
Ɉ ɋɌȺɌɂɋɌɂɑȿɋɄɂɏ ɁȺɄɈɇɈɆȿɊɇɈɋɌəɏ ɉɈɄȺɁȺɌȿɅȿɃ 

ɗɄɈɇɈɆɂɑȿɋɄɈȽɈ ɊȺɁȼɂɌɂə ȽɈɋɍȾȺɊɋɌȼ ɆɂɊȺ 
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ɉɪɢɜɟɞɺɧ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɬɨɱɧɨɫɬɢ ɝɢɩɟɪɛɨɥɢɱɟɫɤɨɣ ɢ ɷɤɫɩɨ-
ɧɟɧɰɢɚɥɶɧɨɣ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɡɚɜɢɫɢɦɨɫɬɢ ȼȼɉ ɧɚ ɞɭɲɭ ɧɚɫɟɥɟɧɢɹ ɨɬ 

ɜɪɟɦɟɧɢ ɜ ɪɚɡɥɢɱɧɵɯ ɫɬɪɚɧɚɯ ɦɢɪɚ. ɉɪɟɞɥɨɠɟɧɚ ɜɨɡɦɨɠɧɚɹ ɩɪɢɱɢɧɚ 
ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɫɬɟɩɟɧɧɨɝɨ ɪɨɫɬɚ ɧɟɤɨɬɨɪɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɜ ɫɨɰɢɚɥɶɧɵɯ 
ɫɢɫɬɟɦɚɯ ɢ ɩɪɢɜɟɞɟɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɛɚɡɨɜɚɹ ɦɨɞɟɥɶ. 

 

 
ɋɪɚɜɧɟɧɢɟ ɫɬɟɩɟɧɧɨɣ ɢ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɣ ɚɩɩɪɨɤɫɢɦɚɰɢɢ 

ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɪɨɫɬɚ ɫɬɪɚɧ ɦɢɪɚ. ȼɪɟɦɹ ɨɬ ɜɪɟɦɟɧɢ ɜɨɡɧɢɤɚɸɬ ɞɢɫ-
ɤɭɫɫɢɢ ɨ ɬɨɦ, ɩɨɞɱɢɧɹɸɬɫɹ ɥɢ ɪɟɚɥɶɧɵɟ ɦɟɯɚɧɢɡɦɵ ɪɚɡɜɢɬɢɹ ɧɟɤɨɬɨɪɵɯ 
ɩɪɨɰɟɫɫɨɜ ɜ ɩɪɢɪɨɞɟ ɢ ɨɛɳɟɫɬɜɟ ɮɨɪɦɭɥɚɦ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɝɨ, ɢɥɢ ɠɟ 
ɫɬɟɩɟɧɧɨɝɨ (ɝɢɩɟɪɛɨɥɢɱɟɫɤɨɝɨ) ɪɨɫɬɚ. Ⱦɟɥɨ ɜ ɬɨɦ, ɱɬɨ ɧɟ ɜɫɟɝɞɚ ɜɨɡ-
ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɧɚɞɺɠɧɵɟ ɜɵɜɨɞɵ ɩɨ ɷɦɩɢɪɢɱɟɫɤɢɦ ɞɚɧɧɵɦ. ɉɪɢ ɷɬɨɦ 
ɞɥɹ ɩɪɨɰɟɫɫɨɜ ɫ ɞɨɫɬɨɜɟɪɧɵɦ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɵɦ ɪɨɫɬɨɦ ɤɚɤɢɯ-ɥɢɛɨ 
ɩɚɪɚɦɟɬɪɨɜ ɩɪɢɪɨɞɚ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɱɚɫɬɨ ɨɱɟɜɢɞɧɚ. ɇɨ ɪɹɞ ɩɪɨɰɟɫɫɨɜ 
ɜ ɨɩɪɟɞɟɥɺɧɧɨɦ ɜɪɟɦɟɧɧɨɦ ɞɢɚɩɚɡɨɧɟ ɝɨɪɚɡɞɨ ɛɨɥɟɟ ɬɨɱɧɨ ɨɩɢɫɵɜɚɸɬɫɹ 
ɫɬɟɩɟɧɧɨɣ ɮɭɧɤɰɢɟɣ, ɱɟɦ ɷɤɫɩɨɧɟɧɬɨɣ. Ɍɚɤɢɦ ɫɜɨɣɫɬɜɨɦ ɨɛɥɚɞɚɥɚ, ɧɚ-
ɩɪɢɦɟɪ ɞɢɧɚɦɢɤɚ ɱɢɫɥɚ ɥɸɞɟɣ ɧɚ ɡɟɦɥɟ ɩɪɢɦɟɪɧɨ ɞɨ 1970-ɯ ɝɨɞɨɜ 
(Foerster et al, 1960). 

ɉɪɟɞɦɟɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɹɜɥɹɟɬɫɹ ɦɚɬɟɦɚɬɢɱɟ-
ɫɤɢɣ ɚɧɚɥɢɡ ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɪɚɡɜɢɬɢɹ ɪɟɝɢɨɧɨɜ ɩɨ ɞɚɧɧɵɦ ɦɢɪɨɜɨɣ 
ɫɬɚɬɢɫɬɢɤɢ (Maddison, 2001). Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɡɚɜɢɫɢɦɨɫɬɶ ȼȼɉ ɧɚ ɞɭɲɭ 
ɧɚɫɟɥɟɧɢɹ ɦɢɪɚ, ɤɚɤ ɢ ɡɚɜɢɫɢɦɨɫɬɶ ɱɢɫɥɟɧɧɨɫɬɢ ɧɚɫɟɥɟɧɢɹ ɦɢɪɚ ɨɬ ɜɪɟ-
ɦɟɧɢ ɧɚ ɡɧɚɱɢɬɟɥɶɧɨɦ ɜɪɟɦɟɧɧɨɦ ɢɧɬɟɪɜɚɥɟ ɫ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɶɸ ɚɩ-
ɩɪɨɤɫɢɦɢɪɭɟɬɫɹ ɫɬɟɩɟɧɧɨɣ ɡɚɜɢɫɢɦɨɫɬɶɸ (Ʉɚɩɢɰɚ, 1992; Ʉɢɪɢɥɸɤ ɢ 
ɞɪ., 2007; Ʉɨɪɨɬɚɟɜ ɢ ɞɪ., 2005; ɉɨɞɥɚɡɨɜ, 2002; Foerster et al., 1960; 
Kremer, 1993 ɢ ɞɪ.). ɗɬɨɬ ɮɚɤɬ ɨɬɪɚɠɚɟɬ ɧɚɥɢɱɢɟ ɝɥɨɛɚɥɶɧɵɯ ɧɟɥɢɧɟɣ-
ɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɨɛɳɟɫɬɜɟ ɫ ɩɨɥɨɠɢɬɟɥɶɧɨɣ ɨɛɪɚɬɧɨɣ ɫɜɹɡɶɸ. ɗɤɨɧɨ-
ɦɢɱɟɫɤɨɟ ɪɚɡɜɢɬɢɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɡɜɢɬɢɟɦ ɧɚɭɤɢ ɢ ɬɟɯɧɨɥɨɝɢɣ, ɢ ɜ ɨɫ-
ɧɨɜɟ ɦɟɯɚɧɢɡɦɚ ɩɨɥɨɠɢɬɟɥɶɧɨɣ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɦɨɠɟɬ 
ɜɵɫɬɭɩɚɬɶ ɤɨɧɜɟɪɝɟɧɰɢɹ ɬɟɯɧɨɥɨɝɢɣ, ɚ ɬɚɤɠɟ ɩɪɨɰɟɫɫɵ ɝɥɨɛɚɥɢɡɚɰɢɢ ɢ 
ɫɢɦɛɢɨɡ ɦɟɠɞɭ ɪɚɡɥɢɱɧɵɦɢ ɝɨɫɭɞɚɪɫɬɜɚɦɢ. ɉɪɢ ɷɬɨɦ ɧɟ ɬɨɥɶɤɨ ɪɚɫɬɺɬ 
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ɫɪɟɞɧɢɣ ɜɚɥɨɜɵɣ ɜɧɭɬɪɟɧɧɢɣ ɩɪɨɞɭɤɬ (ȼȼɉ) ɫɬɪɚɧ, ɧɨ ɢ ɧɚɪɚɫɬɚɸɬ ɪɚɡ-
ɥɢɱɢɹ ɜ ȼȼɉ ɧɚ ɞɭɲɭ ɧɚɫɟɥɟɧɢɹ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɝɨɫɭɞɚɪɫɬɜ. 

ɑɬɨɛɵ ɩɨɥɭɱɢɬɶ ɰɟɥɨɫɬɧɭɸ ɤɚɪɬɢɧɭ, ɪɚɫɫɱɢɬɚɧɚ ɬɨɱɧɨɫɬɶ ɝɢɩɟɪ-
ɛɨɥɢɱɟɫɤɨɣ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɫɬɟɩɟɧɧɵɦ ɭɪɚɜɧɟɧɢɟɦ ɜɢɞɚ  

kttCtA )/()( 0 −=  (1) 

ɚ ɬɚɤɠɟ, ɞɥɹ ɫɪɚɜɧɟɧɢɹ ɬɨɱɧɨɫɬɶ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɣ ɚɩɩɪɨɤɫɢɦɚɰɢɢ 
ɭɪɚɜɧɟɧɢɹɦɢ ɜɢɞɚ 

)'exp(')( tkCtA =  (2) 

ȼȼɉ ɧɚ ɞɭɲɭ ɧɚɫɟɥɟɧɢɹ ( ( )A t ) ɞɥɹ ɨɫɧɨɜɧɵɯ ɝɨɫɭɞɚɪɫɬɜ ɦɢɪɚ. Ɂɞɟɫɶ    
k, k’ — ɩɨɤɚɡɚɬɟɥɢ ɫɬɟɩɟɧɢ, C, C’ —  ɤɨɧɫɬɚɧɬɵ, t0  — ɩɚɪɚɦɟɬɪ, ɯɚɪɚɤ-
ɬɟɪɢɡɭɸɳɢɣ ɦɨɦɟɧɬ ɭɯɨɞɚ ɫɬɟɩɟɧɧɨɣ ɤɪɢɜɨɣ ɜ ɛɟɫɤɨɧɟɱɧɨɫɬɶ. 

Ⱥɩɩɪɨɤɫɢɦɚɰɢɹ ɫɬɟɩɟɧɧɨɣ ɮɭɧɤɰɢɟɣ ɩɪɨɢɡɜɨɞɢɥɚɫɶ ɫɥɟɞɭɸɳɢɦ 
ɨɛɪɚɡɨɦ: ɜ ɢɫɯɨɞɧɨɦ ɭɪɚɜɧɟɧɢɢ ɜɢɞɚ (1) ɩɪɨɢɡɜɨɞɢɥɚɫɶ ɡɚɦɟɧɚ ɩɟɪɟɦɟɧ-
ɧɵɯ — ɩɟɪɟɯɨɞ ɤ ɧɚɬɭɪɚɥɶɧɵɦ ɥɨɝɚɪɢɮɦɚɦ ɨɬ ɩɨɤɚɡɚɬɟɥɹ ȼȼɉ/ɱɟɥ, 

ln( ( ))i iY A t=  ɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɜɪɟɦɟɧɢ ɩɨ ɮɨɪɦɭɥɟ 0ln( )i it tτ = − , ɝɞɟ i — 

ɧɨɦɟɪɚ ɦɨɦɟɧɬɚ ɜɪɟɦɟɧɢ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɩɨɤɚɡɚɬɟɥɹ ɜ ɪɹɞɭ ɞɚɧɧɵɯ. 
ɉɨ t0 ɩɪɨɜɨɞɢɥɫɹ ɩɟɪɟɛɨɪ ɨɬ 2004 ɝɨɞɚ ɞɨ 3004 ɝɨɞɚ (ɬɚɤ ɤɚɤ ɢɫ-

ɩɨɥɶɡɨɜɚɥɢɫɶ ɢɦɟɸɳɢɟɫɹ ɞɚɧɧɵɟ ɩɨ 2003ɝ. ɜɤɥɸɱɢɬɟɥɶɧɨ).  
ɉɪɢɜɟɞɺɧɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɤɨɨɪɞɢɧɚɬ ɩɪɢɜɨɞɹɬ ɭɪɚɜɧɟɧɢɟ ɤ 

ɥɢɧɟɣɧɨɦɭ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ (ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɜɵɩɨɥɧɟɧɢɹ ɭɫɥɨɜɢɣ Ƚɚɭɫ-
ɫɚ–Ɇɚɪɤɨɜɚ) ɩɪɢɦɟɧɢɬɶ ɥɢɧɟɣɧɭɸ ɚɩɩɪɨɤɫɢɦɚɰɢɸ ɦɟɬɨɞɨɦ ɧɚɢɦɟɧɶ-
ɲɢɯ ɤɜɚɞɪɚɬɨɜ ɩɨ ɮɨɪɦɭɥɟ: 

( ) ττφ τ
τ
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S
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⎠
⎞

⎜
⎝
⎛ −== ’ 

ɝɞɟ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɟ ɜɟɥɢɱɢɧɵ ɜɜɟɞɟɧɵ ɩɨ ɫɥɟɞɭɸɳɢɦ ɮɨɪɦɭɥɚɦ: 
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N — ɞɥɢɧɚ ɜɪɟɦɟɧɧɨɝɨ ɪɹɞɚ ɩɨɤɚɡɚɬɟɥɹ. 
Ɉɛɨɡɧɚɱɚɹ ɩɚɪɚɦɟɬɪɵ ɥɢɧɟɣɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɜ ɮɨɪɦɭɥɟ ɞɥɹ ( )τφ , 

2S

K
k Yτ−=  ɢ τkMMk Y +=0 , 

ɦɵ ɜ ɢɬɨɝɟ ɩɨɥɭɱɚɟɦ, ɱɬɨ k — ɩɨɤɚɡɚɬɟɥɶ ɫɬɟɩɟɧɢ ɜ ɮɨɪɦɭɥɟ (1), ɚ k0 — 
ɧɚɬɭɪɚɥɶɧɵɣ ɥɨɝɚɪɢɮɦ ɩɨɤɚɡɚɬɟɥɹ C ɜ (1). 
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Ɂɚɬɟɦ ɜɵɱɢɫɥɹɥɫɹ ɤɨɷɮɮɢɰɢɟɧɬ ɞɟɬɟɪɦɢɧɚɰɢɢ ɩɨ ɮɨɪɦɭɥɟ: 
( )ɨɫɬɪɟɝɪɟɝ SSSR += /2 , 

ɝɞɟ ( )∑
=

−=
N

i

Yiɪɟɝ MYS
1

2
, ( )( )∑

=

−=
N

i

iiɨɫɬ YS
1

2τφ , 

ɢ ɧɚɯɨɞɢɥɢɫɶ ɬɟ ɡɧɚɱɟɧɢɹ t0, ɞɥɹ ɤɨɬɨɪɵɯ ɨɧ ɦɚɤɫɢɦɚɥɟɧ. 
Ⱦɥɹ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɣ ɚɩɩɪɨɤɫɢɦɚɰɢɢ (2) ɪɚɡɧɢɰɚ ɫ ɩɪɢɜɟɞɺɧɧɵɦ 

ɚɥɝɨɪɢɬɦɨɦ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɜ ɬɨɦ, ɱɬɨ ɧɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɥɨɝɚɪɢɮɦɢɪɨ-
ɜɚɧɢɟ ɪɚɡɧɨɫɬɢ ɜɪɟɦɟɧ, ɚ ɬɚɤɠɟ ɧɟɬ ɧɭɠɞɵ ɜ ɩɟɪɟɛɨɪɟ ɩɨ t0 . 

Ʉɚɤ ɨɤɚɡɚɥɨɫɶ, ɫɪɟɞɢ ɫɬɪɚɧ ɦɢɪɚ ɜɵɞɟɥɹɟɬɫɹ ɩɨɞɝɪɭɩɩɚ ɫɬɪɚɧ, ɯɨ-
ɪɨɲɨ ɨɩɢɫɵɜɚɟɦɵɯ ɝɢɩɟɪɛɨɥɚɦɢ ɫ ɦɨɦɟɧɬɚɦɢ ɨɛɨɫɬɪɟɧɢɹ (ɬɨ ɟɫɬɶ ɦɨ-
ɦɟɧɬɚɦɢ ɭɯɨɞɚ ɜɟɥɢɱɢɧɵ ɜ ɛɟɫɤɨɧɟɱɧɨɫɬɶ) ɜ ɛɥɢɠɚɣɲɢɟ ɞɟɫɹɬɢɥɟɬɢɹ. 
ɗɬɢ ɫɬɪɚɧɵ ɧɚɦɧɨɝɨ ɥɭɱɲɟ ɚɩɩɪɨɤɫɢɦɢɪɭɸɬɫɹ ɫɬɟɩɟɧɧɵɦɢ ɡɚɜɢɫɢɦɨ-
ɫɬɹɦɢ, ɱɟɦ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɵɦɢ. 

ɉɪɢɦɟɪɚɦɢ ɬɚɤɢɯ ɫɬɪɚɧ (ɫ ɭɤɚɡɚɧɢɟɦ ɜ ɫɤɨɛɤɚɯ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɟ-
ɬɟɪɦɢɧɚɰɢɢ ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɣ ɢ ɫɬɟɩɟɧɧɨɣ ɚɩɩɪɨɤ-
ɫɢɦɚɰɢɢ) ɹɜɥɹɸɬɫɹ ɂɪɥɚɧɞɢɹ (0.718 ɢ 0.988), ȼɟɥɢɤɨɛɪɢɬɚɧɢɹ (0.630 ɢ 
0.968), ɇɢɞɟɪɥɚɧɞɵ (0.611 ɢ 0.958) ɢ ɞɪ. 
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Ɋɢɫ. 1. Ƚɪɚɮɢɤ, ɞɟɦɨɧɫɬɪɢɪɭɸɳɢɣ ɬɨɱɧɨɫɬɶ ɧɚɢɥɭɱɲɟɣ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɡɚɜɢ-

ɫɢɦɨɫɬɢ ȼȼɉ/ɱɟɥ ɨɬ ɜɪɟɦɟɧɢ ɩɨ ɮɨɪɦɭɥɟ (1) — ɫɬɟɩɟɧɧɨɣ ɡɚɜɢɫɢɦɨɫɬɶɸ, 

(ɫɩɥɨɲɧɚɹ ɥɢɧɢɹ) ɢ ɩɨ ɮɨɪɦɭɥɟ (2) — ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɣ (ɩɭɧɤɬɢɪɧɚɹ ɥɢɧɢɹ) 
ɞɥɹ ɂɪɥɚɧɞɢɢ, ɬɨɱɤɢ ɨɛɨɡɧɚɱɚɸɬ ɷɦɩɢɪɢɱɟɫɤɢɟ ɞɚɧɧɵɟ. 

Ƚɢɩɟɪɛɨɥɢɱɟɫɤɚɹ ɚɩɩɪɨɤɫɢɦɚɰɢɹ ɧɚ ɪɢɫ. 1 ɩɨɞɱɢɧɹɟɬɫɹ ɮɨɪɦɭɥɟ 
1.027)2011()453.12exp()( −−⋅= ttA . 
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Ⱦɪɭɝɚɹ ɝɪɭɩɩɚ ɫɬɪɚɧ ɯɨɪɨɲɨ ɨɩɢɫɵɜɚɟɬɫɹ ɫɬɟɩɟɧɧɨɣ ɡɚɜɢɫɢɦɨ-
ɫɬɶɸ ɫ ɛɨɥɟɟ ɨɬɞɚɥɺɧɧɵɦ (ɧɚ ɫɬɨɥɟɬɢɹ) ɦɨɦɟɧɬɨɦ ɨɛɨɫɬɪɟɧɢɹ. ɗɬɢ 
ɫɬɪɚɧɵ ɢɦɟɸɬ ɯɨɪɨɲɭɸ ɬɨɱɧɨɫɬɶ ɧɟ ɬɨɥɶɤɨ ɫɬɟɩɟɧɧɨɣ, ɧɨ ɢ ɷɤɫɩɨɧɟɧ-
ɰɢɚɥɶɧɨɣ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɞɥɹ ȼȼɉ ɧɚ ɞɭɲɭ ɧɚɫɟɥɟɧɢɹ.  

ɉɪɢɦɟɪɚɦɢ ɬɚɤɢɯ ɫɬɪɚɧ ɹɜɥɹɸɬɫɹ Ʉɨɥɭɦɛɢɹ (0.987 ɢ 0.990), Ʌɚɨɫ 
(0.971 ɢ 0.989), ɉɚɤɢɫɬɚɧ (0.980 ɢ 0.980) ɢ ɞɪ. 
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Ɋɢɫ. 2. Ƚɪɚɮɢɤ, ɞɟɦɨɧɫɬɪɢɪɭɸɳɢɣ ɬɨɱɧɨɫɬɶ ɧɚɢɥɭɱɲɟɣ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɡɚɜɢ-

ɫɢɦɨɫɬɢ ȼȼɉ/ɱɟɥ ɨɬ ɜɪɟɦɟɧɢ ɩɨ ɮɨɪɦɭɥɟ (1) — ɫɬɟɩɟɧɧɨɣ ɡɚɜɢɫɢɦɨɫɬɶɸ, 

(ɫɩɥɨɲɧɚɹ ɥɢɧɢɹ) ɢ ɩɨ ɮɨɪɦɭɥɟ (2) — ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɣ (ɩɭɧɤɬɢɪɧɚɹ ɥɢɧɢɹ) 
ɞɥɹ Ʉɨɥɭɦɛɢɢ, ɬɨɱɤɢ ɨɛɨɡɧɚɱɚɸɬ ɷɦɩɢɪɢɱɟɫɤɢɟ ɞɚɧɧɵɟ. 

Ƚɢɩɟɪɛɨɥɢɱɟɫɤɚɹ ɚɩɩɪɨɤɫɢɦɚɰɢɹ ɧɚ ɪɢɫ. 2 ɩɨɞɱɢɧɹɟɬɫɹ ɮɨɪɦɭɥɟ 
4.761)2218()297.34exp()( −−⋅= ttA , ɚ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɚɹ ɮɨɪɦɭɥɟ 
)3265.2701796,0exp()( −= ttA . 

ɂ, ɧɚɤɨɧɟɰ, ɫɭɳɟɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ ɫɬɪɚɧ, ɞɥɹ ɤɨɬɨɪɵɯ ɧɢ ɫɬɟɩɟɧ-
ɧɚɹ, ɧɢ ɝɢɩɟɪɛɨɥɢɱɟɫɤɚɹ ɚɩɩɪɨɤɫɢɦɚɰɢɹ ɧɟ ɩɪɢɟɦɥɟɦɵ, ɷɬɨ ɜ ɨɫɧɨɜɧɨɦ 
ɛɟɞɧɵɟ ɫɬɪɚɧɵ. 

ɉɪɢɦɟɪɚɦɢ ɬɚɤɢɯ ɫɬɪɚɧ ɹɜɥɹɸɬɫɹ Ƚɚɛɨɧ (0.512 ɢ 0.512), ɍɝɚɧɞɚ 
(0.506 ɢ 0.506) ɢ ɞɪ. 

Ɉɛɳɚɹ ɤɚɪɬɢɧɚ ɫɨɨɬɧɨɲɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɞɟɬɟɪɦɢɧɚɰɢɢ ɩɪɢ 
ɫɬɟɩɟɧɧɨɣ ɢ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɣ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɞɢɧɚɦɢɤɢ ȼȼɉ ɧɚ ɞɭɲɭ 
ɧɚɫɟɥɟɧɢɹ ɞɥɹ ɫɬɪɚɧ ɦɢɪɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɛɚɡɟ Ɇɷɞɢɫɨɧɚ (Maddison, 
2001), ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 4. 

ɂɡ ɪɢɫɭɧɤɚ ɜɢɞɧɨ, ɱɬɨ ɜ ɩɨɞɚɜɥɹɸɳɟɦ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɪɨɫɬ 
ȼȼɉ ɥɭɱɲɟ ɚɩɩɪɨɤɫɢɦɢɪɭɟɬɫɹ ɫɬɟɩɟɧɧɵɦɢ, ɚ ɧɟ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɵɦɢ 
ɡɚɜɢɫɢɦɨɫɬɹɦɢ. 
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Ɋɢɫ. 3. Ⱦɢɧɚɦɢɤɚ ȼȼɉ ɧɚ ɞɭɲɭ ɧɚɫɟɥɟɧɢɹ ɞɥɹ Ƚɚɛɨɧɚ, ɧɟ ɢɦɟɸɳɚɹ ɞɨɫɬɨɜɟɪ-
ɧɨɣ ɫɬɟɩɟɧɧɨɣ ɢɥɢ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɣ ɚɩɩɪɨɤɫɢɦɚɰɢɢ. 
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Ɋɢɫ. 4. ɋɨɨɬɧɨɲɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɞɟɬɟɪɦɢɧɚɰɢɢ 

2R  ɩɪɢ ɫɬɟɩɟɧɧɨɣ (ɨɫɶ 
ɨɪɞɢɧɚɬ) ɢ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɣ (ɨɫɶ ɚɛɫɰɢɫɫ) ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɞɢɧɚɦɢɤɢ ȼȼɉ ɧɚ 
ɞɭɲɭ ɧɚɫɟɥɟɧɢɹ ɞɥɹ ɫɬɪɚɧ ɦɢɪɚ. 

Ɇɨɞɟɥɶ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɫɬɟɩɟɧɧɨɝɨ ɪɨɫɬɚ ɜ ɫɨɰɢɚɥɶɧɵɯ ɹɜɥɟ-
ɧɢɹɯ. Ɍɨ, ɱɬɨ ɫɬɟɩɟɧɧɚɹ ɚɩɩɪɨɤɫɢɦɚɰɢɹ ɞɥɹ ɦɧɨɝɢɯ ɫɬɪɚɧ ɦɢɪɚ ɞɚɟɬ 
ɥɭɱɲɢɣ ɪɟɡɭɥɶɬɚɬ, ɱɟɦ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɚɹ, ɱɬɨ ɬɪɟɛɭɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ 
ɨɛɴɹɫɧɟɧɢɹ. ɉɨɩɪɨɛɭɟɦ ɞɚɬɶ ɢɧɬɟɪɩɪɟɬɚɰɢɸ ɩɪɢɪɨɞɵ ɫɬɟɩɟɧɧɨɣ ɡɚɜɢ-
ɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ ɞɥɹ ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɪɨɫɬɚ ɧɟɤɨɬɨɪɵɯ ɫɬɪɚɧ. ɋɭɳɟ-
ɫɬɜɭɸɬ ɪɚɡɥɢɱɧɵɟ ɨɛɴɹɫɧɟɧɢɹ ɝɢɩɟɪɛɨɥɢɱɟɫɤɨɝɨ ɪɨɫɬɚ ɫɨɰɢɚɥɶɧɵɯ 
ɩɪɨɰɟɫɫɨɜ (ɬɚɤɢɯ, ɤɚɤ ɭɜɟɥɢɱɟɧɢɟ ɱɢɫɥɟɧɧɨɫɬɢ ɧɚɫɟɥɟɧɢɹ ɫɬɪɚɧɵ ɢ ɞɪ.), 
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ɧɚɩɪɢɦɟɪ, ɜ ɪɚɛɨɬɚɯ (Ʉɚɩɢɰɚ, 1992; Ʉɨɪɨɬɚɟɜ ɢ ɞɪ., 2005; ɉɨɞɥɚɡɨɜ, 
2002; Kremer, 1993) ɢ ɜ ɪɹɞɟ ɞɪɭɝɢɯ ɩɭɛɥɢɤɚɰɢɣ. Ɉɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ 
ɮɚɤɬɨɪɨɜ, ɤɨɬɨɪɵɣ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɨɬɥɢɱɚɟɬ ɝɢɩɟɪɛɨɥɢɱɟɫɤɢɣ ɪɨɫɬ ɨɬ 
ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɝɨ, ɹɜɥɹɟɬɫɹ ɜɧɭɬɪɟɧɧɟɟ ɟɞɢɧɫɬɜɨ ɫɢɫɬɟɦɵ (ɧɚɪɭɲɟɧɢɟ 
ɩɪɢɧɰɢɩɚ ɫɭɩɟɪɩɨɡɢɰɢɢ ɢ ɧɟɡɚɜɢɫɢɦɨɫɬɢ ɩɨɞɫɢɫɬɟɦ ɞɪɭɝ ɨɬ ɞɪɭɝɚ). ȼ 
ɫɢɫɬɟɦɟ ɞɨɥɠɧɚ ɫɭɳɟɫɬɜɨɜɚɬɶ ɨɫɨɛɚɹ ɩɨɥɨɠɢɬɟɥɶɧɚɹ ɨɛɪɚɬɧɚɹ ɫɜɹɡɶ, 
ɨɛɭɫɥɚɜɥɢɜɚɸɳɚɹ ɭɫɤɨɪɟɧɢɟ ɪɚɡɜɢɬɢɹ.  

Ɇɵ ɩɨɥɚɝɚɟɦ, ɱɬɨ ɜ ɨɫɧɨɜɟ ɧɟɥɢɧɟɣɧɨɣ ɩɨɥɨɠɢɬɟɥɶɧɨɣ ɨɛɪɚɬɧɨɣ 
ɫɜɹɡɢ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɹɜɥɟɧɢɹɯ ɥɟɠɢɬ ɤɨɧɤɭɪɟɧɰɢɹ. Ɋɨɥɶ ɤɨɧɤɭɪɟɧ-
ɰɢɢ ɜ ɷɤɨɧɨɦɢɤɟ ɨɛɳɟɢɡɜɟɫɬɧɚ, ɜ ɪɚɡɥɢɱɧɵɯ ɫɢɬɭɚɰɢɹɯ ɟɟ ɜɥɢɹɧɢɟ ɦɨ-
ɠɟɬ ɨɤɚɡɵɜɚɬɶ ɤɚɤ ɩɨɥɨɠɢɬɟɥɶɧɨɟ, ɬɚɤ ɢ ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɷɤɨ-
ɧɨɦɢɱɟɫɤɢɣ ɪɨɫɬ. Ɉɞɧɚɤɨ ɜ ɞɨɥɝɨɫɪɨɱɧɨɣ ɩɟɪɫɩɟɤɬɢɜɟ ɜ ɦɢɪɨɜɨɣ ɷɤɨ-
ɧɨɦɢɤɟ ɢ ɞɟɦɨɝɪɚɮɢɢ ɛɟɪɺɬ ɜɟɪɯ ɢɦɟɧɧɨ ɮɚɤɬɨɪ ɩɨɥɨɠɢɬɟɥɶɧɨɝɨ ɜɥɢɹ-
ɧɢɹ ɤɨɧɤɭɪɟɧɰɢɢ. 

ɉɪɢɜɟɞɺɦ ɩɪɨɫɬɟɣɲɢɣ ɜɚɪɢɚɧɬ ɦɨɞɟɥɢ, ɮɨɪɦɚɥɢɡɭɸɳɢɣ ɩɪɟɞ-
ɫɬɚɜɥɟɧɢɟ ɨ ɤɨɧɤɭɪɟɧɰɢɢ ɦɟɠɞɭ ɞɜɭɦɹ ɷɤɨɧɨɦɢɱɟɫɤɢɦɢ ɫɢɫɬɟɦɚɦɢ (ɧɚ-
ɩɪɢɦɟɪ, ɝɨɫɭɞɚɪɫɬɜɚɦɢ). 

ȿɫɥɢ ɞɜɚ ɝɨɫɭɞɚɪɫɬɜɚ ɩɨɫɬɨɹɧɧɨ ɫɪɚɜɧɢɜɚɸɬ ɭɪɨɜɧɢ ɫɜɨɝɨ ɷɤɨ-
ɧɨɦɢɱɟɫɤɨɝɨ ɪɚɡɜɢɬɢɹ ɢ ɫɬɪɟɦɹɬɫɹ ɨɩɟɪɟɞɢɬɶ ɞɪɭɝ ɞɪɭɝɚ, ɭɜɟɥɢɱɢɜɚɹ 
ɬɟɦɩɵ ɪɨɫɬɚ ɬɨ ɬɚɤɚɹ ɫɢɬɭɚɰɢɹ ɦɨɠɟɬ ɛɵɬɶ ɨɩɢɫɚɧɚ ɛɚɡɨɜɨɣ ɫɢɫɬɟɦɨɣ 
ɭɪɚɜɧɟɧɢɣ:  

xyy

xyx

β
α

=
=

$
$

 (3) 

ȼ ɫɢɫɬɟɦɟ (3) ɦɨɠɧɨ ɥɟɝɤɨ ɜɵɞɟɥɢɬɶ ɢɧɬɟɝɪɚɥ ɞɜɢɠɟɧɢɹ ɜɢɞɚ  
Cyx =−αβ ,  (4) 

ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɝɨ ɫɢɫɬɟɦɚ (3) ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɨɛɪɚɡɨɜɚɧɚ ɤ ɜɢɞɭ 
ɭɪɚɜɧɟɧɢɹ Ȼɟɪɧɭɥɥɢ 

( )Cxxx −= β$ , ( )yCyy α+=$ ,  (5) 

ɩɪɢ ɷɬɨɦ ɩɟɪɟɦɟɧɧɵɟ ɥɢɧɟɣɧɨ ɫɜɹɡɚɧɵ ɩɨɫɪɟɞɫɬɜɨɦ (4). 
ȼɢɞɧɨ, ɱɬɨ ɜ (5) ɟɫɬɶ ɥɢɧɟɣɧɵɣ ɱɥɟɧ, ɫɜɹɡɚɧɧɵɣ ɫ ɤɨɧɫɬɚɧɬɨɣ, ɨɩ-

ɪɟɞɟɥɹɟɦɨɣ ɜɫɟɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɢ ɧɚɱɚɥɶɧɵɦɢ ɭɫɥɨɜɢɹɦɢ, ɢ ɤɜɚɞɪɚɬɢɱ-
ɧɵɣ ɱɥɟɧ, ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬɨɦ, ɨɬɜɟɱɚɸɳɢɦ ɡɚ ɞɢɧɚ-
ɦɢɤɭ ɫɢɫɬɟɦɵ–ɤɨɧɤɭɪɟɧɬɚ. 

ȼ ɫɥɭɱɚɟ C = 0 ɩɨɥɭɱɚɸɬɫɹ ɫɬɟɩɟɧɧɵɟ ɭɪɚɜɧɟɧɢɹ ɜ ɱɢɫɬɨɦ ɜɢɞɟ 
(ɧɚɩɪɢɦɟɪ, ɜ ɫɥɭɱɚɟ ɪɚɜɧɵɯ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɣ ɢ ɪɚɜɟɧɫɬɜɚ ɤɨɷɮɮɢɰɢ-
ɟɧɬɨɜ βα = ɫɢɫɬɟɦɚ (3) ɫɜɨɞɢɬɫɹ ɤ ɞɜɭɦ ɨɞɢɧɚɤɨɜɵɦ ɭɪɚɜɧɟɧɢɹɦ ɞɥɹ 
ɝɢɩɟɪɛɨɥ). 
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ɗɤɫɩɨɧɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɩɨɥɭɱɚɟɬɫɹ, ɤɨɝɞɚ ɤɨɷɮɮɢɰɢɟɧɬ ɜ 
ɭɪɚɜɧɟɧɢɢ ɤɨɧɤɭɪɟɧɬɚ ɪɚɜɟɧ ɧɭɥɸ (ɬɨ ɟɫɬɶ, ɤɨɝɞɚ ɤɨɧɤɭɪɟɧɬ ɧɟ ɪɚɡɜɢɜɚ-
ɟɬɫɹ ɢ ɟɝɨ ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɪɨɫɬ ɨɬɫɭɬɫɬɜɭɟɬ). 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɛɚɡɨɜɚɹ ɦɨɞɟɥɶ ɜɢɞɚ (3) ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɫɥɨɜɢɣ 
ɦɨɠɟɬ ɨɩɢɫɵɜɚɬɶ ɤɚɤ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɵɟ, ɬɚɤ ɢ ɫɬɟɩɟɧɧɵɟ ɩɪɨɰɟɫɫɵ; ɫ 
ɟɟ ɩɨɦɨɳɶɸ ɦɨɠɟɬ ɨɩɢɫɵɜɚɬɶɫɹ ɲɢɪɨɤɢɣ ɤɪɭɝ ɞɢɧɚɦɢɱɟɫɤɢɯ ɹɜɥɟɧɢɣ ɜ 
ɩɪɢɪɨɞɟ ɢ ɨɛɳɟɫɬɜɟ ɫ ɚɤɬɢɜɧɨɦ ɭɱɚɫɬɢɟɦ ɧɟɫɤɨɥɶɤɢɯ ɚɝɟɧɬɨɜ. 
Ɋɚɛɨɬɚ ɩɨɞɞɟɪɠɚɧɚ ɊɎɎɂ (ɩɪɨɟɤɬ ʋ 08–06–00319). 
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The theme of our researches is comparative analysis of accuracy of hyper-
bolic and exponential approximation for GDP per capita growth in different 
countries. We suggest a simple model showing how hyperbolic growth 
emerges in social systems. 
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