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IЧ ЭСО ЩrШМОss ШП КМТН ЭrОКЭЦОЧЭ ШП аШШН аКsЭО Тs РОЧОrКЭОН ТЧ ЭСО ПШrЦ ШП ЭОМСЧТМКХ ХТРЧТЧs. δКМФ ШП ОППОМЭТЯО 
rОМвМХТЧР ЭОМСЧШХШРТОs СКs ХОН ЭШ ЭСО КММЮЦЮХКЭТШЧ ШП ОЧЭОrЩrТsОs ЩrШНЮМТЧР МОХХЮХШsО ЦТХХТШЧ ЭШЧs ШП sЮМС аКsЭО. 
IЧ ЭСТs аШrФ аО sСШа ЭСО ЩШssТЛТХТЭв ШП ЮЭТХТгКЭТШЧ ШП ЭОМСЧТМКХ ХТРЧТЧs ЩХКsЦК ЮЧНОr КТr ЩХКsЦК ОХОМЭrТМКХ 
НТsМСКrРОs. 

 
Ʌɢɝɧɢɧ ɤɚɤ ɫɨɫɬɚɜɧɚɹ ɱɚɫɬɶ ɞɪɟɜɟɫɢɧɵ ɧɚɢɛɨɥɟɟ ɬɪɭɞɧɨɭɬɢɥɢɡɢɪɭɟɦɵɣ ɨɬɯɨɞ, ɤɨɬɨɪɵɣ ɨɛɪɚɡɭɟɬɫɹ 

ɩɪɢ ɟɺ ɯɢɦɢɱɟɫɤɨɣ ɩɟɪɟɪɚɛɨɬɤɟ ɧɚ ɰɟɥɥɸɥɨɡɧɨ-ɛɭɦɚɠɧɵɯ ɢ ɝɢɞɪɨɥɢɡɧɵɯ ɩɪɟɞɩɪɢɹɬɢɹɯ Д1Ж. 

ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ ɨɧ – ɩɨɬɟɧɰɢɚɥɶɧɵɣ 

ɫɵɪɶɟɜɨɣ ɪɟɫɭɪɫ ɞɥɹ ɦɧɨɝɢɯ ɫɬɪɚɧ. ɉɨ 

ɞɚɧɧɵɦ Ɇɟɠɞɭɧɚɪɨɞɧɨɝɨ ɢɧɫɬɢɬɭɬɚ 

ɥɢɝɧɢɧɚ (IЧЭОЫЧКЭТШЧКХ δТРЧТЧ IЧЬЭТЭЮЭОΨ 

ɟɠɟɝɨɞɧɨ ɜ ɦɢɪɟ ɩɨɥɭɱɚɟɬɫɹ ɨɤɨɥɨ 70 ɦɥɧ. 

ɬ. ɬɟɯɧɢɱɟɫɤɢɯ ɥɢɝɧɢɧɨɜ, ɧɨ ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɧɚ ɩɪɨɦɵɲɥɟɧɧɵɟ, ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɟ 

ɢ ɞɪɭɝɢɟ ɰɟɥɢ ɧɟ ɛɨɥɟɟ β% . Ɉɫɬɚɥɶɧɨɟ 

ɫɠɢɝɚɟɬɫɹ ɜ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɭɫɬɚɧɨɜɤɚɯ 

ɢɥɢ ɡɚɯɨɪɚɧɢɜɚɟɬɫɹ ɜ ɦɨɝɢɥɶɧɢɤɚɯ ɜ ɜɢɞɟ 

ɳɥɚɦ-ɥɢɝɧɢɧɚ ДβЖ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 

ɨɬɫɭɬɫɬɜɭɸɬ ɢɫɱɟɪɩɵɜɚɸɳɢɟ ɬɟɯɧɢɱɟɫɤɢɟ 

ɪɟɲɟɧɢɹ ɩɨ ɭɬɢɥɢɡɚɰɢɢ ɲɥɚɦ-ɥɢɝɧɢɧɚ 

(ɒɅΨ, ɯɨɬɹ ɨɛɡɨɪ ɧɚɭɱɧɨɣ ɥɢɬɟɪɚɬɭɪɵ 

ɩɨɫɥɟɞɧɢɯ ɥɟɬ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɜɨɡɪɚɫɬɚɸɳɟɦ ɢɧɬɟɪɟɫɟ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ ɤ ɷɬɨɦɭ ɫɵɪɶɟɜɨɦɭ ɪɟɫɭɪɫɭ. 

ɗɮɮɟɤɬɢɜɧɚɹ ɢ ɷɤɨɥɨɝɢɱɟɫɤɢ ɛɟɡɨɩɚɫɧɚɹ ɭɬɢɥɢɡɚɰɢɹ ɬɚɤɢɯ ɨɬɯɨɞɨɜ ɦɨɠɟɬ ɛɵɬɶ ɞɨɫɬɢɝɧɭɬɚ ɩɪɢ 

ɩɥɚɡɦɟɧɧɨɣ ɭɬɢɥɢɡɚɰɢɢ ɲɥɚɦ-ɥɢɝɧɢɧɚ ɜ ɜɢɞɟ ɨɩɬɢɦɚɥɶɧɵɯ ɩɨ ɫɨɫɬɚɜɭ ɝɨɪɸɱɢɯ ɜɨɞɧɨ-ɨɪɝɚɧɢɱɟɫɤɢɯ 

ɤɨɦɩɨɡɢɰɢɣ, ɢɦɟɸɳɢɯ ɚɞɢɚɛɚɬɢɱɟɫɤɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɝɨɪɟɧɢɹ ɧɟ ɦɟɧɟɟ 1β00°ɋ.  

ɇɚ ɪɢɫɭɧɤɟ 1 ɩɨɤɚɡɚɧɨ ɜɥɢɹɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɫɭɥɶɮɢɬɧɨɝɨ ɥɢɝɧɢɧɚ ɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɪɢɦɟɫɟɣ (ɡɨɥɵΨ ɧɚ 

ɚɞɢɚɛɚɬɢɱɟɫɤɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɝɨɪɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɩɨ ɫɨɫɬɚɜɭ ɜɨɞɧɨ-ɨɪɝɚɧɢɱɟɫɤɢɯ ɤɨɦɩɨɡɢɰɢɣ. 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɩɪɨɜɟɞɟɧɧɵɯ ɪɚɫɱɺɬɨɜ ɨɩɪɟɞɟɥɟɧɚ ɝɨɪɸɱɚɹ ɜɨɞɧɨ-ɨɪɝɚɧɢɱɟɫɤɚɹ ɤɨɦɩɨɡɢɰɢɹ ɫ 

Ɋɢɫ. 1 ȼɥɢɹɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɫɭɥɶɮɢɬɧɨɝɨ ɥɢɝɧɢɧɚ ɢ 
ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɪɢɦɟɫɟɣ ɧɚ ɚɞɢɚɛɚɬɢɱɟɫɤɭɸ 

ɬɟɦɩɟɪɚɬɭɪɭ ɝɨɪɟɧɢɹ ɜɨɞɧɨ-ɨɪɝɚɧɢɱɟɫɤɢɯ ɤɨɦɩɨɡɢɰɢɣ ɧɚ 
ɨɫɧɨɜɟ ɲɥɚɦ-ɥɢɝɧɢɧɚ 
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ɦɚɤɫɢɦɚɥɶɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɲɥɚɦ-ɥɢɝɧɢɧɚ, ɢɦɟɸɳɚɹ ɫɥɟɞɭɸɳɢɣ ɨɩɬɢɦɚɥɶɧɵɣ ɫɨɫɬɚɜμ (ȼɈɄμ 70% ȼɨɞɚ 

μ γ0% ɒɅΨ.  

 
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɨɩɬɢɦɚɥɶɧɵɯ ɪɟɠɢɦɨɜ 

ɢɫɫɥɟɞɭɟɦɨɝɨ ɩɪɨɰɟɫɫɚ ɩɪɨɜɟɞɟɧɵ ɪɚɫɱɺɬɵ 

ɪɚɜɧɨɜɟɫɧɵɯ ɫɨɫɬɚɜɨɜ ɝɚɡɨɨɛɪɚɡɧɵɯ ɢ 

ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɩɪɨɞɭɤɬɨɜ ɩɥɚɡɦɟɧɧɨɣ 

ɭɬɢɥɢɡɚɰɢɢ ɲɥɚɦ-ɥɢɝɧɢɧɚ ɜ ɜɢɞɟ ɨɩɬɢɦɚɥɶɧɨɣ ɩɨ 

ɫɨɫɬɚɜɭ ȼɈɄ. Ⱦɥɹ ɪɚɫɱɺɬɨɜ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ 

ɥɢɰɟɧɡɢɨɧɧɚɹ ɩɪɨɝɪɚɦɦɚ TERRA. 

Ɋɚɫɱɺɬɵ ɩɪɨɜɟɞɟɧɵ ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ 

0,1 Ɇɉɚ, ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɪɚɛɨɱɢɯ 

ɬɟɦɩɟɪɚɬɭɪ (γ00÷ζ000 ɄΨ ɢ ɞɥɹ ɪɚɡɥɢɱɧɵɯ 

ɦɚɫɫɨɜɵɯ ɞɨɥɟɣ ɜɨɡɞɭɲɧɨɝɨ ɩɥɚɡɦɟɧɧɨɝɨ 

ɬɟɩɥɨɧɨɫɢɬɟɥɹ (0,1÷0,ληΨ.ɇɚ ɪɢɫɭɧɤɟ β ɢ γ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɚɜɧɨɜɟɫɧɵɟ ɫɨɫɬɚɜɵ ɝɚɡɨɨɛɪɚɡɧɵɯ 

ɢ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ  ɩɪɨɞɭɤɬɨɜ ɩɥɚɡɦɟɧɧɨɣ 

ɭɬɢɥɢɡɚɰɢɢ ɲɥɚɦ-ɥɢɝɧɢɧɚ ɜ ɜɢɞɟ ȼɈɄ ɜ 

ɜɨɡɞɭɲɧɨɣ ɩɥɚɡɦɟ ɩɪɢ ɦɚɫɫɨɜɨɣ ɞɨɥɟ ɜɨɡɞɭɲɧɨɝɨ 

ɩɥɚɡɦɟɧɧɨɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ θζ% 

ɂɡ ɚɧɚɥɢɡɚ ɫɨɫɬɚɜɨɜ ɧɚ ɪɢɫɭɧɤɚɯ β ɢ γ ɫɥɟɞɭɟɬ, 

ɱɬɨ ɩɪɢ ɞɚɧɧɨɣ ɦɚɫɫɨɜɨɣ ɞɨɥɟ ɜɨɡɞɭɲɧɨɝɨ 

ɩɥɚɡɦɟɧɧɨɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ (θζ%Ψ ɢ ɪɚɛɨɱɢɯ 

ɬɟɦɩɟɪɚɬɭɪɚɯ 1β00±100 Ʉ ɨɛɪɚɡɭɸɬɫɹ ɜ ɝɚɡɨɜɨɣ 

ɮɚɡɟ ɦɨɥɟɤɭɥɹɪɧɵɟ ɝɚɡɨɨɛɪɚɡɧɵɟ ɩɪɨɞɭɤɬɵ σβ, 

Cτβ ɢ Hβτ, ɚ ɜ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɣ ɮɚɡɟ -– SТτβ(МΨ. 

ɇɚɥɢɱɢɟ ɫɚɠɢ C(МΨ ɢ Cτ ɭɤɚɡɵɜɚɸɬ ɧɚ ɬɨ, ɱɬɨ 

ɩɪɨɰɟɫɫ ɩɥɚɡɦɟɧɧɨɣ ɭɬɢɥɢɡɚɰɢɢ ɨɩɬɢɦɚɥɶɧɨɣ ȼɈɄ ɜ ɜɨɡɞɭɲɧɨɣ ɩɥɚɡɦɟ ɩɪɢ ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɢɞɺɬ ɜ 

ɧɟɨɩɬɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ.  

Ɋɢɫ. β Ɋɚɜɧɨɜɟɫɧɵɣ ɫɨɫɬɚɜ ɝɚɡɨɨɛɪɚɡɧɵɯ 
ɩɪɨɞɭɤɬɨɜ ɩɪɨɰɟɫɫɚ ɩɥɚɡɦɟɧɧɨɣ ɭɬɢɥɢɡɚɰɢɢ 

ɜɨɞɧɨ-ɨɪɝɚɧɢɱɟɫɤɨɣ ɤɨɦɩɨɡɢɰɢɢ ɧɚ ɨɫɧɨɜɟ ɒɅ 
ɜ ɜɨɡɞɭɲɧɨɣ ɩɥɚɡɦɟ (θζ% ɜɨɡɞɭɯ μ γθ% ȼɈɄ) 

Ɋɢɫ. γ Ɋɚɜɧɨɜɟɫɧɵɣ ɫɨɫɬɚɜ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ  
ɩɪɨɞɭɤɬɨɜ ɩɪɨɰɟɫɫɚ ɩɥɚɡɦɟɧɧɨɣ ɭɬɢɥɢɡɚɰɢɢ 

ɜɨɞɧɨ-ɨɪɝɚɧɢɱɟɫɤɨɣ ɤɨɦɩɨɡɢɰɢɢ ɧɚ ɨɫɧɨɜɟ ɒɅ ɜ 
ɜɨɡɞɭɲɧɨɣ ɩɥɚɡɦɟ (θζ% ɜɨɡɞɭɯ μ γθ% ȼɈɄ) 

Ɋɢɫ. ζ Ɋɚɜɧɨɜɟɫɧɵɣ ɫɨɫɬɚɜ ɝɚɡɨɨɛɪɚɡɧɵɯ ɩɪɨɞɭɤɬɨɜ 
ɩɪɨɰɟɫɫɚ ɩɥɚɡɦɟɧɧɨɣ ɭɬɢɥɢɡɚɰɢɢ ɲɥɚɦ-ɥɢɝɧɢɧɚ ɜ 

ɜɨɡɞɭɲɧɨɣ ɩɥɚɡɦɟ (θθ% ɜɨɡɞɭɯ μ γζ% ȼɈɄ) 

Ɋɢɫ. η Ɋɚɜɧɨɜɟɫɧɵɣ ɫɨɫɬɚɜ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ  
ɩɪɨɞɭɤɬɨɜ ɩɪɨɰɟɫɫɚ ɩɥɚɡɦɟɧɧɨɣ ɭɬɢɥɢɡɚɰɢɢ ɲɥɚɦ-

ɥɢɝɧɢɧɚ ɜ ɜɨɡɞɭɲɧɨɣ ɩɥɚɡɦɟ (θθ% ɜɨɡɞɭɯ μ γζ% 
ȼɈɄ) 
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ɉɨɜɵɲɟɧɢɟ  ɦɚɫɫɨɜɨɣ ɞɨɥɢ ɜɨɡɞɭɯɚ ɫ θζ%  (ɪɢɫ. γΨ ɞɨ θθ% (ɪɢɫ. ζΨ ɩɪɢɜɨɞɢɬ ɤ ɢɫɱɟɡɧɨɜɟɧɢɸ  ɫɚɠɢ , 

ɋɈ ɢ στ, ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɬɨ, ɱɬɨ ɩɪɨɰɟɫɫ ɩɥɚɡɦɟɧɧɨɣ ɭɬɢɥɢɡɚɰɢɢ ɲɥɚɦ-ɥɢɝɧɢɧɚ ɜ ɜɨɡɞɭɲɧɨɣ ɩɥɚɡɦɟ ɜ 

ɜɢɞɟ ɨɩɬɢɦɚɥɶɧɨɣ ȼɈɄ ɩɪɢ ɦɚɫɫɨɜɨɣ ɞɨɥɟ ɜɨɡɞɭɲɧɨɝɨ ɩɥɚɡɦɟɧɧɨɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ θθ% ɢɞɺɬ ɜ 

ɨɩɬɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ 

ɇɚ ɪɢɫɭɧɤɟ θ ɩɨɤɚɡɚɧɨ ɜɥɢɹɧɢɟ ɪɚɛɨɱɟɣ 

ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɫɨɞɟɪɠɚɧɢɹ ɲɥɚɦ-ɥɢɝɧɢɧɚ ɧɚ 

ɭɞɟɥɶɧɵɟ ɷɧɟɪɝɨɡɚɬɪɚɬɵ ɧɚ ɩɪɨɰɟɫɫ 

ɩɥɚɡɦɟɧɧɨɣ ɭɬɢɥɢɡɚɰɢɢ 1 ɤɝ ɲɥɚɦ-ɥɢɝɧɢɧɚ 

ɋ ɭɱɟɬɨɦ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɦɨɝɭɬ 

ɛɵɬɶ ɪɟɤɨɦɟɧɞɨɜɚɧɵ ɞɥɹ ɩɪɚɤɬɢɱɟɫɤɨɣ 

ɪɟɚɥɢɡɚɰɢɢ ɫɥɟɞɭɸɳɢɟ ɨɩɬɢɦɚɥɶɧɵɟ 

ɪɟɠɢɦɵμ ɫɨɫɬɚɜ ɝɨɪɸɱɟɣ ɜɨɞɧɨ-ɨɪɝɚɧɢɱɟɫɤɨɣ 

ɤɨɦɩɨɡɢɰɢɢμ (70% ɜɨɞɚ μ γ0% ɲɥɚɦ-ɥɢɝɧɢɧΨν  

ɦɚɫɫɨɜɨɟ ɨɬɧɨɲɟɧɢɟ ɮɚɡμ (θθ% ɜɨɡɞɭɯ μ γζ% 

ȼɈɄΨν ɢɧɬɟɪɜɚɥ ɪɚɛɨɱɢɯ ɬɟɦɩɟɪɚɬɭɪ 1β00 

±100 °ɋ. 
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ɩɪɨɰɟɫɫ ɟɝɨ ɩɥɚɡɦɟɧɧɨɣ ɭɬɢɥɢɡɚɰɢ 
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