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ȺɇɈɌȺɐȱə 

Ⱦɢɮɭɱɢɧɚ�Ɉ�ɘ� Ɇɟɬɨɞ ɨɩɬɢɦɿɡɚɰɿʀ�ɩɚɪɚɦɟɬɪɿɜ�ɩɚɪɚɥɟɥɶɧɢɯ�ɨɛɱɢɫɥɟɧɶ�ɧɚ�

ɨɫɧɨɜɿ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɨɝɨ�ɦɨɞɟɥɸɜɚɧɧɹ��± Ʉɜɚɥɿɮɿɤɚɰɿɣɧɚ�ɧɚɭɤɨɜɚ�ɩɪɚɰɹ�ɧɚ�ɩɪɚɜɚɯ�

ɪɭɤɨɩɢɫɭ�� 

Ⱦɢɫɟɪɬɚɰɿɹ� ɧɚ� ɡɞɨɛɭɬɬɹ� ɧɚɭɤɨɜɨɝɨ� ɫɬɭɩɟɧɹ� ɞɨɤɬɨɪɚ� ɮɿɥɨɫɨɮɿʀ� ɡɚ�

ɫɩɟɰɿɚɥɶɧɿɫɬɸ� ���� ± ȱɧɮɨɪɦɚɰɿɣɧɿ� ɫɢɫɬɟɦɢ� ɬɚ� ɬɟɯɧɨɥɨɝɿʀ ɡ� ɝɚɥɭɡɿ� ɡɧɚɧɶ� ��� ± 

ȱɧɮɨɪɦɚɰɿɣɧɿ� ɬɟɯɧɨɥɨɝɿʀ�� ± ɇɚɰɿɨɧɚɥɶɧɢɣ� ɬɟɯɧɿɱɧɢɣ� ɭɧɿɜɟɪɫɢɬɟɬ� ɍɤɪɚʀɧɢ�

©Ʉɢʀɜɫɶɤɢɣ�ɩɨɥɿɬɟɯɧɿɱɧɢɣ�ɿɧɫɬɢɬɭɬ�ɿɦɟɧɿ�ȱɝɨɪɹ�ɋɿɤɨɪɫɶɤɨɝɨª��Ʉɢʀɜ�����4. 

Ⱦɢɫɟɪɬɚɰɿɣɧɚ�ɪɨɛɨɬɚ�ɩɪɢɫɜɹɱɟɧɚ�ɪɨɡɪɨɛɰɿ�ɦɟɬɨɞɿɜ�ɬɚ�ɡɚɫɨɛɿɜ�ɞɨɫɥɿɞɠɟɧɧɹ�

ɜɩɥɢɜɭ� ɩɚɪɚɦɟɬɪɿɜ� ɩɚɪɚɥɟɥɶɧɢɯ� ɨɛɱɢɫɥɟɧɶ� ɧɚ� ɲɜɢɞɤɨɞɿɸ ɨɛɱɢɫɥɟɧɶ. ɋɭɱɚɫɧɿ�

ɿɧɮɨɪɦɚɰɿɣɧɿ� ɬɟɯɧɨɥɨɝɿʀ� ɩɨɬɪɟɛɭɸɬɶ� ɲɜɢɞɤɨʀ� ɪɨɛɨɬɢ� ɚɥɝɨɪɢɬɦɿɜ�� ɹɤɭ� ɦɨɠɧɚ�

ɞɨɫɹɝɬɢ�ɡɚ�ɪɚɯɭɧɨɤ�ɜɢɤɨɪɢɫɬɚɧɧɹ�ɩɚɪɚɥɟɥɶɧɢɯ�ɨɛɱɢɫɥɟɧɶ. ɉɪɨɬɟ��ɜ�ɡɚɥɟɠɧɨɫɬɿ�

ɜɿɞ� ɩɚɪɚɦɟɬɪɿɜ� ɳɨ� ɜɢɡɧɚɱɚɸɬɶ� ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ� ɩɿɞɡɚɞɚɱ� ɬɚ� ɦɟɯɚɧɿɡɦɢ� ʀɯ�

ɜɡɚɽɦɨɞɿʀ, ɜɢɤɨɪɢɫɬɚɧɧɹ� ɩɚɪɚɥɟɥɶɧɢɯ� ɨɛɱɢɫɥɟɧɶ� ɦɨɠɟ� ɩɪɢɡɜɟɫɬɢ� ɹɤ� ɞɨ�

ɩɪɢɫɤɨɪɟɧɧɹ�� ɬɚɤ� ɿ� ɞɨ� ɫɩɨɜɿɥɶɧɟɧɧɹ� ɨɛɱɢɫɥɟɧɶ� ɇɚ� ɩɪɚɤɬɢɰɿ� ɩɪɨɛɥɟɦɭ�

ɧɚɥɚɲɬɭɜɚɧɧɹ� ɩɚɪɚɦɟɬɪɿɜ ɩɚɪɚɥɟɥɶɧɢɯ� ɨɛɱɢɫɥɟɧɶ� ɜɢɪɿɲɭɸɬɶ� ɲɥɹɯɨɦ 

ɛɚɝɚɬɨɤɪɚɬɧɨɝɨ ɬɟɫɬɭɜɚɧɧɹ�ɩɪɨɝɪɚɦɢ ɧɚ�ɪɿɡɧɢɯ�ɤɨɦɩ¶ɸɬɟɪɧɢɯ�ɩɥɚɬɮɨɪɦɚɯ ɩɪɢ�

ɪɿɡɧɢɯ� ɧɚɛɨɪɚɯ� ɩɚɪɚɦɟɬɪɿɜ�� ɳɨɛ� ɝɚɪɚɧɬɭɜɚɬɢ� ɤɨɪɟɤɬɧɿɫɬɶ� ɬɚ ɟɮɟɤɬɢɜɧɿɫɬɶ 

ɨɛɱɢɫɥɟɧɶ. ɑɟɪɟɡ� ɜɟɥɢɤɭ� ɤɿɥɶɤɿɫɬɶ� ɜɚɪɿɚɧɬɿɜ� ɡɚɯɨɩɥɟɧɧɹ� ɨɛɱɢɫɥɸɜɚɥɶɧɨɝɨ�

ɪɟɫɭɪɫɭ� ɬɚ�� ɜɿɞɩɨɜɿɞɧɨ�� ɜɚɪɿɚɧɬɿɜ� ɜɢɤɨɧɚɧɧɹ� ɿɧɫɬɪɭɤɰɿɣ� ɨɤɪɟɦɢɦɢ� ɩɪɨɰɟɫɚɦɢ�

ɩɚɪɚɥɟɥɶɧɢɯ�ɨɛɱɢɫɥɟɧɶ ɪɟɡɭɥɶɬɚɬ�ɡɚɩɭɫɤɭ�ɨɞɧɿɽʀ�ɿ�ɬɿɽʀ�ɠ�ɩɪɨɝɪɚɦɢ�ɜ�ɨɞɧɚɤɨɜɢɯ�

ɭɦɨɜɚɯ�ɦɨɠɟ�ɫɭɬɬɽɜɨ�ɜɿɞɪɿɡɧɹɬɢɫɶ� Ɍɨɦɭ�ɬɟɫɬɭɜɚɧɧɹ�ɩɚɪɚɥɟɥɶɧɢɯ�ɚɥɝɨɪɢɬɦɿɜ�ɜ�

ɪɟɚɥɶɧɢɯ�ɭɦɨɜɚɯ�ɽ�ɪɟɫɭɪɫɨɜɢɬɪɚɬɧɢɦ. 

Ɇɚɬɟɦɚɬɢɱɧɿ� ɦɟɬɨɞɢ� ɨɰɿɧɸɜɚɧɧɹ� ɟɮɟɤɬɢɜɧɨɫɬɿ� ɩɚɪɚɥɟɥɶɧɢɯ� ɨɛɱɢɫɥɟɧɶ 

ɫɩɪɨɦɨɠɧɿ� ɜɤɚɡɚɬɢ� ɧɚ� ɿɫɧɭɜɚɧɧɹ� ɨɛɦɟɠɟɧɧɹ� ɧɚ� ɦɚɤɫɢɦɚɥɶɧɨ� ɞɨɫɹɠɧɟ�

ɩɪɢɫɤɨɪɟɧɧɹ ɡɚ�ɿɞɟɚɥɶɧɢɯ�ɭɦɨɜ�ɜɿɥɶɧɨɝɨ�ɞɨɫɬɭɩɭ�ɞɨ�ɨɛɱɢɫɥɸɜɚɥɶɧɨɝɨ�ɪɟɫɭɪɫɭ�ɬɚ�

ɜɿɞɫɭɬɧɨɫɬɿ�ɫɢɧɯɪɨɧɿɡɚɰɿʀ�ɨɛɱɢɫɥɟɧɶ��ɬɨɛɬɨ�ɮɚɤɬɢɱɧɨ�ɜɿɞɫɭɬɧɨɫɬɿ�ɜɡɚɽɦɨɞɿʀ�ɦɿɠ�

ɱɚɫɬɢɧɚɦɢ�ɩɪɨɝɪɚɦɢ�� 
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ȱɫɧɭɸɱɿ�ɡɚɫɨɛɢ�ɩɪɨɽɤɬɭɜɚɧɧɹ�ɩɪɨɝɪɚɦ��ɬɚɤɿ�ɹɤ�UML, ɞɚɸɬɶ�ɡɦɨɝɭ �ɞɨɫɢɬɶ�

ɭɡɚɝɚɥɶɧɟɧɨ� ɩɪɟɞɫɬɚɜɢɬɢ�ɝɪɚɮɿɱɧɨ�ɜɡɚɽɦɨɞɿɸ�ɨɤɪɟɦɢɯ�ɱɚɫɬɢɧ�ɩɪɨɝɪɚɦɢ��ɩɪɨɬɟ�

ɧɟ� ɧɚɞɚɸɬɶ� ɦɨɠɥɢɜɨɫɬɿ� ɛɭɞɶ-ɹɤɨɝɨ� ɱɢɫɟɥɶɧɨɝɨ� ɚɧɚɥɿɡɭ ɨɛɱɢɫɥɟɧɶ� Ɂɚɫɨɛɢ�

ɦɨɞɟɥɸɜɚɧɧɹ��ɬɚɤɿ�ɹɤ�ɜɢɫɨɤɨɪɿɜɧɟɜɿ�ɦɟɪɟɠɿ�ɉɟɬɪɿ, ɪɟɤɨɦɟɧɞɨɜɚɧɿ�ɦɿɠɧɚɪɨɞɧɢɦ�

ɫɬɚɧɞɚɪɬɨɦ� ,62�,(&� �����-1:2019 ɹɤ� ɬɟɯɧɿɤɚ� ɞɥɹ� ɫɩɟɰɢɮɿɤɚɰɿʀ� ɩɚɪɚɥɟɥɶɧɢɯ� ɿ�

ɪɨɡɩɨɞɿɥɟɧɢɯ� ɫɢɫɬɟɦ�� ɇɚ� ɫɶɨɝɨɞɧɿɲɧɿɣ� ɞɟɧɶ� ɽ� ɞɨɫɜɿɞ� ɪɨɡɪɨɛɤɢ� ɫɢɦɭɥɹɬɨɪɿɜ�

ɨɛɱɢɫɥɟɧɶ�ɧɚ�ɨɫɧɨɜɿ�ɦɟɪɟɠ�ɉɟɬɪɿ� ɩɪɨɬɟ�ɠɨɞɟɧ�ɡ�ɧɢɯ�ɧɟ�ɫɬɚɜ�ɧɚ� ɫɶɨɝɨɞɧɿɲɧɿɣ�

ɞɟɧɶ�ɲɢɪɨɤɨ�ɜɢɤɨɪɢɫɬɨɜɭɜɚɧɢɦ�ɭ�ɪɨɡɪɨɛɰɿ�ɩɚɪɚɥɟɥɶɧɢɯ�ɨɛɱɢɫɥɟɧɶ�  

Ɍɚɤɢɦ�ɱɢɧɨɦ��ɧɚ�ɫɶɨɝɨɞɧɿ�ɧɟ�ɿɫɧɭɽ�ɭɧɿɮɿɤɨɜɚɧɨɝɨ�ɦɟɬɨɞɭ�ɫɬɜɨɪɟɧɧɹ�ɦɨɞɟɥɿ�

ɩɚɪɚɥɟɥɶɧɢɯ�ɨɛɱɢɫɥɟɧɶ ɿ��ɜɿɞɩɨɜɿɞɧɨ��ɧɟ�ɿɫɧɭɽ�ɿɧɲɨɝɨ� ɨɤɪɿɦ�ɪɟɚɥɶɧɨʀ�ɩɪɨɝɪɚɦɢ��

ɡɚɫɨɛɭ�� ɹɤɢɣ� ɦɨɠɧɚ� ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ� ɞɥɹ� ɨɩɬɢɦɿɡɚɰɿʀ� ɩɚɪɚɦɟɬɪɿɜ� ɩɚɪɚɥɟɥɶɧɨʀ�

ɩɪɨɝɪɚɦɢ�� ȼɿɞɫɭɬɧɿɫɬɶ� ɡɚɫɨɛɿɜ� ɦɨɞɟɥɸɜɚɧɧɹ ɫɬɪɢɦɭɽ ɪɨɡɪɨɛɤɭ�

ɜɢɫɨɤɨɟɮɟɤɬɢɜɧɢɯ�ɩɚɪɚɥɟɥɶɧɢɯ�ɨɛɱɢɫɥɟɧɶ. Ɂ�ɨɝɥɹɞɭ�ɧɚ�ɰɟ��ɫɬɜɨɪɟɧɧɹ�ɦɟɬɨɞɿɜ�ɬɚ�

ɡɚɫɨɛɿɜ��ɫɩɪɹɦɨɜɚɧɢɯ ɧɚ�ɜɞɨɫɤɨɧɚɥɟɧɧɹ�ɩɪɨɰɟɫɭ�ɧɚɥɚɝɨɞɠɟɧɧɹ�ɛɚɝɚɬɨɩɨɬɨɤɨɜɢɯ�

ɩɪɨɝɪɚɦ� ɬɚ� ɩɿɞɜɢɳɟɧɧɹ� ɟɮɟɤɬɢɜɧɨɫɬɿ� ɜɢɤɨɪɢɫɬɚɧɧɹ� ɩɚɪɚɥɟɥɶɧɢɯ� ɨɛɱɢɫɥɟɧɶ� ɜ�

ɿɧɮɨɪɦɚɰɿɣɧɿɣ�ɬɟɯɧɨɥɨɝɿʀ��ɽ�ɚɤɬɭɚɥɶɧɢɦ�ɧɚɭɤɨɜɢɦ�ɡɚɜɞɚɧɧɹɦ� 

Ɇɟɬɨɸ�ɧɚɭɤɨɜɨɝɨ�ɞɨɫɥɿɞɠɟɧɧɹ ɽ�ɩɿɞɜɢɳɟɧɧɹ�ɟɮɟɤɬɢɜɧɨɫɬɿ�ɜɢɤɨɪɢɫɬɚɧɧɹ�

ɩɚɪɚɥɟɥɶɧɢɯ�ɨɛɱɢɫɥɟɧɶ�ɜ�ɿɧɮɨɪɦɚɰɿɣɧɢɯ�ɬɟɯɧɨɥɨɝɿɹɯ�ɡɚ�ɪɚɯɭɧɨɤ�ʀɯ�ɩɪɨɽɤɬɭɜɚɧɧɹ�

ɧɚ�ɨɫɧɨɜɿ�ɦɨɞɟɥɟɣ��ɳɨ�ɦɨɠɭɬɶ�ɛɭɬɢ�ɜɢɤɨɪɢɫɬɚɧɿ�ɞɥɹ�ɨɰɿɧɸɜɚɧɧɹ�ɱɚɫɭ�ɜɢɤɨɧɚɧɧɹ�

ɩɚɪɚɥɟɥɶɧɨɝɨ�ɚɥɝɨɪɢɬɦɭ��ɬɚ�ɨɩɬɢɦɿɡɚɰɿʀ�ɩɚɪɚɦɟɬɪɿɜ�ɩɚɪɚɥɟɥɶɧɢɯ�ɨɛɱɢɫɥɟɧɶ� 

ɍ ɩɟɪɲɨɦɭ�ɪɨɡɞɿɥɿ ɨɛʉɪɭɧɬɨɜɚɧɨ ɧɟɨɛɯɿɞɧɿɫɬɶ�ɪɟɬɟɥɶɧɨɝɨ�ɩɪɨɽɤɬɭɜɚɧɧɹ�

ɩɚɪɚɥɟɥɶɧɢɯ� ɨɛɱɢɫɥɟɧɶ ɞɥɹ� ɞɨɫɹɝɧɟɧɧɹ� ʀɯ� ɟɮɟɤɬɢɜɧɨɫɬɿ� ɪɨɡɝɥɹɧɭɬɿ� ɦɟɬɨɞɢ� ɬɚ�

ɡɚɫɨɛɢ ɞɥɹ� ɩɪɨɽɤɬɭɜɚɧɧɹ ɩɚɪɚɥɟɥɶɧɢɯ� ɨɛɱɢɫɥɟɧɶ� ɬɚ� ɚɧɚɥɿɡɭ� ʀɯ ɟɮɟɤɬɢɜɧɨɫɬɿ. 

ȼɢɹɜɥɟɧɨ��ɳɨ�ɦɚɬɟɦɚɬɢɱɧɿ�ɦɟɬɨɞɢ�ɚɧɚɥɿɡɭ�ɟɮɟɤɬɢɜɧɨɫɬɿ�ɩɚɪɚɥɟɥɶɧɢɯ�ɨɛɱɢɫɥɟɧɶ�

ɡɞɚɬɧɿ� ɨɰɿɧɢɬɢ� ɦɚɤɫɢɦɚɥɶɧɨ� ɞɨɫɹɠɧɟ� ɩɪɢɫɤɨɪɟɧɧɹ� ɡɚ� ɞɨɫɢɬɶ� ɿɞɟɚɥɶɧɢɯ� ɭɦɨɜ�

ɜɿɥɶɧɨɝɨ� ɞɨɫɬɭɩɭ� ɞɨ� ɨɛɱɢɫɥɸɜɚɥɶɧɨɝɨ� ɪɟɫɭɪɫɭ� ɬɚ� ɜɿɞɫɭɬɧɨɫɬɿ� ɫɢɧɯɪɨɧɿɡɚɰɿʀ�

ɨɛɱɢɫɥɟɧɶ�� ɇɚ� ɩɪɨɬɢɜɚɝɭ�� ɡɚɫɨɛɢ� ɿɦɿɬɚɰɿɣɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ ɫɩɪɨɦɨɠɧɿ�

ɞɨɫɬɚɬɧɶɨ� ɞɟɬɚɥɶɧɨ ɜɿɞɬɜɨɪɸɜɚɬɢ�  ɩɚɪɚɥɟɥɶɧɿ� ɩɪɨɰɟɫɢ� ɿ�� ɧɚ� ɜɿɞɦɿɧɭ� ɜɿɞ�

ɟɤɫɩɟɪɢɦɟɧɬɭɜɚɧɧɹ� ɡ� ɪɟɚɥɶɧɨɸ� ɩɪɨɝɪɚɦɨɸ� ɩɚɪɚɥɟɥɶɧɢɯ� ɨɛɱɢɫɥɟɧɶ�� ɧɟ�
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ɩɨɬɪɟɛɭɸɬɶ� ɡɧɚɱɧɢɯ� ɜɢɬɪɚɬ� ɧɚ� ɩɪɨɜɟɞɟɧɧɹ� ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ� ɞɨɫɥɿɞɠɟɧɧɹ��

ɋɟɪɟɞ�ɫɢɦɭɥɹɬɨɪɿɜ�  ɩɚɪɚɥɟɥɶɧɢɯ�ɨɛɱɢɫɥɟɧɶ�ɛɚɝɚɬɨ�ɬɚɤɢɯ��ɳɨ�  ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ�

ɮɨɪɦɚɥɿɡɦ�ɦɟɪɟɠɿ�ɉɟɬɪɿ ɹɤ�ɡɚɫɿɛ ɨɩɢɫɭ�ɩɪɨɰɟɫɭ�ɨɛɱɢɫɥɟɧɶ. ɉɪɨɬɟ��ɦɨɞɟɥɸɜɚɧɧɸ��

ɹɤ�ɩɪɚɜɢɥɨ��ɩɿɞɥɹɝɚɸɬɶ�ɧɚɣɩɪɨɫɬɿɲɿ�ɟɥɟɦɟɧɬɢ�ɩɚɪɚɥɟɥɶɧɨʀ�ɩɪɨɝɪɚɦɢ��ɪɨɡɞɿɥɟɧɧɹ�

ɧɚ� ɩɿɞɡɚɞɚɱɿ�� ɨɱɿɤɭɜɚɧɧɹ� ɡɚɜɟɪɲɟɧɧɹ� ɜɢɤɨɧɚɧɧɹ� ɩɿɞɡɚɞɚɱɿ�� ɛɥɨɤɭɜɚɧɧɹ�� Ȼɿɥɶɲ�

ɫɤɥɚɞɧɿ�ɿɧɫɬɪɭɦɟɧɬɢ�ɜɡɚɽɦɨɞɿʀ�ɦɿɠ�ɩɨɬɨɤɚɦɢ��ɹɤ�wait/notify��ɪɨɡɝɥɹɞɚɸɬɶɫɹ ɥɢɲɟ 

ɜ� ɨɤɪɟɦɢɯ� ɩɭɛɥɿɤɚɰɿɹɯ�� ɍ� ɦɨɞɟɥɹɯ� ɧɟ� ɜɪɚɯɨɜɭɸɬɶ� ɨɛɦɟɠɟɧɿɫɬɶ 

ɜɢɤɨɪɢɫɬɨɜɭɜɚɧɨɝɨ ɩɚɪɚɥɟɥɶɧɨɸ ɩɪɨɝɪɚɦɨɸ ɪɟɫɭɪɫɭ�� ɳɨ�� ɡɜɿɫɧɨ�� ɧɟɝɚɬɢɜɧɨ�

ɜɩɥɢɜɚɽ� ɧɚ� ʀɯ� ɬɨɱɧɿɫɬɶ� Ɋɨɡɝɥɹɧɭɬɿ� ɬɚɤɨɠ� ɡɚɫɨɛɢ� ɬɟɫɬɭɜɚɧɧɹ� ɩɚɪɚɥɟɥɶɧɢɯ�

ɩɪɨɝɪɚɦ�� ɹɤɿ� ɩɪɢɡɧɚɱɟɧɿ� ɞɥɹ ɜɢɹɜɥɟɧɧɹ ɜɡɚɽɦɨɛɥɨɤɭɜɚɧɧɹ ɬɚ�ɚɛɨ� ɩɨɦɢɥɤɢ�

ɭɡɝɨɞɠɟɧɨɫɬɿ� ɩɚɦ¶ɹɬɿ ɭ� ɜɠɟ� ɪɨɡɪɨɛɥɟɧɢɯ� ɩɪɨɝɪɚɦɚɯ. Ɍɚɤɿ� ɡɚɫɨɛɢ� ɫɩɪɹɦɨɜɚɧɿ��

ɧɚɫɚɦɩɟɪɟɞ�� ɧɚ� ɚɧɚɥɿɡ� ɤɨɪɟɤɬɧɨɫɬɿ� ɜɢɤɨɧɚɧɧɹ� ɨɛɱɢɫɥɟɧɶ�� ɚɥɟ� ɧɟ� ɧɚ� ɚɧɚɥɿɡ�

ɟɮɟɤɬɢɜɧɨɫɬɿ� ɩɚɪɚɥɟɥɶɧɢɯ� ɞɨɫɥɿɞɠɟɧɶ. ɍ� ɩɿɞɫɭɦɤɭ�� ɡɪɨɛɥɟɧɨ� ɜɢɫɧɨɜɨɤ� ɳɨɞɨ�

ɧɟɨɛɯɿɞɧɨɫɬɿ� ɪɨɡɜɢɬɤɭ� ɦɟɬɨɞɿɜ� ɬɚ� ɡɚɫɨɛɿɜ� ɞɥɹ� ɨɰɿɧɸɜɚɧɧɹ� ɟɮɟɤɬɢɜɧɨɫɬɿ�

ɩɚɪɚɥɟɥɶɧɢɯ�ɨɛɱɢɫɥɟɧɶ�ɧɚ�ɨɫɧɨɜɿ�ɦɨɞɟɥɟɣ��ɹɤɿ�ɜɪɚɯɨɜɭɸɬɶ�ɦɟɯɚɧɿɡɦ�ɡɚɯɨɩɥɟɧɧɹ�

ɨɛɱɢɫɥɸɜɚɥɶɧɨɝɨ� ɪɟɫɭɪɫɭ� ɬɚ� ɦɟɯɚɧɿɡɦɢ� ɜɡɚɽɦɨɞɿʀ� ɦɿɠ� ɩɿɞɡɚɞɚɱɚɦɢ�� ɳɨ�

ɜɢɤɨɧɭɸɬɶɫɹ�ɩɚɪɚɥɟɥɶɧɨ. 

ɍ ɞɪɭɝɨɦɭ� ɪɨɡɞɿɥɿ ɫɮɨɪɦɭɥɶɨɜɚɧɿ� ɦɟɬɚ� ɬɚ� ɡɚɞɚɱɚ� ɦɨɞɟɥɸɜɚɧɧɹ�

ɩɚɪɚɥɟɥɶɧɢɯ� ɨɛɱɢɫɥɟɧɶ�� ɜɢɡɧɚɱɟɧɨ� ɮɨɪɦɚɥɶɧɢɣ� ɨɩɢɫ� ɦɨɞɟɥɿ� ɬɚ� ɜɢɤɨɧɚɧɨ�

ɪɨɡɪɨɛɤɭ�ɦɟɬɨɞɭ�ɦɨɞɟɥɸɜɚɧɧɹ�ɩɚɪɚɥɟɥɶɧɢɯ�ɨɛɱɢɫɥɟɧɶ�ɧɚ�ɨɫɧɨɜɿ�ɰɶɨɝɨ�ɨɩɢɫɭ��

Ⱦɥɹ�ɮɨɪɦɚɥɶɧɨɝɨ� ɨɩɢɫɭ� ɨɛɪɚɧɨ�ɮɨɪɦɚɥɿɡɦ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɨʀ�ɦɨɞɟɥɿ� ɭ� ɡɜ¶ɹɡɤɭ� ɡ�

ɧɢɡɤɨɸ� ɩɟɪɟɜɚɝ: ɧɚɣɛɿɥɶɲ� ɬɨɱɧɟ� �ɭ� ɩɨɪɿɜɧɹɧɧɿ� ɡɿ� ɡɜɢɱɚɣɧɨɸ� ɦɟɪɟɠɟɸ� ɉɟɬɪɿ��

ɜɿɞɬɜɨɪɟɧɧɹ� ɫɬɪɭɤɬɭɪɢ� ɨɛ¶ɽɤɬɧɨ-ɨɪɿɽɧɬɨɜɚɧɨʀ� ɩɪɨɝɪɚɦɢ� ɬɚ� ɩɨɜɟɞɿɧɤɨɜɢɯ�

ɜɥɚɫɬɢɜɨɫɬɟɣ�ɨɤɪɟɦɢɯ�ɨɛ¶ɽɤɬɿɜ� ɛɿɥɶɲ�ɬɨɱɧɟ��ɭ�ɩɨɪɿɜɧɹɧɧɿ�ɡɿ�ɡɜɢɱɚɣɧɨɸ�ɦɟɪɟɠɟɸ�

ɉɟɬɪɿ��ɜɿɞɬɜɨɪɟɧɧɹ�ɜɡɚɽɦɨɞɿʀ�ɩɨɬɨɤɿɜ�ɩɿɞɡɚɞɚɱ�ɡɚ�ɪɚɯɭɧɨɤ�ɜɪɚɯɨɜɭɜɚɧɧɹ�ɱɚɫɨɜɢɯ�

ɡɚɬɪɢɦɨɤ� ɧɚ� ɜɢɤɨɧɚɧɧɹ� ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ� ɞɿɣ� ɬɚ� ɫɬɨɯɚɫɬɢɱɧɨɫɬɿ� ɡɚɯɨɩɥɟɧɧɹ�

ɨɛɱɢɫɥɸɜɚɥɶɧɨɝɨ� ɪɟɫɭɪɫɭ� ɬɢɪɚɠɭɜɚɧɧɹ� ɨɛ¶ɽɤɬɿɜ� ɡɿ� ɫɯɨɠɨɸ� ɩɨɜɟɞɿɧɤɨɸ� ɿɡ�

ɡɚɞɚɧɢɦɢ� ɩɚɪɚɦɟɬɪɚɦɢ� ɫɩɪɨɳɭɽ� ɫɬɜɨɪɟɧɧɹ� ɦɨɞɟɥɟɣ� ɡ� ɜɟɥɢɤɨɸ� ɤɿɥɶɤɿɫɬɸ�

ɩɿɞɡɚɞɚɱ� ɬɢɪɚɠɭɜɚɧɧɹ� ɝɪɭɩ� ɡɜ¶ɹɡɤɿɜ� ɦɿɠ� ɨɛ¶ɽɤɬɚɦɢ� ɫɩɪɨɳɭɽ� ɤɨɧɫɬɪɭɸɜɚɧɧɹ�
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ɦɨɞɟɥɿ� ɡ� ɜɟɥɢɤɨɸ� ɤɿɥɶɤɿɫɬɸ� ɡɜ¶ɹɡɤɿɜ� ɜɿɡɭɚɥɿɡɚɰɿɹ� ɩɨɜɟɞɿɧɤɨɜɢɯ� ɜɥɚɫɬɢɜɨɫɬɟɣ�

ɦɨɞɟɥɿ� ɞɚɽ� ɡɦɨɝɭ� ɪɨɡɪɨɛɢɬɢ� ɩɪɨɝɪɚɦɭ� ɡ� ɧɚɣɦɟɧɲɨɸ� ɤɿɥɶɤɿɫɬɸ� ɩɨɦɢɥɨɤ� 

ȼɢɡɧɚɱɟɧɿ ɬɚ� ɪɨɡɪɨɛɥɟɧɿ ɲɚɛɥɨɧɢ� ɦɨɞɟɥɸɜɚɧɧɹ� ɨɛɱɢɫɥɟɧɶ� ɛɚɝɚɬɨɩɨɬɨɤɨɜɨʀ�

ɩɪɨɝɪɚɦɢ��ɹɤɿ�ɡɦɟɧɲɭɸɬɶ ɤɿɥɶɤɿɫɬɶ ɩɨɦɢɥɨɤ�ɩɪɢ�ɪɨɡɪɨɛɰɿ�ɦɨɞɟɥɟɣ��ɫɩɪɨɳɭɸɬɶ�

ɬɚ ɩɪɢɫɤɨɪɸɸɬɶ ɩɪɨɰɟɫ�ɪɨɡɪɨɛɤɢ ɦɨɞɟɥɿ��ɇɚɛɿɪ�ɲɚɛɥɨɧɿɜ�ɦɨɞɟɥɸɜɚɧɧɹ�ɦɿɫɬɢɬɶ�

ɮɪɚɝɦɟɧɬɢ� ɦɟɪɟɠ� ɉɟɬɪɿ�� ɳɨ� ɜɿɞɬɜɨɪɸɸɬɶ� ɪɭɬɢɧɧɿ� ɿɧɫɬɪɭɤɰɿʀ� ɩɪɨɝɪɚɦɢ��

ɫɬɜɨɪɟɧɧɹ��ɩɨɱɚɬɨɤ�ɬɚ�ɡɚɜɟɪɲɟɧɧɹ�ɪɨɛɨɬɢ�ɩɨɬɨɤɭ�  ɩɪɢɡɭɩɢɧɤɭ�ɩɨɬɨɤɭ�ɧɚ�ɡɚɞɚɧɢɣ�

ɿɧɬɟɪɜɚɥ� ɱɚɫɭ� ɛɥɨɤɭɜɚɧɧɹ� ɞɿɣ� ɩɨɬɨɤɭ� ɨɱɿɤɭɜɚɧɧɹ� ɡɚ� ɭɦɨɜɨɸ� ɨɛɱɢɫɥɟɧɧɹ�

ɩɿɞɡɚɞɚɱ� ɩɭɥɨɦ� ɩɨɬɨɤɿɜ�� Ɉɩɢɫɚɧɨ� ɩɪɨɰɟɫ ɪɨɡɪɨɛɤɢ� ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɨʀ� ɦɨɞɟɥɿ 

ɩɚɪɚɥɟɥɶɧɨʀ� ɩɪɨɝɪɚɦɢ�� ɍɫɿ� ɡɚɩɪɨɩɨɧɨɜɚɧɿ� ɬɚ� ɪɨɡɪɨɛɥɟɧɿ� ɦɟɬɨɞɢ�� ɩɿɞɯɨɞɢ� ɬɚ�

ɡɚɫɨɛɢ� ɦɨɞɟɥɸɜɚɧɧɹ� ɩɨɽɞɧɚɧɿ� ɭ� ɬɟɯɧɨɥɨɝɿɸ� ɦɨɞɟɥɸɜɚɧɧɹ� ɩɚɪɚɥɟɥɶɧɨɝɨ�

ɚɥɝɨɪɢɬɦɭ��ɇɚɜɟɞɟɧɨ�ɩɪɢɤɥɚɞɢ�ɪɨɡɪɨɛɤɢ�ɦɨɞɟɥɟɣ� 

ɍ ɬɪɟɬɶɨɦɭ ɪɨɡɞɿɥɿ ɫɮɨɪɦɭɥɶɨɜɚɧɚ� ɡɚɞɚɱɚ� ɨɩɬɢɦɿɡɚɰɿʀ� ɩɚɪɚɦɟɬɪɿɜ�

ɩɚɪɚɥɟɥɶɧɢɯ� ɨɛɱɢɫɥɟɧɶ, ɨɛʉɪɭɧɬɨɜɚɧɨ ɿɫɧɭɜɚɧɧɹ� ɨɩɬɢɦɚɥɶɧɢɯ� ɡɧɚɱɟɧɶ� ɬɚ�

ɜɢɡɧɚɱɟɧɿ�ɲɥɹɯɢ�ɩɨɲɭɤɭ�ɨɩɬɢɦɚɥɶɧɢɯ�ɡɧɚɱɟɧɶ�ɧɚ�ɦɨɞɟɥɿ��ɜɢɡɧɚɱɟɧɿ�ɦɟɬɨɞɢ�ɬɚ�

ɡɚɫɨɛɢ� ɡɛɨɪɭ� ɞɚɧɢɯ� ɞɥɹ� ɦɨɞɟɥɿ�� � ɨɩɢɫɚɧɿ� ɦɟɬɨɞɢ� ɬɚ� ɡɚɫɨɛɢ� ɪɨɡɪɨɛɤɢ� ɉɟɬɪɿ-

ɨɛ¶ɽɤɬɧɨʀ� ɦɨɞɟɥɿ� ɩɚɪɚɥɟɥɶɧɢɯ� ɨɛɱɢɫɥɟɧɶ�� ɉɪɨɝɪɚɦɧɟ� ɡɚɛɟɡɩɟɱɟɧɧɹ� Parallel 

Program Simulation (PPS) ɪɟɚɥɿɡɭɽ�ɬɚɤɿ�ɮɭɧɤɰɿʀ�ɞɥɹ�ɩɿɞɬɪɢɦɤɢ�ɪɨɡɪɨɛɤɢ�ɦɨɞɟɥɿ: 

ɪɨɡɪɨɛɤɚ�ɦɟɪɟɠɿ�ɉɟɬɪɿ�ɭ�ɝɪɚɮɿɱɧɨɦɭ�ɪɟɞɚɤɬɨɪɿ�ɦɟɪɟɠ�ɉɟɬɪɿ; ɡɛɟɪɟɠɟɧɧɹ�ɦɟɪɟɠɿ�

ɉɟɬɪɿ�ɭ�ɞɜɨɯ�ɮɨɪɦɚɬɚɯ�- ɝɪɚɮɿɱɧɟ�ɡɨɛɪɚɠɟɧɧɹ�ɬɚ��ɭ�ɜɢɝɥɹɞɿ�ɦɟɬɨɞɭ; ɞɨɫɥɿɞɠɟɧɧɹ�

ɩɚɪɚɦɟɬɪɿɜ� ɱɚɫɨɜɨʀ� ɡɚɬɪɢɦɤɢ�� ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɟ� ɞɨɫɥɿɞɠɟɧɧɹ� ɦɨɞɟɥɿ�� ɩɨɲɭɤ�

ɨɩɬɢɦɚɥɶɧɢɯ�ɡɧɚɱɟɧɶ�ɩɚɪɚɦɟɬɪɿɜ�ɩɚɪɚɥɟɥɶɧɢɯ�ɨɛɱɢɫɥɟɧɶ�ɟɜɨɥɸɰɿɣɧɢɦ�ɦɟɬɨɞɨɦ�  

ɍ� ɱɟɬɜɟɪɬɨɦɭ� ɪɨɡɞɿɥɿ ɦɟɬɨɞ� ɨɩɬɢɦɿɡɚɰɿʀ� ɩɚɪɚɦɟɬɪɿɜ ɩɚɪɚɥɟɥɶɧɢɯ�

ɨɛɱɢɫɥɟɧɶ�� ɨɩɢɫɚɧɢɣ� ɭ ɪɨɡɞɿɥɿ� ��� ɚɩɪɨɛɨɜɚɧɨ� ɧɚ� ɩɪɢɤɥɚɞɚɯ ɩɚɪɚɥɟɥɶɧɨɝɨ�

ɚɥɝɨɪɢɬɦɭ� ɿɦɿɬɚɰɿʀ� ɞɢɫɤɪɟɬɧɨ-ɩɨɞɿɣɧɨʀ� ɫɢɫɬɟɦɢ ɬɚ� ɩɭɥɭ� ɩɨɬɨɤɿɜ. ɉɚɪɚɥɟɥɶɧɢɣ�

ɚɥɝɨɪɢɬɦ� ɿɦɿɬɚɰɿʀ ɽ� ɫɤɥɚɞɧɢɦ� ɹɤ� ɡɚ� ɤɿɥɶɤɿɫɬɸ� ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ� ɞɿɣ�� ɬɚɤ� ɿ� ɡɚ�

ɦɟɯɚɧɿɡɦɚɦɢ� ɜɡɚɽɦɨɞɿʀ� ɩɿɞɡɚɞɚɱ�� ɹɤɿ� ɡɚɛɟɡɩɟɱɭɸɬɶ� ɡɥɚɝɨɞɠɟɧɿ� ɞɿʀ� ɭɫɿɯ� ɱɚɫɬɢɧ�

ɦɨɞɟɥɿ��Ɍɟɨɪɟɬɢɱɧɨ�ɬɚ�ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ�ɞɨɜɟɞɟɧɨ�ɧɚɹɜɧɿɫɬɶ�ɜɩɥɢɜɭ�ɩɚɪɚɦɟɬɪɿɜ�

ɩɚɪɚɥɟɥɶɧɨɝɨ� ɚɥɝɨɪɢɬɦɭ� ɧɚ� ɲɜɢɞɤɨɞɿɸ� ɣɨɝɨ� ɜɢɤɨɧɚɧɧɹ�� ȼɫɬɚɧɨɜɥɟɧɨ�� ɳɨ�
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ɩɚɪɚɦɟɬɪɨɦ��ɜɿɞ�ɹɤɨɝɨ�ɭ�ɧɚɣɛɿɥɶɲɿɣ�ɦɿɪɿ�ɡɚɥɟɠɢɬɶ�ɱɚɫ�ɜɢɤɨɧɚɧɧɹ�ɚɥɝɨɪɢɬɦɭ�± ɰɟ�

ɫɤɥɚɞɧɿɫɬɶ�ɨɞɧɨɝɨ�ɮɪɚɝɦɟɧɬɭ�ɦɨɞɟɥɿ��ɹɤɢɣ�ɡɚɩɭɫɤɚɽɬɶɫɹ�ɧɚ�ɨɞɧɨɱɚɫɧɟ�ɜɢɤɨɧɚɧɧɹ��

ȼɢɤɨɧɚɧɨ� ɞɨɫɥɿɞɠɟɧɧɹ� ɨɩɬɢɦɚɥɶɧɨɝɨ� ɡɧɚɱɟɧɧɹ� ɩɚɪɚɦɟɬɪɭ� ɩɪɢ� ɡɪɨɫɬɚɧɧɿ�

ɫɤɥɚɞɧɨɫɬɿ�ɦɨɞɟɥɿ��ɉɨɛɭɞɨɜɚɧɚ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɚ�ɦɨɞɟɥɶ�ɩɚɪɚɥɟɥɶɧɨɝɨ�ɚɥɝɨɪɢɬɦɭ�

ɬɚ� ɜɢɤɨɧɚɧɨ� ɩɨɲɭɤ� ɨɩɬɢɦɚɥɶɧɢɯ� ɩɚɪɚɦɟɬɪɿɜ� ɧɚ� ɦɨɞɟɥɿ� ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ��

ȿɜɨɥɸɰɿɣɧɢɣ� ɚɥɝɨɪɢɬɦ� ɚɩɪɨɛɨɜɚɧɨ� ɧɚ� ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɿɣ� ɦɨɞɟɥɿ� ɩɭɥɭ� ɩɨɬɨɤɿɜ��

Ɂɧɚɣɞɟɧɿ� ɨɩɬɢɦɚɥɶɧɿ� ɡɧɚɱɟɧɧɹ� ɜ� ɨɛɨɯ� ɜɢɩɚɞɤɚɯ� ɞɨɫɬɚɬɧɶɨ� ɬɨɱɧɨ� ɜɿɞɩɨɜɿɞɚɸɬɶ 

ɬɚɤɢɦ��ɳɨ�ɛɭɥɢ�ɜɢɹɜɥɟɧɿ�ɩɪɢ�ɟɤɫɩɟɪɢɦɟɧɬɭɜɚɧɧɿ�ɡ�ɩɚɪɚɥɟɥɶɧɢɦɢ ɚɥɝɨɪɢɬɦɚɦɢ ɜ�

ɪɟɚɥɶɧɢɯ� ɭɦɨɜɚɯ�� Ɉɬɪɢɦɚɧɿ� ɪɟɡɭɥɶɬɚɬɢ� ɫɜɿɞɱɚɬɶ� ɩɪɨ� ɤɨɪɟɤɬɧɿɫɬɶ� ɩɨɲɭɤɭ�

ɨɩɬɢɦɚɥɶɧɢɯ�ɩɚɪɚɦɟɬɪɿɜ�ɧɚ�ɦɨɞɟɥɿ� 

Ɋɟɡɭɥɶɬɚɬɢ�� ɨɬɪɢɦɚɧɿ� ɭ� ɞɢɫɟɪɬɚɰɿɣɧɨɦɭ� ɞɨɫɥɿɞɠɟɧɧɿ�� ɦɿɫɬɹɬɶ� ɧɚɭɤɨɜɭ�

ɧɨɜɢɡɧɭ: 

- ɜɩɟɪɲɟ ɪɨɡɪɨɛɥɟɧɨ�ɬɟɯɧɨɥɨɝɿɸ�ɦɨɞɟɥɸɜɚɧɧɹ�ɩɚɪɚɥɟɥɶɧɢɯ�ɨɛɱɢɫɥɟɧɶ�ɧɚ�

ɨɫɧɨɜɿ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɨɝɨ�ɩɿɞɯɨɞɭ��ɳɨ�ɧɚɞɚɽ�ɦɨɠɥɢɜɿɫɬɶ�ɫɤɨɪɨɬɢɬɢ�ɪɟɫɭɪɫɧɿ�

ɜɢɬɪɚɬɢ�ɩɪɢ�ɪɨɡɪɨɛɰɿ�ɩɚɪɚɥɟɥɶɧɢɯ�ɚɥɝɨɪɢɬɦɿɜ��ɿ� ɧɚ�ɜɿɞɦɿɧɭ�ɜɿɞ�ɿɫɧɭɸɱɢɯ, 

ɞɚɽ� ɡɦɨɝɭ� ɜɿɞɬɜɨɪɢɬɢ� ɞɟɬɚɥɿɡɨɜɚɧɨ� ɫɬɪɭɤɬɭɪɭ� ɩɚɪɚɥɟɥɶɧɨʀ� ɩɪɨɝɪɚɦɢ� ɬɚ�

ɦɟɯɚɧɿɡɦɢ� ɜɡɚɽɦɨɞɿʀ� ɨɞɧɨɱɚɫɧɨ� ɜɢɤɨɧɭɜɚɧɢɯ� ɱɚɫɬɢɧ� ɩɪɨɝɪɚɦɢ� ɡ�

ɭɪɚɯɭɜɚɧɧɹɦ� ɱɚɫɨɜɢɯ� ɡɚɬɪɢɦɨɤ� ɧɚ� ɜɢɤɨɧɚɧɧɹ� ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ� ɞɿɣ� ɬɚ�

ɫɬɨɯɚɫɬɢɱɧɨɫɬɿ� ɡɚɯɨɩɥɟɧɧɹ� ɨɛɱɢɫɥɸɜɚɥɶɧɨɝɨ� ɪɟɫɭɪɫɭ� ɿ� ɫɩɪɨɳɭɽ� ɩɪɨɰɟɫ�

ɩɨɛɭɞɨɜɢ�ɦɨɞɟɥɿ�ɡɚ�ɪɚɯɭɧɨɤ�ɬɢɪɚɠɭɜɚɧɧɹ�ɮɪɚɝɦɟɧɬɿɜ�ɩɪɨɝɪɚɦɢ�ɡɿ�ɫɯɨɠɨɸ�

ɮɭɧɤɰɿɨɧɚɥɶɧɿɫɬɸ; 

- ɭɞɨɫɤɨɧɚɥɟɧɨ ɦɨɞɟɥɿ� ɛɚɡɨɜɢɯ� ɦɟɯɚɧɿɡɦɿɜ� ɫɢɧɯɪɨɧɿɡɚɰɿʀ� ɩɚɪɚɥɟɥɶɧɢɯ�

ɨɛɱɢɫɥɟɧɶ� ɡɚ� ɪɚɯɭɧɨɤ� ɩɿɞɜɢɳɟɧɧɹ� ɬɨɱɧɨɫɬɿ� ɜɿɞɬɜɨɪɟɧɧɹ�� ɳɨ� ɡɚɛɟɡɩɟɱɭɽ�

ɜɢɫɨɤɭ�ɬɨɱɧɿɫɬɶ�ɪɟɡɭɥɶɬɚɬɿɜ�ɦɨɞɟɥɸɜɚɧɧɹ� 

- ɜɩɟɪɲɟ ɪɨɡɪɨɛɥɟɧɨ� ɬɢɩɨɜɿ� ɮɪɚɝɦɟɧɬɢ� ɦɟɪɟɠ� ɉɟɬɪɿ�� ɳɨ� ɪɟɚɥɿɡɭɸɬɶ�

ɦɟɯɚɧɿɡɦɢ�ɛɚɝɚɬɨɩɨɬɨɤɨɜɨʀ�ɬɟɯɧɨɥɨɝɿʀ�-DYa, ɜɢɤɨɪɢɫɬɚɧɧɹ�ɹɤɢɯ�ɩɪɢɫɤɨɪɸɽ�

ɪɨɡɪɨɛɤɭ�ɦɨɞɟɥɿ�ɩɚɪɚɥɟɥɶɧɨɝɨ�ɚɥɝɨɪɢɬɦɭ ɡɚ�ɪɚɯɭɧɨɤ�ɡɦɟɧɲɟɧɧɹ�ɤɿɥɶɤɨɫɬɿ�

ɩɨɦɢɥɨɤ� ɬɚ� ɡɦɟɧɲɟɧɧɹ� ɡɚɝɚɥɶɧɨʀ� ɤɿɥɶɤɨɫɬɿ� ɟɥɟɦɟɧɬɿɜ�� ɧɟɨɛɯɿɞɧɢɯ� ɞɥɹ�

ɪɨɡɪɨɛɤɢ�ɦɨɞɟɥɿ; 
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- ɜɩɟɪɲɟ ɡɚɩɪɨɩɨɧɨɜɚɧɨ ɦɟɬɨɞ ɨɩɬɢɦɿɡɚɰɿʀ� ɩɚɪɚɦɟɬɪɿɜ� ɩɚɪɚɥɟɥɶɧɢɯ�

ɨɛɱɢɫɥɟɧɶ� ɧɚ� ɨɫɧɨɜɿ� ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ� ɞɨɫɥɿɞɠɟɧɧɹ� ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɨʀ�

ɦɨɞɟɥɿ� ɨɛɱɢɫɥɟɧɶ�� ɳɨ� ɡɚɛɟɡɩɟɱɭɽ� ɟɮɟɤɬɢɜɧɟ� ɜɢɤɨɪɢɫɬɚɧɧɹ�

ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ�ɪɟɫɭɪɫɿɜ� ɿ�� ɧɚ� ɜɿɞɦɿɧɭ�ɜɿɞ� ɿɫɧɭɸɱɢɯ�ɩɿɞɯɨɞɿɜ�� ɞɚɽ� ɡɦɨɝɭ�

ɩɪɨɜɨɞɢɬɢ� ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɟ� ɞɨɫɥɿɞɠɟɧɧɹ� ɟɮɟɤɬɢɜɧɨɫɬɿ� ɩɚɪɚɥɟɥɶɧɢɯ�

ɨɛɱɢɫɥɟɧɶ�ɧɚ�ɦɨɞɟɥɿ�ɡɚɦɿɫɬɶ�ɟɤɫɩɟɪɢɦɟɧɬɭɜɚɧɧɹ�ɧɚ�ɪɟɚɥɶɧɿɣ�ɩɪɨɝɪɚɦɿ� 

ɉɪɚɤɬɢɱɧɟ� ɡɧɚɱɟɧɧɹ� ɪɟɡɭɥɶɬɚɬɿɜ� ɞɢɫɟɪɬɚɰɿɣɧɨɝɨ� ɞɨɫɥɿɞɠɟɧɧɹ� ɩɨɥɹɝɚɽ� ɭ�

ɪɨɡɪɨɛɥɟɧɨɦɭ� ɩɪɨɝɪɚɦɧɨɦɭ� ɡɚɛɟɡɩɟɱɟɧɧɿ� ɞɥɹ� ɦɨɞɟɥɸɜɚɧɧɹ ɩɚɪɚɥɟɥɶɧɢɯ�

ɨɛɱɢɫɥɟɧɶ ɬɚ�ɨɩɬɢɦɿɡɚɰɿʀ�ʀɯ�ɩɚɪɚɦɟɬɪɿɜ�ɧɚ�ɨɫɧɨɜɿ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɨɝɨ�ɦɨɞɟɥɸɜɚɧɧɹ��

ɳɨ� ɽ� ɨɞɧɢɦ� ɡ� ɪɟɡɭɥɶɬɚɬɿɜ� ɜɢɤɨɧɚɧɧɹ� ɧɚɭɤɨɜɨ-ɞɨɫɥɿɞɧɨʀ� ɪɨɛɨɬɢ� ©Ɇɟɬɨɞɢ�

ɜɿɡɭɚɥɶɧɨɝɨ� ɩɪɨɝɪɚɦɭɜɚɧɧɹ� ɉɟɬɪɿ-ɨɛ
ɽɤɬɧɢɯ� ɦɨɞɟɥɟɣª� �ɞɟɪɠɚɜɧɢɣ�

ɪɟɽɫɬɪɚɰɿɣɧɢɣ� ɧɨɦɟɪ� ����8�������� Ɍɟɯɧɨɥɨɝɿɹ� ɦɨɞɟɥɸɜɚɧɧɹ� ɩɚɪɚɥɟɥɶɧɢɯ�

ɨɛɱɢɫɥɟɧɶ ɦɟɪɟɠɟɸ� ɉɟɬɪɿ ɜɩɪɨɜɚɞɠɟɧɚ� ɭ� ɪɚɦɤɚɯ� ɧɚɜɱɚɥɶɧɨɝɨ� ɞɢɫɬɚɧɰɿɣɧɨɝɨ�

ɤɭɪɫɭ� ©Ɍɟɯɧɨɥɨɝɿʀ� ɩɚɪɚɥɟɥɶɧɢɯ ɨɛɱɢɫɥɟɧɶª� �ɫɟɪɬɢɮɿɤɚɬ� ȾɄ� ʋ 0098, 

ɡɚɬɜɟɪɞɠɟɧɢɣ� ɩɪɨɬɨɤɨɥɨɦ�ʋ�� ɜɿɞ� ����������� Ɇɟɬɨɞɢɱɧɨʀ� ɪɚɞɢ� Ʉɉȱ� ɿɦ�� ȱɝɨɪɹ�

ɋɿɤɨɪɫɶɤɨɝɨ�� 

Ɋɟɡɭɥɶɬɚɬɢ�ɞɢɫɟɪɬɚɰɿɣɧɨʀ�ɪɨɛɨɬɢ�ɨɩɭɛɥɿɤɨɜɚɧɨ�ɭ�9 ɧɚɭɤɨɜɢɯ�ɩɭɛɥɿɤɚɰɿɹɯ��

ɫɟɪɟɞ�ɹɤɢɯ���ɫɬɚɬɬɿ�ɭ�ɩɟɪɿɨɞɢɱɧɢɯ�ɧɚɭɤɨɜɢɯ�ɜɢɞɚɧɧɹɯ��ɩɪɨɿɧɞɟɤɫɨɜɚɧɢɯ�ɭ�:HE�RI�

6FLHQFH�&RUH�&ROOHFWLRQ�ɬɚ�6FRSXV�ɛɚɡɚɯ�ɞɚɧɢɯ �ɞɜɿ�ɡ�ɧɢɯ�ɭ�ɜɢɞɧɧɹɯ��ɜɿɞɧɟɫɟɧɢɯ�ɞɨ�

ɬɪɟɬɶɨɝɨ�ɤɜɚɪɬɢɥɹ��Q3)), 1 ɫɬɚɬɬɹ�ɭ�ɮɚɯɨɜɨɦɭ ɧɚɭɤɨɜɨɦɭ�ɠɭɪɧɚɥɿ ɤɚɬɟɝɨɪɿʀ�©Ȼª 

�ɡɿ� ɫɩɟɰɿɚɥɶɧɨɫɬɿ� ����� �� ɫɬɚɬɬɹ� ɭ� ɮɚɯɨɜɨɦɭ� ɧɚɭɤɨɜɨɦɭ�ɠɭɪɧɚɥɿ� ɡ� ɩɟɪɟɥɿɤɭ� ɞɨ�

�����������ɪ���ɬɟɯɧɿɱɧɿ�ɧɚɭɤɢ), 3 ɩɭɛɥɿɤɚɰɿʀ�ɭ�ɦɚɬɟɪɿɚɥɚɯ�ɦɿɠɧɚɪɨɞɧɢɯ�ɧɚɭɤɨɜɢɯ�

ɤɨɧɮɟɪɟɧɰɿɣ����ɩɭɛɥɿɤɚɰɿɹ�ɭ�ɦɚɬɟɪɿɚɥɚɯ�ɜɫɟɭɤɪɚʀɧɫɶɤɨʀ�ɧɚɭɤɨɜɨʀ�ɤɨɧɮɟɪɟɧɰɿʀ. 

Ʉɥɸɱɨɜɿ� ɫɥɨɜɚ� ɛɚɝɚɬɨɩɨɬɨɤɨɜɟ ɩɪɨɝɪɚɦɭɜɚɧɧɹ�� ɩɚɪɚɥɟɥɶɧɿ� ɨɛɱɢɫɥɟɧɧɹ��

ɨɩɬɢɦɿɡɚɰɿɹ��ɿɦɿɬɚɰɿɣɧɟ�ɦɨɞɟɥɸɜɚɧɧɹ��ɫɬɨɯɚɫɬɢɱɧɚ�ɦɟɪɟɠɚ�ɉɟɬɪɿ��ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɟ�

ɦɨɞɟɥɸɜɚɧɧɹ. 
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ɋɩɢɫɨɤ�ɩɭɛɥɿɤɚɰɿɣ�ɡɞɨɛɭɜɚɱɚ 

ɇɚɭɤɨɜɿ�ɩɪɚɰɿ��ɜ�ɹɤɢɯ�ɨɩɭɛɥɿɤɨɜɚɧɨ�ɨɫɧɨɜɧɿ�ɧɚɭɤɨɜɿ�ɪɟɡɭɥɶɬɚɬɢ�ɞɢɫɟɪɬɚɰɿʀ� 

ɋɬɚɬɬɹ� ɭ� ɩɟɪɿɨɞɢɱɧɨɦɭ� ɧɚɭɤɨɜɨɦɭ� ɜɢɞɚɧɧɿ�� ɩɪɨɿɧɞɟɤɫɨɜɚɧɨɦɭ� ɭ� ɛɚɡɚɯ�

ɞɚɧɢɯ�:HE�RI�6FLHQFH�&RUH�&ROOHFWLRQ�ɬɚ�6FRSXV� 

1. Stetsenko I.V., Pavlov O.A., Dyfuchyna O. (2021) Parallel algorithm 

development and testing using Petri-object simulation. International Journal of 

Parallel, Emergent and Distributed Systems, 36(6), 549-564. Taylor and Francis Ltd. 

ISSN 1744-5779. https://doi.org/10.1080/17445760.2021.1955113  

2. Stetsenko I.V., Dyfuchyna O. (2020) Thread Pool parameters tuning using 
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ABSTRACT 

Dyfuchyna O. Optimization method of parallel computing parameters based on 

Petri-object modeling. 

Thesis for the degree of Doctor of Philosophy in specialty 126 ± Information 

systems and technologies in the field of knowledge 12 - Information technologies. - 

National Technical University of Ukraine "Ihor Sikorsky Kyiv Polytechnic Institute", 

Kyiv, 2024. 

Ph.D. thesis is devoted to the development of methods and tools for researching 

the influence of parallel computing parameters on the speed of computing. Modern 

information technologies require fast operation of algorithms, which can be achieved 

through the use of parallel computing. However, depending on the parameters that 

determine the characteristics of the subtasks and the mechanisms of their interaction, 

the use of parallel computing can lead to both speeding up and slowing down the 

computing. In practice, the problem of setting the parameters of parallel computing is 

solved by repeatedly testing the program on different computer platforms with different 

sets of parameters to guarantee the correctness and efficiency of the calculations. Due 

to the large number of options for capturing the computing resource and, accordingly, 

options for executing instructions by individual parallel computing processes, the result 

of running the same program under the same conditions may differ significantly. 

Therefore, testing parallel algorithms in real conditions is resource-consuming process. 

Mathematical methods for evaluating the efficiency of parallel computing are 

able to indicate the existence of a limit on the maximum achievable speed up under 

ideal conditions of free access to the computing resource and the absence of 

synchronization of calculations (that is, in fact, the absence of interaction between parts 

of the program). 

Existing program design tools, such as UML, allow (quite generalized) to 

graphically represent the interaction of individual parts of the program, but do not 

provide any numerical analysis of calculations. Simulating tools such as high-level 

Petri nets are recommended by the international standard ISO/IEC 15909-1:2019 as a 



11 
 

 

technique for specifying parallel and distributed systems. To date, there is experience 

in the development of Petri net-based computing simulators, but none of them have 

become widely used in the development of parallel computing. 

Thus, today, there is no unified method for creating a model of parallel 

computing and, accordingly, there is no tool other than a real program that can be used 

to optimize the parameters of a parallel program. The lack of simulation tools hinders 

the development of highly efficient parallel computing. In view of this, the creation of 

methods and tools aimed at improving the process of setting up multi-threaded 

programs and increasing the efficiency of using parallel computing in information 

technology is an urgent scientific task. 

The purpose of scientific research is to increase the effectiveness of parallel 

computing usage in  information technologies by designing it based on models which 

can be used for performance time estimation of parallel algorithm and parallel 

computing parameters optimization.  

The first section substantiates the need for careful design of parallel computing 

to achieve their efficiency and provides an overview for methods and tools for parallel 

computing design and their efficiency analysis. It was found that the mathematical 

methods of analyzing the efficiency of parallel computing are able to estimate the 

maximum achievable acceleration under fairly ideal conditions of free access to the 

computing resource and the absence of synchronization of computing. In contrast, 

simulation tools are able to reproduce parallel processes in sufficient detail and, unlike 

experimentation with a real parallel computing program, do not require significant 

costs for conducting experimental research. Among the parallel computing simulators, 

there are many that use the Petri net formalism as a tool to describe the computing 

process. However, as a rule, only the simplest elements of a parallel program are 

simulated: division into subtasks, waiting for the completion of subtask execution, 

blocking. More complex tools for interaction between threads, such as wait/notify, are 

covered only in separate publications. The models do not take into account the 

limitation of the resource used by the parallel program, which, of course, negatively 
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affects their accuracy. Also considered are tools for testing parallel programs, which 

are designed to detect interlocking and/or memory consistency errors in already 

developed programs. Such tools are aimed, first of all, at the analysis of the correctness 

of the computing, but not at the analysis of the efficiency of parallel studies. As a result, 

a conclusion was made regarding the need to develop methods and tools for evaluating 

the effectiveness of parallel computing based on models that take into account the 

mechanism of capturing the computing resource and the mechanisms of interaction 

between subtasks performed in parallel. 

In the second section, the purpose and task of simulating parallel computing are 

formulated, a formal description of the model is defined, and the method of simulating 

parallel computing is developed based on this description. For the formal description, 

the formalism of the Petri-object model was chosen due to a number of advantages: the 

most accurate (compared to the usual Petri net) reproduction of the structure of the 

object-oriented program and the behavioral properties of individual objects; more 

accurate (compared to the usual Petri net) reproduction of the interaction of 

threads/subtasks due to taking into account time delays for performing computational 

actions and the stochasticity of computing resource capture; replication of objects with 

similar behavior with given parameters simplifies the creation of models with a large 

number of subtasks; replication of groups of connections between objects simplifies 

the construction of a model with a large number of connections; visualizing the 

behavioral properties of the model allows us to develop a program with the least 

number of errors. Simulating templates of multithreaded program computations are 

defined and developed. They reduce the number of errors in model development, 

simplify and speed up the model development process. A set of modeling templates 

contains fragments of Petri nets that reproduce routine program instructions, creating, 

starting and terminating a thread, stopping a thread for a given time interval, blocking 

thread actions, waiting by condition, computing subtasks by a thread pool. The process 

of developing a Petri-object model of a parallel program is described. All the proposed 
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and developed methods, approaches and modeling tools are combined in the parallel 

algorithm simulation technology. Examples of model development are provided. 

In the third section, the task of optimizing the parameters of parallel computing 

is formulated, the existence of optimal values is substantiated and the ways of finding 

optimal values on the model are determined, the methods and tools of data collection 

for the model are defined, the methods and tools of developing the Petri-object model 

of parallel computing are described. The main stages of the method of optimizing the 

parameters of parallel calculations are formulated and described, in particular, the 

adaptive step-by-step optimization algorithm and the evolutionary algorithm, which 

are applied depending on the number of parameters under study. Parallel Program 

Simulation (PPS) software implements the following functions to support model 

development: Petri net development in the graphical Petri net editor; saving the Petri 

net in two formats - a graphical image and in the form of a method; study of time delay 

parameters; experimental study of the model; search for optimal values of parallel 

computing parameters by evolutionary method. 

In the fourth section, the method of optimizing parameters of parallel 

computing, described in section 3, is tested on the examples of a parallel algorithm for 

simulating a discrete-event system and a thread pool. This parallel simulation algorithm 

is complex both in terms of the number of computational operations and in the 

mechanisms of interaction of subtasks that ensure coordinated actions of all parts of 

the model. Theoretically and experimentally, it has been proved that the parameters of 

the parallel algorithm have an influence on the speed of its execution. It was established 

that the parameter on which the performance time of the algorithm depends to the 

greatest extent is the complexity of one fragment of the model, which is launched for 

simultaneous execution. The study of the optimal value of the parameter with 

increasing complexity of the model was carried out. A Petri-object model of the parallel 

algorithm was built and the search for optimal parameters was performed on the model 

experimentally. The evolutionary algorithm is tested on te Petri-object model of thread 

pool. The optimal values found in both cases quite accurately correspond to those found 
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during experimentation with parallel algorithms in real conditions. The obtained results 

indicate the correctness of the search for optimal parameters on the model. 

The results obtained in the research contain scientific novelty. For the first 

time, ɚ�parallel computing simulation technology based on the Petri-object approach 

has been developed, which provides an opportunity to reduce resource costs in the 

development of parallel algorithms. Unlike existing ones, it allows to reproduce in 

detail the structure of a parallel program and the mechanisms of interaction of 

simultaneously executing parts of the program, taking into account time delays on the 

execution of computing actions and the stochasticity of capturing the computing 

resource. Developed technology simplifies the process of building a model due to the 

replication of program fragments with similar functionality. 

The models of the basic mechanisms of synchronization of parallel computing 

have been improved by increasing the accuracy of reproduction, which ensures high 

accuracy of simulation results. 

For the first time, typical fragments of Petri nets implementing the mechanisms 

of Java multithreading technology have been developed, the use of which accelerates 

the development of a parallel algorithm model by reducing the number of errors and 

reducing the total number of elements required for model development. 

For the first time, a technology for optimizing the parameters of parallel 

computing based on an experimental study of the Petri-object model of computing is 

proposed. It ensures the efficient use of computing resources and, unlike existing 

approaches, makes it possible to conduct an experimental study of the efficiency of 

parallel computing on a model instead of experimenting on a real program. 

The practical significance of the results of the dissertation research lies in the 

developed software for modeling and optimizing the parameters of parallel computing 

based on Petri-object simulation, which is one of the results of the research work 

"Methods of visual programming of Petri-object models" (state registration number 

0117U000918). Technology of parallel computing simulation using Petri net was 

introduced as part of the distance learning course "Parallel Computing Technologies" 
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(certificate ȾɄ�No. 0098, approved by Protocol No. 8 dated June 2, 2023 of the Igor 

Sikorsky KPI Methodological Council). 

The results of the dissertation were published in 9 scientific publications, 

including 3 papers in a periodical scientific publication indexed in the Web of Science 

Core Collection and Scopus databases, 2 papers in a professional scientific journal, 3 

publications in the materials of international scientific conferences indexed in Scopus, 

1 publication in the materials of the All-Ukrainian scientific conference. 

Keywords: multithreaded programming, parallel computing, optimization, 

simulation, stochastic Petri net, Petri-object simulation. 
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ȼɋɌɍɉ 
 

Ⱥɤɬɭɚɥɶɧɿɫɬɶ�ɬɟɦɢ. ɋɭɱɚɫɧɿ�ɿɧɮɨɪɦɚɰɿɣɧɿ�ɬɟɯɧɨɥɨɝɿʀ�ɩɨɬɪɟɛɭɸɬɶ�ɲɜɢɞɤɨʀ�

ɪɨɛɨɬɢ�ɚɥɝɨɪɢɬɦɿɜ��ɹɤɭ�ɦɨɠɧɚ�ɞɨɫɹɝɬɢ�ɡɚ�ɞɨɩɨɦɨɝɨɸ�ɩɚɪɚɥɟɥɶɧɢɯ ɨɛɱɢɫɥɟɧɶ. Ɂɚ�

ɜɥɭɱɧɢɦ�ɜɢɪɚɡɨɦ�Ⱥ��ɋ��Ɇɟɧɚ, ³ɉɚɪɚɥɟɥɿɡɦ�± ɯɥɿɛ�ɿ�ɦɚɫɥɨ�ɫɭɱɚɫɧɨʀ�ɚɪɯɿɬɟɤɬɭɪɢ�

ɩɪɨɝɪɚɦɧɨɝɨ�ɡɚɛɟɡɩɟɱɟɧɧɹ´ [1]. Ȼɟɡ�ɜɢɤɨɪɢɫɬɚɧɧɹ�ɩɚɪɚɥɟɥɶɧɢɯ�ɨɛɱɢɫɥɟɧɶ�ɜɚɠɤɨ�

ɧɚ�ɫɶɨɝɨɞɧɿ�ɭɹɜɢɬɢ�ɪɨɡɪɨɛɤɭ�ɧɚɜɿɬɶ�ɩɪɨɫɬɢɯ� ɿɧɮɨɪɦɚɰɿɣɧɢɯ� ɫɢɫɬɟɦ��ȼɨɞɧɨɱɚɫ��

ɜɢɧɢɤɚɽ�ɜɫɟ�ɛɿɥɶɲɟ�ɜɢɤɥɢɤɿɜ�ɭ�ɡɜ¶ɹɡɤɭ�ɡ�ɤɨɪɟɤɬɧɢɦ�ɬɚ�ɧɚɞɿɣɧɢɦ�ɜɢɤɨɪɢɫɬɚɧɧɹɦ�

ɿɧɫɬɪɭɦɟɧɬɿɜ� ɩɚɪɚɥɟɥɶɧɢɯ� ɨɛɱɢɫɥɟɧɶ�� ɡɪɨɫɬɚɧɧɹɦ� ɫɤɥɚɞɧɨɫɬɿ� ɪɨɡɪɨɛɤɢ� ɬɚ�

ɬɟɫɬɭɜɚɧɧɹ� ɩɪɨɝɪɚɦɧɨɝɨ� ɡɚɛɟɡɩɟɱɟɧɧɹɦ�� ɜɢɛɨɪɨɦ� ɜɚɪɿɚɧɬɿɜ� ɜɢɤɨɪɢɫɬɚɧɧɹ�

ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ�ɪɟɫɭɪɫɿɜ. 

Ȼɚɝɚɬɨɩɨɬɨɤɨɜɟ�ɩɪɨɝɪɚɦɭɜɚɧɧɹ�ɽ�ɩɨɩɭɥɹɪɧɨɸ�ɬɟɯɧɿɤɨɸ�ɫɭɱɚɫɧɨʀ�ɪɨɡɪɨɛɤɢ�

ɩɪɨɝɪɚɦɧɨɝɨ� ɡɚɛɟɡɩɟɱɟɧɧɹ�� ɹɤɚ� ɲɢɪɨɤɨ� ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ� ɭ� ɜɟɛ-ɡɚɫɬɨɫɭɧɤɚɯ��

ɝɪɚɮɿɰɿ�� ɚɧɿɦɚɰɿʀ� ɬɚ� ɨɛɱɢɫɥɟɧɧɹɯ� ɜɟɥɢɤɢɯ� ɞɚɧɢɯ�� ɨɫɤɿɥɶɤɢ� ɡɧɚɱɧɨ� ɩɪɢɫɤɨɪɸɽ�

ɲɜɢɞɤɨɞɿɸ�ɩɪɨɝɪɚɦ��Ɉɞɧɚɤ�ɪɨɡɪɨɛɤɚ�ɛɚɝɚɬɨɩɨɬɨɤɨɜɨʀ�ɩɪɨɝɪɚɦɢ�ɱɚɫɬɨ�ɜɢɦɚɝɚɽ�

ɡɧɚɱɧɢɯ�ɡɭɫɢɥɶ�ɞɥɹ�ɞɨɫɹɝɧɟɧɧɹ�ɟɮɟɤɬɢɜɧɨʀ�ɪɟɚɥɿɡɚɰɿʀ�ɚɥɝɨɪɢɬɦɭ��ɨɫɤɿɥɶɤɢ�ɜɨɧɚ�

ɭɫɤɥɚɞɧɸɽɬɶɫɹ� ɧɟɞɟɬɟɪɦɿɧɨɜɚɧɢɦ� ɩɨɪɹɞɤɨɦ� ɿɧɫɬɪɭɤɰɿɣ�� ɳɨ� ɜɢɤɨɧɭɸɬɶɫɹ�

ɩɨɬɨɤɚɦɢ�� 

Ɏɭɧɤɰɿɨɧɭɜɚɧɧɹ� ɩɚɪɚɥɟɥɶɧɢɯ� ɩɪɨɝɪɚɦ� ɫɢɥɶɧɨ� ɡɚɥɟɠɢɬɶ� ɜɿɞ�

ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ� ɪɟɫɭɪɫɿɜ�� ɹɤɿ� ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ� ɞɥɹ� ɜɢɤɨɧɚɧɧɹ� ɩɪɨɝɪɚɦɢ�� ɐɟ�

ɨɡɧɚɱɚɽ��ɳɨ�ɬɟɫɬɭɜɚɧɧɹ�ɩɚɪɚɥɟɥɶɧɨʀ ɩɪɨɝɪɚɦɢ ɩɨɜɢɧɧɨ�ɩɪɨɜɨɞɢɬɢɫɹ�ɧɚ�ɪɿɡɧɢɯ�

ɤɨɦɩ¶ɸɬɟɪɧɢɯ� ɩɥɚɬɮɨɪɦɚɯ�� ɳɨɛ� ɝɚɪɚɧɬɭɜɚɬɢ� ɤɨɪɟɤɬɧɿɫɬɶ� ɬɚ ɟɮɟɤɬɢɜɧɿɫɬɶ 

ɨɛɱɢɫɥɟɧɶ��ɇɚ�ɲɜɢɞɤɨɞɿɸ�ɚɥɝɨɪɢɬɦɭ�ɬɚɤɨɠ�ɫɢɥɶɧɨ�ɜɩɥɢɜɚɸɬɶ�ɬɚɤɿ�ɩɚɪɚɦɟɬɪɢ��ɹɤ�

ɤɿɥɶɤɿɫɬɶ�ɩɨɬɨɤɿɜ�ɬɚ�ɪɨɡɦɿɪ�ɩɿɞɡɚɞɚɱ��ɳɨ�ɜɢɤɨɧɭɸɬɶɫɹ�ɩɚɪɚɥɟɥɶɧɨ��Ɉɱɟɜɢɞɧɨ��ɳɨ�

ɧɚɥɚɲɬɭɜɚɧɧɹ� ɜɫɿɯ� ɩɚɪɚɦɟɬɪɿɜ� ɩɚɪɚɥɟɥɶɧɨɝɨ� ɚɥɝɨɪɢɬɦɭ� ɽ� ɪɟɫɭɪɫɨɜɢɬɪɚɬɧɨɸ�

ɡɚɞɚɱɟɸ��ɇɚ�ɠɚɥɶ��ɿɫɧɭɸɱɿ�ɡɚɫɨɛɢ ɩɪɨɽɤɬɭɜɚɧɧɹ�ɬɚ�ɪɨɡɪɨɛɤɢ�ɩɪɨɝɪɚɦ ɟɮɟɤɬɢɜɧɿ 

ɞɥɹ�ɧɚɥɚɝɨɞɠɟɧɧɹ�ɬɚ�ɨɩɬɢɦɿɡɚɰɿʀ ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ�ɥɢɲɟ�ɨɞɧɨɩɨɬɨɤɨɜɢɯ�ɩɪɨɝɪɚɦ��

Ɂ� ɨɝɥɹɞɭ� ɧɚ� ɰɟ�� ɫɬɜɨɪɟɧɧɹ� ɦɟɬɨɞɭ�� ɫɩɪɹɦɨɜɚɧɨɝɨ ɧɚ� ɜɞɨɫɤɨɧɚɥɟɧɧɹ� ɩɪɨɰɟɫɭ�

ɧɚɥɚɝɨɞɠɟɧɧɹ� ɛɚɝɚɬɨɩɨɬɨɤɨɜɢɯ� ɩɪɨɝɪɚɦ� ɬɚ� ɩɿɞɜɢɳɟɧɧɹ� ɟɮɟɤɬɢɜɧɨɫɬɿ�
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ɜɢɤɨɪɢɫɬɚɧɧɹ�ɩɚɪɚɥɟɥɶɧɢɯ�ɨɛɱɢɫɥɟɧɶ�ɜ�ɿɧɮɨɪɦɚɰɿɣɧɿɣ�ɬɟɯɧɨɥɨɝɿʀ��ɽ�ɚɤɬɭɚɥɶɧɢɦ�

ɧɚɭɤɨɜɢɦ ɡɚɜɞɚɧɧɹɦ� 

ɍ� ɞɚɧɿɣ� ɪɨɛɨɬɿ� ɞɥɹ� ɞɨɫɹɝɧɟɧɧɹ� ɧɚɣɛɿɥɶɲ� ɬɨɱɧɨɝɨ� ɜɿɞɬɜɨɪɟɧɧɹ� ɫɤɥɚɞɧɨʀ�

ɜɡɚɽɦɨɞɿʀ� ɦɿɠ� ɩɨɬɨɤɚɦɢ� ɜ� ɨɞɧɿɣ� ɩɪɨɝɪɚɦɿ� ɩɪɨɩɨɧɭɽɬɶɫɹ� ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ�

ɿɦɿɬɚɰɿɣɧɟ� ɦɨɞɟɥɸɜɚɧɧɹ�� Ⱥ� ɫɚɦɟ�� ɦɨɞɟɥɸɜɚɧɧɹ� ɡɚɫɨɛɚɦɢ� ɫɬɨɯɚɫɬɢɱɧɢɯ� ɦɟɪɟɠ�

ɉɟɬɪɿ�� ɹɤɿ� ɞɨɡɜɨɥɹɸɬɶ� ɞɨɫɥɿɞɠɭɜɚɬɢ� ɜɢɤɨɧɚɧɧɹ� ɩɪɨɝɪɚɦ� ɡ� ɭɪɚɯɭɜɚɧɧɹɦ� ɱɚɫɭ�

ɜɢɤɨɧɚɧɧɹ�ɞɿɣ�ɩɨɬɨɤɿɜ�ɿ�ɩɿɞɜɢɳɭɜɚɬɢ�ɬɨɱɧɿɫɬɶ�ɩɨɛɭɞɨɜɚɧɨʀ�ɦɨɞɟɥɿ��Ɏɨɪɦɚɥɿɡɦ�ɬɚ�

ɩɪɨɝɪɚɦɧɟ� ɡɚɛɟɡɩɟɱɟɧɧɹ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɨɝɨ� ɦɨɞɟɥɸɜɚɧɧɹ� ɫɩɪɢɹɸɬɶ� ɫɩɪɨɳɟɧɧɸ�

ɩɨɛɭɞɨɜɢ�ɬɚ�ɞɨɫɥɿɞɠɟɧɧɹ�ɦɨɞɟɥɟɣ� 

Ɂɜ¶ɹɡɨɤ� ɪɨɛɨɬɢ� ɡ� ɧɚɭɤɨɜɢɦɢ�ɩɪɨɝɪɚɦɚɦɢ�� ɩɥɚɧɚɦɢ�� ɬɟɦɚɦɢ� ɇɚɭɤɨɜɟ�

ɞɨɫɥɿɞɠɟɧɧɹ� ɩɪɨɜɨɞɢɥɨɫɶ� ɭ� ɇɚɰɿɨɧɚɥɶɧɨɦɭ� ɬɟɯɧɿɱɧɨɦɭ� ɭɧɿɜɟɪɫɢɬɟɬɿ� ɍɤɪɚʀɧɢ�

©Ʉɢʀɜɫɶɤɢɣ ɩɨɥɿɬɟɯɧɿɱɧɢɣ ɿɧɫɬɢɬɭɬ� ɿɦɟɧɿ� ȱɝɨɪɹ� ɋɿɤɨɪɫɶɤɨɝɨª� ɭ� ɜɿɞɩɨɜɿɞɧɨɫɬɿ� ɞɨ�

ɧɚɩɪɹɦɭ� ³Ɍɟɯɧɨɥɨɝɿɱɧɿ� ɡɚɫɨɛɢ� ɬɚ� ɫɟɪɜɿɫɢ� ɩɪɨɝɪɚɦɧɨɝɨ� ɿɧɠɢɧɿɪɢɧɝɭ´� ɩɟɪɟɥɿɤɭ�

ɩɪɿɨɪɢɬɟɬɧɢɯ� ɬɟɦɚɬɢɱɧɢɯ� ɧɚɩɪɹɦɿɜ� ɧɚɭɤɨɜɢɯ� ɞɨɫɥɿɞɠɟɧɶ� ɿ� ɧɚɭɤɨɜɨ-ɬɟɯɧɿɱɧɢɯ�

ɪɨɡɪɨɛɨɤ� ɧɚ� ɩɟɪɿɨɞ� ɞɨ� ����� ɪɨɤɭ�� ɡɚɬɜɟɪɞɠɟɧɨɝɨ� ɩɨɫɬɚɧɨɜɨɸ�Ʉɚɛɿɧɟɬɭ�Ɇɿɧɿɫɬɪɿɜ�

ɍɤɪɚʀɧɢ� ʋ���� ɜɿɞ� ���������� �ɜ� ɪɟɞɚɤɰɿʀ� ɩɨɫɬɚɧɨɜɢ� ʋ���� ɜɿɞ� ������������� ɬɚ� ɭ�

ɜɿɞɩɨɜɿɞɧɨɫɬɿ� ɞɨ� ɬɟɦɚɬɢɤɢ� ɧɚɭɤɨɜɢɯ� ɪɨɡɪɨɛɨɤ� ɤɚɮɟɞɪɢ�� Ɋɟɡɭɥɶɬɚɬɢ� ɧɚɭɤɨɜɨɝɨ�

ɞɨɫɥɿɞɠɟɧɧɹ�ɽ�ɪɟɡɭɥɶɬɚɬɨɦ�ɭɱɚɫɬɿ�ɡɞɨɛɭɜɚɱɚ�ɭ�ɜɢɤɨɧɚɧɧɿ�ɧɚɭɤɨɜɨ-ɞɨɫɥɿɞɧɨʀ�ɪɨɛɨɬɢ�

©Ɇɟɬɨɞɢ� ɜɿɡɭɚɥɶɧɨɝɨ� ɩɪɨɝɪɚɦɭɜɚɧɧɹ� ɉɟɬɪɿ-ɨɛ
ɽɤɬɧɢɯ� ɦɨɞɟɥɟɣª� �ɞɟɪɠɚɜɧɢɣ�

ɪɟɽɫɬɪɚɰɿɣɧɢɣ�ɧɨɦɟɪ�����8�������� 

Ɇɟɬɚ� ɿ� ɡɚɜɞɚɧɧɹ� ɞɨɫɥɿɞɠɟɧɧɹ�� Ɇɟɬɨɸ� ɧɚɭɤɨɜɨɝɨ� ɞɨɫɥɿɞɠɟɧɧɹ� ɽ�

ɩɿɞɜɢɳɟɧɧɹ� ɟɮɟɤɬɢɜɧɨɫɬɿ� ɜɢɤɨɪɢɫɬɚɧɧɹ� ɩɚɪɚɥɟɥɶɧɢɯ� ɨɛɱɢɫɥɟɧɶ� ɜ�

ɿɧɮɨɪɦɚɰɿɣɧɢɯ�ɬɟɯɧɨɥɨɝɿɹɯ�ɡɚ�ɪɚɯɭɧɨɤ ɦɨɞɟɥɸɜɚɧɧɹ�ɩɚɪɚɥɟɥɶɧɢɯ�ɨɛɱɢɫɥɟɧɶ�ɬɚ 

ɨɩɬɢɦɿɡɚɰɿʀ� ʀɯ� ɩɚɪɚɦɟɬɪɿɜ�� Ⱦɥɹ� ɞɨɫɹɝɧɟɧɧɹ� ɦɟɬɢ� ɩɨɫɬɚɜɥɟɧɿ� ɬɚ� ɜɢɪɿɲɟɧɿ� ɬɚɤɿ�

ɡɚɜɞɚɧɧɹ� 

� ɚɧɚɥɿɡ� ɿɫɧɭɸɱɢɯ� ɡɚɫɨɛɿɜ� ɿ� ɦɟɬɨɞɿɜ� ɬɟɫɬɭɜɚɧɧɹ�ɦɨɞɟɥɸɜɚɧɧɹ�

ɛɚɝɚɬɨɩɨɬɨɤɨɜɢɯ�ɩɪɨɝɪɚɦ� 

� ɜɢɡɧɚɱɟɧɧɹ�ɩɪɚɜɢɥ�ɫɩɿɜɫɬɚɜɥɟɧɧɹ�ɮɪɚɝɦɟɧɬɚ�ɩɪɨɝɪɚɦɧɨɝɨ�ɤɨɞɭ�ɱɚɫɬɢɧɿ�

ɦɟɪɟɠɿ�ɉɟɬɪɿ� 
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� ɪɨɡɪɨɛɤɚ� ɬɟɯɧɨɥɨɝɿʀ� ɦɨɞɟɥɸɜɚɧɧɹ� ɩɚɪɚɥɟɥɶɧɢɯ� ɨɛɱɢɫɥɟɧɶ� ɉɟɬɪɿ-

ɨɛ¶ɽɤɬɧɨɸ�ɬɟɯɧɨɥɨɝɿɽɸ; 

� ɨɰɿɧɸɜɚɧɧɹ�ɬɨɱɧɨɫɬɿ�ɦɨɞɟɥɟɣ; 

� ɪɨɡɪɨɛɤɚ�ɦɟɬɨɞɭ�ɡɛɨɪɭ�ɞɚɧɢɯ�ɞɥɹ�ɦɨɞɟɥɿ� 

� ɪɨɡɪɨɛɤɚ�ɦɟɬɨɞɭ�ɨɩɬɢɦɿɡɚɰɿʀ�ɩɚɪɚɦɟɬɪɿɜ� 

� ɩɨɛɭɞɨɜɚ� ɬɚ� ɞɨɫɥɿɞɠɟɧɧɹ� ɦɨɞɟɥɿ� ɩɚɪɚɥɟɥɶɧɨɝɨ� ɚɥɝɨɪɢɬɦɭ� ɿɦɿɬɚɰɿʀ�

ɞɢɫɤɪɟɬɧɨ-ɩɨɞɿɣɧɨʀ�ɫɢɫɬɟɦɢ� 

Ɉɛ¶ɽɤɬ� ɞɨɫɥɿɞɠɟɧɧɹ ± ɩɪɨɰɟɫ� ɪɨɡɪɨɛɤɢ� ɩɚɪɚɥɟɥɶɧɢɯ� ɨɛɱɢɫɥɟɧɶ� ɜ�

ɿɧɮɨɪɦɚɰɿɣɧɢɯ�ɬɟɯɧɨɥɨɝɿɹɯ� 

ɉɪɟɞɦɟɬ� ɞɨɫɥɿɞɠɟɧɧɹ ± ɦɟɬɨɞɢ� ɬɚ� ɡɚɫɨɛɢ� ɦɨɞɟɥɸɜɚɧɧɹ ɬɚ� ɨɩɬɢɦɿɡɚɰɿʀ�

ɩɚɪɚɥɟɥɶɧɢɯ�ɨɛɱɢɫɥɟɧɶ�ɜ�ɿɧɮɨɪɦɚɰɿɣɧɢɯ�ɬɟɯɧɨɥɨɝɿɹɯ� 

Ɇɟɬɨɞɢ�ɞɨɫɥɿɞɠɟɧɧɹ�± ɦɟɬɨɞɢ�ɿɦɿɬɚɰɿɣɧɨɝɨ�ɦɨɞɟɥɸɜɚɧɧɹ�ɿ�ɦɚɬɟɦɚɬɢɱɧɨʀ�

ɫɬɚɬɢɫɬɢɤɢ�� ɬɟɨɪɟɬɢɱɧɿ� ɦɟɬɨɞɢ� ɨɰɿɧɸɜɚɧɧɹ� ɫɤɥɚɞɧɨɫɬɿ� ɚɥɝɨɪɢɬɦɿɜ� 

ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ�ɦɟɬɨɞɢ�  ɦɟɪɟɠɿ�ɉɟɬɪɿ. 

ɇɚɭɤɨɜɚ�ɧɨɜɢɡɧɚ�ɨɬɪɢɦɚɧɢɯ�ɪɟɡɭɥɶɬɚɬɿɜ� 

- ɜɩɟɪɲɟ ɪɨɡɪɨɛɥɟɧɨ�ɬɟɯɧɨɥɨɝɿɸ�ɦɨɞɟɥɸɜɚɧɧɹ�ɩɚɪɚɥɟɥɶɧɢɯ�ɨɛɱɢɫɥɟɧɶ�ɧɚ�

ɨɫɧɨɜɿ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɨɝɨ�ɩɿɞɯɨɞɭ��ɳɨ�ɧɚɞɚɽ�ɦɨɠɥɢɜɿɫɬɶ ɫɤɨɪɨɬɢɬɢ�ɪɟɫɭɪɫɧɿ�

ɜɢɬɪɚɬɢ�ɩɪɢ�ɪɨɡɪɨɛɰɿ�ɩɚɪɚɥɟɥɶɧɢɯ�ɚɥɝɨɪɢɬɦɿɜ��ɿ� ɧɚ�ɜɿɞɦɿɧɭ�ɜɿɞ�ɿɫɧɭɸɱɢɯ, 

ɞɚɽ� ɡɦɨɝɭ ɜɿɞɬɜɨɪɢɬɢ� ɞɟɬɚɥɿɡɨɜɚɧɨ� ɫɬɪɭɤɬɭɪɭ� ɩɚɪɚɥɟɥɶɧɨʀ� ɩɪɨɝɪɚɦɢ� ɬɚ�

ɦɟɯɚɧɿɡɦɢ� ɜɡɚɽɦɨɞɿʀ� ɨɞɧɨɱɚɫɧɨ� ɜɢɤɨɧɭɜɚɧɢɯ� ɱɚɫɬɢɧ� ɩɪɨɝɪɚɦɢ� ɡ�

ɭɪɚɯɭɜɚɧɧɹɦ� ɱɚɫɨɜɢɯ� ɡɚɬɪɢɦɨɤ� ɧɚ� ɜɢɤɨɧɚɧɧɹ� ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ� ɞɿɣ� ɬɚ�

ɫɬɨɯɚɫɬɢɱɧɨɫɬɿ� ɡɚɯɨɩɥɟɧɧɹ� ɨɛɱɢɫɥɸɜɚɥɶɧɨɝɨ� ɪɟɫɭɪɫɭ ɿ� ɫɩɪɨɳɭɽ� ɩɪɨɰɟɫ�

ɩɨɛɭɞɨɜɢ�ɦɨɞɟɥɿ�ɡɚ�ɪɚɯɭɧɨɤ ɬɢɪɚɠɭɜɚɧɧɹ ɮɪɚɝɦɟɧɬɿɜ�ɩɪɨɝɪɚɦɢ ɡɿ�ɫɯɨɠɨɸ�

ɮɭɧɤɰɿɨɧɚɥɶɧɿɫɬɸ; 

- ɭɞɨɫɤɨɧɚɥɟɧɨ ɦɨɞɟɥɿ� ɛɚɡɨɜɢɯ� ɦɟɯɚɧɿɡɦɿɜ� ɫɢɧɯɪɨɧɿɡɚɰɿʀ� ɩɚɪɚɥɟɥɶɧɢɯ�

ɨɛɱɢɫɥɟɧɶ� ɡɚ� ɪɚɯɭɧɨɤ� ɩɿɞɜɢɳɟɧɧɹ� ɬɨɱɧɨɫɬɿ ɜɿɞɬɜɨɪɟɧɧɹ�� ɳɨ ɡɚɛɟɡɩɟɱɭɽ�

ɜɢɫɨɤɭ�ɬɨɱɧɿɫɬɶ�ɪɟɡɭɥɶɬɚɬɿɜ�ɦɨɞɟɥɸɜɚɧɧɹ; 

- ɜɩɟɪɲɟ ɪɨɡɪɨɛɥɟɧɨ� ɬɢɩɨɜɿ� ɮɪɚɝɦɟɧɬɢ� ɦɟɪɟɠ� ɉɟɬɪɿ�� ɳɨ� ɪɟɚɥɿɡɭɸɬɶ�

ɦɟɯɚɧɿɡɦɢ�ɛɚɝɚɬɨɩɨɬɨɤɨɜɨʀ�ɬɟɯɧɨɥɨɝɿʀ�Java, ɜɢɤɨɪɢɫɬɚɧɧɹ�ɹɤɢɯ ɩɪɢɫɤɨɪɸɽ�
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ɪɨɡɪɨɛɤɭ�ɦɨɞɟɥɿ�ɩɚɪɚɥɟɥɶɧɨɝɨ�ɚɥɝɨɪɢɬɦɭ ɡɚ�ɪɚɯɭɧɨɤ�ɡɦɟɧɲɟɧɧɹ�ɤɿɥɶɤɨɫɬɿ�

ɩɨɦɢɥɨɤ� ɬɚ� ɡɦɟɧɲɟɧɧɹ� ɡɚɝɚɥɶɧɨʀ� ɤɿɥɶɤɨɫɬɿ� ɟɥɟɦɟɧɬɿɜ�� ɧɟɨɛɯɿɞɧɢɯ� ɞɥɹ�

ɪɨɡɪɨɛɤɢ�ɦɨɞɟɥɿ; 

- ɜɩɟɪɲɟ ɡɚɩɪɨɩɨɧɨɜɚɧɨ ɦɟɬɨɞ ɨɩɬɢɦɿɡɚɰɿʀ� ɩɚɪɚɦɟɬɪɿɜ� ɩɚɪɚɥɟɥɶɧɢɯ�

ɨɛɱɢɫɥɟɧɶ� ɧɚ� ɨɫɧɨɜɿ� ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ� ɞɨɫɥɿɞɠɟɧɧɹ� ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɨʀ�

ɦɨɞɟɥɿ� ɨɛɱɢɫɥɟɧɶ�� ɳɨ� ɡɚɛɟɡɩɟɱɭɽ� ɟɮɟɤɬɢɜɧɟ� ɜɢɤɨɪɢɫɬɚɧɧɹ�

ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ�ɪɟɫɭɪɫɿɜ ɿ�� ɧɚ� ɜɿɞɦɿɧɭ�ɜɿɞ� ɿɫɧɭɸɱɢɯ�ɩɿɞɯɨɞɿɜ� ɞɚɽ� ɡɦɨɝɭ�

ɩɪɨɜɨɞɢɬɢ� ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɟ� ɞɨɫɥɿɞɠɟɧɧɹ� ɟɮɟɤɬɢɜɧɨɫɬɿ� ɩɚɪɚɥɟɥɶɧɢɯ�

ɨɛɱɢɫɥɟɧɶ�ɧɚ�ɦɨɞɟɥɿ�ɡɚɦɿɫɬɶ�ɟɤɫɩɟɪɢɦɟɧɬɭɜɚɧɧɹ�ɧɚ�ɪɟɚɥɶɧɿɣ�ɩɪɨɝɪɚɦɿ. 

ɉɪɚɤɬɢɱɧɟ� ɡɧɚɱɟɧɧɹ� ɨɬɪɢɦɚɧɢɯ� ɪɟɡɭɥɶɬɚɬɿɜ� Ɋɨɡɪɨɛɥɟɧɨ ɩɪɨɝɪɚɦɧɟ�

ɡɚɛɟɡɩɟɱɟɧɧɹ� ɞɥɹ� ɦɨɞɟɥɸɜɚɧɧɹ� ɬɚ ɨɩɬɢɦɿɡɚɰɿʀ� ɩɚɪɚɦɟɬɪɿɜ� ɩɚɪɚɥɟɥɶɧɢɯ�

ɨɛɱɢɫɥɟɧɶ�ɧɚ�ɨɫɧɨɜɿ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɨɝɨ�ɦɨɞɟɥɸɜɚɧɧɹ��ɳɨ�ɽ�ɨɞɧɢɦ�ɡ�ɪɟɡɭɥɶɬɚɬɿɜ�

ɜɢɤɨɧɚɧɧɹ ɧɚɭɤɨɜɨ-ɞɨɫɥɿɞɧɨʀ�ɪɨɛɨɬɢ�©Ɇɟɬɨɞɢ�ɜɿɡɭɚɥɶɧɨɝɨ�ɩɪɨɝɪɚɦɭɜɚɧɧɹ�ɉɟɬɪɿ-

ɨɛ
ɽɤɬɧɢɯ� ɦɨɞɟɥɟɣª� �ɞɟɪɠɚɜɧɢɣ� ɪɟɽɫɬɪɚɰɿɣɧɢɣ� ɧɨɦɟɪ� ����8�������� 

Ɂɚɩɪɨɩɨɧɨɜɚɧɚ�ɬɟɯɧɨɥɨɝɿɹ ɦɨɞɟɥɸɜɚɧɧɹ�ɬɚ�ɨɩɬɢɦɿɡɚɰɿʀ�ɩɚɪɚɥɟɥɶɧɢɯ�ɨɛɱɢɫɥɟɧɶ 

ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɚɫɶ� ɩɪɢ� ɪɨɡɪɨɛɰɿ� ɦɨɞɟɥɟɣ� ɩɭɥɭ� ɩɨɬɨɤɿɜ� ɬɚ� ɩɚɪɚɥɟɥɶɧɨɝɨ�

ɚɥɝɨɪɢɬɦɭ� ɿɦɿɬɚɰɿʀ� ɞɢɫɤɪɟɬɧɨ-ɩɨɞɿɣɧɨʀ� ɫɢɫɬɟɦɢ� ɹɤɿ� ɛɭɥɢ� ɩɪɟɞɫɬɚɜɥɟɧɿ� ɧɚ�

ɦɿɠɧɚɪɨɞɧɢɯ� ɤɨɧɮɟɪɟɧɰɿɹɯ� ɬɚ� ɨɬɪɢɦɚɥɢ� ɩɨɡɢɬɢɜɧɿ� ɜɿɞɝɭɤɢ� Ɍɟɯɧɨɥɨɝɿɹ�

ɦɨɞɟɥɸɜɚɧɧɹ� ɩɚɪɚɥɟɥɶɧɢɯ� ɨɛɱɢɫɥɟɧɶ� ɦɟɪɟɠɟɸ� ɉɟɬɪɿ� ɜɩɪɨɜɚɞɠɟɧɚ ɭ� ɪɚɦɤɚɯ�

ɧɚɜɱɚɥɶɧɨɝɨ� ɞɢɫɬɚɧɰɿɣɧɨɝɨ� ɤɭɪɫɭ� ©Ɍɟɯɧɨɥɨɝɿʀ� ɩɚɪɚɥɟɥɶɧɢɯ� ɨɛɱɢɫɥɟɧɶª�

�ɫɟɪɬɢɮɿɤɚɬ ȾɄ� ʋ� ������ ɡɚɬɜɟɪɞɠɟɧɢɣ� ɩɪɨɬɨɤɨɥɨɦ ʋ�� ɜɿɞ� �����������

Ɇɟɬɨɞɢɱɧɨʀ�ɪɚɞɢ�Ʉɉȱ�ɿɦ��ȱɝɨɪɹ�ɋɿɤɨɪɫɶɤɨɝɨ). 

Ɉɫɨɛɢɫɬɢɣ� ɜɧɟɫɨɤ� ɡɞɨɛɭɜɚɱɚ� ɍɫɿ� ɪɟɡɭɥɶɬɚɬɢ� ɧɚɭɤɨɜɨɝɨ� ɞɨɫɥɿɞɠɟɧɧɹ��

ɩɪɟɞɫɬɚɜɥɟɧɿ� ɞɨ� ɡɚɯɢɫɬɭ�� ɨɬɪɢɦɚɧɿ� ɚɜɬɨɪɤɨɸ� ɨɫɨɛɢɫɬɨ�� ɍ� ɧɚɩɢɫɚɧɢɯ� ɭ�

ɫɩɿɜɚɜɬɨɪɫɬɜɿ� ɩɭɛɥɿɤɚɰɿɹɯ� ɚɜɬɨɪɰɿ� ɧɚɥɟɠɚɬɶ� ɬɚɤɿ� ɪɟɡɭɥɶɬɚɬɢ�� >3] ± ɪɨɡɪɨɛɤɚ� ɬɚ�

ɞɨɫɥɿɞɠɟɧɧɹ� ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɨʀ� ɦɨɞɟɥɿ� ɩɪɨɛɥɟɦɢ� ɞɟɞɥɨɤɭ� �GHDGORFN�� ɬɚ� ʀʀ�

ɜɢɪɿɲɟɧɧɹ��ɚ�ɬɚɤɨɠ�ɦɨɞɟɥɿ�ɩɪɨɛɥɟɦɢ�ɞɨɫɬɭɩɭ�ɞɨ�ɫɩɿɥɶɧɢɯ�ɞɚɧɢɯ�ɬɚ�ʀʀ�ɜɢɪɿɲɟɧɧɹ��

[2] ± ɪɨɡɪɨɛɤɚ�ɦɨɞɟɥɿ�ɬɚ�ɞɨɫɥɿɞɠɟɧɧɹ�ɟɮɟɤɬɢɜɧɨɫɬɿ�ɩɭɥɭ�ɩɨɬɨɤɿɜ��>1] ± ɪɨɡɪɨɛɤɚ�

ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɨʀ� ɦɨɞɟɥɿ� ɬɚ� ɞɨɫɥɿɞɠɟɧɧɹ� ɟɮɟɤɬɢɜɧɨɫɬɿ� ɩɚɪɚɥɟɥɶɧɨɝɨ� ɚɥɝɨɪɢɬɦɭ�
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ɿɦɿɬɚɰɿʀ�ɞɢɫɤɪɟɬɧɨ-ɩɨɞɿɣɧɨʀ�ɫɢɫɬɟɦɢ; [5] ± ɪɨɡɪɨɛɤɚ�ɛɿɛɥɿɨɬɟɤɢ�ɲɚɛɥɨɧɿɜ�ɛɚɡɨɜɢɯ�

ɮɪɚɝɦɟɧɬɿɜ� ɛɚɝɚɬɨɩɨɬɨɤɨɜɨʀ� ɩɪɨɝɪɚɦɢ�� ɹɤɚ� ɩɪɢɡɧɚɱɟɧɚ� ɞɥɹ� ɦɨɞɟɥɸɜɚɧɧɹ�

ɩɚɪɚɥɟɥɶɧɢɯ� ɨɛɱɢɫɥɟɧɶ� ɫɬɨɯɚɫɬɢɱɧɨɸ� ɦɟɪɟɠɟɸ� ɉɟɬɪɿ�� [8] ± ɪɨɡɪɨɛɤɚ� ɦɨɞɭɥɹ�

ɚɧɿɦɚɰɿʀ� ɿɦɿɬɚɰɿʀ� � ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɨʀ� ɦɨɞɟɥɿ�� >9] ± ɫɬɜɨɪɟɧɧɹ� ɤɪɢɬɟɪɿɸ� ɞɥɹ�

ɨɰɿɧɸɜɚɧɧɹ�ɟɮɟɤɬɢɜɧɨɫɬɿ�ɜɢɤɨɪɢɫɬɚɧɧɹ�ɩɚɪɚɥɟɥɶɧɢɯ�ɨɛɱɢɫɥɟɧɶ�ɜ�ɿɧɮɨɪɦɚɰɿɣɧɿɣ�

ɬɟɯɧɨɥɨɝɿʀ�ɬɚ�ɫɩɨɫɿɛ�ɣɨɝɨ�ɜɢɡɧɚɱɟɧɧɹ�ɧɚ�ɨɫɧɨɜɿ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɢɯ�ɦɨɞɟɥɟɣ� 

Ⱥɩɪɨɛɚɰɿɹ� ɪɟɡɭɥɶɬɚɬɿɜ� ɞɢɫɟɪɬɚɰɿʀ� Ɉɫɧɨɜɧɿ� ɪɟɡɭɥɶɬɚɬɢ� ɧɚɭɤɨɜɨɝɨ�

ɞɨɫɥɿɞɠɟɧɧɹ� ɞɨɩɨɜɿɞɚɥɢɫɶ� ɬɚ� ɨɬɪɢɦɚɥɢ� ɩɨɡɢɬɢɜɧɿ� ɜɿɞɝɭɤɢ� ɧɚ� ɬɚɤɢɯ� ɧɚɭɤɨɜɢɯ�

ɤɨɧɮɟɪɟɧɰɿɹɯ��0DWKHPDWLFDO�0RGHOLQJ� DQG� 6LPXODWLRQ� RI� 6\VWHPV� �02'6� ��23, 

2018, 2017), International Conference on Computer Science, Engineering and 

Education Applications (ICCSEEA 2018, 2019). 

ɉɭɛɥɿɤɚɰɿʀ� Ɋɟɡɭɥɶɬɚɬɢ�ɧɚɭɤɨɜɨɝɨ�ɞɨɫɥɿɞɠɟɧɧɹ�ɨɩɭɛɥɿɤɨɜɚɧɨ�ɭ���ɧɚɭɤɨɜɢɯ�

ɩɭɛɥɿɤɚɰɿɹɯ�� ɫɟɪɟɞ� ɹɤɢɯ� �� ɫɬɚɬɬɿ� ɭ� ɩɟɪɿɨɞɢɱɧɨɦɭ� ɧɚɭɤɨɜɨɦɭ� ɜɢɞɚɧɧɿ��

ɩɪɨɿɧɞɟɤɫɨɜɚɧɨɦɭ�ɭ�6FRSXV�ɛɚɡɿ�ɞɚɧɢɯ����ɫɬɚɬɬɹ�ɭ�ɮɚɯɨɜɨɦɭ�ɧɚɭɤɨɜɨɦɭ�ɠɭɪɧɚɥɿ�

ɤɚɬɟɝɨɪɿʀ� ³ȼ´�� �� ɩɭɛɥɿɤɚɰɿʀ� ɭ� ɦɚɬɟɪɿɚɥɚɯ� ɦɿɠɧɚɪɨɞɧɢɯ� ɧɚɭɤɨɜɨ-ɩɪɚɤɬɢɱɧɢɯ�

ɤɨɧɮɟɪɟɧɰɿɣ�� �� ɩɭɛɥɿɤɚɰɿɹ� ɭ� ɦɚɬɟɪɿɚɥɚɯ� ɜɫɟɭɤɪɚʀɧɫɶɤɨʀ� ɧɚɭɤɨɜɨ-ɩɪɚɤɬɢɱɧɨʀ�

ɤɨɧɮɟɪɟɧɰɿʀ� 

ɋɬɪɭɤɬɭɪɚ�ɬɚ ɨɛɫɹɝ�ɪɨɛɨɬɢ��Ⱦɢɫɟɪɬɚɰɿɹ�ɫɤɥɚɞɚɽɬɶɫɹ�ɡ�ɜɫɬɭɩɭ����ɪɨɡɞɿɥɿɜ��

ɜɢɫɧɨɜɤɿɜ�� ɫɩɢɫɤɭ� ɜɢɤɨɪɢɫɬɚɧɢɯ� ɞɠɟɪɟɥ� ɡ� 68 ɧɚɣɦɟɧɭɜɚɧɶ ɬɚ� 5 ɞɨɞɚɬɤɿɜ��

Ɂɚɝɚɥɶɧɢɣ� ɨɛɫɹɝ� ɪɨɛɨɬɢ� ɫɤɥɚɞɚɽ� 172 ɫɬɨɪɿɧɤɢ�� ɡ� ɧɢɯ� 118 ɫɬɨɪɿɧɨɤ ɨɫɧɨɜɧɨɝɨ�

ɬɟɤɫɬɭ��35 ɪɢɫɭɧɤɿɜ� 9 ɬɚɛɥɢɰɶ� 
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1 ɈȽɅəȾ�ȱɋɇɍɘɑɂɏ�ɁȺɋɈȻȱȼ�ȾɅə�ɉɊɈȯɄɌɍȼȺɇɇə�

ɉȺɊȺɅȿɅɖɇɂɏ�ɈȻɑɂɋɅȿɇɖ�ɌȺ�ȺɇȺɅȱɁɍ�Ȳɏ�

ȿɎȿɄɌɂȼɇɈɋɌȱ 

1.1 Ɇɚɬɟɦɚɬɢɱɧɿ� ɦɟɬɨɞɢ� ɚɧɚɥɿɡɭ� ɟɮɟɤɬɢɜɧɨɫɬɿ ɩɚɪɚɥɟɥɶɧɢɯ�

ɨɛɱɢɫɥɟɧɶ 

Ɂɚɝɚɥɶɧɨɩɪɢɣɧɹɬɢɦɢ�ɭ�ɩɪɚɤɬɢɰɿ�ɩɚɪɚɥɟɥɶɧɢɯ�ɨɛɱɢɫɥɟɧɶ�ɽ�ɬɚɤɿ�ɩɨɤɚɡɧɢɤɢ�

ɟɮɟɤɬɢɜɧɨɫɬɿ� >2]: ɩɪɢɫɤɨɪɟɧɧɹ� �VSHHGXS��� ɟɮɟɤɬɢɜɧɿɫɬɶ� �HIIHFLHQF\�� ɬɚ� ɜɚɪɬɿɫɬɶ�

ɨɛɱɢɫɥɟɧɶ� �FRVW���ɉɪɢɫɤɨɪɟɧɧɹ ɜɢɡɧɚɱɚɽ�� ɭ� ɫɤɿɥɶɤɢ� ɪɚɡɿɜ� ɲɜɢɞɲɟ� ɜɢɤɨɧɭɽɬɶɫɹ�

ɩɚɪɚɥɟɥɶɧɢɣ�ɚɥɝɨɪɢɬɦ�ɭ�ɩɨɪɿɜɧɹɧɧɿ�ɡ�ɩɨɫɥɿɞɨɜɧɢɦ� 

ܵ ൌ ೞ்

೛்
,      (1.1) 

ɞɟ�ܵ ± ɩɪɢɫɤɨɪɟɧɧɹ� 

௦ܶ ± ɱɚɫ�ɜɢɤɨɧɚɧɧɹ�ɩɨɫɥɿɞɨɜɧɨɝɨ�ɚɥɝɨɪɢɬɦɭ� 

௣ܶ ± ɱɚɫ�ɜɢɤɨɧɚɧɧɹ�ɩɚɪɚɥɟɥɶɧɨɝɨ�ɚɥɝɨɪɢɬɦɭ� 

ɉɪɢɫɤɨɪɟɧɧɹ�� ɪɨɡɪɚɯɨɜɚɧɟ� ɧɚ� ɨɞɢɧɢɰɸ� ɜɢɤɨɪɢɫɬɨɜɭɜɚɧɨɝɨ�

ɨɛɱɢɫɥɸɜɚɥɶɧɨɝɨ�ɪɟɫɭɪɫɭ��ɜɢɡɧɚɱɚɽ�ɟɮɟɤɬɢɜɧɿɫɬɶ ɩɚɪɚɥɟɥɶɧɢɯ�ɨɛɱɢɫɥɟɧɶ� 

ܧ ൌ ୗ
௣
ൌ ೞ்

௣ ೛்
,     (1.2) 

ɞɟ� �ɤɿɥɶɤɿɫɬɶ ± ݌ ɨɛɱɢɫɥɸɜɚɥɶɧɨɝɨ� ɪɟɫɭɪɫɭ�� ɳɨ ɡɚɛɟɡɩɟɱɭɽ� ɩɚɪɚɥɟɥɶɧɿɫɬɶ�

ɜɢɤɨɧɚɧɧɹ�� 

 Ɂɚɭɜɚɠɢɦɨ�� ɳɨ� Ⱥɦɞɚɥ� ɮɨɪɦɭɥɸɜɚɜ� ɫɜɿɣ� ɡɚɤɨɧ� ɞɥɹ� ɩɪɨɰɟɫɨɪɿɜ�� ɉɪɨɬɟ�

ɫɭɱɚɫɧɿ�ɩɪɨɰɟɫɨɪɢ� ɽ�ɛɚɝɚɬɨɹɞɟɪɧɢɦɢ�� ɚ� ɬɟɯɧɨɥɨɝɿɹ�ɛɚɝɚɬɨɩɨɬɨɤɨɜɢɯ�ɨɛɱɢɫɥɟɧɶ�

ɧɚɞɚɽ� ɦɨɠɥɢɜɿɫɬɶ� ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ� ɛɚɝɚɬɨɹɞɟɪɧɢɣ� ɩɪɨɰɟɫɨɪ� ɞɥɹ� ɩɚɪɚɥɟɥɶɧɢɯ�

ɨɛɱɢɫɥɟɧɶ�� Ɍɨɦɭ� ɜ� ɫɭɱɚɫɧɿɣ� ɿɧɬɟɪɩɪɟɬɚɰɿʀ� ɡɚɤɨɧɭ� ɡɚɦɿɫɬɶ� ɤɿɥɶɤɨɫɬɿ� ɩɪɨɰɟɫɨɪɿɜ�

ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ�ɩɨɧɹɬɬɹ�ɨɛɱɢɫɥɸɜɚɥɶɧɨɝɨ�ɪɟɫɭɪɫɭ��ɳɨ�ɫɩɪɨɦɨɠɧɢɣ�ɜɢɤɨɧɭɜɚɬɢ�

ɱɚɫɬɢɧɭ�ɨɛɱɢɫɥɟɧɶ�ɧɟɡɚɥɟɠɧɨ�ɜɿɞ�ɿɧɲɢɯ. 

ȼɢɤɨɪɢɫɬɨɜɭɸɬɶ�ɬɚɤɨɠ�ɩɨɤɚɡɧɢɤ�ɜɚɪɬɨɫɬɿ�ɨɛɱɢɫɥɟɧɶ��ɹɤɢɣ�ɪɨɡɪɚɯɨɜɭɸɬɶ�

ɹɤ�ɡɚɝɚɥɶɧɢɣ�ɱɚɫ��ɜɢɬɪɚɱɟɧɢɣ�ɧɚ�ɭɫɿɯ�ɡɚɞɿɹɧɢɯ�ɜ�ɨɛɱɢɫɥɟɧɧɹɯ�ɩɪɨɰɟɫɨɪɚɯ� 

ܥ ൌ ݌ ௣ܶ.      (1.3) 
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ɇɚɣɛɿɥɶɲ� ɬɨɱɧɨ� ɩɨɤɚɡɧɢɤɢ� ɟɮɟɤɬɢɜɧɨɫɬɿ� ɜɢɡɧɚɱɚɸɬɶ� ɡɚ� ɪɟɡɭɥɶɬɚɬɚɦɢ�

ɟɤɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ� ɞɨɫɥɿɞɠɟɧɧɹ�� Ⱦɥɹ� ɬɚɤɨɝɨ� ɞɨɫɥɿɞɠɟɧɧɹ� ɚɥɝɨɪɢɬɦ� ɫɩɨɱɚɬɤɭ�

ɦɚɽ�ɛɭɬɢ�ɪɨɡɪɨɛɥɟɧɢɣ��ɚ�ɰɟ�ɨɡɧɚɱɚɽ��ɳɨ�ɞɥɹ�ɨɬɪɢɦɚɧɧɹ�ɟɮɟɤɬɢɜɧɨɝɨ�ɚɥɝɨɪɢɬɦɭ�

ɦɨɠɟ�ɛɭɬɢ�ɩɪɨɜɟɞɟɧɨ�ɤɿɥɶɤɚ�ɿɬɟɪɚɰɿɣ�ɪɨɡɪɨɛɤɢ ɬɚ�ɞɨɫɥɿɞɠɟɧɧɹ�ɚɥɝɨɪɢɬɦɭ��ɓɨɛ�

ɨɬɪɢɦɚɬɢ� ɭɹɜɥɟɧɧɹ� ɩɪɨ� ɜɩɥɢɜ� ɨɛɱɢɫɥɸɜɚɥɶɧɨɝɨ� ɪɟɫɭɪɫɭ� ɧɟɨɛɯɿɞɧɨ� ɩɪɨɜɨɞɢɬɢ�

ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɟ� ɞɨɫɥɿɞɠɟɧɧɹ� ɧɚ� ɪɿɡɧɢɯ� ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ� ɪɟɫɭɪɫɚɯ�� Ɉɬɠɟ��

ɩɪɨɰɟɫ� ɪɨɡɪɨɛɤɢ� ɟɮɟɤɬɢɜɧɨɝɨ� ɩɚɪɚɥɟɥɶɧɨɝɨ� ɚɥɝɨɪɢɬɦɭ� ɭ� ɬɚɤɢɣ� ɫɩɨɫɿɛ� ɽ�

ɪɟɫɭɪɫɨɜɢɬɪɚɬɧɢɦɢ��Ɍɨɦɭ�ɜɚɠɥɢɜɨ�ɳɟ�ɧɚ�ɟɬɚɩɿ�ɩɪɨɽɤɬɭɜɚɧɧɹ�ɦɚɬɢ�ɦɨɠɥɢɜɿɫɬɶ�

ɨɰɿɧɤɢ� ɨɬɪɢɦɭɜɚɧɨɝɨ� ɩɪɢɫɤɨɪɟɧɧɹ� ɬɚ� ɟɮɟɤɬɢɜɧɨɫɬɿ� ɞɥɹ� ɪɨɡɪɨɛɥɸɜɚɧɨɝɨ�

ɚɥɝɨɪɢɬɦɭ� 

Ɍɟɨɪɟɬɢɱɧɨ� ɞɨɜɟɞɟɧɟ� ɨɛɦɟɠɟɧɧɹ� ɡɝɨɪɢ� ɞɥɹ� ɨɬɪɢɦɭɜɚɧɨɝɨ� ɡɚ� ɪɚɯɭɧɨɤ�

ɩɚɪɚɥɟɥɶɧɢɯ� ɨɛɱɢɫɥɟɧɶ� ɩɪɢɫɤɨɪɟɧɧɹ� ɜɫɬɚɧɨɜɥɸɽ� ɡɚɤɨɧ� Ⱥɦɞɚɥɚ [3]. Ⱥɦɞɚɥ�

ɩɪɢɩɭɫɬɢɜ��ɳɨ�ɞɥɹ�ɩɚɪɚɥɟɥɶɧɨɝɨ�ɚɥɝɨɪɢɬɦɭ�ɡɚɜɠɞɢ�ɦɨɠɟ�ɛɭɬɢ�ɜɢɡɧɚɱɟɧɚ�ɱɚɫɬɤɚ�

ɨɛɱɢɫɥɟɧɶ� ݂ א ሾͲǢ ͳሿ�� ɳɨ� ɧɟ� ɦɨɠɭɬɶ� ɛɭɬɢ� ɪɨɡɩɚɪɚɥɟɥɟɧɿ� ɿ� ɜɢɤɨɧɭɸɬɶɫɹ�

ɩɨɫɥɿɞɨɜɧɨ�� ɬɚ� ɱɚɫɬɤɚ� ɨɛɱɢɫɥɟɧɶ� ͳ െ ݂�� ɳɨ� ɜɢɤɨɧɭɸɬɶɫɹ� ɩɚɪɚɥɟɥɶɧɨ� ɧɚ�  ݌

ɧɟɡɚɥɟɠɧɢɯ� ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ� ɪɟɫɭɪɫɚɯ�� Ɍɨɞɿ� ɱɚɫ� ɜɢɤɨɧɚɧɧɹ� ɩɨɫɥɿɞɨɜɧɨɝɨ�

ɚɥɝɨɪɢɬɦɭ� ɦɨɠɟ� ɛɭɬɢ� ɩɪɟɞɫɬɚɜɥɟɧɢɣ� ɹɤ� ௦ܶ ൌ ݂ ௦ܶ ൅ ሺͳ െ ݂ሻ ௦ܶ, ɱɚɫ� ɜɢɤɨɧɚɧɧɹ�

ɩɚɪɚɥɟɥɶɧɨɝɨ�ɚɥɝɨɪɢɬɦɭ�± ɹɤ�� ௣ܶ ൌ ݂ ௦ܶ ൅ ሺͳ െ ݂ሻ ೞ்
௣
��ɚ�ɩɪɢɫɤɨɪɟɧɧɹ�ɜɢɡɧɚɱɚɽɬɶɫɹ�

ɫɩɿɜɜɿɞɧɨɲɟɧɧɹɦ: 

ܵ ൌ ௙ ೞ்ାሺଵି௙ሻ ೞ்

௙ ೞ்ାሺଵି௙ሻ
೅ೞ
೛

ൌ ଵ

௙ାభష೑೛
൑ ଵ

௙
 ,     (1.4) 

ɨɫɤɿɥɶɤɢ�ଵି௙
௣

൐ Ͳ. 

 Ɂɜɿɞɫɢ��ɩɪɢɫɤɨɪɟɧɧɹ�ɡɚɜɠɞɢ�ɦɚɽ�ɨɛɦɟɠɟɧɧɹ�ɡɝɨɪɢ ଵ
௙
 , ɹɤɨɸ ɛ�ɜɟɥɢɤɨɸ�ɧɟ�

ɛɭɥɚ�ɤɿɥɶɤɿɫɬɶ�ɨɛɱɢɫɥɸɜɚɥɶɧɨɝɨ�ɪɟɫɭɪɫɭ. 

ɉɪɨɬɟ�ɜɢɡɧɚɱɟɧɧɹ�ɱɚɫɬɢɧɢ�ɩɨɫɥɿɞɨɜɧɢɯ�ɨɛɱɢɫɥɟɧɶ�ɭ�ɩɪɚɤɬɢɱɧɢɯ�ɭɦɨɜɚɯ�ɽ�

ɩɪɨɛɥɟɦɚɬɢɱɧɢɦ�ɿ�ɧɟ�ɿɫɧɭɽ�ɱɿɬɤɨʀ�ɦɟɬɨɞɢɤɢ�ɜɢɡɧɚɱɟɧɧɹ�ɬɚɤɨʀ�ɱɚɫɬɤɢ� 

Ɉɤɪɿɦ� ɬɨɝɨ�� ɞɚɧɚ�ɮɨɪɦɭɥɚ� ɜɪɚɯɨɜɭɽ� ɧɟ� ɜɫɿ� ɜɢɬɪɚɬɢ�� Ɍɚɤ�� ɧɟ� ɡɚɞɿɹɧɢɦɢ�ɭ�

ɞɚɧɿɣ�ɮɨɪɦɭɥɿ�ɡɚɥɢɲɚɸɬɶɫɹ�ɜɢɬɪɚɬɢ�ɧɚ�ɜɢɞɿɥɟɧɧɹ�ɪɟɫɭɪɫɿɜ�ɬɚ�ɧɚ�ɪɨɡɛɢɬɬɹ�ɡɚɞɚɱɿ�
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ɧɚ�ɧɟɡɚɥɟɠɧɿ�ɩɿɞɡɚɞɚɱɿ��Ⱦɨɫɢɬɶ�ɱɚɫɬɨ�ɫɚɦɟ�ɰɿ�ɜɢɬɪɚɬɢ�ɜɢɹɜɥɹɸɬɶɫɹ�ɛɿɥɶɲɢɦɢ��ɧɿɠ�

ɜɢɝɪɚɲ�ɭ�ɩɪɢɫɤɨɪɟɧɧɿ��ɜɿɞ�ɩɚɪɚɥɟɥɿɡɦɭ� 

ȱɧɲɢɦ� ɡɚɤɨɧɨɦ�� ɳɨ� ɨɰɿɧɸɽ� ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɫɹɠɧɟ� ɩɪɢɫɤɨɪɟɧɧɹ�

ɩɚɪɚɥɟɥɶɧɢɯ�ɨɛɱɢɫɥɟɧɶ��ɽ ɡɚɤɨɧ�Ƚɭɫɬɚɜɫɨɧɚ-Ȼɚɪɫɿɫɚ [4]: 

ܵ ൌ ݂ ൅ ሺͳ݌ െ ݂ሻ ൌ ݌ െ ݂ሺ݌ െ ͳሻ,     (1.1) 

ɞɟ�߬ ± ɱɚɫ�ɩɨɫɥɿɞɨɜɧɨʀ�ɱɚɫɬɢɧɢ�ɜɢɤɨɧɭɜɚɧɢɯ�ɨɛɱɢɫɥɟɧɶ� 

 �ɱɚɫ�ɩɚɪɚɥɟɥɶɧɨʀ�ɱɚɫɬɢɧɢ�ɜɢɤɨɧɭɜɚɧɢɯ�ɨɛɱɢɫɥɟɧɶ ± ߨ

 ,ɤɿɥɶɤɿɫɬɶ�ɩɪɨɰɟɫɨɪɿɜ ± ݌

݂ ൌ ఛ
ఛାഏ೛

 ± ɱɚɫɬɤɚ�ɩɨɫɥɿɞɨɜɧɢɯ�ɨɛɱɢɫɥɟɧɶ, 

ܵ ൌ ఛାగ
ఛାഏ೛

  ± ɩɪɢɫɤɨɪɟɧɧɹ. 

Ɂɝɚɞɚɧɿ� ɡɚɤɨɧɢ� � ɧɚɞɚɸɬɶ� ɨɰɿɧɤɭ� ɥɢɲɟ� ɜɟɪɯɧɶɨʀ� ɦɟɠɿ� ɩɪɢɫɤɨɪɟɧɧɹ�� ɹɤɚ�

ɦɨɠɥɢɜɚ� ɥɢɲɟ� ɡɚ� ɿɞɟɚɥɶɧɢɯ ɭɦɨɜ� ɜɢɤɨɪɢɫɬɚɧɧɹ� ɩɚɪɚɥɟɥɶɧɢɯ� ɨɛɱɢɫɥɟɧɶ�� Ɂɚ�

ɪɟɚɥɶɧɢɯ� ɨɛɫɬɚɜɢɧ�� ɟɮɟɤɬɢɜɧɿɫɬɶ� ɩɚɪɚɥɟɥɶɧɨɝɨ� ɚɥɝɨɪɢɬɦɭ� ɡɚɥɟɠɢɬɶ� ɜɿɞ�

ɧɚɥɟɠɧɨɝɨ�ɧɚɥɚɲɬɭɜɚɧɧɹ�ɣɨɝɨ�ɩɚɪɚɦɟɬɪɿɜ� ɬɚ� ɜɿɞ�ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ�ɪɟɫɭɪɫɿɜ��ɧɚ�

ɹɤɢɯ�ɜɿɧ�ɜɢɤɨɧɭɽɬɶɫɹ� 

Ɂɚɫɬɨɫɭɜɚɧɧɹ� ɡɚɤɨɧɭ� Ⱥɦɞɚɥɚ� ɞɥɹ� ɬɟɨɪɟɬɢɱɧɨɝɨ� ɨɰɿɧɸɜɚɧɧɹ� ɱɚɫɭ�

ɛɚɝɚɬɨɩɨɬɨɤɨɜɨʀ�ɩɪɨɝɪɚɦɢ�ɡɚɩɪɨɩɨɧɨɜɚɧɨ�ɭ�ɫɬɚɬɬɿ�[5]: 

ݐ ൌ �σ ���
௝

௜௝௡ݐ
௜ୀଵ  ,௦ݐ+

ɞɟݐ�௜௝  ± ɱɚɫ�ɜɢɤɨɧɚɧɧɹ�j-ɨʀ�ɩɿɞɡɚɞɚɱɿ�i-ɨʀ�ɞɿɥɹɧɤɢ�ɩɪɨɝɪɚɦɢ��݆ ൌ ͳǡ   ,തതതതത݌

���
௝

௜௝ݐ  ± ɱɚɫ�ɜɢɤɨɧɚɧɧɹ�i-ɨʀ�ɞɿɥɹɧɤɢ�ɩɪɨɝɪɚɦɢ� 

 �௦ ± ɱɚɫ�ɜɢɤɨɧɚɧɧɹ�ɩɨɫɥɿɞɨɜɧɢɯ�ɞɿɥɹɧɨɤ�ɩɪɨɝɪɚɦɢݐ

ɉɪɨɬɟ�ɜɢɜɟɞɟɧɧɹ�ɚɜɬɨɪɚɦɢ�ɮɨɪɦɭɥɢ�ɜɢɤɨɧɚɧɨ�ɭ�ɡɧɚɱɧɢɯ�ɩɪɢɩɭɳɟɧɧɹɯ�����

ɤɿɥɶɤɿɫɬɶ�ɨɛɱɢɫɥɸɜɚɥɶɧɨɝɨ�ɪɟɫɭɪɫɭ�ɧɟɨɛɦɟɠɟɧɚ��ɬɨɛɬɨ�ɽ�ɨɛɱɢɫɥɸɜɚɥɶɧɢɣ�ɪɟɫɭɪɫ�

ɞɥɹ�ɤɨɠɧɨʀ�ɩɿɞɡɚɞɚɱɿ�����ɡɚɞɚɱɿ�ɧɟ�ɛɥɨɤɭɸɬɶ�ɨɞɧɚ�ɨɞɧɭ��ɬɨɛɬɨ�ɜɿɞɫɭɬɧɽ�ɨɱɿɤɭɜɚɧɧɹ�

ɡɚɞɚɱ�ɨɞɧɚ�ɨɞɧɨʀ� 
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Ɇɟɬɨɞɢ� ɚɧɚɥɿɬɢɱɧɨʀ� ɨɰɿɧɤɢ� ɩɪɢɫɤɨɪɟɧɧɹ� ɦɚɸɬɶ� ɨɛɦɟɠɟɧɭ� ɬɨɱɧɿɫɬɶ��

ɨɫɤɿɥɶɤɢ�ɜɨɧɢ�ɧɟ�ɛɟɪɭɬɶ�ɞɨ�ɭɜɚɝɢ�ɞɟɬɚɥɿ�ɩɚɪɚɥɟɥɶɧɨɝɨ�ɚɥɝɨɪɢɬɦɭ��ɍɪɚɯɭɜɚɧɧɹ�

ɫɢɧɯɪɨɧɧɢɯ�ɨɛɱɢɫɥɟɧɶ�ɭ�ɩɚɪɚɥɟɥɶɧɢɯ�ɚɥɝɨɪɢɬɦɚɯ�ɭɫɤɥɚɞɧɸɽ�ɨɰɿɧɤɭ�ɮɚɤɬɢɱɧɨʀ 

ɱɚɫɬɤɢ� ɨɛɱɢɫɥɟɧɶ�� ɹɤɿ� ɜɢɤɨɧɭɸɬɶɫɹ� ɩɚɪɚɥɟɥɶɧɨ�� Ɍɨɦɭ�� ɹɤɳɨ� ɜ� ɨɛɱɢɫɥɟɧɧɹɯ�

ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ� Q� ɩɪɨɰɟɫɨɪɿɜ�� ɰɟ� ɧɟ� ɨɡɧɚɱɚɽ�� ɳɨ� ɨɛɱɢɫɥɟɧɧɹ� ɛɭɞɭɬɶ�

ɩɪɢɫɤɨɪɟɧɿ�ɜ�Q�ɪɚɡɿɜ��Ɂ�ɰɶɨɝɨ�ɩɪɢɜɨɞɭ�ɜɢɧɢɤɚɽ�ɩɨɬɪɟɛɚ�ɭ�ɬɟɯɧɨɥɨɝɿʀ ɦɨɞɟɥɸɜɚɧɧɹ�

ɩɚɪɚɥɟɥɶɧɢɯ� ɨɛɱɢɫɥɟɧɶ�� ɹɤɚ ɜɪɚɯɨɜɭɽ� ɩɚɪɚɦɟɬɪɢ� ɩɚɪɚɥɟɥɶɧɨɝɨ� ɚɥɝɨɪɢɬɦɭ� ɬɚ��

ɨɛɫɹɝ�ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ�ɪɟɫɭɪɫɿɜ� 

ɉɨ� ɫɶɨɝɨɞɧɿɲɧɿɣ� ɞɟɧɶ� ɧɚɣɩɨɩɭɥɹɪɧɿɲɢɦ� ɡɚɫɨɛɨɦ� ɩɪɨɽɤɬɭɜɚɧɧɹ�

ɩɪɨɝɪɚɦɧɨɝɨ� ɡɚɛɟɡɩɟɱɟɧɧɹ� ɡɚɥɢɲɚɽɬɶɫɹ� ɫɬɚɧɞɚɪɬ� 8QLILHG� 0RGHOLQJ� /DQJXDJH�

�80/��� ɐɟ� ɭɧɿɮɿɤɨɜɚɧɚ� ɦɨɜɚ� ɦɨɞɟɥɸɜɚɧɧɹ� ɡɚɝɚɥɶɧɨɝɨ� ɩɪɢɡɧɚɱɟɧɧɹ� ɜ� ɝɚɥɭɡɿ�

ɩɪɨɝɪɚɦɧɨʀ�ɿɧɠɟɧɟɪɿʀ��ɩɪɢɡɧɚɱɟɧɚ�ɞɥɹ�ɧɚɞɚɧɧɹ�ɫɬɚɧɞɚɪɬɧɨɝɨ�ɫɩɨɫɨɛɭ�ɜɿɡɭɚɥɿɡɚɰɿʀ�

ɞɢɡɚɣɧɭ� ɫɢɫɬɟɦɢ�� Ⱦɟɯɬɨ� ɜɜɚɠɚɽ� 80/� ɧɟɜɿɞ¶ɽɦɧɨɸ� ɱɚɫɬɢɧɨɸ� ɭɧɿɮɿɤɨɜɚɧɨɝɨ��

ɩɪɨɰɟɫɭ�ɪɨɡɪɨɛɤɢ�ɩɪɨɝɪɚɦɧɨɝɨ�ɡɚɛɟɡɩɟɱɟɧɧɹ��Ⱦɥɹ�ɩɪɨɽɤɬɭɜɚɧɧɹ�ɥɨɝɿɤɢ�ɩɪɨɝɪɚɦɢ�

ɬɚ�ɜɿɡɭɚɥɿɡɚɰɿʀ�ɫɤɥɚɞɨɜɢɯ�ɫɢɫɬɟɦɢ�ɬɚ� ʀɯ�ɜɡɚɽɦɨɡɜ¶ɹɡɤɿɜ�ɰɟɣ� ɿɧɫɬɪɭɦɟɧɬ�ɽ�ɞɿɣɫɧɨ�

ɞɨɫɬɚɬɧɿɦ��Ɉɞɧɚɤ�ɞɥɹ�ɩɪɨɽɤɬɭɜɚɧɧɹ�ɛɚɝɚɬɨɩɨɬɨɤɨɜɢɯ�ɩɪɨɝɪɚɦ�� ɫɩɟɰɢɮɿɤɚ� ɹɤɢɯ�

ɩɨɥɹɝɚɽ�ɭ�ɫɬɨɯɚɫɬɢɱɧɨɫɬɿ�ʀɯ�ɩɨɜɟɞɿɧɤɢ��ɞɚɧɨɝɨ�ɿɧɫɬɪɭɦɟɧɬɭ�ɛɭɞɟ�ɧɟɞɨɫɬɚɬɧɶɨ�� 

1.2 Ɂɚɫɨɛɢ�ɦɨɞɟɥɸɜɚɧɧɹ ɩɚɪɚɥɟɥɶɧɢɯ ɨɛɱɢɫɥɟɧɶ 

Ɋɨɡɪɨɛɤɚ�ɩɚɪɚɥɟɥɶɧɢɯ�ɚɥɝɨɪɢɬɦɿɜ�ɽ�ɜɚɠɤɢɦ�ɡɚɜɞɚɧɧɹɦ��ɳɨ�ɱɚɫɬɨ�ɜɢɦɚɝɚɽ�

ɮɭɧɞɚɦɟɧɬɚɥɶɧɨʀ� ɪɟɤɨɧɫɬɪɭɤɰɿʀ ɩɨɫɥɿɞɨɜɧɨɝɨ� ɚɥɝɨɪɢɬɦɭ�� ɉɪɨɝɪɚɦɿɫɬ�

ɧɚɦɚɝɚɽɬɶɫɹ� ɦɚɤɫɢɦɚɥɶɧɨ� ɟɮɟɤɬɢɜɧɨ� ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ� ɨɛɱɢɫɥɸɜɚɥɶɧɿ� ɪɟɫɭɪɫɢ�

ɞɥɹ� ɞɨɫɹɝɧɟɧɧɹ� ɧɚɣɜɢɳɨʀ� ɲɜɢɞɤɨɫɬɿ�� Ɉɞɧɚɤ� ɜɢɤɨɪɢɫɬɚɧɧɹ� ɫɢɧɯɪɨɧɿɡɨɜɚɧɢɯ�

ɩɪɨɰɟɫɿɜ� ɿ� ɜɚɪɬɿɫɬɶ� ɩɿɞɬɪɢɦɤɢ� ɛɚɝɚɬɨɩɨɬɨɤɨɜɨɫɬɿ� ɦɨɠɭɬɶ� ɡɜɟɫɬɢ� ɧɚɧɿɜɟɰɶ� ɣɨɝɨ�

ɡɭɫɢɥɥɹ��ɐɟ�ɦɨɠɟ�ɜɿɞɛɭɬɢɫɹ�ɡ�ɬɿɽʀ�ɩɪɢɱɢɧɢ��ɳɨ�ɫɢɧɯɪɨɧɿɡɚɰɿɹ�ɡɚɜɠɞɢ�ɫɩɨɜɿɥɶɧɸɽ�

ɪɨɛɨɬɭ� ɚɥɝɨɪɢɬɦɭ�� ɚ�ɩɨɬɨɤɢ� ɡɚɜɠɞɢ�ɩɨɬɪɟɛɭɸɬɶ ɞɨɞɚɬɤɨɜɢɯ�ɪɟɫɭɪɫɨɜɢɬɪɚɬɧɢɯ 

ɨɩɟɪɚɰɿɣ� ɳɨɛ�ɤɨɧɬɪɨɥɸɜɚɬɢ�ʀɯ�ɪɨɛɨɬɭ��Ɍɚɤɢɦ�ɱɢɧɨɦ��ɩɪɨɝɪɚɦɿɫɬ�ɩɨɜɢɧɟɧ�ɡɧɚɣɬɢ�

ɛɚɥɚɧɫ�ɦɿɠ�ɫɤɥɚɞɧɿɫɬɸ�ɪɨɡɪɨɛɤɢ��ɫɩɨɠɢɜɚɧɧɹɦ�ɪɟɫɭɪɫɿɜ�ɩɨɬɨɤɚɦɢ�ɿ�ɧɚɤɥɚɞɧɢɦɢ�
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ɜɢɬɪɚɬɚɦɢ� ɧɚ� ɜɡɚɽɦɨɞɿɸ ɦɿɠ� ɩɨɬɨɤɚɦɢ� ɬɚ� ɛɭɬɢ� ɜɩɟɜɧɟɧɢɦ�� ɳɨ� ɜɢɬɪɚɬɢ� ɧɚ�

ɛɚɝɚɬɨɩɨɬɨɤɨɜɿɫɬɶ�ɦɟɧɲɿ��ɧɿɠ�ɩɟɪɟɜɚɝɢ�ɜɿɞ�ɧɟʀ�[6].  

ɉɟɪɟɞ� ɪɨɡɪɨɛɤɨɸ� ɚɥɝɨɪɢɬɦɭ� ɧɟɨɛɯɿɞɧɨ� ɩɪɢɣɧɹɬɢ� ɪɿɲɟɧɧɹ� ɳɨɞɨ 

ɟɮɟɤɬɢɜɧɨɫɬɿ ɩɚɪɚɥɟɥɶɧɨʀ�ɪɟɚɥɿɡɚɰɿʀ��Ɍɚɤɨɠ�ɤɨɪɢɫɧɨ�ɜɢɡɧɚɱɢɬɢ�ɪɿɜɟɧɶ�ɫɤɥɚɞɧɨɫɬɿ�

ɡɚɜɞɚɧɧɹ��ɡɚ�ɹɤɨɝɨ�ɩɚɪɚɥɟɥɶɧɚ�ɪɟɚɥɿɡɚɰɿɹ�ɡɚɜɞɚɧɧɹ�ɛɭɞɟ�ɟɮɟɤɬɢɜɧɨɸ��ɇɚ�ɠɚɥɶ��ɧɚ�

ɞɚɧɢɣ�ɦɨɦɟɧɬ�ɧɟ ɿɫɧɭɽ�ɿɧɫɬɪɭɦɟɧɬɿɜ�ɱɢ�ɦɟɬɨɞɿɜ�ɞɥɹ�ɩɪɨɝɧɨɡɭɜɚɧɧɹ�ɩɪɢɫɤɨɪɟɧɧɹ��

ɳɨ�ɡɚɛɟɡɩɟɱɭɽɬɶɫɹ�ɩɚɪɚɥɟɥɿɡɦɨɦ��əɤ�ɡɚɡɧɚɱɚɥɨɫɶ�ɜɢɳɟ��ɡɚɤɨɧ�Ⱥɦɞɚɥɚ�ɜɢɡɧɚɱɚɽ�

ɥɢɲɟ� ɜɟɪɯɧɸ� ɦɟɠɭ� ɩɪɢɫɤɨɪɟɧɧɹ�� ȼɨɞɧɨɱɚɫ, ɡɚɥɢɲɚɽɬɶɫɹ� ɩɪɨɛɥɟɦɨɸ� ɨɰɿɧɤɚ�

ɩɪɢɫɤɨɪɟɧɧɹ��ɹɤɟ�ɫɩɨɫɬɟɪɿɝɚɬɢɦɟɬɶɫɹ�ɜ�ɪɟɚɥɶɧɢɯ�ɭɦɨɜɚɯ 

ɓɟ�ɨɞɧɿɽɸ�ɩɪɨɛɥɟɦɨɸ��ɳɨ�ɜɢɧɢɤɚɽ�ɩɪɢ�ɪɨɡɪɨɛɰɿ�ɩɚɪɚɥɟɥɶɧɨɝɨ�ɚɥɝɨɪɢɬɦɭ�

ɽ� ɜɿɞɫɭɬɧɿɫɬɶ� ɜɤɚɡɿɜɨɤ� ɳɨɞɨ� ɧɚɥɚɲɬɭɜɚɧɧɹ� ɩɚɪɚɦɟɬɪɿɜ� ɿɧɫɬɪɭɦɟɧɬɿɜ�

ɛɚɝɚɬɨɩɨɬɨɤɨɜɨɫɬɿ�� ɹɤɿ� ɛ� ɡɚɛɟɡɩɟɱɢɥɢ� ɟɮɟɤɬɢɜɧɭ� ɪɨɛɨɬɭ� ɜɿɞɩɨɜɿɞɧɨɝɨ�

ɿɧɫɬɪɭɦɟɧɬɭ��ɇɚɩɪɢɤɥɚɞ��ɞɥɹ�ɬɚɤɢɯ�ɿɧɫɬɪɭɦɟɧɬɿɜ�ɹɤ�Fork Join Pool ɚɛɨ�Thread Pool 

ɜ�ɞɨɤɭɦɟɧɬɚɰɿʀ� �Java ɧɟ�ɧɚɞɚɽɬɶɫɹ�ɿɧɮɨɪɦɚɰɿɹ�ɩɪɨ�ɬɟ��ɹɤɢɣ�ɪɨɡɦɿɪ�ɩɿɞɡɚɞɚɱ�ɦɚɽ�

ɛɭɬɢ�� ɍ� ɫɬɚɬɬɿ� [7] ɛɭɥɨ� ɜɢɹɜɥɟɧɨ� ɡɧɚɱɧɢɣ� ɜɩɥɢɜ� ɪɨɡɦɿɪɭ� ɩɿɞɡɚɞɚɱ�� ɳɨ�

ɜɢɤɨɧɭɸɬɶɫɹ� ɧɟɡɚɥɟɠɧɨ� ɭ� ɩɨɬɨɤɚɯ�� ɧɚ� ɟɮɟɤɬɢɜɧɿɫɬɶ� ɪɨɛɨɬɢ� ɩɚɪɚɥɟɥɶɧɨɝɨ�

ɚɥɝɨɪɢɬɦɭ��ɍ�ɫɬɚɬɬɿ� [8] ɞɨɫɥɿɞɠɟɧɨ�ɬɚ�ɜɢɹɜɥɟɧɨ�ɦɿɧɿɦɚɥɶɧɢɣ�ɪɨɡɦɿɪ�ɩɿɞɡɚɞɚɱ�ɭ�

ɩɭɥɿ�ɩɨɬɨɤɿɜ��ɩɪɢ�ɹɤɨɦɭ�ɫɩɨɫɬɟɪɿɝɚɽɬɶɫɹ�ɩɪɢɫɤɨɪɟɧɧɹ�ɩɚɪɚɥɟɥɶɧɨɝɨ�ɚɥɝɨɪɢɬɦɭ��Ɂ�

ɰɢɯ�ɞɨɫɥɿɞɠɟɧɶ�ɜɢɩɥɢɜɚɽ��ɳɨ�ɩɢɬɚɧɧɹ�ɜɢɡɧɚɱɟɧɧɹ�ɪɨɡɦɿɪɭ�ɩɿɞɡɚɞɚɱ�ɞɥɹ�ɩɨɬɨɤɿɜ�

ɽ�ɤɥɸɱɨɜɢɦ�ɩɪɢ�ɪɨɡɩɚɪɚɥɟɥɸɜɚɧɧɿ�ɚɥɝɨɪɢɬɦɭ� 

Ɍɨɠ�� ɩɪɢ� ɪɨɡɪɨɛɰɿ� ɡɚɜɠɞɢ� ɩɨɫɬɚɽ� ɜɟɥɢɤɟ� ɩɢɬɚɧɧɹ� ɹɤɿ� ɩɚɪɚɦɟɬɪɢ�

ɩɚɪɚɥɟɥɶɧɨɝɨ� ɚɥɝɨɪɢɬɦɭ� ɡɚɛɟɡɩɟɱɚɬɶ� ɧɚɣɛɿɥɶɲɟ� ɩɪɢɫɤɨɪɟɧɧɹ� ɞɥɹ� ɤɨɧɤɪɟɬɧɨɝɨ�

ɡɚɜɞɚɧɧɹ� ɿ� ɤɨɧɤɪɟɬɧɢɯ� ɪɟɫɭɪɫɿɜ� ɤɨɦɩ
ɸɬɟɪɚ? ȿɤɫɩɟɪɢɦɟɧɬɚɥɶɧɟ� ɞɨɫɥɿɞɠɟɧɧɹ�

ɩɚɪɚɦɟɬɪɿɜ�ɽ�ɪɟɫɭɪɫɨɜɢɬɪɚɬɧɢɦ ɩɪɨɰɟɫɨɦ��Ɍɨɦɭ�ɤɪɚɳɟ�ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ�ɦɨɞɟɥɶ��

ɹɤɚ�ɜɿɞɬɜɨɪɸɽ�ɩɚɪɚɥɟɥɶɧɿ�ɨɛɱɢɫɥɟɧɧɹ� 

Ɋɨɡɝɥɹɧɟɦɨ� ɿɫɧɭɸɱɿ� ɡɚɫɨɛɢ� ɦɨɞɟɥɸɜɚɧɧɹ� ɩɚɪɚɥɟɥɶɧɢɯ� ɨɛɱɢɫɥɟɧɶ�� ɇɚ�

ɫɶɨɝɨɞɧɿɲɧɿɣ�ɞɟɧɶ�ɬɚɤɢɯ�ɡɚɫɨɛɿɜ�ɜɿɞɨɦɨ�ɧɟɛɚɝɚɬɨ��ɩɪɨɬɟ�ɪɭɯ�ɞɨɫɥɿɞɠɟɧɶ�ɭ�ɰɶɨɦɭ�

ɧɚɩɪɹɦɤɭ�ɽ��Ɍɚɤ��ɭ ɪɨɛɨɬɿ�[9] ɞɥɹ�ɦɨɞɟɥɸɜɚɧɧɹ�ɩɭɥɭ�ɩɨɬɨɤɿɜ�ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ�
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ɫɢɧɯɪɨɧɿɡɨɜɚɧɿ� ɚɜɬɨɦɚɬɢ�� Ɇɨɞɟɥɶ� ɩɨɤɚɡɭɽ� ɡɧɚɱɧɟ ɫɤɨɪɨɱɟɧɧɹ� ɬɪɢɜɚɥɨɫɬɿ 

ɜɢɤɨɧɚɧɧɹ�ɡɚɜɞɚɧɶ�ɭ�ɜɢɩɚɞɤɭ�ɩɚɪɚɥɟɥɶɧɢɯ�ɩɨɬɨɤɿɜ� 

ȱɧɲɢɦ� ɡɚɫɨɛɨɦ� ɦɨɞɟɥɸɜɚɧɧɹ� ɽ�Renew [10]. ɐɟ� ɫɢɦɭɥɹɬɨɪ� ɦɟɪɟɠ�ɉɟɬɪɿ, 

ɪɨɡɪɨɛɥɟɧɢɣ�ɦɨɜɨɸ Java��ɹɤɢɣ�ɡɚɛɟɡɩɟɱɭɽ�ɝɧɭɱɤɢɣ�ɩɿɞɯɿɞ�ɞɨ�ɦɨɞɟɥɸɜɚɧɧɹ�ɫɚɦɟ�

ɩɪɨɝɪɚɦ� ɧɚ� ɨɫɧɨɜɿ� reference ɦɟɪɟɠ�� ȼɿɧ� ɪɟɚɥɿɡɭɽ� ɤɨɧɰɟɩɰɿɸ� QHWV-within-nets 

�ɦɟɪɟɠɚ�ɜ�ɦɟɪɟɠɿ���ɞɟ�ɦɚɪɤɟɪɢ�ɩɨɡɢɰɿɣ�ɦɨɠɭɬɶ�ɛɭɬɢ�ɩɨɫɢɥɚɧɧɹɦɢ�ɧɚ�ɮɪɚɝɦɟɧɬ�

ɦɟɪɟɠɿ�ɉɟɬɪɿ��ɡɜɿɞɫɢ�ɿ�ɧɚɡɜɚ��©reference» ± ɩɨɫɢɥɚɧɧɹ����ɇɟ�ɞɢɜɥɹɱɢɫɶ�ɧɚ�ɬɟ��ɳɨ ɜ�

Renew ɩɪɢɫɭɬɧɿ�ɱɚɫɨɜɿ�ɡɚɬɪɢɦɤɢ��ɜɫɟ�ɠ�ɬɚɤɢ�ɪɨɡɪɨɛɧɢɤɢ�ɜɿɞɿɣɲɥɢ�ɜɿɞ�ɤɥɚɫɢɱɧɢɯ�

ɦɟɪɟɠ�ɉɟɬɪɿ�ɿ�ɫɬɜɨɪɢɥɢ�ɧɚɞɛɭɞɨɜɭ�ɧɚɞ�ɧɢɦɢ��ɭɫɤɥɚɞɧɢɜɲɢ�ɩɪɨɰɟɫ�ɦɨɞɟɥɸɜɚɧɧɹ�

ɿɽɪɚɪɯɿɱɧɿɫɬɸ�ɬɚ�ɜɟɥɢɤɨɸ�ɤɿɥɶɤɿɫɬɸ�ɩɨɜɬɨɪɸɜɚɧɢɯ�ɟɥɟɦɟɧɬɿɜ� 

CPN Tools [11]  - ɳɟ�ɨɞɢɧ�ɩɪɨɝɪɚɦɧɢɣ�ɡɚɫɿɛ�ɞɥɹ�ɦɨɞɟɥɸɜɚɧɧɹ�ɫɤɥɚɞɧɢɯ�

ɫɢɫɬɟɦ�� ɜɤɥɸɱɚɸɱɢ� ɪɨɡɩɨɞɿɥɟɧɿ�� Ɇɨɞɟɥɸɜɚɧɧɹ� ɜɿɞɛɭɜɚɽɬɶɫɹ� ɡ� ɜɢɤɨɪɢɫɬɚɧɧɹɦ�

ɪɨɡɮɚɪɛɨɜɚɧɢɯ�ɦɟɪɟɠ�ɉɟɬɪɿ��ȱɧɫɬɪɭɦɟɧɬ�ɪɟɚɥɿɡɭɽ�ɿɽɪɚɪɯɿɱɧɭ�ɫɬɪɭɤɬɭɪɭ�ɦɨɞɟɥɟɣ�

ɡɚ�ɩɪɢɧɰɢɩɨɦ�«ɦɟɪɟɠɚ�ɜ�ɦɟɪɟɠɿ»�� ɡ¶ɽɞɧɚɧɧɹ�ɦɟɪɟɠ�ɜɿɞɛɭɜɚɸɬɶɫɹ�ɬɿɥɶɤɢ�ɱɟɪɟɡ�

ɩɟɪɟɯɿɞ�� ɍ� CPN Tools ɩɪɢɫɭɬɧɹ� ɜɟɥɢɤɚ� ɤɿɥɶɤɿɫɬɶ� ɞɨɞɚɬɤɨɜɢɯ� ɩɚɪɚɦɟɬɪɿɜ�� ɹɤɿ�

ɩɪɢɡɜɨɞɹɬɶ� ɞɨ� ɩɟɪɟɜɚɧɬɚɠɟɧɧɹ� ɦɨɞɟɥɿ� ɬɚ� ɪɨɛɥɹɬɶ� ʀʀ� ɧɟ� ɱɢɬɚɛɟɥɶɧɨɸ�� ɇɟ�

ɞɢɜɥɹɱɢɫɶ� ɧɚ� ɬɟ�� ɳɨ� ɭ� ɞɚɧɨɦɭ� ɩɪɨɝɪɚɦɧɨɦɭ� ɡɚɫɨɛɿ� ɽ� ɩɪɢɤɥɚɞɢ� ɦɨɞɟɥɸɜɚɧɧɹ�

ɪɨɡɩɨɞɿɥɟɧɢɯ� ɫɢɫɬɟɦ�� ɦɨɞɟɥɸɜɚɧɧɹ� ɩɚɪɚɥɟɥɶɧɢɯ� ɩɪɨɝɪɚɦ�� ɹɤɿ� ɜɢɪɿɡɧɹɸɬɶɫɹ�

ɜɟɥɢɤɨɸ�ɤɿɥɶɤɿɫɬɸ�ɩɨɜɬɨɪɸɜɚɧɢɯ�ɮɪɚɝɦɟɧɬɿɜ��ɡɚ�ɞɨɩɨɦɨɝɨɸ�ɤɨɥɶɨɪɨɜɢɯ�ɦɟɪɟɠ�

ɉɟɬɪɿ�ɬɚ�ɿɧɫɬɪɭɦɟɧɬɭ CPN Tools ɽ�ɧɟɞɨɪɟɱɧɢɦ� ɇɚɪɚɡɿ��ɽ�ɨɧɨɜɥɟɧɚ�ɜɟɪɫɿɹ�ɞɚɧɨɝɨ�

ɡɚɫɨɛɭ� ± CPN IDE [12], ɹɤɚ� ɩɨɜɧɿɫɬɸ� ɡɚɦɿɧɢɥɚ� CPN Tools. ɐɟ� ɪɨɡɲɢɪɟɧɢɣ�

ɿɧɫɬɪɭɦɟɧɬ�� ɹɤɢɣ� ɦɿɫɬɢɬɶ� ɞɨɞɚɬɤɨɜɿ� ɮɭɧɤɰɿʀ�� ɧɚɩɪɢɤɥɚɞ� ɫɬɜɨɪɟɧɧɹ� ɠɭɪɧɚɥɭ�

ɩɨɞɿɣ��Ɉɞɧɚɤ�ɨɫɧɨɜɧɿ�ɩɪɢɧɰɢɩɢ�ɪɨɛɨɬɢ�ɡɚɥɢɲɢɥɢɫɶ�ɬɚɤɢɦɢ�ɠ��ɹɤ��ɿ�ɜ�CPN Tools. 

əɤ� ɛɚɱɢɦɨ�� ɿɫɧɭɸɱɿ� ɡɚɫɨɛɢ� ɦɨɞɟɥɸɜɚɧɧɹ� ɛɚɝɚɬɨɩɨɬɨɤɨɜɢɯ� ɩɪɨɝɪɚɦ�

ɡɚɞɿɸɸɬɶ�ɦɟɪɟɠɿ�ɉɟɬɪɿ��Ɋɿɱ�ɭ�ɬɿɦ��ɳɨ�ɦɟɪɟɠɿ�ɉɟɬɪɿ�ɛɭɥɢ�ɫɩɟɰɿɚɥɶɧɨ�ɫɬɜɨɪɟɧɿ�ɞɥɹ�

ɜɿɞɬɜɨɪɟɧɧɹ�ɫɚɦɟ�ɩɚɪɚɥɟɥɶɧɢɯ�ɩɪɨɰɟɫɿɜ. Ɉɞɧɚɤ�ɱɚɫɬɿɲɟ�ɡɚ�ɜɫɟ ʀɯ�ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ�

ɞɥɹ�ɦɨɞɟɥɸɜɚɧɧɹ ɩɚɪɚɥɟɥɶɧɢɯ�ɩɪɨɰɟɫɿɜ ɭ�ɫɮɟɪɿ�ɛɿɡɧɟɫɭ�ɬɚ�ɜɢɪɨɛɧɢɰɬɜɚ��ɚ�ɧɟ�ɜ�

ɩɪɨɝɪɚɦɭɜɚɧɧɿ� 
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 ɉɟɪɲɢɦ� ɜ� ɿɫɬɨɪɿʀ, ɯɬɨ� ɡɚɫɬɨɫɭɜɚɜ� ɦɟɪɟɠɿ� ɉɟɬɪɿ� ɞɥɹ� ɦɨɞɟɥɸɜɚɧɧɹ�

ɩɚɪɚɥɟɥɶɧɢɯ�ɨɛɱɢɫɥɟɧɶ, ɛɭɜ�Ⱦɠɟɣɦɫ�ɉɿɬɟɪɫɨɧ��ɍ�ɫɜɨʀɣ�ɤɧɢɡɿ�©Petri Net Theory 

and the Modeling of Systems» [13] ɭ������ɪɨɰɿ�ɜɿɧ�ɡɨɛɪɚɡɢɜ�ɦɨɞɟɥɿ�ɬɚɤɢɯ�ɜɿɞɨɦɢɯ�

ɦɟɯɚɧɿɡɦɿɜ� ɬɚ� ɩɪɨɛɥɟɦ� ɛɚɝɚɬɨɩɨɬɨɤɨɜɢɯ� ɩɪɨɝɪɚɦ�� ɹɤ� ɨɩɟɪɚɰɿʀ�  fork ɬɚ� join, 

ɩɪɨɛɥɟɦɚ�ɞɨɫɬɭɩɭ�ɞɨ�ɫɩɿɥɶɧɢɯ�ɞɚɧɢɯ��ɫɢɧɯɪɨɧɿɡɚɰɿɹ�ɩɪɨɰɟɫɿɜ��ɩɪɨɛɥɟɦɚ�producer-

consumer, ɩɪɨɛɥɟɦɚ� ɜɡɚɽɦɨɛɥɨɤɭɜɚɧɶ�� Ⱦɨɬɟɩɟɪ� ɧɚɣɜɿɞɨɦɿɲɨɸ� ɦɨɞɟɥɥɸ� ɡ� ɰɿɽʀ�

ɤɧɢɝɢ�ɡɚɥɢɲɚɽɬɶɫɹ�ɦɨɞɟɥɶ�ɡɚɞɚɱɿ�ɩɪɨ���ɮɿɥɨɫɨɮɿɜ��ɳɨ�ɨɛɿɞɚɸɬɶ��ɡɚɩɪɨɩɨɧɨɜɚɧɭ�

ɳɟ�Ⱦɟɣɤɫɬɪɚ��Ɂɚɞɚɱɚ�ɞɟɦɨɧɫɬɪɭɽ�ɩɪɨɛɥɟɦɭ�ɜɡɚɽɦɨɛɥɨɤɭɜɚɧɶ�ɬɚ�ʀʀ�ɪɿɲɟɧɧɹ��Ɉɞɧɚɤ�

ɞɚɧɚ�ɦɨɞɟɥɶ��ɹɤ�ɿ�ɜɫɿ�ɿɧɲɿ�ɧɚɜɟɞɟɧɿ�ɭ�ɤɧɢɡɿ�ɦɨɞɟɥɿ�ɩɚɪɚɥɟɥɶɧɢɯ�ɨɛɱɢɫɥɟɧɶ��ɞɭɠɟ�

ɩɨɜɟɪɯɨɜɨ� ɨɩɢɫɭɽ� ɥɢɲɟ� ɥɨɝɿɤɭ� ɪɨɛɨɬɢ� ɮɪɚɝɦɟɧɬɭ� ɚɥɝɨɪɢɬɦɭ�� ɧɟ� ɞɟɬɚɥɿɡɭɸɱɢ�

ɨɩɢɫ�ɩɪɨɝɪɚɦɢ� 

ɋɟɪɟɞ� ɞɨɫɥɿɞɠɟɧɶ� ɩɚɪɚɥɟɥɶɧɢɯ� ɨɛɱɢɫɥɟɧɶ� ɽ� ɛɚɝɚɬɨ� ɿɧɲɢɯ� ɜɢɩɚɞɤɿɜ�

ɦɨɞɟɥɸɜɚɧɧɹ�ʀɯ�ɡɚɫɨɛɚɦɢ�ɦɟɪɟɠ�ɉɟɬɪɿ��Ɍɚɤ��ɧɚɩɪɢɤɥɚɞ��ɜɢɤɨɪɢɫɬɚɧɧɹ�ɤɥɚɫɢɱɧɢɯ�

ɦɟɪɟɠ�ɉɟɬɪɿ� ɞɥɹ�ɦɨɞɟɥɸɜɚɧɧɹ� ɛɚɝɚɬɨɩɨɬɨɤɨɜɢɯ� ɡɚɫɬɨɫɭɧɤɿɜ� ɜɢɤɥɚɞɟɧɨ� ɜ� >14]. 

Ɋɨɡɪɨɛɤɚ� ɿɧɫɬɪɭɦɟɧɬɭ� ɜɿɡɭɚɥɿɡɚɰɿʀ� ɛɚɝɚɬɨɩɨɬɨɤɨɜɨʀ� MDYD-ɩɪɨɝɪɚɦɢ� ɡ�

ɜɢɤɨɪɢɫɬɚɧɧɹɦ� ɤɥɚɫɢɱɧɢɯ� ɦɟɪɟɠ� ɉɟɬɪɿ� ɩɪɟɞɫɬɚɜɥɟɧɚ� ɜ� >15]. ɍ� ɪɨɛɨɬɿ� [16] 

ɨɩɢɫɚɧɨ� ɦɨɠɥɢɜɿ� ɫɰɟɧɚɪɿʀ� ɜɢɧɢɤɧɟɧɧɹ� ɡɚɜɢɫɚɧɧɹ� ɛɚɝɚɬɨɩɨɬɨɱɧɨʀ� ɩɪɨɝɪɚɦɢ� ɬɚ�

ɪɨɡɝɥɹɧɭɬɨ� ɦɨɞɟɥɸɜɚɧɧɹ� ɰɢɯ� ɫɰɟɧɚɪɿʀɜ� ɤɥɚɫɢɱɧɨɸ� ɦɟɪɟɠɟɸ� ɉɟɬɪɿ� ɬɚ�

ɨɩɟɪɚɰɿɣɧɢɦ ɝɪɚɮɨɦ�� ɹɤɢɣ� ɡɚɩɪɨɩɨɧɨɜɚɧɢɣ� ɚɜɬɨɪɚɦɢ� ɩɭɛɥɿɤɚɰɿʀ�� ɧɚ� ɩɪɢɤɥɚɞɿ�

ɩɪɨɫɬɨɝɨ�ɡɚɫɬɨɫɭɧɤɭ. 

Ⱥɥɨʀɡ Ɏɟɪɲɚ� ɪɨɡɝɥɹɞɚɜ� ɜɢɤɨɪɢɫɬɚɧɧɹ� ɦɟɪɟɠɿ� ɉɟɬɪɿ� ɞɥɹ� ɩɪɨɝɧɨɡɭɜɚɧɧɹ�

ɱɚɫɭ�ɜɢɤɨɧɚɧɧɹ�ɩɚɪɚɥɟɥɶɧɨʀ ɩɪɨɝɪɚɦɢ ɧɚ�ɟɬɚɩɿ�ɩɪɨɽɤɬɭɜɚɧɧɹ [17]. Ɂɚɩɪɨɩɨɧɨɜɚɧɿ 

ɦɨɞɟɥɿ� ɬɚ� ɬɟɯɧɨɥɨɝɿʀ� ɛɭɥɢ� ɜɬɿɥɟɧɨ� ɭ� ɫɩɟɰɿɚɥɿɡɨɜɚɧɟ� ɩɪɨɝɪɚɦɧɟ� ɡɚɛɟɡɩɟɱɟɧɧɹ�

Computer Aided Parallel Software Engineering (CAPSE) [18]. ɉɪɢɩɭɫɤɚɽɬɶɫɹ��ɳɨ�

ɩɚɪɚɥɟɥɶɧɿ� ɨɛɱɢɫɥɟɧɧɹ� ɪɟɚɥɿɡɭɸɬɶɫɹ� ɬɟɯɧɨɥɨɝɿɽɸ� ɨɛɦɿɧɭ� ɩɨɜɿɞɨɦɥɟɧɧɹɦɢ�� ɍ�

ɪɨɛɨɬɿ�ɞɥɹ�ɨɩɢɫɭ�ɩɚɪɚɥɟɥɶɧɢɯ�ɩɪɨɰɟɫɿɜ�ɨɛɱɢɫɥɟɧɶ�ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢɫɹ�ɮɪɚɝɦɟɧɬɢ�

ɡ�ɦɟɪɟɠɚɦɢ�ɉɟɬɪɿ��ɳɨ�ɦɨɞɟɥɸɜɚɥɢ send ɬɚ�receive ɩɨɜɿɞɨɦɥɟɧɧɹ�ɩɪɨɰɟɫɨɦ� fork 

ɚɛɨ� join ɡɚɜɞɚɧɧɹ� Ⱦɥɹ� ɜɪɚɯɨɜɭɜɚɧɧɹ� ɜɩɥɢɜɭ� ɨɛɱɢɫɥɸɜɚɥɶɧɨɝɨ� ɪɟɫɭɪɫɭ� ɧɚ�

ɜɢɤɨɧɚɧɧɹ�ɩɚɪɚɥɟɥɶɧɨɝɨ�ɚɥɝɨɪɢɬɦɭ�ɞɨ�ɡɜɢɱɚɣɧɨʀ�ɦɟɪɟɠɿ�ɉɟɬɪɿ�ɞɨɞɚɧɿ�Resource-
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net ɬɚ� Mapping-net�� ɳɨ� ɜɿɞɬɜɨɪɸɸɬɶ� ɜɢɤɨɪɢɫɬɚɧɧɹ� ɬɚ� ɪɨɡɩɨɞɿɥ� ɪɟɫɭɪɫɿɜ� ɦɿɠ�

ɩɪɨɰɟɫɚɦɢ�� Ɂ� ɜɢɤɨɪɢɫɬɚɧɧɹɦ� ɡɚɩɪɨɩɨɧɨɜɚɧɨʀ� ɬɟɯɧɨɥɨɝɿʀ� ɦɨɞɟɥɸɜɚɧɧɹ�

ɪɨɡɪɨɛɥɟɧɨ� ɬɚ� ɞɨɫɥɿɞɠɟɧɨ� ɩɚɪɚɥɟɥɶɧɢɣ� ɚɥɝɨɪɢɬɦ� ɦɧɨɠɟɧɧɹ� ɦɚɬɪɢɰɶ ɡ� ɦɟɬɨɸ�

ɜɢɡɧɚɱɟɧɧɹ�ɧɚɣɤɪɚɳɨɝɨ ɪɨɡɛɢɬɬɹ�ɦɚɬɪɢɰɶ [19]. ɇɚ�ɠɚɥɶ��ɪɟɡɭɥɶɬɚɬɢ��ɨɬɪɢɦɚɧɿ�ɧɚ�

ɦɨɞɟɥɿ�� ɧɟ� ɩɨɪɿɜɧɸɸɬɶɫɹ� ɡ� ɬɚɤɢɦɢ�� ɳɨ� ɨɬɪɢɦɚɧɿ� ɜ� ɪɟɚɥɶɧɿɣ� ɨɛɱɢɫɥɸɜɚɥɶɧɿɣ�

ɫɢɫɬɟɦɿ� Ⱥɥɝɨɪɢɬɦ�ɦɧɨɠɟɧɧɹ�ɦɚɬɪɢɰɶ�ɧɟ�ɦɿɫɬɢɬɶ ɧɿɹɤɨʀ�ɫɤɥɚɞɧɨʀ�ɜɡɚɽɦɨɞɿʀ�ɦɿɠ�

ɩɪɨɰɟɫɚɦɢ�� ɬɨɦɭ� ɬɚɤɢɣ� ɩɪɢɤɥɚɞ� ɧɟ� ɞɚɽ� ɦɨɠɥɢɜɨɫɬɿ� ɭɫɜɿɞɨɦɢɬɢ� ɩɟɪɟɜɚɝɢ�

ɬɟɯɧɨɥɨɝɿʀ. ɇɚɜɟɞɟɧɿ�ɜ�ɪɨɛɨɬɿ�ɟɤɫɩɟɪɢɦɟɧɬɢ�ɪɨɡɝɥɹɞɚɸɬɶ�ɪɨɡɛɢɬɬɹ�ɦɚɬɪɢɰɶ�ɞɭɠɟ�

ɧɟɜɟɥɢɤɨɝɨ�ɪɨɡɦɿɪɭ��͸ ൈ ͺ ɬɚ�ͺ ൈ ͳʹ). 

ɍ�ɫɬɚɬɬɿ�[20] ɚɜɬɨɪɢ�ɡɚɩɪɨɩɨɧɭɜɚɥɢ�ɜɢɤɨɪɢɫɬɚɧɧɹ�ɤɨɥɶɨɪɨɜɢɯ�ɦɟɪɟɠ�ɉɟɬɪɿ�

ɩɪɢ� ɪɨɡɪɨɛɰɿ� ɩɚɪɚɥɟɥɶɧɢɯ� ɩɪɨɝɪɚɦ�� ɹɤɿ� ɜɢɤɨɧɭɸɬɶɫɹ� ɧɚ ɫɭɩɟɪɤɨɦɩ¶ɸɬɟɪɧɢɯ�

ɫɢɫɬɟɦɚɯ ɪɿɡɧɨʀ�ɚɪɯɿɬɟɤɬɭɪɢ��ɋɬɜɨɪɟɧɚ�ɿɽɪɚɪɯɿɱɧɚ�ɦɟɪɟɠɚ�ɽ�ɭɡɚɝɚɥɶɧɟɧɨɸ��ɚɞɠɟ�

ɜɨɧɚ� ɧɟ� ɜɪɚɯɨɜɭɽ� ɨɫɨɛɥɢɜɨɫɬɿ� ɚɪɯɿɬɟɤɬɭɪɢ� ɫɢɫɬɟɦɢ�� ɧɚ� ɹɤɿɣ� ɜɢɤɨɧɭɽɬɶɫɹ�

ɩɚɪɚɥɟɥɶɧɢɣ�ɚɥɝɨɪɢɬɦ�� 

ɍ� ɪɨɛɨɬɿ� [21]�� ɞɟ� ɡɚɩɪɨɩɨɧɨɜɚɧɨ� ɮɪɟɣɦɜɨɪɤ� PN-PEM, ɬɟɠ 

ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ� ɤɨɥɶɨɪɨɜɿ� ɦɟɪɟɠɿ� ɉɟɬɪɿ�� Ⱦɚɧɢɣ� ɮɪɟɣɦɮɨɪɤ� ɽ� ɦɨɞɟɥɥɸ� ɞɥɹ�

ɩɚɪɚɥɟɥɶɧɨɝɨ� ɜɢɤɨɧɚɧɧɹ� ɩɪɨɝɪɚɦ�� ɡɞɟɛɿɥɶɲɨɝɨ� ɨɪɿɽɧɬɨɜɚɧɢɣ� ɧɚ� ɫɢɦɟɬɪɢɱɧɿ�

ɦɭɥɶɬɢɩɪɨɰɟɫɨɪɧɿ� ɫɢɫɬɟɦɢ. ɉɪɟɞɫɬɚɜɥɟɧɧɹ� ɩɚɪɚɥɟɥɶɧɢɯ� ɚɥɝɨɪɢɬɦɿɜ�

ɤɨɥɶɨɪɨɜɢɦɢ�ɦɟɪɟɠɚɦɢ�ɉɟɬɪɿ�ɜ�ɞɚɧɿɣ�ɪɨɛɨɬɿ�ɧɟ�ɽ�ɞɨɫɢɬɶ�ɞɟɬɚɥɶɧɢɦ�� 

Ⱥɜɬɨɪɢ� ɪɨɛɨɬɢ� >22@� ɪɨɡɝɥɹɧɭɥɢ ɪɨɡɪɨɛɤɭ� ɩɪɨɝɪɚɦɧɨɝɨ� ɡɚɛɟɡɩɟɱɟɧɧɹ�ɞɥɹ�

ɦɨɞɟɥɸɜɚɧɧɹ�ɿɧɮɨɪɦɚɰɿɣɧɢɯ�ɫɢɫɬɟɦ��Ɇɨɜɚ�ɦɨɞɟɥɸɜɚɧɧɹ�ɿɧɮɨɪɦɚɰɿɣɧɢɯ�ɫɢɫɬɟɦ�

ɛɭɥɚ� ɡɚɩɪɨɩɨɧɨɜɚɧɚ� ɹɤ� ɪɨɡɲɢɪɟɧɧɹ� 310/� �3HWUL� 1HW�0DUNXS� /DQJXDJH��� Ɉɩɢɫ�

ɦɨɞɟɥɿ� ɩɨɞɿɥɹɽɬɶɫɹ� ɧɚ� ɿɧɮɨɪɦɚɰɿɣɧɭ�ɦɨɞɟɥɶ� ɿ� ɦɨɞɟɥɶ� ɩɪɨɰɟɫɭ�� ɹɤɚ�ɦɚɧɿɩɭɥɸɽ 

ɿɧɮɨɪɦɚɰɿɣɧɨɸ�ɦɨɞɟɥɥɸ� 

ɍ� ɫɬɚɬɬɿ� [23] ɪɨɡɝɥɹɧɭɬɚ� ɤɨɧɰɟɩɰɿɹ� ɪɨɡɪɨɛɤɢ� ɤɨɞɭ� ɩɪɨɝɪɚɦɧɨɝɨ�

ɡɚɛɟɡɩɟɱɟɧɧɹ�ɡɚ�ɣɨɝɨ�ɦɨɞɟɥɥɸ��ɨɩɢɫɚɧɨɸ�ɦɟɪɟɠɟɸ�ɉɟɬɪɿ��Ɂɚ�ɰɿɽɸ�ɤɨɧɰɟɩɰɿɽɸ�

ɦɨɞɟɥɶ�ɛɭɞɭɽɬɶɫɹ�ɡɚ�ɜɢɦɨɝɚɦɢ��ɹɤɿ�ɜɢɫɭɜɚɸɬɶɫɹ�ɞɨ�ɩɪɨɝɪɚɦɧɨɝɨ�ɡɚɛɟɡɩɟɱɟɧɧɹ��

ɇɚ�ɧɚɫɬɭɩɧɨɦɭ�ɟɬɚɩɿ�ɩɪɨɝɪɚɦɧɟ�ɡɚɛɟɡɩɟɱɟɧɧɹ�ɪɨɡɪɨɛɥɹɽɬɶɫɹ�ɭ�ɜɿɞɩɨɜɿɞɧɨɫɬɿ�ɞɨ�

ɩɨɛɭɞɨɜɚɧɨʀ� ɦɨɞɟɥɿ� ɬɚ� ɜɢɤɨɪɢɫɬɨɜɭɽ� ɦɨɞɟɥɶ� ɞɥɹ� ɜɟɪɢɮɿɤɚɰɿʀ�� Ⱥɜɬɨɦɚɬɢɡɨɜɚɧɚ�
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ɝɟɧɟɪɚɰɿɹ�ɤɨɞɭ�ɡɚ�ɦɨɞɟɥɥɸ�ɩɪɨɝɪɚɦɢ�ɭ�ɬɚɤɿɣ�ɤɨɧɰɟɩɰɿʀ�ɝɚɪɚɧɬɭɽ�ʀʀ�ɜɿɞɩɨɜɿɞɧɿɫɬɶ�

ɜɢɦɨɝɚɦ��ɚ�ɦɟɪɟɠɿ�ɉɟɬɪɿ�ɦɚɸɬɶ�ɛɭɬɢ�ɫɤɥɚɞɨɜɨɸ�ɱɚɫɬɢɧɨɸ�ɪɨɡɪɨɛɤɢ�ɩɪɨɝɪɚɦɧɨɝɨ�

ɡɚɛɟɡɩɟɱɟɧɧɹ� ɉɪɨɬɟ�ɜɬɿɥɟɧɧɹ�ɰɿɽʀ�ɤɨɧɰɟɩɰɿʀ�ɭ�ɩɨɞɚɥɶɲɢɯ�ɪɨɛɨɬɚɯ�ɧɟ�ɡɧɚɣɞɟɧɨ� 

ȼɚɪɬɨ� ɡɚɡɧɚɱɢɬɢ�� ɳɨ� ɜɢɤɨɪɢɫɬɚɧɧɹ� ɜɢɫɨɤɨɪɿɜɧɟɜɨʀ� ɦɟɪɟɠɿ� ɉɟɬɪɿ� ɞɥɹ�

ɩɪɨɽɤɬɭɜɚɧɧɹ� ɩɪɨɝɪɚɦɧɨɝɨ� ɡɚɛɟɡɩɟɱɟɧɧɹ� ɡɚɡɧɚɱɟɧɨ� ɜ� ɦɿɠɧɚɪɨɞɧɨɦɭ� ɫɬɚɧɞɚɪɬɿ�

ISO/IEC 15909-1:2019 [24] ɹɤ� ɬɟɯɧɿɤɚ� ɞɥɹ� ɫɩɟɰɢɮɿɤɚɰɿʀ� ɩɚɪɚɥɟɥɶɧɢɯ� ɿ�

ɪɨɡɩɨɞɿɥɟɧɢɯ�ɫɢɫɬɟɦ� ɇɟɡɜɚɠɚɸɱɢ�ɧɚ�ɰɟ��ɧɚ�ɞɚɧɢɣ�ɦɨɦɟɧɬ�ɜɿɞɨɦɨ�ɧɟ�ɬɚɤ�ɛɚɝɚɬɨ�

ɩɪɚɤɬɢɱɧɨɝɨ�ɞɨɫɜɿɞɭ�ɡ�ɪɨɡɪɨɛɤɢ�ɩɚɪɚɥɟɥɶɧɢɯ�ɚɥɝɨɪɢɬɦɿɜ�ɡ�ɜɢɤɨɪɢɫɬɚɧɧɹɦ�ɦɟɪɟɠ�

ɉɟɬɪɿ�� 

Ɍɚɤɢɦ�ɱɢɧɨɦ��ɧɚ�ɫɶɨɝɨɞɧɿ�ɧɟ�ɿɫɧɭɽ�ɭɧɿɮɿɤɨɜɚɧɨɝɨ�ɦɟɬɨɞɭ�ɫɬɜɨɪɟɧɧɹ�ɦɨɞɟɥɿ�

ɩɚɪɚɥɟɥɶɧɨɝɨ� ɚɥɝɨɪɢɬɦɭ�� ȼɿɞɫɭɬɧɿɫɬɶ� ɡɚɫɨɛɿɜ� ɦɨɞɟɥɸɜɚɧɧɹ� ɫɬɪɢɦɭɽ� ɪɨɡɪɨɛɤɭ�

ɜɢɫɨɤɨɟɮɟɤɬɢɜɧɢɯ�ɩɚɪɚɥɟɥɶɧɢɯ�ɩɪɨɝɪɚɦ� 

ȼɚɠɥɢɜɢɦ�ɩɪɢ�ɦɨɞɟɥɸɜɚɧɧɿ� ɩɚɪɚɥɟɥɶɧɢɯ� ɨɛɱɢɫɥɟɧɶ� ɽ� ɞɟɬɚɥɿɡɚɰɿɹ� ɨɩɢɫɭ�

ɩɪɨɝɪɚɦɢ�� ȱɧɫɬɪɭɦɟɧɬ�� ɳɨ� ɦɨɞɟɥɸɽ� ɩɪɨɝɪɚɦɭ, ɦɚɽ� ɭɬɪɢɦɭɜɚɬɢ� ɛɚɥɚɧɫ� ɦɿɠ�

ɬɨɱɧɿɫɬɸ�ɦɨɞɟɥɿ�ɬɚ�ʀʀ�ɩɪɨɫɬɨɬɨɸ��Ɍɨɛɬɨ��ɩɪɨɰɟɫ�ɩɨɛɭɞɨɜɢ�ɦɨɞɟɥɿ�ɬɚ�ʀʀ�ɨɛɱɢɫɥɟɧɧɹ�

ɦɚɽ�ɛɭɬɢ�ɥɟɝɤɢɦ��ɚɥɟ�ɩɪɢ�ɰɶɨɦɭ�ɩɪɨɝɪɚɦɚ�ɦɚɽ�ɜɿɞɬɜɨɪɸɜɚɬɢɫɹ�ɞɨɫɬɚɬɧɶɨ�ɬɨɱɧɨ��

ɋɬɨɯɚɫɬɢɱɧɿ� ɦɟɪɟɠɿ� ɉɟɬɪɿ� ɬɚ� ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɟ� ɦɨɞɟɥɸɜɚɧɧɹ� ɞɨɡɜɨɥɹɸɬɶ�

ɮɨɤɭɫɭɜɚɬɢɫɹ�ɧɚ�ɩɨɬɪɿɛɧɢɯ�ɮɪɚɝɦɟɧɬɚɯ�ɬɚ�ɜɿɞɬɜɨɪɸɜɚɬɢ�ʀɯ�ɞɟɬɚɥɶɧɨ��ɩɪɢ�ɰɶɨɦɭ��

ɿɧɲɿ�ɮɪɚɝɦɟɧɬɢ��ɞɟɬɚɥɿɡɚɰɿɹ�ɹɤɢɯ�ɧɟ�ɜɚɠɥɢɜɚ��ɦɨɠɭɬɶ�ɛɭɬɢ�ɿɦɿɬɨɜɚɧɿ�ɫɬɢɫɥɨ�ɡɚ�

ɞɨɩɨɦɨɝɨɸ�ɱɚɫɨɜɢɯ�ɡɚɬɪɢɦɨɤ��ɐɟ�ɞɨɡɜɨɥɹɽ�ɞɨɫɥɿɞɢɬɢ�ɩɚɪɚɦɟɬɪɢ�ɬɚ�ɫɩɪɨɳɭɽ�ɰɟɣ�

ɩɪɨɰɟɫ�ɭ�ɩɨɪɿɜɧɹɧɧɿ�ɡ�ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɦ�ɲɥɹɯɨɦ� 

1.3 Ɂɚɫɨɛɢ ɬɟɫɬɭɜɚɧɧɹ ɩɚɪɚɥɟɥɶɧɢɯ�ɩɪɨɝɪɚɦ 

Ɍɟɫɬɭɜɚɧɧɹ�ɩɚɪɚɥɟɥɶɧɨʀ�ɩɪɨɝɪɚɦɢ�ɜɢɤɨɧɭɽɬɶɫɹ�ɩɿɫɥɹ�ʀʀ�ɪɨɡɪɨɛɤɢ�ɡ�ɦɟɬɨɸ�

ɜɢɹɜɥɟɧɧɹ�ɩɨɦɢɥɨɤ��Ɋɨɡɪɨɛɤɢ�ɡɚɫɨɛɿɜ�ɚɜɬɨɦɚɬɢɡɨɜɚɧɨɝɨ�ɬɟɫɬɭɜɚɧɧɹ�ɫɩɪɹɦɨɜɚɧɿ��

ɜ� ɨɫɧɨɜɧɨɦɭ�� ɧɚ� ɜɢɹɜɥɟɧɧɹ� ɞɟɞɥɨɤɿɜ� ɹɤ� ɧɚɣɛɿɥɶɲ� ɩɪɨɛɥɟɦɧɨʀ� ɫɢɬɭɚɰɿʀ� ɜ�

ɩɚɪɚɥɟɥɶɧɿɣ� ɩɪɨɝɪɚɦɿ�� Ɇɟɬɨɞ� ɫɬɚɬɢɱɧɨɝɨ� ɜɢɹɜɥɟɧɧɹ� ɜɡɚɽɦɨɛɥɨɤɭɜɚɧɶ�

ɡɚɩɪɨɩɨɧɨɜɚɧɨ� ɜ� >25]. Ʉɪɿɦ� ɬɨɝɨ�� ɛɭɥɢ� ɪɨɡɪɨɛɥɟɧɿ� ɫɩɟɰɿɚɥɶɧɿ� ɿɧɫɬɪɭɦɟɧɬɢ� ɞɥɹ�
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ɜɢɹɜɥɟɧɧɹ� ɜɡɚɽɦɨɛɥɨɤɭɜɚɧɶ� >26@� ɚɛɨ ɩɨɦɢɥɨɤ� ɭɡɝɨɞɠɟɧɨɫɬɿ� ɩɚɦ
ɹɬɿ� >27] ɭ�

ɩɚɪɚɥɟɥɶɧɿɣ�ɩɪɨɝɪɚɦɿ� 

Ɍɟɫɬɭɜɚɧɧɹ�ɩɚɪɚɥɟɥɶɧɨʀ�ɩɪɨɝɪɚɦɢ�ɡ�ɜɢɤɨɪɢɫɬɚɧɧɹɦ�ɬɟɯɧɿɤɢ�ɚɧɚɥɿɡɭ�ɩɨɬɨɤɿɜ�

ɞɚɧɢɯ�ɪɨɡɝɥɹɞɚɽɬɶɫɹ�ɜ�ɪɨɛɨɬɿ� [28@��Ⱥɥɝɨɪɢɬɦ ɜɿɞɫɬɟɠɟɧɧɹ�ɜɢɤɨɧɚɧɧɹ�ɩɪɨɝɪɚɦɢ�

ɞɨɩɨɦɚɝɚɽ�ɞɨɫɥɿɞɠɭɜɚɬɢ�ɦɿɠɩɪɨɰɟɫɧɢɣ�ɡɜ¶ɹɡɨɤ��Ɂɚɩɪɨɩɨɧɨɜɚɧɚ�ɭ�ɫɬɚɬɬɿ�ɦɟɬɨɞɢɤɚ�

ɦɨɠɟ�ɛɭɬɢ�ɡɚɫɬɨɫɨɜɚɧɚ�ɥɢɲɟ�ɞɥɹ�ɩɪɨɝɪɚɦɢ�03,� 

ɉɥɚɬɮɨɪɦɚ�ɞɥɹ�ɬɟɫɬɭɜɚɧɧɹ�ɩɚɪɚɥɟɥɶɧɨɝɨ�ɚɥɝɨɪɢɬɦɭ�-DYD�ɡ�ɜɢɤɨɪɢɫɬɚɧɧɹɦ�

ɚɩɚɪɚɬɧɨɝɨ�ɡɚɛɟɡɩɟɱɟɧɧɹ�ɡ����ɹɞɪɚɦɢ�ɡɚɩɪɨɩɨɧɨɜɚɧɚ�ɜ� ɪɨɛɨɬɿ� >29@�ɬɚ ɧɚɜɟɞɟɧɨ�

ɪɹɞ�ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ�ɪɟɡɭɥɶɬɚɬɿɜ�ɞɥɹ�ɪɿɡɧɢɯ�ɲɢɪɨɤɨ�ɜɿɞɨɦɢɯ�ɚɥɝɨɪɢɬɦɿɜ��ɑɚɫ�

ɜɢɤɨɧɚɧɧɹ�ɬɚ�ɩɪɢɫɤɨɪɟɧɧɹ�ɞɥɹ�ɜɫɿɯ�ɚɥɝɨɪɢɬɦɿɜ�ɡɚɥɟɠɚɬɶ�ɜɿɞ�ɤɿɥɶɤɨɫɬɿ�ɩɨɬɨɤɿɜ��ɹɤɿ�

ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ�ɞɥɹ�ɪɟɚɥɿɡɚɰɿʀ�ɚɥɝɨɪɢɬɦɭ� 

ɉɨɩɭɥɹɪɧɨɫɬɿ� ɧɚɛɭɜɚɸɬɶ� ɬɚɤɨɠ� ɡɚɫɨɛɢ� ɫɚɦɨɧɚɥɚɲɬɭɜɚɧɧɹ� ɩɚɪɚɥɟɥɶɧɢɯ�

ɩɪɨɝɪɚɦ�± ɚɜɬɨɬɸɧɟɪɢ��Ȼɿɥɶɲɟ�ɬɨɝɨ��ɭ�ɫɬɚɬɿ�[30] ɬɚ�ɞɢɫɟɪɬɚɰɿʀ�[31] ɡɚɩɪɨɩɨɧɨɜɚɧɿ 

ɦɟɬɨɞɢ�ɚɜɬɨɦɚɬɢɡɚɰɿʀ�ɝɟɧɟɪɚɰɿʀ�ɬɚɤɢɯ�ɚɜɬɨɬɸɧɟɪɿɜ��ɋɭɬɶ�ɚɜɬɨɬɸɧɿɧɝɚ�ɩɨɥɹɝɚɽ�ɜ�

ɬɨɦɭ�� ɳɨ� ɨɩɬɢɦɿɡɚɰɿɹ� ɜɢɤɨɧɭɽɬɶɫɹ� ɚɜɬɨɦɚɬɢɡɨɜɚɧɨ� ɲɥɹɯɨɦ ɟɦɩɿɪɢɱɧɢɯ�

ɜɢɩɪɨɛɭɜɚɧɶ��ɹɤɿ�ɡɞɿɣɫɧɸɸɬɶɫɹ�ɩɪɨɝɪɚɦɨɸ-ɚɜɬɨɬɸɧɟɪɨɦ ɧɚ�ɬɨɦɭ�ɠ�ɨɛɥɚɞɧɚɧɧɿ��

ɧɚ�ɹɤɨɦɭ�ɜ�ɩɨɞɚɥɶɲɨɦɭ�ɛɭɞɟ�ɜɢɤɨɧɭɜɚɬɢɫɹ�ɨɩɬɢɦɿɡɨɜɚɧɚ�ɡɚɫɬɨɫɭɧɤɨɜɚ�ɩɪɨɝɪɚɦɚ� 

Ɍɨɛɬɨ� ɚɜɬɨɬɸɧɟɪɢ� ɜɢɤɥɸɱɚɸɬɶ� ɦɨɠɥɢɜɿɫɬɶ� ɜɪɚɯɭɜɚɧɧɹ� ɬɚ� ɜɚɪɿɚɰɿʀ� ɨɛɫɹɝɭ�

ɡɚɞɿɹɧɨɝɨ�ɨɛɱɢɫɥɸɜɚɥɶɧɨɝɨ�ɪɟɫɭɪɫɭ�ɩɪɢ�ɜɢɤɨɧɚɧɧɹ�ɩɚɪɚɥɟɥɶɧɨʀ ɩɪɨɝɪɚɦɢ� 

1.4 ȼɢɫɧɨɜɤɢ�ɞɨ�ɪɨɡɞɿɥɭ 1 

ȼɢɤɨɧɚɧɨ� ɨɝɥɹɞ� ɿɫɧɭɸɱɢɯ� ɩɨɤɚɡɧɢɤɿɜ� ɟɮɟɤɬɢɜɧɨɫɬɿ� ɩɚɪɚɥɟɥɶɧɢɯ�

ɨɛɱɢɫɥɟɧɶ�ɬɚ�ɦɟɬɨɞɿɜ�ʀɯ�ɨɰɿɧɸɜɚɧɧɹ�� 

Ɇɚɬɟɦɚɬɢɱɧɿ�ɦɟɬɨɞɢ�ɚɧɚɥɿɡɭ�ɟɮɟɤɬɢɜɧɨɫɬɿ�ɩɚɪɚɥɟɥɶɧɢɯ�ɨɛɱɢɫɥɟɧɶ�ɡɞɚɬɧɿ�

ɨɰɿɧɢɬɢ�ɦɚɤɫɢɦɚɥɶɧɨ�ɞɨɫɹɠɧɟ�ɩɪɢɫɤɨɪɟɧɧɹ�ɡɚ�ɞɨɫɢɬɶ�ɿɞɟɚɥɶɧɢɯ�ɭɦɨɜ�ɜɿɥɶɧɨɝɨ�

ɞɨɫɬɭɩɭ� ɞɨ� ɨɛɱɢɫɥɸɜɚɥɶɧɨɝɨ� ɪɟɫɭɪɫɭ� ɬɚ� ɜɿɞɫɭɬɧɨɫɬɿ� ɫɢɧɯɪɨɧɿɡɚɰɿʀ� ɨɛɱɢɫɥɟɧɶ� 

ɋɩɨɫɬɟɪɟɠɭɜɚɧɟ� ɩɪɢɫɤɨɪɟɧɧɹ� ɪɟɚɥɶɧɨɝɨ� ɚɥɝɨɪɢɬɦɭ� ɛɭɞɟ� ɡɧɚɱɧɨ� ɦɟɧɲɢɦ�� Ⱦɥɹ�

ɛɿɥɶɲ�ɬɨɱɧɨʀ�ɨɰɿɧɤɢ�ɧɟɨɛɯɿɞɧɨ�ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ�ɛɿɥɶɲ�ɬɨɱɧɿ�ɦɨɞɟɥɿ�ɩɚɪɚɥɟɥɶɧɢɯ�

ɨɛɱɢɫɥɟɧɶ� 
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ɍ� ɪɨɡɞɿɥɿ� ɪɨɡɝɥɹɧɭɬɿ� ɡɚɫɨɛɢ� ɦɨɞɟɥɸɜɚɧɧɹ� ɩɚɪɚɥɟɥɶɧɢɯ� ɨɛɱɢɫɥɟɧɶ� ɬɚ� ʀɯ�

ɡɞɚɬɧɿɫɬɶ� ɨɰɿɧɸɜɚɬɢ� ɟɮɟɤɬɢɜɧɿɫɬɶ�� Ⱦɨɫɬɚɬɧɶɨ� ɛɚɝɚɬɨ� ɡ� ɧɢɯ�� ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ�

ɦɟɪɟɠɿ� ɉɟɬɪɿ�� ɉɪɨɬɟ� ɡɜɢɱɚɣɧɿ� ɦɟɪɟɠɿ� ɉɟɬɪɿ� ɩɪɢ� ɞɟɬɚɥɶɧɨɦɭ� ɨɩɢɫɿ� ɩɪɨɝɪɚɦɢ�

ɩɪɢɡɜɨɞɹɬɶ� ɞɨ� ɧɚɞɬɨ� ɫɤɥɚɞɧɢɯ� ɦɨɞɟɥɟɣ�� Ɍɨɦɭ� ɦɨɞɟɥɸɜɚɧɧɸ ɩɿɞɥɹɝɚɸɬɶ� ɚɛɨ�

ɨɤɪɟɦɿ� ɟɥɟɦɟɧɬɢ�ɩɪɨɝɪɚɦɢ�� ɚɛɨ�ɞɨɫɬɚɬɧɶɨ� ɫɩɪɨɳɟɧɿ�ɞɥɹ� ʀɯ�ɪɟɚɥɿɡɚɰɿʀ�ɦɟɪɟɠɟɸ�

ɉɟɬɪɿ��Ɇɨɞɟɥɸɜɚɧɧɸ��ɹɤ�ɩɪɚɜɢɥɨ��ɩɿɞɥɹɝɚɸɬɶ�ɧɚɣɩɪɨɫɬɿɲɿ�ɟɥɟɦɟɧɬɢ�ɩɚɪɚɥɟɥɶɧɨʀ�

ɩɪɨɝɪɚɦɢ��ɪɨɡɞɿɥɟɧɧɹ�ɧɚ�ɩɿɞɡɚɞɚɱɿ��ɨɱɿɤɭɜɚɧɧɹ�ɡɚɜɟɪɲɟɧɧɹ�ɜɢɤɨɧɚɧɧɹ�ɩɿɞɡɚɞɚɱɿ��

ɛɥɨɤɭɜɚɧɧɹ��Ȼɿɥɶɲ�ɫɤɥɚɞɧɿ�ɿɧɫɬɪɭɦɟɧɬɢ�ɜɡɚɽɦɨɞɿʀ�ɦɿɠ�ɩɨɬɨɤɚɦɢ��ɹɤ�wait/notify, 

ɪɨɡɝɥɹɞɚɸɬɶɫɹ ɥɢɲɟ ɜ�ɨɤɪɟɦɢɯ�ɩɭɛɥɿɤɚɰɿɹɯ� Ɇɚɣɠɟ�ɭɫɿ�ɡɚɫɨɛɢ�ɦɨɞɟɥɸɜɚɧɧɹ�ɧɟ�

ɜɪɚɯɨɜɭɸɬɶ�ɨɛɦɟɠɟɧɿɫɬɶ�ɜɢɤɨɪɢɫɬɨɜɭɜɚɧɨɝɨ ɩɚɪɚɥɟɥɶɧɨɸ ɩɪɨɝɪɚɦɨɸ ɪɟɫɭɪɫɭ��

ɳɨ��ɡɜɿɫɧɨ��ɡɦɟɧɲɭɽ�ɬɨɱɧɿɫɬɶ�ɬɚɤɢɯ�ɦɨɞɟɥɟɣ�  

Ɋɨɡɝɥɹɧɭɬɿ� ɬɚɤɨɠ� ɡɚɫɨɛɢ� ɬɟɫɬɭɜɚɧɧɹ� ɩɚɪɚɥɟɥɶɧɢɯ� ɩɪɨɝɪɚɦ�� ɹɤɿ� ɡɞɚɬɧɿ�

ɜɢɹɜɥɹɬɢ ɭ� ɜɠɟ� ɪɨɡɪɨɛɥɟɧɢɯ� ɩɪɨɝɪɚɦɚɯ ɜɡɚɽɦɨɛɥɨɤɭɜɚɧɧɹ ɬɚ�ɚɛɨ� ɩɨɦɢɥɤɢ�

ɭɡɝɨɞɠɟɧɨɫɬɿ�ɩɚɦ¶ɹɬɿ��ɐɟ�ɩɨɦɢɥɤɢ�ɪɨɡɪɨɛɤɢ�ɩɚɪɚɥɟɥɶɧɨʀ�ɩɪɨɝɪɚɦɢ��ɹɤɿ�ɧɚɣɜɚɠɱɟ�

ɜɢɹɜɥɹɸɬɶɫɹ� ɿ� ɜɿɞɥɚɝɨɞɠɭɸɬɶɫɹ. Ɂɚɫɨɛɢ� ɬɟɫɬɭɜɚɧɧɹ� ɩɪɨɝɪɚɦ� ɫɩɪɹɦɨɜɚɧɿ��

ɧɚɫɚɦɩɟɪɟɞ�� ɧɚ� ɚɧɚɥɿɡ� ɤɨɪɟɤɬɧɨɫɬɿ� ɜɢɤɨɧɚɧɧɹ� ɨɛɱɢɫɥɟɧɶ�� ɚɥɟ� ɧɟ� ɧɚ� ɚɧɚɥɿɡ�

ɟɮɟɤɬɢɜɧɨɫɬɿ�ɩɚɪɚɥɟɥɶɧɢɯ�ɞɨɫɥɿɞɠɟɧɶ�� 

ɍ� ɩɿɞɫɭɦɤɭ�� ɦɨɞɟɥɿ� ɩɚɪɚɥɟɥɶɧɢɯ� ɨɛɱɢɫɥɟɧɶ� ɩɨɬɟɧɰɿɣɧɨ� ɫɩɪɨɦɨɠɧɿ�

ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢɫɶ� ɞɥɹ� ɨɰɿɧɸɜɚɧɧɹ� ɟɮɟɤɬɢɜɧɨɫɬɿ� ɩɚɪɚɥɟɥɶɧɢɯ� ɨɛɱɢɫɥɟɧɶ��

Ɇɟɪɟɠɿ�ɉɟɬɪɿ�ɦɚɸɬɶ� ɧɢɡɤɭ� ɩɟɪɟɜɚɝ� ɞɥɹ�ɩɪɟɞɫɬɚɜɥɟɧɧɹ� ɩɚɪɚɥɟɥɶɧɨʀ� ɩɪɨɝɪɚɦɢ��

ɞɟɬɚɥɿɡɚɰɿɹ� ɨɩɢɫɭ� ɩɚɪɚɥɟɥɶɧɢɯ� ɨɛɱɢɫɥɟɧɶ�� ɜɿɡɭɚɥɿɡɚɰɿɹ� ɩɪɟɞɫɬɚɜɥɟɧɧɹ� ɫɬɚɧɿɜ�

ɩɪɨɝɪɚɦɢ.  

ȱɫɧɭɸɱɿ� ɡɚɫɨɛɢ�ɦɨɞɟɥɸɜɚɧɧɹ�ɧɟɞɨɫɬɚɬɧɶɨ� ɬɨɱɧɨ�ɜɿɞɬɜɨɪɸɸɬɶ�ɦɟɯɚɧɿɡɦɢ� 

ɡɚɯɨɩɥɟɧɧɹ� ɨɛɱɢɫɥɸɜɚɥɶɧɨɝɨ� ɪɟɫɭɪɫɭ� � ɬɚ� ɦɟɯɚɧɿɡɦɢ� ɜɡɚɽɦɨɞɿʀ� ɩɿɞɡɚɞɚɱ�

ɩɚɪɚɥɟɥɶɧɨʀ�ɩɪɨɝɪɚɦɢ, ɬɨɦɭ�ɿɫɧɭɽ�ɧɟɨɛɯɿɞɧɿɫɬɶ�ɪɨɡɜɢɬɤɭ�ɦɟɬɨɞɿɜ�ɬɚ�ɡɚɫɨɛɿɜ�ɞɥɹ�

ɨɰɿɧɸɜɚɧɧɹ�ɟɮɟɤɬɢɜɧɨɫɬɿ�ɩɚɪɚɥɟɥɶɧɢɯ�ɨɛɱɢɫɥɟɧɶ�ɧɚ�ɨɫɧɨɜɿ�ɦɨɞɟɥɟɣ.  
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2 ɉȿɌɊȱ-ɈȻ¶ȯɄɌɇȿ ɆɈȾȿɅɘȼȺɇɇə�ɉȺɊȺɅȿɅɖɇɂɏ�

ɈȻɑɂɋɅȿɇɖ 

2.1 Ɂɦɿɫɬɨɜɧɚ ɩɨɫɬɚɧɨɜɤɚ�ɡɚɞɚɱɿ�ɦɨɞɟɥɸɜɚɧɧɹ 

ɇɚɣɛɿɥɶɲ�ɜɚɠɥɢɜɢɦ�ɩɨɤɚɡɧɢɤɨɦ�ɟɮɟɤɬɢɜɧɨɫɬɿ�ɩɚɪɚɥɟɥɶɧɢɯ�ɨɛɱɢɫɥɟɧɶ��ɹɤ�

ɛɭɥɨ� ɜɤɚɡɚɧɨ� ɭ� ɩɿɞɪɨɡɞɿɥɿ� ����� ɽ ɩɪɢɫɤɨɪɟɧɧɹ�� ɳɨ� ɪɨɡɪɚɯɨɜɭɽɬɶɫɹ� ɹɤ� ɱɚɫ�

ɜɢɤɨɧɚɧɧɹ� ɩɨɫɥɿɞɨɜɧɨɝɨ� ɚɥɝɨɪɢɬɦɭ� ɩɨɞɿɥɟɧɢɣ� ɧɚ� ɱɚɫ� ɜɢɤɨɧɚɧɧɹ� ɩɚɪɚɥɟɥɶɧɨɝɨ�

ɚɥɝɨɪɢɬɦɭ�� Ɉɬɠɟ�� ɞɥɹ� ɪɨɡɪɚɯɭɧɤɭ� ɩɪɢɫɤɨɪɟɧɧɹ� ɧɟɨɛɯɿɞɧɨɸ� ɽ� ɩɨɛɭɞɨɜɚ� ɞɜɨɯ�

ɦɨɞɟɥɟɣ� ɨɛɱɢɫɥɟɧɶ� ± ɩɨɫɥɿɞɨɜɧɨɝɨ� ɬɚ� ɩɚɪɚɥɟɥɶɧɨɝɨ� ɚɥɝɨɪɢɬɦɭ�� ɳɨ� ɡɛɿɥɶɲɭɽ�

ɜɞɜɿɱɿ� ɡɭɫɢɥɥɹ� ɡ� ɩɨɛɭɞɨɜɢ� ɦɨɞɟɥɟɣ� ɬɚ� ʀɯ� ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ� ɞɨɫɥɿɞɠɟɧɧɹ�� ɍ�

ɰɶɨɦɭ� ɪɨɡɞɿɥɿ� ɪɨɡɝɥɹɞɚɽɬɶɫɹ� ɩɨɛɭɞɨɜɚ�ɦɨɞɟɥɿ� ɩɚɪɚɥɟɥɶɧɢɯ� ɨɛɱɢɫɥɟɧɶ��Ɇɨɞɟɥɶ�

ɩɨɫɥɿɞɨɜɧɢɯ� ɨɛɱɢɫɥɟɧɶ� ɭ� ɛɚɝɚɬɶɨɯ� ɜɢɩɚɞɤɚɯ� ɦɨɠɧɚ� ɨɬɪɢɦɚɬɢ� ɡ� ɦɨɞɟɥɿ�

ɩɚɪɚɥɟɥɶɧɢɯ� ɨɛɱɢɫɥɟɧɶ� ɩɟɪɟɯɨɞɨɦ� ɜɿɞ� ɛɚɝɚɬɶɨɯ� ɡɚɞɚɱ�� ɳɨ� ɡɚɩɭɫɤɚɸɬɶɫɹ� ɧɚ�

ɨɛɱɢɫɥɟɧɧɹ�� ɞɨ� ɨɞɧɿɽʀ� ɬɚ� ɜɢɞɚɥɟɧɧɹɦ� ɦɟɯɚɧɿɡɦɿɜ� ɭɩɪɚɜɥɿɧɧɹ�� ɳɨ� ɩɨɬɪɟɛɭɸɬɶ�

ɧɚɹɜɧɨɫɬɿ�ɜ�ɩɪɨɝɪɚɦɿ�ɧɟ�ɦɟɧɲɟ�ɞɜɨɯ�ɩɨɬɨɤɿɜ� 

Ɇɟɬɨɸ� ɦɨɞɟɥɸɜɚɧɧɹ� ɩɚɪɚɥɟɥɶɧɢɯ� ɨɛɱɢɫɥɟɧɶ� ɜɢɡɧɚɱɢɦɨ� ɞɨɫɥɿɞɠɟɧɧɹ�

ɜɩɥɢɜɭ�ʀɯ�ɩɚɪɚɦɟɬɪɿɜ�ɧɚ�ɱɚɫ�ɜɢɤɨɧɚɧɧɹ�ɩɚɪɚɥɟɥɶɧɢɯ�ɨɛɱɢɫɥɟɧɶ��Ɉɬɠɟ��ɜɢɯɿɞɧɨɸ�

ɜɟɥɢɱɢɧɨɸ� ɦɨɞɟɥɿ� ɩɚɪɚɥɟɥɶɧɢɯ� ɨɛɱɢɫɥɟɧɶ� ɜɢɡɧɚɱɢɦɨ� ɱɚɫ� ɜɢɤɨɧɚɧɧɹ�

ɩɚɪɚɥɟɥɶɧɢɯ�ɨɛɱɢɫɥɟɧɶ� 

ɉɚɪɚɥɟɥɶɧɿ� ɨɛɱɢɫɥɟɧɧɹ�� ɳɨ� ɪɟɚɥɿɡɭɸɬɶɫɹ� ɫɭɱɚɫɧɢɦɢ� ɩɪɨɝɪɚɦɧɢɦɢ�

ɡɚɫɨɛɚɦɢ�� � ɦɚɸɬɶ� ɭ� ɫɜɨʀɣ� ɨɫɧɨɜɿ� ɫɯɨɠɿ� ɦɟɯɚɧɿɡɦɢ� ɪɨɡɩɨɞɿɥɭ� ɧɚ� ɩɿɞɡɚɞɚɱɿ� ɬɚ�

ɜɡɚɽɦɨɞɿʀ� ɩɿɞɡɚɞɚɱ� ɍɩɪɚɜɥɿɧɧɹ� ɩɿɞɡɚɞɚɱɚɦɢ�� ɳɨ� ɜɢɤɨɧɭɸɬɶɫɹ� ɧɚ� ɪɿɡɧɢɯ�

ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ� ɪɟɫɭɪɫɚɯ�� ɹɤ� ɩɪɚɜɢɥɨ�� ɩɟɪɟɞɛɚɱɚɽ� ɬɚɤɿ� ɨɫɧɨɜɧɿ� ɞɿʀ�� ɹɤ� ɡɚɩɭɫɤ�

ɩɿɞɡɚɞɚɱɿ�ɧɚ�ɜɢɤɨɧɚɧɧɹ��ɩɪɢɡɭɩɢɧɤɚ�ɞɨ�ɜɢɤɨɧɚɧɧɹ�ɩɟɜɧɢɯ�ɭɦɨɜ�ɬɚ�ɡɚɜɟɪɲɟɧɧɹ�

ɜɢɤɨɧɚɧɧɹ� ɩɿɞɡɚɞɚɱɿ� ɉɪɢɡɭɩɢɧɤɚ� ɜɢɤɨɧɚɧɧɹ� ɪɟɚɥɿɡɭɽ�� ɩɨ� ɫɭɬɿ�� ɫɢɧɯɪɨɧɿɡɚɰɿɸ�

ɜɢɤɨɧɚɧɧɹ�ɨɞɧɿɽʀ�ɡɚɞɚɱɿ�ɡ�ɿɧɲɢɦɢ�ɩɿɞɡɚɞɚɱɚɦɢ� 

Ȼɚɝɚɬɨɩɨɬɨɤɨɜɚ ɬɟɯɧɨɥɨɝɿɹ�ɩɚɪɚɥɟɥɶɧɢɯ�ɨɛɱɢɫɥɟɧɶ� ʉɪɭɧɬɭɽɬɶɫɹ�ɧɚ�ɩɨɞɿɥɿ�

ɨɛɱɢɫɥɟɧɶ�� ɹɤɿ� ɜɢɤɨɧɭɽ� ɚɥɝɨɪɢɬɦ�� ɧɚ� ɩɿɞɡɚɞɚɱɿ�� ɳɨ� ɦɨɠɭɬɶ� ɜɢɤɨɧɭɜɚɬɢɫɶ�

ɨɞɧɨɱɚɫɧɨ� ɿ��ɛɚɠɚɧɨ��ɧɟɡɚɥɟɠɧɨ�ɨɞɧɚ�ɜɿɞ�ɨɞɧɨʀ��əɤɳɨ�ɧɟɡɚɥɟɠɧɿɫɬɶ�ɜɢɤɨɧɚɧɧɹ�



36 
 

 

ɩɿɞɡɚɞɚɱ� ɧɟɦɨɠɥɢɜɨ� ɨɪɝɚɧɿɡɭɜɚɬɢ�� ɬɨ� ɜɢɧɢɤɚɽ� ɧɟɨɛɯɿɞɧɿɫɬɶ� ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ�

ɦɟɯɚɧɿɡɦɢ�ɭɩɪɚɜɥɿɧɧɹ�ɩɨɬɨɤɚɦɢ�ɬɚɤɿ��ɹɤ� 

- ɩɪɢɡɭɩɢɧɤɚ�ɧɚ�ɡɚɞɚɧɢɣ�ɿɧɬɟɪɜɚɥ�ɱɚɫɭ�� 

- ɩɪɢɡɭɩɢɧɤɚ�ɞɨ�ɡɚɜɟɪɲɟɧɧɹ�ɨɛɱɢɫɥɟɧɶ�ɿɧɲɢɦ�ɩɨɬɨɤɨɦ�� 

- ɨɱɿɤɭɜɚɧɧɹ� ɡɜɿɥɶɧɟɧɧɹ� ɡɚɛɥɨɤɨɜɚɧɨɝɨ� ɨɛ¶ɽɤɬɚ�� ɹɤɢɣ� ɤɨɧɬɪɨɥɸɽ�

ɜɢɤɨɧɚɧɧɹ�ɞɿɣ�ɡɿ�ɫɩɿɥɶɧɢɦɢ�ɨɛ¶ɽɤɬɚɦɢ�� 

- ɨɱɿɤɭɜɚɧɧɹ� ɧɚ� ɜɢɤɨɧɚɧɧɹ� ɭɦɨɜɢ�� ɹɤɚ� ɽ� ɧɟɨɛɯɿɞɧɨɸ� ɞɥɹ� ɩɪɨɞɨɜɠɟɧɧɹ�

ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ�ɞɿɣ� 

Ȼɭɞɶ-ɹɤɚ� ɩɪɨɝɪɚɦɚ� ɫɤɥɚɞɚɽɬɶɫɹ� ɡ� ɿɧɫɬɪɭɤɰɿɣ�� ȼɢɤɨɧɚɧɧɹ� ɿɧɫɬɪɭɤɰɿʀ�

ɩɪɢɡɜɨɞɢɬɶ�ɞɨ�ɩɟɪɟɬɜɨɪɟɧɧɹ�ɫɬɚɧɭ�ɩɪɨɝɪɚɦɢ�ɿ�ɤɨɠɧɢɣ�ɧɨɜɢɣ�ɫɬɚɧ�ɽ�ɩɟɪɟɞɭɦɨɜɨɸ�

ɞɥɹ� ɜɢɤɨɧɚɧɧɹ� ɧɚɫɬɭɩɧɨʀ� ɿɧɫɬɪɭɤɰɿʀ�� Ɉɞɧɚ� ɿɧɫɬɪɭɤɰɿɹ� ɩɪɨɝɪɚɦɢ� ± ɰɟ� ɨɞɧɚ� ɚɛɨ�

ɤɿɥɶɤɚ� ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ� ɞɿɣ�� Ⱦɿɹ� ɦɨɠɟ� ɛɭɬɢ ɟɥɟɦɟɧɬɚɪɧɨɸ� ɚɪɢɮɦɟɬɢɱɧɨɸ� ɱɢ�

ɥɨɝɿɱɧɨɸ�ɞɿɽɸ��ɿ�ɛɿɥɶɲ�ɫɤɥɚɞɧɨɸ�ɹɤ��ɧɚɩɪɢɤɥɚɞ��ɜɢɤɥɢɤ�ɦɟɬɨɞɭ��ɳɨ�ɜɢɤɨɧɭɽ�ɩɟɜɧɿ�

ɩɨɫɥɿɞɨɜɧɿ ɨɛɱɢɫɥɟɧɧɹ�� Ɉɛɨɜ¶ɹɡɤɨɜɨɸ� ɭɦɨɜɨɸ� ɞɥɹ� ɩɨɞɿɥɭ� ɚɥɝɨɪɢɬɦɭ� ɧɚ�

ɿɧɫɬɪɭɤɰɿʀ� ɽ� ɭɦɨɜɚ�� ɳɨ� ɜ� ɦɟɠɚɯ� ɨɞɧɿɽʀ� ɿɧɫɬɪɭɤɰɿʀ� ɨɛɱɢɫɥɟɧɧɹ� ɦɨɠɭɬɶ�

ɜɢɤɨɧɭɜɚɬɢɫɶ�ɜɢɤɥɸɱɧɨ�ɩɨɫɥɿɞɨɜɧɨ� 

ɋɮɨɪɦɭɥɸɽɦɨ�ɡɚɞɚɱɭ�ɦɨɞɟɥɸɜɚɧɧɹ�ɩɚɪɚɥɟɥɶɧɢɯ�ɨɛɱɢɫɥɟɧɶ�� 

ɞɥɹ�ɡɚɞɚɧɨɝɨ ɚɥɝɨɪɢɬɦɭ�ɩɚɪɚɥɟɥɶɧɢɯ��ɛɚɝɚɬɨɩɨɬɨɤɨɜɢɯ��ɨɛɱɢɫɥɟɧɶ��ɡɚɞɚɧɨʀ�

ɤɿɥɶɤɨɫɬɿ ɩɿɞɡɚɞɚɱ�� ɳɨ� ɜɢɤɨɧɭɸɬɶɫɹ� ɩɚɪɚɥɟɥɶɧɨ�� ɬɚ� ɡɚɞɚɧɢɯ ɩɚɪɚɦɟɬɪɿɜ�

ɨɛɱɢɫɥɸɜɚɥɶɧɨɝɨ� ɪɟɫɭɪɫɭ� �ɤɿɥɶɤɿɫɬɶ� ɹɞɟɪ�� ɬɪɢɜɚɥɿɫɬɶ� ɨɛɪɨɛɤɢ� ɨɫɧɨɜɧɢɯ�

ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ� ɞɿɣ��� ɳɨ� ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ� ɞɥɹ� ɜɢɤɨɧɚɧɧɹ� ɩɚɪɚɥɟɥɶɧɢɯ�

ɨɛɱɢɫɥɟɧɶ��ɜɢɡɧɚɱɢɬɢ ɱɚɫ�ɜɢɤɨɧɚɧɧɹ�ɨɛɱɢɫɥɟɧɶ� 

Ɏɨɪɦɚɥɶɧɨ�ɦɨɞɟɥɶ�ɦɨɠɧɚ�ɩɪɟɞɫɬɚɜɢɬɢ�ɹɤ�ɩɟɪɟɬɜɨɪɟɧɧɹ�ɦɧɨɠɢɧɢ�ɜɯɿɞɧɢɯ�

ɡɦɿɧɧɢɯ�ɭ�ɜɢɯɿɞɧɿ�ɡɦɿɧɧɿ� 

ሼܫ௞ǡ ܿǡ ܴ�ȁ�݇ ൌ ͳǡ ݊തതതതതሽ ื  (2.1)     ,ݍ

ɞɟ� ܫ ൌ ሼܫ௞ȁ݇ ൌ ͳǡ ݊തതതതതሽ െ ɦɧɨɠɢɧɚ�� ɤɨɠɧɢɣ� ɟɥɟɦɟɧɬ� ɹɤɨʀ� �௞ ɩɪɟɞɫɬɚɜɥɹɽܫ

ɩɨɫɥɿɞɨɜɧɿɫɬɶ�ɿɧɫɬɪɭɤɰɿɣ�k-ɨʀ�ɡɚɞɚɱɿ� 

ܿ ± ɤɿɥɶɤɿɫɬɶ�ɹɞɟɪ��ɡɚɞɚɧɚ�ɧɚɬɭɪɚɥɶɧɢɦ�ɱɢɫɥɨɦ�ܿ ൒ ʹ, 
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ܴ ൌ ൛ݎ௝ȁ݆ ൌ �ͳǡ݉തതതതതതൟ�± ɬɪɢɜɚɥɨɫɬɿ�ɨɛɪɨɛɤɢ�ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ�ɞɿɣ�ɚɥɝɨɪɢɬɦɭ�ɡɚ�ɭɦɨɜɢ�

ɜɢɤɨɧɚɧɧɹ� ɧɚ� ɡɚɞɚɧɨɦɭ� ɨɛɱɢɫɥɸɜɚɥɶɧɨɦɭ� ɪɟɫɭɪɫɿ�� ɹɤɿ� ɡɚɞɚɧɿ� ɧɟɜɿɞ¶ɽɦɧɢɦɢ�

ɞɿɣɫɧɢɦɢ�ɱɢɫɥɚɦɢ� 

 �ɱɚɫ�ɜɢɤɨɧɚɧɧɹ�ɚɥɝɨɪɢɬɦɭ ± ݍ

Ʉɨɠɧɿɣ�ɿɧɫɬɪɭɤɰɿʀܫ�௞௜ ɦɨɠɟ�ɛɭɬɢ�ɫɩɿɜɫɬɚɜɥɟɧɚ�ɬɪɢɜɚɥɿɫɬɶ�ʀʀ�ɜɢɤɨɧɚɧɧɹݐ�௞௜ 

ɹɤ�ɥɿɧɿɣɧɚ�ɤɨɦɛɿɧɚɰɿɹ�ɬɪɢɜɚɥɨɫɬɟɣ�ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ�ɞɿɣ� 

௞௜ܫ ื ௞௜ݐ ൌ σ ݀௞௜௝ݎ௝௝ ௝ݎ  , א ܴ, ݀௞௜௝� א Ȩ ׫ ሼͲሽ, 

ɞɟ�݀௞௜௝�± ɤɿɥɶɤɿɫɬɶ�ɞɿɣ�ɡ�ɨɞɧɚɤɨɜɨɸ�ɬɪɢɜɚɥɿɫɬɸݎ�௝. 

ɇɚɜɿɬɶ� ɭ� ɜɢɩɚɞɤɭ� ɧɟɡɚɥɟɠɧɨɝɨ� ɜɢɤɨɧɚɧɧɹ� ɩɿɞɡɚɞɚɱ� ɨɰɿɧɸɜɚɧɧɹ� ɱɚɫɭ�

ɜɢɤɨɧɚɧɧɹ� ɨɛɱɢɫɥɟɧɶ� ɽ� ɧɟɬɪɢɜɿɚɥɶɧɨɸ� ɡɚɞɚɱɟɸ�� ɇɚɜɟɞɟɦɨ� ɩɪɨɫɬɢɣ� ɩɪɢɤɥɚɞ��

ɇɟɯɚɣ�n ɩɿɞɡɚɞɚɱ�ɡ�ɡɚɝɚɥɶɧɢɦɢ�ɬɪɢɜɚɥɨɫɬɹɦɢ�ɜɢɤɨɧɚɧɧɹ� ௞ݐ  ൌ σ σ ݀௞௜௝ݎ௝௝௜ ǡ ݇ ൌ

ͳǤ Ǥ ݊ ɡɚɩɭɫɬɢɥɢ� ɧɚ� ɨɞɧɨɱɚɫɧɟ� ɜɢɤɨɧɚɧɧɹ�� əɤɳɨ� ɤɿɥɶɤɿɫɬɶ� ɹɞɟɪ� ܿ ൒ ݊�� ɬɨ� ɱɚɫ�

ɜɢɤɨɧɚɧɧɹ�ɩɪɨɝɪɚɦɢݍ� ൌ ���
௞

�௞. ȼ�ɿɧɲɨɦɭ�ɜɢɩɚɞɤɭ�ɱɚɫ�ɜɢɤɨɧɚɧɧɹ�ɜɢɡɧɚɱɚɽɬɶɫɹݐ

ɧɚɛɨɪɚɦɢ�ɩɿɞɡɚɞɚɱ��ɹɤɿ�ɜɢɤɨɧɚɥɢɫɶ�ɧɚ�ɤɨɠɧɨɦɭ�ɹɞɪɿ��ɉɪɨɝɪɚɦɿɫɬ�ɧɟ�ɦɨɠɟ�ɜɤɚɡɚɬɢ�

ɨɩɟɪɚɰɿɣɧɿɣ� ɫɢɫɬɟɦɿ�� ɧɚ� ɹɤɨɦɭ� ɹɞɪɿ� ɜɢɤɨɧɭɜɚɬɢ� ɩɿɞɡɚɞɚɱɭ�� ɜɿɧ� ɦɨɠɟ� ɬɿɥɶɤɢ�

ɡɚɩɭɫɬɢɬɢ�ɧɚ�ɨɞɧɨɱɚɫɧɟ�ɜɢɤɨɧɚɧɧɹ�ɦɧɨɠɢɧɭ�ɩɿɞɡɚɞɚɱ�ɬɚ�ɤɨɧɬɪɨɥɸɜɚɬɢ�ɤɿɥɶɤɿɫɬɶ�

ɫɬɜɨɪɟɧɢɯ� ɩɨɬɨɤɿɜ� ɧɚ� ɜɢɤɨɧɚɧɧɹ�� Ɉɬɠɟ�� ɧɚɛɨɪɢ� ɩɿɞɡɚɞɚɱ�� ɹɤɿ� ɩɨɬɪɚɩɢɥɢ� ɧɚ�

ɜɢɤɨɧɚɧɧɹ�ɜ�ɤɨɠɧɟ�ɹɞɪɨ�ɽ�ɜɢɩɚɞɤɨɜɢɦɢ��ɑɚɫ�ɜɢɤɨɧɚɧɧɹ�ɜɢɡɧɚɱɚɽɬɶɫɹ�ɧɚɣɞɨɜɲɨɸ�

ɬɪɢɜɚɥɿɫɬɸ� ɜɢɤɨɧɚɧɧɹ� ɧɚɛɨɪɭ� ɩɿɞɡɚɞɚɱ�� ɳɨ� ɜɢɤɨɧɭɽɬɶɫɹ� ɧɚ� ɨɞɧɨɦɭ� ɹɞɪɿ�� ɍ�

ɜɢɩɚɞɤɭ�ܿ ൌ ʹ��ɦɨɠɧɚ�ɫɤɥɚɫɬɢ�ɬɚɤɿ�ɭɦɨɜɢ�ɞɥɹ�ɜɢɡɧɚɱɟɧɧɹ�ɦɿɧɿɦɚɥɶɧɨ�ɦɨɠɥɢɜɨɝɨ�

ɱɚɫɭ� 

ݍ ൌ ��� ቐ෍ݐ௝
௝א஺

ǡ෍ݐ௜
௜א஻

ቑǡ 

ܣ� ת ܤ ൌ ǡ׎ ܣ ് ǡ׎ ܤ ് ǡ׎ ܣ ׫ ܤ ൌ ሼͳǡ ʹǥ݊ሽǡ 

ǡܣ ǣ�หσܤ ஺א௝௝ݐ െ σ ஻א௜௜ݐ ห ื ݉݅݊, 

ɞɟܣ�ǡ �ɦɧɨɠɢɧɢ ± ܤ ɿɧɞɟɤɫɿɜ�� ɳɨ� ɜɤɚɡɭɸɬɶ� ɧɚ� ɩɿɞɡɚɞɚɱɿ�� ɹɤɿ� ɩɨɬɪɚɩɢɥɢ� ɧɚ�

ɜɢɤɨɧɚɧɧɹ�ɭ�ɩɟɪɲɟ�ɬɚ�ɞɪɭɝɟ�ɹɞɪɨ� 
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 ɍ�ɜɢɩɚɞɤɭ�ɞɨɜɿɥɶɧɨɝɨ�ܿ ɦɿɧɿɦɚɥɶɧɨ�ɦɨɠɥɢɜɢɣ�ɱɚɫ�ɨɞɧɨɱɚɫɧɨɝɨ�ɜɢɤɨɧɚɧɧɹ�

ɨɛɱɢɫɥɟɧɶ�݊ ɩɿɞɡɚɞɚɱ�ɦɨɠɟ�ɛɭɬɢ�ɜɢɡɧɚɱɟɧɢɣ�ɡ�ɬɚɤɢɯ�ɭɦɨɜ�� 

ݍ ൌ ���
௞

σ ஺ೖא௝௝ݐ ǡ ݇ ൌ ͳǡ ݊തതതതത, 

ǡ݅׊� ௜ܣ�݆ ת ௝ܣ ൌ ǡ׎ ௜ܣ ് ௜ܣǡራ׎
௞

ൌ ሼͳǡ ʹǥ݊ሽǡ 

ଵǡܣ ଶܣ ǥܣ௖ ׷ �σ ቚσ ஺೔א௞௞ݐ െ σ ஺ೕא௞௞ݐ ቚ௜ǡ௝ ื ݉݅݊, 

ɞɟܣ�ଵǡ ଶܣ ǥܣ௖� ± ɦɧɨɠɢɧɢ�ɿɧɞɟɤɫɿɜ��ɳɨ�ɜɤɚɡɭɸɬɶ�ɧɚ�ɩɿɞɡɚɞɚɱɿ��ɹɤɿ�ɩɨɬɪɚɩɢɥɢ�ɧɚ�

ɜɢɤɨɧɚɧɧɹ�ɭ������«�ܿ ɹɞɪɨ� 

ɋɤɥɚɞɧɿɫɬɶ�ɩɟɪɟɛɨɪɭ�ɭɫɿɯ�ɦɨɠɥɢɜɢɯ�ɜɚɪɿɚɧɬɿɜ�ɽ�ɧɟɩɨɥɿɧɨɦɿɚɥɶɧɨɸ��ɬɨɦɭ�

ɨɰɿɧɢɬɢ�ɱɚɫ�ɭ�ɬɚɤɢɣ�ɫɩɨɫɿɛ�ɦɨɠɥɢɜɨ�ɬɿɥɶɤɢ�ɩɪɢ�ɞɨɫɬɚɬɧɶɨ�ɧɟɜɟɥɢɤɿɣ�ɤɿɥɶɤɨɫɬɿ�

ɩɿɞɡɚɞɚɱ��Ɉɩɟɪɚɰɿɣɧɚ� ɫɢɫɬɟɦɚ� ɧɟ�ɦɨɠɟ� ɝɚɪɚɧɬɭɜɚɬɢ�ɦɿɧɿɦɚɥɶɧɨ�ɦɨɠɥɢɜɢɣ� ɱɚɫ�

ɜɢɤɨɧɚɧɧɹ�ɩɿɞɡɚɞɚɱ��ɨɫɤɿɥɶɤɢ�ɱɚɫ�ʀɯ�ɜɢɤɨɧɚɧɧɹ�ʀɣ�ɧɟɜɿɞɨɦɢɣ��ɉɪɨɬɟ��ɹɤɳɨ�ɡɚɞɚɱɿ�

ɜɿɞɫɨɪɬɨɜɚɧɿ�ɭ�ɩɨɪɹɞɤɭ�ɡɦɟɧɲɟɧɧɹ�ʀɯ�ɬɪɢɜɚɥɨɫɬɿ��ɬɨ�ɱɚɫ�ɜɢɤɨɧɚɧɧɹ�ɛɭɞɟ�ɛɥɢɡɶɤɢɦ�

ɞɨ�ɧɚɣɦɟɧɲ�ɦɨɠɥɢɜɨɝɨ� 

ȼɪɚɯɨɜɭɜɚɧɧɹ� ɜɡɚɽɦɨɞɿʀ� ɩɿɞɡɚɞɚɱ� ɨɡɧɚɱɚɽ�� ɳɨ� ɜɢɤɨɧɚɧɧɹ� ɩɿɞɡɚɞɚɱɿ� ɦɨɠɟ�

ɩɪɢɡɭɩɢɧɹɬɢɫɶ�ɞɨ�ɜɢɤɨɧɚɧɧɹ�ɩɟɜɧɢɯ�ɭɦɨɜ��ɳɨ�ɡɚɥɟɠɚɬɶ�ɜɿɞ�ɩɟɪɟɛɿɝɭ�ɨɛɱɢɫɥɟɧɶ�ɜ�

ɿɧɲɿɣ�ɩɿɞɡɚɞɚɱɿ��ɚ�ɨɬɠɟ��ɱɚɫ�ɜɢɤɨɧɚɧɧɹ�ɦɨɠɟ�ɛɭɬɢ�ɛɿɥɶɲɢɦ�ɡɚ�ɱɚɫ�ɜɢɤɨɧɚɧɧɹ�ɛɟɡ�

ɜɡɚɽɦɨɞɿʀ� 

௞௜ܫ ื� ௞௜ݐ ൅  ,ߜ�

ɞɟ� �ɬɪɢɜɚɥɿɫɬɶ ± ߜ ɨɱɿɤɭɜɚɧɧɹ�� ɳɨ� ɡɚɥɟɠɢɬɶ� ɜɿɞ� ɜɢɤɨɪɢɫɬɨɜɭɜɚɧɨɝɨ� ɦɟɯɚɧɿɡɦɭ�

ɜɡɚɽɦɨɞɿʀ�ɬɚ�ɩɟɪɟɛɿɝɭ�ɨɛɱɢɫɥɟɧɶ�  

əɤɳɨ��ɧɚɩɪɢɤɥɚɞ�ɜɢɤɨɧɚɧɧɹ��ɿɧɫɬɪɭɤɰɿɣܫ��௞௜ ɬɚܫ�௡௝ ɫɢɧɯɪɨɧɿɡɨɜɚɧɨ��ɬɨ�ɱɚɫ�

ɜɢɤɨɧɚɧɧɹ� ɤɨɠɧɨʀ� ɡ� ɧɢɯ� ɡɛɿɥɶɲɭɽɬɶɫɹ� ɧɚ� ɱɚɫ� ɜɢɤɨɧɚɧɧɹ� ɿɧɲɨʀ� �ɨɫɤɿɥɶɤɢ�

ɜɢɤɨɧɚɧɧɹ�ʀɯ�ɩɟɪɟɬɜɨɪɸɽɬɶɫɹ�ɭ�ɩɨɫɥɿɞɨɜɧɟ�� 

௞௜ܫ ื ௞௜ݐ ൅ݐ�௡௝ ௡௝ܫ  , ื ௡௝ݐ ൅  .௞௜ݐ

ɍ�ɜɢɩɚɞɤɭ�ɨɱɿɤɭɜɚɧɧɹ�ɡɚɜɟɪɲɟɧɧɹ�ɨɞɧɿɽɸ�ɩɿɞɡɚɞɚɱɟɸ� ɿɧɲɨɸ��ɿɧɫɬɪɭɤɰɿɹ�

MRLQ��� ɬɨ� ɱɚɫ� ɡɚɜɟɪɲɟɧɧɹ� ɜɿɞɩɨɜɿɞɧɨʀ� ɿɧɫɬɪɭɤɰɿʀ� ɦɨɠɟ� ɡɛɿɥɶɲɢɬɢɫɶ� ɡɚ� ɪɚɯɭɧɨɤ�

ɨɱɿɤɭɜɚɧɧɹ��əɤɳɨ�ɿɧɫɬɪɭɤɰɿɹ ɩɿɞɡɚɞɚɱɿܫ�௞௪ ɽ�MRLQ-ɿɧɫɬɪɭɤɰɿɽɸ�ɞɥɹ�ɩɿɞɡɚɞɚɱɿܫ�௡��ɬɨ�
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ɱɚɫ� ɡɚɜɟɪɲɟɧɧɹ�ɜɢɤɨɧɚɧɧɹ� ɿɧɫɬɪɭɤɰɿʀ� �௞௪ ɡɛɿɝɚɽɬɶɫɹܫ ɡ� ɡɚɜɟɪɲɟɧɧɹɦ� ɜɢɤɨɧɚɧɧɹ�

ɩɿɞɡɚɞɚɱɿ� ��௡ܫ əɤɳɨ� ɩɿɞɡɚɞɚɱɿ� ɩɨɱɚɥɢ� ɫɜɨɽ� ɜɢɤɨɧɚɧɧɹ� ɨɞɧɨɱɚɫɧɨ� ɿ� ɬɪɢɜɚɥɿɫɬɶ�

ɜɢɤɨɧɚɧɧɹ� ɩɿɞɡɚɞɚɱɿ� �௡ ɛɿɥɶɲɚܫ ɡɚ� ɜɢɤɨɧɚɧɧɹ� ɭɫɿɯ� ɿɧɫɬɪɭɤɰɿɣ� ɩɿɞɡɚɞɚɱɿ� ��௞ܫ ɳɨ�

ɩɟɪɟɞɭɜɚɥɢ� MRLQ-ɿɧɫɬɪɭɤɰɿʀ�� ɬɨ� ɱɚɫ� ɜɢɤɨɧɚɧɧɹ� ɿɧɫɬɪɭɤɰɿʀ� �௞௪ ɡܫ ɭɪɚɯɭɜɚɧɧɹɦ�

ɨɱɿɤɭɜɚɧɧɹ�ɦɨɠɟɦɨ�ɜɢɡɧɚɱɢɬɢ�ɡ�ɬɚɤɨɝɨ�ɪɿɜɧɹɧɧɹ� 

ቊ
σ ௞௜ݐ ൅ ௞௪ݐ ൌ ௡௪ିଵݐ
௜ୀଵ

௡ݐ ൐ σ ௞௜௪ିଵݐ
௜ୀଵ

�. 

Ɂɜɿɞɫɢ�� 

௞௪ݐ ൌ ௡ݐ െ σ ௞௜௪ିଵݐ
௜ୀଵ ൐ Ͳ. 

Ɉɬɠɟ�� ɨɰɿɧɤɚ� ɱɚɫɭ� ɨɱɿɤɭɜɚɧɧɹ� ɽ� ɫɤɥɚɞɧɢɦ� ɡɚɜɞɚɧɧɹɦ� ɿ� ɩɿɞɞɚɽɬɶɫɹ�

ɨɰɿɧɸɜɚɧɧɸ� ɦɚɬɟɦɚɬɢɱɧɢɦ� ɜɢɪɚɡɨɦ� ɬɿɥɶɤɢ� ɭ� ɞɭɠɟ� ɩɪɨɫɬɢɯ� ɜɢɩɚɞɤɚɯ��

ɉɟɪɟɲɤɨɞɨɸ� ɞɨ� ɜɢɜɟɞɟɧɧɹ� ɬɚɤɨɝɨ� ɦɚɬɟɦɚɬɢɱɧɨɝɨ� ɜɢɪɚɡɭ� ɽ� ɬɚɤɨɠ� ɧɚɹɜɧɚ�

ɫɬɨɯɚɫɬɢɱɧɿɫɬɶ� ɭ� ɡɚɯɨɩɥɟɧɧɿ� ɪɟɫɭɪɫɭ�� Ɍɨɦɭ� ɬɿɥɶɤɢ� ɜɿɞɬɜɨɪɟɧɧɹ� ɩɨɫɥɿɞɨɜɧɨɫɬɿ�

ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ� ɞɿɣ� ɜ� ɱɚɫɿ� ɡ� ɭɪɚɯɭɜɚɧɧɹɦ� ʀɯ� ɜɡɚɽɦɨɞɿʀ� ɦɨɠɭɬɶ� ɞɨɩɨɦɨɝɬɢ�

ɜɢɪɿɲɢɬɢ�ɡɚɞɚɱɭ�ɨɰɿɧɸɜɚɧɧɹ�ɱɚɫɭ�ɜɢɤɨɧɚɧɧɹ�ɚɥɝɨɪɢɬɦɭ�ɛɟɡ�ɣɨɝɨ�ɪɟɚɥɿɡɚɰɿʀ��Ɍɨɦɭ�

ɦɟɬɨɞɨɦ�ɦɨɞɟɥɸɜɚɧɧɹ�ɨɛɪɚɧɢɣ�ɦɟɬɨɞ�ɿɦɿɬɚɰɿʀ� 

2.2 Ɇɟɬɨɞ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ 

2.2.1 Ɂɚɝɚɥɶɧɚ�ɤɨɧɰɟɩɰɿɹ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɨɝɨ�ɦɨɞɟɥɸɜɚɧɧɹ 

Ɇɟɬɨɞ� ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɨɝɨ� ɦɨɞɟɥɸɜɚɧɧɹ� ɜɩɟɪɲɟ� ɛɭɜ� ɡɚɩɪɨɩɨɧɨɜɚɧɢɣ� ɭ�

ɪɨɛɨɬɿ� >32], ɚ� ɜ� ɪɨɛɨɬɿ� >33] ɫɮɨɪɦɭɥɶɨɜɚɧɿ� ɬɟɨɪɟɬɢɱɧɿ� ɩɨɥɨɠɟɧɧɹ� ɉɟɬɪɿ-

ɨɛ¶ɽɤɬɧɨɝɨ� ɦɨɞɟɥɸɜɚɧɧɹ�� Ɇɟɬɨɞ� ʉɪɭɧɬɭɽɬɶɫɹ ɧɚ� ɨɛ¶ɽɤɬɧɨ-ɨɪɿɽɧɬɨɜɚɧɨɦɭ�

ɩɪɟɞɫɬɚɜɥɟɧɧɿ� ɦɨɞɟɥɿ� ɬɚ� ɨɩɢɫɿ� ɞɢɧɚɦɿɤɢ� ɮɭɧɤɰɿɨɧɭɜɚɧɧɹ� ɟɥɟɦɟɧɬɿɜ� ɦɨɞɟɥɿ�

ɦɟɪɟɠɟɸ� ɉɟɬɪɿ�� Ɉɞɢɧ� ɪɚɡ� ɪɨɡɪɨɛɥɟɧɚ� ɦɟɪɟɠɚ� ɉɟɬɪɿ� ɦɨɠɟ� ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢɫɶ�

ɛɚɝɚɬɨɤɪɚɬɧɨ�ɡ�ɡɚɞɚɧɢɦɢ�ɩɚɪɚɦɟɬɪɚɦɢ�ɞɥɹ�ɤɨɧɫɬɪɭɸɜɚɧɧɹ�ɛɚɝɚɬɶɨɯ�ɟɥɟɦɟɧɬɿɜ ɡɚ�

ɪɚɯɭɧɨɤ� ɜɢɤɨɪɢɫɬɚɧɧɹ� ɦɟɯɚɧɿɡɦɭ� ɬɢɪɚɠɭɜɚɧɧɹ� ɨɛ¶ɽɤɬɿɜ�� ɳɨ� ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ�

ɨɛ¶ɽɤɬɧɨ-ɨɪɿɽɧɬɨɜɚɧɢɦɢ�ɦɨɜɚɦɢ�ɩɪɨɝɪɚɦɭɜɚɧɧɹ. Ɂɚ�ɨɡɧɚɱɟɧɧɹɦ��ɉɟɬɪɿ-ɨɛ¶ɽɤɬɨɦ�

ɽ�ɨɛ¶ɽɤɬ�ɫɭɩɟɪɤɥɚɫɭ��ɳɨ�ɦɿɫɬɢɬɶ�ɨɩɢɫ�ɞɢɧɚɦɿɤɢ�ɫɬɨɯɚɫɬɢɱɧɨɸ�ɦɟɪɟɠɟɸ�ɉɟɬɪɿ��



40 
 

 

Ɍɚɤɢɣ�ɫɭɩɟɪɤɥɚɫ�ɦɿɫɬɢɬɶ�ɩɨɥɟ�net ɬɚ�ɦɟɬɨɞɢ�� ɹɤɿ� ɡɦɿɧɸɸɬɶ� ɫɬɚɧ�ɦɟɪɟɠɿ�ɉɟɬɪɿ 

�ɬɨɛɬɨ� ɡɧɚɱɟɧɧɹ� ɩɨɥɹ� net) ɩɪɢ� ɡɞɿɣɫɧɟɧɧɿ� ɩɨɞɿɣ� Ʉɨɠɧɚ� ɩɨɞɿɹ� ɜɿɞɬɜɨɪɸɽɬɶɫɹ� ɜ�

ɦɟɪɟɠɿ� ɉɟɬɪɿ� ɜɢɯɨɞɨɦ� ɦɚɪɤɟɪɿɜ� ɡ� ɩɟɪɟɯɨɞɭ� ɬɚ� ɜɯɨɞɨɦ� ɦɚɪɤɟɪɿɜ� ɜ� ɩɟɪɟɯɨɞɢ��

ȼɿɞɬɜɨɪɟɧɚ ɜ� ɱɚɫɿ� ɩɨɫɥɿɞɨɜɧɿɫɬɶ ɩɨɞɿɣ ɭɬɜɨɪɸɽ� ɿɦɿɬɚɰɿɸ� ɩɪɨɰɟɫɭ�� ɳɨ�

ɦɨɞɟɥɸɽɬɶɫɹ� 

Ⱦɥɹ� ɩɟɪɟɞɚɱɿ� ɿɧɮɨɪɦɚɰɿʀ� ɩɪɨ� ɡɦɿɧɭ� ɫɬɚɧɭ� ɨɞɧɨɝɨ� ɉɟɬɪɿ-ɨɛ¶ɽɤɬɚ� ɿɧɲɨɦɭ�

ɧɟɨɛɯɿɞɧɨ ɜɤɚɡɚɬɢ� ɨɬɨɬɨɠɧɟɧɧɹ ɩɨɬɪɿɛɧɢɯ ɩɨɡɢɰɿɣ ɰɢɯ� ɨɛ¶ɽɤɬɿɜ�� Ɍɚɤɟ�

ɡɜ¶ɹɡɭɜɚɧɧɹ� ɉɟɬɪɿ-ɨɛ¶ɽɤɬɿɜ� ɡɚɛɟɡɩɟɱɭɽ�� ɳɨ� ɭɬɜɨɪɟɧɚ� ɦɨɞɟɥɶ� ɜɢɡɧɚɱɚɽɬɶɫɹ�

ɦɟɪɟɠɟɸ�ɉɟɬɪɿ��ɹɤɚ�ɽ�ɨɛ¶ɽɞɧɚɧɧɹɦ�ɭɫɿɯ�ɦɟɪɟɠ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɿɜ�� 

Ʉɨɧɫɬɪɭɸɜɚɧɧɹ�ɦɨɞɟɥɿ� ɜɿɞɛɭɜɚɽɬɶɫɹ�ɞɥɹ�ɡɚɞɚɧɨɝɨ� ɫɩɢɫɤɭ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɿɜ, 

ɡ¶ɽɞɧɚɧɢɯ�ɨɞɢɧ�ɡ�ɨɞɧɢɦ� ȼ�ɪɨɛɨɬɿ�[34] ɡɚɩɪɨɩɨɧɨɜɚɧɨ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ�ɩɨɧɹɬɬɹ�

ɤɨɧɟɤɬɨɪɚ� ɞɥɹ� ɦɧɨɠɢɧɢ� ɨɬɨɬɨɠɧɟɧɶ� ɩɨɡɢɰɿɣ� ɦɿɠ� ɩɚɪɨɸ� ɉɟɬɪɿ-ɨɛ¶ɽɤɬɿɜ� ɬɚ�

ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ� ɬɢɪɚɠɭɜɚɧɧɹ� ɤɨɧɟɤɬɨɪɿɜ� ɞɥɹ� ɜɢɡɧɚɱɟɧɧɹ� ɡɜ¶ɹɡɤɿɜ� ɦɿɠ� ɨɞɧɢɦ�

ɉɟɬɪɿ-ɨɛ¶ɽɤɬɨɦ�ɬɚ�ɤɿɥɶɤɨɦɚ�ɿɧɲɢɦɢ. Ʉɨɧɰɟɩɰɿɸ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɨɝɨ�ɦɨɞɟɥɸɜɚɧɧɹ�

ɛɭɥɨ�ɪɨɡɜɢɧɭɬɨ�ɬɚɤɨɠ�ɭ�ɡɝɚɞɚɧɿɣ�ɪɨɛɨɬɿ�ɡɚ�ɪɚɯɭɧɨɤ�ɫɬɜɨɪɟɧɧɹ�ɝɪɭɩɢ�ɬɚ�ɤɨɥɟɤɰɿʀ�

ɉɟɬɪɿ-ɨɛ¶ɽɤɬɿɜ��ɳɨ�ɫɩɪɨɳɭɸɬɶ�ɪɨɡɪɨɛɤɭ�ɦɨɞɟɥɿ�ɡ�ɜɟɥɢɤɨɸ�ɤɿɥɶɤɿɫɬɸ�ɨɞɧɨɬɢɩɧɢɯ�

ɟɥɟɦɟɧɬɿɜ� 

2.2.2 ɋɬɨɯɚɫɬɢɱɧɚ ɦɟɪɟɠɚ� ɉɟɬɪɿ� ɡ� ɛɚɝɚɬɨɤɚɧɚɥɶɧɢɦɢ� ɬɚ� ɤɨɧɮɥɿɤɬɧɢɦɢ�

ɩɟɪɟɯɨɞɚɦɢ��ɡ�ɿɧɮɨɪɦɚɰɿɣɧɢɦɢ�ɞɭɝɚɦɢ 

ɉɨɛɭɞɨɜɚ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɨʀ�ɦɨɞɟɥɿ�ɛɚɡɭɽɬɶɫɹ�ɧɚ�ɫɬɨɯɚɫɬɢɱɧɿɣ�ɦɟɪɟɠɿ�ɉɟɬɪɿ�

ɬɚ� ɨɛ
ɽɤɬɧɨ-ɨɪɿɽɧɬɨɜɚɧɿɣ� ɬɟɯɧɨɥɨɝɿʀ�� ɋɬɨɯɚɫɬɢɱɧɿ� ɦɟɪɟɠɿ� ɉɟɬɪɿ� ɜɢɧɢɤɥɢ� ɹɤ�

ɪɨɡɲɢɪɟɧɧɹ� ɤɥɚɫɢɱɧɢɯ� ɦɟɪɟɠ� ɉɟɬɪɿ�� ɜɢɧɚɣɞɟɧɢɯ� ɧɿɦɟɰɶɤɢɦ ɦɚɬɟɦɚɬɢɤɨɦ� ɬɚ�

ɿɧɮɨɪɦɚɬɢɤɨɦ�Ʉɚɪɥɨɦ�Ⱥɞɚɦɨɦ�ɉɟɬɪɿ�ɭ������ɪɨɰɿ�ɬɚ�ɨɩɭɛɥɿɤɨɜɚɧɢɯ�ɭ������ɪɨɰɿ�ɜ�

ɣɨɝɨ�ɞɢɫɟɪɬɚɰɿʀ� ɧɚ�ɬɟɦɭ�ɜɡɚɽɦɨɞɿʀ� ɡ� ɚɜɬɨɦɚɬɚɦɢ [35]. ȼɿɧ�ɛɭɜ�ɩɟɪɲɢɦ�ɜɱɟɧɢɦ��

ɹɤɢɣ�ɜɢɡɧɚɱɢɜ�ɩɚɪɚɥɟɥɿɡɦ�ɹɤ�ɮɭɧɞɚɦɟɧɬɚɥɶɧɢɣ� ɚɫɩɟɤɬ�ɨɛɱɢɫɥɟɧɶ� Ƀɨɝɨ� ɬɟɨɪɿɹ 

ɦɟɪɟɠ�ɉɟɬɪɿ ɧɟ�ɬɿɥɶɤɢ�ɛɭɥɚ�ɰɢɬɨɜɚɧɚ�ɫɨɬɧɹɦɢ�ɬɢɫɹɱ�ɧɚɭɤɨɜɢɯ�ɩɭɛɥɿɤɚɰɿɣ��ɚɥɟ�ɣ�

ɡɧɚɱɧɨ�ɩɪɨɫɭɧɭɥɚ�ɝɚɥɭɡɿ�ɩɚɪɚɥɟɥɶɧɢɯ�ɿ�ɪɨɡɩɨɞɿɥɟɧɢɯ�ɨɛɱɢɫɥɟɧɶ� 
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Ɇɚɬɟɦɚɬɢɱɧɢɣ� ɨɩɢɫ� ɫɬɨɯɚɫɬɢɱɧɨʀ� ɦɟɪɟɠɿ� ɉɟɬɪɿ� ɡ� ɛɚɝɚɬɨɤɚɧɚɥɶɧɢɦɢ�

ɩɟɪɟɯɨɞɚɦɢ�ɦɨɠɟ�ɛɭɬɢ�ɩɪɟɞɫɬɚɜɥɟɧɨ�ɦɭɥɶɬɢɦɨɠɢɧɨɸ�>36]: 

ݐ݁ܰ݅ݎݐ݁ܲ ൌ ሺ۾ǡ ǡ܂ ǡ܅ǡۯ ۹ǡ  ሻ,    (2.1)܀

ɞɟ۾� ൌ ሼܲሽ ± ɦɧɨɠɢɧɚ�ɩɨɡɢɰɿɣ� 

܂ ൌ ሼܶሽ ± ɦɧɨɠɢɧɚ�ɩɟɪɟɯɨɞɿɜ�� ۾ ת ܂ ൌ  ,׎

ۯ ك ۾ ൈ ܂ ׫ ܂ ൈ  ��ɦɧɨɠɢɧɚ�ɜɯɿɞɧɢɯ�ɿ�ɜɢɯɿɞɧɢɯ�ɞɭɝ ± ۾

ۯǣ܅ ՜ Ȩ��ɦɧɨɠɢɧɚ�ɧɚɬɭɪɚɥɶɧɢɯ�ɱɢɫɟɥ��ɳɨ�ɡɚɞɚɸɬɶ�ɤɪɚɬɧɨɫɬɿ�ɞɭɝ� 

۹ ൌ ሼሺ்ܿǡ ்ܾሻȁܶ א ǡ܂ ்ܿ א Ȩǡ ்ܾ א ሾͲǢ ͳሿሽ ɦɧɨɠɢɧɚ� ɩɚɪ� ɡɧɚɱɟɧɶ�� ɳɨ ɜɢɡɧɚɱɚɸɬɶ 

ɩɪɿɨɪɢɬɟɬ�ɬɚ ɣɦɨɜɿɪɧɿɫɬɶ�ɡɚɩɭɫɤɭ�ɩɟɪɟɯɨɞɭ, 

܂ǣ܀ ՜ Ըା� ± ɦɧɨɠɢɧɚ�ɧɟɜɿɞ¶ɽɦɧɢɯ�ɞɿɣɫɧɢɯ�ɡɧɚɱɟɧɶ��ɳɨ�ɯɚɪɚɤɬɟɪɢɡɭɸɬɶ�ɱɚɫɨɜɿ�

ɡɚɬɪɢɦɤɢ� ɜ� ɩɟɪɟɯɨɞɚɯ� ɿ� ɦɨɠɭɬɶ� ɛɭɬɢ� ɚɛɨ� ɞɟɬɟɪɦɿɧɨɜɚɧɢɦ� ɡɧɚɱɟɧɧɹɦ�� ɚɛɨ�

ɜɢɩɚɞɤɨɜɨɸ�ɜɟɥɢɱɢɧɨɸ�ɡ�ɡɚɞɚɧɢɦ�ɡɚɤɨɧɨɦ�ɪɨɡɩɨɞɿɥɭ,  

Ȩ ± ɦɧɨɠɢɧɚ�ɧɚɬɭɪɚɥɶɧɢɯ�ɱɢɫɟɥ� 

Ըା ± ɦɧɨɠɢɧɚ�ɞɿɣɫɧɢɯ�ɧɟɜɿɞ¶ɽɦɧɢɯ�ɱɢɫɟɥ� 

Ɇɟɪɟɠɚ�ɉɟɬɪɿ�ɽ�ɤɨɪɟɤɬɧɨ�ɩɨɛɭɞɨɜɚɧɨɸ��ɹɤɳɨ����ɽ�ɯɨɱɚ�ɛ�ɨɞɢɧ�ɩɟɪɟɯɿɞ�ɡ�

ɧɟɧɭɥɶɨɜɨɸ� ɱɚɫɨɜɨɸ� ɡɚɬɪɢɦɤɨɸ�� ��� ɤɨɠɧɢɣ ɩɟɪɟɯɿɞ� ɦɟɪɟɠɿ� ɉɟɬɪɿ� ɦɚɽ ɯɨɱɚ� ɛ�

ɨɞɧɭ�ɜɯɿɞɧɭ�ɬɚ�ɯɨɱɚ�ɛ�ɨɞɧɭ�ɜɢɯɿɞɧɭ�ɩɨɡɢɰɿɸ (ɜɯɿɞɧɿ�ɩɨɡɢɰɿʀ��ɡ¶ɽɞɧɚɧɿ ɡ�ɩɟɪɟɯɨɞɨɦ�

ɨɞɧɿɽɸ�ɿɧɮɨɪɦɚɰɿɣɧɨɸ ɞɭɝɨɸ��ɧɟ�ɜɪɚɯɨɜɭɸɬɶɫɹ). 

ɋɬɚɧ� ɦɟɪɟɠɿ� ɉɟɬɪɿ� ɜ� ɛɭɞɶ-ɹɤɢɣ� ɦɨɦɟɧɬ� ɱɚɫɭ� �ɩɨɜɧɿɫɬɸ ݐ ɜɢɡɧɚɱɚɽɬɶɫɹ 

ɫɬɚɧɨɦ�ʀʀ�ɩɨɡɢɰɿɣ�ɬɚ�ɩɟɪɟɯɨɞɿɜ� 

ሻݐሺ܁ ൌ ൫ۻሺݐሻǡ ۳ሺݐሻ൯, 

ɞɟ܁�ሺݐሻ ± ɫɬɚɧ�ɦɟɪɟɠɿ�ɉɟɬɪɿ� 

ሻݐሺۻ ൌ ሼܯ௉ሺݐሻ�ȁܯ�௉ሺݐሻ א Ȩ ׫ ሼͲሽǡ ܲ א  �ሽ ± ɫɬɚɧ�ɩɨɡɢɰɿɣ۾

۳ሺݐሻ ൌ ሼ்ܧሺݐሻȁܶ א  �ሽ ± ɫɬɚɧ�ɩɟɪɟɯɨɞɿɜ܂

ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɚ� ɦɨɞɟɥɶ� ɜɢɤɨɪɢɫɬɨɜɭɽ� ɦɟɪɟɠɭ� ɉɟɬɪɿ� ɡ� ɛɚɝɚɬɨɤɚɧɚɥɶɧɢɦɢ�

ɩɟɪɟɯɨɞɚɦɢ��ɳɨ�ɨɡɧɚɱɚɽ�ɦɨɠɥɢɜɿɫɬɶ�ɛɚɝɚɬɨɤɪɚɬɧɨɝɨ�ɜɯɨɞɭ�ɦɚɪɤɟɪɿɜ�ɭ�ɩɟɪɟɯɿɞ��

ɉɪɢ�ɤɨɠɧɨɦɭ�ɜɯɨɞɿ�ɦɚɪɤɟɪɿɜ�ɭ�ɩɟɪɟɯɿɞ�ɡɚɩɚɦ¶ɹɬɨɜɭɽɬɶɫɹ�ɧɨɜɟ�ɡɧɚɱɟɧɧɹ�ɜɢɯɨɞɭ�ɡ�

ɩɟɪɟɯɨɞɭ��Ɍɨɦɭ�ɫɬɚɧ�ɩɟɪɟɯɨɞɭ்ܧ�ሺݐሻ ɜɢɡɧɚɱɚɽɬɶɫɹ ɦɧɨɠɢɧɨɸ�ɦɨɦɟɧɬɿɜ�ɜɢɯɨɞɭ�

ɦɚɪɤɟɪɿɜ�ɡ�ɤɚɧɚɥɿɜ�ɩɟɪɟɯɨɞɭ� 
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ሻݐሺ்ܧ ൌ ሼ�ሾ்ܧሺݐሻሿ௤ሽ, 

ɞɟݍ�� - ɧɨɦɟɪ�ɤɚɧɚɥɭ�ɩɟɪɟɯɨɞɭݍ�� ൌ ͳǡ ʹǤ Ǥ Ǥ ȁ்ܧሺݐሻȁ, 

ȁ்ܧሺݐሻȁ - ɤɿɥɶɤɿɫɬɶ�ɤɚɧɚɥɿɜ��ɡ�ɹɤɢɯ�ɨɱɿɤɭɽɬɶɫɹ ɜɢɯɿɞ ɦɚɪɤɟɪɿɜ. 

Ʉɨɥɢ ȁ்ܧሺݐሻȁ = ��� ɬɨɛɬɨ� ɧɟ� ɨɱɿɤɭɽɬɶɫɹ� ɜɢɯɿɞ� ɦɚɪɤɟɪɿɜ� ɡ� ɩɟɪɟɯɨɞɭ ɜ�

ɧɚɣɛɥɢɠɱɢɣ�ɱɚɫ��ɬɨ ɫɬɚɧ�ɩɟɪɟɯɨɞɭ்ܧ�ሺݐሻ ൌ ሼλሽ. 

Ɂɚɭɜɚɠɢɦɨ��ɳɨ�ɜɢɤɨɪɢɫɬɚɧɧɹ�ɛɚɝɚɬɨɤɚɧɚɥɶɧɢɯ�ɩɟɪɟɯɨɞɿɜ�ɡɧɚɱɧɨ�ɡɦɟɧɲɭɽ�

ɤɿɥɶɤɿɫɬɶ� ɟɥɟɦɟɧɬɿɜ�� ɧɟɨɛɯɿɞɧɢɯ� ɞɥɹ� ɦɨɞɟɥɸɜɚɧɧɹ� ɩɨɞɿɣ�� ɳɨ� ɜɿɞɛɭɜɚɸɬɶɫɹ�

ɨɞɧɨɱɚɫɧɨ�� ɇɚɩɪɢɤɥɚɞ�� ɞɥɹ� ɜɿɞɬɜɨɪɟɧɧɹ� ɜɢɤɨɪɢɫɬɚɧɧɹ� ɨɞɧɨɝɨ� ɡ� k ɹɞɟɪ�

ɤɨɦɩ¶ɸɬɟɪɚ�ɡɜɢɱɚɣɧɨɸ�ɦɟɪɟɠɟɸ�ɉɟɬɪɿ�ɩɨɬɪɿɛɧɨ�n ɩɟɪɟɯɨɞɿɜ����ɩɨɡɢɰɿʀ�ɬɚ��k ɞɭɝ��

ɚ�ɞɥɹ�ɜɿɞɬɜɨɪɟɧɧɹ�ɡ�ɛɚɝɚɬɨɤɚɧɚɥɶɧɢɦ�ɩɟɪɟɯɨɞɨɦ�± ��ɩɨɡɢɰɿʀ�ɬɚ����ɞɭɝɢ�ɩɪɢ�ɛɭɞɶ-

ɹɤɨɦɭ� ɜɟɥɢɤɨɦɭ� k�� ɇɚ� ɪɢɫɭɧɤɭ� 2.1 ɩɪɟɞɫɬɚɜɥɟɧɨ� ɡɚɯɨɩɥɟɧɧɹ� ɨɞɧɨɝɨ� ɡ� �� ɹɞɟɪ. 

ɉɨɡɧɚɱɟɧɧɹɦ� ɩɪɹɦɨɤɭɬɧɢɤɚ� ɡɿ� ɡɚɨɤɪɭɝɥɟɧɢɦɢ� ɤɭɬɚɦɢ� ɩɿɞɤɪɟɫɥɸɽɦɨ� ɩɪɢ�

ɡɨɛɪɚɠɟɧɧɿ� ɫɬɨɯɚɫɬɢɱɧɨʀ� ɦɟɪɟɠɿ� ɉɟɬɪɿ�� ɳɨ� ɩɟɪɟɯɿɞ� ɽ� ɛɚɝɚɬɨɤɚɧɚɥɶɧɢɦ� �ɧɚ�

ɜɿɞɦɿɧɭ� ɜɿɞ� ɬɪɚɞɢɰɿɣɧɨɝɨ� ɩɨɡɧɚɱɟɧɧɹ� ɡɜɢɱɚɣɧɢɦ� ɩɪɹɦɨɤɭɬɧɢɤɨɦ� ɡ� ɝɨɫɬɪɢɦɢ�

ɤɭɬɚɦɢ�� 

 
Ɋɢɫɭɧɨɤ�����± ȿɤɜɿɜɚɥɟɧɬɧɟ�ɩɪɟɞɫɬɚɜɥɟɧɧɹ�ɛɚɝɚɬɨɤɚɧɚɥɶɧɨɝɨ�ɩɟɪɟɯɨɞɭ �ɛ�� 

ɨɞɧɨɤɚɧɚɥɶɧɢɦɢ�ɩɟɪɟɯɨɞɚɦɢ �ɚ�� 

ȼɢɤɨɪɢɫɬɚɧɧɹ� ɿɧɮɨɪɦɚɰɿɣɧɨʀ� ɞɭɝɢ ɜɿɞɤɪɢɜɚɽ� ɦɨɠɥɢɜɿɫɬɶ� ɜɢɤɨɪɢɫɬɚɧɧɹ�

ɫɬɚɧɭ�ɩɨɡɢɰɿʀ�ɹɤ�ɞɨɞɚɬɤɨɜɨʀ�ɭɦɨɜɢ�ɞɥɹ�ɜɯɨɞɭ�ɦɚɪɤɟɪɿɜ�ɜ�ɩɟɪɟɯɿɞ� Ɂɚ�ɜɢɡɧɚɱɟɧɧɹɦ��

    

4 

Ɂɚɯɨɩɢɬɢ�ɹɞɪɨ 

əɞɪɚ  

�ɚ� �ɛ� 

Ɂɚɯɨɩɢɬɢ�ɹɞɪɨ�� 
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ɹɤɳɨ�ɞɥɹ�ɞɭɝɢ�ɜɤɚɡɚɧɨ��ɳɨ�ɜɨɧɚ�ɽ�ɿɧɮɨɪɦɚɰɿɣɧɨɸ��ɬɨ�ɩɪɢ�ɩɟɪɟɜɿɪɰɿ�ɭɦɨɜɢ ɜɯɨɞɭ�

ɦɚɪɤɟɪɿɜ�ɭ ɩɟɪɟɯɿɞ�ɿɧɮɨɪɦɚɰɿɣɧɚ�ɞɭɝɚ�ɜɪɚɯɨɜɭɽɬɶɫɹ�ɹɤ�ɡɜɢɱɚɣɧɚ��ɩɪɨɬɟ�ɩɪɢ�ɜɯɨɞɿ�

ɦɚɪɤɟɪɿɜ�ɜ�ɩɟɪɟɯɿɞ�ɜɡɞɨɜɠ�ɰɿɽʀ�ɞɭɝɢ�ɦɚɪɤɟɪɢ�ɡ�ɩɨɡɢɰɿʀ�ɧɟ�ɜɿɞɧɿɦɚɸɬɶɫɹ�� Ɉɬɠɟ��

ɧɚɹɜɧɿɫɬɶ� ɦɚɪɤɟɪɿɜ� ɭ� ɩɨɡɢɰɿʀ�� ɳɨ� ɡ¶ɽɞɧɚɧɚ� ɡ� ɩɟɪɟɯɨɞɨɦ�� ɭ� ɤɿɥɶɤɨɫɬɿ, ɪɿɜɧɿɣ�

ɤɪɚɬɧɨɫɬɿ� ɞɭɝɢ, ɽ� ɧɟɨɛɯɿɞɧɨɸ� ɭɦɨɜɨɸ� ɜɯɨɞɭ� ɦɚɪɤɟɪɿɜ� ɜ� ɩɟɪɟɯɿɞ (ɹɤ� ɿ� ɞɥɹ�

ɡɜɢɱɚɣɧɨʀ)�� ɩɪɨɬɟ� ɤɿɥɶɤɿɫɬɶ� ɦɚɪɤɟɪɿɜ� ɜ� ɬɚɤɿɣ� ɩɨɡɢɰɿʀ� ɧɟ� ɡɦɿɧɸɽɬɶɫɹ� ɩɪɢ� ɜɯɨɞɿ�

ɦɚɪɤɟɪɿɜ�ɜ�ɩɟɪɟɯɿɞ��ɐɟ�ɨɡɧɚɱɚɽ��ɳɨ�ɬɚɤɚ�ɭɦɨɜɚ�ɽ�ɧɟɨɛɯɿɞɧɨɸ�ɞɥɹ�ɡɞɿɣɫɧɟɧɧɹ�ɩɨɞɿʀ��

ɩɪɨɬɟ�ɜɢɤɨɧɚɧɧɹ�ɩɨɞɿʀ�ɧɟ�ɜɩɥɢɜɚɽ�ɧɚ�ɡɦɿɧɭ�ɭɦɨɜɢ��ɜɨɧɚ�ɧɟ�ɡɧɢɤɚɽ���ɇɚɩɪɢɤɥɚɞ��

ɧɚ�ɪɢɫɭɧɤɭ����, ɩɪɟɞɫɬɚɜɥɟɧɢɣ�ɮɪɚɝɦɟɧɬ�ɦɟɪɟɠɿ�ɉɟɬɪɿ��ɜ�ɹɤɨɦɭ�ɨɞɧɚ�ɣ�ɬɚ�ɫɚɦɚ�

ɭɦɨɜɚ condition ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ� ɞɥɹ� ɞɨɡɜɨɥɭ� ɧɚ� ɜɢɤɨɧɚɧɧɹ� ɩɨɞɿɣ� serve�� ɹɤɿ�

ɜɢɤɨɧɭɸɬɶ� ɞɜɚ� ɩɪɨɰɟɫɢ� ɨɞɧɨɱɚɫɧɨ�� ɞɜɨɦɚ ɫɩɨɫɨɛɚɦɢ� ± ɡɜɢɱɚɣɧɨɸ� ɦɟɪɟɠɟɸ�

ɉɟɬɪɿ�ɬɚ�ɦɟɪɟɠɟɸ�ɉɟɬɪɿ�ɡ�ɿɧɮɨɪɦɚɰɿɣɧɢɦɢ�ɞɭɝɚɦɢ. ɍ�ɜɢɩɚɞɤɭ ɡɜɢɱɚɣɧɨʀ ɦɟɪɟɠɿ 

ɉɟɬɪɿ �ɪɢɫ�������ɚ���ɞɨɜɨɞɢɬɶɫɹ�ɫɩɨɱɚɬɤɭ�ɪɨɛɢɬɢ�ɩɟɪɟɜɿɪɤɭ�ɞɨɡɜɨɥɭ��ɩɨɞɿɹ�check ɡ�

ɱɚɫɨɜɨɸ�ɡɚɬɪɢɦɤɨɸ�d=0��ɿ�ɬɿɥɶɤɢ�ɩɨɬɿɦ�ɜɢɤɨɧɭɜɚɬɢ�ɩɨɞɿɸ�serve. Ɍɨɛɬɨ�ɞɨɡɜɿɥ�ɧɚ�

ɜɢɤɨɧɚɧɧɹ�ɛɭɞɟ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢɫɶ�ɬɿɥɶɤɢ�ɩɨɫɥɿɞɨɜɧɨ�� ɨɫɤɿɥɶɤɢ�ɦɚɪɤɟɪ�ɧɚ�ɱɚɫ�

ɫɩɪɚɰɶɨɜɭɜɚɧɧɹ�ɩɨɞɿʀ�check ɡ�ɩɨɡɢɰɿʀ�condition ɡɧɢɤɚɽ��ɍ�ɜɢɩɚɞɤɭ�ɦɟɪɟɠɿ�ɉɟɬɪɿ�ɡ�

ɿɧɮɨɪɦɚɰɿɣɧɢɦɢ�ɞɭɝɚɦɢ��ɪɢɫ�������ɛ� ɨɛɢɞɜɚ�ɩɟɪɟɯɨɞɢ�serve ɦɚɬɢɦɭɬɶ�ɨɞɧɨɱɚɫɧɨ�

ɜɢɤɨɧɚɧɭ�ɭɦɨɜɭ�ɡɚɩɭɫɤɭ�ɿ�ɧɟɦɚɽ�ɩɟɪɟɲɤɨɞɢ�ɞɥɹ�ɨɞɧɨɱɚɫɧɨɝɨ�ʀɯ�ɡɚɩɭɫɤɭ��əɤɳɨ�

ɩɪɢɣɧɹɬɢ� ɞɨ� ɭɜɚɝɢ ɛɚɝɚɬɨɤɚɧɚɥɶɧɿɫɬɶ ɩɟɪɟɯɨɞɭ�� ɬɨ� ɪɿɡɧɢɰɹ� ɭ� ɡɚɫɬɨɫɭɜɚɧɧɿ�

ɡɜɢɱɚɣɧɨʀ� ɬɚ� ɿɧɮɨɪɦɚɰɿɣɧɨɸ� ɞɭɝɨɸ� ɫɬɚɽ� ɳɟ� ɛɿɥɶɲ� ɨɱɟɜɢɞɧɨɸ�� ɞɨɡɜɿɥ� ɡ�

ɿɧɮɨɪɦɚɰɿɣɧɨɸ� ɞɭɝɨɸ� ɦɨɠɟ� ɛɟɡɩɟɪɟɲɤɨɞɧɨ� ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢɫɶ� ɛɭɞɶ-ɹɤɨɸ�

ɤɿɥɶɤɿɫɬɸ� ɤɚɧɚɥɿɜ� ɩɟɪɟɯɨɞɭ�� ɩɪɨɬɟ� ɞɨɡɜɿɥ� ɡɿ� ɡɜɢɱɚɣɧɨɸ� ɞɭɝɨɸ� ɦɨɠɟ� ɛɭɬɢ�

ɜɢɤɨɪɢɫɬɚɧɢɣ�ɬɿɥɶɤɢ�ɩɨɫɥɿɞɨɜɧɢɦɢ�ɡɚɩɭɫɤɚɦɢ� ɿ�ɮɚɤɬɢɱɧɨ�ɫɬɚɽ�ɨɛɦɟɠɟɧɧɹɦ�ɧɚ�

ɜɢɤɨɧɚɧɧɹ� ɩɨɞɿʀ� ɩɨ� ɨɞɧɿɣ�� Ɉɬɠɟ�� ɿɧɮɨɪɦɚɰɿɣɧɿ� ɞɭɝɢ� ɽ� ɜɚɠɥɢɜɢɦ� ɟɥɟɦɟɧɬɨɦ�

ɦɟɪɟɠɿ�ɉɟɬɪɿ��ɹɤɢɣ�ɞɚɽ�ɡɦɨɝɭ�ɜɿɞɬɜɨɪɸɜɚɬɢ�ɛɿɥɶɲ�ɬɨɱɧɨ�ɭɦɨɜɢ�ɜɢɤɨɧɚɧɧɹ�ɩɨɞɿɣ�

ɿ� ɩɪɢ� ɰɶɨɦɭ� ɩɨɬɪɟɛɭɽ� ɦɟɧɲɟ� ɟɥɟɦɟɧɬɿɜ� ɞɥɹ� ɩɪɟɞɫɬɚɜɥɟɧɧɹ� ɬɚ� ɦɟɧɲɟ� ɤɪɨɤɿɜ 

ɿɦɿɬɚɰɿʀ�ɞɥɹ�ɜɿɞɬɜɨɪɟɧɧɹ� 
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Ɋɢɫɭɧɨɤ�����± ɉɨɪɿɜɧɹɧɧɹ�ɩɪɟɞɫɬɚɜɥɟɧɧɹ�ɩɨɞɿʀ��ɳɨ�ɜɢɤɨɧɭɽɬɶɫɹ�ɡɚ�ɞɨɞɚɬɤɨɜɨʀ�

ɭɦɨɜɢ� ɦɟɪɟɠɟɸ ɉɟɬɪɿ �ɚ��ɡɿ�ɡɜɢɱɚɣɧɢɦɢ�ɞɭɝɚɦɢ�ɬɚ �ɛ��ɡ�ɿɧɮɨɪɦɚɰɿɣɧɨɸ�ɞɭɝɨɸ. 

 

Ɇɨɦɟɧɬ� ɧɚɣɛɥɢɠɱɨʀ� ɩɨɞɿʀ� ɜɢɡɧɚɱɚɽɬɶɫɹ� ɦɿɧɿɦɚɥɶɧɢɦ� ɡɧɚɱɟɧɧɹɦ� ɡɿ ɜɫɿɯ 

ɦɨɦɟɧɬɿɜ�ɜɢɯɨɞɭ� 

௡ݐ ൌ ���
்

൬���
௤
ሾ்ܧሺݐ௡ିଵሻሿ௤൰, ݐ௡ ൒  .௡ିଵݐ

ȼɢɤɨɧɚɧɧɹ�ɩɨɞɿʀ�ɜ�ɦɨɦɟɧɬݐ�௡ ɜɿɞɛɭɜɚɽɬɶɫɹ�ɭ�ɞɜɚ�ɤɪɨɤɢ�����ɜɢɯɿɞ�ɦɚɪɤɟɪɿɜ�ɡ�

ɩɟɪɟɯɨɞɿɜ�����ɛɚɝɚɬɨɤɪɚɬɧɢɣ�ɜɯɿɞ�ɦɚɪɤɟɪɿɜ�ɜ�ɩɟɪɟɯɨɞɢ��ɉɟɪɲɨɦɭ�ɤɪɨɤɭ�ɜɿɞɩɨɜɿɞɚɽ�

ɩɟɪɟɬɜɨɪɟɧɧɹ� ɫɬɚɧɭ� ɦɟɪɟɠɿ� ɉɟɬɪɿ�� ɹɤɟ� ɩɨɡɧɚɱɚɽɬɶɫɹ� ��ାܦ ɚ� ɞɪɭɝɨɦɭ� ɤɪɨɤɭ� ± 

ɩɟɪɟɬɜɨɪɟɧɧɹ� ሺିܦሻ௠. ɉɨɡɧɚɱɟɧɧɹ� �� ɬɚ� ± ɩɿɞɤɚɡɭɸɬɶ�� ɳɨ� ɩɪɢ� ɩɟɪɲɨɦɭ�

ɩɟɪɟɬɜɨɪɟɧɧɿ�ɜɿɞɛɭɜɚɽɬɶɫɹ��ɞɨɞɚɜɚɧɧɹ ɦɚɪɤɟɪɿɜ�ɭ�ɜɢɯɿɞɧɿ�ɩɨɡɢɰɿʀ��ɚ�ɩɪɢ�ɞɪɭɝɨɦɭ�

± ɛɚɝɚɬɨɤɪɚɬɧɟ�ɜɿɞɧɿɦɚɧɧɹ�ɦɚɪɤɟɪɿɜ�ɡ�ɜɯɿɞɧɢɯ�ɩɨɡɢɰɿɣ��Ɇɿɠ�ɩɟɪɲɢɦ�ɬɚ�ɞɪɭɝɢɦ�

ɤɪɨɤɨɦ�ɽ�ɩɟɪɟɯɿɞɧɢɣ�ɫɬɚɧ�ɦɟɪɟɠɿ�ɉɟɬɪɿ܁�ା��ɹɤɢɣ�ɽ�ɪɟɡɭɥɶɬɚɬɨɦ�ɜɢɯɨɞɭ�ɦɚɪɤɟɪɿɜ�

ɡ�ɩɟɪɟɯɨɞɿɜ� 

௡ିଵሻݐሺ܁
஽శ

ሱሮ ௡ሻݐାሺ܁
ሺ஽షሻ೘
ሱۛ ۛۛሮ  ௡ሻ.    (2.2)ݐሺ܁

ɉɟɪɟɬɜɨɪɟɧɧɹ� ାǡܦ ��ɦɨɠɭɬɶିܦ ɛɭɬɢ� ɩɪɟɞɫɬɚɜɥɟɧɿ� ɥɨɝɿɤɨ-ɚɥɝɟɛɪɚʀɱɧɢɦɢ�

ɪɿɜɧɹɧɧɹɦɢ�[36], ɹɤɿ�ɦɚɬɟɦɚɬɢɱɧɨ�ɨɩɢɫɭɸɬɶ�ɪɟɡɭɥɶɬɚɬ�ɬɚɤɢɯ�ɞɿɣ� 

�Ⱦɥɹ (ାܦ) � ɜɫɿɯ� ɩɟɪɟɯɨɞɿɜ� ɦɟɪɟɠɿ� ɉɟɬɪɿ�� ɹɤɳɨ� ɦɨɦɟɧɬ� ɱɚɫɭ ɫɩɿɜɩɚɞɚɽ� ɡ�

ɦɨɦɟɧɬɨɦ� ɜɢɯɨɞɭ� ɡ� ɩɟɪɟɯɨɞɭ�� ɬɨ� ɜ� ɭɫɿ ɜɢɯɿɞɧɿ ɩɨɡɢɰɿʀ ɩɟɪɟɯɨɞɭ� ɞɨɞɚɬɢ�

ɤɿɥɶɤɿɫɬɶ�ɦɚɪɤɟɪɿɜ��ɳɨ�ɞɨɪɿɜɧɸɽ�ɤɪɚɬɧɨɫɬɿ�ɜɿɞɩɨɜɿɞɧɨʀ�ɞɭɝɢ��ɬɚ�ɜɢɞɚɥɢɬɢ�ɡ�

�ɚ� �ɛ� 

2     

1 

ɫondition  

serve  

 2 

check 1  serve  

ɫondition 

3 3    

serve   check serve  
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ɦɧɨɠɢɧɢ�ɦɨɦɟɧɬɿɜ�ɜɢɯɨɞɭ�ɩɟɪɟɯɨɞɭ�ɜɿɞɩɨɜɿɞɧɟ�ɡɧɚɱɟɧɧɹ��ɹɤɳɨ�ɜ�ɦɧɨɠɢɧɿ�

ɛɿɥɶɲɟ�ɧɿɠ���ɟɥɟɦɟɧɬ��ɚɛɨ ɡɚɦɿɧɢɬɢ�ɡɧɚɱɟɧɧɹ�ɧɚ�λ��ɹɤɳɨ�ɜ�ɦɧɨɠɢɧɿ�ɬɿɥɶɤɢ�

��ɟɥɟɦɟɧɬ. 

�Ⱦɥɹ (ିܦ) � ɜɫɿɯ� ɩɟɪɟɯɨɞɿɜ� ɦɟɪɟɠɿ� ɉɟɬɪɿ�� ɹɤɳɨ� ɜɢɤɨɧɚɧɚ� ɭɦɨɜɚ� ɜɯɨɞɭ�

ɦɚɪɤɟɪɿɜ�ɜ�ɩɟɪɟɯɿɞ��ɬɨ�ɡ�ɭɫɿɯ�ɜɯɿɞɧɢɯ�ɩɨɡɢɰɿɣ�ɩɟɪɟɯɨɞɭ�ɜɿɞɧɹɬɢ�ɤɿɥɶɤɿɫɬɶ�

ɦɚɪɤɟɪɿɜ��ɳɨ�ɞɨɪɿɜɧɸɽ�ɤɪɚɬɧɨɫɬɿ�ɜɿɞɩɨɜɿɞɧɨʀ�ɞɭɝɢ��ɬɚ�ɞɨɞɚɬɢ�ɞɨ�ɦɧɨɠɢɧɢ�

ɦɨɦɟɧɬɿɜ�ɜɢɯɨɞɭ�ɩɟɪɟɯɨɞɭ�ɧɨɜɟ�ɡɧɚɱɟɧɧɹ��ɹɤɳɨ�ɦɨɦɟɧɬ�ɧɚɣɛɥɢɠɱɨʀ�ɩɨɞɿʀ�

ɦɟɧɲɢɣ�ɡɚ�λ��ɚɛɨ�ɡɚɦɿɧɢɬɢ�ɡɧɚɱɟɧɧɹ�ɧɚ�ɧɨɜɟ�ɜ�ɩɪɨɬɢɜɧɨɦɭ�ɜɢɩɚɞɤɭ��ɇɨɜɟ�

ɡɧɚɱɟɧɧɹ�ɜɢɯɨɞɭ�ɦɚɪɤɟɪɿɜ�ɪɨɡɪɚɯɨɜɭɽɬɶɫɹ�ɹɤ�ɩɨɬɨɱɧɢɣ�ɦɨɦɟɧɬ�ɱɚɫɭ�ɩɥɸɫ�

ɡɧɚɱɟɧɧɹ�ɱɚɫɨɜɨʀ�ɡɚɬɪɢɦɤɢ�ɜ�ɩɟɪɟɯɨɞɿ�  

� (ሺିܦሻ௠�� ȼɯɿɞ� ɦɚɪɤɟɪɿɜ� ɩɨɜɬɨɪɸɽɬɶɫɹ� ɛɚɝɚɬɨɤɪɚɬɧɨ� ɞɨɤɢ� ɽ� ɯɨɱ� ɨɞɢɧ�

ɩɟɪɟɯɿɞ��ɞɥɹ�ɹɤɨɝɨ�ɜɢɤɨɧɚɧɚ�ɭɦɨɜɚ�ɜɯɨɞɭ�ɦɚɪɤɟɪɿɜ��ɑɢɫɥɨ�m ɽ�ɤɿɥɶɤɿɫɬɸ�

ɜɯɨɞɿɜ�ɦɚɪɤɟɪɿɜ�ɞɨ�ɞɨɫɹɝɧɟɧɧɹ�ɫɬɚɧɭ�ɦɟɪɟɠɿ�ɉɟɬɪɿ��ɜ�ɹɤɨɦɭ�ɞɥɹ�ɠɨɞɧɨɝɨ�ɡ�

ʀʀ�ɩɟɪɟɯɨɞɿɜ�ɧɟ�ɜɢɤɨɧɚɧɚ�ɭɦɨɜɚ�ɜɯɨɞɭ�ɦɚɪɤɟɪɿɜ� 

ɍɦɨɜɚ�ɜɯɨɞɭ�ɦɚɪɤɟɪɿɜ�ɜ�ɩɟɪɟɯɿɞ�ɜɢɤɨɧɚɧɚ�ɬɨɞɿ� ɿ�ɬɿɥɶɤɢ�ɬɨɞɿ��ɤɨɥɢ�ɜ� ɭɫɿɯ�

ɜɯɿɞɧɢɯ�ɩɨɡɢɰɿɹɯ�ɩɟɪɟɯɨɞɭ�ɧɚɹɜɧɚ�ɤɿɥɶɤɿɫɬɶ�ɦɚɪɤɟɪɿɜ�ɧɟ�ɦɟɧɲɚ�ɡɚ�ɤɪɚɬɧɿɫɬɶ�ɞɭɝɢ��

ɳɨ�ɡ¶ɽɞɧɭɽ�ɩɨɡɢɰɿɸ�ɡ�ɩɟɪɟɯɨɞɨɦ��Ɇɚɬɟɦɚɬɢɱɧɨ�ɫɮɨɪɦɭɥɸɜɚɬɢ�ɜɢɤɨɧɚɧɧɹ�ɭɦɨɜɢ�

ɞɥɹ�ɩɟɪɟɯɨɞɭ�ܶ ɜ�ɦɨɦɟɧɬ�ɱɚɫɭݐ�௡ ɦɨɠɧɚ�ɱɟɪɟɡ�ɬɚɤɢɣ ɩɪɟɞɢɤɚɬܫ�ሺܶǡ  :௡ሻݐ

ሺܶǡܫ ௡ሻݐ ൌ � ቊ
ͳǡ ǣܲ׊���� ሺܲǡ ܶሻ א ௡ିଵሻݐሺࡼܯ�����࡭ ൒ ௉ܹǡ்�
Ͳǡܲ׌���ǣ�ሺܲǡ ܶሻ א ௡ିଵሻݐሺࡼܯ����ۯ ൏ ௉ܹǡ்

    (2.3) 

 Ɉɬɠɟ�� ɭɦɨɜɚ� ɜɯɨɞɭ� ɦɚɪɤɟɪɿɜ� ɜ� ɩɟɪɟɯɿɞ� ɝɚɪɚɧɬɭɽ�� ɳɨ� ɩɪɢ� ɜɢɤɨɧɚɧɧɿ�

ɩɟɪɟɬɜɨɪɟɧɧɹିܦ� ɧɟ� ɦɨɠɟ� ɡ¶ɹɜɢɬɢɫɶ� ɜɿɞ¶ɽɦɧɟ� ɦɚɪɤɿɪɭɜɚɧɧɹ� ɜ� ɩɨɡɢɰɿʀ� ɦɟɪɟɠɿ�

ɉɟɬɪɿ�  

ɍ�ɡɜ¶ɹɡɤɭ�ɡ�ɜɯɨɞɨɦ�ɦɚɪɤɟɪɿɜ�ɜ�ɩɟɪɟɯɨɞɢ�ɨɛɨɜ¶ɹɡɤɨɜɨ�ɩɨɬɪɿɛɧɨ�ɜɤɚɡɭɜɚɬɢ�ɹɤ�

ɜɢɪɿɲɭɸɬɶɫɹ�ɤɨɧɮɥɿɤɬɢ�ɩɟɪɟɯɨɞɿɜ��Ʉɨɧɮɥɿɤɬ�ɜɢɧɢɤɚɽ��ɤɨɥɢ�ɨɞɧɨɱɚɫɧɨ�ɜɢɤɨɧɚɧɚ�

ɭɦɨɜɚ� ɞɥɹ� ɛɿɥɶɲ� ɧɿɠ� ɨɞɧɨɝɨ� ɩɟɪɟɯɨɞɭ. Ɉɫɤɿɥɶɤɢ� ɜɿɞ� ɩɨɫɥɿɞɨɜɧɨɫɬɿ� ɡɚɩɭɫɤɭ�

ɩɟɪɟɯɨɞɿɜ�ɦɨɠɟ�ɡɚɥɟɠɚɬɢ�ɭ�ɡɧɚɱɧɿɣ�ɦɿɪɿ�ɪɟɡɭɥɶɬɚɬ�ɦɨɞɟɥɸɜɚɧɧɹ��ɬɨ�ɫɩɨɫɿɛ��ɹɤɢɣ�

ɜɢɤɨɪɢɫɬɨɜɭɽ� ɚɥɝɨɪɢɬɦ� ɿɦɿɬɚɰɿʀ� ɞɥɹ� ɜɢɪɿɲɟɧɧɹ� ɤɨɧɮɥɿɤɬɭ�� ɽ� ɜɚɠɥɢɜɢɦ� 

ɋɬɨɯɚɫɬɢɱɧɚ ɦɟɪɟɠɚ� ɉɟɬɪɿ� ɡ� ɛɚɝɚɬɨɤɚɧɚɥɶɧɢɦɢ� ɬɚ� ɤɨɧɮɥɿɤɬɧɢɦɢ� ɩɟɪɟɯɨɞɚɦɢ�
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ɜɢɡɧɚɱɚɽ� ɬɚɤɟ� ɩɪɚɜɢɥɨ� ɞɥɹ� ɪɨɡɜ¶ɹɡɚɧɧɹ� ɤɨɧɮɥɿɤɬɭ� ɩɟɪɟɯɨɞɿɜ� >36]: ɡ� ɭɫɿɯ�

ɩɟɪɟɯɨɞɿɜ�� ɞɥɹ� ɹɤɢɯ� ɜɢɤɨɧɚɧɚ ɭɦɨɜɚ� ɜɯɨɞɭ� ɦɚɪɤɟɪɿɜ�� ɨɛɢɪɚɸɬɶɫɹ� ɩɟɪɟɯɨɞɢ� ɡ�

ɧɚɣɜɢɳɢɦ� ɩɪɿɨɪɢɬɟɬɨɦ� ɿ�� ɹɤɳɨ� ʀɯ� ɛɿɥɶɲɟ� ɨɞɧɨɝɨ�� ɬɨ� ɩɨɞɚɥɶɲɢɣ� ɜɢɛɿɪ�

ɡɞɿɣɫɧɸɽɬɶɫɹ� ɡɚ� ɩɚɪɚɦɟɬɪɨɦ� ɣɦɨɜɿɪɧɨɫɬɿ� ɡɚɩɭɫɤɭ�� Ɇɚɬɟɦɚɬɢɱɧɨ� ɰɟ� ɦɨɠɧɚ�

ɩɪɟɞɫɬɚɜɢɬɢ ɬɚɤɢɦ�ɜɢɪɚɡɨɦ: 

௞ܶ א ܂ ׷ � ሺܫሺ ௞ܶǡ ሻݐ ൌ ͳሻ ר ൬ܿ௞ ൌ ���
௝ ௝ܿ൰ ר ൬ߦ ൏

σ ௕೔ೖ
೔సభ

σ ௕೔೙
೔సభ

൰, 

ɞɟ �݇ ± ɿɧɞɟɤɫ�ɩɟɪɟɯɨɞɭ��ɹɤɢɣ�ɜɢɝɪɚɜ�ɤɨɧɮɥɿɤɬ� 

 ,������ɜɢɩɚɞɤɨɜɟ�ɱɢɫɥɨ��ɪɿɜɧɨɦɿɪɧɨ�ɪɨɡɩɨɞɿɥɟɧɟ�ɜ�ɿɧɬɟɪɜɚɥɿ ± ߦ

݊ ൌ ȁ܃ȁǡ܃ ൌ ൜ܶ א ܂ ׷ � ሺܫሺܶǡ ሻݐ ൌ ͳሻ ר ൬்ܿ ൌ ���
௝ ௝ܿ൰ൠ�� ± ɤɿɥɶɤɿɫɬɶ� ɩɟɪɟɯɨɞɿɜ� ɡ�

ɜɢɤɨɧɚɧɨɸ�ɭɦɨɜɨɸ�ɡɚɩɭɫɤɭ�ɬɚ�ɧɚɣɜɢɳɢɦ�ɩɪɿɨɪɢɬɟɬɨɦ� 

௝ܿ, ݆ ൌ ͳǡ ݊തതതതത ± ɡɧɚɱɟɧɧɹ�ɩɪɿɨɪɢɬɟɬɭ ɩɟɪɟɯɨɞɭ� ௝ܶ , 

௝ܾ ,  ݆ ൌ ͳǡ ݊തതതതത ± ɡɧɚɱɟɧɧɹ�ɣɦɨɜɿɪɧɨɫɬɿ�ɡɚɩɭɫɤɭ�ɩɟɪɟɯɨɞɭ� ௝ܶ . 

Ʉɨɠɧɨɝɨ�ɪɚɡɭ�ɜ�ɪɟɡɭɥɶɬɚɬɿ�ɜɢɪɿɲɟɧɧɹ�ɤɨɧɮɥɿɤɬɭ�ɜɢɡɧɚɱɚɽɬɶɫɹ�ɨɞɢɧ�ɩɟɪɟɯɿɞ�

ɿ� ɡɞɿɣɫɧɸɽɬɶɫɹ� ɩɟɪɟɬɜɨɪɟɧɧɹ ିܦ�� ɉɿɫɥɹ� ɡɦɿɧɢ� ɫɬɚɧɭ� ɦɟɪɟɠɿ� ɉɟɬɪɿ� ɡɧɨɜɭ�

ɜɢɤɨɧɭɽɬɶɫɹ�ɫɩɪɨɛɚ�ɜɢɤɨɧɚɬɢ�ɜɯɿɞ�ɦɚɪɤɟɪɿɜ�ɜ�ɩɟɪɟɯɿɞ� ɿ�ɹɤɳɨ�ɬɿɥɶɤɢ�ɞɨɫɹɝɧɭɬɨ�

ɫɬɚɧ��ɜ�ɹɤɨɦɭ�ɜɯɿɞ�ɦɚɪɤɟɪɿɜ�ɧɟɦɨɠɥɢɜɢɣ��ɬɨ�ɫɩɪɨɛɢ�ɩɪɢɩɢɧɹɸɬɶɫɹ��ɚ�ɚɥɝɨɪɢɬɦ�

ɩɟɪɟɯɨɞɢɬɶ�ɞɨ�ɧɚɫɬɭɩɧɨɝɨ�ɫɜɨɝɨ�ɤɪɨɤɭ��- ɜɢɡɧɚɱɟɧɧɹ�ɦɨɦɟɧɬɭ�ɧɚɣɛɥɢɠɱɨʀ�ɩɨɞɿʀ� 

ɇɚɩɪɢɤɥɚɞ�� ɧɚ� ɪɢɫɭɧɤɭ� ��3 �ɚ�� ɞɥɹ� ɜɫɿɯ� ɬɪɶɨɯ� ɩɟɪɟɯɨɞɿɜ� ɜɢɤɨɧɚɧɚ� ɭɦɨɜɚ�

ɡɚɩɭɫɤɭ�ɿ�ɹɤɳɨ�ɜɨɧɢ�ɭɫɿ�ɜɤɚɡɚɧɿ�ɡ�ɨɞɧɚɤɨɜɢɦ�ɡɧɚɱɟɧɧɹɦ�ɩɪɿɨɪɢɬɟɬɭ�ɬɚ�ɨɞɧɚɤɨɜɨɸ�

ɣɦɨɜɿɪɧɿɫɬɸ��ɬɨ�ɦɨɠɥɢɜɢɦɢ�ɽ�ɩɨɫɥɿɞɨɜɧɨɫɬɿ�ɡɚɩɭɫɤɿɜ : 
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ݒ ՜ ݒ ՜ ݔ ՜  ݓ
ݒ ՜ ݒ ՜ ݓ ՜  ݔ
ݒ ՜ ݒ ՜ ݓ ՜  ݓ
ݒ ՜ ݓ ՜ ݒ ՜  ݓ
ݒ ՜ ݔ ՜  ݔ
ݒ ՜ ݔ ՜  ݓ
ݒ ՜ ݓ ՜  ݔ
 

ݔ ՜ ݒ ՜ ݒ ՜  ݓ
ݔ ՜ ݓ ՜ ݒ ՜  ݒ
ݔ ՜ ݒ ՜ ݓ ՜  ݒ
ݔ ՜ ݒ ՜ ݒ ՜  ݓ
ݔ ՜ ݔ ՜ ݒ ՜  ݒ
ݔ ՜ ݒ ՜ ݒ ՜  ݔ
ݔ ՜ ݒ ՜ ݔ ՜  ݒ
 
 

ݓ ՜ ݒ ՜ ݒ ՜  ݔ
ݓ ՜ ݔ ՜ ݒ ՜  ݒ
ݓ ՜ ݓ ՜ ݒ ՜  ݒ
ݓ ՜ ݒ ՜ ݒ ՜  ݓ
ݓ ՜ ݒ ՜ ݓ ՜  ݒ
ݓ ՜ ݔ ՜ ݒ ՜  ݔ
ݓ ՜ ݔ ՜  ݒ
ݓ ՜ ݒ ՜  ݔ

Ɂɚɡɧɚɱɟɧɿ� ɩɨɫɥɿɞɨɜɧɨɫɬɿ� ɩɪɢɡɜɨɞɹɬɶ� ɞɨ� ɪɿɡɧɨɝɨ� ɤɿɧɰɟɜɨɝɨ� ɦɚɪɤɿɪɭɜɚɧɧɹ, 

ɩɪɨɬɟ� ɭɫɿ� ɜɨɧɢ� ɜɢɡɧɚɱɚɸɬɶɫɹ� ɞɨɫɹɝɧɟɧɧɹɦ� ɫɬɚɧɭ�� ɜ� ɹɤɨɦɭ� ɠɨɞɟɧ� ɡ� ɩɟɪɟɯɨɞɿɜ�

ɦɟɪɟɠɿ�ɉɟɬɪɿ�ɧɟ�ɡɚɩɭɫɤɚɽɬɶɫɹ� 

ɇɚ� ɪɢɫɭɧɤɭ� ��3 �ɛ�� ɩɟɪɟɯɿɞ� T2 ɜɤɚɡɚɧɢɣ� ɡ� ɛɿɥɶɲ� ɜɢɫɨɤɢɦ� ɡɧɚɱɟɧɧɹɦ�

ɩɪɿɨɪɢɬɟɬɭ��ɜɿɡɭɚɥɶɧɨ�ɰɟ�ɩɨɦɿɬɧɨ�ɩɨ�ɛɿɥɶɲɿɣ�ɲɢɪɢɧɿ�ɝɪɚɮɿɱɧɨɝɨ�ɟɥɟɦɟɧɬɭ�� ɉɪɢ�

ɩɟɪɟɜɿɪɰɿ�ɭɦɨɜɢ�ɜɯɨɞɭ�ɦɚɪɤɟɪɿɜ�ɬɿɥɶɤɢ�ɜɿɧ�ɨɞɢɧ�ɜɢɹɜɢɬɶɫɹ�ɭ�ɝɪɭɩɿ�ɡ�ɧɚɣɜɢɳɢɦ�

ɩɪɿɨɪɢɬɟɬɨɦ��ɬɨɦɭ ɡɞɿɣɫɧɸɽɬɶɫɹ ɜɯɿɞ�ɦɚɪɤɟɪɿɜ�ɫɚɦɟ�ɜ�ɰɟɣ�ɩɟɪɟɯɿɞ��Ɇɚɽɦɨ�ɬɿɥɶɤɢ�

ɬɚɤɿ ɦɨɠɥɢɜɿ ɩɨɫɥɿɞɨɜɧɨɫɬɿ ɜɯɨɞɿɜ�ɜ�ɩɟɪɟɯɨɞɢ�ݒ � ՜ ݒ ՜ ݒ�ɚɛɨ ݔ ՜ ݒ ՜  .ݓ

 
Ɋɢɫɭɧɨɤ���3 ± Ʉɨɧɮɥɿɤɬɧɿ�ɩɟɪɟɯɨɞɢ�ɫɬɨɯɚɫɬɢɱɧɨʀ�ɦɟɪɟɠɿ�ɉɟɬɪɿ 

Ɋɨɡɜ¶ɹɡɚɧɧɹ� ɤɨɧɮɥɿɤɬɿɜ� ɜɿɞɬɜɨɪɸɽ� ɫɬɨɯɚɫɬɢɱɧɿɫɬɶ� ɩɟɪɟɛɿɝɭ� ɩɨɞɿɣ�� ɹɤɿ�

ɜɿɞɛɭɜɚɸɬɶɫɹ� ɜ� ɫɢɫɬɟɦɿ� ɍ� ɤɨɧɬɟɤɫɬɿ� ɩɚɪɚɥɟɥɶɧɢɯ� ɨɛɱɢɫɥɟɧɶ� ɫɬɨɯɚɫɬɢɱɧɿɫɬɶ�

ɜɢɧɢɤɚɽ��ɧɚɩɪɢɤɥɚɞ� ɩɪɢ�ɡɚɯɨɩɥɟɧɧɿ�ɥɨɤɟɪɚ�ɬɢɦ�ɱɢ�ɿɧɲɢɦ�ɩɨɬɨɤɨɦ� 

Ɋɿɜɧɹɧɧɹ�ɫɬɚɧɭ ɫɬɨɯɚɫɬɢɱɧɨʀ�ɦɟɪɟɠɿ�ɉɟɬɪɿ�ɦɚɸɬɶ�ɜɢɝɥɹɞ [37]: 
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ە
ۖ
۔

ۖ
௡ݐۓ ൌ ���

்
൬���

௤
ሾ்ܧሺݐ௡ିଵሻሿ௤൰ ǡ

௡ሻݐሺ܁ ൌ ሺିܦሻ௠ܦା൫܁ሺݐ௡ିଵሻ൯ǡ
݉ǣ� ש் ሺܶǡܫ ௡ሻݐ ൌ Ͳǡ

௡ݐ ൑ ௠ܶ௢ௗǡ

     (2.4) 

ɞɟ ݐ௡, ݊ ൌ ͳǡ ʹǥ - ɦɨɦɟɧɬɢ�ɱɚɫɭ��ɜ�ɹɤɿ�ɜɿɞɛɭɜɚɸɬɶɫɹ�ɜɢɯɨɞɢ�ɦɚɪɤɟɪɿɜ�ɡ�ɦɟɪɟɠɿ�

ɉɟɬɪɿ� 

ሺܶǡܫ   ,������௡ሻ ± ɩɪɟɞɢɤɚɬ��ɜɢɡɧɚɱɟɧɢɣ�ɜɢɪɚɡɨɦݐ

௠ܶ௢ௗ ± ɱɚɫ�ɦɨɞɟɥɸɜɚɧɧɹ� 

 ɉɟɪɲɟ�ɪɿɜɧɹɧɧɹ�ɫɢɫɬɟɦɢ�������ɜɢɡɧɚɱɚɽ�ɩɪɨɫɭɜɚɧɧɹ�ɱɚɫɭ��ɞɪɭɝɟ�ɪɿɜɧɹɧɧɹ�± 

ɡɦɿɧɭ�ɫɬɚɧɭ�ɦɟɪɟɠɿ�ɉɟɬɪɿ��ɬɪɟɬɽ�± ɤɿɥɶɤɿɫɬɶ�ɛɚɝɚɬɨɤɪɚɬɧɢɯ�ɜɯɨɞɿɜ�ɞɨ�ɞɨɫɹɝɧɟɧɧɹ�

ɫɬɚɧɭ��ɜ�ɹɤɨɦɭ�ɠɨɞɟɧ�ɡ�ɩɟɪɟɯɨɞɿɜ�ɦɟɪɟɠɿ�ɉɟɬɪɿ�ɧɟ�ɡɚɩɭɫɤɚɽɬɶɫɹ��ɱɟɬɜɟɪɬɟ�± ɭɦɨɜɭ�

ɡɚɜɟɪɲɟɧɧɹ� ɿɦɿɬɚɰɿʀ��ɍ�ɩɨɱɚɬɤɨɜɨɦɭ�ɫɬɚɧɿ�ɦɟɪɟɠɿ�ɉɟɬɪɿ�ɞɥɹ� ɜɫɿɯ�ɩɟɪɟɯɨɞɿɜ�� ɹɤ�

ɩɪɚɜɢɥɨ�� ɜɤɚɡɭɸɬɶ� ɫɬɚɧ� ଴ሻݐሺ்ܧ ൌ � ሼλሽ�� ɚ� ɜ� ɩɨɡɢɰɿɹɯ� ɜɤɚɡɭɸɬɶ� ɩɨɱɚɬɤɨɜɟ�

ɦɚɪɤɿɪɭɜɚɧɧɹ��Ɉɫɤɿɥɶɤɢ�ɩɨɬɨɱɧɟ�ɡɧɚɱɟɧɧɹ�ɱɚɫɭ��t = 0��ɧɟ�ɫɩɿɜɩɚɞɚɽ�ɿɡ�ɡɧɚɱɟɧɧɹɦ�

ɦɨɦɟɧɬɭ�ɜɢɯɨɞɭ�ɦɚɪɤɟɪɿɜ�ɡ�ɩɟɪɟɯɨɞɭ (Ͳ ് λ)��ɬɨ�ɞɥɹ�ɠɨɞɧɨɝɨ�ɩɟɪɟɯɨɞɭ�ɜɢɯɿɞ�ɧɟ�

ɜɢɤɨɧɭɽɬɶɫɹ�ɿ�ɪɟɡɭɥɶɬɚɬɨɦ�ɩɟɪɟɬɜɨɪɟɧɧɹܦ�ା ɭ�ɰɶɨɦɭ�ɜɢɩɚɞɤɭ�ɛɭɞɟ�ɬɨɣ�ɠɟ�ɫɬɚɧ��

଴ሻ൯ݐሺ܁ା൫ܦ ൌ �ሻ௠��ɳɨିܦ଴ሻ. Ɂɚ�ɧɚɫɬɭɩɧɢɦ�ɤɪɨɤɨɦ�ɜɿɞɛɭɜɚɽɬɶɫɹ�ɩɟɪɟɬɜɨɪɟɧɧɹ�ሺݐሺ܁

ɡɦɿɧɸɽ�ɦɚɪɤɿɪɭɜɚɧɧɹ�ɩɨɡɢɰɿɣ�ɬɚ�ɫɬɚɧ�ɩɟɪɟɯɨɞɿɜ��əɤɳɨ�ɯɨɱ�ɞɥɹ�ɨɞɧɨɝɨ�ɩɟɪɟɯɨɞɭ�

ɛɭɜ�ɜɢɤɨɧɚɧɢɣ�ɜɯɿɞ�ɦɚɪɤɟɪɿɜ��ɬɨ�ɧɨɜɟ�ɡɧɚɱɟɧɧɹ�ɦɨɦɟɧɬɭ�ɜɢɯɨɞɭ�ɡ�ɩɟɪɟɯɨɞɭ�ɦɨɠɟ�

ɫɬɚɬɢ� ɦɨɦɟɧɬɨɦ� ɧɚɣɛɥɢɠɱɨʀ� ɩɨɞɿʀ�� ɉɿɫɥɹ� ɩɪɨɫɭɜɚɧɧɹ� ɱɚɫɭ� ɜ� ɰɟɣ� ɦɨɦɟɧɬ�

ɜɿɞɛɭɞɟɬɶɫɹ�ɜɢɯɿɞ�ɦɚɪɤɟɪɿɜ�ɿ� ɡɧɨɜɭ�ɜɯɿɞ�ɦɚɪɤɟɪɿɜ�ɜ�ɩɟɪɟɯɨɞɭ��ɉɪɨɫɭɜɚɧɧɹ�ɱɚɫɭ�

ɜɿɞɛɭɜɚɽɬɶɫɹ�� ɞɨɤɢ� ɧɨɜɢɣ� ɦɨɦɟɧɬ� ɱɚɫɭ� ɧɟ� ɩɟɪɟɜɢɳɭɽ� ɡɚɞɚɧɟ� ɡɧɚɱɟɧɧɹ� ɱɚɫɭ�

ɿɦɿɬɚɰɿʀ� 

2.2.3 ɉɨɧɹɬɬɹ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɨʀ�ɦɨɞɟɥɿ 

ɉɪɢɩɭɫɬɢɦɨ��ɳɨ�ɫɭɩɟɪɤɥɚɫ Ȧ ɦɿɫɬɢɬɶ�ɩɨɥɟ��ɹɤɟ�ɡɛɟɪɿɝɚɽ�ɿɧɮɨɪɦɚɰɿɸ�ɩɪɨ�

ɦɟɪɟɠɭ�ɉɟɬɪɿ�� ɬɚ� ɦɟɬɨɞɢ�� ɹɤɿ� ɧɟɨɛɯɿɞɧɿ� ɞɥɹ� ɡɦɿɧɸɜɚɧɧɹ� ɫɬɚɧɭ�ɦɟɪɟɠɿ�ɉɟɬɪɿ� ɭ�

ɜɿɞɩɨɜɿɞɧɨɫɬɿ�ɞɨ�ɩɟɪɟɬɜɨɪɟɧɶିܦ� ɬɚܦ�ା ɜɿɞɩɨɜɿɞɧɨ��Ɍɨɞɿ�ɛɭɞɶ-ɹɤɢɣ�ɨɛ¶ɽɤɬ�ɬɚɤɨɝɨ�

ɤɥɚɫɭ�ɦɨɠɟ�ɜɿɞɬɜɨɪɸɜɚɬɢ�ɡɚɩɭɫɤɢ�ɩɟɪɟɯɨɞɿɜ�ɦɟɪɟɠɿ�ɉɟɬɪɿ�� ɡɚɞɚɧɨʀ�ɜ�ɣɨɝɨ�ɩɨɥɿ�
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net��ɉɪɢ�ɰɶɨɦɭ�ɝɚɪɚɧɬɭɽɬɶɫɹ��ɳɨ�ɭɫɿ�ɨɛ¶ɽɤɬɢ�ɫɭɩɟɪɤɥɚɫɭ�ɜɿɞɬɜɨɪɸɸɬɶ�ɡɚɩɭɫɤɢ�

ɩɟɪɟɯɨɞɿɜ�ɦɟɪɟɠɿ�ɉɟɬɪɿ�ɨɞɧɚɤɨɜɨ� 

Ɉɬɠɟ� ɨɛ¶ɽɤɬ� �ɽ ݋ ɉɟɬɪɿ-ɨɛ¶ɽɤɬɨɦ�� ɹɤɳɨ ɿ� ɬɿɥɶɤɢ� ɹɤɳɨ� ɜɿɧ� ɽ ɨɛ¶ɽɤɬɨɦ�

ɫɭɩɟɪɤɥɚɫɭ�Ȧ: 

݋ ؿ Ȧ.      (2.5) 

Ɉɬɨɬɨɠɧɟɧɧɹ� ɩɨɡɢɰɿɣ� ɦɟɪɟɠ� ɉɟɬɪɿ-ɨɛ¶ɽɤɬɿɜ� ɞɚɽ� ɡɦɨɝɭ� ɩɟɪɟɞɚɬɢ�

ɿɧɮɨɪɦɚɰɿɸ�ɩɪɨ�ɡɦɿɧɸɜɚɧɧɹ�ɜ�ɨɞɧɨɦɭ�ɡ�ɧɢɯ�ɿɧɲɨɦɭ� 

ܽǤ Ǥݐ݁݊ ௝ܲ �ൌ �ܾǤ Ǥݐ݁݊ ௜ܲ �ǡ 

ɞɟ�ܽ ؿ Ȧ, ܾ ؿ Ȧ ± ɉɟɬɪɿ-ɨɛ¶ɽɤɬɢ� 

ܽǤ ǡݐ݁݊ ܾǤ  �ʀɯ�ɦɟɪɟɠɿ�ɉɟɬɪɿ  ± ݐ݁݊

ܽǤ Ǥݐ݁݊ ௝ܲǡ ܾǤ Ǥݐ݁݊ ௜ܲ ± ɩɨɡɢɰɿʀ�ɦɟɪɟɠ�ɉɟɬɪɿ��ɹɤɿ�ɨɬɨɬɨɠɧɸɸɬɶɫɹ� 

 Ⱦɥɹ�ɩɚɪɢ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɿɜ�ɦɨɠɟ�ɛɭɬɢ�ɜɢɡɧɚɱɟɧɨ�ɤɿɥɶɤɚ�ɩɚɪ�ɨɬɨɬɨɠɧɟɧɶ��ɹɤɿ�

ɭɬɜɨɪɸɸɬɶ�ɤɨɧɟɤɬɨɪ ܿሺܽǡ ܾሻ ɰɢɯ�ɨɛ¶ɽɤɬɿɜ� 

ܿሺܽǡ ܾሻ ൌ ൛൫ܽǤ Ǥݐ݁݊ ௝ܲ�ǡ ܾǤ Ǥݐ݁݊ ௜ܲ൯ȁ� ௝ܲ א ܽǤ Ǥݐ݁݊ ǡ۾ ௜ܲ א ܾǤ Ǥݐ݁݊  ,�ൟ۾

ɞɟ��ܽǤ Ǥݐ݁݊ ܲ א ܽǤ Ǥݐ݁݊ Ǥܾ  ,۾ Ǥݐ݁݊ ܲ א ܾǤ Ǥݐ݁݊  ,ɩɨɡɢɰɿʀ�ɦɟɪɟɠ ɉɟɬɪɿ-ɨɛ¶ɽɤɬɿɜ�ܽ ɬɚ�ܾ ± ۾

ܽǤ ǡݐ݁݊ ܾǤ  .ɦɟɪɟɠɿ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɿɜ�ܽ ɬɚ�ܾ ±�ݐ݁݊

ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɚ�ɦɨɞɟɥɶ�± ɰɟ�ɦɨɞɟɥɶ��ɳɨ�ɤɨɧɫɬɪɭɸɽɬɶɫɹ�ɡ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɿɜ�ɬɚ�

ɤɨɧɟɤɬɨɪɿɜ��ɹɤɿ ɭɬɜɨɪɸɸɬɶ ɡɜ¶ɹɡɤɢ�ɦɿɠ�ɧɢɦɢ�� 

ܷ ൌ ቄܱǡ �ȁ�ܱܥ ൌ ൛݋௜ǡ ݅ ൌ ͳǡ ݄തതതതതǡ ȁ݋�௜ ؿ Ȧ�ൟǡ ܥ ൌ ൛൫݋௜ǡ ௝൯ȁ�݅݋ ് ݆ൟቅ.   (2.6) 

Ɂɜ¶ɹɡɤɢ� ɦɿɠ� ɉɟɬɪɿ-ɨɛ¶ɽɤɬɚɦɢ�� ɜɢɤɨɧɚɧɿ� ɡɚ� ɞɨɩɨɦɨɝɨɸ� ɨɬɨɬɨɠɧɟɧɶ��

ɝɚɪɚɧɬɭɸɬɶ�� ɳɨ� ɞɢɧɚɦɿɤɭ� ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɨʀ� ɦɨɞɟɥɿ� ɩɨɜɧɿɫɬɸ� ɜɢɡɧɚɱɚɽ� ɦɟɪɟɠɚ�

ɉɟɬɪɿ��ɹɤɚ�ɽ�ɨɛ¶ɽɞɧɚɧɧɹɦ�ɦɟɪɟɠ�ʀʀ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɿɜ� 

ܷǤ݊݁ݐ ൌ ڂ� ௝Ǥ݋ ௝ݐ݁݊ .     (2.7) 

Ɍɨɦɭ�ɚɥɝɨɪɢɬɦ�ɿɦɿɬɚɰɿʀ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɨʀ�ɦɨɞɟɥɿ�ɜɿɞɬɜɨɪɸɽ�ɮɭɧɤɰɿɨɧɭɜɚɧɧɹ�

ɦɟɪɟɠɿ� ɉɟɬɪɿ�� ɹɤɚ� ɽ� ɨɛ¶ɽɞɧɚɧɧɹɦ� ɦɟɪɟɠ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɿɜ�� ɉɪɨɬɟ�� ɹɤ� ɞɨɜɟɞɟɧɨ� ɜ�

ɪɨɛɨɬɿ� [33], ɩɟɪɟɬɜɨɪɟɧɧɹିܦ� ɬɚܦ�ା ɦɟɪɟɠɿ�ܷǤ �ɦɨɠɭɬɶ ݐ݁݊ ɛɭɬɢ� ɪɨɡɞɿɥɟɧɿ� ɧɚ�

ɩɟɪɟɬɜɨɪɟɧɧɹିܦ� ɬɚܦ�ା ʀʀ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɿɜ� 
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௡ሻሻݐሺ܁ሺିܦ ൌ

ە
ۖ
۔

ۖ
௡ሻ൯ݐ૚ሺ܁൫ିܦۓ
௡ሻ൯ݐ૛ሺ܁൫ିܦ

ǥ
௡ሻ൯ۙݐሺࢎ܁൫ିܦ

ۖ
ۘ

ۖ
ۗ

௡ሻሻݐሺ܁ାሺܦ� , ൌ

ە
ۖ
۔

ۖ
௡ሻ൯ݐ૚ሺ܁ା൫ܦۓ
௡ሻ൯ݐ૛ሺ܁ା൫ܦ

ǥ
௡ሻ൯ۙݐሺࢎ܁ା൫ܦ

ۖ
ۘ

ۖ
ۗ

,  (2.8) 

ɞɟ࢐܁�ሺݐ௡ሻǡ ݆ ൌ ͳǡ ݄�തതതതത± ɫɬɚɧ�ɦɟɪɟɠɿ݋�௝Ǥ  .ݐ݁݊

Ɂ�ɭɪɚɯɭɜɚɧɧɹɦ�ɪɨɡɞɿɥɟɧɧɹ�ɩɟɪɟɬɜɨɪɟɧɶ� ������ɪɿɜɧɹɧɧɹ�ɫɬɚɧɿɜ ɦɨɞɟɥɿ (2.4) 

ɧɚɛɭɜɚɸɬɶ�ɜɢɝɥɹɞɭ: 

ە
۔

ۓ ௡ݐ ൌ ���
்

൬���
௤
ሾ்ܧሺݐ௡ିଵሻሿ௤൰ ǡ

௡ሻݐ࢐ሺ܁ ൌ ሺିܦሻ௠ೕܦା൫܁ሺݐ௡ିଵሻ൯ǡ ௝݉ ǣ� ש் ሺܶǡܫ ௡ሻݐ ൌ Ͳǡ����݆ ൌ ͳǡ ݄തതതതതǡ
݊ ൌ ͳǡʹǥ�

 (2.9) 

Ɉɬɠɟ�� ɩɟɪɟɬɜɨɪɟɧɧɹ� ɫɬɚɧɭ� ɦɨɞɟɥɿ� ɜɿɞɛɭɜɚɽɬɶɫɹ� ɩɟɪɟɬɜɨɪɟɧɧɹɦ� ɫɬɚɧɭ� ʀʀ�

ɉɟɬɪɿ-ɨɛ¶ɽɤɬɿɜ�� Ɂɚ� ɪɚɯɭɧɨɤ� ɬɚɤɨɝɨ� ɪɨɡɛɢɬɬɹ� ɞɨɫɹɝɚɽɬɶɫɹ� ɛɿɥɶɲɚ� ɲɜɢɞɤɨɞɿɹ�

ɚɥɝɨɪɢɬɦɭ�ɿɦɿɬɚɰɿʀ��ɨɫɤɿɥɶɤɢ�ɡɚɦɿɫɬɶ�ɩɟɪɟɝɥɹɞɭ�ɭɫɿɯ�ɩɟɪɟɯɨɞɿɜ�ɦɟɪɟɠɿ�ɉɟɬɪɿ�ɩɪɢ�

ɤɨɠɧɨɦɭ�ɩɪɨɫɭɜɚɧɧɿ�ɱɚɫɭ�ɡɞɿɣɫɧɸɽɬɶɫɹ�ɩɟɪɟɝɥɹɞ�ɫɬɚɧɭ�ɩɟɪɟɯɨɞɿɜ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɭ��

ɦɨɦɟɧɬ�ɜɢɯɨɞɭ�ɦɚɪɤɟɪɿɜ�ɹɤɨɝɨ�ɫɩɿɜɩɚɞɚɽ�ɡ�ɩɨɬɨɱɧɢɦ�ɦɨɦɟɧɬɨɦ�ɱɚɫɭ��Ʉɿɥɶɤɿɫɬɶ�

ɩɟɪɟɯɨɞɿɜ�ɨɞɧɨɝɨ�ɨɛ¶ɽɤɬɚ�ɡɧɚɱɧɨ�ɦɟɧɲɚ�ɡɚ�ɤɿɥɶɤɿɫɬɶ�ɩɟɪɟɯɨɞɿɜ�ɜ�ɭɫɿɣ�ɦɟɪɟɠɿ��ɬɨ�

ɨɬɪɢɦɚɧɢɣ� ɜɢɝɪɚɲ� ɜ� ɱɚɫɿ� ɜɢɤɨɧɚɧɧɹ� ɿɦɿɬɚɰɿʀ� ɛɭɞɟ� ɜɿɞɩɨɜɿɞɧɨ� ɜɟɥɢɤɢɦ�� Ɉɤɪɿɦ�

ɰɶɨɝɨ�� ɤɨɠɟɧ� ɨɛ¶ɽɤɬ� ɡɚɩɚɦ¶ɹɬɨɜɭɽ� ɫɜɨɽ� ɡɧɚɱɟɧɧɹ� ɧɚɣɛɥɢɠɱɨʀ� ɩɨɞɿʀ�� ɬɨɦɭ� ɩɪɢ�

ɩɨɲɭɤɭ�ɦɨɦɟɧɬɭ�ɧɚɣɛɥɢɠɱɨʀ�ɩɨɞɿʀ�ɩɨɲɭɤ�ɦɿɧɿɦɚɥɶɧɨɝɨ�ɡɧɚɱɟɧɧɹ�ɜɿɞɛɭɜɚɽɬɶɫɹ�ɡ�

ɦɧɨɠɢɧɢ�ɡɧɚɱɟɧɶ�ɞɥɹ�ɜɫɿɯ�ɨɛ¶ɽɤɬɿɜ�ɡɚɦɿɫɬɶ�ɡ�ɦɧɨɠɢɧɢ�ɡɧɚɱɟɧɶ ɞɥɹ�ɜɫɿɯ�ɩɟɪɟɯɨɞɿɜ�

ɦɟɪɟɠɿ� ɉɟɬɪɿ� Ɍɚɤɢɦ� ɱɢɧɨɦ�� ɨɤɪɿɦ� ɫɩɪɨɳɟɧɧɹ� ɪɨɡɪɨɛɤɢ� ɦɨɞɟɥɿ� ɞɨɫɹɝɚɽɬɶɫɹ�

ɬɚɤɨɠ�ɩɪɢɫɤɨɪɟɧɧɹ�ɿɦɿɬɚɰɿʀ�ɩɪɨɰɟɫɭ��ɹɤɢɣ�ɦɨɞɟɥɸɽɬɶɫɹ� 

ȼɚɠɥɢɜɨɸ� ɩɟɪɟɜɚɝɨɸ� ɜɢɤɨɪɢɫɬɚɧɧɹ� ɉɟɬɪɿ-ɨɛ¶ɽɤɬɿɜ� ɽ� ɦɨɠɥɢɜɿɫɬɶ�

ɬɢɪɚɠɭɜɚɧɧɹ ɨɛ¶ɽɤɬɿɜ� ɧɚ� ɨɫɧɨɜɿ� ɨɞɢɧ� ɪɚɡ� ɫɬɜɨɪɟɧɨʀ� ɦɟɪɟɠɿ ɉɟɬɪɿ�� ɳɨ�

ɡɚɛɟɡɩɟɱɭɽɬɶɫɹ� ɨɛ¶ɽɤɬɧɨ-ɨɪɿɽɧɬɨɜɚɧɢɦ�ɩɿɞɯɨɞɨɦ�� Ɍɢɪɚɠɭɜɚɧɧɹ� ɨɛ¶ɽɤɬɿɜ�ɦɨɠɧɚ�

ɜɢɤɨɧɭɜɚɬɢ�ɡ�ɡɚɞɚɧɢɦɢ�ɩɚɪɚɦɟɬɪɚɦɢ��ɹɤɿ�ɩɟɪɟɞɚɸɬɶɫɹ�ɜ�ɤɨɧɫɬɪɭɤɬɨɪɿ�ɨɛ¶ɽɤɬɚ�ɿ�

ɦɨɠɭɬɶ�ɛɭɬɢ�ɜɢɤɨɪɢɫɬɚɧɿ�ɞɥɹ�ɧɚɥɚɲɬɭɜɚɧɧɹ�ɱɢɫɟɥɶɧɢɯ�ɩɚɪɚɦɟɬɪɿɜ�ɦɟɪɟɠɿ�ɉɟɬɪɿ-

ɨɛ¶ɽɤɬɚ. ɏɨɪɨɲɨɸ�ɩɪɚɤɬɢɤɨɸ��ɳɨ�ɞɨɩɨɦɚɝɚɽ�ɭ� � ɪɨɡɪɨɛɰɿ� ɫɤɥɚɞɧɢɯ�ɦɨɞɟɥɟɣ� ɽ�

ɬɚɤɨɠ� ɫɬɜɨɪɟɧɧɹ� ɤɥɚɫɿɜ� ɉɟɬɪɿ-ɨɛ¶ɽɤɬɿɜ�� ɜ� ɤɨɧɫɬɪɭɤɬɨɪɿ� ɹɤɢɯ� ɜɤɚɡɚɧɚ�
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ɜɢɤɨɪɢɫɬɨɜɭɜɚɧɚ� ɦɟɪɟɠɚ� ɉɟɬɪɿ� ɬɚ� ɡɚɫɬɨɫɭɜɚɧɧɹ� ɚɪɝɭɦɟɧɬɿɜ� ɤɨɧɫɬɪɭɤɬɨɪɚ� ɞɨ�

ɩɚɪɚɦɟɬɪɿɜ�ɦɟɪɟɠɿ�ɉɟɬɪɿ� 

݋ ؿ ȯെٲ Ȧ,      (2.10) 

ɞɟ�ɫɢɦɜɨɥɨɦ�െٲ ɩɨɡɧɚɱɟɧɨ�ɨɩɟɪɚɰɿɸ�ɫɩɚɞɤɭɜɚɧɧɹ, 

ȯ ± ɤɥɚɫ-ɧɚɳɚɞɨɤ�ɤɥɚɫɭ�Ȧ. 

ȼ� ɬɟɪɦɿɧɚɯ� ɨɛ¶ɽɤɬɧɨ-ɨɪɿɽɧɬɨɜɚɧɨɝɨ� ɩɪɨɝɪɚɦɭɜɚɧɧɹ� ɞɥɹ ɤɨɧɫɬɪɭɸɜɚɧɧɹ�

ɦɨɞɟɥɿ�ɡ�ɨɛ¶ɽɤɬɿɜ�ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ�ɨɩɟɪɚɰɿɹ��ɚɝɪɟɝɭɜɚɧɧɹ: 

ܷ ሼȯଵǡ ȯଶǡ Ǥ Ǥ ȯ௟ሽǡ ȯ௝�െٲ Ȧ ,    (2.11) 

ɞɟ�ɫɢɦɜɨɥ��  ɩɨɡɧɚɱɚɽ�ɨɩɟɪɚɰɿɸ�ɚɝɪɟɝɭɜɚɧɧɹ ɜ�ɬɟɪɦɿɧɚɯ�UML [38]. 

2.3 Ɇɟɯɚɧɿɡɦɢ�ɩɚɪɚɥɟɥɶɧɢɯ ɨɛɱɢɫɥɟɧɶ�ɭ ɛɚɝɚɬɨɩɨɬɨɤɨɜɿɣ�ɬɟɯɧɨɥɨɝɿʀ�

Java 

Ɂ� ɩɨɝɥɹɞɭ� ɩɨɛɭɞɨɜɢ� ɩɪɨɝɪɚɦɢ� ɩɚɪɚɥɟɥɶɧɢɯ� ɨɛɱɢɫɥɟɧɶ� ɪɨɡɪɿɡɧɹɸɬɶ�

ɩɚɪɚɥɟɥɿɡɦ�ɡɚ�ɞɚɧɢɦɢ�ɬɚ�ɡɚ�ɡɚɜɞɚɧɧɹɦɢ. ɉɚɪɚɥɟɥɿɡɦ�ɡɚ�ɞɚɧɢɦɢ�ɨɡɧɚɱɚɽ��ɳɨ�ɨɞɧɿ�ɣ�

ɬɿ� ɫɚɦɿ� ɨɛɱɢɫɥɸɜɚɥɶɧɿ�ɞɿʀ� ɨɤɪɟɦɿ�ɩɪɨɰɟɫɢ�ɩɪɨɝɪɚɦɢ�ɜɢɤɨɧɭɸɬɶ�ɨɞɧɨɱɚɫɧɨ�ɞɥɹ�

ɪɿɡɧɢɯ�ɞɚɧɢɯ��Ⱦɟɤɨɦɩɨɡɢɰɿɹ�ɡɚɞɚɱɿ�ɩɨɥɹɝɚɽ�ɭ�ɞɟɤɨɦɩɨɡɢɰɿʀ�ɞɚɧɢɯ�ɧɚ�ɦɧɨɠɢɧɢ��

ɳɨ�ɧɟ�ɩɟɪɟɬɢɧɚɸɬɶɫɹ��ɿ�ɡɚɩɭɫɤɚɸɬɶɫɹ�ɨɞɧɨɱɚɫɧɨ�ɧɚ�ɨɛɱɢɫɥɟɧɧɹ��ɉɚɪɚɥɟɥɿɡɦ�ɡɚ�

ɡɚɜɞɚɧɧɹɦɢ�ɨɡɧɚɱɚɽ��ɳɨ�ɧɚ�ɨɞɧɢɯ�ɿ�ɬɢɯ�ɫɚɦɢɯ�ɞɚɧɢɯ�ɡɚɩɭɫɤɚɸɬɶɫɹ�ɧɚ�ɨɛɱɢɫɥɟɧɧɹ�

ɪɿɡɧɿ� ɮɭɧɤɰɿʀ� Ⱦɟɤɨɦɩɨɡɢɰɿɹ� ɡɚɞɚɱɿ� ɜ� ɰɶɨɦɭ� ɜɢɩɚɞɤɭ� ɜɢɤɨɧɭɽɬɶɫɹ� ɡɚ�

ɨɛɱɢɫɥɸɜɚɥɶɧɢɦɢ�ɞɿɹɦɢ��ɳɨ�ɦɨɠɭɬɶ�ɛɭɬɢ�ɜɢɤɨɧɚɧɿ�ɨɞɧɨɱɚɫɧɨ��Ʉɨɠɧɢɣ�ɫɩɨɫɿɛ�

ɦɚɽ� ɫɜɨʀ� ɩɟɪɟɜɚɝɢ� ɬɚ� ɧɟɞɨɥɿɤɢ�� ɹɤɿ� ɨɝɥɹɧɭɬɿ� ɭ� ɜɢɞɚɧɧɿ� [39]. Ɇɨɠɥɢɜɿɫɬɶ�

ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ�ɫɩɿɥɶɧɿ�ɞɚɧɿ�ɡɦɟɧɲɭɽ�ɱɚɫ��ɜɢɬɪɚɱɟɧɢɣ�ɧɚ�ɩɟɪɟɞɚɱɭ�ɞɚɧɢɯ�ɦɿɠ�

ɨɤɪɟɦɢɦɢ�ɩɨɬɨɤɚɦɢ��ɉɪɨɬɟ�ɜɢɤɨɪɢɫɬɚɧɧɹ�ɫɩɿɥɶɧɢɯ�ɞɚɧɢɯ�ɩɨɬɨɤɚɦɢ�ɨɛɱɢɫɥɟɧɶ�

ɩɨɬɪɟɛɭɽ�ɜɢɤɨɪɢɫɬɚɧɧɹ� ɫɢɧɯɪɨɧɿɡɚɰɿʀ��ɳɨ�ɦɨɠɟ� ɫɩɨɜɿɥɶɧɢɬɢ�ɪɨɛɨɬɭ�ɩɪɨɝɪɚɦɢ��

ɇɚ� ɩɪɨɬɢɜɚɝɭ� ɩɚɪɚɥɟɥɿɡɦɭ� ɡɚ� ɡɚɜɞɚɧɧɹɦɢ�� ɨɛɪɨɛɤɚ� ɨɤɪɟɦɢɯ� ɧɚɛɨɪɿɜ� ɞɚɧɢɯ�

ɨɛɱɢɫɥɸɜɚɥɶɧɢɦɢ�ɩɪɨɰɟɫɚɦɢ�ɡɦɟɧɲɭɽ�ɧɟɨɛɯɿɞɧɿɫɬɶ�ɜɢɤɨɪɢɫɬɚɧɧɹ�ɫɢɧɯɪɨɧɿɡɚɰɿʀ�

ɞɨɫɬɭɩɭ�ɞɨ�ɞɚɧɢɯ�� ɚ� ɬɚɤɨɠ�ɫɩɪɨɳɭɽ�ɪɿɜɧɨɦɿɪɧɟ ɪɨɡɩɨɞɿɥɟɧɧɹ ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ�

ɞɿɣ�ɦɿɠ�ɩɪɨɰɟɫɚɦɢ�  ɍ�ɫɤɥɚɞɧɢɯ�ɩɪɨɝɪɚɦɚɯ��ɹɤ�ɩɪɚɜɢɥɨ��ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ�ɨɛɢɞɜɚ�

ɩɿɞɯɨɞɢ��ɳɨɛ�ɞɨɫɹɝɬɢ�ɧɚɣɥɿɩɲɨɝɨ�ɪɟɡɭɥɶɬɚɬɭ� 
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Ɂ� ɩɨɹɜɨɸ� ɛɚɝɚɬɨɹɞɟɪɧɨʀ� ɚɪɯɿɬɟɤɬɭɪɢ� ɪɨɡɪɨɛɧɢɤɢ� ɩɪɨɝɪɚɦɧɨɝɨ�

ɡɚɛɟɡɩɟɱɟɧɧɹ� ɨɬɪɢɦɚɥɢ� ɦɨɠɥɢɜɿɫɬɶ ɨɞɧɨɱɚɫɧɨɝɨ� ɜɢɤɨɪɢɫɬɚɧɧɹ�

ɨɛɱɢɫɥɸɜɚɥɶɧɨɝɨ� ɪɟɫɭɪɫɭ ɧɚɜɿɬɶ� ɡɚ� ɭɦɨɜɢ� ɨɞɧɨɩɪɨɰɟɫɨɪɧɨɝɨ� ɤɨɦɩ¶ɸɬɟɪɚ. 

ɇɚɬɨɦɿɫɬɶ�ɧɟɨɛɯɿɞɧɨ�ɞɨɤɥɚɫɬɢ ɞɨɞɚɬɤɨɜɿ�ɡɭɫɢɥɥɹ�ɳɨɞɨ ɪɨɡɪɨɛɤɢ�ɩɪɨɝɪɚɦɢ�ɞɥɹ 

ɩɚɪɚɥɟɥɶɧɨɝɨ ɜɢɤɨɧɚɧɧɹ��Ɉɫɧɨɜɧɿ�ɦɟɬɨɞɢɤɢ�ɪɨɡɪɨɛɤɢ�ɩɚɪɚɥɟɥɶɧɨʀ�ɩɪɨɝɪɚɦɢ�ɩɿɞ�

ɛɚɝɚɬɨɹɞɟɪɧɭ� ɚɪɯɿɬɟɤɬɭɪɭ� ɨɩɢɫɚɧɿ� ɭ [40]. ȼɢɱɟɪɩɧɢɣ� ɨɩɢɫ� ɧɟɛɟɡɩɟɤ�� ɳɨ 

ɩɪɢɯɨɜɭɸɬɶɫɹ�ɜ ɛɚɝɚɬɨɩɨɬɨɤɨɜɢɯ�ɩɪɨɝɪɚɦɚɯ�ɧɚ�-DYD�ɦɨɠɧɚ�ɡɧɚɣɬɢ�ɜ�ɪɨɛɨɬɿ [41].  

ɉɚɪɚɥɟɥɶɧɚ� ɩɪɨɝɪɚɦɚ�² ɰɟ� ɧɚɛɿɪ� ɩɪɨɰɟɫɿɜ��ɳɨ� ɜɢɤɨɧɭɸɬɶɫɹ� ɨɞɧɨɱɚɫɧɨ��

ɉɪɨɰɟɫ� ɚɫɨɰɿɸɽɬɶɫɹ� ɡ� ɨɛɱɢɫɥɸɜɚɥɶɧɢɦ ɩɿɞɡɚɜɞɚɧɧɹɦ�� ɹɤɟ� ɨɩɢɫɭɽɬɶɫɹ�

ɩɨɫɥɿɞɨɜɧɿɫɬɸ� ɡɚɩɪɨɝɪɚɦɨɜɚɧɢɯ� ɿɧɫɬɪɭɤɰɿɣ ɉɪɨɰɟɫ� ɩɪɚɰɸɽ� ɜ� ɨɩɟɪɚɰɿɣɧɿɣ�

ɫɢɫɬɟɦɿ�� ɹɤɚ� ɤɟɪɭɽ� ɜɢɤɨɪɢɫɬɚɧɧɹɦ� ɨɛɱɢɫɥɸɜɚɥɶɧɨɝɨ� ɪɟɫɭɪɫɭ ɫɟɪɟɞ� ɧɚɛɨɪɭ�

ɩɪɨɰɟɫɿɜ�� ɉɨɬɿɤ� - ɰɟ� ɟɥɟɦɟɧɬɚɪɧɢɣ� ɩɪɨɰɟɫ�� Ȼɭɞɶ-ɹɤɢɣ� ɩɪɨɰɟɫ� ɫɤɥɚɞɚɽɬɶɫɹ� ɡ�

ɨɞɧɨɝɨ�ɚɛɨ�ɤɿɥɶɤɨɯ�ɩɨɬɨɤɿɜ ɿ�ɦɚɽ�ɜɢɨɤɪɟɦɥɟɧɭ�ɩɚɦ¶ɹɬɶ��ɞɨ�ɹɤɨʀ�ɧɟ�ɦɚɸɬɶ�ɞɨɫɬɭɩɭ�

ɿɧɲɿ�ɩɪɨɰɟɫɢ. ɉɨɬɨɤɢ��ɳɨ�ɧɚɥɟɠɚɬɶ�ɨɞɧɨɦɭ�ɩɪɨɰɟɫɭ��ɦɨɠɭɬɶ�ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ�

ɫɩɿɥɶɧɭ� ɩɚɦ¶ɹɬɶ� Ɍɨɠ�� ɜɢɤɨɧɚɧɧɹ� ɛɚɝɚɬɨɩɨɬɨɤɨɜɨʀ� ɩɪɨɝɪɚɦɢ� ² ɰɟ� ɨɞɧɨɱɚɫɧɟ�

ɜɢɤɨɧɚɧɧɹ�ɤɿɥɶɤɨɯ�ɩɨɬɨɤɿɜ� 

ɉɨɬɿɤ�ɜɢɤɨɧɭɽ�ɤɨɞ�ɬɿɥɶɤɢ�ɭ�ɬɨɦɭ�ɜɢɩɚɞɤɭ��ɹɤɳɨ�ɜɿɞɛɭɜɚɽɬɶɫɹ�ɡɚɯɨɩɥɟɧɧɹ�

ɪɟɫɭɪɫɿɜ� �ɹɞɟɪ ɩɪɨɰɟɫɨɪɭ�� ɫɩɿɥɶɧɢɯ� ɞɚɧɢɯ��� Ɉɛɦɟɠɟɧɧɹ� ɪɟɫɭɪɫɿɜ� ɜɢɤɥɢɤɚɽ�

ɤɨɧɮɥɿɤɬ� ɡɚɩɭɳɟɧɢɯ ɧɚ� ɜɢɤɨɧɚɧɧɹ ɩɨɬɨɤɿɜ�� ɳɨ� ɩɪɢɡɜɨɞɢɬɶ� ɞɨ� ɧɟɩɪɚɜɢɥɶɧɨɝɨ�

ɮɭɧɤɰɿɨɧɭɜɚɧɧɹ�ɩɪɨɝɪɚɦɢ. 

Ɉɩɟɪɚɰɿʀ� ɩɨɬɨɤɭ� ɜɢɤɨɧɭɸɬɶɫɹ� ɚɫɢɧɯɪɨɧɧɢɦ� ɚɛɨ� ɫɢɧɯɪɨɧɧɢɦ� ɫɩɨɫɨɛɨɦ��

Ⱥɫɢɧɯɪɨɧɧɟ� ɜɢɤɨɧɚɧɧɹ� ɨɡɧɚɱɚɽ�� ɳɨ� ɩɨɬɿɤ� ɦɨɠɟ� ɜɢɤɨɧɭɜɚɬɢɫɹ� ɧɟɡɚɥɟɠɧɨ� ɜɿɞ�

ɿɧɲɢɯ� ɩɨɬɨɤɿɜ� �ɨɤɪɿɦ� ɨɫɧɨɜɧɨɝɨ� ɩɨɬɨɤɭ��� ɋɢɧɯɪɨɧɧɟ� ɜɢɤɨɧɚɧɧɹ� ɨɡɧɚɱɚɽ�� ɳɨ�

ɩɨɬɿɤ�ɦɚɽ�ɨɱɿɤɭɜɚɬɢ�ɫɢɝɧɚɥɭ�ɜɿɞ�ɿɧɲɢɯ�ɩɨɬɨɤɿɜ��ɳɨɛ�ɩɪɨɞɨɜɠɢɬɢ�ɫɜɨɽ�ɜɢɤɨɧɚɧɧɹ��

Ʉɨɨɪɞɢɧɚɰɿɹ�ɪɨɛɨɬɢ�ɩɨɬɨɤɿɜ�ɩɨɬɪɿɛɧɚ��ɧɚɩɪɢɤɥɚɞ��ɤɨɥɢ�ɜɿɞɛɭɜɚɽɬɶɫɹ�ɞɨɫɬɭɩ�ɞɨ�

ɫɩɿɥɶɧɢɯ�ɞɚɧɢɯ� 

 Ȼɚɡɨɜɢɦ� ɦɟɯɚɧɿɡɦɨɦ� ɩɚɪɚɥɟɥɶɧɢɯ� ɨɛɱɢɫɥɟɧɶ� ɽ� ɩɪɢɡɭɩɢɧɤɚ� ɩɨɬɨɤɭ�� ȼɿɧ�

ɪɟɚɥɿɡɭɽɬɶɫɹ�ɦɟɬɨɞɚɦɢ�sleep ɬɚ� join ɜ�ɡɚɥɟɠɧɨɫɬɿ�ɜɿɞ�ɩɨɬɪɿɛɧɨɝɨ�ɜɢɞɭ�ɜɡɚɽɦɨɞɿʀ�
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ɦɿɠ� ɩɨɬɨɤɚɦɢ�� Ɇɟɬɨɞ� sleep ± ɛɥɨɤɭɽ� ɜɢɤɨɧɚɧɧɹ� ɩɨɬɨɤɭ� ɧɚ� ɜɢɡɧɚɱɟɧɢɣ�

ɩɪɨɦɿɠɨɤ�ɱɚɫɭ� Ɇɟɬɨɞ�join  ɞɨɡɜɨɥɹɽ�ɨɞɧɨɦɭ�ɩɨɬɨɤɭ�ɱɟɤɚɬɢ�ɡɚɜɟɪɲɟɧɧɹ�ɿɧɲɨɝɨ� 

ȱɧɲɢɦ� ɡɚɫɨɛɨɦ� ɜɡɚɽɦɨɞɿʀ� ɦɿɠ� ɩɨɬɨɤɚɦɢ� ɽ� ɦɟɬɨɞɢ� wait() ɿ�

notify()/notifyAll(). Ɇɟɬɨɞ�wait() ɡɦɭɲɭɽ�ɩɨɬɨɱɧɢɣ�ɩɨɬɿɤ�ɱɟɤɚɬɢ��

ɩɨɤɢ�ɿɧɲɢɣ�ɩɨɬɿɤ�ɧɟ�ɜɢɤɥɢɱɟ�ɦɟɬɨɞɢ�notify() ɚɛɨ�notifyAll() ɞɥɹ�ɰɶɨɝɨ�

ɨɛ¶ɽɤɬɚ��Ɇɟɬɨɞ�notify() ɚɤɬɢɜɭɽ�ɨɞɢɧ�ɩɨɬɿɤ��ɹɤɢɣ�ɨɱɿɤɭɽ�ɧɚ�ɦɨɧɿɬɨɪɿ�ɰɶɨɝɨ�

ɨɛ¶ɽɤɬɚ�� Ɇɟɬɨɞ� notifyAll() ɚɤɬɢɜɭɽ� ɜɫɿ� ɩɨɬɨɤɢ�� ɹɤɿ� ɨɱɿɤɭɸɬɶ� ɧɚ� ɦɨɧɿɬɨɪɿ�

ɰɶɨɝɨ� ɨɛ¶ɽɤɬɚ�� ɉɨɬɿɤ� ɨɱɿɤɭɽ� ɧɚ� ɦɨɧɿɬɨɪɿ� ɨɛ¶ɽɤɬɚ�� ɹɤɳɨ� ɜɿɧ� ɜɢɤɥɢɤɚɜ� ɨɞɢɧ� ɿɡ�

ɦɟɬɨɞɿɜ�wait(). 

Ⱥɬɨɦɚɪɧɚ� ɞɿɹ� - ɰɟ� ɞɿɹ�� ɹɤɚ� ɜɿɞɛɭɜɚɽɬɶɫɹ� ɚɛɨ� ɩɨɜɧɿɫɬɸ�� ɚɛɨ� ɡɨɜɫɿɦ� ɧɟ�

ɜɿɞɛɭɜɚɽɬɶɫɹ��ɛɟɡ�ɦɨɠɥɢɜɨɫɬɿ�ɡɭɩɢɧɤɢ�ɩɨɫɟɪɟɞɢɧɿ��ɉɨɛɿɱɧɿ�ɟɮɟɤɬɢ�ɚɬɨɦɚɪɧɨʀ�ɞɿʀ�

ɧɟ�ɫɬɚɸɬɶ�ɜɢɞɢɦɢɦɢ�ɞɨ�ɬɨɝɨ�ɦɨɦɟɧɬɭ��ɩɨɤɢ�ɞɿɹ�ɧɟ�ɡɚɜɟɪɲɢɬɶɫɹ� 

ȱɫɧɭɸɬɶ�ɞɿʀ��ɹɤɿ�ɦɨɠɧɚ�ɜɜɚɠɚɬɢ�ɚɬɨɦɚɪɧɢɦɢ� 

- ɨɩɟɪɚɰɿʀ�ɱɢɬɚɧɧɹ�ɬɚ�ɡɚɩɢɫɭ�ɽ�ɚɬɨɦɿɱɧɢɦɢ�ɞɥɹ�ɡɦɿɧɧɢɯ�ɩɨɫɢɥɚɧɧɹ�ɬɚ�ɞɥɹ�

ɛɿɥɶɲɨɫɬɿ�ɩɪɨɫɬɢɯ�ɬɢɩɿɜ��ɤɪɿɦ�ORQJ�ɬɚ�GRXEOH�� 

- ɨɩɟɪɚɰɿʀ� ɱɢɬɚɧɧɹ� ɬɚ� ɡɚɩɢɫɭ� ɽ� ɚɬɨɦɿɱɧɢɦɢ� ɞɥɹ� ɜɫɿɯ� ɡɦɿɧɧɢɯ�� ɹɤɿ� ɛɭɥɢ�

ɨɝɨɥɨɲɟɧɿ�ɡ�ɤɥɸɱɨɜɢɦ�ɫɥɨɜɨɦ��YRODWLOH���ɜɤɥɸɱɚɸɱɢ�ORQJ�ɬɚ�GRXEOH�� 

Ɍɚɤɿ�ɚɬɨɦɚɪɧɿ�ɞɿʀ�ɧɟ�ɦɨɠɭɬɶ�ɛɭɬɢ�ɩɟɪɟɪɜɚɧɿ�ɿɧɲɢɦɢ�ɞɿɹɦɢ��ɳɨ�ɞɨɡɜɨɥɹɽ�ʀɯ�

ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ� ɛɟɡ� ɫɬɪɚɯɭ� ɜɬɪɭɱɚɧɧɹ� ɩɨɬɨɤɿɜ�� Ɉɞɧɚɤ�� ɰɟ� ɧɟ� ɭɫɭɜɚɽ� ɩɨɬɪɟɛɢ�

ɫɢɧɯɪɨɧɿɡɚɰɿʀ�ɚɬɨɦɚɪɧɢɯ�ɞɿɣ��ɨɫɤɿɥɶɤɢ�ɿɫɧɭɽ�ɪɢɡɢɤ�ɩɨɦɢɥɨɤ�ɭ�ɡɛɟɪɟɠɟɧɧɿ�ɩɚɦ
ɹɬɿ��

ȼɢɤɨɪɢɫɬɚɧɧɹ� ɤɥɸɱɨɜɨɝɨ� ɫɥɨɜɚ� �YRODWLOH�� ɞɨɩɨɦɚɝɚɽ� ɡɦɟɧɲɢɬɢ� ɰɟɣ� ɪɢɡɢɤ��

ɨɫɤɿɥɶɤɢ� ɝɚɪɚɧɬɭɽ��ɳɨ� ɡɦɿɧɢ� ɡɦɿɧɧɢɯ�ɛɭɞɭɬɶ�ɜɢɞɢɦɢɦɢ� ɿɧɲɢɦ�ɩɨɬɨɤɚɦ��ȼɚɪɬɨ�

ɡɜɟɪɧɭɬɢ�ɭɜɚɝɭ�ɧɚ�ɬɟ��ɳɨ�ɩɪɢ�ɱɢɬɚɧɧɿ�ɡɦɿɧɧɨʀ��YRODWLOH��ɩɨɬɿɤ�ɛɚɱɢɬɶ�ɧɟ�ɬɿɥɶɤɢ�ʀʀ�

ɨɫɬɚɧɧɽ� ɡɧɚɱɟɧɧɹ�� ɚɥɟ� ɣ� ɜɫɿ� ɩɨɛɿɱɧɿ� ɟɮɟɤɬɢ�� ɳɨ� ɩɪɢɡɜɟɥɢ� ɞɨ� ɰɿɽʀ� ɡɦɿɧɢ� Ɍɨɠ��

ɜɢɤɨɪɢɫɬɚɧɧɹ�ɚɬɨɦɚɪɧɢɯ�ɡɦɿɧɧɢɯ�ɽ�ɟɮɟɤɬɢɜɧɿɲɢɦ��ɧɿɠ�ɞɨɫɬɭɩ�ɞɨ�ɡɦɿɧɧɢɯ�ɱɟɪɟɡ�

ɫɢɧɯɪɨɧɿɡɨɜɚɧɢɣ� ɤɨɞ�� ɚɥɟ� ɜɢɦɚɝɚɽ� ɜɿɞ� ɩɪɨɝɪɚɦɿɫɬɚ� ɛɿɥɶɲɨʀ� ɨɛɟɪɟɠɧɨɫɬɿ� ɳɨɞɨ�

ɭɧɢɤɧɟɧɧɹ�ɩɨɦɢɥɨɤ�ɭɡɝɨɞɠɟɧɨɫɬɿ�ɩɚɦ¶ɹɬɿ�� 

ɋɢɧɯɪɨɧɿɡɨɜɚɧɿ�ɤɨɥɟɤɰɿʀ�- ɰɟ�ɳɟ�ɨɞɢɧ�ɿɧɫɬɪɭɦɟɧɬ�ɞɥɹ�ɛɟɡɩɟɱɧɨʀ�ɜɡɚɽɦɨɞɿʀ�

ɩɨɬɨɤɿɜ�� � ɇɚɣɛɿɥɶɲ� ɜɢɤɨɪɢɫɬɨɜɭɜɚɧɿ� ɬɢɩɢ� ɫɢɧɯɪɨɧɿɡɨɜɚɧɢɯ� ɤɨɥɟɤɰɿɣ� ɰɟ�



54 
 

 

BlockingQueue ɬɚ ConcurrentMap. BlockingQueue ± ɱɟɪɝɚ�� ɹɤɚ�

ɞɨɞɚɬɤɨɜɨ�ɩɿɞɬɪɢɦɭɽ�ɨɩɟɪɚɰɿʀ ɨɱɿɤɭɜɚɧɧɹ��ɩɨɤɢ�ɱɟɪɝɚ�ɫɬɚɧɟ�ɧɟɩɨɪɨɠɧɶɨɸ�ɩɿɞ�ɱɚɫ�

ɨɬɪɢɦɚɧɧɹ� ɟɥɟɦɟɧɬɚ�� ɬɚ ɨɱɿɤɭɜɚɧɧɹ�� ɩɨɤɢ� ɜ� ɱɟɪɡɿ� ɡɜɿɥɶɧɢɬɶɫɹ� ɦɿɫɰɟ� ɩɿɞ� ɱɚɫ�

ɡɛɟɪɟɠɟɧɧɹ�ɟɥɟɦɟɧɬɚ� ConcurrentMap ± ɰɟ�ɩɚɪɚɥɟɥɶɧɢɣ�ɚɧɚɥɨɝ�ɤɨɥɟɤɰɿʀ�Map, 

ɳɨ�ɡɚɛɟɡɩɟɱɭɽ�ɛɟɡɩɟɤɭ�ɩɨɬɨɤɿɜ� ɿ� ɝɚɪɚɧɬɿʀ� ɚɬɨɦɚɪɧɨɫɬɿ� Ɉɩɟɪɚɰɿʀ� ɜɢɞɚɥɟɧɧɹ ɚɛɨ�

ɡɚɦɿɧɢ� ɩɚɪɢ ɤɥɸɱ-ɡɧɚɱɟɧɧɹ ɜ� ɬɚɤɿɣ� ɤɨɥɟɤɰɿʀ� ɜɿɞɛɭɜɚɽɬɶɫɹ�� ɥɢɲɟ� ɹɤɳɨ� ɤɥɸɱ�

ɩɪɢɫɭɬɧɿɣ��ɬɚɤ�ɫɚɦɨ��ɹɤ�ɿ�ɨɩɟɪɚɰɿɹ�ɞɨɞɚɜɚɧɧɹ ɩɚɪɢ ɤɥɸɱ-ɡɧɚɱɟɧɧɹ ɜɿɞɛɭɜɚɽɬɶɫɹ, 

ɥɢɲɟ�ɹɤɳɨ�ɤɥɸɱ�ɜɿɞɫɭɬɧɿɣ� Ɍɚɤɢɦ�ɱɢɧɨɦ��ɫɢɧɯɪɨɧɿɡɨɜɚɧɿ�ɤɨɥɟɤɰɿʀ�ɞɨɩɨɦɚɝɚɸɬɶ�

ɭɧɢɤɧɭɬɢ�ɩɨɦɢɥɨɤ�ɭɡɝɨɞɠɟɧɨɫɬɿ�ɩɚɦ¶ɹɬɿ� 

Ɂɚɝɚɥɨɦ��ɞɟɮɟɤɬɢ�ɫɢɧɯɪɨɧɿɡɚɰɿʀ��ɳɨ�ɫɩɪɢɱɢɧɹɸɬɶ ɩɨɦɢɥɤɢ� ɞɨɫɢɬɶ ɱɚɫɬɨ�

ɜɢɧɢɤɚɸɬɶ� ɭ� ɛɚɝɚɬɨɩɨɬɨɤɨɜɢɯ� ɩɪɨɝɪɚɦɚɯ� [42]. Ƚɨɥɨɜɧɢɦɢ ɩɪɨɛɥɟɦɚɦɢ�� ɳɨ�

ɬɪɚɩɥɹɸɬɶɫɹ�ɩɪɢ�ɪɨɡɪɨɛɰɿ�ɩɚɪɚɥɟɥɶɧɨʀ�ɩɪɨɝɪɚɦ, ɽ�ɜɡɚɽɦɨɛɥɨɤɭɜɚɧɧɹ (deadlock) 

ɬɚ� ɧɟɭɡɝɨɞɠɟɧɿɫɬɶ� ɞɚɧɢɯ�� ȼɡɚɽɦɨɛɥɨɤɭɜɚɧɧɹ� ɜɢɧɢɤɚɽ�� ɤɨɥɢ� ɞɜɚ� ɚɛɨ� ɛɿɥɶɲɟ�

ɩɨɬɨɤɿɜ�ɨɱɿɤɭɸɬɶ�ɫɢɝɧɚɥɭ��ɹɤɢɣ�ɧɟɦɨɠɥɢɜɨ�ɨɬɪɢɦɚɬɢ��ɇɚɩɪɢɤɥɚɞ��ɩɨɬɿɤ�$�ɱɟɤɚɽ�

ɫɢɝɧɚɥɭ� ɜɿɞ� ɩɨɬɨɤɭ� %�� ɚɥɟ� ɨɫɬɚɧɧɿɣ� ɱɟɤɚɽ� ɫɢɝɧɚɥɭ� ɜɿɞ� ɩɨɬɨɤɭ� $�� Ɍɨɦɭ� ɜɨɧɢ�

ɩɨɬɪɚɩɢɥɢ� ɜ� ɫɬɚɧ� ɜɡɚɽɦɧɨɝɨ� ɨɱɿɤɭɜɚɧɧɹ� ɨɞɢɧ� ɨɞɧɨɝɨ�� ȼɡɚɽɦɨɛɥɨɤɭɜɚɧɧɹ ɦɚɽ�

ɝɚɪɧɢɣ� ɨɩɢɫ� ɡɚ� ɞɨɩɨɦɨɝɨɸ� ɡɜɢɱɚɣɧɨʀ� ɦɟɪɟɠɿ� ɉɟɬɪɿ�� ȼɿɞɨɦɢɣ� ɩɪɢɤɥɚɞ� ɩ
ɹɬɢ�

ɮɿɥɨɫɨɮɿɜ� ɨɩɢɫɭɽ� Ⱦɠ�� ɉɿɬɟɪɫɨɧ� [13]. Ⱦɥɹ� ɞɨɫɥɿɞɠɟɧɧɹ� ɫɢɬɭɚɰɿɣ�

ɜɡɚɽɦɨɛɥɨɤɭɜɚɧɧɹ� ɭ� ɛɚɝɚɬɨɩɨɬɨɤɨɜɢɯ� ɩɪɨɝɪɚɦɚɯ ɭ� ɪɨɛɨɬɿ� >43] ɚɜɬɨɪɢ�

ɩɪɨɩɨɧɭɸɬɶ�ɫɩɟɰɿɚɥɶɧɢɣ�ɤɥɚɫ�ɡɜɢɱɚɣɧɨʀ�ɦɟɪɟɠɿ�ɉɟɬɪɿ�ɩɿɞ�ɧɚɡɜɨɸ�ɦɟɪɟɠɚ�Ƚɚɞɚɪɚ. 

ȱɧɲɚ� ɩɪɨɛɥɟɦɚ� ɛɚɝɚɬɨɩɨɬɨɤɨɜɨɫɬɿ� ± ɧɟɭɡɝɨɞɠɟɧɿɫɬɶ� ɞɚɧɢɯ ± ɨɡɧɚɱɚɽ�

ɩɨɦɢɥɤɭ� ɨɛɱɢɫɥɟɧɧɹ�� ɤɨɥɢ� ɞɜɚ� ɚɛɨ� ɛɿɥɶɲɟ ɩɨɬɨɤɿɜ ɨɞɧɨɱɚɫɧɨ� ɦɨɞɢɮɿɤɭɸɬɶ�

ɫɩɿɥɶɧɿ� ɞɚɧɿ�� ɍ� >44] ɡɚɩɪɨɩɨɧɨɜɚɧɨ� ɪɨɡɝɨɪɧɭɬɢɣ� ɦɟɬɨɞ� ɜɢɹɜɥɟɧɧɹ� ɩɨɦɢɥɨɤ�

ɧɟɭɡɝɨɞɠɟɧɨɫɬɿ� ɞɚɧɢɯ� ɭ� ɛɚɝɚɬɨɩɨɬɨɤɨɜɢɯ� ɩɪɨɝɪɚɦɚɯ� ɡ� ɜɢɤɨɪɢɫɬɚɧɧɹɦ�

ɫɩɟɰɢɮɿɱɧɢɯ�ɦɟɪɟɠ�ɉɟɬɪɿ�ɡ�ɞɚɧɢɦɢ��3'-net). 

ɍ� ɪɨɛɨɬɿ� [45] ɡɚɩɪɨɩɨɧɨɜɚɧɨ ɮɪɟɣɦɜɨɪɤ� ɩɿɞ� ɧɚɡɜɨɸ PVcon ɞɥɹ�

ɞɢɧɚɦɿɱɧɨɝɨ� ɜɢɹɜɥɟɧɧɹ� ɩɨɦɢɥɨɤ� ɩɚɪɚɥɟɥɿɡɦɭ�� ȿɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ� ɪɟɡɭɥɶɬɚɬɢ�

ɩɨɤɚɡɭɸɬɶ�� ɳɨ� PVcon ɦɨɠɟ� ɟɮɟɤɬɢɜɧɨ� ɜɢɹɜɥɹɬɢ� ɜɞɜɿɱɿ� ɛɿɥɶɲɟ� ɩɨɦɢɥɨɤ� ɭ�

ɛɚɝɚɬɨɩɨɬɨɤɨɜɢɯ� ɩɪɨɝɪɚɦɚɯ�� ɧɿɠ� ɿɧɲɿ� ɦɟɬɨɞɢ� Ɉɞɧɚɤ�� ɚɜɬɨɪɢ� ɜɤɚɡɭɸɬɶ�� ɳɨ� ɭ�
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ɞɚɧɿɣ�ɪɨɛɨɬɿ�ɜɨɧɢ�ɡɨɫɟɪɟɞɢɥɢɫɶ�ɧɚ�ɩɨɦɢɥɤɚɯ�ɛɚɝɚɬɨɩɨɬɨɤɨɜɨɫɬɿ ɡɚ�ɜɢɤɥɸɱɟɧɧɹɦ�

ɩɪɨɛɥɟɦ�ɜɡɚɽɦɨɛɥɨɤɭɜɚɧɶ. 

ɍ�ɪɨɛɨɬɿ�[46] ɡɚɩɪɨɩɨɧɨɜɚɧɨ�ɩɿɞɯɿɞ�ɞɥɹ�ɩɟɪɟɜɿɪɤɢ�ɩɚɪɚɥɟɥɶɧɢɯ�ɚɥɝɨɪɢɬɦɿɜ�

ɬɚ� ɩɪɨɝɪɚɦ� ɡɚ� ɞɨɩɨɦɨɝɨɸ� ɤɨɥɶɨɪɨɜɢɯ�ɦɟɪɟɠ�ɉɟɬɪɿ��Ɇɨɞɟɥɿ��ɳɨ� ɛɭɞɭɸɬɶɫɹ� ɡɚ�

ɤɨɞɨɦ��  ɦɨɠɧɚ� ɩɟɪɟɜɿɪɢɬɢ� ɧɚ� ɩɪɚɜɢɥɶɧɿɫɬɶ��ɳɨɛ� ɞɨɜɟɫɬɢ� ɜɿɞɫɭɬɧɿɫɬɶ� ɩɨɦɢɥɨɤ 

ɜɡɚɽɦɧɨɝɨ ɛɥɨɤɭɜɚɧɧɹ�  

Ɉɝɥɹɞ� ɿɫɧɭɸɱɢɯ� ɦɟɬɨɞɿɜ� ɡɧɟɜɚɞɠɟɧɧɹ� ɩɚɪɚɥɟɥɶɧɢɯ� ɬɚ� ɪɨɡɩɨɞɿɥɟɧɢɯ�

ɩɪɨɝɪɚɦ� ɦɿɫɬɢɬɶɫɹ� ɜ� ɪɨɛɨɬɿ� [47]. Ⱦɚɧɚ� ɪɨɛɨɬɚ� ɩɿɞɬɜɟɪɞɠɭɽ� ɧɟɨɛɯɿɞɧɿɫɬɶ�

ɭɧɿɮɿɤɨɜɚɧɨɝɨ�ɡɚɫɨɛɭ�ɧɚɥɚɝɨɞɠɟɧɧɹ�ɛɚɝɚɬɨɩɨɬɨɤɨɜɢɯ�ɩɪɨɝɪɚɦ� 

ɇɚ� ɡɚɤɿɧɱɟɧɧɹ�� ɩɨɜɟɞɿɧɤɚ� ɩɚɪɚɥɟɥɶɧɨɝɨ� ɚɥɝɨɪɢɬɦɭ� ɫɢɥɶɧɨ� ɡɚɥɟɠɢɬɶ� ɜɿɞ�

ɪɟɫɭɪɫɿɜ� ɿ� ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ�ɱɚɫɭ�ɜɢɤɨɧɚɧɧɹ� ɿɧɫɬɪɭɤɰɿɣ��Ɍɨɦɭ� ɬɨɱɧɚ�ɦɨɞɟɥɶ��ɳɨ�

ɨɩɢɫɭɽ� ɬɚɤɭ� ɩɨɜɟɞɿɧɤɭ�� ɦɨɠɟ� ɛɭɬɢ� ɩɨɛɭɞɨɜɚɧɚ� ɡɚ� ɞɨɩɨɦɨɝɨɸ� ɫɬɨɯɚɫɬɢɱɧɨʀ�

ɦɟɪɟɠɿ�ɉɟɬɪɿ� 

2.4 Ɇɟɬɨɞ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ�ɩɚɪɚɥɟɥɶɧɢɯ�ɨɛɱɢɫɥɟɧɶ� 

2.4.1 ɒɚɛɥɨɧɢ�ɦɨɞɟɥɸɜɚɧɧɹ�ɩɚɪɚɥɟɥɶɧɢɯ�ɨɛɱɢɫɥɟɧɶ�ɦɟɪɟɠɟɸ�ɉɟɬɪɿ 

ɍ� ɪɨɛɨɬɚɯ [48, 49, 50@� ɛɭɥɨ� ɡɚɩɪɨɩɨɧɨɜɚɧɨ ɞɨɫɥɿɞɠɟɧɧɹ ɩɚɪɚɥɟɥɶɧɢɯ�

ɩɪɨɝɪɚɦ� ɧɚ�ɦɨɞɟɥɹɯ�� ɩɪɟɞɫɬɚɜɥɟɧɢɯ� ɫɬɨɯɚɫɬɢɱɧɨɸ�ɦɟɪɟɠɟɸ�ɉɟɬɪɿ� Ʉɨɧɰɟɩɰɿɹ�

ɜɢɤɨɪɢɫɬɚɧɧɹ�ɲɚɛɥɨɧɿɜ�ɬɚ�ɤɥɸɱɨɜɿ�ɲɚɛɥɨɧɢ�ɞɥɹ�ɩɪɨɽɤɬɭɜɚɧɧɹ�ɛɚɝɚɬɨɩɨɬɨɤɨɜɢɯ�

ɨɛɱɢɫɥɟɧɶ�ɡɚɩɪɨɩɨɧɨɜɚɧɿ�ɜ�ɪɨɛɨɬɿ�>51@��Ɉɫɧɨɜɧɟ ɩɪɢɡɧɚɱɟɧɧɹ�ɬɚɤɢɯ�ɲɚɛɥɨɧɿɜ�± 

ɩɪɢɫɤɨɪɟɧɧɹ� ɩɪɨɰɟɫɭ� ɪɨɡɪɨɛɤɢ� ɦɨɞɟɥɟɣ� ɡɚ ɪɚɯɭɧɨɤ� ɫɩɪɨɳɟɧɧɹ� ɬɚ� ɡɦɟɧɲɟɧɧɹ�

ɤɿɥɶɤɨɫɬɿ�ɩɨɦɢɥɨɤ� ɒɚɛɥɨɧɢ�ɦɨɞɟɥɸɜɚɧɧɹ�ɩɚɪɚɥɟɥɶɧɢɯ�ɨɛɱɢɫɥɟɧɶ�ɪɨɡɪɨɛɥɟɧɿ�ɜ�

ɤɨɧɬɟɤɫɬɿ�ɛɚɝɚɬɨɩɨɬɨɤɨɜɨʀ�ɬɟɯɧɨɥɨɝɿʀ�Java��ɩɪɨɬɟ�ɦɟɯɚɧɿɡɦɢ��ɹɤɿ�ɪɨɡɝɥɹɞɚɸɬɶɫɹ��

ɩɪɢɬɚɦɚɧɧɿ�ɭɫɿɦ�ɪɟɚɥɿɡɚɰɿɹɦ�ɛɚɝɚɬɨɩɨɬɨɤɨɜɨɫɬɿ�ɿɧɲɢɦɢ�ɦɨɜɚɦɢ�ɩɪɨɝɪɚɦɭɜɚɧɧɹ. 

ɍ� ɪɨɛɨɬɿ� [52, 53] ɦɿɫɬɢɬɶɫɹ� ɨɩɢɫ� ɪɨɡɪɨɛɤɢ� ɩɨɱɚɬɤɨɜɢɯ� ɦɨɞɟɥɟɣ� ɛɚɡɨɜɢɯ�

ɦɟɯɚɧɿɡɦɿɜ� ɛɚɝɚɬɨɩɨɬɨɤɨɜɨʀ� ɩɪɨɝɪɚɦɢ� ɬɚ� ɜɩɪɨɜɚɞɠɟɧɧɹ� ʀɯ� ɭ� ɩɪɨɝɪɚɦɧɨɦɭ�

ɡɚɛɟɡɩɟɱɟɧɧɿ ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɨɝɨ�ɦɨɞɟɥɸɜɚɧɧɹ�ɞɥɹ�ɩɨɥɟɝɲɟɧɧɹ�ɩɪɨɰɟɫɭ�ɩɨɛɭɞɨɜɢ�

ɦɨɞɟɥɿ�ɩɚɪɚɥɟɥɶɧɨʀ�ɩɪɨɝɪɚɦɢ��ȼɚɪɬɨ�ɡɚɡɧɚɱɢɬɢ��ɳɨ ɭ�ɩɨɪɿɜɧɹɧɧɿ�ɿɡ�ɡɚɡɧɚɱɟɧɨɸ�
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ɪɨɛɨɬɨɸ ɭ�ɞɚɧɨɦɭ ɞɢɫɟɪɬɚɰɿɣɧɨɦɭ�ɞɨɫɥɿɞɠɟɧɧɿ ɱɚɫɬɢɧɚ�ɦɨɞɟɥɟɣ ɭɞɨɫɤɨɧɚɥɟɧɚ�

ɡɚ� ɪɚɯɭɧɨɤ� ɛɿɥɶɲ� ɬɨɱɧɨɝɨ� ɜɿɞɬɜɨɪɟɧɧɹ� ɞɟɬɚɥɟɣ� ɮɭɧɤɰɿɨɧɭɜɚɧɧɹ� ɦɟɯɚɧɿɡɦɿɜ�

ɛɚɝɚɬɨɩɨɬɨɤɨɜɨɫɬɿ� 

Ʉɥɸɱɨɜɢɦɢ� ɲɚɛɥɨɧɚɦɢ� ɦɨɞɟɥɸɜɚɧɧɹ� ɪɭɬɢɧɧɢɯ� ɿɧɫɬɪɭɤɰɿɣ� ɩɪɨɝɪɚɦɢ� ɽ�

ɰɢɤɥ�IRU��ɰɢɤɥ�ZKLOH��ɨɩɟɪɚɬɨɪ�LI-then-else. 

ɐɢɤɥ� fRU� ɦɨɠɟ� ɛɭɬɢ� ɩɪɟɞɫɬɚɜɥɟɧɢɣ� ɞɜɨɦɚ� ɩɨɞɿɹɦɢ�� ɩɟɪɲɚ� ɩɨɱɢɧɚɽ�

ɜɢɤɨɧɚɧɧɹ� ɨɞɧɿɽʀ� ɿɬɟɪɚɰɿʀ� ɰɢɤɥɭ�� ɹɤɳɨ� ɤɿɥɶɤɿɫɬɶ� ɩɨɜɬɨɪɟɧɶ� ɧɟ� ɜɢɱɟɪɩɚɧɨ�� ɚɛɨ�

ɡɚɜɟɪɲɭɽ� ɜɢɤɨɧɚɧɧɹ� ɰɢɤɥɭ� ɜ� ɿɧɲɨɦɭ� ɜɢɩɚɞɤɭ�� ɚ� ɞɪɭɝɚ� ɡɚɜɟɪɲɭɽ� ɜɢɤɨɧɚɧɧɹ�

ɿɬɟɪɚɰɿʀ��ɪɢɫ� 2.4��D���ɉɨɡɢɰɿɹ�³numIteration´ ɦɿɫɬɢɬɢɦɟ�ɤɿɥɶɤɿɫɬɶ�ɦɚɪɤɟɪɿɜ�P��ɹɤɚ�

ɞɨɪɿɜɧɸɽ� ɤɿɥɶɤɨɫɬɿ� ɿɬɟɪɚɰɿɣ�� ɹɤɿ� ɡɚɥɢɲɢɥɢɫɹ� ɞɥɹ� ɜɢɤɨɧɚɧɧɹ�� ɉɨɡɢɰɿɹ� "for" 

ɨɛɦɟɠɢɬɶ� ɜɢɤɨɧɚɧɧɹ� ɿɬɟɪɚɰɿɣ� ɨɞɧɚ� ɡɚ� ɨɞɧɨɸ�� Ʉɨɥɢ� ɜɫɿ� ɿɬɟɪɚɰɿʀ� ɡɚɜɟɪɲɟɧɿ�� m 

ɦɚɪɤɟɪɿɜ�ɛɭɞɭɬɶ�ɭ�ɜɯɿɞɧɿɣ�ɩɨɡɢɰɿʀ�ɩɟɪɟɯɨɞɭ�"forFinish"��ɿ�ɩɟɪɟɯɿɞ�ɫɩɪɚɰɸɽ� 

ɐɢɤɥ� ZKLOH� ɜɿɞɪɿɡɧɹɽɬɶɫɹ� ɜɿɞ� ɰɢɤɥɭ� IRU� ɥɢɲɟ ɩɟɪɟɜɿɪɤɨɸ� ɭɦɨɜɢ� ɞɥɹ�

ɩɪɨɞɨɜɠɟɧɧɹ� ɿɬɟɪɚɰɿʀ� �ɪɢɫ� 2.4�� ɛ��� ɐɹ� ɭɦɨɜɚ� ɩɪɟɞɫɬɚɜɥɟɧɚ� ɩɨɡɢɰɿɽɸ� "cond", 

ɩɨɜ¶ɹɡɚɧɨɸ�ɿɡ�ɩɟɪɟɯɨɞɨɦ�"while start" ɿɧɮɨɪɦɚɰɿɣɧɨɸ�ɞɭɝɨɸ��ɉɪɿɨɪɢɬɟɬ�ɩɟɪɟɯɨɞɭ�

"while start" ɩɨɜɢɧɟɧ� ɛɭɬɢ� ɜɫɬɚɧɨɜɥɟɧɢɣ� ɧɚ� ɜɢɳɟ� ɡɧɚɱɟɧɧɹ�� ɧɿɠ� ɩɪɿɨɪɢɬɟɬ�

ɩɟɪɟɯɨɞɭ�"while finish". 

Ɉɩɟɪɚɬɨɪ� LI-then-HOVH� ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɧɚ� ɪɢɫɭɧɤɭ 2.4 �ɜ���ɉɟɪɟɜɿɪɤɚ� ɫɬɚɧɭ�

ɜɢɤɨɧɭɽɬɶɫɹ� ɩɟɪɟɜɿɪɤɨɸ� ɦɚɪɤɟɪɚ� ɜ� ɩɨɡɢɰɿʀ� "condition"�� Ʉɨɧɮɥɿɤɬ� ɦɿɠ�

ɚɥɶɬɟɪɧɚɬɢɜɧɢɦɢ� ɩɨɞɿɹɦɢ� "if" ɬɚ "else" ɜɢɪɿɲɭɽɬɶɫɹ� ɜɫɬɚɧɨɜɥɟɧɧɹɦ� ɜɢɳɨɝɨ�

ɩɪɿɨɪɢɬɟɬɭ�ɞɥɹ�ɩɟɪɟɯɨɞɭ� "if"��Ʌɢɲɟ�ɤɨɥɢ�ɭɦɨɜɚ�ɧɟ� ɜɿɞɩɨɜɿɞɚɽ�ɞɿɣɫɧɨɫɬɿ��ɦɨɠɟ�

ɫɩɪɚɰɸɜɚɬɢ�ɩɟɪɟɯɿɞ�"else". 
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Ɋɢɫɭɧɨɤ���4 ± Ɇɨɞɟɥɸɜɚɧɧɹ ɰɢɤɥɭ�IRU��D���ɰɢɤɥɭ�ZKLOH��ɛ��ɬɚ�ɨɩɟɪɚɬɨɪɚ�LI-then-

else (ɜ) ɫɬɨɯɚɫɬɢɱɧɨɸ�ɦɟɪɟɠɟɸ�ɉɟɬɪɿ. 

Ʉɨɠɧɚ� ɿɧɫɬɪɭɤɰɿɹ� ɜ� ɩɪɨɝɪɚɦɿ� ɩɨɬɪɟɛɭɽ� ɡɚɯɨɩɥɟɧɧɹ� ɨɛɱɢɫɥɸɜɚɥɶɧɨɝɨ�

ɪɟɫɭɪɫɭ�� Ɍɨɦɭ� ɜɫɿ� ɩɟɪɟɯɨɞɢ�� ɹɤɿ� ɜɿɞɩɨɜɿɞɚɸɬɶ� ɨɛɱɢɫɥɸɜɚɥɶɧɢɦ� ɞɿɹɦ�� ɦɚɸɬɶ�

ɜɯɿɞɧɭ� ɬɚ� ɜɢɯɿɞɧɭ� ɩɨɡɢɰɿɸ� "cores"�� ɹɤɚ� ɦɿɫɬɢɬɶ� ɿɧɮɨɪɦɚɰɿɸ� ɩɪɨ� ɤɿɥɶɤɿɫɬɶ�

ɧɚɹɜɧɨɝɨ�ɨɛɱɢɫɥɸɜɚɥɶɧɨɝɨ�ɪɟɫɭɪɫɭ��Ɉɛɦɟɠɟɧɧɹ�ɪɟɫɭɪɫɭ�ɨɡɧɚɱɚɽ��ɳɨ�ɧɟ�ɛɿɥɶɲɟ�

ɫ ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ�ɞɿɣ�ɦɨɠɭɬɶ�ɜɢɤɨɧɭɜɚɬɢɫɶ�ɨɞɧɨɱɚɫɧɨ� 

ȼɚɪɬɨ�ɜɿɞɦɿɬɢɬɢ��ɳɨ�ɜɫɿ�ɩɟɪɟɯɨɞɢ�� ɹɤɿ� ɜɿɞɬɜɨɪɸɸɬɶ� ɿɧɫɬɪɭɤɰɿʀ�ɩɪɨɝɪɚɦɢ��

ɡɚɞɿɸɸɬɶ ɨɛɱɢɫɥɸɜɚɥɶɧɢɣ� ɪɟɫɭɪɫ�� Ɉɞɧɚɤ� ɞɥɹ� ɛɿɥɶɲ� ɩɪɨɫɬɨɝɨ� ɜɿɡɭɚɥɶɧɨɝɨ 

ɩɪɟɞɫɬɚɜɥɟɧɧɹ�ɡɚɯɨɩɥɟɧɧɹ�ɪɟɫɭɪɫɭ�ɧɟ�ɡɨɛɪɚɠɚɬɢɦɟɬɶɫɹ ɞɥɹ�ɤɨɠɧɨɝɨ�ɩɟɪɟɯɨɞɭ��ɚ�

ɧɚɹɜɧɿɫɬɶ�ɩɨɡɢɰɿʀ "cores" ɬɚ�ɡɜ¶ɹɡɤɿɜ�ɡ�ɧɟɸ�ɤɨɠɧɨɝɨ�ɩɟɪɟɯɨɞɭ�ɩɟɪɟɞɛɚɱɚɽɬɶɫɹ�ɡɚ�

ɡɚɦɨɜɱɟɧɧɹɦ� 

ɉɨɡɢɰɿʀ� ɦɟɪɟɠɿ� ɉɟɬɪɿ�� ɹɤɿ� ɛɭɞɭɬɶ� ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢɫɶ� ɞɚɥɿ� ɞɥɹ� ɨɛɦɿɧɭ�

ɿɧɮɨɪɦɚɰɿɽɸ� ɩɪɨ� ɫɜɿɣ� ɫɬɚɧ� ɡ� ɿɧɲɢɦɢ� ɉɟɬɪɿ-ɨɛ¶ɽɤɬɚɦɢ�� ɜɿɞɦɿɱɚɸɬɶɫɹ� ɫɿɪɢɦ�

ɤɨɥɶɨɪɨɦ��Ɍɢɦ�ɫɚɦɢɦ�ɫɢɦɜɨɥɿɡɭɽɦɨ��ɳɨ�ɡɦɿɧɸɜɚɧɧɹ�ʀɯ�ɦɚɪɤɿɪɤɭɜɚɧɧɹ�ɦɨɠɟ�ɛɭɬɢ�

     m 
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ɫɩɪɢɱɢɧɟɧɨ�ɬɚɤɨɠ�ɿɧɲɢɦɢ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɚɦɢ��ɨɫɤɿɥɶɤɢ�ɬɚɤɿ�ɩɨɡɢɰɿʀ�ɦɨɠɭɬɶ�ɛɭɬɢ�

ɫɩɿɥɶɧɢɦɢ�ɡ�ɿɧɲɢɦɢ�ɨɛ¶ɽɤɬɚɦɢ� 

Ȼɭɞɶ-ɹɤɚ� ɩɪɨɝɪɚɦɚ� ɜ� java ɽ� ɩɨɬɨɤɨɦ, ɿ� main-ɦɟɬɨɞ� ɡɚɩɭɫɤɚɽɬɶɫɹ� Main-

ɩɨɬɨɤɨɦ� ɩɪɨɝɪɚɦɢ�� ɋɬɜɨɪɟɧɧɹ� ɿɧɲɨɝɨ� ɩɨɬɨɤɭ, ɩɨɱɚɬɨɤ� ɬɚ� ɡɚɜɟɪɲɟɧɧɹ� ɣɨɝɨ�

ɪɨɛɨɬɢ ɿɧɿɰɿɸɸɬɶɫɹ�ɬɚɤɢɦɢ ɿɧɫɬɪɭɤɰɿɹɦɢ�ɩɪɨɝɪɚɦɢ: 

public static void main(String[] args) { 
        Thread thread = new Thread(new Runnable(){ 
            @Override 
            public void run() { 
              «  // ɤɨɞ�ɞɿɣ�ɩɨɬɨɤɭ 
            } 
        }); 
        thread.start(); 
} 

Ⱦɥɹ� ɫɬɜɨɪɟɧɧɹ� Runnable-ɨɛ¶ɽɤɬɚ� ɦɨɠɧɚ� ɫɤɨɪɢɫɬɚɬɢɫɶ� ɬɚɤɨɠ� ɥɹɦɛɞɚ-

ɜɢɪɚɡɨɦ� 

Thread thread = new Thread(() -> { 
              «  // ɤɨɞ�ɞɿɣ�ɩɨɬɨɤɭ 
}); 

ɉɪɢ� ɫɬɜɨɪɟɧɧɿ� ɩɨɬɨɤɭ� ɫɬɜɨɪɸɽɬɶɫɹ� ɨɛ¶ɽɤɬ�� ɹɤɢɣ� ɩɿɞɬɪɢɦɭɽ� ɿɧɬɟɪɮɟɣɫ�

Runnable. ɉɪɢ�ɰɶɨɦɭ�ɩɨɬɿɤ��ɹɤɢɣ ɿɧɿɰɿɸɽ�ɫɬɜɨɪɟɧɧɹ�ɧɨɜɨɝɨ�ɩɨɬɨɤɭ�ɩɪɨɞɨɜɠɭɽ�

ɫɜɨɸ�ɪɨɛɨɬɭ� Ɂɚɩɭɫɤ�ɩɨɬɨɤɭ�ɧɚ�ɜɢɤɨɧɚɧɧɹ�ɜɿɞɛɭɜɚɽɬɶɫɹ ɜɢɤɥɢɤɨɦ�ɦɟɬɨɞɭ�start, 

ɹɤɢɣ�ɜɢɤɨɧɭɽ�ɞɿʀ��ɜɤɚɡɚɧɿ�ɜ�ɦɟɬɨɞɿ�run ɩɨɬɨɤɭ��ɉɨɬɿɤ�ɧɟ�ɡɚɜɟɪɲɭɽ�ɪɨɛɨɬɭ�ɞɨɤɢ�ɭɫɿ�

ɩɨɬɨɤɢ�� ɩɪɨɞɭɤɨɜɚɧɿ� ɧɢɦ�� ɧɟ� ɡɚɜɟɪɲɢɥɢ� ɫɜɨɸ� ɪɨɛɨɬɭ�� ɬɨɦɭ� ɦɟɬɨɞ main 

ɡɚɜɟɪɲɢɬɶ� ɫɜɨɽ� ɜɢɤɨɧɚɧɧɹ� ɬɿɥɶɤɢ� ɩɿɫɥɹ� ɡɚɜɟɪɲɟɧɧɹ� ɪɨɛɨɬɢ� ɫɬɜɨɪɟɧɨɝɨ� ɧɢɦ�

ɩɨɬɨɤɭ. ɇɚ�ɪɢɫɭɧɤɭ���5 ɩɪɟɞɫɬɚɜɥɟɧɚ�ɦɟɪɟɠɚ�ɉɟɬɪɿ��ɳɨ�ɦɨɞɟɥɸɽ�ɪɨɛɨɬɭ�ɨɛɨɯ�

ɩɨɬɨɤɿɜ�± main ɬɚ�ɫɬɜɨɪɟɧɨɝɨ�ɧɢɦ�thread. Ɇɿɠ�start ɬɚ�end, runSt ɬɚ�runEnd 

ɪɨɡɦɿɳɭɸɬɶɫɹ� ɩɨɞɿʀ�� ɹɤɿ� ɜɿɞɩɨɜɿɞɚɸɬɶ� ɨɛɱɢɫɥɸɜɚɥɶɧɢɦ� ɞɿɹɦ��ɳɨ� ɜɢɤɨɧɭɸɬɶɫɹ�

ɩɨɬɨɤɨɦ��ɩɨɡɧɚɱɟɧɿ�ɧɚ�ɪɢɫɭɧɤɭ�ɬɪɶɨɦɚ�ɤɪɚɩɤɚɦɢ�� 
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Ɋɢɫɭɧɨɤ���5±  Ɏɪɚɝɦɟɧɬ�ɦɟɪɟɠɿ�ɉɟɬɪɿ��ɳɨ�ɦɨɞɟɥɸɽ�ɫɬɜɨɪɟɧɧɹ��ɩɨɱɚɬɨɤ�ɬɚ 

ɡɚɜɟɪɲɟɧɧɹ�ɪɨɛɨɬɢ�ɩɨɬɨɤɭ. 

Ɇɟɬɨɞ�sleep ɽ�ɫɬɚɬɢɱɧɢɦ�ɿ�ɜɤɚɡɭɽ�ɧɚ�ɧɟɨɛɯɿɞɧɿɫɬɶ�ɩɪɢɡɭɩɢɧɤɢ�ɜɢɤɨɧɚɧɧɹ�

ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ�ɞɿɣ�ɜ�ɬɨɦɭ�ɦɿɫɰɿ�ɩɪɨɝɪɚɦɢ��ɞɟ�ɦɟɬɨɞ�ɜɢɤɥɢɤɚɧɢɣ��ɉɪɢɡɭɩɢɧɟɧɨ�

ɛɭɞɟ�ɜɢɤɨɧɚɧɧɹ�ɞɿɣ�ɬɨɝɨ�ɩɨɬɿɤ��ɹɤɢɣ�ɜɢɤɨɧɭɽ�ɨɛɱɢɫɥɸɜɚɥɶɧɿ�ɞɿʀ� ɭ�ɰɶɨɦɭ�ɦɿɫɰɿ�

ɤɨɞɭ��Ɇɟɬɨɞ�sleep ɡɜɿɥɶɧɸɽ�ɨɛɱɢɫɥɸɜɚɥɶɧɢɣ�ɪɟɫɭɪɫ�ɧɚ�ɱɚɫ�ɩɪɢɡɭɩɢɧɤɢ��ɬɨɦɭ�

ɜɿɧ ɦɨɞɟɥɸɽɬɶɫɹ� ɬɪɶɨɦɚ ɩɨɞɿɹɦɢ�� ɡɜɿɥɶɧɟɧɧɹ� ɪɟɫɭɪɫɭ�� ɡɚɜɟɪɲɟɧɧɹ� ɿɧɬɟɪɜɚɥɭ�

ɩɪɢɡɭɩɢɧɤɢ�� ɡɚɯɨɩɥɟɧɧɹ�ɪɟɫɭɪɫɭ �ɪɢɫ�� ��6). Ɂɜɿɞɫɢ�ɹɫɧɨ��ɳɨ�ɩɪɨɞɨɜɠɢɬɢ� ɫɜɨɸ�

ɪɨɛɨɬɭ� ɩɨɬɿɤ� ɡɦɨɠɟ� ɬɿɥɶɤɢ� ɩɪɢ� ɧɚɹɜɧɨɫɬɿ� ɜɿɥɶɧɨɝɨ� ɨɛɱɢɫɥɸɜɚɥɶɧɨɝɨ� ɪɟɫɭɪɫɭ��

Ɉɬɠɟ�ɮɚɤɬɢɱɧɢɣ�ɱɚɫ��ɧɚ�ɹɤɢɣ�ɛɭɥɨ�ɩɪɢɡɭɩɢɧɟɧɨ�ɪɨɛɨɬɭ�ɦɨɠɟ�ɛɭɬɢ�ɛɿɥɶɲɢɦ��ɧɿɠ�

ɜɤɚɡɚɧɢɣ�ɜ�ɚɪɝɭɦɟɧɬɿ�sleep ɦɟɬɨɞɭ�� 

Ɇɟɬɨɞ�join ɽ�ɨɞɧɢɦ�ɡ�ɧɚɣɩɪɨɫɬɿɲɢɯ�ɦɟɬɨɞɿɜ�ɭɡɝɨɞɠɟɧɧɹ�ɪɨɛɨɬɢ�ɩɨɬɨɤɿɜ�ɿ�

ɜɨɞɧɨɱɚɫ�ɧɚɣɛɿɥɶɲ�ɜɢɤɨɪɢɫɬɨɜɭɜɚɧɢɦ� ȼɿɧ�ɜɢɤɥɢɤɚɽɬɶɫɹ�ɞɥɹ��ɜɤɚɡɚɧɨɝɨ�ɩɨɬɨɤɭ�

B ɿ�ɡɨɛɨɜ¶ɹɡɭɽ�ɩɪɨɝɪɚɦɭ�ɜ�ɞɚɧɨɦɭ�ɦɿɫɰɿ�ɤɨɞɭ (ɩɨɬɨɤɭ�Ⱥ) ɞɨɱɟɤɚɬɢɫɶ��ɞɨɤɢ��ɩɨɬɿɤ 

B ɡɚɜɟɪɲɢɬɶ�ɫɜɨɸ�ɪɨɛɨɬɭ. Ⱦɨɫɬɚɬɧɶɨ�ɜɢɤɨɪɢɫɬɚɬɢ�ɨɞɧɭ�ɩɨɞɿɸ�ɞɥɹ�ɜɿɞɬɜɨɪɟɧɧɹ�

ɬɚɤɨɝɨ�ɨɱɿɤɭɜɚɧɧɹ� �ɞɢɜ��ɪɢɫ����6). ɇɚɣɩɪɨɫɬɿɲɢɣ�ɩɪɢɤɥɚɞ�ɜɢɤɨɪɢɫɬɚɧɧɹ�join-

ɦɟɬɨɞɭ ± ɰɟ�ɨɱɿɤɭɜɚɧɧɹ�ɜ�main-ɦɟɬɨɞɿ�ɡɚɜɟɪɲɟɧɧɹ�ɨɛɱɢɫɥɟɧɶ�ɭɫɿɯ�ɩɨɬɨɤɿɜ�ɞɥɹ�

ɩɨɱɚɬɤɭ�ɮɨɪɦɭɜɚɧɧɹ�ɬɚ�ɜɢɜɟɞɟɧɧɹ�ɪɟɡɭɥɶɬɚɬɭ�ɨɛɱɢɫɥɟɧɶ�� 
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Ɋɢɫɭɧɨɤ���6 ± Ɏɪɚɝɦɟɧɬ�ɦɟɪɟɠɿ�ɉɟɬɪɿ��ɳɨ�ɦɨɞɟɥɸɽ ɩɪɢɡɭɩɢɧɤɭ�ɩɨɬɨɤɭ�ɬɚ�

ɨɱɿɤɭɜɚɧɧɹ�ɧɚ�ɡɚɜɟɪɲɟɧɧɹ�ɜɢɤɨɧɚɧɧɹ�ɞɿɣ�ɩɨɬɨɤɭ�. 

ɍ�ɛɚɝɚɬɨɩɨɬɨɤɨɜɨɦɭ�ɩɪɨɝɪɚɦɭɜɚɧɧɿ��ɤɨɥɢ�ɤɿɥɶɤɚ�ɩɨɬɨɤɿɜ�ɦɚɸɬɶ�ɞɨɫɬɭɩ�ɞɨ�

ɫɩɿɥɶɧɨɝɨ� ɪɨɡɞɿɥɟɧɨɝɨ� ɪɟɫɭɪɫɭ�� ɧɟɨɛɯɿɞɧɨ� ɝɚɪɚɧɬɭɜɚɬɢ�� ɳɨ� ɰɟɣ� ɪɟɫɭɪɫ�

ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ� ɬɿɥɶɤɢ� ɨɞɧɢɦ� ɩɨɬɨɤɨɦ� ɨɞɧɨɱɚɫɧɨ�� ɐɟɣ� ɩɪɨɰɟɫ� ɧɚɡɢɜɚɽɬɶɫɹ�

ɫɢɧɯɪɨɧɿɡɚɰɿɽɸ��Ⱦɥɹ�ɞɨɫɹɝɧɟɧɧɹ�ɰɿɽʀ�ɦɟɬɢ�ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ�ɦɟɯɚɧɿɡɦɢ��ɬɚɤɿ�ɹɤ 

ɫɢɧɯɪɨɧɿɡɨɜɚɧɢɣ�ɦɟɬɨɞ�� ɛɥɨɤɭɜɚɧɧɹ�ɩɨɬɨɤɿɜ�ɬɚ�ɛɥɨɤ�ɫɢɧɯɪɨɧɿɡɚɰɿʀ�ɞɿɣ� 

əɤɳɨ�ɞɥɹ�ɨɛ¶ɽɤɬɚ�ɜɢɤɥɢɤɚɽɬɶɫɹ�ɫɢɧɯɪɨɧɿɡɨɜɚɧɢɣ�ɦɟɬɨɞ��ɣɨɝɨ�ɦɨɧɿɬɨɪ�ɛɭɞɟ�

ɡɚɯɨɩɥɟɧɨ��ɹɤɳɨ�ɜɿɧ�ɞɨɫɬɭɩɧɢɣ� Ɇɨɧɿɬɨɪɨɦ�ɜ�java ɧɚɡɢɜɚɸɬɶ ɜɧɭɬɪɿɲɧɿɣ�ɥɨɤɟɪ, 

ɹɤɢɦ� ɨɫɧɚɳɟɧɢɣ� ɛɭɞɶ-ɹɤɢɣ� ɨɛ¶ɽɤɬ� Ʌɢɲɟ� ɨɞɢɧ� ɩɨɬɿɤ� ɦɨɠɟ� ɛɭɬɢ� ɜɥɚɫɧɢɤɨɦ�

ɦɨɧɿɬɨɪɚ�� əɤɳɨ� ɩɨɬɿɤ� ɧɚɦɚɝɚɽɬɶɫɹ� ɡɚɯɨɩɢɬɢ� ɦɨɧɿɬɨɪ�� ɤɨɥɢ� ɜɿɧ� ɡɚɛɥɨɤɨɜɚɧɢɣ�

ɿɧɲɢɦ� ɩɨɬɨɤɨɦ�� ɩɨɬɿɤ� ɫɬɚɽ ɡɚɛɥɨɤɨɜɚɧɢɦ�� ɞɨɤɢ� ɦɨɧɿɬɨɪ� ɨɛ¶ɽɤɬɚ� ɧɟ� ɫɬɚɧɟ�

ɞɨɫɬɭɩɧɢɦ�ɞɥɹ�ɡɚɯɨɩɥɟɧɧɹ. ɇɚ�ɪɢɫɭɧɤɭ���7 ɩɪɟɞɫɬɚɜɥɟɧɚ�ɧɚɣɩɪɨɫɬɿɲɚ�ɪɟɚɥɿɡɚɰɿɹ�

ɛɥɨɤɭɜɚɧɧɹ�ɦɨɧɿɬɨɪɨɦ�ɨɛ¶ɽɤɬɚ�ɮɪɚɝɦɟɧɬɨɦ�ɦɟɪɟɠɿ�ɉɟɬɪɿ� 

 
Ɋɢɫɭɧɨɤ���7 ± Ɏɪɚɝɦɟɧɬ�ɦɟɪɟɠɿ�ɉɟɬɪɿ��ɳɨ�ɦɨɞɟɥɸɽ ɡɚɯɨɩɥɟɧɧɹ�ɦɨɧɿɬɨɪɚ�

ɨɛ¶ɽɤɬɚ��ɞɥɹ�ɹɤɨɝɨ�ɜɢɤɥɢɤɚɧɨ�ɫɢɧɯɪɨɧɿɡɨɜɚɧɢɣ�ɦɟɬɨɞ 
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ɋɥɿɞ�ɡɚɡɧɚɱɢɬɢ��ɳɨ�ɩɨɬɿɤ��ɹɤɢɣ�ɽ�ɜɥɚɫɧɢɤɨɦ�ɦɨɧɿɬɨɪɚ��ɦɨɠɟ�ɛɭɞɶ-ɫɤɿɥɶɤɢ 

ɪɚɡɿɜ�ɭɫɩɿɲɧɨ�ɡɚɯɨɩɢɬɢ�ɦɨɧɿɬɨɪ� Ɍɚɤɭ�ɜɥɚɫɬɢɜɿɫɬɶ�ɨɛ¶ɽɤɬɚ��ɳɨ�ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ�

ɞɥɹ�ɛɥɨɤɭɜɚɧɧɹ��ɧɚɡɢɜɚɸɬɶ�reentrance. Ʌɿɱɢɥɶɧɢɤ�ɛɥɨɤɭɜɚɧɶ�ɡɚɛɟɡɩɟɱɭɽ ɤɿɥɶɤɿɫɬɶ�

ɪɨɡɛɥɨɤɭɜɚɧɶ��ɳɨ�ɞɨɪɿɜɧɸɽ�ɤɿɥɶɤɨɫɬɿ�ɛɥɨɤɭɜɚɧɶ� Ɂɜɢɱɚɣɧɢɣ�ɨɛ¶ɽɤɬ��ɹɤɢɣ�ɦɨɠɟ�

ɜɢɫɬɭɩɚɬɢ� ɦɨɧɿɬɨɪɨɦ�� ɧɟ� ɦɚɽ� ɦɟɬɨɞɿɜ�� ɹɤɿ� ɧɚɞɚɸɬɶ� ɦɨɠɥɢɜɿɫɬɶ� ɤɨɧɬɪɨɥɸɜɚɬɢ�

ɤɿɥɶɤɿɫɬɶ� ɡɚɯɨɩɥɟɧɶ� ɨɞɧɢɦ�ɩɨɬɨɤɨɦ��ɉɪɟɞɫɬɚɜɢɦɨ� ɰɸ�ɦɨɠɥɢɜɿɫɬɶ� ɧɚ� ɩɪɢɤɥɚɞɿ�

ɜɢɤɨɪɢɫɬɚɧɧɹ� ɥɨɤɟɪɿɜ� �ɨɛ¶ɽɤɬɢ� ɬɢɩɭ� Lock��� ȼɢɤɨɪɢɫɬɚɧɧɹ� ɥɨɤɟɪɿɜ� ɧɚɞɚɽ�

ɩɪɨɝɪɚɦɿɫɬɭ� ɛɿɥɶɲ� ɲɢɪɨɤɿ� ɦɨɠɥɢɜɨɫɬɿ� ɤɨɧɬɪɨɥɸɜɚɬɢ� ɡɚɯɨɩɥɟɧɧɹ� ɥɨɤɟɪɿɜ��

ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ�ɪɿɡɧɿ�ɜɚɪɿɚɧɬɢ�ɡɚɯɨɩɥɟɧɧɹ��ɡ�ɨɱɿɤɭɜɚɧɧɹɦ�ɧɚ�ɡɜɿɥɶɧɟɧɧɹ�ɥɨɤɟɪɚ��

ɚɛɨ�ɛɟɡ�ɧɶɨɝɨ���ɚ�ɬɚɤɨɠ�ɪɨɡɜɢɧɭɬɿ�ɦɨɠɥɢɜɨɫɬɿ�ɞɥɹ�ɞɟɛɚɝɿɧɝɭ�ɫɬɚɧɭ�ɥɨɤɟɪɚ�ɜ�ɯɨɞɿ 

ɜɢɤɨɧɚɧɧɹ�ɩɪɨɝɪɚɦɢ� Ɏɪɚɝɦɟɧɬ�java-ɤɨɞɭ�ɞɥɹ�ɡɚɯɨɩɥɟɧɧɹ�ɥɨɤɟɪɚ�ɦɚɽ�ɜɢɝɥɹɞ� 

private final Lock lock = new ReentrantLock(); 
try{ 
    lock.lock()){ 
    «���V\QFKURQL]HG�DFWLRQV 
 } 
} finally { 
    lock.unlock(); 
} 

ɇɚ� ɪɢɫɭɧɤɭ� ��8 ɩɪɟɞɫɬɚɜɥɟɧɨ� ɮɪɚɝɦɟɧɬ� ɦɟɪɟɠɿ� ɉɟɬɪɿ� ɞɥɹ� ɦɨɞɟɥɸɜɚɧɧɹ�

ɡɚɯɨɩɥɟɧɧɹ� ɥɨɤɟɪɚ� ɡ� ɭɪɚɯɭɜɚɧɧɹɦ� ɦɨɠɥɢɜɨɫɬɿ� ɣɨɝɨ� ɩɨɜɬɨɪɧɨɝɨ� ɡɚɯɨɩɥɟɧɧɹ�

ɩɨɬɨɤɨɦ�� ɹɤɢɣ� ɜɠɟ� ɽ� ɜɥɚɫɧɢɤɨɦ� ɰɶɨɝɨ� ɥɨɤɟɪɭ� Ɂɚɪɚɞɢ� ɡɪɭɱɧɨɫɬɿ� ɫɩɪɢɣɧɹɬɬɹ�

ɮɪɚɝɦɟɧɬɿɜ�ɦɟɪɟɠ�ɉɟɬɪɿ�ɬɚ�ɫɩɪɨɳɟɧɧɹ�ʀɯ�ɩɪɟɞɫɬɚɜɥɟɧɧɹ��ɧɚ�ɧɚɫɬɭɩɧɢɯ�ɪɢɫɭɧɤɚɯ 

ɛɭɞɟɦɨ�ɜɜɚɠɚɬɢ�ɡɚ�ɡɚɦɨɜɱɭɜɚɧɧɹɦ��ɳɨ ɧɚɹɜɧɿ ɡɜ¶ɹɡɤɢ ɭɫɿɯ�ɩɟɪɟɯɨɞɿɜ�ɡ�ɩɨɡɢɰɿɽɸ�

cores. ɉɨɞɿɹ�"lock��ɛɭɞɟ�ɫɩɪɚɰɶɨɜɭɜɚɬɢ�ɩɪɢ�ɩɟɪɲɨɦɭ�ɡɚɩɢɬɿ�ɧɚ�ɡɚɯɨɩɥɟɧɧɹ�ɥɨɤɟɪɚ�

ɿ� ɡɦɿɧɸɽ� ɫɬɚɧ� ɩɨɬɨɤɚ� ɧɚ� ɜɥɚɫɧɢɤɚ��ɉɪɢ� ɩɨɞɚɥɶɲɢɯ� ɡɚɩɢɬɚɯ�� ɹɤɳɨ�ɩɨɬɿɤ� ɜɠɟ� ɽ�

ɜɥɚɫɧɢɤɨɦ� ɥɨɤɟɪɚ�� ɛɭɞɟ� ɫɩɪɚɰɶɨɜɭɜɚɬɢ� ɩɟɪɟɯɿɞ� "asOwner" �ɜɿɧ� ɦɚɽ� ɦɟɧɲɢɣ�

ɩɪɿɨɪɢɬɟɬ�ɭ�ɩɨɪɿɜɧɹɧɧɿ�ɡ�"lock"). ɉɨɡɢɰɿɹ�"holdCount" ɦɿɫɬɢɬɶ� ɿɧɮɨɪɦɚɰɿɸ�ɩɪɨ�

ɤɿɥɶɤɿɫɬɶ� ɡɚɯɨɩɥɟɧɶ� ɥɨɤɟɪɚ� ɹɤ� ɜɥɚɫɧɢɤɚ� �ɡɚɝɚɥɶɧɚ� ɤɿɥɶɤɿɫɬɶ� ɡɚɯɨɩɥɟɧɶ� ɧɚ� ��

ɛɿɥɶɲɚ��� ɉɪɢ� ɤɨɠɧɨɦɭ� ɡɚɜɟɪɲɟɧɧɿ� ɨɩɪɚɰɸɜɚɧɧɹ� ɞɿɣ�� ɳɨ� ɩɪɢɡɧɚɱɟɧɿ� ɞɥɹ�

ɛɥɨɤɭɜɚɧɧɹ�� ɫɩɪɚɰɶɨɜɭɽ�ɩɨɞɿɹ� "release" �ɦɚɽ�ɛɿɥɶɲɢɣ�ɩɪɿɨɪɢɬɟɬ�ɭ�ɩɨɪɿɜɧɹɧɧɿ� ɡ�

"unlock")�� ɹɤɚ� ɡɦɟɧɲɭɽ� ɤɿɥɶɤɿɫɬɶ� ɡɚɯɨɩɥɟɧɶ� ɥɨɤɟɪɚ� ɹɤ� ɜɥɚɫɧɢɤɚ�� ɹɤɳɨ� ɜɿɧ� ɦɚɽ�
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ɞɨɞɚɬɧɽ�ɡɧɚɱɟɧɧɹ��əɤ�ɬɿɥɶɤɢ�ɥɿɱɢɥɶɧɢɤ�ɡɚɯɨɩɥɟɧɶ�"holdCount" ɞɨɫɹɝ�ɧɭɥɶɨɜɨɝɨ�

ɡɧɚɱɟɧɧɹ�� ɫɩɪɚɰɶɨɜɭɽ� ɩɨɞɿɹ� "unlock"�� ɹɤɚ� ɪɨɡɛɥɨɤɨɜɭɽ� ɥɨɤɟɪ�� Ɍɚɤɢɦ� ɱɢɧɨɦ�

ɤɨɧɬɪɨɥɸɽɬɶɫɹ�� ɳɨ� ɤɿɥɶɤɿɫɬɶ� ɡɚɯɨɩɥɟɧɶ� ɥɨɤɟɪɚ� ɞɨɪɿɜɧɸɽ� ɤɿɥɶɤɨɫɬɿ� ɡɜɿɥɶɧɟɧɶ�

ɥɨɤɟɪɚ� 

 
 Ɋɢɫɭɧɨɤ���8 ± Ɏɪɚɝɦɟɧɬ�ɦɟɪɟɠɿ�ɉɟɬɪɿ��ɳɨ�ɦɨɞɟɥɸɽ ɡɚɯɨɩɥɟɧɧɹ�ɥɨɤɟɪɚ�ɨɛ¶ɽɤɬɚ ɡ�

ɭɪɚɯɭɜɚɧɧɹɦ�ɦɨɠɥɢɜɨɫɬɿ�ɛɚɝɚɬɨɪɚɡɨɜɨɝɨ�ɡɚɯɨɩɥɟɧɧɹ� 

Ɂɚ� ɭɦɨɜɢ�� ɳɨ� ɜ� ɩɪɨɝɪɚɦɿ� ɝɚɪɚɧɬɨɜɚɧɨ� ɧɟ� ɜɿɞɛɭɜɚɽɬɶɫɹ� ɩɨɜɬɨɪɧɢɣ� ɡɚɩɢɬ 

ɥɨɤɟɪɚ�� ɜ� ɦɨɞɟɥɿ� ɦɨɠɧɚ� ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ� ɛɿɥɶɲ� ɫɩɪɨɳɟɧɢɣ� ɜɚɪɿɚɧɬ� ɡ�

ɭɪɚɯɭɜɚɧɧɹɦ�ɜɢɤɥɸɱɧɨɝɨ�ɨɞɧɨɤɪɚɬɧɨɝɨ�ɡɚɯɨɩɥɟɧɧɹ�ɥɨɤɟɪɚ��ɪɢɫ����7)��ɐɟ��ɡɜɿɫɧɨ��

ɫɩɪɨɳɭɽ� ɩɪɟɞɫɬɚɜɥɟɧɧɹ� ɦɨɞɟɥɿ� ɜ� ɰɿɥɨɦɭ�� ɨɫɤɿɥɶɤɢ� ɮɪɚɝɦɟɧɬ� ɧɚ� ɪɢɫɭɧɤɭ� ��7 

ɦɿɫɬɢɬɶ�ɜɞɜɿɱɿ�ɦɟɧɲɟ�ɩɟɪɟɯɨɞɿɜ��ɧɿɠ�ɬɨɣ��ɳɨ�ɧɚ�ɪɢɫɭɧɤɭ���8. 

Ɇɟɬɨɞ tryLock()ɿɧɬɟɪɮɟɣɫɭ� Lock ɧɚɞɚɽ� ɦɨɠɥɢɜɿɫɬɶ� ɩɟɪɟɜɿɪɢɬɢ�

ɪɟɡɭɥɶɬɚɬ�ɡɚɯɨɩɥɟɧɧɹ�ɥɨɤɟɪɚ�ɿ�ɩɪɢɣɧɹɬɢ�ɪɿɲɟɧɧɹ��ɳɨ�ɪɨɛɢɬɢ�ɞɚɥɿ�ɜ�ɩɪɨɝɪɚɦɿ��ɇɚ�

ɜɿɞɦɿɧɭ� ɜɿɞ� lock() ɦɟɬɨɞɭ� ɰɟɣ� ɦɟɬɨɞ� ɧɟ� ɡɨɛɨɜ¶ɹɡɭɽ� ɩɪɨɝɪɚɦɭ� ɨɱɿɤɭɜɚɬɢ�

ɡɜɿɥɶɧɟɧɧɹ�ɥɨɤɟɪɚ [54]. ɉɪɨɝɪɚɦɿɫɬ�ɦɚɽ�ɜɢɪɿɲɢɬɢ�ɿ�ɜɤɚɡɚɬɢ�ɩɪɨɝɪɚɦɿ��ɳɨ�ɪɨɛɢɬɢ�

ɭ� ɪɚɡɿ� ɯɢɛɧɨʀ� ɫɩɪɨɛɢ� ɡɚɯɨɩɢɬɢ� ɥɨɤɟɪ�� ɍ� ɧɚɜɟɞɟɧɨɦɭ� ɞɚɥɿ� ɮɪɚɝɦɟɧɬɿ�

ɫɢɧɯɪɨɧɿɡɨɜɚɧɿ� ɞɿʀ� ɛɭɞɭɬɶ� ɜɢɤɨɧɭɜɚɬɢɫɶ� ɬɿɥɶɤɢ� ɭ� ɪɚɡɿ� ɭɫɩɿɲɧɨɝɨ� ɡɚɯɨɩɥɟɧɧɹ�

ɥɨɤɟɪɚ��ɜ�ɿɧɲɨɦɭ�ɜɢɩɚɞɤɭ�ɩɪɨɝɪɚɦɚ�ɩɪɨɞɨɜɠɢɬɶ�ɜɢɤɨɧɚɧɧɹ�ɧɚɫɬɭɩɧɨʀ�ɿɧɫɬɪɭɤɰɿʀ�

ɤɨɞɭ:  

private final Lock lock = new ReentrantLock(); 
try{ 
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    if (lock.tryLock()){ 
     «���V\QFKURQL]HG�DFWLRQV 
 }  
«���asynchronnous actions 
} finally { 
    lock.unlock(); 
} 

ɉɪɟɞɫɬɚɜɢɦɨ� ɫɩɨɱɚɬɤɭ� ɫɩɪɨɳɟɧɢɣ� ɜɚɪɿɚɧɬ� ɨɞɧɨɤɪɚɬɧɨɝɨ� ɡɚɯɨɩɥɟɧɧɹ�

ɥɨɤɟɪɚ��ɪɢɫ����9).  ɉɟɪɟɯɿɞ�ɡ�ɜɢɳɢɦ�ɩɪɿɨɪɢɬɟɬɨɦ�"tryLockTrue" ɫɩɪɚɰɸɽ�ɹɤ�ɬɿɥɶɤɢ�

ɽ�ɡɚɩɢɬ�ɧɚ�ɛɥɨɤɭɜɚɧɧɹ�ɿ�ɞɨɫɬɭɩ�ɞɨ�ɥɨɤɟɪɚ�ɜɿɥɶɧɢɣ��ɜ�ɩɪɨɬɢɜɧɨɦɭ�ɜɢɩɚɞɤɭ�ɫɩɪɚɰɸɽ�

ɩɟɪɟɯɿɞ�"tryLockFalse". 

 
Ɋɢɫɭɧɨɤ���9 ± Ɏɪɚɝɦɟɧɬ�ɦɟɪɟɠɿ�ɉɟɬɪɿ��ɳɨ�ɦɨɞɟɥɸɽ ɡɚɯɨɩɥɟɧɧɹ�ɥɨɤɟɪɚ ɛɟɡ�

ɨɱɿɤɭɜɚɧɧɹ�ɣɨɝɨ�ɡɜɿɥɶɧɟɧɧɹ  

ɍ�ɜɢɩɚɞɤɭ�ɧɟɝɚɣɧɨɝɨ �ɬɨɛɬɨ�ɛɟɡ�ɨɱɿɤɭɜɚɧɧɹ�ɡɜɿɥɶɧɟɧɧɹ� ɡɚɯɨɩɥɟɧɧɹ�ɥɨɤɟɪɚ�

ɡ�ɦɨɠɥɢɜɿɫɬɸ� ɛɚɝɚɬɨɤɪɚɬɧɨɝɨ� ɡɚɯɨɩɥɟɧɧɹ� ɜɿɞɩɨɜɿɞɧɢɣ� ɮɪɚɝɦɟɧɬ�ɦɟɪɟɠɿ�ɉɟɬɪɿ�

ɩɪɟɞɫɬɚɜɥɟɧɢɣ� ɧɚ� ɪɢɫɭɧɤɭ� ��10. ɉɟɪɟɯɨɞɢ "tryLockTrue", "tryAsOwner",  

"tryLockFalse" ɦɚɸɬɶ�ɩɪɿɨɪɢɬɟɬɢ�ɧɚɣɜɢɳɢɣ��ɫɟɪɟɞɧɿɣ�ɬɚ�ɧɚɣɧɢɠɱɢɣ�ɜɿɞɩɨɜɿɞɧɨ��

ɉɟɪɟɯɨɞɢ�"release", "unlock" ± ɧɚɣɜɢɳɢɣ ɬɚ�ɧɚɣɧɢɠɱɢɣ�ɜɿɞɩɨɜɿɞɧɨ� 
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Ɋɢɫɭɧɨɤ���10 ± Ɏɪɚɝɦɟɧɬ�ɦɟɪɟɠɿ�ɉɟɬɪɿ��ɳɨ�ɦɨɞɟɥɸɽ ɧɟɝɚɣɧɟ��ɛɟɡ�

ɨɱɿɤɭɜɚɧɧɹ�ɡɜɿɥɶɧɟɧɧɹ��ɡɚɯɨɩɥɟɧɧɹ�ɥɨɤɟɪɚ�ɡ�ɭɪɚɯɭɜɚɧɧɹɦ�ɦɨɠɥɢɜɨɫɬɿ�

ɛɚɝɚɬɨɪɚɡɨɜɨɝɨ�ɡɚɯɨɩɥɟɧɧɹ 

ɇɚɜɟɞɟɦɨ� ɩɪɨɫɬɢɣ� ɩɪɢɤɥɚɞ� ɡɚɫɬɨɫɭɜɚɧɧɹ� ɛɥɨɤɭɜɚɧɧɹ� ɭ� ɩɪɨɝɪɚɦɿ�� ɍ�

ɜɢɩɚɞɤɭ�� ɤɨɥɢ� ɩɨɬɨɤɢ� ɜɢɤɨɧɭɸɬɶ� ɧɟɚɬɨɦɚɪɧɿ� ɨɩɟɪɚɰɿʀ� ɡ� ɞɚɧɢɦɢ�� ʀɯ� ɞɿʀ� ɦɨɠɭɬɶ�

ɜɢɤɨɧɭɜɚɬɢɫɶ�ɭ�ɩɨɪɹɞɤɭ��ɳɨ�ɩɪɢɡɜɨɞɢɬɶ�ɞɨ�ɩɨɦɢɥɤɢ��ɹɤɭ�ɧɚɡɢɜɚɸɬɶ�ɝɨɧɢɬɜɨɸ 

(race condition) [55]. ɇɚɜɿɬɶ�ɩɪɨɫɬɚ ɞɿɹ  - ɡɛɿɥɶɲɟɧɧɹ�ɡɧɚɱɟɧɧɹ�ɞɥɹ�ɫɩɿɥɶɧɨʀ�ɡɦɿɧɧɨʀ 

-  ɩɪɢ�ɨɞɧɨɱɚɫɧɨɦɭ�ɜɢɤɨɧɚɧɧɿ�ɩɨɬɨɤɚɦɢ�ɦɨɠɟ�ɜɢɤɨɧɭɜɚɬɢɫɶ�ɩɨɦɢɥɤɨɜɨ, ɨɫɤɿɥɶɤɢ�

ɜ�ɦɚɲɢɧɧɨɦɭ�ɤɨɞɿ�ɜɨɧɚ�ɛɭɞɟ�ɩɪɟɞɫɬɚɜɥɟɧɚ�ɬɪɶɨɦɚ�ɞɿɹɦɢ��ɱɢɬɚɧɧɹ��ɡɛɿɥɶɲɟɧɧɹ�ɬɚ�

ɡɚɩɢɫɭɜɚɧɧɹ� ɡɧɚɱɟɧɧɹ��Ⱦɥɹ� ɩɪɚɜɢɥɶɧɨɝɨ ɮɭɧɤɰɿɨɧɭɜɚɧɧɹ� ɧɟɨɛɯɿɞɧɨ ɛɥɨɤɭɜɚɬɢ�

ɨɛɱɢɫɥɸɜɚɥɶɧɿ�ɞɿʀ�ɡɿ�ɫɩɿɥɶɧɢɦɢ�ɞɚɧɢɦɢ��ɧɚɩɪɢɤɥɚɞ��ɫɢɧɯɪɨɧɿɡɨɜɚɧɢɦ�ɦɟɬɨɞɨɦ: 

public synchronized void  incMethod(){ 
       local++; 

} 

Ɏɪɚɝɦɟɧɬ�ɦɟɪɟɠɿ�ɉɟɬɪɿ, ɡɨɛɪɚɠɟɧɢɣ ɧɚ�ɪɢɫɭɧɤɭ����1��ɛɭɜ�ɜɢɤɨɪɢɫɬɚɧɢɣ�ɭ�

ɪɨɛɨɬɿ�>51@�ɞɥɹ ɞɨɫɥɿɞɠɟɧɧɹ�ɤɨɧɮɥɿɤɬɭ�ɩɨɬɨɤɿɜ�ɩɪɢ�ɞɨɫɬɭɩɿ�ɞɨ�ɫɩɿɥɶɧɢɯ�ɞɚɧɢɯ ɜ�

ɡɚɥɟɠɧɨɫɬɿ� ɜɿɞ� ɤɿɥɶɤɨɫɬɿ� ɩɨɬɨɤɿɜ� ɬɚ� ɤɿɥɶɤɨɫɬɿ� ɨɛɱɢɫɥɸɜɚɥɶɧɨɝɨ� ɪɟɫɭɪɫɭ. ɍ�

ɮɪɚɝɦɟɧɬɿ�ɩɪɢɫɭɬɧɿ�ɩɨɞɿʀ�"read", "modify", "write"��ɹɤɿ�ɜɿɞɬɜɨɪɸɸɬɶ�ɡɱɢɬɭɜɚɧɧɹ, 
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ɡɦɿɧɸɜɚɧɧɹ ɬɚ� ɡɚɩɢɫ� ɡɧɚɱɟɧɧɹ ɜɿɞɩɨɜɿɞɧɨ. ɉɪɢ� ɜɢɤɨɧɚɧɧɿ� ɩɨɞɿʀ� ɜɿɞɛɭɜɚɸɬɶɫɹ�

ɜɿɞɩɨɜɿɞɧɿ�ɨɛɱɢɫɥɸɜɚɥɶɧɿ�ɞɿʀ��local = shared, local ++, shared = local. 

 
Ɋɢɫɭɧɨɤ���11± Ɏɪɚɝɦɟɧɬ�ɦɟɪɟɠɿ�ɉɟɬɪɿ��ɳɨ�ɦɨɞɟɥɸɽ cɢɧɯɪɨɧɿɡɨɜɚɧɢɣ 

ɞɨɫɬɭɩ ɩɨɬɨɤɭ ɞɨ�ɫɩɿɥɶɧɨɝɨ ɡɧɚɱɟɧɧɹ. 

ȼɚɠɥɢɜɢɦ ɦɟɯɚɧɿɡɦɨɦ ɫɢɧɯɪɨɧɿɡɚɰɿʀ�� ɹɤɢɣ� ɞɨɡɜɨɥɹɽ� ɩɟɪɟɜɟɫɬɢ� ɨɞɢɧ� ɡ�

ɩɨɬɨɤɿɜ� ɭ� ɫɬɚɧ� ɨɱɿɤɭɜɚɧɧɹ� ɞɨɤɢ� ɩɟɜɧɚ� ɭɦɨɜɚ� ɧɟ� ɛɭɞɟ� ɜɢɤɨɧɚɧɚ�� ɽ� ɦɟɯɚɧɿɡɦ�

ɨɱɿɤɭɜɚɧɧɹ� ɡɚ� ɭɦɨɜɨɸ� wait/notify. ȱɧɲɢɣ� ɩɨɬɿɤ� ɩɨɜɢɧɟɧ� ɜɢɤɨɧɚɬɢ� ɦɟɬɨɞ-

ɫɩɨɜɿɳɟɧɧɹ� notifyAll() ɚɛɨ� notify()�� ɳɨɛ ɧɚɞɿɫɥɚɬɢ� ɫɢɝɧɚɥ� ɩɟɪɲɨɦɭ�

ɩɨɬɨɤɭ��Ɉɬɪɢɦɚɧɢɣ�ɫɢɝɧɚɥ�ɩɪɢɦɭɫɢɬɶ�ɩɨɬɿɤ��ɹɤɢɣ�ɨɱɿɤɭɽ��ɩɪɢɩɢɧɢɬɢ�ɨɱɿɤɭɜɚɧɧɹ�

ɬɚ�ɩɟɪɟɜɿɪɢɬɢ�ɭɦɨɜɭ�ɨɱɿɤɭɜɚɧɧɹ�ɡɧɨɜɭ��Ɇɟɯɚɧɿɡɦ�ɽ�ɜɚɠɥɢɜɢɦ��ɨɫɤɿɥɶɤɢ�ɞɚɽ�ɡɦɨɝɭ�

ɨɪɝɚɧɿɡɭɜɚɬɢ� ɜɡɚɽɦɨɞɿɸ� ɩɨɬɨɤɿɜ� ɛɟɡ� ɡɚɣɜɨʀ� ɩɟɪɟɜɿɪɤɢ� ɭɦɨɜɢ� ɜ� ɧɟɫɤɿɧɱɟɧɧɨɦɭ�

ɰɢɤɥɿ�� Ɂɚɦɿɫɬɶ� ɰɶɨɝɨ� ɩɟɪɟɜɿɪɤɚ� ɭɦɨɜɢ� ɛɭɞɟ� ɜɢɤɨɧɭɜɚɬɢɫɶ� ɬɿɥɶɤɢ� ɬɨɞɿ�� ɤɨɥɢ�

ɡɦɿɧɢɥɢɫɶ�ɭɦɨɜɢ��ɩɪɨ�ɳɨ�ɩɨɜɿɞɨɦɥɹɽ�ɫɢɝɧɚɥ� 

ɉɚɬɟɪɧ�ɡɚɫɬɨɫɭɜɚɧɧɹ�wait/notify ɩɟɪɟɞɛɚɱɚɽ�ɫɩɿɥɶɧɟ�ɜɢɤɨɪɢɫɬɚɧɧɹ�ɨɛ¶ɽɤɬɚ��

ɞɥɹ�ɹɤɨɝɨ�ɩɟɪɟɜɿɪɹɽɬɶɫɹ�ɭɦɨɜɚ��Ɍɨɦɭ��ɨɱɿɤɭɜɚɧɧɹ�ɡɚ�ɭɦɨɜɨɸ ɡɚɜɠɞɢ�ɜɢɤɨɧɭɽɬɶɫɹ�

ɜ�ɫɢɧɯɪɨɧɿɡɨɜɚɧɨɦɭ ɮɪɚɝɦɟɧɬɿ ɤɨɞɭ��ɉɪɨɝɪɚɦɧɢɣ�ɤɨɞ ɦɟɬɨɞɭ��ɹɤɢɣ�ɜɢɤɥɢɤɚɽɬɶɫɹ�

ɩɨɬɨɤɚɦɢ� ɜɢɝɥɹɞɚɽ�ɬɚɤ [56]:  

public synchronized void method() throws InterruptedException{ 
   while (!condition()) { 
     wait(); 
   } 
     «���VRPH�DFWLRQV 
   notifyAll(); 
} 
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local ++ unlock  

    

lock   

    

  1 
lock 

    

1 

owner  



66 
 

 

ȼɿɞɩɨɜɿɞɧɢɣ� ɮɪɚɝɦɟɧɬ� ɦɟɪɟɠɿ� ɉɟɬɪɿ�� ɨɱɟɜɢɞɧɨ�� ɦɚɽ� ɦɿɫɬɢɬɢ� ɩɨɞɿʀ�

"syncStart", "check", "wait", "getSignal",  "syncEnd"��ɹɤɿ�ɜɿɞɬɜɨɪɸɸɬɶ�ɛɥɨɤɭɜɚɧɧɹ��

ɩɟɪɟɜɿɪɤɭ� ɭɦɨɜɢ�� ɨɬɪɢɦɚɧɧɹ� ɫɢɝɧɚɥɭ� ɬɚ� ɪɨɡɛɥɨɤɭɜɚɧɧɹ� ɜɿɞɩɨɜɿɞɧɨ. Ʉɨɥɢ�

ɫɩɪɚɰɶɨɜɭɽ�wait() ɦɟɬɨɞ��ɬɨ�ɜɿɞɛɭɜɚɽɬɶɫɹ�ɪɨɡɛɥɨɤɭɜɚɧɧɹ ɦɨɧɿɬɨɪɚ�ɨɛ¶ɽɤɬɚ��ɰɟ�

ɡɚɡɧɚɱɟɧɨ�ɜ�ɞɨɤɭɦɟɧɬɚɰɿʀ�ɦɟɬɨɞɭ�[57@��ɿ ɩɨɬɿɤ�ɜɬɪɚɱɚɽ�ɫɬɚɬɭɫ�ɜɥɚɫɧɢɤɚ�ɦɨɧɿɬɨɪɚ�

ɨɛ¶ɽɤɬɚ�� ɚ� ɫɩɪɚɰɶɨɜɭɜɚɧɧɹ�ɦɟɬɨɞɭ notifyAll() ɜɿɞɛɭɞɟɬɶɫɹ�ɬɿɥɶɤɢ� ɡɚ�ɭɦɨɜɢ�

ɩɨɜɟɪɧɟɧɧɹ� ɩɨɬɨɤɭ� ɫɬɚɬɭɫɭ� ɜɥɚɫɧɢɤɚ� ɦɨɧɿɬɨɪɚ� ɨɛ¶ɽɤɬɚ� Ɇɟɯɚɧɿɡɦ� ɨɬɪɢɦɚɧɧɹ�

ɫɢɝɧɚɥɭ�ɩɟɪɟɞɛɚɱɚɽ��ɳɨ�ɜɿɧ�ɛɭɞɟ�ɨɬɪɢɦɚɧɢɣ�ɬɿɥɶɤɢ�ɡɚ�ɭɦɨɜɢ��ɹɤɳɨ�ɩɨɬɿɤ�ɭ�ɫɬɚɧɿ�

waiting, ɿɧɚɤɲɟ�ɜɿɧ�ɛɭɞɟ�ɩɪɨɫɬɨ�ɩɨɩɭɳɟɧɢɣ��Ⱦɥɹ�ɜɿɞɬɜɨɪɟɧɧɹ�ɰɿɽʀ�ɩɨɞɿʀ ɞɨɞɚɦɨ�

ɩɟɪɟɯɿɞ "isNotWaiting". əɤɳɨ� ɫɢɝɧɚɥ� ɨɬɪɢɦɚɧɨ�� ɤɨɥɢ� ɩɨɬɿɤ� ɭ� ɫɬɚɧɿ�waiting, ɬɨ�

ɧɚɫɬɭɩɧɨɸ� ɞɿɽɸ� ɛɭɞɟ ɡɚɯɨɩɥɟɧɧɹ ɦɨɧɿɬɨɪɚ� ɨɛ¶ɽɤɬɚ�� Ⱦɥɹ� ɜɿɞɬɜɨɪɟɧɧɹ� ɰɶɨɝɨ�

ɡɚɯɨɩɥɟɧɧɹ� ɞɨɞɚɦɨ� ɩɨɞɿɸ� "catchMonitor". ɇɚ� ɪɢɫɭɧɤɭ� ���2 ɩɪɟɞɫɬɚɜɥɟɧɨ�

ɜɿɞɩɨɜɿɞɧɢɣ�ɮɪɚɝɦɟɧɬ�ɦɟɪɟɠɿ�ɉɟɬɪɿ��Ʉɨɠɧɨɝɨ� ɪɚɡɭ�� ɤɨɥɢ� ɨɬɪɢɦɚɧɨ� ɫɢɝɧɚɥ� ɜɿɞ�

ɿɧɲɨɝɨ� ɩɨɬɨɤɭ�� ɜɢɤɨɧɭɽɬɶɫɹ� ɫɩɪɨɛɚ� ɡɚɯɨɩɥɟɧɧɹ� ɦɨɧɿɬɨɪɚ� ɨɛ¶ɽɤɬɚ� ɬɚ� ɩɟɪɟɜɿɪɤɚ�

ɭɦɨɜɢ �ɩɨɡɢɰɿɹ�"condition")��ɐɿ�ɞɿʀ�ɛɭɞɭɬɶ�ɩɪɨɞɨɜɠɭɜɚɬɢɫɶ�ɞɨɤɢ�ɩɨɬɿɤ�ɧɟ�ɡɦɨɠɟ�

ɧɚɬɪɚɩɢɬɢ�ɧɚ�ɭɦɨɜɭ��ɹɤɭ�ɨɱɿɤɭɽ��ɍ�ɰɶɨɦɭ�ɿ�ɩɪɨɹɜɥɹɽɬɶɫɹ�ɰɢɤɥ�while ɡ�ɧɚɜɟɞɟɧɨɝɨ�

ɮɪɚɝɦɟɧɬɭ� ɤɨɞɭ. Ɂɚɡɧɚɱɢɦɨ��ɳɨ ɭ ɜɢɩɚɞɤɭ�� ɤɨɥɢ� ɤɿɥɶɤɿɫɬɶ� ɩɨɬɨɤɿɜ� ɭ� ɩɪɨɝɪɚɦɿ�

ɩɟɪɟɜɢɳɭɽ�ɞɜɚ��ɞɨ�ɩɨɡɢɰɿʀ��VLJQDO�From��ɦɚɪɤɟɪ�ɧɚɞɯɨɞɢɬɶ�ɜɿɞ�ɛɭɞɶ-ɹɤɨɝɨ�ɩɨɬɨɤɭ��

ɚ ɡ ɩɨɡɢɰɿʀ��VLJQDOTR��ɦɚɪɤɟɪɨɦ ɦɨɠɟ�ɫɤɨɪɢɫɬɚɬɢɫɶ ɛɭɞɶ-ɹɤɢɣ ɩɨɬɿɤ. 
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Ɋɢɫɭɧɨɤ���12 ± Ɏɪɚɝɦɟɧɬ�ɦɟɪɟɠɿ�ɉɟɬɪɿ��ɳɨ�ɦɨɞɟɥɸɽ ɨɱɿɤɭɜɚɧɧɹ�ɡɚ ɭɦɨɜɨɸ. 

ȼɢɤɨɪɢɫɬɚɧɧɹ�ɩɨɬɨɤɿɜ�ɽ�ɪɟɫɭɪɫɨɜɢɬɪɚɬɧɢɦ��ɬɨɦɭ�ʀɯ�ɡɛɿɥɶɲɟɧɧɹ�ɜ�ɩɪɨɝɪɚɦɿ�

ɧɟɝɚɬɢɜɧɨ� ɜɩɥɢɜɚɽ� ɧɚ� ɲɜɢɞɤɨɞɿɸ�� ɉɪɢ� ɜɟɥɢɤɿɣ� ɤɿɥɶɤɨɫɬɿ� ɩɿɞɡɚɞɚɱ� ɭ� ɩɪɨɝɪɚɦɿ�

ɟɮɟɤɬɢɜɧɢɦ�ɛɭɞɟ�ɜɢɤɨɪɢɫɬɚɧɧɹ�ɩɭɥɭ�ɩɨɬɨɤɿɜ��Thread Pool���Ɂɚɦɿɫɬɶ�ɫɬɜɨɪɸɜɚɬɢ�

ɞɥɹ�ɤɨɠɧɨʀ�ɨɤɪɟɦɨʀ�ɩɿɞɡɚɞɚɱɿ�ɨɤɪɟɦɢɣ�ɩɨɬɿɤ��ɩɭɥ�ɩɨɬɨɤɿɜ�ɩɪɨɩɨɧɭɽ�ɜɢɤɨɪɢɫɬɚɧɧɹ�

ɨɞɧɨɝɨ�ɣ�ɬɨɝɨ�ɠ�ɧɚɛɨɪɭ�ɨɛɦɟɠɟɧɨʀ�ɤɿɥɶɤɨɫɬɿ�ɩɨɬɨɤɿɜ�ɞɥɹ�ɨɛɪɨɛɤɢ�ɱɟɪɝɢ�ɡɚɜɞɚɧɶ� 

ɉɿɫɥɹ�ɫɜɨɝɨ�ɫɬɜɨɪɟɧɧɹ�ɩɭɥ�ɩɨɬɨɤɿɜ�ɡɧɚɯɨɞɢɬɶɫɹ�ɭ�ɩɨɫɬɿɣɧɨɦɭ�ɨɱɿɤɭɜɚɧɧɿ�ɡɚɞɚɱ�ɧɚ�

ɨɛɪɨɛɤɭ�� ɞɨɤɢ� ɧɟ� ɛɭɞɟ� ɜɢɤɥɢɤɚɧɢɣ� ɦɟɬɨɞ�� ɹɤɢɣ� ɡɚɤɪɢɜɚɽ� ɦɨɠɥɢɜɿɫɬɶ�

ɧɚɞɯɨɞɠɟɧɧɹ� ɧɨɜɢɯ� ɡɚɜɞɚɧɶ� ɜ� ɱɟɪɝɭ� ɩɭɥɭ� ɩɨɬɨɤɿɜ�� Ɉɛ¶ɽɤɬɢ�� ɹɤɿ� ɦɨɠɭɬɶ�

ɡɚɜɚɧɬɚɠɭɜɚɬɢɫɶ�ɧɚ�ɨɛɪɨɛɤɭ��ɦɚɸɬɶ�ɛɭɬɢ�Runnable (ɚɛɨ�&DOODEOH) ɨɛ¶ɽɤɬɨɦ��ɬɨɛɬɨ�

ɦɿɫɬɢɬɢ�ɦɟɬɨɞ�run() (ɚɛɨ call())��ɜ�ɹɤɨɦɭ�ɩɪɨɩɢɫɚɧɿ�ɨɛɱɢɫɥɸɜɚɥɶɧɿ�ɞɿʀ ɩɿɞɡɚɞɚɱɿ. 

Ɍɢɩɨɜɢɣ�ɮɪɚɝɦɟɧɬ�ɤɨɞɭ�ɞɥɹ�ɫɬɜɨɪɟɧɧɹ�ɩɭɥɭ�k ɩɨɬɨɤɿɜ��ɡɚɜɚɧɬɚɠɟɧɧɹ�ɜ�ɧɶɨɝɨ�w 

ɡɚɞɚɱ�ɬɚ�ɡɚɜɟɪɲɟɧɧɹ�ɣɨɝɨ�ɪɨɛɨɬɢ�ɦɚɽ�ɜɢɝɥɹɞ� 

ExecutorService pool = Executors.newFixedThreadPool(k); 
for (int j = 0; j < w; j++) { 
   pool.execute(new Runnable(){ 

            @Override 
            public void run() { 
              «  // ɤɨɞ�ɞɿɣ�ɩɿɞɡɚɞɚɱɿ 
            } 

        }); 
} 
pool.shutdown(); 
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Ⱦɥɹ� ɫɬɜɨɪɟɧɧɹ� ɩɭɥɭ� ɩɨɬɨɤɿɜ� ɭ� ɧɚɜɟɞɟɧɨɦɭ� ɜɢɳɟ� ɮɪɚɝɦɟɧɬɿ� ɜɢɤɨɪɢɫɬɚɧɚ�

ɮɚɛɪɢɤɚ� ɩɭɥɭ� ɩɨɬɨɤɿɜ� ɡ� ɛɿɛɥɿɨɬɟɱɧɨɝɨ� ɤɥɚɫɭ� Executors. Ɂɚɦɿɫɬɶ� ɦɟɬɨɞɭ�

execute() ɞɥɹ� ɡɚɜɚɧɬɚɠɟɧɧɹ� ɡɚɞɚɱɿ� ɜ� ɩɭɥ� ɦɨɠɟ� ɛɭɬɢ� ɬɚɤɨɠ� ɜɢɤɨɪɢɫɬɚɧɢɣ�

ɦɟɬɨɞ�submit(), ɹɤɢɣ�ɨɤɪɿɦ�ɜɢɤɨɧɚɧɧɹ�ɡɚɞɚɧɢɯ�ɭ�ɦɟɬɨɞɿ�run() �ɚɛɨ�call()) 

ɞɿɣ�� ɩɨɜɟɪɬɚɽ� ɪɟɡɭɥɶɬɚɬ� ɜɢɤɨɧɚɧɧɹ� ɇɚ� ɜɢɩɚɞɨɤ�� ɤɨɥɢ� ɜ� ɧɚɫɬɭɩɧɿɣ� ɩɿɫɥɹ�

shutdown() ɿɧɫɬɪɭɤɰɿʀ ɩɨɬɪɿɛɧɨ�ɝɚɪɚɧɬɭɜɚɬɢ�ɡɚɜɟɪɲɟɧɧɹ�ɪɨɛɨɬɢ�ɭɫɿɯ�ɩɿɞɡɚɞɚɱ�

ɩɭɥɭ��ɞɨɤɭɦɟɧɬɚɰɿɹ�java ɪɟɤɨɦɟɧɞɭɽ�ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ�ɦɟɬɨɞ�awaitTerminaton(). 

Ɉɬɠɟ�� ɩɨɞɿʀ�� ɹɤɿ� ɜɿɞɬɜɨɪɸɸɬɶ� ɪɨɛɨɬɭ� ɩɭɥɭ� ɩɨɬɨɤɿɜ, ɰɟ� "poolCreate", 

"execute", "runSt", "runEnd",  "shutdown", "awaitTerminaton". ɉɿɫɥɹ�ɫɬɜɨɪɟɧɧɹ�ɩɭɥ�

ɡɚɜɚɧɬɚɠɭɽ�ɡɚɞɚɱɿ�ɩɨ�ɨɞɧɿɣ��ɚ�ɩɿɫɥɹ�ɡɚɜɚɧɬɚɠɟɧɧɹ�ɭɫɿɯ�ɩɟɪɟɯɨɞɢɬɶ�ɞɨ�ɿɧɫɬɪɭɤɰɿʀ�

shutdown. Ɂɚɜɚɧɬɚɠɟɧɿ ɡɚɞɚɱɿ� ɨɱɿɤɭɸɬɶ� ɜɿɥɶɧɨɝɨ� ɩɨɬɨɤɭ��ɳɨɛ� ɜɢɤɨɧɚɬɢ ɫɜɿɣ�

ɦɟɬɨɞ�run(). ȼɢɤɨɧɚɧɧɹ�ɦɟɬɨɞɭ�ɭ�ɧɚɣɩɪɨɫɬɿɲɨɦɭ�ɜɢɩɚɞɤɭ�ɦɨɠɟ�ɛɭɬɢ�ɜɿɞɬɜɨɪɟɧɨ�

ɨɞɧɿɽɸ�ɩɨɞɿɽɸ "runSt", ɛɿɥɶɲ�ɡɚɝɚɥɶɧɢɦ�ɛɭɞɟ�ɜɿɞɬɜɨɪɟɧɧɹ�ɞɜɨɦɚ�ɩɨɞɿɹɦɢ�"runSt" 

ɬɚ "runEnd", ɦɿɠ� ɹɤɢɦ� ɦɨɠɭɬɶ� ɛɭɬɢ� ɞɨɞɚɧɿ� ɿɧɲɿ� ɩɨɞɿʀ�� ɳɨ� ɜɿɞɩɨɜɿɞɚɸɬɶ�

ɨɛɱɢɫɥɸɜɚɥɶɧɢɦ� ɞɿɹɦ� ɦɟɬɨɞɭ run(). ȼɿɞɩɨɜɿɞɧɢɣ� ɮɪɚɝɦɟɧɬ� ɦɟɪɟɠɿ� ɉɟɬɪɿ�

ɩɪɟɞɫɬɚɜɥɟɧɢɣ� ɧɚ� ɪɢɫɭɧɤɭ� ���3�� ɉɟɪɟɯɿɞ� "execute" ɜɤɚɡɚɧɢɣ� ɡ� ɛɿɥɶɲɢɦ�

ɩɪɿɨɪɢɬɟɬɨɦ��ɧɿɠ�ɩɟɪɟɯɿɞ�"shutdown"��Ɍɨɦɭ�ɩɟɪɟɯɿɞ�"shutdown" ɫɩɪɚɰɸɽ�ɬɿɥɶɤɢ, 

ɤɨɥɢ�ɞɥɹ�"execute" ɧɟ�ɜɢɤɨɧɚɧɚ ɭɦɨɜɚ�ɡɚɩɭɫɤɭ��ɬɨɛɬɨ�ɤɨɥɢ�ɭɫɿ�w ɦɚɪɤɟɪɿɜ�ɡ�ɩɨɡɢɰɿʀ�

"tasks" ɛɭɞɭɬɶ�ɜɢɱɟɪɩɚɧɿ���Ⱦɥɹ�ɜɢɤɨɧɚɧɧɹ�ɩɟɪɟɯɨɞɭ�"awaitTerminaton" ɧɟɨɛɯɿɞɧɨ�

ɡɚɜɟɪɲɟɧɧɹ�ɜɢɤɨɧɚɧɧɹ�ɭɫɿɯ�ɡɚɜɚɧɬɚɠɟɧɢɯ�ɡɚɞɚɱ� 
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Ɋɢɫɭɧɨɤ���13± Ɇɨɞɟɥɶ ɨɛɱɢɫɥɟɧɶ�ɩɭɥɨɦ�ɩɨɬɨɤɿɜ� 

Ɍɟɫɬɭɜɚɧɧɹ� ɲɚɛɥɨɧɿɜ�� ɡɚɩɪɨɩɨɧɨɜɚɧɢɯ� ɭ� ɩɿɞɪɨɡɞɿɥɿ�� ɜɢɤɨɧɭɜɚɥɨɫɶ� ɭ�

ɩɪɨɝɪɚɦɧɨɦɭ� ɡɚɛɟɡɩɟɱɟɧɧɿ� ɩɪɢ� ɪɿɡɧɢɯ� ɩɨɬɟɧɰɿɣɧɨ� ɦɨɠɥɢɜɢɯ� ɜɚɪɿɚɧɬɚɯ�

ɩɨɱɚɬɤɨɜɨɝɨ�ɦɚɪɤɿɪɭɜɚɧɧɹ� ɉɟɪɟɛɿɝ�ɩɨɞɿɣ�ɩɟɪɟɜɿɪɹɜɫɹ�ɡɚ�ɞɨɩɨɦɨɝɨɸ�ɩɪɨɬɨɤɨɥɭ�

ɩɨɞɿɣ� ȼɢɤɨɪɢɫɬɨɜɭɜɚɥɚɫɶ� ɬɚɤɨɠ� ɚɧɿɦɚɰɿɹ� ɞɥɹ� ɜɿɡɭɚɥɿɡɚɰɿʀ� ɫɩɪɚɰɶɨɜɭɜɚɧɧɹ�

ɩɟɪɟɯɨɞɿɜ� Ʉɨɪɟɤɬɧɿɫɬɶ� ɩɨɛɭɞɨɜɚɧɢɯ� ɭ� ɩɿɞɪɨɡɞɿɥɿ� ɲɚɛɥɨɧɿɜ� ɦɨɞɟɥɸɜɚɧɧɹ�

ɩɿɞɬɜɟɪɞɠɭɽɬɶɫɹ� ʀɯ� ɭɫɩɿɲɧɢɦ� ɜɢɤɨɪɢɫɬɚɧɧɹɦ� ɞɥɹ� ɩɨɛɭɞɨɜɢ� ɞɨɫɬɚɬɧɶɨ� ɬɨɱɧɢɯ�

ɦɨɞɟɥɟɣ� ɩɚɪɚɥɟɥɶɧɢɯ� ɩɪɨɝɪɚɦ�� ɹɤɿ� ɨɩɢɫɚɧɿ� ɭ� ɧɚɫɬɭɩɧɢɯ� ɪɨɡɞɿɥɚɯ� ɞɢɫɟɪɬɚɰɿʀ� 

ɉɪɨɝɪɚɦɧɢɣ ɤɨɞ ɦɟɬɨɞɿɜ-ɤɪɿɟɣɬɨɪɿɜ�ɦɟɪɟɠ�ɉɟɬɪɿ�ɲɚɛɥɨɧɿɜ�ɧɚɜɟɞɟɧɢɣ�ɭ�ɞɨɞɚɬɤɭ�

Ⱥ� 

2.4.2 Ɋɨɡɪɨɛɤɚ�ɦɟɪɟɠɿ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɚ��ɳɨ�ɿɦɿɬɭɽ Runnable / Callable ɨɛ¶ɽɤɬ�

ɛɚɝɚɬɨɩɨɬɨɱɧɨʀ� ɩɪɨɝɪɚɦɢ� ɧɚ� ɨɫɧɨɜɿ� ɲɚɛɥɨɧɿɜ� ɦɨɞɟɥɸɜɚɧɧɹ�

ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ�ɞɿɣ� 

Ɇɟɪɟɠɚ�ɉɟɬɪɿ�ɨɛ¶ɽɤɬɭ��ɳɨ�ɿɦɿɬɭɽ�Runnable / Callable ɨɛ¶ɽɤɬ�ɛɚɝɚɬɨɩɨɬɨɱɧɨʀ�

ɩɪɨɝɪɚɦɢ�� ɨɛɨɜ¶ɹɡɤɨɜɨ� ɦɿɫɬɢɬɶ� ɮɪɚɝɦɟɧɬɢ� ɫɬɜɨɪɟɧɧɹ�� ɡɚɩɭɫɤɭ� ɬɚ� ɡɚɜɟɪɲɟɧɧɹ�

�ɪɢɫ��������Ɇɿɠ�ɩɨɞɿɹɦɢ�runSt ɬɚ runEnd ɜɿɞɬɜɨɪɸɽɬɶɫɹ�ɩɨɫɥɿɞɨɜɧɿɫɬɶ�ɿɧɫɬɪɭɤɰɿɣ��

ɡɚɡɧɚɱɟɧɚ� ɭ� run / call ɦɟɬɨɞɿ� ɩɨɬɨɤɭ� ɱɢ� ɩɿɞɡɚɞɚɱɿ� Ʉɨɠɧɿɣ� ɿɧɫɬɪɭɤɰɿʀ�� ɹɤɚ� ɧɟ�

ɩɟɪɟɞɛɚɱɚɽ� ɜɡɚɽɦɨɞɿʀ� ɡ� ɿɧɲɢɦɢ� ɩɨɬɨɤɚɦɢ�� ɫɬɚɜɢɬɶɫɹ� ɭ� ɜɿɞɩɨɜɿɞɧɿɫɬɶ� ɩɨɞɿɹ� ɡ�

ɱɚɫɨɜɨɸ� ɡɚɬɪɢɦɤɨɸ� ɚɛɨ� ɡ� ɧɭɥɶɨɜɨɸ� ɡɚɬɪɢɦɤɨɸ�� ɹɤɳɨ� ɡɚɬɪɢɦɤɨɸ� ɦɨɠɧɚ�
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ɡɧɟɯɬɭɜɚɬɢ� �ɜɨɧɚ� ɦɚɥɚ� ɭ� ɩɨɪɿɜɧɹɧɧɿ� ɡ� ɿɧɲɢɦɢ��� əɤɳɨ� ɜɢɤɨɧɚɧɨ� ɞɨɫɥɿɞɠɟɧɧɹ�

ɱɚɫɨɜɨʀ�ɡɚɬɪɢɦɤɢ�ɞɥɹ�ɤɿɥɶɤɨɯ�ɩɨɫɥɿɞɨɜɧɢɯ�ɿɧɫɬɪɭɤɰɿɣ��ɬɨ�ɡɚɦɿɫɬɶ�ɩɨɫɥɿɞɨɜɧɨɫɬɿ�

ɩɨɞɿɣ��ɰɿɣ�ɝɪɭɩɿ� ɿɧɫɬɪɭɤɰɿɣ�ɫɬɚɜɢɬɶɫɹ�ɭ�ɜɿɞɩɨɜɿɞɧɿɫɬɶ�ɨɞɧɚ�ɩɨɞɿɹ�ɡ�ɜɢɡɧɚɱɟɧɨɸ�

ɱɚɫɨɜɨɸ� ɡɚɬɪɢɦɤɨɸ�� Ʉɨɥɢ� ɬɪɚɩɥɹɽɬɶɫɹ� ɿɧɫɬɪɭɤɰɿɹ�� ɳɨ� ɡɞɿɣɫɧɸɽ� ɜɡɚɽɦɨɞɿɸ� ɡ�

ɿɧɲɢɦ� ɩɨɬɨɤɨɦ� ɱɢ� ɩɿɞɡɚɞɚɱɟɸ�� ɬɨ� ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ� ɜɿɞɩɨɜɿɞɧɢɣ� ɮɪɚɝɦɟɧɬ�

ɦɟɪɟɠɿ�ɉɟɬɪɿ��ɚ�ɩɨɡɢɰɿʀ��ɹɤɿ�ɛɭɞɭɬɶ�ɫɩɿɥɶɧɢɦɢ�ɡ�ɿɧɲɢɦ�ɩɨɬɨɤɨɦ�ɱɢ�ɩɿɞɡɚɞɚɱɟɸ��

ɜɿɞɦɿɱɚɸɬɶɫɹ�ɹɤ�ɤɨɧɬɚɤɬɧɿ��ɧɚ�ɡɨɛɪɚɠɟɧɧɿ�ɡɚɮɚɪɛɨɜɭɸɬɶɫɹ�ɫɿɪɢɦ�ɤɨɥɶɨɪɨɦ�� 

Ɋɨɡɪɨɛɥɟɧɭ� ɦɟɪɟɠɭ� ɉɟɬɪɿ� ɩɨɬɪɿɛɧɨ� ɡɛɟɪɟɝɬɢ� ɭ� ɜɢɝɥɹɞɿ� ɦɟɬɨɞɭ�� ɳɨ� ɞɥɹ�

ɡɚɞɚɧɢɯ�ɩɚɪɚɦɟɬɪɿɜ�ɫɬɜɨɪɸɽ�ɟɥɟɦɟɧɬɢ�ɦɟɪɟɠɿ��ɉɟɬɪɿ��ɤɨɧɫɬɪɭɸɽ�ɡ�ɧɢɯ�ɦɟɪɟɠɭ�

ɉɟɬɪɿ�ɬɚ�ɩɨɜɟɪɬɚɽ�ɹɤ�ɪɟɡɭɥɶɬɚɬ�ɭ�ɜɢɝɥɹɞɿ�ɨɛ¶ɽɤɬɭ�PetriNet. Ⱦɨɦɨɜɢɦɨɫɶ�ɭɫɿ�ɬɚɤɿ�

ɦɟɬɨɞɢ� ɧɚɡɢɜɚɬɢ� ɤɪɿɟɣɬɨɪɚɦɢ� ɦɟɪɟɠ� ɉɟɬɪɿ ɬɚ� ɧɚɡɢɜɚɬɢ�� ɩɨɱɢɧɚɸɱɢ� ɡ�

createNet:  

public static PetriNet createNetName(args), 

ɞɟ�Name ± ɧɚɡɜɚ�ɦɟɪɟɠɿ�� 

args - ɩɟɪɟɥɿɤ ɚɪɝɭɦɟɧɬɿɜ� 

ɍ�ɩɟɪɟɥɿɤɭ ɚɪɝɭɦɟɧɬɿɜ�ɦɟɬɨɞɚ-ɤɪɿɟɣɬɨɪɚ�ɦɟɪɟɠɿ�ɉɟɬɪɿ�ɡɪɭɱɧɨ�ɩɟɪɟɞɚɜɚɬɢ�

ɩɚɪɚɦɟɬɪɢ�� ɹɤɿ� ɦɨɠɭɬɶ� ɜɚɪɿɸɜɚɬɢɫɶ� ɩɪɢ� ɞɨɫɥɿɞɠɟɧɧɿ� ɦɨɞɟɥɿ�� ɇɚɩɪɢɤɥɚɞ��

ɬɪɢɜɚɥɿɫɬɶ� ɨɛɪɨɛɤɢ� ɞɚɧɢɯ� ɡɚɥɟɠɢɬɶ� ɜɿɞ� ʀɯ� ɤɿɥɶɤɨɫɬɿ�� ɬɨɞɿ� ɱɚɫɨɜɚ� ɡɚɬɪɢɦɤɚ� ɭ�

ɜɿɞɩɨɜɿɞɧɨɦɭ� ɩɟɪɟɯɨɞɿ� ɡɚɥɟɠɢɬɶ� ɜɿɞ� ɤɿɥɶɤɨɫɬɿ� ɞɚɧɢɯ�� ɍ� ɜɢɩɚɞɤɭ�� ɤɨɥɢ� ɞɚɧɿ�

ɨɛɪɨɛɥɹɸɬɶɫɹ ɩɨɪɰɿɹɦɢ�ɡɚ�ɩɟɜɧɢɯ�ɭɦɨɜ��ɬɨ�ɩɪɨɰɟɫ�ɨɛɪɨɛɤɢ�ɞɟɬɚɥɿɡɭɽɬɶɫɹ�ɿ�ɬɨɞɿ� 

ɤɿɥɶɤɿɫɬɶ�ɞɚɧɢɯ�ɜɤɚɡɭɽɬɶɫɹ ɭ�ɩɨɡɢɰɿʀ�ɹɤ�ɩɨɱɚɬɤɨɜɟ�ɦɚɪɤɿɪɭɜɚɧɧɹ. 

Ɋɨɡɪɨɛɤɚ� ɦɟɬɨɞɭ-ɤɪɿɟɣɬɨɪɚ� ɦɟɪɟɠɿ� ɉɟɬɪɿ ɡɚɛɟɡɩɟɱɭɽ� ɦɨɠɥɢɜɿɫɬɶ�

ɫɬɜɨɪɸɜɚɬɢ� ɛɭɞɶ-ɫɤɿɥɶɤɢ� ɮɪɚɝɦɟɧɬɿɜ� ɡɿ� ɫɯɨɠɨɸ� ɩɨɜɟɞɿɧɤɨɸ�� ɳɨ� ɞɥɹ�

ɤɨɧɫɬɪɭɸɜɚɧɧɹ� ɦɨɞɟɥɟɣ ɩɚɪɚɥɟɥɶɧɢɯ� ɨɛɱɢɫɥɟɧɶ� ɧɚɞɡɜɢɱɚɣɧɨ� ɜɚɠɥɢɜɨ�� ɍ� ɩɭɥ 

ɩɨɬɨɤɿɜ�� ɧɚɩɪɢɤɥɚɞ�� ɦɨɠɭɬɶ� ɛɭɬɢ� ɡɚɜɚɧɬɚɠɟɧɿ� ɞɟɫɹɬɤɢ� ɿ� ɫɨɬɧɿ� ɩɿɞɡɚɞɚɱ� ɡ�

ɨɞɧɚɤɨɜɢɦɢ�ɞɿɹɦɢ��ɚɥɟ�ɧɚ�ɪɿɡɧɢɯ�ɞɚɧɢɯ� 

Ʉɨɞ� ɦɟɬɨɞɭ-ɤɪɿɟɣɬɨɪɚ� ɦɿɫɬɢɬɶ �ɭ� ɜɿɞɩɨɜɿɞɧɨɫɬɿ� ɞɨ� ɮɨɪɦɚɥɶɧɨɝɨ�

ɩɪɟɞɫɬɚɜɥɟɧɧɹ�ɦɟɪɟɠɿ�ɉɟɬɪɿ��ɞɢɜ��������: 
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� ɫɬɜɨɪɟɧɧɹ�ɦɚɫɢɜɿɜ�ɩɨɡɢɰɿɣ��ɩɟɪɟɯɨɞɿɜ��ɜɯɿɞɧɢɯ�ɞɭɝ�ɬɚ�ɜɢɯɿɞɧɢɯ�ɞɭɝ�

ɦɟɪɟɠɿ�ɉɟɬɪɿ� 

� ɫɬɜɨɪɟɧɧɹ�ɩɨɡɢɰɿɣ�ɦɟɪɟɠɿ�ɉɟɬɪɿ�ɬɚ�ɞɨɞɚɜɚɧɧɹ�ʀɯ�ɭ�ɦɚɫɢɜ�ɩɨɡɢɰɿɣ� 

� ɫɬɜɨɪɟɧɧɹ�ɩɟɪɟɯɨɞɿɜ�ɦɟɪɟɠɿ�ɉɟɬɪɿ�ɬɚ�ɞɨɞɚɜɚɧɧɹ�ʀɯ�ɭ�ɦɚɫɢɜ�ɩɟɪɟɯɨɞɿɜ� 

� ɫɬɜɨɪɟɧɧɹ�ɜɯɿɞɧɢɯ�ɞɭɝ�ɦɟɪɟɠɿ�ɉɟɬɪɿ�ɬɚ�ɞɨɞɚɜɚɧɧɹ�ʀɯ�ɭ�ɜɯɿɞɧɢɯ�ɞɭɝ, 

� ɫɬɜɨɪɟɧɧɹ� ɜɢɯɿɞɧɢɯ� ɞɭɝ� ɦɟɪɟɠɿ� ɉɟɬɪɿ� ɬɚ� ɞɨɞɚɜɚɧɧɹ� ʀɯ� ɭ� ɦɚɫɢɜ�

ɜɢɯɿɞɧɢɯ�ɞɭɝ, 

� ɤɨɧɫɬɪɭɸɜɚɧɧɹ�ɦɟɪɟɠɿ�ɉɟɬɪɿ�ɡɿ�ɫɬɜɨɪɟɧɢɯ�ɟɥɟɦɟɧɬɿɜ�ɦɟɪɟɠɿ�ɉɟɬɪɿ� 

ɉɪɢ� ɤɨɧɫɬɪɭɸɜɚɧɧɿ� ɦɟɪɟɠɿ� ɮɨɪɦɭɸɬɶɫɹ� ɦɧɨɠɢɧɢ� ɜɯɿɞɧɢɯ� ɬɚ� ɜɢɯɿɞɧɢɯ�

ɩɨɡɢɰɿɣ� ɞɥɹ� ɤɨɠɧɨɝɨ� ɩɟɪɟɯɨɞɭ� ɬɚ� ɩɟɪɟɜɿɪɹɽɬɶɫɹ� ɤɨɪɟɤɬɧɿɫɬɶ� ɩɨɛɭɞɨɜɢ� ɦɟɪɟɠɿ�

ɉɟɬɪɿ� 

ɇɚɩɪɢɤɥɚɞ��ɧɚɣɩɪɨɫɬɿɲɢɣ�ɦɟɬɨɞ�ɡɿ�ɫɬɜɨɪɟɧɧɹ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɚ��ɳɨ�ɜɢɤɨɧɭɽ�

ɨɞɧɭ�ɨɛɱɢɫɥɸɜɚɥɶɧɭ�ɞɿɸ�ɡ�ɜɢɩɚɞɤɨɜɨɸ�ɟɤɫɩɨɧɟɧɰɿɚɥɶɧɨ�ɪɨɡɩɨɞɿɥɟɧɨɸ�ɱɚɫɨɜɨɸ�

ɡɚɬɪɢɦɤɨɸ�ɡ��ɫɟɪɟɞɧɿɦ�ɡɧɚɱɟɧɧɹɦ�timeMean��ɦɚɽ�ɬɚɤɢɣ�ɤɨɞ� 

public static PetriNet CreateNetRunnableSimple(double timeMean) 
 throws ExceptionInvalidNetStructure, ExceptionInvalidTimeDelay { 
 ArrayList<PetriP> places = new ArrayList<>(); 

ArrayList<PetriT> transitions = new ArrayList<>(); 
ArrayList<ArcIn> arcsIn = new ArrayList<>(); 
ArrayList<ArcOut> arcsOut = new ArrayList<>(); 
places.add(new PetriP("runSt",0)); 
places.add(new PetriP("runEnd",0)); 
places.add(new PetriP("cores",0)); 
transitions.add(new PetriT("run", timeMean,Double.MAX_VALUE)); 
transitions.get(0).setDistribution("exp", 

transitions.get(0).getTimeServ()); 
arcsIn.add(new ArcIn(places.get(0),transitions.get(0),1)); 
arcsIn.add(new ArcIn(places.get(2),transitions.get(0),1)); 
arcsOut.add(new ArcOut(transitions.get(0),places.get(1),1)); 
arcsOut.add(new ArcOut(transitions.get(0),places.get(2),1)); 
PetriNet d_Net = new PetriNet("Runnable", 

places, 
transitions, 
arcsIn, 
arcsOut);  

 return d_Net; 
} 
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ɉɟɬɪɿ-ɨɛ¶ɽɤɬ� ɫɬɜɨɪɸɽɬɶɫɹ� ɤɨɧɫɬɪɭɤɬɨɪɨɦ� ɫɭɩɟɪɤɥɚɫɭ�� ɹɤɢɣ� ɪɟɚɥɿɡɭɽ�

ɩɟɪɟɬɜɨɪɟɧɧɹ�ɫɬɚɧɿɜ�ɦɟɪɟɠɿ�ɉɟɬɪɿ��ɞɢɜ����������ɍ�ɩɪɨɝɪɚɦɧɨɦɭ�ɡɚɛɟɡɩɟɱɟɧɧɿ�ɰɟɣ�

ɤɥɚɫ�ɧɚɡɜɚɧɢɣ�PetriSim. Ɉɬɠɟ��ɉɟɬɪɿ-ɨɛ¶ɽɤɬ�ɫɬɜɨɪɸɽɬɶɫɹ�ɬɚɤɢɦ�ɮɪɚɝɦɟɧɬɨɦ�ɤɨɞɭ� 

PetriSim obj = new PetriSim(createNetName(args)); 

Ⱦɨ�ɩɪɢɤɥɚɞɭ��ɦɨɠɧɚ�ɫɬɜɨɪɢɬɢ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬ�ɡ�ɨɩɢɫɚɧɢɦ�ɜɢɳɟ�ɦɟɬɨɞɨɦ��ɜ�

ɚɪɝɭɦɟɧɬɿ�ɦɟɬɨɞɭ�ɜɤɚɡɭɽɦɨ�ɱɢɫɟɥɶɧɟ� ɡɧɚɱɟɧɧɹ�ɱɚɫɨɜɨʀ� ɡɚɬɪɢɦɤɢ��ɧɟɨɛɯɿɞɧɟ�ɧɚ�

ɜɢɤɨɧɚɧɧɹ�ɿɧɫɬɪɭɤɰɿʀ�run): 

PetriSim obj = new PetriSim(CreateNetRunnableSimple(10.0)); 

ɉɿɫɥɹ�ɫɬɜɨɪɟɧɧɹ�ɨɛ¶ɽɤɬ�ɦɨɠɟ�ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢɫɶ�ɞɥɹ�ɡɜ¶ɹɡɭɜɚɧɧɹ�ɡ�ɿɧɲɢɦɢ�

ɨɛ¶ɽɤɬɚɦɢ�ɬɚ�ɩɟɪɟɞɚɜɚɬɢɫɶ�ɭ�ɫɩɢɫɨɤ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɿɜ�ɞɥɹ�ɤɨɧɫɬɪɭɸɜɚɧɧɹ�ɦɨɞɟɥɿ�  

2.4.3 Ɋɨɡɪɨɛɤɚ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɨʀ�ɦɨɞɟɥɿ�ɩɚɪɚɥɟɥɶɧɨʀ�ɩɪɨɝɪɚɦɢ 

Ɋɨɡɪɨɛɤɚ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɨʀ�ɦɨɞɟɥɿ�ɜɤɥɸɱɚɽ�ɬɚɤɿ�ɤɪɨɤɢ� 

� cɬɜɨɪɟɧɧɹ�ɫɩɢɫɤɭ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɿɜ�� 

� ɪɨɡɪɨɛɤɚ�ɤɨɧɟɤɬɨɪɿɜ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɿɜ� 

� ɫɬɜɨɪɟɧɧɹ�ɦɨɞɟɥɿ�ɜɢɤɥɢɤɨɦ�ɤɨɧɫɬɪɭɤɬɨɪɚ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɨʀ�ɦɨɞɟɥɿ��ɜ�

ɚɪɝɭɦɟɧɬɿ�ɹɤɨɝɨ�ɜɤɚɡɚɧɢɣ�ɫɩɢɫɨɤ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɿɜ� 

� ɪɨɡɪɨɛɤɚ�ɦɟɬɨɞɭ-ɤɪɿɟɣɬɨɪɚ�ɦɨɞɟɥɿ� 

Ɂɜ¶ɹɡɭɜɚɧɧɹ�ɨɛ¶ɽɤɬɿɜ�ɨɞɢɧ�ɡ�ɨɞɧɢɦ�ɤɨɧɟɤɬɨɪɚɦɢ�ɦɨɠɟ�ɛɭɬɢ�ɜɢɤɨɧɚɧɨ�ɚɛɨ�

ɞɨ�ɤɨɧɫɬɪɭɸɜɚɧɧɹ�ɦɨɞɟɥɿ��ɚɛɨ�ɩɿɫɥɹ��Ⱦɥɹ�  Runnable ɨɛ¶ɽɤɬɭ ɳɨɧɚɣɦɟɧɲɟ�ɣɨɝɨ�

ɩɨɡɢɰɿʀ�"runSt" ɬɚ�"runEnd" ɨɬɨɬɨɠɧɸɸɬɶɫɹ�ɡ�ɜɿɞɩɨɜɿɞɧɢɦɢ�ɩɨɡɢɰɿɹɦɢ�ɨɛ¶ɽɤɬɭ��

ɹɤɢɣ�ɜɢɫɬɭɩɚɽ�ɿɧɿɰɿɚɬɨɪɨɦ�ɜɢɤɨɧɚɧɧɹ�ɩɿɞɡɚɞɚɱɿ� 

Ⱦɥɹ�ɩɪɟɞɫɬɚɜɥɟɧɧɹ�ɡɜ¶ɹɡɤɿɜ�ɦɿɠ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɚɦɢ�ɜɢɤɨɪɢɫɬɨɜɭɽɦɨ�ɞɿɚɝɪɚɦɭ�

ɨɬɨɬɨɠɧɟɧɶ��ɪɢɫ����4��ɚ���ɬɚ�ɞɿɚɝɪɚɦɭ�ɩɨɛɭɞɨɜɢ�ɦɨɞɟɥɿ��ɪɢɫ�����4��ɛ����ɇɚ�ɞɿɚɝɪɚɦɿ�

ɨɬɨɬɨɠɧɟɧɶ� ɤɨɠɟɧ� ɛɥɨɤ� ɩɪɟɞɫɬɚɜɥɹɽ� ɉɟɬɪɿ-ɨɛ¶ɽɤɬ� ɡ� ɩɟɪɟɥɿɤɨɦ� ɩɨɡɢɰɿɣ-

ɤɨɧɟɤɬɨɪɿɜ� �ɬɨɛɬɨ� ɩɨɡɢɰɿɣ�� ɹɤɿ� ɩɨɡɧɚɱɟɧɿ� ɹɤ� ɬɚɤɿ�� ɳɨ� ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ� ɞɥɹ�

ɡɜ¶ɹɡɭɜɚɧɧɹ�ɡ�ɿɧɲɢɦɢ�ɨɛ¶ɽɤɬɚɦɢ���Ɂɜ¶ɹɡɤɢ�ɩɪɟɞɫɬɚɜɥɹɸɬɶ�ɨɬɨɬɨɠɧɟɧɧɹ�ɩɨɡɢɰɿɣ�

ɉɟɬɪɿ-ɨɛ¶ɽɤɬɚ�ɡ�ɩɨɡɢɰɿɹɦɢ�ɿɧɲɢɯ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɿɜ� ɇɚ�ɪɢɫɭɧɤɭ����4 ɩɨɡɢɰɿʀ�start ɬɚ�

finish ɉɟɬɪɿ-ɨɛ¶ɽɤɬɚ�Run ɨɬɨɬɨɠɧɸɸɬɶɫɹ�ɡ�ɩɨɡɢɰɿɹɦɢ�start ɬɚ�finish ɉɟɬɪɿ-ɨɛ¶ɽɤɬɚ�
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Main�� ɚ� ɣɨɝɨ� ɩɨɡɢɰɿɹ� unlock ɨɬɨɬɨɠɧɸɽɬɶɫɹ� ɡ� ɩɨɡɢɰɿɽɸ� unlock ɿɧɲɨɝɨ� ɉɟɬɪɿ-

ɨɛ¶ɽɤɬɚ� Run�� Ɍɚɤɢɦ� ɱɢɧɨɦ�� ɧɚ� ɞɿɚɝɪɚɦɿ� ɩɪɟɞɫɬɚɜɥɟɧɿ� ɩɨɩɚɪɧɿ� ɨɬɨɬɨɠɧɟɧɧɹ�

ɩɨɡɢɰɿɣ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɚ�ɡ�ɩɨɡɢɰɿɹɦɢ�ɿɧɲɢɯ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɿɜ��ɇɚ�ɞɿɚɝɪɚɦɿ�ɩɨɛɭɞɨɜɢ�

ɦɨɞɟɥɿ�ɩɪɟɞɫɬɚɜɥɟɧɿ�ɭɫɿ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɢ��ɡ�ɹɤɢɯ�ɫɤɥɚɞɚɽɬɶɫɹ�ɦɨɞɟɥɶ��əɤɳɨ�ɨɛ¶ɽɤɬɢ�

ɭɬɜɨɪɸɸɬɶɫɹ� ɬɢɪɚɠɭɜɚɧɧɹɦ�� ɬɨ� ɬɚɤɿ� ɨɛ¶ɽɤɬɢ� ɭɬɜɨɪɸɸɬɶ� ɝɪɭɩɭ�� Ɂɜ¶ɹɡɤɢ� ɦɿɠ�

ɨɛ¶ɽɤɬɚɦɢ� ɧɚ� ɰɿɣ� ɞɿɚɝɪɚɦɿ� ɩɪɟɞɫɬɚɜɥɹɸɬɶɫɹ� ɜɠɟ� ɛɟɡ� ɞɟɬɚɥɿɡɚɰɿʀ� ɨɬɨɬɨɠɧɟɧɶ�

ɩɨɡɢɰɿɣ� ɉɟɬɪɿ-ɨɛ¶ɽɤɬɿɜ�� ɇɚ� ɪɢɫɭɧɤɭ� ���4 ɦɨɞɟɥɶ� ɭɬɜɨɪɸɽɬɶɫɹ� ɝɪɭɩɨɸ� ɉɟɬɪɿ-

ɨɛ¶ɽɤɬɿɜ�Run�� ɳɨ� ɭɬɜɨɪɸɸɬɶɫɹ� ɬɢɪɚɠɭɜɚɧɧɹɦ� ɭ� ɡɚɞɚɧɿɣ� ɤɿɥɶɤɨɫɬɿ� n ɬɚ� ɨɞɧɢɦ�

ɉɟɬɪɿ-ɨɛ¶ɽɤɬɨɦ�Main. 

   
�ɚ�      �ɛ� 

Ɋɢɫɭɧɨɤ����4± Ⱦɿɚɝɪɚɦɢ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɨʀ�ɦɨɞɟɥɿ�� 

�ɚ��ɞɿɚɝɪɚɦɚ�ɨɬɨɬɨɠɧɟɧɶ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɚ���ɛ��ɞɿɚɝɪɚɦɚ�ɩɨɛɭɞɨɜɢ�ɦɨɞɟɥɿ 

Ⱦɥɹ�ɫɬɜɨɪɟɧɧɹ�ɦɨɞɟɥɿ�ɧɟɨɛɯɿɞɧɨ��ɳɨɛ�ɭ�ɫɩɢɫɤɭ�ɨɛ¶ɽɤɬɿɜ�ɛɭɜ�ɯɨɱɚ�ɛ�ɨɞɢɧ�

ɉɟɬɪɿ-ɨɛ¶ɽɤɬ��Ɇɟɬɨɞ-ɤɪɿɟɣɬɨɪ�ɬɚɤɨʀ�ɦɨɞɟɥɿ�ɦɚɬɢɦɟ�ɜɢɝɥɹɞ� 

public static PetriObjModel createModel() 
            throws ExceptionInvalidNetStructure, 

ExceptionInvalidTimeDelay{ 
ArrayList<PetriSim> list = new ArrayList<>(); 
list.add(obj); 
return new PetriObjModel(list); 

} 

Ɂ¶ɽɞɧɚɧɧɹ� ɉɟɬɪɿ-ɨɛ¶ɽɤɬɿɜ� ɨɞɢɧ� ɡ� ɨɞɧɢɦ� ɜɢɤɨɧɭɽɬɶɫɹ� ɨɬɨɬɨɠɧɟɧɧɹɦ�

ɩɨɡɢɰɿɣ��Ɇɚɣɠɟ�ɡɚɜɠɞɢ�ɧɟɨɛɯɿɞɧɟ�ɡ¶ɽɞɧɚɧɧɹ�ɞɥɹ�ɩɨɡɢɰɿʀ�"cores".  əɤɳɨ�ɞɜɚ�ɉɟɬɪɿ-

ɨɛ¶ɽɤɬɢ obj ɬɚ oWKHU� ɦɚɸɬɶ� ɩɨɡɢɰɿɸ� cores ɭ� ɫɜɨɽɦɭ� ɫɩɢɫɤɭ� ɨɫɬɚɧɧɶɨɸ�� ɬɨ�

ɨɬɨɬɨɠɧɟɧɧɹ�ɦɚɽ�ɜɢɝɥɹɞ� 

obj.getNet().getListP()[obj.getNet().getListP().length] =  
other.getNet().getListP()[other.getNet().getListP().length];  

Run 

start 
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ɉɪɨɿɥɸɫɬɪɭɽɦɨ�ɪɨɡɪɨɛɤɭ�ɦɨɞɟɥɿ�ɧɚ�ɩɪɢɤɥɚɞɿ�ɦɨɞɟɥɿ�ɩɪɨɫɬɨʀ�ɩɪɨɝɪɚɦɢ��ɜ�

ɹɤɿɣ�main-ɦɟɬɨɞ�ɫɬɜɨɪɸɽ�ɞɜɚ�ɩɨɬɨɤɢ��ɳɨ�ɜɢɤɨɧɭɸɬɶ�ɫɜɨʀ�run-ɦɟɬɨɞɢ�ɿɡ�ɡɚɞɚɧɢɦɢ�

ɱɚɫɨɜɢɦɢ� ɡɚɬɪɢɦɤɚɦɢ. ɉɨɬɪɿɛɧɨ� ɫɬɜɨɪɢɬɢ� ɞɜɚ� ɉɟɬɪɿ-ɨɛ¶ɽɤɬɢ� ɬɚ� ɡ¶ɽɞɧɚɬɢ� ʀɯ� ɡ�

ɉɟɬɪɿ-ɨɛ¶ɽɤɬɨɦ�� ɳɨ� ɿɦɿɬɭɜɚɬɢɦɟ� ɜɢɤɨɧɚɧɧɹ� ɞɿɣ� main-ɦɟɬɨɞɭ� ɋɤɨɪɢɫɬɚɽɦɨɫɶ�

ɲɚɛɥɨɧɨɦ�ɦɟɪɟɠɿ�ɉɟɬɪɿ�ɞɥɹ�ɫɬɜɨɪɟɧɧɹ��ɡɚɩɭɫɤɭ�ɬɚ�ɡɚɜɟɪɲɟɧɧɹ�ɩɨɬɨɤɭ��ɞɢɜ��ɪɢɫ��

2.5��ɿ�ɧɚ�ɣɨɝɨ�ɨɫɧɨɜɿ�ɫɬɜɨɪɢɦɨ�ɦɟɪɟɠɭ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɚ��ɳɨ�ɿɦɿɬɭɜɚɬɢɦɟ�ɜɢɤɨɧɚɧɧɹ�

Main-ɦɟɬɨɞɭ �ɪɢɫ�� ���5)�� ɉɨɡɢɰɿɸ� cores ɬɚ� ɡɜ¶ɹɡɤɢ� ɡ� ɧɟɸ� ɧɟ� ɩɪɟɞɫɬɚɜɥɹɽɦɨ��

ɨɫɤɿɥɶɤɢ�ɡɚ�ɡɚɦɨɜɱɭɜɚɧɧɹɦ�ɜɨɧɚ�ɽ�ɜ�ɭɫɿɯ�ɦɨɞɟɥɹɯ�ɬɚ�ɡ¶ɽɞɧɚɧɚ�ɡ�ɭɫɿɦɚ�ɩɟɪɟɯɨɞɚɦɢ� 

 
Ɋɢɫɭɧɨɤ���15±  Ɇɟɪɟɠɚ ɉɟɬɪɿ-ɨɛ¶ɽɤɬɚ�Main ɞɥɹ�ɩɪɨɫɬɨʀ�ɦɨɞɟɥɿ�ɫɬɜɨɪɟɧɧɹ�ɞɜɨɯ�

ɩɨɬɨɤɿɜ� 

Ʉɨɞ�ɜɿɞɩɨɜɿɞɧɨɝɨ�ɦɟɬɨɞɚ-ɤɪɿɟɣɬɨɪɚ�ɦɟɪɟɠɿ�ɦɚɽ�ɜɢɝɥɹɞ� 
public static PetriNet CreateNetMain(double delayCreate,  

  double delayStart,  
  double delayJoin) 

 throws ExceptionInvalidNetStructure, ExceptionInvalidTimeDelay { 
 ArrayList<PetriP> d_P = new ArrayList<>(); 
 ArrayList<PetriT> d_T = new ArrayList<>(); 
 ArrayList<ArcIn> d_In = new ArrayList<>(); 
 ArrayList<ArcOut> d_Out = new ArrayList<>(); 
 d_P.add(new PetriP("mainStart",1)); 
 d_P.add(new PetriP("",0)); 
 d_P.add(new PetriP("",0)); 
 d_P.add(new PetriP("",0)); 
 d_P.add(new PetriP("",0)); 
 d_P.add(new PetriP("runStA",0)); 
 d_P.add(new PetriP("runStB",0)); 
 d_P.add(new PetriP("",0)); 
 d_P.add(new PetriP("mainEnd",0)); 
 d_P.add(new PetriP("runEndA",0)); 
 d_P.add(new PetriP("runEndB",0)); 
 d_T.add(new PetriT("createThreadA", delayCreate)); 

createThreadB 

    

runStA runEndA 

joinA 
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 d_T.add(new PetriT("createThreadB", delayCreate)); 
 d_T.add(new PetriT("startA", delayStart)); 
 d_T.add(new PetriT("startB", delayStart)); 
 d_T.add(new PetriT("joinA", delayJoin)); 
 d_T.add(new PetriT("joinB", delayJoin)); 
 d_In.add(new ArcIn(d_P.get(0),d_T.get(0),1)); 
 d_In.add(new ArcIn(d_P.get(1),d_T.get(1),1)); 
 d_In.add(new ArcIn(d_P.get(2),d_T.get(2),1)); 
 d_In.add(new ArcIn(d_P.get(3),d_T.get(3),1)); 
 d_In.add(new ArcIn(d_P.get(4),d_T.get(4),1)); 
 d_In.add(new ArcIn(d_P.get(7),d_T.get(5),1)); 
 d_In.add(new ArcIn(d_P.get(9),d_T.get(4),1)); 
 d_In.add(new ArcIn(d_P.get(10),d_T.get(5),1)); 
 d_Out.add(new ArcOut(d_T.get(0),d_P.get(1),1)); 
 d_Out.add(new ArcOut(d_T.get(1),d_P.get(2),1)); 
 d_Out.add(new ArcOut(d_T.get(2),d_P.get(3),1)); 
 d_Out.add(new ArcOut(d_T.get(3),d_P.get(4),1)); 
 d_Out.add(new ArcOut(d_T.get(2),d_P.get(5),1)); 
 d_Out.add(new ArcOut(d_T.get(3),d_P.get(6),1)); 
 d_Out.add(new ArcOut(d_T.get(4),d_P.get(7),1)); 
 d_Out.add(new ArcOut(d_T.get(5),d_P.get(8),1)); 
 d_P.add(new PetriP("cores",2)); 
 for (PetriT transition : d_T) { 

   transition.setDistribution("unif", 
transition.getTimeServ()); 

   transition.setParamDeviation(transition.getTimeServ()/2); 
} 

 for (PetriT transition : d_T) { 
            d_In.add(new ArcIn(d_P.get(11), transition, 1)); 
            d_Out.add(new ArcOut(transition, d_P.get(11), 1)); 
     } 
 PetriNet d_Net = new PetriNet("Main",d_P,d_T,d_In,d_Out); 
 return d_Net; 
} 

Ⱦɥɹ ɫɬɜɨɪɟɧɧɹ ɉɟɬɪɿ-ɨɛ¶ɽɤɬɿɜ�� ɹɤɿ� ɜɢɤɨɧɭɸɬɶ ɞɿʀ� ɫɜɨʀɯ� run() ɦɟɬɨɞɿɜ� ɡ�

ɜɿɞɨɦɨɸ�ɱɚɫɨɜɨɸ�ɡɚɬɪɢɦɤɨɸ��ɩɿɞɿɣɞɟ�ɦɟɪɟɠɚ ɉɟɬɪɿ��ɞɥɹ�ɹɤɨʀ�ɭ�ɩɿɞɪɨɡɞɿɥɿ������ 

ɪɨɡɪɨɛɥɟɧɨ�ɦɟɬɨɞ-ɤɪɿɟɣɬɨɪ�CreateNetRunnableSimple(). 

Ⱦɥɹ�ɬɨɝɨ��ɳɨɛ�ɭɫɿ�ɬɪɢ�ɫɬɜɨɪɟɧɿ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɢ�ɜɿɞɬɜɨɪɸɜɚɥɢ�ɩɨɞɿʀ�ɭ�ɡɜ¶ɹɡɤɭ�

ɡ�ɩɨɞɿɹɦɢ�ɜ�ɿɧɲɢɯ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɚɯ��ɩɨɬɪɿɛɧɨ�ɜɫɬɚɧɨɜɢɬɢ�ɨɬɨɬɨɠɧɟɧɧɹ�ɩɨɡɢɰɿɣ�ɦɿɠ�

ɩɚɪɚɦɢ�ɨɛ¶ɽɤɬɿɜ��Ɉɤɪɿɦ�ɩɨɡɢɰɿʀ�cores ɨɬɨɬɨɠɧɟɦɢɦɢ�ɦɚɸɬɶ�ɛɭɬɢ�ɩɨɡɢɰɿʀ�runSt ɬɚ�

runEnd ɨɛ¶ɽɤɬɿɜ�� ɳɨ� ɜɿɞɬɜɨɪɸɸɬɶ� ɩɨɬɨɤɢ�� ɬɚ� ɨɛ¶ɽɤɬɚ� Main. Ⱦɿɚɝɪɚɦɢ� ɞɥɹ�

ɤɨɧɫɬɪɭɸɜɚɧɧɹ ɦɨɞɟɥɿ�ɩɪɟɞɫɬɚɜɥɟɧɚ�ɧɚ�ɪɢɫɭɧɤɭ����6. 
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Ɋɢɫɭɧɨɤ����6 ± ɉɨɛɭɞɨɜɚ�ɩɪɨɫɬɨʀ ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɨʀ�ɦɨɞɟɥɿ ɡ�ɬɪɶɨɯ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɿɜ 

 

Ɉɬɠɟ��ɜɢɤɨɧɭɽɦɨ�ɫɬɜɨɪɟɧɧɹ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɿɜ, ɡ¶ɽɞɧɭɽɦɨ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɢ�ɨɞɢɧ�

ɡ�ɨɞɧɢɦ�ɬɚ�ɞɨɞɚɽɦɨ� ʀɯ�ɭ� ɫɩɢɫɨɤ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɿɜ��Ɇɚɽɦɨ� ɬɚɤɢɣ� java-ɤɨɞ�ɦɟɬɨɞɭ-

ɤɪɿɟɣɬɨɪɚ�ɦɨɞɟɥɿ: 

public static PetriObjModel createModel(double runA, double 
runB) 
            throws ExceptionInvalidNetStructure, 

ExceptionInvalidTimeDelay{ 
ArrayList<PetriSim> list = new ArrayList<>(); 
PetriSim main = new PetriSim(CreateNetMain(); 
PetriSim threadA = 
            new PetriSim(CreateNetRunnableSimple(runA)); 
PetriSim threadB =  
            new PetriSim(CreateNetRunnableSimple(runB)); 
threadA.getNet().getListP()[0] =  

main.getNet().getListP()[5]; 
threadB.getNet().getListP()[0] =  

main.getNet().getListP()[6]; 
threadA.getNet().getListP()[1] =  

main.getNet().getListP()[9]; 
threadB.getNet().getListP()[1] =  

main.getNet().getListP()[10]; 
threadA.getNet().getListP()[2] =  

main.getNet().getListP()[11]; 
threadB.getNet().getListP()[2] =  

main.getNet().getListP()[11]; 
list.add(main)); 
list.add(threadA); 
list.add(threadB); 
return new PetriObjModel(list); 

} 

Ɍɚɤɢɦ� ɱɢɧɨɦ�� ɩɿɫɥɹ� ɪɨɡɪɨɛɤɢ� ɦɟɪɟɠ� ɉɟɬɪɿ-ɨɛ¶ɽɤɬɿɜ� ɪɨɡɪɨɛɧɢɤ� ɮɨɤɭɫɭɽ�

ɫɜɨɸ�ɭɜɚɝɭ�ɧɚ�ɨɛɦɿɧɿ�ɿɧɮɨɪɦɚɰɿɽɸ�ɩɪɨ�ɫɬɚɧ�ɨɛ¶ɽɤɬɿɜ�ɬɚ�ɪɨɡɪɨɛɥɹɽ�ɨɬɨɬɨɠɧɟɧɧɹ�

ɩɨɡɢɰɿɣ� ɞɥɹ� ɤɨɠɧɨʀ� ɩɚɪɢ� ɨɛ¶ɽɤɬɿɜ�� əɤɳɨ� ɫɩɨɫɿɛ� ɡ¶ɽɞɧɚɧɧɹ� ɨɛ¶ɽɤɬɿɜ� ɨɞɧɚɤɨɜɢɣ�

threadA 

runSt 

runEnd 

cores 

   

main 

runStA 

runEndA 
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runStB 

runEndB 
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�ɨɞɧɚɤɨɜɿ�ɨɬɨɬɨɠɧɟɧɧɹ�ɩɨɡɢɰɿɣ���ɬɨ�ɜɿɧ�ɦɨɠɟ�ɛɭɬɢ�ɜɢɧɟɫɟɧɢɣ�ɜ�ɨɤɪɟɦɢɣ�ɦɟɬɨɞ-

ɤɨɧɟɤɬɨɪ� ɿ� ɡɚɫɬɨɫɨɜɭɜɚɬɢɫɶ� ɞɥɹ� ɡɚɡɧɚɱɟɧɢɯ� ɩɚɪ� ɨɛ¶ɽɤɬɿɜ�� ɋɬɪɭɤɬɭɪɚ�

ɛɚɝɚɬɨɩɨɬɨɱɧɨʀ� ɩɪɨɝɪɚɦɢ� ɬɨɱɧɨ� ɜɿɞɬɜɨɪɸɽɬɶɫɹ� ɭ� ɦɨɞɟɥɿ�� ɤɨɠɧɨɦɭ� ɨɛ¶ɽɤɬɭ� ɜ�

ɩɪɨɝɪɚɦɿ�ɜɿɞɩɨɜɿɞɚɽ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬ�ɦɨɞɟɥɿ� 

Ɂɚɭɜɚɠɢɦɨ�� ɳɨ� ɤɨɞɭɜɚɧɧɹ� ɦɟɬɨɞɿɜ-ɤɪɿɟɣɬɨɪɿɜ� ɛɟɡ� ɫɩɟɰɿɚɥɿɡɨɜɚɧɨɝɨ�

ɩɪɨɝɪɚɦɧɨɝɨ� ɡɚɛɟɡɩɟɱɟɧɧɹ� ɽ� ɯɨɱ� ɿ� ɦɨɠɥɢɜɨɸ�� ɚɥɟ� ɧɟɩɪɨɫɬɨɸ� ɡɚɞɚɱɟɸ� ɱɟɪɟɡ�

ɦɨɠɥɢɜɿɫɬɶ�ɡɪɨɛɢɬɢ�ɩɨɦɢɥɤɭ�ɩɪɢ�ɡɜ¶ɹɡɭɜɚɧɧɿ�ɟɥɟɦɟɧɬɿɜ�ɦɟɪɟɠɿ�ɉɟɬɪɿ��ɍ�ɪɨɡɞɿɥɿ�

��ɛɭɞɟ�ɪɨɡɝɥɹɧɭɬɨ�ɬɚɤɟ�ɩɪɨɝɪɚɦɧɟ�ɡɚɛɟɡɩɟɱɟɧɧɹ�ɡ�ɦɨɠɥɢɜɿɫɬɸ�ɚɜɬɨɦɚɬɢɡɨɜɚɧɨɝɨ�

ɫɬɜɨɪɟɧɧɹ�ɦɟɬɨɞɭ-ɤɪɿɟɣɬɨɪɚ�ɡɚ�ɣɨɝɨ�ɝɪɚɮɿɱɧɢɦ�ɩɪɟɞɫɬɚɜɥɟɧɧɹɦ� 

2.5 Ɍɟɯɧɨɥɨɝɿɹ�ɦɨɞɟɥɸɜɚɧɧɹ ɩɚɪɚɥɟɥɶɧɨɝɨ�ɚɥɝɨɪɢɬɦɭ� 

2.5.1 ɋɩɿɜɫɬɚɜɥɟɧɧɹ� ɮɪɚɝɦɟɧɬɚ� -DYD-ɤɨɞɭ� ɲɚɛɥɨɧɚɦ� ɦɨɞɟɥɸɜɚɧɧɹ�

ɩɚɪɚɥɟɥɶɧɢɯ�ɨɛɱɢɫɥɟɧɶ 

ɍ� ɩɿɞɪɨɡɞɿɥɿ� ������ ɪɨɡɪɨɛɥɟɧɿ� ɬɚɤɿ� ɲɚɛɥɨɧɢ� ɦɨɞɟɥɸɜɚɧɧɹ ɩɚɪɚɥɟɥɶɧɢɯ�

ɨɛɱɢɫɥɟɧɶ�ɦɟɪɟɠɟɸ�ɉɟɬɪɿ� 

� ɰɢɤɥɭ�IRU��ɪɢɫ����4, a),  

� ɰɢɤɥ�ZKLOH��ɪɢɫ����4��ɛ�� 

� ɨɩɟɪɚɬɨɪ�LI-then-HOVH��ɪɢɫ����4��ɛ�,  

� ɫɬɜɨɪɟɧɧɹ��ɩɨɱɚɬɤɭ ɬɚ�ɡɚɜɟɪɲɟɧɧɹ�ɪɨɛɨɬɢ�ɩɨɬɨɤɭ �ɪɢɫ� 2.5), 

� ɩɪɢɡɭɩɢɧɤɢ�ɩɨɬɨɤɭ��ɪɢɫ� 2.6), 

� ɨɱɿɤɭɜɚɧɧɹ�ɧɚ�ɡɚɜɟɪɲɟɧɧɹ�ɜɢɤɨɧɚɧɧɹ�ɞɿɣ�ɩɨɬɨɤɭ��ɪɢɫ� 2.6), 

� ɡɚɯɨɩɥɟɧɧɹ�ɦɨɧɿɬɨɪɚ�ɨɛ¶ɽɤɬɚ��ɪɢɫ����7), 

� ɧɟɝɚɣɧɟ� ɡɚɯɨɩɥɟɧɧɹ� ɥɨɤɟɪɚ� ɛɟɡ� ɬɚ� ɡ� ɭɪɚɯɭɜɚɧɧɹɦ� ɦɨɠɥɢɜɨɫɬɿ�

ɛɚɝɚɬɨɪɚɡɨɜɨɝɨ�ɡɚɯɨɩɥɟɧɧɹ��ɪɢɫ����8��ɪɢɫ� 2.9), 

� ɨɱɿɤɭɜɚɧɧɹ�ɧɚ�ɭɦɨɜɭ��ɪɢɫ�����2), 

� ɩɭɥ�ɩɨɬɨɤɿɜ��ɪɢɫ� 2.13). 

Ɂɚɡɧɚɱɟɧɿ� ɲɚɛɥɨɧɢ� ɨɯɨɩɥɸɸɬɶ� ɭɫɿ ɨɫɧɨɜɧɿ ɞɿʀ� ɬɚ� ɦɟɯɚɧɿɡɦɢ� ɜɡɚɽɦɨɞɿʀ�

ɩɿɞɡɚɞɚɱ�ɭ ɛɚɝɚɬɨɩɨɬɨɱɧɿɣ�ɩɪɨɝɪɚɦɿ��ɜɤɥɸɱɧɨ�ɡ�ɜɢɫɨɤɨɪɿɜɧɟɜɢɦɢ�ɿɧɫɬɪɭɦɟɧɬɚɦɢ�  
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Ɋɨɡɪɨɛɤɚ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɨʀ�ɦɨɞɟɥɿ�ɩɨɱɢɧɚɽɬɶɫɹ�ɡ�ɪɨɡɛɢɬɬɹ�ɧɚ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɢ��

ɍ� ɜɢɩɚɞɤɭ� ɦɨɞɟɥɸɜɚɧɧɹ� ɩɚɪɚɥɟɥɶɧɨʀ� ɩɪɨɝɪɚɦɢ� ɉɟɬɪɿ-ɨɛ¶ɽɤɬɢ� � ɜɢɡɧɚɱɚɽɦɨ� ɭ�

ɜɿɞɩɨɜɿɞɧɨɫɬɿ� ɞɨ� ɫɬɪɭɤɬɭɪɧɢɯ� ɟɥɟɦɟɧɬɿɜ� ɩɚɪɚɥɟɥɶɧɨʀ� ɩɪɨɝɪɚɦɢ�� ɬɨɛɬɨ� ʀʀ�

ɩɪɨɰɟɫɚɦ��ɩɨɬɨɤɚɦ�ɬɚ�ɩɿɞɡɚɞɚɱɚɦ��Ɉɬɠɟ��ɭ� ɜɢɩɚɞɤɭ� -DYD-ɤɨɞɭ�ɭɫɿ� ɨɛ¶ɽɤɬɢ� ɬɢɩɭ�

Process, Runnable, Callable, ForkJoinTask  ɨɛɨɜ¶ɹɡɤɨɜɨ�ɩɿɞɥɹɝɚɸɬɶ�ɦɨɞɟɥɸɜɚɧɧɸ�

ɨɤɪɟɦɢɦɢ� ɉɟɬɪɿ-ɨɛ¶ɽɤɬɚɦɢ�� ȱɧɲɿ� ɨɛ¶ɽɤɬɢ� ɩɪɨɝɪɚɦɢ� ɩɪɟɞɫɬɚɜɥɹɸɬɶɫɹ� ɉɟɬɪɿ-

ɨɛ¶ɽɤɬɚɦɢ�ɡɚ�ɩɨɬɪɟɛɢ� 

ɇɚɫɬɭɩɧɢɦ� ɤɪɨɤɨɦ� ɩɨɛɭɞɨɜɢ� ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɨʀ� ɦɨɞɟɥɿ� ɽ� ɪɨɡɪɨɛɤɚ� ɦɟɪɟɠ�

ɉɟɬɪɿ�ɨɛ¶ɽɤɬɿɜ�� 

ɇɚɜɟɞɟɦɨ�ɫɩɿɜɫɬɚɜɥɟɧɧɹ�ɮɪɚɝɦɟɧɬɿɜ Java-ɤɨɞɭ�ɬɚ�ɪɨɡɪɨɛɥɟɧɢɯ�ɮɪɚɝɦɟɧɬɿɜ�

ɦɟɪɟɠɿ ɉɟɬɪɿ ɭ�ɜɢɝɥɹɞɿ�ɬɚɛɥɢɰɿ����.  

Ɍɚɛɥɢɰɹ� ���� - ɋɩɿɜɫɬɚɜɥɟɧɧɹ�  ɮɪɚɝɦɟɧɬɿɜ Java-ɤɨɞɭ� ɲɚɛɥɨɧɚɦ�

ɦɨɞɟɥɸɜɚɧɧɹ ɫɬɨɯɚɫɬɢɱɧɨɸ�ɦɟɪɟɠɟɸ�ɉɟɬɪɿ�ɡ�ɛɚɝɚɬɨɤɚɧɚɥɶɧɢɦɢ�ɩɟɪɟɯɨɞɚɦɢ (ɭɫɿ�

ɩɟɪɟɯɨɞɢ�ɮɪɚɝɦɟɧɬɿɜ�ɦɟɪɟɠ�ɉɟɬɪɿ�ɡɚ�ɡɚɦɨɜɱɭɜɚɧɧɹɦ�ɦɚɸɬɶ�ɡɜ¶ɹɡɤɢ�ɡ�ɩɨɡɢɰɿɽɸ�

cores, ɳɨ�ɜɿɞɬɜɨɪɸɸɬɶ�ɡɚɯɨɩɥɟɧɧɹ�ɨɛɱɢɫɥɸɜɚɥɶɧɨɝɨ�ɪɟɫɭɪɫɭ). 

Ɏɪɚɝɦɟɧɬ�Java-ɤɨɞɭ Ɏɪɚɝɦɟɧɬ�ɦɟɪɟɠɿ�ɉɟɬɪɿ 
for (int j=0; j<m; j++){ 
     «���ɟɥɟɦɟɧɬɚɪɧɿ�ɞɿʀ         
} 

 
while (condition){ 
     «���ɟɥɟɦɟɧɬɚɪɧɿ�ɞɿʀ         
} 

 
if (condition){ 
     «���ɟɥɟɦɟɧɬɚɪɧɿ�ɞɿʀ         
}else{ 
     «���ɟɥɟɦɟɧɬɚɪɧɿ�ɞɿʀ         
}  
new Thread(()->{ 
«���ɟɥɟɦɟɧɬɚɪɧɿ�ɞɿʀ          
}); 
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Ɏɪɚɝɦɟɧɬ�Java-ɤɨɞɭ Ɏɪɚɝɦɟɧɬ�ɦɟɪɟɠɿ�ɉɟɬɪɿ 
thread.start(); 

 
thread.join(); 

 
Thread.sleep(delay); 

  
ɞɥɹ� ɩɟɪɟɯɨɞɭ� sleepDelay ɧɟ� ɜɫɬɚɧɨɜɥɸɸɬɶɫɹ� ɡɜ¶ɹɡɤɢ� ɡ�
ɩɨɡɢɰɿɽɸ�cores 

obj.syncMethod(); 

 
obj.asyncMethod(); 

 
Lock lock =  
new ReentrantLock(); 

 
lock.lock(); ɚ��ɛɟɡ�ɭɪɚɯɭɜɚɧɧɹ�ɛɚɝɚɬɨɪɚɡɨɜɨɝɨ�ɡɚɯɨɩɥɟɧɧɹ 

 
ɛ��ɡ�ɭɪɚɯɭɜɚɧɧɹɦ�ɛɚɝɚɬɨɪɚɡɨɜɨɝɨ�ɡɚɯɨɩɥɟɧɧɹ 
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Ɏɪɚɝɦɟɧɬ�Java-ɤɨɞɭ Ɏɪɚɝɦɟɧɬ�ɦɟɪɟɠɿ�ɉɟɬɪɿ 
lock.unlock(); ɚ��ɛɟɡ�ɭɪɚɯɭɜɚɧɧɹ�ɛɚɝɚɬɨɪɚɡɨɜɨɝɨ�ɡɚɯɨɩɥɟɧɧɹ 

 
ɛ��ɡ�ɭɪɚɯɭɜɚɧɧɹɦ�ɛɚɝɚɬɨɪɚɡɨɜɨɝɨ�ɡɚɯɨɩɥɟɧɧɹ 

 
try{ 
   if (lock.tryLock()){ 
    «���ɟɥɟɦɟɧɬɚɪɧɿ�ɞɿʀ 
   }  
} finally { 
    lock.unlock(); 
} 

 
public synchronized void 
method() throws 
InterruptedException{    
while (!condition()) { 

     wait(); 
   } 

} 
 

 

public synchronized void 
method() throws 
InterruptedException{ 

   notifyAll(); 
} 
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Ɏɪɚɝɦɟɧɬ�Java-ɤɨɞɭ Ɏɪɚɝɦɟɧɬ�ɦɟɪɟɠɿ�ɉɟɬɪɿ 
lock.lock(); 
try { 
  while (!condition) { 
     objCond.await(); 
  } 
}finally {               
  lock.unlock(); 
} 

 
lock.lock(); 
try { 
 condition.signalAll(); 
}finally {               
   lock.unlock(); 
} 

 
ExecutorService pool = 
Executors. 
newFixedThreadPool(k); 

 
pool.execute( 
  new Runnable(){ 
   @Override 
   public void run() { 
    «���ɟɥɟɦɟɧɬɚɪɧɿ�ɞɿʀ 
   } 
}); 

 

pool.shutdown(); 

 
try { 

 if(!pool. 

  awaitTermination(10, 

   TimeUnit.MINUTES)){ 

    pool.shutdownNow(); 

 }  

} catch 

(InterruptedException e) 
{ 

«���ɩɨɜɿɞɨɦɥɟɧɧɹ�ɩɪɨ�ɩɨɦɢɥɤɭ 
} 
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Ɏɪɚɝɦɟɧɬ�Java-ɤɨɞɭ Ɏɪɚɝɦɟɧɬ�ɦɟɪɟɠɿ�ɉɟɬɪɿ 
thread.interrupt(); 

 
ȺɬɨɦɿcInteger  

counter = 

 new ȺɬɨɦɿcInteger(); 

counter.addAndGet(v);  
 

blockingQueue. 

put(produceObj()); 

 
 

Ɂɚɭɜɚɠɢɦɨ�� ɳɨ� ɱɚɫɨɜɿ� ɡɚɬɪɢɦɤɢ� ɧɚ� ɜɢɤɨɧɚɧɧɹ� ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ� ɞɿɣ�� ɹɤɿ�

ɜɤɚɡɭɸɬɶɫɹ�ɜ�ɩɟɪɟɯɨɞɚɯ�ɦɟɪɟɠɿ�ɉɟɬɪɿ��ɦɚɸɬɶ�ɛɭɬɢ�ɜɫɬɚɧɨɜɥɟɧɿ�ɡɚ�ɪɟɡɭɥɶɬɚɬɚɦɢ�

ɞɨɫɥɿɞɠɟɧɧɹ� ɮɚɤɬɢɱɧɢɯ� ɡɚɬɪɢɦɨɤ�� ɳɨ� ɦɚɸɬɶ� ɦɿɫɰɟ� ɞɥɹ� ɡɚɞɚɧɨʀ� ɨɩɟɪɚɰɿɣɧɨʀ�

ɫɢɫɬɟɦɢ�� ɍ� ɞɟɹɤɢɯ� ɜɢɩɚɞɤɚɯ� ɪɨɡɪɨɛɤɢ� ɦɨɞɟɥɿ� ɞɨɫɬɚɬɧɶɨ� ɨɰɿɧɸɜɚɧɧɹ� ɱɚɫɨɜɢɯ�

ɡɚɬɪɢɦɨɤ�ɜ�ɭɦɨɜɧɢɯ�ɨɞɢɧɢɰɹɯ�ɫɤɥɚɞɧɨɫɬɿ�ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ�ɞɿɣ� 

Ɉɬɠɟ�� ɡɚ� ɤɨɞɨɦ� ɩɚɪɚɥɟɥɶɧɨʀ� ɩɪɨɝɪɚɦɢ� ɦɨɠɟ� ɛɭɬɢ� ɫɤɥɚɞɟɧɚ� ɦɨɞɟɥɶ�� əɤ�

ɡɚɜɠɞɢ�ɩɪɢ�ɪɨɡɪɨɛɰɿ�ɦɨɞɟɥɿ, ɞɨɜɨɞɢɬɶɫɹ�ɡɧɚɯɨɞɢɬɢ�ɤɨɦɩɪɨɦɿɫ�ɦɿɠ�ɫɤɥɚɞɧɿɫɬɸ�

ɦɨɞɟɥɿ� ɬɚ� ʀʀ� ɬɨɱɧɿɫɬɸ�� ȼ ɡɚɥɟɠɧɨɫɬɿ� ɜɿɞ� ɤɨɧɬɟɤɫɬɭ� ɡɚɞɚɱɿ� ɩɨɬɪɿɛɧɨ� ɩɪɢɣɦɚɬɢ 

ɪɿɲɟɧɧɹ� ɩɪɨ� ɞɟɬɚɥɿɡɨɜɚɧɟ� ɩɪɟɞɫɬɚɜɥɟɧɧɹ� ɞɿɣ�� ɹɤɿ� ɜɢɤɨɧɭɸɬɶɫɹ� ɜ� ɩɪɨɝɪɚɦɿ� 

ɇɚɩɪɢɤɥɚɞ�� ɤɿɥɶɤɚ� ɪɭɬɢɧɧɢɯ� ɞɿɣ� �ɛɟɡ� ɜɡɚɽɦɨɞɿʀ� ɡ� ɿɧɲɢɦɢ� ɩɨɬɨɤɚɦɢ� ɱɢ�

ɩɿɞɡɚɞɚɱɚɦɢ�� ɦɨɠɭɬɶ� ɛɭɬɢ� ɡɚɦɿɧɟɧɿ� ɧɚ� ɨɞɧɭ� ɞɿɸ� ɿ� ɜɿɞɬɜɨɪɸɜɚɬɢɫɶ� ɨɞɧɢɦ�
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ɩɟɪɟɯɨɞɨɦ� ɦɟɪɟɠɿ� ɉɟɬɪɿ�� ɋɚɦɟ� ɱɟɪɟɡ� ɰɟ� ɚɜɬɨɦɚɬɢɡɨɜɚɧɚ� ɪɨɡɪɨɛɤɚ� ɦɨɞɟɥɿ ɡɚ�

ɩɪɨɝɪɚɦɧɢɦ�ɤɨɞɨɦ ɽ�ɧɟɬɪɢɜɿɚɥɶɧɨɸ ɿ�ɞɨɫɿ�ɧɟ�ɜɢɪɿɲɟɧɨɸ ɡɚɞɚɱɟɸ� 

2.5.2 ɉɪɢɤɥɚɞ�ɪɨɡɪɨɛɤɢ�ɦɨɞɟɥɿ��ɳɨ�ɜɢɤɨɪɢɫɬɨɜɭɽ�WU\/RFN���ɞɥɹ�ɜɢɪɿɲɟɧɧɹ�

ɩɪɨɛɥɟɦɢ�ɜɡɚɽɦɧɨɝɨ�ɛɥɨɤɭɜɚɧɧɹ�ɩɨɬɨɤɿɜ 

Ɉɮɿɰɿɣɧɢɣ� ɬɭɬɨɪɿɚɥ� Java Concurrency ɜɿɞ� ɤɨɦɩɚɧɿʀ Oracle [58] ɪɨɡɝɥɹɞɚɽ 

ɩɪɨɛɥɟɦɭ�ɜɡɚɽɦɨɛɥɨɤɭɜɚɧɧɹ ɩɨɬɨɤɿɜ��deadlock) ɧɚ�ɩɪɢɤɥɚɞɿ�ɜɡɚɽɦɨɞɿʀ�ɩɨɬɨɤɿɜ��ɳɨ�

ɜɿɞɬɜɨɪɸɸɬɶ� ɜɿɬɚɧɧɹ� ɞɪɭɡɿɜ ɨɞɢɧ� ɡ� ɨɞɧɢɦ. ȼɿɬɚɧɧɹ� ɩɨɬɿɤ� ɦɨɠɟ� ɪɨɡɩɨɱɚɬɢ�� ɹɤ�

ɬɿɥɶɤɢ�ɜɿɧ�ɧɟ�ɡɚɣɧɹɬɢɣ�ɜɿɬɚɧɧɹɦ� ȼɿɬɚɧɧɹ��ɳɨ�ɭɫɩɿɲɧɨ�ɩɨɱɚɥɨɫɶ��ɦɨɠɟ�ɡɚɜɟɪɲɢɫɶ 

ɬɿɥɶɤɢ� ɡɚ� ɭɦɨɜɢ� ɨɬɪɢɦɚɧɧɹ� ɜɿɞɩɨɜɿɞɿ� ɜɿɞ� ɞɪɭɝɚ�� ɡ� ɹɤɢɦ� ɜɿɬɚɸɬɶɫɹ�� � ȼɢɤɥɢɤ�

ɫɢɧɯɪɨɧɿɡɨɜɚɧɨɝɨ� ɦɟɬɨɞɭ� ɡ� ɫɢɧɯɪɨɧɿɡɨɜɚɧɨɝɨ� ɩɪɢɡɜɨɞɢɬɶ� ɞɨ� ɜɡɚɽɦɧɨɝɨ�

ɛɥɨɤɭɜɚɧɧɹ� ɦɨɧɿɬɨɪɿɜ� ɞɜɨɯ� ɞɪɭɡɿɜ�� ɳɨ� ɧɚɦɚɝɚɸɬɶɫɹ� ɩɪɢɜɿɬɚɬɢ� ɨɞɢɧ� ɨɞɧɨɝɨ, ɿ�

ɩɪɨɝɪɚɦɚ�ɧɟ�ɦɨɠɟ�ɩɪɨɞɨɜɠɢɬɢ�ɜɢɤɨɧɚɧɧɹ�  

Ⱦɥɹ� ɜɢɪɿɲɟɧɧɹ� ɤɨɧɮɥɿɤɬɭ� ɩɨɬɨɤɿɜ�� ɳɨ� ɦɨɠɟ� ɜɢɧɢɤɧɭɬɢ�� ɡɚɫɬɨɫɨɜɭɽɬɶɫɹ�

ɦɟɯɚɧɿɡɦ� ɛɥɨɤɭɜɚɧɧɹ� ɩɨɬɨɤɿɜ� ɥɨɤɟɪɚɦɢ. Ɇɨɞɟɥɶ�� ɹɤɚ� ɞɟɦɨɧɫɬɪɭɽ� ɰɟɣ� ɩɪɨɰɟɫ��

ɫɬɜɨɪɟɧɚ� ɧɚ� ɨɫɧɨɜɿ� ɩɪɨɝɪɚɦɧɨɝɨ� ɤɨɞɭ�� ɧɚɜɟɞɟɧɨɝɨ� ɭ� >59]. ɋɭɬɶ ɚɥɝɨɪɢɬɦɭ�

ɧɚɫɬɭɩɧɚ�� ɤɨɥɢ� ɨɞɢɧ� ɡ� ɞɪɭɡɿɜ� �ɨɛ¶ɽɤɬ� ɤɥɚɫɭ� )ULHQG�� ɧɚɦɚɝɚɽɬɶɫɹ� ɩɪɢɜɿɬɚɬɢɫɶ� ɡ 

ɿɧɲɢɦ��ɹɤɢɣ�ɜɠɟ�ɡɚɣɧɹɬɢɣ�ɜɿɬɚɧɧɹɦ�ɡ�ɿɧɲɢɦ�ɫɜɨʀɦ�ɞɪɭɝɨɦ�ɜɢɤɨɧɭɽ�ɦɟɬɨɞ�ERZ�ɜ�

ɫɜɨɽɦɭ� ɩɨɬɨɰɿ�� ɹɤɢɣ ɛɥɨɤɭɽ� ɿɧɲɢɣ� ɨɛ¶ɽɤɬ� ɤɥɚɫɭ� )ULHQG��� ɜɿɧ� ɜɟɞɟ� ɪɚɯɭɧɨɤ 

ɧɟɜɞɚɥɢɯ ɫɩɪɨɛ� ɜɿɬɚɧɧɹ� �ɧɟɜɞɚɱɿ� ɭ ɫɩɪɨɛɚɯ ɡɚɯɨɩɢɬɢ�ɨɛ¶ɽɤɬ� "lock"�� ɤɨɥɢ�ɩɨɬɿɤ�

ɡɧɚɯɨɞɢɬɶɫɹ�ɭ�ɫɬɚɧɿ ɨɱɿɤɭɜɚɧɧɹ�� Ɍɚɤɢɦ�ɱɢɧɨɦ�ɜɿɞɛɭɜɚɽɬɶɫɹ�ɮɿɤɫɚɰɿɹ�ɤɨɧɮɥɿɤɬɿɜ�

ɩɨɬɨɤɿɜ�ɬɚ�ɜɞɚɥɢɯ�ɫɩɪɨɛ�ɜɡɚɽɦɨɞɿʀ�ɩɨɬɨɤɿɜ� 

ɋɩɟɪɲɭ� ɧɚ� ɨɫɧɨɜɿ� ɤɨɞɭ� ɛɭɥɚ� ɩɨɛɭɞɨɜɚɧɚ� ɦɟɪɟɠɚ� ɉɟɬɪɿ�� ɳɨ� ɜɿɞɬɜɨɪɸɽ�

ɪɨɛɨɬɭ ɨɛ¶ɽɤɬɚ� ɤɥɚɫɭ� )ULHQG�� ɜɨɧɚ� ɩɨɞɚɧɚ ɧɚ� ɪɢɫɭɧɤɭ� 2.17.  ɉɨɡɢɰɿɹ� lock 

ɜɿɞɬɜɨɪɸɽ�ɫɬɚɧ�ɥɨɤɟɪɚ� ɨɛ¶ɽɤɬɚ� ɤɥɚɫɭ Friend. ɉɨɡɢɰɿɹ� lockOther ɜɿɞɬɜɨɪɸɽ�ɫɬɚɧ�

ɥɨɤɟɪɚ��ɹɤɢɣ�ɧɚɦɚɝɚɽɬɶɫɹ�ɡɚɯɨɩɢɬɢ�ɨɛ¶ɽɤɬ�ɤɥɚɫɭ�Friend��Ɍɟɫɬɭɜɚɧɧɹ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɚ 

ɜɢɤɨɧɭɽɬɶɫɹ�ɩɪɢ ɪɿɡɧɢɯ�ɦɚɪɤɿɪɭɜɚɧɧɹɯ�ɩɨɡɢɰɿɣ� lock ɬɚ� lockOther. əɤɳɨ�ɨɛɢɞɜɚ�

ɥɨɤɟɪɢ�ɡɚɣɧɹɬɿ��ɫɬɚɧ�ɦɚɪɤɿɪɭɜɚɧɧɹ������ɬɨ�ɤɿɥɶɤɿɫɬɶ�ɜɞɚɥɢɯ�ɡɚɩɭɫɤɿɜ�ɦɟɬɨɞɭ�bow 

ɪɿɜɧɚ����əɤɳɨ�ɨɛɢɞɜɚ�ɥɨɤɟɪɢ�ɜɿɥɶɧɿ��ɫɬɚɧ�ɦɚɪɤɿɪɭɜɚɧɧɹ������ɬɨ�ɤɿɥɶɤɿɫɬɶ�ɜɞɚɥɢɯ�
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ɡɚɩɭɫɤɿɜ� ɦɟɬɨɞɭ� bow ɫɩɿɜɩɚɞɚɽ� ɡ� ɩɨɱɚɬɤɨɜɢɦ� ɦɚɪɤɿɪɭɜɚɧɧɹ� ɩɨɡɢɰɿʀ� bowLoop. 

əɤɳɨ� ɥɨɤɟɪɢ� ɩɟɪɟɛɭɜɚɸɬɶ� ɭ� ɫɬɚɧɿ� lock=1, lockOther ��� ɬɨ� ɤɿɥɶɤɿɫɬɶ� ɜɞɚɥɢɯ�

ɡɚɩɭɫɤɿɜ� ɦɟɬɨɞɭ� bow ɪɿɜɧɚ� ��� əɤɳɨ� ɥɨɤɟɪɢ� ɩɟɪɟɛɭɜɚɸɬɶ� ɭ� ɫɬɚɧɿ� lock=0, 

lockOther=��� ɬɨ� ɤɿɥɶɤɿɫɬɶ� ɜɞɚɥɢɯ� ɡɚɩɭɫɤɿɜ� ɦɟɬɨɞɭ� bow ɬɚɤɨɠ� ɪɿɜɧɚ� �. Ɉɬɠɟ, 

ɦɟɪɟɠɚ�ɉɟɬɪɿ�ɩɪɚɜɢɥɶɧɨ�ɜɿɞɬɜɨɪɸɽ�ɦɟɯɚɧɿɡɦ�ɛɥɨɤɭɜɚɧɧɹ�ɩɨɬɨɤɿɜ� ɉɨɡɢɰɿʀ�lock ɬɚ�

lockOther ɜɿɞɦɿɱɟɧɿ� ɫɿɪɢɦ� ɤɨɥɶɨɪɨɦ�� ɨɫɤɿɥɶɤɢ� ɜɨɧɢ� ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ� ɞɥɹ�

ɡɜ¶ɹɡɭɜɚɧɧɹ�ɦɟɪɟɠɿ�ɡ�ɦɟɪɟɠɟɸ�ɿɧɲɨɝɨ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɚ��ɋɿɪɢɣ�ɤɨɥɿɪ�ɩɨɡɧɚɱɚɽ��ɳɨ�

ɫɬɚɧ�ɩɨɡɢɰɿʀ�ɡɚɥɟɠɢɬɶ�ɧɟ�ɬɿɥɶɤɢ�ɜɿɞ�ɫɬɚɧɭ�ɟɥɟɦɟɧɬɿɜ�ɦɟɪɟɠɿ�ɉɟɬɪɿ�ɰɶɨɝɨ�ɨɛ¶ɽɤɬɚ��

ɚɥɟ�ɿ�ɜɿɞ�ɫɬɚɧɭ�ɦɟɪɟɠ�ɉɟɬɪɿ��ɡ�ɹɤɢɦ�ɜɿɧ�ɛɭɞɟ�ɡɜ¶ɹɡɚɧɢɣ� 

 
Ɋɢɫɭɧɨɤ�2.17 ± Ɇɟɪɟɠɚ�ɉɟɬɪɿ-ɨɛ`ɽɤɬɚ�"Friend". 

ɉɿɫɥɹ� ɩɨɛɭɞɨɜɢ� ɰɹ� ɦɟɪɟɠɚ� ɦɚɽ� ɛɭɬɢ ɡɛɟɪɟɠɟɧɚ� ɹɤ� ɦɟɬɨɞ  

CreateNetFriend(double sleepDelay) ɡ�ɩɚɪɚɦɟɬɪɨɦ��ɳɨ�ɡɚɞɚɽ�ɱɚɫɨɜɭ�

ɡɚɬɪɢɦɤɭ� ɦɿɠ� ɩɨɜɬɨɪɸɜɚɧɢɦɢ� ɜ� ɰɢɤɥɿ� ɜɿɬɚɧɧɹɦɢ. ɇɚ� ʀʀ� ɨɫɧɨɜɿ� ɫɬɜɨɪɟɧɨ� ɤɥɚɫ�

Friend ɞɥɹ� ɡɪɭɱɧɨɫɬɿ� ɬɢɪɚɠɭɜɚɧɧɹ� ɨɛ¶ɽɤɬɿɜ� ɡ� ɡɚɞɚɧɢɦɢ� ɜɥɚɫɬɢɜɨɫɬɹɦɢ��

Ʉɨɧɫɬɪɭɤɬɨɪ� ɤɥɚɫɭ�Friend (String name, double delay) ɫɬɜɨɪɸɽ�

ɦɟɪɟɠɭ� ɉɟɬɪɿ ɞɥɹ� ɧɨɜɨɝɨ� ɨɛ¶ɽɤɬɭ� ɜɢɤɥɢɤɨɦ� ɦɟɬɨɞɭ�
CreateNetFriend(double delay): 

imp tryLockOther tryLock  bowOther 
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  public Friend(String name,double delay) 
   throws ExceptionInvalidNetStructure, ExceptionInvalidTimeDelay { 

super(NetLibrary.CreateNetFriend(delay));  
  } 

Ɍɚɤɢɦ� ɱɢɧɨɦ� ɨɛ¶ɽɤɬ� ɫɬɜɨɪɸɽɬɶɫɹ� ɡ� ɡɚɞɚɧɨɸ� ɩɨɜɟɞɿɧɤɨɸ� ɬɚ� ɡɚɞɚɧɢɦ�

ɡɧɚɱɟɧɧɹɦ� ɩɚɪɚɦɟɬɪɚ�� ɹɤɢɣ� ɦɨɠɟ� ɜɚɪɿɸɜɚɬɢɫɶ�� Ⱦɥɹ� ɡɜ¶ɹɡɭɜɚɧɧɹ� ɡ� ɿɧɲɢɦɢ�

ɨɛ¶ɽɤɬɚɦɢ� ɭ� ɤɥɚɫɿ� ɫɬɜɨɪɟɧɨ� ɦɟɬɨɞ� addFriend(Friend other)�� ɜ� ɹɤɨɦɭ�

ɨɬɨɬɨɠɧɸɸɬɶɫɹ�ɩɚɪɢ�ɥɨɤɟɪɿɜ� 

public void addFriend(Friend other) { 
this.getLockOther() = other.getLock(); 
this.getCores() = other.getCores();  

} 

Ʉɨɠɧɢɣ� ɡ�get-ɦɟɬɨɞɿɜ�ɭ�ɧɚɜɟɞɟɧɨɦɭ�ɮɪɚɝɦɟɧɬɿ� ɤɨɞɭ ɩɨɜɟɪɬɚɽ� ɜɿɞɩɨɜɿɞɧɭ�

ɩɨɡɢɰɿɸ�ɦɟɪɟɠɿ�ɉɟɬɪɿ�ɞɥɹ�ɨɬɨɬɨɠɧɟɧɧɹ� 

public PetriP getLock(){ 
return this.getNet().getListP()[15]; 
} 
public PetriP getLockOther(){ 
return this.getNet().getListP()[7]; 
} 

ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɚ�ɦɨɞɟɥɶ�ɫɤɥɚɞɚɽɬɶɫɹ�ɡ�ɤɿɥɶɤɨɯ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɿɜ�ɤɥɚɫɭ�Friend. 

ɇɚɩɪɢɤɥɚɞ��ɹɤɳɨ�ɦɨɞɟɥɶ�ɦɿɫɬɢɬɶ���ɨɛ¶ɽɤɬɢ�ɤɥɚɫɭ Friend a, b, c, d, ɬɨ ɡɜ¶ɹɡɤɢ�ɦɿɠ�

ɨɛ¶ɽɤɬɚɦɢ�ɭɬɜɨɪɸɸɬɶɫɹ�ɩɨɩɚɪɧɨ:  

a.addFriend(b); b.addFriend(a); 
a.addFriend(c); c.addFriend(a); 
a.addFriend(d); d.addFriend(a); 
b.addFriend(c); c.addFriend(b); 
c.addFriend(d); d.addFriend(c); 

ɍ�ɤɥɚɫɿ�Friend ɞɥɹ�ɩɪɨɜɟɞɟɧɧɹ�ɬɟɫɬɭɜɚɧɧɹ�ɬɚ�ɞɨɫɥɿɞɠɟɧɧɹ�ɦɨɞɟɥɿ� ɡɪɭɱɧɨ�

ɫɬɜɨɪɢɬɢ ɦɟɬɨɞ�getResult(), ɳɨ ɩɨɜɟɪɬɚɽ ɱɚɫɬɨɬɭ ɧɟɜɞɚɥɢɯ ɫɩɪɨɛ: 

public double getResult() {  
 double failures =  

(double) this.getNet().getListP()[6].getMark(); 
 double bows =  

(double) this.getNet().getListP()[8].getMark(); 
    return failures / (failures + bows); 
} 
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Ⱦɥɹ� ɡɚɝɚɥɶɧɨɝɨ� ɜɢɩɚɞɤɭ� ɤɨɧɫɬɪɭɸɜɚɧɧɹ� ɦɨɞɟɥɿ� ɡ� n ɨɛ¶ɽɤɬɿɜ ɩɨɬɪɿɛɧɨ�

ɬɢɪɚɠɭɜɚɬɢ� ɉɟɬɪɿ-ɨɛ¶ɽɤɬɢ� ɤɥɚɫɭ� Friend ɭ� ɤɿɥɶɤɨɫɬɿ� n ɿ� ɡɜ¶ɹɡɚɬɢ� ʀɯ�� Ⱦɿɚɝɪɚɦɚ�

ɡɜ¶ɹɡɤɿɜ�ɩɪɟɞɫɬɚɜɥɟɧɚ�ɧɚ�ɪɢɫɭɧɤɭ����8. 

     
Ɋɢɫɭɧɨɤ����8± ɉɨɛɭɞɨɜɚ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɨʀ�ɦɨɞɟɥɿ�ɩɨɬɨɤɿɜ�ɿɡ�ɜɡɚɽɦɧɢɦ�

ɡɚɯɨɩɥɟɧɧɹɦ�ɥɨɤɟɪɿɜ. 

Ɉɫɤɿɥɶɤɢ� ɦɨɞɟɥɶ� ɛɭɞɭɽɬɶɫɹ� ɞɥɹ� ɞɨɫɥɿɞɠɟɧɧɹ� ɤɨɧɮɥɿɤɬɿɜ� ɩɨɬɨɤɿɜ� ɩɪɢ�

ɞɨɫɬɭɩɿ�ɞɨ�ɥɨɤɟɪɿɜ��ɧɟ�ɞɥɹ�ɞɨɫɥɿɞɠɟɧɧɹ�ɱɚɫɭ�ɜɢɤɨɧɚɧɧɹ�ɩɪɨɝɪɚɦɢ���ɬɨ�ɨɛ¶ɽɤɬ�Main 

ɦɨɠɧɚ� ɧɟ� ɜɪɚɯɨɜɭɜɚɬɢ�� ɨɫɤɿɥɶɤɢ� ɜɿɧ� ɜɩɥɢɜɚɽ� ɧɚ� ɪɨɛɨɬɭ� ɩɪɨɝɪɚɦɢ� ɬɿɥɶɤɢ� ɧɚ� ʀʀ�

ɩɨɱɚɬɤɭ�ɬɚ�ɧɚɩɪɢɤɿɧɰɿ��ɪɢɫ�����9). Ɉɬɨɬɨɠɧɟɧɧɹ�ɩɨɡɢɰɿʀ�"cores" ɡ�ɩɨɡɢɰɿɽɸ�"cores" 

ɨɛ¶ɽɤɬɚ� Main ɡɛɟɪɿɝɚɽɦɨ�� ɞɨɞɚɸɱɢ� ɨɬɨɬɨɠɧɟɧɧɹ� ɡ� ɩɨɡɢɰɿɽɸ� "cores" ɿɧɲɨɝɨ�

ɨɛ¶ɽɤɬɚ�Friend. 

 
Ɋɢɫɭɧɨɤ����9 ± ɉɨɛɭɞɨɜɚ�ɫɩɪɨɳɟɧɨʀ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɨʀ�ɦɨɞɟɥɿ�ɩɨɬɨɤɿɜ�ɿɡ�ɜɡɚɽɦɧɢɦ�

ɡɚɯɨɩɥɟɧɧɹɦ�ɥɨɤɟɪɿɜ 

Ɇɟɬɨɞ-ɤɪɿɟɣɬɨɪ�ɦɨɞɟɥɿ ɦɚɽ�ɬɚɤɢɣ�ɤɨɞ: 

public static PetriObjModel createModel(int n, double d) 
throws ExceptionInvalidNetStructure, 

 ExceptionInvalidTimeDelay{ 
ArrayList<PetriSim> list = new ArrayList<>(); 
Friend[] friends = new Friend[n]; 
for(int j=0;j<n;j++){ 
  friends[j] = new Friend ("Friend_"+j, d); 
} 
for(int j=0;j<n;j++){ 
     for(int i=0;i<n;i++) 
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          if(i!=j) friends[j].addFriend(friends[i]); 
} 
for(int j=0;j<n;j++){ 
            list.add(friends[j]); 
} 
return new PetriObjModel(list); 

} 

ɉɪɨɝɪɚɦɧɢɣ ɤɨɞ ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɨʀ� ɦɨɞɟɥɿ� ɧɚɜɟɞɟɧɢɣ� ɭ� ɞɨɞɚɬɤɭ� Ȼ. 

ȿɤɫɩɟɪɢɦɟɧɬɚɥɶɧɟ ɞɨɫɥɿɞɠɟɧɧɹ� ɦɨɞɟɥɿ� ɩɪɨɜɨɞɢɥɨɫɶ� ɩɪɢ� ɤɿɥɶɤɨɫɬɿ ɹɞɟɪ� 2 

�ɩɨɱɚɬɤɨɜɟ� ɦɚɪɤɿɪɭɜɚɧɧɹ� ɩɨɡɢɰɿʀ� cores)�� Ⱦɥɹ� ɡɚɩɭɫɤɭ� ɦɨɞɟɥɿ� ɧɚ� ɿɦɿɬɚɰɿɸ� ɜ�

ɡɚɞɚɧɨɦɭ� ɿɧɬɟɪɜɚɥɿ� ɱɚɫɭ� timeMod ɜɢɤɨɪɢɫɬɨɜɭɽɦɨ ɦɟɬɨɞ� void go(double 

time): 

PetriObjModel model = createModel(int 4, double 100); 
model.go(1000000); 

Ʉɿɥɶɤɿɫɬɶ� ɜɞɚɥɢɯ� ɬɚ� ɧɟɜɞɚɥɢɯ� ɫɩɪɨɛ� ɜɿɬɚɧɧɹ ɪɟɽɫɬɪɭɽɬɶɫɹ. Ɋɟɡɭɥɶɬɚɬɢ�

ɞɨɫɥɿɞɠɟɧɧɹ�ɩɨɤɚɡɭɸɬɶ��ɳɨ�ɣɦɨɜɿɪɧɿɫɬɶ�ɜɢɧɢɤɧɟɧɧɹ�ɤɨɧɮɥɿɤɬɭ�ɩɨɬɨɤɿɜ�ɫɢɥɶɧɨ�

ɡɚɥɟɠɢɬɶ�ɜɿɞ�ɱɚɫɨɜɢɯ�ɡɚɬɪɢɦɨɤ� ɇɚ�ɦɨɞɟɥɹɯ��ɳɨ�ɦɿɫɬɢɥɢ ɜɿɞɩɨɜɿɞɧɨ�ɞɜɚ�ɬɚ�ɱɨɬɢɪɢ 

ɉɟɬɪɿ-ɨɛ¶ɽɤɬɢ�Friend ɛɭɥɢ�ɩɪɨɜɟɞɟɧɿ�ɟɤɫɩɟɪɢɦɟɧɬɢ�ɡ�ɦɟɬɨɸ�ɞɨɫɥɿɞɠɟɧɧɹ�ɜɩɥɢɜɭ�

ɱɚɫɨɜɢɯ� ɡɚɬɪɢɦɨɤ� ɩɟɪɟɯɨɞɿɜ� Ʉɿɥɶɤɿɫɬɶ� ɨɛɱɢɫɥɸɜɚɥɶɧɨɝɨ� ɪɟɫɭɪɫɭ� ɜ� ɭɫɿɯ�

ɟɤɫɩɟɪɢɦɟɧɬɚɯ�ɛɭɥɚ�ɧɟɡɦɿɧɧɨɸ�ɿ�ɞɨɪɿɜɧɸɜɚɥɚ����ɩɨɱɚɬɤɨɜɟ�ɦɚɪɤɿɪɭɜɚɧɧɹ�ɩɨɡɢɰɿʀ�

µcores¶�. ɑɚɫɨɜɿɣ� ɡɚɬɪɢɦɰɿ� ɩɟɪɟɯɨɞɭ� µforSt¶ ɛɭɥɨ� ɧɚɞɚɧɨ ɡɧɚɱɟɧɧɹ d, ɚ� ɿɧɲɢɦ 

ɩɟɪɟɯɨɞɚɦ ± ɡɧɚɱɟɧɧɹ ݀ ή  ���ɞɟ�r ± ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ�ɱɚɫɨɜɢɯ�ɡɚɬɪɢɦɨɤ�ɩɟɪɟɯɨɞɿɜݎ

ɇɟɜɞɚɥɚ� ɫɩɪɨɛɚ� ɫɬɚɽɬɶɫɹ� ɭ� ɜɢɩɚɞɤɭ� ɹɤɳɨ ɨɞɢɧ� ɨɛ¶ɽɤɬ ɤɥɚɫɭ� Friend ɧɟ� ɦɨɠɟ�

ɡɚɯɨɩɢɬɢ� ɨɛ¶ɽɤɬ� µlockOther¶ ɿɧɲɨɝɨ� ɨɛ¶ɽɤɬɚ� ɤɥɚɫɭ� Friend�� Ɍɨɛɬɨ� ɡɧɚɱɟɧɧɹ�

ɜɿɞɧɨɫɧɨʀ� ɱɚɫɬɨɬɢ� ɩɨɹɜɢ� ɧɟɜɞɚɥɨʀ� ɫɩɪɨɛɢ� f ɯɚɪɚɤɬɟɪɢɡɭɽ� ɱɚɫɬɨɬɭ� ɜɢɧɢɤɧɟɧɧɹ�

ɤɨɧɮɥɿɤɬɿɜ�ɩɨɬɨɤɿɜ��Ɋɟɡɭɥɶɬɚɬɢ�ɟɤɫɩɟɪɢɦɟɧɬɭ� ɹɤɿ�ɫɜɿɞɱɚɬɶ�ɩɪɨ�ɫɢɥɶɧɭ�ɡɚɥɟɠɧɿɫɬɶ�

ɡɧɚɱɟɧɶ�f ɬɚ r, ɡɨɛɪɚɠɟɧɿ ɧɚ�ɪɢɫɭɧɤɭ���20. ɋɩɪɚɜɞɿ, ɜɢɩɚɞɤɢ��ɤɨɥɢ�ɱɚɫɨɜɚ�ɡɚɬɪɢɦɤɚ�

ɜ� ɩɟɪɟɯɨɞɿ� µforSt¶ ɽ� ɡɧɚɱɧɨ� ɛɿɥɶɲɨɸ� ɡɚ ɡɚɬɪɢɦɤɢ� ɜ� ɿɧɲɢɯ� ɩɟɪɟɯɨɞɚɯ� ɦɟɪɟɠɿ, 

ɜɿɞɨɛɪɚɠɚɸɬɶ�ɫɢɬɭɚɰɿɸ��ɤɨɥɢ ɱɚɫ��ɜɢɬɪɚɱɟɧɢɣ�ɧɚ�ɞɿʀ� ɹɤɿ�ɜɢɤɨɧɭɸɬɶɫɹ�ɩɨɬɨɤɚɦɢ� 

ɡɧɚɱɧɨ�ɦɟɧɲɟ��ɧɿɠ�ɿɧɬɟɪɜɚɥ�ɦɿɠ�ɧɢɦɢ��Ɍɨɠ��ɣɦɨɜɿɪɧɿɫɬɶ�ɨɞɧɨɱɚɫɧɨʀ�ɞɿʀ�ɩɨɬɨɤɿɜ�

ɡɦɟɧɲɭɽɬɶɫɹ� 
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ɇɚ ɝɪɚɮɿɤɭ� ɜɢɞɧɨ�� ɳɨ� ɞɥɹ ɜɫɿɯ� ɬɪɶɨɯ� ɜɢɩɚɞɤɿɜ (d=100, d =10, d=1), 

ɣɦɨɜɿɪɧɿɫɬɶ� ɜɢɧɢɤɧɟɧɧɹ� ɤɨɧɮɥɿɤɬɭ� ɩɨɬɨɤɿɜ� ɛɭɥɚ� ɦɿɧɿɦɚɥɶɧɨɸ�� ɤɨɥɢ� ɡɧɚɱɟɧɧɹ�

ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ�ɱɚɫɨɜɢɯ�ɡɚɬɪɢɦɨɤ�ɩɟɪɟɯɨɞɿɜ�ɛɭɥɨ�ɦɿɧɿɦɚɥɶɧɢɦ��ɱɚɫɨɜɚ�ɡɚɬɪɢɦɤɚ�

ɜ�ɩɟɪɟɯɨɞɿ�µforSt¶�ɡɧɚɱɧɨ ɩɟɪɟɜɢɳɭɜɚɥɚ ɱɚɫɨɜɿ�ɡɚɬɪɢɦɤɢ�ɜ�ɿɧɲɢɯ�ɩɟɪɟɯɨɞɚɯ�� 

 
Ɋɢɫɭɧɨɤ����0 ± Ɂɚɥɟɠɧɿɫɬɶ�ɜɢɧɢɤɧɟɧɧɹ�ɤɨɧɮɥɿɤɬɭ�ɩɟɪɟɯɨɞɿɜ�ɜɿɞ�ɡɧɚɱɟɧɶ�ɱɚɫɨɜɢɯ�

ɡɚɬɪɢɦɨɤ 

ɉɨɪɿɜɧɹɧɧɹ� ɜɿɞɧɨɫɧɨʀ� ɱɚɫɬɨɬɢ� ɜɞɚɥɨʀ� ɫɩɪɨɛɢ� ��-f��� ɜɢɡɧɚɱɟɧɨʀ� ɡɚ�

ɪɟɡɭɥɶɬɚɬɚɦɢ� ɦɨɞɟɥɸɜɚɧɧɹ�� ɡ� ɪɟɡɭɥɶɬɚɬɚɦɢ�� ɨɬɪɢɦɚɧɢɦɢ� ɩɪɢ� ɜɢɤɨɧɚɧɧɿ�

ɩɪɨɝɪɚɦɢ�� ɧɚɜɟɞɟɧɨ� ɭ� ɬɚɛɥɢɰɿ� ��2�� Ɂ� ɰɿɽʀ� ɬɚɛɥɢɰɿ� ɦɨɠɧɚ� ɛɚɱɢɬɢ��ɳɨ� ɡɧɚɱɟɧɧɹ�

ɩɨɯɢɛɤɢ� ɦɟɧɲɟ� ���%, ɳɨ� ɫɜɿɞɱɢɬɶ� ɩɪɨ� ɜɢɫɨɤɭ� ɬɨɱɧɿɫɬɶ� ɩɨɛɭɞɨɜɚɧɨʀ ɦɨɞɟɥɿ. 

Ɍɨɱɧɿɫɬɶ�ɜɢɡɧɚɱɟɧɧɹ�ɧɟɜɞɚɥɨʀ�ɫɩɪɨɛɢ��f��ɨɰɿɧɸɽɬɶɫɹ�ɡɧɚɱɟɧɧɹɦɢ�ɩɨɯɢɛɤɢ�ɡɧɚɱɧɨ�

ɛɿɥɶɲɢɦɢ�± ����ɬɚ�����ɜɿɞɩɨɜɿɞɧɨ�ɞɥɹ���ɬɚ���ɩɨɬɨɤɿɜ��ɳɨ�ɬɚɤɨɠ�ɽ�ɩɪɢɣɧɹɬɧɢɦ�

ɪɟɡɭɥɶɬɚɬɨɦ� Ⱦɨɫɥɿɞɠɟɧɧɹ�ɦɨɞɟɥɿ� ɡɚɯɨɩɥɟɧɧɹ� ɥɨɤɟɪɿɜ� ɨɩɭɛɥɿɤɨɜɚɧɨ� ɭ� ɪɨɛɨɬɚɯ 

[51, 52]. 
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Ɍɚɛɥɢɰɹ�2.2 ± Ɉɰɿɧɸɜɚɧɧɹ�ɬɨɱɧɨɫɬɿ�ɜɢɡɧɚɱɟɧɧɹ�ɜɿɞɧɨɫɧɨʀ�ɱɚɫɬɨɬɢ�ɜɞɚɥɨʀ�

ɫɩɪɨɛɢ�ɡɚ�ɪɟɡɭɥɶɬɚɬɚɦɢ��ɦɨɞɟɥɸɜɚɧɧɹ 

Ʉɿɥɶɤɿɫɬɶ�

ɩɨɬɨɤɿɜ 

ɑɚɫɬɨɬɚ�ɜɞɚɥɨʀ�ɫɩɪɨɛɢ�

ɡɚ�ɪɟɡɭɥɶɬɚɬɚɦɢ�

ɜɢɤɨɧɚɧɧɹ�ɩɚɪɚɥɟɥɶɧɨʀ�

ɩɪɨɝɪɚɦɢ 

ɑɚɫɬɨɬɚ�ɜɞɚɥɨʀ�ɫɩɪɨɛɢ�ɡɚ�

ɪɟɡɭɥɶɬɚɬɚɦɢ�

ɦɨɞɟɥɸɜɚɧɧɹ  

(d=100, r=0,01) 

ɉɨɯɢɛɤɚ�

ɪɟɡɭɥɶɬɚɬɭ�

ɦɨɞɟɥɸɜɚɧɧɹ 

2 0,981450 0,978650 0,29% 

4 0,959042 0,963417 0,46% 

2.5.3 ɉɪɢɤɥɚɞ�ɪɨɡɪɨɛɤɢ�ɦɨɞɟɥɿ�ɩɭɥɭ�ɩɨɬɨɤɿɜ 

ɉɪɨɿɥɸɫɬɪɭɽɦɨ� ɬɢɪɚɠɭɜɚɧɧɹ� ɨɛ¶ɽɤɬɿɜ� ɬɚ� ɜɢɤɨɪɢɫɬɚɧɧɹ� ɲɚɛɥɨɧɭ�

ɦɨɞɟɥɸɜɚɧɧɹ� ɩɭɥɭ� ɩɨɬɨɤɿɜ� ɧɚ� ɩɪɢɤɥɚɞɿ� ɪɨɡɪɨɛɤɢ� ɦɨɞɟɥɿ� ɛɚɝɚɬɨɩɨɬɨɤɨɜɨʀ�

ɩɪɨɝɪɚɦɢ�� ɜ� ɹɤɿɣ� ɡɚɩɭɫɤɚɸɬɶɫɹ� Runnable-ɡɚɞɚɱɿ� ɧɚ� ɜɢɤɨɧɚɧɧɹ ɜ� ɩɭɥ� ɩɨɬɨɤɿɜ��

Ɂɚɞɚɱɿ�ɜɢɤɨɧɭɸɬɶ�ɨɞɧɚɤɨɜɢɣ�ɤɨɞ�ɚɫɢɧɯɪɨɧɧɨ�ɞɥɹ�ɪɿɡɧɢɯ�ɞɚɧɢɯ��Ⱦɥɹ�ɜɿɞɬɜɨɪɟɧɧɹ�

ʀɯ ɦɟɬɨɞɭ�run() ɦɨɠɟɦɨ�ɫɤɨɪɢɫɬɚɬɢɫɶ ɨɞɧɢɦ�ɩɟɪɟɯɨɞɨɦ�ɡ�ɱɚɫɨɜɨɸ�ɡɚɬɪɢɦɤɨɸ��

ɳɨ� ɡɚɥɟɠɢɬɶ� ɜɿɞ� ɤɿɥɶɤɨɫɬɿ� ɜɢɤɨɧɭɜɚɧɢɯ� ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ� ɞɿɣ�� Ɉɬɠɟ�� ɞɥɹ�

ɫɬɜɨɪɟɧɧɹ�ɜɿɞɩɨɜɿɞɧɢɯ�ɨɛ¶ɽɤɬɿɜ�ɫɤɨɪɢɫɬɚɽɦɨɫɶ�ɦɟɬɨɞɨɦ-ɤɪɿɟɣɬɨɪɨɦ�PetriNet 

CreateNetRunnableSimple (double timeMean)�ɞɢɜ� ɩɿɞɪɨɡɞɿɥ 2.4.2). 

ɋɬɜɨɪɢɦɨ� ɦɟɬɨɞ-ɤɪɿɟɣɬɨɪ� ɦɟɪɟɠɿ� ɉɟɬɪɿ-ɨɛ¶ɽɤɬɚ�� ɳɨ� ɜɿɞɬɜɨɪɸɽ�

ɮɭɧɤɰɿɨɧɭɜɚɧɧɹ�ɩɭɥɭ�ɩɨɬɨɤɿɜ� � �ɞɢɜ��ɪɢɫ�� ��13�� ɡ�ɚɪɝɭɦɟɧɬɚɦɢ��ɹɤɿ�ɜɤɚɡɭɸɬɶ�ɧɚ�

ɤɿɥɶɤɿɫɬɶ�ɡɚɞɚɱ���w), ɤɿɥɶɤɿɫɬɶ�ɩɨɬɨɤɿɜ��k��ɬɚ�ɱɚɫɨɜɿ�ɡɚɬɪɢɦɤɢ��ɭ�ɩɟɪɟɯɨɞɚɯ: 

public static PetriNet CreateNetFixedPool(int w, int k, 
                                               double delayCreate, 

  double delayExecute, 
                                               double delayAwait) 
throws ExceptionInvalidNetStructure, ExceptionInvalidTimeDelay { 
        ArrayList<PetriP> d_P = new ArrayList<>(); 
        ArrayList<PetriT> d_T = new ArrayList<>(); 
        ArrayList<ArcIn> d_In = new ArrayList<>(); 
        ArrayList<ArcOut> d_Out = new ArrayList<>(); 
        d_P.add(new PetriP("poolSt", 0)); 
        d_P.add(new PetriP("", 0)); 
        d_P.add(new PetriP("tasks", w)); 
        d_P.add(new PetriP("numTasks", 0)); 
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        d_P.add(new PetriP("", 0)); 
        d_P.add(new PetriP("", 0)); 
        d_P.add(new PetriP("", 0)); 
        d_P.add(new PetriP("runSt", 0)); 
        d_P.add(new PetriP("runEnd", 0)); 
        d_P.add(new PetriP("poolEnd", 0)); 
        d_P.add(new PetriP("cores",0)); 
        d_T.add(new PetriT("poolCreate", delayCreate)); 
        d_T.get(0).setDistribution("unif",  

d_T.get(0).getTimeServ()); 
        d_T.get(0).setParamDeviation(delayCreate/2); 
        d_T.add(new PetriT("execute", delayExecute)); 
        d_T.get(1).setDistribution("unif", 

 d_T.get(1).getTimeServ()); 
        d_T.get(1).setParamDeviation(delayExecute/2); 
        d_T.get(1).setPriority(6); 
        d_T.add(new PetriT("runSt", 0.0)); 
        d_T.add(new PetriT("shutdown", 0.0)); 
        d_T.add(new PetriT("runEnd", 0.0)); 
        d_T.add(new PetriT("awaitTermination", delayAwait)); 
        d_T.get(5).setDistribution("unif", 

 d_T.get(5).getTimeServ()); 
        d_T.get(5).setParamDeviation(delayAwait/2); 
        d_In.add(new ArcIn(d_P.get(0), d_T.get(0), 1)); 
        d_In.add(new ArcIn(d_P.get(1), d_T.get(1), 1)); 
        d_In.add(new ArcIn(d_P.get(2), d_T.get(1), 1)); 
        d_In.add(new ArcIn(d_P.get(4), d_T.get(2), 1)); 
        d_In.add(new ArcIn(d_P.get(1), d_T.get(3), 1)); 
        d_In.add(new ArcIn(d_P.get(3), d_T.get(2), 1)); 
        d_In.add(new ArcIn(d_P.get(8), d_T.get(4), 1)); 
        d_In.add(new ArcIn(d_P.get(6), d_T.get(5), w)); 
        d_In.add(new ArcIn(d_P.get(5), d_T.get(5), 1)); 
        d_Out.add(new ArcOut(d_T.get(0), d_P.get(1), 1)); 
        d_Out.add(new ArcOut(d_T.get(1), d_P.get(1), 1)); 
        d_Out.add(new ArcOut(d_T.get(0), d_P.get(3), k)); 
        d_Out.add(new ArcOut(d_T.get(1), d_P.get(4), 1)); 
        d_Out.add(new ArcOut(d_T.get(2), d_P.get(7), 1)); 
        d_Out.add(new ArcOut(d_T.get(4), d_P.get(6), 1)); 
        d_Out.add(new ArcOut(d_T.get(5), d_P.get(9), 1)); 
        d_Out.add(new ArcOut(d_T.get(3), d_P.get(5), 1)); 
        d_Out.add(new ArcOut(d_T.get(4), d_P.get(3), 1)); 
        for (PetriT tr: d_T){ 
            d_In.add(new ArcIn(d_P.get(d_P.size()-1),tr,1)); 
            d_Out.add(new ArcOut(tr, d_P.get(d_P.size()-1),1)); 
        } 
        PetriNet d_Net =  

new PetriNet("FixedPool", d_P, d_T, d_In, d_Out); 
        return d_Net; 
    } 
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Ⱦɚɥɿ� ɫɬɜɨɪɢɦɨ� ɦɟɬɨɞ-ɤɪɿɟɣɬɨɪ� ɞɥɹ� ɦɟɪɟɠɿ� ɉɟɬɪɿ-ɨɛ¶ɽɤɬɚ�� ɳɨ� ɦɨɞɟɥɸɽ�

ɪɨɛɨɬɭ�ɤɥɚɫɭ�Main. əɤ�ɚɪɝɭɦɟɧɬ�ɜɤɚɡɭɽɬɶɫɹ�ɤɿɥɶɤɿɫɬɶ�ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ�ɪɟɫɭɪɫɿɜ�

�ɹɞɟɪ�ɩɪɨɰɟɫɨɪɚ�� 

public static PetriNet CreateNetMain(int m)  
throws ExceptionInvalidNetStructure, ExceptionInvalidTimeDelay { 
 ArrayList<PetriP> d_P = new ArrayList<>(); 
 ArrayList<PetriT> d_T = new ArrayList<>(); 
 ArrayList<ArcIn> d_In = new ArrayList<>(); 
 ArrayList<ArcOut> d_Out = new ArrayList<>(); 
 d_P.add(new PetriP("mainStart",1)); 
 d_P.add(new PetriP("poolStart",0)); 
 d_P.add(new PetriP("poolEnd",0)); 
 d_P.add(new PetriP("mainEnd",0)); 
 d_P.add(new PetriP("cores",m)); 
 d_T.add(new PetriT("start",0.1)); 
 d_T.add(new PetriT("finish",0.1)); 
 d_In.add(new ArcIn(d_P.get(0),d_T.get(0),1)); 
 d_In.add(new ArcIn(d_P.get(2),d_T.get(1),1)); 
 d_In.add(new ArcIn(d_P.get(4),d_T.get(0),1)); 
 d_In.add(new ArcIn(d_P.get(4),d_T.get(1),1)); 
 d_Out.add(new ArcOut(d_T.get(0),d_P.get(1),1)); 
 d_Out.add(new ArcOut(d_T.get(1),d_P.get(3),1)); 
 d_Out.add(new ArcOut(d_T.get(0),d_P.get(4),1)); 
 d_Out.add(new ArcOut(d_T.get(1),d_P.get(4),1)); 
 PetriNet d_Net = new PetriNet("Main",d_P,d_T,d_In,d_Out); 
 return d_Net; 
} 

ɍ� ɦɟɬɨɞɿ-ɤɪɿɟɣɬɨɪɿ� ɦɨɞɟɥɿ� ɫɬɜɨɪɸɽɦɨ� ɫɩɢɫɨɤ� ɉɟɬɪɿ-ɨɛ¶ɽɤɬɿɜ� ɡ� ɨɞɧɨɝɨ�

ɨɛ¶ɽɤɬɭ main, ɨɞɧɨɝɨ� ɨɛ¶ɽɤɬɭ� pool ɬɚ� � Z� ɨɛ¶ɽɤɬɿɜ� task. ȼ� ɚɪɝɭɦɟɧɬɢ� ɦɟɬɨɞɭ�

ɩɟɪɟɞɚɦɨ�ɤɿɥɶɤɿɫɬɶ�ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ�ɪɟɫɭɪɫɿɜ��ɤɿɥɶɤɿɫɬɶ�ɩɨɬɨɤɿɜ�ɜ�ɩɭɥɿ��ɤɿɥɶɤɿɫɬɶ�

ɡɚɞɚɱ�� ɳɨ� ɛɭɞɭɬɶ� ɨɛɪɨɛɥɟɧɿ�� ɬɚ� ɱɚɫɨɜɿ� ɡɚɬɪɢɦɤɢ�� ɹɤɿ� ɛɭɞɭɬɶ� ɡɦɿɧɸɜɚɬɢɫɶ� ɩɪɢ�

ɬɟɫɬɭɜɚɧɧɿ� ɬɚ� ɟɤɫɩɟɪɢɦɟɧɬɭɜɚɧɧɿ� ɡ� ɦɨɞɟɥɥɸ. Ɉɛ¶ɽɤɬɢ� task ɫɬɜɨɪɸɽɦɨ� ɡɚ�

ɞɨɩɨɦɨɝɨɸ� ɦɟɬɨɞɚ-ɤɪɿɟɣɬɨɪɚ� PetriNet CreateNetRunnableSimple 

(double timeMean)ɬɚ�ɡ¶ɽɞɧɭɽɦɨ�ʀɯ�ɡ�ɩɭɥɨɦ�ɱɟɪɟɡ�ɫɩɿɥɶɧɿ�ɩɨɡɢɰɿʀ �ɪɢɫ����21). 
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Ɋɢɫɭɧɨɤ���21 ± ɉɨɛɭɞɨɜɚ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɨʀ�ɦɨɞɟɥɿ�ɩɭɥɭ�ɩɨɬɨɤɿɜ� 

Ɉɬɪɢɦɭɽɦɨ�ɬɚɤɢɣ�ɤɨɞ�ɦɟɬɨɞɭ-ɤɪɿɟɣɬɨɪɚ�ɦɨɞɟɥɿ: 

public static PetriObjModel createModel(int m, int w, int k, 
double delayCreate, 
double delayExecute, 
double delayAwait, 
double delayRun) 

     throws ExceptionInvalidNetStructure,ExceptionInvalidTimeDelay{ 
   ArrayList<PetriSim> list = new ArrayList<>(); 
   PetriSim main = new PetriSim(NetLibrary.CreateNetMain(m)); 
   PetriSim pool = new PetriSim(NetLibrary.CreateNetFixedPool(w, k, 

   delayCreate, delayExecute, delayAwait); 
   PetriSim[] tasks = new PetriSim[w]; 
   for (int j=0; j<w; j++){ 

tasks[j] = new PetriSim( 
NetLibrary.CreateNetRunnableSimple(delayRun)); 
tasks[j].getNet().getListP()[0] = pool.getNet().getListP()[7]; 
tasks[j].getNet().getListP()[1] = pool.getNet().getListP()[8]; 
tasks[j].getNet().getListP()[2] = main.getNet().getListP()[4]; 

   } 
   pool.getNet().getListP()[0] = main.getNet().getListP()[1]; 
   pool.getNet().getListP()[9] = main.getNet().getListP()[2]; 
   pool.getNet().getListP()[10] = main.getNet().getListP()[4]; 
   list.add(main); 
   list.add(pool); 
   for(int j=0;j<w; j++){ 

list.add(tasks[j]); 
   } 
   return new PetriObjModel(list); 
} 

Ⱦɥɹ�ɡɚɩɭɫɤɭ�ɦɨɞɟɥɿ�ɧɚ�ɿɦɿɬɚɰɿɸ�ɜ�ɡɚɞɚɧɨɦɭ�ɿɧɬɟɪɜɚɥɿ�ɱɚɫɭ�ɜɢɤɨɪɢɫɬɨɜɭɽɦɨ�

ɦɟɬɨɞ�void go(double time): 

PetriObjModel model= createModel(2, 2000, 2, 140000, 140000, 
0.1); 
model.go(1000000); 

ɑɚɫɨɜɿ� ɡɚɬɪɢɦɤɢ� ɞɥɹ� ɩɨɞɿɣ� ɜ�ɦɨɞɟɥɿ� ɜɢɡɧɚɱɚɥɢɫɹ ɲɥɹɯɨɦ ɫɬɚɬɢɫɬɢɱɧɨɝɨ�

ɚɧɚɥɿɡɭ ɜɿɞɩɨɜɿɞɧɢɯ� ɡɧɚɱɟɧɶ� ɩɿɞ� ɱɚɫ ɪɟɚɥɶɧɢɯ ɨɛɱɢɫɥɟɧɶ ɧɚ� ɞɜɨɹɞɟɪɧɨɦɭ�
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ɩɪɨɰɟɫɨɪɿ��ȯ ɩɪɨɝɪɚɦɧɿ�ɿɧɫɬɪɭɤɰɿʀ��ɜɢɤɨɧɚɧɧɹ�ɹɤɢɯ�ɜɢɦɚɝɚɽ�ɡɧɚɱɧɨ�ɛɿɥɶɲɟ�ɱɚɫɭ��

ɧɿɠ�ɿɧɲɿ�ɿɧɫɬɪɭɤɰɿʀ��ɇɚɩɪɢɤɥɚɞ��ɱɚɫ�ɫɬɜɨɪɟɧɧɹ�ɩɭɥɭ�ɩɨɬɨɤɿɜ ɽ ɛɥɢɡɶɤɨ�ɜ����ɪɚɡɿɜ�

ɛɿɥɶɲɢɦ�� ɧɿɠ� ɱɚɫ� ɫɬɜɨɪɟɧɧɹ� ɧɨɜɨɝɨ� ɨɛ¶ɽɤɬɚ�� ɬɨɞɿ� ɹɤ� ɨɫɬɚɧɧɿɣ ɭ� ɫɜɨɸ� ɱɟɪɝɭ�

ɛɿɥɶɲɢɣ ɡɚ�ɱɚɫ�ɧɚɣɩɪɨɫɬɿɲɨʀ�ɚɪɢɮɦɟɬɢɱɧɨʀ�ɨɩɟɪɚɰɿʀ�ɜ�������ɪɚɡɿɜ�  

Ɂ� ɞɨɩɨɦɨɝɨɸ� ɪɨɡɪɨɛɥɟɧɨʀ� ɦɨɞɟɥɿ� ɛɭɥɨ� ɩɪɨɜɟɞɟɧɨ� ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɟ�

ɞɨɫɥɿɞɠɟɧɧɹ� ɟɮɟɤɬɢɜɧɨɫɬɿ�ɩɭɥɭ�ɩɨɬɨɤɿɜ��ȼɚɪɿɸɸɱɢ�ɨɛɱɢɫɥɸɜɚɥɶɧɭ� ɫɤɥɚɞɧɿɫɬɶ�

ɩɚɪɚɥɟɥɶɧɨɝɨ�ɚɥɝɨɪɢɬɦɭ�ɜɿɞ���3 ɞɨ���9��ɪɿɡɤɟ�ɡɛɿɥɶɲɟɧɧɹ�ɩɪɢɫɤɨɪɟɧɧɹ��ɩɪɢɛɥɢɡɧɨ�

ɞɨ� ��� ɫɩɨɫɬɟɪɿɝɚɽɬɶɫɹ� ɥɢɲɟ� ɩɪɢ� ɫɤɥɚɞɧɨɫɬɿ� ��8 (ɪɢɫ. 2.22)�� ɉɪɢ� ɫɤɥɚɞɧɨɫɬɿ�

ɚɥɝɨɪɢɬɦɭ� ɦɟɧɲɟ� ɡɚ� ��6�� ɪɨɛɨɬɚ� ɩɭɥɭ� ɩɨɬɨɤɿɜ� ɽ� ɧɟ� ɟɮɟɤɬɢɜɧɨɸ�� ɨɫɤɿɥɶɤɢ�

ɩɪɢɫɤɨɪɟɧɧɹ� ɜɿɞɫɭɬɧɽ� �ɦɟɧɲɟ� ���� � ɉɨɪɿɜɧɸɸɱɢ� ɪɟɡɭɥɶɬɚɬɢ� ɦɨɞɟɥɸɜɚɧɧɹ� ɬɚ�

ɪɟɚɥɶɧɨɝɨ�ɡɚɩɭɫɤɭ�ɩɪɨɝɪɚɦɢ��ɦɨɠɧɚ�ɡɪɨɛɢɬɢ�ɜɢɫɧɨɜɨɤ�ɩɪɨ�ɩɪɚɜɢɥɶɧɿɫɬɶ�ɪɨɛɨɬɢ�

ɦɨɞɟɥɿ��ɬɚɛɥɢɰɹ���3���ɋɥɿɞ�ɜɿɞɦɿɬɢɬɢ��ɳɨ�ɦɨɞɟɥɶ�ɜɢɹɜɢɥɚ�ɨɛɦɟɠɟɧɿɫɬɶ�ɪɟɫɭɪɫɿɜ��

ɦɚɤɫɢɦɚɥɶɧɟ� ɩɪɢɫɤɨɪɟɧɧɹ� ɫɹɝɚɽ� ɩɨɡɧɚɱɤɢ� ��� ɳɨ� ɜɿɞɩɨɜɿɞɚɽ� ɤɿɥɶɤɨɫɬɿ� ɹɞɟɪ�

ɩɪɨɰɟɫɨɪɚ��ɧɚ�ɹɤɨɦɭ�ɩɪɨɜɨɞɢɥɢɫɶ�ɟɤɫɩɟɪɢɦɟɧɬɢ��Ɍɚɛɥɢɰɹ�2.4 ɦɿɫɬɢɬɶ�ɪɟɡɭɥɶɬɚɬɢ�

ɩɨɲɭɤɭ�ɩɚɪɚɦɟɬɪɿɜ�ɩɭɥɭ�ɩɨɬɨɤɿɜ�ɞɥɹ�ɞɨɫɹɝɧɟɧɧɹ�ɦɚɤɫɢɦɚɥɶɧɨɝɨ�ɩɪɢɫɤɨɪɟɧɧɹ� 

 

Ɋɢɫɭɧɨɤ���22 ±  Ɂɚɥɟɠɧɿɫɬɶ�ɩɪɢɫɤɨɪɟɧɧɹ�ɜɿɞ�ɩɚɪɚɦɟɬɪɿɜ�ɩɭɥɭ�ɩɨɬɨɤɿɜ��WK�± 

ɩɨɬɨɤɢ��Z�- ɡɚɜɞɚɧɧɹ� 
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Ɍɚɛɥɢɰɹ�2.3 ±  Ɍɨɱɧɿɫɬɶ�ɪɟɡɭɥɶɬɚɬɿɜ�ɿɦɿɬɚɰɿʀ��ɫɤɥɚɞɧɿɫɬɶ�ɨɛɱɢɫɥɟɧɶ�± 109) 

Ʉɿɥɶɤɿɫɬɶ ɡɚɜɞɚɧɶ�
(w) 

ɬɚ�ɩɨɬɨɤɿɜ (th) 

1 w, 
1 th 

2 w, 
1 th 

2 w, 
2 th 

4 w, 
2 th 

8 w, 
2 th 

16 w, 
2 th 

4 w, 
4 th 

8 w, 
4 th 

16 w, 
4 th 

ɉɪɨɝɪɚɦɚ 0,985 0,990 1,859 1,869 1,901 1,856 1,907 1,828 1,855 

Ɇɨɞɟɥɶ 0,998 0,998 1,989 1,984 1,976 1,977 1,985 1,977 1,960 

ɉɨɯɢɛɤɚ 1% 1% 7% 6% 4% 7% 4% 8% 6% 

 

ɍ� ɬɚɛɥɢɰɿ� 2.4 ɧɚɜɟɞɟɧɚ� ɬɨɱɧɿɫɬɶ� ɦɨɞɟɥɸɜɚɧɧɹ� ɩɪɢɫɤɨɪɟɧɧɹ�� Ɂɧɚɱɟɧɧɹ�

ɬɨɱɧɨɫɬɿ�ɪɨɡɪɚɯɨɜɭɽɬɶɫɹ ɹɤ�ɪɿɡɧɢɰɹ�ɦɿɠ�ɩɪɢɫɤɨɪɟɧɧɹɦ��ɳɨ�ɨɬɪɢɦɚɧɟ ɜ�ɦɨɞɟɥɿ��ɿ�

ɜ�ɪɟɚɥɶɧɿɣ ɛɚɝɚɬɨɩɨɬɨɤɨɜɿɣ ɩɪɨɝɪɚɦɿ��Ɉɬɪɢɦɚɧɚ�ɪɿɡɧɢɰɹ�ɜɢɪɚɠɟɧɚ ɭ�ɜɿɞɫɨɬɤɚɯ�ɜɿɞ�

ɡɧɚɱɟɧɧɹ ɩɪɢɫɤɨɪɟɧɧɹ�ɭ�ɪɟɚɥɶɧɿɣ�ɩɪɨɝɪɚɦɿ� 

Ɍɚɛɥɢɰɹ� 2.4 ± ɉɚɪɚɦɟɬɪɢ� ɩɭɥɭ� ɩɨɬɨɤɿɜ� (th ± ɩɨɬɨɤɢ, w ± ɡɚɜɞɚɧɧɹ�� ɞɥɹ�

ɞɨɫɹɝɧɟɧɧɹ�ɦɚɤɫɢɦɚɥɶɧɨɝɨ�ɩɪɢɫɤɨɪɟɧɧɹ 

        ɉɚɪɚɦɟɬɪɢ  

ɋɤɥɚɞɧɿɫɬɶ 

1 w,  

1 th 

2 w,  

1 th 

2 w,  

2 th 

4 w,  

2 th 

8 w,  

2 th 

16 w,  

2 th 

4 w,  

4 th 

8 w,  

4 th 

16 w, 

4 th 

1000 0,18 0,12 0,12 0,07 0,04 0,02 0,07 0,04 0,02 

1000000 0,57 0,54 0,54 0,38 0,22 0,12 0,38 0,22 0,12 

10000000 0,87 0,86 1,29 1,13 0,92 0,55 1,17 0,93 0,55 

100000000 0,98 0,98 1,89 1,85 1,78 1,65 1,86 1,79 1,66 

1000000000 1,00 1,00 1,99 1,98 1,98 1,96 1,99 1,98 1,96 

Ɋɟɡɭɥɶɬɚɬɢ�ɞɨɫɥɿɞɠɟɧɧɹ�ɟɮɟɤɬɢɜɧɨɫɬɿ�ɩɭɥɭ�ɩɨɬɨɤɿɜ�ɧɚ�ɪɨɡɪɨɛɥɟɧɿɣ�ɦɨɞɟɥɿ�

ɞɟɬɚɥɶɧɨ�ɜɢɤɥɚɞɟɧɿ�ɭ�ɫɬɚɬɬɿ�[8]. 

2.5.4 ȿɬɚɩɢ�ɬɟɯɧɨɥɨɝɿʀ�ɦɨɞɟɥɸɜɚɧɧɹ�ɩɚɪɚɥɟɥɶɧɢɯ�ɨɛɱɢɫɥɟɧɶ 

Ɍɚɤɢɦ� ɱɢɧɨɦ�� ɧɚ� ɨɫɧɨɜɿ� ɧɚɜɟɞɟɧɢɯ� ɩɪɢɤɥɚɞɿɜ� ɦɨɠɧɚ� ɫɮɨɪɦɭɥɸɜɚɬɢ�

ɨɫɧɨɜɧɿ�ɟɬɚɩɢ ɬɟɯɧɨɥɨɝɿʀ�ɦɨɞɟɥɸɜɚɧɧɹ�ɩɚɪɚɥɟɥɶɧɢɯ�ɨɛɱɢɫɥɟɧɶ� 
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1. ȼɢɡɧɚɱɟɧɧɹ�ɫɬɪɭɤɬɭɪɢ�ɦɨɞɟɥɿ��ɚ�ɫɚɦɟ�� ɦɧɨɠɢɧɢ ɉɟɬɪɿ-ɨɛ¶ɽɤɬɿɜ�ɬɚ�ɡɜ¶ɹɡɤɿɜ�

ɦɿɠ�ɧɢɦɢ�� 

ɇɚ�ɰɶɨɦɭ�ɟɬɚɩɿ�ɩɨɬɪɿɛɧɨ�ɜɢɨɤɪɟɦɢɬɢ�ɜ�ɚɥɝɨɪɢɬɦɿ ɨɛ¶ɽɤɬɢ, ɜɢɪɿɲɢɬɢ, ɹɤɿ�ɡ�

ɧɢɯ�ɩɨɬɪɟɛɭɸɬɶ�ɞɟɬɚɥɶɧɨɝɨ�ɨɩɢɫɭ�ɮɭɧɤɰɿɨɧɭɜɚɧɧɹ� ɬɚ�ɩɨɫɬɚɜɢɬɢ�ɭ�ɜɿɞɩɨɜɿɞɧɿɫɬɶ�

ʀɦ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɢ. ȼɢɞɿɥɢɬɢ�ɫɟɪɟɞ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɿɜ�ɝɪɭɩɢ�ɡɿ�ɫɯɨɠɨɸ�ɡɦɿɧɨɸ�ɫɬɚɧɿɜ.  

əɤɳɨ�ɨɛ¶ɽɤɬɢ�ɜ�ɚɥɝɨɪɢɬɦɿ�ɨɛɦɿɧɸɸɬɶɫɹ�ɿɧɮɨɪɦɚɰɿɽɸ�ɩɪɨ�ɫɜɿɣ�ɫɬɚɧ��ɬɨ��ɜɤɚɡɚɬɢ�

ɧɚɹɜɧɿɫɬɶ�ɡɜ¶ɹɡɤɭ ɦɿɠ�ɜɿɞɩɨɜɿɞɧɢɦɢ�ɧɢɦɢ� 

2. Ɋɨɡɪɨɛɤɚ�ɦɟɪɟɠ�ɉɟɬɪɿ� 

ɇɚ� ɰɶɨɦɭ� ɟɬɚɩɿ� ɩɨɬɪɿɛɧɨ� ɩɨɛɭɞɭɜɚɬɢ� ɦɟɪɟɠɿ� ɝɪɭɩ� ɉɟɬɪɿ-ɨɛ¶ɽɤɬɿɜ ɭ�

ɜɿɞɩɨɜɿɞɧɨɫɬɿ� ɞɨ� ɮɭɧɤɰɿɨɧɭɜɚɧɧɹ� ɨɛ¶ɽɤɬɿɜ ɩɪɨɝɪɚɦɢ�� ɳɨ� ɦɨɞɟɥɸɽɬɶɫɹ� ɬɚ�

ɡɛɟɪɟɝɬɢ�ʀɯ�ɹɤ�ɦɟɬɨɞɢ-ɤɪɿɟɣɬɨɪɢ�ɦɟɪɟɠ. Ɋɨɡɪɨɛɥɟɧɿ�ɦɟɪɟɠɿ�ɉɟɬɪɿ�ɩɟɪɟɜɿɪɹɸɬɶɫɹ�

ɧɚ� ɤɨɪɟɤɬɧɿɫɬɶ� ɡɚɩɭɫɤɨɦ� ɿɦɿɬɚɰɿʀ� ɩɪɢ� ɪɿɡɧɢɯ� ɦɨɠɥɢɜɢɯ� ɩɨɱɚɬɤɨɜɢɯ�

ɦɚɪɤɿɪɭɜɚɧɧɹɯ� ɬɚ� ɪɿɡɧɢɯ� ɱɚɫɨɜɢɯ� ɡɚɬɪɢɦɤɚɯ�� Ɋɟɡɭɥɶɬɚɬɨɦ� ɡɚɩɭɫɤɭ� ɽ� ɩɪɨɬɨɤɨɥ�

ɩɨɞɿɣ�� ɜ� ɹɤɨɦɭ� ɮɿɤɫɭɽɬɶɫɹ� ɡɦɿɧɚ� ɫɬɚɧɭ� ɦɟɪɟɠɿ� ɉɟɬɪɿ� ɬɚ� ɦɨɦɟɧɬ� ɱɚɫɭ�� ɜ� ɹɤɢɣ�

ɜɿɞɛɭɥɚɫɶ�ɡɦɿɧɚ��əɤɳɨ�ɦɟɪɟɠɚ�ɩɪɚɜɢɥɶɧɨ�ɪɟɚɝɭɽ�ɧɚ�ɡɦɿɧɸɜɚɧɧɹ�ɩɚɪɚɦɟɬɪɿɜ��ɬɨ�

ɜɜɚɠɚɽɬɶɫɹ��ɳɨ�ɜɨɧɚ�ɽ�ɤɨɪɟɤɬɧɨɸ��Ɇɟɪɟɠɚ ɉɟɬɪɿ��ɳɨ�ɭɫɩɿɲɧɨ�ɩɪɨɣɲɥɚ�ɩɟɪɟɜɿɪɤɭ�

ɧɚ�ɤɨɪɟɤɬɧɿɫɬɶ��ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ�ɞɥɹ�ɫɬɜɨɪɟɧɧɹ�ɦɟɬɨɞɚ-ɤɪɿɟɣɬɨɪɚ�ɦɟɪɟɠɿ�ɉɟɬɪɿ-

ɨɛ¶ɽɤɬɚ��Ɉɬɠɟ��ɪɟɡɭɥɶɬɚɬɨɦ�ɰɶɨɝɨ�ɟɬɚɩɭ�ɽ�ɦɟɬɨɞɢ-ɤɪɿɟɣɬɨɪɢ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɿɜ� 

3. ɋɬɜɨɪɟɧɧɹ�ɫɩɢɫɤɭ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɿɜ� 

ɇɚ� ɰɶɨɦɭ� ɟɬɚɩɿ� ɩɨɬɪɿɛɧɨ� ɫɬɜɨɪɢɬɢ� ɫɩɢɫɨɤ� ɉɟɬɪɿ-ɨɛ¶ɽɤɬɿɜ.  Ⱦɥɹ� ɝɪɭɩ�

ɨɛ¶ɽɤɬɿɜ� ɳɨ� ɦɚɸɬɶ� ɫɯɨɠɭ� ɮɭɧɤɰɿɨɧɚɥɶɧɿɫɬɶ�� ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ ɬɢɪɚɠɭɜɚɧɧɹ, 

ɬɨɛɬɨ�ɫɬɜɨɪɟɧɧɹ�ɦɧɨɠɢɧɢ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɿɜ�ɡɚ�ɨɞɧɚɤɨɜɢɦ�ɡɪɚɡɤɨɦ�ɦɟɪɟɠɿ�ɉɟɬɪɿ��ɳɨ�

ɩɨɫɬɚɱɚɽɬɶɫɹ��ɩɪɨɞɭɤɭɽɬɶɫɹ��ɦɟɬɨɞɨɦ-ɤɪɿɟɣɬɨɪɨɦ. 

4. ȼɫɬɚɧɨɜɥɟɧɧɹ�ɡɜ¶ɹɡɤɿɜ�ɦɿɠ�ɩɚɪɚɦɢ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɚɦɢ� 

ɇɚ� ɰɶɨɦɭ� ɟɬɚɩɿ� ɩɨɬɪɿɛɧɨ� ɜɫɬɚɧɨɜɢɬɢ� ɡɜ¶ɹɡɤɢ� ɦɿɠ� ɉɟɬɪɿ-ɨɛ¶ɽɤɬɚɦɢ�� Ⱦɥɹ�

ɰɶɨɝɨ� ɡ¶ɽɞɧɚɬɢ� ɉɟɬɪɿ-ɨɛ¶ɽɤɬɢ� ɦɿɠ� ɫɨɛɨɸ� ɡɚ� ɞɨɩɨɦɨɝɨɸ� ɨɬɨɬɨɠɧɟɧɧɹ ɩɨɡɢɰɿɣ�

ɬɚ�ɚɛɨ�ɩɟɪɟɯɨɞɿɜ� əɤɳɨ�ɞɥɹ�ɝɪɭɩ�ɨɛ¶ɽɤɬɿɜ�ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ�ɫɯɨɠɿ�ɨɬɨɬɨɠɧɟɧɧɹ, 

ɬɨ�ɪɨɡɪɨɛɢɬɢ�ɦɟɬɨɞɢ��ɹɤɿ�ɫɬɜɨɪɸɸɬɶ�ɡɜ¶ɹɡɤɢ ɦɿɠ�ɨɛ¶ɽɤɬɚɦɢ ɡɚ�ɡɪɚɡɤɨɦ� 

5. Ʉɨɧɫɬɪɭɸɜɚɧɧɹ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɨʀ�ɦɨɞɟɥɿ� 
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ɇɚ�ɰɶɨɦɭ�ɟɬɚɩɿ�ɩɨɬɪɿɛɧɨ��ɫɬɜɨɪɢɬɢ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɭ�ɦɨɞɟɥɶ�ɧɚ�ɨɫɧɨɜɿ�ɫɩɢɫɤɭ�

ɉɟɬɪɿ-ɨɛ¶ɽɤɬɿɜ� ɉɨɛɭɞɨɜɚɧɭ�ɦɨɞɟɥɶ�ɩɨɬɪɿɛɧɨ�ɩɟɪɟɜɿɪɢɬɢ�ɧɚ�ɤɨɪɟɤɬɧɿɫɬɶ�ɡɚɩɭɫɤɨɦ�

ɿɦɿɬɚɰɿʀ� ɩɪɢ� ɪɿɡɧɢɯ� ɡɧɚɱɟɧɧɹɯ� ɩɚɪɚɦɟɬɪɿɜ�� əɤɳɨ� ɦɨɞɟɥɶ� ɩɪɚɜɢɥɶɧɨ� ɪɟɚɝɭɽ� ɧɚ�

ɡɦɿɧɸɜɚɧɧɹ� ɩɚɪɚɦɟɬɪɿɜ�� ɬɨ� ɜɜɚɠɚɽɬɶɫɹ�� ɳɨ� ɜɨɧɚ� ɽ� ɤɨɪɟɤɬɧɨɸ�� Ɇɨɞɟɥɶ�� ɳɨ�

ɭɫɩɿɲɧɨ� ɩɪɨɣɲɥɚ� ɩɟɪɟɜɿɪɤɭ� ɧɚ� ɤɨɪɟɤɬɧɿɫɬɶ�� ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ� ɞɥɹ� ɫɬɜɨɪɟɧɧɹ�

ɦɟɬɨɞɚ-ɤɪɿɟɣɬɨɪɚ�ɦɨɞɟɥɿ� 

6. ȿɤɫɩɟɪɢɦɟɧɬɚɥɶɧɟ�ɞɨɫɥɿɞɠɟɧɧɹ�ɱɚɫɨɜɢɯ�ɡɚɬɪɢɦɨɤ� 

Ⱦɥɹ� ɜɫɬɚɧɨɜɥɟɧɧɹ� ɩɚɪɚɦɟɬɪɿɜ� ɱɚɫɨɜɢɯ� ɡɚɬɪɢɦɨɤ� ɩɟɪɟɯɨɞɿɜ� ɜɢɤɨɧɚɬɢ�

ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɟ�ɞɨɫɥɿɞɠɟɧɧɹ ɡɚɬɪɢɦɨɤ� ɧɚ� ɜɢɤɨɧɚɧɧɹ� ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ� ɞɿɣ� ɭ�

ɪɟɚɥɶɧɢɯ� ɭɦɨɜɚɯ. ȼɚɠɥɢɜɨ� ɜɫɬɚɧɨɜɢɬɢ� ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ� ɦɿɠ� ɬɪɢɜɚɥɨɫɬɹɦɢ�

ɡɚɬɪɢɦɨɤ��ɳɨ�ɜɢɬɪɚɱɚɸɬɶɫɹ�ɧɚ�ɜɢɤɨɧɚɧɧɹ�ɨɫɧɨɜɧɢɯ�ɞɿɣ�ɜ�ɦɨɞɟɥɿ��ɬɚ�ɜɿɞɬɜɨɪɢɬɢ�

ʀɯ�ɜ�ɦɨɞɟɥɿ. 

7. ȼɟɪɢɮɿɤɚɰɿɹ ɦɨɞɟɥɿ� 

ȼɢɤɨɧɚɬɢ� ɜɟɪɢɮɿɤɚɰɿɸ� ɦɨɞɟɥɿ ɡɚɩɭɫɤɨɦ� ɿɦɿɬɚɰɿʀ� ɩɪɢ� ɪɿɡɧɢɯ� ɡɧɚɱɟɧɧɹɯ�

ɩɚɪɚɦɟɬɪɿɜ��Ɂɿɫɬɚɜɢɬɢ�ɩɪɨɬɨɤɨɥ�ɩɨɞɿɣ��ɨɬɪɢɦɚɧɢɣ�ɡɚ�ɪɟɡɭɥɶɬɚɬɨɦ�ɡɚɩɭɫɤɭ�ɿɦɿɬɚɰɿʀ�

ɡ�ɩɟɪɟɛɿɝɨɦ�ɩɨɞɿɣ�ɜ�ɪɟɚɥɶɧɿɣ�ɩɪɨɝɪɚɦɿ.  

8. ȼɚɥɿɞɚɰɿɹ�ɦɨɞɟɥɿ� 

ȼɢɤɨɧɚɬɢ�ɜɚɥɿɞɚɰɿɸ�ɦɨɞɟɥɿ ɡɿɫɬɚɜɥɟɧɧɹɦ�ɪɟɡɭɥɶɬɚɬɭ��ɨɬɪɢɦɚɧɨɝɨ�ɧɚ�ɦɨɞɟɥɿ�

ɬɚ�ɜ�ɪɟɚɥɶɧɿɣ�ɩɚɪɚɥɟɥɶɧɿɣ�ɩɪɨɝɪɚɦɿ� 

ɍ� ɩɿɞɫɭɦɤɭ�� ɬɟɯɧɨɥɨɝɿɹ� ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ ɩɚɪɚɥɟɥɶɧɨʀ�

ɩɪɨɝɪɚɦɢ�ɦɚɽ�ɬɚɤɿ�ɩɟɪɟɜɚɝɢ� 

� ɜɢɤɨɪɢɫɬɚɧɧɹ� ɮɨɪɦɚɥɿɡɨɜɚɧɨɝɨ� ɨɩɢɫɭ� ɭ� ɜɢɝɥɹɞɿ� ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɨʀ�

ɦɨɞɟɥɿ� ɞɚɽ� ɡɦɨɝɭ� ɧɚɣɛɿɥɶɲ� ɬɨɱɧɨ� ɜɿɞɬɜɨɪɢɬɢ� ɫɬɪɭɤɬɭɪɭ� ɨɛ¶ɽɤɬɧɨ-

ɨɪɿɽɧɬɨɜɚɧɨʀ�ɩɪɨɝɪɚɦɢ�ɬɚ�ɩɨɜɟɞɿɧɤɨɜɿ�ɜɥɚɫɬɢɜɨɫɬɿ�ɨɤɪɟɦɢɯ�ɨɛ¶ɽɤɬɿɜ� 

� ɜɢɤɨɪɢɫɬɚɧɧɹ� ɫɬɨɯɚɫɬɢɱɧɨʀ� ɦɟɪɟɠɿ� ɉɟɬɪɿ� ɞɚɽ� ɡɦɨɝɭ� ɜɿɞɬɜɨɪɸɜɚɬɢ�

ɛɿɥɶɲ� ɬɨɱɧɨ� ɜɡɚɽɦɨɞɿɸ� ɩɨɬɨɤɿɜ�ɩɿɞɡɚɞɚɱ� ɡɚ� ɪɚɯɭɧɨɤ� ɜɪɚɯɨɜɭɜɚɧɧɹ�

ɱɚɫɨɜɢɯ� ɡɚɬɪɢɦɨɤ� ɧɚ� ɜɢɤɨɧɚɧɧɹ� ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ� ɞɿɣ� ɬɚ�

ɫɬɨɯɚɫɬɢɱɧɨɫɬɿ�ɡɚɯɨɩɥɟɧɧɹ�ɨɛɱɢɫɥɸɜɚɥɶɧɨɝɨ�ɪɟɫɭɪɫɭ; 
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� ɜɢɤɨɪɢɫɬɚɧɧɹ� ɬɢɩɨɜɢɯ� ɮɪɚɝɦɟɧɬɿɜ� ɦɟɪɟɠ� ɉɟɬɪɿ� �ɲɚɛɥɨɧɿɜ�� ɞɥɹ�

ɦɨɞɟɥɸɜɚɧɧɹ� ɨɫɧɨɜɧɢɯ� ɿɧɫɬɪɭɦɟɧɬɿɜ� ɩɚɪɚɥɟɥɶɧɨɝɨ� ɩɪɨɝɪɚɦɭɜɚɧɧɹ�

ɫɩɪɨɳɭɽ�ɬɚ�ɩɪɢɫɤɨɪɸɽ�ɪɨɡɪɨɛɤɭ�ɦɨɞɟɥɿ; 

� ɬɢɪɚɠɭɜɚɧɧɹ ɨɛ¶ɽɤɬɿɜ� ɡɿ� ɫɯɨɠɨɸ� ɩɨɜɟɞɿɧɤɨɸ� ɿɡ� ɡɚɞɚɧɢɦɢ�

ɩɚɪɚɦɟɬɪɚɦɢ ɫɩɪɨɳɭɽ� ɫɬɜɨɪɟɧɧɹ� ɦɨɞɟɥɟɣ� ɡ� ɜɟɥɢɤɨɸ� ɤɿɥɶɤɿɫɬɸ�

ɩɿɞɡɚɞɚɱ; 

� ɬɢɪɚɠɭɜɚɧɧɹ� ɝɪɭɩ� ɡɜ¶ɹɡɤɿɜ�ɦɿɠ� ɨɛ¶ɽɤɬɚɦɢ� ɫɩɪɨɳɭɽ� ɤɨɧɫɬɪɭɸɜɚɧɧɹ�

ɦɨɞɟɥɿ�ɡ�ɜɟɥɢɤɨɸ�ɤɿɥɶɤɿɫɬɸ�ɡɜ¶ɹɡɤɿɜ; 

� ɜɿɡɭɚɥɿɡɚɰɿɹ�ɩɨɜɟɞɿɧɤɨɜɢɯ�ɜɥɚɫɬɢɜɨɫɬɟɣ�ɦɨɞɟɥɿ�ɞɚɽ�ɡɦɨɝɭ�ɪɨɡɪɨɛɢɬɢ�

ɩɪɨɝɪɚɦɭ�ɡ�ɧɚɣɦɟɧɲɨɸ�ɤɿɥɶɤɿɫɬɸ�ɩɨɦɢɥɨɤ. 

2.6 ȼɢɫɧɨɜɤɢ�ɞɨ�ɪɨɡɞɿɥɭ 2  

ɍ� ɪɨɡɞɿɥɿ ɫɮɨɪɦɭɥɶɨɜɚɧɿ� ɦɟɬɚ� ɬɚ� ɡɚɞɚɱɚ� ɦɨɞɟɥɸɜɚɧɧɹ� ɩɚɪɚɥɟɥɶɧɢɯ�

ɨɛɱɢɫɥɟɧɶ�� ɜɢɡɧɚɱɟɧɨ� ɮɨɪɦɚɥɶɧɢɣ� ɨɩɢɫ� ɦɨɞɟɥɿ� ɬɚ� ɜɢɤɨɧɚɧɨ� ɪɨɡɪɨɛɤɭ� ɦɟɬɨɞɭ�

ɦɨɞɟɥɸɜɚɧɧɹ�ɩɚɪɚɥɟɥɶɧɢɯ�ɨɛɱɢɫɥɟɧɶ�ɧɚ�ɨɫɧɨɜɿ�ɰɶɨɝɨ�ɨɩɢɫɭ��Ⱦɥɹ�ɮɨɪɦɚɥɶɧɨɝɨ�

ɨɩɢɫɭ�ɨɛɪɚɧɨ�ɮɨɪɦɚɥɿɡɦ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɨʀ�ɦɨɞɟɥɿ�ɭ�ɡɜ¶ɹɡɤɭ�ɡ�ɧɢɡɤɨɸ�ɩɟɪɟɜɚɝ�� 

� ɧɚɣɛɿɥɶɲ� ɬɨɱɧɟ� �ɭ� ɩɨɪɿɜɧɹɧɧɿ� ɡɿ� ɡɜɢɱɚɣɧɨɸ� ɦɟɪɟɠɟɸ� ɉɟɬɪɿ� 

ɜɿɞɬɜɨɪɟɧɧɹ ɫɬɪɭɤɬɭɪɢ ɨɛ¶ɽɤɬɧɨ-ɨɪɿɽɧɬɨɜɚɧɨʀ� ɩɪɨɝɪɚɦɢ� ɬɚ�

ɩɨɜɟɞɿɧɤɨɜɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ�ɨɤɪɟɦɢɯ�ɨɛ¶ɽɤɬɿɜ� 

� ɛɿɥɶɲ�ɬɨɱɧɟ� �ɭ�ɩɨɪɿɜɧɹɧɧɿ�ɡɿ� ɡɜɢɱɚɣɧɨɸ�ɦɟɪɟɠɟɸ�ɉɟɬɪɿ��ɜɿɞɬɜɨɪɟɧɧɹ 

ɜɡɚɽɦɨɞɿʀ ɩɨɬɨɤɿɜ�ɩɿɞɡɚɞɚɱ�ɡɚ�ɪɚɯɭɧɨɤ�ɜɪɚɯɨɜɭɜɚɧɧɹ�ɱɚɫɨɜɢɯ�ɡɚɬɪɢɦɨɤ�

ɧɚ� ɜɢɤɨɧɚɧɧɹ� ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ� ɞɿɣ� ɬɚ� ɫɬɨɯɚɫɬɢɱɧɨɫɬɿ� ɡɚɯɨɩɥɟɧɧɹ�

ɨɛɱɢɫɥɸɜɚɥɶɧɨɝɨ�ɪɟɫɭɪɫɭ; 

� ɬɢɪɚɠɭɜɚɧɧɹ ɨɛ¶ɽɤɬɿɜ�ɡɿ�ɫɯɨɠɨɸ�ɩɨɜɟɞɿɧɤɨɸ�ɿɡ�ɡɚɞɚɧɢɦɢ�ɩɚɪɚɦɟɬɪɚɦɢ 

ɫɩɪɨɳɭɽ�ɫɬɜɨɪɟɧɧɹ�ɦɨɞɟɥɟɣ�ɡ�ɜɟɥɢɤɨɸ�ɤɿɥɶɤɿɫɬɸ�ɩɿɞɡɚɞɚɱ; 

� ɬɢɪɚɠɭɜɚɧɧɹ� ɝɪɭɩ� ɡɜ¶ɹɡɤɿɜ� ɦɿɠ� ɨɛ¶ɽɤɬɚɦɢ� ɫɩɪɨɳɭɽ� ɤɨɧɫɬɪɭɸɜɚɧɧɹ�

ɦɨɞɟɥɿ�ɡ�ɜɟɥɢɤɨɸ�ɤɿɥɶɤɿɫɬɸ�ɡɜ¶ɹɡɤɿɜ; 

� ɜɿɡɭɚɥɿɡɚɰɿɹ� ɩɨɜɟɞɿɧɤɨɜɢɯ� ɜɥɚɫɬɢɜɨɫɬɟɣ� ɦɨɞɟɥɿ� ɞɚɽ� ɡɦɨɝɭ� ɪɨɡɪɨɛɢɬɢ�

ɩɪɨɝɪɚɦɭ�ɡ�ɧɚɣɦɟɧɲɨɸ�ɤɿɥɶɤɿɫɬɸ�ɩɨɦɢɥɨɤ. 
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Ɋɨɡɪɨɛɥɟɧɿ� ɲɚɛɥɨɧɢ� ɦɨɞɟɥɸɜɚɧɧɹ� ɨɛɱɢɫɥɟɧɶ� ɛɚɝɚɬɨɩɨɬɨɤɨɜɨʀ� ɩɪɨɝɪɚɦɢ�

ɞɥɹ�ɡɦɟɧɲɟɧɧɹ�ɤɿɥɶɤɨɫɬɿ�ɩɨɦɢɥɨɤ�ɩɪɢ�ɪɨɡɪɨɛɰɿ�ɦɨɞɟɥɟɣ�ɬɚ�ɩɪɢɫɤɨɪɟɧɧɹ�ɩɪɨɰɟɫɭ�

ɪɨɡɪɨɛɤɢ�� ɇɚɛɿɪ� ɲɚɛɥɨɧɿɜ� ɦɨɞɟɥɸɜɚɧɧɹ� ɦɿɫɬɢɬɶ� ɮɪɚɝɦɟɧɬɢ� ɦɟɪɟɠ� ɉɟɬɪɿ�� ɳɨ�

ɜɿɞɬɜɨɪɸɸɬɶ� ɪɭɬɢɧɧɿ� ɿɧɫɬɪɭɤɰɿʀ� ɩɪɨɝɪɚɦɢ�� ɫɬɜɨɪɟɧɧɹ�� ɩɨɱɚɬɨɤ� ɬɚ� ɡɚɜɟɪɲɟɧɧɹ�

ɪɨɛɨɬɢ� ɩɨɬɨɤɭ� ɩɪɢɡɭɩɢɧɤɭ� ɩɨɬɨɤɭ� ɧɚ� ɡɚɞɚɧɢɣ� ɿɧɬɟɪɜɚɥ� ɱɚɫɭ� ɛɥɨɤɭɜɚɧɧɹ� ɞɿɣ�

ɩɨɬɨɤɭ� ɨɱɿɤɭɜɚɧɧɹ�ɡɚ�ɭɦɨɜɨɸ� ɨɛɱɢɫɥɟɧɧɹ�ɩɿɞɡɚɞɚɱ�ɩɭɥɨɦ�ɩɨɬɨɤɿɜ� 

Ɉɩɢɫɚɧɨ�ɩɪɨɰɟɫ ɪɨɡɪɨɛɤɢ ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɨʀ�ɦɨɞɟɥɿ ɩɚɪɚɥɟɥɶɧɨʀ�ɩɪɨɝɪɚɦɢ��

ɍɫɿ� ɡɚɩɪɨɩɨɧɨɜɚɧɿ� ɬɚ� ɪɨɡɪɨɛɥɟɧɿ� ɦɟɬɨɞɢ�� ɩɿɞɯɨɞɢ� ɬɚ� ɡɚɫɨɛɢ� ɦɨɞɟɥɸɜɚɧɧɹ 

ɩɨɽɞɧɚɧɿ ɭ� ɬɟɯɧɨɥɨɝɿɸ ɦɨɞɟɥɸɜɚɧɧɹ� ɩɚɪɚɥɟɥɶɧɨɝɨ� ɚɥɝɨɪɢɬɦɭ�� Ɋɨɡɝɥɹɧɭɬɚ� ʀʀ�

ɪɟɚɥɿɡɚɰɿɹ�ɦɨɜɨɸ�Java. ɇɚɜɟɞɟɧɨ�ɩɪɢɤɥɚɞ�ɪɨɡɪɨɛɤɢ�ɦɨɞɟɥɿ ɜɢɪɿɲɟɧɧɹ�ɩɪɨɛɥɟɦɢ�

ɜɡɚɽɦɧɨɝɨ�ɛɥɨɤɭɜɚɧɧɹ�ɩɨɬɨɤɿɜ��ɚ�ɬɚɤɨɠ�ɦɨɞɟɥɿ�ɩɭɥɭ�ɩɨɬɨɤɿɜ�  

  



99 
 

 

3 ɆȿɌɈȾ ɈɉɌɂɆȱɁȺɐȱȲ�ɉȺɊȺɆȿɌɊȱȼ�ɉȺɊȺɅȿɅɖɇɂɏ�

ɈȻɑɂɋɅȿɇɖ 

3.1 ɉɨɫɬɚɧɨɜɤɚ� ɡɚɞɚɱɿ� ɨɩɬɢɦɿɡɚɰɿʀ� ɬɚ� ɨɛʉɪɭɧɬɭɜɚɧɧɹ ɿɫɧɭɜɚɧɧɹ�

ɨɩɬɢɦɚɥɶɧɢɯ�ɡɧɚɱɟɧɶ�ɩɚɪɚɦɟɬɪɿɜ 

ɉɚɪɚɦɟɬɪɚɦɢ� ɩɚɪɚɥɟɥɶɧɨɝɨ� ɚɥɝɨɪɢɬɦɭ� ɽ� ɬɚɤɿ� ɩɚɪɚɦɟɬɪɢ, ɹɤ� ɤɿɥɶɤɿɫɬɶ�

ɩɿɞɡɚɞɚɱ��ʀɯ�ɫɤɥɚɞɧɿɫɬɶ��ɤɿɥɶɤɿɫɬɶ�ɩɨɬɨɤɿɜ� Ⱦɨ�ɰɶɨɝɨ�ɧɚɛɨɪɭ�ɦɨɠɭɬɶ�ɛɭɬɢ�ɞɨɞɚɧɿ�

ɫɩɟɰɢɮɿɱɧɿ�ɭɦɨɜɢ��ɹɤɿ�ɜɩɥɢɜɚɸɬɶ�ɧɚ�ɦɟɯɚɧɿɡɦɢ�ɜɡɚɽɦɨɞɿʀ�ɦɿɠ�ɩɿɞɡɚɞɚɱɚɦɢ� əɤɳɨ��

ɤɿɥɶɤɿɫɬɶ� ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ� ɞɿɣ� ɜ� ɚɥɝɨɪɢɬɦɿ�ܳ�� ɬɨ ɤɿɥɶɤɿɫɬɶ� ɩɿɞɡɚɞɚɱ�݇ ɧɟ�ɦɨɠɟ�

ɛɭɬɢ� ɛɿɥɶɲɨɸ� ɡɚ�ܳ �ɿɧɚɤɲɟ� ɩɿɞɡɚɞɚɱɚ�ɦɿɫɬɢɬɢɦɟ�ɦɟɧɲɟ� �� ɞɿʀ�� ɿ� ɧɟ�ɦɨɠɟ� ɛɭɬɢ�

ɦɟɧɲɨɸ�ɡɚ����ɿɧɚɤɲɟ�ɧɟ�ɛɭɞɟ�ɤɿɥɶɤɨɯ�ɨɞɧɨɱɚɫɧɨ�ɜɢɤɨɧɭɜɚɧɢɯ�ɡɚɞɚɱ���Ɉɬɠɟ��ʹ ൑

݇ ൑ ܳ�� Ⱥɧɚɥɨɝɿɱɧɟ� ɨɛɦɟɠɟɧɧɹ� ɦɚɽ� ɤɿɥɶɤɿɫɬɶ� ɩɨɬɨɤɿɜ� ��݌ ɳɨ� ɜɢɤɨɧɭɸɬɶ� ɨɞɧɭ�

ɡɚɞɚɱɭ�ɨɛɱɢɫɥɸɜɚɥɶɧɨʀ�ɫɤɥɚɞɧɨɫɬɿ�ܳ: ʹ ൑ ݌ ൑ ܳ. Ɂɚ�ɭɦɨɜɢ�ɨɞɧɚɤɨɜɨʀ�ɫɤɥɚɞɧɨɫɬɿ�

ɩɿɞɡɚɞɚɱ�ɩɪɢ�ɪɨɡɞɿɥɟɧɧɿ�ɡɚɞɚɱɿ�ɧɚ�݇ ɩɿɞɡɚɞɚɱ��ʀɯ�ɨɛɱɢɫɥɸɜɚɥɶɧɚ�ɫɤɥɚɞɧɿɫɬɶ�ɛɭɞɟ�

ɞɨɪɿɜɧɸɜɚɬɢ� ݃ ൌ ܳȀ݇. Ɂ� ɭɦɨɜɢ� ʹ ൑ ݇ ൑ ܳ ɜɢɩɥɢɜɚɽ� ɭɦɨɜɚ ܳȀʹ ൒ ܳȀ݇ ൒ ͳ. 

Ɉɬɠɟ��ͳ ൑ ݃ ൑ ܳȀʹ. 

ɇɚ� ɨɛɦɟɠɟɧɨɦɭ� ɧɚɛɨɪɿ� ɩɚɪɚɦɟɬɪɿɜ� ɩɚɪɚɥɟɥɶɧɨɝɨ� ɚɥɝɨɪɢɬɦɭ� ɨɛɨɜ¶ɹɡɤɨɜɨ�

ɿɫɧɭɸɬɶ� ɨɩɬɢɦɚɥɶɧɿ� ɡɧɚɱɟɧɧɹ� ɩɚɪɚɦɟɬɪɿɜ�� ɹɤɿ� ɦɨɠɭɬɶ� ɛɭɬɢ� ɡɧɚɣɞɟɧɿ� ɩɨɜɧɢɦ�

ɩɟɪɟɛɨɪɨɦ� ɦɨɠɥɢɜɢɯ� ɜɚɪɿɚɧɬɿɜ� ɩɚɪɚɦɟɬɪɿɜ� ɚɛɨ� ɫɩɪɹɦɨɜɚɧɢɦ� ɞɨ� ɨɩɬɢɦɭɦɭ�

ɩɟɪɟɛɨɪɨɦ�� ɹɤɳɨ� ɩɨɜɧɢɣ� ɩɟɪɟɛɿɪ� ɦɿɫɬɢɬɶ� ɧɚɞɬɨ� ɛɚɝɚɬɨ� ɜɚɪɿɚɧɬɿɜ�� Ɂɞɿɣɫɧɢɬɢ�

ɩɟɪɟɛɿɪ� ɲɥɹɯɨɦ� ɩɪɨɝɨɧɿɜ� ɩɪɨɝɪɚɦɢ� ɡɦɿɧɸɸɱɢ� ɡɧɚɱɟɧɧɹ� ɩɚɪɚɦɟɬɪɿɜ� ɨɡɧɚɱɚɽ�

ɩɪɨɜɟɫɬɢ�ɱɢɫɥɟɧɧɭ�ɤɿɥɶɤɿɫɬɶ�ɡɚɩɭɫɤɿɜ�ɩɪɨɝɪɚɦɢ�ɬɚ��ɜɿɞɩɨɜɿɞɧɨ��ɜɢɬɪɚɬɢɬɢ�ɱɚɫ�ɧɚ�

ɨɱɿɤɭɜɚɧɧɹ�ʀʀ�ɜɢɤɨɧɚɧɧɹ��Ⱥɞɠɟ�ɧɚɜɿɬɶ�ɩɪɢ�ɧɟɜɟɥɢɤɿɣ�ɤɿɥɶɤɨɫɬɿ�ɩɚɪɚɦɟɬɪɿɜ�ɤɨɠɧɢɣ�

ɟɤɫɩɟɪɢɦɟɧɬ�ɦɚɽ�ɛɭɬɢ�ɩɨɜɬɨɪɟɧɢɣ� ɧɟ�ɦɟɧɲɟ� ɱɨɬɢɪɶɨɯ� ɪɚɡɿɜ��ɳɨɛ� ɡɚɛɟɡɩɟɱɢɬɢ�

ɬɨɱɧɿɫɬɶ� ɪɟɡɭɥɶɬɚɬɿɜ�� ɉɪɨɜɟɞɟɧɧɹ� ɟɤɫɩɟɪɢɦɟɧɬɿɜ� ɿɡ� ɡɞɿɣɫɧɟɧɧɹɦ� ɩɟɪɟɛɨɪɭ�

ɡɧɚɱɟɧɶ�ɩɚɪɚɦɟɬɪɿɜ�ɧɚ�ɦɨɞɟɥɿ� ɫɩɪɨɫɬɢɬɶ�ɬɚ�ɩɪɢɲɜɢɞɲɢɬɶ�ɩɨɲɭɤ�ɨɩɬɢɦɚɥɶɧɢɯ�

ɡɧɚɱɟɧɶ�� Ⱦɨ� ɬɨɝɨ�ɠ�� ɦɨɞɟɥɶ� ɞɨɡɜɨɥɹɽ� ɜɿɞɨɤɪɟɦɢɬɢ� ɜɢɩɚɞɤɨɜɿ� ɮɚɤɬɨɪɢ� ɡɚɩɭɫɤɭ�

ɬɚɤɿ�� ɹɤ�� ɧɚɩɪɢɤɥɚɞ�� ɡɚɣɧɹɬɿɫɬɶ� ɨɛɱɢɫɥɸɜɚɥɶɧɨɝɨ� ɪɟɫɭɪɫɭ� �ɹɞɪɚ� ɩɪɨɰɟɫɨɪɚ� 

ɿɧɲɢɦɢ�ɡɚɞɚɱɚɦɢ. 
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3.2 Ɇɟɬɨɞɢ�ɬɚ�ɡɚɫɨɛɢ�ɡɛɨɪɭ�ɞɚɧɢɯ�ɞɥɹ�ɦɨɞɟɥɿ 

Ⱦɥɹ� ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ� ɞɨɫɥɿɞɠɟɧɧɹ� ɜɩɥɢɜɭ� ɱɚɫɨɜɢɯ� ɡɚɬɪɢɦɨɤ� ɧɚ�

ɜɢɤɨɧɚɧɧɹ� ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ ɞɿɣ� ɚɥɝɨɪɢɬɦɭ�� ɳɨ� ɦɨɞɟɥɸɽɬɶɫɹ�� ɧɟɨɛɯɿɞɧɨ�

ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ�ɫɬɚɬɢɫɬɢɱɧɿ�ɦɟɬɨɞɢ�ɨɛɪɨɛɤɢ�ɞɚɧɢɯ. 

ɉɟɪɟɞ�ɬɢɦ�ɹɤ�ɨɛɪɨɛɥɹɬɢ�ɞɚɧɿ��ɫɩɟɪɲɭ�ɩɪɨɜɨɞɢɬɶɫɹ�ʀɯ�ɡɛɿɪ��Ⱦɥɹ�ɬɨɝɨ��ɳɨɛ�

ɬɨɱɧɨ� ɡɚɦɿɪɹɬɢ� ɱɚɫ� ɜɢɤɨɧɚɧɧɹ� ɬɿɽʀ� ɱɢ� ɿɧɲɨʀ� ɿɧɫɬɪɭɤɰɿʀ�ɧɚɛɨɪɭ� ɿɧɫɬɪɭɤɰɿɣ��

ɜɚɠɥɢɜɨ�ɩɪɨɜɨɞɢɬɢ�ɡɚɦɿɪɢ�ɡɚ�ɭɦɨɜɢ�ɧɚɣɦɟɧɲɨɝɨ�ɡɚɜɚɧɬɚɠɟɧɧɹ�ɨɛɱɢɫɥɸɜɚɥɶɧɨɝɨ�

ɪɟɫɭɪɫɭ�ɫɬɨɪɨɧɧɿɦɢ�ɡɚɞɚɱɚɦɢ��Ɍɨɛɬɨ��ɜɫɿ�ɫɬɨɪɨɧɧɿ�ɩɪɨɝɪɚɦɢ�ɬɚ�ɡɚɫɬɨɫɭɧɤɢ�ɦɚɸɬɶ�

ɛɭɬɢ� ɜɢɦɤɧɟɧɢɦɢ�� ɇɟ� ɫɥɿɞ� ɡɚɛɭɜɚɬɢ� ɬɚɤɨɠ� ɩɪɨ� ɮɨɧɨɜɭ� ɪɨɛɨɬɭ� ɡɚɫɬɨɫɭɧɤɿɜ��

ɧɚɩɪɢɤɥɚɞ� ɨɧɨɜɥɟɧɧɹ�� ɹɤɿ ɦɨɠɭɬɶ� ɜɩɥɢɧɭɬɢ� ɧɚ� ɪɟɡɭɥɶɬɚɬɢ� ɡɚɦɿɪɿɜ�� ɓɨɛ�

ɜɢɤɥɸɱɢɬɢ�ɰɟɣ�ɮɚɤɬɨɪ��ɜɚɪɬɨ�ɜɢɦɤɧɭɬɢ�ɞɨɫɬɭɩ ɞɨ�ɿɧɬɟɪɧɟɬɭ� Ɍɚɤɨɠ��ɹɤɳɨ�ɡɚɦɿɪɢ�

ɡɞɿɣɫɧɸɸɬɶɫɹ� ɧɚ� ɧɨɭɬɛɭɰɿ�� ɜɚɠɥɢɜɨ� ɩɪɨɜɨɞɢɬɢ� ʀɯ� ɡ� ɭɜɿɦɤɧɟɧɢɦ� ɠɢɜɥɟɧɧɹɦ��

ɨɫɤɿɥɶɤɢ� ɩɪɢ� ɜɢɤɨɪɢɫɬɚɧɿ� ɜɛɭɞɨɜɚɧɨʀ� ɛɚɬɚɪɟʀ� ɧɨɭɬɛɭɤ� ɩɪɚɰɸɽ� ɜ�

ɟɧɟɪɝɨɡɛɟɪɿɝɚɸɱɨɦɭ� ɪɟɠɢɦɿ� ɿ� ɧɟ� ɡɚɞɿɸɽ� ɩɨɜɧɭ� ɩɨɬɭɠɧɿɫɬɶ� ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ�

ɪɟɫɭɪɫɿɜ�� Ʉɨɥɢ�ɦɨɜɚ� ɣɞɟ� ɩɪɨ� ɩɪɨɜɟɞɟɧɧɹ� ɡɚɦɿɪɿɜ� ɱɚɫɭ� ɜɢɤɨɧɚɧɧɹ� ɩɚɪɚɥɟɥɶɧɢɯ�

ɨɛɱɢɫɥɟɧɶ ɜ� Java�� ɧɟ� ɦɨɠɧɚ� ɧɟ� ɡɝɚɞɚɬɢ� ɩɪɨ ɡɚɝɚɥɶɧɨ� ɜɿɞɨɦɭ ɨɫɨɛɥɢɜɿɫɬɶ� Java 

Virtual Machine ± ɬɚɤ�ɡɜɚɧɢɣ�ɪɨɡɝɿɧ��Ɋɿɱ�ɭ�ɬɿɦ��ɳɨ�ɩɪɢ�ɡɛɿɥɶɲɟɧɧɿ�ɡɚɜɚɧɬɚɠɟɧɨɫɬɿ�

ɨɛɱɢɫɥɸɜɚɥɶɧɨɝɨ�ɪɟɫɭɪɫɭ�ɜɿɞɛɭɜɚɽɬɶɫɹ�ɩɪɢɫɤɨɪɟɧɧɹ�ɨɛɱɢɫɥɟɧɶ��Ɂ�ɨɝɥɹɞɭ�ɧɚ�ɰɟ��

ɧɟɨɛɯɿɞɧɢɦ� ɽ� ɞɨɞɚɜɚɧɧɹ� ɪɨɡɿɝɪɿɜɭ� �warm up) ± ɩɨɩɟɪɟɞɧɶɨɝɨ� ɡɚɜɚɧɬɚɠɟɧɧɹ�

ɪɟɫɭɪɫɭ�ɩɟɜɧɢɦ�ɨɛɫɹɝɨɦ�ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ ɨɩɟɪɚɰɿɣ [60]. 

Ɍɨɱɧɿɫɬɶ� ɡɚɦɿɪɿɜ�ɞɨɫɹɝɚɽɬɶɫɹ� ɡɚ�ɪɚɯɭɧɨɤ� ɭɫɟɪɟɞɧɟɧɧɹ� ɡɧɚɱɟɧɶ�� ɨɬɪɢɦɚɧɢɯ�ɜ�

ɪɟɡɭɥɶɬɚɬɿ� ɫɟɪɿʀ� ɩɪɨɝɨɧɿɜ ɩɪɨɝɪɚɦɢ�� Ɉɰɿɧɤɚ� ɤɿɥɶɤɨɫɬɿ� ɩɪɨɝɨɧɿɜ ɩɪɨɝɪɚɦɢ��

ɧɟɨɛɯɿɞɧɢɯ� ɞɥɹ� ɬɨɱɧɨɝɨ� ɡɚɦɿɪɭ� ɱɚɫɭ� ɜɢɤɨɧɚɧɧɹ� ɿɧɫɬɪɭɤɰɿʀ� ɡɚ� ɭɦɨɜɢ� ɡɚɞɚɧɨʀ�

ɬɨɱɧɨɫɬɿ�ɨɛɪɚɯɨɜɭɽɬɶɫɹ�ɡɚ�ɧɟɪɿɜɧɿɫɬɸ�ɑɟɛɢɲɟɜɚ [61]: 

݌� ൌ �
ଶߪ

ଶሺͳߝ െ  ሻǡߚ

 ɞɟ ݌ ± ɤɿɥɶɤɿɫɬɶ�ɩɪɨɝɨɧɿɜ�� 

 �ଶ ± ɞɢɫɩɟɪɫɿɹ�ɱɚɫɭ�ɜɢɤɨɧɚɧɧɹߪ

 �ɬɨɱɧɿɫɬɶ�ɜɢɦɿɪɸɜɚɧɧɹ ± ߝ
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 �ɞɨɜɿɪɱɚ�ɣɦɨɜɿɪɧɿɫɬɶ ± ߚ

ɇɚɩɪɢɤɥɚɞ�� ɡɚ ɞɨɜɿɪɱɨʀ ɣɦɨɜɿɪɧɨɫɬɿ� ߚ ൌ Ͳǡͻͷ ɬɚ� ɡɚɞɚɧɨʀ� ɬɨɱɧɨɫɬɿ� ߝ ൌ  ߪ

ɤɿɥɶɤɿɫɬɶ�ɩɪɨɝɨɧɿɜ�ɫɤɥɚɞɚɬɢɦɟ݌� ൌ ʹͲ ɩɪɨɝɨɧɿɜ��Ⱥɧɚɥɨɝɿɱɧɨ� ɩɪɢߚ� ൌ Ͳǡͻͷ ɬɚߝ� ൌ
ʹൗߪ  ɤɿɥɶɤɿɫɬɶ�ɩɪɨɝɨɧɿɜ�ɫɬɚɧɨɜɢɬɢɦɟ݌� ൌ ͺͲ. 

Ƚɨɜɨɪɹɱɢ� ɩɪɨ� ɡɚɦɿɪ� ɱɚɫɭ, ɜɚɪɬɨ� ɡɚɡɧɚɱɢɬɢ� ɹɤ� ɩɪɚɜɢɥɶɧɨ� ɩɪɨɝɪɚɦɧɨ�

ɨɪɝɚɧɿɡɭɜɚɬɢ�ɬɚɤɢɣ�ɡɚɦɿɪ. ɉɪɢ�ɜɢɦɿɪɸɜɚɧɧɿ�ɱɚɫɭ�ɜɢɤɨɧɚɧɧɹ�ɨɞɧɿɽʀ�ɿɧɫɬɪɭɤɰɿʀ��ɚɛɨ�

ɧɚɛɨɪɭ�ɿɧɫɬɪɭɤɰɿɣ��ɛɟɡɩɨɫɟɪɟɞɧɶɨ�ɩɟɪɟɞ�ɧɟɸ�ɮɿɤɫɭɽɬɶɫɹ�ɩɨɬɨɱɧɢɣ�ɱɚɫ�ɭ�ɨɛɪɚɧɢɯ�

ɨɞɢɧɢɰɹɯ�� ɰɟ� ɡɧɚɱɟɧɧɹ� ɽ� ɩɨɱɚɬɤɨɦ� ɜɿɞɥɿɤɭ� ɱɚɫɭ� ɜɢɤɨɧɚɧɧɹ�� ɉɿɫɥɹ� ɿɧɫɬɪɭɤɰɿʀ�

ɨɛɪɚɯɨɜɭɽɬɶɫɹ�ɪɿɡɧɢɰɹ�ɩɨɬɨɱɧɨɝɨ�ɱɚɫɭ� ɬɚ�ɩɨɱɚɬɤɭ�ɜɿɞɥɿɤɭ��ɋɥɿɞ�ɩɚɦ¶ɹɬɚɬɢ��ɳɨ�

ɿɧɫɬɪɭɤɰɿʀ�ɡ�ɜɢɜɟɞɟɧɧɹ�ɧɚ�ɤɨɧɫɨɥɶ�ɧɟ�ɦɚɸɬɶ�ɜɯɨɞɢɬɢ�ɞɨ�ɮɪɚɝɦɟɧɬɭ�ɩɪɨɝɪɚɦɢ��ɱɚɫ�

ɜɢɤɨɧɚɧɧɹ�ɹɤɨɝɨ� ɡɚɦɿɪɹɽɬɶɫɹ��Ⱥɞɠɟ�ɨɩɟɪɚɰɿʀ� ɜɢɜɟɞɟɧɧɹ�ɧɚ�ɤɨɧɫɨɥɶ��ɛɭɞɭɱɢ�ɧɟ�

ɫɭɬɬɽɜɢɦɢ� ɞɥɹ� ɚɥɝɨɪɢɬɦɭ�� ɜɢɬɪɚɱɚɸɬɶ� ɨɛɱɢɫɥɸɜɚɥɶɧɢɣ� ɪɟɫɭɪɫ� Ɉɝɨɥɨɲɟɧɧɹ�

ɡɦɿɧɧɨʀ��ɳɨ� ɡɛɟɪɿɝɚɬɢɦɟ�ɱɚɫ� ɜɢɤɨɧɚɧɧɹ, ɦɚɽ� ɡɞɿɣɫɧɸɜɚɬɢɫɹ�ɞɨ�ɩɨɱɚɬɤɭ� ɡɚɦɿɪɭ�� 

ɇɢɠɱɟ� ɧɚɜɟɞɟɧɨ� ɩɪɢɤɥɚɞ� ɡɚɦɿɪɭ� ɱɚɫɭ� �ɜ� ɧɚɧɨɫɟɤɭɧɞɚɯ�� ɜɢɤɨɧɚɧɧɹ� ɨɞɧɿɽʀ�

ɿɧɫɬɪɭɤɰɿʀ�ɫɬɜɨɪɟɧɧɹ�ɩɭɥɭ�ɩɨɬɨɤɭ ɜ�Java: 
long createTime; 
long currentTime = System.nanoTime(); 
ExecutorService pool = Executors.newFixedThreadPool(2); 
createTime = System.nanoTime() - currentTime; 

ɉɪɢ� ɞɨɫɥɿɞɠɟɧɧɿ� ɱɚɫɨɜɢɯ� ɡɚɬɪɢɦɨɤ� ɜɚɠɥɢɜɨɸ� ɽ� ɿɞɟɧɬɢɮɿɤɚɰɿɹ� ɡɚɤɨɧɭ�

ɪɨɡɩɨɞɿɥɭ� ɜɢɩɚɞɤɨɜɨʀ� ɜɟɥɢɱɢɧɢ. Ⱦɨɫɢɬɶ� ɱɚɫɬɨ� ɱɚɫ� ɜɢɤɨɧɚɧɧɹ� ɿɧɫɬɪɭɤɰɿʀ�

ɩɚɪɚɥɟɥɶɧɨɝɨ�ɚɥɝɨɪɢɬɦɭ�ɦɨɠɟ�ɛɭɬɢ�ɧɟɞɟɬɟɪɦɿɧɨɜɚɧɢɦ��ɚɞɠɟ�ɜɿɧ�ɦɨɠɟ�ɡɚɥɟɠɚɬɢ�

ɜɿɞ� ɩɚɪɚɦɟɬɪɿɜ�� ɍ� ɬɚɤɨɦɭ� ɜɢɩɚɞɤɭ� ɜɢɡɧɚɱɟɧɧɹ� ɡɚɤɨɧɭ� ɪɨɡɩɨɞɿɥɭ� ɞɨɩɨɦɨɠɟ�

ɜɫɬɚɧɨɜɢɬɢ� ɱɚɫɨɜɭ� ɡɚɬɪɢɦɤɭ� ɜ� ɦɨɞɟɥɿ� ɬɚ� ɫɩɪɢɹɬɢɦɟ� ɬɨɱɧɨɦɭ� ɜɿɞɬɜɨɪɸɜɚɧɧɸ�

ɪɨɛɨɬɢ�ɩɚɪɚɥɟɥɶɧɨɝɨ�ɚɥɝɨɪɢɬɦɭ��Ⱦɥɹ�ɿɞɟɧɬɢɮɿɤɚɰɿʀ�ɡɚɤɨɧɭ�ɪɨɡɩɨɞɿɥɭ�ɧɟɨɛɯɿɞɧɨ�

ɫɩɟɪɲɭ�ɫɮɨɪɦɭɜɚɬɢ�ɦɚɫɢɜ� ɡɧɚɱɟɧɶ�ɜɢɩɚɞɤɨɜɨʀ� ɜɟɥɢɱɢɧɢ�� ɬɨɛɬɨ� ɡɪɨɛɢɬɢ�ɩɟɜɧɭ�

ɤɿɥɶɤɿɫɬɶ� ɩɪɨɝɨɧɿɜ� ɩɪɨɝɪɚɦɢ� � ɡ� ɪɿɡɧɢɦɢ� ɩɚɪɚɦɟɬɪɚɦɢ� ɬɚ� ɡɚɮɿɤɫɭɜɚɬɢ� ɱɚɫ�

ɜɢɤɨɧɚɧɧɹ��Ⱦɚɥɿ�ɡɚ�ɨɬɪɢɦɚɧɢɦɢ�ɡɧɚɱɟɧɧɹɦɢ�ɫɥɿɞ�ɩɨɛɭɞɭɜɚɬɢ�ɝɿɫɬɨɝɪɚɦɭ�ɱɚɫɬɨɬ��

ɇɚɫɬɭɩɧɢɦ� ɤɪɨɤɨɦ� ɣɞɟ� ɮɨɪɦɭɜɚɧɧɹ� ɝɿɩɨɬɟɡɢ� ɩɪɨ� ɜɢɞ� ɡɚɤɨɧɭ� ɪɨɡɩɨɞɿɥɭ�

ɜɢɩɚɞɤɨɜɨʀ� ɜɟɥɢɱɢɧɢ��ɇɚ� ɨɫɧɨɜɿ� ɩɪɢɩɭɳɟɧɧɹ� ɩɪɨ� ɜɢɞ� ɪɨɡɩɨɞɿɥɭ� ɡɞɿɣɫɧɸɽɬɶɫɹ�
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ɨɰɿɧɤɚ� ɡɧɚɱɟɧɶ� ɩɚɪɚɦɟɬɪɿɜ� ɡɚɤɨɧɭ� ɪɨɡɩɨɞɿɥɭ� ɉɿɫɥɹ� ɰɶɨɝɨ� ɩɟɪɟɜɿɪɹɽɬɶɫɹ�

ɜɿɞɩɨɜɿɞɧɿɫɬɶ�ɞɨɫɥɿɞɠɭɜɚɧɢɯ�ɡɧɚɱɟɧɶ�ɨɛɪɚɧɨɦɭ�ɡɚɤɨɧɭ�ɪɨɡɩɨɞɿɥɭ�ɡɚ�ɞɨɩɨɦɨɝɨɸ�

ɤɪɢɬɟɪɿɸ�ɡɝɨɞɢ��əɤɳɨ�ɪɨɡɪɚɯɨɜɚɧɟ�ɡɧɚɱɟɧɧɹ�ɤɪɢɬɟɪɿɸ�ɡɝɨɞɢ�ɦɟɧɲɟ�ɡɚ�ɬɚɛɥɢɱɧɟ��

ɬɨɞɿ� ɝɿɩɨɬɟɡɚ� ɩɪɨ� ɡɚɤɨɧ� ɪɨɡɩɨɞɿɥɭ� ɜɢɩɚɞɤɨɜɨʀ� ɜɟɥɢɱɢɧɢ� ɩɿɞɬɜɟɪɞɠɭɽɬɶɫɹ�� ɍ�

ɩɪɨɬɢɥɟɠɧɨɦɭ�ɜɢɩɚɞɤɭ�ɜɚɪɬɨ�ɡɦɿɧɢɬɢ�ɩɚɪɚɦɟɬɪɢ�ɡɚɤɨɧɭ�ɪɨɡɩɨɞɿɥɭ�ɚɛɨ�ɡɦɿɧɢɬɢ�

ɩɪɢɩɭɳɟɧɧɹ�ɩɪɨ�ɜɢɞ�ɡɚɤɨɧɭ�ɪɨɡɩɨɞɿɥɭ [62] 

ȼɢɱɟɪɩɧɚ� ɤɨɥɟɤɰɿɹ� ɦɟɬɨɞɿɜ� ɞɥɹ� ɫɬɚɬɢɫɬɢɱɧɨɝɨ� ɞɨɫɥɿɞɠɟɧɧɹ� ɜɢɩɚɞɤɨɜɨʀ�

ɜɟɥɢɱɢɧɢ� ɦɿɫɬɢɬɶɫɹ� ɭ� ɩɪɨɝɪɚɦɧɨɦɭ� ɡɚɛɟɡɩɟɱɟɧɧɿ� Stochastic Simulation in Java 

(SSJ) [63]. 

3.3 Ɇɟɬɨɞɢ�ɬɚ�ɡɚɫɨɛɢ ɪɨɡɪɨɛɤɢ�ɦɨɞɟɥɿ� 

Ɋɨɡɪɨɛɤɚ� ɦɨɞɟɥɿ� ɩɚɪɚɥɟɥɶɧɢɯ� ɨɛɱɢɫɥɟɧɶ� ɜɢɤɨɧɭɽɬɶɫɹ� ɦɟɬɨɞɨɦ� ɉɟɬɪɿ-

ɨɛ¶ɽɤɬɧɨɝɨ�ɦɨɞɟɥɸɜɚɧɧɹ��ɜɢɤɥɚɞɟɧɢɦ�ɭ�ɩɿɞɪɨɡɞɿɥɿ����� Ɍɟɯɧɨɥɨɝɿɹ�ɦɨɞɟɥɸɜɚɧɧɹ�

ɩɚɪɚɥɟɥɶɧɢɯ� ɨɛɱɢɫɥɟɧɶ� ɨɩɢɫɚɧɚ� ɞɟɬɚɥɶɧɨ� ɭ� ɩɿɞɪɨɡɞɿɥɿ� ����� Ɉɫɤɿɥɶɤɢ� ɞɿʀ� ɡ�

ɦɨɞɟɥɸɜɚɧɧɹ� ɧɚ� ɨɤɪɟɦɢɯ� ɟɬɚɩɚɯ� ɞɨɜɨɞɢɬɶɫɹ� ɜɢɤɨɧɭɜɚɬɢ� ɛɚɝɚɬɨɤɪɚɬɧɨ�� ɬɨ�

ɩɪɨɝɪɚɦɧɚ�ʀɯ�ɩɿɞɬɪɢɦɤɚ�ɩɪɢɲɜɢɞɲɭɽ�ɬɚ�ɩɨɥɟɝɲɭɽ�ɩɪɨɰɟɫ�ɪɨɡɪɨɛɤɢ�ɦɨɞɟɥɿ��Ⱦɥɹ�

ɩɿɞɬɪɢɦɤɢ�ɩɪɨɰɟɫɭ�ɪɨɡɪɨɛɤɢ�ɦɨɞɟɥɿ�ɪɨɡɪɨɛɥɟɧɨ�ɩɪɨɝɪɚɦɧɟ�ɡɚɛɟɡɩɟɱɟɧɧɹ�Parallel 

Program Simulation (PPS) [64, 52]. ɉɪɨɝɪɚɦɧɟ� ɡɚɛɟɡɩɟɱɟɧɧɹ� PPS ɪɟɚɥɿɡɭɽ� ɬɚɤɿ�

ɮɭɧɤɰɿʀ�ɞɥɹ�ɩɿɞɬɪɢɦɤɢ�ɪɨɡɪɨɛɤɢ�ɦɨɞɟɥɿ� 

� ɪɨɡɪɨɛɤɚ�ɦɟɪɟɠɿ�ɉɟɬɪɿ�ɭ�ɝɪɚɮɿɱɧɨɦɭ�ɪɟɞɚɤɬɨɪɿ�ɦɟɪɟɠ�ɉɟɬɪɿ; 

� ɡɛɟɪɟɠɟɧɧɹ�ɦɟɪɟɠɿ�ɉɟɬɪɿ�ɭ�ɞɜɨɯ�ɮɨɪɦɚɬɚɯ�- ɝɪɚɮɿɱɧɟ�ɡɨɛɪɚɠɟɧɧɹ�ɬɚ��

ɭ�ɜɢɝɥɹɞɿ�ɦɟɬɨɞɭ; 

� ɪɟɞɚɝɭɜɚɧɧɹ�ɩɚɪɚɦɟɬɪɿɜ�ɦɨɞɟɥɿ� 

� ɚɧɿɦɚɰɿɹ�ɿɦɿɬɚɰɿʀ�ɹɤ�ɬɟɫɬɭɜɚɧɧɹ�ɦɨɞɟɥɿ� 

� ɜɢɜɟɞɟɧɧɹ�ɩɪɨɬɨɤɨɥɭ�ɩɨɞɿɣ�ɡ�ɞɟɬɚɥɿɡɨɜɚɧɢɦ�ɜɿɞɬɜɨɪɟɧɧɹ�ɡɦɿɧɢ�ɫɬɚɧɭ�

ɦɨɞɟɥɿ�                  

Ɋɨɡɪɨɛɤɚ� ɦɟɪɟɠɿ� ɪɨɡɩɨɱɢɧɚɽɬɶɫɹ� ɿɡ� ɡɚɩɭɫɤɭ� ɡɚɫɬɨɫɭɧɤɭ�� ɜɧɚɫɥɿɞɨɤ� ɱɨɝɨ�

ɜɿɞɤɪɢɜɚɽɬɶɫɹ� ɝɪɚɮɿɱɧɢɣ� ɪɟɞɚɤɬɨɪ�� ɇɚɣɜɚɠɥɢɜɿɲɢɣ ɟɥɟɦɟɧɬ� ɿɧɬɟɪɮɟɣɫɭ ɧɚ�

ɞɚɧɨɦɭ� ɟɬɚɩɿ� ± ɩɚɧɟɥɶ ɿɧɫɬɪɭɦɟɧɬɿɜ� ɬɚ�ɲɚɛɥɨɧɿɜ ± ɪɨɡɦɿɳɭɽɬɶɫɹ� ɭ� ɝɨɥɨɜɧɨɦɭ�
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ɜɿɤɧɿ� ɡɚɫɬɨɫɭɧɤɭ� �ɪɢɫ. 3.1)�� Ɂɚ� ɞɨɩɨɦɨɝɨɸ� ɞɚɧɢɯ� ɿɧɫɬɪɭɦɟɧɬɿɜ�� ɜɥɚɫɧɟ�� ɿ�

ɜɿɞɛɭɜɚɽɬɶɫɹ�ɩɨɛɭɞɨɜɚ�ɦɟɪɟɠɿ�ɉɟɬɪɿ�  

 
Ɋɢɫɭɧɨɤ�����± ɉɚɧɟɥɶ�ɿɧɫɬɪɭɦɟɧɬɿɜ�ɬɚ�ɲɚɛɥɨɧɿɜ 

ɉɚɧɟɥɿ�ɿɧɫɬɪɭɦɟɧɬɿɜ�ɬɚ�ɲɚɛɥɨɧɿɜ�ɨɤɪɿɦ�ɫɬɚɧɞɚɪɬɧɢɯ�ɿɧɫɬɪɭɦɟɧɬɿɜ�ɪɨɡɪɨɛɤɢ�

ɦɟɪɟɠɿ�ɉɟɬɪɿ�ɦɿɫɬɢɬɶ ɬɚɤɨɠ�ɲɚɛɥɨɧɢ�ɞɥɹ�ɦɨɞɟɥɸɜɚɧɧɹ�ɩɚɪɚɥɟɥɶɧɢɯ�ɨɛɱɢɫɥɟɧɶ��

ɨɩɢɫɚɧɿ�ɭ�ɩɿɞɪɨɡɞɿɥɿ����� 

ɉɨɛɭɞɨɜɚ�ɦɟɪɟɠɿ ɜɿɞɛɭɜɚɽɬɶɫɹ�ɭ�ɪɨɛɨɱɿɣ�ɩɚɧɟɥɿ��ɪɨɡɦɿɳɟɧɿɣ��ɜ�ɰɟɧɬɪɿ�ɜɿɤɧɚ �ɪɢɫ��

3.2). Ɋɨɛɨɱɚ� ɩɚɧɟɥɶ� ɪɨɡɞɿɥɟɧɚ� ɧɚ� ɱɨɬɢɪɢ� ɨɛɥɚɫɬɿ�� ɩɚɧɟɥɶ� ɡɛɟɪɟɠɟɧɢɯ� ɦɟɬɨɞɿɜ-

ɤɪɿɟɣɬɨɪɿɜ� ɦɟɪɟɠ� ɉɟɬɪɿ�� ɩɚɧɟɥɶ� ɿɧɫɬɪɭɦɟɧɬɿɜ� ɬɚ� ɲɚɛɥɨɧɿɜ�� ɩɚɧɟɥɶ� ɝɪɚɮɿɱɧɨɝɨ�

ɪɟɞɚɤɬɨɪɚ� ɦɟɪɟɠɿ� ɉɟɬɪɿ�� ɩɚɧɟɥɶ� ɜɢɜɨɞɭ� ɪɟɡɭɥɶɬɚɬɿɜ� ɦɨɞɟɥɸɜɚɧɧɹ� �ɩɪɨɬɨɤɨɥ�

ɩɨɞɿɣ�ɬɚ�ɫɬɚɬɢɫɬɢɱɧɿ ɡɧɚɱɟɧɧɹ). ȼɚɪɬɨ�ɜɿɞɦɿɬɢɬɢ�ɧɚɹɜɧɿɫɬɶ�ɪɟɞɚɤɬɨɪɚ�ɩɚɪɚɦɟɬɪɿɜ�

ɟɥɟɦɟɧɬɿɜ� ɦɟɪɟɠɿ� ɉɟɬɪɿ�� ɹɤɢɣ� ɜɿɞɤɪɢɜɚɽɬɶɫɹ� ɜ� ɨɤɪɟɦɨɦɭ� ɜɿɤɧɿ�� ɍ� ɜɢɩɚɞɤɭ�

ɜɤɚɡɭɜɚɧɧɹ�ɩɚɪɚɦɟɬɪɭ�ɭ�ɜɢɝɥɹɞɿ�ɪɹɞɤɨɜɨɝɨ�ɡɧɚɱɟɧɧɹ� �ɡɚɦɿɫɬɶ�ɱɢɫɥɨɜɨɝɨ��ɬɚɤɢɣ�

ɩɚɪɚɦɟɬɪ�ɿɧɬɟɪɩɪɟɬɭɽɬɶɫɹ�ɹɤ�ɚɪɝɭɦɟɧɬ�ɦɟɬɨɞɚ-ɤɪɿɟɣɬɨɪɚ�ɦɟɪɟɠɿ�ɉɟɬɪɿ�  

 
Ɋɢɫɭɧɨɤ���2 ± Ɋɨɛɨɱɚ�ɩɚɧɟɥɶ�ɡ�ɜɿɞɤɪɢɬɢɦ�ɲɚɛɥɨɧɨɦ�©ɩɭɥ�ɩɨɬɨɤɿɜª��ȼɿɤɧɨ�ɡɦɿɧɢ�

ɩɚɪɚɦɟɬɪɿɜ�ɩɟɪɟɯɨɞɭ�"execute" ɲɚɛɥɨɧɭ�©ɩɭɥ�ɩɨɬɨɤɿɜª 

Ɍɟɫɬɭɜɚɧɧɹ�ɪɨɡɪɨɛɥɟɧɨʀ�ɦɟɪɟɠɿ�ɉɟɬɪɿ�ɡɞɿɣɫɧɸɽɬɶɫɹ�ɡɚɩɭɫɤɨɦ�ɿɦɿɬɚɰɿʀ�ɩɪɢ�

ɪɿɡɧɢɯ�ɩɨɱɚɬɤɨɜɢɯ�ɦɚɪɤɿɪɭɜɚɧɧɹɯ��Ɋɟɡɭɥɶɬɚɬ�ɿɦɿɬɚɰɿʀ��ɩɪɟɞɫɬɚɜɥɟɧɢɣ�ɩɪɨɬɨɤɨɥɨɦ�

ɩɨɞɿɣ� ɬɚ� ɫɬɚɬɢɫɬɢɱɧɢɦɢ� ɡɧɚɱɟɧɧɹɦɢ�� ɳɨ� ɯɚɪɚɤɬɟɪɢɡɭɸɬɶ� ɫɬɚɧ� ɩɨɡɢɰɿɣ� ɬɚ�
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ɩɟɪɟɯɨɞɿɜ�� ɩɟɪɟɜɿɪɹɽɬɶɫɹ� ɧɚ� ɜɿɞɩɨɜɿɞɧɿɫɬɶ� ɨɱɿɤɭɜɚɧɨɦɭ� ɫɰɟɧɚɪɿɸ� ɩɨɞɿɣ� ɬɚ� ʀɯ�

ɱɢɫɟɥɶɧɨɦɭ�ɪɟɡɭɥɶɬɚɬɭ� 

ȼɿɞɬɜɨɪɟɧɧɹ� ɩɨɞɿɣ� ɜ� ɱɚɫɿ� ɜɿɞɛɭɜɚɽɬɶɫɹ� ɡɚ� ɚɥɝɨɪɢɬɦɨɦ� ɿɦɿɬɚɰɿʀ�� ɳɨ�

ɫɤɥɚɞɟɧɢɣ�ɭ�ɜɿɞɩɨɜɿɞɧɨɫɬɿ�ɞɨ�ɦɚɬɟɦɚɬɢɱɧɨɝɨ�ɨɩɢɫɭ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɨʀ�ɦɨɞɟɥɿ [65]. 

Ⱥɥɝɨɪɢɬɦ�ɿɦɿɬɚɰɿʀ�ɫɤɥɚɞɚɽɬɶɫɹ�ɡ�ɬɚɤɢɯ�ɨɫɧɨɜɧɢɯ�ɤɪɨɤɿɜ�� 

� ɜɜɟɞɟɧɧɹ� ɩɨɱɚɬɤɨɜɢɯ� ɞɚɧɢɯ� ɞɥɹ� ɿɦɿɬɚɰɿʀ� �ɟɥɟɦɟɧɬɢ� ɦɨɞɟɥɿ�� ɱɚɫ�

ɦɨɞɟɥɸɜɚɧɧɹ�; 

� ɞɨɤɢ�ɧɟ�ɜɢɤɨɧɚɧɚ�ɭɦɨɜɚ�ɡɚɜɟɪɲɟɧɧɹ�ɿɦɿɬɚɰɿʀ: 

� ɜɿɞɲɭɤɚɬɢ� ɦɨɦɟɧɬ� ɧɚɣɛɥɢɠɱɨʀ� ɩɨɞɿʀ� �ɪɿɜɧɢɣ� ɧɚɣɦɟɧɲɨɦɭ� ɡ�

ɭɫɿɯ�ɡɧɚɱɟɧɶ�ɧɚɣɛɥɢɠɱɨʀ�ɩɨɞɿʀ��ɳɨ�ɜɢɡɧɚɱɟɧɿ�ɭ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɚɯ�

ɡɚ� ɧɚɣɦɟɧɲɢɦ� ɡ� ɭɫɿɯ� ɡɧɚɱɟɧɶ� ɜɢɯɨɞɭ� ɦɚɪɤɟɪɿɜ� ɡ� ɩɟɪɟɯɨɞɿɜ�

ɦɟɪɟɠɿ� ɉɟɬɪɿ�� ɹɤɳɨ� ɉɟɬɪɿ-ɨɛ¶ɽɤɬɿɜ� ɡ� ɧɚɣɛɥɢɠɱɨɸ� ɩɨɞɿɽɸ�

ɞɟɤɿɥɶɤɚ��ɬɨ�ɪɨɡɜ¶ɹɡɚɬɢ�ɤɨɧɮɥɿɤɬ�ɦɿɠ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɚɦɢ; 

� ɩɪɨɫɭɧɭɬɢ�ɱɚɫ�ɭ�ɦɨɦɟɧɬ�ɧɚɣɛɥɢɠɱɨʀ�ɩɨɞɿʀ; 

� ɞɥɹ�ɭɫɿɯ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɿɜ, ɱɚɫ�ɜɢɯɨɞɭ�ɦɚɪɤɟɪɿɜ�ɹɤɢɯ�ɫɩɿɜɩɚɞɚɽ�ɡ�

ɩɨɬɨɱɧɢɦ�ɦɨɦɟɧɬɨɦ� ɜɢɤɨɧɚɬɢ��ɛɚɝɚɬɨɤɪɚɬɧɢɣ��ɜɢɯɿɞ�ɦɚɪɤɟɪɿɜ�

ɡ�ɩɟɪɟɯɨɞɿɜ�ɦɟɪɟɠɿ�ɉɟɬɪɿ� ɬɚ� �ɛɚɝɚɬɨɤɪɚɬɧɢɣ�� ɜɯɿɞ�ɦɚɪɤɟɪɿɜ� ɜ�

ɩɟɪɟɯɨɞɢ�ɦɟɪɟɠɿ�ɉɟɬɪɿ; 

� ɞɥɹ� ɭɫɿɯ� ɉɟɬɪɿ-ɨɛ¶ɽɤɬɿɜ ɜɢɤɨɧɚɬɢ� ɜɯɿɞ� ɦɚɪɤɟɪɿɜ� ɜ� ɩɟɪɟɯɨɞɢ�

ɦɟɪɟɠɿ�ɉɟɬɪɿ��ɹɤɳɨ�ɡɦɿɧɢɜɫɹ�ɫɬɚɧ�ɫɩɿɥɶɧɢɯ�ɩɨɡɢɰɿɣ�; 

� ɜɢɜɟɫɬɢ�ɪɟɡɭɥɶɬɚɬɢ�ɿɦɿɬɚɰɿʀ� 

 ɍɦɨɜɨɸ� ɡɚɜɟɪɲɟɧɧɹ� ɦɨɞɟɥɸɜɚɧɧɹ� ɭ� ɤɥɚɫɢɱɧɨɦɭ� ɚɥɝɨɪɢɬɦɿ� ɿɦɿɬɚɰɿʀ� ɽ�

ɞɨɫɹɝɧɟɧɧɹ� ɦɨɦɟɧɬɭ� ɱɚɫɭ�� ɛɿɥɶɲɨɝɨ� ɡɚ� ɡɚɞɚɧɢɣ� ɱɚɫ� ɦɨɞɟɥɸɜɚɧɧɹ�� ɍ� ɜɢɩɚɞɤɭ�

ɿɦɿɬɚɰɿʀ� ɩɚɪɚɥɟɥɶɧɢɯ� ɨɛɱɢɫɥɟɧɶ� ɡ� ɦɟɬɨɸ� ɨɰɿɧɸɜɚɧɧɹ� ɲɜɢɞɤɨɞɿʀ� ɭɦɨɜɨɸ�

ɡɚɜɟɪɲɟɧɧɹ�ɿɦɿɬɚɰɿʀ�ɽ�ɞɨɫɹɝɧɟɧɧɹ�ɫɬɚɧɭ�ɦɨɞɟɥɿ��ɹɤɢɣ�ɨɡɧɚɱɚɽ�ɡɚɜɟɪɲɟɧɧɹ�ɩɪɨɰɟɫɭ�

ɨɛɱɢɫɥɟɧɶ� �ɦɚɪɤɿɪɭɜɚɧɧɹ� ɜɿɞɩɨɜɿɞɧɨʀ� ɩɨɡɢɰɿʀ� ɩɪɢɣɦɚɽ� ɡɧɚɱɟɧɧɹ� ���� ɚ� ɡɧɚɱɟɧɧɹ�

ɱɚɫɭ�ɧɚ�ɦɨɦɟɧɬ�ɞɨɫɹɝɧɟɧɧɹ�ɰɶɨɝɨ�ɫɬɚɧɭ�ɽ�ɨɰɿɧɤɨɸ�ɱɚɫɭ�ɜɢɤɨɧɚɧɧɹ�ɨɛɱɢɫɥɟɧɶ� 

ȼɿɡɭɚɥɿɡɚɰɿɹ� ɩɨɤɪɨɤɨɜɨɝɨ� ɜɿɞɬɜɨɪɟɧɧɹ� ɩɨɞɿɣ� ɩɿɞɬɪɢɦɭɽɬɶɫɹ� ɚɧɿɦɚɰɿɽɸ�

ɡɦɿɧɸɜɚɧɧɹ� ɫɬɚɧɭ� ɦɟɪɟɠɿ� ɉɟɬɪɿ �ɪɢɫ�� ������ Ⱦɚɧɚ� ɨɩɰɿɹ� ɫɩɪɢɹɽ� ɲɜɢɞɤɨɦɭ�
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ɜɢɹɜɥɟɧɧɸ� ɩɨɦɢɥɨɤ� ɩɪɢ� ɤɨɧɫɬɪɭɸɜɚɧɧɿ� ɦɟɪɟɠɿ�� Ⱥɞɠɟ� ɫɬɚɽ� ɦɨɠɥɢɜɢɦ�

ɜɿɞɫɬɟɠɟɧɧɹ�ɜɯɨɞɿɜ�ɬɚ�ɜɢɯɨɞɿɜ�ɦɚɪɤɟɪɿɜ�ɡ�ɩɟɪɟɯɨɞɿɜ� 

 
Ɋɢɫɭɧɨɤ���3 ± Ⱥɧɿɦɚɰɿɹ�ɡɦɿɧɸɜɚɧɧɹ�ɫɬɚɧɭ�ɦɟɪɟɠɿ�ɉɟɬɪɿ� 

ɉɿɫɥɹ� ɩɨɛɭɞɨɜɢ� ɦɟɪɟɠɿ� ɽ� ɦɨɠɥɢɜɿɫɬɶ� ɡɛɟɪɟɝɬɢ� ɪɨɡɪɨɛɥɟɧɭ� ɦɟɪɟɠɭ� ɹɤ�

ɦɟɬɨɞ-ɤɪɿɟɣɬɨɪ� ɤɥɚɫɭ  NetLibrary�� ɹɤɢɣ� ɫɬɜɨɪɸɽɬɶɫɹ� ɚɜɬɨɦɚɬɢɡɨɜɚɧɨ� ɧɚ� ɨɫɧɨɜɿ�

ɝɪɚɮɿɱɧɨ� ɩɨɛɭɞɨɜɚɧɨʀ ɦɟɪɟɠɿ. Ɉɤɪɿɦ� ɰɶɨɝɨ�� ɽ� ɬɚɤɨɠ� ɦɨɠɥɢɜɿɫɬɶ� ɡɛɟɪɟɠɟɧɧɹ�

ɦɟɪɟɠɿ� ɭ� ɝɪɚɮɿɱɧɨɦɭ� ɜɢɝɥɹɞɿ� ɞɥɹ� ɩɨɞɚɥɶɲɨɝɨ� ʀʀ� ɪɟɞɚɝɭɜɚɧɧɹ� ɡɚ� ɩɨɬɪɟɛɢ��

Ɂɛɟɪɟɠɟɧɢɣ� ɦɟɬɨɞ-ɤɪɿɟɣɬɨɪ� ɦɨɠɧɚ� ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ� ɞɥɹ� ɫɬɜɨɪɟɧɧɹ� ɉɟɬɪɿ-

ɨɛ¶ɽɤɬɿɜ� ɉɪɢ� ɡɛɟɪɟɠɟɧɧɿ� ɦɟɪɟɠɿ� ɉɟɬɪɿ� ɜɿɞɛɭɜɚɽɬɶɫɹ� ɩɟɪɟɜɿɪɤɚ� ɧɚ� ɤɨɪɟɤɬɧɿɫɬɶ�

ɩɨɛɭɞɨɜɢ�ɦɟɪɟɠɿ��ɧɚɹɜɧɿɫɬɶ�ɯɨɱɚ�ɛ�ɨɞɧɿɽʀ�ɜɯɿɞɧɨʀ�ɬɚ�ɯɨɱɚ�ɛ�ɨɞɧɿɽʀ�ɜɢɯɿɞɧɨʀ�ɩɨɡɢɰɿʀ�

ɭ�ɤɨɠɧɨɝɨ�ɩɟɪɟɯɨɞɭ��ɧɚɹɜɧɿɫɬɶ�ɯɨɱɚ�ɛ�ɨɞɧɿɽʀ�ɡɜɢɱɚɣɧɨʀ�ɜɯɿɞɧɨʀ�ɩɨɡɢɰɿʀ�ɭ�ɜɢɩɚɞɤɭ�

ɧɚɹɜɧɨɫɬɿ� ɜɯɿɞɧɨʀ� ɩɨɡɢɰɿʀ� ɡ� ɿɧɮɨɪɦɚɰɿɣɧɨɸ� ɞɭɝɨɸ�� ɇɟɜɿɞ¶ɽɦɧɿɫɬɶ� ɝɟɧɟɪɨɜɚɧɢɯ�

ɡɧɚɱɟɧɶ�ɱɚɫɨɜɢɯ�ɡɚɬɪɢɦɨɤ�ɩɟɪɟɜɿɪɹɽɬɶɫɹ�ɜ�ɯɨɞɿ�ɿɦɿɬɚɰɿʀ� 

Ɋɨɡɪɨɛɤɚ� ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɨʀ� ɦɨɞɟɥɿ� ɩɿɞɬɪɢɦɭɽɬɶɫɹ� ɤɥɚɫɚɦɢ� ɬɚ� ɦɟɬɨɞɚɦɢ�

ɛɿɛɥɿɨɬɟɤɢ� PetriObjLib[66]. Ʉɥɚɫ� PetriSim ɰɿɽʀ� ɛɿɛɥɿɨɬɟɤɢ� ɽ� ɫɭɩɟɪɤɥɚɫɨɦ� ɞɥɹ�

ɫɬɜɨɪɟɧɧɹ� ɉɟɬɪɿ-ɨɛ¶ɽɤɬɿɜ�� Ʉɨɧɫɬɪɭɤɬɨɪ� ɰɶɨɝɨ� ɤɥɚɫɭ� ɜɢɤɨɪɢɫɬɨɜɭɽ� ɜ� ɫɜɨɽɦɭ�

ɚɪɝɭɦɟɧɬɿ� ɦɟɪɟɠɭ� ɉɟɬɪɿ�� Ɍɚɤɚ� ɦɟɪɟɠɚ� ɦɨɠɟ� ɛɭɬɢ� ɩɪɨɞɭɤɨɜɚɧɚ� ɦɟɬɨɞɨɦ-

ɤɪɿɟɣɬɨɪɨɦ�� ɋɚɦɟ� ɬɚɤɢɣ� ɫɩɨɫɿɛ� ɞɨɡɜɨɥɹɽ� ɫɬɜɨɪɢɬɢ� ɩɨɬɪɿɛɧɭ� ɤɿɥɶɤɿɫɬɶ� ɉɟɬɪɿ-
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ɨɛ¶ɽɤɬɿɜ� ɡ� ɨɞɧɚɤɨɜɨɸ�ɞɢɧɚɦɿɤɨɸ�� ɬɨɛɬɨ� ɬɢɪɚɠɭɜɚɬɢ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɢ��ɉɪɢ�ɰɶɨɦɭ�

ɩɚɪɚɦɟɬɪɢ� ɉɟɬɪɿ-ɨɛ¶ɽɤɬɿɜ� ɦɨɠɧɚ� ɡɦɿɧɸɜɚɬɢ�� ɉɿɫɥɹ� ɫɬɜɨɪɟɧɧɹ� ɉɟɬɪɿ-ɨɛ¶ɽɤɬɿɜ�

ɜɚɠɥɢɜɨ� ɜɤɚɡɚɬɢ� ɡɜ¶ɹɡɤɢ� ɦɿɠ� ɧɢɦɢ� ɱɟɪɟɡ� ɫɩɿɥɶɧɿ� ɩɨɡɢɰɿʀ�� Ⱦɥɹ� ɰɶɨɝɨ� ɩɨɡɢɰɿɹ�

ɨɞɧɨɝɨ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɚ�ɨɬɨɬɨɠɧɸɽɬɶɫɹ�ɡ�ɩɨɡɢɰɿɽɸ�ɞɪɭɝɨɝɨ�� 

Ʉɥɚɫ�PetriObjModel ɡɝɚɞɚɧɨʀ�ɛɿɛɥɿɨɬɟɤɢ�ɧɟɨɛɯɿɞɧɢɣ�ɞɥɹ�ɫɬɜɨɪɟɧɧɹ�ɉɟɬɪɿ-

ɨɛ¶ɽɤɬɧɨʀ�ɦɨɞɟɥɿ��Ʉɨɧɫɬɪɭɤɬɨɪ�ɞɚɧɨɝɨ�ɤɥɚɫɭ�ɩɪɢɣɦɚɽ�ɜ�ɫɜɨɽɦɭ�ɚɪɝɭɦɟɧɬɿ�ɫɩɢɫɨɤ�

ɉɟɬɪɿ-ɨɛ¶ɽɤɬɿɜ��Ɂɚɩɭɫɤ�ɦɨɞɟɥɿ�ɧɚ�ɿɦɿɬɚɰɿɸ�ɡɞɿɣɫɧɸɽɬɶɫɹ�ɦɟɬɨɞɨɦ�go()��ɜ�ɚɪɝɭɦɟɧɬɿ�

ɹɤɨɝɨ�ɜɤɚɡɭɽɬɶɫɹ�ɬɪɢɜɚɥɿɫɬɶ�ɿɦɿɬɚɰɿʀ�ɜ�ɨɞɢɧɢɰɹɯ�ɦɨɞɟɥɶɧɨɝɨ�ɱɚɫɭ� 

ɉɪɢɤɥɚɞɢ�ɪɨɡɪɨɛɤɢ�ɦɨɞɟɥɟɣ�ɞɟɦɨɧɫɬɪɭɜɚɥɢɫɶ�ɭ�ɩɿɞɪɨɡɞɿɥɿ����. 

3.4 Ɇɟɬɨɞ�ɨɩɬɢɦɿɡɚɰɿʀ ɩɚɪɚɦɟɬɪɿɜ 

Ɂɚɝɚɥɨɦ��ɫɭɬɶ�ɦɟɬɨɞɭ�ɨɩɬɢɦɿɡɚɰɿʀ�ɩɚɪɚɦɟɬɪɿɜ�ɩɨɥɹɝɚɽ�ɭ�ɜɢɡɧɚɱɟɧɧɿ ɧɚɛɨɪɭ 

ɩɚɪɚɦɟɬɪɿɜ��ɹɤɿ�ɜɩɥɢɜɚɸɬɶ�ɧɚ�ɟɮɟɤɬɢɜɧɿɫɬɶ�ɚɥɝɨɪɢɬɦɭ��ɬɚ�ɜɚɪɿɸɜɚɧɧɿ ɡɧɚɱɟɧɶ�ɰɢɯ�

ɩɚɪɚɦɟɬɪɿɜ� ɭ� ɦɨɞɟɥɿ� ɞɥɹ� ɜɢɡɧɚɱɟɧɧɹ ɨɩɬɢɦɚɥɶɧɢɯ ɩɚɪɚɦɟɬɪɿɜ�� ɳɨ� ɝɚɪɚɧɬɭɸɬɶ�

ɧɚɣɜɢɳɭ� ɟɮɟɤɬɢɜɧɿɫɬɶ� ɚɥɝɨɪɢɬɦɭ� Ʉɪɢɬɟɪɿɽɦ� ɨɩɬɢɦɿɡɚɰɿʀ� ɽ� ɦɿɧɿɦɿɡɚɰɿɹ� ɱɚɫɭ�

ɜɢɤɨɧɚɧɧɹ�ɚɥɝɨɪɢɬɦɭ� 

ሺ݊ǡ݁ܿ݊ܽ݉ݎ݋݂ݎ݁ܲ݁݉݅ܶ ݈ሻ ՜ ݉݅݊, 

݊ǡ ݈ ± ɞɨɫɥɿɞɠɭɜɚɧɿ�ɩɚɪɚɦɟɬɪɢ�ɩɚɪɚɥɟɥɶɧɨɝɨ�ɚɥɝɨɪɢɬɦɭ� 

 ɉɿɞ�ɱɚɫ�ɡɚɫɬɨɫɭɜɚɧɧɹ�ɦɟɬɨɞɭ�ɨɩɬɢɦɿɡɚɰɿʀ�ɧɚ�ɟɬɚɩɿ�ɜɢɡɧɚɱɟɧɧɹ�ɩɚɪɚɦɟɬɪɿɜ��

ɳɨ� ɜɩɥɢɜɚɸɬɶ� ɧɚ� ɟɮɟɤɬɢɜɧɿɫɬɶ� ɩɚɪɚɥɟɥɶɧɨɝɨ� ɚɥɝɨɪɢɬɦɭ�� ɜ� ɡɚɥɟɠɧɨɫɬɿ� ɜɿɞ�

ɤɿɥɶɤɨɫɬɿ� ɩɚɪɚɦɟɬɪɿɜ�� ɦɨɠɥɢɜɟ� ɡɚɫɬɨɫɭɜɚɧɧɹ� ɨɞɧɨɝɨ� ɡ ɞɜɨɯ ɦɟɬɨɞɿɜ ɩɨɲɭɤɭ�

ɨɩɬɢɦɚɥɶɧɢɯ�ɩɚɪɚɦɟɬɪɿɜ�� 

ɍ� ɜɢɩɚɞɤɭ�� ɤɨɥɢ� ɤɿɥɶɤɿɫɬɶ� ɩɚɪɚɦɟɬɪɿɜ�� ɳɨ� ɞɨɫɥɿɞɠɭɸɬɶɫɹ�� ɦɟɧɲɟ� ɚɛɨ�

ɞɨɪɿɜɧɸɽ� ��� ɫɥɿɞ� ɡɚɫɬɨɫɭɜɚɬɢ� ɚɞɚɩɬɢɜɧɢɣ� ɩɨɤɪɨɤɨɜɢɣ� ɚɥɝɨɪɢɬɦ ɨɩɬɢɦɿɡɚɰɿʀ ɡɿ�

ɡɦɿɧɧɢɦ�ɤɪɨɤɨɦ. ȼɿɧ�ɽ�ɬɨɱɧɢɦ, ɨɫɤɿɥɶɤɢ ɦɧɨɠɢɧɚ�ɡɧɚɱɟɧɶ�ɤɨɠɧɨɝɨ�ɩɚɪɚɦɟɬɪɚ�ɽ�

ɞɢɫɤɪɟɬɧɨɸ�ɬɚ�ɨɛɦɟɠɟɧɨɸ��Ɇɟɬɨɞ�ɩɨɥɹɝɚɽ�ɜ�ɬɨɦɭ��ɳɨ�ɩɪɢ�ɮɿɤɫɨɜɚɧɨɦɭ�ɡɧɚɱɟɧɧɿ�

ɨɞɧɨɝɨ� ɩɚɪɚɦɟɬɪɚ� ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ� ɛɭɞɭɽɬɶɫɹ� ɡɚɥɟɠɧɿɫɬɶ� ɱɚɫɭ� ɜɢɤɨɧɚɧɧɹ�

ɩɚɪɚɥɟɥɶɧɨɝɨ� ɚɥɝɨɪɢɬɦɭ� ɩɨ� ɜɫɿɦ� ɦɨɠɥɢɜɢɦ� ɡɧɚɱɟɧɧɹɦ� ɞɪɭɝɨɝɨ� ɩɚɪɚɦɟɬɪɚ��

Ʉɿɥɶɤɿɫɬɶ� ɬɚɤɢɯ� ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ� ɨɞɧɨɜɢɦɿɪɧɢɯ� ɡɚɥɟɠɧɨɫɬɟɣ� ɞɨɪɿɜɧɸɽ�
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ɤɿɥɶɤɨɫɬɿ�ɦɨɠɥɢɜɢɯ�ɡɧɚɱɟɧɶ�ɞɪɭɝɨɝɨ�ɩɚɪɚɦɟɬɪɚ��Ɉɩɬɢɦɚɥɶɧɟ�ɡɧɚɱɟɧɧɹ�ɡɚɞɚɽɬɶɫɹ�

ɬɿɽɸ�ɨɞɧɨɜɢɦɿɪɧɨɸ�ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɸ�ɤɪɢɜɨɸ��ɧɚ�ɹɤɿɣ�ɞɨɫɹɝɚɽɬɶɫɹ�ɦɿɧɿɦɚɥɶɧɟ�

ɡɧɚɱɟɧɧɹ�ɱɚɫɭ�ɜɢɤɨɧɚɧɧɹ�ɩɚɪɚɥɟɥɶɧɨɝɨ�ɚɥɝɨɪɢɬɦɭ��Ɂɧɚɱɟɧɧɹ�ɩɟɪɲɨɝɨ�ɩɚɪɚɦɟɬɪɚ�

ɜɿɞɩɨɜɿɞɚɽ� ɨɩɬɢɦɭɦɭ� ɜɿɞɩɨɜɿɞɧɨʀ� ɨɞɧɨɜɢɦɿɪɧɨʀ� ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨʀ� ɤɪɢɜɨʀ��

ɡɧɚɱɟɧɧɹ�ɞɪɭɝɨɝɨ�ɩɚɪɚɦɟɬɪɚ�± ɰɟ�ɡɧɚɱɟɧɧɹ��ɞɥɹ�ɹɤɨɝɨ�ɰɹ�ɤɪɢɜɚ�ɩɨɛɭɞɨɜɚɧɚ��Ɂɚ�

ɩɨɛɭɞɨɜɨɸ�ɨɬɪɢɦɚɧɢɣ�ɦɟɬɨɞ�ɽ�ɬɨɱɧɢɦ� 

ɍ� ɜɢɩɚɞɤɭ�� ɤɨɥɢ� ɤɿɥɶɤɿɫɬɶ� ɩɚɪɚɦɟɬɪɿɜ� ɨɩɬɢɦɿɡɚɰɿʀ� ɜɿɞ 2 ɿ� ɛɿɥɶɲɟ, 

ɩɪɨɩɨɧɭɽɬɶɫɹ�ɭ�ɪɚɦɤɚɯ�ɩɨɫɬɚɜɥɟɧɨʀ�ɡɚɞɚɱɿ�ɪɟɚɥɿɡɚɰɿɹ�ɟɜɪɢɫɬɢɱɧɨɝɨ�ɦɟɬɨɞɭ, ɳɨ�

ɛɚɡɭɽɬɶɫɹ� ɧɚ� ɟɜɨɥɸɰɿɣɧɨɦɭ ɚɥɝɨɪɢɬɦɿ �ɭɡɚɝɚɥɶɧɟɧɚ� ɜɟɪɫɿɹ� ɝɟɧɟɬɢɱɧɨɝɨ�

ɚɥɝɨɪɢɬɦɭ� [61]. ȿɥɟɦɟɧɬɨɦ� ɩɨɩɭɥɹɰɿʀ ɹɜɥɹɽɬɶɫɹ� ɧɚɛɿɪ� ɡɧɚɱɟɧɶ� ɩɚɪɚɦɟɬɪɿɜ�

ɩɚɪɚɥɟɥɶɧɢɯ� ɨɛɱɢɫɥɟɧɶ� ɩɨ ɞɜɚ ɚɛɨ� ɛɿɥɶɲɟ ɩɚɪɚɦɟɬɪɢ (ɧɚɩɪɢɤɥɚɞ�� ɫɤɥɚɞɧɿɫɬɶ�

ɩɿɞɡɚɞɚɱ�ɬɚ�ɥɿɦɿɬ�ɛɭɮɟɪɚ�ɡɨɜɧɿɲɧɿɯ�ɩɨɞɿɣ) ɞɥɹ�ɤɨɠɧɨʀ�ɨɫɨɛɢ�ɩɨɩɭɥɹɰɿʀ:  

ܣ ൌ ሼܣሺ௜ሻሽ, 

ሺ௜ሻܣ ൌ ሺ݊ଵǡ ǥ�݊௞ሻ, 

ɞɟ ܣሺ௜ሻ ± ɿ-ɬɚ�ɨɫɨɛɚ�ɩɨɩɭɥɹɰɿʀ� 

௝݊  ± j-ɬɢɣ�ɩɚɪɚɦɟɬɪ�ɨɫɨɛɢ�� 

݇ ± ɤɿɥɶɤɿɫɬɶ ɩɚɪɚɦɟɬɪɿɜ ɨɫɨɛɢ.  

ɉɪɨɝɪɚɦɧɚ�ɪɟɚɥɿɡɚɰɿɹ�ɨɫɨɛɢ�ɩɨɩɭɥɹɰɿʀ ɜɢɝɥɹɞɚɽ�ɹɤ� java-ɤɥɚɫ� Individual��ɭ�

ɩɨɥɹɯ� ɹɤɨɝɨ� ɦɿɫɬɹɬɶɫɹ� ɤɿɥɶɤɿɫɬɶ� ɩɚɪɚɦɟɬɪɿɜ� ɿ� ɦɚɫɢɜɢ� ɦɿɧɿɦɚɥɶɧɢɯ� ɬɚ�

ɦɚɤɫɢɦɚɥɶɧɢɯ� ɡɧɚɱɟɧɶ� ɩɚɪɚɦɟɬɪɿɜ�� ɚ� ɜ� ɤɨɧɫɬɪɭɤɬɨɪɿ, ɞɟ ɱɟɪɟɡ ɚɪɝɭɦɟɧɬ�

ɩɟɪɟɞɚɽɬɶɫɹ�ɤɿɥɶɤɿɫɬɶ�ɩɪɨɝɨɧɿɜ��ɫɬɜɨɪɸɽɬɶɫɹ�ɦɚɫɢɜ ɡɧɚɱɟɧɶ�ɩɚɪɚɦɟɬɪɿɜ�ɞɥɹ�ɨɞɧɿɽʀ�

ɨɫɨɛɢ� 
public class Individual { 

private static int numParams; 
private final int[] params; 
private static int[] mins; 
private static int[] maxs; 
 
public Individual(int progon) { 

      numParams = mins.length; 
      params = new int[numParams]; 
  for (int i = 0; i < numParams; i++) { 
            if (maxs[i] == mins[i]) { 
                this.params[i] = mins[i]; 
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            } else { 
                this.params[i] =  

 mins[i] + random.nextInt(maxs[i] - mins[i]); 
            } 
        } 

ɉɨɱɚɬɤɨɜɚ�ɩɨɩɭɥɹɰɿɹ� �ɝɟɧɟɪɭɜɚɧɧɹ����ɮɨɪɦɭɽɬɶɫɹ� ɡ� ɜɢɩɚɞɤɨɜɢɯ� ɡɧɚɱɟɧɶ��

ɪɿɜɧɨɦɿɪɧɨ�ɪɨɡɤɢɞɚɧɢɯ�ɜ�ɨɛɥɚɫɬɿ�ɞɨɩɭɫɬɢɦɢɯ�ɡɧɚɱɟɧɶ�ɩɚɪɚɦɟɬɪɿɜ��Ʉɨɠɧɚ ɨɫɨɛɚ 

ɩɨɩɭɥɹɰɿʀ�ɡɚɩɭɫɤɚɽɬɶɫɹ�ɭ�©ɠɢɬɬɹª ± ɜ�ɿɦɿɬɚɰɿɣɧɭ�ɦɨɞɟɥɶ�ɩɚɪɚɥɟɥɶɧɢɯ�ɨɛɱɢɫɥɟɧɶ. 

ɉɪɢ� ɰɶɨɦɭ� ɧɚɛɿɪ� ɩɚɪɚɦɟɬɪɿɜ� ɜ� ɨɫɿɛ� ɝɟɧɟɪɭɽɬɶɫɹ ɬɚɤ�� ɳɨ� ɜ� ɪɟɡɭɥɶɬɚɬɿ� ɤɨɠɧɢɣ�

ɩɚɪɚɦɟɬɪ�ɜɚɪɿɸɽɬɶɫɹ�ɡ�ɤɨɠɧɢɦ� Ɋɟɡɭɥɶɬɚɬɨɦ�ɠɢɬɬɽɞɿɹɥɶɧɨɫɬɿ�ɟɥɟɦɟɧɬɚ�ɩɨɩɭɥɹɰɿʀ�

ɽ� ɜɿɞɝɭɤ� ɦɨɞɟɥɿ ± ɡɧɚɱɟɧɧɹ� ɮɭɧɤɰɿʀ ɞɨɩɚɫɨɜɚɧɨɫɬɿ (fitness function)�� ɳɨ�

ɩɨɜɟɪɬɚɽɬɶɫɹ�ɦɟɬɨɞɨɦ�calcFit() ɿ�ɜɿɞɩɨɜɿɞɚɽ�ɱɚɫɭ�ɜɢɤɨɧɚɧɧɹ�ɚɥɝɨɪɢɬɦɭ�ɜ�ɦɨɞɟɥɿ. 

ɇɢɠɱɟ� ɧɚɜɟɞɟɧɨ� ɤɨɧɫɬɪɭɤɬɨɪ� ɨɫɨɛɢ� ɩɨɩɭɥɹɰɿʀ ɞɥɹ� ɜɢɩɚɞɤɭ� ɞɜɨɯ� ɩɚɪɚɦɟɬɪɿɜ� ɡ��

ɜɚɪɿɚɰɿɽɸ� ɞɜɨɯ� ɿɧɞɟɤɫɿɜ�� M� ɬɚ� N; num ± ɿɧɬɟɪɜɚɥ� ɪɨɡɛɢɬɬɹ� ɨɛɥɚɫɬɿ� ɞɨɩɭɫɬɢɦɢɯ�

ɡɧɚɱɟɧɶ�ɧɚ�ɪɿɜɧɨɦɿɪɧɿ�ɩɪɨɦɿɠɤɢ� 
    public Individual(int progon, int j, int k, int num) {  
        numParams = mins.length; 
        params = new int[numParams]; 
        if (maxs[0] == mins[0]) { 
            this.params[0] = mins[0]; 
        }  

   else { 
            this.params[0] =  

  mins[0] + (int) Math.rint(j * (maxs[0] - mins[0]) / num);  
        } 
        if (maxs[1] == mins[1]) { 
            this.params[1] = mins[1]; 
        }  

   else { 
            this.params[1] =  

  mins[1] + (int) Math.rint(k * (maxs[1] - mins[1]) / num);  
        } 
        calcFit(progon); 
    } 

ɉɿɫɥɹ�ɝɟɧɟɪɚɰɿʀ�ɩɨɱɚɬɤɨɜɨʀ�ɩɨɩɭɥɹɰɿʀ ɦɚɫɢɜ�ɨɫɿɛ�population ɫɨɪɬɭɽɬɶɫɹ�

ɡɚ�ɡɪɨɫɬɚɧɧɹɦ�ɡɧɚɱɟɧɧɹ�ɜɿɞɝɭɤɭ�ɦɨɞɟɥɿ, ɬɚɤɢɦ�ɱɢɧɨɦ�ɩɟɪɲɢɦ�ɟɥɟɦɟɧɬɨɦ�ɦɚɫɢɜɭ�

ɛɭɞɟ� ɨɫɨɛɚ� ɡ� ɧɚɣɤɪɚɳɢɦ� ɜɿɞɝɭɤɨɦ� ɦɨɞɟɥɿ�� ɹɤɚ� ɡɚɩɚɦ¶ɹɬɨɜɭɽɬɶɫɹ� ɜ� ɨɤɪɟɦɨɦɭ�

ɦɚɫɢɜɿ�fitValues. ɇɚɛɨɪɢ�ɩɚɪɚɦɟɬɪɿɜ��ɹɤɿ�ɨɬɪɢɦɚɥɢ�ɜ�ɩɪɨɰɟɫɿ�ɿɦɿɬɚɰɿʀ ɜɟɥɢɤɿ�

ɡɧɚɱɟɧɧɹ�ɜɿɞɝɭɤɭ�ɦɨɞɟɥɿ��ɩɿɞɥɹɝɚɸɬɶ�ɡɧɢɳɟɧɧɸ ɿ�ɩɨɪɿɝ�ɞɥɹ�ɡɧɢɳɟɧɧɹ�ɡ�ɤɨɠɧɢɦ�
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ɩɨɤɨɥɿɧɧɹɦ� ɡɦɟɧɲɭɽɬɶɫɹ� ȼɿɞɬɚɤ� ɜɿɞɛɿɪ� ɟɥɟɦɟɧɬɿɜ� ɩɨɩɭɥɹɰɿʀ ɜɿɞɛɭɜɚɽɬɶɫɹ� ɡɚ�

ɡɧɚɱɟɧɧɹɦ�ɜɿɞɝɭɤɭ�ɦɨɞɟɥɿ��ȿɥɟɦɟɧɬɢ�ɩɨɩɭɥɹɰɿʀ��ɩɪɨɣɲɨɜɲɢ ɜɿɞɛɿɪ��ɩɿɞɞɚɸɬɶɫɹ 

ɫɯɪɟɳɭɜɚɧɧɸ��ɋɯɪɟɳɭɜɚɧɧɹ�ɡɞɿɣɫɧɸɽɬɶɫɹ�ɞɥɹ�ɜɢɩɚɞɤɨɜɨ�ɨɛɪɚɧɢɯ�ɩɚɪ�ɟɥɟɦɟɧɬɿɜ�

ɩɨɩɭɥɹɰɿʀ ɲɥɹɯɨɦ� ɡɦɿɲɭɜɚɧɧɹ ɱɚɫɬɢɧ� ɧɚɛɨɪɿɜ� ɩɚɪɚɦɟɬɪɿɜ�� ɇɟɯɚɣ ɞɥɹ�

ɫɯɪɟɳɭɜɚɧɧɹ�ɨɛɪɚɧɿ�ɟɥɟɦɟɧɬɢ�ɩɨɩɭɥɹɰɿʀ ܣሺ௜ሻ ɬɚ ܣሺ௝ሻ. ȼɧɚɫɥɿɞɨɤ ɪɨɛɨɬɢ�ɨɩɟɪɚɬɨɪɚ�

ɤɪɨɫɫɨɜɟɪɚ� ɧɨɜɚ� ɨɫɨɛɚ� ɩɨɩɭɥɹɰɿʀ� ɦɚɬɢɦɟ� ɧɚɛɿɪ� ɩɚɪɚɦɟɬɪɿɜ�� ɤɨɠɟɧ� ɡ� ɹɤɢɯ� ɽ�

ɫɟɪɟɞɧɿɦ�ɚɪɢɮɦɟɬɢɱɧɢɦ�ɜɿɞɩɨɜɿɞɧɢɯ�ɡɧɚɱɟɧɶ�ɩɚɪɚɦɟɬɪɿɜ�ɨɫɿɛܣ�ሺ௜ሻ ɬɚܣ�ሺ௝ሻ:  

ቐ
ሺ௜ሻܣ ൌ ቀ݊ଵ

ሺ௜ሻ ǥ݊௞
ሺ௜ሻቁ

ሺ௝ሻܣ ൌ ቀ݊ଵ
ሺ௝ሻ ǥ ݊௞

ሺ௝ሻቁ
֜ 

ሺ௖ሻܣ� ൌ ൭�
݊ଵ
ሺ ௜ሻ ൅ ݊ଵ

ሺ௝ሻ

ʹ ǡ
݊ଶ
ሺ ௜ሻ ൅ ݊ଶ

ሺ௝ሻ

ʹ ǡ ǥ ǡ
݊௞ିଵ
ሺ ௜ሻ ൅ ݊௞ିଵ

ሺ௝ሻ

ʹ ǡ
݊௞
ሺ ௜ሻ ൅ ݊௞

ሺ௝ሻ

ʹ ൱ǡ 

ɞɟܣ�ሺ௖ሻ- ɨɫɨɛɚ�ɩɨɩɭɥɹɰɿʀ�ɫɬɜɨɪɟɧɚ�ɜɧɚɫɥɿɞɨɤ�ɫɯɪɟɳɭɜɚɧɧɹ�ɨɫɿɛܣ�ሺ௜ሻ ɬɚܣ�ሺ௝ሻ. 

Ɇɭɬɚɰɿɹ� ɜɿɞɛɭɜɚɽɬɶɫɹ� ɲɥɹɯɨɦ ɞɨɞɚɜɚɧɧɹɦ� ɜɢɩɚɞɤɨɜɨɝɨ� ɜɿɞɯɢɥɟɧɧɹ� ɞɨ�

ɪɟɡɭɥɶɬɚɬɭ��ɨɬɪɢɦɚɧɨɝɨ�ɜ�ɪɟɡɭɥɶɬɚɬɿ ɫɯɪɟɳɭɜɚɧɧɹ:  

ሺ௠ሻܣ ൌ ሺ݊ଵ
ሺ௜ሻ ൅ ଵǡߦ ݊ଶ

ሺ௜ሻ ൅ ଶǡǥ�݊௞ିଵߦ
ሺ௝ሻ ൅ ௞ିଵǡߦ �݊௞

ሺ௝ሻ ൅  ,௞ሻߦ

ɞɟߦ�௜ - ɜɢɩɚɞɤɨɜɚ�ɜɟɥɢɱɢɧɚ��ɳɨ�ɩɪɢɣɦɚɽ�ɡɧɚɱɟɧɧɹ�-d, 0, d ɡ�ɪɿɜɧɨɸ ɣɦɨɜɿɪɧɿɫɬɸ; 

d ± ɜɟɥɢɱɢɧɚ�ɜɿɞɯɢɥɟɧɧɹ� 

Ʉɨɠɧɚ� ɧɚɫɬɭɩɧɚ� ɩɨɩɭɥɹɰɿɹ� �ɝɟɧɟɪɭɜɚɧɧɹ� ɿ) ɭɬɜɨɪɸɽɬɶɫɹ� ɡ k ɟɥɟɦɟɧɬɿɜ��

ɩɪɨɣɲɨɜɲɢɯ ɜɿɞɛɿɪ� ɧɚ� ɩɨɩɟɪɟɞɧɶɨɦɭ� ɝɟɧɟɪɭɜɚɧɧɿ� �ɝɟɧɟɪɭɜɚɧɧɹ ɿ-���� ɬɚ� ɡ�

ɟɥɟɦɟɧɬɿɜ��ɫɬɜɨɪɟɧɢɯ ɜɧɚɫɥɿɞɨɤ�ɫɯɪɟɳɭɜɚɧɧɹ�ɬɚ�ɦɭɬɚɰɿʀ. ɉɪɢ�ɰɶɨɦɭ��ɹɤɳɨ�k=1, 

ɬɨɛɬɨ� ɥɢɲɟ� ɨɞɧɚ� ɨɫɨɛɚ� ɩɪɨɣɲɥɚ� ɜɿɞɛɿɪ�� ɬɨ� ɜɨɧɚ� ɫɯɪɟɳɭɽɬɶɫɹ� ɡ� ɧɚɫɬɭɩɧɢɦɢ�

ɨɫɨɛɚɦɢ�ɩɨɩɟɪɟɞɧɶɨʀ�ɩɨɩɭɥɹɰɿʀ��ɳɨ�ɜɿɞɫɨɪɬɨɜɚɧɿ�ɡɚ�ɡɪɨɫɬɚɧɧɹɦ�ɜɿɞɝɭɤɭ�ɦɨɞɟɥɿ��ɍ�

ɜɢɩɚɞɤɭ�ɤɨɥɢ�k>1��ɜɢɩɚɞɤɨɜɢɦ�ɱɢɧɨɦ ɨɛɢɪɚɸɬɶɫɹ�ɞɜɿ ɭɧɿɤɚɥɶɧɿ ɨɫɨɛɢ�ɡ�ɦɚɫɢɜɭ�

ɨɫɿɛ�� ɳɨ� ɩɪɨɣɲɥɢ� ɜɿɞɛɿɪ�� Ɂɭɩɢɧɤɚ ɟɜɨɥɸɰɿɣɧɨɝɨ� ɩɨɲɭɤɭ� ɜɿɞɛɭɜɚɽɬɶɫɹ� ɩɿɫɥɹ�

ɡɞɿɣɫɧɟɧɧɹ� ɜɫɬɚɧɨɜɥɟɧɨʀ� ɤɨɪɢɫɬɭɜɚɱɟɦ ɤɿɥɶɤɨɫɬɿ ɝɟɧɟɪɭɜɚɧɶ� ɉɿɫɥɹ� ɜɢɤɨɧɚɧɧɹ�

ɜɫɿɯ� ɝɟɧɟɪɭɜɚɧɶ� ɩɨɜɟɪɬɚɽɬɶɫɹ ɧɚɛɿɪ� ɡɧɚɱɟɧɶ� ɩɚɪɚɦɟɬɪɿɜ ɡ� ɧɚɣɦɟɧɲɢɦ� ɱɚɫɨɦ�

ɜɢɤɨɧɚɧɧɹ�ɚɥɝɨɪɢɬɦɭ��Ʉɨɞ�ɤɥɚɫɿɜ�ɚɥɝɨɪɢɬɦɭ�ɧɚɜɟɞɟɧɢɣ�ɭ�ɞɨɞɚɬɤɭ ȼ. 

ȿɬɚɩɢ�ɟɜɨɥɸɰɿɣɧɨɝɨ�ɦɟɬɨɞɭ�ɩɨɲɭɤɭ�ɨɩɬɢɦɚɥɶɧɢɯ�ɡɧɚɱɟɧɶ�ɩɚɪɚɦɟɬɪɿɜ� 
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1. ɋɬɜɨɪɟɧɧɹ�ɩɨɱɚɬɤɨɜɨʀ�ɩɨɩɭɥɹɰɿʀ�ɡ�ɡɚɞɚɧɨɸ�ɤɿɥɶɤɿɫɬɸ ɨɫɿɛ. 

2. &ɨɪɬɭɜɚɧɧɹ� ɦɚɫɢɜɭ� ɮɿɬɧɟɫ-ɮɭɧɤɰɿɣ� ɨɫɿɛ� �ɱɚɫɭ� ɜɢɤɨɧɚɧɧɹ� ɚɥɝɨɪɢɬɦɭ��

ɩɨɱɚɬɤɨɜɨʀ�ɩɨɩɭɥɹɰɿʀ�ɡɚ�ɡɪɨɫɬɚɧɧɹɦ. 

3. Ⱦɨɞɚɬɢ� ɨɫɨɛɭ� ɡ� ɧɚɣɦɟɧɲɢɦ� ɡɧɚɱɟɧɧɹɦ� ɮɿɬɧɟɫ-ɮɭɧɤɰɿʀ� ɞɨ� ɦɚɫɢɜɭ��

ɧɚɣɤɪɚɳɢɯ�ɮɿɬɧɟɫ-ɮɭɧɤɰɿɣ�ɩɨɩɭɥɹɰɿɣ. 

4. ȼɢɤɨɧɚɬɢ�ɡɚɞɚɧɭ�ɤɿɥɶɤɿɫɬɶ�ɝɟɧɟɪɚɰɿɣ� 

4.1. Ƚɟɧɟɪɚɰɿɹ�ɧɚɫɬɭɩɧɨʀ�ɩɨɩɭɥɹɰɿʀ� 

4.1.1. ȼɿɞɛɿɪ�ɧɚɣɤɪɚɳɢɯ�k ɨɫɿɛ�ɡ�ɩɨɩɟɪɟɞɧɶɨʀ�ɩɨɩɭɥɹɰɿʀ�ɡɚ�ɡɧɚɱɟɧɧɹɦ�

ɮɿɬɧɟɫ-ɮɭɧɤɰɿʀ�  

4.1.2. ɋɬɜɨɪɟɧɧɹ� ɧɨɜɢɯ� � ɨɫɿɛ� ɲɥɹɯɨɦ� ɫɯɪɟɳɟɧɧɹ� ɞɨɜɿɥɶɧɢɯ� ɩɚɪ�

ɧɚɣɤɪɚɳɢɯ�N�ɨɫɿɛ�ɬɚ�ɦɭɬɚɰɿʀ�  

4.1.3. ɋɨɪɬɭɜɚɧɧɹ�ɦɚɫɢɜɭ�ɮɿɬɧɟɫ-ɮɭɧɤɰɿɣ�ɨɫɿɛ�ɡɚ�ɡɪɨɫɬɚɧɧɹɦ. 

4.2. Ɉɰɿɧɤɚ� ɡɦɟɧɲɟɧɧɹ ɮɿɬɧɟɫ-ɮɭɧɤɰɿʀ� ɩɨɬɨɱɧɨʀ� ɩɨɩɭɥɹɰɿʀ� ɜɿɞɧɨɫɧɨ�

ɩɨɩɟɪɟɞɧɶɨʀ�ɩɨɩɭɥɹɰɿʀ�� 

4.2.1. əɤɳɨ�ɮɿɬɧɟɫ-ɮɭɧɤɰɿɹ�ɧɟ�ɡɦɟɧɲɭɽɬɶɫɹ ɞɟɤɿɥɶɤɚ�ɪɚɡɿɜ�ɩɿɞɪɹɞ�± 

ɡɭɩɢɧɢɬɢ� ɟɜɨɥɸɰɿɣɧɢɣ� ɚɥɝɨɪɢɬɦ�� ɜɢɜɟɫɬɢ� ɧɚɛɿɪ� ɩɚɪɚɦɟɬɪɿɜ�

ɨɫɨɛɢ� ɡ� ɧɚɣɤɪɚɳɢɦ� ɡɧɚɱɟɧɧɹɦ� ɮɿɬɧɟɫ-ɮɭɧɤɰɿʀ� ɡ� ɭɫɿɯ�

ɡɝɟɧɟɪɨɜɚɧɢɯ�ɩɨɩɭɥɹɰɿɣ;  

4.2.2. ȱɧɚɤɲɟ��ɩɪɨɞɨɜɠɢɬɢ�ɝɟɧɟɪɚɰɿɸ�ɧɚɫɬɭɩɧɢɯ�ɩɨɩɭɥɹɰɿɣ. 

5. ȼɢɜɟɫɬɢ�ɧɚɛɿɪ�ɩɚɪɚɦɟɬɪɿɜ�ɨɫɨɛɢ�ɡ�ɧɚɣɤɪɚɳɢɦ�ɡɧɚɱɟɧɧɹɦ�ɮɿɬɧɟɫ-ɮɭɧɤɰɿʀ�ɡ�

ɭɫɿɯ�ɡɝɟɧɟɪɨɜɚɧɢɯ�ɩɨɩɭɥɹɰɿɣ� 

Ɉɫɧɨɜɧɿ� ɟɬɚɩɢ ɡɚɝɚɥɶɧɨɝɨ ɦɟɬɨɞɭ ɨɩɬɢɦɿɡɚɰɿʀ ɩɚɪɚɦɟɬɪɿɜ� ɩɚɪɚɥɟɥɶɧɨɝɨ�

ɚɥɝɨɪɢɬɦɭ ɩɪɟɞɫɬɚɜɥɟɧɿ�ɭ�ɬɚɛɥɢɰɿ 3.1 
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long startTime = System.nanoTime(); 

... 

long stopTime = System.nanoTime(); 

time = (stopTime - startTime); 

Ɍɚɛɥɢɰɹ�3.1 Ɇɟɬɨɞ ɨɩɬɢɦɿɡɚɰɿʀ�ɩɚɪɚɦɟɬɪɿɜ 
ȿɬ
ɚɩ
�

ɬɟ
ɯɧ

ɨɥ
ɨɝ ɿʀ�

ɨɩ
ɬɢ

ɦɿ
ɡɚ ɰɿ
ʀ Ɂɦɿɫɬ Ɋɟɡɭɥɶɬɚɬ 

ɉ
ɨɛ
ɭɞ
ɨɜ
ɚ�
ɦɨ

ɞɟ
ɥɿ

 

ȼɢɤɨɪɢɫɬɨɜɭɸɱɢ�
ɬɟɯɧɨɥɨɝɿɸ�
ɦɨɞɟɥɸɜɚɧɧɹ�
ɩɚɪɚɥɟɥɶɧɢɯ�
ɨɛɱɢɫɥɟɧɶ��
ɩɨɛɭɞɭɜɚɬɢ� ɉɟɬɪɿ-
ɨɛ¶ɽɤɬɧɭ� ɦɨɞɟɥɶ�
ɩɚɪɚɥɟɥɶɧɨɝɨ�
ɚɥɝɨɪɢɬɦɭ�� 

 
Ɇɟɬɨɞ�createModel() 

ȼɢ
ɡɧ
ɚɱ
ɟɧ
ɧɹ
�ɱ
ɚɫ
ɨɜ
ɢɯ
�ɡɚ
ɬɪ
ɢɦ

ɨɤ
 ȿɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɦ�

ɲɥɹɯɨɦ� ɜɢɡɧɚɱɢɬɢ�
ɱɚɫɨɜɿ� ɡɚɬɪɢɦɤɢ�
ɩɨɞɿɣ�ɬɚ�ɜɧɟɫɬɢ�ʀɯ�ɞɨ�
ɦɨɞɟɥɿ� 

 

    

t = 0,001 
(exp) 
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ȿɬ
ɚɩ
�

ɬɟ
ɯɧ

ɨɥ
ɨɝ ɿʀ�

ɨɩ
ɬɢ

ɦɿ
ɡɚ ɰɿ
ʀ Ɂɦɿɫɬ Ɋɟɡɭɥɶɬɚɬ 

ȼɢ
ɡɧ
ɚɱ
ɟɧ
ɧɹ
�ɩ
ɚɪ
ɚɦ
ɟɬ
ɪɿ
ɜ 

ȼɢɡɧɚɱɢɬɢ� ɧɚɛɿɪ�
ɩɚɪɚɦɟɬɪɿɜ�� ɳɨ�
ɜɩɥɢɜɚɸɬɶ� ɧɚ�
ɟɮɟɤɬɢɜɧɿɫɬɶ�
ɚɥɝɨɪɢɬɦɭ� 
əɤɳɨ� ɤɿɥɶɤɿɫɬɶ�
ɩɚɪɚɦɟɬɪɿɜ� ɦɟɧɲɟ�
ɚɛɨ� ɪɿɜɧɚ� ��� ɬɨ ɞɚɥɿ� 
ɡɚɫɬɨɫɨɜɭɽɬɶɫɹ� ɦɟɬɨɞ�
ɩɨɤɪɨɤɨɜɨʀ�
ɨɩɬɢɦɿɡɚɰɿʀ�� ɍ�
ɿɧɲɨɦɭ� ɜɢɩɚɞɤɭ�
ɡɚɫɬɨɫɨɜɭɽɬɶɫɹ�
ɟɜɪɢɫɬɢɱɧɢɣ�ɦɟɬɨɞ� 

x ɤɿɥɶɤɿɫɬɶ�ɩɨɬɨɤɿɜ� 
x ɤɿɥɶɤɿɫɬɶ�ɩɿɞɡɚɞɚɱ� 
x ɪɨɡɦɿɪ�ɩɿɞɡɚɞɚɱɿ� 
x ɨɛɫɹɝ�ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ�ɪɟɫɭɪɫɿɜ� 
x ɿɧɲɟ� 

 
 
 
 
createModel(...) 

ɉ
ɿɞ
ɝɨ
ɬɨ
ɜɤ
ɚ�
ɞɨ
�ɟ
ɤɫ
ɩɟ
ɪɢ
ɦɟ
ɧɬ
ɿɜ

 

ɇɚɥɚɲɬɭɜɚɬɢ� ɤɥɚɫ�
Experiment ɞɥɹ�
ɩɪɨɜɟɞɟɧɧɹ� ɫɟɪɿɣ�
ɟɤɫɩɟɪɢɦɟɧɬɿɜ� 
x ɜɢɡɧɚɱɢɬɢ�

ɩɚɪɚɦɟɬɪɢ� ɨɫɟɣ�
Ox ɬɚ�Oy; 

x ɜɢɡɧɚɱɢɬɢ�
ɪɟɡɭɥɶɬɚɬɢ�� ɹɤɿ�
ɧɚɧɨɫɢɬɢɦɭɬɶɫɹ�
ɧɚ� ɝɪɚɮɿɤ� �ɱɚɫ�
ɜɢɤɨɧɚɧɧɹ�� 

x ɜɢɡɧɚɱɢɬɢ�
ɤɿɥɶɤɿɫɬɶ�
ɩɪɨɝɨɧɿɜ� 

 
...  

stage.setTitle(title); 
//defining the axes 
final NumberAxis xAxis = new NumberAxis(); 
final NumberAxis yAxis = new NumberAxis(); 
xAxis.setLabel(xLabel);// "Events per obj" 
yAxis.setLabel(yLabel);//"Performance time" 
//creating the chart 
final LineChart<Number, Number> lineChart 
       = new LineChart<>(xAxis, yAxis); 
for (XYChart.Series s : series) { 
     lineChart.getData().add(s); 
} 
Scene scene = new Scene(lineChart, 800, 600); 
stage.setScene(scene); 
stage.show(); 

... 
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ȿɬ
ɚɩ
�

ɬɟ
ɯɧ

ɨɥ
ɨɝ ɿʀ�

ɨɩ
ɬɢ

ɦɿ
ɡɚ ɰɿ
ʀ Ɂɦɿɫɬ Ɋɟɡɭɥɶɬɚɬ 

ɉ
ɪɨ
ɜɟ
ɞɟ
ɧɧ
ɹ�
ɟɤ
ɫɩ
ɟɪ
ɢɦ

ɟɧ
ɬɿ
ɜ 

ɉɪɨɜɟɫɬɢ� ɜɫɿ�
ɟɤɫɩɟɪɢɦɟɧɬɢ� ɡ�
ɜɚɪɿɸɜɚɧɧɹɦ�
ɩɚɪɚɦɟɬɪɿɜ�
�ɡɚɩɭɫɬɢɬɢ� ɩɪɨɝɨɧɢ�
ɦɨɞɟɥɿ� ɞɥɹ� ɪɿɡɧɢɯ�
ɩɚɪɚɦɟɬɪɿɜ�� ɿ�
ɨɬɪɢɦɚɬɢ�ɝɪɚɮɿɤɢ� 
 

 

ɉ
ɟɪ
ɟɜ
ɿɪ
ɤɚ
�ɭ
ɦɨ
ɜɢ
�ɡɚ
ɜɟ
ɪɲ

ɟɧ
ɧɹ
��ɞ
ɨɫ
ɥɿ
ɞɠ

ɟɧ
ɧɹ

 əɤɳɨ� ɪɟɡɭɥɶɬɚɬ�
ɟɤɫɩɟɪɢɦɟɧɬɿɜ� ɧɟ�
ɩɪɨɹɜɢɜ� ɡɦɟɧɲɟɧɧɹ�
ɱɚɫɭ� ɩɪɢ� ɩɟɜɧɢɯ�
ɩɚɪɚɦɟɬɪɚɯ��ɬɨɞɿ� ɫɥɿɞ�
ɡɦɿɧɢɬɢ� ʀɯ� ɿ�
ɩɨɜɬɨɪɢɬɢ�
ɟɤɫɩɟɪɢɦɟɧɬ� ɞɨɩɨɤɢ�
ɧɟ� ɜɢɹɜɢɬɶɫɹ�
ɡɦɟɧɲɟɧɧɹ�ɱɚɫɭ� 
 

 

double[] x = {1, 2, 4, 5, 6}; 

double[] y = new double[x.length]; 

« 

y[i]+= TestParallel.getTimePerformance(«�� 
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ȿɬ
ɚɩ
�

ɬɟ
ɯɧ

ɨɥ
ɨɝ ɿʀ�

ɨɩ
ɬɢ

ɦɿ
ɡɚ ɰɿ
ʀ Ɂɦɿɫɬ Ɋɟɡɭɥɶɬɚɬ 

Ⱥ
ɧɚ
ɥɿ
ɡ�ɪ

ɟɡ
ɭɥ
ɶɬ
ɚɬ
ɿɜ

 ɉɪɨɚɧɚɥɿɡɭɜɚɬɢ�
ɝɪɚɮɿɤɢ� ɬɚ� ɜɢɡɧɚɱɢɬɢ�
ɨɩɬɢɦɚɥɶɧɿ� ɡɧɚɱɟɧɧɹ�
ɩɚɪɚɦɟɬɪɿɜ� 
 

 
 

ɇɚ� ɩɟɪɲɨɦɭ ɟɬɚɩɿ� ɞɥɹ� ɩɨɛɭɞɨɜɢ� ɦɨɞɟɥɿ� ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ� ɲɚɛɥɨɧɢ�

ɦɨɞɟɥɸɜɚɧɧɹ� ɦɟɯɚɧɿɡɦɿɜ� ɛɚɝɚɬɨɩɨɬɨɤɨɜɨʀ� ɩɪɨɝɪɚɦɢ�� Ɂɚ� ɞɨɩɨɦɨɝɨɸ� ɝɨɬɨɜɢɯ�

ɮɪɚɝɦɟɧɬɿɜ�ɦɟɪɟɠ�ɉɟɬɪɿ�ɫɬɜɨɪɸɸɬɶɫɹ�ɨɫɧɨɜɢ�ɞɥɹ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɿɜ�ɬɚ�ɡɜ¶ɹɡɤɢ�ɦɿɠ�

ɧɢɦɢ��Ⱦɚɥɿ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɢ�ɞɨɩɨɜɧɸɸɬɶɫɹ�ɭ�ɜɿɞɩɨɜɿɞɧɨɫɬɿ�ɞɨ�ɨɛ¶ɽɤɬɿɜ�ɩɪɨɝɪɚɦɢ��

Ɋɨɡɪɨɛɤɚ�ɦɨɞɟɥɿ�ɜɿɞɛɭɜɚɽɬɶɫɹ�ɡɚ�ɬɟɯɧɨɥɨɝɿɽɸ�ɦɨɞɟɥɸɜɚɧɧɹ�ɨɩɢɫɚɧɨɸ�ɜ�ɪɨɡɞɿɥɿ�

�����Ɋɟɡɭɥɶɬɚɬɨɦ�ɞɚɧɨɝɨ� ɟɬɚɩɭ� ɽ� ɪɨɡɪɨɛɥɟɧɢɣ�ɦɟɬɨɞ� getModel()�� ɹɤɢɣ�ɩɨɜɟɪɬɚɽ�

ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɭ�ɦɨɞɟɥɶ�ɛɚɝɚɬɨɩɨɬɨɤɨɜɨʀ�ɩɪɨɝɪɚɦɢ. 

ɇɚ�ɞɪɭɝɨɦɭ ɟɬɚɩɿ�ɡɚɥɭɱɚɽɬɶɫɹ�ɦɟɬɨɞ�ɡɛɨɪɭ�ɞɚɧɢɯ�ɞɥɹ�ɦɨɞɟɥɿ��ɉɪɨɜɨɞɢɬɶɫɹ�

ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɟ� ɞɨɫɥɿɞɠɟɧɧɹ� ɱɚɫɭ� ɜɢɬɪɚɱɟɧɨɝɨ� ɧɚ� ɜɢɤɨɧɚɧɧɹ� ɿɧɫɬɪɭɤɰɿɣ� ɬɚ�

ɜɢɡɧɚɱɚɸɬɶɫɹ� ʀɯ� ɫɬɚɬɢɫɬɢɱɧɿ� ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ�� Ɋɟɡɭɥɶɬɚɬɨɦ� ɞɚɧɨɝɨ� ɟɬɚɩɭ� ɽ�

ɩɚɪɚɦɟɬɪɢ�ɱɚɫɨɜɢɯ�ɡɚɬɪɢɦɨɤ��ɹɤɿ�ɜɧɨɫɹɬɶɫɹ�ɞɨ�ɦɨɞɟɥɿ��ɫɟɪɟɞɧɽ�ɡɧɚɱɟɧɧɹ��ɫɟɪɟɞɧɽ�

ɤɜɚɞɪɚɬɢɱɧɟ�ɜɿɞɯɢɥɟɧɧɹ�ɬɚ�ɡɚɤɨɧ�ɪɨɡɩɨɞɿɥɭ��əɤɳɨ�ɜɿɞɯɢɥɟɧɧɹ�ɧɟɜɟɥɢɤɟ��ɬɨ�ɦɨɠɟ�

ɛɭɬɢ�ɩɪɢɣɧɹɬɟ�ɪɿɲɟɧɧɹ�ɩɪɨ�ɞɟɬɟɪɦɿɧɨɜɚɧɭ�ɡɚɬɪɢɦɤɭ�� 

ɇɚ�ɬɪɟɬɶɨɦɭ ɟɬɚɩɿ�ɩɪɨɜɨɞɹɬɶɫɹ�ɩɨɩɟɪɟɞɧɿ�ɟɤɫɩɟɪɢɦɟɧɬɢ�ɡ�ɦɨɞɟɥɥɸ�ɞɥɹ�

ɜɢɡɧɚɱɟɧɧɹ� ɧɚɛɨɪɭ� ɩɚɪɚɦɟɬɪɿɜ�� ɳɨ� ɜɩɥɢɜɚɸɬɶ� ɧɚ� ɟɮɟɤɬɢɜɧɿɫɬɶ� Ɍɚɤɢɦɢ�

ɩɚɪɚɦɟɬɪɚɦɢ� ɦɨɠɭɬɶ� ɛɭɬɢ�� ɤɿɥɶɤɿɫɬɶ� ɩɨɬɨɤɿɜ�� ɤɿɥɶɤɿɫɬɶ� ɩɿɞɡɚɞɚɱ�� ɪɨɡɦɿɪ�

ɩɿɞɡɚɞɚɱɿ�� ɨɛɫɹɝ� ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ� ɪɟɫɭɪɫɿɜ� ɬɨɳɨ�� ȼɚɪɿɸɜɚɧɧɹ� ɰɢɯ� ɩɚɪɚɦɟɬɪɿɜ�

ɬɪɟɛɚ� ɡɚɛɟɡɩɟɱɢɬɢ� ɩɪɢ� ɩɪɨɜɟɞɟɧɧɿ� ɟɤɫɩɟɪɢɦɟɧɬɿɜ� ɡ� ɦɨɞɟɥɥɸ�� ɐɟ� ɪɟɚɥɿɡɭɽɬɶɫɹ�

ɲɥɹɯɨɦ� ɪɨɡɦɿɳɟɧɧɹ� ɩɚɪɚɦɟɬɪɿɜ� ɭ� ɦɟɬɨɞɿ�   getModel() ɿ� ɽ� ɪɟɡɭɥɶɬɚɬɨɦ� ɞɚɧɨɝɨ�
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ɟɬɚɩɭ�� əɤɳɨ� ɤɿɥɶɤɿɫɬɶ� ɩɚɪɚɦɟɬɪɿɜ� ɦɟɧɲɟ� ɚɛɨ� ɞɨɪɿɜɧɸɽ� ��� ɞɥɹ� ɩɨɲɭɤɭ�

ɨɩɬɢɦɚɥɶɧɢɯ�ɩɚɪɚɦɟɬɪɿɜ�ɡɚɫɬɨɫɨɜɭɽɬɶɫɹ�ɦɟɬɨɞ�ɩɨɤɪɨɤɨɜɨʀ�ɨɩɬɢɦɿɡɚɰɿʀ��ȼ�ɿɧɲɨɦɭ�

ɜɢɩɚɞɤɭ��ɤɨɥɢ�ɤɿɥɶɤɿɫɬɶ�ɩɚɪɚɦɟɬɪɿɜ�ɛɿɥɶɲɟ����ɡɚɫɬɨɫɨɜɭɽɬɶɫɹ�ɟɜɪɢɫɬɢɱɧɢɣ ɦɟɬɨɞ�

ɩɨɲɭɤɭ�ɨɩɬɢɦɚɥɶɧɢɯ�ɩɚɪɚɦɟɬɪɿɜ��ɹɤɢɣ�ɛɚɡɭɽɬɶɫɹ�ɧɚ�ɟɜɨɥɸɰɿɣɧɨɦɭ ɚɥɝɨɪɢɬɦɿ. 

ɍ� ɜɢɩɚɞɤɭ�� ɤɨɥɢ� ɤɿɥɶɤɿɫɬɶ� ɩɚɪɚɦɟɬɪɿɜ� ɦɟɧɲɟ� ɚɛɨ� ɞɨɪɿɜɧɸɽ� �, ɧɚ�

ɱɟɬɜɟɪɬɨɦɭ ɟɬɚɩɿ�ɜɿɞɛɭɜɚɽɬɶɫɹ�ɩɿɞɝɨɬɨɜɤɚ�ɞɨ�ɩɪɨɜɟɞɟɧɧɹ�ɟɤɫɩɟɪɢɦɟɧɬɿɜ��Ʉɥɚɫ�

Experiment, ɳɨ� ɩɿɞɬɪɢɦɭɽ� JavaFx Application ɧɚɥɚɲɬɨɜɭɽɬɶɫɹ� ɩɿɞ� ɤɨɧɤɪɟɬɧɭ�

ɫɟɪɿɸ�ɟɤɫɩɟɪɢɦɟɧɬɿɜ��ɳɨɛ�ɨɬɪɢɦɚɬɢ�ɝɪɚɮɿɤ�ɪɟɡɭɥɶɬɚɬɿɜ�ɩɿɫɥɹ�ɿɦɿɬɚɰɿʀ�ɦɨɞɟɥɿ� ɍ�

ɞɚɧɨɦɭ�ɤɥɚɫɿ�ɦɚɸɬɶ�ɛɭɬɢ�ɧɚɥɚɲɬɨɜɚɧɿ�ɦɟɬɨɞɢ�getResult() �ɨɞɧɚ�ɬɨɱɤɚ�ɧɚ�ɝɪɚɮɿɤɭ�

ɩɪɢ� ɤɨɧɤɪɟɬɧɢɯ� ɡɧɚɱɟɧɧɹɯ���  getSeries() (ɨɬɪɢɦɚɧɧɹ� ɦɧɨɠɢɧɢ� ɬɨɱɨɤ� ɡɚ� ɹɤɢɦɢ�

ɛɭɞɟ� ɩɨɛɭɞɨɜɚɧɨ� ɝɪɚɮɿɤ��� startExperiment() (ɩɪɨɜɟɞɟɧɧɹ� ɞɟɤɿɥɶɤɨɯ� ɫɟɪɿɣ�

ɟɤɫɩɟɪɢɦɟɧɬɿɜ�ɡ�ɩɚɪɚɦɟɬɪɚɦɢ��� 

ɇɚ� ɩ¶ɹɬɨɦɭ ɟɬɚɩɿ� ɡɚɩɭɫɤɚɽɬɶɫɹ� ɩɪɨɜɟɞɟɧɧɹ� ɟɤɫɩɟɪɢɦɟɧɬɿɜ�� ɜ� ɪɟɡɭɥɶɬɚɬɿ�

ɱɨɝɨ�ɛɭɞɭɸɬɶɫɹ�ɝɪɚɮɿɤɢ�ɡɚɥɟɠɧɨɫɬɿ�ɫɩɨɫɬɟɪɟɠɭɜɚɧɨʀ�ɜɟɥɢɱɢɧɢ�ɜɿɞ�ɡɦɿɧɸɜɚɧɨɝɨ�

ɩɚɪɚɦɟɬɪɚ�� ȼ� ɪɟɡɭɥɶɬɚɬɿ� ɞɚɧɨɝɨ� ɟɤɫɩɟɪɢɦɟɧɬɭ� ɦɨɠɧɚ� ɚɧɚɥɿɡɭɜɚɬɢ� ɜɩɥɢɜ� � ɞɜɨɯ�

ɩɚɪɚɦɟɬɪɿɜ�ɧɚ�ɫɩɨɫɬɟɪɟɠɭɜɚɧɭ�ɜɟɥɢɱɢɧɭ� 

ɇɚ�ɲɨɫɬɨɦɭ ɟɬɚɩɿ� ɩɪɨɜɨɞɢɬɶɫɹ� ɚɧɚɥɿɡ� ɪɟɡɭɥɶɬɚɬɿɜ� ɟɤɫɩɟɪɢɦɟɧɬɿɜ�� əɤɳɨ�

ɦɿɧɿɦɚɥɶɧɟ�ɡɧɚɱɟɧɧɹ�ɫɩɨɫɬɟɪɟɠɭɜɚɧɨʀ�ɜɟɥɢɱɢɧɢ�ɧɟ�ɜɿɞɫɬɟɠɭɽɬɶɫɹ��ɜɚɪɬɨ�ɡɦɿɧɢɬɢ�

ɡɧɚɱɟɧɧɹ�ɩɚɪɚɦɟɬɪɭ ɿ�ɩɪɨɞɨɜɠɢɬɢ�ɟɤɫɩɟɪɢɦɟɧɬɢ� 

ɇɚ� ɫɶɨɦɨɦɭ ɟɬɚɩɿ� ɜɧɚɫɥɿɞɨɤ� ɩɪɨɜɟɞɟɧɧɹ� ɟɤɫɩɟɪɢɦɟɧɬɿɜ� ɧɚ� ɩɨɩɟɪɟɞɧɿɯ�

ɟɬɚɩɚɯ� ɜɿɞɛɭɜɚɽɬɶɫɹ� ɚɧɚɥɿɡ� ɨɬɪɢɦɚɧɢɯ� ɝɪɚɮɿɤɿɜ� ɬɚ� ɜɢɡɧɚɱɚɽɬɶɫɹ� ɨɩɬɢɦɚɥɶɧɟ�

ɡɧɚɱɟɧɧɹ� ɩɚɪɚɦɟɬɪɭ�� ɳɨ� ɜɿɞɩɨɜɿɞɚɽ� ɦɿɧɿɦɚɥɶɧɨɦɭ� ɡɧɚɱɟɧɧɸ� ɫɩɨɫɬɟɪɟɠɭɜɚɧɨʀ�

ɜɟɥɢɱɢɧɢ� 

ɍ� ɜɢɩɚɞɤɭ�� ɤɨɥɢ� ɤɿɥɶɤɿɫɬɶ� ɩɚɪɚɦɟɬɪɿɜ� ɛɿɥɶɲɟ� ɚɛɨ� ɞɨɪɿɜɧɸɽ� �, ɧɚ�

ɱɟɬɜɟɪɬɨɦɭ ɟɬɚɩɿ� ɜɿɞɛɭɜɚɽɬɶɫɹ� ɩɿɞɝɨɬɨɜɤɚ� ɞɨ� ɡɚɫɬɨɫɭɜɚɧɧɹ� ɟɜɨɥɸɰɿɣɧɨɝɨ�

ɚɥɝɨɪɢɬɦ�� ȼɫɬɚɧɨɜɥɸɽɬɶɫɹ� ɤɿɥɶɤɿɫɬɶ� ɩɚɪɚɦɟɬɪɿɜ� ɬɚ� ʀɯ� ɨɛɥɚɫɬɶ� ɜɚɪɿɸɜɚɧɧɹ��

ɤɿɥɶɤɿɫɬɶ�ɨɫɿɛ�ɜ�ɩɨɩɭɥɹɰɿʀ�� 
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ɇɚ� ɩ¶ɹɬɨɦɭ ɟɬɚɩɿ� ɡɚɩɭɫɤɚɽɬɶɫɹ� ɟɜɨɥɸɰɿɣɧɢɣ� ɚɥɝɨɪɢɬɦ ɬɚ� ɨɬɪɢɦɭɸɬɶɫɹ�

ɪɟɡɭɥɶɬɚɬɢ�ɣɨɝɨ�ɜɢɤɨɧɚɧɧɹ��Ɋɟɡɭɥɶɬɚɬɨɦ�ɞɚɧɨɝɨ�ɟɬɚɩɭ�ɽ�ɬɚɤɢɣ�ɧɚɛɿɪ�ɩɚɪɚɦɟɬɪɿɜ�ɡ�

ɨɛɥɚɫɬɿ�ɜɚɪɿɸɜɚɧɧɹ���ɳɨ�ɝɚɪɚɧɬɭɽ�ɦɿɧɿɦɚɥɶɧɢɣ�ɱɚɫ�ɜɢɤɨɧɚɧɧɹ�ɚɥɝɨɪɢɬɦɭ� 

3.5 ȼɢɫɧɨɜɤɢ�ɞɨ�ɪɨɡɞɿɥɭ 3 

ɍ�ɪɨɡɞɿɥɿ� ɫɮɨɪɦɭɥɶɨɜɚɧɚ� ɩɨɫɬɚɧɨɜɤɚ� ɡɚɞɚɱɿ� ɨɩɬɢɦɿɡɚɰɿʀ� ɬɚ� ɨɛʉɪɭɧɬɨɜɚɧɨ�

ɿɫɧɭɜɚɧɧɹ� ɨɩɬɢɦɚɥɶɧɢɯ� ɡɧɚɱɟɧɶ� ɩɚɪɚɦɟɬɪɿɜ� ɩɚɪɚɥɟɥɶɧɢɯ� ɨɛɱɢɫɥɟɧɶ�� Ɉɩɢɫɚɧɿ�

ɦɟɬɨɞɢ� ɬɚ� ɡɚɫɨɛɢ� ɡɛɨɪɭ� ɞɚɧɢɯ�� ɹɤɿ� ɧɟɨɛɯɿɞɧɿ� ɞɥɹ�ɞɨɫɥɿɞɠɟɧɧɹ� ɜɩɥɢɜɭ� ɱɚɫɨɜɢɯ�

ɡɚɬɪɢɦɨɤ� ɭ� ɦɨɞɟɥɿ� ɧɚ� ɱɚɫ� ɜɢɤɨɧɚɧɧɹ� ɚɥɝɨɪɢɬɦɭ�� ɇɚɜɟɞɟɧɨ� ɦɟɬɨɞɢ� ɬɚ� ɡɚɫɨɛɢ�

ɪɨɡɪɨɛɤɢ� ɦɨɞɟɥɿ�� Ɉɩɢɫɚɧɨ� ɩɪɨɰɟɫ� ɪɨɡɪɨɛɤɢ� ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɨʀ� ɦɨɞɟɥɿ� ɡ�

ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɪɨɡɪɨɛɥɟɧɨɝɨ�ɩɪɨɝɪɚɦɧɨɝɨ�ɡɚɛɟɡɩɟɱɟɧɧɹ�ɬɚ�ɧɚɜɟɞɟɧɨ�ɮɭɧɤɰɿʀ��ɹɤɿ�

ɜɨɧɨ� ɩɿɞɬɪɢɦɭɽ�� ɋɮɨɪɦɭɥɶɨɜɚɧɿ� ɨɫɧɨɜɧɿ� ɟɬɚɩɢ� ɦɟɬɨɞɭ ɨɩɬɢɦɿɡɚɰɿʀ� ɩɚɪɚɦɟɬɪɿɜ�

ɩɚɪɚɥɟɥɶɧɢɯ�ɨɛɱɢɫɥɟɧɶ�ɬɚ�ɤɪɢɬɟɪɿɣ�ɨɩɬɢɦɿɡɚɰɿʀ� 
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4 ɁȺɋɌɈɋɍȼȺɇɇə�ɆȿɌɈȾɍ ɈɉɌɂɆȱɁȺɐȱȲ ɉȺɊȺɆȿɌɊȱȼ�

ɉȺɊȺɅȿɅɖɇɂɏ�ɈȻɑɂɋɅȿɇɖ� 

4.1 ɉɚɪɚɥɟɥɶɧɢɣ�ɚɥɝɨɪɢɬɦ�ɿɦɿɬɚɰɿʀ 
Ɋɨɡɝɥɹɧɟɦɨ� ɩɪɢɤɥɚɞ� ɡɚɫɬɨɫɭɜɚɧɧɹ ɦɟɬɨɞɭ� ɨɩɬɢɦɿɡɚɰɿʀ� ɩɚɪɚɦɟɬɪɿɜ�

ɩɚɪɚɥɟɥɶɧɢɯ�ɨɛɱɢɫɥɟɧɶ�ɧɚ�ɩɪɢɤɥɚɞɿ� ɩɚɪɚɥɟɥɶɧɨɝɨ ɚɥɝɨɪɢɬɦɭ ɿɦɿɬɚɰɿʀ ɞɢɫɤɪɟɬɧɨ-

ɩɨɞɿɣɧɨʀ� ɫɢɫɬɟɦɢ. Ɋɟɡɭɥɶɬɚɬɢ ɪɨɡɪɨɛɤɢ� ɦɨɞɟɥɿ� ɩɚɪɚɥɟɥɶɧɨɝɨ� ɚɥɝɨɪɢɬɦɭ� ɬɚ� ʀʀ�

ɞɨɫɥɿɞɠɟɧɧɹ ɨɩɭɛɥɿɤɨɜɚɧɿ�ɜ�ɪɨɛɨɬɿ� >7]. Ɂɜɢɱɚɣɧɢɣ ɚɥɝɨɪɢɬɦ� ɿɦɿɬɚɰɿʀ ɜɿɞɬɜɨɪɸɽ�

ɜɩɨɪɹɞɤɨɜɚɧɭ� ɜ ɱɚɫɿ ɩɨɫɥɿɞɨɜɧɿɫɬɶ� ɩɨɞɿɣ�� Ɍɨɦɭ� ɣɨɝɨ� ɩɚɪɚɥɟɥɶɧɚ� ɪɟɚɥɿɡɚɰɿɹ� ɽ�

ɧɟɬɪɢɜɿɚɥɶɧɢɦ�ɡɚɜɞɚɧɧɹɦ� 

4.1.1 Ɍɟɨɪɟɬɢɱɧɟ�ɨɰɿɧɸɜɚɧɧɹ�ɫɤɥɚɞɧɨɫɬɿ�ɩɚɪɚɥɟɥɶɧɨɝɨ�ɚɥɝɨɪɢɬɦɭ�ɿɦɿɬɚɰɿʀ 

ɍ�ɡɚɝɚɥɶɧɨɦɭ�ɜɢɝɥɹɞɿ�ɚɥɝɨɪɢɬɦ�ɦɨɞɟɥɸɜɚɧɧɹ�ɫɤɥɚɞɚɽɬɶɫɹ�ɡ�ɤɪɨɤɿɜ��ɤɨɠɟɧ�

ɡ�ɹɤɢɯ�ɜɤɥɸɱɚɽ�ɩɨɲɭɤ�ɦɨɦɟɧɬɭ�ɧɚɣɛɥɢɠɱɨʀ�ɩɨɞɿʀ�ɬɚ�ɪɟɚɥɿɡɚɰɿɸ�ɩɨɞɿʀ��Ɋɟɚɥɿɡɚɰɿɹ�

ɩɨɞɿʀ� ± ɰɟ� ɡɦɿɧɚ� ɫɬɚɧɭ� ɦɨɞɟɥɿ�� ɍ� ɩɨɫɥɿɞɨɜɧɨɦɭ� ɚɥɝɨɪɢɬɦɿ� ɩɨɞɿʀ�

ɜɿɞɬɜɨɪɸɜɚɬɢɦɭɬɶɫɹ� ɨɞɧɚ� ɡɚ� ɨɞɧɨɸ� ɜɿɞɩɨɜɿɞɧɨ� ɞɨ ɦɨɦɟɧɬɿɜ� ɱɚɫɭ�� Ʉɿɥɶɤɿɫɬɶ�

ɿɦɿɬɨɜɚɧɢɯ� ɩɨɞɿɣ� ɦɨɠɧɚ� ɨɰɿɧɢɬɢ� ɞɨɛɭɬɤɨɦ� ɿɧɬɟɧɫɢɜɧɨɫɬɿ� ɩɨɞɿɣ� ɬɚ ɱɚɫɭ 

ɦɨɞɟɥɸɜɚɧɧɹ�� ɉɿɞɫɭɦɨɜɭɸɱɢ� ɿɧɬɟɧɫɢɜɧɿɫɬɶ� ɭɫɿɯ� ɩɨɞɿɣ�� ɦɨɠɧɚ� ɨɬɪɢɦɚɬɢ�

ɦɚɤɫɢɦɚɥɶɧɨ� ɦɨɠɥɢɜɟ ɡɧɚɱɟɧɧɹ� ɿɧɬɟɧɫɢɜɧɨɫɬɿ� ɩɨɞɿɣ� ɳɨ� ɪɟɚɥɿɡɭɽɬɶɫɹ� ɹɤɳɨ�

ɭɦɨɜɚ ɞɥɹ� ɧɚɫɬɚɧɧɹ ɩɨɞɿʀ� ɡɚɜɠɞɢ ɜɢɤɨɧɚɧɚ�� ɉɨɲɭɤ� ɧɚɣɛɥɢɠɱɨʀ� ɩɨɞɿʀ� ɬɚɤɨɠ�

ɫɢɥɶɧɨ�ɡɚɥɟɠɢɬɶ�ɜɿɞ�ɤɿɥɶɤɨɫɬɿ�ɩɨɞɿɣ��ɨɫɤɿɥɶɤɢ�ɜɿɧ�ɡɧɚɯɨɞɢɬɶɫɹ�ɲɥɹɯɨɦ�ɩɟɪɟɜɿɪɤɢ�

ɫɬɚɧɭ�ɜɫɿɯ�ɩɨɞɿɣ�ɦɨɞɟɥɿ��Ɍɚɤɢɦ�ɱɢɧɨɦ��ɨɛɱɢɫɥɸɜɚɥɶɧɭ�ɫɤɥɚɞɧɿɫɬɶ ɩɨɫɥɿɞɨɜɧɨɝɨ 

ɚɥɝɨɪɢɬɦɭ�ɿɦɿɬɚɰɿʀ ɦɨɠɧɚ�ɨɰɿɧɢɬɢ�ɬɚɤɢɦ�ɜɢɪɚɡɨɦ� 

ݒ ή ݇ ή ݐ ή ሺݎ ή ݇ ൅ ܿሻ,    (4.1) 

ɞɟ�k ± ɤɿɥɶɤɿɫɬɶ�ɩɨɞɿɣ� 

v ± ɿɧɬɟɧɫɢɜɧɿɫɬɶ�ɨɞɧɿɽʀ�ɩɨɞɿʀ� 

t ± ɱɚɫ�ɦɨɞɟɥɸɜɚɧɧɹ� 

r ± ɨɛɱɢɫɥɸɜɚɥɶɧɚ�ɫɤɥɚɞɧɿɫɬɶ�ɩɨɲɭɤɭ�ɧɚɣɛɥɢɠɱɨʀ�ɩɨɞɿʀ�ɧɚ�ɨɞɧɭ�ɩɨɞɿɸ� 

c ± ɨɛɱɢɫɥɸɜɚɥɶɧɚ�ɫɤɥɚɞɧɿɫɬɶ�ɡɦɿɧɢ�ɫɬɚɧɭ�ɦɨɞɟɥɿ� 
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əɤɳɨ�ɪɿɡɧɿ�ɱɚɫɬɢɧɢ�ɦɨɞɟɥɿ�ɦɨɠɭɬɶ�ɩɪɚɰɸɜɚɬɢ�ɨɞɧɨɱɚɫɧɨ��ɱɚɫ�ɜɢɤɨɧɚɧɧɹ�

ɛɭɞɟ�ɜɢɡɧɚɱɚɬɢɫɹ�ɫɤɥɚɞɧɿɫɬɸ�ɨɞɧɿɽʀ�ɱɚɫɬɢɧɢ�ɦɨɞɟɥɿ��ɉɨɞɿɥ�ɦɨɞɟɥɿ�ɧɚ�n ɱɚɫɬɢɧ�

ɡɦɟɧɲɢɬɶ�ɤɿɥɶɤɿɫɬɶ�ɩɨɞɿɣ��ɳɨ�ɨɛɪɨɛɥɹɸɬɶɫɹ�ɜ�ɤɨɠɧɿɣ�ɱɚɫɬɢɧɿ��Ɉɬɠɟ��ɫɤɥɚɞɧɿɫɬɶ�

ɩɚɪɚɥɟɥɶɧɨɝɨ�ɚɥɝɨɪɢɬɦɭ�ɿɦɿɬɚɰɿʀ ɦɨɠɧɚ�ɨɰɿɧɢɬɢ�ɬɚɤɢɦ�ɜɢɪɚɡɨɦ: 

ݒ ή ௞
௡
ή ݐ ή ቀݎ ή ௞

௡
൅ ܿቁ ൅ ݊ ή ݀,                                  (4.2) 

ɞɟ� d ± ɨɛɱɢɫɥɸɜɚɥɶɧɚ� ɫɤɥɚɞɧɿɫɬɶ� ɜɢɤɨɪɢɫɬɚɧɧɹ� ɨɞɧɨɝɨ� ɞɨɞɚɬɤɨɜɨɝɨ�

ɨɛɱɢɫɥɸɜɚɥɶɧɨɝɨ�ɪɟɫɭɪɫɭ� 

ȼɢɪɚɡ�������ɜɤɚɡɭɽ ɧɚ ɤɜɚɞɪɚɬɢɱɧɭ�ɡɚɥɟɠɧɿɫɬɶ�ɦɿɠ�ɫɤɥɚɞɧɿɫɬɸ�ɩɚɪɚɥɟɥɶɧɨɝɨ�

ɚɥɝɨɪɢɬɦɭ ɿɦɿɬɚɰɿʀ ɬɚ�ɫɤɥɚɞɧɿɫɬɸ�ɤɨɠɧɨʀ�ɣɨɝɨ�ɱɚɫɬɢɧɢ��ɇɚ�ɪɢɫɭɧɤɭ�����ɡɨɛɪɚɠɟɧɨ�

ɡɪɨɫɬɚɧɧɹ� ɫɤɥɚɞɧɨɫɬɿ� ɚɥɝɨɪɢɬɦɭ� ������ ɡɚɥɟɠɧɨ ɜɿɞ� ɤɿɥɶɤɨɫɬɿ� ɩɨɞɿɣ� ɭ� ɨɤɪɟɦɨɦɭ�

ɜɢɩɚɞɤɭ�ɩɚɪɚɦɟɬɪɿɜ��v = 1, t = 1, r = 100, c = 100, d = 1000).  

 
Ɋɢɫɭɧɨɤ�����± Ɇɚɬɟɦɚɬɢɱɧɚ�ɨɰɿɧɤɚ�ɫɤɥɚɞɧɨɫɬɿ�ɩɚɪɚɥɟɥɶɧɨɝɨ�ɚɥɝɨɪɢɬɦɭ�ɿɦɿɬɚɰɿʀ 

ɜ�ɡɚɥɟɠɧɨɫɬɿ�ɜɿɞ�ɤɿɥɶɤɨɫɬɿ�ɩɨɞɿɣ ɜ�ɱɚɫɬɢɧɿ��ɳɨ�ɡɚɩɭɫɤɚɽɬɶɫɹ�ɧɚ�ɩɚɪɚɥɟɥɶɧɟ�

ɜɢɤɨɧɚɧɧɹ (v = 1, t = 1, r = 100, c = 100, d = 1000). 
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ɇɚɣɦɟɧɲɚ�ɫɤɥɚɞɧɿɫɬɶ�ɩɚɪɚɥɟɥɶɧɨɝɨ�ɚɥɝɨɪɢɬɦɭ�ɡɚɛɟɡɩɟɱɭɽ�ɣɨɝɨ�ɧɚɣɛɿɥɶɲɟ�

ɩɪɢɫɤɨɪɟɧɧɹ ɭ�ɩɨɪɿɜɧɹɧɧɿ�ɡ�ɩɨɫɥɿɞɨɜɧɢɦ�ɚɥɝɨɪɢɬɦɨɦ��ȼɿɞɩɨɜɿɞɧɨ�ɞɨ�ɚɧɚɥɿɬɢɱɧɢɯ�

ɜɢɪɚɡɿɜ� ɫɤɥɚɞɧɨɫɬɿ� ������ ɿ� ������ ɩɪɢɫɤɨɪɟɧɧɹ� ɞɨɫɹɝɧɟ� 1000 ɪɚɡɿɜ�ɞɥɹ ɚɥɝɨɪɢɬɦɭ�

ɿɦɿɬɚɰɿʀ������ɩɨɞɿɣ��ɳɨ�ɩɚɪɚɥɟɥɶɧɨ�ɨɛɱɢɫɥɸɽ�ɱɚɫɬɢɧɢ�ɡ����ɩɨɞɿɣ� 
௩ή௞ή௧ήሺ௥ή௞ା௖ሻ

௩ήೖ೙ή௧ήቀ௥ή
ೖ
೙ା௖ቁା௡ήௗ

ൌ ଵ଴଴଴ήሺଵ଴଴ήଵ଴଴଴ାଵ଴଴ሻ
ଶ଴ήሺଵ଴଴ήଶ଴ାଵ଴଴ሻାହ଴ήଵ଴଴଴

ൌ ͳͲͺͺǡͲͶ. 

Ɉɞɧɚɤ� ɧɚ� ɩɪɚɤɬɢɰɿ� ɩɪɢɫɤɨɪɟɧɧɹ� ɛɭɞɟ� ɡɧɚɱɧɨ� ɦɟɧɲɢɦ� ɱɟɪɟɡ� ɜɡɚɽɦɨɞɿɸ�

ɩɨɬɨɤɿɜ��ɹɤɭ�ɧɟɦɨɠɥɢɜɨ�ɩɪɨɫɬɨ�ɩɪɟɞɫɬɚɜɢɬɢ�ɜ�ɚɧɚɥɿɬɢɱɧɨɦɭ�ɜɢɪɚɡɿ������� 

Ɍɚɤɢɦ�ɱɢɧɨɦ��ɩɚɪɚɥɟɥɶɧɚ�ɪɟɚɥɿɡɚɰɿɹ�ɚɥɝɨɪɢɬɦɭ� ɿɦɿɬɚɰɿʀ�ɽ�ɞɭɠɟ�ɛɚɠɚɧɨɸ��

ɨɫɨɛɥɢɜɨ�ɭ�ɜɢɩɚɞɤɭ�ɫɤɥɚɞɧɨʀ�ɦɨɞɟɥɿ��Ɉɞɧɚɤ�ɰɟ�ɧɟɬɪɢɜɿɚɥɶɧɟ�ɡɚɜɞɚɧɧɹ��ɨɫɤɿɥɶɤɢ�

ɜɿɞɬɜɨɪɟɧɧɹ�ɛɭɞɶ-ɹɤɨʀ�ɱɚɫɬɢɧɢ�ɦɨɞɟɥɿ�ɛɚɡɭɽɬɶɫɹ�ɧɚ�ɦɨɦɟɧɬɿ�ɱɚɫɭ��ȼɢɤɨɪɢɫɬɚɧɧɹ�

ɫɩɿɥɶɧɨɝɨ� ɡɧɚɱɟɧɧɹ� ɱɚɫɭ� ɞɥɹ� ɜɫɿɯ� ɱɚɫɬɢɧ� ɜɢɤɥɢɤɚɽ� ɫɩɨɜɿɥɶɧɟɧɧɹ�� ɳɨ ɡɧɢɳɭɽ�

ɩɟɪɟɜɚɝɢ� ɜɢɤɨɪɢɫɬɚɧɧɹ� ɩɚɪɚɥɟɥɶɧɢɯ� ɨɛɱɢɫɥɟɧɶ� (ɟɮɟɤɬɢɜɧɿɫɬɶ ɩɚɪɚɥɟɥɶɧɨɝɨ�

ɚɥɝɨɪɢɬɦɭ ɦɟɧɲɚ�ɡɚ�����Ɍɿɥɶɤɢ�ɤɨɥɢ�ɱɚɫɬɢɧɢ�ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ�ɥɨɤɚɥɶɧɟ�ɡɧɚɱɟɧɧɹ�

ɱɚɫɭ��ɦɨɞɟɥɸɜɚɧɧɹ�ɰɢɯ�ɱɚɫɬɢɧ�ɦɨɠɟ�ɜɢɤɨɧɭɜɚɬɢɫɹ�ɧɟɡɚɥɟɠɧɨ�ɜ�ɦɟɠɚɯ�ɿɧɬɟɪɜɚɥɭ��

ɜ�ɹɤɨɦɭ�ɧɟ�ɩɨɬɪɿɛɧɨ�ɨɛɪɨɛɥɹɬɢ�ɿɧɮɨɪɦɚɰɿɸ�ɩɪɨ�ɩɨɞɿʀ�ɜ�ɿɧɲɢɯ�ɱɚɫɬɢɧɚɯ��ȱɧɲɢɦɢ�

ɫɥɨɜɚɦɢ��ɤɨɠɧɚ�ɱɚɫɬɢɧɚ�ɜɿɞɬɜɨɪɸɽ�ɫɜɨɽ�ɮɭɧɤɰɿɨɧɭɜɚɧɧɹ�ɡ�ɭɪɚɯɭɜɚɧɧɹɦ�ɩɨɞɿɣ�ɜ�

ɿɧɲɢɯ�ɱɚɫɬɢɧɚɯ��Ɉɱɟɜɢɞɧɨ��ɳɨ�ɰɟɣ�ɩɿɞɯɿɞ�ɦɚɽ�ɨɛɦɟɠɟɧɧɹ��ɱɚɫɬɢɧɚ�ɩɨɜɢɧɧɚ�ɦɚɬɢ�

ɩɨɩɟɪɟɞɧɸ�ɱɚɫɬɢɧɭ��ɞɥɹ�ɹɤɨʀ�ɰɹ�ɧɟ�ɽ�ɩɨɩɟɪɟɞɧɶɨɸ�ɚɛɨ�ɧɟ�ɦɚɽ�ɠɨɞɧɨʀ�ɩɨɩɟɪɟɞɧɶɨʀ� 

4.1.2 ɉɚɪɚɥɟɥɶɧɚ�ɪɟɚɥɿɡɚɰɿɹ�ɚɥɝɨɪɢɬɦɭ�ɿɦɿɬɚɰɿʀ�ɦɨɜɨɸ�-DYD�ɬɚ�ɞɨɫɥɿɞɠɟɧɧɹ�

ɣɨɝɨ�ɲɜɢɞɤɨɞɿʀ� 

Ɋɟɚɥɿɡɚɰɿɹ� ɜ� -DYD� ɩɚɪɚɥɟɥɶɧɨɝɨ� ɚɥɝɨɪɢɬɦɭ� ɿɦɿɬɚɰɿʀ� ɜɤɥɸɱɚɽ� ɩɨɬɨɤɢ�� ɳɨ�

ɜɿɞɬɜɨɪɸɸɬɶ�ɱɚɫɬɢɧɢ�ɫɢɫɬɟɦɢ��ɳɨ�ɦɨɞɟɥɸɸɬɶɫɹ��ɩɟɪɟɦɿɳɭɸɱɢ�ɥɨɤɚɥɶɧɢɣ�ɱɚɫ�

tLoc ɞɨ�ɧɚɣɛɥɢɠɱɨʀ�ɩɨɞɿʀ��ȼɡɚɽɦɨɞɿɹ�ɦɿɠ�ɩɨɬɨɤɚɦɢ�ɪɟɚɥɿɡɭɽɬɶɫɹ�ɞɜɨɦɚ�ɩɚɪɚɦɢ�

ɭɦɨɜ� ZDLW�QRWLI\�� ɩɟɪɲɚ� ɤɨɧɬɪɨɥɸɽ� ɩɨɪɨɠɧɿɣ ɫɬɚɧ ɛɭɮɟɪɭ ɡɨɜɧɿɲɧɿɯ� ɩɨɞɿɣ�� ɚ�

ɞɪɭɝɚ� - ɞɨɫɹɝɧɟɧɧɹ�ɦɚɤɫɢɦɚɥɶɧɨɝɨ�ɡɧɚɱɟɧɧɹ�ɫɬɚɧɭ�ɛɭɮɟɪɚ��ɪɢɫ� 4.2).  
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Ɋɢɫɭɧɨɤ�����± Ⱦɿɚɝɪɚɦɚ�ɜɡɚɽɦɨɞɿʀ�ɩɨɬɨɤɿɜ� 

Ɉɫɧɨɜɧɢɣ�ɩɨɬɿɤ�ɫɬɜɨɪɸɽ�ɩɨɬɨɤɢ�VLP��ɿɦɿɬɭɸɱɢ�ɱɚɫɬɢɧɢ�ɫɢɫɬɟɦɢ��ɩɨɤɢ�ɧɟ�

ɛɭɞɟ�ɞɨɫɹɝɧɭɬɨ�ɱɚɫ�ɦɨɞɟɥɸɜɚɧɧɹ�tMod��Ʉɨɠɟɧ�ɩɨɬɿɤ�sim ɱɟɤɚɽ��ɩɨɤɢ�ɣɨɝɨ�ɛɭɮɟɪ�

ɡɨɜɧɿɲɧɿɯ� ɩɨɞɿɣ� ɧɟ� ɛɭɞɟ� ɩɨɪɨɠɧɿɦ�� ɚ� ɩɨɬɿɦ� ɡɚɩɭɫɤɚɽ� ɿɦɿɬɚɰɿɸ�� ɞɨɤɢ� ɧɟ� ɛɭɞɟ�

ɞɨɫɹɝɧɭɬɨ� ɧɚɣɛɥɢɠɱɨɝɨ� ɦɨɦɟɧɬɭ� ɣɨɝɨ� ɡɨɜɧɿɲɧɶɨʀ� ɩɨɞɿʀ�tLim�� Ʉɨɥɢ� ɡɨɜɧɿɲɧɹ�

ɩɨɞɿɹ� ɜɢɤɨɧɭɽɬɶɫɹ�� ɩɨɬɿɤ� ɦɨɠɟ� ɩɪɨɞɨɜɠɭɜɚɬɢ� ɿɦɿɬɚɰɿɸ�� ɩɟɪɟɦɿɳɚɸɱɢ� ɱɚɫ� ɞɨ�

ɧɚɫɬɭɩɧɨʀ�ɧɚɣɛɥɢɠɱɨʀ�ɡɨɜɧɿɲɧɶɨʀ�ɩɨɞɿʀ�ɬɚɤɢɦ�ɠɟ�ɱɢɧɨɦ��ɓɨɛ�ɭɧɢɤɧɭɬɢ�ɫɢɬɭɚɰɿʀ��

ɤɨɥɢ�ɨɞɢɧ�ɩɨɬɿɤ�sim ɡɚɣɦɚɽ�ɪɟɫɭɪɫ�ɤɨɦɩ¶ɸɬɟɪɚ��ɩɨɬɿɤ�ɩɪɢɡɭɩɢɧɹɽ�ɦɨɞɟɥɸɜɚɧɧɹ��

ɤɨɥɢ�ɞɨɫɬɚɬɧɶɨ�ɡɨɜɧɿɲɧɿɯ�ɩɨɞɿɣ�ɧɚɞɚɧɨ�ɞɥɹ�ɿɧɲɨɝɨ�ɩɨɬɨɤɭ� 

Ⱦɥɹ�ɞɨɫɥɿɞɠɟɧɧɹ�ɩɪɢɫɤɨɪɟɧɧɹ�ɚɥɝɨɪɢɬɦɭ�ɫɬɜɨɪɟɧɨ�ɦɨɞɟɥɶ��ɳɨ�ɫɤɥɚɞɚɽɬɶɫɹ�

ɡ� ɝɪɭɩ� ɩɨɫɥɿɞɨɜɧɢɯ� ɩɨɞɿɣ�� Ɉɫɤɿɥɶɤɢ� ɩɨɫɥɿɞɨɜɧɿ� ɩɨɞɿʀ� ɧɚɛɚɝɚɬɨ� ɜɚɠɱɟ�

ɪɨɡɩɚɪɚɥɟɥɸɜɚɬɢ�� ɨɰɿɧɟɧɟ� ɩɪɢɫɤɨɪɟɧɧɹ� ɛɭɞɟ� ɧɚɣɦɟɧɲɢɦ ɡ� ɭɫɿɯ�� ɳɨ� ɦɨɠɧɚ�
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ɨɬɪɢɦɚɬɢ�ɜ�ɡɚɝɚɥɶɧɨɦɭ�ɜɢɩɚɞɤɭ��Ɇɨɞɟɥɶ�ɦɨɠɧɚ�ɪɨɡɞɿɥɢɬɢ�ɧɚ�ɝɪɭɩɢ�ɡɚɥɟɠɧɨ�ɜɿɞ�

ɬɨɝɨ��ɫɤɿɥɶɤɢ�ɩɨɬɨɤɿɜ�ɛɭɞɟ�ɜɢɤɨɪɢɫɬɚɧɨ�ɞɥɹ�ɨɛɱɢɫɥɟɧɧɹ�ɿɦɿɬɚɰɿʀ��Ɍɚɤɢɦ�ɱɢɧɨɦ��

ɤɿɥɶɤɿɫɬɶ� ɩɨɬɨɤɿɜ� ɿ� ɫɤɥɚɞɧɿɫɬɶ� ɨɛɱɢɫɥɟɧɶ�� ɳɨ� ɜɢɤɨɧɭɸɬɶɫɹ� ɤɨɠɧɢɦ� ɩɨɬɨɤɨɦ��

ɦɨɠɭɬɶ�ɡɦɿɧɸɜɚɬɢɫɹ�ɩɪɨɫɬɢɦ�ɫɩɨɫɨɛɨɦ� 

ȿɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ� ɪɟɡɭɥɶɬɚɬɢ� ɞɨɫɥɿɞɠɟɧɧɹ� ɜɩɥɢɜɭ� ɩɚɪɚɦɟɬɪɿɜ�

ɛɚɝɚɬɨɩɨɬɨɤɨɜɨɝɨ� ɚɥɝɨɪɢɬɦɭ� ɧɚ� ɩɪɨɞɭɤɬɢɜɧɿɫɬɶ� ɱɚɫɭ� ɩɪɟɞɫɬɚɜɥɟɧɿ� ɧɚ� ɪɢɫɭɧɤɭ 

����� Ⱦɥɹ� ɩɪɨɜɟɞɟɧɧɹ� ɟɤɫɩɟɪɢɦɟɧɬɭ� ɜɢɤɨɪɢɫɬɨɜɭɜɚɜɫɹ� ɤɨɦɩ¶ɸɬɟɪ� 0DF26��

ɨɫɧɚɳɟɧɢɣ�ɞɜɨɹɞɟɪɧɢɦ�ɩɪɨɰɟɫɨɪɨɦ�,QWHO�&RUH�L���ȿɤɫɩɟɪɢɦɟɧɬ�ɩɨɜɬɨɪɸɜɚɜɫɹ ɡɿ�

ɡɛɿɥɶɲɟɧɧɹɦ ɫɤɥɚɞɧɨɫɬɿ ɦɨɞɟɥɿ��ȼɢɹɜɥɟɧɨ��ɳɨ�ɧɚɣɦɟɧɲɢɣ�ɱɚɫ�ɪɨɛɨɬɢ�ɚɥɝɨɪɢɬɦɭ�

ɡɚɛɟɡɩɟɱɭɽɬɶɫɹ�� ɹɤɳɨ� ɫɤɥɚɞɧɿɫɬɶ� ɡɚɜɞɚɧɧɹ�� ɳɨ� ɜɢɤɨɧɭɽɬɶɫɹ� ɨɞɧɢɦ� ɩɨɬɨɤɨɦ��

ɧɚɛɥɢɠɚɽɬɶɫɹ� ɞɨ�ɞɟɫɹɬɢ� ɧɟɡɚɥɟɠɧɨ� ɜɿɞ� ɡɚɝɚɥɶɧɨʀ� ɤɿɥɶɤɨɫɬɿ� ɩɨɞɿɣ� ɜ� ɿɦɿɬɚɰɿɣɧɿɣ�

ɦɨɞɟɥɿ��ɐɟɣ�ɪɟɡɭɥɶɬɚɬ�ɤɨɪɟɥɸɽ�ɡ�ɦɚɬɟɦɚɬɢɱɧɨɸ�ɨɰɿɧɤɨɸ�ɫɤɥɚɞɧɨɫɬɿ�ɚɥɝɨɪɢɬɦɭ�

(4.2). 

 
Ɋɢɫɭɧɨɤ�����± ȼɩɥɢɜ�ɩɚɪɚɦɟɬɪɿɜ�ɛɚɝɚɬɨɩɨɬɨɤɨɜɨɝɨ�ɚɥɝɨɪɢɬɦɭ�ɧɚ�ɱɚɫ�ɜɢɤɨɧɚɧɧɹ�  
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4.1.3 Ɉɩɬɢɦɿɡɚɰɿɹ�ɩɚɪɚɦɟɬɪɿɜ�ɩɚɪɚɥɟɥɶɧɨɝɨ� ɚɥɝɨɪɢɬɦɭ� ɿɦɿɬɚɰɿʀ� ɧɚ�ɨɫɧɨɜɿ�

ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɨʀ�ɦɨɞɟɥɿ� 

ɉɨɛɭɞɨɜɚ�ɦɨɞɟɥɿ�ɩɚɪɚɥɟɥɶɧɨɝɨ�ɚɥɝɨɪɢɬɦɭ��ɹɤɚ�ɧɟɨɛɯɿɞɧɚ�ɞɥɹ�ɞɨɫɥɿɞɠɟɧɧɹ�

ɬɚ�ɨɩɬɢɦɿɡɚɰɿʀ�ɣɨɝɨ�ɩɚɪɚɦɟɬɪɿɜ�ɦɨɠɟ�ɜɢɝɥɹɞɚɬɢ�ɧɚɫɬɭɩɧɢɦ�ɱɢɧɨɦ� ɉɨ-ɩɟɪɲɟ��ɞɥɹ�

ɤɨɠɧɨɝɨ� ɨɛ
ɽɤɬɚ� Runnable ɫɥɿɞ� ɫɤɥɚɫɬɢ� ɫɩɢɫɨɤ� ɨɫɧɨɜɧɢɯ� ɩɪɨɝɪɚɦɧɢɯ�

ɿɧɫɬɪɭɤɰɿɣ�� ɹɤɿ� ɜɢɤɨɧɭɸɬɶɫɹ�� ɉɟɪɟɯɨɞɢ�� ɭɡɝɨɞɠɟɧɿ� ɡ� ɿɧɫɬɪɭɤɰɿɹɦɢ�� ɫɬɜɨɪɹɬɶ�

ɦɟɪɟɠɭ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɚ��ɳɨ� ɿɦɿɬɭɽ� ɩɨɬɿɤ��ɉɨ-ɞɪɭɝɟ�� ɫɥɿɞ� ɨɩɢɫɚɬɢ� ɜɡɚɽɦɨɞɿɸ�ɦɿɠ�

ɩɨɬɨɤɚɦɢ�� ɇɚɣɛɿɥɶɲ� ɬɢɩɨɜɢɦɢ� ɜɡɚɽɦɨɞɿɹɦɢ� ɽ� ɨɱɿɤɭɜɚɧɧɹ� ɫɢɝɧɚɥɭ�� ɨɱɿɤɭɜɚɧɧɹ�

ɩɪɢɽɞɧɚɧɧɹ�� ɨɱɿɤɭɜɚɧɧɹ� ɛɥɨɤɭɜɚɧɧɹ�� ɫɬɜɨɪɟɧɧɹ� ɧɨɜɨɝɨ� ɩɨɬɨɤɭ� ɬɚ� ɨɱɿɤɭɜɚɧɧɹ�

ɡɚɜɟɪɲɟɧɧɹ�ɩɨɬɨɤɭ��ɇɚɪɟɲɬɿ��ɞɥɹ�ɤɨɠɧɨɝɨ�ɩɟɪɟɯɨɞɭ�ɩɨɜɢɧɧɚ�ɛɭɬɢ�ɜɫɬɚɧɨɜɥɟɧɚ�

ɡɚɬɪɢɦɤɚ� ɱɚɫɭ�� ɫɟɪɟɞɧɽ� ɡɧɚɱɟɧɧɹ� ɹɤɨʀ� ɩɨɜɢɧɧɨ� ɜɿɞɩɨɜɿɞɚɬɢ� ɜɿɞɩɨɜɿɞɧɨɦɭ�

ɡɧɚɱɟɧɧɸ�ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ�ɩɪɨɝɪɚɦɧɢɯ�ɿɧɫɬɪɭɤɰɿɣ� 

Ⱦɥɹ� ɬɟɫɬɭɜɚɧɧɹ� ɦɟɬɨɞɭ� ɛɭɥɨ� ɨɛɪɚɧɨ� ɩɚɪɚɥɟɥɶɧɢɣ� ɚɥɝɨɪɢɬɦ� ɿɦɿɬɚɰɿʀ��

Ʉɨɪɨɬɤɨ�ɤɚɠɭɱɢ��ɩɚɪɚɥɟɥɶɧɢɣ�ɚɥɝɨɪɢɬɦ�ɿɦɿɬɚɰɿʀ�ɪɟɚɥɿɡɭɽɬɶɫɹ�ɬɚɤɢɦɢ�ɦɟɬɨɞɚɦɢ� 

Ɣ Ɇɟɬɨɞ�main�� ɹɤɢɣ�ɜɫɬɚɧɨɜɥɸɽ� ɡɧɚɱɟɧɧɹ� ɱɚɫɭ�ɦɨɞɟɥɸɜɚɧɧɹ tMod, 

ɫɬɜɨɪɸɽ�ɩɨɬɨɤɢ��ɨɛ¶ɽɞɧɭɽ�ɩɨɬɨɤɢ�ɬɚ�ɞɪɭɤɭɽ�ɪɟɡɭɥɶɬɚɬɢ� 

Ɣ Ɇɟɬɨɞ� run�� ɹɤɢɣ� ɨɱɿɤɭɽ� ɧɚ� ɡɨɜɧɿɲɧɸ� ɩɨɞɿɸ�� ɩɨɤɢ tLoc<tMod, 

ɩɨɬɿɦ� ɜɫɬɚɧɨɜɥɸɽ tLim ɿ� ɡɚɩɭɫɤɚɽ� ɦɟɬɨɞ� goUntil�� ɹɤɳɨ tLim< 

tMod. 

Ɣ Ɇɟɬɨɞ� goUntil�� ɹɤɢɣ� ɩɨɤɢ tLoc<tLim ɱɟɤɚɽ�� ɹɤɳɨ� ɛɭɮɟɪ�

ɡɨɜɧɿɲɧɿɯ� ɩɨɞɿɣ� ɞɨɫɹɝ� ɦɚɤɫɢɦɚɥɶɧɨɝɨ� ɪɨɡɦɿɪɭ� ɚɛɨ� ɰɟɣ� ɛɭɮɟɪ�

ɩɨɪɨɠɧɿɣ�� ɩɨɬɿɦ� ɩɟɪɟɦɿɳɭɽ�tLoc ɞɨ� ɧɚɣɛɥɢɠɱɨʀ� ɩɨɞɿʀ� ɬɚ� ɜɢɤɨɧɭɽ�

ɩɨɞɿɸ�� ɩɿɫɥɹ� ɰɶɨɝɨ� ɞɨɫɹɝɚɽɬɶɫɹ� ɦɨɦɟɧɬ� tLim ɿ� ɩɨɜɢɧɧɚ� ɛɭɬɢ�

ɜɢɤɨɧɚɧɚ�ɡɨɜɧɿɲɧɹ�ɩɨɞɿɹ� 

Ɣ Ɇɟɬɨɞ�output��ɹɤɢɣ�ɡɦɿɧɸɽ�ɫɬɚɧ�ɦɨɞɟɥɿ�ɜɿɞɩɨɜɿɞɧɨ�ɞɨ�ɩɨɞɿʀ�ɬɚ�ɡɚ�

ɩɨɬɪɟɛɢ� ɞɨɞɚɽ� ɞɚɧɿ� ɩɪɨ� ɡɨɜɧɿɲɧɿ� ɩɨɞɿʀ� ɞɨ� ɛɭɮɟɪɿɜ� ɿɧɲɢɯ� ɱɚɫɬɢɧ�

ɦɨɞɟɥɿ� 
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Ɇɟɬɨɞ� main ɜɢɤɥɢɤɚɽ� ɦɟɬɨɞ� run ɞɥɹ� ɤɨɠɧɨɝɨ� ɩɨɬɨɤɭ� ɬɚ� ɱɟɤɚɽ� ɣɨɝɨ�

ɡɚɜɟɪɲɟɧɧɹ��Ɇɟɬɨɞ�run ɜɢɤɥɢɤɚɽ�ɦɟɬɨɞ�goUntil��ɹɤɢɣ��ɭ�ɫɜɨɸ�ɱɟɪɝɭ��ɜɢɤɥɢɤɚɽ�

ɦɟɬɨɞ�output. 

ɋɬɪɭɤɬɭɪɚ� ɦɨɞɟɥɿ� ɜɿɞɬɜɨɪɸɽ� ɫɬɪɭɤɬɭɪɭ� ɩɪɨɝɪɚɦɢ. Ʉɥɚɫɚɦɢ�� ɡ� ɹɤɢɯ�

ɩɨɛɭɞɨɜɚɧɚ�ɦɨɞɟɥɶ� ɚɥɝɨɪɢɬɦɭ�� ɽ�Main ɿ�ThreadModel�� Ʉɥɚɫ�ThreadModel 

ɚɝɪɟɝɭɽ� ɤɥɚɫɢ� RunSim, GoUntilSim, OutputSim, WaitSim, ɹɤɿ� ɿɦɿɬɭɸɬɶ 

ɦɟɬɨɞɢ� "run", "goUntil", "output" ɿ� ɛɥɨɤ� ɫɢɧɯɪɨɧɿɡɚɰɿʀ� ɞɿɣ� �JXDUGHG� EORFN��

ɜɿɞɩɨɜɿɞɧɨ�� ɬɚ ɤɥɚɫ� Control, ɹɤɢɣ� ɡɛɟɪɿɝɚɽ� ɡɧɚɱɟɧɧɹ ɦɨɦɟɧɬɿɜ� ɱɚɫɭ tLoc, 

tLim, tMin. Ʉɥɚɫɢ�Main, RunSim, GoUntilSim, OutputSim, WaitSim ɽ�

ɩɿɞɤɥɚɫɚɦɢ� ɤɥɚɫɭ� PetriSim ɿ� ɦɚɸɬɶ� ɜ� ɫɜɨɽɦɭ� ɨɩɢɫɿ� ɦɟɪɟɠɭ� ɉɟɬɪɿ�� Ʉɥɚɫ�

WaitSim ɜɢɡɧɚɱɚɽɬɶɫɹ�ɦɟɪɟɠɟɸ�ɉɟɬɪɿ�ɛɥɨɤɭ�ɫɢɧɯɪɨɧɿɡɚɰɿʀ�ɞɿɣ� �ɞɢɜ��ɪɢɫ��2.8). 

Ɇɟɪɟɠɿ� ɉɟɬɪɿ� ɿɧɲɢɯ� ɤɥɚɫɿɜ� ɡɨɛɪɚɠɟɧɿ� ɧɚ� ɪɢɫɭɧɤɭ� 4.4�� Ʉɿɥɶɤɿɫɬɶ� ɩɨɬɨɤɿɜ�

ɩɨɡɧɚɱɚɽɬɶɫɹ� ɡɧɚɱɟɧɧɹɦ�n�� ɡɚɝɚɥɶɧɚ�ɤɿɥɶɤɿɫɬɶ�ɩɨɞɿɣ�ɩɨɡɧɚɱɚɽɬɶɫɹ� ɡɧɚɱɟɧɧɹɦ� k, 

ɤɿɥɶɤɿɫɬɶ�ɩɨɞɿɣ��ɿɦɿɬɨɜɚɧɢɯ�ɨɞɧɢɦ�ɩɨɬɨɤɨɦ��ɜɿɞɩɨɜɿɞɧɨ�ɩɨɡɧɚɱɚɽɬɶɫɹ�ɡɧɚɱɟɧɧɹɦ�

݇Ȁ݊.  

 

createThread   
    

start 

  

(a) 

runSt runFin start 

 1  

join 

  
finish n 

n 
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tloc<tlim 
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doWhile 
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Ɋɢɫɭɧɨɤ���4 ± Ɇɟɪɟɠɿ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɿɜ: 

(a) Main, (b) RunSim, (c) OutputSim, (d) GoUntilSim. 

 
�ɚ� 

start waitSt 

     

start 

  

while 

(d) 

  

for 
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not wait 
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waitFin 
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k/n    
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signalNext 
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waitMaxFin 
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unlockNext 

signalNext 
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outputFin  

Prev.WaitMax  

start 

finish 
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getSignal   Run 

unlockPrev 

signalPrev 

goUntilSt 

goUntilFin 
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waitEmpSt 

waitEmpFin 
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�ɛ�      �ɜ� 

Ɋɢɫɭɧɨɤ 4.5 ± Ɉɬɨɬɨɠɧɟɧɧɹ�ɩɨɡɢɰɿɣ ɉɟɬɪɿ-ɨɛ¶ɽɤɬɿɜ: �ɚ��ɉɟɬɪɿ-ɨɛ¶ɽɤɬɚ�GoUntil, 

�ɛ��ɉɟɬɪɿ-ɨɛ¶ɽɤɬɚ�Run, �ɜ��ɉɟɬɪɿ-ɨɛ¶ɽɤɬɚ�Output. 

 
Ɋɢɫɭɧɨɤ���6 ± Ʉɨɧɫɬɪɭɸɜɚɧɧɹ�ɦɨɞɟɥɿ�ɡ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɿɜ. 

ɉɿɫɥɹ� ɩɨɛɭɞɨɜɢ� ɦɨɞɟɥɿ� ɛɭɥɢ� ɡɚɦɿɪɹɧɿ� ɬɚ� ɜɫɬɚɧɨɜɥɟɧɿ� ɩɚɪɚɦɟɬɪɢ� ɦɨɞɟɥɿ��

ɛɥɢɡɶɤɿ�ɞɨ�ɫɩɨɫɬɟɪɟɠɭɜɚɧɢɯ�ɭ�ɟɤɫɩɟɪɢɦɟɧɬɿ�ɡ�ɪɟɚɥɶɧɢɦ�ɤɨɦɩ¶ɸɬɟɪɧɢɦ�ɪɟɫɭɪɫɨɦ��

Ⱦɚɧɿ�ɩɚɪɚɦɟɬɪɢ�ɩɪɟɞɫɬɚɜɥɟɧɿ�ɭ�ɬɚɛɥɢɰɿ����� 

WaitEmpty 
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finish 

unlock 

getSignal  

Prev.WaitMax  

start 

finish 

unlock 

getSignal   

Run 

unlockPrev 

signalPrev 

goUntilSt 

goUntilFin 

start 
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waitEmpSt 

waitEmpFin 
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runSt 

runFin    

Next.WaitEmpty 
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WaitMax 
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Output 
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waitMaxSt 

waitMaxFin 

�«Q 
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ThreadModel[i-1]     
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ThreadModel[i+1]     

Output GoUntil Run 

WaitEmp 

WaitEmp 

WaitMax 

Main Run 

ThreadModel[0]    
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Ɍɚɛɥɢɰɹ�4.1 ± Ɉɫɧɨɜɧɿ  ɩɚɪɚɦɟɬɪɢ�ɧɚɥɚɲɬɭɜɚɧɧɹ�ɦɨɞɟɥɿ� ɜ� ɟɤɫɩɟɪɢɦɟɧɬɿ�

(݀ ൌ ͲǡͲͲͳ ɦɫ). 

Ɂɦɿɫɬ�ɩɚɪɚɦɟɬɪɚ Ɋɟɚɥɿɡɚɰɿɹ�ɩɚɪɚɦɟɬɪɚ�ɭ�

ɦɨɞɟɥɿ 

Ɂɧɚɱɟɧɧɹ�

ɩɚɪɚɦɟɬɪɚ 

Ʉɿɥɶɤɿɫɬɶ�ɹɞɟɪ Ʉɿɥɶɤɿɫɬɶ�ɦɚɪɤɟɪɿɜ�ɭ 

ɩɨɡɢɰɿʀ "cores" 

2, 4, 8 ɚɛɨ 16 

Ʉɿɥɶɤɿɫɬɶ�ɩɨɞɿɣ�ɭ�ɱɚɫɬɢɧɿ�

ɦɨɞɟɥɿ��ɳɨ�ɜɢɤɨɧɭɽɬɶɫɹ�

ɨɞɧɢɦ�ɩɨɬɨɤɨɦ 

Ʉɪɚɬɧɿɫɬɶ�ɞɭɝɢ�ɪɿɜɧɚ�݇Ȁ݊ 5, 10, 20, 50 ɚɛɨ 100 

Ʉɿɥɶɤɿɫɬɶ�ɩɨɬɨɤɿɜ Ʉɪɚɬɧɿɫɬɶ�ɞɭɝɢ�ɪɿɜɧɚ ݊  ݇Ȁሺ݇Ȁ݊ሻ 

ɑɚɫ�ɜɢɤɨɧɚɧɧɹ�ɦɟɬɨɞɭ�

input() ɧɚ�ɨɞɧɭ�ɩɨɞɿɸ 

ɑɚɫɨɜɚ�ɡɚɬɪɢɦɤɚ�ɩɟɪɟɯɨɞɭ�

"input"  

݀ ή ͵ ή ݇Ȁ݊ , ɦɫ 

ɑɚɫ�ɫɬɜɨɪɟɧɧɹ�ɬɚ�ɡɚɩɭɫɤɭ�

ɨɞɧɨɝɨ�ɩɨɬɨɤɭ  

ɑɚɫɨɜɚ�ɡɚɬɪɢɦɤɚ�ɩɟɪɟɯɨɞɭ�

"createThread" 

݀ ή ͷͲͲ ή ݊ , ɦɫ 

ɑɚɫ�ɛɥɨɤɭɜɚɧɧɹ/ 

ɪɨɡɛɥɨɤɭɜɚɧɧɹ� ɦɨɧɿɬɨɪɭ 

ɑɚɫɨɜɚ�ɡɚɬɪɢɦɤɚ�ɩɟɪɟɯɨɞɭ 

"lock" / "unlock" 

݀ ή ͳͲ , ɦɫ 

Ƀɦɨɜɿɪɧɿɫɬɶ�ɧɚɫɬɚɧɧɹ�

ɩɨɞɿʀ output  ɜ�ɩɨɬɨɱɧɢɣ�

ɦɨɦɟɧɬ 

Ƀɦɨɜɿɪɧɿɫɬɶ�ɩɟɪɟɯɨɞɭ�

"actOut" 

ଵ
௞Ȁ௡

ൌ ݊Ȁ݇  

Ƀɦɨɜɿɪɧɿɫɬɶ�ɧɟ�ɧɚɫɬɚɧɧɹ�

ɩɨɞɿʀ output  ɜ�ɩɨɬɨɱɧɢɣ�

ɦɨɦɟɧɬ 

Ƀɦɨɜɿɪɧɿɫɬɶ�ɩɟɪɟɯɨɞɭ 

"noActOut"  

 ͳ െ ݊Ȁ݇ 

Ʌɿɦɿɬ�ɛɭɮɟɪɚ ɡɨɜɧɿɲɧɿɯ�

ɩɨɞɿɣ� 

ɉɨɥɟ "maxsize" ɤɥɚɫɭ 
Control 

3, 10, 20, 50 ɚɛɨ 100 

 

ɇɚɛɿɪ�ɩɚɪɚɦɟɬɪɿɜ��ɳɨ�ɜɩɥɢɜɚɽ�ɧɚ� ɟɮɟɤɬɢɜɧɿɫɬɶ� ɚɥɝɨɪɢɬɦɭ�ɫɤɥɚɞɚɽɬɶɫɹ� ɡɿ�

ɫɤɥɚɞɧɨɫɬɿ�ɩɿɞɡɚɞɚɱ�ɜ�ɨɞɧɨɦɭ�ɩɨɬɨɰɿ��ɤɿɥɶɤɨɫɬɿ�ɹɞɟɪ�ɩɪɨɰɟɫɨɪɚ�ɬɚ�ɥɿɦɿɬɭ ɛɭɮɟɪɚ�
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ɡɨɜɧɿɲɧɿɯ� ɩɨɞɿɣ�� ȼɩɥɢɜ� ɰɢɯ� ɩɚɪɚɦɟɬɪɿɜ� ɞɨɫɥɿɞɠɭɽɬɶɫɹ� ɩɪɢ� ɪɿɡɧɿɣ� ɫɤɥɚɞɧɨɫɬɿ�

ɦɨɞɟɥɿ� 

Ⱦɥɹ�ɞɨɫɥɿɞɠɟɧɧɹ�ɜɩɥɢɜɭ� ɫɤɥɚɞɧɨɫɬɿ�ɩɿɞɡɚɞɚɱ�ɭ�ɩɨɬɨɰɿ�ɧɚ�ɱɚɫ� ɜɢɤɨɧɚɧɧɹ�

ɛɭɥɨ� ɩɪɨɜɟɞɟɧɨ� ɟɤɫɩɟɪɢɦɟɧɬ� ɿɡ� ɡɚɡɧɚɱɟɧɢɦɢ� ɩɚɪɚɦɟɬɪɚɦɢ� ɦɨɞɟɥɿ�� Ɋɟɡɭɥɶɬɚɬɢ�

ɦɨɞɟɥɸɜɚɧɧɹ��ɨɬɪɢɦɚɧɿ�ɭ�ɜɢɩɚɞɤɭ�ɜɢɤɨɪɢɫɬɚɧɧɹ���ɹɞɟɪ�ɞɥɹ�ɩɨɲɭɤɭ�ɨɩɬɢɦɚɥɶɧɨʀ�

ɫɤɥɚɞɧɨɫɬɿ� ɨɞɧɿɽʀ� ɩɿɞɡɚɞɚɱɿ, ɩɪɟɞɫɬɚɜɥɟɧɿ� ɧɚ� ɪɢɫɭɧɤɭ� ����� ɇɚɣɦɟɧɲɢɣ� ɱɚɫ�

ɜɢɤɨɧɚɧɧɹ ɞɨɫɹɝɚɽɬɶɫɹ�� ɹɤɳɨ� ɤɿɥɶɤɿɫɬɶ� ɩɨɞɿɣ�� ɨɛɪɨɛɥɟɧɢɯ� ɨɞɧɢɦ� ɩɨɬɨɤɨɦ��

ɞɨɪɿɜɧɸɽ� ��� ɩɪɢ� ɡɛɿɥɶɲɟɧɧɿ� ɫɤɥɚɞɧɨɫɬɿ� ɦɨɞɟɥɿ� ɜɿɞ� ���� ɞɨ� ����� ɩɨɞɿɣ�� ɳɨ�

ɜɿɞɩɨɜɿɞɚɽ�ɪɟɚɥɶɧɿɣ�ɪɨɛɨɬɿ�ɧɚ�ɪɟɫɭɪɫɚɯ�ɤɨɦɩ¶ɸɬɟɪɚ��ɞɢɜ��ɪɢɫ��������Ɍɚɤɢɦ ɱɢɧɨɦ��

ɦɨɞɟɥɶ�ɦɨɠɟ�ɛɭɬɢ�ɜɢɤɨɪɢɫɬɚɧɚ�ɞɥɹ�ɩɨɲɭɤɭ�ɧɚɣɤɪɚɳɢɯ�ɩɚɪɚɦɟɬɪɿɜ�ɞɥɹ�ɡɚɩɭɫɤɭ�

ɩɚɪɚɥɟɥɶɧɨɝɨ� ɚɥɝɨɪɢɬɦɭ�� Ⱥɛɫɨɥɸɬɧɿ� ɡɧɚɱɟɧɧɹ� ɱɚɫɭ� ɜɢɤɨɧɚɧɧɹ� ɜɿɞɪɿɡɧɹɸɬɶɫɹ�

ɱɟɪɟɡ� ɧɟɞɨɫɬɚɬɧɶɨ� ɬɨɱɧɭ� ɨɰɿɧɤɭ� ɱɚɫɨɜɢɯ� ɡɚɬɪɢɦɨɤ� ɧɚ� ɨɤɪɟɦɢɯ� ɿɧɫɬɪɭɤɰɿɹɯ�

ɚɥɝɨɪɢɬɦɭ� 

 
Ɋɢɫɭɧɨɤ���7 ± ȼɩɥɢɜ�ɫɤɥɚɞɧɨɫɬɿ ɩɿɞɡɚɞɚɱ ɧɚ�ɱɚɫ�ɜɢɤɨɧɚɧɧɹ�ɩɚɪɚɥɟɥɶɧɨɝɨ�

ɚɥɝɨɪɢɬɦɭ. 
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Ⱦɨɫɥɿɞɠɟɧɧɹ� ɜɩɥɢɜɭ� ɤɿɥɶɤɨɫɬɿ� ɹɞɟɪ ɬɚ� ɫɤɥɚɞɧɨɫɬɿ� ɩɿɞɡɚɞɚɱ ɧɚ� ɱɚɫ�

ɜɢɤɨɧɚɧɧɹ� ɩɪɢ� ɡɚɝɚɥɶɧɿɣ� ɤɿɥɶɤɨɫɬɿ� ɩɨɞɿɣ�� ɳɨ� ɞɨɪɿɜɧɸɽ� ����� ɩɪɟɞɫɬɚɜɥɟɧɨ� ɧɚ�

ɪɢɫɭɧɤɭ� ��8�� ɉɪɢ� ɡɛɿɥɶɲɟɧɧɿ� ɤɿɥɶɤɨɫɬɿ� ɹɞɟɪ� ɞɨ� �� ɹɞɟɪ� ɱɚɫ� ɜɢɤɨɧɚɧɧɹ� ɡɧɚɱɧɨ�

ɡɦɟɧɲɭɽɬɶɫɹ�� ɇɚɫɬɭɩɧɟ� ɡɛɿɥɶɲɟɧɧɹ� ɹɞɟɪ� ɩɪɢɡɜɨɞɢɬɶ� ɞɨ� ɡɦɿɧɢ� ɨɩɬɢɦɚɥɶɧɨʀ�

ɫɤɥɚɞɧɨɫɬɿ�ɩɨɬɨɤɭ�ɞɨ���� 

 
Ɋɢɫɭɧɨɤ���8 ± ȼɩɥɢɜ�ɤɿɥɶɤɨɫɬɿ�ɹɞɟɪ�ɧɚ�ɱɚɫ�ɜɢɤɨɧɚɧɧɹ�ɩɚɪɚɥɟɥɶɧɨɝɨ�ɚɥɝɨɪɢɬɦɭ� 

Ⱦɟɬɚɥɶɧɟ�ɞɨɫɥɿɞɠɟɧɧɹ�ɜɩɥɢɜɭ�ɨɛɦɟɠɟɧɧɹ �ɥɿɦɿɬɭ� ɛɭɮɟɪɚ�ɡɨɜɧɿɲɧɿɯ�ɩɨɞɿɣ ɬɚ�

ɫɤɥɚɞɧɨɫɬɿ�ɩɿɞɡɚɞɚɱ ɭ�ɩɨɬɨɰɿ�ɧɚ�ɱɚɫ�ɜɢɤɨɧɚɧɧɹ�ɩɚɪɚɥɟɥɶɧɨɝɨ�ɚɥɝɨɪɢɬɦɭ ɿɦɿɬɚɰɿʀ�

ɩɪɟɞɫɬɚɜɥɟɧɨ� ɭ� ɪɨɛɨɬɚɯ� [67, 68].  ɍ� ɜɿɞɩɨɜɿɞɧɨɫɬɿ� ɞɨ� ɩɨɤɪɨɤɨɜɨɝɨ� ɚɥɝɨɪɢɬɦɭ�

ɨɩɬɢɦɿɡɚɰɿʀ�ɫɩɟɪɲɭ�ɜɢɡɧɚɱɚɥɨɫɶ�ɨɩɬɢɦɚɥɶɧɟ�ɡɧɚɱɟɧɧɹ�ɥɿɦɿɬɭ�ɛɭɮɟɪɚ�ɡɨɜɧɿɲɧɿɯ�

ɩɨɞɿɣ��Ɋɟɡɭɥɶɬɚɬɢ�ɦɨɞɟɥɸɜɚɧɧɹ��ɨɬɪɢɦɚɧɿ�ɩɪɢ�ɪɟɫɭɪɫɿ�ɨɛɫɹɝɨɦ�ɜ ��ɹɞɪɚ ɬɚ�ɩɪɢ�

ɫɤɥɚɞɧɨɫɬɿ�ɦɨɞɟɥɿ�ɭ�����ɩɨɞɿɣ��ɩɪɟɞɫɬɚɜɥɟɧɿ ɧɚ�ɪɢɫɭɧɤɭ���9. Ɇɨɠɧɚ�ɩɨɦɿɬɢɬɢ, ɳɨ 

ɡɛɿɥɶɲɟɧɧɹ�ɡɧɚɱɟɧɧɹ�ɥɿɦɿɬɭ�ɜɿɞ�����ɧɟ�ɫɩɪɢɱɢɧɹɽ�ɡɧɚɱɧɨɝɨ�ɡɦɟɧɲɟɧɧɹ�ɱɚɫɭ��ɚɞɠɟ�

ɤɪɢɜɿ� ɞɥɹ� ���� ɿ� 1���� ɩɨɞɿɣ� ɧɚɤɥɚɞɚɸɬɶɫɹ�� Ɂ ɬɨɱɤɢ� ɡɨɪɭ� ɡɚɜɚɧɬɚɠɟɧɨɫɬɿ�

ɨɛɱɢɫɥɸɜɚɥɶɧɨɝɨ ɪɟɫɭɪɫɭ�� ɨɩɬɢɦɚɥɶɧɢɦ� ɡɧɚɱɟɧɧɹɦ� ɥɿɦɿɬɭ� ɛɭɮɟɪɚ� ɡɨɜɧɿɲɧɿɯ�

ɩɨɞɿɣ�ɽ�����ɩɨɞɿɣ�� 
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ɉɿɫɥɹ�ɜɢɡɧɚɱɟɧɧɹ�ɨɩɬɢɦɚɥɶɧɨɝɨ�ɡɧɚɱɟɧɧɹ�ɩɟɪɲɨɝɨ�ɩɚɪɚɦɟɬɪɚ�ɦɨɠɥɢɜɢɦ�ɫɬɚɜ 

ɩɨɲɭɤ�ɨɩɬɢɦɚɥɶɧɨɝɨ�ɡɧɚɱɟɧɧɹ�ɫɤɥɚɞɧɨɫɬɿ�ɩɿɞɡɚɞɚɱɿ�ɭ�ɩɨɬɨɰɿ��ɇɚ ɪɢɫɭɧɤɭ 4.9�ɚ��

ɜɢɞɧɨ��ɳɨ�ɦɿɧɿɦɚɥɶɧɢɣ ɱɚɫ�ɜɢɤɨɧɚɧɧɹ�ɫɩɨɫɬɟɪɿɝɚɽɬɶɫɹ��ɤɨɥɢ�ɫɤɥɚɞɧɿɫɬɶ�ɩɿɞɡɚɞɚɱɿ�

ɫɤɥɚɞɚɽ� ��� ɩɨɞɿɣ��  ɍɧɚɫɥɿɞɨɤ ɞɟɬɚɥɿɡɚɰɿʀ� ɞɨɫɥɿɞɠɟɧɧɹ� ɜ� ɨɤɨɥɿ� ɨɩɬɢɦɭɦɭ �ɪɢɫ��

����ɛ��, ɜɢɜɥɟɧɨ��ɳɨ�ɧɚɣɦɟɧɲɟ ɡɧɚɱɟɧɧɹ ɱɚɫɭ ɜɢɤɨɧɚɧɧɹ ɚɥɝɨɪɢɬɦɭ ɞɨɫɹɝɚɽɬɶɫɹ�

ɩɪɢ���ɩɨɞɿɹɯ�ɭ�ɩɨɬɨɰɿ� 

  
�ɚ�       �ɛ� 

Ɋɢɫɭɧɨɤ�4.9 ± ȼɩɥɢɜ�ɥɿɦɿɬɭ�ɛɭɮɟɪɚ�ɡɨɜɧɿɲɧɿɯ�ɩɨɞɿɣ�ɬɚ�ɫɤɥɚɞɧɨɫɬɿ�ɩɿɞɡɚɞɚɱɿ�ɭ�

ɩɨɬɨɰɿ�ɧɚ�ɱɚɫ�ɜɢɤɨɧɚɧɧɹ�ɚɥɝɨɪɢɬɦɭ�ɜ�ɦɨɞɟɥɿ���ɚ�ɡɚɝɚɥɶɧɢɣ�ɝɪɚɮɿɤ���ɛ��

ɞɟɬɚɥɿɡɨɜɚɧɢɣ�ɝɪɚɮɿɤ� 

Ɋɟɡɭɥɶɬɚɬɢ� ɚɧɚɥɨɝɿɱɧɨɝɨ� ɞɨɫɥɿɞɠɟɧɧɹ�� ɚɥɟ� ɜɠɟ ɡ� ɪɟɚɥɶɧɨɸ� ɩɪɨɝɪɚɦɨɸ� 

ɧɚɜɟɞɟɧɿ ɧɚ� ɪɢɫɭɧɤɭ� 4.10. ȼɫɬɚɧɨɜɥɟɧɨ�� ɳɨ� ɨɩɬɢɦɚɥɶɧɢɣ� ɱɚɫ� ɜɢɤɨɧɚɧɧɹ�

ɚɥɝɨɪɢɬɦɭ�ɞɨɫɹɝɚɽɬɶɫɹ��ɤɨɥɢ�ɫɤɥɚɞɧɿɫɬɶ�ɩɿɞɡɚɞɚɱɿ�ɫɤɥɚɞɚɽ ��ɩɨɞɿʀ��ɚ�ɨɛɦɟɠɟɧɧɹ�

ɛɭɮɟɪɚ� ɡɨɜɧɿɲɧɿɯ� ɩɨɞɿɣ� ɫɬɚɧɨɜɢɬɶ� ���� Ɍɨɠ� ɡɧɚɱɟɧɧɹ� ɨɬɪɢɦɚɧɿ� ɡ� ɦɨɞɟɥɿ� ɬɚ� ɡ�

ɩɪɨɝɪɚɦɢ�ɞɨɫɢɬɶ�ɛɥɢɡɶɤɿ� 
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�ɚ�       �ɛ� 

Ɋɢɫɭɧɨɤ�4.10 ± ȼɩɥɢɜ�ɥɿɦɿɬɭ�ɛɭɮɟɪɚ�ɡɨɜɧɿɲɧɿɯ�ɩɨɞɿɣ�ɬɚ�ɫɤɥɚɞɧɨɫɬɿ�

ɩɿɞɡɚɞɚɱɿ�ɭ�ɩɨɬɨɰɿ�ɧɚ�ɱɚɫ�ɜɢɤɨɧɚɧɧɹ�ɚɥɝɨɪɢɬɦɭ�ɜ�ɪɟɚɥɶɧɿɣ�ɩɪɨɝɪɚɦɿ��

�ɚ�ɡɚɝɚɥɶɧɢɣ�ɝɪɚɮɿɤ���ɛ��ɞɟɬɚɥɿɡɨɜɚɧɢɣ�ɝɪɚɮɿɤ� 

ɓɨɛ�ɨɰɿɧɢɬɢ�ɧɚɫɤɿɥɶɤɢ�ɪɿɡɧɢɰɹ�ɜ�ɪɟɡɭɥɶɬɚɬɚɯ�ɞɨɫɥɿɞɠɟɧɧɹ�ɧɚ�ɦɨɞɟɥɿ� ɬɚ�

ɪɟɚɥɶɧɿɣ� ɩɪɨɝɪɚɦɿ� ɜɩɥɢɜɚɽ ɧɚ ɱɚɫ� ɜɢɤɨɧɚɧɧɹ� ɚɥɝɨɪɢɬɦɭ�� ɛɭɥɨ� ɡɞɿɣɫɧɟɧɨ 

ɞɨɞɚɬɤɨɜɿ�ɩɪɨɝɨɧɢ ɩɪɨɝɪɚɦɢ�ɿɡ�ɜɫɬɚɧɨɜɥɟɧɢɦ�ɡɧɚɱɟɧɧɹɦ ɩɚɪɚɦɟɬɪɿɜ��ɫɤɥɚɞɧɿɫɬɶ�

ɩɿɞɡɚɞɚɱɿ�± ��ɩɨɞɿʀ�ɬɚ�ɫɤɥɚɞɧɿɫɬɶ�ɩɿɞɡɚɞɚɱɿ�± ��ɩɨɞɿɣ��Ʌɿɦɿɬ�ɩɪɢɣɦɚɜ�ɡɧɚɱɟɧɧɹ�ɭ�

����ɩɨɞɿɣ��ɍ�ɬɚɛɥɢɰɿ�4.2 ɩɪɟɞɫɬɚɜɥɟɧɿ�ɭɫɟɪɟɞɧɟɧɿ�ɩɨ���ɩɪɨɝɨɧɚɦ�ɪɟɡɭɥɶɬɚɬɢ�ɨɛɨɯ�

ɟɤɫɩɟɪɢɦɟɧɬɿɜ��ɉɨɦɿɬɧɨ��ɳɨ�ɪɿɡɧɢɰɹ�ɜ�ɱɚɫɿ�ɜɢɤɨɧɚɧɧɹ�ɧɟɜɟɥɢɤɚ��ȼɩɥɢɜ�ɩɨɯɢɛɤɢ�

ɩɪɢ�ɜɢɡɧɚɱɟɧɧɿ�ɨɩɬɢɦɚɥɶɧɨɝɨ�ɡɧɚɱɟɧɧɹ�ɧɚ�ɟɮɟɤɬɢɜɧɿɫɬɶ�ɚɥɝɨɪɢɬɦɭ�ɫɤɥɚɞɚɽ�ɥɢɲɟ�

���� ɉɪɢ� ɧɟɨɛɯɿɞɧɨɫɬɿ� ɞɥɹ� ɬɨɱɧɨɝɨ� ɜɢɡɧɚɱɟɧɧɹ� ɡɧɚɱɟɧɶ� ɫɥɿɞ ɩɪɨɜɟɫɬɢ�

ɭɬɨɱɧɸɸɱɢɣ ɟɤɫɩɟɪɢɦɟɧɬ�ɧɚ�ɪɟɚɥɶɧɿɣ�ɩɪɨɝɪɚɦɿ��ɨɫɤɿɥɶɤɢ�ɦɨɞɟɥɶ�ɽ ɫɩɪɨɳɟɧɢɦ�

ɩɪɟɞɫɬɚɜɥɟɧɧɹɦ ɩɪɨɝɪɚɦɢ�� ɿ� ɨɰɿɧɤɚ� ɱɚɫɨɜɢɯ� ɡɚɬɪɢɦɨɤ� ɛɭɥɚ� ɞɨɫɬɚɬɧɶɨ� ɝɪɭɛɨɸ� 

ɉɪɨɬɟ�ɜɪɚɯɨɜɭɸɱɢ��ɳɨ�ɦɨɞɟɥɶ�ɞɨɡɜɨɥɹɽ�ɩɪɨɜɨɞɢɬɢ�ɛɟɡɥɿɱ�ɟɤɫɩɟɪɢɦɟɧɬɿɜ�ɿ�ɬɢɦ�

ɫɚɦɢɦ� ɨɛɦɟɠɢɬɢ ɨɛɥɚɫɬɶ� ɩɨɲɭɤɭ� ɨɩɬɢɦɚɥɶɧɢɯ� ɡɧɚɱɟɧɶ�� ɦɨɠɧɚ� ɫɬɜɟɪɞɠɭɜɚɬɢ�

ɩɪɨ�ɩɨɥɟɝɲɟɧɧɹ�ɬɚ�ɩɪɢɫɤɨɪɟɧɧɹ�ɩɪɨɰɟɫɭ�ɧɚɥɚɲɬɭɜɚɧɧɹ�ɩɚɪɚɦɟɬɪɿɜ�ɩɚɪɚɥɟɥɶɧɢɯ�

ɨɛɱɢɫɥɟɧɶ� 
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Ɍɚɛɥɢɰɹ� 4.2 ± ɒɜɢɞɤɨɞɿɹ� ɚɥɝɨɪɢɬɦɭ� ɩɪɢ� ɨɩɬɢɦɚɥɶɧɢɯ� ɩɚɪɚɦɟɬɪɚɯ��

ɡɧɚɣɞɟɧɢɯ�ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ�ɬɚ�ɡɚ�ɞɨɩɨɦɨɝɨɸ�ɦɟɬɨɞɭ� 

ɋɤɥɚɞɧɿɫɬɶ�ɩɿɞɡɚɞɚɱɿ Ʌɿɦɿɬ�ɛɭɮɟɪɚ ɑɚɫ�ɜɢɤɨɧɚɧɧɹ��ɦɫ 

4 100 1025,625 

8 100 1086,5 

Ɍɚɤɢɦ� ɱɢɧɨɦ�� ɦɨɞɟɥɶ� ɡɚɛɟɡɩɟɱɭɽ� ɤɨɦɩɥɟɤɫɧɢɣ� ɚɧɚɥɿɡ� ɩɚɪɚɦɟɬɪɿɜ�

ɚɥɝɨɪɢɬɦɭ�� Ʉɪɿɦ� ɬɨɝɨ�� ɜɿɡɭɚɥɶɧɟ� ɩɪɟɞɫɬɚɜɥɟɧɧɹ� ɩɚɪɚɥɟɥɶɧɨɝɨ� ɚɥɝɨɪɢɬɦɭ� ɡɚ�

ɞɨɩɨɦɨɝɨɸ� ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɨʀ� ɦɨɞɟɥɿ� ɫɩɪɢɹɽ� ɝɥɢɛɨɤɨɦɭ� ɪɨɡɭɦɿɧɧɸ� ɤɨɞɭ�� ɍ�

ɤɨɧɤɪɟɬɧɨɦɭ� ɩɪɢɤɥɚɞɿ� ɚɥɝɨɪɢɬɦɭ� ɿɦɿɬɚɰɿʀ� ɞɢɫɤɪɟɬɧɨ-ɩɨɞɿɣɧɨʀ� ɫɢɫɬɟɦɢ� ɩɿɞ� ɱɚɫ�

ɩɨɛɭɞɨɜɢ�ɦɨɞɟɥɿ�ɛɭɥɨ�ɜɢɹɜɥɟɧɨ�ɞɜɚ�ɧɚɞɥɢɲɤɨɜɿ�ɮɪɚɝɦɟɧɬɢ�ɤɨɞɭ� 

4.2 ɉɭɥ�ɩɨɬɨɤɿɜ 

ȿɜɨɥɸɰɿɣɧɢɣ�ɚɥɝɨɪɢɬɦ ɨɩɬɢɦɿɡɚɰɿʀ�ɩɚɪɚɦɟɬɪɿɜ�ɩɚɪɚɥɟɥɶɧɢɯ�ɨɛɱɢɫɥɟɧɶ�ɛɭɜ�

ɚɩɪɨɛɨɜɚɧɢɣ�ɧɚ�ɦɨɞɟɥɿ�ɩɭɥɭ�ɩɨɬɨɤɿɜ��Ɉɩɢɫ�ɦɨɞɟɥɿ�ɩɭɥɭ�ɩɨɬɨɤɿɜ�ɛɭɜ�ɧɚɜɟɞɟɧɢɣ�

ɪɚɧɿɲɟ�ɭ�ɩɿɞɪɨɡɞɿɥɿ�������� 

ɋɩɟɪɲɭ� ɩɪɨɜɟɞɟɧɨ� ɟɤɫɩɟɪɢɦɟɧɬ� ɡ� ɡɚɦɿɪɨɦ� ɱɚɫɭ� ɜɢɤɨɧɚɧɧɹ� ɪɟɚɥɶɧɨʀ�

ɩɪɨɝɪɚɦɢ�� ɳɨ� ɪɟɚɥɿɡɭɽ� ɩɭɥ� ɩɨɬɨɤɿɜ� ɡ� ɜɫɬɚɧɨɜɥɟɧɢɦɢ� ɩɚɪɚɦɟɬɪɚɦɢ��

Ɉɛɱɢɫɥɸɜɚɥɶɧɚ� ɫɤɥɚɞɚɧɿɫɬɶ� ɡɚɝɚɥɶɧɨʀ� ɡɚɞɚɱɿ� ɜ�ɞɚɧɨɦɭ�ɟɤɫɩɟɪɢɦɟɧɬɿ�ɫɤɥɚɥɚ�ʹ ή

ͳͲଽ�ɟɥɟɦɟɧɬɚɪɧɢɯ�ɨɩɟɪɚɰɿɣ. Ɂɧɚɱɟɧɧɹ�ɩɚɪɚɦɟɬɪɿɜ�ɩɭɥɭ�ɩɨɬɨɤɿɜ��ɚ�ɫɚɦɟ�ɤɿɥɶɤɿɫɬɶ�

ɩɨɬɨɤɿɜ�ɬɚ�ɩɿɞɡɚɞɚɱ��ɜɫɬɚɧɨɜɥɸɜɚɥɢɫɶ�ɬɚɤɢɦɢ��ɹɤɢɦɢ�ɦɿɝ�ɛɢ�ɡɚɞɚɬɢ�ʀɯ ɩɪɨɝɪɚɦɿɫɬ�

ɭ�ɪɟɚɥɶɧɨɦɭ�ɠɢɬɬɿ��ɍ�ɩɟɪɲɨɦɭ�ɟɤɫɩɟɪɢɦɟɧɬɿ�ɜɫɬɚɧɨɜɥɟɧɨ���ɩɨɬɨɤɢ��ɜɢɯɨɞɹɱɢ ɡ�

ɤɿɥɶɤɨɫɬɿ� ɹɞɟɪ�ɩɪɨɰɟɫɨɪɭ�ɤɨɦɩ¶ɸɬɟɪɚ��ɧɚ� ɹɤɨɦɭ�ɩɪɨɜɨɞɢɥɢɫɶ� ɡɚɦɿɪɢ�� ɬɚ� ������

ɩɿɞɡɚɞɚɱ� ɭ� ɤɨɠɧɨɦɭ� ɩɨɬɨɰɿ�� Ɍɚɤɢɦ� ɱɢɧɨɦ�� � ɨɛɱɢɫɥɸɜɚɥɶɧɚ� ɫɤɥɚɞɧɿɫɬɶ� ɤɨɠɧɨʀ�

ɩɿɞɡɚɞɚɱɿ� ɫɤɥɚɥɚ� ������� ɟɥɟɦɟɧɬɚɪɧɢɯ� ɨɩɟɪɚɰɿɣ�� ɍ� ɞɪɭɝɨɦɭ� ɿ� ɬɪɟɬɶɨɦɭ�

ɟɤɫɩɟɪɢɦɟɧɬɿ�ɨɛɱɢɫɥɸɜɚɥɶɧɚ�ɫɤɥɚɞɧɿɫɬɶ�ɨɞɧɿɽʀ�ɩɿɞɡɚɞɚɱɿ�ɫɤɥɚɥɚ ɜɿɞɩɨɜɿɞɧɨ� 8000 

ɿ�������ɟɥɟɦɟɧɬɚɪɧɢɯ�ɨɩɟɪɚɰɿɣ��Ɋɟɡɭɥɶɬɚɬɢ�ɞɨɫɥɿɞɠɟɧɧɹ�ɧɚɜɟɞɟɧɿ�ɭ�ɬɚɛɥɢɰɿ����� 
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Ɍɚɛɥɢɰɹ�����± ɒɜɢɞɤɨɞɿɹ�ɩɭɥɭ�ɩɨɬɨɤɿɜ� 

Ʉɿɥɶɤɿɫɬɶ�ɩɨɬɨɤɿɜ Ʉɿɥɶɤɿɫɬɶ�ɩɿɞɡɚɞɚɱ�ɭ�ɩɨɬɨɰɿ ɑɚɫ�ɜɢɤɨɧɚɧɧɹ��ɦɫ 

2 10000 769,645 

50 5000 696,604 

100 1000 713,229 

ɉɿɫɥɹ�ɩɪɨɜɟɞɟɧɢɯ�ɟɤɫɩɟɪɢɦɟɧɬɿɜ�ɡ�ɪɟɚɥɶɧɨɸ�ɩɪɨɝɪɚɦɨɸ��ɛɭɥɨ�ɡɚɫɬɨɫɨɜɚɧɨ�

ɟɜɨɥɸɰɿɣɧɢɣ�ɚɥɝɨɪɢɬɦ ɜɢɡɧɚɱɟɧɧɹ�ɨɩɬɢɦɚɥɶɧɢɯ�ɩɚɪɚɦɟɬɪɿɜ�ɧɚ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɿɣ��

ɦɨɞɟɥɿ� ɩɭɥɭ� ɩɨɬɨɤɿɜ� ɞɥɹ� ɨɛɱɢɫɥɟɧɧɹ� ɡɚɞɚɱɿ� ɨɛɫɹɝɨɦ� ɭ� ʹ ή ͳͲଽ�ɟɥɟɦɟɧɬɚɪɧɢɯ�

ɨɩɟɪɚɰɿɣ�� Ɉɛɥɚɫɬɶ� ɞɨɩɭɫɬɢɦɢɯ� ɡɧɚɱɟɧɶ� ɞɥɹ� ɩɨɬɨɤɿɜ� ɜɫɬɚɧɨɜɥɟɧɚ� ɜɿɞ� �� ɞɨ� ���

ɩɨɬɨɤɿɜ�� ɚ� ɩɚɪɚɦɟɬɪ� ɤɿɥɶɤɨɫɬɿ�ɩɿɞɡɚɞɚɱ ɧɚɛɭɜɚɜ� ɡɧɚɱɟɧɶ: {ʹ଴ǡ ʹଵǡ ʹଶǡǥ�ǡ ʹ଼ሽ�.  ɍ�

ɪɟɡɭɥɶɬɚɬɿ� ɪɨɛɨɬɢ� ɟɜɨɥɸɰɿɣɧɨɝɨ� ɚɥɝɨɪɢɬɦɭ� ɜɢɡɧɚɱɟɧɨ�� ɳɨ� ɨɩɬɢɦɚɥɶɧɢɦɢ�

ɩɚɪɚɦɟɬɪɚɦɢ� ɩɭɥɭ� ɩɨɬɨɤɿɜ� ɞɥɹ� ɡɚɞɚɧɨʀ� ɡɚɞɚɱɿ� ɽ� 13 ɩɨɬɨɤɿɜ� ɬɚ� ʹ଼ ɩɿɞɡɚɞɚɱ��

ɉɪɨɦɿɠɧɿ� ɪɟɡɭɥɶɬɚɬɢ� ɪɨɛɨɬɢ� ɚɥɝɨɪɢɬɦɭ� ɧɚɜɟɞɟɧɿ� ɜ� ɞɨɞɚɬɤɭ Ƚ�� Ɂ� ɨɬɪɢɦɚɧɢɦɢ�

ɡɧɚɱɟɧɧɹɦɢ� ɩɚɪɚɦɟɬɪɿɜ� ɛɭɥɨ� ɩɪɨɜɟɞɟɧɨ� ɟɤɫɩɟɪɢɦɟɧɬ� ɧɚ� ɪɟɚɥɶɧɿɣ� ɩɪɨɝɪɚɦɿ��

ɜɧɚɫɥɿɞɨɤ� ɱɨɝɨ� ɨɛɱɢɫɥɟɧɨ� ɧɚɫɤɿɥɶɤɢ� ɡɦɟɧɲɢɜɫɹ� ɱɚɫ� ɜɢɤɨɧɚɧɧɹ� ɚɥɝɨɪɢɬɦɭ�

ɜɿɞɧɨɫɧɨ�ɩɨɱɚɬɤɨɜɢɯ�ɡɧɚɱɟɧɶ��ɬɚɛɥ������� 

Ɍɚɛɥɢɰɹ� ���� ± Ɉɰɿɧɤɚ� ɡɦɟɧɲɟɧɧɹ ɱɚɫɭ� ɜɢɤɨɧɚɧɧɹ� ɚɥɝɨɪɢɬɦɭ� ɩɿɫɥɹ�

ɡɚɫɬɨɫɭɜɚɧɧɹ�ɟɜɨɥɸɰɿɣɧɨɝɨ�ɦɟɬɨɞɭ� 

ɑɚɫ�ɜɢɤɨɧɚɧɧɹ�ɚɥɝɨɪɢɬɦɭ��ɦɫ 

Ɂɦɟɧɲɟɧɧɹ�ɱɚɫɭ�

ɜɢɤɨɧɚɧɧɹ�ɚɥɝɨɪɢɬɦɭ 
Ɂ�ɩɚɪɚɦɟɬɪɚɦɢ��

ɡɚɞɚɧɢɦɢ�ɩɪɨɝɪɚɦɿɫɬɨɦ 

Ɂ�ɩɚɪɚɦɟɬɪɚɦɢ��

ɨɬɪɢɦɚɧɢɦɢ�

ɟɜɨɥɸɰɿɣɧɢɦ ɦɟɬɨɞ 

769,645 

633,254 

18% 

696,604 9% 

713,229 11% 

Ɉɬɠɟ�   ɜɧɚɫɥɿɞɨɤ�ɩɪɨɜɟɞɟɧɨɝɨ�ɞɨɫɥɿɞɠɟɧɧɹ��ɜɫɬɚɧɨɜɥɟɧɨ��ɳɨ�ɜ�ɫɟɪɟɞɧɶɨɦɭ�

ɟɜɨɥɸɰɿɣɧɢɣ� ɚɥɝɨɪɢɬɦ ɩɨɥɿɩɲɢɜ� ɱɚɫ� ɜɢɤɨɧɚɧɧɹ� ɚɥɝɨɪɢɬɦɭ� ɧɚ� �2,7%�� ɳɨ�

ɩɿɞɬɜɟɪɞɠɭɽ�ɣɨɝɨ�ɤɨɪɟɤɬɧɿɫɬɶ�ɬɚ�ɟɮɟɤɬɢɜɧɿɫɬɶ� 



134 
 

 

4.3 ȼɢɫɧɨɜɤɢ�ɞɨ�ɪɨɡɞɿɥɭ 4 

ɍ� ɪɨɡɞɿɥɿ� ɧɚɜɟɞɟɧɨ� ɩɪɢɤɥɚɞ� ɩɨɲɭɤɭ� ɨɩɬɢɦɚɥɶɧɢɯ� ɩɚɪɚɦɟɬɪɿɜ� ɦɟɬɨɞɨɦ�

ɨɩɬɢɦɿɡɚɰɿʀ�� ɨɩɢɫɚɧɢɦ� ɭ� ɪɨɡɞɿɥɿ� ��� ɉɚɪɚɥɟɥɶɧɢɣ� ɚɥɝɨɪɢɬɦ� ɿɦɿɬɚɰɿʀ�� ɜɡɹɬɢɣ� ɞɥɹ�

ɩɪɢɤɥɚɞɭ��ɽ�ɫɤɥɚɞɧɢɦ�ɹɤ�ɡɚ�ɤɿɥɶɤɿɫɬɸ�ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ�ɞɿɣ��ɬɚɤ�ɿ�ɡɚ�ɦɟɯɚɧɿɡɦɚɦɢ 

ɜɡɚɽɦɨɞɿʀ�ɩɿɞɡɚɞɚɱ��ɹɤɿ�ɡɚɛɟɡɩɟɱɭɸɬɶ�ɡɥɚɝɨɞɠɟɧɿ�ɞɿʀ�ɭɫɿɯ�ɱɚɫɬɢɧ�ɦɨɞɟɥɿ� 

Ɍɟɨɪɟɬɢɱɧɨ� ɬɚ� ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ� ɞɨɜɟɞɟɧɨ� ɧɚɹɜɧɿɫɬɶ� ɜɩɥɢɜɭ� ɩɚɪɚɦɟɬɪɿɜ�

ɩɚɪɚɥɟɥɶɧɨɝɨ� ɚɥɝɨɪɢɬɦɭ� ɧɚ� ɲɜɢɞɤɨɞɿɸ� ɣɨɝɨ� ɜɢɤɨɧɚɧɧɹ�� ȼɫɬɚɧɨɜɥɟɧɨ�� ɳɨ�

ɩɚɪɚɦɟɬɪɨɦ��ɜɿɞ�ɹɤɨɝɨ�ɭ�ɧɚɣɛɿɥɶɲɿɣ�ɦɿɪɿ�ɡɚɥɟɠɢɬɶ�ɱɚɫ�ɜɢɤɨɧɚɧɧɹ�ɚɥɝɨɪɢɬɦɭ�± ɰɟ�

ɫɤɥɚɞɧɿɫɬɶ�ɨɞɧɨɝɨ�ɮɪɚɝɦɟɧɬɭ�ɦɨɞɟɥɿ��ɹɤɢɣ�ɡɚɩɭɫɤɚɽɬɶɫɹ�ɧɚ�ɨɞɧɨɱɚɫɧɟ�ɜɢɤɨɧɚɧɧɹ��

ȼɢɤɨɧɚɧɨ� ɞɨɫɥɿɞɠɟɧɧɹ� ɨɩɬɢɦɚɥɶɧɨɝɨ� ɡɧɚɱɟɧɧɹ� ɩɚɪɚɦɟɬɪɭ� ɩɪɢ� ɡɪɨɫɬɚɧɧɿ�

ɫɤɥɚɞɧɨɫɬɿ�ɦɨɞɟɥɿ� 

ɉɨɛɭɞɨɜɚɧɚ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɚ�ɦɨɞɟɥɶ�ɩɚɪɚɥɟɥɶɧɨɝɨ�ɚɥɝɨɪɢɬɦɭ�ɬɚ�ɜɢɤɨɧɚɧɨ�

ɩɨɲɭɤ� ɨɩɬɢɦɚɥɶɧɢɯ� ɩɚɪɚɦɟɬɪɿɜ� ɧɚ� ɦɨɞɟɥɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ�� Ɂɧɚɣɞɟɧɿ�

ɨɩɬɢɦɚɥɶɧɿ�ɡɧɚɱɟɧɧɹ ɞɨɫɬɚɬɧɶɨ�ɬɨɱɧɨ�ɜɿɞɩɨɜɿɞɚɸɬɶ�ɬɚɤɢɦ��ɳɨ�ɛɭɥɢ�ɜɢɹɜɥɟɧɿ�ɩɪɢ�

ɟɤɫɩɟɪɢɦɟɧɬɭɜɚɧɧɿ� ɡ� ɩɚɪɚɥɟɥɶɧɢɦ� ɚɥɝɨɪɢɬɦɨɦ� ɜ� ɪɟɚɥɶɧɢɯ� ɭɦɨɜɚɯ�� Ɉɬɪɢɦɚɧɿ�

ɪɟɡɭɥɶɬɚɬɢ�ɫɜɿɞɱɚɬɶ�ɩɪɨ�ɤɨɪɟɤɬɧɿɫɬɶ�ɩɨɲɭɤɭ�ɨɩɬɢɦɚɥɶɧɢɯ�ɩɚɪɚɦɟɬɪɿɜ�ɧɚ�ɦɨɞɟɥɿ�  

ȼɢɤɨɧɚɧɨ� ɩɨɲɭɤ� ɨɩɬɢɦɚɥɶɧɢɯ� ɩɚɪɚɦɟɬɪɿɜ� ɩɭɥɭ� ɩɨɬɨɤɿɜ� ɧɚ� ɦɨɞɟɥɿ ɡɚ�

ɞɨɩɨɦɨɝɨɸ�ɟɜɨɥɸɰɿɣɧɨɝɨ�ɦɟɬɨɞɭ��ɍ�ɯɨɞɿ�ɞɨɫɥɿɞɠɟɧɧɹ�ɜɢɹɜɥɟɧɨ��ɳɨ�ɡɧɚɣɞɟɧɿ�ɡɚ�

ɞɨɩɨɦɨɝɨɸ�ɟɜɨɥɸɰɿɣɧɨɝɨ�ɦɟɬɨɞɭ�ɩɚɪɚɦɟɬɪɢ�ɩɭɥɭ�ɩɨɬɨɤɿɜ�ɫɩɪɢɹɥɢ�ɡɦɟɧɲɟɧɧɸ�

ɱɚɫɭ� ɜɢɤɨɧɚɧɧɹ� ɚɥɝɨɪɢɬɦɭ� ɭ� ɩɨɪɿɜɧɹɧɧɿ� ɿɡ� ɩɚɪɚɦɟɬɪɚɦɢ�� ɜɫɬɚɧɨɜɥɟɧɢɦɢ� ɞɨ�

ɡɚɫɬɨɫɭɜɚɧɧɹ�ɦɟɬɨɞɭ� 
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ȼɂɋɇɈȼɄɂ 
ɍ�ɞɢɫɟɪɬɚɰɿʀ� ɜɢɪɿɲɟɧɨ� ɜɚɠɥɢɜɟ� ɞɥɹ� ɪɨɡɜɢɬɤɭ ɿɧɮɨɪɦɚɰɿɣɧɢɯ� ɬɟɯɧɨɥɨɝɿɣ�

ɧɚɭɤɨɜɟ� ɡɚɜɞɚɧɧɹ� ɩɿɞɜɢɳɟɧɧɹ� ɟɮɟɤɬɢɜɧɨɫɬɿ� ɜɢɤɨɪɢɫɬɚɧɧɹ� ɩɚɪɚɥɟɥɶɧɢɯ�

ɨɛɱɢɫɥɟɧɶ� ɜ� ɿɧɮɨɪɦɚɰɿɣɧɿɣ� ɬɟɯɧɨɥɨɝɿʀ� ɡɚ� ɪɚɯɭɧɨɤ� ɦɨɞɟɥɸɜɚɧɧɹ� ɩɚɪɚɥɟɥɶɧɢɯ�

ɨɛɱɢɫɥɟɧɶ� ɬɚ� ɨɩɬɢɦɿɡɚɰɿʀ� ʀɯ� ɩɚɪɚɦɟɬɪɿɜ� ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɿ� ɦɨɞɟɥɿ� ɞɚɸɬɶ� ɡɦɨɝɭ�

ɜɿɞɬɜɨɪɢɬɢ�ɫɬɪɭɤɬɭɪɭ�ɩɪɨɝɪɚɦɢ�ɬɚ�ʀʀ�ɩɨɜɟɞɿɧɤɭ� 

Ɋɟɡɭɥɶɬɚɬɚɦɢ� ɞɢɫɟɪɬɚɰɿɣɧɨɝɨ� ɞɨɫɥɿɞɠɟɧɧɹ� ɽ� ɬɚɤɿ� ɧɚɭɤɨɜɿ� ɬɚ� ɩɪɚɤɬɢɱɧɿ�

ɪɟɡɭɥɶɬɚɬɢ� 

���Ɋɨɡɪɨɛɥɟɧɨ�ɬɟɯɧɨɥɨɝɿɸ�ɦɨɞɟɥɸɜɚɧɧɹ�ɩɚɪɚɥɟɥɶɧɢɯ�ɨɛɱɢɫɥɟɧɶ�ɧɚ�ɨɫɧɨɜɿ�

ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɨɝɨ�ɩɿɞɯɨɞɭ��ɳɨ�ɧɚɞɚɽ�ɦɨɠɥɢɜɿɫɬɶ�ɫɤɨɪɨɬɢɬɢ�ɪɟɫɭɪɫɧɿ�ɜɢɬɪɚɬɢ�ɩɪɢ�

ɪɨɡɪɨɛɰɿ� ɩɚɪɚɥɟɥɶɧɢɯ� ɚɥɝɨɪɢɬɦɿɜ�� ɿ� ɧɚ� ɜɿɞɦɿɧɭ� ɜɿɞ� ɿɫɧɭɸɱɢɯ�� ɞɚɽ� ɡɦɨɝɭ�

ɜɿɞɬɜɨɪɢɬɢ�ɞɟɬɚɥɿɡɨɜɚɧɨ�ɫɬɪɭɤɬɭɪɭ�ɩɚɪɚɥɟɥɶɧɨʀ�ɩɪɨɝɪɚɦɢ�ɬɚ�ɦɟɯɚɧɿɡɦɢ�ɜɡɚɽɦɨɞɿʀ�

ɨɞɧɨɱɚɫɧɨ� ɜɢɤɨɧɭɜɚɧɢɯ� ɱɚɫɬɢɧ� ɩɪɨɝɪɚɦɢ� ɡ� ɭɪɚɯɭɜɚɧɧɹɦ� ɱɚɫɨɜɢɯ� ɡɚɬɪɢɦɨɤ� ɧɚ�

ɜɢɤɨɧɚɧɧɹ�ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ�ɞɿɣ�ɬɚ�ɫɬɨɯɚɫɬɢɱɧɨɫɬɿ�ɡɚɯɨɩɥɟɧɧɹ�ɨɛɱɢɫɥɸɜɚɥɶɧɨɝɨ�

ɪɟɫɭɪɫɭ�ɿ�ɫɩɪɨɳɭɽ�ɩɪɨɰɟɫ�ɩɨɛɭɞɨɜɢ�ɦɨɞɟɥɿ�ɡɚ�ɪɚɯɭɧɨɤ�ɬɢɪɚɠɭɜɚɧɧɹ�ɮɪɚɝɦɟɧɬɿɜ�

ɩɪɨɝɪɚɦɢ�ɡɿ�ɫɯɨɠɨɸ�ɮɭɧɤɰɿɨɧɚɥɶɧɿɫɬɸ� 

2. ɍɞɨɫɤɨɧɚɥɟɧɨ� ɦɨɞɟɥɿ� ɛɚɡɨɜɢɯ� ɦɟɯɚɧɿɡɦɿɜ� ɫɢɧɯɪɨɧɿɡɚɰɿʀ� ɩɚɪɚɥɟɥɶɧɢɯ�

ɨɛɱɢɫɥɟɧɶ� ɡɚ� ɪɚɯɭɧɨɤ� ɩɿɞɜɢɳɟɧɧɹ� ɬɨɱɧɨɫɬɿ� ɜɿɞɬɜɨɪɟɧɧɹ�� ɳɨ� ɡɚɛɟɡɩɟɱɭɽ 

ɞɨɫɬɚɬɧɶɨ ɜɢɫɨɤɭ�ɬɨɱɧɿɫɬɶ�ɪɟɡɭɥɶɬɚɬɿɜ�ɦɨɞɟɥɸɜɚɧɧɹ. 

3. Ɋɨɡɪɨɛɥɟɧɨ� ɬɢɩɨɜɿ�ɮɪɚɝɦɟɧɬɢ�ɦɟɪɟɠ�ɉɟɬɪɿ��ɳɨ� ɪɟɚɥɿɡɭɸɬɶ�ɦɟɯɚɧɿɡɦɢ�

ɛɚɝɚɬɨɩɨɬɨɤɨɜɨʀ�ɬɟɯɧɨɥɨɝɿʀ�-DYa, ɜɢɤɨɪɢɫɬɚɧɧɹ�ɹɤɢɯ�ɩɪɢɫɤɨɪɸɽ�ɪɨɡɪɨɛɤɭ�ɦɨɞɟɥɿ�

ɩɚɪɚɥɟɥɶɧɨɝɨ�ɚɥɝɨɪɢɬɦɭ ɡɚ�ɪɚɯɭɧɨɤ�ɡɦɟɧɲɟɧɧɹ�ɤɿɥɶɤɨɫɬɿ�ɩɨɦɢɥɨɤ�ɬɚ�ɡɦɟɧɲɟɧɧɹ�

ɡɚɝɚɥɶɧɨʀ�ɤɿɥɶɤɨɫɬɿ�ɟɥɟɦɟɧɬɿɜ��ɧɟɨɛɯɿɞɧɢɯ�ɞɥɹ�ɪɨɡɪɨɛɤɢ�ɦɨɞɟɥɿ� 

4. Ɂɚɩɪɨɩɨɧɨɜɚɧɨ ɦɟɬɨɞ�ɨɩɬɢɦɿɡɚɰɿʀ�ɩɚɪɚɦɟɬɪɿɜ�ɩɚɪɚɥɟɥɶɧɢɯ�ɨɛɱɢɫɥɟɧɶ�ɧɚ�

ɨɫɧɨɜɿ�ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ�ɞɨɫɥɿɞɠɟɧɧɹ�ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɨʀ�ɦɨɞɟɥɿ�ɨɛɱɢɫɥɟɧɶ��ɳɨ�

ɡɚɛɟɡɩɟɱɭɽ�ɟɮɟɤɬɢɜɧɟ�ɜɢɤɨɪɢɫɬɚɧɧɹ�ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ�ɪɟɫɭɪɫɿɜ�ɿ��ɧɚ�ɜɿɞɦɿɧɭ�ɜɿɞ�

ɿɫɧɭɸɱɢɯ� ɩɿɞɯɨɞɿɜ�� ɞɚɽ� ɡɦɨɝɭ� ɩɪɨɜɨɞɢɬɢ� ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɟ� ɞɨɫɥɿɞɠɟɧɧɹ�

ɟɮɟɤɬɢɜɧɨɫɬɿ�ɩɚɪɚɥɟɥɶɧɢɯ�ɨɛɱɢɫɥɟɧɶ�ɧɚ�ɦɨɞɟɥɿ� ɡɚɦɿɫɬɶ� ɟɤɫɩɟɪɢɦɟɧɬɭɜɚɧɧɹ�ɧɚ�

ɪɟɚɥɶɧɿɣ�ɩɪɨɝɪɚɦɿ. 
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���Ⱦɨɫɥɿɞɠɟɧɨ� ɬɨɱɧɿɫɬɶ�ɦɨɞɟɥɟɣ�� ɩɨɛɭɞɨɜɚɧɢɯ� ɪɨɡɪɨɛɥɟɧɢɦ�ɦɟɬɨɞɨɦ�� ɬɚ�

ɞɨɜɟɞɟɧɨ�ʀɯ�ɜɢɫɨɤɭ�ɹɤɿɫɬɶ �ɩɨɯɢɛɤɚ�ɞɨ��%) . 

6. Ɋɨɡɪɨɛɥɟɧɨ� ɩɪɨɝɪɚɦɧɟ� ɡɚɛɟɡɩɟɱɟɧɧɹ� Parallel Program Simulation (PPS) 

ɞɥɹ� ɦɨɞɟɥɸɜɚɧɧɹ� ɬɚ� ɨɩɬɢɦɿɡɚɰɿʀ� ɩɚɪɚɦɟɬɪɿɜ� ɩɚɪɚɥɟɥɶɧɢɯ� ɨɛɱɢɫɥɟɧɶ� ɧɚ� ɨɫɧɨɜɿ�

ɉɟɬɪɿ-ɨɛ¶ɽɤɬɧɨɝɨ�ɦɨɞɟɥɸɜɚɧɧɹ. 

��� Ɋɨɡɪɨɛɥɟɧɨ� ɦɨɞɟɥɶ� ɨɛɱɢɫɥɟɧɶ� ɩɚɪɚɥɟɥɶɧɨɝɨ� ɚɥɝɨɪɢɬɦɭ� ɿɦɿɬɚɰɿʀ� ɬɚ�

ɜɢɤɨɧɚɧɨ� ɣɨɝɨ� ɞɨɫɥɿɞɠɟɧɧɹ� ɡ� ɦɟɬɨɸ� ɩɨɲɭɤɭ� ɨɩɬɢɦɚɥɶɧɢɯ� ɩɚɪɚɦɟɬɪɿɜ�

ɩɚɪɚɥɟɥɶɧɢɯ� ɨɛɱɢɫɥɟɧɶ�� Ɂɚ� ɪɟɡɭɥɶɬɚɬɚɦɢ� ɩɨɪɿɜɧɹɧɧɹ� ɨɬɪɢɦɚɧɢɯ� ɪɟɡɭɥɶɬɚɬɿɜ� ɡ�

ɪɟɡɭɥɶɬɚɬɚɦɢ�ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ�ɞɨɫɥɿɞɠɟɧɧɹ�ɩɪɨɝɪɚɦɢ ɨɛɱɢɫɥɟɧɶ�ɜ�ɪɟɚɥɶɧɢɯ�

ɭɦɨɜɚɯ�ɜɢɹɜɥɟɧɨ�ɜɢɫɨɤɭ�ɬɨɱɧɿɫɬɶ��ɩɨɯɢɛɤɚ�6%) ɜɢɡɧɚɱɟɧɧɹ�ɨɩɬɢɦɚɥɶɧɢɯ�ɡɧɚɱɟɧɶ�

ɩɚɪɚɦɟɬɪɿɜ�ɚɥɝɨɪɢɬɦɭ��ɹɤɿ�ɡɚɛɟɡɩɟɱɭɸɬɶ�ɣɨɝɨ�ɧɚɣɛɿɥɶɲɭ�ɲɜɢɞɤɨɞɿɸ� 

Ɉɬɠɟ�� ɹɤɿɫɧɿ� ɦɨɞɟɥɿ� ɩɚɪɚɥɟɥɶɧɢɯ� ɨɛɱɢɫɥɟɧɶ� ɦɨɠɭɬɶ� ɜɢɪɿɲɢɬɢ� ɛɚɝɚɬɨ�

ɩɪɨɛɥɟɦ�� ɹɤɿ� ɜɢɧɢɤɚɸɬɶ� ɩɪɢ� ɪɨɡɪɨɛɰɿ� ɩɚɪɚɥɟɥɶɧɢɯ� ɨɛɱɢɫɥɟɧɶ�� ɜɢɡɧɚɱɢɬɢ�

ɤɿɥɶɤɿɫɬɶ� ɩɪɨɰɟɫɿɜ� ɞɥɹ� ɞɨɫɹɝɧɟɧɧɹ� ɧɚɣɛɿɥɶɲɨʀ� ɲɜɢɞɤɨɞɿʀ�� ɩɨɪɿɜɧɹɬɢ�

ɚɥɶɬɟɪɧɚɬɢɜɧɿ� ɫɩɨɫɨɛɢ� ɜɡɚɽɦɨɞɿʀ� ɩɪɨɰɟɫɿɜ� ɞɨɫɥɿɞɢɬɢ� ɜɩɥɢɜ� ɩɚɪɚɦɟɬɪɿɜ�

ɨɛɱɢɫɥɟɧɶ�ɧɚ� ʀɯ�ɲɜɢɞɤɨɞɿɸ��ɚ� ɬɚɤɨɠ ɜɢɹɜɢɬɢ�ɜ�ɤɨɞɿ�ɩɨɦɢɥɤɢ�ɬɚ�ɜɞɨɫɤɨɧɚɥɢɬɢ�

ɤɨɞ�  

Ɇɟɬɨɞ� ɨɩɬɢɦɿɡɚɰɿʀ�� ɹɤɢɣ� ɪɨɡɪɨɛɥɟɧɨ ɜ� ɞɢɫɟɪɬɚɰɿʀ�� ɬɚ� ɬɟɯɧɨɥɨɝɿɹ�

ɦɨɞɟɥɸɜɚɧɧɹ�ɦɨɠɭɬɶ�ɛɭɬɢ�ɜ�ɩɨɞɚɥɶɲɨɦɭ�ɪɨɡɜɢɧɭɬɿ�ɜ�ɫɟɪɟɞɨɜɢɳɟ�ɩɪɨɽɤɬɭɜɚɧɧɹ��

ɬɚ�ɚɧɚɥɿɡɭ�ɛɚɝɚɬɨɩɨɬɨɤɨɜɢɯ�ɩɪɨɝɪɚɦ� 
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ȾɈȾȺɌɈɄ Ⱥ��ɆȿɌɈȾɂ-ɄɊȱȿɃɌɈɊɂ�ɆȿɊȿɀ�ɉȿɌɊȱ�

ɒȺȻɅɈɇȱȼ�ɆɈȾȿɅɘȼȺɇɇə�ȻȺȽȺɌɈɉɈɌɈɄɈȼɂɏ�

ɈȻɑɂɋɅȿɇɖ 
 

Ɇɟɬɨɞ-ɤɪɿɟɣɬɨɪ�ɮɪɚɝɦɟɧɬɭ�ɦɟɪɟɠɿ�ɉɟɬɪɿ��ɳɨ�ɦɨɞɟɥɸɽ�ɰɢɤɥ�for: 
public static PetriNet CreateNetFor(int m) throws 
ExceptionInvalidNetStructure, ExceptionInvalidTimeDelay { 
 ArrayList<PetriP> d_P = new ArrayList<>(); 
 ArrayList<PetriT> d_T = new ArrayList<>(); 
 ArrayList<ArcIn> d_In = new ArrayList<>(); 
 ArrayList<ArcOut> d_Out = new ArrayList<>(); 
 d_P.add(new PetriP("numIteration",m)); 
 d_P.add(new PetriP("computaionStart",0)); 
 d_P.add(new PetriP("computationEnd",0)); 
 d_P.add(new PetriP("P4",0)); 
 d_P.add(new PetriP("P5",0)); 
 d_P.add(new PetriP("for",1)); 
 d_T.add(new PetriT("forStart",0.0)); 
 d_T.add(new PetriT("T2",0.0)); 
 d_T.add(new PetriT("forFinish",0.0)); 
 d_In.add(new ArcIn(d_P.get(0),d_T.get(0),1)); 
 d_In.add(new ArcIn(d_P.get(2),d_T.get(1),1)); 
 d_In.add(new ArcIn(d_P.get(3),d_T.get(2),m)); 
 d_In.add(new ArcIn(d_P.get(5),d_T.get(0),1)); 
 d_Out.add(new ArcOut(d_T.get(0),d_P.get(1),1)); 
 d_Out.add(new ArcOut(d_T.get(1),d_P.get(3),1)); 
 d_Out.add(new ArcOut(d_T.get(2),d_P.get(4),1)); 
 d_Out.add(new ArcOut(d_T.get(1),d_P.get(5),1)); 
 PetriNet d_Net = new PetriNet("For",d_P,d_T,d_In,d_Out); 
 PetriP.initNext(); 
 PetriT.initNext(); 
 ArcIn.initNext(); 
 ArcOut.initNext(); 
 
 return d_Net; 
} 

Ɇɟɬɨɞ-ɤɪɿɟɣɬɨɪ�ɮɪɚɝɦɟɧɬɭ�ɦɟɪɟɠɿ�ɉɟɬɪɿ��ɳɨ�ɦɨɞɟɥɸɽ�ɰɢɤɥ�while: 
public static PetriNet CreateNetWhile() throws 
ExceptionInvalidNetStructure, ExceptionInvalidTimeDelay { 
 ArrayList<PetriP> d_P = new ArrayList<>(); 
 ArrayList<PetriT> d_T = new ArrayList<>(); 
 ArrayList<ArcIn> d_In = new ArrayList<>(); 
 ArrayList<ArcOut> d_Out = new ArrayList<>(); 
 d_P.add(new PetriP("whileStart",0)); 
 d_P.add(new PetriP("conditiion",1)); 
 d_P.add(new PetriP("computationStart",0)); 
 d_P.add(new PetriP("computationEnd",0)); 
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 d_P.add(new PetriP("whileIsFinished",0)); 
 d_T.add(new PetriT("whileStart",0.0)); 
 d_T.get(0).setPriority(9); 
 d_T.add(new PetriT("whileFinish",0.0)); 
 d_T.add(new PetriT("T3",0.0)); 
 d_In.add(new ArcIn(d_P.get(0),d_T.get(0),1)); 
 d_In.add(new ArcIn(d_P.get(0),d_T.get(1),1)); 
 d_In.add(new ArcIn(d_P.get(1),d_T.get(0),1)); 
 d_In.get(2).setInf(true); 
 d_In.add(new ArcIn(d_P.get(3),d_T.get(2),1)); 
 d_Out.add(new ArcOut(d_T.get(0),d_P.get(2),1)); 
 d_Out.add(new ArcOut(d_T.get(2),d_P.get(0),1)); 
 d_Out.add(new ArcOut(d_T.get(1),d_P.get(4),1)); 
 PetriNet d_Net = new PetriNet("While",d_P,d_T,d_In,d_Out); 
 PetriP.initNext(); 
 PetriT.initNext(); 
 ArcIn.initNext(); 
 ArcOut.initNext(); 
 
 return d_Net; 
} 

Ɇɟɬɨɞ-ɤɪɿɟɣɬɨɪ�ɮɪɚɝɦɟɧɬɭ�ɦɟɪɟɠɿ�ɉɟɬɪɿ��ɳɨ�ɦɨɞɟɥɸɽ� � ɨɩɟɪɚɬɨɪ� if-then-

else: 
public static PetriNet CreateNetIf() throws 
ExceptionInvalidNetStructure, ExceptionInvalidTimeDelay { 
 ArrayList<PetriP> d_P = new ArrayList<>(); 
 ArrayList<PetriT> d_T = new ArrayList<>(); 
 ArrayList<ArcIn> d_In = new ArrayList<>(); 
 ArrayList<ArcOut> d_Out = new ArrayList<>(); 
 d_P.add(new PetriP("condition",1)); 
 d_P.add(new PetriP("ifStart",0)); 
 d_P.add(new PetriP("",0)); 
 d_P.add(new PetriP("",0)); 
 d_T.add(new PetriT("If",0.0)); 
 d_T.get(0).setPriority(5); 
 d_T.add(new PetriT("else",0.0)); 
 d_In.add(new ArcIn(d_P.get(0),d_T.get(0),1)); 
 d_In.get(0).setInf(true); 
 d_In.add(new ArcIn(d_P.get(1),d_T.get(0),1)); 
 d_In.add(new ArcIn(d_P.get(1),d_T.get(1),1)); 
 d_In.add(new ArcIn(d_P.get(4),d_T.get(0),1)); 
 d_In.add(new ArcIn(d_P.get(4),d_T.get(1),1)); 
 d_Out.add(new ArcOut(d_T.get(0),d_P.get(2),1)); 
 d_Out.add(new ArcOut(d_T.get(1),d_P.get(3),1)); 
 d_Out.add(new ArcOut(d_T.get(0),d_P.get(4),1)); 
 d_Out.add(new ArcOut(d_T.get(1),d_P.get(4),1)); 
 PetriNet d_Net = new PetriNet("If",d_P,d_T,d_In,d_Out); 
 PetriP.initNext(); 
 PetriT.initNext(); 
 ArcIn.initNext(); 
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 ArcOut.initNext(); 
 
 return d_Net; 
} 

Ɇɟɬɨɞ-ɤɪɿɟɣɬɨɪ�ɮɪɚɝɦɟɧɬɭ�ɦɟɪɟɠɿ�ɉɟɬɪɿ��ɳɨ�ɦɨɞɟɥɸɽ ɫɬɜɨɪɟɧɧɹ��ɩɨɱɚɬɨɤ�

ɬɚ�ɡɚɜɟɪɲɟɧɧɹ�ɪɨɛɨɬɢ�ɩɨɬɨɤɭ: 
public static PetriNet CreateNetCreateThread() throws 
ExceptionInvalidNetStructure, ExceptionInvalidTimeDelay { 
 ArrayList<PetriP> d_P = new ArrayList<>(); 
 ArrayList<PetriT> d_T = new ArrayList<>(); 
 ArrayList<ArcIn> d_In = new ArrayList<>(); 
 ArrayList<ArcOut> d_Out = new ArrayList<>(); 
 d_P.add(new PetriP("P1",0)); 
 d_P.add(new PetriP("P2",0)); 
 d_P.add(new PetriP("P3",0)); 
 d_P.add(new PetriP("runStart",0)); 
 d_P.add(new PetriP("runEnd",0)); 
 d_P.add(new PetriP("P6",0)); 
 d_P.add(new PetriP("P7",0)); 
 d_T.add(new PetriT("createThread",0.0)); 
 d_T.add(new PetriT("start",0.0)); 
 d_T.add(new PetriT("end",0.0)); 
 d_In.add(new ArcIn(d_P.get(1),d_T.get(1),1)); 
 d_In.add(new ArcIn(d_P.get(0),d_T.get(0),1)); 
 d_In.add(new ArcIn(d_P.get(4),d_T.get(2),1)); 
 d_In.add(new ArcIn(d_P.get(5),d_T.get(2),1)); 
 d_Out.add(new ArcOut(d_T.get(0),d_P.get(1),1)); 
 d_Out.add(new ArcOut(d_T.get(1),d_P.get(2),1)); 
 d_Out.add(new ArcOut(d_T.get(1),d_P.get(3),1)); 
 d_Out.add(new ArcOut(d_T.get(2),d_P.get(6),1)); 
 PetriNet d_Net = new 
PetriNet("CreateThread",d_P,d_T,d_In,d_Out); 
 PetriP.initNext(); 
 PetriT.initNext(); 
 ArcIn.initNext(); 
 ArcOut.initNext(); 
 
 return d_Net; 
} 

Ɇɟɬɨɞ-ɤɪɿɟɣɬɨɪ�ɮɪɚɝɦɟɧɬɭ�ɦɟɪɟɠɿ�ɉɟɬɪɿ��ɳɨ�ɦɨɞɟɥɸɽ ɩɪɢɡɭɩɢɧɤɭ�ɩɨɬɨɤɭ�

ɬɚ�ɨɱɿɤɭɜɚɧɧɹ�ɧɚ�ɡɚɜɟɪɲɟɧɧɹ�ɜɢɤɨɧɚɧɧɹ�ɞɿɣ�ɩɨɬɨɤɭ: 
public static PetriNet CreateNetSleep() throws 
ExceptionInvalidNetStructure, ExceptionInvalidTimeDelay { 
 ArrayList<PetriP> d_P = new ArrayList<>(); 
 ArrayList<PetriT> d_T = new ArrayList<>(); 
 ArrayList<ArcIn> d_In = new ArrayList<>(); 
 ArrayList<ArcOut> d_Out = new ArrayList<>(); 
 d_P.add(new PetriP("P1",0)); 
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 d_P.add(new PetriP("P2",0)); 
 d_P.add(new PetriP("P3",0)); 
 d_P.add(new PetriP("P4",0)); 
 d_P.add(new PetriP("P5",0)); 
 d_P.add(new PetriP("threadB.runEnd",0)); 
 d_T.add(new PetriT("sleepStart",0.0)); 
 d_T.add(new PetriT("sleepDelay",0.0)); 
 d_T.add(new PetriT("sleepEnd",0.0)); 
 d_T.add(new PetriT("threadB.join",0.0)); 
 d_In.add(new ArcIn(d_P.get(0),d_T.get(0),1)); 
 d_In.add(new ArcIn(d_P.get(1),d_T.get(1),1)); 
 d_In.add(new ArcIn(d_P.get(2),d_T.get(2),1)); 
 d_In.add(new ArcIn(d_P.get(5),d_T.get(3),1)); 
 d_In.add(new ArcIn(d_P.get(3),d_T.get(3),1)); 
 d_Out.add(new ArcOut(d_T.get(0),d_P.get(1),1)); 
 d_Out.add(new ArcOut(d_T.get(1),d_P.get(2),1)); 
 d_Out.add(new ArcOut(d_T.get(2),d_P.get(3),1)); 
 d_Out.add(new ArcOut(d_T.get(3),d_P.get(4),1)); 
 PetriNet d_Net = new PetriNet("Sleep",d_P,d_T,d_In,d_Out); 
 PetriP.initNext(); 
 PetriT.initNext(); 
 ArcIn.initNext(); 
 ArcOut.initNext(); 
 
 return d_Net; 
} 

Ɇɟɬɨɞ-ɤɪɿɟɣɬɨɪ� ɮɪɚɝɦɟɧɬɭ� ɦɟɪɟɠɿ� ɉɟɬɪɿ�� ɳɨ� ɦɨɞɟɥɸɽ ɡɚɯɨɩɥɟɧɧɹ�

ɦɨɧɿɬɨɪɚ�ɨɛ¶ɽɤɬɚ��ɞɥɹ�ɹɤɨɝɨ�ɜɢɤɥɢɤɚɧɨ�ɫɢɧɯɪɨɧɿɡɨɜɚɧɢɣ�ɦɟɬɨɞ: 
public static PetriNet CreateNetSyncMethod() throws 
ExceptionInvalidNetStructure, ExceptionInvalidTimeDelay { 
 ArrayList<PetriP> d_P = new ArrayList<>(); 
 ArrayList<PetriT> d_T = new ArrayList<>(); 
 ArrayList<ArcIn> d_In = new ArrayList<>(); 
 ArrayList<ArcOut> d_Out = new ArrayList<>(); 
 d_P.add(new PetriP("P1",0)); 
 d_P.add(new PetriP("P2",0)); 
 d_P.add(new PetriP("monitor",1)); 
 d_P.add(new PetriP("P4",0)); 
 d_P.add(new PetriP("P5",0)); 
 d_P.add(new PetriP("owner",0)); 
 d_T.add(new PetriT("syncMethodStart",0.0)); 
 d_T.add(new PetriT("syncMethodEnd",0.0)); 
 d_In.add(new ArcIn(d_P.get(0),d_T.get(0),1)); 
 d_In.add(new ArcIn(d_P.get(2),d_T.get(0),1)); 
 d_In.add(new ArcIn(d_P.get(3),d_T.get(1),1)); 
 d_In.add(new ArcIn(d_P.get(5),d_T.get(1),1)); 
 d_Out.add(new ArcOut(d_T.get(0),d_P.get(1),1)); 
 d_Out.add(new ArcOut(d_T.get(0),d_P.get(5),1)); 
 d_Out.add(new ArcOut(d_T.get(1),d_P.get(2),1)); 
 d_Out.add(new ArcOut(d_T.get(1),d_P.get(4),1)); 
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 PetriNet d_Net = new 
PetriNet("SyncMethod",d_P,d_T,d_In,d_Out); 
 PetriP.initNext(); 
 PetriT.initNext(); 
 ArcIn.initNext(); 
 ArcOut.initNext(); 
 
 return d_Net; 
} 

Ɇɟɬɨɞ-ɤɪɿɟɣɬɨɪ�ɮɪɚɝɦɟɧɬɭ�ɦɟɪɟɠɿ�ɉɟɬɪɿ��ɳɨ�ɦɨɞɟɥɸɽ ɡɚɯɨɩɥɟɧɧɹ�ɥɨɤɟɪɚ�

ɨɛ¶ɽɤɬɚ ɡ�ɭɪɚɯɭɜɚɧɧɹɦ�ɦɨɠɥɢɜɨɫɬɿ�ɛɚɝɚɬɨɪɚɡɨɜɨɝɨ�ɡɚɯɨɩɥɟɧɧɹ: 
public static PetriNet CreateNetReentrantLock() throws 
ExceptionInvalidNetStructure, ExceptionInvalidTimeDelay { 
 ArrayList<PetriP> d_P = new ArrayList<>(); 
 ArrayList<PetriT> d_T = new ArrayList<>(); 
 ArrayList<ArcIn> d_In = new ArrayList<>(); 
 ArrayList<ArcOut> d_Out = new ArrayList<>(); 
 d_P.add(new PetriP("lockingStart",0)); 
 d_P.add(new PetriP("P2",0)); 
 d_P.add(new PetriP("owner",0)); 
 d_P.add(new PetriP("holdCount",0)); 
 d_P.add(new PetriP("lock",1)); 
 d_P.add(new PetriP("lockingEnd",0)); 
 d_P.add(new PetriP("P7",0)); 
 d_T.add(new PetriT("lock",0.0)); 
 d_T.add(new PetriT("asOwner",0.0)); 
 d_T.add(new PetriT("release",0.0)); 
 d_T.get(2).setPriority(9); 
 d_T.add(new PetriT("unlock",0.0)); 
 d_In.add(new ArcIn(d_P.get(3),d_T.get(2),1)); 
 d_In.add(new ArcIn(d_P.get(0),d_T.get(0),1)); 
 d_In.add(new ArcIn(d_P.get(0),d_T.get(1),1)); 
 d_In.add(new ArcIn(d_P.get(6),d_T.get(3),1)); 
 d_In.add(new ArcIn(d_P.get(6),d_T.get(2),1)); 
 d_In.add(new ArcIn(d_P.get(4),d_T.get(0),1)); 
 d_In.add(new ArcIn(d_P.get(2),d_T.get(3),1)); 
 d_In.add(new ArcIn(d_P.get(2),d_T.get(1),1)); 
 d_In.get(7).setInf(true); 
 d_Out.add(new ArcOut(d_T.get(3),d_P.get(5),1)); 
 d_Out.add(new ArcOut(d_T.get(2),d_P.get(5),1)); 
 d_Out.add(new ArcOut(d_T.get(0),d_P.get(1),1)); 
 d_Out.add(new ArcOut(d_T.get(1),d_P.get(3),1)); 
 d_Out.add(new ArcOut(d_T.get(3),d_P.get(4),1)); 
 d_Out.add(new ArcOut(d_T.get(0),d_P.get(2),1)); 
 d_Out.add(new ArcOut(d_T.get(1),d_P.get(1),1)); 
 PetriNet d_Net = new 
PetriNet("ReentrantLock",d_P,d_T,d_In,d_Out); 
 PetriP.initNext(); 
 PetriT.initNext(); 
 ArcIn.initNext(); 
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 ArcOut.initNext(); 
 
 return d_Net; 
} 

Ɇɟɬɨɞ-ɤɪɿɟɣɬɨɪ�ɮɪɚɝɦɟɧɬɭ�ɦɟɪɟɠɿ�ɉɟɬɪɿ��ɳɨ�ɦɨɞɟɥɸɽ ɡɚɯɨɩɥɟɧɧɹ�ɥɨɤɟɪɚ 

ɛɟɡ�ɨɱɿɤɭɜɚɧɧɹ�ɣɨɝɨ�ɡɜɿɥɶɧɟɧɧɹ: 
public static PetriNet CreateNetTryLock() throws 
ExceptionInvalidNetStructure, ExceptionInvalidTimeDelay { 
 ArrayList<PetriP> d_P = new ArrayList<>(); 
 ArrayList<PetriT> d_T = new ArrayList<>(); 
 ArrayList<ArcIn> d_In = new ArrayList<>(); 
 ArrayList<ArcOut> d_Out = new ArrayList<>(); 
 d_P.add(new PetriP("lockingStart",0)); 
 d_P.add(new PetriP("P2",0)); 
 d_P.add(new PetriP("P3",0)); 
 d_P.add(new PetriP("lockingEnd",0)); 
 d_P.add(new PetriP("lock",1)); 
 d_P.add(new PetriP("owner",0)); 
 d_T.add(new PetriT("tryLockTrue",0.0)); 
 d_T.get(0).setPriority(9); 
 d_T.add(new PetriT("tryLockFalse",0.0)); 
 d_T.add(new PetriT("unlock",0.0)); 
 d_In.add(new ArcIn(d_P.get(0),d_T.get(0),1)); 
 d_In.add(new ArcIn(d_P.get(0),d_T.get(1),1)); 
 d_In.add(new ArcIn(d_P.get(2),d_T.get(2),1)); 
 d_In.add(new ArcIn(d_P.get(5),d_T.get(2),1)); 
 d_In.add(new ArcIn(d_P.get(4),d_T.get(0),1)); 
 d_In.add(new ArcIn(d_P.get(4),d_T.get(2),1)); 
 d_Out.add(new ArcOut(d_T.get(0),d_P.get(1),1)); 
 d_Out.add(new ArcOut(d_T.get(1),d_P.get(3),1)); 
 d_Out.add(new ArcOut(d_T.get(2),d_P.get(3),1)); 
 d_Out.add(new ArcOut(d_T.get(0),d_P.get(5),1)); 
 PetriNet d_Net = new PetriNet("TryLock",d_P,d_T,d_In,d_Out); 
 PetriP.initNext(); 
 PetriT.initNext(); 
 ArcIn.initNext(); 
 ArcOut.initNext(); 
 
 return d_Net; 
} 

Ɇɟɬɨɞ-ɤɪɿɟɣɬɨɪ� ɮɪɚɝɦɟɧɬɭ� ɦɟɪɟɠɿ� ɉɟɬɪɿ�� ɳɨ� ɦɨɞɟɥɸɽ� ɧɟɝɚɣɧɟ� �ɛɟɡ�

ɨɱɿɤɭɜɚɧɧɹ� ɡɜɿɥɶɧɟɧɧɹ�� ɡɚɯɨɩɥɟɧɧɹ� ɥɨɤɟɪɚ� ɡ� ɭɪɚɯɭɜɚɧɧɹɦ� ɦɨɠɥɢɜɨɫɬɿ�

ɛɚɝɚɬɨɪɚɡɨɜɨɝɨ�ɡɚɯɨɩɥɟɧɧɹ: 
public static PetriNet CreateNetTryReentrantLock() throws 
ExceptionInvalidNetStructure, ExceptionInvalidTimeDelay { 
 ArrayList<PetriP> d_P = new ArrayList<>(); 
 ArrayList<PetriT> d_T = new ArrayList<>(); 
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 ArrayList<ArcIn> d_In = new ArrayList<>(); 
 ArrayList<ArcOut> d_Out = new ArrayList<>(); 
 d_P.add(new PetriP("lockingStart",0)); 
 d_P.add(new PetriP("P2",0)); 
 d_P.add(new PetriP("P3",0)); 
 d_P.add(new PetriP("lockingEnd",0)); 
 d_P.add(new PetriP("lock",1)); 
 d_P.add(new PetriP("owner",0)); 
 d_P.add(new PetriP("holdCount",0)); 
 d_T.add(new PetriT("tryLockTrue",0.0)); 
 d_T.get(0).setPriority(9); 
 d_T.add(new PetriT("tryLockFalse",0.0)); 
 d_T.add(new PetriT("unlock",0.0)); 
 d_T.add(new PetriT("tryAsOwner",0.0)); 
 d_T.get(3).setPriority(5); 
 d_T.add(new PetriT("release",0.0)); 
 d_T.get(4).setPriority(9); 
 d_In.add(new ArcIn(d_P.get(0),d_T.get(0),1)); 
 d_In.add(new ArcIn(d_P.get(0),d_T.get(1),1)); 
 d_In.add(new ArcIn(d_P.get(2),d_T.get(2),1)); 
 d_In.add(new ArcIn(d_P.get(5),d_T.get(2),1)); 
 d_In.add(new ArcIn(d_P.get(4),d_T.get(0),1)); 
 d_In.add(new ArcIn(d_P.get(4),d_T.get(2),1)); 
 d_In.add(new ArcIn(d_P.get(0),d_T.get(3),1)); 
 d_In.add(new ArcIn(d_P.get(6),d_T.get(4),1)); 
 d_In.add(new ArcIn(d_P.get(2),d_T.get(4),1)); 
 d_In.add(new ArcIn(d_P.get(5),d_T.get(3),1)); 
 d_In.get(9).setInf(true); 
 d_Out.add(new ArcOut(d_T.get(0),d_P.get(1),1)); 
 d_Out.add(new ArcOut(d_T.get(1),d_P.get(3),1)); 
 d_Out.add(new ArcOut(d_T.get(2),d_P.get(3),1)); 
 d_Out.add(new ArcOut(d_T.get(0),d_P.get(5),1)); 
 d_Out.add(new ArcOut(d_T.get(3),d_P.get(6),1)); 
 d_Out.add(new ArcOut(d_T.get(4),d_P.get(3),1)); 
 PetriNet d_Net = new 
PetriNet("TryReentrantLock",d_P,d_T,d_In,d_Out); 
 PetriP.initNext(); 
 PetriT.initNext(); 
 ArcIn.initNext(); 
 ArcOut.initNext(); 
 
 return d_Net; 
} 

Ɇɟɬɨɞ-ɤɪɿɟɣɬɨɪ� ɮɪɚɝɦɟɧɬɭ� ɦɟɪɟɠɿ� ɉɟɬɪɿ�� ɳɨ� ɦɨɞɟɥɸɽ cɢɧɯɪɨɧɿɡɨɜɚɧɢɣ 

ɞɨɫɬɭɩ ɩɨɬɨɤɭ�ɞɨ�ɫɩɿɥɶɧɨɝɨ ɡɧɚɱɟɧɧɹ: 
public static PetriNet CreateNetSharedAccess() throws 
ExceptionInvalidNetStructure, ExceptionInvalidTimeDelay { 
 ArrayList<PetriP> d_P = new ArrayList<>(); 
 ArrayList<PetriT> d_T = new ArrayList<>(); 
 ArrayList<ArcIn> d_In = new ArrayList<>(); 
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 ArrayList<ArcOut> d_Out = new ArrayList<>(); 
 d_P.add(new PetriP("P1",0)); 
 d_P.add(new PetriP("P2",0)); 
 d_P.add(new PetriP("P3",0)); 
 d_P.add(new PetriP("P4",0)); 
 d_P.add(new PetriP("P5",0)); 
 d_P.add(new PetriP("P6",0)); 
 d_P.add(new PetriP("lock",1)); 
 d_P.add(new PetriP("owner",0)); 
 d_T.add(new PetriT("lock",0.0)); 
 d_T.add(new PetriT("read",0.0)); 
 d_T.add(new PetriT("modify",0.0)); 
 d_T.add(new PetriT("write",0.0)); 
 d_T.add(new PetriT("unlock",0.0)); 
 d_In.add(new ArcIn(d_P.get(0),d_T.get(0),1)); 
 d_In.add(new ArcIn(d_P.get(1),d_T.get(1),1)); 
 d_In.add(new ArcIn(d_P.get(2),d_T.get(2),1)); 
 d_In.add(new ArcIn(d_P.get(3),d_T.get(3),1)); 
 d_In.add(new ArcIn(d_P.get(4),d_T.get(4),1)); 
 d_In.add(new ArcIn(d_P.get(6),d_T.get(0),1)); 
 d_In.add(new ArcIn(d_P.get(7),d_T.get(4),1)); 
 d_Out.add(new ArcOut(d_T.get(0),d_P.get(1),1)); 
 d_Out.add(new ArcOut(d_T.get(1),d_P.get(2),1)); 
 d_Out.add(new ArcOut(d_T.get(2),d_P.get(3),1)); 
 d_Out.add(new ArcOut(d_T.get(3),d_P.get(4),1)); 
 d_Out.add(new ArcOut(d_T.get(4),d_P.get(5),1)); 
 d_Out.add(new ArcOut(d_T.get(4),d_P.get(6),1)); 
 d_Out.add(new ArcOut(d_T.get(0),d_P.get(7),1)); 
 PetriNet d_Net = new 
PetriNet("SharedAccess",d_P,d_T,d_In,d_Out); 
 PetriP.initNext(); 
 PetriT.initNext(); 
 ArcIn.initNext(); 
 ArcOut.initNext(); 
 
 return d_Net; 
} 

Ɇɟɬɨɞ-ɤɪɿɟɣɬɨɪ� ɮɪɚɝɦɟɧɬɭ� ɦɟɪɟɠɿ� ɉɟɬɪɿ�� ɳɨ� ɦɨɞɟɥɸɽ ɨɱɿɤɭɜɚɧɧɹ� ɡɚ 

ɭɦɨɜɨɸ: 
public static PetriNet CreateNetWaitNotify() throws 
ExceptionInvalidNetStructure, ExceptionInvalidTimeDelay { 
 ArrayList<PetriP> d_P = new ArrayList<>(); 
 ArrayList<PetriT> d_T = new ArrayList<>(); 
 ArrayList<ArcIn> d_In = new ArrayList<>(); 
 ArrayList<ArcOut> d_Out = new ArrayList<>(); 
 d_P.add(new PetriP("",0)); 
 d_P.add(new PetriP("condCheck",0)); 
 d_P.add(new PetriP("",0)); 
 d_P.add(new PetriP("",0)); 
 d_P.add(new PetriP("",0)); 
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 d_P.add(new PetriP("condition",0)); 
 d_P.add(new PetriP("signalTo",0)); 
 d_P.add(new PetriP("monitor",1)); 
 d_P.add(new PetriP("",0)); 
 d_P.add(new PetriP("owner",0)); 
 d_P.add(new PetriP("waiting",0)); 
 d_P.add(new PetriP("signalFrom",0)); 
 d_P.add(new PetriP("",0)); 
 d_T.add(new PetriT("syncStart",0.0)); 
 d_T.add(new PetriT("check",0.0)); 
 d_T.get(1).setPriority(9); 
 d_T.add(new PetriT("notifyAll",0.0)); 
 d_T.add(new PetriT("syncEnd",0.0)); 
 d_T.add(new PetriT("catchMonitor",0.0)); 
 d_T.add(new PetriT("wait",0.0)); 
 d_T.add(new PetriT("getSignal",0.0)); 
 d_T.get(6).setPriority(9); 
 d_T.add(new PetriT("isNotWaiting",0.0)); 
 d_In.add(new ArcIn(d_P.get(0),d_T.get(0),1)); 
 d_In.add(new ArcIn(d_P.get(1),d_T.get(1),1)); 
 d_In.add(new ArcIn(d_P.get(2),d_T.get(2),1)); 
 d_In.add(new ArcIn(d_P.get(3),d_T.get(3),1)); 
 d_In.add(new ArcIn(d_P.get(5),d_T.get(1),1)); 
 d_In.get(4).setInf(true); 
 d_In.add(new ArcIn(d_P.get(7),d_T.get(0),1)); 
 d_In.add(new ArcIn(d_P.get(8),d_T.get(4),1)); 
 d_In.add(new ArcIn(d_P.get(7),d_T.get(4),1)); 
 d_In.add(new ArcIn(d_P.get(1),d_T.get(5),1)); 
 d_In.add(new ArcIn(d_P.get(10),d_T.get(6),1)); 
 d_In.add(new ArcIn(d_P.get(11),d_T.get(7),1)); 
 d_In.add(new ArcIn(d_P.get(11),d_T.get(6),1)); 
 d_In.add(new ArcIn(d_P.get(9),d_T.get(5),1)); 
 d_In.add(new ArcIn(d_P.get(9),d_T.get(3),1)); 
 d_Out.add(new ArcOut(d_T.get(0),d_P.get(1),1)); 
 d_Out.add(new ArcOut(d_T.get(1),d_P.get(2),1)); 
 d_Out.add(new ArcOut(d_T.get(2),d_P.get(3),1)); 
 d_Out.add(new ArcOut(d_T.get(3),d_P.get(4),1)); 
 d_Out.add(new ArcOut(d_T.get(2),d_P.get(6),1)); 
 d_Out.add(new ArcOut(d_T.get(0),d_P.get(9),1)); 
 d_Out.add(new ArcOut(d_T.get(4),d_P.get(9),1)); 
 d_Out.add(new ArcOut(d_T.get(4),d_P.get(1),1)); 
 d_Out.add(new ArcOut(d_T.get(5),d_P.get(7),1)); 
 d_Out.add(new ArcOut(d_T.get(5),d_P.get(10),1)); 
 d_Out.add(new ArcOut(d_T.get(6),d_P.get(8),1)); 
 d_Out.add(new ArcOut(d_T.get(7),d_P.get(12),1)); 
 d_Out.add(new ArcOut(d_T.get(3),d_P.get(7),1)); 
 PetriNet d_Net = new 
PetriNet("WaitNotify",d_P,d_T,d_In,d_Out); 
 PetriP.initNext(); 
 PetriT.initNext(); 
 ArcIn.initNext(); 
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 ArcOut.initNext(); 
 
 return d_Net; 
} 

Ɇɟɬɨɞ-ɤɪɿɟɣɬɨɪ�ɮɪɚɝɦɟɧɬɭ�ɦɟɪɟɠɿ�ɉɟɬɪɿ��ɳɨ�ɦɨɞɟɥɸɽ ɩɭɥ�ɩɨɬɨɤɿɜ� 
public static PetriNet CreateNetThreadPool(int w, int k) throws 
ExceptionInvalidNetStructure, ExceptionInvalidTimeDelay { 
 ArrayList<PetriP> d_P = new ArrayList<>(); 
 ArrayList<PetriT> d_T = new ArrayList<>(); 
 ArrayList<ArcIn> d_In = new ArrayList<>(); 
 ArrayList<ArcOut> d_Out = new ArrayList<>(); 
 d_P.add(new PetriP("poolSt",0)); 
 d_P.add(new PetriP("numThreads",0)); 
 d_P.add(new PetriP("P3",0)); 
 d_P.add(new PetriP("tasks",w)); 
 d_P.add(new PetriP("P5",0)); 
 d_P.add(new PetriP("runSt",0)); 
 d_P.add(new PetriP("runEnd",0)); 
 d_P.add(new PetriP("P8",0)); 
 d_P.add(new PetriP("P9",0)); 
 d_P.add(new PetriP("poolEnd",0)); 
 d_P.add(new PetriP("cores",0)); 
 d_T.add(new PetriT("poolCreate",0.0)); 
 d_T.add(new PetriT("execute",0.0)); 
 d_T.get(1).setPriority(9); 
 d_T.add(new PetriT("shutdown",0.0)); 
 d_T.add(new PetriT("runSt",0.0)); 
 d_T.add(new PetriT("runEnd",0.0)); 
 d_T.add(new PetriT("awaitTermination",0.0)); 
 d_In.add(new ArcIn(d_P.get(0),d_T.get(0),1)); 
 d_In.add(new ArcIn(d_P.get(2),d_T.get(1),1)); 
 d_In.add(new ArcIn(d_P.get(3),d_T.get(1),1)); 
 d_In.add(new ArcIn(d_P.get(4),d_T.get(3),1)); 
 d_In.add(new ArcIn(d_P.get(1),d_T.get(3),1)); 
 d_In.add(new ArcIn(d_P.get(6),d_T.get(4),1)); 
 d_In.add(new ArcIn(d_P.get(7),d_T.get(5),w)); 
 d_In.add(new ArcIn(d_P.get(8),d_T.get(5),1)); 
 d_In.add(new ArcIn(d_P.get(2),d_T.get(2),1)); 
 d_Out.add(new ArcOut(d_T.get(0),d_P.get(1),k)); 
 d_Out.add(new ArcOut(d_T.get(0),d_P.get(2),1)); 
 d_Out.add(new ArcOut(d_T.get(1),d_P.get(2),1)); 
 d_Out.add(new ArcOut(d_T.get(4),d_P.get(1),1)); 
 d_Out.add(new ArcOut(d_T.get(1),d_P.get(4),1)); 
 d_Out.add(new ArcOut(d_T.get(3),d_P.get(5),1)); 
 d_Out.add(new ArcOut(d_T.get(4),d_P.get(7),1)); 
 d_Out.add(new ArcOut(d_T.get(5),d_P.get(9),1)); 
 d_Out.add(new ArcOut(d_T.get(2),d_P.get(8),1)); 
        for (PetriT tr: d_T){ 
            d_In.add(new ArcIn(d_P.get(d_P.size()-1),tr,1)); 
            d_Out.add(new ArcOut(tr, d_P.get(d_P.size()-1),1)); 
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        } 
 PetriNet d_Net = new 
PetriNet("ThreadPool",d_P,d_T,d_In,d_Out); 
 PetriP.initNext(); 
 PetriT.initNext(); 
 ArcIn.initNext(); 
 ArcOut.initNext(); 
 
 return d_Net; 
    } 
  



155 
 

 

ȾɈȾȺɌɈɄ Ȼ��ɅȱɋɌɂɇȽ�ɄɈȾɍ�ɉȿɌɊȱ-ɈȻ¶ȯɄɌɇɈȲ�ɆɈȾȿɅȱ�

ɉɈɌɈɄȱȼ��ɓɈ�ɄɈɇɎɅȱɄɌɍɘɌɖ�ɁȺ�ɁȺɏɈɉɅȿɇɇə�ɅɈɄȿɊȱȼ 
package Friends; 
 
import PetriObj.ExceptionInvalidNetStructure; 
import PetriObj.ExceptionInvalidTimeDelay; 
import PetriObj.PetriP; 
import PetriObj.PetriSim; 
public class FriendPetri extends PetriSim {         
         
    public FriendPetri(String name, int loop,  
                    int cores, double delay, double ratio) 
                        throws ExceptionInvalidNetStructure, 

 ExceptionInvalidTimeDelay { 
      super(Nets.CreateNetFriend (name, loop, cores, delay, ratio)); 
    } 
    public FriendPetri(String name) 
                        throws ExceptionInvalidNetStructure, 

 ExceptionInvalidTimeDelay { 
        super(Nets.CreateNetFriend (name, 1000, 2, 100, 0.01)); 
    } 
     
    public FriendPetri(String name, int loop,  
                     double delay, double ratio) 
                        throws ExceptionInvalidNetStructure, 

 ExceptionInvalidTimeDelay { 
        super(Nets.CreateNetFriend(name, loop, delay, ratio));  
    } 
 
    public FriendPetri(String name, int loop)  

throws ExceptionInvalidNetStructure, 
 ExceptionInvalidTimeDelay { 

        super(Nets.CreateNetFriendUsingCores(name, loop,  
2, 100, 0.8)); // 2 cores, delay=100,x=0.8 

    } 
 
    
    public int getFailures(){ 
        return this.getNet().getListP()[6].getMark() ; 
    } 
     
    public int getBows(){ 
        return this.getNet().getListP()[8].getMark(); 
    } 
     
 
    public void addFriend(FriendPetri other) { 
        this.getNet().getListP()[7] = other.getNet().getListP()[2]; 
//lockOther = lock 
        this.getNet().getListP()[15] = other.getNet().getListP()[15]; // 
coresOther = cores 
 
    } 
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    public PetriP getLock(){ 
        return this.getNet().getListP()[15]; 
    } 
    public void addFriendWithoutCores(FriendPetri other) { 
        //lockOther = lock 

   this.getNet().getListP()[7] = other.getNet().getListP()[2];  
    } 
     
    public double getResult() {  
      return (double) getFailures() / ((double) getFailures() + (double) 
getBows()); 
    } 
     
     public void print() { 
            System.out.println(this.getName() + " ,failures " + 
getFailures() + ", bows " + getBows()); 
     } 
} 
 
package Friends; 
 
import java.util.logging.Level; 
import java.util.logging.Logger; 
 
public class BowLoop implements Runnable { 
 
    private Friend a; 
    private Friend b; 
    private long delay; 
 
    public BowLoop(Friend bower, Friend bowee, long delaySleep) { 
        a = bower; 
        b = bowee; 
        delay = delaySleep; 
    } 
 
    @Override 
    public void run() { 
        for (int j = 0; j < 100; j++) { 
            try { 
                Thread.sleep(delay); 
            } catch (InterruptedException ex) { 
                
Logger.getLogger(TestTryLockFriends.class.getName()).log(Level.SEVERE, 
null, ex); 
            } 
            a.bow(b); 
        } 
    } 
} 
 
package Friends; 
 
import PetriObj.*; 
import java.util.ArrayList; 
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public class TestFriendsModel { 
 
    public static void main(String[] args)  

throws ExceptionInvalidNetStructure,  
ExceptionInvalidTimeDelay, InterruptedException { 

        
       PetriObjModel model = createModel(16, 20, 100, 0.01); 
       model.setIsProtokol(true); 
       System.out.println("freq of failures = 

 "+getResult (model, 1000000)); 
         
       for(PetriSim sim: model.getListObj()){ 
            ((FriendPetri)sim).print(); 
       } 
        
    } 
     
    public static double getResult(PetriObjModel model,  

double time){ 
        model.go(time); 
        double res=0.0; 
        for(PetriSim sim: model.getListObj()){ 
            res+=((FriendPetri)sim).getResult(); 
        } 
        return res/model.getListObj().size(); 
    } 
 
    public static PetriObjModel createModel(int numFriends, int cores, 
double delay, double ratio) throws ExceptionInvalidNetStructure, 
ExceptionInvalidTimeDelay { 
        ArrayList<PetriSim> list = new ArrayList<>(); 
 
        int num = numFriends; 
        FriendPetri[] friends = new FriendPetri[num]; 
        for (int j = 0; j < num; j++) { 
            friends[j] = new FriendPetri("Friend_" + j,  

1000, cores, delay, 
ratio);  

        } 
        for (int j = 0; j < num; j++) { 
            for (int i = 0; i < num; i++) { 
                if (i != j) { 
                    friends[j].addFriend(friends[i]); 
                } 
            } 
        } 
 
        for (int j = 0; j < num; j++) { 
            list.add(friends[j]); 
        } 
 
        return new PetriObjModel(list); 
    } 
}  



158 
 

 

ȾɈȾȺɌɈɄ B��ɅȱɋɌɂɇȽ�ɄɈȾɍ�ȿȼɈɅɘɐȱɃɇɈȽɈ�

ȺɅȽɈɊɂɌɆɍ ɉɈɒɍɄɍ�ɈɉɌɂɆȺɅɖɇɂɏ�ɉȺɊȺɆȿɌɊȱȼ 
import PetriObj.ExceptionInvalidNetStructure; 
import java.util.ArrayList; 
import java.util.Arrays; 
import java.util.Random; 
 
public class EvolutionAlg { 
 
    private int numInPopulation; 
    private final int progon; 
    private final Random random; 
    private int numRepeat; 
    private ArrayList<Individual> searchHistory; 
 
    public EvolutionAlg() { 
        this(20, 1); 
    } 
 
    public EvolutionAlg(int numIndividuals, int progon) { 
        this.numInPopulation = numIndividuals; 
        this.numRepeat = 10*this.numInPopulation; 
        this.progon = progon; 
        random = new Random(); 
        searchHistory = new ArrayList<>(); 
    } 
 
    SXEOLF�,QGLYLGXDO>@�FUHDWH3RSXODWLRQ%\&RPELQDWRULDO���^����ɨɛɢɞɜɚ�
ɩɚɪɚɦɟɬɪɢ�ɪɿɜɧɨɦɿɪɧɨ�ɪɨɡɤɢɞɭɸɬɶɫɹ�ɿ�ɜɚɪɿɸɸɬɶɫɹ�ɤɨɠɧɢɣ�ɡ�ɤɨɠɧɢɦ 
        // 0 - 01234, 1-01234,2-01234, 3-01234, 4-01234 
        System.out.println("--------START population---------"); 
        Individual[] population = new Individual[numInPopulation]; 
        LQW�QXP� ��LQW��0DWK�VTUW�QXP,Q3RSXODWLRQ����������ɤɿɥɶɤɿɫɬɶ�
ɡɧɚɱɟɧɶ�ɜɿɞ�PLQ�ɞɨ�PD[�ɳɨ�ɜɚɪɿɸɸɬɶɫɹ 
 
        int next = 0; 
        for (int i = 0; i < num; i++) {  
            for (int k = 0; k < num; k++) { 
                population[next] = new Individual(progon, i, k, num - 
1);                
                population[next].calcFit(progon);           
                if (next == 0) { 
                    getSearchHistory().add(population[next]); 
                } else { 
                    if (!population[next]. 

isIdentical(searchHistory)) { 
                        getSearchHistory().add(population[next]); 
                    } 
                } 
                next++; 
                if (next >= numInPopulation) { 
                    break; 
                } 
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            } 
            if (next >= numInPopulation) { 
                break; 
            } 
        } 
       // System.out.println("Sorting by fit ... "); 
       sortIndividuals(population); 
        return population; 
    } 
 
    public Individual[] createNextPopulation(Individual[] 
previousPopulation, double s, int variation) {        
        Individual[] newPopul = new Individual[numInPopulation]; // 
ɩɨɩɭɥɹɰɿɹ�ɡɚɜɠɞɢ�ɜɿɞɫɨɪɬɨɜɚɧɚ�ɡɚ�ɡɪɨɫɬɚɧɧɹɦ�ɮɿɬɧɟɫ-ɮɭɧɤɰɿʀ 
        System.out.println("searching the best elements  ..."); 
        newPopul[0] = previousPopulation[0]; 
        newPopul[0].print(); 
        int k = 1; 
        ���ɜɿɞɤɢɞɚɽɦɨ�ɡɚ�ɭɦɨɜɨɸ��ɧɚɛɚɝɚɬɨ�ɝɿɪɲɢɣ���ɚ�ɧɟ�ɡɚ�ɤɿɥɶɤɿɫɬɸ 
        
        while (previousPopulation[k].getFit() - 
previousPopulation[0].getFit() < s) { 
            newPopul[k] = previousPopulation[k]; 
            previousPopulation[k].print(); 
            k++; 
            if (k == numInPopulation) {  
                break; 
            }      
        } 
        LQW�EHVWV� �N����ɞɢɧɚɦɿɱɧɨ�ɡɦɿɧɸɽɬɶɫɹ�ɤɿɥɶɤɿɫɬɶ�ɧɚɣɤɪɚɳɢɯ 
 
        System.out.println(bests + " elements have been identified as 
the best "); 
        ���ɫɬɜɨɪɸɽɦɨ�ɧɨɜɿ, ɳɨɛ�ɧɚɛɪɚɬɢ�ɩɨɩɭɥɹɰɿɸ 
        if(bests==numInPopulation){ 
            System.out.println("All elements are the best "); 
            for(int j=0; j<numInPopulation; j++){ 
                 newPopul[j] = previousPopulation[j];                                   
            } 
        }  else if(bests == 1){ 
            System.out.println("Only one element is the best");  
            for (int j = k; j < numInPopulation; j++) {                
                   newPopul[j] = previousPopulation[0]. 
                           childIndividual(previousPopulation[1], 
SURJRQ��YDULDWLRQ�����ɡ�ɧɚɫɬɭɩɧɢɦ�ɫɯɪɟɳɭɽɦɨ�������������� 
                        if (!newPopul[j]. 

isIdentical(searchHistory)) { 
               //             System.out.println(" unique has been found 
by mutation "); 
                            getSearchHistory().add(newPopul[j]); 
                            newPopul[j].calcFit(progon);                             
                        } else{ 
              //             System.out.println("the same....., 
best=1"); 
                           newPopul[j] = previousPopulation[j]; // 
ɡɚɥɢɲɚɽɦɨ�ɫɬɚɪɢɣ�ɜɚɪɿɚɧɬ��ɨɫɤɿɥɶɤɢ�ɧɨɜɨɝɨ�ɧɟ�ɡɧɚɣɞɟɧɨ�� 
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                        }      
            } 
        } else  
        //if (k < numInPopulation) 
         { 
            int half = (bests) / 2; 
            int one, other; 
           boolean isBreak = false; 
            for (int j = k; j < numInPopulation; j++) { 
                isBreak = false; 
                IRU�LQW�L ���L�QXP5HSHDW��L���^����ɲɭɤɚɽɦɨ�ɭɧɿɤɚɥɶɧɢɣ�
ɟɥɟɦɟɧɬ 
                     
                    ���ɳɨɛ�ɪɿɡɧɿ�ɱɢɫɥɚ�ɛɭɥɢ�ɡɝɟɧɟɪɨɜɚɧɿ�ɨɞɧɟ�ɲɭɤɚɽɦɨ�
ɫɟɪɟɞ�ɩɚɪɧɢɯ��ɚ�ɿɧɲɟ�- ɫɟɪɟɞ�ɧɟɩɚɪɧɢɯ 
                    one = 2 * random.nextInt(half + 1); 
                    other = 1 + 2 * (random.nextInt(half + 1)); 
                    if (other >= bests) { 
                        other = 1; 
                    }                    
                    newPopul[j] = previousPopulation[one].           
childIndividual(previousPopulation[other], progon, variation); // 
ɫɯɪɟɳɭɜɚɧɧɹ�������������������� 
                     
                    if (!newPopul[j].isIdentical(searchHistory)) { 
              //          System.out.println("unique has been found "); 
                        newPopul[j].calcFit(progon); 
                        getSearchHistory().add(newPopul[j]); 
              //          System.out.println("repeat has been break 
"+i); 
                        isBreak = true; 
                        break; 
                    }                    
                } 
                LI���LV%UHDN��^����ɹɤɳɨ�ɧɟ�ɜɞɚɥɨɫɶ�ɜɿɞɲɭɤɚɬɢ�ɭɧɿɤɚɥɶɧɢɣ 
                    newPopul[j] = 
previousPopulation[j].trivialMutation(); // +- ��ɨɛɨɜ
ɹɡɤɨɜɨ 
                   if (!newPopul[j].isIdentical(searchHistory)) { 
              //          System.out.println(" unique has been found by 
mutation "); 
                        getSearchHistory().add(newPopul[j]); 
                        newPopul[j].calcFit(progon);  
                    } else{ 
               //        System.out.println("the same....., repeat = 
"+(numRepeat-1)); 
                       QHZ3RSXO>M@� �SUHYLRXV3RSXODWLRQ>M@�����ɡɚɥɢɲɚɽɦɨ�
ɫɬɚɪɢɣ�ɜɚɪɿɚɧɬ��ɨɫɤɿɥɶɤɢ�ɧɨɜɨɝɨ�ɧɟ�ɡɧɚɣɞɟɧɨ� 
//                       if(numRepeat>2) 
��������������������������QXP5HSHDW QXP5HSHDW�������ɫɤɨɪɨɱɭɽɦɨ�ɤɿɥɶɤɿɫɬɶ�
ɫɩɪɨɛ�ɞɥɹ�ɩɨɲɭɤɭ�ɭɧɿɤɚɥɶɧɨɝɨ� 
                   }                       
                }                 
            }   
        } 
��ɩɨɡɛɚɜɢɬɢɫɶ�ɜɿɞ�ɨɞɧɚɤɨɜɢɯ�ɜ�ɩɨɩɭɥɹɰɿʀ 
        if(bests==numInPopulation && bests>2){ 
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            numInPopulation/=2; 
        } 
        sortIndividuals(newPopul); 
        return newPopul; 
    } 
     
    public boolean isParametersIdentical(int[] parameters){ 
        boolean s; 
        for(Individual ind: searchHistory){ 
            s=true; 
            for(int j=0; j<parameters.length; j++){ 
                    if(parameters[j]!=ind.getParams()[j]){ 
                        s=false; 
                        break; 
                    } 
            } 
            if(s){ 
//                System.out.print("Indiidiual 
"+this.getParams()[0]+"\t"+this.getParams()[1]+"\t "+ 
//                        "is identical to the "+ 
ind.getParams()[0]+"\t"+ind.getParams()[1]); 
                return true;             
            }           
        } 
        return false; 
    }    
     
    public static Individual[] sortIndividualsByParameters(Individual[] 
population) { 
        Arrays.sort(population, (o1, o2) -> { 
            if (o1.getParams()[0] > o2.getParams()[0]) { 
                     
                UHWXUQ������ɫɨɪɬɭɜɚɧɧɹ�ɭ�ɡɪɨɫɬɚɸɱɨɦɭ�ɩɨɪɹɞɤɭ 
            } else if (o1.getParams()[0] < o2.getParams()[0]) { 
                return -1; 
            } else { 
                 if(o1.getParams()[1] > o2.getParams()[1]){ 
                     return 1;                     
                 } else if(o1.getParams()[1] < o2.getParams()[1]){ 
                     return -1; 
                 } 
                return 0; 
            } 
        }); 
        return population; 
    } 
     
    public static Individual[] sortIndividuals(Individual[] population) 
{ 
        Arrays.sort(population, (o1, o2) -> { 
            if (o1.getFit() > o2.getFit()) { 
                UHWXUQ������ɫɨɪɬɭɜɚɧɧɹ�ɭ�ɡɪɨɫɬɚɸɱɨɦɭ�ɩɨɪɹɞɤɭ 
            } else if (o1.getFit() < o2.getFit()) { 
                return -1; 
            } else { 
                return 0; 
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            } 
        }); 
        return population; 
    } 
 
    public Individual evolution() { 
        LQW�VWHSV �������ɦɚɤɫɢɦɚɥɶɧɚ�ɤɿɥɶɤɿɫɬɶ�ɤɪɨɤɿɜ��ɩɨɩɭɥɹɰɿɣ��
ɟɜɨɥɸɰɿɣɧɨɝɨ�ɚɥɝɨɪɢɬɦɭ������ 
        ArrayList<Double> fitValues = new ArrayList<>();  
        Individual[] popul = this.createPopulationByCombinatorial(); 
        this.print(popul); 
        int counter = 0; 
        fitValues.add(popul[0].getFit()); 
                
        for (int n = 0; n < steps; n++) { 
            System.out.println("----------NEXT----------"); 
            popul = this.createNextPopulation(popul, 0.1 * 
ILW9DOXHV�JHW�Q�����Q��������������ɩɨɪɿɝ�ɞɥɹ�ɜɿɞɤɢɞɚɧɧɹ�ɡ�ɤɨɠɧɢɦ�
ɩɨɤɨɥɿɧɧɹɦ�ɡɦɟɧɲɭɽɬɶɫɹ����������������������������������������������������������������������������������������������������
//  (n + 1��GHOWD�ɞɥɹ�ɦɭɬɚɰɿʀ�- ɡɦɟɧɲɭɽɬɶɫɹ� 
            this.print(popul); 
            ILW9DOXHV�DGG�SRSXO>�@�JHW)LW���������Q���ɡɧɚɱɟɧɧɹ�ɭ�ɫɩɢɫɤɭ�������� 
 
            System.out.println("Fitness value improvement    " + 
(fitValues.get(n + 1) - fitValues.get(n))); 
             
            if ((n > 0) && (fitValues.get(n + 1) - fitValues.get(n) < 
����
�ILW9DOXHV�JHW�������Q��������^����ɦɚɽ�ɛɭɬɢ�ɩɿɞɪɹɞ�ɤɿɥɶɤɚ�ɪɚɡɿɜ��ɚ�
ɧɟ�ɜɡɚɝɚɥɿ�ɜ�ɭɫɶɨɦɭ�ɩɨɲɭɤɭ 
                counter++; 
            } else { 
                FRXQWHU� �������ɬɨɦɭ�ɩɨɱɢɧɚɽɦɨ�ɜɿɞɥɿɤ�ɧɚɧɨɜɨ 
            } 
 
            if (counter > steps/2) { 
                System.out.println("----------THE BEST HAS BEEN FOUND---
-------"); 
 
                break; 
            }            
        } 
        if (counter <= steps/2) { 
            System.out.println("----------THE BEST IN THE LAST 
POPULATION----------"); 
        } 
 
        return popul[0]; 
    } 
 
    public static void warmedUp(int n) { 
        for (int j = 0; j < n; j++) { 
            Math.random(); // warmed up 
        } 
    } 
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    public static void main(String[] args) throws 
ExceptionInvalidNetStructure { 
        int[] mins = {2, 0}; //[0]-threads, [1]-tasks 
        int[] maxs = {26, 8}; 
        ,QGLYLGXDO�VHW0D[V�PD[V�����ɰɿ�ɡɧɚɱɟɧɧɹ�ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢɦɭɬɶɫɹ�
ɞɥɹ�ɫɬɜɨɪɟɧɧɹ�ɧɨɜɢɯ�ɟɥɟɦɟɧɬɿɜ�ɬɚ�ɦɭɬɚɰɿʀ 
        Individual.setMins(mins); 
        EvolutionAlg ev = new EvolutionAlg(20, 1); // 1 progon 
        ��ZDUPHG8S��������������ɪɨɡɿɝɪɿɜ�ɞɥɹ�ɦɨɞɟɥɿ�ɧɟ�ɩɨɬɪɿɛɧɢɣ��ɚɥɟ�
ɩɨɬɪɿɛɧɢɣ�ɩɪɢ�ɟɤɫɩɟɪɢɦɟɧɬɭɜɚɧɧɿ�ɡ�ɪɟɚɥɶɧɨɸ�ɩɪɨɝɪɚɦɨɸ 
         
        Individual best = ev.evolution(); 
        System.out.println("----------THE BEST----------"); 
        best.print(); 
        System.out.println("----------SEARCH HISTORY----------  
"+ev.getSearchHistory().size());  
        ev.getSearchHistory().sort((o1, o2) -> { 
            if (o1.getParams()[0] > o2.getParams()[0]) { 
                     
                UHWXUQ������ɫɨɪɬɭɜɚɧɧɹ�ɭ�ɡɪɨɫɬɚɸɱɨɦɭ�ɩɨɪɹɞɤɭ 
            } else if (o1.getParams()[0] < o2.getParams()[0]) { 
                return -1; 
            } else { 
                 if(o1.getParams()[1] > o2.getParams()[1]){ 
                     return 1;                     
                 } else if(o1.getParams()[1] < o2.getParams()[1]){ 
                     return -1; 
                 } 
                return 0; 
            } 
        }); 
        ev.printHistory(); 
 
    } 
 
    public void print(Individual[] popul) { 
        Individual[] printedArr = Arrays.copyOf(popul, popul.length); 
        VRUW,QGLYLGXDOV%\3DUDPHWHUV�SULQWHG$UU������ɞɥɹ�ɡɪɭɱɧɨɫɬɿ�
ɫɩɪɢɣɧɹɬɬɹ�ɿɧɮɨɪɦɚɰɿʀ 
        for (int j = 0; j < numInPopulation; j++) { 
            printedArr[j].print(); 
        } 
    } 
     
     public void printHistory() { 
        for (int j = 0; j < searchHistory.size(); j++) { 
            searchHistory.get(j).print(); 
        } 
    } 
 
    public ArrayList<Individual> getSearchHistory() { 
        return searchHistory; 
    } 
 
    public void setSearchHistory(ArrayList<Individual> searchHistory) { 
        this.searchHistory = searchHistory; 
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    } 
} 
 
import PetriObj.ExceptionInvalidNetStructure; 
import ThreadPoolTest.PoolModel; 
import java.util.ArrayList; 
import java.util.Random; 
import java.util.logging.Level; 
import java.util.logging.Logger; 
 
public class Individual { 
         
    private static int numParams; 
    private final int[] params; 
    private static int[] mins; 
    private static int[] maxs; 
    private double fit; 
    private final Random random=new Random(); 
     
    SXEOLF�,QGLYLGXDO���^����ȻȿɁ�ɪɨɡɪɚɯɭɧɤɭ�ɮɿɬ-ɡɧɚɱɟɧɧɹ 
        numParams = mins.length; 
        params = new int[numParams]; 
        for (int i = 0; i < numParams; i++) { 
            if (maxs[i] == mins[i]) { 
                this.params[i] = mins[i]; 
            } else { 
                this.params[i] = mins[i] + random.nextInt(maxs[i] - 
mins[i]); 
            } 
        } 
        fit = Double.MAX_VALUE; 
    } 
     
    SXEOLF�,QGLYLGXDO�LQW�SURJRQ��^����Ɂ�ɪɨɡɪɚɯɭɧɤɨɦ�ɮɿɬ-ɡɧɚɱɟɧɧɹ 
        numParams = mins.length; 
        params = new int[numParams]; 
        for (int i = 0; i < numParams; i++) { 
            if (maxs[i] == mins[i]) { 
                this.params[i] = mins[i]; 
            } else { 
                this.params[i] = mins[i] + random.nextInt(maxs[i] - 
mins[i]); 
            } 
        } 
        calcFit(progon); 
    } 
    ���ɰɟɣ�ɦɟɬɨɞ�ɫɬɜɨɪɸɽ�ɡɚ ɡɪɨɫɬɚɧɧɹɦ�ɨɞɧɨɝɨ�ɿɧɞɟɤɫɭ�M 
    public Individual(int progon, int j, int numInPopulation) { // 
ɪɿɜɧɨɦɿɪɧɨ�ɪɨɡɩɨɞɿɥɹɽɦɨ 
        numParams = mins.length; 
        params = new int[numParams]; 
        for (int i = 0; i < numParams; i++) { 
            if (maxs[i] == mins[i]) { 
                this.params[i] = mins[i]; 
            } else { 
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                this.params[i] = mins[i] + (int) Math.rint(j * (maxs[i] 
- mins[i]) / numInPopulation);  
            } 
        } 
    //    calcFit(progon); 
//        System.out.print("[ " + j + " ]"); 
//        this.print(); 
    } 
 
    ���ɰɟɣ�ɦɟɬɨɞ�ɞɥɹ�ɜɢɩɚɞɤɭ�ɞɜɨɯ�ɩɚɪɚɦɟɬɪɿɜ�ɿ�ɜɚɪɿɸɸɬɶɫɹ�ɞɜɚ�ɿɧɞɟɤɫɢ�M�
k 
    SXEOLF�,QGLYLGXDO�LQW�SURJRQ��LQW�M��LQW�N��LQW�QXP��^����ɪɿɜɧɨɦɿɪɧɨ�
ɪɨɡɩɨɞɿɥɹɽɦɨ 
        numParams = mins.length; 
        params = new int[numParams]; 
        if (maxs[0] == mins[0]) { 
            this.params[0] = mins[0]; 
        } else { 
            this.params[0] = mins[0] + (int) Math.rint(j * (maxs[0] - 
mins[0]) / num);  
        } 
        if (maxs[1] == mins[1]) { 
            this.params[1] = mins[1]; 
        } else { 
 
            this.params[1] = mins[1] + (int) Math.rint(k * (maxs[1] - 
mins[1]) / num);  
        } 
  //      calcFit(progon); 
 
//        System.out.print("[ "+j+","+k+" ]"); 
       // this.print(); 
    } 
     
     public Individual childIndividual(Individual other, int progon, int 
variation) { 
        Individual child = new Individual(progon); 
 
        for (int j = 0; j < getNumParams(); j++) { 
                child.params[j] = (this.getParams()[j] + 
other.getParams()[j]) / 2;  
                child.params[j] = generateMutationValue(child.params[j], 
                        Math.min(this.getParams()[j], 
other.getParams()[j]), 
                        Math.max(this.getParams()[j], 
other.getParams()[j]), 
                        variation); 
        } 
         
     //   child.calcFit(progon); 
//        System.out.print("child "+child.isIdentical(history)); 
//       child.printParams(); 
        return child; 
    } 
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         public int generateMutationValue(int value, int min, int max, 
int variation) { 
       
            double rr = random.nextDouble(); 
            int delta = Math.max(1, (max - min) / variation); // 
ɜɟɥɢɱɢɧɚ�ɜɚɪɿɚɰɿʀ�ɩɪɢ�ɦɭɬɚɰɿʀ������� 
            LQW�G� �UDQGRP�QH[W,QW�GHOWD����������ɜɟɥɢɱɢɧɚ�ɦɭɬɚɰɿʀ 
            if (rr < 0.33) { 
                    value += d;                      
                    if (value > max) { 
                        value = max; 
                    } 
                } else { 
                    if (rr < 0.66) { 
                        value -= d; 
                        if (value < min) { 
                            value = min; 
                        } 
 
                    }  
                } 
        return value; 
    } 
    SXEOLF�,QGLYLGXDO�WULYLDO0XWDWLRQ���^����ɜɟɥɢɱɢɧɚ�ɦɭɬɚɰɿʀ� �� 
        Individual child = new Individual(); 
        double rr; 
        for (int j = 0; j < getNumParams(); j++) { 
            rr = random.nextDouble(); 
 
            if (rr < 0.5) { 
                child.getParams()[j] =this.getParams()[j] + 1; 
            } else { 
//                if (rr < 0.66) { 
                   child.getParams()[j] =this.getParams()[j] - 1; 
                    if (child.getParams()[j] < 1) { 
                        child.getParams()[j] = 1; 
                    } 
 
//                } 
            } 
        }         
        return child; 
    } 
     
     public final void calcFit(int progon) { 
        double f = 0; 
        int totalComplexity = 2000000000; 
        int cores = 4; 
        double tMod = 100; 
 
        for (int i = 0; i < progon; i++) { 
            try { 
                f += PoolModel.getTimePerformance(cores, tMod, 
this.params[0], (int)Math.pow(2, this.params[1]), 
totalComplexity);//[0]-threads , [1]-tasks// 
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            } catch (ExceptionInvalidNetStructure ex) {               
Logger.getLogger(Individual.class.getName()).log(Level.SEVERE, null, 
ex); 
            } 
        } 
        fit = f / progon; 
    //    fit = f / progon / 1000000000; // time in seconds 
 
    } 
 
    public double getFit() { 
 
        return fit; 
    } 
     
    public int[] getParams(){ 
        return params; 
    } 
    public void printParams(){ 
        
System.out.println(this.getParams()[0]+"\t"+this.getParams()[1]);   
    } 
     
    public void print(){ 
        
System.out.println(this.getParams()[0]+"\t"+this.getParams()[1]+"\t 
"+this.getFit());   
    } 
     
    public boolean isIdentical(ArrayList<Individual> hystoric){ 
        boolean s; 
        for(Individual ind: hystoric){ 
            s=true; 
            for(int j=0; j<params.length; j++){ 
                    if(this.params[j]!=ind.params[j]){ 
                        s=false; 
                        break; 
                    } 
            } 
            if(s){ 
//                System.out.print("Individiual 
"+this.getParams()[0]+"\t"+this.getParams()[1]+"\t "+ 
//                        "is identical to the "+ 
ind.getParams()[0]+"\t"+ind.getParams()[1]); 
                return true;             
            }           
        } 
        return false; 
    } 
     
    public static int[] getMins() { 
        return mins; 
    } 
    public static void setMins(int[] aMins) { 
        mins = aMins; 
    } 
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    public static int[] getMaxs() { 
        return maxs; 
    } 
 
    public static void setMaxs(int[] aMaxs) { 
        maxs = aMaxs; 
    } 
 
    public static int getNumParams() { 
        return numParams; 
    } 
} 
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ȾɈȾȺɌɈɄ Ƚ��ɊȿɁɍɅɖɌȺɌɂ�ɊɈȻɈɌɂ�ȿȼɈɅɘɐȱɃɇɈȽɈ�

ȺɅȽɈɊɂɌɆɍ�ȾɅə�ɆɈȾȿɅȱ�ɉɍɅɍ�ɉɈɌɈɄȱȼ 
population: 40 
run: 
--------START population-------
-- 
2 0  686.1298960070574 
2 1  661.4586215910435 
2 2  609.6298886999609 
2 4  651.6055536698145 
2 5  638.8038674734757 
2 6  651.2449468014713 
2 8  642.751519861041 
7 0  684.861974272231 
7 1  689.112606158478 
7 2  627.3077651274008 
7 4  612.0973658822252 
7 5  630.18473749323 
7 6  641.4029434402859 
7 8  631.493173672972 
13 0  708.2269202327616 
13 1  693.4948511019868 
13 2  657.6127403936098 
13 4  668.951541093724 
13 5  637.0961186092292 
13 6  637.0193991770866 
----------NEXT---------- 
searching the best elements  ... 
13 8  606.8775354296436 
31 4  608.1630287898122 
2 2  609.6298886999609 
25 8  611.2493575027647 
7 4  612.0973658822252 
19 8  612.78453955436 
31 0  623.8181674484796 
7 2  627.3077651274008 
25 4  628.6678208431117 
7 5  630.18473749323 
7 8  631.493173672972 
19 1  633.261994211638 
13 6  637.0193991770866 
13 5  637.0961186092292 
2 5  638.8038674734757 
19 6  639.5265913179935 
7 6  641.4029434402859 
2 8  642.751519861041 
19 2  643.5786740601409 
31 1  643.9456714076102 

20 elements have been 
identified as the best  
All elements are the best  
2 2  609.6298886999609 
2 5  638.8038674734757 
2 8  642.751519861041 
7 2  627.3077651274008 
7 4  612.0973658822252 
7 5  630.18473749323 
7 6  641.4029434402859 
7 8  631.493173672972 
13 5  637.0961186092292 
13 6  637.0193991770866 
Fitness value improvement    0.0 
----------NEXT---------- 
searching the best elements  ... 
13 8  606.8775354296436 
31 4  608.1630287898122 
2 2  609.6298886999609 
25 8  611.2493575027647 
7 4  612.0973658822252 
19 8  612.78453955436 
31 0  623.8181674484796 
7 2  627.3077651274008 
25 4  628.6678208431117 
7 5  630.18473749323 
10 elements have been 
identified as the best  
All elements are the best  
2 2  609.6298886999609 
7 2  627.3077651274008 
7 4  612.0973658822252 
7 5  630.18473749323 
13 8  606.8775354296436 
Fitness value improvement    0.0 
----------NEXT---------- 
searching the best elements  ... 
13 8  606.8775354296436 
31 4  608.1630287898122 
2 2  609.6298886999609 
25 8  611.2493575027647 
7 4  612.0973658822252 
5 elements have been identified 
as the best  
All elements are the best  
2 2  609.6298886999609 
7 4  612.0973658822252 
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Fitness value improvement    0.0 
----------NEXT---------- 
searching the best elements  ... 
13 8  606.8775354296436 
31 4  608.1630287898122 
2 elements have been identified 
as the best  
All elements are the best  
13 8  606.8775354296436 
31 4  608.1630287898122 
Fitness value improvement    0.0 
----------NEXT---------- 
searching the best elements  ... 
13 8  606.8775354296436 
31 4  608.1630287898122 
2 elements have been identified 
as the best  
All elements are the best  
13 8  606.8775354296436 
31 4  608.1630287898122 
Fitness value improvement    0.0 
----------NEXT---------- 
searching the best elements  ... 
13 8  606.8775354296436 
31 4  608.1630287898122 
2 elements have been identified 
as the best  
All elements are the best  
13 8  606.8775354296436 
31 4  608.1630287898122 
Fitness value improvement    0.0 
----------NEXT---------- 
searching the best elements  ... 
13 8  606.8775354296436 
31 4  608.1630287898122 
2 elements have been identified 
as the best  
All elements are the best  
13 8  606.8775354296436 
31 4  608.1630287898122 
Fitness value improvement    0.0 
----------NEXT---------- 
searching the best elements  ... 
13 8  606.8775354296436 
31 4  608.1630287898122 
2 elements have been identified 
as the best  
All elements are the best  

13 8  606.8775354296436 
31 4  608.1630287898122 
Fitness value improvement    0.0 
----------NEXT---------- 
searching the best elements  ... 
13 8  606.8775354296436 
31 4  608.1630287898122 
2 elements have been identified 
as the best  
All elements are the best  
13 8  606.8775354296436 
31 4  608.1630287898122 
Fitness value improvement    0.0 
----------NEXT---------- 
searching the best elements  ... 
13 8  606.8775354296436 
31 4  608.1630287898122 
2 elements have been identified 
as the best  
All elements are the best  
13 8  606.8775354296436 
31 4  608.1630287898122 
Fitness value improvement    0.0 
----------NEXT---------- 
searching the best elements  ... 
13 8  606.8775354296436 
31 4  608.1630287898122 
2 elements have been identified 
as the best  
All elements are the best  
13 8  606.8775354296436 
31 4  608.1630287898122 
Fitness value improvement    0.0 
----------NEXT---------- 
searching the best elements  ... 
13 8  606.8775354296436 
31 4  608.1630287898122 
2 elements have been identified 
as the best  
All elements are the best  
13 8  606.8775354296436 
31 4  608.1630287898122 
Fitness value improvement    0.0 
----------THE BEST HAS BEEN 
FOUND---------- 
----------THE BEST---------- 
13 8  606.8775354296436 
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