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TСО аШrФ ЩrОsОЧЭs rОsЮХЭs ШП ЭСО rОsОКrМС ШП ЩСвsТМКХ КЧН МСОЦТМКХ ЩrШЩОrЭТОs ШП МШЩЩОr ОХОМЭrШ-ОбЩХШsТЯО 
ЧКЧШЩШаНОrs. IЭ Тs НОПТЧОН ЭСО rОХКЭТШЧsСТЩ ЛОЭаООЧ ЩrОЩКrКЭТШЧ МШЧНТЭТШЧs ШП МШШЩОr ЧКЧШЩШаНОr КЧН ЭСОТr 
НТsЩОrsТЭв. IЭ Тs ЮsОН ПШr rОsОКrМС ПШr ЭСО ЩСвsТМКХ КЧН МСОЦТМКХ ЩrШЩОrЭТОs ШП ЧКЧШЩШаНОr ЭСО  BrОЧКЮОr-EЦЦОЭЭ-
TОХХОr (σβ-BET) КНsШrЩЭТШЧ ЦОЭСШН. 

 

ȼɜɟɞɟɧɢɟ ɇɚɧɨɩɨɪɨɲɤɢ ɦɟɞɢ ɜ ɤɚɱɟɫɬɜɟ ɞɨɛɚɜɨɤ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɪɚɡɥɢɱɧɵɯ ɨɬɪɚɫɥɹɯ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɢμ ɜ ɷɥɟɤɬɪɨɧɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɜɥɢɹɸɬ ɧɚ ɩɪɨɜɨɞɢɦɨɫɬɶ Д1Ж, ɜ ɯɢɦɢɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ 

ɤɚɱɟɫɬɜɟ ɚɤɬɢɜɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ДβЖ ɢ ɩɪɢɫɚɞɨɤ ɤ ɦɨɬɨɪɧɵɦ ɦɚɫɥɚɦ ДγЖ.  ɇɚ ɨɫɧɨɜɚɧɢɢ 

ɚɧɚɥɢɡɚ ɪɚɛɨɬɵ Д1Ж ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɫɥɟɞɭɸɳɢɟ ɦɟɬɨɞɵ ɩɨɥɭɱɟɧɢɹ ɦɟɞɧɵɯ ɧɚɧɨɩɨɪɨɲɤɨɜμ ɦɟɬɨɞ 

ɬɟɪɦɢɱɟɫɤɨɝɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ, ɫɨɧɧɨ-ɯɢɦɢɱɟɫɤɨɟ ɨɫɚɠɞɟɧɢɟ, ɫɢɧɬɟɡ ɩɨɪɨɲɤɚ ɩɭɬɺɦ ɢɫɩɚɪɟɧɢɹ ɦɟɬɚɥɥɚ, 

ɯɢɦɢɱɟɫɤɨɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ, ɜɚɤɭɭɦɧɨɟ ɨɫɚɠɞɟɧɢɟ ɢɡ ɩɚɪɨɜɨɣ ɮɚɡɵ, ɪɚɞɢɚɰɢɨɧɧɵɟ ɦɟɬɨɞɵ, 

ɦɢɤɪɨɷɦɭɥɶɫɢɨɧɧɵɣ ɦɟɬɨɞ ɢ ɥɚɡɟɪɧɚɹ ɚɛɥɹɰɢɹ.  ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɧɚɧɨɩɨɪɨɲɤɢ ɦɟɞɢ, 

ɩɨɥɭɱɟɧɧɵɟ ɦɟɬɨɞɨɦ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɜɡɪɵɜɚ ɩɪɨɜɨɞɧɢɤɨɜ (ɗȼɉΨ, ɢ ɢɯ ɩɪɢɦɟɧɟɧɢɟ ɜ ɯɢɦɢɱɟɫɤɢɯ 

ɪɟɚɤɰɢɹɯ ɜ ɤɚɱɟɫɬɜɟ ɤɚɬɚɥɢɡɚɬɨɪɨɜ. Ɉɫɧɨɜɧɵɦɢ ɩɪɟɢɦɭɳɟɫɬɜɚɦɢ ɦɟɬɨɞɚ ɗȼɉ, ɹɜɥɹɸɬɫɹμ ɜɨɡɦɨɠɧɨɫɬɶ 

ɪɟɝɭɥɢɪɨɜɚɬɶ ɭɫɥɨɜɢɹ ɩɨɥɭɱɟɧɢɹ ɩɨɪɨɲɤɨɜ, ɚ ɬɚɤɠɟ ɩɪɨɢɡɜɨɞɢɬɶ ɢɯ ɜ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɢɯ ɤɨɥɢɱɟɫɬɜɚɯ - 

ɨɬ ɞɟɫɹɬɤɨɜ ɞɨ ɫɨɬɟɧ ɝɪɚɦɦ ɜ ɱɚɫ. Ɉɞɧɨ ɢɡ ɞɨɫɬɨɢɧɫɬɜ ɷɥɟɤɬɪɨɜɡɪɵɜɧɵɯ ɩɨɪɨɲɤɨɜ – ɢɯ ɜɵɫɨɤɚɹ 

ɯɢɦɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ДζЖ, ɱɬɨ ɢ ɹɜɥɹɟɬɫɹ ɩɪɟɞɩɨɫɵɥɤɨɣ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɧɚɧɨɩɨɪɨɲɤɨɜ ɜ ɪɨɥɢ 

ɤɚɬɚɥɢɡɚɬɨɪɨɜ. Ɉɫɧɨɜɧɵɦɢ ɮɚɤɬɨɪɚɦɢ, ɜɥɢɹɸɳɢɦɢ ɧɚ ɯɨɞ ɪɟɚɤɰɢɢ ɢ ɜɵɯɨɞ ɤɨɧɟɱɧɵɯ ɩɪɨɞɭɤɬɨɜ, 

ɹɜɥɹɸɬɫɹ ɭɫɥɨɜɢɹ ɩɨɥɭɱɟɧɢɹ ɩɨɪɨɲɤɨɜ ɢ ɢɯ ɫɜɨɣɫɬɜɚ.  ɐɟɥɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ – ɭɫɬɚɧɨɜɥɟɧɢɟ ɜɡɚɢɦɨɫɜɹɡɢ 

ɦɟɠɞɭ ɭɫɥɨɜɢɹɦɢ ɩɨɥɭɱɟɧɢɹ ɧɚɧɨɩɨɪɨɲɤɨɜ ɢ ɢɯ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ. 

Ʉɪɚɬɤɚɹ ɬɟɨɪɢɹ Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɨɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ, 

ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɭɫɥɨɜɢɹ ɩɨɥɭɱɟɧɢɹ, ɜɥɢɹɸɳɢɟ ɧɚ ɫɜɨɣɫɬɜɚ ɧɚɧɨɩɨɪɨɲɤɨɜ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ 

ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɚɦɢ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɨɞɧɢɦ ɢɡ ɬɚɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɹɜɥɹɟɬɫɹ ɜɜɟɞɺɧɧɚɹ ɜ ɩɪɨɜɨɞɧɢɤ ɷɧɟɪɝɢɹ 

О, ɨɩɪɟɞɟɥɹɸɳɚɹ ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ ɱɚɫɬɢɰ ɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɪɚɛɨɬɵ ɧɟɨɛɯɨɞɢɦɨ ɩɨɥɭɱɢɬɶ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɫɪɟɞɧɟɝɨ ɪɚɡɦɟɪɚ ɧɚɧɨɱɚɫɬɢɰ ɨɬ ɜɜɟɞɺɧɧɨɣ ɜ ɩɪɨɜɨɞɧɢɤ ɷɧɟɪɝɢɢ.   

 ȼ ɪɚɛɨɬɟ ДζЖ ɩɪɢɜɟɞɺɧ ɜɵɜɨɞ ɭɪɚɜɧɟɧɢɹ ɩɨ ɪɚɫɱɺɬɭ ɷɧɟɪɝɢɢ О, ɜɜɟɞɺɧɧɨɣ ɜ ɩɪɨɜɨɞɧɢɤ.  ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ, 

ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ ɱɚɫɬɢɰ ɨɩɪɟɞɟɥɹɟɬɫɹ ɱɟɪɟɡ ɜɜɟɞɺɧɧɭɸ ɜ ɩɪɨɜɨɞɧɢɤ ɷɧɟɪɝɢɸ ɩɨ ɮɨɪɦɭɥɟ 
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ɝɞɟ ОМ - ɷɧɟɪɝɢɹ ɫɭɛɥɢɦɚɰɢɢ ɦɚɬɟɪɢɚɥɚ. Ⱦɚɥɟɟ ɩɨɫɥɟ ɢɡɦɟɪɟɧɢɹ ɜɟɥɢɱɢɧɵ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫɪɟɞɧɢɣ 

ɪɚɡɦɟɪ ɱɚɫɬɢɰ ɭɬɨɱɧɹɟɬɫɹ  ɩɨ ɮɨɪɦɭɥɟ 

                                                      (βΨ 

ɝɞɟ S ɭɞ. - ɭɞɟɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ,  ȡɆɟ - ɩɥɨɬɧɨɫɬɶ ɤɨɦɩɚɤɬɧɨɝɨ ɦɟɬɚɥɥɚ. 

 Ɉɩɢɫɚɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɗɥɟɤɬɪɨɜɡɪɵɜ ɩɪɨɜɨɞɧɢɤɨɜ – ɪɚɡɪɭɲɟɧɢɟ ɩɪɨɜɨɞɧɢɤɚ ɢɦɩɭɥɶɫɨɦ ɬɨɤɚ 

ɩɥɨɬɧɨɫɬɶɸ ɛɨɥɟɟ 1010 Ⱥ/ɦβ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɷɬɨɝɨ ɩɪɨɢɫɯɨɞɢɬ ɨɛɪɚɡɨɜɚɧɢɟ ɩɚɪɨɜ ɢ ɦɟɥɶɱɚɣɲɢɯ ɱɚɫɬɢɰ 

ɦɟɬɚɥɥɚ. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɤɨɧɬɭɪɚ ɢ ɜɧɟɲɧɢɣ ɜɢɞ ɭɫɬɚɧɨɜɤɢ ɩɨ ɗȼɉ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1μ 

ɇɚ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɫɯɟɦɟ 

ɺɦɤɨɫɬɧɨɣ ɧɚɤɨɩɢɬɟɥɶ ɷɧɟɪɝɢɢ ɋ 

ɡɚɪɹɠɚɟɬɫɹ ɨɬ ɢɫɬɨɱɧɢɤɚ ɷɧɟɪɝɢɢ ɞɨ 

ɧɚɩɪɹɠɟɧɢɢ U0. Ⱦɚɥɟɟ ɷɧɟɪɝɢɹ 

ɧɚɤɨɩɢɬɟɥɹ ɧɚɩɪɚɜɥɹɟɬɫɹ ɧɚ 

ɜɡɪɵɜɚɟɦɵɣ ɩɪɨɜɨɞɧɢɤ ɫ ɩɨɦɨɳɶɸ 

ɪɚɡɪɹɞɧɢɤɚ P. ȼ ɪɟɡɭɥɶɬɚɬɟ ɷɬɨɝɨ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɞɠɨɭɥɟɜ ɧɚɝɪɟɜ 

ɩɪɨɜɨɞɧɢɤɚ, ɤɨɬɨɪɵɣ ɧɚɱɢɧɚɟɬ 

ɩɥɚɜɢɬɶɫɹ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɢɦɩɭɥɶɫɧɵɣ ɪɟɠɢɦ ɢ ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ ɫɢɥɵ ɬɨɤɚ ɨɛɟɫɩɟɱɢɜɚɸɬ ɜɡɪɵɜ 

ɩɪɨɜɨɥɨɤɢ. ɑɚɫɬɢɰɵ ɨɛɪɚɡɭɸɬɫɹ ɜɫɥɟɞɫɬɜɢɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɚɪɨɜ ɦɟɬɚɥɥɚ ɫ ɝɚɡɨɜɨɣ ɚɬɦɨɫɮɟɪɨɣ ɜ 

ɤɚɦɟɪɟ ɜɡɪɵɜɚ ɭɫɬɚɧɨɜɤɢ. Ⱦɚɥɟɟ ɢɡ ɤɚɦɟɪɵ ɜɡɪɵɜɚ ɭɫɬɚɧɨɜɤɢ ɱɚɫɬɢɰɵ ɭɜɥɟɤɚɸɬɫɹ ɩɨɬɨɤɨɦ ɝɚɡɚ ɜ 

ɮɢɥɶɬɪɵ, ɚ ɩɨɫɥɟ ɩɪɨɯɨɠɞɟɧɢɹ ɱɟɪɟɡ ɮɢɥɶɬɪɵ ɩɨɪɨɲɨɤ ɫɨɛɢɪɚɟɬɫɹ ɜ ɫɩɟɰɢɚɥɶɧɵɯ ɫɬɚɤɚɧɚɯ.  

ɉɚɪɚɦɟɬɪɵ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɤɨɧɬɭɪɚμ ɺɦɤɨɫɬɶ ɛɚɬɚɪɟɢ ɤɨɧɞɟɧɫɚɬɨɪɨɜ ɋ = β,1θ–γ,7θ ɦɤɎ, ɧɚɩɪɹɠɟɧɢɟ 

ɡɚɪɹɞɤɢ ɧɚɤɨɩɢɬɟɥɹ U = β1,1–βλ ɤȼ, ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɪɚɡɪɹɞɧɨɝɨ ɤɨɧɬɭɪɚ δ = 0,ηλ–0,8β ɦɤȽɧ, ɞɥɢɧɚ ɦɟɞɧɨɣ 

ɩɪɨɜɨɥɨɤɢ Х = η8,γ–10θ,7 ɦɦ, ɞɢɚɦɟɬɪ Н = 0,βη–0,γ7 ɦɦ. ȼɟɥɢɱɢɧɚ ɜɜɟɞɺɧɧɨɣ ɜ ɩɪɨɜɨɞɧɢɤ ɷɧɟɪɝɢɢ О/ɟɫ = 

1,γγ–β,88. Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɹɜɥɟɧɢɹ ɗȼɉ ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɨɞɯɨɞ, ɨɩɢɫɚɧɧɵɣ ɜ ɪɚɛɨɬɟ ДζЖ. ȼɜɟɞɺɧɧɭɸ ɜ 

ɩɪɨɜɨɞɧɢɤ ɷɧɟɪɝɢɸ ɪɚɫɫɱɢɬɵɜɚɥɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɢɡ ɨɫɰɢɥɥɨɝɪɚɦɦ ɬɨɤɚ ДηЖ. 

Ɋɟɡɭɥɶɬɚɬɵ ɢɯ ɨɛɫɭɠɞɟɧɢɹ ȼ ɪɟɡɭɥɶɬɚɬɟ 

ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ ɛɵɥɚ ɩɨɫɬɪɨɟɧɚ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɜɜɟɞɺɧɧɨɣ ɜ 

ɩɪɨɜɨɞɧɢɤ ɷɧɟɪɝɢɢ ɨɬ ɪɚɡɦɟɪɚ ɧɚɧɨɱɚɫɬɢɰ 

CЮ, ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɧɚ ɪɢɫ. β.  

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɤɪɢɜɚɹ ɩɨɫɬɪɨɟɧɚ ɧɚ 

ɨɫɧɨɜɚɧɢɢ ɮɨɪɦɭɥ (1Ψ ɢ (βΨ ɢ ɩɪɟɞɫɬɚɜɥɹɟɬ 

ɫɨɛɨɣ ɭɛɵɜɚɸɳɭɸ ɮɭɧɤɰɢɸ, 

ɞɟɦɨɧɫɬɪɢɪɭɸɳɭɸ ɭɦɟɧɶɲɟɧɢɟ ɪɚɡɦɟɪɚ 

ɱɚɫɬɢɰ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɷɧɟɪɝɢɢ, ɜɜɨɞɢɦɨɣ ɜ 

ɩɪɨɜɨɞɧɢɤμ ɢɧɬɟɪɜɚɥ ɡɧɚɱɟɧɢɣ О/ɟɫ = 1,γγ–

β,88, ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨ ɪɚɡɦɟɪɚɦ  К = 1γ-1γ1 

ɧɦ. Ɉɫɧɨɜɧɚɹ ɱɚɫɬɶ ɩɨɥɭɱɟɧɧɵɯ ɱɚɫɬɢɰ ɩɨɪɨɲɤɚ ɩɨ ɪɚɡɦɟɪɚɦ ɪɚɫɩɨɥɨɠɟɧɚ ɜ ɢɧɬɟɪɜɚɥɟ ɨɬ β0 ɞɨ θ0 ɧɦ, 

ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɞɢɚɩɚɡɨɧɭ О/ОМ = 1,η–β,0. Ⱦɥɹ ɧɚɲɢɯ ɞɚɥɶɧɟɣɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɚɢɛɨɥɟɟ ɢɧɬɟɪɟɫɧɵɦɢ 

ɚ ɛ 

Ɋɢɫ. 1.  ɚ) ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɤɨɧɬɭɪɚ ɩɨ ɗȼɉ ДβЖ, 
 ɛ) ɜɧɟɲɧɢɣ ɜɢɞ ɭɫɬɚɧɨɜɤɢ. 

Ɋɢɫ.β. ȼɥɢɹɧɢɟ ɷɧɟɪɝɢɢ, ɜɜɟɞɺɧɧɨɣ ɜ ɩɪɨɜɨɞɧɢɤ ɧɚ 
ɪɚɡɦɟɪ ɧɚɧɨɱɚɫɬɢɰ Cu. 



XI ɆȿɀȾɍɇȺɊɈȾɇȺə ɄɈɇɎȿɊȿɇɐɂə ɋɌɍȾȿɇɌɈȼ ɂ ɆɈɅɈȾɕɏ ɍɑȿɇɕɏ 

«ɉȿɊɋɉȿɄɌɂȼɕ ɊȺɁȼɂɌɂə ɎɍɇȾȺɆȿɇɌȺɅɖɇɕɏ ɇȺɍɄ»                                              938 

ɊɈɋɋɂə, ɌɈɆɋɄ, 22 – 24 ȺɉɊȿɅə 2014 Ƚ.                                                                                     ɇȺɇɈɆȺɌȿɊɂȺɅɕ ɂ ɇȺɇɈɌȿɏɇɈɅɈȽɂɂ 

ɛɵɥɢ ɛɵ ɩɨɪɨɲɤɢ ɫ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɩɨ ɪɚɡɦɟɪɚɦ ɦɟɧɟɟ 100 ɧɦ.  

ȼɵɜɨɞ ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɪɚɡɦɟɪ ɱɚɫɬɢɰ ɧɚɧɨɩɨɪɨɲɤɚ ɦɟɞɢ ɡɚɜɢɫɢɬ ɨɬ ɜɜɟɞɟɧɧɨɣ ɜ ɩɪɨɜɨɞɧɢɤ ɷɧɟɪɝɢɢ. 

ɇɚɢɛɨɥɟɟ ɢɧɬɟɪɟɫɧɵ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ, ɧɚɧɨɩɨɪɨɲɤɢ ɦɟɞɢ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ 

ɜɵɫɨɤɢɯ ɡɧɚɱɟɧɢɹɯ ɜɜɟɞɺɧɧɨɣ ɜ ɩɪɨɜɨɞɧɢɤ ɷɧɟɪɝɢɢ. 
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