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ɌȿɏɇȱɄȺ�ȼ�ɋȱɅɖɋɖɄɈȽɈɋɉɈȾȺɊɋɖɄɈɆɍ�ȼɂɊɈȻɇɂɐɌȼȱ�

ɍȾɄ��������

Ɋ��Ⱦ��ȱɫɤɨɜɢɱ�Ʌɨɬɨɰɶɤɢɣ��ɩɪɨɮ���ɞ�ɪ�ɬɟɯɧ��ɧɚɭɤ��ȱ��ȼ��Ʉɨɰ��ɩɪɨɮ���ɤɚɧɞ��ɬɟɯɧ��ɧɚɭɤ��
ə��ȼ��ȱɜɚɧɱɭɤ��ɞɨɰ���ɤɚɧɞ��ɬɟɯɧ��ɧɚɭɤ��ȯ��ȱ��ȱɜɚɲɤɨ��ɫɬ��ɥɚɛɨɪɚɧɬ�
ȼɿɧɧɢɰɶɤɢɣ�ɧɚɰɿɨɧɚɥɶɧɢɣ�ɬɟɯɧɿɱɧɢɣ�ɭɧɿɜɟɪɫɢɬɟɬ��ȼɿɧɧɢɰɹ��ɍɤɪɚʀɧɚ�
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Ɇɨɞɟɥɸɜɚɧɧɹ�ɪɭɯɭ�ɞɜɨɦɚɫɨɜɨɝɨ�ɜɿɛɪɚɰɿɣɧɨɝɨ�
ɠɢɜɢɥɶɧɢɤɚ�ɧɚ�ɛɚɡɿ�ɝɿɞɪɨɿɦɩɭɥɶɫɧɨɝɨ�ɩɪɢɜɨɞɚ�

Ɋɨɡɪɨɛɥɟɧɚ� ɧɨɜɚ� ɨɪɢɝɿɧɚɥɶɧɚ� ɤɨɧɫɬɪɭɤɰɿɹ� ɞɜɨɦɚɫɨɜɨɝɨ� ɜɿɛɪɚɰɿɣɧɨɝɨ� ɠɢɜɢɥɶɧɢɤɚ� ɧɚ� ɛɚɡɿ�
ɝɿɞɪɨɿɦɩɭɥɶɫɧɨɝɨ�ɩɪɢɜɨɞɚ��ɹɤɚ�ɜɪɿɜɧɨɜɚɠɭɽ�ɧɚɞɥɢɲɤɨɜɿ�ɞɢɧɚɦɿɱɧɿ�ɧɚɜɚɧɬɚɠɟɧɧɹ��ɉɪɨɜɟɞɟɧɨ�ɬɟɨɪɟɬɢɱɧɟ�
ɞɨɫɥɿɞɠɟɧɧɹ� ɞɜɨɦɚɫɨɜɨɝɨ� ɜɿɛɪɚɰɿɣɧɨɝɨ� ɠɢɜɢɥɶɧɢɤɚ� ɡ� ɝɿɞɪɨɿɦɩɭɥɶɫɧɢɦ� ɩɪɢɜɨɞɨɦ� ɧɚ� ɛɚɡɿ� ɪɨɡɪɨɛɥɟɧɨʀ�
ɦɚɬɟɦɚɬɢɱɧɨʀ�ɦɨɞɟɥɿ��ɍ�ɩɪɨɰɟɫɿ�ɞɨɫɥɿɞɠɟɧɧɹ�ɛɭɥɚ�ɪɨɡɪɨɛɥɟɧɚ�ɪɨɡɪɚɯɭɧɤɨɜɚ�ɫɯɟɦɚ�ɩɪɢɫɬɪɨɸ�ɬɚ�ɨɬɪɢɦɚɧɿ�
ɨɫɧɨɜɿ� ɦɚɬɟɦɚɬɢɱɧɿ� ɡɚɥɟɠɧɨɫɬɿ� ɹɤɿ� ɯɚɪɚɤɬɟɪɢɡɭɸɬɶ� ɪɟɠɢɦɢ� ɣɨɝɨ� ɪɨɛɨɬɢ� ɬɚ� ɜɡɚɽɦɨɡɜ¶ɹɡɨɤ� ɪɨɛɨɱɢɯ�
ɩɚɪɚɦɟɬɪɿɜ��ɚ�ɬɚɤɨɠ�ɞɚɸɬɶ�ɡɦɨɝɭ�ɨɰɿɧɢɬɢ�ɚɤɬɭɚɥɶɧɿɫɬɶ�ɬɚ�ɩɟɪɫɩɟɤɬɢɜɧɿɫɬɶ�ɨɪɢɝɿɧɚɥɶɧɨʀ�ɪɨɡɪɨɛɤɢ��
ɜɿɛɪɚɰɿɣɧɢɣ�ɠɢɜɢɥɶɧɢɤ��ɝɿɞɪɨɿɦɩɭɥɶɫɧɢɣ�ɩɪɢɜɨɞ��ɜɿɛɪɚɰɿʀ��ɪɟɚɤɬɢɜɧɚ�ɦɚɫɚ�

Ɋ�Ⱦ�� ɂɫɤɨɜɢɱ�Ʌɨɬɨɰɤɢɣ�� ɩɪɨɮ��� ɞ�ɪ� ɬɟɯɧ�� ɧɚɭɤ�� ɂ�ȼ�� Ʉɨɰ�� ɩɪɨɮ��� ɤɚɧɞ�� ɬɟɯɧ�� ɧɚɭɤ�� ə�ȼ�� ɂɜɚɧɱɭɤ��
ɞɨɰ���ɤɚɧɞ��ɬɟɯɧ��ɧɚɭɤ��ȿ�ɂ��ɂɜɚɲɤɨ��ɫɬ��ɥɚɛɨɪɚɧɬ�
ȼɢɧɧɢɰɤɢɣ�ɧɚɰɢɨɧɚɥɶɧɵɣ�ɬɟɯɧɢɱɟɫɤɢɣ�ɭɧɢɜɟɪɫɢɬɟɬ��ɝ�ȼɢɧɧɢɰɚ��ɍɤɪɚɢɧɚ�
Ɇɨɞɟɥɢɪɨɜɚɧɢɟ� ɞɜɢɠɟɧɢɹ� ɞɜɭɯɦɚɫɫɨɜɨɝɨ� ɜɢɛɪɚɰɢɨɧɧɨɝɨ� ɩɢɬɚɬɟɥɹ� ɧɚ� ɛɚɡɟ�
ɝɢɞɪɨɢɦɩɭɥɶɫɧɨɝɨ�ɩɪɢɜɨɞɚ�

Ɋɚɡɪɚɛɨɬɚɧɚ� ɧɨɜɚɹ� ɨɪɢɝɢɧɚɥɶɧɚɹ� ɤɨɧɫɬɪɭɤɰɢɹ� ɞɜɭɯɦɚɫɫɨɜɨɝɨ� ɜɢɛɪɚɰɢɨɧɧɨɝɨ� ɩɢɬɚɬɟɥɹ� ɧɚ� ɛɚɡɟ�
ɝɢɞɪɨɢɦɩɭɥɶɫɧɨɝɨ� ɩɪɢɜɨɞɚ�� ɤɨɬɨɪɚɹ� ɭɪɚɜɧɨɜɟɲɢɜɚɟɬ� ɢɡɛɵɬɨɱɧɵɟ� ɞɢɧɚɦɢɱɟɫɤɢɟ� ɧɚɝɪɭɡɤɢ�� ɉɪɨɜɟɞɟɧɨ�
ɬɟɨɪɟɬɢɱɟɫɤɨɟ� ɢɫɫɥɟɞɨɜɚɧɢɟ� ɞɜɭɯɦɚɫɫɨɜɨɝɨ� ɜɢɛɪɚɰɢɨɧɧɨɝɨ� ɩɢɬɚɬɟɥɹ� ɫ� ɝɢɞɪɨɢɦɩɭɥɶɫɧɵɦ� ɩɪɢɜɨɞɨɦ� ɧɚ�
ɛɚɡɟ�ɪɚɡɪɚɛɨɬɚɧɧɨɣ�ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ�ɦɨɞɟɥɢ��ȼ�ɩɪɨɰɟɫɫɟ�ɢɫɫɥɟɞɨɜɚɧɢɹ�ɛɵɥɚ�ɪɚɡɪɚɛɨɬɚɧɚ�ɪɚɫɱɟɬɧɚɹ�ɫɯɟɦɚ�
ɭɫɬɪɨɣɫɬɜɚ�ɢ�ɩɨɥɭɱɟɧɵ�ɨɫɧɨɜɧɵɟ�ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ�ɡɚɜɢɫɢɦɨɫɬɢ��ɱɬɨ�ɯɚɪɚɤɬɟɪɢɡɭɸɬ�ɪɟɠɢɦɵ�ɟɝɨ�ɪɚɛɨɬɵ�ɢ�
ɜɡɚɢɦɨɫɜɹɡɶ� ɪɚɛɨɱɢɯ� ɩɚɪɚɦɟɬɪɨɜ�� ɚ� ɬɚɤɠɟ� ɞɚɸɬ� ɜɨɡɦɨɠɧɨɫɬɶ� ɨɰɟɧɢɬɶ� ɚɤɬɭɚɥɶɧɨɫɬɶ� ɢ� ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɶ�
ɨɪɢɝɢɧɚɥɶɧɨɣ�ɪɚɡɪɚɛɨɬɤɢ��
ɜɢɛɪɚɰɢɨɧɧɵɣ�ɩɢɬɚɬɟɥɶ��ɝɢɞɪɨɢɦɩɭɥɶɫɧɵɣ�ɩɪɢɜɨɞ��ɜɢɛɪɚɰɢɢ��ɪɟɚɤɬɢɜɧɚɹ�ɦɚɫɚ�

ɉɨɫɬɚɧɨɜɤɚ� ɩɪɨɛɥɟɦɢ�� Ɉɫɧɨɜɧɢɦ� ɧɟɞɨɥɿɤɨɦ� ɩɨɬɭɠɧɢɯ� ɜɿɛɪɚɰɿɣɧɢɯ�
ɠɢɜɢɥɶɧɢɤɿɜ�ɡ�ɪɿɡɧɢɦɢ�ɜɢɞɚɦɢ�ɩɪɢɜɨɞɿɜ��ɦɟɯɚɧɿɱɧɢɦ��ɞɟɛɚɥɚɧɫɧɢɦ��ɝɿɞɪɨɿɦɩɭɥɶɫɧɢɦ���
ɜɢɤɨɧɚɧɢɯ�ɩɨ�ɨɞɧɨɦɚɫɨɜɿɣ�ɫɯɟɦɿ��ɽ�ɜɢɫɨɤɿ�ɞɢɧɚɦɿɱɧɿ�ɧɚɜɚɧɬɚɠɟɧɧɹ�ɧɚ�ɟɥɟɦɟɧɬɢ�ɧɟɫɭɱɢɯ�
ɤɨɧɫɬɪɭɤɰɿɣ� �ɮɭɧɞɚɦɟɧɬɢ�� ɪɚɦɢ� ɬɚ� ɿɧɲɟ��� ȼɿɛɪɚɰɿɣɧɿ� ɠɢɜɢɥɶɧɢɤɢ� ɡ� ɝɿɞɪɨɿɦɩɭɥɶɫɧɢɦ�
ɩɪɢɜɨɞɨɦ�>����@�ɧɚɥɚɲɬɨɜɭɸɬɶɫɹ�ɧɚ�ɛɿɥɹɪɟɡɨɧɚɧɫɧɢɣ�ɪɟɠɢɦ��ɜɧɚɫɥɿɞɨɤ�ɱɨɝɨ�ɞɢɧɚɦɿɱɧɟ�
ɧɚɜɚɧɬɚɠɟɧɧɹ� ɧɚ� ɮɭɧɞɚɦɟɧɬ� ɦɨɠɟ� ɞɨɫɹɝɚɬɢ� ɞɭɠɟ� ɜɟɥɢɤɢɯ� ɡɧɚɱɟɧɶ�� Ɋɿɲɟɧɧɹɦ� ɞɚɧɨʀ�
ɩɪɨɛɥɟɦɢ� ɽ� ɜɫɬɚɧɨɜɥɟɧɧɹ� ɞɨɞɚɬɤɨɜɨʀ� ɪɟɚɤɬɢɜɧɨʀ� ɦɚɫɢ�� ɹɤɟ� ɿ� ɛɭɞɟ� ɫɩɪɢɣɦɚɬɢ� ɧɚ� ɫɟɛɟ�
ɧɚɞɥɢɲɤɨɜɿ�ɞɢɧɚɦɿɱɧɿ�ɧɚɜɚɧɬɚɠɟɧɧɹ���

Ⱥɧɚɥɿɡ�ɨɫɬɚɧɧɿɯ�ɞɨɫɥɿɞɠɟɧɶ�ɿ�ɩɭɛɥɿɤɚɰɿɣ��ɍ�ɩɪɚɰɿ�>�@��ɩɪɢ�ɦɚɫɿ�ɪɨɛɨɱɨɝɨ�ɨɪɝɚɧɭ�
�����ɤɝ�ɿ�ɜɥɚɫɧɨʀ�ɱɚɫɬɨɬɢ�ɨɞɧɨɦɚɫɨɜɨʀ�ɫɢɫɬɟɦɢ�ɛɥɢɡɶɤɨ�����ɫ���ɦɚɤɫɢɦɚɥɶɧɚ�ɚɦɩɥɿɬɭɞɚ�
ɞɢɧɚɦɿɱɧɨɝɨ� ɧɚɜɚɧɬɚɠɟɧɧɹ� ɧɚ� ɮɭɧɞɚɦɟɧɬ� ɦɨɠɟ� ɞɨɫɹɝɚɬɢ� ɜɟɥɢɱɢɧ� ɛɿɥɶɲɟ� ��� ɤɇ��
ɉɨɜɡɞɨɜɠɧɽ� ɜɪɿɜɧɨɜɚɠɟɧɧɹ� ɞɚɧɨʀ� ɜɿɛɪɚɰɿɣɧɨʀ� ɫɢɫɬɟɦɢ� ɧɟɩɪɢɞɚɬɧɟ� ɞɥɹ� ɪɨɛɨɬɢ� ɩɿɞ�
ɜɟɥɢɤɢɦɢ�ɡɦɿɧɧɢɦɢ�ɧɚɜɚɧɬɚɠɟɧɧɹɦɢ�

ɍ� ɩɪɚɰɿ� >�@� ɞɥɹ� ɬɟɨɪɟɬɢɱɧɨɝɨ� ɞɨɫɥɿɞɠɟɧɧɹ� ɪɭɯɭ� ɜɿɛɪɚɰɿɣɧɨɝɨ� ɤɨɧɜɟɽɪɚ� ɛɭɥɚ�
ɪɨɡɪɨɛɥɟɧɚ� ɦɚɬɟɦɚɬɢɱɧɚ� ɦɨɞɟɥɶ� ɩɟɪɟɦɿɳɟɧɧɹ� ɜɚɧɬɚɠɭ� ɜɝɨɪɭ� ɭ� ɜɟɪɬɢɤɚɥɶɧɿɣ� ɿ��
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ɝɨɪɢɡɨɧɬɚɥɶɧɢɯ� ɩɥɨɳɢɧɚɯ�� ɍ� ɞɚɧɿɣ� ɦɚɬɟɦɚɬɢɱɧɿɣ� ɦɨɞɟɥɿ� ɫɭɦɚɪɧɚ� ɲɜɢɞɤɿɫɬɶ
ɩɟɪɟɦɿɳɟɧɧɹ� ɜɚɧɬɚɠɭ� ɜ� ɞɚɧɿɣ� ɦɨɞɟɥɿ� ɫɤɥɚɞɚɽɬɶɫɹ� ɿɡ� ɲɜɢɞɤɨɫɬɿ� ɩɨɫɬɭɩɚɥɶɧɨɝɨ� ɪɭɯɭ� ɿ�
ɩɪɢɫɪɨɫɬɭ� ɜɿɛɪɚɰɿɣɧɨʀ� ɲɜɢɞɤɨɫɬɿ�� Ɉɫɬɚɧɧɹ� ɩɪɟɞɫɬɚɜɥɟɧɚ� ɬɚɤɨɠ� ɫɭɦɨɸ� ɫɤɥɚɞɨɜɢɯ�
ɲɜɢɞɤɨɫɬɿ� ɜɿɛɪɚɰɿʀ� ɜ� ɝɨɪɢɡɨɧɬɚɥɶɧɿɣ� ɿ� ɜɟɪɬɢɤɚɥɶɧɿɣ� ɩɥɨɳɢɧɚɯ�� Ⱦɚɧɚ� ɦɚɬɟɦɚɬɢɱɧɚ�
ɦɨɞɟɥɶ� ɧɟ� ɪɨɡɝɥɹɞɚɽ� ɜɢɡɧɚɱɟɧɧɹ� ɞɢɧɚɦɿɱɧɢɯ� ɫɢɥ� ɧɚɜɚɧɬɚɠɟɧɧɹ� ɧɚ� ɩɨɜɟɪɯɧɸ�
ɜɚɧɬɚɠɨɧɟɫɭɱɨɝɨ�ɨɪɝɚɧɭ�ɜɿɛɪɚɰɿɣɧɨɝɨ�ɠɢɜɢɥɶɧɢɤɚ�

ȼɪɚɯɨɜɭɸɱɢ� ɜɢɳɟɫɤɚɡɚɧɟ�� ɚɤɬɭɚɥɶɧɢɦ� ɽ� ɪɨɡɪɨɛɤɚ� ɬɚ� ɬɟɨɪɟɬɢɱɧɟ� ɞɨɫɥɿɞɠɟɧɧɹ�
ɨɪɢɝɿɧɚɥɶɧɨʀ�ɤɨɧɫɬɪɭɤɰɿʀ�ɩɨɬɭɠɧɨɝɨ�ɜɿɛɪɚɰɿɣɧɨɝɨ�ɠɢɜɢɥɶɧɢɤɚ�ɧɚ�ɛɚɡɿ�ɝɿɞɪɨɿɦɩɭɥɶɫɧɨɝɨ�
ɩɪɢɜɨɞɚ�ɡ�ɜɟɥɢɤɢɦ�ɫɬɭɩɟɧɟɦ�ɜɿɛɪɨɿɡɨɥɹɰɿʀ��

ɉɨɫɬɚɧɨɜɤɚ� ɡɚɜɞɚɧɧɹ�� Ɇɟɬɚ� ɫɬɚɬɬɿ� ±� ɪɨɡɪɨɛɤɚ� ɦɚɬɟɦɚɬɢɱɧɨʀ� ɦɨɞɟɥɿ� ɪɭɯɭ�
ɞɜɨɦɚɫɨɜɨɝɨ� ɜɿɛɪɚɰɿɣɧɨɝɨ� ɠɢɜɢɥɶɧɢɤɚ� ɧɚ� ɛɚɡɿ� ɝɿɞɪɨɿɦɩɭɥɶɫɧɨɝɨ� ɩɪɢɜɨɞɚ�� ɞɥɹ�
ɩɿɞɬɜɟɪɞɠɟɧɧɹ�ɞɨɰɿɥɶɧɨɫɬɿ�ɪɨɡɪɨɛɤɢ�ɬɚ�ɟɮɟɤɬɢɜɧɨɫɬɿ�ɣɨɝɨ�ɪɨɛɨɬɢ�ɜ�ɩɟɪɫɩɟɤɬɢɜɿ�

Ⱦɥɹ�ɜɢɪɿɲɟɧɧɹ�ɩɨɫɬɚɜɥɟɧɨʀ�ɦɟɬɢ�ɧɟɨɛɯɿɞɧɨ�ɜɢɪɿɲɢɬɢ�ɧɚɫɬɭɩɧɿ�ɡɚɞɚɱɿ��ɩɪɨɜɟɫɬɢ�
ɚɧɚɥɿɡ� ɪɨɡɪɨɛɥɟɧɨɝɨ� ɞɜɨɦɚɫɨɜɨɝɨ� ɜɿɛɪɚɰɿɣɧɨɝɨ� ɠɢɜɢɥɶɧɢɤɚ� ɡ� ɝɿɞɪɨɿɦɩɭɥɶɫɧɢɦ�
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ɩɿɞɫɬɚɜɥɟɧɧV� ɜ� ����� ɡɧɚɱɟɧɶ� ɬ� �� ɿ� N� ��� ɉɨɞɚɥɶɲɢɣ� ɪɨɡɪɚɯɭɧɨɤ� �ɜɢɡɧɚɱɟɧɧɹ�
ɩɟɪɟɦɿɳɟɧɶ��ɬɢɫɤɭ�ɿ�ɩɨɜɧɨʀ�ɩɨɬɭɠɧɨɫɬɿ�ɧɟɨɛɯɿɞɧɨ�ɜɢɤɨɧɭɜɚɬɢ�ɩɨ�ɮɨɪɦɭɥɚɦ��������������
�����>��@���ɜɢɤɨɪɢɫɬɨɜɭɸɱɢ�ɩɪɢ�ɪɨɡɪɚɯɭɧɤɚɯ�X�[��ɮɨɪɦɭɥɭ��������ɿ�T�ɯ��±�ɮɨɪɦɭɥɭ�������
>��@��ɧɚɫɬɭɩɧɢɦɢ�ɫɩɿɜɜɿɞɧɨɲɟɧɧɹɦɢ��

� �5H � ,P � � �D + E + 5 D /   �

ȼɢɡɧɚɱɢɦɨ�ɩɟɪɟɦɿɳɟɧɧɹ�ɪɨɛɨɱɨɝɨ�ɨɪɝɚɧɭ��ɞɥɹ�ɱɨɝɨ�ɜ�����ɩɿɞɫɬɚɜɢɦɨ�����ɿ�������

� � � �
�

��
�

�
�

�
�

�
WMH

G[

[GX/
[X[ Z

Q
VF

VQ »
¼

º
«
¬

ª
��¸̧

¹

·
¨̈
©

§
� � � � ����
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Ⱥɧɚɥɿɡɭɸɱɢ� ɨɬɪɢɦɚɧɿ� ɡɚɥɟɠɧɨɫɬɿ�� ɦɨɠɧɚ� ɡɪɨɛɢɬɢ� ɜɢɫɧɨɜɨɤ�� ɳɨ� ɩɟɪɟɦɿɳɟɧɧɹ
ɪɨɛɨɱɨɝɨ�ɨɪɝɚɧɭ�[�� ɡɛɿɥɶɲɭɽɬɶɫɹ��ɩɪɢ� ɡɦɟɧɲɟɧɿ�Ȟ�� ɚ� ɬɚɤɨɠ�ɩɪɢ� ɡɛɿɥɶɲɟɧɧɿ�ɪɟɚɤɬɢɜɧɨʀ�
ɦɚɫɢ�ɬ���ȱ�ɧɚɜɩɚɤɢ�ɡɦɟɧɲɭɽɬɶɫɹ�ɩɪɢ�ɡɛɿɥɶɲɟɧɧɿ�ɜ¶ɹɡɤɨɫɬɿ�ɬɪɚɧɫɩɨɪɬɭɸɱɨɝɨ�ɦɚɬɟɪɿɚɥɭ��

ȼɢɫɧɨɜɤɢ��Ɋɨɡɪɨɛɥɟɧɚ�ɦɚɬɟɦɚɬɢɱɧɚ�ɦɨɞɟɥɶ�ɪɭɯɭ�ɜɿɛɪɚɰɿɣɧɨɝɨ�ɠɢɜɢɥɶɧɢɤɚ��ɹɤɚ��
ɞɨɡɜɨɥɹɽ� ɨɩɬɢɦɿɡɭɜɚɬɢ� ɩɚɪɚɦɟɬɪɢ� ɧɚɥɚɝɨɞɠɟɧɧɹ� ɝɿɞɪɨɿɦɩɭɥɶɫɧɨɝɨ� ɩɪɢɜɨɞɚ� ɿ� ɧɚɦɿɬɢɬɢ�
ɲɥɹɯɢ� ɜɢɪɿɲɟɧɧɹ� ɩɪɨɛɥɟɦɢ� ɟɤɫɬɪɟɦɚɥɶɧɨ� ɜɢɫɨɤɢɯ� ɞɢɧɚɦɿɱɧɢɯ� ɧɚɜɚɧɬɚɠɟɧɶ� ɧɚ�
ɮɭɧɞɚɦɟɧɬ� ɩɪɢ� ɪɨɡɪɨɛɰɿ� ɧɨɜɢɯ� ɨɪɢɝɿɧɚɥɶɧɢɯ� ɤɨɧɫɬɪɭɤɰɿɣ� ɞɜɨɦɚɫɨɜɢɯ� ɜɿɛɪɚɰɿɣɧɢɯ�
ɠɢɜɢɥɶɧɢɤɿɜ�
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ɋɩɢɫɨɤ�ɥɿɬɟɪɚɬɭɪɢ�
�� ȱɫɤɨɜɢɱ±Ʌɨɬɨɰɶɤɢɣ�Ɋ��Ⱦ��ȼɿɛɪɚɰɿɣɧɿ�ɬɚ�ɜɿɛɪɨɭɞɚɪɧɿ�ɩɪɢɫɬɪɨʀ�ɞɥɹ�ɪɨɡɜɚɧɬɚɠɟɧɧɹ�ɬɪɚɧɫɩɨɪɬɧɢɯ�ɡɚɫɨɛɿɜ���

ɦɨɧɨɝɪɚɮɿɹ�>Ɍɟɤɫɬ@���Ɋ��Ⱦ��ȱɫɤɨɜɢɱ±Ʌɨɬɨɰɶɤɢɣ��ə��ȼ��ȱɜɚɧɱɭɤ��±�ȼɿɧɧɢɰɹ���ȼɿɧɧɢɰɹ��������±�����ɫ��
�� ȱɫɤɨɜɢɱ±Ʌɨɬɨɰɶɤɢɣ� Ɋ�� Ⱦ�� Ɍɟɯɧɨɥɨɝɿɹ� ɦɨɞɟɥɸɜɚɧɧɹ� ɨɰɿɧɤɢ� ɩɚɪɚɦɟɬɪɿɜ� ɮɨɪɦɨɭɬɜɨɪɟɧɧɹ� ɡɚɝɨɬɨɜɨɤ� ɡ�

ɩɨɪɨɲɤɨɜɢɯ� ɦɚɬɟɪɿɚɥɿɜ� ɧɚ� ɜɿɛɪɨɩɪɟɫɨɜɨɦɭ� ɨɛɥɚɞɧɚɧɧɿ� ɡ� ɝɿɞɪɨɿɦɩɭɥɶɫɧɢɦ� ɩɪɢɜɨɞɨɦ� >Ɍɟɤɫɬ@� ��
ɦɨɧɨɝɪɚɮɿɹ���Ɋ��Ⱦ��ȱɫɤɨɜɢɱ�Ʌɨɬɨɰɶɤɢɣ��Ɉ��ȼ��Ɂɟɥɿɧɫɶɤɚ��ə��ȼ��ȱɜɚɧɱɭɤ��±�ȼɿɧɧɢɰɹ���ȼɇɌɍ��������±�����ɫ��

�� ȱɫɤɨɜɢɱ±Ʌɨɬɨɰɶɤɢɣ� Ɋ�� Ⱦ�� Ɉɫɧɨɜɢ� ɪɟɡɨɧɚɧɫɧɨ±ɫɬɪɭɤɬɭɪɧɨʀ� ɬɟɨɪɿʀ� ɜɿɛɪɨɭɞɚɪɧɨɝɨ� ɪɨɡɜɚɧɬɚɠɟɧɧɹ�
ɬɪɚɧɫɩɨɪɬɧɢɯ� ɡɚɫɨɛɿɜ� >Ɍɟɤɫɬ@� �� Ɋ�� Ⱦ�� ȱɫɤɨɜɢɱ±Ʌɨɬɨɰɶɤɢɣ�� ə�� ȼ�� ȱɜɚɧɱɭɤ�� ə�� ɉ�� ȼɟɫɟɥɨɜɫɶɤɢɣ� ���
ɇɚɭɤɚ� ɬɚ� ɩɪɨɝɪɟɫ� ɬɪɚɧɫɩɨɪɬɭ�� ȼɿɫɧɢɤ� Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤɨɝɨ� ɧɚɰɿɨɧɚɥɶɧɨɝɨ� ɭɧɿɜɟɪɫɢɬɟɬɭ�
ɡɚɥɿɡɧɢɱɧɨɝɨ� ɬɪɚɧɫɩɨɪɬɭ� ɿɦ�� ɚɤɚɞɟɦɿɤɚ� ȼ�� Ʌɚɡɚɪɹɧɚ�� ±� Ⱦ��� ������ ±� ʋ������ ±� ɋ����� ±� ����� GRL��
���������VWS�����������

�� Ⱥɪɬɸɧɢɧ� Ⱥ�� ɂ�� ȼɨɡɦɨɠɧɨɫɬɢ� ɨɛɨɛɳɟɧɢɹ� ɡɚɞɚɱ� ɞɢɧɚɦɢɱɟɫɤɢɯ� ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ� ɜ�
ɧɟɭɪɚɜɧɨɜɟɲɟɧɧɵɯ� ɜɪɚɳɟɧɢɹɯ� ɬɜɟɪɞɵɯ� ɬɟɥ� >Ɍɟɤɫɬ@� �� Ⱥ�� ɂ�� Ⱥɪɬɸɧɢɧ�� ɋ�� ȼ�� ȿɥɢɫɟɟɜ� ���
Ɋɟɲɟɬɧɟɜɫɤɢɟ�ɱɬɟɧɢɹ��±�������±Ɍ����±�ʋ����±�ɋ������±�������

�� ȱɫɤɨɜɢɱ±Ʌɨɬɨɰɶɤɢɣ� Ɋ�� Ⱦ�� Ⱦɨɫɥɿɞɠɟɧɧɹ� ɞɢɧɚɦɿɤɢ� ɩɪɨɰɟɫɭ� ɪɨɛɨɬɢ� ɭɧɿɜɟɪɫɚɥɶɧɨɝɨ� ɝɿɞɪɚɜɥɿɱɧɨɝɨ�
ɜɿɛɪɨɭɞɪɚɧɨɝɨ� ɩɪɢɜɨɞɭ� ɞɥɹ� ɪɨɡɜɚɧɬɚɠɟɧɧɹ� ɬɪɚɧɫɩɨɪɬɧɢɯ� ɡɚɫɨɛɿɜ� >Ɍɟɤɫɬ@� �� Ɋ�� Ⱦ�� ȱɫɤɨɜɢɱ±
Ʌɨɬɨɰɶɤɢɣ�� ə�� ȼ�� ȱɜɚɧɱɭɤ� ��� ɇɚɭɤɨɜɿ� ɧɨɬɚɬɤɢ�� Ɇɿɠɜɭɡɿɜɫɶɤɢɣ� ɡɛɿɪɧɢɤ� �ɡɚ� ɧɚɩɪɹɦɨɦ� ©ȱɧɠɟɧɟɪɧɚ�
ɦɟɯɚɧɿɤɚª��±�Ʌɭɰɶɤ��������±�ʋ�����±�ɋ������±������

�� Ȼɥɟɯɦɚɧ�ɂ��ɂ��ȼɢɛɪɚɰɢɨɧɧɚɹ�ɦɟɯɚɧɢɤɚ�>Ɍɟɤɫɬ@���ɂ��ɂ�Ȼɥɟɯɦɚɧ��±�Ɇ���Ɏɢɡɦɚɬɥɢɬ��������±�����ɫ��
�� ȱɫɤɨɜɢɱ±Ʌɨɬɨɰɶɤɢɣ�Ɋ��Ⱦ���Ɂɚɫɬɨɫɭɜɚɧɧɹ�ɝɿɛɪɢɞɧɨɝɨ�ɦɨɞɟɥɸɜɚɧɧɹ�ɩɪɢ�ɪɨɡɪɨɛɰɿ�ɭɫɬɚɧɨɜɨɤ�ɞɥɹ�ɭɬɢɥɿɡɚɰɿʀ�

ɜɿɞɯɨɞɿɜ� >Ɍɟɤɫɬ@� �� Ɋ�� Ⱦ�� ȱɫɤɨɜɢɱ±Ʌɨɬɨɰɶɤɢɣ�� ə�� ȼ�� ȱɜɚɧɱɭɤ�� Ⱦ�� ȼ�� Ɍɟɫɨɜɫɶɤɢɣ�� ə��ɉ�� ȼɟɫɟɥɨɜɫɶɤɢɣ� ���
Ɍɟɯɧɨɥɨɝɿɱɧɿ�ɤɨɦɩɥɟɤɫɢ��ɇɚɭɤɨɜɢɣ�ɠɭɪɧɚɥ�±�Ʌɭɰɶɤ��������±�ʋ�������������±�ɋ������±������

�� ȱɫɤɨɜɢɱ±Ʌɨɬɨɰɶɤɢɣ� Ɋ�� Ⱦ�� Ɉɫɧɨɜɢ� ɪɟɡɨɧɚɧɫɧɨ±ɫɬɪɭɤɬɭɪɧɨʀ� ɬɟɨɪɿʀ� ɜɿɛɪɨɭɞɚɪɧɨɝɨ� ɪɨɡɜɚɧɬɚɠɟɧɧɹ�
ɬɪɚɧɫɩɨɪɬɧɢɯ� ɡɚɫɨɛɿɜ� >Ɍɟɤɫɬ@� �� Ɋ�� Ⱦ�� ȱɫɤɨɜɢɱ±Ʌɨɬɨɰɶɤɢɣ�� ə�� ȼ�� ȱɜɚɧɱɭɤ�� ə�� ɉ�� ȼɟɫɟɥɨɜɫɶɤɢɣ� ���
ɇɚɭɤɚ� ɬɚ� ɩɪɨɝɪɟɫ� ɬɪɚɧɫɩɨɪɬɭ�� ȼɿɫɧɢɤ� Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤɨɝɨ� ɧɚɰɿɨɧɚɥɶɧɨɝɨ� ɭɧɿɜɟɪɫɢɬɟɬɭ�
ɡɚɥɿɡɧɢɱɧɨɝɨ� ɬɪɚɧɫɩɨɪɬɭ� ɿɦ�� ɚɤɚɞɟɦɿɤɚ� ȼ�� Ʌɚɡɚɪɹɧɚ�� ±� Ⱦ��� ������ ±� ʋ������ ±� ɋ����� ±� ����� '2,��
���������VWS������������

�� ,VNRY\FK±/RWRWVN\��5��'���=HOLQVND��2��9���,YDQFKXN��<��9���9HVHORYVND��1��5����������'HYHORSPHQW�RI�
WKH�HYDOXDWLRQ�PRGHO�RI�WHFKQRORJLFDO�SDUDPHWHUV�RI�VKDSLQJ�ZRUNSLHFHV�IURP�SRZGHU�PDWHULDOV��(DVWHUQ±
(XURSHDQ� -RXUQDO� RI� (QWHUSULVH� 7HFKQRORJLHV�� (QJLQHHULQJ� WHFKQRORJLFDO� V\VWHPV�� ±� QR�������� ±� �±����
'2,���������������������������������

��� ɂɫɤɨɜɢɱ±Ʌɨɬɨɰɤɢɣ�Ɋ��Ⱦ��ɍɫɬɚɧɨɜɤɚ�ɞɥɹ�ɭɬɢɥɢɡɚɰɢɢ�ɨɬɯɨɞɨɜ�>Ɍɟɤɫɬ@���Ɋ��Ⱦ��ɂɫɤɨɜɢɱ±Ʌɨɬɨɰɤɢɣ��ȼ��
ɂ��ɉɨɜɫɬɟɧɸɤ��Ɉ��Ɇ��Ⱦɚɧɢɥɸɤ��ə��ȼ��ɂɜɚɧɱɭɤ� ���Ɇɟɠɞɭɧɚɪɨɞɧɵɣ�ɩɪɨɦɵɲɥɟɧɧɵɣ�ɠɭɪɧɚɥ� ©Ɇɢɪ�
ɬɟɯɧɢɤɢ�ɢ�ɬɟɯɧɨɥɨɝɢɣª�±�ɏɚɪɶɤɨɜ��������±�ʋ��������±�ɋ����±�����

��� ȱɫɤɨɜɢɱ±Ʌɨɬɨɰɶɤɢɣ�Ɋ��Ⱦ��Ɉɩɬɢɦɿɡɚɰɿɹ� ɤɨɧɫɬɪɭɤɬɢɜɧɢɯ� ɩɚɪɚɦɟɬɪɿɜ� ɿɧɟɪɰɿɣɧɨɝɨ� ɜɿɛɪɨɩɪɟɫ±ɦɨɥɨɬɚ�
>Ɍɟɤɫɬ@���Ɋ��Ⱦ��ȱɫɤɨɜɢɱ±Ʌɨɬɨɰɶɤɢɣ��ə��ȼ��ȱɜɚɧɱɭɤ��ə��ɉ��ȼɟɫɟɥɨɜɫɶɤɢɣ����ȼɿɫɧɢɤ�ɦɚɲɢɧɨɛɭɞɭɜɚɧɧɹ�
ɬɚ�ɬɪɚɧɫɩɨɪɬɭ��±�������±�ʋ���±�ɋ�����±�����

��� ȱɫɤɨɜɢɱ±Ʌɨɬɨɰɶɤɢɣ� Ɋ�� Ⱦ�� Ɇɨɞɟɥɸɜɚɧɧɹ� ɪɨɛɨɱɢɯ� ɩɪɨɰɟɫɿɜ� ɝɿɞɪɨɿɦɩɭɥɶɫɧɨɝɨ� ɩɪɢɜɨɞɚ� ɡ�
ɨɞɧɨɤɚɫɤɚɞɧɢɦ� ɤɥɚɩɚɧɨɦ� ɩɭɥɶɫɚɬɨɪɨɦ� >Ɍɟɤɫɬ@� �� Ɋ�� Ⱦ�� ȱɫɤɨɜɢɱ±Ʌɨɬɨɰɶɤɢɣ�� ə�� ȼ�� ȱɜɚɧɱɭɤ�� ə�� ɉ��
ȼɟɫɟɥɨɜɫɶɤɢɣ����ȼɿɛɪɚɰɿʀ�ɜ�ɬɟɯɧɿɰɿ�ɬɚ�ɬɟɯɧɨɥɨɝɿɹɯ��±�ȼɿɧɧɢɰɹ��������±�ʋ��������±�ɋ����±����
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VQ\P�SU\YRGRP� >7KH� WHFKQRORJ\� RI�PRGHOLQJ� WKH� HVWLPDWLRQ� RI� SDUDPHWHUV� RI�
VKDSLQJ�RI�ELOOHWV�IURP�SRZGHU�PDWHULDOV�RQ�YLEURSUHVV�HTXLSPHQW�ZLWK�D�K\GURSXOVH�GULYH@���9LQQ\WVLD���
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��� ,VNRY\FK±/RWRWV
N\M�� 5�'��� ,YDQFKXN�� <D�9�� 	� 9HVHORYV
N\M�� <D�3�� �������� 2VQRY\� UH]RQDQVQR±
VWUXNWXUQRL�WHRULL�YLEURXGDUQRKR�UR]YDQWD]KHQQLD�WUDQVSRUWQ\NK�]DVRELY�>7KH�EDVLV�RI�UHVRQDQFH�VWUXFWXUH�
WKHRU\� IRU� YLEURLPSDFW� XQORDGLQJ� RI� WKH� YHKLFOHV@�� 1DXND� WD� SURKUHV� WUDQVSRUWX�� 9LVQ\N�
'QLSURSHWURYV
NRKR�QDWVLRQDO
QRKR�XQLYHUV\WHWX�]DOL]Q\FKQRKR�WUDQVSRUWX�LP��DNDGHPLND�9��/D]DULDQD�±�
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Y�QHXUDYQRYHVKHQQ\K�YUDVKKHQLMDK� WYHUG\K� WHO� >7KH�SRVVLELOLW\�RI�JHQHUDOL]LQJ� WKH�SUREOHP�RI�G\QDPLF�
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VWXG\� RI� G\QDPLFV� RI� K\GUDXOLF� XQLYHUVDO� YLEURXGUDQRKR� DERXW� XQORDGLQJ� YHKLFOHV@�� 1DXNRYL� QRWDWN\��
0L]KYX]LYV
N\M�]ELUQ\N�±�,QWHUFROOHJLDWH�FROOHFWLRQ��6FLHQWLILF�QRWHV����������������
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N\M�� 5�'��� ,YDQFKXN�� <D�9��� 7HVRYV
N\M�� '�9�� 	� 9HVHORYV
N\M�� <D�3�� ��������
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VWUXNWXUQRL�WHRULL�YLEURXGDUQRKR�UR]YDQWD]KHQQLD�WUDQVSRUWQ\NK�]DVRELY�>7KH�EDVLV�RI�UHVRQDQFH�VWUXFWXUH�
WKHRU\� IRU� YLEURLPSDFW� XQORDGLQJ� RI� WKH� YHKLFOHV@�� 1DXND� WD� SURKUHV� WUDQVSRUWX�� 9LVQ\N�
'QLSURSHWURYV
NRKR�QDWVLRQDO
QRKR�XQLYHUV\WHWX�]DOL]Q\FKQRKR�WUDQVSRUWX�LP��DNDGHPLND�9��/D]DULDQD�±�
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HYDOXDWLRQ�PRGHO�RI� WHFKQRORJLFDO�SDUDPHWHUV�RI�VKDSLQJ�ZRUNSLHFHV� IURP�SRZGHU�PDWHULDOV��(DVWHUQ±
(XURSHDQ� -RXUQDO� RI� (QWHUSULVH� 7HFKQRORJLHV�� (QJLQHHULQJ� WHFKQRORJLFDO� V\VWHPV� ������� ������ GRL��
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XWLOL]DFLL� RWKRGRY� >:DVWH� UHF\FOLQJ� SODQW@�� 0H]KGXQDURGQ\M� SURP\VKOHQQ\M� ]KXUQDO� ©0LU� WHKQLNL� L�
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���� ,VNRY\FK±/RWRWV
N\M�� 5�'��� ,YDQFKXN�� <D�9�� 	� 9HVHORYV
N\M�� <D�3�� �������� 2SW\PL]DWVLLD�
NRQVWUXNW\YQ\NK� SDUDPHWULY� LQHUWVLMQRKR� YLEURSUHV±PRORWD� >2SWLPL]DWLRQ� RI� GHVLJQ� GDWD� LQHUWLDO�
YLEURSUHVV�KDPPHU@��9LVQ\N�PDVK\QREXGXYDQQLD�WD�WUDQVSRUWX�±�-RXUQDO�RI�PHFKDQLFDO�HQJLQHHULQJ�DQG�
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���� ,VNRY\FK±/RWRWV
N\M�� 5�'�� 	� ,YDQFKXN�� <D�9��� 9HVHORYV
N\M�� <D�3�� �������� 0RGHOLXYDQQLD� URERFK\NK�
SURWVHVLY�KLGURLPSXO
VQRKR�SU\YRGD�]�RGQRNDVNDGQ\P�NODSDQRP�SXO
VDWRURP�>0RGHOLQJ�ZRUNIORZ�K\GUR�
LPSXOVH�GULYH�ZLWK� D� VLQJOH� VWDJH�YDOYH�SXOVDWRU@��9LEUDWVLL� Y� WHNKQLWVL� WD� WHNKQRORKLLDNK� ±�9LEUDWLRQ� LQ�
HQJLQHHULQJ�DQG�WHFKQRORJ\�����������������

5RVW\VODY�,VNRY\FK�/RWRWVN\L��3URI���'VF���,YDQ�.RWV��3URI���3K'�WHFK��VFL���<DURVODY�,YDQFKXN��$VVRV�3URI���
3K'�WHFK��VFL���<HYKHQL\�,YDVKNR��6HQLRU�/DERU��$VVLVW��
9LQQ\WVLD�1DWLRQDO�7HFKQLFDO�8QLYHUVLW\��9LQQ\WVLD��8NUDLQH�
6LPXODWLRQ� RI� WKH�0RWLRQ� RI� D� 7ZR�PDVV� 9LEUDWLQJ� )HHGHU� %DVHG� RQ� D� +\GUR�LPSXOVH�
'ULYH�

7KH�PDLQ� GLVDGYDQWDJH� RI� SRZHUIXO� YLEUDWLQJ� IHHGHUV� ZLWK� GLIIHUHQW� W\SHV� RI� GULYHV�� SHUIRUPHG� RQ� D�
VLQJOH�PDVV�VFKHPH��DUH�KLJK�G\QDPLF�ORDGV�RQ�WKH�HOHPHQWV�RI�ORDG�EHDULQJ�VWUXFWXUHV��7KH�DLP�RI�WKH�DUWLFOH�LV�
WR�GHYHORS�D�PDWKHPDWLFDO�PRGHO�RI�WKH�PRWLRQ�RI�D�WZR�PDVV�YLEUDWLQJ�IHHGHU�EDVHG�RQ�D�K\GURLPSXOVH�GULYH��WR�
FRQILUP�WKH�IHDVLELOLW\�RI�GHYHORSLQJ�DQG�LWV�SHUIRUPDQFH�LQ�WKH�IXWXUH��

9LEUDWLQJ�IHHGHUV�ZLWK�D�K\GURSXOVH�GULYH�DUH� WXQHG�WR�QHDU� UHVRQDQFH�PRGH��DV�D� UHVXOW�RI�ZKLFK� WKH�
G\QDPLF� ORDG� RQ� WKH� IRXQGDWLRQ� FDQ� UHDFK� YHU\� KLJK� YDOXHV�� 7KH� VROXWLRQ� WR� WKLV� SUREOHP� LV� WR� HVWDEOLVK� DQ�
DGGLWLRQDO�UHDFWLYH�PDVV��ZKLFK�ZLOO�DEVRUE�WKH�H[FHVVLYH�G\QDPLF�ORDGV��$�QHZ�RULJLQDO�GHVLJQ�RI�D� WZR�PDVV�
YLEUDWLQJ� IHHGHU� EDVHG� RQ� D� K\GURSXOVH� GULYH� LV� GHYHORSHG�� ZKLFK� EDODQFHV� WKH� H[FHVV� G\QDPLF� ORDGV�� $�
PDWKHPDWLFDO�PRGHO�RI�WKH�PRWLRQ�RI�D�WZR�PDVV�YLEUDWLQJ�IHHGHU�LV�GHYHORSHG��ZKLFK�LV�UHSUHVHQWHG�E\�D�V\VWHP�
RI�/DJUDQJH�GLIIHUHQWLDO�HTXDWLRQV��7KH�VROXWLRQ�RI�WKH�PDWKHPDWLFDO�PRGHO�RI�PRWLRQ�RI�D�YLEUDWLQJ�IHHGHU�ZDV�
FDUULHG�RXW�E\�WKH�PHWKRG�RI�LQWURGXFLQJ�D�FRPSOH[�YDULDEOH��$�WKHRUHWLFDO�LQYHVWLJDWLRQ�RI�D�WZR�PDVV�YLEUDWLQJ�
IHHGHU�ZLWK�D�K\GURLPSXOVH�GULYH�EDVHG�RQ�WKH�GHYHORSHG�PDWKHPDWLFDO�PRGHO�LV�FDUULHG�RXW��

,Q� WKH� SURFHVV� RI� UHVHDUFK�� WKH� GHVLJQ� VFKHPH� RI� WKH� GHYLFH� ZDV� GHYHORSHG� DQG� WKH� PDWKHPDWLFDO�
GHSHQGHQFHV�REWDLQHG�RQ�WKH�EDVLV�RI�D�V\VWHP�RI�GLIIHUHQWLDO�HTXDWLRQV�ZHUH�GHULYHG��$�PDWKHPDWLFDO�PRGHO�RI�
WKH�PRWLRQ�RI�D�YLEUDWLQJ�IHHGHU�KDV�EHHQ�GHYHORSHG�ZKLFK�DOORZV�WR�RSWLPL]H�WKH�SDUDPHWHUV�RI�GHEXJJLQJ�RI�WKH�
K\GURLPSXOVH�GULYH�DQG�WR�RXWOLQH�ZD\V�WR�VROYH�WKH�SUREOHP�RI�H[WUHPHO\�KLJK�G\QDPLF�ORDGV�RQ�WKH�IRXQGDWLRQ�
ZKLOH� GHYHORSLQJ� QHZ� RULJLQDO� GHVLJQV� RI� WZR�PDVV� YLEUDWLQJ� IHHGHUV�� 6ROYLQJ� WKH� V\VWHP� RI� GLIIHUHQWLDO�
HTXDWLRQV�WKDW�FKDUDFWHUL]H�WKH�PRGHV�RI�LWV�RSHUDWLRQ�DQG�WKH�LQWHUUHODWLRQVKLS�RI�RSHUDWLQJ�SDUDPHWHUV�PDNH�LW�
SRVVLEOH�WR�DVVHVV�WKH�UHOHYDQFH�DQG�SURVSHFWV�RI�WKH�RULJLQDO�GHYHORSPHQW��
WZR�PDVV�YLEUDWLRQ�IHHGHU��K\GUR�LPSXOVH�GULYH��YLEUDWLRQ��UHDFWLYH�PDVV�
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