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ȼ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɤɨɥɥɟɤɬɢɜɧɵɯ ɦɨɞ 
ɞɜɢɠɟɧɢɹ ɱɚɫɬɢɰ ɜ ɤɥɚɫɬɟɪɟ ɦɨɥɟɤɭɥ ɜɨɞɵ. ɇɚ ɩɪɢɦɟɪɟ ɩɟɧɬɚɦɟɪɚ ɜɨɞɵ 
ɩɨɤɚɡɚɧɨ, ɱɬɨ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɷɧɟɪɝɢɢ ɩɨ ɜɵɞɟɥɟɧɧɵɦ ɤɨɥɥɟɤɬɢɜɧɵɦ ɦɨ-
ɞɚɦ ɜ ɦɚɥɵɯ ɤɥɚɫɬɟɪɚɯ ɦɨɥɟɤɭɥ ɜɨɞɵ ɧɨɫɢɬ ɫɥɨɠɧɵɣ ɯɚɪɚɤɬɟɪ. ɑɢɫɥɨ 
ɚɤɬɢɜɧɵɯ ɦɨɞ ɡɚɜɢɫɢɬ ɨɬ ɷɧɟɪɝɢɢ ɧɚɱɚɥɶɧɨɝɨ ɜɨɡɛɭɠɞɟɧɢɹ ɫɢɫɬɟɦɵ. 
ɉɨɤɚɡɚɧɨ, ɱɬɨ ɚɤɬɢɜɚɰɢɹ ɦɨɞ ɤɨɪɪɟɥɢɪɭɟɬ ɫɨ ɫɬɪɭɤɬɭɪɧɨɣ ɬɪɚɧɫɮɨɪ-
ɦɚɰɢɟɣ ɫɟɬɤɢ ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ. Ⱦɥɹ ɩɟɧɬɚɦɟɪɚ ɜɨɞɵ ɩɨɥɭɱɟɧɵ ɨɰɟɧɤɢ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɨɪɨɝɨɜ ɢɡɨɦɟɪɢɡɚɰɢɢ ɢ ɮɪɚɝɦɟɧɬɚɰɢɢ ɤɥɚɫɬɟɪɚ. 
 

 

ȼɜɟɞɟɧɢɟ. Ʉɥɚɫɬɟɪɵ ɜɨɞɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɥɚɛɨɫɜɹɡɚɧɧɵɟ 
ɦɨɥɟɤɭɥɹɪɧɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɢɡɭɱɟɧɢɟ ɜɧɭɬɪɟɧɧɟɣ ɞɢɧɚɦɢɤɢ ɤɨɬɨɪɵɯ 
ɫɬɚɥɤɢɜɚɟɬɫɹ ɫ ɨɩɪɟɞɟɥɟɧɧɵɦɢ ɬɪɭɞɧɨɫɬɹɦɢ. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɠɞɭ 

ɦɨɥɟɤɭɥɚɦɢ ɜɨɞɵ ɜ ɤɥɚɫɬɟɪɟ ɧɨɫɢɬ ɤɨɦɩɥɟɤɫɧɵɣ ɢ ɧɟ ɞɨ ɤɨɧɰɚ ɜɵɹɫ-
ɧɟɧɧɵɣ ɯɚɪɚɤɬɟɪ, ɩɨɷɬɨɦɭ ɞɥɹ ɟɝɨ ɨɩɢɫɚɧɢɹ ɢɫɩɨɥɶɡɭɸɬɫɹ ɪɚɡɧɵɟ ɫɟ-
ɦɟɣɫɬɜɚ ɩɨɬɟɧɰɢɚɥɨɜ. Ɉɞɧɚɤɨ, ɧɚɥɢɱɢɟ ɩɨɬɟɧɰɢɚɥɚ ɜ ɚɧɚɥɢɬɢɱɟɫɤɨɦ ɜɢ-

ɞɟ ɧɟ ɨɛɥɟɝɱɚɟɬ ɡɚɞɚɱɢ ɢɡɭɱɟɧɢɹ ɜɧɭɬɪɟɧɧɟɣ ɞɢɧɚɦɢɤɢ ɜ ɤɥɚɫɬɟɪɟ, ɬɚɤ 
ɤɚɤ ɤɥɚɫɬɟɪɵ ɜɨɞɵ ɨɬɧɨɫɹɬɫɹ ɤ ɤɥɚɫɫɭ ɧɟɥɢɧɟɣɧɵɯ ɦɨɥɟɤɭɥɹɪɧɵɯ ɫɢɫ-
ɬɟɦ, ɞɥɹ ɤɨɬɨɪɵɯ ɫɬɚɧɞɚɪɬɧɨɟ ɩɪɢɛɥɢɠɟɧɢɟ ɬɢɩɚ «ɝɚɪɦɨɧɢɱɟɫɤɢɣ ɨɫ-
ɰɢɥɥɹɬɨɪ + ɠɟɫɬɤɢɣ ɪɨɬɚɬɨɪ» ɧɟ ɩɪɢɟɦɥɟɦɨ ɢɡ-ɡɚ ɫɢɥɶɧɨɝɨ ɩɟɪɟɦɟɲɢ-

ɜɚɧɢɹ ɪɚɡɧɵɯ ɬɢɩɨɜ ɞɜɢɠɟɧɢɹ. Ɉɞɢɧ ɢɡ ɩɭɬɟɣ ɪɟɲɟɧɢɹ ɷɬɨɣ ɩɪɨɛɥɟɦɵ 

ɫɜɹɡɚɧ ɫ ɢɡɭɱɟɧɢɟɦ ɤɨɥɥɟɤɬɢɜɧɵɯ ɷɮɮɟɤɬɨɜ — ɞɢɧɚɦɢɤɢ ɫɟɬɤɢ ɜɨɞɨ-
ɪɨɞɧɵɯ ɫɜɹɡɟɣ, ɱɬɨ ɜɵɡɵɜɚɟɬ ɛɨɥɶɲɨɣ ɢɧɬɟɪɟɫ ɭ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ ɢɡ-ɡɚ 
ɪɨɥɢ ɜɨɞɵ, ɤɨɬɨɪɭɸ ɨɧɚ ɢɝɪɚɟɬ ɜ ɩɪɢɪɨɞɟ (Liu, Cruzan et al., 1996). ɋɭ-

ɳɟɫɬɜɟɧɧɵɦ ɩɪɟɩɹɬɫɬɜɢɟɦ ɜ ɢɡɭɱɟɧɢɢ ɜɧɭɬɪɟɧɧɟɣ ɞɢɧɚɦɢɤɢ ɤɥɚɫɬɟɪɨɜ 
ɦɨɥɟɤɭɥ ɜɨɞɵ ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɦɧɨɝɨɦɟɪɧɨɫɬɶ ɮɚɡɨɜɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ, ɜ 
ɤɨɬɨɪɨɦ ɨɩɢɫɵɜɚɟɬɫɹ ɬɪɚɟɤɬɨɪɢɹ ɞɜɢɠɟɧɢɹ. ɉɨɷɬɨɦɭ ɜɨɩɪɨɫ ɨ ɜɵɞɟɥɟ-
ɧɢɢ ɷɮɮɟɤɬɢɜɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɦɟɧɶɲɟɣ ɪɚɡɦɟɪɧɨɫɬɢ, ɜ ɤɨɬɨɪɨɦ ɜ ɨɫ-
ɧɨɜɧɨɦ ɩɪɨɢɫɯɨɞɢɬ ɞɜɢɠɟɧɢɟ ɫɢɫɬɟɦɵ, ɹɜɥɹɟɬɫɹ ɤɪɚɣɧɟ ɚɤɬɭɚɥɶɧɵɦ. ȼ 

ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɞɥɹ ɨɩɢɫɚɧɢɹ ɢ ɚɧɚɥɢɡɚ ɜɧɭɬɪɟɧɧɟɣ ɞɢɧɚɦɢɤɢ ɦɚɥɵɯ 
ɤɥɚɫɬɟɪɨɜ ɜɨɞɵ ɚɜɬɨɪɵ ɩɪɟɞɥɚɝɚɸɬ ɩɨɞɯɨɞ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɜɵɞɟɥɟɧɢɢ 

ɷɮɮɟɤɬɢɜɧɵɯ ɦɨɞ ɤɨɥɥɟɤɬɢɜɧɨɝɨ ɞɜɢɠɟɧɢɹ ɱɚɫɬɢɰ ɧɟɥɢɧɟɣɧɨɣ ɞɢɧɚɦɢ-

ɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɫ ɛɨɥɶɲɢɦ ɱɢɫɥɨɦ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ, ɤɨɬɨɪɵɣ ɯɨɪɨɲɨ 
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ɡɚɪɟɤɨɦɟɧɞɨɜɚɥ ɫɟɛɹ ɩɪɢ ɢɡɭɱɟɧɢɢ ɫɥɚɛɨɫɜɹɡɚɧɧɵɯ (ɜɚɧ-ɞɟɪ-
ɜɚɚɥɶɫɨɜɵɯ) ɤɥɚɫɬɟɪɨɜ (Ȼɟɥɟɝɚ ɢ ɞɪ., 2002). 

Ɇɟɬɨɞ ɷɮɮɟɤɬɢɜɧɵɯ ɦɨɞ. Ɇɟɬɨɞ ɷɮɮɟɤɬɢɜɧɵɯ ɦɨɞ ɨɫɧɨɜɚɧ ɧɚ 
ɩɪɟɞɫɬɚɜɥɟɧɢɢ ɤɨɥɥɟɤɬɢɜɧɨɝɨ ɞɜɢɠɟɧɢɹ ɱɚɫɬɢɰ ɤɚɤ ɫɭɩɟɪɩɨɡɢɰɢɢ ɨɪɬɨ-
ɝɨɧɚɥɶɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ (ɦɨɞ ɞɜɢɠɟɧɢɹ) ɫɨ ɫɥɟɞɭɸɳɢɦɢ ɷɤɫɬɪɟɦɚɥɶ-
ɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. ɉɟɪɜɵɟ m ɦɨɞ ɧɚɢɛɨɥɟɟ ɬɨɱɧɨ ɚɩɩɪɨɤɫɢɦɢɪɭɸɬ ɞɢ-

ɧɚɦɢɤɭ ɫɢɫɬɟɦɵ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɥɸɛɵɦ ɞɪɭɝɢɦ ɨɪɬɨɝɨɧɚɥɶɧɵɦ ɪɚɡɥɨ-
ɠɟɧɢɟɦ. ɗɮɮɟɤɬɢɜɧɵɟ ɦɨɞɵ, ɪɚɫɫɱɢɬɚɧɧɵɟ ɜ ɢɦɩɭɥɶɫɧɨɦ ɩɨɞɩɪɨɫɬɪɚɧ-

ɫɬɜɟ, ɧɚɞɟɥɟɧɵ ɩɪɨɫɬɵɦ ɮɢɡɢɱɟɫɤɢɦ ɫɦɵɫɥɨɦ: ɨɧɢ ɨɬɪɚɠɚɸɬ ɪɚɫɩɪɟɞɟ-
ɥɟɧɢɟ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɩɨ ɤɨɥɥɟɤɬɢɜɧɵɦ ɫɬɟɩɟɧɹɦ ɫɜɨɛɨɞɵ.  

ɇɚ ɩɪɢɦɟɪɟ ɤɥɚɫɬɟɪɨɜ ɜɨɞɵ, ɪɚɫɲɢɪɢɦ ɦɟɬɨɞ, ɢɡɥɨɠɟɧɧɵɣ ɜ (Ȼɟ-
ɥɟɝɚ ɢ ɞɪ., 2002) ɧɚ ɫɥɭɱɚɣ ɞɢɧɚɦɢɤɢ ɱɚɫɬɢɰ ɪɚɡɧɵɯ ɦɚɫɫ. Ɋɚɫɫɦɨɬɪɢɦ 

ɞɜɢɠɟɧɢɟ ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɜ ɢɦɩɭɥɶɫɧɨɦ ɩɨɞɩɪɨɫɬɪɚɧɫɬɜɟ NEp  

ɪɚɡɦɟɪɧɨɫɬɢ N. ȼ ɤɚɠɞɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ),0[ Tt ∈  (ɝɞɟ T  — ɜɪɟɦɹ ɧɚ-
ɛɥɸɞɟɧɢɹ) ɦɧɨɝɨɦɟɪɧɵɣ ɜɟɤɬɨɪ ɢɦɩɭɥɶɫɚ ( ) Nt E∈ p

p  ɫɢɫɬɟɦɵ ɢɡ n ɱɚɫ-

ɬɢɰ ɫ ɦɚɫɫɚɦɢ im  ( ni ,1= ) ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɜɢɞɟ ɫɭɩɟɪɩɨɡɢɰɢɢ 

N ɷɮɮɟɤɬɢɜɧɵɯ ɦɨɞ ( nN 3= ): 

1

( ) ( ( ), )
N

k k

k

t t
=

=∑p p e e . 

ɍɩɨɪɹɞɨɱɟɧɧɵɣ ɨɪɬɨɧɨɪɦɢɪɨɜɚɧɧɵɣ ɛɚɡɢɫ { }
1,k Nk N

E
=

⊂ p
e  ɨɩɪɟɞɟɥɹɟɬ 

ɝɥɚɜɧɵɟ ɧɚɩɪɚɜɥɟɧɢɹ ɜ ɮɚɡɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ, ɜɞɨɥɶ ɤɨɬɨɪɵɯ ɫɨɫɪɟɞɨ-
ɬɨɱɟɧɵ ɦɚɤɫɢɦɚɥɶɧɵɟ ɩɨ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɫɨɫɬɚɜɥɹɸɳɢɟ ɤɨɥɥɟɤ-
ɬɢɜɧɨɝɨ ɞɜɢɠɟɧɢɹ ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ. ɗɮɮɟɤɬɢɜɧɨɣ ɦɨɞɨɣ, ɬɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɧɚɡɵɜɚɟɬɫɹ ɩɪɨɟɤɰɢɹ ˆ ( ) ( ( ), )k k kt t=p p e e  ɧɚ ɤɚɠɞɨɟ ɬɚɤɨɟ ɧɚ-
ɩɪɚɜɥɟɧɢɟ ke . Ɍɚɤɨɣ ɛɚɡɢɫ ɦɨɠɟɬ ɛɵɬɶ ɩɨɫɬɪɨɟɧ ɢ ɭɩɨɪɹɞɨɱɟɧ ɩɪɢ ɪɟ-
ɲɟɧɢɢ ɡɚɞɚɱɢ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɡɧɚɱɟɧɢɹ: 

( ) ( )* 2

k k kt t λ=p p e e ,  

( ) ( )* 2

k k kt t λ=p p g g ,  Nk ,1= , 

ɝɞɟ kg  — ɫɨɩɪɹɠɟɧɧɵɟ ɫ ke ɫɢɧɝɭɥɹɪɧɵɟ ɜɟɤɬɨɪɵ ɜ ɫɨɩɪɹɠɟɧɧɨɦ ɫ NEp  

ɩɪɨɫɬɪɚɧɫɬɜɟ, ɚ 1 2 ... 0,nλ λ λ≥ ≥ ≥ ≥  — ɭɩɨɪɹɞɨɱɟɧɧɵɟ ɩɨ ɧɟɜɨɡɪɚɫɬɚɧɢɸ 

ɫɨɛɫɬɜɟɧɧɵɟ ɡɧɚɱɟɧɢɹ.  
ɉɟɪɜɚɹ ɦɨɞɚ ɫɨɞɟɪɠɢɬ ɛɨɥɶɲɟ ɜɫɟɝɨ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɤɨɥ-

ɥɟɤɬɢɜɧɨɝɨ ɞɜɢɠɟɧɢɹ ɱɚɫɬɢɰ ɫɢɫɬɟɦɵ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɟɪɜɵɟ m 
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( Nm ≤ ) ɷɮɮɟɤɬɢɜɧɵɯ ɦɨɞ ɜ ɫɪɟɞɧɟɦ ɩɨ ɜɪɟɦɟɧɢ ɫɨɞɟɪɠɚɬ ɛɨɥɶɲɟ ɤɢ-

ɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ, ɱɟɦ ɥɸɛɵɟ ɞɪɭɝɢɟ m ɦɨɞ, ɩɨɥɭɱɟɧɧɵɟ ɫ ɩɨɦɨɳɶɸ 

ɥɢɧɟɣɧɨɝɨ ɪɚɡɥɨɠɟɧɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɥɸɛɨɝɨ ɞɪɭɝɨɝɨ ɨɪɬɨɝɨɧɚɥɶɧɨ-
ɝɨ ɛɚɡɢɫɚ ɜ ɢɦɩɭɥɶɫɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ NEp . 

ȼɟɥɢɱɢɧɚ  
2

2

1

k
k N

j

j

λ
η

λ
=

=

∑
  

ɨɩɪɟɞɟɥɹɟɬ ɭɫɪɟɞɧɟɧɧɭɸ ɩɨ ɜɪɟɦɟɧɢ ɞɨɥɸ ɤɚɠɞɨɣ ɦɨɞɵ ɜ ɧɨɜɨɣ ɫɢɫɬɟ-
ɦɟ ɤɨɨɪɞɢɧɚɬ. 

ȼɤɥɚɞ ɤɚɠɞɨɣ k-ɨɣ ɦɨɞɵ ɜ ɦɝɧɨɜɟɧɧɭɸ ɤɢɧɟɬɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ 

ɫɢɫɬɟɦɵ ɨɰɟɧɢɜɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

( )
2

2 2

1

( )
( )

2

in
k

k k k

i i

E t t
m

λ
=

= ∑ e
g , 

ɍɫɪɟɞɧɟɧɧɚɹ ɩɨ ɜɪɟɦɟɧɢ ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ kE  ɜ k-ɨɣ ɦɨɞɟ 
ɦɨɠɟɬ ɛɵɬɶ ɜɵɱɢɫɥɟɧɚ ɩɨ ɮɨɪɦɭɥɟ: 

( )
2
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ɝɞɟ E  — ɫɪɟɞɧɹɹ ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɫɢɫɬɟɦɵ ɡɚ ɜɪɟɦɹ ɧɚɛɥɸɞɟɧɢɹ 
T. Ⱥɧɚɥɨɝɢɱɧɵɟ ɜɵɤɥɚɞɤɢ ɦɨɝɭɬ ɛɵɬɶ ɩɪɨɜɟɞɟɧɵ ɞɥɹ ɤɨɨɪɞɢɧɚɬɧɨɝɨ 
ɩɨɞɩɪɨɫɬɪɚɧɫɬɜɚ NEr  ɤɨɨɪɞɢɧɚɬ ɱɚɫɬɢɰ ( ) Nt E∈ r

r , ɜɯɨɞɹɳɢɯ ɜ ɞɢɧɚɦɢ-

ɱɟɫɤɭɸ ɫɢɫɬɟɦɭ. 

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɜɟɥɢɱɢɧ kη  ɦɨɠɟɬ ɞɚɬɶ ɨɰɟɧɤɭ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɢ-

ɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɩɨ ɧɚɩɪɚɜɥɟɧɢɹɦ ɮɚɡɨɜɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ, ɬɟɦ ɫɚ-
ɦɵɦ, ɞɚɜɚɹ ɤɚɱɟɫɬɜɟɧɧɭɸ ɨɰɟɧɤɭ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ 

ɩɨ ɫɬɟɩɟɧɹɦ ɫɜɨɛɨɞɵ ɢ ɨɩɪɟɞɟɥɹɹ ɷɮɮɟɤɬɢɜɧɭɸ ɪɚɡɦɟɪɧɨɫɬɶ K ( NK ≤ ) 

ɮɚɡɨɜɨɝɨ ɩɨɞɩɪɨɫɬɪɚɧɫɬɜɚ NEp , ɜ ɤɨɬɨɪɨɦ ɫɨɫɪɟɞɨɬɨɱɟɧɨ ɨɫɧɨɜɧɨɟ ɢɡ-
ɦɟɧɟɧɢɟ ɢɦɩɭɥɶɫɚ ɫɢɫɬɟɦɵ, ɤɨɬɨɪɨɟ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɦɨɠɟɬ ɛɵɬɶ ɨɩɢɫɚɧɨ 
K-ɦɟɪɧɨɣ ɚɩɩɪɨɤɫɢɦɚɰɢɟɣ ˆ ( )tp  ɫɨ ɫɪɟɞɧɟɣ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɟɣ Ê : 
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ɋɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɚɹ ɭɫɪɟɞɧɟɧɧɚɹ ɩɨ ɜɪɟɦɟɧɢ ɩɨɝɪɟɲɧɨɫɬɶ ɬɚɤɨɣ ɚɩ-

ɩɪɨɤɫɢɦɚɰɢɢ ɜɵɪɚɠɚɟɬɫɹ ɮɨɪɦɭɥɨɣ: 

1

ˆ
N

K k

k K

E E
= +

Δ = ∑ . 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɞɢɧɚɦɢɤɢ ɤɥɚɫɬɟɪɨɜ ɜɨɞɵ. ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ 
ɩɪɢɦɟɧɟɧɢɹ ɦɟɬɨɞɚ ɞɥɹ ɫɢɫɬɟɦɵ ɱɚɫɬɢɰ ɪɚɡɧɵɯ ɦɚɫɫ ɛɵɥ ɜɡɹɬ ɤɥɚɫɬɟɪ 
ɜɨɞɵ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɦɨɥɟɤɭɥ. Ɇɝɧɨɜɟɧɧɵɟ ɤɨɨɪɞɢɧɚɬɵ ɢ ɫɤɨɪɨɫɬɢ ɱɚɫ-
ɬɢɰ ɜ ɤɥɚɫɬɟɪɟ ɪɚɫɫɱɢɬɵɜɚɥɢɫɶ ɦɟɬɨɞɨɦ ɤɥɚɫɫɢɱɟɫɤɨɣ ɦɨɥɟɤɭɥɹɪɧɨɣ 

ɞɢɧɚɦɢɤɢ. Ʉɥɚɫɫɢɱɟɫɤɢɣ ɝɚɦɢɥɶɬɨɧɢɚɧ ɬɚɤɨɣ ɫɢɫɬɟɦɵ ɦɨɠɟɬ ɛɵɬɶ 
ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɜɢɞɟ: 
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ɝɞɟ 1( ( ),..., ( ))nU t tr r  — ɩɨɬɟɧɰɢɚɥɶɧɚɹ ɷɧɟɪɝɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ 
ɱɚɫɬɢɰɚɦɢ. Ƚɟɧɟɪɚɰɢɹ ɫɜɹɡɚɧɧɵɯ ɧɚɱɚɥɶɧɵɯ ɫɨɫɬɨɹɧɢɣ ɤɥɚɫɬɟɪɚ ɩɪɨɜɨ-
ɞɢɥɚɫɶ ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɩɨ ɫɯɟɦɟ, ɨɩɢɫɚɧɧɨɣ ɪɚɧɟɟ (Ȼɟɥɟɝɚ ɢ ɞɪ., 
2009). ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɩɨɥɭɷɦɩɢɪɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɦɨɥɟɤɭɥɚɦɢ ɜɨɞɵ ɠɟɫɬɤɨɝɨ ɬɢɩɚ TIP5P (Mahoney 

and Joegensen, 2000). ɑɢɫɥɟɧɧɨɟ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ ɭɪɚɜɧɟɧɢɣ ɞɜɢɠɟɧɢɹ 
ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɫ ɩɨɦɨɳɶɸ ɪɚɡɧɨɫɬɧɨɣ ɫɯɟɦɵ ȼɟɪɥɟɬɚ (Verlet, 1967).  

Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ. ɗɮɮɟɤɬɢɜɧɵɟ ɦɨɞɵ ɜɵɞɟɥɹɥɢɫɶ ɞɥɹ 
ɤɥɚɫɬɟɪɚ, ɫɨɫɬɨɹɳɟɝɨ ɢɡ ɩɹɬɢ ɦɨɥɟɤɭɥ ɜɨɞɵ. Ɍɚɤɢɟ ɤɥɚɫɬɟɪɵ ɛɵɥɢ ɨɛɧɚ-
ɪɭɠɟɧɵ ɜɛɥɢɡɢ ɩɨɜɟɪɯɧɨɫɬɟɣ ɦɨɥɟɤɭɥ ɛɟɥɤɨɜ, ɦɨɥɟɤɭɥ ȾɇɄ (Liu, Brown 

et al., 1996), ɱɬɨ ɩɨɞɱɟɪɤɢɜɚɟɬ ɚɤɬɭɚɥɶɧɨɫɬɶ ɢɡɭɱɟɧɢɹ ɜɧɭɬɪɟɧɧɟɣ ɞɢɧɚ-
ɦɢɤɢ ɦɚɥɵɯ ɤɥɚɫɬɟɪɨɜ ɜɨɞɵ. ɂɡɨɦɟɪ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɝɥɨɛɚɥɶɧɨɦɭ 
ɦɢɧɢɦɭɦɭ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɢ 0 1.653U = − ɷȼ, ɧɚɣɞɟɧɧɨɣ ɜ ɞɚɧɧɨɣ 

ɪɚɛɨɬɟ ɫ ɩɨɦɨɳɶɸ TIP5P ɩɨɬɟɧɰɢɚɥɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨ-
ɛɨɣ ɤɜɚɡɢɤɨɥɶɰɟɜɭɸ ɫɬɪɭɤɬɭɪɭ ɫ ɪɚɫɫɬɨɹɧɢɹɦɢ ɦɟɠɞɭ ɚɬɨɦɚɦɢ ɤɢɫɥɨ-

ɪɨɞɚ ( ) 2.65 0.1A.R O O− = ±
c

 ɗɮɮɟɤɬɢɜɧɵɟ ɦɨɞɵ ɜ ɩɟɧɬɚɦɟɪɟ ɜɨɞɵ ɜɵ-

ɞɟɥɹɥɢɫɶ ɜ ɫɟɪɢɢ ɱɢɫɥɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɫ ɮɢɤɫɢɪɨɜɚɧɧɨɣ ɧɚɱɚɥɶɧɨɣ 

ɤɨɧɮɢɝɭɪɚɰɢɟɣ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɝɥɨɛɚɥɶɧɨɦɭ ɦɢɧɢɦɭɦɭ ɩɨɬɟɧɰɢɚɥɶ-
ɧɨɣ ɷɧɟɪɝɢɢ ɤɥɚɫɬɟɪɚ. Ʉɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ 0E  ɜɚɪɶɢɪɨɜɚɥɚɫɶ ɜ ɢɧɬɟɪ-
ɜɚɥɟ ɨɬ 0.1 ɞɨ 0.8 ɷȼ ɫ ɲɚɝɨɦ, ɪɚɜɧɵɦ 0.05 ɷȼ. Ⱦɥɹ ɜɫɟɯ ɦɨɥɟɤɭɥɹɪɧɨ-
ɞɢɧɚɦɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɲɚɝ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɫɨɫɬɚɜɥɹɥ 1 ɮɫ, ɱɬɨ ɨɛɟɫɩɟ-
ɱɢɥɨ ɫɨɯɪɚɧɟɧɢɟ ɩɨɥɧɨɣ ɷɧɟɪɝɢɢ ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ ɬɪɟɬɶɟɝɨ ɡɧɚɤɚ. ȼɪɟɦɹ 
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ɪɚɫɱɟɬɚ ɬɪɚɟɤɬɨɪɢɣ ɫɨɫɬɚɜɥɹɥɨ ɨɬ 2 ɞɨ 5 ɧɫ. Ɂɧɚɱɟɧɢɹ ɜɫɟɯ ɪɚɫɫɱɢɬɚɧ-

ɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɨɥɭɱɟɧɵ ɭɫɪɟɞɧɟɧɢɟɦ ɩɨ 10 ɬɪɚɟɤɬɨɪɢɹɦ ɞɥɹ ɤɚɠɞɨɝɨ 
ɡɧɚɱɟɧɢɹ 0E . 

ɇɚ ɪɢɫ. 1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɞɨɥɢ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɜ 
ɷɮɮɟɤɬɢɜɧɵɯ ɦɨɞɚɯ kη  ɩɪɢ ɪɚɡɧɵɯ ɷɧɟɪɝɢɹɯ ɜɨɡɛɭɠɞɟɧɢɹ 

0E  ɤɥɚɫɬɟɪɚ. 

 
Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɞɨɥɢ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ kη  ɜ ɷɮɮɟɤɬɢɜɧɵɯ ɦɨɞɚɯ ɩɪɢ 

ɪɚɡɧɵɯ ɷɧɟɪɝɢɹɯ ɜɨɡɛɭɠɞɟɧɢɹ 0E  ɞɥɹ ɩɟɧɬɚɦɟɪɚ ɜɨɞɵ. 

ɇɚ ɪɢɫ. 2 ɩɨɤɚɡɚɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɣ ɞɥɢɧɵ ɫɜɹɡɢ 

ɦɟɠɞɭ ɚɬɨɦɚɦɢ A ɢ B ɜ ɤɥɚɫɬɟɪɟ ɩɪɢ ɪɚɡɧɵɯ ɧɚɱɚɥɶɧɵɯ ɷɧɟɪɝɢɹɯ ɜɨɡ-
ɛɭɠɞɟɧɢɹ ɫɢɫɬɟɦɵ. Ɂɚɜɢɫɢɦɨɫɬɢ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɩɭɬɟɦ ɨɰɟɧɤɢ ɩɚɪɚ-
ɦɟɬɪɚ, ɩɨɥɭɱɢɜɲɟɝɨ ɧɚɡɜɚɧɢɹ ɢɧɞɟɤɫ Ʌɢɧɞɟɦɚɧɚ ɢ ɪɚɫɫɱɢɬɵɜɚɟɦɨɝɨ 
ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
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ɝɞɟ ABN  — ɱɢɫɥɨ ɩɚɪ ɚɬɨɦɨɜ ɬɢɩɨɜ A ɢ B, ijr  — ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɚɬɨ-
ɦɚɦɢ (Verigi and Farantos, 1993). ɍɝɥɨɜɵɟ ɫɤɨɛɤɢ ɨɡɧɚɱɚɸɬ ɭɫɪɟɞɧɟɧɢɟ 
ɡɚ ɜɪɟɦɹ ɧɚɛɥɸɞɟɧɢɹ ɡɚ ɫɢɫɬɟɦɨɣ. 

 
Ɋɢɫ. 2. Ɉɬɧɨɫɢɬɟɥɶɧɨɟ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɪɚɫɫɬɨɹɧɢɣ ɦɟɠɞɭ 

ɚɬɨɦɚɦɢ ɩɟɧɬɚɦɟɪɚ ɜɨɞɵ, ɪɚɫɫɱɢɬɚɧɧɨɟ ɩɨ ɮɨɪɦɭɥɟ Ʌɢɧɞɟɦɚɧɚ ɩɪɢ ɪɚɡɧɵɯ 

ɧɚɱɚɥɶɧɵɯ ɤɢɧɟɬɢɱɟɫɤɢɯ ɷɧɟɪɝɢɹɯ ɜɨɡɛɭɠɞɟɧɢɹ 0E .  

Ɋɟɡɭɥɶɬɚɬɵ ɱɢɫɥɟɧɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɞɚɧɧɨɣ 

ɪɚɛɨɬɟ ɫ ɩɨɦɨɳɶɸ ɪɢɫɭɧɤɨɜ 1 ɢ 2, ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɫ ɪɨɫɬɨɦ ɷɧɟɪɝɢɢ 

ɜɨɡɛɭɠɞɟɧɢɹ ɫɢɫɬɟɦɵ ɩɪɨɢɫɯɨɞɢɬ ɚɤɬɢɜɚɰɢɹ ɝɪɭɩɩɵ ɷɮɮɟɤɬɢɜɧɵɯ ɦɨɞ. 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫ. 2, ɫɭɳɟɫɬɜɟɧɧɨɟ ɢɡɦɟɧɟɧɢɟ ɪɚɫɫɬɨɹɧɢɣ ɦɟɠɞɭ ɚɬɨɦɚ-
ɦɢ ɤɢɫɥɨɪɨɞɚ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ ɧɚɱɚɥɶɧɨɣ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɫɢɫɬɟ-
ɦɵ 0E , ɩɪɟɜɨɫɯɨɞɹɳɟɣ 0.4 ɷȼ. Ⱦɨ ɷɬɨɝɨ ɡɧɚɱɟɧɢɹ, ɧɟɫɦɨɬɪɹ ɧɚ ɪɟɡɤɨɟ 
ɭɜɟɥɢɱɟɧɢɟ ɪɚɫɫɬɨɹɧɢɣ ɦɟɠɞɭ ɚɬɨɦɚɦɢ ɜɨɞɨɪɨɞɚ, ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ 
ɚɬɨɦɚɦɢ ɤɢɫɥɨɪɨɞɚ ɜ ɤɥɚɫɬɟɪɟ ɢɡɦɟɧɹɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɨ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ 
ɨɬɫɭɬɫɬɜɢɟɦ ɫɬɪɭɤɬɭɪɧɵɯ ɢɡɦɟɧɟɧɢɣ ɜ ɫɟɬɤɟ ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ ɩɟɧɬɚ-
ɦɟɪɚ. Ʉɨɥɶɰɨ ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ ɢɫɤɚɠɚɟɬɫɹ, ɧɨ ɧɢ ɨɞɧɚ ɢɡ ɜɨɞɨɪɨɞɧɵɯ 
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ɫɜɹɡɟɣ ɧɟ ɪɚɡɪɵɜɚɟɬɫɹ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɩɨɪɨɝ ɢɡɨɦɟɪɢ-

ɡɚɰɢɢ ɤɥɚɫɬɟɪɚ ɨɰɟɧɢɜɚɥɫɹ ɩɪɢ ɜɢɡɭɚɥɶɧɨɦ ɧɚɛɥɸɞɟɧɢɢ ɡɚ ɞɜɢɠɟɧɢɟɦ 

ɱɚɫɬɢɰ. ɋɬɪɭɤɬɭɪɧɵɟ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɫɟɬɤɢ ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ ɛɵɥɢ 

ɨɛɧɚɪɭɠɟɧɵ ɩɪɢ ɷɧɟɪɝɢɹɯ ɤɥɚɫɬɟɪɚ, ɩɪɟɜɵɲɚɸɳɢɯ 0 0.45ɷȼ.E =  ȼ ɨɛ-

ɥɚɫɬɢ ɷɧɟɪɝɢɣ ɜɨɡɛɭɠɞɟɧɢɹ ɨɬ 0.45 ɷȼ ɞɨ 0.6 ɷȼ ɧɚɛɥɸɞɚɟɬɫɹ ɚɤɬɢɜɧɚɹ 
ɬɪɚɧɫɮɨɪɦɚɰɢɹ ɤɨɥɶɰɚ ɫɟɬɤɢ ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ, ɱɬɨ ɨɬɪɚɠɟɧɨ ɧɚ ɪɢ-

ɫɭɧɤɟ 1 ɤɚɤ ɚɤɬɢɜɚɰɢɹ ɝɪɭɩɩɵ ɦɨɞ ɤɨɥɥɟɤɬɢɜɧɨɝɨ ɞɜɢɠɟɧɢɹ ɚɬɨɦɨɜ ɜ 
ɤɥɚɫɬɟɪɟ ɢ ɧɚ ɪɢɫɭɧɤɟ 2 ɤɚɤ ɫɭɳɟɫɬɜɟɧɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɪɚɫɫɬɨɹɧɢɣ ɦɟɠ-

ɞɭ ɚɬɨɦɚɦɢ (ɜɤɥɸɱɚɹ ɚɬɨɦɵ ɤɢɫɥɨɪɨɞɚ). Ⱦɚɥɶɧɟɣɲɟɟ ɭɜɟɥɢɱɟɧɢɟ ɜɨɡ-
ɛɭɠɞɟɧɢɹ ɫɢɫɬɟɦɵ ɩɪɢɜɨɞɢɬ ɤ ɮɪɚɝɦɟɧɬɚɰɢɢ ɤɥɚɫɬɟɪɚ, ɤɨɬɨɪɚɹ ɛɵɥɚ 
ɡɚɮɢɤɫɢɪɨɜɚɧɚ ɩɪɢ ɧɚɱɚɥɶɧɨɣ ɷɧɟɪɝɢɢ ɜɨɡɛɭɠɞɟɧɢɹ 0 0.6 ɷȼ.E =  

Ɂɚɤɥɸɱɟɧɢɟ. ȼ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧ ɦɟɬɨɞ ɜɵɞɟɥɟɧɢɹ ɷɮɮɟɤɬɢɜ-
ɧɵɯ ɦɨɞ ɤɨɥɥɟɤɬɢɜɧɨɝɨ ɞɜɢɠɟɧɢɹ ɱɚɫɬɢɰ ɜ ɦɚɥɵɯ ɦɨɥɟɤɭɥɹɪɧɵɯ ɤɥɚ-
ɫɬɟɪɚɯ. Ɇɟɬɨɞ ɷɮɮɟɤɬɢɜɧɵɯ ɦɨɞ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɱɢɫɥɨ ɚɤɬɢɜɧɵɯ 
ɦɨɞ ɩɪɢ ɪɚɡɧɨɣ ɫɬɟɩɟɧɢ ɜɨɡɛɭɠɞɟɧɢɹ ɤɥɚɫɬɟɪɚ. ɗɮɮɟɤɬɢɜɧɵɟ ɦɨɞɵ, 

ɪɚɫɫɱɢɬɚɧɧɵɟ ɞɥɹ ɩɟɧɬɚɦɟɪɚ ɦɨɥɟɤɭɥ ɜɨɞɵ, ɩɨɤɚɡɚɥɢ, ɱɬɨ ɤɢɧɟɬɢɱɟɫɤɚɹ 
ɷɧɟɪɝɢɹ ɧɟɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɤɨɥɥɟɤɬɢɜɧɵɦ ɬɢɩɚɦ ɞɜɢɠɟ-
ɧɢɹ. ɋ ɪɨɫɬɨɦ ɷɧɟɪɝɢɢ ɩɪɨɢɫɯɨɞɢɬ ɚɤɬɢɜɚɰɢɹ ɦɨɞ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɟɪɟ-
ɪɚɫɩɪɟɞɟɥɟɧɢɸ ɷɧɟɪɝɢɢ ɩɨ ɦɨɞɚɦ. ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɢɧɟ-
ɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɩɨ ɦɨɞɚɦ ɢ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɞɥɢɧɵ 

ɫɜɹɡɢ ɦɟɠɞɭ ɱɚɫɬɢɰɚɦɢ ɜ ɤɥɚɫɬɟɪɟ ɩɨɡɜɨɥɹɟɬ ɜɵɹɜɢɬɶ ɩɨɪɨɝɢ ɢɡɨɦɟɪɢ-

ɡɚɰɢɢ ɢ ɮɪɚɝɦɟɧɬɚɰɢɢ ɦɨɥɟɤɭɥɹɪɧɨɣ ɫɢɫɬɟɦɵ. ȼ ɩɟɧɬɚɦɟɪɟ ɜɨɞɵ ɚɤɬɢ-

ɜɚɰɢɹ ɷɮɮɟɤɬɢɜɧɵɯ ɦɨɞ ɫɜɹɡɚɧɚ ɫ ɢɡɨɦɟɪɢɡɚɰɢɟɣ ɤɥɚɫɬɟɪɚ, ɚ ɢɦɟɧɧɨ — 

ɫɨ ɫɬɪɭɤɬɭɪɧɵɦɢ ɬɪɚɧɫɮɨɪɦɚɰɢɹɦɢ ɫɟɬɤɢ ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ. ɉɪɢɦɟ-
ɧɟɧɧɵɣ ɜ ɪɚɛɨɬɟ ɦɟɬɨɞ ɷɮɮɟɤɬɢɜɧɵɯ ɦɨɞ ɦɨɠɟɬ ɛɵɬɶ ɪɚɫɲɢɪɟɧ ɧɚ ɞɪɭ-
ɝɢɟ ɫɥɚɛɨɫɜɹɡɚɧɧɵɟ ɦɨɥɟɤɭɥɹɪɧɵɟ ɫɢɫɬɟɦɵ. 
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EFFECTIVE MODES OF MOTION IN WATER CLUSTERS 
 

Belega E. D., Trubnikov D. N., Cheremukhin E. A. 
 

 
The results of the study of collective modes of motion in small water cluster 
are presented. It is found that for five-molecules cluster partition of the ener-
gy among the modes is sophisticated and the number of the active modes de-
pends on the initial excitation energy. It is shown that the modes’ activation 
correlates with the rearrangement of the network of H-bonds in the cluster. 
For water pentamer the isomerization and fragmentation levels of energy 
have been estimated.  
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