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ɋȿɄɐɂə 11. ȽȿɈɗɄɈɅɈȽɂə, ɈɏɊȺɇȺ ɂ ɁȺɓɂɌȺ ɈɄɊɍɀȺɘɓȿɃ  
ɋɊȿȾɕ. ȽȿɈɂɇɎɈɊɆȺɐɂɈɇɇɕȿ ɋɂɋɌȿɆɕ ȼ ȽȿɈɗɄɈɅɈȽɂɂ 

 
ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɤɚɪɬɢɧɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ ɜ ɜɨɞɟ ɪɭɱɶɹ 

Ʉɚɪɚɛɭɥɚɤ. Ɍɚɤ ɩɨ ɫɨɞɟɪɠɚɧɢɹɦ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ ɛɵɥɢ ɜɵɞɟɥɟɧɵ ɭɱɚɫɬɤɢ IC, IIAB, ID, IID, IID, IIIABC, 
IABCD. ɗɬɢɦ ɪɚɣɨɧɚɦ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɬɟ ɱɚɫɬɢ ɪɭɱɶɹ, ɜ ɤɨɬɨɪɵɯ ɪɚɫɩɨɥɨɠɟɧɵ ɲɬɨɥɶɧɢ, ɢɥɢ ɨɛɥɚɫɬɶ ɫɥɢɹɧɢɹ 
ɩɪɢɬɨɤɨɜ ɪɭɱɶɹ. Ɍɨɱɤɢ ɫ ɩɨɜɵɲɟɧɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɨɬɧɨɲɟɧɢɹ La/Sm ɧɚɯɨɞɹɬɫɹ ɪɹɞɨɦ ɫ ɦɟɫɬɚɦɢ ɩɪɨɜɟɞɟɧɢɹ 
ɉəȼ, ɨɫɨɛɟɧɧɨ ɷɬɨ ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ ɭɱɚɫɬɤɨɜ ɝɪɭɩɩɵ «D», ɝɞɟ ɜɞɨɥɶ ɩɪɢɬɨɤɚ ɪɚɫɩɨɥɚɝɚɟɬɫɹ γ ɲɬɨɥɶɧɢ. 

 
Ʌɢɬɟɪɚɬɭɪɚ 
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ɂɋɋɅȿȾɈȼȺɇɂȿ ɉɊɂɑɂɇ ɁȺȽɊəɁɇȿɇɂə ȼɈɁȾɍɒɇɈȽɈ ȻȺɋɋȿɃɇȺ ȽɈɊɈȾȺ ȺɅɆȺɌɕ  

ɗ.Ȼ. ȿɪɟɳɟɧɤɨ1 

ɇɚɭɱɧɵɟ ɪɭɤɨɜɨɞɢɬɟɥɢ ɜɟɞɭɳɢɣ ɷɤɫɩɟɪɬ Ⱥ.ȼ. ɑɟɪɟɞɧɢɱɟɧɤɨ2, ɩɪɨɮɟɫɫɨɪ ȿ.Ƚ. əɡɢɤɨɜ1
 

1ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ Ɍɨɦɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɝ. Ɍɨɦɫɤ, Ɋɨɫɫɢɹ 
2Ʉɚɡɚɯɫɤɢɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɢɧɫɬɢɬɭɬ ɷɤɨɥɨɝɢɢ ɢ ɤɥɢɦɚɬɚ, ɝ. Ⱥɥɦɚɬɵ, Ʉɚɡɚɯɫɬɚɧ 

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɭɫɥɨɜɢɣ ɩɪɨɠɢɜɚɧɢɹ 1,η-ɦɢɥɥɢɨɧɧɨɝɨ ɧɚɫɟɥɟɧɢɹ ɝɨɪɨɞɚ Ⱥɥɦɚɬɵ ɮɭɧɤɰɢɨɧɢɪɭɸɬ 
ɡɚɜɨɞɵ ɩɨ ɦɚɲɢɧɨɫɬɪɨɟɧɢɸ ɢ ɦɟɬɚɥɥɨɨɛɪɚɛɨɬɤɟ, ɦɹɫɨɤɨɧɫɟɪɜɧɵɣ, ɦɨɥɨɱɧɵɣ, ɩɥɨɞɨɤɨɧɫɟɪɜɧɵɣ, ɬɟɤɫɬɢɥɶɧɵɣ, 
ɦɟɯɨɜɨɣ ɢ ɞɪ. ɤɨɦɛɢɧɚɬɵ. ɋɬɪɨɢɬɟɥɶɧɚɹ ɢɧɞɭɫɬɪɢɹ, ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɚ, ɩɟɪɟɪɚɛɚɬɵɜɚɸɳɚɹ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ ɢ 
ɦɚɲɢɧɨɫɬɪɨɟɧɢɟ ɫɱɢɬɚɸɬɫɹ ɩɪɢɨɪɢɬɟɬɧɵɦɢ ɨɬɪɚɫɥɹɦɢ. Ⱥɥɦɚɬɵ ɤɚɤ ɨɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɧɬɟɪɟɫɟɧ ɟɳɺ ɢ ɬɟɦ, 
ɱɬɨ ɧɚɯɨɞɢɬɫɹ ɜ ɭɧɢɤɚɥɶɧɵɯ ɩɪɢɪɨɞɧɨ-ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ, ɤɨɬɨɪɵɟ ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ ɫɩɨɫɨɛɧɵ ɭɥɭɱɲɢɬɶ 
ɷɤɨɥɨɝɢɱɟɫɤɭɸ ɨɛɫɬɚɧɨɜɤɭ ɝɨɪɨɞɚ, ɧɨ ɫ ɞɪɭɝɨɣ – ɡɧɚɱɢɬɟɥɶɧɨ ɭɫɭɝɭɛɢɬɶ ɟɺ. ȼɫɺ ɷɬɨ ɨɛɴɹɫɧɹɟɬ, ɩɨɱɟɦɭ 
ɚɬɦɨɫɮɟɪɧɵɣ ɜɨɡɞɭɯ ɝɨɪɨɞɚ Ⱥɥɦɚɬɵ ɫɱɢɬɚɟɬɫɹ ɫɚɦɵɦ ɡɚɝɪɹɡɧɟɧɧɵɦ ɧɚ ɬɟɪɪɢɬɨɪɢɢ Ʉɚɡɚɯɫɬɚɧɚ. [2] ɐɟɥɶɸ 
ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɜɵɹɫɧɟɧɢɟ ɜɨɡɦɨɠɧɵɯ ɩɪɢɱɢɧ ɡɚɝɪɹɡɧɟɧɢɹ ɚɬɦɨɫɮɟɪɵ ɝɨɪɨɞɚ Ⱥɥɦɚɬɵ ɧɚ ɨɫɧɨɜɚɧɢɢ 
ɚɧɚɥɢɡɚ ɂɁȺη (ɢɧɞɟɤɫ ɡɚɝɪɹɡɧɟɧɢɹ ɚɬɦɨɫɮɟɪɵ ɩɨ ɩɹɬɢ ɩɪɢɨɪɢɬɟɬɧɵɦ ɡɚɝɪɹɡɧɢɬɟɥɹɦ) ɡɚ ɩɹɬɢɥɟɬɧɢɣ ɩɟɪɢɨɞ ɫ 
β00η ɩɨ β00λ ɝɝ. 

Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ.  
Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɚɧɚɥɢɡɚ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɞɚɧɧɵɟ ɊȽɉ «Ʉɚɡɝɢɞɪɨɦɟɬ», ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɜɢɞɟ ɌɁȺ 

(ɬɚɛɥɢɰɚ ɡɚɝɪɹɡɧɟɧɢɹ ɚɬɦɨɫɮɟɪɵ). Ɇɨɧɢɬɨɪɢɧɝ ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɧɚ ɩɹɬɢ ɫɬɚɰɢɨɧɚɪɧɵɯ ɩɨɫɬɚɯ ɧɚɛɥɸɞɟɧɢɹ (ɉɇɁ), 
ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ ɪɚɡɧɵɯ ɱɚɫɬɹɯ ɝɨɪɨɞɚ. Ɂɚɛɨɪ ɩɪɨɛ ɩɪɨɜɨɞɢɥɫɹ ɟɠɟɞɧɟɜɧɨ, (ɤɪɨɦɟ ɩɪɚɡɞɧɢɱɧɵɯ ɢ ɜɵɯɨɞɧɵɯ 
ɞɧɟɣ) ɜ 1, 7, 1γ, 1λ ɱ. ɩɨ ɦɟɫɬɧɨɦɭ ɜɪɟɦɟɧɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɨɥɧɨɣ ɩɪɨɝɪɚɦɦɨɣ ɧɚɛɥɸɞɟɧɢɹ (ɧɚ ɉɇɁ ʋ1) ɢ ɜ 7, 
1γ, 1λ ɱ. ɩɨ ɧɟɩɨɥɧɨɣ ɩɪɨɝɪɚɦɦɟ ɧɚɛɥɸɞɟɧɢɹ [5]. 

ɂɧɞɟɤɫ ɡɚɝɪɹɡɧɟɧɢɹ ɚɬɦɨɫɮɟɪɵ ɷɬɨ ɤɨɥɢɱɟɫɬɜɟɧɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɭɪɨɜɧɹ ɡɚɝɪɹɡɧɟɧɢɹ ɚɬɦɨɫɮɟɪɵ 
ɨɬɞɟɥɶɧɨɣ ɩɪɢɦɟɫɶɸ, ɭɱɢɬɵɜɚɸɳɚɹ ɪɚɡɥɢɱɢɟ ɜ ɫɤɨɪɨɫɬɢ ɜɨɡɪɚɫɬɚɧɢɹ ɫɬɟɩɟɧɢ ɜɪɟɞɧɨɫɬɢ ɜɟɳɟɫɬɜ, ɩɪɢɜɟɞɟɧɧɨɣ ɤ 
ɜɪɟɞɧɨɫɬɢ ɞɢɨɤɫɢɞɚ ɫɟɪɵ, ɩɨ ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ ɩɪɟɜɵɲɟɧɢɹ ɉȾɄ [5]. 

ɂɁȺη ɹɜɥɹɟɬɫɹ ɤɨɦɩɥɟɤɫɧɵɦ ɩɨɤɚɡɚɬɟɥɟɦ ɡɚɝɪɹɡɧɟɧɢɹ ɚɬɦɨɫɮɟɪɵ, ɤɨɬɨɪɵɣ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɛɳɟɝɨ ɤɚɱɟɫɬɜɚ ɜɨɡɞɭɯɚ. ɑɬɨɛɵ ɪɚɫɫɱɢɬɚɬɶ ɂɁȺη, ɜɵɛɢɪɚɸɬɫɹ ɩɹɬɶ ɢɧɞɟɤɫɨɜ ɫ ɧɚɢɛɨɥɶɲɢɦ 
ɱɢɫɥɨɜɵɦ ɡɧɚɱɟɧɢɟɦ ɩɨ ɨɬɞɟɥɶɧɨ ɜɡɹɬɵɦ ɩɪɢɦɟɫɹɦ ɢ ɫɭɦɦɢɪɭɸɬɫɹ Дη]. ȼ ɯɨɞɟ ɧɚɲɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɡɧɚɱɟɧɢɹ ɢɧɞɟɤɫɚ ɡɚɝɪɹɡɧɟɧɢɹ ɚɬɦɨɫɮɟɪɵ ɩɨ ɫɥɟɞɭɸɳɢɦ ɩɪɢɦɟɫɹɦμ ɜɡɜɟɲɟɧɧɵɟ ɜɟɳɟɫɬɜɚ 
(ɩɵɥɶ), ɞɢɨɤɫɢɞ ɫɟɪɵ, ɨɤɫɢɞ ɭɝɥɟɪɨɞɚ, ɞɢɨɤɫɢɞ ɚɡɨɬɚ, ɮɨɪɦɚɥɶɞɟɝɢɞ. 

Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ 
ȼ ɯɨɞɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɵɹɫɧɢɥɨɫɶ, ɱɬɨ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɜɫɟɝɨ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɩɟɪɢɨɞɚ ɂɁȺη 

ɫɨɨɬɜɟɬɫɬɜɨɜɚɥ ɜɵɫɨɤɨɦɭ ɢ ɨɱɟɧɶ ɜɵɫɨɤɨɦɭ ɡɚɝɪɹɡɧɟɧɢɸ. ɇɚɢɛɨɥɶɲɢɣ ɜɤɥɚɞ ɜ ɡɚɝɪɹɡɧɟɧɢɟ ɜɨɡɞɭɲɧɨɝɨ ɛɚɫɫɟɣɧɚ 
ɜɧɟɫ ɮɨɪɦɚɥɶɞɟɝɢɞ, ɩɪɢɪɨɞɚ ɩɨɹɜɥɟɧɢɹ ɤɨɬɨɪɨɝɨ ɞɨ ɤɨɧɰɚ ɧɟ ɜɵɹɫɧɟɧɚ. 

Ⱦɥɹ ɫɨɫɬɚɜɥɟɧɢɹ ɞɚɧɧɨɝɨ ɝɪɚɮɢɤɚ (ɪɢɫ. 1) ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɫɪɟɞɧɢɟ ɩɨ ɜɫɟɦ ɩɨɫɬɚɦ ɡɧɚɱɟɧɢɹ ɂɁȺη. β008 
ɝɨɞ ɹɜɥɹɟɬɫɹ ɝɨɞɨɦ ɫ ɫɚɦɨɣ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɶɸ ɡɚɝɪɹɡɧɟɧɢɹ ɚɬɦɨɫɮɟɪɵ (1β,η), ɚ β00θ ɝɨɞ – ɩɟɪɢɨɞɨɦ ɫ ɫɚɦɵɦ 
ɧɢɡɤɢɦ ɩɨɤɚɡɚɬɟɥɟɦ ɂɁȺη (λ,0). Ƚɪɚɮɢɤ ɫɨɫɬɚɜɥɟɧ ɧɚ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɡɚ ɩɟɪɢɨɞ β005-β00λ ɝɝ., ɚ 
ɬɚɤɠɟ ɫ ɩɨɦɨɳɶɸ ɞɚɧɧɵɯ ɊȽɉ «Ʉɚɡɝɢɞɪɨɦɟɬ» ɡɚ β00λ-β01β ɝɝ. ɗɬɨ ɩɨɡɜɨɥɢɥɨ ɩɪɨɫɥɟɞɢɬɶ ɞɢɧɚɦɢɤɭ ɡɚɝɪɹɡɧɟɧɢɹ 
ɜɩɥɨɬɶ ɞɨ ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ. 

ɉɪɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɩɪɢɪɨɞɧɨ-ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɨɫɨɛɟɧɧɨɫɬɟɣ, ɧɟɨɛɯɨɞɢɦɨ ɜɵɞɟɥɢɬɶ ɫɥɟɞɭɸɳɟɟμ 
- ɝɨɪɨɞ ɪɚɫɩɨɥɨɠɟɧ ɧɚ ɩɥɚɬɨ ɭ ɩɨɞɧɨɠɢɹ ɝɨɪɧɨɝɨ ɦɚɫɫɢɜɚν 
- ɦɨɳɧɵɟ ɩɪɢɡɟɦɧɵɟ ɢ ɩɪɢɩɨɞɧɹɬɵɟ ɢɧɜɟɪɫɢɢ ɫ ɹɪɤɨ ɜɵɪɚɠɟɧɧɵɦ ɫɭɬɨɱɧɵɦ ɯɨɞɨɦν 
- ɫɭɳɟɫɬɜɟɧɧɨ ɧɟɨɞɧɨɪɨɞɧɚɹ ɩɨ ɩɪɨɫɬɪɚɧɫɬɜɭ ɤɚɪɬɢɧɚ ɦɟɫɬɧɵɯ ɜɟɬɪɨɜν 
- ɫɥɨɠɧɚɹ ɧɟɢɡɭɱɟɧɧɚɹ ɬɭɪɛɭɥɟɧɬɧɨɫɬɶν 
- ɫɥɨɠɧɚɹ ɜɟɪɬɢɤɚɥɶɧɚɹ ɫɬɪɭɤɬɭɪɚ ɜɨɡɞɭɲɧɨɝɨ ɛɚɫɫɟɣɧɚν 
- ɧɨɱɧɚɹ ɚɷɪɚɰɢɹ ɝɨɪɧɵɯ ɜɟɬɪɨɜ ɢ ɞɧɟɜɧɨɣ ɜɵɧɨɫ ɩɪɢɦɟɫɢ ɞɨɥɢɧɧɵɦ ɜɟɬɪɨɦ [3]. 
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ɉɊɈȻɅȿɆɕ ȽȿɈɅɈȽɂɂ ɂ ɈɋȼɈȿɇɂə ɇȿȾɊ 

 
Ɋɢɫ. 1 Ⱦɢɧɚɦɢɤɚ ɫɪɟɞɧɟɝɨɞɨɜɨɝɨ ɩɨɤɚɡɚɬɟɥɹ ɂɁȺ5 (2005-2012 ɝɝ.) 

 
Ɉɩɪɟɞɟɥɟɧɢɸ ɢɫɬɨɱɧɢɤɨɜ ɡɚɝɪɹɡɧɟɧɢɹ ɦɨɠɟɬ ɜɨ ɦɧɨɝɨɦ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɢɧɮɨɪɦɚɰɢɹ ɨ ɫɭɬɨɱɧɨɦ ɯɨɞɟ 

ɡɚɝɪɹɡɧɟɧɢɹ. 
Ʉɚɤ ɜɢɞɧɨ ɧɚ ɝɪɚɮɢɤɟ (ɪɢɫ.β) ɩɪɟɞɫɬɚɜɥɟɧɵ ɞɜɚ ɪɹɞɚμ ɞɢɧɚɦɢɤɚ ɂɁȺη ɡɚ ɫɭɬɨɱɧɵɣ ɩɟɪɢɨɞ ɜ ɹɧɜɚɪɟ, ɚ 

ɬɚɤɠɟ ɞɢɧɚɦɢɤɚ ɫɭɬɨɱɧɨɝɨ ɯɨɞɚ ɡɚɝɪɹɡɧɟɧɢɹ ɜ ɢɸɥɟ. ɉɪɨɛɵ ɜɨɡɞɭɯɚ ɛɪɚɥɢɫɶ ɜ ɪɚɡɧɨɟ ɜɪɟɦɹμ ɜ 1 ɱɚɫ ɧɨɱɢ, ɜ 7 
ɱɚɫɨɜ ɭɬɪɚ, ɜ 1γ ɱɚɫɨɜ ɞɧɹ ɢ 1λ ɱɚɫɨɜ ɜɟɱɟɪɚ. ȼ ɹɧɜɚɪɟ ɧɚɛɥɸɞɚɟɬɫɹ ɪɟɡɤɨɟ ɩɨɜɵɲɟɧɢɟ ɡɚɝɪɹɡɧɟɧɢɹ ɦɟɠɞɭ 7 
ɱɚɫɚɦɢ ɭɬɪɚ ɢ 1γ ɱɚɫɚɦɢ ɞɧɹ. ȼ ɢɸɥɟ ɦɨɠɧɨ ɛɵɥɨ ɧɚɛɥɸɞɚɬɶ ɩɥɚɜɧɨɟ ɩɨɜɵɲɟɧɢɟ ɫɬɟɩɟɧɢ ɡɚɝɪɹɡɧɟɧɢɹ ɜɨɡɞɭɯɚ. 
Ⱦɚɧɧɵɟ ɞɥɹ ɷɬɨɝɨ ɝɪɚɮɢɤɚ ɛɪɚɥɢɫɶ ɬɨɥɶɤɨ ɩɨ ɉɇɁ ʋ1, ɬɚɤ ɤɚɤ ɬɨɥɶɤɨ ɬɚɦ ɩɪɨɜɨɞɢɥɚɫɶ ɩɨɥɧɚɹ ɩɪɨɝɪɚɦɦɚ 
ɧɚɛɥɸɞɟɧɢɣ. 

ɉɟɪɜɨɟ, ɱɬɨ ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ ɧɚ ɝɪɚɮɢɤɟ (ɪɢɫ. β)μ ɡɚɝɪɹɡɧɟɧɢɟ ɜ ɡɢɦɧɢɣ ɩɟɪɢɨɞ ɜɵɲɟ, ɱɟɦ ɜ ɥɟɬɧɢɣ. ɗɬɨ 
ɨɛɭɫɥɨɜɥɟɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɩɪɢɪɨɞɧɵɯ ɢ ɬɟɯɧɨɝɟɧɧɵɯ ɮɚɤɬɨɪɨɜμ 

- Ʉɥɢɦɚɬ Ⱥɥɦɚɬɵ ɹɜɥɹɟɬɫɹ ɪɟɡɤɨ-ɤɨɧɬɢɧɟɧɬɚɥɶɧɵɦ, ɩɪɢɱɟɦ ɪɟɡɱɟ ɨɧ ɜɵɪɚɠɟɧ ɜ ɫɟɜɟɪɧɨɣ ɱɚɫɬɢ ɝɨɪɨɞɚ, 
ɜ ɫɜɹɡɢ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɟɝɨ ɜ ɡɨɧɟ ɩɟɪɟɯɨɞɚ ɝɨɪɧɵɯ ɫɤɥɨɧɨɜ ɤ ɪɚɜɧɢɧɟ. Ʉɪɨɦɟ ɬɨɝɨ, ɝɨɪɨɞ ɩɨɞɜɟɪɠɟɧ ɟɳɟ ɢ 
ɞɟɣɫɬɜɢɸ ɫɥɚɛɨɣ ɜɟɬɪɨɜɨɣ ɚɤɬɢɜɧɨɫɬɢ ɜ ɡɢɦɧɢɣ ɩɟɪɢɨɞ, ɤɨɝɞɚ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ ɫɨɫɬɚɜɥɹɟɬ ɜ ɫɪɟɞɧɟɦ 1,1 ɦ/ɫ [3]. 

- ȼ ɡɢɦɧɢɣ ɩɟɪɢɨɞ ɞɟɣɫɬɜɭɟɬ ɨɬɨɩɢɬɟɥɶɧɵɣ ɫɟɡɨɧ, ɚ ɡɧɚɱɢɬ, ɩɪɟɞɩɪɢɹɬɢɹ ɬɟɩɥɨɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɢ 
ɪɚɛɨɬɚɸɬ ɜ ɭɫɢɥɟɧɧɨɦ ɪɟɠɢɦɟ [1]. 

- Ɉɫɧɨɜɧɵɦɢ ɫɬɚɰɢɨɧɚɪɧɵɦɢ ɢɫɬɨɱɧɢɤɚɦɢ ɜ ɝɨɪɨɞɟ Ⱥɥɦɚɬɵ ɹɜɥɹɸɬɫɹ ɩɪɟɞɩɪɢɹɬɢɹ 
ɬɟɩɥɨɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɢ, ɜ ɨɫɨɛɟɧɧɨɫɬɢ Ɍɗɐ-1 ɢ Ɍɗɐ-2. 

- ȼ ɥɟɬɧɢɣ ɩɟɪɢɨɞ, ɚ ɬɨɱɧɟɟ ɜ ɬɟɱɟɧɢɟ 8 ɦɟɫɹɰɟɜ, Ɍɗɐ-1 ɪɚɛɨɬɚɟɬ ɧɚ ɝɚɡɟ, ɚ ɜ ɡɢɦɧɟɟ ɜɪɟɦɹ ɩɟɪɟɯɨɞɢɬ ɧɚ 
ɫɠɢɝɚɧɢɟ ɭɝɥɹ ɢ ɨɫɧɨɜɧɨɣ ɨɛɴɟɦ ɜɵɛɪɨɫɨɜ ɩɪɢɯɨɞɢɬɫɹ ɧɚ ɡɢɦɧɢɣ ɩɟɪɢɨɞ [1]. 

- ɉɨɜɬɨɪɹɟɦɨɫɬɶ ɜɟɬɪɨɜ ɫɟɜɟɪɧɨɝɨ ɢ ɫɟɜɟɪɨ-ɡɚɩɚɞɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ, ɩɪɟɨɛɥɚɞɚɸɬ ɜ ɡɢɦɧɢɣ ɩɟɪɢɨɞ, ɜɨ 
ɜɪɟɦɹ ɭɫɢɥɟɧɧɨɣ ɪɚɛɨɬɵ Ɍɗɐ-2. ȼɟɬɪɚ ɷɬɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ ɨɫɭɳɟɫɬɜɥɹɸɬ ɩɟɪɟɧɨɫ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ 
ɫɬɨɪɨɧɭ ɝɨɪɨɞɚ [3]. 
 

 
Ɋɢɫ. 2 Ⱦɢɧɚɦɢɤɚ ɂɁȺ5 ɡɚ ɫɭɬɨɱɧɵɣ ɩɟɪɢɨɞ ɜ ɹɧɜɚɪɟ ɢ ɢɸɥɟ 

 
ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɩɪɢ ɚɧɚɥɢɡɟ ɬɟɧɞɟɧɰɢɢ ɡɚɝɪɹɡɧɟɧɢɹ ɜ ɡɢɦɧɢɣ ɢ ɥɟɬɧɢɣ ɩɟɪɢɨɞɵ ɦɨɠɧɨ ɜɵɹɜɢɬɶ 

ɢɧɬɟɪɟɫɧɭɸ ɬɟɧɞɟɧɰɢɸ. Ɍɚɤ, ɜ ɥɟɬɧɢɣ ɩɟɪɢɨɞ ɧɚɛɥɸɞɚɟɬɫɹ ɩɨɫɬɟɩɟɧɧɨɟ ɩɨɜɵɲɟɧɢɟ ɡɚɝɪɹɡɧɟɧɢɹ ɢ ɟɝɨ ɦɚɤɫɢɦɭɦ 
ɩɪɢɯɨɞɢɬɫɹ ɧɚ 1λ.00. ɇɨ ɜ ɡɢɦɧɢɣ ɩɟɪɢɨɞ ɧɚɢɦɟɧɶɲɚɹ ɫɬɟɩɟɧɶ ɡɚɝɪɹɡɧɟɧɢɹ ɩɪɢɯɨɞɢɬɫɹ ɧɚ 7 ɱɚɫɨɜ ɭɬɪɚ, ɡɚɬɟɦ 
ɧɚɛɥɸɞɚɟɬɫɹ ɪɟɡɤɨɟ ɩɨɜɵɲɟɧɢɟ ɤ ɱɚɫɭ ɞɧɹ, ɞɚɧɧɵɣ ɭɪɨɜɟɧɶ ɡɚɝɪɹɡɧɟɧɢɹ ɫɨɯɪɚɧɹɟɬɫɹ ɞɨ ɫɟɦɢ ɱɚɫɨɜ ɜɟɱɟɪɚ. 
ɋɨɜɟɪɲɟɧɧɨ ɨɱɟɜɢɞɧɨ, ɱɬɨ ɡɞɟɫɶ ɢɦɟɟɬ ɦɟɫɬɨ ɞɟɣɫɬɜɢɟ ɫɨɰɢɚɥɶɧɨɝɨ ɮɚɤɬɨɪɚ. Ɇɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɷɬɨ – 
ɚɜɬɨɬɪɚɧɫɩɨɪɬɧɵɟ ɫɪɟɞɫɬɜɚ. ɋɬɨɢɬ ɭɱɢɬɵɜɚɬɶ, ɱɬɨ ɪɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ ɩɨ ɤɨɥɢɱɟɫɬɜɭ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɨɬ 
ɚɜɬɨɬɪɚɧɫɩɨɪɬɚ ɹɜɥɹɸɬɫɹ ɛɨɥɟɟ ɧɢɡɤɢɦɢ, ɩɨ ɩɪɢɱɢɧɟ ɨɬɫɭɬɫɬɜɢɹ ɤɨɧɤɪɟɬɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨɛ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
ɬɨɩɥɢɜɚ. Ⱦɢɧɚɦɢɤɚ ɢɡɦɟɧɟɧɢɹ ɡɚɝɪɹɡɧɟɧɢɹ ɡɚ ɡɢɦɧɢɣ ɩɟɪɢɨɞ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɧɚɢɛɨɥɶɲɢɟ ɩɨɬɨɤɢ 

Ⱦɢɧɚɦɢɤɚ ɫɪɟɞɧɟɝɨɞɨɜɨɝɨ ɂɁȺ5 (2005-2012 ɝɝ.)
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ɋȿɄɐɂə 11. ȽȿɈɗɄɈɅɈȽɂə, ɈɏɊȺɇȺ ɂ ɁȺɓɂɌȺ ɈɄɊɍɀȺɘɓȿɃ  
ɋɊȿȾɕ. ȽȿɈɂɇɎɈɊɆȺɐɂɈɇɇɕȿ ɋɂɋɌȿɆɕ ȼ ȽȿɈɗɄɈɅɈȽɂɂ 

ɚɜɬɨɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɨɛɪɚɡɭɸɬɫɹ ɢɦɟɧɧɨ ɜ ɩɟɪɢɨɞ ɫ 7 ɞɨ 1γ ɱɚɫɨɜ, ɤɨɝɞɚ ɛɨɥɶɲɢɧɫɬɜɨ ɥɸɞɟɣ ɟɞɟɬ ɧɚ 
ɪɚɛɨɬɭ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɧɟɞɨɫɬɚɬɨɱɧɚɹ ɨɪɝɚɧɢɡɚɰɢɹ ɚɜɬɨɬɪɚɧɫɩɨɪɬɧɵɯ ɩɨɬɨɤɨɜ ɫɬɢɦɭɥɢɪɭɟɬ ɨɛɪɚɡɨɜɚɧɢɟ «ɩɪɨɛɨɤ» 
ɧɚ ɞɨɪɨɝɚɯ, ɤɨɬɨɪɵɟ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɸɬ ɩɨɫɬɭɩɥɟɧɢɟ ɜɵɯɥɨɩɧɵɯ ɝɚɡɨɜ ɜ ɚɬɦɨɫɮɟɪɭ. Ɂɞɟɫɶ ɭɦɟɫɬɧɨ 
ɫɤɚɡɚɬɶ, ɱɬɨ ɧɟɞɨɫɬɚɬɨɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɚɪɤɨɜɨɤ ɫɬɢɦɭɥɢɪɭɟɬ ɫɨɡɞɚɧɢɟ ɩɨɞɨɛɧɨɣ ɫɢɬɭɚɰɢɢ. ȼɟɞɶ ɜ ɤɚɱɟɫɬɜɟ 
ɩɚɪɤɨɜɨɱɧɨɝɨ ɦɟɫɬɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɟɫɬɨ ɧɚ ɞɨɪɨɝɚɯ, ɱɬɨ ɫɩɨɫɨɛɧɨ ɭɦɟɧɶɲɢɬɶ ɢɯ ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɞɨ β 
ɪɚɡ. Ʉɪɨɦɟ ɬɨɝɨ ɜɨɤɪɭɝ ɝɨɪɨɞɚ ɞɟɣɫɬɜɭɟɬ ɫɚɦɚɹ ɛɨɥɶɲɚɹ ɜ ɪɟɫɩɭɛɥɢɤɟ ɚɝɥɨɦɟɪɚɰɢɹ, ɢ ɟɠɟɞɧɟɜɧɨ ɛɨɥɶɲɢɟ ɩɨɬɨɤɢ 
ɥɸɞɟɣ ɟɞɭɬ ɜ Ⱥɥɦɚɬɵ ɢɡ ɩɪɢɝɨɪɨɞɨɜ. ɉɨ ɩɨɫɥɟɞɧɢɦ ɞɚɧɧɵɦ, ɜ Ⱥɥɦɚɬɵ ɢɦɟɸɬɫɹ ɨɤɨɥɨ θ00 ɬɵɫɹɱ ɚɜɬɨɦɚɲɢɧ, ɢ 
ɤɨɥɢɱɟɫɬɜɨ ɢɯ ɫ ɤɚɠɞɵɦ ɞɧɟɦ ɪɚɫɬɟɬ. ȿɠɟɝɨɞɧɨ ɢɦɢ ɜɵɞɟɥɹɟɬɫɹ ɜ ɜɨɡɞɭɯ ɝɨɪɨɞɚ ɨɤɨɥɨ βη0—βθ0 ɬɵɫɹɱ ɬɨɧɧ 
ɜɪɟɞɧɵɯ ɨɬɯɨɞɨɜ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚ ɤɚɠɞɨɝɨ ɚɥɦɚɬɢɧɰɚ ɩɪɢɯɨɞɢɬɫɹ ɛɨɥɟɟ β00 ɤɝ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ [4]. 
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Ɉ ɇȿɈȻɏɈȾɂɆɈɋɌɂ ɂɋɋɅȿȾɈȼȺɇɂə ȼɈȾɕ ɇȺ ȾȿɃɌȿɊɂɃ  
ɄȺɄ ɗɄɈɅɈȽɂɑȿɋɄɈȽɈ ɎȺɄɌɈɊȺ 

ɒ.Ȼ. ɀɚɤɭɩɨɜɚ1
, Ɇ.Ɍ. Ⱦɠɚɦɛɚɟɜ2

 

ɇɚɭɱɧɵɟ ɪɭɤɨɜɨɞɢɬɟɥɢ ɡɚɜɟɞɭɸɳɚɹ ɥɚɛɨɪɚɬɨɪɢɟɣ Ⱥ.ȼ. Ʌɢɩɢɯɢɧɚ1, ɩɪɨɮɟɫɫɨɪ  
Ʌ.ɉ. Ɋɢɯɜɚɧɨɜ2

 
1ɇɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɢɧɫɬɢɬɭɬ ɪɚɞɢɚɰɢɨɧɧɨɣ ɦɟɞɢɰɢɧɵ ɢ ɷɤɨɥɨɝɢɢ, ɝ. ɋɟɦɟɣ, 

Ɋɟɫɩɭɛɥɢɤɚ Ʉɚɡɚɯɫɬɚɧ 
2ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ Ɍɨɦɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɝ. Ɍɨɦɫɤ, Ɋɨɫɫɢɹ 

Ɍɹɠɟɥɚɹ ɜɨɞɚ (D2O), ɢɡɨɬɨɩɧɚɹ ɪɚɡɧɨɜɢɞɧɨɫɬɶ ɜɨɞɵ, ɜ ɤɨɬɨɪɨɣ ɥɺɝɤɢɣ ɚɬɨɦ ɜɨɞɨɪɨɞɚ 1H ɡɚɦɟɳɟɧ ɟɝɨ 
ɬɹɠɺɥɵɦ ɢɡɨɬɨɩɨɦ 2H – ɞɟɣɬɟɪɢɟɦ D. ȼɩɟɪɜɵɟ ɨɬɤɪɵɬɚ ɜ ɩɪɢɪɨɞɧɨɣ ɜɨɞɟ Ƚ. ɘɪɢ ɢ ɗ. Ɏ. Ɉɫɛɨɪɧɨɦ (ɋɒȺ) ɜ 
1λγβ ɢ ɜɵɞɟɥɟɧɚ ɢɡ ɧɟɺ ɜ 1λγγ Ƚ. ɇ. Ʌɶɸɢɫɨɦ ɢ Ɋ. Ɇɚɤɞɨɧɚɥɶɞɨɦ (ɋɒȺ) Д4Ж. Ɋɚɡɧɢɰɚ ɦɟɠɞɭ ɬɹɠɟɥɨɣ ɜɨɞɨɣ ɢ 
ɨɛɵɱɧɨɣ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɢɯ ɩɥɨɬɧɨɫɬɢ. Ɍɹɠɟɥɚɹ ɜɨɞɚ ɩɥɨɬɧɟɟ ɨɛɵɱɧɨɣ. ȼ ɩɪɢɪɨɞɟ ɟɟ ɫɨɞɟɪɠɚɧɢɟ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 
ɚɬɨɦɚ ɞɟɣɬɟɪɢɹ ɫ ɚɬɨɦɨɦ ɜɨɞɨɪɨɞɚ ɫɨɫɬɚɜɥɹɟɬ 1 ɧɚ η000-7000. ɋɨɞɟɪɠɚɧɢɟ ɬɹɠɟɥɨɣ ɜɨɞɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫ 
ɩɨɦɨɳɶɸ ɦɚɫɫ-ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ, ɞɟɧɫɢɦɟɬɪɢɢ ɢ ɦɟɬɨɞɨɦ ɢɧɮɪɚɤɪɚɫɧɨɣ ɫɩɟɤɬɪɨɦɟɬɪɢɢ Д4Ж. Ɏɢɡɢɱɟɫɤɢɟ 
ɫɜɨɣɫɬɜɚ ɬɹɠɟɥɨɣ ɜɨɞɵ ɬɨɠɟ ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɨɛɵɱɧɨɣ. Ɍɟɦɩɟɪɚɬɭɪɚ ɡɚɤɢɩɚɧɢɹ ɬɹɠɟɥɨɣ ɜɨɞɵ 101,4γ°ɋ, 
ɬɟɦɩɟɪɚɬɭɪɚ ɡɚɦɟɪɡɚɧɢɹ γ,81°ɋ, ɩɥɨɬɧɨɫɬɶ 1,104 ɝ/ɫɦ3. ɏɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ D2O ɢ H2O ɫɢɥɶɧɨ ɧɟ ɨɬɥɢɱɚɸɬɫɹ. 
ɏɚɪɚɤɬɟɪɧɵɦ ɨɬɥɢɱɢɟɦ D2O ɹɜɥɹɟɬɫɹ ɡɚɦɟɞɥɟɧɢɟ ɢɥɢ ɭɫɤɨɪɟɧɢɟ ɫɤɨɪɨɫɬɢ ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ ɞɨ β-γ ɪɚɡ. 

ɂɫɯɨɞɹ ɢɡ ɫɜɨɢɯ ɯɢɦɢɱɟɫɤɢɯ ɨɫɨɛɟɧɧɨɫɬɟɣ, ɬɹɠɟɥɚɹ ɜɨɞɚ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɹɞɟɪɧɨɣ ɮɢɡɢɤɟ ɢ ɷɧɟɪɝɟɬɢɤɟ 
ɤɚɤ ɡɚɦɟɞɥɢɬɟɥɶ ɧɟɣɬɪɨɧɨɜ ɢ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɜ ɹɞɟɪɧɵɯ ɪɟɚɤɬɨɪɚɯ. ȼ ɛɢɨɥɨɝɢɢ, ɯɢɦɢɢ ɢ ɝɢɞɪɨɥɨɝɢɢ ɤɚɤ 
ɢɡɨɬɨɩɧɵɣ ɢɧɞɢɤɚɬɨɪ. ɑɚɫɬɨ ɬɹɠɟɥɚɹ ɜɨɞɚ ɩɪɢɦɟɧɹɟɬɫɹ ɤɚɤ ɢɫɬɨɱɧɢɤ ɞɟɣɬɟɪɢɹ, ɤɨɬɨɪɵɣ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɦɨɠɟɬ 
ɩɪɢɦɟɧɹɬɶɫɹ ɤɚɤ ɹɞɟɪɧɨɟ ɬɨɩɥɢɜɨ ɜ ɷɧɟɪɝɟɬɢɤɟ, ɨɫɧɨɜɚɧɧɨɣ ɧɚ ɭɩɪɚɜɥɹɟɦɨɦ ɬɟɪɦɨɹɞɟɪɧɨɦ ɫɢɧɬɟɡɟ. Ⱦɥɹ ɬɚɤɨɝɨ 
ɩɪɢɦɟɧɟɧɢɹ ɬɹɠɟɥɚɹ ɜɨɞɚ ɞɨɥɠɧɚ ɢɦɟɬɶ ɤɨɧɰɟɧɬɪɚɰɢɸ ɞɟɣɬɟɪɢɹ ɧɟ ɦɟɧɟɟ λλ,81 ɦɨɥɹɪɧɵɯ %. ȼ ɦɢɪɟ 
ɩɪɨɢɡɜɨɞɫɬɜɨ ɬɹɠɟɥɨɣ ɜɨɞɵ ɫɨɫɬɚɜɥɹɟɬ ɧɟɫɤɨɥɶɤɨ ɬɵɫɹɱ ɬɨɧɧ ɜ ɝɨɞ. ȼ ɨɫɧɨɜɧɨɦ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ Ʉɚɧɚɞɟ, ɋɒȺ, 
ɂɧɞɢɢ ɢ ɜ ɇɨɪɜɟɝɢɢ. Ɉɬɦɟɱɚɟɬɫɹ ɜɵɫɨɤɚɹ ɫɬɨɢɦɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɬɹɠɟɥɨɣ ɜɨɞɵ (β00-βη0 ɞɨɥɥɚɪɨɜ ɡɚ ɤɝ), 
ɩɨɫɤɨɥɶɤɭ ɟɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɨɱɟɧɶ ɷɧɟɪɝɨɟɦɤɨ. Ɉɛɵɱɧɨ ɩɨɥɭɱɚɸɬ ɬɹɠɟɥɭɸ ɜɨɞɭ ɢɡ ɨɛɵɱɧɨɣ ɜɨɞɵ ɢɥɢ ɜɨɞɨɪɨɞɚ 
ɦɟɬɨɞɚɦɢ ɢɡɨɬɨɩɧɨɝɨ ɨɛɦɟɧɚ ɜɨɞɵ ɢ ɫɟɪɨɜɨɞɨɪɨɞɚ, ɞɢɫɬɢɥɥɹɰɢɢ ɜɨɞɨɪɨɞɚ ɢɥɢ ɦɧɨɝɨɫɬɭɩɟɧɱɚɬɨɝɨ ɷɥɟɤɬɪɨɥɢɡɚ 
[7]. 

Ɍɹɠɺɥɚɹ ɜɨɞɚ ɢ ɛɢɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ 
Ɉɫɨɛɟɧɧɨɫɬɢ ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɬɹɠɟɥɨɣ ɜɨɞɵ ɩɪɨɹɜɥɹɸɬɫɹ ɜ ɢɫɫɥɟɞɨɜɚɧɢɢ ɪɚɡɥɢɱɧɵɯ ɛɢɨɥɨɝɢɱɟɫɤɢɯ 

ɩɪɨɰɟɫɫɨɜ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɪɚɡɧɵɯ ɭɱɟɧɵɯ ɜ ɪɚɡɧɨɟ ɜɪɟɦɹ ɩɨɤɚɡɚɥɢ ɨ ɧɟɝɚɬɢɜɧɨɦ ɜɨɡɞɟɣɫɬɜɢɢ ɬɹɠɟɥɨɣ ɜɨɞɵ ɧɚ 
ɪɚɫɬɢɬɟɥɶɧɨɫɬɶ ɢ ɠɢɜɵɟ ɨɪɝɚɧɢɡɦɵ. Ɉɬɦɟɱɚɸɬɫɹ ɢ ɫɥɭɱɚɢ ɚɞɚɩɬɚɰɢɢ ɧɟɤɨɬɨɪɵɯ ɤɥɟɬɨɤ ɛɚɤɬɟɪɢɣ, ɜɨɞɨɪɨɫɥɟɣ ɢ 
ɪɚɫɬɟɧɢɣ ɤ ɪɨɫɬɭ ɧɚ ɬɹɠɟɥɨɣ ɜɨɞɟ. Ʉɚɤ ɩɪɚɜɢɥɨ, ɷɬɨ ɠɢɜɵɟ ɨɪɝɚɧɢɡɦɵ ɫ ɛɨɥɟɟ ɩɪɨɫɬɨɣ ɦɨɪɮɨɥɨɝɢɟɣ. ɗɬɢ ɮɚɤɬɵ 
ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɧɟɝɚɬɢɜɧɨɦ ɜɨɡɞɟɣɫɬɜɢɢ ɬɹɠɟɥɨɣ ɜɨɞɵ ɧɚ ɠɢɜɨɣ ɨɪɝɚɧɢɡɦ. ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ 
ɬɹɠɟɥɚɹ ɜɨɞɚ ɬɨɤɫɢɱɧɚ ɜ ɫɥɚɛɨɣ ɫɬɟɩɟɧɢ. Ɉɫɧɨɜɧɨɟ ɧɟɝɚɬɢɜɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɩɪɨɢɫɯɨɞɢɬ ɜɫɥɟɞɫɬɜɢɟ ɡɚɦɟɞɥɟɧɢɹ 
ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ, ɩɪɨɯɨɞɹɳɢɯ ɜ ɠɢɜɵɯ ɨɪɝɚɧɢɡɦɚɯ ɫ ɩɪɢɜɵɱɧɨɣ ɫɤɨɪɨɫɬɶɸ, ɧɟɨɛɯɨɞɢɦɨɣ ɞɥɹ ɧɨɪɦɚɥɶɧɨɣ 
ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ Д7Ж. 

Ɉɛ ɷɬɨɦ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɨɫɫɢɣɫɤɢɯ ɭɱɟɧɵɯ, ɩɨɤɚɡɚɜɲɢɯ, ɱɬɨ ɬɹɠɟɥɚɹ ɜɨɞɚ ɬɨɪɦɨɡɢɬ 
ɪɨɫɬ ɛɚɤɬɟɪɢɣ, ɜɨɞɨɪɨɫɥɟɣ, ɜɵɫɲɢɯ ɪɚɫɬɟɧɢɣ ɢ ɤɭɥɶɬɭɪɵ ɬɤɚɧɟɣ ɠɢɜɨɬɧɵɯ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɷɤɫɩɟɪɢɦɟɧɬɨɜ, 
ɩɪɨɜɟɞɟɧɧɵɯ ɧɚɞ ɦɥɟɤɨɩɢɬɚɸɳɢɦɢ (ɫɨɛɚɤɢ, ɦɵɲɢ, ɤɪɵɫɵ), ɨɧɢ ɨɛɧɚɪɭɠɢɥɢ, ɱɬɨ ɡɚɦɟɳɟɧɢɟ βη % ɜɨɞɨɪɨɞɚ ɜ 
ɬɤɚɧɹɯ ɞɟɣɬɟɪɢɟɦ ɩɪɢɜɨɞɢɬ ɤ ɫɬɟɪɢɥɶɧɨɫɬɢ, ɚ ɢɧɨɝɞɚ ɞɚɠɟ ɢ ɧɟɨɛɪɚɬɢɦɨɣ ДθЖ. 

Ɉɫɧɨɜɧɵɟ ɢɡɦɟɧɟɧɢɹ ɜ ɨɪɝɚɧɢɡɦɟ ɦɥɟɤɨɩɢɬɚɸɳɢɯ, ɩɨɞɜɟɪɝɲɢɯɫɹ ɷɤɫɩɟɪɢɦɟɧɬɭ ɫɥɟɞɭɸɳɢɟμ 
ɪɚɫɫɬɪɨɣɫɬɜɨ ɨɛɦɟɧɚ ɜɟɳɟɫɬɜ, ɪɚɡɪɭɲɟɧɢɟ ɩɨɱɟɤ. Ɂɧɚɱɢɦɭɸ ɪɨɥɶ ɢɝɪɚɟɬ ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɭɩɨɬɪɟɛɥɟɧɢɹ 
ɬɹɠɟɥɨɣ ɜɨɞɵ. Ɍɚɤ, ɦɥɟɤɨɩɢɬɚɸɳɢɟ, ɤɨɬɨɪɵɯ ɩɨɢɥɢ ɬɹɠɟɥɨɣ ɜɨɞɨɣ, ɜ ɬɟɱɟɧɢɟ ɧɟɞɟɥɢ ɩɨɝɢɛɥɢ, η0% ɜɨɞɵ ɜ ɢɯ 


