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ɊȿɁɍɅɖɌȺɌɕ ȽɂȾɊɈȾɂɇȺɆɂɑȿɋɄɂɏ ɂɋɋɅȿȾɈȼȺɇɂɃ ɋɌɊɍɄɌɍɊɇɈɃ ɋɄȼȺɀɂɇɕ ʋ 
ɋɇ-15 ɇȺ ɑȺɅɌɈɄɋɄɈɆ ɍɑȺɋɌɄȿ ɊȺȻɈɌ ɉɈ ɉɈɂɋɄɍ ɍȽɈɅɖɇɈȽɈ ɆȿɌȺɇȺ (ɄɍɁȻȺɋɋ) 

Ⱥ.Ƚ. Ƚɪɢɞɚɫɨɜ 

ɇɚɭɱɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶ ɞɨɰɟɧɬ Ʉ.ɂ. Ʉɭɡɟɜɚɧɨɜ  
ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ Ɍɨɦɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɝ.Ɍɨɦɫɤ, Ɋɨɫɫɢɹ 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɝɢɞɪɨɝɟɨɥɨɝɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɑɚɥɬɨɤɫɤɨɝɨ ɭɱɚɫɬɤɚ ɢ ɨɰɟɧɤɢ ɟɝɨ 
ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɢ ɜ ɤɨɧɬɟɤɫɬɟ ɞɨɛɵɱɢ ɦɟɬɚɧɚ ɢɡ ɭɝɨɥɶɧɵɯ ɩɥɚɫɬɨɜ, ɛɵɥɚ ɨɫɭɳɟɫɬɜɥɟɧɚ ɩɪɨɯɨɞɤɚ ɫɤɜɚɠɢɧɵ ʋɋɇ-
1η ɢ ɜɵɩɨɥɧɟɧɨ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɟ ɨɩɪɨɛɨɜɚɧɢɟ. ɑɚɥɬɨɤɫɤɢɣ ɭɱɚɫɬɨɤ ɧɚɯɨɞɢɬɫɹ ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ 
ȿɪɭɧɚɤɨɜɫɤɨɝɨ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɪɚɣɨɧɚ ɢ ɩɪɢɦɵɤɚɟɬ ɤ ɡɚɩɚɞɧɨɣ ɝɪɚɧɢɰɟ ɇɚɪɵɤɫɤɨ-Ɉɫɬɚɲɤɢɧɫɤɨɣ ɩɥɨɳɚɞɢ, ɝɞɟ 
ɫ β010 ɝ. ɜɟɞɺɬɫɹ ɨɩɵɬɧɨ-ɩɪɨɦɵɲɥɟɧɧɚɹ ɞɨɛɵɱɚ ɭɝɨɥɶɧɨɝɨ ɦɟɬɚɧɚ. ɋɤɜɚɠɢɧɚ ʋɋɇ-1η ɪɚɫɩɨɥɨɠɟɧɚ ɧɚ 
ɜɨɡɜɵɲɟɧɧɨɫɬɢ, ɜ 4 ɤɦ ɤ ɜɨɫɬɨɤɭ ɩɪɨɬɟɤɚɟɬ ɪɟɤɚ ɑɟɪɧɨɜɨɣ ɇɚɪɵɤ, ɚ ɜ β0 ɤɦ – ɪɟɤɚ Ɍɨɦɶ. Ȼɭɪɨɜɵɟ ɪɚɛɨɬɵ 
ɨɫɭɳɟɫɬɜɥɹɥɢɫɶ ɨɫɟɧɶɸ β01γ ɝ., ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɟ ɨɩɪɨɛɨɜɚɧɢɟ ɩɪɨɜɨɞɢɥɨɫɶ ɩɨ ɦɟɪɟ ɜɫɤɪɵɬɢɹ ɡɚɞɚɧɧɵɯ 
ɢɧɬɟɪɜɚɥɨɜ. ȼ ɯɨɞɟ ɨɬɞɟɥɶɧɵɯ ɨɩɵɬɨɜ, ɫɤɜɚɠɢɧɨɣ ɨɩɪɨɛɨɜɚɧɵ ɢɧɬɟɪɜɚɥɵ ɝɥɭɛɢɧ η0–β00 ɦ ɢ β00–η00 ɦ. 
ɇɚɞɺɠɧɚɹ ɢɡɨɥɹɰɢɹ ɢɧɬɟɪɜɚɥɨɜ ɨɩɪɨɛɨɜɚɧɢɹ ɨɛɟɫɩɟɱɟɧɚ ɨɛɫɚɞɤɨɣ ɫɬɜɨɥɚ ɫɤɜɚɠɢɧɵ ɫ ɰɟɦɟɧɬɚɰɢɟɣ ɡɚɬɪɭɛɧɨɝɨ 
ɩɪɨɫɬɪɚɧɫɬɜɚ. ȼɵɩɨɥɧɟɧɧɵɟ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɤɥɸɱɚɸɬ ɨɬɤɚɱɤɭ ɫ ɧɚɛɥɸɞɟɧɢɟɦ ɡɚ 
ɢɡɦɟɧɟɧɢɹɦɢ ɭɪɨɜɧɹ ɜɨɞɵ ɢ ɞɟɛɢɬɚ ɧɚɫɨɫɚ, ɚ ɬɚɤɠɟ ɩɨɫɥɟɞɭɸɳɢɟ ɧɚɛɥɸɞɟɧɢɹ ɡɚ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɭɪɨɜɧɹ ɜ 
ɫɤɜɚɠɢɧɟ ɩɨɫɥɟ ɨɫɬɚɧɨɜɤɢ ɨɬɤɚɱɤɢ. ȼɩɨɫɥɟɞɫɬɜɢɢ ɩɪɨɜɟɞɟɧɚ ɢɧɬɟɪɩɪɟɬɚɰɢɹ ɧɚɛɥɸɞɟɧɢɣ ɢ ɨɩɪɟɞɟɥɟɧɵ ɨɫɧɨɜɧɵɟ 
ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɨɩɪɨɛɨɜɚɧɧɵɯ ɬɨɥɳ. ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɩɪɢɜɨɞɹɬɫɹ ɬɨɥɶɤɨ ɪɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ 
ɧɚ ɨɫɧɨɜɚɧɢɢ ɞɚɧɧɵɯ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ, ɱɬɨɛɵ ɫɨɩɨɫɬɚɜɥɹɬɶ ɟɞɢɧɨɨɛɪɚɡɧɵɟ ɩɨɤɚɡɚɬɟɥɢ. 

ɂɧɬɟɪɩɪɟɬɚɰɢɹ ɞɚɧɧɵɯ ɩɪɨɰɟɫɫɚ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɜɵɩɨɥɧɟɧɚ ɩɨ ɦɟɬɨɞɭ ɏɨɪɧɟɪɚ, ɨɫɧɨɜɚɧɧɨɦ ɧɚ ɚɧɚɥɢɡɟ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɹɦɨɥɢɧɟɣɧɵɯ ɭɱɚɫɬɤɨɜ ɝɪɚɮɢɤɚ ɢɡɦɟɧɟɧɢɹ ɭɪɨɜɧɹ ɜɨɞɵ ɜ ɩɨɥɭɥɨɝɚɪɢɮɦɢɱɟɫɤɨɦ ɦɚɫɲɬɚɛɟ 
ɫɥɨɠɧɨɝɨ ɜɪɟɦɟɧɢ. Ɇɟɬɨɞ ɹɜɥɹɟɬɫɹ ɫɬɚɧɞɚɪɬɧɵɦ ɢ ɨɩɢɫɚɧ ɜ ɫɩɟɰɢɚɥɶɧɨɣ ɥɢɬɟɪɚɬɭɪɟ [1]. Ⱥɧɚɥɢɡ ɤɚɠɞɨɝɨ ɢɡ 
ɷɬɚɩɨɜ ɨɩɪɨɛɨɜɚɧɢɹ ɧɚɱɢɧɚɟɬɫɹ ɫ ɩɨɫɬɪɨɟɧɢɹ ɝɪɚɮɢɤɚ ɢɡɦɟɧɟɧɢɹ ɭɪɨɜɧɹ ɜɨɞɵ ɜ ɥɨɝɚɪɢɮɦɢɱɟɫɤɨɦ ɦɚɫɲɬɚɛɟ 
ɜɪɟɦɟɧɢ ɢ ɜɵɹɜɥɟɧɢɹ ɬɪɟɧɞɨɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɹɦɨɥɢɧɟɣɧɵɯ ɭɱɚɫɬɤɨɜ ɞɚɧɧɨɝɨ ɝɪɚɮɢɤɚ (ɪɢɫ. 1, β). 

Ɋɢɫ.1. ɂɧɞɢɤɚɬɨɪɧɚɹ ɤɪɢɜɚɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɭɪɨɜɧɹ ɞɥɹ ɩɟɪɜɨɝɨ ɢɧɬɟɪɜɚɥɚ ɨɩɪɨɛɨɜɚɧɢɣ 
 
ɇɚ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɨɫɢ ɝɪɚɮɢɤɚ – ɥɨɝɚɪɢɮɦ ɤɨɦɩɥɟɤɫɧɨɝɨ ɜɪɟɦɟɧɢ, ɝɞɟ T – ɜɪɟɦɹ ɨɬ ɧɚɱɚɥɚ ɨɬɤɚɱɤɢ ɞɨ 

ɨɫɬɚɧɨɜɤɢ ɧɚɫɨɫɚ, ɚ t — ɜɪɟɦɹ ɨɬ ɨɫɬɚɧɨɜɤɢ ɧɚɫɨɫɚ ɞɨ ɦɨɦɟɧɬɚ ɧɚɛɥɸɞɟɧɢɹ. ȼɪɟɦɹ ɢɡɦɟɪɹɟɬɫɹ ɜ ɦɢɧɭɬɚɯ. ɇɚ 
ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɢ ɝɪɚɮɢɤɚ — ɜɟɥɢɱɢɧɚ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ S*, ɧɚɣɞɟɧɧɚɹ ɤɚɤ ɪɚɡɧɨɫɬɶ ɭɪɨɜɧɹ ɜɨɞɵ  ɩɟɪɟɞ 
ɨɫɬɚɧɨɜɤɨɣ ɨɬɤɚɱɤɢ (ɞɢɧɚɦɢɱɟɫɤɢɣ ɭɪɨɜɟɧɶ) ɢ ɧɚɛɥɸɞɚɟɦɨɝɨ ɭɪɨɜɧɹ ɜ ɤɨɧɤɪɟɬɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ 
(ɜɨɫɫɬɚɧɨɜɢɜɲɢɣɫɹ ɭɪɨɜɟɧɶ). 
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ɋȿɄɐɂə 6. ȽɂȾɊɈȽȿɈɅɈȽɂə ɂ ɂɇɀȿɇȿɊɇȺə ȽȿɈɅɈȽɂə 
ȽȿɈɂɇɎɈɊɆȺɐɂɈɇɇɕȿ ɋɂɋɌȿɆɕ ȼ ȽɂȾɊɈȽȿɈɅɈȽɂɑȿɋɄɂɏ 

ɂɋɋɅȿȾɈȼȺɇɂəɏ 

ɍɝɨɥ ɧɚɤɥɨɧɚ ɥɢɧɢɢ ɬɪɟɧɞɚ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɜɨɞɨɩɪɨɜɨɞɢɦɨɫɬɶ T ɩɥɚɫɬɚ ɩɨ ɮɨɪɦɭɥɟμ 

T=
0,183Q

C , ɝɞɟμ 
Q — ɞɟɛɢɬ ɨɬɤɚɱɤɢ, ɋ — ɫɤɚɥɹɪɧɨɟ ɜɵɪɚɠɟɧɢɟ (ɬɚɧɝɟɧɫ) ɭɝɥɚ ɧɚɤɥɨɧɚ ɥɢɧɢɢ ɬɪɟɧɞɚ.  
ɇɚɣɞɟɧɧɵɟ ɩɨ ɭɤɚɡɚɧɧɨɣ ɦɟɬɨɞɢɤɟ ɡɧɚɱɟɧɢɹ ɜɨɞɨɩɪɨɜɨɞɢɦɨɫɬɢ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ. 
ɍɝɥɵ ɥɢɧɢɣ ɬɪɟɧɞɚ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɝɪɚɮɢɤɨɜ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɡɚɦɟɬɧɨ ɨɬɥɢɱɚɸɬɫɹ, ɩɪɢɬɨɦ, ɱɬɨ 

ɢɬɨɝɨɜɵɟ ɜɟɥɢɱɢɧɵ ɜɨɞɨɩɪɨɜɨɞɢɦɨɫɬɢ ɨɛɨɢɯ ɢɧɬɟɪɜɚɥɨɜ ɢɦɟɸɬ ɛɥɢɡɤɢɟ ɡɧɚɱɟɧɢɹ. ɉɪɢɱɢɧɨɣ ɷɬɨɝɨ ɹɜɥɹɸɬɫɹ ɤɚɤ 
ɡɧɚɱɢɬɟɥɶɧɨɟ ɪɚɡɥɢɱɢɟ ɞɟɛɢɬɨɜ ɨɬɤɚɱɤɢ, ɨɛɭɫɥɨɜɢɜɲɟɟ ɪɚɡɧɵɣ ɯɚɪɚɤɬɟɪ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɩɪɢ ɫɯɨɠɢɯ ɩɚɪɚɦɟɬɪɚɯ 
ɨɩɪɨɛɭɟɦɵɯ ɬɨɥɳ, ɬɚɤ ɢ ɧɟɨɞɢɧɚɤɨɜɵɣ ɦɚɫɲɬɚɛ ɜɪɟɦɟɧɢ ɧɚ ɝɪɚɮɢɤɚɯ. ɇɚ ɝɪɚɮɢɤɟ ɞɥɹ ɜɬɨɪɨɝɨ ɢɧɬɟɪɜɚɥɚ  (ɪɢɫ. 
β), ɜ ɫɪɟɞɧɟɣ ɱɚɫɬɢ ɢɧɞɢɤɚɬɨɪɧɨɣ ɤɪɢɜɨɣ, ɜɢɞɧɵ ɤɨɥɟɛɚɧɢɹ ɭɪɨɜɧɹ, ɧɟɬɢɩɢɱɧɵɟ ɞɥɹ ɞɚɧɧɨɝɨ ɩɪɨɰɟɫɫɚ. Ɉɞɧɚɤɨ 
ɩɨɦɟɯɢ ɥɟɠɚɬ ɜɧɟ ɩɪɹɦɨɥɢɧɟɣɧɨɝɨ ɭɱɚɫɬɤɚ ɢ ɧɟ ɨɤɚɡɵɜɚɸɬ ɜɥɢɹɧɢɹ ɧɚ ɪɟɡɭɥɶɬɚɬɵ ɢɧɬɟɪɩɪɟɬɚɰɢɢ. 

Ɋɢɫ.2. ɂɧɞɢɤɚɬɨɪɧɚɹ ɤɪɢɜɚɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɭɪɨɜɧɹ ɞɥɹ ɜɬɨɪɨɝɨ ɢɧɬɟɪɜɚɥɚ ɨɩɪɨɛɨɜɚɧɢɣ 
 
Ɉɩɪɨɛɨɜɚɧɧɵɣ ɪɚɡɪɟɡ ɫɥɨɠɟɧ ɱɟɪɟɞɭɸɳɢɦɢɫɹ ɫɥɨɹɦɢ ɩɟɫɱɚɧɢɤɨɜ, ɚɥɟɜɪɨɥɢɬɨɜ ɢ ɭɝɥɟɣ. ɉɪɢ ɷɬɨɦ 

ɜɨɞɨɩɪɨɜɨɞɢɦɨɫɬɶ ɩɨɪɨɞ ɧɟ ɨɞɢɧɚɤɨɜɚ  [2]. Ɉɩɪɟɞɟɥɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɩɪɨɧɢɰɚɟɦɵɯ ɩɨɪɨɞ ɩɪɨɜɟɞɟɧɨ 
ɢɫɯɨɞɹ ɢɡ ɬɨɝɨ, ɱɬɨ ɭɝɥɢ ɢ ɩɟɫɱɚɧɢɤɢ ɹɜɥɹɸɬɫɹ ɜɨɞɨɩɪɨɧɢɰɚɟɦɵɦɢ, ɚ ɚɥɟɜɪɨɥɢɬɵ — ɜɨɞɨɭɩɨɪɧɵɦɢ ɩɨɪɨɞɚɦɢ. 
ɇɟɪɚɫɱɥɟɧɺɧɧɵɟ ɢɧɬɟɪɜɚɥɵ ɩɟɪɟɫɥɚɢɜɚɧɢɹ ɩɟɫɱɚɧɢɤɨɜ ɢ ɚɥɟɜɪɨɥɢɬɨɜ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɤɚɤ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɩɪɨɧɢɰɚɟɦɵɟ ɢ ɤ ɷɮɮɟɤɬɢɜɧɨɣ ɨɬɧɟɫɟɧɵ γ0% ɢɯ ɦɨɳɧɨɫɬɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɞɚɧɧɵɯ ɨɛɨɛɳɟɧɢɣ ɷɮɮɟɤɬɢɜɧɚɹ 
ɦɨɳɧɨɫɬɶ ɞɥɹ ɩɟɪɜɨɝɨ ɢɧɬɟɪɜɚɥɚ ɨɩɪɨɛɨɜɚɧɢɣ ɫɨɫɬɚɜɢɥɚ γη,8ɦ ɩɪɢ ɩɨɥɧɨɣ ɦɨɳɧɨɫɬɢ 1η0ɦ, ɚ ɞɥɹ ɜɬɨɪɨɝɨ 
ɢɧɬɟɪɜɚɥɚ — η0,λɦ ɩɪɢ ɩɨɥɧɨɣ — γ00ɦ. ȼɟɥɢɱɢɧɵ ɷɮɮɟɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ (mɷɮ) ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɮɢɥɶɬɪɚɰɢɢ ɩɨ ɮɨɪɦɭɥɟ [3]: 

kɮ=
T

mɷɮ  

ɍɞɟɥɶɧɵɣ ɞɟɛɢɬ ɨɩɪɟɞɟɥɹɟɬ ɪɚɫɯɨɞ ɫɤɜɚɠɢɧɵ ɜɨ ɜɪɟɦɹ ɨɬɤɚɱɤɢ ɩɪɢ ɩɨɧɢɠɟɧɢɢ ɭɪɨɜɧɹ ɜɨɞɵ ɧɚ 1ɦ ɢ 
ɧɚɣɞɟɧ ɩɨ ɮɨɪɦɭɥɟ [3]: 

q=
Q

Sɫɬ−S ɞɢɧ , ɝɞɟ 

Sɫɬ — ɫɬɚɬɢɱɟɫɤɢɣ ɢ Sɞɢɧ — ɞɢɧɚɦɢɱɟɫɤɢɣ ɭɪɨɜɧɢ. 
Ɂɧɚɱɟɧɢɹ ɫɬɚɬɢɱɟɫɤɢɯ ɭɪɨɜɧɟɣ ɩɨɞɡɟɦɧɵɯ ɜɨɞ ɨɩɪɟɞɟɥɟɧɵ ɩɨ ɡɚɜɟɪɲɟɧɢɢ ɩɪɨɰɟɫɫɨɜ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ. 
 

Ɍɚɛɥɢɰɚ 
Ƚɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɪɚɡɪɟɡɚ ɫɤɜɚɠɢɧɵ ʋɋɇ-15 

 

ɂɧɬɟɪɜɚɥ 
ɨɩɪɨɛɨɜɚɧɢɹ, ɦ 

Ɇɨɳɧɨɫɬɶ 
ɩɪɨɧɢɰɚɟɦɵɯ 
ɩɨɪɨɞ Цɷɮ, ɦ 

ɋɬɚɬɢɱɟɫɤɢɣ 
ɭɪɨɜɟɧɶ 
Sɫɬ , ɦ 

Ⱦɟɛɢɬ 
Q, ɥ/ɫ 

ɍɞɟɥɶɧɵɣ 
ɞɟɛɢɬ q, 
(ɥ/ɫ)/ɦ 

ȼɨɞɨɩɪɨɜɨ-
ɞɢɦɨɫɬɶ 
T, ɦβ/ɫɭɬ 

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɮɢɥɶɬɪɚɰɢɢ 

Фɮ, ɦ/ɫɭɬ 

50-200 35,8 32,42 1,82 0,03 1,7 0,05 

200-500 50,9 82,86 0,34 0,04 1,5 0,03 

 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɯɨɞɤɢ ɢ ɨɩɪɨɛɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɧɨɣ ɫɤɜɚɠɢɧɵ ʋɋɇ1η, ɜɵɹɜɥɟɧɚ ɜɟɪɬɢɤɚɥɶɧɚɹ 

ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɚɹ ɡɨɧɚɥɶɧɨɫɬɶ ɢ ɨɩɪɟɞɟɥɟɧɵ ɨɫɧɨɜɧɵɟ ɮɢɥɶɬɪɚɰɢɨɧɧɵɟ ɩɚɪɚɦɟɬɪɵ (Ɍɚɛɥɢɰɚ) ɞɜɭɯ ɭɝɥɟɧɨɫɧɵɯ 
ɜɨɞɨɜɦɟɳɚɸɳɢɯ ɬɨɥɳ ɜ ɝɟɨɥɨɝɢɱɟɫɤɨɦ ɪɚɡɪɟɡɟ ɑɚɥɬɨɤɫɤɨɝɨ ɭɱɚɫɬɤɚ ɞɨ ɝɥɭɛɢɧɵ η00 ɦ. ɍɪɨɜɟɧɶ ɜɨɞ ɜɟɪɯɧɟɣ 
ɬɨɥɳɢ ɧɚ η0,44 ɦ ɜɵɲɟ, ɱɟɦ ɭɪɨɜɟɧɶ ɧɢɠɧɟɣ ɬɨɥɳɢ — ɷɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɢ ɢɡɨɥɹɰɢɢ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɬɨɥɳ ɢ ɞɚɺɬ ɨɫɧɨɜɚɧɢɹ ɞɥɹ ɜɵɞɟɥɟɧɢɹ ɜ ɩɪɟɞɟɥɚɯ ɭɱɚɫɬɤɚ ɤɚɤ ɦɢɧɢɦɭɦ ɞɜɭɯ ɜɨɞɨɧɨɫɧɵɯ 
ɤɨɦɩɥɟɤɫɨɜ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ, ɢɡ-ɡɚ ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɨɳɧɨɫɬɢ ɢɧɬɟɪɜɚɥɨɜ ɨɩɪɨɛɨɜɚɧɢɹ ɢ ɜɤɥɸɱɟɧɢɹ ɜ ɧɢɯ ɪɹɞɚ 
ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɩɥɚɫɬɨɜ, ɩɪɨɜɟɫɬɢ ɞɟɬɚɥɶɧɭɸ ɫɬɪɚɬɢɮɢɤɚɰɢɸ ɪɚɡɪɟɡɚ ɞɨ ɜɨɞɨɧɨɫɧɵɯ ɝɨɪɢɡɨɧɬɨɜ ɧɟɬ 
ɜɨɡɦɨɠɧɨɫɬɢ. 

ɉɨɥɭɱɟɧɧɵɟ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɞɚɧɧɵɦɢ ɫɨɩɪɟɞɟɥɶɧɵɯ ɬɟɪɪɢɬɨɪɢɣ. Ɍɚɤ, 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɤɜɚɠɢɧɵ ʋ1θγβ0, ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɜ 1ηɤɦ ɨɬ ɑɚɥɬɨɤɫɤɨɝɨ ɭɱɚɫɬɤɚ, ɧɚ ɝɥɭɛɢɧɟ ɞɨ η00ɦ ɜɵɹɜɢɥɢ 
ɛɥɢɡɤɢɟ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɮɢɥɶɬɪɚɰɢɢ (0,017-0,0βγ ɦ/ɫɭɬ) Д4]. ȼ ɰɟɥɨɦ, ɩɨɥɭɱɟɧɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɹɜɥɹɸɬɫɹ 
ɯɚɪɚɤɬɟɪɧɵɦɢ ɞɥɹ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ȿɪɭɧɚɤɨɜɫɤɨɝɨ ɪɚɣɨɧɚ ɢ ɜɧɨɫɹɬ ɜɤɥɚɞ ɜ ɤɚɪɬɢɧɭ ɟɝɨ 

6,4 6,9 7,4 7,9 8,4

5,0

5,5

6,0

6,5

7,0

7,5

8,0

8,5

lg((T+t)/t)

S*, ɦ



                                  
                      

444                                                                               

 

 

ɉɊɈȻɅȿɆɕ ȽȿɈɅɈȽɂɂ ɂ ɈɋȼɈȿɇɂə ɇȿȾɊ 

ɝɢɞɪɨɝɟɨɥɨɝɢɱɟɫɤɨɣ ɢɡɭɱɟɧɧɨɫɬɢ. Ⱦɚɧɧɵɟ ɩɨ ɫɤɜɚɠɢɧɟ ʋɋɇ1η ɛɭɞɭɬ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɣ 
ɦɨɞɟɥɢ ɨɫɜɨɟɧɢɹ ɭɝɨɥɶɧɨɝɨ ɦɟɬɚɧɚ ɜ ɝɥɭɛɨɤɢɯ ɝɨɪɢɡɨɧɬɚɯ. 
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ɂɁɍɑȿɇɂȿ ɉɊɈɐȿɋɋȺ ɄȺɊɋɌɈɈȻɊȺɁɈȼȺɇɂə ȼ ɄȺɊȻɈɇȺɌɇɕɏ ɉɈɊɈȾȺɏ ɇȺ 

ɈɋɇɈȼȿ ɎɂɁɂɄɈ-ɏɂɆɂɑȿɋɄɈȽɈ ɆɈȾȿɅɂɊɈȼȺɇɂə 

ɘ.ȼ. Ƚɭɫɟɜ 

ɇɚɭɱɧɵɟ ɪɭɤɨɜɨɞɢɬɟɥɢ ɩɪɨɮɟɫɫɨɪ Ⱥ.Ȼ. Ʌɢɫɟɧɤɨɜ, ɩɪɨɮɟɫɫɨɪ ɇ.ɇ. Ⱥɤɢɧɮɢɟɜ  
Ɋɨɫɫɢɣɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɝɟɨɥɨɝɨɪɚɡɜɟɞɨɱɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦɟɧɢ ɋɟɪɝɨ Ɉɪɞɠɨɧɢɤɢɞɡɟ, 

ɝ. Ɇɨɫɤɜɚ, Ɋɨɫɫɢɹ 

Ʉɚɪɛɨɧɚɬɧɵɟ ɩɨɪɨɞɵ ɨɞɧɨɝɨ ɫɨɫɬɚɜɚ ɜ ɪɚɡɧɵɯ ɭɫɥɨɜɢɹɯ ɪɚɫɬɜɨɪɹɸɬɫɹ ɫ ɪɚɡɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ. ɗɬɨ 
ɹɜɥɟɧɢɟ ɩɨɪɨɠɞɚɟɬ ɧɟɝɚɬɢɜɧɵɟ ɮɢɡɢɤɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ (ɤɚɪɫɬɨɨɛɪɚɡɨɜɚɧɢɟ, ɱɚɫɬɨ ɫɨɩɪɨɜɨɠɞɚɸɳɟɟɫɹ 
ɫɭɮɮɨɡɢɟɣ). Ⱦɥɹ ɢɡɭɱɟɧɢɹ ɨɫɨɛɟɧɧɨɫɬɟɣ ɪɚɫɬɜɨɪɟɧɢɹ ɤɚɪɛɨɧɚɬɧɵɯ ɩɨɪɨɞ ɜ ɪɚɡɧɵɯ ɭɫɥɨɜɢɹɯ ɛɵɥɚ ɫɨɡɞɚɧɚ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜ ɫɢɫɬɟɦɟ ɜɨɞɚ–ɩɨɪɨɞɚ. ɉɨɥɭɱɟɧɧɵɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɪɚɜɧɨɜɟɫɧɵɟ ɫɨɫɬɚɜɵ ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ ɢ ɩɨɪɨɞɵ ɩɨɡɜɨɥɹɸɬ ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɩɪɨɰɟɫɫɵ ɤɚɪɫɬɨɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢ 
ɢɡɦɟɧɟɧɢɢ ɜɧɟɲɧɢɯ ɭɫɥɨɜɢɣ.  

Ⱦɥɹ ɪɟɲɟɧɢɹ ɩɪɨɛɥɟɦɵ ɩɪɟɞɫɤɚɡɚɧɢɹ ɧɟɛɥɚɝɨɩɪɢɹɬɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɤɚɪɫɬɚ ɩɪɟɞɥɚɝɚɟɬɫɹ ɩɪɢɦɟɧɢɬɶ 
ɦɟɬɨɞ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɚɫɫɦɨɬɪɟɧɚ 
ɬɟɪɪɢɬɨɪɢɹ ɫɬɪɨɹɳɟɝɨɫɹ Ʉɨɜɪɨɜɫɤɨɝɨ ɫɬɚɥɟɩɪɨɤɚɬɧɨɝɨ ɡɚɜɨɞɚ, ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ ɜ λ ɤɦ ɤ ɸɝɨ–ɜɨɫɬɨɤɭ ɨɬ ɝ. 
Ʉɨɜɪɨɜ (Ʉɨɜɪɨɜɫɤɢɣ ɪɚɣɨɧ ȼɥɚɞɢɦɢɪɫɤɨɣ ɨɛɥɚɫɬɢ). 

ɉɨɜɟɪɯɧɨɫɬɧɵɟ ɩɪɨɹɜɥɟɧɢɹ ɤɚɪɫɬɚ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ȼɥɚɞɢɦɢɪɫɤɨɣ ɨɛɥɚɫɬɢ ɩɨ ɭɬɨɱɧɟɧɧɵɦ ɞɚɧɧɵɦ 
ɢɡɜɟɫɬɧɵ ɧɚ ɩɥɨɳɚɞɢ 1θ,1 ɬɵɫ. ɤɦ2, ɱɬɨ ɫɨɫɬɚɜɥɹɟɬ ηη% ɬɟɪɪɢɬɨɪɢɢ ɨɛɥɚɫɬɢ. ɉɨ ɧɟɩɨɥɧɵɦ ɞɚɧɧɵɦ ɫ 1λγ0 ɝ. ɜ 
ɨɛɥɚɫɬɢ ɡɚɮɢɤɫɢɪɨɜɚɧɨ η8 ɫɥɭɱɚɟɜ ɨɛɪɚɡɨɜɚɧɢɹ ɤɚɪɫɬɨɜɵɯ ɜɨɪɨɧɨɤ ɢ ɩɪɨɜɚɥɨɜ Д1Ж. 

ɉɪɟɞɦɟɬɨɦ ɪɚɫɫɦɨɬɪɟɧɢɹ ɹɜɥɹɸɬɫɹ ɦɚɫɫɢɜɵ ɤɚɪɛɨɧɚɬɧɵɯ ɩɨɪɨɞ ɝɠɟɥɶɫɤɨɝɨ ɹɪɭɫɚ ɜɟɪɯɧɟɝɨ ɤɚɪɛɨɧɚ ɧɚ 
ɝɥɭɛɢɧɚɯ 10–β0 ɢ η0–θ0 ɦ, ɤɨɬɨɪɵɟ ɱɚɳɟ ɜɫɟɝɨ, ɹɜɥɹɸɬɫɹ ɨɫɧɨɜɚɧɢɟɦ ɞɥɹ ɢɧɠɟɧɟɪɧɵɯ ɫɨɨɪɭɠɟɧɢɣ, ɢɥɢ ɫɪɟɞɨɣ 
ɞɥɹ ɪɚɡɦɟɳɟɧɢɹ ɩɨɞɡɟɦɧɵɯ ɤɨɦɦɭɧɢɤɚɰɢɣ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɪɚɣɨɧɟ. ȼɵɛɨɪ ɭɤɚɡɚɧɧɵɯ ɢɧɬɟɪɜɚɥɨɜ ɚɤɬɭɚɥɟɧ, ɜ 
ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɨɧɢ ɹɜɥɹɸɬɫɹ ɩɨɬɟɧɰɢɚɥɶɧɨ ɨɩɚɫɧɵɦɢ ɫ ɩɨɡɢɰɢɢ ɤɚɪɫɬɨɨɛɪɚɡɨɜɚɧɢɹ. ȼ ɢɧɬɟɪɜɚɥɟ 10–β0 ɦ 
ɨɬɦɟɱɚɟɬɫɹ ɤɨɧɬɚɤɬ ɱɟɬɜɟɪɬɢɱɧɵɯ ɢ ɤɚɦɦɟɧɨɭɝɨɥɶɧɵɯ ɨɬɥɨɠɟɧɢɣ ɢ ɚɤɬɢɜɧɨɟ ɩɨɫɬɭɩɥɟɧɢɟ ɚɬɦɨɫɮɟɪɧɵɯ ɨɫɚɞɤɨɜ, 
ɧɚɫɵɳɟɧɧɵɯ Ɉ2 ɢ ɋɈ2. ɇɚ ɝɥɭɛɢɧɚɯ η0–60 ɦ ɡɚɥɟɝɚɟɬ ɭɪɨɜɟɧɶ ɩɨɞɡɟɦɧɵɯ ɜɨɞ ɝɠɟɥɶɫɤɨ–ɚɫɫɟɥɶɫɤɨɝɨ ɜɨɞɨɧɨɫɧɨɝɨ 
ɤɨɦɩɥɟɤɫɚ, ɤɨɥɟɛɚɧɢɹ ɤɨɬɨɪɨɝɨ ɫɩɨɫɨɛɫɬɜɭɸɬ ɤɚɪɫɬɨɨɛɪɚɡɨɜɚɧɢɸ ɢ ɫɭɮɮɨɡɢɢ.  

ȼ ɨɫɧɨɜɟ ɦɨɞɟɥɢ – ɞɟɬɚɥɶɧɵɣ ɪɚɫɱɟɬ ɫɨɫɬɚɜɚ ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ, ɪɚɜɧɨɜɟɫɧɨɝɨ ɫ ɡɚɞɚɧɧɵɦ ɫɨɫɬɚɜɨɦ 
ɜɦɟɳɚɸɳɢɯ ɩɨɪɨɞ. ɂɡɦɟɧɟɧɢɟ ɫɨɫɬɚɜɚ ɪɚɫɬɜɨɪɚ ɢ ɩɨɪɨɞɵ ɜ ɪɟɡɭɥɶɬɚɬɟ ɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɪɢ ɢɡɦɟɧɟɧɢɢ 
ɜɧɟɲɧɢɯ ɭɫɥɨɜɢɣ (ɬɟɦɩɟɪɚɬɭɪɵ, ɫɨɫɬɚɜɚ ɩɨɫɬɭɩɚɸɳɢɯ ɜ ɫɢɫɬɟɦɭ ɜɨɞ, ɫɨɞɟɪɠɚɧɢɹ ɭɝɥɟɤɢɫɥɨɬɵ ɢ ɤɢɫɥɨɪɨɞɚ) 
ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɨɣ ɞɥɹ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɤɚɪɫɬɨɨɛɪɚɡɨɜɚɧɢɹ. 

Ƚɟɨɥɨɝɢɱɟɫɤɢɣ ɪɚɡɪɟɡ ɢɡɭɱɚɟɦɨɝɨ ɦɚɫɫɢɜɚ ɞɨ ɝɥɭɛɢɧɵ θ0 ɦ ɩɪɟɞɫɬɚɜɥɟɧ ɨɬɥɨɠɟɧɢɹɦɢ ɱɟɬɜɟɪɬɢɱɧɨɝɨ ɢ 
ɜɟɪɯɧɟɤɚɦɟɧɧɨɭɝɨɥɶɧɨɝɨ ɜɨɡɪɚɫɬɨɜ. ɑɟɬɜɟɪɬɢɱɧɵɟ ɨɬɥɨɠɟɧɢɹ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɤɨɦɩɥɟɤɫ ɜɨɞɧɨ–ɥɟɞɧɢɤɨɜɵɯ 
ɢ ɥɟɞɧɢɤɨɜɵɯ ɨɬɥɨɠɟɧɢɣ ɞɨɧɫɤɨɝɨ ɝɨɪɢɡɨɧɬɚ ɦɨɳɧɨɫɬɶɸ ɞɨ 10 ɦ. 

ȼɟɪɯɧɟɤɚɦɟɧɧɨɭɝɨɥɶɧɵɟ ɨɛɪɚɡɨɜɚɧɢɹ ɫɥɨɠɟɧɵ ɫɢɥɶɧɨ ɬɪɟɳɢɧɨɜɚɬɵɦɢ ɢ ɡɚɤɚɪɫɬɨɜɚɧɧɵɦɢ, ɚ ɬɚɤɠɟ 
ɱɚɫɬɨ ɨɤɪɟɦɧɟɧɧɵɦɢ, ɛɟɥɵɦɢ, ɞɨɥɨɦɢɬɢɡɢɪɨɜɚɧɧɵɦɢ ɢɡɜɟɫɬɧɹɤɚɦɢ ɢ ɫɜɟɬɥɨ-ɫɟɪɵɦɢ ɞɨɥɨɦɢɬɚɦɢ ɫ ɬɺɦɧɨ-
ɫɟɪɵɦɢ ɩɪɨɫɥɨɹɦɢ ɬɨɧɤɨɡɟɪɧɢɫɬɵɯ ɝɥɢɧ, ɤɨɬɨɪɵɟ ɫɥɚɝɚɸɬ ɨɫɧɨɜɧɨɣ (ɝɠɟɥɶɫɤɨ–ɚɫɫɟɥɶɫɤɢɣ – ɋ3g–P1a) 
ɜɨɞɨɧɨɫɧɵɣ ɤɨɦɩɥɟɤɫ ɜɟɪɯɧɟɝɨ ɤɚɪɛɨɧɚ Д3Ж. Ɋɚɣɨɧ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɚɯɨɞɢɬɫɹ ɜ ɡɨɧɟ ɪɚɡɜɢɬɢɹ ɤɚɤ ɞɪɟɜɧɟɝɨ, ɬɚɤ ɢ 
ɫɪɚɜɧɢɬɟɥɶɧɨ ɦɨɥɨɞɨɝɨ ɤɚɪɫɬɚ. 

Ɉɫɧɨɜɧɨɣ ɡɚɞɚɱɟɣ ɱɢɫɥɟɧɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɛɵɥɨ ɨɩɪɟɞɟɥɟɧɢɟ ɪɚɜɧɨɜɟɫɧɨɝɨ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ ɫɢɫɬɟɦɵ 
ɢ ɫɨɫɭɳɟɫɬɜɭɸɳɟɝɨ ɫ ɧɟɣ ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ ɩɪɢ ɡɚɞɚɧɧɵɯ ɷɥɟɦɟɧɬɧɨɦ ɫɨɫɬɚɜɟ ɯɢɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɢ ɜɧɟɲɧɢɯ 
ɭɫɥɨɜɢɹɯ (ɬɟɦɩɟɪɚɬɭɪɚ, ɞɚɜɥɟɧɢɟ, ɯɢɦɢɱɟɫɤɢɟ ɩɨɬɟɧɰɢɚɥɵ ɜɩɨɥɧɟ ɩɨɞɜɢɠɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ). Ɋɚɫɱɺɬ 
ɪɚɜɧɨɜɟɫɧɵɯ ɫɨɫɬɚɜɨɜ ɩɪɨɜɨɞɢɥɫɹ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ HCh [2Ж, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɝɨ ɞɥɹ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɚɜɧɨɜɟɫɢɣ ɜ ɦɭɥɶɬɢɫɢɫɬɟɦɚɯ. ȼ ɪɚɫɱɺɬɚɯ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɚɹ ɛɚɡɚ ɞɚɧɧɵɯ 
SUPCRT Д4Ж, ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɭɪɚɜɧɟɧɢɢ ɫɨɫɬɨɹɧɢɹ ɏɟɥɝɟɫɨɧɚ–Ʉɢɪɤɯɷɦɚ–Ɏɥɚɭɷɪɫɚ Д6Ж ɞɥɹ ɜɨɞɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ.  

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɛɵɥɚ ɨɫɧɨɜɚɧɚ ɧɚ ɪɚɫɫɦɨɬɪɟɧɢɢ ɪɚɜɧɨɜɟɫɢɣ ɜ β4–ɤɨɦɩɨɧɟɧɬɨɣ ɫɢɫɬɟɦɟ (Al-

Ba-Br-C-Ca-Cl-Cr-Cu-F-Fe-H-K-Li-Mg-Mn-N-Na-Ni-O-Pb-S-Si-Sr-Zn), ɜɤɥɸɱɚɸɳɟɣ ɜ ɫɟɛɹ η4 ɦɢɧɟɪɚɥɶɧɵɟ ɮɚɡɵ ɢ 
14λ ɤɨɦɩɨɧɟɧɬɨɜ ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɜɨɡɧɢɤɧɭɬɶ ɜ ɫɢɫɬɟɦɟ. Ʉɨɷɮɮɢɰɢɟɧɬ ɚɤɬɢɜɧɨɫɬɢ ɤɨɦɩɨɧɟɧɬɨɜ 
ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ ɪɚɫɫɱɢɬɵɜɚɥɢɫɶ ɩɨ ɭɪɚɜɧɟɧɢɸ Ⱦɟɛɚɹ–ɏɸɤɤɟɥɹ ɜ ɬɪɟɬɶɟɦ ɩɪɢɛɥɢɠɟɧɢɢ [5]. 


