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Ɇɵ ɩɪɟɞɫɬɚɜɥɹɟɦ ɦɨɞɟɥɶ ɥɨɤɚɥɶɧɨ-ɦɢɪɨɜɨɣ ɫɟɬɢ ɫ ɤɨɧɤɭɪɟɧɰɢɟɣ ɢ 
ɫɬɚɪɟɧɢɟɦ, ɤɨɬɨɪɚɹ ɹɜɥɹɟɬɫɹ ɨɛɨɛɳɟɧɢɟɦ ɥɨɤɚɥɶɧɨ-ɦɢɪɨɜɨɣ ɦɨɞɟɥɢ 
ɪɚɫɬɭɳɟɣ ɫɟɬɢ. Ɇɵ ɝɟɧɟɪɢɪɭɟɦ ɬɚɤɢɟ ɫɟɬɢ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɪɚɫɩɪɟɞɟɥɟ-
ɧɢɹɯ ɮɢɬɧɟɫ-ɩɚɪɚɦɟɬɪɨɜ, ɚ ɢɦɟɧɧɨ ɩɪɢ ɪɚɜɧɨɦɟɪɧɨɦ ɢ ɫɬɟɩɟɧɧɨɦ, ɢ 
ɩɨɤɚɡɵɜɚɟɦ, ɱɬɨ ɢɡɦɟɧɟɧɢɟ ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɮɢɬɧɟɫ-ɩɚɪɚɦɟɬɪɚ 
ɫɭɳɟɫɬɜɟɧɧɨ ɢɡɦɟɧɹɟɬ ɬɨɩɨɥɨɝɢɸ ɫɟɬɟɣ. Ɇɵ ɢɡɭɱɚɟɦ ɜɥɢɹɧɢɟ ɷɮɮɟɤ-
ɬɚ ɫɬɚɪɟɧɢɹ ɭɡɥɨɜ ɧɚ ɬɨɩɨɥɨɝɢɸ ɫɟɬɢ ɢ ɩɨɤɚɡɵɜɚɟɦ, ɱɬɨ ɫ ɪɨɫɬɨɦ ɩɨ-
ɤɚɡɚɬɟɥɹ ɫɬɚɪɟɧɢɹ ɯɚɪɚɤɬɟɪ ɤɨɪɪɟɥɹɰɢɢ ɫɟɬɢ ɦɟɧɹɟɬɫɹ ɨɬ ɚɫɫɨɪɬɚ-
ɬɢɜɧɨɝɨ ɤ ɧɟɤɨɪɪɟɥɢɪɨɜɚɧɧɨɦɭ. ȼ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ 

ɚɧɚɥɢɡɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɫɟɬɟɣ ɤ ɫɥɭɱɚɣɧɵɦ ɨɬɤɚɡɚɦ ɢ 
ɧɚɩɪɚɜɥɟɧɧɵɦ ɚɬɚɤɚɦ.  

 

 

ȼɜɟɞɟɧɢɟ. ȼ ɨɫɧɨɜɟ ɦɨɞɟɥɢ ɪɚɫɬɭɳɢɯ ɫɟɬɟɣ Ȼɚɪɚɛɚɫɢ ɢ Ⱥɥɶɛɟɪɬ 
(ȻȺ) ɥɟɠɚɬ ɞɜɚ ɦɟɯɚɧɢɡɦɚ: ɪɨɫɬ ɫɟɬɢ ɢ ɥɢɧɟɣɧɨɟ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨɟ ɩɪɢ-

ɫɨɟɞɢɧɟɧɢɟ (Albert and Barabási, 2002). Ɇɨɞɟɥɶ ȻȺ ɩɪɢɜɨɞɢɬ ɤ ɫɟɬɢ, 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɬɟɩɟɧɟɣ ɤɨɬɨɪɨɣ ɩɨɞɱɢɧɹɟɬɫɹ ɫɬɟɩɟɧɧɨɦɭ ɡɚɤɨɧɭ 
p(k) ~ k

–γ
, ɫɨ ɫɬɪɨɝɨ ɮɢɤɫɢɪɨɜɚɧɧɵɦ ɩɨɤɚɡɚɬɟɥɟɦ γ = 3. Ɉɞɧɚɤɨ ɚɧɚɥɢɡ 

ɫɟɬɟɣ ɪɟɚɥɶɧɨɝɨ ɦɢɪɚ ɩɨɤɚɡɚɥ, ɱɬɨ 31 ≤≤ γ  (Albert and Barabási, 2002; 

Dorogovtsev and Mendes, 2002; Boccaletti et al., 2006). ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, 

ɱɬɨ ɩɪɨɰɟɫɫ ɪɨɫɬɚ ɫɟɬɟɣ ɪɟɚɥɶɧɨɝɨ ɦɢɪɚ ɜɤɥɸɱɚɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɦɟ-
ɯɚɧɢɡɦɵ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɡɚɬɪɚɝɢɜɚɬɶ ɤɚɤ ɫɨɛɫɬɜɟɧɧɨ ɩɪɨɰɟɫɫ ɪɨɫɬɚ (ɞɨ-
ɛɚɜɥɟɧɢɟ ɫɜɹɡɟɣ ɦɟɠɞɭ ɫɭɳɟɫɬɜɭɸɳɢɦɢ ɭɡɥɚɦɢ, ɩɟɪɟɫɜɹɡɵɜɚɧɢɟ ɪɟɛɟɪ, 
ɫɥɢɹɧɢɟ ɭɡɥɨɜ ɢ ɬ.ɞ.), ɬɚɤ ɢ ɩɪɢɧɰɢɩ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨɝɨ ɩɪɢɫɨɟɞɢɧɟɧɢɹ 
(ɧɟɥɢɧɟɣɧɨɟ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨɟ ɩɪɢɫɨɟɞɢɧɟɧɢɟ, ɭɫɤɨɪɟɧɧɵɣ ɪɨɫɬ ɢ ɬ.ɞ.) 

(Albert and Barabási, 2002; Dorogovtsev and Mendes, 2002; Boccaletti et al., 

2006). Ⱦɚɥɶɧɟɣɲɟɟ ɢɡɭɱɟɧɢɟ ɫɟɬɟɣ ɪɟɚɥɶɧɨɝɨ ɦɢɪɚ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɦɨɠɟɬ 
ɧɚɪɭɲɚɬɶɫɹ ɢ ɩɪɢɧɰɢɩ ɝɥɨɛɚɥɶɧɨɝɨ ɞɟɣɫɬɜɢɹ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨɝɨ ɩɪɢ-

ɫɨɟɞɢɧɟɧɢɹ, ɬ.ɟ. ɜ ɫɚɦɨɦ ɞɟɥɟ, ɦɟɯɚɧɢɡɦ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨɝɨ ɩɪɢɫɨɟɞɢ-

ɧɟɧɢɹ ɞɟɣɫɬɜɭɟɬ ɜ ɫɟɬɢ ɧɟ ɝɥɨɛɚɥɶɧɨ, ɚ ɥɨɤɚɥɶɧɨ. ɗɬɚ ɢɞɟɹ ɥɟɠɢɬ ɜ ɨɫ-
ɧɨɜɟ ɥɨɤɚɥɶɧɨ-ɦɢɪɨɜɨɣ ɦɨɞɟɥɢ ɪɚɫɬɭɳɢɯ ɫɟɬɟɣ (Li and Chen, 2003). Ɉɞ-
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ɧɚɤɨ, ɧɟ ɦɟɧɟɟ ɜɚɠɧɵɦɢ ɦɟɯɚɧɢɡɦɚɦɢ ɪɨɫɬɚ ɫɟɬɟɣ ɪɟɚɥɶɧɨɝɨ ɦɢɪɚ ɹɜ-
ɥɹɸɬɫɹ ɤɨɧɤɭɪɟɧɰɢɹ ɢ ɫɬɚɪɟɧɢɟ ɭɡɥɨɜ. ȼ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɩɪɢɧɰɢɩ ɩɪɟɞ-
ɩɨɱɬɢɬɟɥɶɧɨɝɨ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɪɚɛɨɬɚɟɬ ɜ ɫɟɬɢ ɝɥɨɛɚɥɶɧɨ, ɜɥɢɹɧɢɟ ɤɨɧ-

ɤɭɪɟɧɰɢɢ ɢ ɫɬɚɪɟɧɢɹ ɭɡɥɨɜ ɧɚ ɬɨɩɨɥɨɝɢɸ ɪɚɫɬɭɳɟɣ ɫɟɬɢ ɢɫɫɥɟɞɨɜɚɥɨɫɶ 
ɜ (Bianconi and Barabási, 2001) ɢ (Dorogovtsev and Mendes, 2000), ɫɨɨɬ-
ɜɟɬɫɬɜɟɧɧɨ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɦɵ ɩɪɟɞɫɬɚɜɥɹɟɦ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ  ɥɨ-
ɤɚɥɶɧɨ-ɦɢɪɨɜɵɯ ɫɟɬɟɣ ɫ ɤɨɧɤɭɪɟɧɰɢɟɣ ɢ ɫɬɚɪɟɧɢɟɦ ɭɡɥɨɜ. Ⱥɧɚɥɢɡɢɪɭɟɬɫɹ 
ɭɫɬɨɣɱɢɜɨɫɬɶ ɷɬɢɯ ɫɟɬɟɣ ɤ ɫɥɭɱɚɣɧɵɦ ɨɬɤɚɡɚɦ ɢ ɧɚɩɪɚɜɥɟɧɧɵɦ ɚɬɚɤɚɦ. 

ɋɬɚɬɶɹ ɩɨɫɬɪɨɟɧɚ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɩɪɢɜɨɞɢɬɫɹ ɫɠɚɬɨɟ ɨɩɢɫɚ-
ɧɢɟ ɥɨɤɚɥɶɧɨ-ɦɢɪɨɜɨɣ ɦɨɞɟɥɢ, ɮɢɬɧɟɫ-ɦɨɞɟɥɢ ɢ ɦɨɞɟɥɢ ɫɟɬɢ ɫɨ ɫɬɚɪɟ-
ɧɢɟɦ, ɨɩɢɫɚɧ ɚɥɝɨɪɢɬɦ ɝɟɧɟɪɚɰɢɢ ɥɨɤɚɥɶɧɨ-ɦɢɪɨɜɵɯ ɫɟɬɟɣ ɫ ɤɨɧɤɭɪɟɧ-

ɰɢɟɣ ɢ ɫɬɚɪɟɧɢɟɦ ɭɡɥɨɜ, ɩɪɢɜɨɞɹɬɫɹ ɪɟɡɭɥɶɬɚɬɵ ɢɡɭɱɟɧɢɹ ɬɨɩɨɥɨɝɢɢ 

ɷɬɢɯ ɫɟɬɟɣ ɢ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɫɥɭɱɚɣɧɵɦ ɨɬɤɚ-
ɡɚɦ ɢ ɧɚɩɪɚɜɥɟɧɧɵɦ ɚɬɚɤɚɦ. 

 

Ƚɟɧɟɪɚɰɢɹ ɥɨɤɚɥɶɧɨ-ɦɢɪɨɜɵɯ ɫɟɬɟɣ ɫ ɤɨɧɤɭɪɟɧɰɢɟɣ ɢ ɫɬɚɪɟ-
ɧɢɟɦ. Ʌɨɤɚɥɶɧɨ-ɦɢɪɨɜɚɹ (ɅɆ) ɦɨɞɟɥɶ, ɩɪɟɞɥɨɠɟɧɧɚɹ ɜ (Li and Chen, 

2003) ɨɫɧɨɜɚɧɚ ɧɚ ɦɨɞɟɥɢ Ȼɚɪɚɛɚɫɢ–Ⱥɥɶɛɟɪɬ (Albert and Barabási, 2002). 

Ɉɧɚ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ȻȺ ɦɨɞɟɥɢ ɧɨɜɵɦ ɦɟɯɚɧɢɡɦɨɦ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨɝɨ 
ɩɪɢɫɨɟɞɢɧɟɧɢɹ — ɦɟɯɚɧɢɡɦɨɦ ɥɨɤɚɥɶɧɨɝɨ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨɝɨ ɩɪɢɫɨɟ-
ɞɢɧɟɧɢɹ. ɇɨɜɚɹ ɜɟɪɲɢɧɚ ɦɨɠɟɬ ɫɜɹɡɚɬɶɫɹ ɫ ɭɠɟ ɩɪɢɫɭɬɫɬɜɭɸɳɢɦɢ ɜ ɫɟ-
ɬɢ ɭɡɥɚɦɢ ɬɨɥɶɤɨ ɜ ɩɪɟɞɟɥɚɯ ɥɨɤɚɥɶɧɨɝɨ ɦɢɪɚ ɷɬɨɣ ɧɨɜɨɣ ɜɟɪɲɢɧɵ.  

Ɇɟɯɚɧɢɡɦɵ, ɡɚɥɨɠɟɧɧɵɟ ɜ ɦɨɞɟɥɶ ȻȺ, ɩɪɢɜɨɞɹɬ ɤ ɬɨɦɭ, ɱɬɨ ɫɬɟ-
ɩɟɧɶ ɜɫɟɯ ɭɡɥɨɜ ɪɚɫɬɟɬ ɫɨ ɜɪɟɦɟɧɟɦ ɤɚɤ 2/1~ t . Ʉɚɤ ɫɥɟɞɫɬɜɢɟ, ɛɨɥɟɟ ɫɬɚ-
ɪɵɟ ɭɡɥɵ ɢɦɟɸɬ ɛɨɥɶɲɭɸ ɫɬɟɩɟɧɶ, ɩɨɫɤɨɥɶɤɭ ɢɯ ɛɨɥɶɲɟɟ ɜɪɟɦɹ ɠɢɡɧɢ 

ɩɨɡɜɨɥɢɥɨ «ɧɚɤɨɩɢɬɶ» ɪɟɛɪɚ. ȼ ɪɟɚɥɶɧɵɯ ɫɟɬɹɯ ɧɟɪɟɞɤɨ «ɩɪɟɞɩɨɱɬɢ-

ɬɟɥɶɧɨɫɬɶ ɩɪɢɫɨɟɞɢɧɟɧɢɹ» ɛɵɜɚɟɬ ɫɜɹɡɚɧɚ ɧɟ ɬɨɥɶɤɨ ɫ ɤɨɥɢɱɟɫɬɜɨɦ 

ɢɦɟɸɳɢɯɫɹ ɫɜɹɡɟɣ, ɧɨ ɢ ɫ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦɢ ɮɚɤɬɨɪɚɦɢ, ɧɚɩɪɢɦɟɪ, ɜ 
ɫɨɰɢɚɥɶɧɵɯ ɫɟɬɹɯ ɫ ɭɪɨɜɧɟɦ ɢɧɬɟɥɥɟɤɬɚ, ɜɧɟɲɧɟɣ ɩɪɢɜɥɟɤɚɬɟɥɶɧɨɫɬɶɸ 

ɢ ɬ.ɩ. ɑɬɨɛɵ ɭɱɟɫɬɶ ɷɬɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɮɚɤɬɨɪɵ «ɩɪɢɬɹɝɚɬɟɥɶɧɨɫɬɢ» 

ɜɟɪɲɢɧ ɜ (Bianconi and Barabási, 2001) ɩɪɟɞɥɨɠɟɧɚ ɬɚɤ ɧɚɡɵɜɚɟɦɚɹ ɮɢɬ-
ɧɟɫ-ɦɨɞɟɥɶ. Ɂɞɟɫɶ, ɬɚɤɠɟ ɤɚɤ ɢ ɜ ɨɛɵɤɧɨɜɟɧɧɨɣ ȻȺ ɦɨɞɟɥɢ, ɧɚ ɤɚɠɞɨɦ 

ɲɚɝɟ ɤ ɫɟɬɢ ɞɨɛɚɜɥɹɟɬɫɹ ɧɨɜɚɹ ɜɟɪɲɢɧɚ, ɨɞɧɚɤɨ ɩɪɢ ɪɨɠɞɟɧɢɢ ɟɣ ɩɪɢ-

ɩɢɫɵɜɚɟɬɫɹ ɡɧɚɱɟɧɢɟ ɮɢɬɧɟɫ-ɩɚɪɚɦɟɬɪɚ η, ɪɚɫɩɪɟɞɟɥɟɧɧɨɟ ɜ ɫɨɨɬɜɟɬɫɬ-
ɜɢɢ ɫ ɧɟɤɨɬɨɪɵɦ ɡɚɤɨɧɨɦ )(ηρ . ȼɟɪɨɹɬɧɨɫɬɶ ∏ ɬɨɝɨ, ɱɬɨ ɧɨɜɚɹ ɜɟɪɲɢɧɚ 
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ɨɤɚɠɟɬɫɹ ɫɜɹɡɚɧɧɨɣ ɫ ɜɟɪɲɢɧɨɣ i  ɡɚɜɢɫɢɬ ɬɟɩɟɪɶ ɤɚɤ ɨɬ ɟɟ ɫɬɟɩɟɧɢ ik , 

ɬɚɤ ɢ ɨɬ ɡɧɚɱɟɧɢɹ ɮɢɬɧɟɫ-ɩɚɪɚɦɟɬɪɚ iη :  

jj jii kk ηη ∑=∏ / , 

ɝɞɟ ɫɭɦɦɢɪɨɜɚɧɢɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɜɫɟɦ ɜɟɪɲɢɧɚɦ ɫɟɬɢ. 

ɋɬɪɭɤɬɭɪɧɨɟ ɫɬɚɪɟɧɢɟ ɫɟɬɢ ɨɛɫɭɠɞɚɟɬɫɹ ɜ ɪɚɛɨɬɟ (Dorogovtsev and 

Mendes, 2000). Ƚɟɧɟɪɚɰɢɹ ɫɟɬɢ ɫɨ ɫɬɚɪɟɧɢɟɦ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɫɨɨɬɜɟɬ-
ɫɬɜɢɢ ɫɨ ɫɥɟɞɭɸɳɢɦ ɚɥɝɨɪɢɬɦɨɦ: ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t = 0 ɜ ɫɟɬɢ ɢɦɟɟɬɫɹ 
ɨɞɧɚ ɜɟɪɲɢɧɚ, ɢ ɜ ɤɚɠɞɵɣ ɞɢɫɤɪɟɬɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t = 1,2,… ɜ ɫɟɬɶ 
ɞɨɛɚɜɥɹɟɬɫɹ ɨɞɧɚ ɜɟɪɲɢɧɚ ɫ ɨɞɧɨɣ ɫɜɹɡɶɸ. Ⱦɥɹ ɤɚɠɞɨɣ ɜɟɪɲɢɧɵ ɮɢɤ-
ɫɢɪɭɟɬɫɹ ɟɺ ɜɨɡɪɚɫɬ st −=τ , ɝɞɟ s — ɧɨɦɟɪ ɜɟɪɲɢɧɵ, ɩɪɢɩɢɫɵɜɚɟɦɵɣ 

ɟɣ ɜ ɦɨɦɟɧɬ ɟɟ ɩɨɹɜɥɟɧɢɹ. Ɏɭɧɤɰɢɹ ɫɬɚɪɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ Ĳ–Į. ɇɨ-
ɜɵɣ ɭɡɟɥ ɫɨɟɞɢɧɹɟɬɫɹ ɫ ɭɠɟ ɫɭɳɟɫɬɜɭɸɳɢɦɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɨɛɨɛɳɟɧ-

ɧɵɦ ɩɪɢɧɰɢɩɨɦ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨɝɨ ɩɪɢɫɨɟɞɢɧɟɧɢɹ, ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɨɦɭ 

ɜɟɪɨɹɬɧɨɫɬɶ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɤ ɭɡɥɭ i ɡɚɜɢɫɢɬ ɤɚɤ ɨɬ ɫɬɟɩɟɧɢ ki, ɬɚɤ ɢ ɨɬ 
ɜɨɡɪɚɫɬɚ i-ɝɨ ɭɡɥɚ: 
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Ƚɟɧɟɪɚɰɢɹ ɥɨɤɚɥɶɧɨ-ɦɢɪɨɜɨɣ ɫɟɬɢ ɫ ɤɨɧɤɭɪɟɧɰɢɟɣ ɢ ɫɬɚɪɟɧɢɟɦ 

ɭɡɥɨɜ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɥɟɞɭɸɳɢɦ ɢɬɟɪɚɰɢɨɧɧɵɦ ɚɥɝɨ-
ɪɢɬɦɨɦ: 

1. Ɋɨɫɬ. Ƚɟɧɟɪɚɰɢɹ ɫɟɬɢ ɧɚɱɢɧɚɟɬɫɹ ɫ m0 ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɜɟɪɲɢɧ, ɜ 
ɤɚɠɞɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t ɤ ɫɟɬɢ ɞɨɛɚɜɥɹɟɬɫɹ ɧɨɜɚɹ ɜɟɪɲɢɧɚ, ɤɨɬɨɪɚɹ 
ɞɨɥɠɧɚ ɛɵɬɶ ɫɜɹɡɚɧɚ ɫ ɭɠɟ ɫɭɳɟɫɬɜɭɸɳɢɦɢ ɜɟɪɲɢɧɚɦɢ m (m = m0) ɪɟɛ-
ɪɚɦɢ. Ʉɚɤ ɧɚɱɚɥɶɧɵɦ m0 ɜɟɪɲɢɧɚɦ, ɬɚɤ ɢ ɤɚɠɞɨɣ ɢɡ ɞɨɛɚɜɥɹɟɦɵɯ ɜɟɪ-
ɲɢɧ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ )(ηρ  ɩɪɢɩɢɫɵɜɚɟɬɫɹ ɡɧɚɱɟɧɢɟ 
ɮɢɬɧɟɫ-ɩɚɪɚɦɟɬɪɚ η . 

2. Ʌɨɤɚɥɶɧɨɟ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨɟ ɩɪɢɫɨɟɞɢɧɟɧɢɟ ɫ ɭɱɟɬɨɦ ɤɨɧɤɭ-
ɪɟɧɰɢɢ ɢ ɫɬɚɪɟɧɢɹ ɭɡɥɨɜ. ȼ ɤɚɠɞɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t, ɩɟɪɟɞ ɬɟɦ, ɤɚɤ 
ɫɨɟɞɢɧɢɬɶ ɧɨɜɭɸ ɜɟɪɲɢɧɭ ɫ ɭɠɟ ɫɭɳɟɫɬɜɭɸɳɢɦɢ, ɫɥɭɱɚɣɧɵɦ ɨɛɪɚɡɨɦ 

ɜɵɛɢɪɚɟɬɫɹ M ɜɟɪɲɢɧ, ɬɟɦ ɫɚɦɵɦ ɮɨɪɦɢɪɭɟɬɫɹ «ɥɨɤɚɥɶɧɵɣ ɦɢɪ». Ɋɟɛ-

ɪɚ ɞɨɛɚɜɥɹɸɬɫɹ ɦɟɠɞɭ ɧɨɜɨɣ ɜɟɪɲɢɧɨɣ ɢ m ɜɟɪɲɢɧɚɦɢ ɥɨɤɚɥɶɧɨɝɨ ɦɢ-

ɪɚ. ȼɟɪɨɹɬɧɨɫɬɶ ɫɜɹɡɵɜɚɧɢɹ ɧɟɤɨɬɨɪɨɝɨ ɭɡɥɚ i ɥɨɤɚɥɶɧɨɝɨ ɦɢɪɚ ɫ ɧɨɜɵɦ 

ɭɡɥɨɦ ɪɚɜɧɚ: 
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Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɩɪɢ mM =  ɦɟɯɚɧɢɡɦ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨɝɨ 
ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɫ ɭɱɟɬɨɦ ɮɢɬɧɟɫ-ɩɚɪɚɦɟɬɪɚ ɢ ɫɬɚɪɟɧɢɹ «ɧɟ ɪɚɛɨɬɚɟɬ», 

ɧɨɜɚɹ ɜɟɪɲɢɧɚ ɛɭɞɟɬ ɫɜɹɡɚɧɚ ɫ ɤɚɠɞɨɣ ɢɡ ɜɟɪɲɢɧ ɥɨɤɚɥɶɧɨɝɨ ɦɢɪɚ. 
ɇɚɩɪɨɬɢɜ, ɩɪɢ ɛɨɥɶɲɢɯ M ɧɢɤɚɤ ɧɟ ɩɪɨɹɜɥɹɟɬɫɹ ɷɮɮɟɤɬ ɥɨɤɚɥɶɧɨɝɨ 
ɦɢɪɚ.  

Ⱥɧɚɥɢɡ ɬɨɩɨɥɨɝɢɢ ɢ ɤɨɪɪɟɥɹɰɢɣ ɥɨɤɚɥɶɧɨ-ɦɢɪɨɜɵɯ ɫɟɬɟɣ ɫ 
ɤɨɧɤɭɪɟɧɰɢɟɣ ɢ ɫɬɚɪɟɧɢɟɦ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɵɲɟɨɩɢɫɚɧɧɵɦɢ ɚɥɝɨ-
ɪɢɬɦɚɦɢ ɦɵ ɝɟɧɟɪɢɪɨɜɚɥɢ ɥɨɤɚɥɶɧɨ-ɦɢɪɨɜɵɟ ɫɟɬɢ ɫ ɤɨɧɤɭɪɟɧɰɢɟɣ ɢ 

ɫɬɚɪɟɧɢɟɦ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɣ ɪɚɡɦɟɪɚ ɥɨɤɚɥɶɧɨɝɨ ɦɢɪɚ M, ɫɥɭ-
ɱɚɣɧɨɝɨ ɢ ɫɬɟɩɟɧɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɣ ɮɢɬɧɟɫ-ɩɚɪɚɦɟɬɪɚ ɢ ɪɚɡɥɢɱɧɵɯ 
ɡɧɚɱɟɧɢɣ ɩɨɤɚɡɚɬɟɥɹ ɫɬɚɪɟɧɢɹ α . Ɇɵ ɫɬɪɨɢɥɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɬɟɩɟɧɟɣ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɥɢɱɢɹ ɢ ɯɚɪɚɤɬɟɪɚ ɤɨɪɪɟɥɹɰɢɣ ɜ ɫɟɬɢ ɜɵɱɢɫɥɹɥɢɫɶ 
ɡɚɜɢɫɢɦɨɫɬɢ ɫɪɟɞɧɟɣ ɫɬɟɩɟɧɢ ɛɥɢɠɚɣɲɢɯ ɫɨɫɟɞɟɣ ɜɟɪɲɢɧɵ ɨɬ ɟɟ ɫɬɟɩɟ-
ɧɢ )(kK nn . Ʉɚɤ ɨɬɦɟɱɟɧɨ ɜ (Caldarelli G., 2007), ɡɚɜɢɫɢɦɨɫɬɶ )(kK nn  ɦɨ-

ɠɟɬ ɩɪɨɹɜɥɹɬɶ ɪɚɡɥɢɱɧɨɟ ɩɨɜɟɞɟɧɢɟ. ȿɫɥɢ )(kK nn  ɫ ɪɨɫɬɨɦ k ɜɨɡɪɚɫɬɚɟɬ, 
ɬ.ɟ., ɨɤɚɡɵɜɚɟɬɫɹ, ɱɬɨ ɜɟɪɲɢɧɵ ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨ ɫɨ-
ɟɞɢɧɟɧɵ ɫ ɜɟɪɲɢɧɚɦɢ ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ, ɬɨ ɤɨɪɪɟɥɹɰɢɢ ɫɬɟɩɟɧɟɣ ɜɟɪ-
ɲɢɧ ɜ ɫɟɬɢ ɧɨɫɹɬ ɚɫɫɨɪɬɚɬɢɜɧɵɣ ɯɚɪɚɤɬɟɪ (ɚɫɫɨɪɬɚɬɢɜɧɨɟ ɫɦɟɲɢɜɚɧɢɟ). 
ȿɫɥɢ ɫ ɪɨɫɬɨɦ k ɡɧɚɱɟɧɢɹ )(kK nn  ɭɦɟɧɶɲɚɸɬɫɹ, ɬ.ɟ. ɜɟɪɲɢɧɵ ɛɨɥɶɲɟɣ 

ɫɬɟɩɟɧɢ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɫɨɟɞɢɧɟɧɵ ɫ ɜɟɪɲɢɧɚɦɢ ɦɚɥɵɯ ɫɬɟɩɟɧɟɣ, ɯɚ-
ɪɚɤɬɟɪ ɤɨɪɪɟɥɹɰɢɣ ɞɢɫɚɫɫɨɪɬɚɬɢɜɧɵɣ (ɞɢɫɚɫɫɨɪɬɚɬɢɜɧɨɟ ɫɦɟɲɢɜɚɧɢɟ). 
ȿɫɥɢ ɫɪɟɞɧɹɹ ɫɬɟɩɟɧɶ ɛɥɢɠɚɣɲɢɯ ɫɨɫɟɞɟɣ nnK  ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɫɬɟɩɟɧɢ k , 

ɫɟɬɶ ɧɟɤɨɪɪɟɥɢɪɨɜɚɧɚ. 
ɇɚ ɪɢɫ. 1 ɩɪɢɜɟɞɟɧɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɬɟɩɟɧɟɣ ɜɟɪɲɢɧ ɞɥɹ ɫɟɬɟɣ, 

ɫɝɟɧɟɪɢɪɨɜɚɧɧɵɯ ɩɪɢ ɫɥɟɞɭɸɳɢɯ ɩɚɪɚɦɟɬɪɚɯ ɦɨɞɟɥɢ: 30 == mm , ɱɢɫɥɨ 
ɞɨɛɚɜɥɹɟɦɵɯ ɜɟɪɲɢɧ 10000=T , ɚ) 3=M ; b) 50=M ; ɫ) 500=M . 

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɡɧɚɱɟɧɢɣ ɮɢɬɧɟɫ–ɩɚɪɚɦɟɬɪɚ 1)( =ηρ , ɡɧɚɱɟɧɢɟ ɩɨɤɚɡɚɬɟɥɹ 
ɫɬɚɪɟɧɢɹ 0=α , ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɥɨɤɚɥɶɧɨ-ɦɢɪɨɜɨɣ ɦɨɞɟɥɢ ɛɟɡ 
ɫɬɚɪɟɧɢɹ ɢ ɤɨɧɤɭɪɟɧɰɢɢ. 

Раздел 5. Математическая теория и вычислительные методы
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Ɋɢɫ. 1. Ɋɚɫɩɪɟɞɟɥɟɧɢɹ ɫɬɟɩɟɧɟɣ ɞɥɹ ɅɆ ɫɟɬɢ: m = m0 = 3, T = 10000, ɚ) M = 3; 

b) M = 50; ɫ) M = 500. 

ɉɨɤɚɡɚɧɧɵɟ ɧɚ ɪɢɫ. 2 ɡɚɜɢɫɢɦɨɫɬɢ )(kK nn  ɞɥɹ ɜɵɲɟɭɤɚɡɚɧɧɵɯ 
ɬɪɟɯ ɫɟɬɟɣ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɅɆ ɫɟɬɢ ɢɦɟɸɬ ɚɫɫɨɪɬɚɬɢɜɧɵɣ ɯɚɪɚɤɬɟɪ, 
ɨɞɧɚɤɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɪɚɡɦɟɪɚ ɥɨɤɚɥɶɧɨɝɨ ɦɢɪɚ ɫɬɟɩɟɧɶ ɤɨɪɪɟɥɹɰɢɢ 

ɭɦɟɧɶɲɚɟɬɫɹ, ɩɪɢ ɛɨɥɶɲɢɯ ɡɧɚɱɟɧɢɹɯ M ɫɟɬɶ ɫɬɚɧɨɜɢɬɫɹ ɧɟɤɨɪɪɟɥɢɪɨ-

ɜɚɧɧɨɣ.  
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Ɋɢɫ. 2. Ɂɚɜɢɫɢɦɨɫɬɶ ( )nnK k  ɞɥɹ ɅɆ ɫɟɬɢ: m = m0 = 3, T = 10000, ɚ) M = 3; 

b) M = 50; ɫ) M = 500. 

0,0001

0,001

0,01

0,1

1

1 10 100

k

P
k

a

0,0001

0,001

0,01

0,1

1

1 10 100 1000

k

P
k

b

0,0001

0,001

0,01

0,1

1

1 10 100 1000

k

P
k

c

 
Ɋɢɫ. 3. Ɋɚɫɩɪɟɞɟɥɟɧɢɹ ɫɬɟɩɟɧɟɣ ɞɥɹ ɅɆɄ ɫɟɬɢ ɫ ɨɞɧɨɪɨɞɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ 

ɡɧɚɱɟɧɢɣ ɮɢɬɧɟɫ-ɩɚɪɚɦɟɬɪɚ: m = m0 = 3, T = 10000, ɚ) M = 3; b) M = 50; ɫ) 
M = 500. 
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Ɋɢɫ. 4. Ɂɚɜɢɫɢɦɨɫɬɶ ( )nnK k  ɞɥɹ ɅɆɄ ɫɟɬɢ ɫ ɨɞɧɨɪɨɞɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ 

ɡɧɚɱɟɧɢɣ ɮɢɬɧɟɫ-ɩɚɪɚɦɟɬɪɚ: m = m0 = 3, T = 10000, ɚ) M = 3; b) M = 50; ɫ) 
M = 500. ɇɚ ɪɢɫ. 3–4 ɩɪɢɜɟɞɟɧɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɬɟɩɟɧɟɣ ɜɟɪɲɢɧ ɢ ɡɚɜɢɫɢ-

ɦɨɫɬɶ )(kKnn ɞɥɹ ɥɨɤɚɥɶɧɨ–ɦɢɪɨɜɵɯ ɫɟɬɟɣ ɫ ɤɨɧɤɭɪɟɧɰɢɟɣ (ɅɆɄ) ɞɥɹ 
ɫɥɭɱɚɹ ɨɞɧɨɪɨɞɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɮɢɬɧɟɫ-ɩɚɪɚɦɟɬɪɚ, ɫɝɟɧɟɪɢɪɨɜɚɧɧɵɯ 
ɩɪɢ ɫɥɟɞɭɸɳɢɯ ɩɚɪɚɦɟɬɪɚɯ ɦɨɞɟɥɢ: m = m0 = 3, T = 10000, ɚ) M = 3; 

b) M = 50; ɫ) M = 500. 

ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɞɥɹ ɦɚɥɵɯ ɡɧɚɱɟɧɢɣ M ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɬɟɩɟɧɟɣ 

ɢɦɟɟɬ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɭɸ ɮɨɪɦɭ, ɢ ɫɟɬɶ ɹɜɥɹɟɬɫɹ ɚɫɫɨɪɬɚɬɢɜɧɨɣ. ɋ ɭɜɟ-
ɥɢɱɟɧɢɟɦ M ɫɟɬɶ ɫɬɚɧɨɜɢɬɫɹ ɦɚɫɲɬɚɛɧɨ-ɢɧɜɚɪɢɚɧɬɧɨɣ, ɩɪɢ ɷɬɨɦ ɯɚɪɚɤ-
ɬɟɪ ɤɨɪɪɟɥɹɰɢɣ ɦɟɧɹɟɬɫɹ, ɚ ɢɦɟɧɧɨ, ɫɟɬɶ ɫɬɚɧɨɜɢɬɫɹ ɫɧɚɱɚɥɚ ɧɟɤɨɪɪɟɥɢ-

ɪɨɜɚɧɧɨɣ, ɢ ɩɪɢ ɞɚɥɶɧɟɣɲɟɦ ɪɨɫɬɟ M ɩɪɢɨɛɪɟɬɚɟɬ ɞɢɫɚɫɫɨɪɬɚɬɢɜɧɵɣ 

ɯɚɪɚɤɬɟɪ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɦɟɟɬ ɦɟɫɬɨ ɬɨɩɨɥɨɝɢɱɟɫɤɢɣ ɮɚɡɨɜɵɣ ɩɟɪɟ-
ɯɨɞ, ɫɨɩɪɨɜɨɠɞɚɟɦɵɣ ɢɡɦɟɧɟɧɢɟɦ ɯɚɪɚɤɬɟɪɚ ɤɨɪɪɟɥɹɰɢɣ ɜ ɫɟɬɢ.  
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Ɋɢɫ. 5. Ɋɚɫɩɪɟɞɟɥɟɧɢɹ ɫɬɟɩɟɧɟɣ ɞɥɹ ɅɆɄ ɫɟɬɢ c ɫɬɟɩɟɧɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ 

Ɏɉ ( ) C ψρ η η −= : m = m0 = 3, T = 10000, ɚ) M = 3; b) M = 50; ɫ) M = 500; 2ψ = . 

 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɥɨɤɚɥɶɧɨ-ɦɢɪɨɜɵɯ ɫɟɬɟɣ ɫ ɤɨɧɤɭɪɟɧɰɢɟɣ ɞɥɹ ɫɥɭɱɚɹ 
ɫɬɟɩɟɧɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɮɢɬɧɟɫ-ɩɚɪɚɦɟɬɪɨɜ ψηηρ −= C)( , ɩɪɨɜɨɞɢ-

ɥɨɫɶ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɣ ψ . ɇɢɠɟ ɦɵ ɩɪɢɜɨɞɢɦ ɪɟɡɭɥɶɬɚɬɵ ɞɥɹ 
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ɡɧɚɱɟɧɢɣ ψ  = 2 ɢ 3. ɇɚ ɪɢɫ. 5–6 ɩɨɤɚɡɚɧɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɬɟɩɟɧɟɣ ɞɥɹ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɟɬɟɣ, ɧɚ ɪɢɫ. 7–8 — ɡɚɜɢɫɢɦɨɫɬɢ )(kKnn . 
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Ɋɢɫ. 6. Ɋɚɫɩɪɟɞɟɥɟɧɢɹ ɫɬɟɩɟɧɟɣ ɞɥɹ ɅɆɄ ɫɟɬɢ c ɫɬɟɩɟɧɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ 

Ɏɉ ( ) C ψρ η η −= : m = m0 = 3, T = 10000, ɚ) M = 3; b) M = 50; ɫ) M = 500; 3=ψ . 
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Ɋɢɫ. 7. Ɂɚɜɢɫɢɦɨɫɬɶ )(kKnn  ɞɥɹ ɅɆɄ ɫɟɬɢ c ɫɬɟɩɟɧɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ Ɏɉ 

ψηηρ −= C)( : m = m0 = 3, T = 10000, ɚ) M = 3; b) M = 50; ɫ) M = 500; 2=ψ . 

ɂɡ ɪɢɫɭɧɤɨɜ ɫɥɟɞɭɟɬ, ɱɬɨ ɢ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɪɚɡɦɟɪɚ 
ɥɨɤɚɥɶɧɨɝɨ ɦɢɪɚ M ɬɨɩɨɥɨɝɢɹ ɫɟɬɢ ɦɟɧɹɟɬɫɹ ɨɬ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɣ ɤ 
ɫɬɟɩɟɧɧɨɣ, ɢ ɷɬɨ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɢɡɦɟɧɟɧɢɟɦ ɯɚɪɚɤɬɟɪɚ ɤɨɪɪɟɥɹɰɢɣ. 

ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɨɤɚɡɚɬɟɥɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɬɟɩɟɧɟɣ ɱɭɜɫɬɜɢ-

ɬɟɥɟɧ ɤ ɩɨɤɚɡɚɬɟɥɸ ψ  ɫɬɟɩɟɧɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɮɢɬɧɟɫ-ɩɚɪɚɦɟɬɪɚ. ɋ 

ɭɜɟɥɢɱɟɧɢɟɦ ψ  ɩɨɤɚɡɚɬɟɥɶ γ  ɬɚɤɠɟ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. ɉɨ ɫɪɚɜɧɟɧɢɸ ɫɨ 
ɫɥɭɱɚɟɦ ɨɞɧɨɪɨɞɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɮɢɬɧɟɫ-ɩɚɪɚɦɟɬɪɚ ɡɞɟɫɶ ɩɟɪɟɯɨɞ 
ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ M ɨɬ ɚɫɫɨɪɬɚɬɢɜɧɨɣ ɤ ɞɢɫɚɫɫɨɪɬɚɬɢɜɧɨɣ ɫɟɬɢ ɩɪɨɢɫɯɨ-
ɞɢɬ ɩɪɚɤɬɢɱɟɫɤɢ ɛɟɡ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɧɟɤɨɪɪɟɥɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ. 

a b c 

a b c 

Гаджиев Б. Р., Прогулова Т. Б., Щетинина Д. П. — МКО – 2009, т. 2, стр. 85–98
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Ɋɢɫ. 8. Ɂɚɜɢɫɢɦɨɫɬɶ )(kKnn  ɞɥɹ ɅɆɄ ɫɟɬɢ c ɫɬɟɩɟɧɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ Ɏɉ 

ψηηρ −= C)( : m = m0 = 3, T = 10000, ɚ) M = 3; b) M = 50; ɫ) M = 500; 3=ψ . 
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Ɋɢɫ. 9. Ɋɚɫɩɪɟɞɟɥɟɧɢɹ ɫɬɟɩɟɧɟɣ ɞɥɹ ɅɆ ɫɟɬɢ c ɤɨɧɤɭɪɟɧɰɢɟɣ ɢ ɫɬɚɪɟɧɢɟɦ: 
ψηηρ −= C)( , 2=ψ , 10 == mm , 50=M , a) 2,0=α ; b) 1=α ; ɫ) 2=α . 
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Ɋɢɫ. 10. Ɂɚɜɢɫɢɦɨɫɬɶ )(kKnn

 ɞɥɹ ɅɆ ɫɟɬɢ c ɤɨɧɤɭɪɟɧɰɢɟɣ ɢ ɫɬɚɪɟɧɢɟɦ: 

ψηηρ −=C)( , 2=ψ , 10 == mm , 50=M , a) 2,0=α ; b) 1=α ; ɫ) 2=α . 

ɇɚ ɪɢɫ. 9–10 ɩɨɤɚɡɚɧɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɬɟɩɟɧɟɣ ɢ ɡɚɜɢɫɢɦɨɫɬɢ 

)(kKnn  ɞɥɹ ɥɨɤɚɥɶɧɨ-ɦɢɪɨɜɨɣ ɫɟɬɢ ɫ ɤɨɧɤɭɪɟɧɰɢɟɣ ɢ ɫɬɚɪɟɧɢɟɦ ɩɪɢ ɪɚɡ-
ɧɵɯ ɡɧɚɱɟɧɢɹɯ ɩɨɤɚɡɚɬɟɥɹ ɫɬɚɪɟɧɢɹ α . ɋɟɬɢ ɫɝɟɧɟɪɢɪɨɜɚɧɵ ɩɪɢ ɫɥɟ-
ɞɭɸɳɢɯ ɩɚɪɚɦɟɬɪɚɯ ɦɨɞɟɥɢ: 10 == mm , 10000=T , M = 50; a) 2,0=α ; b) 

1=α ; ɫ) 2=α .  

ɋ ɪɨɫɬɨɦ α  ɬɨɩɨɥɨɝɢɹ ɫɟɬɢ ɦɟɧɹɟɬɫɹ ɨɬ ɫɬɟɩɟɧɧɨɣ ɤ 
ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɣ, ɢ ɷɬɨɬ ɩɟɪɟɯɨɞ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɩɟɪɟɯɨɞɨɦ ɨɬ 
ɞɢɫɚɫɫɨɪɬɚɬɢɜɧɨɣ ɫɟɬɢ ɤ ɧɟɤɨɪɪɟɥɢɪɨɜɚɧɧɨɣ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɬɚɪɟɧɢɟ 
ɭɡɥɨɜ ɩɪɢɜɨɞɢɬ ɤ ɪɚɡɪɭɲɟɧɢɸ ɤɨɪɪɟɥɹɰɢɣ ɜ ɫɟɬɢ. ɉɪɢ ɦɚɥɵɯ ɡɧɚɱɟɧɢɹɯ 

a b c 

a b c 

a b c 
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ɪɚɡɪɭɲɟɧɢɸ ɤɨɪɪɟɥɹɰɢɣ ɜ ɫɟɬɢ. ɉɪɢ ɦɚɥɵɯ ɡɧɚɱɟɧɢɹɯ mM ≈  ɫɬɚɪɟɧɢɟ 
ɧɟ ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɹ ɧɚ ɬɨɩɨɥɨɝɢɸ ɢ ɯɚɪɚɤɬɟɪ ɤɨɪɪɟɥɹɰɢɣ ɫɟɬɢ. 

ɍɫɬɨɣɱɢɜɨɫɬɶ ɥɨɤɚɥɶɧɨ-ɦɢɪɨɜɵɯ ɫɟɬɟɣ ɫ ɤɨɧɤɭɪɟɧɰɢɟɣ ɢ ɫɬɚ-
ɪɟɧɢɟɦ. Ⱦɥɹ ɚɧɚɥɢɡɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɪɚɫɫɦɚɬɪɢɜɚɥɨɫɶ ɞɜɚ ɬɢɩɚ ɜɨɡɞɟɣɫɬ-
ɜɢɣ ɧɚ ɫɟɬɶ — ɫɥɭɱɚɣɧɵɟ ɨɬɤɚɡɵ ɭɡɥɨɜ ɢ ɧɚɩɪɚɜɥɟɧɧɵɟ ɚɬɚɤɢ. ȼ ɩɟɪɜɨɦ 

ɫɥɭɱɚɟ ɢɡ ɫɟɬɢ ɫɥɭɱɚɣɧɵɦ ɨɛɪɚɡɨɦ ɭɞɚɥɹɥɚɫɶ ɞɨɥɹ p ɜɟɪɲɢɧ. ȼɨ ɜɬɨɪɨɦ, 

ɢɡ ɫɟɬɢ ɭɞɚɥɹɥɢɫɶ ɜɟɪɲɢɧɵ ɫɨ ɫɬɟɩɟɧɶɸ cutoffkk > . ɋɬɪɨɢɥɢɫɶ ɡɚɜɢɫɢɦɨ-
ɫɬɢ ɞɨɥɢ ɜɟɪɲɢɧ ɫɟɬɢ, ɩɪɢɧɚɞɥɟɠɚɳɢɯ ɧɚɢɛɨɥɶɲɟɣ ɫɜɹɡɚɧɧɨɣ ɤɨɦɩɨ-

ɧɟɧɬɟ, ɨɬ ɞɨɥɢ ɭɞɚɥɟɧɧɵɯ ɜɟɪɲɢɧ (ɩɪɢ ɢɡɦɟɧɟɧɢɹɯ p ɢ cutoffk , ɫɨɨɬɜɟɬ-
ɫɬɜɟɧɧɨ). Ɉɩɪɟɞɟɥɹɥɫɹ ɩɨɪɨɝ, ɬɨ ɟɫɬɶ ɬɚɤɨɟ ɡɧɚɱɟɧɢɟ ɞɨɥɢ ɭɞɚɥɟɧɧɵɯ 
ɜɟɪɲɢɧ, ɩɪɢ ɤɨɬɨɪɨɦ ɫɟɬɶ «ɪɚɫɫɵɩɚɟɬɫɹ», ɬ.ɟ. ɞɨɥɹ ɜɟɪɲɢɧ, ɩɪɢɧɚɞɥɟ-
ɠɚɳɢɯ ɧɚɢɛɨɥɶɲɟɣ ɫɜɹɡɚɧɧɨɣ ɤɨɦɩɨɧɟɧɬɟ, ɫɬɚɧɨɜɢɬɫɹ ɛɥɢɡɤɚ ɤ ɧɭɥɸ ɢ, 

ɬɟɦ ɫɚɦɵɦ, ɫɢɫɬɟɦɚ ɬɟɪɹɟɬ ɫɜɨɟ ɰɟɥɨɫɬɧɨɟ ɫɜɨɣɫɬɜɨ.  
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Ɋɢɫ. 11. ɍɫɬɨɣɱɢɜɨɫɬɶ ɩɨ ɨɬɧɨɲɟɧɢɸ 

ɤ ɧɚɩɪɚɜɥɟɧɧɵɦ ɚɬɚɤɚɦ ɞɥɹ ɅɆ ɫɟɬɢ: 

m = m0 = 3, T = 10000, ɚ) M = 3; 

b) M = 50; ɫ) M = 500. 

Ɋɢɫ. 12. ɍɫɬɨɣɱɢɜɨɫɬɶ ɩɨ ɨɬɧɨɲɟɧɢɸ 

ɤ ɫɥɭɱɚɣɧɵɦ ɨɬɤɚɡɚɦ ɞɥɹ ɅɆ ɫɟɬɢ: 

m = m0 = 3, T = 10000, ɚ) M = 3; 

b) M = 50; ɫ) M = 500. 

Ⱥɧɚɥɢɡ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɟɬɟɣ ɩɪɨɜɨɞɢɥɫɹ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɪɚɡɦɟɪɨɜ 
ɥɨɤɚɥɶɧɨɝɨ ɦɢɪɚ M .  

ɇɚ ɪɢɫ. 11 ɢ 12 ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ 

ɥɨɤɚɥɶɧɨ-ɦɢɪɨɜɵɯ ɫɟɬɟɣ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɧɚɩɪɚɜɥɟɧɧɵɦ ɚɬɚɤɚɦ ɢ 

ɫɥɭɱɚɣɧɵɦ ɨɬɤɚɡɚɦ. Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɨɜ, ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 
ɫɥɭɱɚɣɧɵɦ ɨɬɤɚɡɚɦ ɭɫɬɨɣɱɢɜɨɫɬɶ ɅɆ ɫɟɬɟɣ ɨɬ ɪɚɡɦɟɪɚ ɥɨɤɚɥɶɧɨɝɨ ɦɢɪɚ 
M ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɡɚɜɢɫɢɬ. ɉɨ ɨɬɧɨɲɟɧɢɸ ɤ ɧɚɩɪɚɜɥɟɧɧɵɦ ɚɬɚɤɚɦ 

ɩɨɪɨɝɨɜɵɟ ɡɧɚɱɟɧɢɹ ɭɦɟɧɶɲɚɸɬɫɹ ɫ ɪɨɫɬɨɦ ɪɚɡɦɟɪɚ ɦɚɥɨɝɨ ɦɢɪɚ M. 

Ⱥɧɚɥɢɡ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɟɬɟɣ, ɫɝɟɧɟɪɢɪɨɜɚɧɧɵɯ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɥɨ-
ɤɚɥɶɧɨ-ɦɢɪɨɜɨɣ ɦɨɞɟɥɶɸ ɫ ɤɨɧɤɭɪɟɧɰɢɟɣ, ɬɚɤɠɟ ɩɪɨɜɨɞɢɥɫɹ ɞɥɹ ɪɚɡ-
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ɥɢɱɧɵɯ ɪɚɡɦɟɪɨɜ ɥɨɤɚɥɶɧɨɝɨ ɦɢɪɚ M ɢ ɞɥɹ ɞɜɭɯ ɜɢɞɨɜ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɮɢɬɧɟɫ–ɩɚɪɚɦɟɬɪɚ )(ηρ ; ɨɞɧɨɪɨɞɧɨɝɨ ɢ ɫɬɟɩɟɧɧɨɝɨ. ɇɚ ɪɢɫ. 13 ɢ 14 

ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɧɚ-
ɩɪɚɜɥɟɧɧɵɦ ɚɬɚɤɚɦ ɢ ɫɥɭɱɚɣɧɵɦ ɨɬɤɚɡɚɦ ɞɥɹ ɫɥɭɱɚɹ ɨɞɧɨɪɨɞɧɨɝɨ ɪɚɫ-
ɩɪɟɞɟɥɟɧɢɹ ɮɢɬɧɟɫ–ɩɚɪɚɦɟɬɪɨɜ. Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɨɜ, ɩɨ ɨɬɧɨɲɟɧɢɸ 

ɤ ɫɥɭɱɚɣɧɵɦ ɨɬɤɚɡɚɦ ɭɫɬɨɣɱɢɜɨɫɬɶ ɨɬ ɪɚɡɦɟɪɚ ɥɨɤɚɥɶɧɨɝɨ ɦɢɪɚ M ɩɪɚɤ-
ɬɢɱɟɫɤɢ ɧɟ ɡɚɜɢɫɢɬ. ɉɨ ɨɬɧɨɲɟɧɢɸ ɤ ɧɚɩɪɚɜɥɟɧɧɵɦ ɚɬɚɤɚɦ ɩɨɪɨɝɨɜɵɟ 
ɡɧɚɱɟɧɢɹ ɭɦɟɧɶɲɚɸɬɫɹ ɫ ɪɨɫɬɨɦ ɪɚɡɦɟɪɚ ɥɨɤɚɥɶɧɨɝɨ ɦɢɪɚ M, ɩɪɢɱɟɦ 

ɛɵɫɬɪɟɟ, ɱɟɦ ɜ ɫɥɭɱɚɟ ɥɨɤɚɥɶɧɨ-ɦɢɪɨɜɨɣ ɦɨɞɟɥɢ ɛɟɡ ɭɱɟɬɚ ɮɢɬɧɟɫ-
ɩɚɪɚɦɟɬɪɚ. 
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Ɋɢɫ. 13. ɍɫɬɨɣɱɢɜɨɫɬɶ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 
ɧɚɩɪɚɜɥɟɧɧɵɦ ɚɬɚɤɚɦ ɞɥɹ ɅɆɄ ɫɟɬɢ ɫ 
ɨɞɧɨɪɨɞɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɡɧɚɱɟɧɢɣ 

ɮɢɬɧɟɫ–ɩɚɪɚɦɟɬɪɚ: m = m0 = 3, 

T = 10000, ɚ) M = 3; b) M = 50; ɫ) 
M = 500. 

Ɋɢɫ. 14. ɍɫɬɨɣɱɢɜɨɫɬɶ ɩɨ ɨɬɧɨɲɟ-
ɧɢɸ ɤ ɫɥɭɱɚɣɧɵɦ ɨɬɤɚɡɚɦ ɞɥɹ ɅɆɄ 

ɫɟɬɢ ɫ ɨɞɧɨɪɨɞɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ 

ɡɧɚɱɟɧɢɣ ɮɢɬɧɟɫ–ɩɚɪɚɦɟɬɪɚ: 
m = m0 = 3, T = 10000, ɚ) M = 3; 

b) M = 50; ɫ) M = 500. 

ɇɚ ɪɢɫ. 15–16 ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɨ 
ɨɬɧɨɲɟɧɢɸ ɤ ɧɚɩɪɚɜɥɟɧɧɵɦ ɚɬɚɤɚɦ ɥɨɤɚɥɶɧɨ-ɦɢɪɨɜɵɯ ɫɟɬɟɣ ɫ ɤɨɧɤɭɪɟɧ-

ɰɢɟɣ ɞɥɹ ɫɥɭɱɚɹ ɫɬɟɩɟɧɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɮɢɬɧɟɫ-ɩɚɪɚɦɟɬɪɚ. Ʉɚɤ ɜɢɞɧɨ 
ɢɡ ɪɢɫɭɧɤɨɜ, ɩɨɪɨɝɨɜɵɟ ɡɧɚɱɟɧɢɹ ɭɦɟɧɶɲɚɸɬɫɹ ɫ ɪɨɫɬɨɦ ɪɚɡɦɟɪɚ ɥɨɤɚɥɶ-
ɧɨɝɨ ɦɢɪɚ M , ɩɪɢɱɟɦ ɩɪɢ ɦɟɧɶɲɢɯ ɡɧɚɱɟɧɢɹɯ α  ɛɵɫɬɪɟɟ. ɉɪɢ ɭɜɟɥɢɱɟ-
ɧɢɢ ɩɨɤɚɡɚɬɟɥɹ ɫɬɟɩɟɧɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɮɢɬɧɟɫ-ɩɚɪɚɦɟɬɪɚ ɞɥɹ ɛɨɥɶ-
ɲɢɯ ɪɚɡɦɟɪɨɜ ɥɨɤɚɥɶɧɨɝɨ ɦɢɪɚ M , ɡɧɚɱɟɧɢɟ ɩɨɪɨɝɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ.  
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Ɋɢɫ. 15. ɍɫɬɨɣɱɢɜɨɫɬɶ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 
ɧɚɩɪɚɜɥɟɧɧɵɦ ɚɬɚɤɚɦ ɞɥɹ ɅɆɄ ɫɟɬɢ c 

ɫɬɟɩɟɧɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ Ɏɉ 
ψηηρ −=C)( : 0 3m m= = , ɚ) 3=M ; b) 

50M = ; ɫ) 500M = ; 2=ψ . 

Ɋɢɫ. 16. ɍɫɬɨɣɱɢɜɨɫɬɶ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 
ɧɚɩɪɚɜɥɟɧɧɵɦ ɚɬɚɤɚɦ ɞɥɹ ɅɆɄ ɫɟɬɢ c 

ɫɬɟɩɟɧɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ Ɏɉ 
ψηηρ −=C)( : 0 3m m= = , ɚ) 3=M ; b) 

50M = ; ɫ) 500M = ; 3ψ = . 

ɇɚ ɪɢɫ. 17 ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɥɨ-
ɤɚɥɶɧɨ-ɦɢɪɨɜɵɯ ɫɟɬɟɣ ɫ ɤɨɧɤɭɪɟɧɰɢɟɣ ɢ ɫɬɚɪɟɧɢɟɦ.  

ɉɪɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɢɯ ɡɧɚɱɟɧɢɹɯ M, ɤɨɝɞɚ ɫɟɬɶ ɜɫɟ ɟɳɟ ɚɫ-
ɫɨɪɬɚɬɢɜɧɚ, ɨɧɚ ɨɤɚɡɵɜɚɟɬɫɹ ɛɨɥɟɟ ɭɫɬɨɣɱɢɜɨɣ ɤ ɧɚɩɪɚɜɥɟɧɧɵɦ ɚɬɚɤɚɦ, 

ɱɟɦ ɞɥɹ ɛɨɥɶɲɢɯ ɡɧɚɱɟɧɢɣ M, ɤɨɝɞɚ ɫɟɬɶ ɫɬɚɧɨɜɢɬɫɹ ɞɢɫɚɫɫɨɪɬɚɬɢɜɧɨɣ. 

ȼ ɨɛɨɢɯ ɫɥɭɱɚɹɯ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɩɨɤɚɡɚɬɟɥɹ ɫɬɚɪɟɧɢɹ α  ɩɪɨɢɫɯɨɞɢɬ ɭɜɟ-
ɥɢɱɟɧɢɟ ɩɨɪɨɝɚ ɭɫɬɨɣɱɢɜɨɫɬɶ ɫɟɬɢ. 

Ɉɛɫɭɠɞɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ. ɉɪɨɜɟɞɟɧɧɵɣ ɚɧɚɥɢɡ ɭɫɬɨɣɱɢɜɨɫɬɢ ɥɨ-
ɤɚɥɶɧɨ-ɦɢɪɨɜɵɯ ɫɟɬɟɣ ɫ ɤɨɧɤɭɪɟɧɰɢɟɣ ɢ ɫɬɚɪɟɧɢɟɦ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɫɥɭ-
ɱɚɣɧɵɦ ɨɬɤɚɡɚɦ ɢ ɧɚɩɪɚɜɥɟɧɧɵɦ ɚɬɚɤɚɦ, ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɪɹɞ ɜɵɜɨɞɨɜ. 

ɉɨ ɨɬɧɨɲɟɧɢɸ ɤ ɫɥɭɱɚɣɧɵɦ ɨɬɤɚɡɚɦ ɧɟɤɨɪɪɟɥɢɪɨɜɚɧɧɵɟ ɢ ɤɨɪɪɟ-
ɥɢɪɨɜɚɧɧɵɟ ɫɟɬɢ ɜɟɞɭɬ ɫɟɛɹ ɩɪɚɤɬɢɱɟɫɤɢ ɨɞɢɧɚɤɨɜɨ. ɉɨ ɨɬɧɨɲɟɧɢɸ ɤ 
ɧɚɩɪɚɜɥɟɧɧɵɦ ɚɬɚɤɚɦ ɭɫɬɨɣɱɢɜɨɫɬɶ ɞɢɫɚɫɫɨɪɬɚɬɢɜɧɵɯ ɫɟɬɟɣ ɨɤɚɡɵɜɚɟɬ-
ɫɹ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟ, ɱɟɦ ɞɥɹ ɧɟɤɨɪɪɟɥɢɪɨɜɚɧɧɵɯ ɦɚɫɲɬɚɛɧɨ-
ɢɧɜɚɪɢɚɧɬɧɵɯ ɫɟɬɟɣ, ɚ ɭɫɬɨɣɱɢɜɨɫɬɶ ɚɫɫɨɪɬɚɬɢɜɧɵɯ ɫɟɬɟɣ, ɧɚɩɪɨɬɢɜ, 
ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɲɟ. 
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Ɋɢɫ. 17. ɍɫɬɨɣɱɢɜɨɫɬɶ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɧɚɩɪɚɜɥɟɧɧɵɦ ɚɬɚɤɚɦ ɞɥɹ ɅɆ ɫɟɬɢ ɫ 
ɤɨɧɤɭɪɟɧɰɢɟɣ ɢ ɫɬɚɪɟɧɢɟɦ; ɪɚɫɩɪɟɞɟɥɟɧɢɟ Ɏɉ ψηηρ −=C)( , 2=ψ ; 

0 3m m= = , 50=M  ɩɪɢ ɚ) 2,0=a ; b) 1=a ; ɫ) 2=a . 

ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɫ ɢɡɦɟɧɟɧɢɟɦ ɪɚɡɦɟɪɚ ɥɨɤɚɥɶɧɨɝɨ ɦɢɪɚ 
M ɩɪɨɢɫɯɨɞɢɬ ɬɪɚɧɫɮɨɪɦɚɰɢɹ ɬɨɩɨɥɨɝɢɢ ɅɆ ɫɟɬɢ ɨɬ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɣ 

ɤ ɫɬɟɩɟɧɧɨɣ. ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɜɨɡɧɢɤɚɟɬ ɡɚɜɢɫɢɦɨɫɬɶ ɭɫɬɨɣɱɢɜɨɫɬɢ ɅɆ 

ɫɟɬɟɣ ɨɬ ɪɚɡɦɟɪɚ ɥɨɤɚɥɶɧɨɝɨ ɦɢɪɚ, ɚ ɢɦɟɧɧɨ, ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɪɚɡɦɟɪɚ 
ɥɨɤɚɥɶɧɨɝɨ ɦɢɪɚ ɭɫɬɨɣɱɢɜɨɫɬɶ ɫɟɬɢ ɭɦɟɧɶɲɚɟɬɫɹ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɢ 

ɪɨɫɬɟ ɪɚɡɦɟɪɚ ɥɨɤɚɥɶɧɨɝɨ ɦɢɪɚ M  ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɟɯɨɞ ɨɬ ɚɫɫɨɪɬɚɬɢɜ-
ɧɨɣ ɫɟɬɢ ɤ ɧɟɤɨɪɪɟɥɢɪɨɜɚɧɧɨɣ. ɉɨɪɨɝɨɜɵɟ ɡɧɚɱɟɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɥɨ-
ɤɚɥɶɧɨ-ɦɢɪɨɜɨɣ ɫɟɬɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɧɚɩɪɚɜɥɟɧɧɵɦ ɚɬɚɤɚɦ ɭɦɟɧɶɲɚ-
ɸɬɫɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɪɚɡɦɟɪɚ ɥɨɤɚɥɶɧɨɝɨ ɦɢɪɚ M . 

Ɍɨɩɨɥɨɝɢɹ ɅɆɄ ɫɟɬɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɮɢɬɧɟɫ–
ɩɚɪɚɦɟɬɪɨɜ, ɬɚɤ ɢ ɪɚɡɦɟɪɨɦ ɥɨɤɚɥɶɧɨɝɨ ɦɢɪɚ M . ȼ ɫɥɭɱɚɟ ɨɞɧɨɪɨɞɧɨɝɨ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɮɢɬɧɟɫ–ɩɚɪɚɦɟɬɪɨɜ ɬɨɩɨɥɨɝɢɹ ɅɆɄ ɫɟɬɢ ɫ ɢɡɦɟɧɟɧɢɟɦ 

ɪɚɡɦɟɪɚ ɥɨɤɚɥɶɧɨɝɨ ɦɢɪɚ M  ɬɪɚɧɫɮɨɪɦɢɪɭɟɬɫɹ ɨɬ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɣ ɤ 
ɩɪɢɛɥɢɠɟɧɧɨ ɫɬɟɩɟɧɧɨɣ (ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɬɟɩɟɧɟɣ ɹɜɥɹɟɬɫɹ ɫɬɟɩɟɧɧɵɦ 

ɬɨɥɶɤɨ ɩɪɢ ɛɨɥɶɲɢɯ ɡɧɚɱɟɧɢɹɯ k). ȼɚɠɧɨ ɩɨɞɱɟɪɤɧɭɬɶ, ɱɬɨ ɜ ɫɥɭɱɚɟ 
ɅɆɎ ɫɟɬɢ ɢɦɟɟɬ ɦɟɫɬɨ ɢɡɦɟɧɟɧɢɟ ɯɚɪɚɤɬɟɪɚ ɤɨɪɪɟɥɹɰɢɢ ɜ ɫɟɬɢ, ɚ ɢɦɟɧ-

ɧɨ, ɟɫɥɢ ɩɪɢ ɪɚɡɦɟɪɚɯ ɥɨɤɚɥɶɧɨɝɨ ɦɢɪɚ M  ɩɨɪɹɞɤɚ ɱɢɫɥɚ ɞɨɛɚɜɥɹɟɦɵɯ 
ɪɟɛɟɪ 0m  ɫɟɬɶ ɧɨɫɢɬ ɹɜɧɨ ɜɵɪɚɠɟɧɧɵɣ ɚɫɫɨɪɬɚɬɢɜɧɵɣ ɯɚɪɚɤɬɟɪ, ɬɨ ɩɪɢ 

ɭɜɟɥɢɱɟɧɢɢ M  ɨɧɚ ɫɧɚɱɚɥɚ ɫɬɚɧɨɜɢɬɫɹ ɧɟɤɨɪɪɟɥɢɪɨɜɚɧɧɨɣ, ɚ ɡɚɬɟɦ, ɞɢ-
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ɫɚɫɫɨɪɬɚɬɢɜɧɨɣ. ɂ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɫɥɭɱɚɣɧɵɦ ɨɬɤɚɡɚɦ 

ɚɫɫɨɪɬɚɬɢɜɧɵɟ ɢ ɞɢɫɚɫɫɨɪɬɚɬɢɜɧɵɟ ɅɆɄ ɫɟɬɢ ɜɟɞɭɬ ɫɟɛɹ ɩɪɚɤɬɢɱɟɫɤɢ 

ɨɞɢɧɚɤɨɜɨ. ɉɨ ɨɬɧɨɲɟɧɢɸ ɤ ɧɚɩɪɚɜɥɟɧɧɵɦ ɚɬɚɤɚɦ ɭɫɬɨɣɱɢɜɨɫɬɶ ɞɢɫɚɫ-
ɫɨɪɬɚɬɢɜɧɵɯ ɅɆɎ ɫɟɬɟɣ ɨɤɚɡɵɜɚɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟ, ɱɟɦ ɞɥɹ ɚɫ-
ɫɨɪɬɚɬɢɜɧɵɯ ɅɆɎ ɫɟɬɟɣ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɥɨɤɚɥɶɧɨ-ɦɢɪɨɜɵɯ ɫɟɬɟɣ ɫ ɤɨɧɤɭɪɟɧɰɢɟɣ ɢ ɫɬɚɪɟɧɢ-

ɟɦ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɩɨɤɚɡɚɬɟɥɹ ɫɬɚɪɟɧɢɹ α  ɩɪɨɢɫɯɨɞɢɬ 
ɭɜɟɥɢɱɟɧɢɟ ɩɨɪɨɝɚ ɭɫɬɨɣɱɢɜɨɫɬɶ ɫɟɬɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɧɚɩɪɚɜɥɟɧɧɵɦ 

ɚɬɚɤɚɦ, ɱɬɨ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɫɜɹɡɚɧɨ ɤɚɤ ɫ ɢɡɦɟɧɟɧɢɟɦ ɬɨɩɨɥɨɝɢɢ, ɬɚɤ ɢ 

ɯɚɪɚɤɬɟɪɚ ɤɨɪɪɟɥɹɰɢɣ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɥɨɤɚɥɶɧɨ-ɦɢɪɨɜɚɹ ɦɨɞɟɥɶ ɫ ɤɨɧɤɭɪɟɧɰɢɟɣ ɢ ɫɬɚ-
ɪɟɧɢɟɦ ɩɪɨɹɜɥɹɟɬ ɛɨɥɟɟ ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ ɫɜɨɣɫɬɜ. ɋ ɭɱɟɬɨɦ ɜɨɡɦɨɠɧɨ-
ɫɬɟɣ ɢɡɦɟɧɟɧɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɮɢɬɧɟɫ-ɩɚɪɚɦɟɬɪɚ, ɨɧɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨ-
ɛɨɣ ɛɨɥɟɟ ɦɨɳɧɵɣ ɢɧɫɬɪɭɦɟɧɬ ɞɥɹ ɚɧɚɥɢɡɚ ɫɟɬɟɣ ɪɟɚɥɶɧɨɝɨ ɦɢɪɚ.  
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EFFECT OF AGING ON A LOCAL-WORLD NETWORK 

WITH COMPETITION 

 

Gadjiev B. R., Progulova T. B., Shchetinina D. P. 

 

 

We present an algorithm for generation of local-world networks with nodes’ 

competition that is a generalization of the local-world evolving network 

model. We generated such networks for different distributions of fitness pa-

rameters and showed that changing distribution of fitness parameter strongly 

alters network topology. Besides, we demonstrate that in cases of homogene-

ous and power-law distributions of the fitness parameter network alters from 

assortative to non-correlated and then to disassortative. For these cases we 

studied network resistance to random-type failures and targeted attacks.  
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