
 

 

 

 

 

ȼɫɟɪɨɫɫɢɣɫɤɚɹ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ, ɚɫɩɢɪɚɧɬɨɜ ɢ ɫɬɭɞɟɧɬɨɜ 
«Ɇɚɬɟɦɚɬɢɤɚ ɜ ɟɫɬɟɫɬɜɟɧɧɨɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ» 
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According to the algorithm, at first, the initial and boundary conditions of the model are assigned bas-

ing on the cardiographic information analysis. After that, the model parameters are determined for various 

compartments of the heart, and the excitation propagation is simulated. The simulation results are used to 

visualize excitation propagation on the heart surface. 

Conclusion. The model of the cardiac electrical activity makes possible to determine the "electrical 

portrait" of the patient's heart within the cardiac cycle, which enables to identify the diagnostic features in 

the analysis of indirect parameters determined by simulating the electrical processes in the heart and ECG 

output data from nanosensors. 
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どぎびぞごぶぎでとだゎだ びんづんとどぎづん 

ɋ.ɂ. ɉɟɬɪɭɲɢɧ, ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ  
ɘɪɝɢɧɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ (ɮɢɥɢɚɥ) ɇɚɰɢɨɧɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ 

 Ɍɨɦɫɤɨɝɨ ɩɨɥɢɬɟɯɧɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ 
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ȼ ɩɪɨɰɟɫɫɟ ɪɭɤɨɜɨɞɫɬɜɚ, ɤɨɧɫɭɥɶɬɢɪɨɜɚɧɢɹ ɢ ɪɟɰɟɧɡɢɪɨɜɚɧɢɹ ɞɢɫɫɟɪɬɚɰɢɨɧɧɵɯ ɪɚɛɨɬ ɚɜɬɨɪ 
ɱɚɫɬɨ ɫɬɚɥɤɢɜɚɟɬɫɹ ɫ ɩɪɨɛɥɟɦɨɣ ɫɦɟɲɢɜɚɧɢɹ ɦɟɬɨɞɨɥɨɝɢɣ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɟɫɬɟɫɬɜɟɧɧɨɧɚ-
ɭɱɧɨɝɨ ɢ ɩɪɢɤɥɚɞɧɨɝɨ ɯɚɪɚɤɬɟɪɚ. Ȼɟɡ ɱɟɬɤɨɝɨ ɪɚɡɞɟɥɟɧɢɹ ɷɬɢɯ ɞɜɭɯ ɧɚɭɱɧɵɯ ɫɮɟɪ ɧɟɜɨɡɦɨɠɧɨ ɩɪɚ-
ɜɢɥɶɧɨ ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɩɨɧɹɬɢɟ ɧɚɭɱɧɨɣ ɧɨɜɢɡɧɵ ɪɚɛɨɬɵ.     

Ⱦɟɥɨ ɜ ɬɨɦ, ɱɬɨ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɟ ɧɚɭɤɢ, ɤ ɤɨɬɨɪɵɦ ɨɬɧɨɫɹɬɫɹ ɮɢɡɢɤɚ, ɯɢɦɢɹ, ɦɚɬɟɦɚɬɢɤɚ ɢ 

ɬ.ɩ., ɢɦɟɸɬ ɜ ɫɜɨɟɦ ɪɚɫɩɨɪɹɠɟɧɢɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɦɟɬɨɞ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɟɫɬɟɫɬɜɟɧɧɨɧɚɭɱɧɵɣ. ȿɝɨ 
ɝɥɚɜɧɚɹ ɨɫɨɛɟɧɧɨɫɬɶ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɨɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɨɫɢɬ ɩɪɢɪɨɞɧɵɣ ɯɚɪɚɤ-
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ɬɟɪ. Ɂɚɞɚɱɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɚɞɟɤɜɚɬɧɨɦ ɨɩɢɫɚɧɢɢ ɷɬɨɝɨ ɨɛɴɟɤɬɚ ɢ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɟɝɨ ɩɨɜɟɞɟɧɢɹ ɩɨɞ 
ɜɧɟɲɧɢɦɢ ɢ ɜɧɭɬɪɟɧɧɢɦɢ ɜɨɡɞɟɣɫɬɜɢɹɦɢ. ɗɬɨ ɡɚɞɚɱɚ ɚɧɚɥɢɡɚ, ɩɨɫɥɟ ɜɵɩɨɥɧɟɧɢɹ ɤɨɬɨɪɨɝɨ ɨɧɚ ɫɱɢɬɚ-
ɟɬɫɹ ɪɟɲɟɧɧɨɣ, ɬɚɤ ɤɚɤ ɩɪɢɪɨɞɭ ɢɡɦɟɧɢɬɶ ɧɟɥɶɡɹ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɷɬɨɝɨ ɩɪɢɤɥɚɞɧɵɟ ɧɚɭɤɢ ɬɟɯɧɨɥɨɝɢ-

ɱɟɫɤɨɝɨ ɢ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ («ɧɟɟɫɬɟɫɬɜɟɧɧɵɟ ɧɚɭɤɢ») ɢɦɟɸɬ ɞɟɥɨ ɫ ɢɫɤɭɫɫɬɜɟɧɧɨ ɫɨɡ-
ɞɚɜɚɟɦɵɦɢ ɨɛɴɟɤɬɚɦɢ, ɤɨɬɨɪɵɯ ɜ ɩɪɢɪɨɞɟ ɧɟɬ. ɉɨɷɬɨɦɭ ɢɯ ɡɚɞɚɱɢ ɧɚɦɧɨɝɨ ɫɥɨɠɧɟɟ, ɬɚɤ ɤɚɤ ɨɧɢ 

ɞɨɥɠɧɵ ɜɤɥɸɱɚɬɶ ɷɬɚɩɵ ɨɩɬɢɦɢɡɚɰɢɢ ɢ ɫɢɧɬɟɡɚ ɧɨɜɨɝɨ ɨɛɴɟɤɬɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɷɬɢ ɡɚɞɚɱɢ ɧɟ ɢɦɟɸɬ 
ɨɞɧɨɡɧɚɱɧɨɝɨ ɢ ɨɤɨɧɱɚɬɟɥɶɧɨɝɨ ɪɟɲɟɧɢɹ, ɩɨɬɨɦɭ ɱɬɨ ɨɱɟɧɶ ɱɚɫɬɨ ɨɧɢ ɫɨɞɟɪɠɚɬ ɢɬɟɪɚɰɢɨɧɧɵɣ ɰɢɤɥ 
ɩɪɢɛɥɢɠɟɧɢɹ ɤ ɢɞɟɚɥɶɧɨɦɭ ɪɟɡɭɥɶɬɚɬɭ. Ɋɚɫɫɦɨɬɪɢɦ ɷɬɨɬ ɮɟɧɨɦɟɧ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɤɨɧɫɬɪɭɢɪɨɜɚ-
ɧɢɸ ɢɞɟɚɥɶɧɨɝɨ ɢɡɞɟɥɢɹ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ.  

ȿɫɥɢ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɦɚɲɢɧɭ ɜ ɰɟɥɨɦ, ɬɨ ɩɪɢɧɰɢɩ ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɣ ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɩɪɢ 

ɟɺ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɢ ɜ ɭɫɥɨɜɢɹɯ ɤɨɧɤɭɪɟɧɬɧɨɣ ɪɵɧɨɱɧɨɣ ɷɤɨɧɨɦɢɤɢ ɜɫɬɭɩɚɟɬ ɜ ɩɪɨɬɢɜɨɪɟɱɢɟ, ɤɚɤ ɫ 
ɢɧɬɟɪɟɫɚɦɢ ɩɨɬɪɟɛɢɬɟɥɹ, ɬɚɤ ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɹ ɢɡɞɟɥɢɣ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ. ȼ ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɩɨ ɦɟɪɟ 
ɭɫɤɨɪɹɸɳɟɝɨɫɹ ɦɨɪɚɥɶɧɨɝɨ ɢɡɧɨɫɚ ɦɚɲɢɧɚ ɫɬɚɧɨɜɢɬɫɹ ɧɟɫɨɜɪɟɦɟɧɧɨɣ, «ɧɟɦɨɞɧɨɣ», ɧɟ ɢɫɱɟɪɩɚɜ ɩɪɢ 

ɷɬɨɦ ɡɚɩɚɫɚ ɫɜɨɟɣ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ. ɉɨɬɪɟɛɢɬɟɥɶ ɫɬɨɢɬ ɩɟɪɟɞ ɞɢɥɟɦɦɨɣ: ɥɢɛɨ ɩɨɤɭɩɚɬɶ ɧɨɜɭɸ 

ɦɚɲɢɧɭ ɢ ɢɡɛɚɜɥɹɬɶɫɹ ɨɬ ɩɨɤɚ ɪɚɛɨɬɚɸɳɟɣ ɫɬɚɪɨɣ, ɥɢɛɨ ɞɨɜɨɥɶɫɬɜɨɜɚɬɶɫɹ ɢɦɟɸɳɢɦɫɹ ɢɡɞɟɥɢɟɦ, ɧɨ 

ɬɟɪɹɬɶ ɫɜɨɣ ɢɦɢɞɠ ɩɪɟɭɫɩɟɜɚɸɳɟɝɨ ɱɟɥɨɜɟɤɚ ɜ ɝɥɚɡɚɯ ɨɤɪɭɠɚɸɳɢɯ. ȼɨ ɜɬɨɪɨɦ ɫɥɭɱɚɟ ɩɪɨɢɡɜɨɞɢɬɟ-
ɥɸ ɢɡɞɟɥɢɣ ɜɵɝɨɞɧɨ ɪɚɫɲɢɪɹɬɶ ɪɵɧɨɤ ɢɯ ɫɛɵɬɚ ɧɟ ɫɬɨɥɶɤɨ ɷɤɫɬɟɧɫɢɜɧɵɦ ɩɭɬɟɦ ɭɜɟɥɢɱɟɧɢɹ ɱɢɫɥɚ 
ɩɨɥɶɡɨɜɚɬɟɥɟɣ, ɫɤɨɥɶɤɨ ɩɥɚɧɨɜɨɣ ɡɚɦɟɧɨɣ ɢɡɧɨɲɟɧɧɨɣ ɬɟɯɧɢɤɢ ɧɚ ɛɨɥɟɟ ɫɨɜɟɪɲɟɧɧɭɸ. ɉɪɢ ɷɬɨɦ 

ɫɪɨɤ ɫɥɭɠɛɵ ɦɚɲɢɧɵ ɞɨɥɠɟɧ ɛɵɬɶ ɨɝɪɚɧɢɱɟɧ ɭɠɟ ɧɚ ɫɬɚɞɢɢ ɟɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, ɬɨ ɟɫɬɶ ɩɨɫɥɟ ɨɩɪɟ-
ɞɟɥɟɧɧɨɝɨ ɩɟɪɢɨɞɚ ɷɤɫɩɥɭɚɬɚɰɢɢ ɤɨɧɫɬɪɭɤɰɢɹ ɞɨɥɠɧɚ ɛɵɬɶ ɩɨɞɜɟɪɝɧɭɬɚ «ɥɚɜɢɧɨɨɛɪɚɡɧɨɦɭ» ɨɬɤɚɡɭ 
ɜɫɟɯ ɟɟ ɫɨɫɬɚɜɧɵɯ ɱɚɫɬɟɣ. ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ ɩɟɪɟɞ ɩɨɬɪɟɛɢɬɟɥɟɦ ɩɪɢɧɭɞɢɬɟɥɶɧɨ ɜɫɬɚɟɬ ɡɚɞɚɱɚ ɩɨɤɭɩɤɢ 

ɧɨɜɨɣ, ɛɨɥɟɟ ɫɨɜɟɪɲɟɧɧɨɣ ɦɚɲɢɧɵ, ɚ ɢɡɝɨɬɨɜɢɬɟɥɶ ɱɟɬɤɨ ɛɭɞɟɬ ɩɪɟɞɫɬɚɜɥɹɬɶ ɨɛɴɟɦɵ ɢ ɩɟɪɫɩɟɤɬɢɜɵ 

ɪɚɡɜɢɬɢɹ ɫɜɨɟɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ. 
ɂɫɯɨɞɹ ɢɡ ɢɡɥɨɠɟɧɧɨɝɨ, ɚ, ɬɚɤɠɟ ɭɱɢɬɵɜɚɹ ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɨɩɬɢɦɚɥɶɧɨɝɨ ɫɪɨɤɚ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɢɡɞɟɥɢɹ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ [1], ɦɨɠɧɨ ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɫɥɟɞɭɸɳɢɣ ɩɪɢɧɰɢɩ ɨɩɬɢɦɚɥɶɧɨɫɬɢ ɬɨɣ ɢɥɢ 

ɢɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɦɚɲɢɧɵ: ɢɡɞɟɥɢɟ ɞɨɥɠɧɨ ɢɦɟɬɶ ɨɞɢɧɚɤɨɜɵɣ ɝɚɪɚɧɬɢɪɨɜɚɧɧɵɣ ɡɚɩɚɫ ɞɨɥɝɨɜɟɱɧɨ-
ɫɬɢ ɞɥɹ ɜɫɟɯ ɫɜɨɢɯ ɷɥɟɦɟɧɬɨɜ, ɜɤɥɸɱɚɹ ɚɝɪɟɝɚɬɵ, ɭɡɥɵ, ɞɟɬɚɥɢ ɢ ɫɨɩɪɹɠɟɧɢɹ, ɜɟɥɢɱɢɧɚ ɤɨɬɨɪɨɝɨ 
ɞɨɥɠɧɚ ɛɵɬɶ ɷɤɨɧɨɦɢɱɟɫɤɢ ɨɛɨɫɧɨɜɚɧɚ ɧɚ ɩɪɟɞɩɪɨɟɤɬɧɨɣ ɫɬɚɞɢɢ. 

Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɷɬɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ, ɨɧɨ ɜ ɤɨɪɧɟ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɩɪɢɧɰɢɩɚ ɨɩɬɢɦɚɥɶɧɨɫɬɢ Ȼɟɥɥ-
ɦɚɧɚ ɜ ɦɚɬɟɦɚɬɢɱɟɫɤɨɦ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɢ ɢ ɩɪɢɧɰɢɩɚ ɦɚɤɫɢɦɭɦɚ ɜ ɬɟɨɪɢɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɭɩɪɚɜɥɟ-
ɧɢɹ. ɉɪɨɛɥɟɦɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɤɚɤ ɨɛɟɫɩɟɱɢɬɶ ɪɚɜɧɵɣ ɡɚɩɚɫ ɧɚɞɟɠɧɨɫɬɢ ɢɥɢ ɷɤɨɧɨɦɢɱɟɫɤɢ ɨɛɨɫ-
ɧɨɜɚɧɧɵɣ ɫɪɨɤ ɫɥɭɠɛɵ (ɗɈɋɋ) ɦɚɲɢɧɵ. 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɷɬɢɦɢ ɨɛɳɢɦɢ ɩɨɥɨɠɟɧɢɹɦɢ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɞɟɬɚɥɟɣ ɦɚ-
ɲɢɧ, ɫɨɩɪɹɠɟɧɢɣ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɨɫɧɚɫɬɤɢ ɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɫɚɦɢɯ ɦɚɲɢɧ ɦɨɠɧɨ ɬɚɤɠɟ ɜɟɫɬɢ ɩɨ 
ɞɜɭɦ ɧɚɩɪɚɜɥɟɧɢɹɦ. ɉɟɪɜɨɟ ɨɫɧɨɜɚɧɨ ɧɚ ɟɫɬɟɫɬɜɟɧɧɨɧɚɭɱɧɨɦ ɩɨɞɯɨɞɟ, ɤɨɝɞɚ ɢɡɞɟɥɢɟ ɹɜɥɹɟɬɫɹ ɢɫ-
ɯɨɞɧɵɦ ɞɚɧɧɵɦ ɢ ɡɚɞɚɱɚ ɫɨɫɬɨɢɬ ɜ ɟɝɨ ɪɚɫɱɟɬɟ (ɫɢɥɨɜɨɦ, ɬɟɩɥɨɜɨɦ, ɬɪɢɛɨɬɟɯɧɢɱɟɫɤɢɦ ɢ ɞɪ.) ɫ ɰɟɥɶɸ 

ɜɵɹɜɥɟɧɢɹ «ɭɡɤɢɯ ɦɟɫɬ» ɜ ɤɨɧɫɬɪɭɤɰɢɢ. ɉɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɜɟɥɢɱɢɧɵ ɢ ɦɟɫɬɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɷɤɫɬɪɟ-
ɦɚɥɶɧɵɯ ɧɚɝɪɭɡɨɤ ɢɯ ɫɪɚɜɧɢɜɚɸɬ ɫ ɞɨɩɭɫɬɢɦɵɦɢ (ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦɢ) ɢ, ɜ ɫɥɭɱɚɟ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶ-
ɧɨɝɨ ɪɟɡɭɥɶɬɚɬɚ, ɡɚɞɚɱɚ ɫɱɢɬɚɟɬɫɹ ɪɟɲɟɧɧɨɣ. ɗɬɨ ɧɚɩɪɚɜɥɟɧɢɟ ɧɟ ɩɪɟɞɩɨɥɚɝɚɟɬ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɟɤɬɧɵɯ 
ɪɚɫɱɟɬɨɜ ɞɥɹ ɫɥɚɛɨɧɚɝɪɭɠɟɧɧɵɯ ɭɱɚɫɬɤɨɜ ɢɡɞɟɥɢɹ, ɝɞɟ, ɤɚɤ ɩɪɚɜɢɥɨ, ɢɦɟɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɵɣ ɪɟɡɟɪɜ ɤɨɧ-

ɫɬɪɭɤɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɦɚɲɢɧɚ ɩɨɥɭɱɚɟɬɫɹ ɫ ɢɡɥɢɲɧɢɦ ɪɚɫɯɨɞɨɦ ɩɨɪɨɣ ɞɟɮɢɰɢɬɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ ɢ ɫ ɪɚɡɧɵɦɢ ɡɚɩɚɫɚɦɢ ɩɨ ɧɚɞɟɠɧɨɫɬɢ ɢ ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɟɟ ɫɨɫɬɚɜɧɵɯ ɱɚɫɬɟɣ. Ɍɚɤɨɣ ɠɟ ɩɨɞ-
ɯɨɞ ɤ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɢɡɞɟɥɢɣ ɹɜɥɹɟɬɫɹ ɬɪɚɞɢɰɢɨɧɧɵɦ ɢ ɩɪɟɜɚɥɢɪɭɸɳɢɦ ɜ ɫɨɩɪɨɬɢɜɥɟɧɢɢ ɦɚɬɟɪɢɚ-
ɥɨɜ, ɫɬɪɨɢɬɟɥɶɧɨɣ ɦɟɯɚɧɢɤɢ ɢ ɜ ɪɹɞɟ ɞɪɭɝɢɯ ɫɦɟɠɧɵɯ ɫ ɦɚɲɢɧɨɫɬɪɨɟɧɢɟɦ ɨɛɥɚɫɬɟɣ ɡɧɚɧɢɣ. 

Ƚɥɚɜɧɚɹ ɡɚɞɚɱɚ ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɦɚɲɢɧ ɫɨɫɬɨɢɬ ɧɟ ɜ ɨɩɢɫɚɧɢɢ ɢ ɜ ɨɛɫɱɟɬɟ ɝɨɬɨ-
ɜɵɯ ɤɨɧɫɬɪɭɤɰɢɣ (ɯɨɬɹ ɧɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɬɚɤɚɹ ɡɚɞɚɱɚ ɦɨɠɟɬ ɢɦɟɬɶ ɦɟɫɬɨ), ɚ ɜ ɰɟɥɟɧɚɩɪɚɜɥɟɧɧɨɦ ɫɨɡ-
ɞɚɧɢɢ ɬɚɤɢɯ ɢɡɞɟɥɢɣ, ɤɨɧɮɢɝɭɪɚɰɢɹ, ɮɨɪɦɚ, ɦɚɬɟɪɢɚɥ ɢ ɞɪɭɝɢɟ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɤɨɬɨ-
ɪɵɯ ɹɜɥɹɸɬɫɹ ɨɛɴɟɤɬɨɦ ɚɤɬɢɜɧɨɝɨ ɩɨɢɫɤɚ ɢ ɦɨɝɭɬ ɛɵɬɶ ɢɡɦɟɧɟɧɵ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɥɭɠɟɛɧɵɦ ɧɚ-
ɡɧɚɱɟɧɢɟɦ ɢ ɭɫɥɨɜɢɹɦɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɟɞɦɟɬɚ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɚ ɬɚɤɠɟ ɫ ɷɤɨɧɨɦɢɱɟɫɤɢɦɢ ɬɪɟɛɨɜɚ-
ɧɢɹɦɢ. ɗɬɨ ɧɚɩɪɚɜɥɟɧɢɟ ɜ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɞɟɬɚɥɟɣ ɢ ɤɨɧɫɬɪɭɤɰɢɣ ɦɚɲɢɧ ɩɪɟɞɩɨɥɚɝɚɟɬ ɨɬɥɢɱɚɸ-

ɳɭɸɫɹ ɨɬ ɩɟɪɜɨɝɨ ɩɭɬɢ ɦɟɬɨɞɨɥɨɝɢɸ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɹ, ɡɚɤɥɸɱɚɸɳɭɸɫɹ ɜ ɫɥɟɞɭɸɳɟɦ. 

1. Ɏɨɪɦɭɥɢɪɨɜɤɚ ɝɥɨɛɚɥɶɧɨɣ ɰɟɥɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢɡɞɟɥɢɹ ɜ ɜɢɞɟ ɷɤɨɧɨɦɢɱɟɫɤɢ ɨɛɨɫɧɨɜɚɧ-

ɧɨɝɨ ɫɪɨɤɚ ɟɝɨ ɫɥɭɠɛɵ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɨɝɨ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɡɭɱɟɧɢɹ ɬɟɤɭɳɟɣ ɤɨɧɴɸɧɤɬɭɪɵ ɪɵɧɤɚ 
ɚɧɚɥɨɝɨɜ ɫ ɭɱɟɬɨɦ ɦɢɫɫɢɢ ɢ ɦɚɬɟɪɢɚɥɶɧɨɣ ɛɚɡɵ ɮɢɪɦɵ-ɩɪɨɢɡɜɨɞɢɬɟɥɹ [1]. 
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2. ȼɫɟɫɬɨɪɨɧɧɢɣ ɭɱɟɬ ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɢɡɞɟɥɢɟ ɭɫɥɨɜɢɣ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɜɤɥɸɱɚɹ ɧɚɡɧɚɱɟɧɢɟ 
ɩɪɢɟɦɥɟɦɵɯ ɞɢɚɩɚɡɨɧɨɜ ɤɨɥɟɛɚɧɢɣ ɫɢɥɨɜɵɯ, ɬɟɩɥɨɜɵɯ ɢ ɢɧɵɯ ɧɚɝɪɭɡɨɤ. Ɉɞɧɚ ɢɡ ɦɟɬɨɞɢɤ ɩɪɨɜɟɞɟ-
ɧɢɹ ɷɬɨɝɨ ɷɬɚɩɚ ɩɪɨɜɟɞɟɧɚ ɜ [2]. 

3. ȼɵɹɜɥɟɧɢɟ ɮɢɡɢɱɟɫɤɨɣ ɩɪɢɪɨɞɵ ɩɪɨɰɟɫɫɨɜ, ɩɪɢɜɨɞɹɳɢɯ ɤ ɨɬɤɚɡɭ ɢɡɞɟɥɢɹ, ɢ ɩɨɢɫɤ ɫɨɨɬ-
ɜɟɬɫɬɜɭɸɳɢɯ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ, ɨɩɢɫɵɜɚɸɳɢɯ ɬɟɤɭɳɟɟ ɫɨɫɬɨɹɧɢɟ ɦɚɲɢɧɵ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ 
ɩɪɨɱɧɨɫɬɢ (ɫɬɚɬɢɱɟɫɤɨɣ, ɞɢɧɚɦɢɱɟɫɤɨɣ ɢ ɭɫɬɚɥɨɫɬɧɨɣ), ɠɟɫɬɤɨɫɬɢ, ɤɨɪɪɨɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ, ɬɟɩɥɨ - 
ɢ ɬɪɢɛɨ-ɫɬɨɣɤɨɫɬɢ. ɗɬɨɬ ɷɬɚɩ ɞɨɥɠɟɧ ɭɱɢɬɵɜɚɬɶ ɫɬɚɬɢɫɬɢɤɭ ɨɬɤɚɡɨɜ, ɩɨɥɭɱɚɟɦɭɸ ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɛɫɥɟ-
ɞɨɜɚɧɢɹ (ɞɟɮɟɤɬɚɰɢɢ) ɢɡɧɨɲɟɧɧɵɯ ɢɡɞɟɥɢɣ.  

4. ɗɬɚɩ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ ɢɡɞɟɥɢɹ ɢ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɹ ɟɝɨ 
ɫɨɫɬɚɜɧɵɯ ɱɚɫɬɟɣ, ɤɚɤ ɬɪɚɞɢɰɢɨɧɧɵɦɢ ɦɟɬɨɞɚɦɢ, ɬɚɤ ɢ ɫ ɲɢɪɨɤɢɦ ɩɪɢɦɟɧɟɧɢɟɦ ɦɟɬɨɞɨɜ ɨɩɬɢɦɚɥɶ-
ɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɩɨ ɱɚɫɬɧɵɦ ɰɟɥɟɜɵɦ ɮɭɧɤɰɢɹɦ. 

5. ɋɪɚɜɧɟɧɢɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɨɫɬɚɜɧɵɯ ɱɚɫɬɟɣ ɢ ɞɟɬɚɥɟɣ ɢɡɞɟɥɢɹ ɫ ɗɈɋɋ 

ɢ ɩɨɷɬɚɩɧɨɟ ɜɵɪɚɜɧɢɜɚɧɢɟ ɫɪɨɤɨɜ ɫɥɭɠɛɵ ɡɚ ɫɱɟɬ ɢɡɦɟɧɟɧɢɹ ɢɯ ɮɨɪɦɵ, ɪɚɡɦɟɪɨɜ, ɫɜɨɣɫɬɜ ɤɨɧɫɬɪɭɤ-
ɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢ ɪɚɛɨɱɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɦɢ ɢɥɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ. 

ɉɪɢ ɷɬɨɦ ɜɨɡɦɨɠɧɨ ɤɚɤ ɩɨɜɵɲɟɧɢɟ, ɬɚɤ ɢ ɫɧɢɠɟɧɢɟ ɡɚɩɚɫɚ ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɪɹɞɚ ɞɟɬɚɥɟɣ. 

Ɋɟɡɭɥɶɬɚɬɨɦ ɬɚɤɨɝɨ ɪɨɞɚ ɢɬɟɪɚɰɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɞɨɥɠɧɨ ɫɬɚɬɶ ɩɨɥɭɱɟɧɢɟ ɢɡ-
ɞɟɥɢɹ ɧɚɢɜɵɫɲɟɝɨ ɤɚɱɟɫɬɜɚ ɜ ɩɪɟɞɟɥɚɯ ɡɚɞɚɧɧɵɯ ɜɪɟɦɟɧɧɵɯ ɨɝɪɚɧɢɱɟɧɢɣ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɬɤɚɡ ɨɬ ɩɪɢɧɰɢɩɨɜ ɦɚɤɫɢɦɢɡɚɰɢɢ ɤɚɤɢɯ-ɥɢɛɨ ɫɜɨɣɫɬɜ ɤɨɧɫɬɪɭɤɰɢɢ ɦɚɲɢɧɵ ɢ 

ɩɟɪɟɯɨɞ ɤ ɟɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɗɈɋɋ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɷɤɨɧɨɦɢɱɧɵɟ ɢ ɜɵɫɨɤɨɤɚ-
ɱɟɫɬɜɟɧɧɵɟ ɢɡɞɟɥɢɹ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɢɡɥɨɠɟɧɧɨɣ ɦɟɬɨɞɨɥɨɝɢɢ ɩɪɨ-
ɟɤɬɢɪɨɜɚɧɢɹ ɬɪɟɛɭɟɬ ɧɟ ɬɨɥɶɤɨ ɩɪɨɜɟɞɟɧɢɹ ɲɢɪɨɤɨɦɚɫɲɬɚɛɧɵɯ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ, ɬɟɨɪɟɬɢɱɟ-
ɫɤɢɯ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɧɨ ɢ ɤɨɪɟɧɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɢɧɠɟɧɟɪɧɨɣ ɩɫɢɯɨɥɨɝɢɢ ɤɨɧɫɬ-
ɪɭɤɬɨɪɨɜ ɢ ɩɪɨɟɤɬɢɪɨɜɳɢɤɨɜ ɢɡɞɟɥɢɣ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ. 

ȼɵɜɨɞ: ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɟ ɪɚɛɨɬɵ ɩɪɢɤɥɚɞɧɨɝɨ ɯɚɪɚɤɬɟɪɚ ɞɨɥɠɧɵ ɨɛɹɡɚɬɟɥɶɧɨ ɡɚɤɚɧ-

ɱɢɜɚɬɶɫɹ ɫɢɧɬɟɡɨɦ ɧɨɜɨɝɨ ɬɟɯɧɢɱɟɫɤɨɝɨ ɩɪɟɞɥɨɠɟɧɢɹ, ɚ ɧɟ ɨɫɬɚɧɚɜɥɢɜɚɬɶɫɹ ɧɚ ɷɬɚɩɟ ɚɧɚɥɢɡɚ ɢ ɭɫɬɚ-
ɧɨɜɥɟɧɢɹ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɨɛɴɟɤɬɚ ɢɫɫɥɟɞɨɜɚɧɢɹ.   
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ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɚɠɧɟɣɲɢɦ ɭɫɥɨɜɢɟɦ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɢ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɫɜɚɪɨɱɧɨɝɨ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɹɜɥɹɟɬɫɹ ɧɟ ɬɨɥɶɤɨ ɪɚɡɜɢɬɢɟ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɨɫɧɨɜ ɫɜɚɪɤɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɨɜɟɣɲɢɯ 
ɞɨɫɬɢɠɟɧɢɣ ɜ ɪɚɡɥɢɱɧɵɯ ɨɛɥɚɫɬɹɯ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɢ ɩɪɢɤɥɚɞɧɵɯ ɧɚɭɤ, ɧɨ ɢ ɫɨɡɞɚɧɢɟ ɜɵɫɨɤɨɷɮ-

ɮɟɤɬɢɜɧɵɯ ɦɟɬɨɞɨɜ, ɫɪɟɞɫɬɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɢɦɢɬɚɰɢɢ ɫɜɚɪɨɱɧɵɯ ɩɪɨɰɟɫɫɨɜ [1]. 

ɉɪɢɦɟɧɟɧɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɜɚɪɨɱɧɵɯ ɩɪɨɰɟɫ-
ɫɨɜ ɩɪɟɜɪɚɬɢɥɨɫɶ ɜ ɦɨɳɧɵɣ ɢɧɫɬɪɭɦɟɧɬɚɪɢɣ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɩɨɡɧɚɧɢɹ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɜ 
ɫɥɨɠɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɫɢɫɬɟɦɚɯ, ɩɨɡɜɨɥɹɸɳɢɯ ɧɟ ɬɨɥɶɤɨ ɩɨɥɭɱɢɬɶ ɮɨɪɦɚɥɢɡɨɜɚɧɧɨɟ ɨɩɢɫɚɧɢɟ 
ɢɯ ɨɫɧɨɜɧɵɯ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ, ɧɨ ɢ ɷɮɮɟɤɬɢɜɧɨ ɭɩɪɚɜɥɹɬɶ ɢɦɢ. Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ 
ɩɨɡɜɨɥɹɟɬ ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ ɭɫɥɨɜɢɹ ɩɪɨɬɟɤɚɧɢɹ ɩɪɨɰɟɫɫɚ ɨɛɪɚɡɨɜɚɧɢɹ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ, ɩɪɟɞɨɬ-
ɜɪɚɬɢɬɶ ɩɨɹɜɥɟɧɢɟ ɧɟɞɨɩɭɫɬɢɦɵɯ ɞɟɮɟɤɬɨɜ ɫɜɚɪɧɵɯ ɲɜɨɜ, ɫɨɟɞɢɧɟɧɢɣ, ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɨɞɧɨɜɪɟɦɟɧɧɨ 
ɩɨɜɵɫɢɬɶ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɫɜɚɪɨɱɧɵɯ ɨɩɟɪɚɰɢɣ. 

ɉɟɪɜɵɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ, ɨɬɧɨɫɹɳɢɟɫɹ ɤ ɨɛɥɚɫɬɢ ɫɜɚɪɤɢ ɢ ɨɫɧɨɜɵɜɚɸɳɢɟɫɹ ɧɚ ɮɭɧɞɚ-
ɦɟɧɬɚɥɶɧɵɯ ɡɚɤɨɧɚɯ ɮɢɡɢɤɢ, ɨɩɢɫɵɜɚɥɢ ɫɨɫɬɨɹɧɢɟ ɩɥɚɡɦɵ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɞɭɝɢ (ɫɬɟɩɟɧɶ ɢɨɧɢɡɚɰɢɢ 

ɞɭɝɨɜɨɝɨ ɝɚɡɚ), ɢɥɢ ɞɚɜɥɟɧɢɹ ɞɭɝɢ ɤɚɤ ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ ɩɪɨɜɨɞɧɢɤɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɟɥɢɱɢɧɵ ɩɪɨ-
ɬɟɤɚɸɳɟɝɨ ɱɟɪɟɡ ɧɟɝɨ ɬɨɤɚ [2]. 

Ɇɟɬɨɞɵ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɜɚɪɨɱɧɵɯ ɩɪɨɰɟɫɫɨɜ ɩɨɥɭɱɢɥɢ ɢɧɬɟɧɫɢɜɧɨɟ ɪɚɡɜɢ-

ɬɢɟ ɩɨɫɥɟ ɩɨɹɜɥɟɧɢɹ ɩɟɪɜɵɯ ɪɚɛɨɬ ɩɨ ɪɚɫɱɟɬɭ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɨɥɟɣ, ɫɨɡɞɚɜɚɟɦɵɯ ɜ ɬɟɥɚɯ ɪɚɡɥɢɱɧɨɣ 


