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ɊȺɋɑȿɌ ɂ ɈɉɌɂɆɂɁȺɐɂə ɉɊɈɐȿɋɋȺ ɉɅȺɁɆȿɇɇɈɃ ɍɌɂɅɂɁȺɐɂɂ ɂɅɈȼɕɏ  

ɈɌɅɈɀȿɇɂɃ ȻȺɋɋȿɃɇɈȼ-ɏɊȺɇɂɅɂɓ ɀɊɈ  

ȿ.Ⱥ. Ɉɪɟɲɤɢɧ, Ⱥ.Ⱥ. Ʉɚɪɟɧɝɢɧ, ɂ.ɘ. ɇɨɜɨɫɟɥɨɜ  
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TСТs КrЭТМХО sСШаs rОsОКrМСТЧР rОsЮХЭs ШП  ЩХКsЦК ЮЭТХТгКЭТШЧ ШП sТХЭ НОЩШsТЭs δRА sЭШrКРО ЩШШХ аТЭС ТrШЧ 
ТЦЩЮrТЭТОs. PrШМОss ШММЮrs ТЧ ПШrЦ ШП ШЩЭТЦКХ ЛЮrЧТЧР аКЭОr-ШrРКЧТМКХМШЦЩШsТЭТШЧs ТЧЭШ КТr ЩХКsЦК sЭrОКЦ. 

 

Ʉɨɧɰɟɩɰɢɹ ɡɚɦɤɧɭɬɨɝɨ ɹɞɟɪɧɨɝɨ ɬɨɩɥɢɜɧɨɝɨ ɰɢɤɥɚ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɭɬɢɥɢɡɚɰɢɸ ɨɛɪɚɡɭɸɳɢɯɫɹ 
ɪɚɞɢɨɚɤɬɢɜɧɵɯ ɨɬɯɨɞɨɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɢɯ ɞɥɢɬɟɥɶɧɨɟ ɯɪɚɧɟɧɢɟ ɢ ɩɨɫɥɟɞɭɸɳɟɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ.  

Ɂɚ ɜɪɟɦɹ ɷɤɫɩɥɭɚɬɚɰɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ ɎȽɍɉ «Ƚɨɪɧɨ-ɯɢɦɢɱɟɫɤɢɣ ɤɨɦɛɢɧɚɬ» 
ɧɚɤɨɩɥɟɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɠɢɞɤɢɯ ɪɚɞɢɨɚɤɬɢɜɧɵɯ ɨɬɯɨɞɨɜ, ɤɨɬɨɪɵɟ ɪɚɡɦɟɳɟɧɵ ɜ ɛɚɫɫɟɣɧɚɯ-

ɯɪɚɧɢɥɢɳɚɯ. ɇɚ ɞɧɟ ɷɬɢɯ ɯɪɚɧɢɥɢɳ ɨɛɪɚɡɨɜɚɥɢɫɶ ɞɨɧɧɵɟ ɨɬɥɨɠɟɧɢɹ ɜ ɜɢɞɟ ɢɥɚ, ɜ ɤɨɬɨɪɵɯ ɨɫɧɨɜɧɵɦɢ 
ɤɨɦɩɨɧɟɧɬɚɦɢ ɹɜɥɹɸɬɫɹ ɠɟɥɟɡɨ (γ÷17%Ψ, ɤɪɟɦɧɢɣ (β,8÷8,η%Ψ, ɤɚɥɶɰɢɣ (0,β÷γ,β%Ψ, ɦɚɝɧɢɣ (1÷β,8%Ψ, 
ɧɚɬɪɢɣ (0,7÷1,λ%Ψ, ɮɨɫɮɨɪ (0,1÷0,λ%Ψ, ɚ ɫɨɞɟɪɠɚɧɢɟ ɭɪɚɧɚ ɢ ɩɥɭɬɨɧɢɹ ɜ ɢɥɨɜɵɯ ɨɬɥɨɠɟɧɢɹɯ ɧɟ 
ɩɪɟɜɵɲɚɟɬ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 10-γ % ɢ 10-ζ %.Д1Ж.  

ɉɟɪɟɪɚɛɨɬɤɚ ɪɚɞɢɨɚɤɬɢɜɧɵɯ ɢɥɨɜɵɯ ɨɬɥɨɠɟɧɢɣ (ɂɅɈΨ ɧɚɩɪɚɜɥɟɧɚ ɧɚ ɢɡɜɥɟɱɟɧɢɟ ɪɚɞɢɨɧɭɤɥɢɞɨɜ ɢɥɢ 
ɜɵɞɟɥɟɧɢɟ ɮɪɚɤɰɢɢ ɨɬɯɨɞɨɜ ɫ ɧɚɢɛɨɥɶɲɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɪɚɞɢɨɧɭɤɥɢɞɨɜ. ɂɡɜɟɫɬɧɵ ɫɨɪɛɰɢɨɧɧɵɟ, 
ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɟ, ɯɢɦɢɱɟɫɤɢɟ ɫɩɨɫɨɛɵ ɩɟɪɟɪɚɛɨɬɤɢ  ɢ ɦɟɯɚɧɢɱɟɫɤɚɹ ɤɥɚɫɫɢɮɢɤɚɰɢɹ, ɚ ɞɥɹ 

ɫɬɚɛɢɥɢɡɚɰɢɢ ɝɪɭɧɬɨɜ ɢ ɢɥɨɜ ɢ ɢɯ 
ɩɟɪɟɜɨɞɚ ɜ ɭɫɬɨɣɱɢɜɵɟ ɮɨɪɦɵ, 
ɩɪɟɩɹɬɫɬɜɭɸɳɢɟ ɦɢɝɪɚɰɢɢ 
ɪɚɞɢɨɧɭɤɥɢɞɨɜ ɢɡ ɨɬɯɨɞɨɜ, ɢɫɩɨɥɶɡɭɸɬɫɹ 
ɪɚɡɥɢɱɧɵɟ ɫɩɨɫɨɛɵ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ 
ɩɟɪɟɪɚɛɨɬɤɢ ɫ ɩɨɥɭɱɟɧɢɟɦ ɤɟɪɚɦɢɱɟɫɤɢɯ 
ɢ ɫɬɟɤɥɨɩɨɞɨɛɧɵɯ ɦɚɬɪɢɰ Дβ-ζЖ. ɂɯ 
ɨɛɳɢɦ ɧɟɞɨɫɬɚɬɤɨɦ ɹɜɥɹɟɬɫɹ 
ɦɧɨɝɨɫɬɚɞɢɣɧɨɫɬɶ ɢ ɜɵɫɨɤɚɹ ɫɬɨɢɦɨɫɬɶ 
ɩɟɪɟɪɚɛɨɬɤɢ ɂɅɈ. 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɧɬɟɪɟɫ 
ɩɪɨɰɟɫɫ ɩɪɹɦɨɣ ɩɥɚɡɦɟɧɧɨɣ ɭɬɢɥɢɡɚɰɢɢ 
ɂɅɈ ɫ ɩɨɥɭɱɟɧɢɟɦ ɬɜɟɪɞɵɯ ɩɪɨɞɭɤɬɨɜ 
(ɩɪɨɫɬɵɟ ɢ ɫɥɨɠɧɵɟ ɨɤɫɢɞɵ ɦɟɬɚɥɥɨɜΨ, 

Ɋɢɫ. 1.  ȼɥɢɹɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɞɢɡɟɥɶɧɨɝɨ 
ɬɨɩɥɢɜɚ ɢ ɂɅɈ ɧɚ Ɍɚɞ ȼɈɄ 
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ɜɤɥɸɱɚɸɳɢɯ ɦɚɝɧɢɬɧɭɸ ɨɤɢɫɶ ɠɟɥɟɡɚ, ɱɬɨ ɩɨɡɜɨɥɢɬ ɩɪɢɦɟɧɢɬɶ ɦɚɝɧɢɬɧɭɸ ɫɟɩɚɪɚɰɢɸ ɞɥɹ ɷɮɮɟɤɬɢɜɧɨɝɨ 
ɢɡɜɥɟɱɟɧɢɹ ɢɡ ɜɨɞɧɵɯ ɫɭɫɩɟɧɡɢɣ ɷɬɢɯ ɬɜɟɪɞɵɯ ɩɪɨɞɭɤɬɨɜ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɨɬɪɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ 
ɷɮɮɟɤɬɢɜɧɨɣ ɩɥɚɡɦɟɧɧɨɣ ɭɬɢɥɢɡɚɰɢɢ ɬɚɤɢɯ ɨɬɯɨɞɨɜ ɜ ɜɨɡɞɭɲɧɨɣ ɩɥɚɡɦɟ ɜɢɞɟ ɨɩɬɢɦɚɥɶɧɵɯ ɩɨ ɫɨɫɬɚɜɭ 
ɝɨɪɸɱɢɯ ɜɨɞɧɨ-ɨɪɝɚɧɢɱɟɫɤɢɯ ɤɨɦɩɨɡɢɰɢɣ (ȼɈɄΨ. 

Ʉɚɤ ɩɨɤɚɡɚɧɨ ɜ ɪɚɛɨɬɟ ДηЖ, ɩɥɚɡɦɟɧɧɚɹ ɭɬɢɥɢɡɚɰɢɹ ɨɬɯɨɞɨɜ ɜ ɜɢɞɟ ɨɩɬɢɦɚɥɶɧɵɯ ɩɨ ɫɨɫɬɚɜɭ ȼɈɄ, 
ɢɦɟɸɳɢɯ ɚɞɢɚɛɚɬɢɱɟɫɤɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɝɨɪɟɧɢɹ Ɍɚɞ≈1β00°ɋ, ɨɛɟɫɩɟɱɢɜɚɟɬ ɢɯ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɭɸ ɢ 
ɷɤɨɥɨɝɢɱɟɫɤɢ ɛɟɡɨɩɚɫɧɭɸ ɭɬɢɥɢɡɚɰɢɸ. 

ɇɚ ɪɢɫɭɧɤɟ 1 ɩɨɤɚɡɚɧɨ ɜɥɢɹɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ (ȾɌΨ ɢ ɂɅɈ ɧɚ ɚɞɢɚɛɚɬɢɱɟɫɤɭɸ 
ɬɟɦɩɟɪɚɬɭɪɭ ɝɨɪɟɧɢɹ ȼɈɄ ɪɚɡɥɢɱɧɨɝɨ ɫɨɫɬɚɜɚ. 
ȼ ɪɟɡɭɥɶɬɚɬɟ  ɩɪɨɜɟɞɺɧɧɵɯ ɪɚɫɱɺɬɨɜ ɨɩɪɟɞɟɥɟɧɚ ɫɥɟɞɭɸɳɚɹ ɨɩɬɢɦɚɥɶɧɚɹ ɩɨ ɫɨɫɬɚɜɭ ȼɈɄ ɫ 
ɦɚɤɫɢɦɚɥɶɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɂɅɈ ζ0% (1η% ȾɌ μ ζη% ȼɨɞɚ μ ζ0% ɂɅɈΨ. 
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɨɩɬɢɦɚɥɶɧɵɯ ɪɟɠɢɦɨɜ ɢɫɫɥɟɞɭɟɦɨɝɨ ɩɪɨɰɟɫɫɚ ɩɪɨɜɟɞɟɧɵ ɪɚɫɱɺɬɵ ɪɚɜɧɨɜɟɫɧɵɯ 

ɫɨɫɬɚɜɨɜ ɝɚɡɨɨɛɪɚɡɧɵɯ ɢ 
ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɩɪɨɞɭɤɬɨɜ 
ɩɥɚɡɦɟɧɧɨɣ ɭɬɢɥɢɡɚɰɢɢ ɂɅɈ ɜ 
ɜɨɡɞɭɲɧɨɣ ɩɥɚɡɦɟ. Ⱦɥɹ ɪɚɫɱɺɬɨɜ 
ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɥɢɰɟɧɡɢɨɧɧɚɹ 
ɩɪɨɝɪɚɦɦɚ «TERRA». Ɋɚɫɱɺɬɵ 
ɩɪɨɜɟɞɟɧɵ ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦ 
ɞɚɜɥɟɧɢɢ (0,1 ɆɉɚΨ, ɲɢɪɨɤɨɦ 
ɞɢɚɩɚɡɨɧɟ ɪɚɛɨɱɢɯ ɬɟɦɩɟɪɚɬɭɪ 
(γ00÷ζ000 ɄΨ ɢ ɞɥɹ ɪɚɡɥɢɱɧɵɯ 
ɦɚɫɫɨɜɵɯ ɞɨɥɟɣ ɜɨɡɞɭɲɧɨɝɨ 
ɩɥɚɡɦɟɧɧɨɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ 
(10÷λη%Ψ. 

ɇɚ ɪɢɫɭɧɤɟ β ɩɪɟɞɫɬɚɜɥɟɧɵ 
ɯɚɪɚɤɬɟɪɧɵɟ ɪɚɜɧɨɜɟɫɧɵɟ ɫɨɫɬɚɜɵ 
ɨɫɧɨɜɧɵɯ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ 
ɠɟɥɟɡɨɫɨɞɟɪɠɚɳɢɯ ɩɪɨɞɭɤɬɨɜ, ɩɨɥɭɱɟɧɧɵɯ 
ɜ ɩɪɨɰɟɫɫɟ ɩɥɚɡɦɟɧɧɨɣ ɭɬɢɥɢɡɚɰɢɢ 
ɨɩɬɢɦɚɥɶɧɨɣ ȼɈɄ ɫ ɦɚɤɫɢɦɚɥɶɧɵɦ 
ɫɨɞɟɪɠɚɧɢɟɦ ɂɅɈ (ζ0%Ψ ɩɪɢ ɦɚɫɫɨɜɨɣ ɞɨɥɟ 
ɜɨɡɞɭɲɧɨɝɨ ɩɥɚɡɦɟɧɧɨɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ 
ζη%. ɂɡ ɚɧɚɥɢɡɚ ɩɨɥɭɱɟɧɧɵɯ ɪɚɜɧɨɜɟɫɧɵɯ 
ɫɨɫɬɚɜɨɜ ɫɥɟɞɭɟɬ, ɱɬɨ ɩɪɢ ɪɚɛɨɱɢɯ 
ɬɟɦɩɟɪɚɬɭɪɚɯ ɞɨ 1000 Ʉ ɨɫɧɨɜɧɵɦɢ 
ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɦɢ ɩɪɨɞɭɤɬɚɦɢ ɹɜɥɹɸɬɫɹ 
ɩɪɨɫɬɵɟ ɢ ɫɥɨɠɧɵɟ ɨɤɫɢɞɵ ɦɟɬɚɥɥɨɜ, 
ɜɤɥɸɱɚɹ ɦɚɝɧɢɬɧɭɸ ɨɤɢɫɶ ɠɟɥɟɡɚ FОγτζ(ɫΨ. 

Ɉɬɫɭɬɫɬɜɢɟ ɫɚɠɢ C(МΨ ɢ ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ Cτ, στ ɢ στβ ɭɤɚɡɵɜɚɸɬ ɧɚ ɬɨ, ɱɬɨ ɩɪɨɰɟɫɫ ɩɪɹɦɨɣ 
ɩɥɚɡɦɟɧɧɨɣ ɭɬɢɥɢɡɚɰɢɢ ɂɅɈ ɜ ɜɢɞɟ ȼɈɄ ɜ ɜɨɡɞɭɲɧɨɣ ɩɥɚɡɦɟ ɩɪɢ ɦɚɫɫɨɜɨɣ ɞɨɥɟ ɜɨɡɞɭɲɧɨɝɨ 
ɬɟɩɥɨɧɨɫɢɬɟɥɹ ζη% ɢɞɺɬ ɜ ɨɩɬɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɫ ɩɨɥɭɱɟɧɢɟɦ ɜ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɣ ɮɚɡɟ ɦɚɝɧɢɬɧɨɣ 
ɨɤɢɫɢ, ɚ ɬɚɤɠɟ ɞɜɭɨɤɢɫɢ ɭɪɚɧɚ Uτβ(МΨ ɢ ɞɜɭɨɤɢɫɢ ɩɥɭɬɨɧɢɹ PЮτβ(МΨ. ɍɜɟɥɢɱɟɧɢɟ ɦɚɫɫɨɜɨɣ ɞɨɥɢ ɜɨɡɞɭɯɚ 

Ɋɢɫ. β. Ɋɚɜɧɨɜɟɫɧɵɣ ɫɨɫɬɚɜ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɩɪɨɞɭɤɬɨɜ 
ɩɥɚɡɦɟɧɧɨɣ ɭɬɢɥɢɡɚɰɢɢ ɂɅɈ ɜ ɜɢɞɟ ɨɩɬɢɦɚɥɶɧɨɣ ɝɨɪɸɱɟɣ  ȼɈɄ 

(ζη% ȼɨɡɞɭɯ μ ηη% ȼɈɄ) 

Ɋɢɫ. γ. ȼɥɢɹɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɢ  
ɪɚɛɨɱɟɣ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɭɞɟɥɶɧɵɟ ɷɧɟɪɝɨɡɚɬɪɚɬɵ 

ɧɚ ɩɪɨɰɟɫɫ ɩɥɚɡɦɟɧɧɨɣ ɭɬɢɥɢɡɚɰɢɢ ɂɅɈ ɜ ɜɨɡɞɭɲɧɨɣ 
ɩɥɚɡɦɟ 
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ɫɜɵɲɟ 70% ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɧɟɦɚɝɧɢɬɧɨɣ ɨɤɢɫɢ ɠɟɥɟɡɚ FОβτγ(ɫΨ ɜ ɩɪɨɞɭɤɬɚɯ ɩɥɚɡɦɟɧɧɨɣ 
ɭɬɢɥɢɡɚɰɢɢ ɂɅɈ ɜ ɜɨɡɞɭɲɧɨɣ ɩɥɚɡɦɟ. 
ɇɚ ɪɢɫɭɧɤɟ γ ɩɨɤɚɡɚɧɨ ɜɥɢɹɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ȾɌ ɢ ɪɚɛɨɱɟɣ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɭɞɟɥɶɧɵɟ ɷɧɟɪɝɨɡɚɬɪɚɬɵ ɧɚ 
ɩɪɨɰɟɫɫ ɩɪɹɦɨɣ ɩɥɚɡɦɟɧɧɨɣ ɭɬɢɥɢɡɚɰɢɢ ɂɅɈ ɜ ɜɢɞɟ ȼɈɄ ɪɚɡɥɢɱɧɨɝɨ ɫɨɫɬɚɜɚ 

ɋ ɭɱɺɬɨɦ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɦɨɝɭɬ ɛɵɬɶ ɪɟɤɨɦɟɧɞɨɜɚɧɵ ɞɥɹ ɩɪɚɤɬɢɱɟɫɤɨɣ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ 
ɩɥɚɡɦɟɧɧɨɣ ɭɬɢɥɢɡɚɰɢɢ ɂɅɈ ɜ ɜɨɡɞɭɲɧɨɣ ɩɥɚɡɦɟ ɫɥɟɞɭɸɳɢɟ ɪɟɠɢɦɵ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɩɨɥɭɱɟɧɢɟ ɜ 
ɫɨɫɬɚɜɟ ɬɜɟɪɞɵɯ ɩɪɨɞɭɤɬɨɜ ɦɚɝɧɢɬɧɨɣ ɨɤɢɫɢ ɠɟɥɟɡɚμ ɢɧɬɟɪɜɚɥ ɪɚɛɨɱɢɯ ɬɟɦɩɟɪɚɬɭɪ (1β00±100Ψ Ʉν ɫɨɫɬɚɜ 
ȼɈɄ (1η% ȾɌ μ ζη% ȼɨɞɚ μ ζ0% ɂɅɈΨν ɦɚɫɫɨɜɨɟ ɨɬɧɨɲɟɧɢɟ ɮɚɡ (ζη% ɜɨɡɞɭɯ μ ηη% ȼɈɄΨ. 
 

ɋɉɂɋɈɄ ɅɂɌȿɊȺɌɍɊɕ 
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