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Ⱥ.Ɍ. Ɋɨɫɥɹɤ 

ɉɪɨɮɟɫɫɨɪ,ΝɞɨɤɬɨɪΝɬɟɯɧɢɱɟɫɤɢɯΝɧɚɭɤ 

ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ Ɍɨɦɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɝ. Ɍɨɦɫɤ, Ɋɨɫɫɢɹ 

ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɦɢɪɨɜɚɹ ɩɪɚɤɬɢɤɚ ɜɫɟ ɛɨɥɶɲɟ ɜɧɢɦɚɧɢɹ  ɭɞɟɥɹɟɬ ɩɨɩɵɬɤɚɦ ɩɪɢɦɟɧɟɧɢɹ ɜ ɷɧɟɪɝɟɬɢɤɟ 
ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɢɫɬɨɱɧɢɤɨɜ. ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɨɩɚɫɧɨɫɬɶɸ ɢɫɬɨɳɟɧɢɹ ɬɪɚɞɢɰɢɨɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ 
ɷɧɟɪɝɢɢ, ɮɭɧɤɰɢɨɧɢɪɭɸɳɢɯ ɧɚ ɭɝɥɟɜɨɞɨɪɨɞɚɯ. 

ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɚɥɟɤɨ ɧɟ ɜɫɟɝɞɚ 
ɷɮɮɟɤɬɢɜɧɨ ɢ ɫɜɹɡɚɧɨ ɫ ɪɟɲɟɧɢɟɦ ɦɚɫɫɵ ɬɟɯɧɢɱɟɫɤɢɯ ɢ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɛɥɟɦ. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɜɟɬɪɚ ɜ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɷɧɟɪɝɢɢ  ɢɡɜɟɫɬɧɨ ɫ ɧɟɡɚɩɚɦɹɬɧɵɯ ɜɪɟɦɟɧ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦ ɫɨɨɪɭɠɟɧɢɟ ɜɟɬɪɹɧɵɯ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɫɨɩɪɹɠɟɧɨ ɫ ɧɟɤɨɬɨɪɵɦɢ ɬɪɭɞɧɨɫɬɹɦɢ ɬɟɯɧɢɱɟɫɤɨɝɨ ɢ ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɯɚɪɚɤɬɟɪɚ, 
ɡɚɦɟɞɥɹɸɳɢɦɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜɟɬɪɨɷɧɟɪɝɟɬɢɤɢ. ȼ ɱɚɫɬɧɨɫɬɢ, ɧɟɩɨɫɬɨɹɧɫɬɜɨ ɜɟɬɪɨɜɵɯ ɩɨɬɨɤɨɜ ɧɟ ɫɨɡɞɚɺɬ 
ɩɪɨɛɥɟɦ ɩɪɢ ɧɟɛɨɥɶɲɨɣ ɩɪɨɩɨɪɰɢɢ ɜɟɬɪɨɷɧɟɪɝɟɬɢɤɢ ɜ ɨɛɳɟɦ ɩɪɨɢɡɜɨɞɫɬɜɟ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɨɞɧɚɤɨ ɩɪɢ ɪɨɫɬɟ 
ɷɬɨɣ ɩɪɨɩɨɪɰɢɢ, ɜɨɡɪɚɫɬɚɸɬ ɬɚɤɠɟ ɢ ɩɪɨɛɥɟɦɵ ɧɚɞɺɠɧɨɫɬɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ.  

ȼɟɬɪɨɝɟɧɟɪɚɬɨɪɵ ɢɡɵɦɚɸɬ ɱɚɫɬɶ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɞɜɢɠɭɳɢɯɫɹ ɜɨɡɞɭɲɧɵɯ ɦɚɫɫ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ 
ɫɧɢɠɟɧɢɸ ɫɤɨɪɨɫɬɢ ɢɯ ɞɜɢɠɟɧɢɹ. ɉɪɢ ɦɚɫɫɨɜɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜɟɬɪɹɤɨɜ (ɧɚɩɪɢɦɟɪ, ɜ ȿɜɪɨɩɟ) ɷɬɨ ɡɚɦɟɞɥɟɧɢɟ 
ɬɟɨɪɟɬɢɱɟɫɤɢ ɦɨɠɟɬ ɨɤɚɡɵɜɚɬɶ ɡɚɦɟɬɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɥɨɤɚɥɶɧɵɟ (ɢ ɞɚɠɟ ɝɥɨɛɚɥɶɧɵɟ) ɤɥɢɦɚɬɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ 
ɦɟɫɬɧɨɫɬɢ. ȼ ɱɚɫɬɧɨɫɬɢ, ɫɧɢɠɟɧɢɟ ɫɪɟɞɧɟɣ ɫɤɨɪɨɫɬɢ ɜɟɬɪɨɜ ɫɩɨɫɨɛɧɨ ɫɞɟɥɚɬɶ ɤɥɢɦɚɬ ɪɟɝɢɨɧɚ ɱɭɬɶ ɛɨɥɟɟ 
ɤɨɧɬɢɧɟɧɬɚɥɶɧɵɦ ɡɚ ɫɱɟɬ ɬɨɝɨ, ɱɬɨ ɦɟɞɥɟɧɧɨ ɞɜɢɠɭɳɢɟɫɹ ɜɨɡɞɭɲɧɵɟ ɦɚɫɫɵ ɭɫɩɟɜɚɸɬ ɫɢɥɶɧɟɟ ɧɚɝɪɟɬɶɫɹ ɥɟɬɨɦ ɢ 
ɨɯɥɚɠɞɚɬɶɫɹ ɡɢɦɨɣ. Ɍɚɤɠɟ ɨɬɛɨɪ ɷɧɟɪɝɢɢ ɭ ɜɟɬɪɚ ɦɨɠɟɬ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɢɡɦɟɧɟɧɢɸ ɜɥɚɠɧɨɫɬɧɨɝɨ ɪɟɠɢɦɚ 
ɩɪɢɥɟɝɚɸɳɟɣ ɬɟɪɪɢɬɨɪɢ. ɍɱɟɧɵɟ  ɩɨɤɚ ɬɨɥɶɤɨ ɪɚɡɜɨɪɚɱɢɜɚɸɬ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ  ɨɛɥɚɫɬɢ ɚɧɚɥɢɡɚ   ɜɨɡɞɟɣɫɬɜɢɹ 
ɲɢɪɨɤɨɦɚɫɲɬɚɛɧɨɣ ɜɟɬɪɹɧɨɣ ɷɧɟɪɝɟɬɢɤɢ ɧɚ ɤɥɢɦɚɬ, ɨɞɧɚɤɨ ɩɨɡɜɨɥɹɸɬ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɨɧɨ ɦɨɠɟɬ ɛɵɬɶ ɧɟ ɫɬɨɥɶ 
ɩɪɟɧɟɛɪɟɠɢɦɨ ɦɚɥɵɦ, ɤɚɤ ɩɨɥɚɝɚɥɢ ɪɚɧɟɟ. 

 Ɋɚɛɨɬɚ ɜɟɬɪɹɧɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɡɚɜɢɫɢɬ ɨɬ ɩɨɝɨɞɵ. Ʉ ɬɨɦɭ ɠɟ ɨɧɢ ɨɱɟɧɶ ɲɭɦɧɵ, ɩɨɷɬɨɦɭ ɤɪɭɩɧɵɟ 
ɭɫɬɚɧɨɜɤɢ ɞɚɠɟ ɩɪɢɯɨɞɢɬɫɹ ɧɚ ɧɨɱɶ ɨɬɤɥɸɱɚɬɶ. ɉɨɦɢɦɨ ɷɬɨɝɨ, ɜɟɬɪɹɧɵɟ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɫɨɡɞɚɸɬ ɩɨɦɟɯɢ ɞɥɹ 
ɜɨɡɞɭɲɧɨɝɨ ɫɨɨɛɳɟɧɢɹ, ɢ ɞɚɠɟ ɞɥɹ ɪɚɞɢɨɜɨɥɧ. ɇɚɤɨɧɟɰ, ɞɥɹ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɟɨɛɯɨɞɢɦɵ ɨɝɪɨɦɧɵɟ ɩɥɨɳɚɞɢ, 
ɛɨɥɶɲɢɟ, ɱɟɦ ɞɥɹ ɞɪɭɝɢɯ ɬɢɩɨɜ ɷɥɟɤɬɪɨɝɟɧɟɪɚɬɨɪɨɜ.  

ɉɪɟɢɦɭɳɟɫɬɜɚμ ɷɧɟɪɝɢɢ ɫɨɥɧɰɚ: ɤɨɥɨɫɫɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɷɧɟɪɝɢɢ, ɜɨɡɨɛɧɨɜɥɹɟɦɨɫɬɶ,  ɞɨɫɬɭɩɧɨɫɬɶ. 
Ƚɥɚɜɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɫɨɥɧɟɱɧɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ  ɹɜɥɹɸɬɫɹ ɢɯ ɜɵɫɨɤɚɹ ɫɬɨɢɦɨɫɬɶ ɢ ɛɨɥɶɲɚɹ ɡɚɧɢɦɚɟɦɚɹ 
ɩɥɨɳɚɞɶ. Ɍɚɤ, ɞɥɹ ɪɚɡɦɟɳɟɧɢɹ ɫɨɥɧɟɱɧɨɣ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ  ɦɨɳɧɨɫɬɶɸ 100 Ɇȼɬ ɬɪɟɛɭɟɬɫɹ ɩɥɨɳɚɞɶ ɜ β00 ɝɚ, ɚ 
ɞɥɹ ɚɬɨɦɧɨɣ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ  ɦɨɳɧɨɫɬɶɸ 1000 Ɇȼɬ – ɜɫɟɝɨ η0 ɝɚ.  

ȼɨɞɨɪɨɞ – ɟɞɢɧɫɬɜɟɧɧɨɟ ɩɨ-ɧɚɫɬɨɹɳɟɦɭ ɷɤɨɥɨɝɢɱɟɫɤɢ ɱɢɫɬɨɟ ɯɢɦɢɱɟɫɤɨɟ ɬɨɩɥɢɜɨ.  
ɉɪɢ ɫɝɨɪɚɧɢɢ ɜɨɞɨɪɨɞɚ ɜɵɞɟɥɹɟɬɫɹ ɬɟɩɥɨ, ɨɛɵɤɧɨɜɟɧɧɚɹ ɜɨɞɚ ɢ ɧɢɱɬɨɠɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɤɫɢɞɨɜ ɚɡɨɬɚ. 

ȼɨɞɨɪɨɞɧɨɟ ɬɨɩɥɢɜɨ ɧɟ ɫɨɞɟɪɠɢɬ ɭɝɥɟɪɨɞ, ɩɨɷɬɨɦɭ ɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɟ ɭɜɟɥɢɱɢɜɚɟɬ ɫɨɞɟɪɠɚɧɢɟ ɜ ɚɬɦɨɫɮɟɪɟ 
ɩɚɪɧɢɤɨɜɵɯ ɝɚɡɨɜ, ɬɚɤɢɯ ɤɚɤ ɭɝɥɟɤɢɫɥɨɝɨ ɢ ɭɝɚɪɧɨɝɨ ɝɚɡɨɜ.ɋɝɨɪɚɧɢɟ ɜɨɞɨɪɨɞɚ ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɪɚɡɪɭɲɟɧɢɸ 
ɨɡɨɧɨɜɨɝɨ ɫɥɨɹ ɢ ɨɛɪɚɡɨɜɚɧɢɸ ɤɢɫɥɨɬɧɵɯ ɞɨɠɞɟɣ. ɉɪɟɢɦɭɳɟɫɬɜɚμ ɜɨɡɨɛɧɨɜɥɹɟɦɨɫɬɶ, ɷɤɨɥɨɝɢɱɧɨɫɬɶ, 
ɞɨɫɬɭɩɧɨɫɬɶ ɫɵɪɶɹ 

ɇɟɞɨɫɬɚɬɤɢμ ɩɨ ɧɟɤɨɬɨɪɵɦ ɢɫɬɨɱɧɢɤɚɦ – ɛɨɥɶɲɢɟ ɷɧɟɪɝɨɡɚɬɪɚɬɵ ɧɚ ɩɨɥɭɱɟɧɢɟ ɜɨɞɨɪɨɞɧɨɣ ɷɧɟɪɝɢɢ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢɦɟɧɟɧɢɟ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɷɧɟɪɝɢɢ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɟɳɟ ɬɪɟɛɭɟɬ ɫɜɨɟɝɨ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɢ ɷɤɨɥɨɝɢɱɟɫɤɨɝɨ  ɪɚɡɜɢɬɢɹ. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ ɡɚɩɚɫɵ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɧɚ ɡɟɦɥɟ ɦɨɠɧɨ ɫɱɢɬɚɬɶ 
ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɢɫɱɟɪɩɚɟɦɵɦɢ. Ɋɚɡɜɟɞɚɧɧɵɟ ɡɚɩɚɫɵ ɩɨ ɫɨɫɬɨɹɧɢɸ ɧɚ ɤɨɧɟɰ β008 ɝ. ɫɨɫɬɚɜɥɹɥɢμ ɧɟɮɬɶ – 1θλ ɦɥɪɞ 
ɬɨɧɧ, ɝɚɡ – 177 ɬɪɥɧ ɦγ, ɭɝɨɥɶ – 8ζ8 ɦɥɪɞ ɬɨɧɧ.. ɉɪɢ ɷɬɨɦ ɨɛɳɟɟ ɫɨɞɟɪɠɚɧɢɟ ɦɟɬɚɧɚ ɜ ɝɚɡɨɝɢɞɪɚɬɧɵɯ ɡɚɥɟɠɚɯ ɧɚ 
ɞɜɚ ɩɨɪɹɞɤɚ ɩɪɟɜɵɲɚɟɬ ɟɝɨ ɫɭɦɦɚɪɧɵɣ ɨɛɴɟɦ ɜ ɬɪɚɞɢɰɢɨɧɧɵɯ ɢɡɜɥɟɤɚɟɦɵɯ ɡɚɩɚɫɚɯ, ɨɰɟɧɢɜɚɟɦɵɯ ɜ βη0 ɬɪɥɧ ɦ3. 
ɂɧɚɱɟ ɝɨɜɨɪɹ, ɝɢɞɪɚɬɵ ɦɨɝɭɬ ɫɨɞɟɪɠɚɬɶ 10 ɬɪɥɧ ɬɨɧɧ ɭɝɥɟɪɨɞɚ, ɬ. ɟ. ɜ ɞɜɚ ɪɚɡɚ ɛɨɥɶɲɟ, ɱɟɦ ɜɦɟɫɬɟ ɜɡɹɬɵɟ 
ɦɢɪɨɜɵɟ ɡɚɩɚɫɵ ɭɝɥɹ, ɧɟɮɬɢ ɢ ɨɛɵɱɧɨɝɨ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ. 

. Ɉɛɳɟɦɢɪɨɜɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɧɟɮɬɢ ɜ β007 ɝ. ɫɨɫɬɚɜɢɥɨ γλ0θ ɦɥɧ ɬɨɧɧ, ɩɪɨɞɭɤɬɨɜ ɧɟɮɬɟɩɟɪɟɪɚɛɨɬɤɢ – 
γ7θβ ɦɥɧ ɬɨɧɧ, ɭɝɥɹ – γ1γθ ɦɥɧ ɬɨɧɧ ɧ.ɷ., ɝɚɡɚ – βλζ0 ɦɥɪɞ ɦ3. ɉɪɢ ɷɬɨɦ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟ (ЩЫТЦКЫв ОЧОЫРв) ɜ 
ɦɢɪɟ ɪɚɜɧɹɥɨɫɶ 11 0λλ ɦɥɧ ɬɨɧɧ ɧ.ɷ.μ ɜɤɥɸɱɚɹ γληγ ɦɥɧ ɬɨɧɧ ɧɟɮɬɢ, γ178 ɦɥɧ ɬɨɧɧ ɧ.ɷ. ɭɝɥɹ, βλββ ɦɥɪɞ ɦ3 (2638 
ɦɥɧ ɬɨɧɧ ɧ.ɷ.) ɝɚɡɚ, 70λ ɦɥɧ ɬɨɧɧ ɧ.ɷ. ɝɢɞ. 

Ƚɚɡɨɝɢɞɪɚɬɵ ɹɜɥɹɸɬɫɹ ɢɫɬɨɱɧɢɤɨɦ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ ɧɚ Ɂɟɦɥɟ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɫɨɫɬɚɜɢɬɶ ɪɟɚɥɶɧɭɸ 
ɤɨɧɤɭɪɟɧɰɢɸ ɬɪɚɞɢɰɢɨɧɧɵɦ ɭɝɥɟɜɨɞɨɪɨɞɚɦμ ɜ ɫɢɥɭ ɧɚɥɢɱɢɹ ɨɝɪɨɦɧɵɯ ɪɟɫɭɪɫɨɜ, ɲɢɪɨɤɨɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɧɚ 
ɩɥɚɧɟɬɟ, ɧɟɝɥɭɛɨɤɨɝɨ ɡɚɥɟɝɚɧɢɹ ɢ ɜɟɫɶɦɚ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ (1 ɦ3 ɩɪɢɪɨɞɧɨɝɨ ɦɟɬɚɧ-ɝɢɞɪɚɬɚ 
ɫɨɞɟɪɠɢɬ ɨɤɨɥɨ 1θζ ɦ3 ɦɟɬɚɧɚ ɜ ɝɚɡɨɜɨɣ ɮɚɡɟ ɢ 0,87 ɦ3 ɜɨɞɵ). Ɉɫɨɛɟɧɧɨ ɢɧɬɟɧɫɢɜɧɨ ɩɪɨɦɵɲɥɟɧɧɨɣ ɪɚɡɪɚɛɨɬɤɨɣ 
ɡɚɧɢɦɚɸɬɫɹ  ɜ əɩɨɧɢɢ. ɉɪɨɜɟɞɟɧɧɵɟ ɭɥɶɬɪɚɡɜɭɤɨɜɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɨɞ ɦɨɪɟɦ ɜɨɤɪɭɝ əɩɨɧɢɢ. 
ɩɪɨɝɧɨɡɢɪɭɟɦɵɟ ɡɚɩɚɫɵ ɦɟɬɚɧɚ ɜ ɝɢɞɪɚɬɚɯ ɦɨɝɭɬ ɫɨɫɬɚɜɥɹɬɶ ɨɬ ζ ɞɨ β0 ɬɪɥɧ ɦ3. ɉɪɨɦɵɲɥɟɧɧɭɸ ɪɚɡɪɚɛɨɬɤɭ 
ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɧɚɱɚɬɶ ɜ β017 ɝ. 

http://ru.wikipedia.org/wiki/%D0%9A%D0%B8%D0%BD%D0%B5%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%8D%D0%BD%D0%B5%D1%80%D0%B3%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%A1%D0%BA%D0%BE%D1%80%D0%BE%D1%81%D1%82%D1%8C
http://ru.wikipedia.org/wiki/%D0%95%D0%B2%D1%80%D0%BE%D0%BF%D0%B0
http://ru.wikipedia.org/wiki/%D0%9A%D0%BB%D0%B8%D0%BC%D0%B0%D1%82
http://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BD%D1%82%D0%B8%D0%BD%D0%B5%D0%BD%D1%82%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D0%B9_%D0%BA%D0%BB%D0%B8%D0%BC%D0%B0%D1%82
http://ru.wikipedia.org/wiki/%D0%9E%D1%82%D0%BD%D0%BE%D1%81%D0%B8%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F_%D0%B2%D0%BB%D0%B0%D0%B6%D0%BD%D0%BE%D1%81%D1%82%D1%8C
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ɋȿɄɐɂə 12. ɋɈȼɊȿɆȿɇɇɕȿ ɌȿɏɇɈɅɈȽɂɂ ɊȺɁɊȺȻɈɌɄɂ ɇȿɎɌəɇɕɏ ɂ 
ȽȺɁɈȼɕɏ ɆȿɋɌɈɊɈɀȾȿɇɂɃ. 

 
 Ɋɟɫɭɪɫɵ ɫɥɚɧɰɟɜɨɝɨ ɝɚɡɚ ɜ ɦɢɪɟ ɫɨɫɬɚɜɥɹɸɬ β00 ɬɪɥɧ ɤɭɛ. ɦ. ȼ ɱɢɫɥɟ ɮɚɤɬɨɪɨɜ, ɩɨɥɨɠɢɬɟɥɶɧɨ 

ɜɥɢɹɸɳɢɯ ɧɚ ɩɟɪɫɩɟɤɬɢɜɵ ɞɨɛɵɱɢ ɫɥɚɧɰɟɜɨɝɨ ɝɚɡɚμ ɛɥɢɡɨɫɬɶ ɦɟɫɬɨɪɨɠɞɟɧɢɣ ɤ ɪɵɧɤɚɦ ɫɛɵɬɚν ɡɧɚɱɢɬɟɥɶɧɵɟ 
ɡɚɩɚɫɵν ɡɚɢɧɬɟɪɟɫɨɜɚɧɧɨɫɬɶ ɜɥɚɫɬɟɣ ɪɹɞɚ ɫɬɪɚɧ ɜ ɫɧɢɠɟɧɢɢ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɦɩɨɪɬɚ ɬɨɩɥɢɜɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ 
ɪɟɫɭɪɫɨɜ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɭ ɫɥɚɧɰɟɜɨɝɨ ɝɚɡɚ ɟɫɬɶ ɪɹɞ ɧɟɞɨɫɬɚɬɤɨɜ, ɧɟɝɚɬɢɜɧɨ ɜɥɢɹɸɳɢɯ ɧɚ ɩɟɪɫɩɟɤɬɢɜɵ ɟɝɨ 
ɞɨɛɵɱɢ ɜ ɦɢɪɟ. ɋɪɟɞɢ ɬɚɤɢɯ ɧɟɞɨɫɬɚɬɤɨɜμ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɚɹ ɫɟɛɟɫɬɨɢɦɨɫɬɶν ɧɟɩɪɢɝɨɞɧɨɫɬɶ ɞɥɹ 
ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ ɧɚ ɛɨɥɶɲɢɟ ɪɚɫɫɬɨɹɧɢɹν ɛɵɫɬɪɚɹ ɢɫɬɨɳɚɟɦɨɫɬɶ ɦɟɫɬɨɪɨɠɞɟɧɢɣν ɧɢɡɤɢɣ ɭɪɨɜɟɧɶ ɞɨɤɚɡɚɧɧɵɯ 
ɡɚɩɚɫɨɜ ɜ ɨɛɳɟɣ ɫɬɪɭɤɬɭɪɟ ɡɚɩɚɫɨɜν ɡɧɚɱɢɬɟɥɶɧɵɟ ɷɤɨɥɨɝɢɱɟɫɤɢɟ ɪɢɫɤɢ ɩɪɢ ɞɨɛɵɱɟ. Ɍɟɯɧɨɥɨɝɢɹ ɞɨɛɵɱɢ 
ɫɥɚɧɰɟɜɨɝɨ ɝɚɡɚ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɞɨɛɵɱɢ ɬɪɚɞɢɰɢɨɧɧɨɝɨ ɝɚɡɚ ɲɢɪɨɤɢɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɛɭɪɟɧɢɹ ɢ 
ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɩɪɨɜɟɞɟɧɢɹ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɝɢɞɪɨɪɚɡɪɵɜɨɜ ɩɥɚɫɬɚ ɫ ɡɚɤɚɱɤɨɣ ɜɨɞɵ ɢ ɩɪɨɩɚɧɬɨɜ 
(ɝɪɚɧɭɥɢɪɨɜɚɧɧɵɯ ɚɥɸɦɨɫɢɥɢɤɚɬɨɜ, ɩɨɞɞɟɪɠɢɜɚɸɳɢɯ ɪɚɫɤɪɵɬɨɫɬɶ ɦɢɤɪɨɬɪɟɳɢɧ, ɨɛɪɚɡɨɜɚɧɧɵɯ ɩɪɢ 
ɝɢɞɪɨɪɚɡɪɵɜɚ). ɇɟɞɨɫɬɚɬɤɢ ɞɨɛɵɱɢ ɫɥɚɧɰɟɜɨɝɨ ɝɚɡɚ: 

Ɍɟɯɧɨɥɨɝɢɹ ɝɢɞɪɨɪɚɡɪɵɜɚ ɩɥɚɫɬɚ ɬɪɟɛɭɟɬ ɤɪɭɩɧɵɯ ɡɚɩɚɫɨɜ ɜɨɞɵ ɜɛɥɢɡɢ ɦɟɫɬɨɪɨɠɞɟɧɢɣ, ɞɥɹ ɨɞɧɨɝɨ 
ɝɢɞɪɨɪɚɡɪɵɜɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɦɟɫɶ ɜɨɞɵ (7η00 ɬɨɧɧ), ɩɟɫɤɚ ɢ ɯɢɦɢɤɚɬɨɜ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɛɥɢɡɢ ɦɟɫɬɨɪɨɠɞɟɧɢɣ 
ɫɤɚɩɥɢɜɚɸɬɫɹ ɡɧɚɱɢɬɟɥɶɧɵɟ ɨɛɴɟɦɵ ɨɬɪɚɛɨɬɚɧɧɨɣ ɡɚɝɪɹɡɧɟɧɧɨɣ ɜɨɞɵ, ɤɨɬɨɪɭɸ ɫɥɨɠɧɨ ɭɬɢɥɢɡɢɪɨɜɚɬɶ ɫ 
ɫɨɛɥɸɞɟɧɢɟɦ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɧɨɪɦν 

ɋɥɚɧɰɟɜɵɟ ɫɤɜɚɠɢɧɵ ɢɦɟɸɬ ɝɨɪɚɡɞɨ ɦɟɧɶɲɢɣ ɫɪɨɤ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɱɟɦ ɫɤɜɚɠɢɧɵ ɨɛɵɱɧɨɝɨ ɩɪɢɪɨɞɧɨɝɨ 
ɝɚɡɚν 

ɉɪɨɛɭɪɟɧɧɵɟ ɫɤɜɚɠɢɧɵ ɛɵɫɬɪɨ ɫɨɤɪɚɳɚɸɬ ɫɜɨɣ ɞɟɛɢɬ - ɧɚ γ0 – ζ0 % ɜ ɝɨɞν 
Ⱦɥɹ ɞɨɛɵɱɢ ɝɚɡɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɨɤɨɥɨ 8η ɬɨɤɫɢɱɧɵɯ ɜɟɳɟɫɬɜ, ɯɨɬɹ ɬɨɱɧɵɟ ɮɨɪɦɭɥɵ ɯɢɦɢɱɟɫɤɨɝɨ 

ɤɨɤɬɟɣɥɹ ɞɥɹ ɝɢɞɪɨɪɚɡɪɵɜɚ ɜ ɤɨɦɩɚɧɢɹɯ, ɞɨɛɵɜɚɸɳɢɯ ɫɥɚɧɰɟɜɵɣ ɝɚɡ, ɹɜɥɹɸɬɫɹ ɤɨɧɮɢɞɟɧɰɢɚɥɶɧɵɦɢν 
ɉɪɢ ɞɨɛɵɱɟ ɫɥɚɧɰɟɜɨɝɨ ɝɚɡɚ ɢɦɟɸɬɫɹ ɡɧɚɱɢɬɟɥɶɧɵɟ ɩɨɬɟɪɢ ɦɟɬɚɧɚ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɫɢɥɟɧɢɸ 

ɩɚɪɧɢɤɨɜɨɝɨ ɷɮɮɟɤɬɚν 
Ⱦɨɛɵɱɚ ɫɥɚɧɰɟɜɨɝɨ ɝɚɡɚ ɪɟɧɬɚɛɟɥɶɧɚ ɬɨɥɶɤɨ ɩɪɢ ɧɚɥɢɱɢɢ ɫɩɪɨɫɚ ɢ ɜɵɫɨɤɢɯ ɰɟɧ ɧɚ ɝɚɡ. 
ɋɥɚɧɰɟɜɵɟ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɩɚɥɟɨɡɨɣɫɤɨɣ ɢ ɦɟɡɨɡɨɣɫɤɨɣ ɷɪɵ, ɢɦɟɸɬ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɝɚɦɦɚ-ɢɡɥɭɱɟɧɢɹ, 

ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɨɜɵɲɟɧɸ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɮɨɧɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɝɢɞɪɨɪɚɡɪɵɜɚ ɩɥɚɫɬɨɜ. 
ɗɤɨɥɨɝɢɹ ɫɬɚɥɚ ɝɥɚɜɧɨɣ ɩɪɨɛɥɟɦɨɣ ɞɨɛɵɱɢ ɫɥɚɧɰɟɜɨɝɨ ɝɚɡɚ. 
Ȼɟɡ ɞɚɥɶɧɟɣɲɟɝɨ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɬɟɯɧɨɥɨɝɢɢ ɞɨɛɵɱɢ ɫɥɚɧɰɟɜɨɝɨ ɝɚɡɚ ɫ ɰɟɥɶɸ ɤɨɧɬɪɨɥɹ ɜɵɛɪɨɫɨɜ 

ɦɟɬɚɧɚ, ɡɚɝɪɹɡɧɟɧɢɹ ɩɨɱɜɵ ɢ ɝɪɭɧɬɨɜɵɯ ɜɨɞ, ɫɥɚɧɰɟɜɵɣ ɝɚɡ ɧɟ ɫɦɨɠɟɬ ɫɬɚɬɶ ɜ ɛɥɢɠɚɣɲɟɟ ɜɪɟɦɹ ɞɨɫɬɨɣɧɨɣ 
ɚɥɶɬɟɪɧɚɬɢɜɨɣ ɩɪɢɪɨɞɧɨɦɭ ɝɚɡɭ. 

ȼɨ ɜɫɟɯ ɧɟɮɬɟɞɨɛɵɜɚɸɳɢɯ ɫɬɪɚɧɚɯ ɩɨɫɬɨɹɧɧɨ ɪɚɫɬɟɬ ɜɧɢɦɚɧɢɟ ɤ ɪɚɡɪɚɛɨɬɤɚɦ ɩɨ ɩɨɜɵɲɟɧɢɸ ɫɬɟɩɟɧɢ 
ɧɟɮɬɟɨɬɞɚɱɢ ɩɥɚɫɬɨɜ. ȼ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɧɚ ɦɧɨɝɢɯ ɦɟɫɬɨɪɨɠɞɟɧɢɹɯ ɧɟɮɬɢ ɨɬɦɟɱɚɟɬɫɹ ɢɫɬɨɳɟɧɢɟ ɢ ɫɧɢɠɟɧɢɟ 
ɨɛɴɟɦɨɜ ɩɪɢɪɨɫɬɚ ɡɚɩɚɫɨɜ. ɉɪɢ ɬɚɤɢɯ ɭɫɥɨɜɢɹɯ ɜɨɡɧɢɤɚɟɬ ɩɪɨɛɥɟɦɚ ɛɨɥɟɟ ɩɨɥɧɨɝɨ ɢɡɜɥɟɱɟɧɢɹ ɧɟɮɬɹɧɨɝɨ ɫɵɪɶɹ 
ɤɚɤ ɢɡ ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɯ, ɬɚɤ ɢ ɜɧɨɜɶ ɨɬɤɪɵɜɚɟɦɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɹɯ. ȼɨɫɩɪɨɢɡɜɨɞɫɬɜɨ ɧɟɮɬɟɞɨɛɵɱɢ ɩɭɬɟɦ 
ɜɧɟɞɪɟɧɢɹ ɫɨɜɪɟɦɟɧɧɵɯ ɦɟɬɨɞɨɜ ɬɚɤɢɯ ɤɚɤ ɝɚɡɨɜɵɟ, ɬɟɩɥɨɜɵɟ, ɦɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɢɟ, ɯɢɦɢɱɟɫɤɢɟ ɧɚ ɨɫɧɨɜɟ 
ɢɧɧɨɜɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɜ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɫɬɚɧɨɜɹɬɫɹ ɛɨɥɟɟ ɩɪɢɨɪɢɬɟɬɧɵɦɢ. 

Ɇɚɫɲɬɚɛɵ ɜɧɟɞɪɟɧɢɹ ɧɨɜɵɯ ɦɟɬɨɞɨɜ, ɤɨɬɨɪɵɟ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɸɬ ɧɟɮɬɟɨɬɞɚɱɭ ɦɟɫɬɨɪɨɠɞɟɧɢɣ ɜ 
ɦɢɪɟ, ɟɠɟɝɨɞɧɨ ɪɚɫɬɭɬ. ɇɚɩɪɢɦɟɪ, ɟɫɥɢ ɜ 1λ8η ɝ. ɛɵɥɨ ɞɨɛɵɬɨ ɧɟɮɬɢ ɧɨɜɵɦɢ ɦɟɬɨɞɚɦɢ ɩɪɢɦɟɪɧɨ 70 ɦɢɥɥɢɨɧɨɜ 
ɬɨɧɧ, ɬɨ ɭɠɟ ɱɟɪɟɡ β0 ɥɟɬ ɷɬɚ ɰɢɮɪɚ ɭɜɟɥɢɱɢɥɚɫɶ ɜɞɜɨɟ ɢ ɞɨɫɬɢɝɥɚ ɛɨɥɟɟ 1ζ0 ɦɢɥɥɢɨɧɨɜ ɬɨɧɧ ɜ ɝɨɞ. Ⱦɨ 
ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ ɨɫɧɨɜɧɵɟ ɩɪɟɞɩɨɱɬɟɧɢɹ ɨɬɞɚɸɬɫɹ ɝɚɡɨɜɵɦ ɢ ɬɟɩɥɨɜɵɦ ɦɟɬɨɞɚɦ, ɛɥɚɝɨɞɚɪɹ ɤɨɬɨɪɵɦ ɞɨɥɹ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɧɟɮɬɟɞɨɛɵɱɢ ɩɪɟɜɵɲɚɟɬ λη%.. ɗɬɚ ɩɪɨɛɥɟɦɚ ɩɨɫɬɨɹɧɧɨ ɧɚɯɨɞɢɬɫɹ ɜ ɩɨɥɟ ɡɪɟɧɢɹ 
ɧɟɮɬɟɞɨɛɵɜɚɸɳɢɯ ɫɬɪɚɧ ɜɨɬ ɭɠɟ ɧɟɫɤɨɥɶɤɨ ɞɟɫɹɬɢɥɟɬɢɣ.  

. ȼ ɱɢɫɥɨ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɦɟɬɨɞɨɜ ɜɯɨɞɢɬ ɬɟɪɦɨɝɚɡɨɜɵɣ ɦɟɬɨɞ ɩɨɜɵɲɟɧɢɹ ɧɟɮɬɟɨɬɞɚɱɢ, 
ɤɨɬɨɪɵɣ ɫɬɚɥ ɛɵɫɬɪɨ ɪɚɡɜɢɜɚɬɶɫɹ ɜ ɋɒȺ ɟɳɟ ɫ β00ζ ɝ. ɛɥɚɝɨɞɚɪɹ ɷɬɨɦɭ ɫɩɨɫɨɛɭ ɢ ɪɟɚɥɢɡɚɰɢɢ ɷɬɨɣ ɩɪɨɝɪɚɦɦɵ 
ɭɠɟ ɡɚ ɬɪɢ ɝɨɞɚ ɞɨɛɵɱɚ ɜ ɫɬɪɚɧɟ ɜɵɪɨɫɥɚ ɩɨɱɬɢ ɜ ζ,ζ ɪɚɡɚ. ȼ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɜ Ɋɨɫɫɢɢ ɬɚɤɠɟ ɫɬɚɥ ɭɫɩɟɲɧɨ 
ɪɚɡɜɢɜɚɬɶɫɹ ɷɬɨɬ ɫɩɨɫɨɛ ɩɨɜɵɲɟɧɢɹ ɧɟɮɬɟɨɬɞɚɱɢ (Ⱥɣ-ɉɢɦɫɤɨɟ, Ɇɚɫɥɢɯɨɜɫɤɨɟ, Ƚɚɥɹɧɨɜɫɤɨɟ, ɉɪɢɨɛɫɤɨɟ ɢ ɞɪɭɝɢɟ 
ɦɟɫɬɨɪɨɠɞɟɧɢɹ). ɉɪɟɢɦɭɳɟɫɬɜɨ ɬɟɪɦɨɝɚɡɨɜɨɝɨ ɦɟɬɨɞɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɟɲɟɜɨɝɨ ɚɝɟɧɬɚ, ɢ ɩɪɢ ɷɬɨɦ 
ɡɧɚɱɢɬɟɥɶɧɨɟ ɩɨɜɵɲɟɧɢɟ ɧɟɮɬɟɨɬɞɚɱɢ ɩɥɚɫɬɚ ɫɨɫɬɚɜɥɹɟɬ  ɞɨ θ0% ɢ ɜɵɲɟ. 

ɉɪɢɧɰɢɩɢɚɥɶɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɬɟɯɧɨɥɨɝɢɢ ɬɟɪɦɨɝɚɡɨɜɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹμɡɚɤɚɱɤɚ ɜɨɡɞɭɯɚ ɢ ɟɝɨ 
ɬɪɚɧɫɮɨɪɦɚɰɢɹ ɜ ɷɮɮɟɤɬɢɜɧɵɟ ɜɵɬɟɫɧɹɸɳɢɟ ɚɝɟɧɬɵ (ɭɝɥɟɤɢɫɥɵɣ ɝɚɡ, ɥɺɝɤɢɟ ɭɝɥɟɜɨɞɨɪɨɞɵ) ɡɚ ɫɱɺɬ 
ɜɧɭɬɪɢɩɥɚɫɬɨɜɵɯ ɨɤɢɫɥɢɬɟɥɶɧɵɯ ɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɢɪɨɞɧɨɣ ɷɧɟɪɝɟɬɢɤɢ 
ɩɥɚɫɬɚ — ɩɨɜɵɲɟɧɧɨɣ ɩɥɚɫɬɨɜɨɣ ɬɟɦɩɟɪɚɬɭɪɵ (ɫɜɵɲɟ θ0 – 700°ɋ) ɞɥɹ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨɝɨ ɢɧɢɰɢɢɪɨɜɚɧɢɹ 
ɜɧɭɬɪɢɩɥɚɫɬɨɜɵɯ ɨɤɢɫɥɢɬɟɥɶɧɵɯ ɩɪɨɰɟɫɫɨɜ ɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɨɝɨ ɜɵɬɟɫɧɹɸɳɟɝɨ ɚɝɟɧɬɚ. 

 
ɆɈȾȿɅɂɊɈȼȺɇɂȿ ɉɊɈɐȿɋɋȺ ɎɂɅɖɌɊȺɐɂɂ ȽȿɅɂɊɈȼȺɇɇɈɃ ɄɂɋɅɈɌɕ ȼ 

ɄȺɊȻɈɇȺɌɇɈɃ ɉɈɊɈȾȿ 

ɋ.Ɇ. Ⱥɧɬɨɧɨɜ 

ɇɚɭɱɧɵɣΝɪɭɤɨɜɨɞɢɬɟɥɶΝɩɪɨɮɟɫɫɨɪΝɈέȼέΝȺɧɞɪɟɟɜ 

Ɍɸɦɟɧɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɝ. Ɍɸɦɟɧɶ, Ɋɨɫɫɢɹ 

Ɉɬ η0 ɞɨ θ0 % ɫɨɜɪɟɦɟɧɧɵɯ ɦɢɪɨɜɵɯ ɡɚɩɚɫɨɜ ɧɟɮɬɢ ɫɨɫɪɟɞɨɬɨɱɟɧɨ ɜ ɤɚɪɛɨɧɚɬɧɵɯ ɩɪɨɞɭɤɬɢɜɧɵɯ 
ɨɬɥɨɠɟɧɢɹɯ ДβЖ. Ʉɚɪɛɨɧɚɬɧɵɟ ɡɚɥɟɠɢ ȼɨɫɬɨɱɧɨɣ ɋɢɛɢɪɢ ɨɬɥɢɱɚɸɬɫɹ ɫɥɨɠɧɵɦ ɫɬɪɨɟɧɢɟɦ (ɬɪɟɳɢɧɧɨ-
ɤɚɜɟɪɧɨɡɧɨ-ɩɨɪɨɜɨɟ) ɢ ɚɧɨɦɚɥɶɧɨ ɧɢɡɤɢɦɢ ɬɟɪɦɨɛɚɪɢɱɟɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ Д1Ж. 

Ɉɛɪɚɛɨɬɤɚ ɩɪɢɡɚɛɨɣɧɨɣ ɡɨɧɵ ɩɥɚɫɬɚ ɤɚɪɛɨɧɚɬɧɵɯ ɤɨɥɥɟɤɬɨɪɨɜ ɪɚɫɬɜɨɪɚɦɢ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɫɨɥɹɧɨɣ 
ɤɢɫɥɨɬɵ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɦɟɬɨɞɨɦ ɩɨɜɵɲɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɫɤɜɚɠɢɧ. Ɉɫɧɨɜɧɵɦɢ ɮɚɤɬɨɪɚɦɢ, 


