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Ɇɚɬɟɪɢɚɥɵ�ȼɨɫɶɦɨɣ ɤɨɧɮɟɪɟɧɰɢɢ ©Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ�ɦɨɞɟɥɢɪɨɜɚɧɢɟ�ɜ�ɷɤɨɥɨɝɢɢª�
ɗɤɨɆɚɬɆɨɞ-2023��ɝ��ɉɭɳɢɧɨ��Ɋɨɫɫɢɹ 

ɍȾɄ������-7 
ȻȻɄ���ɜ� 
M34 

Ɉɬɜɟɬɫɬɜɟɧɧɵɟ�ɪɟɞɚɤɬɨɪɵ 
ɞɨɤɬɨɪ�ɮɢɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ�ɧɚɭɤ�ɉ�ə��Ƚɪɚɛɚɪɧɢɤ 

ɩɪɨɮɟɫɫɨɪ��ɞɨɤɬɨɪ�ɮɢɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ�ɧɚɭɤ�Ⱦ�Ɉ��Ʌɨɝɨɮɟɬ 

Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ�ɦɨɞɟɥɢɪɨɜɚɧɢɟ�ɜ�ɷɤɨɥɨɝɢɢ���Ɇɚɬɟɪɢɚɥɵ�ȼɨɫɶɦɨɣ ɇɚɰɢɨɧɚɥɶɧɨɣ 
ɧɚɭɱɧɨɣ�ɤɨɧɮɟɪɟɧɰɢɢ�ɫ�ɦɟɠɞɭɧɚɪɨɞɧɵɦ�ɭɱɚɫɬɢɟɦ���±���ɧɨɹɛɪɹ����� ɝ��± 

ɉɭɳɢɧɨ��Ɏɂɐ�ɉɇɐȻɂ�ɊȺɇ������. ����ɫ� 

Ɇɚɬɟɪɢɚɥɵ� ȼɨɫɶɦɨɣ ɇɚɰɢɨɧɚɥɶɧɨɣ� ɧɚɭɱɧɨɣ� ɤɨɧɮɟɪɟɧɰɢɢ� ɫ� ɦɟɠɞɭɧɚɪɨɞɧɵɦ� ɭɱɚɫɬɢɟɦ 
©Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ� ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɜ ɷɤɨɥɨɝɢɢª� �ɗɤɨɆɚɬɆɨɞ-2023) ɩɪɟɞɫɬɚɜɥɹɸɬ� ɫɨɜɪɟɦɟɧɧɵɣ�
ɭɪɨɜɟɧɶ ɪɨɫɫɢɣɫɤɢɯ� ɧɚɭɱɧɵɯ� ɪɚɡɪɚɛɨɬɨɤ� ɜ� ɷɬɨɣ� ɨɛɥɚɫɬɢ� ɡɧɚɧɢɣ ɢ ɫɨɞɟɪɠɚɬ� ɲɢɪɨɤɢɣ� ɫɩɟɤɬɪ�
ɩɨɞɯɨɞɨɜ ɤ� ɦɨɞɟɥɢɪɨɜɚɧɢɸ�� ɩɪɢɦɟɧɹɟɦɵɯ� ɞɥɹ� ɪɟɲɟɧɢɹ� ɷɤɨɥɨɝɢɱɟɫɤɢɯ� ɡɚɞɚɱ� ȼ ɫɛɨɪɧɢɤɟ 
ɩɪɟɞɫɬɚɜɥɟɧɵ� ɦɚɬɟɪɢɚɥɵ� ɞɨɤɥɚɞɨɜ�� ɩɨɫɜɹɳɟɧɧɵɯ� ɪɚɡɥɢɱɧɵɦ� ɩɪɨɛɥɟɦɚɦ� ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɧɚ�ɨɪɝɚɧɢɡɦɟɧɧɨɦ� ɩɨɩɭɥɹɰɢɨɧɧɨɦ� ɛɢɨɝɟɨɰɟɧɨɬɢɱɟɫɤɨɦ��
ɪɟɝɢɨɧɚɥɶɧɨɦ� ɢ� ɝɥɨɛɚɥɶɧɨɦ� ɭɪɨɜɧɹɯ� ɨɪɝɚɧɢɡɚɰɢɢ� ɠɢɜɨɝɨ� ɩɨɤɪɨɜɚ� ɉɪɢɜɟɞɟɧɵ� ɩɨɞɪɨɛɧɵɟ�
ɩɪɢɦɟɪɵ� ɩɪɢɦɟɧɟɧɢɹ� ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ� ɦɨɞɟɥɟɣ� ɜ� ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ�� ȼ� ɪɹɞɟ� ɪɚɛɨɬ�
ɩɪɟɞɥɨɠɟɧɵ ɧɨɜɵɟ� ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ� ɦɟɬɨɞɵ�� ɩɪɢɦɟɧɹɟɦɵɟ� ɞɥɹ ɪɟɲɟɧɢɹ� ɡɚɞɚɱ� ɜ� ɷɤɨɥɨɝɢɢ��
ɋɛɨɪɧɢɤ� ɩɪɟɞɧɚɡɧɚɱɟɧ� ɞɥɹ� ɦɚɬɟɦɚɬɢɤɨɜ�� ɷɤɨɥɨɝɨɜ�� ɛɢɨɥɨɝɨɜ ɪɚɡɥɢɱɧɵɯ� ɫɩɟɰɢɚɥɶɧɨɫɬɟɣ� 
ɩɨɱɜɨɜɟɞɨɜ�� ɝɟɨɝɪɚɮɨɜ�� ɡɚɧɢɦɚɸɳɢɯɫɹ ɚɧɚɥɢɡɨɦ� ɢ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɟɦ� ɪɚɡɜɢɬɢɹ� ɛɢɨɥɨɝɢɱɟɫɤɢɯ�
ɫɢɫɬɟɦ� ɪɚɡɧɵɯ� ɭɪɨɜɧɟɣ� ɨɪɝɚɧɢɡɚɰɢɢ�� ɚ� ɬɚɤɠɟ� ɞɥɹ ɫɬɭɞɟɧɬɨɜ�� ɦɚɝɢɫɬɪɚɧɬɨɜ�� ɚɫɩɢɪɚɧɬɨɜ� ɢ�
ɲɢɪɨɤɨɝɨ� ɤɪɭɝɚ� ɱɢɬɚɬɟɥɟɣ�� ɢɧɬɟɪɟɫɭɸɳɢɯɫɹ ɫɨɜɪɟɦɟɧɧɵɦ� ɫɨɫɬɨɹɧɢɟɦ� ɦɨɞɟɥɢɪɨɜɚɧɢɹ� ɜ�
ɷɤɨɥɨɝɢɢ� 
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Ɇɚɬɟɪɢɚɥɵ�ȼɨɫɶɦɨɣ�ɤɨɧɮɟɪɟɧɰɢɢ ©Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ�ɦɨɞɟɥɢɪɨɜɚɧɢɟ�ɜ�ɷɤɨɥɨɝɢɢª� 
ɗɤɨɆɚɬɆɨɞ-2023��ɝ��ɉɭɳɢɧɨ��Ɋɨɫɫɢɹ 

 

ȺȽȿɇɌɇȺə�ɆɈȾȿɅɖ�ȾɂɇȺɆɂɄɂ�ɑɂɋɅȿɇɇɈɋɌɂ�ȾɂȺɌɈɆɈȼɕɏ�
ȼɈȾɈɊɈɋɅȿɃ��ȼɅɂəɇɂȿ�ɉȺɊȺɆȿɌɊɈȼ�ɋɊȿȾɕ 
Ɏɭɪɫɨɜɚ�ɉ�ȼ���Ɋɢɡɧɢɱɟɧɤɨ�Ƚ�ɘ���Ʉɨɧɸɯɨɜ�ɂ�ȼ���ɉɨɝɨɫɹɧ�ɋ�ɂ� 

Ȼɢɨɥɨɝɢɱɟɫɤɢɣ�ɮɚɤɭɥɶɬɟɬ�ɆȽɍ�ɢɦɟɧɢ�Ɇ�ȼ� Ʌɨɦɨɧɨɫɨɜɚ��Ɇɨɫɤɜɚ��Ɋɨɫɫɢɹ 
fursova@biophys.msu.ru  

Ⱥɧɧɨɬɚɰɢɹ�� ɂɫɫɥɟɞɨɜɚɧɨ� ɩɨɜɟɞɟɧɢɟ� ɚɝɟɧɬɧɨɣ� ɦɨɞɟɥɢ� ɞɢɧɚɦɤɢ� ɱɢɫɥɟɧɧɨɫɬɢ� ɩɨɩɭɥɹɰɢɢ�
ɮɢɬɨɩɥɚɧɤɬɨɧɚ� ɜ� ɡɚɜɢɫɢɦɨɫɬɢ� ɨɬ� ɩɚɪɚɦɟɬɪɨɜ� ɫɪɟɞɵ�� ɋɪɟɞɚ� ɫɨɫɬɨɢɬ� ɢɡ� ɞɜɭɯ� ɫɥɨɺɜ�� ɜ� ɤɚɠɞɨɦ� ɢɡ�
ɤɨɬɨɪɵɯ� ɨɪɝɚɧɢɡɦɚɦ� ɞɨɫɬɭɩɟɧ� ɬɨɥɶɤɨ� ɨɞɢɧ� ɢɡ� ɧɟɨɛɯɨɞɢɦɵɯ� ɪɟɫɭɪɫɨɜ�� ɫɜɟɬ� ɢɥɢ� ɦɢɧɟɪɚɥɶɧɵɟ�
ɜɟɳɟɫɬɜɚ�� ɉɨɤɚɡɚɧɨ�� ɱɬɨ� ɪɚɡɥɢɱɧɵɟ� ɪɟɠɢɦɵ� ɩɨɜɟɪɯɧɨɫɬɧɨɣ� ɨɫɜɟɳɟɧɧɨɫɬɢ� ɩɨɡɜɨɥɹɸɬ� ɩɨɥɭɱɢɬɶ�
ɪɚɡɧɨɨɛɪɚɡɧɵɟ�ɪɚɫɩɪɟɞɟɥɟɧɢɹ�ɱɢɫɥɟɧɧɨɫɬɟɣ�ɤɥɟɬɨɤ�ɜ�ɜɟɪɯɧɟɦ�ɢ�ɧɢɠɧɟɦ�ɫɥɨɟ� 

 

1. ȼȼȿȾȿɇɂȿ 

ȼ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɣ� ɢɧɬɟɝɪɢɪɨɜɚɧɧɨɣ� ɫɪɟɞɟ� ɪɚɡɪɚɛɨɬɤɢ� NetLogo (NetLogo, 2023) 
ɪɚɡɪɚɛɨɬɚɧɚ� ɚɝɟɧɬɧɚɹ� ɦɨɞɟɥɶ� ɞɢɧɚɦɤɢ� ɱɢɫɥɟɧɧɨɫɬɢ� ɩɨɩɭɥɹɰɢɢ� ɞɢɚɬɨɦɨɜɵɯ� ɜɨɞɨɪɨɫɥɟɣ��
ɨɛɢɬɚɸɳɢɯ�ɜ�ɞɜɭɫɥɨɣɧɨɣ�ɫɪɟɞɟ. Ʉɨɦɩɶɸɬɟɪɧɚɹ�ɩɨɩɭɥɹɰɢɹ�ɫɨɫɬɨɢɬ�ɢɡ�ɫɨɜɨɤɭɩɧɨɫɬɢ�ɤɥɟɬɨɤ-
ɚɝɟɧɬɨɜ��ɋɪɟɞɚ�ɨɛɢɬɚɧɢɹ�ɩɪɟɞɫɬɚɜɥɹɟɬ�ɫɨɛɨɣ�ɩɥɨɫɤɨɫɬɶ��ɫɨɫɬɨɹɳɭɸ�ɢɡ�ɹɱɟɟɤ. Ʉɚɠɞɚɹ�ɹɱɟɣɤɚ�
ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ� ɞɜɭɦɹ� ɜɟɥɢɱɢɧɚɦɢ�� ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ� ɫɜɟɬɚ� ɢ� ɫɨɞɟɪɠɚɧɢɟɦ� ɩɢɬɚɬɟɥɶɧɵɯ�
ɜɟɳɟɫɬɜ�� ȼ ɜɟɪɯɧɟɦ� ɫɥɨɟ� ɫɨɞɟɪɠɚɧɢɟ� ɩɢɬɚɬɟɥɶɧɵɯ� ɜɟɳɟɫɬɜ� ɩɪɢɧɢɦɚɟɬɫɹ� ɪɚɜɧɵɦ� ɧɭɥɸ��
ɢɧɬɟɧɫɢɜɧɨɫɬɶ�ɫɜɟɬɚ�ɩɚɞɚɟɬ�ɫ�ɝɥɭɛɢɧɨɣ��ɩɨ�ɜɟɪɬɢɤɚɥɢ��ɜ�ɫɨɨɬɜɟɬɫɬɜɢɢ�ɫ�ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɵɦ�
ɡɚɤɨɧɨɦ�� ȼ� ɧɢɠɧɟɦ� ɫɥɨɟ� ɨɫɜɟɳɟɧɧɨɫɬɶ� ɨɬɫɭɬɫɬɜɭɟɬ�� ɩɢɬɚɬɟɥɶɧɵɟ� ɜɟɳɟɫɬɜɚ� ɪɚɫɩɪɟɞɟɥɟɧɵ�
ɪɚɜɧɨɦɟɪɧɨ, ɧɚɯɨɞɹɬɫɹ�ɜ�ɞɨɫɬɚɬɤɟ��ɢɯ�ɫɨɞɟɪɠɚɧɢɟ�ɜ�ɹɱɟɣɤɟ�ɧɟ�ɢɡɦɟɧɹɟɬɫɹ�ɩɪɢ�ɩɨɬɪɟɛɥɟɧɢɢ�
ɤɥɟɬɤɚɦɢ-ɚɝɟɧɬɚɦɢ� Ɍɚɤɢɟ� ɨɫɨɛɟɧɧɨɫɬɢ� ɫɪɟɞɵ� ɯɚɪɚɤɬɟɪɧɵ� ɞɥɹ� ɤɪɚɟɜɵɯ� ɫɟɜɟɪɧɵɯ� ɦɨɪɟɣ: 
ɧɚɥɢɱɢɟ� ɞɜɭɯ� ɫɥɨɟɜ� ɜɨɞɵ� ɫ� ɪɚɡɧɨɣ� ɩɥɨɬɧɨɫɬɶɸ� ɢ� ɫɨɥɟɧɨɫɬɶɸ� ɨɛɭɫɥɨɜɥɟɧɨ ɛɨɥɶɲɢɦ�
ɦɚɬɟɪɢɤɨɜɵɦ� ɫɬɨɤɨɦ� ɪɟɱɧɵɯ� ɜɨɞ� ɢ� ɬɚɹɧɢɟɦ� ɥɶɞɨɜ� ɉɨɫɬɭɩɥɟɧɢɟ� ɦɢɧɟɪɚɥɶɧɵɯ� ɜɟɳɟɫɬɜ� ɢɡ�
ɝɥɭɛɢɧɧɵɯ� ɜɨɞ� ɜɨɫɩɨɥɧɹɟɬ� ɢɯ� ɫɨɞɟɪɠɚɧɢɟ� ɜ� ɝɨɪɢɡɨɧɬɟ�� ɞɨɫɬɭɩɧɨɦ� ɞɥɹ� ɮɢɬɨɩɥɚɧɤɬɨɧɚ��
ɉɨɩɭɥɹɰɢɹ� ɤɥɟɬɨɤ� ɜɨɞɨɪɨɫɥɢ� ɪɚɡɛɢɬɚ� ɧɚ� �� ɝɪɭɩɩɵ� ± ɤɥɟɬɤɢ�� ɧɚɯɨɞɹɳɢɟɫɹ� ɜ� ɜɟɪɯɧɟɦ� ɫɥɨɟ�
ɫɪɟɞɵ� �ups�� ɢ� ɧɢɠɧɟɦ� �downs��� ɋɨɫɬɨɹɧɢɟ� ɚɝɟɧɬɚ� ɨɩɢɫɵɜɚɟɬɫɹ� ɩɥɨɬɧɨɫɬɶɸ ɢ�
ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɦ� ɫɨɞɟɪɠɚɧɢɟɦ� ɦɢɧɟɪɚɥɶɧɵɯ� ɜɟɳɟɫɬɜ�� Ⱦɥɹ� ɤɚɠɞɨɣ� ɤɥɟɬɤɢ� ɜɨɡɦɨɠɧɵ�
ɫɥɟɞɭɸɳɢɟ�ɞɟɣɫɬɜɢɹ�� ɭɜɟɥɢɱɟɧɢɟ�ɢɥɢ ɭɦɟɧɶɲɟɧɢɟ�ɩɥɨɬɧɨɫɬɢ�� ɡɚɩɚɫɚɧɢɟ�ɢɥɢ� ɪɚɫɯɨɞɨɜɚɧɢɟ�
ɦɢɧɟɪɚɥɶɧɵɯ� ɜɟɳɟɫɬɜ�� ɞɟɥɟɧɢɟ�� ɫɦɟɪɬɶ�� ɩɟɪɟɯɨɞ� ɢɡ� ɨɞɧɨɣ� ɝɪɭɩɩɵ� ɜ� ɞɪɭɝɭɸ�� ɫɥɭɱɚɣɧɨɟ�
ɩɟɪɟɦɟɳɟɧɢɟ ɧɚ�ɡɚɞɚɧɧɨɟ�ɪɚɫɫɬɨɹɧɢɟ. Ɏɭɧɤɰɢɨɧɚɥɶɧɵɟ�ɡɚɜɢɫɢɦɨɫɬɢ�ɢ�ɡɧɚɱɟɧɢɹ�ɩɚɪɚɦɟɬɪɨɜ��
ɢɫɩɨɥɶɡɨɜɚɧɧɵɟ� ɜ� ɦɨɞɟɥɢ�� ɨɩɢɫɚɧɵ ɜ� ɪɚɛɨɬɟ� �Ɏɭɪɫɨɜɚ� ɢ� ɞɪ��� ������� ȼ� ɨɫɧɨɜɟ� ɩɪɚɜɢɥ�
ɩɨɜɟɞɟɧɢɹ�ɚɝɟɧɬɨɜ�ɥɟɠɢɬ�ɫɥɟɞɭɸɳɚɹ�ɝɢɩɨɬɟɡɚ��ȼ�ɨɫɜɟɳɟɧɧɨɦ�ɫɥɨɟ�ɜɨɞɵ�ɤɥɟɬɤɚ ɧɚɤɚɩɥɢɜɚɟɬ�
ɛɢɨɦɚɫɫɭ�ɡɚ�ɫɱɟɬ�ɮɨɬɨɫɢɧɬɟɡɚ��ɉɪɢ�ɷɬɨɦ�ɨɧɚ ɭɜɟɥɢɱɢɜɚɟɬ�ɫɜɨɸ�ɩɥɨɬɧɨɫɬɶ�ɡɚ�ɫɱɟɬ�ɫɨɯɪɚɧɟɧɢɹ�
ɨɛɴɟɦɚ��ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ�ɧɚɥɢɱɢɟɦ�ɬɜɟɪɞɵɯ�ɤɪɟɦɧɢɟɜɵɯ�ɫɬɜɨɪɨɤ��ɋ�ɭɜɟɥɢɱɟɧɢɟɦ�ɩɥɨɬɧɨɫɬɢ�
ɤɥɟɬɤɚ� ɩɨɫɬɟɩɟɧɧɨ� ɨɩɭɫɤɚɟɬɫɹ� ɞɨ� ɬɟɯ� ɩɨɪ�� ɩɨɤɚ� ɟɟ� ɩɥɨɬɧɨɫɬɶ� ɧɟ� ɫɪɚɜɧɹɟɬɫɹ� ɫ� ɩɥɨɬɧɨɫɬɶɸ�
ɛɨɥɟɟ� ɫɨɥɟɧɨɣ� ɢ� ɩɥɨɬɧɨɣ� ɜɨɞɵ�� ȼ� ɷɬɨɦ� ɫɥɨɟ�� ɛɨɝɚɬɨɦ� ɦɢɧɟɪɚɥɶɧɵɦɢ� ɜɟɳɟɫɬɜɚɦɢ�� ɤɥɟɬɤɚ�
ɜɨɫɩɨɥɧɹɟɬ�ɫɜɨɢ�ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɟ�ɡɚɩɚɫɵ��Ɉɤɚɡɚɜɲɢɫɶ�ɜ�ɭɫɥɨɜɢɹɯ�ɨɬɫɭɬɫɬɜɢɹ�ɫɜɟɬɚ��ɤɥɟɬɤɚ�
ɧɚɱɢɧɚɟɬ� ɬɪɚɬɢɬɶ� ɧɚɤɨɩɥɟɧɧɵɟ� ɭɝɥɟɜɨɞɵ� ɧɚ� ɪɚɡɥɢɱɧɵɟ� ɦɟɬɚɛɨɥɢɱɟɫɤɢɟ� ɩɪɨɰɟɫɫɵ�� ɜ� ɬɨɦ�
ɱɢɫɥɟ�ɞɵɯɚɧɢɟ��ȼɵɞɟɥɹɸɳɢɣɫɹ�ɭɝɥɟɤɢɫɥɵɣ�ɝɚɡ�ɭɞɟɪɠɢɜɚɟɬɫɹ�ɜɨɤɪɭɝ�ɤɥɟɬɤɢ�ɜ�ɨɛɪɚɡɭɸɳɟɦɫɹ�
ɫɥɢɡɟɜɨɦ� ɦɟɲɤɟ�� ɉɪɢ� ɷɬɨɦ� ɭɞɟɥɶɧɚɹ� ɦɚɫɫɚ� ɷɬɨɝɨ� ©ɨɛɪɚɡɨɜɚɧɢɹª� �ɤɥɟɬɤɚ �� ©ɦɟɲɨɤª��
ɩɨɫɬɟɩɟɧɧɨ� ɩɚɞɚɟɬ��ɉɨ� ɞɨɫɬɢɠɟɧɢɢ� ɤɪɢɬɢɱɟɫɤɨɝɨ� ɡɧɚɱɟɧɢɹ� ɩɥɨɬɧɨɫɬɢ� ɤɥɟɬɤɚ� ɜɫɩɥɵɜɚɟɬ� ɧɚ�
ɩɨɜɟɪɯɧɨɫɬɶ��ɚ�ɩɭɡɵɪɟɤ�ɝɚɡɚ�ɫɯɥɨɩɵɜɚɟɬɫɹ �Ɏɭɪɫɨɜɚ�ɢ�ɞɪ��������.  
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Ɇɚɬɟɪɢɚɥɵ�ȼɨɫɶɦɨɣ�ɤɨɧɮɟɪɟɧɰɢɢ ©Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ�ɦɨɞɟɥɢɪɨɜɚɧɢɟ�ɜ�ɷɤɨɥɨɝɢɢª� 
ɗɤɨɆɚɬɆɨɞ-2023��ɝ��ɉɭɳɢɧɨ��Ɋɨɫɫɢɹ 

 
2. ɊȿɁɍɅɖɌȺɌɕ�ɂ�ɈȻɋɍɀȾȿɇɂȿ 

Ɇɨɞɟɥɶɧɵɟ� ɷɤɫɩɟɪɢɦɟɧɬɵ� ɞɟɦɨɧɫɬɪɢɪɭɸɬ� ɫɭɳɟɫɬɜɟɧɧɭɸ� ɡɚɜɢɫɢɦɨɫɬɶ� ɯɚɪɚɤɬɟɪɚ�
ɩɨɜɟɞɟɧɢɹ�ɨɛɳɟɣ�ɱɢɫɥɟɧɧɨɫɬɢ�ɩɨɩɭɥɹɰɢɢ��ɚ�ɬɚɤɠɟ�ɪɚɫɩɪɟɞɟɥɟɧɢɹ�ɚɝɟɧɬɨɜ�ɦɟɠɞɭ�ɝɪɭɩɩɚɦɢ��ɜ�
ɡɚɜɢɫɢɦɨɫɬɢ�ɨɬ�ɩɚɪɚɦɟɬɪɚ�ɩɨɜɟɪɯɧɨɫɬɧɨɣ�ɨɫɜɟɳɟɧɧɨɫɬɢ�� 

Ʉɚɤ�ɭɜɟɥɢɱɟɧɢɟ��ɬɚɤ�ɢ�ɫɧɢɠɟɧɢɟ�ɨɫɜɟɳɟɧɧɨɫɬɢ�ɨɬɧɨɫɢɬɟɥɶɧɨ�ɭɫɥɨɜɧɨɣ�ɦɚɤɫɢɦɚɥɶɧɨ�
ɛɥɚɝɨɩɪɢɹɬɧɨɣ� ɦɨɠɟɬ� ɩɪɢɜɨɞɢɬɶ� ɤ� ɭɜɟɥɢɱɟɧɢɸ� ɩɟɪɢɨɞɚ� ɢɡɦɟɧɟɧɢɹ� ɨɛɳɟɣ� ɱɢɫɥɟɧɧɨɫɬɢ�� ȼ�
ɭɫɥɨɜɢɹɯ ɢɡɛɵɬɨɱɧɨɝɨ� ɨɫɜɟɳɟɧɢɹ� ɩɪɨɢɫɯɨɞɢɬ� ɛɨɥɟɟ� ɱɚɫɬɚɹ� ɝɢɛɟɥɶ� ɤɥɟɬɨɤ�� Ʉɪɨɦɟ� ɬɨɝɨ��
ɭɫɤɨɪɟɧɧɵɣ� ɪɚɫɯɨɞ� ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɯ� ɡɚɩɚɫɨɜ�ɦɢɧɟɪɚɥɶɧɵɯ� ɜɟɳɟɫɬɜ� ɧɚ� ɫɨɥɧɰɟ� ɩɪɢɜɨɞɢɬ� ɤ�
ɛɨɥɟɟ�ɞɥɢɬɟɥɶɧɨɦɭ ɩɟɪɢɨɞɭ�ɢɯ�ɜɨɫɩɨɥɧɟɧɢɹ�ɜ�ɧɢɠɧɟɦ�ɫɥɨɟ��ȼ�ɪɟɡɭɥɶɬɚɬɟ ɤɨɥɢɱɟɫɬɜɨ�ɤɥɟɬɨɤ�
ɜɟɪɯɧɟɣ� ɝɪɭɩɩɵ� ɜɚɪɶɢɪɭɟɬɫɹ� ɫɢɥɶɧɟɟ�� ɩɟɪɢɨɞɢɱɟɫɤɢ� ɫɧɢɠɚɹɫɶ� ɞɨ� �. ɉɪɢ� ɫɧɢɠɟɧɢɢ�
ɩɨɜɟɪɯɧɨɫɬɧɨɣ� ɨɫɜɟɳɟɧɧɨɫɬɢ� ɦɨɠɧɨ� ɧɚɛɥɸɞɚɬɶ� ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɭɸ� ɫɦɟɧɭ� ɦɚɤɫɢɦɭɦɨɜ�
ɱɢɫɥɟɧɧɨɫɬɟɣ� ɚɝɟɧɬɨɜ� ɜ� ɜɟɪɯɧɟɦ� ɢ ɧɢɠɧɟɦ� ɫɥɨɟ� Ɉɬɦɟɬɢɦ�� ɱɬɨ� ɞɚɧɧɵɟ� ɷɤɫɩɟɞɢɰɢɨɧɧɵɯ�
ɢɫɫɥɟɞɨɜɚɧɢɣ� ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ� ɨ� ɜɵɫɨɤɨɣ� ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ� ɢ� ɜɪɟɦɟɧɧɨɣ� ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ�
ɫɨɞɟɪɠɚɧɢɹ� ɯɥɨɪɨɮɢɥɥɚ�� Ɇɚɤɫɢɦɭɦ� ɫɨɞɟɪɠɚɧɢɹ� ɯɥɨɪɨɮɢɥɥɚ� ɦɨɠɟɬ� ɧɚɯɨɞɢɬɶɫɹ� ɜɛɥɢɡɢ�
ɩɨɜɟɪɯɧɨɫɬɢ� ɢ� ɧɚ� ɝɥɭɛɢɧɚɯ� ɧɢɠɟ� ɫɤɚɱɤɚ� ɩɥɨɬɧɨɫɬɢ� ɜɨɞɵ� ɢɥɢ� ɜ� ɜɟɪɯɧɟɦ� ɢ� ɧɢɠɧɟɦ� ɫɥɨɹɯ�
ɨɞɧɨɜɪɟɦɟɧɧɨ��ɉɪɢ�ɩɨɜɬɨɪɧɵɯ�ɢɡɦɟɪɟɧɢɹɯ�ɫɦɟɳɟɧɢɟ�ɫɭɞɧɚ�ɡɚ�ɫɱɟɬ�ɞɪɟɣɮɚ�ɫɢɥɶɧɨ�ɢɡɦɟɧɹɟɬ�
ɩɪɨɮɢɥɶ�ɪɚɫɩɪɟɞɟɥɟɧɢɹ��ɗɤɨɫɢɫɬɟɦɵ«�������� 

Ɉɞɢɧ� ɢɡ� ɩɚɪɚɦɟɬɪɨɜ� ɦɨɞɟɥɢ� ɡɚɞɚɟɬ� ɪɚɫɫɬɨɹɧɢɟ�� ɧɚ� ɤɨɬɨɪɨɟ� ɚɝɟɧɬ ɫɦɟɳɚɟɬɫɹ� ɜ�
ɫɥɭɱɚɣɧɨɦ� ɧɚɩɪɚɜɥɟɧɢɢ� ɜ� ɤɚɠɞɵɣ� ɦɨɦɟɧɬ� ɜɪɟɦɟɧɢ� ȿɝɨ� ɦɨɠɧɨ� ɫɨɩɨɫɬɚɜɢɬɶ� ɫ� ɭɫɥɨɜɢɹɦɢ�
ɫɪɟɞɵ�� ɜɵɡɵɜɚɸɳɢɦɢ� ɜɵɧɭɠɞɟɧɧɵɟ� ɩɟɪɟɦɟɳɟɧɢɹ� ɤɥɟɬɨɤ� ɮɢɬɨɩɥɚɧɤɬɨɧɚ�� Ɍɚɤ�� ɫɢɥɶɧɨɟ�
ɭɜɟɥɢɱɟɧɢɟ� ɷɬɨɝɨ� ɩɚɪɚɦɟɬɪɚ� ɛɭɞɟɬ� ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ� ɩɨɜɵɲɟɧɢɸ� ɜɨɥɧɟɧɢɹ ɧɚ� ɦɨɪɟ�� Ʉɪɨɦɟ�
ɬɨɝɨ��ɜɥɢɹɧɢɟ�ɧɚ�ɧɚɯɨɠɞɟɧɢɟ�ɮɢɬɨɩɥɚɧɤɬɨɧɚ�ɜ�ɬɨɣ�ɢɥɢ�ɢɧɨɣ�ɬɨɱɤɟ�ɫɪɟɞɵ�ɦɨɠɟɬ�ɨɤɚɡɵɜɚɬɶ�ɢ�
ɮɚɤɬɨɪ�ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ�ɪɚɡɧɵɯ�ɜɢɞɨɜ��ɉɪɨɜɟɞɟɧɧɵɟ�ɱɢɫɥɟɧɧɵɟ�ɷɤɫɩɟɪɢɦɟɧɬɵ�ɩɨɤɚɡɚɥɢ��ɱɬɨ�
ɭɜɟɥɢɱɟɧɢɟ� ɪɚɫɫɬɨɹɧɢɹ�� ɧɚ� ɤɨɬɨɪɨɟ� ɫɦɟɳɚɸɬɫɹ� ɤɥɟɬɤɢ� ɜ� ɭɫɥɨɜɢɹɯ� ɛɥɚɝɨɩɪɢɹɬɧɨɣ�
ɩɨɜɟɪɯɧɨɫɬɧɨɣ�ɨɫɜɟɳɟɧɧɨɫɬɢ�ɩɪɢɜɨɞɢɬ�ɤ�ɫɧɢɠɟɧɢɸ�ɨɛɳɟɣ ɱɢɫɥɟɧɧɨɫɬɢ ɤɥɟɬɨɤ�ɜ�ɫɪɚɜɧɟɧɢɢ�
ɫ�ɚɧɚɥɨɝɢɱɧɵɦ�ɷɤɫɩɟɪɢɦɟɧɬɨɦ�ɜ�ɨɬɫɭɬɫɬɜɢɢ�ɡɧɚɱɢɬɟɥɶɧɵɯ�ɩɟɪɟɦɟɳɟɧɢɣ��ȼ�ɭɫɥɨɜɢɹɯ�ɛɨɥɟɟ�
ɜɵɫɨɤɨɣ� ɩɨɜɟɪɯɧɨɫɬɧɨɣ� ɨɫɜɟɳɟɧɧɨɫɬɢ ɨɛɳɚɹ� ɱɢɫɥɟɧɧɨɫɬɶ� ɤɥɟɬɨɤ�� ɩɟɪɟɦɟɳɚɸɳɢɯɫɹ� ɧɚ�
ɛɨɥɶɲɢɟ� ɪɚɫɫɬɨɹɧɢɹ�� ɫɬɚɧɨɜɢɬɫɹ� ɜɵɲɟ�� ɩɨɫɤɨɥɶɤɭ� ɨɧɢ� ɨɤɚɡɵɜɚɸɬɫɹ� ɜ� ɦɟɧɶɲɟɣ� ɫɬɟɩɟɧɢ�
ɩɨɞɜɟɪɠɟɧɧɵɦɢ� ɮɨɬɨɞɟɫɬɪɭɤɰɢɢ�� Ⱦɢɧɚɦɢɤɚ� ɱɢɫɥɟɧɧɨɫɬɟɣ� ɤɚɠɞɨɣ� ɢɡ ɝɪɭɩɩ� ɬɚɤɠɟ�
ɢɡɦɟɧɹɟɬɫɹ�� ɩɪɢ� ɛɥɚɝɨɩɪɢɹɬɧɨɣ� ɩɨɜɟɪɯɧɨɫɬɧɨɣ� ɨɫɜɟɳɟɧɧɨɫɬɢ� ɦɚɤɫɢɦɭɦɵ� ɱɢɫɥɟɧɧɨɫɬɟɣ�
ɜɟɪɯɧɢɯ�ɢ�ɧɢɠɧɢɯ�ɤɥɟɬɨɤ�ɫɦɟɧɹɸɬ�ɞɪɭɝ�ɞɪɭɝɚ ɬɚɤ�ɠɟ��ɤɚɤ�ɩɪɢ�ɩɨɧɢɠɟɧɧɨɣ�ɨɫɜɟɳɟɧɧɨɫɬɢ�ɢ 
ɧɟɫɭɳɟɫɬɜɟɧɧɵɯ�ɩɟɪɟɦɟɳɟɧɢɹɯ� 

 
ɂɫɫɥɟɞɨɜɚɧɢɟ�ɜɵɩɨɥɧɟɧɨ�ɜ�ɪɚɦɤɚɯ�ɧɚɭɱɧɨɝɨ�ɩɪɨɟɤɬɚ�ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ�ɡɚɞɚɧɢɹ�ɆȽɍ�

ʋ������������-�� ɢ� ɉɪɨɝɪɚɦɦɵ� ɪɚɡɜɢɬɢɹ� Ɇɟɠɞɢɫɰɢɩɥɢɧɚɪɧɨɣ� ɧɚɭɱɧɨ-ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɣ�
ɲɤɨɥɵ� Ɇɨɫɤɨɜɫɤɨɝɨ� ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ� ɭɧɢɜɟɪɫɢɬɟɬɚ� ɢɦɟɧɢ� Ɇ�ȼ�� Ʌɨɦɨɧɨɫɨɜɚ� �Ȼɭɞɭɳɟɟ�
ɩɥɚɧɟɬɵ�ɢ�ɝɥɨɛɚɥɶɧɵɟ�ɢɡɦɟɧɟɧɢɹ�ɨɤɪɭɠɚɸɳɟɣ�ɫɪɟɞɵ�� 

 

ɅɂɌȿɊȺɌɍɊȺ 

Ɏɥɢɧɬ�Ɇ�ȼ���Ⱥɪɚɲɤɟɜɢɱ�ȿ�Ƚ���Ⱥɪɬɟɦɶɟɜ�ȼ�Ⱥ��ɢ�ɞɪ��ɗɤɨɫɢɫɬɟɦɵ�ɦɨɪɟɣ�ɋɢɛɢɪɫɤɨɣ�Ⱥɪɤɬɢɤɢ��Ɇɚɬɟɪɢɚɥɵ�
ɷɤɫɩɟɞɢɰɢɨɧɧɵɯ�ɢɫɫɥɟɞɨɜɚɧɢɣ������ɢ������ɝɝ��Ɇɨɫɤɜɚ��ɂɧɫɬɢɬɭɬ�ɨɤɟɚɧɨɥɨɝɢɢ�ɢɦ�ɉ�ɉ��ɒɢɪɲɨɜɚ�ɊȺɇ��
����������ɫ� 

Ɏɭɪɫɨɜɚ�ɉ�ȼ���Ɋɢɡɧɢɱɟɧɤɨ�Ƚ�ɘ���Ʉɨɧɸɯɨɜ�ɂ�ȼ���ɉɨɝɨɫɹɧ�ɋ�ɂ��Ⱥɝɟɧɬɧɚɹ�ɦɨɞɟɥɶ�ɞɢɧɚɦɢɤɢ�ɱɢɫɥɟɧɧɨɫɬɢ�
ɩɨɩɭɥɹɰɢɣ�ɞɢɚɬɨɦɨɜɵɯ�ɜɨɞɨɪɨɫɥɟɣ�ɤɪɚɟɜɵɯ�ɚɪɤɬɢɱɟɫɤɢɯ�ɦɨɪɟɣ�ɜ�ɥɟɬɧɢɣ�ɩɟɪɢɨɞ��ɝɢɩɨɬɟɡɚ� // 
Ɉɤɟɚɧɨɥɨɝɢɹ��������Ɍ������ʋ����ɋ���-11. 

ɗɤɨɫɢɫɬɟɦɵ�Ʉɚɪɫɤɨɝɨ�ɦɨɪɹ�ɢ�ɦɨɪɹ�Ʌɚɩɬɟɜɵɯ��ɗɤɫɩɟɞɢɰɢɨɧɧɵɟ�ɢɫɫɥɟɞɨɜɚɧɢɹ������ɢ������ɝɝ��Ɇ���ɂɡɞɚɬɟɥɶ�
ȿɪɯɨɜɚ�ɂ�Ɇ�������������ɫ� 

NetLogo. URL: http://ccl.northwestern.edu/netlogo/  �ɞɚɬɚ�ɨɛɪɚɳɟɧɢɹ������������) 
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