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ǽȞȓȒȖȟșȜȐȖȓ 
 

 

 

ȼ ɷɬɨɣ ɤɧɢɝɟ ɩɪɨɞɨɥɠɚɟɬɫя ɪɚɫɫɦɨɬɪɟɧɢɟ ɝɢɩɨɬɟɡɵ ɨ ɜɨɡɧɢɤɧɨɜɟ-
ɧɢɢ ɢ ɪɚɡɜɢɬɢɢ ȼɫɟɥɟɧɧɨɣ, ɤɨɬɨɪɚя ɚɥɶɬɟɪɧɚɬɢɜɧɚ ɤ ɧɚɢɛɨɥɟɟ 
ɪɚɫɩɪɨɫɬɪɚɧОɧɧɨɣ ɜ ɧɚɫɬɨящɟɟ ɜɪɟɦя ɝɢɩɨɬɟɡɟ Ȼɨɥɶɲɨɝɨ ɜɡɪɵɜɚ. 

ɋɭщɟɫɬɜɨ ɩɪɟɞɥɚɝɚɟɦɨɣ ɝɢɩɨɬɟɡɵ ɡɚɤɥɸɱɚɟɬɫя ɜ ɬɨɦ, ɱɬɨ ȼɫɟ-
ɥɟɧɧɚя ɜɨɡɧɢɤɥɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɧɟɤɨɣ ɝɥɨɛɚɥɶɧɨɣ ɮɥɭɤɬɭɚɰɢɢ, ɩɪɢ-
ɜɟɞɲɟɣ ɤ ɪɚɡɪɭɲɟɧɢɸ ɮɢɡɢɱɟɫɤɨɝɨ ɜɚɤɭɭɦɚ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɨɣ 
ɩɨяɜɢɥɢɫɶ ɦɚɬɟɪɢя, ɩɪɨɫɬɪɚɧɫɬɜɨ ɢ ɜɪɟɦя. ɂ ɨɧɢ ɩɪɨɞɨɥɠɚɸɬ ɩɨ-
яɜɥяɬɶɫя. 

Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɝɢɩɨɬɟɬɢɱɟɫɤɚя ɝɥɨɛɚɥɶɧɚя ɮɥɭɤɬɭɚɰɢя, ɧɚ 
ɦɧɨɝɨ ɩɨɪяɞɤɨɜ ɦɟɧɟɟ ɢɧɬɟɧɫɢɜɧɚя, ɱɟɦ Ȼɨɥɶɲɨɣ ɜɡɪɵɜ, яɜɥяɟɬɫя 
ɬɨɥɶɤɨ ɫɜɨɟɨɛɪɚɡɧɵɦ ɞɟɬɨɧɚɬɨɪɨɦ ɩɪɨɰɟɫɫɚ ɩɨɫɥɟɞɭɸщɟɝɨ ɮɨɪ-
ɦɢɪɨɜɚɧɢя ɦɚɬɟɪɢɢ ɢ ɩɪɨɫɬɪɚɧɫɬɜɚ-ɜɪɟɦɟɧɢ, ɤɨɬɨɪɵɣ ɩɪɨɢɡɨɲОɥ 
ɧɟ ɡɚ 10–43–10

–36 ɫɟɤɭɧɞ ɜ ɨɛɥɚɫɬɢ ɪɚɡɦɟɪɨɦ 10–35
 ɦ, ɚ ɩɪɨɞɨɥɠɚɟɬ-

ɫя ɭɠɟ ɞɟɫяɬɤɢ ɦɢɥɥɢɚɪɞɨɜ ɥɟɬ, ɨɯɜɚɬɵɜɚя ɨɛɥɚɫɬɶ ɩɪɨɫɬɪɚɧɫɬɜɚ ɜ 
ɞɟɫяɬɤɢ ɦɢɥɥɢɚɪɞɨɜ ɫɜɟɬɨɜɵɯ ɥɟɬ. 

Ʉɪɨɦɟ ɷɬɨɝɨ, ɜ ɨɬɥɢɱɢɟ ɨɬ Ȼɨɥɶɲɨɝɨ ɜɡɪɵɜɚ, ɤɨɬɨɪɵɣ ɪɚɫɫɦɚɬ-
ɪɢɜɚɟɬ ɬɨɥɶɤɨ ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɢ ɪɚɡɜɢɬɢɟ ɦɚɬɟɪɢɢ ɜ ɤɟɦ-ɬɨ ɡɚɪɚɧɟɟ 
ɩɪɢɝɨɬɨɜɥɟɧɧɨɦ ɞɥя ɷɬɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɟ-ɜɪɟɦɟɧɢ, ɜ ɪɚɫɫɦɚɬɪɢ-
ɜɚɟɦɨɣ ɝɢɩɨɬɟɡɟ ɨɱɟɪɟɞɧɵɟ ɩɨɪɰɢɢ ɩɪɨɫɬɪɚɧɫɬɜɚ-ɜɪɟɦɟɧɢ ɫɨɡɞɚ-
ɸɬɫя ɜɦɟɫɬɟ ɫ ɨɱɟɪɟɞɧɵɦɢ ɩɨɪɰɢяɦɢ ɦɚɬɟɪɢɢ. 

ɂɧɚɱɟ ɩɨɥɭɱɢɬɫя ɥɨɝɢɱɟɫɤɨɟ ɧɟɫɨɨɬɜɟɬɫɬɜɢɟμ ɩɪɢ Ȼɨɥɶɲɨɦ 
ɜɡɪɵɜɟ ɜɨɡɧɢɤɚɟɬ ɬɨɥɶɤɨ ɦɚɬɟɪɢя, ɚ ɧɚɫɱОɬ ɩɪɨɫɬɪɚɧɫɬɜɚ-ɜɪɟɦɟɧɢ 
ɬɚɤɨɟ ɩɨɱɟɦɭ-ɬɨ ɧɟ ɩɪɨɢɫɯɨɞɢɬ. 

Ɂɞɟɫɶ ɧɭɠɧɨ ɫɞɟɥɚɬɶ ɭɬɨɱɧɟɧɢɟμ ɜ ɝɢɩɨɬɟɡɟ Ȼɨɥɶɲɨɝɨ ɜɡɪɵɜɚ ɭɬ-
ɜɟɪɠɞɚɟɬɫя, ɱɬɨ ɩɪɨɫɬɪɚɧɫɬɜɨ ɬɨɠɟ ɪɚɫɲɢɪяɟɬɫя. ɇɨ ɤɚɤ ɤɟɦ-ɬɨ ɨɫɬ-
ɪɨɭɦɧɨ ɛɵɥɨ ɡɚɦɟɱɟɧɨ, ɱɬɨɛɵ ɩɪɨɫɬɪɚɧɫɬɜɨ ɪɚɫɲɢɪяɥɨɫɶ, ɨɧɨ ɫɚɦɨ 
ɞɨɥɠɧɨ ɧɚɯɨɞɢɬɶɫя ɜ ɤɚɤɨɦ-ɬɨ ɞɪɭɝɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ. Ⱥ ɞɥя ɞɢɧɚɦɢɤɢ 
ɪɚɫɲɢɪɟɧɢя ɞɨɥɠɧɨ ɛɵɬɶ ɜɪɟɦя. ɂ ɫɬɪɚɧɧɨ, ɱɬɨ ɦɚɥɨ ɤɬɨ ɡɚɞɚОɬɫя 
ɨɱɟɜɢɞɧɵɦ ɜɨɩɪɨɫɨɦμ ɚ ɷɬɢ ɩɪɨɫɬɪɚɧɫɬɜɨ ɢ ɜɪɟɦя ɨɬɤɭɞɚ ɜɡяɥɢɫɶ? 

Ɂɞɟɫɶ ɜɨɩɪɨɫ ɞɚɠɟ ɧɟ ɜ ɩɨɞɯɨɞящɟɣ ɪɚɡɦɟɪɧɨɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɚ 
ɢ ɜɪɟɦɟɧɢ, ɤɚɤ ɷɬɨ ɱɚɫɬɨ ɩɵɬɚɸɬɫя ɩɪɟɞɫɬɚɜɢɬɶ, ɚ ɩɪɢɧɰɢɩɢɚɥɶ-
ɧɵɣ — ɜ ɬɨɦ, ɨɬɤɭɞɚ ɨɧɢ ɜɨɡɧɢɤɥɢ. ɉɨɱɟɦɭ ɩɪɟɞɥɚɝɚɟɬɫя ɫɨɫɪɟɞɨ-
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ɬɨɱɢɬɶɫя ɧɚ ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɦɚɬɟɪɢɢ, ɧɟ ɭɞɟɥяя ɞɨɥɠɧɨɝɨ ɜɧɢɦɚ-
ɧɢя ɜɨɩɪɨɫɭ ɨɛɪɚɡɨɜɚɧɢя ɩɪɨɫɬɪɚɧɫɬɜɚ ɢ ɜɪɟɦɟɧɢ? 

ȼ ɪɚɦɤɚɯ ɩɪɟɞɥɨɠɟɧɧɨɣ ɨɫɧɨɜɧɨɣ ɝɢɩɨɬɟɡɵ ɨ ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɢ 
ɪɚɡɜɢɬɢɢ ȼɫɟɥɟɧɧɨɣ ɮɨɪɦɢɪɭɸɬɫя ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɝɢɩɨɬɟɡɵ ɨ 
ɫɭщɟɫɬɜɨɜɚɧɢɢ ɤɜɚɧɬɨɜ ɩɪɨɫɬɪɚɧɫɬɜɚ ɢ ɜɪɟɦɟɧɢ, ɤɨɬɨɪɵɟ ɩɨɡɜɨ-
ɥяɬ ɩɪɟɞɥɨɠɢɬɶ ɚɥɶɬɟɪɧɚɬɢɜɧɵɟ ɨɛɴяɫɧɟɧɢя ɜɚɠɧɵɦ ɤɨɫɦɨɥɨɝɢ-
ɱɟɫɤɢɦ яɜɥɟɧɢяɦ. 

ɋɬɪɭɤɬɭɪɚ ɤɧɢɝɢ ɜɨ ɦɧɨɝɨɦ ɩɨɜɬɨɪяɟɬ ɫɬɪɭɤɬɭɪɭ ɛɨɥɟɟ ɪɚɧɧɟɣ 
ɪɚɛɨɬɵ Д1]. ɗɬɨ ɫɞɟɥɚɧɨ ɩɨ ɬɪОɦ ɩɪɢɱɢɧɚɦ. 

Вɨ-ɩɟɪɜɵɯ, ɞɥя ɨɛɟɫɩɟɱɟɧɢя ɩɪɟɟɦɫɬɜɟɧɧɨɫɬɢ ɢɡɥɨɠɟɧɢя ɦɚɬɟ-
ɪɢɚɥɚ. Вɨ-ɜɬɨɪɵɯ, ɞɥя ɨɛɟɫɩɟɱɟɧɢя ɟɝɨ ɰɟɥɨɫɬɧɨɫɬɢ. В-ɬɪɟɬɶɢɯ, 

ɞɥя ɨɛɥɟɝɱɟɧɢя ɧɚɢɛɨɥɟɟ ɡɚɢɧɬɟɪɟɫɨɜɚɧɧɵɦ ɱɢɬɚɬɟɥяɦ ɜɨɡɦɨɠɧɨ-
ɫɬɢ ɫɨɩɨɫɬɚɜɥɟɧɢя ɧɨɜɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɫ ɨɩɭɛɥɢɤɨɜɚɧɧɵɦɢ ɪɚɧɟɟ. 

ɉɟɪɜɵɟ ɪɚɡɞɟɥɵ ɨɫɬɚɥɢɫɶ ɩɪɚɤɬɢɱɟɫɤɢ ɛɟɡ ɢɡɦɟɧɟɧɢɣ. ɇɟ-
ɛɨɥɶɲɢɟ ɤɨɪɪɟɤɬɢɪɨɜɤɢ ɛɵɥɢ ɫɞɟɥɚɧɵ ɞɥя ɭɬɨɱɧɟɧɢя ɧɟɤɨɬɨɪɵɯ 
ɩɨɥɨɠɟɧɢɣ ɢ ɢɫɩɪɚɜɥɟɧɢя ɡɚɦɟɱɟɧɧɵɯ ɨɩɟɱɚɬɨɤ. 

Ɋɚɡɞɟɥ ɨ ɦɢɤɪɨɜɨɥɧɨɜɨɦ ɮɨɧɨɜɨɦ ɢɡɥɭɱɟɧɢɢ, ɤɨɬɨɪɨɟ ɜ ɝɢɩɨ-
ɬɟɡɟ Ȼɨɥɶɲɨɝɨ ɜɡɪɵɜɚ ɧɚɡɵɜɚɟɬɫя ɪɟɥɢɤɬɨɜɵɦ, ɭɬɨɱɧОɧ ɞɥя ɭɫɬɪɚ-
ɧɟɧɢя ɜɨɩɪɨɫɨɜ ɨ ɦɟɬɨɞɢɤɟ ɨɩɪɟɞɟɥɟɧɢя ɪɟɝɢɫɬɪɢɪɭɟɦɨɣ ɩɥɨɬɧɨ-
ɫɬɢ ɮɨɧɨɜɨɝɨ ɢɡɥɭɱɟɧɢя. 

ȼ ɪɚɡɞɟɥɟ, ɜ ɤɨɬɨɪɨɦ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫя ɪɚɫɲɢɪɟɧɢɟ ȼɫɟɥɟɧɧɨɣ, 
ɭɱɬɟɧɵ ɪɟɥяɬɢɜɢɫɬɫɤɢɟ ɷɮɮɟɤɬɵ. ɗɬɨ ɩɨɡɜɨɥɢɥɨ ɧɟ ɬɨɥɶɤɨ ɫɞɟ-
ɥɚɬɶ ɜɵɜɨɞ ɨɛ ɭɫɤɨɪɟɧɧɨɦ ɪɚɫɲɢɪɟɧɢɢ ȼɫɟɥɟɧɧɨɣ, ɧɨ ɢ ɩɨɥɭɱɢɬɶ 
ɨɰɟɧɤɢ ɜɟɥɢɱɢɧɵ ɭɫɤɨɪɟɧɢя. Оɧɚ, ɤɚɤ ɢ ɫɤɨɪɨɫɬɶ ɪɚɫɲɢɪɟɧɢя, 
ɨɤɚɡɚɥɚɫɶ ɫɜяɡɚɧɧɨɣ ɫ ɩɨɫɬɨяɧɧɨɣ ɏɚɛɛɥɚ, ɧɨ ɧɟ ɥɢɧɟɣɧɵɦ, ɚ 
ɤɜɚɞɪɚɬɢɱɧɵɦ ɨɛɪɚɡɨɦ. 

Оɞɧɚɤɨ ɦɧɨɝɢɟ ɷɮɮɟɤɬɵ ɭɜɟɥɢɱɟɧɢя ɪɚɫɫɬɨяɧɢɣ ɦɟɠɞɭ ɤɨɫɦɢ-
ɱɟɫɤɢɦɢ ɨɛɴɟɤɬɚɦɢ ɦɨɝɭɬ ɨɤɚɡɚɬɶɫя ɤɚɠɭщɢɦɢɫя, ɨɛɭɫɥɨɜɥɟɧɧɵ-
ɦɢ ɪɚɡɧɵɦɢ ɜɟɥɢɱɢɧɚɦɢ ɤɜɚɧɬɨɜ ɩɪɨɫɬɪɚɧɫɬɜɚ-ɜɪɟɦɟɧɢ ɜ ɪɚɡɧɵɯ 
ɨɛɥɚɫɬяɯ ȼɫɟɥɟɧɧɨɣ. Ʉɚɠɭщɢɟɫя ɮɚɤɬɨɪɵ ɜ ɧɚɭɤɟ — яɜɥɟɧɢɟ ɞɨ-
ɜɨɥɶɧɨ ɪɚɫɩɪɨɫɬɪɚɧОɧɧɨɟ, ɚ ɪɚɡɜɢɬɢɟ ɮɢɡɢɤɢ — ɷɬɨ ɩɟɪɟɯɨɞɵ ɨɬ 
ɨɞɧɢɯ ɤɚɠɭщɢɯɫя ɫɭщɧɨɫɬɟɣ ɤ ɞɪɭɝɢɦ. 

Оɰɟɧɤɚ ɜɨɡɦɨɠɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɫɜɟɪɯɦɚɫɫɢɜɧɵɯ ɱОɪɧɵɯ ɞɵɪ 
ɫɨɞɟɪɠɢɬɫя ɜ ɧɨɜɨɦ ɪɚɡɞɟɥɟ. Ⱦɥя ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɦɨɞɟɥɶɧɨɣ 
ȼɫɟɥɟɧɧɨɣ ɫɭщɟɫɬɜɨɜɚɧɢɟ ɱОɪɧɵɯ ɞɵɪ ɜɩɨɥɧɟ ɟɫɬɟɫɬɜɟɧɧɨμ ɨɧɢ ɩɨ-
ɡɜɨɥяɸɬ ɭɬɢɥɢɡɢɪɨɜɚɬɶ ɧɢɡɤɨɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɱɚɫɬɢɰɵ, ɜɨɡɜɪɚщɚя 
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ɢɯ ɜ ɪɨɞɢɬɟɥɶɫɤɢɣ ɮɢɡɢɱɟɫɤɢɣ ɜɚɤɭɭɦ, ɢɡ ɪɚɡɪɭɲɟɧɢя ɤɨɬɨɪɨɝɨ 
ɨɧɢ ɨɛɪɚɡɨɜɚɥɢɫɶ. Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɩɨɥɭɱɚɟɬɫя, ɱɬɨ ɩɨɱɬɢ ɜ ɤɚ-
ɠɞɨɣ ɝɚɥɚɤɬɢɤɟ ɞɨɥɠɧɚ ɧɚɯɨɞɢɬɶɫя ɦɚɫɫɢɜɧɚя ɱОɪɧɚя ɞɵɪɚ. 

ȼ ɪɚɡɞɟɥɟ ɩɨɥɭɱɟɧɨ ɨɰɟɧɨɱɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ ɦɚɫɫɨɣ 
ɫɜɟɪɯɦɚɫɫɢɜɧɨɣ ɱОɪɧɨɣ ɞɵɪɵ ɢ ɫɭɦɦɚɪɧɨɣ ɦɚɫɫɨɣ ɦɚɬɟɪɢɢ ɜ ɝɚ-
ɥɚɤɬɢɤɟ. Ʌɸɛɨɩɵɬɧɚ ɬɚɤɠɟ ɫɨɪɬɢɪɨɜɤɚ ɢɡɜɟɫɬɧɵɯ ɷɥɟɦɟɧɬɚɪɧɵɯ 
ɱɚɫɬɢɰ ɫ ɧɟɧɭɥɟɜɨɣ ɦɚɫɫɨɣ ɩɨ α-ɞɢɚɩɚɡɨɧɚɦ (α — ɩɨɫɬɨяɧɧɚя ɬɨɧ-
ɤɨɣ ɫɬɪɭɤɬɭɪɵ). 

ȼ ɫɥɟɞɭɸщɟɦ ɧɟɛɨɥɶɲɨɦ ɪɚɡɞɟɥɟ, ɤɨɬɨɪɵɣ ɬɚɤɠɟ яɜɥяɟɬɫя ɧɨ-
ɜɵɦ, ɪɚɫɫɦɨɬɪɟɧɵ ɧɟɤɨɬɨɪɵɟ ɩɚɪɚɦɟɬɪɵ ɝɢɩɨɬɟɬɢɱɟɫɤɢɯ ɷɥɟɦɟɧ-
ɬɚɪɧɵɯ ɱɚɫɬɢɰ, ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɡɚ ɝɪɚɜɢɬɚɰɢɸ. 

ȿщО ɨɞɢɧ ɧɨɜɵɣ ɪɚɡɞɟɥ ɩɨɫɜящОɧ ɜɡɚɢɦɨɨɬɧɨɲɟɧɢɸ ɩɪɟɞɥɚ-
ɝɚɟɦɨɣ ɦɨɞɟɥɢ ɫɨ ɫɩɟɰɢɚɥɶɧɨɣ ɬɟɨɪɢɟɣ ɨɬɧɨɫɢɬɟɥɶɧɨɫɬɢ (ɋɌО). 
ɋɞɟɥɚɧɨ ɩɪɟɞɩɨɥɨɠɟɧɢɟ, ɱɬɨ ɋɌО ɦɨɠɟɬ ɢɦɟɬɶ ɩɪɢɛɥɢɠОɧɧɵɣ 
ɥɨɤɚɥɶɧɵɣ ɯɚɪɚɤɬɟɪ, ɞɟɣɫɬɜɭɸщɢɣ ɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɢɯ 
ɱɚɫɬяɯ ȼɫɟɥɟɧɧɨɣ, ɯɚɪɚɤɬɟɪɧɵɯ ɞɥя ɝɚɥɚɤɬɢɤ ɢɥɢ ɝɪɭɩɩ ɝɚɥɚɤɬɢɤ. 
Ⱥ ɞɥя ȼɫɟɥɟɧɧɨɣ ɜ ɰɟɥɨɦ ɧɟɤɨɬɨɪɵɟ ɩɨɥɨɠɟɧɢя ɋɌО ɦɨɝɭɬ ɛɵɬɶ 
ɫɤɨɪɪɟɤɬɢɪɨɜɚɧɵ. ȼ ɱɚɫɬɧɨɫɬɢ, ɤɨɫɦɨɥɨɝɢɱɟɫɤɢɣ ɩɪɢɧɰɢɩ. 

Ɍɚɤ ɠɟ, ɤɚɤ ɢ ɜ ɩɪɟɞɵɞɭщɟɣ ɪɚɛɨɬɟ, ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɮɨɪɦɥɟ-
ɧɢɟ ɨɰɟɧɨɱɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɨɱɟɧɶ ɩɪɨɫɬɨɟ, ɱɬɨ ɩɨɡɜɨɥяɟɬ ɫɨɫɪɟɞɨ-
ɬɨɱɢɬɶɫя ɧɚ ɮɢɡɢɱɟɫɤɢɯ ɨɫɨɛɟɧɧɨɫɬяɯ яɜɥɟɧɢɣ. 

ɇɚɞɟɸɫɶ, ɱɬɨ ɩɪɟɞɥɨɠɟɧɧɚя ɝɢɩɨɬɟɡɚ ɤɨɝɨ-ɬɨ ɡɚɢɧɬɟɪɟɫɭɟɬ. ɋɨ 
ɫɜɨɟɣ ɫɬɨɪɨɧɵ ɫɱɢɬɚɸμ ɯɨɬя ɜ ɧɟɣ ɢɦɟɸɬɫя ɧɟɤɨɬɨɪɵɟ ɲɟɪɨɯɨɜɚ-
ɬɨɫɬɢ (ɧɚɢɜɧɨ ɛɵɥɨ ɛɵ ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ ɢɯ ɧɟɬ), ɧɨ, ɩɨ ɦɨɟɦɭ ɦɧɟ-
ɧɢɸ, ɨɧɢ ɬɨɝɨ ɠɟ ɭɪɨɜɧя, ɱɬɨ ɢ ɜɧɭɬɪɟɧɧɢɟ ɩɪɨɬɢɜɨɪɟɱɢя ɝɢɩɨɬɟɡɵ 
Ȼɨɥɶɲɨɝɨ ɜɡɪɵɜɚ. 

ɉɨɷɬɨɦɭ, ɧɚ ɦɨɣ ɜɡɝɥяɞ, ɷɬɭ ɝɢɩɨɬɟɡɭ ɢ ɞɚɥɟɟ ɰɟɥɟɫɨɨɛɪɚɡɧɨ 
ɨɛɫɭɠɞɚɬɶ ɢ ɪɚɡɜɢɜɚɬɶ. 

ȼ ɫɜяɡɢ ɫ ɷɬɢɦ ɜɵɪɚɠɚɸ ɛɥɚɝɨɞɚɪɧɨɫɬɶ ɪɭɤɨɜɨɞɫɬɜɭ ɐɟɧɬɪɚ 

ɫɬɪɚɬɟɝɢɱɟɫɤɢɯ ɨɰɟɧɨɤ ɢ ɩɪɨɝɧɨɡɨɜ ɡɚ ɜɧɢɦɚɧɢɟ ɤ ɪɚɛɨɬɟ ɢ ɤɨɧɫɬ-
ɪɭɤɬɢɜɧɭɸ ɤɪɢɬɢɤɭ. Оɧɨ ɡɧɚɱɢɦɨ ɞɥя ɦɟɧя, ɩɨɫɤɨɥɶɤɭ ɩɭɛɥɢɤɨ-
ɜɚɬɶ ɷɬɢ ɦɚɬɟɪɢɚɥɵ ɜ ɚɤɚɞɟɦɢɱɟɫɤɢɯ ɧɚɭɱɧɵɯ ɠɭɪɧɚɥɚɯ — ɛɟɫ-
ɩɟɪɫɩɟɤɬɢɜɧɨ. ɉɪɢ ɩɨɞɚɜɥяɸщɟɦ ɤɨɥɢɱɟɫɬɜɟ ɫɬɨɪɨɧɧɢɤɨɜ 
ɝɢɩɨɬɟɡɵ Ȼɨɥɶɲɨɝɨ ɜɡɪɵɜɚ, ɦɧɨɝɢɟ ɢɡ ɤɨɬɨɪɵɯ ɤ ɬɨɦɭ ɠɟ ɪɟɥɢɝɢ-
ɨɡɧɨ ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɟ, ɪɚɫɫɱɢɬɵɜɚɬɶ ɧɚ ɨɛɴɟɤɬɢɜɧɨɟ ɨɛɫɭɠɞɟɧɢɟ 
ɧɟ ɩɪɢɯɨɞɢɬɫя. 
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Ȗ — ɝɪɚɜɢɬɚɰɢɨɧɧɚя ɩɨɫɬɨяɧɧɚя, θ,θ7ζγ×10–11
 ɦ3/(ɤɝ×ɫ2

); 

H — ɩɨɫɬɨяɧɧɚя ɏɚɛɛɥɚ β,1θλ×10-18
 c {(2,116÷2,4492)×10

-18
 c}; 

c — ɫɤɨɪɨɫɬɶ ɫɜɟɬɚ ɜ ɜɚɤɭɭɦɟ, β,λλ7λβ×108
 ɦ/ɫ; 

1 Мɟɝɚɩɚɪɫɟɤ, γ,08ηθ8×1022
 ɦ; 

1 ɦɥɪɞ ɫɜɟɬɨɜɵɯ ɥɟɬ, 0,λζθ×1025
 ɦ; 

ɪɚɞɢɭɫ ɏɚɛɛɥɚ R0 = 1,38216×10
26

 ɦ = 1ζ,θ1×109
 ɫɜɟɬɨɜɵɯ ɥɟɬ; 

ɤɪɢɬɢɱɟɫɤɚя ɩɥɨɬɧɨɫɬɶ ɦɚɬɟɪɢɢ ρɫ = 0,931×10
−βθ

 ɤɝ/ɦ3
 (5,2·10

−θ
 Ƚɷȼ/ɫɦ3

); 

ɩɥɨɬɧɨɫɬɶ ɷɧɟɪɝɢɢ ɪɟɥɢɤɬɨɜɨɝɨ ɢɡɥɭɱɟɧɢя u = 4×10
–14 Ⱦɠ/ɦ3

; 

ɬɟɦɩɟɪɚɬɭɪɚ ɪɟɥɢɤɬɨɜɨɝɨ ɢɡɥɭɱɟɧɢя — β,7βηζ8 Ʉ; 

ɩɨɫɬɨяɧɧɚя ɉɥɚɧɤɚ h = 6,62607×10
-34

 Ⱦɠ×ɫ; 

ћ = h/(2×π) = 1,054571×10
-34

 Ⱦɠ×ɫ; 

ɷɥɟɦɟɧɬɚɪɧɵɣ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɡɚɪяɞ e = 1,6021765×10
-19 Ʉɥ; 

İ0 — ɞɢɷɥɟɤɬɪɢɱɟɫɤɚя ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɜɚɤɭɭɦɚ, 8,85419×10
–12 Ɏ/ɦ; 

ɦɚɫɫɚ ɷɥɟɤɬɪɨɧɚ me = 0,9109383×10
–30 ɤɝ; 

re — ɤɥɚɫɫɢɱɟɫɤɢɣ ɪɚɞɢɭɫ ɷɥɟɤɬɪɨɧɚ, e2
/(4×π×İ0×me×c

2
) = 2,81794×10

–15 ɦ; 

ɩɨɫɬɨяɧɧɚя ɬɨɧɤɨɣ ɫɬɪɭɤɬɭɪɵ α = e2
/(2×İ0×c×h) = 1/137,036; 

 

ɉɟɪɟɫɱёɬ ɦɚɫɫɵ ɢɡ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɟɞɢɧɢɰ ɜ ɤɝμ 
 

1 ɷȼ → 1,78β7×10-36
 ɤɝ; 

1 Мɷȼ → 1,78β7×10-30
 ɤɝ; 

1 Ƚɷȼ → 1,78β7×10-27
 ɤɝ; 

1 Ɍɷȼ → 1,78β7×10-24
 ɤɝ.

https://ru.wikipedia.org/wiki/%D0%93%D1%8D%D0%92
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ɋɨɜɪɟɦɟɧɧɨɟ ɫɨɫɬɨяɧɢɟ ɧɚɭɱɧɵɯ ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɨ ɜɨɡɧɢɤɧɨɜɟɧɢɢ 
ɢ ɪɚɡɜɢɬɢɢ ȼɫɟɥɟɧɧɨɣ ɦɨɠɧɨ ɫɱɢɬɚɬɶ, ɟɫɥɢ ɧɟ ɭɠɟ ɫɮɨɪɦɢɪɨɜɚɜ-
ɲɢɦɫя ɤɪɢɡɢɫɨɦ, ɬɨ ɭɠ ɬɨɱɧɨ ɩɪɟɞɤɪɢɡɢɫɧɵɦ ɫɨɫɬɨяɧɢɟɦ. 

ȼ ɧɚɫɬɨящɟɟ ɜɪɟɦя ɞɨɦɢɧɢɪɭɸщɚя ɮɢɡɢɱɟɫɤɚя ɤɨɧɰɟɩɰɢя — 

ɷɬɨ Ȼɨɥɶɲɨɣ ɜɡɪɵɜ ɢ ɩɨɫɥɟɞɭɸщɟɟ ɪɚɫɲɢɪɟɧɢɟ ɨɛɪɚɡɨɜɚɜɲɟɣɫя ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɷɬɨɝɨ ɜɡɪɵɜɚ ȼɫɟɥɟɧɧɨɣ. Ɍɨɱɧɟɟμ ɞɥя ɨɛɴяɫɧɟɧɢя ɧɚ-
ɛɥɸɞɚɟɦɨɣ ɨɞɧɨɪɨɞɧɨɫɬɢ ȼɫɟɥɟɧɧɨɣ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫя ɧɟ ɨɞɢɧ, ɚ 
ɞɜɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɜɡɪɵɜɚ. 

ɇɨ ɪɟɚɥɶɧɨɫɬɶ Ȼɨɥɶɲɨɝɨ ɜɡɪɵɜɚ ɜɵɡɵɜɚɟɬ ɫɨɦɧɟɧɢя. Ʉɫɬɚɬɢ, 
ɫɚɦ ɚɜɬɨɪ ɬɟɪɦɢɧɚ «Ȼɨɥɶɲɨɣ ɜɡɪɵɜ» — ɧɨɛɟɥɟɜɫɤɢɣ ɥɚɭɪɟɚɬ Ɏ. 
ɏɨɣɥ ɢɡ ɋɒȺ — ɜ ɷɬɭ ɝɢɩɨɬɟɡɭ ɧɟ ɜɟɪɢɥ. Оɧɚ ɪɨɠɞɚɟɬ ɦɧɨɝɨ ɩɚ-
ɪɚɞɨɤɫɨɜ, ɧɨ ɧɟ ɨɛɴяɫɧяɟɬ ɢɯ. 

ɂ ɫɪɟɞɢ ɧɢɯ ɩɪɢɫɭɬɫɬɜɭɸɬ ɞɚɠɟ ɥɨɝɢɱɟɫɤɢɟ ɩɚɪɚɞɨɤɫɵ. ɇɚ-
ɩɪɢɦɟɪ, ɟɫɥɢ ȼɫɟɥɟɧɧɚя ɛɟɫɤɨɧɟɱɧɚ, ɤɚɤ ɜɨɡɦɨɠɧɨ, ɱɬɨɛɵ ɛɟɫɤɨ-
ɧɟɱɧɨɫɬɶ ɪɚɫɲɢɪяɥɚɫɶ? 

Ɍɚɤɨɟ ɟщО ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɟɫɥɢ ɫɪɟɞɧяя ɩɥɨɬɧɨɫɬɶ ɦɚɬɟ-
ɪɢɢ ɜɨ ȼɫɟɥɟɧɧɨɣ ɩɪɟɜɵɲɚɟɬ ɤɪɢɬɢɱɟɫɤɭɸ ɩɥɨɬɧɨɫɬɶ. Ɍɨɝɞɚ 
ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɪɚɫɲɢɪɟɧɢɟ ɱɟɝɨ-ɥɢɛɨ ɛɟɡɝɪɚɧɢɱɧɨɝɨ, ɧɨ ɤɨ-
ɧɟɱɧɨɝɨ, ɬɢɩɚ ɭɜɟɥɢɱɟɧɢя ɩɨɜɟɪɯɧɨɫɬɢ ɫɮɟɪɵ (ɪɢɫ.1). 

ȼ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɯ ɫɥɭɱɚяɯ (ɚ ɜ ɧɚɫɬɨящɟɟ ɜɪɟɦя ɫɱɢɬɚɟɬɫя, 
ɱɬɨ ɫɪɟɞɧяя ɩɥɨɬɧɨɫɬɶ ɦɚɬɟɪɢɢ ɪɚɜɧɚ ɤɪɢɬɢɱɟɫɤɨɣ) ɷɬɨ ɜɵɝɥяɞɢɬ 
ɫɬɪɚɧɧɵɦ. 

Оɛɧɚɪɭɠɢɥɢɫɶ ɢ ɮɢɡɢɱɟɫɤɢɟ ɩɚɪɚɞɨɤɫɵ. ɋ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɧɚ-
ɛɥɸɞɟɧɢя ɡɚ ɞɢɧɚɦɢɤɨɣ ɡɜОɡɞ ɜ ɝɚɥɚɤɬɢɤɚɯ ɢ ɝɚɥɚɤɬɢɤ ɜ ɫɤɨɩɥɟɧɢ-
яɯ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɢɯ ɫɨɛɫɬɜɟɧɧɨɣ ɦɚɫɫɵ ɧɟɞɨɫɬɚɬɨɱɧɨ ɞɥя ɩɨɞɞɟɪ-
ɠɚɧɢя ɝɪɚɜɢɬɚɰɢɨɧɧɨɣ ɫɬɚɛɢɥɶɧɨɫɬɢ. ɗɬɨ ɩɪɟɞɩɨɥɚɝɚɟɬ ɧɚɥɢɱɢɟ 
ɜɨ ȼɫɟɥɟɧɧɨɣ ɧɟɤɨɣ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɦɚɬɟɪɢɢ (ɟО ɧɚɡɵɜɚɸɬ 
ɬОɦɧɨɣ ɦɚɬɟɪɢɟɣ), ɭɱɚɫɬɜɭɸщɟɣ ɜ ɝɪɚɜɢɬɚɰɢɨɧɧɨɦ ɩɪɢɬяɠɟɧɢɢ. 

ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɢɫɫɥɟɞɨɜɚɧɢя ɤɪɚɫɧɨɝɨ ɫɦɟщɟɧɢя ɜ ɛɥɢɠ-
ɧɟɣ ɨɛɥɚɫɬɢ ɧɚ ɪɚɫɫɬɨяɧɢяɯ 10η–107 ɫɜɟɬɨɜɵɯ ɥɟɬ ɢ ɧɚɛɥɸɞɟɧɢɟ 
ɜɫɩɵɲɟɤ ɞɚɥОɤɢɯ ɫɜɟɪɯɧɨɜɵɯ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɪɚɫɲɢɪɟ-
ɧɢя ȼɫɟɥɟɧɧɨɣ ɫɨ ɜɪɟɦɟɧɟɦ ɭɜɟɥɢɱɢɜɚɟɬɫя. ɗɬɨ ɨɛɫɬɨяɬɟɥɶɫɬɜɨ 
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ɩɨɬɪɟɛɨɜɚɥɨ ɜɜɟɞɟɧɢя ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɮɚɤɬɨɪɚ — ɬОɦɧɨɣ ɷɧɟɪ-
ɝɢɢ, ɨɛɥɚɞɚɸщɟɣ ɭɠɟ ɚɧɬɢɝɪɚɜɢɬɚɰɢɨɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɤɨɬɨɪɚя 
ɡɚɫɬɚɜɥяɟɬ ȼɫɟɥɟɧɧɭɸ ɪɚɫɲɢɪяɬɶɫя ɭɫɤɨɪɟɧɧɵɦɢ ɬɟɦɩɚɦɢ. 

 

 
 

Ɋɂɋ. 1. Ɍɢɩɵ ɝɟɨɦɟɬɪɢɢ ȼɫɟɥɟɧɧɨɣ 

 

ɉɪɢ ɷɬɨɦ ɨɤɚɡɚɥɨɫɶ, ɱɬɨ ɫɭɦɦɚɪɧɚя ɦɚɫɫɚ ɬОɦɧɨɣ ɦɚɬɟɪɢɢ ɢ 
ɬОɦɧɨɣ ɷɧɟɪɝɢɢ ɩɪɢɦɟɪɧɨ ɜ ββ ɪɚɡɚ ɛɨɥɶɲɟ, ɱɟɦ ɦɚɫɫɚ ɧɚɛɥɸɞɚɟ-
ɦɨɣ ɦɚɬɟɪɢɢ. ɉɨ ɫɨɜɪɟɦɟɧɧɵɦ ɩɪɟɞɫɬɚɜɥɟɧɢяɦ ɩɨɫɥɟɞɨɜɚɬɟɥɟɣ 
ɝɢɩɨɬɟɡɵ Ȼɨɥɶɲɨɝɨ ɜɡɪɵɜɚ, ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɦɚɬɟɪɢɢ ɬɚɤɨɟμ 7γ % — 

ɬОɦɧɚя ɷɧɟɪɝɢя, ββ,η % — ɬОɦɧɚя ɦɚɬɟɪɢя, ζ,η % — ɜɟщɟɫɬɜɨ 
(ɡɜɟɡɞɧɵɟ ɫɢɫɬɟɦɵ, ɦɟɠɝɚɥɚɤɬɢɱɟɫɤɢɣ ɝɚɡ) ɢ ɩɨɥɟ. 

Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɜ ɧɚɫɬɨящɟɟ ɜɪɟɦя ɢɫɫɥɟɞɭɸɬɫя ɦɨɞɟɥɢ 
ɪɚɡɜɢɬɢя ȼɫɟɥɟɧɧɨɣ ɧɚ ɨɫɧɨɜɟ ɢɧɮɨɪɦɚɰɢɢ, ɢ ɬɨ — ɧɟɩɨɥɧɨɣ, 
ɬɨɥɶɤɨ ɨ ζ,η% ɟО ɦɚɫɫɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɫɨɞɟɪɠɚɧɢя. ɇɟɭɞɢɜɢ-
ɬɟɥɶɧɨ, ɱɬɨ ɪɟɡɭɥɶɬɚɬɵ ɨɰɟɧɨɤ ɩɨ ɬɚɤɢɦ ɦɨɞɟɥяɦ ɦɨɝɭɬ ɩɨɤɚɡɚɬɶ 

ɱɬɨ ɭɝɨɞɧɨ, ɨɫɨɛɟɧɧɨ ɟɫɥɢ ɩɪɢ ɩɨɥɭɱɟɧɢɢ ɷɬɢɯ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɢ-
ɦɟɧяɬɶ ɬɟɯɧɢɱɟɫɤɢɟ ɨɩɬɢɦɢɡɚɰɢɨɧɧɵɟ ɩɪɨɰɟɞɭɪɵ ɩɨɞɫɬɪɨɣɤɢ 
ɦɨɞɟɥɟɣ. ɇɟ ɝɨɜɨɪя ɭɠ ɨ ɬɨɦ, ɱɬɨ ɪɚɫɫɬɨяɧɢɟ ɜ 10η–107 ɫɜɟɬɨɜɵɯ 
ɥɟɬ — ɧɢɱɬɨɠɧɨɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɚɡɦɟɪɨɦ ɧɟ ɬɨɥɶɤɨ ȼɫɟɥɟɧ-
ɧɨɣ, ɧɨ ɢ ɧɚɲɟɣ ɝɚɥɚɤɬɢɤɢ, ɧɚ ɤɨɬɨɪɨɦ ɦɨɝɭɬ ɩɪɨяɜɢɬɶɫя ɪɚɡ-
ɥɢɱɧɵɟ ɢɫɤɚɠɚɸщɢɟ ɮɚɤɬɨɪɵ. 
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ɉɨɷɬɨɦɭ ɮɢɡɢɤɢ ɜɫО ɜɪɟɦя ɩɪɢɞɭɦɵɜɚɸɬ ɧɟɤɢɟ ɧɨɜɵɟ ɫɭщɧɨ-
ɫɬɢ ɞɥя ɬɨɝɨ, ɱɬɨɛɵ ɫ ɢɯ ɩɨɦɨщɶɸ ɧɚɢɥɭɱɲɢɦ ɨɛɪɚɡɨɦ ɨɛɴяɫɧяɬɶ 
ɧɚɛɥɸɞɚɟɦɵɟ ɮɢɡɢɱɟɫɤɢɟ ɷɮɮɟɤɬɵ, ɩɨɞɝɨɧяя ɢɯ ɩɨɞ ɫɜɨɢ ɦɨɞɟɥɢ. 
Ɍɚɤɢɦɢ ɫɭщɧɨɫɬяɦɢ яɜɥяɸɬɫя ɬОɦɧɵɟ ɦɚɬɟɪɢя ɢ ɷɧɟɪɝɢя ɜɦɟɫɬɟ ɫ 
ɩɪɟɞɩɨɥɨɠɟɧɢɟɦ ɨ ɬɨɦ, ɱɬɨ ɨɧɢ ɩɨɱɟɦɭ-ɬɨ ɩɪɨяɜɥяɸɬ ɫɟɛя ɬɨɥɶɤɨ 
ɩɨɫɪɟɞɫɬɜɨɦ ɝɪɚɜɢɬɚɰɢɢ ɢ ɧɢɤɚɤɢɦ ɞɪɭɝɢɦ ɨɛɪɚɡɨɦ, ɬ. ɟ. ɢɦɟɧɧɨ 
ɬɚɤ, ɱɬɨɛɵ ɧɟ ɢɫɩɨɪɬɢɬɶ ɨɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢя ɝɢɩɨɬɟɡɵ ɢɧɮɥяɰɢɢ. 

ȼ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɫɬɚɥɨ ɬɚɤɠɟ ɦɨɞɧɵɦ ɩɪɢɞɭɦɵɜɚɬɶ ɞɨɩɨɥɧɢ-
ɬɟɥɶɧɵɟ ɪɚɡɦɟɪɧɨɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɚ-ɜɪɟɦɟɧɢ, ɤɨɬɨɪɵɟ ɩɪɨяɜɥяɸɬɫя 
ɬɨɥɶɤɨ ɜ ɦɚɥɵɯ ɦɚɫɲɬɚɛɚɯ. ɋ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɩɫɢɯɨɥɨɝɢɱɟɫɤɢ ɷɬɨ 
ɩɨɧяɬɧɨμ ɧɭɠɧɨ ɠɟ ɤɚɤ-ɬɨ ɨɛɴяɫɧɢɬɶ ɩɚɪɚɞɨɤɫɚɥɶɧɨɟ ɩɪɨɬɢɜɨɪɟɱɢɟ 
ɢɫɩɨɥɶɡɨɜɚɧɢя ɤɨɨɪɞɢɧɚɬ ɜɦɟɫɬɟ ɫ ɩɪɢɧɰɢɩɨɦ ɧɟɨɩɪɟɞОɥɟɧɧɨɫɬɢ. Ⱥ 
ɫ ɞɪɭɝɨɣ — ɦɨɠɧɨ, ɤɨɧɟɱɧɨ, ɞɥя ɫɨɨɬɜɟɬɫɬɜɢя ɬɟɨɪɢɢ ɢ ɪɟɚɥɶɧɨɫɬɢ 
ɜɜɟɫɬɢ ɜ ɪɚɫɫɦɨɬɪɟɧɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɫɬɟɩɟɧɢ ɫɜɨɛɨɞɵ. ɇɨ ɬɨɝɞɚ 
ɩɪɨɛɥɟɦɚ ɩɟɪɟɧɨɫɢɬɫя ɜɝɥɭɛɶ, ɧɚ ɞɪɭɝɨɣ ɭɪɨɜɟɧɶ, ɩɨɫɤɨɥɶɤɭ ɧɭɠɧɨ 
ɛɭɞɟɬ ɨɛɴяɫɧяɬɶ, ɩɨɱɟɦɭ ɷɬɢ ɩɚɪɚɦɟɬɪɵ ɢɦɟɧɧɨ ɬɚɤɢɟ ɢ ɧɢɤɚɤɢɟ ɞɪɭ-
ɝɢɟ. ɉɪɢɦɟɪɧɨ ɬɚɤɨɟ ɩɨɥɨɠɟɧɢɟ, ɤɚɤ ɜ ɋɬɚɧɞɚɪɬɧɨɣ ɦɨɞɟɥɢ. 

Ⱦɥя ɭɫɬɪɚɧɟɧɢя ɫɢɧɝɭɥяɪɧɨɫɬɟɣ ɩɪɢ Ȼɨɥɶɲɨɦ ɜɡɪɵɜɟ ɋ. ɏɨɤɢɧɝ 

ɞɚɠɟ ɩɪɟɞɥɨɠɢɥ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜɦɟɫɬɨ ɨɛɵɱɧɨɝɨ ɜɪɟɦɟɧɢ ɦɧɢɦɨɟ 
ɜɪɟɦя, ɤɨɬɨɪɨɟ, ɩɨ ɟɝɨ ɦɧɟɧɢɸ, ɦɨɠɟɬ ɨɤɚɡɚɬɶɫя ɛɨɥɟɟ ɮɭɧɞɚɦɟɧ-
ɬɚɥɶɧɵɦ, ɱɟɦ ɪɟɚɥɶɧɨɟ. ɂɞɟя ɢɧɬɟɪɟɫɧɚя, ɢ ɫ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɬɨɱ-
ɤɢ ɡɪɟɧɢя, ɦɨɠɟɬ ɛɵɬɶ, ɤɨɧɫɬɪɭɤɬɢɜɧɚя. ɇɨ ɜɨɡɧɢɤɚɟɬ ɟɫɬɟɫɬɜɟɧ-
ɧɵɣ ɜɨɩɪɨɫμ ɤɚɤ ɢɡɦɟɪяɬɶ ɬɚɤɨɟ ɦɧɢɦɨɟ ɜɪɟɦя, ɝɞɟ ɧɚɣɬɢ 
ɩɨɞɯɨɞящɢɟ ɞɥя ɷɬɨɝɨ ɦɧɢɦɵɟ ɱɚɫɵ ɫ ɦɧɢɦɵɦɢ ɫɬɪɟɥɤɚɦɢ? 

ɇɚɜɟɪɧɨ, ɧɭɠɧɨ ɜɫО ɠɟ ɨɬɬɚɥɤɢɜɚɬɶɫя ɨɬ ɨɫɧɨɜɧɵɯ ɷɤɫɩɟɪɢ-
ɦɟɧɬɚɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɮɢɡɢɱɟɫɤɢɯ ɮɚɤɬɨɜ ɨ ɫɜɨɣɫɬɜɚɯ ȼɫɟ-
ɥɟɧɧɨɣ, ɤɨɬɨɪɵɦɢ ɪɚɫɩɨɥɚɝɚɟɬ ɫɨɜɪɟɦɟɧɧɚя ɧɚɭɤɚ. ɉɪɢɱОɦ ɷɬɢ 
ɮɚɤɬɵ ɞɨɥɠɧɵ ɢɦɟɬɶ ɝɥɨɛɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ. Ɍɚɤɢɯ ɮɚɤɬɨɜ ɧɟ ɬɚɤ 
ɭɠ ɦɧɨɝɨ, ɢ ɨɫɧɨɜɧɵɟ ɢɯ ɧɢɯ — ɫɥɟɞɭɸщɢɟ. 

ȼɨ-ɩɟɪɜɵɯ, ɨɞɢɧɚɤɨɜɵɣ ɧɚɛɨɪ ɷɥɟɦɟɧɬɚɪɧɵɯ ɱɚɫɬɢɰ ɜɨ ɜɫɟɯ 
ɱɚɫɬяɯ ȼɫɟɥɟɧɧɨɣ. 

ȼɨ-ɜɬɨɪɵɯ, ɤɨɫɦɨɥɨɝɢɱɟɫɤɨɟ (ɧɟ ɩɭɬɚɬɶ ɫ ɝɪɚɜɢɬɚɰɢɨɧɧɵɦ!) 
ɤɪɚɫɧɨɟ ɫɦɟщɟɧɢɟ. ɉɵɬɚяɫɶ ɨɛɴяɫɧɢɬɶ ɟɝɨ ɷɮɮɟɤɬɨɦ Ⱦɨɩɥɟɪɚ, 
ɩɪɢɲɥɢ ɤ ɡɚɤɥɸɱɟɧɢɸ, ɱɬɨ ɝɚɥɚɤɬɢɤɢ ɦɨɝɭɬ ɪɚɡɛɟɝɚɬɶɫя (ɤɫɬɚɬɢ, 
ɗ. ɏɚɛɛɥ ɜ ɷɬɨɦ ɫɨɦɧɟɜɚɥɫя). ɇɨ, ɤɚɤ ɨɤɚɡɵɜɚɟɬɫя, ɨɬɧɸɞɶ ɧɟ ɜɫɟ. 
ɇɟɤɨɬɨɪɵɟ ɩɪɢɬяɝɢɜɚɸɬɫя ɞɪɭɝ ɤ ɞɪɭɝɭ ɢ ɞɚɠɟ ɫɬɚɥɤɢɜɚɸɬɫя. 
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ɂ ɩɨɫɬɨяɧɧɚя ɏɚɛɛɥɚ ɧɟ ɭɦɟɧɶɲɚɟɬɫя, ɤɚɤ ɩɪɟɞɫɤɚɡɵɜɚɥ ɨɧ ɫɚɦ, ɚ 
ɪɚɫɬОɬ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɸɬ ɩɨɫɥɟɞɧɢɟ ɢɡɦɟɪɟɧɢя. 

ȼ-ɬɪɟɬɶɢɯ, ɪɟɥɢɤɬɨɜɨɟ ɦɢɤɪɨɜɨɥɧɨɜɨɟ ɢɡɥɭɱɟɧɢɟ — ɜɨɡɦɨɠɧɵɣ 
ɫɜɢɞɟɬɟɥɶ ɢ ɭɱɚɫɬɧɢɤ Ȼɨɥɶɲɨɝɨ ɜɡɪɵɜɚ, ɫɨɨɬɜɟɬɫɬɜɭɸщɟɟ ɫɨɫɬɨяɧɢɸ 
ɦɚɬɟɪɢɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ β,7°Ʉ. ȼ ɝɢɩɨɬɟɡɟ Ȼɨɥɶɲɨɝɨ ɜɡɪɵɜɚ ɫɱɢɬɚ-
ɟɬɫя, ɱɬɨ ɝɨɪяɱɟɟ ɪɟɥɢɤɬɨɜɨɟ ɢɡɥɭɱɟɧɢɟ ɡɚɪɨɞɢɥɨɫɶ ɜ ɧɚɱɚɥɶɧɵɟ 
ɦɝɧɨɜɟɧɢя ɮɨɪɦɢɪɨɜɚɧɢя ȼɫɟɥɟɧɧɨɣ, ɧɨ ɡɚɬɟɦ, ɩɨ ɦɟɪɟ ɟО ɪɚɫɲɢɪɟ-
ɧɢя, ɩɨɫɬɟɩɟɧɧɨ ɨɫɬɵɥɨ, ɢ ɜ ɧɚɫɬɨящɟɟ ɜɪɟɦя ɪɚɜɧɨɦɟɪɧɨ ɡɚɩɨɥɧяɟɬ 
ɜɫɸ ȼɫɟɥɟɧɧɭɸ. ɑɬɨ ɧɚɯɨɞɢɬɫя ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɨɫɦɨɥɨɝɢɱɟɫɤɢɦ 
ɩɪɢɧɰɢɩɨɦ, ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɨɦɭ ɤɚɠɞɵɣ ɧɚɛɥɸɞɚɬɟɥɶ ɜ ɨɞɢɧ ɢ ɬɨɬ ɠɟ 
ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ, ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɦɟɫɬɚ ɢ ɧɚɩɪɚɜɥɟɧɢя ɧɚɛɥɸɞɟɧɢя, 
ɨɛɧɚɪɭɠɢɜɚɟɬ ɜɨ ȼɫɟɥɟɧɧɨɣ ɜ ɫɪɟɞɧɟɦ ɨɞɧɭ ɢ ɬɭ ɠɟ ɤɚɪɬɢɧɭ. 

ɇɨ ɢ ɡɞɟɫɶ ɜɨɡɧɢɤɚɟɬ ɩɚɪɚɞɨɤɫ — ɩɨ ɢɧɮɨɪɦɚɰɢɢ, ɩɨɥɭɱɟɧɧɨɣ ɫ 
ɩɨɦɨщɶɸ ɬɟɥɟɫɤɨɩɚ «ɏɚɛɛɥ», ɩɨɫɥɟ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ ɨ ɪɚɫɩɪɨɫɬɪɚɧɟ-
ɧɢɢ ɪɚɞɢɨɜɨɥɧ ɨɬ 1θ0 ɨɬɞɚɥОɧɧɵɯ ɝɚɥɚɤɬɢɤ, ɛɵɥɨ ɡɚɦɟɱɟɧɨ, ɱɬɨ ɞɚɧ-
ɧɵɟ ɧɟ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɩɨɫɬɭɥɚɬɭ ɨɛ ɢɡɨɬɪɨɩɧɨɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɚ. Ʉɚɤ 
ɫɤɚɡɚɥ ɨɛ ɷɬɨɦ ɧɚɭɱɧɵɣ ɷɤɫɩɟɪɬ «ɇɶɸ-Ƀɨɪɤ Ɍɚɣɦɫ» ȼ. ɇɨɛɥ, ɩɪɨ-
ɫɬɪɚɧɫɬɜɨ ɧɟ яɜɥяɟɬɫя ɨɞɧɢɦ ɢ ɬɟɦ ɠɟ ɩɨ ɜɫɟɦ ɧɚɩɪɚɜɥɟɧɢяɦ, ɚ ɧɚ 
ɫɚɦɨɦ ɞɟɥɟ, ɦɨɠɟɬ ɢɦɟɬɶ «ɫɟɜɟɪ ɢ ɸɝ», «ɧɢɡ» ɢ «ɜɟɪɯ», ɬɚɤ ɠɟ, ɤɚɤ ɢ 
«ɡɚɩɚɞ» ɢ «ɜɨɫɬɨɤ». ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ȼɫɟɥɟɧɧɚя ɦɨɠɟɬ ɛɵɬɶ ɧɟ ɨɞɢ-
ɧɚɤɨɜɨɣ ɩɨ ɜɫɟɦ ɧɚɩɪɚɜɥɟɧɢяɦ, ɚ ɤɨɫɦɨɥɨɝɢɱɟɫɤɢɣ ɩɪɢɧɰɢɩ ɢ ɝɢɩɨ-
ɬɟɡɚ Ȼɨɥɶɲɨɝɨ ɜɡɪɵɜɚ ɦɨɝɭɬ ɨɤɚɡɚɬɶɫя ɧɟɫɨɫɬɨяɬɟɥɶɧɵɦɢ. 

Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɤɨɫɦɨɥɨɝɢɱɟɫɤɢɣ ɩɪɢɧɰɢɩ — ɷɬɨ ɭɞɨɛɧɵɣ 
ɩɨɫɬɭɥɚɬ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɛɵɬɶ ɫɨɫɬɨяɬɟɥɶɧɵɦ ɬɨɥɶɤɨ ɜ ɨɬɧɨɫɢ-
ɬɟɥɶɧɨ ɧɟɛɨɥɶɲɢɯ ɨɛɥɚɫɬяɯ ȼɫɟɥɟɧɧɨɣ, ɧɚɩɪɢɦɟɪ ɜ ɝɚɥɚɤɬɢɤɟ ɢɥɢ 
ɜ ɝɪɭɩɩɟ ɝɚɥɚɤɬɢɤ, ɢ ɧɟ ɪɚɛɨɬɚɬɶ ɜ ɦɚɫɲɬɚɛɚɯ ɜɫɟɣ ȼɫɟɥɟɧɧɨɣ. 

ȼ-ɱɟɬɜОɪɬɵɯ, ɧɚɛɥɸɞɚɟɦɚя ɨɞɧɨɪɨɞɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢя ɦɚɬɟ-
ɪɢɢ ɜ ɛɨɥɶɲɢɯ ɨɛɴОɦɚɯ ȼɫɟɥɟɧɧɨɣ, ɬ. ɟ. ɩɨɫɬɨяɧɫɬɜɨ ɟО ɫɪɟɞɧɟɣ 
ɩɥɨɬɧɨɫɬɢ. 

ȼ-ɩяɬɵɯ, ɱОɪɧɵɟ ɞɵɪɵ — ɭɞɢɜɢɬɟɥɶɧɵɟ ɤɨɫɦɢɱɟɫɤɢɟ ɨɛɴɟɤɬɵ, 
ɡɚɫɚɫɵɜɚɸщɢɟ ɦɚɬɟɪɢɸ ɜ ɤɚɤɭɸ-ɬɨ ɛɟɡɞɧɭ. ɋɟɣɱɚɫ ɱОɪɧɵɟ ɞɵɪɵ 
ɨɛɧɚɪɭɠɟɧɵ ɜɨ ɦɧɨɝɢɯ ɝɚɥɚɤɬɢɤɚɯ. У ɫɬɨɪɨɧɧɢɤɨɜ ɝɢɩɨɬɟɡɵ 
Ȼɨɥɶɲɨɝɨ ɜɡɪɵɜɚ ɩɨɤɚ ɧɟɬ ɟɞɢɧɨɝɨ ɦɧɟɧɢя, ɤɨɝɞɚ ɢ ɤɚɤ ɜɨɡɧɢɤɥɢ 
ɱОɪɧɵɟ ɞɵɪɵμ ɜɦɟɫɬɟ ɫ ɦɚɬɟɪɢɟɣ ɢɥɢ ɩɨɫɥɟ. ɇɨ ɫɜɨɣɫɬɜɚ ɷɬɢɯ ɨɛɴ-
ɟɤɬɨɜ ɭɤɚɡɵɜɚɸɬ ɧɚ ɢɯ ɫɜяɡɶ ɫ ɜɨɡɧɢɤɧɨɜɟɧɢɟɦ ȼɫɟɥɟɧɧɨɣ. ɇɨ ɩɨ-
ɤɚ ɧɟ ɨɱɟɧɶ ɩɨɧяɬɧɨ, ɤɚɤ ɷɬɨ ɭɜяɡɵɜɚɟɬɫя ɫ Ȼɨɥɶɲɢɦ ɜɡɪɵɜɨɦ. 
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ɉɨɷɬɨɦɭ ɢ ɫɬɨɪɨɧɧɢɤɚɦ ɝɢɩɨɬɟɡɵ Ȼɨɥɶɲɨɝɨ ɜɡɪɵɜɚ, ɢ ɟО ɤɪɢ-
ɬɢɤɚɦ ɨɤɨɧɱɚɬɟɥɶɧɵɟ ɜɵɜɨɞɵ ɞɟɥɚɬɶ ɩɪɟɠɞɟɜɪɟɦɟɧɧɨ. ɇɟɨɛɯɨ-
ɞɢɦɵ ɞɚɥɶɧɟɣɲɢɟ ɢɫɫɥɟɞɨɜɚɧɢя. ɂ ɨɞɧɨ ɢɡ ɧɚɩɪɚɜɥɟɧɢɣ ɷɬɢɯ ɢɫ-
ɫɥɟɞɨɜɚɧɢɣ — ɮɨɪɦɢɪɨɜɚɧɢɟ ɢ ɚɧɚɥɢɡ ɧɨɜɵɯ, ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ 
ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɨ ȼɫɟɥɟɧɧɨɣ. ɉɪɢɱОɦ ɩɨɧяɬɧɨ, ɱɬɨ ɷɬɢ ɩɪɟɞɫɬɚɜ-
ɥɟɧɢя ɞɨɥɠɧɵ ɨɩɢɪɚɬɶɫя ɧɚ ɫɜяɡɶ ɦɢɤɪɨɦɢɪɚ ɫ ɦɚɤɪɨɦɢɪɨɦ. 

ɇɢɠɟ ɛɭɞɟɬ ɢɡɥɨɠɟɧ ɨɞɢɧ ɢɡ ɬɚɤɢɯ ɜɨɡɦɨɠɧɵɯ ɜɚɪɢɚɧɬɨɜ. ɋɧɚ-
ɱɚɥɚ я ɧɟ ɩɪɟɞɩɨɥɚɝɚɥ ɧɢɱɟɝɨ ɚɮɢɲɢɪɨɜɚɬɶ, ɚ ɪɚɞɢ ɫɨɛɫɬɜɟɧɧɨɝɨ 
ɪɚɡɜɥɟɱɟɧɢя ɩɪɨɢɡɜɨɞɢɥ ɧɟɤɨɬɨɪɵɟ ɨɰɟɧɨɱɧɵɟ ɜɵɱɢɫɥɟɧɢя, ɱɬɨ-ɬɨ 
ɜɪɨɞɟ ɪɚɡɝɚɞɵɜɚɧɢя ɲɚɪɚɞ. ɇɨ ɡɚɬɟɦ ɧɟɤɨɬɨɪɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɚ-
ɥɢɫɶ ɧɚɫɬɨɥɶɤɨ ɥɸɛɨɩɵɬɧɵɦɢ, ɚ ɩɨɥɭɱɟɧɧɵɟ ɮɨɪɦɭɥɶɧɵɟ ɫɨɨɬɧɨ-
ɲɟɧɢя — ɡɚɛɚɜɧɵɦɢ, ɱɬɨ я ɪɢɫɤɧɭɥ ɩɨɩɪɨɫɢɬɶ ɢɯ ɨɩɭɛɥɢɤɨɜɚɬɶ. 

Мɨɠɟɬ ɛɵɬɶ, ɤɨɦɭ-ɬɨ ɷɬɨ ɩɪɢɝɨɞɢɬɫя. Мɨɠɟɬ ɛɵɬɶ, ɤɬɨ-ɬɨ, 
ɤɪɢɬɢɤɭя, ɡɚɞɭɦɚɟɬɫя ɧɚɞ ɷɬɢɦɢ ɢ ɫɜɨɢɦɢ ɚɪɝɭɦɟɧɬɚɦɢ ɢ ɩɪɢɞОɬ ɤ 

ɧɨɜɨɦɭ ɩɨɧɢɦɚɧɢɸ ɬɨɝɨ, ɱɬɨ ɩɨɤɚ ɟщО ɧɢɤɨɦɭ ɧɟ ɢɡɜɟɫɬɧɨ. 
ɂ ɟɫɥɢ ɤɚɤɨɦɭ-ɬɨ ɦɚɫɬɢɬɨɦɭ ɭɱОɧɨɦɭ ɜ ɷɬɨɣ ɩɪɨɛɥɟɦɟ я ɧɟɭɤ-

ɥɸɠɟ «ɧɚɫɬɭɩɢɥ ɧɚ ɧɨɝɭ», ɩɪɨɲɭ ɦɟɧя ɧɟ ɫɭɞɢɬɶ ɫɥɢɲɤɨɦ ɫɬɪɨɝɨ, 
ɩɨɧяɬɶ ɢ, ɤɚɤ ɝɨɜɨɪɢɬɫя, ɩɪɨɫɬɢɬɶ. 

ɋɩɟɰɢɚɥɶɧɨ ɩɨɞɱОɪɤɢɜɚɸμ ɜɫО, ɱɬɨ ɛɭɞɟɬ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɢɠɟ, — 

ɷɬɨ ɬɨɥɶɤɨ ɨɰɟɧɨɱɧɵɟ ɫɨɨɬɧɨɲɟɧɢɹ. Ʉ ɧɢɦ ɬɚɤ ɢ ɫɥɟɞɭɟɬ ɨɬɧɨɫɢɬɶɫя. 
ɇɭɠɧɨ ɩɨɧɢɦɚɬɶ, ɱɬɨ ɪɟɱɶ ɩɨɣɞОɬ ɨ ɜɡɚɢɦɨɫɜяɡяɯ ɮɢɡɢɱɟɫɤɢɯ ɜɟɥɢ-
ɱɢɧ, ɪɚɡɥɢɱɚɸщɢɯɫя ɧɚ ɦɧɨɝɢɟ ɞɟɫɹɬɤɢ ɩɨɪɹɞɤɨɜ. ɉɨɷɬɨɦɭ ɠɟɥɚɧɢɟ 
ɩɨɥɭɱɟɧɢя ɬɨɱɧɵɯ ɰɢɮɪ ɜɵɝɥяɞɟɥɨ ɛɵ ɫɥɢɲɤɨɦ ɫɚɦɨɧɚɞɟяɧɧɵɦ. 

ɇɨ ɷɬɨɬ ɧɟɞɨɫɬɚɬɨɤ ɢɦɟɟɬ ɢ ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɫɜɨɣɫɬɜɚμ ɨɰɟɧɤɢ 
ɩɨɡɜɨɥяɸɬ ɩɪɢɦɟɧяɬɶ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɫɬɵɟ ɜɵɱɢɫɥɟɧɢя, ɤɨɬɨɪɵɟ 
ɦɨɝɭɬ ɜɨɫɩɪɢɧɢɦɚɬɶɫя ɲɢɪɨɤɢɦ ɤɪɭɝɨɦ ɱɢɬɚɬɟɥɟɣ ɷɬɨɣ ɩɨɱɬɢ ɩɨ-
ɩɭɥяɪɧɨɣ ɤɧɢɝɢ. ɂ ɞɥя ɬɨɝɨ, ɱɬɨɛɵ ɫɭщɟɫɬɜɨ ɷɬɢɯ ɨɰɟɧɨɤ ɛɵɥɨ ɦɚɤ-
ɫɢɦɚɥɶɧɨ ɩɨɧяɬɧɵɦ, ɜ ɫɥɟɞɭɸщɟɦ ɪɚɡɞɟɥɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɫɧɨɜɧɵɟ 
ɩɨɥɨɠɟɧɢя ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɤɨɧɰɟɩɰɢɢ, ɤɨɬɨɪɵɟ ɤɨɪɨɬɤɨ ɧɚɡɜɚɧɵ 
«ɦɨɞɟɥɶɧɚя ȼɫɟɥɟɧɧɚя». Ɂɞɟɫɶ ɩɪɢɞОɬɫя ɩɨɜɬɨɪɢɬɶ, ɱɬɨ ɛɵɥɨ ɧɚɩɢ-
ɫɚɧɨ ɜ ɪɚɛɨɬɚɯ Д1, β]. 

ɉɨ ɬɟɤɫɬɭ ɞɥя ɧɚɝɥяɞɧɨɫɬɢ ɢɡɥɨɠɟɧɢя ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɨɞɯɨɞя-
щɢɟ ɤɚɪɬɢɧɤɢ ɢɡ ɢɧɬɟɪɧɟɬɚ. ɗɬɨ ɫɞɟɥɚɧɨ ɞɥя ɬɨɝɨ, ɱɬɨɛɵ ɩɨɩɵ-
ɬɚɬɶɫя ɞɨɧɟɫɬɢ ɞɨ ɱɢɬɚɬɟɥɟɣ ɬɨ, ɱɬɨ ɩɨɤɚ ɬɪɭɞɧɨ ɢɥɢ ɜɨɨɛщɟ ɧɟ-
ɜɨɡɦɨɠɧɨ ɢɡɥɨɠɢɬɶ ɩɪɢɜɵɱɧɵɦɢ ɫɥɨɜɚɦɢ, ɩɨɫɤɨɥɶɤɭ 
ɫɨɨɬɜɟɬɫɬɜɭɸщɢɟ ɬɟɪɦɢɧɵ ɧɟ ɫɭщɟɫɬɜɭɸɬ. 
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ȼ ɧɚɫɬɨящɟɟ ɜɪɟɦя ɫɨɜɪɟɦɟɧɧɚя ɮɢɡɢɤɚ ɧɚɯɨɞɢɬɫя ɜ ɨɱɟɪɟɞɧɨɦ 
ɩɪɟɞɪɟɜɨɥɸɰɢɨɧɧɨɦ ɫɨɫɬɨяɧɢɢ. Ȼɨɥɶɲɢɧɫɬɜɨ ɪɟɜɨɥɸɰɢɣ ɜ ɮɢɡɢ-
ɤɟ ɨɫɧɨɜɵɜɚɥɢɫɶ ɧɚ ɩɟɪɟɫɦɨɬɪɟ ɢ ɭɬɨɱɧɟɧɢɢ ɩɨɧяɬɢɣ «ɩɪɨɫɬɪɚɧ-
ɫɬɜɨ», «ɜɪɟɦя», «ɦɚɬɟɪɢя-ɷɧɟɪɝɢя». 

ɇɨ ɱɬɨ ɡɧɚɱɢɬ «ɭɬɨɱɧɢɬɶ» ɢɥɢ «ɨɛɴяɫɧɢɬɶ»? ɗɬɨ ɡɧɚɱɢɬ ɫɜɟɫɬɢ 
ɧɨɜɨɟ ɩɨɧяɬɢɟ ɤ ɱɟɦɭ-ɬɨ ɭɠɟ ɢɡɜɟɫɬɧɨɦɭ, ɛɨɥɟɟ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨ-
ɦɭ. Ⱥ ɧɚɢɛɨɥɟɟ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɟ ɩɨɧяɬɢя, ɤɨɬɨɪɵɟ ɩɨ ɨɩɪɟɞɟɥɟ-
ɧɢɸ ɭɠɟ ɧɟ ɦɨɝɭɬ ɛɵɬɶ ɫɜɟɞɟɧɵ ɤ ɞɪɭɝɢɦ, ɞɨɥɠɧɵ ɩɨɫɬɭɥɢɪɨ-
ɜɚɬɶɫя. ɂɯ ɨɛɴяɫɧɢɬɶ ɧɟɜɨɡɦɨɠɧɨ ɜ ɩɪɢɧɰɢɩɟ. ɉɨ ɦɨɟɦɭ ɦɧɟɧɢɸ, 
ɧɚɢɛɨɥɟɟ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɦ ɩɨɧяɬɢɟɦ яɜɥяɟɬɫя «ɦɚɬɟɪɢя-

ɷɧɟɪɝɢя», ɚ «ɩɪɨɫɬɪɚɧɫɬɜɨ» ɢ «ɜɪɟɦя» ɨɬ ɧɟɝɨ ɩɪɨɢɡɜɨɞɧɵɟ. 
ɗɧɟɪɝɢя ɦɨɠɟɬ ɧɚɯɨɞɢɬɶɫя ɜ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɦ ɜɢɞɟ, ɨɛɪɚɡɨɜɵ-

ɜɚя ɜɟщɟɫɬɜɨ, ɢɥɢ ɫɭщɟɫɬɜɨɜɚɬɶ ɜ ɮɨɪɦɟ ɩɨɥя. Ɍɨɱɧɟɟ, ɜ ɜɢɞɟ ɧɟɤɢɯ 
ɫɭщɧɨɫɬɟɣ, ɨɛɟɫɩɟɱɢɜɚɸщɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɱɚɫɬɢɰ ɜɟщɟɫɬɜɚ. 

ȿɫɥɢ ɛɚɡɢɪɨɜɚɬɶɫя ɧɚ ɩɪɟɞɫɬɚɜɥɟɧɢɢ ɨ ɩɨɥяɯ, ɬɨ ɜ ɧɚɫɬɨящɟɟ 
ɜɪɟɦя ɢɡɜɟɫɬɧɵ ɢɯ ɱɟɬɵɪɟ ɜɢɞɚμ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ, ɫɥɚɛɨɟ (ɜɦɟɫɬɟ 
ɨɧɢ ɫɨɫɬɚɜɥяɸɬ ɷɥɟɤɬɪɨɫɥɚɛɨɟ ɩɨɥɟ), ɫɢɥɶɧɨɟ ɩɨɥɟ яɞɟɪɧɵɯ ɫɢɥ, 
ɝɥɸɨɧɧɨɟ ɩɨɥɟ. ɂɧɨɝɞɚ ɤ ɷɬɨɦɭ ɫɩɢɫɤɭ ɞɨɛɚɜɥяɸɬ ɝɪɚɜɢɬɚɰɢɨɧɧɨɟ 
ɩɨɥɟ, ɧɨ ɩɨɫɤɨɥɶɤɭ ɩɨɤɚ ɧɟ ɫɭщɟɫɬɜɭɟɬ ɤɜɚɧɬɨɜɨɣ ɬɟɨɪɢɢ ɝɪɚɜɢ-
ɬɚɰɢɢ, ɬɨ ɫɱɢɬɚɟɬɫя, ɱɬɨ ɝɪɚɜɢɬɚɰɢя — ɷɬɨ ɩɪɨяɜɥɟɧɢɟ ɫɜɨɣɫɬɜ ɢɫ-
ɤɪɢɜɥɟɧɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ-ɜɪɟɦɟɧɢ. 

ȼɫɟ ɩɟɪɟɱɢɫɥɟɧɧɵɟ ɩɨɥя ɤɜɚɧɬɭɸɬɫя, ɬ. ɟ. ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɩɨ-
ɥяɦɢ ɩɪɟɞɫɬɚɜɥяɟɬɫя ɜ ɜɢɞɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢя ɱɚɫɬɢɰ — ɤɜɚɧɬɨɜ ɩɨɥя. 

Ʌɸɞɢ ɜ ɫɜɨɟɣ ɩɪɚɤɬɢɱɟɫɤɨɣ ɠɢɡɧɢ, ɤɨɬɨɪɚя ɫɮɨɪɦɢɪɨɜɚɥɚ ɢɯ 
ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨɛ ɨɤɪɭɠɚɸщɟɦ ɦɢɪɟ, ɫɬɚɥɤɢɜɚɥɢɫɶ ɫ ɷɥɟɤɬɪɨɦɚɝ-
ɧɢɬɧɵɦ ɩɨɥɟɦ. Оɧɨ ɩɪɨяɜɥяɥɨɫɶ ɜ ɜɢɞɟ ɫɨɥɧɟɱɧɨɝɨ ɫɜɟɬɚ, ɬɟɩɥɚ, 
ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɜ ɚɬɦɨɫɮɟɪɟ (ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɪɚɡɪяɞɵ). 
ȼɫɟ ɩɪɨяɜɥɟɧɢя ɧɚ ɦɨɥɟɤɭɥяɪɧɨɦ ɢ ɚɬɨɦɧɵɯ ɭɪɨɜɧяɯ, ɜɫɟ ɯɢɦɢɱɟ-
ɫɤɢɟ ɩɪɨɰɟɫɫɵ ɜ ɱɟɥɨɜɟɱɟɫɤɨɦ ɬɟɥɟ — ɷɬɨ, ɩɨ ɫɭщɟɫɬɜɭ, ɪɚɡɧɵɟ 
ɩɪɨяɜɥɟɧɢя ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥя. Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɧɚ ɩɪɨɬя-
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ɠɟɧɢɢ ɞɥɢɬɟɥɶɧɨɝɨ ɢɫɬɨɪɢɱɟɫɤɨɝɨ ɩɭɬɢ ɜɨɡɧɢɤɧɨɜɟɧɢя ɢ ɪɚɡɜɢɬɢя 
ɱɟɥɨɜɟɤɚ ɨɧ ɢɦɟɥ ɞɟɥɨ ɬɨɥɶɤɨ ɫ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ. ɇɭ ɢ, 
ɤɨɧɟɱɧɨ, ɫ ɝɪɚɜɢɬɚɰɢɟɣ. 

ȿɫɬɟɫɬɜɟɧɧɨ, ɷɬɨ ɩɪɟɞɨɩɪɟɞɟɥɢɥɨ ɫɩɨɫɨɛ ɟɝɨ ɜɨɫɩɪɢяɬɢя ɦɢɪɚμ 
ɜɫО, ɱɬɨ ɩɪɟɞɫɬɚɜɥяɟɬ ɜɢɞɢɦɨɟ ɢ ɧɟɜɢɞɢɦɨɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ ɩɨ-
ɥɟ, ɨɧ ɫɬɚɥ ɜ ɚɛɫɬɪɚɤɬɧɨɦ ɜɢɞɟ ɨɛɨɡɧɚɱɚɬɶ, ɤɚɤ «ɩɪɨɫɬɪɚɧɫɬɜɨ». 
ɉɨɷɬɨɦɭ ɦɨɠɧɨ ɭɫɥɨɜɧɨ ɩɨɫɬɚɜɢɬɶ ɡɧɚɤ ɫɨɨɬɜɟɬɫɬɜɢя «ɷɥɟɤɬɪɨ-
ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ» — «ɩɪɨɫɬɪɚɧɫɬɜɨ». Ⱦɚɥɟɟ ɫɥɭɱɢɥɨɫɶ ɬɨ, ɱɬɨ ɥɨ-
ɝɢɱɟɫɤɢ ɞɨɥɠɧɨ ɛɵɥɨ ɫɥɭɱɢɬɶɫяμ ɩɪɢ ɪɚɡɜɢɬɢɢ ɚɛɫɬɪɚɤɬɧɨɝɨ 
ɦɵɲɥɟɧɢя ɩɪɨɫɬɪɚɧɫɬɜɨ ɚɛɫɬɪɚɝɢɪɨɜɚɥɨɫɶ ɨɬ ɦɚɬɟɪɢɢ, ɫɬɚɥɨ ɪɚɫ-
ɫɦɚɬɪɢɜɚɬɶɫя, ɤɚɤ ɫɚɦɨɫɬɨяɬɟɥɶɧɚя ɫɭщɧɨɫɬɶ. ɉɨяɜɢɥɚɫɶ ɝɟɨɦɟɬ-
ɪɢя, ɚ ɷɜɨɥɸɰɢя ɜɟщɟɫɬɜɚ ɫɬɚɥɚ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫя ɜ ɷɬɨɦ ɚɛɫɬɪɚɤɬ-
ɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ, ɤɨɬɨɪɨɟ ɫɭщɟɫɬɜɭɟɬ ɤɚɤ ɛɵ ɫɚɦɨ ɩɨ ɫɟɛɟ, 
ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɦɚɬɟɪɢɢ. 

ɇɨ ɜ ɚɬɨɦɧɵɯ яɞɪɚɯ, ɩɨɦɢɦɨ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɫɢɥ, ɬɚɤɠɟ 
ɫɭщɟɫɬɜɭɸɬ яɞɟɪɧɵɟ ɫɢɥɵ. Ʉɚɤ ɨɧɢ ɦɟɧяɸɬ ɧɚɲɢ ɩɪɟɞɫɬɚɜɥɟɧɢя 
ɨ ɩɪɨɫɬɪɚɧɫɬɜɟ? 

Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, яɞɟɪɧɵɟ ɫɢɥɵ — ɞɪɭɝɨɣ ɜɢɞ ɩɨɥя. ɇɨ ɞɟɥɨ ɜ 
ɬɨɦ, ɱɬɨ ɜ ɚɬɨɦɧɵɯ яɞɪɚɯ ɷɬɢ ɫɢɥɵ ɫɨɩɨɫɬɚɜɢɦɵ ɫ ɷɥɟɤɬɪɨɦɚɝɧɢɬ-
ɧɵɦɢμ ɢɦɟɧɧɨ ɫɨɩɨɫɬɚɜɢɦɨɫɬɶ ɷɬɢɯ ɞɜɭɯ ɫɢɥ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɪɚɜ-
ɧɨɜɟɫɢɟ ɢ ɝɚɪɚɧɬɢɪɭɟɬ ɫɬɚɛɢɥɶɧɨɫɬɶ ɚɬɨɦɧɵɯ яɞɟɪ. ɉɨɷɬɨɦɭ ɫɥɟ-
ɞɭɟɬ ɨɠɢɞɚɬɶ, ɱɬɨ ɢ ɧɚ яɞɟɪɧɨɦ ɭɪɨɜɧɟ ɩɪɟɞɫɬɚɜɥɟɧɢя ɨ 
ɩɪɨɫɬɪɚɧɫɬɜɟ ɧɟ ɞɨɥɠɧɵ ɫɭщɟɫɬɜɟɧɧɨ ɢɡɦɟɧɢɬɶɫя. ɑɬɨ ɢ ɩɪɨɢɫ-
ɯɨɞɢɬ ɧɚ ɩɪɚɤɬɢɤɟ. ɉɨ ɤɪɚɣɧɟɣ ɦɟɪɟ, ɩɪɢ ɫɨɜɪɟɦɟɧɧɨɣ ɬɨɱɧɨɫɬɢ 
ɢɡɦɟɪɟɧɢɣ. 

Ⱥ ɟɫɥɢ ɭɱɟɫɬɶ, ɱɬɨ ɯɚɪɚɤɬɟɪɧɵɣ ɪɚɡɦɟɪ ɚɬɨɦɧɵɯ яɞɟɪ, ɝɞɟ ɧɚ-
ɱɢɧɚɸɬ ɩɪɨяɜɥяɬɶɫя яɞɟɪɧɵɟ ɫɢɥɵ, ɩɪɢɦɟɪɧɨ ɜ 100 ɬɵɫяɱ ɪɚɡ 
ɦɟɧɶɲɟ, ɱɟɦ ɪɚɡɦɟɪ ɚɬɨɦɨɜ, ɬɨ ɫɥɟɞɭɟɬ ɩɪɢɡɧɚɬɶμ ɜɫО, ɱɬɨ ɛɵ ɧɚ-
ɛɥɸɞɚɟɦ — ɷɬɨ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ ɩɨɥɟ. Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɞɥя 
ɩɨɧɢɦɚɧɢя ɫɭщɧɨɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɚ-ɜɪɟɦɟɧɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ 
ɩɨɥɟ ɢɦɟɟɬ ɢɫɤɥɸɱɢɬɟɥɶɧɨɟ, ɨɩɪɟɞɟɥяɸщɟɟ ɡɧɚɱɟɧɢɟ. 

Ɂɜɨɧɨɱɤɨɦ ɞɥя ɨɱɟɪɟɞɧɵɯ ɫɨɦɧɟɧɢɣ ɢ ɞɥя ɩɨɫɥɟɞɭɸщɟɣ ɪɟɜɨ-
ɥɸɰɢɢ ɜ ɮɢɡɢɤɟ ɫɬɚɥɚ ɫɩɟɰɢɚɥɶɧɚя ɬɟɨɪɢя ɨɬɧɨɫɢɬɟɥɶɧɨɫɬɢ. ȿО 
ɪɟɡɭɥɶɬɚɬɨɦ ɛɵɥ ɩɟɪɟɫɦɨɬɪ ɨɫɧɨɜɧɵɯ ɫɜɨɣɫɬɜ ɩɪɨɫɬɪɚɧɫɬɜɚ ɢ 
ɜɪɟɦɟɧɢ ɩɪɢ ɨɤɨɥɨɫɜɟɬɨɜɵɯ ɫɤɨɪɨɫɬяɯ. ɋɜɟɬ — ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ 
ɩɨɥɟ. ɉɨɷɬɨɦɭ ɧɟ ɫɥɭɱɚɣɧɨ, ɱɬɨ ɢɡɦɟɧɟɧɢɟ ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɨ ɩɪɨ-
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ɫɬɪɚɧɫɬɜɟ ɢ ɜɪɟɦɟɧɢ ɩɪɨɢɡɨɲɥɨ ɩɪɢ ɛɨɥɟɟ ɝɥɭɛɨɤɨɦ ɚɧɚɥɢɡɟ ɫɭ-
щɟɫɬɜɚ ɢɦɟɧɧɨ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ яɜɥɟɧɢɣ. 

Оɛщɚя ɬɟɨɪɢя ɨɬɧɨɫɢɬɟɥɶɧɨɫɬɢ (ОɌО) ɭɠɟ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ 
ɫɜяɡɚɥɚ ɩɪɨɫɬɪɚɧɫɬɜɨ ɢ ɜɪɟɦя ɜ ɨɞɧɭ ɫɭщɧɨɫɬɶ, ɤɨɬɨɪɚя ɩɨɥɭɱɢɥɚ 
ɧɚɡɜɚɧɢɟ «ɩɪɨɫɬɪɚɧɫɬɜɨ-ɜɪɟɦя» ɢ ɫɜɨɣɫɬɜɚ ɤɨɬɨɪɨɣ ɫɬɚɥɢ ɨɩɪɟɞɟ-
ɥяɬɶɫя ɜɟщɟɫɬɜɨɦ ɢ ɷɧɟɪɝɢɟɣ, ɚ ɧɟ ɫɭщɟɫɬɜɨɜɚɬɶ ɫɚɦɢ ɩɨ ɫɟɛɟ. ɉɪɢ 
ɷɬɨɦ ɝɪɚɜɢɬɚɰɢя ɫɬɚɥɚ ɨɛɴяɫɧяɬɶɫя ɫ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɨɡɢɰɢɣ — ɧɟ 
ɤɚɤ ɩɨɥɟ, ɚ ɤɚɤ ɢɫɤɪɢɜɥɟɧɢɟ ɩɪɨɫɬɪɚɧɫɬɜɚ-ɜɪɟɦɟɧɢ. 

Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɢɫɤɪɢɜɥɟɧɢя ɩɪɨɫɬɪɚɧɫɬɜɚ-ɜɪɟɦɟɧɢ ɫɜяɡɚɥɢ 
ɫ ɝɪɚɜɢɬɚɰɢɟɣ, ɚ ɜɨɩɪɨɫ ɨ ɫɭщɟɫɬɜɟ ɫɚɦɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ-ɜɪɟɦɟɧɢ 
ɬɚɤ ɢ ɨɫɬɚɥɫя ɜɨɩɪɨɫɨɦ. Ƚɪɚɜɢɬɚɰɢя ɜ ОɌО — ɧɟ ɩɨɥɟ, ɚ ɫɜɨɣɫɬɜɨ 
ɢɫɤɪɢɜɥОɧɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ-ɜɪɟɦɟɧɢ. Ʉɨɬɨɪɨɟ (ɩɨɱɟɦɭ-ɬɨ) ɫɭщɟ-
ɫɬɜɭɟɬ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɦɚɬɟɪɢɢ. 

Ⱦɚɥɶɲɟ — ɛɨɥɶɲɟ. ɑɟɪɟɡ ɧɟɫɤɨɥɶɤɨ ɥɟɬ ɩɨяɜɢɥɚɫɶ ɤɜɚɧɬɨɜɚя 
ɦɟɯɚɧɢɤɚ. ɋ ɬɨɱɤɢ ɡɪɟɧɢя ɢɡɦɟɧɟɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɨ ɩɪɨɫɬɪɚɧ-
ɫɬɜɟ ɢ ɜɪɟɦɟɧɢ ɜɚɠɧɨ ɭɩɨɦяɧɭɬɶ ɨɞɢɧ ɢɡ ɟО ɜɚɠɧɟɣɲɢɯ ɩɪɢɧɰɢ-
ɩɨɜ — ɩɪɢɧɰɢɩ ɧɟɨɩɪɟɞɟɥОɧɧɨɫɬɢ. Ʉɚɤ ɢɡɜɟɫɬɧɨ ɢɡ ɝɟɨɦɟɬɪɢɢ ɢ 
ɤɥɚɫɫɢɱɟɫɤɨɣ ɮɢɡɢɤɢ, ɬɪɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɟ ɢ ɨɞɧɚ ɜɪɟɦɟɧɧɚя 
ɤɨɨɪɞɢɧɚɬɵ ɜɜɨɞяɬɫя ɞɥя ɨɞɧɨɡɧɚɱɧɨɫɬɢ ɢɡɦɟɪɟɧɢɣ. ɇɨ ɟɫɥɢ ɨɤɚ-
ɡɵɜɚɟɬɫя, ɱɬɨ ɜ ɤɜɚɧɬɨɜɨɣ ɦɟɯɚɧɢɤɟ ɧɟɜɨɡɦɨɠɧɨ ɨɞɧɨɜɪɟɦɟɧɧɨ 

ɬɨɱɧɨ ɢɡɦɟɪɢɬɶ ɤɨɨɪɞɢɧɚɬɭ ɢ ɢɦɩɭɥɶɫ ɷɥɟɦɟɧɬɚɪɧɨɣ ɱɚɫɬɢɰɵ (ɚ 
ɬɚɤɠɟ ɞɪɭɝɢɟ ɫɨɩɪяɠɟɧɧɵɟ ɩɟɪɟɦɟɧɧɵɟμ ɜɪɟɦя ɢ ɷɧɟɪɝɢɸ, ɭɝɨɥ ɢ 
ɦɨɦɟɧɬ ɤɨɥɢɱɟɫɬɜɚ ɞɜɢɠɟɧɢя ɢ ɬ. ɞ.), ɬɨ ɷɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɫ ɬɚɤɢ-
ɦɢ ɤɨɨɪɞɢɧɚɬɚɦɢ ɱɬɨ-ɬɨ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɧɟ ɬɚɤ. 

ȿщО ɪɚɡμ ɤɨɨɪɞɢɧɚɬɵ ɤɚɤ ɪɚɡ ɜɜɨɞяɬɫя ɞɥя ɨɞɧɨɡɧɚɱɧɨɫɬɢ ɢɡ-
ɦɟɪɟɧɢɣ, ɞɥя ɷɬɨɝɨ ɨɧɢ ɢ ɧɭɠɧɵ! ȿɫɥɢ ɧɟɥɶɡя ɩɪɨɜɟɫɬɢ ɨɞɧɨɡɧɚɱ-
ɧɵɯ ɢɡɦɟɪɟɧɢɣ, ɬɚɤɚя ɫɢɫɬɟɦɚ ɤɨɨɪɞɢɧɚɬ ɧɟɫɨɫɬɨяɬɟɥɶɧɚ ɩɨ ɨɩɪɟ-
ɞɟɥɟɧɢɸ. 

Ʉɚɤ ɝɨɜɨɪɢɬɫя, ɧɟɥɚɞɧɨ ɱɬɨ-ɬɨ ɜ ɞɚɬɫɤɨɦ ɤɨɪɨɥɟɜɫɬɜɟ! ɗɬɨ ɨɡ-
ɧɚɱɚɟɬ, ɱɬɨ ɪɟɚɥɶɧɵɣ ɦɢɪ ɭɫɬɪɨɟɧ ɫɥɨɠɧɟɣ, ɱɟɦ ɢɞɟɚɥɶɧɵɣ ɱɟɬɵ-
ɪɟɯɦɟɪɧɵɣ ɦɢɪ, ɩɭɫɬɶ ɞɚɠɟ ɢɫɤɪɢɜɥОɧɧɵɣ. ɉɨ ɤɪɚɣɧɟɣ ɦɟɪɟ, ɜ 
ɦɢɤɪɨɦɢɪɟ, ɢɥɢ ɩɪɢ ɨɱɟɧɶ ɜɵɫɨɤɢɯ ɩɥɨɬɧɨɫɬяɯ ɷɧɟɪɝɢɢ, ɢɥɢ ɜ ɦɚ-
ɥɵɯ ɦɚɫɲɬɚɛɚɯ. ȿɫɥɢ ɬɚɦ ɟщО ɢ ɦɨɠɧɨ ɝɨɜɨɪɢɬɶ ɨ ɩɪɨɫɬɪɚɧɫɬɜɟ, 
ɬɨ ɟɝɨ ɫɜɨɣɫɬɜɚ ɦɨɝɭɬ ɨɤɚɡɚɬɶɫя ɞɪɭɝɢɦɢ, ɱɟɦ ɜ ɨɛɵɱɧɨɦ, ɧɚɦ 
ɜɫɟɦ ɩɪɢɜɵɱɧɨɦ ɦɢɪɟ. 

Ɍɟɩɟɪɶ ɨ ɜɪɟɦɟɧɢ. ɑɬɨ ɬɚɤɨɟ ɜɪɟɦя, ɧɢɤɬɨ ɧɟ ɡɧɚɟɬ, ɯɨɬя ɨɧɨ 
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ɤɚɤ ɩɚɪɚɦɟɬɪ ɜɯɨɞɢɬ ɜɨ ɜɫɟ ɭɪɚɜɧɟɧɢя ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɮɢɡɢɤɢ, ɚ 
ɜɫɟ ɲɤɨɥɶɧɢɤɢ ɫ ɥОɝɤɨɫɬɶɸ ɢ ɢɧɬɟɪɟɫɨɦ ɢɡɭɱɚɸɬ ɪɚɡɥɢɱɧɵɟ ɯɪɨ-
ɧɨɦɟɬɪɵ, ɡɚɝɥяɞɵɜɚя ɜ ɢɯ ɜɧɭɬɪɟɧɧɨɫɬɢ. ɇɚɢɛɨɥɟɟ ɢɡɜɟɫɬɧɨ ɨɩɪɟ-
ɞɟɥɟɧɢɟ ɜɪɟɦɟɧɢ ɱɟɪɟɡ ɯɚɨɫμ ɱɟɦ ɛɨɥɟɟ ɯɚɨɬɢɱɧɨ ɫɨɫɬɨяɧɢɟ, ɬɟɦ 
ɞɚɥɶɲɟ ɨɧɨ ɨɬɫɬɨɢɬ ɨɬ ɧɟɤɨɬɨɪɨɝɨ ɧɚɱɚɥɶɧɨɝɨ ɦɨɦɟɧɬɚ. Мɟɪɨɣ 
ɯɚɨɫɚ яɜɥяɟɬɫя ɷɧɬɪɨɩɢя. ɉɨɷɬɨɦɭ «ɫɬɪɟɥɚ ɜɪɟɦɟɧɢ», ɩɨɤɚɡɵɜɚɸ-
щɚя ɟɝɨ ɧɚɩɪɚɜɥɟɧɧɨɫɬɶ, ɫɨɜɩɚɞɚɟɬ ɫ ɪɨɫɬɨɦ ɷɧɬɪɨɩɢɢ. 

ȼ ɮɢɡɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ ɦɨɝɭɬ ɩɪɨɢɫɯɨɞɢɬɶ ɬɪɢ ɜɢɞɚ ɮɢɡɢɱɟ-
ɫɤɢɯ ɩɪɨɰɟɫɫɨɜμ ɫ ɪɨɫɬɨɦ ɯɚɨɫɚ, ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɯɚɨɫɚ, ɩɟɪɢɨɞɢ-
ɱɟɫɤɢɟ (ɧɚ ɫɚɦɨɦ ɞɟɥɟ — ɤɜɚɡɢɩɟɪɢɨɞɢɱɟɫɤɢɟ). ɉɨɫɥɟɞɧɢɟ ɩɪɨ-
ɰɟɫɫɵ ɨɛɵɱɧɨ ɢɫɩɨɥɶɡɭɸɬɫя ɞɥя ɢɡɦɟɪɟɧɢя ɜɪɟɦɟɧɢ. ɇɨ 
ɢɡɦɟɪɢɬɶ ɱɬɨ-ɬɨ — ɧɟ ɜɫɟɝɞɚ ɨɡɧɚɱɚɟɬ ɩɨɧɢɦɚɧɢɟ ɟɝɨ ɮɢɡɢɱɟɫɤɨɣ 
ɫɭщɧɨɫɬɢ. ɉɪɢɦɟɪμ ɜɨ Ɏɪɚɧɰɢɢ ɯɪɚɧɢɬɫя ɷɬɚɥɨɧ ɦɚɫɫɵ — ɤɢɥɨ-
ɝɪɚɦɦ. Мɚɫɫɭ ɦɨɠɧɨ ɬɚɤɠɟ ɦɟɪɢɬɶ ɜ ɬɨɧɧɚɯ, ɝɪɚɦɦɚɯ, ɭɧɰɢяɯ ɢ ɬ.ɞ. 
ɗɬɨ — ɩɪɨɫɬɨ. ɇɨ ɞɥя ɬɨɝɨ, ɱɬɨɛɵ ɩɨɧяɬɶ, ɱɬɨ ɬɚɤɨɟ ɦɚɫɫɚ, ɨɬɤɭɞɚ 
ɨɧɚ ɛɟɪОɬɫя, ɩɨɬɪɟɛɨɜɚɥɫя ɛɨɡɨɧ ɏɢɝɝɫɚ. 

ȿщО ɩɪɢɦɟɪ ɞɥя ɛɨɥɶɲɟɣ яɫɧɨɫɬɢμ ɭɪɨɜɟɧɶ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɫɭ-
щɟɫɬɜɨɜɚɧɢя ɜɫɟɦɨɝɭщɟɝɨ Ȼɨɝɚ ɧɟɥɶɡя ɢɡɦɟɪɢɬɶ ɤɨɥɢɱɟɫɬɜɨɦ ɦɨ-
ɥɢɬɜ, ɩɪɨɢɡɧɟɫОɧɧɵɯ ɜ ɟɝɨ ɫɥɚɜɭ ɜɟɪɭɸщɢɦɢ. 

Ɍɚɤ ɤɚɤ ɯɚɨɬɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɜ ɦɢɪɟ ɜɫО ɠɟ ɩɪɟɨɛɥɚɞɚɸɬ, ɬɨ 
ɜɪɟɦя ɦɨɠɟɬ ɛɵɬɶ ɩɨɧяɬɨ ɱɟɪɟɡ ɯɚɨɫ. ɇɨ ɨɞɧɨ ɞɟɥɨ ɯɚɨɫ ɜ ɪɚɡɪɟ-
ɠɟɧɧɨɦ ɝɚɡɟ, ɞɪɭɝɨɟ — ɜ ɫɢɫɬɟɦɟ ɫ ɩɥɨɬɧɨɣ ɭɩɚɤɨɜɤɨɣ ɚɬɨɦɨɜ (ɧɚ-
ɩɪɢɦɟɪ, ɚɥɦɚɡ). Ɍɚɦ ɯɚɨɬɢɡɚɰɢя ɜɵɪɚɠɟɧɚ ɡɧɚɱɢɬɟɥɶɧɨ ɫɥɚɛɟɟ. ȼ 
ɧɟɤɨɬɨɪɨɦ ɫɦɵɫɥɟ ɦɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ ɜ ɚɥɦɚɡɟ ɫɨɛɫɬɜɟɧɧɨɟ ɜɪɟɦя 
ɬɟɱОɬ ɫɭщɟɫɬɜɟɧɧɨ ɦɟɞɥɟɧɧɟɟ, ɱɟɦ ɜ ɨɤɪɭɠɚɸщɟɦ ɟɝɨ ɜɨɡɞɭɯɟ. 

Ʉɨɧɟɱɧɨ, ɞɥя ɩɨɧɢɦɚɧɢя ɜɪɟɦɟɧɢ ɦɨɠɧɨ ɩɨɩɵɬɚɬɶɫя ɢɫɩɨɥɶɡɨ-
ɜɚɬɶ ɩɪɟɞɫɬɚɜɥɟɧɢя ɨ ɯɚɨɫɟ. ɇɨ, ɧɚ ɦɨɣ ɜɡɝɥяɞ, ɧɚɝɥяɞɧɟɟ ɜɨɫɩɪɢ-
ɧɢɦɚɬɶ ɜɪɟɦя ɱɟɪɟɡ ɧɟɤɢɟ ɪɢɬɦɵ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥя. 

Ⱥ ɬɟɩɟɪɶ ɩɨɫɬɚɪɚɟɦɫя ɩɪɟɞɫɬɚɜɢɬɶ ɫɟɛɟ ɫɨɫɬɨяɧɢɟ ȼɫɟɥɟɧɧɨɣ ɜ 
ɧɚɱɚɥɟ ɟО ɪɚɡɜɢɬɢя, ɬ. ɟ. ɬɨ, ɱɬɨ ɨɛɵɱɧɨ ɧɚɡɵɜɚɟɬɫя Ȼɨɥɶɲɢɦ 
ɜɡɪɵɜɨɦ. Оɝɪɨɦɧɵɟ ɩɥɨɬɧɨɫɬɢ ɷɧɟɪɝɢɢ, ɚɬɨɦɨɜ ɧɟɬ, ɟɫɬɶ ɬɨɥɶɤɨ 
ɷɥɟɦɟɧɬɚɪɧɵɟ ɩɪɨɬɨɱɚɫɬɢɰɵ, ɜɧɭɬɪɢ ɤɨɬɨɪɵɯ ɧɢɱɟɝɨ ɧɟ ɩɪɨɢɫɯɨ-
ɞɢɬ (ɢɧɚɱɟ ɛɵ ɷɬɢ ɱɚɫɬɢɰɵ ɧɟ ɛɵɥɢ ɛɵ ɷɥɟɦɟɧɬɚɪɧɵɦɢ). 

ɉɨɷɬɨɦɭ ɬɚɦ ɧɟ ɛɵɥɨ ɯɚɨɫɚ ɜ ɧɚɲɟɦ ɨɛɵɱɧɨɦ ɩɨɧɢɦɚɧɢɢ ɢ ɬɨ-
ɝɨ ɜɪɟɦɟɧɢ, ɤ ɤɨɬɨɪɨɦɭ ɦɵ ɩɪɢɜɵɤɥɢ. ȼɨɡɦɨɠɧɨ, ɱɬɨ ɤɚɤɚя-ɬɨ 
ɯɚɨɬɢɱɧɨɫɬɶ ɜɫО ɠɟ ɛɵɥɚ, ɧɨ ɞɥя ɟО ɨɩɢɫɚɧɢя ɦɨɠɟɬ ɢɫɩɨɥɶɡɨ-
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ɜɚɬɶɫя ɧɟ ɨɞɢɧ ɩɚɪɚɦɟɬɪ ɜ ɜɢɞɟ ɩɪɢɜɵɱɧɨɝɨ ɧɚɦ ɜɪɟɦɟɧɢ, ɚ ɧɟɤɨ-
ɬɨɪɚя ɫɨɜɨɤɭɩɧɨɫɬɶ ɩɚɪɚɦɟɬɪɨɜ, ɤɨɬɨɪɵɟ ɤ ɬɨɦɭ ɠɟ ɦɨɝɭɬ ɛɵɬɶ 
ɫɜяɡɚɧɵ ɫ ɩɨɤɚɡɚɬɟɥɟɦ ɯɚɨɫɚ ɢ ɞɪɭɝ ɫ ɞɪɭɝɨɦ ɧɟɥɢɧɟɣɧɵɦ ɨɛɪɚ-
ɡɨɦ. Ɍɨ ɟɫɬɶ ɟɫɥɢ ɩɟɪɟɜɟɫɬɢ ɜɫО ɷɬɨ ɧɚ ɩɪɢɜɵɱɧɵɣ яɡɵɤ, ɬɨ ɚɧɚɥɨɝ 
ɜɪɟɦɟɧɢ ɦɨɠɟɬ ɛɵɬɶ ɦɧɨɝɨɦɟɪɧɵɦ ɢ ɢɫɤɪɢɜɥɟɧɧɵɦ. 

ɉɪɢ ɜɵɫɨɤɢɯ ɭɪɨɜɧяɯ ɷɧɟɪɝɢɢ, ɯɚɪɚɤɬɟɪɧɵɯ ɞɥя Ȼɨɥɶɲɨɝɨ 
ɜɡɪɵɜɚ, ɧɟ ɫɭщɟɫɬɜɭɟɬ ɱɟɬɵɪɟɯ ɢɥɢ ɩяɬɢ ɜɢɞɨɜ ɩɨɥɟɣ. ȼɫɟ ɨɧɢ 
ɫɥɢɜɚɸɬɫя ɜ ɟɞɢɧɨɟ ɩɨɥɟ. 

Мɨɠɧɨ ɩɪɢɜɟɫɬɢ ɬɚɤɭɸ ɚɧɚɥɨɝɢɸμ ɟɫɥɢ ɜ ɫɨɫɭɞɟ ɧɚɯɨɞɢɬɫя ɨɞ-
ɧɨɪɨɞɧɵɣ ɜɨɞяɧɨɣ ɩɚɪ, ɢ ɜɵ ɧɚɱɢɧɚɟɬɟ ɫɢɥɶɧɨ ɢ ɛɵɫɬɪɨ ɨɯɥɚɠ-
ɞɚɬɶ ɞɧɨ ɠɢɞɤɢɦ ɚɡɨɬɨɦ, ɬɨ ɩɪɨɢɡɨɣɞɟɬ ɫɥɟɞɭɸщɟɟμ ɧɚ ɞɧɟ ɨɛɪɚ-
ɡɭɟɬɫя ɫɥɨɣ ɥɶɞɚ, ɧɚ ɧОɦ ɫɥɨɣ ɜɨɞɵ, ɚ ɫɜɟɪɯɭ ɨɫɬɚɧɟɬɫя ɩɚɪ. Ɍɨ 
ɟɫɬɶ ɩɪɢ ɪɟɡɤɨɦ ɢɡɦɟɧɟɧɢɢ ɭɫɥɨɜɢɣ ɨɞɧɨɪɨɞɧɵɣ ɩɚɪ ɪɚɡɞɟɥɢɥɫя 
ɧɚ ɬɪɢ ɮɚɡɵ. ɑɬɨ-ɬɨ ɩɨɯɨɠɟɟ ɩɪɨɢɫɯɨɞɢɥɨ ɢ ɫ ɟɞɢɧɵɦ ɩɨɥɟɦ — ɢɡ 
ɧɟɝɨ ɩɪɢ «ɨɯɥɚɠɞɟɧɢɢ» ɜɵɞɟɥɢɥɢɫɶ ɜɫɟ ɢɡɜɟɫɬɧɵɟ ɩɨɥя. 

Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɜ ɩɟɪɜɢɱɧɨɦ ɫɨɫɬɨяɧɢɢ ȼɫɟɥɟɧɧɨɣ ɦɨɝɥɨ ɧɟ 
ɛɵɬɶ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥя. Ⱥ ɡɧɚɱɢɬ, ɦɨɝɥɨ ɧɟ ɫɭщɟɫɬɜɨɜɚɬɶ 
ɩɪɨɫɬɪɚɧɫɬɜɚ ɢ ɜɪɟɦɟɧɢ ɜ ɧɚɲɟɦ ɩɪɢɜɵɱɧɨɦ ɩɪɟɞɫɬɚɜɥɟɧɢɢ. Ɍɨ 
ɟɫɬɶ ɩɨɥɭɱɚɟɬɫя, ɱɬɨ ɜ ɩɟɪɜɢɱɧɨɦ ɫɨɫɬɨяɧɢɢ ȼɫɟɥɟɧɧɨɣ ɧɟ ɛɵɥɨ 
ɬɨɝɨ ɫɬɚɪɨɝɨ ɞɨɛɪɨɝɨ «ɩɪɨɫɬɪɚɧɫɬɜɚ-ɜɪɟɦɟɧɢ», ɤ ɤɨɬɨɪɨɦɭ ɦɵ 
ɞɚɜɧɨ ɩɪɢɜɵɤɥɢ. 

ɉɨɷɬɨɦɭ ɫɬɪɚɧɧɨ ɱɢɬɚɬɶ, ɤɨɝɞɚ ɩɨɞɪɨɛɧɨ ɨɩɢɫɵɜɚɟɬɫя, ɱɬɨ 
ɩɪɨɢɫɯɨɞɢɥɨ ɧɚ 10–43

 ɢɥɢ 10–36
 ɫɟɤɭɧɞɚɯ ɩɨɫɥɟ Ȼɨɥɶɲɨɝɨ ɜɡɪɵɜɚ. 

ɗɬɨɣ ɫɟɤɭɧɞɵ ɦɨɝɥɨ ɧɟ ɛɵɬɶ ɜ ɩɪɢɧɰɢɩɟ! ɂ ɜɡɨɪɜɚɬɶɫя ɱɟɦɭ-ɬɨ ɫ 
ɩɨɫɥɟɞɭɸщɢɦ ɜɵɛɪɨɫɨɦ ɜ ɨɤɪɭɠɚɸщɟɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɬɨɠɟ ɛɵɥɨ 
ɧɟɜɨɡɦɨɠɧɨ, ɬɚɤ ɤɚɤ ɧɟ ɫɭщɟɫɬɜɨɜɚɥɨ ɫɚɦɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ. 

ɂɧɚɱɟ ɝɨɜɨɪя, ɩɨ ɝɢɩɨɬɟɡɟ Ȼɨɥɶɲɨɝɨ ɜɡɪɵɜɚ ɫɱɢɬɚɟɬɫя, ɱɬɨ ɨɧ 
ɫɨɫɬɨяɥɫя ɜ ɭɠɟ ɫɭщɟɫɬɜɭɸщɟɦ, ɤɚɤ ɛɵ ɡɚɪɚɧɟɟ ɩɪɢɝɨɬɨɜɥɟɧɧɨɦ 
ɞɥя ɧɟɝɨ ɩɪɨɫɬɪɚɧɫɬɜɟ ɢ ɜɪɟɦɟɧɢ. Ʉɚɤ ɷɬɨ ɦɢɥɨ ɫ ɢɯ ɫɬɨɪɨɧɵ! 

ɂ ɟщО ɛɨɥɟɟ ɦɢɥɵɦ ɜɵɝɥяɞɢɬ ɧɟ ɬɨɥɶɤɨ ɧɟɠɟɥɚɧɢɟ ɡɚɞɚɬɶ ɥɨ-
ɝɢɱɧɵɣ ɜɨɩɪɨɫμ «Ⱥ ɩɪɨɫɬɪɚɧɫɬɜɨ ɢ ɜɪɟɦя ɨɬɤɭɞɚ ɜɡяɥɢɫɶ?», ɧɨ ɢ 
ɫɨɡɞɚɧɢɟ ɬɟɨɪɢɣ, ɤɨɬɨɪɵɟ, ɨɩɢɫɵɜɚя Ȼɨɥɶɲɨɣ ɜɡɪɵɜ, ɨɩɟɪɢɪɭɸɬ 
ɱɚɫɬɧɵɦɢ ɩɪɨɢɡɜɨɞɧɵɦɢ ɩɨ ɤɨɨɪɞɢɧɚɬɚɦ ɢ ɜɪɟɦɟɧɢ. ɇɨ ɩɪɢ 
Ȼɨɥɶɲɨɦ ɜɡɪɵɜɟ, ɟɫɥɢ ɨɧ ɞɟɣɫɬɜɢɬɟɥɶɧɨ ɛɵɥ, ɧɟ ɫɭщɟɫɬɜɨɜɚɥɨ ɧɟ 
ɬɨɥɶɤɨ ɱɚɫɬɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɩɨ ɤɨɨɪɞɢɧɚɬɚɦ ɢ ɜɪɟɦɟɧɢ, ɧɨ ɢ ɫɚ-
ɦɢɯ ɷɬɢɯ ɤɨɨɪɞɢɧɚɬ ɢ ɜɪɟɦɟɧɢ! 
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Ʉɫɬɚɬɢ, ɞɥя ɬɨɝɨ ɱɬɨɛɵ ɧɚɝɥяɞɧɨ ɩɪɟɞɫɬɚɜɢɬɶ, ɱɬɨ ɬɚɤɨɟ 10–43
 

ɫɟɤɭɧɞɵ, ɦɨɠɧɨ ɨɰɟɧɢɬɶ ɜɪɟɦя ɩɪɨɯɨɠɞɟɧɢя ɫɜɟɬɚ ɱɟɪɟɡ ɪɚɫɫɬɨя-
ɧɢɟ, ɪɚɜɧɨɟ ɪɚɞɢɭɫɭ ɩɪɨɬɨɧɚ ɢɥɢ ɤɥɚɫɫɢɱɟɫɤɨɦɭ ɪɚɞɢɭɫɭ ɷɥɟɤɬɪɨ-
ɧɚ (ɩɨɪяɞɤɚ 10–15 ɦ). ɗɬɨ ɜɪɟɦя ɫɨɫɬɚɜɢɬ ɩɨɪяɞɤɚ 10–23

 ɫ. ɗɬɨ ɜ 1020
 

ɪɚɡ ɛɨɥɶɲɟ ɬɨɣ ɫɚɦɨɣ 10–43
 ɫɟɤɭɧɞɵ. ȿɫɥɢ ɩɪɨɬɨɧ ɭɜɟɥɢɱɢɬɶ ɞɨ 

ɪɚɡɦɟɪɚ ɝɚɥɚɤɬɢɤɢ, ɬɨ ɦɟɧɶɲɚя ɜ 1020
 ɪɚɡ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɧɟɦɭ 

ɜɟɥɢɱɢɧɚ ɛɭɞɟɬ ɫɨɩɨɫɬɚɜɢɦɚ ɫ ɪɨɫɬɨɦ ɱɟɥɨɜɟɤɚ. 

ɇɨ ɩɨɬɨɦ ɟɞɢɧɨɟ ɩɨɥɟ ɪɚɡɞɟɥɢɥɨɫɶ ɧɚ ɫɜɨɢ ɤɨɦɩɨɧɟɧɬɵ, ɩɨя-
ɜɢɥɨɫɶ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ ɩɨɥɟ, ɜɨɡɧɢɤɥɢ ɩɪɨɫɬɪɚɧɫɬɜɨ ɢ ɜɪɟɦя. 
Мɢɪ ɧɚɱɚɥ ɩɪɢɨɛɪɟɬɚɬɶ ɩɪɢɜɵɱɧɵɟ ɱɟɪɬɵμ ɨɛɪɚɡɨɜɚɥɢɫɶ ɝɚɥɚɤɬɢ-
ɤɢ, ɡɜОɡɞɧɵɟ ɫɢɫɬɟɦɵ, ɩɥɚɧɟɬɵ. ɇɚ ɧɢɯ ɡɚɪɨɞɢɥɚɫɶ ɠɢɡɧɶ, ɡɚɬɟɦ 
ɩɨяɜɢɥɢɫɶ ɥɸɞɢ, ɧɚɢɛɨɥɟɟ ɧɟɩɨɫɟɞɥɢɜɵɟ ɢɡ ɤɨɬɨɪɵɯ ɡɚɧяɥɢɫɶ 
ɢɡɭɱɟɧɢɟɦ ɩɪɢɪɨɞɵ, ɭɫɬɚɧɨɜɢɥɢ ɮɢɡɢɱɟɫɤɢɟ ɡɚɤɨɧɵ, ɩɪɢɞɭɦɚɥɢ 
ɨɫɬɪɨɭɦɧɵɟ ɮɢɡɢɱɟɫɤɢɟ ɝɢɩɨɬɟɡɵ ɢ ɬɟɨɪɢɢ. ȼ ɬɨɦ ɱɢɫɥɟ ɢɡ ɡɚɤɨ-
ɧɨɦɟɪɧɨɫɬɟɣ ɥɨɤɚɥɶɧɨɝɨ ɯɚɪɚɤɬɟɪɚ ɜɵɞɜɢɧɭɥɢ ɢ ɫɬɚɥɢ ɪɚɡɜɢɜɚɬɶ 
ɝɥɨɛɚɥɶɧɭɸ ɝɢɩɨɬɟɡɭ Ȼɨɥɶɲɨɝɨ ɜɡɪɵɜɚ. 

ɉɨɥɭɱɚɟɬɫя ɞɨɜɨɥɶɧɨ ɫɬɪɚɧɧɚя ɤɨɦɛɢɧɚɰɢяμ ɜ ɝɢɩɨɬɟɡɟ Ȼɨɥɶ-
ɲɨɝɨ ɜɡɪɵɜɚ ɞɟɬɚɥɶɧɨ, ɞɨ ɬɪɭɞɧɨ ɜɨɨɛɪɚɡɢɦɵɯ ɞɨɥɟɣ ɫɟɤɭɧɞɵ, 
ɨɩɢɫɵɜɚɟɬɫя ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɢ ɢɡɦɟɧɟɧɢɟ ɮɨɪɦ ɦɚɬɟɪɢɢ. ɇɨ ɩɨɱɟ-
ɦɭ-ɬɨ ɧɢɤɨɦɭ ɧɟɬ ɧɢɤɚɤɨɝɨ ɞɟɥɚ ɞɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɢ ɜɪɟɦɟɧɢ, ɬ. ɟ. 
ɧɚ ɤɚɤɨɣ «ɫɰɟɧɟ» ɩɪɨɢɫɯɨɞɢɥɨ ɷɬɨ ɞɟɣɫɬɜɢɟ. 

ȼ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɧɢɠɟ ɦɨɞɟɥɶɧɨɣ ȼɫɟɥɟɧɧɨɣ ɩɪɨɫɬɪɚɧɫɬɜɨ-

ɜɪɟɦя ɛɭɞɟɬ ɚɫɫɨɰɢɢɪɨɜɚɬɶɫя ɫ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ. ɉɨяɜɥя-
ɟɬɫя ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ ɩɨɥɟ — ɜɦɟɫɬɟ ɫ ɧɢɦ ɩɨяɜɥяɟɬɫя ɢ ɩɪɨ-
ɫɬɪɚɧɫɬɜɨ-ɜɪɟɦя. ɂ ɩɨɫɤɨɥɶɤɭ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ ɩɨɥɟ ɤɜɚɧɬɭɟɬɫя, 
ɬɨ ɥɨɝɢɱɧɨ ɫɱɢɬɚɬɶ, ɱɬɨ ɢ ɩɪɨɫɬɪɚɧɫɬɜɨ-ɜɪɟɦя ɬɚɤɠɟ ɤɜɚɧɬɨɜɚɧɨ. 
Ɍɨ ɟɫɬɶ ɝɨɜɨɪɢɬɶ ɨ ɩɪɨɫɬɪɚɧɫɬɜɟ-ɜɪɟɦɟɧɢ ɧɢɠɟ ɧɟɤɨɬɨɪɵɯ ɦɚɫ-
ɲɬɚɛɨɜ ɫɬɚɧɨɜɢɬɫя ɜɨɨɛщɟ ɛɟɫɫɦɵɫɥɟɧɧɵɦ. ɂ ɷɬɢ ɦɚɫɲɬɚɛɵ ɫɨ-
ɨɬɜɟɬɫɬɜɭɸɬ ɩɪɢɧɰɢɩɭ ɧɟɨɩɪɟɞɟɥОɧɧɨɫɬɢ, ɤɨɬɨɪɵɣ ɫɱɢɬɚɟɬɫя ɨɞ-
ɧɢɦ ɢɡ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɡɚɤɨɧɨɜ ɩɪɢɪɨɞɵ. ɂ ɬɨ, ɱɬɨ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɚя ɷɧɟɪɝɢя ɪɚɫɩɪɨɫɬɪɚɧяɟɬɫя ɤɜɚɧɬɚɦɢ, ɤɨɫɜɟɧɧɨ 
ɭɤɚɡɵɜɚɟɬ ɧɚ ɤɜɚɧɬɨɜɚɧɢɟ ɩɪɨɫɬɪɚɧɫɬɜɚ ɢ ɜɪɟɦɟɧɢ. 

ɋɥɟɞɭɸщɢɦ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɦ ɩɨɧяɬɢɟɦ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ 
ɦɨɞɟɥɶɧɨɣ ȼɫɟɥɟɧɧɨɣ яɜɥяɟɬɫя ɮɢɡɢɱɟɫɤɢɣ ɜɚɤɭɭɦ — ɧɟɤɚя ɤɜɚɧ-
ɬɨɜɚя ɫɪɟɞɚ ɢɡ ɩɪɨɬɨɱɚɫɬɢɰ, ɤɨɬɨɪɚя ɜ ɧɟɤɨɬɨɪɵɯ ɭɫɥɨɜɢяɯ ɫɩɨ-
ɫɨɛɧɚ ɮɥɭɤɬɭɢɪɨɜɚɬɶ, ɪɚɡɪɭɲɚɬɶɫя (ɪɚɫщɟɩɥяɬɶɫя), ɨɛɪɚɡɭя ɷɥɟ-
ɦɟɧɬɚɪɧɵɟ ɱɚɫɬɢɰɵ. 
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ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɫɜɨО ɜɪɟɦя «ɪɟɲОɬɤɭ» ɮɢɡɢɱɟɫɤɨɝɨ ɜɚ-
ɤɭɭɦɚ ɪɚɫɫɦɚɬɪɢɜɚɥ М. ɉɥɚɧɤ. ɏ.-Ⱥ. Ʌɨɪɟɧɰ ɜɵɜɨɞɢɥ ɫɜɨɢ ɪɟɥяɬɢ-
ɜɢɫɬɫɤɢɟ ɮɨɪɦɭɥɵ, ɤɨɬɨɪɵɟ ɡɚɬɟɦ ɢɫɩɨɥɶɡɨɜɚɥ Ⱥ. ɗɣɧɲɬɟɣɧ, ɬɚɤɠɟ 
ɨɫɧɨɜɵɜɚяɫɶ ɧɚ ɦɨɞɟɥɢ ɩɨɞɨɛɧɨɣ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ, «ɧɟɡɵɛɥɟɦɨɣ» 
ɪɟɲОɬɤɢ. «Мɨɪɟ Ⱦɢɪɚɤɚ» — ɷɬɨ ɬɨɠɟ ɮɢɡɢɱɟɫɤɢɣ ɜɚɤɭɭɦ. 

Ɏɢɡɢɱɟɫɤɢɣ ɜɚɤɭɭɦ — ɜɟɡɞɟɫɭщɚя, ɧɨ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɧɚɛɥɸ-
ɞɚɟɦɚя ɫɭɛɫɬɚɧɰɢя. ɑɬɨ-ɬɨ ɜɪɨɞɟ ɬɨɥщɢ ɜɨɞɵ ɧɚɞ ɩɨɜɟɪɯɧɨɫɬɶɸ 
ɨɤɟɚɧɚ, ɜ ɤɨɬɨɪɨɣ ɩɪɨɢɫɯɨɞяɬ ɮɢɡɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ. ɇɚɛɥɸɞɚɬɶ 
ɮɢɡɢɱɟɫɤɢɣ ɜɚɤɭɭɦ ɨɱɟɧɶ ɫɥɨɠɧɨ, ɬɚɤ ɤɚɤ ɜ ɧОɦ ɧɟɬ ɷɥɟɤɬɪɨɦɚɝ-
ɧɢɬɧɨɝɨ ɩɨɥя, ɢ ɩɨɷɬɨɦɭ ɨɬɫɭɬɫɬɜɭɸɬ ɩɪɢɜɵɱɧɵɟ ɞɥя ɧɚɫ ɩɪɟɞ-
ɫɬɚɜɥɟɧɢя ɨ ɩɪɨɫɬɪɚɧɫɬɜɟ ɢ ɜɪɟɦɟɧɢ. 

ȼɚɠɧɨɟ ɞɥя ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɦɨɞɟɥɢ ɩɨɧяɬɢɟ — ɝɥɨɛɚɥɶɧɚя 
ɮɥɭɤɬɭɚɰɢя ɮɢɡɢɱɟɫɤɨɝɨ ɜɚɤɭɭɦɚ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɨɣ ɫɬɚɥɚ ɨɛ-
ɪɚɡɨɜɵɜɚɬɶɫя ȼɫɟɥɟɧɧɚя. ɐɟɧɬɪ ɷɬɨɣ ɝɥɨɛɚɥɶɧɨɣ ɮɥɭɤɬɭɚɰɢɢ ɞɚ-
ɥɟɟ ɛɭɞɟɦ ɫɨɤɪɚщОɧɧɨ ɨɛɨɡɧɚɱɚɬɶ ɐȽɎ. 

 

 
 

Ɋɂɋ. 2. Ƚɚɡɨɜɵɣ ɩɭɡɵɪɶ 

 

Ⱦɥя ɧɚɝɥяɞɧɨɫɬɢ ɩɪɟɞɫɬɚɜɶɬɟ ɫɟɛɟ ɛɨɥɶɲɨɣ ɨɛɴОɦ 
ɩɟɪɟɨɯɥɚɠɞОɧɧɨɣ ɠɢɞɤɨɫɬɢ, ɜ ɤɨɬɨɪɨɦ ɢɡ ɧɟɤɨɬɨɪɨɝɨ ɦɚɥɨɝɨ 
ɨɛɴОɦɚ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɧɟɤɨɟɝɨ ɫɥɭɱɚɣɧɨɝɨ ɮɚɤɬɨɪɚ ɫɬɚɥ ɨɛɪɚɡɨɜɵ-
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ɜɚɬɶɫя ɦɚɫɫɢɜ ɥɶɞɚ. ɋ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ ɨɧ ɭɜɟɥɢɱɢɜɚɟɬɫя ɜ 
ɨɛɴОɦɟ, ɪɚɫɲɢɪяɟɬɫя, ɨɯɜɚɬɵɜɚя ɜɫО ɧɨɜɵɟ ɢ ɧɨɜɵɟ ɫɥɨɢ ɠɢɞɤɨɫɬɢ. 

Ʉɨɦɭ ɧɟ ɧɪɚɜɢɬɫя ɩɟɪɟɨɯɥɚɠɞОɧɧɚя ɠɢɞɤɨɫɬɶ — ɩɪɟɞɫɬɚɜɶɬɟ 
ɩɟɪɟɝɪɟɬɭɸ ɠɢɞɤɨɫɬɶ, ɜ ɤɨɬɨɪɨɣ ɧɚɱɢɧɚɟɬ ɨɛɪɚɡɨɜɵɜɚɬɶɫя ɩɚɪɨ-
ɜɨɣ ɩɭɡɵɪɶ. 

Ⱦɪɭɝɚя ɚɧɚɥɨɝɢяμ ɬɨɥɫɬɵɣ ɦɚɫɫɢɜ ɫɬɟɤɥɚ, ɜɧɭɬɪɢ ɤɨɬɨɪɨɝɨ ɜɨɡ-
ɧɢɤɥɨ ɧɚɩɪяɠɟɧɢɟ ɢ ɫɬɚɥɚ ɪɚɫɩɪɨɫɬɪɚɧяɬɶɫя ɝɭɫɬɚя ɫɟɬɶ ɦɟɥɤɢɯ 
ɬɪɟщɢɧ. Оɛɪɚɡɨɜɚɜɲɚяɫя ɩɪɢ ɪɚɡɪɭɲɟɧɢɢ ɫɬɟɤɥɚ ɦɟɥɤɚя ɩɵɥɶ — 

ɷɬɨ ɚɧɚɥɨɝ ɦɚɬɟɪɢɢ. 
ȿщО ɚɧɚɥɨɝɢя — ɨɱɚɝ ɩɥɚɦɟɧɢ, ɧɚɩɪɢɦɟɪ, ɜ ɫɭɯɨɣ ɬɪɚɜɟ ɧɚ 

ɪɨɜɧɨɦ ɩɨɥɟμ ɨɛɪɚɡɨɜɚɧɢɟ ɩɟɩɥɚ ɢ ɞɪɭɝɢɯ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢя ɜ 
ɨɫɧɨɜɧɨɦ ɩɪɨɢɫɯɨɞɢɬ ɧɚ ɝɪɚɧɢɰɟ ɨɛɥɚɫɬɢ ɝɨɪɟɧɢя, ɚ ɜɵɠɠɟɧɧɚя 
ɡɟɦɥя — ɚɧɚɥɨɝ ȼɫɟɥɟɧɧɨɣ. 

Ʉɨɧɟɱɧɨ, ɜɫɟ ɷɬɢ ɚɧɚɥɨɝɢɢ ɧɟɩɨɥɧɵ. ɂɯ ɨɫɧɨɜɧɨɣ ɧɟɞɨɫɬɚɬɨɤ — 

ɜ ɧɢɯ ɫɱɢɬɚɟɬɫя, ɱɬɨ ɪɚɡɪɭɲɚɟɦɚя ɫɪɟɞɚ — ɚɧɚɥɨɝ ɮɢɡɢɱɟɫɤɨɝɨ ɜɚ-
ɤɭɭɦɚ — ɤɚɤ-ɬɨ ɥɨɤɚɥɢɡɨɜɚɧɚ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ-ɜɪɟɦɟɧɢ. ɋ ɮɢɡɢɱɟ-
ɫɤɢɦ ɜɚɤɭɭɦɨɦ ɷɬɚ ɚɧɚɥɨɝɢя ɧɟ ɩɪɨɯɨɞɢɬ — ɜ ɮɢɡɢɱɟɫɤɨɦ ɜɚɤɭɭɦɟ 
ɧɟɬ ɧɢ ɩɪɨɫɬɪɚɧɫɬɜɚ, ɧɢ ɜɪɟɦɟɧɢ ɜ ɧɚɲɟɦ ɨɛɵɱɧɨɦ ɩɪɟɞɫɬɚɜɥɟɧɢɢ. 
ɉɨɷɬɨɦɭ ɝɞɟ ɬɚɦ ɱɬɨ-ɬɨ ɥɨɤɚɥɢɡɨɜɚɧɨ, ɝɨɜɨɪɢɬɶ ɧɟɜɨɡɦɨɠɧɨ, ɬɚɤ 
ɤɚɤ ɫɚɦɨ ɩɨɧяɬɢɟ ɨ ɥɨɤɚɥɢɡɚɰɢɢ ɧɟɫɨɫɬɨяɬɟɥɶɧɨ. ɇɨ ɧɟɬ ɯɭɞɚ ɛɟɡ 
ɞɨɛɪɚμ ɢɦɟɧɧɨ ɷɬɨ ɫɜɨɣɫɬɜɨ ɩɪɢɦɢɪяɟɬ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ ɮɢɡɢɱɟ-
ɫɤɨɦ ɜɚɤɭɭɦɟ ɫɨ ɫɩɟɰɢɚɥɶɧɨɣ ɬɟɨɪɢɟɣ ɨɬɧɨɫɢɬɟɥɶɧɨɫɬɢ. 

ȿɫɬɟɫɬɜɟɧɧɨ, ɜɨɡɧɢɤɚɟɬ ɜɨɩɪɨɫμ ɐȽɎ — ɷɬɨ ɩɪɨɫɬɨ ɤɚɤɚя-ɬɨ 
ɚɛɫɬɪɚɤɰɢя, ɤɚɤɚя-ɬɨ ɛɟɡɨɫɧɨɜɚɬɟɥɶɧɚя ɝɢɩɨɬɟɡɚ ɢɥɢ ɜɫО ɠɟ ɢɦɟ-
ɸɬɫя ɧɟɤɨɬɨɪɵɟ ɨɫɧɨɜɚɧɢя ɩɪɟɞɩɨɥɚɝɚɬɶ ɟɝɨ ɫɭщɟɫɬɜɨɜɚɧɢɟ? ɉɨ-
ɯɨɠɟ, ɱɬɨ ɬɚɤɢɟ ɨɫɧɨɜɚɧɢя ɞɟɣɫɬɜɢɬɟɥɶɧɨ ɢɦɟɸɬɫя. ɇɚ ɷɬɨ ɭɤɚɡɵ-
ɜɚɸɬ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɪɟɥɢɤɬɨɜɨɝɨ ɢɡɥɭɱɟɧɢя ɢ ɩɥɨɬɧɨɫɬɢ 
ɦɚɬɟɪɢɢ ɜɨ ȼɫɟɥɟɧɧɨɣ, ɤɨɬɨɪɵɟ ɩɥɨɯɨ ɫɨɜɦɟщɚɸɬɫя ɫ ɝɢɩɨɬɟɡɨɣ 
Ȼɨɥɶɲɨɝɨ ɜɡɪɵɜɚ. 

ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɪɚɡɪɭɲɟɧɢя ɮɢɡɢɱɟɫɤɨɝɨ ɜɚɤɭɭɦɚ 
ɢ ɫɨɨɬɜɟɬɫɬɜɭɸщɟɟ ɨɛɪɚɡɨɜɚɧɢɟ ɦɚɬɟɪɢɢ ɢ ɩɪɨɫɬɪɚɧɫɬɜɚ-ɜɪɟɦɟɧɢ, 
ɩɪɨɢɫɯɨɞɢɬ ɫɨ ɫɤɨɪɨɫɬɶɸ ɫɜɟɬɚ. 

Ƚɟɧɟɪɚɰɢя ɦɚɬɟɪɢɢ ɩɪɨɢɫɯɨɞɢɬ ɜ ɷɥɟɦɟɧɬɚɪɧɵɯ ɩɪɨɫɬɪɚɧɫɬ-
ɜɟɧɧɨ-ɜɪɟɦɟɧɧɵɯ яɱɟɣɤɚɯ — ɤɜɚɧɬɚɯ ɩɪɨɫɬɪɚɧɫɬɜɚ-ɜɪɟɦɟɧɢ. ɉɪɢ 
ɷɬɨɦ ɨɛɪɚɡɭɸɬɫя ɜɫɟ ɢɡɜɟɫɬɧɵɟ ɷɥɟɦɟɧɬɚɪɧɵɟ ɱɚɫɬɢɰɵ — ɤɜɚɧɬɵ 
ɫɨɨɬɜɟɬɫɬɜɭɸщɢɯ ɩɨɥɟɣ. ȼ ɬɨɦ ɱɢɫɥɟ ɤɜɚɧɬɵ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ 
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ɩɨɥя — ɮɨɬɨɧɵ. ȼ ɬɨɦ ɱɢɫɥɟ ɮɨɬɨɧɵ, ɤɨɬɨɪɵɟ ɩɪɢɧяɬɨ ɧɚɡɵɜɚɬɶ 
ɤɜɚɧɬɚɦɢ ɪɟɥɢɤɬɨɜɨɝɨ ɢɡɥɭɱɟɧɢя, ɧɨ ɤɨɬɨɪɵɟ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ 
ɦɨɞɟɥɢ ɬɚɤɨɜɵɦɢ ɧɟ яɜɥяɸɬɫя, ɬɚɤ ɤɚɤ ɨɧɢ ɨɛɪɚɡɭɸɬɫя ɧɟ ɬɨɥɶɤɨ 
ɩɪɢ ɝɥɨɛɚɥɶɧɨɣ ɮɥɭɤɬɭɚɰɢɢ, ɧɨ ɢ ɩɪɢ ɞɚɥɶɧɟɣɲɟɦ ɪɚɫщɟɩɥɟɧɢɢ 
ɮɢɡɢɱɟɫɤɨɝɨ ɜɚɤɭɭɦɚ. 

ȼ ɱОɦ ɨɬɥɢɱɢɟ ɷɬɨɣ ɦɨɞɟɥɢ ɨɬ Ȼɨɥɶɲɨɝɨ ɜɡɪɵɜɚ? ȼ ɩɟɪɜɭɸ 
ɨɱɟɪɟɞɶ ɜ ɬɨɦ, ɱɬɨ ɝɟɧɟɪɚɰɢя ɦɚɬɟɪɢɢ ɨɫɭщɟɫɬɜɥяɟɬɫя ɧɟ ɬɨɥɶɤɨ ɜ 
ɐȽɎ, ɧɨ ɢ ɜ ɞɚɥɶɧɟɣɲɟɦ ɩɨ ɦɟɪɟ ɩɨɫɥɟɞɭɸщɟɝɨ ɪɚɡɪɭɲɟɧɢя ɮɢ-
ɡɢɱɟɫɤɨɝɨ ɜɚɤɭɭɦɚ ɧɚ ɝɪɚɧɢɰɟ ȼɫɟɥɟɧɧɨɣ. ɉɪɢɱОɦ ɜ ɨɫɧɨɜɧɨɦ 
ɢɦɟɧɧɨ ɩɪɢ ɩɨɫɥɟɞɭɸщɟɦ ɪɚɡɪɭɲɟɧɢɢ ɮɢɡɢɱɟɫɤɨɝɨ ɜɚɤɭɭɦɚ. Ɍɨ 
ɟɫɬɶ ɝɥɨɛɚɥɶɧɚя ɮɥɭɤɬɭɚɰɢя ɜ ɜɨɡɧɢɤɧɨɜɟɧɢɢ ȼɫɟɥɟɧɧɨɣ — ɫɨɛɵ-
ɬɢɟ, ɤɨɧɟɱɧɨ, ɨɩɪɟɞɟɥяɸщɟɟ, ɧɨ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɟɟ ɜɚɠɧɨɟ, ɱɟɦ ɜ 
ɦɨɞɟɥɢ Ȼɨɥɶɲɨɝɨ ɜɡɪɵɜɚμ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ȼɫɟɥɟɧɧɨɣ ɦɚɬɟɪɢя 
ɩɪɨɞɨɥɠɚɟɬ ɨɛɪɚɡɨɜɵɜɚɬɶɫя ɢ ɩɨɫɥɟ ɝɥɨɛɚɥɶɧɨɣ ɮɥɭɤɬɭɚɰɢɢ. 

ȼ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɦɨɞɟɥɢ ɬɚɤɠɟ ɨɬɫɭɬɫɬɜɭɟɬ ɝɥɨɛɚɥɶɧɨɟ 
(ɤɨɫɦɨɥɨɝɢɱɟɫɤɨɟ) ɭɞɚɥɟɧɢɟ ɮɢɡɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ ɞɪɭɝ ɨɬ ɞɪɭɝɚ. 
Ɍɨ ɟɫɬɶ ɩɟɪɟɦɟщɟɧɢя, ɩɟɪɟɝɪɭɩɩɢɪɨɜɤɢ ɨɛɪɚɡɨɜɚɜɲɟɣɫя ɦɚɬɟɪɢɢ, 
ɤɨɧɟɱɧɨ, ɢɦɟɸɬ ɦɟɫɬɨ, ɧɨ ɝɥɨɛɚɥɶɧɵɯ ɩɟɪɟɦɟщɟɧɢɣ, ɤɨɬɨɪɵɟ ɚɫ-
ɫɨɰɢɢɪɭɸɬɫя ɫ ɪɚɫɲɢɪɟɧɢɟɦ ȼɫɟɥɟɧɧɨɣ ɜ ɰɟɥɨɦ, — ɧɟɬ. Ⱥ ɬɨ, ɱɬɨ 
ɪɟɝɢɫɬɪɢɪɭɟɬɫя ɜ ɜɢɞɟ ɤɪɚɫɧɨɝɨ ɢɥɢ ɮɢɨɥɟɬɨɜɨɝɨ ɫɦɟщɟɧɢɣ ɫɩɟɤ-
ɬɪɚɥɶɧɵɯ ɥɢɧɢɣ, ɢɦɟɟɬ ɩɨɞ ɫɨɛɨɣ ɫɨɜɟɪɲɟɧɧɨ ɞɪɭɝɭɸ ɮɢɡɢɱɟ-
ɫɤɭɸ ɨɫɧɨɜɭμ ɷɬɨ ɤɚɠɭщɢɣɫя ɷɮɮɟɤɬ, ɨɛɭɫɥɨɜɥɟɧɧɵɣ ɪɚɡɥɢɱɢɟɦ 
ɫɜɨɣɫɬɜ ɩɪɨɫɬɪɚɧɫɬɜɚ-ɜɪɟɦɟɧɢ ɜ ɭɞɚɥОɧɧɵɯ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɨɛɥɚɫ-
ɬяɯ ȼɫɟɥɟɧɧɨɣ. 

Ⱦɚɥɟɟ ɥɨɝɢɱɧɨ ɩɟɪɟɯɨɞɢɦ ɤ ɤɨɫɦɨɥɨɝɢɱɟɫɤɨɦɭ ɩɪɢɧɰɢɩɭ. ȼ 
ɞɚɧɧɨɣ ɦɨɞɟɥɢ, ɝɞɟ ɢɦɟɟɬɫя ɜɵɞɟɥɟɧɧɚя ɨɛɥɚɫɬɶ — ɐȽɎ, ɩɪɨ-
ɫɬɪɚɧɫɬɜɨ ɝɥɨɛɚɥɶɧɨ ɧɟ ɦɨɠɟɬ ɧɟ ɛɵɬɶ ɚɧɢɡɨɬɪɨɩɧɵɦ. ɉɨɷɬɨɦɭ ɜ 
ɷɬɨɣ ɦɨɞɟɥɢ ɤɨɫɦɨɥɨɝɢɱɟɫɤɢɣ ɩɪɢɧɰɢɩ ɦɨɠɟɬ ɛɵɬɶ ɬɨɥɶɤɨ 
ɩɪɢɛɥɢɠОɧɧɵɦ, ɩɪɢɦɟɧɢɦɵɦ ɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɦɚɥɵɯ ɨɛɥɚɫɬяɯ 
ȼɫɟɥɟɧɧɨɣ. 

ɇɨ ɱɬɨ ɡɧɚɱɢɬ — ɦɚɥɵɯ? ɇɚɩɪɢɦɟɪ, ɪɚɞɢɭɫ ɝɚɥɚɤɬɢɤɢ Мɥɟɱ-
ɧɵɣ ɉɭɬɶ ɫɨɫɬɚɜɥяɟɬ ɨɤɨɥɨ γ×10–5

 ɪɚɞɢɭɫɚ ɏɚɛɛɥɚ, ɚ ɟО ɨɛɴОɦ — 

ɨɤɨɥɨ 10–16
 ɨɛɴОɦɚ ɜɢɞɢɦɨɣ ɱɚɫɬɢ ȼɫɟɥɟɧɧɨɣ. Ⱦɥя ɧɚɝɥяɞɧɨɫɬɢμ 

ɟɫɥɢ ɧɚɛɥɸɞɚɟɦɭɸ ȼɫɟɥɟɧɧɭɸ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɦɚɫɲɬɚɛɟ ɡɟɦɧɨɝɨ 
ɲɚɪɚ, ɬɨ Мɥɟɱɧɵɣ ɉɭɬɶ ɛɭɞɟɬ ɢɦɟɬɶ ɪɚɡɦɟɪ ɛɥɸɞɰɚ, ɤɨɬɨɪɨɟ ɧɚ-
ɯɨɞɢɬɫя ɝɞɟ-ɬɨ ɜɧɭɬɪɢ ɷɬɨɝɨ ɲɚɪɚ (ɪɢɫ. γ). 
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Ɋɂɋ. 3. Оɬɧɨɫɢɬɟɥɶɧɵɟ ɪɚɡɦɟɪɵ ɝɚɥɚɤɬɢɤ ɢ ȼɫɟɥɟɧɧɨɣ 

 

ɉɨɷɬɨɦɭ ɜ ɩɪɟɞɟɥɚɯ ɝɚɥɚɤɬɢɤ ɢ ɢɯ ɫɤɨɩɥɟɧɢɣ ɤɨɫɦɨɥɨɝɢɱɟɫɤɢɣ 
ɩɪɢɧɰɢɩ ɩɪɢɛɥɢɠОɧɧɨ ɜɵɩɨɥɧяɟɬɫя, ɧɨ ɞɥя ȼɫɟɥɟɧɧɨɣ ɜ ɰɟɥɨɦ ɨɧ 
ɦɨɠɟɬ ɨɤɚɡɚɬɶɫя ɧɟɩɪɢɦɟɧɢɦɵɦ. ɇɚɩɪɢɦɟɪ, ɬɟɨɪɢя ɨɬɧɨɫɢɬɟɥɶɧɨ-
ɫɬɢ ɜɩɨɥɧɟ ɫɟɛɟ ɦɨɠɟɬ ɪɚɛɨɬɚɬɶ ɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɦɚɥɵɯ ɦɚɫɲɬɚɛɚɯ, 
ɧɨ ɩɪɢ ɷɬɨɦ ɞɚɜɚɬɶ ɫɛɨɢ ɩɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ȼɫɟɥɟɧɧɨɣ ɜ ɰɟɥɨɦ. 

Оɬɧɨɫɢɬɟɥɶɧɚя ɦɚɥɨɫɬɶ ɪɚɡɦɟɪɨɜ ɝɚɥɚɤɬɢɤ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 
ɪɚɡɦɟɪɭ ɜɫɟɣ ȼɫɟɥɟɧɧɨɣ (ɪɢɫ. ζ) ɩɨɡɜɨɥяɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɨɞɟɥɶ-
ɧɨɟ ɩɪɢɛɥɢɠɟɧɢɟ ɨɛ ɨɞɧɨɪɨɞɧɨɣ ȼɫɟɥɟɧɧɨɣ, ɤɨɬɨɪɨɟ ɡɧɚɱɢɬɟɥɶɧɨ 
ɭɩɪɨщɚɟɬ ɩɪɨɜɨɞɢɦɵɟ ɧɢɠɟ ɜɵɱɢɫɥɟɧɢя. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɫɧɨɜɧɨɟ ɩɨɥɨɠɟɧɢɟ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɧɢɠɟ 
ɦɨɞɟɥɢμ ɫɱɢɬɚɟɬɫя, ɱɬɨ ȼɫɟɥɟɧɧɚя ɨɛɪɚɡɭɟɬɫя ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫщɟ-
ɩɥɟɧɢя (ɪɚɡɪɭɲɟɧɢя) ɮɢɡɢɱɟɫɤɨɝɨ ɜɚɤɭɭɦɚ. ȼɨɫɩɪɢɧɢɦɚɟɦɭɸ ɧɚ-
ɦɢ ȼɫɟɥɟɧɧɭɸ ɦɨɠɧɨ ɫɪɚɜɧɢɬɶ ɫ ɪяɛɶɸ ɢ ɜɨɥɧɚɦɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 
ɨɤɟɚɧɚ. Ⱥ ɱɬɨ ɧɚɯɨɞɢɬɫя ɜ ɝɥɭɛɢɧɚɯ ɢ ɤɚɤɨɜɵ ɷɬɢ ɝɥɭɛɢɧɵ — ɧɟ-
ɢɡɜɟɫɬɧɨ. 

Оɫɧɨɜɧɚя ɡɚɞɚɱɚ ɩɨɫɥɟɞɭɸщɟɝɨ ɚɧɚɥɢɡɚ — ɪɚɫɫɦɨɬɪɟɬɶ ɨɫɧɨɜ-
ɧɵɟ ɮɢɡɢɱɟɫɤɢɟ ɷɮɮɟɤɬɵ, ɫɨɜɦɟɫɬɢɦɵɟ ɫ ɩɪɟɞɥɨɠɟɧɧɨɣ ɦɨɞɟɥɶɸ 
ȼɫɟɥɟɧɧɨɣ. 
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Ɋɂɋ. 4. Ƚɚɥɚɤɬɢɤɢ 

 

 

жгзг ǱȞȎȐȖȠȎȤȖȜțțȎȭ ȫțȓȞȑȖȭ 
ȚȜȒȓșȪțȜȗ ǰȟȓșȓțțȜȗ 

 

ɇɚɱɧОɦ ɚɧɚɥɢɡ ɫ ɫɚɦɨɝɨ ɩɪɨɫɬɨɝɨ — ɫ ɩɨɱɬɢ ɲɤɨɥɶɧɨɣ ɡɚɞɚɱɤɢ ɨ 
ɫɨɛɫɬɜɟɧɧɨɣ ɝɪɚɜɢɬɚɰɢɨɧɧɨɣ ɷɧɟɪɝɢɢ — Wg ɲɚɪɚ. 

ɇɚɩɨɦɧɢɦ, ɱɬɨ ɝɪɚɜɢɬɚɰɢɨɧɧɚя ɷɧɟɪɝɢɢ — ɜɟɥɢɱɢɧɚ ɨɬɪɢɰɚ-
ɬɟɥɶɧɚя, ɬɚɤ ɤɚɤ ɬɪɟɛɭɟɬɫя ɩɪɨɢɡɜɟɫɬɢ ɧɟɤɨɬɨɪɭɸ ɪɚɛɨɬɭ, ɱɬɨɛɵ 
ɭɞɚɥɢɬɶ ɷɥɟɦɟɧɬɵ ɦɚɫɫɵ ɜ ɬɨ ɦɟɫɬɨ, ɝɞɟ ɝɪɚɜɢɬɚɰɢɨɧɧɚя ɷɧɟɪɝɢя 
ɫɬɚɧɟɬ ɪɚɜɧɚ ɧɭɥɸ. ɇɨ ɞɚɥɟɟ, ɱɬɨɛɵ ɧɟ ɦɟɥɶɬɟɲɢɬɶ ɡɧɚɤɨɦ «–» ɩɨ 
ɜɫɟɦ ɫɨɨɬɧɨɲɟɧɢяɦ ɷɬɨɝɨ ɪɚɡɞɟɥɚ, ɛɭɞɟɦ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɚɛɫɨɥɸɬ-
ɧɨɟ ɡɧɚɱɟɧɢɟ ɷɧɟɪɝɢɢ, ɬ. ɟ. Wg. 

ɋɧɚɱɚɥɚ ɪɚɫɫɦɨɬɪɢɦ ɲɚɪ ɪɚɜɧɨɦɟɪɧɨɣ ɩɥɨɬɧɨɫɬɢ. 
ɇɚɩɪяɠОɧɧɨɫɬɶ Eg ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ ɩɨɥя ɜɧɭɬɪɢ ɧɟɝɨ ɨɩɪɟɞɟɥяɟɬ-
ɫя ɫɥɟɞɭɸщɢɦ ɨɛɪɚɡɨɦμ 
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Eg(r) =  Ȗ×ρ×ζ×π×r/3, 

ɝɞɟ Ȗ — ɝɪɚɜɢɬɚɰɢɨɧɧɚя ɩɨɫɬɨяɧɧɚя, ɪɚɜɧɚя θ,θ7γ8ζ×10–11 

ɦ3/(ɤɝ×ɫ2
); 

ρ — ɦɚɫɫɨɜɚя ɩɥɨɬɧɨɫɬɶ ɨɞɧɨɪɨɞɧɨɝɨ ɲɚɪɚ. 

ɉɨɬɟɧɰɢɚɥ φg ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥя ɜɧɭɬɪɢ ɨɞɧɨɪɨɞɧɨɝɨ ɲɚɪɚμ 
                   ∞                                         R                                        ∞ 

φg/(ζ×π) = ∫ Ȗ×r×(ρ/γ)×dr = ∫ Ȗ×r×(ρ/γ)×dr + ∫ Ȗ×R
3×ρ/(γ×r

2
)×dr = 

                   r                                         r                                         R 

= Ȗ×ρ×(R2
 – r

2)/θ + Ȗ×ρ×R
2×ρ/γ = – Ȗ×ρ×r

2/θ + Ȗ×ρ×R
2×ρ/β. 

Оɛщɚя ɝɪɚɜɢɬɚɰɢɨɧɧɚя ɷɧɟɪɝɢя Wg ɲɚɪɚ ɜ ɫɨɛɫɬɜɟɧɧɨɦ ɝɪɚɜɢ-
ɬɚɰɢɨɧɧɨɦ ɩɨɥɟμ 

                                                              R 

Wg = (1/2)×∫ φg(r)×ζ×π×r
2×ρ×dr = 

                                                             0  

= – β×π×ρ2×Ȗ×R
5/γ0 + β×π×ρ2×Ȗ×R

5/θ = (ζ×π×ρ)2×Ȗ×R
5
/15 = 

= (γ/η)×Ȗ×M
2
/R, 

ɝɞɟ M — ɦɚɫɫɚ ɲɚɪɚ. 
Ⱦɪɭɝɨɣ ɫɩɨɫɨɛ ɜɵɱɢɫɥɟɧɢɣ Wg, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɨɩɪɟɞɟɥɟɧɢɢ 

ɷɧɟɪɝɢɢ, ɬɪɟɛɭɟɦɨɣ ɞɥя ɬɨɝɨ, ɱɬɨɛɵ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɭɞɚɥɢɬɶ ɜɫɟ 
ɷɥɟɦɟɧɬɚɪɧɵɟ ɫɮɟɪɢɱɟɫɤɢɟ ɫɥɨɢ ɲɚɪɚ ɧɚ ɛɟɫɤɨɧɟɱɧɨɫɬɶ, ɮɚɤɬɢɱɟ-
ɫɤɢ ɪɚɫɩɵɥɢɬɶ ɟɝɨμ 

                                        R 

Wg = ∫ Ȗ×(ζ×π/γ)×r
3×ζ×π×r

2×ρ2
×dr/r = 

                                       0 

                      R 

= ∫ Ȗ×(ζ×π/3)×r
4
×4×π×ρ2

×dr = Ȗ×(ζ×π/15)×R
5
×4×π×ρ2

 = 
                      0 

= (γ/η)×Ȗ×M
2
/R.

 

 

Мɨɠɧɨ ɩɪɟɞɥɨɠɢɬɶ ɢ ɬɪɟɬɢɣ ɫɩɨɫɨɛ ɨɩɪɟɞɟɥɟɧɢя Wg, ɩɪɢ ɤɨ-
ɬɨɪɨɦ ɤɨɷɮɮɢɰɢɟɧɬ γ/η ɩɨɥɭɱɚɟɬɫя ɩɪɢ ɜɵɱɢɫɥɟɧɢɢ ɬɪɨɣɧɨɝɨ ɢɧ-
ɬɟɝɪɚɥɚ, ɩɪɟɞɫɬɚɜɥяɸщɟɝɨ ɫɭɦɦɭ ɝɪɚɜɢɬɚɰɢɨɧɧɵɯ ɷɧɟɪɝɢɣ ɷɥɟ-
ɦɟɧɬɚɪɧɵɯ ɦɚɫɫ ɲɚɪɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɞɪɭɝ ɤ ɞɪɭɝɭμ 

                                               1              1 π 

3/5 = {9/(8×π)}×∫ r2
×{ ∫ ∫ 2×π×ρ2

×sin(ϑ)×Нϑ×Нρ/L }×dr, 
                                                             0              0  0  
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ɝɞɟ L = [r
2
 + ρ2 

 – 2×r×ρ×cos(ϑ)]1/2 – ɪɚɫɫɬɨяɧɢɟ ɦɟɠɞɭ ɷɥɟɦɟɧɬɚɦɢ 
ɦɚɫɫɵ. 

Ɂɞɟɫɶ ɢɧɬɟɝɪɚɥ ɨɩɪɟɞɟɥяɟɬ ɷɧɟɪɝɢɸ ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ ɜɡɚɢɦɨ-
ɞɟɣɫɬɜɢя ɦɚɫɫ ɜ ɲɚɪɟ ɟɞɢɧɢɱɧɨɝɨ ɪɚɞɢɭɫɚ ɫ ɟɞɢɧɢɱɧɨɣ ɩɥɨɬɧɨ-
ɫɬɶɸ. ɉɪɢ ɪɚɫɱОɬɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫя ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɤɪɭɝɨɜɵɯ ɰɢ-
ɥɢɧɞɪɨɜ ɪɚɞɢɭɫɚ r×Нȥ ɫ ɨɫяɦɢ, ɫɨɜɩɚɞɚɸщɢɦɢ ɫ ɨɫɶɸ 0г, ɫ 
ɨɫɬɚɥɶɧɵɦɢ ɷɥɟɦɟɧɬɚɪɧɵɦɢ ɦɚɫɫɚɦɢ ɲɚɪɚ. Ɋɚɞɢɭɫɵ ɰɢɥɢɧɞɪɨɜ 
ɭɜɟɥɢɱɢɜɚɸɬɫя ɩɪɢ ɭɞɚɥɟɧɢɢ ɨɬ ɧɚɱɚɥɚ ɤɨɨɪɞɢɧɚɬ, ɮɨɪɦɢɪɭя 
ɟɞɢɧɢɱɧɵɣ ɬɟɥɟɫɧɵɣ ɭɝɨɥ. Оɫɬɚɥɶɧɵɟ ɷɥɟɦɟɧɬɚɪɧɵɟ ɦɚɫɫɵ ɨɛɪɚ-
ɡɭɸɬ ɤɨɥɶɰɚ ɦɚɫɫɨɣ β×π×ρ2

×Нș, ɧɚɧɢɡɚɧɧɵɟ ɧɚ ɨɫɶ 0г, ɬ. ɟ. ɩɪɟɞ-
ɜɚɪɢɬɟɥɶɧɨ ɩɪɨɜɟɞɟɧɨ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ ɩɨ ɭɝɥɭ φ. 

Мɧɨɠɢɬɟɥɶ ɩɟɪɟɞ ɢɧɬɟɝɪɚɥɨɦ 

λ/(8×π) = β×π/(ζ×π/γ)2
. 

ɑɢɫɥɢɬɟɥɶ — ɩɨɥɨɜɢɧɚ ɩɨɥɧɨɝɨ ɬɟɥɟɫɧɨɝɨ ɭɝɥɚ ζ×π (ɩɨɥɨɜɢɧɚ, 
ɬɚɤ ɤɚɤ ɝɪɚɜɢɬɚɰɢɨɧɧɚя ɷɧɟɪɝɢя ɞɜɭɯ ɷɥɟɦɟɧɬɚɪɧɵɯ ɦɚɫɫ ɜ ɢɧɬɟ-
ɝɪɚɥɟ ɜɵɱɢɫɥяɟɬɫя ɞɜɚɠɞɵ, ɢ ɞɥя ɤɨɦɩɟɧɫɚɰɢɢ ɷɬɨɝɨ ɩɪɢɯɨɞɢɬɫя 
ɞɟɥɢɬɶ ɩɨɥɧɵɣ ɬɟɥɟɫɧɵɣ ɭɝɨɥ ɧɚ β). 

Ɂɧɚɦɟɧɚɬɟɥɶ — ɤɜɚɞɪɚɬ ɦɚɫɫɵ ɨɞɧɨɪɨɞɧɨɝɨ ɲɚɪɚ ɟɞɢɧɢɱɧɨɝɨ 
ɪɚɞɢɭɫɚ ɢ ɟɞɢɧɢɱɧɨɣ ɩɥɨɬɧɨɫɬɢ. 

Ɍɟɩɟɪɶ ɪɚɫɫɦɨɬɪɢɦ ɲɚɪ ɦɚɫɫɨɣ ε, ɜ ɤɨɬɨɪɨɦ ρ ɩɥɨɬɧɨɫɬɶ ɭɛɵ-
ɜɚɟɬ ɩɨ ɪɚɞɢɭɫɭ r ɩɨ ɡɚɤɨɧɭ ɨɛɪɚɬɧɨɝɨ ɤɜɚɞɪɚɬɚμ 

ρ(r) = A/r
2
, 

ɝɞɟ χ — ɤɨɧɫɬɚɧɬɚ, ɨɩɪɟɞɟɥяɟɦɚя ɢɡ ɭɫɥɨɜɢяμ 
                                       R                                                R 

M = ∫ 4×π×r
2
×ρ(r)×dr =  ∫ 4×π×A×dr = 4×π×A×R; 

                                      0                                                 0  

A = M/(ζ×π×R). 

ɋɪɟɞɧяя ɩɥɨɬɧɨɫɬɶ ɲɚɪɚ ρ0 = γ×ε/(ζ×π×R
3). ɉɨɷɬɨɦɭ 

ρ(r) = (ρ0/3)×(R/r)
2
.
 

Мɚɫɫɚ ɜɧɭɬɪɟɧɧɟɝɨ ɲɚɪɚ ɪɚɞɢɭɫɨɦ r: 
M = (ζ×π/γ)×ρ0×R

2
×r. 

ɇɚɩɪяɠёɧɧɨɫɬɶ ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ ɩɨɥя ɜɧɭɬɪɢ ɲɚɪɚ ɧɚ ɪɚɞɢɭɫɟ r: 

Eg(r)  =  Ȗ×ρ0×(ζ×π/γ)×R
2
. 
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Ɍ.ɟ. ɜɧɭɬɪɢ ɲɚɪɚ ɧɚɩɪяɠёɧɧɨɫɬɶ ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ ɩɨɥя 
ɩɨɫɬɨяɧɧɚ. 

                       R 

Wg = ∫ Ȗ×ρ0×(ζ×π/γ)×R
2×ζ×π×r

2×(ρ0/3)×(R/r)
 2
×dr = 

                      0  

= Ȗ×ρ2
0×(ζ×π/γ)2

×R
5 = Ȗ×M

2
/R. 

Мɧɨɠɢɬɟɥɶ «1» ɩɪɢ ɜɵɱɢɫɥɟɧɢɢ Wg ɬɚɤɠɟ ɦɨɠɟɬ ɛɵɬɶ 
ɬɚɤɠɟ ɩɨɥɭɱɟɧ ɩɭɬёɦ ɫɭɦɦɢɪɨɜɚɧɢя (ɢɧɬɟɝɪɢɪɨɜɚɧɢя) ɷɧɟɪɝɢɣ ɨɬ 
ɷɥɟɦɟɧɬɨɜ ɦɚɫɫɵ ɜ ɩɨɥɟ ɞɪɭɝ ɞɪɭɝɚμ     

                                                     1      1   π 

1 = I = (1/ζ) × ∫ д ∫  ∫ Ȥ (ρ, L, r)×sin(ϑ)×Нϑ×Нρ/L }×dr. 
                                                   0      0   0 

ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɦɧɨɠɢɬɟɥɶ Ȥ(ρ, L, r) ɪɚɜɟɧ 1. ɇɨ ɜ ɛɨɥɟɟ ɨɛ-
щɟɦ ɫɥɭɱɚɟ, ɤɨɬɨɪɵɣ ɛɭɞɟɬ ɪɚɫɫɦɨɬɪɟɧ ɧɢɠɟ, ɟɝɨ ɡɧɚɱɟɧɢя ɦɨɝɭɬ 
ɛɵɬɶ ɨɬɥɢɱɧɵ ɨɬ 1. 

Ɍɟɩɟɪɶ ɪɚɫɫɦɨɬɪɢɦ ɫɬɚɰɢɨɧɚɪɧɭɸ ɦɨɞɟɥɶɧɭɸ ȼɫɟɥɟɧɧɭɸ ɜ 
ɜɢɞɟ ɲɚɪɚ, ɦɚɫɫɨɜɚя ɩɥɨɬɧɨɫɬɶ ɤɨɬɨɪɨɝɨ ɭɛɵɜɚɟɬ ɩɨ ɡɚɤɨɧɭ ɨɛ-
ɪɚɬɧɨɝɨ ɤɜɚɞɪɚɬɚ. 

ɋɟɣɱɚɫ ɫɬɚɧɟɬ ɩɨɧяɬɧɵɦ, ɩɨɱɟɦɭ ɜ ɩɪɟɞɵɞɭщɢɯ ɩɪɢɦɟɪɚɯ ɩɪɢ-
ɲɥɨɫɶ ɜɨɡɢɬɶɫя ɫ ɢɧɬɟɝɪɚɥɚɦɢ ɢ ɦɧɨɠɢɬɟɥɟɦ Ȥ(ρ, L, r). Ⱦɟɥɨ ɜ ɬɨɦ, 
ɱɬɨ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɝɪɚɜɢɬɚɰɢɨɧɧɨɣ ɷɧɟɪɝɢɢ ȼɫɟɥɟɧɧɨɣ ɩɪɟɞɵɞɭ-
щɢɟ ɫɨɨɬɧɨɲɟɧɢя ɧɟ ɫɨɜɫɟɦ ɩɨɞɯɨɞяɬ, ɬɚɤ ɤɚɤ ɜ ɧɢɯ ɧɟ ɭɱɢɬɵɜɚɟɬɫя, 
ɱɬɨ ɨɬɞɟɥɶɧɵɟ ɦɚɫɫɵ ɧɟ ɦɨɝɭɬ ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ (ɬ. ɟ. ɜɧɨɫɢɬɶ ɫɜɨɣ 
ɜɤɥɚɞ ɜ ɨɛщɭɸ ɝɪɚɜɢɬɚɰɢɨɧɧɭɸ ɷɧɟɪɝɢɸ ȼɫɟɥɟɧɧɨɣ), ɟɫɥɢ ɜɪɟɦя ɢɯ 
ɨɛɪɚɡɨɜɚɧɢя + ɜɪɟɦя ɪɚɫɩɪɨɫɬɪɚɧɟɧɢя ɜɡɚɢɦɨɞɟɣɫɬɜɢя ɞɨ ɞɪɭɝɨɝɨ 
ɷɥɟɦɟɧɬɚ ɩɪɟɜɵɲɚɟɬ ɜɪɟɦя ɫɭщɟɫɬɜɨɜɚɧɢя ȼɫɟɥɟɧɧɨɣ. 

ɗɬɚ ɩɨɩɪɚɜɤɚ ɩɪɢɜɨɞɢɬ ɤ ɬɨɦɭ, ɱɬɨ ɜ ɜɵɪɚɠɟɧɢɢ ɞɥя ɝɪɚɜɢɬɚ-
ɰɢɨɧɧɨɣ ɷɧɟɪɝɢɢ ɜɦɟɫɬɨ ɤɨɷɮɮɢɰɢɟɧɬɚ 1 ɩɟɪɟɞ Ȗ×M

2
/R ɩɪɢɦɟɧя-

ɟɬɫя ɜɟɥɢɱɢɧɚ I, ɨɩɪɟɞɟɥяɟɦɚя ɫɥɟɞɭɸщɢɦ ɢɧɬɟɝɪɚɥɨɦμ 
                                                1      1   π 

 I = (1/ζ) × ∫ д ∫  ∫ Ȥ (ρ, L, r)×sin(ϑ)×Нϑ×Нρ/L }×dr, 
                                               0      0   0 

ɝɞɟ 

                                                        1 ɩɪɢ д max (r,ρ) + L ж ≤ 1; 

                               Ȥ (ρ, L, r) =  

                                                        0 ɩɪɢ д max (r,ρ) + L } > 1. 
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Ɍɨ ɟɫɬɶ ɜɵɪɚɠɟɧɢɟ ɞɥя I ɚɧɚɥɨɝɢɱɧɨ ɨɞɧɨɦɭ ɢɡ ɩɪɟɞɵɞɭщɢɯ; 
ɧɨ ɜ ɧОɦ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɦɧɨɠɢɬɟɥɶ Ȥ(ρ, L, r) ≠ 1. 

ɂɧɬɟɝɪɚɥ I ɦɨɠɧɨ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɫɬɨ ɜɵɱɢɫɥɢɬɶ ɱɢɫɥɟɧɧɨ. Оɧ 
ɪɚɜɟɧ 0,η11λ. Ɍɨ ɟɫɬɶ ɭɤɚɡɚɧɧɵɟ ɩɨɩɪɚɜɤɢ ɩɪɢɜɨɞяɬ ɤ ɫɧɢɠɟɧɢɸ 
ɝɪɚɜɢɬɚɰɢɨɧɧɨɣ ɷɧɟɪɝɢɢ ɲɚɪɚ ɩɪɢɦɟɪɧɨ ɜ β ɪɚɡɚ. 

 

 

жгиг ǼȤȓțȘȎ ȐȓșȖȥȖțȩ ȚȎȟȟȩ ǰȟȓșȓțțȜȗ 
 

ȿɫɥɢ ȼɫɟɥɟɧɧɚя ɨɛɪɚɡɨɜɚɥɚɫɶ ɜ ɪɟɡɭɥɶɬɚɬɟ ɮɥɭɤɬɭɚɰɢɢ, ɬɨ, ɫ 
ɭɱОɬɨɦ ɬɨɝɨ, ɱɬɨ ɝɪɚɜɢɬɚɰɢɨɧɧɚя ɷɧɟɪɝɢя — ɨɬɪɢɰɚɬɟɥɶɧɚя, 
ɞɨɥɠɧɨ ɛɵɬɶ: 

– Wg  + M×c
2  

= 0. 

Ɍɨ ɟɫɬɶ ɫɭɦɦɚɪɧɚя ɷɧɟɪɝɢя ȼɫɟɥɟɧɧɨɣ ɞɨɥɠɧɚ ɛɵɬɶ ɪɚɜɧɚ ɧɭ-
ɥɸ. Ɍɨɝɞɚ ɟО ɦɚɫɫɚ M ɨɩɪɟɞɟɥɢɬɫя ɢɡ ɫɨɨɬɧɨɲɟɧɢяμ 

0,η11λ×Ȗ×M
2
/R = M×c

2
, 

ɝɞɟ R — ɪɚɞɢɭɫ ȼɫɟɥɟɧɧɨɣ. 

Оɬɫɸɞɚ 

M = 1,9535×R×c
2/Ȗ. 

ɉɪɢ ɷɬɨɦ ɫɪɟɞɧяя ɩɥɨɬɧɨɫɬɶ ρ ɦɚɬɟɪɢɢ ɜɨ ȼɫɟɥɟɧɧɨɣ ɫɨɫɬɚɜɢɬμ 

ρ = 3×M/(ζ×π×R
3) = (0,ζθθγθ/Ȗ)×(c/R)

2
. 

ȼ ɧɚɫɬɨящɟɟ ɜɪɟɦя ɫɱɢɬɚɟɬɫя, ɱɬɨ ɫɪɟɞɧяя ɩɥɨɬɧɨɫɬɶ ρɫ ɦɚɬɟ-
ɪɢɢ ɜɨ ȼɫɟɥɟɧɧɨɣ ɩɪɢɦɟɪɧɨ ɪɚɜɧɚ ɬɚɤ ɧɚɡɵɜɚɟɦɨɣ ɤɪɢɬɢɱɟɫɤɨɣ 
ɩɥɨɬɧɨɫɬɢ 0,λγ1×10−βθ

 ɤɝ/ɦ3
 (5,20×10

−θ
 Ƚɷȼ/ɫɦ3

). 

Оɬɫɸɞɚ ɜɵɱɢɫɥяɟɬɫя ɪɚɞɢɭɫ R ȼɫɟɥɟɧɧɨɣμ 

R = {0,46636×c
2/(Ȗ×ρɫ)}

1/2
 = 

= {0,46636×0,898752×10
17

/(6,6743×10
–11

×0,931×10
−βθ

)}
1/2

 = 

= 2,5973×10
26 ɦ. 

Ɍɨ ɟɫɬɶ ɩɨɥɭɱɚɟɬɫя ɜɟɥɢɱɢɧɚ, ɜ 1,87λ ≈ β ɪɚɡɚ ɩɪɟɜɨɫɯɨɞящɚя 
ɪɚɞɢɭɫ ɏɚɛɛɥɚ, ɪɚɜɧɵɣ 1,γ8β1θ×1026

 ɦ, ɬ. ɟ. ɩɪɢɦɟɪɧɨ β7,ζηθ ɦɥɪɞ 
ɫɜɟɬɨɜɵɯ ɥɟɬ. 
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ɇɚ ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɤɨɷɮɮɢɰɢɟɧɬ 1,87λ ≈ β? ɇɚ ɬɨ, ɱɬɨ ɭɜɟɥɢɱɟ-
ɧɢɟ ɪɚɞɢɭɫɚ R ȼɫɟɥɟɧɧɨɣ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢɦɟɪɧɨ ɫɨ ɫɤɨɪɨɫɬɶɸ ɫɜɟ-
ɬɚ «ɫ». ȼ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɦ ɫɥɭɱɚɟ ɞɜɨɣɤɚ ɧɟ ɩɨɥɭɱɢɥɚɫɶ ɛɵ. 

Оɛщɚя ɦɚɫɫɚ ȼɫɟɥɟɧɧɨɣ ɫɨɫɬɚɜɢɬ 

M = 6,8328×10
53   ɤɝ. 

ɂɬɚɤ 

M = 1,9535×R×c
2/Ȗ. 

Ƚɥяɞя ɧɚ ɷɬɨ ɨɱɟɧɶ ɩɪɨɫɬɨɟ ɫɨɨɬɧɨɲɟɧɢɟ, ɩɪɢɯɨɞɢɦ ɤ ɨɱɟɧɶ 
ɧɟɩɪɨɫɬɵɦ ɜɵɜɨɞɚɦ. 

Ƚɥɚɜɧɵɣ ɢɡ ɧɢɯμ ɦɚɫɫɚ ȼɫɟɥɟɧɧɨɣ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɟО ɪɚɞɢɭ-
ɫɭ. ɗɬɨ яɜɥяɟɬɫя ɤɨɫɜɟɧɧɵɦ ɭɤɚɡɚɧɢɟɦ ɧɚ ɬɨ, ɱɬɨ ɩɨ ɦɟɪɟ ɭɜɟɥɢ-
ɱɟɧɢя ɪɚɞɢɭɫɚ ɞɨɥɠɧɚ ɫɨɡɞɚɜɚɬɶɫя ɞɨɩɨɥɧɢɬɟɥɶɧɚя ɦɚɫɫɚ, ɤɨɬɨɪɚя 
ɭɜɟɥɢɱɢɜɚɟɬ ɨɛщɭɸ ɦɚɫɫɭ ȼɫɟɥɟɧɧɨɣ. Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɜ ɩɪɟɞ-
ɥɚɝɚɟɦɨɣ ɦɨɞɟɥɢ ɝɥɨɛɚɥɶɧɚя ɮɥɭɤɬɭɚɰɢя яɜɥяɟɬɫя ɫɤɨɪɟɟ ɧɟ ɝɟɧɟ-
ɪɚɬɨɪɨɦ ɦɚɬɟɪɢɢ, ɚ ɞɟɬɨɧɚɬɨɪɨɦ ɩɪɨɰɟɫɫɚ ɟО ɨɛɪɚɡɨɜɚɧɢя ɩɪɢ ɩɨ-
ɫɥɟɞɭɸщɟɦ ɪɚɡɪɭɲɟɧɢɢ ɮɢɡɢɱɟɫɤɨɝɨ ɜɚɤɭɭɦɚ. 

ȿɫɬɟɫɬɜɟɧɧɨ, ɜɨɡɧɢɤɚɸɬ ɜɨɩɪɨɫɵμ ɝɞɟ, ɤɚɤ ɢ ɡɚ ɫɱОɬ ɱɟɝɨ 
ɫɨɡɞɚОɬɫя ɷɬɚ ɧɨɜɚя ɦɚɬɟɪɢя? Ʉɚɤɨɜ ɦɟɯɚɧɢɡɦ ɟО ɝɟɧɟɪɢɪɨɜɚɧɢя? 
ɉɨɧяɬɧɨ, ɱɬɨ ɞɥя ɨɬɜɟɬɚ ɧɚ ɷɬɢ ɫɢɫɬɟɦɨɨɛɪɚɡɭɸщɢɟ ɜɨɩɪɨɫɵ ɧɟ-
ɨɛɯɨɞɢɦɨ ɪɚɫɫɦɨɬɪɟɬɶ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɟ ɮɢɡɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɧɚ 
ɭɪɨɜɧɟ ɷɥɟɦɟɧɬɚɪɧɵɯ ɱɚɫɬɢɰ, ɬ. ɟ. ɩɟɪɟɣɬɢ ɫ ɦɚɤɪɨɭɪɨɜɧя (ȼɫɟ-
ɥɟɧɧɚя) ɧɚ ɦɢɤɪɨɭɪɨɜɟɧɶ (ɷɥɟɦɟɧɬɚɪɧɵɟ ɱɚɫɬɢɰɵ). 
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згжг ǽȜȟȠȜȭțțȎȭ ȠȜțȘȜȗ ȟȠȞȡȘȠȡȞȩ 
Ȗ ȓȓ ȞȜșȪ Ȑ ȘȐȎțȠȜȐȩȣ ȝȞȜȤȓȟȟȎȣ 

 

ɉɟɪɟɯɨɞɢɦ ɫ ɦɚɤɪɨɭɪɨɜɧя ɧɚ ɦɢɤɪɨɭɪɨɜɟɧɶ. 

Оɛɨɡɧɚɱɢɦμ 
τ — ɤɜɚɧɬ ɜɪɟɦɟɧɢμ ɦɢɧɢɦɚɥɶɧɵɣ ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ, ɧɢɠɟ 

ɤɨɬɨɪɨɝɨ ɫɭщɟɫɬɜɭɸщɢɟ ɩɪɟɞɫɬɚɜɥɟɧɢя ɨ ɜɪɟɦɟɧɢ ɫɬɚɧɨɜяɬɫя ɧɟ-
ɫɨɫɬɨяɬɟɥɶɧɵɦɢ; 

Ȝ — ɤɜɚɧɬ ɩɪɨɫɬɪɚɧɫɬɜɚμ ɦɢɧɢɦɚɥɶɧɵɣ ɩɪɨɦɟɠɭɬɨɤ ɩɪɨɫɬɪɚɧ-
ɫɬɜɚ, ɧɢɠɟ ɤɨɬɨɪɨɝɨ ɫɭщɟɫɬɜɭɸщɢɟ ɩɪɟɞɫɬɚɜɥɟɧɢя ɨ ɩɪɨɫɬɪɚɧɫɬɜɟ 
ɫɬɚɧɨɜяɬɫя ɧɟɫɨɫɬɨяɬɟɥɶɧɵɦɢ. 

Ⱦɥя ɨɰɟɧɤɢ ɜɟɥɢɱɢɧ τ ɢ Ȝ = М×τ ɪɚɫɫɦɨɬɪɢɦ ɩɨɫɬɨяɧɧɭɸ ɬɨɧ-
ɤɨɣ ɫɬɪɭɤɬɭɪɵ αμ 

α = e2
/(2×İ0×c×h). 

 

ɉɨɫɬɨяɧɧɚя ɬɨɧɤɨɣ ɫɬɪɭɤɬɭɪɵ α — ɛɟɡɪɚɡɦɟɪɧɚя ɜɟɥɢɱɢɧɚ, ɤɨ-
ɬɨɪɚя ɜɫɟɝɞɚ яɜɥяɥɚɫɶ ɨɛɴɟɤɬɨɦ ɜɨɫɯɢщɟɧɢя ɞɥя ɮɢɡɢɤɨɜ. Ɋ. Ɏɟɣɧ-
ɦɚɧ, ɨɞɢɧ ɢɡ ɨɫɧɨɜɚɬɟɥɟɣ ɤɜɚɧɬɨɜɨɣ ɷɥɟɤɬɪɨɞɢɧɚɦɢɤɢ, ɧɚɡɵɜɚɥ ɟО 
«ɨɞɧɨɣ ɢɡ ɜɟɥɢɱɚɣɲɢɯ ɩɪɨɤɥяɬɵɯ ɬɚɣɧ ɮɢɡɢɤɢμ ɦɚɝɢɱɟɫɤɨɟ ɱɢɫɥɨ, 
ɤɨɬɨɪɨɟ ɩɪɢɯɨɞɢɬ ɤ ɧɚɦ ɛɟɡ ɤɚɤɨɝɨ-ɥɢɛɨ ɩɨɧɢɦɚɧɢя ɟɝɨ ɱɟɥɨɜɟ-
ɤɨɦ». ɉɪɟɞɩɪɢɧɢɦɚɥɨɫɶ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɨɩɵɬɨɤ ɜɵɪɚɡɢɬɶ 
ɩɨɫɬɨяɧɧɭɸ α ɱɟɪɟɡ ɱɢɫɬɨ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɜɟɥɢɱɢɧɵ (ɧɭɦɟɪɨɥɨɝɢя) 
ɢɥɢ ɜɵɱɢɫɥɢɬɶ ɧɚ ɨɫɧɨɜɟ ɤɚɤɢɯ-ɥɢɛɨ ɮɢɡɢɱɟɫɤɢɯ ɫɨɨɛɪɚɠɟɧɢɣ. 

Ⱥ. Ɂɨɦɦɟɪɮɟɥɶɞ ɜɜɨɞɢɥ α ɤɚɤ ɨɬɧɨɲɟɧɢɟ ɫɤɨɪɨɫɬɢ ɷɥɟɤɬɪɨɧɚ 
ɧɚ ɩɟɪɜɨɣ ɤɪɭɝɨɜɨɣ ɨɪɛɢɬɟ ɤ ɫɤɨɪɨɫɬɢ ɫɜɟɬɚ ɜ ɛɨɪɨɜɫɤɨɣ ɦɨɞɟɥɢ 
ɚɬɨɦɚ. 

ɇɨ ɮɨɪɦɚɥɶɧɨ ɩɨɫɬɨяɧɧɚя ɬɨɧɤɨɣ ɫɬɪɭɤɬɭɪɵ α яɜɥяɟɬɫя ɨɬɧɨ-
ɲɟɧɢɟɦ ɞɜɭɯ ɷɧɟɪɝɢɣμ ɷɧɟɪɝɢɢ, ɧɟɨɛɯɨɞɢɦɨɣ, ɱɬɨɛɵ ɩɪɟɨɞɨɥɟɬɶ 
ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɟ ɨɬɬɚɥɤɢɜɚɧɢɟ ɦɟɠɞɭ ɞɜɭɦя ɷɥɟɦɟɧɬɚɪɧɵɦɢ 
ɡɚɪяɞɚɦɢ, ɫɛɥɢɡɢɜ ɢɯ ɫ ɛɟɫɤɨɧɟɱɧɨɫɬɢ ɞɨ ɧɟɤɨɬɨɪɨɝɨ ɪɚɫɫɬɨяɧɢя sμ 

 

e
2/(ζ×π×İ0×s) 

ɢ ɷɧɟɪɝɢɢ ɮɨɬɨɧɚ ћ×c/s ɫ ɞɥɢɧɨɣ ɜɨɥɧɵ β×π×s. 
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ɇɨ ɤɚɤɨɜ ɩɪɢ ɷɬɨɦ ɮɢɡɢɱɟɫɤɢɣ ɫɦɵɫɥ ɜɟɥɢɱɢɧɵ s — ɧɟяɫɧɨ. 

Мɟɠɞɭ ɬɟɦ, ɟɫɥɢ ɢɫɯɨɞɢɬɶ ɢɡ ɝɢɩɨɬɟɡɵ ɨ ɫɭщɟɫɬɜɨɜɚɧɢя ɤɜɚɧ-
ɬɨɜ ɩɪɨɫɬɪɚɧɫɬɜɚ-ɜɪɟɦɟɧɢ, ɬɨ ɥɨɝɢɱɧɨ ɜ ɤɚɱɟɫɬɜɟ s ɪɚɫɫɦɚɬɪɢɜɚɬɶ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɭɸ ɟɣ ɜɟɥɢɱɢɧɭ ɤɜɚɧɬɚ ɩɪɨɫɬɪɚɧɫɬɜɚ Ȝ. 

ȿɫɥɢ ɫɱɢɬɚɬɶ, ɱɬɨ ɦɚɬɟɪɢя ȼɫɟɥɟɧɧɨɣ ɨɛɪɚɡɭɟɬɫя ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɪɚɡɪɭɲɟɧɢя (ɪɚɫщɟɩɥɟɧɢя) ɮɢɡɢɱɟɫɤɨɝɨ ɜɚɤɭɭɦɚ ɢɡ-ɡɚ ɧɟɤɨɬɨɪɨɣ 
ɩɟɪɜɢɱɧɨɣ ɮɥɭɤɬɭɚɰɢɢ ɜ ɧОɦ, ɬɨ ɜɟɥɢɱɢɧɚ ɨɛщɟɣ ɷɧɟɪɝɢɢ ɦɚɬɟɪɢɢ 
E ɜ ɷɥɟɦɟɧɬɚɪɧɨɣ яɱɟɣɤɟ ɩɪɨɫɬɪɚɧɫɬɜɚ-ɜɪɟɦɟɧɢ ɦɨɠɟɬ ɛɵɬɶ ɨɰɟ-
ɧɟɧɚ ɢɡ ɢɡɜɟɫɬɧɨɝɨ ɫɨɨɬɧɨɲɟɧɢя — ɩɪɢɧɰɢɩɚ ɧɟɨɩɪɟɞɟɥОɧɧɨɫɬɢμ 

E×τ = ћ; E = ћ/τ = ћ×c/Ȝ. 
ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɷɧɟɪɝɢя Ek ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥя ɩɪɢ ɨɛ-

ɪɚɡɨɜɚɧɢɢ ɜ яɱɟɣɤɟ ɞɜɭɯ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɯ ɩɨ ɡɧɚɤɭ ɡɚɪяɞɨɜ ɨɩ-
ɪɟɞɟɥяɟɬɫя ɤɚɤ 

Ek = e
2/(ζ×π×İ0×Ȝ), 

ɚ ɨɬɧɨɲɟɧɢɟ ɷɬɢɯ ɞɜɭɯ ɜɟɥɢɱɢɧ ɪɚɜɧɨ ɡɧɚɱɟɧɢɸ ɩɨɫɬɨяɧɧɨɣ 
ɬɨɧɤɨɣ ɫɬɪɭɤɬɭɪɵ αμ 

 

{e
2/(ζ×π×İ0×Ȝ)ж/(ћ×c/Ȝ) = e2/(ζ×π×İ0×ћ×c) = e

2
/(2×İ0×h×c) = α. 

Ɍɨ ɟɫɬɶ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɪɟɞɫɬɚɜɥɟɧɢя ɨ ɤɜɚɧɬɚɯ ɩɪɨɫɬɪɚɧ-
ɫɬɜɚ-ɜɪɟɦɟɧɢ ɜɫО ɩɨɥɭɱɚɟɬɫя ɞɨɜɨɥɶɧɨ ɥɨɝɢɱɧɵɦ. ɂ ɧɟ ɧɭɠɧɨ ɡɚ-
ɱɟɦ-ɬɨ ɭɦɧɨɠɚɬɶ s ɧɚ β×π. 

ɉɨɥɭɱɚɟɬɫя, ɱɬɨ ɩɨɫɬɨяɧɧɚя ɬɨɧɤɨɣ ɫɬɪɭɤɬɭɪɵ α ɢɦɟɟɬ ɧɟ 
ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ, ɚ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɩɪɢ ɢɡɭɱɟɧɢɢ ȼɫɟ-
ɥɟɧɧɨɣμ ɨɧɚ ɨɩɪɟɞɟɥяɟɬ ɧɟɨɩɪɟɞɟɥОɧɧɨɫɬɶ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ 
ɷɧɟɪɝɢɢ ɤ ɧɟɨɩɪɟɞɟɥОɧɧɨɫɬɢ ɨɛщɟɣ ɷɧɟɪɝɢɢ ɜ ɷɥɟɦɟɧɬɚɪɧɨɣ яɱɟɣ-
ɤɟ ɩɪɨɫɬɪɚɧɫɬɜɚ-ɜɪɟɦɟɧɢ. 

ɇɨ ɦɨɠɧɨ ɩɨɣɬɢ ɞɚɥɶɲɟ. 

Ȼɭɞɟɦ ɫɱɢɬɚɬɶ, ɱɬɨ ɩɟɪɜɢɱɧɵɟ ɩɪɨɬɨɱɚɫɬɢɰɵ ɨɛɪɚɡɭɸɬɫя ɜ 
яɱɟɣɤɚɯ «ɪɚɡɦɟɪɨɦ» Ȝ0. ɋɥɨɜɨ «ɪɚɡɦɟɪ» ɡɞɟɫɶ ɭɫɥɨɜɧɨ, ɬɚɤ ɤɚɤ ɧɚ 
ɷɬɨɦ ɪɭɛɟɠɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɢ ɜɪɟɦя ɨɤɨɧɱɚɬɟɥɶɧɨ ɧɟ ɫɮɨɪɦɢɪɨɜɚɧɵ. 

ɉɪɟɞɩɨɥɨɠɢɦ ɬɚɤɠɟ, ɱɬɨ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɷɬɢɯ ɱɚɫɬɢɰ ɩɨ ɷɧɟɪ-
ɝɢɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɡɚɤɨɧɭ Ȼɨɥɶɰɦɚɧɚ (ɡɚɤɨɧɭ Ƚɢɛɛɫɚ) ɫ ɧɟɤɨɬɨɪɵɦ 
ɡɧɚɱɟɧɢɟɦ ɫɪɟɞɧɟɣ ɷɧɟɪɝɢɢ. 

Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɷɬɨɬ ɡɚɤɨɧ ɯɚɪɚɤɬɟɪɟɧ ɬɟɦ, ɱɬɨ ɫɪɟɞɧяя ɷɧɟɪɝɢя 
ɱɚɫɬɢɰ, ɩɪɟɨɞɨɥɟɜɲɢɯ ɥɸɛɨɣ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɛɚɪɶɟɪ (ɜɵɛɪɚɜɲɢɯ-
ɫя ɢɡ ɩɨɬɟɧɰɢɚɥɶɧɨɣ яɦɵ), ɢɦɟɟɬ ɬɨ ɠɟ ɡɧɚɱɟɧɢɟ, ɱɬɨ ɢ ɫɪɟɞɧяя 
ɷɧɟɪɝɢя ɱɚɫɬɢɰ ɜɧɢɡɭ ɩɨɬɟɧɰɢɚɥɶɧɨɣ яɦɵ. 
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ȿщО ɪɚɡμ ɫɪɟɞɧяя ɨɫɬɚɜɲɚяɫя ɷɧɟɪɝɢя ɷɬɢɯ ɱɚɫɬɢɰ ɪɚɜɧɚ ɫɪɟɞɧɟɣ 
ɷɧɟɪɝɢɢ ɱɚɫɬɢɰ ɜ ɩɨɬɟɧɰɢɚɥɶɧɨɣ яɦɟ, ɬ. ɟ. ɨɧɚ ɫɨɫɬɚɜɥяɟɬ E = ћ/τ. 

ɂɫɩɨɥɶɡɭɟɦ ɷɬɨ ɫɜɨɣɫɬɜɨ ɞɥя ɨɩɪɟɞɟɥɟɧɢя ɝɥɭɛɢɧɵ ɩɨɬɟɧɰɢ-
ɚɥɶɧɨɣ яɦɵ. ȿɫɥɢ ɭɱɟɫɬɶ, ɱɬɨ ɷɧɟɪɝɢя ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥя — 

ɨɬɪɢɰɚɬɟɥɶɧɚя (ɨɛɪɚɡɨɜɚɜɲɢɟɫя ɡɚɪяɞɵ ɢɦɟɸɬ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɟ 
ɡɧɚɤɢ), ɚ ɷɧɟɪɝɢя ɨɛɪɚɡɨɜɚɜɲɟɣɫя ɦɚɬɟɪɢɢ — ɩɨɥɨɠɢɬɟɥɶɧɚя, ɢɡ 
ɪɚɜɟɧɫɬɜɚ ɫɭɦɦɵ ɷɬɢɯ ɫɪɟɞɧɢɯ ɷɧɟɪɝɢɣ ɧɭɥɸ, ɚɧɚɥɨɝɢɱɧɨ ɪɚɜɟɧ-
ɫɬɜɭ ɧɭɥɸ ɨɛщɟɣ ɷɧɟɪɝɢɢ ȼɫɟɥɟɧɧɨɣ, ɫɥɟɞɭɟɬμ 

– e
2/(ζ×π×İ0×Ȝ0) + ћ/τ = 0. 

Оɬɤɭɞɚ 

Ȝ0 = τ×e
2/(ζ×π×İ0×ћ) = Ȝ×e

2/(ζ×π×İ0×ћ×c). 
ɂɦɟɸɬɫя ɬɪɢ ɜɚɪɢɚɧɬɚ. 
1. ȿɫɥɢ ɧɚ ɞɧɟ ɩɨɬɟɧɰɢɚɥɶɧɨɣ яɦɵ ɦɚɤɫɢɦɚɥɶɧɚя «ɫɤɨɪɨɫɬɶ» 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɪɚɜɧɚ ɫɤɨɪɨɫɬɢ ɫɜɟɬɚ «ɫ», ɬɨ Ȝ0 = α×Ȝ. 
Ɍɨɝɞɚ Ȝ0 ɨɤɚɡɵɜɚɟɬɫя ɜ 1/α = 1γ7,0γθ ɪɚɡ ɦɟɧɶɲɟ Ȝ. ɇɚ «ɪɭɛɟ-

ɠɟ» Ȝ0 ɧɚɱɢɧɚɟɬ ɮɨɪɦɢɪɨɜɚɬɶɫя ɩɪɨɫɬɪɚɧɫɬɜɨ-ɜɪɟɦя. 

β. Ɍɚɤɠɟ ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɧɚ ɞɧɟ ɩɨɬɟɧɰɢɚɥɶɧɨɣ яɦɵ 
ɦɚɤɫɢɦɚɥɶɧɚя «ɫɤɨɪɨɫɬɶ» ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɜ 1/α ɦɟɧɶɲɟ ɫɤɨɪɨɫɬɢ 
ɫɜɟɬɚ, ɬ. ɟ. c0 = α×c. Ɍɨɝɞɚ Ȝ0 = Ȝ. 

ɗɬɨ ɧɟ ɞɨɥɠɧɨ ɜɵɡɵɜɚɬɶ ɨɫɨɛɨɝɨ ɭɞɢɜɥɟɧɢяμ ɩɥɨɬɧɨɫɬɶ ɦɚɫɫɵ-

ɷɧɟɪɝɢɢ ɜ ɷɥɟɦɟɧɬɚɪɧɨɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɜɪɟɦɟɧɧɨɣ яɱɟɣɤɟ, ɫɤɨɪɟɟ 
ɜɫɟɝɨ, ɨɱɟɧɶ ɜɵɫɨɤɚ, ɩɨɷɬɨɦɭ ɜɫɟ ɩɪɨɰɟɫɫɵ ɬɚɦ ɡɚɦɟɞɥɟɧɵ. Ⱥɧɚɥɨ-
ɝɢɱɧɨ ɬɨɦɭ, ɤɚɤ ɨɱɟɧɶ ɞɨɥɝɨ ɫɜɟɬ ɜɵɯɨɞɢɬ ɢɡ ɰɟɧɬɪɚ ɋɨɥɧɰɚ, ɢ ɦɨ-
ɝɭɬ ɩɪɨɬɟɤɚɬɶ ɫɨ ɫɤɨɪɨɫɬяɦɢ (ɟɫɥɢ ɜɨɨɛщɟ ɭɦɟɫɬɧɨ ɭɩɨɬɪɟɛɥяɬɶ 
ɬɟɪɦɢɧ «ɫɤɨɪɨɫɬɶ» ɩɪɢ ɬɚɤɢɯ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɜɪɟɦɟɧɧɵɯ ɦɚɫɲɬɚ-
ɛɚɯ), ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɢɦɢ ɫɤɨɪɨɫɬɢ ɫɜɟɬɚ. ȼ ɷɬɨɣ ɫɜяɡɢ ɦɨɠɧɨ 
ɟщО ɜɫɩɨɦɧɢɬɶ ɨ ɫɤɨɪɨɫɬяɯ ɷɥɟɤɬɪɨɧɨɜ ɜ ɚɬɨɦɚɯ, ɤɨɬɨɪɵɟ ɩɪɢɦɟɪɧɨ 
ɜ ɬɚɤɨɣ ɠɟ ɫɬɟɩɟɧɢ ɨɬɥɢɱɚɸɬɫя ɨɬ ɫɤɨɪɨɫɬɢ ɫɜɟɬɚ. 

Ⱦɥя ɧɚɝɥяɞɧɨɫɬɢμ ɧɚ ɪɭɛɟɠɟ Ȝ0, ɝɞɟ ɧɚɱɢɧɚɟɬ ɮɨɪɦɢɪɨɜɚɬɶɫя ɩɪɨ-
ɫɬɪɚɧɫɬɜɨ-ɜɪɟɦя, ɮɢɡɢɱɟɫɤɭɸ ɫɪɟɞɭ ɦɨɠɧɨ ɭɩɨɞɨɛɢɬɶ ɝɭɫɬɨɦɭ ɠɟɥɟ, 
ɚ ɧɚ ɪɭɛɟɠɟ Ȝ, ɝɞɟ ɡɚɤɚɧɱɢɜɚɟɬɫя ɷɬɨ ɮɨɪɦɢɪɨɜɚɧɢɟ, — ɜɨɡɞɭɯɭ. 

γ. Ɋɟɚɥɢɡɭɟɬɫя ɤɚɤɚя-ɬɨ ɩɪɨɦɟɠɭɬɨɱɧɚя ɤɨɦɛɢɧɚɰɢя, ɩɪɢ ɤɨɬɨɪɨɣ 

Ȝ0×c0 = α×Ȝ×c. 

ɉɨɥɭɱɚɟɬɫя, ɱɬɨ ɝɥɭɛɢɧɚ ɩɨɬɟɧɰɢɚɥɶɧɨɣ яɦɵ, ɜ ɤɨɬɨɪɨɣ ɧɚɯɨ-
ɞяɬɫя ɨɛɪɚɡɨɜɚɜɲɢɟɫя ɢɡ ɮɢɡɢɱɟɫɤɨɝɨ ɜɚɤɭɭɦɚ ɢɦɟɸщɢɟ ɷɥɟɤɬɪɢ-
ɱɟɫɤɢɣ ɡɚɪяɞ ɷɥɟɦɟɧɬɚɪɧɵɟ ɩɪɨɬɨɱɚɫɬɢɰɵ, ɫɨɫɬɚɜɥяɟɬ: 
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c0×ћ/Ȝ0 = ћ/(τ×α). 
ɂɧɚɱɟ ɝɨɜɨɪя, ɝɥɭɛɢɧɚ ɩɨɬɟɧɰɢɚɥɶɧɨɣ яɦɵ ɫɟɣɱɚɫ ɜɵɪɚɠɟɧɚ 

ɱɟɪɟɡ ɩɚɪɚɦɟɬɪ τ ɧɚ ɜɵɯɨɞɟ ɢɡ ɧɟО. ɉɨɫɤɨɥɶɤɭ τ ɭɠɟ ɦɨɠɧɨ ɧɚɡɵ-
ɜɚɬɶ ɜɪɟɦɟɧɟɦ, ɬɚɤ ɤɚɤ ɧɚ ɜɵɯɨɞɟ ɢɡ ɩɨɬɟɧɰɢɚɥɶɧɨɣ яɦɵ ɩɪɨ-
ɫɬɪɚɧɫɬɜɨ ɢ ɜɪɟɦя ɭɠɟ ɫɮɨɪɦɢɪɨɜɚɧɵ. 

Ⱦɥя ɬɨɝɨ ɱɬɨɛɵ ɜɵɛɪɚɬɶɫя ɢɡ ɩɨɬɟɧɰɢɚɥɶɧɨɣ яɦɵ, ɢɦɟɸщɢɟ 
ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɡɚɪяɞ ɷɥɟɦɟɧɬɚɪɧɵɟ ɩɪɨɬɨɱɚɫɬɢɰɵ ɞɨɥɠɧɵ ɩɪɟɨɞɨ-
ɥɟɬɶ ɩɨɬɟɧɰɢɚɥɶɧɵɣ ɛɚɪɶɟɪ ћ/(τ×α) (ɪɢɫ. η). ɗɬɨ ɫɦɨɝɭɬ ɫɞɟɥɚɬɶ 
ɥɢɲɶ ɬɟ ɧɟɦɧɨɝɢɟ ɢɡ ɧɢɯ, ɷɧɟɪɝɢя ɤɨɬɨɪɵɯ ɞɨɫɬɚɬɨɱɧɚ ɞɥя ɷɬɨɝɨ. 

 

 
 

Ɋɂɋ. 5. ɋɯɟɦɚ ɨɛɪɚɡɨɜɚɧɢя ɦɚɬɟɪɢɢ ɢ ɩɪɨɫɬɪɚɧɫɬɜɚ-ɜɪɟɦɟɧɢ 

ɢɡ ɮɢɡɢɱɟɫɤɨɝɨ ɜɚɤɭɭɦɚ (ɫɥɭɱɚɣ Ȝ0 = α×Ȝ) 
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ɇɚ ɜɫяɤɢɣ ɫɥɭɱɚɣ ɞɥя яɫɧɨɫɬɢμ ћ/(τ×α) — ɮɥɭɤɬɭɚɰɢя ɷɧɟɪɝɢɢ, 
ɩɪɢɜɨɞящɚя ɤ ɜɵɛɪɨɫɭ ɢɡ ɷɥɟɦɟɧɬɚɪɧɨɣ яɱɟɣɤɢ ɫɨɜɨɤɭɩɧɨɫɬɢ 
ɩɪɨɬɨɱɚɫɬɢɰ (ɝɥɭɛɢɧɚ ɩɨɬɟɧɰɢɚɥɶɧɨɣ яɦɵ), ɚ ћ/τ — ɪɚɡɛɪɨɫ ɢɯ 
ɷɧɟɪɝɢɣ ɜ ɷɬɨɣ ɫɨɜɨɤɭɩɧɨɫɬɢ. 

Ʉɨɝɞɚ ɡɚɪяɠɟɧɧɵɟ ɩɪɨɬɨɱɚɫɬɢɰɵ ɩɪɟɨɞɨɥɟɸɬ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ 
ɛɚɪɶɟɪ, ɜɵɣɞя ɧɚ ɪɭɛɟɠ Ȝ, ɢɯ ɫɪɟɞɧяя ɷɧɟɪɝɢя ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢя ɫɨɫɬɚɜɢɬ ɩɨɪяɞɤɚ ћ/τ. ȿɫɥɢ ɩɪɢɧяɬɶ, ɱɬɨ ɧɚ ɤɚɠɞɭɸ 
ɫɬɟɩɟɧɶ ɫɜɨɛɨɞɵ ɩɪɢɯɨɞɢɬɫя ɨɞɢɧɚɤɨɜɚя ɫɪɟɞɧяя ɷɧɟɪɝɢя, ɬɨ ɫɪɟɞɧяя 
ɷɧɟɪɝɢя ɱɚɫɬɢɰ ɧɚ ɪɭɛɟɠɟ Ȝ ɬɚɤɠɟ ɞɨɥɠɧɚ ɛɵɬɶ ɪɚɜɧɚ ɩɨɪяɞɤɚ ћ/τ. 

Ⱦɥя ɬɨɝɨ ɱɬɨɛɵ ɫ Ȝ0 ɜɵɣɬɢ ɧɚ Ȝ, ɡɚɪяɠɟɧɧɵɦ ɩɪɨɬɨɱɚɫɬɢɰɚɦ 
ɧɭɠɧɨ ɩɪɟɨɞɨɥɟɬɶ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɛɚɪɶɟɪ ɜ 1/α ɨɬɧɨɫɢɬɟɥɶɧɵɯ 
ɟɞɢɧɢɰ ћ/τ. 

ɇɨ, ɤɚɤ ɭɠɟ ɛɵɥɨ ɫɤɚɡɚɧɨ, ɞɨɫɬɢɱɶ ɬɚɤɢɯ «ɜɵɫɨɬ» ɫɭɠɞɟɧɨ ɧɟ 
ɜɫɟɦ ɱɚɫɬɢɰɚɦ. Ȼɨɥɶɲɚя ɢɯ ɱɚɫɬɶ ɜɨɡɜɪɚɬɢɬɫя ɨɛɪɚɬɧɨ ɜ ɩɟɪɜɢɱ-
ɧɵɣ ɮɢɡɢɱɟɫɤɢɣ ɜɚɤɭɭɦ. ɉɪɟɨɞɨɥɟɸɬ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɛɚɪɶɟɪ 
ɬɨɥɶɤɨ ɧɟɦɧɨɝɢɟ ɢɡ ɧɢɯ. ɉɨɷɬɨɦɭ ɨɛщɚя ɜɟɪɨяɬɧɨɫɬɶ «p» ɜɵɯɨɞɚ 
ɡɚɪяɠɟɧɧɵɯ ɩɪɨɬɨɱɚɫɬɢɰ ɢɡ ɷɥɟɦɟɧɬɚɪɧɨɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-

ɜɪɟɦɟɧɧɨɣ яɱɟɣɤɢ ɫɨɫɬɚɜɢɬ 

ɪ = exp { – (1 + 1/α) ж = e–1
×exp{ – 1/α ж. 

Ɂɞɟɫɶ e = 2,718281828 — ɨɫɧɨɜɚɧɢɟ ɧɚɬɭɪɚɥɶɧɵɯ ɥɨɝɚɪɢɮɦɨɜ. 

Ⱦɨɩɨɥɧɢɬɟɥɶɧɚя ɟɞɢɧɢɰɚ ɜ ɩɨɫɥɟɞɧɟɦ ɜɵɪɚɠɟɧɢɢ ɩɨяɜɥяɟɬɫя 

ɞɥя ɬɨɝɨ, ɱɬɨ ɭɱɟɫɬɶ ɜɵɯɨɞ ɩɪɨɬɨɱɚɫɬɢɰ ɧɚ «ɪɭɛɟɠ» Ȝ0. 

Ɂɧɚɱɟɧɢɟ «ɪ» ɫɨɫɬɚɜɥяɟɬ 1,1βθζλ×10–60. Ɍɨ ɟɫɬɶ ɩɨɞɚɜɥяɸщɟɟ 
ɛɨɥɶɲɢɧɫɬɜɨ ɩɟɪɜɢɱɧɵɯ ɩɪɨɬɨɱɚɫɬɢɰ ɜɨɡɜɪɚщɚɟɬɫя ɜ ɮɢɡɢɱɟɫɤɢɣ 
ɜɚɤɭɭɦ. 

ɇɚ ɜɵɯɨɞɟ ɫɪɟɞɧяя ɷɧɟɪɝɢя ɱɚɫɬɢɰ ɛɭɞɟɬ ɫɨɫɬɚɜɥяɬɶ ћ/τ = 
ћ×c/Ȝ. ɗɬɨɣ ɷɧɟɪɝɢɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɦɚɫɫɚ ɱɚɫɬɢɰμ 

m = E/c
2
 = ћ/(c×Ȝ). 

Ʉɨɧɟɱɧɨ, ɞɨɩɭщɟɧɢɟ ɨ ɞɨɩɭɫɬɢɦɨɫɬɢ ɩɪɢɦɟɧɟɧɢя ɪɚɫɩɪɟɞɟɥɟɧɢя 
Ȼɨɥɶɰɦɚɧɚ, ɫɤɨɪɟɟ ɜɫɟɝɨ, яɜɥяɟɬɫя ɝɪɭɛɵɦ ɩɪɢɛɥɢɠɟɧɢɟɦ. ɇɨ ɬɚɦ, 
ɝɞɟ ɩɨɪяɞɤɢ ɜɟɥɢɱɢɧ ɨɬɥɢɱɚɸɬɫя ɧɚ ɦɧɨɝɢɟ ɞɟɫяɬɤɢ, ɨɧɨ ɦɨɠɟɬ ɢɫ-
ɩɨɥɶɡɨɜɚɬɶɫя ɞɥя ɨɪɢɟɧɬɢɪɨɜɨɱɧɵɯ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɯ ɨɰɟɧɨɤ. 

Ʉɫɬɚɬɢ, ɟɫɥɢ ɛɭɞɟɬ ɭɫɬɚɧɨɜɥɟɧɨ ɪɟɚɥɶɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨ 
ɷɧɟɪɝɢяɦ ɩɟɪɜɢɱɧɵɯ ɱɚɫɬɢɰ ɜ ɷɥɟɦɟɧɬɚɪɧɨɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-

ɜɪɟɦɟɧɧɨɣ яɱɟɣɤɟ, ɬɨ, ɫɤɨɪɟɟ ɜɫɟɝɨ, ɨɧɨ ɛɭɞɟɬ ɧɟɫɢɦɦɟɬɪɢɱɧɵɦ 
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ɨɬɧɨɫɢɬɟɥɶɧɨ ɱɚɫɬɢɰ ɢ ɚɧɬɢɱɚɫɬɢɰμ ɧɭɠɧɨ ɠɟ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɬɨ-
ɦɭ, ɱɬɨ ɦɢɪ ɫɨɫɬɨɢɬ ɜ ɨɫɧɨɜɧɨɦ ɢɡ ɜɟщɟɫɬɜɚ, ɚ ɚɧɬɢɜɟщɟɫɬɜɚ ɜ 
ɧОɦ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟ. 

ȼɩɪɨɱɟɦ, ɚɧɬɢɜɟщɟɫɬɜɨ ɩɨяɜɥяɟɬɫя ɜ ɬɟɨɪɢɢ, ɤɨɝɞɚ ɢɦɟɟɬɫя ɫɢɦ-
ɦɟɬɪɢя ɩɪɨɲɥɨɝɨ ɢ ɛɭɞɭщɟɝɨ, ɬ. ɟ. ɤɨɝɞɚ ɜɨɡɦɨɠɧɚ ɡɚɦɟɧɚ t ɧɚ – t. ɇɨ 
ɟɫɥɢ ɫɭщɟɫɬɜɭɟɬ ɧɟɤɨɟ ɧɚɱɚɥɨ ɜɪɟɦОɧ, ɧɟɤɚя ɝɥɨɛɚɥɶɧɚя ɮɥɭɤɬɭɚɰɢя, 
ɬɨ ɷɬɚ ɫɢɦɦɟɬɪɢя ɧɚɪɭɲɚɟɬɫя, ɢ ɬɨɝɞɚ ɦɢɪ ɧɚɱɢɧɚɟɬ ɫɨɫɬɨяɬɶ ɜ ɨɫ-
ɧɨɜɧɨɦ ɢɡ ɜɟщɟɫɬɜɚ. 

ɇɨ, ɫ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɟɫɥɢ ɜɥɢяɧɢɟ ɝɥɨɛɚɥɶɧɨɣ ɮɥɭɤɬɭɚɰɢɢ 
ɧɟɜɟɥɢɤɨ (ɧɟ ɤɚɤ ɜ ɝɢɩɨɬɟɡɟ Ȼɨɥɶɲɨɝɨ ɜɡɪɵɜɚ, ɚ ɤɚɤ ɜ ɪɚɫɫɦɚɬɪɢ-
ɜɚɟɦɨɣ ɦɨɞɟɥɶɧɨɣ ȼɫɟɥɟɧɧɨɣ), ɬɨ ɫɢɦɦɟɬɪɢя ɦɟɠɞɭ ɩɪɨɲɥɵɦ ɢ 
ɛɭɞɭщɢɦ ɩɪɢɛɥɢɠОɧɧɨ (ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ ɤɜɚɧɬɨɜɵɯ ɮɥɭɤɬɭɚɰɢɣ) 
ɦɨɠɟɬ ɫɨɛɥɸɞɚɬɶɫя. Ɍɨɝɞɚ ɜɨɡɦɨɠɧɨ ɩɨяɜɥɟɧɢɟ ɚɧɬɢɱɚɫɬɢɰ. 

ɇɨ, ɤɨɧɟɱɧɨ, ɷɬɨ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɧɚɫɱОɬ ɚɫɢɦɦɟɬɪɢɢ ɜɟщɟɫɬɜɚ 
ɢ ɚɧɬɢɜɟщɟɫɬɜɚ — ɬɨɥɶɤɨ ɞɨɝɚɞɤɚ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞОɧɧɨɝɨ ɪɚɫɫɦɨɬɪɟɧɢя ɩɨɥɭ-
ɱɟɧ ɜɚɠɧɵɣ ɞɥя ɩɨɫɥɟɞɭɸщɢɯ ɨɰɟɧɨɤ ɪɟɡɭɥɶɬɚɬμ ɨɩɪɟɞɟɥɟɧɚ ɜɟ-
ɪɨяɬɧɨɫɬɶ «ɪ» ɜɵɯɨɞɚ ɷɥɟɦɟɧɬɚɪɧɵɯ ɡɚɪяɠɟɧɧɵɯ ɩɪɨɬɨɱɚɫɬɢɰ ɢɡ 
ɷɥɟɦɟɧɬɚɪɧɨɣ яɱɟɣɤɢ ɩɪɨɫɬɪɚɧɫɬɜɚ-ɜɪɟɦɟɧɢ ɢ ɢɯ ɨɛщɚя ɦɚɫɫɚ. 

 

 

2.2г ǼȝȞȓȒȓșȓțȖȓ ȐȓșȖȥȖț ȘȐȎțȠȜȐ 
ȝȞȜȟȠȞȎțȟȠȐȎ Ȗ ȐȞȓȚȓțȖ Ȗ ȡȟșȜȐȖȗ ȐȕȎȖȚȜȟȐȭȕȖ 
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Оɫɧɨɜɧɵɟ ɩɪɟɞɩɨɥɨɠɟɧɢяμ 
 ɪɚɡɦɟɪɵ ȼɫɟɥɟɧɧɨɣ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɪɚɞɢɭɫɭ R; 

 ɫɥɭɱɚɣɧɵɣ ɩɪɨɰɟɫɫ ɨɛɪɚɡɨɜɚɧɢя ɦɚɬɟɪɢɢ ɜ ɤɜɚɧɬɚɯ ɩɪɨ-
ɫɬɪɚɧɫɬɜɚ-ɜɪɟɦɟɧɢ — ɞɢɧɚɦɢɱɟɫɤɢɣμ ɦɚɬɟɪɢя ɨɛɪɚɡɭɟɬɫя ɢ ɢɫɱɟ-
ɡɚɟɬ ɜ ɞɢɧɚɦɢɱɟɫɤɨɦ ɪɟɠɢɦɟ; ɩɪɢ ɷɬɨɦ ɫɪɟɞɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 
ɨɛɨɢɯ ɩɪɨɰɟɫɫɨɜ ɨɞɢɧɚɤɨɜɵ, ɬɚɤ ɤɚɤ ɜ ɷɥɟɦɟɧɬɚɪɧɵɯ яɱɟɣɤɚɯ ɨɬ-
ɪɢɰɚɬɟɥɶɧɚя ɷɧɟɪɝɢя ɪɚɜɧɚ ɩɨɥɨɠɢɬɟɥɶɧɨɣ; 
 ɤɨɥɢɱɟɫɬɜɨ ɷɥɟɦɟɧɬɚɪɧɵɯ ɫɝɭɫɬɤɨɜ ɦɚɬɟɪɢɢ, ɨɛɪɚɡɨɜɚɜɲɢɯɫя 

ɡɚ ɜɫО ɜɪɟɦя ɫɭщɟɫɬɜɨɜɚɧɢя ȼɫɟɥɟɧɧɨɣ, ɪɚɜɧɨ ɤɨɥɢɱɟɫɬɜɭ ɨɛɪɚɡɨ-
ɜɚɜɲɢɯɫя ɤɜɚɧɬɨɜ ɩɪɨɫɬɪɚɧɫɬɜɚ-ɜɪɟɦɟɧɢ; ɧɨ ɩɪɢ ɷɬɨɦ ɡɧɚɱɢɬɟɥɶɧɚя 
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ɱɚɫɬɶ ɦɚɬɟɪɢɢ ɢɫɱɟɡɚɟɬ, ɩɟɪɟɯɨɞя ɨɛɪɚɬɧɨ ɜ ɮɢɡɢɱɟɫɤɢɣ ɜɚɤɭɭɦ. 
Ɋɚɫɫɦɨɬɪɢɦ ɨɛɪɚɡɨɜɚɧɢɟ ɦɚɬɟɪɢɢ ɜ ɫɥɨɟ ɬɨɥщɢɧɨɣ Ȝ, ɤɨɝɞɚ 

ɪɚɡɪɭɲɟɧɢɟ ɮɢɡɢɱɟɫɤɨɝɨ ɜɚɤɭɭɦɚ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɦɚɬɟɪɢɢ ɢ ɩɪɨ-
ɫɬɪɚɧɫɬɜɚ-ɜɪɟɦɟɧɢ ɩɪɨɢɫɯɨɞɢɬ ɧɚ ɝɪɚɧɢɰɟ ȼɫɟɥɟɧɧɨɣ, ɢɦɟɸщɟɣ 
ɪɚɞɢɭɫ r. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɞɨɥɠɧɨ ɜɵɩɨɥɧяɬɶɫя ɫɨɨɬɧɨɲɟɧɢɟμ 

 

1,ληγη×Ȝ×c
2/Ȗ = m×p×(ζ×π×r

2/Ȝ2
) = 

= m×(ζ×(π/e)×r
2/Ȝ2

)×exp(– 1/α) = 

= ћ×ζ×(π/e)×r
2
/(c×Ȝ3

)×exp(– 1/α) = (β/e)×h×r
2
/(c×Ȝ3

)×exp(–1/α). 
 

ȼ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɷɬɨɝɨ ɫɨɨɬɧɨɲɟɧɢя, ɨɩɪɟɞɟɥяɸщɢɦ ɞɜɭɦя 
ɪɚɡɧɵɦɢ ɫɩɨɫɨɛɚɦɢ ɭɜɟɥɢɱɟɧɢɟ ɦɚɫɫɵ ȼɫɟɥɟɧɧɨɣ, ɫɱɢɬɚɟɬɫя, ɱɬɨ 
ɭɜɟɥɢɱɟɧɢɟ ɪɚɞɢɭɫɚ ȼɫɟɥɟɧɧɨɣ ɩɪɨɢɫɯɨɞɢɬ ɫɨ ɫɤɨɪɨɫɬɶɸ ɫɜɟɬɚ 
«c», ɩɨɫɤɨɥɶɤɭ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɟ ɢ ɜɪɟɦɟɧɧɵɟ ɪɚɡɦɟɪɵ ɷɥɟɦɟɧ-
ɬɚɪɧɨɣ яɱɟɣɤɢ ɫɨɝɥɚɫɨɜɚɧɵ ɬɚɤ, ɱɬɨ Ȝ = М×τ. 

ȿɫɥɢ ɭɤɚɡɚɧɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɪɚɫɫɦɚɬɪɢɜɚɬɶ, ɤɚɤ ɭɪɚɜɧɟɧɢɟ ɞɥя 
ɨɩɪɟɞɟɥɟɧɢя Ȝ, ɬɨ ɢɡ ɧɟɝɨ ɩɨɥɭɱɚɟɬɫя 

 

Ȝ = 0,78γζ×exp(– 0,βη/α)×(h×r
2×Ȗ/c

3
)

1/4
. 

Оɬɤɭɞɚ τ = Ȝ/c = 0,7834×exp(– 0,βη/α)×(h×r
2×Ȗ/c

7
)

1/4
, 

m = ћ/(c×Ȝ) = 0,β0γ1ηλ×h
3/4

×exp(0,βη/α)×(r2×Ȗ×c)
–1/4

. 
 

Ɍɨ ɟɫɬɶ ɩɨɥɭɱɚɟɬɫя, ɱɬɨ ɜɟɥɢɱɢɧɵ Ȝ, τ, m ɡɚɜɢɫяɬ ɧɟ ɬɨɥɶɤɨ ɨɬ 
ɦɢɤɪɨɩɚɪɚɦɟɬɪɨɜ α, h, ɧɨ ɢ ɨɬ ɦɚɤɪɨɩɚɪɚɦɟɬɪɨɜ — ɝɪɚɜɢɬɚɰɢɨɧ-
ɧɨɣ ɩɨɫɬɨяɧɧɨɣ ɢ ɪɚɫɫɬɨяɧɢя r ɞɨ ɐȽɎ. Ⱥ ɫɤɨɪɨɫɬɶ ɫɜɟɬɚ «ɫ» ɫɜя-
ɡɵɜɚɟɬ (ɫɨɩɪяɝɚɟɬ) ɷɬɢ ɞɜɟ ɝɪɭɩɩɵ ɩɚɪɚɦɟɬɪɨɜ. 

ɂɧɚɱɟ ɝɨɜɨɪя, ɧɚɪɭɲɚɟɬɫя ɤɨɫɦɨɥɨɝɢɱɟɫɤɢɣ ɩɪɢɧɰɢɩ. ɇɨ ɩɪɟɞ-
ɫɬɚɜɥяɟɬɫя, ɱɬɨ ɜ ɷɬɨɦ ɧɟɬ ɧɢɱɟɝɨ ɫɬɪɚɲɧɨɝɨ. Ʉɚɤ ɛɵɥɨ ɫɤɚɡɚɧɨ ɜɵ-
ɲɟ, ɜ ɪɚɦɤɚɯ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɦɨɞɟɥɢ ȼɫɟɥɟɧɧɨɣ ɧɚɪɭɲɟɧɢɟ ɤɨɫɦɨ-
ɥɨɝɢɱɟɫɤɨɝɨ ɩɪɢɧɰɢɩɚ ɜɩɨɥɧɟ ɟɫɬɟɫɬɜɟɧɧɨ, ɬɚɤ ɤɚɤ ɢɡɧɚɱɚɥɶɧɨ ɜ ɧɟɣ 
ɞɨɩɭɫɤɚɟɬɫя ɚɧɢɡɨɬɪɨɩɢя ɩɪɨɫɬɪɚɧɫɬɜɚ, ɫɜяɡɚɧɧɚя ɫ ɧɚɥɢɱɢɟɦ ɐȽɎ. 

ɇɨ, ɜɨɡɦɨɠɧɨ, ɧɟɤɨɬɨɪɵɟ ɡɚɤɨɧɵ ɮɢɡɢɤɢ ɜ ɪɚɡɧɵɯ, ɭɞɚɥОɧɧɵɯ 
ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɱɚɫɬяɯ ȼɫɟɥɟɧɧɨɣ ɞɟɣɫɬɜɢɬɟɥɶɧɨ ɪɚɡɥɢɱɚɸɬɫя. Ɍɨɝɞɚ 
ɩɟɪɟɦɟщɟɧɢя ɦɟɠɞɭ ɭɞɚɥОɧɧɵɦɢ ɨɛɥɚɫɬяɦɢ ɛɭɞɭɬ ɧɟɜɨɡɦɨɠɧɵ ɢɥɢ, 
ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ, ɡɚɬɪɭɞɧɢɬɟɥɶɧɵ ɧɟ ɬɨɥɶɤɨ ɩɨ ɬɟɯɧɢɱɟɫɤɢɦ, ɧɨ ɢ ɩɨ 
ɩɪɢɧɰɢɩɢɚɥɶɧɵɦ ɩɪɢɱɢɧɚɦμ ɩɟɪɟɦɟщɚɟɦɵɟ ɩɨ ɤɚɤɢɦ-ɬɨ ɩɪɨɫɬɪɚɧ-
ɫɬɜɟɧɧɨ-ɜɪɟɦɟɧɧɵɦ ɬɭɧɧɟɥяɦ, ɤɨɬɨɪɵɟ ɬɚɤ ɥɸɛяɬ ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ 
ɮɚɧɬɚɫɬɵ, ɨɛɴɟɤɬɵ ɩɨɩɚɞɭɬ ɜ ɞɪɭɝɭɸ ɮɢɡɢɱɟɫɤɭɸ ɪɟɚɥɶɧɨɫɬɶ ɢ 
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ɦɨɝɭɬ ɩɪɟɤɪɚɬɢɬɶ ɫɜɨО ɫɭщɟɫɬɜɨɜɚɧɢɟ. ɇɚɩɪɢɦɟɪ, ɜ ɨɱɟɧɶ ɭɞɚɥОɧɧɵɯ 
ɬɨɱɤɚɯ ȼɫɟɥɟɧɧɨɣ ɦɨɝɭɬ ɨɤɚɡɚɬɶɫя ɦɨɥɟɤɭɥɵ ɢ ɨɛɪɚɡɭɟɦɵɟ ɢɦɢ ɜɟ-
щɟɫɬɜɚ ɫ ɞɪɭɝɢɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɯɨɬя ɛɵ ɩɨɬɨɦɭ, ɱɬɨ ɨɩɪɟɞɟɥяɟɦɵɟ τ 
ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɟ ɪɢɬɦɵ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥя ɛɭɞɭɬ ɞɪɭɝɢɦɢ 
(ɦɨɝɭ ɩɪɟɞɫɬɚɜɢɬɶ, ɫɤɨɥɶɤɨ ɤɪɢɬɢɤɢ ɨɛɪɭɲɢɬɫя ɧɚ ɦɨɸ ɝɨɥɨɜɭ ɩɨɫɥɟ 
ɬɚɤɨɝɨ ɩɪɟɞɩɨɥɨɠɟɧɢя!). 

Ⱦɥя ɧɚɝɥяɞɧɨɫɬɢ — ɡɟɦɧɚя ɚɧɚɥɨɝɢяμ ɟɫɥɢ ɠɢɬɟɥя ɑɭɤɨɬɤɢ ɩɟ-
ɪɟɦɟɫɬɢɬɶ ɜ ɂɧɞɢɸ, ɚ ɢɧɞɭɫɚ — ɧɚ ɑɭɤɨɬɤɭ, ɬɨ ɨɧɢ ɜ ɧɨɜɵɯ ɭɫɥɨ-
ɜɢяɯ ɞɨɥɝɨ ɧɟ ɩɪɨɠɢɜɭɬμ ɧɚ ɩɟɪɜɵɣ ɜɡɝɥяɞ ɷɬɢ ɥɸɞɢ ɜɧɟɲɧɟ ɩɪɢ-
ɦɟɪɧɨ ɨɞɢɧɚɤɨɜɵ, ɧɨ ɨɪɝɚɧɢɡɦɵ ɭ ɧɢɯ — ɪɚɡɧɵɟ. 

Мɨɠɟɬ ɛɵɬɶ, ɜ ɷɬɨɦ ɡɚɤɥɸɱɚɟɬɫя ɨɞɢɧ ɢɡ ɜɚɪɢɚɧɬɨɜ ɪɚɡɪɟɲɟɧɢя 
ɩɚɪɚɞɨɤɫɚ Ɏɟɪɦɢ — ɨɬɫɭɬɫɬɜɢɟ ɜɢɞɢɦɵɯ ɫɥɟɞɨɜ ɞɟяɬɟɥɶɧɨɫɬɢ ɢɧɨ-
ɩɥɚɧɟɬɧɵɯ ɰɢɜɢɥɢɡɚɰɢɣ. ɏɨɬя ɜ ɩɪɟɞɟɥɚɯ ɧɚɲɟɣ ɝɚɥɚɤɬɢɤɢ ɢɥɢ 
ɛɥɢɡɤɢɯ ɤ ɧɚɦ ɝɚɥɚɤɬɢɤ ɠɢɡɧɶ, ɩɨɯɨɠɚя ɧɚ ɧɚɲɭ, ɜɩɨɥɧɟ ɜɨɡɦɨɠɧɚ. 

ɉɪɨɢɡɜɟɞОɦ ɱɢɫɥɟɧɧɵɟ ɨɰɟɧɤɢ, ɩɨɞɫɬɚɜɥяя ɢɡɜɟɫɬɧɵɟ ɡɧɚɱɟɧɢя 
ɮɢɡɢɱɟɫɤɢɯ ɜɟɥɢɱɢɧ ɜ ɩɨɥɭɱɟɧɧɵɟ ɫɨɨɬɧɨɲɟɧɢя ɞɥя Ȝ, τ, m. 

ɇɚ «ɤɪɚɸ» ȼɫɟɥɟɧɧɨɣ ɩɪɢ r = R: 
 

Ȝ = 1,0θγ×10–19 ɦ;  
Ȝ0 = α×Ȝ = 0,77η7×10–21 ɦ; 

τ = γ,ηζθ×10–28
 ɫ;  

m = 3,309×10
–24

 ɤɝ. 
 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɟɥɢɱɢɧɚ ɤɜɚɧɬɚ ɩɪɨɫɬɪɚɧɫɬɜɚ Ȝ ɩɪɢɦɟɪɧɨ ɜ 11–
βθ,η ɬɵɫ. ɪɚɡ ɦɟɧɶɲɟ ɤɥɚɫɫɢɱɟɫɤɢɯ ɪɚɞɢɭɫɨɜ ɩɪɨɬɨɧɚ ɢ ɷɥɟɤɬɪɨɧɚ. 

ɉɪɢ r = 0,266×R, ɝɞɟ ɩɪɢɦɟɪɧɨ ɧɚɯɨɞɢɬɫя Мɥɟɱɧɵɣ ɉɭɬɶ (ɫɦ. 
ɧɢɠɟ)μ 

Ȝ* = 0,5483×10
–19 ɦ;  

Ȝ*0 = α×Ȝ* = 0,ζ×10–21 ɦ; 

τ* = 1,8β88×10–28
 ɫ;  

m* = 6,416×10
–24

 ɤɝ. 
 

ȼ ɞɚɥɶɧɟɣɲɟɦ ɩɚɪɚɦɟɬɪɵ ɩɪɢ r ɛɭɞɭɬ ɨɛɨɡɧɚɱɚɬɶɫя ɫ (*). 
Оɛɵɱɧɨ ɦɚɫɫɭ ɷɥɟɦɟɧɬɚɪɧɵɯ ɱɚɫɬɢɰ ɢɡɦɟɪяɸɬ ɜ ɷɧɟɪɝɟɬɢɱɟ-

ɫɤɢɯ ɟɞɢɧɢɰɚɯμ ɷȼ, Мɷȼ, Ƚɷȼ. 
ȼɟɥɢɱɢɧɟ ɦɚɫɫɵ γ,γ0λ×10–24

 ɤɝ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 1,8ηθ Ɍɷȼ, ɢɥɢ ɠɟ 

18ηθ Ƚɷȼ. ɗɬɨ ɫɪɟɞɧяя ɦɚɫɫɚ ɜɫɟɯ ɷɥɟɦɟɧɬɚɪɧɵɯ ɱɚɫɬɢɰ, ɨɛɪɚɡɨ-
ɜɚɜɲɢɯɫя ɜ ɷɥɟɦɟɧɬɚɪɧɨɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɜɪɟɦɟɧɧɨɣ яɱɟɣɤɟ. 
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ȼ ɬɚɛɥɢɰɟ 1 ɭɤɚɡɚɧɵ ɦɚɫɫɵ ɧɟɤɨɬɨɪɵɯ ɷɥɟɦɟɧɬɚɪɧɵɯ ɱɚɫɬɢɰ. 

ȿɫɥɢ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɩɪɢ «ɜɡɪɵɜɟ» ɷɥɟɦɟɧɬɚɪɧɨɣ яɱɟɣɤɢ ɨɛ-
ɪɚɡɭɸɬɫя W+

, W
–
, Z

0
, H, t–ɤɜɚɪɤ, ɚ ɬɚɤɠɟ ɞɪɭɝɢɟ ɷɥɟɦɟɧɬɚɪɧɵɟ ɱɚɫ-

ɬɢɰɵ, ɜɤɥɚɞ ɤɨɬɨɪɵɯ ɜ ɨɛщɭɸ ɦɚɫɫɭ ɩɪɨɞɭɤɬɨɜ «ɜɡɪɵɜɚ» ɧɟɜɟɥɢɤ, 
ɬɨ ɫɭɦɦɚɪɧɚя ɦɚɫɫɚ ɢɡɜɟɫɬɧɵɯ ɱɚɫɬɢɰ ɫɨɫɬɚɜɢɬ ɨɤɨɥɨ ηη1 Ƚɷȼ, ɬ. ɟ. 
ɨɤɨɥɨ βλ % ɨɬ ɨɩɪɟɞɟɥОɧɧɨɣ ɜɵɲɟ ɨɛщɟɣ ɦɚɫɫɵ m. 

 

ɌȺȻɅɂɐȺ 1. Мɚɫɫɵ ɷɥɟɦɟɧɬɚɪɧɵɯ ɱɚɫɬɢɰ 
 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɷɥɟɦɟɧɬɚɪɧɨɣ ɱɚɫɬɢɰɵ Ɇɚɫɫɚ, Ƚɷȼ 

e
–
, e

+
 0,000511 (0,η11 Мɷȼ)  

μ 0,10566 

π0 – ɦɟɡɨɧ 0,134955 

π+, π– – ɦɟɡɨɧ 0,13957 

K
0 – ɦɟɡɨɧ 0,49777 

K
+
, K

– – ɦɟɡɨɧ  0,493 

ɉɪɨɬɨɧ 0,938 

ɇɟɣɬɪɨɧ 0,939 

Λ0
 1,1156 

Σ0
 1,3147 

Ξ0
 1,347 

Ω–
 1,6725 

Ɍɚɭ–ɥɟɩɬɨɧ 1,777 

u–ɤɜɚɪɤ 0,003 

d–ɤɜɚɪɤ 0,006 

s–ɤɜɚɪɤ 0,09 – 0,095 

c–ɤɜɚɪɤ 1,25 – 1,3 

b–ɤɜɚɪɤ 4,15 – 4,21 

t–ɤɜɚɪɤ 173 – 174 

W
+
, W

–
 80,4 

Z
0
 91,187 

Ȼɨɡɨɧ ɏɢɝɝɫɚ 125–126 
 

ɇɨ ɟɫɥɢ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɫ ɪɚɜɧɨɣ ɜɟɪɨяɬɧɨɫɬɶɸ ɨɛɪɚɡɭɸɬɫя 
ɝɪɭɩɩɵ (W+

, W
–
, Z

0) ɢ (H, t–ɤɜɚɪɤ), ɬɨ ɫɭɦɦɚɪɧɚя ɦɚɫɫɚ ɢɡɜɟɫɬɧɵɯ 
ɱɚɫɬɢɰ ɩɪɢ «ɜɡɪɵɜɟ» ɫɨɫɬɚɜɢɬ ɨɤɨɥɨ β7η Ƚɷȼ — ɨɤɨɥɨ 1η % ɨɬ m. 

ɗɬɨ ɩɪɢɦɟɪɧɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɞɨɥɟ ɦɚɫɫɵ ɛɚɪɢɨɧɧɨɝɨ ɜɟщɟɫɬɜɚ ɜ 
ɫɭɦɦɚɪɧɨɣ ɦɚɫɫɟ ɛɚɪɢɨɧɧɨɝɨ ɜɟщɟɫɬɜɚ ɢ ɬОɦɧɨɣ ɦɚɬɟɪɢɢ. 
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ɂ ɟщО ɨɞɧɨ ɡɚɦɟɱɚɧɢɟμ ɬɟɪɦɢɧ «ɜɡɪɵɜ» ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɷɥɟɦɟɧ-
ɬɚɪɧɨɣ яɱɟɣɤɟ ɨɱɟɧɶ ɭɫɥɨɜɟɧ. Оɛɵɱɧɵɣ ɜɡɪɵɜ — ɷɬɨ ɤɨɝɞɚ ɜɟщɟɫɬɜɨ 
ɜɵɛɪɚɫɵɜɚɟɬɫя ɜ ɨɤɪɭɠɚɸщɟɟ ɩɪɨɫɬɪɚɧɫɬɜɨ. ɇɨ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ 
ɩɪɨɫɬɪɚɧɫɬɜɨ ɬɨɠɟ ɫɨɡɞɚОɬɫя ɜ ɪɟɡɭɥɶɬɚɬɟ «ɜɡɪɵɜɚ». ɉɨɷɬɨɦɭ ɝɟɧɟ-
ɪɢɪɭɸɬɫя ɩɨɪɰɢɢ ɜɟщɟɫɬɜɚ ɢ «ɩɨɪɰɢɢ» ɩɪɨɫɬɪɚɧɫɬɜɚ-ɜɪɟɦɟɧɢ. 

ɗɬɢ ɰɢɮɪɵ ɩɨ ɩɨɪяɞɤɚɦ ɜɟɥɢɱɢɧ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɩɨɥɭɱɟɧɧɵɦ 
ɜɵɲɟ ɨɰɟɧɤɚɦ. ɉɨɷɬɨɦɭ ɟɫɬɶ ɲɚɧɫ, ɱɬɨ ɷɬɢ ɨɰɟɧɤɢ ɨɬɪɚɠɚɸɬ ɮɢɡɢ-
ɱɟɫɤɭɸ ɪɟɚɥɶɧɨɫɬɶ. 

 



иг Ǽ ȞȎȟȦȖȞȓțȖȖ ǰȟȓșȓțțȜȗ 
 

 

 

ɉɪɟɞɫɬɚɜɥɟɧɢɟ ɨ ɤɜɚɧɬɚɯ ɩɪɨɫɬɪɚɧɫɬɜɚ-ɜɪɟɦɟɧɢ ɩɨɡɜɨɥяɸɬ ɩɨ-

ɞɪɭɝɨɦɭ ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɬɶ ɢɡɜɟɫɬɧɵɟ ɮɢɡɢɱɟɫɤɢɟ ɷɮɮɟɤɬɵ, ɤɨɬɨ-
ɪɵɟ ɩɨɥɭɱɢɥɢ ɨɛщɟɟ ɧɚɡɜɚɧɢɟ «ɪɚɫɲɢɪɟɧɢɟ ȼɫɟɥɟɧɧɨɣ». 

 

 

игжг Ǽ ȟȘȜȞȜȟȠȖ ȞȎȟȦȖȞȓțȖȭ ǰȟȓșȓțțȜȗ 
 

ȼ ɪɚɦɤɚɯ ɩɪɟɞɥɨɠɟɧɧɨɣ ɦɨɞɟɥɢ ɧɚ ɝɪɚɧɢɰɟ ȼɫɟɥɟɧɧɨɣ ɩɪɨɢɫɯɨ-
ɞɢɬ ɨɛɪɚɡɨɜɚɧɢɟ ɧɨɜɵɯ ɩɨɪɰɢɣ ɦɚɬɟɪɢɢ ɢ ɩɪɨɫɬɪɚɧɫɬɜɚ-ɜɪɟɦɟɧɢ. 
Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ȼɫɟɥɟɧɧɚя ɞɟɣɫɬɜɢɬɟɥɶɧɨ ɪɚɫɲɢɪяɟɬɫя, ɩɪɢɱОɦ 
ɫɤɨɪɨɫɬɶ ɷɬɨɝɨ ɪɚɫɲɢɪɟɧɢя ɪɚɜɧɚ ɫɤɨɪɨɫɬɢ ɫɜɟɬɚ. 

ɇɨ ɜɨɡɧɢɤɚɟɬ ɞɪɭɝɨɣ ɜɨɩɪɨɫμ ɩɪɨɢɫɯɨɞɢɬ ɥɢ ɩɪɢ ɷɬɨɦ ɢɡɦɟɧɟɧɢɟ 
ɪɚɫɫɬɨяɧɢɣ ɦɟɠɞɭ ɭɠɟ ɨɛɪɚɡɨɜɚɜɲɢɦɢ ɦɚɬɟɪɢɚɥɶɧɵɦɢ ɨɛɴɟɤɬɚɦɢ, 
ɧɚɩɪɢɦɟɪ, ɝɚɥɚɤɬɢɤɚɦɢ? 

ȼ ɮɢɡɢɱɟɫɤɢɯ ɧɚɛɥɸɞɟɧɢяɯ ɪɚɫɲɢɪɟɧɢɟ ȼɫɟɥɟɧɧɨɣ ɩɪɨяɜɥяɟɬ 
ɫɟɛя ɜ ɫɞɜɢɝɚɯ ɫɩɟɤɬɪɨɜ ɢɡɥɭɱɟɧɢя ɭɞɚɥОɧɧɵɯ ɨɛɴɟɤɬɨɜ. ɇɚɥɢɱɢɟ 
ɫɞɜɢɝɚ ɫɢɝɧɚɥɢɡɢɪɭɟɬ ɨ ɧɚɥɢɱɢɢ ɫɤɨɪɨɫɬɢ «v» ɭɞɚɥɟɧɢя/ɫɛɥɢɠɟɧɢя 
ɨɛɴɟɤɬɨɜ. ɋɱɢɬɚɟɬɫя, ɱɬɨ ȼɫɟɥɟɧɧɚя ɪɚɫɲɢɪяɟɬɫя ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɡɚɤɨɧɨɦ ɏɚɛɛɥɚμ 

v = H×L, 
 

ɝɞɟ H = 2,169×10
-18

 c — ɩɨɫɬɨяɧɧɚя ɏɚɛɛɥɚ, 
L — ɪɚɫɫɬɨяɧɢɟ ɦɟɠɞɭ ɧɚɛɥɸɞɚɬɟɥɟɦ ɢ ɨɛɴɟɤɬɨɦ (ɪɢɫ. θ). 
ȼ ɪɚɦɤɚɯ ɷɬɨɣ ɝɢɩɨɬɟɡɵ ɬɚɤɠɟ ɞɨɩɭɫɤɚɟɬɫя, ɱɬɨ ɫɤɨɪɨɫɬɢ ɭɞɚ-

ɥɟɧɢя ɨɛɴɟɤɬɨɜ ɦɨɝɭɬ ɢɡɦɟɧяɬɶɫя ɫɨ ɜɪɟɦɟɧɟɦ. Ɍɨɝɞɚ ȼɫɟɥɟɧɧɚя 
ɛɭɞɟɬ ɢɥɢ ɭɫɤɨɪɟɧɧɨ ɪɚɫɲɢɪяɬɶɫя, ɢɥɢ ɭɫɤɨɪɟɧɧɨ ɡɚɦɟɞɥяɬɶɫя. 

ɇɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɧɚɛɥɸɞɚɟɦɵɟ ɫɞɜɢɝɢ ɫɩɟɤɬɪɚɥɶɧɵɯ ɥɢ-
ɧɢɣ ɦɨɝɭɬ ɛɵɬɶ ɨɛɴяɫɧɟɧɵ ɩɨ-ɞɪɭɝɨɦɭ ɜ ɪɚɦɤɚɯ ɪɚɫɫɦɚɬɪɢɜɚɟ-
ɦɨɣ ɦɨɞɟɥɢ ȼɫɟɥɟɧɧɨɣ. Оɧɢ ɦɨɝɭɬ ɛɵɬɶ ɨɛɭɫɥɨɜɥɟɧɵ ɪɚɡɥɢɱɧɵ-
ɦɢ ɡɧɚɱɟɧɢяɦɢ ɤɜɚɧɬɨɜ ɩɪɨɫɬɪɚɧɫɬɜɚ-ɜɪɟɦɟɧɢ ɜ ɭɞɚɥОɧɧɵɯ ɞɪɭɝ 
ɨɬ ɞɪɭɝɚ ɨɛɥɚɫɬяɯ ȼɫɟɥɟɧɧɨɣ ɞɚɠɟ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɪɟɚɥɶɧɨɣ ɫɤɨ-
ɪɨɫɬɢ ɢɡɦɟɧɟɧɢя ɪɚɫɫɬɨяɧɢɣ ɦɟɠɞɭ ɨɛɴɟɤɬɚɦɢ. 
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Ɏɨɪɦɚɥɶɧɨ ɷɬɨ ɫɥɟɞɭɟɬ ɢɡ ɪɚɧɟɟ ɩɨɥɭɱɟɧɧɵɯ ɫɨɨɬɧɨɲɟɧɢɣμ 
 

τ = Ȝ/c = 0,7834×exp(– 0,βη/α)×(h×r
2×Ȗ/c

7
)

1/4
, 

 

f = 1/τ = 1,β7θη×exp(0,βη/α)×дr
2×Ȗ×h/c

7
}

–1/4 
= B×r

–1/2
, 

 

ɝɞɟ  B = 0,9675×exp(0,βη/α)×дȖ×h/c
7
}

–1/4
. 

 

 
 

Ɋɂɋ. 6. Ⱦɢɚɝɪɚɦɦɚ ɏɚɛɛɥɚ ɞɥя ɫɤɨɪɨɫɬɢ ɭɜɟɥɢɱɟɧɢя ɪɚɫɫɬɨяɧɢɣ 

ɦɟɠɞɭ ɧɚɛɥɸɞɚɬɟɥɟɦ ɢ ɤɨɫɦɢɱɟɫɤɢɦɢ ɨɛɴɟɤɬɚɦɢ 
 

Ⱦɥя ɧɚɝɥяɞɧɨɫɬɢ ɪɚɫɫɦɨɬɪɢɦ ɫɚɦɵɣ ɩɪɨɫɬɨɣ ɫɥɭɱɚɣ, ɤɨɝɞɚ 
ɨɛɴɟɤɬɵ ɪɚɫɩɨɥɨɠɟɧɵ ɧɚ ɨɞɧɨɦ ɪɚɞɢɭɫɟ ɧɚ ɪɚɫɫɬɨяɧɢɢ L ɞɪɭɝ ɨɬ 
ɞɪɭɝɚ. ɉɭɫɬɶ ɧɚɛɥɸɞɚɬɟɥɶ ɧɚɯɨɞɢɬɫя ɧɚ ɪɚɫɫɬɨяɧɢɢ r ɨɬ ɐȽɎ. 

ȿɫɥɢ ɤɜɚɧɬɵ ɜɪɟɦɟɧɢ ɞɟɣɫɬɜɢɬɟɥɶɧɨ ɫɭщɟɫɬɜɭɸɬ, ɬɨ ɦɨɠɧɨ 
ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɱɚɫɬɨɬɵ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɢɡɥɭɱɟɧɢя ɩɪɢɜя-
ɡɚɧɵ ɤ ɜɟɥɢɱɢɧɚɦ ɷɬɢɯ ɤɜɚɧɬɨɜ, ɤɚɤ ɤ ɟɫɬɟɫɬɜɟɧɧɵɦ ɮɢɡɢɱɟɫɤɢɦ 
ɦɚɫɲɬɚɛɚɦ. Ɍɨɝɞɚ ɧɚɛɥɸɞɚɬɟɥɶ ɜ ɬɨɱɤɟ r ɨɛɧɚɪɭɠɢɬ, ɱɬɨ ɱɚɫɬɨɬɚ f 
ɢɡɥɭɱɟɧɢя, ɩɪɢɲɟɞɲɟɝɨ ɢɡ ɬɨɱɤɢ r + L, ɛɭɞɟɬ ɨɬɥɢɱɚɬɶɫя ɨɬ ɨɠɢ-
ɞɚɟɦɨɣ ɢɦ ɱɚɫɬɨɬɵ f0 : 

 

f/f0 = { r/(r + L) }
1/2  

=  1/(x + 1)
1/2

, 

ɝɞɟ x = L/r. 

Оɧ, ɫɤɨɪɟɟ ɜɫɟɝɨ, ɪɟɲɢɬ, ɱɬɨ ɨɛɧɚɪɭɠɟɧɧɨɟ ɢɦ ɨɬɥɢɱɢɟ ɱɚɫɬɨɬ 
ɛɭɞɟɬ ɨɛɭɫɥɨɜɥɟɧɨ ɷɮɮɟɤɬɨɦ Ⱦɨɩɥɟɪɚ ɢɡ-ɡɚ ɨɬɧɨɫɢɬɟɥɶɧɨɣ 
ɫɤɨɪɨɫɬɢ v ɢɫɬɨɱɧɢɤɚ ɢ ɩɪɢёɦɧɢɤɚ ɢɡɥɭɱɟɧɢя. 
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ɂ ɨɧ ɦɨɠɟɬ ɨɰɟɧɢɬɶ ɷɬɭ ɫɤɨɪɨɫɬɶ, ɩɨɥɶɡɭяɫɶ ɢɡɜɟɫɬɧɨɣ 
ɮɨɪɦɭɥɨɣ ɫɩɟɰɢɚɥɶɧɨɣ ɬɟɨɪɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨɫɬɢμ 

 

f/f0 = {1 – (v/c)
2
}

1/2
/(1 + v/c), 

Оɬɤɭɞɚ 

v/c = {1 – (f/f0)
2
{1+ (f/f0)

2
}. 

ɇɨ ɷɬɚ ɫɤɨɪɨɫɬɶ ɦɨɠɟɬ ɛɵɬɶ ɤɚɠɭщɟɣɫя, ɨɛɭɫɥɨɜɥɟɧɧɨɣ 
ɪɚɡɥɢɱɢɟɦ ɜɟɥɢɱɢɧ ɤɜɚɧɬɨɜ ɜɪɟɦɟɧɢ ɜ ɪɚɡɥɢɱɧɵɯ ɨɛɥɚɫɬяɯ 
ȼɫɟɥɟɧɧɨɣ. Ɍɨɝɞɚ ɦɨɠɧɨ ɫɱɢɬɚɬɶ, ɱɬɨ 

 

v/c = {1 – (f/f0)
2
{1+ (f/f0)

2
} = x/(x + 2). 

 

ɗɬɚ ɡɚɜɢɫɢɦɨɫɬɶ ɝɪɚɮɢɱɟɫɤɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 7. ɐɟɧɚ ɞɟ-
ɥɟɧɢя Δ(L/r) = 0,1 ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɨɫɢ ɧɚ ɷɬɨɦ ɝɪɚɮɢɤɟ ɫɨɨɬ-
ɜɟɬɫɬɜɭɟɬ ɩɪɢɦɟɪɧɨ ββζ Мɟɝɚɩɚɪɫɟɤɚɦ. ɗɬɨ ɞɥя ɬɨɝɨ, ɱɬɨɛɵ ɛɵɥɨ 
ɩɪɨщɟ ɫɨɩɨɫɬɚɜɥяɬɶ ɰɢɮɪɵ ɧɚ ɪɢɫ. 7 ɢ ɪɢɫ. θ. 
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Ɋɂɋ. 7. Ʉɚɠɭщɚяɫя ɫɤɨɪɨɫɬɶ 

ɢɡɦɟɧɟɧɢя ɪɚɫɫɬɨяɧɢɣ ɦɟɠɞɭ ɨɛɴɟɤɬɚɦɢ 
 

Ʉɫɬɚɬɢ, ɢɡ ɷɬɨɝɨ ɫɨɨɬɧɨɲɟɧɢя ɫɥɟɞɭɟɬ, ɱɬɨ v/c < 1. ɂɧɚɱɟ ɝɨɜɨɪя, 
ɧɚɛɥɸɞɚɬɟɥɶ ɦɨɠɟɬ ɭɜɢɞɟɬɶ ɨɛɴɟɤɬɵ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɧɚ ɪɚɫɫɬɨя-
ɧɢяɯ ɩɪɟɜɵɲɚɸщɢɯ ɪɚɞɢɭɫ ɏɚɛɛɥɚ. 

ɉɪɢ ɦɚɥɵɯ «x» 

v/c = x/2 = L/(2×r), 

v = c×L/(2×r). 
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Мɧɨɠɢɬɟɥɶ c/(2×r) ɩɨ ɮɢɡɢɱɟɫɤɨɦɭ ɫɦɵɫɥɭ ɞɨɥɠɟɧ ɫɨɨɬɜɟɬɫɬɜɨ-
ɜɚɬɶ ɩɨɫɬɨяɧɧɨɣ ɏɚɛɛɥɚ — H. ȼ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɦɨɞɟɥɶɧɨɣ ȼɫɟ-
ɥɟɧɧɨɣ ɨɧ ɡɚɜɢɫɢɬ ɨɬ ɪɚɫɫɬɨяɧɢя r — ɪɚɫɫɬɨяɧɢя ɧɚɛɥɸɞɚɬɟɥя ɨɬ 
ɐȽɎ. Ɍɨ ɟɫɬɶ ɩɨɥɭɱɚɟɬɫя, ɱɬɨ ɩɨɫɬɨяɧɧɚя ɏɚɛɛɥɚ ɦɨɠɟɬ ɡɚɜɢɫɟɬɶ ɨɬ 
ɩɨɥɨɠɟɧɢя ɧɚɛɥɸɞɚɬɟɥя ɜɨ ȼɫɟɥɟɧɧɨɣ. ɇɨ ɷɬɚ ɡɚɜɢɫɢɦɨɫɬɶ ɨɱɟɧɶ 
ɫɥɚɛɚяμ ɞɨɫɬɚɬɨɱɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ ɪɚɡɦɟɪ ɧɚɲɟɣ ɝɚɥɚɤɬɢɤɢ — Мɥɟɱɧɨ-
ɝɨ ɉɭɬɢ — ɫɨɫɬɚɜɥяɟɬ ɥɢɲɶ ɩяɬɶ ɦɢɥɥɢɨɧɧɵɯ ɞɨɥɟɣ ɪɚɡɦɟɪɚ ȼɫɟ-
ɥɟɧɧɨɣ. ɉɨɷɬɨɦɭ ɨɛɧɚɪɭɠɢɬɶ ɢɡɦɟɧɟɧɢя H ɛɭɞɟɬ ɨɱɟɧɶ ɧɟɩɪɨɫɬɨ. 

Ⱦɥя ɧɚɛɥɸɞɚɬɟɥя ɜ ɧɚɲɟɣ Ƚɚɥɚɤɬɢɤɟ H = 2,169×10
–18

 c. ɗɬɨ 
ɡɧɚɱɟɧɢɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɚɞɢɭɫɭ r, ɨɩɪɟɞɟɥяɟɦɨɦɭ ɢɡ ɫɨɨɬɧɨɲɟɧɢя 

 

r = c/(2×H) = 2,99792×10
8
/(2×2,169×10

–18
) = 0,691×10

26
 ɦ, 

r = 0,266×R. 
 

Ɍɨ ɟɫɬɶ Мɥɟɱɧɵɣ ɉɭɬɶ ɪɚɫɩɨɥɨɠɟɧ ɩɪɢɦɟɪɧɨ ɧɚ ɱɟɬɜɟɪɬɢ ɪɚɫ-
ɫɬɨяɧɢя ɨɬ ɐȽɎ ɞɨ ɤɪɚя ɦɨɞɟɥɶɧɨɣ ȼɫɟɥɟɧɧɨɣ, ɧɚ ɩɨɥɨɜɢɧɟ ɪɚ-
ɞɢɭɫɚ ɏɚɛɛɥɚ ɨɬ ɐȽɎ. ȼ ɷɬɨɦ ɦɟɫɬɟ «ɪɚɫɲɢɪɟɧɢɟ» ȼɫɟɥɟɧɧɨɣ ɛɭ-
ɞɟɬ ɧɚɛɥɸɞɚɬɶɫя ɫɨ ɫɤɨɪɨɫɬɶɸ, ɫɨɨɬɜɟɬɫɬɜɭɸщɟɣ ɩɨɫɬɨяɧɧɨɣ 
ɏɚɛɛɥɚ. 

Мɨɠɧɨ ɫɤɚɡɚɬɶ ɩɨ-ɞɪɭɝɨɦɭμ ɜ ɪɚɧɧɟɣ ȼɫɟɥɟɧɧɨɣ (ɩɪɢ ɦɚɥɵɯ 
ɪɚɞɢɭɫɚɯ) «ɩɨɫɬɨяɧɧɚя» ɏɚɛɛɥɚ ɛɵɥɚ ɞɪɭɝɚя, ɨɧɚ ɛɵɥɚ ɛɨɥɶɲɟ. 

ȼ ɪɚɦɤɚɯ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɦɨɞɟɥɢ ȼɫɟɥɟɧɧɨɣ, ɤɨɬɨɪɨɣ ɨɪɝɚ-
ɧɢɱɟɫɤɢ ɩɪɢɫɭщɚ ɚɧɢɡɨɬɪɨɩɢя ɩɪɨɫɬɪɚɧɫɬɜɚ (ɩɨɫɤɨɥɶɤɭ ɢɦɟɟɬɫя 
ɜɵɞɟɥɟɧɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɧɚ ɐȽɎ), ɫɥɟɞɭɟɬ ɨɠɢɞɚɬɶ ɫɥɚɛɨɣ ɡɚɜɢ-
ɫɢɦɨɫɬɢ, ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ, ɧɟɤɨɬɨɪɵɯ ɮɢɡɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɨɬ 
ɦɟɫɬɨɩɨɥɨɠɟɧɢя ɧɚɛɥɸɞɚɬɟɥя. Ʉɚɤ ɛɵɥɨ ɫɤɚɡɚɧɨ ɜɵɲɟ, ɷɬɨ ɩɪɨ-
яɜɥяɟɬɫя ɤɚɤ ɧɚɪɭɲɟɧɢɟ ɤɨɫɦɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɢɧɰɢɩɚ. 

ɂɬɚɤ, ɪɟɚɥɶɧɨɝɨ ɢɡɦɟɧɟɧɢя ɪɚɫɫɬɨяɧɢɣ ɦɟɠɞɭ ɝɚɥɚɤɬɢɤɚɦɢ 
ɦɨɠɟɬ ɢ ɧɟ ɛɵɬɶ. ɇɨ ɡɚ ɫɱОɬ ɢɡɦɟɧɟɧɢɣ Ȝ ɢ τ ɩɪɢ ɩɟɪɟɯɨɞɟ ɢɡ ɨɞ-
ɧɨɣ ɬɨɱɤɢ ɜ ɞɪɭɝɭɸ, ɦɨɝɭɬ ɦɟɧяɬɶɫя ɪɢɬɦɵ ɤɨɥɟɛɚɧɢɣ ɷɥɟɤɬɪɨ-
ɦɚɝɧɢɬɧɨɝɨ ɩɨɥя, ɩɪɢɜɨɞящɢɟ ɤ ɫɞɜɢɝɚɦ ɫɩɟɤɬɪɚɥɶɧɵɯ ɥɢɧɢɣ. 
ɇɚɛɥɸɞɚɬɟɥɟɦ ɷɬɨ ɛɭɞɟɬ ɜɨɫɩɪɢɧɢɦɚɬɶɫя ɤɚɤ ɢɡɦɟɧɟɧɢɟ ɪɚɫɫɬɨя-
ɧɢя ɦɟɠɞɭ ɢɫɬɨɱɧɢɤɨɦ ɢ ɩɪɢОɦɧɢɤɨɦ ɢɡɥɭɱɟɧɢя, ɬ. ɟ. ɫɤɨɪɨɫɬɢ 
ɢɡɦɟɧɟɧɢя ɪɚɫɫɬɨяɧɢя ɦɟɠɞɭ ɨɛɴɟɤɬɚɦɢ. 

Ȼɨɥɟɟ ɬɨɝɨ, ɜɟɥɢɱɢɧɚ δ ɢɦɟɟɬ ɡɧɚɤμ ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɜ ɧɚɩɪɚɜ-
ɥɟɧɢɢ ɭɜɟɥɢɱɟɧɢя r ɢ ɨɬɪɢɰɚɬɟɥɶɧɵɣ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɧɚ ɐȽɎ. ɉɨ-
ɷɬɨɦɭ, ɟɫɥɢ ɧɚɛɥɸɞɚɬɟɥɶ ɫɦɨɬɪɢɬ ɜ ɫɬɨɪɨɧɭ ɰɟɧɬɪɚ ɝɥɨɛɚɥɶɧɨɣ 
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ɮɥɭɤɬɭɚɰɢɢ, ɨɧ ɦɨɠɟɬ ɭɜɢɞɟɬɶ ɧɟ ɤɪɚɫɧɨɟ, ɚ ɮɢɨɥɟɬɨɜɨɟ ɫɦɟщɟ-
ɧɢɟ ɫɩɟɤɬɪɚ ɢɡɥɭɱɟɧɢя. Ɍɚɤɨɟ ɮɢɨɥɟɬɨɜɨɟ ɫɦɟщɟɧɢɟ ɞɟɣɫɬɜɢɬɟɥɶ-
ɧɨ ɧɚɛɥɸɞɚɟɬɫя Дζ]. 

ȼ ɪɚɦɤɚɯ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɦɨɞɟɥɢ ȼɫɟɥɟɧɧɨɣ ɷɬɨ ɫɨɜɟɪɲɟɧɧɨ 
ɩɨɧяɬɧɨμ ɟɫɥɢ ɫɭщɟɫɬɜɭɟɬ ɐȽȻ, ɬɨ ɪɚɫɲɢɪɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɬɨɥɶɤɨ 
ɨɬ ɰɟɧɬɪɚ, ɚ ɧɟ ɧɚ ɰɟɧɬɪ. 

ɇɨ ɦɨɠɧɨ ɬɚɤɠɟ ɨɬɦɟɬɢɬɶμ ɬɚɤ ɤɚɤ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɦɨɞɟɥɢ 
Мɥɟɱɧɵɣ ɉɭɬɶ ɪɚɫɩɨɥɨɠɟɧ ɧɚ ɭɞɚɥɟɧɢɢ ɩɪɢɦɟɪɧɨ ɜ ɱɟɬɜɟɪɬɶ ɪɚ-
ɞɢɭɫɚ ȼɫɟɥɟɧɧɨɣ, ɤɨɥɢɱɟɫɬɜɨ ɨɛɴɟɤɬɨɜ, ɤɨɬɨɪɵɟ ɢɞɟɧɬɢɮɢɰɢɪɭ-
ɸɬɫя, ɤɚɤ ɭɞɚɥяɸщɢɟɫя, ɛɭɞɟɬ ɫɭщɟɫɬɜɟɧɧɨ ɩɪɟɜɨɫɯɨɞɢɬɶ ɤɨɥɢɱɟ-
ɫɬɜɨ «ɩɪɢɛɥɢɠɚɸщɢɯɫя» ɨɛɴɟɤɬɨɜ. 

ȿщО ɨɞɧɨ ɡɚɦɟɱɚɧɢɟ. Ʉɪɚɫɧɨɟ ɫɦɟщɟɧɢɟ ɭɤɚɡɵɜɚɟɬ, ɱɬɨ ɷɧɟɪɝɢя 
ɮɨɬɨɧɨɜ ɭɦɟɧɶɲɚɟɬɫя, ɬ. ɟ. ɱɚɫɬɶ ɢɯ ɷɧɟɪɝɢɢ ɦɨɠɟɬ ɤɭɞɚ-ɬɨ ɢɫɱɟ-
ɡɚɬɶ. ɉɨɷɬɨɦɭ ɜ ɪɚɦɤɚɯ ɝɢɩɨɬɟɡɵ Ȼɨɥɶɲɨɝɨ ɜɡɪɵɜɚ ɥɨɝɢɱɧɨ ɨɠɢ-
ɞɚɬɶ ɧɚɪɭɲɟɧɢɟ ɡɚɤɨɧɚ ɫɨɯɪɚɧɟɧɢя ɷɧɟɪɝɢɢ. 

ȼ ɪɚɦɤɚɯ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɝɢɩɨɬɟɡɵ ɨ ȼɫɟɥɟɧɧɨɣ ɛɟɡ Ȼɨɥɶɲɨɝɨ 
ɜɡɪɵɜɚ ɟО ɪɚɫɲɢɪɟɧɢɟ — ɤɚɠɭщɟɟɫя. ɉɨɷɬɨɦɭ ɡɞɟɫɶ ɷɧɟɪɝɢя ɦɨɠɟɬ 
ɩɪɨɞɨɥɠɚɬɶ ɫɨɯɪɚɧяɬɶɫя. 

 

 

игзг Ǽȏ ȡȟȘȜȞȭȬȧȓȚȟȭ ȞȎȟȦȖȞȓțȖȖ ǰȟȓșȓțțȜȗ 
 

Ɍɟɩɟɪɶ ɪɚɫɫɦɨɬɪɢɦ ɜɨɩɪɨɫ ɨɛ ɭɫɤɨɪɟɧɧɨɦ/ɡɚɦɟɞɥɟɧɧɨɦ ɪɚɫɲɢɪɟ-
ɧɢɢ ȼɫɟɥɟɧɧɨɣ. ɋ ɭɱОɬɨɦ ɫɨɞɟɪɠɚɧɢя ɩɨɫɥɟɞɧɢɯ ɚɛɡɚɰɟɜ, ɨɧɨ ɦɨ-
ɠɟɬ ɛɵɬɶ ɬɨɠɟ ɤɚɠɭщɢɦɫя. 

ɂɡ ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɜɵɲɟ ɫɨɨɬɧɨɲɟɧɢя 
 

v/c = x/(x + 2) 

ɥɟɝɤɨ ɩɨɥɭɱɢɬɶ 
 

a/c = {1/(x + 2) – x/(x + 2)
2
}×dx/dt = {2/(x + 2)

2
}×v/r =  

= {2×x/(x + 2)
3
}×c/r. 

Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ «a» ɨɬ L/r ɩɨɤɚɡɚɧ ɧɚ ɪɢɫ. 8. Ʌɸɛɨɩɵɬɧɨ, ɱɬɨ 
ɟɫɥɢ ɷɬɚ ɡɚɜɢɫɢɦɨɫɬɶ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɟɚɥɶɧɨɫɬɢ, ɬɨ ɜɟɥɢɱɢɧɚ ɤɚɠɭ-
щɟɝɨɫя ɭɫɤɨɪɟɧɢя ɢɡɦɟɧɟɧɢя ɪɚɫɫɬɨяɧɢя ɦɟɠɞɭ ɨɛɴɟɤɬɚɦɢ ɧɟ яɜɥя-
ɟɬɫя ɦɨɧɨɬɨɧɧɨɣ. ɉɨɷɬɨɦɭ ɠɟɥɚɧɢɟ ɩɪɟɞɫɬɚɜɢɬɶ ɟɝɨ ɜ ɜɢɞɟ ɨɞɧɨɣ 
ɦɨɧɨɬɨɧɧɨɣ ɮɭɧɤɰɢɢ ɩɪɢ L/r ≤ 1 ɢ ɩɪɢ δ/r > 1 ɛɭɞɟɬ ɧɟɜɵɩɨɥɧɢɦɵɦ. 

 



 

44 
 

0

0,01

0,02

0,03

0,04

0,05

0,06

0,07

0,08

0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1 1,1 1,2 1,3 1,4 1,5 1,6 1,7 1,8 1,9 2

Ɋɚɫɫɬɨяɧɢɟ δ/r, ɨɬɧ. ɟɞ.

У
ɫɤ

ɨɪ
ɟɧ

ɢɟ
 К

*r
/М

β,
 ɨ

ɬɧ
. ɟ

ɞ.

 
 

Ɋɂɋ. 8. Ʉɚɠɭщɟɟɫя ɭɫɤɨɪɟɧɢɟ 

ɢɡɦɟɧɟɧɢя ɪɚɫɫɬɨяɧɢɣ ɦɟɠɞɭ ɨɛɴɟɤɬɚɦɢ 

 

Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɟɫɥɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɪɨɜɨɞɢɬɶ ɝɢɩɨɬɟɡɭ 
ɪɚɫɲɢɪɟɧɢя ȼɫɟɥɟɧɧɨɣ, ɬɨ ɤɪɨɦɟ ɬОɦɧɨɣ ɷɧɟɪɝɢɢ, ɨɬɜɟɬɫɬɜɟɧɧɨɣ 
ɡɚ ɭɫɤɨɪɟɧɧɨɟ ɪɚɫɲɢɪɟɧɢɟ ȼɫɟɥɟɧɧɨɣ, ɦɨɝɭɬ ɩɨɬɪɟɛɨɜɚɬɶɫя ɟщО 
ɨɱɟɪɟɞɧɵɟ ɧɨɜɵɟ «ɬОɦɧɵɟ» ɫɭщɧɨɫɬɢ, ɤɨɬɨɪɵɟ ɫɧɢɠɚɸɬ ɭɫɤɨɪɟ-
ɧɢɟ ɧɚ ɛɨɥɶɲɢɯ ɭɞɚɥɟɧɢяɯ. ɉɨɷɬɨɦɭ ɩɪɢɜɟɪɠɟɧɰɚɦ ɝɢɩɨɬɟɡɵ 
Ȼɨɥɶɲɨɝɨ ɜɡɪɵɜɚ ɧɚɞɨ ɛɵɬɶ ɦɨɪɚɥɶɧɨ ɝɨɬɨɜɵɦ ɤ ɬɚɤɨɦɭ ɩɨɜɨɪɨɬɭ. 

ɉɪɢ ɦɚɥɵɯ x: 

a/c = (x/4)×c/r = L×c/(2×r)
2
; 

a = { c/(2×r) }
2 
×L

 
= H

2
×L. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɬɨɱɤɟ ɧɚɛɥɸɞɟɧɢя ɫɩɟɤɬɪɵ ɢɡɥɭɱɟɧɢɣ ɛɨɥɶ-
ɲɢɧɫɬɜɚ ɭɞɚɥОɧɧɵɯ ɨɛɴɟɤɬɨɜ ɫɞɜɢɧɭɬɵ ɬɚɤ, ɤɚɤ ɛɭɞɬɨ ɩɪɨɢɫɯɨ-
ɞɢɬ ɭɫɤɨɪɟɧɧɨɟ ɪɚɫɲɢɪɟɧɢɟ ȼɫɟɥɟɧɧɨɣ. ɂ ɞɨɥɠɧɚ ɧɚɛɥɸɞɚɬɶɫя 
ɡɚɤɨɧɨɦɟɪɧɨɫɬɶ, ɚɧɚɥɨɝɢɱɧɚя ɷɮɮɟɤɬɭ ɏɚɛɛɥɚ, ɧɨ ɞɥя ɜɟɥɢɱɢɧɵ 
ɭɫɤɨɪɟɧɢя — ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɶ a ɪɚɫɫɬɨяɧɢɸ δ ɦɟɠɞɭ ɨɛɴɟɤ-
ɬɚɦɢ. ɉɪɢɱОɦ ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ H

2 ɡɚɜɢɫɢɬ ɨɬ 
ɜɟɥɢɱɢɧɵ r. Ⱦɥя ɧɚɲɟɣ ɝɚɥɚɤɬɢɤɢ ɨɧ ɪɚɜɟɧ ζ,70η×10–36 ɫ–2

. 

Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɷɮɮɟɤɬ ɭɫɤɨɪɟɧɧɨɝɨ ɪɚɫɲɢɪɟɧɢя ȼɫɟɥɟɧɧɨɣ 
ɦɨɠɟɬ ɛɵɬɶ ɨɛɴяɫɧОɧ ɛɟɡ «ɬОɦɧɨɣ» ɷɧɟɪɝɢɢ. 

Ɍɟɩɟɪɶ ɨɰɟɧɢɦ ɦɚɤɫɢɦɚɥɶɧɭɸ ɜɟɥɢɱɢɧɭ ɩɚɪɚɦɟɬɪɚ г ɤɚɠɭщɟ-
ɝɨɫя ɤɪɚɫɧɨɝɨ ɫɦɟщɟɧɢяμ 
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z = (Ȝ – Ȝ0)/Ȝ0 =  (f/f0)
–1 – 1 = (x + 1)

1/2 – 1. 

Мɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ б ɪɚɜɧɨ  
x = (R + r)/r = R/r + 1. 

Ɍɨɝɞɚ 

z = (R/r + 2)
1/2 – 1. 

ɉɪɢ R = 2,5973×10 
26 ɦ, r = 0,691×10 

26 ɦ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟ-
ɧɢɟ б ɨɤɚɡɵɜɚɟɬɫя ɪɚɜɧɵɦ ζ,7η88, ɚ ɦɚɤɫɢɦɚɥɶɧɚя ɜɟɥɢɱɢɧɚ г = 
1,18. Мɟɠɞɭ ɬɟɦ, ɩɨ ɞɚɧɧɵɦ ɚɫɬɪɨɧɨɦɢɱɟɫɤɢɯ ɧɚɛɥɸɞɟɧɢɣ, ɦɚɤ-
ɫɢɦɚɥɶɧɵɟ ɧɚɛɥɸɞɚɟɦɵɟ ɡɧɚɱɟɧɢя г ɫɨɫɬɚɜɥяɸɬ 8–λ. Ʉɨɧɟɱɧɨ, 
ɦɨɠɧɨ ɩɨɩɵɬɚɬɶɫя ɷɬɭ ɪɚɡɧɢɰɭ ɫɩɢɫɚɬɶ ɧɚ ɞɟɣɫɬɜɢɬɟɥɶɧɵɟ, ɚ ɧɟ 
ɤɚɠɭщɢɟɫя, ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɫɤɨɪɨɫɬɢ ɝɚɥɚɤɬɢɤ, ɧɚ ɝɪɚɜɢɬɚɰɢɨɧɧɨɟ 
ɤɪɚɫɧɨɟ ɫɦɟщɟɧɢɟ, ɧɚ ɩɪɢɛɥɢɠɟɧɧɵɣ ɯɚɪɚɤɬɟɪ ɩɪɨɜɨɞɢɦɵɯ ɨɰɟ-
ɧɨɤ, ɚ ɬɚɤɠɟ ɧɚ ɜɨɡɦɨɠɧɵɟ ɩɨɝɪɟɲɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢя ɪɚɫɫɬɨяɧɢɣ 
ɞɨ ɨɱɟɧɶ ɭɞɚɥɟɧɧɵɯ ɝɚɥɚɤɬɢɤ. ɇɨ ɭɠ ɨɱɟɧɶ ɜɟɥɢɤɚ ɷɬɚ ɪɚɡɧɨɫɬɶ. 

ȼɨɡɦɨɠɧɨ, ɱɬɨ ɛɨɥɶɲɢɟ ɡɧɚɱɟɧɢя г ɨɛɭɫɥɨɜɥɟɧɵ ɬɟɦ, ɱɬɨ ɪɚ-
ɞɢɭɫ R ȼɫɟɥɟɧɧɨɣ ɛɨɥɶɲɟ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɪɚɧɟɟ ɡɧɚɱɟɧɢя. Ⱦɟɣɫɬ-
ɜɢɬɟɥɶɧɨ, ɜ ɪɚɡɞɟɥɟ ζ ɨɧ ɛɵɥ ɨɩɪɟɞɟɥɟɧ ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ, ɱɬɨ 
ɩɥɨɬɧɨɫɬɶ ρɫ ɜɤɥɸɱɚɟɬ ɩɥɨɬɧɨɫɬɶ «ɬɟɦɧɨɣ» ɷɧɟɪɝɢɢ, ɫɨɫɬɚɜɥяɸ-
щɟɣ ɨɤɨɥɨ 73 % ɨɛщɟɣ ɩɥɨɬɧɨɫɬɢ.  

ɇɨ ɟɫɥɢ ɷɮɮɟɤɬ ɭɫɤɨɪɟɧɧɨɝɨ ɪɚɫɲɢɪɟɧɢя ȼɫɟɥɟɧɧɨɣ ɦɨɠɟɬ 
ɛɵɬɶ ɨɛɴяɫɧɟɧ ɛɟɡ ɩɨɦɨщɢ «ɬɟɦɧɨɣ» ɷɧɟɪɝɢɢ, ɬɨ ɨɛщɚя ɩɥɨɬɧɨɫɬɶ 
ɦɚɬɟɪɢɢ ɫɨɫɬɚɜɢɬ ɬɨɥɶɤɨ β7 % ɨɬ ρɫ. ɉɨɷɬɨɦɭ ɜɟɥɢɱɢɧɚ ɪɚɞɢɭɫɚ R 

ȼɫɟɥɟɧɧɨɣ ɭɜɟɥɢɱɢɬɫя ɜ (0,β7)–1/2
 = 1,λβζ ɪɚɡɚ ɢ ɫɨɫɬɚɜɢɬ ɩɪɢɦɟɪ-

ɧɨ η×1026 ɦ. 

ɗɬɨɦɭ ɡɧɚɱɟɧɢɸ R ɛɭɞɭɬ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ 
ɬɚɛɥɢɰɟ 2 (ɫɦ. ɧɢɠɟ) ɡɧɚɱɟɧɢя ɨɫɧɨɜɧɵɯ ɮɢɡɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ. 
ȼ ɷɬɨɦ ɫɥɭɱɚɟ г = 1,87. 

ɇɨ ɤ ɚɧɚɥɢɡɭ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢя ɦɨɞɟɥɶɧɨɣ ȼɫɟɥɟɧɧɨɣ ɦɨɠ-
ɧɨ ɩɨɞɨɣɬɢ ɢ ɫ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ. ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɦɚɬɟɪɢя, ɨɛɪɚ-
ɡɨɜɚɧɧɚя ɜɛɥɢɡɢ ɝɪɚɧɢɰɵ ȼɫɟɥɟɧɧɨɣ, ɢɦɟɟɬ ɫɤɨɪɨɫɬɶ ȕ×c (ȕ < 1), 
ɤɨɬɨɪɚя ɧɚɩɪɚɜɥɟɧɚ ɩɨ ɪɚɞɢɭɫɭ ɨɬ ɐȽɎ ɢ ɤɨɬɨɪɚя ɨɛɭɫɥɨɜɥɟɧɚ ɪɚɡ-
ɪɭɲɟɧɢɟɦ ɮɢɡɢɱɟɫɤɨɝɨ ɜɚɤɭɭɦɚ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɷɬɚ ɫɤɨ-
ɪɨɫɬɶ — ɫɤɨɪɨɫɬɶ ɜ ɨɛɪɚɡɨɜɚɧɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ. 

ɉɨɞ ɞɟɣɫɬɜɢɟɦ ɝɪɚɜɢɬɚɰɢɨɧɧɵɯ ɫɢɥ ɨɬ ɦɚɬɟɪɢɢ ȼɫɟɥɟɧɧɨɣ ɷɬɚ 
ɫɤɨɪɨɫɬɶ ɩɨɫɬɟɩɟɧɧɨ ɡɚɦɟɞɥяɟɬɫя ɞɨ ɧɭɥя. 
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ɌȺȻɅɂɐȺ 2. Ɏɢɡɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ 

ɛɚɡɨɜɨɝɨ ɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɜɚɪɢɚɧɬɨɜ 
 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɮɢɡɢɱɟɫɤɨɝɨ 

ɩɚɪɚɦɟɬɪɚ ɢ ɟɝɨ 
ɨɛɨɡɧɚɱɟɧɢɟ 

Ȼɚɡɨɜɵɣ 
ɜɚɪɢɚɧɬ 

(ρ = ρɫ) 

ȼɚɪɢɚɧɬ ɛɟɡ «ɬёɦɧɨɣ» ɷɧɟɪɝɢɢ 
(ρ = 0,27×ρɫ) 

Оɬɧɨɫɢɬɟɥɶɧɨɟ 
ɢɡɦɟɧɟɧɢɟ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ 

ɛɚɡɨɜɵɦ 
ɜɚɪɢɚɧɬɨɦ 

ȼɟɥɢɱɢɧɚ 
ɮɢɡɢɱɟɫɤɨɝɨ 

ɩɚɪɚɦɟɬɪɚ 

Ɋɚɞɢɭɫ ȼɫɟɥɟɧɧɨɣ, R 2,5973×10
26  ɦ 1,924 5×10

26 ɦ 

ȼɪɟɦя ɫɭщɟɫɬɜɨɜɚɧɢя 
ȼɫɟɥɟɧɧɨɣ, T 

β7,ζηθ ɦɥɪɞ. ɥɟɬ 1,924 ηβ,8βη ɦɥɪɞ. ɥɟɬ 

Мɚɫɫɚ ȼɫɟɥɟɧɧɨɣ, М 6,8328×10
53 ɤɝ 1,924 13,15×10

53 ɤɝ 

ɋɪɟɞɧяя ɩɥɨɬɧɨɫɬɶ 
ɦɚɬɟɪɢɢ, ρ 

9,31×10
−β7

 ɤɝ/ɦ3
 0,27 2,514×10

−β7 ɤɝ/ɦ3
 

ȼɟɥɢɱɢɧɚ ɤɜɚɧɬɚ Ȝ 
ɩɪɨɫɬɪɚɧɫɬɜɚ ɩɪɢ 

r = R 

1,063×10
–19 ɦ 1,387 1,475×10

–19 ɦ 

ȼɟɥɢɱɢɧɚ ɤɜɚɧɬɚ τ 
ɜɪɟɦɟɧɢ ɩɪɢ r = R 

3,546×10
–28

 ɫ 1,387 1,919×10
–28

 ɫ 

ɋɪɟɞɧяя ɦɚɫɫɚ ɜɫɟɯ 
ɷɥɟɦɟɧɬɚɪɧɵɯ ɱɚɫɬɢɰ, 
ɨɛɪɚɡɨɜɚɜɲɢɯ ɜ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-

ɜɪɟɦɟɧɧɨɣ яɱɟɣɤɟ 

ɩɪɢ r = R, m 

3,309×10
–24 ɤɝ 0,721 2,385×10

–24 ɤɝ 

 

Ⱦɥя ɨɰɟɧɤɢ ɜɟɥɢɱɢɧɵ ɪɚɫɫɬɨяɧɢя R1, ɧɚ ɤɨɬɨɪɨɦ ɷɬɨ 
ɩɪɨɢɡɨɣɞОɬ, ɧɭɠɧɨ ɪɟɲɢɬɶ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟμ 

 

dv/{1 – (v/c)
2
}

1/2
 = Ȗ×M(t)×dt/R

2
(t) 

ɢɥɢ 

v×dv/{1 – (v/c)
2
}

1/2
 = Ȗ×ε(R)×НR/R2

. 
 

ȼɫɩɨɦɧɢɦ (ɪɚɡɞɟɥ ζ), ɱɬɨ 
 

M = 1,9535×R×c
2/Ȗ = ξ×R. 

Ɍɨɝɞɚ 

v×dv/{1 – (v/c)
2
}

1/2
 = Ȗ×ξ×dR/R. 
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Оɬɤɭɞɚ, ɭɱɢɬɵɜɚя ɧɚɱɚɥɶɧɨɟ ɭɫɥɨɜɢɟ Я = ȕ×c ɩɪɢ R1 = R, 

ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ 
 

R1/R = expд(ȕ×c)
2
/(Ȗ×ξ)ж = exp(ȕ2

/1,9535) = exp(0,η11λ×ȕ2
) 

 

ɉɪɢ ȕ = 1μ  R1/R = 1,θθ8ζ. ɉɪɢ ȕ = 0,λμ  R1/R = 1,514. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɥɭɱɚɟɬɫя ɢɧɬɟɪɟɫɧɵɣ ɪɟɡɭɥɶɬɚɬμ ɦɚɬɟɪɢя, 
ɨɛɪɚɡɨɜɚɜɲɚяɫя ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɡɪɭɲɟɧɢя ɮɢɡɢɱɟɫɤɨɝɨ ɜɚɤɭɭɦɚ, 
ɦɨɠɟɬ ɭɞɚɥɢɬɶɫя ɨɬ ɦɟɫɬɚ ɟО ɨɛɪɚɡɨɜɚɧɢя ɩɪɢɦɟɪɧɨ ɧɚ ɪɚɞɢɭɫ 
ɏɚɛɛɥɚ, ɢ ɷɬɨ ɞɜɢɠɟɧɢɟ ɦɨɠɟɬ ɨɫɭщɟɫɬɜɥяɬɶɫя ɜ ɬɟɱɟɧɢɟ 10–15 

ɦɥɪɞ ɥɟɬ. Ɂɚ ɷɬɨ ɜɪɟɦя ɢɡ ɧɨɜɨɣ ɦɚɬɟɪɢɢ ɭɫɩɟɸɬ ɨɛɪɚɡɨɜɚɬɶɫя ɧɨ-
ɜɵɟ ɝɚɥɚɤɬɢɤɢ. 

ɗɬɨ ɧɚɩɨɥɧяɟɬ ɩɨɫɬɨяɧɧɭɸ ɢ ɪɚɞɢɭɫ ɏɚɛɛɥɚ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ 
ɮɢɡɢɱɟɫɤɢɦ ɫɦɵɫɥɨɦ. 

ɂ ɩɨɫɤɨɥɶɤɭ ɧɚɱɚɥɶɧɵɟ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢя ɧɨɜɵɯ ɝɚɥɚɤɬɢɤ 
ɦɨɝɭɬ ɛɵɬɶ ɛɥɢɡɤɢ ɤ ɫɤɨɪɨɫɬɢ ɫɜɟɬɚ, ɬɨ ɜ ɫɩɟɤɬɪɚɯ ɢɯ ɢɡɥɭɱɟɧɢɣ 
ɦɨɠɧɨ ɨɠɢɞɚɬɶ ɛɨɥɶɲɢɯ ɤɪɚɫɧɵɯ ɫɦɟщɟɧɢɣ (ɪɢɫ. λ). 
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Ɋɂɋ. 9. Ɂɚɜɢɫɢɦɨɫɬɶ ɩɚɪɚɦɟɬɪɚ г ɤɪɚɫɧɨɝɨ ɫɦɟщɟɧɢя 

ɨɬ ɫɤɨɪɨɫɬɢ ɭɞɚɥɟɧɢя ɨɛɴɟɤɬɨɜ 
 

ɂ ɩɨɫɥɟɞɧɟɟ, ɞɥя яɫɧɨɫɬɢμ ɜ ɩɪɟɞɥɨɠɟɧɧɨɣ ɦɨɞɟɥɢ ȼɫɟɥɟɧɧɨɣ 
ɝɚɥɚɤɬɢɤɢ, ɢɦɟɸщɢɟ ɛɨɥɶɲɨɟ ɤɪɚɫɧɨɟ ɫɦɟщɟɧɢɟ, — ɷɬɨ ɨɛɴɟɤɬɵ 
ɧɟ ɪɚɧɧɟɣ, ɚ ɛɨɥɟɟ ɩɨɡɞɧɟɣ ȼɫɟɥɟɧɧɨɣ. 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɩɪɟɞɥɚɝɚɟɦɨɣ ɦɨɞɟɥɢ ȼɫɟɥɟɧɧɨɣ ɷɮɮɟɤɬɵ ɟО 
ɪɚɫɲɢɪɟɧɢя ɦɨɝɭɬ ɛɵɬɶ ɞɜɭɯ ɬɢɩɨɜμ 

 ɤɚɠɭщɟɟɫя ɪɚɫɲɢɪɟɧɢɟ, ɜɨɫɩɪɢɧɢɦɚɟɦɨɟ ɤɚɤ ɭɫɤɨɪɟɧɧɨɟ 
ɞɥя ɛɨɥɶɲɢɧɫɬɜɚ ɧɚɛɥɸɞɚɟɦɵɯ ɨɛɴɟɤɬɨɜ; 

 ɪɟɚɥɶɧɨɟ ɪɚɫɲɢɪɟɧɢɟ (ɭɜɟɥɢɱɟɧɢɟ ɪɚɞɢɭɫɚ ȼɫɟɥɟɧɧɨɣ), 
ɤɨɬɨɪɨɟ ɦɨɠɟɬ ɜɨɫɩɪɢɧɢɦɚɬɶɫя, ɤɚɤ ɡɚɦɟɞɥɟɧɧɨɟ. 

 



йг Ǽ ȚȖȘȞȜȐȜșțȜȐȜȚ ȖȕșȡȥȓțȖȖ ǰȟȓșȓțțȜȗ 
 

 

 

йгжг ǼȤȓțȘȖ ȝșȜȠțȜȟȠȖ ȫțȓȞȑȖȖ 
ȢȜțȜȐȜȑȜ ȚȖȘȞȜȐȜșțȜȐȜȑȜ ȖȕșȡȥȓțȖȭ 
țȎ ȜȟțȜȐȓ ȞȎȟȟȚȎȠȞȖȐȎȓȚȜȗ ȑȖȝȜȠȓȕȩ 

 

Оɛɪɚɡɨɜɚɜɲɢɟɫя ɢɡ ɪɚɡɪɭɲɚɸщɟɝɨɫя ɮɢɡɢɱɟɫɤɨɝɨ ɜɚɤɭɭɦɚ ɩɪɨɬɨ-
ɱɚɫɬɢɰɵ, ɮɨɪɦɢɪɭя ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɜɪɟɦɟɧɧɵɟ яɱɟɣɤɢ ɢ ɪɚɫɩɪɨ-
ɫɬɪɚɧяяɫɶ ɜ ɫɨɡɞɚɜɚɟɦɨɦ ɢɦɢ ɩɪɨɫɬɪɚɧɫɬɜɟ-ɜɪɟɦɟɧɢ, ɢɫɩɵɬɚɸɬ 
ɪяɞ ɬɪɚɧɫɮɨɪɦɚɰɢɣ, ɩɪɟɜɪɚщɚяɫɶ ɜ ɨɛɵɱɧɵɟ ɱɚɫɬɢɰɵ. ɂ ɩɨɫɤɨɥɶ-
ɤɭ ɷɬɨ ɨɛɥɚɤɨ ɧɟɫОɬ ɜ ɫɟɛɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɡɚɪяɞɵ, ɬɨ ɞɨɥɠɧɨ ɜɨɡ-
ɧɢɤɧɭɬɶ ɧɟɤɨɟ ɮɨɧɨɜɨɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ ɢɡɥɭɱɟɧɢɟ, ɤɨɬɨɪɨɟ яɜ-
ɥяɟɬɫя ɫɜɨɟɨɛɪɚɡɧɵɦ ɫɥɟɞɨɦ ɨɛɪɚɡɭɸщɟɣɫя ɦɚɬɟɪɢɢ, ɩɨɛɨɱɧɵɦ 
ɩɪɨɞɭɤɬɨɦ ɷɬɨɝɨ ɩɪɨɰɟɫɫɚ. 

ɉɨɩɪɨɛɭɟɦ ɨɰɟɧɢɬɶ ɫɜɨɣɫɬɜɚ ɷɬɨɝɨ ɢɡɥɭɱɟɧɢя. Оɤɚɡɵɜɚɟɬɫя, 
ɱɬɨ ɷɬɨ ɧɟɫɥɨɠɧɨ ɫɞɟɥɚɬɶ, ɨɩɢɪɚяɫɶ ɧɚ ɝɢɩɨɬɟɡɭ ɨ ɫɭщɟɫɬɜɨɜɚɧɢɢ 
ɤɜɚɧɬɨɜ ɩɪɨɫɬɪɚɧɫɬɜɚ-ɜɪɟɦɟɧɢ. 

ȼ ɪɚɦɤɚɯ ɩɪɟɞɥɨɠɟɧɧɨɣ ɝɢɩɨɬɟɡɵ ɩɨɱɬɢ ɨɱɟɜɢɞɧɨ, ɱɬɨ ɩɥɨɬɧɨɫɬɶ 
u ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɷɧɟɪɝɢɢ ɨɩɪɟɞɟɥяɟɬɫя ɫɥɟɞɭɸщɢɦ ɨɛɪɚɡɨɦμ 

u = m×c
2
×p×α×į/Ȝ3

, 

ɝɞɟ į — ɞɨɥя ɷɧɟɪɝɢɢ ɜɨɡɧɢɤɚɸщɢɯ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɜɨɥɧ. 

Мɧɨɠɢɬɟɥɶ α ɢɫɩɨɥɶɡɨɜɚɧ ɞɥя ɜɵɞɟɥɟɧɢя ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ 
ɷɧɟɪɝɢɢ ɢɡ ɨɛщɟɣ ɷɧɟɪɝɢɢ ɨɛɪɚɡɭɸщɟɝɨ ɜ ɷɥɟɦɟɧɬɚɪɧɨɣ яɱɟɣɤɟ 
ɜɟщɟɫɬɜɚ. 

ɂɡ ɨɫɧɨɜɧɨɝɨ ɭɪɚɜɧɟɧɢя ɪɚɡɞɟɥɚ θ, ɨɩɪɟɞɟɥяɸщɟɝɨ ɜɟɥɢɱɢɧɭ 
ɤɜɚɧɬɚ ɩɪɨɫɬɪɚɧɫɬɜɚ, ɫɥɟɞɭɟɬμ 

m×p/Ȝ3 
= 1,9535×c

2/(ζ×π×r
2×Ȗ). 

ɉɨɷɬɨɦɭ 

u = 1,9535×c
4
×α×į/(ζ×π×r

2×Ȗ). 
ɗɥɟɤɬɪɨɦɚɝɧɢɬɧɚя ɷɧɟɪɝɢя u ɪɚɫɩɪɟɞɟɥяɟɬɫя ɦɟɠɞɭ ɜɟщɟɫɬɜɨɦ, 

ɮɨɪɦɢɪɭя ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɭɸ ɦɚɫɫɭ, ɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦɢ ɜɨɥɧɚ-
ɦɢ. ɉɪɢɱОɦ ɜɨɥɧɵ — ɷɬɨ ɫɥɟɞɭɸщɚя ɫɬɭɩɟɧɶ ɩɪɟɨɛɪɚɡɨɜɚɧɢя ɷɥɟɤ-
ɬɪɨɦɚɝɧɢɬɧɨɣ ɷɧɟɪɝɢɢ. 



 

50 
 

Ⱦɨɥɸ į ɷɧɟɪɝɢɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɜɨɥɧ ɦɨɠɧɨ ɨɰɟɧɢɬɶ, ɩɪɟɞ-
ɩɨɥɨɠɢɜ, ɱɬɨ ɫɨɨɬɧɨɲɟɧɢɟ 

E = α×ћ/τ, 
 

ɨɩɪɟɞɟɥяɸщɟɟ ɜɟɥɢɱɢɧɭ ɷɧɟɪɝɢɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥя, 
ɜɨɡɧɢɤɚɸщɟɝɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɮɥɭɤɬɭɚɰɢɢ ɨɛщɟɣ ɷɧɟɪɝɢɢ яɱɟɣɤɢ, 
ɪɚɛɨɬɚɟɬ ɢ ɧɚ ɫɥɟɞɭɸщɟɣ ɫɬɭɩɟɧɢ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɷɧɟɪɝɢɢ, ɬ. ɟ. 
ɩɪɢ ɩɨяɜɥɟɧɢɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɜɨɥɧ. 

ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɜɦɟɫɬɨ E ɫɥɟɞɭɟɬ ɡɚɩɢɫɚɬɶ ɷɧɟɪɝɢɸ E* ɷɥɟɤɬɪɨɦɚɝ-
ɧɢɬɧɵɯ ɜɨɥɧ, ɚ ɜɦɟɫɬɨ h/τ — ɨɛщɭɸ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɭɸ ɷɧɟɪɝɢɸ E. 

ɇɨ ɦɨɠɧɨ ɪɚɫɫɭɠɞɚɬɶ ɬɚɤɠɟ ɫɥɟɞɭɸщɢɦ ɨɛɪɚɡɨɦ. ɂɡ ɨɩɪɟɞɟ-
ɥɟɧɢя ɩɨɫɬɨяɧɧɨɣ ɬɨɧɤɨɣ ɫɬɪɭɤɬɭɪɵ 

 

e
2/(ζ×π×İ0×Ȝ) = α×ћ×ɫ/Ȝ 

 

ɜɢɞɧɨ, ɱɬɨ ɷɧɟɪɝɢя ɨɛɪɚɡɨɜɚɧɧɵɯ ɜ ɷɥɟɦɟɧɬɚɪɧɨɣ яɱɟɣɤɟ ɡɚɪя-
ɠɟɧɧɵɯ ɱɚɫɬɢɰ ɧɟ ɦɨɠɟɬ ɩɨɥɧɨɫɬɶɸ ɩɪɟɨɛɪɚɡɨɜɚɬɶɫя ɜ ɷɧɟɪɝɢɸ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɜɨɥɧɵμ ɞɥя ɬɚɤɨɣ ɜɨɥɧɵ ɩɨɬɪɟɛɭɟɬɫя ɛɨɥɟɟ ɲɢ-
ɪɨɤɢɣ «ɩɪɨɫɬɨɪ», ɞɥɢɧɚ ɜɨɥɧɵ ɞɨɥɠɧɚ ɛɵɬɶ ɜ 1/α ≈ 1γ7 ɪɚɡ ɛɨɥɶ-
ɲɟ, ɱɟɦ ɪɚɡɦɟɪɵ яɱɟɣɤɢ Ȝ. 

ɉɨɷɬɨɦɭ ɜ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɭɸ ɜɨɥɧɭ ɦɨɠɟɬ ɛɵɬɶ ɬɪɚɧɫɮɨɪɦɢ-
ɪɨɜɚɧɚ ɬɨɥɶɤɨ (1/α)-я ɱɚɫɬɶ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɷɧɟɪɝɢɢ 
ɡɚɪяɠОɧɧɵɯ ɱɚɫɬɢɰ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɚя ɜɨɥɧɚ ɫɦɨ-
ɠɟɬ «ɜɩɢɫɚɬɶɫя» ɜ ɪɚɡɦɟɪ ɷɥɟɦɟɧɬɚɪɧɨɣ яɱɟɣɤɢ Ȝ, ɬ. ɟ. ɫɝɟɧɟɪɢɪɨ-
ɜɚɬɶɫя ɜ ɧɟɣ, ɚ ɡɚɬɟɦ ɩɨɤɢɧɭɬɶ ɟО. 

Ɍɨ ɟɫɬɶ ɞɨɥя į ɷɧɟɪɝɢɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɜɨɥɧ ɫɨɫɬɚɜɢɬ į = 
(η/θ)×α. 

ɉɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ (η/θ) ɜɜɟɞОɧ ɞɥя ɭɱОɬɚ ɞɨɥɢ ɷɥɟɤ-
ɬɪɨɦɚɝɧɢɬɧɨɣ ɷɧɟɪɝɢɢ ɜɧɟ ɡɚɪяɞɨɜ, ɬ. ɟ. ɞɥя ɭɱОɬɚ ɬɨɥɶɤɨ ɜɧɟɲɧɟ-
ɝɨ ɞɥя ɧɢɯ ɷɧɟɪɝɢɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥя. 

ɉɨɷɬɨɦɭ 
 

u
 
= 1,9535×(5/6)×c

4
×α2/(ζ×π×r

2×Ȗ) = 0,13×c
4
×α2

/(r
2×Ȗ). 

 

ɉɪɢ r = R0 (ɪɚɞɢɭɫ ɏɚɛɛɥɚ) → u0 = 4,3744×10
–14 Ⱦɠ/ɦ3

. 

Ʉɪɨɦɟ ɷɬɨɝɨ, ɭɱɢɬɵɜɚя, ɱɬɨ ɦɚɫɫɨɜɚя ɩɥɨɬɧɨɫɬɶ ρ ɪɚɜɧɚ m×p/Ȝ3
, 

ɩɨɥɭɱɚɟɬɫя ɥɸɛɨɩɵɬɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ ɩɥɨɬɧɨɫɬɶɸ ɦɚɫɫɵ ɢ 
ɩɥɨɬɧɨɫɬɶɸ ɷɧɟɪɝɢɢ ɮɨɧɨɜɨɝɨ ɢɡɥɭɱɟɧɢяμ 

 

u(r) = (5/6)×α2
×c

2×ρ(r). 
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ɉɨɧяɬɧɨ, ɱɬɨ ɷɬɢ ɫɨɨɬɧɨɲɟɧɢя — ɫɭɝɭɛɨ ɨɰɟɧɨɱɧɵɟ. 

Ʉɫɬɚɬɢ, ɫɨɜɦɟɫɬɧɨ ɫ ɮɨɧɨɜɵɦ (ɪɟɥɢɤɬɨɜɵɦ) ɢɡɥɭɱɟɧɢɟɦ ɦɨɝɭɬ 
ɨɛɪɚɡɨɜɵɜɚɬɶɫя ɢ ɢɫɱɟɡɚɬɶ ɡɚɪяɠɟɧɧɵɟ ɷɥɟɦɟɧɬɚɪɧɵɟ ɱɚɫɬɢɰɵ. ɂɯ 
ɷɧɟɪɝɢя ɨɰɟɧɢɜɚɟɬɫя ɤɚɤ ɞɨɥя α2

 ≈ 1/1877λ ɨɬ ɨɛщɟɣ ɷɧɟɪɝɢɢ 
1856 Ƚɷȼ ɜɫɟɯ ɱɚɫɬɢɰ, ɨɛɪɚɡɨɜɚɧɧɵɯ ɜ яɱɟɣɤɟ, ɬ. ɟ. ɨɤɨɥɨ 100 Мɷȼ. 
Ɍɚɤɨɣ ɦɚɫɫɟ ɛɨɥɟɟ ɜɫɟɝɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɦɸɨɧ. 

Ⱦɚɥɟɟ ɜɨɡɧɢɤɚɟɬ ɜɨɩɪɨɫ ɨ ɪɟɝɢɫɬɪɢɪɭɟɦɨɣ ɩɥɨɬɧɨɫɬɢ ɢɡɭɱɟɧɢя U. 

Ƚɟɧɟɪɢɪɭɟɦɚя ɩɪɢ ɪɚɡɪɭɲɟɧɢɢ ɮɢɡɢɱɟɫɤɨɝɨ ɜɚɤɭɭɦɚ ɷɥɟɤɬɪɨ-
ɦɚɝɧɢɬɧɚя ɷɧɟɪɝɢя ɩɪɚɤɬɢɱɟɫɤɢ ɦɝɧɨɜɟɧɧɨ ɭɯɨɞɢɬ ɢɡ яɱɟɣɤɢ. ɂ ɜ 
ɩɪɢОɦɧɢɤ ɢɡɥɭɱɟɧɢя ɩɪɢɯɨɞяɬ ɮɨɬɨɧɵ, ɨɛɪɚɡɨɜɚɜɲɢɟɫя ɜ ɞɪɭɝɢɯ 
ɱɚɫɬяɯ ȼɫɟɥɟɧɧɨɣ. Оɧɢ ɢ ɨɛɪɚɡɭɸɬ ɪɟɝɢɫɬɪɢɪɭɟɦɭɸ ɩɥɨɬɧɨɫɬɶ U 

ɮɨɧɨɜɨɝɨ ɢɡɥɭɱɟɧɢя ɜ ɬɨɱɤɟ ɧɚɛɥɸɞɟɧɢя, ɜɟɥɢɱɢɧɚ ɤɨɬɨɪɨɣ ɦɨ-
ɠɟɬ ɨɬɥɢɱɚɬɶɫя ɨɬ u — ɪɢɫ. 10. 

 

 

 
 

Ɋɂɋ. 10. ɋɯɟɦɚ ɨɩɪɟɞɟɥɟɧɢя ɜɟɥɢɱɢɧɵ U 

ɪɟɝɢɫɬɪɢɪɭɟɦɨɣ ɩɥɨɬɧɨɫɬɢ ɮɨɧɨɜɨɝɨ ɢɡɥɭɱɟɧɢя 
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ɇɚ ɷɬɨɦ ɪɢɫɭɧɤɟμ 
y — ɪɚɫɫɬɨяɧɢɟ ɨɬ ɐȽɎ ɞɨ ɢɫɬɨɱɧɢɤɚ ɮɨɧɨɜɨɝɨ ɢɡɥɭɱɟɧɢя, 
L — ɪɚɫɫɬɨяɧɢɟ ɨɬ ɢɫɬɨɱɧɢɤɚ ɮɨɧɨɜɨɝɨ ɢɡɥɭɱɟɧɢя ɞɨ ɧɚɛɥɸ-

ɞɚɬɟɥя, 
r — ɪɚɫɫɬɨяɧɢɟ ɨɬ ɐȽɎ ɞɨ ɧɚɛɥɸɞɚɬɟɥя, 
ϑ — ɭɝɨɥ ɦɟɠɞɭ ɧɚɩɪɚɜɥɟɧɢɟɦ ɪɚɞɢɭɫɚ, ɧɚ ɤɨɬɨɪɨɦ ɪɚɫɩɨɥɨ-

ɠɟɧ ɧɚɛɥɸɞɚɬɟɥɶ, ɢ ɧɚɩɪɚɜɥɟɧɢɟɦ ɧɚ ɢɫɬɨɱɧɢɤ ɮɨɧɨɜɨɝɨ 
ɢɡɥɭɱɟɧɢя, 

φ — ɚɡɢɦɭɬɚɥɶɧɵɣ ɭɝɨɥ. 
 

Ⱦɥя ɬɨɝɨ ɱɬɨɛɵ ɩɨɞɫɱɢɬɚɬɶ ɷɧɟɪɝɢɸ ɜɫɟɯ ɩɪɢɲɟɞɲɢɯ ɮɨɬɨɧɨɜ, 
ɧɭɠɧɨ ɜɵɱɢɫɥɢɬɶ ɧɟɫɥɨɠɧɵɣ ɢɧɬɟɝɪɚɥ. 

ɉɨɫɤɨɥɶɤɭ ɩɪɨɜɨɞɢɦɵɟ ɨɰɟɧɤɢ — ɨɱɟɧɶ ɨɪɢɟɧɬɢɪɨɜɨɱɧɵɟ, 
ɧɟɦɧɨɝɨ ɭɩɪɨɫɬɢɦ ɡɚɞɚɱɤɭ. Ȼɭɞɟɦ ɢɡɦɟɪяɬɶ ɪɚɫɫɬɨяɧɢɟ ɨɬ ɢɫɬɨɱ-
ɧɢɤɚ ɮɨɧɨɜɨɝɨ ɢɡɥɭɱɟɧɢя ɞɨ ɧɚɛɥɸɞɚɬɟɥя ɜ ɟɞɢɧɢɰɚɯ ɪɚɞɢɭɫɚ 
ɏɚɛɛɥɚ R0. 

Ȼɭɞɟɦ ɫɱɢɬɚɬɶ, ɱɬɨ ɧɚɛɥɸɞɚɬɟɥɶ ɧɚɯɨɞɢɬɫя ɧɚ Ɂɟɦɥɟ (ɬɨɱɧɟɟ, ɜ 
ɧɚɲɟɣ Ƚɚɥɚɤɬɢɤɟ; ɜ ɦɚɫɲɬɚɛɚɯ ȼɫɟɥɟɧɧɨɣ — ɷɬɨ ɨɞɧɨ ɢ ɬɨ ɠɟ) ɧɚ 
ɭɞɚɥɟɧɢɢ r = 0,5×R0 ɨɬ ɐȽɎ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 0,βθθ×R. 

ȼ ɷɬɢɯ ɨɛɨɡɧɚɱɟɧɢяɯ ɜɟɥɢɱɢɧɵ в ɢ δ ɨɩɪɟɞɟɥяɸɬɫя ɢɡ ɫɥɟ-
ɞɭɸщɟɣ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣμ 

 

y + L = c×Tmw/RH + r, 
 

L
2
 + r

2
 + 2×δ×r×МШs(ș) = в2

. 

 

Ɂɞɟɫɶ Tmw — ɜɨɡɪɚɫɬ Мɥɟɱɧɨɝɨ ɉɭɬɢ (ɜɧɢɦɚɧɢɟ!) ɨɬ ɧɚɱɚɥɚ ɨɛ-
ɪɚɡɨɜɚɧɢя ɩɟɪɜɢɱɧɵɯ ɱɚɫɬɢɰ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɡɪɭɲɟɧɢя ɮɢɡɢɱɟɫɤɨ-
ɝɨ ɜɚɤɭɭɦɚ, ɚ ɧɟ ɨɬ ɨɛɪɚɡɨɜɚɧɢя ɩɟɪɜɵɯ ɡɜОɡɞ. 

Оɬɤɭɞɚ 

δ(ș) = (r + D/β)/д 1 + (r/D)×Д1 + МШs(ș)] ж, 
в(ș) = D + r — (r + D/β)/д 1 + (r/D)×Д1 + МШs(ș)] ж, 

 

ɝɞɟ D = c×Tmw/RH. 

Ⱦɥя ɨɩɪɟɞɟɥɟɧɢя U ɧɚɞɨ ɜɵɱɢɫɥɢɬɶ ɜɟɥɢɱɢɧɭ ɩɥɨɬɧɨɫɬɢ ɷɧɟɪ-
ɝɢɢ ɮɨɧɨɜɨɝɨ ɢɡɥɭɱɟɧɢя, ɪɟɝɢɫɬɪɢɪɭɟɦɨɣ ɩɪɢОɦɧɢɤɨɦ ɜ ɬɨɱɤɟ ɧɚ-
ɛɥɸɞɟɧɢя, ɤɨɬɨɪɚя ɨɩɪɟɞɟɥяɟɬɫя ɢɧɬɟɝɪɚɥɨɦμ 
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                                                                 π 

U = [u0/(4×π)]×∫ 2×π×sin(ϑ)×dϑ/д y(ș)
2
×L(ș)

2 
}. 

                                                                0
 

 

ȼ ɢɬɨɝɟ ɩɨɥɭɱɢɦμ U = ȗ(D)×u0. 

Ƚɪɚɮɢɤ ȗ(D) ɩɨɤɚɡɚɧ ɧɚ ɪɢɫ. 11. 
ɇɚɩɪɢɦɟɪ, ɡɧɚɱɟɧɢɟ U = 4×10 

–14
 Ⱦɠ/ɦ3 ɫɨɨɬɜɟɬɫɬɜɭɟɬ D = 1,5. 

Ɍɨ ɟɫɬɶ ɡɟɦɧɵɦ ɧɚɛɥɸɞɚɬɟɥɟɦ ɦɨɠɟɬ ɪɟɝɢɫɬɪɢɪɨɜɚɬɶɫя ɮɨɧɨ-
ɜɨɟ ɢɡɥɭɱɟɧɢɟ ɫ ɪɚɫɫɬɨяɧɢя, ɜ 1,η ɪɚɡɚ ɩɪɟɜɵɲɚɸщɟɝɨ ɪɚɞɢɭɫ 
ɏɚɛɛɥɚ R0. 

ɋɥɟɞɭɟɬ ɫɩɟɰɢɚɥɶɧɨ ɨɬɦɟɬɢɬɶμ ɩɨɤɚ ɧɢɱɟɝɨ ɧɟ ɝɨɜɨɪɢɬɫя ɨ ɪɚɫ-
ɩɪɟɞɟɥɟɧɢɢ ɷɬɨɣ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɷɧɟɪɝɢɢ ɩɨ ɱɚɫɬɨɬɚɦ, ɨ ɤɨɥɢ-
ɱɟɫɬɜɟ ɮɨɬɨɧɨɜ, ɤɨɬɨɪɵɯ ɜ ɪɟɡɭɥɶɬɚɬɟ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɪɚɫɫɟяɧɢɣ 
ɦɨɠɟɬ ɨɛɪɚɡɨɜɚɬɶɫя ɨɱɟɧɶ ɦɧɨɝɨ. ɂ ɩɨɤɚ ɨɧɢ ɜɵɛɟɪɭɬɫя ɢɡ ɩɪɨ-
ɫɬɪɚɧɫɬɜɟɧɧɨ-ɜɪɟɦɟɧɧɨɣ яɱɟɣɤɢ, ɢɯ ɫɪɟɞɧяя ɷɧɟɪɝɢя ɫɬɚɧɟɬ ɜɟɫɶ-
ɦɚ ɦɚɥɨɣ.  

ɋɟɣɱɚɫ ɪɟɱɶ ɢɞОɬ ɬɨɥɶɤɨ ɨɛ ɨɛщɟɣ ɩɥɨɬɧɨɫɬɢ ɷɧɟɪɝɢɢ ɷɥɟɤɬɪɨ-
ɦɚɝɧɢɬɧɨɝɨ ɩɨɥя, ɝɟɧɟɪɢɪɭɟɦɨɝɨ ɜ ɷɥɟɦɟɧɬɚɪɧɨɣ яɱɟɣɤɟ. 
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Ɋɂɋ. 11. Ɋɟɝɢɫɬɪɢɪɭɟɦɚя ɜɟɥɢɱɢɧɚ 

ɩɥɨɬɧɨɫɬɢ ɷɧɟɪɝɢɢ ɮɨɧɨɜɨɝɨ ɢɡɥɭɱɟɧɢя 

 

Ɍɚɤɠɟ ɨɬɦɟɬɢɦμ ɬɚɤ ɤɚɤ Ȝ з r1/2, ɬɨ u з Ȝ– 4
. 

Ɍɟɩɟɪɶ ɜɨɡɧɢɤɚɟɬ ɟɫɬɟɫɬɜɟɧɧɵɣ ɜɨɩɪɨɫμ ɧɚɛɥɸɞɚɟɬɫя ɥɢ ɢɡɥɭ-
ɱɟɧɢɟ ɫ ɩɨɯɨɠɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɩɨ ɨɞɧɨɪɨɞɧɨɫɬɢ ɢ ɩɥɨɬɧɨ-
ɫɬɶɸ ɷɧɟɪɝɢɢ ɩɨɪяɞɤɚ ζ÷1η×10–14 Ⱦɠ/ɦ3

? 
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йгзг ЭȘȟȝȓȞȖȚȓțȠȎșȪțȩȓ ȒȎțțȩȓ 
 

Оɬɜɟɬμ ɞɟɣɫɬɜɢɬɟɥɶɧɨ ɧɚɛɥɸɞɚɟɬɫя. Оɧɨ ɧɚɡɵɜɚɟɬɫя ɪɟɥɢɤɬɨɜɵɦ ɢ 
ɢɦɟɟɬ ɩɥɨɬɧɨɫɬɶ ɷɧɟɪɝɢɢ ζ×10–14 Ⱦɠ/ɦ3. ɗɬɨ ɤɨɫɦɢɱɟɫɤɨɟ ɦɢɤɪɨ-
ɜɨɥɧɨɜɨɟ ɮɨɧɨɜɨɟ ɢɡɥɭɱɟɧɢɟ, ɤɨɬɨɪɨɟ ɪɚɜɧɨɦɟɪɧɨ ɡɚɩɨɥɧяɟɬ ȼɫɟ-
ɥɟɧɧɭɸ, ɨɛɥɚɞɚя ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɶɸ ɢɡɨɬɪɨɩɢɢ ɢ ɫɩɟɤɬɪɨɦ, ɯɚɪɚɤ-
ɬɟɪɧɵɦ ɞɥя ɚɛɫɨɥɸɬɧɨ ɱОɪɧɨɝɨ ɬɟɥɚ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ 2,72548 ± 

0,00057 K [4–7]. 

ɋɭщɟɫɬɜɨɜɚɧɢɟ ɪɟɥɢɤɬɨɜɨɝɨ ɢɡɥɭɱɟɧɢя ɛɵɥɨ ɩɪɟɞɫɤɚɡɚɧɨ ɬɟɨ-
ɪɟɬɢɱɟɫɤɢ ɜ 1λζ8 ɝ. Ƚ. Ƚɚɦɨɜɵɦ, Ɋ. Ⱥɥɶɮɟɪɨɦ ɢ Ɋ. Ƚɟɪɦɚɧɨɦ ɜ 
ɪɚɦɤɚɯ ɩɟɪɜɨɣ ɝɢɩɨɬɟɡɵ ɝɨɪяɱɟɝɨ Ȼɨɥɶɲɨɝɨ ɜɡɪɵɜɚ. 

ɇɚɪяɞɭ ɫ ɤɨɫɦɨɥɨɝɢɱɟɫɤɢɦ ɤɪɚɫɧɵɦ ɫɦɟщɟɧɢɟɦ, ɪɟɥɢɤɬɨɜɨɟ 
ɢɡɥɭɱɟɧɢɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫя ɤɚɤ ɨɞɧɨ ɢɡ ɝɥɚɜɧɵɯ ɩɨɞɬɜɟɪɠɞɟɧɢɣ 
ɝɢɩɨɬɟɡɵ Ȼɨɥɶɲɨɝɨ ɜɡɪɵɜɚ. ɋɱɢɬɚɟɬɫя, ɱɬɨ ɨɧɨ ɜɨɡɧɢɤɥɨ ɜ ɷɩɨɯɭ 
ɩɟɪɜɢɱɧɨɣ ɪɟɤɨɦɛɢɧɚɰɢɢ ɜɨɞɨɪɨɞɚ. 

ɋɤɨɪɟɟ ɜɫɟɝɨ, ɷɬɨ ɬɨ, ɱɬɨ ɧɭɠɧɨμ ɧɟɤɨɬɨɪɵɟ ɨɬɥɢɱɢя ɡɚɪɟɝɢɫɬ-
ɪɢɪɨɜɚɧɧɨɣ ɩɥɨɬɧɨɫɬɢ ɷɧɟɪɝɢɢ ɨɬ ɟО ɜɵɱɢɫɥɟɧɧɨɣ ɜɟɥɢɱɢɧɵ 
ɫɦɭщɚɬɶ ɧɟ ɞɨɥɠɧɵ, ɭɱɢɬɵɜɚя ɨɰɟɧɨɱɧɵɣ ɯɚɪɚɤɬɟɪ ɩɪɨɜɟɞОɧɧɵɯ 
ɜɵɲɟ ɪɚɫɱОɬɨɜ. 

Ʉɫɬɚɬɢ, ɜ ɝɢɩɨɬɟɡɟ Ȼɨɥɶɲɨɝɨ ɜɡɪɵɜɚ ɩɟɪɜɨɧɚɱɚɥɶɧɨ ɬɟɦɩɟɪɚɬɭ-
ɪɚ ɪɟɥɢɤɬɨɜɨɝɨ ɢɡɥɭɱɟɧɢя ɨɰɟɧɢɜɚɥɚɫɶ ɜ η K, ɚ ɜɩɨɫɥɟɞɫɬɜɢɢ ɨɧɚ 
ɛɵɥɚ ɢɡɦɟɪɟɧɚ ɜ β,7γ K. Уɱɢɬɵɜɚя, ɱɬɨ ɩɥɨɬɧɨɫɬɶ ɷɧɟɪɝɢɢ ɬɟɩɥɨ-
ɜɨɝɨ ɢɡɥɭɱɟɧɢя з T4

, ɨɩɵɬɧɵɟ ɞɚɧɧɵɟ ɛɨɥɟɟ, ɱɟɦ ɜ 11 ɪɚɡ ɫɧɢɡɢɥɢ 
ɩɟɪɜɢɱɧɭɸ ɨɰɟɧɤɭ. 

ȼ ɧɚɫɬɨящɟɟ ɜɪɟɦя ɫɨɫɬɚɜɥɟɧɵ ɤɚɪɬɵ ɮɨɧɨɜɨɝɨ ɢɡɥɭɱɟɧɢя 
(ɪɢɫ. 1β). 

ɂ ɨɤɚɡɚɥɨɫɶ, ɱɬɨ ɧɚ ɷɬɢɯ ɤɚɪɬɚɯ ɢɦɟɸɬɫя ɥɸɛɨɩɵɬɧɵɟ ɞɟɬɚɥɢ, 
ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɩɪɨɬɢɜɨɪɟɱɢɬɶ ɝɢɩɨɬɟɡɟ Ȼɨɥɶɲɨɝɨ ɜɡɪɵɜɚ. 

ɇɚɩɪɢɦɟɪ, ɜ β00ζ ɝ. ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ ɡɚɝɚɞɨɱɧɨɟ «ɯɨɥɨɞɧɨɟ 
ɩяɬɧɨ» ɜ ɦɢɤɪɨɜɨɥɧɨɜɨɦ «ɷɯɟ» Ȼɨɥɶɲɨɝɨ ɜɡɪɵɜɚ (ɧɚ ɪɢɫ. 1β ɨɧɨ 
ɨɛɜɟɞɟɧɨ ɛɟɥɵɦ ɷɥɥɢɩɫɨɦ). Ɋɚɡɦɟɪɵ ɩяɬɧɚ ɩɪɟɜɨɫɯɨɞяɬ ɞɨɩɭɫɬɢ-
ɦɵɟ ɬɟɨɪɢɟɣ. 

ɗɬɨ ɬɚɤ ɧɚɡɵɜɚɟɦɚя ɫɜɟɪɯɩɭɫɬɨɬɚ ɗɪɢɞɚɧɚ (ɧɚɯɨɞɢɬɫя ɜ ɫɨɡɜɟɡ-
ɞɢɢ ɗɪɢɞɚɧ — ɪɢɫ. 1γ). Оɧɚ ɭɞɚɥɟɧɚ ɨɬ Ɂɟɦɥɢ ɧɚ γ ɦɥɪɞ ɫɜɟɬɨɜɵɯ 
ɥɟɬ, ɟО ɩɪɨɬяɠОɧɧɨɫɬɶ ɩɨɱɬɢ β ɦɥɪɞ ɫɜɟɬɨɜɵɯ ɥɟɬ (ɟɫɬɶ ɢ ɛɨɥɟɟ 
ɜɵɫɨɤɢɟ ɨɰɟɧɤɢ). 

https://ru.wikipedia.org/wiki/Изотропия
https://ru.wikipedia.org/wiki/Спектр
https://ru.wikipedia.org/wiki/Абсолютно_чёрное_тело
https://ru.wikipedia.org/wiki/Температура
https://ru.wikipedia.org/wiki/Космологическое_красное_смещение
https://ru.wikipedia.org/wiki/Рекомбинация_(космология)


 

55 
 

 

 
 

Ɋɂɋ. 12. Ʉɚɪɬɚ ɮɨɧɨɜɨɝɨ (ɪɟɥɢɤɬɨɜɨɝɨ) ɢɡɥɭɱɟɧɢя 
 

ɑɬɨɛɵ ɩɨɧяɬɶ, ɧɚɫɤɨɥɶɤɨ ɷɬɨ ɨɝɪɨɦɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ, ɦɨɠɧɨ 
ɫɪɚɜɧɢɬɶ ɟɝɨ c ɞɢɫɤɨɦ ɧɚɲɟɣ Ƚɚɥɚɤɬɢɤɢ, ɞɢɚɦɟɬɪ ɤɨɬɨɪɨɝɨ «ɜɫɟ-
ɝɨ» 0,1 ɦɥɧ ɫɜɟɬɨɜɵɯ ɥɟɬ, ɚ ɬɨɥщɢɧɚ 0,00γ ɦɥɧ ɫɜɟɬɨɜɵɯ ɥɟɬ. Оɛ-
ɥɚɫɬɶ ɗɪɢɞɚɧɚ ɦɨɠɟɬ ɜɦɟɫɬɢɬɶ ɜ ɫɟɛя β00–γ00 ɬɪɥɧ ɬɚɤɢɯ ɝɚɥɚɤ-
ɬɢɤ, ɤɚɤ Мɥɟɱɧɵɣ ɉɭɬɶ. 

ɋɪɟɞɧяя ɬɟɦɩɟɪɚɬɭɪɚ ɪɟɥɢɤɬɨɜɨɝɨ ɢɡɥɭɱɟɧɢя ɢ ɨɛщɢɣ ɦɢɤɪɨ-
ɜɨɥɧɨɜɨɣ ɮɨɧ ɜ ɷɬɨɣ ɨɛɥɚɫɬɢ ɡɚɦɟɬɧɨ ɧɢɠɟ, ɱɟɦ ɜ ɨɫɬɚɥɶɧɨɣ ȼɫɟ-
ɥɟɧɧɨɣμ ɬɟɦɩɟɪɚɬɭɪɚ ɩɭɫɬɨɬɵ ɗɪɢɞɚɧɚ ɧɚ 70 ɦɢɤɪɨɤɟɥɶɜɢɧɨɜ ɧɢ-
ɠɟ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ ɪɟɥɢɤɬɨɜɨɝɨ ɢɡɥɭɱɟɧɢя, ɩɪɢ ɬɨɦ ɱɬɨ 
ɫɪɟɞɧɢɟ ɤɨɥɟɛɚɧɢя ɬɟɦɩɟɪɚɬɭɪɵ ɪɟɥɢɤɬɨɜɨɝɨ ɢɡɥɭɱɟɧɢя ɧɟ ɩɪɟ-
ɜɵɲɚɸɬ 18 ɦɢɤɪɨɤɟɥɶɜɢɧɨɜ. ɂ ɷɬɨ ɬɨɠɟ ɧɟɨɛɵɱɧɨ, ɩɨɫɤɨɥɶɤɭ ɜ 
ɷɬɨɣ ɤɨɫɦɢɱɟɫɤɨɣ ɩɭɫɬɨɬɟ, ɩɪɟɞɩɨɥɨɠɢɬɟɥɶɧɨ, ɨɬɫɭɬɫɬɜɭɟɬ ɤɚɤɚя-

ɥɢɛɨ ɦɚɬɟɪɢя. 
Оɱɟɧɶ ɦɚɥɨɜɟɪɨяɬɧɨ, ɱɬɨ ɞɜɚ ɬɚɤɢɯ ɚɧɨɦɚɥɶɧɵɯ ɨɛɴɟɤɬɚ, ɤɚɤ 

ɡɨɧɚ ɫ ɩɨɧɢɠɟɧɧɨɣ ɩɥɨɬɧɨɫɬɶɸ ɦɚɬɟɪɢɢ ɢ «ɯɨɥɨɞɧɵɦ» ɪɟɥɢɤɬɨ-
ɜɵɦ ɢɡɥɭɱɟɧɢɟɦ ɫɥɭɱɚɣɧɨ ɫɨɜɩɚɥɢ. Ⱥɫɬɪɨɧɨɦɵ ɨɰɟɧɢɜɚɸɬ ɜɟɪɨ-
яɬɧɨɫɬɶ ɬɚɤɨɣ ɫɥɭɱɚɣɧɨɫɬɢ ɜɫɟɝɨ ɥɢɲɶ ɤɚɤ 1μβ0000. 
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ȼɨ ȼɫɟɥɟɧɧɨɣ ɞɚɜɧɨ ɨɛɧɚɪɭɠɢɜɚɸɬ ɩɭɫɬɨɬɵ, ɝɞɟ ɧɟɬ ɧɢɤɚɤɨɝɨ 
ɜɟщɟɫɬɜɚ — ɧɢ ɬОɦɧɨɝɨ, ɧɢ ɫɜɟɬɥɨɝɨ. Оɞɧɚɤɨ ɪɚɡɦɟɪɵ ɫɜɟɪɯɩɭɫ-
ɬɨɬɵ ɗɪɢɞɚɧɚ ɭɧɢɤɚɥɶɧɵ. Оɧɚ ɜ 1000 ɪɚɡ ɛɨɥɶɲɟ ɨɛɵɱɧɵɯ ɩɭɫɬɨɬ, 
ɪɚɡɞɟɥяɸщɢɯ ɫɭɩɟɪɫɤɨɩɥɟɧɢя ɝɚɥɚɤɬɢɤ. ɋɨɝɥɚɫɧɨ ɫɬɚɧɞɚɪɬɧɨɣ 
ɦɨɞɟɥɢ ɤɨɫɦɨɥɨɝɢɢ, ɩɨɞɨɛɧɨɣ ɨɛɥɚɫɬɢ ɜɨɨɛщɟ ɧɟ ɞɨɥɠɧɨ ɛɵɬɶ. 

ɇɚɞ ɩɪɢɪɨɞɨɣ ɷɬɨɝɨ ɩяɬɧɚ ɭɱОɧɵɟ ɝɚɞɚɸɬ ɞɨ ɫɢɯ ɩɨɪ. ɋɧɚɱɚɥɚ 
ɨɧɢ ɞɭɦɚɥɢ, ɱɬɨ ɢɦɟɸɬ ɞɟɥɨ ɫ ɞɟɮɟɤɬɨɦ ɩɪɢɛɨɪɨɜ ɢɥɢ ɤɚɤɨɣ-ɬɨ 
ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɨɲɢɛɤɨɣ, ɨɞɧɚɤɨ ɟɜɪɨɩɟɣɫɤɢɣ ɬɟɥɟɫɤɨɩ «ɉɥɚɧɤ» 
ɩɨɞɬɜɟɪɞɢɥ ɫɭщɟɫɬɜɨɜɚɧɢɟ ɩяɬɧɚ. 

Ɍɟɨɪɟɬɢɱɟɫɤɢ ɫɭщɟɫɬɜɭɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ ɯɨɥɨɞɧɨɟ 
«ɩяɬɧɨ» ɜɵɡɜɚɧɨ ɧɟɢɡɜɟɫɬɧɵɦ ɤɨɫɦɢɱɟɫɤɢɦ ɨɛɴɟɤɬɨɦ, ɧɚɯɨɞя-
щɢɦɫя ɧɚ ɩɟɪɟɞɧɟɦ ɩɥɚɧɟ ɢ ɩɨɝɥɨщɚɸщɢɦ ɧɚ ɩɭɬɢ ɤ ɧɚɦ ɱɚɫɬɶ 
ɦɢɤɪɨɜɨɥɧɨɜɨɝɨ ɢɡɥɭɱɟɧɢя. Оɞɧɚɤɨ ɫɱɢɬɚɟɬɫя, ɱɬɨ ɜɟɪɨяɬɧɨɫɬɶ 
ɬɚɤɨɝɨ ɫɨɛɵɬɢя ɨɱɟɧɶ ɦɚɥɚ, ɚ ɫɬɪɭɤɬɭɪɚ ɬɚɤɨɜɨɝɨ ɨɛɴɟɤɬɚ ɞɨɥɠɧɚ 
ɛɵɬɶ ɩɪɚɤɬɢɱɟɫɤɢ ɭɧɢɤɚɥɶɧɨɣ ɢɥɢ, ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ, ɱɪɟɡɜɵɱɚɣɧɨ 
ɪɟɞɤɨ ɜɫɬɪɟɱɚɸщɟɣɫя. 

 
 

 
 

Ɋɂɋ. 13. ɋɜɟɪɯɩɭɫɬɨɬɚ ɗɪɢɞɚɧɚ 
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Ʉɚɤ ɩɪɢɡɧɚɸɬ ɫɚɦɢ ɚɫɬɪɨɮɢɡɢɤɢ, ɫɭщɟɫɬɜɨɜɚɧɢɟ ɝɢɝɚɧɬɫɤɨɣ 
ɤɨɫɦɢɱɟɫɤɨɣ «ɩɭɫɬɵɧɢ» ɜ ɷɬɨɣ ɱɚɫɬɢ ɫɨɡɜɟɡɞɢя ɗɪɢɞɚɧɚ ɧɟ яɜɥя-
ɟɬɫя ɫɥɭɱɚɣɧɨɫɬɶɸ, ɢ ɟО ɩɨяɜɥɟɧɢɟ ɤɚɤ-ɬɨ ɫɜяɡɚɧɨ ɫ ɩɪɨɰɟɫɫɚɦɢ, 
ɤɨɬɨɪɵɟ ɬɨɠɟ ɭɱɚɫɬɜɨɜɚɥɢ ɜ ɡɚɪɨɠɞɟɧɢɢ «ɯɨɥɨɞɧɨɝɨ ɩяɬɧɚ». 

Ⱦɪɭɝɚя ɚɧɨɦɚɥɢя, ɤɨɬɨɪɭɸ ɨɛɧɚɪɭɠɢɥ «ɉɥɚɧɤ», — ɝɥɨɛɚɥɶɧɚя 
«ɩɟɪɟɤɨɲɟɧɧɨɫɬɶ», ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɜ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɮɥɭɤɬɭɚ-
ɰɢɣμ ɧɚ ɨɞɧɨɣ ɩɨɥɨɜɢɧɟ ɤɚɪɬɵ ɦɢɤɪɨɜɨɥɧɨɜɨɝɨ ɞɢɚɩɚɡɨɧɚ ɩɨɱɟɦɭ-

ɬɨ ɨɤɚɡɚɥɨɫɶ ɛɨɥɶɲɟ ɨɬɧɨɫɢɬɟɥɶɧɨ «ɯɨɥɨɞɧɵɯ» ɩяɬɧɵɲɟɤ, ɱɟɦ ɧɚ 

ɞɪɭɝɨɣ. 
УɱОɧɵɟ ɝɨɜɨɪяɬ, ɱɬɨ ɷɬɨ ɦɨɠɟɬ ɭɤɚɡɵɜɚɬɶ ɧɚ ɧɟɪɚɜɧɨɦɟɪɧɨɟ 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɦɚɬɟɪɢɢ ɜ ɦɚɫɲɬɚɛɚɯ ɜɫɟɣ ȼɫɟɥɟɧɧɨɣ ɢ ɫɬɚɜɢɬ ɩɨɞ 

ɜɨɩɪɨɫ ɫɭщɟɫɬɜɭɸщɭɸ ɝɢɩɨɬɟɡɭ ɢɧɮɥяɰɢɢ — ɫɜɟɪɯɛɵɫɬɪɨɝɨ 
ɪɚɫɲɢɪɟɧɢя ȼɫɟɥɟɧɧɨɣ ɜ ɩɟɪɜɵɟ ɦɨɦɟɧɬɵ ɩɨɫɥɟ Ȼɨɥɶɲɨɝɨ ɜɡɪɵ-
ɜɚ, ɩɨɫɤɨɥɶɤɭ ɷɬɚ ɝɢɩɨɬɟɡɚ ɩɪɟɞɩɨɥɚɝɚɟɬ, ɱɬɨ ȼɫɟɥɟɧɧɚя ɪɚɫɲɢɪя-
ɥɚɫɶ ɪɚɜɧɨɦɟɪɧɨ. 

ȼ 70-ɟ ɝɨɞɵ ББ ɜɟɤɚ ɩɨɫɥɟ ɚɧɚɥɢɡɚ ɞɟɬɚɥɶɧɨɣ ɤɚɪɬɵ ɪɟɥɢɤɬɨ-
ɜɨɝɨ ɢɡɥɭɱɟɧɢя ɬɚɤɠɟ ɨɤɚɡɚɥɨɫɶ, ɱɬɨ ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ Мɥɟɱɧɨɝɨ 
ɉɭɬɢ ɮɨɧ ɧɟɦɧɨɝɨ ɬɟɩɥɟɟ, ɱɟɦ ɫ ɞɪɭɝɨɣ. ɗɬɨ ɭɤɚɡɵɜɚɥɨ ɧɚ ɧɚɥɢ-
ɱɢɟ ɝɢɝɚɧɬɫɤɨɣ ɝɪɚɜɢɬɚɰɢɨɧɧɨɣ ɚɧɨɦɚɥɢɢ, ɤɨɬɨɪɭɸ, ɨɞɧɚɤɨ, ɩɪɚɤ-
ɬɢɱɟɫɤɢ ɧɟɜɨɡɦɨɠɧɨ ɧɚɛɥɸɞɚɬɶ ɢɡ ɫɨɥɧɟɱɧɨɣ ɫɢɫɬɟɦɵ ɫ ɩɨɦɨщɶɸ 
ɨɩɬɢɱɟɫɤɢɯ ɩɪɢɛɨɪɨɜμ ɱɪɟɡɦɟɪɧɚя ɩɥɨɬɧɨɫɬɶ ɧɚɯɨɞɢɬɫя ɩɨ ɞɪɭɝɭɸ 
ɫɬɨɪɨɧɭ ɞɢɫɤɚ Мɥɟɱɧɨɝɨ ɉɭɬɢ. 

Мɟɠɞɭ ɷɬɨɣ ɚɧɨɦɚɥɢɟɣ ɢ ɧɚɦɢ — ɨɝɪɨɦɧɨɟ ɫɤɨɩɥɟɧɢɟ ɡɜɟɡɞ, 
ɤɨɫɦɢɱɟɫɤɨɣ ɩɵɥɢ ɢ ɝɚɡɚ. ɗɬɨ ɦɟɲɚɟɬ ɪɚɫɫɦɨɬɪɟɬɶ ɫɜɟɬ, ɢɫɯɨɞя-
щɢɣ ɢɡ ɬɨɣ ɨɛɥɚɫɬɢ, ɢ ɞɟɥɚɟɬ ɧɟɜɨɡɦɨɠɧɵɦ ɟО ɧɚɛɥɸɞɟɧɢɟ ɢ ɢɡɭ-
ɱɟɧɢɟ. ɗɬɭ ɨɛɥɚɫɬɶ ɧɚɡɜɚɥɢ ɡɨɧɨɣ ɢɡɛɟɝɚɧɢя, ɢ ɫɱɢɬɚɟɬɫя, ɱɬɨ ɝɪɚ-
ɜɢɬɚɰɢɨɧɧɚя ɚɧɨɦɚɥɢя ɧɚɯɨɞɢɬɫя ɩɨɫɪɟɞɢ ɧɟО. ȼɪɟɦя ɨɬ ɜɪɟɦɟɧɢ 
ɱɬɨ-ɬɨ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɷɬɭ ɨɛɥɚɫɬɶ. Ɋɟɧɬɝɟɧɨɜɫɤɢɟ ɢ ɪɚɞɢɨɚɫɬɪɨ-
ɧɨɦɵ ɬɨɥɶɤɨ ɧɚɱɢɧɚɸɬ ɧɚɛɥɸɞɚɬɶ ɡɚ ɬɟɦ, ɱɬɨ ɧɚɯɨɞɢɬɫя ɩɨ ɞɪɭ-
ɝɭɸ ɫɬɨɪɨɧɭ, ɧɨ ɩɨɤɚ ɤɚɪɬɢɧɚ ɨɱɟɧɶ ɦɭɬɧɚя ɢ ɧɟɩɨɥɧɚя Д8]. 

Ʉ ɫɟɪɟɞɢɧɟ 1λ80-ɯ ɝɨɞɨɜ ɛɵɥɨ ɩɨɞɬɜɟɪɠɞɟɧɨ, ɱɬɨ Мɥɟɱɧɵɣ 
ɉɭɬɶ ɜɦɟɫɬɟ ɫɨ ɫɤɨɩɥɟɧɢɟɦ ɝɚɥɚɤɬɢɤ ɜ ɫɨɡɜɟɡɞɢɢ Ⱦɟɜɵ, ɫɨ 
ɫɜɟɪɯɫɤɨɩɥɟɧɢɟɦ ɝɚɥɚɤɬɢɤ ɜ ɫɨɡɜɟɡɞɢɢ ȼɨɥɨɫɵ ȼɟɪɨɧɢɤɢ ɢ ɫ 
ɞɪɭɝɢɦɢ ɫɤɨɩɥɟɧɢяɦɢ ɤɨɫɦɢɱɟɫɤɨɝɨ ɜɟщɟɫɬɜɚ ɞɜɢɠɟɬɫя ɫɨ ɫɤɨ-
ɪɨɫɬɶɸ θ00 ɤɦ/ɫ ɜ ɫɬɨɪɨɧɭ ɧɟɤɨɟɝɨ ɩɨɤɚ ɧɟɢɡɜɟɫɬɧɨɝɨ, ɧɨ ɨɱɟɧɶ 
ɦɨщɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɝɪɚɜɢɬɚɰɢɢ ɜ ɫɨɡɜɟɡɞɢɢ ɇɚɭɝɨɥɶɧɢɤ. ɉɟɪɜɵɟ 
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ɨɰɟɧɤɢ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɫɭɦɦɚɪɧɚя ɦɚɫɫɚ ɷɬɨɝɨ ɨɛɴɟɤɬɚ ɬɚɤɨɜɚ, ɤɚɤ ɭ 
ɧɟɫɤɨɥɶɤɢɯ ɞɟɫяɬɤɨɜ ɬɵɫяɱ ɤɪɭɩɧɵɯ ɝɚɥɚɤɬɢɤ, ɜɦɟɫɬɟ ɜɡяɬɵɯ. 

Ɂɧɚɱɢɬɟɥɶɧɚя ɱɚɫɬɶ ɜɢɞɢɦɨɣ ɧɚɦɢ ɨɛɥɚɫɬɢ ȼɫɟɥɟɧɧɨɣ ɡɚɬяɝɢ-
ɜɚɟɬɫя ɜ ɷɬɭ «ɜɨɪɨɧɤɭ», ɝɞɟ, ɜɨɡɦɨɠɧɨ, ɭɠɟ ɫɤɨɩɢɥɨɫɶ ɫɬɨɥɶɤɨ ɦɚ-
ɬɟɪɢɢ, ɱɬɨ ɬɪɭɞɧɨ ɩɪɟɞɫɬɚɜɢɬɶ. 

Оɞɢɧ ɢɡ ɤɨɫɦɢɱɟɫɤɢɯ ɤɚɪɬɨɝɪɚɮɨɜ, Ⱥ. Ⱦɪɟɫɫɥɟɪ, ɧɚɡɜɚɥ ɷɬɨɬ 
ɬɚɢɧɫɬɜɟɧɧɵɣ ɨɛɴɟɤɬ ȼɟɥɢɤɢɦ ɚɬɬɪɚɤɬɨɪɨɦ (ɨɬ ɚɧɝɥɢɣɫɤɨɝɨ 
«attraction» — ɬяɝɨɬɟɧɢɟ), ȼɟɥɢɤɢɦ ɢɫɬɨɱɧɢɤɨɦ ɩɪɢɬяɠɟɧɢя. Оɞ-
ɧɚɤɨ ɪɚɡɝɥяɞɟɬɶ ɱɬɨ-ɥɢɛɨ ɜ ɬɨɣ ɞɚɥɢ, ɤɭɞɚ ɜɫɟ ɦɵ ɦɱɢɦɫя, ɩɨɤɚ ɧɟ 
ɭɞɚɥɨɫɶ. 

О ɩɪɢɪɨɞɟ ɷɬɨɝɨ ɨɛɴɟɤɬɚ ɦɧɨɝɨ ɫɩɨɪɢɥɢ. ɉɪɟɞɩɨɥɚɝɚɥɢ, ɧɚ-
ɩɪɢɦɟɪ, ɱɬɨ ɷɬɨ — «ɤɨɫɦɢɱɟɫɤɚя ɫɬɪɭɧɚ», ɧɟɜɟɪɨяɬɧɨ ɦɚɫɫɢɜɧɵɣ 
ɪɟɥɢɤɬɨɜɵɣ ɨɛɴɟɤɬ, ɜɨɡɧɢɤɲɢɣ ɜ ɩɨɪɭ ɪɚɧɧɟɣ ɦɨɥɨɞɨɫɬɢ ȼɫɟɥɟɧ-
ɧɨɣ, ɫɜɨɟɝɨ ɪɨɞɚ ɧɢɬɟɜɢɞɧɨɟ ɢɫɤɪɢɜɥɟɧɢɟ ɩɪɨɫɬɪɚɧɫɬɜɚ-ɜɪɟɦɟɧɢ. 
Ⱦɚɥɶɧɟɣɲɢɟ ɧɚɛɥɸɞɟɧɢя ɩɨɤɚɡɚɥɢ, ɱɬɨ ψОɥɢɤɢɣ ɚɬɬɪɚɤɬɨɪ яɜɥя-
ɟɬɫя ɫɚɦɵɦ ɤɪɭɩɧɵɦ ɫɜɟɪɯɫɤɨɩɥɟɧɢɟɦ ɝɚɥɚɤɬɢɤ (ɪɢɫ. 14). 

 

 
 

Ɋɂɋ. 14. ȼɟɥɢɤɢɣ ɚɬɬɪɚɤɬɨɪ 

 

Оɞɧɚɤɨ ɦɚɫɫɵ ɜɫɟɯ ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɡɞɟɫɶ ɝɚɥɚɤɬɢɱɟɫɤɢɯ ɫɤɨɩ-
ɥɟɧɢɣ ɧɟ ɯɜɚɬɢɬ, ɱɬɨɛɵ ɨɛɴяɫɧɢɬɶ ɧɚɛɥɸɞɚɟɦɵɣ ɷɮɮɟɤɬ. Оɱɟɜɢɞ-
ɧɨ, ɡɚ Мɥɟɱɧɵɦ ɉɭɬОɦ ɫɤɪɵɜɚɸɬɫя ɟщО ɤɚɤɢɟ-ɬɨ ɝɪɚɧɞɢɨɡɧɵɟ 
ɫɬɪɭɤɬɭɪɵ, яɜɥяɸщɢɟɫя ɱɚɫɬɶɸ ȼɟɥɢɤɨɝɨ ɢɫɬɨɱɧɢɤɚ ɩɪɢɬяɠɟɧɢя, 
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ɧɨ ɨɛɧɚɪɭɠɢɬɶ ɢɯ ɚɫɬɪɨɧɨɦɵ ɩɨɤɚ ɧɟ ɦɨɝɭɬ. ȼɟɪɨяɬɧɨ, ɱɬɨ ɬɚɦ 
ɫɨɫɪɟɞɨɬɨɱɟɧɨ ɝɪɨɦɚɞɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬОɦɧɨɝɨ ɜɟщɟɫɬɜɚ, ɧɟ ɢɡ-
ɜɟɫɬɧɨɝɨ ɩɨɤɚ ɧɚɭɤɟ. 

Ɋɚɫɫɬɨяɧɢɟ ɨɬ Мɥɟɱɧɨɝɨ ɉɭɬɢ ɞɨ ȼɟɥɢɤɨɝɨ ɚɬɬɪɚɤɬɨɪɚ ɫɨɫɬɚɜ-
ɥяɟɬ ɩɪɢɦɟɪɧɨ 250 ɦɥɧ ɫɜɟɬɨɜɵɯ ɥɟɬ. Ɋɚɫɩɨɥɨɠɟɧ ȼɟɥɢɤɢɣ ɢɫɬɨɱ-
ɧɢɤ ɩɪɢɬяɠɟɧɢя ɜ ɧɟɛɟ ɘɠɧɨɝɨ ɩɨɥɭɲɚɪɢя. Оɧ ɬяɧɟɬɫя ɨɬ ɫɨɡɜɟɡ-
ɞɢɣ ɉɚɜɥɢɧɚ ɢ ɂɧɞɟɣɰɚ ɞɨ ɫɨɡɜɟɡɞɢя ɉɚɪɭɫɨɜ. ȿɝɨ ɦɚɫɫɚ 
ɞɨɫɬɢɝɚɟɬ ɨɪɢɟɧɬɢɪɨɜɨɱɧɨ 5×10

16
 ɫɨɥɧɟɱɧɵɯ ɦɚɫɫ. 

Оɫɨɛɨ ɫɥɟɞɭɟɬ ɩɨɞɱɟɪɤɧɭɬɶμ ɫɨɜɪɟɦɟɧɧɵɟ ɦɨɞɟɥɢ ɨɛɪɚɡɨɜɚɧɢя 
ɢ ɪɚɡɜɢɬɢя ȼɫɟɥɟɧɧɨɣ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ (ɩɨ ɢɯ ɩɪɟɞɫɬɚɜɥɟɧɢяɦ) 
ɧɢɤɚɤɨɣ ɤɨɫɦɢɱɟɫɤɨɣ «ɩɟɧɵ», ɧɢɤɚɤɨɝɨ «ȼɟɥɢɤɨɝɨ ɚɬɬɪɚɤɬɨɪɚ» ɧɟ 
ɫɭщɟɫɬɜɨɜɚɥɨ ɢ ɧɟ ɫɭщɟɫɬɜɭɟɬ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢя ɮɨɧɨɜɨɝɨ ɢɡɥɭɱɟɧɢя ɩɨ-
ɤɚɡɚɥɢ, ɱɬɨ ȼɫɟɥɟɧɧɚя ɧɟ ɧɚɫɬɨɥɶɤɨ ɢɡɨɬɪɨɩɧɚ ɧɚ ɛɨɥɶɲɢɯ ɦɚɫ-
ɲɬɚɛɚɯ, ɤɚɤ ɨɠɢɞɚɥɨɫɶ. Уɠɟ ɩɟɪɜɵɟ ɢɫɫɥɟɞɨɜɚɧɢя ɪɟɥɢɤɬɨɜɨɝɨ 
ɦɢɤɪɨɜɨɥɧɨɜɨɝɨ ɮɨɧɚ ɫ ɩɨɦɨщɶɸ ɤɨɫɦɢɱɟɫɤɢɯ ɬɟɥɟɫɤɨɩɨɜ ɜɵ-
яɜɢɥɢ ɫɟɪɶОɡɧɵɟ ɞɨɤɚɡɚɬɟɥɶɫɬɜɚ ɬɨɝɨ, ɱɬɨ ɫɟɜɟɪɧɨɟ ɢ ɸɠɧɨɟ ɩɨ-
ɥɭɲɚɪɢя ɧɟɛɚ ɜɵɝɥяɞяɬ ɧɟ ɫɨɜɫɟɦ ɬɚɤ, ɤɚɤ ɬɨɝɨ ɬɪɟɛɭɟɬ ɝɢɩɨɬɟɡɚ 

ɢɡɨɬɪɨɩɧɨɣ ȼɫɟɥɟɧɧɨɣ. Ȼɵɥɢ ɨɛɧɚɪɭɠɟɧɵ ɚɧɨɦɚɥɶɧɵɟ «ɩɪɨɯɥɚɞ-
ɧɵɟ ɦɟɫɬɚ» ɜ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɷɬɨɝɨ ɮɨɧɚ — ɚɧɨɦɚɥɶɧɵɟ ɫ ɬɨɱɤɢ ɡɪɟ-
ɧɢя ɧɟ ɬɨɥɶɤɨ ɬɟɦɩɟɪɚɬɭɪɵ, ɧɨ ɢ ɮɨɪɦɵ, ɚ ɬɚɤɠɟ ɨɛщɢɯ ɪɚɡɦɟɪɨɜ. 

Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɧɟɫɦɨɬɪя ɧɚ ɭɫɩɟɯɢ ɝɢɩɨɬɟɡɵ Ȼɨɥɶɲɨɝɨ 
ɜɡɪɵɜɚ, ɜɵɬɟɤɚɸщɟɣ ɢɡ ɤɨɫɦɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɢɧɰɢɩɚ, ɢɦɟɸɬɫя ɧɚ-
ɛɥɸɞɚɬɟɥɶɧɵɟ ɮɚɤɬɵ, ɧɚɯɨɞящɢɟɫя ɫ ɧɟɣ ɜ ɩɪɨɬɢɜɨɪɟɱɢɢ. Оɧɢ 
ɩɪɢɜɟɥɢ ɤ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɞɪɭɝɨɣ ɝɢɩɨɬɟɡɵ — ɝɢɩɨɬɟɡɵ ɨ ɧɚɥɢɱɢɢ 
ɬɚɤ ɧɚɡɵɜɚɟɦɨɣ ɨɫɢ ɡɥɚ, ɨɛɧɚɪɭɠɟɧɧɨɣ ɜ β00θ ɝ. — ɧɟɨɛɴяɫɧОɧɧɨɣ 
ɚɧɢɡɨɬɪɨɩɢɢ ɪɟɥɢɤɬɨɜɨɝɨ ɢɡɥɭɱɟɧɢя. 

Оɫɶ ɡɥɚ — ɷɬɨ ɝɢɩɨɬɟɬɢɱɟɫɤɚя ɩɪɨɬяɠОɧɧɚя ɨɛɥɚɫɬɶ ɤɨɫɦɢɱɟ-
ɫɤɨɝɨ ɦɚɫɲɬɚɛɚ, ɜɨɤɪɭɝ ɤɨɬɨɪɨɣ ɩɪɨɢɫɯɨɞɢɬ ɨɪɢɟɧɬɚɰɢя ɜɫɟɣ 
ɫɬɪɭɤɬɭɪɵ ȼɫɟɥɟɧɧɨɣ. 

ȼ ɪɚɦɤɚɯ ɩɪɨɟɤɬɚ GКХКбв ГШШ ɜɵяɫɧɢɥɨɫɶ, ɱɬɨ ɞɨɥя ɫɩɢɪɚɥɶɧɵɯ 
ɝɚɥɚɤɬɢɤ, ɜɢɞɢɦɵɯ ɫ Ɂɟɦɥɢ ɤɚɤ ɡɚɤɪɭɱɟɧɧɵɟ ɩɨ ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɟ, 

ɧɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɞɨɥɟ ɡɚɤɪɭɱɟɧɧɵɯ ɜ ɩɪɨɬɢɜɨɩɨɥɨɠɧɭɸ ɫɬɨɪɨɧɭ. 
ɇɚ ɫɚɦɨɦ ɞɟɥɟ ɩɨɞɨɛɧɵɯ ɝɚɥɚɤɬɢɤ ɞɨɥɠɧɨ ɛɵɬɶ ɩɨɪɨɜɧɭ, ɱɬɨ ɨɛɭ-
ɫɥɨɜɥɟɧɨ ɩɨɡɢɰɢɟɣ ɧɚɛɥɸɞɚɬɟɥя. 

ȼ ɯɨɞɟ ɢɡɭɱɟɧɢя ɨɪɢɟɧɬɚɰɢɢ 1θθ0 ɫɩɢɪɚɥɶɧɵɯ ɝɚɥɚɤɬɢɤ ɜɵяɫ-
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ɧɢɥɨɫɶ, ɜ ɱɚɫɬɧɨɫɬɢ, ɱɬɨ ɢɯ ɨɫɢ ɨɪɢɟɧɬɢɪɨɜɚɧɵ ɩɪɟɢɦɭщɟɫɬɜɟɧɧɨ 
ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɨɫɢ ɡɥɚ, ɱɬɨ ɫɨɜɟɪɲɟɧɧɨ ɧɟ ɭɤɥɚɞɵɜɚɟɬɫя ɜ ɪɚɦɤɢ 
ɫɨɜɪɟɦɟɧɧɨɣ ɤɨɫɦɨɥɨɝɢɱɟɫɤɨɣ ɦɨɞɟɥɢ. 

ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ, ɜ ɫɥɭɱɚɟ ɢɯ ɩɨɞɬɜɟɪɠɞɟɧɢя, ɫɬɚɜяɬ ɩɨɞ 
ɫɨɦɧɟɧɢɟ ɝɢɩɨɬɟɡɭ Ȼɨɥɶɲɨɝɨ ɜɡɪɵɜɚ. 

ɇɟɤɨɬɨɪɵɟ ɨɱɟɧɶ ɫɦɟɥɵɟ ɬɟɨɪɟɬɢɤɢ ɩɪɟɞɩɨɥɚɝɚɸɬ, ɱɬɨ ɚɫɢɦ-
ɦɟɬɪɢя ɨɛɭɫɥɨɜɥɟɧɚ ɫɨɫɟɞɫɬɜɭɸщɟɣ ȼɫɟɥɟɧɧɨɣ, ɨ ɤɨɬɨɪɭɸ «ɭɞɚ-
ɪɢɥɚɫɶ» ɧɚɲɚ ɜɨ ɜɪɟɦя ɛɵɫɬɪɨɝɨ ɪɚɫɲɢɪɟɧɢя. ȼɩɪɨɱɟɦ, ɭɱОɧɵɟ 
ɩɨɤɚ ɧɟ ɡɧɚɸɬ ɞɚɠɟ, ɤɚɤ ɩɪɨɜɟɪɢɬɶ ɷɬɨ ɩɪɟɞɩɨɥɨɠɟɧɢɟ. 

ȼ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɜ ɧɚɫɬɨящɟɣ ɤɧɢɝɟ ɝɢɩɨɬɟɬɢɱɟɫɤɨɣ ɦɨɞɟɥɶ-
ɧɨɣ ȼɫɟɥɟɧɧɨɣ ɮɨɧɨɜɨɟ ɢɡɥɭɱɟɧɢɟ — ɷɬɨ ɧɟ ɪɟɡɭɥɶɬɚɬ ɨɫɬɵɜɚɧɢя 
ɩɟɪɜɢɱɧɨɝɨ ɢɡɥɭɱɟɧɢя, ɚ ɩɨɛɨɱɧɵɣ ɩɪɨɞɭɤɬ ɩɪɨɞɨɥɠɚɸщɟɝɨɫя 
ɩɪɨɰɟɫɫɚ ɫɨɡɞɚɧɢя ɦɚɬɟɪɢɢ ɜ яɱɟɣɤɚɯ ɮɢɡɢɱɟɫɤɨɝɨ ɜɚɤɭɭɦɚ. ɂ ɧɚ-
ɥɢɱɢɟ ɨɫɢ ɡɥɚ ɜ ɷɬɨɣ ɦɨɞɟɥɢ — ɧɟ ɩɚɪɚɞɨɤɫɚɥɶɧɨ, ɚ ɫɨɜɟɪɲɟɧɧɨ ɟɫ-
ɬɟɫɬɜɟɧɧɨμ ɨɧɨ ɨɩɪɟɞɟɥяɟɬ ɜɵɞɟɥɟɧɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɧɚ ɐȽɎ. 

ɂ ɨɱɟɧɶ ɩɨɯɨɠɟ, ɱɬɨ ɫɜɟɪɯɩɭɫɬɨɬɚ ɗɪɢɞɚɧɚ ɤɚɤ-ɬɨ ɫɜяɡɚɧɚ ɫ 
ɐȽɎ, ɬɟɦ ɛɨɥɟɟ ɱɬɨ ɭɞɚɥОɧɧɨɫɬɶ ɫɜɟɪɯɩɭɫɬɨɬɵ ɨɬ Мɥɟɱɧɨɝɨ ɉɭɬɢ 
ɩɪɢɦɟɪɧɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɰɟɧɟɧɧɨɦɭ ɪɚɫɫɬɨяɧɢɸ ɞɨ ɐȽɎ. ȼɨɡ-
ɦɨɠɧɨ, ɱɬɨ ɫɜɟɪɯɩɭɫɬɨɬɚ ɗɪɢɞɚɧɚ — ɷɬɨ ɨɬɝɨɥɨɫɨɤ, ɫɥɟɞ ɝɥɨɛɚɥɶ-
ɧɨɣ ɮɥɭɤɬɭɚɰɢɢ ɮɢɡɢɱɟɫɤɨɝɨ ɜɚɤɭɭɦɚ, ɢɧɢɰɢɢɪɨɜɚɜɲɟɣ ɜɨɡɧɢɤ-
ɧɨɜɟɧɢɟ ȼɫɟɥɟɧɧɨɣ. 

ɉɨɫɤɨɥɶɤɭ ɜ ɪɚɦɤɚɯ ɩɪɟɞɥɨɠɟɧɧɨɣ ɦɨɞɟɥɢ ȼɫɟɥɟɧɧɨɣ ɩɪɨ-
ɫɬɪɚɧɫɬɜɨ-ɜɪɟɦя ɫɜяɡɵɜɚɟɬɫя ɫ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ, ɬɨ ɬɪɚ-
ɞɢɰɢɨɧɧɨɟ ɦɢɤɪɨɜɨɥɧɨɜɨɟ ɪɟɥɢɤɬɨɜɨɟ ɢɡɥɭɱɟɧɢɟ (ɤɨɬɨɪɨɟ ɜ ɩɪɟɞ-
ɥɚɝɚɟɦɨɣ ɦɨɞɟɥɢ ȼɫɟɥɟɧɧɨɣ яɜɥяɟɬɫя ɫɨɜɫɟɦ ɧɟ ɪɟɥɢɤɬɨɜɵɦ, ɚ 
ɮɨɧɨɜɵɦ) ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɢɦɟɧɧɨ ɬɟɦ, ɱɬɨ ɮɨɪɦɢɪɭɟɬ ɩɪɨɫɬɪɚɧɫɬ-
ɜɨ-ɜɪɟɦя. ɂ ɟɝɨ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ — ɷɬɨ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɩɪɨɫɬɪɚɧ-
ɫɬɜɚ-ɜɪɟɦɟɧɢ. ɋɨɜɫɟɦ ɤɨɪɨɬɤɨμ ɩɪɨɫɬɪɚɧɫɬɜɨ-ɜɪɟɦя ɜɨɫɩɪɢɧɢɦɚ-
ɸɬɫя ɱɟɪɟɡ ɪɟɥɢɤɬɨɜɨɟ ɢɡɥɭɱɟɧɢɟ. Ⱥ ɟɝɨ ɜɵɫɨɤɚя ɥɨɤɚɥɶɧɚя 
ɨɞɧɨɪɨɞɧɨɫɬɶ яɜɥяɟɬɫя ɮɢɡɢɱɟɫɤɢɦ ɨɫɧɨɜɚɧɢɟɦ ɨɞɧɨɪɨɞɧɨɫɬɢ ɢ 
ɢɡɨɬɪɨɩɢɢ ɮɢɡɢɱɟɫɤɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ, ɥɟɠɚщɢɦ ɜ ɨɫɧɨɜɟ ɬɟɨɪɢɢ 
ɨɬɧɨɫɢɬɟɥɶɧɨɫɬɢ. 

ɇɨ ɜ ɩɪɟɞɥɚɝɚɟɦɨɣ ɦɨɞɟɥɢ ɫɭщɟɫɬɜɭɟɬ ɞɨɜɨɥɶɧɨ ɫɢɥɶɧɚя ɚɧɢ-
ɡɨɬɪɨɩɢя ɮɨɧɨɜɨɝɨ ɢɡɥɭɱɟɧɢя, ɱɬɨ ɧɚ ɩɟɪɜɵɣ ɜɡɝɥяɞ ɩɪɨɬɢɜɨɪɟɱɢɬ 
ɨɩɵɬɧɵɦ ɞɚɧɧɵɦ. 

Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɟɫɥɢ ɜɵɱɢɫɥɢɬɶ ɩɥɨɬɧɨɫɬɶ ɢɡɥɭɱɟɧɢя ɜ ɟɞɢɧɢɰɟ 
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ɬɟɥɟɫɧɨɝɨ ɭɝɥɚ, ɬɨ ɨɤɚɠɟɬɫя, ɱɬɨ ɨɧɚ ɞɨɥɠɧɚ ɛɵɬɶ ɩɪɨɩɨɪɰɢɨ-
ɧɚɥɶɧɚ ɜɟɥɢɱɢɧɟ u0/{ y(ș)

2
×L(ș)

2 ж, ɤɨɬɨɪɚя ɜ ɝɪɚɮɢɱɟɫɤɨɦ ɜɢɞɟ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 1η. 

Оɬɤɥɨɧɟɧɢя ɨɬ ɫɪɟɞɧɢɯ ɡɧɚɱɟɧɢɣ ɫɨɫɬɚɜɥяɸɬ ɟɞɢɧɢɰɵ ɩɪɨɰɟɧ-
ɬɨɜ, ɱɬɨ ɧɚ 1,η–β ɩɨɪяɞɤɚ ɜɵɲɟ ɪɟɝɢɫɬɪɢɪɭɟɦɵɯ. Ʉɨɧɟɱɧɨ, ɱɬɨ-ɬɨ 
ɦɨɠɟɬ ɛɵɬɶ «ɫɩɢɫɚɧɨ» ɧɚ ɪɚɫɫɟяɧɢɟ ɮɨɧɨɜɨɝɨ ɢɡɥɭɱɟɧɢя ɦɚɬɟɪɢ-
ɟɣ ȼɫɟɥɟɧɧɨɣ ɢ ɩɨɜɵɲɟɧɢɟ ɫɬɟɩɟɧɢ ɟɝɨ ɢɡɨɬɪɨɩɢɢ. ɇɨ яɫɧɨ, ɱɬɨ 
ɨɛɴяɫɧɟɧɢɟ ɜɵɫɨɤɨɣ ɢɡɨɬɪɨɩɢɢ ɢɡɥɭɱɟɧɢя ɬɪɟɛɭɟɬ ɨɬɞɟɥɶɧɨɝɨ 
ɪɚɫɫɦɨɬɪɟɧɢя. 
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Ɋɂɋ. 15. Мɨɞɟɥɶɧɚя ɩɥɨɬɧɨɫɬɶ ɮɨɧɨɜɨɝɨ ɢɡɥɭɱɟɧɢя 

(ɜ ɟɞɢɧɢɰɟ ɬɟɥɟɫɧɨɝɨ ɭɝɥɚ) 
ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ș 

 

ɂ ɫɥɟɞɭɸщɢɣ ɯɨɞ ɛɭɞɟɬ ɧɟ ɨɱɟɧɶ ɨɱɟɜɢɞɧɵɦ. 

Оɧ ɡɚɤɥɸɱɚɟɬɫя ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ, ɱɬɨ ɧɚɯɨɞящɢɣɫя ɧɚ ɪɚɞɢɭɫɟ r, 
ɝɞɟ ɪɚɫɩɨɥɨɠɟɧ Мɥɟɱɧɵɣ ɉɭɬɶ, ɧɚɛɥɸɞɚɬɟɥɶ ɜɨɫɩɪɢɧɢɦɚɟɬ ɩɥɨɬ-
ɧɨɫɬɶ ɢɡɥɭɱɟɧɢя, ɤɨɬɨɪɚя ɨɩɪɟɞɟɥяɟɬɫя ɧɟ ɡɧɚɱɟɧɢɟɦ Ȝ ɜ ɬɨɱɤɟ ɨɛ-
ɪɚɡɨɜɚɧɢя ɮɨɧɨɜɨɝɨ ɢɡɥɭɱɟɧɢя, ɚ ɡɧɚɱɟɧɢɟɦ Ȝ*, ɫɨɨɬɜɟɬɫɬɜɭɸщɢɦ 
ɬɨɱɤɟ ɧɚɛɥɸɞɟɧɢя. 

ɉɨɱɟɦɭ ɬɚɤɨɟ ɩɪɨɢɫɯɨɞɢɬ? ɉɨɬɨɦɭ, ɱɬɨ ɢɡɥɭɱɟɧɢɟ, ɪɚɫɩɪɨ-
ɫɬɪɚɧяяɫɶ ɨɬ ɢɫɬɨɱɧɢɤɚ ɞɨ ɧɚɛɥɸɞɚɬɟɥя, ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɪɨɯɨ-
ɞɢɬ ɱɟɪɟɡ ɨɛɥɚɫɬɢ ȼɫɟɥɟɧɧɨɣ ɫ ɪɚɡɥɢɱɧɵɦɢ ɜɟɥɢɱɢɧɚɦɢ ɤɜɚɧɬɨɜ 
ɩɪɨɫɬɪɚɧɫɬɜɚ. Оɧɨ ɤɚɤ ɛɵ ɧɟɩɪɟɪɵɜɧɨ ɚɞɚɩɬɢɪɭɟɬɫя ɤ ɢɡɦɟɧяɸ-
щɢɦɫя ɭɫɥɨɜɢяɦ, ɩɨɞɫɬɪɚɢɜɚɟɬɫя ɩɨɞ ɷɬɢ ɤɜɚɧɬɵ, ɢɡɦɟɧяɟɬ ɫɜɨɸ 
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ɩɥɨɬɧɨɫɬɶ ɢ ɧɚɩɪɚɜɥɟɧɢɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢя ɢ ɜ ɢɬɨɝɟ ɩɨɫɬɭɩɚɟɬ ɜ 
ɩɪɢОɦɧɢɤ. 

Ⱦɥя ɛɨɥɶɲɟɣ ɧɚɝɥяɞɧɨɫɬɢ ɦɨɠɧɨ ɩɪɢɜɟɫɬɢ ɬɚɤɭɸ ɚɧɚɥɨɝɢɸ. 

ɉɭɫɬɶ ɢɦɟɸɬɫя ɬɪɭɛɨɩɪɨɜɨɞ ɢɥɢ ɲɥɚɧɝ ɫ ɩɟɪɟɦɟɧɧɵɦ ɩɨɩɟ-
ɪɟɱɧɵɦ ɫɟɱɟɧɢɟɦ, ɩɨ ɤɨɬɨɪɨɦɭ ɬɟɱОɬ ɝɚɡ. ɉɪɢɱОɦ ɫɤɨɪɨɫɬɶ ɝɚɡɚ ɜ 
ɤɚɠɞɨɦ ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɢ ɨɞɢɧɚɤɨɜɚ (ɷɬɨ ɚɧɚɥɨɝ ɩɨɫɬɨяɧɫɬɜɚ 
ɫɤɨɪɨɫɬɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢя ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɢɡɥɭɱɟɧɢя). 

Ɍɨɝɞɚ ɜ ɛɨɥɟɟ ɭɡɤɢɯ ɫɟɱɟɧɢяɯ ɬɪɭɛɨɩɪɨɜɨɞɚ ɩɥɨɬɧɨɫɬɶ ɝɚɡɚ ɛɭ-
ɞɟɬ ɜɨɡɪɚɫɬɚɬɶ, ɚ ɜ ɛɨɥɟɟ ɲɢɪɨɤɢɯ — ɭɦɟɧɶɲɚɬɶɫя. Ⱥ ɜ ɤɨɧɟɱɧɨɣ 
ɬɨɱɤɟ, ɧɚ ɩɪɢОɦɧɢɤɟ, ɩɥɨɬɧɨɫɬɶ ɛɭɞɟɬ ɨɩɪɟɞɟɥяɬɶɫя ɜɟɥɢɱɢɧɨɣ 
ɤɨɧɟɱɧɨɝɨ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢя ɬɪɭɛɨɩɪɨɜɨɞɚ. 

Мɨɠɧɨ ɬɚɤɠɟ ɪɚɫɫɦɨɬɪɟɬɶ ɚɧɚɥɨɝɢɸ ɫɨ ɫɜɟɬɨɜɨɞɨɦ ɩɟɪɟɦɟɧɧɨ-
ɝɨ ɫɟɱɟɧɢя. ɂɥɢ — ɫ ɦɢɪɚɠɚɦɢ. 

ɑɬɨ-ɬɨ ɩɨɯɨɠɟɟ ɩɪɨɢɫɯɨɞɢɬ ɢ ɫ ɩɥɨɬɧɨɫɬɶɸ ɮɨɧɨɜɨɝɨ ɢɡɥɭɱɟ-
ɧɢя ɩɪɢ ɟɝɨ ɞɜɢɠɟɧɢɢ ɨɬ ɢɫɬɨɱɧɢɤɚ ɞɨ ɩɪɢОɦɧɢɤɚ. Мɨɠɧɨ ɫɤɚɡɚɬɶ 
ɢ ɩɨ-ɞɪɭɝɨɦɭμ ɜ ɩɪɨɰɟɫɫɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢя ɤɚɠɞɚя ɩɨɪɰɢя ɢɡɥɭɱɟ-
ɧɢя ɥɨɤɚɥɢɡɭɟɬɫя ɜ ɨɞɢɧɚɤɨɜɨɦ, ɧɟɢɡɦɟɧɧɨɦ ɤɨɥɢɱɟɫɬɜɟ ɤɜɚɧɬɨɜ 
ɩɪɨɫɬɪɚɧɫɬɜɚ, ɤɨɬɨɪɵɟ ɜ ɪɚɡɧɵɯ ɨɛɥɚɫɬяɯ ɢɦɟɸɬ ɪɚɡɧɵɟ ɪɚɡɦɟɪɵ. 

ɉɨɷɬɨɦɭ, ɢɦɟя ɩɟɪɜɢɱɧɭɸ ɩɥɨɬɧɨɫɬɶ u, ɢɡɥɭɱɟɧɢɟ ɩɨɫɬɭɩɚɟɬ ɜ 
ɩɪɢОɦɧɢɤ ɫ ɩɥɨɬɧɨɫɬɶɸ u*, ɢ ɷɬɚ ɩɥɨɬɧɨɫɬɶ ɛɭɞɟɬ ɨɞɢɧɚɤɨɜɨɣ ɞɥя 
ɜɫɟɯ ɢɫɬɨɱɧɢɤɨɜ. Ɍɨ ɟɫɬɶ ɧɚ ɩɪɢОɦɧɢɤɟ ɮɨɧɨɜɨɟ ɢɡɥɭɱɟɧɢɟ ɛɭɞɟɬ 
ɤɚɡɚɬɶɫя ɢɡɨɬɪɨɩɧɵɦ. 

Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɜɵɫɨɤɚя ɫɬɟɩɟɧɶ ɢɡɨɬɪɨɩɢɢ ɮɨɧɨɜɨɝɨ ɢɡɥɭ-
ɱɟɧɢя ɦɨɠɟɬ ɛɵɬɶ ɨɛɭɫɥɨɜɥɟɧɚ ɤɜɚɧɬɨɜɨɣ ɫɬɪɭɤɬɭɪɨɣ ɩɪɨɫɬɪɚɧɫɬ-
ɜɚ-ɜɪɟɦɟɧɢ. 

ɇɨ ɟɫɥɢ ɧɚ ɨɫɧɨɜɟ ɷɬɨɣ ɝɢɩɨɬɟɡɵ ɩɨɞɫɱɢɬɚɬɶ ɪɟɝɢɫɬɪɢɪɭɟɦɭɸ 
ɩɥɨɬɧɨɫɬɶ ɢɡɥɭɱɟɧɢя, ɬɨ ɟО ɜɟɥɢɱɢɧɚ ɛɭɞɟɬ ɨɬɥɢɱɧɚ ɨɬ 
ɨɩɪɟɞОɥОɧɧɨɣ ɪɚɧɟɟ. Ɍɨ ɟɫɬɶ ɩɨɥɭɱɚɟɬɫя ɩɪɨɬɢɜɨɪɟɱɢɟ. ȼɨɡɦɨɠ-
ɧɵɣ ɜɚɪɢɚɧɬ ɟɝɨ ɩɪɟɨɞɨɥɟɧɢя — ɩɪɟɞɩɨɥɨɠɟɧɢɟ, ɱɬɨ ɫɨɫɬɨящɟɟ 
ɢɡ ɤɜɚɧɬɨɜ ɩɪɨɫɬɪɚɧɫɬɜɨ ɨɬ ɢɫɬɨɱɧɢɤɚ ɢɡɥɭɱɟɧɢя ɞɨ ɩɪɢОɦɧɢɤɚ 
ɢɫɤɪɢɜɥɟɧɨ. Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɪɚɡɥɢɱɢɟ ɪɚɡɦɟɪɨɜ ɩɪɨɫɬɪɚɧɫɬɜɟɧ-
ɧɵɯ ɤɜɚɧɬɨɜ ɢɫɤɪɢɜɥяɟɬ ɩɪɨɫɬɪɚɧɫɬɜɨ, ɜ ɱɚɫɬɧɨɫɬɢ, ɞɟɮɨɪɦɢɪɭя 
ɡɚɤɨɧ ɨɛɪɚɬɧɵɯ ɤɜɚɞɪɚɬɨɜ. 

ɋ ɬɨɱɤɢ ɡɪɟɧɢя ɫɨɜɪɟɦɟɧɧɨɣ ɮɢɡɢɤɢ ɢɫɤɪɢɜɥɟɧɢɟ ɩɪɨɫɬɪɚɧɫɬ-
ɜɚ-ɜɪɟɦɟɧɢ ɫɜяɡɵɜɚɟɬɫя ɫ ɝɪɚɜɢɬɚɰɢɟɣ. ɉɨɷɬɨɦɭ ɜɨɡɦɨɠɧɨ, ɱɬɨ 
ɤɜɚɧɬɨɜɚя ɫɬɪɭɤɬɭɪɚ ɩɪɨɫɬɪɚɧɫɬɜɚ-ɜɪɟɦɟɧɢ ɢ ɝɪɚɜɢɬɚɰɢя — ɷɬɨ 
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ɩɪɨяɜɥɟɧɢя ɨɞɧɨɣ ɫɭщɧɨɫɬɢ. ɉɨɞɪɨɛɧɟɟ ɷɬɨɬ ɜɨɩɪɨɫ ɛɭɞɟɬ ɪɚɫ-
ɫɦɨɬɪɟɧ ɜ ɩɨɫɥɟɞɭɸщɢɯ ɪɚɡɞɟɥɚɯ. 

Ⱥ ɩɨɤɚ — ɨɬɜɟɬ ɧɚ ɞɪɭɝɨɣ ɜɨɩɪɨɫμ ɩɨɱɟɦɭ ɭɞɟɥɟɧɨ ɬɚɤɨɟ ɜɧɢ-
ɦɚɧɢɟ ɪɟɥɢɤɬɨɜɨɦɭ ɢɡɥɭɱɟɧɢɸ? ɉɨɬɨɦɭ, ɱɬɨ ɫɱɢɬɚɟɬɫяμ ɪɟɥɢɤɬɨ-
ɜɨɟ ɢɡɥɭɱɟɧɢɟ яɜɥяɟɬɫя ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɩɨɞɬɜɟɪɠɞɟɧɢɣ ɝɢɩɨ-
ɬɟɡɵ Ȼɨɥɶɲɨɝɨ ɜɡɪɵɜɚ. ɂ ɟɫɥɢ ɩɨяɜɥяɸɬɫя ɧɟɨɛɴяɫɧɢɦɵɟ 
ɚɧɨɦɚɥɢɢ ɜ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ ɪɟɥɢɤɬɨɜɨɝɨ ɢɡɥɭɱɟɧɢя, ɬɨ ɨɫɧɨɜɵ 
ɷɬɨɣ ɝɢɩɨɬɟɡɵ ɦɨɝɭɬ ɛɵɬɶ ɩɨɫɬɚɜɥɟɧɵ ɩɨɞ ɫɨɦɧɟɧɢɟ. 
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ɉɨɧɢɦɚɸμ ɱɬɨ ɛɭɞɟɬ ɧɚɩɢɫɚɧɨ ɜ ɷɬɨɦ ɪɚɡɞɟɥɟ, ɩɨɱɬɢ ɧɚɜɟɪɧяɤɚ 
ɜɵɡɨɜɟɬ яɪɨɫɬɧɭɸ ɤɪɢɬɢɤɭ ɫɨ ɫɬɨɪɨɧɵ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɫɩɟɰɢɚ-
ɥɢɫɬɨɜ. ɉɨɷɬɨɦɭ ɭɩɪɟɠɞɚɸщɚя ɩɪɨɫɶɛɚ ɤ ɧɢɦ — ɧɟ ɩɪɢɧɢɦɚɬɶ 
ɜɫО ɛɥɢɡɤɨ ɤ ɫɟɪɞɰɭ ɢ ɨɬɧɟɫɬɢɫɶ ɤ ɢɡɥɨɠɟɧɧɨɦɭ ɧɢɠɟ ɫ ɸɦɨɪɨɦ. 

ɏɨɬя ɸɦɨɪ ɩɨɥɭɱɢɬɫя ɧɟɫɤɨɥɶɤɨ ɫɩɟɰɢɮɢɱɟɫɤɢɦ ɢ ɧɟ ɜɫɟɦ ɩɨ-
ɧɪɚɜɢɬɫя. 

ɇɟ ɛɭɞɭ ɩɨɞɪɨɛɧɨ ɪɚɫɩɪɨɫɬɪɚɧяɬɶɫя ɨ ɱОɪɧɵɯ ɞɵɪɚɯ, ɷɬɢɯ ɤɨɫ-
ɦɨɥɨɝɢɱɟɫɤɢɯ ɨɛɴɟɤɬɚɯ, ɤɨɬɨɪɵɟ ɫɧɚɱɚɥɚ ɛɵɥɢ ɨɬɤɪɵɬɵ «ɧɚ ɤɨɧ-
ɱɢɤɟ ɩɟɪɚ», ɚ ɩɨɬɨɦ ɢɯ ɫɥɟɞɵ ɫɬɚɥɢ ɨɛɧɚɪɭɠɢɜɚɬɶɫя ɜ ɪɚɡɧɵɯ ɝɚ-
ɥɚɤɬɢɤɚɯ. ɗɬɨ ɫɜɨɟɨɛɪɚɡɧɵɟ ɩɵɥɟɫɨɫɵ, ɡɚɫɚɫɵɜɚɸщɢɟ ɦɚɬɟɪɢɸ ɜ 
ɤɚɤɭɸ-ɬɨ ɛɟɡɞɧɭ, ɨ ɤɨɬɨɪɨɣ ɫɟɝɨɞɧя ɦɚɥɨ ɱɬɨ ɢɡɜɟɫɬɧɨ (ɪɢɫ. 1θ). 

 

 
 

Ɋɂɋ. 16. ɋɜɟɪɯɦɚɫɫɢɜɧɚя ɱОɪɧɚя ɞɵɪɚ 
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Ⱦɚɥɟɟ ɛɭɞɟɦ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɬɨɥɶɤɨ ɛɨɥɶɲɢɟ ɱОɪɧɵɟ ɞɵɪɵ ɜ яɞ-
ɪɚɯ ɝɚɥɚɤɬɢɤ (ɝɨɜɨɪяɬ, ɱɬɨ ɦɨɝɭɬ ɛɵɬɶ ɢ ɦɢɤɪɨ-ɱОɪɧɵɟ ɞɵɪɵ). ȼ 
ɧɚɫɬɨящɟɟ ɜɪɟɦя ɫɱɢɬɚɟɬɫя, ɱɬɨ ɜɧɭɬɪɢ ɤɚɠɞɨɣ ɝɚɥɚɤɬɢɤɢ ɩɪɢɫɭɬ-
ɫɬɜɭɟɬ ɨɞɢɧ ɢɥɢ ɧɟɫɤɨɥɶɤɨ ɬɚɤɢɯ ɨɛɴɟɤɬɨɜ. 

ɇɭɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɫɪɟɞɢ ɭɱОɧɵɯ ɞɨ ɫɢɯ ɩɨɪ ɧɟɬ ɟɞɢɧɨɝɨ 
ɦɧɟɧɢя ɩɨ ɜɨɩɪɨɫɭ ɨɛɪɚɡɨɜɚɧɢя ɬɚɤɢɯ ɱОɪɧɵɯ ɞɵɪμ ɨɞɧɢ ɫɱɢɬɚɸɬ, 
ɱɬɨ ɨɧɢ ɩɨяɜɢɥɢɫɶ ɩɨɫɥɟ ɨɛɪɚɡɨɜɚɧɢя ɝɚɥɚɤɬɢɤ, ɚ ɞɪɭɝɢɟ — ɞɨ ɢɯ 
ɜɨɡɧɢɤɧɨɜɟɧɢя. 

ȿɫɬɶ ɟщО ɨɞɢɧ ɜɚɪɢɚɧɬ — ɱОɪɧɵɟ ɞɵɪɵ ɨɛɪɚɡɨɜɚɥɢɫɶ ɫɢɧɯɪɨɧɧɨ 
ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɝɚɥɚɤɬɢɤ. ɇɚ ɦɨɣ ɜɡɝɥяɞ, ɷɬɨɬ ɜɚɪɢɚɧɬ — ɧɚɢɛɨɥɟɟ 
ɩɪɚɜɢɥɶɧɵɣ. Ɍɟɦ ɛɨɥɟɟ ɱɬɨ ɨɧ ɫɨɝɥɚɫɭɟɬɫя ɫ ɝɢɩɨɬɟɡɨɣ ɨ ɜɨɡɧɢɤɧɨ-
ɜɟɧɢɢ ȼɫɟɥɟɧɧɨɣ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɡɪɭɲɟɧɢя ɮɢɡɢɱɟɫɤɨɝɨ ɜɚɤɭɭɦɚ. 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɷɬɨɣ ɝɢɩɨɬɟɡɨɣ, ɦɚɬɟɪɢя — ɩɪɨɞɭɤɬ ɪɚɡɪɭɲɟɧɢя 
ɮɢɡɢɱɟɫɤɨɝɨ ɜɚɤɭɭɦɚ. Мɨɠɧɨ ɫɤɚɡɚɬɶ — ɷɬɨ ɤɪɨɜɨɬɨɱɚщɢɟ ɪɚɧɵ ɧɚ 
ɟɝɨ «ɬɟɥɟ». ɇɨ, ɨɛɪɚɡɨɜɚɜɲɢɫɶ, ɷɬɢ ɪɚɧɵ ɧɚɱɢɧɚɸɬ ɡɚɬяɝɢɜɚɬɶɫя, ɡɚ-
ɪɭɛɰɨɜɵɜɚɬɶɫя, ɱɚɫɬɶ ɦɚɬɟɪɢɢ ɜɨɡɜɪɚщɚɟɬɫя ɜ ɮɢɡɢɱɟɫɤɢɣ ɜɚɤɭɭɦ ɱɟ-
ɪɟɡ ɟɝɨ ɨɬɤɪɵɬɵɟ яɡɜɵ, ɤɨɬɨɪɵɟ ɚɫɫɨɰɢɢɪɭɸɬɫя ɫ ɱОɪɧɵɦɢ ɞɵɪɚɦɢ. 

Ʉɚɤ ɦɨɠɧɨ ɨɬɧɟɫɬɢɫɶ ɤ ɬɨɦɭ, ɨ ɱОɦ ɬɨɥɶɤɨ ɱɬɨ ɫɤɚɡɚɧɨ? ɇɚɜɟɪ-
ɧɨ, ɧɭɠɧɨ ɧɟ ɬɨɥɶɤɨ ɩɪɨɢɡɧɟɫɬɢ ɤɚɤɢɟ-ɬɨ ɫɥɨɜɚ, ɧɨ ɢ ɩɨɩɵɬɚɬɶɫя 
ɱɬɨ-ɬɨ ɤɨɥɢɱɟɫɬɜɟɧɧɨ ɨɰɟɧɢɬɶ. 

ɇɚɩɪɢɦɟɪ, ɨɩɪɟɞɟɥɢɬɶ ɜɟɥɢɱɢɧɭ ɨɬɧɨɲɟɧɢя ɦɚɫɫɵ M ɱОɪɧɨɣ 
ɞɵɪɵ ɜ ɝɚɥɚɤɬɢɤɟ (ɬɨɱɧɟɟ, ɫɭɦɦɵ ɦɚɫɫ ɜɫɟɯ ɱОɪɧɵɯ ɞɵɪ ɜ ɝɚɥɚɤ-
ɬɢɤɟ) ɤ ɟО ɨɛщɟɣ ɦɚɫɫɟ MΣ. ɗɬɨɬ ɢɧɬɟɝɪɚɥɶɧɵɣ ɩɚɪɚɦɟɬɪ — ɨɞɢɧ 
ɢɡ ɤɥɸɱɟɜɵɯ ɜ ɤɨɫɦɨɥɨɝɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢяɯ. 

ɋɞɟɥɚɬɶ ɷɬɨ ɬɨɱɧɨ ɛɭɞɟɬ ɜɟɫɶɦɚ ɡɚɬɪɭɞɧɢɬɟɥɶɧɨ. Ɂɧɚɱɢɬɟɥɶɧɨ 
ɩɪɨщɟ — ɩɪɢɜɟɫɬɢ ɪɟɡɭɥɶɬɚɬɵ ɧɟɤɨɬɨɪɵɯ ɨɰɟɧɨɱɧɵɯ ɫɨɨɬɧɨɲɟɧɢɣ. 

ɇɨ ɫɧɚɱɚɥɚ ɜɫɩɨɦɧɢɦ, ɨ ɱОɦ ɝɨɜɨɪɢɥɨɫɶ ɜ ɩɪɟɞɵɞɭщɢɯ ɪɚɡɞɟɥɚɯ. 

ɉɨ ɝɢɩɨɬɟɡɟ Ȼɨɥɶɲɨɝɨ ɜɡɪɵɜɚ, ɦɚɬɟɪɢя ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɧɟ-
ɫɤɨɥɶɤɨ ɮɚɡ ɩɪɟɜɪɚщɟɧɢɣ. ɋɧɚɱɚɥɚ ɩɪɢɫɭɬɫɬɜɭɟɬ ɷɥɟɤɬɪɨɫɥɚɛɚя 
ɮɚɡɚ, ɤɨɝɞɚ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ ɢ ɫɥɚɛɵɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢя ɡɚɦɟɲɚ-
ɧɵ ɜ ɟɞɢɧɨɟ ɰɟɥɨɟ. Ɂɚɬɟɦ ɩɨяɜɥяɸɬɫя ɤɜɚɪɤɢ, ɩɨɬɨɦ ɚɞɪɨɧɵ (ɛɚ-
ɪɢɨɧɵ, ɦɟɡɨɧɵ ɢ ɢɯ ɚɧɬɢɱɚɫɬɢɰɵ) ɢ, ɧɚɤɨɧɟɰ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨ-
ɰɟɫɫɨɜ ɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢя — ɥɟɩɬɨɧɵ (ɷɥɟɤɬɪɨɧ, ɦɸɨɧ, ɬɚɭ-

ɥɟɩɬɨɧ, ɧɟɣɬɪɢɧɨ + ɫɨɨɬɜɟɬɫɬɜɭɸщɢɟ ɚɧɬɢɱɚɫɬɢɰɵ). 
Ɍɚɤɭɸ ɠɟ ɫɯɟɦɭ ɩɪɟɨɛɪɚɡɨɜɚɧɢя ɜɢɞɨɜ ɦɚɬɟɪɢɢ ɦɨɠɧɨ ɩɪɢɧяɬɶ 

ɢ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɝɢɩɨɬɟɡɟ. ɋ ɩɨɩɪɚɜɤɨɣμ ɜ ɧɚɱɚɥɶɧɨɣ ɮɚɡɟ ɦɨ-
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ɝɭɬ ɛɵɬɶ ɨɛɴɟɞɢɧɟɧɵ ɧɟ ɬɨɥɶɤɨ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ ɢ ɫɥɚɛɨɟ, ɧɨ ɢ 
ɞɪɭɝɢɟ ɬɢɩɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ. ɂ ɷɬɚ ɮɚɡɚ ɩɪɢɫɭɬɫɬɜɭɟɬ ɜ ɩɟɪɜɢɱ-
ɧɨɣ ɦɢɤɪɨяɱɟɣɤɟ ɮɢɡɢɱɟɫɤɨɝɨ ɜɚɤɭɭɦɚ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ ɢ ɮɥɭɤɬɭɚɰɢɣ ɷɧɟɪɝɢɢ ɷɬɨɝɨ ɩɪɨ-
ɬɨɜɟщɟɫɬɜɚ ɩɪɨɢɫɯɨɞɢɬ ɪɚɡɪɭɲɟɧɢɟ ɮɢɡɢɱɟɫɤɨɝɨ ɜɚɤɭɭɦɚ, ɩɨяɜ-
ɥяɸɬɫя ɤɜɚɪɤɢ, ɤɜɚɧɬɵ ɫɥɚɛɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢя, ɜɵɫɨɤɨɷɧɟɪɝɟɬɢ-
ɱɟɫɤɢɟ ɮɨɬɨɧɵ, ɛɨɡɨɧɵ (ɬɢɩɚ ɛɨɡɨɧɚ ɏɢɝɝɫɚ) ɢ ɧɟɱɬɨ ɞɪɭɝɨɟ, ɱɬɨ 
ɦɵ ɩɨɤɚ ɧɟ ɡɧɚɟɦ. ɂ ɜɦɟɫɬɟ ɫ ɷɬɢɦ «ɜɢɧɟɝɪɟɬɨɦ ɩɨяɜɥяɸɬɫя ɧɨɜɵɟ 
ɤɜɚɧɬɵ ɩɪɨɫɬɪɚɧɫɬɜɚ-ɜɪɟɦɟɧɢ — ȼɫɟɥɟɧɧɚя ɪɚɫɲɢɪяɟɬɫя! 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɝɢɩɨɬɟɡɨɣ ɜɨɡɧɢɤɧɨɜɟɧɢя ɢ 
ɷɜɨɥɸɰɢɢ ȼɫɟɥɟɧɧɨɣ, ɜɟɥɢɱɢɧɚ ɮɥɭɤɬɭɚɰɢɣ ɩɪɨɬɨɜɟщɟɫɬɜɚ ɨɩɪɟ-
ɞɟɥяɟɬɫя ɩɚɪɚɦɟɬɪɨɦ α — ɩɨɫɬɨяɧɧɨɣ ɬɨɧɤɨɣ ɫɬɪɭɤɬɭɪɵ. 

ɉɨɫɥɟɞɭɸщɢɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢя ɦɚɬɟɪɢɢ ɬɚɤɠɟ ɦɨɠɧɨ ɪɚɫɫɦɚɬ-
ɪɢɜɚɬɶ, ɤɚɤ ɱɟɪɟɞɭ ɮɥɭɤɬɭɚɰɢɣ ɩɨɫɥɟɞɭɸщɢɯ ɮɨɪɦ ɦɚɬɟɪɢɢ, ɬ. ɟ. 
ɤɚɤ ɮɥɭɤɬɭɚɰɢɢ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɩɨɪяɞɤɨɜ. ɋɧɚɱɚɥɚ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɮɥɭɤɬɭɚɰɢɢ ɩɟɪɜɢɱɧɵɯ ɤɜɚɪɤɨɜ ɩɨяɜɥяɸɬɫя ɚɞɪɨɧɵ, ɚ ɡɚɬɟɦ ɢɡ-ɡɚ 
ɮɥɭɤɬɭɚɰɢɣ ɚɞɪɨɧɧɨɣ ɫɪɟɞɵ — ɥɟɩɬɨɧɵ. 

Ⱦɥя ɬɨɝɨ ɱɬɨɛɵ ɷɬɨ ɫɬɚɥɨ ɛɨɥɟɟ ɩɨɧяɬɧɵɦ, ɦɨɠɧɨ ɨɬɦɟɬɢɬɶμ 
ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɮɥɭɤɬɭɚɰɢɣ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɵɯ ɨɛɪɚɡɭɸɬɫя 
ɥɟɩɬɨɧɵ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɩɚɪɚɦɟɬɪɭ m×α2. ɇɨ 

 

m = ћ/(c×Ȝ) = α×ћ/(c×Ȝ0). 
 

ɉɨɷɬɨɦɭ ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɥɟɩɬɨɧɨɜ ɦɨɠɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫя, ɤɚɤ 
ɮɥɭɤɬɭɚɰɢɢ ɩɨɪяɞɤɚ α2 ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɟɪɜɢɱɧɵɯ ɱɚɫɬɢɰ, ɬ. ɟ. ɤɚɤ 
ɮɥɭɤɬɭɚɰɢɢ ɩɨɪяɞɤɚ α3

 ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɨɬɨɜɟщɟɫɬɜɚ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɥɭɱɚɟɬɫя ɫɥɟɞɭɸщɟɟμ 1-я ɮɚɡɚ ɩɪɟɜɪɚщɟɧɢя 

ɦɚɬɟɪɢɢ ɮɨɪɦɢɪɭɟɬɫя ɜ ɪɟɡɭɥɶɬɚɬɟ ɮɥɭɤɬɭɚɰɢɣ ɩɨɪяɞɤɚ α, γ-я — ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɮɥɭɤɬɭɚɰɢɣ ɩɨɪяɞɤɚ α3

. 

ȼɨɩɪɨɫμ ɤɚɤɨɜ ɩɨɪяɞɨɤ ɮɥɭɤɬɭɚɰɢɣ, ɩɪɢɜɨɞящɢɯ ɤ ɨɛɪɚɡɨɜɚ-
ɧɢɸ β-ɣ ɮɚɡɵ, ɬ. ɟ. ɤ ɩɨяɜɥɟɧɢɸ ɚɞɪɨɧɨɜ? 

Ʌɨɝɢɱɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɨɧ ɪɚɜɟɧ α2. ȼ ɪɚɦɤɚɯ ɪɚɫɫɦɚɬɪɢ-
ɜɚɟɦɨɣ ɝɢɩɨɬɟɡɵ ɷɬɨ ɧɚɢɛɨɥɟɟ ɟɫɬɟɫɬɜɟɧɧɨ. 

ȼ ɬɚɛɥɢɰɟ γ ɷɥɟɦɟɧɬɚɪɧɵɟ ɱɚɫɬɢɰɵ ɫɝɪɭɩɩɢɪɨɜɚɧɵ ɩɨ ɢɯ ɢɡ-
ɜɟɫɬɧɵɦ ɦɚɫɫɚɦ ɜ ɩɨɪяɞɤɟ ɢɯ ɭɛɵɜɚɧɢя. ȼ ɬɪɟɬɶɟɦ ɫɬɨɥɛɰɟ ɩɪɟɞ-
ɫɬɚɜɥɟɧɵ ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɦɚɫɫɵ ɱɚɫɬɢɰ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɦɚɫɫɟ ɛɨ-
ɡɨɧɚ ɏɢɝɝɫɚ. 
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ɌȺȻɅɂɐȺ 3. Ⱥɥɶɮɚ-ɞɢɚɩɚɡɨɧɵ ɦɚɫɫ ɷɥɟɦɟɧɬɚɪɧɵɯ ɱɚɫɬɢɰ 
 

 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɷɥɟɦɟɧɬɚɪɧɨɣ 

ɱɚɫɬɢɰɵ 

 

Ɇɚɫɫɚ, Ƚɷȼ 

 

m/mH 

α-ɞɢɚɩɚɡɨɧ 
ɨɬɧɨɫɢɬɟɥɶɧɵɯ 

ɦɚɫɫ 

… ~ 300-360 ~ 2,4-2,9  

t-ɤɜɚɪɤ 173–174 1,3824  

(0,θζ÷1,γ8)×α0
 H ɛɨɡɨɧ ɏɢɝɝɫɚ  125–126 1 

Z
0
  91,187 0,727 

W
+
, W

–
 80,4 0,6406 

    

b-ɤɜɚɪɤ 4,15–4,21 0,03331  

 

 

 

(1,0βζ÷ζ,ηθζ)×α1
 

τ-ɥɟɩɬɨɧ 1,777 0,01416 

c-ɤɜɚɪɤ 1,25–1,3 0,01 

Ω–
 1,6725 0,0132 

Ξ0
 1,347 0,01073 

Σ0
 1,3147 0,010475 

Λ0
 1,1156 0,008889 

n 0,939 0,007482 

p 0,938 0,007474 

    

K
0
 0,49777 0,003966  

 

 

0,1×(1,01÷η,ζγζ)×α1
 

K
+
, K

–
 0,493 0,003928 

π+, π –
 0,13957 0,001112 

π0
 0,134955 0.001075 

μ 0,10566 0,0008419 

s-ɤɜɚɪɤ 0,09–0,095 0,000737 

    

d-ɤɜɚɪɤ 0,006 0,00004781  

(0,7θζθ÷0,8λ78)×α2
 u-ɤɜɚɪɤ 0,003 0,0000239 

e
+
, e

 –
 0,000511 0,00000407 

 

ȼɢɞɧɨ, ɱɬɨ ɢɦɟɟɬɫя ɬɪɢ ɝɪɭɩɩɵ ɷɥɟɦɟɧɬɚɪɧɵɯ ɱɚɫɬɢɰ, ɩɨ ɦɚɫ-
ɫɚɦ ɪɚɡɞɟɥОɧɧɵɯ α-ɢɧɬɟɪɜɚɥɚɦɢ. Оɫɨɛɟɧɧɨ ɧɚɝɥяɞɧɨ ɷɬɨ ɩɪɨяɜɥя-
ɟɬɫя, ɟɫɥɢ ɪɚɫɩɨɥɨɠɢɬɶ ɦɚɫɫɵ ɱɚɫɬɢɰ ɧɚ ɥɨɝɚɪɢɮɦɢɱɟɫɤɨɦ ɝɪɚɮɢ-
ɤɟ (ɪɢɫ. 17). 

ɏɨɪɨɲɨ ɩɪɨɫɦɚɬɪɢɜɚɸɬɫя ɯɚɪɚɤɬɟɪɧɵɟ ɫɬɭɩɟɧɶɤɢ ɜɟɥɢɱɢɧɨɣ 
1/α. ɉɪɢ ɷɬɨɦ β-я ɝɪɭɩɩɚ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɩɨɞɝɪɭɩɩμ ɛɨɥɟɟ ɥОɝɤɭɸ 
ɩɨɞɝɪɭɩɩɭ ɨɛɪɚɡɭɸɬ ɦɟɡɨɧɵ. 

ɉɨɪяɞɨɤ ɮɥɭɤɬɭɚɰɢɣ ɪɚɜɟɧ ɧɨɦɟɪɭ ɝɪɭɩɩɵ ɜ ɬɚɛɥɢɰɟ γ ɩɥɸɫ 1. 
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Ɋɢɫ. 17. Мɚɫɫɵ ɷɥɟɦɟɧɬɚɪɧɵɯ ɱɚɫɬɢɰ 
 

ɉɨɱɟɦɭ ɜ ɤɨɧɬɟɤɫɬɟ ɜɨɡɧɢɤɧɨɜɟɧɢя ɱОɪɧɵɯ ɞɵɪ ɜɚɠɧɵ ɢɦɟɧɧɨ 
ɚɞɪɨɧɵ? ɉɨɬɨɦɭ ɱɬɨ ɜ ɨɫɧɨɜɧɨɦ ɡɚ ɫɱОɬ ɚɞɪɨɧɨɜ ɮɨɪɦɢɪɭɸɬɫя ɦɚɫ-
ɫɵ ɱОɪɧɵɯ ɞɵɪμ ɤɜɚɪɤɢ ɧɟɫɚɦɨɫɬɨяɬɟɥɶɧɵ (ɫɜяɡɚɧɵ), ɥɟɩɬɨɧɵ — 

ɫɥɢɲɤɨɦ ɥɟɝɤɢ. Оɫɬɚɸɬɫя ɚɞɪɨɧɵ. 
Мɨɠɧɨ ɩɪɟɞɥɨɠɢɬɶ ɫɥɟɞɭɸщɭɸ ɦɨɞɟɥɶ ɜɨɡɧɢɤɧɨɜɟɧɢя ɫɜɟɪɯ-

ɦɚɫɫɢɜɧɨɣ ɱОɪɧɨɣ ɞɵɪɵ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɮɥɭɤɬɭɚɰɢɣ ɷɧɟɪɝɢɢ ɩɟɪɜɢɱɧɨɣ ɦɚɬɟɪɢɢ ɜ ɮɢɡɢ-
ɱɟɫɤɨɦ ɜɚɤɭɭɦɟ (ɮɥɭɤɬɭɚɰɢɣ ɩɨɪяɞɤɚ α) ɩɪɨɢɫɯɨɞɢɬ ɜɵɛɪɨɫ ɩɟɪ-
ɜɢɱɧɵɯ ɩɪɨɬɨɱɚɫɬɢɰ ɢ ɨɛɪɚɡɨɜɚɧɢɟ ɩɪɨɫɬɪɚɧɫɬɜɚ-ɜɪɟɦɟɧɢ. 

ȼ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɦɨɞɟɥɢ ɩɪɟɞɩɨɥɚɝɚɟɬɫя, ɱɬɨ ɷɬɢ ɱɚɫɬɢɰɵ 
ɪɚɫɩɪɟɞɟɥɟɧɵ ɩɨ ɷɧɟɪɝɢɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɡɚɤɨɧɨɦ Ȼɨɥɶɰɦɚɧɚ. 
Ɍɨɝɞɚ, ɟɫɥɢ ɞɥя ɭɞɨɛɫɬɜɚ ɨɬɫɱɢɬɵɜɚɬɶ ɷɧɟɪɝɢɸ E ɨɬ ɭɪɨɜɧя E0 — 

ɜɟɪɯɧɟɣ ɝɪɚɧɢɰɵ ɩɨɬɟɧɰɢɚɥɶɧɨɣ яɦɵ, ɦɚɫɫɚ Нε ɱɚɫɬɢɰ, ɢɦɟɸщɢɯ 
ɷɧɟɪɝɢɸ ɜ ɞɢɚɩɚɡɨɧɟ E...E+НE, ɛɭɞɟɬ ɪɚɜɧɚ 

 

dM =  {MΣ/(α×E0)}×exp[– E/(α×E0)]×dE, 
 

ɝɞɟ α×E0 — ɜɟɥɢɱɢɧɚ ɮɥɭɤɬɭɚɰɢɣ 1-ɝɨ ɩɨɪяɞɤɚ, 
MΣ — ɨɛщɚя ɦɚɫɫɚ ɜɫɟɯ ɱɚɫɬɢɰ, ɩɪɟɨɞɨɥɟɜɲɢɯ ɩɨɬɟɧɰɢɚɥɶ-

ɧɵɣ ɛɚɪɶɟɪ E0; ɟɫɥɢ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɝɚɥɚɤɬɢɤɭ, ɬɨ MΣ — ɦɚɫɫɚ 
ɝɚɥɚɤɬɢɤɢ. 

ȿɫɥɢ ɜɜɟɫɬɢ ɜ ɪɚɫɫɦɨɬɪɟɧɢɟ ɛɟɡɪɚɡɦɟɪɧɭɸ ɜɟɥɢɱɢɧɭ б = 
E/(α×E0), ɬɨ ɦɨɠɧɨ ɬɚɤɠɟ ɡɚɩɢɫɚɬɶμ 
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dM =  MΣ×e
–x

×dx. 

ɉɪɢ ɢɧɬɟɝɪɢɪɨɜɚɧɢɢ ɩɨ x ɨɬ 0 ɞɨ ∞ (ɬ. ɟ. ɩɨ ɜɫɟɦ ɭɪɨɜɧяɦ ɷɧɟɪ-
ɝɢɢ E), ɟɫɬɟɫɬɜɟɧɧɨ, ɩɨɥɭɱɚɟɬɫя MΣ. 

ɇɨ ɪɚɫɩɪɟɞɟɥɟɧɢɟ Ȼɨɥɶɰɦɚɧɚ ɧɟ ɬɨɱɧɨμ ɨɧɨ ɧɟ ɭɱɢɬɵɜɚɟɬ ɤɜɚɧ-
ɬɨɜɵɟ ɮɥɭɤɬɭɚɰɢɢ ɩɨɪяɞɤɨɜ α2

 ɢ α3, ɢɡ-ɡɚ ɤɨɬɨɪɵɯ ɷɧɟɪɝɢя E ɱɚɫ-
ɬɢɰ ɦɨɠɟɬ ɫɬɚɬɶ ɧɢɠɟ 0, ɬ. ɟ. ɷɬɢ ɱɚɫɬɢɰɵ ɦɨɝɭɬ ɜɨɡɜɪɚɬɢɬɶɫя ɜ 
ɩɨɬɟɧɰɢɚɥɶɧɭɸ яɦɭ ɮɢɡɢɱɟɫɤɨɝɨ ɜɚɤɭɭɦɚ. ɇɨ ɩɪɢ ɷɬɨɦ ɨɧɢ ɭɠɟ 
ɭɫɩɟɥɢ ɩɨɥɭɱɢɬɶ ɫɜɨɣɫɬɜɨ ɦɚɫɫɵ! ɉɨɷɬɨɦɭ ɬɨ, ɱɬɨ ɨɛɪɚɡɨɜɚɥɨɫɶ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɜɨɡɜɪɚщɟɧɢя ɬɚɤɢɯ ɱɚɫɬɢɰ ɜ ɩɨɬɟɧɰɢɚɥɶɧɭɸ яɦɭ, ɬɨɠɟ 
ɩɪɢɨɛɪɟɬɚɟɬ ɫɨɨɬɜɟɬɫɬɜɭɸщɭɸ ɦɚɫɫɭ. ɗɬɨ ɢ ɟɫɬɶ ɦɚɫɫɢɜɧɚя 
ɱОɪɧɚя ɞɵɪɚ, ɨɛɪɚɡɭɸщɚяɫя ɜ ɨɫɧɨɜɧɨɦ ɡɚ ɫɱОɬ ɮɥɭɤɬɭɚɰɢɣ ɚɞ-
ɪɨɧɧɨɣ ɫɪɟɞɵ. 

ɉɪɟɞɩɨɥɚɝɚя, ɱɬɨ ɷɬɢ ɮɥɭɤɬɭɚɰɢɢ ɷɧɟɪɝɢɢ ɩɨɪяɞɤɚ α2 ɨɩɢɫɵɜɚ-
ɸɬɫя ɧɨɪɦɚɥɶɧɵɦ ɡɚɤɨɧɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢя, ɞɥя ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɦɚɫ-
ɫɵ M/MΣ ɱОɪɧɨɣ ɞɵɪɵ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɫɥɟɞɭɸщɟɟ ɜɵɪɚɠɟɧɢɟμ 

                                                            ∞                     0 

M/MΣ = (2×π)
 –1/2

×∫e– x
×dx×∫ exp{ – (y – x/α)

2
/2 }×dy = 

                                                           0                   – ∞  

                                                                 ∞                 – x/α 

= (2×π)
 –1/2

×∫e– x
×dx×∫ exp( – t

2
/2 )×dt. 

                                                                0                  – ∞  

ȼ ɧОɦ ɩɟɪɜɵɣ ɦɧɨɠɢɬɟɥɶ ɨɩɪɟɞɟɥяɟɬ ɜɟɪɨяɬɧɨɫɬɶ ɱɚɫɬɢɰɵ 
ɢɦɟɬɶ ɷɧɟɪɝɢɸ ɜ ɞɢɚɩɚɡɨɧɟ E...E+НE, ɚ ɜɬɨɪɨɣ — ɜɟɪɨяɬɧɨɫɬɶ ɩɨ-
ɥɭɱɢɬɶ ɜ ɪɟɡɭɥɶɬɚɬɟ ɮɥɭɤɬɭɚɰɢɢ β-ɝɨ ɪɨɞɚ ɜɟɥɢɱɢɧɭ ɷɧɟɪɝɢɢ, 
ɦɟɧɶɲɭɸ 0. ɂɥɢ, ɟɫɥɢ ɨɬɫɱɢɬɵɜɚɬɶ ɷɧɟɪɝɢɸ ɨɬ ɞɧɚ ɩɨɬɟɧɰɢɚɥɶ-
ɧɨɣ яɦɵ, ɦɟɧɶɲɟ E0. 

ȼɨ β-ɦ ɢɧɬɟɝɪɚɥɟ ɜɟɥɢɱɢɧɚ (– α–1) ɞɥя ɩɪɨɫɬɨɬɵ ɡɚɦɟɧɟɧɚ ɧɚ – ∞. 
Ʉɪɨɦɟ ɷɬɨɝɨ, ɧɚ ɜɫяɤɢɣ ɫɥɭɱɚɣ ɨɛɪɚщɚɸ ɜɧɢɦɚɧɢɟμ ɞɥя ɮɥɭɤɬɭɚ-
ɰɢɣ ɩɨɪяɞɤɚ α2 ɞɨɥɠɧɨ ɛɵɬɶ ɡɚɩɢɫɚɧɨ x/α, ɚ ɧɟ x/α2, ɬɚɤ ɤɚɤ 

x/α = E/(α2
×E0). 

ȼɟɥɢɱɢɧɵ ɷɬɢɯ ɢɧɬɟɝɪɚɥɨɜ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɫɬɨ ɦɨɝɭɬ ɛɵɬɶ ɨɩ-
ɪɟɞɟɥɟɧɵ ɱɢɫɥɟɧɧɵɦɢ ɦɟɬɨɞɚɦɢ. ɉɨɥɭɱɚɟɦμ 

M/MΣ = 0,0029 = 2,9×10
–3

. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɚɫɫɚ M ɱОɪɧɨɣ ɞɵɪɵ ɜ ɝɚɥɚɤɬɢɤɟ (ɬɨɱɧɟɟ, 
ɫɭɦɦɚɪɧɚя ɦɚɫɫɚ ɜɫɟɯ ɱОɪɧɵɯ ɞɵɪ ɜ ɝɚɥɚɤɬɢɤɟ) ɦɨɠɟɬ ɫɨɫɬɚɜɥяɬɶ 
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ɞɟɫяɬɵɟ ɞɨɥɢ ɩɪɨɰɟɧɬɚ ɨɬ ɟО ɨɛщɟɣ ɦɚɫɫɵ MΣ, ɱɬɨ ɩɨ ɩɨɪяɞɤɭ ɜɟ-
ɥɢɱɢɧɵ ɧɚɯɨɞɢɬɫя ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɨɰɟɧɤɨɣ 10–3

 [9]. 

ȿɫɥɢ ɩɨɞ MΣ ɩɨɧɢɦɚɬɶ ɬɨɥɶɤɨ ɦɚɫɫɭ ɜɢɞɢɦɨɣ ɛɚɪɢɨɧɧɨɣ ɦɚɬɟ-
ɪɢɢ (ɬ. ɟ. ɛɟɡ ɬОɦɧɨɣ ɦɚɬɟɪɢɢ), ɬɨ ɞɥя M/MΣ ɬɨɠɟ ɩɨɥɭɱɚɟɬɫя ɜɟɥɢ-
ɱɢɧɚ ɩɨɪяɞɤɚ 10–3

. 

ɇɨ ɷɬɨ — ɬɨɥɶɤɨ ɜ ɫɪɟɞɧɟɦ, ɩɨɫɤɨɥɶɤɭ ɜɨɡɦɨɠɧɵ ɫɬɨɥɤɧɨɜɟɧɢя 
ɝɚɥɚɤɬɢɤ ɢ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜɟщɟɫɬɜɚ ɦɟɠɞɭ ɧɢɦɢ. ɂ, ɤɨɧɟɱɧɨ, 
ɧɭɠɧɨ ɫɞɟɥɚɬɶ ɩɨɩɪɚɜɤɭ ɧɚ ɨɰɟɧɨɱɧɵɣ ɯɚɪɚɤɬɟɪ ɩɪɨɜɟɞОɧɧɵɯ 
ɪɚɫɱОɬɨɜ. 

ɉɨɷɬɨɦɭ, ɤɚɤ ɩɪɚɜɢɥɨ, ɜ ɤɚɠɞɨɣ ɝɚɥɚɤɬɢɤɟ ɢ ɫɤɨɩɥɟɧɢɢ ɝɚɥɚɤ-
ɬɢɤ ɞɨɥɠɧɚ ɫɭщɟɫɬɜɨɜɚɬɶ, ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ, ɨɞɧɚ ɱОɪɧɚя ɞɵɪɚ, ɜ 
ɤɨɬɨɪɭɸ ɫɜɚɥɢɜɚɸɬɫя ɱɚɫɬɢɰɵ ɫ ɧɢɡɤɨɣ ɷɧɟɪɝɢɟɣμ ɟɫɥɢ ɟɫɬɶ ɦɚɬɟ-
ɪɢя, ɬɨ ɨɛяɡɚɬɟɥɶɧɨ ɛɭɞɭɬ ɟО ɤɜɚɧɬɨɜɵɟ ɮɥɭɤɬɭɚɰɢɢ — ɩɨɷɬɨɦɭ 
ɛɭɞɭɬ ɫɭщɟɫɬɜɨɜɚɬɶ ɱОɪɧɵɟ ɞɵɪɵ (ɪɢɫ. 18). 

ɂɫɤɥɸɱɟɧɢɟɦ ɦɨɝɭɬ ɛɵɬɶ ɝɚɥɚɤɬɢɤɢ, ɨɛɪɚɡɨɜɚɜɲɢɟɫя ɜ ɪɟɡɭɥɶ-
ɬɚɬɟ ɫɬɨɥɤɧɨɜɟɧɢɣ ɫ ɞɪɭɝɢɦɢ ɝɚɥɚɤɬɢɤɚɦɢ. 

 

 
 

Ɋɂɋ. 18. ɋɜɟɪɯɦɚɫɫɢɜɧɵɟ ɱОɪɧɵɟ ɞɵɪɵ ɜ ɝɚɥɚɤɬɢɤɚɯ 

 

ɇɭ, ɨ ɱОɪɧɵɯ ɞɵɪɚɯ ɱɬɨ-ɬɨ ɫɤɚɡɚɧɨ. Ⱥ ɜ ɱОɦ ɠɟ ɡɞɟɫɶ ɱОɪɧɵɣ 
ɸɦɨɪ, ɫɩɪɨɫɢɬɟ ɜɵ? 

ɑОɪɧɵɣ ɸɦɨɪ ɡɚɤɥɸɱɚɟɬɫя ɜ ɬɨɦ, ɱɬɨ ɧɚɛɥɸɞɚɟɦɚя ȼɫɟɥɟɧɧɚя, 
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ɝɚɥɚɤɬɢɤɢ, ɡɜОɡɞɵ, ɩɥɚɧɟɬɵ, ɤɪɚɫɨɬɚ ɜɫɟɣ ɩɪɢɪɨɞɵ, ɦɵ ɫ ɜɚɦɢ — 

ɷɬɨ ɩɨɫɥɟɞɫɬɜɢя ɨɛɪɚɡɨɜɚɧɢя «ɪɚɧ» ɜ ɮɢɡɢɱɟɫɤɨɦ ɜɚɤɭɭɦɟ. ȼ ɧɢɯ-

ɬɨ ɦɵ ɤɚɤ ɪɚɡ ɢ ɩɪɨɰɜɟɬɚɟɦ. 

Мɵ ɩɨɞɨɛɧɵ ɦɢɤɪɨɛɚɦ, ɩɪɢɫɭɬɫɬɜɭɸщɢɦ ɜ ɷɬɢɯ яɡɜɚɯ (ɞɥя ɷɫɬɟ-
ɬɨɜ ɦɨɠɧɨ ɭɩɨɬɪɟɛɢɬɶ ɞɪɭɝɨɟ ɫɪɚɜɧɟɧɢɟ — «ɪɨɞɢɦɵɟ ɩяɬɧɚ»). ɉɨ-
ɷɬɨɦɭ ɝɨɜɨɪɢɬɶ ɨ ɱɟɥɨɜɟɤɟ, ɫɨɡɞɚɧɧɨɦ ɩɨ ɨɛɪɚɡɰɭ ɢ ɩɨɞɨɛɢɸ Ȼɨɝɚ, 
ɩɨɥɭɱɚɟɬɫя ɤɚɤ-ɬɨ ɧɟɥɨɜɤɨ. 

Ɋɟɚɥɶɧɚя ȼɫɟɥɟɧɧɚя — ɷɬɨ ɬɨ, ɱɬɨ ɦɵ ɧɢɤɨɝɞɚ ɧɟ ɭɜɢɞɢɦ, ɬɨ, ɱɬɨ 
ɧɚɡɵɜɚɟɬɫя ɮɢɡɢɱɟɫɤɢɦ ɜɚɤɭɭɦɨɦ, ɜ ɤɨɬɨɪɨɦ ɞɟɣɫɬɜɭɸɬ ɞɪɭɝɢɟ ɡɚ-
ɤɨɧɵ, ɜ ɤɨɬɨɪɨɦ ɧɟɬ ɩɪɢɜɵɱɧɵɯ ɧɚɦ ɩɪɨɫɬɪɚɧɫɬɜɚ ɢ ɜɪɟɦɟɧɢ. ɂ 
ɞɟɮɟɤɬɵ ɤɨɬɨɪɨɝɨ ɜɨɫɩɪɢɧɢɦɚɸɬɫя ɧɚɦɢ ɤɚɤ ɡɜОɡɞɵ, ɝɚɥɚɤɬɢɤɢ, 
ɫɤɨɩɥɟɧɢя ɝɚɥɚɤɬɢɤ. ȼ ɨɛщɟɦ, ɜɫО ɬɨ, ɱɬɨ ɧɚɦɢ ɝɨɪɞɨ ɢɦɟɧɭɟɬɫя 
ɦɢɪɨɡɞɚɧɢɟɦ ɢ ɩɪɢɪɨɞɨɣ. 
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ȿɫɬɶ ɩɨɩɭɥяɪɧɵɣ ɫɨɜɟɬɫɤɢɣ ɯɭɞɨɠɟɫɬɜɟɧɧɵɣ ɮɢɥɶɦ ɩɪɨ ɮɢɡɢ-
ɤɨɜ, ɝɞɟ ɝɟɪɨɢ ɫ ɸɦɨɪɨɦ ɨɛɫɭɠɞɚɸɬ ɫɨɰɢɚɥɢɫɬɢɱɟɫɤɢɟ ɨɛяɡɚɬɟɥɶ-
ɫɬɜɚ ɧɚɭɱɧɨɝɨ ɤɨɥɥɟɤɬɢɜɚ, ɜ ɤɨɬɨɪɵɯ ɡɚɩɥɚɧɢɪɨɜɚɧɨ ɨɬɤɪɵɬɢɟ ɧɨ-
ɜɨɣ ɷɥɟɦɟɧɬɚɪɧɨɣ ɱɚɫɬɢɰɵ ɤ ɨɤɨɧɱɚɧɢɸ ɤɜɚɪɬɚɥɚ. 

ɇɚɫɱОɬ ɷɥɟɦɟɧɬɚɪɧɵɯ ɱɚɫɬɢɰ, ɨ ɤɨɬɨɪɵɯ ɧɢɠɟ ɩɨɣɞОɬ ɪɟɱɶ, ɬɚ-
ɤɨɝɨ ɧɟ ɫɤɚɠɟɲɶ. ȼɪяɞ ɥɢ ɨɧɢ ɛɭɞɭɬ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɵ ɧɟ ɬɨɥɶɤɨ 
ɤ ɨɤɨɧɱɚɧɢɸ β020 ɝ., ɧɨ ɢ ɤ ɨɤɨɧɱɚɧɢɸ XXI ɜɟɤɚ. Ⱦɟɥɨ ɜ ɬɨɦ, ɱɬɨ 
ɷɬɢ ɱɚɫɬɢɰɵ ɦɨɝɭɬ ɛɵɬɶ ɨɬɜɟɬɫɬɜɟɧɧɵ ɡɚ ɝɪɚɜɢɬɚɰɢɸ. Ɍɨ ɟɫɬɶ ɪɟɱɶ 
ɩɨɣɞОɬ ɨ ɩɨɞɫɬɭɩɚɯ ɤ ɤɜɚɧɬɨɜɨɣ ɬɟɨɪɢɢ ɝɪɚɜɢɬɚɰɢɢ. 

ɇɨ ɤɚɤ ɫɤɚɡɚɧɨ ɜ ɞɪɭɝɨɦ ɢɡɜɟɫɬɧɨɦ ɯɭɞɨɠɟɫɬɜɟɧɧɨɦ ɮɢɥɶɦɟμ «Ⱥ 
ɧɟ ɩɨɪɚ ɥɢ, ɞɪɭɡɶя ɦɨɢ, ɧɚɦ ɡɚɦɚɯɧɭɬɶɫя ɧɚ ȼɢɥɶяɦɚ, ɩɨɧɢɦɚɟɬɟ, ɧɚ-
ɲɟɝɨ ɒɟɤɫɩɢɪɚ?» 

Ⱦɥя ɧɚɱɚɥɚ ɞɥя яɫɧɨɫɬɢ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶμ ɜ ɨɛщɟɣ ɬɟɨɪɢɢ ɨɬɧɨ-
ɫɢɬɟɥɶɧɨɫɬɢ (ОɌО) ɧɟɬ ɧɢɤɚɤɢɯ ɷɥɟɦɟɧɬɚɪɧɵɯ ɱɚɫɬɢɰ, ɨɩɪɟɞɟɥяɸ-
щɢɯ ɝɪɚɜɢɬɚɰɢɸ, ɧɟɬ ɧɢɤɚɤɢɯ ɝɪɚɜɢɬɨɧɨɜ. ОɌО — ɧɟ ɤɜɚɧɬɨɜɚя ɬɟɨ-
ɪɢя. Ƚɪɚɜɢɬɚɰɢя ɜ ɧɟɣ — ɧɟ ɩɨɥɟ, ɚ ɫɜɨɣɫɬɜɨ ɢɫɤɪɢɜɥОɧɧɨɝɨ 
ɩɪɨɫɬɪɚɧɫɬɜɚ-ɜɪɟɦɟɧɢ. Ʉɨɬɨɪɨɟ, ɩɨɱɟɦɭ-ɬɨ, ɫɭщɟɫɬɜɭɟɬ ɧɟɡɚɜɢɫɢɦɨ 
ɨɬ ɦɚɬɟɪɢɢ, ɢ ɬɨɥɶɤɨ ɧɟɦɧɨɝɨ ɤɪɢɜɢɬɫя ɨɬ ɟО ɩɪɢɫɭɬɫɬɜɢя. 

ɋɧɚɱɚɥɚ ɨ ɫɜɟɪɯɬяɠОɥɵɯ ɷɥɟɦɟɧɬɚɪɧɵɯ ɱɚɫɬɢɰɚɯ. 
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ɉɨɫɦɨɬɪɢɬɟ ɧɚ ɬɚɛɥɢɰɭ γ ɢɡ ɩɪɟɞɵɞɭщɟɝɨ ɪɚɡɞɟɥɚ. Ɍɚɤɨɟ ɜɩɟ-
ɱɚɬɥɟɧɢɟ, ɱɬɨ ɜɟɪɯɧяя ɱɚɫɬɶ ɬɚɛɥɢɰɵ ɧɟ ɡɚɜɟɪɲɟɧɚ. 

ɉɨɯɨɠɟ, ɜ ɧɟɣ ɧɟ ɯɜɚɬɚɟɬ ɱɚɫɬɢɰɵ ɫ ɦɚɫɫɨɣ ɩɪɢɦɟɪɧɨ γ00–360 

Ƚɷȼ, ɬ. ɟ. η–6,5×10
–25

 ɤɝ. Ɍɨɝɞɚ ɜɟɪɯɧяя ɝɪɚɧɢɰɚ ɡɧɚɱɟɧɢɣ ɦɚɫɫɵ ɜ 
ɩɟɪɜɨɣ ɜɟɪɯɧɟɣ ɝɪɭɩɩɟ ɫɬɚɧɟɬ ɜ ζ,η ɪɚɡɚ ɛɨɥɶɲɟ ɧɢɠɧɟɣ ɝɪɚɧɢɰɵ, 
ɤɚɤ ɜ ɞɜɭɯ ɫɨɫɟɞɧɢɯ ɝɪɭɩɩɚɯ. 

Мɚɫɫɚ ɬɚɤɨɣ ɱɚɫɬɢɰɵ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɦɟɪɧɨ ɜ β,η–γ ɛɨɥɶɲɟ ɦɚɫɫɵ 
ɛɨɡɨɧɚ ɏɢɝɝɫɚ. Мɨɠɟɬ ɛɵɬɶ, ɷɬɨ ɫɬɚɪɲɢɣ ɛɪɚɬ ɛɨɡɨɧɚ ɏɢɝɝɫɚ. Ⱥ ɦɨ-
ɠɟɬ, ɷɬɨ ɫɥɟɞ ɩɨɤɚ ɧɟ ɭɥɨɜɢɦɨɣ «ɬɟɦɧɨɣ» ɦɚɬɟɪɢɢ, ɨɞɧɚ ɢɡ ɱɚɫɬɢɰ 
ɷɬɨɣ ɫɭɛɫɬɚɧɰɢɢ, ɨɩɪɟɞɟɥяɸщɟɣ ɝɪɚɜɢɬɚɰɢɸ ɜ ɦɚɫɲɬɚɛɟ ɝɚɥɚɤɬɢɤ? 
ɂ ɜɨɡɦɨɠɧɨ, ɱɬɨ ɩɨɞɨɛɧɵɟ ɬяɠОɥɵɟ ɱɚɫɬɢɰɵ ɨɛɪɚɡɭɸɬɫя ɜ ɦɨɥɨ-
ɞɨɣ ȼɫɟɥɟɧɧɨɣ, ɧɚ ɪɚɧɧɢɯ ɫɬɚɞɢяɯ ɟО ɪɚɡɜɢɬɢя. 

Ɍɟɩɟɪɶ ɨ ɫɜɟɪɯɥОɝɤɢɯ ɱɚɫɬɢɰɚɯ. 
Оɰɟɧɢɦ ɜɟɥɢɱɢɧɭ ɷɧɟɪɝɢɢ (–İg), ɨɛɪɚɡɨɜɚɧɧɨɣ ɜ ɷɥɟɦɟɧɬɚɪɧɨɣ 

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɜɪɟɦɟɧɧɨɣ яɱɟɣɤɟ ɦɚɫɫɵ m ɜ ɝɪɚɜɢɬɚɰɢɨɧɧɨɦ 
ɩɨɥɟ ɬɚɤɨɣ ɠɟ ɦɚɫɫɵ m, ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɜ ɫɨɫɟɞɧɟɦ ɤɜɚɧɬɟ ɩɪɨ-
ɫɬɪɚɧɫɬɜɚ, ɬ. ɟ. ɧɚ ɭɞɚɥɟɧɢɢ Ȝ: 

İg = Ȗ×m
2
/Ȝ = Ȗ×(ћ/c)

2/Ȝ3
. 

ɉɪɢ r = 0,βθθ×R (Мɥɟɱɧɵɣ ɉɭɬɶ) ɩɨɥɭɱɚɟɬɫя İg = 6,875×10
–39 Ⱦɠ. 

ɗɧɟɪɝɢɢ (–İg) ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɦɚɫɫɚ mg = İg/c
2
 = 7,65×10

–56 ɤɝ. ȼ 

ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɟɞɢɧɢɰɚɯ mg = 4,29×10 
–20 ɷȼ. 

ȼɟɥɢɱɢɧɚ mg ɨɤɚɡɚɥɚɫɶ ɩɪɢɦɟɪɧɨ ɜ γ00 ɪɚɡ ɛɨɥɶɲɟ ɫɭщɟɫɬ-
ɜɭɸщɟɣ ɜ ɧɚɫɬɨящɟɟ ɜɪɟɦя ɜɟɪɯɧɟɣ ɨɰɟɧɤɢ ɦɚɫɫɵ ɷɬɨɣ ɧɟɭɥɨɜɢ-
ɦɨɣ ɱɚɫɬɢɰɵ — 1,2×10

–22 ɷȼ Д10]. 
ɗɧɟɪɝɢя (–İg) — ɷɬɨ ɫɜɨɟɨɛɪɚɡɧɵɣ ɤɜɚɧɬ ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢя, ɤɨɬɨɪɵɣ ɟɫɬɟɫɬɜɟɧɧɵɦ ɨɛɪɚɡɨɦ ɜɨɡɧɢɤɚɟɬ ɢɡ-ɡɚ 
ɤɜɚɧɬɨɜɚɧɢя ɩɪɨɫɬɪɚɧɫɬɜɚ. Ɍɨɱɧɟɟ — ɷɬɨ ɜɟɪɯɧɹɹ ɨɰɟɧɤɚ ɜɟɥɢɱɢ-
ɧɵ ɤɜɚɧɬɚ ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢя. 

Оɰɟɧɢɦ ɪɚɞɢɭɫ ɞɟɣɫɬɜɢя ɫɢɥ, ɤɜɚɧɬɨɦ ɤɨɬɨɪɨɝɨ ɦɨɠɟɬ ɛɵɬɶ 
ɷɥɟɦɟɧɬɚɪɧɚя ɱɚɫɬɢɰɚ ɦɚɫɫɨɣ mg. Ɍɚɤɚя ɨɰɟɧɤɚ ɩɪɨɢɡɜɨɞɢɬɫя ɢɡ 
ɢɡɜɟɫɬɧɵɯ ɩɪɨɫɬɵɯ ɫɨɨɛɪɚɠɟɧɢɣ. 

Ʉɜɚɧɬɵ, ɤɨɬɨɪɵɦɢ ɨɛɦɟɧɢɜɚɸɬɫя ɧɟɤɢɟ ɱɚɫɬɢɰɵ ɩɪɢ ɜɡɚɢɦɨ-
ɞɟɣɫɬɜɢɢ — ɜɢɪɬɭɚɥɶɧɵɟ. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɨɧɢ ɢɫɩɭɫɤɚɸɬɫя, ɧɚ-
ɪɭɲɚя ɡɚɤɨɧ ɫɨɯɪɚɧɟɧɢя ɷɧɟɪɝɢɢ. ɑɬɨɛɵ ɢɫɩɭɫɬɢɬɶ ɤɜɚɧɬ ɦɚɫɫɨɣ 
mg, ɢɫɯɨɞɧɚя ɱɚɫɬɢɰɚ ɞɨɥɠɧɚ ɨɬɤɭɞɚ-ɬɨ ɩɨɥɭɱɢɬɶ ɷɧɟɪɝɢɸ, ɧɟ 
ɦɟɧɶɲɭɸ mg×ɫ2

. 
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ȼ ɤɥɚɫɫɢɱɟɫɤɨɣ ɮɢɡɢɤɟ ɡɚɤɨɧ ɫɨɯɪɚɧɟɧɢя ɷɧɟɪɝɢɢ ɧɚɪɭɲɚɬɶ 
ɧɟɥɶɡя, ɧɨ ɤɜɚɧɬɨɜɚя ɮɢɡɢɤɚ ɷɬɨ ɩɨɡɜɨɥяɟɬ ɫɞɟɥɚɬɶ, ɟɫɥɢ ɜɟɥɢɱɢɧɚ 
Δİ ɬɚɤɨɝɨ ɧɚɪɭɲɟɧɢя ɧɟ ɛɭɞɟɬ ɩɪɟɜɵɲɚɬɶ ΔЭ = ħ/Δİ = ħ/(mg×c

2
). 

ɗɬɨ ɩɪɢɧɰɢɩ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ Ƚɟɣɡɟɧɛɟɪɝɚ. Ʉɫɬɚɬɢ, ɷɬɨ ɦɨɠɟɬ 
ɪɚɫɫɦɚɬɪɢɜɚɬɶɫя, ɤɚɤ ɨɞɧɨ ɢɡ ɩɪɨяɜɥɟɧɢɣ ɮɢɡɢɱɟɫɤɨɝɨ ɜɚɤɭɭɦɚ. 

Ɂɚ ɜɪɟɦя Δt ɤɜɚɧɬ ɦɚɫɫɨɣ mg ɫɦɨɠɟɬ ɭɞɚɥɢɬɶɫя ɧɚ ɪɚɫɫɬɨяɧɢɟ, 
ɧɟ ɛɨɥɶɲɟɟ, ɱɟɦ c×Δt = ћ/(mg×ɫ). ɗɬɨ ɢ ɟɫɬɶ ɜɟɪɯɧяя ɨɰɟɧɤɚ ɞɥя 
ɜɟɥɢɱɢɧɵ ɪɚɞɢɭɫɚ ɞɟɣɫɬɜɢя ɫɢɥ, ɩɟɪɟɧɨɫɱɢɤɨɦ ɤɨɬɨɪɵɯ яɜɥяɟɬɫя 
ɤɜɚɧɬ ɦɚɫɫɨɣ mg. 

ћ/(mg×ɫ) — ɷɬɨ ɬɚɤ ɧɚɡɵɜɚɟɦɚя ɤɨɦɩɬɨɧɨɜɫɤɚя ɞɥɢɧɚ ɜɨɥɧɵ ɱɚɫ-
ɬɢɰɵ ɫ ɦɚɫɫɨɣ mg. Ɍɚɤɨɟ ɧɚɡɜɚɧɢɟ ɢɫɩɨɥɶɡɭɟɬɫя ɩɨɬɨɦɭ, ɱɬɨ ɩɨɞɨɛ-
ɧɚя ɜɟɥɢɱɢɧɚ ɩɪɢɦɟɧяɥɚɫɶ ɩɪɢ ɚɧɚɥɢɡɟ ɷɮɮɟɤɬɚ Ʉɨɦɩɬɨɧɚ — ɪɚɫ-
ɫɟяɧɢя ɫɜɟɬɚ ɧɚ ɫɜɨɛɨɞɧɵɯ ɷɥɟɤɬɪɨɧɚɯ. ɇɨ, ɤɚɤ ɢ ɭ ɩɨɫɬɨяɧɧɨɣ 
ɬɨɧɤɨɣ ɫɬɪɭɤɬɭɪɵ α, ɨɛɥɚɫɬɶ ɩɪɢɦɟɧɟɧɢя ɩɨɧяɬɢя ɤɨɦɩɬɨɧɨɜɫɤɨɣ 
ɞɥɢɧɵ ɨɤɚɡɵɜɚɟɬɫя ɡɧɚɱɢɬɟɥɶɧɨ ɲɢɪɟ ɩɟɪɜɨɧɚɱɚɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɧɨɣ. 

Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɜɟɥɢɱɢɧɚ ћ/(mg×ɫ) ɜɯɨɞɢɬ ɜ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɵɣ 
ɦɧɨɠɢɬɟɥɶ ɩɨɬɟɧɰɢɚɥɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢя ɪɚɡɥɢɱɧɵɯ ɱɚɫɬɢɰ. ɇɚ-
ɩɪɢɦɟɪ, ɩɨɬɟɧɰɢɚɥ V ɩɨɥя яɞɟɪɧɵɯ ɫɢɥ (ɩɨɬɟɧɰɢɚɥ ɘɤɚɜɵ) ɨɩɪɟ-
ɞɟɥяɟɬɫя ɜɵɪɚɠɟɧɢɟɦ 

V = – g
2
×exp{– r/[ћ/(mπ×ɫ)]ж/r, 

ɝɞɟ g — ɤɨɧɫɬɚɧɬɚ, ɡɚɞɚɸщɚя ɢɧɬɟɧɫɢɜɧɨɫɬɶ яɞɟɪɧɨɝɨ ɜɡɚɢɦɨ-
ɞɟɣɫɬɜɢя, 

mπ — ɦɚɫɫɚ ɩɢɨɧɚ, ɤɜɚɧɬɚ яɞɟɪɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢя, ɪɚɜɧɚя 
1γζ,ληη Мɷȼ, ɢɥɢ β,ζ0η8ζ×10–28

 ɤɝ. 
Оɰɟɧɤɚ ɞɥя ɪɚɞɢɭɫɚ ɞɟɣɫɬɜɢя яɞɟɪɧɵɯ ɫɢɥμ 

ћ/(mπ×ɫ) = 1,0ηζη71×10–34
/(2,40584×10

–28
×2,99792×10

8
) = 

= 1,462×10
–15

 ɦ = 1,ζθβ ɮɟɪɦɢ. 

ɗɬɚ ɜɟɥɢɱɢɧɚ ɯɚɪɚɤɬɟɪɧɚ ɞɥя ɪɚɡɦɟɪɨɜ ɚɬɨɦɧɵɯ яɞɟɪ. 

Ⱥɧɚɥɨɝɢɱɧɨɟ ɜɵɪɚɠɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɡɚɩɢɫɚɧɨ ɢ ɞɥя ɷɥɟɤɬɪɢ-
ɱɟɫɤɨɝɨ ɩɨɥяμ 

φ = q×exp{– r/[ћ/(mf×ɫ)]ж/(ζ×π×İ0×r) =  q/(4×π×İ0×r), 

ɝɞɟ q — ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɡɚɪяɞ, İ0 — ɞɢɷɥɟɤɬɪɢɱɟɫɤɚя ɩɪɨɧɢɰɚɟ-
ɦɨɫɬɶ ɜɚɤɭɭɦɚ. 

ɇɨ ɡɞɟɫɶ ɦɚɫɫɚ ɮɨɬɨɧɚ mf ɪɚɜɧɚ 0. ɉɨɷɬɨɦɭ ћ/(mf×ɫ) ɩɪɟɜɪɚщɚɟɬɫя 



 

74 
 

ɜ ɛɟɫɤɨɧɟɱɧɨɫɬɶ, ɚ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɵɣ ɦɧɨɠɢɬɟɥɶ — ɜ 1, ɢ ɜ ɢɬɨɝɟ 
ɩɨɥɭɱɚɟɬɫя ɩɪɢɜɵɱɧɵɣ ɡɚɤɨɧ Ʉɭɥɨɧɚ. 

Оɰɟɧɤɚ ɪɚɞɢɭɫɚ ɞɟɣɫɬɜɢя ɫɢɥ ɫ ɤɜɚɧɬɨɦ ɦɚɫɫɨɣ mg ɩɪɢɜɨɞɢɬ ɤ 
ɜɟɥɢɱɢɧɟ, ɩɪɢɦɟɪɧɨ ɪɚɜɧɨɣ ζ,θ×1012

 ɦ = ζ,θ ɦɥɪɞ ɤɦ. ɗɬɨ ɫɨɨɬɜɟɬ-
ɫɬɜɭɟɬ ɪɚɡɦɟɪɭ ɫɨɥɧɟɱɧɨɣ ɫɢɫɬɟɦɵ. 

ɇɨ ɞɥя ȼɫɟɥɟɧɧɨɣ ɷɬɨɝɨ яɜɧɨ ɧɟɞɨɫɬɚɬɨɱɧɨμ ɧɟ ɝɨɞɢɬɫя ɱɚɫɬɢɰɚ 
ɦɚɫɫɨɣ mg ɧɚ ɪɨɥɶ ɩɟɪɟɧɨɫɱɢɤɚ ɝɪɚɜɢɬɚɰɢɨɧɧɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɜ 
ɝɥɨɛɚɥɶɧɨɦ ɦɚɫɲɬɚɛɟ. Ⱦɚɠɟ ɞɥя ɦɚɫɲɬɚɛɚ ɝɚɥɚɤɬɢɤɢ ζ,θ ɦɥɪɞ ɤɦ — 

ɨɱɟɧɶ ɦɚɥɨ. 

ɇɨ ɜ ɮɨɪɦɢɪɨɜɚɧɢɢ ɮɥɭɤɬɭɚɰɢɣ ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ ɩɨɥя, ɨɛɪɚ-
ɡɭɸщɢɯ, ɧɚɩɪɢɦɟɪ, ɫɜɟɪɯɞɥɢɧɧɵɟ ɝɪɚɜɢɬɚɰɢɨɧɧɵɟ ɜɨɥɧɵ, ɨɧɚ 
ɦɨɠɟɬ ɭɱɚɫɬɜɨɜɚɬɶ. 

Ⱥ ɞɥя ɬɨɝɨ, ɱɬɨɛɵ ɛɵɬɶ ɨɬɜɟɬɫɬɜɟɧɧɵɦ ɡɚ ɝɥɨɛɚɥɶɧɨɟ ɝɪɚɜɢɬɚ-
ɰɢɨɧɧɨɟ ɩɨɥɟ, ɪɚɞɢɭɫ ɞɟɣɫɬɜɢя ɩɨɥя ɫ ɤɜɚɧɬɨɦ μg ɞɨɥɠɟɧ ɛɵɬɶ 
ɫɨɩɨɫɬɚɜɢɦ ɫ ɪɚɞɢɭɫɨɦ R ȼɫɟɥɟɧɧɨɣ. 

Оɬɫɸɞɚ ɩɨɥɭɱɚɟɦ ɫɥɟɞɭɸщɭɸ ɨɰɟɧɤɭ ɞɥя μg: 

μg = ћ (R×c) = 1,054571×10
–34 

/ (2,5973×10
–26

×2,99792×10
8
) = 

= 1,35×10
–69

 ɤɝ. 
ȼ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ ɟɞɢɧɢɰ ɦɚɫɫɚ μg ɪɚɜɧɚ 0,7θ×10–33

 ɷȼ. 
ɉɪɢɱОɦ ɜɨɡɦɨɠɧɨ, ɱɬɨ ɷɬɨ — ɬɨɠɟ ɜɟɪɯɧяя ɨɰɟɧɤɚ. ȼ ɪɟɚɥɶɧɨɫɬɢ 
ɦɨɠɟɬ ɨɤɚɡɚɬɶɫя, ɱɬɨ μg = 0, ɤɚɤ ɢ ɦɚɫɫɚ ɮɨɬɨɧɚ. 

ɉɨɷɬɨɦɭ ɜɨɡɦɨɠɧɨ, ɱɬɨ ɝɪɚɜɢɬɚɰɢɸ ɧɚ ɪɚɡɥɢɱɧɵɯ ɦɚɫɲɬɚɛɚɯ 
ɨɩɪɟɞɟɥяɟɬ ɧɟ ɨɞɧɚ, ɚ ɧɟɫɤɨɥɶɤɨ ɩɨɤɚ ɧɟ ɨɛɧɚɪɭɠɟɧɧɵɯ ɷɥɟɦɟɧ-
ɬɚɪɧɵɯ ɱɚɫɬɢɰ. 
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ȝȞȜȟȠȞȎțȟȠȐȓțțȩȣ Ȗ ȐȞȓȚȓțțȩȣ ȘȐȎțȠȜȐ 

ȜȟțȜȐțȩȚ ȐȩȐȜȒȎȚ ȠȓȜȞȖȖ ȜȠțȜȟȖȠȓșȪțȜȟȠȖ 
 

 

 

лгжг ǿȝȓȤȖȎșȪțȎȭ ȠȓȜȞȖȭ ȜȠțȜȟȖȠȓșȪțȜȟȠȖ 
 

ɋɟɣɱɚɫ ɩɨɩɵɬɚɸɫɶ ɭɩɪɟɠɞɚɸщɟ ɨɬɜɟɬɢɬɶ ɧɚ ɜɨɩɪɨɫ, ɤɨɬɨɪɵɣ, 
ɫɤɨɪɟɟ ɜɫɟɝɨ, ɜɨɡɧɢɤɧɟɬμ ɧɟ ɩɪɨɬɢɜɨɪɟɱɢɬ ɥɢ ɝɢɩɨɬɟɡɚ ɨ ɤɜɚɧɬɨɜɚ-
ɧɢɢ ɩɪɨɫɬɪɚɧɫɬɜɚ-ɜɪɟɦɟɧɢ ɨɫɧɨɜɧɵɦ ɩɨɥɨɠɟɧɢяɦ ɫɩɟɰɢɚɥɶɧɨɣ 
ɬɟɨɪɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨɫɬɢ (ɋɌО)? 

Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɨɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢя ɋɌО ɛɚɡɢɪɭɸɬɫя ɧɚ ɬɪɟɯ 
ɩɨɫɬɭɥɚɬɚɯμ 
 ɜɫɟ ɡɚɤɨɧɵ ɩɪɢɪɨɞɵ ɜ ɪɚɡɥɢɱɧɵɯ ɢɧɟɪɰɢɚɥɶɧɵɯ ɫɢɫɬɟɦɚɯ 

ɡɚɩɢɫɵɜɚɸɬɫя ɨɞɢɧɚɤɨɜɵɦ ɨɛɪɚɡɨɦ; 
 ɫɤɨɪɨɫɬɶ ɫɜɟɬɚ — ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɚя ɫɤɨɪɨɫɬɶ ɪɚɫ-

ɩɪɨɫɬɪɚɧɟɧɢя ɮɢɡɢɱɟɫɤɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ, ɭɧɢɜɟɪɫɚɥɶɧɚя ɮɢɡɢ-
ɱɟɫɤɚя ɤɨɧɫɬɚɧɬɚ; 
 ɫɤɨɪɨɫɬɶ ɫɜɟɬɚ ɨɞɢɧɚɤɨɜɚ ɜɨ ɜɫɟɯ ɢɧɟɪɰɢɚɥɶɧɵɯ ɫɢɫɬɟɦɚɯ 

ɨɬɫɱОɬɚ. 

Ɍɪɟɬɢɣ ɩɨɫɬɭɥɚɬ ɦɨɠɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫя ɤɚɤ ɱɚɫɬɧɵɣ ɫɥɭɱɚɣ 
ɩɟɪɜɨɝɨ. ɇɨ ɡɞɟɫɶ ɨɧ ɨɛɨɡɧɚɱɟɧ ɜɜɢɞɭ ɟɝɨ ɜɚɠɧɨɫɬɢ. 

ɂɡ ɷɬɢɯ ɩɨɫɬɭɥɚɬɨɜ ɫɥɟɞɭɟɬ ɜɫя ɋɌО. 
Ɍɚɤ ɜɨɬμ ɤɜɚɧɬɨɜɚɧɢɟ ɩɪɨɫɬɪɚɧɫɬɜɚ-ɜɪɟɦɟɧɢ, ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ, 

ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɟ ɜ ɩɪɟɞɥɨɠɟɧɧɨɣ ɦɨɞɟɥɢ, ɧɟ ɩɪɨɬɢɜɨɪɟɱɢɬ ɷɬɢɦ 
ɩɨɥɨɠɟɧɢяɦ, ɟɫɥɢ ɷɬɢ ɩɨɥɨɠɟɧɢя ɪɚɫɫɦɚɬɪɢɜɚɸɬɫя ɜ ɨɝɪɚɧɢɱɟɧ-
ɧɵɯ ɨɛɥɚɫɬяɯ ȼɫɟɥɟɧɧɨɣ (ɧɟ ɦɟɧɟɟ, ɱɟɦ ɪɚɡɦɟɪɵ ɝɚɥɚɤɬɢɤ). 

Ʌɨɤɚɥɶɧɵɣ ɯɚɪɚɤɬɟɪ ɋɌО ɫɥɟɞɭɟɬ ɢ ɢɡ ɝɢɩɨɬɟɡɵ Ȼɨɥɶɲɨɝɨ ɜɡɪɵ-
ɜɚ, ɜ ɤɨɬɨɪɨɣ ɫɨɞɟɪɠɢɬɫя «ɧɚɱɚɥɨ ɜɪɟɦОɧ», ɱɬɨ ɩɪɨɬɢɜɨɪɟɱɢɬ ɝɥɨ-
ɛɚɥɶɧɨɣ ɨɛɪɚɬɢɦɨɫɬɢ ɜɪɟɦɟɧɢ. Оɛɪɚɬɢɦɨɫɬɶ ɜɪɟɦɟɧɢ ɦɨɠɟɬ ɩɨɧɢ-
ɦɚɬɶɫя ɬɨɥɶɤɨ ɩɪɢɛɥɢɠОɧɧɨ, ɬ. ɟ. ɥɨɤɚɥɶɧɨ. ɇɟ ɜɵɡɵɜɚɟɬ ɠɟ 
ɭɞɢɜɥɟɧɢɟ, ɤɨɝɞɚ ɜ ɨɛщɟɣ ɬɟɨɪɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨɫɬɢ ɷɤɜɢɜɚɥɟɧɬɧɨɫɬɶ 
ɝɪɚɜɢɬɚɰɢɢ ɢ ɧɟɤɨɣ ɧɟɢɧɟɪɰɢɚɥɶɧɨɣ ɫɢɫɬɟɦɵ ɨɬɫɱОɬɚ ɧɚɛɥɸɞɚɟɬɫя 
ɬɨɥɶɤɨ ɜ ɦɚɥɵɯ ɦɚɫɲɬɚɛɚɯ, ɚ ɜ ɛɨɥɶɲɢɯ ɦɚɫɲɬɚɛɚɯ ɨɧɢ ɪɚɡɥɢɱɧɵ. 
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Ɂɞɟɫɶ ɩɪɢɦɟɪɧɨ ɬɨ ɠɟ ɫɚɦɨɟ. 
Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɩɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɫɭщɟɫɬɜɭɟɬ ɫɤɨɪɨɫɬɶ ɪɚɫ-

ɩɪɨɫɬɪɚɧɟɧɢя ɦɚɬɟɪɢɢ ɛяɥɶɲɚя, ɱɟɦ ɫɤɨɪɨɫɬɶ ɫɜɟɬɚ. Ɍɨɝɞɚ ɩɨɥɭ-
ɱɢɬɫя, ɱɬɨ ɧɚ ɝɪɚɧɢɰɟ ȼɫɟɥɟɧɧɨɣ ɫɭщɟɫɬɜɭɸɬ ɨɛɥɚɫɬɢ, ɝɞɟ ɢɦɟɸɬ-
ɫя ɦɚɬɟɪɢя ɢ ɩɪɨɫɬɪɚɧɫɬɜɨ-ɜɪɟɦя, ɚ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥя ɧɟɬ. 
ɇɨ ɷɬɨ ɩɪɨɬɢɜɨɪɟɱɢɬ ɞɨɩɭщɟɧɢɸ, ɱɬɨ ɩɪɨɫɬɪɚɧɫɬɜɨ-ɜɪɟɦя — 

ɩɪɨɞɭɤɬɵ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥя. 

ɉɨɷɬɨɦɭ ɨɫɬɚОɬɫя ɩɪɢɡɧɚɬɶ, ɱɬɨ ɜ ɪɚɦɤɚɯ ɩɪɢɧяɬɨɣ ɝɢɩɨɬɟɡɵ 
ɫɤɨɪɨɫɬɶ ɫɜɟɬɚ — ɦɚɤɫɢɦɚɥɶɧɚя ɫɤɨɪɨɫɬɶ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢя ɜɡɚɢ-
ɦɨɞɟɣɫɬɜɢɣ ɜ ɜɨɫɩɪɢɧɢɦɚɟɦɨɦ ɧɚɦɢ ɦɢɪɟ. 

ɗɬɨɝɨ ɞɨɫɬɚɬɨɱɧɨ ɞɥя ɜɵɜɨɞɚ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ ɜɫɟɯ 
ɫɨɨɬɧɨɲɟɧɢɣ ɫɩɟɰɢɚɥɶɧɨɣ ɬɟɨɪɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨɫɬɢ. ɉɨɷɬɨɦɭ 
ɞɚɧɧɚя ɜɟɪɫɢя ɝɢɩɨɬɟɡɵ ɨ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɜɪɟɦɟɧɧɵɯ ɤɜɚɧɬɚɯ ɧɟ 
ɩɪɨɬɢɜɨɪɟɱɢɬ ɫɩɟɰɢɚɥɶɧɨɣ ɬɟɨɪɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨɫɬɢ. 

Оɛɪɚɡɨɜɚɧɢɟ ɤɜɚɧɬɨɜ ɩɪɨɫɬɪɚɧɫɬɜɚ-ɜɪɟɦɟɧɢ ɩɪɨɢɫɯɨɞɢɬ ɜɦɟɫɬɟ 
ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥя. ɂ ɩɨɫɥɟ ɬɨɝɨ, ɤɚɤ ɨɛɪɚ-
ɡɨɜɚɧɚ ɨɱɟɪɟɞɧɚя ɩɨɪɰɢя ɩɪɨɫɬɪɚɧɫɬɜɚ-ɜɪɟɦɟɧɢ, ɷɬɢ ɤɜɚɧɬɵ ɪɚɫ-
ɬɜɨɪяɸɬɫя ɜ ɨɛщɟɦ ɩɪɨɫɬɪɚɧɫɬɜɟ-ɜɪɟɦɟɧɢ ɢ ɞɚɥɟɟ ɩɪɨяɜɥяɸɬ ɫɟɛя 
ɬɨɥɶɤɨ ɜɨ ɜɪɟɦɟɧɧɵɯ ɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɪɢɬɦɚɯ ɷɬɨɝɨ ɩɨɥя (ɷɬɨ 
ɟɝɨ «ɪɨɞɢɦɵɟ ɩяɬɧɚ»), ɨɩɪɟɞɟɥяя ɦɚɫɲɬɚɛɵ ɢɡɦɟɪɟɧɢя ɟɝɨ ɩɪɨ-
ɫɬɪɚɧɫɬɜɟɧɧɨ-ɜɪɟɦɟɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. Ɂɞɟɫɶ ɧɟɥɢɲɧɟ ɧɚɩɨɦ-
ɧɢɬɶ, ɱɬɨ ɷɬɢ ɦɚɫɲɬɚɛɵ ɫɜяɡɚɧɵ ɫɨɨɬɧɨɲɟɧɢɟɦ Ȝ = c×τ. Ɍɨ ɟɫɬɶ 
ɤɜɚɧɬɵ ɤɚɤ ɛɵ ɜɫɬɪɚɢɜɚɸɬɫя ɜ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ ɩɨɥɟ. 

Мɨɠɧɨ ɫɤɚɡɚɬɶ ɢ ɩɨ-ɞɪɭɝɨɦɭ. 

ɋ ɤɚɠɞɨɣ ɱɚɫɬɢɰɟɣ ɦɚɬɟɪɢɢ ɫɜяɡɚɧɵ (ɬɟɪɦɢɧ «ɚɫɫɨɰɢɢɪɨɜɚɧɵ» 
ɦɨɠɟɬ ɨɤɚɡɚɬɶɫя ɛɨɥɟɟ ɭɞɚɱɧɵɦ) ɤɜɚɧɬɵ ɩɪɨɫɬɪɚɧɫɬɜɚ-ɜɪɟɦɟɧɢ. 
ȼɦɟɫɬɟ ɫ ɱɚɫɬɢɰɚɦɢ ɨɧɢ ɨɛɪɚɡɭɸɬ ɤɚɤ ɛɵ ɫɢɫɬɟɦɵ ɨɬɫɱОɬɚ, ɤɨɬɨ-
ɪɵɟ ɩɪɢɦɟɧяɸɬɫя ɜ ɋɌО ɞɥя ɜɵɜɨɞɚ ɨɫɧɨɜɧɵɯ ɫɨɨɬɧɨɲɟɧɢɣ. 

Ɍɚɤɢɟ ɫɢɫɬɟɦɵ ɨɬɫɱОɬɚ ɩɟɪɟɦɟщɚɸɬɫя ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝ ɞɪɭ-
ɝɚ, ɮɨɪɦɢɪɭя ɨɛщɟɟ ɩɪɨɫɬɪɚɧɫɬɜɨ-ɜɪɟɦя. ȿɫɥɢ ɧɟɬ ɦɚɬɟɪɢɢ, ɬɨ ɧɟɬ 
ɩɪɨɫɬɪɚɧɫɬɜɚ-ɜɪɟɦɟɧɢ, ɧɟɬ ɢ ɫɢɫɬɟɦ ɨɬɫɱОɬɚ. Мɨɠɧɨ ɩɪɢɜɟɫɬɢ 
ɚɧɚɥɨɝɢɸ ɫ ɜɨɥɧɚɦɢ ɨɬ ɞɜɢɠɭщɢɯɫя ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ ɠɢɞɤɨɫɬɢ 
ɨɛɴɟɤɬɨɜ. Мɨɠɟɬ ɛɵɬɶ, ɷɬɨ яɜɥяɟɬɫя ɨɛɴяɫɧɟɧɢɟɦ ɫɭщɟɫɬɜɨɜɚɧɢя 
ɤɨɪɩɭɫɤɭɥяɪɧɨ-ɜɨɥɧɨɜɨɝɨ ɞɭɚɥɢɡɦɚ? 

ȿщО ɧɟɫɤɨɥɶɤɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɯ ɡɚɦɟɱɚɧɢɣ. ȼɨ ɦɧɨɝɢɯ ɮɢɡɢɱɟ-
ɫɤɢɯ яɜɥɟɧɢяɯ ɨɬ ɜɟɥɢɱɢɧ ɦɚɫɲɬɚɛɨɜ ɩɪɨɫɬɪɚɧɫɬɜɚ-ɜɪɟɦɟɧɢ ɧɢɱɟɝɨ 
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ɧɟ ɡɚɜɢɫɢɬ. ɇɚɩɪɢɦɟɪ, ɫɤɨɪɨɫɬɶ ɫɜɟɬɚ ɨɛɵɱɧɨ ɢɡɦɟɪяɟɬɫя ɜ ɦ/ɫ. ɇɨ 
ɦɟɬɪ — ɷɬɨ ɱɚɫɬɶ ɡɟɦɧɨɝɨ ɦɟɪɢɞɢɚɧɚ, ɚ ɫɟɤɭɧɞɚ — 1/8θζ00 ɱɚɫɬɶ 
ɡɟɦɧɵɯ ɫɭɬɨɤ. ɂ ɧɢɱɟɝɨ — ɷɬɢɦɢ ɦɚɫɲɬɚɛɚɦɢ ɦɟɪяɸɬ ɢ ɦɢɤɪɨ-
ɦɢɪ, ɢ ɝɚɥɚɤɬɢɤɢ. ɂ ɩɪɢɱОɦ ɡɞɟɫɶ Ɂɟɦɥя, ɤɪɨɦɟ ɬɨɝɨ, ɱɬɨ ɦɵ ɧɚ 
ɧɟɣ ɠɢɜОɦ? 

ɂɧɨɝɞɚ ɞɥя ɢɫɤɥɸɱɟɧɢя ɫɟɤɭɧɞɵ ɩɪɟɞɥɚɝɚɸɬ ɜɪɟɦя ɬɨɠɟ ɢɡɦɟ-
ɪяɬɶ ɜ ɦɟɬɪɚɯ. ȼ ɫɭщɧɨɫɬɢ ɷɬɨ ɜɫО ɪɚɜɧɨ, ɱɬɨ ɜɜɟɫɬɢ ɛɨɥɟɟ ɟɫɬɟɫɬ-
ɜɟɧɧɵɣ ɜɪɟɦɟɧɧɨɣ ɦɚɫɲɬɚɛ, ɪɚɜɧɵɣ γ,γγγθ×10–9 ɫ. Ɍɨɝɞɚ ɫɤɨɪɨɫɬɶ 
ɫɜɟɬɚ ɫɬɚɧɟɬ ɛɟɡɪɚɡɦɟɪɧɨɣ ɮɢɡɢɱɟɫɤɨɣ ɜɟɥɢɱɢɧɨɣ, ɪɚɜɧɨɣ 1. 

ɇɨ ɟɫɥɢ ɦɨɠɧɨ ɛɟɡ ɜɨɡɪɚɠɟɧɢɣ ɩɪɢɦɟɧɢɬɶ ɧɨɜɵɣ ɦɚɫɲɬɚɛ 
ɜɪɟɦɟɧɢ γ,γγγθ×10–9 ɫ, ɬɨ ɤɚɤɢɟ ɫɭщɟɫɬɜɭɸɬ ɩɪɟɩяɬɫɬɜɢя ɤ ɩɟɪɟ-
ɯɨɞɭ ɧɚ ɦɚɫɲɬɚɛ 10–28 ɫɟɤɭɧɞɵ ɫ ɩɚɪɚɥɥɟɥɶɧɵɦ ɩɪɢɦɟɧɟɧɢɟɦ ɧɨ-
ɜɨɝɨ ɦɚɫɲɬɚɛɚ ɞɥя ɢɡɦɟɪɟɧɢя ɪɚɫɫɬɨяɧɢɣ 10–20

÷10
–19

 ɦ? 

ɇɢɤɚɤɢɯ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɩɪɟɩяɬɫɬɜɢɣ, ɧɢɤɚɤɢɯ ɨɫɨɛɵɯ 
ɩɪɢɧɰɢɩɨɜ ɡɚɩɪɟɬɚ ɞɥя ɷɬɨɝɨ ɧɟ ɫɭщɟɫɬɜɭɟɬ. 

ɉɨɷɬɨɦɭ ɦɧɨɝɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥя ɨɬ ɷɬɨɝɨ 
ɧɟ ɢɡɦɟɧяɬɫя. Ⱥ ɡɧɚɱɢɬ, ɨɧɨ, ɤɚɤ ɪɚɧɟɟ, ɛɭɞɟɬ ɭɞɨɜɥɟɬɜɨɪяɬɶ ɨɫ-
ɧɨɜɧɵɦ ɩɨɥɨɠɟɧɢяɦ ɋɌО. 

ȿɫɥɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɪɨɜɨɞɢɬɶ ɪɟɥяɬɢɜɢɫɬɫɤɢɣ ɩɨɞɯɨɞ ɜ ɫɨ-
ɱɟɬɚɧɢɢ ɫ ɩɪɟɞɩɨɥɨɠɟɧɢɟɦ ɨ ɫɭщɟɫɬɜɨɜɚɧɢɢ ɤɜɚɧɬɨɜ ɩɪɨɫɬɪɚɧɫɬ-
ɜɚ-ɜɪɟɦɟɧɢ, ɬɨ ɟɫɬɟɫɬɜɟɧɧɨ ɡɚɞɚɬɶ ɜɨɩɪɨɫμ ɩɨɱɟɦɭ ɪɚɫɫɬɨяɧɢя ɢ 
ɩɪɨɦɟɠɭɬɤɢ ɜɪɟɦɟɧɢ ɜ ɪɚɡɥɢɱɧɵɯ ɨɛɥɚɫɬяɯ ȼɫɟɥɟɧɧɨɣ ɢɡɦɟɪяɸɬ-
ɫя ɨɞɢɧɚɤɨɜɵɦɢ ɦɚɫɲɬɚɛɚɦɢ, ɫɤɚɠɟɦ, ɦɟɬɪɨɦ ɢ ɫɟɤɭɧɞɨɣ? ȼɟɞɶ 
ɛɨɥɟɟ ɥɨɝɢɱɧɨ ɢɯ ɢɡɦɟɪяɬɶ ɤɨɥɢɱɟɫɬɜɨɦ ɫɨɨɬɜɟɬɫɬɜɭɸщɢɯ ɤɜɚɧ-
ɬɨɜ ɜ ɧɟɤɨɬɨɪɨɦ ɢɧɬɟɪɜɚɥɟ ɢɥɢ ɜɪɟɦɟɧɧɨɦ ɩɪɨɦɟɠɭɬɤɟ. 

Ɍɨɝɞɚ ɩɨɥɭɱɚɟɬɫя ɫɥɟɞɭɸщɟɟ. 
Ɍɚɤ ɤɚɤ  Ȝ(x) = 0,7834×exp(– 0,βη/α)×(h×x

2×Ȗ/c
3
)

1/4 
= A×x

1/2
,
 

 

ɝɞɟ A = 0,7834×exp(– 0,25/α)×(h×Ȗ/c
3
)

1/4
, 

x — ɪɚɞɢɭɫ (ɭɞɚɥɟɧɢɟ ɨɬ ɐȽɎ), ɧɚ ɤɨɬɨɪɨɦ ɪɚɫɩɨɥɨɠɟɧɚ ɧɚ-
ɛɥɸɞɚɟɦɚя ɨɛɥɚɫɬɶ, ɬɨ ɫɭɦɦɚɪɧɨɟ ɤɨɥɢɱɟɫɬɜɨ N ɤɜɚɧɬɨɜ ɧɚ ɜɫОɦ 
ɪɚɞɢɭɫɟ R ɫɨɫɬɚɜɢɬ 

                                                                 R 

N = ∫ dx/(A×x
1/2

) = 2×R
1/2

/A. 
                                                                0 

ɉɨɷɬɨɦɭ ɧɚɛɥɸɞɚɬɟɥɸ, ɪɚɫɩɨɥɨɠɟɧɧɨɦɭ ɧɚ ɪɚɞɢɭɫɟ r, ɤɚɠɭ-
щɢɣɫя ɪɚɞɢɭɫ R ȼɫɟɥɟɧɧɨɣ ɛɭɞɟɬ ɨɰɟɧɢɜɚɬɶɫя ɤɚɤ 
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R = A×N = 2×(R×r)
1/2  

= 2×R×(r/R)
1/2  

 

ɉɪɢ r = 0,βθθ×R, ɬ.ɟ. ɞɥя ɧɚɛɥɸɞɚɬɟɥя ɫ Ɂɟɦɥɢ R = 1,0γ×R.  
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥя ɧɚɫ ɤɚɠɭщɢɟɫя ɪɚɞɢɭɫ R ɢ ɩɪɨɞɨɥɠɢɬɟɥɶ-

ɧɨɫɬɶ ɫɭщɟɫɬɜɨɜɚɧɢя ȼɫɟɥɟɧɧɨɣ ɛɭɞɭɬ ɩɪɢɦɟɪɧɨ ɪɚɜɧɵ ɫɨɨɬɜɟɬ-
ɫɬɜɭɸщɢɦ ɞɟɣɫɬɜɢɬɟɥɶɧɵɦ ɡɧɚɱɟɧɢяɦ ɷɬɢɯ ɩɚɪɚɦɟɬɪɨɜ. ȼ ɷɬɨɦ 
ɫɦɵɫɥɟ ɦɵ ɡɚɧɢɦɚɟɦ ɨɱɟɧɶ ɭɞɚɱɧɨɟ ɦɟɫɬɨ ɞɥя ɤɨɫɦɨɥɨɝɢɱɟɫɤɢɯ 
ɧɚɛɥɸɞɟɧɢɣ. 

ɉɨɫɥɟ ɷɬɢɯ ɧɟɨɛɯɨɞɢɦɵɯ ɮɢɥɨɫɨɮɫɤɢɯ ɪɚɫɫɭɠɞɟɧɢɣ ɪɚɫɫɦɨɬ-
ɪɢɦ, ɤɚɤ ɝɢɩɨɬɟɡɚ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɜɪɟɦɟɧɧɵɯ ɤɜɚɧɬɨɜ ɫɜяɡɚɧɚ ɫ 
ɨɫɧɨɜɧɵɦɢ ɜɵɜɨɞɚɦɢ ɬɟɨɪɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨɫɬɢ. 

Оɤɚɡɵɜɚɟɬɫя, ɱɬɨ ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɩɪɢɧɰɢɩɨɦ ɧɟɨɩɪɟɞɟɥОɧɧɨɫɬɢ 
ɨɧɚ ɩɨɡɜɨɥяɟɬ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɫɬɨ ɭɫɬɚɧɨɜɢɬɶ ɨɫɧɨɜɧɵɟ ɫɨɨɬɧɨɲɟ-
ɧɢя ɋɌО. 

Ɋɚɫɫɦɨɬɪɢɦ ɞɜɟ ɫɢɫɬɟɦɵ ɨɬɫɱОɬɚ — ɧɟɩɨɞɜɢɠɧɭɸ, ɫɜяɡɚɧɧɭɸ 
ɫ ɧɚɛɥɸɞɚɬɟɥɟɦ, ɢ ɩɨɞɜɢɠɧɭɸ, ɩɟɪɟɦɟщɚɸщɭɸɫя ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɧɟɩɨɞɜɢɠɧɨɣ ɫɨ ɫɤɨɪɨɫɬɶɸ Я. ɉɚɪɚɦɟɬɪɵ ɞɜɢɠɭщɟɣɫя ɫɢɫɬɟɦɵ 
ɨɬɫɱОɬɚ ɛɭɞɟɦ ɦɚɪɤɢɪɨɜɚɬɶ ɧɢɠɧɢɦ ɢɧɞɟɤɫɨɦ «0». 

ɋɧɚɱɚɥɚ ɪɚɫɫɦɨɬɪɢɦ ɷɬɢ ɫɢɫɬɟɦɵ ɨɬɫɱОɬɚ ɧɚ ɦɢɤɪɨɭɪɨɜɧɟ. ɋɥɨ-
ɜɨɫɨɱɟɬɚɧɢɟ «ɧɚ ɦɢɤɪɨɭɪɨɜɧɟ» ɨɡɧɚɱɚɟɬ, ɱɬɨ ɛɭɞɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫя 
ɩɟɪɟɦɟщɟɧɢɟ ɱɚɫɬɢɰɵ ɦɚɫɫɨɣ m = ћ/(τ×c

2), ɤɨɬɨɪɚя ɚɫɫɨɰɢɢɪɭɟɬɫя ɫ 
ɤɜɚɧɬɨɦ ɩɪɨɫɬɪɚɧɫɬɜɚ-ɜɪɟɦɟɧɢ ɜ ɧɟɩɨɞɜɢɠɧɨɣ ɫɢɫɬɟɦɟ ɨɬɫɱОɬɚ. 

ȼ ɞɜɢɠɭщɟɣɫя ɫɢɫɬɟɦɟ ɨɬɫɱОɬɚ ɧɟɨɩɪɟɞɟɥОɧɧɨɫɬɶ ɢɦɩɭɥɶɫɚ 
ΔP0 ɜ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ яɱɟɣɤɟ ɢ ɜɟɥɢɱɢɧɚ Λ0 ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ 
ɤɜɚɧɬɚ ɫɜяɡɚɧɵ ɫɨɨɬɧɨɲɟɧɢɟɦ ɩɪɢɧɰɢɩɚ ɧɟɨɩɪɟɞОɥɟɧɧɨɫɬɢμ 

 

ΔP0×Λ0 = ћ → ΔP0 = ћ/Λ0. 
 

ɇɨ ɧɟɩɨɞɜɢɠɧɵɣ ɧɚɛɥɸɞɚɬɟɥɶ ɧɟ ɡɧɚɟɬ, ɧɚɯɨɞɢɬɫя ɥɢ ɱɚɫɬɢɰɚ ɜ 
ɧɟɤɨɬɨɪɨɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ яɱɟɣɤɟ ɢɥɢ ɬɚɦ ɟО ɧɟɬ. ɉɨɷɬɨɦɭ ɞɥя ɧɟ-
ɝɨ ɧɟɨɩɪɟɞɟɥОɧɧɨɫɬɶ ɢɦɩɭɥɶɫɚ ɦɢɤɪɨɱɚɫɬɢɰɵ ɛɭɞɟɬ ɜɵɲɟ, ɱɟɦ ɞɥя 
ɧɚɛɥɸɞɚɬɟɥя ɜ ɞɜɢɠɭщɟɣɫя ɫɢɫɬɟɦɟ ɨɬɫɱОɬɚμ ɜ ɧɟɣ ɛɭɞɟɬ ɩɪɢɫɭɬɫɬ-
ɜɨɜɚɬɶ ɞɨɛɚɜɨɤ Δ(m×v). 

Ɂɞɟɫɶ ɧɚɞɨ ɨɬɦɟɬɢɬɶμ ɩɨɞ ɫɤɨɪɨɫɬɶɸ v, ɤɨɬɨɪɚя ɩɪɟɞɫɬɚɜɥяɟɬ ɫɨ-
ɛɨɣ ɩɚɪɚɦɟɬɪ ɧɟ ɦɢɤɪɨ-, ɚ ɦɚɤɪɨɭɪɨɜɧя, ɩɨɧɢɦɚɟɬɫя ɫɪɟɞɧɟɟ ɡɧɚɱɟ-
ɧɢɟ ɜɟɥɢɱɢɧɵ ɩɟɪɟɦɟщɟɧɢя. Ⱦɥя ɦɢɤɪɨɭɪɨɜɧя ɞɜɢɠɟɧɢɟ ɱɚɫɬɢɰɵ 
ɩɪɟɞɫɬɚɜɥяɟɬɫя ɫɥɭɱɚɣɧɵɦɢ ɜɟɥɢɱɢɧɚɦɢ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ v ɨɩɪɟɞɟɥяɟɬ 
ɜɟɥɢɱɢɧɭ ɫɪɟɞɧɟɝɨ ɤɜɚɞɪɚɬɚ ɩɨɥɨɠɟɧɢɣ ɦɢɤɪɨɱɚɫɬɢɰɵ. 
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ɂɧɚɱɟ ɝɨɜɨɪя, v ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɧɟ ɫ ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɨɣ, ɚ 
ɫɨ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢя. 

ɉɨɫɤɨɥɶɤɭ ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɫɥɭɱɚɣɧɵɟ ɜɟɥɢɱɢɧɵ ΔP0 

ɢ Δ(m×v) — ɧɟɤɨɪɪɟɥɢɪɨɜɚɧɧɵɟ, ɬɨ ɨɛщɚя ɞɢɫɩɟɪɫɢя ɛɭɞɟɬ ɪɚɜɧɚ 
ɫɭɦɦɟ ɞɢɫɩɟɪɫɢɣ, ɬ. ɟ. 

 

(ΔP)
2

 = дΔ(m×v)}
 2
 + (ΔP0)

2
 = [ ћ/(c×τ)]2

×(v/c)
 2 + (ΔP0)

2
, 

ɝɞɟ ΔP — ɧɟɨɩɪɟɞɟɥОɧɧɨɫɬɶ ɢɦɩɭɥɶɫɚ ɱɚɫɬɢɰɵ ɜ ɩɪɨɫɬɪɚɧɫɬ-
ɜɟɧɧɨɣ яɱɟɣɤɟ c ɬɨɱɤɢ ɡɪɟɧɢя ɧɟɩɨɞɜɢɠɧɨɝɨ ɧɚɛɥɸɞɚɬɟɥя. 

Оɬɫɸɞɚ ɫɥɟɞɭɟɬμ 
ΔP0 = [ ћ/(c×τ)]×д 1 – v

2
/c

 2 
}

1/2 
=( ћ/Λ)×д 1 – v

2
/c

 2 
}

1/2 
= ћ/Λ0 , 

 

Λ0 = Λ /{1 – v
2
/c

 2
}

1/2
 

ȿɫɥɢ v → c, ɬɨ Λ0 → ∞. Ɍɨ ɟɫɬɶ ɞɜɢɠɭщɢɣɫя ɫ ɨɤɨɥɨɫɜɟɬɨɜɨɣ 
ɫɤɨɪɨɫɬɶɸ ɨɛɴɟɤɬ ɛɭɞɟɬ ɜɨɫɩɪɢɧɢɦɚɬɶɫя ɧɟɩɨɞɜɢɠɧɵɦ ɧɚɛɥɸɞɚ-
ɬɟɥɟɦ ɤɚɤ ɥɨɤɚɥɢɡɨɜɚɧɧɵɣ ɜ ɨɞɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɜɪɟɦɟɧɧɨɦ 
ɤɜɚɧɬɟ. 

Ⱦɚɥɟɟ — ɩɟɪɟɯɨɞ ɫ ɦɢɤɪɨɭɪɨɜɧя ɧɚ ɦɚɤɪɨɭɪɨɜɟɧɶ. 
Ʉɜɚɧɬɵ ɩɪɨɫɬɪɚɧɫɬɜɚ-ɜɪɟɦɟɧɢ яɜɥяɸɬɫя ɟɫɬɟɫɬɜɟɧɧɵɦɢ ɦɚɫ-

ɲɬɚɛɚɦɢ ɢɡɦɟɪɟɧɢя ɪɚɫɫɬɨяɧɢя ɢ ɜɪɟɦɟɧɢ. ɇɚɩɪɢɦɟɪ, ɪɚɡɦɟɪɵ 
ɨɛɴɟɤɬɚ ɢɡɦɟɪяɸɬɫя ɩɨ ɤɨɥɢɱɟɫɬɜɭ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɤɜɚɧɬɨɜ, 
ɮɨɪɦɢɪɭɸщɢɯ ɷɬɨɬ ɨɛɴɟɤɬ. ɉɨɷɬɨɦɭ ɪɚɡɦɟɪɵ Δx ɨɛɴɟɤɬɨɜ ɜɨɫ-
ɩɪɢɧɢɦɚɸɬɫя ɜ ɨɛɪɚɬɧɵɯ ɩɪɨɩɨɪɰɢяɯ ɤ ɪɚɡɦɟɪɚɦ ɤɜɚɧɬɨɜ, ɬ. ɟ. 

Δx0 = Δx×{1 – v
2
/c

 2
}

1/2
 

ɉɨɫɤɨɥɶɤɭ τ = Λ /c, τ0 = Λ0 /c, ɬɨ 
 

Δt0 = Δt×{1 – v
2
/c

 2
}

1/2
. 

ɉɨɫɥɟɞɧɢɟ ɞɜɚ ɫɨɨɬɧɨɲɟɧɢя — ɧɚɢɛɨɥɟɟ ɢɡɜɟɫɬɧɵɟ, ɛɚɡɨɜɵɟ 
ɮɨɪɦɭɥɵ ɋɌО. ɂɡ ɧɢɯ ɫɥɟɞɭɟɬ ɜɫя ɋɌО. 

 

 

6.2. ǼȏȧȎȭ ȠȓȜȞȖȭ ȜȠțȜȟȖȠȓșȪțȜȟȠȖ 
 (ȠȓȜȞȖȭ ȑȞȎȐȖȠȎȤȖȖ) 

 

Ʉɜɚɧɬɨɜɚɧɢɟ ɩɪɨɫɬɪɚɧɫɬɜɚ-ɜɪɟɦɟɧɢ ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɩɪɢɧɰɢɩɨɦ 
ɧɟɨɩɪɟɞɟɥОɧɧɨɫɬɢ ɦɨɠɟɬ ɩɨɡɜɨɥɢɬɶ ɬɚɤɠɟ ɨɛɴяɫɧɢɬɶ ɩɪɢɪɨɞɭ 
ɝɪɚɜɢɬɚɰɢɢ. Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɝɪɚɜɢɬɚɰɢя — ɩɪɟɞɦɟɬɧɚя ɨɛɥɚɫɬɶ ɨɛ-
щɟɣ ɬɟɨɪɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨɫɬɢ (ОɌО). 
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ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɜɨɤɪɭɝ ɬɟɥɚ — ɩɪɢɧɢɦɚɟɦ, ɱɬɨ ɷɬɨ ɲɚɪ ɦɚɫ-
ɫɨɣ ε — ɤɜɚɧɬɵ ɩɪɨɫɬɪɚɧɫɬɜɚ ɨɛɪɚɡɭɸɬ ɬɚɤɭɸ яɱɟɢɫɬɭɸ (ɡɟɪɧɢ-
ɫɬɭɸ) ɫɬɪɭɤɬɭɪɭ, ɱɬɨ ɪɚɡɦɟɪɵ Λ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ яɱɟɟɤ ɜɨɡɪɚɫ-
ɬɚɸɬ ɩɨ ɦɟɪɟ ɭɞɚɥɟɧɢя ɨɬ ɬɟɥɚ, ɬ. ɟ. ɬɟɦ ɦɟɧɶɲɟ Λ, ɱɟɦ ɛɨɥɶɲɟ 
ɚɛɫɨɥɸɬɧɚя ɜɟɥɢɱɢɧɚ ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ φ = – Ȗ×M/r 

(ɡɧɚɤ ɩɨɬɟɧɰɢɚɥɚ — ɨɬɪɢɰɚɬɟɥɶɧɵɣ). ɂɧɚɱɟ ɝɨɜɨɪя, ɪɚɡɦɟɪɵ 
ɤɜɚɧɬɨɜ Λ(r) ɩɪɨɫɬɪɚɧɫɬɜɚ — ɪɚɡɧɵɟ, ɢ ɨɧɢ ɭɦɟɧɶɲɚɸɬɫя ɩɨ ɦɟɪɟ 
ɩɪɢɛɥɢɠɟɧɢя ɤ ɰɟɧɬɪɭ ɬɟɥɚ (ɪɢɫ. 1λ). 

 

 
 

Ɋɂɋ. 19. Ʉɜɚɧɬɨɜɚя ɫɬɪɭɤɬɭɪɚ ɩɪɨɫɬɪɚɧɫɬɜɚ 

ɨɤɨɥɨ ɦɚɫɫɢɜɧɨɝɨ ɨɛɴɟɤɬɚ 

 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɢɧɰɢɩɨɦ ɧɟɨɩɪɟɞɟɥОɧɧɨɫɬɢ, ΔP = ћ/Λ, ɝɞɟ 
ћ = С/(β×π) — ɩɨɫɬɨяɧɧɚя ɉɥɚɧɤɚ, Λ(r) — ɪɚɡɦɟɪ ɩɪɨɫɬɪɚɧɫɬɜɟɧ-
ɧɨɝɨ ɤɜɚɧɬɚ ɧɚ ɪɚɫɫɬɨяɧɢɢ r ɨɬ ɰɟɧɬɪɚ ɲɚɪɚ. 

ȿɫɥɢ ɩɪɨɛɧɚя ɱɚɫɬɢɰɚ ɦɚɫɫɨɣ Ц ɩɟɪɟɯɨɞɢɬ ɢɡ ɛɨɥɟɟ ɭɞɚɥОɧɧɨɣ ɨɬ 
ɰɟɧɬɪɚ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ яɱɟɣɤɢ ɜ ɦɟɧɟɟ ɭɞɚɥОɧɧɭɸ ɢ ɩɨɷɬɨɦɭ — ɜ 
ɛɨɥɟɟ ɦɟɥɤɭɸ, ɬɨ ɧɟɨɩɪɟɞɟɥОɧɧɨɫɬɶ ΔP ɜ ɡɧɚɱɟɧɢɢ ɟО ɪɚɞɢɚɥɶɧɨɝɨ 
ɢɦɩɭɥɶɫɚ ɭɜɟɥɢɱɢɜɚɟɬɫя. 
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ɗɬɨ ɭɜɟɥɢɱɟɧɢɟ ɦɨɠɟɬ ɜɨɫɩɪɢɧɢɦɚɬɶɫя ɤɚɤ ɞɟɣɫɬɜɢɟ ɝɪɚɜɢɬɚ-
ɰɢɨɧɧɨɣ ɫɢɥɵ ɧɚ ɱɚɫɬɢɰɭ ɦɚɫɫɨɣ Ц. 

ɂɡɦɟɧɟɧɢɟ ɤɜɚɞɪɚɬɚ ɧɟɨɩɪɟɞɟɥОɧɧɨɫɬɢ ɢɦɩɭɥɶɫɚ ɩɪɨɛɧɨɣ ɱɚɫ-
ɬɢɰɵ ɦɚɫɫɵ Ц ɪɚɜɧɨ ћ2

×dΛ/Λ3. ɉɨɷɬɨɦɭμ 
 

ћ2
×dΛ/Λ3 = (Ȗ×m

2
×M/r

2
)×dr. 

 

Мɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ Ц ɪɚɜɧɨ ɦɚɫɫɟ, ɫɨɨɬɜɟɬɫɬɜɭɸщɟɣ ɪɚɡ-
ɦɟɪɭ Λ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ яɱɟɣɤɢ, ɬ. ɟ. m = ћ/(c×Λ). 

ɉɨɷɬɨɦɭ 

dΛ/Λ = (Ȗ×M/c
2
)×dr/r

2
, 

 

Λ(r) = Ȝ×exp{ – Ȗ×M/(r×c
2
) }, 

ɝɞɟ Ȝ — ɪɚɡɦɟɪ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɤɜɚɧɬɚ ɩɪɢ r → ∞, ɬ. ɟ. ɧɚ 
ɬɨɦ ɪɚɞɢɭɫɟ ɨɬ ɰɟɧɬɪɚ ȼɫɟɥɟɧɧɨɣ, ɝɞɟ ɪɚɫɩɨɥɨɠɟɧ ɪɚɫɫɦɚɬɪɢɜɚɟ-
ɦɵɣ ɨɛɴɟɤɬμ 

Λ(r) = Ȝ×expд φ(r)/c2
 }. 

 

ȿɫɥɢ ɧɚ ɷɬɨɦ ɪɚɞɢɭɫɟ ɜ ɨɞɧɨɣ ɬɨɱɤɟ ɩɪɨɢɡɨɲɥɢ ɞɜɚ ɫɨɛɵɬɢя, 
ɪɚɡɞɟɥОɧɧɵɟ ɜɪɟɦɟɧɧɵɦ ɢɧɬɟɪɜɚɥɨɦ Δt, ɬɨ ɤɨɥɢɱɟɫɬɜɨ ɪɢɬɦɨɜ 
(ɤɜɚɧɬɨɜ ɜɪɟɦɟɧɢ) ɫɨɫɬɚɜɢɬ Δt/(Ȝ/c). 

Ⱥ ɜ ɬɨɱɤɟ ɫ ɩɨɬɟɧɰɢɚɥɨɦ φ(r) ɟɦɭ ɛɭɞɟɬ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ 
ɛяɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɪɢɬɦɨɜ Δt/(Λ/c). 

ȿɫɥɢ ɫɱɢɬɚɬɶ, ɱɬɨ ɜɪɟɦя ɜɨɫɩɪɢɧɢɦɚɟɬɫя ɩɨ ɤɨɥɢɱɟɫɬɜɭ ɪɢɬ-
ɦɨɜ, ɬɨ ɜ ɬɨɱɤɟ ɫ ɩɨɬɟɧɰɢɚɥɨɦ φ(r) ɨɧɨ ɛɭɞɟɬ ɪɚɜɧɨ 

 

Δt(r) = Δt×Ȝ/Λ = Δt×exp{ – φ(r)/c
2
}. 

 

ɉɪɢ ɦɚɥɵɯ φ(r): exp{ – φ(r)/c
2ж ≈ 1 – φ(r)/c2. ɉɨɷɬɨɦɭ 

 

Δt(r) ≈ Δt×{1 – φ(r)/c2
}. 

 

Уɱɢɬɵɜɚя, ɱɬɨ φ(r) — ɜɟɥɢɱɢɧɚ ɨɬɪɢɰɚɬɟɥɶɧɚя, Δt(r) > Δt, ɬ. ɟ. ɜ 
ɝɪɚɜɢɬɚɰɢɨɧɧɨɦ ɩɨɥɟ ɜɪɟɦя ɡɚɦɟɞɥяɟɬɫя. 

ɉɪɢ ɦɚɥɵɯ φ(r) ɷɬɨ ɫɨɨɬɧɨɲɟɧɢɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɟɨɪɢɢ ɨɬɧɨɫɢ-
ɬɟɥɶɧɨɫɬɢ. 

ɂɧɚɱɟ ɜɵɪɚɠɚяɫɶ, ɤɜɚɧɬɨɜɚɧɢɟ ɩɪɨɫɬɪɚɧɫɬɜɚ-ɜɪɟɦɟɧɢ ɢ ɝɪɚɜɢɬɚ-
ɰɢя — ɞɜɟ ɫɜяɡɚɧɧɵɟ ɦɟɠɞɭ ɫɨɛɨɣ ɫɭщɧɨɫɬɢ. ɑɬɨ ɡɞɟɫɶ ɩɟɪɜɢɱɧɨ, 
ɚ ɱɬɨ ɜɬɨɪɢɱɧɨ, ɟщО ɩɪɟɞɫɬɨɢɬ ɜɵяɫɧɢɬɶ. 

Ʉɫɬɚɬɢ, ɧɚɞɨ ɨɬɦɟɬɢɬɶμ ɟɫɥɢ ɢɫɩɨɥɶɡɨɜɚɬɶ, ɤɚɤ ɷɬɨ ɨɛɵɱɧɨ ɞɟ-
ɥɚɟɬɫя, ɧɟɟɜɤɥɢɞɨɜɭɸ ɝɟɨɦɟɬɪɢɸ ɞɥя ɨɩɢɫɚɧɢя ɩɪɨɫɬɪɚɧɫɬɜɚ, 
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ɜɪɟɦɟɧɢ ɢ ɝɪɚɜɢɬɚɰɢɢ, ɬɨ ɨɤɚɠɟɬɫя, ɱɬɨ ɜɟɥɢɱɢɧɚ ɤɜɚɧɬɚ ɩɪɨ-
ɫɬɪɚɧɫɬɜɚ-ɜɪɟɦɟɧɢ ɛɭɞɟɬ ɪɚɜɧɚ ɧɭɥɸ, ɬɚɤ ɤɚɤ ɫɨɨɬɜɟɬɫɬɜɭɸщɢɣ 
ɢɧɬɟɪɜɚɥ ɩɪɢɧɢɦɚɟɬ ɧɭɥɟɜɨɟ ɡɧɚɱɟɧɢɟμ 

s
2
 = (c×τ)

2
 – Ȝ2 

= 0. 

Ɍɨ ɟɫɬɶ ɩɪɢ ɩɪɢɧяɬɨɦ ɜ ɧɚɫɬɨящɟɟ ɜɪɟɦя ɫɩɨɫɨɛɟ ɦɚɬɟɦɚɬɢɱɟ-
ɫɤɨɝɨ ɨɩɢɫɚɧɢя ɤɜɚɧɬɵ ɩɪɨɫɬɪɚɧɫɬɜɚ ɢ ɜɪɟɦɟɧɢ ɫɟɛя ɧɟ ɩɪɨяɜɥя-
ɸɬ. ɂ ɡɞɟɫɶ ɟɫɬɟɫɬɜɟɧɧɨ ɜɨɡɧɢɤɚɟɬ ɜɨɩɪɨɫμ ɩɨɱɟɦɭ ɩɪɢ ɪɚɫɫɦɨɬɪɟ-
ɧɢɢ ɮɢɡɢɱɟɫɤɢɯ яɜɥɟɧɢɣ ɩɪɨɫɬɪɚɧɫɬɜɨ ɢ ɜɪɟɦя ɜɵɩɨɥɧяɸɬ ɪɨɥɶ 
ɜɧɟɲɧɢɯ, ɷɤɡɨɝɟɧɧɵɯ ɫɭщɧɨɫɬɟɣ, ɢɡɧɚɱɚɥɶɧɨ ɮɨɪɦɢɪɭɸщɢɯ ɬɭ 
ɫɰɟɧɭ, ɧɚ ɤɨɬɨɪɨɣ ɩɪɨɢɫɯɨɞяɬ ɮɢɡɢɱɟɫɤɢɟ яɜɥɟɧɢя? Мɨɠɟɬ ɛɵɬɶ, 
ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɷɬɚ ɫɯɟɦɚ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɧяɬɚ, ɧɨ ɩɪɢ 
ɨɩɢɫɚɧɢɢ ɪɚɡɜɢɬɢя ȼɫɟɥɟɧɧɨɣ ɨɧɚ ɦɨɠɟɬ ɧɟ ɫɪɚɛɨɬɚɬɶ. 
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Ⱦɚɥɟɟ ɨɰɟɧɢɦ ɞɟɣɫɬɜɢɬɟɥɶɧɭɸ ɢ ɤɚɠɭщɭɸɫя ɫɪɟɞɧɸɸ ɩɥɨɬ-
ɧɨɫɬɶ ɦɚɬɟɪɢɢ ɜɨ ȼɫɟɥɟɧɧɨɣ. 

Ɍɚɤ ɤɚɤ 

τ = Ȝ/c = 0,7834×exp(– 0,βη/α)×(h×x
2×Ȗ/c

7
)

1/4
, 

 

m = ћ/(c×Ȝ) = 0,β0γ1θ×h
3/4

×exp(0,βη/α)×(x2×Ȗ×c) 
–1/4

, 

ɬɨ ɪɟɚɥɶɧɚя ɫɪɟɞɧяя ɩɥɨɬɧɨɫɬɶ ρ ɨɰɟɧɢɜɚɟɬɫя ɫɥɟɞɭɸщɢɦ ɨɛ-
ɪɚɡɨɦμ 

ρ = Щ×Ц/Ȝ3
 = p×ћ/(c×Ȝ4

) = p×ћ/(c×A×x
2
) ~ x

–2
. 

 

ɇɚɩɨɦɢɧɚɧɢɟμ p — ɜɟɪɨяɬɧɨɫɬɶ ɜɵɯɨɞɚ ɡɚɪяɠɟɧɧɵɯ ɩɪɨɬɨɱɚɫɬɢɰ 
ɢɡ ɷɥɟɦɟɧɬɚɪɧɨɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɜɪɟɦɟɧɧɨɣ яɱɟɣɤɢ (ɪɚɡɞɟɥ η). 

Ɍɨ ɟɫɬɶ ɪɟɚɥɶɧɚя ɫɪɟɞɧяя ɩɥɨɬɧɨɫɬɶ ρ ɦɚɬɟɪɢɢ ɜ ɧɟɤɨɬɨɪɨɣ ɨɛ-
ɥɚɫɬɢ ȼɫɟɥɟɧɧɨɣ ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɤɜɚɞɪɚɬɭ ɪɚɫɫɬɨяɧɢя x 

ɷɬɨɣ ɨɛɥɚɫɬɢ ɨɬ ɐȽɎ. 

ɇɨ, ɫ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɜ ɫɨɜɪɟɦɟɧɧɨɣ ɤɨɫɦɨɥɨɝɢɢ ɩɪɢɧяɬɨ, ɱɬɨ 
ɧɚɛɥɸɞɚɟɦɚя ȼɫɟɥɟɧɧɚя ɨɱɟɧɶ ɨɞɧɨɪɨɞɧɚя. ɉɨɥɭɱɚɟɬɫя, ɱɬɨ ɷɬɨɬ 
ɮɚɤɬ ɩɪɨɬɢɜɨɪɟɱɢɬ ɨɛщɟɣ ɬɟɧɞɟɧɰɢɢ ɢɡɦɟɧɟɧɢя ɩɥɨɬɧɨɫɬɢ ρ. 

ɇɨ ɨɤɚɡɵɜɚɟɬɫя, ɝɢɩɨɬɟɡɚ ɨ ɫɭщɟɫɬɜɨɜɚɧɢɢ ɤɜɚɧɬɨɜ ɩɪɨɫɬɪɚɧ-
ɫɬɜɚ ɫ ɪɚɡɥɢɱɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɩɨɡɜɨɥяɟɬ ɩɪɢɦɢɪɢɬɶ ɷɬɢ ɞɜɚ ɤɚ-
ɠɭщɢɯɫя ɩɪɨɬɢɜɨɪɟɱɢɜɵɦɢ ɮɚɤɬɚ. 
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Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɟɫɥɢ ɤɜɚɧɬɵ ɩɪɨɫɬɪɚɧɫɬɜɚ ɢ ɜɪɟɦɟɧɢ ɫɭщɟɫɬ-
ɜɭɸɬ, ɬɨ ɨɩɪɟɞɟɥяɬɶ ɫɪɟɞɧɸɸ ɩɥɨɬɧɨɫɬɶ ɦɚɫɫɵ ɦɨɠɧɨ ɬɨɥɶɤɨ ɜ 
ɩɪɟɞɟɥɚɯ Ȝ3, ɢɡɦɟɪяя ɧɟ ɜɟɥɢɱɢɧɭ ρ, ɚ p×Ȝ3. Оɩɟɪɢɪɨɜɚɬɶ ɜɟɥɢɱɢ-
ɧɨɣ ɨɛɴɟɦɚ, ɦɟɧɶɲɢɦ Ȝ3

 (ɢɥɢ π×Ȝ3/θ), ɛɟɫɫɦɵɫɥɟɧɧɨ. ɉɪɨщɟ ɝɨɜɨ-
ɪя, ɮɚɤɬɢɱɟɫɤɢ ɢɡɦɟɪяɟɬɫя ɧɟ ρ, ɚ p×Ȝ3

 = p×m. 

ɉɨɫɥɟɞɧɟɟ ɭɬɜɟɪɠɞɟɧɢɟ ɦɨɠɧɨ ɟщО ɛɨɥɟɟ ɭɫɢɥɢɬɶ. 

ɂɡɦɟɪɟɧɢɟ ɡɚɧɢɦɚɟɬ ɤɚɤɨɣ-ɬɨ ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ, ɨɛɭɫɥɨɜ-
ɥɟɧɧɵɣ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɧɚɤɨɩɥɟɧɢя ɷɧɟɪɝɢɢ ɫɢɝɧɚɥɚ ɢ ɫɨɞɟɪɠɚ-
щɟɣɫя ɜ ɧОɦ ɢɧɮɨɪɦɚɰɢɢ. 

Мɟɧɶɲɟ, ɱɟɦ τ, ɨɧɨ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɢɡɜɟɞɟɧɨ. ɉɨɷɬɨɦɭ 
ɮɚɤɬɢɱɟɫɤɢ ɢɡɦɟɪяɟɬɫя ɧɟ ρ,  ɚ  ɜɟɥɢɱɢɧɚ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚя 
ρ×Ȝ3×τ = ρ×Ȝ4

/c: 

ρ×Ȝ3×τ = p×m×τ = p×m×Ȝ/c = p×α×ћ/c
2
. 

Ʉɨɧɟɱɧɨ, ɟɫɥɢ ɩɪɢ ɷɬɨɦ ɜɨ ɜɫɟɣ ȼɫɟɥɟɧɧɨɣ ɧɟɢɡɦɟɧɧɵ 
ɜɟɥɢɱɢɧɵ ɮɢɡɢɱɟɫɤɢɯ ɤɨɧɫɬɚɧɬ  α, ћ ɢ М. 

ɗɬɚ ɜɟɥɢɱɢɧɚ ɧɟ ɡɚɜɢɫɢɬ ɨɬ Ȝ ɢ б. ɂɧɚɱɟ ɝɨɜɨɪя, ɤɚɠɭщɚяɫя 
ɫɪɟɞɧяя ɩɥɨɬɧɨɫɬɶ ρ ɦɚɬɟɪɢɢ ɜɨ ȼɫɟɥɟɧɧɨɣ — ɩɨɫɬɨяɧɧɚ. 

ȿɫɥɢ ɨɰɟɧɤɚ ɩɥɨɬɧɨɫɬɢ ρ ɦɚɬɟɪɢɢ ɨɫɭщɟɫɬɜɥяɟɬɫя ɧɟ ɩɪɢ ɩɨ-
ɦɨщɢ ɨɩɬɢɱɟɫɤɢɯ ɧɚɛɥɸɞɟɧɢɣ, ɚ ɩɨɫɪɟɞɫɬɜɨɦ ɪɚɫɫɦɨɬɪɟɧɢя ɨɫɨ-
ɛɟɧɧɨɫɬɟɣ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢя ɨɛɴɟɤɬɨɜ ɡɚ ɫɱОɬ ɝɪɚɜɢɬɚɰɢ-
ɨɧɧɵɯ ɫɢɥ ɦɟɠɞɭ ɧɢɦɢ, ɬɨ ɜ ɨɫɧɨɜɭ ɚɧɚɥɢɡɚ ɦɨɠɟɬ ɛɵɬɶ 
ɩɨɥɨɠɟɧɨ ɭɪɚɜɧɟɧɢɟ ɞɜɢɠɟɧɢя ɜ ɜɢɞɟμ 

 

d
2
r/dt

2
 = – Ȗ×ρ×dV/r

2
, 

 

ɝɞɟ dV — ɷɥɟɦɟɧɬ ɨɛɴɟɦɚ. 
ȿɫɥɢ ɤɜɚɧɬɵ ɩɪɨɫɬɪɚɧɫɬɜɚ ɢ ɜɪɟɦɟɧɢ ɫɭщɟɫɬɜɭɸɬ, ɬɨ ɜɫɟ ɞɢɮ-

ɮɟɪɟɧɰɢɚɥɵ ɧɟ ɦɨɝɭɬ ɛɵɬɶ ɦɟɧɶɲɟ ɪɚɡɦɟɪɨɜ ɫɨɨɬɜɟɬɫɬɜɭɸщɢɯ 
ɤɜɚɧɬɨɜ, ɬ. ɟ. ɨɧɢ ɞɨɥɠɧɵ ɛɵɬɶ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵ ɷɬɢɦ ɪɚɡɦɟɪɚɦ. 

ɗɬɨ ɭɬɜɟɪɠɞɟɧɢɟ ɷɤɜɢɜɚɥɟɧɬɧɨ ɡɚɩɢɫɢ 
 

Ȥ–1
×d

2
r*/dt*

2 
=  – Ȗ×ρ×Ȥ3

×dV*/r*
2
  

ɢɥɢ 

d
2
r*/dt*

2 
=  – Ȗ×ρ×Ȥ4

×dV*/r*
2
 , 

ɝɞɟ Ȥ = Ȝ/Ȝ*, ɚ d2
r*/dt*

2 — ɤɚɠɭщɟɟɫя ɭɫɤɨɪɟɧɢɟ, ɤɨɬɨɪɨɟ ɮɢɤɫɢɪɭɟɬɫя 
ɧɚɛɥɸɞɚɬɟɥɟɦ. 

ɉɨɷɬɨɦɭ ɩɪɢ ɚɧɚɥɢɡɟ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢя ɤɨɫɦɢɱɟɫɤɢɯ 
ɨɛɴɟɤɬɨɜ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɝɪɚɜɢɬɚɰɢɨɧɧɵɯ ɫɢɥ ɦɟɠɞɭ ɧɢɦɢ ɧɚɛɥɸ-
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ɞɚɬɟɥɟɦ ɜɨɫɩɪɢɧɢɦɚɟɬɫя ɧɟ ɜɟɥɢɱɢɧɚ ρ, ɚ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚя ɟɣ 
ɜɟɥɢɱɢɧɚ ρ×Ȝ4, ɤɚɤ ɢ ɜ ɫɥɭɱɚɟ ɨɩɬɢɱɟɫɤɢɯ ɧɚɛɥɸɞɟɧɢɣ. 

ȼ ɢɬɨɝɟ ɧɚɛɥɸɞɚɬɟɥɶ ɜɢɞɢɬ ɧɟ ρ, ɚ ɜɟɥɢɱɢɧɭ ρ, ɤɨɬɨɪɚя 
яɜɥяɟɬɫя ɤɚɠɭщɟɣɫя ɦɚɫɫɨɜɨɣ ɩɥɨɬɧɨɫɬɶɸ 

ρ = Ș×p×α×ћ/(c×Ȝ*4
). 

ȼ ɩɨɫɥɟɞɧɟɦ ɫɨɨɬɧɨɲɟɧɢɢ ɢɦɟɟɬɫя ɤɨɷɮɮɢɰɢɟɧɬ Ș з 0,β1ββ. 
Оɬɤɭɞɚ ɨɧ ɩɨяɜɢɥɫя, ɩɨɧяɬɶ ɧɟɫɥɨɠɧɨ. ȼ ɪɚɡɞɟɥɟ γ ɩɨɤɚɡɚɧɨ, 

ɱɬɨ ɟɫɥɢ ɩɥɨɬɧɨɫɬɶ ρ ɲɚɪɚ ɢɡɦɟɧяɟɬɫя ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ 
ɤɜɚɞɪɚɬɭ ɪɚɫɫɬɨяɧɢя ɞɨ ɰɟɧɬɪɚ, ɬɨ 

ρ(r) = (ρɫ /3)×(R/r)
2
. 

 

ɉɪɢ r = 0,η×R0 = 0,266×R ɩɨɥɭɱɚɟɬɫя ρ = ρɫ×ζ,711 ɢɥɢ 

ρɫ = ρ(0,βθθ×R)/ζ,711 = 0,β1ββ×ρ(0,βθθ×R). 

ɉɨɷɬɨɦɭ 

ρ* = 0,2122×p×ћ/(c×Ȝ*4
). 

ȿɫɥɢ ɬɟɩɟɪɶ ɩɨɞɫɬɚɜɢɬɶ ɱɢɫɥɨɜɵɟ ɡɧɚɱɟɧɢя ɩɚɪɚɦɟɬɪɨɜ, ɬɨ ɩɨ-
ɥɭɱɢɬɫя ρ* = 0,9307×10

−βθ
 ɤɝ/ɦ3

. 

Ⱦɥя ɪɚɞɢɭɫɚ ɏɚɛɛɥɚ R0: 

ρɫ = ρ0/1,1778 = 0,8ζλ×ρ0 
 

ɢ, ɤɪɨɦɟ ɷɬɨɝɨ, u0 = 2,1×10
–14 Ⱦɠ/ɦ3. ɉɨɷɬɨɦɭ 

 

u0 = (5/6)×α2
×c

2×ρ0. 

ɉɥɨɬɧɨɫɬɢ ɷɧɟɪɝɢɢ ɮɨɧɨɜɨɝɨ ɢɡɥɭɱɟɧɢя ɢ ɩɥɨɬɧɨɫɬɢ ɦɚɫɫɵ — 

ɫɜяɡɚɧɧɵɟ ɦɟɠɞɭ ɫɨɛɨɣ ɩɚɪɚɦɟɬɪɵ. 
ȿɫɥɢ ɢɡ-ɡɚ ɤɜɚɧɬɨɜɨɣ ɫɬɪɭɤɬɭɪɵ ɩɪɨɫɬɪɚɧɫɬɜɚ-ɜɪɟɦɟɧɢ ɜɟɥɢ-

ɱɢɧɚ ɨɞɧɨɝɨ ɢɡ ɷɬɢɯ ɩɚɪɚɦɟɬɪɨɜ, ɧɚɩɪɢɦɟɪ u, ɜɨɫɩɪɢɧɢɦɚɟɬɫя ɧɚ-
ɛɥɸɞɚɬɟɥɟɦ ɤɚɤ ɨɞɧɨɪɨɞɧɚя, ɬɨ ɢ ɞɪɭɝɚя ɜɟɥɢɱɢɧɚ, ɧɚɩɪɢɦɟɪ ρ, 

ɬɚɤɠɟ ɛɭɞɟɬ ɜɨɫɩɪɢɧɢɦɚɬɶɫя ɤɚɤ ɨɞɧɨɪɨɞɧɚя. 

ɉɨɷɬɨɦɭ ɧɚɛɥɸɞɚɟɦɚя ɦɚɫɫɨɜɚя ɩɥɨɬɧɨɫɬɶ ρ* ɞɨɥɠɧɚ ɨɛɥɚɞɚɬɶ 
ɜɵɫɨɤɨɣ ɫɬɚɛɢɥɶɧɨɫɬɶɸ ɜ ɪɚɡɧɵɯ ɱɚɫɬяɯ ȼɫɟɥɟɧɧɨɣ. ɉɪɢɱɢɧɚ ɷɬɨ-
ɝɨ ɚɧɚɥɨɝɢɱɧɚ ɪɚɫɫɦɨɬɪɟɧɧɨɣ ɜɵɲɟ ɞɥя ɮɨɧɨɜɨɝɨ ɷɥɟɤɬɪɨɦɚɝɧɢɬ-
ɧɨɝɨ ɢɡɥɭɱɟɧɢя. 

ɇɚɛɥɸɞɚɬɟɥɶ ɧɟ ɡɧɚɟɬ ɨ ɫɭщɟɫɬɜɨɜɚɧɢɢ ɤɜɚɧɬɨɜ ɩɪɨɫɬɪɚɧɫɬɜɚ ɢ 
ɜɪɟɦɟɧɢ, ɢ ɬɟɦ ɛɨɥɟɟ — ɨɛ ɢɯ ɪɚɡɥɢɱɢяɯ ɜ ɨɬɞɚɥОɧɧɵɯ ɞɪɭɝ ɨɬ ɞɪɭɝɚ 
ɨɛɥɚɫɬяɯ ȼɫɟɥɟɧɧɨɣ. ɉɨɷɬɨɦɭ ɨɧ ɜɨɫɩɪɢɧɢɦɚɟɬ ɧɟ ɫɚɦ ɮɢɡɢɱɟɫɤɢɣ 
ɩɚɪɚɦɟɬɪ (ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ — ρ), ɚ ɟɝɨ ɧɟɤɢɣ ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɣ ɨɛɪɚɡ 
ρ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɨɛɥɚɞɚɬɶ ɨɬɥɢɱɧɵɦɢ ɨɬ ɪɟɚɥɶɧɨɫɬɢ ɫɜɨɣɫɬɜɚɦɢ. 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɟɫɥɢ ɤɜɚɧɬɵ ɩɪɨɫɬɪɚɧɫɬɜɚ ɢ ɜɪɟɦɟɧɢ ɪɟɚɥɶɧɨ 
ɫɭщɟɫɬɜɭɸɬ, ɢ, ɛɨɥɟɟ ɬɨɝɨ, ɦɨɝɭɬ ɛɵɬɶ ɪɚɡɥɢɱɧɵɦɢ ɜ ɪɚɡɧɵɯ ɨɛ-
ɥɚɫɬяɯ ȼɫɟɥɟɧɧɨɣ, ɬɨ ɦɨɠɧɨ ɨɠɢɞɚɬɶ ɩɨяɜɥɟɧɢɟ ɧɟɤɨɬɨɪɵɯ ɢɥɥɸ-
ɡɢɣ ɜ ɜɨɫɩɪɢяɬɢɢ ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ — ɬɢɩɚ ɤɪɚɫɧɨɝɨ ɢ ɮɢɨɥɟɬɨ-
ɜɨɝɨ ɫɦɟщɟɧɢɣ ɢ ɨɞɢɧɚɤɨɜɨɣ ɫɪɟɞɧɟɣ ɤɨɫɦɨɥɨɝɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ 
ɦɚɬɟɪɢɢ. 

ɗɬɢ ɢɥɥɸɡɢɢ ɦɨɝɭɬ ɩɨяɜɢɬɶɫя ɩɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ɞɢɮɮɟɪɟɧɰɢ-
ɚɥɶɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɬɢɩɚ ɩɥɨɬɧɨɫɬɢ ɦɚɫɫɵ ɢɥɢ ɩɥɨɬɧɨɫɬɢ ɷɥɟɤ-
ɬɪɨɦɚɝɧɢɬɧɨɣ ɷɧɟɪɝɢɢ. 
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Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɨɫɧɨɜɧɵɟ ɮɢɡɢɱɟɫɤɢɟ ɜɟɥɢɱɢɧɵ, ɧɚ ɛɚɡɟ ɤɨɬɨɪɵɯ 
ɮɨɪɦɢɪɭɸɬɫя ɫɢɫɬɟɦɵ ɟɞɢɧɢɰ ɢɡɦɟɪɟɧɢя, — ɷɬɨ ɞɥɢɧɚ, ɜɪɟɦя, 
ɦɚɫɫɚ. 

ȼ ɧɚɫɬɨящɟɟ ɜɪɟɦя ɩɪɟɞɥɨɠɟɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɚɪɢɚɧɬɨɜ 
ɫɢɫɬɟɦ ɢɡɦɟɪɟɧɢя. ɇɚɢɛɨɥɟɟ ɢɡɜɟɫɬɧɵɦ яɜɥяɟɬɫя ɩɪɟɞɥɨɠɟɧɢɟ М. 
ɉɥɚɧɤɚ ɨɛ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɟɫɬɟɫɬɜɟɧɧɵɯ ɷɬɚɥɨɧɨɜ, ɩɨɫɬɪɨɟɧɧɵɯ ɧɚ 
ɛɚɡɟ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɮɢɡɢɱɟɫɤɢɯ ɤɨɧɫɬɚɧɬ — ɬɚɛɥɢɰɵ 4. 

 

ɌȺȻɅɂɐȺ 4. ɉɥɚɧɤɨɜɫɤɢɟ ɜɟɥɢɱɢɧɵ 
 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɛɨɡɧɚɱɟɧɢɟ ȼɵɪɚɠɟɧɢɟ ɱɟɪɟɡ 
ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɟ 

ɤɨɧɫɬɚɧɬɵ 

ȼɟɥɢɱɢɧɚ ɜ 
ɫɢɫɬɟɦɟ ɋИ 

ɉɥɚɧɤɨɜɫɤɚя 
ɞɥɢɧɚ 

LP (ћ×Ȗ/c
3
)

1/2
 1,6162×10

–35
 ɦ 

ɉɥɚɧɤɨɜɫɤɨɟ 
ɜɪɟɦя 

tP (ћ×Ȗ/c
5
)

1/2
 5,391×10

–44
 ɫ 

ɉɥɚɧɤɨɜɫɤɚя 
ɦɚɫɫɚ 

mP (ћ×c/Ȗ)
1/2

 2,176×10
–8

 ɤɝ 

 

ɉɥɚɧɤɨɜɫɤɚя ɞɥɢɧɚ LP ɢ ɫɜяɡɚɧɧɨɟ ɫ ɧɟɣ ɩɥɚɧɤɨɜɫɤɨɟ ɜɪɟɦя tP 

ɨɩɪɟɞɟɥяɸɬ ɦɚɫɲɬɚɛɵ, ɧɚ ɤɨɬɨɪɵɯ ɫɨɜɪɟɦɟɧɧɵɟ ɮɢɡɢɱɟɫɤɢɟ ɬɟɨ-
ɪɢɢ ɩɟɪɟɫɬɚɸɬ ɪɚɛɨɬɚɬɶμ ɝɟɨɦɟɬɪɢя ɩɪɨɫɬɪɚɧɫɬɜɚ-ɜɪɟɦɟɧɢ, ɩɪɟɞ-
ɫɤɚɡɚɧɧɚя ОɌО, ɧɚ ɩɥɚɧɤɨɜɫɤɨɣ ɞɥɢɧɟ ɬɟɪяɟɬ ɫɦɵɫɥ. ɋɱɢɬɚɟɬɫя, 
ɱɬɨ ɷɬɢ ɦɚɫɲɬɚɛɵ ɯɪɚɧяɬ ɟщО ɧɟɨɬɤɪɵɬɭɸ ɬɟɨɪɢɸ, ɨɛɴɟɞɢɧяɸ-
щɭɸ ОɌО ɢ ɤɜɚɧɬɨɜɭɸ ɦɟɯɚɧɢɤɭ, ɤɨɬɨɪɚя ɫɦɨɠɟɬ ɧɚɢɛɨɥɟɟ ɩɨɥɧɨ 
ɨɩɢɫɚɬɶ ɡɚɤɨɧɵ ɮɢɡɢɤɢ. ɉɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɫɨɜɪɟɦɟɧɧɵɟ ɨɩɢɫɚɧɢя 
ɪɚɡɜɢɬɢя ȼɫɟɥɟɧɧɨɣ ɧɚɱɢɧɚɸɬɫя ɬɨɥɶɤɨ ɤɨɝɞɚ ȼɫɟɥɟɧɧɚя ɛɵɥɚ 
ɪɚɡɦɟɪɨɦ 1,θ1θ×10–35

 ɦ. 
Ɍɚɤɠɟ ɩɪɟɞɩɨɥɚɝɚɟɬɫя, ɱɬɨ ɩɥɚɧɤɨɜɫɤɚя ɦɚɫɫɚ mP яɜɥяɟɬɫя 

ɧɢɠɧɢɦ ɩɪɟɞɟɥɨɦ ɦɚɫɫ ɱОɪɧɵɯ ɞɵɪ ɢ ɱɬɨ ɨɧɚ ɩɪɟɞɫɬɚɜɥяɟɬ ɫɨɛɨɣ 

https://ru.wikipedia.org/wiki/Планковское_время
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ɜɟɪɯɧɢɣ ɩɪɟɞɟɥ ɞɥя ɦɚɫɫ ɷɥɟɦɟɧɬɚɪɧɵɯ ɱɚɫɬɢɰ. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɨ ɤɜɚɧɬɚɯ ɩɪɨɫɬɪɚɧɫɬɜɚ ɢ ɜɪɟ-
ɦɟɧɢ ɩɨɡɜɨɥяɟɬ ɜɡɝɥяɧɭɬɶ ɧɚ ɩɥɚɧɤɨɜɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɩɨɞ ɞɪɭɝɢɦ 
ɚɫɩɟɤɬɨɦ, ɟɫɬɟɫɬɜɟɧɧɵɦ ɨɛɪɚɡɨɦ ɨɛɴɟɞɢɧɢɬɶ ɜ ɟɞɢɧɨɟ ɰɟɥɨɟ ɪɚɡ-
ɥɢɱɧɵɟ ɮɢɡɢɱɟɫɤɢɟ ɤɨɧɫɬɚɧɬɵ. 

Ɋɚɫɫɦɨɬɪɢɦ ɩɨɥɭɱɟɧɧɨɟ ɪɚɧɟɟ ɜɵɪɚɠɟɧɢɟ ɞɥя ɤɜɚɧɬɚ ɩɪɨ-
ɫɬɪɚɧɫɬɜɚ. ɇɨ ɬɟɩɟɪɶ ɡɚɩɢɲɟɦ ɟɝɨ ɧɟ ɱɟɪɟɡ С, ɚ ɱɟɪɟɡ ћμ 

 

Ȝ = д ζ×π/(e×1,9535) }
1/4

×e 
–1/(4×α)

×(ћ×r
2×Ȗ/c

3
)

1/4
. 

ȿɫɥɢ ɞɥя ɢɡɦɟɪɟɧɢя ɪɚɫɫɬɨяɧɢɣ ɢɫɩɨɥɶɡɨɜɚɬɶ ɷɬɚɥɨɧ μL, ɬɨ ɷɬɨ 
ɜɵɪɚɠɟɧɢɟ ɡɚɩɢɲɟɬɫя ɜ ɜɢɞɟ 

         ~                                                                     ~ 

Ȝ×μL = д ζ×π/(e×1,9535) }
1/4

×e
–1/(4×α)

×{ ћ×( r×μL)
2×Ȗ/c

3 
}

1/4
, 

 

ɝɞɟ ɛɟɡɪɚɡɦɟɪɧɵɟ ɫ ɜɟɪɯɧɢɦ ɡɧɚɱɤɨɦ «з» — ɛɟɡɪɚɡɦɟɪɧɵɟ ɢɥɢ, 
ɱɬɨ ɬɨ ɠɟ ɫɚɦɨɟ, ɜɵɪɚɠɟɧɵ ɜ ɨɞɧɨɦ ɦɚɫɲɬɚɛɟ μL. 

Ʌɟɝɤɨ ɜɢɞɟɬɶ, ɱɬɨ ɩɪɢ μL = (ћ×Ȗ/c
3
)

1/2 ɫɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ ɜɟɥɢ-
ɱɢɧɨɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɤɜɚɧɬɚ ɢ ɪɚɞɢɭɫɨɦ ȼɫɟɥɟɧɧɨɣ ɡɚɩɢɲɟɬɫя 
ɛɟɡ ɮɢɡɢɱɟɫɤɢɯ ɤɨɧɫɬɚɧɬ ћ, Ȗ ɢ c — ɨɧɢ ɫɨɤɪɚɬяɬɫя ɜ ɨɛɟɢɯ ɱɚɫɬяɯ 
ɪɚɜɟɧɫɬɜɚ. 

Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, μL  — ɷɬɨ ɟɫɬɟɫɬɜɟɧɧɵɣ ɦɚɫɲɬɚɛ ɢɡɦɟɪɟɧɢя 
ɪɚɫɫɬɨяɧɢɣ, ɩɪɢ ɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɧɟ ɬɪɟɛɭɸɬɫя ɧɢɤɚɤɢɟ ɩɪɨɦɟ-
ɠɭɬɨɱɧɵɟ ɪɚɡɦɟɪɧɨɫɬɢ. 

ɗɬɨɦɭ ɡɧɚɱɟɧɢɸ μL ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɜɪɟɦɟɧɧɨɣ ɦɚɫɲɬɚɛ μt: 
 

μt = (ћ×Ȗ/c
5
)

1/2
. 

 

ɂ ɩɨɫɤɨɥɶɤɭ m = ћ/(c×Ȝ), ɬɨ ɢ ɦɚɫɲɬɚɛ μm ɢɡɦɟɪɟɧɢя ɦɚɫɫɵμ 
 

μm = (ћ×c/Ȗ)
1/2

. 
 

ɂ ɨɩяɬɶ ɥɟɝɤɨ ɜɢɞɟɬɶμ ɜɟɥɢɱɢɧɵ μL, μt ɢ μm ɪɚɜɧɵ ɫɨɨɬɜɟɬɫɬ-
ɜɭɸщɢɦ ɩɥɚɧɤɨɜɫɤɢɦ ɩɚɪɚɦɟɬɪɚɦ. Нɨ ɬɟɩɟɪɶ ɷɬɢ ɦɚɫɲɬɚɛɵ ɩɨ-
ɥɭɱɚɸɬɫɹ ɧɟ ɬɨɥɶɤɨ ɢɡ ɫɨɨɛɪɚɠɟɧɢɣ ɪɚɡɦɟɪɧɨɫɬɟɣ, ɧɨ ɜɵɬɟɤɚ-
ɸɬ ɢ ɢɡ ɮɢɡɢɤɢ ɹɜɥɟɧɢɹ. 

ɇɨ ɦɨɠɧɨ ɩɨɩɵɬɚɬɶɫя ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɬɶ ɷɬɭ ɫɯɟɦɭ, ɧɚɩɪɢɦɟɪ, 
ɫɜяɡɚɜ ɦɚɫɲɬɚɛɵ ɫ ɜɟɥɢɱɢɧɚɦɢ ɤɜɚɧɬɨɜ ɩɪɨɫɬɪɚɧɫɬɜɚ ɢ ɜɪɟɦɟɧɢ, 
ɬ. ɟ. ɩɪɢɜяɡɚɜ ɢɯ ɤ ɤɚɤɨɦɭ-ɬɨ ɮɢɡɢɱɟɫɤɨɦɭ яɜɥɟɧɢɸ. ȼ ɩɪɢɧɰɢɩɟ 
ɷɬɨ ɦɨɠɧɨ ɫɞɟɥɚɬɶ, ɩɨɫɤɨɥɶɤɭ ɦɚɫɲɬɚɛɵ ɨɩɪɟɞɟɥɟɧɵ ɫ ɬɨɱɧɨɫɬɶɸ 
ɞɨ ɛɟɡɪɚɡɦɟɪɧɵɯ ɩɨɫɬɨяɧɧɵɯ. ɉɪɢ ɷɬɨɦ ɠɟɥɚɬɟɥɶɧɨ, ɱɬɨɛɵ ɬɚɤɢɯ 
ɜɟɥɢɱɢɧ ɛɵɥɨ ɤɚɤ ɦɨɠɧɨ ɦɟɧɶɲɟ, ɜ ɢɞɟɚɥɟ — ɬɨɥɶɤɨ ɨɞɧɚ. 
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Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɡɧɚɱɟɧɢя ɩɥɚɧɤɨɜɫɤɢɯ ɜɟɥɢɱɢɧ ɫɢɥɶɧɨ ɪɚɡɛɚ-
ɥɚɧɫɢɪɨɜɚɧɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝ ɞɪɭɝɚ, ɧɟ ɨɱɟɧɶ ɩɨɧяɬɧɨ, ɤ ɱɟɦɭ 
ɨɧɢ ɨɬɧɨɫяɬɫя. 

ɉɥɚɧɤɨɜɫɤɚя ɞɥɢɧɚ ɜ 1020
 ɪɚɡ ɦɟɧɶɲɟ «ɪɚɡɦɟɪɨɜ» ɷɥɟɤɬɪɨɧɚ ɢ 

ɩɪɨɬɨɧɚ. ȼɫО ɪɚɜɧɨ, ɱɬɨ ɫɪɚɜɧɢɜɚɬɶ ɪɚɡɦɟɪɵ Ƚɚɥɚɤɬɢɤɢ ɢ ɱɟɥɨɜɟɤɚ. 

Ɍɚɤɢɯ ɦɚɥɵɯ ɪɚɫɫɬɨяɧɢɣ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸщɢɯ ɢɦ ɜɪɟɦɟɧ ɜ ɫɨɜɪɟ-
ɦɟɧɧɨɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɮɢɡɢɤɟ ɧɟ ɩɨɤɚ ɩɪɨɫɦɚɬɪɢɜɚɟɬɫя. 

Ⱥ ɩɥɚɧɤɨɜɫɤɚя ɦɚɫɫɚ, ɧɚɨɛɨɪɨɬ, ɨɬɧɨɫɢɬɫя ɧɟ ɫɬɨɥɶɤɨ ɤ ɦɢɤɪɨ-
ɨɛɴɟɤɬɚɦ, ɫɤɨɥɶɤɨ ɤ ɦɚɤɪɨɨɛɴɟɤɬɚɦ — 10

–8
 ɤɝ = 10–2

 ɦɝ — ɜɩɨɥɧɟ 
ɫɟɛɟ ɦɚɤɪɨɨɛɴɟɤɬ, ɚ ɧɟ ɷɥɟɦɟɧɬɚɪɧɚя ɱɚɫɬɢɰɚ. 

ɂɡ ɬɚɛɥɢɰɵ η ɜɢɞɧɨ, ɱɬɨ ɪɚɡɥɢɱɢɟ ɦɟɠɞɭ ɩɥɚɧɤɨɜɫɤɢɦɢ ɜɟɥɢ-
ɱɢɧɚɦɢ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸщɢɦɢ ɜɟɥɢɱɢɧɚɦɢ ɜ ɷɥɟɦɟɧɬɚɪɧɨɣ яɱɟɣɤɟ 
ɫɨɫɬɚɜɥяɟɬ 1η–1θ ɩɨɪяɞɤɨɜ. 

 

ɌȺȻɅɂɐȺ 5. ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɩɥɚɧɤɨɜɫɤɢɯ ɜɟɥɢɱɢɧ 

ɫ ɩɚɪɚɦɟɬɪɚɦɢ Ȝ, τ, m 
 

ɉɥɚɧɤɨɜɫɤɢɟ  
ɩɚɪɚɦɟɬɪɵ 

ɉɚɪɚɦɟɬɪɵ 
ɷɥɟɦɟɧɬɚɪɧɨɣ яɱɟɣɤɢ 

Ɋɚɡɧɢɰɚ ɩɨɪяɞɤɨɜ 

LP = 1,6162×10
–35

 Ȝ = 1,063×10
–19

 15–16 

tP = 5,391×10
–44

 τ = 3,546×10
–28

 15–16 

mP = 2,176×10
–8

 m = 3,309×10
–24

 – 15–16  
 

Ɍɚɤ ɤɚɤ ɜɟɪɨяɬɧɨɫɬɶ p ɜɵɯɨɞɚ ɩɪɨɬɨɱɚɫɬɢɰ ɢɡ ɷɥɟɦɟɧɬɚɪɧɨɣ 
яɱɟɣɤɢ ɫɨɫɬɚɜɥяɟɬ γ×10–60, ɬɨ 1η–1θ ɩɨɪяɞɤɨɜ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɜɟɥɢ-
ɱɢɧɟ e1/(4×α)

. 

ȿɫɥɢ, ɤɪɨɦɟ ɷɬɨɝɨ, ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɭɱɟɫɬɶ ɧɚɥɢɱɢɟ ɦɧɨɠɢɬɟɥя 
ζ×π ɜ ɮɨɪɦɭɥɟ ɞɥя Ȝ, ɬɨ ɦɨɠɧɨ ɜɜɟɫɬɢ ɧɨɜɵɟ ɦɚɫɲɬɚɛɵ, ɨɫɧɨɜɚɧ-
ɧɵɟ ɧɚ ɩɥɚɧɤɨɜɫɤɢɯ, ɧɨ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɟ ɩɪɢ ɩɨɦɨщɢ ɛɟɡɪɚɡ-
ɦɟɪɧɨɝɨ ɦɧɨɠɢɬɟɥя e1/(4×α)

/(2×π1/2
): 

 

Lα = e
1/(4×α)

×(ћ×Ȗ/c
3
)

1/2 
/(2×π1/2

) = 4,33×10
–20

 ɦ; 
tα = e

1/(4×α)
×(ћ×Ȗ/c

5
)

1/2 
/(2×π1/2

) = 1,44×10
–28

 ɫ; 
mα = 2×π1/2

×e 
–1/(4×α)

×(ћ×c/Ȗ)
1/2

 = 8,12×10
–24

 ɤɝ. 
 

ɗɬɢ ɦɚɫɲɬɚɛɵ ɨɛɨɡɧɚɱɟɧɵ ɬɚɤ ɠɟ, ɤɚɤ ɫɨɨɬɜɟɬɫɬɜɭɸщɢɟ ɩɥɚɧ-
ɤɨɜɫɤɢɟ, ɧɨ ɬɟɩɟɪɶ ɜɦɟɫɬɨ ɧɢɠɧɟɝɨ ɢɧɞɟɤɫɚ P ɢɫɩɨɥɶɡɭɟɬɫя ɢɧɞɟɤɫ α. 

ɉɨɪяɞɤɢ ɬɚɤɢɯ ɜɟɥɢɱɢɧ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɩɚɪɚɦɟɬɪɚɦ ɷɥɟɦɟɧɬɚɪɧɨɣ 

яɱɟɣɤɢ. ɗɬɨ ɧɚɩɨɥɧяɟɬ ɢɯ ɜɚɠɧɵɦ ɮɢɡɢɱɟɫɤɢɦ ɫɦɵɫɥɨɦ. 
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ɂ ɱɬɨ ɢɧɬɟɪɟɫɧɨ — ɨɧɢ ɨɱɟɧɶ ɛɥɢɡɤɢ ɤ ɬɟɦ ɩɚɪɚɦɟɬɪɚɦ, ɤɨɬɨ-
ɪɵɟ ɪɟɚɥɢɡɭɸɬɫя ɜ ɧɚɲɟɣ Ƚɚɥɚɤɬɢɤɟ. 

ȼ ɷɬɢɯ ɦɚɫɲɬɚɛɚɯ ɜɵɪɚɠɟɧɢɟ ɞɥя ɜɟɥɢɱɢɧɵ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ 
ɤɜɚɧɬɚ ɢɦɟɟɬ ɨɱɟɧɶ ɩɪɨɫɬɨɣ ɜɢɞμ 
      ~                                               ~                                          ~ 

Ȝα = (e×1,9535)
 –1/4

×{ e
 –3/(4×α)

×rα
 
}

1/2 ≈ 0,θη87η×д e –3/(4×α)
×rα

 
}

1/2
.
 

 



ЗȎȘșȬȥȓțȖȓ 
 

 

 

 

ȼɵɲɟ ɛɵɥɢ ɨɛɨɡɧɚɱɟɧɵ ɨɫɧɨɜɧɵɟ ɤɨɧɬɭɪɵ ɝɢɩɨɬɟɡɵ ɨ ɜɨɡɧɢɤɧɨ-
ɜɟɧɢɢ ɢ ɪɚɡɜɢɬɢɢ ȼɫɟɥɟɧɧɨɣ, ɚɥɶɬɟɪɧɚɬɢɜɧɨɣ ɝɢɩɨɬɟɡɟ Ȼɨɥɶɲɨɝɨ 
ɜɡɪɵɜɚ. 

Оɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢя ɷɬɨɣ ɝɢɩɨɬɟɡɵ — ɫɥɟɞɭɸщɢɟ. 
Мɚɬɟɪɢя ɜɨ ȼɫɟɥɟɧɧɨɣ ɫɨɡɞɚОɬɫя ɧɟ ɜ ɪɟɡɭɥɶɬɚɬɟ Ȼɨɥɶɲɨɝɨ 

ɜɡɪɵɜɚ, ɩɪɨɢɫɲɟɞɲɟɝɨ ɜ ɧɢɱɬɨɠɧɨɦ ɨɛɴОɦɟ ɡɚ ɧɢɱɬɨɠɧɵɟ ɞɨɥɢ 
ɫɟɤɭɧɞɵ, ɚ ɩɨɫɬɟɩɟɧɧɨ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɡɪɭɲɟɧɢя (ɪɚɫщɟɩɥɟɧɢя, 
«ɪɚɫɬɪɟɫɤɢɜɚɧɢя») ɮɢɡɢɱɟɫɤɨɝɨ ɜɚɤɭɭɦɚ. Ɋɚɡɪɭɲɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ 
ɢɡ-ɡɚ ɧɟɤɨɣ ɩɟɪɜɢɱɧɨɣ ɮɥɭɤɬɭɚɰɢɢ, ɤɨɬɨɪɚя ɜ ɷɬɨɦ ɩɪɨɰɟɫɫɟ ɢɝɪɚ-
ɟɬ ɧɟ ɨɫɧɨɜɧɭɸ, ɚ ɜɫɩɨɦɨɝɚɬɟɥɶɧɭɸ ɪɨɥɶ ɞɟɬɨɧɚɬɨɪɚ. Мɚɬɟɪɢя 
ɫɨɡɞɚОɬɫя ɧɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɟɪɜɢɱɧɨɣ ɮɥɭɤɬɭɚɰɢɢ, ɚ ɩɪɢ ɩɨɫɥɟ-
ɞɭɸщɟɦ ɪɚɡɪɭɲɟɧɢɢ ɜɚɤɭɭɦɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢя ɟɝɨ 
ɞɟɮɨɪɦɚɰɢɢ. 

ȼɦɟɫɬɟ ɫ ɦɚɬɟɪɢɟɣ ɧɚ ɨɩɪɟɞɟɥОɧɧɨɣ ɫɬɚɞɢɢ ɟО ɩɪɟɨɛɪɚɡɨɜɚɧɢя, 
ɤɨɝɞɚ ɩɨяɜɥяɟɬɫя ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ ɩɨɥɟ, ɨɛɪɚɡɨɜɵɜɚɸɬɫя ɨɱɟɪɟɞ-
ɧɵɟ яɱɟɣɤɢ ɩɪɨɫɬɪɚɧɫɬɜɚ-ɜɪɟɦɟɧɢ. ɋɨɛɫɬɜɟɧɧɨ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɨяɜɥɟ-
ɧɢя ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥя ɢ ɨɛɪɚɡɭɸɬɫя ɩɪɢɜɵɱɧɵɟ ɧɚɦ ɩɪɨ-
ɫɬɪɚɧɫɬɜɨ ɢ ɜɪɟɦя. Ⱦɨ ɷɬɨɝɨ ɝɨɜɨɪɢɬɶ ɨ ɩɪɨɫɬɪɚɧɫɬɜɟ-ɜɪɟɦɟɧɢ ɜ 
ɧɚɲɟɦ ɩɪɟɞɫɬɚɜɥɟɧɢɢ ɛɟɫɫɦɵɫɥɟɧɧɨ, ɨɧɨ ɧɟ ɫɭщɟɫɬɜɭɸɬ ɮɢɡɢɱɟɫɤɢ. 

ɂ ɱɬɨ ɢɧɬɟɪɟɫɧɨ — ɜ ɷɬɨɣ ɱɚɫɬɢ ɝɢɩɨɬɟɡɚ ɧɟ яɜɥяɟɬɫя ɧɨɜɨɣ! 
ȿщО ɛɥɚɠɟɧɧɵɣ Ⱥɜɝɭɫɬɢɧ 1θ00 ɥɟɬ ɬɨɦɭ ɧɚɡɚɞ ɫɱɢɬɚɥ, ɱɬɨ 

ɜɪɟɦя ɟɫɬɶ ɬɜɨɪɟɧɢɟ ɢ ɫɨɬɜɨɪɟɧɨ ɨɧɨ ɜɦɟɫɬɟ ɫ ɦɢɪɨɦ. Мɵɫɥɢ Ⱥɜ-
ɝɭɫɬɢɧɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɚɧɚɥɨɝɢɱɧɵμ ɩɪɨɫɬɪɚɧɫɬɜɨ 
ɬɚɤɠɟ ɟɫɬɶ ɬɜɨɪɟɧɢɟ, ɩɪɟɠɞɟ ɛɵɬɢя ɬɜɚɪɧɨɝɨ (ɬ. ɟ. ɫɨɬɜɨɪОɧɧɨɝɨ) 
ɦɢɪɚ ɧɟ ɛɵɥɨ ɢ ɩɪɨɫɬɪɚɧɫɬɜɚ. ɗɬɢ ɜɵɫɤɚɡɵɜɚɧɢя ɜɫɬɪɟɱɚɸɬɫя ɜ 
ɟɝɨ ɫɨɱɢɧɟɧɢɢ «О ɝɪɚɞɟ Ȼɨɠɢɟɦ». 

Ⱥɜɬɨɪ ɬɚɤ ɩɨɩɭɥяɪɧɨɝɨ ɧɵɧɟ ɫɥɨɜɨɫɨɱɟɬɚɧɢя «Ȼɨɥɶɲɨɣ ɜɡɪɵɜ» 
ɛɪɢɬɚɧɫɤɢɣ ɚɫɬɪɨɮɢɡɢɤ Ɏ. ɏɨɣɥ ɫɚɦ ɜ ɧɟɝɨ ɧɟ ɜɟɪɢɥ, ɫɱɢɬɚя, ɱɬɨ 
ɜɟщɟɫɬɜɨ ɩɨɫɬɨяɧɧɨ ɫɨɡɞɚОɬɫя ɢɡ ɜɚɤɭɭɦɚ. ȼ ɡɚщɢɬɭ ɷɬɨɝɨ ɭɬɜɟɪ-
ɠɞɟɧɢя Ɏ. ɏɨɣɥ ɢ ɟɝɨ ɤɨɦɩɚɧɢя ɤɟɦɛɪɢɞɠɫɤɢɯ ɚɫɬɪɨɮɢɡɢɤɨɜ 
ɩɪɢɜɨɞɢɥɢ ɞɨɜɨɞ, ɱɬɨ ɧɟɩɪɟɪɵɜɧɨɟ ɪɨɠɞɟɧɢɟ ɦɚɬɟɪɢɢ ɢɡ ɜɚɤɭɭɦɚ 
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ɧɢɱɭɬɶ ɧɟ ɛɨɥɟɟ ɫɨɦɧɢɬɟɥɶɧɨ, ɱɟɦ ɪɨɠɞɟɧɢɟ ɫɪɚɡɭ ɜɫɟɣ ɦɚɬɟɪɢɢ ɜ 
ɦɨɦɟɧɬ Ȼɨɥɶɲɨɝɨ ɜɡɪɵɜɚ. 

ɉɨɫɤɨɥɶɤɭ ɩɨɪɨɠɞɚɸщɟɟ ɩɪɨɫɬɪɚɧɫɬɜɨ-ɜɪɟɦя ɷɥɟɤɬɪɨɦɚɝɧɢɬ-
ɧɨɟ ɩɨɥɟ ɤɜɚɧɬɭɟɬɫя, ɫɜɨɣɫɬɜɨ ɤɜɚɧɬɨɜɚɧɢя ɥɨɝɢɱɧɨ ɩɟɪɟɧɨɫɢɬɫя ɢ 
ɧɚ ɨɛɪɚɡɭɟɦɨɟ ɢɦ ɩɪɨɫɬɪɚɧɫɬɜɨ-ɜɪɟɦя. ɉɨɷɬɨɦɭ ɥɨɝɢɱɧɨ ɩɪɟɞɩɨ-
ɥɚɝɚɬɶ ɫɭщɟɫɬɜɨɜɚɧɢɟ ɤɜɚɧɬɨɜ ɩɪɨɫɬɪɚɧɫɬɜɚ ɢ ɤɜɚɧɬɨɜ ɜɪɟɦɟɧɢ. 

ȼ ɷɥɟɦɟɧɬɚɪɧɵɯ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɜɪɟɦɟɧɧɵɯ яɱɟɣɤɚɯ, ɤɚɤ ɜ 
ɫɜɨɟɨɛɪɚɡɧɵɯ ɤɪɨɜɨɬɨɱɚщɢɯ ɪɚɧɚɯ ɧɚ «ɬɟɥɟ» ɮɢɡɢɱɟɫɤɨɝɨ ɜɚɤɭɭ-
ɦɚ, ɨɛɪɚɡɭɟɬɫя ɦɚɬɟɪɢя ɜ ɜɢɞɟ ɫɝɭɫɬɤɨɜ ɩɟɪɜɢɱɧɵɯ ɩɪɨɬɨɱɚɫɬɢɰ, 
ɨɱɟɧɶ ɦɚɥɨɣ ɞɨɥɢ ɤɨɬɨɪɵɯ ɭɞɚОɬɫя ɜɵɪɜɚɬɶɫя ɢɡ ɝɥɭɛɢɧ ɷɬɢɯ яɱɟ-
ɟɤ, ɧɨ ɡɚ ɫɱОɬ ɩɨɬɟɪɢ ɛяɥɶɲɟɣ ɱɚɫɬɢ ɫɜɨɟɣ ɷɧɟɪɝɢɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ 
ɩɨɫɥɟɞɭɸщɢɯ ɩɪɟɜɪɚщɟɧɢɣ ɷɬɢɯ ɩɪɨɬɨɱɚɫɬɢɰ (ɩɪɨɢɫɯɨɞящɢɯ ɜ 
ɧɟɫɤɨɥɶɤɨ ɫɬɚɞɢɣ) ɨɛɪɚɡɭɸɬɫя ɢɡɜɟɫɬɧɵɟ ɢ ɩɨɤɚ ɟщО ɧɟɢɡɜɟɫɬɧɵɟ 
ɷɥɟɦɟɧɬɚɪɧɵɟ ɱɚɫɬɢɰɵ, ɩɨɪɨɠɞɚя ɧɨɜɭɸ ɦɚɫɫɭ ȼɫɟɥɟɧɧɨɣ. 

Ⱦɚɥɟɟ — ɫɯɟɦɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢя ɷɬɨɣ ɦɚɬɟɪɢɢ, ɚɧɚɥɨɝɢɱɧɚя 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɜ ɫɯɟɦɟ ɝɢɩɨɬɟɡɵ Ȼɨɥɶɲɨɝɨ ɜɡɪɵɜɚ. 

ɇɨ ɷɬɨɬ ɩɪɨɰɟɫɫ — ɫɬɚɬɢɱɟɫɤɢɣ ɢ ɞɢɧɚɦɢɱɟɫɤɢɣμ ɧɚ ɜɫɟɯ ɷɬɚ-
ɩɚɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢя ɦɚɬɟɪɢɢ ɨɧ ɦɨɠɟɬ ɢɞɬɢ ɤɚɤ ɜ ɨɞɧɭ, ɬɚɤ ɢ ɜ 
ɞɪɭɝɭɸ ɫɬɨɪɨɧɭ. ȼɨɡɦɨɠɧɨ, ɱɬɨ ɜ ɷɬɨɦ ɩɪɨɰɟɫɫɟ ɩɪɢɧɢɦɚɸɬ ɚɤ-
ɬɢɜɧɨɟ ɭɱɚɫɬɢɟ ɱОɪɧɵɟ ɞɵɪɵ, ɭɬɢɥɢɡɢɪɭя ɢɡɛɵɬɨɱɧɭɸ ɦɚɬɟɪɢɸ ɢ 
ɜɨɡɜɪɚщɚя ɟО ɜ ɮɢɡɢɱɟɫɤɢɣ ɜɚɤɭɭɦ. 

Ʉɨɪɨɬɤɨ ɝɨɜɨɪяμ ɜɦɟɫɬɨ ɨɞɧɨɝɨ ɝɢɝɚɧɬɫɤɨɝɨ Ȼɨɥɶɲɨɝɨ ɜɡɪɵɜɚ ɜ 
ɬɨɱɤɟ, ɡɚ 10–43 ɫ, ɫɨɡɞɚɜɲɟɦɭ ɜɫɸ ɦɚɬɟɪɢɸ ȼɫɟɥɟɧɧɨɣ — ɦɧɨɠɟɫɬ-
ɜɨ ɧɚɧɨɜɡɪɵɜɨɜ (ɬɨɱɧɟɟμ ɧɚɧɨ-ɧɚɧɨ-, ɚ ɟɫɥɢ ɝɨɜɨɪɢɬɶ ɨ ɜɪɟɦɟɧɢ, ɬɨ 
ɧɚɧɨ-ɧɚɧɨ-ɧɚɧɨ-) ɜ ɷɥɟɦɟɧɬɚɪɧɵɯ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɜɪɟɦɟɧɧɵɯ 
яɱɟɣɤɚɯ. Мɚɬɟɪɢя ɩɪɨɞɨɥɠɚɟɬ ɫɨɡɞɚɜɚɬɶɫя ɞɟɫяɬɤɢ ɦɢɥɥɢɚɪɞɨɜ 

ɥɟɬ (ɩɨɪяɞɤɚ 1018 ɫ), ɚ ɟО ɦɚɫɫɚ ɝɟɧɟɪɢɪɭɟɬɫя ɫ ɬɟɦɩɨɦ, ɤɨɬɨɪɵɣ 
ɩɪɢɦɟɪɧɨ ɜ 1060

 ɪɚɡ ɦɟɧɶɲɟ ɬɟɦɩɚ ɝɟɧɟɪɚɰɢɢ ɦɚɬɟɪɢɢ ɜ ɝɢɩɨɬɟɡɟ 
Ȼɨɥɶɲɨɝɨ ɜɡɪɵɜɚ. ɂ ɨɞɧɨɜɪɟɦɟɧɧɨ ɫ ɷɬɢɦ, ɤɚɤ ɷɬɨ ɧɢ ɩɨɤɚɠɟɬɫя 
ɫɬɪɚɧɧɵɦ, ɫɨɡɞɚОɬɫя ɜɪɟɦя ɢ ɩɪɨɫɬɪɚɧɫɬɜɨ. 

ɉɪɢ ɷɬɨɦ, ɩɨɫɤɨɥɶɤɭ ɪɚɞɢɭɫ R ȼɫɟɥɟɧɧɨɣ ɭɜɟɥɢɱɢɜɚɟɬɫя ɫɨ 
ɫɤɨɪɨɫɬɶɸ ɫɜɟɬɚ, ɩɪɟɞɫɬɚɜɥяɟɬɫя ɜɩɨɥɧɟ ɥɨɝɢɱɧɵɦ, ɱɬɨ R ɨɤɚɡɵ-
ɜɚɟɬɫя ɜ 1,87λ ɪɚɡɚ ɛɨɥɶɲɟ ɏɚɛɛɥɚ R0. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɢ ɜɪɟɦя 
ɫɭщɟɫɬɜɨɜɚɧɢя ȼɫɟɥɟɧɧɨɣ ɨɰɟɧɢɜɚɟɬɫя ɜ β7,η ɦɥɪɞ ɥɟɬ. 

Уɤɚɡɚɧɧɚя ɝɢɩɨɬɟɡɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɨ ɩɨɪяɞɤɭ ɜɟɥɢɱɢɧ ɧɚɛɥɸ-
ɞɚɟɦɵɦ ɦɚɫɫɚɦ ɷɥɟɦɟɧɬɚɪɧɵɯ ɱɚɫɬɢɰ, ɞɚОɬ ɫɜɨО ɨɛɴяɫɧɟɧɢɟ ɷɮɮɟɤɬɭ 
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ɭɫɤɨɪɟɧɧɨɝɨ ɭɜɟɥɢɱɟɧɢя ɪɚɫɫɬɨяɧɢɣ ɦɟɠɞɭ ɤɨɫɦɢɱɟɫɤɢɦɢ ɨɛɴɟɤɬɚ-
ɦɢ, ɩɪɟɞɫɬɚɜɥяя ɟɝɨ ɤɚɠɭщɢɦɫя, ɚ ɬɚɤɠɟ — ɦɢɤɪɨɜɨɥɧɨɜɨɦɭ ɮɨɧɨ-
ɜɨɦɭ ɢɡɥɭɱɟɧɢɸ ȼɫɟɥɟɧɧɨɣ, ɤɨɬɨɪɨɟ ɜ ɦɨɞɟɥɢ Ȼɨɥɶɲɨɝɨ ɜɡɪɵɜɚ ɧɚ-
ɡɵɜɚɟɬɫя ɪɟɥɢɤɬɨɜɵɦ ɢɡɥɭɱɟɧɢɟɦ. Оɧɚ ɬɚɤɠɟ ɨɛɴяɫɧяɟɬ 
ɧɚɛɥɸɞɚɟɦɨɟ ɨɞɧɨɪɨɞɧɨɟ (ɜ ɛɨɥɶɲɢɯ ɦɚɫɲɬɚɛɚɯ) ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɦɚ-
ɬɟɪɢɢ ɜɨ ȼɫɟɥɟɧɧɨɣ. Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɜɫɟ ɨɫɧɨɜɧɵɟ ɤɨɫɦɨɥɨɝɢɱɟ-
ɫɤɢɟ ɷɮɮɟɤɬɵ, ɩɨɥɨɠɟɧɧɵɟ ɜ ɨɫɧɨɜɚɧɢɟ ɝɢɩɨɬɟɡɵ Ȼɨɥɶɲɨɝɨ ɜɡɪɵɜɚ. 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɟɞɥɨɠɟɧɧɨɣ ɝɢɩɨɬɟɡɨɣ, ȼɫɟɥɟɧɧɚя ɪɚɫɲɢ-
ɪяɟɬɫя. ɇɨ ɧɟ ɬɚɤ, ɤɚɤ ɜ ɝɢɩɨɬɟɡɟ Ȼɨɥɶɲɨɝɨ ɜɡɪɵɜɚμ ɪɚɡɦɟɪɵ ȼɫɟ-
ɥɟɧɧɨɣ ɭɜɟɥɢɱɢɜɚɸɬɫя ɡɚ ɫɱОɬ ɨɛɪɚɡɨɜɚɧɢя ɧɨɜɵɯ ɩɨɪɰɢɣ ɦɚɬɟ-
ɪɢɢ, ɩɪɨɫɬɪɚɧɫɬɜɚ ɢ ɜɪɟɦɟɧɢ. Ɍɨ ɟɫɬɶ ȼɫɟɥɟɧɧɚя ɪɚɫɲɢɪяɟɬɫя, 
ɫɨɡɞɚɜɚя ɫɚɦɚ ɫɟɛɟ ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɫɲɢɪяɬɶɫя, ɚ ɧɟ ɜ ɡɚɪɚɧɟɟ ɤɟɦ-

ɬɨ ɩɪɢɝɨɬɨɜɥɟɧɧɨɟ ɞɥя ɷɬɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɨ. ɇɨ ɬɚɤɨɟ ɪɚɫɲɢɪɟɧɢɟ 
ɧɟ ɨɬɧɨɫɢɬɫя ɤ ɨɛщɟɦɭ ɢɡɦɟɧɟɧɢɸ ɪɚɫɫɬɨяɧɢɣ ɦɟɠɞɭ ɭɠɟ ɫɭщɟ-
ɫɬɜɭɸщɢɦɢ ɤɨɫɦɢɱɟɫɤɢɦɢ ɨɛɴɟɤɬɚɦɢ. 

Ƚɢɩɨɬɟɡɚ ɬɚɤɠɟ ɩɨɡɜɨɥяɟɬ ɭɫɬɚɧɨɜɢɬɶ ɜɨɡɦɨɠɧɵɟ ɜɟɥɢɱɢɧɵ ɤɜɚɧ-
ɬɨɜ ɩɪɨɫɬɪɚɧɫɬɜɚ (Ȝ з 10–20 

÷
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–19 ɦ, Ȝ0 ~ 10
–22 ɦ) ɢ ɜɪɟɦɟɧɢ (τ з 10–28 ɫ) 

ɢɡ ɭɫɥɨɜɢɣ ɫɨɩɪяɠɟɧɢя ɦɚɤɪɨɦɢɪɚ ɢ ɦɢɤɪɨɦɢɪɚ. Ʉɨɧɟɱɧɨ, ɬɟɨɪɟɬɢ-
ɱɟɫɤɢ, ɚɛɫɬɪɚɤɬɧɨ, ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɢ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɢɟ ɜɟ-
ɥɢɱɢɧɵ, ɧɨ ɧɚɫɤɨɥɶɤɨ ɨɧɢ ɪɟɚɥɶɧɵ — ɛɨɥɶɲɨɣ ɜɨɩɪɨɫ. 

ɑɬɨ ɤɚɫɚɟɬɫя ɤɨɫɦɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɢɧɰɢɩɚ — ɨɞɧɨɝɨ ɢɡ ɝɥɚɜɧɵɯ 
ɩɪɢɧɰɢɩɨɜ ɫɨɜɪɟɦɟɧɧɨɣ ɤɨɫɦɨɥɨɝɢɢ, ɬɨ ɜ ɪɚɦɤɚɯ ɪɚɫɫɦɨɬɪɟɧɧɨɣ 
ɝɢɩɨɬɟɡɵ ɨɧ яɜɥяɟɬɫя ɧɟ ɜɫɟɨɛщɢɦ, ɝɥɨɛɚɥɶɧɵɦ ɢ ɩɪɢɝɨɞɧɵɦ ɞɥя 
ɥɸɛɨɣ ɨɛɥɚɫɬɢ ȼɫɟɥɟɧɧɨɣ, ɚ ɥɨɤɚɥɶɧɵɦ, ɩɪɢɦɟɧɢɦɵɦ 
ɩɪɢɛɥɢɠОɧɧɨ. ɉɪɚɜɞɚ, ɪɚɡɦɟɪɵ ɨɛɥɚɫɬɟɣ ɟɝɨ ɩɪɢɛɥɢɠОɧɧɨɣ ɩɪɢ-
ɦɟɧɢɦɨɫɬɢ ɨɝɪɨɦɧɵ ɩɨ ɦɚɫɲɬɚɛɚɦ ɧɟ ɬɨɥɶɤɨ ɋɨɥɧɟɱɧɨɣ ɫɢɫɬɟɦɵ, 
ɧɨ ɢ ɝɚɥɚɤɬɢɤɢ. Ɍɨ, ɱɬɨ ɜ ɪɚɦɤɚɯ ɪɚɫɫɦɨɬɪɟɧɧɨɣ ɦɨɞɟɥɢ ɤɨɫɦɨɥɨ-
ɝɢɱɟɫɤɢɣ ɩɪɢɧɰɢɩ ɠОɫɬɤɨ ɧɟ ɩɪɢɦɟɧɢɦ, ɟɫɬɟɫɬɜɟɧɧɨ ɫɥɟɞɭɟɬ ɢɡ 
ɚɧɢɡɨɬɪɨɩɢɢ ɩɪɨɫɬɪɚɧɫɬɜɚ-ɜɪɟɦɟɧɢ, ɨɛɭɫɥɨɜɥɟɧɧɨɣ ɧɚɥɢɱɢɟɦ 
ɐȽɎ. ɂ, ɩɨɯɨɠɟ, ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ 
ɪɟɥɢɤɬɨɜɨɝɨ ɮɨɧɨɜɨɝɨ ɢɡɥɭɱɟɧɢя ɩɨɞɬɜɟɪɠɞɚɸɬ ɧɚɥɢɱɢɟ ɧɟɤɨɟɝɨ 
ɜɵɞɟɥɟɧɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢя ɜɨ ȼɫɟɥɟɧɧɨɣ. 

Ʉɪɨɦɟ ɷɬɨɝɨ, ɜɵɞɟɥɟɧɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɬɟɱɟɧɢя ɜɪɟɦɟɧɢ ɦɨɠɟɬ 
ɨɛɴяɫɧɢɬɶ ɚɫɢɦɦɟɬɪɢɸ ɦɟɠɞɭ ɜɟщɟɫɬɜɨɦ ɢ ɚɧɬɢɜɟщɟɫɬɜɨɦ (ɛɚɪɢ-
ɨɧɧɭɸ ɚɫɢɦɦɟɬɪɢɸ). 

ȼ ɪɚɫɫɦɨɬɪɟɧɧɨɣ ɝɢɩɨɬɟɡɟ ɨɞɧɭ ɢɡ ɤɥɸɱɟɜɵɯ ɪɨɥɟɣ ɢɝɪɚɟɬ ɮɢ-
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ɡɢɱɟɫɤɢɣ ɩɚɪɚɦɟɬɪ α, ɤɨɬɨɪɵɣ ɜ ɧɚɫɬɨящɟɟ ɜɪɟɦя ɨɱɟɧɶ ɫɤɪɨɦɧɨ 
ɧɚɡɵɜɚɟɬɫя «ɩɨɫɬɨяɧɧɚя ɬɨɧɤɨɣ ɫɬɪɭɤɬɭɪɵ». ɇɚ ɫɚɦɨɦ ɞɟɥɟ, ɜɩɨɥ-
ɧɟ ɦɨɠɟɬ ɨɤɚɡɚɬɶɫя, ɱɬɨ α — ɧɟ ɬɨɥɶɤɨ ɨɞɢɧ ɢɡ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ 
ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɛɟɡɪɚɡɦɟɪɧɵɯ ɮɢɡɢɱɟɫɤɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɜ 
ɮɨɪɦɭɥɚɯ ɚɬɨɦɧɵɯ ɫɩɟɤɬɪɚɥɶɧɵɯ ɥɢɧɢɣ, ɚ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɣ, 
ɫɢɫɬɟɦɨɨɛɪɚɡɭɸщɢɣ, ɩɚɪɚɦɟɬɪ ɦɢɪɨɡɞɚɧɢя. 

ɂ ɧɟ ɧɭɠɧɨ ɜɵɞɭɦɵɜɚɬɶ ɤɚɤɢɟ-ɬɨ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɪɚɡɦɟɪɧɨɫɬɢ 
ɩɪɨɫɬɪɚɧɫɬɜɚ-ɜɪɟɦɟɧɢμ ɪɚɫɫɦɚɬɪɢɜɚɟɦɚя ɝɢɩɨɬɟɡɚ ɜ ɧɢɯ ɧɟ ɧɭɠɞɚ-
ɟɬɫя. Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɟɫɥɢ ɩɪɨɫɬɪɚɧɫɬɜɨ-ɜɪɟɦя — ɷɬɨ ɫɩɨɫɨɛ ɨɩɢ-
ɫɚɧɢя ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥя, ɚ ɷɬɨ ɩɨɥɟ ɨɩɪɟɞɟɥяɟɬɫя ζ-

ɜɟɤɬɨɪɧɵɦ ɩɨɬɟɧɰɢɚɥɨɦ, ɬɨ ɧɢɤɚɤɢɯ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɢɡɦɟɪɟɧɢɣ 
ɞɥя ɨɩɢɫɚɧɢя ɜɢɞɢɦɨɝɨ ɧɚɦɢ ɦɢɪɚ ɧɟ ɬɪɟɛɭɟɬɫя. ȿɫɥɢ ɜɫО ɠɟ 
ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɢɡɦɟɪɟɧɢя ɩɪɨɫɬɪɚɧɫɬɜɚ-

ɜɪɟɦɟɧɢ ɫɭщɟɫɬɜɭɸɬ, ɬɨ ɩɪɢɞОɬɫя ɩɪɢɡɧɚɬɶ, ɱɬɨ ɷɬɢ ɚɬɪɢɛɭɬɵ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥя ɨɬɧɨɫяɬɫя ɤ ɞɪɭɝɨɦɭ ɩɨɥɸ, ɬ. ɟ. ɩɨɥɭɱɢɬɶ 
ɩɪɨɬɢɜɨɪɟɱɢɟ. 

ɉɪɨɫɬɪɚɧɫɬɜɨ-ɜɪɟɦя — ɷɬɨ ɭɞɨɛɧɵɣ яɡɵɤ ɞɥя ɨɩɢɫɚɧɢя ɷɥɟɤ-
ɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥя. ɂ ɩɨɷɬɨɦɭ ɩɨɧяɬɧɨ, ɩɨɱɟɦɭ ɞɥя ɷɬɨɝɨ ɬɚɤ 
ɜɚɠɧɚ ɢɦɟɧɧɨ ɩɨɫɬɨяɧɧɚя ɬɨɧɤɨɣ ɫɬɪɭɤɬɭɪɵ. 

Ⱦɥя ɨɩɢɫɚɧɢя ɛɟɡɞɧɵ ɮɢɡɢɱɟɫɤɨɝɨ ɜɚɤɭɭɦɚ, ɝɞɟ ɷɥɟɤɬɪɨɦɚɝ-
ɧɢɬɧɨɟ ɩɨɥɟ ɧɟ ɫɮɨɪɦɢɪɨɜɚɥɨɫɶ, ɷɬɨɬ яɡɵɤ ɧɟ ɝɨɞɢɬɫя, ɧɭɠɧɨ 
ɩɪɢɞɭɦɵɜɚɬɶ ɱɬɨ-ɬɨ ɞɪɭɝɨɟ. Мɨɠɧɨ ɩɪɢɜɟɫɬɢ ɚɧɚɥɨɝɢɸμ ɦɵ ɧɚɯɨ-
ɞɢɦɫя ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɤɟɚɧɚ ɢ ɧɚɛɥɸɞɚɟɦ ɡɚ ɞɜɢɠɟɧɢɟɦ ɜɨɥɧ ɢ 
ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɟɧɵ ɧɚ ɜɨɞɟ. Ⱥ ɱɬɨ ɧɚɯɨɞɢɬɫя ɩɨɞ ɧɚɦɢ ɧɚ ɦɧɨɝɨ-
ɤɢɥɨɦɟɬɪɨɜɨɣ ɝɥɭɛɢɧɟ ɢ ɤɚɤɢɟ ɬɚɦ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ, ɧɚɦ ɩɨɧяɬɶ ɧɟ 
ɞɚɧɨ. ɉɨɤɚ ɭ ɧɚɫ ɧɟɬ ɞɚɠɟ яɡɵɤɚ ɞɥя ɨɩɢɫɚɧɢя ɬɚɤɢɯ ɝɥɭɛɢɧɧɵɯ 
яɜɥɟɧɢɣ. 

ɉɨɷɬɨɦɭ ɩɨ ɯɨɞɭ ɢɡɥɨɠɟɧɢя ɩɪɢɲɥɨɫɶ ɩɪɢɛɟɝɚɬɶ ɤ ɚɧɚɥɨɝɢяɦ, 
ɤɨɬɨɪɵɟ, ɫɤɨɪɟɟ ɜɫɟɝɨ, ɨɱɟɧɶ ɝɪɭɛɵ ɢ — ɦɟɫɬɚɦɢ — ɫɨɦɧɢɬɟɥɶɧɵ. 
ɇɨ ɧɚɞɨ ɠɟ ɛɵɥɨ ɤɚɤ-ɬɨ ɫɤɚɡɚɬɶ ɨ ɬɨɦ, ɞɥя ɱɟɝɨ ɩɨɤɚ ɧɟɬ ɩɨɞɯɨ-
ɞящɢɯ ɫɥɨɜ ɢ, ɜɨɡɦɨɠɧɨ, ɧɢɤɨɝɞɚ ɧɟ ɛɭɞɟɬ. 

ɉɨɧяɬɧɨ ɢ ɨɠɢɞɚɟɦɨ, ɱɬɨ ɩɪɟɞɥɨɠɟɧɧɚя ɝɢɩɨɬɟɡɚ, ɤɨɬɨɪɚя ɡɚɬɪɚ-
ɝɢɜɚɟɬ ɧɚɭɱɧɵɟ ɢɧɬɟɪɟɫɵ ɦɧɨɝɢɯ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ, ɚ ɬɚɤɠɟ ɨɫɧɨɜɵ 
ɦɢɪɨɜɨɡɡɪɟɧɢя (ɬɨɱɧɟɟ — ɦɢɪɨɭɱɟɧɢя) ɪɟɥɢɝɢɨɡɧɵɯ ɞɟяɬɟɥɟɣ, ɜɵɡɨ-
ɜɟɬ ɠОɫɬɤɭɸ, ɧɟ ɜɫɟɝɞɚ ɧɟɡɚɫɥɭɠɟɧɧɭɸ ɤɪɢɬɢɤɭ. ɇɚɜɟɪɧɨ, ɩɪɢ ɷɬɨɦ ɜ 
ɭɫɬɚɯ ɤɪɢɬɢɤɨɜ ɫɚɦɨɣ ɞɟɥɢɤɚɬɧɨɣ ɦɨɠɟɬ ɨɤɚɡɚɬɶɫя ɮɪɚɡɚ ɢɡ ɪɨɦɚɧɚ 
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«Мɚɫɬɟɪ ɢ Мɚɪɝɚɪɢɬɚ»μ «Мɧɟ ɩɪɢяɬɧɨ ɫɨɨɛщɢɬɶ ɜɚɦ, ɱɬɨ ɜɚɲɚ ɬɟɨ-
ɪɢя ɢ ɫɨɥɢɞɧɚ ɢ ɨɫɬɪɨɭɦɧɚ. ȼɩɪɨɱɟɦ, ɜɟɞɶ ɜɫɟ ɬɟɨɪɢɢ ɫɬɨяɬ ɨɞɧɚ 
ɞɪɭɝɨɣ». 

Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɩɭɬɚɧɢɰɵ ɜ ɪɚɡɥɢɱɧɵɯ ɝɢɩɨɬɟɡɚɯ ɞɨɜɨɥɶɧɨ ɦɧɨɝɨ. 
Ɍɟɦ ɛɨɥɟɟ ɱɬɨ ɢɡɜɟɫɬɧɨμ ɞɨɤɚɡɚɬɶ ɤɚɤɭɸ-ɥɢɛɨ ɮɢɡɢɱɟɫɤɭɸ ɬɟɨɪɢɸ 
ɧɟɜɨɡɦɨɠɧɨ. Оɩɪɨɜɟɪɝɧɭɬɶ ɦɨɠɧɨ, ɚ ɫɬɪɨɝɨ ɞɨɤɚɡɚɬɶ — ɧɟɬ. 

ɉɨɷɬɨɦɭ ɫɩɟɰɢɚɥɶɧɨ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶμ ɩɪɟɞɥɨɠɟɧɧɚя ɝɢɩɨɬɟɡɚ 
ɧɟ ɩɪɟɬɟɧɞɭɟɬ ɧɚ ɨɬɪɢɰɚɧɢɟ ɝɢɩɨɬɟɡɵ Ȼɨɥɶɲɨɝɨ ɜɡɪɵɜɚ. Оɧɚ ɥɢɲɶ 
ɨɛɪɚщɚɟɬ ɜɧɢɦɚɧɢɟ ɧɚ ɬɨ, ɱɬɨ ɤɥɸɱɟɜɵɟ ɮɢɡɢɱɟɫɤɢɟ яɜɥɟɧɢя 
ɦɨɠɧɨ ɩɨɩɵɬɚɬɶɫя ɨɛɴяɫɧɢɬɶ ɧɚ ɨɫɧɨɜɟ ɞɪɭɝɢɯ ɩɪɟɞɩɨɥɨɠɟɧɢɣ. 
ɉɪɢɱОɦ ɨɛɴяɫɧɢɬɶ ɢɯ ɜ ɪɚɦɤɚɯ ɬɨɥɶɤɨ ɨɞɧɨɣ ɨɫɧɨɜɧɨɣ ɝɢɩɨɬɟɡɵ. 

ɇɨ, ɭɱɢɬɵɜɚя Ȼɨɥɶɲɢɟ ɩɪɨɛɥɟɦɵ Ȼɨɥɶɲɨɝɨ ɜɡɪɵɜɚ ɢ ɫɚɦɨɤɪɢ-
ɬɢɱɧɨ ɨɰɟɧɢɜɚя ɬɨɥɶɤɨ ɱɬɨ ɩɪɟɞɥɨɠɟɧɧɭɸ ɝɢɩɨɬɟɡɭ, ɦɨɠɧɨ ɜɫɩɨɦ-
ɧɢɬɶ ɢ ɞɪɭɝɭɸ ɮɪɚɡɭ ɢɡ ɩɪɨɢɡɜɟɞɟɧɢя ɡɚɦɟɱɚɬɟɥɶɧɨɝɨ Мɚɫɬɟɪɚμ «ə 
ɜɨɨɛщɟ ɧɚɱɢɧɚɸ ɨɩɚɫɚɬɶɫя, ɱɬɨ ɩɭɬɚɧɢɰɚ ɷɬɚ ɛɭɞɟɬ ɩɪɨɞɨɥɠɚɬɶɫя 
ɨɱɟɧɶ ɞɨɥɝɨɟ ɜɪɟɦя». 
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