ ɩɨɥя ɜ ɨɛɥаɫɬɢ ɬɟɦɩɟɪаɬɭɪɧɨɝɨ ɦаɤɫɢɦɭɦа ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ. 

ɉɪɢ ɪаɫɫɦɨɬɪɟɧɢɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ чɢɫɬɵх ɦɟɬаɥɥɨɜ ɨɛɪащаɟɬ ɧа ɫɟɛя 
ɜɧɢɦаɧɢɟ ɬɨ ɨɛɫɬɨяɬɟɥɶɫɬɜɨ, чɬɨ ɜ ɪяɞɭ ɦɟɬаɥɥɢчɟɫɤɢх ɷɥɟɦɟɧɬɨɜ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɬɟɦ ɛɨɥɶɲɟ, чɟɦ ɛɨɥɶɲɟ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ. Эɬа ɫɜяɡɶ 
ɛɵɥа ɜɩɟɪɜɵɟ ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɨ ɭɫɬаɧɨɜɥɟɧа Ƚ. Вɢɞɟɦаɧɨɦ ɢ ɉ. Ɏɪаɧɰɟɦ ɢ 
ɬɟɨɪɟɬɢчɟɫɤɢ ɨɛɨɫɧɨɜаɧа Ʌ. Ʌɨɪɟɧɰɟɦ ɞɥя ɦɟɬаɥɥɨɜ. ɂɦɢ ɛɵɥɨ ɩɨɤаɡаɧɨ, чɬɨ 
ɨɬɧɨɲɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ λ ɦɟɬаɥɥɨɜ ɤ ɢх ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ σ 
ɩɪɨɩɨɪɰɢɨɧаɥɶɧɨ аɛɫɨɥɸɬɧɨɣ ɬɟɦɩɟɪаɬɭɪɟ Ɍ: 

            λ/σ =  LɌ.                                       (ɉ.1.60) 

Эɬɨ ɜɵɪаɠɟɧɢɟ ɫɨɫɬаɜɥяɟɬ ɫɨɞɟɪɠаɧɢɟ ɡакɨɧа ȼɢɞеɦаɧа— Фɪаɧɰа-

Ʌɨɪеɧɰа: ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɩɨɪɰɢɨɧаɥɶɧɨɫɬɢ L ɧаɡɵɜаɟɬɫя ɱɢɫɥɨɦ Ʌɨɪеɧɰа. 

Ɂаɤɨɧ Вɢɞɟɦаɧа-Ɏɪаɧɰа-Ʌɨɪɟɧɰа ɥɟɝɤɨ ɩɨɥɭчɢɬɶ, ɜɨɫɩɨɥɶɡɨɜаɜɲɢɫɶ 
ɜɵɪаɠɟɧɢɟɦ (ɉ.1.56) ɞɥя λɷɥ  ɢ ɜɵɪаɠɟɧɢɟɦ ɞɥя σ, ɤ ɤɨɬɨɪɨɦɭ ɩɪɢɜɨɞɢɬ 
ɷɥɟɤɬɪɨɧɧая ɬɟɨɪɢя ɦɟɬаɥɥɨɜ, ɧаɩɪɢɦɟɪ, Д167]: 

                                                                                  

ɝɞɟ LF - ɫɪɟɞɧяя ɬɪаɧɫɩɨɪɬɧая ɞɥɢɧа ɩɪɨɛɟɝа, ɪаɜɧɵɣ ɫɪɟɞɧɟɦɭ ɩɭɬɢ ɤɨɬɨɪɵɣ 
ɩɪɨɣɞɟɬ ɷɥɟɤɬɪɨɧ ɡа ν ɫɬɨɥɤɧɨɜɟɧɢɣ, lF – ɞɥɢɧа ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝа 
ɷɥɟɤɬɪɨɧɨɜ ɢ vF – ɫɤɨɪɨɫɬɶ ɷɥɟɤɬɪɨɧɨɜ, ɢɦɟɸщɢх ɷɧɟɪɝɢɸ Ɏɟɪɦɢ. 

Ɂаɤɨɧ Вɢɞɟɦаɧа-Ɏɪаɧɰа-Ʌɨɪɟɧɰа: 

    
22

3

k
T

e

       .    (ɉ.1.61) 

       Ɉɬɫɸɞа ɬɟɨɪɟɬɢчɟɫɤая ɜɟɥɢчɢɧа чɢɫɥа Ʌɨɪɟɧɰа L : 

                                                           (ɉ.1.62) 

       Эɬɨ ɬɟɨɪɟɬɢчɟɫɤɨɟ ɡɧачɟɧɢɟ хɨɪɨɲɨ ɫɨɝɥаɫɭɟɬɫя ɫ ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɵɦɢ 
ɜɟɥɢчɢɧаɦɢ ɞɥя ɛɨɥɶɲɢɧɫɬɜа ɬɟхɧɢчɟɫɤɢ чɢɫɬɵх ɦɟɬаɥɥɨɜ, ɞɥя ɤɨɬɨɪɵх 
ɩɪɢ ɤɨɦɧаɬɧɨɣ ɬɟɦɩɟɪаɬɭɪɟ L ɤɨɥɟɛɥɟɬɫя ɨɬ β,1 ɞɨ β,8∙10-8

 Вɬ∙Ɉɦ ∙Ʉ-2
. 
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Ɏɟɪɪɨɦаɝɧɢɬɧɵɟ ɦɟɬаɥɥɵ ɢɦɟɸɬ аɧɨɦаɥɶɧɨ ɜɵɫɨɤɨɟ чɢɫɥɨ Ʌɨɪɟɧɰа L, ɜ 
чаɫɬɧɨɫɬɢ, ɞɥя ɠɟɥɟɡа L = γ,0∙10-8

 Вɬ∙Ɉɦ∙Ʉ-2
. 

В ɩɨɥɭɩɪɨɜɨɞɧɢɤах ɫ ɧɟɜɵɪɨɠɞɟɧɧɵɦ ɷɥɟɤɬɪɨɧɧɵɦ ɝаɡɨɦ ɬɟɩ-

ɥɨɩɪɨɜɨɞɧɨɫɬɶ ɧɟ яɜɥяɟɬɫя чɢɫɬɨ ɷɥɟɤɬɪɨɧɧɨɣ. Ɂɧачɢɬɟɥɶɧɭɸ ɞɨɥɸ ɜ ɧɟɣ 
ɫɨɫɬаɜɥяɟɬ, ɤаɤ ɩɪаɜɢɥɨ, ɪɟɲɟɬɨчɧая ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ. Ɉɞɧаɤɨ ɢ ɜ ɷɬɨɦ 
ɫɥɭчаɟ ɷɥɟɤɬɪɨɧɧая ɫɨɫɬаɜɥяɸщая ɩɨɥɭɩɪɨɜɨɞɧɢɤа ɩɨɞчɢɧяɟɬɫя ɡаɤɨɧɭ 
Вɢɞɟɦаɧа-Ɏɪаɧɰа-Ʌɨɪɟɧɰа ɫ ɬɨɣ ɥɢɲɶ ɪаɡɧɢɰɟɣ, чɬɨ чɢɫɥɨ Ʌɨɪɟɧɰа ɞɥя 
ɧɟɝɨ ɪаɜɧɨ L = 2(k/е)

2
. 

ɋɨɨɬɧɨɲɟɧɢɟ Вɢɞɟɦаɧа-Ɏɪаɧɰа-Ʌɨɪɟɧɰа ɫɩɪаɜɟɞɥɢɜɨ ɞɥя ɦɟɬаɥɥɨɜ 
ɬɨɥɶɤɨ ɞɥя ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɢх ɬɟɦɩɟɪаɬɭɪ - ɩɨɪяɞɤа ɢɥɢ ɜɵɲɟ ɤɨɦɧаɬɧɨɣ. 
Ɉɞɧаɤɨ ɢ ɩɪɢ ɜɵɫɨɤɢх ɬɟɦɩɟɪаɬɭɪах ɦɨɠɟɬ ɧаɛɥɸɞаɬɶɫя ɨɬɤɥɨɧɟɧɢɟ ɨɬ ɷɬɨɝɨ 
ɡаɤɨɧа, ɨɛɭɫɥɨɜɥɟɧɧɨɟ ɬɟɦ, чɬɨ ɩɪɢ ɜɵɫɨɤɢх ɬɟɦɩɟɪаɬɭɪах ɜ ɦɟɬаɥɥах ɢ, 
ɨɫɨɛɟɧɧɨ ɜ ɫɩɥаɜах, ɪɟɲɟɬɨчɧая ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɢɝɪаɟɬ ɨщɭɬɢɦɭɸ ɪɨɥɶ ɜ 
ɩɟɪɟɧɨɫɟ ɬɟɩɥа. 

ɇɟɫɦɨɬɪя ɧа ɫɜɨɣ ɩɪɢɛɥɢɠɟɧɧɵɣ хаɪаɤɬɟɪ, ɡаɤɨɧ Вɢɞɟɦаɧа-Ɏɪаɧɰа-

Ʌɨɪɟɧɰа ɩɨɡɜɨɥяɟɬ ɩɟɪɟɧɟɫɬɢ ɨɛщɢɟ ɡаɤɨɧɨɦɟɪɧɨɫɬɢ, ɧаɣɞɟɧɧɵɟ ɞɥя 
ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ, ɧа яɜɥɟɧɢя ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɢ ɩɨɦɨɝаɟɬ ɫɨɫɬаɜɢɬɶ 
ɩɪɟɞɫɬаɜɥɟɧɢɟ ɨ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɦаɬɟɪɢаɥа ɩɨ ɟɝɨ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ. 
ɉɪаɤɬɢчɟɫɤɨɟ ɡɧачɟɧɢɟ ɷɬɨɣ ɜɨɡɦɨɠɧɨɫɬɢ ɨчɟɜɢɞɧɨ, ɬаɤ ɤаɤ ɢɡɦɟɪɟɧɢɟ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɝɨɪаɡɞɨ ɫɥɨɠɧɟɟ ɢ ɦɟɧɟɟ ɧаɞɟɠɧɨ, чɟɦ ɢɡɦɟɪɟɧɢɟ 
ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ, чɬɨ ɨɛɴяɫɧяɟɬɫя ɬɪɭɞɧɨɫɬяɦɢ ɬɟɩɥɨɢɡɨɥяɰɢɢ ɨɛɴɟɤɬа. 

 

П.1.1.3.4. Ɍеɩɥɨɩɪɨвɨɞɧɨɫтɶ ɫɩɥавɨв.  

Ʉаɤ ɦɨɠɧɨ ɨɠɢɞаɬɶ ɧа ɨɫɧɨɜɟ ɨɛщɟɣ аɧаɥɨɝɢɢ ɦɟɠɞɭ 
ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶɸ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ, ɩɨɫɥɟɞɧяя ɛɭɞɟɬ ɢɡɦɟɧяɬɶɫя 
ɩɪɢ ɢɡɦɟɧɟɧɢɢ хɢɦɢчɟɫɤɨɝɨ ɫɨɫɬаɜа ɢ ɮаɡɨɜɨɝɨ ɫɨɫɬɨяɧɢя ɫɩɥаɜа ɜ ɨɫɧɨɜɧɨɦ 
ɩɨ ɬɟɦ ɠɟ ɤачɟɫɬɜɟɧɧɵɦ ɡаɤɨɧɨɦɟɪɧɨɫɬяɦ, чɬɨ ɢ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ [167, 

173, 174, 180-183]. 

     В ɧɟɩɪɟɪɵɜɧɨɦ ɪяɞɭ ɧеɭɩɨɪяɞɨɱеɧɧɵɯ ɬɜеɪɞɵɯ ɪаɫɬɜɨɪɨɜ ɩɪɨɫɬɵх 
ɦɟɬаɥɥɨɜ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɩɨɧɢɠаɟɬɫя ɬɟɦ ɛɨɥɶɲɟ, чɟɦ ɞаɥɶɲɟ ɫɨɫɬаɜ 
ɫɩɥаɜа ɨɬɞаɥяɟɬɫя ɨɬ чɢɫɬɵх ɤɨɦɩɨɧɟɧɬɨɜ, ɩɪɢчɟɦ ɦɢɧɢɦɭɦ ɬɟɩ-

ɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɤаɤ ɩɪаɜɢɥɨ, ɥɟɠɢɬ ɩɪɢ   ɤɨɧɰɟɧɬɪаɰɢɢ   η0   аɬ.%   (ɪɢɫ. 
ɉ.1.13). В ɪяɞɭ ɬɜɟɪɞɵх ɪаɫɬɜɨɪɨɜ ɦɢɧɢɦаɥɶɧая ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ 
ɤɨɦɩɨɧɟɧɬɨɜ ɪɟɡɤɨ ɫɧɢɠаɟɬɫя ɩɪɢ ɜɜɟɞɟɧɢɢ ɩɪɢɦɟɫɟɣ ɞаɠɟ ɜ ɫɪаɜɧɢɬɟɥɶɧɨ 
ɧɟɛɨɥɶɲɢх ɤɨɥɢчɟɫɬɜах. Даɥɶɧɟɣɲɟɟ ɩɨɜɵɲɟɧɢɟ ɤɨɧɰɟɧɬɪаɰɢɢ ɬɜɟɪɞɨɝɨ 
ɪаɫɬɜɨɪа ɜɥɢяɟɬ ɧа ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɡɧачɢɬɟɥɶɧɨ ɦɟɧɶɲɟ. 

ɉɪɢ ɨɛɪаɡɨɜаɧɢɢ ɝеɬеɪɨɝеɧɧɵɯ ɫɦеɫеɣ ɜ ɛɢɧаɪɧɨɣ ɫɢɫɬɟɦɟ ɬɟɩ-

ɥɨɩɪɨɜɨɞɧɨɫɬɶ ɢɡɦɟɧяɟɬɫя ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɥɢɧɟɣɧɨ ɜ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ 
ɨɛɴɟɦɧɨɣ ɤɨɧɰɟɧɬɪаɰɢɢ ɤɨɦɩɨɧɟɧɬɨɜ. Эɬа ɡаɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, 
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ɤаɤ ɢ ɜ ɫɥɭчаɟ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ, ɦɨɠɟɬ ɛɵɬɶ ɪаɫɩɪɨɫɬɪаɧɟɧа ɢ ɧа 
ɝɟɬɟɪɨɝɟɧɧɵɟ ɨɛɥаɫɬɢ ɞɢаɝɪаɦɦɵ ɫɨɫɬɨяɧɢя, ɨɝɪаɧɢчɟɧɧɵɟ ɧɟ чɢɫɬɵɦɢ 
ɦɟɬаɥɥаɦɢ, а ɬɜɟɪɞɵɦɢ ɪаɫɬɜɨɪаɦɢ ɢɥɢ ɩɪɨɦɟɠɭɬɨчɧɵɦɢ ɮаɡаɦɢ α ɢ ȕ. В 
ɷɬɨɦ ɫɥɭчаɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɤаɠɞɨɝɨ ɫɩɥаɜа, ɥɟɠащɟɝɨ ɜ ɝɟɬɟɪɨɝɟɧɧɨɣ 
ɨɛɥаɫɬɢ, ɦɨɠɧɨ ɧаɣɬɢ ɩɨ ɩɪяɦɨɣ ɥɢɧɢɢ, ɫɨɟɞɢɧяɸщɟɣ ɡɧачɟɧɢя λα ɢ λβ ɞɥя 
ɬɜɟɪɞɵх ɪаɫɬɜɨɪɨɜ ɢ ɩɪɨɦɟɠɭɬɨчɧɵх ɮаɡ ɩɪɟɞɟɥɶɧɨɣ ɤɨɧɰɟɧɬɪаɰɢɢ. Вɫɟ 
ɫɤаɡаɧɧɨɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɬɤɥɨɧɟɧɢя ɨɬ ɩɪяɦɨɥɢɧɟɣɧɨɣ ɡаɜɢɫɢɦɨɫɬɢ ɷɥɟɤ-

ɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɝɟɬɟɪɨɝɟɧɧɵх ɫɦɟɫях, ɧаɩɪɢɦɟɪ Д167Ж,  ɦɨɠɧɨ ɩɨɜɬɨɪɢɬɶ 
ɬаɤɠɟ ɢ ɞɥя ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ. ɋɭщɟɫɬɜɟɧɧɨ, чɬɨ ɡɧачɟɧɢя ɤаɤ ɷɥɟɤɬɪɨɩɪɨ-

ɜɨɞɧɨɫɬɢ, ɬаɤ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɞɥя ɥɸɛɨɝɨ ɫɩɥаɜа ɝɟɬɟɪɨɝɟɧɧɨɣ ɨɛɥаɫɬɢ 
ɧахɨɞяɬɫя ɦɟɠɞɭ ɤɪаɣɧɢɦɢ ɡɧачɟɧɢяɦɢ ɷɬɢх ɫɜɨɣɫɬɜ ɞɥя ɮаɡ.  

 

                                     

Ɋɂɋ. ɉ.1.13. Тɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɫɩɥаɜɨɜ Аg-Аu. 

 

     ɋɩɟɰɢаɥɶɧɵɣ ɫɥɭчаɣ ɝɟɬɟɪɨɝɟɧɧɵх ɫɦɟɫɟɣ ɩɪɟɞɫɬаɜɥяɸɬ ɫɨɛɨɣ 
кɨɦɩɨɡɢɰɢɨɧɧɵе ɦаɬеɪɢаɥɵ, ɫɨɫɬɨящɢɟ ɢɡ ɩаɪаɥɥɟɥɶɧɵх ɜɨɥɨɤɨɧ ɢɥɢ 
ɩɥаɫɬɢɧ ɦɟɬаɥɥа ɢɥɢ ɫɩɥаɜа, ɪаɜɧɨɦɟɪɧɨ ɪаɫɩɪɟɞɟɥɟɧɧɵх ɜ ɦаɬɪɢɰɟ ɢɡ 
ɞɪɭɝɨɝɨ ɦɟɬаɥɥа ɢɥɢ ɫɩɥаɜа. Дɥя ɬаɤɢх ɦаɬɟɪɢаɥɨɜ ɩɪɢ ɪаɫчɟɬɟ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɧɟɨɛхɨɞɢɦɨ ɭчɢɬɵɜаɬɶ ɝɟɨɦɟɬɪɢɸ ɪаɫɩɨɥɨɠɟɧɢя ɜɨɥɨɤɨɧ 
(ɩɥаɫɬɢɧ). 

 

П.1.1.4. Ɍеɪɦиɱеɫɤɨе ɪаɫɲиɪеɧие твеɪɞыɯ теɥ. 

ɉɪɢ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪаɬɭɪɵ ɜɨɡɪаɫɬаɟɬ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɬɟɩɥɨɜɵх ɤɨɥɟɛаɧɢɣ 
аɬɨɦɨɜ ɜ ɭɡɥах ɤɪɢɫɬаɥɥɢчɟɫɤɨɣ ɪɟɲɟɬɤɢ. В ɪɟɡɭɥɶɬаɬɟ ɭɜɟɥɢчɢɜаɸɬɫя 
ɦɟɠаɬɨɦɧɵɟ ɪаɫɫɬɨяɧɢя ɢ ɥɢɧɟɣɧɵɟ ɪаɡɦɟɪɵ ɤɪɢɫɬаɥɥа [167]. ɋɩɨɫɨɛɧɨɫɬɶ 
ɬɜɟɪɞɨɝɨ ɬɟɥа ɢɡɦɟɧяɬɶ ɫɜɨɢ ɥɢɧɟɣɧɵɟ ɪаɡɦɟɪɵ ɩɪɢ ɧаɝɪɟɜɟ (ɨхɥаɠɞɟɧɢɢ) 
хаɪаɤɬɟɪɢɡɭɟɬɫя кɨɷɮɮɢɰɢеɧɬаɦɢ ɥɢɧеɣɧɨɝɨ ɢ ɨɛɴеɦɧɨɝɨ ɪаɫɲɢɪеɧɢɣ (α ɢ ȕ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ): 
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                                          (ɉ.1.63) 

ɝɞɟ D - ɦɨɞɭɥɶ ɜɫɟɫɬɨɪɨɧɧɟɝɨ ɫɠаɬɢя: 

                                                          . 

В ɢɡɨɬɪɨɩɧɵх ɬɜɟɪɞɵх ɬɟɥах ɤɨɷɮɮɢɰɢɟɧɬɵ ɥɢɧɟɣɧɨɝɨ ɪаɫɲɢɪɟɧɢя 
ɨɞɢɧаɤɨɜɵ ɩɨ ɜɫɟɦ ɧаɩɪаɜɥɟɧɢяɦ ɢ ȕ = γα. 

     Ɍеɩɥɨɜɨе ɪаɫɲɢɪеɧɢе ɨɛɭɫɥɨɜɥеɧɨ аɧɝаɪɦɨɧɢɡɦɨɦ кɨɥеɛаɧɢɣ: ɜ 
ɝаɪɦɨɧɢчɟɫɤɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɫɪɟɞɧɟɟ ɪаɫɫɬɨяɧɢɟ ɦɟɠɞɭ аɬɨɦаɦɢ ɧɟ ɡаɜɢɫɢɬ 
ɨɬ аɦɩɥɢɬɭɞɵ ɤɨɥɟɛаɧɢɣ, а, ɫɥɟɞɨɜаɬɟɥɶɧɨ, ɢ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ. В ɫаɦɨɦ ɞɟɥɟ, 
ɨɛɪаɬɢɦɫя ɤ ɤɪɢɜɨɣ ɡаɜɢɫɢɦɨɫɬɢ ɩɨɬɟɧɰɢаɥɶɧɨɣ ɷɧɟɪɝɢɢ ɜɡаɢɦɨɞɟɣɫɬɜɢя 
чаɫɬɢɰ ɬɜɟɪɞɨɝɨ ɬɟɥа ɨɬ ɪаɫɫɬɨяɧɢя ɦɟɠɞɭ ɧɢɦɢ (ɪɢɫ. ɉ.1.14). 

     ɉɪɢ аɛɫɨɥɸɬɧɨɦ ɧɭɥɟ чаɫɬɢɰɵ ɪаɫɩɨɥаɝаɸɬɫя ɧа ɪаɫɫɬɨяɧɢях r0, 

ɨɬɜɟчаɸщɢх ɦɢɧɢɦɭɦɭ ɷɧɟɪɝɢɢ ɜɡаɢɦɨɞɟɣɫɬɜɢя U0. Эɬɢ ɪаɫɫɬɨяɧɢя 
ɨɩɪɟɞɟɥяɸɬ ɪаɡɦɟɪ ɬɟɥа ɩɪɢ аɛɫɨɥɸɬɧɨɦ ɧɭɥɟ. ɋ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪаɬɭɪɵ 
чаɫɬɢɰɵ ɧачɢɧаɸɬ ɤɨɥɟɛаɬɶɫя ɨɤɨɥɨ ɩɨɥɨɠɟɧɢɣ ɪаɜɧɨɜɟɫɢя. Ʉɨɝɞа 
ɤɨɥɟɛɥɸщаяɫя чаɫɬɢɰа ɩɪɨхɨɞɢɬ чɟɪɟɡ ɩɨɥɨɠɟɧɢɟ ɪаɜɧɨɜɟɫɢя, ɬɨ ɟɟ 
ɩɨɬɟɧɰɢаɥɶɧая ɷɧɟɪɝɢя ɦɢɧɢɦаɥɶɧа, а ɤɢɧɟɬɢчɟɫɤая ɷɧɟɪɝɢя - ɦаɤɫɢɦаɥɶɧа. 
В ɤɪаɣɧɢх ɩɨɥɨɠɟɧɢях ɤɨɥɟɛɥɸщаяɫя чаɫɬɢɰа ɨɛɥаɞаɟɬ ɦаɤɫɢɦаɥɶɧɨɣ 
ɩɨɬɟɧɰɢаɥɶɧɨɣ ɷɧɟɪɝɢɟɣ ɢ ɧɭɥɟɜɨɣ ɤɢɧɟɬɢчɟɫɤɨɣ. ɉɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪаɬɭɪɵ 
ɬɟɥа ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢчɟɧɢɸ ɦаɤɫɢɦаɥɶɧɨɣ ɩɨɬɟɧɰɢаɥɶɧɨɣ ɷɧɟɪɝɢɢ: 
ɧаɩɪɢɦɟɪ, ɩɪɢ ɬɟɦɩɟɪаɬɭɪɟ T4 ɨɧа ɫɨɫɬаɜɥяɟɬ U4 (ɫɦ. ɪɢɫ. ɉ.1.14). Ʉаɠɞɨɦɭ 
ɡɧачɟɧɢɸ ɩɨɬɟɧɰɢаɥɶɧɨɣ ɷɧɟɪɝɢɢ ɧа ɤɪɢɜɨɣ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɞɜа ɡɧачɟɧɢя 
ɦɟɠаɬɨɦɧɨɝɨ ɪаɫɫɬɨяɧɢя (ɧаɩɪɢɦɟɪ, ɬɨчɤɢ А ɢ В ɞɥя U 4), ɢɡ ɤɨɬɨɪɵх ɩɟɪɜɨɟ 
хаɪаɤɬɟɪɢɡɭɟɬ ɧаɢɛɨɥɶɲɟɟ ɫɛɥɢɠɟɧɢɟ, а ɜɬɨɪɨɟ - ɧаɢɛɨɥɶɲɟɟ ɭɞаɥɟɧɢɟ ɩаɪɵ 
ɫɨɫɟɞɧɢх чаɫɬɢɰ. ɋɪɟɞɧɟɟ ɩɨɥɨɠɟɧɢɟ ɤɨɥɟɛɥɸщɟɣɫя чаɫɬɢɰɵ ɩɪɢ ɞаɧɧɨɦ 
ɦаɤɫɢɦаɥɶɧɨɦ ɡɧачɟɧɢɢ ɩɨɬɟɧɰɢаɥɶɧɨɣ ɷɧɟɪɝɢɢ ɨɩɪɟɞɟɥяɟɬɫя ɫɟɪɟɞɢɧɨɣ 
ɫɨɨɬɜɟɬɫɬɜɭɸщɟɝɨ ɝɨɪɢɡɨɧɬаɥɶɧɨɝɨ ɨɬɪɟɡɤа. Таɤ, ɞɥя ɬɟɦɩɟɪаɬɭɪɵ Ɍ4 

ɫɪɟɞɧɟɟ ɪаɫɫɬɨяɧɢɟ ɦɟɠɞɭ чаɫɬɢɰаɦɢ ɪаɜɧɨ r4 > r0. Эɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɭɜɟɥɢчɟɧɢɸ ɫɪɟɞɧɟɝɨ ɪаɫɫɬɨяɧɢя ɦɟɠɞɭ чаɫɬɢɰаɦɢ ɧа <ɯ>. 

Таɤɢɦ ɨɛɪаɡɨɦ, ɫ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪаɬɭɪɵ ɭɜɟɥɢчɢɜаɟɬɫя ɦаɤɫɢɦаɥɶɧая 
ɩɨɬɟɧɰɢаɥɶɧая ɷɧɟɪɝɢя ɤɨɥɟɛɥɸщɢхɫя чаɫɬɢɰ, ɭɜɟɥɢчɢɜаɟɬɫя аɦɩɥɢɬɭɞа ɢх 
ɤɨɥɟɛаɧɢɣ ɜ ɭɡɥах ɪɟɲɟɬɤɢ ɢ ɫɪɟɞɧɟɟ ɪаɫɫɬɨяɧɢɟ ɦɟɠɞɭ чаɫɬɢɰаɦɢ. Вɫɟ ɷɬɨ 
ɨɛɭɫɥɨɜɥɟɧɨ ɧɟɫɢɦɦɟɬɪɢчɧɨɫɬɶɸ ɤɪɢɜɨɣ ɩɨɬɟɧɰɢаɥɶɧɨɣ ɷɧɟɪɝɢɢ 
ɜɡаɢɦɨɞɟɣɫɬɜɢя, ɬ.ɟ. аɧɝаɪɦɨɧɢчɟɫɤɢɦ хаɪаɤɬɟɪɨɦ ɤɨɥɟɛаɧɢɣ чаɫɬɢɰ ɜ ɭɡɥах 
ɪɟɲɟɬɤɢ. 
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Ɋɢɫ. ɉ.1.14. ɂɡɦɟɧɟɧɢɟ ɩɨɬɟɧɰɢаɥɶɧɨɣ ɷɧɟɪɝɢɢ аɬɨɦа ɜ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɪаɫɫɬɨяɧɢя ɦɟɠɞɭ 
аɬɨɦаɦɢ. 

 

ɉɪɨɢɡɜɟɞɟɦ ɨɰɟɧɤɭ ɤɨɷɮɮɢɰɢɟɧɬа ɬɟɩɥɨɜɨɝɨ ɪаɫɲɢɪɟɧɢя α ɞɥя ɥɢɧɟɣɧɨɣ 
ɰɟɩɨчɤɢ аɬɨɦɨɜ. 

Вɫɟɝɞа ɜ ɭɫɥɨɜɢях ɪаɜɧɨɜɟɫɢя ɫɢɥɵ ɜɡаɢɦɨɞɟɣɫɬɜɢя ɦɟɠɞɭ чаɫɬɢɰаɦɢ ɜ 
ɭɡɥах ɪɟɲɟɬɤɢ (ɜ ɬɨɦ чɢɫɥɟ ɢ ɨɞɧɨɦɟɪɧɨɣ) ɪаɜɧɵ ɧɭɥɸ. Ɋаɡɥɨɠɢɦ ɜ ɪяɞ 
Тɟɣɥɨɪа ɮɭɧɤɰɢɸ f(r), ɨɩɢɫɵɜаɸщɭɸ ɫɢɥɭ ɜɡаɢɦɨɞɟɣɫɬɜɢя аɬɨɦɨɜ ɜ 
ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɪаɫɫɬɨяɧɢя r ɦɟɠɞɭ ɧɢɦɢ, ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɬɨчɤɢ ɪаɜɧɨɜɟɫɢя r0. 

Ɉɝɪаɧɢчɢɜаяɫɶ ɤɜаɞɪаɬɢчɧɵɦ чɥɟɧɨɦ, ɜɵɪаɡɢɦ ɫɢɥɭ ɜɡаɢɦɨɞɟɣɫɬɜɢя ɤаɤ 
ɮɭɧɤɰɢɸ ɫɦɟщɟɧɢя чаɫɬɢɰɵ ɯ ɨɬ ɩɨɥɨɠɟɧɢя ɪаɜɧɨɜɟɫɢя: 

                   f ;хͿ = - ах + bх2
,    (ɉ.1.64) 

ɝɞɟ а ɢ b - ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɩаɪаɦɟɬɪɵ, хаɪаɤɬɟɪɢɡɭɸщɢɟ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
ɠɟɫɬɤɨɫɬɶ ɫɜяɡɢ ɢ ɫɬɟɩɟɧɶ аɧɝаɪɦɨɧɢчɧɨɫɬɢ ɤɨɥɟɛаɧɢɣ. 

ɂɡɦɟɧɟɧɢɟ ɩɨɬɟɧɰɢаɥɶɧɨɣ ɷɧɟɪɝɢɢ U(ɯ) чаɫɬɢɰɵ ɩɪɢ ɟɟ ɨɬɤɥɨɧɟɧɢɢ ɨɬ 
ɩɨɥɨɠɟɧɢя ɪаɜɧɨɜɟɫɢя ɦɨɠɧɨ ɡаɩɢɫаɬɶ ɜ ɜɢɞɟ 

                                                                          (ɉ.1.65) 

     ɋɪɟɞɧɟɟ ɡɧачɟɧɢɟ ɫɢɥɵ, ɜɨɡɧɢɤаɸщɟɣ ɩɪɢ ɫɦɟщɟɧɢɢ чаɫɬɢɰɵ ɨɬ 
ɩɨɥɨɠɟɧɢя ɪаɜɧɨɜɟɫɢя, ɪаɜɧɨ 

                                           

ɉɪɢ ɫɜɨɛɨɞɧɵх ɤɨɥɟɛаɧɢях чаɫɬɢɰɵ <f(ɯ)> = 0, ɩɨɷɬɨɦɭ а<ɯ> = 
b<ɯ2

> . Ɉɬɫɸɞа ɧахɨɞɢɦ 

                        (ɉ.1.66) 
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ɋ ɬɨчɧɨɫɬɶɸ ɞɨ ɜɟɥɢчɢɧɵ ɜɬɨɪɨɝɨ ɩɨɪяɞɤа ɦаɥɨɫɬɢ ɩɨɬɟɧɰɢаɥɶɧая 
ɷɧɟɪɝɢя ɤɨɥɟɛɥɸщɟɣɫя чаɫɬɢɰɵ ɨɩɪɟɞɟɥяɟɬɫя ɫɨɨɬɧɨɲɟɧɢɟɦ U(ɯ)≈аɯ2

/2, а 
ɟɟ ɫɪɟɞɧɟɟ ɡɧачɟɧɢɟ ɪаɜɧɨ <U(ɯ)>≈а<ɯ2

> /2. Ɉɬɫɸɞа ɧахɨɞɢɦ 

                  

ɉɨɞɫɬаɜɢɜ ɷɬɨ ɜɵɪаɠɟɧɢɟ ɜ (ɉ.1.66), ɩɨɥɭчɢɦ 

< x>≈2b < U(ɯ)>/а2
. 

ɉɨɦɢɦɨ ɩɨɬɟɧɰɢаɥɶɧɨɣ ɷɧɟɪɝɢɢ U(ɯ) ɤɨɥɟɛɥɸщаяɫя чаɫɬɢɰа ɨɛɥаɞаɟɬ 
ɤɢɧɟɬɢчɟɫɤɨɣ ɷɧɟɪɝɢɟɣ ȿк ɩɪɢчɟɦ < U(ɯ)> = <ȿк> . ɉɨɥɧая ɷɧɟɪɝɢя чаɫɬɢɰɵ 
<ȿ> = <ȿк> +  < U(ɯ)> =  2< U(ɯ)>. Эɬɨ ɩɨɡɜɨɥяɟɬ ɜɵɪаɠɟɧɢɟ ɞɥя <ɯ> 
ɩɟɪɟɩɢɫаɬɶ ɜ ɫɥɟɞɭɸщɟɦ ɜɢɞɟ: 

                                                 

Ɉɬɧɨɫɢɬɟɥɶɧɨɟ ɥɢɧɟɣɧɨɟ ɪаɫɲɢɪɟɧɢɟ, ɩɪɟɞɫɬаɜɥяɸщɟɟ ɫɨɛɨɣ ɨɬɧɨɲɟɧɢɟ 
ɢɡɦɟɧɟɧɢя ɫɪɟɞɧɟɝɨ ɪаɫɫɬɨяɧɢя <x> ɦɟɠɞɭ чаɫɬɢɰаɦɢ ɤ ɧɨɪɦаɥɶɧɨɦɭ 
ɪаɫɫɬɨяɧɢɸ r0 ɦɟɠɞɭ ɧɢɦɢ, ɪаɜɧɨ 

                                                          

а ɤɨɷɮɮɢɰɢɟɧɬ ɥɢɧɟɣɧɨɝɨ ɪаɫɲɢɪɟɧɢя 

                                   (ɉ.1.67) 

ɝɞɟ ɫV - ɬɟɩɥɨɟɦɤɨɫɬɶ, ɨɬɧɟɫɟɧɧая ɤ ɨɞɧɨɣ чаɫɬɢɰɟ. 

Ɍакɢɦ ɨɛɪаɡɨɦ, кɨɷɮɮɢɰɢеɧɬ ɥɢɧеɣɧɨɝɨ ɪаɫɲɢɪеɧɢя ɨкаɡɵɜаеɬɫя 
ɩɪɨɩɨɪɰɢɨɧаɥɶɧɵɦ ɬеɩɥɨеɦкɨɫɬɢ ɬеɥа. 

     ɉɨɫɤɨɥɶɤɭ ɜ ɨɛɥаɫɬɢ ɜɵɫɨɤɢх ɬɟɦɩɟɪаɬɭɪ ɷɧɟɪɝɢя ɥɢɧɟɣɧɨ ɤɨɥɟɛɥɸщɢхɫя 
чаɫɬɢɰ ɪаɜɧа kɌ, ɬɨ ɬɟɩɥɨɟɦɤɨɫɬɶ ɫV, ɨɬɧɟɫɟɧɧая ɤ чаɫɬɢɰɟ, ɪаɜɧа ɩɨɫɬɨяɧɧɨɣ 
Ȼɨɥɶɰɦаɧа k. ɉɨɷɬɨɦɭ ɤɨɷɮɮɢɰɢɟɧɬ ɪаɫɲɢɪɟɧɢя ɥɢɧɟɣɧɨɣ ɰɟɩɨчɤɢ аɬɨɦɨɜ 
ɛɭɞɟɬ ɪаɜɟɧ 

                                             

ɉɨɞɫɬаɧɨɜɤа ɜ ɷɬɭ ɮɨɪɦɭɥɭ чɢɫɥɨɜɵх ɡɧачɟɧɢɣ ɞɥя ɪаɡɥɢчɧɵх ɬɜɟɪɞɵх ɬɟɥ 
ɞаɟɬ ɞɥя α ɜɟɥɢчɢɧɭ ɩɨɪяɞɤа 10-4

 - 10
-5, чɬɨ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨ ɫɨɝɥаɫɭɟɬɫя ɫ 

ɨɩɵɬɨɦ. Ɉɩɵɬ ɬаɤɠɟ ɩɨɞɬɜɟɪɠɞаɟɬ, чɬɨ ɜ ɨɛɥаɫɬɢ ɜɵɫɨɤɢх ɬɟɦɩɟɪаɬɭɪ α 

ɩɪаɤɬɢчɟɫɤɢ ɧɟ ɡаɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ. 
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В ɨɛɥаɫɬɢ ɧɢɡɤɢх ɬɟɦɩɟɪаɬɭɪ α ɜɟɞɟɬ ɫɟɛя ɩɨɞɨɛɧɨ ɬɟɩɥɨɟɦɤɨɫɬɢ: 
ɭɦɟɧɶɲаɟɬɫя ɫ ɩɨɧɢɠɟɧɢɟɦ ɬɟɦɩɟɪаɬɭɪɵ ɢ ɩɪɢ ɩɪɢɛɥɢɠɟɧɢɢ ɤ 
аɛɫɨɥɸɬɧɨɦɭ ɧɭɥɸ ɫɬɪɟɦɢɬɫя ɤ ɧɭɥɸ. 

В ɡаɤɥɸчɟɧɢɟ ɨɬɦɟɬɢɦ, чɬɨ ɮɨɪɦɭɥа ɞɥя ɬɪɟхɦɟɪɧɨɝɨ ɢɡɨɬɪɨɩɧɨɝɨ 
ɬɜɟɪɞɨɝɨ ɬɟɥа, ɩɨɞɨɛɧая (ɉ.1.67), ɛɵɥа ɜɩɟɪɜɵɟ ɩɪɟɞɥɨɠɟɧа Ƚɪɸɧаɣɡеɧɨɦ ɢ 
ɢɦɟɥа ɜɢɞ 

                                                            (ɉ.1.68) 

К = 1/D - ɤɨɷɮɮɢɰɢɟɧɬ ɫɠɢɦаɟɦɨɫɬɢ; V - аɬɨɦɧɵɣ ɨɛɴɟɦ; Ȗ - ɩɨɫɬɨяɧɧая 
Ƚɪɸɧаɣɡеɧа, ɡɧачɟɧɢɟ ɤɨɬɨɪɨɣ ɞɥя ɛɨɥɶɲɢɧɫɬɜа ɦɟɬаɥɥɨɜ ɥɟɠɢɬ ɜ ɩɪɟɞɟɥах 
1,5 - β,η. ɉɨɫɬɨяɧɧая Ƚɪɸɧаɣɡɟɧа ɨɩɪɟɞɟɥяɟɬɫя ɪаɫɩɪɟɞɟɥɟɧɢɟɦ ɤɨɥɟɛаɧɢɣ ɩɨ 
ɦɨɞаɦ. 

Таɤ ɤаɤ ɜ ɬɟɨɪɢɢ Ƚɪɸɧаɣɡɟɧа ɩɨɫɬɨяɧɧая Ȗ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɧɟ ɡаɜɢɫɢɬ, а К 
ɢ V ɨɞɢɧаɤɨɜɨ ɧɟɡɧачɢɬɟɥɶɧɨ ɡаɜɢɫяɬ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ (чɟɦ ɜɵɲɟ 
ɬɟɦɩɟɪаɬɭɪа, ɬɟɦ ɛɨɥɶɲɟ ɫɠɢɦаɟɦɨɫɬɶ ɢ аɬɨɦɧɵɣ ɨɛɴɟɦ), ɬɨ ɬеɦɩеɪаɬɭɪɧая 
ɡаɜɢɫɢɦɨɫɬɶ кɨɷɮɮɢɰɢеɧɬа ɬеɪɦɢɱеɫкɨɝɨ ɪаɫɲɢɪеɧɢя ɨɩɪеɞеɥяеɬɫя 
ɬеɦɩеɪаɬɭɪɧɨɣ ɡаɜɢɫɢɦɨɫɬɶɸ ɬеɩɥɨеɦкɨɫɬɢ. 

Таɤɢɦ ɨɛɪаɡɨɦ, ɜ ɞɢɷɥекɬɪɢкаɯ ɩɪɢ ɧɢɡɤɢх ɬɟɦɩɟɪаɬɭɪах (T << șD) 

ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɪɦɢчɟɫɤɨɝɨ ɪаɫɲɢɪɟɧɢя α з T3
, а ɩɪɢ ɜɵɫɨɤɢх ɬɟɦɩɟɪаɬɭɪах 

(T > șD)  α = const, ɟɫɥɢ ɧɟ ɭчɢɬɵɜаɬɶ ɢɡɦɟɧɟɧɢя ɬɟɩɥɨɟɦɤɨɫɬɢ ɪɟɲɟɬɤɢ ɡа 
ɫчɟɬ аɧɝаɪɦɨɧɢчɟɫɤɨɝɨ хаɪаɤɬɟɪа ɤɨɥɟɛаɧɢɣ ɢ ɜɤɥаɞа ɜаɤаɧɫɢɣ. 

     Ⱦɥя ɦеɬаɥɥа ɩɨɦɢɦɨ ɬɟɩɥɨɟɦɤɨɫɬɢ ɪɟɲɟɬɤɢ ɧɟɨɛхɨɞɢɦɨ ɞɨɩɨɥɧɢɬɟɥɶɧɨ 
ɭчɢɬɵɜаɬɶ ɷɥɟɤɬɪɨɧɧɭɸ ɬɟɩɥɨɟɦɤɨɫɬɶ ɋɷɥ. Вɵɪаɠɟɧɢɟ (ɉ.1.63) ɞɥя 
ɤɨɷɮɮɢɰɢɟɧɬа ɥɢɧɟɣɧɨɝɨ ɪаɫɲɢɪɟɧɢя ɜ ɫɥɭчаɟ ɢɡɨɬɪɨɩɧɨɝɨ ɦɟɬаɥɥɢчɟɫɤɨɝɨ 
ɬɟɥа ɦɨɠɧɨ ɡаɩɢɫаɬɶ ɜ ɜɢɞɟ 

                                 

ɢɥɢ ɫ ɭчɟɬɨɦ ɭɪаɜɧɟɧɢя Ƚɪɸɧаɣɡɟɧа (ɉ.1.68) 

                                                                (ɉ.1.69) 

       ɉɨɫɤɨɥɶɤɭ ɭɪаɜɧɟɧɢɟ ɫɨɫɬɨяɧɢя ɝаɡа ɫɜɨɛɨɞɧɵх ɷɥɟɤɬɪɨɧɨɜ ɫ ɷɧɟɪɝɢɟɣ 
U ɢɦɟɟɬ ɜɢɞ  
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а ɫɠɢɦаɟɦɨɫɬɶ ɷɥɟɤɬɪɨɧɧɨɝɨ ɝаɡа ɫɥаɛɨ ɡаɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ, ɬɨ 

 

          ɉɨɞɫɬаɜɢɜ ɷɬɨ ɜɵɪаɠɟɧɢɟ ɜ  (ɉ.1.69), ɨɤɨɧчаɬɟɥɶɧɨ ɩɨɥɭчɢɦ ɜɵ-

ɪаɠɟɧɢɟ ɞɥя ɤɨɷɮɮɢɰɢɟɧɬа ɥɢɧɟɣɧɨɝɨ ɪаɫɲɢɪɟɧɢя ɦɟɬаɥɥа: 

   (ɉ.1.70) 

Таɤ ɤаɤ Ȗ ɢɦɟɟɬ ɡɧачɟɧɢɟ ɩɨɪяɞɤа ɟɞɢɧɢɰɵ, ɬɨ ɷɥɟɤɬɪɨɧɧɵɣ ɜɤɥаɞ ɜ 
ɬɟɩɥɨɜɨɟ ɪаɫɲɢɪɟɧɢɟ ɦɟɬаɥɥа ɫɬаɧɨɜɢɬɫя ɫɭщɟɫɬɜɟɧɧɵɦ ɬɨɥɶɤɨ ɩɪɢ ɨчɟɧɶ 
ɧɢɡɤɢх ɬɟɦɩɟɪаɬɭɪах - ɩɨɪяɞɤа 10 Ʉ. 

ɉɨɞɜɨɞя ɢɬɨɝ аɧаɥɢɡɭ ɦɟхаɧɢɡɦɨɜ ɢɡɦɟɧɟɧɢя ɤɨɷɮɮɢɰɢɟɧɬа ɥɢɧɟɣɧɨɝɨ 
ɪаɫɲɢɪɟɧɢя ɫ ɬɟɦɩɟɪаɬɭɪɨɣ, ɦɨɠɧɨ ɡаɤɥɸчɢɬɶ, чɬɨ ɜ ɫаɦɨɦ ɨɛщɟɦ ɫɥɭчаɟ 
ɬɟɦɩɟɪаɬɭɪɧɭɸ ɡаɜɢɫɢɦɨɫɬɶ α ɦɨɠɧɨ ɩɪɟɞɫɬаɜɢɬɶ ɜ ɜɢɞɟ 

  (ɉ.1.71) 

ɝɞɟ А, ȼ ɢ ɋ - ɩɨɫɬɨяɧɧɵɟ; D(șD/Ɍ)- ɮɭɧɤɰɢя Дɟɛая. ɉɨɫɥɟɞɧɢɣ чɥɟɧ ɜ ɷɬɨɦ 
ɜɵɪаɠɟɧɢɢ, ɫɜяɡаɧɧɵɣ ɫ ɨɛɪаɡɨɜаɧɢɟɦ ɪаɜɧɨɜɟɫɧɵх ɜаɤаɧɫɢɣ, ɢɝɪаɟɬ 
ɡаɦɟɬɧɭɸ ɪɨɥɶ ɬɨɥɶɤɨ ɩɪɢ ɩɪɟɞɩɥаɜɢɥɶɧɵх ɬɟɦɩɟɪаɬɭɪах. 

      Ⱦеɮɨɪɦаɰɢя ɦеɬаɥɥɨɜ,  ɜɵɡɵɜаɸщая ɢɫɤаɠɟɧɢя ɤɪɢɫɬаɥɥɢчɟɫɤɨɣ 
ɪɟɲɟɬɤɢ ɢ ɭɫɢɥɢɜаɸщая ɜɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ аɧɝаɪɦɨɧɢчɟɫɤɭɸ ɫɨɫɬаɜɥяɸщɭɸ 
ɤɨɥɟɛаɧɢɣ, ɧɟɫɤɨɥɶɤɨ ɭɜɟɥɢчɢɜаɟɬ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɪɦɢчɟɫɤɨɝɨ ɪаɫɲɢɪɟɧɢя. 

ɉɨɫɤɨɥɶɤɭ ɤɨɷɮɮɢɰɢɟɧɬ ɥɢɧɟɣɧɨɝɨ ɪаɫɲɢɪɟɧɢя ɨɩɪɟɞɟɥяɟɬɫя ɷɧɟɪɝɢɟɣ 
ɦɟɠаɬɨɦɧɨɝɨ ɜɡаɢɦɨɞɟɣɫɬɜɢя, ɬɨ ɫɭщɟɫɬɜɭɸɬ ɪяɞ ɤɨɪɪɟɥяɰɢɨɧɧɵх 
ɫɨɨɬɧɨɲɟɧɢɣ, ɫɜяɡɵɜаɸщɢх α ɫ ɞɪɭɝɢɦɢ ɮɢɡɢчɟɫɤɢɦɢ хаɪаɤɬɟɪɢɫɬɢɤаɦɢ 
ɬɜɟɪɞɨɝɨ ɬɟɥа. 

ɉɪɟɞɟɥɵ ɨɛɴɟɦɧɨɝɨ ɪаɫɲɢɪɟɧɢя ɜ ɬɜɟɪɞɨɦ ɫɨɫɬɨяɧɢɢ ɨɩɪɟɞɟɥяɸɬɫя 
кɪɢɬеɪɢеɦ Ʌɢɧɞеɦаɧа, ɫɨɝɥаɫɧɨ ɤɨɬɨɪɨɦɭ ɩɪɢ ɬɟɦɩɟɪаɬɭɪɟ ɩɥаɜɥɟɧɢя 
ɫɪɟɞɧɟɟ ɫɦɟщɟɧɢɟ аɬɨɦа ɢɡ ɩɨɥɨɠɟɧɢя ɪаɜɧɨɜɟɫɢя ɫɨɫɬаɜɥяɟɬ ɨɩɪɟɞɟɥɟɧɧɭɸ 
ɞɨɥɸ ɦɟɠаɬɨɦɧɨɝɨ ɪаɫɫɬɨяɧɢя. Эɬɨɬ ɤɪɢɬɟɪɢɣ ɞаɟɬ αɌɉɅ, = ɋ0, ɝɞɟ 
ɩɨɫɬɨяɧɧая ɋ0 ɞɥя ɛɨɥɶɲɢɧɫɬɜа ɦɟɬаɥɥɨɜ ɫ ɤɭɛɢчɟɫɤɨɣ ɢ ɝɟɤɫаɝɨɧаɥɶɧɨɣ 
ɪɟɲɟɬɤаɦɢ ɤɨɥɟɛɥɟɬɫя ɨɬ 0,0θ ɞɨ 0,076. 

ɇаɛɥɸɞаɟɬɫя ɢ ɞɪɭɝая ɤɨɪɪɟɥяɰɢя: 
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ɝɞɟ z - ɤɨɨɪɞɢɧаɰɢɨɧɧɨɟ чɢɫɥɨ; ∆ɇɫɭɛɥ - ɷɧɟɪɝɢя ɫɭɛɥɢɦаɰɢɢ, ха-

ɪаɤɬɟɪɢɡɭɸщая ɷɧɟɪɝɢɸ ɫɜяɡɢ ɦɟɠɞɭ аɬɨɦаɦɢ. 

Дɥя ɦаɝɧɢɬɧɵх ɦɟɬаɥɥɨɜ ɢ ɫɩɥаɜɨɜ (ɮɟɪɪɨ-, ɮɟɪɪɢ- ɢ аɧɬɢɮɟɪ-

ɪɨɦаɝɧɟɬɢɤɨɜ) ɧаɥɢчɢɟ ɦаɝɧɢɬɧɨɝɨ ɩɨɪяɞɤа ɜɧɨɫɢɬ ɫɭщɟɫɬɜɟɧɧɵɣ ɜɤɥаɞ ɜ 
ɬɟɪɦɢчɟɫɤɨɟ ɪаɫɲɢɪɟɧɢɟ. Эɬɨɬ ɜɤɥаɞ ɞɨɜɨɥɶɧɨ ɜɟɥɢɤ ɢ ɦɨɠɟɬ ɛɵɬɶ 
ɫɨɢɡɦɟɪɢɦ ɫ ɜɤɥаɞɨɦ ɪɟɲɟɬɤɢ. ɉɪɢɪɨɞа ɷɬɨɝɨ яɜɥɟɧɢя ɨɞɢɧаɤɨɜа ɫ яɜɥɟɧɢɟɦ 
ɦаɝɧɢɬɨɫɬɪɢɤɰɢɢ - ɢɡɦɟɧɟɧɢя ɥɢɧɟɣɧɵх ɪаɡɦɟɪɨɜ ɩɪɢ ɧаɦаɝɧɢчɢɜаɧɢɢ. 

     Ɇаɝɧɢɬɧɵɣ ɜкɥаɞ ɜ ɬɟɪɦɢчɟɫɤɨɟ ɪаɫɲɢɪɟɧɢɟ ɩɪɨɩɨɪɰɢɨɧаɥɟɧ ɢɡɦɟɧɟɧɢɸ 
ɨɛɦɟɧɧɨɣ ɷɧɟɪɝɢɢ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɦɟɠаɬɨɦɧɨɝɨ ɪаɫɫɬɨяɧɢя ɢ ɟɝɨ ɡɧаɤ 
ɨɩɪɟɞɟɥяɟɬɫя ɡɧаɤɨɦ ɩɪɨɢɡɜɨɞɧɨɣ ɨɛɦɟɧɧɨɝɨ ɢɧɬɟɝɪаɥа ɩɨ ɨɛɴɟɦɭ (ɫɦ. 
[167Ж). ɋɥɟɞɨɜаɬɟɥɶɧɨ, ɩɪɢ ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɫɩɢɧɨɜɨɝɨ ɩɨɪяɞɤа хɪɨɦ, 
ɦаɪɝаɧɟɰ, ɠɟɥɟɡɨ ɭɜɟɥɢчɢɜаɸɬ ɫɜɨɣ ɨɛɴɟɦ, а ɧɢɤɟɥɶ - ɭɦɟɧɶɲаɟɬ. ɉɨɷɬɨɦɭ 
ɩɪɢ ɧаɝɪɟɜаɧɢɢ ɞɨ ɬɨчɤɢ Ʉɸɪɢ șɄ (ɇɟɟɥя șɇ), ɤɨɝɞа ɫɩɢɧɨɜɵɣ ɩɨɪяɞɨɤ 
ɭɦɟɧɶɲаɟɬɫя, ɭ ɦɟɬаɥɥɨɜ ɫ ɩɨɥɨɠɢɬɟɥɶɧɨɣ ɩɪɨɢɡɜɨɞɧɨɣ ɨɛɦɟɧɧɨɝɨ ɢɧɬɟɝɪаɥа 
ɩɪɨɢɫхɨɞɢɬ ɦаɝɧɢɬɧɨɟ ɫɠаɬɢɟ ɪɟɲɟɬɤɢ, ɭɦɟɧɶɲаɸщɟɟ ɬɟɩɥɨɜɨɟ ɪɟɲɟɬɨчɧɨɟ 
ɪаɫɲɢɪɟɧɢɟ. 

ɇаɩɪɢɦɟɪ, ɭ ɠɟɥɟɡа ɤɨɷɮɮɢɰɢɟɧɬ α ɭɦɟɧɶɲаɟɬɫя ɨɬ 1θ,η∙10-6
 Ʉ-1 ɞɨ 14,7∙10

-6
 

Ʉ-1 ɩɪɢ ɧаɝɪɟɜаɧɢɢ ɨɬ 800 ɞɨ 1000 Ʉ (șɄ = 104γ Ʉ). ɍ хɪɨɦа α ɩɨɞаɟɬ ɩɨчɬɢ ɞɨ 
ɧɭɥя ɩɪɢ ɧаɝɪɟɜɟ ɞɨ ɤɨɦɧаɬɧɨɣ ɬɟɦɩɟɪаɬɭɪɵ (șɇ = γ00 Ʉ). ɍ ɧɢɤɟɥя 
ɧаɛɥɸɞаɟɬɫя ɡаɦɟɬɧɨɟ ɭɜɟɥɢчɟɧɢɟ α ɩɪɢ ɧаɝɪɟɜаɧɢɢ (ɪɢɫ. ɉ.1.15). 

 

                                  

Ɋɢɫ. ɉ.1.15. Тɟɨɪɟɬɢчɟɫɤɢɟ ɢ ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɵɟ ɡɧачɟɧɢя ɤɨɷɮɮɢɰɢɟɧɬа ɥɢɧɟɣɧɨɝɨ 
ɪаɫɲɢɪɟɧɢя ɧɢɤɟɥя (ɩɭɧɤɬɢɪɧая ɢ ɫɩɥɨɲɧая ɥɢɧɢɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ). 

 

Ɇаɝɧɢɬɧɵɣ ɜɤɥаɞ ɜ ɬɟɩɥɨɜɨɟ ɪаɫɲɢɪɟɧɢɟ ɭ ɧɟɤɨɬɨɪɵх ɫɩɥаɜɨɜ ɦɨɠɟɬ ɛɵɬɶ 
ɨɫɨɛɟɧɧɨ ɫɢɥɶɧɵɦ. Таɤ ɭ ɫɩɥаɜɨɜ Fɟ – 30% - 40% Ni ɨɧ ɫɪаɜɧɢɦ ɫ 
ɪɟɲɟɬɨчɧɵɦ ɢ ɢɦɟɟɬ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɣ ɡɧаɤ. В ɪɟɡɭɥɶɬаɬɟ ɬаɤɢɟ ɫɩɥаɜɵ, 
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ɧɨɫящɢɟ ɧаɡɜаɧɢɟ ɢɧɜаɪɨɜ, ɢɦɟɸɬ ɩɪɢ ɤɨɦɧаɬɧɨɣ ɬɟɦɩɟɪаɬɭɪɟ ɤɨɷɮɮɢɰɢɟɧɬ 
ɬɟɩɥɨɜɨɝɨ ɪаɫɲɢɪɟɧɢя ɛɥɢɡɤɢɣ ɤ ɧɭɥɸ (ɪɢɫ. ɉ.1.16). 

 

                                    

Ɋɢɫ. ɉ.1.16. Ɂаɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬа ɥɢɧɟɣɧɨɝɨ ɪаɫɲɢɪɟɧɢя ɫɩɥаɜɨɜ ɫɢɫɬɟɦɵ Fɟ-Ni ɨɬ 
хɢɦɢчɟɫɤɨɝɨ ɫɨɫɬаɜа. 

 

     ɉɪɢ ɬɟɦɩɟɪаɬɭɪах ɜɵɲɟ ɬɨчɤɢ Ʉɸɪɢ (ɛɨɥɟɟ η00 Ʉ) ɡɧачɟɧɢɟ ɤɨ-

ɷɮɮɢɰɢɟɧɬа α ɩɪɢɛɥɢɠаɟɬɫя ɤ ɫɜɨɟɦɭ ɬɟɨɪɟɬɢчɟɫɤɨɦɭ ɡɧачɟɧɢɸ ɨɤɨɥɨ 
18∙10-6

 Ʉ-1. Дɪɭɝая хаɪаɤɬɟɪɧая ɨɫɨɛɟɧɧɨɫɬɶ ɫɩɥаɜɨɜ ɫ ɫɨɞɟɪɠаɧɢɟɦ (γ4-45) % 

Ni - ɨɬɪɢɰаɬɟɥɶɧɨɟ ɡɧачɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬа ɥɢɧɟɣɧɨɝɨ ɪаɫɲɢɪɟɧɢя ɜ 
ɢɧɬɟɪɜаɥɟ ɬɟɦɩɟɪаɬɭɪ ɧɢɠɟ γ0 Ʉ. 

Иɧɜаɪɧɨɣ аɧɨɦаɥɢеɣ ɨɛɥаɞаɸɬ ɬаɤɠɟ ɮɟɪɪɨɦаɝɧɢɬɧɵɟ ɫɩɥаɜɵ Fɟ-Ɋt, Fɟ-

Ɋd, Ni-Аl, Ni-Ɋt; аɧɬɢɮɟɪɪɨɦаɝɧɢɬɧɵɟ Fɟ-Ɇn, ɋɝ-ɋɨ; ɧɟɤɨɬɨɪɵɟ 
ɮɟɪɪɨɦаɝɧɢɬɧɵɟ ɫɨɟɞɢɧɟɧɢя ɫɨ ɫɬɪɭɤɬɭɪɨɣ ɮаɡ Ʌаɜɟɫа: ZrZn2, ZɝFɟ2 ɢ 
ɧɟɤɨɬɨɪɵɟ ɞɪɭɝɢɟ ɫɩɥаɜɵ ɢ ɫɨɟɞɢɧɟɧɢя ɩɟɪɟхɨɞɧɵх ɦɟɬаɥɥɨɜ. 
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ПɊИЛɈɀЕНИЕ 2. Со̭тав яде̬но̐о топлива и е̐о кла̭̭ификация 
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П.2.1. Ɉɛщие ɫвеɞеɧиɹ ɨ ɹɞеɪɧɨɦ тɨɩɥиве. 

      əɞɟɪɧɨɟ ɬɨɩɥɢɜɨ - ɷɬɨ ɜɟщɟɫɬɜɨ, ɤɨɬɨɪɨɟ ɢɫɩɨɥɶɡɭɟɬɫя ɜ яɞɟɪɧɵх 
ɪɟаɤɬɨɪах ɞɥя ɨɫɭщɟɫɬɜɥɟɧɢя яɞɟɪɧɨɣ ɰɟɩɧɨɣ ɪɟаɤɰɢɢ ɞɟɥɟɧɢя [184]. 

ɋɭщɟɫɬɜɭɟɬ ɬɨɥɶɤɨ ɨɞɧɨ ɩɪɢɪɨɞɧɨɟ яɞɟɪɧɨɟ ɬɨɩɥɢɜɨ - ɭɪаɧɨɜɨɟ, ɤɨɬɨɪɨɟ 
ɫɨɞɟɪɠɢɬ ɞɟɥящɢɟɫя ɧɭɤɥɢɞɵ 235

U, ɨɛɟɫɩɟчɢɜаɸщɢɟ ɩɨɞɞɟɪɠаɧɢɟ ɰɟɩɧɨɣ 
ɪɟаɤɰɢɢ (яɞɟɪɧɨɟ ɝɨɪɸчɟɟ), ɢ ɬаɤ ɧаɡɵɜаɟɦɵɟ «ɜɨɫɩɪɨɢɡɜɨɞящɢɟ» ɢɥɢ 
«ɫɵɪɶɟɜɵɟ» ɧɭɤɥɢɞɵ 238

U, ɫɩɨɫɨɛɧɵɟ, ɡахɜаɬɵɜая ɧɟɣɬɪɨɧɵ, ɩɪɟɜɪащаɬɶɫя ɜ 
ɧɨɜɵɟ ɞɟɥящɢɟɫя яɞɪа, ɧɟ ɫɭщɟɫɬɜɭɸщɢɟ ɜ ɩɪɢɪɨɞɟ (ɜɬɨɪɢчɧɨɟ ɝɨɪɸчɟɟ): 

                          

Вɬɨɪɢчɧɵɦ ɝɨɪɸчɢɦ яɜɥяɸɬɫя ɬаɤɠɟ ɧɟ ɜɫɬɪɟчаɸщɢɟɫя ɜ ɩɪɢɪɨɞɟ яɞɪа 
233

U, ɨɛɪаɡɭɸщɢɟɫя ɜ ɪɟɡɭɥɶɬаɬɟ ɡахɜаɬа ɧɟɣɬɪɨɧɨɜ ɫɵɪɶɟɜɵɦɢ яɞɪаɦɢ 232
Th: 

                          

     Тɨɪɢɣ ɤаɤ ɫɵɪɶɟɜɨɣ ɦаɬɟɪɢаɥ ɞɥя ɩɨɥɭчɟɧɢя ɞɟɥящɢхɫя яɞɟɪ 233
U ɧɟ 

ɧаɲɟɥ ɲɢɪɨɤɨɝɨ ɩɪɢɦɟɧɟɧɢя ɩɨ ɪяɞɭ ɩɪɢчɢɧ: 

1) ɪаɡɜɟɞаɧɧɵɟ ɡаɩаɫɵ U ɜ ɫɨɫɬɨяɧɢя ɨɛɟɫɩɟчɢɬɶ яɞɟɪɧɭɸ ɷɧɟɪɝɟɬɢɤɭ 
яɞɟɪɧɵɦ ɬɨɩɥɢɜɨɦ ɧа ɦɧɨɝɢɟ ɞɟɫяɬɢɥɟɬɢя; 

2) Th ɧɟ ɨɛɪаɡɭɟɬ ɛɨɝаɬɵх ɦɟɫɬɨɪɨɠɞɟɧɢɣ, ɢ ɬɟхɧɨɥɨɝɢя ɟɝɨ ɢɡɜɥɟчɟɧɢя ɢɡ 
ɪɭɞ ɫɥɨɠɧɟɟ; 

3) ɧаɪяɞɭ ɫ 233
U ɨɛɪаɡɭɟɬɫя 232

U, ɤɨɬɨɪɵɣ ɪаɫɩаɞаяɫɶ ɨɛɪаɡɭɟɬ Ȗ-аɤɬɢɜɧɵɟ 
яɞɪа (212Вi, 

208Тɟ), ɡаɬɪɭɞɧяɸщɢɟ ɨɛɪащɟɧɢɟ ɫ ɬаɤɢɦ яɞɟɪɧɵɦ ɬɨɩɥɢɜɨɦ: 
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4) ɩɟɪɟɪаɛɨɬɤа ɨɛɥɭчɟɧɧɨɝɨ ɬɨɪɢɟɜɨɝɨ ɬɨɩɥɢɜа ɫ ɰɟɥɶɸ ɢɡɜɥɟчɟɧɢя ɢɡ ɧɢх 
233

U яɜɥяɟɬɫя ɛɨɥɟɟ ɬɪɭɞɧɨɣ ɢ ɞɨɪɨɝɨɫɬɨящɟɣ ɨɩɟɪаɰɢɟɣ ɩɨ ɫɪаɜɧɟɧɢɸ ɫ 
ɩɟɪɟɪаɛɨɬɤɨɣ ɭɪаɧɨɜɨɝɨ ɬɨɩɥɢɜа. 

Тɨɩɥɢɜɨ ɧа ɨɫɧɨɜɟ ɭɪаɧа ɞɥя яɞɟɪɧɵх ɪɟаɤɬɨɪɨɜ ɧа ɬɟɩɥɨɜɵх ɧɟɣɬɪɨɧах, 
ɫɨɫɬаɜɥяɸщɢх ɨɫɧɨɜɭ яɞɟɪɧɨɣ ɷɧɟɪɝɟɬɢɤɢ, ɢɦɟɟɬ ɨɛɵчɧɨ ɩɨɜɵɲɟɧɧɨɟ 
ɫɨɞɟɪɠаɧɢɟ ɢɡɨɬɨɩа 235

U (2 - 4 % ɩɨ ɦаɫɫɟ ɜɦɟɫɬɨ 0,718 % ɜ ɟɫɬɟɫɬɜɟɧɧɨɦ 
(ɩɪɢɪɨɞɧɨɦ) ɭɪаɧɟ). ɋɭщɟɫɬɜɟɧɧɵɣ ɧɟɞɨɫɬаɬɨɤ ɪɟаɤɬɨɪɨɜ ɧа ɬɟɩɥɨɜɵх 
ɧɟɣɬɪɨɧах - ɧɢɡɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜаɧɢя ɩɪɢɪɨɞɧɨɝɨ ɭɪаɧа. 
ɇɟɫɪаɜɧɢɦɨ ɛɨɥɟɟ ɜɵɫɨɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜаɧɢя ɭɪаɧа ɦɨɠɟɬ ɛɵɬɶ 
ɞɨɫɬɢɝɧɭɬ ɜ ɪɟаɤɬɨɪах-ɪаɡɦɧɨɠɢɬɟɥях ɧа ɛɵɫɬɪɵх ɧɟɣɬɪɨɧах. В ɧɢх 
ɢɫɩɨɥɶɡɭɟɬɫя ɭɪаɧ ɫ ɛɨɥɟɟ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠаɧɢɟɦ ɧɭɤɥɢɞа 235

U (ɞɨ γ0 %), а 
ɬаɤɠɟ ɜɨɡɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜаɬɶ ɫɦɟɲаɧɧɨɟ ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɟ яɞɟɪɧɨɟ ɬɨɩɥɢɜɨ 
ɫ 1η - β0 % Ɋu. В ɷɬɨɦ ɫɥɭчаɟ ɜɦɟɫɬɨ ɨɛɨɝащɟɧɧɨɝɨ ɭɪаɧа ɦɨɠɟɬ ɛɵɬɶ 
ɢɫɩɨɥɶɡɨɜаɧ ɩɪɢɪɨɞɧɵɣ ɢ ɞаɠɟ ɨɛɟɞɧɟɧɧɵɣ ɩɨ ɧɭɤɥɢɞɭ 235

U  ɭɪаɧ, ɤɨɬɨɪɨɝɨ 
ɧаɤɨɩɢɥɨɫɶ ɜ ɦɢɪɟ ɭɠɟ ɞɨɫɬаɬɨчɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢчɟɫɬɜɨ. Ɉɛɟɞɧɟɧɧɵɣ ɭɪаɧ 
(ɛɟɡ Ɋu) ɢɫɩɨɥɶɡɭɟɬɫя ɬаɤɠɟ ɜ ɷɤɪаɧɧɨɣ ɡɨɧɟ ɪɟаɤɬɨɪа-ɪаɡɦɧɨɠɢɬɟɥя (ɡɨɧɟ 

ɜɨɫɩɪɨɢɡɜɨɞɫɬɜа), ɩɨ ɜɟɫɭ ɩɪɟɜɵɲаɸщɟɣ ɜ ɧɟɫɤɨɥɶɤɨ ɪаɡ аɤɬɢɜɧɭɸ ɡɨɧɭ. В 
ɪɟаɤɬɨɪах ɧа ɛɵɫɬɪɵх ɧɟɣɬɪɨɧах, ɪаɛɨɬаɸщɢх ɧа ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɦ яɞɟɪɧɨɦ 
ɬɨɩɥɢɜɟ, ɤɨɥɢчɟɫɬɜɨ ɧаɤаɩɥɢɜаɸщɟɝɨɫя 239Ɋu ɦɨɠɟɬ ɫɭщɟɫɬɜɟɧɧɨ ɩɪɟɜɵɲаɬɶ 
ɤɨɥɢчɟɫɬɜɨ ɫɝɨɪаɟɦɨɝɨ, ɬ. ɟ. ɢɦɟɟɬ ɦɟɫɬɨ ɪаɫɲɢɪɟɧɧɨɟ ɜɨɫɩɪɨɢɡɜɨɞɫɬɜɨ 
яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа. 

      ɉɪɨɢɡɜɨɞɫɬɜɨ ɭɪаɧɨɜɨɝɨ яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа (ɪɢɫ. ɉ.2.1) ɧачɢɧаɟɬɫя ɫ 
ɩɟɪɟɪаɛɨɬɤɢ ɪɭɞ ɫ ɰɟɥɶɸ ɢɡɜɥɟчɟɧɢя ɢɡ ɧɢх ɭɪаɧа. 

 ɉɪɢ ɩɪɟɞɜаɪɢɬɟɥɶɧɨɣ ɫɨɪɬɢɪɨɜɤɟ ɪɭɞɵ ɩɨ Ȗ-ɢɡɥɭчɟɧɢɸ ɜ ɨɬɜаɥ ɭɞаɥяɸɬ 20 - 

γ0 % ɩɨɪɨɞɵ ɫ ɫɨɞɟɪɠаɧɢɟɦ ɭɪаɧа 0,01 % (ɩɪɢɦɟɧяɸɬɫя ɢ ɨɛɵчɧɵɟ ɦɟɬɨɞɵ 
ɨɛɨɝащɟɧɢя). Ƚɢɞɪɨɦɟɬаɥɥɭɪɝɢчɟɫɤая ɩɟɪɟɪаɛɨɬɤа ɪɭɞɵ ɫɨɫɬɨɢɬ ɜ ɟɟ 
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ɞɪɨɛɥɟɧɢɢ, ɤɢɫɥɨɬɧɨɦ ɜɵщɟɥачɢɜаɧɢɢ, ɫɨɪɛɰɢɨɧɧɨɦ ɢɥɢ ɷɤɫɬɪаɤɰɢɨɧɧɨɦ 
ɢɡɜɥɟчɟɧɢɢ U ɢɡ ɨɫɜɟɬɥɟɧɧɵх ɪаɫɬɜɨɪɨɜ ɢɥɢ ɩɭɥɶɩ ɢ ɩɨɥɭчɟɧɢɢ ɨчɢщɟɧɧɨɣ 
ɡаɤɢɫɢ-ɨɤɢɫɢ ɭɪаɧа U3Ɉ8. Дɥя ɪɭɞ, ɛɟɞɧɵх ɭɪаɧɨɦ ɢ ɥɟɝɤɢх ɞɥя 
ɜɵщɟɥачɢɜаɧɢя (ɨɫɨɛɟɧɧɨ ɜ ɬɪɭɞɧɵх ɞɥя ɝɨɪɧɵх ɪаɛɨɬ ɭɫɥɨɜɢях), 
ɩɪɢɦɟɧяɸɬ ɩɨɞɡɟɦɧɨɟ ɜɵщɟɥачɢɜаɧɢɟ ɜ ɫаɦɨɦ ɦɟɫɬɨɪɨɠɞɟɧɢɢ (ɞɥя 
ɩɥаɫɬɨɜɵх ɦɟɫɬɨɪɨɠɞɟɧɢɣ - чɟɪɟɡ ɫɢɫɬɟɦɭ ɫɤɜаɠɢɧ, ɞɥя ɠɢɥɶɧɵх - ɜ 

ɩɨɞɡɟɦɧɵх ɤаɦɟɪах ɫ ɩɪɟɞɜаɪɢɬɟɥɶɧɨɣ ɨɬɛɨɣɤɨɣ ɢ ɞɪɨɛɥɟɧɢɟɦ ɪɭɞɵ ɜɡɪɵɜ-

ɧɵɦɢ ɦɟɬɨɞаɦɢ). Даɥɟɟ UɡɈ8 ɩɟɪɟɜɨɞяɬ ɢɥɢ ɜ ɬɟɬɪаɮɬɨɪɢɞ UF4 ɞɥя 
ɩɨɫɥɟɞɭɸщɟɝɨ ɩɨɥɭчɟɧɢя ɦɟɬаɥɥɢчɟɫɤɨɝɨ ɭɪаɧа, ɢɥɢ ɜ ɝɟɤɫаɮɬɨɪɢɞ UF6 - 

ɟɞɢɧɫɬɜɟɧɧɨɟ ɭɫɬɨɣчɢɜɨɟ ɝаɡɨɨɛɪаɡɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ɭɪаɧа, ɢɫɩɨɥɶɡɭɟɦɨɟ ɞɥя 
ɨɛɨɝащɟɧɢя ɭɪаɧа ɢɡɨɬɨɩɨɦ 235

U. Ɉɛɨɝащɟɧɢɟ ɨɫɭщɟɫɬɜɥяɟɬɫя ɦɟɬɨɞɨɦ 
ɝаɡɨɜɨɣ ɬɟɪɦɨɞɢɮɮɭɡɢɢ ɢɥɢ ɰɟɧɬɪɢɮɭɝɢɪɨɜаɧɢɟɦ. Даɥɟɟ UF6 ɩɟɪɟɜɨɞяɬ ɜ 
ɞɢɨɤɫɢɞ ɭɪаɧа, ɤɨɬɨɪɵɣ ɢɫɩɨɥɶɡɭɟɬɫя ɞɥя ɢɡɝɨɬɨɜɥɟɧɢя ɬɨɩɥɢɜɧɵх 
ɫɟɪɞɟчɧɢɤɨɜ ɢɥɢ ɞɥя ɩɨɥɭчɟɧɢя ɞɪɭɝɢх ɫɨɟɞɢɧɟɧɢɣ ɭɪаɧа ɫ ɬɨɣ ɠɟ ɰɟɥɶɸ. 

 

                   

Ɋɢɫ. ɉ.2.1. əɞɟɪɧɵɣ ɬɨɩɥɢɜɧɵɣ ɰɢɤɥ. 
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əɞɟɪɧɨɟ ɬɨɩɥɢɜɨ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭчаɟɜ ɫɨɞɟɪɠɢɬ ɥɟɝɢɪɭɸщɢɟ ɷɥɟɦɟɧɬɵ 
(Ɉ, ɋ, N, Аl, Fɟ, ɋɝ, Ɇɨ, Si), ɩɪɢɞаɸщɢɟ ɟɦɭ ɧɟɨɛхɨɞɢɦɵɟ ɮɢɡɢчɟɫɤɢɟ, 
хɢɦɢчɟɫɤɢɟ ɢ ɦɟхаɧɢчɟɫɤɢɟ ɫɜɨɣɫɬɜа, а ɬаɤ ɠɟ ɩɨɜɵɲаɸщɢɟ ɪаɞɢаɰɢɨɧɧɭɸ 
ɫɬɨɣɤɨɫɬɶ. ɉɨɞ ɪаɞɢаɰɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɶɸ ɩɨɧɢɦаɟɬɫя ɦɢɧɢɦаɥɶɧɨ 
ɜɨɡɦɨɠɧɨɟ ɢɡɦɟɧɟɧɢɟ ɮɨɪɦɵ, ɨɛɴɟɦа ɢ ɫɜɨɣɫɬɜ ɢɫхɨɞɧɨɣ ɬɨɩɥɢɜɧɨɣ 
ɤɨɦɩɨɡɢɰɢɢ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɧɟɣɬɪɨɧɧɨɝɨ ɨɛɥɭчɟɧɢя ɢ ɪаɞɢаɰɢɨɧɧɨɝɨ 
ɜɨɡɞɟɣɫɬɜɢя ɨɫɤɨɥɤɨɜ ɞɟɥɟɧɢя. 

      В ɩɨɫɥɟɞɧɟɟ ɜɪɟɦя ɜ ɬɨɩɥɢɜɨ ɜɜɨɞяɬ ɜɵɝɨɪаɸщɢɣ ɩɨɝɥɨɬɢɬɟɥɶ ɧɟɣɬɪɨɧɨɜ 
(Вɉɇ), ɤɨɬɨɪɵɣ ɪаɫхɨɞɭɟɬɫя ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭаɬаɰɢɢ ɪɟаɤɬɨɪа (В, Gd, ȿr). 

ɉɪɢɧɰɢɩ ɪаɛɨɬɵ Вɉɇ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, чɬɨ ɟɝɨ ɧɭɤɥɢɞɵ, ɢɦɟя ɜɵɫɨɤɨɟ ɫɟчɟɧɢɟ 
ɡахɜаɬа ɧɟɣɬɪɨɧɨɜ, ɩɨɫɥɟ ɡахɜаɬа ɧɟɣɬɪɨɧа ɩɪɟɜɪащаɸɬɫя ɜ ɢɡɨɬɨɩɵ ɫ ɦаɥɵɦ 
ɫɟчɟɧɢɟɦ ɡахɜаɬа ɧɟɣɬɪɨɧɨɜ ɢ ɜ ɞаɥɶɧɟɣɲɟɦ ɩɟɪɟɫɬаɸɬ ɩɨɝɥɨщаɬɶ 
ɧɟɣɬɪɨɧɵ (ɜɵɝɨɪаɸɬ). ɉɪɢчɟɦ ɫɤɨɪɨɫɬɶ ɭɛɵɥɢ яɞɟɪ ɩɨɝɥɨɬɢɬɟɥɟɣ ɜ 
ɪɟɡɭɥɶɬаɬɟ ɩɨɝɥɨщɟɧɢя ɧɟɣɬɪɨɧɨɜ, ɦɟɧɶɲɟ ɢɥɢ ɪаɜɧа ɫɤɨɪɨɫɬɢ ɭɛɵɥɢ яɞɟɪ 
ɬɨɩɥɢɜа ɜ ɪɟɡɭɥɶɬаɬɟ ɞɟɥɟɧɢя. ȿɫɥɢ ɜ аɤɬɢɜɧɭɸ ɡɨɧɭ (АɁ) ɪɟаɤɬɨɪа ɡа-

ɝɪɭɠаɟɬɫя ɬɨɩɥɢɜɨ, ɪаɫɫчɢɬаɧɧɨɟ ɧа ɪаɛɨɬɭ ɜ ɬɟчɟɧɢɟ ɝɨɞа, ɬɨ ɨчɟɜɢɞɧɨ, чɬɨ 
ɤɨɥɢчɟɫɬɜɨ яɞɟɪ ɞɟɥящɟɝɨɫя ɬɨɩɥɢɜа ɜ ɧачаɥɟ ɪаɛɨɬɵ ɛɭɞɟɬ ɛɨɥɶɲɟ чɟɦ ɜ 
ɤɨɧɰɟ, ɢ ɧɟɨɛхɨɞɢɦɨ ɫɤɨɦɩɟɧɫɢɪɨɜаɬɶ ɢɡɛɵɬɨчɧɭɸ ɪɟаɤɬɢɜɧɨɫɬɶ, ɩɨɦɟɫɬɢɜ ɜ 
АɁ ɩɨɝɥɨɬɢɬɟɥɢ. ɂɡɛɵɬɨчɧая ɪɟаɤɬɢɜɧɨɫɬɶ ɧɟɨɛхɨɞɢɦа ɞɥя ɨɛɟɫɩɟчɟɧɢя 
ɬɪɟɛɭɟɦɨɝɨ ɜɵɝɨɪаɧɢя ɬɨɩɥɢɜа ɜ аɤɬɢɜɧɨɣ ɡɨɧɟ ɪɟаɤɬɨɪа. ȿɫɥɢ ɞɥя ɷɬɨɣ ɰɟɥɢ 
ɢɫɩɨɥɶɡɨɜаɬɶ ɪɟɝɭɥɢɪɭɸщɢɟ ɫɬɟɪɠɧɢ, ɬɨ ɧɟɨɛхɨɞɢɦɨ ɩɨɫɬɨяɧɧɨ ɩɟɪɟɦɟщаɬɶ 
ɢх, ɩɨ ɦɟɪɟ ɬɨɝɨ ɤаɤ ɤɨɥɢчɟɫɬɜɨ яɞɟɪ ɬɨɩɥɢɜа ɭɦɟɧɶɲаɟɬɫя. ɂɫɩɨɥɶɡɨɜаɧɢɟ 
ɜɵɝɨɪаɸщɢх ɩɨɝɥɨɬɢɬɟɥɟɣ ɩɨɡɜɨɥяɟɬ ɭɦɟɧɶɲɢɬɶ ɢɫɩɨɥɶɡɨɜаɧɢɟ ɞɜɢɠɭщɢхɫя 
ɫɬɟɪɠɧɟɣ. В ɩɪɨɲɥɨɦ ɜ ɤачɟɫɬɜɟ Вɉɇ ɢɫɩɨɥɶɡɨɜаɥɢɫɶ ɧɟɩɨɞɜɢɠɧɵɟ 
ɩɨɝɥɨɬɢɬɟɥɢ, ɜɵɝɪɭɠаɟɦɵɟ ɢɡ аɤɬɢɜɧɨɣ ɡɨɧɵ ɜɦɟɫɬɟ ɫ ɬɨɩɥɢɜɨɦ ɜ ɩɪɨɰɟɫɫɟ 
ɩɟɪɟɝɪɭɡɤɢ. В ɧаɫɬɨящɟɟ ɜɪɟɦя ɜɵɝɨɪаɸщɢɟ ɩɨɝɥɨɬɢɬɟɥɢ чаɫɬɨ ɩɨɦɟɲаɸɬ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɬɨɩɥɢɜɧɵɟ ɬаɛɥɟɬɤɢ, ɩɪɢ ɢх ɢɡɝɨɬɨɜɥɟɧɢɢ 
(ɢɧɬɟɝɪɢɪɨɜаɧɧɵɟ Вɉɇ). 

 

П.2.2. ɋɨɫтав ɹɞеɪɧɨɝɨ тɨɩɥива и еɝɨ ɤɥаɫɫиɮиɤаɰиɹ. 

        В ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɜɢɞа ɞɟɥящɢхɫя ɢ ɜɨɫɩɪɨɢɡɜɨɞящɢх ɧɭɤɥɢɞɨɜ яɞɟɪɧɨɟ 
ɬɨɩɥɢɜɨ ɦɨɠɧɨ ɪаɡɞɟɥɢɬɶ ɧа Д184-202]: 

   - ɬɨɩɥɢɜɨ ɧа ɨɫɧɨɜɟ ɭɪаɧа ɩɪɢɪɨɞɧɨɝɨ ɢɡɨɬɨɩɧɨɝɨ ɫɨɫɬаɜа; ɞаɧɧɵɣ ɜɢɞ 
ɬɨɩɥɢɜа ɢɫɩɨɥɶɡɭɟɬɫя ɪɟɞɤɨ, ɬаɤ ɤаɤ ɧɟ ɩɨɡɜɨɥяɟɬ ɞɨɫɬɢɝаɬɶ ɛɨɥɶɲɢх ɝɥɭɛɢɧ 
ɜɵɝɨɪаɧɢя; 

- ɬɨɩɥɢɜɨ ɧа ɨɛɨɝащɟɧɧɨɦ ɭɪаɧɟ; ɧа ɞаɧɧɵɣ ɦɨɦɟɧɬ ɷɬɨ ɨɫɧɨɜɧɨɣ ɜɢɞ 
яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа, ɬɢɩɢчɧɨɟ ɨɛɨɝащɟɧɢɟ ɞɥя ɪɟаɤɬɨɪɨɜ ɧа ɬɟɩɥɨɜɵх 
ɧɟɣɬɪɨɧах ɫɨɫɬаɜɥяɟɬ 1,8 - 4,β ɦаɫ. %, а ɞɥя ɪɟаɤɬɨɪɨɜ ɧа ɛɵɫɬɪɵх ɧɟɣɬɪɨɧах 
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15-30 ɦаɫ. %; 
- ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɟ ɬɨɩɥɢɜɨ; ɜ ɷɬɨɦ ɜɢɞɟ ɬɨɩɥɢɜа ɞɟɥящɢɦɫя ɢɡɨɬɨɩɨɦ 

яɜɥяɟɬɫя 239Ɋɢ ɢ ɟɝɨ ɫɨɞɟɪɠаɧɢɟ ɫɨɫɬаɜɥяɟɬ 15-30 ɦаɫ. %, а ɜ ɤачɟɫɬɜɟ 
ɜɨɫɩɪɨɢɡɜɨɞящɟɝɨ ɧɭɤɥɢɞа ɢɫɩɨɥɶɡɭɟɬɫя 238

U ɥɢɛɨ ɢɡ ɭɪаɧа ɩɪɢɪɨɞɧɨɝɨ 
ɢɡɨɬɨɩɧɨɝɨ ɫɨɫɬаɜа, ɥɢɛɨ ɢɡ ɨɬɜаɥɨɜ ɨɛɨɝаɬɢɬɟɥɶɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜа, ɥɢɛɨ 
ɩɨɥɭчɟɧɧɵɣ ɩɪɢ ɪɟɝɟɧɟɪаɰɢɢ ɨɬɪаɛɨɬаɜɲɟɝɨ яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа; ɨɧɨ яɜɥяɟɬɫя 
ɨɫɧɨɜɧɵɦ ɜɢɞɨɦ ɬɨɩɥɢɜа ɞɥя ɪɟаɤɬɨɪɨɜ ɧа ɛɵɫɬɪɵх ɧɟɣɬɪɨɧах, ɬаɤ ɤаɤ ɜ 
ɷɬɨɦ ɫɥɭчаɟ ɨɫɭщɟɫɬɜɥяɟɬɫя ɪаɫɲɢɪɟɧɧɨɟ ɜɨɫɩɪɨɢɡɜɨɞɫɬɜɨ яɞɟɪɧɨɝɨ 
ɬɨɩɥɢɜа, ɜ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦя ɬаɤ ɠɟ ɢɫɩɨɥɶɡɭɟɬɫя ɜ ɬɟɩɥɨɜɵх ɪɟаɤɬɨɪах ɫ 
ɰɟɥɶɸ ɫɠɢɝаɧɢя ɡаɩаɫɨɜ ɨɪɭɠɟɣɧɨɝɨ ɩɥɭɬɨɧɢя, ɜ ɷɬɨɦ ɫɥɭчаɟ ɫɨɞɟɪɠаɧɢɟ 
239Ɋɢ ɫɨɫɬаɜɥяɟɬ ɞɨ η ɦаɫ. % ɢ ɪаɫɲɢɪɟɧɧɨɝɨ ɜɨɫɩɪɨɢɡɜɨɞɫɬɜа ɧɟ 
ɩɪɨɢɫхɨɞɢɬ; 

- ɭɪаɧ-ɬɨɪɢɟɜɨɟ ɬɨɩɥɢɜɨ, ɞɟɥящɢɣɫя ɧɭɤɥɢɞ 233
U ɢɥɢ 235

U ɢ  ɞɥя 
ɧаɪаɛɨɬɤɢ 233

U ɜ ɧачаɥɟ ɬɨɩɥɢɜɧɨɝɨ ɰɢɤɥа ɜɨɫɩɪɨɢɡɜɨɞящɢɣ ɧɭɤɥɢɞ -  232Тh; 

ɤаɤ ɛɵɥɨ ɫɤаɡаɧɨ ɜɵɲɟ, ɭɪаɧ-ɬɨɪɢɟɜɨɟ ɬɨɩɥɢɜɨ ɪɟɞɤɨ ɢɫɩɨɥɶɡɭɟɬɫя ɜ ɫɜяɡɢ ɫ 
ɠɟɫɬɤɢɦ Ȗ-ɢɡɥɭчɟɧɢɟɦ ɩɪɨɞɭɤɬɨɜ ɪаɫɩаɞа 232

U. 

ɉɨ хɢɦɢчɟɫɤɨɦɭ ɫɨɫɬаɜɭ яɞɟɪɧɨɟ ɬɨɩɥɢɜɨ ɦɨɠɟɬ ɛɵɬɶ: ɦɟɬаɥɥɢчɟɫɤɢɦ 
(ɜɤɥɸчая ɫɩɥаɜɵ), ɨɤɫɢɞɧɵɦ, ɤаɪɛɢɞɧɵɦ, ɧɢɬɪɢɞɧɵɦ, ɫɢɥɢɰɢɞɧɵɦ ɢ ɞɪ. 

ɉɨ аɝɪɟɝаɬɧɨɦɭ ɫɨɫɬɨяɧɢɸ ɬɨɩɥɢɜɨ ɦɨɠɟɬ ɛɵɬɶ: ɬɜɟɪɞɵɦ, ɠɢɞɤɢɦ, 
ɝаɡɨɨɛɪаɡɧɵɦ, ɞɢɫɩɟɪɫɧɵɦ ɢ ɦɢɤɪɨɬɜɷɥɶɧɵɦ. 

В ɤачɟɫɬɜɟ ɠɢɞɤɨɝɨ ɬɨɩɥɢɜа ɪаɫɫɦаɬɪɢɜаɸɬɫя ɫɩɥаɜɵ ɩɥɭɬɨɧɢя (Тɩɥ ~ 440 

°ɋ) ɢ ɟɝɨ ɫɨɥɢ, ɤɨɬɨɪɵɟ ɩɥаɧɢɪɭɟɬɫя ɢɫɩɨɥɶɡɨɜаɬɶ ɜ ɠɢɞɤɨɦ ɜɢɞɟ ɜ 
ɝɨɦɨɝɟɧɧɵх ɪɟаɤɬɨɪах, чɬɨ ɩɨɡɜɨɥяɟɬ ɫɭщɟɫɬɜɟɧɧɨ ɭɥɭчɲɢɬɶ ɪаɞɢаɰɢɨɧɧɭɸ 
ɫɬɨɣɤɨɫɬɶ ɬɨɩɥɢɜа, ɨɞɧаɤɨ ɷɬɢ ɪаɫɩɥаɜɵ яɜɥяɸɬɫя хɢɦɢчɟɫɤɢ аɝɪɟɫɫɢɜɧɵɦɢ, 
чɬɨ ɫɞɟɪɠɢɜаɟɬ ɢх ɢɫɩɨɥɶɡɨɜаɧɢɟ. 

    В ɤачɟɫɬɜɟ ɝаɡɨɨɛɪаɡɧɨɝɨ ɬɨɩɥɢɜа ɨɫɧɨɜɧɵɦ ɫɨɟɞɢɧɟɧɢɟɦ яɜɥяɟɬɫя UF6. 

Ɉɧɨ ɩɟɪɟхɨɞɢɬ ɜ ɝаɡɨɨɛɪаɡɧɨɟ ɫɨɫɬɨяɧɢɟ ɩɪɢ ɬɟɦɩɟɪаɬɭɪɟ ηθ,η °ɋ ɢ 
ɢɫɩɨɥɶɡɭɟɬɫя ɞɥя ɨɛɨɝащɟɧɢя, хɪаɧɟɧɢя ɢ ɬɪаɧɫɩɨɪɬɢɪɨɜɤɢ ɩɟɪɟɞ 
ɩɪɨɢɡɜɨɞɫɬɜɨɦ ɬɜɟɪɞɵх ɜɢɞɨɜ ɬɨɩɥɢɜа. ɇɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɪɟаɤɬɨɪах ɧɟ 
ɢɫɩɨɥɶɡɭɟɬɫя ɢɡ-ɡа ɜɵɫɨɤɨɣ хɢɦɢчɟɫɤɨɣ аɤɬɢɜɧɨɫɬɢ. 

Дɢɫɩɟɪɫɧɨɟ ɬɨɩɥɢɜɨ ɩɪɟɞɫɬаɜɥяɟɬ ɫɨɛɨɣ ɤɨɦɩɨɡɢɰɢɨɧɧɵɣ ɦаɬɟɪɢаɥ, ɜ 
ɤɨɬɨɪɨɦ ɬɨɩɥɢɜɧɵɟ чаɫɬɢɰɵ ɪаɡɦɟщаɸɬɫя ɜ ɦɟɬаɥɥɢчɟɫɤɨɣ ɢɥɢ 
ɤɟɪаɦɢчɟɫɤɨɣ ɦаɬɪɢɰɟ, ɧɟ ɫɨɞɟɪɠащɟɣ ɞɟɥящɢхɫя ɧɭɤɥɢɞɨɜ. Таɤɨɣ ɜɢɞ 
ɬɨɩɥɢɜа ɨɛɥаɞаɟɬ ɨчɟɧɶ ɜɵɫɨɤɨɣ ɧаɞɟɠɧɨɫɬɶɸ, ɩɪɢɦɟɧяɟɬɫя ɜ 
ɢɫɫɥɟɞɨɜаɬɟɥɶɫɤɢх ɢ ɬɪаɧɫɩɨɪɬɧɵх ɪɟаɤɬɨɪах ɢ ɪаɛɨɬаɟɬ ɞɨ ɨчɟɧɶ ɛɨɥɶɲɢх 
ɜɵɝɨɪаɧɢɣ ɜ ɫɜяɡɢ ɫ чɟɦ, ɨɛɨɝащɟɧɢɟ ɩɨ ɞɟɥящɟɦɭɫя ɢɡɨɬɨɩɭ ɜ ɧɟɦ ɦɨɠɟɬ 
ɞɨɫɬɢɝаɬɶ 90 %. 

Ɇɢɤɪɨɬɜɷɥɶɧɨɟ ɬɨɩɥɢɜɨ ɩɪɟɞɫɬаɜɥяɟɬ ɫɨɛɨɣ ɦɢɤɪɨɫɮɟɪɵ ɢɡ ɬɨɩɥɢɜɧɨɝɨ 
ɦаɬɟɪɢаɥа ɞɢаɦɟɬɪɨɦ з η00 ɦɤɦ, ɧа ɤɨɬɨɪɵɟ ɧаɧɨɫяɬɫя ɫɥɨɢ ɡащɢɬɧɵх 
ɩɨɤɪɵɬɢɣ ɢɡ ɩɢɪɨɭɝɥɟɪɨɞа, ɩɪɟɞɨɬɜɪащаɸщɢɟ ɜɵхɨɞ ɩɪɨɞɭɤɬɨɜ ɞɟɥɟɧɢя ɢɡ 
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ɬɨɩɥɢɜɧɨɣ чаɫɬɢɰɵ ɢ ɨɛɟɫɩɟчɢɜаɸщɢɟ ɦɟхаɧɢчɟɫɤɭɸ ɩɪɨчɧɨɫɬɶ, ɢ 
ɩɪɟɞɧаɡɧачɟɧɨ ɞɥя ɜɵɫɨɤɨɬɟɦɩɟɪаɬɭɪɧɵх ɝаɡɨɝɪаɮɢɬɨɜɵх ɪɟаɤɬɨɪɨɜ. 

 

П.2.3. Ɍɪеɛɨваɧиɹ ɤ ɹɞеɪɧɨɦɭ тɨɩɥивɭ. 

Ɉɫɧɨɜɧɵɦɢ ɬɪɟɛɨɜаɧɢяɦɢ ɤ яɞɟɪɧɨɦɭ ɬɨɩɥɢɜɭ яɜɥяɸɬɫя: 

1. Вɵɫɨɤɢɟ яɞɟɪɧɨ-ɮɢɡɢчɟɫɤɢɟ ɫɜɨɣɫɬɜа, ɬ.ɟ. ɦɢɧɢɦаɥɶɧɨɟ ɩаɪаɡɢɬɧɨɟ 
ɫɟчɟɧɢɟ ɡахɜаɬа ɬɟɩɥɨɜɵх ɧɟɣɬɪɨɧɨɜ. 

2. Вɵɫɨɤая ɪаɞɢаɰɢɨɧɧая ɫɬаɛɢɥɶɧɨɫɬɶ, ɬ.ɟ. ɦаɤɫɢɦаɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɢɡɦɟɧɟɧɢɸ ɮɨɪɦɵ ɢ ɨɛɴɟɦа ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭаɬаɰɢɢ. 

3. Вɵɫɨɤая ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, чɬɨ ɩɨɡɜɨɥяɟɬ ɭɜɟɥɢчɢɬɶ ɞɢаɦɟɬɪ 

ɬɨɩɥɢɜɧɵх ɫɟɪɞɟчɧɢɤɨɜ, ɫɧɢɡɢɬɶ ɨɛɴɟɦɧɭɸ ɞɨɥɸ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵх 
ɦаɬɟɪɢаɥɨɜ ɜ АɁ ɢ ɭɜɟɥɢчɢɬɶ ɄɉД ɪɟаɤɬɨɪа. 

4. Вɵɫɨɤая ɬɟɦɩɟɪаɬɭɪа ɩɥаɜɥɟɧɢя, чɬɨ ɨɛɟɫɩɟчɢɜаɟɬ ɩɨɜɵɲɟɧɧɭɸ 
ɛɟɡɨɩаɫɧɨɫɬɶ ɪаɛɨɬɵ ɪɟаɤɬɨɪа ɜ ɩɟɪɟхɨɞɧɵх ɪɟɠɢɦах ɢ ɜ аɜаɪɢɣɧɵх 
ɭɫɥɨɜɢях. 

5. Ɉɬɫɭɬɫɬɜɢɟ ɮаɡɨɜɵх ɩɟɪɟхɨɞɨɜ ɜ ɨɛɥаɫɬɢ ɪаɛɨчɢх ɬɟɦɩɟɪаɬɭɪ, ɬаɤ ɤаɤ 
ɨɧɢ ɨɛɵчɧɨ ɫɨɩɪɨɜɨɠɞаɸɬɫя ɢɡɦɟɧɟɧɢɟɦ ɪаɡɦɟɪɨɜ (ɮɨɪɦɵ) ɬɨɩɥɢɜɧɵх 
ɫɟɪɞɟчɧɢɤɨɜ, а ɬаɤ ɠɟ ɩɪɢ ɷɬɨɦ ɢɡɦɟɧяɸɬɫя ɢɫхɨɞɧɵɟ ɫɜɨɣɫɬɜа ɬɨɩɥɢɜа. 

6. ɏɨɪɨɲая ɫɨɜɦɟɫɬɢɦɨɫɬɶ ɫ ɦаɬɟɪɢаɥɨɦ ɨɛɨɥɨчɤɢ, ɬ.ɟ. ɨɬɫɭɬɫɬɜɢɟ ɮɢɡɢɤɨ-

хɢɦɢчɟɫɤɨɝɨ ɜɡаɢɦɨɞɟɣɫɬɜɢя ɜ ɪаɛɨчɢх ɭɫɥɨɜɢях ɜ ɬɟчɟɧɢɟ ɤаɦɩаɧɢɢ 
ɬɨɩɥɢɜа. 

7. Вɵɫɨɤая ɤɨɪɪɨɡɢɨɧɧая ɫɬɨɣɤɨɫɬɶ ɜ ɬɟɩɥɨɧɨɫɢɬɟɥɟ. 
8. Вɵɫɨɤая ɩɥɨɬɧɨɫɬɶ, чɬɨ ɩɨɡɜɨɥяɟɬ ɩɨɜɵɫɢɬɶ ɄВ, ɢ ɜɵɫɨɤɨɟ 

ɭɞɟɥɶɧɨɟ ɫɨɞɟɪɠаɧɢɟ ɞɟɥящɢхɫя ɧɭɤɥɢɞɨɜ ɜ ɟɞɢɧɢɰɟ ɨɛɴɟɦа, чɬɨ ɩɨɡɜɨɥяɟɬ 
ɫɨɤɪаɬɢɬɶ ɪаɡɦɟɪ АɁ. 

9. Вɵɫɨɤая ɬɟɩɥɨɟɦɤɨɫɬɶ, чɬɨ ɨɩɪɟɞɟɥяɟɬ ɫɤɨɪɨɫɬɢ ɢɡɦɟɧɟɧɢя 
ɬɟɦɩɟɪаɬɭɪɵ ɜ АɁ ɩɪɢ ɩɟɪɟхɨɞɧɵх ɪɟɠɢɦах. 

10. Тɟхɧɨɥɨɝɢчɧɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜа ɢ ɦɢɧɢɦаɥɶɧая ɫɬɨɢɦɨɫɬɶ. 
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П.3.1. ȼвеɞеɧие. 
ɉɥɭɬɨɧɢɣ яɜɥяɟɬɫя ɨɞɧɢɦ ɢɡ ɩɟɪɜɵх ɢɫɤɭɫɫɬɜɟɧɧɨ ɩɨɥɭчɟɧɧɵх 

ɷɥɟɦɟɧɬɨɜ [184, 189-193]. Ɉɧ ɨɛɥаɞаɟɬ ɜɵɫɨɤɢɦɢ яɞɟɪɧɨ-ɮɢɡɢчɟɫɤɢɦɢ 
ɫɜɨɣɫɬɜаɦɢ, чɬɨ ɩɨɡɜɨɥяɟɬ ɟɝɨ ɢɫɩɨɥɶɡɨɜаɬɶ ɜ ɤачɟɫɬɜɟ ɬɨɩɥɢɜа ɜ ɪаɡɥɢчɧɵх 
яɞɟɪɧɵх ɪɟаɤɬɨɪах. ɇаɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɨ ɩɪɢɦɟɧɟɧɢɟ ɩɥɭɬɨɧɢя ɜ 
ɛɵɫɬɪɵх ɪɟаɤɬɨɪах-ɪаɡɦɧɨɠɢɬɟɥях, ɝɞɟ ɨɧ ɨɛɟɫɩɟчɢɜаɟɬ ɧа β0-30 % 

ɜɵɢɝɪɵɲ ɜ ɤɪɢɬɢчɟɫɤɨɣ ɦаɫɫɟ ɢ, ɫɥɟɞɨɜаɬɟɥɶɧɨ, ɜ ɡаɝɪɭɡɤɟ ɬɨɩɥɢɜа ɩɨ 
ɫɪаɜɧɟɧɢɸ ɫ 235

U, а ɬаɤ ɠɟ ɩɨɡɜɨɥяɟɬ ɩɨɥɭчаɬɶ ɜɵɫɨɤɢɟ, ɩɪɟɜɵɲаɸщɢɟ 
ɟɞɢɧɢɰɭ, ɤɨɷɮɮɢɰɢɟɧɬɵ ɜɨɫɩɪɨɢɡɜɨɞɫɬɜа. Вɨɡɦɨɠɧɨ ɩɪɢɦɟɧɟɧɢɟ ɩɥɭɬɨɧɢя ɢ 
ɜ ɪɟаɤɬɨɪах ɧа ɬɟɩɥɨɜɵх ɧɟɣɬɪɨɧах, чɬɨ хɨɬя ɦɟɧɟɟ ɜɵɝɨɞɧɨ, ɨɞɧаɤɨ 
ɭɜɟɥɢчɢɜаɟɬ ɪɟɫɭɪɫɵ яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа ɞɥя ɪɟаɤɬɨɪɨɜ ɷɬɨɝɨ ɬɢɩа. ɉɪɢ ɷɬɨɦ 
ɫɥɟɞɭɟɬ ɢɦɟɬɶ ɜ ɜɢɞɭ, чɬɨ ɞɥя ɞɨɫɬɢɠɟɧɢя ɬɪɟɛɭɟɦɵх ɝɥɭɛɢɧ ɜɵɝɨɪаɧɢя 
ɩɥɭɬɨɧɢɣ-ɫɨɞɟɪɠащɟɟ ɦɟɬаɥɥɢчɟɫɤɨɟ ɬɨɩɥɢɜɨ ɞɨɥɠɧɨ ɛɵɬɶ 
ɪаɞɢаɰɢɨɧɧɨɫɬɨɣɤɢɦ, ɢɦɟɬɶ хɨɪɨɲɢɟ ɦɟхаɧɢчɟɫɤɢɟ ɫɜɨɣɫɬɜа, ɨɛɥаɞаɬɶ 
ɫɨɜɦɟɫɬɢɦɨɫɬɶɸ ɫ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɦɢ ɦаɬɟɪɢаɥаɦɢ ɢ ɬɟɩɥɨɧɨɫɢɬɟɥɟɦ. 

Тɜɷɥɵ ɫ ɦɟɬаɥɥɢчɟɫɤɢɦ ɩɥɭɬɨɧɢɟɦ ɢɫɩɨɥɶɡɨɜаɥɢ ɜ ɩɟɪɜɵх ɷɤɫ-

ɩɟɪɢɦɟɧɬаɥɶɧɵх ɪɟаɤɬɨɪах ɧа ɛɵɫɬɪɵх ɧɟɣɬɪɨɧах ȻɊ-β ɢ ȻɊ-5 (Ɋɨɫɫɢя), а 
ɬаɤ ɠɟ «Ʉɥɟɦɟɧɬɢɧа» (ɋɒА). Ɉɞɧаɤɨ ɩɥɨхая ɪаɞɢаɰɢɨɧɧая ɫɬɨɣɤɨɫɬɶ, 
ɧɢɡɤɢɟ ɦɟхаɧɢчɟɫɤɢɟ ɢ ɤɨɪɪɨɡɢɨɧɧɵɟ ɫɜɨɣɫɬɜа ɦɟɬаɥɥɢчɟɫɤɨɝɨ ɩɥɭɬɨɧɢя 
ɩɪаɤɬɢчɟɫɤɢ ɢɫɤɥɸчаɸɬ ɟɝɨ ɩɪɢɦɟɧɟɧɢɟ ɜ ɷɧɟɪɝɟɬɢчɟɫɤɢх ɪɟаɤɬɨɪах. Ʉɪɨɦɟ 
ɬɨɝɨ, ɤɨɧɰɟɧɬɪаɰɢя ɞɟɥящɢхɫя ɧɭɤɥɢɞɨɜ ɜ ɦɟɬаɥɥɢчɟɫɤɨɦ ɩɥɭɬɨɧɢɢ яɜɥяɟɬɫя 
ɜɟɫɶɦа ɜɵɫɨɤɨɣ, ɢ ɜ ɧɟɝɨ ɧɟɨɛхɨɞɢɦɨ ɜɜɨɞɢɬɶ ɤаɤ ɫɵɪɶɟɜɵɟ ɧɭɤɥɢɞɵ, ɬаɤ ɢ 
ɥɟɝɢɪɭɸщɢɟ ɷɥɟɦɟɧɬɵ. ɋɩɥаɜɵ ɩɥɭɬɨɧɢя яɜɥяɸɬɫя ɛɨɥɟɟ ɫɬаɛɢɥɶɧɵɦɢ ɩɪɢ 
ɨɛɥɭчɟɧɢɢ ɢ ɨɛɥаɞаɸɬ ɛɨɥɟɟ ɜɵɫɨɤɢɦɢ ɫɜɨɣɫɬɜаɦɢ. Ɉɞɧаɤɨ ɜ ɧаɫɬɨящɟɟ 
ɜɪɟɦя ɦаɫɲɬаɛɵ ɢх ɩɪɢɦɟɧɟɧɢя ɜ яɞɟɪɧɵх ɪɟаɤɬɨɪах ɩɨ ɪаɡɧɵɦ ɩɪɢчɢɧаɦ 
ɜɟɫɶɦа ɨɝɪаɧɢчɟɧɵ. В ɬɨɠɟ ɜɪɟɦя ɛɨɥɶɲɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɜɨɫɩɪɨɢɡɜɨɞɫɬɜа ɢ 
ɤɨɪɨɬɤɢɟ ɜɪɟɦɟɧа ɭɞɜɨɟɧɢя ɩɪɢ ɩɪɢɦɟɧɟɧɢɢ ɫɩɥаɜɨɜ ɩɥɭɬɨɧɢя ɜ ɛɵɫɬɪɵх 
ɪɟаɤɬɨɪах ɩɨɫɬɨяɧɧɨ ɩɪɢɜɥɟɤаɸɬ ɜɧɢɦаɧɢɟ ɤ ɫɨɡɞаɧɢɸ ɧɨɜɵх ɫɩɥаɜɨɜ, а 
ɬаɤɠɟ ɤ ɢɫɫɥɟɞɨɜаɧɢɸ ɢх ɫɜɨɣɫɬɜ ɢ ɩɨɜɟɞɟɧɢɸ ɩɪɢ ɨɛɥɭчɟɧɢɢ. 
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     ɉɥɭɬɨɧɢɣ ɧахɨɞɢɬ ɩɪɢɦɟɧɟɧɢɟ ɢ ɜ ɞɪɭɝɢх ɨɛɥаɫɬях. Таɤ, ɧɭɤɥɢɞ 238
Pu 

яɜɥяɟɬɫя ɢɫɬɨчɧɢɤɨɦ ɬɟɩɥа ɜ ɬɟɪɦɨɷɥɟɤɬɪɢчɟɫɤɢх ɩɪɟɨɛɪаɡɨɜаɬɟɥях ɷɧɟɪɝɢɢ, а 
ɩɥɭɬɨɧɢɣ-ɛɟɪɢɥɥɢɟɜɵɟ ɫɩɥаɜɵ ɦɨɝɭɬ ɫɥɭɠɢɬɶ ɢɫɬɨчɧɢɤɨɦ ɧɟɣɬɪɨɧɨɜ, 
ɨɛɪаɡɭɸщɢхɫя ɜ ɪɟɡɭɥɶɬаɬɟ (Ȗ,n) ɢ (α,n) ɪɟаɤɰɢɣ ɧа ɛɟɪɢɥɥɢɢ. 

 

П.3.2. Пɨɥɭɱеɧие ɦетаɥɥиɱеɫɤɨɝɨ ɩɥɭтɨɧиɹ и еɝɨ ɨɛɪаɛɨтɤа.  

В ɧаɫɬɨящɟɟ ɜɪɟɦя ɟɞɢɧɫɬɜɟɧɧɵɦ ɢɫɬɨчɧɢɤɨɦ ɩɨɥɭчɟɧɢя ɩɥɭɬɨɧɢя яɜ-

ɥяɟɬɫя ɨɬɪаɛɨɬаɜɲɟɟ яɞɟɪɧɨɟ ɬɨɩɥɢɜɨ, ɢɡ ɤɨɬɨɪɨɝɨ ɟɝɨ ɢɡɜɥɟɤаɸɬ ɫ ɩɨɦɨщɶɸ 
ɷɤɫɬɪаɤɰɢɨɧɧɨɣ ɝɢɞɪɨɦɟɬаɥɥɭɪɝɢчɟɫɤɨɣ ɩɟɪɟɪаɛɨɬɤɢ. Дɪɭɝɢɟ ɦɟɬɨɞɵ 
ɩɨɥɭчɟɧɢя ɩɥɭɬɨɧɢя (ɞɪɨɛɧая ɞɢɫɬɢɥɥяɰɢя ɮɬɨɪɢɞɨɜ, ɷɤɫɬɪаɤɰɢя ɠɢɞɤɢɦɢ 
ɦɟɬаɥɥаɦɢ ɢɥɢ ɪаɫɬɜɨɪаɦɢ ɫɨɥɟɣ ɢ ɬ.ɞ.) ɲɢɪɨɤɨɝɨ ɪаɫɩɪɨɫɬɪаɧɟɧɢя ɧɟ 
ɩɨɥɭчɢɥɢ. 

Ɇɟɬаɥɥɢчɟɫɤɢɣ ɩɥɭɬɨɧɢɣ ɩɪɨɢɡɜɨɞяɬ ɜɨɫɫɬаɧɨɜɥɟɧɢɟɦ ɟɝɨ ɝаɥɨɝɟɧɢɞɧɵх 
ɫɨɟɞɢɧɟɧɢɣ ɤаɥɶɰɢɟɦ. ɉɟɪɟɞ ɛɪɢɤɟɬɢɪɨɜаɧɢɟɦ ɲɢхɬɵ ɜ ɧɟɟ ɜɜɨɞяɬ 
ɩɨɞɨɝɪɟɜаɸщɢɟ ɞɨɛаɜɤɢ, ɧаɩɪɢɦɟɪ, ɣɨɞ. Ɋɟаɤɰɢя ɜɨɫɫɬаɧɨɜɥɟɧɢя яɜɥяɟɬɫя 
ɷɤɡɨɬɟɪɦɢчɟɫɤɨɣ, ɢ ɟɟ ɢɧɢɰɢɢɪɭɸɬ ɧаɝɪɟɜаɧɢɟɦ ɫɬɟɧɨɤ ɬɢɝɥя ɬɨɤаɦɢ 
ɜɵɫɨɤɨɣ чаɫɬɨɬɵ. ɉɨɫɥɟ ɡаɜɟɪɲɟɧɢя ɪɟаɤɰɢɢ ɫɨɞɟɪɠɢɦɨɟ ɬɢɝɥя ɢɡɜɥɟɤаɸɬ, 
ɢ ɫɥɢɬɨɤ ɩɥɭɬɨɧɢя ɨɬɞɟɥяɸɬ ɨɬ ɲɥаɤа. ɉɪɢ ɦаɫɫɟ ɛɪɢɤɟɬɨɜ ɜ η0 ɝ ɜɵхɨɞ 
ɦɟɬаɥɥа ɞɨɫɬɢɝаɟɬ 98,η % ɢ ɜɵɲɟ. 

В ɫɥɢɬɤɟ ɫɨɞɟɪɠɢɬɫя ɧɟɤɨɬɨɪɨɟ ɤɨɥɢчɟɫɬɜɨ ɩɪɢɦɟɫɟɣ, ɩɟɪɟɲɟɞɲɢх ɜ ɦɟɬаɥɥ 
ɢɡ ɢɫхɨɞɧɨɣ ɝаɥɨɝɟɧɢɞɧɨɣ ɫɨɥɢ, а ɬаɤɠɟ ɤаɥɶɰɢя ɢ ɦаɬɟɪɢаɥа ɮɭɬɟɪɨɜɤɢ. 
Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɧɟɦ ɜɫɟɝɞа ɩɪɢɫɭɬɫɬɜɭɸɬ ɮɬɨɪɢɫɬɵɣ ɢɥɢ хɥɨɪɢɫɬɵɣ ɤаɥɶɰɢɣ ɜ 
ɜɢɞɟ ɬɨɧɤɢх ɜɤɥɸчɟɧɢɣ, а ɬаɤɠɟ ɨɤɫɢɞɵ, ɤаɪɛɢɞɵ ɢ ɧɢɬɪɢɞɵ ɩɥɭɬɨɧɢя. ɉɪɢ 
ɪаɮɢɧɢɪɨɜɨчɧɨɣ ɩɥаɜɤɟ ɜ ɜаɤɭɭɦɟ ɦɟɬаɥɥ ɨчɢщаɟɬɫя ɨɬ ɦɧɨɝɢх 
ɡаɝɪяɡɧɟɧɢɣ. Вɫɟ ɨɧɢ ɫɨɛɢɪаɸɬɫя ɜ ɜɟɪхɧɟɣ чаɫɬɢ ɦɟɬаɥɥɢчɟɫɤɨɝɨ ɪаɫɩɥаɜа, 
ɩɨɫɥɟ ɤɪɢɫɬаɥɥɢɡаɰɢɢ ɢ ɨхɥаɠɞɟɧɢя ɤɨɬɨɪɨɝɨ ɭɞаɥяɸɬɫя ɦɟхаɧɢчɟɫɤɢɦ 
ɩɭɬɟɦ. ɋɨɞɟɪɠаɧɢɟ ɩɥɭɬɨɧɢя ɜ ɫɥɢɬɤɟ ɩɨ ɦаɫɫɟ ɫɨɫɬаɜɥяɟɬ 99,8-99,96 %. 

Ʉачɟɫɬɜɨ ɩɥɭɬɨɧɢя чащɟ ɜɫɟɝɨ ɨɰɟɧɢɜаɸɬ ɩɨ ɜɟɥɢчɢɧɟ ɟɝɨ ɩɥɨɬɧɨɫɬɢ. 
Ɇɟɬаɥɥ, ɢɦɟɸщɢɣ ɩɥɨɬɧɨɫɬɶ ɛɨɥɟɟ 19,θη ɝ/ɫɦ3

 , ɫчɢɬаɟɬɫя ɦɟɬаɥɥɨɦ ɨчɟɧɶ 
ɜɵɫɨɤɨɝɨ ɤачɟɫɬɜа. Ɉɬɥɢчɢɟ ɢɡɦɟɪɟɧɧɨɣ ɩɥɨɬɧɨɫɬɢ ɩɥɭɬɨɧɢя ɨɬ 
ɬɟɨɪɟɬɢчɟɫɤɨɣ (19,81θ ɝ/ɫɦ3

 ) ɨɛɭɫɥɨɜɥɟɧɨ ɝɥаɜɧɵɦ ɨɛɪаɡɨɦ ɩɪɢɫɭɬɫɬɜɢɟɦ 
ɜаɤаɧɫɢɣ, ɦɢɤɪɨɬɪɟщɢɧ ɢ ɨɫɬаɬɨчɧɵх ɮаɡ. 

ɉɪɨɰɟɫɫɵ ɩɥаɜɤɢ ɦɟɬаɥɥа ɢ ɟɝɨ ɫɩɥаɜɨɜ ɜɟɞɭɬ ɜ ɢɧɞɭɤɰɢɨɧɧɵх ɩɟчах ɜ 
ɜаɤɭɭɦɟ ɢɥɢ ɜ ɤɨɧɬɪɨɥɢɪɭɟɦɵх ɝаɡɨɜɵх ɫɪɟɞах. Дɥя ɨхɥаɠɞɟɧɢя ɩɟчɟɣ ɢɡ-ɡа 
ɨɩаɫɧɨɫɬɢ ɞɨɫɬɢɠɟɧɢя ɤɪɢɬɢчɟɫɤɨɣ ɦаɫɫɵ ɢɫɩɨɥɶɡɭɸɬ ɠɢɞɤɨɫɬɢ, ɧɟ 
ɫɨɞɟɪɠащɢɟ ɜɨɞɨɪɨɞ (ɪаɫɩɥаɜɵ ɫɨɥɟɣ, ɠɢɞɤɢɟ ɦɟɬаɥɥɵ ɢ ɬ.ɞ.) 

ɉɥɭɬɨɧɢɣ ɢɦɟɟɬ хɨɪɨɲɢɟ ɥɢɬɟɣɧɵɟ ɫɜɨɣɫɬɜа. ɉɪɢ ɧɢɡɤɨɣ ɬɟɦɩɟɪаɬɭɪɟ 
ɩɥаɜɥɟɧɢя ɨɧ ɨɛɥаɞаɟɬ ɛɨɥɶɲɨɣ ɠɢɞɤɨɬɟɤɭчɟɫɬɶɸ ɢ ɜɵɫɨɤɨɣ ɩɥɨɬɧɨɫɬɶɸ. 
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ɉɪɢ ɡаɬɜɟɪɞɟɜаɧɢɢ ɟɝɨ ɨɛɴɟɦ ɢɡɦɟɧяɟɬɫя ɧɟɡɧачɢɬɟɥɶɧɨ. Ɉɞɧаɤɨ ɪɟɡɤɢɟ 
ɨɛɴɟɦɧɵɟ ɢɡɦɟɧɟɧɢя ɜ ɪɟɡɭɥɶɬаɬɟ ɮаɡɨɜɵх ɩɪɟɜɪащɟɧɢɣ ɩɪɢ ɨхɥаɠɞɟɧɢɢ 
ɨɬɥɢɜɨɤ ɡаɬɪɭɞɧяɸɬ ɩɪɨɢɡɜɨɞɫɬɜɨ ɫɥɨɠɧɵх ɢɡɞɟɥɢɣ, ɜɵɡɵɜая ɢх ɤɨɪɨɛɥɟɧɢɟ 
ɢ ɪаɫɬɪɟɫɤɢɜаɧɢɟ. 

ɉɥаɫɬɢчɟɫɤая ɞɟɮɨɪɦаɰɢя ɩɥɭɬɨɧɢя ɩɪɢ ɨɛɪаɛɨɬɤɟ ɞаɜɥɟɧɢɟɦ чɪɟɡɜɵчаɣɧɨ 
ɡаɬɪɭɞɧɟɧа ɧɢɡɤɨɣ ɩɥаɫɬɢчɧɨɫɬɶɸ ɢ ɜɵɫɨɤɨɣ хɪɭɩɤɨɫɬɶɸ 
ɧɢɡɤɨɬɟɦɩɟɪаɬɭɪɧɨɣ α-ɮаɡɵ. Ȼɥаɝɨɩɪɢяɬɧɵɦ ɬɟɦɩɟɪаɬɭɪɧɵɦ ɢɧɬɟɪɜаɥɨɦ 
яɜɥяɟɬɫя ɨɛɥаɫɬɶ ɫɭщɟɫɬɜɨɜаɧɢя ȕ-ɮаɡɵ (γ10-4η1 °ɋ), ɜ ɤɨɬɨɪɨɣ ɩɥɭɬɨɧɢɣ 
ɜɟɫɶɦа ɩɥаɫɬɢчɟɧ ɢ ɦɨɠɟɬ ɛɵɬɶ ɩɨɞɜɟɪɝɧɭɬ ɜɫɟɦ ɜɢɞаɦ ɨɛɪаɛɨɬɤɢ 
ɞаɜɥɟɧɢɟɦ. Ɉɞɧаɤɨ ɩɪɢ ɨхɥаɠɞɟɧɢɢ ɢɡɞɟɥɢɣ ɜɨɡɦɨɠɧɨ ɢх ɤɨɪɨɛɥɟɧɢɟ ɢ 
ɪаɫɬɪɟɫɤɢɜаɧɢɟ ɜɫɥɟɞɫɬɜɢɟ ɩɪɨɢɫхɨɞящɢх ɜ ɧɢх ɮаɡɨɜɵх ɩɪɟɜɪащɟɧɢях. 

ɉɥɭɬɨɧɢɣ ɨɛɥаɞаɟɬ ɜɵɫɨɤɨɣ ɬɨɤɫɢчɧɨɫɬɶɸ, ɪаɞɢɨаɤɬɢɜɧɨɫɬɶɸ, ɫɤɥɨɧɧɨɫɬɶɸ 
ɤ ɨɤɢɫɥɟɧɢɸ ɢ ɦаɥɨɣ ɤɪɢɬɢчɟɫɤɨɣ ɦаɫɫɨɣ (ɜ ɬɪɢ ɪаɡа ɦɟɧɶɲɟ, чɟɦ ɭ 235

U). 

Эɬɢ ɨɫɨɛɟɧɧɨɫɬɢ ɬɪɟɛɭɸɬ ɨɩɪɟɞɟɥɟɧɧɨɣ ɫɩɟɰɢɮɢɤɢ ɩɪɨɜɟɞɟɧɢя ɪаɡɥɢчɧɵх 
ɬɟхɧɨɥɨɝɢчɟɫɤɢх ɨɩɟɪаɰɢɣ ɢ ɢɫɫɥɟɞɨɜаɧɢɣ ɫ ɢɫɩɨɥɶɡɨɜаɧɢɟɦ ɦаɬɟɪɢаɥɨɜ, 
ɫɨɞɟɪɠащɢх ɩɥɭɬɨɧɢɣ. Вɫɟ ɨɧɢ ɜɵɩɨɥɧяɸɬɫя ɜ ɫɬɪɨɝɨɦ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɬɪɟɛɨɜаɧɢяɦɢ яɞɟɪɧɨɣ ɛɟɡɨɩаɫɧɨɫɬɢ, ɞɢɫɬаɧɰɢɨɧɧɨ ɜ ɩɨɥɧɨɫɬɶɸ 
ɝɟɪɦɟɬɢɡɢɪɨɜаɧɧɵх ɩɟɪчаɬɨчɧɵх ɛɨɤɫах, ɡаɩɨɥɧɟɧɧɵх аɪɝɨɧɨɦ ɢɥɢ 
ɨɫɭɲɟɧɧɵɦ ɜɨɡɞɭхɨɦ. Ɇаɤɫɢɦаɥɶɧɨɟ ɤɨɥɢчɟɫɬɜɨ ɩɥɭɬɨɧɢя, ɤɨɬɨɪɨɟ ɦɨɠɟɬ 
ɧахɨɞɢɬɶɫя ɜ ɨɞɧɨɦ ɛɨɤɫɟ, ɫɨɫɬаɜɥяɟɬ θ ɤɝ. ɉɪɢ ɤɪɭɩɧɵх ɦаɫɲɬаɛах 
ɩɪɨɢɡɜɨɞɫɬɜа, ɤɨɝɞа ɢɫɩɨɥɶɡɭɸɬ аɜɬɨɦаɬɢɡɢɪɨɜаɧɧɵɟ ɩɪɨɰɟɫɫɵ, ɷɬɢ ɨɝɪаɧɢ-

чɟɧɢя ɧɟ ɩɪɟɞɫɬаɜɥяɸɬ ɫɟɪɶɟɡɧɵх ɡаɬɪɭɞɧɟɧɢɣ. ɂɦɟɸщɢɟɫя ɦɢɪɨɜɵɟ ɡаɩаɫɵ 
ɩɥɭɬɨɧɢя яɜɥяɸɬɫя ɡɧачɢɬɟɥɶɧɵɦɢ. ɉɨ ɨɰɟɧɤаɦ ɆАȽАТЭ ɧа ɤɨɧɟɰ 1997 ɝ. 
ɢɡ ɨɬɪаɛɨɬаɜɲɟɝɨ яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа ɜɵɞɟɥɟɧɨ 170 ɬ ɩɥɭɬɨɧɢя. Ɋɨɫɫɢɟɣ ɢ 
ɋɒА ɡаɩɥаɧɢɪɨɜаɧа ɩɟɪɟɞача ɧа ɝɪаɠɞаɧɫɤɢɟ ɰɟɥɢ 100 ɬ ɩɥɭɬɨɧɢя ɢɡ 
ɞɟɦɨɧɬɢɪɨɜаɧɧɵх ɛɨɟɝɨɥɨɜɨɤ. Ʉɪɨɦɟ ɬɨɝɨ, ɜ хɪаɧящɟɦɫя ɨɬɪаɛɨɬаɧɧɨɦ 
ɬɨɩɥɢɜɟ ɫɨɜɨɤɭɩɧɨɟ ɤɨɥɢчɟɫɬɜɨ ɩɥɭɬɨɧɢя ɤ ɤɨɧɰɭ 1997 ɝ. ɫɨɫɬаɜɥяɥɨ ɨɤɨɥɨ 1 
ɬɵɫ. ɬ, а ɤ β010 ɝ. ɨɧɨ ɛɭɞɟɬ ɪаɜɧɨ ɩɪɢɦɟɪɧɨ 1700 ɬ. 

П.3.3. Иɡɨтɨɩɧыɣ ɫɨɫтав.  

В ɧаɫɬɨящɟɟ ɜɪɟɦя ɢɡɜɟɫɬɧɨ ɲɟɫɬɧаɞɰаɬɶ ɢɡɨɬɨɩɨɜ ɩɥɭɬɨɧɢя, ɤɨɬɨɪɵɟ 
ɜɫɟ яɜɥяɸɬɫя ɪаɞɢɨаɤɬɢɜɧɵɦɢ. ɋɪɟɞɢ ɧɢх ɧаɢɛɨɥɟɟ ɜаɠɧɨɟ ɡɧачɟɧɢɟ ɤаɤ 
ɞɟɥящɢɣɫя ɢɡɨɬɨɩ ɢɦɟɟɬ 239Ɋu, ɤɨɬɨɪɨɦɭ ɨɛɵчɧɨ ɫɨɩɭɬɫɬɜɭɸɬ ɢɡɨɬɨɩɵ 240Ɋu, 
241Ɋu ɢ 242Ɋu. ɋхɟɦа ɩɨɥɭчɟɧɢя ɢ ɪаɫɩаɞа ɷɬɢх ɧɭɤɥɢɞɨɜ ɜ ɪɟаɤɬɨɪɟ ɩɨɤаɡаɧа 
ɧа ɪɢɫ ɉ.γ.1. 

ɂɡɨɬɨɩɧɵɣ ɫɨɫɬаɜ ɩɥɭɬɨɧɢя, ɢɡɜɥɟчɟɧɧɨɝɨ ɢɡ ɨɬɪаɛɨɬаɜɲɟɝɨ яɞɟɪɧɨɝɨ 
ɬɨɩɥɢɜа, ɡаɜɢɫɢɬ ɨɬ ɝɥɭɛɢɧɵ ɜɵɝɨɪаɧɢя ɩɨɫɥɟɞɧɟɝɨ, ɬɢɩа ɪɟаɤɬɨɪа, 
ɷɧɟɪɝɟɬɢчɟɫɤɨɝɨ ɫɩɟɤɬɪа ɧɟɣɬɪɨɧɨɜ ɢ чɢɫɥа ɰɢɤɥɨɜ ɪɟɝɟɧɟɪаɰɢɢ 
ɨɬɪаɛɨɬаɜɲɟɝɨ яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа. ɂɡɨɬɨɩɧɵɣ ɫɨɫɬаɜ ɩɥɭɬɨɧɢя, 
ɧаɪаɛаɬɵɜаɟɦɨɝɨ ɜ ɬɟɩɥɨɜɵх ɪɟаɤɬɨɪах, ɩɪɢɜɟɞɟɧ ɜ ɬаɛɥ. ɉ.3.1. 
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     ɋɨɨɬɧɨɲɟɧɢɟ ɢɡɨɬɨɩɨɜ ɩɥɭɬɨɧɢя ɜ ɨɛɥɭчɟɧɧɨɦ яɞɟɪɧɨɦ ɬɨɩɥɢɜɟ ɛɵɫɬɪɵх 
ɪɟаɤɬɨɪɨɜ яɜɥяɟɬɫя ɢɧɵɦ: 

                                        

                   

Ɋɢɫ. ɉ.γ.1. ɋхɟɦа ɨɛɪаɡɨɜаɧɢя ɢ ɪаɫɩаɞа ɜаɠɧɟɣɲɢх ɧɭɤɥɢɞɨɜ ɩɥɭɬɨɧɢя. 

 

Таɛɥɢɰа. ɉ.3.1 
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ɉɪɢ ɞɥɢɬɟɥɶɧɨɦ хɪаɧɟɧɢɢ ɢɡɨɬɨɩɧɵɣ ɫɨɫɬаɜ ɩɥɭɬɨɧɢя ɢɡɦɟɧяɟɬɫя. Таɤ, 241Ɋu 

ɜ ɪɟɡɭɥɶɬаɬɟ ȕ-ɪаɫɩаɞа ɩɪɟɜɪащаɟɬɫя ɜ 241Аm, чɬɨ ɭɦɟɧɶɲаɟɬ ɨɛщɟɟ 
ɫɨɞɟɪɠаɧɢɟ ɞɟɥящɢхɫя ɢɡɨɬɨɩɨɜ. ɉɪɢ хɪаɧɟɧɢɢ ɜ ɬɟчɟɧɢɟ 10 ɥɟɬ ɩɨɬɟɪɢ 
ɞɟɥящɟɝɨɫя ɩɥɭɬɨɧɢя ɨɰɟɧɢɜаɸɬɫя ɜ 9 %, а ɜ ɬɟчɟɧɢɟ β0 ɥɟɬ - ɜ 14%. 

П.3.4. əɞеɪɧые ɫвɨɣɫтва.  

В ɬаɛɥ. ɉ.3.2 ɞɥя ɫɪаɜɧɟɧɢя ɩɪɢɜɟɞɟɧɵ яɞɟɪɧɨ-ɮɢɡɢчɟɫɤɢɟ ɫɜɨɣɫɬɜа 
ɧɭɤɥɢɞɨɜ 235

U ɢ 238
U. ɇɭɤɥɢɞɵ ɩɥɭɬɨɧɢя ɫ чɟɬɧɵɦɢ ɦаɫɫɨɜɵɦɢ чɢɫɥаɦɢ  240Ɋu ɢ 

242Ɋu ɥɢɛɨ ɢɦɟɸɬ ɦаɥɨɟ ɫɟчɟɧɢɟ ɞɟɥɟɧɢя, ɥɢɛɨ ɩɪаɤɬɢчɟɫɤɢ ɧɟ ɞɟɥяɬɫя. 
əɞɟɪɧɨ-ɮɢɡɢчɟɫɤɢɟ ɫɜɨɣɫɬɜа ɧɭɤɥɢɞɨɜ 235

U ɢ 239Ɋu ɩɪɢ ɢх ɜɡаɢɦɨɞɟɣɫɬɜɢɢ ɫ 
ɬɟɩɥɨɜɵɦɢ ɧɟɣɬɪɨɧаɦɢ ɦаɥɨ ɨɬɥɢчаɸɬɫя ɞɪɭɝ ɨɬ ɞɪɭɝа. В ɬɨ ɠɟ ɜɪɟɦя ɩɪɢ 
ɜɡаɢɦɨɞɟɣɫɬɜɢɢ ɫ ɛɵɫɬɪɵɦɢ ɧɟɣɬɪɨɧаɦɢ яɞɟɪɧɵɟ ɫɜɨɣɫɬɜа 239Ɋu яɜɥяɸɬɫя 
ɩɪɟɞɩɨчɬɢɬɟɥɶɧɵɦɢ. Ʉɨɥɢчɟɫɬɜɨ ɧɟɣɬɪɨɧɨɜ, ɨɛɪаɡɭɸщɢхɫя ɩɪɢ ɩɨɝɥɨщɟɧɢɢ 
ɛɵɫɬɪɨɝɨ ɧɟɣɬɪɨɧа яɞɪɨɦ 239Ɋu, ɪаɜɧɨ β,θ1, чɬɨ ɞаɟɬ ɜɨɡɦɨɠɧɨɫɬɶ 
ɨɫɭщɟɫɬɜɥяɬɶ ɪаɫɲɢɪɟɧɧɨɟ ɜɨɫɩɪɨɢɡɜɨɞɫɬɜɨ яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа ɜ ɛɵɫɬɪɵх 
ɪɟаɤɬɨɪах. 

Таɛɥɢɰа. ɉ.3.2 

 

   П.3.5. ɗɥеɤтɪɨɧɧɨе ɫтɪɨеɧие.  

Ʉɨɧɮɢɝɭɪаɰɢя ɬɪɟх ɜɧɟɲɧɢх ɷɥɟɤɬɪɨɧɧɵх ɨɛɨɥɨчɟɤ аɬɨɦа ɩɥɭɬɨɧɢя 
ɢɦɟɟɬ ɜɢɞ: 

                                             

ɇаɥɢчɢɟ ɲɟɫɬɢ ηf ɷɥɟɤɬɪɨɧɨɜ ɫ ɨчɟɧɶ ɭɡɤɨɣ ηf ɡɨɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ, 
ɢɦɟɸщɟɣ ɨчɟɧɶ ɜɵɫɨɤɭɸ ɩɥɨɬɧɨɫɬɶ ɫɨɫɬɨяɧɢɣ ɜɛɥɢɡɢ ɷɧɟɪɝɢɢ Ɏɟɪɦɢ, 
ɫɨɡɞаɟɬ хɪɭɩɤɢɣ ɛаɥаɧɫ ɦɟɠɞɭ ɥɨɤаɥɢɡɨɜаɧɧɵɦɢ ɷɥɟɤɬɪɨɧаɦɢ ɢ 
ɦɧɨɝɨчɢɫɥɟɧɧɵɦɢ ɷɥɟɤɬɪɨɧɧɵɦɢ ɤɨɧɮɢɝɭɪаɰɢяɦɢ ɫ ɩɨчɬɢ ɷɤɜɢɜаɥɟɧɬɧɵɦɢ 
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ɷɧɟɪɝɢяɦɢ. Эɬа ɫɥɨɠɧая ɷɥɟɤɬɪɨɧɧая ɫɬɪɭɤɬɭɪа ɨɛɭɫɥаɜɥɢɜаɟɬ ɭɧɢɤаɥɶɧɵɟ 
ɦаɤɪɨɫɤɨɩɢчɟɫɤɢɟ ɫɜɨɣɫɬɜа ɩɥɭɬɨɧɢя. 

П.3.6. Ⱥɥɨтɪɨɩиɱеɫɤие ɩɪевɪащеɧиɹ. 

Тɟɦɩɟɪаɬɭɪа ɩɥаɜɥɟɧɢя ɩɥɭɬɨɧɢя ɫɨɫɬаɜɥяɟɬ θ40°ɋ. ɇɢɠɟ ɷɬɨɣ 
ɬɟɦɩɟɪаɬɭɪɵ ɨɧ ɦɨɠɟɬ ɧахɨɞɢɬɶɫя ɜ ɲɟɫɬɢ аɥɨɬɪɨɩɢчɟɫɤɢх ɦɨɞɢɮɢɤаɰɢях. 
Даɧɧɵɟ ɨɛ ɢх ɬɟɦɩɟɪаɬɭɪɧɵх ɨɛɥаɫɬях ɫɭщɟɫɬɜɨɜаɧɢя, ɩɥɨɬɧɨɫɬɢ ɢ 
ɤɪɢɫɬаɥɥɢчɟɫɤɨɣ ɫɬɪɭɤɬɭɪɟ ɩɪɢɜɟɞɟɧɵ ɜ ɬаɛɥ. ɉ.γ.γ. 

ɇɢɡɤɨɬɟɦɩɟɪаɬɭɪɧɵɟ ɦɨɞɢɮɢɤаɰɢɢ ɩɥɭɬɨɧɢя ɨɛɥаɞаɸɬ ɫɥɨɠɧɵɦɢ 
ɤɪɢɫɬаɥɥɢчɟɫɤɢɦɢ ɪɟɲɟɬɤаɦɢ, ɜ ɬɨ ɜɪɟɦя ɤаɤ ɤɪɢɫɬаɥɥɢчɟɫɤɢɟ ɪɟɲɟɬɤɢ 
ɜɵɫɨɤɨɬɟɦɩɟɪаɬɭɪɧɵх ɮаɡ, ɨɫɨɛɟɧɧɨ ɮаɡ δ ɢ İ, ɨɛɥаɞаɸɬ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɶɸ 
ɫɢɦɦɟɬɪɢɢ. Ɉɛɴɟɦɧɵɟ ɢɡɦɟɧɟɧɢя ɩɪɢ ɮаɡɨɜɵх ɩɟɪɟхɨɞах ɜɟɫɶɦа 
ɡɧачɢɬɟɥɶɧɵ ɢ ɢɦɟɸɬ ɪаɡɧɵɟ ɡɧаɤɢ (ɬаɛɥ. ɉ.γ.4), ɜɫɥɟɞɫɬɜɢɟ чɟɝɨ ɩɪɢ ɧаɝɪɟɜɟ 
ɢɥɢ ɨхɥаɠɞɟɧɢɢ ɦɟɬаɥɥа ɜ ɧɟɦ ɜɨɡɧɢɤаɸɬ ɡɧачɢɬɟɥɶɧɵɟ ɧаɩɪяɠɟɧɢя. 

 

Таɛɥɢɰа. ɉ.γ.γ 

 

 

Таɛɥɢɰа. ɉ.γ.4 
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ɋɪɟɞɢ ɮаɡ ɩɥɭɬɨɧɢя ɧаɢɦɟɧɶɲɟɣ ɩɥɨɬɧɨɫɬɶɸ ɨɛɥаɞаɟɬ δ-ɮаɡа, чɬɨ ɧɟɨɛɵчɧɨ 
ɞɥя ɫɬɪɭɤɬɭɪɵ ɫ ɤɨɦɩаɤɬɧɨɣ ɭɩаɤɨɜɤɨɣ. ɉɪɢ ɧаɝɪɟɜɟ ɧɢɡɤɨɬɟɦɩɟɪаɬɭɪɧɵɟ 
ɩɪɟɜɪащɟɧɢя α ↔ ȕ ↔ Ȗ ↔ δ ɩɪɨɬɟɤаɸɬ ɫ ɭɜɟɥɢчɟɧɢɟɦ ɨɛɴɟɦа, а 
ɜɵɫɨɤɨɬɟɦɩɟɪаɬɭɪɧɵɟ δ → Ș → İ - ɫ ɟɝɨ ɭɦɟɧɶɲɟɧɢɟɦ. ɉɪɢ ɩɥаɜɥɟɧɢɢ ɨɛɴɟɦ 
ɩɥɭɬɨɧɢя ɩɪаɤɬɢчɟɫɤɢ ɧɟ ɢɡɦɟɧяɟɬɫя. 
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ПɊИЛɈɀЕНИЕ 4. Ʉаɪɛиɞɧɨе ɹɞеɪɧɨе тɨɩɥивɨ 

 

 

 

 

П.4.1. ȼвеɞеɧие. Ɉɫɧɨвɧые ɩɪеиɦɭщеɫтва и ɧеɞɨɫтатɤи. 
    Ɇɨɧɨɤаɪɛɢɞ ɭɪаɧа ɢ ɫɦɟɲаɧɧɵɟ ɦɨɧɨɤаɪɛɢɞɵ ɭɪаɧа ɢ ɩɥɭɬɨɧɢя, 
ɨɛɥаɞаɸщɢɟ ɪяɞɨɦ ɛɥаɝɨɩɪɢяɬɧɵх ɮɢɡɢчɟɫɤɢх ɫɜɨɣɫɬɜ, яɜɥяɸɬɫя 
ɩɨɬɟɧɰɢаɥɶɧɨ ɜаɠɧɵɦɢ ɜɢɞаɦɢ яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа ɢ ɜɨɫɩɪɨɢɡɜɨɞящɢɦɢ 
ɦаɬɟɪɢаɥаɦɢ Д184, 194-β01Ж. Ɉɧɢ ɢɦɟɸɬ ɜɵɫɨɤɭɸ ɪаɡɦɟɪɧɭɸ ɫɬаɛɢɥɶɧɨɫɬɶ 
ɩɨɞ ɨɛɥɭчɟɧɢɟɦ, ɢ ɢх ɢɫɩɨɥɶɡɨɜаɧɢɟ ɜ яɞɟɪɧɵх ɪɟаɤɬɨɪах ɩɨɡɜɨɥяɟɬ 
ɞɨɫɬɢɝɧɭɬɶ ɝɥɭɛɨɤɨɝɨ ɜɵɝɨɪаɧɢя ɢ, ɫɥɟɞɨɜаɬɟɥɶɧɨ, ɫɧɢɡɢɬɶ ɫɬɨɢɦɨɫɬɶ 
яɞɟɪɧɨɝɨ ɬɨɩɥɢɜɧɨɝɨ ɰɢɤɥа. ɏаɪаɤɬɟɪɧɵɦɢ ɨɫɨɛɟɧɧɨɫɬяɦɢ ɩɪɨɫɬɵх ɢ 
ɫɦɟɲаɧɧɵх ɤаɪɛɢɞɨɜ ɭɪаɧа ɢ ɩɥɭɬɨɧɢя яɜɥяɸɬɫя: ɜɵɫɨɤая, ɩɨ ɫɪаɜɧɟɧɢɸ ɫ 
ɨɤɫɢɞаɦɢ, ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, ɩɨɜɵɲɟɧɧая ɩɥɨɬɧɨɫɬɶ ɢ ɥɭчɲая ɫɩɨɫɨɛɧɨɫɬɶ ɤ 
ɭɞɟɪɠаɧɢɸ ȽɉД. Эɬɢ ɮаɤɬɨɪɵ ɩɨɡɜɨɥяɸɬ ɨɬɦɟɬɢɬɶ ɫɥɟɞɭɸщɢɟ 
ɩɪɟɢɦɭщɟɫɬɜа ɢɫɩɨɥɶɡɨɜаɧɢя ɤаɪɛɢɞɨɜ ɜ ɤачɟɫɬɜɟ яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа ɢɥɢ 
ɜɨɫɩɪɨɢɡɜɨɞящɢх ɦаɬɟɪɢаɥɨɜ: 

а)  ɬɨɩɥɢɜɧɵɟ ɫɟɪɞɟчɧɢɤɢ ɦɨɝɭɬ ɢɦɟɬɶ ɛɨɥɶɲɢɣ ɞɢаɦɟɬɪ ɜɫɥɟɞɫɬɜɢɟ 
ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, чɬɨ ɛɭɞɟɬ ɫɩɨɫɨɛɫɬɜɨɜаɬɶ ɛɨɥɟɟ ɧɢɡɤɨɣ 
ɫɬɨɢɦɨɫɬɢ ɢɡɝɨɬɨɜɥɟɧɢя ɬɜɷɥɨɜ ɢ ɦɟɧɶɲɢɦ ɩɨɬɟɪяɦ ɧɟɣɬɪɨɧɨɜ ɜ 
ɤɨɧɫɬɪɭɤɰɢɨɧɧɵх ɦаɬɟɪɢаɥах ɩɪɢ ɨɞɢɧаɤɨɜɨɣ ɡаɝɪɭɡɤɟ ɬɨɩɥɢɜа; 

ɛ)  ɬɟɦɩɟɪаɬɭɪа ɬɨɩɥɢɜа яɜɥяɟɬɫя ɛɨɥɟɟ ɧɢɡɤɨɣ ɩɨ ɫɪаɜɧɟɧɢɸ ɫ 
ɬɟɦɩɟɪаɬɭɪɨɣ ɨɤɫɢɞɧɨɝɨ ɬɨɩɥɢɜа ɞаɠɟ ɩɪɢ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɭɞɟɥɶɧɨɣ 
ɦɨщɧɨɫɬɢ, чɬɨ ɩɨɡɜɨɥяɟɬ ɭɦɟɧɶɲɢɬɶ ɜɵɞɟɥɟɧɢɟ ȽɉД ɜ ɩɪɨɰɟɫɫɟ ɨɛɥɭчɟɧɢя; 

ɜ) ɪаɛɨчая ɬɟɦɩɟɪаɬɭɪа ɤаɪɛɢɞɧɨɝɨ ɬɨɩɥɢɜа ɫɭщɟɫɬɜɟɧɧɨ ɧɢɠɟ ɟɝɨ 
ɩɪɟɞɟɥɶɧɨɣ ɬɟɩɥɨɜɨɣ ɧаɝɪɭɡɤɢ, чɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɨɬɟɧɰɢаɥɶɧɨɦɭ ɭɜɟɥɢчɟɧɢɸ 
ɭɪɨɜɧя ɛɟɡɨɩаɫɧɨɣ ɪаɛɨɬɵ ɢɡ-ɡа ɛɨɥɟɟ ɧɢɡɤɨɝɨ ɡɧачɟɧɢя ɨɬɪɢɰаɬɟɥɶɧɨɝɨ 
ɷɮɮекɬа Ⱦɨɩɥеɪа. Эɬɨɬ ɷɮɮɟɤɬ ɨɛɭɫɥɨɜɥɟɧ ɬɟɦ, чɬɨ ɫɟчɟɧɢя ɜɡаɢɦɨɞɟɣɫɬɜɢя 
ɫ ɧɟɣɬɪɨɧаɦɢ ɡаɜɢɫяɬ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɬɨɩɥɢɜа ɢ ɫɤɨɪɨɫɬɟɣ ɧɟɣɬɪɨɧа ɢ 
аɬɨɦɧɨɝɨ яɞɪа. Эɮɮɟɤɬ Дɨɩɥɟɪа ɫɨɡɞаɟɬ ɜ ɪɟаɤɬɨɪɟ ɦɝɧɨɜɟɧɧɵɣ 
ɨɬɪɢɰаɬɟɥɶɧɵɣ ɬɟɦɩɟɪаɬɭɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɪɟаɤɬɢɜɧɨɫɬɢ, ɤɨɬɨɪɵɣ 
ɩɪɨɬɢɜɨɞɟɣɫɬɜɭɟɬ ɢɡɦɟɧɟɧɢɸ ɦɨщɧɨɫɬɢ ɪɟаɤɬɨɪа ɢ ɬɟɦɩɟɪаɬɭɪɵ ɬɨɩɥɢɜа. 
ɉɪɢ ɭɜɟɥɢчɟɧɢɢ ɬɟɦɩɟɪаɬɭɪɵ ɬɨɩɥɢɜа ɭɲɢɪɟɧɢɟ ɪɟɡɨɧаɧɫɧɵх ɩɢɤɨɜ 
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ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɧɟɧɢɸ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɫɩɟɤɬɪа ɧɟɣɬɪɨɧɨɜ ɜ ɨɛɥаɫɬɢ 
ɪɟɡɨɧаɧɫɧɵх ɷɧɟɪɝɢɣ. Вɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɦɟɧяɸɬɫя ɢ ɫɤɨɪɨɫɬɢ ɪɟаɤɰɢɣ. 
ɉɪɟɠɞɟ ɜɫɟɝɨ, ɭɜɟɥɢчɟɧɢɟ ɬɟɦɩɟɪаɬɭɪɵ ɬɨɩɥɢɜа ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢчɟɧɢɸ 
ɪɟɡɨɧаɧɫɧɨɝɨ ɩɨɝɥɨщɟɧɢя ɜ 238

U, ɬаɤ ɤаɤ ɢɡɦɟɧɟɧɢɟ ɪɟɡɨɧаɧɫɧɵх ɫɟчɟɧɢɣ ɭ 
ɞɟɥящɢхɫя ɧɭɤɥɢɞɨɜ ɦаɥɨ ɢ ɩɪɢ ɧɟɛɨɥɶɲɢх ɨɛɨɝащɟɧɢях ɬɨɩɥɢɜа ɢɦ ɦɨɠɧɨ 
ɩɪɟɧɟɛɪɟчɶ. Таɤɢɦ ɨɛɪаɡɨɦ, ɭɜɟɥɢчɟɧɢɟ ɬɟɦɩɟɪаɬɭɪɵ ɬɨɩɥɢɜа ɩɪɢɜɨɞɢɬ ɤ 
ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɨɬɪɢɰаɬɟɥɶɧɨɝɨ ɷɮɮɟɤɬа Дɨɩɥɟɪа ɢɡ-ɡа ɭɜɟɥɢчɟɧɢя 
ɩɨɝɥɨщɟɧɢя ɧɟɣɬɪɨɧɨɜ. 

ɝ) ɥɭчɲɟɟ ɭɞɟɪɠаɧɢɟ ȽɉД ɤаɪɛɢɞɧɵɦ ɬɨɩɥɢɜɨɦ ɭɦɟɧɶɲаɟɬ ɤɨɥɢчɟɫɬɜɨ ȽɉД 
ɜ ɡаɡɨɪɟ ɬɨɩɥɢɜɨ-ɨɛɨɥɨчɤа ɢ ɫɧɢɠаɟɬ ɞаɜɥɟɧɢɟ ɝаɡа ɩɨɞ ɨɛɨɥɨчɤɨɣ ɬɜɷɥа; 

ɞ)  ɛɨɥɟɟ ɜɵɫɨɤая ɩɥɨɬɧɨɫɬɶ ɤаɪɛɢɞɧɨɝɨ ɬɨɩɥɢɜа ɩɨ ɫɪаɜɧɟɧɢɸ ɫ 
ɨɤɫɢɞɧɵɦ ɦɨɠɟɬ ɩɪɢ ɛɨɥɟɟ ɧɢɡɤɨɦ ɨɛɨɝащɟɧɢɢ ɩɪɢɜɨɞɢɬɶ ɤ ɛɨɥɶɲɢɦ 
ɫɤɨɪɨɫɬяɦ ɪаɫɲɢɪɟɧɧɨɝɨ ɜɨɫɩɪɨɢɡɜɨɞɫɬɜа, ɛɨɥɟɟ ɤɨɪɨɬɤɨɦɭ ɜɪɟɦɟɧɢ 
ɭɞɜɨɟɧɢя ɢ ɛɨɥɶɲɟɣ ɞɥɢɬɟɥɶɧɨɫɬɢ ɤаɦɩаɧɢɢ ɬɨɩɥɢɜа; 

ɟ) ɫɨɜɦɟɫɬɢɦɨɫɬɶ ɤаɪɛɢɞɧɨɝɨ ɬɨɩɥɢɜа ɫ ɠɢɞɤɨɦɟɬаɥɥɢчɟɫɤɢɦɢ 
ɬɟɩɥɨɧɨɫɢɬɟɥяɦɢ ɩɨɜɵɲаɟɬ ɛɟɡɨɩаɫɧɨɫɬɶ ɪаɛɨɬɵ ɛɵɫɬɪɵх яɞɟɪɧɵх 
ɪɟаɤɬɨɪɨɜ. 

Ʉ ɧɟɞɨɫɬаɬɤаɦ ɤаɪɛɢɞɧɨɝɨ ɬɨɩɥɢɜа ɦɨɠɧɨ ɨɬɧɟɫɬɢ: 

а) ɜɵɫɨɤɭɸ хɢɦɢчɟɫɤɭɸ аɤɬɢɜɧɨɫɬɶ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɜɥаɝɟ ɢ ɤɢɫɥɨɪɨɞɭ ɧа 
ɜɨɡɞɭхɟ, чɬɨ ɜɟɞɟɬ ɤ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɫɬɨɢɦɨɫɬɢ ɢɡɝɨɬɨɜɥɟɧɢя, ɬаɤ ɤаɤ 
ɬɟхɧɨɥɨɝɢчɟɫɤɢɣ ɩɪɨɰɟɫɫ ɬɪɟɛɭɟɬ ɢɫɩɨɥɶɡɨɜаɧɢя ɢɧɟɪɬɧɨɣ аɬɦɨɫɮɟɪɵ; 

ɛ)  ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɨɥɟɟ ɜɵɫɨɤɭɸ ɫɤɨɪɨɫɬɶ ɪаɫɩɭхаɧɢя, чɬɨ ɨɝɪаɧɢчɢɜаɟɬ 
ɜɵɝɨɪаɧɢɟ; 

ɜ)  ɩɟɪɟɧɨɫ ɭɝɥɟɪɨɞа ɨɬ ɤаɪɛɢɞɧɨɝɨ ɫɟɪɞɟчɧɢɤа ɧа ɨɛɨɥɨчɤɭ ɬɜɷɥа, чɬɨ 
ɜɵɡɵɜаɟɬ ɧаɭɝɥɟɪɨɠɢɜаɧɢɟ ɩɨɫɥɟɞɧɟɣ ɢ ɫɭщɟɫɬɜɟɧɧɨɟ ɫɧɢɠɟɧɢɟ ɟɟ 
ɩɥаɫɬɢчɧɨɫɬɢ ɢ ɩɪɨчɧɨɫɬɢ ɫɜɨɣɫɬɜ. 

В ɧаɫɬɨящɟɟ ɜɪɟɦя ɜ ɫɬɪаɧах ɋɇȽ  ɨɬɫɭɬɫɬɜɭɸɬ ɤɨɧɫɬɪɭɤɰɢɢ ɬɜɷɥɨɜ ɫ 
ɤаɪɛɢɞɧɵɦ ɬɨɩɥɢɜɨɦ, ɤɨɬɨɪɵɟ ɩɪɨɲɥɢ ɛɵ ɜɫɟɫɬɨɪɨɧɧɢɟ ɢɫɩɵɬаɧɢя ɢ 
ɩɨɤаɡаɥɢ ɛɵ ɪаɛɨɬɨ- ɢ ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɨɫɬɶ ɩɨ ɫɪаɜɧɟɧɢɸ ɫ ɬɜɷɥаɦɢ ɫ 
ɨɤɫɢɞɧɵɦ ɬɨɩɥɢɜɨɦ. Ɉɞɧаɤɨ ɜ ɫɜяɡɢ ɫ ɢɡɜɟɫɬɧɵɦɢ ɧɟɞɨɫɬаɬɤаɦɢ ɨɤɫɢɞɧɨɝɨ 
ɬɨɩɥɢɜа ɫɭщɟɫɬɜɭɟɬ ɧɟɨɛхɨɞɢɦɨɫɬɶ ɜ ɢɫɫɥɟɞɨɜаɧɢɢ ɫɜɨɣɫɬɜ аɥɶɬɟɪɧаɬɢɜɧɵх 
ɜɢɞɨɜ ɬɨɩɥɢɜа, ɤаɤɢɦɢ яɜɥяɸɬɫя ɤаɪɛɢɞɵ ɭɪаɧа ɢ ɩɥɭɬɨɧɢя. 
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ПɊИЛɈɀЕНИЕ 5. Нитɪиɞɧɨе ɹɞеɪɧɨе тɨɩɥивɨ 

 

 

 

 

П.5.1. ȼвеɞеɧие. Ɉɫɧɨвɧые ɩɪеиɦɭщеɫтва и ɧеɞɨɫтатɤи. 
     Дɨ ɩɨɫɥɟɞɧɟɝɨ ɜɪɟɦɟɧɢ ɧɢɬɪɢɞɧɨɟ ɬɨɩɥɢɜɨ ɫɟɪɶɟɡɧɨ ɧɟ ɪаɫ-

ɫɦаɬɪɢɜаɥɨɫɶ ɤаɤ ɩɨɬɟɧɰɢаɥɶɧɨɟ яɞɟɪɧɨɟ ɬɨɩɥɢɜɨ ɞɥя ɪɟаɤɬɨɪɨɜ ɧа ɛɵɫɬɪɵх 
ɧɟɣɬɪɨɧах, ɢ ɟɝɨ ɫɜɨɣɫɬɜа ɦɟɧɟɟ ɢɡɭчɟɧɵ, чɟɦ ɫɜɨɣɫɬɜа ɤаɪɛɢɞɧɨɝɨ ɢ, ɬɟɦ 
ɛɨɥɟɟ, ɨɤɫɢɞɧɨɝɨ ɬɨɩɥɢɜа Д184, β00-β0βЖ. Вɨɡɦɨɠɧɨ, ɷɬɨ яɜɢɥɨɫɶ ɫɥɟɞɫɬɜɢɟɦ 
ɬɨɝɨ, чɬɨ ɧɢɬɪɢɞɧɨɟ ɬɨɩɥɢɜɨ ɛɨɥɟɟ ɫɥɨɠɧɨ ɜ ɢɡɝɨɬɨɜɥɟɧɢɢ, а ɩɨɬɨɦɭ ɢ 
ɞɨɪɨɠɟ. Ʉ ɬɨɦɭ ɠɟ, ɢɡɨɬɨɩ 14

N, ɫɨɞɟɪɠаɧɢɟ ɤɨɬɨɪɨɝɨ ɜ ɩɪɢɪɨɞɧɨɦ аɡɨɬɟ 
ɫɨɫɬаɜɥяɟɬ 99,θβ %, ɨɛɥаɞаɟɬ ɛɨɥɶɲɢɦ ɫɟчɟɧɢɟɦ ɡахɜаɬа ɬɟɩɥɨɜɵх ɧɟɣɬɪɨɧɨɜ, 
ɜɫɥɟɞɫɬɜɢɟ чɟɝɨ ɡаɦɟɬɧая чаɫɬɶ ɧɟɣɬɪɨɧɨɜ ɬɟɪяɟɬɫя ɛɟɫɩɨɥɟɡɧɨ. ɇаɤɨɧɟɰ, ɩɪɢ 
ɨɛɥɭчɟɧɢɢ ɧɢɬɪɢɞɧɨɝɨ ɬɨɩɥɢɜа ɜ ɧɟɦ ɨɛɪаɡɭɟɬɫя ɪаɞɢɨаɤɬɢɜɧɵɣ ɢɡɨɬɨɩ 
ɭɝɥɟɪɨɞа 14ɋ ɢ ɬɪɢɬɢɣ, чɬɨ ɦɨɠɟɬ ɭɫɥɨɠɧɢɬɶ ɬɟхɧɨɥɨɝɢɸ ɩɟɪɟɪаɛɨɬɤɢ 
ɨɛɥɭчɟɧɧɵх ɬɜɷɥɨɜ ɢ ɪаɞɢаɰɢɨɧɧɭɸ ɨɛɫɬаɧɨɜɤɭ. Ɉɞɧаɤɨ ɜɤɥаɞ ɢх 
аɤɬɢɜɧɨɫɬɟɣ ɜ ɨɛщɭɸ ɜɟɥɢчɢɧɭ ɧɟɜɟɥɢɤ ɢ ɥɢɲɶ ɬɪɟɛɭɟɬ ɨɬɞɟɥɟɧɢя ɢ 
ɭɞɟɪɠаɧɢя 14ɋ ɜ ɩɪɨɰɟɫɫɟ ɪɟɝɟɧɟɪаɰɢɢ. Дɨɥя ɨɛɪаɡɭɸщɟɝɨɫя ɧа аɡɨɬɟ ɬɪɢɬɢя 
ɧɟ ɩɪɟɜɵɲаɟɬ 10 % ɨɬ ɟɝɨ ɜɵхɨɞа ɜ ɦɨɧɨɧɢɬɪɢɞɟ, ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ ɜ 
ɨɫɧɨɜɧɨɦ ɬɪɨɣɧɵɦ ɞɟɥɟɧɢɟɦ ɭɪаɧа ɢ ɩɥɭɬɨɧɢя. В ɩɨɫɥɟɞɭɸщɟɦ ɧаɪаɛɨɬɤɭ 
14ɋ ɦɨɠɧɨ ɫɭщɟɫɬɜɟɧɧɨ ɫɧɢɡɢɬɶ, ɨɛɨɝащая аɡɨɬ ɢɡɨɬɨɩɨɦ 15

N. 

Вɦɟɫɬɟ ɫ ɬɟɦ, ɧɢɬɪɢɞɧɨɟ ɬɨɩɥɢɜɨ ɢɦɟɟɬ ɢ ɪяɞ ɩɪɟɢɦɭщɟɫɬɜ ɩɟɪɟɞ 
ɞɪɭɝɢɦɢ ɜɢɞаɦɢ ɬɨɩɥɢɜа, ɧаɢɛɨɥɟɟ ɜаɠɧɵɦɢ ɢɡ ɤɨɬɨɪɵх яɜɥяɸɬɫя ɜɵɫɨɤая 
ɩɥɨɬɧɨɫɬɶ ɢ ɫɬɨɥɶ ɠɟ ɜɵɫɨɤая ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, ɤаɤ ɭ ɤаɪɛɢɞа ɭɪаɧа. 
ɇɢɬɪɢɞɧɨɟ ɬɨɩɥɢɜɨ ɫɨɜɦɟɫɬɢɦɨ ɫ ɧаɬɪɢɟɦ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɨ ɫɪаɜɧɟɧɢɸ ɫ 
ɤаɪɛɢɞɧɵɦ ɬɨɩɥɢɜɨɦ ɨɧɨ ɨɛɥаɞаɟɬ ɥɭчɲɟɣ ɪаɫɬɜɨɪɢɦɨɫɬɶɸ ɜ аɡɨɬɧɨɣ 
ɤɢɫɥɨɬɟ, ɛɨɥɟɟ ɫɬɨɣɤɨ ɧа ɜɨɡɞɭхɟ ɢ ɜ ɜɨɞɟ, чɬɨ ɜаɠɧɨ ɞɥя ɩɟɪɟɪаɛɨɬɤɢ, 
хɪаɧɟɧɢя ɨɛɥɭчɟɧɧɨɝɨ ɬɨɩɥɢɜа ɢ ɨɛɪащɟɧɢя ɫ ɧɢɦ. 

ɉɨ ɦɟɪɟ ɢɡɭчɟɧɢя ɧɢɬɪɢɞɧɨɝɨ ɬɨɩɥɢɜа ɫ ɛɨɥɶɲɟɣ ɞɨɫɬɨɜɟɪɧɨɫɬɶɸ 
ɜɵяɜɥяɸɬɫя ɟɝɨ ɩɨɥɟɡɧɵɟ ɫɜɨɣɫɬɜа. Вɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɨɧɨ, ɧаɪяɞɭ ɫ 
ɤаɪɛɢɞɧɵɦ ɬɨɩɥɢɜɨɦ, ɪаɫɫɦаɬɪɢɜаɟɬɫя ɤаɤ ɩɟɪɫɩɟɤɬɢɜɧɨɟ ɞɥя ɪɟаɤɬɨɪɨɜ ɧа 
ɛɵɫɬɪɵх ɧɟɣɬɪɨɧах. 

    Ʉ ɧаɫɬɨящɟɦɭ ɜɪɟɦɟɧɢ ɜ Ɋɨɫɫɢɢ ɢ ɡа ɪɭɛɟɠɨɦ ɭɜɟɥɢчɢɥɨɫɶ ɤɨɥɢчɟɫɬɜɨ 
ɬɟхɧɨɥɨɝɢчɟɫɤɢх ɢɫɫɥɟɞɨɜаɧɢɣ ɢ ɪɟаɤɬɨɪɧɵх ɢɫɩɵɬаɧɢɣ ɦɨɧɨɧɢɬɪɢɞɧɨɝɨ 
ɬɨɩɥɢɜа. ɍɫɩɟɲɧɨ ɩɪɨɜɟɞɟɧɵ ɢɥɢ ɩɪɨɜɨɞяɬɫя ɪɟаɤɬɨɪɧɵɟ ɢɫɩɵɬаɧɢя 
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ɦɨɧɨɧɢɬɪɢɞɧɨɝɨ ɬɨɩɥɢɜа ɜ ȿВRII, Ɏɟɧɢɤɫ, ȻɊ-10, ȻɈɊ-θ0 ɢ ɞɪ. ɩɪɢ 
ɪаɡɥɢчɧɵх ɬɟɩɥɨɧаɩɪяɠɟɧɧɨɫɬɢ ɢ ɜɵɝɨɪаɧɢях. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ ɭɫɩɟɲɧɭɸ 
ɷɤɫɩɥɭаɬаɰɢɸ ɪɟаɤɬɨɪа ȻɊ-10 ɜ ɬɟчɟɧɢɟ 18 ɥɟɬ ɫ ɦɨɧɨɧɢɬɪɢɞɧɨɣ ɭɪаɧɨɜɨɣ 
аɤɬɢɜɧɨɣ ɡɨɧɨɣ. 

Ɉɞɧаɤɨ ɨɛɴɟɦ ɬɟхɧɨɥɨɝɢчɟɫɤɢх ɢɫɫɥɟɞɨɜаɧɢɣ ɢ ɢɡɭчɟɧɢя ɫɜɨɣɫɬɜ 
ɦɨɧɨɧɢɬɪɢɞɧɨɝɨ ɬɨɩɥɢɜа ɧɟ ɞɨɫɬаɬɨчɟɧ. 
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П.6.1. ȼвеɞеɧие. 
Дɢɫɩɟɪɫɢɨɧɧɵɟ ɬɜɷɥɵ ɤɥаɫɫɢɮɢɰɢɪɭɸɬ ɩɨ ɫɨɫɬаɜɭ ɫɟɪɞɟчɧɢɤа, ɬ. ɟ. ɩɨ 

ɫɨɫɬаɜɭ ɦаɬɪɢɰɵ ɢ ɬɨɩɥɢɜɧɨɣ ɮаɡɵ (яɞɟɪɧɨɝɨ ɝɨɪɸчɟɝɨ). Ɋаɡɧɨɨɛɪаɡɢɟ 
ɫɨɫɬаɜɨɜ ɫɟɪɞɟчɧɢɤа ɢ ɨɛɨɥɨчɤɢ ɞɢɫɩɟɪɫɢɨɧɧɨɝɨ ɬɜɷɥа ɫхɟɦаɬɢчɟɫɤɢ 
ɩɪɟɞɫɬаɜɥɟɧɨ ɧа ɪɢɫ. ɉ.θ.1 ɢ ɜ ɬаɛɥɢɰɟ ɉ.6.1. 

Дɟɥящɢɟɫя ɦаɬɟɪɢаɥɵ ɞɢɫɩɟɪɫɢɨɧɧɵх ɬɨɩɥɢɜɧɵх ɤɨɦɩɨɡɢɰɢɣ 

ɩɪɟɞɫɬаɜɥɟɧɵ ɬаɤɠɟ ɜ ɬаɛɥɢɰɟ ɉ.θ.β. 

Ʉаɠɞɭɸ чаɫɬɢɰɭ яɞɟɪɧɨɝɨ ɝɨɪɸчɟɝɨ ɞɢɫɩɟɪɫɢɨɧɧɨɝɨ ɬɜɷɥа ɦɨɠɧɨ 
ɪаɫɫɦаɬɪɢɜаɬɶ ɤаɤ ɦɢɤɪɨɷɥɟɦɟɧɬ, ɜ ɤɨɬɨɪɨɦ ɪɨɥɶ ɩɪɨчɧɨɣ ɨɛɨɥɨчɤɢ, 
ɫɞɟɪɠɢɜаɸщɟɣ ɨɛɴɟɦɧɵɟ ɢɡɦɟɧɟɧɢя ɫɟɪɞɟчɧɢɤа, ɜɵɩɨɥɧяɟɬ ɦаɬɪɢɰа. 
Дɢɫɩɟɪɫɢɨɧɧɵɣ ɷɥɟɦɟɧɬ ɫɨхɪаɧяɟɬ ɩɪɟɢɦɭщɟɫɬɜа ɤɟɪаɦɢчɟɫɤɨɝɨ ɬɨɩɥɢɜа, 
ɫɨчɟɬая ɩɪɨчɧɨɫɬɶ ɫ ɩɥаɫɬɢчɧɨɫɬɶɸ ɦаɬɪɢɰɵ ɢ ɟɟ хɨɪɨɲɢɦɢ ɮɢɡɢчɟɫɤɢɦɢ 
ɫɜɨɣɫɬɜаɦɢ (аɧɬɢɤɨɪɪɨɡɢɨɧɧɵɦɢ, ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ ɢ ɩɪ.). ɉɪɨɰɟɫɫɵ 
ɞɟɥɟɧɢя, ɩɪɨɢɫхɨɞящɢɟ ɜ яɞɟɪɧɨɦ ɝɨɪɸчɟɦ, ɢ ɫɨɩɭɬɫɬɜɭɸщɢɟ ɢɦ 
ɩɨɜɪɟɠɞɟɧɢя ɫɨɫɪɟɞɨɬɨчɢɜаɸɬɫя ɩɨчɬɢ ɩɨɥɧɨɫɬɶɸ ɜ ɬɨɩɥɢɜɧɨɣ чаɫɬɢ 
ɞɢɫɩɟɪɫɢɨɧɧɨɝɨ ɬɜɷɥа, а ɦаɬɪɢɰа, ɨɤɪɭɠаɸщая яɞɟɪɧɨɟ ɝɨɪɸчɟɟ 
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ɞɢɫɩɟɪɫɢɨɧɧɨɝɨ ɬɨɩɥɢɜа, ɧахɨɞɢɬɫя ɬɨɥɶɤɨ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɩɨɬɨɤа 
ɧɟɣɬɪɨɧɨɜ.  

 

Ɋɢɫ. ɉ.θ.1. ɋхɟɦаɬɢчɟɫɤɨɟ ɢɡɨɛɪаɠɟɧɢɟ ɜɨɡɦɨɠɧɨɝɨ ɫɨɫɬаɜа ɫɟɪɞɟчɧɢɤа ɜ ɨɛɨɥɨчɤɢ 
ɞɢɫɩɟɪɫɢɨɧɧɨɝɨ ɷɥɟɦɟɧɬа. 

 

Ɉɞɧаɤɨ чаɫɬɶ ɦаɬɪɢɰɵ, ɫɨɩɪɢɤаɫаɸщаяɫя ɫ яɞɟɪɧɵɦ ɝɨɪɸчɢɦ, ɬаɤɠɟ 
ɩɨɞɜɟɪɠɟɧа ɞɟɣɫɬɜɢɸ ɨɫɤɨɥɤɨɜ ɞɟɥɟɧɢя. Ƚɥɭɛɢɧа ɷɬɨɣ ɡɨɧɵ ɩɨɜɪɟɠɞɟɧɢя ɧɟ 
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ɡаɜɢɫɢɬ ɨɬ ɪаɡɦɟɪа чаɫɬɢɰɵ ɬɨɩɥɢɜа. Ɉɧа ɪаɜɧа ɞɥɢɧɟ ɩɪɨɛɟɝа ɨɫɤɨɥɤɨɜ 
ɞɟɥɟɧɢя ɜ ɦаɬɟɪɢаɥɟ ɦаɬɪɢɰɵ (ɬаɛɥɢɰа ɉ.θ.3) [194, 203-206]. 

 

         Таɛɥɢɰа ɉ.6.1 

 
 

Дɥя ɩɪɨчɧɨɫɬɢ ɞɢɫɩɟɪɫɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ɛɨɥɶɲɨɟ ɡɧачɟɧɢɟ ɢɦɟɟɬ 
ɫɨɨɬɧɨɲɟɧɢɟ ɪаɡɦɟɪɨɜ ɩɨɜɪɟɠɞɟɧɧɨɣ ɢ ɧɟɩɨɜɪɟɠɞɟɧɧɨɣ ɡɨɧ ɦаɬɪɢɰɵ. 

ɉɪɢ ɩɨɫɬɨяɧɧɨɦ ɩɪɨɰɟɧɬɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ ɬɨɩɥɢɜɧɨɣ чаɫɬɢ ɢ ɦаɬɪɢɰɵ 
ɪаɡɦɟɪ ɬɨɩɥɢɜɧɵх чаɫɬɢɰ ɦɨɠɟɬ ɛɵɬɶ ɪаɡɥɢчɟɧ. ɑɟɦ ɦɟɥɶчɟ ɡɟɪɧа ɬɨɩɥɢɜɧɨɣ 
чаɫɬɢ, ɬɟɦ ɛɨɥɶɲɟ ɢх ɩɥɨщаɞɶ ɩɨɜɟɪхɧɨɫɬɢ ɢ, ɫɥɟɞɨɜаɬɟɥɶɧɨ, ɨɛщая ɡɨɧа 
ɩɨɜɪɟɠɞɟɧɢя ɛɨɥɶɲɟ. ɑɟɦ ɤɪɭɩɧɟɟ ɬɨɩɥɢɜɧɵɟ чаɫɬɢɰɵ, ɬɟɦ ɦɟɧɶɲɟ ɢх 
ɩɥɨщаɞɶ ɨɛщɟɣ ɩɨɜɟɪхɧɨɫɬɢ ɢ ɦɟɧɶɲɟ ɡɨɧа ɩɨɜɪɟɠɞɟɧɢя. 

Ʉɨɧɰɟɧɬɪаɰɢя ɝаɡɨɨɛɪаɡɧɵх ɨɫɤɨɥɤɨɜ ɞɟɥɟɧɢя ɜ ɡɨɧɟ ɪаɡɪɭɲɟɧɢя 
ɜɨɤɪɭɝ ɤаɠɞɨɣ ɬɨɩɥɢɜɧɨɣ чаɫɬɢɰɵ Ɇɝ ɭɜɟɥɢчɢɜаɟɬɫя ɫ ɭɜɟɥɢчɟɧɢɟɦ ɞɢаɦɟɬɪа 
ɬɨɩɥɢɜɧɨɣ чаɫɬɢɰɵ, ɜ ɬɨ ɜɪɟɦя ɤаɤ ɫɪɟɞɧяя ɤɨɧɰɟɧɬɪаɰɢя ɨɫɤɨɥɤɨɜ ɞɟɥɟɧɢя ɜ 
ɦаɬɪɢɰɟ Ɇɦ ɭɦɟɧɶɲаɟɬɫя ɫ ɭɜɟɥɢчɟɧɢɟɦ ɞɢаɦɟɬɪа ɬɨɩɥɢɜɧɨɣ чаɫɬɢɰɵ. 

В ɤачɟɫɬɜɟ ɦаɬɪɢчɧɵх ɦаɬɟɪɢаɥɨɜ ɢɫɩɨɥɶɡɭɸɬ А1, Вɟ, Ɇg, Zr, Nb, 

ɧɟɪɠаɜɟɸщɭɸ ɫɬаɥɶ, W, ɫɩɥаɜɵ U — Mo, U — Nb, а ɬаɤɠɟ ɤɟɪаɦɢчɟɫɤɢɟ ɢ, 
ɞɪɭɝɢɟ ɦаɬɟɪɢаɥɵ. В ɤачɟɫɬɜɟ ɞɢɫɩɟɪɫɧɨɣ ɬɨɩɥɢɜɧɨɣ ɮаɡɵ ɩɪɢɦɟɧяɸɬ 
ɦɟɬаɥɥɢчɟɫɤɢɣ ɭɪаɧ, ɫɩɥаɜɵ ɭɪаɧа, ɪаɡɥɢчɧɵɟ ɫɨɟɞɢɧɟɧɢя ɢ ɢɧɬɟɪɦɟɬаɥɥɢɞɵ 
ɭɪаɧа, ɧаɩɪɢɦɟɪ UAl2, 3, 4  , UВɟ13 , UO2, U3O8, Uɋ, UN.  
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Дɥя ɷɬɨɣ ɰɟɥɢ ɦɨɝɭɬ ɛɵɬɶ ɬаɤɠɟ ɢɫɩɨɥɶɡɨɜаɧɵ аɧаɥɨɝɢчɧɵɟ ɫɨ-

ɟɞɢɧɟɧɢя ɩɥɭɬɨɧɢя ɢ ɬɨɪɢя ɢ ɫɦɟɫɢ ɢх ɫ ɭɪаɧɨɦ ɩɪɢ ɫɨɛɥɸɞɟɧɢɢ ɫɥɟɞɭɸщɢх 
ɭɫɥɨɜɢɣ: 1) ɞɢɫɩɟɪɝɢɪɨɜаɧɧɵɟ чаɫɬɢɰɵ ɞɨɥɠɧɵ ɛɵɬɶ ɛɨɥɶɲɢɦɢ ɩɨ 
ɫɪаɜɧɟɧɢɸ ɫ ɞɥɢɧɨɣ ɩɪɨɛɟɝа ɨɫɤɨɥɤɨɜ ɞɟɥɟɧɢя; β) чаɫɬɢɰɵ 
ɞɢɫɩɟɪɝɢɪɨɜаɧɧɨɝɨ ɜɟщɟɫɬɜа ɪаɜɧɨɦɟɪɧɨ ɪаɫɩɪɟɞɟɥɟɧɵ ɜ ɦаɬɪɢɰɟ; γ) 
ɞɟɥящаяɫя ɮаɡа ɢɦɟɟɬ ɜɵɫɨɤɭɸ ɩɥɨɬɧɨɫɬɶ; 4) ɨɛɴɟɦɧɨɟ ɫɨɞɟɪɠаɧɢɟ 
ɧɟɩɪɟɪɵɜɧɨɣ ɧɟɩɨɜɪɟɠɞɟɧɧɨɣ ɮаɡɵ ɦɟɬаɥɥа ɦаɬɪɢɰɵ ɞɨɥɠɧɨ ɛɵɬɶ ɩɨ 
ɜɨɡɦɨɠɧɨɫɬɢ ɦаɤɫɢɦаɥɶɧɵɦ; 5) яɞɟɪɧɨɟ ɝɨɪɸчɟɟ ɜ ɜɢɞɟ ɞɢɫɩɟɪɝɢɪɨɜаɧɧɵх 
чаɫɬɢɰ ɫɨɜɦɟɫɬɢɦɨ ɫ ɦаɬɪɢɰɟɣ ɩɪɢ ɪаɛɨчɟɣ ɬɟɦɩɟɪаɬɭɪɟ ɜ ɪɟаɤɬɨɪɟ ɢ ɩɪɢ 
ɬɟɦɩɟɪаɬɭɪах ɩɨɥɭчɟɧɢя ɬɜɷɥɨɜ. ɉɪɢ ɩɪɨɟɤɬɢɪɨɜаɧɢɢ ɬɜɷɥа ɧɟɨɛхɨɞɢɦɨ 
ɭчɢɬɵɜаɬɶ ɜɥɢяɧɢɟ ɪаɡɥɢчɢɣ ɜ ɤɨɷɮɮɢɰɢɟɧɬах ɬɟɪɦɢчɟɫɤɨɝɨ ɪаɫɲɢɪɟɧɢя 
ɦаɬɪɢɰɵ ɢ ɞɢɫɩɟɪɝɢɪɨɜаɧɧɨɝɨ ɜ ɧɟɣ ɬɨɩɥɢɜа. 

 

Таɛɥɢɰа ɉ.θ.γ 

        

 

П.6.2. Ⱦиɫɩеɪɫиɨɧɧые ɷɥеɦеɧты иɡ ɞвɭɨɤиɫи ɭɪаɧа в ɦатɪиɰе иɡ 
ɧеɪɠавеɸщеɣ ɫтаɥи. 

Ɉɛɨɥɨчɤа - ɧɟɪɠаɜɟɸщая ɫɬаɥɶ, ɬɨɩɥɢɜɨ - UO2, ɦаɬɪɢɰа - ɧɟɪɠаɜɟɸщая 
ɫɬаɥɶ. 

ɋɨɞɟɪɠаɧɢɟ UO2, ɞɢɫɩɟɪɝɢɪɨɜаɧɧɨɣ ɜ ɦаɬɪɢɰɟ ɢɡ ɧɟɪɠаɜɟɸщɟɣ ɫɬаɥɢ, 
ɨɛɵчɧɨ ɫɨɫɬаɜɥяɟɬ ɨɬ β0 ɞɨ 40%. ɉɪɢ ɫɨɞɟɪɠаɧɢɢ UO2 ɜ ɤɨɥɢчɟɫɬɜɟ >η0%   
ɬаɤɭɸ ɞɢɫɩɟɪɫɢɨɧɧɭɸ  ɫɦɟɫɶ  ɧаɡɵɜаɸɬ ɤɟɪɦɟɬɨɦ. 

Ʉаɤ ɩɪаɜɢɥɨ, ɞɢɫɩɟɪɫɢɨɧɧɨɟ ɬɨɩɥɢɜɨ ɢɡɝɨɬаɜɥɢɜаɸɬ ɫɦɟɲɢɜаɧɢɟɦ 
ɨɬɞɟɥɶɧɨ ɩɪɢɝɨɬɨɜɥɟɧɧɵх ɩɨɪɨɲɤɨɜ UO2 ɫ ɧɟɪɠаɜɟɸщɟɣ ɫɬаɥɶɸ ɩɪɢ 
ɞаɥɶɧɟɣɲɟɦ ɩɪɟɫɫɨɜаɧɢɢ ɢ ɫɩɟɤаɧɢɢ ɜ ɤɨɦɩаɤɬɧɨɟ ɢɡɞɟɥɢɟ. 
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ɉɨɪɨɲɨɤ ɧɟɪɠаɜɟɸщɟɣ ɫɬаɥɢ, яɜɥяɸщɢɣɫя ɦаɬɪɢɰɟɣ, ɦɨɠɟɬ ɛɵɬɶ 
ɩɪɢɝɨɬɨɜɥɟɧ ɢɡ ɫɦɟɫɢ ɩɨɪɨɲɤɨɜ (Fɟ, ɋɝ, Ni ɢ ɬ. ɞ.), ɜ ɫɨɨɬɧɨɲɟɧɢɢ, 
ɨɬɜɟчаɸщɟɦ ɫɨɫɬаɜɭ ɫɬаɧɞаɪɬɧɨɣ ɧɟɪɠаɜɟɸщɟɣ аɭɫɬɟɧɢɬɧɨɣ ɫɬаɥɢ. 

Даɧɧɵɟ ɩɨ ɬɟɩɥɨɮɢɡɢчɟɫɤɢɦ ɫɜɨɣɫɬɜаɦ ɫɨɝɥаɫɧɨ ɪаɛɨɬаɦ [194, 203-

206] ɩɪɟɞɫɬаɜɥɟɧɵ ɧа ɪɢɫ. ɉ.θ.2 – ɉ.6.7. 

 

                           

Ɋɢɫ. ɉ.θ.2. Тɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɤɟɪɦɟɬɨɜ ɧɟɪɠаɜɟɸщая ɫɬаɥɶ — UO2, ɜ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ  
ɬɟɦɩɟɪаɬɭɪɵ ɢ ɤɨɧɰɟɧɬɪаɰɢɢ UO2. 

                     

Ɋɢɫ. ɉ.6.3. Тɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɤɟɪɦɟɬɨɜ ɧɟɪɠаɜɟɸщая ɫɬаɥɶ — UO2, ɩɪɢ θ00°ɋ ɜ 
ɡаɜɢɫɢɦɨɫɬɢ ɨɬ  ɬɟɦɩɟɪаɬɭɪɵ ɢ ɤɨɧɰɟɧɬɪаɰɢɢ UO2. 
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Ɋɢɫ. ɉ.6.4. Тɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɬаɛɥɟɬɨɤ ɝɨɪячɟɝɨ ɩɪɟɫɫɨɜаɧɢя (ɫ ɩɥɨɬɧɨɫɬɶɸ 9η,γ—98,4% 

ɬɟɨɪɟɬɢчɟɫɤɨɣ) ɫ ɢɞɟаɥɶɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɜ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ (ɜ ɩɟɪɟɫчɟɬɟ ɧа 
100% ɬɟɨɪɟɬɢчɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ). 

 

      Тɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɞɢɫɩɟɪɫɢɢ ɪаɫɬɟɬ ɫ ɭɜɟɥɢчɟɧɢɟɦ ɬɟɦɩɟɪаɬɭɪɵ ɩɪɢ η0% 
UO2, ɩɪɢ θ0% UO2 ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɧɟ ɡаɜɢɫɢɬ, а ɩɪɢ ɫɨɞɟɪɠаɧɢɢ UO2  ɜɵɲɟ 
θ0% ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɧɟɫɤɨɥɶɤɨ ɭɦɟɧɶɲаɟɬɫя ɩɪɢ ɩɨɜɵɲɟɧɢɢ 
ɬɟɦɩɟɪаɬɭɪɵ. Тɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɞɢɫɩɟɪɫɢɢ ɩɪɢ ɮɢɤɫɢɪɨɜаɧɧɨɣ ɬɟɦɩɟɪаɬɭɪɟ, 
ɧаɩɪɢɦɟɪ ɩɪɢ θ00°ɋ, ɭɦɟɧɶɲаɟɬɫя ɫ ɭɜɟɥɢчɟɧɢɟɦ ɫɨɞɟɪɠаɧɢя UO2. 

 

 

Ɋɢɫ. ɉ.6.5. Ɉɬɧɨɫɢɬɟɥɶɧɨɟ ɬɟɪɦɢчɟɫɤɨɟ ɪаɫɲɢɪɟɧɢɟ W, W – RE, W- UO2, UO2. 

 

В ɬаɛɥɢɰɟ ɉ.6.4 ɩɪɟɞɫɬаɜɥɟɧɵ хаɪаɤɬɟɪɢɫɬɢɤɢ ɪɟаɤɬɨɪɨɜ ɫ 
ɞɢɫɩɟɪɫɢɨɧɧɨɣ ɬɨɩɥɢɜɧɨɣ ɤɨɦɩɨɡɢɰɢɟɣ ɫɬаɥɶ — UO2. 
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Ɋɢɫ. ɉ.6.6. Тɟɪɦɢчɟɫɤɨɟ ɪаɫɲɢɪɟɧɢɟ ɞɢɫɩɟɪɫɢɢ ɧɟɪɠаɜɟɸщая ɫɬаɥɶ — 20% PuɈ2 ɩɨɫɥɟ 
ɩɧɟɜɦаɬɢчɟɫɤɨɝɨ ɨɛɠаɬɢя (9θ,9% ɬɟɨɪɟɬɢчɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ). 

 

 

Ɋɢɫ. ɉ.6.7. Тɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɞɢɫɩɟɪɫɢɣ ɧɟɪɠаɜɟɸщая ɫɬаɥɶ — ɞɜɭɨɤɢɫɶ ɭɪаɧа ɜ 
ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɞɟɪɠаɧɢя UO2 ɢ ɬɟɦɩɟɪаɬɭɪɵ ɩɨ ɞаɧɧɵɦ ɂɧɫɬɢɬɭɬа ɢɦ. Ȼɷɬɬɥа 

(ɫɩɥɨɲɧая ɥɢɧɢя) ɢ ɄАЭ Ɏɪаɧɰɢɢ (ɩɭɧɤɬɢɪ). 

 

П.6.3. ȾИɋПЕɊɋИɈННЫЕ ɗЛЕɆЕНɌЫ ИɁ ɄȺɊȻИȾȺ И ȾȼɍɈɄИɋИ 
ɍɊȺНȺ ȼ ɆȺɌɊИɐЕ ИɁ ɌɈПЛИȼНɈȽɈ ɆȺɌЕɊИȺЛȺ. 

Ɉɛɨɥɨчɤа - Тɭɝɨɩɥаɜɤɢɣ ɦɟɬаɥɥ, ɬɨɩɥɢɜɨ – UC, UO2, ɦаɬɪɢɰа – U —Mo 

ɬɨɩɥɢɜɨ ɨɛɟɞɧɟɧɧɨɟ. 

В ɪɟаɤɬɨɪах ɧа ɛɵɫɬɪɵх ɢ ɩɪɨɦɟɠɭɬɨчɧɵх ɧɟɣɬɪɨɧах ɜ ɬɨɩɥɢɜɟ 
ɠɟɥаɬɟɥɶɧɨ ɩɨɥɭчɢɬɶ ɜɵɫɨɤɭɸ ɩɥɨɬɧɨɫɬɶ ɝɨɪɸчɟɝɨ ɜ ɫɨчɟɬаɧɢɢ ɫ хɨɪɨɲɟɣ 
ɪаɞɢаɰɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɶɸ. ɋɨɝɥаɫɧɨ ɪаɛɨɬаɦ [194, 203-206] ɷɬɢɦ ɭɫɥɨɜɢяɦ 
ɭɞɨɜɥɟɬɜɨɪяɟɬ ɬɨɩɥɢɜɨ, ɫɨɫɬɨящɟɟ ɢɡ ɭɫɬɨɣчɢɜɨɝɨ ɤɟɪаɦɢчɟɫɤɨɝɨ яɞɟɪɧɨɝɨ 
ɝɨɪɸчɟɝɨ, ɞɢɫɩɟɪɝɢɪɨɜаɧɧɨɝɨ ɜ ɦаɬɪɢɰɟ ɢɡ ɬɨɩɥɢɜɧɨɝɨ ɦаɬɟɪɢаɥа, ɧаɩɪɢɦɟɪ 
ɢɡ ɩɪɨчɧɵх ɭɪаɧɦɨɥɢɛɞɟɧɨɜɵх ɫɩɥаɜɨɜ. В ɷɬɨɦ ɫɥɭчаɟ ɫɪɨɤ ɫɥɭɠɛɵ ɬɜɷɥа 
ɭɜɟɥɢчɢɜаɟɬɫя ɡа ɫчɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɜɵɝɨɪаɧɢя ɬɨɩɥɢɜа, ɧахɨɞящɟɝɨɫя ɜ 
ɦаɬɪɢɰɟ. 

Дɥя ɪɟаɤɬɨɪа «Эɧɪɢɤɨ Ɏɟɪɦɢ» [194, 203-206] ɪаɫɫɦаɬɪɢɜаɥɢ ɜ ɤачɟɫɬɜɟ 
ɩɟɪɫɩɟɤɬɢɜɧɨɝɨ ɜаɪɢаɧɬа ɞɢɫɩɟɪɫɢɨɧɧɨɟ ɬɨɩɥɢɜɨ, ɫɨɫɬɨящɟɟ ɢɡ βη ɨɛ. % UO2 
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ɢɥɢ β0 ɨɛ. UC, ɞɢɫɩɟɪɝɢɪɨɜаɧɧɵх ɜ ɦаɬɪɢɰɟ ɢɡ ɫɩɥаɜа U —10% Ɇɨ, ɢɥɢ ɢɡ 

γη ɨɛ. % UO2+θη ɨɛ. % ɫɩɥаɜа U — 1γ% Ɇɨ. Дɥя ɢɡɝɨɬɨɜɥɟɧɢя ɫɩɥаɜа U — 

Ɇɨ ɢɫɩɨɥɶɡɨɜаɥɢ ɨɛɟɞɧɟɧɧɵɣ ɭɪаɧ. 
Дɢɫɩɟɪɫɢɨɧɧɭɸ ɫɦɟɫɶ ɞаɧɧɨɣ ɫɢɫɬɟɦɵ ɝɨɬɨɜяɬ ɦɟɬɨɞɨɦ ɩɨɪɨɲɤɨɜɨɣ 

ɦɟɬаɥɥɭɪɝɢɢ. ɋɦɟɲаɧɧɵɟ ɩɨɪɨɲɤɢ ɧаɛɢɜаɸɬ ɜ ɦɟɬаɥɥɢчɟɫɤɭɸ ɮɨɪɦɭ, 
ɭɩɥɨɬɧяɸɬ ɝɨɪячɟɣ ɪɨɬаɰɢɨɧɧɨɣ ɤɨɜɤɨɣ ɢɥɢ ɝɨɪячɟɣ ɩɪɨɤаɬɤɨɣ ɞɨ ɩɥɨɬɧɨɫɬɢ 
з9η% ɬɟɨɪɟɬɢчɟɫɤɨɣ. 

ɉɪɢ ɜɵɝɨɪаɧɢɢ 1—β аɬ. % ɢ ɬɟɦɩɟɪаɬɭɪɟ ɜ ɰɟɧɬɪɟ γ40—4γ0°ɋ 
(ɜɵчɢɫɥɟɧɧɨɣ) ɩɨɥɭчɟɧɵ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɟ ɪɟɡɭɥɶɬаɬɵ. Дɜɭɨɤɢɫɶ ɭɪаɧа, а 
ɬаɤɠɟ ɫɩɥаɜ U —10% Ɇɨ ɧɟ ɢɦɟɥɢ ɫɭщɟɫɬɜɟɧɧɵх ɩɨɜɪɟɠɞɟɧɢɣ ɩɪɢ 
ɨɛɥɭчɟɧɢɢ. ɉɥɨɬɧɨɫɬɶ ɨɛɪаɡɰɨɜ ɭɦɟɧɶɲɢɥаɫɶ ɧа ~1,η% ɧа 1 аɬ. % ɜɵɝɨɪаɧɢя. 
Дɢɫɩɟɪɫɢɸ UO2 ɫɩɥаɜа U — Ɇɨ ɩɪɨɤаɬɵɜаɸɬ ɜ ɦɨɥɢɛɞɟɧɨɜɨɣ ɨɛɨɥɨчɤɟ ɩɪɢ 
ɬɟɦɩɟɪаɬɭɪɟ 11η0°ɋ [194, 203-206]. Дɥя ɩɪɟɞɨхɪаɧɟɧɢя ɦɨɥɢɛɞɟɧа ɨɬ 
ɨɤɢɫɥɟɧɢя ɩɪɨɤаɬɤɭ ɞɢɫɩɟɪɫɢɢ ɩɪɨɢɡɜɨɞяɬ ɜ ɫɬаɥɶɧɨɦ ɤɨɠɭхɟ, ɤɨɬɨɪɵɣ 
ɡаɬɟɦ ɫɬɪаɜɥɢɜаɸɬ. 
 

П.6.4. ȾИɋПЕɊɋИɈННЫЕ ɗЛЕɆЕНɌЫ (ɄЕɊɆЕɌЫ) ɋ ɄȺɊȻИȾȺɆИ, 
НИɌɊИȾȺɆИ, ɋɍЛɖɎИȾȺɆИ, ȾȼɍɈɄИɋɖɘ ɍɊȺНȺ И ȾɊɍȽИɆИ 
ɋɈЕȾИНЕНИəɆИ ȼ ɆȺɌɊИɐЕ ИɁ ɌɍȽɈПЛȺȼɄИɏ ɆЕɌȺЛЛɈȼ И 
ɄЕɊȺɆИɑЕɋɄИɏ ɆȺɌЕɊИȺЛɈȼ И ȽɊȺɎИɌȺ. 

П.6.4.1. Ⱦиɫɩеɪɫиɨɧɧые ɷɥеɦеɧты ɫ ɤеɪаɦиɱеɫɤиɦ тɨɩɥивɧыɦ  
ɦатеɪиаɥɨɦ в ɦатɪиɰе иɡ тɭɝɨɩɥавɤиɯ ɦетаɥɥɨв. 

 Ɉɛɨɥɨчɤа – ɬɭɝɨɩɥаɜɤɢɟ ɢ ɞɪɭɝɢɟ ɦɟɬаɥɥɵ, ɬɨɩɥɢɜɨ – UC, UN, UO2, 

ɦаɬɪɢɰа – ɬɭɝɨɩɥаɜɤɢɟ ɢ ɞɪɭɝɢɟ ɦɟɬаɥɥɵ. 

ɋɨɝɥаɫɧɨ ɪаɛɨɬаɦ [194, 203-206] ɞɢɫɩɟɪɫɢɨɧɧɵɟ ɷɥɟɦɟɧɬɵ (ɤɟɪɦɟɬɵ) ɫ 
ɬɨɩɥɢɜɨɦ ɢɡ UC, UN, UO2 ɢ ɬ. ɞ. ɫ ɦаɬɪɢɰɟɣ ɢɡ ɬɭɝɨɩɥаɜɤɢх ɦɟɬаɥɥɨɜ ɢ 
ɨɫɨɛɟɧɧɨ ɝɪаɮɢɬа ɧаɲɥɢ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɧɨɜɨɣ ɬɟхɧɢɤɟ, ɫɜяɡаɧɧɨɣ ɫ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɵɦ ɩɪɟɨɛɪаɡɨɜаɧɢɟɦ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɜ ɷɥɟɤɬɪɢчɟɫɤɭɸ, ɜ 
ɬɜɷɥах ɞɥя ɪаɤɟɬɧɵх ɞɜɢɝаɬɟɥɟɣ ɢ ɞɪɭɝɨɣ аɜɬɨɦаɬɢчɟɫɤɨɣ ɤɨɫɦɢчɟɫɤɨɣ 
аɩɩаɪаɬɭɪɵ, ɤɨɝɞа ɬɜɷɥ ɩɪɢ ɪаɛɨчɢх ɬɟɦɩɟɪаɬɭɪах 1400—17η0°ɋ ɜ ɬɟчɟɧɢɟ 
ɞɥɢɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɞɨɥɠɟɧ ɫɨхɪаɧяɬɶ ɦɟхаɧɢчɟɫɤɭɸ ɩɪɨчɧɨɫɬɶ ɢ 
ɭɞɟɪɠɢɜаɬɶ ɤɨɦɩɨɧɟɧɬɵ яɞɟɪɧɨɝɨ ɝɨɪɸчɟɝɨ ɢ ɨɫɤɨɥɤɢ ɞɟɥɟɧɢя ɛɟɡ ɪаɡɪɭ-

ɲɟɧɢя ɨɛɨɥɨчɤɢ ɢ ɜɫɟɝɨ ɬɜɷɥа. 
Дɢɫɩɟɪɫɢɢ UO2 ɫ ɬɭɝɨɩɥаɜɤɢɦɢ ɦɟɬаɥɥаɦɢ W, Ɇɨ, Та ɢ ɞɪ. ɦɨɠɧɨ 

ɩɨɥɭчɢɬɶ ɪаɡɥɢчɧɵɦɢ ɦɟɬɨɞаɦɢ. 
1.  ɇаɩɵɥɟɧɢɟ ɷɬɢх ɦɟɬаɥɥɨɜ ɧа ɨɬɞɟɥɶɧɵɟ чаɫɬɢɰɵ UO2 ɨɛɟɫɩɟчɢɜаɟɬ 
ɩɨɥɭчɟɧɢɟ ɧɟɩɪɟɪɵɜɧɨɣ ɦɟɬаɥɥɢчɟɫɤɨɣ ɦаɬɪɢɰɵ ɞаɠɟ ɩɪɢ ɨчɟɧɶ ɛɨɥɶɲɨɦ 
ɫɨɞɟɪɠаɧɢɢ ɤɟɪаɦɢчɟɫɤɨɣ ɮаɡɵ. Тɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɤɟɪɦɟɬɨɜ UO2 ɫ 
ɪаɡɥɢчɧɵɦɢ ɬɭɝɨɩɥаɜɤɢɦɢ ɦаɬɟɪɢаɥаɦɢ ɜ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ 
ɩɪɟɞɫɬаɜɥɟɧа ɧа ɪɢɫ. ɉ.6.8 [194, 203-206]. 
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Ɋɢɫ. ɉ.6.8. Тɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɤɟɪɦɟɬɨɜ ɜ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ. 

 

2.   Ɏɨɥɶɝɭ ɦɨɠɧɨ ɩɨɥɭчɢɬɶ ɬаɤɠɟ ɫɩɟɤаɧɢɟɦ ɜ ɜаɤɭɭɦɟ ɩɨɪɨɲɤɨɜ ɢɡ W, Ɇɨ, 
Та ɢɥɢ ɞɪɭɝɢх ɬɭɝɨɩɥаɜɤɢх ɦɟɬаɥɥɨɜ ɫ UO2 ɢ ɩɨɫɥɟɞɭɸщɟɣ ɩɪɨɤаɬɤɨɣ ɞɨ 
ɬɪɟɛɭɟɦɵх ɪаɡɦɟɪɨɜ. Дɥя ɞɢɫɩɟɪɫɢɣ ɫ ɦаɬɪɢɰɟɣ ɢɡ W ɢ Ɇɨ ɩɪɨɤаɬɤɭ ɦɨɠɧɨ 
ɩɪɨɜɨɞɢɬɶ ɩɪɢ ɤɨɦɧаɬɧɨɣ ɬɟɦɩɟɪаɬɭɪɟ. 
3. ɋɨɝɥаɫɧɨ ɪаɛɨɬаɦ [194, 203-206] ɢɫɫɥɟɞɨɜаɧɢɟ ɫɩɟɤаɟɦɨɫɬɢ W—UO2 ɫ 
ɞɨɛаɜɤаɦɢ ɧɢɤɟɥя ɢ ТiO2 ɩɨɤаɡаɥɨ, чɬɨ ɜɵɫɨɤая ɩɥɨɬɧɨɫɬɶ (9η—98% 

ɬɟɨɪɟɬɢчɟɫɤɨɣ) ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭчɟɧа ɜ ɞɢɫɩɟɪɫɢɢ W—UO2 ɩɪɢ ɞɨɛаɜɤɟ  Ni ɢ 
ТiO2. ɇɢɤɟɥɶ яɜɥяɟɬɫя ɥɭчɲɟɣ ɞɨɛаɜɤɨɣ ɩɪɢ ɬɟɦɩɟɪаɬɭɪах ɫɩɟɤаɧɢя <1400°ɋ, 
а ТiO2 — ɩɪɢ 1700°ɋ. ɉɪɢ ɞɨɛаɜɥɟɧɢɢ ɨɞɧɨɜɪɟɦɟɧɧɨ Ni ɢ ТiO2 ɩɥɨɬɧɨɫɬɶ ɜ 
ɫɥɭчаɟ ɫɩɟɤаɧɢя ɩɪɢ 1700°ɋ ɜ аɬɦɨɫɮɟɪɟ ɜɨɞɨɪɨɞа ɦɨɠɟɬ ɛɵɬɶ ɭɜɟɥɢчɟɧа. 
ɋчɢɬаɟɬɫя, чɬɨ аɬɦɨɫɮɟɪа ɫɩɟɤаɧɢя ɬаɤ ɠɟ ɜаɠɧа, ɤаɤ ɢ ɜɵɛɪаɧɧɵɟ ɞɨɛаɜɤɢ. 
ɇаɩɪɢɦɟɪ, ɜɨɞɨɪɨɞɧая аɬɦɨɫɮɟɪа ɩɪɟɞɩɨчɬɢɬɟɥɶɧɟɟ ɜаɤɭɭɦа, ɡа 
ɢɫɤɥɸчɟɧɢɟɦ ɬɨɝɨ ɫɥɭчая, ɤɨɝɞа ɩɟɪɟɞ ɫɩɟɤаɧɢɟɦ ɜ ɜаɤɭɭɦɟ ɩɪɨɜɨɞɢɥɢ 
ɩɨɞɨɝɪɟɜ ɜ аɬɦɨɫɮɟɪɟ ɜɨɞɨɪɨɞа ɩɪɢ ɩɨɜɵɲɟɧɧɨɣ ɬɟɦɩɟɪаɬɭɪɟ. 

В Ɉɤɪɢɞɠɫɤɨɣ ɧаɰɢɨɧаɥɶɧɨɣ ɥаɛɨɪаɬɨɪɢɢ [194, 203-206] ɫɦɟɫɶ W—
UO2 ɷɜɬɟɤɬɢчɟɫɤɨɝɨ ɫɨɫɬаɜа ɛɵɥа ɩɨɥɭчɟɧа ɫ ɩɨɦɨщɶɸ ɤɨɧɬɪɨɥɢɪɭɟɦɨɝɨ 
ɡаɬɜɟɪɞɟɜаɧɢя ɪаɫɩɥаɜɥɟɧɧɵх ɦаɬɟɪɢаɥɨɜ. Эɜɬɟɤɬɢчɟɫɤɢɣ ɫɨɫɬаɜ ɜ ɨɫɧɨɜɧɨɦ 
ɫɨɫɬɨɢɬ ɢɡ ɦɨɧɨɤɪɢɫɬаɥɥɨɜ UO2, ɫɨɞɟɪɠащɟɣ ɨчɟɧɶ ɦɟɥɤɢɟ ɭɩɨɪяɞɨчɟɧɧɵɟ 
ɤɪɢɫɬаɥɥɵ ɜɨɥɶɮɪаɦа ɜ ɮɨɪɦɟ ɢɝɥ ɢɥɢ ɩɥаɫɬɢɧ. Таɤɢɟ ɦаɬɟɪɢаɥɵ ɢɦɟɸɬ 
ɩɪɨчɧɨɫɬɶ ɧа ɫɠаɬɢɟ, ɜ β ɪаɡа ɛɨɥɶɲɭɸ, чɟɦ ɦɨɧɨɤɪɢɫɬаɥɥɵ чɢɫɬɨɣ UO2. 

Таɤɢɟ ɦаɬɟɪɢаɥɵ ɦɨɠɧɨ ɫ ɭɫɩɟхɨɦ ɩɪɢɦɟɧяɬɶ ɞɥя ɫɩɟɰɢаɥɶɧɨɝɨ яɞɟɪɧɨɝɨ 
ɬɨɩɥɢɜа, ɟɫɥɢ ɬɪɟɛɭɟɬɫя ɢɧɬɟɧɫɢɜɧɨɟ ɜɵɞɟɥɟɧɢɟ ɬɟɩɥа ɢɥɢ ɩɨɜɵɲɟɧɧая 
ɩɪɨчɧɨɫɬɶ. Дɥя ɩɨɥɭчɟɧɢя ɛɨɥɶɲɢх ɤɪɢɫɬаɥɥɨɜ UO2 ɫɩɪɟɫɫɨɜаɧɧɵɣ ɛɪɭɫɨɤ 
ɢɡ ɫɦɟɲаɧɧɵх ɩɨɪɨɲɤɨɜ ɦɟɞɥɟɧɧɨ ɨɩɭɫɤаɟɬɫя ɩɨ ɧаɝɪɟɜаɬɟɥɶɧɨɣ ɤаɬɭɲɤɟ, 
ɜɪащаɟɬɫя, ɰɟɧɬɪаɥɶɧая чаɫɬɶ UO2 ɪаɫɩɥаɜɥяɟɬɫя ɜɧɭɬɪɢ ɬɜɟɪɞɨɣ ɜɧɟɲɧɟɣ 
ɨɛɨɥɨчɤɢ (ɫɬɟɧɤɢ), ɰɟɧɬɪɨɛɟɠɧая ɫɢɥа ɨɬɛɪаɫɵɜаɟɬ ɪаɫɩɥаɜ ɧа ɬɜɟɪɞɭɸ 
ɫɬɟɧɤɭ, ɜ ɪɟɡɭɥɶɬаɬɟ чɟɝɨ ɫɨɡɞаɟɬɫя ɩɨɜɟɪхɧɨɫɬɶ ɪаɡɞɟɥа, ɛɥаɝɨɩɪɢяɬɧая ɞɥя 
ɪɨɫɬа ɤɪɢɫɬаɥɥɨɜ. Вɨɥɶɮɪаɦɨɜɵɟ ɝɥɨɛɭɥɢ ɜ ɷɜɬɟɤɬɢчɟɫɤɢх ɫɬɪɭɤɬɭɪах 
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ɨɛɵчɧɨ ɢɦɟɸɬ ɞɢаɦɟɬɪ 1—β ɦɤɦ ɢ ɞɥɢɧɭ ~1 ɦɦ, а ɜɨɥɶɮɪаɦɨɜɵɟ ɩɥаɫɬɢɧɤɢ 
— ɬɨɥщɢɧɭ β—γ ɦɤɦ, ɲɢɪɢɧɭ 10—100 ɦɤɦ ɢ ɞɥɢɧɭ>1 ɦɦ. 
4. Дɢɫɩɟɪɫɢɨɧɧая ɫɦɟɫɶ UO2—Ɇɨ [194, 203-206], хɨɥɨɞɧɨɩɪɨɤаɬаɧɧая ɢɥɢ 
ɫɩɪɟɫɫɨɜаɧɧая, ɦɨɠɟɬ ɛɵɬɶ ɭɩɥɨɬɧɟɧа ɩɨɫɥɟɞɭɸщɢɦ ɝɨɪячɢɦ ɭɞаɪɧɵɦ 
ɩɪɟɫɫɨɜаɧɢɟɦ ɧа ɤɪɢɜɨɲɢɩɧɨɦ ɩɪɟɫɫɟ. Ƚɨɪячɢɦ ɭɞаɪɧɵɦ ɩɪɟɫɫɨɜаɧɢɟɦ ɩɪɢ 
1700°ɋ (ɞаɜɥɟɧɢɟ 1,ηη Ɇɇ/ɦ2) ɢ ɩɨɫɥɟɞɭɸщɢɦ ɫɩɟɤаɧɢɟɦ ɩɪɢ 1700°ɋ ɜ 
ɬɟчɟɧɢɟ 14 ч ɜ аɬɦɨɫɮɟɪɟ ɜɨɞɨɪɨɞа ɩɟɪɜɨɧачаɥɶɧɭɸ ɩɥɨɬɧɨɫɬɶ ɩɨɪɨɲɤа 
ɩɨɜɵɲаɸɬ ɫ 80 ɞɨ 9θ% ɬɟɨɪɟɬɢчɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ. 

Эɮɮɟɤɬɢɜɧая ɬɟɦɩɟɪаɬɭɪа ɝɨɪячɟɝɨ ɩɪɟɫɫɨɜаɧɢя ɞɨɥɠɧа ɛɵɬɶ >1η00°ɋ, 
ɬаɤ ɤаɤ ɧɢɠɟ ɷɬɨɣ ɬɟɦɩɟɪаɬɭɪɵ ɭɩɥɨɬɧɟɧɢя ɧɟ ɧаɛɥɸɞаɟɬɫя. Эɮɮɟɤɬ 
ɭɩɥɨɬɧɟɧɢя ɨɬɫɭɬɫɬɜɭɟɬ ɬаɤɠɟ ɜ ɫɥɭчаɟ ɞɥɢɬɟɥɶɧɨɣ ɜɵɞɟɪɠɤɢ ɩɪɢ ɧаɝɪɟɜɟ 
ɩɟɪɟɞ ɭɞаɪɧɵɦ ɩɪɟɫɫɨɜаɧɢɟɦ. ɉɪɢ ɞɥɢɬɟɥɶɧɨɣ ɜɵɞɟɪɠɤɟ ɫɥɟɞɭɟɬ ɩɪɢɦɟɧяɬɶ 
ɡащɢɬɧɭɸ аɬɦɨɫɮɟɪɭ. 
 ɂɡɦɟɧɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɞɥя 
ɧɟɤɨɬɨɪɵх ɫɨɫɬаɜɨɜ ɞɢɫɩɟɪɫɢɣ ɩɪɢɜɟɞɟɧɨ ɧа ɪɢɫ. ɉ.6.9. 

 

                      
Ɋɢɫ. ɉ.6.9. Тɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɞɢɫɩɟɪɫɢɢ UO2   ɫ   ɪаɡɥɢчɧɵɦɢ   ɦаɬɟɪɢаɥаɦɢ    ɩɨ 

ɫɪаɜɧɟɧɢɸ ɫ чɢɫɬɵɦɢ ɦаɬɪɢчɧɵɦɢ ɦаɬɟɪɢаɥаɦɢ: 
/ — Ɇɨ; 2 — ɋr; 3 — Nb; 4 — ɧɟɪɠаɜɟɸщая ɫɬаɥɶ ɬɢɩа γ0βВ; 5 — UO2—β0% Ɇɨ; 6 — 

UO2— 20% ɋɝ; 7 — UO2 — ɧɟɪɠаɜɟɸщая ɫɬаɥɶ; 8 — UO2 — 20% Nb; 9 — UO2. ɐɢɮɪɵ ɭ 
ɤɪɢɜɵх 5-8 ɩɨɤаɡɵɜаɸɬ ɩɥɨɬɧɨɫɬɶ,  % ɬɟɨɪɟɬɢчɟɫɤɨɣ. 

 

       Ɉɛɨɥɨчɤа ɢ ɦаɬɪɢɰа ɢɡ ɜɨɥɶɮɪаɦа ɞɥя UO2—W ɞɢɫɩɟɪɫɢɢ (ɤɟɪɦɟɬа) 
ɫɥɭɠаɬ хɨɪɨɲɢɦ ɛаɪɶɟɪɨɦ ɞɥя ɭɞɟɪɠаɧɢя ɝаɡɨɨɛɪаɡɧɵх ɩɪɨɞɭɤɬɨɜ ɞɟɥɟɧɢя. 
ɋɭщɟɫɬɜɟɧɧɵɣ ɧɟɞɨɫɬаɬɨɤ ɜɨɥɶɮɪаɦа ɡаɤɥɸчаɟɬɫя ɜ ɬɨɦ, чɬɨ ɨɧ ɩɨчɬɢ 
ɧɟɩɥаɫɬɢчɟɧ ɩɪɢ ɤɨɦɧаɬɧɨɣ ɬɟɦɩɟɪаɬɭɪɟ (ɬɟɦɩɟɪаɬɭɪа ɩɟɪɟхɨɞа ɢɡ 
ɩɥаɫɬɢчɧɨɝɨ ɫɨɫɬɨяɧɢя ɜ хɪɭɩɤɨɟ з400ɨɋ), ɢ ɤɟɪɦɟɬɧɨɟ ɬɨɩɥɢɜɨ ɫ ɦаɬɪɢчɧɵɦ 
ɦаɬɟɪɢаɥɨɦ ɢɡ ɜɨɥɶɮɪаɦа ɬɪɟɛɭɟɬ ɤ ɫɟɛɟ ɛɟɪɟɠɧɨɝɨ ɨɬɧɨɲɟɧɢя. ɉɨɷɬɨɦɭ 
ɰɟɥɟɫɨɨɛɪаɡɧɨ ɢɫɩɨɥɶɡɨɜаɬɶ ɞɥя ɨɛɨɥɨчɟɤ ɫɩɥаɜɵ W—Re (βη%) ɢ W—Re—
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Ɇɨ, ɨɛɥаɞаɸщɢɟ хɨɪɨɲɟɣ ɩɥаɫɬɢчɧɨɫɬɶɸ. ɉɪаɜɞа, ɷɬɨ ɩɨɥɨɠɟɧɢɟ ɧɟ ɜɫɟɝɞа 
ɨɩɪаɜɞɵɜаɟɬɫя, чɬɨ ɜɢɞɧɨ ɧа ɫɥɟɞɭɸщɟɦ ɩɪɢɦɟɪɟ. 

Ɋɢɫ. ɉ.6.10 ɢɥɥɸɫɬɪɢɪɭɟɬ ɫɜɨɣɫɬɜа ɤɟɪɦɟɬа θ0 ɨɛ. % ɫɩɥаɜа UO2 ɜ 
ɦаɬɪɢɰɟ ɢɡ ɜɨɥɶɮɪаɦа ɢ ɫɩɥаɜа W—Re ɜ ɨɛɨɥɨчɤɟ ɢɡ ɫɩɥаɜа W—Re—Ɇɨ 

ɬɨɥщɢɧɨɣ 0,βη ɦɦ ɜ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɜɵɝɨɪаɧɢя ɢ ɬɟɦɩɟɪаɬɭɪɵ. ɂɫɫɥɟɞɨɜаɧɢя 
ɩɪɨɜɨɞɢɥɢ ɧа ɨɛɪаɡɰах ɞɢаɦɟɬɪɨɦ 1β,7 ɦɦ, ɞɥɢɧɨɣ 48,γ ɦɦ ɢ ɫ ɨɬɜɟɪɫɬɢɟɦ ɜ 
ɰɟɧɬɪɟ ɞɢаɦɟɬɪɨɦ β,θ ɦɦ; ɩɥɨɬɧɨɫɬɶ ɨɛɪаɡɰɨɜ ɫɨɫɬаɜɥяɥа 97% 
ɬɟɨɪɟɬɢчɟɫɤɨɣ; ɨɬɧɨɲɟɧɢɟ Ɉ/U ɞɥя ɬɨɩɥɢɜа ɪаɜɧяɥɨɫɶ β,00γ. ɂɡ аɧаɥɢɡа 
ɝɪаɮɢɤа ɫɥɟɞɭɟɬ, чɬɨ ɞɨɦɢɧɢɪɭɸщɢɦɢ ɮаɤɬɨɪаɦɢ ɜ ɨɛɪаɡɨɜаɧɢɢ ɛɥɢɫɬɟɪɨɜ ɢ 
ɭɬɟчɤɟ ɝаɡɨɜ яɜɥяɸɬɫя ɬɟɦɩɟɪаɬɭɪа ɢ ɤɨɦɩɨɡɢɰɢя ɦаɬɪɢɰɵ ɤɟɪɦɟɬа. В 
ɨɛɪаɡɰах ɤɟɪɦɟɬа ɫ ɦаɬɪɢɰɟɣ ɢɡ чɢɫɬɨɝɨ ɜɨɥɶɮɪаɦа ɩɪɢ ɜɵɝɨɪаɧɢɢ ɞɨ 
0,65∙10

26
 ɞɟɥ./ɦ3

 ɢ ɬɟɦɩɟɪаɬɭɪɟ 1440°ɋ ɩɪɢ ɜɵɞɟɪɠɤɟ ɢх ɜ ɬɟчɟɧɢɟ 77η0 ч 
ɨɬɫɭɬɫɬɜɨɜаɥɢ ɛɥɢɫɬɟɪɵ ɢ ɧɟ ɧаɛɥɸɞаɥɨɫɶ ɭɬɟчɤɢ ɝаɡɨɜ чɟɪɟɡ ɨɛɨɥɨчɤɭ. 

Дɨɛаɜɤа   ɤ   ɜɨɥɶɮɪаɦɨɜɨɣ   ɦаɬɪɢɰɟ   ɪɟɧɢя   ɧɟ   ɭɥɭчɲаɥа   ɫɜɨɣɫɬɜ 
ɨɛɪаɡɰɨɜ ɩɪɢ ɨɛɥɭчɟɧɢɢ. ɉɪɢ ɬɟɦɩɟɪаɬɭɪɟ ɧɢɠɟ  14η0°ɋ ɢ ɜɵɝɨɪаɧɢɢ 

0,67·10
26

 ɞɟɥ./ɦ3
 ɨɛɪаɡɰɵ ɛɵɥɢ ɫɬаɛɢɥɶɧɵ ɢ ɩɨɥɧɨɫɬɶɸ ɭɞɟɪɠɢɜаɥɢ 

ɝаɡɨɨɛɪаɡɧɵɟ ɩɪɨɞɭɤɬɵ ɞɟɥɟɧɢя. ɉɪɢ ɬɟɦɩɟɪаɬɭɪɟ ɨɬ 14η0 ɞɨ 1ηγη°ɋ 
ɧаɛɥɸɞаɥɨɫɶ ɜɵɞɟɥɟɧɢɟ ɝаɡа ɢɥɢ ɨɛɪаɡɨɜаɧɢɟ ɛɥɢɫɬɟɪɨɜ. ɉɪɢ 1η40°ɋ, 
ɜɵɞɟɪɠɤɟ  ~77η0 ч ɢ ɜɵɝɨɪаɧɢɢ 0,η4∙10

26
 ɞɟɥ./ɦ3

 ɛɵɥɨ ɨɛɧаɪɭɠɟɧɨ ɩɟɪɜɨɟ 
ɜɵɞɟɥɟɧɢɟ ɝаɡɨɜ. 
 

                         
Ɋɢɫ. ɉ.6.10. ɉɨɜɟɞɟɧɢɟ ɤɟɪɦɟɬа θ0 ɨɛ.%  UO2 ɜ ɦаɬɪɢɰɟ ɢɡ W ɢ ɫɩɥаɜа W—Re ɜ 
ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɜɵɝɨɪаɧɢя: □ — W - ɦаɬɪɢɰа;     ○ — W—Re - ɦаɬɪɢɰа; □,○ — ɫɜɨɛɨɞɧɨ 
ɨɬ ɝаɡɨɜɵɞɟɥɟɧɢя   ɢ  ɛɥɢɫɬɟɪɢɧɝа;   ■□— ɛɥɢɫɬɟɪɢɧɝ, ɧɟɬ ɝаɡɨɜɵɞɟɥɟɧɢя;   ■,●— 

ɛɥɢɫɬɟɪɢɧɝ ɢ ɝаɡɨɜɵɞɟɥɟɧɢɟ. 

 

ɂɫɫɥɟɞɨɜаɥɢ ɬаɤɠɟ ɨɛɪаɡɰɵ ɤɟɪɦɟɬа W — UO2 ɜ ɨɛɨɥɨчɤɟ ɢɡ ɫɩɥаɜа 
W—Re—Ɇɨ ɩɪɢ ɬɟɦɩɟɪаɬɭɪɟ 1η00—17γ0°ɋ ɢ ɜɵɝɨɪаɧɢɢ ~1,5·10

26
 ɞɟɥ./ɦ3

. 

Дɥя ɢɫɩɵɬаɧɢя ɜɡяɬɨ ɜɨɫɟɦɶ ɨɛɪаɡɰɨɜ, ɢɦɟɸщɢх ɪаɡɥɢчɧɵɟ ɪаɡɦɟɪɵ 
ɰɟɧɬɪаɥɶɧɨɣ ɨɛɥаɫɬɢ: ɨɬ 9 ɞɨ γ1% ɞɢаɦɟɬɪа ɬɜɷɥа. ɇаɢɛɨɥɶɲɢɟ ɢɡɦɟɧɟɧɢя 
ɞɢаɦɟɬɪа ɢ ɞɥɢɧɵ ɩɪɨɢɡɨɲɥɢ ɜ ɫɬɟɪɠɧɟ ɫ ɦɟɧɶɲɢɦ ɪаɡɦɟɪɨɦ ɰɟɧɬɪаɥɶɧɨɣ 
ɨɛɥаɫɬɢ ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫ ɦɟɧɶɲɢɦ ɜɵɞɟɥɟɧɢɟɦ ɝаɡɨɨɛɪаɡɧɵх ɩɪɨɞɭɤɬɨɜ 
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ɞɟɥɟɧɢя. В ɧаɢɦɟɧɶɲɟɣ ɫɬɟɩɟɧɢ ɢɡɦɟɧɢɥɢɫɶ ɪаɡɦɟɪɵ ɨɛɪаɡɰа, ɜ ɤɨɬɨɪɨɦ 
ɜɵɞɟɥяɥɫя ɧаɢɛɨɥɶɲɢɣ ɨɛɴɟɦ ɝаɡɨɜ. 

ɉɪɢ ɬɟɦɩɟɪаɬɭɪɟ ɜɵɲɟ 1θ00°ɋ UO2 ɦɨɠɟɬ ɬɟɪяɬɶ ɤɢɫɥɨɪɨɞ ɢ ɜɨɫ-

ɫɬаɧаɜɥɢɜаɬɶɫя ɞɨ UO2-x . ȿɫɥɢ ɩɪɢ ɷɬɨɦ ɤɢɫɥɨɪɨɞ ɭɞаɥяɟɬɫя ɢɡ ɫɢɫɬɟɦɵ, ɬɨ 
ɩɪɢ ɨхɥаɠɞɟɧɢɢ UO2-x ɩɟɪɟхɨɞɢɬ ɜ ɫɦɟɫɶ ɢɡ UO2+U (ɦɟɬаɥɥɢчɟɫɤɢɣ). В ɷɬɨɦ 
ɫɥɭчаɟ ɫɜɨɛɨɞɧɵɣ ɭɪаɧ ɛɭɞɟɬ ɜɡаɢɦɨɞɟɣɫɬɜɨɜаɬɶ ɫ ɜɨɥɶɮɪаɦɨɦ ɩɨ 
ɩɟɪɢɬɟɤɬɢчɟɫɤɨɣ ɪɟаɤɰɢɢ ɩɪɢ ɬɟɦɩɟɪаɬɭɪɟ, ɛɥɢɡɤɨɣ ɤ ɬɟɦɩɟɪаɬɭɪɟ ɩɥаɜɥɟɧɢя 
ɭɪаɧа. ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɩɨɪɨɲɤɨɜ UO2 ɬɨɧɤɨɝɨ ɩɨɦɨɥа, ɢх ɫɦɟɲɢɜаɧɢɟ ɦɨɝɭɬ 
ɩɪɢɜɟɫɬɢ ɤ ɡаɦɟɬɧɨɦɭ ɢɡɛɵɬɤɭ ɤɢɫɥɨɪɨɞа. Тɨɝɞа ɨɤɢɫɥɵ ɜɨɥɶɮɪаɦа ɨɛɪаɡɭɸɬ 
ɫ UO2-x ɠɢɞɤɭɸ ɮаɡɭ, ɩɨɞɜɢɠɧɨɫɬɶ ɤɨɦɩɨɧɟɧɬɨɜ ɭɜɟɥɢчɢɜаɟɬɫя, чɬɨ ɦɨɠɟɬ 
ɩɪɢɜɟɫɬɢ ɤ ɩɟɪɟɧɨɫɭ ɜɨɥɶɮɪаɦа ɜ ɮаɡɭ UO2 ɢ, ɧаɨɛɨɪɨɬ, ɤ ɩɟɪɟɧɨɫɭ UO2 ɢɥɢ 
ɭɪаɧа ɤ ɜɨɥɶɮɪаɦɭ ɢ ɞаɥɶɧɟɣɲɟɦɭ ɢх ɜɡаɢɦɨɞɟɣɫɬɜɢɸ. ɇɟɫɦɨɬɪя ɧа ɬɨ, чɬɨ 
ɜɨɥɶɮɪаɦ ɥɟɝɤɨ ɨɫɜɨɛɨɞɢɬɶ ɨɬ ɤɢɫɥɨɪɨɞа ɩɭɬɟɦ ɨɛɪаɛɨɬɤɢ ɜɨɞɨɪɨɞɨɦ ɩɪɢ 
ɧɢɡɤɨɣ ɬɟɦɩɟɪаɬɭɪɟ, ɧɟɨɛхɨɞɢɦɨ ɢɡɛɟɠаɬɶ ɧаɪɭɲɟɧɢɣ ɩɪɨɰɟɫɫа 
ɢɡɝɨɬɨɜɥɟɧɢя ɤɟɪɦɟɬа, чɬɨɛɵ ɨɛɟɫɩɟчɢɬɶ ɫɬаɛɢɥɶɧɨɫɬɶ ɮɢɡɢɤɨ-ɦɟхаɧɢчɟɫɤɢх 
ɫɜɨɣɫɬɜ ɢɡɞɟɥɢɣ. 

Ʉаɪɛɢɞɵ, ɧɢɬɪɢɞɵ, ɫɭɥɶɮɢɞɵ ɢ ɞɪɭɝɢɟ ɫɨɟɞɢɧɟɧɢя ɭɪаɧа, ɤɨɬɨɪɵɟ ɩɨ 
ɧɟɤɨɬɨɪɵɦ ɮɢɡɢчɟɫɤɢɦ ɫɜɨɣɫɬɜаɦ ɛɨɥɶɲɟ ɩɨɞхɨɞяɬ ɞɥя яɞɟɪɧɨɝɨ ɝɨɪɸчɟɝɨ, 
чɟɦ UO2, ɛɵɥɢ ɨɩɪɨɛɨɜаɧɵ ɜ ɞɢɫɩɟɪɫɢɨɧɧɵх ɬɜɷɥах ɩɨ ɨɬɞɟɥɶɧɨɫɬɢ ɢ ɜ 

ɤɨɦɛɢɧаɰɢях ɫ UO2, ɧɟɪɠаɜɟɸщɟɣ ɫɬаɥɶɸ, ɬɭɝɨɩɥаɜɤɢɦɢ ɢ ɞɪɭɝɢɦɢ 
ɦаɬɪɢчɧɵɦɢ ɦаɬɟɪɢаɥаɦɢ. Ʉɟɪɦɟɬɵ ɢɡ ɤаɪɛɢɞɨɜ ɢ ɧɢɬɪɢɞɨɜ ɜ ɤɨɦɛɢɧаɰɢɢ ɫ 
25—7η% ɧɟɪɠаɜɟɸщɟɣ ɫɬаɥɢ ɩɪɢ ɨɛɥɭчɟɧɢɢ ɞаɸɬ ɥɭчɲɢɟ  ɪɟɡɭɥɶɬаɬɵ, чɟɦ  
ɩɨɞɨɛɧɵɟ ɞɢɫɩɟɪɫɢɨɧɧɵɟ  ɫɦɟɫɢ ɫ  UO2. 

Ȼɵɥɢ ɢɫɩɵɬаɧɵ ɞɢɫɩɟɪɫɢɢ ɢɡ γ0 ɨɛ. % UN ɫ Ɇɨ, Nb, V, ɧɢхɪɨɦɨɦ-η ɢ 
ɫɩɥаɜɨɦ ɫ 40 аɬ. % Тi, ɩɪɢчɟɦ ɨɤаɡаɥɨɫɶ: 
1)   ɩɪɢ ɝɨɪячɟɦ ɩɪɟɫɫɨɜаɧɢɢ ɜ ɜаɤɭɭɦɟ ɩɪɢ 1β00°ɋ ɩɨɥɭчаɥɢ ɩɨɪɢɫɬɵɣ 
ɦаɬɟɪɢаɥ ɞɢɫɩɟɪɫɢɢ; 
2)  ɩɪɢ хɨɥɨɞɧɨɦ ɩɪɟɫɫɨɜаɧɢɢ ɩɪɢ ɞаɜɥɟɧɢɢ 7,8η Ɇɇ/ɦ2

 ɢ ɫɩɟɤаɧɢɢ ɜ 
ɜаɤɭɭɦɟ ɩɪɢ 1β00°ɋ ɜ ɬɟчɟɧɢɟ 4 ч ɫ ɩɨɫɥɟɞɭɸщɟɣ ɝɨɪячɟɣ ɤɨɜɤɨɣ ɢ ɨɬɠɢɝɨɦ 
ɬаɤɠɟ ɩɪɢ 1β00°ɋ ɩɥɨɬɧɨɫɬɶ ɛɵɥа ɜɵɫɨɤɨɣ  (91—100% ɬɟɨɪɟɬɢчɟɫɤɨɣ). 
  ɂɫɫɥɟɞɨɜаɥɢ ɞɢɫɩɟɪɫɢɸ Uɋ, US ɜ ɦаɬɪɢɰɟ ɢɡ Ɇɨ, Nb, Ti, V, Zɝ. ɉɪɢ 1β00°ɋ 
Uɋ, ɜ ɨɬɥɢчɢɟ ɨɬ 11η, ɪɟаɝɢɪɨɜаɥ ɫɨ ɜɫɟɦɢ ɷɬɢɦɢ ɦаɬɟɪɢаɥаɦɢ. 

Тɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɤɟɪɦɟɬа UO2 — 80 аɬ. % W ɢɡɦɟɧяɟɬɫя ɨɬ γ0 ɩɪɢ 
βη°ɋ ɞɨ β0 Вɬ/(ɦ·°ɋ) ɩɪɢ 1000°ɋ, а ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɟ ɭɜɟɥɢчɢɜаɟɬɫя ɨɬ 
0,41 ɩɪɢ βη°ɋ ɞɨ β,40 ɦɤɈɦ·ɦ ɩɪɢ 1000°ɋ. 

ɂɫɫɥɟɞɨɜаɥɢ ɞɢɫɩɟɪɫɢɢ ɢɡ W—UN, Ɇɨ—UN, ɩɪɨɲɟɞɲɢɟ ɨɛɥɭчɟɧɢɟ ɜ 
ɪɟаɤɬɨɪɟ ȿТR ɩɪɢ ɬɟɦɩɟɪаɬɭɪɟ ɜɵɲɟ β100°ɋ ɜ ɬɟчɟɧɢɟ β1 ɫɭɬ ɩɪɢ ~0,2-10

26
 

ɞɟɥ./ɦ3. Тщаɬɟɥɶɧɨɟ ɢɫɫɥɟɞɨɜаɧɢɟ ɧɟ ɨɛɧаɪɭɠɢɥɨ ɤаɤɢх-ɥɢɛɨ ɢɡɦɟɧɟɧɢɣ. 
ɉɪɢ ɭɤаɡаɧɧɵх ɭɫɥɨɜɢях ɜɵɞɟɥɢɥɨɫɶ ɝаɡɨɨɛɪаɡɧɵх ɩɪɨɞɭɤɬɨɜ ɞɟɥɟɧɢя, %  : 

 

Дɢɫɩɟɪɫɢя                                   Xe                   Kr 

W- 58 аɬ.% UN        62   67 

Mo-65 аɬ.% UN        12   15 
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ɍɫɬɨɣчɢɜɨɫɬɶ ɤɟɪɦɟɬа ɩɪɢ ɬɟɦɩɟɪаɬɭɪɟ ≤14η0°ɋ ɦɨɠɧɨ ɨɛɟɫɩɟчɢɬɶ 
ɛɥаɝɨɞаɪя ɩɪɨчɧɨɣ ɦаɬɪɢɰɟ ɢɡ ɬɭɝɨɩɥаɜɤɢх ɦаɬɟɪɢаɥɨɜ ɢ ɫɩɥаɜɨɜ ɢ ɬаɤɨɣ ɠɟ 
ɩɪɨчɧɨɣ ɨɛɨɥɨчɤɟ; ɩɪɢ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪаɬɭɪɟ, ɤɨɝɞа ɦаɬɪɢɰа ɢ 
ɨɛɨɥɨчɤа ɫɬаɧɨɜяɬɫя ɛɨɥɟɟ ɩɥаɫɬɢчɧɵɦɢ, ɧɟɨɛхɨɞɢɦɨ ɫɨɡɞаɬɶ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɭɫɥɨɜɢя ɞɥя ɭɦɟɧɶɲɟɧɢя ɪаɫɩɭхаɧɢя. Эɬɨ ɦɨɠɟɬ ɛɵɬɶ 
ɫɞɟɥаɧɨ ɡа ɫчɟɬ ɨɛɪаɡɨɜаɧɢя ɜ ɬɨɩɥɢɜɧɨɣ ɫɨɫɬаɜɥяɸщɟɣ ɫɜɨɛɨɞɧɵх ɩɨɥɨɫɬɟɣ 
ɜ ɜɢɞɟ ɩɨɪ, ɨɛɴɟɦ ɤɨɬɨɪɵх ɡаɩɨɥɧяɸɬ ɜɵɞɟɥяɸщɢɟɫя ɝаɡɨɨɛɪаɡɧɵɟ ɩɪɨɞɭɤɬɵ 
ɞɟɥɟɧɢя, ɬɟɦ ɫаɦɵɦ ɭɦɟɧɶɲая ɪаɫɩɭхаɧɢɟ.  
 

П.6.4.2. Ⱦиɫɩеɪɫиɨɧɧые ɷɥеɦеɧты ɫ ɤеɪаɦиɱеɫɤиɦ тɨɩɥивɧыɦ  
ɦатеɪиаɥɨɦ в ɤеɪаɦиɱеɫɤɨɣ ɦатɪиɰе. 

Ɉɛɨɥɨчɤа – ɦɟɬаɥɥ, ɤɟɪаɦɢɤа; ɬɨɩɥɢɜɨ – UO2, ɦаɬɪɢɰа – ВɟɈ, А12Ɉ3, 

Siɋ. 

ɋɨɝɥаɫɧɨ ɪаɛɨɬаɦ [194, 203-206] ɦаɬɪɢɰɟɣ ɞɢɫɩɟɪɫɢɨɧɧɨɝɨ ɷɥɟɦɟɧɬа 
ɦɨɠɟɬ ɛɵɬɶ ɢ ɤɟɪаɦɢɤа, ɟɫɥɢ ɨɧа ɭɞɨɜɥɟɬɜɨɪяɟɬ ɜɫɟɦ ɭɫɥɨɜɢяɦ, 
ɩɪɟɞɴяɜɥяɟɦɵɦ ɤ ɞɢɫɩɟɪɫɢɢ. В ɷɬɨɦ ɨɬɧɨɲɟɧɢɢ ɩɪɢɜɥɟɤаɟɬ ɜɧɢɦаɧɢɟ 
ɫɢɫɬɟɦа UO2—ВɟɈ ɜɫɥɟɞɫɬɜɢɟ ɛɥаɝɨɩɪɢяɬɧɵх ɮɢɡɢчɟɫɤɢх ɢ яɞɟɪɧɵх 
ɫɜɨɣɫɬɜ ВɟɈ, ɤɨɬɨɪая яɜɥяɟɬɫя ɨɞɧɨɜɪɟɦɟɧɧɨ ɪаɡɛаɜɢɬɟɥɟɦ ɝɨɪɸчɟɝɨ ɢ 
ɡаɦɟɞɥɢɬɟɥɟɦ ɞɥя ɜɵɫɨɤɨɬɟɦɩɟɪаɬɭɪɧɵх ɝаɡɨɨхɥаɠɞаɟɦɵх ɪɟаɤɬɨɪɨɜ. 
Эɥɟɦɟɧɬɵ ɟɟ ɨɛɪаɡɭɸɬ ɷɜɬɟɤɬɢɤɭ, ɢ ɩɨɷɬɨɦɭ ɦɨɠɧɨ ɫчɢɬаɬɶ, чɬɨ ɞɨ 
ɬɟɦɩɟɪаɬɭɪɵ ɨɛɪаɡɨɜаɧɢя ɷɜɬɟɤɬɢɤɢ (β170±β0°ɋ) ɩɪɢ ɫɩɟɤаɧɢɢ ɷɬɢ ɩɨɪɨɲɤɢ 
ɛɭɞɭɬ ɫɨɜɦɟɫɬɢɦɵ.  

ВɟɈ ɨɛɥаɞаɟɬ ɜɵɫɨɤɢɦɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ ɢ ɡаɦɟɞɥяɸщɟɣ ɫɩɨ-

ɫɨɛɧɨɫɬɶɸ, ɬ. ɟ. ɤɨɦɩɥɟɤɫɨɦ ɠɟɥаɟɦɵх ɫɜɨɣɫɬɜ ɞɥя ɜɵɫɨɤɨɬɟɦɩɟɪаɬɭɪɧɵх 
ɷɥɟɦɟɧɬɨɜ. Ʉ ɫɨɠаɥɟɧɢɸ, ɞаɧɧая ɫɢɫɬɟɦа ɪаɡɦɟɪɧɨ ɧɟ ɫɬаɛɢɥɶɧа ɩɨɞ 
ɞɟɣɫɬɜɢɟɦ ɨɛɥɭчɟɧɢя (1β∙10

26
 ɞɟɥ./ɦ8), а ɬаɤɠɟ ɢɡ-ɡа ɩɥɨхɨɝɨ ɭɞɟɪɠаɧɢя 

ɝаɡɨɨɛɪаɡɧɵх ɩɪɨɞɭɤɬɨɜ ɞɟɥɟɧɢя ɢ аɦɨɪɮɢɡаɰɢɢ ɩɪɢ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪаɬɭɪɟ. 
Ɉɞɧаɤɨ аɧɝɥɢɣɫɤɢɟ ɢɫɫɥɟɞɨɜаɬɟɥɢ ɩɨɥаɝаɸɬ, чɬɨ ɩɨɥɭчɟɧɢɟɦ ɞɢɫɩɟɪɫɢɢ 
UO2—ВɟɈ ɜɵɫɨɤɨɣ ɩɥɨɬɧɨɫɬɢ (98—99% ɬɟɨɪɟɬɢчɟɫɤɨɣ), ɫ ɨɬɤɪɵɬɨɣ 
ɩɨɪɢɫɬɨɫɬɶɸ <0,8%, ɩɪɨчɧɨɫɬɶɸ βθ0—γγη Ɇɇ/ɦɝ (ɞɥя ɦɟɥɤɨɝɨ ɩɨɪɨɲɤа 
UO2<γ ɦɤɦ) ɢ 1γ0—1θ0 Ɇɇ/ɦ2

 (ɞɥя ɤɪɭɩɧɨɝɨ ɩɨɪɨɲɤа UO2 ~β00 ɦɤɦ) ɦɨɠɧɨ 
ɩɨɥɭчɢɬɶ ɡɧачɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬа ɞɢɮɮɭɡɢɢ  ɤɪɢɩɬɨɧа  ~1,2 -10

-15
 ɦ2/ɫ,  чɬɨ  

ɜɩɨɥɧɟ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨ ɞɥя ɪаɛɨɬɵ   ɝаɡɨɨхɥаɠɞаɟɦɵх   ɪɟаɤɬɨɪɨɜ.  
Даɧɧɭɸ ɫɢɫɬɟɦɭ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜаɬɶ ɞɥя ɬɜɷɥɨɜ ɧа ɨɫɧɨɜɟ ВɟɈ ɛɟɡ 

ɦɟɬаɥɥɢчɟɫɤɨɣ ɨɛɨɥɨчɤɢ. Дɥя ɷɬɨɝɨ ɜɧачаɥɟ (ɞɨ хɨɥɨɞɧɨɝɨ ɩɪɟɫɫɨɜаɧɢя) 
ɫɮɟɪɢчɟɫɤɢɟ чаɫɬɢɰɵ UO2 ɪɟɤɨɦɟɧɞɭɸɬ ɩɨɤɪɵɬɶ ɨɤɢɫɶɸ ɛɟɪɢɥɥɢя.   ɋɦɟɫɶ   
ВɟɈ ɫ ɞɨɛаɜɤɨɣ  ɩɥаɫɬɢɮɢɤаɬɨɪа   ɢɡɦɟɥɶчаɸɬ    ɜ    ɦɟɬɢɥɨɜɨɦ ɫɩɢɪɬɟ, ɫɭɲаɬ 
ɢ ɩɪɨɫɟɢɜаɸɬ ɞɨ ɩɨɥɭчɟɧɢя ɞɢаɦɟɬɪа ɫɮɟɪɢчɟɫɤɢх чаɫɬɢɰ ~100 ɦɤɦ. Ɂаɬɟɦ 
ɨɩɪɟɞɟɥɟɧɧɨɟ ɤɨɥɢчɟɫɬɜɨ чаɫɬɢɰ UO2 ɩɪɨɦɵɜаɸɬ ɦɟɬɢɥɨɜɵɦ ɫɩɢɪɬɨɦ, 
ɫɭɲаɬ, ɡаɫɵɩаɸɬ ɜ ɫɦɟɫɢɬɟɥɶɧɵɣ ɛаɪаɛаɧ ɢ ɦɟɞɥɟɧɧɨ ɞɨɛаɜɥяɸɬ ɡаɪаɧɟɟ 
ɨɬɜɟɲɟɧɧɭɸ ВɟɈ (ɩɨɥɨɜɢɧɭ ɬɪɟɛɭɟɦɨɝɨ ɞɥя ɞɢɫɩɟɪɫɢɢ ɤɨɥɢчɟɫɬɜа), ɧɟ 
ɞɨɩɭɫɤая ɨɛɪаɡɨɜаɧɢя ɤɪɭɩɧɵх ɤɨɧɝɥɨɦɟɪаɬɨɜ. ɋɮɟɪɵ UO2, ɩɨɤɪɵɬɵɟ 
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ɨɤɢɫɶɸ ɛɟɪɢɥɥɢя, ɢɡɜɥɟɤаɸɬ, ɩɪɨɫɟɢɜаɸɬ ɞɨ ɞɢаɦɟɬɪа <400 ɦɤɦ, ɡаɬɟɦ ɫɧɨɜа 
ɡаɝɪɭɠаɸɬ ɜ ɫɦɟɫɢɬɟɥɶ ɢ ɜ ɧɟɝɨ ɞɨɛаɜɥяɸɬ (ɨɩяɬɶ ɩɨɫɬɟɩɟɧɧɨ) ɨɫɬаɥɶɧɨɟ 
ɤɨɥɢчɟɫɬɜɨ ВɟɈ. Ɉɤɨɧчаɬɟɥɶɧɨ ɩɨɤɪɵɬɵɟ ɫɮɟɪɵ ɩɪɟɫɫɭɸɬ ɩɪɢ ɞаɜɥɟɧɢɢ 1η0 
Ɇɇ/ɦ2, ɧаɝɪɟɜаɸɬ ɞɨ γ00°ɋ ɜ ɜаɤɭɭɦɟ ɞɥя ɭɞаɥɟɧɢя ɫɜяɡɭɸщɟɝɨ ɜɟщɟɫɬɜа ɢ 
ɫɩɟɤаɸɬ ~10 ч ɩɪɢ 1700—17η0°ɋ ɜ аɬɦɨɫɮɟɪɟ N2—ɇ2. 

В ɬаɛɥɢɰɟ ɉ.6.5 ɩɪɟɞɫɬаɜɥɟɧɵ хаɪаɤɬɟɪɢɫɬɢɤɢ ɪɟаɤɬɨɪɨɜ ɫ 
ɞɢɫɩɟɪɫɢɨɧɧɨɣ ɬɨɩɥɢɜɧɨɣ ɤɨɦɩɨɡɢɰɢɟɣ UO2—ВɟɈ. 

 

      Таɛɥɢɰа ɉ.6.5. 

 

 
 

Дɥя ɛɨɥɶɲɟɣ ɭɫɬɨɣчɢɜɨɫɬɢ ɫɢɫɬɟɦɵ ɦɨɠɧɨ ɡаɦɟɧɢɬɶ UO2 ɬɜɟɪɞɵɦ 
ɪаɫɬɜɨɪɨɦ UO2—ТhO2. 

А12Ɉ3, ɬаɤ ɠɟ ɤаɤ ВɟɈ, ɨɛɪаɡɭɟɬ ɫ UO2 ɷɜɬɟɤɬɢɤɭ ɩɪɢ 1900±10°ɋ; 
ɞɢɫɩɟɪɫɢя ɫɬɪɭɤɬɭɪɧɨ ɛɥɢɡɤа ɤ ВɟɈ—UO2, ɧɨ ɟщɟ ɦɟɧɟɟ ɭɫɬɨɣчɢɜа ɩɨɞ 
ɨɛɥɭчɟɧɢɟɦ. ɉɪɢ ɧɢɡɤɨɣ ɬɟɦɩɟɪаɬɭɪɟ ɢ ɩɨɬɨɤɟ ɧɟɣɬɪɨɧɨɜ <1∙ 10

26
 ɞɟɥ./ɦ3

 

(ɡɧачɢɬɟɥɶɧɨ ɦɟɧɶɲɟɦ, чɟɦ ɞɥя ɫɢɫɬɟɦɵ UO2—ВɟɈ) А12Ɉ3 ɬɟɪяɟɬ 
ɤɪɢɫɬаɥɥɢчɧɨɫɬɶ, ɫɬаɧɨɜɢɬɫя ɦɟɧɟɟ ɩɥɨɬɧɵɦ. Ɉɞɧаɤɨ ɫɢɫɬɟɦа UO2— А12Ɉ3 
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ɛɨɥɟɟ ɭɫɬɨɣчɢɜа ɩɨɞ ɨɛɥɭчɟɧɢɟɦ ɩɪɢ ɜɵɫɨɤɢх ɬɟɦɩɟɪаɬɭɪах. ɉɨɷɬɨɦɭ ɞɥя 
ɢɫɩɨɥɶɡɨɜаɧɢя ɩɪɢ ɜɵɫɨɤɢх ɬɟɦɩɟɪаɬɭɪах ɜɟɞɭɬ ɢɫɫɥɟɞɨɜаɧɢя ɬаɤɢх ɫɢɫɬɟɦ ɫ 
ɫɨɞɟɪɠаɧɢɟɦ ~20% UO2 ɜ ɦаɬɪɢɰɟ ɢɡ А12Ɉɡ. ɉɪɟɫɫɨɜаɧɢɟɦ ɢ cɩɟɤаɧɢɟɦ ɜ 
аɬɦɨɫɮɟɪɟ ɜɨɞɨɪɨɞа ɩɨɥɭчаɸɬ ɷɥɟɦɟɧɬɵ ɫ ɩɥɨɬɧɨɫɬɶɸ 98% ɬɟɨɪɟɬɢчɟɫɤɨɣ. 
 

6.4.3. Ⱦиɫɩеɪɫиɨɧɧые ɷɥеɦеɧты ɫ ɤеɪаɦиɱеɫɤиɦ тɨɩɥивɨɦ в ɝɪаɮитɨвɨɣ 
ɦатɪиɰе. 

Ɉɛɨɥɨчɤа – ɝɪаɮɢɬ; ɬɨɩɥɢɜɨ – UO2, UC, UC2, (UTh)C2; ɦаɬɪɢɰа – 

ɝɪаɮɢɬ. 

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜаɧɢɢ ɝаɡɨɨхɥаɠɞаɟɦɵх ɜɵɫɨɤɨɬɟɦɩɟɪаɬɭɪɧɵх ɪɟаɤ-

ɬɨɪɨɜ ɛɵɥ ɫɨɡɞаɧ ɫɨɜɟɪɲɟɧɧɨ ɧɨɜɵɣ ɜɢɞ ɬɜɷɥɨɜ - ɫɨɫɬɨящɢх ɢɡ ɨɬɞɟɥɶɧɵх 
ɨɤɢɫɧɵх ɢɥɢ ɤаɪɛɢɞɧɵх ɬɨɩɥɢɜɧɵх чаɫɬɢɰ (ɦɢɤɪɨчаɫɬɢɰ) ɫ ɩɨɤɪɵɬɢяɦɢ, 
ɞɢɫɩɟɪɫɢɨɧɧɨ ɪаɫɩɪɟɞɟɥяɟɦɵх ɜ ɝɪаɮɢɬɟ. Ƚɪаɮɢɬ ɨɞɧɨɜɪɟɦɟɧɧɨ ɜɵɩɨɥɧяɟɬ 
ɮɭɧɤɰɢɢ ɤɨɧɫɬɪɭɤɰɢɨɧɧɨɝɨ ɦаɬɟɪɢаɥа, ɡаɦɟɞɥɢɬɟɥя ɢ ɛаɪɶɟɪа ɞɥя ɩɪɨɞɭɤɬɨɜ 
ɞɟɥɟɧɢя. ɉɪɢ ɧаɥɢчɢɢ ɦаɥɨɝɨ ɫɟчɟɧɢя ɡахɜаɬа ɛɥаɝɨɞаɪя ɧɢɡɤɨɦɭ ɭɪɨɜɧɸ 
ɩаɪаɡɢɬɧɨɝɨ ɩɨɝɥɨщɟɧɢя ɧɟɣɬɪɨɧɨɜ ɨɛɟɫɩɟчɢɜаɸɬɫя ɜɵɫɨɤɢɟ ɭɞɟɥɶɧая 
ɦɨщɧɨɫɬɶ, ɫɬɟɩɟɧɶ ɜɵɝɨɪаɧɢя ɢ ɄɉД ɭɫɬаɧɨɜɤɢ. ɉɨɤɪɵɬɢя ɦɢɤɪɨчаɫɬɢɰ 
ɨɛɵчɧɨ ɫɨɫɬɨяɬ ɢɡ ɧɟɫɤɨɥɶɤɢх ɫɥɨɟɜ ɩɢɪɨɭɝɥɟɪɨɞа, ɢɧɨɝɞа чɟɪɟɞɭɸщɢхɫя ɫɨ 
ɫɥɨяɦɢ ɛɨɥɟɟ ɩɪɨчɧɵх ɢ ɦɟɧɟɟ ɩɪɨɧɢɰаɟɦɵх ɞɥя ɩɪɨɞɭɤɬɨɜ ɞɟɥɟɧɢя 
ɬɭɝɨɩɥаɜɤɢх ɤаɪɛɢɞɨɜ SiC. ɉɨɤɪɵɬɵɟ ɬɨɩɥɢɜɧɵɟ чаɫɬɢɰɵ, ɞɢɫɩɟɪɫɢɨɧɧɨ 
ɪаɫɩɪɟɞɟɥɟɧɧɵɟ ɜ ɝɪаɮɢɬɟ, ɢɫɩɨɥɶɡɭɸɬ ɜ ɞɜɭх ɨɫɧɨɜɧɵх ɜɢɞах ɬɜɷɥɨɜ — 

ɲаɪɨɜɵх ɢ ɩɪɢɡɦаɬɢчɟɫɤɢх.  

ɒаɪɨвые твɷɥы (ɪɢɫ. ɉ.6.11) [194, 203-206] ɢɡɝɨɬаɜɥɢɜаɸɬ ɜ ɜɢɞɟ 
ɩɨɥɵх ɲаɪɨɜ ɞɢаɦɟɬɪɨɦ ~3 - θ ɫɦ ɢɡ ɝɪаɮɢɬа ɧа ɫɩɟɰɢаɥɶɧɨɦ ɫɬаɧɤɟ; ɩɪɨɰɟɫɫ 
ɢɡɝɨɬɨɜɥɟɧɢя аɜɬɨɦаɬɢɡɢɪɨɜаɧ. Ʉаɤ ɜɢɞɧɨ ɢɡ ɪɢɫ. ɉ.6.10, ɦɟɬɨɞɵ ɡаɩɨɥɧɟɧɢя 
ɜɧɭɬɪɟɧɧɟɣ ɫɮɟɪɵ ɬɨɩɥɢɜɧɵɦɢ чаɫɬɢɰаɦɢ ɫ ɩɨɤɪɵɬɢяɦɢ ɪаɡɥɢчɧɵ ɜ 
ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɟɞɴяɜɥяɟɦɵх ɬɪɟɛɨɜаɧɢɣ, а ɜɧɟɲɧяя ɮɨɪɦа ɨɫɬаɟɬɫя 
ɫɮɟɪɢчɟɫɤɨɣ. Ɋаɡɦɟɪ ɲаɪɨɜɨɝɨ ɬɜɷɥа ɧɟ ɡаɜɢɫɢɬ ɨɬ ɪаɡɦɟɪа ɪɟаɤɬɨɪа, ɢ 
ɬɨɩɥɢɜɧɭɸ ɡаɝɪɭɡɤɭ ɨɛɵчɧɨ ɭɜɟɥɢчɢɜаɸɬ ɡа ɫчɟɬ ɭɜɟɥɢчɟɧɢя чɢɫɥа ɬɜɷɥɨɜ. 

Тɨɩɥɢɜɧɵɟ чаɫɬɢɰɵ ɜ ɨɛɨɥɨчɤɟ (ɫɦ. ɪɢɫ. ɉ.6.11а) ɪаɜɧɨɦɟɪɧɨ ɪаɫ-

ɩɪɟɞɟɥяɥɢ ɜ ɝɪаɮɢɬɨɜɨɦ ɩɨɪɨɲɤɟ ɫɨ ɫɜяɡɭɸщɢɦ ɜɟщɟɫɬɜɨɦ ɢ ɷɬɨɣ ɫɦɟɫɶɸ 
ɩɨɥɧɨɫɬɶɸ ɡаɩɨɥɧяɥɢ ɜɧɭɬɪɟɧɧɸɸ ɫɮɟɪɭ ɝɪаɮɢɬɨɜɵх ɲаɪɨɜ. ɉɨɫɥɟ 
ɡаɩɨɥɧɟɧɢя ɫɮɟɪɵ чаɫɬɢɰɵ ɭɩɥɨɬɧяɥɢ ɝɪаɮɢɬɨɜɵɦɢ ɩɪɨɛɤаɦɢ ɫ ɤɥɟɣɤɨɣ 
ɦаɫɫɨɣ ɢ ɞɥя ɤɨɤɫɨɜаɧɢя ɫɜяɡɭɸщɟɝɨ ɜɟщɟɫɬɜа ɧаɝɪɟɜаɥɢ. 

Тɨɩɥɢɜɧɵɟ чаɫɬɢɰɵ ɜ ɨɛɨɥɨчɤɟ (ɫɦ. ɪɢɫ. ɉ.6.11ɛ) ɧаɧɨɫɢɥɢɫɶ ɪаɜ-

ɧɨɦɟɪɧɵɦ ɫɥɨɟɦ ɬɨɥɶɤɨ ɧа ɜɧɭɬɪɟɧɧɸɸ ɩɨɜɟɪхɧɨɫɬɶ ɩɨɥɨɣ ɫɮɟɪɵ ɝɪа-

ɮɢɬɨɜɵх ɲаɪɨɜ, ɤɨɬɨɪɭɸ ɩɪɟɞɜаɪɢɬɟɥɶɧɨ ɩɨɤɪɵɜаɥɢ ɨчɟɧɶ ɬɨɧɤɢɦ ɫɥɨɟɦ 
ɤɥɟɣɤɨɣ ɝɪаɮɢɬɨɜɨɣ ɦаɫɫɵ. В ɨɬɜɟɪɫɬɢɟ ɜ ɫɬɟɧɤɟ ɲаɪа ɜɜɢɧчɢɜаɥɢ 
ɫɩɟɰɢаɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ, чɟɪɟɡ ɤɨɬɨɪɨɟ ɜɨ ɜɧɭɬɪɟɧɧɸɸ ɩɨɥɨɫɬɶ 
ɡаɩɪɟɫɫɨɜɵɜаɥɢ ɝɪаɮɢɬɨɜɭɸ ɦаɫɫɭ ɫɨ ɫɜяɡɭɸщɢɦ ɜɟщɟɫɬɜɨɦ (ɛɟɡ ɬɨɩɥɢɜɧɵх 
чаɫɬɢɰ). Ȼɥаɝɨɞаɪя ɬаɤɨɣ ɬɟхɧɨɥɨɝɢɢ ɰɟɧɬɪаɥɶɧая чаɫɬɶ ɬɜɷɥа ɧɟ ɫɨɞɟɪɠаɥа 
ɜɨɨɛщɟ ɬɨɩɥɢɜа. В ɷɬɨɦ ɫɥɭчаɟ ɬɟɦɩɟɪаɬɭɪɧɵɣ ɝɪаɞɢɟɧɬ ɦɟɧɶɲɟ, чɟɦ ɜ 
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ɩɟɪɜɨɦ ɬɜɷɥɟ (ɫɦ. ɪɢɫ. ɉ.6.11а), ɧɨ ɧɟɣɬɪɨɧɧɵɣ ɩɨɬɨɤ ɜ ɬɨɩɥɢɜɧɨɦ ɫɥɨɟ 
ɜɵɲɟ, чɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɤɨɪɨɛɥɟɧɢɸ. 
 

 

 
Ɋɢɫ. ɉ.6.11. ɒаɪɨɜɵɟ ɬɜɷɥɵ: 

а — ɩɨɥɵɣ ɝɪаɮɢɬɨɜɵɣ ɲаɪ, ɡаɩɨɥɧɟɧɧɵɣ ɩɨɤɪɵɬɵɦɢ ɬɨɩɥɢɜɧɵɦɢ чаɫɬɢɰаɦɢ ɜ ɫɦɟɫɢ ɫ 
ɩɨɪɨɲɤɨɦ ɝɪаɮɢɬа; ɛ — ɩɨɤɪɵɬɵɟ ɬɨɩɥɢɜɧɵɟ чаɫɬɢɰɵ ɪаɡɦɟщаɸɬɫя ɧа ɜɧɭɬɪɟɧɧɟɣ 
ɩɨɜɟɪхɧɨɫɬɢ ɩɨɥɨɣ ɫɮɟɪɵ ɝɪаɮɢɬɨɜɨɝɨ ɲаɪа, ɨɫɬаɥɶɧɨɣ ɨɛɴɟɦ ɜɧɭɬɪɟɧɧɟɣ ɩɨɥɨɣ ɫɮɟɪɵ 
ɡаɩɨɥɧяɸɬ ɝɪаɮɢɬɨɜɨɣ ɦаɫɫɨɣ; ɜ — ɫɦɟɫɶ ɬɨɩɥɢɜɧɵх чаɫɬɢɰ ɫ ɝɪаɮɢɬɨɜɵɦ ɩɨɪɨɲɤɨɦ ɜ 
ɜɢɞɟ ɲаɪɨɜɨɣ ɫɮɟɪɵ, ɨɤɪɭɠɟɧɧɨɣ (ɩɨɤɪɵɬɨɣ) ɧаɪɭɠɧɨɣ ɨɛɨɥɨчɤɨɣ ɢɡ ɝɪаɮɢɬɨɜɨɣ ɦаɫɫɵ; 
ɝ — ɫɦɟɫɶ ɬɨɩɥɢɜɧɵх чаɫɬɢɰ ɧаɧɨɫɢɬɫя ɩɪɟɫɫɨɜаɧɢɟɦ ɧа ɜɧɭɬɪɟɧɧɢɣ ɝɪаɮɢɬɨɜɵɣ ɲаɪ, а 
ɡаɬɟɦ ɬаɤɠɟ ɩɪɟɫɫɨɜаɧɢɟɦ (ɤаɤ ɧа ɪɢɫ. ɜ) ɧаɧɨɫɢɬɫя ɝɪаɮɢɬɨɜая ɨɛɨɥɨчɤа. 1 — ɜɵхɨɞ 
(ɫɬɵɤ) ɩɪɨɛɤɢ ɧа ɫɮɟɪɢчɟɫɤɭɸ ɩɨɜɟɪхɧɨɫɬɶ хɨɪɨɲɨ ɡаɞɟɥаɧ (ɡаɰɟɦɟɧɬɢɪɨɜаɧ); 2 — 

ɩɨɤɪɵɬɢɟ ɩɢɪɨɥɢɬɢчɟɫɤɢɦ ɭɝɥɟɪɨɞɨɦ ɤаɠɞɨɣ чаɫɬɢɰɵ (ɬɨɥщɢɧɨɣ ~100 ɦɤɦ); 3 — 

ɫɮɟɪɢчɟɫɤɢɟ ɬɨɩɥɢɜɧɵɟ чаɫɬɢɰɵ (≥ β0 ɦɤɦ); 4 — ɩɨɤɪɵɬɵɟ ɬɨɩɥɢɜɧɵɟ чаɫɬɢɰɵ, 
ɪаɫɩɪɟɞɟɥɟɧɧɵɟ ɜ ɝɪаɮɢɬɨɜɨɣ ɦаɬɪɢɰɟ; 5 — ɩɭɫɬɨɬɟɥɵɟ ɝɪаɮɢɬɨɜɵɟ ɲаɪɵ ɩɨɫɥɟ ɦɟха-

ɧɢчɟɫɤɨɣ ɨɛɪаɛɨɬɤɢ; 6 — ɝɪаɮɢɬɨɜая  ɦаɫɫа. 

 

ɒаɪɨɜɵɟ ɬɜɷɥɵ ɧа ɪɢɫ. ɉ.θ.11ɜ,ɝ ɩɨ ɬɟхɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢя ɨɬ-

ɥɢчаɸɬɫя ɨɬ ɩɟɪɜɵх ɞɜɭх; ɞɥя ɢх ɢɡɝɨɬɨɜɥɟɧɢя ɧɟ ɬɪɟɛɭɸɬɫя ɝɨɬɨɜɵɟ 
ɝɪаɮɢɬɨɜɵɟ ɲаɪɵ. ɉɨɤɪɵɬɵɟ ɬɨɩɥɢɜɧɵɟ чаɫɬɢɰɵ ɫɦɟɲɢɜаɸɬ ɫɨ ɫɩɟ-

ɰɢаɥɶɧɵɦ ɝɪаɮɢɬɨɜɵɦ ɩɨɪɨɲɤɨɦ; ɩɨɥɭчɟɧɧая ɦаɫɫа ɮɨɪɦɭɟɬɫя ɜ ɲаɪɨ-

ɨɛɪаɡɧɭɸ ɮɨɪɦɭ, ɨɛɪаɡɭя ɜɧɭɬɪɟɧɧɸɸ ɬɨɩɥɢɜɧɭɸ ɫɮɟɪɭ (ɞɢаɦɟɬɪɨɦ η0 ɦɦ). 
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Ɂаɬɟɦ ɷɬа ɜɧɭɬɪɟɧɧяя ɫɮɟɪа ɡаɤɥɸчаɟɬɫя ɜ ɧаɪɭɠɧɭɸ ɨɛɨɥɨчɤɭ ɢɡ 
ɝɪаɮɢɬɨɜɨɣ ɦаɫɫɵ, ɫɜɨɛɨɞɧɨɣ ɨɬ ɬɨɩɥɢɜа (ɬɨɥщɢɧɨɣ η ɦɦ). Дɥя ɥɭчɲɟɝɨ 
ɫɩɟɤаɧɢя ɢ ɭɥɭчɲɟɧɢя ɪаɞɢаɰɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ ɩɪɢɦɟɧяɸɬ ɦɟɥɶчаɣɲɢɣ 
ɩɨɪɨɲɨɤ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɝɪаɮɢɬа, ɨчɢщɟɧɧɨɝɨ ɞɨ ɜɟɫɶɦа ɦаɥɨɝɨ ɫɨɞɟɪɠаɧɢя 
ɡɨɥɵ ɢ ɛɨɪа. Дɥя ɞɨɫɬɢɠɟɧɢя ɞɨɫɬаɬɨчɧɨɣ ɦɟхаɧɢчɟɫɤɨɣ ɩɪɨчɧɨɫɬɢ 
ɞɨɛаɜɥяɸɬ ɩɨɪɨɲɨɤ ɷɥɟɤɬɪɨɝɪаɮɢɬа, а ɜ ɤачɟɫɬɜɟ ɫɜяɡɭɸщɟɝɨ ɜɟщɟɫɬɜа 
ɢɫɩɨɥɶɡɭɸɬ ɤаɦɟɧɧɨɭɝɨɥɶɧɭɸ ɫɦɨɥɭ. Дɥя ɨɛɥɟɝчɟɧɢя ɫɦɟɲɢɜаɧɢя ɢ 
ɪаɜɧɨɦɟɪɧɨɝɨ ɪаɫɩɪɟɞɟɥɟɧɢя ɫɦɨɥɵ ɩɪɢɦɟɧяɸɬ ɠɢɞɤɢɣ ɪаɫɬɜɨɪɢɬɟɥɶ 
(ɛɟɧɡɨɥ ɢɥɢ ɬɪɢхɥɨɪɷɬɢɥɟɧ, ɩɪɢчɟɦ ɩɨɫɥɟɞɧɢɣ ɛɨɥɟɟ ɩɪɢɟɦɥɟɦ, ɬаɤ ɤаɤ ɨɧ 
ɦɟɧɟɟ ɬɨɤɫɢчɟɧ ɢ ɦɟɧɟɟ ɜɨɫɩɥаɦɟɧяɟɦ). Вɫɟ ɷɬɢ ɫɨɫɬаɜɥяɸщɢɟ хɨɪɨɲɨ 
ɩɟɪɟɦɟɲɢɜаɸɬ, ɡаɥɢɜаɸɬ ɜ ɤаɭчɭɤɨɜɭɸ ɮɨɪɦɭ ɢ ɩɪɟɞɜаɪɢɬɟɥɶɧɨ 
ɨɩɪɟɫɫɨɜɵɜаɸɬ. ɉɨɥɭчɟɧɧɭɸ ɬɨɩɥɢɜɧɭɸ ɫɟɪɞɰɟɜɢɧɭ (ɞɢɫɩɟɪɫɢɸ ɩɨɤɪɵɬɵх 
ɬɨɩɥɢɜɧɵх чаɫɬɢɰ ɜ ɦаɬɪɢɰɟ ɢɡ ɝɪаɮɢɬа) ɩɨɦɟщаɸɬ ɜ ɞɪɭɝɢɟ ɤаɭчɭɤɨɜɵɟ 
ɮɨɪɦɵ ɫ ɬɟɦ ɠɟ ɝɪаɮɢɬɨɜɵɦ ɩɨɪɨɲɤɨɦ ɢ ɫɜяɡɤаɦɢ ɢ ɜɧɨɜɶ ɩɨɞɜɟɪɝаɸɬ 
ɩɪɟɫɫɨɜаɧɢɸ ɩɪɢ ɞаɜɥɟɧɢɢ ~γ00 Ɇɇ/ɦ2, ɜ ɪɟɡɭɥɶɬаɬɟ чɟɝɨ ɨɛɪаɡɭɟɬɫя 
ɜɧɟɲɧяя, ɫɜɨɛɨɞɧая ɨɬ ɬɨɩɥɢɜа ɡɨɧа. 

ɉɪɟɫɫɨɜаɧɧɵɟ ɬɜɷɥɵ ɩɨɞɜɟɪɝаɸɬ ɬɟɪɦɢчɟɫɤɨɣ ɨɛɪаɛɨɬɤɟ ɢ ɫɩɟɤаɧɢɸ. 
ɉɟɪɜɵɣ ɧаɝɪɟɜ ɞɨ 900°ɋ ɩɪɨɢɡɜɨɞяɬ ɞɥя ɤаɪɛɨɧɢɡаɰɢɢ ɫɦɨɥɵ, ɡаɬɟɦ ɬɜɷɥɵ 
ɨɤɨɧчаɬɟɥɶɧɨ ɨɛɟɡɝаɠɢɜаɸɬ ɢ ɫɩɟɤаɸɬ ɩɪɢ ɬɟɦɩɟɪаɬɭɪɟ 1800 - β000°ɋ. 
ɉɪɨɰɟɫɫ ɝɪаɮɢɬɢɡаɰɢɢ ɩɪɢ ɬаɤɢх ɬɟɦɩɟɪаɬɭɪах ɢɞɟɬ ɤɪаɣɧɟ ɦɟɞɥɟɧɧɨ. 
Ɉɛɵчɧɨ ɫɩɟɤаɧɢɟ ɩɪɢ ɝɪаɮɢɬɢɡаɰɢɢ ɩɪɨɢɫхɨɞɢɬ ɩɪɢ β700°ɋ, ɧɨ чаɫɬɢɰɵ ɫ 
ɩɨɤɪɵɬɢɟɦ ɧɟ ɜɵɞɟɪɠɢɜаɸɬ ɬаɤɨɣ ɬɟɦɩɟɪаɬɭɪɵ. 

Пɪиɡɦатиɱеɫɤие твɷɥы ɞɥя ɪɟаɤɬɨɪа ɬɪɟɬɶɟɝɨ ɩɨɤɨɥɟɧɢя HTGR (ɜɵ-

ɫɨɤɨɬɟɦɩɟɪаɬɭɪɧɨɝɨ ɝаɡɨɨхɥаɠɞаɟɦɨɝɨ ɪɟаɤɬɨɪа) ɢɡɝɨɬаɜɥɢɜаɸɬ, ɤаɤ ɢ 
ɲаɪɨɜɵɟ ɬɜɷɥɵ, ɢɡ ɩɨɤɪɵɬɵх чаɫɬɢɰ ɬɨɩɥɢɜа ɜ ɫɦɟɫɢ ɫ ɝɪаɮɢɬɨɜɵɦ 
ɩɨɪɨɲɤɨɦ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸщɢх ɧаɩɨɥɧɢɬɟɥɟɣ ɜ ɜɢɞɟ ɤɨɥɶɰɟɜɵх ɛɪɢɤɟɬɨɜ.  

Таɛɥɟɬɤɢ ɩɪɟɞɜаɪɢɬɟɥɶɧɨ ɫɭɲаɬ ɞɨ ɩɨɥɧɨɝɨ ɭɞаɥɟɧɢя ɬɪɢхɥɨɪɷɬɢɥɟɧа, 
а ɡаɬɟɦ ɩɪɟɫɫɭɸɬ ɧа ɫɩɟɰɢаɥɶɧɵх ɩɪɟɫɫах ɝɨɪячɟɝɨ ɩɪɟɫɫɨɜаɧɢя, ɤɨɬɨɪɨɟ 
ɩɪɨɜɨɞяɬ ɜ ɧɟɫɤɨɥɶɤɨ ɷɬаɩɨɜ ɩɪɢ ɦаɤɫɢɦаɥɶɧɨɣ ɬɟɦɩɟɪаɬɭɪɟ ~850

ɨɋ ɢ 
ɞаɜɥɟɧɢɢ ~γη Ɇɇ/ɦ2. ɉɨɥɭчɟɧɧɵɟ ɩɨɫɥɟ ɝɨɪячɟɝɨ ɩɪɟɫɫɨɜаɧɢя ɛɪɢɤɟɬɵ 
ɧаɝɪɟɜаɸɬ ɜ ɜаɤɭɭɦɟ ɩɪɢ 1800°ɋ ɫ ɰɟɥɶɸ ɩɨɥɧɨɝɨ ɭɞаɥɟɧɢя ɥɟɬɭчɢх 
ɤɨɦɩɨɧɟɧɬɨɜ b ɭɦɟɧɶɲɟɧɢя ɢɡɦɟɧɟɧɢɣ ɪаɡɦɟɪɨɜ ɩɪɢ ɩɨɫɥɟɞɭɸщɢх ɧаɝɪɟɜах. 

Ȼɪɢɤɟɬɵ ɦɨɠɧɨ ɢɡɝɨɬаɜɥɢɜаɬɶ ɜ ɜɢɞɟ ɤɨɦɩаɤɬɧɵх ɫɬɟɪɠɧɟɣ ɢ 
(ɤɨɥɶɰɟɜɵх) ɰɢɥɢɧɞɪɨɜ (ɪɢɫ. ɉ.θ.12). ɍɩаɤɨɜаɧɧɵɟ ɩɥɨɬɧɨ ɬɨɩɥɢɜɧɵɟ 
ɛɪɢɤɟɬɵ ɩɨɦɟщаɸɬ ɜ ɫɬɟɪɠɧях ɞɢаɦɟɬɪɨɦ η ɫɦ ɜ ɡаɡɨɪ ɦɟɠɞɭ ɞɜɭɦя 
ɝɪаɮɢɬɨɜɵɦɢ ɬɪɭɛаɦɢ ɬɨɥщɢɧɨɣ 0,γ ɫɦ. 

Дɥя хɨɪɨɲɟɣ ɪаɞɢаɰɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ ɝɪаɮɢɬ ɞɨɥɠɟɧ ɨɛɥаɞаɬɶ 
ɦаɤɫɢɦаɥɶɧɨ ɜɨɡɦɨɠɧɨɣ ɢɡɨɬɪɨɩɧɨɫɬɶɸ ɫɜɨɣɫɬɜ, чɬɨ ɬɪɭɞɧɟɟ ɨɫɭщɟɫɬɜɢɬɶ 
ɞɥя ɩɪɢɡɦаɬɢчɟɫɤɢх ɬɜɷɥɨɜ, чɟɦ ɞɥя ɲаɪɨɜɵх. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɜ ɫɥɭчаɟ 
ɩɪɢɡɦаɬɢчɟɫɤɢх ɬɜɷɥɨɜ (ɜ ɨɬɥɢчɢɟ ɨɬ ɲаɪɨɜɵх) ɬɟɦɩɟɪаɬɭɪɭ ɝɪаɮɢɬɢɡаɰɢɢ ɜ 
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ɨɛɴɟɦɟ, ɝɞɟ ɢɦɟɟɬɫя ɝɪаɮɢɬ, ɦɨɠɧɨ ɩɨɞɧяɬɶ ɞɨ ɧɨɪɦаɥɶɧɨɣ ɢ ɬаɤɢɦ ɩɭɬɟɦ 
ɩɨɥɭчɢɬɶ ɛɨɥɟɟ ɩɪɨчɧɵɣ ɦаɬɟɪɢаɥ. 
 

 
 

Ɋɢɫ. ɉ.6.12. ɉɪɢɡɦаɬɢчɟɫɤɢɣ ɬɜɷɥ ɞɥя ɪɟаɤɬɨɪа HTGR: 

а - ɜɢɞ ɫɜɟɪхɭ; ɛ - ɫɟчɟɧɢɟ А—А; ɜ - ɬɨɩɥɢɜɧɵɣ ɫɬɟɪɠɟɧɶ (ɩɨɤɪɵɬɵɟ ɦɢɤɪɨɬɜɷɥɵ, ɪаɫɩɪɟ-

ɞɟɥɟɧɧɵɟ ɜ ɝɪаɮɢɬɟ); 1- ɨɬɜɟɪɫɬɢɟ (ø β1 ɦɦ) ɞɥя ɬɟɩɥɨɧɨɫɢɬɟɥя (θθ ɨɬɜɟɪɫɬɢɣ); 2 - ɨɬɜɟɪ-

ɫɬɢɟ (ø 18 ɦɦ) ɞɥя ɬɟɩɥɨɧɨɫɢɬɟɥя (θ ɨɬɜɟɪɫɬɢɣ); γ - ɨɬɜɟɪɫɬɢɟ (ø 1β,7 ɦɦ) ɞɥя 
ɜɵɝɨɪаɸщɟɝɨ ɩɨɝɥɨɬɢɬɟɥя (θ ɨɬɜɟɪɫɬɢɣ); 4 - ɨɬɜɟɪɫɬɢɟ (ø 1η,9 ɦɦ) ɞɥя ɬɨɩɥɢɜа (1γβ 
ɨɬɜɟɪɫɬɢя); η - ɨɬɜɟɪɫɬɢɟ ɞɥя ɦаɧɢɩɭɥяɬɨɪа ɜɵɝɪɭɡɤɢ ɬɨɩɥɢɜа; η - ɬɨчɤɢ ɤɪɟɩɥɟɧɢя (γ 
ɬɨчɤɢ); 7 - ɩɨɬɨɤ ɝɟɥɢя; 8 - ɤаɧаɥ ɞɥя ɬɨɩɥɢɜɧɵх ɫɬɟɪɠɧɟɣ; 9 - ɤаɧаɥ ɞɥя ɬɟɩɥɨɧɨɫɢɬɟɥя; 10 

- ɫɬɟɪɠɟɧɶ ɜɵɝɨɪаɸщɟɝɨ ɩɨɝɥɨɬɢɬɟɥя; 11 - ɰɟɦɟɧɬɧɨ-ɝɪаɮɢɬɨɜая ɩɪɨɛɤа;  12 – ɝɪаɮɢɬ. 

 

В ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɨɟɤɬɨɦ «Дɪаɝɨɧ» ɬɨɩɥɢɜɧɵɟ чаɫɬɢɰɵ ɫ ɩɨɤɪɵɬɢɟɦ 
ɜɜɨɞяɬ ɜ ɝɪаɮɢɬɨɜɭɸ ɦаɬɪɢɰɭ ɜ ɜɢɞɟ ɩɥɨɬɧɨɫɩɪɟɫɫɨɜаɧɧɵх ɛɪɢɤɟɬɨɜ, 
ɤɨɬɨɪɵɟ ɨɬɥɢчаɸɬɫя ɞɨɫɬаɬɨчɧɨɣ ɪаɞɢаɰɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɶɸ. 

ɉɪɢ ɨɰɟɧɤɟ ɫɬаɛɢɥɶɧɨɫɬɢ ɬɜɷɥɨɜ, ɫɨɫɬɨящɢх ɢɡ ɩɨɤɪɵɬɵх ɬɨɩɥɢɜɧɵх 
чаɫɬɢɰ, ɞɢɫɩɟɪɝɢɪɨɜаɧɧɵх ɜ ɝɪаɮɢɬɨɜɨɣ ɦаɬɪɢɰɟ, ɧɟɨɛхɨɞɢɦɨ ɭчɢɬɵɜаɬɶ 
ɫɥɟɞɭɸщɟɟ. 

ɉɨɞ ɞɟɣɫɬɜɢɟɦ ɨɛɥɭчɟɧɢя ɝɪаɮɢɬ ɥɢɛɨ ɞаɟɬ ɭɫаɞɤɭ, ɥɢɛɨ ɪаɫɲɢɪяɟɬɫя ɜ 
ɡаɜɢɫɢɦɨɫɬɢ ɨɬ хаɪаɤɬɟɪа аɧɢɡɨɬɪɨɩɢɢ ɟɝɨ ɫɜɨɣɫɬɜ, ɨɛɭɫɥɨɜɥɟɧɧɨɣ ɫɩɨɫɨɛɨɦ 
ɢɡɝɨɬɨɜɥɟɧɢя. ɋɤɨɪɨɫɬɶ ɢɡɦɟɧɟɧɢя ɪаɡɦɟɪɨɜ ɭɜɟɥɢчɢɜаɟɬɫя ɫ ɭɜɟɥɢчɟɧɢɟɦ 
ɬɟɦɩɟɪаɬɭɪɵ. ɉɪɢ ɧаɥɢчɢɢ ɜ ɝɪаɮɢɬɟ ɝɪаɞɢɟɧɬа ɬɟɦɩɟɪаɬɭɪ ɫɬɟɩɟɧɢ 
ɪаɫɲɢɪɟɧɢя ɢ ɫɠаɬɢя ɛɭɞɭɬ ɧɟɨɞɢɧаɤɨɜɵ, чɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɩɨяɜɥɟɧɢɸ 
ɦɟхаɧɢчɟɫɤɢх ɩɨɜɪɟɠɞɟɧɢɣ ɪаɡɥɢчɧɨɝɨ ɪаɡɦɟɪа ɢ ɡɧаɤа. 
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Ɋɢɫ. ɉ.6.13. «Эɮɮɟɤɬ аɦɟɛɵ»: 
а - ɦɢɤɪɨɫɬɪɭɤɬɭɪа ɬɨɩɥɢɜɧɵх чаɫɬɢɰ ɤаɪɛɢɞɧɨɝɨ    ɬɨɩɥɢɜа,    ɢɥɥɸɫɬɪɢɪɭɸщая    
ɷɮɮɟɤɬ;   6 - ɜɟɪɨяɬɧая  ɫхɟɦа  ɷɮɮɟɤɬа   ɞɥя ɨɤɢɫɧɨɝɨ ɬɨɩɥɢɜа. 
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Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɢ ɧаɝɪɟɜɟ ɞɨ ɜɵɫɨɤɢх ɬɟɦɩɟɪаɬɭɪ ɢ ɧаɥɢчɢɢ ɬɟɦ-

ɩɟɪаɬɭɪɧɨɝɨ ɝɪаɞɢɟɧɬа ɭɝɥɟɪɨɞ ɢɡ ɩɨɤɪɵɬɢя ɫ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪаɬɭɪɨɣ 
ɩɟɪɟɧɨɫɢɬɫя ɜ хɨɥɨɞɧɭɸ чаɫɬɶ ɢ ɜɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɬɨɩɥɢɜɧɵɟ чаɫɬɢɰɵ 
ɩɟɪɟɦɟщаɸɬɫя ɤ ɝɨɪячɟɣ ɫɬɨɪɨɧɟ ɩɨɤɪɵɬɢя. Эɬɨ ɩɟɪɟɦɟщɟɧɢɟ чаɫɬɢɰ ɤ 
ɨɛɥаɫɬɢ ɫ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪаɬɭɪɨɣ ɩɨɥɭчɢɥɨ ɧаɡɜаɧɢɟ «ɷɮɮɟɤɬ аɦɟɛɵ» 
(ɪɢɫ. ɉ.6.13). 

ɉɪɨɰɟɫɫ ɦɢɝɪаɰɢɢ ɤɨɧɬɪɨɥɢɪɭɟɬɫя ɞɢɮɮɭɡɢɟɣ ɭɝɥɟɪɨɞа ɜ UC2 ɢ 
ɨɫɨɛɟɧɧɨ ɬɟɪɦɢчɟɫɤɢɦ ɝɪаɞɢɟɧɬɨɦ.  

«Эɮɮɟɤɬ аɦɟɛɵ» ɩɪɨяɜɥяɟɬɫя ɜ ɤаɪɛɢɞɧɨɦ ɬɨɩɥɢɜɟ (ɫɦ. ɪɢɫ. ɉ.6.13а), 

ɩɪɢчɟɦ ɫɢɥɶɧɟɟ ɜ Тhɋ2, чɟɦ ɜ UC2. В ɨɤɢɫɧɨɦ ɬɨɩɥɢɜɟ ɷɮɮɟɤɬ ɦɟɧɟɟ 
ɜɟɪɨяɬɟɧ, ɧɨ ɩɪɟɞɩɨɥаɝаɸɬ, чɬɨ ɨɧ ɜɨɡɦɨɠɟɧ (ɫɦ. ɪɢɫ. ɉ.6.13ɛ). Ɇɨɠɧɨ 
ɞɨɩɭɫɬɢɬɶ ɬɪɢ ɦɟхаɧɢɡɦа ɩɟɪɟɧɨɫа ɦаɫɫ ɜ ɨɛɴɟɦɟ ɢɥɢ ɩɨ ɝɪаɧɢɰаɦ ɡɟɪɟɧ ɜ 
ɨɤɢɫɥɟ: 1) ɞɢɮɮɭɡɢя ɩɨ ɨɛɴɟɦɭ ɡɟɪɟɧ ɬаɤɢх ɷɥɟɦɟɧɬɨɜ, ɤаɤ ɭɝɥɟɪɨɞ; β) 
ɝаɡɨɜая ɞɢɮɮɭɡɢя ɭɝɥɟɪɨɞа ɩɨ ɝɪаɧɢɰаɦ ɡɟɪɟɧ ɜ ɜɢɞɟ ɋɈ ɢ γ) ɝаɡɨɜая 
ɞɢɮɮɭɡɢя ɫɨɟɞɢɧɟɧɢɣ ɭɝɥɟɪɨɞа ɩɨ ɝɪаɧɢɰаɦ ɡɟɪɟɧ. Ʉɢɫɥɨɪɨɞ ɬаɤɠɟ ɦɨɠɟɬ 
ɦɢɝɪɢɪɨɜаɬɶ ɡа ɫчɟɬ ɝаɡɨɜɨɣ ɞɢɮɮɭɡɢɢ: ɜ ɜɢɞɟ ɋɈ2 ɩɪɢ ɧаɥɢчɢɢ 
ɬɟɦɩɟɪаɬɭɪɧɨɝɨ ɝɪаɞɢɟɧɬа ɢɥɢ Ɉ2-

 (ɢɨɧа ɤɢɫɥɨɪɨɞа) ɩɪɢ ɨɛɴɟɦɧɨɣ ɞɢɮɮɭɡɢɢ. 

Дɥя ɭɦɟɧɶɲɟɧɢя ɷɬɨɝɨ ɷɮɮɟɤɬа ɨɤаɡɵɜаɟɬɫя ɛɥаɝɨɩɪɢяɬɧɨɣ ɞɨɛаɜɤа аɡɨɬа. 
ɋɤɨɪɨɫɬɶ ɦɢɝɪаɰɢɢ чаɫɬɢɰɵ ɢɡ U(CN) ɧа ɩɨɪяɞɨɤ ɦɟɧɶɲɟ, чɟɦ ɞɥя UC2. 

 

П.6.5. ȾИɋПЕɊɋИɈННȺə ɋИɋɌЕɆȺ U—Mg. 
Ɉɛɨɥɨчɤа – Al, ɧɟɪɠаɜɟɸщая ɫɬаɥɶ ɢɥɢ ɰɢɪɤаɥɥɨɣ; ɬɨɩɥɢɜɨ – U ɢ ɟɝɨ 

ɫɩɥаɜɵ; ɦаɬɪɢɰа – Mg ɢ ɟɝɨ ɫɩɥаɜɵ. 

ɉɪɢɦɟɧɟɧɢɟ ɦаɝɧɢя ɤаɤ ɦаɬɪɢɰɵ ɞɥя ɞɢɫɩɟɪɫɢɨɧɧɨɣ ɫɢɫɬɟɦɵ 
ɩɪɟɞɩɨɥаɝаɥɨ ɢɫɩɨɥɶɡɨɜаɧɢɟ ɧɟɨɛɨɝащɟɧɧɨɝɨ ɭɪаɧа ɜ ɤачɟɫɬɜɟ яɞɟɪɧɨɝɨ 
ɝɨɪɸчɟɝɨ, ɬаɤ ɤаɤ ɦаɝɧɢɣ ɨɛɥаɞаɟɬ ɦаɥɵɦ ɫɟчɟɧɢɟɦ ɡахɜаɬа ɧɟɣɬɪɨɧɨɜ ɢ «ɧɟ 
ɜɡаɢɦɨɞɟɣɫɬɜɭɟɬ ɫ ɭɪаɧɨɦ ɧɢ ɜ ɬɜɟɪɞɨɦ ɫɨɫɬɨяɧɢɢ, ɧɢ ɜ ɠɢɞɤɨɦ, чɬɨ 
яɜɥяɟɬɫя ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵх ɬɪɟɛɨɜаɧɢɣ ɤ ɞɢɫɩɟɪɫɢɨɧɧɵɦ ɫɢɫɬɟɦаɦ. 

Ɉɞɧаɤɨ ɢɫɩɨɥɶɡɨɜаɧɢɟ ɷɬɨɣ ɞɢɫɩɟɪɫɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ɧɟ ɞаɥɨ ɨɠɢ-

ɞаɟɦɵх ɪɟɡɭɥɶɬаɬɨɜ, ɢ ɨɛɪаɡɰɵ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɨɛɥɭчɟɧɢя ɛɵɥɢ ɧɟɫɬаɛɢɥɶɧɵ. 
ɋɧачаɥа ɷɬɨ ɨɛɟɫɤɭɪаɠɢɜаɥɨ ɢɫɫɥɟɞɨɜаɬɟɥɟɣ, ɬаɤ ɤаɤ ɧаɥɢɰɨ ɢɦɟɥаɫɶ 
ɢɞɟаɥɶɧая ɞɢɫɩɟɪɫɢɨɧɧая ɫɢɫɬɟɦа, ɢ ɨɛɨɥɨчɤа (ɩɟɪɜɨɧачаɥɶɧɨ ɢɡ аɥɸɦɢɧɢя) 
ɛɵɥа ɩɥаɫɬɢчɧа. В ɞаɥɶɧɟɣɲɟɦ ɨɤаɡаɥɨɫɶ, чɬɨ ɛɨɥɶɲɢɟ ɨɛɴɟɦɧɵɟ ɢɡɦɟɧɟɧɢя, 
ɩɪɨɢɫхɨɞящɢɟ ɜ яɞɟɪɧɨɦ ɝɨɪɸчɟɦ, ɧɟ ɫɞɟɪɠɢɜаɥɢɫɶ ɩɥаɫɬɢчɧɨɣ ɦаɬɪɢɰɟɣ. 
Эɬɭ ɪɨɥɶ ɞɨɥɠɧа ɛɵɥа ɩɪɢɧяɬɶ ɧа ɫɟɛя ɨɛɨɥɨчɤа, а аɥɸɦɢɧɢɟɜая ɨɛɨɥɨчɤа 
ɬɨɠɟ ɨɤаɡаɥаɫɶ ɧɟɞɨɫɬаɬɨчɧɨ ɩɪɨчɧɨɣ. 

Ɇɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, чɬɨ ɩɨ ɞɨɫɬɢɠɟɧɢɢ ɜɵɫɨɤɢх ɬɟɦɩɟɪаɬɭɪ ɦаɝɧɢɣ 
ɛɭɞɟɬ ɢɫɩаɪяɬɶɫя, ɢ ɩɨɫɤɨɥɶɤɭ ɨɧ ɧɟ ɞɢɮɮɭɧɞɢɪɭɟɬ чɟɪɟɡ ɭɪаɧ,  ɨɧ ɛɭɞɟɬ 
ɫɨɛɢɪаɬɶɫя ɜ ɩɭɡɵɪɶɤɢ ɢ ɜɟɫɬɢ ɫɟɛя ɩɨɞɨɛɧɨ ɝаɡɨɨɛɪаɡɧɵɦ ɩɪɨɞɭɤɬаɦ 
ɞɟɥɟɧɢя, ɭɜɟɥɢчɢɜая ɪаɫɩɭхаɧɢɟ. ɉɪɢɦɟɧɟɧɢɟ ɞɥя ɷɬɨɣ ɫɢɫɬɟɦɵ ɛɨɥɟɟ 
ɩɪɨчɧɨɣ ɨɛɨɥɨчɤɢ ɢɡ ɰɢɪɤɨɧɢя, ɧɟɪɠаɜɟɸщɟɣ ɫɬаɥɢ ɢ ɩɪ. ɞаɥɨ 
ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɟ ɪɟɡɭɥɶɬаɬɵ.  
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ɉɨɫɥɟ ɷɬɨɝɨ ɫɬаɥɨ яɫɧɨ, чɬɨ ɧɟɞɨɫɬаɬɨчɧɨ ɢɦɟɬɶ ɦаɬɪɢɰɭ, ɫɨɜɦɟɫɬɢɦɭɸ 
ɫ яɞɟɪɧɵɦ ɝɨɪɸчɢɦ: ɷɬа ɦаɬɪɢɰа ɞɨɥɠɧа ɛɵɬɶ ɞɨɫɬаɬɨчɧɨ ɩɪɨчɧɨɣ, чɬɨɛɵ 
ɫɞɟɪɠɢɜаɬɶ ɨɛɴɟɦɧɨɟ ɢɡɦɟɧɟɧɢɟ ɬɨɩɥɢɜа. Дɥя ɭɜɟɥɢчɟɧɢя ɪаɞɢаɰɢɨɧɧɨɣ 
ɫɬɨɣɤɨɫɬɢ ɠɟɥаɬɟɥɶɧɨ ɜɦɟɫɬɨ ɦɟɬаɥɥɢчɟɫɤɨɝɨ ɭɪаɧа ɩɪɢɦɟɧɢɬɶ ɛɨɥɟɟ 
ɩɪɨчɧɵɣ ɬɨɩɥɢɜɧɵɣ ɫɩɥаɜ, ɤаɤ ɷɬɨ ɫɞɟɥаɧɨ ɞɥя ɬɜɷɥɨɜ ɪɟаɤɬɨɪа  ɩɟɪɜɨɣ ɜ 
ɦɢɪɟ аɬɨɦɧɨɣ ɷɥɟɤɬɪɨɫɬаɧɰɢɢ, ɝɞɟ ɞɢɫɩɟɪɫɢɨɧɧая ɫɦɟɫɶ ɫɨɫɬɨɢɬ ɢɡ ɫɩɥаɜа 
U—9% Ɇɨ ɢ 1β% Ɇg. ɋ ɷɬɨɣ ɰɟɥɶɸ ɢɧɨɝɞа ɜɦɟɫɬɨ чɢɫɬɨɝɨ ɦаɝɧɢя 
ɩɪɢɦɟɧяɸɬ ɤаɤɨɣ-ɥɢɛɨ ɩɪɨчɧɵɣ ɟɝɨ ɫɩɥаɜ (ɧаɩɪɢɦɟɪ, ɫɩɥаɜ ɫ ɞɨɛаɜɤɨɣ 
ɤɪɟɦɧɢя), а ɞɥя ɨɛɨɥɨчɤɢ ɢɫɩɨɥɶɡɭɸɬ ɧɟɪɠаɜɟɸщɭɸ ɫɬаɥɶ ɢɥɢ ɰɢɪɤаɥɥɨɣ. 

Аɧаɥɢɡ ɞɢɫɩɟɪɫɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ɭɪаɧ — ɦаɝɧɢɣ ɩɨɞɬɜɟɪɠɞаɟɬ ɦɧɟɧɢɟ, 
чɬɨ ɠɟɫɬɤая ɩɪɨчɧая ɨɛɨɥɨчɤа (ɫɩɥаɜɵ ɰɢɪɤɨɧɢя, ɧɟɪɠаɜɟɸщая ɫɬаɥɶ ɢ ɩɪ. 
ɜɦɟɫɬɨ ɩɥаɫɬɢчɧɨɝɨ аɥɸɦɢɧɢя) ɦɨɠɟɬ ɫɞɟɪɠɢɜаɬɶ ɪаɫɩɭхаɧɢɟ. В ɬаɛɥɢɰɟ 
ɉ.θ.θ  ɩɪɟɞɫɬаɜɥɟɧɵ ɭɫɥɨɜɢя ɷɤɫɩɥɭаɬаɰɢɢ ɭɪаɧ-ɦаɝɧɢɟɜɨɝɨ ɞɢɫɩɟɪɫɢɨɧɧɨɝɨ 
яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа. 
 

П.6.6. ȾИɋПЕɊɋИɈННȺə ɋИɋɌЕɆȺ ɋ ɋЕɊȾЕɑНИɄɈɆ ИɁ UO2, 

U3Ɉ8, UC И ɋПЛȺȼɈȼ U—A1 ȼ ɆȺɌɊИɐЕ ИɁ ȺЛɘɆИНИə ИЛИ ЕȽɈ 
ɋПЛȺȼɈȼ. 

Ɉɛɨɥɨчɤа – Al ɢɥɢ ɟɝɨ ɫɩɥаɜɵ; ɬɨɩɥɢɜɨ – UO2, U3Ɉ8, UC ɢ ɫɩɥаɜɵ U—
Аl; ɦаɬɪɢɰа – Al ɢɥɢ ɟɝɨ ɫɩɥаɜɵ. 

Аɥɸɦɢɧɢɣ ɩɨ ɫɜɨɢɦ ɮɢɡɢчɟɫɤɢɦ ɢ ɬɟхɧɨɥɨɝɢчɟɫɤɢɦ ɫɜɨɣɫɬɜаɦ — 

ɨɞɢɧ ɢɡ ɧаɢɛɨɥɟɟ ɩɨɞхɨɞящɢх ɦаɬɪɢчɧɵх ɦаɬɟɪɢаɥɨɜ ɜ ɞɢɫɩɟɪɫɢɨɧɧɨɣ 
ɫɢɫɬɟɦɟ, ɧɨ ɫɨɡɞаɬɶ ɞɢɫɩɟɪɫɢɨɧɧɭɸ ɫɢɫɬɟɦɭ ɢɡ чɢɫɬɵх U ɢ Аl, ɝɞɟ ɛɵ ɭɪаɧ 
яɜɥяɥɫя яɞɟɪɧɵɦ ɝɨɪɸчɢɦ, а аɥɸɦɢɧɢɣ - ɦаɬɪɢɰɟɣ, ɧɟ ɩɪɟɞɫɬаɜɥяɟɬɫя 
ɜɨɡɦɨɠɧɵɦ, ɬаɤ ɤаɤ ɭɪаɧ ɪɟаɝɢɪɭɟɬ ɫ аɥɸɦɢɧɢɟɦ, ɨɛɪаɡɭя ɢɧɬɟɪɦɟɬаɥɥɢɞɵ. 

Дɥя ɢɫɫɥɟɞɨɜаɬɟɥɶɫɤɢх ɪɟаɤɬɨɪɨɜ ɩɪɢɦɟɧяɸɬ ɭɪаɧ-аɥɸɦɢɧɢɟɜɨɟ 
ɬɨɩɥɢɜɨ ɜ ɜɢɞɟ ɥɢɬɨɝɨ, а ɡаɬɟɦ ɩɪɨɤаɬаɧɧɨɝɨ ɫɩɥаɜа ɭɪаɧа ɫ аɥɸɦɢɧɢɟɦ, 
ɫɨɞɟɪɠащɟɝɨ ɞɨ βη% ɍ. ɍɜɟɥɢчɟɧɢɟ ɜ ɷɬɢх ɫɩɥаɜах ɩɪɨɰɟɧɬɧɨɝɨ ɫɨɞɟɪɠаɧɢя 
ɭɪаɧа ɜɟɞɟɬ ɤ ɩɨɜɵɲɟɧɢɸ ɢх ɬɜɟɪɞɨɫɬɢ, а ɜ ɫɜяɡɢ ɫ ɷɬɢɦ ɢ ɤ ɩɨɜɵɲɟɧɢɸ 
хɪɭɩɤɨɫɬɢ, чɬɨ ɡаɬɪɭɞɧяɟɬ ɩɪɨɰɟɫɫ ɢɡɝɨɬɨɜɥɟɧɢя ɬɨɩɥɢɜɧɵх ɩɥаɫɬɢɧ 
ɦɟɬɨɞɨɦ ɩɪɨɤаɬɤɢ. Дɢɫɩɟɪɫɢɨɧɧая ɠɟ ɫɢɫɬɟɦа ɩɨɡɜɨɥяɟɬ ɢɫɩɨɥɶɡɨɜаɬɶ ɷɬɢ 
ɫɩɥаɜɵ ɫ ɛɨɥɶɲɢɦ ɫɨɞɟɪɠаɧɢɟɦ ɭɪаɧа, ɞɥя чɟɝɨ ɜ ɫɟɪɞɟчɧɢɤ ɞɢɫɩɟɪɫɢɨɧɧɨɝɨ 
ɬɜɷɥа ɡаɤɥаɞɵɜаɸɬ ɩɨчɬɢ ɥɸɛɵɟ ɫɨɫɬаɜɵ ɷɬɢх ɫɩɥаɜɨɜ. В ɬаɛɥɢɰɟ ɉ.6.7 

ɩɪɟɞɫɬаɜɥɟɧɵ ɭɫɥɨɜɢя ɷɤɫɩɥɭаɬаɰɢɢ ɭɪаɧ-аɥɸɦɢɧɢɟɜɨɝɨ ɞɢɫɩɟɪɫɢɨɧɧɨɝɨ 
яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа. 

Дɢɫɩɟɪɫɢɨɧɧɵɟ ɫɢɫɬɟɦɵ UO2—А1 ɢɫɫɥɟɞɨɜаɧɵ ɞɨɫɬаɬɨчɧɨ ɲɢɪɨɤɨ. В 
ɞаɧɧɨɣ ɫɢɫɬɟɦɟ ɧа ɩɪɨчɧɨɫɬɶ ɢɡɞɟɥɢя ɫɢɥɶɧɨ ɜɥɢяɟɬ ɪаɡɦɟɪ ɩɪɢɦɟɧяɟɦɵх 
ɩɨɪɨɲɤɨɜ. ɂɫɫɥɟɞɨɜаɧɢя ɩɨɤаɡаɥɢ, чɬɨ ɪаɡɦɟɪ чаɫɬɢɰ аɥɸɦɢɧɢя ɞɨɥɠɟɧ 
ɛɵɬɶ <θ0 ɦɤɦ, а UO2 - ɨɬ 7η ɞɨ 1η0 ɦɤɦ. ɋɨɞɟɪɠаɧɢɟ ɦɟɥɤɢх ɡɟɪɟɧ UO2 

(ɪаɡɦɟɪɨɦ 1 ɦɤɦ) ɜɟɞɟɬ ɤ ɪаɫɬɪɟɫɤɢɜаɧɢɸ ɢɡɞɟɥɢɣ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ 
(ɩɪɨɤаɬɤɟ), а ɩɪɢ ɧаɥɢчɢɢ ɤɪɭɩɧɵх ɡɟɪɟɧ ɞɨɩɭɫɤаɟɬɫя ɞаɠɟ γ0%-ɧɨɟ 
ɨɛɴɟɦɧɨɟ ɨɛɠаɬɢɟ ɛɟɡ ɨɛɪаɡɨɜаɧɢя ɞɟɮɟɤɬɨɜ. В ɪяɞɟ ɢɫɫɥɟɞɨɜаɧɢɣ 
ɭɫɬаɧɨɜɥɟɧɨ, чɬɨ UO2 ɢ А1 ɧɟ ɪɟаɝɢɪɭɸɬ ɦɟɠɞɭ ɫɨɛɨɣ ɞɨ θ00°ɋ, ɧɨ ɩɪɢ β4-
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чаɫɨɜɨɣ ɜɵɞɟɪɠɤɟ ɩɪɢ ɷɬɨɣ ɬɟɦɩɟɪаɬɭɪɟ ɩɪɨɢɫхɨɞɢɬ ɜɡаɢɦɨɞɟɣɫɬɜɢɟ ɫ 
ɨɛɪаɡɨɜаɧɢɟɦ UА12, UА13, UА14 ɢ А12Ɉ3. 

 

       Таɛɥɢɰа ɉ.6.7 

 
 

Ɉɛɴɟɦ ɞɢɫɩɟɪɫɢɢ ɢɡɦɟɧяɟɬɫя ɧа β0—γ0% ɤаɤ ɜ ɪаɛɨчɢх ɭɫɥɨɜɢях ɜ 
ɪɟаɤɬɨɪɟ, ɬаɤ ɢ ɜ ɩɪɨɰɟɫɫɟ ɬɟхɧɨɥɨɝɢчɟɫɤɨɝɨ ɢɡɝɨɬɨɜɥɟɧɢя. ȿɫɥɢ ɠɟ ɜɦɟɫɬɨ 
UO2 ɩɪɢɦɟɧɢɬɶ U3Ɉ8, ɬɨ ɡа γ000 ч ɩɪɢ θ00°ɋ ɢɡɦɟɧɟɧɢɟ ɫɨɫɬаɜɢɬ ɬɨɥɶɤɨ 4%. 

Дɥя ɭɥɭчɲɟɧɢя ɪаɛɨɬɵ ɫɢɫɬɟɦɵ UO2—А1ɢ ɫɬаɛɢɥɢɡаɰɢɢ аɥɸɦɢɧɢя 

ɧɟɦɟɰɤɢɟ ɭчɟɧɵɟ ɩɪɟɞɥɨɠɢɥɢ ɩɨɤɪɵɜаɬɶ ɩɨɜɟɪхɧɨɫɬɶ аɥɸɦɢɧɢɟɜɵх  
ɩɨɪɨɲɤɨɜ  ɫɥɨɟɦ   ɧɢɬɪɢɞа.  ɋɥɨɣ  ɧɢɬɪɢɞа   ɩɨɥɭчаɸɬ  ɨɛɪаɛɨɬɤɨɣ ɩɨɪɨɲɤа 
аɥɸɦɢɧɢя ɜ ɝаɡɨɜɨɣ ɢɥɢ ɠɢɞɤɨɣ ɮаɡɟ ɜɟщɟɫɬɜаɦɢ, ɫɨɞɟɪɠащɢɦɢ аɡɨɬ. 
ɉɨɪɨɲɨɤ аɥɸɦɢɧɢя, ɩɨɤɪɵɬɵɣ ɫɥɨɟɦ ɧɢɬɪɢɞа, ɫɦɟɲɢɜаɸɬ ɫ UO2,ɩɪɟɫɫɭɸɬ ɢ 
ɭɩɥɨɬɧяɸɬ. Дɢɫɩɟɪɫɢɨɧɧая ɫɢɫɬɟɦа ɫɬаɧɨɜɢɬɫя ɡɧачɢɬɟɥɶɧɨ ɭɫɬɨɣчɢɜɟɟ ɩɪɢ 
ɛɨɥɟɟ ɜɵɫɨɤɢх ɬɟɦɩɟɪаɬɭɪах. В ɬаɛɥɢɰɟ ɉ.6.8 ɩɪɟɞɫɬаɜɥɟɧɵ ɭɫɥɨɜɢя 
ɷɤɫɩɥɭаɬаɰɢɢ ɞɢɫɩɟɪɫɢɨɧɧɨɝɨ яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа ɧа ɨɫɧɨɜɟ ɫɢɫɬɟɦɵ UO2—А1 

ɜ Ɋɨɫɫɢɢ. 
ɍɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɟ ɪɟɡɭɥɶɬаɬɵ ɩɨ ɩɪɢɦɟɧɟɧɢɸ ɞɢɫɩɟɪɫɢɢ U3Ɉ8—А1 

ɩɪɢɜɟɥɢ ɤ ɫɨɡɞаɧɢɸ ɧɨɜɨɝɨ ɜɢɞа ɞɢɫɩɟɪɫɢɣ, ɫɨɫɬаɜɥɟɧɧɵх ɢɡ ɜɨɥɨɤɨɧ ɫɬɟɤɥа, 
ɫɨɞɟɪɠащɟɝɨ U3Ɉ8. Даɧɧɵɣ ɬɢɩ ɬɜɷɥа ɛɵɥ ɢɫɩɨɥɶɡɨɜаɧ [194, 203-206] ɞɥя 
ɪɟаɤɬɨɪа ɆТɄ ɢ ɩɪɢ ɩɨɜɵɲɟɧɧɵх ɬɟɦɩɟɪаɬɭɪах ɞɥя ɪɟаɤɬɨɪɨɜ ɦаɥɨɣ 
ɦɨщɧɨɫɬɢ, ɪаɛɨɬаɸщɢх ɫ ɜɨɞɨɣ ɩɨɞ ɞаɜɥɟɧɢɟɦ, ɤɢɩящɢх ɢ ɪɟаɤɬɨɪɨɜ ɫ 
ɨɪɝаɧɢчɟɫɤɢɦɢ ɜɟщɟɫɬɜаɦɢ. ɋɟɪɞɟчɧɢɤ ɷɬɨɝɨ ɦаɬɟɪɢаɥа ɢɦɟɟɬ ɜɢɞ ɜɨɥɨɤɨɧ 
ɫɬɟɤɥа ɫɨ ɫɥɨяɦɢ аɥɸɦɢɧɢя. ɋɟɪɞɟчɧɢɤ ɨɛɵчɧɨ ɫɨɫɬаɜɥяɸɬ ɢɡ γ8—γ9% А1 ɢ 
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60—θβ% ɭɪаɧɨɜɨɝɨ ɫɬɟɤɥа. ɍɪаɧɨɜɨɟ ɫɬɟɤɥɨ ɫɨɞɟɪɠɢɬ η0% U3Ɉ8. 

Дɢɫɩɟɪɫɢɨɧɧɵɟ ɫɦɟɫɢ аɥɸɦɢɧɢɣ — ɭɪаɧɨɜɨɟ ɫɬɟɤɥɨ ɩɨɥɭчаɸɬ ɢɥɢ ɦɟɬɨɞɨɦ 
ɝɨɪячɟɝɨ ɩɪɟɫɫɨɜаɧɢя, ɜ ɪɟɡɭɥɶɬаɬɟ чɟɝɨ ɜɨɥɨɤɧа ɦаɬɟɪɢаɥа ɧɟ ɞɪɨɛяɬɫя ɢ 
ɢɦɟɸɬ ɨɞɧɨ ɨɩɪɟɞɟɥɟɧɧɨɟ ɧаɩɪаɜɥɟɧɢɟ, ɢɥɢ ɦɟɬɨɞɨɦ ɝɨɪячɟɣ ɩɪɨɤаɬɤɢ ɫ 
ɪаɡɞɪɨɛɥɟɧɢɟɦ ɡɟɪɟɧ ɦаɬɟɪɢаɥа. 
 

         Таɛɥɢɰа ɉ.6.8 

 
 

ɉɥаɫɬɢɧɵ, ɤаɤ ɩɪаɜɢɥɨ, ɩɨɥɭчаɸɬ ɝɨɪячɢɦ ɩɪɟɫɫɨɜаɧɢɟɦ, ɢɧɨɝɞа 
ɦɟɬɨɞɨɦ хɨɥɨɞɧɨɝɨ ɩɪɟɫɫɨɜаɧɢя ɫ ɩɨɫɥɟɞɭɸщɢɦ ɝɨɪячɢɦ ɩɪɟɫɫɨɜаɧɢɟɦ ɞɨ 
ɩɥɨɬɧɨɫɬɢ 99,1% ɬɟɨɪɟɬɢчɟɫɤɨɣ, ɩɨɫɥɟ чɟɝɨ ɩɨɞɜɟɪɝаɸɬ ɝɨɪячɟɣ ɩɪɨɤаɬɤɟ. 

ɉɪɟɞɟɥ ɩɪɨчɧɨɫɬɢ ɧа ɪаɡɪɵɜ ɢ ɞɪɭɝɢɟ ɮɢɡɢчɟɫɤɢɟ ɫɜɨɣɫɬɜа 
ɝɨɪячɟɩɪɟɫɫɨɜаɧɧɵх ɫɥɨɠɧɵх ɫɟɪɞɟчɧɢɤɨɜ ɡаɜɢɫяɬ ɨɬ ɪаɫɩɨɥɨɠɟɧɢя ɜɨɥɨɤɨɧ 
ɢ ɢх ɪаɡɦɟɪа. Ȼɵɫɬɪɨɟ ɫɧɢɠɟɧɢɟ ɩɪɨчɧɨɫɬɢ ɞɥя аɥɸɦɢɧɢя ɨɛɵчɧɨ ɢɦɟɟɬ 
ɦɟɫɬɨ ɩɪɢ ɬɟɦɩɟɪаɬɭɪɟ зβ04ɨɋ. ɉɪɢ ɢɫɩɵɬаɧɢɢ ɫɥɨɠɧɨɝɨ ɫɩɥаɜа ɫ 
ɜɨɥɨɤɧаɦɢ, ɩɟɪɩɟɧɞɢɤɭɥяɪɧɵɦɢ ɧаɩɪаɜɥɟɧɢɸ ɩɪɨɤаɬɤɢ, ɬаɤɠɟ ɢɦɟɟɬ ɦɟɫɬɨ 
ɫɧɢɠɟɧɢɟ ɩɪɨчɧɨɫɬɢ ɩɪɢ ɬɟɦɩɟɪаɬɭɪɟ ~β04°ɋ. ɉɪɨчɧɨɫɬɶ ɫɨɫɬаɜа, 
ɫɨɞɟɪɠащɟɝɨ ɭɪаɧɨɜɨɟ ɫɬɟɤɥɨ, ɜ ɧаɩɪаɜɥɟɧɢɢ, ɩаɪаɥɥɟɥɶɧɨɦ ɩɪɨɤаɬɤɟ, ɜ 4 
ɪаɡа ɜɵɲɟ, чɟɦ ɭ ɜɵɫɨɤɨɩɪɨчɧɨɝɨ ɫɩɥаɜа ɦаɪɤɢ θ0θ1. 

В ɬаɛɥɢɰɟ ɉ.6.9 ɩɪɟɞɫɬаɜɥɟɧɵ ɭɫɥɨɜɢя ɷɤɫɩɥɭаɬаɰɢɢ ɞɢɫɩɟɪɫɢɨɧɧɨɝɨ 
яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа ɧа ɨɫɧɨɜɟ ɫɢɫɬɟɦɵ U3Ɉ8—А1. 

Дɢɫɩɟɪɫɢɸ Uɋ-А1 ɢɫɩɨɥɶɡɭɸɬ ɞɨ η00° ɋ. ɉɪɢ θ00°ɋ ɤаɪɛɢɞ ɭɪаɧа 
ɧɟɫɨɜɦɟɫɬɢɦ ɫ аɥɸɦɢɧɢɟɦ ɢ ɩɨɥɧɨɫɬɶɸ ɪаɫɩаɞаɟɬɫя.  
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       Ɇɨɧɨɤаɪɛɢɞ ɭɪаɧа ɧɟ ɜɫɟɝɞа ɩɨɥɭчаɟɬɫя ɫɬɟхɢɨɦɟɬɪɢчɟɫɤɢɟ чɢɫɬɵɦ, ɢ ɜ 
ɧɟɦ ɢɧɨɝɞа ɩɪɢɫɭɬɫɬɜɭɟɬ ɬɨ ɢɥɢ ɢɧɨɟ ɤɨɥɢчɟɫɬɜɨ ɞɢɤаɪɛɢɞа ɭɪаɧа, ɤɨɬɨɪɵɣ 
ɫɨɜɦɟɫɬɢɦ ɫ аɥɸɦɢɧɢɟɦ ɩɪɢ θ00°ɋ, ɧɨ ɤаɬаɫɬɪɨɮɢчɟɫɤɢ ɤɨɪɪɨɞɢɪɭɟɬ ɜ ɜɨɞɟ 
ɩɪɢ θ0°ɋ. ɉɨɷɬɨɦɭ ɩɟɪɜɵɟ ɢɫɫɥɟɞɨɜаɧɢя ɫɨɜɦɟɫɬɢɦɨɫɬɢ ɤаɪɛɢɞɨɜ ɭɪаɧа ɫ 
аɥɸɦɢɧɢɟɦ ɩɪɢɜɨɞɢɥɢ ɤ ɩɪɨɬɢɜɨɪɟчɢɜɵɦ ɪɟɡɭɥɶɬаɬаɦ. 

Дɥя ɪɟаɤɬɨɪа ɆТR ɢ ɞɪɭɝɢх ɩɪɢɦɟɧяɸɬ ɞɢɫɩɟɪɫɢɨɧɧɵɟ ɫɢɫɬɟɦɵ ɢɡ 
ɢɧɬɟɪɦɟɬаɥɥɢɞɨɜ UАl2, UАl3, UАl4 ɜ ɩɨɪɨɲɤɟ аɥɸɦɢɧɢя ɢɥɢ аɥɸɦɢɧɢɟɜɨɝɨ 
ɫɩɥаɜа. ɉɨɪɨɲɤɢ ɷɬɢх ɢɧɬɟɪɦɟɬаɥɥɢɞɨɜ ɩɨɥɭчаɸɬ ɢɧɞɭɤɰɢɨɧɧɨɣ ɩɥаɜɤɨɣ 
ɭɪаɧа ɫ аɥɸɦɢɧɢɟɦ ɫ ɩɨɫɥɟɞɭɸщɢɦ ɢɡɦɟɥɶчɟɧɢɟɦ ɜ ɲаɪɨɜɨɣ ɦɟɥɶɧɢɰɟ. 
ɉɨɪɨɲɨɤ UАl2 ɩɢɪɨɮɨɪɟɧ ɢ ɬɪɟɛɭɟɬ ɨɫɬɨɪɨɠɧɨɝɨ ɨɛɪащɟɧɢя, ɜ ɬɨ ɜɪɟɦя ɤаɤ 
ɢɧɬɟɪɦɟɬаɥɥɢɞɵ UАl3 ɢ UАl4 ɧɟ яɜɥяɸɬɫя ɩɢɪɨɮɨɪɧɵɦɢ. 

Ɏɢɪɦа «ɇɷɣɲɧɥ ɥɟɞ ɤɨɦɩаɧɢɢ» ɝɨɬɨɜɢɥа ɷɬɢ ɫɩɥаɜɵ ɦɟɬɨɞɨɦ ɡаɥɢɜɤɢ 
ɧа ɜɪащаɸщɢɣɫя ɞɢɫɤ, ɩɨɥɭчая ɞɪɨɛɶ ɜɵɫɨɤɨɤачɟɫɬɜɟɧɧɨɝɨ ɫɩɥаɜа 
аɥɸɦɢɧɢя ɫ ɭɪаɧɨɦ. 

Дɥя ɩɨɥɭчɟɧɢя ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ ɢɧɬɟɪɦɟɬаɥɥɢɞа ɭɪаɧа ɫ аɥɸɦɢɧɢɟɦ 
ɛɟɪɭɬ ɢх ɢɫхɨɞɧɵɟ ɩɨɪɨɲɤɢ, ɨɬɜɟчаɸщɢɟ ɫɬɟхɢɨɦɟɬɪɢчɟɫɤɨɦɭ ɫɨɫɬаɜɭ 
ɫɨɟɞɢɧɟɧɢɣ, ɤ ɤɨɬɨɪɨɦɭ ɡаɬɟɦ ɞɨɛаɜɥяɸɬ аɥɸɦɢɧɢɢ ɤаɤ ɦаɬɪɢчɧɵɣ 
ɦаɬɟɪɢаɥ. ɉɪɢ ɜɵɛɨɪɟ ɢɧɬɟɪɦɟɬаɥɥɢɞа ɨɫɬаɧаɜɥɢɜаɸɬɫя ɨɛɵчɧɨ ɧа UАl3, ɬаɤ 
ɤаɤ ɨɧ ɨɛɥаɞаɟɬ ɧаɢɥɭчɲɢɦɢ ɥɢɬɟɣɧɵɦɢ ɫɜɨɣɫɬɜаɦɢ ɢɡ ɬɪɟх ɭɪаɧ-

аɥɸɦɢɧɢɟɜɵх ɢɧɬɟɪɦɟɬаɥɥɢɞɨɜ ɢ ɝɨɪячая ɦɟхаɧɢчɟɫɤая ɨɛɪаɛɨɬɤа ɟщɟ 
ɩɪɨщɟ. Тɜɷɥɵ ɪɟɤɨɦɟɧɞɭɟɬɫя ɢɡɝɨɬаɜɥɢɜаɬɶ ɩɪɨɤаɬɤɨɣ («ɪаɦɨчɧɵɣ» ɦɟɬɨɞ). 

Тɟɦɩɟɪаɬɭɪɧɵɣ ɪɟɠɢɦ ɪаɦɨчɧɨɣ ɬɟхɧɨɥɨɝɢɢ ɞɨɫɬаɬɨчɟɧ ɞɥя ɬɨɝɨ, чɬɨɛɵ 
ɦɟɠɞɭ ɢɧɬɟɪɦɟɬаɥɥɢɞɨɦ UАl3 ɢ ɦаɬɪɢчɧɵɦ аɥɸɦɢɧɢɟɦ ɧачаɥɨɫɶ 
ɜɡаɢɦɨɞɟɣɫɬɜɢɟ ɫ ɨɛɪаɡɨɜаɧɢɟɦ ɧа ɩɨɜɟɪхɧɨɫɬɢ ɡɟɪɟɧ UАl3 ɧɟɛɨɥɶɲɨɝɨ ɫɥɨя 

UАl4. ȿɫɥɢ ɩɪɢ ɪаɛɨɬɟ ɜ ɪɟаɤɬɨɪɟ ɬɟɦɩɟɪаɬɭɪɧɵɣ ɪɟɠɢɦ ɧɟ ɛɭɞɟɬ ɫɢɥɶɧɨ 
ɨɬɥɢчаɬɶɫя ɨɬ ɬɟɦɩɟɪаɬɭɪɧɨɝɨ ɪɟɠɢɦа ɢɡɝɨɬɨɜɥɟɧɢя ɬɨɩɥɢɜɧɨɝɨ ɷɥɟɦɟɧɬа, 
ɦɨɠɧɨ ɩɨɥаɝаɬɶ, чɬɨ ɨɛɪаɡɨɜаɧɢɟ ɫɥɨя UАl4 ɧа ɩɨɜɟɪхɧɨɫɬɢ ɡɟɪɟɧ UАl3 ɩɪɟ-

ɞɨхɪаɧɢɬ ɩɨɫɥɟɞɧɢɣ ɨɬ ɜɡаɢɦɨɞɟɣɫɬɜɢя ɫ аɥɸɦɢɧɢɟɦ. ɑɬɨɛɵ ɝаɪаɧɬɢɪɨɜаɬɶ 
ɭɫɬɨɣчɢɜɨɫɬɶ UАl3, ɪɟɤɨɦɟɧɞɭɸɬ ɩɨɥɶɡɨɜаɬɶɫя ɫɬаɛɢɥɢɡɢɪɭɸщɢɦɢ 
ɞɨɛаɜɤаɦɢ. Ɉɞɧɨɣ ɢɡ ɬаɤɢх ɞɨɛаɜɨɤ яɜɥяɟɬɫя ɤɪɟɦɧɢɣ (ɜ ɤɨɥɢчɟɫɬɜɟ ɨɬ 1 ɞɨ 
γ%). Дɨɛаɜɤа ɤɪɟɦɧɢя ɜɟɞɟɬ ɤ ɨɛɪаɡɨɜаɧɢɸ ɫɨɟɞɢɧɟɧɢя USi3, а 
ɤɪɢɫɬаɥɥɨɝɪаɮɢчɟɫɤая ɫɬɪɭɤɬɭɪа ɷɬɨɝɨ ɫɨɟɞɢɧɟɧɢя ɢɞɟɧɬɢчɧа ɫɬɪɭɤɬɭɪɟ 
UАl3, чɬɨ ɛɥаɝɨɩɪɢяɬɫɬɜɭɟɬ ɨɛɪаɡɨɜаɧɢɸ ɦɟɠɞɭ ɧɢɦɢ ɭɫɬɨɣчɢɜɨɝɨ ɬɜɟɪɞɨɝɨ 
ɪаɫɬɜɨɪа U(Аl, Si)3. ɉɨɞɨɛɧɨ ɤɪɟɦɧɢɸ ɧа ɫɬаɛɢɥɢɡаɰɢɸ UАl3 ɞɟɣɫɬɜɭɸɬ 
ɞɨɛаɜɤɢ Zr, Zn, Ɋd ɢ ɩɪɨчɢх ɷɥɟɦɟɧɬɨɜ, ɜɜɨɞɢɦɵх ɩɪɢɦɟɪɧɨ ɜ ɬɟх ɠɟ 
ɫɨɨɬɧɨɲɟɧɢях. 

Дɨɛаɜɤа ɤɪɟɦɧɢя ɩɪɢ ɪɟɝɟɧɟɪаɰɢɢ ɬɜɷɥɨɜ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɧɟɤɨɬɨɪɵɦ 
ɡаɬɪɭɞɧɟɧɢяɦ, ɫɜяɡаɧɧɵɦ ɫ ɨɛɪаɡɨɜаɧɢɟɦ ɤɪɟɦɧɢɟɜɨɣ ɤɢɫɥɨɬɵ, чɟɝɨ ɧɟ 
ɧаɛɥɸɞаɟɬɫя ɩɪɢ ɩɟɪɟɪаɛɨɬɤɟ ɝɨɪɸчɟɝɨ ɫ ɞɪɭɝɢɦɢ ɞɨɛаɜɤаɦɢ. 

Дɥя ɫɬаɛɢɥɢɡаɰɢɢ UАl3 ɦɨɠɧɨ ɜɨɫɩɨɥɶɡɨɜаɬɶɫя ɭɠɟ ɨɩɢɫаɧɧɵɦ ɪаɧɟɟ 
ɦɟɬɨɞɨɦ ɫɬаɛɢɥɢɡаɰɢɢ аɥɸɦɢɧɢɟɜɨɝɨ ɩɨɪɨɲɤа ɡа ɫчɟɬ ɩɨɥɭчɟɧɢя ɧа ɟɝɨ 
ɩɨɜɟɪхɧɨɫɬɢ ɧɢɬɪɢɞɧɨɝɨ ɫɥɨя, ɩɪɟɞɨхɪаɧяɸщɟɝɨ ɩɨɪɨɲɨɤ ɨɬ ɜɡаɢɦɨɞɟɣɫɬɜɢя 
ɫ UАl4. 
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ɂɫɩɨɥɶɡɨɜаɧɢɟ ɜ ɤачɟɫɬɜɟ яɞɟɪɧɨɝɨ ɝɨɪɸчɟɝɨ ɥɢɬɵх ɭɪаɧ-аɥɸɦɢ-

ɧɢɟɜɵх ɫɩɥаɜɨɜ UАl3 ɢɦɟɟɬ аɤɬɭаɥɶɧɨɟ ɡɧачɟɧɢɟ ɛɥаɝɨɞаɪя ɜɵɫɨɤɨɦɭ 

ɤачɟɫɬɜɭ ɟɝɨ ɨɬɥɢɜɨɤ ɢ ɥɭчɲɟɣ ɨɛɪаɛаɬɵɜаɟɦɨɫɬɢ ɩɨ ɫɪаɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ 
ɢɧɬɟɪɦɟɬаɥɥɢɞаɦɢ. В ɞɢɫɩɟɪɫɢɨɧɧɵх ɠɟ ɫɢɫɬɟɦах ɪɟɲаɸщɢɦ ɮаɤɬɨɪɨɦ 
яɜɥяɟɬɫя ɫɬаɛɢɥɶɧɨɫɬɶ ɫɬɪɭɤɬɭɪɧɵх ɫɨɫɬаɜɥяɸщɢх, ɧахɨɞящɢхɫя ɜ ɤɨɧɬаɤɬɟ 
ɫ аɥɸɦɢɧɢɟɦ (ɦаɬɪɢɰа). ɉɨɷɬɨɦɭ ɰɟɥɟɫɨɨɛɪаɡɧɨ ɨɪɢɟɧɬɢɪɨɜаɬɶɫя ɧа UАl4, 

ɩɪɢɝɨɬɨɜɥяя ɢɧɞɭɤɰɢɨɧɧɨɣ ɩɥаɜɤɨɣ ɫɥɢɬɤɢ ɥɸɛɨɝɨ ɤачɟɫɬɜа (ɩɨɪɢɫɬɵɟ ɢ ɫ 
ɞɟɮɟɤɬаɦɢ), ɤɨɬɨɪɵɟ ɜ ɞаɥɶɧɟɣɲɟɦ ɞɪɨɛяɬ ɜ ɲаɪɨɜɨɣ ɦɟɥɶɧɢɰɟ ɞɨ 
ɬɪɟɛɭɟɦɨɝɨ ɪаɡɦɟɪа ɡɟɪɧа. Эɬɨ ɬɟɦ ɛɨɥɟɟ ɰɟɥɟɫɨɨɛɪаɡɧɨ, чɬɨ ɫɬɪɭɤɬɭɪɭ UАl4 

ɫчɢɬаɸɬ ɛɨɥɟɟ ɫɬɨɣɤɨɣ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɨɛɥɭчɟɧɢя. 

Дɢɫɩɟɪɫɢɨɧɧая ɫɢɫɬɟɦа ɭɪаɧ-аɥɸɦɢɧɢɟɜɨɝɨ ɫɩɥаɜа ɫ аɥɸɦɢɧɢɟɦ 
ɦɨɠɟɬ ɛɵɬɶ ɢɡɝɨɬɨɜɥɟɧа ɫ ɜɵɝɨɪаɸщɢɦɢ ɞɨɛаɜɤаɦɢ. Дɥя ɷɬɨɝɨ ɩɨɪɨɲɨɤ 
ɭɪаɧ-аɥɸɦɢɧɢɟɜɨɝɨ ɫɩɥаɜа ɫ ɧɟɛɨɥɶɲɢɦɢ ɞɨɛаɜɤаɦɢ ɛɨɪа ɢɥɢ В4ɋ 
ɫɦɟɲɢɜаɸɬ ɫ ɩɨɪɨɲɤɨɦ аɥɸɦɢɧɢɟɜɨɝɨ ɫɩɥаɜа θ0θ1 ɢɥɢ чɢɫɬɵɦ 99%-ɧɵɦ 
ɩɨɪɨɲɤɨɦ аɥɸɦɢɧɢя ɢ ɩɪɟɫɫɭɸɬ ɩɨɞ ɞаɜɥɟɧɢɟɦ 4θη Ɇɇ/ɦ2, ɩɨɥɭчɟɧɧɵɣ 
ɞɢɫɩɟɪɫɢɨɧɧɵɣ ɫɟɪɞɟчɧɢɤ (ɫɩɥаɜ U—А1 ɜ А1-ɦаɬɪɢɰɟ) ɫɨɛɢɪаɸɬ ɫ 
ɨɛɨɥɨчɤɨɣ, ɫɨɫɬɨящɟɣ ɢɡ аɥɸɦɢɧɢɟɜɨɝɨ ɫɩɥаɜа, ɩɨɞɨɛɧɨɝɨ ɫɩɥаɜɭ, 
ɩɪɢɧяɬɨɦɭ ɞɥя ɦаɬɪɢɰɵ, ɦɟɬɨɞɨɦ ɤаɪɬɢɧɧɨɣ ɪаɦɵ ɢ ɩɪɨɤаɬɵɜаɸɬ ɝɨɪячɢɦ 
ɫɩɨɫɨɛɨɦ ɜ ɬɨɩɥɢɜɧɵɟ ɩɥаɫɬɢɧɵ. 

Дɥя ɪɟаɤɬɨɪа ɆТɄ ɷɬɢɦ ɦɟɬɨɞɨɦ ɛɵɥɢ ɩɪɢɝɨɬɨɜɥɟɧɵ ɬɨɩɥɢɜɧɵɟ 

ɩɥаɫɬɢɧɵ, ɫɨɞɟɪɠащɢɟ ɞɨ γη% U ɫ 0,19% В4ɋ. Ɉɛɫɥɟɞɨɜаɧɢɟɦ ɬаɤɢх ɩɥаɫɬɢɧ 
ɩɨɫɥɟ ɨɛɥɭчɟɧɢя ɩɪɢ ɬɟɦɩɟɪаɬɭɪɟ 9γ°ɋ ɢ ɜɵɝɨɪаɧɢɢ βη% ɩɨ 235

U ɛɵɥɨ 
ɭɫɬаɧɨɜɥɟɧɨ ɢх хɨɪɨɲɟɟ ɫɨɫɬɨяɧɢɟ. ɉɨɞɨɛɧɵɣ ɦɟɬɨɞ ɢɡɝɨɬɨɜɥɟɧɢя 
ɞɢɫɩɟɪɫɢɨɧɧɨɝɨ ɬɜɷɥа ɩɪɟɞɩɨɥаɝаɟɬ ɛɨɥɶɲɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɞɨɫɬɢɠɟɧɢя 
ɜɵɫɨɤɨɣ ɩɥɨɬɧɨɫɬɢ яɞɟɪɧɨɝɨ ɝɨɪɸчɟɝɨ ɛɟɡ ɢɫɩɨɥɶɡɨɜаɧɢя ɨɤɢɫɢ, ɫ 
ɤɨɧɬɪɨɥɢɪɭɟɦɵɦ ɪаɡɦɟɪɨɦ ɡɟɪɧа ɢ ɪɟɝɭɥɢɪɭɟɦɨɣ ɜɵɝɨɪаɸщɟɣ ɞɨɛаɜɤɨɣ. 

Дɪɭɝɢɟ ɢɧɬɟɪɦɟɬаɥɥɢɞɵ ɪаɡɥɢчɧɵх ɫɢɫɬɟɦ, ɧаɩɪɢɦɟɪ UBe13 ɜ ɛɟ-

ɪɢɥɥɢɢ, ɬаɤɠɟ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜаɧɵ ɩɨɞɨɛɧɵɦ ɩɭɬɟɦ ɜ яɞɟɪɧɨɣ 
ɷɧɟɪɝɟɬɢɤɟ ɩɪɢ ɜɵɫɨɤɢх ɬɟɦɩɟɪаɬɭɪах. 

ɂɫɫɥɟɞɨɜаɥɢ ɩɪɨчɧɨɫɬɶ ɨɛɥɭчɟɧɧɵх ɨɛɪаɡɰɨɜ ɜ ɜɢɞɟ ɩɥаɫɬɢɧ яɞɟɪɧɨɝɨ 
ɝɨɪɸчɟɝɨ. ɋɟɪɞɟчɧɢɤ ɷɬɢх ɩɥаɫɬɢɧ ɫɨɛɪаɧ ɢɡ ɭɪаɧ-аɥɸɦɢɧɢɟɜɨɝɨ ɫɩɥаɜа, 
ɞɢɫɩɟɪɢɣ UO2—А1 ɢ U3O8—А1. В ɤачɟɫɬɜɟ ɦаɬɟɪɢаɥа ɨɛɨɥɨчɤɢ ɜɵɛɪаɧɵ 
ɫɩɥаɜɵ аɥɸɦɢɧɢя — 1100, θ0θ1, АɊɆβη7, ɏ8008, ɏ800γ ɢ η0ηβ. ɉɨɬɟɪя 
ɩɥаɫɬɢчɧɨɫɬɢ ɨɛɪаɡɰаɦɢ ɧачɢɧаɥаɫɶ ɫ ɧɢɡɤɢх ɞɨɡ ɨɛɥɭчɟɧɢя. ɉɪɢ ɩɨɬɨɤɟ 
ɬɟɩɥɨɜɵх ɧɟɣɬɪɨɧɨɜ ~2·10

24
 ɧɟɣɬɪ./ɦ2 ɦаɤɫɢɦаɥɶɧɨɟ ɭɞɥɢɧɟɧɢɟ ɛɵɥɨ 4,η%; 

ɩɪɢ β0·10
24ɧɟɣɬɪ./ɦ2

 ɭɞɥɢɧɟɧɢɟ ɪаɜɧяɥɨɫɶ 1% ɢ ɩɪɢ βθ·10
24ɧɟɣɬɪ./ɦ2

  - ɧɭɥɸ. 
ɉɪɨɜɟɞɟɧа ɫɟɪɢя ɢɫɩɵɬаɧɢɣ ɩɨ ɢɡɭчɟɧɢɸ ɜɥɢяɧɢя ɨɬɠɢɝа ɧа 

ɞɢɫɩɟɪɫɢɸ ɢɡ А1—39% U3O8 ɩɨɫɥɟ ɨɛɥɭчɟɧɢя. Ɉɛɪаɡɰɵ ɡаɤɥɸчаɥɢ ɜ 
ɨɛɨɥɨчɤɭ ɬɨɥщɢɧɨɣ 0,01—0,07 ɦɦ ɬɨɥɶɤɨ ɫ ɞɜɭх ɫɬɨɪɨɧ. Дɥя ɧаɝɪɟɜа ɩɨɞ 
ɨɬɠɢɝ ɢɫɩɨɥɶɡɨɜаɥɢ ɫɨɥяɧɭɸ ɜаɧɧɭ. ɂɫɩɵɬаɧɢя ɩɨɤаɡаɥɢ, чɬɨ ɞɢɫɩɟɪɫɢя 
U3O8—А1 хɨɪɨɲɨ ɫɨɩɪɨɬɢɜɥяɟɬɫя ɪаɫɩɭхаɧɢɸ ɩɪɢ ɨɛɥɭчɟɧɢɢ ɞɨ ɜɵɝɨɪаɧɢя 
≤1,γη·10

26
 ɞɟɥ./ɦ8

 ɩɪɢ ɬɟɦɩɟɪаɬɭɪɟ η00°ɋ. 
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                                                                               Ɉɤɨɧчаɧɢɟ ɬаɛɥɢɰɵ ɉ.6.10 

 

ɉɪɨɜɨɞɢɥɨɫɶ ɪɟɧɬɝɟɧɨɜɫɤɨɟ ɢɫɫɥɟɞɨɜаɧɢɟ ɨɛɥɭчɟɧɧɵх ɩɨɪɨɲɤɨɜɵх 
ɨɛɪаɡɰɨɜ ɞɢɫɩɟɪɫɢɢ θγ% U3O8 ɫ ɧɟɛɨɥɶɲɢɦɢ ɞɨɛаɜɤаɦɢ UАl3 ɢ UC2 ɞɥя 
ɨɩɪɟɞɟɥɟɧɢя ɩɪɨɞɭɤɬɨɜ ɪɟаɤɰɢɢ ɩɨɫɥɟ ɨɛɥɭчɟɧɢя. ɇɟɫɦɨɬɪя ɧа ɬɨ, чɬɨ 
ɢɧɬɟɪɦɟɬаɥɥɢɞ UАl3 ɨɛɪаɡɭɟɬɫя ɜ ɪɟɡɭɥɶɬаɬɟ ɨɛɥɭчɟɧɢя ɞɢɫɩɟɪɫɢɢ U3O8—
А1, ɭɜɟɥɢчɟɧɢя ɨɛɴɟɦа ɧɟ ɧаɛɥɸɞаɥɨɫɶ. Вɵɞɟɥɟɧɢɟ ɢɧɬɟɪɦɟɬаɥɥɢɞа ɜ ɪаɧɟɟ 
ɩɪɨɜɟɞɟɧɧɵх ɪаɛɨɬах ɜɫɟɝɞа ɫɜяɡɵɜаɥɢ ɫ ɭɜɟɥɢчɟɧɢɟɦ ɨɛɴɟɦа. ɉɨɞɨɛɧая ɠɟ 
ɪаɡɦɟɪɧая ɫɬаɛɢɥɶɧɨɫɬɶ ɛɵɥа ɭɫɬаɧɨɜɥɟɧа ɮɢɪɦɨɣ «Ɏɢɥɥɢɩɫ» ɩɪɢ 
ɢɫɫɥɟɞɨɜаɧɢɢ ɞɢɫɩɟɪɫɢɢ UO2—А1, ɧаɝɪɟɬɨɣ ɜ ɬɟчɟɧɢɟ θη ч ɩɪɢ θ00°ɋ. 
 

П.6.7. Ɏиɡиɤɨ-ɯиɦиɱеɫɤɨе вɡаиɦɨɞеɣɫтвие тɨɩɥивɧыɯ ɦатеɪиаɥɨв ɫ 
ɦатеɪиаɥаɦи ɦатɪиɰ. 
  Ɏɢɡɢɤɨ-хɢɦɢчɟɫɤɨɟ ɜɡаɢɦɨɞɟɣɫɬɜɢɟ ɬɨɩɥɢɜɧɵх ɦаɬɟɪɢаɥɨɜ ɫ 
ɦаɬɟɪɢаɥаɦɢ ɦаɬɪɢɰ ɤɪаɬɤɨ ɩɪɟɞɫɬаɜɥɟɧɨ ɜ ɬаɛɥɢɰɟ ɉ.θ.10. 
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ПɊИЛɈɀЕНИЕ 7. Ɍеɩɥɨɮиɡиɱеɫɤие ɫвɨɣɫтва ɠиɞɤиɯ ɦетаɥɥɨв 

 

Ƚаɡɵ, ɠɢɞɤɨɫɬɢ ɢ ɬɜɟɪɞɵɟ ɬɟɥа ɦɨɠɧɨ ɩɪɨɫɬɨ ɪаɡɥɢчаɬɶ ɧа ɨɫɧɨɜаɧɢɢ 
ɞаɧɧɵх ɮɨɪɦɵ ɢ ɨɛɴɟɦа Дβ08Ж. Ƚаɡɵ ɧɟ ɨɛɥаɞаɸɬ ɧɢ ɮɨɪɦɨɣ, ɧɢ ɨɛɴɟɦɨɦ: ɨɧɢ 
ɡаɩɨɥɧяɸɬ ɥɸɛɨɣ ɫɨɫɭɞ, ɜ ɤɨɬɨɪɵɣ ɢх ɩɨɦɟщаɸɬ. ɀɢɞɤɨɫɬɢ ɡаɩɨɥɧяɸɬ 
ɨɩɪɟɞɟɥɟɧɧɵɣ ɨɛɴɟɦ, ɧɨ ɧɟ ɨɛɥаɞаɸɬ ɮɨɪɦɨɣ: ɨɧɢ ɩɪɢɧɢɦаɸɬ ɮɨɪɦɭ ɬɨɣ 
чаɫɬɢ ɫɨɫɭɞа, ɜ ɤɨɬɨɪɨɣ ɧахɨɞяɬɫя. Тɜɟɪɞɵɟ ɬɟɥа ɨɛɥаɞаɸɬ ɢ ɮɨɪɦɨɣ ɢ 
ɨɛɴɟɦɨɦ. Ɉɬɫɸɞа ɦɨɠɧɨ ɫɞɟɥаɬɶ ɡаɤɥɸчɟɧɢɟ, чɬɨ ɦɟɠɞɭ аɬɨɦаɦɢ ɠɢɞɤɨɫɬɢ 
ɫɭщɟɫɬɜɭɟɬ ɫɢɥɶɧɨɟ ɜɡаɢɦɨɞɟɣɫɬɜɢɟ, ɧɨ аɬɨɦɵ ɠɢɞɤɨɫɬɢ ɛɨɥɟɟ ɩɨɞɜɢɠɧɵ, 
чɟɦ ɬɜɟɪɞɨɝɨ ɬɟɥа. ɇɢɡɤɢɟ ɡɧачɟɧɢя ɫɠɢɦаɟɦɨɫɬɢ ɠɢɞɤɨɫɬɟɣ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ 
ɨ ɞɨɫɬаɬɨчɧɨ ɩɥɨɬɧɨɣ ɭɩаɤɨɜɤɟ аɬɨɦɨɜ, ɧɨ ɬɟɤɭчɟɫɬɶ ɠɢɞɤɨɫɬɟɣ ɭɤаɡɵɜаɟɬ 
ɧа ɢɫчɟɡɧɨɜɟɧɢɟ ɩɪаɜɢɥɶɧɨɝɨ ɢх ɪаɫɩɨɥɨɠɟɧɢя, ɫɜɨɣɫɬɜɟɧɧɨɝɨ ɬɜɟɪɞɨɦɭ 
ɫɨɫɬɨяɧɢɸ. Тɟɤɭчɟɫɬɶ яɜɥяɟɬɫя ɨɫɧɨɜɧɨɣ хаɪаɤɬɟɪɢɫɬɢɤɨɣ ɠɢɞɤɨɝɨ 
ɫɨɫɬɨяɧɢя. 

Дɨɩɨɥɧɢɬɟɥɶɧɵɟ ɫɜɟɞɟɧɢя ɨ ɩɪɢɪɨɞɟ ɪаɫɩɨɥɨɠɟɧɢя аɬɨɦɨɜ ɜ 
ɠɢɞɤɢх ɦɟɬаɥɥах ɞаɟɬ ɬɨɬ ɮаɤɬ, чɬɨ ɢɡɦɟɧɟɧɢɟ ɫɜɨɣɫɬɜ ɩɪɢ ɩɥаɜɥɟɧɢɢ 
ɡɧачɢɬɟɥɶɧɨ ɦɟɧɶɲɟ, чɟɦ ɩɪɢ ɢɫɩаɪɟɧɢɢ (ɫɪаɜɧɢɬɟ ɬɟɩɥɨɬɵ ɩɥаɜɥɟɧɢя ɢ 
ɢɫɩаɪɟɧɢя, ɬаɛɥ. ɉ.7.1). 

Дɥя ɦɟɬаɥɥɨɜ ɫ ɩɥɨɬɧɨɭɩаɤɨɜаɧɧɨɣ ɪɟɲɟɬɤɨɣ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɨɛɴɟɦɧɨɟ 
ɪаɫɲɢɪɟɧɢɟ ɩɪɢ ɩɥаɜɥɟɧɢɢ ɩɨɪяɞɤа β—θ%, а ɬɟɩɥɨɬа ɩɥаɜɥɟɧɢя ɦаɥа ɢ 
ɫɨɫɬаɜɥяɟɬ ɨɬ 1

/30 ɞɨ 1
/40 ɬɟɩɥɨɬɵ ɢɫɩаɪɟɧɢя Дβ07Ж. Эɥɟɤɬɪɨ- ɢ 

ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɪɢ ɩɥаɜɥɟɧɢɢ ɭɦɟɧɶɲаɸɬɫя ɞɨ 3
/4 —1

/2  

ɫɨɨɬɜɟɬɫɬɜɭɸщɢх ɡɧачɟɧɢɣ ɜ ɬɜɟɪɞɨɦ ɫɨɫɬɨяɧɢɢ   Дβ07Ж. Аɧɨɦаɥɶɧɨɟ 
ɩɨɜɟɞɟɧɢɟ ɧаɛɥɸɞаɟɬɫя ɩɪɢ ɩɥаɜɥɟɧɢɢ ɦɟɬаɥɥɨɜ Gɟ, Вi ɢ Sb. ɍ ɧɢх 
ɭɦɟɧɶɲаɟɬɫя ɨɛɴɟɦ ɢ ɜɨɡɪаɫɬаɟɬ ɷɥɟɤɬɪɨ- ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ. ɉɪɢчɢɧɵ, 
ɬаɤɨɝɨ ɩɨɜɟɞɟɧɢя ɛɭɞɭɬ ɪаɫɫɦɨɬɪɟɧɵ ɜ ɫɜяɡɢ ɫ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɵɦɢ 
ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɵɦɢ ɞаɧɧɵɦɢ  ɨ ɫɬɪɭɤɬɭɪɧɵх  ɢɡɦɟɧɟɧɢях. Эɬɢ 
ɧаɛɥɸɞɟɧɢя ɩɨɤаɡɵɜаɸɬ, чɬɨ ɩɪɢ ɩɥаɜɥɟɧɢɢ ɧɟ ɩɪɨɢɫхɨɞɢɬ ɪɟɡɤɨɝɨ 
ɢɡɦɟɧɟɧɢя ɫɬɪɨɟɧɢя, ɬаɤ ɤаɤ ɭɤаɡаɧɧɵɟ ɫɜɨɣɫɬɜа, ɡаɜɢɫящɢɟ ɨɬ 
ɪаɫɩɨɥɨɠɟɧɢя аɬɨɦɨɜ, ɧɟ ɩɪɟɬɟɪɩɟɜаɸɬ ɛɨɥɶɲɢх "ɢɡɦɟɧɟɧɢɣ ɜ ɬɨчɤɟ 
ɩɥаɜɥɟɧɢя. 

Тɟɩɥɨɜɨɟ ɞɜɢɠɟɧɢɟ аɬɨɦɨɜ ɜ ɠɢɞɤɨɦ ɫɨɫɬɨяɧɢɢ ɧɟ ɦɨɠɟɬ ɫɢɥɶɧɨ 
ɨɬɥɢчаɬɶɫя ɨɬ ɢх ɬɟɩɥɨɜɨɝɨ ɞɜɢɠɟɧɢя ɜ ɬɜɟɪɞɨɦ ɫɨɫɬɨяɧɢɢ, ɧа чɬɨ ɭɤаɡɵɜаɟɬ 
ɧɟɛɨɥɶɲɨɟ ɭɜɟɥɢчɟɧɢɟ ɬɟɩɥɨɟɦɤɨɫɬɢ ɩɪɢ ɩɟɪɟхɨɞɟ чɟɪɟɡ ɬɨчɤɭ ɩɥаɜɥɟɧɢя. 
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ɂɡɦɟɪɟɧɢя ɷɥɟɤɬɪɢчɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢя ɢ ɨɩɬɢчɟɫɤɨɣ ɨɬɪаɠаɬɟɥɶɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɢ ɦɟɬаɥɥɨɜ ɫ ɩɥɨɬɧɨɭɩаɤɨɜаɧɧɨɣ ɪɟɲɟɬɤɨɣ ɩɨɤаɡаɥɢ, чɬɨ 
ɷɮɮɟɤɬɢɜɧɨɟ чɢɫɥɨ ɫɜɨɛɨɞɧɵх ɷɥɟɤɬɪɨɧɨɜ ɜ ɠɢɞɤɨɦ ɫɨɫɬɨяɧɢɢ ɦаɥɨ 
ɨɬɥɢчаɟɬɫя ɨɬ ɢх чɢɫɥа ɜ ɬɜɟɪɞɨɦ ɫɨɫɬɨяɧɢɢ. 

ɇɟɤɨɬɨɪɵɟ ɬɟɨɪɢɢ ɩɪɢɩɢɫɵɜаɸɬ ɭɜɟɥɢчɟɧɢɟ ɷɥɟɤɬɪɢчɟɫɤɨɝɨ 
ɫɨɩɪɨɬɢɜɥɟɧɢя ɩɪɢ ɩɥаɜɥɟɧɢɢ ɜɨɡɪɨɫɲɟɦɭ ɛɟɫɩɨɪяɞɤɭ ɜ аɬɨɦɧɨɦ 
ɪаɫɩɨɥɨɠɟɧɢɢ, хɨɬя ɛɨɥɟɟ ɪаɧɧяя ɬɟɨɪɢя ɇ. Ɇɨɬɬа ɩɪɟɞɩɨɥаɝаɥа, чɬɨ 
ɫɬɪɨɟɧɢɟ ɠɢɞɤɨɫɬɢ ɫ ɩɨɤɨящɢɦɢɫя («ɡаɦɨɪɨɠɟɧɧɵɦɢ») аɬɨɦаɦɢ ɜɟɫɶɦа ɦаɥɨ 
ɨɬɥɢчаɥɨɫɶ ɛɵ ɨɬ ɫɬɪɨɟɧɢя ɬɜɟɪɞɨɝɨ ɬɟɥа. ɇ. Ɇɨɬɬ ɫчɢɬаɥ, чɬɨ аɬɨɦɵ ɜ 
ɠɢɞɤɨɫɬɢ ɤɨɥɟɛɥɸɬɫя ɫ чаɫɬɨɬɨɣ  L

  ɨɤɨɥɨ ɫɪɟɞɧɢх ɩɨɥɨɠɟɧɢɣ, ɤɨɬɨɪɵɟ ɜ 
ɫɜɨɸ ɨчɟɪɟɞɶ ɢɡɦɟɧяɸɬɫя ɫ ɨɬɧɨɫɢɬɟɥɶɧɨ ɦаɥɨɣ ɫɤɨɪɨɫɬɶɸ; ɛɨɥɟɟ ɜɵɫɨɤɨɟ 
ɷɥɟɤɬɪɢчɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɠɢɞɤɨɫɬɢ, ɩɨ ɟɝɨ ɦɧɟɧɢɸ, ɨɛɭɫɥɨɜɥɟɧɨ 
ɜɨɡɪаɫɬаɧɢɟɦ аɦɩɥɢɬɭɞɵ ɤɨɥɟɛаɧɢɣ аɬɨɦɨɜ. 

Дɥя ɨɬɧɨɲɟɧɢя ɷɥɟɤɬɪɢчɟɫɤɢх ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɛɵɥɨ ɜɵɜɟɞɟɧɨ 
ɫɥɟɞɭɸщɟɟ  ɜɵɪаɠɟɧɢɟ: 
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ɝɞɟ L - ɬɟɩɥɨɬа ɩɥаɜɥɟɧɢя ɢ TM - ɬɟɦɩɟɪаɬɭɪа ɩɥаɜɥɟɧɢя (°Ʉ).  

Ȼɨɥɟɟ ɩɨɡɞɧɢɟ ɬɟɨɪɢɢ ɭɤаɡɵɜаɸɬ, чɬɨ ɜɵɫɨɤɨɟ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɠɢɞɤɨɫɬɢ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɨɛɭɫɥɨɜɥɟɧɨ ɤаɤ ɧɟɩɪаɜɢɥɶɧɨɫɬɶɸ ɫɬɪɭɤɬɭɪɵ, ɬаɤ ɢ 
ɭɜɟɥɢчɟɧɢɟɦ аɦɩɥɢɬɭɞɵ ɤɨɥɟɛаɧɢɣ. 

 ɏ. ɉɟɪɥɢɬɰ ɪаɫɫɦɨɬɪɟɥ ɫɜяɡɶ, ɫɭщɟɫɬɜɭɸщɭɸ ɦɟɠɞɭ ɢɡɦɟɧɟɧɢɟɦ 
ɭɞɟɥɶɧɨɝɨ ɷɥɟɤɬɪɢчɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢя ɩɪɢ ɩɥаɜɥɟɧɢɢ ɢ ɤɪɢɫɬаɥɥɢчɟɫɤɨɣ 
ɫɬɪɭɤɬɭɪɨɣ ɜ ɬɜɟɪɞɨɦ ɫɨɫɬɨяɧɢɢ. Ɇɟɬаɥɥɵ ɦɨɠɧɨ ɪаɡɞɟɥɢɬɶ ɧа ɬɪɢ 
ɝɪɭɩɩɵ, ɞɥя ɤɨɬɨɪɵх ɜɟɥɢчɢɧа S L

   ɪаɜɧяɥаɫɶ   ɛɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ: 

- 1/2: ɞɥя Bi, Sb ɢ Ga, ɨɛɥаɞаɸщɢх «ɨɬɤɪɵɬɵɦɢ» ɤɪɢɫɬаɥɥɢчɟɫɤɢɦɢ 
ɫɬɪɭɤɬɭɪаɦɢ;  

- 3/2:  ɞɥя Na , Li, Ʉ, Rb, ɋs ɢ А1(ɜɫɟ ɷɬɢ ɦɟɬаɥɥɵ ɡа ɢɫɤɥɸчɟɧɢɟɦ А1, 

ɤɪɢɫɬаɥɥɢɡɭɸɬɫя ɜ ɨɛɴɟɦɧɨ-ɰɟɧɬɪɢɪɨɜаɧɧɨɣ ɤɭɛɢчɟɫɤɨɣ ɪɟɲɟɬɤɟ);  

- β: ɞɥя Аg, ɋd, Ɋɖ, Ɍ1, ɋu, Zn, Ɍе, Sn ɢ Аu (ɜɫɟ ɷɬɢ ɦɟɬаɥɥɵ ɨɛɥаɞаɸɬ 
ɩɥɨɬɧɨɭɩаɤɨɜаɧɧɵɦɢ ɫɬɪɭɤɬɭɪаɦɢ). 

  Д.Д. Ȼɟɪɧаɥ Дβ0θЖ ɨɛɪаɬɢɥ ɜɧɢɦаɧɢɟ ɧа ɬɨ, чɬɨ ɷɧɟɪɝɢɢ ɷɥɟɤɬɪɨɧɨɜ ɜ 
ɪаɫɩɥаɜɥɟɧɧɨɦ ɦɟɬаɥɥɟ ɞɨɥɠɧɵ ɨɩɪɟɞɟɥяɬɶɫя ɡɨɧаɦɢ Ȼɪɢɥɥɸɷɧа, хɨɬя 
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ɩɨɫɥɟɞɧɢɟ ɛɭɞɭɬ ɞɨ ɧɟɤɨɬɨɪɨɣ ɫɬɟɩɟɧɢ ɦаɫɤɢɪɨɜаɬɶɫя ɧɟɩɪаɜɢɥɶɧɵɦ 
ɪаɡɦɟщɟɧɢɟɦ аɬɨɦɨɜ. ɋɥɟɞɨɜаɬɟɥɶɧɨ, ɩɪɢɪɨɞа  ɫɰɟɩɥɟɧɢя аɬɨɦɨɜ ɜ ɠɢɞɤɨɦ 
ɦɟɬаɥɥɟ ɫхɨɞɧа ɫ ɩɪɢɪɨɞɨɣ ɫɰɟɩɥɟɧɢя ɢх ɜ ɬɜɟɪɞɨɦ  ɦɟɬаɥɥɟ. 

ɋɨɝɥаɫɧɨ [207Ж ɜɨɨɛщɟ ɫɜɨɣɫɬɜа ɜɫɟх ɠɢɞɤɢх ɦɟɬаɥɥɨɜ ɛɨɥɟɟ ɫхɨɞɧɵ 
ɦɟɠɞɭ ɫɨɛɨɣ, чɟɦ ɫɜɨɣɫɬɜа ɬɜɟɪɞɵх ɦɟɬаɥɥɨɜ. Ʉаɤ ɫɥɟɞɭɟɬ ɢɡ ɪɟɡɭɥɶɬаɬɨɜ 
ɫɬɪɭɤɬɭɪɧɵх ɢɫɫɥɟɞɨɜаɧɢɣ, ɧаɛɥɸɞаɟɬɫя ɫɬɪɟɦɥɟɧɢɟ ɤ ɨɞɢɧаɤɨɜɨɣ 
ɤɨɨɪɞɢɧаɰɢɢ аɬɨɦɨɜ ɜ ɠɢɞɤɢх ɦɟɬаɥɥах. Ɇɟɬаɥɥɵ ɫ ɩɥɨɬɧɨɭɩаɤɨɜаɧɧɨɣ 
ɪɟɲɟɬɤɨɣ ɩɟɪɟхɨɞяɬ ɤ ɛɨɥɟɟ ɧɢɡɤɨɣ ɤɨɨɪɞɢɧаɰɢɢ, а «ɨɬɤɪɵɬɵɟ» ɫɬɪɭɤɬɭɪɵ 
ɬаɤɢх ɦɟɬаɥɥɨɜ ɤаɤ ɝаɥɥɢɣ ɢ ɜɢɫɦɭɬ ɩɟɪɟхɨɞяɬ ɜ ɩɥɨɬɧɨɭɩаɤɨɜаɧɧɵɟ 
ɫɬɪɭɤɬɭɪɵ ɫ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɤɨɨɪɞɢɧаɰɢɟɣ. Эɬɢ ɢɡɦɟɧɟɧɢя ɫɨɩɪɨɜɨɠɞаɸɬɫя 
ɫɨɨɬɜɟɬɫɬɜɭɸщɢɦɢ ɢɡɦɟɧɟɧɢяɦɢ ɜ ɡɧачɟɧɢях ɷɥɟɤɬɪɨ- ɢ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ. 

Дɥя ɠɢɞɤɨɝɨ ɫɨɫɬɨяɧɢя ɩɨɫɥɟɞɧɢɟ ɩɪɢɛɥɢɠаɸɬɫя ɤ ɨɛщɟɦɭ ɡɧачɟɧɢɸ. 
Ȼаɭɷɪ, Ɇаɝа ɢ ɋɭɪɞɷɧ ɩɨɤаɡаɥɢ ɞɥя ɛɨɥɶɲɨɝɨ чɢɫɥа ɠɢɞɤɨɫɬɟɣ 
(ɩɪɟɢɦɭщɟɫɬɜɟɧɧɨ ɞɥя ɧɟɦɟɬаɥɥɨɜ), чɬɨ ɦɨɥɟɤɭɥяɪɧɵɣ ɨɛɴɟɦ, ɫɠɢɦаɟɦɨɫɬɶ, 
ɩɨɜɟɪхɧɨɫɬɧɨɟ ɧаɬяɠɟɧɢɟ ɢ ɬɟɩɥɨɟɦɤɨɫɬɶ ɦɨɠɧɨ ɩɪɟɞɫɬаɜɢɬɶ ɜ ɜɢɞɟ ɨɞɧɨɣ 
ɮɭɧɤɰɢɢ ɩɪɢɜɟɞɟɧɧɨɣ ɬɟɦɩɟɪаɬɭɪɵ. 

ɉɪɢɜɟɞɟɧɧая ɬɟɦɩɟɪаɬɭɪа ɨɩɪɟɞɟɥяɟɬɫя ɫɥɟɞɭɸщɢɦ ɫɨɨɬɧɨɲɟɧɢɟɦ: 
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ɝɞɟ  Ɍ - ɬɟɦɩɟɪаɬɭɪа, ɩɪɢ ɤɨɬɨɪɨɣ ɩɪɨɢɡɜɨɞɢɬɫя ɢɡɦɟɪɟɧɢɟ; Ɍf  - ɬɟɦɩɟɪаɬɭɪа 
ɩɥаɜɥɟɧɢя; Tɫ - ɤɪɢɬɢчɟɫɤая  ɬɟɦɩɟɪаɬɭɪа. 

 ɫɥɭчаɟ ɫɠɢɦаɟɦɨɫɬɢ   ɡɧачɟɧɢя ɞɥя ɜɫɟх ɢɫɫɥɟɞɨɜаɧɧɵх ɠɢɞɤɨɫɬɟɣ 
ɥɨɠаɬɫя ɧа ɤɪɢɜɭɸ, ɜɵɪаɠаɟɦɭɸ ɭɪаɜɧɟɧɢɟɦ 
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ɉɪɢɜɟɞɟɧɧɵɟ ɜɵɲɟ ɞаɧɧɵɟ ɨ ɮɢɡɢчɟɫɤɢх ɫɜɨɣɫɬɜах ɩɨɡɜɨɥɢɥɢ 
ɮɢɡɢɤаɦ - ɬɟɨɪɟɬɢɤаɦ ɩɪɟɞɥɨɠɢɬɶ ɬɟɨɪɢɢ, ɨɩɢɫɵɜаɸщɢɟ яɜɥɟɧɢɟ ɩɥаɜɥɟɧɢя 
ɢ ɫɜɨɣɫɬɜа ɠɢɞɤɨɫɬɟɣ. Даɧɧɵɟ, ɩɨɥɭчɟɧɧɵɟ ɩɪɢ ɩɨɦɨщɢ ɪɟɧɬɝɟɧɨɜɵх ɥɭчɟɣ, 
ɩɪɢɜɟɥɢ ɤ ɪаɡɜɢɬɢɸ ɛɨɥɟɟ ɫɨɜɟɪɲɟɧɧɵх ɬɟɨɪɢɣ, ɨɫɧɨɜаɧɧɵх ɧа ɩɨɜɟɞɟɧɢɢ 
ɬɜɟɪɞɵх ɬɟɥ. Ɉɩɢɫаɧɧɵɟ ɡɞɟɫɶ ɬɟɨɪɢɢ ɩɨчɬɢ ɜɫɟ ɫɪаɜɧɢɬɟɥɶɧɨ ɧɟɞаɜɧɟɝɨ 
ɩɪɨɢɫхɨɠɞɟɧɢя ɢ ɧа ɤаɠɞɨɣ ɢɡ ɧɢх ɫɤаɡаɥɨɫɶ ɜɥɢяɧɢɟ ɪɟɡɭɥɶɬаɬɨɜ 
ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵх ɢɫɫɥɟɞɨɜаɧɢɣ. ɇаɢɛɨɥɟɟ ɭɫɩɟɲɧɵɟ ɬɟɨɪɢɢ ɞɨɫɬаɬɨчɧɨ 
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ɩɪɨɫɬɵ. ɉɨɫɥɟɞɧɢɟ ɠɟ ɪɟɧɬɝɟɧɨɜɫɤɢɟ ɞаɧɧɵɟ ɩɨɤаɡɵɜаɸɬ ɩɪɨɫɬɨɣ хаɪаɤɬɟɪ 
ɫɬɪɨɟɧɢя ɠɢɞɤɢх ɦɟɬаɥɥɨɜ. Ɂаɞача ɛɨɥɶɲɢɧɫɬɜа ɬɟɨɪɢɣ ɡаɤɥɸчаɟɬɫя ɜ 
ɨɛɴяɫɧɟɧɢɢ ɬɨɝɨ, ɩɨчɟɦɭ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɨɣ ɬɟɦɩɟɪаɬɭɪɟ ɩɪаɜɢɥɶɧɨ 
ɩɨɫɬɪɨɟɧɧая ɤɪɢɫɬаɥɥɢчɟɫɤая ɪɟɲɟɬɤа ɬɜɟɪɞɨɝɨ ɬɟɥа ɫɬаɧɨɜɢɬɫя 
ɧɟɭɫɬɨɣчɢɜɨɣ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɛɟɫɩɨɪяɞɨчɧɨɦɭ ɪаɡɦɟщɟɧɢɸ аɬɨɦɨɜ ɜ 
ɠɢɞɤɨɫɬɢ (ɨɛɥаɞаɸщɢх ɛɨɥɶɲɟɣ ɩɨɞɜɢɠɧɨɫɬɶɸ, чɟɦ ɜ ɬɜɟɪɞɨɦ ɬɟɥɟ, ɧɨ 
ɬаɤɢɦɢ ɠɟ ɫɢɥаɦɢ ɫɜяɡɢ) ɢ ɩɨчɟɦɭ ɷɬɨ ɩɪɟɜɪащɟɧɢɟ яɜɥяɟɬɫя ɩɟɪɟхɨɞɨɦ 1-

ɝɨ ɪɨɞа. В ɷɬɢх ɬɟɨɪɢях ɢɫɩɨɥɶɡɭɸɬɫя ɢɞɟаɥɢɡɢɪɨɜаɧɧɵɟ ɦɨɞɟɥɢ ɩɪɨɰɟɫɫа 
ɩɥаɜɥɟɧɢя, ɨɛɴяɫɧяɸщɢɟ ɬаɤɠɟ ɧɟɤɨɬɨɪɵɟ ɢɡ ɢɡɦɟɧɟɧɢɣ ɫɜɨɣɫɬɜ ɩɪɢ 
ɩɥаɜɥɟɧɢɢ. В ɫɜяɡɢ ɫ ɬɟɦ, чɬɨ ɨɩɭɛɥɢɤɨɜаɧɨ ɧɟɫɤɨɥɶɤɨ ɤɪɢɬɢчɟɫɤɢх 
ɨɛɡɨɪɨɜ ɬɟɨɪɢɣ ɩɥаɜɥɟɧɢя, ɡɞɟɫɶ ɜɧɢɦаɧɢɟ ɨɛɪащɟɧɨ ɬɨɥɶɤɨ ɧа ɩɪɢɧɰɢɩɵ, 
ɧа ɤɨɬɨɪɵх ɨɫɧɨɜаɧɵ ɬɟɨɪɢɢ. 

Ȼɨɥɶɲɢɧɫɬɜɨ аɜɬɨɪɨɜ ɫɨɫɪɟɞɨɬачɢɜаɟɬ ɫɜɨɟ ɜɧɢɦаɧɢɟ ɧа ɞɜɭх ɮаɤɬах: 
1) ɫɬɪɭɤɬɭɪа ɠɢɞɤɨɫɬɢ ɛɨɥɶɲɟ ɩɨхɨɞɢɬ ɧа ɫɬɪɭɤɬɭɪɭ ɬɜɟɪɞɨɝɨ ɬɟɥа, чɟɦ ɧа 
ɫɬɪɭɤɬɭɪɭ ɝаɡа; β) ɨɛɴɟɦ ɩɪɢ ɩɥаɜɥɟɧɢɢ ɛɨɥɶɲɢɧɫɬɜа ɦɟɬаɥɥɨɜ 
ɭɜɟɥɢчɢɜаɟɬɫя. Вɜɨɞɢɬɫя ɩаɪаɦɟɬɪ, ɨɩɪɟɞɟɥяɸщɢɣ ɫɬɟɩɟɧɶ ɩɨɪяɞɤа 
ɤɪɢɫɬаɥɥɢчɟɫɤɨɣ ɪɟɲɟɬɤɢ (ɤаɤ ɜ ɬɟɨɪɢɢ ɫɜɟɪхɫɬɪɭɤɬɭɪɵ), ɢ ɢɫɫɥɟɞɭɟɬɫя 
ɜɥɢяɧɢɟ ɧа ɧɟɝɨ ɬɟɦɩɟɪаɬɭɪɵ. Ɏɪɟɧɤɟɥɶ Д208Ж ɢ Ȼɪɟɫɥɟɪ Д207Ж ɜ ɫɜɨɢх 
ɬɟɨɪɢях ɨɫɧɨɜɵɜаɥɢ ɜɵчɢɫɥɟɧɢя ɧа ɞɨɩɭщɟɧɢɢ, чɬɨ ɫɬɟɩɟɧɶ ɩɨɪяɞɤа 
ɩɨɧɢɠаɟɬɫя ɨɛɪаɡɨɜаɧɢɟɦ ɜаɤаɧɬɧɵх ɭɡɥɨɜ ɜ ɪɟɲɟɬɤɟ. 

ɉɥаɜɥɟɧɢɟ ɩɪɨɢɫхɨɞɢɬ ɜ ɬɨɬ ɦɨɦɟɧɬ, ɤɨɝɞа чɢɫɥɨ ɜаɤаɧɬɧɵх ɭɡɥɨɜ 
ɞɨɫɬɢɝаɟɬ ɤɪɢɬɢчɟɫɤɨɝɨ ɡɧачɟɧɢя Дβ07Ж; ɫɨɨɬɜɟɬɫɬɜɭɸщɢɟ ɜɵчɢɫɥɟɧɢя 
аɧаɥɨɝɢчɧɵ ɜɵчɢɫɥɟɧɢяɦ Ȼɪɷɝɝɟ ɢ Вɢɥɶяɦɫа ɩɨ ɢɫчɟɡɧɨɜɟɧɢɸ ɩɨɪяɞɤа ɜ 
ɛɢɧаɪɧɵх ɫɩɥаɜах, ɨɛɥаɞаɸщɢх ɫɜɟɪхɫɬɪɭɤɬɭɪɨɣ. 

Ʌɟɧɧаɪɞ-Дɠɨɧɫ ɢ Дɟɜɨɧɲаɣɪ Дβ07Ж ɩɪɟɞɥɨɠɢɥɢ ɦɟхаɧɢɡɦ, ɧɟɫɤɨɥɶɤɨ 
ɨɬɥɢчаɸщɢɣɫя ɨɬ ɬɟɨɪɢɣ, ɨɫɧɨɜɵɜаɸщɢхɫя ɧа ɩɪɟɞɫɬаɜɥɟɧɢɢ ɨ ɜаɤаɧɬɧɵх 
ɭɡɥах. Ȼɟɫɩɨɪяɞɨɤ ɜ ɪɟɲɟɬɤɟ ɞɨɫɬɢɝаɟɬɫя ɦɢɝɪаɰɢɟɣ аɬɨɦɨɜ ɢɡ ɩɨɥɨɠɟɧɢɣ ɜ 
ɭɡɥах ɪɟɲɟɬɤɢ ɜ ɦɟɠɞɨɭɡɥɢя. ɋɬɟɩɟɧɶ ɩɨɪяɞɤа Ɋ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɤаɤ 
ɨɬɧɨɲɟɧɢɟ чɢɫɥа аɬɨɦɨɜ NA ɜ ɭɡɥах А ɤ ɩɨɥɧɨɦɭ чɢɫɥɭ аɬɨɦɨɜ N. Ɋаɛɨɬа, 
ɧɟɨɛхɨɞɢɦая ɞɥя ɩɟɪɟɦɟщɟɧɢя аɬɨɦа ɢɡ ɭɡɥа А ɜ ɦɟɠɞɨɭɡɥɢɟ ȼ, ɛɥаɝɨɞаɪя 
ɫɢɥаɦ ɨɬɬаɥɤɢɜаɧɢя ɜɟɥɢɤа ɩɪɢ ɧɢɡɤɢх ɬɟɦɩɟɪаɬɭɪах. ɉɨ ɦɟɪɟ ɪаɫɲɢɪɟɧɢя 
ɪɟɲɟɬɤɢ ɫ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪаɬɭɪɵ ɷɬа ɦɢɝɪаɰɢя ɨɛɥɟɝчаɟɬɫя. ɋɤɨɪɨɫɬɶ 
ɭɦɟɧɶɲɟɧɢя ɩɨɪяɞɤа ɫɧачаɥа ɦаɥа, ɧɨ ɫ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪаɬɭɪɵ ɛɵɫɬɪɨ 
ɩаɞаɟɬ ɞɨ ɞɨɫɬɢɠɟɧɢя ɡɧачɟɧɢя Ɋ = 1

/2, ɤɨɝɞа ɢɫчɟɡаɟɬ ɪаɡɥɢчɢɟ ɦɟɠɞɭ 
ɩɨɡɢɰɢяɦɢ А ɢ ȼ. ɑɟɦ ɛɨɥɶɲɟ аɬɨɦɨɜ ɜ ɩɨɡɢɰɢях ȼ, ɬɟɦ ɥɟɝчɟ ɩɪɨɢɫхɨɞɢɬ 
ɢɡɦɟɧɟɧɢɟ, ɜ ɪɟɡɭɥɶɬаɬɟ чɟɝɨ ɜɨɡɧɢɤаɟɬ «ɥаɜɢɧа» ɢɥɢ ɤɨɨɩɟɪаɬɢɜɧɨɟ яɜɥɟɧɢɟ1

, 

ɤɨɝɞа ɫɤɨɪɨɫɬɶ ɦɢɝɪаɰɢɢ ɡɧачɢɬɟɥɶɧɨ ɜɨɡɪаɫɬаɟɬ ɞɨ ɬɟх ɩɨɪ, ɩɨɤа ɜ ɬɨчɤɟ 
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ɩɥаɜɥɟɧɢя ɧɟ ɢɫчɟɡɧɟɬ ɜɫяɤɢɣ ɩɨɪяɞɨɤ. ɇа ɨɫɧɨɜɟ ɷɬɨɣ ɬɟɨɪɢɢ ɡɧачɟɧɢя 
ɬɟɦɩɟɪаɬɭɪɵ ɩɥаɜɥɟɧɢя, ɢɡɦɟɧɟɧɢя ɨɛɴɟɦа ɢ ɷɧɬɪɨɩɢɢ ɩɪɢ ɩɥаɜɥɟɧɢɢ ɛɵɥɢ 
ɜɵчɢɫɥɟɧɵ ɞɥя аɪɝɨɧа ɢ аɡɨɬа. Ʉɨɥɢчɟɫɬɜɟɧɧɨɟ ɫɨɝɥаɫɢɟ ɫ ɨɩɵɬɧɵɦɢ 
ɡɧачɟɧɢяɦɢ ɨɤаɡɵɜаɟɬɫя хɨɪɨɲɢɦ, хɨɬя Ɏɪɟɧɤɟɥɶ ɡаɦɟɬɢɥ, чɬɨ ɩɨɞɨɛɧɨɝɨ 
ɫɨɝɥаɫɢя ɥɟɝɤɨ ɞɨɫɬɢɝɧɭɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸщɢɦ ɩɨɞɛɨɪɨɦ ɩаɪаɦɟɬɪɨɜ. 
ɉɪɟɞɫɬаɜɥɟɧɢɟ ɨ ɫɭщɟɫɬɜɨɜаɧɢɢ ɜ ɠɢɞɤɨɫɬɢ ɞɵɪɨɤ, ɨɬɥɢчɧɨɟ ɨɬ 
ɩɪɟɞɫɬаɜɥɟɧɢя ɨ ɜаɤаɧɬɧɵх ɭɡɥах, ɩɪɢɦɟɧяɥɨɫɶ ɪяɞɨɦ аɜɬɨɪɨɜ, ɨɫɨɛɟɧɧɨ 
Ɏɸɪɬɨɦ Дβ0ηЖ. ɂɞɟя ɞɵɪɨɤ ɤаɤ ɜаɤаɧɬɧɵх ɭɡɥɨɜ ɪɟɲɟɬɤɢ ɥɢɲɟɧа ɫɦɵɫɥа ɜ 
ɧɟɭɩɨɪяɞɨчɟɧɧɨɦ ɠɢɞɤɨɦ ɫɨɫɬɨяɧɢɢ. Ɉɧа ɡаɦɟɧяɟɬɫя ɩɨɧяɬɢɟɦ ɞɵɪɨɤ, 
ɩɪɟɞɫɬаɜɥяɸщɢх ɫɨɛɨɣ ɡаɡɨɪɵ ɧɟɨɩɪɟɞɟɥɟɧɧɵх ɪаɡɦɟɪɨɜ ɦɟɠɞɭ аɬɨɦаɦɢ ɜ 
ɠɢɞɤɨɫɬɢ. Эɬɢ ɞɵɪɤɢ ɦɨɝɭɬ ɫɜɨɛɨɞɧɨ ɢɡɦɟɧяɬɶ ɫɜɨɸ ɮɨɪɦɭ ɢ ɩɨɥɨɠɟɧɢɟ. 
ɂɫɩаɪɟɧɢɟ ɷɬɢ аɜɬɨɪɵ ɩɪɟɞɫɬаɜɥяɸɬ ɤаɤ ɫɥɢяɧɢɟ ɞɵɪɨɤ ɜ 
ɦаɤɪɨɫɤɨɩɢчɟɫɤɢɟ ɩɭɡɵɪɶɤɢ ɩаɪа, а ɩɥаɜɥɟɧɢɟ - ɤаɤ ɩɟɪɟхɨɞ ɧɟɡаɧяɬɵх 
ɭɡɥɨɜ ɪɟɲɟɬɤɢ ɜ ɞɵɪɤɢ. ɂɫчɟɡɧɨɜɟɧɢɟ ɞаɥɶɧɟɝɨ ɩɨɪяɞɤа - ɷɬɨ ɪɟɡɭɥɶɬаɬ 
ɜɨɡɦɭщɟɧɢя ɪɟɲɟɬɤɢ ɷɬɢɦɢ ɞɵɪɤаɦɢ. ɉɪɢ ɫɠаɬɢɢ ɠɢɞɤɨɫɬɢ ɩɪɢ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɢɡɤɨɣ ɬɟɦɩɟɪаɬɭɪɟ ɞɵɪɤɢ ɢɫчɟɡаɸɬ. Ɉɩɵɬɵ Ȼɪɢɞɠɦɷɧа Дβ07Ж 
ɩɨɤаɡɵɜаɸɬ, чɬɨ ɷɬɨ, ɜɟɪɨяɬɧɨ, ɢ ɩɪɨɢɫхɨɞɢɬ, ɬаɤ ɤаɤ ɦɨɞɭɥɶ ɜɫɟɫɬɨɪɨɧɧɟɝɨ 
ɫɠаɬɢя ɠɢɞɤɨɫɬɟɣ ɜ ɧɟɫɤɨɥɶɤɨ ɪаɡ ɦɟɧɶɲɟ, чɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸщɢх ɬɜɟɪɞɵх 
ɜɟщɟɫɬɜ. Эɬɨ ɨɛɭɫɥɨɜɥɟɧɨ «ɩɨɪɢɫɬɨɫɬɶɸ», ɤɨɬɨɪая ɭɫɬɪаɧяɟɬɫя ɩɪɢ ɨɬ-

ɧɨɫɢɬɟɥɶɧɨ ɧɢɡɤɨɦ ɞаɜɥɟɧɢɢ. ɉɪɢ ɛɨɥɟɟ ɜɵɫɨɤɨɦ ɞаɜɥɟɧɢɢ ɫɠɢɦаɟɦɨɫɬɶ 
ɩаɞаɟɬ ɞɨ ɡɧачɟɧɢɣ, ɫɪаɜɧɢɦɵх ɫɨ ɡɧачɟɧɢяɦɢ ɫɠɢɦаɟɦɨɫɬɢ ɜ ɬɜɟɪɞɨɦ 
ɫɨɫɬɨяɧɢɢ. 

Ʉɢɪɤɜɭɞ Дβ07Ж ɨɫɧɨɜɵɜаɟɬ ɫɜɨɸ ɬɟɨɪɢɸ ɫɬɪɨɟɧɢя ɠɢɞɤɨɫɬɢ ɧа ɩɨɧяɬɢɢ 
ɫɜɨɛɨɞɧɨɝɨ ɨɛɴɟɦа, ɩɪɟɞɫɬаɜɥяɸщɟɝɨ ɪаɡɧɨɫɬɶ ɨɛɴɟɦɨɜ «ɨɬɤɪɵɬɨɣ» 
ɫɬɪɭɤɬɭɪɵ ɠɢɞɤɨɫɬɢ ɢ ɩɥɨɬɧɨɭɩаɤɨɜаɧɧɨɝɨ ɪаɡɦɟщɟɧɢя ɫɨɩɪɢɤаɫаɸщɢхɫя 
ɲаɪɨɜ. ȿɫɥɢ ɨɛɴɟɦ ɪаɜɟɧ V1 ɜ ɩɨɫɥɟɞɧɟɦ ɫɥɭчаɟ ɢ V2 ɩɪɢ ɛɨɥɟɟ ɜɵɫɨɤɨɣ 
ɬɟɦɩɟɪаɬɭɪɟ, ɬɨ V2 – V1 ɩɪɢ ɧɢɡɤɢх ɬɟɦɩɟɪаɬɭɪах ɦаɥɨ ɢ ɫɜɨɛɨɞɧɵɣ ɨɛɴɟɦ 
ɩɪɢɧɢɦаɟɬ ɮɨɪɦɭ ɜаɤаɧɬɧɵх ɭɡɥɨɜ ɪɟɲɟɬɤɢ ɢɥɢ «ɩɨɪ». Ʉɨɝɞа чɢɫɥɨ ɩɨɪ 
ɫɬаɧɨɜɢɬɫя ɡɧачɢɬɟɥɶɧɵɦ, ɤɪɢɫɬаɥɥɢчɟɫɤая ɪɟɲɟɬɤа ɩɟɪɟхɨɞɢɬ ɜ 
ɛɟɫɩɨɪяɞɨчɧɨɟ ɪаɫɩɪɟɞɟɥɟɧɢɟ аɬɨɦɨɜ ɠɢɞɤɨɫɬɢ, ɢ ɫɜɨɛɨɞɧɵɣ ɨɛɴɟɦ 
ɪаɜɧɨɦɟɪɧɨ ɪаɫɩɪɟɞɟɥяɟɬɫя ɩɨ ɜɫɟɦ аɬɨɦаɦ, ɫɨɡɞаɜая ɜɵɫɨɤɭɸ ɩɨɞɜɢɠɧɨɫɬɶ ɢ 
ɛɟɫɩɨɪяɞɨчɧɨɟ ɪаɡɦɟщɟɧɢɟ ɢх. Ʉɢɪɤɜɭɞ ɜɜɟɥ ɪаɫɩɪɟɞɟɥɢɬɟɥɶɧɭɸ ɮɭɧɤɰɢɸ  r , ɪаɜɧɭɸ ɫɪɟɞɧɟɦɭ чɢɫɥɭ аɬɨɦɨɜ ɜ ɟɞɢɧɢɰɟ ɨɛɴɟɦа ɧа ɪаɫɫɬɨяɧɢɢ r ɨɬ 
ɰɟɧɬɪаɥɶɧɨɝɨ аɬɨɦа ɜ ɠɢɞɤɨɫɬɢ. ɉɪɢɦɟɧɟɧɢɟ ɫɬаɬɢɫɬɢчɟɫɤɨɣ ɦɟхаɧɢɤɢ 
ɩɨɡɜɨɥяɟɬ ɜɵɜɟɫɬɢ ɡаɜɢɫɢɦɨɫɬɶ  r ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɢ ɨɛɴɟɦа. Ɋɟɡɭɥɶɬаɬɵ 
ɨɩɵɬɨɜ ɩɨ ɞɢɮɮɪаɤɰɢɢ ɪɟɧɬɝɟɧɨɜɵх ɥɭчɟɣ ɜ ɠɢɞɤɨɫɬях ɜɵɪаɠаɸɬɫя чɟɪɟɡ 
ɩɨɞɨɛɧɭɸ ɠɟ ɪаɫɩɪɟɞɟɥɢɬɟɥɶɧɭɸ ɮɭɧɤɰɢɸ. Ɋаɫɩɪɟɞɟɥɟɧɢя, ɩɨɥɭчɟɧɧɵɟ ɜ 
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ɬɟɨɪɢɢ ɫɜɨɛɨɞɧɨɝɨ ɨɛɴɟɦа, хɨɪɨɲɨ ɫɨɝɥаɫɭɸɬɫя ɫ ɪɟɡɭɥɶɬаɬаɦɢ ɨɩɵɬɨɜ ɫ 
ɪɟɧɬɝɟɧɨɜcɤɢɦɢ ɥɭчаɦɢ. 

Даɥɟɤɨ ɧɟ ɜɨ ɜɫɟх ɬɟɨɪɢях ɠɢɞɤɨɝɨ ɫɨɫɬɨяɧɢя ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ 
ɪаɫɫɦаɬɪɢɜаɥɢɫɶ ɫɢɥɵ ɫɰɟɩɥɟɧɢя ɦɟɠɞɭ аɬɨɦаɦɢ. Вɥɢяɧɢɟ ɬɟɩɥɨɜɨɝɨ 
ɞɜɢɠɟɧɢя ɧа ɩɪɟɨɞɨɥɟɧɢɟ ɫɢɥɵ ɫɰɟɩɥɟɧɢя, ɩɪɢɜɨɞящɟɟ ɤ ɪаɡɪɭɲɟɧɢɸ 
ɤɪɢɫɬаɥɥɢчɟɫɤɨɣ ɪɟɲɟɬɤɢ ɢ ɤ ɩɟɪɟхɨɞɭ ɤ ɫɬɪɭɤɬɭɪɟ ɠɢɞɤɨɫɬɢ, ɢɡɭчаɥɢ 
Ʌɢɧɞɟɦаɧɧ Д207Ж, ɩɨɡɠɟ Ɏɪɟɧɤɟɥɶ Д207Ж, а ɬаɤɠɟ Ȼɨɪɧ Д207Ж. ɉɨ ɬɟɨɪɢɢ, 
ɩɪɟɞɥɨɠɟɧɧɨɣ Ʌɢɧɞɟɦаɧɧɨɦ, ɩɥаɜɥɟɧɢɟ ɩɪɨɢɫхɨɞɢɬ ɜ ɬɨɬ ɦɨɦɟɧɬ, ɤɨɝɞа 
аɦɩɥɢɬɭɞа ɬɟɩɥɨɜɵх ɤɨɥɟɛаɧɢɣ аɬɨɦɨɜ ɞɨɫɬɢɝаɟɬ ɨɩɪɟɞɟɥɟɧɧɨɣ ɞɨɥɢ Ȗ\ 

ɩɨɫɬɨяɧɧɨɣ ɤɪɢɫɬаɥɥɢчɟɫɤɨɣ ɪɟɲɟɬɤɢ а.  

Ɏɪɟɧɤɟɥɶ ɢ Ȼɨɪɧ ɪаɫɫɦаɬɪɢɜаɸɬ ɜɨɩɪɨɫ ɫ ɬɨчɤɢ ɡɪɟɧɢя ɬɟɪɦɨɞɢɧаɦɢɤɢ 
ɢ ɩɪɢхɨɞяɬ ɤ ɨɛщɟɦɭ ɜɵɜɨɞɭ, чɬɨ ɩɥаɜɥɟɧɢɟ ɩɪɟɞɫɬаɜɥяɟɬ ɫɨɛɨɣ 
ɧɟɭɫɬɨɣчɢɜɨɫɬɶ ɤɪɢɫɬаɥɥɢчɟɫɤɨɣ ɪɟɲɟɬɤɢ, ɫɨɡɞаɧɧɭɸ ɪаɫɲɢɪɟɧɢɟɦ ɨɛɴɟɦа 
ɞɨ ɡɧачɟɧɢя, ɤɨɬɨɪɨɟ ɫɜяɡаɧɨ ɫ ɩɪɟɞɟɥɨɦ ɩɪɨчɧɨɫɬɢ ɦаɬɟɪɢаɥа ɧа ɪаɫɬяɠɟɧɢɟ. 
ɋɨɝɥаɫɨɜаɧɧɨɫɬɶ ɦɟɠɞɭ ɬɟɨɪɢɟɣ ɢ ɨɩɵɬɨɦ ɧɟɥɶɡя ɩɪɢɡɧаɬɶ хɨɪɨɲɟɣ, ɬаɤ ɤаɤ 
ɩɪаɤɬɢчɟɫɤɢ ɤɪɢɫɬаɥɥɢчɟɫɤая ɪɟɲɟɬɤа ɜɫɟɝɞа ɨɛɥаɞаɟɬ ɞɟɮɟɤɬаɦɢ. 

Ɇɨɬɬ Дβ07Ж ɫɨɩɨɫɬаɜɢɥ ɬɟɨɪɢɢ, ɨɫɧɨɜаɧɧɵɟ ɧа ɩɪɟɞɫɬаɜɥɟɧɢɢ ɨɛ 
ɨɛɪаɡɨɜаɧɢɢ ɜаɤаɧɬɧɵх ɭɡɥɨɜ ɢɥɢ ɞɵɪɨɤ, ɫ ɬɟɨɪɢɟɣ Ɇɷɤɟɧɡɢ ɢ Ɇɨɬɬа Д207Ж, ɜ 
ɤɨɬɨɪɨɣ ɩɥаɜɥɟɧɢɟ ɪаɫɫɦаɬɪɢɜаɟɬɫя ɤаɤ аɧаɥɨɝ ɩɪɨɰɟɫɫа ɫɞɜɢɝа. Эɧɟɪɝɢя 
ɝɪаɧɢɰ ɡɟɪɟɧ ɩɪɨɩɨɪɰɢɨɧаɥɶɧа ɩɪɨɢɡɜɟɞɟɧɢɸ ɦɨɞɭɥя ɫɞɜɢɝа G ɢ аɬɨɦɧɨɝɨ 
ɨɛɴɟɦа а3

. ɉɨ ɜɵчɢɫɥɟɧɢɸ Ɇɨɬɬа, ɪаɛɨɬа ɨɛɪаɡɨɜаɧɢя ɜаɤаɧɫɢɢ ɜ 
ɡаɦɨɪɨɠɟɧɧɨɦ ɢɧɟɪɬɧɨɦ ɝаɡɟ ɪаɜɧа ɷɧɟɪɝɢɢ ɪɟɲɟɬɤɢ, ɦɟɠɞɭ ɬɟɦ ɤаɤ ɜ 
ɦɟɬаɥɥɟ ɷɬа ɪаɛɨɬа ɫɨɫɬаɜɥяɟɬ ɩɨɥɨɜɢɧɭ ɷɧɟɪɝɢɢ ɪɟɲɟɬɤɢ. Эɧɟɪɝɢя ɪɟɲɟɬɤɢ 
ɪаɜɧа ɬɟɩɥɨɬɟ ɫɭɛɥɢɦаɰɢɢ S

L , ɢ ɟɫɥɢ ɬɟɩɥɨɬа ɩɥаɜɥɟɧɢя ɫɜяɡаɧа ɫ 
ɨɛɪаɡɨɜаɧɢɟɦ ɜаɤаɧɫɢɣ, ɬɨ ɡɧачɟɧɢя ɜɟɥɢчɢɧɵ 3

s
Ga L  ɞɥя ɪɟɞɤɢх ɝаɡɨɜ ɢ 

ɞɥя ɦɟɬаɥɥɨɜ ɞɨɥɠɧɵ ɨɬɥɢчаɬɶɫя ɞɪɭɝ ɨɬ ɞɪɭɝа ɦɧɨɠɢɬɟɥɟɦ, ɪаɜɧɵɦ ɞɜɭɦ. 
ɇаɛɥɸɞаɟɦɨɟ ɡɧачɟɧɢɟ ɷɬɨɝɨ ɨɬɧɨɲɟɧɢя ɫɨɫɬаɜɥяɟɬ ɨɤɨɥɨ ɩяɬɢ. Эɬɨ ɡɧачɢɬ, 
чɬɨ ɜɟɥɢчɢɧа Gа3

 ɧахɨɞɢɬɫя ɜ ɩɨɥɧɨɦ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɟɩɥɨɬɨɣ ɩɥаɜɥɟɧɢя, ɜ 
ɬɨ ɜɪɟɦя ɤаɤ ɪаɛɨɬа ɨɛɪаɡɨɜаɧɢя ɜаɤаɧɫɢɣ ɧɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɷɧɟɪɝɢɢ 
ɪɟɲɟɬɤɢ. Эɬɨ ɩɪɢɜɨɞɢɬ ɤ ɜɵɜɨɞɭ, чɬɨ ɢɫɤаɠɟɧɢɟ ɪɟɲɟɬɤɢ ɩɪɢ ɩɥаɜɥɟɧɢɢ 
ɢɦɟɟɬ хаɪаɤɬɟɪ ɫɞɜɢɝа. ɇɢ ɨɞɧɨ ɬɟɨɪɟɬɢчɟɫɤɨɟ ɨɩɢɫаɧɢɟ ɠɢɞɤɨɝɨ 
ɫɨɫɬɨяɧɢя ɧɟ яɜɥяɟɬɫя ɜɩɨɥɧɟ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɣ ɬɟɨɪɢɟɣ ɩɥаɜɥɟɧɢя. 
Ʉаɠɞɨɟ ɢɡ ɧɢх ɨɩɢɫɵɜаɟɬ ɬɨɥɶɤɨ ɧɟɤɨɬɨɪɵɟ ɫɬɨɪɨɧɵ ɷɬɨɝɨ яɜɥɟɧɢя. Тɟɨɪɢɢ 
ɠɢɞɤɨɝɨ ɫɨɫɬɨяɧɢя ɦɟɧɟɟ ɬɨчɧɵ, чɟɦ ɬɟɨɪɢɢ ɬɜɟɪɞɨɝɨ ɫɨɫɬɨяɧɢя, ɫɤɨɪɟɟ 
ɛɥаɝɨɞаɪя ɧɟɨɩɪɟɞɟɥɟɧɧɨɣ ɩɪɢɪɨɞɟ ɠɢɞɤɨɝɨ ɫɨɫɬɨяɧɢя, чɟɦ ɧɟɞɨɫɬаɬɤɭ 
ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɵх ɞаɧɧɵх. 
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ɉɨ ɞаɧɧɵɦ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵх ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɥɨɬɧɨɫɬɶ ɠɢɞɤɨɝɨ 
ɦɟɬаɥɥа ɧаɫɬɨɥɶɤɨ ɛɥɢɡɤа ɤ ɩɥɨɬɧɨɫɬɢ ɬɜɟɪɞɨɝɨ, чɬɨ ɪаɫɫɬɨяɧɢɟ ɦɟɠɞɭ 
аɬɨɦаɦɢ ɜ ɠɢɞɤɨɦ ɦɟɬаɥɥɟ ɦɨɠɟɬ ɛɵɬɶ ɥɢɲɶ ɧɟɦɧɨɝɨ ɛɨɥɶɲɟ, чɟɦ ɜ ɬɜɟɪɞɨɦ. 

В ɠɢɞɤɢх ɫɩɥаɜах ɢɡɭчаɥɢɫɶ ɩɪɟɢɦɭщɟɫɬɜɟɧɧɨ хɢɦɢчɟɫɤɢɟ, а  ɧɟ 
ɮɢɡɢчɟɫɤɢɟ ɫɜɨɣɫɬɜа. Ɇɟɠɞɭ ɬɟɦ ɩɪɢ ɨɛɪаɡɨɜаɧɢɢ ɫɩɥаɜɨɜ ɮɢɡɢчɟɫɤɢɟ 
ɫɜɨɣɫɬɜа ɢɡɦɟɧяɸɬɫя ɨɛɵчɧɨ ɧɟ ɨчɟɧɶ ɫɢɥɶɧɨ: ɪɟɡɭɥɶɬɢɪɭɸщɢɟ ɫɜɨɣɫɬɜа 
ɨɛɵчɧɨ ɢɦɟɸɬ ɫɪɟɞɧɢɟ ɡɧачɟɧɢя ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɫɜɨɣɫɬɜаɦ ɤɨɦɩɨɧɟɧɬɨɜ. 
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ПɊИЛɈɀЕНИЕ 8. Ɍеɩɥɨɮиɡиɱеɫɤие ɫвɨɣɫтва ɝаɡɨɨɛɪаɡɧыɯ тɨɩɥивɧыɯ 
ɦатеɪиаɥɨв ɹɞеɪɧыɯ ɪеаɤтɨɪɨв 

 

ɋɨɝɥаɫɧɨ ɪаɛɨɬɟ Дβ1ηЖ ɞɢɮɮɭɡɢя, ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɢ ɜяɡɤɨɫɬɶ 
ɨɫɭщɟɫɬɜɥяɸɬɫя ɨɞɧɢɦ ɢ ɬɟɦ ɠɟ ɦɟхаɧɢɡɦɨɦ - ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɵɦ 
ɦɨɥɟɤɭɥяɪɧɵɦ ɩɟɪɟɧɨɫɨɦ. Тɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɦɨɠɧɨ ɪаɫɫɦаɬɪɢɜаɬɶ ɤаɤ 
«ɞɢɮɮɭɡɢɸ ɷɧɟɪɝɢɢ», а ɜяɡɤɨɫɬɶ - ɤаɤ «ɞɢɮɮɭɡɢɸ ɢɦɩɭɥɶɫа». ɉɨɷɬɨɦɭ 
ɦɨɠɧɨ ɭɬɜɟɪɠɞаɬɶ, чɬɨ ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ D, ɬɟɦɩɟɪаɬɭɪɨɩɪɨɜɨɞɧɨɫɬɶ  

Ȥ = □/ p
Mc  ɢ ɤɢɧɟɦаɬɢчɟɫɤая ɜяɡɤɨɫɬɶ Nm   ɢɦɟɸɬ ɨɞɢɧ ɢ ɬɨɬ ɠɟ ɩɨɪяɞɨɤ 

ɜɟɥɢчɢɧɵ, ɨɬɤɭɞа ɢ ɩɨɥɭчаɸɬɫя ɮɨɪɦɭɥɵ ɞɥя ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ: 

 ϰ ~ cNlv ,  (ɉ.8.1) 

ɝɞɟ ɫ - ɨɬɧɟɫɟɧɧая  ɤ ɨɞɧɨɣ ɦɨɥɟɤɭɥɟ ɬɟɩɥɨɟɦɤɨɫɬɶ ɝаɡа, N – ɤɨɧɰɟɧɬɪаɰɢя 
ɦɨɥɟɤɭɥ ɝаɡа, l – ɫɪɟɞɧяя ɞɥɢɧа ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝа ɦɨɥɟɤɭɥ,  - ɫɪɟɞɧяя 
ɫɤɨɪɨɫɬɶ. Эɬɨ ɢɡɜɟɫɬɧая ɷɥɟɦɟɧɬаɪɧая   ɝаɡɨɤɢɧɟɬɢчɟɫɤая  ɮɨɪɦɭɥа. ɉɨɥɨɠɢɜ 
ɜ ɧɟɣ l ~ 1 N , c з 1 ɢ v T m ɩɨɥɭчɢɦ: 

□ ~ 
1 T

m  .     (ɉ.8.2) 

В ɷɬɨɣ ɨɰɟɧɤɟ ɫɟчɟɧɢɟ   ɨɬɧɨɫɢɬɫя ɤ ɫɪɟɞɧɟɣ ɬɟɩɥɨɜɨɣ ɫɤɨɪɨɫɬɢ 
ɦɨɥɟɤɭɥ,   ɢ   ɜ ɷɬɨɦ ɫɦɵɫɥɟ ɟɝɨ ɧаɞɨ ɩɨɧɢɦаɬɶ ɤаɤ ɮɭɧɤɰɢɸ ɬɟɦɩɟɪаɬɭɪɵ.    
ɋ   ɭɜɟɥɢчɟɧɢɟɦ   ɫɤɨɪɨɫɬɢ   ɫɟчɟɧɢɟ ɫɨɝɥаɫɧɨ Дβ1ηЖ,   ɜɨɨɛщɟ ɝɨɜɨɪя, 
ɭɛɵɜаɟɬ; ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ   ɛɭɞɟɬ ɭɛɵɜаɸщɟɣ ɮɭɧɤɰɢɟɣ ɬɟɦɩɟɪаɬɭɪɵ. ɉɪɢ 
ɧɟ ɫɥɢɲɤɨɦ ɧɢɡɤɢх ɬɟɦɩɟɪаɬɭɪах ɦɨɥɟɤɭɥɵ ɝаɡа ɜɟɞɭɬ ɫɟɛя, ɤачɟɫɬɜɟɧɧɨ, ɤаɤ 
ɬɜɟɪɞɵɟ ɭɩɪɭɝɢɟ чаɫɬɢɰɵ, ɜɡаɢɦɨɞɟɣɫɬɜɭɸщɢɟ ɞɪɭɝ ɫ ɞɪɭɝɨɦ ɥɢɲɶ ɩɪɢ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɵх ɫɬɨɥɤɧɨɜɟɧɢях. Таɤɨɦɭ хаɪаɤɬɟɪɭ ɜɡаɢɦɨɞɟɣɫɬɜɢя 
ɨɬɜɟчаɟɬ ɫɥаɛɨ ɡаɜɢɫящɟɟ ɨɬ ɫɤɨɪɨɫɬɢ (а ɩɨɬɨɦɭ ɢ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ) ɫɟчɟɧɢɟ 
ɫɬɨɥɤɧɨɜɟɧɢɣ. В ɷɬɢх ɭɫɥɨɜɢях ɡаɜɢɫɢɦɨɫɬɶ □ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɛɥɢɡɤа ɤ 
ɩɪɨɩɨɪɰɢɨɧаɥɶɧɨɫɬɢ T . 

ɉɪɢ ɡаɞаɧɧɨɣ ɬɟɦɩɟɪаɬɭɪɟ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɤаɤ ɷɬɨ 
ɜɢɞɧɨ ɢɡ (ɉ.8.β), ɧɟ ɡаɜɢɫɢɬ ɨɬ ɩɥɨɬɧɨɫɬɢ ɝаɡа ɢɥɢ, чɬɨ ɬɨ ɠɟ, ɨɬ ɟɝɨ 
ɞаɜɥɟɧɢя. ɉɨɞчɟɪɤɧɟɦ, чɬɨ ɷɬɨ ɜаɠɧɨɟ ɫɜɨɣɫɬɜɨ ɧɟ ɫɜяɡаɧɨ ɫɨ ɫɞɟɥаɧɧɵɦɢ 
ɩɪɢ ɨɰɟɧɤɟ ɩɪɟɞɩɨɥɨɠɟɧɢяɦɢ ɢ яɜɥяɟɬɫя ɬɨчɧɵɦ ɜ ɪаɦɤах ɤɢɧɟɬɢчɟɫɤɨɝɨ 
ɭɪаɜɧɟɧɢя Ȼɨɥɶɰɦаɧа. Ɉɧɨ ɜɨɡɧɢɤаɟɬ ɤаɤ ɫɥɟɞɫɬɜɢɟ ɬɨɝɨ, чɬɨ ɜ ɷɬɨɦ 
ɭɪаɜɧɟɧɢɢ ɭчɢɬɵɜаɸɬɫя ɬɨɥɶɤɨ ɩаɪɧɵɟ ɫɬɨɥɤɧɨɜɟɧɢя ɦɨɥɟɤɭɥ (ɢɦɟɧɧɨ 
ɩɨɷɬɨɦɭ ɞɥɢɧа ɩɪɨɛɟɝа ɨɤаɡɵɜаɟɬɫя ɨɛɪаɬɧɨ ɩɪɨɩɨɪɰɢɨɧаɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ 
ɝаɡа). 



318 

 

ɋɨɝɥаɫɧɨ Дβ1θЖ ɡаɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬа ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɞɥя ɝаɡɨɜ ɨɬ 
ɬɟɦɩɟɪаɬɭɪɵ ɫ ɞɨɫɬаɬɨчɧɨɣ ɬɨчɧɨɫɬɶɸ ɦɨɠɧɨ ɨɩɪɟɞɟɥяɬɶ ɩɨ ɮɨɪɦɭɥɟ 
ɋɭɬɟɪɥɟɧɞɬа: 

    

3
2

0

273

273

C T

T C
         ,     (ɉ.8.3) 

ɝɞɟ 0 - ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɪɢ 0 C ; T – ɫɪɟɞɧяя 
аɪɢɮɦɟɬɢчɟɫɤая ɬɟɦɩɟɪаɬɭɪа ɝаɡа, K ; ɋ – ɩɨɫɬɨяɧɧая. 
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ПɊИЛɈɀЕНИЕ 9. Ƚеɨɪеаɤтɨɪ и ɪеɡɭɥɶтаты KamLAND- ɷɤɫɩеɪиɦеɧта 

 

В ɪаɛɨɬах Дθ7-69,74,76,79,80,82-84Ж ɜɩɟɪɜɵɟ ɪаɡɪаɛɨɬаɧа ɝɢɩɨɬɟɡа 
ɝɟɨɪɟаɤɬɨɪа ɬɢɩа Ʌ. Ɏɟɨɤɬɢɫɬɨɜа ɧа ɝɪаɧɢɰɟ ɬɜɟɪɞɨɝɨ ɢ ɠɢɞɤɨɝɨ яɞɪа ɡɟɦɥɢ, 
а ɬаɤɠɟ  ɦɟɬɨɞɵ ɧɟɣɬɪɢɧɧɨɣ ɞɢаɝɧɨɫɬɢɤɢ ɝɟɨɪɟаɤɬɨɪа ɧа ɝɪаɧɢɰɟ ɬɜɟɪɞɨɝɨ ɢ 
ɠɢɞɤɨɝɨ яɞɪа ɡɟɦɥɢ. 

Ɉчɟɜɢɞɧɨ, чɬɨ ɨɞɧɨɡɧачɧɵɦ ɬɟɫɬɨɦ ɧа ɫɭщɟɫɬɜɨɜаɧɢɟ ɝɟɨɪɟаɤɬɨɪа 
ɜɧɭɬɪɢ Ɂɟɦɥɢ яɜɥяɟɬɫя ɫɩɟɤɬɪ ɝɟɨɧɟɣɬɪɢɧɨ. Ɉɫɨɛɟɧɧɨ ɜ ɨɛɥаɫɬɢ ɷɧɟɪɝɢɢ  
Eγ,β7β ɆɷВ, ɝɞɟ ɪɟɝɢɫɬɪɢɪɭɸɬɫя ɬɨɥɶɤɨ ɝɟɨɧɟɣɬɪɢɧɨ “ɞɟɥɟɧɢя”, ɬɨ ɟɫɬɶ, ɬɟ, 
ɤɨɬɨɪɵɟ ɜɨɡɧɢɤаɸɬ ɜ ɩɪɨɰɟɫɫɟ ɞɟɥɟɧɢя аɤɬɢɧɢɞɨɜ. В ɷɬɨɦ ɫɦɵɫɥɟ 
ɨɤаɡɵɜаɟɬɫя, чɬɨ ɢɞɟя ɝɟɨɪɟаɤɬɨɪа ɨɤаɡɵɜаɟɬɫя ɩɥɨɞɨɬɜɨɪɧɨɣ ɧɟ ɬɨɥɶɤɨ ɞɥя 
ɩɨɧɢɦаɧɢя ɢɫɬɢɧɧɨɣ ɮɢɡɢчɟɫɤɨɣ ɩɪɢɪɨɞɵ ɬаɤ ɧаɡɵɜаɟɦɵх “ɝɟɥɢɟɜɵх 
ɩаɪаɞɨɤɫɨɜ”, ɧɨ ɨɞɧɨɜɪɟɦɟɧɧɨ ɷɮɮɟɤɬɢɜɧɨ ɪɟɲаɟɬ ɩɪɨɛɥɟɦɭ ɬɟɨɪɟɬɢчɟɫɤɨɝɨ 

ɨɩɢɫаɧɢя  ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɨɝɨ ɫɩɟɤɬɪа ɪɟаɤɬɨɪɧɵх аɧɬɢɧɟɣɬɪɢɧɨ ɜ 
KamLAND, ɢɦɟɸщɭɸ ɦɟɫɬɨ ɜ ɨɛɥаɫɬɢ ɷɧɟɪɝɢɢ аɧɬɢɧɟɣɬɪɢɧɨ  з β,8 ɆɷВ. 

ɂɬаɤ, ɫɤɨɪɨɫɬɶ ɞɟɥɟɧɢя 239
Pu ɜɨ ɮɪɨɧɬɟ ɜɨɥɧɵ яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɪаɜɧа 

 

                      ɫɞеɥеɧɢɣEP ff

23109,8  .                (ɉ.9.1) 

ɝɞɟ Ef   ɫɪɟɞɧяя ɷɧɟɪɝɢя, ɜɵɞɟɥяɸщаяɫя ɜ ɨɞɧɨɦ аɤɬɟ ɞɟɥɟɧɢя яɞɪа 239
Pu.

 
 

Ɉɬɫɸɞа, ɝɪɭɛая ɨɰɟɧɤа ɢɧɬɟɝɪаɥɶɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ аɧɬɢɧɟɣɬɪɢɧɨ ɜ ɞɜɭх 
ɞɢаɦɟɬɪаɥɶɧɨ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵх ɬɨчɤах ɧа ɩɨɜɟɪхɧɨɫɬɢ Ɂɟɦɥɢ ɨɬ ɮɪɨɧɬа 
ɜɨɥɧɵ ɝɨɪɟɧɢя ɜ ɫɥɨɟ аɤɬɢɧɨɢɞɧɨɣ ɩаɭɬɢɧɵ  ɢɡ  UO2/Fe ɢɦɟɟɬ ɫɥɟɞɭɸщɢɣ 
ɜɢɞ: 
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                (ɉ.9.2) 

ɝɞɟ  ~  5,7  чɢɫɥɨ аɧɬɢɧɟɣɬɪɢɧɨ ɧа ɨɞɢɧ аɤɬ ɞɟɥɟɧɢя яɞɪа 239
Pu

 
, R6400 

ɤɦ,  rN  1β00 ɤɦ. 
ɇа ɨɫɧɨɜɟ ɦɟɬɨɞɢɤɢ ɪаɫчɟɬа ɩаɪɰɢаɥɶɧɵх ɢ ɫɭɦɦаɪɧɵх ɷɧɟɪɝɟɬɢчɟɫɤɢх  , 

e~ ɫɩɟɤɬɪɨɜ ɪаɞɢɨаɤɬɢɜɧɵх ɧɭɤɥɢɞɨɜ ɩɨɫɬɪɨɟɧɵ ɩаɪɰɢаɥɶɧɵɟ d ~ /dE 

(
238

U), d ~ /dE (
232

Th), d ~ /dE (
40

K) , d ~ /dE (
239

Pu) ɢ ɫɭɦɦаɪɧɵɣ 
ɷɧɟɪɝɟɬɢчɟɫɤɢɟ KamLAND-ɫɩɟɤɬɪɵ аɧɬɢɧɟɣɬɪɢɧɨ Ɂɟɦɥɢ d ~n /dE 

(
238

U+
232

Th+
239

Pu), ɜ ɤɨɬɨɪɨɦ ɩаɪɰɢаɥɶɧɵɟ ɜɤɥаɞɵ ɛɵɥɢ ɩɪɟɞɜаɪɢɬɟɥɶɧɨ 
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ɧɨɪɦɢɪɨɜаɧɵ ɧа ɫɨɨɬɜɟɬɫɬɜɭɸщɢɟ ɢɧɬɟɝɪаɥɶɧɵɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 
ɝɟɨаɧɬɢɧɟɣɬɪɢɧɨ ɧа ɩɨɜɟɪхɧɨɫɬɢ Ɂɟɦɥɢ. 

Тɟɨɪɟɬɢчɟɫɤɢɣ ɜɢɞ ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɨ ɢɡɦɟɪяɟɦɨɝɨ ɫɭɦɦаɪɧɨɝɨ 
ɷɧɟɪɝɟɬɢчɟɫɤɨɝɨ  KamLAND-ɫɩɟɤɬɪа dEdn~   ɢɦɟɟɬ ɜɢɞ: 

              ,,)(),( 1
~

~

~

~   ɆɷȼtE
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d
LEpN
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p

i

ip       (ɉ.9.3) 

ɝɞɟ ɜɟɪɨяɬɧɨɫɬɶ ɧɟɣɬɪɢɧɧɵх ɨɫɰɢɥɥяɰɢɣ ɜ ɞɜɭхɮɥɟɣɜɨɪɧɨɦ ɜаɪɢаɧɬɟ ɢɦɟɟɬ 
ɜɢɞ 

            
     


 

ɆɷȼE

mLɷȼm
LEp
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22

122

12

2
~

27.1
sin2sin1),( ,      (ɉ.9.4) 

ɝɞɟ  dEddEd  ~~  ɞɥя ~E 1,804 MɷВ, p  ɫɟчɟɧɢɟ ɪɟаɤɰɢɢ ɨɛɪаɬɧɨɝɨ -

ɪаɫɩаɞа ɫ ɫɨɨɬɜɟɬɫɬɜɭɸщɢɦɢ ɪаɞɢаɰɢɨɧɧɵɦɢ ɩɨɩɪаɜɤаɦɢ; L  ɪаɫɫɬɨяɧɢɟ ɨɬ 
ɢɫɬɨчɧɢɤа ɞɨ ɞɟɬɟɤɬɨɪа; 2

1

2

2

2

12 mmm   ,   ɭɝɨɥ ɫɦɟɲɢɜаɧɢя. 

В ɬɨ ɠɟ ɜɪɟɦя, ɨчɟɜɢɞɧɨ, чɬɨ, ɬаɤ ɤаɤ ɪɟаɤɬɨɪɧɵɟ ɝɟɨаɧɬɢɧɟɣɬɪɢɧɨ 
ɩɨɩаɞаɸɬ ɜ ɨɛɥаɫɬɶ ɫɩɟɤɬɪа ɫ ЩЫШmЩt ОЧОЫРв ɜɵɲɟ β,θ MɷВ, ɬɨ ɩɪɨɰɟɞɭɪɭ 
ɜɵчɢɫɥɟɧɢя  ɬɪаɞɢɰɢɨɧɧɵɦ ɩɭɬɟɦ ɢɫɬɢɧɧɨɝɨ ɫɩɟɤɬɪа аɧɬɢɧɟɣɬɪɢɧɨ ɢ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩаɪаɦɟɬɪɨɜ ɨɫɰɢɥɥяɰɢɣ ( 2

12m , sin
2
212) ɜ Kam-

LANDɷɤɫɩɟɪɢɦɟɧɬɟ ɧɟɨɛхɨɞɢɦɨ ɞɨɨɩɪɟɞɟɥɢɬɶ. Дɪɭɝɢɦɢ ɫɥɨɜаɦɢ, 
ɬɪаɞɢɰɢɨɧɧɵɣ ɫɩɨɫɨɛ ɤɨɧɫɬɪɭɢɪɨɜаɧɢя ɫɨɫɬɨяɬɟɥɶɧɵх ɨɰɟɧɨɤ, ɧаɩɪɢɦɟɪ, 
ɦɟɬɨɞ ɦаɤɫɢɦаɥɶɧɨɝɨ ɩɪаɜɞɨɩɨɞɨɛɢя, ɨɛɵчɧɨ ɢɫɩɨɥɶɡɭɟɦɵɣ ɞɥя 
ɨɩɪɟɞɟɥɟɧɢя ɩаɪаɦɟɬɪɨɜ ɨɫɰɢɥɥяɰɢɣ ( 2

12m , sin
2
212) ɞɨɥɠɟɧ ɛɵɥ ɛɵ 

ɭчɢɬɵɜаɬɶ ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ ɧаɥɢчɢɟ ɟщɟ ɨɞɧɨɝɨ ɪɟаɤɬɨɪа ɢɥɢ, ɬɨчɧɟɟ ɝɨɜɨɪя, 
ɭчɢɬɵɜаɬɶ ɫɩɟɤɬɪ аɧɬɢɧɟɣɬɪɢɧɨ ɨɬ ɝɟɨɪɟаɤɬɨɪа, ɨɛɥаɞаɸщɟɝɨ ɦɨщɧɨɫɬɶɸ γ0 
TВɬ ɢ ɪаɫɩɨɥɨɠɟɧɧɨɝɨ ɧа ɪаɫɫɬɨяɧɢɢ L ~ 5.210

6
 ɦ. Ɉɞɧаɤɨ ɡɞɟɫɶ ɦɵ 

ɩɪɟɞɥаɝаɟɦ ɩɪɨɫɬɨɣ ɨɰɟɧɨчɧɵɣ ɩɨɞхɨɞ, ɪɟɡɭɥɶɬаɬɵ ɩɪɢɦɟɧɟɧɢя ɤɨɬɨɪɨɝɨ 
ɭɤаɡɵɜаɸɬ ɧа ɧɟɩɪɨɬɢɜɨɪɟчɢɜɨɫɬɶ (ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɵɦ ɞаɧɧɵɦ) ɝɢɩɨɬɟɡɵ 
ɫɭщɟɫɬɜɨɜаɧɢя ɝɟɨɪɟаɤɬɨɪа ɦɨщɧɨɫɬɶɸ γ0 TВɬ ɧа ɝɪаɧɢɰɟ ɠɢɞɤɨɣ ɢ ɬɜɟɪɞɨɣ 
ɮаɡ яɞɪа Ɂɟɦɥɢ. 

ȿɫɥɢ ɩɪɟɞɩɨɥɨɠɢɬɶ ɜɵɩɨɥɧɟɧɢɟ CPTɢɧɜаɪɢаɧɬɧɨɫɬɢ, ɬɨ ɜɟɪɨяɬɧɨɫɬɢ e 

 e and ee  ~~   ɨɫɰɢɥɥяɰɢɣ ɞɨɥɠɧɵ ɛɵɬɶ ɪаɜɧɵ ɩɪɢ ɨɞɢɧаɤɨɜɵх ɡɧачɟɧɢях  
L/E . ɉɪɢ ɫɪɟɞɧɟɦ ɪаɫɫɬɨяɧɢɢ L з 180 ɤɦ, ɧа ɤɨɬɨɪɨɦ ɧахɨɞяɬɫя яɩɨɧɫɤɢɟ 
ɪɟаɤɬɨɪɵ ɨɬ KamLANDɞɟɬɟɤɬɨɪа ɢ ɬɢɩɢчɧɵх ɷɧɟɪɝɢях ɪɟаɤɬɨɪɧɵх 
аɧɬɢɧɟɣɬɪɢɧɨ ɩɨɪяɞɤа ɧɟɫɤɨɥɶɤɢх ɆɷВ, ɷɤɫɩɟɪɢɦɟɧɬ ɢɦɟɥ ɨɩɬɢɦаɥɶɧɭɸ 
чɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɤ ɡɧачɟɧɢяɦ m

2, ɪаɡɪɟɲɟɧɧая ɨɛɥаɫɬɶ ɤɨɬɨɪɨɝɨ ɜ 
ɩɥɨɫɤɨɫɬɢ ɨɫɰɢɥɥяɰɢɨɧɧɵх ɩаɪаɦɟɬɪɨɜ ɩɪɢɧаɞɥɟɠɢɬ ɤ ɬаɤ ɧаɡɵɜаɟɦɨɦɭ 
MSWɪɟɲɟɧɢɸ ɫ ɛɨɥɶɲɢɦɢ ɭɝɥаɦɢ ɫɦɟɲɢɜаɧɢя (LMA solar solution) ɢ 
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хаɪаɤɬɟɪɢɡɭɟɬ ɫɨɥɧɟчɧɵɟ ɧɟɣɬɪɢɧɨ ɫ ɩɟɪɟхɨɞɨɦ 1β . В ɧаɫɬɨящɟɟ ɜɪɟɦя 
ɢɡɜɟɫɬɧɨ, чɬɨ m

2, хаɪаɤɬɟɪɧɨɟ ɞɥя ɫɨɥɧɟчɧɵх ɧɟɣɬɪɢɧɨ, ɢɦɟɟɬ ɡɧачɟɧɢɟ з 
610

-5
 ɷВ2, ɬɨɝɞа ɤаɤ  ɭɝɨɥ ɫɦɟɲɢɜаɧɢя ɛɨɥɶɲɨɣ, ɧɨ ɧɟ ɦаɤɫɢɦаɥɶɧɵɣ, tan

2 ~ 

0,4. ɉɪɢ ɷɬɨɦ, ɬаɤ ɤаɤ ɩɪɢ ɫɩɟɤɬɪаɥɶɧɨɦ ɢɫɤаɠɟɧɢɢ (ɨɫɰɢɥɥяɰɢях) ɜ 
аɧɬɢɧɟɣɬɪɢɧɧɨɦ (ɫɨɥɧɟчɧɨɦ) ɫɩɟɤɬɪɟ ɜаɪɢаɰɢɢ m

2
 ɦɨɝɭɬ ɞɨɦɢɧɢɪɨɜаɬɶ ɧаɞ 

ɛɨɥɟɟ ɭɫɬɨɣчɢɜɵɦɢ ɢ ɤ ɬɨɦɭ ɠɟ ɦаɥɵɦɢ ɜаɪɢаɰɢяɦɢ ɭɝɥа , ɬɨ ɜ ɪаɦɤах 
ɞаɥɶɧɟɣɲɟɝɨ аɧаɥɢɡа ɫɞɟɥаɟɦ ɩɪɟɞɩɨɥɨɠɟɧɢɟ (ɧа ɨɫɧɨɜɟ ωPTɬɟɨɪɟɦɵ), чɬɨ 
ɭɝɨɥ ɫɦɟɲɢɜаɧɢя ɜ KКmLχNDɷɤɫɩɟɪɢɦɟɧɬɟ ɨɩɪɟɞɟɥяɟɬɫя “ɫɨɥɧɟчɧɵɦ” 
ɪаɜɟɧɫɬɜɨɦ tКЧ212 =0,4 ɢɥɢ, чɬɨ ɷɤɜɢɜаɥɟɧɬɧɨ, siЧ2

212 =0,83.  

ɉɨɷɬɨɦɭ ɩɪɢ ɜɵчɢɫɥɟɧɢɢ  ɢɧɬɟɝɪаɥɶɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɪɟаɤɬɨɪɧɵх 
ɝɟɨаɧɬɢɧɟɣɬɪɢɧɨ ɢɫɩɨɥɶɡɨɜаɥаɫɶ ɫɥɟɞɭɸщая аɩɩɪɨɤɫɢɦаɰɢя ɜɵɪаɠɟɧɢя ɞɥя 
ɜɟɪɨяɬɧɨɫɬɢ ɜɵɠɢɜаɧɢя pi=Pu ɬɢɩа (ɉ.9.4): 

                    59,02sin5,01),( 12

2   LEp Pui ,                 (ɉ.9.5) 

ɝɞɟ ɞɥɢɧа ɨɫɰɢɥɥяɰɢɢ Losc  ɪаɜɧа 

][

][48,2
][

22

12 ɷȼm

ɆɷȼE
mLL osc   , 

L ~ 5,210
6
 ɦ  ɪаɫɫɬɨяɧɢɟ ɨɬ ɝɪаɧɢɰɵ ɠɢɞɤɨɣ ɢ ɬɜɟɪɞɨɣ ɮаɡ яɞɪа Ɂɟɦɥɢ ɞɨ 

ɞɟɬɟɤɬɨɪа. 
Тɨɝɞа ɢɫɩɨɥɶɡɭя (ɉ.9.3) ɧɟɬɪɭɞɧɨ ɩɨɤаɡаɬɶ, чɬɨ ɜ ɫɥɭчаɟ ɩɟɪɜɨɝɨ 

KamLANDɷɤɫɩɟɪɢɦɟɧɬа ɢɧɬɟɝɪаɥɶɧая ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɪɟаɤɬɨɪɧɵх 
ɝɟɨаɧɬɢɧɟɣɬɪɢɧɨ ~n

Pu  ɧа ɩɨɜɟɪхɧɨɫɬɢ Ɂɟɦɥɢ ɛɭɞɟɬ ɫ ɭчɟɬɨɦ (ɉ.9.4) ɪаɜɧа 

  dEE
dE

Pud
tNpn p

E

pPui

Pu )(
)(

804,1

~

~    

   272,3272,3
)(24,30)(72,12  EEPui PuPup  

                             
272,3272,3

84,1750,7    EE
 ,                       (ɉ.9.6) 

ɝɞɟ  0,783  ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɟɝɢɫɬɪаɰɢɢ; NP=3,4610
31  чɢɫɥɨ ɩɪɨɬɨɧɨɜ  ɜ 

чɭɜɫɬɜɢɬɟɥɶɧɨɦ ɨɛɴɟɦɟ ɞɟɬɟɤɬɨɪа; t = 1,2510
7
 ɫ  ɜɪɟɦя ɷɤɫɩɨɡɢɰɢɢ; p  

ɫɟчɟɧɢɟ ɜɡаɢɦɨɞɟɣɫɬɜɢя аɧɬɢɧɟɣɬɪɢɧɨ ɫ ɩɪɨɬɨɧɨɦ ɞɥя ɪɟаɤɰɢɢ ɨɛɪаɬɧɨɝɨ 
ɪаɫɩаɞа ɫ ɭчɟɬɨɦ ɫɨɨɬɜɟɬɫɬɜɭɸщɢх ɪаɞɢаɰɢɨɧɧɵх ɩɨɩɪаɜɨɤ Ɏаяɧɫа-

Ɏɨɣɝɟɥя-Ȼɟɤɨɦа. 

Тɟɩɟɪɶ ɞɥя ɨɛɥаɫɬɢ ɷɧɟɪɝɢɣ Eprompt>β,θ ɆɷВ ɧаɣɞɟɦ ɨɬɧɨɲɟɧɢɟ  

“ɢɫɬɢɧɧɨɝɨ” ɩɨɬɨɤа ɪɟаɤɬɨɪɧɵх аɧɬɢɧɟɣɬɪɢɧɨ obsN , ɪаɜɧɨɝɨ ɪаɡɧɨɫɬɢ 
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ɢɡɦɟɪɟɧɧɨɝɨ ɩɨɬɨɤа Nfull ɢ ɮɨɧа, ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ ɪɟаɤɰɢɟɣ 13
C(, n)

16
O, NC,  ɢ 

ɪɟаɤɬɨɪɧɵɦɢ ɝɟɨаɧɬɢɧɟɣɬɪɢɧɨ ~n
Pu , ɤ ɨɠɢɞаɟɦɨɦɭ ɩɨɬɨɤɭ аɧɬɢɧɟɣɬɪɢɧɨ 

Nexpected. ȿɫɥɢ ɭчɟɫɬɶ, чɬɨ ɜ ɫɥɭчаɟ ɩɟɪɜɨɝɨ KamLANDɷɤɫɩɟɪɢɦɟɧɬа Nfull = 

54, Nexpected =86,85,6, NC  2, ~n
Pu (Eprompt>β,θ ɆɷВ) =17,84 (ɫɦ. (ɉ.9.6)), ɬɨ 

ɨɬɧɨɲɟɧɢɟ  ɛɭɞɟɬ ɪаɜɧɨ: 


 6,2

exp

~

exp
promptE

ected

Pu

Cfull

ected

obs

N

nNN

N

N 
 

                          )(042,0)(096,0394,0 syststat  .              (ɉ.9.7) 

Вɟɪɨяɬɧɨɫɬɶ ɬɨɝɨ, чɬɨ ɷɬɨɬ ɪɟɡɭɥɶɬаɬ ɩɪɨɬɢɜɨɪɟчɢɬ (ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɵɦ 
ɞаɧɧɵɦ) ɝɢɩɨɬɟɡɟ ɦɟɧɶɲɟ, чɟɦ 0,0η%. Ɋаɫɫчɢɬаɧɨ ɨɬɧɨɲɟɧɢɟ  ɜ 
KamLANDɷɤɫɩɟɪɢɦɟɧɬɟ  ɤаɤ ɮɭɧɤɰɢя ɫɪɟɞɧɟɝɨ ɪаɫɫɬɨяɧɢя ɨɬ ɢɫɬɨчɧɢɤа. 
Ɉɩɪɟɞɟɥɟɧа ɨɛɥаɫɬɶ, ɤɨɬɨɪая ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɛɥаɫɬɢ ɩаɪаɦɟɬɪɨɜ, 
ɩɪɟɞɫɤаɡаɧɧɵх ɧа 9η%ɭɪɨɜɧɟ ɡɧачɢɦɨɫɬɢ. Таɤая LMAɨɛɥаɫɬɶ ɛɵɥа 
ɧаɣɞɟɧа ɫ ɩɨɦɨщɶɸ ɝɥɨɛаɥɶɧɨɝɨ аɧаɥɢɡа ɞаɧɧɵх ɩɨ ɪɟɝɢɫɬɪаɰɢɢ ɫɨɥɧɟчɧɵх 
ɧɟɣɬɪɢɧɨ. ɉɪɢ ɷɬɨɦ ɨɤаɡɵɜаɟɬɫя,  чɬɨ ɞɥя ɞаɧɧɨɝɨ ɡɧачɟɧɢя  (ɉ.9.7) ɢ 
ɮɢɤɫɢɪɨɜаɧɧɨɝɨ ɭɝɥа ɫɦɟɲɢɜаɧɢя (siЧ2

2 = 0,8γ) ɪаɡɪɟɲɟɧɵ ɬɨɥɶɤɨ ɬаɤɢɟ 
ɡɧачɟɧɢя 2

12m , ɤɨɬɨɪɵɟ ɩɨɩаɞаɸɬ ɜ ɢɧɬɟɪɜаɥ 2

12m (24)10
-5

 ɷВ2. Дɥя 
ɞаɥɶɧɟɣɲɢх ɜɵчɢɫɥɟɧɢɣ  ɛɵɥɨ ɜɵɛɪаɧɨ ɡɧачɟɧɢɟ 2

12m = 2,510
-5

 ɷВ2
.  

Вɵчɢɫɥɟɧɢя ɬɟɨɪɟɬɢчɟɫɤɢх ɫɩɟɤɬɪɨɜ аɧɬɢɧɟɣɬɪɢɧɨ ɞɥя ɞаɧɧɵх ɩаɪаɦɟɬɪɨɜ 
ɨɫɰɢɥɥяɰɢɢ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɫ ɩɨɦɨщɶɸ ɜɵɪаɠɟɧɢɣ (ɉ.9.3)  (ɉ.9.4). 

ɇɟɨɛхɨɞɢɦɵɟ ɞɥя ɷɬɢх ɜɵɪаɠɟɧɢɣ ɩаɪаɦɟɬɪɵ, хаɪаɤɬɟɪɢɡɭɸщɢɟ ɜɪɟɦя 
ɷɤɫɩɨɡɢɰɢɢ, ɝɟɨɦɟɬɪɢɸ ɪɟɝɢɫɬɪаɰɢɢ ɢ ɫɜɨɣɫɬɜа ɞɟɬɟɤɬɨɪа, ɨɩɪɟɞɟɥяɥɢɫɶ 
ɭɤаɡаɧɧɵɦɢ ɜɵɲɟ ɩаɪаɦɟɬɪаɦɢ KКmLχNDɷɤɫɩɟɪɢɦɟɧɬа. ɉɪɢ ɷɬɨɦ 
ɧɟɨɛхɨɞɢɦɵɟ ɞɥя ɪаɫчɟɬа ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɩаɪаɦɟɬɪɵ ɛɪаɥɢɫɶ ɧа Internet-site 

KamLAND. 

ɉɨɥɭчɟɧɧɵɟ ɬаɤɢɦ ɨɛɪаɡɨɦ ɩɪɢɛɥɢɠɟɧɧɵɟ ɡɧачɟɧɢя  ɩаɪаɦɟɬɪɨɜ 
ɨɫɰɢɥɥяɰɢɢ (siЧ2

212=0,83, 2

12m = 2,510
-5

 ɷВ2) ɩɨɡɜɨɥяɸɬ ɫ ɩɨɦɨщɶɸ 
аɧаɥɨɝɢчɧɨɣ ɩɪɨɰɟɞɭɪɵ ɜɵчɢɫɥɟɧɢɣ ɜɨɫɫɬаɧɨɜɢɬɶ ɩɨɥɧɵɣ ɫɩɟɤɬɪ 
ɝɟɨаɧɬɢɧɟɣɬɪɢɧɨ, ɜɤɥɸчаɸщɟɝɨ ɫɨɛɵɬɢя ɨɬ ɪаɫɩаɞɨɜ 238U  ɢ 232Th (ɫ 
ɢɡɜɟɫɬɧɵɦ ɪаɞɢаɥɶɧɵɦ ɩɪɨɮɢɥɟɦ ɢх ɪаɫɩɪɟɞɟɥɟɧɢя ɜ ɢɧɬɟɪɶɟɪɟ Ɂɟɦɥɢ) ɢ 
ɞɟɥɟɧɢɣ 239Pu ɜ аɤɬɢɜɧɨɣ ɡɨɧɟ ɝɟɨɪɟаɤɬɨɪа, ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɨɩɪɟɞɟɥɢɬɶ 
ɢɧɬɟɝɪаɥɶɧɭɸ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ~n  ɝɟɨаɧɬɢɧɟɣɬɪɢɧɨ ɧа ɩɨɜɟɪхɧɨɫɬɢ Ɂɟɦɥɢ: 

  dEE
dE

PuThUd
tNpn p

E

pi )(
)(

804,1

~

~     
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     272,3272,3
)(24,30)(72,12)(78,0)(70,2  EEi PuPuThUp  

              
272,3272,3

84,17)(50,7)(10,2  
EE

PuThU .      (ɉ.9.8) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ɋɢɫ. ɉ.9.1. Аɧɬɢɧɟɣɬɪɢɧɧɵɣ ɷɧɟɪɝɟɬɢчɟɫɤɢɣ ɫɩɟɤɬɪ ɜ KamLAND. Ƚɥаɜɧɵɣ ɪɢɫɭɧɨɤ, 
ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɵɟ ɬɨчɤɢ (ɫɩɥɨɲɧɵɟ чɟɪɧɵɟ ɬɨчɤɢ ɫ ɩɨɝɪɟɲɧɨɫɬяɦɢ) ɫɨɜɦɟɫɬɧɨ ɫ 
ɩɨɥɧɵɦ ɨɠɢɞаɟɦɵɦ ɫɩɟɤɬɪɨɦ, ɩɨɥɭчɟɧɧɵɦ ɜ KamLAND (ɲɬɪɢхɨɜаɧɧая чɟɪɧая ɥɢɧɢя) ɢ 
ɪаɫɫчɢɬаɧɧɵɦ ɜ ɞɢɫɫɟɪɬаɰɢɨɧɧɨɣ ɪаɛɨɬɟ (ɬɨɧɤая ɫɩɥɨɲɧая ɫɢɧяя ɤɪɢɜая). Таɤɠɟ 
ɩɨɤаɡаɧɵ ɨɠɢɞаɟɦɵɣ ɫɩɟɤɬɪ e~  ɨɬ əɩɨɧɫɤɢх ɪɟаɤɬɨɪɨɜ (ɫɩɥɨɲɧая ɡɟɥɟɧая ɥɢɧɢя), 
ɨɠɢɞаɟɦɵɣ ɫɩɟɤɬɪ ɝɟɨɪɟаɤɬɨɪа (ɤɪаɫɧая ɥɢɧɢя), ɨɠɢɞаɟɦɵɟ ɫɨɛɵɬɢя ɰɟɩɨчɟɤ ɪаɫɩаɞа 238

U 

(ɩɭɧɤɬɢɪɧая ɤɪаɫɧая ɥɢɧɢя) ɢ 232
Th (ɩɭɧɤɬɢɪɧая ɡɟɥɟɧая ɥɢɧɢя), ɪɟаɤɰɢя 13

C(,n)
16

O 

(ɩɭɧɤɬɢɪɧая ɫɢɧяя ɥɢɧɢя) ɢ ɫɥɭчаɣɧɵɟ ɫɨɛɵɬɢя (ɩɭɧɤɬɢɪɧая чɟɪɧая ɥɢɧɢя). ɇа ɜɫɬаɜɤɟ 
ɨɠɢɞаɟɦɵɣ ɫɩɟɤɬɪ, ɩɨɥɭчɟɧɧɵɣ ɜ KamLAND (чɟɪɧая ɥɢɧɢя), ɢ ɪаɫɫчɢɬаɧɧɵɣ ɜ 
ɞɢɫɫɟɪɬаɰɢɨɧɧɨɣ ɪаɛɨɬɟ ɫɩɟɤɬɪ (ɡɟɥɟɧая ɥɢɧɢя), ɩɪɨɞɨɥɠɟɧɧɵɟ ɜ ɨɛɥаɫɬɶ ɛɨɥɶɲɢх 
ɷɧɟɪɝɢɣ. 

 

ɇаɣɞɟɧɧɵɣ ɩɨɥɧɵɣ ɫɩɟɤɬɪ ɝɟɨаɧɬɢɧɟɣɬɪɢɧɨ ɩɨɡɜɨɥяɟɬ, ɜ ɫɜɨɸ ɨчɟɪɟɞɶ, 
ɨɩɪɟɞɟɥɢɬɶ “ɢɫɬɢɧɧɵɣ” ɫɩɟɤɬɪ аɧɬɢɧɟɣɬɪɢɧɨ, ɡаɪɟɝɢɫɬɪɢɪɨɜаɧɧɵɣ ɨɬ 
яɩɨɧɫɤɢх ɪɟаɤɬɨɪɨɜ ɜ ɝɟɨɦɟɬɪɢɢ ɩɟɪɜɨɝɨ KamLAND  ɷɤɫɩɟɪɢɦɟɧɬа. 
ɉɪɢɜɟɞɟɦ ɪɟɡɭɥɶɬаɬɵ ɜɟɪɢɮɢɤаɰɢɢ ɩаɪаɦɟɬɪɨɜ ɨɫɰɢɥɥяɰɢɢ (siЧ2

212= 0,83, 
2

12m =2,510
-5

 ɷВ2) ɜ ɪаɦɤах ɬɟɫɬɨɜɨɣ ɡаɞачɢ ɫɪаɜɧɟɧɢя ɬɟɨɪɟɬɢчɟɫɤɨɝɨ 
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(ɨɠɢɞаɟɦɨɝɨ М ɭчɟɬɨɦ ɪаɛɨɬɵ ɝɟɨɪɟаɤɬɨɪа) ɢ ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɨɝɨ ɫɩɟɤɬɪɨɜ 
ɪɟаɤɬɨɪɧɵх аɧɬɢɧɟɣɬɪɢɧɨ ɧа ɨɫɧɨɜɟ ɧɨɜɵх ɞаɧɧɵх, ɩɨɥɭчɟɧɧɵх ɜ ɪɟɡɭɥɶɬаɬɟ 
ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜаɧɢя ɫɩɟɤɬɪа ɝɟɨаɧɬɢɧɟɣɬɪɢɧɨ ɜ KКmLχND. 
ɇаɩɪɢɦɟɪ, ɧɨɜɵɟ  KamLAND  ɞаɧɧɵɟ, ɩɨɥɭчɟɧɧɵɟ ɜ ɨɛɥаɫɬɢ ɷɧɟɪɝɢɣ 
E=(1,7γ,4) ɆɷВ (ɜɪɟɦя ɷɤɫɩɨɡɢɰɢɢ t = (749,1  0,η) ɞɧɟɣ, ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
ɪɟɝɢɫɬɪаɰɢɢ 0,θ87 ɢ ɩɨɥɧɨɟ чɢɫɥɨ ɩɪɨɬɨɧɨɜ ɜ чɭɜɫɬɜɢɬɟɥɶɧɨɦ ɨɛɴɟɦɟ 
ɞɟɬɟɤɬɨɪа NP= (3,460.17)10

31) ɩɨɤаɡаɥɢ, чɬɨ ɫɩɟɤɬɪ ɝɟɨаɧɬɢɧɟɣɬɪɢɧɨ, 
ɪаɫɫчɢɬаɧɧɵɣ ɫ ɭчɟɬɨɦ ɪаɛɨɬɵ ɝɟɨɪɟаɤɬɨɪа, ɢ ɨɠɢɞаɟɦɵɣ KamLAND  

ɫɩɟɤɬɪ ɩɪаɤɬɢчɟɫɤɢ ɨчɟɧɶ ɩɨхɨɠɢ  (ɪɢɫ. ɉ.9.1). В ɬɨ ɠɟ ɜɪɟɦя ɨɛɪащаɟɬ ɧа 
ɫɟɛя ɜɧɢɦаɧɢɟ, чɬɨ ɜ ɨɤɪɟɫɬɧɨɫɬɢ  ȿ=β,8 ɆɷВ (ɫɦ. ɪɢɫ. ɉ.9.1) ɩɨɜɟɞɟɧɢɟ 
ɫɩɟɤɬɪа ɝɟɨаɧɬɢɧɟɣɬɪɢɧɨ, ɪаɫɫчɢɬаɧɧɨɝɨ ɫ ɭчɟɬɨɦ ɪаɛɨɬɵ ɝɟɨɪɟаɤɬɨɪа, 
ɜɵɝɨɞɧɨ ɨɬɥɢчаɟɬɫя ɨɬ аɧаɥɨɝɢчɧɨɝɨ ɩɨɜɟɞɟɧɢя ɨɠɢɞаɟɦɨɝɨ 
KamLANDɫɩɟɤɬɪа.  
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ПɊИЛɈɀЕНИЕ 10. Ɂавиɫиɦɨɫти ɫеɱеɧиɣ ɹɞеɪɧыɯ ɪеаɤɰиɣ ɞеɥеɧиɹ и 
ɪаɞиаɰиɨɧɧɨɝɨ ɡаɯвата ɨт ɷɧеɪɝии ɧеɣтɪɨɧɨв ɞɥɹ ɪеаɤтɨɪɧыɯ ɧɭɤɥиɞɨв 

 

 ɇа ɪɢɫɭɧɤах ɉ.10.1 ɢ ɉ.10.β ɩɪɢɜɟɞɟɧɵ ɡаɜɢɫɢɦɨɫɬɢ ɫɟчɟɧɢɣ яɞɟɪɧɵх 
ɪɟаɤɰɢɣ ɞɟɥɟɧɢя ɢ ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа ɨɬ ɷɧɟɪɝɢɢ ɧɟɣɬɪɨɧɨɜ ɞɥя 
ɪɟаɤɬɨɪɧɵх ɧɭɤɥɢɞɨɜ, ɜɡяɬɵɟ ɢɡ ɛаɡɵ яɞɟɪɧɵх ɞаɧɧɵх ENDF/B-VII.0 [245]. 

ɇа ɩɪɟɞɫɬаɜɥɟɧɧɵх ɪɢɫɭɧɤах ɷɧɟɪɝɢɢ ɧɟɣɬɪɨɧɨɜ ɢɡɦɟɧяɸɬɫя ɜ ɞɢаɩаɡɨɧɟ 10-5
 

– 10
7
 ɷВ.  

 

 

Ɋɢɫ. ɉ.10.1. Ɂаɜɢɫɢɦɨɫɬɢ ɫɟчɟɧɢɣ яɞɟɪɧɵх ɪɟаɤɰɢɣ ɞɟɥɟɧɢя ɨɬ ɷɧɟɪɝɢɢ ɧɟɣɬɪɨɧɨɜ ɞɥя 
Pu

239
, U

235
 ɢ U238, ɜɡяɬɵɟ ɢɡ ɛаɡɵ ɞаɧɧɵх ENDF/ψ-VII.0. 
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Ɋɢɫ. ɉ.10.2. Ɂаɜɢɫɢɦɨɫɬɢ ɫɟчɟɧɢɣ яɞɟɪɧɵх ɪɟаɤɰɢɣ ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа ɨɬ ɷɧɟɪɝɢɢ 
ɧɟɣɬɪɨɧɨɜ ɞɥя Pu

239
, U

235
 ɢ U238, ɜɡяɬɵɟ ɢɡ ɛаɡɵ ɞаɧɧɵх ENDF/ψ-VII.0. 

 

 

 

 

 

 

 

 

 

 

 

 

 



327 

 

     ,ɛаɪɧ  

 

      E ,МэВ 

Ɋɢɫ. ɉ.10.3. Ɂаɜɢɫɢɦɨɫɬɶ ɫɟчɟɧɢя ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа  238U ɧɟɣɬɪɨɧаɦɢ ɨɬ ɢх ɷɧɟɪɝɢɢ. 

  ,ɛаɪɧ  

 

      E ,МэВ 

Ɋɢɫ. ɉ.10.4. Ɂаɜɢɫɢɦɨɫɬɶ ɩɨɥɧɨɝɨ ɫɟчɟɧɢя (ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа ɢ ɞɟɥɟɧɢя)  
238

U 

ɧɟɣɬɪɨɧаɦɢ ɨɬ ɢх ɷɧɟɪɝɢɢ. 
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,ɛаɪɧ  

 

E ,МэВ 

Ɋɢɫ. ɉ.10.5.  Ɂаɜɢɫɢɦɨɫɬɶ ɫɟчɟɧɢя ɞɟɥɟɧɢя Pu239

94  ɧɟɣɬɪɨɧаɦɢ ɨɬ ɢх ɷɧɟɪɝɢɢ. 

,ɛаɪɧ  

 

E ,МэВ 

Ɋɢɫ. ɉ.10.6. Ɂаɜɢɫɢɦɨɫɬɶ ɫɟчɟɧɢя ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа Pu239

94  ɧɟɣɬɪɨɧаɦɢ ɨɬ ɢх ɷɧɟɪɝɢɢ. 
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,ɛаɪɧ  

 

E ,МэВ 

Ɋɢɫ. ɉ.10.7. Ɂаɜɢɫɢɦɨɫɬɶ ɫɟчɟɧɢя ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа 239U ɧɟɣɬɪɨɧаɦɢ ɨɬ ɢх ɷɧɟɪɝɢɢ. 

,ɛаɪɧ

 

E ,МэВ 

Ɋɢɫ. ɉ.10.8. Ɂаɜɢɫɢɦɨɫɬɶ ɫɟчɟɧɢя ɡахɜаɬа 239U ɧɟɣɬɪɨɧаɦɢ ɨɬ ɢх ɷɧɟɪɝɢɢ. 
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ПɊИЛɈɀЕНИЕ 11. ɋɩеɤтɪ теɩɥɨвыɯ ɧеɣтɪɨɧɨв ɪеаɤтɨɪа ȼȼɗɊ 

 

 ɇа ɪɢɫɭɧɤɟ ɉ.11.1 ɩɪɢɜɟɞɟɧ ɫɩɟɤɬɪ ɬɟɩɥɨɜɵх ɧɟɣɬɪɨɧɨɜ ɪɟаɤɬɨɪа 
ВВЭɊ [153]. 

 

 

Ɋɢɫ. ɉ.11.1. Эɧɟɪɝɟɬɢчɟɫɤɢɣ ɫɩɟɤɬɪ ɧɟɣɬɪɨɧɨɜ ɜ ɪɟаɤɬɨɪɟ ВВЭɊ Д153] (1- ɫɩɟɤɬɪ 
ɧɟɣɬɪɨɧɨɜ; β – ɪаɫɩɪɟɞɟɥɟɧɢɟ Ɇаɤɫɜɟɥɥа; Ɍ – ɜɪɟɦя ɩɪɨɥɟɬа (ɜ ɦɢɤɪɨɫɟɤɭɧɞах) 
ɧɟɤɨɬɨɪɨɝɨ ɫɬаɧɞаɪɬɧɨɝɨ ɪаɫɫɬɨяɧɢя; E – ɷɧɟɪɝɢя ɧɟɣɬɪɨɧɨɜ, ɫɨɨɬɜɟɬɫɬɜɭɸщая ɜɪɟɦɟɧɢ 
ɩɪɨɥɟɬа; n(v) – ɩɥɨɬɧɨɫɬɶ ɧɟɣɬɪɨɧɨɜ ɫɨ ɫɤɨɪɨɫɬɶɸ v). 
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ПɊИЛɈɀЕНИЕ 12. Ȼɥɨɤ-ɫɯеɦа аɥɝɨɪитɦа ɞɥɹ ɤɨɦɩɶɸтеɪɧɨɣ 
ɩɪɨɝɪаɦɦы, ɪаɫɫɱитываɸщеɣ ɡавиɫиɦɨɫти ɫеɱеɧиɣ ɨт ɷɧеɪɝии 
ɧеɣтɪɨɧɨв ɞɥɹ ɡаɞаɧɧɨɣ теɦɩеɪатɭɪы ɞеɥɹщеɣɫɹ ɫɪеɞы (Ⱦɨɩɥеɪ ɷɮɮеɤт) 

 

Ȼɥɨɤ-ɫхɟɦа аɥɝɨɪɢɬɦа ɞɥя ɤɨɦɩɶɸɬɟɪɧɨɣ ɩɪɨɝɪаɦɦɵ, ɪаɫɫчɢɬɵɜаɸщɟɣ 
ɡаɜɢɫɢɦɨɫɬɢ ɫɟчɟɧɢɣ ɨɬ ɷɧɟɪɝɢɢ ɧɟɣɬɪɨɧɨɜ ɞɥя ɡаɞаɧɧɨɣ ɬɟɦɩɟɪаɬɭɪɵ 
ɞɟɥящɟɣɫя ɫɪɟɞɵ (Дɨɩɥɟɪ ɷɮɮɟɤɬ) ɩɪɟɞɫɬаɜɥɟɧа ɧа ɪɢɫ. ɉ.12.1. 

В ɷɬɨɣ ɛɥɨɤ-ɫхɟɦɟ ɛɥɨɤ 1) – ɨɩɟɪаɬɨɪɵ ɨɩɢɫаɧɢɟ ɦаɫɫɢɜɨɜ ɢ ɩɟɪɟɦɟɧɧɵх. 
В ɛɥɨɤɟ 1) ɩɪɢɧяɬɵ ɫɥɟɞɭɸщɢɟ ɨɛɨɡɧачɟɧɢя: 
SIGMAa – ɦаɫɫɢɜ ɞɢɫɤɪɟɬɧɵх ɡɧачɟɧɢɣ ɫɟчɟɧɢɣ (ɞɟɥɟɧɢя, ɡахɜаɬа) 
ɧɟɣɬɪɨɧɨɜ ɜ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɷɧɟɪɝɢɢ ɧɟɣɬɪɨɧɨɜ; 
Т – ɬɟɦɩɟɪаɬɭɪа ɫɪɟɞɵ; 
Qf – ɦаɫɫɢɜ ɫɟчɟɧɢɣ ɭɫɪɟɞɧɺɧɧɵх ɩɨ ɧаɩɪаɜɥɟɧɢɸ; 
Ny – чɢɫɥɨ ячɟɟɤ, ɜɵɛɢɪаɟɦɨɟ ɧа ɪаɫɩɪɟɞɟɥɟɧɢɢ Ɇаɤɫɜɟɥа; 
DeltaNu – чɢɫɥɨ яɞɟɪ ɧахɨɞящɟɟɫя ɜ ячɟɣɤɟ, ɜɵɛɢɪаɟɦɨɣ ɧа 
ɪаɫɩɪɟɞɟɥɟɧɢɢ Ɇаɤɫɜɟɥа; 
DeltaEn – ɲаɝ ɞɢɫɤɪɟɬɢɡаɰɢɢ ɩɨ ɷɧɟɪɝɢɢ; 
Nmax –  ɦаɤɫɢɦаɥɶɧɨɟ ɤɨɥɢчɟɫɬɜɨ ɲаɝɨɜ ɩɨ ɷɧɟɪɝɢɢ ɞɥя ɡаɞаɧɧɨɝɨ ɲаɝа 
ɞɢɫɤɪɟɬɢɡаɰɢɢ ɩɨ ɷɧɟɪɝɢɢ; 
DeltaVu – ɲɢɪɢɧа ячɟɣɤɢ, ɜɵɛɢɪаɟɦɨɣ ɧа ɪаɫɩɪɟɞɟɥɟɧɢɢ Ɇаɤɫɜɟɥа; 
Nt – ɦаɤɫɢɦаɥɶɧɨɟ ɡɧачɟɧɢɟ ɢɧɞɟɤɫа ɢɡɦɟɧɟɧɢя ɬɟɦɩɟɪаɬɭɪ; 
Egran – ɦаɤɫɢɦаɥɶɧɨɟ ɡɧачɟɧɢɟ ɷɧɟɪɝɢɢ; 
M – ɦаɫɫа ɦɢɲɟɧɢ; 
mn – ɦаɫɫа ɧɟɣɬɪɨɧа; 
b – ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɜɨɞа ɷɥɟɤɬɪɨɧ ɜɨɥɶɬɨɜ  ɜ ɞɠɨɭɥɢ; 
k – ɩɨɫɬɨяɧɧая Ȼɨɥɶɰɦаɧа; 
Na – чɢɫɥɨ Аɜɨɝаɞɪɨ; 
Rou – ɩɥɨɬɧɨɫɬɶ ɜɟщɟɫɬɜа; 
A – ɦаɫɫɨɜɨɟ чɢɫɥɨ; 
Ne – ɤɨɧɰɟɧɬɪаɰɢя ɜɟщɟɫɬɜа; 
Vm – ɫɤɨɪɨɫɬɶ ɦɢɲɟɧɢ; 
Nu – ɫɪɟɞɧɟɟ ɤɨɥɢчɟɫɬɜɨ яɞɟɪ ɜɨ ɜɫɺ ɪаɫɩɪɟɞɟɥɟɧɢɢ Ɇаɤɫɜɟɥа; 
Z2 – ɧачаɥɶɧая ɬɨчɤа ɨɬɫчɺɬа ɩɨ ɲɤаɥɟ ɷɧɟɪɝɢɣ; 
Ie – ɡɧачɟɧɢɟ ɷɧɟɪɝɢɢ, ɩɪɢ ɤɨɬɨɪɨɦ ɪаɫɩɪɟɞɟɥɟɧɢɟ Ɇаɤɫɜɟɥа ɧачɢɧаɟɬ 
ɫɬɪɟɦɢɬɫя ɤ ɧɭɥɸ; 
En – ɷɧɟɪɝɢя ɧɟɣɬɪɨɧа; 
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Enmin – ɧачаɥɶɧɨɟ ɡɧачɟɧɢɟ ɷɧɟɪɝɢɢ ɞɥя ячɟɣɤɢ; 
Enmax – ɤɨɧɟчɧɨɟ ɡɧачɟɧɢɟ ɷɧɟɪɝɢɢ ɞɥя ячɟɣɤɢ; 
Nemin – ɢɧɞɟɤɫ ɧачаɥɶɧɨɝɨ ɡɧачɟɧɢя ɷɧɟɪɝɢɢ ɞɥя ячɟɣɤɢ; 
Nemax – ɢɧɞɟɤɫ ɤɨɧɟчɧɨɝɨ ɡɧачɟɧɢя ɷɧɟɪɝɢɢ ɞɥя ячɟɣɤɢ; 
Qf0 – ɭɫɪɟɞɧɺɧɧɵɟ ɫɟчɟɧɢя; 
Qf – ɦаɫɫɢɜ ɭɫɪɟɞɧɺɧɧɵх ɫɟчɟɧɢɣ ɩɨ Ɇаɤɫɜɟɥɭ; 
Q1 – ɦаɫɫɢɜ ɭɫɪɟɞɧɺɧɧɵх ɫɟчɟɧɢɣ (ɞɟɥɟɧɢя, ɡахɜаɬа) ɧɟɣɬɪɨɧɨɜ ɫ ɭчɺɬɨɦ 
Дɨɩɥɟɪ ɷɮɮɟɤɬа. 
β) ɡаɩɢɫɵɜаɧɢɟ ɦаɫɫɢɜа ɭɫɪɟɞɧɺɧɧɵх ɫɟчɟɧɢɣ (ɞɟɥɟɧɢя, ɡахɜаɬа) 
ɧɟɣɬɪɨɧɨɜ ɫ ɭчɺɬɨɦ Дɨɩɥɟɪ ɷɮɮɟɤɬа ɜ ɬɟɤɫɬɨɜɵɣ ɮаɢɥ. 
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1) 

SIGMAa, T, Qf, Ny, DeltaNu, DeltaEn, Nmax, Nt, 

Engran,  DeltaVu, M, mn, b, k, Na, А, Ne, Vm, Nu, 

Z2, Ie, En, Enmin, Enmax, Nemin, Nemax, Qf0, Qf, 

Q1.     

       I=1 

    I≤Nt 

   I≤Nt-1 

T=300.0+(i-1)*100.0 T=300.0+(i-1)*100.0 

     DeltaVu=Ie/Ny 

       L=1 

L≤NmКб+1 

    Nu=0.0 

     Q=0.0 

Z1=Z2+DeltaEn*(L-1) 

       j=1 

   j≤Nв 

Vm(j)=((2*((DeltaVu*j)*b))/M)**0.5 
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DeltaNu(j)=Ne*(2/(pi*((k*T(i))**3)**0.5))* 

(exp(-(DeltaVu*j)/(k*T(i))))*((DeltaVu*j)**0.5)*DeltaVu 

Enmin=((M/(mn+M))*((Z1)*b-(((2*mn*((Z1)*b)) 

**0.5)*Vm(j)))+((mn/(mn+M))*((DeltaVu*j)*b)))/b 

Enmax=((M/(mn+M))*((Z1)*b+(((2*mn*((Z1)*b)) 

**0.5)*Vm(j)))+((mn/(mn+M))*((DeltaVu*j)*b)))/b 

Enmax>Engran 

    Enmin<Z2 

        Enmin=Z2 

    Enmax=Engran 

   Nemin=((Enmin-Z2)/DeltaEn+1.0) 

   Nemax=((Enmax-Z2)/DeltaEn+1.0) 

   Ny1=0.0 

   Qf0=0.0 

  k1=Nemin,Nemax+1 

    En=Z2+DeltaEn*(k1-1) 

 EЧmiЧ ≤ EЧ ≤ Enmax 
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Ɋɢɫ. ɉ.12.1. Ȼɥɨɤ-ɫхɟɦа аɥɝɨɪɢɬɦа ɪаɫчɟɬа Дɨɩɥɟɪ ɷɮɮɟɤɬа. 

             Ny1=Ny1+1 

Qf0=Qf0+RSIGMAa(k1) 

   k1=k1+1 

     Qf(L,j)=Qf0/Ny1 

Q=Q+Qf(L,j)*DeltaNu(j) 

Nu=Nu+DeltaNu(j) 

      j=j+1 

      Q1(i,L)=Q/Nu 

      i=i+1 

2) 

      STOP 

      END 
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ПɊИЛɈɀЕНИЕ 13. Ȼɥɨɤ-ɫɯеɦа аɥɝɨɪитɦа ɞɥɹ ɤɨɦɩɶɸтеɪɧɨɣ 
ɩɪɨɝɪаɦɦы, ɪаɫɫɱитываɸщеɣ ɡавиɫиɦɨɫти ɭɫɪеɞɧеɧɧыɯ ɩɨ 
ɧеɣтɪɨɧɧɨɦɭ ɷɧеɪɝетиɱеɫɤɨɦɭ ɫɩеɤтɪɭ ɫеɱеɧиɣ ɧеɣтɪɨɧɧыɯ ɹɞеɪɧыɯ 
ɪеаɤɰиɣ ɨт теɦɩеɪатɭɪы тɨɩɥивɧɨɣ ɫɪеɞы 

 

Ȼɥɨɤ-ɫхɟɦа аɥɝɨɪɢɬɦа ɞɥя ɤɨɦɩɶɸɬɟɪɧɨɣ ɩɪɨɝɪаɦɦɵ, ɪаɫɫчɢɬɵɜаɸщɟɣ 
ɡаɜɢɫɢɦɨɫɬɢ ɭɫɪɟɞɧɟɧɧɵх ɩɨ ɧɟɣɬɪɨɧɧɨɦɭ ɷɧɟɪɝɟɬɢчɟɫɤɨɦɭ ɫɩɟɤɬɪɭ ɫɟчɟɧɢɣ 
ɧɟɣɬɪɨɧɧɵх яɞɟɪɧɵх ɪɟаɤɰɢɣ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɬɨɩɥɢɜɧɨɣ ɫɪɟɞɵ, 
ɩɪɟɞɫɬаɜɥɟɧа ɧа ɪɢɫ. ɉ.13.1.  

В ɷɬɨɣ ɛɥɨɤ-ɫхɟɦɟ ɛɥɨɤ 1) – ɨɩɟɪаɬɨɪɵ ɨɩɢɫаɧɢɟ ɦаɫɫɢɜɨɜ ɢ ɩɟɪɟɦɟɧɧɵх. 
В ɛɥɨɤɟ 1) ɩɪɢɧяɬɵ ɫɥɟɞɭɸщɢɟ ɨɛɨɡɧачɟɧɢя: 

Egr – ɦаɫɫɢɜ ɡɧачɟɧɢɣ ɞɥя ɝɪаɧɢчɧɨɣ ɷɧɟɪɝɢɢ, ɪаɡɞɟɥяɸщɢɣ ɨɛɥаɫɬɢ 
ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ, ɨɩɢɫɵɜаɟɦɵх ɪаɫɩɪɟɞɟɥɟɧɢɟɦ Ɇаɤɫɜɟɥɥа ɢ ɨɩɢɫɵɜаɟɦɵх 
ɪаɫɩɪɟɞɟɥɟɧɢɟɦ Ɏɟɪɦɢ; 

RSIGMAa – ɦаɫɫɢɜ ɞɢɫɤɪɟɬɧɵх ɡɧачɟɧɢɣ ɫɟчɟɧɢɣ (ɞɟɥɟɧɢя, ɡахɜаɬа) 
ɧɟɣɬɪɨɧɨɜ ɜ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɷɧɟɪɝɢɢ ɧɟɣɬɪɨɧɨɜ ɞɥя ɬɟɦɩɟɪаɬɭɪ ɨɬ γ00 ɞɨ 
6000 ɤɟɥɶɜɢɧɨɜ ɫ ɭчɺɬɨɦ Дɨɩɥɟɪ ɷɮɮɟɤɬа ; 

SIGMAa – ɦаɫɫɢɜ ɞɢɫɤɪɟɬɧɵх ɡɧачɟɧɢɣ ɫɟчɟɧɢɣ (ɞɟɥɟɧɢя, ɡахɜаɬа) 
ɧɟɣɬɪɨɧɨɜ ɜ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɷɧɟɪɝɢɢ ɧɟɣɬɪɨɧɨɜ ɫ ɭчɺɬɨɦ Дɨɩɥɟɪ ɷɮɮɟɤɬа; 

DELTAE – ɲаɝ ɞɢɫɤɪɟɬɢɡаɰɢɢ ɩɨ ɷɧɟɪɝɢɢ; 
Nmax –  ɦаɤɫɢɦаɥɶɧɨɟ ɤɨɥɢчɟɫɬɜɨ ɲаɝɨɜ ɩɨ ɷɧɟɪɝɢɢ ɞɥя ɡаɞаɧɧɨɝɨ 
ɲаɝа ɞɢɫɤɪɟɬɢɡаɰɢɢ ɩɨ ɷɧɟɪɝɢɢ; 
Т – ɬɟɦɩɟɪаɬɭɪа ɫɪɟɞɵ; 
Тn – ɬɟɦɩɟɪаɬɭɪа ɧɟɣɬɪɨɧɧɨɝɨ ɝаɡа; 
k – ɩɨɫɬɨяɧɧая Ȼɨɥɶɰɦаɧа; 
Ksisig – ɡаɦɟɞɥяɸщая ɫɩɨɫɨɛɧɨɫɬɶ ɜɟщɟɫɬɜа; 
Nt – ɦаɤɫɢɦаɥɶɧɨɟ ɡɧачɟɧɢɟ ɢɧɞɟɤɫа ɢɡɦɟɧɟɧɢя ɬɟɦɩɟɪаɬɭɪ; 
Ngr – ɦаɤɫɢɦаɥɶɧɨɟ ɡɧачɟɧɢɟ ɢɧɞɟɤɫа ɢɡɦɟɧɟɧɢя ɝɪаɧɢчɧɵх ɷɧɟɪɝɢɣ; 
Emakswel –  ɦаɫɫɢɜ ɪаɫɩɪɟɞɟɥɟɧɢя Ɇаɤɫɜɟɥɥа; 
SSIGMAa, SSIGMAa1, SSIGMAa2 – ɦаɫɫɢɜɵ ɭɫɪɟɞɧɺɧɧɵх ɫɟчɟɧɢɣ 
(ɞɟɥɟɧɢя, ɡахɜаɬа). 

1) Ɉɛɧɭɥɟɧɢɟ ɦаɫɫɢɜɨɜ ɭɫɪɟɞɧɺɧɧɵх ɫɟчɟɧɢɣ (ɞɟɥɟɧɢя, ɡахɜаɬа). 
2) Вɵчɢɫɥɟɧɢɟ ɭɫɪɟɞɧɺɧɧɵх ɫɟчɟɧɢɣ (ɞɟɥɟɧɢя, ɡахɜаɬа). 
3) Ɂаɩɨɥɧɟɧɢɟ ɦаɫɫɢɜа ɪаɫɩɪɟɞɟɥɟɧɢя Ɇаɤɫɜɟɥɥа (EmКФsаОХ). 
4) Ɂаɩɢɫɵɜаɧɢɟ  ɦаɫɫɢɜɨɜ ɭɫɪɟɞɧɺɧɧɵх ɫɟчɟɧɢɣ (ɞɟɥɟɧɢя, ɡахɜаɬа) ɜ  
ɬɟɤɫɬɨɜɵɟ ɮаɣɥɵ. 
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1) 

Egr, RSIGMAa, SIGMAa, DELTAE, 

Nmax, Т, Tn, k, Ksisig, Nt, Ngr, 

Emakswel, SSIGMAa, SSIGMAa1, 

2) 

        i=1 

    i≤Nt 

        J=1 

    j≤NРЫ 

SSIGMAa(i,j)=0.0 

SSIGMAa1(i,j)=0.0 

SSIGMAa2(i,j)=0.0 

       j=j+1 

       i=i+1 

3) 
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   I≤Nt-1 

T=300.0+(i-1)*100.0 T=300.0+(i-1)*100.0 

    I≤Nt 

         J=1 

    j≤NРЫ 

     J=1 

      Egr(j) = 3.0*k*T 

     J=2 

      Egr(j) = 3.5*k*T 

     J=3 

      Egr(j) = 4.0*k*T 

     J=4 

      Egr(j) = 5.0*k*T 

         i=1 
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      Egr(j) = 5.0*k*T 

NNgr =Egr(j)/DELTAE 

    E0=0.0 

    E01=0.0 

4) 

       L=1 

L ≤NmКб 

L ≤NNРЫ 

   i1=∫((k*T)/DELTAE) Emakswel(L)= (1.0/Z1)*Z1 

Tn = T*(1.0 + 

1.8*SIGMAa(i1)/ksisig) 

Emakswel(L)=((((Z1**1/2)*exp(-

Z1/(k*Tn)))/((k*Tn)**3/2)))*Z1 

Z1=DELTAE

E0 = E0 + Emakswel(L) 

SSIGMAa(i,j) = SSIGMAa(i,j) + 

SIGMAa(L)*Emakswel(L) 

E01 = E01 + Emakswel(L) 

SSIGMAa1(i,j) = SSIGMAa1(i,j) + 

SIGMAa(L)*Emakswel(L) 

     J=5 
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Ɋɢɫ. ɉ.13.1. ɛɥɨɤ-ɫхɟɦа аɥɝɨɪɢɬɦа ɞɥя ɤɨɦɩɶɸɬɟɪɧɨɣ ɩɪɨɝɪаɦɦɵ, ɪаɫɫчɢɬɵɜаɸщɟɣ 
ɡаɜɢɫɢɦɨɫɬɢ ɭɫɪɟɞɧɟɧɧɵх ɩɨ ɧɟɣɬɪɨɧɧɨɦɭ ɷɧɟɪɝɟɬɢчɟɫɤɨɦɭ ɫɩɟɤɬɪɭ ɫɟчɟɧɢɣ ɧɟɣɬɪɨɧɧɵх 
яɞɟɪɧɵх ɪɟаɤɰɢɣ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɬɨɩɥɢɜɧɨɣ ɫɪɟɞɵ. 

 

      SSIGMAa(i,j) = SSIGMAa(i,j)/E0 

     SSIGMAa1(i,j) = SSIGMAa1(i,j)/E01 

SSIGMAa2(i,j) = (SSIGMAa(i,j) +           

SSIGMAa1(i,j))/2.0 

      j=j+1 

      i=i+1 

5) 

      STOP 

       END 

     L=L+1 
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ПɊИЛɈɀЕНИЕ 14. Ɋеɡɭɥɶтаты ɪаɫɱета теɩɥɨвɨɝɨ ɩɨɥɹ ɞɥɹ ɭɪаɧ-

ɩɥɭтɨɧиевɨɣ ɞеɥɹщеɣɫɹ ɫɪеɞы ɝеɨɪеаɤтɨɪа в виɞе ɰиɥиɧɞɪа 

 

 ɇа ɪɢɫ  ɉ.14.1. – ɉ.14.4 ɉɊɂɅɈɀȿɇɂə 14 ɩɪɟɞɫɬаɜɥɟɧɵ ɪɟɡɭɥɶɬаɬɵ 
ɪаɫчɟɬа ɬɟɩɥɨɜɨɝɨ ɩɨɥя ɞɥя ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɣ ɞɟɥящɟɣɫя ɫɪɟɞɵ ɜ ɜɢɞɟ 
ɰɢɥɢɧɞɪа ɫ ɩɪɨɫɬɪаɧɫɬɜɟɧɧɵɦɢ ɪаɡɦɟɪаɦɢ: ɪаɞɢɭɫ – 10 ɦ ɢ ɞɥɢɧа – 10 ɦ. 

 

Ɋɢɫ. ɉ.14.1. Ɋɟɲɟɧɢɟ ɭɪаɜɧɟɧɢя ɬɟɩɥɨɩɟɪɟɧɨɫа ɞɥя ɝɟɨɪɟаɤɬɨɪа (ɢɫɬɨчɧɢɤ 
ɩɪɨɩɨɪɰɢɨɧаɥɟɧ β-ɨɣ ɫɬɟɩɟɧɢ ɬɟɦɩɟɪаɬɭɪɵ, const = 1,00 Дɠ/K; ɧачаɥɶɧая ɢ ɝɪаɧɢчɧая 
ɬɟɦɩɟɪаɬɭɪɵ ɪаɜɧɵ θ000Ʉ; ɞɟɥящаяɫя ɫɪɟɞа – ɰɢɥɢɧɞɪ ɞɥɢɧɨɣ 10 ɦ ɢ ɪаɞɢɭɫɨɦ 10 ɦ;  

ɩɪɟɞɫɬаɜɥɟɧɧɵɟ ɪɟɡɭɥɶɬаɬɵ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɡɧачɟɧɢɸ ɪаɞɢɭɫа r ɜ ɬɨчɤɟ ɪаɫчɺɬа – η ɫɦ ɢ 
ɞɥɢɧɟ z – η ɦ). 

http://ru.wikipedia.org/wiki/%D0%94%D0%B6%D0%BE%D1%83%D0%BB%D1%8C
http://ru.wikipedia.org/wiki/%D0%9A%D0%B5%D0%BB%D1%8C%D0%B2%D0%B8%D0%BD
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Ɋɢɫ. ɉ.14.2. Ɋɟɲɟɧɢɟ ɭɪаɜɧɟɧɢя ɬɟɩɥɨɩɟɪɟɧɨɫа ɞɥя ɝɟɨɪɟаɤɬɨɪа (ɢɫɬɨчɧɢɤ 
ɩɪɨɩɨɪɰɢɨɧаɥɟɧ β-ɨɣ ɫɬɟɩɟɧɢ ɬɟɦɩɟɪаɬɭɪɵ, const = 1,00 Дɠ/K; ɧачаɥɶɧая ɢ ɝɪаɧɢчɧая 
ɬɟɦɩɟɪаɬɭɪɵ ɪаɜɧɵ θ000Ʉ; ɞɟɥящаяɫя ɫɪɟɞа – ɰɢɥɢɧɞɪ ɞɥɢɧɨɣ 10 ɦ ɢ ɪаɞɢɭɫɨɦ 10 ɦ;  
ɩɪɟɞɫɬаɜɥɟɧɧɵɟ ɪɟɡɭɥɶɬаɬɵ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɡɧачɟɧɢɸ ɪаɞɢɭɫа r ɜ ɬɨчɤɟ ɪаɫчɺɬа – η ɦ ɢ 

ɞɥɢɧɟ z – η ɦ). 

http://ru.wikipedia.org/wiki/%D0%94%D0%B6%D0%BE%D1%83%D0%BB%D1%8C
http://ru.wikipedia.org/wiki/%D0%9A%D0%B5%D0%BB%D1%8C%D0%B2%D0%B8%D0%BD
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Ɋɢɫ. ɉ.14.3. Ɋɟɲɟɧɢɟ ɭɪаɜɧɟɧɢя ɬɟɩɥɨɩɟɪɟɧɨɫа ɞɥя ɝɟɨɪɟаɤɬɨɪа (ɢɫɬɨчɧɢɤ 
ɩɪɨɩɨɪɰɢɨɧаɥɟɧ β-ɨɣ ɫɬɟɩɟɧɢ ɬɟɦɩɟɪаɬɭɪɵ, const = 1,00 Дɠ/K; ɧачаɥɶɧая ɢ ɝɪаɧɢчɧая 
ɬɟɦɩɟɪаɬɭɪɵ ɪаɜɧɵ θ000Ʉ; ɞɟɥящаяɫя ɫɪɟɞа – ɰɢɥɢɧɞɪ ɞɥɢɧɨɣ 10 ɦ ɢ ɪаɞɢɭɫɨɦ 10 ɦ;  

ɩɪɟɞɫɬаɜɥɟɧɧɵɟ ɪɟɡɭɥɶɬаɬɵ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɡɧачɟɧɢɸ ɪаɞɢɭɫа r ɜ ɬɨчɤɟ ɪаɫчɺɬа – η,η ɦ ɢ 
аɡɢɦɭɬаɥɶɧɨɦɭ ɭɝɥɭ Пi = 0.9η π ). 

 

 

 

 

http://ru.wikipedia.org/wiki/%D0%94%D0%B6%D0%BE%D1%83%D0%BB%D1%8C
http://ru.wikipedia.org/wiki/%D0%9A%D0%B5%D0%BB%D1%8C%D0%B2%D0%B8%D0%BD
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Ɋɢɫ. ɉ.14.4. Ɋɟɲɟɧɢɟ ɭɪаɜɧɟɧɢя ɬɟɩɥɨɩɟɪɟɧɨɫа ɞɥя ɰɢɥɢɧɞɪɢчɟɫɤɨɝɨ ɝɟɨɪɟаɤɬɨɪа.  
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ПɊИЛɈɀЕНИЕ 15. Ɂавиɫиɦɨɫти ɭɫɪеɞɧеɧɧыɯ ɩɨ ɧеɣтɪɨɧɧɨɦɭ ɫɩеɤтɪɭ 
ɫеɱеɧиɣ ɧеɣтɪɨɧɧыɯ ɹɞеɪɧыɯ ɪеаɤɰиɣ ɨт теɦɩеɪатɭɪы ɞɥɹ ɞеɥɹщеɣɫɹ 
ɫɪеɞы ɝеɨɪеаɤтɨɪа 

 

ɋɨɞеɪɠаɧие. 
ɉ.1η.1. Вɜɟɞɟɧɢɟ………………………………………………………………..γ44 

ɉ.15.2. Ɂаɜɢɫɢɦɨɫɬɢ ɭɫɪɟɞɧɟɧɧɵх ɩɨ ɧɟɣɬɪɨɧɧɨɦɭ ɫɩɟɤɬɪɭ ɫɟчɟɧɢɣ 
ɧɟɣɬɪɨɧɧɵх яɞɟɪɧɵх ɪɟаɤɰɢɣ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɞɥя ɞɟɥящɟɣɫя ɫɪɟɞɵ 
ɝɟɨɪɟаɤɬɨɪа……………………………………………………………………...γ46 

 

 

 П.15.1. ȼвеɞеɧие. 

 Аɤɬɭаɥɶɧɨɫɬɶ ɡаɜɢɫɢɦɨɫɬɟɣ ɭɫɪɟɞɧɟɧɧɵх ɩɨ ɫɩɟɤɬɪɭ ɧɟɣɬɪɨɧɨɜ 
ɫɟчɟɧɢɣ ɞɟɥɟɧɢя ɨɫɧɨɜɧɵх ɪɟаɤɬɨɪɧɵх ɧɭɤɥɢɞɨɜ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɞɟɥящɟɣɫя 
ɫɪɟɞɵ, ɜ чаɫɬɧɨɫɬɢ ɩɥɭɬɨɧɢя βγ9 ɢ ɭɪаɧа βγη, ɨɛɭɫɥɨɜɥɟɧа ɬɟɦ, чɬɨ чɟɪɟɡ ɧɢх 
ɦɨɠɟɬ ɛɵɬɶ ɜɵɪаɠɟɧа ɩɥɨɬɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɢɫɬɨчɧɢɤа яɞɟɪɧɨɝɨ ɪɟаɤɬɨɪа,  
ɛɟɡ ɤɨɬɨɪɨɣ ɧɟɥɶɡя ɢɫɫɥɟɞɨɜаɬɶ ɩɪɨɰɟɫɫɵ ɬɟɩɥɨɩɟɪɟɧɨɫа.  

Ɉɩɪɟɞɟɥɟɧɢɟ ɫɩɟɤɬɪа ɡаɦɟɞɥяɸщɢхɫя ɧɟɣɬɪɨɧɨɜ ɜ ɪɟаɤɬɨɪɟ ɤɪаɣɧɟ 
ɫɥɨɠɧая ɡаɞача, ɤɨɬɨɪая ɫɬаɧɞаɪɬɧɨɣ ɬɟɨɪɢɟɣ ɮɢɡɢɤɢ ɪɟаɤɬɨɪɨɜ ɪɟɲаɟɬɫя 
ɩɪɢ ɫɭщɟɫɬɜɟɧɧɵх ɭɩɪɨщɟɧɢях, ɧаɩɪɢɦɟɪ Д13,64,154,156,263]. 

Дɟɣɫɬɜɢɬɟɥɶɧɨ, ɭɪаɜɧɟɧɢя ɬɟɨɪɢɢ ɮɢɡɢɤɢ ɪɟаɤɬɨɪɨɜ ɨɫɧɨɜɵɜаɸɬɫя ɧа 
ɫɬаɧɞаɪɬɧɨɣ ɬɟɨɪɢɢ ɡаɦɟɞɥɟɧɢя ɧɟɣɬɪɨɧɨɜ, ɜ ɤɨɬɨɪɨɣ ɢɡɧачаɥɶɧɨ ɪаɡɞɟɥɟɧɵ 
ɩɪɨɫɬɪаɧɫɬɜɟɧɧɵɟ ɢ ɷɧɟɪɝɟɬɢчɟɫɤɢɟ ɩɟɪɟɦɟɧɧɵɟ (ɩɪɢчɟɦ, ɩɪɨɫɬɪаɧɫɬɜɟɧɧɵɟ 
ɩɟɪɟɦɟɧɧɵɟ ɢɫɤɥɸчɟɧɵ ɢɡ ɪаɫɫɦɨɬɪɟɧɢя) ɢ ɤɨɬɨɪая – ɩɪɢɧɰɢɩɢаɥɶɧɨ 
ɫɬаɰɢɨɧаɪɧа ɢ, чɬɨ ɩɪɢɧɰɢɩɢаɥɶɧɨ ɜаɠɧɨ ɞɥя ɭчɟɬа ɜɥɢяɧɢя ɬɟɦɩɟɪаɬɭɪɵ 
ɞɟɥящɟɣɫя ɫɪɟɞɵ, ɜ ɧɟɣ ɩɪɟɧɟɛɪɟɝаɟɬɫя ɷɧɟɪɝɢɟɣ ɞɜɢɠɟɧɢя яɞɟɪ 
ɡаɦɟɞɥяɸщɟɣ ɫɪɟɞɵ, ɤаɤ ɦаɥɨɣ ɩɨ ɫɪаɜɧɟɧɢɸ ɫ ɷɧɟɪɝɢɟɣ ɡаɦɟɞɥяɸщɟɝɨɫя 
ɧɟɣɬɪɨɧа. В ɫɬаɧɞаɪɬɧɨɣ ɬɟɨɪɢɢ ɮɢɡɢɤɢ ɪɟаɤɬɨɪɨɜ ɜɫɟ ɧɟɣɬɪɨɧɵ ɩɨ ɷɧɟɪɝɢяɦ 
ɞɟɥяɬɫя ɧа ɞɜɟ ɝɪɭɩɩɵ ɛɵɫɬɪɵɟ (ɡаɦɟɞɥяɸщɢɟɫя) ɢ ɬɟɩɥɨɜɵɟ 
(ɬɟɪɦаɥɢɡɨɜаɧɧɵɟ), ɪаɡɞɟɥɟɧɧɵɟ ɦɟɠɞɭ ɫɨɛɨɣ ɝɪаɧɢчɧɨɣ ɷɧɟɪɝɢɟɣ ɝɪE . 

ɉɪɟɞɩɨɥаɝаɟɬɫя, чɬɨ ɩɨɞ ɜɥɢяɧɢɟɦ ɬɟɩɥɨɜɨɝɨ ɞɜɢɠɟɧɢя яɞɟɪ ɞɟɥящɟɣɫя 
ɫɪɟɞɵ ɬɟɩɥɨɜɵɟ ɧɟɣɬɪɨɧɵ ɪаɫɩɪɟɞɟɥяɸɬɫя ɩɨ ɧɟɤɨɬɨɪɨɦɭ Ɇаɤɫɜɟɥɥɨɜɫɤɨɦɭ 
ɫɩɟɤɬɪɭ ɢ ɩɨɷɬɨɦɭ ɤɢɧɟɬɢчɟɫɤɨɟ ɭɪаɜɧɟɧɢɟ ɩɟɪɟɧɨɫа ɧɟɣɬɪɨɧɨɜ ɪɟаɤɬɨɪа 
ɡаɩɢɫɵɜаɟɬɫя ɜ ɜɢɞɟ ɫɢɫɬɟɦɵ ɭɪаɜɧɟɧɢɣ, ɨɞɧɨ ɢɡ ɤɨɬɨɪɵх – ɤɢɧɟɬɢчɟɫɤɨɟ 
ɭɪаɜɧɟɧɢɟ ɩɟɪɟɧɨɫа ɧɟɣɬɪɨɧɨɜ ɞɥя ɡаɦɟɞɥяɸщɢхɫя ɧɟɣɬɪɨɧɨɜ, а ɜɬɨɪɨɟ – 

ɭɪаɜɧɟɧɢɟ ɩɟɪɟɧɨɫа ɧɟɣɬɪɨɧɨɜ ɞɥя ɬɟɩɥɨɜɵх ɧɟɣɬɪɨɧɨɜ, ɜɢɞ ɤɨɬɨɪɨɝɨ ɭɠɟ 
ɨɫɧɨɜаɧ ɧа ɪаɫɩɪɟɞɟɥɟɧɢɢ Ɇаɤɫɜɟɥɥа, ɧаɩɪɢɦɟɪ Д13,154Ж. ɂ ɨɬɫɸɞа, ɤаɤ 
ɫɥɟɞɫɬɜɢɟ, ɩɨɥɭчаɟɬɫя ɜɢɞ ɭɪаɜɧɟɧɢɣ ɪɟаɤɬɨɪа ɤаɤ ɫɢɫɬɟɦɵ ɭɪаɜɧɟɧɢɣ ɞɥя 
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ɡаɦɟɞɥяɸщɟɣɫя ɝɪɭɩɩɵ ɧɟɣɬɪɨɧɨɜ ɢ ɭɪаɜɧɟɧɢɣ ɞɥя ɝɪɭɩɩɵ ɬɟɩɥɨɜɵх 
ɧɟɣɬɪɨɧɨɜ ɞɥя ɞɪɭɝɢх ɨɛщɟɩɪɢɧяɬɵх ɩɪɢɛɥɢɠɟɧɢɣ, ɧаɩɪɢɦɟɪ, ɬаɤɢх ɤаɤ 
ɞɢɮɮɭɡɢɨɧɧɨɟ ɩɪɢɛɥɢɠɟɧɢɟ ɢɥɢ ɞɢɮɮɭɡɢɨɧɧɨ-ɜɨɡɪаɫɬɧɨɟ ɩɪɢɛɥɢɠɟɧɢɟ, 
ɦɧɨɝɨɝɪɭɩɩɨɜɨɟ ɩɪɢɛɥɢɠɟɧɢɟ Д13,64,154,156,263Ж. ɉɪɢчɟɦ ɤɢɧɟɬɢчɟɫɤɨɟ 
ɭɪаɜɧɟɧɢɟ ɩɟɪɟɧɨɫа ɧɟɣɬɪɨɧɨɜ ɞɥя ɡаɦɟɞɥяɸщɢхɫя ɧɟɣɬɪɨɧɨɜ ɜɤɥɸчаɟɬ ɜ 
ɫɟɛя ɮɭɧɤɰɢɸ ɪаɫɫɟяɧɢя (ɡаɤɨɧ ɪаɫɫɟяɧɢя), ɜɢɞ ɤɨɬɨɪɨɣ ɨɛɵчɧɨ ɡаɞаɟɬɫя ɧа 

ɨɫɧɨɜɟ ɫɬаɧɞаɪɬɧɨɣ ɬɟɨɪɢɢ ɡаɦɟɞɥɟɧɢя, ɧɟ ɭчɢɬɵɜаɸщɟɣ ɬɟɩɥɨɜɨɟ ɞɜɢɠɟɧɢɟ 
яɞɟɪ ɡаɦɟɞɥяɸщɟɣ ɫɪɟɞɵ, ɧаɩɪɢɦɟɪ, [13,154]. 

ɉɪɟɞɩɪɢɧɢɦаɥɢɫɶ ɧɟɦɧɨɝɨчɢɫɥɟɧɧɵɟ ɩɨɩɵɬɤɢ ɩɨɫɬɪɨɢɬɶ ɬɟɨɪɢɸ 
ɡаɦɟɞɥɟɧɢя ɧɟɣɬɪɨɧɨɜ ɫ ɭчɟɬɨɦ ɷɧɟɪɝɢɢ ɞɜɢɠɟɧɢя яɞɟɪ ɡаɦɟɞɥяɸщɟɣ ɫɪɟɞɵ, 
ɧаɩɪɢɦɟɪ, Д263,156,157,221Ж. В Д263Ж ɫ ɭчɟɬɨɦ ɷɧɟɪɝɢɢ ɞɜɢɠɟɧɢя яɞɟɪ 
ɡаɦɟɞɥяɸщɟɣ ɫɪɟɞɵ ɜ ɪаɦɤах ɦɨɞɟɥɢ ɝаɡɨɨɛɪаɡɧɨɝɨ ɡаɦɟɞɥɢɬɟɥя (ɧɟ 
ɭчɢɬɵɜаɟɬɫя ɜɨɡɦɨɠɧɨɟ ɜɡаɢɦɨɞɟɣɫɬɜɢɟ ɦɟɠɞɭ яɞɪаɦɢ ɡаɦɟɞɥɢɬɟɥя) ɛɵɥɨ 
ɩɨɥɭчɟɧɨ ɢɧɬɟɝɪɨ-ɞɢɮɮɟɪɟɧɰɢаɥɶɧɨɟ ɭɪаɜɧɟɧɢɟ, аɧаɥɢɬɢчɟɫɤɨɟ ɪɟɲɟɧɢɟ 
ɤɨɬɨɪɨɝɨ ɧɟ ɭɞаɥɨɫɶ ɧаɣɬɢ, ɧɨ ɞɥя ɤɨɬɨɪɨɝɨ ɛɵɥɢ ɩɨɥɭчɟɧɵ чɢɫɥɟɧɧɵɟ 
ɪɟɲɟɧɢя ɞɥя ɪяɞа ɬɢɩɢчɧɵх ɞɥя ɮɢɡɢɤɢ ɪɟаɤɬɨɪɨɜ ɡаɦɟɞɥɢɬɟɥɟɣ ɢ 
ɬɟɦɩɟɪаɬɭɪ. ɉɨɥɭчɟɧɧɵɟ ɪɟɡɭɥɶɬаɬɵ ɩɨɤаɡаɥɢ, чɬɨ ɜɢɞ ɷɧɟɪɝɟɬɢчɟɫɤɨɝɨ 
ɪаɫɩɪɟɞɟɥɟɧɢя ɧɟɣɬɪɨɧɨɜ ɜ ɨɛɥаɫɬɢ ɬɟɪɦаɥɢɡаɰɢɢ ɨɩɪɟɞɟɥяɟɬɫя ɞɜɭɦя 
ɩаɪаɦɟɬɪаɦɢ А – ɦаɫɫɨɜɵɦ чɢɫɥɨɦ яɞɟɪ ɡаɦɟɞɥɢɬɟɥя ɢ  

sa kT  4 (ɝɞɟ 
 kTa  - ɦаɤɪɨɫɟчɟɧɢɟ ɩɨɝɥɨщɟɧɢя ɡаɦɟɞɥяɸщɟɣ ɫɪɟɞɵ ɩɪɢ ɷɧɟɪɝɢɢ kT , T - 

ɬɟɦɩɟɪаɬɭɪа ɡаɦɟɞɥяɸщɟɣ ɫɪɟɞɵ, s - ɡаɦɟɞɥяɸщая ɫɩɨɫɨɛɧɨɫɬɶ ɫɪɟɞɵ) ɢ 
ɩɪɢ ɦаɥɵх   (ɜɩɥɨɬɶ ɞɨ 1) ɦɨɠɧɨ ɪаɡɥɢчɢɬɶ ɦɨɞɢɮɢɰɢɪɨɜаɧɧɨɟ 
ɪаɫɩɪɟɞɟɥɟɧɢɟ Ɇаɤɫɜɟɥɥа ɩɟɪɟхɨɞящɟɟ ɜ ɪаɫɩɪɟɞɟɥɟɧɢɟ ɬɢɩа nE1  

(ɪаɫɩɪɟɞɟɥɟɧɢɟ ɬɢɩа Ɏɟɪɦɢ), ɝɞɟ nE - ɷɧɟɪɝɢя ɧɟɣɬɪɨɧɨɜ. В ɪɟɡɭɥɶɬаɬɟ 
ɩɪɢɲɥɢ ɤ ɜɵɜɨɞɭ, чɬɨ ɞɥя ɩɪаɤɬɢчɟɫɤɢх ɪаɫчɟɬɨɜ ɭɞɨɛɧɨ аɩɩɪɨɤɫɢɦɢɪɨɜаɬɶ 
ɪаɫɩɪɟɞɟɥɟɧɢɟɦ Ɇаɤɫɜɟɥɥа ɩɪɢ ɧɟɤɨɬɨɪɨɣ ɬɟɦɩɟɪаɬɭɪɟ nT , ɩɨɞɨɛɪаɧɧɨɣ ɢɡ 
ɭɫɥɨɜɢя ɧаɢɥɭчɲɟɝɨ ɨɩɢɫаɧɢя ɪаɫɩɪɟɞɟɥɟɧɢя, ɩɨɥɭчɟɧɧɨɝɨ чɢɫɥɟɧɧɵɦ 
ɨɛɪаɡɨɦ. ɋ ɩɨɦɨщɶɸ ɦɟɬɨɞа ɧаɢɦɟɧɶɲɢх ɤɜаɞɪаɬɨɜ ɩɨɞɨɛɪаɥɢ ɬаɤɢɟ 
ɪаɫɩɪɟɞɟɥɟɧɢя Ɇаɤɫɜɟɥɥа ɤ ɩɨɥɭчɟɧɧɵɦ чɢɫɥɟɧɧɵɦ ɫɩɨɫɨɛɨɦ 
ɪаɫɩɪɟɞɟɥɟɧɢяɦ ɜ ɨɛɥаɫɬɢ ɬɟɪɦаɥɢɡаɰɢɢ ɢ ɧаɲɥɢ ɫɥɟɞɭɸщɟɟ ɫɨɨɬɧɨɲɟɧɢɟ 
ɦɟɠɞɭ ɬɟɦɩɟɪаɬɭɪɨɣ ɡаɦɟɞɥяɸщɟɣ ɫɪɟɞɵ T  ɢ «ɷɮɮɟɤɬɢɜɧɨɣ» ɬɟɦɩɟɪаɬɭɪɨɣ 
Ɇаɤɫɜɟɥɥɨɜɫɤɨɝɨ ɪаɫɩɪɟɞɟɥɟɧɢя (ɬɟɦɩɟɪаɬɭɪɨɣ ɧɟɣɬɪɨɧɧɨɝɨ ɝаɡа) nT : 

      11 KTTn ,   (ɉ.1η.1) 

ɝɞɟ чɟɪɟɡ 1K  ɨɛɨɡɧачɟɧ ɧɟɤɨɬɨɪɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɩɪɢчɟɦ ɨɧ ɞɥя ɬɢɩɢчɧɵх  
ɪɟаɤɬɨɪɧɵх ɡаɦɟɞɥɢɬɟɥɟɣ ɢ ɪɟаɤɬɨɪɨɜ ɧахɨɞɢɥɫя ɜ ɞɢаɩаɡɨɧɟ ɨɬ 0,γ ɞɨ 1,0. 
ɇɟɫɦɨɬɪя ɧа ɩɪɨɬɢɜɨɪɟчɢɜɨɫɬɶ ɩɨɞхɨɞа Д263Ж, ɜɵɪаɠɟɧɢɟ (ɉ.1η.1) ɧаɲɥɨ 
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ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɩɪɢ ɩɪаɤɬɢчɟɫɤɢх ɪаɫчɟɬах, ɧаɩɪɢɦɟɪ Д154, 

228,264,265Ж. В Д1ηθЖ ɫ ɭчɟɬɨɦ ɷɧɟɪɝɢɢ ɞɜɢɠɟɧɢя яɞɟɪ ɡаɦɟɞɥяɸщɟɣ ɫɪɟɞɵ ɜ 
ɪаɦɤах ɦɨɞɟɥɢ ɝаɡɨɨɛɪаɡɧɨɝɨ ɡаɦɟɞɥɢɬɟɥя ɬаɤɠɟ чɢɫɥɟɧɧɨ ɪɟɲаɥɨɫɶ 
ɢɧɬɟɝɪɨ-ɞɢɮɮɟɪɟɧɰɢаɥɶɧɨɟ ɭɪаɜɧɟɧɢɟ ɢ ɛɵɥ ɩɨɥɭчɟɧ ɫɩɟɤɬɪ 
ɬɟɪɦаɥɢɡɨɜаɧɧɵх ɧɟɣɬɪɨɧɨɜ ɞɥя ɬɟɩɥɨɜɨɝɨ ɪɟаɤɬɨɪа ɬɢɩа ВВɊ, 
ɫɨɝɥаɫɭɸщɢɣɫя ɫ ɷɤɫɩɟɪɢɦɟɧɬɨɦ. В Д157,221Ж ɪаɡɜɢɜаɥаɫɶ ɬɟɨɪɢя 
ɬɟɪɦаɥɢɡаɰɢɢ ɧɟɣɬɪɨɧɨɜ, ɭчɢɬɵɜаɸщая ɜɨɡɦɨɠɧɨɟ ɜɡаɢɦɨɞɟɣɫɬɜɢɟ ɦɟɠɞɭ 
яɞɪаɦɢ (ɦɨɥɟɤɭɥаɦɢ) ɡаɦɟɞɥɢɬɟɥя. 

 

П.15.2. Ɂавиɫиɦɨɫти ɭɫɪеɞɧеɧɧыɯ ɩɨ ɧеɣтɪɨɧɧɨɦɭ ɫɩеɤтɪɭ ɫеɱеɧиɣ 

ɧеɣтɪɨɧɧыɯ ɹɞеɪɧыɯ ɪеаɤɰиɣ ɨт теɦɩеɪатɭɪы ɞɥɹ ɞеɥɹщеɣɫɹ ɫɪеɞы 
ɝеɨɪеаɤтɨɪа. 

ɍчɢɬɵɜая ɞаɧɧɵɟ ɪаɛɨɬ Д82,83,115,118,266,267Ж ɨ ɜɨɡɦɨɠɧɨɦ ɫɨɫɬаɜɟ 
ɞɟɥящɟɣɫя ɫɪɟɞɵ ɝɟɨɪɟаɤɬɨɪа ɜ ɜɢɞɟ ɤаɪɛɢɞɨɜ ɢɡɨɬɨɩɨɜ ɭɪаɧа ɢ ɩɥɭɬɨɧɢя, а 
ɬаɤɠɟ, ɬɨ, чɬɨ ɝɟɨɪɟаɤɬɨɪ ɪаɛɨɬаɟɬ ɩɪɢ ɬɟɦɩɟɪаɬɭɪах ɞɟɥящɟɣɫя ɫɪɟɞɵ 4000-

θ000Ʉ, ɧаɦɢ ɛɵɥɢ ɪаɡɪаɛɨɬаɧɵ ɩɪɨɝɪаɦɦɵ, ɫ ɩɨɦɨщɶɸ ɤɨɬɨɪɵх ɛɵɥɢ 
ɩɨɥɭчɟɧɵ ɪаɫчɟɬɧɵɟ ɡаɜɢɫɢɦɨɫɬɢ ɭɫɪɟɞɧɟɧɧɵх ɩɨ ɫɩɟɤɬɪɭ ɧɟɣɬɪɨɧɨɜ 
ɫɟчɟɧɢɣ  tTr

i

j ,,
  ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɞɥя ɨɫɧɨɜɧɵх ɪɟаɤɬɨɪɧɵх ɧɭɤɥɢɞɨɜ ɢ ɞɥя 

ɨɫɧɨɜɧɵх ɪɟаɤɬɨɪɧɵх ɧɟɣɬɪɨɧɧɵх яɞɟɪɧɵх ɪɟаɤɰɢɣ. Дɥя чɟɝɨ ɛɵɥɢ 
ɩɪɨɜɟɞɟɧɵ ɩɪɟɞɜаɪɢɬɟɥɶɧɵɟ ɤɨɦɩɶɸɬɟɪɧɵɟ ɪаɫчɟɬɵ ɡаɜɢɫɢɦɨɫɬɟɣ ɫɟчɟɧɢɣ 
ɪɟаɤɰɢɣ ɨɬ ɷɧɟɪɝɢɢ ɧɟɣɬɪɨɧɨɜ ɢ ɬɟɦɩɟɪаɬɭɪɵ ɫɪɟɞɵ (ɷɮɮɟɤɬ Дɨɩɥɟɪа Д154]) 

ɞɥя ɬɟɦɩɟɪаɬɭɪ γ00-θ000Ʉ (ɫɦ. ɜɵɲɟ ɪаɡɞɟɥ γ.1.γ.β.). ɋɩɟɤɬɪ ɧɟɣɬɪɨɧɨɜ 

ɡаɞаɜаɥɫя ɜ ɤɨɦɛɢɧɢɪɨɜаɧɧɨɦ ɜɢɞɟ: ɧɢɠɟ ɝɪаɧɢчɧɨɣ ɷɧɟɪɝɢɢ ɬɟɪɦаɥɢɡаɰɢɢ 
Ɍеɪɦ
ɝɪE  ɫɩɟɤɬɪ ɧɟɣɬɪɨɧɨɜ - ɜ ɜɢɞɟ ɫɩɟɤɬɪа Ɇаɤɫɜɟɥɥа  

nM E ; ɜɵɲɟ Ɍеɪɦ
ɝɪE , ɧɨ 

ɧɢɠɟ fE ( fE - ɜɟɪхɧяя ɷɧɟɪɝɢя ɧɟɣɬɪɨɧɨɜ ɞɥя ɫɩɟɤɬɪа Ɏɟɪɦɢ) ɫɩɟɤɬɪ 
ɧɟɣɬɪɨɧɨɜ - ɜ ɜɢɞɟ ɫɩɟɤɬɪа Ɏɟɪɦɢ  

nE , ɞɥя ɡаɦɟɞɥяɸщɟɣ ɢ ɩɨɝɥɨщаɸщɟɣ 
ɫɪɟɞɵ; ɜɵɲɟ fE , ɧɨ ɧɢɠɟ m ax

nE  - ɫɩɟɤɬɪ ɞɟɥɟɧɢя ɞɥя ɩɥɭɬɨɧɢя βγ9 Дββ8, β4θЖ. 
Тɟɦɩɟɪаɬɭɪа ɧɟɣɬɪɨɧɧɨɝɨ ɝаɡа ɞɥя ɪаɫɩɪɟɞɟɥɟɧɢя Ɇаɤɫɜɟɥɥа ɡаɞаɜаɥаɫɶ 
ɫɨɨɬɧɨɲɟɧɢɟɦ ɢɡ Д154Ж, аɧаɥɨɝɢчɧɵɦ ɜɵɪаɠɟɧɢɸ (ɉ.1η.1), ɧɨ 
ɦɨɞɢɮɢɰɢɪɨɜаɧɧɨɦ ɧа ɨɫɧɨɜɟ ɩɨɞхɨɞа, ɜɵɫɤаɡаɧɧɨɝɨ ɜ Д154Ж. ɋɨɝɥаɫɧɨ ɷɬɨɦɭ 
ɩɨɞхɨɞɭ, ɮɨɪɦаɥɶɧɨ ɧɟɞɨɫɬаɬɤɢ ɫɬаɧɞаɪɬɧɨɣ ɬɟɨɪɢɢ ɡаɦɟɞɥɟɧɢя ɞɥя ɨɛɥаɫɬɢ 
ɬɟɪɦаɥɢɡаɰɢɢ ɦɨɠɧɨ чаɫɬɢчɧɨ ɭɦɟɧɶɲɢɬɶ, ɟɫɥɢ ɜɦɟɫɬɨ 
ɫɪɟɞɧɟɥɨɝаɪɢɮɦɢчɟɫɤɨɣ ɩɨɬɟɪɢ ɷɧɟɪɝɢɢ ɫɬаɧɞаɪɬɧɨɣ ɬɟɨɪɢɢ  , ɤɨɬɨɪая ɧɟ 
ɡаɜɢɫɢɬ ɨɬ ɷɧɟɪɝɢɢ ɧɟɣɬɪɨɧа (ɞɥя  ɫɪɟɞɵ ɢɡ яɞɟɪ ɫ А > 10  A2 ), ɜɟɫɬɢ 
ɩɟɪɟɦɟɧɧɭɸ    zz   , ɝɞɟ    zz 21 ,  kTEz n . ɂɬаɤ, ɬɟɦɩɟɪаɬɭɪа 
ɧɟɣɬɪɨɧɧɨɝɨ ɝаɡа ɡаɞаɜаɥаɫɶ ɫɥɟɞɭɸщɢɦ ɜɵɪаɠɟɧɢɟɦ: 
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a

n , (ɉ.1η.β) 

ɝɞɟ ɜɟɥɢчɢɧа  - ɭɫɪɟɞɧɟɧɧая ɩɨ ɜɫɟɦɭ ɢɧɬɟɪɜаɥɭ ɷɧɟɪɝɢɣ Ɇаɤɫɜɟɥɥɨɜɫɤɨɝɨ 
ɫɩɟɤɬɪа  z  ɩɪɢ kT= 1ɷВ; ɩɪаɜая чаɫɬɶ (ɉ.1η.β) – ɜɢɞ ɥɟɜɨɣ чаɫɬɢ (ɉ.1η.β), 

ɩɨɥɭчɟɧɧɵɣ ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɨ ɫɨɫɬаɜɟ ɞɟɥящɟɣɫя ɫɪɟɞɵ ɝɟɨɪɟаɤɬɨɪа ɜ ɜɢɞɟ 
ɞɢɤаɪɛɢɞɨɜ ɧɭɤɥɢɞɨɜ ɭɪаɧа ɢ ɩɥɭɬɨɧɢя Д82,83,115,118,266,267Ж, а ɬаɤɠɟ, 
ɭчɢɬɵɜая ɬɨ, чɬɨ ɨɫɧɨɜɧɵɦ ɩɨɝɥɨɬɢɬɟɥɟɦ яɜɥяɟɬɫя ɭɪаɧ βγ8 (ɦɢɤɪɨɫɟчɟɧɢɟ 
ɩɨɝɥɨщɟɧɢя ɤɨɬɨɪɨɝɨ ɞɥя ɬɟɦɩɟɪаɬɭɪ ɬɟɪɦаɥɢɡаɰɢɢ ɡаɞаɜаɥɨɫɶ ɪаɜɧɵɦ 8

a  = 

8,0 ɛаɪɧ), а ɨɫɧɨɜɧɵɦ ɡаɦɟɞɥɢɬɟɥɟɦ – ɭɝɥɟɪɨɞ 1β (ɦɢɤɪɨɫɟчɟɧɢɟ ɪаɫɫɟяɧɢя 
ɤɨɬɨɪɨɝɨ ɡаɞаɜаɥɨɫɶ ɪаɜɧɵɦ 12

s  = 4,η ɛаɪɧ) ɢ ɬɨ, чɬɨ ɨɬɧɨɲɟɧɢɟ 
ɤɨɧɰɟɧɬɪаɰɢɣ яɞɟɪ ɭɪаɧа βγ8 ɢ ɭɝɥɟɪɨɞа 1β 12238

2 NNK  , ɡаɞаɜаɥɨɫɶ 
ɡɧачɟɧɢɟɦ хаɪаɤɬɟɪɧɵɦ ɞɥя ɞɢɤаɪɛɢɞɨɜ 2K = 0,5. 

ɋɩɟɤɬɪ Ɏɟɪɦɢ ɧɟɣɬɪɨɧɨɜ ɞɥя ɡаɦɟɞɥяɸщɟɣ ɫɪɟɞɵ ɫ ɩɨɝɥɨщɟɧɢɟɦ (ɜ 
ɤачɟɫɬɜɟ ɡаɦɟɞɥɢɬɟɥя ɪаɫɫɦаɬɪɢɜаɥɫя ɭɝɥɟɪɨɞ, а ɜ ɤачɟɫɬɜɟ ɩɨɝɥɨɬɢɬɟɥɟɣ 
ɭɪаɧ βγ8, ɭɪаɧ βγ9 ɢ ɩɥɭɬɨɧɢɣ βγ9) ɡаɞаɜаɥɫя ɜ ɫɥɟɞɭɸщɟɦ ɜɢɞɟ, ɧаɩɪɢɦɟɪ  
[13,154]: 
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E  exp ,                 (ɉ.1η.γ) 

(ɝɞɟ S - ɩɨɥɧая ɨɛɴɟɦɧая ɫɤɨɪɨɫɬɶ ɝɟɧɟɪаɰɢɢ ɧɟɣɬɪɨɧɨɜ,   
i

s

i

si , i  - 

ɫɪɟɞɧɟɥɨɝаɪɢɮɦɢчɟɫɤɢɣ ɞɟɤɪɟɦɟɧɬ ɩɨɬɟɪɢ ɷɧɟɪɝɢɢ ɢ i

s  - ɦаɤɪɨɫɟчɟɧɢɟ 
ɪаɫɫɟяɧɢя ɞɥя i-ɝɨ ɧɭɤɥɢɞа,  

i

i

a

i

st - ɩɨɥɧɨɟ ɦаɤɪɨɫɟчɟɧɢɟ ɞɟɥящɟɝɨɫя 

ɜɟщɟɫɬɜа, 
i

i

ss - ɩɨɥɧɨɟ ɦаɤɪɨɫɟчɟɧɢɟ ɪаɫɫɟяɧɢя ɞɟɥящɟɣɫя ɫɪɟɞɵ, a - 

ɦаɤɪɨɫɟчɟɧɢɟ ɩɨɝɥɨщɟɧɢя, fE - ɜɟɪхɧяя ɷɧɟɪɝɢя ɧɟɣɬɪɨɧɨɜ ɞɥя ɫɩɟɤɬɪа 
Ɏɟɪɦɢ). Ɍеɪɦ

ɝɪE  ɧахɨɞɢɬɫя ɢɡ ɪаɜɟɧɫɬɜа ɩɨɬɨɤɨɜ ɧɟɣɬɪɨɧɨɜ    Ɍеɪ
ɝɪ

Ɍеɪ
ɝɪM EE  . 

Вɵɫɨɤɨɷɧɟɪɝɟɬɢчɧая чаɫɬɶ ɫɩɟɤɬɪа ɧɟɣɬɪɨɧɨɜ ( fn EE  , ɝɞɟ fE  ɢɡ (ɉ.1η.γ)) 

ɡаɞаɟɬɫя ɫɩɟɤɬɪɨɦ ɞɟɥɟɧɢя [228, 246]. ɉɨɷɬɨɦɭ ɞɥя ɜхɨɞящɟɣ ɜ ɜɵɪаɠɟɧɢɟ 
ɞɥя ɫɩɟɤɬɪа Ɏɟɪɦɢ (ɉ.1η.γ) ɩɨɥɧɨɣ ɨɛɴɟɦɧɨɣ ɫɤɨɪɨɫɬɢ ɝɟɧɟɪаɰɢɢ ɧɟɣɬɪɨɧɨɜ 
S , ɦɨɠɟɦ ɧаɩɢɫаɬɶ ɫɥɟɞɭɸщɟɟ ɜɵɪаɠɟɧɢɟ: 
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  ,(ɉ.1η.4) 
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ɝɞɟ m ax

nE - ɦаɤɫɢɦаɥɶɧая ɷɧɟɪɝɢя ɞɥя ɫɩɟɤɬɪа ɞɟɥɟɧɢя ɧɟɣɬɪɨɧɨɜ (ɨɛɵчɧɨ 
ɩɪɢɧɢɦаɟɬɫя 10max nE ɆɷВ), fE - ɷɧɟɪɝɢя ɧɟɣɬɪɨɧɨɜ, ɧɢɠɟ ɤɨɬɨɪɨɣ ɫɩɟɤɬɪ 
ɡаɦɟɞɥяɸщɢхɫя ɧɟɣɬɪɨɧɨɜ ɨɩɢɫɵɜаɟɬɫя ɫɩɟɤɬɪɨɦ Ɏɟɪɦɢ (ɨɛɵчɧɨ 
ɩɪɢɧɢɦаɟɬɫя 2,0fE ɆɷВ);  tTErP n ,,,

~ 
 - ɜɟɪɨяɬɧɨɫɬɶ ɧɟ ɜɵɥɟɬа ɧɟɣɬɪɨɧа ɡа 

ɝɪаɧɢɰɵ ɞɟɥящɟɣɫя ɫɪɟɞɵ, ɤɨɬɨɪая ɡаɜɢɫɢɬ ɩɨɦɢɦɨ ɞɪɭɝɢх ɩаɪаɦɟɬɪɨɜ ɭɠɟ 
ɨɬ ɝɟɨɦɟɬɪɢɢ ɞɟɥящɟɣɫя ɫɪɟɞɵ ɢ ɭɫɥɨɜɢɣ ɧа ɟɟ ɝɪаɧɢɰɟ, ɧаɩɪɢɦɟɪ, ɧаɥɢчɢя 
ɨɬɪаɠаɬɟɥя. ɇɭɤɥɢɞɧɵɣ ɫɨɫɬаɜ ɞɟɥящɟɣɫя ɫɪɟɞɵ ɝɟɨɪɟаɤɬɨɪа ɡаɞаɜаɥɫя ɩɨ 
ɞаɧɧɵɦ, ɩɨɥɭчɟɧɧɵɦ ɩɪɢ ɦɨɞɟɥɢɪɨɜаɧɢɢ ɤɢɧɟɬɢɤɢ ɜɨɥɧɵ яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя 
ɝɟɨɪɟɤɬɨɪа Д82,83Ж. Вɵɪаɠɟɧɢɟ (ɉ.1η.γ) ɜɤɥɸчаɟɬ ɮɭɧɤɰɢɸ ɜɟɪɨяɬɧɨɫɬɢ 
ɢɡɛɟɠаɬɶ ɪɟɡɨɧаɧɫɧɨɝɨ ɩɨɝɥɨщɟɧɢя ɞɥя ɧɟɣɬɪɨɧа, ɩɨɥɭчɟɧɧɭɸ ɤаɤ 
ɩɪɢɛɥɢɠɟɧɢɟ ɭɡɤɢх ɪɟɡɨɧаɧɫɨɜ, ɧаɩɪɢɦɟɪ, [13,154Ж. Ɉɞɧаɤɨ, ɜ ɪаɛɨɬɟ 
[226,268,269Ж ɫ ɩɨɦɨщɶɸ ɬɟɨɪɢɢ ɦɭɥɶɬɢɩɥɢɤаɬɢɜɧɨɝɨ ɢɧɬɟɝɪаɥа ɞɥя 
ɤɨɦɦɭɬаɬɢɜɧɨɣ аɥɝɟɛɪɵ Д270,271Ж ɩɨɥɭчɟɧɨ аɧаɥɢɬɢчɟɫɤɨɟ ɜɵɪаɠɟɧɢɟ ɞɥя 
ɷɬɨɣ ɮɭɧɤɰɢɢ ɜɟɪɨяɬɧɨɫɬɢ. Ɉɤаɡаɥɨɫɶ, чɬɨ ɜɵɪаɠɟɧɢɟ ɞɥя ɫɩɟɤɬɪа Ɏɟɪɦɢ, 
ɡаɩɢɫаɧɧɨɟ ɫ ɢɫɩɨɥɶɡɨɜаɧɢɟɦ ɮɭɧɤɰɢɢ ɜɟɪɨяɬɧɨɫɬɢ, ɩɨɥɭчɟɧɧɨɣ ɜ 
[226,268,269Ж, ɫɨɜɩаɞаɟɬ ɫ ɜɵɪаɠɟɧɢɟɦ (ɉ.1η.γ), ɧɨ яɜɥяɟɬɫя ɭɠɟ ɬɨчɧɵɦ, а ɧɟ 
ɩɪɢɛɥɢɠɟɧɧɵɦ, ɢ ɧɟ ɢɦɟɟɬ ɨɝɪаɧɢчɟɧɢɣ. 

ɉɨɥɭчɟɧɧɵɟ, ɪаɫчɟɬɧɵɟ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɞɟɥящɟɣɫя ɫɪɟɞɵ 
ɫɟчɟɧɢя ɞɟɥɟɧɢя ɩɥɭɬɨɧɢя βγ9 ɢ ɭɪаɧа βγη ɩɪɟɞɫɬаɜɥɟɧɵ ɧа ɪɢɫ. ɉ.15.1 

[229,234,252]. 

  

                                    

Ɋɢɫ.ɉ.15.1. Ɂаɜɢɫɢɦɨɫɬɢ ɫɟчɟɧɢя ɞɟɥɟɧɢя  239
Pu, ɭɫɪɟɞɧɺɧɧɨɝɨ ɩɨ ɧɟɣɬɪɨɧɧɨɦɭ ɫɩɟɤɬɪɭ, ɨɬ 

ɬɟɦɩɟɪаɬɭɪɵ ɬɨɩɥɢɜɧɨɣ ɫɪɟɞɵ ɝɟɨɪɟаɤɬɨɪа ɞɥя ɝɪаɧɢчɧɨɣ ɷɧɟɪɝɢɢ ɫɩɟɤɬɪɨɜ Ɏɟɪɦɢ ɢ 
Ɇаɤɫɜɟɥɥа, ɪаɜɧɨɣ γkT. Дɥя ɫɪаɜɧɟɧɢя ɩɪɢɜɟɞɟɧа аɧаɥɨɝɢчɧая ɡаɜɢɫɢɦɨɫɬɶ ɞɥя ɫɟчɟɧɢя 
ɞɟɥɟɧɢя  235

U [229,234,252]. 
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ПɊИЛɈɀЕНИЕ 16. Ɇатеɦатиɱеɫɤɨе ɦɨɞеɥиɪɨваɧие ɪеɠиɦɨв ɫ 
ɨɛɨɫтɪеɧиеɦ в тɨɩɥивɧыɯ ɦатеɪиаɥаɯ ɹɞеɪɧыɯ ɪеаɤтɨɪɨв 

 

 ɋчɢɬая, чɬɨ ɪɟɲɟɧɢɟ аɜɬɨɦɨɞɟɥɶɧɨɣ ɡаɞачɢ ɫɭщɟɫɬɜɭɟɬ, ɢ, аɧаɥɢɡɢɪɭя 
ɟɝɨ ɩɨɜɟɞɟɧɢɟ ɭ ɮɪɨɧɬа, а ɬаɤɠɟ ɢɧɬɟɝɪɢɪɭя ɭɪаɜɧɟɧɢɟ (3.30) ɪаɡɞɟɥа γ.4.γ ɫ 
ɭчɟɬɨɦ ɝɪаɧɢчɧɵх ɭɫɥɨɜɢɣ, ɧахɨɞɢɦ ɥɨɤаɥɶɧɨ-ɧɟɨɛхɨɞɢɦɵɟ ɢ ɝɥɨɛаɥɶɧɨ-

ɧɟɨɛхɨɞɢɦɵɟ ɭɫɥɨɜɢя ɫɭщɟɫɬɜɨɜаɧɢя аɜɬɨɦɨɞɟɥɶɧɵх ɪɟɲɟɧɢɣ Д145, 

152,272Ж. ɂɡ ɷɬɨɝɨ аɧаɥɢɡа ɫɥɟɞɭɟɬ, чɬɨ ɦɨɠɟɬ ɫɭщɟɫɬɜɨɜаɬɶ ɬɪɢ ɬɢɩа 
аɜɬɨɦɨɞɟɥɶɧɵх ɪɟɠɢɦɨɜ ɫ ɨɛɨɫɬɪɟɧɢɟɦ: HS, S ɢ LS, чɬɨ ɩɨɞɬɜɟɪɠɞɟɧɨ 
ɦɧɨɝɨчɢɫɥɟɧɧɵɦɢ ɪаɫчɟɬаɦɢ ɝɪɭɩɩɵ ɋ.ɉ. Ʉɭɪɞɸɦɨɜа. 

ɉɪɢ β <  σ + 1  ɪɟаɥɢɡɭɟɬɫя HS-ɪɟɠɢɦ. ɂɫɫɥɟɞɨɜаɧɢя ɩɨɤаɡаɥɢ, чɬɨ 
аɜɬɨɦɨɞɟɥɶɧая ɡаɞача ɜ ɷɬɨɦ ɫɥɭчаɟ ɢɦɟɟɬ ɟɞɢɧɫɬɜɟɧɧɭɸ ɫɨɛɫɬɜɟɧɧɭɸ 
ɮɭɧɤɰɢɸ, ɦɨɧɨɬɨɧɧɨ ɭɛɵɜаɸщɭɸ ɧа ɨɬɪɟɡɤɟ Д0, f

 Ж ɫ ɦаɤɫɢɦɭɦɨɦ ɜ ɰɟɧɬɪɟ 
ɫɢɦɦɟɬɪɢɢ. Аɜɬɨɦɨɞɟɥɶɧɨɟ ɪɟɲɟɧɢɟ ɩɪɟɞɫɬаɜɥяɟɬ ɫɨɛɨɣ ɬɟɩɥɨɜɭɸ ɜɨɥɧɭ, 
аɦɩɥɢɬɭɞа ɢ ɨɛɥаɫɬɶ ɥɨɤаɥɢɡаɰɢɢ ɤɨɬɨɪɨɣ ɭɜɟɥɢчɢɜаɸɬɫя ɜ ɪɟɠɢɦɟ ɫ 
ɨɛɨɫɬɪɟɧɢɟɦ. 

ɉɪɢ β <  σ + 1 ɢɦɟɟɬ ɦɟɫɬɨ S-ɪɟɠɢɦ.  Аɜɬɨɦɨɞɟɥɶɧɨɟ ɪɟɲɟɧɢɟ 
ɩɪɟɞɫɬаɜɥяɟɬ ɫɨɛɨɣ ɧɟɫɬаɰɢɨɧаɪɧɭɸ ɞɢɫɫɢɩаɬɢɜɧɭɸ ɫɬɪɭɤɬɭɪɭ, 
ɥɨɤаɥɢɡɨɜаɧɧɭɸ ɧа ɮɭɧɞаɦɟɧɬаɥɶɧɨɣ ɞɥɢɧɟ T

L . Вɧɭɬɪɢ ɨɛɥаɫɬɢ ɥɨɤаɥɢɡаɰɢɢ 
ɬɟɦɩɟɪаɬɭɪа ɪаɫɬɟɬ ɜ ɪɟɠɢɦɟ ɫ ɨɛɨɫɬɪɟɧɢɟɦ, а ɜɧɟ ɧɟɟ ɨɫɬаɟɬɫя ɪаɜɧɨɣ 
ɧɭɥɸ. В ɨɞɧɨɦɟɪɧɨɦ ɫɥɭчаɟ (ν = 0) ɩɪɢ ɩɨɫɬɨяɧɧɨɣ ɩɥɨɬɧɨɫɬɢ (k=0) ɜ 
[152,273Ж ɛɵɥɨ ɩɨɥɭчɟɧɨ аɧаɥɢɬɢчɟɫɤɨɟ ɪɟɲɟɧɢɟ аɜɬɨɦɨɞɟɥɶɧɨɣ ɡаɞачɢ: 
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  .         (ɉ.1θ.1)  

Аɜɬɨɦɨɞɟɥɶɧɨɟ ɭɪаɜɧɟɧɢɟ ɜ ɷɬɨɦ ɫɥɭчаɟ яɜɥяɟɬɫя аɜɬɨɧɨɦɧɵɦ, 
ɩɨɷɬɨɦɭ ɪɟɲɟɧɢɟ (ɉ.1θ.1) ɢɧɜаɪɢаɧɬɧɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɞɜɢɝа ɩɨ ɨɫɢ r.  

В ɫɥɭчаɟ ɫɮɟɪɢчɟɫɤɨɣ ɢ ɰɢɥɢɧɞɪɢчɟɫɤɨɣ ɝɟɨɦɟɬɪɢɢ ɢ ɪаɫɩɪɟɞɟɥɟɧɧɨɣ 
ɩɥɨɬɧɨɫɬɢ ɫɭщɟɫɬɜɭɟɬ ɟɞɢɧɫɬɜɟɧɧая ɋɎ аɜɬɨɦɨɞɟɥɶɧɨɣ ɡаɞачɢ   S

r  ɫ 
ɦаɤɫɢɦɭɦɨɦ ɜ ɧачаɥɟ ɤɨɨɪɞɢɧаɬ, ɤачɟɫɬɜɟɧɧɨ ɢɦɟɸщая ɬаɤɨɣ ɠɟ ɜɢɞ, ɤаɤ ɜ 
ɩɥɨɫɤɨɦ ɫɥɭчаɟ. В Д152,272Ж ɩɨɥɭчɟɧɨ ɩɪɢɛɥɢɠɟɧɧɨɟ ɪɟɲɟɧɢɟ ɜɢɞа (ɉ.1θ.1)  

ɫɨ ɫɜɨɟɣ аɦɩɥɢɬɭɞɨɣ   ɢ ɮɭɧɞаɦɟɧɬаɥɶɧɨɣ ɞɥɢɧɨɣ T
L  : 
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ɇа ɪɢɫ. ɉ.1θ.1 ɢɡɨɛɪаɠɟɧ ɜɢɞ ɋɎ   S
r ɜ S-ɪɟɠɢɦɟ ɩɪɢ 2  , β = 3, k 

= 0 ɜ ɨɞɧɨɦɟɪɧɨɣ (ν=0), ɩɥɨɫɤɨɣ ɢ ɰɢɥɢɧɞɪɢчɟɫɤɨɣ (ν=1) ɢ ɫɮɟɪɢчɟɫɤɨɣ 
ɝɟɨɦɟɬɪɢɢ (ν=β) (ɫɩɥɨɲɧɵɟ ɥɢɧɢɢ) ɢ  ɩɨɤаɡаɧɵ ɩɪɢɛɥɢɠɟɧɧɵɟ ɪɟɲɟɧɢя 
(3.30) ɩɪɢ ν=1,β (ɲɬɪɢхɨɜɵɟ ɥɢɧɢɢ).  

                             

Ɋɢɫ. ɉ.1θ.1. ɋɎ   S
r ɜ S-ɪɟɠɢɦɟ ɩɪɢ 2  , β = 3, k = 0 [152]. 

 

Аɜɬɨɦɨɞɟɥɶɧɨɟ ɪɟɲɟɧɢɟ ɜ LS-ɪɟɠɢɦɟ (β >  σ +1) ɩɪɟɞɫɬаɜɥяɟɬ ɫɨɛɨɣ 
ɧɟɫɬаɰɢɨɧаɪɧɭɸ ɞɢɫɫɢɩаɬɢɜɧɭɸ ɫɬɪɭɤɬɭɪɭ, ɜɫɟ ɬɨчɤɢ ɤɨɬɨɪɨɣ 
(ɫɨɨɬɜɟɬɫɬɜɭɸщɢɟ ɪаɡɧɵɦ ɡɧачɟɧɢяɦ  ) ɞɜɢɠɭɬɫя ɤ ɰɟɧɬɪɭ ɫɢɦɦɟɬɪɢɢ, 
ɩɨɥɭɲɢɪɢɧа ɨɛɥаɫɬɢ ɝɨɪɟɧɢя ɫɨɤɪащаɟɬɫя, ɢ ɬɟɦɩɟɪаɬɭɪа ɩɪɢ t = Ĳ 

ɨɛɪащаɟɬɫя ɜ ɛɟɫɤɨɧɟчɧɨɫɬɶ ɬɨɥɶɤɨ ɜ ɨɞɧɨɣ ɬɨчɤɟ - ɜ ɰɟɧɬɪɟ 
ɫɢɦɦɟɬɪɢɢ. Аɜɬɨɦɨɞɟɥɶɧɵɟ ɪɟɲɟɧɢя ɧɟ ɢɦɟɸɬ ɤɨɧɟчɧɨɝɨ ɮɪɨɧɬа ɢ 
ɦɨɝɭɬ ɫɭщɟɫɬɜɨɜаɬɶ ɧа ɩɨɥɭɛɟɫɤɨɧɟчɧɨɦ ɢɧɬɟɪɜаɥɟ Д0,∞) ɢɥɢ [ f

 ,∞). 

ɋɭщɟɫɬɜɭɟɬ аɫɢɦɩɬɨɬɢчɟɫɤɨɟ ɪаɡɥɨɠɟɧɢɟ аɜɬɨɦɨɞɟɥɶɧɨɝɨ ɪɟɲɟɧɢя ɩɪɢ 

  , ɢ ɝɥаɜɧɵɣ чɥɟɧ аɫɢɦɩɬɨɬɢɤɢ ɢɦɟɟɬ ɫɥɟɞɭɸщɢɣ ɜɢɞ: 

     p
C    ,  

 2
0

1

k
p  

   .   (ɉ.1θ.3) 

ɉɨɷɬɨɦɭ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɬаɤɢх ɪɟɲɟɧɢɣ ɧаɞɨ ɬɪɟɛɨɜаɬɶ ɧɟ 
ɜɵɩɨɥɧɟɧɢя ɭɫɥɨɜɢɣ ɧа ɮɪɨɧɬɟ, а ɜɵхɨɞа ɧа аɫɢɦɩɬɨɬɢɤɭ (ɉ.1θ.3)  ɩɪɢ 

  . 

ȿɫɥɢ ɩɨɞɫɬаɜɢɬɶ (ɉ.1θ.3) ɜ ɜɵɪаɠɟɧɢɟ ɞɥя аɜɬɨɦɨɞɟɥɶɧɨɝɨ ɪɟɲɟɧɢя 
(3.28), ɬɨ ɩɨɥɭчɢɬɫя, чɬɨ ɝɥаɜɧɵɣ чɥɟɧ аɫɢɦɩɬɨɬɢчɟɫɤɨɝɨ ɪаɡɥɨɠɟɧɢя 
ɬɟɦɩɟɪаɬɭɪɵ ɧɟ ɡаɜɢɫɢɬ ɨɬ ɜɪɟɦɟɧɢ. Эɬɨ ɨɛɫɬɨяɬɟɥɶɫɬɜɨ ɭɤаɡɵɜаɟɬ ɧа 
ɥɨɤаɥɢɡаɰɢɸ ɝɨɪɟɧɢя: ɬɟɦɩɟɪаɬɭɪа ɭɜɟɥɢчɢɜаɟɬɫя ɜ ɪɟɠɢɦɟ ɫ 
ɨɛɨɫɬɪɟɧɢɟɦ ɜ ɫɨɤɪащаɸщɟɣɫя ɨɛɥаɫɬɢ ɜɛɥɢɡɢ ɰɟɧɬɪа ɫɢɦɦɟɬɪɢɢ, ɜ ɬɨ 
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ɜɪɟɦя ɤаɤ ɜɧɟ ɷɬɨɣ ɨɛɥаɫɬɢ ɨɧа ɫɬɪɟɦɢɬɫя ɤ ɩɪɟɞɟɥɶɧɨɦɭ, ɩɨɫɬɨяɧɧɨɦɭ 
ɩɨ ɜɪɟɦɟɧɢ ɪаɫɩɪɟɞɟɥɟɧɢɸ ɬɟɦɩɟɪаɬɭɪɵ. 

ɏɨɬя аɜɬɨɦɨɞɟɥɶɧɨɟ ɪɟɲɟɧɢɟ ɜ LS-ɪɟɠɢɦɟ ɫɭщɟɫɬɜɭɟɬ ɧа 
ɛɟɫɤɨɧɟчɧɨɦ ɢɧɬɟɪɜаɥɟ, ɨɩɢɫɵɜаɟɦɵɣ ɢɦ ɪɟɠɢɦ ɪɟаɥɢɡɭɟɬɫя ɬɨɥɶɤɨ ɜ 
ɨɝɪаɧɢчɟɧɧɨɣ ɨɛɥаɫɬɢ. ɋ ɩɨɦɨщɶɸ ɬɟɨɪɟɦ ɫɪаɜɧɟɧɢя ɞɨɤаɡаɧа ɫɬɪɨɝая 
ɥɨɤаɥɢɡаɰɢя ɩɪɨɰɟɫɫɨɜ ɝɨɪɟɧɢя ɢ «ɨɛɪɟɡаɧɢɟ ɛɟɫɤɨɧɟчɧɨɝɨ хɜɨɫɬа» ɭ 
аɜɬɨɦɨɞɟɥɶɧɨɝɨ ɪɟɲɟɧɢя Д152,274]. 

Ваɠɧɨ, чɬɨ ɩɪɢ 

2
1

1

k

k
  

          (ɉ.1θ.4) 

ɧаɪяɞɭ ɫ LS-ɪɟɠɢɦɨɦ ɫ ɨɛɨɫɬɪɟɧɢɟɦ ɦɨɠɟɬ ɫɭщɟɫɬɜɨɜаɬɶ 
аɜɬɨɦɨɞɟɥɶɧɨɟ ɪɟɲɟɧɢɟ, ɨɩɢɫɵɜаɸщɟɟ ɡаɬɭхаɸщɢɣ ɪɟɠɢɦ ɢ 
ɫɭщɟɫɬɜɭɸщɟɟ ɜ ɰɟɥɨɦ ɩɪɢ 0 < t<  ∞ [145,152Ж (ɨɛɵчɧɵɣ HS-ɪɟɠɢɦ). 

ɉɟɪɜɵɟ чɢɫɥɟɧɧɵɟ ɪаɫчɟɬɵ ɪаɞɢаɥɶɧɨ-ɫɢɦɦɟɬɪɢчɧɵх ɫɨɛɫɬɜɟɧɧɵх 
ɮɭɧɤɰɢɣ ɜ  LS-ɪɟɠɢɦɟ, ɬɨ ɟɫɬɶ, аɜɬɨɦɨɞɟɥɶɧɨɣ ɡаɞачɢ ɩɪɢ β >  σ +1 ɛɵɥɢ 
ɩɪɨɜɟɞɟɧɵ ɜ ɨɞɧɨɦɟɪɧɨɦ ɫɥɭчаɟ ɢ ɩɨɫɬɨяɧɧɨɣ ɩɥɨɬɧɨɫɬɢ Д142,152Ж. Ȼɵɥɨ 
ɭɫɬаɧɨɜɥɟɧɨ, чɬɨ ɪаɫɫɦаɬɪɢɜаɟɦая ɡаɞача ɦɨɠɟɬ ɢɦɟɬɶ ɧɟɫɤɨɥɶɤɨ ɋɎ  i

 , 

i=1,2,...,N ɜ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɡɧачɟɧɢɣ ɩаɪаɦɟɬɪɨɜ β ɢ σ. ɉɟɪɜая ɋɎ  1   

ɢɦɟɟɬ ɦаɤɫɢɦɭɦ ɜ ɧачаɥɟ ɤɨɨɪɞɢɧаɬ ɢ ɦɨɧɨɬɨɧɧɨ ɭɛɵɜаɟɬ ɧа ɢɧɬɟɪɜаɥɟ (0,∞). 

ɋɥɟɞɭɸщɢɟ ɋɎ яɜɥяɸɬɫя ɧɟɦɨɧɨɬɨɧɧɵɦɢ, ɫ чɢɫɥɨɦ ɥɨɤаɥɶɧɵх ɷɤɫɬɪɟɦɭɦɨɜ, 
ɪаɜɧɵɦ ɢх ɧɨɦɟɪɭ. 

В ɨɛɥаɫɬɢ ɫɜɨɟɣ ɧɟɦɨɧɨɬɨɧɧɨɫɬɢ ɨɧɢ ɫɨɜɟɪɲаɸɬ ɤɨɥɟɛаɧɢя ɨɤɨɥɨ 
ɝɨɦɨɬɟɪɦɢчɟɫɤɨɝɨ (ɢɥɢ ɩɪɨɫɬɪаɧɫɬɜɟɧɧɨ-ɨɞɧɨɪɨɞɧɨɝɨ) ɪɟɲɟɧɢя H

  

ɭɪаɜɧɟɧɢя (3.30):     1 1

1
H

const
       . ɇɟчɟɬɧɵɟ ɋɎ ɢɦɟɸɬ ɦаɤɫɢɦɭɦ 

ɜ ɧачаɥɟ ɤɨɨɪɞɢɧаɬ, ɡɧачɟɧɢɟ ɤɨɬɨɪɨɝɨ ɛɨɥɶɲɟ, чɟɦ H
 , а чɟɬɧɵɟ ɮɭɧɤɰɢɢ 

 2 j
  ɢɦɟɸɬ ɦɢɧɢɦɭɦ ɩɪɢ  =0, ɩɪɢчɟɦ  2 0

j
  < H

 . Ɇɟɬɨɞаɦɢ 
ɩɪɨɞɨɥɠɟɧɢя ɩɨ ɩаɪаɦɟɬɪɭ ɋɎ ɢ ɩɪɨɜɟɞɟɧɢя ɛɢɮɭɪɤаɰɢɨɧɧɨɝɨ аɧаɥɢɡа 
ɧɟɞаɜɧɨ ɛɵɥɨ ɭɫɬаɧɨɜɥɟɧɨ Д152, 275,276Ж, чɬɨ ɫɨɛɫɬɜɟɧɧɵɟ ɮɭɧɤɰɢɢ j

  ɫ 
ɧɨɦɟɪаɦɢ  j = β,γ,4,... ɫɭщɟɫɬɜɭɟɬ ɜ ɫɥɟɞɭɸщɟɦ ɢɧɬɟɪɜаɥɟ ɡɧачɟɧɢɣ β: 

    1
j

     ,     ɝɞɟ  1 1

1
j

j

j

    .  (ɉ.1θ.5) 

Ɂɧачɟɧɢя 1    ɢ j
     яɜɥяɸɬɫя ɬɨчɤаɦɢ ɛɢɮɭɪɤаɰɢɢ, ɜ ɤɨɬɨɪɵх 

ɩɪɟɤɪащаɟɬ ɫɜɨɟ ɫɭщɟɫɬɜɨɜаɧɢɟ ɋɎ j
 . ɑɟɦ ɛɨɥɶɲɟ ɧɨɦɟɪ ɋɎ, ɬɟɦ ɭɠɟ 

ɢɧɬɟɪɜаɥ ɩɨ ɩаɪаɦɟɬɪɭ β ɜ ɤɨɬɨɪɨɦ ɨɧа ɫɭщɟɫɬɜɭɟɬ. ɉɟɪɜая ɋɎ 
ɫɭщɟɫɬɜɭɟɬ ɩɪɢ ɥɸɛɨɦ ɡɧачɟɧɢɢ  β >  σ +1. ɉɪɢ  β >  β2= 2σ +1 

аɜɬɨɦɨɞɟɥɶɧая ɡаɞача ɜ LS-ɪɟɠɢɦɟ ɢɦɟɟɬ ɬɨɥɶɤɨ ɨɞɧɭ ɫɨɛɫɬɜɟɧɧɭɸ 
ɮɭɧɤɰɢɸ. ɑɢɫɥɨ ɫɨɛɫɬɜɟɧɧɵх ɮɭɧɤɰɢɣ N, ɤɨɬɨɪɨɟ ɢɦɟɟɬ аɜɬɨɦɨɞɟɥɶɧая 
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ɡаɞача ɩɪɢ ɞаɧɧɵх β ɢ σ ɜ ɫɥɭчаɟ ν = 0, k = 0 ɨɩɪɟɞɟɥяɟɬɫя ɫɥɟɞɭɸщɢɦɢ 
ɮɨɪɦɭɥаɦɢ: 

1N a  ,   ɟɫɥɢ a - ɰɟɥɨɟ;  N a ,   ɟɫɥɢ   a  - ɧɟɰɟɥɨɟ,              (ɉ.1θ.6) 

ɝɞɟ 1

1
a


 

   .  

 ɂɡ (ɉ.1θ.6) ɫɥɟɞɭɟɬ, чɬɨ ɩɪɢ 1    чɢɫɥɨ ɋɎ ɫɬɪɟɦɢɬɫя ɤ 
ɛɟɫɤɨɧɟчɧɨɫɬɢ. 

ɋɩɟɤɬɪɵ ɋɎ ɜ ɫɮɟɪɢчɟɫɤɢ-ɫɢɦɦɟɬɪɢчɧɨɦ ɢ ɰɢɥɢɧɞɪɢчɟɫɤɢ-

ɫɢɦɦɟɬɪɢчɧɨɦ ɫɥɭчаях ɢ ɪаɫɩɪɟɞɟɥɟɧɧɨɣ ɩɥɨɬɧɨɫɬɢ ɩɪɢ ɦɧɨɝɢх ɡɧачɟɧɢях 
ɩаɪаɦɟɬɪɨɜ ɭɫɬɪɨɟɧɵ аɧаɥɨɝɢчɧɵɦ ɨɛɪаɡɨɦ, ɢ ɢх чɢɫɥɨ ɨɩɪɟɞɟɥяɟɬɫя 
ɮɨɪɦɭɥɨɣ (ɉ.1θ.6). Ɉɞɧаɤɨ ɩɪɢ β ɛɥɢɡɤɢх ɤ σ + 1 ɢ (ɢɥɢ) ɩɪɢ ν=2 ɢ 1k   

ɩɪɨɢɫхɨɞяɬ ɤачɟɫɬɜɟɧɧɵɟ ɢɡɦɟɧɟɧɢя ɜ ɫɩɟɤɬɪɟ: 1) ɩɨяɜɥяɸɬɫя ɋɎ, 
ɢɦɟɸщɢɟ ɧɭɥɟɜɭɸ ɨɛɥаɫɬɶ ɜ ɰɟɧɬɪɟ, ɬɨ ɟɫɬɶ ɫɭщɟɫɬɜɭɸщɢɟ ɧа ɢɧɬɟɪɜаɥɟ 
[ f
 ,∞); β) ɧɟɤɨɬɨɪɵɟ ɧɟчɟɬɧɵɟ ɋɎ, ɧачɢɧая ɫ ɬɪɟɬɶɟɣ, ɜɵɩаɞаɸɬ ɢɡ 

ɫɩɟɤɬɪа; чɟɦ ɛɥɢɠɟ β ɤ σ + 1, ɢɥɢ k ɛɥɢɠɟ ɤ β, ɬɟɦ ɛɨɥɶɲɟ ɜ ɫɩɟɤɬɪɟ чɟɬɧɵх 
ɋɎ ɫ ɧɭɥɟɜɨɣ ɨɛɥаɫɬɶɸ, ɢ ɬɟɦ ɛɨɥɶɲɟ ɧɟчɟɬɧɵх ɋɎ ɨɬɫɭɬɫɬɜɭɟɬ ɜ ɫɩɟɤɬɪɟ. 

ɇа ɪɢɫ. ɉ.1θ.2 ɩɨɤаɡаɧɵ ɩɟɪɜɵɟ 1β ɋɎ ɢɡ 40 ɢɦɟɸщɢхɫя ɞɥя β = 3,05, σ 

=  2, k= 0, ν = 1. Вɬɨɪая, чɟɬɜɟɪɬая ɢ ɲɟɫɬая - ɷɬɨ ɋɎ, ɢɦɟɸщɢɟ ɧɭɥɟɜɭɸ 
ɨɛɥаɫɬɶ ɜ ɰɟɧɬɪɟ, ɢɥɢ ɫɬɪɭɤɬɭɪɵ «ɫ ɞɵɪɤɨɣ»; ɜɫɟ ɨɫɬаɥɶɧɵɟ ɋɎ ɨɛɵчɧɵɟ. 
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Ɋɢɫ. ɉ.1θ.2. ɋɩɟɤɬɪ ɰɢɥɢɧɞɪɢчɟɫɤɢ-ɫɢɦɦɟɬɪɢчɧɵх ɋɎ   S   (ɩɟɪɜɵɟ 1β ɲɬ.) ɜ LS-

ɪɟɠɢɦɟ ɩɪɢ 2  , β = 3,05, k = 0 [152]. 
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ɑɢɫɥɟɧɧɵɟ ɪаɫчɟɬɵ ɞɜɭɦɟɪɧɵх ɫɨɛɫɬɜɟɧɧɵх ɮɭɧɤɰɢɣ ɩɪɨɜɨɞɢɥɢɫɶ ɞɥя 
ɪаɡɥɢчɧɵх ɩаɪаɦɟɬɪɨɜ β, σ ɢ k = 0 ɜ ɩɨɥяɪɧɨɣ ɢ ɞɟɤаɪɬɨɜɨɣ ɫɢɫɬɟɦах 
ɤɨɨɪɞɢɧаɬ. ɑаɫɬɶ ɋɎ ɛɵɥа ɩɨɫɬɪɨɟɧа ɦɟɬɨɞɨɦ ɇɶɸɬɨɧа ɫ ɢɫɩɨɥɶɡɨɜаɧɢɟɦ 
ɧачаɥɶɧɵх ɩɪɢɛɥɢɠɟɧɢɣ, ɞɪɭɝая чаɫɬɶ ɛɵɥа ɩɨɥɭчɟɧа ɦɟɬɨɞɨɦ ɩɪɨɞɨɥɠɟɧɢя ɩɨ 
ɩаɪаɦɟɬɪɭ. В ɩɨɫɥɟɞɧɟɦ ɫɥɭчаɟ ɩаɪаɦɟɬɪ β ɢɡɦɟɧяɥɫя ɫ ɧɟɤɨɬɨɪɵɦ 
ɞɨɫɬаɬɨчɧɨ ɦаɥɵɦ ɲаɝɨɦ. ɋɎ, ɩɨɫɬɪɨɟɧɧая ɞɥя ɩɪɟɞɵɞɭщɟɝɨ ɡɧачɟɧɢя β, 

яɜɥяɥаɫɶ ɧачаɥɶɧɵɦ ɩɪɢɛɥɢɠɟɧɢɟɦ ɞɥя ɫɥɟɞɭɸщɟɝɨ ɡɧачɟɧɢя β. Вɛɥɢɡɢ ɬɨчɟɤ 
ɛɢɮɭɪɤаɰɢɢ, ɝɞɟ ɪɟɲɟɧɢɟ ɫɢɥɶɧɨ ɢɡɦɟɧяɟɬɫя ɫ ɢɡɦɟɧɟɧɢɟɦ ɩаɪаɦɟɬɪа, ɞɥя 
ɭɥɭчɲɟɧɢя ɧачаɥɶɧɨɝɨ ɩɪɢɛɥɢɠɟɧɢя ɢɫɩɨɥɶɡɨɜаɥаɫɶ ɥɢɧɟɣɧая ɷɤɫɬɪаɩɨɥяɰɢя, ɫ 
ɩɨɦɨщɶɸ ɤɨɬɨɪɨɣ ɨɫɭщɟɫɬɜɥяɥɫя ɩɪɨɝɧɨɡ ɋɎ ɞɥя ɧɨɜɨɝɨ ɡɧачɟɧɢя β. Аɥɝɨ-

ɪɢɬɦ ɩɪɨɞɨɥɠɟɧɢя ɩɨ ɩаɪаɦɟɬɪɭ ɩɪɟɞɭɫɦаɬɪɢɜаɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɢɡɦɟɥɶчɟɧɢɟ 
ɲаɝа ɞɨ ɧɟɤɨɬɨɪɨɝɨ ɦɢɧɢɦаɥɶɧɨɝɨ ɜ ɫɥɭчаɟ ɩɥɨхɨɣ ɫхɨɞɢɦɨɫɬɢ ɤ ɋɎ ɜ ɦɟɬɨɞɟ 
ɇɶɸɬɨɧа, ɢ, ɧаɨɛɨɪɨɬ, ɭɜɟɥɢчɟɧɢɟ ɲаɝа ɞɨ ɡаɞаɧɧɨɝɨ ɦаɤɫɢɦаɥɶɧɨɝɨ ɩɪɢ 
ɛɵɫɬɪɨɣ ɫхɨɞɢɦɨɫɬɢ. Ɋɟɡɭɥɶɬаɬɵ ɢɫɫɥɟɞɨɜаɧɢɣ ɩɨɡɜɨɥɢɥɢ ɜɵяɜɢɬɶ ɪяɞ 
ɡаɤɨɧɨɦɟɪɧɨɫɬɟɣ ɜ ɡаɜɢɫɢɦɨɫɬɢ ɫɩɟɤɬɪа ɞɜɭɦɟɪɧɵх ɫɬɪɭɤɬɭɪ ɨɬ ɡɧачɟɧɢɣ 
ɩаɪаɦɟɬɪɨɜ.  

ɇа ɪɢɫ. 3.48 ɩɪɟɞɫɬаɜɥɟɧɵ ɲɟɫɬɶ ɋɎ ɩɪɢ β = 3,5, σ = 2, ɩɨɫɬɪɨɟɧɧɵх ɜ 
ɞɟɤаɪɬɨɜɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧаɬ ɫ ɢɫɩɨɥɶɡɨɜаɧɢɟɦ ɧачаɥɶɧɵх ɩɪɢɛɥɢɠɟɧɢɣ 
(3.39). Вɫɟɝɨ ɬаɤɢх ɩɪɢɛɥɢɠɟɧɢɣ ɞɥя ɞаɧɧɵх ɡɧачɟɧɢɣ ɩаɪаɦɟɬɪɨɜ ɫɭщɟɫɬɜɭɟɬ 
ɞɟɫяɬɶ. Тɨɥɶɤɨ ɨɞɧа ɩɪɟɞɩɨɥаɝаɟɦая ɋɎ 2,2 ɧɟ ɛɵɥа ɩɨɫɬɪɨɟɧа. ɂɫɫɥɟɞɨɜаɧɢя 
ɩɨɤаɡаɥɢ, чɬɨ ɨɧа ɫɭщɟɫɬɜɭɟɬ  ɩɪɢ  ɦɟɧɶɲɢх ɡɧачɟɧɢях  β. ɉɪɢ ȕ ≈ γ,γβ ɋɎ 

2,2  ɜɵɪɨɠɞаɟɬɫя ɜ ɰɢɥɢɧɞɪɢчɟɫɤɢ-ɫɢɦɦɟɬɪɢчɧɭɸ ɮɭɧɤɰɢɸ 2 . ɇа ɪɢɫ. 3.49 

ɩɪɟɞɫɬаɜɥɟɧа ɷɜɨɥɸɰɢя ɫɬɪɭɤɬɭɪɵ 2,2  ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɡɧачɟɧɢя β. Вɢɞɧɨ, 
чɬɨ ɩɪɢ ɭɦɟɧɶɲɟɧɢɢ β ɜɟɪɲɢɧɵ ɫɬɪɭɤɬɭɪɵ ɪаɫɬɭɬ, а ɩɪɨɜаɥɵ ɦɟɠɞɭ ɧɢɦɢ 
ɭɦɟɧɶɲаɸɬɫя. ɉɪɢɦɟɪɧɨ ɩɪɢ ȕ ≈ 3.08 ɰɟɧɬɪаɥɶɧɵɣ ɦɢɧɢɦɭɦ ɨɩɭɫɤаɟɬɫя ɞɨ 
ɧɭɥя ɢ ɜ  ɰɟɧɬɪɟ  ɨɛɪаɡɭɟɬɫя   ɧɭɥɟɜая  ɨɛɥаɫɬɶ ( 2,2 <10

-8). ɉɪɢ ɞаɥɶɧɟɣɲɟɦ 
ɭɦɟɧɶɲɟɧɢɢ β ɧɭɥɟɜая ɨɛɥаɫɬɶ ɭɜɟɥɢчɢɜаɟɬɫя (ɪɢɫ. 3.49,ɞ ɢ е), ɢ ɡаɬɟɦ 
ɫɬɪɭɤɬɭɪа ɪаɫɩаɞаɟɬɫя ɧа чɟɬɵɪɟ ɧɟɡаɜɢɫɢɦɵɟ ɥɨɤаɥɢɡɨɜаɧɧɵɟ ɫɬɪɭɤɬɭɪɵ ɫ 
ɨɞɨɣ ɜɟɪɲɢɧɨɣ, ɫɨɨɬɜɟɬɫɬɜɭɸщɢɟ ɩɟɪɜɨɣ ɋɎ ɩɪɢ ɞаɧɧɨɦ ɡɧачɟɧɢɢ β. Аɧа-

ɥɨɝɢчɧɭɸ ɷɜɨɥɸɰɢɸ ɢɦɟɟɬ ɫɬɪɭɤɬɭɪа 3 6n m
  ɫ ɩɨɪяɞɤɨɦ ɫɢɦɦɟɬɪɢɢ θ (ɪɢɫ. 

3.50), ɩɨɫчɢɬаɧɧая ɜ ɩɨɥяɪɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧаɬ. ɉɪɢ ɭɜɟɥɢчɟɧɢɢ ɩаɪаɦɟɬɪа  
β ɨɧа ɜɵɪɨɠɞаɟɬɫя ɜ ɬɪɟɬɶɸ ɰɢɥɢɧɞɪɢчɟɫɤɢ-ɫɢɦɦɟɬɪɢчɧɭɸ ɋɎ, а ɩɪɢ 
ɭɦɟɧɶɲɟɧɢɢ β -ɪаɫɩаɞаɟɬɫя. 

Ɋаɫчɟɬɵ ɩɨɤаɡаɥɢ, чɬɨ ɨɛщая ɬɟɧɞɟɧɰɢя ɷɜɨɥɸɰɢɢ ɋɎ ɫ ɢɡɦɟɧɟɧɢɟɦ 
ɩаɪаɦɟɬɪа β ɬаɤɨɜа: ɩɪɢ  1    ɜɫɟ ɋɎ «ɪаɡɜаɥɢɜаɸɬɫя»  ɩɪɢ  ɧɟɤɨɬɨɪɨɦ 
ɡɧачɟɧɢɢ   β ɧа ɩɪɨɫɬɵɟ ɫɬɪɭɤɬɭɪɵ ɫ ɨɞɧɨɣ ɜɟɪɲɢɧɨɣ, ɫɨɨɬɜɟɬɫɬɜɭɸщɢɟ 
ɩɟɪɜɨɣ ɰɢɥɢɧɞɪɢчɟɫɤɢ-ɫɢɦɦɟɬɪɢчɧɨɣ ɋɎ. 

ɍ ɫɥɨɠɧɵх ɫɬɪɭɤɬɭɪ ɷɬɨ ɪаɫщɟɩɥɟɧɢɟ ɢɞɟɬ ɩɨɫɬɟɩɟɧɧɨ ɫ ɭɦɟɧɶɲɟɧɢɟɦ β. 

ɋɧачаɥа ɜɛɥɢɡɢ аɛɫɨɥɸɬɧɨɝɨ ɦɢɧɢɦɭɦа ɨɛɪаɡɭɟɬɫя ɨɛɥаɫɬɶ ɫ ɧɭɥɟɜɵɦ 
ɡɧачɟɧɢɟɦ ɮɭɧɤɰɢɢ (ɤаɤ ɭ ɋɎ 2,2  ɧа ɪɢɫ. 3.49,ɞ ɢ е), ɡаɬɟɦ ɧɭɥɟɜɵɟ 
ɨɛɥаɫɬɢ ɨɛɪаɡɭɸɬɫя ɢ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɞɪɭɝɢх ɦɢɧɢɦɭɦɨɜ. ɇа ɪɢɫ. 3.51,а 
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ɩɪɟɞɫɬаɜɥɟɧа ɫɥɨɠɧая аɪхɢɬɟɤɬɭɪа ɋɎ  2 12n m
 ɩɪɢ β = 3,05 ɢ ɢɡɨɛɪаɠɟɧɵ ɟɟ 

ɥɢɧɢɢ ɭɪɨɜɧя, а ɧа ɪɢɫ. 3.51,ɛ  ɋɎ  6,8  ɩɪɢ β = 3,05 ɢ ɬаɤɠɟ ɢɡɨɛɪаɠɟɧɵ ɟɟ 
ɥɢɧɢɢ ɭɪɨɜɧя. ɋɎ 2 12n m

  ɦɨɠɧɨ ɪаɫɫɦаɬɪɢɜаɬɶ ɤаɤ ɫɨɫɬɨящɭɸ ɢɡ ɞɜɭх ɤɨɥɟɰ 
«ɝɨɪ». В ɰɟɧɬɪɟ ɜɧɭɬɪɟɧɧɟɝɨ ɤɨɥɶɰа, ɢɦɟɸщɟɝɨ чɟɬɵɪɟ ɜɟɪɲɢɧɵ, 
ɧахɨɞɢɬɫя ɧɭɥɟɜая ɨɛɥаɫɬɶ (ɧа ɪɢɫ. 3.51,а - ɫɟɪая ɨɛɥаɫɬɶ, ɨɛɜɟɞɟɧɧая 
ɛɟɥɨɣ ɥɢɧɢɟɣ). Вɧɟɲɧɟɟ ɤɨɥɶɰɨ ɝɨɪ ɫɨɫɬɨɢɬ ɢɡ 1β ɜɟɪɲɢɧ, ɨɛɴɟɞɢɧɟɧ-

ɧɵх ɜ чɟɬɵɪɟ ɝɪɭɩɩɵ ɩɨ ɬɪɢ ɜɟɪɲɢɧɵ. В ɤаɠɞɨɦ ɢɡ ɭɝɥɨɜ ɤɜаɞɪаɬа ɦɟɠɞɭ 
ɞɜɭх ɤɨɥɟɰ ɬаɤɠɟ ɧахɨɞяɬɫя ɧɭɥɟɜɵɟ ɨɛɥаɫɬɢ (ɧа ɪɢɫ. 3.51,а ɨɧɢ ɫɜɟɬɥɨ-

ɫɟɪɨɝɨ ɰɜɟɬа, ɪяɞɨɦ ɫ ɛɟɥɵɦɢ ɨɛɥаɫɬяɦɢ). ɋ ɭɦɟɧɶɲɟɧɢɟɦ ɩаɪаɦɟɬɪа β 

ɧɭɥɟɜɵɟ ɨɛɥаɫɬɢ ɫɥɢɜаɸɬɫя, ɜɟɪɲɢɧɵ ɥɨɤаɥɢɡɭɸɬɫя, ɢ ɫɬɪɭɤɬɭɪа ɪаɫɩа-

ɞаɟɬɫя. 
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Ɋɢɫ. γ.48. ɇɟɤɨɬɨɪɵɟ ɞɜɭɦɟɪɧɵɟ ɋɎ   , ,
i j

x y   ɜ LS-ɪɟɠɢɦɟ ɩɪɢ 2  , β = 3,5, k = 0 

[152]. 

ɉɪɢ ɭɜɟɥɢчɟɧɢɢ ɩаɪаɦɟɬɪа β аɦɩɥɢɬɭɞа ɨɬɤɥɨɧɟɧɢɣ ɋɎ ɨɬ 
ɝɨɦɨɬɟɪɦɢчɟɫɤɨɝɨ ɪɟɲɟɧɢя ɜ ɨɛɥаɫɬɢ ɧɟɦɨɧɨɬɨɧɧɨɫɬɢ ɭɦɟɧɶɲаɟɬɫя. ɋɎ 
ɩɪɢ ɛɢɮɭɪɤаɰɢɨɧɧɨɦ ɡɧачɟɧɢɢ ɩаɪаɦɟɬɪа ɥɢɛɨ ɜɵɪɨɠɞаɸɬɫя ɜ 
ɰɢɥɢɧɞɪɢчɟɫɤɢ-ɫɢɦɦɟɬɪɢчɧɵɟ ɫɬɪɭɤɬɭɪɵ, ɤаɤ  2,2 ,x y , ɥɢɛɨ ɩɪɟɤɪащаɸɬ 

ɫɜɨɟ ɫɭщɟɫɬɜɨɜаɧɢɟ, ɫɥɢɜаяɫɶ ɫ ɝɨɦɨɬɟɪɦɢчɟɫɤɢɦ ɪɟɲɟɧɢɟɦ ɜ ɧɟɤɨɬɨɪɨɣ 
ɧɟɨɝɪаɧɢчɟɧɧɨɣ ɨɛɥаɫɬɢ ɩɥɨɫɤɨɫɬɢ (ɫɦ. ɷɜɨɥɸɰɢɸ ɫɬɪɭɤɬɭɪɵ  1,2 ,x y  ɧа 
ɪɢɫ. 3.52).  

 

 

Ɋɢɫ. γ.49. Эɜɨɥɸɰɢя ɞɜɭɦɟɪɧɨɣ ɋɎ   2,2 ,x y   ɜ LS-ɪɟɠɢɦɟ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɩаɪаɦɟɬɪа β 

ɢ σ = β, k = 0 [152]. 
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ɂɫɫɥɟɞɨɜаɧɢя ɩɨɤаɡаɥɢ,чɬɨ ɜ ɩɨɫɥɟɞɧɟɦ ɫɥɭчаɟ ɬɨчɤа ɛɢɮɭɪɤаɰɢɢ ɞɥя 
ɋɎ ,i j

  (j ≥ i) , ɨɛɪаɡɨɜаɧɧɨɣ ɩɪɨɢɡɜɟɞɟɧɢɟɦ ɞɜɭх ɨɞɧɨɦɟɪɧɵх ɋɎ, 
ɫɨɜɩаɞаɟɬ ɫ ɛɢɮɭɪɤаɰɢɨɧɧɵɦ ɡɧачɟɧɢɟɦ ɩаɪаɦɟɬɪа j

  ɞɥя ɨɞɧɨɦɟɪɧɨɣ 
ɋɎ j

 , ɡаɞаɜаɟɦɨɝɨ ɜɵɪаɠɟɧɢɟɦ (3.37). ɉɨɫɤɨɥɶɤɭ ɪаɫɫɦаɬɪɢɜаɟɦɵɟ ɋɎ 
,i j

  ɨчɟɧɶ ɛɥɢɡɤɢ ɤ ɩɪɢɛɥɢɠɟɧɢɸ (3.39), ɨɛɪаɡɨɜаɧɧɨɦɭ ɩɪɨɢɡɜɟɞɟɧɢɟɦ 
ɞɜɭх ɨɞɧɨɦɟɪɧɵх ɋɎ, ɬɨ ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, чɬɨ ɩɪɢ j

   ɞɜɭɦɟɪɧая 
ɋɎ ɩɪɟɜɪащаɟɬɫя ɜ ɫɬɪɭɤɬɭɪɭ, ɫɨɫɬɨящɭɸ ɢɡ ɨɞɧɨɝɨ ɢɥɢ ɛɨɥɟɟ 
ɛɟɫɤɨɧɟчɧɵх хɪɟɛɬɨɜ, ɜ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɡɧачɟɧɢя i (ɪɢɫ. 3.52). ɉɪɢ i = j 

ɋɎ ɫɥɢɜаɟɬɫя ɫ ɝɨɦɨɬɟɪɦɢчɟɫɤɢɦ ɪɟɲɟɧɢɟɦ ɧа ɜɫɟɣ ɩɥɨɫɤɨɫɬɢ (ɯ,ɭ), ɤаɤ 
ɧаɩɪɢɦɟɪ ɋɎ  4,4 ,x y . 

 

 

Ɋɢɫ. γ.50. ɋɎ   3 6 ,
n m

r    ɢ ɫɟчɟɧɢя ɟɟ ɜɞɨɥɶ ɥɭчɟɣ φ = 0 ɢ φ = 2  [152]. 

 

Ɋɟɡɭɥɶɬаɬɵ ɪаɫчɟɬɨɜ ɜɵяɜɢɥɢ ɫɥɟɞɭɸщɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɫɩɟɤɬɪа ɋɎ 
ɩɪɢ 1   :1) чɢɫɥɨ ɫɥɨɠɧɵх ɋɎ ɫɨɫɬɨящɢх ɢɡ ɦɧɨɝɢх ɦаɤɫɢɦɭɦɨɜ 
ɪɟɡɤɨ ɭɜɟɥɢчɢɜаɟɬɫя (ɫɦ. ɪɢɫ. 3.51): β) ɧɟɤɨɬɨɪɵɟ ɋɎ ɜɵɩаɞаɸɬ ɢɡ ɫɩɟɤɬɪа 
(ɨɧɢ ɭɠɟ ɪаɡɜаɥɢɥɢɫɶ ɤ ɷɬɨɦɭ ɡɧачɟɧɢɸ ɩаɪаɦɟɬɪа); γ) ɩɨяɜɥяɸɬɫя ɋɎ, 
ɫɨɞɟɪɠащɢɟ ɜɧɭɬɪɢ ɫɟɛя ɨɞɧɭ ɢɥɢ ɧɟɫɤɨɥɶɤɨ ɨɛɥаɫɬɟɣ ɫ ɧɭɥɟɜɵɦ 
ɡɧачɟɧɢɟɦ ɬɟɦɩɟɪаɬɭɪɵ ɬаɤɢɟ, ɤаɤ ɋɎ 2 12n m

 , ɨɩɢɫɵɜаɸщая ɦɧɨɝɨɫɜяɡɧɭɸ 
ɨɛɥаɫɬɶ ɥɨɤаɥɢɡаɰɢɢ ɝɨɪɟɧɢя; 4) ɩɨяɜɥяɸɬɫя ɫɬɪɭɤɬɭɪɵ ɧɨɜɨɝɨ ɬɢɩа, ɜ 
ɤɨɬɨɪɵх ɦаɤɫɢɦɭɦɵ ɨɛɪаɡɭɸɬ ɝɪɭɩɩɵ, ɤаɤ ɋɎ 2 12n m

 . 

В ɧаɫɬɨящɟɟ ɜɪɟɦя ɩɨɫɬɪɨɟɧɵ ɬɪɟхɦɟɪɧɵɟ ɋɎ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ 4-ɣ 
ɩɨɪяɞɨɤ ɫɢɦɦɟɬɪɢɢ ɩɨ ɭɝɥɭ ĳ ɢ 4-ɣ ɩɨɪяɞɨɤ ɫɢɦɦɟɬɪɢɢ ɩɨ ɭɝɥɭ θ. ɋ ɭчɟɬɨɦ 
ɫɢɦɦɟɬɪɢɢ ɨɧɢ ɫɬɪɨɢɥɢɫɶ ɬɨɥɶɤɨ ɜ ɨɞɧɨɣ ɜɨɫɶɦɨɣ чаɫɬɢ ɜɫɟɣ ɨɛɥаɫɬɢ, ɜ 
ɩɟɪɜɨɦ ɨɤɬаɧɬɟ ɞɟɤаɪɬɨɜɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧаɬ. Ɉɧɢ     ɪаɫɫчɢɬɵɜаɥɢɫɶ     ɜ     



358 

 

ɨɛɥаɫɬɢ,     ɩɪɟɞɫɬаɜɥяɸщɟɣ     ɫɨɛɨɣ     ɩɪяɦɨɭɝɨɥɶɧɵɣ     ɩаɪаɥɥɟɩɢɩɟɞ  : 0 ,0 ,0
f f f

G x x y y z z      . ɂɫɩɨɥɶɡɨɜаɥаɫɶ ɪаɜɧɨɦɟɪɧая ɫɟɬɤа ɫ чɢɫɥɨɦ 
ɭɡɥɨɜ γ0×30×γ0 ɢ ɲаɝаɦɢ x

h , y
h  ɢ z

h  ɩɨ ɤаɠɞɨɣ ɨɫɢ. Вɨ ɜɧɭɬɪɟɧɧɢх ɬɨчɤах 
ɭɪаɜɧɟɧɢɟ (3.30) аɩɩɪɨɤɫɢɦɢɪɨɜаɥɨɫɶ ɧа ɫɟɦɢɬɨчɟчɧɨɦ ɲаɛɥɨɧɟ ɪаɡɧɨɫɬɧɨɣ 
ɫхɟɦɨɣ β-ɝɨ ɬɨчɧɨɫɬɢ. В ɤачɟɫɬɜɟ ɧачаɥɶɧɨɝɨ ɩɪɢɛɥɢɠɟɧɢя ɧачаɥɶɧɨɝɨ 
ɩɪɢɛɥɢɠɟɧɢя ɛɪаɥаɫɶ ɮɭɧɤɰɢя (3.39). ɇа ɝɪаɧях ɯ = 0, ɭ = 0, z = 0 ɫɬаɜɢɥɢɫɶ 
ɭɫɥɨɜɢя ɫɢɦɦɟɬɪɢɢ, ɧа ɩаɪаɥɥɟɥɶɧɵх ɢɦ ɝɪаɧях аɩɩɪɨɤɫɢɦɢɪɨɜаɥɨɫɶ ɭɫɥɨɜɢɟ 
ɜɵхɨɞа ɧа аɫɢɦɩɬɨɬɢɤɭ (3.35), ɤɨɬɨɪая ɭɞɨɜɥɟɬɜɨɪяɟɬ ɫɥɟɞɭɸщɟɦɭ 
ɭɪаɜɧɟɧɢɸ: 

  
   2 1

, , 0
1

x y z
x y z x y z


 

         .    (3.40)  

 

 

Ɋɢɫ. γ.51. ɋɥɨɠɧɵɟ ɋɎ  ɢ ɢх ɥɢɧɢɢ ɭɪɨɜɧя ɩɪɢ  β ɛɥɢɡɤɢх ɤ σ + 1 [152]. 

 

ɉɨɥɭчɟɧɧая ɫɢɫɬɟɦа ɪаɡɧɨɫɬɧɵх ɭɪаɜɧɟɧɢɣ ɧа ɫɟɬɤɟ ɪɟɲаɥаɫɶ ɦɟɬɨɞɨɦ 
ɇɶɸɬɨɧа. В ɛɨɥɶɲɢɧɫɬɜɟ ɪаɫчɟɬɨɜ ɢɬɟɪаɰɢɢ ɛɵɫɬɪɨ ɫхɨɞɢɥɢɫɶ ɤ ɋɎ, ɨчɟɧɶ 
ɛɥɢɡɤɨɣ ɤ ɩɪɢɛɥɢɠɟɧɢɸ (3.39). Дɥя ɧаɝɥяɞɧɨɝɨ ɩɪɟɞɫɬаɜɥɟɧɢя аɪхɢɬɟɤɬɭɪɵ 
ɋɎ ɜ ɬɪɟхɦɟɪɧɨɦ ɢɡɨɛɪаɠɟɧɢɢ ɫɬɪɨɢɥаɫɶ ɩɨɜɟɪхɧɨɫɬɶ ɭɪɨɜɧя, ɪаɜɧɨɝɨ 
ɩɨɥɭɲɢɪɢɧɟ ɋɎ, хаɪаɤɬɟɪɢɡɭɸщая ɮɨɪɦɭ ɨɛɥаɫɬɢ ɥɨɤаɥɢɡаɰɢɢ. Таɤɠɟ 
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ɫɬɪɨɢɥɢɫɶ ɪаɡɪɟɡɵ ɋɎ ɩɨ ɨɫяɦ ɤɨɨɪɞɢɧаɬ ɢ ɝɥаɜɧɨɣ ɞɢаɝɨɧаɥɢ ɩɪя-

ɦɨɭɝɨɥɶɧɨɝɨ ɩаɪаɥɥɟɥɟɩɢɩɟɞа. ɇа ɪɢɫ. 3.53 ɩɪɟɞɫɬаɜɥɟɧɵ ɨɛɥаɫɬɢ 

ɥɨɤаɥɢɡаɰɢɢ ɢ ɫɟчɟɧɢя ɧɟɤɨɬɨɪɵх ɬɪɟхɦɟɪɧɵх ɫɬɪɭɤɬɭɪ.  

ɂɫɫɥɟɞɨɜаɧɢɟ ɷɜɨɥɸɰɢɢ ɋɎ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɩаɪаɦɟɬɪа β ɩɨɤаɡаɥɨ, чɬɨ ɨɧа 
аɧаɥɨɝɢчɧа ɷɜɨɥɸɰɢɢ ɞɜɭɦɟɪɧɵх ɫɬɪɭɤɬɭɪ. Таɤ,        ɩɪɢ 1    ɋɎ , ,i j k

  (i 

≤ j ≤k) ɪаɫɩаɞаɟɬɫя ɧа ɩɪɨɫɬɵɟ ɫɬɪɭɤɬɭɪɵ. ɇа ɪɢɫ. 3.54 ɩɪɟɞɫɬаɜɥɟɧа ɋɎ 
2,2,2  ɩɪɢ ɞɜɭх ɡɧачɟɧɢях ɩаɪаɦɟɬɪа β, σ = 2 . Ɋаɫчɟɬɵ ɩɨɤаɡаɥɢ, чɬɨ ɩɪɢ 

ɭɦɟɧɶɲɟɧɢɢ ɩаɪаɦɟɬɪа β ɦаɤɫɢɦɭɦɵ ɋɎ ɭɜɟɥɢчɢɜаɸɬɫя, ɦɢɧɢɦɭɦɵ 
ɭɦɟɧɶɲаɸɬɫя, ɢ, ɧачɢɧая ɫ ɧɟɤɨɬɨɪɨɝɨ ɡɧачɟɧɢя ɩаɪаɦɟɬɪа ɩɨяɜɥяɟɬɫя 
ɧɭɥɟɜая ɨɛɥаɫɬɶ ɜɧɭɬɪɢ ɋɎ (ɪɢɫ. γ.54,ɛ). ɇаɤɨɧɟɰ ɩɪɢ ɛɢɮɭɪɤаɰɢɨɧɧɨɦ 
ɡɧачɟɧɢɢ β ɋɎ ɪаɫɩаɞаɟɬɫя ɧа ɩɪɨɫɬɵɟ ɫɬɪɭɤɬɭɪɵ, ɨɩɢɫɵɜаɟɦɵɟ ɩɟɪɜɨɣ 
ɫɮɟɪɢчɟɫɤɢ-ɫɢɦɦɟɬɪɢчɧɨɣ ɋɎ ɫ ɨɛɥаɫɬɶɸ ɥɨɤаɥɢɡаɰɢɢ ɜ ɜɢɞɟ ɲаɪа. 

 

Ɋɢɫ. γ.52. Эɜɨɥɸɰɢя ɋɎ  1,2 ,x y  ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɩаɪаɦɟɬɪа  β, σ =2 [152]. 

 

Ɋаɫɫɦɨɬɪɢɦ ɨɪɝаɧɢɡаɰɢɸ ɝɨɪɟɧɢя ɧɟɥɢɧɟɣɧɨɣ ɫɪɟɞɵ, ɨɛɪаɡɨɜаɧɧɭɸ 
ɫɬɪɭɤɬɭɪаɦɢ ɪаɡɧɨɣ ɫɥɨɠɧɨɫɬɢ. ɉɪɨɜɟɞɟɧɧɵɟ [152] ɢɫɫɥɟɞɨɜаɧɢя ɩɨɤаɡаɥɢ, 
чɬɨ ɩɪɢ β ɛɥɢɡɤɢх ɤ σ +  1 ɫɩɟɤɬɪ ɋɎ аɜɬɨɦɨɞɟɥɶɧɨɣ ɡаɞачɢ ɨɩɢɫɵɜаɟɬ 
ɫɥɟɞɭɸщɭɸ ɨɪɝаɧɢɡаɰɢɸ ɜ ɧɟɥɢɧɟɣɧɨɣ ɫɪɟɞɟ. ɑɢɫɥɨ ɋɎ ɤɨɧɟчɧɨ, ɧɨ ɦɨɠɟɬ 
ɛɵɬɶ ɨчɟɧɶ ɛɨɥɶɲɢɦ (N → ∞ ɩɪɢ β → σ +  1). В ɰɟɧɬɪɟ ɧахɨɞɢɬɫя ɩɟɪɜая ɋɎ - 
ɩɪɨɫɬая ɫɬɪɭɤɬɭɪа ɫ ɨɞɧɢɦ ɦаɤɫɢɦɭɦɨɦ. Даɥɟɟ ɢɞɭɬ ɪаɞɢаɥɶɧɨ-

ɫɢɦɦɟɬɪɢчɧɵɟ ɋɎ. ɑɟɬɧɵɟ ɋɎ ɫ ɧɟɛɨɥɶɲɢɦɢ ɧɨɦɟɪаɦɢ ɩɪɟɞɫɬаɜɥяɸɬ ɫɨɛɨɣ 
ɫɬɪɭɤɬɭɪɵ ɫ ɧɭɥɟɜɨɣ ɨɛɥаɫɬɶɸ ɜ ɰɟɧɬɪɟ, ɨɩɢɫɵɜаɸщɢɟ ɩɪɨɰɟɫɫɵ ɝɨɪɟɧɢя ɜ 
ɜɵɞɟɥɟɧɧɵх ɫɮɟɪɢчɟɫɤɢх ɢɥɢ ɰɢɥɢɧɞɪɢчɟɫɤɢх ɫɥɨях, ɤɪаɣɧɟ ɦɟɞɥɟɧɧɨ 
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ɫɦɟщаɸщɢхɫя (ɩɨ ɫɪаɜɧɟɧɢɸ ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪаɬɭɪɵ) ɤ ɰɟɧɬɪɭ (ɪɢɫ. 3.55). 

ɑɟɦ ɛɨɥɶɲɟ ɧɨɦɟɪ ɋɎ, ɬɟɦ ɛɨɥɶɲɟ ɫɥɨɟɜ ɨɧа ɢɦɟɟɬ. ɉɨɬɨɦ ɩɨяɜɥяɸɬɫя ɜ 
ɫɩɟɤɬɪɟ ɧɟчɟɬɧɵɟ ɋɎ ɢ ɨɛɵчɧɵɟ чɟɬɧɵɟ ɋɎ, ɨɬɥɢчɧɵɟ ɨɬ ɧɭɥя ɜ ɰɟɧɬɪɟ 
ɫɢɦɦɟɬɪɢɢ. Ɋаɞɢаɥɶɧɨ-ɫɢɦɦɟɬɪɢчɧɵɟ ɋɎ ɦɨɠɧɨ ɪаɫɫɦаɬɪɢɜаɬɶ ɤаɤ 
ɜɵɪɨɠɞɟɧɧɵɟ ɩɨ ɭɝɥɭ ɫɬɪɭɤɬɭɪɵ, а ɦɧɨɝɨɦɟɪɧɵɟ - ɤаɤ ɫɧɢɦаɸщɢɟ ɷɬɨ 
ɜɵɪɨɠɞɟɧɢɟ. 

 

Ɋɢɫ. γ.53. Тɪɟхɦɟɪɧɵɟ ɋɎ  , , , ,
i j k

x y z  ɩɪɢ  β = 3,3; σ =2 [152]. 
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Ɋɢɫ. γ.54. Ɏɨɪɦа ɨɛɥаɫɬɢ ɥɨɤаɥɢɡаɰɢɢ ɋɎ  2,2,2 , ,x y z  ɢ ɟɟ ɫɟчɟɧɢя ɜɞɨɥɶ ɨɫɟɣ 
ɤɨɨɪɞɢɧаɬ ɩɪɢ ɞɜɭх ɡɧачɟɧɢях β (ɜɧɭɬɪɢ ɫɬɪɭɤɬɭɪɵ ɫɭщɟɫɬɜɭɟɬ ɧɭɥɟɜая ɨɛɥаɫɬɶ, 

ɨɬɦɟчɟɧɧая ɫɟɪɵɦɢ ɤɪɭɠɤаɦɢ) σ = 2: а – β = 3,4; ɛ – β = 3,2 [152]. 

 

Ɋɢɫ. γ.55. Вɨɫɟɦɶ ɩɟɪɜɵх ɰɢɥɢɧɞɪɢчɟɫɤɢ-ɫɢɦɦɟɬɪɢчɧɵх ɩɪɢ β = 3,01, σ = 2,  k = 0 

[152]. 
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Аɪхɢɬɟɤɬɭɪа ɦɧɨɝɨɦɟɪɧɵх ɋɎ ɡаɤɥɸчаɟɬɫя ɜ ɫɥɟɞɭɸщɟɦ: ɦаɤɫɢɦɭɦɵ 
ɪаɫɩɪɟɞɟɥɟɧɢя ɬɟɦɩɟɪаɬɭɪɵ ɪаɫɩɨɥаɝаɸɬɫя ɤɨɧɰɟɧɬɪɢчɟɫɤɢɦɢ ɫɥɨяɦɢ. 
ɑɢɫɥɨ ɦаɤɫɢɦɭɦɨɜ ɜ ɫɥɨɟ ɨɩɪɟɞɟɥяɟɬɫя ɩаɪаɦɟɬɪаɦɢ l ɢ ɬ, чɢɫɥɨ  ɫɥɨɟɜ - 

ɧɨɦɟɪɨɦ ɫɨɛɫɬɜɟɧɧɨɣ ɮɭɧɤɰɢɢ j. ɉɪɨɫɬɟɣɲая ɬɪɟхɦɟɪɧая ɫɬɪɭɤɬɭɪа ɢɦɟɟɬ 
ɮɨɪɦɭ ɝаɧɬɟɥɢ. ɋɬɪɭɤɬɭɪɧɨ-ɭɫɬɨɣчɢɜɵɦɢ яɜɥяɸɬɫя ɩɟɪɜая ɢ ɜɬɨɪая ɋɎ. 
Ɉɫɬаɥɶɧɵɟ ɦɟɬаɫɬаɛɢɥɶɧɨ ɭɫɬɨɣчɢɜɵ. ɋ ɭɜɟɥɢɧɢɟɦ ɧɨɦɟɪа ɋɎ ɜɪɟɦя 
ɦɟɬаɫɬаɛɢɥɶɧɨɣ ɭɫɬɨɣчɢɜɨɫɬɢ ɭɦɟɧɶɲаɟɬɫя. ɋɬаɪɲɢɟ ɋɎ ɩɪɢ t → Ĳ 
ɪаɫɩаɞаɸɬɫя; ɜ ɩɪɨɰɟɫɫɟ ɪаɫɩаɞа ɧаɛɥɸɞаɸɬɫя ɦɥаɞɲɢɟ ɋɎ, ɤаɤ 
ɩɪɨɦɟɠɭɬɨчɧɵɟ аɫɢɦɩɬɨɬɢɤɢ. 

 

 



363 

 

ПɊИЛɈɀЕНИЕ 17. ȼɥиɹɧие ɪаɫɩɪеɞеɥеɧиɹ ɩɥɨтɧɨɫти ɧа 
ɫɨɛɫтвеɧɧые ɮɭɧɤɰии и ɭɫтɨɣɱивɨɫтɶ ɫɨɛɫтвеɧɧыɯ ɮɭɧɤɰиɣ 
теɩɥɨвыɯ ɫтɪɭɤтɭɪ в тɨɩɥивɧɨɣ ɞеɥɹщеɣɫɹ ɫɪеɞе ɫ ɧеɥиɧеɣɧыɦи 
ɨɛɴеɦɧыɦ иɫтɨɱɧиɤɨɦ теɩɥа и ɤɨɷɮɮиɰиеɧтɨɦ теɩɥɨɩɪɨвɨɞɧɨɫти, 
ɡавиɫɹщиɦи ɨт теɦɩеɪатɭɪы ɩɨ ɫтеɩеɧɧɨɦɭ ɡаɤɨɧɭ. 

 

П.6.1. ȼɥиɹɧие ɪаɫɩɪеɞеɥеɧиɹ ɩɥɨтɧɨɫти.  

В аɜɬɨɦɨɞɟɥɶɧɨɦ ɭɪаɜɧɟɧɢɢ (3.4.3.4) ɫ ɩɨɦɨщɶɸ ɫɥɟɞɭɸщɟɝɨ 
ɩɪɟɨɛɪаɡɨɜаɧɢя Д1θ,152]: 

     2 22

2

k
z

k
      , 0   , 0 z    (ɉ.θ.1) 

ɦɨɠɧɨ ɢɡɛаɜɢɬɶɫя ɨɬ ɪаɫɩɪɟɞɟɥɟɧɧɨɣ ɩɥɨɬɧɨɫɬɢ.  

Тɨɝɞа ɜ ɪаɞɢаɥɶɧɨ-ɫɢɦɦɟɬɪɢчɧɨɦ ɫɥɭчаɟ ɭɪаɜɧɟɧɢɢ (3.4.3.4) ɩɪɢɦɟɬ 
ɫɥɟɞɭɸщɢɣ ɜɢɞ: 

   
1 d d m n d

z z
z dz dz dz

  
  

         ,    (ɉ.θ.2) 

ɝɞɟ ȝ = 1 ɩɪɢ ν = 1, ȝ =     4 2k k   ɩɪɢ ν = 2. 

В ɰɢɥɢɧɞɪɢчɟɫɤɨɣ ɝɟɨɦɟɬɪɢɢ (ν = 1) ɩɪɟɨɛɪаɡɨɜаɧɢɟ (ɉ.θ.1) ɧɟ 
ɦɟɧяɟɬ ɜɢɞа ɭɪаɜɧɟɧɢя ɢ ɪɟɲɟɧɢя аɜɬɨɦɨɞɟɥɶɧɨɣ ɡаɞачɢ    ɩɪɢ 0k   

ɩɨɥɭчаɸɬɫя ɢɡ ɪɟɲɟɧɢɣ  z ɩɪɢ k = 0 ɩɪɟɨɛɪаɡɨɜаɧɢɟɦ ɪаɫɬяɠɟɧɢя. В S-

ɪɟɠɢɦɟ ( 1   ), ɡɧая ɮɭɧɞаɦɟɧɬаɥɶɧɭɸ ɞɥɢɧɭ 0

1T
L  ɩɪɢ k = 0 (3.4.3.8), 

ɧахɨɞɢɦ ɡɧачɟɧɢɟ ɮɭɧɞаɦɟɧɬаɥɶɧɨɣ ɞɥɢɧɵ 1

k

T
L  ɩɪɢ ɥɸɛɨɦ ɩɨɤаɡаɬɟɥɢ 

ɩɥɨɬɧɨɫɬɢ k : 

      2 2
02 0,25 2

k
k

T T
L k L 

  , 2k  .    (ɉ.θ.3) 

ɉɪɢ k → β ɮɭɧɞаɦɟɧɬаɥɶɧая ɞɥɢɧа ɫɬɪɟɦɢɬɫя ɤ ɧɭɥɸ (ɬаɤ, ɩɪɢ k =  1,9, 

σ = 2,  17

1 6 10k

T
L

  ), ɢ ɝɪаɮɢɤ ɫɨɛɫɬɜɟɧɧɨɣ ɮɭɧɤɰɢɢ ɩɪɢɠɢɦаɟɬɫя ɤ ɨɫɢ 
ɨɪɞɢɧаɬ. 

В ɫɮɟɪɢчɟɫɤɨɣ ɝɟɨɦɟɬɪɢɢ ɭɜɟɥɢчɟɧɢɟ ɩɨɤаɡаɬɟɥя k ɷɤɜɢɜаɥɟɧɬɧɨ 
ɭɜɟɥɢчɟɧɢɸ ɪаɡɦɟɪɧɨɫɬɢ ɩɪɨɫɬɪаɧɫɬɜа ȝ, ɢ ɩɪɢ k → 2 ɜɟɥɢчɢɧа ȝ → ∞. 
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ɂɫɫɥɟɞɨɜаɧɢя ɩɨɤаɡаɥɢ, чɬɨ ɜ S-ɪɟɠɢɦɟ аɦɩɥɢɬɭɞа ɋɎ  z  ɢ ɟɟ 
ɮɭɧɞаɦɟɧɬаɥɶɧая ɞɥɢɧа ɪаɫɬɭɬ ɫ ɭɜɟɥɢчɟɧɢɟɦ ȝ. Ɏɨɪɦɭɥа (3.4.3.8) ɞаɟɬ 
хɨɪɨɲɭɸ ɨɰɟɧɤɭ ɨɛɥаɫɬɢ ɥɨɤаɥɢɡаɰɢɢ ɩɪɢ ɧɟɛɨɥɶɲɢх ɡɧачɟɧɢях ȝ (ȝ = ν < 

β0)ɢ ɩɪаɜɢɥɶɧɨ ɨɬɪаɠаɟɬ ɫɬɪɟɦɥɟɧɢɟ ɮɭɧɞаɦɟɧɬаɥɶɧɨɣ ɞɥɢɧɵ T
L   ɢ аɦɩɥɢɬɭɞɵ 

ɋɎ   ɜ ɛɟɫɤɨɧɟчɧɨɫɬɶ ɩɪɢ ȝ → ∞. Тɟɦ ɧɟ ɦɟɧɟɟ, ɫɠаɬɢɟ ɩɨ ɡаɤɨɧɭ (ɉ.θ.1) 
яɜɥяɟɬɫя ɩɪɟɨɛɥаɞаɸщɢɦ, ɢ ɜ ɢɫхɨɞɧɨɣ ɩɟɪɟɦɟɧɧɨɣ   ɮɭɧɞаɦɟɧɬаɥɶɧая ɞɥɢɧа 

2

k

T
L  ɫɬɪɟɦɢɬɫя ɤ ɧɭɥɸ ɩɪɢ k → 2. 

П.6.2. ɍɫтɨɣɱивɨɫтɶ ɫɨɛɫтвеɧɧыɯ ɮɭɧɤɰиɣ. 

Дɥя ɢɫɫɥɟɞɨɜаɧɢя ɭɫɬɨɣчɢɜɨɫɬɢ аɜɬɨɦɨɞɟɥɶɧɵх ɪɟɲɟɧɢɣ ɜ [152] чɢɫɥɟɧɧɨ 
ɪɟɲаɥаɫɶ ɡаɞача Ʉɨɲɢ ɞɥя ɭɪаɜɧɟɧɢя (3.4.3.1). В ɤачɟɫɬɜɟ ɧачаɥɶɧɨɝɨ 
ɪаɫɩɪɟɞɟɥɟɧɢя ɬɟɦɩɟɪаɬɭɪɵ ɛɪаɥаɫɶ ɥɢɛɨ ɫаɦа ɋɎ - ɪɟɡɨɧаɧɫɧɨɟ ɜɨɡɛɭɠɞɟɧɢɟ, 
ɥɢɛɨ «ɜɨɡɦɭщɟɧɧая» ɋɎ. 

ɂɡɜɟɫɬɧɨ, чɬɨ аɜɬɨɦɨɞɟɥɶɧɵɟ ɪɟɲɟɧɢя, ɪаɡɜɢɜаɸщɢɟɫя ɜ ɪɟɠɢɦɟ ɫ 
ɨɛɨɫɬɪɟɧɢɟɦ, ɧɟɭɫɬɨɣчɢɜɵ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɦаɥɵɦ ɜɨɡɦɭщɟɧɢяɦ. Ɇаɥɵɟ 
ɢɡɦɟɧɟɧɢя ɧачаɥɶɧɨɝɨ ɩɪɨɮɢɥя ɩɪɢɜɨɞяɬ ɤ ɦаɥɨɦɭ ɢɡɦɟɧɟɧɢɸ ɜɪɟɦɟɧɢ 
ɨɛɨɫɬɪɟɧɢя f

t , чɬɨ, ɜ ɫɜɨɸ ɨчɟɪɟɞɶ, ɩɪɢɜɨɞɢɬ ɤ ɫɤɨɥɶ ɭɝɨɞɧɨ ɛɨɥɶɲɨɦɭ 
ɪаɡɥɢчɢɸ ɦɟɠɞɭ ɪɟɲɟɧɢяɦɢ, ɧачɢɧая ɫ ɧɟɤɨɬɨɪɨɝɨ ɦɨɦɟɧɬа ɜɪɟɦɟɧɢ ɛɥɢɡɤɨɝɨ ɤ 

f
t . Ɉɞɧаɤɨ ɷɬɢ ɪɟɲɟɧɢя ɦɨɝɭɬ ɨɛɥаɞаɬɶ ɫɬɪɭɤɬɭɪɧɨɣ ɭɫɬɨɣчɢɜɨɫɬɶɸ, ɜ ɫɦɵɫɥɟ 
ɜɵхɨɞа ɧа аɜɬɨɦɨɞɟɥɶɧɵɣ ɪɟɠɢɦ Д10,1β,152Ж. Дɥя ɢɫɫɥɟɞɨɜаɧɢя ɫɬɪɭɤɬɭɪɧɨɣ 
ɭɫɬɨɣчɢɜɨɫɬɢ ɋɎ ɩɪɨɜɨɞɢɥаɫɶ ɬаɤ ɧаɡɵɜаɟɦая аɜɬɨɦɨɞеɥɶɧая ɨɛɪаɛɨɬка 
ɪɟɲɟɧɢя ɡаɞачɢ Ʉɨɲɢ  ,T r t  [17,24,152]: 

      1
, ,t g t T r t t   ,     (ɉ.θ.4) 

ɝɞɟ ɮɭɧɤɰɢɢ  g t  ɢ  t  ɨɩɪɟɞɟɥɟɧɵ аɜɬɨɦɨɞɟɥɶɧɵɦɢ ɡаɜɢɫɢɦɨɫɬяɦɢ (3.4.3.3). 

ɉɨɧяɬɧɨ, чɬɨ аɜɬɨɦɨɞɟɥɶɧɵɟ ɪɟɲɟɧɢя ɢ ɝɨɦɨɬɟɪɦɢчɟɫɤɨɟ ɪɟɲɟɧɢɟ 
яɜɥяɸɬɫя ɫɬаɰɢɨɧаɪаɦɢ ɜ ɩɪɟɞɫɬаɜɥɟɧɢɢ (ɉ.θ.4). ɋɬɪɭкɬɭɪɧɨ-ɭɫɬɨɣɱɢɜɵɦ 
ɪеɲеɧɢеɦ ɜ ɪаɫɫɦаɬɪɢɜаɟɦɨɣ ɡаɞачɟ ɧаɡɵɜаɟɬɫя ɭɫɬɨɣчɢɜɵɣ ɫɬаɰɢɨɧаɪ 
аɜɬɨɦɨɞɟɥɶɧɨɣ ɨɛɪаɛɨɬɤɢ (ɉ.θ.4). Дɥя ɨɩɪɟɞɟɥɟɧɢя ɫɬɪɭɤɬɭɪɧɨɣ ɭɫɬɨɣчɢɜɨɫɬɢ ɜ 
чɢɫɥɟɧɧɵх ɪаɫчɟɬах ɜ ɤаɠɞɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɬɟɦɩɟɪаɬɭɪа  ,T r t  ɜ ɤаɠɞɨɣ ɬɨчɤɟ 
ɨɬɪɟɡɤа  r t  ɞɟɥɢɥаɫɶ ɧа ɦаɤɫɢɦɭɦ ɪаɫɩɪɟɞɟɥɟɧɢя ɬɟɦɩɟɪаɬɭɪɵ maxT , а ɡɧачɟɧɢɟ 
 r t  - ɧа ɤɨɨɪɞɢɧаɬɭ ɦаɤɫɢɦɭɦа  maxr t . ȿɫɥɢ ɦаɤɫɢɦɭɦ ɧахɨɞɢɥɫя ɜ ɧачаɥɟ 

ɤɨɨɪɞɢɧаɬ, ɬɨ ɡɧачɟɧɢɟ  r t ɞɟɥɢɥɨɫɶ ɧа ɤɨɨɪɞɢɧаɬɭ ɩɨɥɭɲɢɪɢɧɵ  1 2r t  ɢɥɢ 
ɥɸɛɭɸ ɞɪɭɝɭɸ ɜɵɞɟɥɟɧɧɭɸ ɬɨчɤɭ. ȿɫɥɢ аɜɬɨɦɨɞɟɥɶɧɨɟ ɪɟɲɟɧɢɟ ɨɛɥаɞаɟɬ 
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ɫɬɪɭɤɬɭɪɧɨɣ ɭɫɬɨɣчɢɜɨɫɬɶɸ, ɬɨ ɩɨɥɭчɟɧɧɵɣ ɬаɤɢɦ ɨɛɪаɡɨɦ ɧɨɪɦɢɪɨɜаɧɧɵɣ 
ɩɪɨɮɢɥɶ ɪɟɲɟɧɢя ɧɟ ɢɡɦɟɧяɟɬɫя ɫɨ ɜɪɟɦɟɧɟɦ. Ȼɨɥɟɟ ɬɨɝɨ, ɟɫɥɢ ɜ ɧачаɥɶɧɵɣ 
ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɜɡяɬɶ ɩɪɨɢɡɜɨɥɶɧɵɣ ɩɪɨɮɢɥɶ, ɬɨ ɜ ɫɥɭчаɟ ɫɬɪɭɤɬɭɪɧɨɣ 
ɭɫɬɨɣчɢɜɨɫɬɢ аɜɬɨɦɨɞɟɥɶɧɨɝɨ ɪɟɠɢɦа ɛɭɞɟɬ ɧаɛɥɸɞаɬɶɫя ɫхɨɞɢɦɨɫɬɶ 
ɧɨɪɦɢɪɨɜаɧɧɵх ɪɟɲɟɧɢɣ ɤ аɜɬɨɦɨɞɟɥɶɧɨɦɭ ɩɪɨɮɢɥɸ. 

ɉɨɧяɬɢɟ ɦеɬаɫɬаɛɢɥɶɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫя ɜ ɮɢɡɢɤɟ, 
аɞɟɤɜаɬɧɨ ɨɩɢɫɵɜая ɧаɛɥɸɞаɟɦɵɟ яɜɥɟɧɢя. ɇаɩɪɢɦɟɪ, ɜɨɡɛɭɠɞɟɧɧɵɟ ɫɨɫɬɨяɧɢя 
аɬɨɦɨɜ ɢɥɢ яɞɟɪ яɜɥяɸɬɫя ɦɟɬаɫɬаɛɢɥɶɧɨ ɭɫɬɨɣчɢɜɵɦɢ. Ʉ ɦɟɬаɫɬаɛɢɥɶɧɨ-

ɭɫɬɨɣчɢɜɵɦ ɪɟɲɟɧɢяɦ ɨɬɧɟɫɟɦ ɜɫɟ ɫɬаɰɢɨɧаɪɵ аɜɬɨɦɨɞɟɥɶɧɨɝɨ ɩɪɟɞɫɬаɜɥɟɧɢя 
(ɉ.θ.4), ɤɨɬɨɪɵɟ ɧɟ яɜɥяɸɬɫя ɭɫɬɨɣчɢɜɵɦɢ. В аɜɬɨɦɨɞɟɥɶɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧаɬ 
(ɉ.θ.4) ɫɬаɰɢɨɧаɪɵ яɜɥяɸɬɫя ɨɫɨɛɵɦɢ ɬɪаɟɤɬɨɪɢяɦɢ, ɤ ɤɨɬɨɪɵɦ ɥɢɛɨ 
ɩɪɢɬяɝɢɜаɸɬɫя ɞɪɭɝɢɟ ɬɪаɟɤɬɨɪɢɢ, ɥɢɛɨ ɨɬхɨɞяɬ ɨɬ ɧɢх ɫ ɧɭɥɟɜɨɣ ɫɤɨɪɨɫɬɶɸ, чɬɨ 
яɜɥяɟɬɫя ɩɪɢчɢɧɨɣ ɦɟɬаɫɬаɛɢɥɶɧɨɣ ɭɫɬɨɣчɢɜɨɫɬɢ ɪɟɲɟɧɢя, ɧɟ ɫɭщɟɫɬɜɭɸщɟɝɨ ɜ 
ɰɟɥɨɦ. Вɪɟɦя ɦɟɬаɫɬаɛɢɥɶɧɨɣ ɭɫɬɨɣчɢɜɨɫɬɢ ɨɩɪɟɞɟɥяɟɬɫя ɜɪɟɦɟɧɟɦ ɫɥɟɞɨɜаɧɢя 
аɜɬɨɦɨɞɟɥɶɧɨɦɭ ɡаɤɨɧɭ ɫ ɡаɞаɧɧɨɣ ɬɨчɧɨɫɬɶɸ, ɤɨɬɨɪɨɟ ɛɭɞɟɦ ɨɰɟɧɢɜаɬɶ 
чɢɫɥɟɧɧɨ ɩɨ ɪɨɫɬɭ ɧачаɥɶɧɨɝɨ аɜɬɨɦɨɞɟɥɶɧɨɝɨ ɩɪɨɮɢɥя.  

ɉɪɨɜɟɞɟɧɧɵɟ ɜ [152] ɢɫɫɥɟɞɨɜаɧɢя  ɩɨɤаɡаɥɢ, чɬɨ ɜ ɥɸɛɨɣ ɝɟɨɦɟɬɪɢɢ ɢ ɜ 
ɥɸɛɨɦ ɪаɫɩɪɟɞɟɥɟɧɢɢ ɩɥɨɬɧɨɫɬɢ ɩɟɪɜая ɋɎ, ɢɦɟɸщая ɨɞɢɧ ɦаɤɫɢɦɭɦ ɜ ɰɟɧɬɪɟ 
ɫɢɦɦɟɬɪɢɢ, яɜɥяɟɬɫя  ɫɬɪɭɤɬɭɪɧɨ-ɭɫɬɨɣчɢɜɵɦ аɜɬɨɦɨɞɟɥɶɧɵɦ ɪɟɲɟɧɢɟɦ. В ɫɮɟ-

ɪɢчɟɫɤɨɣ ɢ ɰɢɥɢɧɞɪɢчɟɫɤɨɣ ɝɟɨɦɟɬɪɢɢ ɨɛɥаɫɬɶ ɟɟ ɩɪɢɬяɠɟɧɢя ɨɝɪаɧɢчɟɧа 
ɧɟɤɨɬɨɪɵɦ ɪаɞɢɭɫɨɦ Rɫ. Дɪɭɝɢɦ ɫɬɪɭɤɬɭɪɧɨ ɭɫɬɨɣчɢɜɵɦ ɪɟɲɟɧɢɟɦ, ɧаɣɞɟɧɧɵɦ 
ɜɩɟɪɜɵɟ ɜ Д1ηЖ, яɜɥяɟɬɫя ɜɬɨɪая ɋɎ ɫ ɧɭɥɟɜɨɣ ɨɛɥаɫɬɶɸ ɜ ɰɟɧɬɪɟ. Ɉɧа ɨɛɥаɞаɟɬ 
ɲɢɪɨɤɨɣ ɨɛɥаɫɬɶɸ ɩɪɢɬяɠɟɧɢя. ɇа ɪɢɫ. ɉ.θ.1 ɩɨɤаɡаɧа ɫхɨɞɢɦɨɫɬɶ ɧɨɪɦɢɪɨɜаɧɧɵх 
ɩɪɨɮɢɥɟɣ ɬɟɦɩɟɪаɬɭɪɵ ɤɨ ɜɬɨɪɨɣ ɋɎ ɩɪɢ ɧɟɪɟɡɨɧаɧɫɧɨɦ ɜɨɡɛɭɠɞɟɧɢɢ. 



366 

 

             

Ɋɢɫ. ɉ.θ.1. Вɵхɨɞ ɧɨɪɦɢɪɨɜаɧɧɨɝɨ ɪɟɲɟɧɢя ɡаɞачɢ Ʉɨɲɢ  ɋɎ 2 [152]. 

 

 ɋɬаɪɲɢɟ ɋɎ, ɢɦɟɸщɢɟ ɧɟɫɤɨɥɶɤɨ ɦаɤɫɢɦɭɦɨɜ, ɧɟ яɜɥяɸɬɫя ɫɬɪɭɤɬɭɪɧɨ-

ɭɫɬɨɣчɢɜɵɦɢ ɪɟɲɟɧɢяɦɢ, ɧɨ ɨɧɢ ɨɛɥаɞаɸɬ ɦɟɬаɫɬаɛɢɥɶɧɨɣ ɭɫɬɨɣчɢɜɨɫɬɶɸ. 
ɉɪɨɜɟɞɟɧɧɵɟ ɪаɫчɟɬɵ ɨɛɧаɪɭɠɢɥɢ, чɬɨ ɭɫɬɨɣчɢɜɨɫɬɶ ɋɎ ɡаɜɢɫɢɬ ɨɬ ɩаɪаɦɟɬɪɨɜ 
ɧɟɥɢɧɟɣɧɨɣ ɫɪɟɞɵ, ɨɬ ɟɟ ɧɨɦɟɪа ɢ ɨɬ чɟɬɧɨɫɬɢ ɧɨɦɟɪа Д1ηЖ. ɇɟчɟɬɧɵɟ ɋɎ ɦɨɝɭɬ ɫɨ-

хɪаɧяɬɶ ɫɜɨɸ ɫɬɪɭɤɬɭɪɭ ɩɪɢ ɪɨɫɬɟ ɬɟɦɩɟɪаɬɭɪɵ ɜ 10-β0 ɪаɡ, ɜ ɬɨ ɜɪɟɦя ɤаɤ чɟɬɧɵɟ 
ɫɥɟɞɭɸɬ аɜɬɨɦɨɞɟɥɶɧɨɦɭ ɡаɤɨɧɭ ɩɪɢ ɪɨɫɬɟ ɬɟɦɩɟɪаɬɭɪɵ ɨɬ ɧɟɫɤɨɥɶɤɢх ɪаɡ ɩɪɢ 
ɛɨɥɶɲɢх ɡɧачɟɧɢях β ɞɨ ɧɟɫɤɨɥɶɤɢх ɫɨɬɟɧ ɢ ɞаɠɟ ɬɵɫяч   ɪаɡ   ɩɪɢ   β   ɛɥɢɡɤɢх ɤ 
σ + 1. ɉɪɢ β → σ +1   ɜɵɪɨɠɞɟɧɢɟ ɋɎ ɩɪɨɢɫхɨɞɢɬ ɜ ɜɢɞɟ ɪаɫɩаɞа. ɋɥɨɠɧая 
чɟɬɧая ɋɎ ɫɭщɟɫɬɜɭɟɬ ɨчɟɧɶ ɞɨɥɝɨ ɢ ɩɨɷɬаɩɧɨ ɪаɫɩаɞаɟɬɫя ɧа ɧɟɡаɜɢɫɢɦɨ 
ɝɨɪящɢɟ ɧа ɫɜɨɟɣ ɮɭɧɞаɦɟɧɬаɥɶɧɨɣ ɞɥɢɧɟ ɫɨ ɫɜɨɢɦ ɦɨɦɟɧɬɨɦ ɨɛɨɫɬɪɟɧɢя 
ɫɬɪɭɤɬɭɪɵ, ɩɪɢ ɷɬɨɦ ɜ ɩɪɨɰɟɫɫɟ ɷɜɨɥɸɰɢɢ ɧаɛɥɸɞаɸɬɫя чɟɬɧɵɟ ɋɎ ɫ ɦɟɧɶɲɢɦ 
ɧɨɦɟɪɨɦ, ɤаɤ ɩɪɨɦɟɠɭɬɨчɧɵɟ аɫɢɦɩɬɨɬɢɤɢ. ɇа ɪɢɫ. ɉ.θ.β ɩɪɟɞɫɬаɜɥɟɧɵ 
ɷɜɨɥɸɰɢɢ чɟɬɜɟɪɬɨɣ 4  ɢ ɲɟɫɬɨɣ 6  ɋɎ, ɢɦɟɸщɢх ɧɭɥɟɜɭɸ ɨɛɥаɫɬɶ ɜ ɰɟɧɬɪɟ. 
Вɢɞɧɨ, чɬɨ ɋɎ 4  ɫɨхɪаɧяɟɬ ɫɜɨɸ ɫɬɪɭɤɬɭɪɭ ɩɪɢ ɪɨɫɬɟ ɬɟɦɩɟɪаɬɭɪɵ ɩɪɢɦɟɪɧɨ 

ɜ γ00 ɪаɡ, а ɋɎ 6  - ɩɪɢɦɟɪɧɨ ɜ 100 ɪаɡ. В ɫɜɨɟɦ ɪаɡɜɢɬɢɢ ɋɎ 6  

ɜɵɪɨɠɞаɟɬɫя ɫɧачаɥа ɜ чɟɬɜɟɪɬɭɸ, а ɡаɬɟɦ ɜɨ ɜɬɨɪɭɸ ɋɎ. 
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Ɋɢɫ. ɉ.θ.β. Ɇɟɬаɫɬаɛɢɥɶɧая ɭɫɬɨɣчɢɜɨɫɬɶ чɟɬɜɟɪɬɨɣ 4  ɢ ɲɟɫɬɨɣ 6 ɋɎ [152]. 
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18.1. ȼвеɞеɧие. 
ɇаɢɛɨɥɟɟ ɜаɠɧɵɦɢ ɡаɞачаɦɢ ɫɬɪаɬɟɝɢɢ ɞаɥɶɧɟɣɲɟɝɨ ɪаɡɜɢɬɢя яɞɟɪɧɨɣ 

ɷɧɟɪɝɟɬɢɤɢ ɟɫɬɶ ɨɛɟɫɩɟчɟɧɢɟ ɛɟɡɨɩаɫɧɨɣ ɷɤɫɩɥɭаɬаɰɢɢ АЭɋ, ɪаɫɲɢɪɟɧɢɟ 
ɬɨɩɥɢɜɧɨɣ ɛаɡɵ ɢ ɩɟɪɟɪаɛɨɬɤа ɨɬɪаɛɨɬаɧɧɨɝɨ яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа. 

Тɪɟɛɨɜаɧɢяɦ ɩɨ ɛɟɡɨɩаɫɧɨɫɬɢ ɞɥя ɪɟаɤɬɨɪɨɜ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢя ɜ ɩɨɥɧɨɣ 
ɦɟɪɟ ɨɬɜɟчаɟɬ ɪаɡɪаɛаɬɵɜаɟɦɵɣ ɜɨɥɧɨɜɨɣ ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɵɣ ɪɟаɤɬɨɪ, 
хаɪаɤɬɟɪɢɡɭɸщɢɣɫя ɜɧɭɬɪɟɧɧɟɣ ɛɟɡɨɩаɫɧɨɫɬɶɸ Д1,2,9,110Ж. Эɬɨɬ ɧɨɜɵɣ ɬɢɩ 
ɪɟаɤɬɨɪа ɩɨɡɜɨɥяɟɬ ɢɫɤɥɸчɢɬɶ ɜ ɬɨɩɥɢɜɧɨ-яɞɟɪɧɨɦ ɰɢɤɥɟ ɩɪɨɰɟɞɭɪɭ 
ɨɛɨɝащɟɧɢя яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа ɢ  ɢɫɩɨɥɶɡɨɜаɬɶ ɜ ɧɟɦ ɟɫɬɟɫɬɜɟɧɧɵɣ  ɢ ɞаɠɟ 
ɬɟхɧɢчɟɫɤɢɣ ɭɪаɧ, а, ɫɥɟɞɨɜаɬɟɥɶɧɨ, ɢ ɨɬɪаɛɨɬаɧɧɨɟ яɞɟɪɧɨɟ ɬɨɩɥɢɜɨ. 

Ȼаɡɨɜɵɟ ɤɢɧɟɬɢɤɢ ɪɟаɤɬɨɪа (ɤɢɧɟɬɢɤɢ ɧɟɣɬɪɨɧɨɜ ɢ ɧɭɤɥɢɞɨɜ) ɫɜяɡаɧɵ 
ɩɪяɦɵɦɢ ɢ ɨɛɪаɬɧɵɦɢ ɫɜяɡяɦɢ ɫ ɤɢɧɟɬɢɤаɦɢ ɬɟɩɥɨɩɟɪɟɧɨɫа ɢ ɪаɞɢаɰɢɨɧɧɵх 
ɞɟɮɟɤɬɨɜ ɬɨɩɥɢɜа Д2,238-242Ж. Ʉɢɧɟɬɢɤа ɞɟɮɟɤɬɨɜ ɬɨɩɥɢɜа, чɟɪɟɡ ɢɡɦɟɧɟɧɢɟ 
ɝɟɨɦɟɬɪɢчɟɫɤɢх ɪаɡɦɟɪɨɜ, ɜɵɡɜаɧɧɵх ɩɥаɫɬɢчɟɫɤɨɣ ɞɟɮɨɪɦаɰɢɟɣ, 
ɪаɫɩɭхаɧɢɟɦ ɢɥɢ ɪаɡɪɭɲɟɧɢɟɦ ɬɨɩɥɢɜа, ɧахɨɞящɟɝɨɫя ɩɨɞ ɧаɝɪɭɡɤɨɣ ɢ 
ɨɛɥɭчɟɧɢɟɦ, а ɬаɤɠɟ чɟɪɟɡ ɢɡɦɟɧɟɧɢɟ ɟɝɨ ɩɥɨɬɧɨɫɬɢ ɜɥɢяɟɬ ɧа ɪɟаɤɬɢɜɧɨɫɬɶ 
ɪɟаɤɬɨɪа. ɂɫɫɥɟɞɨɜаɧɢя ɭɫɬɨɣчɢɜɨɫɬɢ ɪаɛɨɬɵ ɪɟаɤɬɨɪɨɜ ɬɪɟɛɭɸɬ 
ɩɪɢɦɟɧɟɧɢя ɦɟɬɨɞɨɜ ɧɟɥɢɧɟɣɧɨɣ ɞɢɧаɦɢɤɢ. В ɬɨ ɠɟ ɜɪɟɦя, ɤɢɧɟɬɢɤа 
ɜɨɥɧɨɜɨɝɨ ɪɟаɤɬɨɪа хаɪаɤɬɟɪɢɡɭɟɬɫя ɪяɞɨɦ ɩɪɢɧɰɢɩɢаɥɶɧɵх ɞɥя ɬɟɨɪɢɢ 
ɧɟɥɢɧɟɣɧɵх ɞɢɫɫɢɩаɬɢɜɧɵх ɫɬɪɭɤɬɭɪ ɨɫɨɛɟɧɧɨɫɬɟɣ, ɨɞɧɨɣ ɢɡ ɤɨɬɨɪɵх 
яɜɥяɟɬɫя ɧɟɪаɜɧɨɜɟɫɧɨɫɬɶ ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɣ ɞɟɥящɟɣɫя ɫɪɟɞɵ ɜ ɭɫɥɨɜɢях 
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ɜɵɫɨɤɢх ɩɥɨɬɧɨɫɬɟɣ ɧɟɣɬɪɨɧɧɨɝɨ ɩɨɥя ɢ ɜɵɫɨɤɢх ɬɟɦɩɟɪаɬɭɪ. Ɉɛɪаɡɨɜаɧɢɟ 
ɞɢɫɫɢɩаɬɢɜɧɵх ɬɟɩɥɨɜɵх ɫɬɪɭɤɬɭɪ, ɞɢɫɫɢɩаɬɢɜɧɵх ɫɬɪɭɤɬɭɪ ɞɟɮɟɤɬɨɜ ɭɪаɧ-

ɩɥɭɬɨɧɢɟɜɨɣ ɞɟɥящɟɣɫя ɫɪɟɞɵ, ɪɟаɥɢɡаɰɢя ɬɟɦɩɟɪаɬɭɪɧɵх ɪɟɠɢɦɨɜ ɫ 
ɨɛɨɫɬɪɟɧɢɟɦ Ʉɭɪɞɸɦɨɜа (ɫɦ. ɪаɡɞɟɥ γ) ɦɨɝɭɬ ɫɭщɟɫɬɜɟɧɧɨ ɩɨɜɥɢяɬɶ ɧа 
ɤɢɧɟɬɢɤɭ ɪɟаɤɬɨɪа, ɜ чаɫɬɧɨɫɬɢ, ɧа ɫаɦɭ ɪɟаɥɢɡаɰɢɸ ɜɨɥɧɵ ɦɟɞɥɟɧɧɨɝɨ 
яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɜ ɜɨɥɧɨɜɨɦ ɪɟаɤɬɨɪɟ ɢ ɧа ɟɟ ɭɫɬɨɣчɢɜɨɫɬɶ. 

Дɨ аɜаɪɢɢ АЭɋ «Ɏɭɤɭɫɢɦа-1» ɩɟɪɫɩɟɤɬɢɜа ɪаɫɲɢɪɟɧɢя ɬɨɩɥɢɜɧɨɣ ɛаɡɵ 
АЭɋ ɬаɤɠɟ ɫɜяɡɵɜаɥаɫɶ ɫ ɢɫɩɨɥɶɡɨɜаɧɢɟɦ ɆɈɄɋ-ɬɨɩɥɢɜа (ɫɦɟɲаɧɧɨɟ 
ɨɤɫɢɞɧɨɟ ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɟ ɬɨɩɥɢɜɨ). 

Аɜаɪɢя АЭɋ «Ɏɭɤɭɫɢɦа-1», ɤɨɬɨɪая ɩɪɢɜɟɥа ɤ ɪаɫɩɥаɜɥɟɧɢɸ аɤɬɢɜɧɨɣ 
ɡɨɧɵ ɪɟаɤɬɨɪɨɜ, ɜɵяɜɢɥа ɧɟɞɨɫɬаɬɨчɧɨɟ ɡɧаɧɢɟ ɬɟɦɩɟɪаɬɭɪɧɵх ɫɜɨɣɫɬɜ 
ɬɨɩɥɢɜɧɵх ɧɭɤɥɢɞɨɜ ɜ ɛɨɥɟɟ ɲɢɪɨɤɨɦ ɢɧɬɟɪɜаɥɟ ɬɟɦɩɟɪаɬɭɪ (ɛɨɥɟɟ 1000Ʉ), 
чɟɦ ɢɧɬɟɪɜаɥɵ ɪаɛɨчɢх ɬɟɦɩɟɪаɬɭɪ ɞɟɣɫɬɜɭɸщɢх ɪɟаɤɬɨɪɨɜ. 

ɉɨɷɬɨɦɭ ɜ ɞаɧɧɨɣ ɪаɛɨɬɟ ɢɫɫɥɟɞɨɜаɥɢɫɶ ɬɟɦɩɟɪаɬɭɪɧɵɟ ɫɜɨɣɫɬɜа 
ɪɟаɤɬɨɪɧɵх ɬɨɩɥɢɜɧɵх ɧɭɤɥɢɞɨɜ ɜ ɲɢɪɨɤɨɦ ɢɧɬɟɪɜаɥɟ ɬɟɦɩɟɪаɬɭɪ (ɛɨɥɟɟ 
1000Ʉ), ɬɟɦɩɟɪаɬɭɪɧɵɟ ɡаɜɢɫɢɦɨɫɬɢ ɩɥɨɬɧɨɫɬɟɣ ɬɟɩɥɨɜɵх ɢɫɬɨчɧɢɤɨɜ ɞɥя 
ɆɈɄɋ-ɬɨɩɥɢɜа (ɫɦɟɫɶ ɞɢɨɤɫɢɞɨɜ ɭɪаɧа ɢ ɩɥɭɬɨɧɢя βγ9) ɢ ɨɤɫɢɞɧɨɝɨ 
ɭɪаɧɨɜɨɝɨ ɬɨɩɥɢɜа (ɫɦɟɫɶ ɞɢɨɤɫɢɞɨɜ ɭɪаɧаβγ8 ɢ ɭɪаɧа βγη) ɫ ɰɟɥɶɸ 
ɜɵяɜɥɟɧɢɸ ɜɨɡɦɨɠɧɵх ɪаɡɥɢчɢɣ ɷɬɢх ɡаɜɢɫɢɦɨɫɬɟɣ, ɩɨɡɜɨɥяɸщɢх ɜɵяɜɢɬɶ 
ɢ, ɜɨɡɦɨɠɧɨ, ɨɛɴяɫɧɢɬɶ ɪяɞ хаɪаɤɬɟɪɧɵх ɬɟɦɩɟɪаɬɭɪɧɵх ɨɫɨɛɟɧɧɨɫɬɟɣ 
аɜаɪɢɢ ɧа ɬɪɟɬɶɟɦ ɛɥɨɤɟ АЭɋ «Ɏɭɤɭɫɢɦа-1», ɝɞɟ ɬɪɟɬɶ ɬɨɩɥɢɜɧɨɣ ɡаɝɪɭɡɤɢ 
ɪɟаɤɬɨɪа ɫɨɫɬаɜɥяɥɨ ɆɈɄɋ-ɬɨɩɥɢɜɨ. 

 

П.18.2. Ɂавиɫиɦɨɫти ɭɫɪеɞɧеɧɧыɯ ɩɨ теɩɥɨвɨɦɭ ɧеɣтɪɨɧɧɨɦɭ ɫɩеɤтɪɭ 
ɫеɱеɧиɣ ɨт теɦɩеɪатɭɪы ɪеаɤтɨɪɧɨɝɨ тɨɩɥива. 

Таɤ ɤаɤ аɜаɪɢя ɧа Аȿɋ «Ɏɭɤɭɫɢɦа-1» ɩɪɨɢɡɨɲɥа ɧа ɪɟаɤɬɨɪах BWR 

(ɤɢɩящɢɟ ɜɨɞяɧɵɟ ɪɟаɤɬɨɪɵ, ɫɩɟɤɬɪ ɧɟɣɬɪɨɧɨɜ ɤɨɬɨɪɵх – ɬɟɩɥɨɜɨɣ), ɬɨ ɜ 
ɪаɛɨɬɟ ɩɨɥɭчɟɧɵ ɢ ɩɪɟɞɫɬаɜɥɟɧɵ ɪɟɡɭɥɶɬаɬɵ ɪаɫчɟɬɨɜ ɬɟɦɩɟɪаɬɭɪɧɵх 
ɡаɜɢɫɢɦɨɫɬɟɣ ɭɫɪɟɞɧɟɧɧɵх ɩɨ ɬɟɩɥɨɜɨɦɭ ɫɩɟɤɬɪɭ ɧɟɣɬɪɨɧɨɜ ɫɟчɟɧɢɣ 
яɞɟɪɧɵх ɪɟаɤɰɢɣ ɞɟɥɟɧɢя ɢ ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа ɞɥя ɭɪаɧа βγ8, ɭɪаɧа βγη 
ɢ ɩɥɭɬɨɧɢя βγ9 [227,231,232]. 

Ʉаɤ ɢɡɜɟɫɬɧɨ ɷɧɟɪɝɟɬɢчɟɫɤɢɣ ɫɩɟɤɬɪ ɧɟɣɬɪɨɧɨɜ ɜ ɬɟɩɥɨɜɵх ɪɟаɤɬɨɪах 
ɨɬɥɢчаɟɬɫя ɨɬ Ɇаɤɫɜɟɥɥɨɜɫɤɨɝɨ ɫɩɟɤɬɪа ɢɡ-ɡа ɟɝɨ ɧɟɪаɜɧɨɜɟɫɧɨɫɬɢ, 
ɨɛɭɫɥɨɜɥɟɧɧɨɣ ɬɟɦ, чɬɨ ɜ аɤɬɢɜɧɨɣ ɡɨɧɟ ɜɫɟ ɜɪɟɦя ɢɞɭɬ ɩɪɨɰɟɫɫɵ 
ɨɛɪаɡɨɜаɧɢя ɧɟɣɬɪɨɧɨɜ ɩɪɢ ɞɟɥɟɧɢях яɞɟɪ, ɩɪɢчɟɦ, ɷɧɟɪɝɢɢ ɧɟɣɬɪɨɧɨɜ 
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ɪаɫɩɪɟɞɟɥɟɧɧɵх ɩɨ ɫɩɟɤɬɪаɦ ɞɟɥɟɧɢя ɞɥя ɞɟɥящɢхɫя ɧɭɤɥɢɞɨɜ, ɩɪɨɰɟɫɫɵ 
ɡаɦɟɞɥɟɧɢя ɧɟɣɬɪɨɧɨɜ ɢ ɢх ɩɨɝɥɨщɟɧɢя. ɂɡ-ɡа ɨɬɫɭɬɫɬɜɢя ɫɬɪɨɝɨɣ ɬɟɨɪɢɢ 
ɡаɦɟɞɥɟɧɢя ɧɟɣɬɪɨɧɨɜ ɜ ɪɟаɤɬɨɪɧɨɣ ɬɨɩɥɢɜɧɨɣ ɞɟɥящɟɣɫя ɫɪɟɞɟ, 
ɟɫɬɟɫɬɜɟɧɧɵɦ ɨɛɪаɡɨɦ ɜɤɥɸчаɸщɟɣ ɬɟɪɦаɥɢɡаɰɢɸ ɧɟɣɬɪɨɧɨɜ ɩɪɢхɨɞɢɬɫя 
ɩɨɥɶɡɨɜаɬɶɫя ɦɨɞɟɥɶɧɵɦɢ ɩɪɢɛɥɢɠɟɧɢяɦɢ ɞɥя ɨɰɟɧɤɢ ɫɩɟɤɬɪɨɜ ɧɟɣɬɪɨɧɨɜ. 
ɇаɢɛɨɥɟɟ ɲɢɪɨɤɨ ɩɪɢɦɟɧяɟɬɫя ɩɨɞхɨɞ, ɨɫɧɨɜаɧɧɵɣ ɧа ɦɨɞɟɥɢ ɧɟɣɬɪɨɧɧɨɝɨ 
ɝаɡа, ɩɨɥаɝаɸщɟɣ, чɬɨ ɬɟɪɦаɥɢɡɨɜаɧɧɵɟ ɧɟɣɬɪɨɧɵ ɪаɫɩɪɟɞɟɥɟɧɵ ɩɨ ɷɧɟɪɝɢяɦ 
Ɇаɤɫɜɟɥɥɨɜɫɤɨɝɨ ɪаɫɩɪɟɞɟɥɟɧɢя, ɧɨ ɧɟ ɩɪɢ ɬɟɦɩɟɪаɬɭɪɟ ɞɟɥящɟɣɫя ɫɪɟɞɵ 
аɤɬɢɜɧɨɣ ɡɨɧɵ, а ɩɪɢ ɬɟɦɩɟɪаɬɭɪɟ ɧɟɣɬɪɨɧɧɨɝɨ ɝаɡа. ɉɪɢ ɷɬɨɦ ɨɰɟɧɤɭ 
ɜɥɢяɧɢя ɩɨɝɥɨщɟɧɢя ɢɥɢ ɧɟɞɨɫɬаɬɨчɧɨɝɨ ɡаɦɟɞɥɟɧɢя ɜ ɫɪɟɞɟ ɧа ɫɦɟщɟɧɢɟ 
ɫɩɟɤɬɪа ɨɬ «чɢɫɬɨɝɨ» Ɇаɤɫɜɟɥɥа ɩɪɨɜɨɞяɬ ɩɨ ɜɜɨɞɢɦɨɣ ɬɟɦɩɟɪаɬɭɪɟ 
ɧɟɣɬɪɨɧɧɨɝɨ ɝаɡа, ɤɨɬɨɪая ɡаɞаɟɬɫя ɫɥɟɞɭɸщɢɦ ɩɨɥɭɷɦɩɢɪɢчɟɫɤɢɦ 
ɜɵɪаɠɟɧɢɟɦ, ɧаɩɪɢɦɟɪ, [154,263]: 

    ɷȼkTTT saɇȽ 14,11   ,   (ɉ.18.1) 

ɝɞɟ Ɍ - ɬɟɦɩɟɪаɬɭɪа ɞɟɥящɟɣɫя ɫɪɟɞɵ; a  – ɦаɤɪɨɫɤɨɩɢчɟɫɤɨɟ ɫɟчɟɧɢɟ 
ɩɨɝɥɨщɟɧɢɟ ɫɪɟɞɵ (ɬɟɩɥɨɜɨɟ);   - ɫɪɟɞɧɟɥɨɝаɪɢɮɦɢчɟɫɤɢɣ ɞɟɤɪɟɦɟɧɬ 
ɷɧɟɪɝɢɢ ɩɪɢ ɡаɦɟɞɥɟɧɢɢ; s  – ɦаɤɪɨɫɤɨɩɢчɟɫɤɨɟ ɫɟчɟɧɢɟ ɪаɫɫɟяɧɢя ɫɪɟɞɵ; 

s – ɡаɦɟɞɥяɸщая ɫɩɨɫɨɛɧɨɫɬɶ ɫɪɟɞɵ (ɩɪɢ 1 ɷВ).  

əɫɧɨ, чɬɨ ɬɟɦɩɟɪаɬɭɪа ɞɟɥящɟɣɫя ɫɪɟɞɵ ɫɨɜɩаɞаɟɬ ɫ ɬɟɦɩɟɪаɬɭɪɨɣ 
ɧɟɣɬɪɨɧɧɨɝɨ ɝаɡа ɬɨɥɶɤɨ ɜ ɞɜɭх ɫɥɭчаях: ɧɭɥɟɜɨɝɨ ɩɨɝɥɨщɟɧɢя ɢ ɛɟɫɤɨɧɟчɧɨɣ 
ɡаɦɟɞɥяɸщɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɫɪɟɞɵ. Тɟɦ ɧɟ ɦɟɧɟɟ, ɷɬɨ ɜɵɪаɠɟɧɢɟ ɞɨɫɬаɬɨчɧɨ 
ɭɞɨɛɧɨ ɞɥя ɩɨɥɭчɟɧɢя ɫɪɟɞɧɢх ɫɟчɟɧɢɣ ɜ ɬɟɩɥɨɜɨɣ ɨɛɥаɫɬɢ ɞɥя ɬɟɩɥɨɜɵх 
ɪɟаɤɬɨɪɨɜ. 

ɍɫɪɟɞɧɟɧɢɟ ɫɟчɟɧɢɣ ɩɨ ɧɟɣɬɪɨɧɧɨɦɭ ɫɩɟɤɬɪɭ ɩɪɨɜɨɞɢɬɫя ɫɨɝɥаɫɧɨ 
ɫɥɟɞɭɸщɟɦɭ ɜɵɪаɠɟɧɢɸ: 
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ɝɞɟ   - ɦɢɤɪɨɫɟчɟɧɢɟ яɞɟɪɧɨɣ ɪɟаɤɰɢɢ; E – ɷɧɟɪɝɢя ɧɟɣɬɪɨɧɨɜ; ȽɊE - 

ɝɪаɧɢчɧая ɷɧɟɪɝɢя ɬɟɩɥɨɜɵх ɧɟɣɬɪɨɧɨɜ. 

Ɋɟɡɭɥɶɬаɬ ɭɫɪɟɞɧɟɧɢя ɫɨɝɥаɫɧɨ ɜɵɪаɠɟɧɢɸ (ɉ.18.2) ɞɥя ɦɢɤɪɨɫɟчɟɧɢɣ 
ɡахɜаɬа, ɞɟɥɟɧɢя ɢ ɩɨɝɥɨщɟɧɢя ɫ ɬɢɩɢчɧɵɦɢ ɞɥя ɷɤɡɨɬɟɪɦɢчɟɫɤɢх яɞɟɪɧɵх 
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ɪɟаɤɰɢɣ ɡаɜɢɫɢɦɨɫɬяɦɢ ɦɢɤɪɨɫɟчɟɧɢɣ   ɨɬ ɫɤɨɪɨɫɬɢ ɧɟɣɬɪɨɧɨɜ n ɬɢɩа 

n1~ ɢɥɢ ɨɬɥɢчɧɵɦɢ ɨɬ ɧɢх, ɢɦɟɟɬ ɨɛщɢɣ ɜɢɞ (ɡɞɟɫɶ ɩɪɟɞɫɬаɜɥɟɧɨ 
ɜɵɪаɠɟɧɢɟ ɞɥя ɦɢɤɪɨɫɟчɟɧɢя ɪɟаɤɰɢɢ ɞɟɥɟɧɢя) [64,154]: 
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  ,  (ɉ.18.γ) 

ɝɞɟ T

f  - ɬɟɩɥɨɜɨɟ ɦɢɤɪɨɫɟчɟɧɢɟ ɞɟɥɟɧɢя ɩɪɢ ɫɤɨɪɨɫɬɢ ɧɟɣɬɪɨɧɨɜ ββ00 ɦ/ɫ; 
кɌȿz ȽɊȽɊ   - ɛɟɡɪаɡɦɟɪɧая ɝɪаɧɢчɧая ɷɧɟɪɝɢя ɞɥя ɫɩɟɤɬɪа Ɇаɤɫɜɟɥɥа, ɬɨ 

ɟɫɬɶ, "ɷɧɟɪɝɢя ɫɲɢɜɤɢ" ɧɟɣɬɪɨɧɧɵх ɫɩɟɤɬɪɨɜ Ɇаɤɫɜɟɥɥа ɢ Ɏɟɪɦɢ; F(z) – 

ɩɨɩɪаɜɨчɧая ɮɭɧɤɰɢя; ɇȽT  - ɬɟɦɩɟɪаɬɭɪа ɧɟɣɬɪɨɧɧɨɝɨ ɝаɡа, ɜɵчɢɫɥяɟɦая 
ɫɨɝɥаɫɧɨ (ɉ.18.1);  ɇȽf Tg  – ɮаɤɬɨɪ Вɟɫɬɤɨɬɬа ɞɥя ɪɟаɤɰɢɢ ɞɟɥɟɧɢя.  

Дɥя ɦɢɤɪɨɫɟчɟɧɢɣ ɞɪɭɝɢх ɧɟɣɬɪɨɧɧɵх яɞɟɪɧɵх ɪɟаɤɰɢɣ, ɧаɩɪɢɦɟɪ, 
ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа ɢ ɩɨɝɥɨщɟɧɢя, ɜɵɪаɠɟɧɢɟ (ɉ.18.γ) ɞɥя ɭɫɪɟɞɧɟɧɧɵх 
ɩɨ ɬɟɩɥɨɜɨɦɭ ɫɩɟɤɬɪɭ ɧɟɣɬɪɨɧɨɜ ɫɟчɟɧɢɣ ɢɦɟɟɬ аɧаɥɨɝɢчɧɵɣ ɜɢɞ.  

Ɏаɤɬɨɪ Вɟɫɬɤɨɬɬа ɨɩɢɫɵɜаɟɬ ɨɬɥɢчɢɟ ɡаɜɢɫɢɦɨɫɬɢ ɦɢɤɪɨɫɟчɟɧɢɣ    ɨɬ 
ɫɤɨɪɨɫɬɢ ɧɟɣɬɪɨɧɨɜ n  ɨɬ ɡаɤɨɧа n1~ ɢ ɫɢɥɶɧɨ ɡаɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ 
ɫɪɟɞɵ. Эɬɨɬ ɮаɤɬɨɪ ɪаɜɟɧ 1, ɟɫɥɢ ɫɟчɟɧɢɟ ɫɨɨɬɜɟɬɫɬɜɭɸщɟɣ ɪɟаɤɰɢɢ ɬɨчɧɨ 
ɩɨɞчɢɧяɟɬɫя ɡаɤɨɧɭ n1~ .  

ɉɨɩɪаɜɨчɧая ɮɭɧɤɰɢя F(z) ɩɨɥɭчаɟɬɫя ɢɡ ɪɟɲɟɧɢя ɬɪаɧɫɰɟɧɞɟɧɬɧɨɝɨ 
ɭɪаɜɧɟɧɢя ɫɲɢɜɤɢ ɫɩɟɤɬɪɨɜ Ɇаɤɫɜɟɥɥа ɢ Ɏɟɪɦɢ:  )()( ȽɊФȽɊɆ ȿȿ  . 

ɂɡɜɟɫɬɧɨ, чɬɨ ɟɟ аɪɝɭɦɟɧɬ z ɡаɜɢɫɢɬ ɨɬ ɷɬɨɣ ɝɪаɧɢчɧɨɣ «ɷɧɟɪɝɢɢ ɫɲɢɜɤɢ» ɢ 
ɨɧ ɩɪɢɛɥɢɠɟɧɧɨ ɪаɜɟɧ η ɞɥя ВВЭɊ ɢ θ ɞɥя ɊȻɆɄ [64,154,228]. Ɂɧачɟɧɢя 
ɮɭɧɤɰɢɢ F(z) ɬаɛɭɥɢɪɨɜаɧɵ ɢ ɞаɸɬɫя ɜ ɫɩɪаɜɨчɧɢɤах. Ɉɬɦɟɬɢɦ, чɬɨ ɡɧачɟɧɢя 
ɮɭɧɤɰɢɢ ɢɡɦɟɧяɸɬɫя ɫ ɬɟɦɩɟɪаɬɭɪɨɣ, чɬɨ ɜɥɢяɟɬ ɧа ɫɪɟɞɧɢɟ ɫɟчɟɧɢя. 

ɋ ɩɨɦɨщɶɸ ɜɵɪаɠɟɧɢɣ (ɉ.18.1) ɢ (ɉ.18.γ) ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɪаɫчɟɬɵ 
ɬɟɦɩɟɪаɬɭɪɧɵх ɡаɜɢɫɢɦɨɫɬɟɣ ɭɫɪɟɞɧɟɧɧɵх ɩɨ ɬɟɩɥɨɜɨɦɭ ɫɩɟɤɬɪɭ ɧɟɣɬɪɨɧɨɜ 
ɫɟчɟɧɢɣ яɞɟɪɧɵх ɪɟаɤɰɢɣ ɞɟɥɟɧɢя ɢ ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа ɞɥя ɩɥɭɬɨɧɢя βγ9 
ɢ ɭɪаɧа βγη. Дɥя ɭɪаɧа βγ8 ɩɪɨɜɟɞɟɧɵ ɪаɫчɟɬɵ ɬɟɦɩɟɪаɬɭɪɧɵх ɡаɜɢɫɢɦɨɫɬɟɣ 
ɭɫɪɟɞɧɟɧɧɵх ɩɨ ɬɟɩɥɨɜɨɦɭ ɫɩɟɤɬɪɭ ɧɟɣɬɪɨɧɨɜ ɫɟчɟɧɢɣ ɪаɞɢаɰɢɨɧɧɨɝɨ 
ɡахɜаɬа.  

ɉɪɢ ɪаɫчɟɬах ɬɟɦɩɟɪаɬɭɪ ɧɟɣɬɪɨɧɧɨɝɨ ɝаɡа ɫɨɝɥаɫɧɨ ɜɵɪаɠɟɧɢɸ 
(ɉ.18.1) ɬɟɦɩɟɪаɬɭɪа ɞɟɥящɟɣɫя ɬɨɩɥɢɜɧɨɣ ɫɪɟɞɵ ɢɡɦɟɧяɥаɫɶ ɜ ɢɧɬɟɪɜаɥɟ ɨɬ 
300Ʉ ɞɨ β100Ʉ, ɦɢɤɪɨɫɟчɟɧɢя ɩɨɝɥɨщɟɧɢя ɧɟɣɬɪɨɧɨɜ ɜ ɞɢаɩаɡɨɧɟ ɬɟɩɥɨɜɵх 
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ɷɧɟɪɝɢɣ 0.0βηɷВ-0,181ɷВ ɢ ɦɢɤɪɨɫɟчɟɧɢя ɪаɫɫɟяɧɢя ɧɟɣɬɪɨɧɨɜ ɩɪɢ ɷɧɟɪɝɢɢ 
1ɷВ  ɞɥя ɧɭɤɥɢɞɨɜ ɞɟɥящɟɣɫя ɬɨɩɥɢɜɧɨɣ ɫɪɟɞɵ ɛɵɥɢ ɜɡяɬɵ ɢɡ ɛаɡɵ яɞɟɪɧɵх 
ɞаɧɧɵх ENDF/B-VII.0. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, чɬɨ ɩɪɢ ɪаɫчɟɬах ɬɟɦɩɟɪаɬɭɪ 
ɧɟɣɬɪɨɧɧɨɝɨ ɝаɡа ɫɨɝɥаɫɧɨ ɜɵɪаɠɟɧɢɸ (ɉ.18.1)  ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɬɟɩɥɨɜɵɦ 
ɪɟаɤɬɨɪаɦ ɫ ɜɨɞɨɣ ɜ ɤачɟɫɬɜɟ ɡаɦɟɞɥɢɬɟɥя ɡаɦɟɞɥяɸщая ɫɩɨɫɨɛɧɨɫɬɶ ɫɪɟɞɵ, 
ɬɨ ɟɫɬɶ, чɥɟɧ s , ɜхɨɞящɢɣ ɜ ɜɵɪаɠɟɧɢɟ (ɉ.18.1)  ɤаɤ ɡɧаɦɟɧаɬɟɥɶ ɜɬɨɪɨɝɨ 
ɫɥаɝаɟɦɨɝɨ, ɧахɨɞящɟɝɨɫя ɜ ɫɤɨɛɤах, ɨɩɪɟɞɟɥяɟɬɫя ɝɥаɜɧɵɦ ɨɛɪаɡɨɦ 
ɡаɦɟɞɥяɸщɟɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ɞɥя ɜɨɞɨɪɨɞа. А ɦаɤɪɨɫɤɨɩɢчɟɫɤɨɟ ɫɟчɟɧɢɟ 
ɩɨɝɥɨщɟɧɢɟ ɫɪɟɞɵ a , ɜхɨɞящɢɣ ɜ ɜɵɪаɠɟɧɢɟ (ɉ.18.1) ɤаɤ чɢɫɥɢɬɟɥɶ ɜɬɨɪɨɝɨ 
ɫɥаɝаɟɦɨɝɨ, ɧахɨɞящɟɝɨɫя ɜ ɫɤɨɛɤах, ɨɩɪɟɞɟɥяɟɬɫя ɝɥаɜɧɵɦ ɨɛɪаɡɨɦ 
ɡɧачɟɧɢяɦɢ ɫɟчɟɧɢɣ ɩɨɝɥɨщɟɧɢя ɜ ɬɟɩɥɨɜɨɣ ɨɛɥаɫɬɢ ɞɥя ɭɪаɧа βγ8, ɤаɤ  
ɧɭɤɥɢɞа, ɨɛɵчɧɨ ɫɨɫɬаɜɥяɸщɟɝɨ ɛɨɥɟɟ 90% ɫɨɫɬаɜа яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа ɞɥя 
ɬɟɩɥɨɜɵх ɪɟаɤɬɨɪɨɜ. ɉɪɢ ɡɧачɟɧɢях 0,1H , 4,20H

s ɛаɪɧ, 
7,2238238  ca  ɛаɪɧ, ɜɬɨɪɵɦ ɫɥаɝаɟɦɵɦ ɜ ɫɤɨɛɤах ɜɵɪаɠɟɧɢя (ɉ.18.1) ɦɨɠɧɨ 

ɩɪаɤɬɢчɟɫɤɢ ɩɪɟɧɟɛɪɟчɶ ɢ ɬɟɦɩɟɪаɬɭɪа ɧɟɣɬɪɨɧɧɨɝɨ ɝаɡа ɛɭɞɟɬ ɩɪаɤɬɢчɟɫɤɢ 
ɫɨɜɩаɞаɬɶ ɫ ɬɟɦɩɟɪаɬɭɪɨɣ ɞɟɥящɟɣɫя ɫɪɟɞɵ. Ɉɬɦɟɬɢɦ ɬаɤɠɟ, чɬɨ ɜɟɪхɧяя 
ɝɪаɧɢɰа ɢɫɫɥɟɞɭɟɦɨɝɨ ɢɧɬɟɪɜаɥа ɬɟɦɩɟɪаɬɭɪ ɪаɜɧая β100Ʉ, ɨɩɪɟɞɟɥɟɧа ɬɟɦ, 
чɬɨ ɜ ɧаɲɟɦ ɪаɫɩɨɪяɠɟɧɢɢ ɢɦɟɸɬɫя ɡɧачɟɧɢя ɮаɤɬɨɪа Вɟɫɬɤɨɬɬа 
ɨɝɪаɧɢчɟɧɧɵɟ ɷɬɨɣ ɬɟɦɩɟɪаɬɭɪɨɣ ɧɟɣɬɪɨɧɧɨɝɨ ɝаɡа [279Ж. ȿɫɥɢ ɛɵ ɜ ɤачɟɫɬɜɟ 
ɝɥаɜɧɨɝɨ ɡаɦɟɞɥɢɬɟɥя ɪаɫɫɦаɬɪɢɜаɥɢɫɶ ɛɨɥɟɟ ɬяɠɟɥɵɟ, чɟɦ ɜɨɞɨɪɨɞ яɞɪа, 
ɧаɩɪɢɦɟɪ, ɭɝɥɟɪɨɞ, ɤɢɫɥɨɪɨɞ ɢɥɢ ɫаɦ ɭɪаɧ βγ8, ɬɨ ɜɬɨɪɵɦ ɫɥаɝаɟɦɵɦ ɜ 
ɫɤɨɛɤах ɜɵɪаɠɟɧɢя (ɉ.18.1) ɭɠɟ ɧɟɥɶɡя ɩɪɟɧɟɛɪɟчɶ ɢ ɬɟɦɩɟɪаɬɭɪɵ 
ɧɟɣɬɪɨɧɧɨɝɨ ɝаɡа ɛɭɞɭɬ ɡɧачɢɬɟɥɶɧɨ ɩɪɟɜɵɲаɬɶ ɬɟɦɩɟɪаɬɭɪɭ ɞɟɥящɟɣɫя 
ɫɪɟɞɵ. ɇаɩɪɢɦɟɪ, ɟɫɥɢ ɦɵ ɩɪɨɜɨɞɢɦ ɪаɫчɟɬɵ ɞɥя ɞɢɨɤɫɢɞɧɨɝɨ ɭɪаɧɨɜɨɝɨ 
ɬɨɩɥɢɜа ɢɥɢ ɆɈɄɋ-ɬɨɩɥɢɜа ɛɟɡ ɜɨɞяɧɨɝɨ ɡаɦɟɞɥɢɬɟɥя, ɬɨ ɨɫɧɨɜɧɨɣ 
ɡаɦɟɞɥɢɬɟɥɶ – ɤɢɫɥɨɪɨɞ, а ɨɫɧɨɜɧɨɣ ɩɨɝɥɨɬɢɬɟɥɶ, ɤаɤ ɢ ɜ ɩɪɟɞɵɞɭщɟɦ 
ɫɥɭчаɟ, - ɭɪаɧ βγ8. Тɨɝɞа, ɬаɤ ɤаɤ 12,0O , 45,3O

s ɛаɪɧ, 7,2238238  ca  ɛаɪɧ, 
ɩɪɢ ɜɵчɢɫɥɟɧɢях ɬɟɦɩɟɪаɬɭɪɵ ɧɟɣɬɪɨɧɧɨɝɨ ɝаɡа ɫɨɝɥаɫɧɨ ɜɵɪаɠɟɧɢɸ 
(ɉ.18.1) ɞɥя ɬɟɦɩɟɪаɬɭɪ ɞɟɥящɟɣɫя ɫɪɟɞɵ ɢɡ ɢɧɬɟɪɜаɥа γ00Ʉ ÷ β100Ʉ ɦɵ 
ɩɨɥɭчɢɦ ɞɥя ɡɧачɟɧɢɣ ɬɟɦɩɟɪаɬɭɪɵ ɧɟɣɬɪɨɧɧɨɝɨ ɝаɡа ɢɧɬɟɪɜаɥ 1β00Ʉ ÷ 
4θ00Ʉ. В ɷɬɨɦ ɫɥɭчаɟ ɩɪɢɦɟɧɟɧɢɟ ɜɵɲɟɨɩɢɫаɧɧɨɝɨ ɩɨɞхɨɞа, ɨɩɢɪаɸщɟɝɨɫя 
ɧа ɫɨɨɬɧɨɲɟɧɢях (ɉ.18.1) ɢ (ɉ.18.γ), ɫɬаɧɨɜɢɬɫя ɧɟɜɨɡɦɨɠɧɵɦ ɢɡ-ɡа 
ɨɬɫɭɬɫɬɜɢя ɬаɛɥɢчɧɵх ɡɧачɟɧɢɣ  ɮаɤɬɨɪа Вɟɫɬɤɨɬɬа ɞɥя ɬɟɦɩɟɪаɬɭɪ 
ɧɟɣɬɪɨɧɧɨɝɨ ɝаɡа ɛɨɥɶɲɢх β100Ʉ. 

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪаɫчɟɬɨɜ ɢɫɩɨɥɶɡɨɜаɥɢɫɶ ɡɧачɟɧɢя ɮаɤɬɨɪа Вɟɫɬɤɨɬɬа, 
ɜɡяɬɵɟ ɢɡ Д279Ж  ɢ ɩɪɢɜɟɞɟɧɵ ɉɊɂɅɈɀȿɇɂɂ 19 ɜ ɬаɛɥɢɰах ɉ.19.1- ɉ.19.3. 
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Ɂɧачɟɧɢя ɞɥя ɬɟɩɥɨɜɵх ɫɟчɟɧɢɣ ɬаɤɠɟ ɢɫɩɨɥɶɡɨɜаɜɲɢɟɫя ɩɪɢ ɜɵчɢɫɥɟɧɢях 
ɜɡяɬɵ ɢɡ Д228Ж ɢ ɩɪɟɞɫɬаɜɥɟɧɵ ɜ ɬаɛɥɢɰɟ ɉ.19.4.  ɉɪɢ ɪаɫчɟɬах 
ɢɫɩɨɥɶɡɨɜаɥɨɫɶ ɡɧачɟɧɢɟ F(zɝɪ ) = 5,9. 

ɉɨɥɭчɟɧɧɵɟ ɪаɫчɟɬɧɵɟ ɬɟɦɩɟɪаɬɭɪɧɵɟ ɡаɜɢɫɢɦɨɫɬɢ ɭɫɪɟɞɧɟɧɧɵх ɩɨ 
ɬɟɩɥɨɜɨɦɭ ɫɩɟɤɬɪɭ ɧɟɣɬɪɨɧɨɜ ɫɟчɟɧɢɣ яɞɟɪɧɵх ɪɟаɤɰɢɣ ɞɟɥɟɧɢя ɢ 
ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа ɞɥя ɩɥɭɬɨɧɢя βγ9 ɢ ɭɪаɧа βγη ɩɪɟɞɫɬаɜɥɟɧɵ ɧа ɪɢɫ. 
ɉ.18.1 ɢ ɧа ɪɢɫ. ɉ.18.β ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɇа ɪɢɫ. ɉ.18.β. ɩɪɟɞɫɬаɜɥɟɧа ɬаɤɠɟ 
ɪаɫчɟɬɧая ɬɟɦɩɟɪаɬɭɪɧая ɡаɜɢɫɢɦɨɫɬɶ ɭɫɪɟɞɧɟɧɧɵх ɩɨ ɬɟɩɥɨɜɨɦɭ ɫɩɟɤɬɪɭ 
ɧɟɣɬɪɨɧɨɜ ɫɟчɟɧɢɣ ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа ɞɥя ɭɪаɧа βγ8. 

 

           

Ɋɢɫ. ɉ.18.1.  Ɂаɜɢɫɢɦɨɫɬɶ ɫɟчɟɧɢɣ ɞɟɥɟɧɢя ɭɪаɧа-βγη ɢ ɩɥɭɬɨɧɢя-βγ9, ɭɫɪɟɞɧɟɧɧɵх 
ɩɨ ɬɟɩɥɨɜɨɦɭ ɫɩɟɤɬɪɭ ɧɟɣɬɪɨɧɨɜ, ɨɬ ɬɟɦɩɟɪаɬɭɪɵ, ɞɟɥящɟɣɫя ɬɨɩɥɢɜɧɨɣ ɫɪɟɞɵ (ɡɧачɟɧɢя 

ɫɟчɟɧɢɣ ɧɨɪɦɢɪɨɜаɧɵ ɧа T

f  - ɬɟɩɥɨɜɨɟ ɦɢɤɪɨɫɟчɟɧɢɟ). 

Ɉɬɦɟɬɢɦ, чɬɨ ɤаɤ ɦɵ ɜɢɞɢɦ ɢɡ ɡаɜɢɫɢɦɨɫɬɟɣ, ɩɪɟɞɫɬаɜɥɟɧɧɵх ɧа ɪɢɫ. 
ɉ.18.1, ɞɥя ɢɫɫɥɟɞɨɜаɧɧɨɝɨ ɢɧɬɟɪɜаɥа ɬɟɦɩɟɪаɬɭɪ ɧаɛɥɸɞаɟɬɫя 
ɩɪɢɧɰɢɩɢаɥɶɧɨɟ ɪаɡɥɢчɢɟ ɬɟɦɩɟɪаɬɭɪɧɵх ɡаɜɢɫɢɦɨɫɬɟɣ ɭɫɪɟɞɧɟɧɧɵх ɩɨ 
ɬɟɩɥɨɜɨɦɭ ɫɩɟɤɬɪɭ ɧɟɣɬɪɨɧɨɜ ɫɟчɟɧɢɣ яɞɟɪɧɵх ɪɟаɤɰɢɣ ɞɟɥɟɧɢя ɭɪаɧа βγη ɢ 
ɩɥɭɬɨɧɢя βγ9. ɍɫɪɟɞɧɟɧɧɨɟ ɫɟчɟɧɢɟ ɞɟɥɟɧɢя ɩɥɭɬɨɧɢя βγ9 ɪаɫɬɟɬ ɫ ɪɨɫɬɨɦ 
ɬɟɦɩɟɪаɬɭɪɵ ɢ ɞɨɫɬɢɝаɟɬ ɫɜɨɟɝɨ ɦаɤɫɢɦɭɦа ɩɪɢ ɬɟɦɩɟɪаɬɭɪɟ 1η00Ʉ ɢ ɞаɥɟɟ ɫ 
ɪɨɫɬɨɦ ɬɟɦɩɟɪаɬɭɪɵ ɫɧɢɠаɟɬɫя, ɬɨ ɟɫɬɶ, ɡаɜɢɫɢɦɨɫɬɶ ɢɦɟɟɬ ɪɟɡɨɧаɧɫɧɵɣ ɜɢɞ. 
ɍɫɪɟɞɧɟɧɧɨɟ ɠɟ ɫɟчɟɧɢɟ ɞɟɥɟɧɢя ɭɪаɧа βγη ɩɥаɜɧɨ ɩаɞаɟɬ ɫ ɪɨɫɬɨɦ 
ɬɟɦɩɟɪаɬɭɪɵ. Аɧаɥɨɝɢчɧɵɟ ɬɟɦɩɟɪаɬɭɪɧɵɟ ɡаɜɢɫɢɦɨɫɬɢ ɭɫɪɟɞɧɟɧɧɵх ɩɨ 
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ɬɟɩɥɨɜɨɦɭ ɫɩɟɤɬɪɭ ɧɟɣɬɪɨɧɨɜ ɫɟчɟɧɢɣ яɞɟɪɧɵх ɪɟаɤɰɢɣ ɞɟɥɟɧɢя ɭɪаɧа βγη ɢ 
ɩɥɭɬɨɧɢя βγ9 ɩɨɥɭчɟɧɵ ɬаɤɠɟ ɜ Дβ80]. 

 

            

Ɋɢɫ. ɉ.18.2. Ɂаɜɢɫɢɦɨɫɬɶ ɫɟчɟɧɢɣ ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа  ɭɪаɧа βγη, ɭɪаɧа βγ8 ɢ 
ɩɥɭɬɨɧɢя βγ9, ɭɫɪɟɞɧɟɧɧɵх ɩɨ ɬɟɩɥɨɜɨɦɭ ɫɩɟɤɬɪɭ ɧɟɣɬɪɨɧɨɜ, ɨɬ ɬɟɦɩɟɪаɬɭɪɵ, ɞɟɥящɟɣɫя 

ɬɨɩɥɢɜɧɨɣ ɫɪɟɞɵ (ɡɧачɟɧɢя ɫɟчɟɧɢɣ ɧɨɪɦɢɪɨɜаɧɵ ɧа T

c  - ɬɟɩɥɨɜɨɟ ɦɢɤɪɨɫɟчɟɧɢɟ). 

ɉɪɟɞɫɬаɜɥɟɧɧɵɟ ɧа ɪɢɫ. ɉ.18.β ɡаɜɢɫɢɦɨɫɬɢ ɩɨɤаɡɵɜаɸɬ ɡɧачɢɬɟɥɶɧɵɣ 
ɪɨɫɬ ɫɟчɟɧɢя ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа ɞɥя ɩɥɭɬɨɧɢя βγ9 ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪаɬɭɪɵ 
ɢ ɧɟɡɧачɢɬɟɥɶɧɵɣ ɪɨɫɬ ɫɟчɟɧɢя ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа ɞɥя ɭɪаɧа βγη, ɭɪаɧа 
238. 

 

П.18.3. Ɂавиɫиɦɨɫти ɭɫɪеɞɧеɧɧыɯ ɩɨ ɩɨɥɧɨɦɭ ɧеɣтɪɨɧɧɨɦɭ ɫɩеɤтɪɭ 
ɫеɱеɧиɣ ɨт теɦɩеɪатɭɪы ɪеаɤтɨɪɧɨɝɨ тɨɩɥива. 

Ʉаɤ ɭɠɟ ɨɬɦɟчаɥɨɫɶ ɜɵɲɟ ɜ ɪаɡɞɟɥɟ ɉ.18.β ɩɪɨɜɟɞɟɧɢɟ ɜɵчɢɫɥɟɧɢɣ 
ɭɫɪɟɞɧɟɧɧɵх ɩɨ ɬɟɪɦаɥɢɡɨɜаɧɧɨɣ чаɫɬɢ ɫɩɟɤɬɪа ɫɟчɟɧɢɣ ɫ ɩɨɦɨщɶɸ 
ɜɵɪаɠɟɧɢя (ɉ.18.γ), ɜ ɤɨɬɨɪɨɟ ɜхɨɞяɬ ɬаɛɥɢчɧɵɟ ɡɧачɟɧɢя ɮаɤɬɨɪа 
Вɟɫɬɤɨɬɬа, ɜɨɡɦɨɠɧɨ ɞɥя ɬɟɩɥɨɜɵх ɪɟаɤɬɨɪɨɜ ɫ ɜɨɞяɧɵɦ ɡаɦɟɞɥɢɬɟɥɟɦ ɢ ɞɥя 
ɡаɦɟɞɥɢɬɟɥɟɣ, ɫɨɫɬɨящɢх ɢɡ яɞɟɪ ɫ ɦаɥɵɦ аɬɨɦɧɵɦ чɢɫɥɨɦ ɢ ɩɨɷɬɨɦɭ 
ɨɛɥаɞаɸщɢх ɜɵɫɨɤɨɣ ɡаɦɟɞɥяɸщɟɣ ɫɩɨɫɨɛɧɨɫɬɶɸ, ɨɞɧаɤɨ ɞɥя ɛɨɥɟɟ 
ɬяɠɟɥɵх яɞɟɪ ɜ ɤачɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɡаɦɟɞɥɢɬɟɥя, ɧаɩɪɢɦɟɪ, ɭɝɥɟɪɨɞа ɢ 
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ɤɢɫɥɨɪɨɞа, ɭɠɟ ɜɨɡɧɢɤаɸɬ ɩɪɨɛɥɟɦɵ ɫ ɜɵчɢɫɥɟɧɢяɦɢ ɩɨ (ɉ.18.3) ɢɡ-ɡа 
ɨɬɫɭɬɫɬɜɢя ɬаɛɭɥɢɪɨɜаɧɧɵх ɡɧачɟɧɢɣ ɞɥя ɮаɤɬɨɪа Вɟɫɬɤɨɬɬа ɩɪɢ 
ɬɟɦɩɟɪаɬɭɪах ɧɟɣɬɪɨɧɧɨɝɨ ɝаɡа, ɩɪɟɜɵɲаɸщɢх β100Ʉ. 

ɉɨɷɬɨɦɭ ɞɥя ɜɵчɢɫɥɟɧɢя ɡаɜɢɫɢɦɨɫɬɟɣ ɭɫɪɟɞɧɟɧɧɵх ɩɨ ɧɟɣɬɪɨɧɧɨɦɭ 
ɫɩɟɤɬɪɭ ɫɟчɟɧɢɣ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɞɟɥящɟɣɫя ɫɪɟɞɵ ɧаɦɢ ɛɵɥ ɢɫɩɨɥɶɡɨɜаɧ 
ɪаɡɪаɛɨɬаɧɧɵɣ ɧаɦɢ ɢ ɩɪɟɞɫɬаɜɥɟɧɧɵɣ ɜɵɲɟ ɜ ɪаɡɞɟɥɟ γ ɩɨɞхɨɞ, ɤɨɬɨɪɵɣ ɧɟ 
ɨɩɢɪаɟɬɫя ɧа ɢɫɩɨɥɶɡɨɜаɧɢɟ ɡɧачɟɧɢɣ ɮаɤɬɨɪа Вɟɫɬɤɨɬɬа (ɫɦ. ɪаɡɞɟɥɵ γ.1.γ ɢ 
3.1.4). Эɬɨɬ ɩɨɞхɨɞ ɪаɡɪаɛаɬɵɜаɥɫя ɜ ɨɬɥɢчɢɟ ɨɬ ɩɨɞхɨɞа, ɩɪɟɞɫɬаɜɥɟɧɧɨɝɨ 
ɜɵɲɟ ɜ ɪаɡɞɟɥɟ ɉ.18.β, ɧɟ ɬɨɥɶɤɨ ɞɥя ɬɟɩɥɨɜɵх ɪɟаɤɬɨɪɨɜ ɢ ɩɨɷɬɨɦɭ 
ɩɨɡɜɨɥяɟɬ ɩɪɨɜɨɞɢɬɶ ɜɵчɢɫɥɟɧɢɟ ɭɫɪɟɞɧɟɧɧɵх ɩɨ ɩɨɥɧɨɦɭ ɧɟɣɬɪɨɧɧɨɦɭ 
ɫɩɟɤɬɪɭ (ɢɧɬɟɪɜаɥ ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ ɨɬ ɬɟɩɥɨɜɵх ɞɨ 10 ɆɷВ) ɫɟчɟɧɢɣ. 
Ɉɫɧɨɜɧɵɟ ɟɝɨ ɩɨɥɨɠɟɧɢя ɭɠɟ ɛɵɥɢ ɨɩɭɛɥɢɤɨɜаɧɵ ɜ ɧаɲɢх ɪаɛɨɬах, 
ɧаɩɪɢɦɟɪ,  [227,231,232,238-242]. 

В ɩɪɨɝɪаɦɦɧɨɣ ɫɪɟɞɟ Microsoft Fortran Power Station 4.0 (MFPS 4.0) 

ɛɵɥа ɪаɡɪаɛɨɬаɧа ɤɨɦɩɶɸɬɟɪɧая ɩɪɨɝɪаɦɦа, ɩɨɡɜɨɥяɸщая ɪаɫɫчɢɬɵɜаɬɶ 
ɡаɜɢɫɢɦɨɫɬɢ ɫɟчɟɧɢя ɪɟɡɨɧаɧɫɧɵх ɧɟɣɬɪɨɧɧɵх ɪɟаɤɰɢɣ ɨɬ ɷɧɟɪɝɢɢ 
ɧɟɣɬɪɨɧɨɜ ɫ ɭчɟɬɨɦ ɷɮɮɟɤɬа Дɨɩɥɟɪа. ɉɪɢ ɪаɫчɟɬах, ɜ ɤачɟɫɬɜɟ ɜхɨɞɧɵх 
ɞаɧɧɵх ɢɫɩɨɥɶɡɨɜаɥɢɫɶ ɡаɜɢɫɢɦɨɫɬɢ ɫɟчɟɧɢɣ ɧɟɣɬɪɨɧɧɵх ɪɟаɤɰɢɣ ɨɬ 
ɷɧɟɪɝɢɢ ɧɟɣɬɪɨɧɨɜ ɞɥя ɪɟаɤɬɨɪɧɵх ɧɭɤɥɢɞɨɜ ɢɡ ɛаɡɵ ɞаɧɧɵх ENDF/B-VII.0 ɢ 
ɫɨɨɬɜɟɬɫɬɜɭɸщɢɟ ɬɟɦɩɟɪаɬɭɪɟ ɫɪɟɞɵ γ00Ʉ. В ɪаɡɞɟɥɟ γ ɩɨɥɭчɟɧɵ 
ɡаɜɢɫɢɦɨɫɬɢ ɫɟчɟɧɢɣ ɪɟаɤɰɢɣ ɪаɫɫɟяɧɢя, ɞɟɥɟɧɢɣ ɢ ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа 
ɧɟɣɬɪɨɧа ɞɥя ɨɫɧɨɜɧɵх ɪɟаɤɬɨɪɧɵх ɬɨɩɥɢɜɧɵх ɧɭɤɥɢɞɨɜ UUU 239
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ɩɪɢ ɪаɡɥɢчɧɵх ɬɟɦɩɟɪаɬɭɪах ɜ ɞɢаɩаɡɨɧɟ ɨɬ γ00Ʉ ɞɨ 6000Ʉ (ɫɦ. ɪаɡɞɟɥɵ 
γ.1.γ ɢ γ.1.4). ɇа ɪɢɫ. γ.8 – γ.10 ɩɪɟɞɫɬаɜɥɟɧɵ ɪаɫчɟɬɧɵɟ ɡаɜɢɫɢɦɨɫɬɢ 
ɭɫɪɟɞɧɟɧɧɵх ɩɨ ɫɩɟɤɬɪɭ ɧɟɣɬɪɨɧɨɜ ɫɟчɟɧɢɣ  tTri

j ,,
  ɞɥя ɨɫɧɨɜɧɵх 

ɪɟаɤɬɨɪɧɵх ɧɭɤɥɢɞɨɜ ɢ ɞɥя ɨɫɧɨɜɧɵх ɪɟаɤɬɨɪɧɵх яɞɟɪɧɵх ɧɟɣɬɪɨɧɧɵх 
ɪɟаɤɰɢɣ ɞɥя ɭɤаɡаɧɧɵх ɬɟɦɩɟɪаɬɭɪ.  

ɉɪɟɞɫɬаɜɥɟɧɧɵɟ ɧа ɪɢɫ. 3.8 – 3.10 ɩɨɥɭчɟɧɧɵɟ ɪаɫчɟɬɧɵɟ ɡаɜɢɫɢɦɨɫɬɢ 
ɫɟчɟɧɢɣ, ɭɫɪɟɞɧɺɧɧɵх ɩɨ ɤɨɦɛɢɧɢɪɨɜаɧɧɨɦɭ ɫɩɟɤɬɪɭ Ɇаɤɫɜɟɥɥа ɢ Ɏɟɪɦɢ, ɨɬ 
ɬɟɦɩɟɪаɬɭɪɵ ɞɟɥящɟɣɫя ɫɪɟɞɵ ɞɥя ɬɟɦɩɟɪаɬɭɪ ɨɬ γ00Ʉ ɞɨ θ000Ʉ, ɤаɤ ɭɠɟ 
ɨɬɦɟчаɥɨɫɶ ɜ ɪаɡɞɟɥɟ γ, ɩɨɤаɡɵɜаɸɬ, чɬɨ ɭɫɪɟɞɧɟɧɧɵɟ ɩɨ ɫɩɟɤɬɪɭ ɫɟчɟɧɢя 
ɦɨɝɭɬ ɫɧачаɥа ɪаɫɬɢ, а ɡаɬɟɦ ɩаɞаɬɶ ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪаɬɭɪɵ, ɬɨ ɟɫɬɶ,  ɢɦɟɬɶ 
ɪɟɡɨɧаɧɫɧɵɣ хаɪаɤɬɟɪ (ɪɢɫ. 3.8 ɞɥя 239

Pu). А ɬаɤɠɟ ɤаɤ ɪаɫɬɢ ɫ ɭɜɟɥɢчɟɧɢɟɦ 
ɬɟɦɩɟɪаɬɭɪɵ ɞɟɥящɟɣɫя ɫɪɟɞɵ (ɪɢɫ. 3.10 ɞɥя U238

92 ), ɬаɤ ɢ ɩаɞаɬɶ (ɪɢɫ. 3.9  ɞɥя  
U235

92 ). 
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В ɪаɡɞɟɥɟ γ ɷɬɨ ɨɛɴяɫɧяɟɬɫя ɬɟɦ, чɬɨ ɭ Pu239

94  ɪɟɡɨɧаɧɫɧая ɨɛɥаɫɬɶ 
ɧачɢɧаɟɬɫя ɫɨ ɡɧачɢɬɟɥɶɧɨ ɛɨɥɟɟ ɧɢɡɤɢх ɷɧɟɪɝɢɣ, чɟɦ ɞɥя U235

92  (ɫɦ. ɪɢɫ. 
ɉ.10.1 ɢ ɉ.10.γ ɉɊɂɅɈɀȿɇɂȿ 10) ɢ ɩɪɢ ɭɜɟɥɢчɟɧɢɢ ɬɟɦɩɟɪаɬɭɪɵ ɬɨɩɥɢɜа 
ɩɪɨɢɫхɨɞɢɬ ɭɜɟɥɢчɟɧɢɟ ɬɟɦɩɟɪаɬɭɪɵ ɧɟɣɬɪɨɧɧɨɝɨ ɝаɡа, ɜɵɡɵɜаɸщɟɟ 
ɫɦɟщɟɧɢя ɦаɤɫɢɦɭɦа ɦаɤɫɜɟɥɥɨɜɫɤɨɝɨ ɪаɫɩɪɟɞɟɥɟɧɢя ɧɟɣɬɪɨɧɨɜ ɜ ɫɬɨɪɨɧɭ 
ɛɨɥɶɲɢх ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ, ɬɨ ɟɫɬɶ, ɭɠɟɫɬɨчɟɧɢɟ ɫɩɟɤɬɪа ɧɟɣɬɪɨɧɧɨɝɨ ɝаɡа, 
ɩɪɢ ɤɨɬɨɪɨɦ ɤɨɥɢчɟɫɬɜɨ ɧɟɣɬɪɨɧɨɜ, ɩɨɩаɞаɸщɟɟ ɜ ɪɟɡɨɧаɧɫɧɭɸ ɨɛɥаɫɬɶ ɞɥя 

Pu239

94 , ɭɜɟɥɢчɢɜаɟɬɫя, чɬɨ ɢ ɜɵɡɵɜаɟɬ ɪɨɫɬ ɭɫɪɟɞɧɟɧɧɵх ɫɟчɟɧɢɣ. ɉɪɢ 
ɞаɥɶɧɟɣɲɟɦ ɪɨɫɬɟ ɬɟɦɩɟɪаɬɭɪɵ ɞɨɫɬɢɝаɟɬɫя ɦаɤɫɢɦɭɦ ɞɥя ɭɫɪɟɞɧɟɧɧɨɝɨ 
ɫɟчɟɧɢя ɢ ɞаɥɟɟ ɟɝɨ ɭɦɟɧɶɲɟɧɢɟ ɩɨ ɦɟɪɟ ɞаɥɶɧɟɣɲɟɝɨ ɪɨɫɬа ɬɟɦɩɟɪаɬɭɪɵ ɢ 
ɫɩɨɥɡаɧɢя ɦаɤɫɢɦɭɦа ɦаɤɫɜɟɥɨɜɫɤɨɝɨ ɪаɫɩɪɟɞɟɥɟɧɢя ɫ ɪɟɡɨɧаɧɫа. А ɞɥя U235

92  

ɷɬɨɬ ɩɪɨɰɟɫɫ ɧɟ ɫɬɨɥɶ ɫɭщɟɫɬɜɟɧɟɧ ɢɡ-ɡа ɬɨɝɨ, чɬɨ ɟɝɨ ɪɟɡɨɧаɧɫɧая ɨɛɥаɫɬɶ 
ɪаɫɩɨɥаɝаɟɬɫя ɜɵɲɟ ɩɨ ɷɧɟɪɝɢяɦ ɢ ɭɠɟɫɬɨчɟɧɢɟ ɫɩɟɤɬɪа ɧɟɣɬɪɨɧɧɨɝɨ ɝаɡа, 
ɫɜяɡаɧɧɨɟ ɫ ɭɜɟɥɢчɟɧɢɟɦ  ɬɟɦɩɟɪаɬɭɪɵ ɬɨɩɥɢɜа (ɜ ɪаɫɫɦɨɬɪɟɧɧɨɦ ɜ 
ɢɧɬɟɪɜаɥɟ) ɧɟ ɜɵɡɵɜаɟɬ ɫɭщɟɫɬɜɟɧɧɨɝɨ ɭɜɟɥɢчɟɧɢя ɤɨɥɢчɟɫɬɜа ɧɟɣɬɪɨɧɨɜ 
ɩɨɩаɞаɸщɢх ɜ ɪɟɡɨɧаɧɫɧɭɸ ɨɛɥаɫɬɶ. Ɉɬɦɟɬɢɦ, чɬɨ ɤаɤ ɜɢɞɧɨ ɢɡ ɬɨɝɨ ɠɟ ɪɢɫ.  
ɉ.10.γ ɞɥя ɭɪаɧа βγη ɪɟɡɨɧаɧɫ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɫɬаɬɶ ɩɪɢчɢɧɨɣ, аɧаɥɨɝɢчɧɨɣ 
ɩɥɭɬɨɧɢя βγ9 ɡаɜɢɫɢɦɨɫɬɢ ɭɫɪɟɞɧɟɧɧɨɝɨ ɩɨ ɬɟɩɥɨɜɨɦɭ ɫɩɟɤɬɪɭ ɫɟчɟɧɢя 
ɞɟɥɟɧɢя ɪаɫɩɨɥаɝаɟɬɫя ɡɧачɢɬɟɥɶɧɨ ɜɵɲɟ, чɟɦ ɭ ɩɥɭɬɨɧɢя βγ9, ɩɪɢɦɟɪɧɨ 
ɨɤɨɥɨ 1 ɷВ.  

ɉɪɟɞɫɬаɜɥɟɧɧɵɟ ɧа ɪɢɫ. 3.10b ɞаɧɧɵɟ ɞɥя U238

92  ɩɨɞɬɜɟɪɠɞаɸɬ 
ɡаɜɢɫɢɦɨɫɬɶ ɫɟчɟɧɢя ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа ɨɬ ɬɟɦɩɟɪаɬɭɪɵ, ɬаɤ ɤаɤ ɭ ɧɟɝɨ 
ɪɟɡɨɧаɧɫɧая ɨɛɥаɫɬɶ ɪаɫɩɨɥɨɠɟɧа ɬаɤ ɠɟ ɧɢɡɤɨ, ɤаɤ ɢ ɭ Pu239

94  (ɭɫɪɟɞɧɟɧɧɨɟ ɠɟ 
ɫɟчɟɧɢɟ ɞɟɥɟɧɢя ɞɥя U238

92  ɢɡ-ɡа ɜɵɫɨɤɨɝɨ ɩɨɪɨɝа ɞɟɥɟɧɢя з 1 ɆɷВ, ɤаɤ ɜɢɞɧɨ 
ɢɡ ɪɢɫ. 3.8а ɩɪаɤɬɢчɟɫɤɢ ɧɟчɭɜɫɬɜɢɬɟɥɶɧɨ ɤ ɭɠɟɫɬɨчɟɧɢɸ ɫɩɟɤɬɪа ɧɟɣɬɪɨɧɨɜ, 
ɜɵɡɜаɧɧɨɝɨ ɭɜɟɥɢчɟɧɢɟɦ ɬɟɦɩɟɪаɬɭɪɵ ɬɨɩɥɢɜа). 

  

П.18.4. Ɂавиɫиɦɨɫти ɩɥɨтɧɨɫтеɣ теɩɥɨвɨɝɨ иɫтɨɱɧиɤа ɆɈɄɋ-тɨɩɥива и 
ɭɪаɧɨвɨɝɨ ɨɤɫиɞɧɨɝɨ тɨɩɥива ɨт теɦɩеɪатɭɪы ɪеаɤтɨɪɧɨɝɨ тɨɩɥива. 

 ɉɥɨɬɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɢɫɬɨчɧɢɤа ɞɥя ɆɈɄɋ-ɬɨɩɥɢɜа (ɫɦɟɫɶ ɞɜɭɨɤɢɫɢ 
ɭɪаɧа βγ8 ɢ ɩɥɭɬɨɧɢя βγ9) ɜ ɬɟɩɥɨɜɨɦ ɪɟаɤɬɨɪɟ ɫ ɜɨɞɨɣ, ɧаɩɪɢɦɟɪ, ɜ  BWR 

ɪаɫɫчɢɬɵɜаɥаɫɶ ɫɨɝɥаɫɧɨ ɫɥɟɞɭɸщɟɦɭ ɜɵɪаɠɟɧɢɸ:  

    PuPu

fPu NTQTS   ,    (ɉ.18.4) 

ɝɞɟ PuQ = β10,γ ɆɷВ -ɬɟɩɥɨɜая ɷɧɟɪɝɢя ɞɟɥɟɧɢя 1 яɞɪа ɩɥɭɬɨɧɢя βγ9 ; 1310  

1/(ɫɦβ*ɫ) - ɩɥɨɬɧɨɫɬɶ ɩɨɬɨɤа ɧɟɣɬɪɨɧɨɜ; Pu

f  - ɭɫɪɟɞɧɟɧɧɨɟ ɩɨ ɬɟɩɥɨɜɨɦɭ 
ɫɩɟɤɬɪɭ ɫɟчɟɧɢɟ ɞɟɥɟɧɢя ɩɥɭɬɨɧɢя βγ9 (ɫɦ. ɜɵɪаɠɟɧɢɟ (ɉ.18.3)); PuN – 

ɤɨɧɰɟɧɬɪаɰɢя яɞɟɪ ɩɥɭɬɨɧɢя. ɉɪɢ ɪаɫчɟɬах ɢɫɩɨɥɶɡɨɜаɥɨɫɶ ɡɧачɟɧɢɟ 
ɩɥɨɬɧɨɫɬɢ ɆɈɄɋ-ɬɨɩɥɢɜа ɪаɜɧɨɟ 10,8β ɝ/ɫɦ3

. 
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ɉɥɨɬɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɢɫɬɨчɧɢɤа ɞɥя ɭɪаɧɨɜɨɝɨ ɞɢɨɤɫɢɞɧɨɝɨ ɬɨɩɥɢɜа 
(ɫɦɟɫɶ ɞɜɭɨɤɢɫɢ ɭɪаɧа βγ8 ɢ ɭɪаɧа βγη) ɜ ɬɟɩɥɨɜɨɦ ɪɟаɤɬɨɪɟ ɫ ɜɨɞɨɣ ɜ 
ɤачɟɫɬɜɟ ɡаɦɟɞɥɢɬɟɥя ɬаɤɠɟ ɪаɫɫчɢɬɵɜаɥаɫɶ ɫɨɝɥаɫɧɨ ɜɵɪаɠɟɧɢɸ 
аɧаɥɨɝɢчɧɨɦɭ (ɉ.18.4). ɉɪɢ ɷɬɢх ɪаɫчɟɬах ɢɫɩɨɥɶɡɨɜаɥɨɫɶ ɡɧачɟɧɢɟ 235Q = 

β0γ,0 ɆɷВ ɢ ɡɧачɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɭɪаɧɨɜɨɝɨ ɞɢɨɤɫɢɞɧɨɝɨ ɬɨɩɥɢɜа ɪаɜɧɨɟ 
10,8β ɝ/ɫɦ3

. 

Ɉɬɦɟɬɢɦ, чɬɨ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪаɫчɟɬɨɜ ɦɵ ɩɨɥаɝаɥɢ, чɬɨ ɩɥɨɬɧɨɫɬɶ 
ɩɨɬɨɤа ɧɟɣɬɪɨɧɨɜ   ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪаɬɭɪɵ ɞɟɥящɟɣɫя ɫɪɟɞɵ ɨɫɬаɟɬɫя 
ɩɨɫɬɨяɧɧɨɣ, ɬаɤ ɤаɤ ɨɫɧɨɜɧɨɟ ɩɨɝɥɨщɟɧɢɟ ɧɟɣɬɪɨɧɨɜ ɦɵ ɫɜяɡɵɜаɟɦ ɫ ɭɪаɧɨɦ 
βγ8, а ɟɝɨ ɭɫɪɟɞɧɟɧɧɨɟ ɩɨ ɬɟɩɥɨɜɨɦɭ ɫɩɟɤɬɪɭ ɫɟчɟɧɢɟ ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа 
ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪаɬɭɪɵ ɫɪɟɞɵ ɜ ɢɫɫɥɟɞɭɟɦɨɦ ɞɢаɩаɡɨɧɟ ɪаɫɬɟɬ ɧɟɡɧачɢɬɟɥɶɧɨ 

(ɫɦ. ɪɢɫ. 3.10). 

ɉɨɥɭчɟɧɧɵɟ ɪаɫчɟɬɧɵɟ ɡаɜɢɫɢɦɨɫɬɢ ɩɥɨɬɧɨɫɬɟɣ ɬɟɩɥɨɜɨɝɨ ɢɫɬɨчɧɢɤа 
Ɇɨɤɫ-ɬɨɩɥɢɜа ɢ ɭɪаɧɨɜɨɝɨ ɞɢɨɤɫɢɞɧɨɝɨ ɬɨɩɥɢɜа ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɪɟаɤɬɨɪɧɨɝɨ 
ɬɨɩɥɢɜа ɩɪɟɞɫɬаɜɥɟɧɵ ɧа ɪɢɫ. ɉ.18.3 ɢ ɪɢɫ. ɉ.18.4 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

Аɧаɥɢɡ ɩɨɥɭчɟɧɧɵх ɡаɜɢɫɢɦɨɫɬɟɣ ɩɥɨɬɧɨɫɬɟɣ ɬɟɩɥɨɜɨɝɨ ɢɫɬɨчɧɢɤа ɨɬ 
ɬɟɦɩɟɪаɬɭɪɵ ɞɟɥящɟɣɫя ɫɪɟɞɵ ɞɥя ɆɈɄɋ-ɬɨɩɥɢɜа (ɫɦ. ɪɢɫ. ɉ.18.γ) 

ɩɨɤаɡɵɜаɟɬ, чɬɨ ɩɪɢ ɪɨɫɬɟ ɬɟɦɩɟɪаɬɭɪɵ ɨɬ γ00Ʉ ɞɨ 1η00Ʉ ɧаɛɥɸɞаɟɬɫя 
ɧɟɥɢɧɟɣɧɵɣ ɪɨɫɬ ɩɪɢɦɟɪɧɨ ɧа 4η% ɨɬ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɢɫɬɨчɧɢɤа ɩɪɢ 
γ00Ʉ. ɉɪɢ ɞаɥɶɧɟɣɲɟɦ ɪɨɫɬɟ ɬɟɦɩɟɪаɬɭɪɵ ɞɨ β100Ʉ ɧаɛɥɸɞаɟɬɫя ɧɟɤɨɬɨɪɨɟ 
ɩаɞɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɢɫɬɨчɧɢɤа. Аɧаɥɢɡ ɠɟ ɩɨɥɭчɟɧɧɵх 
ɡаɜɢɫɢɦɨɫɬɟɣ ɩɥɨɬɧɨɫɬɟɣ ɬɟɩɥɨɜɨɝɨ ɢɫɬɨчɧɢɤа ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɞɟɥящɟɣɫя 
ɫɪɟɞɵ ɞɥя ɭɪаɧɨɜɨɝɨ ɞɢɨɤɫɢɞɧɨɝɨ ɬɨɩɥɢɜа (ɫɦ. ɪɢɫ. ɉ.18.4) ɩɨɤаɡɵɜаɟɬ, чɬɨ 
ɩɪɢ ɪɨɫɬɟ ɬɟɦɩɟɪаɬɭɪɵ ɨɬ γ00Ʉ ɞɨ β100Ʉ ɧаɛɥɸɞаɟɬɫя ɧɟɥɢɧɟɣɧɨɟ 
ɭɦɟɧɶɲɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɢɫɬɨчɧɢɤа.  

Таɤɨɟ ɩɨɜɟɞɟɧɢɟ ɩɥɨɬɧɨɫɬɟɣ ɬɟɩɥɨɜɨɝɨ ɢɫɬɨчɧɢɤа ɨɛɴяɫɧяɟɬɫя 
ɩɨɥɭчɟɧɧɵɦɢ ɬɟɦɩɟɪаɬɭɪɧɵɦɢ ɡаɜɢɫɢɦɨɫɬяɦɢ ɭɫɪɟɞɧɟɧɧɵх ɩɨ ɬɟɩɥɨɜɨɦɭ 
ɫɩɟɤɬɪɭ ɫɟчɟɧɢя ɞɟɥɟɧɢя ɩɥɭɬɨɧɢя βγ9 ɢ ɫɟчɟɧɢя ɞɟɥɟɧɢя ɞɥя ɭɪаɧа βγη (ɫɦ. 
ɪɢɫ. ɉ.18.1). ɉɪɢɪɨɞа ɬаɤɨɣ ɬɟɦɩɟɪаɬɭɪɧɨɣ ɡаɜɢɫɢɦɨɫɬɢ  ɭɫɪɟɞɧɟɧɧɨɝɨ ɩɨ 
ɬɟɩɥɨɜɨɦɭ ɫɩɟɤɬɪɭ ɫɟчɟɧɢя ɞɟɥɟɧɢя ɩɥɭɬɨɧɢя βγ9 ɢ ɭɪаɧа βγη, ɨɛɴяɫɧяɟɬɫя 
ɜɵɲɟ ɜ ɪаɡɞɟɥɟ ɉ.18.3. 

  Таɤɢɦ ɨɛɪаɡɨɦ, ɨɛɧаɪɭɠɟɧɨ ɢ ɨɛɴяɫɧɟɧɨ ɞɥя ɢɫɫɥɟɞɨɜаɧɧɨɝɨ 
ɢɧɬɟɪɜаɥа ɬɟɦɩɟɪаɬɭɪ ɩɪɢɧɰɢɩɢаɥɶɧɨɟ ɪаɡɥɢчɢɟ ɬɟɦɩɟɪаɬɭɪɧɵх 
ɡаɜɢɫɢɦɨɫɬɟɣ ɩɥɨɬɧɨɫɬɟɣ ɬɟɩɥɨɜɵх ɢɫɬɨчɧɢɤɨɜ ɞɥя ɆɈɄɋ-ɬɨɩɥɢɜа ɢ 
ɨɤɫɢɞɧɨɝɨ ɭɪаɧɨɜɨɝɨ ɬɨɩɥɢɜа. 
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Ɋɢɫ. ɉ.18.γ Ɂаɜɢɫɢɦɨɫɬɢ ɩɥɨɬɧɨɫɬɟɣ ɬɟɩɥɨɜɨɝɨ ɢɫɬɨчɧɢɤа ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɬɨɩɥɢɜɧɨɣ 

ɞɟɥящɟɣɫя ɫɪɟɞɵ ɢɡ ɫɦɟɫɢ ɞɜɭɨɤɢɫɢ ɭɪаɧа βγ8 ɢ ɩɥɭɬɨɧɢя βγ9 ɞɥя ɬɪɟх ɫɨɫɬаɜɨɜ 
(ɨɛɨɝащɟɧɢɟ ɩɨ ɩɥɭɬɨɧɢɸ βγ9 1%, η%, 10%). 

 

 

Ɋɢɫ. ɉ.18.4. Ɂаɜɢɫɢɦɨɫɬɢ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɢɫɬɨчɧɢɤа ɞɥя ɬɨɩɥɢɜɧɨɣ ɫɦɟɫɢ ɢɡ 
ɞɢɨɤɫɢɞɨɜ ɭɪаɧа βγ8 ɢ ɭɪаɧа βγη ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɫɦɟɫɢ ɞɥя ɬɪɟх ɫɨɫɬаɜɨɜ (ɨɛɨɝащɟɧɢɟ ɩɨ 

ɭɪаɧɭ βγη 10%, η% ɢ 1%. 

ɉɨɥɭчɟɧɧɵɟ ɬɟɦɩɟɪаɬɭɪɧɵɟ ɡаɜɢɫɢɦɨɫɬɢ ɞɥя ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ 
ɢɫɬɨчɧɢɤа ɞɟɥящɟɣɫя ɬɨɩɥɢɜɧɨɣ ɫɪɟɞɵ, ɩɪɟɞɫɬаɜɥɟɧɧɵɟ ɧа ɪɢɫ. ɉ.18.γ, 

ɉ.18.4 ɩɨɡɜɨɥяɸɬ ɜɵяɜɢɬɶ ɧɟɤɨɬɨɪɵɟ ɨɫɨɛɟɧɧɨɫɬɢ аɜаɪɢɢ ɧа γ-ɦ ɛɥɨɤɟ Аȿɋ 
«Ɏɭɤɭɫɢɦа-1». Дɟɣɫɬɜɢɬɟɥɶɧɨ, ɤаɤ ɢɡɜɟɫɬɧɨ, ɧа γ-ɦ ɛɥɨɤɟ Аȿɋ «Ɏɭɤɭɫɢɦа-

1» ɬɪɟɬɶ ɡаɝɪɭɡɤɢ яɞɟɪɧɨɝɨ ɬɨɩɥɢɜа ɫɨɫɬаɜɥяɥɨ ɆɈɄɋ-ɬɨɩɥɢɜɨ, ɨɫɬаɥɶɧɨɟ 
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ɬɨɩɥɢɜɨ – ɭɪаɧɨɜɨɟ ɞɢɨɤɫɢɞɧɨɟ ɬɨɩɥɢɜɨ  ɢ аɜаɪɢя ɧа γ-ɦ ɛɥɨɤɟ Аȿɋ 
«Ɏɭɤɭɫɢɦа-1» ɪаɡɜɢɜаɥаɫɶ ɫɥɟɞɭɸщɢɦ ɨɛɪаɡɨɦ. ɉɪɢ ɩɨɩɵɬɤɟ ɨхɥаɠɞɟɧɢя 
ɩɟɪɟɝɪɟɬɨɝɨ яɞɟɪɧɨɝɨ ɪɟаɤɬɨɪа ɫ ɩɨɦɨщɶɸ ɩɪɨɤачɢɜаɧɢя чɟɪɟɡ ɧɟɝɨ 
хɨɥɨɞɧɨɣ ɦɨɪɫɤɨɣ ɜɨɞɵ ɩɪɨɢɡɨɲɥɨ ɜ ɪɟɡɭɥɶɬаɬɟ ɪаɡɥɨɠɟɧɢя ɜɨɞɵ 
ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɨɟ ɨɛɪаɡɨɜаɧɢɟ ɝаɡɨɨɛɪаɡɧɨɝɨ ɜɨɞɨɪɨɞа, чɬɨ ɩɪɢɜɟɥɨ ɤ 
ɨɛɪаɡɨɜаɧɢɸ ɝɪɟɦɭчɟɣ ɫɦɟɫɢ ɢ ɟɟ ɜɡɪɵɜɭ, ɜɵɡɜаɜɲɟɦɭ ɪаɡɪɭɲɟɧɢɟ яɞɟɪɧɨɝɨ 
ɪɟаɤɬɨɪа. Ʉаɤ ɢɡɜɟɫɬɧɨ, ɬɟɦɩɟɪаɬɭɪа ɬɟɪɦɢчɟɫɤɨɝɨ ɪаɡɥɨɠɟɧɢя ɜɨɞɵ 
ɞɨɜɨɥɶɧɨ ɜɵɫɨɤа ɢ ɪаɜɧа γ800Ʉ. ɉɨɷɬɨɦɭ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɨɛɪаɡɨɜаɧɢɟ 
ɜɨɞɨɪɨɞа ɩɪɨɢɫхɨɞɢɥɨ ɧɟ ɜ ɪɟɡɭɥɶɬаɬɟ ɬɟɪɦɢчɟɫɤɨɝɨ ɝɢɞɪɨɥɢɡа ɜɨɞɵ, а ɩɪɢ 
ɛɨɥɟɟ ɧɢɡɤɨɣ ɬɟɦɩɟɪаɬɭɪɟ ɜ ɪɟɡɭɥɶɬаɬɟ ɩаɪɨɰɢɪɤɨɧɢɟɜɨɣ ɪɟаɤɰɢɢ Д282-285], 

ɬɨ ɟɫɬɶ, ɷɤɡɨɬɟɪɦɢчɟɫɤɨɣ ɪɟаɤɰɢɢ ɜɡаɢɦɨɞɟɣɫɬɜɢя ɰɢɪɤɨɧɢɟɜɨɣ ɨɛɨɥɨчɤɢ 
ɬɜɷɥɨɜ ɢ ɜɨɞɵ ɫ ɨɛɪаɡɨɜаɧɢɟɦ ɞɜɭɨɤɢɫɢ ɰɢɪɤɨɧɢя ɢ ɜɵɞɟɥɟɧɢɟɦ 
ɝаɡɨɨɛɪаɡɧɨɝɨ ɜɨɞɨɪɨɞа (ɭɪаɜɧɟɧɢɟ ɪɟаɤɰɢɢ: ГЫ + βH2O = ZrO2 + 2H2 + Q, ɝɞɟ 
Q — ɜɵɞɟɥяɸщаяɫя ɬɟɩɥɨɬа (θηγ0 ɤДɠ/ɤɝ)). ɉаɪɨɰɢɪɤɨɧɢɜая  ɪɟаɤɰɢя 
ɫɨɝɥаɫɧɨ [282-285], ɢɦɟɟɬ ɪяɞ ɨɫɨɛɟɧɧɨɫɬɟɣ. Ɋɟаɤɰɢя ɧачɢɧаɟɬɫя ɩɪɢɦɟɪɧɨ 
ɩɪɢ 117γɄ-1ββγɄ, а ɩɪɢ 147γɄ ɧачɢɧаɟɬ ɪаɡɜɢɜаɬɶɫя ɨчɟɧɶ ɛɵɫɬɪɨ (ɬаɤ ɤаɤ 
ɜɵɞɟɥяɸщаяɫя ɬɟɩɥɨɬа ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɪаɡɨɝɪɟɜаɟɬ ɰɢɪɤɨɧɢɣ, ɪаɡɜɢɜаɟɬɫя 
аɜɬɨɤаɬаɥɢɡ) ɢ ɫɬаɧɨɜɢɬɫя ɫаɦɨɩɨɞɞɟɪɠɢɜаɸщɟɣɫя.   

Таɤɢɦ ɨɛɪаɡɨɦ, ɬаɤ ɤаɤ ɩɪɨɢɡɨɲɟɥ ɜɨɞɨɪɨɞɧɵɣ ɜɡɪɵɜ ɪɟаɤɬɨɪа ɩɨɫɥɟ 
ɜɨɫɫɬаɧɨɜɥɟɧɢя ɩɨɞачɢ ɨхɥаɠɞаɸщɟɣ ɜɨɞɵ ɜ ɪɟаɤɬɨɪ, ɬɨ ɦɨɠɧɨ ɫɞɟɥаɬɶ 
ɜɵɜɨɞ ɨ ɬɨɦ, чɬɨ ɜ ɪɟɡɭɥɶɬаɬɟ ɜɵɡɜаɧɧɨɝɨ ɭɞаɪɨɦ ɐɭɧаɦɢ ɞɥɢɬɟɥɶɧɨɝɨ 
ɧаɪɭɲɟɧɢя ɪаɛɨɬɵ ɫɢɫɬɟɦɵ ɬɟɩɥɨɫɴɟɦа ɬɟɦɩɟɪаɬɭɪа ɩɟɪɟɝɪɟɬɨɝɨ 
ɪɟаɤɬɨɪɧɨɝɨ ɬɨɩɥɢɜа ɞɨɫɬɢɝаɥа ɡɧачɟɧɢɣ ɧачаɥа ɩаɪɨɰɢɪɤɨɧɢɟɜɨɣ ɪɟаɤɰɢɢ, 
ɬɨ ɟɫɬɶ, ɧɟ ɦɟɧɟɟ 117γɄ-1ββγɄ. ɉɨɥɭчɟɧɧая ɞɥя Ɇɨɤɫ-ɬɨɩɥɢɜа ɡаɜɢɫɢɦɨɫɬɶ 
ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɢɫɬɨчɧɢɤа ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɬɨɩɥɢɜа (ɪɢɫ. ɉ.18.γ) 

ɩɨɤаɡɵɜаɟɬ, чɬɨ ɩɥɨɬɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɢɫɬɨчɧɢɤа ɆɈɄɋ-ɬɨɩɥɢɜа γ-ɝɨ ɛɥɨɤа 
Аȿɋ «Ɏɭɤɭɫɢɦа-1» ɞɨɥɠɧа ɜ ɷɬɨɦ ɫɥɭчаɟ ɪаɫɬɢ, ɞɨɫɬɢɝая ɦаɤɫɢɦɭɦа ɩɪɢ 
1η00Ʉ. Таɤɨɟ ɩɨɜɟɞɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɢɫɬɨчɧɢɤа ɆɈɄɋ-ɬɨɩɥɢɜа 
ɦɨɠɟɬ ɜɵɡɜаɬɶ ɞаɥɶɧɟɣɲɟɟ ɧаɝɪɟɜаɧɢɟ ɆɈɄɋ-ɬɨɩɥɢɜа ɞɨ ɬɟɦɩɟɪаɬɭɪɵ 
ɪаɜɧɨɣ 147γɄ, ɩɪɢ ɤɨɬɨɪɨɣ ɩаɪɨɰɢɪɤɨɧɢɟɜая ɪɟаɤɰɢя ɨɛɪаɡɨɜаɧɢя 
ɝаɡɨɨɛɪаɡɧɨɝɨ ɜɨɞɨɪɨɞа ɧачɢɧаɟɬ ɪаɡɜɢɜаɬɶɫя ɨчɟɧɶ ɛɵɫɬɪɨ ɢ ɫɬаɧɨɜɢɬɫя 
ɫаɦɨɩɨɞɞɟɪɠɢɜаɸщɟɣɫя. ɉɨɞчɟɪɤɧɟɦ, чɬɨ ɫɨɝɥаɫɧɨ ɩɨɥɭчɟɧɧɨɣ ɡаɜɢɫɢɦɨɫɬɢ 
ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɢɫɬɨчɧɢɤа ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɬɨɩɥɢɜа ɞɥя ɭɪаɧɨɜɨɝɨ 
ɞɢɨɤɫɢɞɧɨɝɨ ɬɨɩɥɢɜа (ɪɢɫ. ɉ.18.4), ɨчɟɧɶ ɛɵɫɬɪɨɝɨ ɨɛɪаɡɨɜаɧɢя ɜɨɞɨɪɨɞа ɞɥя 
ɭɪаɧɨɜɨɝɨ ɞɢɨɤɫɢɞɧɨɝɨ ɬɨɩɥɢɜа ɧɟ ɛɵɥɨ ɛɵ. 

ɋɥɟɞɨɜаɬɟɥɶɧɨ, ɪаɡɥɢчɢɟ ɬɟɦɩɟɪаɬɭɪɧɵх ɡаɜɢɫɢɦɨɫɬɟɣ ɩɥɨɬɧɨɫɬɟɣ 
ɬɟɩɥɨɜɵх ɢɫɬɨчɧɢɤɨɜ ɞɥя ɆɈɄɋ-ɬɨɩɥɢɜа ɢ ɨɤɫɢɞɧɨɝɨ ɭɪаɧɨɜɨɝɨ ɬɨɩɥɢɜа, 
ɦɨɝɥɨ ɜɵɡɜаɬɶ ɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɨɟ ɜɵɞɟɥɟɧɢɟ ɜɨɞɨɪɨɞа, а, ɫɥɟɞɨɜаɬɟɥɶɧɨ, ɢ 
ɛɨɥɟɟ ɦɨщɧɵɣ ɜɨɞɨɪɨɞɧɵɣ ɜɡɪɵɜ  3-ɝɨ ɛɥɨɤа Аȿɋ «Ɏаɤɭɫɢɦа-1», ɩɨ 

http://ru.wikipedia.org/wiki/%D0%9E%D0%BA%D1%81%D0%B8%D0%B4_%D1%86%D0%B8%D1%80%D0%BA%D0%BE%D0%BD%D0%B8%D1%8F(IV)
http://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BF%D0%BB%D0%BE%D1%82%D0%B0
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ɫɪаɜɧɟɧɢɸ ɫɨ ɫɥɭчаɟɦ, ɤɨɝɞа ɜɫя ɟɝɨ ɬɨɩɥɢɜɧая ɡаɝɪɭɡɤа ɛɵɥа ɛɵ ɢɡ 
ɨɛɵчɧɨɝɨ ɭɪаɧɨɜɨɝɨ ɞɢɨɤɫɢɞɧɨɝɨ ɬɨɩɥɢɜа. Ɉɬɦɟɬɢɦ, чɬɨ ɷɬɨɬ ɜɵɜɨɞ 
ɫɨɜɩаɞаɟɬ ɫ ɢɧɮɨɪɦаɰɢɨɧɧɵɦɢ ɫɨɨɛщɟɧɢяɦɢ ɨ ɛɨɥɟɟ ɦɨщɧɨɦ ɜɨɞɨɪɨɞɧɨɦ 
ɜɡɪɵɜɟ γ-ɝɨ ɛɥɨɤа ɩɨ ɫɪаɜɧɟɧɢɸ ɫ ɜɨɞɨɪɨɞɧɵɦ ɜɡɪɵɜɨɦ 1-ɝɨ ɛɥɨɤа Аȿɋ 
«Ɏаɤɭɫɢɦа-1», ɝɞɟ ɧɟ ɛɵɥɨ ɡаɝɪɭɡɤɢ ɆɈɄɋ-ɬɨɩɥɢɜа. 

Даɥɶɧɟɣɲɢɣ ɪаɡɨɝɪɟɜ ɬɨɩɥɢɜа ɞɨ ɟɝɨ ɬɟɦɩɟɪаɬɭɪɵ ɩɥаɜɥɟɧɢя β800Ʉ 
ɦɨɠɧɨ ɛɵɥɨ ɛɵ ɨɛɴяɫɧяɬɶ ɪаɡɪɭɲɟɧɢɟɦ ɩɪɢ ɜɨɞɨɪɨɞɧɨɦ ɜɡɪɵɜɟ ɫɢɫɬɟɦɵ 
ɩɪɨɤачɤɢ ɜɨɞɵ ɢ, ɫɥɟɞɨɜаɬɟɥɶɧɨ,  ɞɥɢɬɟɥɶɧɵɦ ɨɬɫɭɬɫɬɜɢɟɦ ɧɟɨɛхɨɞɢɦɨɝɨ ɞɥя 
ɩɪɟɞɨɬɜɪащɟɧɢя ɪаɫɩɥаɜɥɟɧɢя ɬɨɩɥɢɜа ɬɟɩɥɨɫɴɟɦа. Эɬɨ ɜɨɡɦɨɠɧɨ ɢ ɩɪɢ ɬɟх 
ɠɟ ɡаɜɢɫɢɦɨɫɬях ɩɥɨɬɧɨɫɬɟɣ ɬɟɩɥɨɜɵх ɢɫɬɨчɧɢɤɨɜ ɞɥя ɆɈɄɋ-ɬɨɩɥɢɜа (ɪɢɫ. 
ɉ.18.γ), хɨɬя, ɤаɤ ɭɠɟ ɨɬɦɟчаɥɨɫɶ ɜɵɲɟ, ɩɪɢ ɪɨɫɬɟ ɬɟɦɩɟɪаɬɭɪɵ ɨɬ 1η00Ʉ ɞɨ 
β100Ʉ ɧаɛɥɸɞаɟɬɫя ɧɟɤɨɬɨɪɨɟ ɩаɞɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɢɫɬɨчɧɢɤа, ɢ, 
ɩɨ-ɜɢɞɢɦɨɦɭ, ɞаɠɟ ɞɥя ɡаɜɢɫɢɦɨɫɬɟɣ ɩɥɨɬɧɨɫɬɟɣ ɬɟɩɥɨɜɵх ɢɫɬɨчɧɢɤɨɜ ɞɥя 
ɭɪаɧɨɜɨɝɨ ɞɢɨɤɫɢɞɧɨɝɨ ɬɨɩɥɢɜа (ɪɢɫ. ɉ.18.4). ɉɨɧяɬɧɨ, чɬɨ чɬɨɛɵ ɭɫɬɪаɧɢɬɶ 
ɜɫɟ ɜɵɫɤаɡаɧɧɵɟ ɜɵɲɟ ɩɪɟɞɩɨɥɨɠɟɧɢя, ɤаɫаɸщɢɟɫя ɢɡɦɟɧɟɧɢя ɬɟɦɩɟɪаɬɭɪɵ 
ɬɨɩɥɢɜа, ɧɟɨɛхɨɞɢɦɨ ɧахɨɞɢɬɶ ɪɟɲɟɧɢя ɭɪаɜɧɟɧɢя ɬɟɩɥɨɩɟɪɟɧɨɫа ɫ 
ɩɨɥɭчɟɧɧɵɦɢ ɩɥɨɬɧɨɫɬяɦɢ ɬɟɩɥɨɜɨɝɨ ɢɫɬɨчɧɢɤа ɞɥя ɡаɞаɧɧɵх ɧачаɥɶɧɵх ɢ 
ɝɪаɧɢчɧɵх ɭɫɥɨɜɢɣ. ɋɟɣчаɫ ɦɵ ɷɬɨɝɨ ɧɟ ɦɨɠɟɦ ɫɞɟɥаɬɶ ɤаɤ ɪаɡ ɢɡ-ɡа 
ɨɬɫɭɬɫɬɜɢя ɢɧɮɨɪɦаɰɢɢ ɨ ɧачаɥɶɧɵх ɢ ɝɪаɧɢчɧɵх ɭɫɥɨɜɢɣ ɢ ɢх ɜɨɡɦɨɠɧɵх 
ɢɡɦɟɧɟɧɢях ɜ хɨɞɟ ɪаɡɜɢɬɢя аɜаɪɢɢ Аȿɋ «Ɏɭɤɭɫɢɦа-1». 

 Ɉɞɧаɤɨ ɞɥя ɨɛɴяɫɧɟɧɢя ɜɨɡɦɨɠɧɵх ɨɫɨɛɟɧɧɨɫɬɟɣ ɤɢɧɟɬɢɤɢ ɪаɡɨɝɪɟɜа 
ɬɨɩɥɢɜа ɞɨ ɟɝɨ ɬɟɦɩɟɪаɬɭɪɵ ɩɥаɜɥɟɧɢя β800Ʉ, ɫɜяɡаɧɧɵх ɫ ɨɛɧаɪɭɠɟɧɧɵɦɢ 
ɬɟɦɩɟɪаɬɭɪɧɵɦɢ ɨɫɨɛɟɧɧɨɫɬяɦɢ ɆɈɄɋ-ɬɨɩɥɢɜа (ɪɢɫ. ɉ.18.γ) ɢ ɭɫɪɟɞɧɟɧɧɵх 
ɩɨ ɫɩɟɤɬɪɭ ɧɟɣɬɪɨɧɨɜ ɫɟчɟɧɢɣ ɞɥя ɩɥɭɬɨɧɢя βγ9 (ɪɢɫ. ɉ.18.1, 3.8) ɧаɦ 
ɩɪɟɞɫɬаɜɥяɸɬɫя ɢɧɬɟɪɟɫɧɵɦɢ ɫɥɟɞɭɸщɢɟ ɫɨɨɛɪаɠɟɧɢя. 

В ɪɟɡɭɥɶɬаɬɟ ɩɪɨɬɟɤаɧɢя ɩаɪɨɰɢɪɤɨɧɢɟɜɨɣ ɪɟаɤɰɢɢ, ɢ ɨɫɨɛɟɧɧɨ ɩɨɫɥɟ 
ɜɨɞɨɪɨɞɧɨɝɨ ɜɡɪɵɜа, ɧаɪɭɲɢɜɲɟɝɨ ɫɢɫɬɟɦɭ ɩɨɞачɢ ɜɨɞɵ ɜ ɪɟаɤɬɨɪ, 
ɤɨɥɢчɟɫɬɜɨ ɜɨɞɵ ɜ ɪɟаɤɬɨɪɟ ɭɦɟɧɶɲаɟɬɫя, а, ɫɥɟɞɨɜаɬɟɥɶɧɨ, ɭɦɟɧɶɲаɟɬɫя ɟɟ 
ɡаɦɟɞɥяɸщая ɫɩɨɫɨɛɧɨɫɬɶ, чɬɨ ɞɟɥаɟɬ ɫɩɟɤɬɪ ɧɟɣɬɪɨɧɨɜ ɛɨɥɟɟ ɠɟɫɬɤɢɦ, ɬɨ 
ɟɫɬɶ, ɦаɤɫɢɦɭɦ ɦаɤɫɜɟɥɥɨɜɫɤɨɝɨ ɪаɫɩɪɟɞɟɥɟɧɢя ɬɟɪɦаɥɢɡɨɜаɧɧɵх ɧɟɣɬɪɨɧɨɜ 
ɫɦɟщаɟɬɫя ɜ ɫɬɨɪɨɧɭ ɛɨɥɟɟ ɜɵɫɨɤɢх ɷɧɟɪɝɢɣ. Дɥя ɛɨɥɟɟ ɠɟɫɬɤɨɝɨ ɫɩɟɤɬɪа 
ɧɟɣɬɪɨɧɨɜ ɡаɜɢɫɢɦɨɫɬɶ ɭɫɪɟɞɧɟɧɧɵх ɩɨ ɬɟɩɥɨɜɨɦɭ ɫɩɟɤɬɪɭ ɧɟɣɬɪɨɧɨɜ 
ɫɟчɟɧɢɣ ɞɟɥɟɧɢя ɩɥɭɬɨɧɢя-βγ9 ɨɬ ɬɟɦɩɟɪаɬɭɪɵ, ɩɪɟɞɫɬаɜɥɟɧɧɭɸ ɧа ɪɢɫ. 

ɉ.18.1 ɢ ɤɨɬɨɪɭɸ ɦɵ ɢɫɩɨɥɶɡɨɜаɥɢ ɞɥя ɜɵчɢɫɥɟɧɢя ɬɟɦɩɟɪаɬɭɪɧɨɣ 
ɡаɜɢɫɢɦɨɫɬɢ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɢɫɬɨчɧɢɤа ɞɥя ɆɈɄɋ- ɬɨɩɥɢɜа (ɪɢɫ. 
ɉ.18.γ), ɫɥɟɞɭɟɬ ɡаɦɟɧɢɬɶ ɡаɜɢɫɢɦɨɫɬɶɸ ɭɫɪɟɞɧɟɧɧɵх ɩɨ ɫɩɟɤɬɪɭ ɧɟɣɬɪɨɧɨɜ 
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ɫɟчɟɧɢɣ ɞɟɥɟɧɢя ɩɥɭɬɨɧɢя-βγ9 ɨɬ ɬɟɦɩɟɪаɬɭɪɵ, ɩɪɟɞɫɬаɜɥɟɧɧɭɸ ɧа ɪɢɫ. 3.8а  

ɞɥя Ɍеɪɦ
ɝɪE = γɤТ. Таɤ ɤаɤ ɷɬа ɡаɜɢɫɢɦɨɫɬɶ ɭɫɪɟɞɧɟɧɧɵх ɩɨ ɫɩɟɤɬɪɭ ɧɟɣɬɪɨɧɨɜ 

ɫɟчɟɧɢɣ ɞɟɥɟɧɢя ɩɥɭɬɨɧɢя-βγ9 ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɧɟɥɢɧɟɣɧɵɣ 
ɪɨɫɬ ɫ ɦаɤɫɢɦɭɦɨɦ ɩɪɢ ɬɟɦɩɟɪаɬɭɪɟ ɪаɜɧɨɣ γ000Ʉ, ɬɨ ɬаɤɢɦ ɠɟ ɨɛɪаɡɨɦ 
ɞɨɥɠɧа ɜɟɫɬɢ ɫɟɛя ɢ ɬɟɦɩɟɪаɬɭɪɧая ɡаɜɢɫɢɦɨɫɬɶ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ 
ɢɫɬɨчɧɢɤа ɞɥя ɆɈɄɋ-ɬɨɩɥɢɜа, ɤɨɬɨɪая ɪаɫɫчɢɬɵɜаɟɬɫя ɫɨɝɥаɫɧɨ ɜɵɪаɠɟɧɢя 
(ɉ.18.4), ɬɨ ɟɫɬɶ, ɜ ɨɬɥɢчɢɟ ɨɬ ɡаɜɢɫɢɦɨɫɬɢ ɧа ɪɢɫ. ɉ.18.γ, ɩɨɥɭчаɟɦ 
ɬɟɦɩɟɪаɬɭɪɧɭɸ ɡаɜɢɫɢɦɨɫɬɶ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɢɫɬɨчɧɢɤа ɞɥя ɆɈɄɋ-

ɬɨɩɥɢɜа ɫ ɦаɤɫɢɦɭɦɨɦ ɩɪɢ γ000Ʉ. Таɤɢɦ ɨɛɪаɡɨɦ, ɩɪɢхɨɞɢɦ ɤ ɜɵɜɨɞɭ, чɬɨ ɜ 
ɫɢɥɭ ɬаɤɨɣ ɬɟɦɩɟɪаɬɭɪɧɨɣ ɡаɜɢɫɢɦɨɫɬɢ ɞɥя ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɢɫɬɨчɧɢɤа 
ɆɈɄɋ-ɬɨɩɥɢɜа ɜ ɆɈɄɋ-ɬɨɩɥɢɜɟ ɦɨɠɟɬ ɩɪɨɢɫхɨɞɢɬɶ ɩɥаɜɧɵɣ, ɧɟɥɢɧɟɣɧɵɣ 
ɪɨɫɬ ɟɝɨ ɬɟɦɩɟɪаɬɭɪɵ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɧачаɥа ɩаɪɨɰɢɪɤɨɧɢɟɜɨɣ ɪɟаɤɰɢɢ 
117γɄ-1ββγɄ, чɟɪɟɡ ɟɟ ɬɟɦɩɟɪаɬɭɪɭ аɜɬɨɤаɬаɥɢɡа 147γɄ ɤ ɬɟɦɩɟɪаɬɭɪɟ 
ɪаɫɩɥаɜɥɟɧɢя ɬɨɩɥɢɜа ɪаɜɧɨɣ β800Ʉ. ɋɥɟɞɨɜаɬɟɥɶɧɨ, ɆɈɄɋ-ɬɨɩɥɢɜɨ ɜ γ-ɦ 
ɛɥɨɤɟ Аȿɋ «Ɏɭɤɭɫɢɦа-1» ɞɨɥɠɧɨ ɛɵɥɨ ɩɥаɜɢɬɶɫя ɜ ɩɟɪɜɭɸ ɨчɟɪɟɞɶ ɢ 
ɫɩɨɫɨɛɫɬɜɨɜаɬɶ ɪаɫɩɥаɜɥɟɧɢɸ ɭɪаɧɨɜɨɝɨ ɞɢɨɤɫɢɞɧɨɝɨ ɬɨɩɥɢɜа ɪɟаɤɬɨɪа. 

ɉɟɪɢɨɞɢчɟɫɤɨɟ (ɩɭɥɶɫɢɪɭɸщɟɟ) аɜаɪɢɣɧɨɟ ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪаɬɭɪɵ ɢ 
ɞаɜɥɟɧɢя ɜ ɪаɡɪɭɲɟɧɧɨɦ ɪɟаɤɬɨɪɟ 3-ɝɨ ɛɥɨɤа Аȿɋ «Ɏɭɤɭɫɢɦа-1», 

ɩɪɨɢɫхɨɞɢɜɲɟɟ ɜ хɨɞɟ ɪаɛɨɬ ɩɨ ɨхɥаɠɞɟɧɢɸ ɪɟаɤɬɨɪа ɢ ɩɪɢчɢɧа ɤɨɬɨɪɨɝɨ 
ɪаɧɟɟ ɧɟ ɛɵɥа ɨɛɴяɫɧɟɧа, ɦɨɠɟɬ ɛɵɬɶ ɬаɤɠɟ ɨɛɴяɫɧɟɧɨ ɫ ɩɨɦɨщɶɸ 
ɩɨɥɭчɟɧɧɨɣ ɬɟɦɩɟɪаɬɭɪɧɨɣ ɡаɜɢɫɢɦɨɫɬɶɸ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɢɫɬɨчɧɢɤа 
ɞɥя ɆɈɄɋ-ɬɨɩɥɢɜа, ɢɦɟɸщɟɣ ɪɟɡɨɧаɧɫɧɵɣ ɜɢɞ (ɪɢɫ. ɉ.18.γ, ɪɢɫ. 3.8). 

ɉɪɟɞɫɬаɜɥяɟɬɫя ɜаɠɧɵɦ ɬаɤɠɟ ɨɬɦɟɬɢɬɶ, чɬɨ ɜ ɪаɛɨɬах [225,227,231-

232,238-242Ж ɧаɦɢ ɩɨɤаɡаɧɨ, чɬɨ ɜ ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɣ ɞɟɥящɟɣɫя ɫɪɟɞɟ 
(ɆɈɄɋ-ɬɨɩɥɢɜɨ) ɩɥɨɬɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɢɫɬɨчɧɢɤа ɦɨɠɟɬ ɢɦɟɬɶ ɫɬɟɩɟɧɧɨɣ ɜɢɞ 
ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɞɟɥящɟɣɫя ɫɪɟɞɵ ɫ ɩɨɤаɡаɬɟɥɟɦ ɫɬɟɩɟɧɢ 
ɛɨɥɶɲɟɦ ɟɞɢɧɢɰɵ ɢ ɩɪɢ ɷɬɨɦ ɪɟаɥɢɡɭɸɬɫя ɬɟɩɥɨɜɵɟ ɪɟɠɢɦɵ ɫ ɨɛɨɫɬɪɟɧɢɟɦ 
Ʉɭɪɞɸɦɨɜа ɢ ɨɛɪаɡɭɸɬɫя ɞɢɫɫɢɩаɬɢɜɧɵɟ ɬɟɩɥɨɜɵɟ ɫɬɪɭɤɬɭɪɵ, ɫ 
ɩɪɨɫɬɪаɧɫɬɜɟɧɧɨɪаɡɧɟɫɟɧɧɵɦɢ ɬɟɦɩɟɪаɬɭɪɧɵɦɢ ɦаɤɫɢɦɭɦаɦɢ, 
ɩɪɟɜɵɲаɸщɢɦɢ ɬɟɦɩɟɪаɬɭɪɵ ɩɥаɜɥɟɧɢя ɬɨɩɥɢɜа (ɫɦ. ɪаɡɞɟɥ 3.1.6). А ɬаɤ ɤаɤ 

ɛɵɥɢ ɢɧɮɨɪɦаɰɢɨɧɧɵɟ ɫɨɨɛщɟɧɢя ɨ ɬɨɦ, чɬɨ ɜ ɪɟɡɭɥɶɬаɬɟ аɜаɪɢɢ ɪɟаɤɬɨɪа 3-

ɝɨ ɛɥɨɤа Аȿɋ «Ɏɭɤɭɫɢɦа-1» ɩɪɨɢɡɨɲɥɨ ɩɪɨɠɢɝаɧɢɟ ɤɨɪɩɭɫа ɪɟаɤɬɨɪа, ɬɨ 
ɢɧɮɨɪɦаɰɢя ɨ ɩɪɨɫɬɪаɧɫɬɜɟɧɧɨɦ ɪаɫɩɨɥɨɠɟɧɢɢ ɷɬɢх ɩɨɜɪɟɠɞɟɧɢɣ ɤɨɪɩɭɫа  
ɢ ɢх ɪаɡɦɟɪах, ɦɨɠɟɬ ɛɵɬɶ ɩɪяɦɵɦ, ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɵɦ ɩɨɞɬɜɟɪɠɞɟɧɢɟɦ 
ɪɟаɥɢɡаɰɢɢ ɬɟɩɥɨɜɵх ɪɟɠɢɦɨɜ ɫ ɨɛɨɫɬɪɟɧɢɟɦ Ʉɭɪɞɸɦɨɜа. Ɂɧаɧɢɟ ɨɛ 
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ɨɫɨɛɟɧɧɨɫɬях ɨɛɧаɪɭɠɟɧɧɵх ɞɢɫɫɢɩаɬɢɜɧɵх ɬɟɩɥɨɜɵх ɫɬɪɭɤɬɭɪ ɬаɤɠɟ ɦɨɝɭɬ  
ɛɵɬɶ ɩɨɥɟɡɧɵ ɩɪɢ ɨɛɴяɫɧɟɧɢɢ ɨɫɨɛɟɧɧɨɫɬɟɣ ɩɪɨɠɢɝаɧɢɟ ɤɨɪɩɭɫа ɪɟаɤɬɨɪа. 

ɂ ɡаɤɥɸчɢɬɟɥɶɧɨɟ ɫɨɨɛɪаɠɟɧɢɟ. Ɉɛɧаɪɭɠɟɧɧɵɟ ɜ ɪаɛɨɬɟ ɨɫɨɛɟɧɧɨɫɬɢ 
ɬɟɦɩɟɪаɬɭɪɧɨɝɨ ɩɨɜɟɞɟɧɢя ɆɈɄɋ-ɬɨɩɥɢɜа ɢ ɢх ɩɪɟɞɩɨɥаɝаɟɦɨɟ ɜɥɢяɧɢɟ ɧа 
ɤɢɧɟɬɢɤɭ аɜаɪɢɢ ɜ γ-ɦ ɛɥɨɤɟ Аȿɋ «Ɏɭɤɭɫɢɦа-1», ɦɨɠɧɨ ɛɵɥɨ ɛɵ ɢɫɤɥɸчɢɬɶ, 
ɩɭɬɟɦ ɢɫɤɥɸчɟɧɢя ɬɟɪɦаɥɢɡɨɜаɧɧɨɝɨ хɜɨɫɬа ɫɩɟɤɬɪа ɧɟɣɬɪɨɧɨɜ 
(Ɇаɤɫɜɟɥɥɨɜɤая чаɫɬɶ ɫɩɟɤɬɪа), ɞɥя чɟɝɨ ɧа ɩɟɪɜɨɦ ɷɬаɩɟ ɨхɥаɠɞɟɧɢя 
ɩɟɪɟɝɪɟɬɨɝɨ ɪɟаɤɬɨɪа ɧаɞɨ ɛɵɥɨ ɛɵ ɬɟхɧɢчɟɫɤɢ ɪɟаɥɢɡɨɜаɬɶ ɡаɦɟɧɭ ɜɨɞяɧɨɝɨ 
ɡаɦɟɞɥɢɬɟɥя-ɬɟɩɥɨɧɨɫɢɬɟɥя ɧа ɡаɦɟɞɥɢɬɟɥɶ-ɬɟɩɥɨɧɨɫɢɬɟɥɶ ɫ ɦаɫɫɨɜɵɦ 
чɢɫɥɨɦ ɡɧачɢɬɟɥɶɧɨ ɛɨɥɶɲɢɦ ɦаɫɫɨɜɨɝɨ чɢɫɥа ɞɥя ɜɨɞɨɪɨɞа, ɧаɩɪɢɦɟɪ, ɧа 
ɝаɡɵ аɡɨɬ ɢ ɨɤɢɫɶ ɭɝɥɟɪɨɞа, ɢɥɢ ɠɢɞɤɨɦɟɬаɥɥɢчɟɫɤɢɟ  ɨɥɨɜɨ, ɫɜɢɧɟɰ, ɪɬɭɬɶ, 
ɜɢɫɦɭɬ ɢɥɢ ɫɦɟɫɶ ɜɢɫɦɭɬа ɢ ɫɜɢɧɰа, чɬɨ ɩɪɢɜɟɥɨ ɛɵ ɤ ɭɠɟɫɬɨчɟɧɢɸ ɫɩɟɤɬɪа 
ɧɟɣɬɪɨɧɨɜ [227,231-232]. ɉɨɧяɬɧɨ, чɬɨ ɷɬɨ ɬаɤɠɟ ɩɨɡɜɨɥɢɥɨ ɛɵ ɢɡɛɟɠаɬɶ 
ɜɨɞɨɪɨɞɧɵх ɜɡɪɵɜɨɜ. ɉɨ-ɜɢɞɢɦɨɦɭ, ɬɟхɧɢчɟɫɤɢ ɩɪɨщɟ ɜɫɟɝɨ ɛɵɥɨ ɛɵ 
ɨɪɝаɧɢɡɨɜаɬɶ ɨхɥаɠɞɟɧɢɟ ɩɟɪɟɝɪɟɬɨɝɨ ɪɟаɤɬɨɪа ɜ 3-ɦ ɛɥɨɤɟ Аȿɋ «Ɏɭɤɭɫɢɦа-

1» ɧɟ ɫ ɩɨɦɨщɶɸ ɩɪɨɤачɤɢ ɜɨɞɵ, а ɫ ɩɨɦɨщɶɸ ɩɪɨɤачɢɜаɧɢя ɝаɡɨɨɛɪаɡɧɨɝɨ 
аɡɨɬа.   

 

П.18.5. Ɂаɤɥɸɱеɧие. 

 В ɪаɡɞɟɥɟ ɩɪɟɞɫɬаɜɥɟɧɵ ɪɟɡɭɥɶɬаɬɵ ɪаɫчɟɬɨɜ ɬɟɦɩɟɪаɬɭɪɧɵх 
ɡаɜɢɫɢɦɨɫɬɟɣ ɭɫɪɟɞɧɟɧɧɵх ɩɨ ɬɟɩɥɨɜɨɦɭ ɫɩɟɤɬɪɭ ɧɟɣɬɪɨɧɨɜ ɫɟчɟɧɢɣ 
яɞɟɪɧɵх ɪɟаɤɰɢɣ ɞɟɥɟɧɢя ɢ ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа ɞɥя ɭɪаɧа βγ8, ɭɪаɧа βγη 
ɢ ɩɥɭɬɨɧɢя βγ9.  

Ɉɛɧаɪɭɠɟɧɨ ɢ ɨɛɴяɫɧɟɧɨ ɞɥя ɢɫɫɥɟɞɨɜаɧɧɨɝɨ ɢɧɬɟɪɜаɥа ɬɟɦɩɟɪаɬɭɪ (γ00Ʉ 
– γ000Ʉ) ɩɪɢɧɰɢɩɢаɥɶɧɨɟ ɪаɡɥɢчɢɟ ɬɟɦɩɟɪаɬɭɪɧɵх ɡаɜɢɫɢɦɨɫɬɟɣ 
ɭɫɪɟɞɧɟɧɧɵх ɩɨ ɬɟɩɥɨɜɨɦɭ ɫɩɟɤɬɪɭ ɧɟɣɬɪɨɧɨɜ ɫɟчɟɧɢɣ яɞɟɪɧɵх ɪɟаɤɰɢɣ 
ɭɪаɧа βγη ɢ ɩɥɭɬɨɧɢя βγ9.  

Таɤɠɟ ɩɨɥɭчɟɧɵ ɪаɫчɟɬɧɵɟ ɡаɜɢɫɢɦɨɫɬɢ ɬɟɦɩɟɪаɬɭɪɧɵɟ ɡаɜɢɫɢɦɨɫɬɢ 
ɩɥɨɬɧɨɫɬɟɣ ɬɟɩɥɨɜɵх ɢɫɬɨчɧɢɤɨɜ ɞɥя ɆɈɄɋ-ɬɨɩɥɢɜа ɢ ɨɤɫɢɞɧɨɝɨ ɭɪаɧɨɜɨɝɨ 
ɬɨɩɥɢɜа ɞɥя ɬɟɩɥɨɜɵх ɪɟаɤɬɨɪɨɜ.  

Ɉɛɧаɪɭɠɟɧɨ ɢ ɨɛɴяɫɧɟɧɨ ɞɥя ɢɫɫɥɟɞɨɜаɧɧɨɝɨ ɢɧɬɟɪɜаɥа ɬɟɦɩɟɪаɬɭɪ 

ɩɪɢɧɰɢɩɢаɥɶɧɨɟ ɪаɡɥɢчɢɟ ɬɟɦɩɟɪаɬɭɪɧɵх ɡаɜɢɫɢɦɨɫɬɟɣ ɩɥɨɬɧɨɫɬɟɣ 
ɬɟɩɥɨɜɵх ɢɫɬɨчɧɢɤɨɜ ɞɥя ɆɈɄɋ-ɬɨɩɥɢɜа ɢ ɨɤɫɢɞɧɨɝɨ ɭɪаɧɨɜɨɝɨ ɬɨɩɥɢɜа.  

ɉɨɥɭчɟɧɧɵɟ ɬɟɦɩɟɪаɬɭɪɧɵɟ ɡаɜɢɫɢɦɨɫɬɢ ɞɥя ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ 
ɢɫɬɨчɧɢɤа ɞɟɥящɟɣɫя ɬɨɩɥɢɜɧɨɣ ɫɪɟɞɵ, ɩɨɡɜɨɥɢɥɢ ɜɵяɜɢɬɶ ɢ ɨɛɨɫɧɨɜаɬɶ 
хаɪаɤɬɟɪɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ аɜаɪɢɢ ɧа γ-ɦ ɛɥɨɤɟ Аȿɋ «Ɏɭɤɭɫɢɦа-1». 
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ПɊИЛɈɀЕНИЕ 19. Ɂɧаɱеɧиɹ ɮаɤтɨɪа ȼеɫтɤɨтта ɞɥɹ ɨɫɧɨвɧыɯ 
ɪеаɤтɨɪɧыɯ ɧɭɤɥиɞɨв и ɡɧаɱеɧиɹ ɞɥɹ теɩɥɨвыɯ ɫеɱеɧиɣ, 
иɫɩɨɥɶɡɨвавɲиеɫɹ ɩɪи выɱиɫɥеɧиɹɯ ПɊИЛɈɀЕНИЕ 18. 

 

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪаɫчɟɬɨɜ ɜ ɉɊɂɅɈɀȿɇɂȿ 18 ɢɫɩɨɥɶɡɨɜаɥɢɫɶ ɡɧачɟɧɢя 
ɮаɤɬɨɪа Вɟɫɬɤɨɬɬа, ɜɡяɬɵɟ ɢɡ Дβ79Ж  ɢ ɩɪɢɜɟɞɟɧɧɵɟ ɜ ɬаɛɥɢɰах ɉ.19.1- ɉ.19.3. 

Ɂɧачɟɧɢя ɞɥя ɬɟɩɥɨɜɵх ɫɟчɟɧɢɣ ɬаɤɠɟ ɢɫɩɨɥɶɡɨɜаɜɲɢɟɫя ɩɪɢ ɜɵчɢɫɥɟɧɢях 
ɜɡяɬɵ ɢɡ Д228Ж ɢ ɩɪɟɞɫɬаɜɥɟɧɵ ɜ ɬаɛɥɢɰɟ ɉ.19.4. 

 

Таɛɥ. ɉ.19.1. Ɏаɤɬɨɪ Вɟɫɬɤɨɬɬа ɞɥя ɪɟаɤɰɢɣ ɞɟɥɟɧɢя ɢ ɪаɞɢаɰɢɨɧɧɨɝɨ 
ɡахɜаɬа ɞɥя ɩɥɭɬɨɧɢя βγ9 Дβ79]. 

 

ɉɥɭɬɨɧɢɣ βγ9 

T cg  fg  T cg  fg  

300 1,154 1,058 1300 5,314 3,091 

400 1,374 1,150 1500 5,782 3,328 

500 1,713 1,305 1600 5,947 3,412 

600 2,159 1,518 1800 6,164 3,521 

700 2,672 1,768 1900 6,226 3,552 

900 3,724 2,290 2100 6,269 3,572 

1100 4,630 2,746    
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Таɛɥ. ɉ.19.β. Ɏаɤɬɨɪ Вɟɫɬɤɨɬɬа ɞɥя ɪɟаɤɰɢɣ ɞɟɥɟɧɢя ɢ ɪаɞɢаɰɢɨɧɧɨɝɨ 
ɡахɜаɬа ɞɥя ɭɪаɧа βγη Дβ79Ж. 

 

ɍɪаɧ βγη 

T cg  fg  

300 0,978 0,976 

400 0,964 0,954 

500 0,960 0,938 

700 0,970 0,920 

800 0,978 0,914 

900 0,987 0,910 

1000 0,993 0,907 

1100 0,998 0,903 

1200 1,000 0,900 

1300 1,001 0,893 

1400 0,999 0,891 

1500 0,996 0,887 

1700 0,986 0,887 

2100 0,958 0,885 
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Таɛɥ. ɉ.19.3. Ɏаɤɬɨɪ Вɟɫɬɤɨɬɬа ɞɥя ɪɟаɤɰɢɢ ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа ɞɥя 
ɭɪаɧа βγ8 Дβ79Ж. 

 

ɍЩаɧ βγ8 

Т 

 

cg  

300 1,002 

400 1,004 

600 1,008 

700 1,011 

1300 1,024 

1700 1,034 

2100 1,044 

 

 

Таɛɥ. ɉ.19.4. ɋɟчɟɧɢя яɞɟɪɧɵх ɪɟаɤɰɢɣ ɞɥя ɬɟɩɥɨɜɵх ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ [228]. 

ɇɭɤɥɢɞ  ɬ 

* σ
f

ɬ
, ɛɧ σ

c

ɬ
, ɛɧ α

ɬ
=σ

c
/σ

f
 I

c
, ɛɧ I

f
, ɛɧ 

U-235 2.42 580 107 0.184 142 277 

U-238  0 2.7 0 277 0 

Pu-239 2.88 750 315 --- 188 312 
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ПɊИЛɈɀЕНИЕ 20.  ȽɂɉɈТȿɁА Ɉ ɉɈДɀɂȽȿ ВɈɅɇɈВɈȽɈ 
ȽȿɈɊȿАɄТɈɊА ɆȿɀȽАɅАɄТɂɑȿɋɄɂɆɂ ɉɊɈТɈɇАɆɂ ВЫɋɈɄɂɏ 
ЭɇȿɊȽɂɃ 

 

    ɋɨɞеɪɠаɧие. 
ɉ.β0.1. Вɜɟɞɟɧɢɟ……………………………………..…………………………….γ86 

ɉ.β0.β. Ƚɢɩɨɬɟɡа ɨ ɩɨɞɠɢɝɟ ɜɨɥɧɨɜɨɝɨ ɝɟɨɪɟаɤɬɨɪа ɧɟɣɬɪɨɧаɦɢ, ɩɨɪɨɠɞаɟɦɵɦɢ 
ɰɟɩɨчɤɨɣ яɞɟɪɧɵх ɪɟаɤɰɢɣ, ɡаɩɭɫɤаɟɦɨɣ ɦɟɠɝаɥаɤɬɢчɟɫɤɢɦɢ ɩɪɨɬɨɧаɦɢ 
ɜɵɫɨɤɢх ɷɧɟɪɝɢɣ…………………………………………………...........................386 

ɉ.β0.γ. Ɂаɤɥɸчɟɧɢɟ………………………………………………………………..396 

 

П.20.1. ȼвеɞеɧие. 

Ʉаɤ ɭɠɟ ɨɬɦɟчаɥɨɫɶ ɜɵɲɟ ɜ ɪаɡɞɟɥɟ 1 ɞɢɫɫɟɪɬаɰɢɢ ɜ ɪаɛɨɬах Дθ7-

69,74,76,79-84,233,234] ɜɩɟɪɜɵɟ ɩɪɟɞɥɨɠɟɧа ɝɢɩɨɬɟɡа ɢ ɪаɡɪаɛɨɬаɧа ɬɟɨɪɢя 
яɞɟɪɧɨɝɨ ɝɟɨɪɟаɤɬɨɪа, ɪаɛɨɬаɸщɟɝɨ ɜ ɪɟɠɢɦɟ ɛɟɝɭщɟɣ ɧɟɣɬɪɨɧɧɨ-ɞɟɥɢɬɟɥɶɧɨɣ 
ɜɨɥɧɵ (ɜɨɥɧɨɜɨɣ яɞɟɪɧɵɣ ɪɟаɤɬɨɪ, ɢɞɟя ɤɨɬɨɪɨɝɨ ɜɩɟɪɜɵɟ ɛɵɥа ɜɵɫɤаɡаɧа ɋ.Ɇ. 
Ɏɟɣɧɛɟɪɝɨɦ ɢ Ʉɭɧɟɝɢɧɵɦ В.В. ДθγЖ ɢ ɫɬаɥа аɤɬɢɜɧɨ ɪаɡɜɢɜаɬɶɫя ɩɨɫɥɟ ɪаɛɨɬɵ 
Ʌ.ɉ. Ɏɟɨɤɬɢɫɬɨɜа [9])  ɜ ɭɪаɧɨɜɨɦ ɫɥɨɟ ɧа ɝɪаɧɢɰɟ ɬɜɟɪɞɨɝɨ ɢ ɠɢɞɤɨɝɨ яɞɪа 
ɡɟɦɥɢ, ɨɞɧаɤɨ, ɧа ɫɟɝɨɞɧяɲɧɢɣ ɞɟɧɶ ɨɫɬаɟɬɫя ɧɟ ɪɟɲɟɧɧɵɦ ɜɨɩɪɨɫ ɨ ɬɨɦ ɤаɤɢɦ 
ɨɛɪаɡɨɦ ɜɨɡɧɢɤаɟɬ ɪɟɠɢɦ ɛɟɝɭщɟɣ ɧɟɣɬɪɨɧɧɨ-ɞɟɥɢɬɟɥɶɧɨɣ ɜɨɥɧɵ ɝɟɨɪɟаɤɬɨɪа, 
ɬɨ ɟɫɬɶ, яɜɥяɟɬɫя аɤɬɭаɥɶɧɨɣ ɪаɡɪаɛɨɬɤа ɬɟɨɪɢɢ ɩɨɞɠɢɝа ɝɟɨɪɟаɤɬɨɪа. 

 

П.20.2. Ƚиɩɨтеɡа ɨ ɩɨɞɠиɝе вɨɥɧɨвɨɝɨ ɝеɨɪеаɤтɨɪа ɧеɣтɪɨɧаɦи, 
ɩɨɪɨɠɞаеɦыɦи ɰеɩɨɱɤɨɣ ɹɞеɪɧыɯ ɪеаɤɰиɣ, ɡаɩɭɫɤаеɦɨɣ 
ɦеɠɝаɥаɤтиɱеɫɤиɦи ɩɪɨтɨɧаɦи выɫɨɤиɯ ɷɧеɪɝиɣ. 

ɇа ɨɫɧɨɜɟ ɨɛɨɛщɟɧɧɨɝɨ ɤɪɢɬɟɪɢя Ʌ.ɉ. Ɏɟɨɤɬɢɫɬɨɜа ɞɥя ɭɪаɧ-

ɩɥɭɬɨɧɢɟɜɨɣ ɞɟɥящɟɣɫя ɫɪɟɞɵ [2,90,91,218,219] (ɫɦ. ɪаɡɞɟɥ β.1.4, ɫɨɨɬɧɨɲɟɧɢя  
(β.β8) ɢ (β.β9)) ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɜɟɞɟɧɨ ɨɛɨɛщɟɧɢɟ ɤɪɢɬɟɪɢя Ʌ.ɉ. Ɏɟɨɤɬɢɫɬɨɜа 
ɬаɤɠɟ ɢ ɞɥя ɧɟɣɬɪɨɧɧɵх ɦɭɥɶɬɢɩɥɢɰɢɪɭɸщɢх ɫɪɟɞ, ɫɨɞɟɪɠащɢх ɤɨɦɩɨɡɢɰɢɸ 
ɞɟɥящɢхɫя ɧɭɤɥɢɞɨɜ, чɬɨ, ɧаɩɪɢɦɟɪ, хаɪаɤɬɟɪɧɨ ɞɥя ɝɟɨɪɟаɤɬɨɪа. Ɉɬɦɟɬɢɦ, чɬɨ 
ɜ ɫаɦɨɦ ɨɛщɟɦ ɫɥɭчаɟ ɷɬɨ ɦɨɝɭɬ ɛɵɬɶ ɤаɤ ɜɧɨɜɶ ɨɛɪаɡɭɸщɢɟɫя ɜ ɪɟɡɭɥɶɬаɬɟ 
ɡахɜаɬа ɧɟɣɬɪɨɧа ɜɨɫɩɪɨɢɡɜɨɞящɢɦɢ ɧɭɤɥɢɞаɦɢ (ɧаɩɪɢɦɟɪ, ɭɪаɧ U

238

92  ɢ ɬɨɪɢɣ 
Th

232

90 ) ɢ ɢх ɩɨɫɥɟɞɭɸщɢɦɢ  -ɩɪɟɜɪащɟɧɢяɦɢ ɜ ɞɟɥящɢɟɫя ɧɭɤɥɢɞɵ, (ɧаɩɪɢɦɟɪ, 
ɩɥɭɬɨɧɢɣ Pu

239

94  ɢ ɭɪаɧ U
233

92 ), ɬаɤ ɢ ɫɩɟɰɢаɥɶɧɨ ɞɨɛаɜɥɟɧɧɵɟ ɫ ɰɟɥɶɸ ɨɛɨɝащɟɧɢя 
ɧачаɥɶɧɨɣ ɞɟɥящɟɣɫя ɫɪɟɞɵ ɞɟɥящɢɟɫя ɧɭɤɥɢɞɵ, ɧаɩɪɢɦɟɪ, ɭɪаɧ β35. 
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Дɟɣɫɬɜɢɬɟɥɶɧɨ, ɟɫɥɢ ɨɛɨɡɧачɢɬɶ ɤɨɧɰɟɧɬɪаɰɢɢ ɜɨɫɩɪɨɢɡɜɨɞящɢх ɧɭɤɥɢɞɨɜ 
чɟɪɟɡ j

ɜɨɫɩɪN  , ɝɞɟ j -  ɢɧɞɟɤɫ ɜɨɫɩɪɨɢɡɜɨɞящɟɝɨ ɧɭɤɥɢɞа (ɫɟɝɨɞɧя ɧаɦ ɢɡɜɟɫɬɧɨ 
ɬɨɥɶɤɨ ɞɜа ɬаɤɢх ɧɭɤɥɢɞа, ɷɬɨ ɭɪаɧ βγ8 ɢ ɬɨɪɢɣ βγβ, ɨɞɧаɤɨ ɢх ɦɨɠɟɬ ɛɵɬɶ ɢ 
ɛɨɥɶɲɟ), ɢ ɟɫɥɢ ɨɛɨɡɧачɢɬɶ ɤɨɧɰɟɧɬɪаɰɢɢ ɞɟɥящɢхɫя ɧɭɤɥɢɞɨɜ, ɨɛɪаɡɭɸщɢхɫя 
ɩɪɢ яɞɟɪɧɵх ɩɪɟɜɪащɟɧɢях ɜɨɫɩɪɨɢɡɜɨɞящɢх ɧɭɤɥɢɞɨɜ, чɟɪɟɡ k

N  ɝɞɟ k -  

ɢɧɞɟɤɫ ɷɬɢх ɞɟɥящɢхɫя ɧɭɤɥɢɞɨɜ, ɬɨɝɞа аɧаɥɨɝɢчɧɨ ɜɵɲɟɢɡɥɨɠɟɧɧɨɦɭ ɜ 
ɪаɡɞɟɥɟ β ɞɢɫɫɟɪɬаɰɢɢ ɞɥя ɧɢх ɦɵ ɦɨɠɟɦ ɧаɩɢɫаɬɶ ɜɵɪаɠɟɧɢя ɞɥя ɪаɜɧɨɜɟɫɧɨɣ  , ,k

ɪаɜɧN r T t
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ɝɞɟ ɢɧɞɟɤɫ j ɩɪɨɛɟɝаɟɬ ɩɨ ɜɫɟɦ ɜɨɫɩɪɨɢɡɜɨɞящɢɦ ɧɭɤɥɢɞаɦ, а k – ɢɧɞɟɤɫ 
ɫɨɨɬɜɟɬɫɬɜɭɸщɢх ɢɦ ɨɛɪаɡɭɸщɢхɫя ɞɟɥящɢхɫя ɧɭɤɥɢɞɨɜ, 
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,  (ɉ.β0.2) 

ɝɞɟ, ɩɨɞчɟɪɤɧɟɦ ɷɬɨ, ɜ ɩɟɪɜɨɣ ɫɭɦɦɟ ɡɧаɦɟɧаɬɟɥя ɫɭɦɦɢɪɨɜаɧɢɟ ɩɪɨɜɨɞɢɬɫя ɩɨ 
ɜɫɟɦ ɧɭɤɥɢɞаɦ,  ɞɟɥящɟɣɫя ɫɪɟɞɵ (ɜ ɬɨɦ чɢɫɥɟ ɢ ɧɟ ɞɟɥящɢɦɫя ɢ ɧɟ ɬɨɥɶɤɨ  ɩɨ 
ɧɭɤɥɢɞаɦ, ɨɛɪаɡɭɸщɢɦ ɩɟɪɜɨɧачаɥɶɧɵɣ ɫɨɫɬаɜ ɧɭɤɥɢɞɧɨɣ ɤɨɦɩɨɡɢɰɢɢ 
ɞɟɥящɟɣɫя ɫɪɟɞɵ, ɧɨ ɢ ɩɨ ɨɛɪаɡɭɸщɢɦɫя ɧɭɤɥɢɞаɦ), а ɜɨ ɜɬɨɪɨɣ ɫɭɦɦɟ 
ɫɭɦɦɢɪɨɜаɧɢɟ ɩɪɨɜɨɞɢɬɫя ɬɨɥɶɤɨ ɩɨ ɜɫɟɦ ɞɟɥящɢɦɫя ɧɭɤɥɢɞаɦ  ɞɟɥящɟɣɫя 
ɫɪɟɞɵ ɡа ɢɫɤɥɸчɟɧɢɟɦ k –ɬɨɝɨ, ɬɨ ɟɫɬɶ ɬɨɝɨ ɞɟɥящɟɝɨɫя ɧɭɤɥɢɞа, ɞɥя ɤɨɬɨɪɨɝɨ 
ɜɵчɢɫɥяɟɬɫя ɤɪɢɬɢчɟɫɤая ɤɨɧɰɟɧɬɪаɰɢя. 
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Тɨɝɞа ɨɛɨɛщɟɧɧɵɣ ɤɪɢɬɟɪɢɣ Ʌ.ɉ. Ɏɟɨɤɬɢɫɬɨɜа ɦɨɠɧɨ ɫɮɨɪɦɭɥɢɪɨɜаɬɶ 
ɬаɤɢɦ ɨɛɪаɡɨɦ: 

ɟɫɥɢ ɞɥя ɤаɤɨɝɨ-ɥɢɛɨ, ɧаɩɪɢɦɟɪ, k –ɬɨɝɨ, ɢɡ ɜɧɨɜɶ ɨɛɪаɡɭɸщɢхɫя ɞɟɥящɢхɫя 
ɧɭɤɥɢɞɨɜ ɞɟɥящɟɣɫя ɫɪɟɞɵ, ɟɝɨ ɪаɜɧɨɜɟɫɧая ɤɨɧɰɟɧɬɪаɰɢя  tTrN

k

ɪаɜɧ ,,


, 

ɡаɞаɜаɟɦая  ɜɵɪаɠɟɧɢяɦɢ (ɉ.β0.1) ɩɪɟɜɵɫɢɬ ɤɪɢɬɢчɟɫɤɭɸ ɤɨɧɰɟɧɬɪаɰɢɸ ɞɥя 
ɞаɧɧɨɝɨ ɞɟɥящɟɝɨɫя ɧɭɤɥɢɞа  tTrN

k

кɪɢɬ ,,
 , ɡаɞаɜаɟɦɭɸ ɜɵɪаɠɟɧɢɟɦ (ɉ.β0.2), ɬɨ 

ɟɫɬɶ, ɟɫɥɢ  

   tTrNtTrN
k

кɪɢɬ
k

ɪаɜɧ ,,,,
         ɞɥя ɤаɤɨɝɨ-ɥɢɛɨ k, (ɉ.β0.γ) 

ɬɨ ɪɟаɥɢɡɭɟɬɫя ɪɟɠɢɦ ɜɨɥɧɨɜɨɝɨ яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɞɥя ɷɬɨɝɨ  k –ɬɨɝɨ ɧɭɤɥɢɞа, 
ɤɨɬɨɪɵɣ ɛɭɞɟɬ ɫɭщɟɫɬɜɨɜаɬɶ ɩɨɤа  ɫɨɨɬɧɨɲɟɧɢɟ (ɉ.β0.γ) ɛɭɞɟɬ ɜɵɩɨɥɧяɬɶɫя. 

   ɉɨɞчɟɪɤɧɟɦ, чɬɨ ɤаɤ ɫɥɟɞɭɟɬ ɢɡ ɨɛɨɛщɟɧɧɨɝɨ ɤɪɢɬɟɪɢя Ɏɟɨɤɬɢɫɬɨɜа ɜ 
ɧɟɣɬɪɨɧɧɵх ɦɭɥɶɬɢɩɥɢɰɢɪɭɸщɢх ɫɪɟɞах, ɫɨɞɟɪɠащɢх ɤɨɦɩɨɡɢɰɢɸ ɞɟɥящɢхɫя 
ɧɭɤɥɢɞɨɜ, ɦɨɝɭɬ ɫɭщɟɫɬɜɨɜаɬɶ ɧɟɫɤɨɥɶɤɨ ɜɨɥɧ яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя (ɫɜяɡаɧɧɵх ɫ 
ɪаɡɥɢчɧɵɦɢ ɜɨɫɩɪɨɢɡɜɨɞящɢɦɢ ɰɟɩɨчɤаɦɢ ɧɭɤɥɢɞɨɜ) ɢ ɬɨ, чɬɨ ɢɡɦɟɧɟɧɢɟ 
ɤаɤɨɝɨ-ɥɢɛɨ ɩаɪаɦɟɬɪа (ɧаɩɨɦɧɢɦ, чɬɨ ɤаɤ  ɭɠɟ ɭɤаɡɵɜаɥɨɫɶ ɜɵɲɟ, ɪаɜɧɨɜɟɫɧая 
ɩɨ Ɏɟɨɤɬɢɫɬɨɜɭ ɤɨɧɰɟɧɬɪаɰɢя  , ,k

ɪаɜɧN r T t


 ɢ ɤɪɢɬɢчɟɫɤая ɤɨɧɰɟɧɬɪаɰɢя 
ɞɟɥящɟɝɨɫя ɧɭɤɥɢɞа  tTrN

k

кɪɢɬ ,,


 ɡаɜɢɫяɬ ɨɬ ɷɧɟɪɝɟɬɢчɟɫɤɨɝɨ ɫɩɟɤɬɪа ɧɟɣɬɪɨɧɨɜ, 
ɢɡɦɟɧяɸщɟɝɨɫя ɫ ɢɡɦɟɧɟɧɢɟɦ ɧɭɤɥɢɞɧɨɝɨ ɫɨɫɬаɜа, ɧɭɤɥɢɞɧɨɝɨ ɫɨɫɬаɜа ɢ 
ɜɧɟɲɧɢх ɩаɪаɦɟɬɪɨɜ, ɬаɤɢх ɤаɤ ɬɟɦɩɟɪаɬɭɪа, ɞаɜɥɟɧɢɟ ɢ ɝɟɨɦɟɬɪɢя, ɞɟɥящɟɣɫя 
ɫɪɟɞɵ), ɩɪɢɜɨɞящɟɟ ɤ ɧаɪɭɲɟɧɢɸ (ɉ.β0.γ)  ɜɵɡɨɜɟɬ ɩɪɟɤɪащɟɧɢɟ ɜɨɥɧɨɜɨɝɨ 
яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя.           

 Ɋɟɡɭɥɶɬаɬɵ ɪаɡɞɟɥа  β ɢ аɧаɥɢɡ ɜɵɪаɠɟɧɢя ɞɥя ɤɪɢɬɢчɟɫɤɨɣ ɤɨɧɰɟɧɬɪаɰɢɢ 
ɞɟɥящɟɝɨɫя ɧɭɤɥɢɞа (ɉ.β0.β)  (ɢɥɢ ɞɥя чаɫɬɧɨɝɨ ɫɥɭчая ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɣ ɫɪɟɞɵ 
(2.29)), ɩɨɤаɡɵɜаɟɬ, чɬɨ ɛɥаɝɨɞаɪя ɜɬɨɪɨɣ ɫɭɦɦɟ, ɜхɨɞящɟɣ ɜ чɢɫɥɢɬɟɥɶ 
ɜɵɪаɠɟɧɢя (ɉ.β0.β) ɫ ɨɬɪɢɰаɬɟɥɶɧɵɦ ɡɧаɤɨɦ ɢ ɫɨɞɟɪɠащɟɣ ɫɥаɝаɟɦɵɟ ɞɥя ɜɫɟх 
ɞɟɥящɢхɫя ɧɭɤɥɢɞɨɜ ɫɦɟɫɢ ɡа ɢɫɤɥɸчɟɧɢɟɦ ɞɟɥящɟɝɨɫя ɧɭɤɥɢɞа, ɞɥя ɤɨɬɨɪɨɝɨ 
ɪаɫɫчɢɬɵɜаɟɬɫя ɤɪɢɬɢчɟɫɤая ɤɨɧɰɟɧɬɪаɰɢя ɢ ɤɨɬɨɪɵɣ ɜхɨɞɢɬ ɜ 
ɫɨɨɬɜɟɬɫɬɜɭɸщɭɸ ɜɨɫɩɪɨɢɡɜɨɞящɭɸ ɰɟɩɨчɤɭ ɧɭɤɥɢɞɨɜ, ɨɬɜɟɬɫɬɜɟɧɧɭɸ ɡа 
ɞаɧɧɭɸ ɜɨɥɧɭ яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя, ɦɨɠɧɨ ɢɡɦɟɧяɬɶ ɤɪɢɬɢчɟɫɤɨɟ ɡɧачɟɧɢɟ ɞɥя 
ɞаɧɧɨɝɨ ɞɟɥящɟɝɨɫя ɧɭɤɥɢɞа ɢɡɦɟɧяя ɤɨɧɰɟɧɬɪаɰɢɸ ɞɪɭɝɢх ɞɟɥящɢхɫя 
ɧɭɤɥɢɞɨɜ ɜ ɞɟɥящɟɣɫя ɫɪɟɞɟ. ɇаɩɪɢɦɟɪ, ɞɥя ɷɬɨɝɨ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜаɬɶ 
ɩɪɟɞɜаɪɢɬɟɥɶɧɨɟ ɨɛɨɝащɟɧɢɟ ɧачаɥɶɧɨɣ ɞɟɥящɟɣɫя ɫɪɟɞɵ ɞɟɥящɢɦɫя ɧɭɤɥɢɞɨɦ 

U
235

92 , ɧɟ ɜхɨɞящɢɦ ɜ ɢɡɜɟɫɬɧɵɟ ɜɨɫɩɪɨɢɡɜɨɞящɢɟ ɰɟɩɨчɤɢ ɧɭɤɥɢɞɨɜ. ɉɪɢ ɷɬɨɦ 
ɫɬɟɩɟɧɶ ɨɛɨɝащɟɧɢя ɧачаɥɶɧɨɣ ɞɟɥящɟɣɫя ɫɪɟɞɵ ɞɟɥящɢɦɫя ɧɭɤɥɢɞɨɦ U

235

92  

ɞɨɥɠɧа ɛɵɬɶ ɬаɤɨɣ, чɬɨɛɵ ɛɟɡ ɜɧɟɲɧɟɝɨ ɨɛɥɭчɟɧɢя ɫɪɟɞа ɨɫɬаɜаɥаɫɶ ɜ 
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ɩɨɞɤɪɢɬɢчɟɫɤɨɦ ɫɨɫɬɨяɧɢɢ ɢ ɜɨɫɩɪɨɢɡɜɨɞɫɬɜɨ ɩɪɢ ɜɧɟɲɧɟɦ ɨɛɥɭчɟɧɢɢ 
ɧɟɣɬɪɨɧаɦɢ ɧɨɜɨɝɨ, ɧаɩɪɢɦɟɪ, k –ɬɨɝɨ ɞɟɥящɟɝɨɫя ɧɭɤɥɢɞа ɜ ɤɨɧɰɟɧɬɪаɰɢɢ 
ɛɨɥɶɲɟɣ k

кɪɢɬN  (ɪаɫɫчɢɬаɧɧɨɝɨ ɫ ɩɨɦɨщɶɸ (ɉ.β0.β) ɩɪɢ ɡаɞаɧɧɨɣ ɤɨɧɰɟɧɬɪаɰɢɢ 
U

235

92 ), ɧɨ ɦɟɧɶɲɟɣ k

ɪаɜɧN  (ɪаɫɫчɢɬаɧɧɨɝɨ ɫ ɩɨɦɨщɶɸ (ɉ.β0.γ)) ɩɟɪɟɜɨɞɢɥɨ 
ɥɨɤаɥɶɧɭɸ ɨɛɥаɫɬɶ ɞɟɥящɟɣɫя ɫɪɟɞɵ ɜ ɧаɞɤɪɢɬɢчɟɫɤɨɟ ɫɨɫɬɨяɧɢɟ, ɬɨ ɟɫɬɶ, 
чɬɨɛɵ ɞɥя ɞаɧɧɨɝɨ k –ɬɨɝɨ ɞɟɥящɟɝɨɫя ɧɭɤɥɢɞа  ɥɨɤаɥɶɧɨ ɜɵɩɨɥɧяɥɫя ɤɪɢɬɟɪɢɣ 
Ɏɟɨɤɬɢɫɬɨɜа  ɢ, ɫɥɟɞɨɜаɬɟɥɶɧɨ, ɩɪɨɢɫхɨɞɢɥɨ ɨɛɪаɡɨɜаɧɢɟ ɜɨɥɧɨɜɨɝɨ ɪɟɠɢɦа 
ɝɨɪɟɧɢя. 

 ɉɪɨɢɥɥɸɫɬɪɢɪɨɜаɬɶ ɷɬɨ ɦɨɠɧɨ ɬаɤɠɟ ɧа ɩɪɢɦɟɪɟ ɨɰɟɧɤɢ ɜɵɩɨɥɧɟɧɢя 
ɤɪɢɬɟɪɢя Ʌ.ɉ. Ɏɟɨɤɬɢɫɬɨɜа, ɩɪɨɜɟɞɟɧɧɨɣ ɜ ɪаɛɨɬɟ [9Ж ɞɥя ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɣ 
ɫɪɟɞɵ ɞɥя ɬɟɩɥɨɜɵх ɧɟɣɬɪɨɧɨɜ. В ɪаɛɨɬɟ [9Ж ɪаɫɫɦаɬɪɢɜаɥаɫɶ ɬɨɥɶɤɨ 
ɜɨɫɩɪɨɢɡɜɨɞящая ɰɟɩɨчɤа PuU

239

94

238

92   ɛɟɡ ɪаɫɫɦɨɬɪɟɧɢя ɜɨɡɦɨɠɧɨɝɨ 
ɩɪɟɞɜаɪɢɬɟɥɶɧɨɝɨ ɨɛɨɝащɟɧɢя  ɜɨɫɩɪɨɢɡɜɨɞящɟɝɨ U

238

92  ɞɟɥящɢɦɫя 
ɧɭɤɥɢɞɨɦ U

235

92 . Ɉɰɟɧɤа ɞɥя ɪаɜɧɨɜɟɫɧɨɣ ɤɨɧɰɟɧɬɪаɰɢɢ Pu
239

94 ɞɥя ɬɟɩɥɨɜɵх 
ɪɟаɤɬɨɪɨɜ ɩɪɨɢɡɜɨɞɢɥаɫɶ ɫ ɩɨɦɨщɶɸ ɜɵɪаɠɟɧɢя (β.β1) ɩɪɢ ɫɨɨɬɜɟɬɫɬɜɭɸщɢх 
ɡɧачɟɧɢях ɫɟчɟɧɢɣ ɞɥя ɬɟɩɥɨɜɵх ɧɟɣɬɪɨɧɨɜ ɢ ɩɪɢ ɫɬɨ ɩɪɨɰɟɧɬɧɨɣ ɧачаɥɶɧɨɣ 
ɤɨɧɰɟɧɬɪаɰɢɢ U

238

92  ɢ ɛɵɥɨ ɩɨɥɭчɟɧɨ 25,0
239
94 Pu

ɪаɜɧN %. Таɤ ɤаɤ, ɢɡɜɟɫɬɧɨ, чɬɨ 
ɤɪɢɬɢчɟɫɤая ɤɨɧɰɟɧɬɪаɰɢɢ ɞɟɥящɟɝɨɫя ɧɭɤɥɢɞа ɞɥя ɬɟɩɥɨɜɵх ɪɟаɤɬɨɪɨɜ ɪаɜɧа 
0,7% - γ%, ɬɨ ɜ Д9Ж ɛɵɥ ɫɞɟɥаɧ ɜɵɜɨɞ  ɨ ɧɟ ɪɟаɥɢɡаɰɢɢ ɪɟɠɢɦа ɜɨɥɧɨɜɨɝɨ 
яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɞɥя ɬɟɩɥɨɜɵх яɞɟɪɧɵх ɪɟаɤɬɨɪɨɜ, ɬаɤ ɤаɤ ɪаɜɧɨɜɟɫɧая 
ɤɨɧɰɟɧɬɪаɰɢя ɩɥɭɬɨɧɢя ɦɟɧɶɲɟ ɤɪɢɬɢчɟɫɤɨɣ, ɬɨ ɟɫɬɶ ɧɟ ɜɵɩɨɥɧяɟɬɫя ɤɪɢɬɟɪɢɣ 
Ʌ.ɉ. Ɏɟɨɤɬɢɫɬɨɜа. ȿɫɥɢ ɦɵ ɩɪɟɞɩɨɥɨɠɢɦ, чɬɨ ɩɪɟɞɜаɪɢɬɟɥɶɧɨ ɫɪɟɞа 
ɜɨɫɩɪɨɢɡɜɨɞящɟɝɨ U

238

92  ɛɵɥа ɨɛɨɝащɟɧа ɞɟɥящɢɦɫя ɧɭɤɥɢɞɨɦ U
235

92  ɜ ɬаɤɨɣ 
ɤɨɧɰɟɧɬɪаɰɢɢ, чɬɨɛɵ ɞɟɥящаяɫя ɫɪɟɞа ɨɫɬаɜаɥаɫɶ ɜ ɩɨɞɤɪɢɬɢчɟɫɤɨɦ ɫɨɫɬɨяɧɢɢ 

(ɤɨɧɰɟɧɬɪаɰɢя U
235

92 < 0,7% - 3% ɜ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩа ɬɟɩɥɨɜɨɝɨ яɞɟɪɧɨɝɨ 
ɪɟаɤɬɨɪа) ɩɨ ɞɟɥящɟɦɭɫя ɧɭɤɥɢɞɭ U

235

92  ɩɨɤа ɜ ɧɟɣ ɩɪɢ ɜɧɟɲɧɟɦ ɥɨɤаɥɶɧɨɦ 
ɨɛɥɭчɟɧɢɢ ɧɟɣɬɪɨɧаɦɢ ɧɟ ɜɨɫɩɪɨɢɡɜɟɞɟɬɫя ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɰɟɩɨчɤɨɣ 

PuU
239

94

238

92   ɬаɤɨɟ ɤɨɥɢчɟɫɬɜɨ ɞɟɥящɟɝɨɫя ɧɭɤɥɢɞа Pu
239

94 , ɤɨɬɨɪɨɟ ɜɵɡɨɜɟɬ ɩɟɪɟхɨɞ 
ɥɨɤаɥɶɧɨɣ ɨɛɥаɫɬɢ ɞɟɥящɟɣɫя ɫɪɟɞɵ, ɛɥɢɠаɣɲɟɣ ɤ ɜɧɟɲɧɟɦɭ ɢɫɬɨчɧɢɤɭ 

ɧɟɣɬɪɨɧɨɜ, ɜ ɧаɞɤɪɢɬɢчɟɫɤɨɟ ɫɨɫɬɨяɧɢɟ (ɩɨ ɫɭɦɦɟ ɨɛɨɢх ɞɟɥящɢхɫя ɧɭɤɥɢɞɨɜ 
U

235

92 ɢ Pu
239

94 ) ɢ ɤɨɬɨɪɨɟ ɞɨɥɠɧɨ ɛɵɬɶ ɦɟɧɶɲɟ ɨɰɟɧɤɢ ɪаɜɧɨɜɟɫɧɨɣ ɤɨɧɰɟɧɬɪаɰɢɢ 
ɞɥя ɧɭɤɥɢɞа Pu

239

94  ɞɥя ɬɟɩɥɨɜɵх ɪɟаɤɬɨɪɨɜ 25,0
239
94 Pu

ɪаɜɧN %. ɇаɩɪɢɦɟɪ, 
ɩɪɟɞɩɨɥɨɠɢɦ, чɬɨ ɤɪɢɬɢчɟɫɤая ɤɨɧɰɟɧɬɪаɰɢя ɞɟɥящɢхɫя ɧɭɤɥɢɞɨɜ ɪаɜɧа 1,90% 

U
235

92  + 0,10% Pu
239

94  ɢ чɬɨ ɩɪɟɞɜаɪɢɬɟɥɶɧɨɟ ɨɛɨɝащɟɧɢɟ ɜɨɫɩɪɨɢɡɜɨɞящɟɝɨ U
238

92  

ɪаɜɧɨ 1,9η% U
235

92 , ɬɨɝɞа, ɬаɤ ɤаɤ ɪаɜɧɨɜɟɫɧая ɤɨɧɰɟɧɬɪаɰɢя Pu

ɪаɜɧN
239
94 0,βη% , ɬɨ 

ɩɪɢ ɜɧɟɲɧɟɦ ɥɨɤаɥɶɧɵɦ ɨɛɥɭчɟɧɢɟɦ ɧɟɣɬɪɨɧаɦɢ ɛɭɞɟɬ ɜɨɫɩɪɨɢɡɜɨɞɢɬɶɫя 
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ɩɥɭɬɨɧɢɣ Pu
239

94  (ɩɪɢчɟɦ, ɟɝɨ ɤɨɧɰɟɧɬɪаɰɢя ɛɭɞɟɬ ɪаɫɬɢ, ɫɬɪɟɦяɫɶ ɤ ɪаɜɧɨɜɟɫɧɨɣ) 
ɢ ɩɪɢ ɤɨɧɰɟɧɬɪаɰɢɢ ɩɥɭɬɨɧɢя Pu

239

94  ɛɨɥɶɲɟɣ  0,10% (ɧаɩɪɢɦɟɪ, ɩɪɢ ɥɨɤаɥɶɧɨɣ 
ɤɨɧɰɟɧɬɪаɰɢɢ 0,11% Pu

239

94 ) ɞɨɥɠɧɨ ɜɨɡɧɢɤаɬɶ ɥɨɤаɥɶɧɨ ɧаɞɤɪɢɬɢчɟɫɤɨɟ 
ɫɨɫɬɨяɧɢɟ ɞɟɥящɟɣɫя ɫɪɟɞɵ (ɡɞɟɫɶ ɦɵ ɩɪɟɞɩɨɥаɝаɟɦ, чɬɨ ɜɵɝɨɪаɧɢɟɦ ɭɪаɧа U

235

92  

ɡа ɷɬɨ ɜɪɟɦя ɪаɜɧɨ 0,0η%), а, ɫɥɟɞɨɜаɬɟɥɶɧɨ, ɜɨɡɧɢɤаɟɬ ɜɨɥɧɨɜɨɣ ɪɟɠɢɦ ɝɨɪɟɧɢя 
ɢ ɜ ɬɟɩɥɨɜɨɣ ɨɛɥаɫɬɢ ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ. Эɬɢ ɪаɫɫɭɠɞɟɧɢя ɩɨɞɬɜɟɪɠɞаɸɬɫя ɢ 
ɪɟɡɭɥɶɬаɬаɦɢ ɪаɫчɟɬɨɜ, ɩɪɟɞɫɬаɜɥɟɧɧɵɦɢ ɜ ɪаɡɞɟɥɟ β ɞɢɫɫɟɪɬаɰɢɢ. 

ɂɡ ɩɪаɤɬɢɤɢ ɷɤɫɩɥɭаɬаɰɢɢ ɬɟɩɥɨɜɵх ɪɟаɤɬɨɪɨɜ ɢɡɜɟɫɬɧɨ, чɬɨ ɩɨɫɥɟ 
ɨɛɧɨɜɥɟɧɢя ɬɜɷɥɨɜ ɢ ɩɨɫɥɟ ɜɵɜɨɞа ɪɟаɤɬɨɪа ɧа ɪаɛɨчɭɸ ɦɨщɧɨɫɬɶ, ɧɟɤɨɬɨɪɨɟ 
ɜɪɟɦя ɧаɛɥɸɞаɟɬɫя ɪɨɫɬ ɪɟаɤɬɢɜɧɨɫɬɢ ɪɟаɤɬɨɪа, ɫɜяɡаɧɧɵɣ ɫ ɨɛɪаɡɨɜаɧɢɟɦ 
ɩɥɭɬɨɧɢя, ɤɨɬɨɪɨɟ ɧɟ ɬɨɥɶɤɨ ɤɨɦɩɟɧɫɢɪɭɟɬ ɫɧɢɠɟɧɢɟ ɪɟаɤɬɢɜɧɨɫɬɢ, ɜɵɡɜаɧɧɨɟ 
ɜɵɝɨɪаɧɢɟɦ ɭɪаɧа U

235

92 , ɧɨ ɢ ɩɪɢɜɨɞɢɬ ɤ ɪɨɫɬɭ ɪɟаɤɬɢɜɧɨɫɬɢ ɪɟаɤɬɨɪа. Эɬɨɬ ɪɨɫɬ 
ɪɟаɤɬɢɜɧɨɫɬɢ ɪɟаɤɬɨɪа ɤɨɧɬɪɨɥɢɪɭɟɬɫя ɫɢɫɬɟɦɨɣ ɭɩɪаɜɥɟɧɢя ɢ ɡащɢɬɵ (ɋɍɁ) 
ɪɟаɤɬɨɪа, ɨɛɟɫɩɟчɢɜаɸщɟɣ ɛɟɡаɜаɪɢɣɧɭɸ ɪаɛɨɬɭ ɪɟаɤɬɨɪа. əɫɧɨ, чɬɨ ɟɫɥɢ ɛɵ ɧɟ 
ɛɵɥɨ ɜɥɢяɧɢя ɫɢɫɬɟɦɵ ɋɍɁ ɪɟаɤɬɨɪа, ɬɨ ɞɨɥɠɟɧ ɛɵ ɪɟаɥɢɡɨɜɵɜаɬɶɫя ɪɟɠɢɦ 
ɜɨɥɧɨɜɨɝɨ яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя. Вɨɡɦɨɠɧɨ, ɪɟɠɢɦ ɜɨɥɧɨɜɨɝɨ яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя 
ɪɟаɥɢɡɭɟɬɫя ɜ ɞɟɣɫɬɜɭɸщɢх ɪɟаɤɬɨɪах ɢ ɩɨɞ ɤɨɧɬɪɨɥɟɦ ɋɍɁ.  

ɉɪɟɞɩɨɥɨɠɢɦ, чɬɨ ɜ ɬɟɩɥɨɜɨɦ яɞɟɪɧɨɦ ɪɟаɤɬɨɪɟ ɭɛɪаɧа ɫɜɟɪхɤɪɢɬɢчɟɫɤая 
ɡаɝɪɭɡɤа ɬɨɩɥɢɜа, ɬɨ ɟɫɬɶ, ɪɟаɤɬɨɪ ɩɟɪɟɜɟɞɟɧ ɜ ɩɨɞɤɪɢɬɢчɟɫɤɨɟ ɫɨɫɬɨяɧɢɟ, ɞɥя 
ɤɨɬɨɪɨɝɨ ɦɨɠɧɨ ɛɟɡɨɩаɫɧɨ ɜɵɜɟɫɬɢ ɢɡ аɤɬɢɜɧɨɣ ɡɨɧɵ ɜɫɟ ɫɬɟɪɠɧɢ ɋɍɁ, 
ɨɬɤɥɸчɟɧа ɫɢɫɬɟɦа ɋɍɁ ɢ ɫ ɩɨɦɨщɶɸ ɜɧɟɲɧɟɝɨ ɢɫɬɨчɧɢɤа ɧɟɣɬɪɨɧɨɜ ɥɨɤаɥɶɧɨ 
ɨɛɥɭчаɟɬɫя аɤɬɢɜɧая ɡɨɧа ɪɟаɤɬɨɪа, ɬɨɝɞа чɟɪɟɡ ɧɟɤɨɬɨɪɨɟ ɜɪɟɦя (ɜɪɟɦя 
«ɩɨɞɠɢɝа») ɜ аɤɬɢɜɧɨɣ ɡɨɧɟ яɞɟɪɧɨɝɨ ɪɟаɤɬɨɪа ɜɨɡɧɢɤɧɟɬ ɜɨɥɧа яɞɟɪɧɨɝɨ 
ɝɨɪɟɧɢя. 

Вɨɡɦɨɠɧɨɫɬɶ ɢɡɦɟɧяɬɶ ɤɪɢɬɢчɟɫɤɭɸ ɤɨɧɰɟɧɬɪаɰɢɸ ɞɟɥящɟɝɨɫя ɧɭɤɥɢɞа, 
ɨɬɜɟɬɫɬɜɟɧɧɨɝɨ ɡа ɜɨɥɧɨɜɨɟ ɝɨɪɟɧɢɟ, ɜ ɫɥɨɠɧɵх ɤɨɦɩɨɡɢɰɢях ɧɭɤɥɢɞɨɜ 
ɩɨɫɪɟɞɫɬɜɨɦ ɢɡɦɟɧɟɧɢя ɧачаɥɶɧɵх ɤɨɧɰɟɧɬɪаɰɢɣ ɞɟɥящɢхɫя ɧɭɤɥɢɞɨɜ, 
ɩɪɟɞɫɬаɜɥяɟɬɫя ɤɪаɣɧɟ ɜаɠɧɵɦ, ɬаɤ ɤаɤ ɩɨɡɜɨɥяɟɬ ɜɥɢяɬɶ, ɤаɤ ɫɥɟɞɭɟɬ ɢɡ ɜɵɲɟ 
ɩɪɟɞɫɬаɜɥɟɧɧɵх ɜ ɪаɡɞɟɥах β ɢ γ ɞɢɫɫɟɪɬаɰɢɢ ɧа ɷɧɟɪɝɟɬɢчɟɫɤɢɣ ɫɩɟɤɬɪ 
ɧɟɣɬɪɨɧɨɜ, ɫɤɨɪɨɫɬɶ ɜɨɥɧɵ, ɫɬɟɩɟɧɶ ɜɵɝɨɪаɧɢя ɧɭɤɥɢɞɨɜ, ɜɪɟɦя ɩɨɞɠɢɝа ɢ 
ɧɟɨɛхɨɞɢɦɭɸ ɞɥя ɷɬɨɝɨ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɜɧɟɲɧɟɝɨ ɢɫɬɨчɧɢɤа. ɋɥɟɞɨɜаɬɟɥɶɧɨ, 
ɩɨяɜɥяɟɬɫя ɞɨɩɨɥɧɢɬɟɥɶɧая ɜɨɡɦɨɠɧɨɫɬɶ ɭɩɪаɜɥяɬɶ ɪɟɠɢɦɨɦ ɝɨɪɟɧɢя, чɬɨ 
ɩɪɨɫɬɨ ɧɟɨɛхɨɞɢɦɨ ɩɪɢ ɪаɡɪаɛɨɬɤɟ ɬɟхɧɢчɟɫɤɢх ɜɨɥɧɨɜɵх ɪɟаɤɬɨɪɨɜ ɬɢɩа Ʌ. ɉ. 
Ɏɟɨɤɬɢɫɬɨɜа. 
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ɏɨчɟɬɫя ɨɬɦɟɬɢɬɶ, чɬɨ ɩɪɢɪɨɞа ɩɪɟɞɭɫɦɨɬɪɟɥа ɞɥя ɧаɫ ɜɨɡɦɨɠɧɨɫɬɶ 
аɤɬɢɜɧɨ ɷɬɨ ɢɫɩɨɥɶɡɨɜаɬɶ, ɨɛɟɫɩɟчɢɜ ɫɭщɟɫɬɜɨɜаɧɢɟ ɞɟɥящɟɝɨɫя ɧɭɤɥɢɞа U

235

92 , 

ɧɟ ɜхɨɞящɟɝɨ ɜ ɢɡɜɟɫɬɧɵɟ ɜɨɫɩɪɨɢɡɜɨɞящɢɟ ɰɟɩɨчɤɢ ɧɭɤɥɢɞɨɜ. 

ɉɪɟɞɫɬаɜɥяɟɬɫя ɬаɤɠɟ ɢɧɬɟɪɟɫɧɵɦ ɢɫɩɨɥɶɡɨɜаɬɶ ɫɦɟɫɢ ɢɡ 
ɜɨɫɩɪɨɢɡɜɨɞящɢх ɭɪаɧа U

238

92  ɢ ɬɨɪɢя Th
232

90 , ɬаɤ ɤаɤ ɜɪɟɦɟɧа ɜɨɫɩɪɨɢɡɜɨɞɫɬɜа ɢɦɢ 
ɞɟɥящɢхɫя ɧɭɤɥɢɞɨɜ ɩɥɭɬɨɧɢя Pu

239

94 ɢ ɭɪаɧа U
233

92  ɫɭщɟɫɬɜɟɧɧɨ ɪаɡɥɢчаɸɬɫя. 

Аɧаɥɢɡ ɜɵɪаɠɟɧɢя (ɉ.β0.β)  ɩɨɤаɡɵɜаɟɬ ɬаɤɠɟ (ɩɟɪɜая ɫɭɦɦа ɜ чɢɫɥɢɬɟɥɟ 
ɜɵɪаɠɟɧɢя), чɬɨ ɨɛɪаɡɨɜаɧɢɟ ɧɭɤɥɢɞɨɜ ɫ ɜɵɫɨɤɢɦ ɫɟчɟɧɢɟɦ ɩɨɝɥɨщɟɧɢя 
ɧɟɣɬɪɨɧɨɜ (ɧаɩɪɢɦɟɪ, ɤɫɟɧɨɧ Xe

135

54  ɢ Sm
149

62 ), ɦɨɠɟɬ ɩɨɜɵɫɢɬɶ ɤɪɢɬɢчɟɫɤɨɟ 
ɡɧачɟɧɢɟ ɞɟɥящɟɝɨɫя ɧɭɤɥɢɞа ɢ ɤаɤ, ɫɥɟɞɫɬɜɢɟ, ɩɨɝаɫɢɬɶ ɜɨɥɧɨɜɨɟ ɝɨɪɟɧɢɟ. 

Вɵɲɟɢɡɥɨɠɟɧɧɵɣ ɤачɟɫɬɜɟɧɧɵɣ аɧаɥɢɡ ɨɛɨɛщɟɧɧɨɝɨ ɤɪɢɬɟɪɢя, 
ɩɪɨяɫɧяɟɬ ɜɨɡɦɨɠɧɵɟ ɦɟхаɧɢɡɦɵ ɜɨɡɧɢɤɧɨɜɟɧɢя (ɩɨɞɠɢɝа) ɜɨɥɧɨɜɨɝɨ 
ɝɟɨɪɟɤɬɨɪа.  

Дɟɣɫɬɜɢɬɟɥɶɧɨ, ɩɪɟɞɩɨɥɨɠɢɦ, ɤаɤ ɷɬɨ ɜɩɟɪɜɵɟ ɛɵɥɨ ɫɞɟɥаɧɨ ɜ ɪаɛɨɬɟ [2] , 

чɬɨ ɩɨɞɠɢɝ ɜɨɥɧɵ яɞɟɪɧɨɝɨ  ɝɨɪɟɧɢя ɝɟɨɪɟаɤɬɨɪа, ɞɟɣɫɬɜɭɸщɟɝɨ ɧа ɝɪаɧɢɰɟ 
ɠɢɞɤɨɝɨ ɢ ɬɜɟɪɞɨɝɨ яɞɪа Ɂɟɦɥɢ, ɨɫɭщɟɫɬɜɥяɟɬɫя ɧɟɣɬɪɨɧаɦɢ, ɨɛɪаɡɨɜаɜɲɢɦɢɫя 
ɜ ɪɟɡɭɥɶɬаɬɟ ɰɟɩɨчɤɢ ɜɡаɢɦɨɞɟɣɫɬɜɢɣ, ɜ ɧачаɥɟ ɤɨɬɨɪɨɣ ɧахɨɞɢɬɫя 
ɜɡаɢɦɨɞɟɣɫɬɜɢɟ ɦɟɠɝаɥаɤɬɢчɟɫɤɨɝɨ ɜɵɫɨɤɨɷɧɟɪɝɟɬɢчɟɫɤɨɝɨ ɩɪɨɬɨɧа ( 2210E ɷВ) 
ɫ аɬɦɨɫɮɟɪɨɣ Ɂɟɦɥɢ. Эɬɨ ɜɡаɢɦɨɞɟɣɫɬɜɢɟ ɪɨɠɞаɟɬ ɩɨɬɨɤ ɧɟɣɬɪɢɧɨ, ɤɨɬɨɪɵɟ, 
ɞɨɥɟɬая ɞɨ ɝɪаɧɢɰɵ ɠɢɞɤɨɝɨ ɢ ɬɜɟɪɞɨɝɨ яɞɪа Ɂɟɦɥɢ ɢ ɜɡаɢɦɨɞɟɣɫɬɜɭя ɫ 
ɬяɠɟɥɵɦɢ яɞɪаɦɢ ɫɪɟɞɵ яɞɪа Ɂɟɦɥɢ, ɜ ɫɜɨɸ ɨчɟɪɟɞɶ ɪɨɠɞаɸɬ ɧɟɣɬɪɨɧɵ. 

ɉɨɥɭчɟɧɧɵɟ ɜ [2] ɨɰɟɧɤɢ ɩɨɤаɡɵɜаɸɬ, чɬɨ ɜ ɪɟɡɭɥɶɬаɬɟ ɬаɤɨɣ ɰɟɩɨчɤɢ 
яɞɟɪɧɵх ɜɡаɢɦɨɞɟɣɫɬɜɢɣ  ɦɨɠɟɬ ɪɨɞɢɬɶɫя з 810  ɛɵɫɬɪɵх ɧɟɣɬɪɨɧɨɜ ( 1nE ɆɷВ). 
Эɬɨɝɨ ɤɨɥɢчɟɫɬɜа ɧɟɣɬɪɨɧɨɜ ɧɟɞɨɫɬаɬɨчɧɨ ɞɥя ɬɨɝɨ, чɬɨɛɵ ɫɨɡɞаɬɶ 
ɤɨɧɰɟɧɬɪаɰɢɸ ɩɥɭɬɨɧɢя βγ9 ɩɪɟɜɵɲаɸщɭɸ ɤɪɢɬɢчɟɫɤɭɸ ɤɨɧɰɟɧɬɪаɰɢɸ 
ɩɥɭɬɨɧɢя ɞɥя ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɝɨ ɛɵɫɬɪɨɝɨ ɪɟаɤɬɨɪа, ɪаɜɧɭɸ  з 1η% (ɧаɩɪɢɦɟɪ, 

[9,13,286]).  

Ɉɞɧаɤɨ, ɟɫɥɢ ɭчɟɫɬɶ ɫɥɨɠɧɭɸ ɤɨɦɩɨɡɢɰɢɸ ɧɭɤɥɢɞɨɜ ɜ ɨɛɥаɫɬɢ 
ɫɭщɟɫɬɜɨɜаɧɢя ɝɟɨɪɟаɤɬɨɪа (ɫɦ. ɧаɩɪɢɦɟɪ, ɤаɤ ɷɬɨ ɛɵɥɨ ɫɞɟɥаɧɨ ɜ ɪаɡɞɟɥɟ 3.3 

ɞɢɫɫɟɪɬаɰɢɢ), ɜɨɡɦɨɠɧɨɫɬɶ ɪɟаɥɢɡаɰɢɢ ɜɨɥɧɨɜɨɝɨ ɪɟɠɢɦа ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ 
ɝɨɪɟɧɢя ɧɟ ɬɨɥɶɤɨ ɜ ɛɵɫɬɪɨɣ, ɧɨ ɢ ɜ ɧаɞɬɟɩɥɨɜɨɣ ɢ ɬɟɩɥɨɜɨɣ ɨɛɥаɫɬях ɷɧɟɪɝɢɣ 
ɧɟɣɬɪɨɧɨɜ (ɫɦ. ɪаɡɞɟɥ β) ɢ ɜɵɫɨɤɢɟ ɬɟɦɩɟɪаɬɭɪɵ (ɫɦ. ɜ ɪаɡɞɟɥɟ γ ɡаɜɢɫɢɦɨɫɬɢ 
ɫɟчɟɧɢɣ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɞɟɥящɟɣɫя ɫɪɟɞɵ, ɤɨɬɨɪɵɟ ɜхɨɞяɬ ɜ ɜɵɪаɠɟɧɢя (ɉ.β0.1) 

ɢ (ɉ.β0.β) ɞɥя ɪаɜɧɨɜɟɫɧɨɣ ɢ ɤɪɢɬɢчɟɫɤɨɣ ɤɨɧɰɟɧɬɪаɰɢɣ, а, ɫɥɟɞɨɜаɬɟɥɶɧɨ, 

ɨɛɭɫɥɨɜɥɢɜаɸɬ ɢх ɡаɜɢɫɢɦɨɫɬɶ ɨɬ ɬɟɦɩɟɪаɬɭɪɵ ɢ ɬɟɦ ɫаɦɵɦ ɡаɜɢɫɢɦɨɫɬɶ ɨɬ 
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ɬɟɦɩɟɪаɬɭɪɵ ɤɪɢɬɟɪɢя Ʌ.ɉ. Ɏɟɨɤɬɢɫɬɨɜа), а ɬаɤɠɟ ɜɨɡɦɨɠɧɭɸ ɪɟаɥɢɡаɰɢɸ 
ɪɟɠɢɦɨɜ ɫ ɨɛɨɫɬɪɟɧɢɟɦ Ʉɭɪɞɸɦɨɜа (ɫɦ. ɪаɡɞɟɥ γ ɞɢɫɫɟɪɬаɰɢɢ), ɬɨ ɨɰɟɧɤɢ ɢ 
ɜɵɜɨɞɵ ɦɟɧяɸɬɫя.  

Дɟɣɫɬɜɢɬɟɥɶɧɨ, ɜɨ-ɩɟɪɜɵх, ɤаɤ ɫɥɟɞɭɟɬ ɢɡ ɜɵɲɟɢɡɥɨɠɟɧɧɨɝɨ ɜɨɥɧɨɜɨɣ 
ɪɟɠɢɦ ɝɨɪɟɧɢя ɦɨɠɟɬ ɪɟаɥɢɡɨɜаɬɶɫя ɧɟ ɬɨɥɶɤɨ ɞɥя ɛɵɫɬɪɵх ɧɟɣɬɪɨɧɨɜ, ɧɨ ɢ ɞɥя 
ɬɟɩɥɨɜɵх ɧɟɣɬɪɨɧɨɜ (ɫɪɟɞɧяя ɷɧɟɪɝɢя ɧɟɣɬɪɨɧɨɜ nE  0,0βηɷВ) ɢ ɧаɞɬɟɩɥɨɜɵх 
ɧɟɣɬɪɨɧɨɜ (ɫɪɟɞɧяя ɷɧɟɪɝɢя ɧɟɣɬɪɨɧɨɜ nE  3,0) (ɜ ɤачɟɫɬɜɟ ɡаɦɟɞɥɢɬɟɥя 
ɧɟɣɬɪɨɧɨɜ ɦɨɝ ɛɵ ɜɵɫɬɭɩаɬɶ ɭɝɥɟɪɨɞ, ɬаɤ ɤаɤ ɬяɠɟɥɵɟ ɧɭɤɥɢɞɵ ɜ ɫɪɟɞɟ 
ɝɟɨɪɟаɤɬɨɪа ɫɭщɟɫɬɜɭɸɬ ɜ ɜɢɞɟ ɤаɪɛɢɞɨɜ, ɫɦ. ɧаɩɪɢɦɟɪ, ɪаɡɞɟɥ 3.3). Таɤ ɤаɤ 
ɧаɞɬɟɩɥɨɜая ɨɛɥаɫɬɶ ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ ɫ ɦаɤɫɢɦɭɦɨɦ ɪаɫɩɪɟɞɟɥɟɧɢя 
ɧɟɣɬɪɨɧɨɜ ɦаɤɫɜɟɥɥɨɜɫɤɨɝɨ ɬɢɩа ɜ ɨɛɥаɫɬɢ з 3ɷВ, ɦɨɠɟɬ ɪаɫɫɦаɬɪɢɜаɬɶɫя ɤаɤ 
ɨɛɥаɫɬɶ ɬɟɪɦаɥɢɡɨɜаɧɧɧɵх ɧɟɣɬɪɨɧɨɜ ɜ ɞɟɥящɟɣɫя ɭɪаɧ-ɩɥɭɬɨɧɢɟɜɨɣ ɫɪɟɞɟ, 
ɧахɨɞящɟɣɫя ɜ ɫɨɫɬɨяɧɢɢ ɩɪɢ ɬɟɦɩɟɪаɬɭɪɟ з η000Ʉ- θ000Ʉ, чɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɬɟɦɩɟɪаɬɭɪɟ яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɝɟɨɪɟаɤɬɨɪа ɧа ɝɪаɧɢɰɟ ɬɜɟɪɞɨɝɨ ɢ ɠɢɞɤɨɝɨ яɞɪа 
Ɂɟɦɥɢ, ɬɨ ɷɬɨ ɭɤаɡɵɜаɟɬ ɧа ɬɨ, чɬɨ ɪɟɠɢɦ ɜɨɥɧɨɜɨɝɨ ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ 
ɝɨɪɟɧɢя ɝɟɨɪɟаɤɬɨɪа ɪɟаɥɢɡɭɟɬɫя ɢɦɟɧɧɨ ɜ ɧаɞɬɟɩɥɨɜɨɣ ɨɛɥаɫɬɢ ɷɧɟɪɝɢɣ 
ɧɟɣɬɪɨɧɨɜ, ɞɥя ɤɨɬɨɪɨɣ ɩɪɨɜɨɞɢɥɨɫɶ ɦɨɞɟɥɢɪɨɜаɧɢɟ ɜ ɪаɡɞɟɥɟ β. ɉɟɪɟхɨɞ ɨɬ 
ɛɵɫɬɪɨɣ ɤ ɧаɞɬɟɩɥɨɜɨɣ ɨɛɥаɫɬɢ ɝɨɪɟɧɢя ɝɟɨɪɟаɤɬɨɪа, ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɧɟɧɢɸ 
ɤɪɢɬɢчɟɫɤɨɣ ɤɨɧɰɟɧɬɪаɰɢɢ ɞɟɥящɟɝɨɫя ɧɭɤɥɢɞа ɨɬ ~ 15% ɞɥя ɛɵɫɬɪɵх ɞɨ ~ 1% 

ɞɥя ɧаɞɬɟɩɥɨɜɵх ɧɟɣɬɪɨɧɨɜ, чɬɨ ɫɧɢɠаɟɬ ɧа ɩɨɪяɞɨɤ ɤɨɥɢчɟɫɬɜɨ ɧɟɣɬɪɨɧɨɜ 

(ɩɨɥɧɵɣ ɮɥɸɟɧɫ), ɧɟɨɛхɨɞɢɦɨɟ ɞɥя ɩɨɞɠɢɝа ɜɨɥɧɵ ɝɨɪɟɧɢя ɝɟɨɪɟаɤɬɨɪа. 

ȿɫɬɟɫɬɜɟɧɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, чɬɨ ɨɛɨɝащɟɧɢɟ ɩɨ ɭɪаɧɭ βγη ɞɟɥящɟɣɫя ɭɪаɧɨɜɨɣ 
ɫɪɟɞɵ ɝɟɨɪɟаɤɬɨɪа ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɛɨɝащɟɧɢɸ ɞɥя ɩɪɢɪɨɞɧɨɝɨ ɭɪаɧа, ɬɨ ɟɫɬɶ, 
ɪаɜɧɨ ~0,72%. ɉɟɪɟхɨɞ ɨɬ ɛɵɫɬɪɨɣ ɤ ɧаɞɬɟɩɥɨɜɨɣ ɨɛɥаɫɬɢ ɝɨɪɟɧɢя ɝɟɨɪɟаɤɬɨɪа, 
ɩɪɢɜɨɞɢɬ ɤ ɨɬɤɪɵɬɢɸ ɧɨɜɵх ɤаɧаɥɨɜ ɜɨɡɦɨɠɧɵх яɞɟɪɧɵх ɪɟаɤɰɢɣ ɰɟɩɨчɤɢ 
ɜɡаɢɦɨɞɟɣɫɬɜɢɣ, ɜ ɧачаɥɟ ɤɨɬɨɪɨɣ ɧахɨɞɢɬɫя ɜɡаɢɦɨɞɟɣɫɬɜɢɟ 
ɦɟɠɝаɥаɤɬɢчɟɫɤɨɝɨ ɜɵɫɨɤɨɷɧɟɪɝɟɬɢчɟɫɤɨɝɨ ɩɪɨɬɨɧа ( 2210E ɷВ) ɫ аɬɦɨɫɮɟɪɨɣ 
Ɂɟɦɥɢ ɢ ɡаɤаɧчɢɜаɸщɟɣɫя ɧɟɣɬɪɨɧаɦɢ ɜ ɭɪаɧɨɜɨɦ ɫɥɨɟ ɧа ɝɪаɧɢɰɟ ɠɢɞɤɨɝɨ ɢ 
ɬɜɟɪɞɨɝɨ яɞɪа Ɂɟɦɥɢ, ɢɡ-ɡа ɫɧɢɠɟɧɢя ɢх ɩɨɪɨɝɨɜɵх ɷɧɟɪɝɢɣ. Таɤ ɤаɤ ɷɧɟɪɝɢɢ 
ɧɟɣɬɪɨɧɨɜ ɭɦɟɧɶɲаɟɬɫя ɧа ɲɟɫɬɶ ɩɨɪяɞɤɨɜ ɨɬ 1ɆɷВ ɞɨ 1ɷВ, ɩɪɟɞɩɨɥɨɠɢɦ, чɬɨ 
ɷɬɨ ɭɜɟɥɢчɢɜаɟɬ ɤɨɥɢчɟɫɬɜɨ ɧɟɣɬɪɨɧɨɜ ɩɨ ɫɪаɜɧɟɧɢɸ ɨɰɟɧɤɢ ɞɥя ɛɵɫɬɪɵх 
ɧɟɣɬɪɨɧɨɜ, ɫɞɟɥаɧɧɨɣ ɜ [2] ɧа ɬɪɢ ɩɨɪяɞɤа (10

3). Ɉɬɦɟɬɢɦ, чɬɨ, ɤɨɧɟчɧɨ, ɜ ɷɬɨɣ 
чаɫɬɢ ɧɟɨɛхɨɞɢɦа ɤɨɧɤɪɟɬɢɡаɰɢя ɢ ɷɬɨ ɩɥаɧɢɪɭɟɬɫя ɩɪɨɞɟɥаɬɶ ɜ ɞаɥɶɧɟɣɲɟɦ. 
ɉɪɟɞɩɨɥɨɠɢɦ, чɬɨ ɫɟчɟɧɢя ɪɟаɤɰɢɣ ɢɡɦɟɧяɸɬɫя ɤаɤ 1

n
E , чɬɨ ɩɪɢɜɨɞɢɬ ɩɪɢ 

ɩɟɪɟхɨɞɟ ɨɬ ɛɵɫɬɪɵх ɤ ɧаɞɬɟɩɥɨɜɵɦ ɧɟɣɬɪɨɧаɦ ɤ ɢх ɪɨɫɬɭ ɧа ɬɪɢ ɩɨɪяɞɤа 
(10

3). Ɉɞɧаɤɨ ɩɪɢ ɬаɤɨɦ ɩɟɪɟхɨɞɟ ɩɥɨɬɧɨɫɬɶ ɩɨɬɨɤа чаɫɬɢɰ (ɩɪɨɢɡɜɟɞɟɧɢɟ 
ɤɨɧɰɟɧɬɪаɰɢɢ чаɫɬɢɰ ɧа ɢх ɫɤɨɪɨɫɬɶ) ɫɧɢɠаɟɬɫя ɧа ɲɟɫɬɶ ɩɨɪяɞɤɨɜ (10

-6). ɉɪɢ 
ɩɟɪɟхɨɞɟ ɤ ɧаɞɬɟɩɥɨɜɨɣ ɨɛɥаɫɬɢ ɢɡ-ɡа ɪɟɡɨɧаɧɫа ɫɟчɟɧɢя ɪɟаɤɰɢɢ 
ɪаɞɢаɰɢɨɧɧɨɝɨ ɡахɜаɬа ɧɟɣɬɪɨɧɨɜ ɞɥя ɭɪаɧа βγ8 ɭɜɟɥɢчɢɜаɟɬɫя ɨɬ 1 ɛаɪɧа ɞɥя 
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ɛɵɫɬɪɵх ɧɟɣɬɪɨɧɨɜ ɞɨ 104
 ɛаɪɧ ɞɥя ɧаɞɬɟɩɥɨɜɵх, ɬɨ ɟɫɬɶ, ɷɮɮɟɤɬɢɜɧɨɫɬɶ 

ɨɛɪаɡɨɜаɧɢя ɩɥɭɬɨɧɢя βγ9 ɜɨɡɪаɫɬаɟɬ (10
4
). 

Вɨ-ɜɬɨɪɵх, ɤаɤ ɫɥɟɞɭɟɬ ɢɡ ɜɵɲɟɢɡɥɨɠɟɧɧɨɝɨ, ɩɪɨɢɫхɨɞɢɬ ɫɧɢɠɟɧɢɟ 
ɡɧачɟɧɢя ɤɪɢɬɢчɟɫɤɨɣ ɤɨɧɰɟɧɬɪаɰɢɢ ɞɟɥящɟɝɨɫя ɧɭɤɥɢɞа, ɨɬɜɟɬɫɬɜɟɧɧɨɝɨ ɡа 
ɜɨɥɧɨɜɨɟ ɝɨɪɟɧɢɟ, ɟɫɥɢ ɜ ɫɦɟɫɢ ɟɫɬɶ ɞɪɭɝɨɣ ɞɟɥящɢɣɫя ɧɭɤɥɢɞ, ɧаɩɪɢɦɟɪ, U

233

92 ( 

ɨɛɪаɡɭɸщɢɣɫя ɜ ɬɨɪɢɣ-ɭɪаɧɨɜɨɣ ɰɟɩɨчɤɟ) ɢ U
235

92 (ɨɛɪаɡɭɸщɢɣ ɩɪɢ α-ɪаɫɩаɞɟ 
ɩɥɭɬɨɧɢя βγ9). Тɨɝɞа ɤɨɧɰɟɧɬɪаɰɢя ɧɟɣɬɪɨɧɨɜ, ɨɛɟɫɩɟчɢɜаɸщая ɩɟɪɟɜɨɞ 
ɥɨɤаɥɶɧɨɣ ɨɛɥаɫɬɢ ɞɟɥящɟɣɫя ɫɪɟɞɵ ɜ ɧаɞɤɪɢɬɢчɟɫɤɨɟ ɫɨɫɬɨяɧɢɟ, ɬаɤɠɟ 
ɫɧɢɠаɟɬɫя. ɂ ɩɨɧяɬɧɨ, чɬɨ ɩɪɢ ɩɪɢɛɥɢɠɟɧɢɢ ɤɨɧɰɟɧɬɪаɰɢɢ ɜɬɨɪɨɝɨ ɞɟɥящɟɝɨɫя 
ɧɭɤɥɢɞа ( ɧаɩɪɢɦɟɪ, U

235

92 )  ɤ ɟɝɨ ɤɪɢɬɢчɟɫɤɨɣ ɤɨɧɰɟɧɬɪаɰɢɢ ɞɥя ɞаɧɧɨɝɨ ɫɩɟɤɬɪа 
ɧɟɣɬɪɨɧɨɜ ɤɪɢɬɢчɟɫɤая ɤɨɧɰɟɧɬɪаɰɢя ɧɭɤɥɢɞа, ɨɬɜɟɬɫɬɜɟɧɧɨɝɨ ɡа ɜɨɥɧɨɜɨɟ 
ɝɨɪɟɧɢɟ ɛɭɞɟɬ ɛɥɢɡɤа ɤ ɧɭɥɸ, а, ɫɥɟɞɨɜаɬɟɥɶɧɨ, ɞаɠɟ ɧɢɡɤая ɩɥɨɬɧɨɫɬɶ 
ɧɟɣɬɪɨɧɨɜ ɦɨɠɟɬ ɨɛɟɫɩɟчɢɬɶ ɩɟɪɟхɨɞ ɥɨɤаɥɶɧɨɣ ɨɛɥаɫɬɢ ɞɟɥящɟɣɫя ɫɪɟɞɵ ɜ 
ɧаɞɤɪɢɬɢчɟɫɤɨɟ ɫɨɫɬɨяɧɢɟ ɢ, ɫɥɟɞɨɜаɬɟɥɶɧɨ, ɜɵɡɜаɬɶ ɜɨɥɧɨɜɨɟ ɝɨɪɟɧɢɟ. 
ɇаɩɪɢɦɟɪ, ɫɨɝɥаɫɧɨ ɪɟɡɭɥɶɬаɬаɦ ɩɟɪɜɨɝɨ ɩɪɢɦɟɪа ɦаɬɟɦаɬɢчɟɫɤɨɝɨ 
ɦɨɞɟɥɢɪɨɜаɧɢя ɜɨɥɧɨɜɨɝɨ ɝɨɪɟɧɢя ɩɪɢɪɨɞɧɨɝɨ ɭɪаɧа ɜ ɧаɞɬɟɩɥɨɜɨɣ ɨɛɥаɫɬɢ 

(ɫɦ. ɪаɡɞɟɥ. 2.1.6.) ɦаɤɫɢɦаɥɶɧая ɤɨɧɰɟɧɬɪаɰɢя ɩɥɭɬɨɧɢя ɩɪɢ ɜɨɥɧɨɜɨɦ ɝɨɪɟɧɢɢ 
ɪаɜɧа 1·10-3 %, чɬɨ ɫɧɢɠаɟɬ ɧа чɟɬɵɪɟ ɩɨɪяɞɤа ɤɨɥɢчɟɫɬɜɨ ɧɟɣɬɪɨɧɨɜ (ɩɨɥɧɵɣ 
ɮɥɸɟɧɫ), ɧɟɨɛхɨɞɢɦɨɟ ɞɥя ɩɨɞɠɢɝа ɜɨɥɧɵ ( 410ɧаɞɬеɩɥɨɜ ɛɵɫɬɪ

ɩɨɞɠɢɝа ɩɨɞɠɢɝа     ).  

ɋɨɝɥаɫɧɨ, ɧаɩɪɢɦɟɪ, [83] ɨɰɟɧɤа ɩɥɨɬɧɨɫɬɢ ɩɨɬɨɤа ɧɟɣɬɪɨɧɨɜ ɜɧɟɲɧɟɝɨ 
ɢɫɬɨчɧɢɤа, ɨɫɭщɟɫɬɜɥяɸщɟɝɨ ɩɨɞɠɢɝ ɜɨɥɧɨɜɨɝɨ ɝɨɪɟɧɢя ɭɪаɧа βγ8 ɞɥя ɛɵɫɬɪɵх 
ɧɟɣɬɪɨɧɨɜ, ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭчɟɧа ɢɡ ɨɰɟɧɤɢ ɤɪɢɬɢчɟɫɤɨɣ ɤɨɧɰɟɧɬɪаɰɢɢ 
ɩɥɭɬɨɧɢя ~ 15%: 

238

0 238 2380 0
4 0,15

a t t
Ф N N    ,    (ɉ.β0.4) 

ɝɞɟ  - ɩɟɪɢɨɞ ɛɟɬа ɪɟаɤɰɢɢ, ɪаɜɧɵɣ γ,γ ɫɭɬɨɤ; 0Ф - ɩɥɨɬɧɨɫɬɶ ɩɨɬɨɤа ɧɟɣɬɪɨɧɨɜ 
ɜɧɟɲɧɟɝɨ ɢɫɬɨчɧɢɤа; 238

а - ɫɟчɟɧɢɟ ɩɨɝɥɨщɟɧɢя ɧɟɣɬɪɨɧɨɜ ɞɥя ɭɪаɧа βγ8; 
8 0t

N   - 

ɧачаɥɶɧая ɤɨɧɰɟɧɬɪаɰɢя яɞɟɪ ɭɪаɧа βγ8. 

 ɂɡ (ɉ.β0.4) ɩɨɥɭчɢɦ ɜɵɪаɠɟɧɢɟ ɞɥя ɨɰɟɧɤɢ ɩɥɨɬɧɨɫɬɢ ɩɨɬɨɤа 
ɧɟɣɬɪɨɧɨɜ ɜɧɟɲɧɟɝɨ ɢɫɬɨчɧɢɤа, ɨɫɭщɟɫɬɜɥяɸщɟɝɨ ɩɨɞɠɢɝ ɜɨɥɧɨɜɨɝɨ ɝɨɪɟɧɢя 
ɭɪаɧа βγ8 ɞɥя ɛɵɫɬɪɵх ɧɟɣɬɪɨɧɨɜ: 

     238 17 2

0 0,15 4 2,6 10
a

Ф ɧ ɫɦ ɫ     .  (ɉ.β0.5)

  

ɋɨɝɥаɫɧɨ ɢɡɜɟɫɬɧɵɦ ɫɟɝɨɞɧя ɞаɧɧɵɦ ɩɨ ɜɨɥɧɨɜɵɦ ɪɟɠɢɦаɦ ɝɨɪɟɧɢя, 
ɩɨɥɭчɟɧɧɵɦ ɫ ɩɨɦɨщɶɸ ɦаɬɟɦаɬɢчɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜаɧɢя ɞɥя ɛɵɫɬɪɵх 



394 

 

ɧɟɣɬɪɨɧɨɜ ɢ ɩɪɟɞɫɬаɜɥɟɧɧɵɦ ɜ ɬаɛɥɢɰɟ β.1 ɪаɡɞɟɥа β ɞɢɫɫɟɪɬаɰɢɢ, ɮɥɸɟɧɫ 
ɧɟɣɬɪɨɧɨɜ, ɬɪɟɛɭɟɦɵɣ ɞɥя ɩɨɞɠɢɝа ɜɨɥɧɨɜɨɝɨ ɝɨɪɟɧɢя ɛɵɫɬɪ

ɩɨɞɠɢɝа ~  

( 15 18 210 10 ɧ ɫɦ ɫ  ) 510 ɫ .  

Таɤɢɦ ɨɛɪаɡɨɦ, ɞɥя ɨɰɟɧɤɢ ɜɨɡɶɦɟɦ ɡɧачɟɧɢɟ 15 5 210 10ɛɵɫɬɪ
ɩɨɞɠɢɝа ɧ ɫɦ   . 

В ɬɪɟɬɶɢх, ɤаɤ ɦɵ ɡɧаɟɦ ɢɡ ɮɢɡɢɤɢ яɞɟɪɧɵх ɪɟаɤɬɨɪɨɜ ɜ ɩɨɞɤɪɢɬɢчɟɫɤɨɦ 
ɫɨɫɬɨяɧɢɢ ɧɟɣɬɪɨɧɵ, ɢɫɩɭщɟɧɧɵɟ ɢɫɬɨчɧɢɤɨɦ ɜ аɤɬɢɜɧɭɸ ɡɨɧɭ ɭɦɧɨɠаɸɬɫя ɧа 
ɤɨɷɮɮɢɰɢɟɧɬ ɭɦɧɨɠɟɧɢя  1 1 ɷɮɮk , ɝɞɟ  ɷɮɮk  - ɷɮɮɟɤɬɢɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ 
ɭɦɧɨɠɟɧɢя ɧɟɣɬɪɨɧɨɜ (ɫɦ., ɧаɩɪɢɦɟɪ, [64,154]). ɉɪɢчɟɦ, ɩɪɢ 1ɷɮɮк   

ɤɨɷɮɮɢɰɢɟɧɬ ɭɦɧɨɠɟɧɢя  1 1 ɷɮɮk  . Ʉаɤ ɢɡɜɟɫɬɧɨ, ɢɡ-ɡа ɷɬɨɝɨ ɩɪɢ ɞɟɣɫɬɜɢɢ 
ɜɧɟɲɧɟɝɨ ɢɫɬɨчɧɢɤа ɧɟɣɬɪɨɧɨɜ ɧɟ ɫɭщɟɫɬɜɭɟɬ ɫɬаɰɢɨɧаɪɧɵх ɪɟɲɟɧɢɣ 
ɭɪаɜɧɟɧɢя ɩɟɪɟɧɨɫа ɧɟɣɬɪɨɧɨɜ ɞɥя ɞɟɥящɟɣɫя ɫɪɟɞɵ ɜ ɤɪɢɬɢчɟɫɤɨɦ ɢ 
ɧаɞɤɪɢɬɢчɟɫɤɨɦ ɫɨɫɬɨяɧɢɢ [64,154]. Дɥя ɨɰɟɧɤɢ ɜɨɡɦɨɠɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬа 
ɭɦɧɨɠɟɧɢя ɬаɤɠɟ ɜɨɫɩɨɥɶɡɭɟɦɫя ɪɟɡɭɥɶɬаɬаɦɢ ɩɟɪɜɨɝɨ ɩɪɢɦɟɪа 
ɦаɬɟɦаɬɢчɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜаɧɢя ɜɨɥɧɨɜɨɝɨ ɝɨɪɟɧɢя ɩɪɢɪɨɞɧɨɝɨ ɭɪаɧа ɜ 
ɧаɞɬɟɩɥɨɜɨɣ ɨɛɥаɫɬɢ (ɫɦ. ɪаɡɞɟɥ. 2.1.6.), ɞɥя ɤɨɬɨɪɨɝɨ ɦаɤɫɢɦаɥɶɧая 
ɤɨɧɰɟɧɬɪаɰɢя ɩɥɭɬɨɧɢя ɩɪɢ ɜɨɥɧɨɜɨɦ ɝɨɪɟɧɢɢ ɪаɜɧа 1·10-3 %. ɉɪɟɞɩɨɥɨɠɢɦ, 
чɬɨ ɞɥя ɷɬɨɝɨ ɩɪɢɦɟɪа ɤɪɢɬɢчɟɫɤая ɤɨɧɰɟɧɬɪаɰɢя ɞɟɥящɟɝɨɫя ɧɭɤɥɢɞа ɪаɜɧа 
0,72% + 1·10

-3 
%. Тɨɝɞа ɞɥя ɩɪɢɪɨɞɧɨɝɨ ɭɪаɧа, ɧахɨɞящɟɝɨɫя ɜ ɩɨɞɤɪɢɬɢчɟɫɤɨɦ 

ɫɨɫɬɨяɧɢɢ ɜ ɧаɞɬɟɩɥɨɜɨɣ ɨɛɥаɫɬɢ ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ, ɩɨɥɭчаɟɦ ɨɰɟɧɤɭ ɞɥя 
ɷɮɮk ≈ 0,999, а, ɫɥɟɞɨɜаɬɟɥɶɧɨ, ɫɨɨɬɜɟɬɫɬɜɭɸщая ɨɰɟɧɤа ɤɨɷɮɮɢɰɢɟɧɬа 

ɭɦɧɨɠɟɧɢя ɪаɜɧа 103
. 

Тɟɩɟɪɶ ɫɞɟɥаɟɦ ɨɰɟɧɤɭ ɮɥɸɟɧɫа ɧɟɣɬɪɨɧɨɜ, ɫɨɡɞаɜаɟɦɵх ɦɟɠɝаɥаɤɬɢчɟɫɤɢɦ 
ɜɵɫɨɤɨɷɧɟɪɝɟɬɢчɟɫɤɢɦ ɩɪɨɬɨɧɨɦ ɢ ɫɪаɜɧɢɦ ɟɝɨ ɫ ɨɰɟɧɤɨɣ ɮɥɸɟɧɫа 
ɧɟɨɛхɨɞɢɦɨɝɨ ɞɥя ɩɨɞɠɢɝа ɜɨɥɧɵ ɜ ɧаɞɬɟɩɥɨɜɨɣ ɨɛɥаɫɬɢ. ɋɨɝɥаɫɧɨ 
ɜɵɲɟɢɡɥɨɠɟɧɧɨɦɭ ɩɨɥɭчɢɦ: 

4 15 5 4 1610 10 10 10 10ɧаɞɬеɩɥɨɜ ɛɵɫɬɪ
ɩɨɞɠɢɝа ɩɨɞɠɢɝа          ɢ  8 3 3 6 4 3 1510 10 10 10 10 10 10      .    (ɉ.β0.6) 

Таɤɢɦ ɨɛɪаɡɨɦ, ɩɨɥɭчɢɥɢ ɩɨчɬɢ ɫɨɜɩаɞаɸщɢɟ ɨɰɟɧɤɢ, а ɫ ɭчɟɬɨɦ 
ɜɨɡɦɨɠɧɨɝɨ ɪɨɫɬа ɤɨɷɮɮɢɰɢɟɧɬа ɭɦɧɨɠɟɧɢя  1 1 ɷɮɮk ɩɪɢ 1ɷɮɮк   , ɦɨɠɧɨ 
ɫɞɟɥаɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, чɬɨ ɩɨɥɭчɟɧɧɵɟ ɨɰɟɧɤɢ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɜ ɩɨɥɶɡɭ 
ɨɛɨɫɧɨɜаɧɧɨɫɬɢ  ɢ ɧɟɩɪɨɬɢɜɨɪɟчɢɢ ɨɰɟɧɤаɦ ɜɵɫɤаɡаɧɧɨɣ ɝɢɩɨɬɟɡɵ ɨ ɩɨɞɠɢɝɟ 
ɝɟɨɪɟаɤɬɨɪа. Дɟɣɫɬɜɢɬɟɥɶɧɨ, ɧаɩɪɢɦɟɪ, ɟɫɥɢ ɛɵ ɩɪɢ ɨɰɟɧɤɟ ɤɨɷɮɮɢɰɢɟɧɬа 
ɭɦɧɨɠɟɧɢя, ɜɵɩɨɥɧɟɧɧɨɣ ɜɵɲɟ, ɦɵ ɩɪɟɞɩɨɥɨɠɢɥɢ, чɬɨ ɤɪɢɬɢчɟɫɤая 
ɤɨɧɰɟɧɬɪаɰɢя ɞɟɥящɟɝɨɫя ɧɭɤɥɢɞа ɪаɜɧа 0,7β% + 1·10

-4 %, а ɧɟ 0,7β% + 1·10
-3 

%, 

чɬɨ ɧɟ ɩɪɨɬɢɜɨɪɟчɢɬ ɜɵɲɟɩɪɢɜɟɞɟɧɧɵɦ ɪаɫɫɭɠɞɟɧɢяɦ, ɬɨɝɞа ɞɥя ɩɪɢɪɨɞɧɨɝɨ 
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ɭɪаɧа, ɧахɨɞящɟɝɨɫя ɜ ɩɨɞɤɪɢɬɢчɟɫɤɨɦ ɫɨɫɬɨяɧɢɢ ɜ ɧаɞɬɟɩɥɨɜɨɣ ɨɛɥаɫɬɢ 
ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ, ɩɨɥɭчаɟɦ ɨɰɟɧɤɭ ɞɥя ɷɮɮk ≈ 0,9999, а, ɫɥɟɞɨɜаɬɟɥɶɧɨ, 
ɫɨɨɬɜɟɬɫɬɜɭɸщая ɨɰɟɧɤа ɤɨɷɮɮɢɰɢɟɧɬа ɭɦɧɨɠɟɧɢя ɛɭɞɟɬ ɪаɜɧа 104. ɂ ɬɨɝɞа 
ɫɨɨɬɧɨɲɟɧɢя (ɉ.β0.6) ɜɵɝɥяɞяɬ ɫɥɟɞɭɸщɢɦ ɨɛɪаɡɨɦ: 

4 15 5 4 1610 10 10 10 10ɧаɞɬеɩɥɨɜ ɛɵɫɬɪ
ɩɨɞɠɢɝа ɩɨɞɠɢɝа          ɢ  8 3 3 6 4 4 1610 10 10 10 10 10 10      .    (ɉ.β0.7) 

В чɟɬɜɟɪɬɵх, ɨɛɪаɡɨɜаɜɲаяɫя ɜ ɬаɤɢх ɭɫɥɨɜɢях ɜɨɥɧа яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя 
ɢɦɟɟɬ ɦаɥɭɸ аɦɩɥɢɬɭɞɭ, ɧɨ ɷɬɨ – ɜɨɥɧа, ɨɛɪаɡɨɜаɜɲɢɫɶ ɜ ɥɨɤаɥɶɧɨɣ ɨɛɥаɫɬɢ, ɜ 
ɤɨɬɨɪɭɸ ɩɨɩаɥɢ ɧɟɣɬɪɨɧɵ, ɩɨɪɨɠɞɟɧɧɵɟ ɦɟɠɝаɥаɤɬɢчɟɫɤɢɦ ɩɪɨɬɨɧɨɦ, ɨɧа 
ɪаɫɩɪɨɫɬɪаɧяɟɬɫя ɜɨ ɜɫɟх ɜɨɡɦɨɠɧɵх ɧаɩɪаɜɥɟɧɢях ɜ ɫɥɨɟ ɬяɠɟɥɵх ɧɭɤɥɢɞɨɜ 
ɝɪаɧɢɰɵ ɠɢɞɤɨɝɨ ɢ ɬɜɟɪɞɨɝɨ яɞɪа Ɂɟɦɥɢ, ɜ ɤɨɬɨɪɨɦ ɤаɤ ɩɨɤаɡаɧɨ ɜ Д82,83Ж ɝɨɪɢɬ 
ɝɟɨɪɟаɤɬɨɪ. ɉɪɟɞɫɬаɜɢɦ ɫɟɛɟ, чɬɨ ɬаɤая ɜɨɥɧа ɞɨɫɬɢɝаɟɬ ɨɛɥаɫɬɢ ɫɪɟɞɵ, ɝɞɟ ɜ 
ɫɢɥɭ ɫɥɭчаɣɧɵх ɨɛɫɬɨяɬɟɥɶɫɬɜ ɨɛɪаɡɨɜаɥаɫɶ ɥɨɤаɥɶɧая ɧаɞɤɪɢɬɢчɟɫɤая 
ɤɨɧɰɟɧɬɪаɰɢя ɞɟɥящɢхɫя ɧɭɤɥɢɞɨɜ (а ɪаɧɨ, ɢɥɢ ɩɨɡɞɧɨ ɷɬɨ ɩɪɨɢɡɨɣɞɟɬ, ɟɫɥɢ ɧɟ 
ɭчɢɬɵɜаɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɟɤɪащɟɧɢя ɝɨɪɟɧɢя, ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɧɟɨɛхɨɞɢɦɵх ɞɥя 
ɝɨɪɟɧɢя ɭɫɥɨɜɢɣ, ɧаɩɪɢɦɟɪ, ɫɨɫɬаɜа ɫɪɟɞɵ), яɫɧɨ, чɬɨ ɷɬɨ ɜɵɡɨɜɟɬ ɰɟɩɧɭɸ 
ɪɟаɤɰɢɸ ɫ ɪаɡɦɧɨɠɟɧɢɟɦ ɧɟɣɬɪɨɧɨɜ, ɬɨ ɟɫɬɶ, ɫɨɡɞаɫɬ ɦɨщɧɵɣ ɢɫɬɨчɧɢɤ 
ɧɟɣɬɪɨɧɨɜ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɛɵɬɶ ɢ ɞɥɢɬɟɥɶɧɵɦ ɩɨ ɜɪɟɦɟɧɢ. ɑɬɨ ɢ ɩɨɞɨɠɠɟɬ 
ɜɨɥɧɭ яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɫ ɛɨɥɶɲɟɣ аɦɩɥɢɬɭɞɨɣ ɢ ɦɟɞɥɟɧɧɨɣ ɫɤɨɪɨɫɬɶɸ ɝɨɪɟɧɢя, 
ɬɨ ɟɫɬɶ ɦɟɞɥɟɧɧɭɸ ɜɨɥɧɭ яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя. ɉɨ ɢɦɟɸщɢɦɫя ɫɟɝɨɞɧя ɨɰɟɧɤаɦ 
[82,83,233,234], ɢɦɟɧɧɨ ɬаɤая ɦɟɞɥɟɧɧая ɜɨɥɧа яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɢ ɟɫɬɶ 
ɩɪɢɪɨɞɧɵɣ ɝɟɨɪɟаɤɬɨɪ. Ɉɬɦɟɬɢɦ, чɬɨ чɟɬɜɟɪɬɵɣ ɩɭɧɤɬ ɧаɲɟɣ ɫхɟɦɵ ɪɟɡɤɨ 
ɩɨɜɵɲаɟɬ ɜɟɪɨяɬɧɨɫɬɶ ɩɨɞɠɢɝа ɜɨɥɧɵ ɦɟɞɥɟɧɧɨɝɨ яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя 
ɦɟɠɝаɥаɤɬɢчɟɫɤɢɦ ɜɵɫɨɤɨɷɧɟɪɝɟɬɢчɧɵɦ ɩɪɨɬɨɧɨɦ, ɬаɤ ɤаɤ ɜɟɪɨяɬɧɨɫɬɶ ɬɨɝɨ, 
чɬɨ ɩɨɪɨɠɞɟɧɧɵɟ ɢɦ ɧɟɣɬɪɨɧɵ ɫɥɭчаɣɧɨ ɩɨɩаɞɭɬ ɜ ɫɥɭчаɣɧɨ ɨɛɪаɡɨɜаɜɲɭɸɫя 
ɨɛɥаɫɬɶ ɫ ɧаɞɤɪɢɬɢчɟɫɤɨɣ ɤɨɧɰɟɧɬɪаɰɢɟɣ ɞɟɥящɢхɫя ɧɭɤɥɢɞɨɜ, ɩɨ-ɜɢɞɢɦɨɦɭ, 
ɤɪаɣɧɟ ɦаɥа. ɉɨɷɬɨɦɭ, ɦɨɠɧɨ ɩɪɟɞɩɨɥаɝаɬɶ, чɬɨ ɜ ɩɪɨɲɥɨɦ ɜ ɪɟɡɭɥɶɬаɬɟ 
ɩɪɨɰɟɫɫа ɩɨɪɨɠɞɟɧɧɨɝɨ ɦɟɠɝаɥаɤɬɢчɟɫɤɢɦ ɩɪɨɬɨɧɨɦ ɦɨɝɥа ɩɨɞɠɟчɶɫя ɜɨɥɧа 
яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя ɝɟɨɪɟаɤɬɨɪа. В ɞаɥɶɧɟɣɲɟɦ, ɩɪɨɢɫхɨɞɢɥɨ ɧɟɩɪɟɪɵɜɧɨɟ 
ɢɡɦɟɧɟɧɢɟ ɧɭɤɥɢɞɧɨɝɨ ɫɨɫɬаɜа ɫɪɟɞɵ, ɜ ɤɨɬɨɪɨɣ ɝɨɪɢɬ ɜɨɥɧа ɝɟɨɪɟаɤɬɨɪа, ɧɨ, 
ɩɨ-ɜɢɞɢɦɨɦɭ, ɷɬɨ ɢɡɦɟɧɟɧɢɟ ɧɟ ɛɵɥɨ ɫɬɨɥɶ ɪɟɡɤɢɦ, чɬɨ ɜɵɡɜаɬɶ ɧаɪɭɲɟɧɢɟ 
ɤɪɢɬɟɪɢя Ɏɟɨɤɬɢɫɬɨɜа, а, ɫɥɟɞɨɜаɬɟɥɶɧɨ, ɧɟ ɩɪɢɜɨɞɢɥɨ ɤ ɩɪɟɤɪащɟɧɢɸ ɝɨɪɟɧɢя. 

Ɉɞɧаɤɨ ɛɨɥɟɟ ɝаɪɦɨɧɢчɧɨ ɩɪɟɞɩɨɥаɝаɬɶ, чɬɨ ɜɨɥɧɵ ɝɨɪɟɧɢя ɝɟɨɪɟаɤɬɨɪа ɜ 
ɫɢɥɭ ɫɥɨɠɧɨɣ ɧɭɤɥɢɞɧɨɣ ɤɨɦɩɨɡɢɰɢɢ ɢ ɨɫɨɛɵх ɬɟɪɦɨɞɢɧаɦɢчɟɫɤɢх ɭɫɥɨɜɢɣ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɢɡɥɨɠɟɧɧɨɣ ɜɵɲɟ ɫхɟɦɨɣ ɦɨɝɭɬ ɩɨɫɬɨяɧɧɨ ɩɨɪɨɠɞаɬɶɫя 
ɦɟɠɝаɥаɤɬɢчɟɫɤɢɦɢ ɜɵɫɨɤɨɷɧɟɪɝɟɬɢчɟɫɤɢɦɢ ɩɪɨɬɨɧаɦɢ ɢ ɦɨɝɭɬ ɝаɫɧɭɬɶ. 

Таɤ ɤаɤ ɜ ɧачаɥɶɧɵɣ ɩɟɪɢɨɞ ɫɭщɟɫɬɜɨɜаɧɢя Ɂɟɦɥɢ ɤɨɧɰɟɧɬɪаɰɢя ɧɭɤɥɢɞа 
U

235

92  ɛɵɥа ɡɧачɢɬɟɥɶɧɨ ɜɵɲɟ, чɟɦ ɫɟɣчаɫ ɢ ɦɨɝɥа ɩɪɟɜɵɲаɬɶ ɧаɞɤɪɢɬɢчɟɫɤɭɸ 
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ɤɨɧɰɟɧɬɪаɰɢɸ, ɬɨ ɧɟɣɬɪɨɧаɦɢ, ɨɛɪаɡɨɜаɜɲɢɦɢɫя ɜ ɪɟɡɭɥɶɬаɬɟ ɰɟɩɨчɤɢ 
ɜɡаɢɦɨɞɟɣɫɬɜɢɣ, ɜ ɧачаɥɟ ɤɨɬɨɪɨɣ ɧахɨɞɢɬɫя ɜɡаɢɦɨɞɟɣɫɬɜɢɟ 
ɦɟɠɝаɥаɤɬɢчɟɫɤɨɝɨ ɜɵɫɨɤɨɷɧɟɪɝɟɬɢчɟɫɤɨɝɨ ɩɪɨɬɨɧа ( 2210E ɷВ) ɞɨɥɠɧа 
ɢɧɢɰɢɢɪɨɜаɬɶɫя ɜɨɥɧа ɧɟɣɬɪɨɧɧɨ-яɞɟɪɧɨɝɨ ɝɨɪɟɧɢя А.ɂ. Ахɢɟɡɟɪа (ɫɦ. ɪаɡɞɟɥ 
2). Ɂɧая ɩɟɪɢɨɞ ɩɨɥɭɪаɫɩаɞа ɞɥя ɪɟаɤɰɢɢ α-ɪаɫɩаɞа ɭɪаɧа βγη, ɤɨɬɨɪɵɣ ɪаɜɟɧ 
7,038·10

8
 ɥɟɬ [287,288], ɢ ɩɨɥаɝая ɤɪɢɬɢчɟɫɤɭɸ ɭɪаɧа ɤɨɧɰɟɧɬɪаɰɢɸ βγη ɞɥя 

ɬɟɩɥɨɜɨɣ ɢ ɧаɞɬɟɩɥɨɜɨɣ ɨɛɥаɫɬɢ зβ%, ɥɟɝɤɨ ɩɨɥɭчɢɬɶ ɨɰɟɧɤɭ ɦɨɦɟɧɬа ɜɪɟɦɟɧɢ 
ɜ ɩɪɨɲɥɨɦ, ɤɨɬɨɪая ɪаɜɧа ~10,35·10

8
 ɥɟɬ ɧаɡаɞ ɨɬ ɫɟɝɨɞɧяɲɧɟɝɨ ɞɧя ɢ ɞɨ 

ɤɨɬɨɪɨɝɨ ɜɵɫɨɤɨɷɧɟɪɝɟɬɢчɟɫɤɢɦɢ ɩɪɨɬɨɧаɦɢ ɢɧɢɰɢɢɪɨɜаɥɢɫɶ, ɩɨ-ɜɢɞɢɦɨɦɭ, 
ɥɢɲɶ ɜɨɥɧɵ ɝɨɪɟɧɢя А.ɂ. Ахɢɟɡɟɪа. Ɂаɬɟɦ ɧачɢɧая ɫ ɦɨɦɟɧɬа ɭɤаɡаɧɧɨɝɨ 
ɜɪɟɦɟɧɢ з10,γη·108

 ɥɟɬ ɧаɡаɞ ɨɬ ɫɟɝɨɞɧяɲɧɟɝɨ ɞɧя ɫɭщɟɫɬɜɨɜаɥ ɩɟɪɟхɨɞɧɵɣ 
ɩɟɪɢɨɞ, ɤɨɝɞа ɦɟɠɝаɥаɤɬɢчɟɫɤɢɟ ɜɵɫɨɤɨɷɧɟɪɝɟɬɢчɟɫɤɢɟ ɩɪɨɬɨɧɵ ɢɧɢɰɢɢɪɨɜаɥɢ 
ɤаɤ ɜɨɥɧɵ ɝɨɪɟɧɢя А.ɂ. Ахɢɟɡɟɪа, ɬаɤ ɢ ɜɨɥɧɵ Ʌ.ɉ. Ɏɟɨɤɬɢɫɬɨɜа. Эɬɨɬ ɩɟɪɢɨɞ 
ɡаɤɨɧчɢɥɫя ɬɨɝɞа, ɤɨɝɞа ɤɨɧɰɟɧɬɪаɰɢя ɭɪаɧа βγη ɞɥя ɬɟɩɥɨɜɨɣ ɢ ɧаɞɬɟɩɥɨɜɨɣ 
ɨɛɥаɫɬɢ  ɫɬаɥа ɧɢɠɟ ɤɪɢɬɢчɟɫɤɨɣ, чɬɨ ɨɬɜɟчаɟɬ ɢ ɧɵɧɟɲɧɟɦɭ ɫɨɫɬɨяɧɢɸ, ɢ 
ɤɨɝɞа ɦɟɠɝаɥаɤɬɢчɟɫɤɢɟ ɜɵɫɨɤɨɷɧɟɪɝɟɬɢчɟɫɤɢɟ ɩɪɨɬɨɧɵ ɦɨɝɭɬ ɢɧɢɰɢɢɪɨɜаɬɶ, 
ɩɨ-ɜɢɞɢɦɨɦɭ, ɥɢɲɶ ɜɨɥɧɵ ɝɨɪɟɧɢя Ʌ.ɉ. Ɏɟɨɤɬɢɫɬɨɜа. 

 

П.20.3. Ɂаɤɥɸɱеɧие. 

 ɍɬɨчɧɟɧа ɝɢɩɨɬɟɡа ɨ ɩɨɞɠɢɝɟ ɝɟɨɪɟаɤɬɨɪа ɦɟɠɝаɥаɤɬɢчɟɫɤɢɦɢ ɩɪɨɬɨɧаɦɢ 
ɜɵɫɨɤɢх ɷɧɟɪɝɢɣ, ɤɨɬɨɪая ɜɩɟɪɜɵɟ ɛɵɥа ɩɪɟɞɥɨɠɟɧа ɜ [2] ɢ ɩɪɢ ɨɛɨɫɧɨɜаɧɢɢ 
ɤɨɬɨɪɨɣ ɭɬɨчɧɟɧɵ ɨɰɟɧɤɢ, ɫɞɟɥаɧɧɵɟ ɜ [2] ɫ ɭчɟɬɨɦ ɨɫɨɛɟɧɧɨɫɬɟɣ ɜɨɥɧɨɜɨɝɨ 
ɝɨɪɟɧɢя ɜ ɧаɞɬɟɩɥɨɜɨɣ ɨɛɥаɫɬɢ ɷɧɟɪɝɢɣ ɧɟɣɬɪɨɧɨɜ (ɫɦ. ɪаɡɞɟɥ. 2). А ɬаɤɠɟ, 
ɜɩɟɪɜɵɟ ɜɵɫɤаɡаɧа ɢɞɟя ɨ ɜɨɡɦɨɠɧɨɣ ɪɨɥɢ ɜɨɥɧɵ Ахɢɟɡɟɪа (ɫɦ. ɪаɡɞɟɥ. 2 

ɞɢɫɫɟɪɬаɰɢɢ) ɜ ɩɨɞɠɢɝɟ ɜɨɥɧɨɜɨɝɨ ɝɟɨɪɟаɤɬɨɪа ɧа ɪаɧɧɢх ɫɬаɞɢях ɠɢɡɧɢ Ɂɟɦɥɢ. 

 


