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ȼɨ ɜɜɟɞɟɧɢɢ ɨɛɨɫɧɨɜɚɧɚ ɚɤɬɭɚɥɶɧɨɫɬɶ ɢ ɨɩɪɟɞɟɥɟɧɵ ɰɟɥɢ ɢ ɡɚɞɚɱɢ 

ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɵ, ɨɩɢɫɚɧɵ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɢ ɢɯ ɩɪɚɤɬɢɱɟɫɤɨɟ 

ɩɪɢɦɟɧɟɧɢɟ ɜ ɧɟɜɪɨɥɨɝɢɢ. 

ȼ ɩɟɪɜɨɣ ɝɥɚɜɟ ɩɪɢɜɨɞɢɬɫɹ ɨɛɡɨɪ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ: 
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Ɇɨɞɟɥь ɩɨɪɨɝɨɜɨɝɨ ɢɧɬɟɝɪɚɬɨɪɚ (one-compartmental linear leaky 

integrate-and-fire neuron), ɤɨɬɨɪɚɹ ɩɪɢɛɥɢɠɺɧɧɨ ɨɩɢɫɵɜɚɟɬ ɢɡɦɟɧɟɧɢɟ 

ɦɟɦɛɪɚɧɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɩɨɫɪɟɞɫɬɜɨɦ ɫɭɦɦɢɪɨɜɚɧɢɹ ɜɯɨɞɧɵɯ ɫɢɝɧɚɥɨɜ. 

Ɇɨɞɟɥь ɏɨɞɠɤɢɧɚ-ɏɚɤɫɥɢ (HoНРФТn - HuxleyModel), ɩɪɟɞɥɨɠɟɧɧɚɹ 

ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɜɨɡɛɭɠɞɟɧɢɹ ɜ ɝɢɝɚɧɬɫɤɨɦ ɚɤɫɨɧɟ 

ɤɚɥɶɦɚɪɚ. ɏɨɞɠɤɢɧ ɢ ɏɚɤɫɥɢ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɨɛɧɚɪɭɠɢɥɢ 

ɞɟɣɫɬɜɢɟ ɬɪɟɯ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ ɢɨɧɧɨɝɨ ɬɨɤɚ ɧɚ ɜɨɡɛɭɞɢɦɨɫɬɶ ɦɟɦɛɪɚɧɵ, ɚ 

ɢɦɟɧɧɨ: ɧɚɬɪɢɟɜɨɝɨ, ɤɚɥɢɟɜɨɝɨ ɢ ɬɨɤɚ ɭɬɟɱɤɢ, ɫɨɫɬɨɹɳɟɝɨ ɜ ɨɫɧɨɜɧɨɦ ɢɡ 

ɢɨɧɨɜ ɯɥɨɪɚ. 

Ɇɨɞɟɥь ɤɨɪɤɨɜɨɝɨ ɧɟɣɪɨɧɚ ɫ ɲɭɦɨɦ. Ɍɚɤɚɹ ɦɨɞɟɥɶ ɩɢɪɚɦɢɞɧɨɝɨ 

ɧɟɣɪɨɧɚ ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɩɨɜɟɞɟɧɢɟ, ɜɟɫɶɦɚ ɩɨɯɨɠɟɟ ɧɚ ɩɨɜɟɞɟɧɢɟ ɧɟɣɪɨɧɚ 

ɡɪɢɬɟɥɶɧɨɣ ɤɨɪɵ ɤɪɵɫɵ. 

Ɇɨɞɟɥь Ɇɨɪɢɫɚ-Ʌɟɤɚɪɚ (ML - Morris-Lecarmodel). ɍɩɪɨɳɟɧɧɚɹ 

ɦɨɞɟɥɶ ɏɨɞɠɤɢɧɚ-ɏɚɤɫɥɢ. Ɉɩɢɫɵɜɚɟɬ ɬɚɤɢɟ ɫɜɨɣɫɬɜɚ ɠɢɜɨɝɨ ɧɟɣɪɨɧɚ ɤɚɤ 

ɝɟɧɟɪɚɰɢɹ ɫɩɚɣɤɨɜ ɢ ɪɟɠɢɦ ɧɟɜɨɫɩɪɢɢɦɱɢɜɨɫɬɢ ɤ ɜɧɟɲɧɟɦɭ ɜɨɡɞɟɣɫɬɜɢɸ. 

Ɇɨɞɟɥь Ɏɢɬɰɏьɸ - ɇɚɝɭɦɨ (FHN-model). ɉɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɭɩɪɨɳɟɧɧɭɸ ɦɨɞɟɥɶ, ɜɨɫɩɪɨɢɡɜɨɞɹɳɭɸ ɨɫɧɨɜɧɵɟ ɫɜɨɣɫɬɜɚ ɜɨɥɧ 
ɜɨɡɛɭɠɞɟɧɢɹ ɜ ɦɨɞɟɥɢ ɏɨɞɠɤɢɧɚ-ɏɚɤɫɥɢ. Ɇɨɞɟɥɶ Ɏɢɬɰɏɶɸ-ɇɚɝɭɦɨ 
ɫɨɞɟɪɠɢɬ ɞɜɟ ɩɟɪɟɦɟɧɧɵɟ: ɛɵɫɬɪɭɸ ɩɟɪɟɦɟɧɧɭɸ u, ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ 
ɦɟɦɛɪɚɧɧɨɦɭ ɩɨɬɟɧɰɢɚɥɭ ɜ ɩɨɥɧɨɣ ɦɨɞɟɥɢ, ɢ ɦɟɞɥɟɧɧɭɸ ɩɟɪɟɦɟɧɧɭɸ v. 

Ɇɨɞɟɥь Ȼɨɧɯɨɮɮɟɪɚ – ȼɚɧ-ɞɟɪ-ɉɨɥɹ (BonСoОППОr-

VanderPoloscillator). ɉɟɪɜɨɧɚɱɚɥɶɧɨ ɛɵɥɚ ɩɪɟɞɥɨɠɟɧɚ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

ɧɟɪɜɧɵɯ ɢɦɩɭɥɶɫɨɜ. 

Ɇɨɞɟɥь Ⱥɥɢɟɜɚ-ɉɚɧɮɢɥɨɜɚ. Ɇɨɞɢɮɢɰɢɪɨɜɚɧɧɚɹ ɜɟɪɫɢɹ ɦɨɞɟɥɢ 

Ɏɢɬɰɏɶɸ-ɇɚɝɭɦɨ, ɢɦɟɸɳɚɹ ɪɹɞ ɫɭɳɟɫɬɜɟɧɧɵɯ ɨɬɥɢɱɢɣ, ɤɨɬɨɪɵɟ 

ɩɪɢɛɥɢɠɚɸɬ ɟɟ ɫɜɨɣɫɬɜɚ ɤ ɫɜɨɣɫɬɜɚɦ ɫɟɪɞɟɱɧɨɣ ɬɤɚɧɢ. 

Ɇɨɞɟɥь Зɢɦɚɧɚ. Ɇɨɞɟɥɶ ɩɪɟɞɥɨɠɟɧɚ ɞɥɹ ɭɱɟɬɚ ɪɚɡɥɢɱɧɨɣ ɤɪɭɬɢɡɧɵ 
ɩɟɪɟɞɧɟɝɨ ɢ ɡɚɞɧɟɝɨ ɮɪɨɧɬɨɜ ɢɦɩɭɥɶɫɚ ɜɨɡɛɭɠɞɟɧɢɹ ɩɪɢ ɩɭɥɶɫɚɰɢɢ ɫɟɪɞɰɚ ɢ 
ɧɟɪɜɧɵɯ ɢɦɩɭɥɶɫɚɯ. 
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Ɍɪɟxɦɟɪɧɚɹ ɦɨɞɟɥь ɏɢɧɞɦɚɪɲ-Ɋɨɡɟ. Ɇɨɞɟɥɶ ɞɢɧɚɦɢɤɢ ɦɟɦɛɪɚɧɧɨɝɨ 
ɩɨɬɟɧɰɢɚɥɚ ɧɟɣɪɨɧɚ. Ɉɧɚ ɹɜɥɹɟɬɫɹ, ɩɨ ɫɭɬɢ, ɡɚɤɨɧɨɦ Ʉɢɪɯɝɨɮɚ, ɡɚɩɢɫɚɧɧɵɦ 
ɞɥɹ ɩɨɬɟɧɰɢɚɥɚ ɤɥɟɬɨɱɧɨɣ ɦɟɦɛɪɚɧɵ ɤɚɤ ɞɥɹ ɫɭɦɦɵ ɢɨɧɧɵɯ ɬɨɤɨɜ ɬɟɤɭɳɢɯ 
ɱɟɪɟɡ ɧɟɟ. 

Ⱦɜɭɦɟɪɧɚɹ ɦɨɞɟɥь ɏɢɧɞɦɚɪɲ-Ɋɨɡɟ. Ɇɨɞɟɥɶ ɹɜɥɹɟɬɫɹ 2-ɦɟɪɧɵɦ 
ɭɩɪɨɳɟɧɢɟɦ 4-ɯɦɟɪɧɨɣ ɦɨɞɟɥɢ ɏɨɞɠɤɢɧɚ-ɏɚɤɫɥɢ, ɨɩɢɫɵɜɚɸɳɟɣ ɝɥɚɜɧɵɟ 
ɫɜɨɣɫɬɜɚ ɨɬɞɟɥɶɧɨɝɨ ɧɟɣɪɨɧɚ, ɝɟɧɟɪɚɰɢɸ ɫɩɚɣɤɨɜ ɢ ɫɨɫɬɨɹɧɢɟ ɫ ɩɨɫɬɨɹɧɧɵɦ 
ɭɪɨɜɧɟɦ ɩɨɬɟɧɰɢɚɥɚ. 

Ɇɨɞɟɥь ɏɭɛɟɪɚ-Ȼɪɚɭɧɚ (Huber–Braunmodel). Ⱦɥɹ ɱɢɫɥɟɧɧɨɝɨ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɜ ɧɟɣɪɨɧɟ, ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ 
ɦɨɞɟɥɶ ɬɢɩɚ ɏɨɞɠɤɢɧɚ-ɏɚɤɫɥɢ, ɩɪɟɞɥɨɠɟɧɧɚɹ ɏɭɛɟɪɨɦ ɢ Ȼɪɚɭɧɨɦ. ȼ 
ɨɬɥɢɱɢɟ ɨɬ ɤɥɚɫɫɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, ɧɟɣɪɨɧɵ ɜ ɦɨɞɟɥɢ ɏɭɛɟɪɚ-Ȼɪɚɭɧɚ 
ɬɟɦɩɟɪɚɬɭɪɧɨ-ɡɚɜɢɫɢɦɵɟ, ɱɬɨ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɢɬɶ ɜɫɟ ɢɡɜɟɫɬɧɵɟ 
ɪɟɠɢɦɵ, ɧɚɛɥɸɞɚɜɲɢɟɫɹ ɜ  ɷɤɫɩɟɪɢɦɟɧɬɚɯ. 

Ɇɨɞɟɥь ɫɩɚɣɤɨɜɨɝɨ ɨɬɤɥɢɤɚ (SRM – Spike Response Model). 

Ɉɛɨɛɳɟɧɢɟ ɦɨɞɟɥɢ ɩɨɪɨɝɨɜɨɝɨ ɢɧɬɟɝɪɚɬɨɪɚ (leakyintegrate-and-firemodel). ȼ 

ɷɬɨɣ ɦɨɞɟɥɢ ɩɚɪɚɦɟɬɪɵ ɡɚɜɢɫɹɬ ɨɬ ɜɪɟɦɟɧɢ ɩɨɫɥɟɞɧɟɝɨ ɫɩɚɣɤɚ. 

ȼɬɨɪɚɹ ɝɥɚɜɚ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɵ ɨɩɢɫɵɜɚɟɬ ɩɪɢɱɢɧɭ ɜɵɛɨɪɚ ɞɥɹ 

ɞɚɥɶɧɟɣɲɟɝɨ ɢɡɭɱɟɧɢɹ ɦɨɞɟɥɢ ɏɨɞɠɤɢɧɚ-ɏɚɤɫɥɢ ɢ ɟɟ ɨɫɨɛɟɧɧɨɫɬɢ. 

Ƚɟɧɟɪɚɰɢɹ ɧɟɥɢɧɟɣɧɵɯ ɨɫɰɢɥɥɹɬɨɪɨɜ ɧɚ ɨɫɧɨɜɚɧɢɢ ɦɨɞɟɥɢ ɏɨɞɠɤɢɧɚ-

ɏɚɤɫɥɢ. 

ɍɪɚɜɧɟɧɢɹ ɞɢɧɚɦɢɤɢ ɧɟɣɪɨɧɚ ɢɦɟɸɬ ɜɢɞ:  
 

   
  
  �݉ ݐ��� = ݊݋�� + ݊�ݏ� + ݌݌�� ݐ݉��; = ݉ߙ  �  1 −݉ + ݉ߚ  � ݉;�ℎ�ݐ = ℎ �  1ߙ − ℎ + ݐ�݊�;ℎ � ℎߚ = 1  � ݊ߙ − ݊ + ;݊ � ݊ߚ

  
݊݋�� = −���݉3ℎ � − ���  − �݇ℎ4 � − �݇  − �݈ � − �݈ ݉ߙ ;   � =  � + 40  1 − exp  − �+40

10
  ;                                         (1) 

݉ߚ  � = 4 exp  −� + 65

18
 ; 

= � ℎߙ 0,07 exp  −� + 65

20
 ; 
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= � ℎߚ
1

1 + exp  − �+35

10
 ; 

= � ݊ߙ
0,01 � + 55 

1 − exp  − �+55

10
 ; 

= � ݊ߚ 0,125 exp  −� + 65

80
 ; 

gNa=120, eNa=115, gK=36, eK=-12, gL=0.3, eL=10.6. 

ɉɟɪɟɦɟɧɧɚɹ  V  ɨɩɢɫɵɜɚɟɬ  ɦɟɦɛɪɚɧɧɵɣ  ɩɨɬɟɧɰɢɚɥ,  ɢɡɦɟɧɟɧɢɹ 

ɤɨɬɨɪɨɝɨ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɭɦɦɨɣ ɬɨɤɨɜ ɩɪɨɬɟɤɚɸɳɢɯ ɱɟɪɟɡ ɦɟɦɛɪɚɧɭ: ɬɨɤɚ 

ɢɨɧɧɵɯ ɤɚɧɚɥɨɜ (ɧɚɬɪɢɟɜɵɯ ɢ  ɤɚɥɢɟɜɵɯ),  ɬɨɤɚ  ɭɬɟɱɤɢ (ɢɨɧɵ ɯɥɨɪɚ), 

ɫɢɧɚɩɬɢɱɟɫɤɨɝɨ  ɬɨɤɚ  ɢ  ɜɧɟɲɧɟɝɨ  ɫɬɢɦɭɥɢɪɭɸɳɟɝɨ ɬɨɤɚ  Iapp.  ɂɡɦɟɧɟɧɢɹ  

ɩɪɨɜɨɞɢɦɨɫɬɢ  ɢɨɧɧɵɯ  ɤɚɧɚɥɨɜ  ɜ  ɡɚɜɢɫɢɦɨɫɬɢ  ɨɬ  ɦɟɦɛɪɚɧɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ  

ɨɩɪɟɞɟɥɹɸɬɫɹ  ɜɨɪɨɬɧɵɦɢ  ɩɟɪɟɦɟɧɧɵɦɢ  m,n,h,  ɞɢɧɚɦɢɤɚ ɤɨɬɨɪɵɯ  

ɨɩɢɫɵɜɚɟɬɫɹ ɬɪɟɦɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦɢ ɭɪɚɜɧɟɧɢɹɦɢ, ɜ ɩɪɚɜɵɟ ɱɚɫɬɢ 

ɤɨɬɨɪɵɯ ɜɯɨɞɹɬ ɧɟɥɢɧɟɣɧɵɟ ɮɭɧɤɰɢɢ  α(V)  ɢ  β(V),  ɩɚɪɚɦɟɬɪɵ  ɤɨɬɨɪɵɯ  

ɨɩɪɟɞɟɥɹɸɬɫɹ  ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ  ɜ  ɭɫɥɨɜɢɹɯ ɮɢɤɫɚɰɢɢ  ɦɟɦɛɪɚɧɧɨɝɨ  

ɩɨɬɟɧɰɢɚɥɚ  ɢ  ɢɡɦɟɪɟɧɢɹ  ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ  ɬɨɤɨɜ  ɱɟɪɟɡ  ɦɟɦɛɪɚɧɭ. 

ɉɚɪɚɦɟɬɪɵ  gNa, gK, gl ɨɩɪɟɞɟɥɹɸɬ  ɦɚɤɫɢɦɚɥɶɧɵɟ  ɩɪɨɜɨɞɢɦɨɫɬɢ  

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ  ɬɢɩɨɜ ɤɚɧɚɥɨɜ, VNa, VK и Vl –ɪɚɜɧɨɜɟɫɧɵɟ ɩɨɬɟɧɰɢɚɥɵ ɩɨ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦɭ ɬɢɩɭ ɢɨɧɨɜ, ɡɚɜɢɫɹɳɢɟ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɣ 

ɢɨɧɨɜ ɩɨ ɨɛɟ ɫɬɨɪɨɧɵ ɨɬ ɦɟɦɛɪɚɧɵ. 

ɉɪɢ  ɜɵɛɪɚɧɧɵɯ  ɡɧɚɱɟɧɢɹɯ  ɩɚɪɚɦɟɬɪɨɜ  ɢ  ɤɨɷɮɮɢɰɢɟɧɬɨɜ  ɧɟɥɢɧɟɣɧɵɯ  

ɮɭɧɤɰɢɣ  ɤɥɟɬɤɚ  ɢɡɨɥɢɪɨɜɚɧɚ (Isyn=0). 

ɋɝɟɧɟɪɢɪɭɟɦ ɧɟɥɢɧɟɣɧɵɣ ɨɫɰɢɥɥɹɬɨɪ ɧɚ ɨɫɧɨɜɟ ɞɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 

ɫɢɫɬɟɦɵ. 
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  Ɋɢɫ.1. ȼɪɟɦɟɧɧɨɣ ɪɹɞ ɢ ɚɦɩɥɢɬɭɞɧɵɣ ɫɩɟɤɬɪ ɫɢɝɧɚɥɚ ɧɟɥɢɧɟɣɧɨɝɨ ɨɫɰɢɥɥɹɬɨɪɚ ɧɚ 
ɨɫɧɨɜɚɧɢɢ ɦɨɞɟɥɢ ɏɨɞɠɤɢɧɚ – ɏɚɤɫɥɢ ɫ ɞɚɧɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ. 

ɂ ɝɟɧɟɪɢɪɭɟɦ ɪɹɞɵ ɫ ɢɡɦɟɧɟɧɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɫɢɫɬɟɦɵ. 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɧɚɢɛɨɥɶɲɢɣ ɨɬɤɥɢɤ ɫɢɫɬɟɦɚ ɞɚɟɬ 

ɧɚ ɢɡɦɟɧɟɧɢɟ ɜɧɟɲɧɟɝɨ  ɫɬɢɦɭɥɢɪɭɸɳɟɝɨ ɬɨɤɚ  Iapp  ɢ ɦɚɤɫɢɦɚɥɶɧɨɣ  

ɩɪɨɜɨɞɢɦɨɫɬɢ ɤɚɧɚɥɚ ɯɥɨɪɚ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦɵ ɢɡɦɟɧɹɟɬɫɹ 

ɚɦɩɥɢɬɭɞɧɵɣ ɫɩɟɤɬɪ ɫɢɝɧɚɥɚ. 

ɉɟɪɟɯɨɞ ɤ ɪɟɠɢɦɭ ɜɡɚɢɦɧɨɣ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɞɜɭɯ ɫɢɫɬɟɦ ɏɨɞɠɤɢɧɚ–

ɏɚɤɫɥɢ  

Ɋɚɫɫɦɨɬɪɢɦ ɩɪɨɫɬɟɣɲɭɸ ɫɟɬɶ, ɫɨɫɬɨɹɳɭɸ ɢɡ ɞɜɭɯ ɞɢɮɮɭɡɢɨɧɧɨ 

ɫɜɹɡɚɧɧɵɯ ɫɢɫɬɟɦ ɏɨɞɠɤɢɧɚ-ɏɚɤɫɥɢ: �݉� 1,2 = ݊݋��  �,݉,ℎ,݊ + ݊�ݏ� + ݌݌�� + ε �2,1 − �1,2 ;  ݉ 1,2 = 1 ݉ߙ −݉1,2 − ℎ 1,2 ;1,2݉݉ߚ = ℎ 1ߙ − ℎ1,2 − ℎℎ1,2;                                                              (2)  ݊1,2ߚ = 1 ݊ߙ − ݊1,2 −  .1,2݊݊ߚ

ɉɪɢ ε ≈ 0.01 ɜ ɫɢɫɬɟɦɟ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɫɢɧɯɪɨɧɧɨɟ ɯɚɨɬɢɱɟɫɤɨɟ 

ɩɨɜɟɞɟɧɢɟ ɩɨɞɫɢɫɬɟɦ. 

 ȼ ɬɪɟɬьɟɣ ɝɥɚɜɟ ɨɩɢɫɵɜɚɸɬɫɹ ɚɧɫɚɦɛɥɢ ɦɨɞɟɥɟɣ ɧɟɣɪɨɧɨɜ ɩɪɢ 

ɪɚɡɥɢɱɧɨɣ ɚɪɯɢɬɟɤɬɭɪɟ ɫɜɹɡɢ: 

Ⱥɪɯɢɬɟɤɬɭɪɚ ɫɜɹɡɢ ɬɢɩɚ «Ʉɨɥɶɰɨ». 

Ɉɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɬɢɩɨɜ ɫɜɹɡɢ ɜ ɤɥɚɫɬɟɪɚɯ ɹɜɥɹɟɬɫɹ ɚɪɯɢɬɟɤɬɭɪɚ ɫɜɹɡɢ 
ɬɢɩɚ «Ʉɨɥɶɰɨ».  
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Ɋɢɫ.2. ɋɯɟɦɚ ɚɧɫɚɦɛɥɹ ɧɟɥɢɧɟɣɧɵɯ ɨɫɰɢɥɥɹɬɨɪɨɜ ɫ ɚɪɯɢɬɟɤɬɭɪɨɣ ɫɜɹɡɢ ɬɢɩɚ «Ʉɨɥɶɰɨ». 

Ƚɞɟ 1-8 – ɩɨɪɹɞɤɨɜɵɟ ɧɨɦɟɪɚ ɨɫɰɢɥɥɹɬɨɪɨɜ. ɂɡ Ɋɢɫ.17 ɜɢɞɧɨ, ɱɬɨ 
ɤɚɠɞɵɣ ɨɫɰɢɥɥɹɬɨɪ ɜɡɚɢɦɧɨ ɫɢɧɯɪɨɧɢɡɨɜɚɧ ɫɨ ɫɥɟɞɭɸɳɢɦ ɢ ɩɪɟɞɵɞɭɳɢɦ. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɷɬɨɝɨ ɩɨɫɬɪɨɢɦ ɤɥɚɫɬɟɪɧɭɸ ɦɨɞɟɥɶ ɧɟɣɪɨɧɨɜ ɝɨɥɨɜɧɨɝɨ 

ɦɨɡɝɚ. 

Ɋɢɫ.3. ɉɟɪɟɤɪɟɫɬɧɵɟ ɮɚɡɨɜɵɟ ɩɨɪɬɪɟɬɵ  ɞɜɭɯ ɧɟɥɢɧɟɣɧɵɯ ɨɫɰɢɥɥɹɬɨɪɨɜ ɫ ɩɚɪɚɦɟɬɪɚɦɢ gL = 

0,3 ɢ gL = 0,35; Iapp = 10 ɢ  Iapp2 = 13 ɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ɫɜɹɡɢ ε = 0 ɢ ε = 0,01. 

ɂɡ Ɋɢɫ.3 ɦɨɠɟɦ ɜɢɞɟɬɶ, ɱɬɨ ɩɟɪɟɤɪɟɫɬɧɵɟ ɮɚɡɨɜɵɟ ɩɨɪɬɪɟɬɵ 
ɨɫɰɢɥɥɹɬɨɪɨɜ ɫ ɜɡɚɢɦɧɨɣ ɫɢɧɯɪɨɧɢɡɚɰɢɟɣ ɩɪɢɛɥɢɠɟɧɵ ɤ ɩɪɨɬɢɜɨɮɚɡɟ. 

Ɍɨ ɠɟ ɫɚɦɨɟ ɹɜɥɟɧɢɟ ɧɚɛɥɸɞɚɟɬɫɹ ɢ ɞɥɹ ɨɫɬɚɥɶɧɵɯ ɩɚɪ ɨɫɰɢɥɥɹɬɨɪɨɜ. 

ɋɪɚɜɧɢɦ ɚɦɩɥɢɬɭɞɧɵɟ ɫɩɟɤɬɪɵ ɞɜɭɯ ɧɟɫɜɹɡɧɵɯ ɩɚɪɰɢɚɥɶɧɵɯ ɫɢɫɬɟɦ ɢ 
ɫɢɫɬɟɦ ɫ ɜɡɚɢɦɧɨɣ ɫɢɧɯɪɨɧɢɡɚɰɢɟɣ. Ⱦɥɹ ɧɚɝɥɹɞɧɨɫɬɢ ɜɨɡɶɦɟɦ ɞɜɚ 
ɨɫɰɢɥɥɹɬɨɪɚ ɧɚɢɛɨɥɶɲɢɦ ɪɚɡɛɪɨɫɨɦ ɩɚɪɚɦɟɬɪɨɜ. 

Ⱥ) 
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ȼ) 

 

 

Ɋɢɫ.4. Ⱥ) Ⱥɦɩɥɢɬɭɞɧɵɟ ɫɩɟɤɬɪɵ ɫɢɝɧɚɥɨɜ ɫ ɩɚɪɚɦɟɬɪɚɦɢ ɩɚɪɚɦɟɬɪɚɦɢ gL = 0,3 ɢ gL = 0,9; Iapp 

= 10 ɢ  Iapp2 = 30 (ɤɨɷɮɮɢɰɢɟɧɬ ɫɜɹɡɢ ε = 0). 

 ȼ) Ⱥɦɩɥɢɬɭɞɧɵɟ ɫɩɟɤɬɪɵ ɫɢɝɧɚɥɨɜ ɫ ɜɡɚɢɦɧɨɣ ɫɢɧɯɪɨɧɢɡɚɰɢɟɣ (ɤɨɷɮɮɢɰɢɟɧɬ ɫɜɹɡɢ ε = 

0,01). 

Ⱦɨɫɬɢɝɧɭɬɚ ɩɨɥɧɚɹ ɜɡɚɢɦɧɚɹ ɫɢɧɯɪɨɧɢɡɚɰɢɹ ɜ ɚɧɫɚɦɛɥɟ ɧɟɣɪɨɧɨɜ 
ɝɨɥɨɜɧɨɝɨ ɦɨɡɝɚ ɫ ɚɪɯɢɬɟɤɬɭɪɨɣ ɫɜɹɡɢ ɬɢɩɚ «Ʉɨɥɶɰɨ». 

Ⱥɪɯɢɬɟɤɬɭɪɚ ɫɜɹɡɢ ɬɢɩɚ «Ɋɟɲɟɬɤɚ». 
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Ɋɢɫ.5. ɋɯɟɦɚ ɚɧɫɚɦɛɥɹ ɧɟɥɢɧɟɣɧɵɯ ɨɫɰɢɥɥɹɬɨɪɨɜ ɫ ɚɪɯɢɬɟɤɬɭɪɨɣ ɫɜɹɡɢ ɬɢɩɚ «Ɋɟɲɟɬɤɚ». 

Ƚɞɟ 1-16 – ɩɨɪɹɞɤɨɜɵɟ ɧɨɦɟɪɚ ɨɫɰɢɥɥɹɬɨɪɨɜ. ɋɨɝɥɚɫɧɨ Ɋɢɫ.5, 
ɚɪɯɢɬɟɤɬɭɪɚ ɫɜɹɡɢ ɬɢɩɚ «Ɋɟɲɟɬɤɚ» ɜɡɚɢɦɧɨ ɫɢɧɯɪɨɧɢɡɭɟɬ ɤɚɠɞɵɣ 
ɨɫɰɢɥɥɹɬɨɪ ɫ ɫɨɫɟɞɧɢɦ. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɷɬɨɝɨ ɩɨɫɬɪɨɢɦ ɤɥɚɫɬɟɪɧɭɸ ɦɨɞɟɥɶ ɧɟɣɪɨɧɨɜ ɝɨɥɨɜɧɨɝɨ 
ɦɨɡɝɚ. 

 

Ɋɢɫ.6. ɉɟɪɟɤɪɟɫɬɧɵɟ ɮɚɡɨɜɵɟ ɩɨɪɬɪɟɬɵ  ɞɜɭɯ ɧɟɥɢɧɟɣɧɵɯ ɨɫɰɢɥɥɹɬɨɪɨɜ ɫ ɩɚɪɚɦɟɬɪɚɦɢ gL = 

0,3 ɢ gL = 0,35; Iapp = 10 ɢ  Iapp2 = 13 ɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ɫɜɹɡɢ ε = 0 ɢ ε = 0,01. 

Ɇɨɠɟɦ ɧɚɛɥɸɞɚɬɶ, ɱɬɨ ɞɥɹ ɤɚɠɞɨɣ ɩɚɪɵ ɨɫɰɢɥɥɹɬɨɪɨɜ ɫ ɢɡɦɟɧɟɧɧɵɦɢ 

ɭɩɪɚɜɥɹɸɳɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɫ ɜɡɚɢɦɧɨɣ ɫɢɧɯɪɨɧɢɡɚɰɢɟɣ ɩɟɪɟɤɪɟɫɬɧɵɟ 

ɮɚɡɨɜɵɟ ɩɨɪɬɪɟɬɵ ɩɪɢɛɥɢɠɟɧɵ ɤ ɩɪɨɬɢɜɨɮɚɡɟ. 

ɋɪɚɜɧɢɦ ɚɦɩɥɢɬɭɞɧɵɟ ɫɩɟɤɬɪɵ ɞɜɭɯ ɧɟɫɜɹɡɧɵɯ ɩɚɪɰɢɚɥɶɧɵɯ ɫɢɫɬɟɦ ɢ 

ɫɢɫɬɟɦ ɫ ɜɡɚɢɦɧɨɣ ɫɢɧɯɪɨɧɢɡɚɰɢɟɣ. Ⱦɥɹ ɧɚɝɥɹɞɧɨɫɬɢ ɜɨɡɶɦɟɦ ɞɜɚ 

ɨɫɰɢɥɥɹɬɨɪɚ ɧɚɢɛɨɥɶɲɢɦ ɪɚɡɛɪɨɫɨɦ ɩɚɪɚɦɟɬɪɨɜ. 
Ⱥ) 



10 

 

 

 

 

 

ȼ) 

 

 

Ɋɢɫ.7.Ⱥ) Ⱥɦɩɥɢɬɭɞɧɵɟ ɫɩɟɤɬɪɵ ɫɢɝɧɚɥɨɜ ɫ ɩɚɪɚɦɟɬɪɚɦɢ ɩɚɪɚɦɟɬɪɚɦɢ gL = 0,3 ɢ gL = 0,9; Iapp 

= 10 ɢ  Iapp2 = 53 (ɤɨɷɮɮɢɰɢɟɧɬ ɫɜɹɡɢ ε = 0). 



11 

 

 ȼ) Ⱥɦɩɥɢɬɭɞɧɵɟ ɫɩɟɤɬɪɵ ɫɢɝɧɚɥɨɜ ɫ ɜɡɚɢɦɧɨɣ ɫɢɧɯɪɨɧɢɡɚɰɢɟɣ (ɤɨɷɮɮɢɰɢɟɧɬ ɫɜɹɡɢ ε = 

0,01). 

Ⱦɨɫɬɢɝɧɭɬɚ ɩɨɥɧɚɹ ɜɡɚɢɦɧɚɹ ɫɢɧɯɪɨɧɢɡɚɰɢɹ ɜ ɚɧɫɚɦɛɥɟ ɧɟɣɪɨɧɨɜ 
ɝɨɥɨɜɧɨɝɨ ɦɨɡɝɚ ɫ ɚɪɯɢɬɟɤɬɭɪɨɣ ɫɜɹɡɢ ɬɢɩɚ «Ɋɟɲɟɬɤɚ». 

ȼ ɡɚɤɥɸɱɟɧɢɢ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɵ ɨɩɢɫɚɧɵ ɨɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ. 

 

 

 

 

 

 

 

 

 

 

 

 

 


