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ɋɬɪɨɟɧɢɟ ɚɤɫɨɧɚ 

Ⱥɤɫɨɧ ɫɨɫɬɨɢɬ ɢɡ ɩɪɨɞɨɥɶɧɨ 
ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɦɢɤɪɨɬɪɭɛɨɱɟɤ ɢ 
ɧɟɣɪɨɮɢɥɚɦɟɧɬɨɜ. 
 

Ɍɭɛɭɥɢɧ  - ɛɟɥɨɤ, ɤɨɬɨɪɵɣ ɩɪɨɢɡɜɨɞɢɬɫɹ 
ɜ ɫɨɦɟ ɢ ɹɜɥɹɟɬɫɹ ɫɬɪɨɢɬɟɥɶɧɵɦ 
ɦɚɬɟɪɢɚɥɨɦ ɞɥɹ ɦɢɤɪɨɬɪɭɛɨɱɟɤ. 

 

Rooij R. de, K. E. Miller,  E. Kuhl. Modeling molecular mechanisms in 

the axon // Computational mechanics Issue 3 (2017) 

Rooij R. de, K. E. Miller,  E. Kuhl. Modeling 

molecular mechanisms in the axon // 

Computational mechanics Issue 3 (2017) 

2 

Ɇɢɤɪɨɬɪɭɛɨɱɤɚ 
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Ʉɨɧɭɫ ɪɨɫɬɚ ɫɱɢɬɵɜɚɟɬ ɜɨɡɛɭɠɞɚɸɳɢɟ ɢ 
ɬɨɪɦɨɡɹɳɢɟ ɫɢɝɧɚɥɵ ɜ ɨɤɪɭɠɚɸɳɟɣ ɟɝɨ 
ɫɪɟɞɟ, ɭɤɚɡɵɜɚɸɳɢɟ ɧɚɩɪɚɜɥɟɧɢɟ ɪɨɫɬɚ ɢ 
ɩɟɪɟɦɟɳɚɟɬɫɹ ɱɟɪɟɡ ɫɭɛɫɬɪɚɬ, 
ɨɤɪɭɠɚɸɳɢɣ ɧɟɣɪɨɧ.  

ɇɚ ɪɚɧɧɢɯ ɫɬɚɞɢɹɯ ɪɨɫɬ ɚɤɫɨɧɚ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɡɚ ɫɱɟɬ ɩɨɞɚɱɢ ɬɭɛɭɥɢɧɚ 
ɢɡ ɫɨɦɵ, ɱɬɨ ɜɟɞɟɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɧɨɜɵɯ 
ɦɢɤɪɨɬɪɭɛɨɱɟɤ ɜɛɥɢɡɢ ɤɨɧɭɫɚ ɪɨɫɬɚ. 

Lowery L.A., Vactor D.V. The trip of the tip: understanding the growth 

cone machinery // Nat Rev Mol Cell Biol 10 (2009):332–343 

Van Ooyen A., Graham B., Ramakers Ger J. A. Competition between growing 

neurites during development // Neurocomputing 38-40(2001):73-78 
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Lindsley, T.; Kerlin, A.; Rising, L. Time-lapse analysis of ethanol’s effects on axon growth in vitro. 
Developmental Brain Reseach, vol. 147(2003): pp. 191 
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Diehl S., Henningsson E., Heyden A., Perna S., A one-dimensional moving-boundary model 

for tubulin-driven axonal growth // J. Theoret.Biol. 358 (2014):194–207 
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ɐɟɥɢ ɪɚɛɨɬɵ: 

• Ɉɛɡɨɪ ɫɭɳɟɫɬɜɭɸɳɢɯ ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɨɛ ɨɫɨɛɟɧɧɨɫɬɹɯ 

ɫɬɪɨɟɧɢɹ ɢ ɪɨɫɬɚ ɚɤɫɨɧɚ ɢ ɫɩɨɫɨɛɚɯ ɟɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ; 

• Ɋɚɡɪɚɛɨɬɤɚ ɦɨɞɟɥɢ ɩɪɨɞɨɥɶɧɨɝɨ ɪɨɫɬɚ ɚɤɫɨɧɚ;  

• ȼɵɜɨɞ ɜɵɪɚɠɟɧɢɹ ɤɨɧɮɢɝɭɪɚɰɢɨɧɧɨɣ ɫɢɥɵ ɭɩɪɚɜɥɹɸɳɟɣ 

ɪɨɫɬɨɦ ɚɤɫɨɧɚ;  

• Ɏɨɪɦɭɥɢɪɨɜɤɚ ɢ ɪɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɣ ɞɢɮɮɭɡɢɨɧɧɨ-

ɬɪɚɧɫɩɨɪɬɧɨɣ ɩɨɞɚɱɢ ɜɟɳɟɫɬɜɚ ɩɪɢ ɪɨɫɬɟ ɚɤɫɨɧɚ;  

• ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɧɚɝɪɭɡɤɢ ɧɚ ɤɢɧɟɬɢɤɭ ɪɨɫɬɚ ɚɤɫɨɧɚ; 

• ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɜɟɥɢɱɢɧɵ ɩɚɪɚɦɟɬɪɚ ɬɪɚɧɫɩɨɪɬɚ ɧɚ 

ɤɢɧɟɬɢɤɭ ɚɤɫɨɧɚ; 

• ɋɪɚɜɧɟɧɢɟ ɭɩɪɭɝɨɣ ɢ ɜɹɡɤɨ-ɭɩɪɭɝɨɣ ɦɨɞɟɥɟɣ. 
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Ɉɛɳɚɹ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɩɪɟɜɪɚɳɟɧɢɟ: 

    - ɬɜɟɪɞɵɣ ɤɨɦɩɨɧɟɧɬ (ɦɢɤɪɨɬɪɭɛɨɱɤɢ),  
    - ɞɢɮɮɭɧɞɢɪɭɸɳɢɣ ɤɨɦɩɨɧɟɧɬ (ɬɭɛɭɥɢɧ), 

 

• ɉɪɟɜɪɚɳɟɧɢɟ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɞɢɮɮɭɡɢɟɣ ɬɭɛɭɥɢɧɚ ɱɟɪɟɡ ɫɬɟɪɠɟɧɶ (ɚɤɫɨɧ); 

• ɉɪɟɜɪɚɳɟɧɢɟ ɥɨɤɚɥɢɡɨɜɚɧɨ ɧɚ ɝɪɚɧɢɰɟ ɪɨɫɬɚ; 

• ɀɟɫɬɤɢɣ ɤɚɪɤɚɫ – ɞɢɮɮɭɧɞɢɪɭɸɳɢɣ ɤɨɦɩɨɧɟɧɬ ɧɟ ɫɨɡɞɚɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ 

ɞɟɮɨɪɦɚɰɢɣ; 

• ȼɨɡɞɟɣɫɬɜɢɟ ɜɧɟɲɧɟɣ ɪɚɫɬɹɝɢɜɚɸɳɟɣ ɫɢɥɵ ɧɚ ɩɪɚɜɨɦ ɤɨɧɰɟ ɫɬɟɪɠɧɹ. 
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А – ɯɢɦɢɱɟɫɤɨɟ ɫɪɨɞɫɬɜɨ; 

     - ɦɨɥɹɪɧɵɟ ɦɚɫɫɵ ɤɨɦɩɨɧɟɧɬɨɜ; 

     - ɫɬɪɟɯɢɨɦɟɬɪɢɱɟɫɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ: ɫɨ ɡɧɚɤɨɦ “+”, ɟɫɥɢ ɤɨɦɩɨɧɟɧɬ ɩɨɝɥɨɳɚɟɬɫɹ,  

                                                                       ɫɨ ɡɧɚɤɨɦ “-”, ɟɫɥɢ ɤɨɦɩɨɧɟɧɬ ɩɪɨɢɡɜɨɞɢɬɫɹ.; 

    - ɯɢɦɢɱɟɫɤɢɟ ɩɨɬɟɧɰɢɚɥɵ ɤɨɦɩɨɧɟɧɬɨɜ. 

 

А>0 – ɩɪɹɦɚɹ ɪɟɚɤɰɢɹ; 

А=0 – ɯɢɦɢɱɟɫɤɨɟ ɪɚɜɧɨɜɟɫɢɟ. 

ɏɢɦɢɱɟɫɤɨɟ ɫɪɨɞɫɬɜɨ 

ɂɫɩɨɥɶɡɭɹ ɭɪɚɜɧɟɧɢɹ ɛɚɥɚɧɫɚ ɦɚɫɫɵ, ɢɦɩɭɥɶɫɚ ɢ ɷɧɟɪɝɢɢ ɢ ɜɬɨɪɨɝɨ ɡɚɤɨɧɚ 
ɬɟɪɦɨɞɢɧɚɦɢɤɢ, ɡɚɩɢɫɵɜɚɟɬɫɹ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɧɬɪɨɩɢɢ: 

ω= ω(А) – ɫɤɨɪɨɫɬɶ ɩɪɟɜɪɚɳɟɧɢɹ  
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ɉɪɢ ɤɜɚɡɢɫɬɚɬɢɱɟɫɤɨɦ ɪɨɫɬɟ 

ɉɨɥɚɝɚɟɦ, ɱɬɨ ,          с  ͙– ɨɬɫɱɟɬɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ 

μ ̟ , μ ͙ - ɯɢɦɢɱɟɫɤɢɟ ɩɨɬɟɧɰɢɚɥɵ ɤɨɦɩɨɧɟɧɬɨɜ: 

Ɍɨɝɞɚ ɨɤɨɧɱɚɬɟɥɶɧɨ 
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k – ɤɢɧɟɬɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ,  
с –ɤɨɧɰɟɧɬɪɚɰɢɹ ɩɨɞɜɢɠɧɨɣ ɤɨɦɩɨɧɟɧɬɵ 

ɋɤɨɪɨɫɬɶ ɩɪɟɜɪɚɳɟɧɢɹ: 

ɝɞɟ 

ɉɪɢ ɯɢɦɢɱɟɫɤɨɦ ɪɚɜɧɨɜɟɫɢɢ:    А=0 =>  

- ɪɚɜɧɨɜɟɫɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ.  
Ɋɚɜɧɨɜɟɫɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɡɚɜɢɫɢɬ ɨɬ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ 
ɫɨɫɬɨɹɧɢɹ ɧɚ ɮɪɨɧɬɟ ɩɪɟɜɪɚɳɟɧɢɹ 

ɂɡ ɛɚɥɚɧɫɚ ɦɚɫɫɵ: 

Ɍɨɝɞɚ 
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ɍɪɚɜɧɟɧɢɟ ɞɢɮɮɭɡɢɢ 

ɂɫɤɨɦɨɟ ɪɟɲɟɧɢɟ: 

ȼ ɫɬɚɰɢɨɧɚɪɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ: 

D – ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ, а – ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɩɨɪɬɚ 

Ƚɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ: 
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=> = z 

- W ɮɭɧɤɰɢɹ Ʌɚɦɛɟɪɬɚ * 

ɇɚɱɚɥɶɧɨɟ ɭɫɥɨɜɢɟ: 

* Ɉɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɨɛɪɚɬɧɚɹ ɮɭɧɤɰɢɹ ɤ  
    

   

   Ⱦɥɹ ɥɸɛɨɝɨ ɤɨɦɩɥɟɤɫɧɨɝɨ y ɨɧɚ  

   ɨɩɪɟɞɟɥɹɟɬɫɹ ɮɭɧɤɰɢɨɧɚɥɶɧɵɦ ɭɪɚɜɧɟɧɢɟɦ:  

    y=Lw(y)*exp(Lw(y)) 
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Ɂɚɜɢɫɢɦɨɫɬɶ ɞɥɢɧɵ ɚɤɫɨɧɚ ɨɬ 
ɜɪɟɦɟɧɢ ɩɪɢ ɪɚɡɧɵɯ 

ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɫɢɥɚɯ ɫ ɭɱɟɬɨɦ 
ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɩɨɞɜɨɞɚ 

ɋɤɨɪɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɞɥɢɧɵ ɚɤɫɨɧɚ 
ɨɬ ɜɪɟɦɟɧɢ ɩɪɢ ɪɚɡɧɵɯ 

ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɫɢɥɚɯ ɫ ɭɱɟɬɨɦ 
ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɩɨɞɜɨɞɚ 

ɍɩɪɭɝɚɹ ɦɨɞɟɥɶ 
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Сɛɨɥɭ-Пеɭеɫɜɮɫɞɬɥɣɤ ɪɩɦɣɭехɨɣчеɬɥɣɤ ɮɨɣɝеɫɬɣɭеɭ Пеɭɫɛ Веɦɣɥɩɞɩ 
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Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɞɢɮɮɭɧɞɢɪɭɸɳɟɝɨ ɤɨɦɩɨɧɟɧɬɚ 

ɨɬ ɞɥɢɧɵ ɚɤɫɨɧɚ ɩɪɢ ɪɚɡɧɵɯ 
ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɫɢɥɚɯ ɫ ɭɱɟɬɨɦ 

ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɩɨɞɜɨɞɚ 

Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɞɢɮɮɭɧɞɢɪɭɸɳɟɝɨ ɤɨɦɩɨɧɟɧɬɚ 

ɧɚ ɝɪɚɧɢɰɟ ɪɨɫɬɚ ɨɬ ɜɪɟɦɟɧɢ ɩɪɢ 
ɩɨɫɬɨɹɧɧɨɣ ɫɢɥɟ 5 Н 
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ɋɪɚɜɧɟɧɢɟ ɡɚɜɢɫɢɦɨɫɬɟɣ ɞɥɢɧɵ 
ɚɤɫɨɧɚ ɨɬ ɜɪɟɦɟɧɢ ɩɪɢ ɪɚɡɧɵɯ 
ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɫɢɥɚɯ ɫ ɭɱɟɬɨɦ 

ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɩɨɞɜɨɞɚ ɞɥɹ 
ɭɩɪɭɝɨɣ ɢ ɜɹɡɤɨ-ɭɩɪɭɝɨɣ ɦɨɞɟɥɟɣ 

ȼɥɢɹɧɢɟ ɜɟɥɢɱɢɧɵ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɜɹɡɤɨɫɬɢ ɧɚ ɢɡɦɟɧɟɧɢɟ ɞɥɢɧɵ 

ɚɤɫɨɧɚ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ 
ɪɚɫɬɹɝɢɜɚɸɳɟɣ ɧɚɝɪɭɡɤɟ 5 Н 

ȼɹɡɤɨ-ɭɩɪɭɝɚɹ ɦɨɞɟɥɶ 
Ɇɨɞɟɥɶ Ɇɚɤɫɜɟɥɥɚ 
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ɋɪɚɜɧɟɧɢɟ ɡɚɜɢɫɢɦɨɫɬɟɣ ɞɥɢɧɵ 
ɚɤɫɨɧɚ ɨɬ ɜɪɟɦɟɧɢ ɩɪɢ ɪɚɡɧɵɯ 

ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɫɢɥɚɯ ɫ ɭɱɟɬɨɦ ɢ 
ɛɟɡ ɭɱɟɬɚ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɩɨɞɜɨɞɚ 

ɞɥɹ ɭɩɪɭɝɨɣ ɦɨɞɟɥɢ 

ȼɥɢɹɧɢɟ ɜɟɥɢɱɢɧɵ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɜɹɡɤɨɫɬɢ ɧɚ ɢɡɦɟɧɟɧɢɟ ɞɥɢɧɵ 

ɚɤɫɨɧɚ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ 
ɪɚɫɬɹɝɢɜɚɸɳɟɣ ɧɚɝɪɭɡɤɟ 5 Н ɜ 

ɭɩɪɭɝɨɣ ɦɨɞɟɥɢ 
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ɋɪɚɜɧɟɧɢɟ ɡɚɜɢɫɢɦɨɫɬɟɣ ɞɥɢɧɵ 
ɚɤɫɨɧɚ ɨɬ ɜɪɟɦɟɧɢ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ 
ɪɚɫɬɹɝɢɜɚɸɳɟɣ ɫɢɥɟ 5 Н ɫ ɭɱɟɬɨɦ ɢ 

ɛɟɡ ɭɱɟɬɚ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɩɨɞɜɨɞɚ 
ɞɥɹ ɭɩɪɭɝɨɣ ɢ ɜɹɡɤɨ-ɭɩɪɭɝɨɣ 

ɦɨɞɟɥɟɣ 

ɋɪɚɜɧɟɧɢɟ ɡɚɜɢɫɢɦɨɫɬɟɣ ɞɥɢɧɵ 
ɚɤɫɨɧɚ ɨɬ ɜɪɟɦɟɧɢ ɩɪɢ ɪɚɡɧɵɯ 

ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɫɢɥɚɯ ɫ ɭɱɟɬɨɦ ɢ 
ɛɟɡ ɭɱɟɬɚ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɩɨɞɜɨɞɚ 

ɞɥɹ ɜɹɡɤɨ-ɭɩɪɭɝɨɣ ɦɨɞɟɥɢ  

ȼɥɢɹɧɢɟ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɩɨɞɜɨɞɚ 
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Ɂɚɤɥɸɱɟɧɢɟ 

 
• Ɋɚɡɪɚɛɨɬɚɧɚ ɦɨɞɟɥɶ ɩɪɨɞɨɥɶɧɨɝɨ ɪɨɫɬɚ ɚɤɫɨɧɚ;  
• Ȼɵɥɨ ɜɵɜɟɞɟɧɨ ɜɵɪɚɠɟɧɢɟ ɤɨɧɮɢɝɭɪɚɰɢɨɧɧɨɣ ɫɢɥɵ 
ɭɩɪɚɜɥɹɸɳɟɣ ɪɨɫɬɨɦ ɚɤɫɨɧɚ;  
• Ɋɟɲɟɧɚ ɡɚɞɚɱɚ ɞɢɮɮɭɡɢɨɧɧɨ-ɬɪɚɧɫɩɨɪɬɧɨɣ ɩɨɞɚɱɢ ɜɟɳɟɫɬɜɚ 
ɩɪɢ ɪɨɫɬɟ ɚɤɫɨɧɚ;  
• ɂɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɧɚɝɪɭɡɤɢ ɧɚ ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ; 
• ɂɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɹ ɜɟɥɢɱɢɧɵ ɩɚɪɚɦɟɬɪɚ ɬɪɚɧɫɩɨɪɬɚ ɧɚ 
ɤɢɧɟɬɢɤɭ ɚɤɫɨɧɚ; 
• ɉɪɨɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɭɩɪɭɝɨɣ ɢ ɜɹɡɤɨ-ɭɩɪɭɝɨɣ ɦɨɞɟɥɟɣ, 
ɢɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɜɟɥɢɱɢɧɵ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɹɡɤɨɫɬɢ. 
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ɋɩɚɫɢɛɨ ɡɚ ɜɧɢɦɚɧɢɟ! 


