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ɉɊɈȻɅȿɆɕ ȽȿɈɅɈȽɂɂ ɂ ɈɋȼɈȿɇɂə ɇȿȾɊ 

ɢɡɛɵɬɨɱɧɨɟ ɩɨɫɬɭɩɥɟɧɢɟ NO3
- ɫ ɧɟɨɪɝɚɧɢɱɟɫɤɢɦɢ ɭɞɨɛɪɟɧɢɹɦɢ. Ɉɬɜɟɬ ɧɚ ɷɬɨɬ ɜɨɩɪɨɫ ɩɨɦɨɝɭɬ ɞɚɬɶ ɞɚɥɶɧɟɣɲɢɟ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɢɤɪɨɛɢɨɥɨɝɢɢ ɢ ɢɡɨɬɨɩɧɨɝɨ ɫɨɫɬɚɜɚ ɩɨɞɡɟɦɧɵɯ ɜɨɞ. 
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ɂɇɀȿɇȿɊɇɈ-ɗɄɈɅɈȽɂɑȿɋɄɂȿ ɂɁɕɋɄȺɇɂə ȾɅə ɈȻɔȿɄɌɈȼ ȺɌɈɆɇɈɃ ɗɇȿɊȽȿɌɂɄɂ 
(ɇȺ ɉɊɂɆȿɊȿ ɋȿȼȿɊɋɄɈɃ Ⱥɗɋ) 

ɋ.ɘ. ɋɨɯɚɪɟɜɚ 

ɇɚɭɱɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶ ɞɨɰɟɧɬ ȼ.ȼ. əɧɤɨɜɫɤɢɣ 
ɇɚɰɢɨɧɚɥɶɧɵɣ ɂɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ Ɍɨɦɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɝ.Ɍɨɦɫɤ, Ɋɨɫɫɢɹ 

ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɋɟɜɟɪɫɤɨɣ ɚɬɨɦɧɨɣ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ (Ⱥɗɋ) ɩɪɨɞɢɤɬɨɜɚɧɚ ɫɥɨɠɧɨɣ 
ɫɢɬɭɚɰɢɟɣ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ Ɍɨɦɫɤɨɣ ɨɛɥɚɫɬɢ ɢ ɨɛɴɟɞɢɧɟɧɧɨɣ ɷɧɟɪɝɨɫɢɫɬɟɦɟ ɋɢɛɢɪɢ ɜ ɰɟɥɨɦ. ɋɨɰɢɚɥɶɧɨ-
ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɪɚɡɜɢɬɢɟ Ɍɨɦɫɤɨɣ ɨɛɥɚɫɬɢ, ɪɚɡɜɢɬɢɟ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɧɟɢɡɛɟɠɧɨ ɩɪɢɜɟɞɟɬ ɤ ɧɟɯɜɚɬɤɟ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ.  

Ɉɛɴɺɦ ɫɨɛɫɬɜɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ Ɍɨɦɫɤɨɣ ɨɛɥɚɫɬɢ ɩɨɫɥɟ ɩɥɚɧɨɜɨɣ 
ɨɫɬɚɧɨɜɤɢ ɪɟɚɤɬɨɪɨɜ ɧɚ ɋɢɛɢɪɫɤɨɦ ɯɢɦɢɱɟɫɤɨɦ ɤɨɦɛɢɧɚɬɟ (ɜ β008 ɝɨɞɭ) ɫɨɤɪɚɬɢɥɫɹ ɞɨ 40 %. 

ȼɨɫɩɨɥɧɟɧɢɟ ɞɟɮɢɰɢɬɚ ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɫɱɟɬ ɩɨɫɬɚɜɨɤ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢɡ ɫɨɫɟɞɧɢɯ ɪɟɝɢɨɧɨɜ. ɋɟɜɟɪɧɵɟ 
ɪɚɣɨɧɵ ɨɛɥɚɫɬɢ, ɝɞɟ ɫɨɫɪɟɞɨɬɨɱɟɧɚ ɞɨɛɵɱɚ ɧɟɮɬɢ ɢ ɝɚɡɚ, ɫɧɚɛɠɚɸɬɫɹ ɨɬ ɷɧɟɪɝɨɫɢɫɬɟɦɵ Ɍɸɦɟɧɫɤɨɣ ɨɛɥɚɫɬɢ. 
ɇɟɞɨɫɬɚɸɳɚɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɹ ɞɥɹ ɸɠɧɨɣ ɱɚɫɬɢ ɨɛɥɚɫɬɢ ɩɨɫɬɚɜɥɹɟɬɫɹ ɢɡ Ʉɭɡɛɚɫɫɤɨɣ, ɇɨɜɨɫɢɛɢɪɫɤɨɣ ɢ 
Ʉɪɚɫɧɨɹɪɫɤɨɣ ɷɧɟɪɝɨɫɢɫɬɟɦ. 

Ɉɫɧɨɜɚɧɢɹ ɞɥɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɋɟɜɟɪɫɤɨɣ Ⱥɗɋ 
«ɗɧɟɪɝɟɬɢɱɟɫɤɚɹ ɫɬɪɚɬɟɝɢɹ Ɋɨɫɫɢɢ ɧɚ ɩɟɪɢɨɞ ɞɨ β0β0 ɝɨɞɚ», ɭɬɜɟɪɠɞɟɧɚ ɪɚɫɩɨɪɹɠɟɧɢɟɦ ɉɪɚɜɢɬɟɥɶɫɬɜɚ 

Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɨɬ β8 ɚɜɝɭɫɬɚ β00γ ɝ. ʋ 1βγ4-ɪν 
«Ƚɟɧɟɪɚɥɶɧɚɹ ɫɯɟɦɚ ɪɚɡɦɟɳɟɧɢɹ ɨɛɴɟɤɬɨɜ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɢ ɞɨ β0β0 ɝɨɞɚ», ɭɬɜɟɪɠɞɟɧɧɚɹ 

ɪɚɫɩɨɪɹɠɟɧɢɟɦ ɉɪɚɜɢɬɟɥɶɫɬɜɚ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɨɬ ββ ɮɟɜɪɚɥɹ β008 ɝ. ʋ β1η-ɪν 
«ɗɧɟɪɝɟɬɢɱɟɫɤɚɹ ɫɬɪɚɬɟɝɢɹ Ɋɨɫɫɢɢ ɧɚ ɩɟɪɢɨɞ ɞɨ β0γ0 ɝɨɞɚ», ɭɬɜɟɪɠɞɟɧɧɚɹ ɪɚɫɩɨɪɹɠɟɧɢɟɦ 

ɉɪɚɜɢɬɟɥɶɫɬɜɚ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɨɬ 1γ ɧɨɹɛɪɹ β00λ ɝ. ʋ171η-ɪν 
«ɗɧɟɪɝɟɬɢɱɟɫɤɚɹ ɫɬɪɚɬɟɝɢɹ Ɍɨɦɫɤɨɣ ɨɛɥɚɫɬɢ ɧɚ ɩɟɪɢɨɞ ɞɨ β0β0 ɝɨɞɚ»ν 
«Ⱦɟɤɥɚɪɚɰɢɹ ɨ ɧɚɦɟɪɟɧɢɹɯ ɢɧɜɟɫɬɢɪɨɜɚɧɢɹ ɜ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɷɧɟɪɝɨɛɥɨɤɨɜ ʋ1 ɢ ʋβ ɋɟɜɟɪɫɤɨɣ Ⱥɗɋ» 

[1]. 
ɂɫɬɨɱɧɢɤɢ ɮɢɧɚɧɫɢɪɨɜɚɧɢɹ 
Ɏɟɞɟɪɚɥɶɧɵɣ ɛɸɞɠɟɬ ɢ ɫɨɛɫɬɜɟɧɧɵɟ ɫɪɟɞɫɬɜɚ ɝɨɫɤɨɪɩɨɪɚɰɢɢ «Ɋɨɫɚɬɨɦ». 
Ɂɚɤɚɡɱɢɤ – «Ʉɨɧɰɟɪɧ Ɋɨɫɷɧɟɪɝɨɚɬɨɦ». 
ȼ Ɍɨɦɫɤɨɣ ɨɛɥɚɫɬɢ ɩɥɚɧɢɪɭɟɬɫɹ ɩɨɫɬɪɨɢɬɶ ɞɜɭɯɛɥɨɱɧɭɸ Ⱥɗɋ ɫ ɜɨɞɨ-ɜɨɞɹɧɵɦɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦɢ 

ɪɟɚɤɬɨɪɚɦɢ ȼȼɗɊ-11η0  ɫɭɦɦɚɪɧɨɣ ɦɨɳɧɨɫɬɶɸ βγ00 Ɇȼɬ. 
ɉɪɨɟɤɬ ɋɟɜɟɪɫɤɨɣ Ⱥɗɋ ɛɭɞɟɬ ɪɚɡɪɚɛɚɬɵɜɚɬɶɫɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɛɚɡɨɜɨɝɨ ɩɪɨɟɤɬɚ Ⱥɗɋ-β00θ ɢ ɹɜɢɬɫɹ 

ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɧɵɦ ɜɚɪɢɚɧɬɨɦ ɫɭɳɟɫɬɜɭɸɳɢɯ ɢ ɫɬɪɨɹɳɢɯɫɹ ɚɬɨɦɧɵɯ ɫɬɚɧɰɢɣ [2]. 
Ⱦɥɹ ɨɛɨɫɧɨɜɚɧɢɹ ɜɢɞɨɜ ɢ ɨɛɴɟɦɨɜ ɪɚɛɨɬ ɧɚɦɢ ɛɵɥɚ ɪɚɫɫɦɨɬɪɟɧɚ ɞɟɣɫɬɜɭɸɳɚɹ Ʉɚɥɢɧɢɧɫɤɚɹ Ⱥɗɋ ɫ 

ɩɨɯɨɠɢɦɢ ɩɪɢɪɨɞɧɵɦɢ ɭɫɥɨɜɢɹɦɢ. 
Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɞɚɧɧɨɝɨ ɩɪɨɟɤɬɚ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɞɟɧɢɟ ɢɧɠɟɧɟɪɧɨ-ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɦɟɪɨɩɪɢɹɬɢɣ. 

ɂɧɠɟɧɟɪɧɨ-ɷɤɨɥɨɝɢɱɟɫɤɢɟ ɢɡɵɫɤɚɧɢɹ ɧɚ ɩɥɨɳɚɞɤɟ ɩɪɨɜɨɞɹɬɫɹ ɫ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ ɧɟɨɛɯɨɞɢɦɵɯ ɢ ɞɨɫɬɚɬɨɱɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɷɤɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɫɧɨɜɚɧɢɹ ɩɪɨɟɤɬɚ ɫɬɪɨɢɬɟɥɶɫɬɜɚ Ⱥɗɋ ɫ ɭɱɟɬɨɦ ɧɨɪɦɚɥɶɧɨɝɨ ɪɟɠɢɦɚ 
ɷɤɫɩɥɭɚɬɚɰɢɢ, ɚ ɬɚɤɠɟ ɩɪɢ ɩɪɨɟɤɬɧɵɯ ɢ ɡɚɩɪɨɟɤɬɧɵɯ ɚɜɚɪɢɹɯ, ɢ ɤɨɪɪɟɤɬɢɪɨɜɤɢ ɩɪɨɟɤɬɧɵɯ ɪɟɲɟɧɢɣ ɜ ɱɚɫɬɢ 
ɩɪɢɧɹɬɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɦɟɪɨɩɪɢɹɬɢɣ, ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ ɩɪɟɞɨɬɜɪɚɳɟɧɢɟ ɢ (ɢɥɢ) ɦɢɧɢɦɢɡɚɰɢɸ ɩɨɫɥɟɞɫɬɜɢɣ 
ɜɨɡɞɟɣɫɬɜɢɹ Ⱥɗɋ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ. ɂɡɵɫɤɚɧɢɹ ɞɨɥɠɧɵ ɛɵɬɶ ɜɵɩɨɥɧɟɧɵ ɜ ɨɛɴɟɦɟ, ɧɟɨɛɯɨɞɢɦɨɦ ɞɥɹ 
ɩɨɥɭɱɟɧɢɹ ɥɢɰɟɧɡɢɢ ɧɚ ɫɨɨɪɭɠɟɧɢɟ Ⱥɗɋ. 

Ɂɚɞɚɱɢ ɢɧɠɟɧɟɪɧɨ-ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɢɡɵɫɤɚɧɢɣ ɧɚ ɷɬɚɩɟ ɪɚɡɪɚɛɨɬɤɢ ɩɪɨɟɤɬɚ Ⱥɗɋ ɜɤɥɸɱɚɸɬμ 
– ɭɬɨɱɧɟɧɢɟ ɦɚɬɟɪɢɚɥɨɜ ɢ ɞɚɧɧɵɯ ɩɨ ɫɨɫɬɨɹɧɢɸ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɩɨɥɭɱɟɧɧɵɯ ɧɚ ɷɬɚɩɚɯ 
– ɜɵɛɨɪɚ ɩɭɧɤɬɚ ɢ ɩɥɨɳɚɞɤɢν 
– ɭɬɨɱɧɟɧɢɟ ɝɪɚɧɢɰ ɡɨɧɵ ɜɥɢɹɧɢɹ Ⱥɗɋ, ɜ ɬɨɦ ɱɢɫɥɟ ɜɵɜɨɞɨɜ ɩɨ ɈȼɈɋ, ɩɪɨɝɧɨɡ ɢɡɦɟɧɟɧɢɣ 
– ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɫɜɹɡɚɧɧɵɯ ɫ ɪɚɡɥɢɱɧɵɦɢ ɜɢɞɚɦɢ ɡɚɝɪɹɡɧɟɧɢɣ (ɯɢɦɢɱɟɫɤɨɝɨ, ɪɚɞɢɚɰɢɨɧɧɨɝɨ, 

ɬɟɩɥɨɜɨɝɨ) ɢ ɭɪɛɚɧɢɡɚɰɢɟɣ ɬɟɪɪɢɬɨɪɢɢν 



 
 

557
 

ɋȿɄɐɂə 7. ȽɂȾɊɈȽȿɈɏɂɆɂə ɂ ȽɂȾɊɈȽȿɈɅɈȽɂə ɁȿɆɅɂ. 
ȽȿɈɂɇɎɈɊɆȺɐɂɈɇɇɕȿ ɋɂɋɌȿɆɕ ȼ ȽɂȾɊɈȽȿɈɅɈȽɂɂ 

– ɷɤɨɥɨɝɢɱɟɫɤɨɟ ɢɡɭɱɟɧɢɟ ɜɨɞɨɟɦɨɜ ɢ ɜɨɞɨɬɨɤɨɜ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɤɚɱɟɫɬɜɟ 
ɢɫɬɨɱɧɢɤɨɜ ɬɟɯɧɢɱɟɫɤɨɝɨ ɢ ɯɨɡɹɣɫɬɜɟɧɧɨ-ɩɢɬɶɟɜɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ, ɚ ɬɚɤɠɟ ɜɨɞɨɟɦɨɜ-ɧɚɤɨɩɢɬɟɥɟɣ (ɜ ɤɨɦɩɥɟɤɫɟ 
ɫ ɢɧɠɟɧɟɪɧɨ-ɝɢɞɪɨɦɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɦɢ ɢɡɵɫɤɚɧɢɹɦɢ)ν 

– ɨɩɪɟɞɟɥɟɧɢɟ ɜɧɭɬɪɢɝɨɞɨɜɨɣ ɢ, ɜ ɨɬɞɟɥɶɧɵɯ ɫɥɭɱɚɹɯ ɩɪɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ ɨɛɨɫɧɨɜɚɧɢɢ ɜ ɩɪɨɝɪɚɦɦɟ 
ɪɚɛɨɬ, ɦɟɠɝɨɞɨɜɨɣ ɞɢɧɚɦɢɤɢ ɪɚɫɬɢɬɟɥɶɧɨɫɬɢ ɢ ɠɢɜɨɬɧɨɝɨ ɦɢɪɚ, ɜɤɥɸɱɚɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɝɢɞɪɨɛɢɨɧɬɨɜν 

– ɢɫɫɥɟɞɨɜɚɧɢɟ ɝɢɞɪɨɯɢɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɜɨɞ ɜ ɪɚɡɥɢɱɧɵɟ ɮɚɡɵ ɝɢɞɪɨɥɨɝɢɱɟɫɤɨɝɨ 
ɪɟɠɢɦɚ (ɜ ɤɨɦɩɥɟɤɫɟ ɫ ɢɧɠɟɧɟɪɧɨ-ɝɢɞɪɨɦɟɬɟɨɪɨɝɢɱɟɫɤɢɦɢ ɢɡɵɫɤɚɧɢɹɦɢ)ν 

– ɭɬɨɱɧɟɧɢɟ ɫɨɜɪɟɦɟɧɧɨɝɨ ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɟɪɪɢɬɨɪɢɢ ɩɥɨɳɚɞɤɢ ɢ ɩɪɢɥɟɝɚɸɳɟɣ ɡɨɧɵ 
ɢ ɭɫɥɨɜɢɣ ɩɪɨɠɢɜɚɧɢɹ ɧɚɫɟɥɟɧɢɹν 

– ɩɨɥɭɱɟɧɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɩɪɨɝɪɚɦɦɵ ɷɤɨɥɨɝɢɱɟɫɤɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ ɜ 
ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ Ⱥɗɋν 

– ɪɚɡɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦɵ ɷɤɨɥɨɝɢɱɟɫɤɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ. 
ɂɧɠɟɧɟɪɧɨ-ɷɤɨɥɨɝɢɱɟɫɤɢɟ ɢɡɵɫɤɚɧɢɹ ɧɚ ɫɬɚɞɢɢ ɪɚɡɪɚɛɨɬɤɢ ɩɪɨɟɤɬɧɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ ɩɪɨɜɨɞɹɬɫɹ ɜ 

ɩɪɟɞɟɥɚɯ ɜɵɛɪɚɧɧɨɣ ɩɥɨɳɚɞɤɢ ɪɚɡɦɟɳɟɧɢɹ Ⱥɗɋ ɢ ɩɪɢɥɟɝɚɸɳɟɣ ɬɟɪɪɢɬɨɪɢɢ ɪɚɞɢɭɫɨɦ 8 – 10 ɤɦ ɢ ɜ ɡɨɧɟ 
ɧɚɛɥɸɞɟɧɢɹ ɪɚɞɢɭɫɨɦ γ0 ɤɦ. 

Ɇɚɬɟɪɢɚɥɵ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɢɡɵɫɤɚɧɢɹɯ ɧɚ ɜɵɛɪɚɧɧɨɣ ɩɥɨɳɚɞɤɟ, ɞɨɥɠɧɵ ɨɛɟɫɩɟɱɢɜɚɬɶ ɪɚɡɪɚɛɨɬɤɭ 
ɪɚɡɞɟɥɚ ɩɪɨɟɤɬɚ ɉɟɪɟɱɟɧɶ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɨɯɪɚɧɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ (ɉɆɈɈɋ) ДγЖ. 

ȼ ɫɨɫɬɚɜ ɢɧɠɟɧɟɪɧɨ-ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɢɡɵɫɤɚɧɢɣ ɜɯɨɞɹɬμ 
– ɫɛɨɪ, ɨɛɪɚɛɨɬɤɚ ɢ ɚɧɚɥɢɡ ɨɩɭɛɥɢɤɨɜɚɧɧɵɯ ɢ ɮɨɧɞɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɞɚɧɧɵɯ ɨ ɫɨɫɬɨɹɧɢɢ ɩɪɢɪɨɞɧɨɣ 

ɫɪɟɞɵ, ɩɨɢɫɤ ɨɛɴɟɤɬɨɜ-ɚɧɚɥɨɝɨɜ, ɮɭɧɤɰɢɨɧɢɪɭɸɳɢɯ ɜ ɫɯɨɞɧɵɯ ɩɪɢɪɨɞɧɵɯ ɭɫɥɨɜɢɹɯν 
– ɷɤɨɥɨɝɢɱɟɫɤɨɟ ɞɟɲɢɮɪɢɪɨɜɚɧɢɟ ɚɷɪɨɤɨɫɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ 

ɫɴɟɦɨɤ (ɱɟɪɧɨ-ɛɟɥɨɣ, ɦɧɨɝɨɡɨɧɚɥɶɧɨɣ, ɪɚɞɢɨɥɨɤɚɰɢɨɧɧɨɣ, ɬɟɩɥɨɜɨɣ ɢ ɞɪ.)ν 
– ɦɚɪɲɪɭɬɧɵɟ ɧɚɛɥɸɞɟɧɢɹ ɫ ɩɨɤɨɦɩɨɧɟɧɬɧɵɦ ɨɩɢɫɚɧɢɟɦ ɩɪɢɪɨɞɧɨɣ ɫɪɟɞɵ ɢ ɥɚɧɞɲɚɮɬɨɜ ɜ ɰɟɥɨɦ, 

ɫɨɫɬɨɹɧɢɹ ɧɚɡɟɦɧɵɯ ɢ ɜɨɞɧɵɯ ɷɤɨɫɢɫɬɟɦ, ɢɫɬɨɱɧɢɤɨɜ ɢ ɩɪɢɡɧɚɤɨɜ ɡɚɝɪɹɡɧɟɧɢɹν 
– ɩɪɨɯɨɞɤɚ ɝɨɪɧɵɯ ɜɵɪɚɛɨɬɨɤ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɢɧɮɨɪɦɚɰɢɢν 
– ɷɤɨɥɨɝɨ-ɝɢɞɪɨɝɟɨɥɨɝɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹν 
– ɝɟɨɷɤɨɥɨɝɢɱɟɫɤɨɟ ɨɩɪɨɛɨɜɚɧɢɟ ɢ ɨɰɟɧɤɚ ɡɚɝɪɹɡɧɟɧɧɨɫɬɢ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ, ɩɨɱɜ, ɝɪɭɧɬɨɜ, 

ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɢ ɩɨɞɡɟɦɧɵɯ ɜɨɞν 
– ɩɨɱɜɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹν 
– ɥɚɛɨɪɚɬɨɪɧɵɟ ɯɢɦɢɤɨ-ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹν 
– ɢɫɫɥɟɞɨɜɚɧɢɟ ɢ ɨɰɟɧɤɚ ɪɚɞɢɚɰɢɨɧɧɨɣ ɨɛɫɬɚɧɨɜɤɢν 
– ɝɚɡɨɝɟɨɯɢɦɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹν 
– ɢɫɫɥɟɞɨɜɚɧɢɟ ɢ ɨɰɟɧɤɚ ɮɢɡɢɱɟɫɤɢɯ ɜɨɡɞɟɣɫɬɜɢɣν 
– ɢɡɭɱɟɧɢɟ ɪɚɫɬɢɬɟɥɶɧɨɫɬɢ ɢ ɠɢɜɨɬɧɨɝɨ ɦɢɪɚν 
– ɫɨɰɢɚɥɶɧɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹν 
– ɫɚɧɢɬɚɪɧɨ-ɷɩɢɞɟɦɢɨɥɨɝɢɱɟɫɤɢɟ ɢ ɦɟɞɢɤɨ-ɛɢɨɥɨɝɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹν 
– ɫɬɚɰɢɨɧɚɪɧɵɟ ɧɚɛɥɸɞɟɧɢɹ (ɷɤɨɥɨɝɢɱɟɫɤɢɣ ɦɨɧɢɬɨɪɢɧɝ)ν 
– ɤɚɦɟɪɚɥɶɧɚɹ ɨɛɪɚɛɨɬɤɚ ɦɚɬɟɪɢɚɥɨɜ ɢ ɫɨɫɬɚɜɥɟɧɢɟ ɨɬɱɟɬɚ. 
ɇɚɡɧɚɱɟɧɢɟ ɢ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɨɬɞɟɥɶɧɵɯ ɜɢɞɨɜ ɪɚɛɨɬ ɢ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɭɫɥɨɜɢɹ ɢɯ ɜɡɚɢɦɨɡɚɦɟɧɹɟɦɨɫɬɢ ɢ 

ɫɨɱɟɬɚɧɢɹ ɫ ɞɪɭɝɢɦɢ ɜɢɞɚɦɢ ɢɡɵɫɤɚɧɢɣ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɜ ɩɪɨɝɪɚɦɦɟ ɢɧɠɟɧɟɪɧɨ-ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɢɡɵɫɤɚɧɢɣ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɢɞɚ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɯɚɪɚɤɬɟɪɚ ɢ ɭɪɨɜɧɹ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ ɩɪɨɟɤɬɢɪɭɟɦɵɯ ɡɞɚɧɢɣ ɢ  ɫɨɨɪɭɠɟɧɢɣ, 
ɨɫɨɛɟɧɧɨɫɬɟɣ ɩɪɢɪɨɞɧɨ-ɬɟɯɧɨɝɟɧɧɨɣ ɨɛɫɬɚɧɨɜɤɢ, ɫɬɟɩɟɧɢ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɢɡɭɱɟɧɧɨɫɬɢ ɬɟɪɪɢɬɨɪɢɢ ɢ ɫɬɚɞɢɢ 
ɩɪɨɟɤɬɧɨ-ɢɡɵɫɤɚɬɟɥɶɫɤɢɯ ɪɚɛɨɬ [4]. 

Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɱɟɬɵɪɟ ɜɚɪɢɚɧɬɚ ɩɥɨɳɚɞɨɤ ɞɥɹ ɜɨɡɦɨɠɧɨɝɨ ɪɚɡɦɟɳɟɧɢɹ ɋɟɜɟɪɫɤɨɣ Ⱥɗɋμ 
ɉɥɨɳɚɞɤɚ ʋ1 ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɜ β,η ɤɦ ɫɟɜɟɪɧɨ-ɜɨɫɬɨɱɧɟɟ ɝɨɪɨɞɚ ɋɟɜɟɪɫɤɚ, ɢɦɟɸɳɟɝɨ ɱɢɫɥɟɧɧɨɫɬɶ 

ɧɚɫɟɥɟɧɢɹ ɫɜɵɲɟ 110 ɬɵɫ. ɱɟɥɨɜɟɤ, ɜ 8,η ɤɦ ɨɬ ɫɟɜɟɪɧɨɣ ɱɚɫɬɢ ɝɨɪɨɞɫɤɨɣ ɡɚɫɬɪɨɣɤɢ ɝ. Ɍɨɦɫɤɚ, ɢɦɟɸɳɟɝɨ 
ɱɢɫɥɟɧɧɨɫɬɶ ɧɚɫɟɥɟɧɢɹ ɨɤɨɥɨ θ00 ɬɵɫ. ɱɟɥɨɜɟɤ. 

ɉɥɨɳɚɞɤɚ ʋβ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɜ η ɤɦ ɫɟɜɟɪɧɟɟ ɝɨɪɨɞɚ  ɋɟɜɟɪɫɤɚ ɢ ɜ 11,η ɤɦ ɨɬ ɫɟɜɟɪɧɨɣ ɱɚɫɬɢ ɝɨɪɨɞɫɤɨɣ 
ɡɚɫɬɪɨɣɤɢ ɝ. Ɍɨɦɫɤɚ. 

ɉɥɨɳɚɞɤɚ ʋγ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɜ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɛɥɢɡɨɫɬɢ ɤ ɪɟɤɟ ɋɚɦɭɫɶɤɚ – ɩɪɢɬɨɤɭ ɪɟɤɢ Ɍɨɦɶ, ɜ 1θ 
ɤɦ ɫɟɜɟɪɨ-ɡɚɩɚɞɧɟɟ ɝɨɪɨɞɚ ɋɟɜɟɪɫɤɚ ɢ βθ ɤɦ ɨɬ ɫɭɳɟɫɬɜɭɸɳɟɣ ɡɚɫɬɪɨɣɤɢ ɝɨɪɨɞɚ Ɍɨɦɫɤɚ. ɇɚ ɡɚɩɚɞ ɨɬ ɩɥɨɳɚɞɤɢ ɜ 
4 ɤɦ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɩɨɫɟɥɨɤ ɋɚɦɭɫɶ, ɱɢɫɥɟɧɧɨɫɬɶ ɤɨɬɨɪɨɝɨ η,7 ɬɵɫ. ɱɟɥɨɜɟɤ. 

ɉɥɨɳɚɞɤɚ ʋ4 ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɫɟɜɟɪɨ-ɡɚɩɚɞɧɟɟ ɋɢɛɢɪɫɤɨɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɤɨɦɛɢɧɚɬɚ ɧɚ ɪɚɫɫɬɨɹɧɢɢ β,η ɤɦ, 
ɨɬ ɝɨɪɨɞɚ ɋɟɜɟɪɫɤɚ – ɜ θ ɤɦ ɢ ɜ β0 ɤɦ ɨɬ ɝɨɪɨɞɚ Ɍɨɦɫɤɚ [2]. 

ȼɵɛɨɪ ɩɥɨɳɚɞɨɤ ɋɟɜɟɪɫɤɨɣ Ⱥɗɋ ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ɧɨɪɦɚɬɢɜɧɵɯ 
ɞɨɤɭɦɟɧɬɨɜ, ɫɨɛɫɬɜɟɧɧɨɝɨ ɩɨɧɢɦɚɧɢɹ ɨɛ ɨɬɤɥɢɤɟ ɛɢɨɤɨɦɩɨɧɟɧɬɨɜ ɧɚ ɜɨɡɦɨɠɧɵɟ ɜɨɡɞɟɣɫɬɜɢɹ, ɚ ɬɚɤɠɟ ɫ ɭɱɟɬɨɦ 
ɩɨɠɟɥɚɧɢɣ ɦɟɫɬɧɵɯ ɩɪɢɪɨɞɨɨɯɪɚɧɧɵɯ ɢ ɨɛɳɟɫɬɜɟɧɧɵɯ ɨɪɝɚɧɢɡɚɰɢɣ ɤ ɪɟɚɥɢɡɭɟɦɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ ɩɨ 
ɫɨɨɪɭɠɟɧɢɸ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ Ⱥɗɋ. 

Ȼɢɨɪɚɡɧɨɨɛɪɚɡɢɟ ɬɟɪɪɢɬɨɪɢɣ, ɧɚɥɢɱɢɟ ɜ ɪɚɣɨɧɟ ɪɚɡɦɟɳɟɧɢɹ Ⱥɗɋ ɨɯɪɚɧɹɟɦɵɯ ɩɪɢɪɨɞɧɵɯ ɤɨɦɩɥɟɤɫɨɜ, 
ɨɛɴɟɤɬɨɜ ɤɭɥɶɬɭɪɧɨ-ɷɬɧɨɝɪɚɮɢɱɟɫɤɨɝɨ ɧɚɫɥɟɞɢɹ, ɫɚɦɨɛɵɬɧɵɣ ɭɤɥɚɞ ɠɢɡɧɢ ɧɚɫɟɥɟɧɢɹ — ɜɫɟ ɷɬɢ ɮɚɤɬɨɪɵ, 
ɜɥɢɹɸɬ ɧɚ ɜɵɛɨɪ ɩɥɨɳɚɞɤɢ ɞɥɹ ɪɚɡɦɟɳɟɧɢɹ Ⱥɗɋ. 

Ʉɚɤ ɫɥɟɞɫɬɜɢɟ, ɪɟɚɥɢɡɚɰɢɹ ɦɟɪ ɩɨ ɪɟɝɭɥɢɪɨɜɚɧɢɸ ɷɤɨɥɨɝɢɱɟɫɤɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɫɬɚɞɢɢ ɈȻɂɇ 
ɩɨɡɜɨɥɢɥɚ ɫɞɟɥɚɬɶ ɨɩɬɢɦɚɥɶɧɵɣ ɜɵɛɨɪ ɩɥɨɳɚɞɨɤ ɞɥɹ Ⱥɗɋ. 
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ɉɊɈȻɅȿɆɕ ȽȿɈɅɈȽɂɂ ɂ ɈɋȼɈȿɇɂə ɇȿȾɊ 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɎɁ-γγ «Ɉɛ ɨɫɨɛɨ ɨɯɪɚɧɹɟɦɵɯ ɩɪɢɪɨɞɧɵɯ ɬɟɪɪɢɬɨɪɢɹɯ» ɢ ɇɉ-032-01 «Ɋɚɡɦɟɳɟɧɢɟ 
ɚɬɨɦɧɵɯ ɫɬɚɧɰɢɣ. Ɉɫɧɨɜɧɵɟ ɤɪɢɬɟɪɢɢ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɛɟɡɨɩɚɫɧɨɫɬɢ» ɧɟ ɞɨɩɭɫɤɚɟɬɫɹ ɪɚɡɦɟɳɟɧɢɟ ɚɬɨɦɧɵɯ 
ɫɬɚɧɰɢɣ ɧɚ ɨɫɨɛɨ ɨɯɪɚɧɹɟɦɵɯ ɩɪɢɪɨɞɧɵɯ ɬɟɪɪɢɬɨɪɢɹɯ. 

ɇɚ ɬɟɪɪɢɬɨɪɢɹɯ ɩɥɨɳɚɞɨɤ ɩɪɟɞɩɨɥɚɝɚɟɦɨɝɨ ɪɚɡɦɟɳɟɧɢɹ ɋɟɜɟɪɫɤɨɣ Ⱥɗɋ ɧɟɬ ɨɫɨɛɨ ɨɯɪɚɧɹɟɦɵɯ ɡɟɦɟɥɶ 
ɩɪɢɪɨɞɨɨɯɪɚɧɧɨɝɨ, ɪɟɤɪɟɚɰɢɨɧɧɨɝɨ ɢ ɢɫɬɨɪɢɤɨ-ɤɭɥɶɬɭɪɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ, ɬɚɤɠɟ ɨɬɫɭɬɫɬɜɭɸɬ ɨɫɨɛɨ ɨɯɪɚɧɹɟɦɵɟ 
ɜɢɞɵ ɪɚɫɬɟɧɢɣ ɢ ɠɢɜɨɬɧɵɯ. 

ɉɨɫɥɟ ɨɰɟɧɤɢ ɩɪɢɜɟɞɟɧɧɵɯ ɜɵɲɟ ɮɚɤɬɨɪɨɜ ɛɵɥɚ ɜɵɛɪɚɧɚ ɩɥɨɳɚɞɤɚ ʋγ, ɪɚɫɩɨɥɨɠɟɧɧɚɹ ɤ ɫɟɜɟɪɨ-
ɡɚɩɚɞɭ ɨɬ ɝ. Ɍɨɦɫɤɚ ДηЖ. 

ɇɚ ɨɩɵɬɟ ɪɚɛɨɬɵ ɞɟɣɫɬɜɭɸɳɟɣ Ʉɚɥɢɧɢɧɫɤɨɣ ɫɬɚɧɰɢɢ ɜ ɨɛɥɚɫɬɢ ɨɯɪɚɧɵ ɢ ɜ ɨɛɥɚɫɬɢ ɩɪɨɜɟɞɟɧɢɹ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɡɚ ɫɨɫɬɨɹɧɢɟɦ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜɨɡɦɨɠɧɨ ɨɛɨɫɧɨɜɚɧɢɟ ɜɢɞɨɜ ɢ ɨɛɴɟɦɨɜ ɪɚɛɨɬ ɧɚ 
ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɋɟɜɟɪɫɤɨɣ Ⱥɗɋ. 
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ɊȺȼɇɈȼȿɋɂȿ ɉɊɂɊɈȾɇɕɏ ȼɈȾ Ƚ. Ʉɂɒɂɇȿȼ ɋ ɄȺɊȻɈɇȺɌɇɕɆɂ ɆɂɇȿɊȺɅȺɆɂ 

ȼɈȾɈȼɆȿɓȺɘɓɂɏ ɉɈɊɈȾ 

Ⱥ.ɇ. Ɍɢɦɨɲɟɧɤɨɜɚ1
, E.ɘ. ɉɚɫɟɱɧɢɤ2, Ɉ.Ƚ. Ɍɨɤɚɪɟɧɤɨ2 

1ɂɧɫɬɢɬɭɬ ɝɟɨɥɨɝɢɢ ɢ ɫɟɣɫɦɨɥɨɝɢɢ Ⱥɤɚɞɟɦɢɢ ɧɚɭɤ Ɇɨɥɞɨɜɵ, ɝ. Ʉɢɲɢɧɟɜ,  
Ɋɟɫɩɭɛɥɢɤɚ Ɇɨɥɞɨɜɚ 

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

ȼ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɜɵɫɨɤɢɣ ɢɧɬɟɪɟɫ ɦɢɪɨɜɨɣ ɧɚɭɱɧɨɣ ɨɛɳɟɫɬɜɟɧɧɨɫɬɢ ɧɚɩɪɚɜɥɟɧ ɧɚ ɭɱɟɧɢɟ ɨ 
ɝɟɨɥɨɝɢɱɟɫɤɨɣ ɷɜɨɥɸɰɢɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜɨɞ ɫ ɝɨɪɧɵɦɢ ɩɨɪɨɞɚɦɢ ДλЖ. ȼ ɧɚɫɬɨɹɳɢɣ ɦɨɦɟɧɬ ɬɟɨɪɢɹ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜɨɞɵ ɫ ɝɨɪɧɵɦɢ ɩɨɪɨɞɚɦɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɟɬɚɥɶɧɨ ɪɚɡɪɚɛɨɬɚɧɚ ɫ ɨɛɳɢɯ ɝɟɨɯɢɦɢɱɟɫɤɢɯ ɩɨɡɢɰɢɣ, 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɪɚɫɬɜɨɪɟɧɢɹ ɩɨɪɨɞ ɢ ɬ.ɞ. 
Д1Ж. Ȼɨɥɟɟ ɬɨɝɨ, ɩɪɢɦɟɧɟɧɢɟ ɫɨɜɪɟɦɟɧɧɵɯ ɩɨɞɯɨɞɨɜ ɫɬɚɧɨɜɢɬɫɹ ɨɫɨɛɟɧɧɨ ɚɤɬɭɚɥɶɧɵɦ ɜ ɫɥɭɱɚɟ ɢɡɭɱɟɧɢɹ ɜɨɩɪɨɫɨɜ 
ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɨɫɬɚɜɚ ɩɨɞɡɟɦɧɵɯ ɜɨɞ ɜ ɭɫɥɨɜɢɹɯ ɚɧɬɪɨɩɨɝɟɧɧɨɣ ɧɚɝɪɭɡɤɢ. Ɉɞɧɚɤɨ, ɪɟɲɟɧɢɟ ɷɬɨɣ ɩɪɨɛɥɟɦɵ 
ɧɟɜɨɡɦɨɠɧɨ ɛɟɡ ɞɟɬɚɥɶɧɨɝɨ ɢɡɭɱɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɩɨɞɡɟɦɧɵɯ ɜɨɞ ɫ ɜɟɞɭɳɢɦɢ 
ɦɢɧɟɪɚɥɚɦɢ ɜɦɟɳɚɸɳɢɯ ɩɨɪɨɞ, ɜ ɱɚɫɬɧɨɫɬɢ, ɫ ɤɚɪɛɨɧɚɬɧɵɦɢ. ɂɡɭɱɟɧɢɟ ɪɚɜɧɨɜɟɫɢɹ ɩɨɞɡɟɦɧɵɯ ɜɨɞ ɤ ɩɨɫɥɟɞɧɢɦ 
ɹɜɥɹɟɬɫɹ ɧɟɨɬɴɟɦɥɟɦɵɦ ɡɜɟɧɨɦ ɜ ɩɨɧɢɦɚɧɢɢ ɜɨɩɪɨɫɨɜ ɷɜɨɥɸɰɢɨɧɧɨɝɨ ɪɚɡɜɢɬɢɹ ɜɨɞ, ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ 
ɤɨɫɜɟɧɧɵɦ ɨɛɪɚɡɨɦ ɭɫɬɚɧɨɜɢɬɶ ɜɡɚɢɦɨɫɜɹɡɶ ɦɟɠɞɭ ɫɬɟɩɟɧɶɸ ɧɚɫɵɳɟɧɧɨɫɬɢ ɜɨɞ ɤ ɦɢɧɟɪɚɥɚɦ ɢ ɚɧɬɪɨɩɨɝɟɧɧɨɣ 
ɧɚɝɪɭɡɤɨɣ.  

ȼ ɝɟɨɥɨɝɢɱɟɫɤɨɦ ɨɬɧɨɲɟɧɢɢ ɬɟɪɪɢɬɨɪɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɪɚɫɩɨɥɨɠɟɧɚ ɧɚ ɸɝɨ-ɡɚɩɚɞɟ ȼɨɫɬɨɱɧɨ-
ȿɜɪɨɩɟɣɫɤɨɣ ɞɨɤɟɦɛɪɢɣɫɤɨɣ ɩɥɚɬɮɨɪɦɵ ɢ ɧɚɯɨɞɢɬɫɹ ɜ ɰɟɧɬɪɟ Ɇɨɥɞɚɜɫɤɨɣ ɩɥɢɬɵ. Ʉɪɢɫɬɚɥɥɢɱɟɫɤɢɣ ɮɭɧɞɚɦɟɧɬ 
ɧɚɯɨɞɢɬɫɹ ɧɚ ɝɥɭɛɢɧɟ 1θ00 – 1800 ɦ ɢ ɫɨɫɬɨɢɬ ɢɡ ɚɪɯɟɣɫɤɢɯ ɢ ɧɢɠɧɟɩɪɨɬɟɪɨɡɨɣɫɤɢɯ ɫɢɥɶɧɨ ɞɢɫɥɨɰɢɪɨɜɚɧɧɵɯ 
ɩɨɪɨɞ ɦɚɝɦɚɬɢɱɟɫɤɨɝɨ ɢ ɦɟɬɚɦɨɪɮɢɱɟɫɤɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ. Ɉɫɚɞɨɱɧɵɣ ɱɟɯɨɥ ɫɥɨɠɟɧ ɨɫɚɞɨɱɧɵɦɢ 
ɨɛɪɚɡɨɜɚɧɢɹɦɢ ɜɟɪɯɧɟɝɨ ɩɪɨɬɟɪɨɡɨɹ, ɧɢɠɧɟɝɨ ɢ ɫɪɟɞɧɟɝɨ ɩɚɥɟɨɡɨɹ ɢ ɜɟɪɯɧɟɝɨ ɦɟɥɚ. Ɂɚɜɟɪɲɚɟɬɫɹ ɨɫɚɞɨɱɧɵɣ 
ɱɟɯɨɥ ɦɨɪɫɤɢɦɢ ɨɬɥɨɠɟɧɢɹɦɢ ɫɪɟɞɧɟɝɨ ɩɚɥɟɨɝɟɧɚ (ɷɨɰɟɧ), ɧɟɨɝɟɧɚ (ɛɚɞɟɧɫɤɢɣ ɢ ɫɚɪɦɚɬɫɤɢɣ ɹɪɭɫɚ), 
ɱɟɬɜɟɪɬɢɱɧɵɦɢ ɨɬɥɨɠɟɧɢɹɦɢ ɬɟɪɪɚɫ ɪɪ. Ⱦɧɟɫɬɪ ɢ Ȼɵɤ. Ⱦɥɹ ɧɟɨɝɟɧɨɜɵɯ ɨɬɥɨɠɟɧɢɣ ɯɚɪɚɤɬɟɪɧɨ ɨɛɪɚɡɨɜɚɧɢɟ ɬɪɺɯ 
ɪɢɮɨɜɵɯ ɝɪɹɞ, ɜɬɨɪɚɹ ɢɡ ɤɨɬɨɪɵɯ – ɫɪɟɞɧɟɫɚɪɦɚɬɫɤɚɹ, ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɝ. Ʉɢɲɢɧɟɜ. 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɢ ɝɟɧɟɬɢɱɟɫɤɢɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɩɨ ɭɫɥɨɜɢɹɦ ɡɚɥɟɝɚɧɢɹ ɢɦɟɸɬ 
ɩɪɨɹɜɥɟɧɢɟ ɞɜɚ ɬɢɩɚ ɩɨɞɡɟɦɧɵɯ ɜɨɞ. ɉɟɪɜɵɣ ɬɢɩ – ɝɪɭɧɬɨɜɵɟ ɜɨɞɵ ɡɨɧɵ ɚɤɬɢɜɧɨɝɨ ɜɨɞɨɨɛɦɟɧɚ, ɡɚɥɟɝɚɸɳɢɟ ɜ 
ɨɫɧɨɜɧɨɦ ɧɚ ɝɥɭɛɢɧɟ 0 – 1η ɦ, ɜ ɪɟɞɤɢɯ ɫɥɭɱɚɹɯ ɝɥɭɛɠɟ. ȼɨɞɨɜɦɟɳɚɸɳɢɟ ɩɨɪɨɞɵ ɩɪɟɞɫɬɚɜɥɟɧɵ 
ɪɚɡɧɨɡɟɪɧɢɫɬɵɦɢ ɩɟɫɤɚɦɢ ɢ ɩɟɫɱɚɧɢɫɬɵɦɢ ɝɥɢɧɚɦɢ. ɉɨɞɨɲɜɚ ɜɨɞɨɧɨɫɧɨɝɨ ɝɨɪɢɡɨɧɬɚ ɫɨɫɬɨɢɬ ɢɡ ɩɥɨɬɧɵɯ 
ɝɨɥɭɛɨɜɚɬɨ-ɫɟɪɵɯ ɢ ɡɟɥɟɧɨɜɚɬɨ-ɫɟɪɵɯ ɫɪɟɞɧɟɫɚɪɦɚɬɫɤɢɯ ɝɥɢɧ, ɩɨɜɟɪɯɧɨɫɬɶ ɤɨɬɨɪɵɯ ɧɚ ɨɬɞɟɥɶɧɵɯ ɭɱɚɫɬɤɚɯ 
ɪɚɡɦɵɬɚ. ɉɢɬɚɧɢɟ ɝɪɭɧɬɨɜɵɯ ɜɨɞ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɭɬɟɦ ɢɧɮɢɥɶɬɪɚɰɢɢ ɚɬɦɨɫɮɟɪɧɵɯ ɨɫɚɞɤɨɜ, ɩɪɢɬɨɤɚ ɝɪɭɧɬɨɜɵɯ 
ɜɨɞ ɢɡ ɧɚɞɩɨɣɦɟɧɧɵɯ ɬɟɪɪɚɫ, ɚ ɜ ɩɟɪɢɨɞ ɩɨɥɨɜɨɞɶɹ – ɡɚ ɫɱɟɬ ɩɚɜɨɞɤɨɜɵɯ ɜɨɞ ДγЖ.  

ɂɫɫɥɟɞɭɟɦɚɹ ɬɟɪɪɢɬɨɪɢɹ ɹɜɥɹɟɬɫɹ ɪɟɩɪɟɡɟɧɬɚɬɢɜɧɵɦ ɩɪɢɦɟɪɨɦ ɱɟɬɤɨ ɜɵɪɚɠɟɧɧɨɣ ɚɧɬɪɨɩɨɝɟɧɧɨɣ 
ɧɚɝɪɭɡɤɢ, ɩɪɨɹɜɥɹɸɳɟɣɫɹ ɜ ɧɚɥɢɱɢɢ ɩɪɟɜɵɲɟɧɢɣ ɩɨ ɧɢɬɪɚɬɧɨɦɭ ɡɚɝɪɹɡɧɟɧɢɸ ɢ ɟɝɨ ɜɥɢɹɧɢɹ ɧɚ ɝɟɨɯɢɦɢɱɟɫɤɢɟ 
ɨɫɨɛɟɧɧɨɫɬɢ ɩɨɞɡɟɦɧɵɯ ɜɨɞ Ɋɟɫɩɭɛɥɢɤɢ Ɇɨɥɞɨɜɚ ɜ ɰɟɥɨɦ. ɇɚ ɪɢɫ.1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɬɟɪɪɢɬɨɪɢɹ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɝɨɪɨɞɫɤɨɣ ɚɝɥɨɦɟɪɚɰɢɢ, ɫɨɫɬɨɹɳɟɣ ɢɡ η ɠɢɥɵɯ ɪɚɣɨɧɨɜ, ɤɚɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ ɨɬɥɢɱɚɟɬɫɹ ɪɚɡɥɢɱɧɨɣ ɫɬɟɩɟɧɶɸ 
ɚɧɬɪɨɩɨɝɟɧɧɨɣ ɧɚɝɪɭɡɤɢ.  

ȼ ɨɫɧɨɜɭ ɪɚɛɨɬɵ ɩɨɥɨɠɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɨɩɪɨɛɨɜɚɧɢɹ ɩɨɞɡɟɦɧɵɯ ɜɨɞ, ɤɨɬɨɪɨɟ ɩɪɨɜɨɞɢɥɨɫɶ ɜ ɥɟɬɧɢɣ 
ɩɟɪɢɨɞ β01γ ɝ. ɢɡ ɢɫɬɨɱɧɢɤɨɜ ɜɨɞɨɫɧɚɛɠɟɧɢɹ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɧɚɫɟɥɟɧɢɟɦ ɞɥɹ ɩɢɬɶɟɜɵɯ ɰɟɥɟɣ. ȼɫɟɝɨ ɨɩɪɨɛɨɜɚɧɨ 
8η ɢɫɬɨɱɧɢɤɨɜ, ɜ ɫɨɫɬɚɜ ɤɨɬɨɪɵɯ ɜɯɨɞɹɬ β0 ɧɢɫɯɨɞɹɳɢɯ ɢ ɜɨɫɯɨɞɹɳɢɯ ɪɨɞɧɢɤɨɜ, ɢɦɟɸɳɢɯ ɟɫɬɟɫɬɜɟɧɧɭɸ 
ɪɚɡɝɪɭɡɤɭ ɜ ɩɪɟɞɟɥɚɯ ɝɨɪɨɞɚ, ɢ θη ɤɨɥɨɞɰɟɜ ɝɥɭɛɢɧɨɣ ɧɟ ɦɟɧɟɟ 10 ɦ. ɏɢɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɩɪɨɛ ɜɨɞɵ ɛɵɥ ɩɪɨɜɟɞɟɧ 
ɜ ɚɤɤɪɟɞɢɬɨɜɚɧɧɨɣ ɥɚɛɨɪɚɬɨɪɢɢ ɝɢɞɪɨɝɟɨɥɨɝɢɢ ɢ ɢɧɠɟɧɟɪɧɨɣ ɝɟɨɥɨɝɢɢ ɂɧɫɬɢɬɭɬɚ ɝɟɨɥɨɝɢɢ ɢ ɫɟɣɫɦɨɥɨɝɢɢ 


