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ȼɿɫɧɢɤ�Ɂɚɩɨɪɿɡɶɤɨɝɨ�ɧɚɰɿɨɧɚɥɶɧɨɝɨ ɭɧɿɜɟɪɫɢɬɟɬɭ ʋ �������

ȼɕȼɈȾɕ

ȼ� ɪɚɛɨɬɟ� ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ� ɚɥɝɟɛɪɚɢɱɟɫɤɢɟ� ɦɟɬɨɞɵ� ɩɨɫɬɪɨɟɧɢɹ� ɬɨɩɨɥɨɝɢɱɟɫɤɨɝɨ� ɪɢɫɭɧɤɚ�
ɧɟɫɟɩɚɪɚɛɟɥɶɧɨɝɨ� ɧɟɩɥɚɧɚɪɧɨɝɨ� ɝɪɚɮɚ�� ɂɫɯɨɞɧɨɣ� ɢɧɮɨɪɦɚɰɢɟɣ� ɞɥɹ� ɩɨɫɬɪɨɟɧɢɹ� ɫɥɭɠɢɬ�
ɬɨɩɨɥɨɝɢɱɟɫɤɢɣ� ɪɢɫɭɧɨɤ� ɩɥɚɧɚɪɧɨɣ� ɱɚɫɬɢ� ɝɪɚɮɚ�� ɉɨɫɬɪɨɟɧɢɟ� ɞɭɚɥɶɧɨɝɨ� ɝɪɚɮɚ� ɩɨɡɜɨɥɹɟɬ�
ɧɚɯɨɞɢɬɶ�ɦɚɪɲɪɭɬɵ�ɞɥɹ�ɩɪɨɜɟɞɟɧɢɹ�ɫɨɟɞɢɧɟɧɢɣ��ɭɞɚɥɟɧɧɵɯ�ɜ�ɩɪɨɰɟɫɫɟ�ɩɥɚɧɚɪɢɡɚɰɢɢ��ɉɪɢ�
ɩɪɨɜɟɞɟɧɢɢ� ɫɨɟɞɢɧɟɧɢɣ�� ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ� ɜɵɛɪɚɧɧɨɦɭ� ɦɚɪɲɪɭɬɭ�� ɩɟɪɟɫɟɱɟɧɢɟ� ɪɟɛɟɪ�
ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ�ɤɚɤ�ɨɛɪɚɡɨɜɚɧɢɟ ɜ�ɪɢɫɭɧɤɟ�ɩɥɨɫɤɨɝɨ�ɝɪɚɮɚ�ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ�ɜɟɪɲɢɧ��ȼɧɨɜɶ�
ɜɜɟɞɟɧɧɵɟ� ɜɟɪɲɢɧɵ� ɨɩɢɫɵɜɚɸɬɫɹ� ɜɪɚɳɟɧɢɟɦ� ɜɟɪɲɢɧ� ɝɪɚɮɚ�� ɗɬɨ� ɩɨɡɜɨɥɹɟɬ� ɪɚɫɫɦɚɬɪɢɜɚɬɶ�
ɩɪɨɜɟɞɟɧɢɟ�ɩɟɪɟɫɟɤɚɸɳɢɯɫɹ�ɫɨɟɞɢɧɟɧɢɣ�ɤɚɤ�ɩɨɫɬɪɨɟɧɢɟ�ɧɨɜɨɝɨ�ɬɨɩɨɥɨɝɢɱɟɫɤɨɝɨ�ɪɢɫɭɧɤɚ�*�

ɫ�ɞɨɛɚɜɥɟɧɧɵɦɢ�ɜɟɪɲɢɧɚɦɢ� ��Ɋɚɫɫɦɨɬɪɟɧɵ�ɚɥɝɟɛɪɚɢɱɟɫɤɢɟ�ɨɩɟɪɚɰɢɢ�ɜɤɥɸɱɟɧɢɹ�
ɪɚɧɟɟ� ɧɟ� ɩɪɨɜɟɞɟɧɧɵɯ� ɪɟɛɟɪ� ɜ� ɩɥɨɫɤɢɣ� ɬɨɩɨɥɨɝɢɱɟɫɤɢɣ� ɪɢɫɭɧɨɤ�� ɉɪɢɜɟɞɟɧ� ɚɥɝɨɪɢɬɦ� ɞɥɹ�
ɩɨɫɬɪɨɟɧɢɹ� ɞɢɚɝɪɚɦɦɵ� ɜɪɚɳɟɧɢɹ� ɜɟɪɲɢɧ� ɨɬɧɨɫɢɬɟɥɶɧɨ� ɡɚɞɚɧɧɨɣ� ɫɢɫɬɟɦɵ� ɩɪɨɫɬɵɯ�
ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ�ɰɢɤɥɨɜ�

ɅɂɌȿɊȺɌɍɊȺ
�� Ɇɚɤ�Ʌɟɣɧ ɋ�� Ʉɨɦɛɢɧɚɬɨɪɧɨɟ� ɭɫɥɨɜɢɟ� ɞɥɹ� ɩɥɨɫɤɢɯ� ɝɪɚɮɨɜ��Ʉɢɛɟɪɧɟɬɢɱɟɫɤɢɣ� ɫɛɨɪɧɢɤ�� ɇɨɜɚɹ�
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�� ɏɚɪɚɪɢ�Ɏ��Ɍɟɨɪɢɹ�ɝɪɚɮɨɜ��Ɇɨɫɤɜɚ��Ɇɢɪ������������ɫ�
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ɋȼɈȻɈȾɇɕȿ�ɄɈɅȿȻȺɇɂə�ɈȻɅȿȽɑȿɇɇɕɏ�ɉɈȾɉɈɊɇɕɏ�ɋɌȿɇ��
ɋɈɋɌȺȼɅȿɇɇɕɏ�ɂɁ�ɈɊɌɈɌɊɈɉɇɕɏ�ɐɂɅɂɇȾɊɂɑȿɋɄɂɏ�

ɈȻɈɅɈɑȿɄ��ɄɈɇɌȺɄɌɂɊɍɘɓɂɏ�ɋ�ȽɊɍɇɌɈɆ�

Ʌɚɬɢɮɨɜ�Ɏ��ɋ���ɞ��ɮ��ɦ��ɧ���ɩɪɨɮɟɫɫɨɪ� Ƚɚɧɢɟɜ�Ⱦ��ɋ���ɞɨɤɬɨɪɚɧɬ

Ⱥɡɟɪɛɚɣɞɠɚɧɫɤɢɣ�Ⱥɪɯɢɬɟɤɬɭɪɧɨ�ɋɬɪɨɢɬɟɥɶɧɵɣ�ɍɧɢɜɟɪɫɢɬɟɬ�
ɭɥ��Ⱥ��ɋɭɥɬɚɧɨɜɨɣ�����ɝ��Ȼɚɤɭ��Ⱥɡɟɪɛɚɣɞɠɚɧ ������
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ȼ� ɪɚɛɨɬɟ� ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ� ɫɢɫɬɟɦɚ� ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ� ɩɨɞɩɨɪɧɵɯ� ɫɬɟɧ�� ɤɨɬɨɪɚɹ� ɢɫɩɨɥɶɡɭɟɬɫɹ� ɞɥɹ�
ɨɛɟɫɩɟɱɟɧɢɹ� ɫɟɣɫɦɨɭɫɬɨɣɱɢɜɨɫɬɢ� ɫɨɨɪɭɠɟɧɢɣ�� ɉɨɞɩɨɪɧɵɟ� ɫɬɟɧɵ� ɦɨɞɟɥɢɪɭɸɬɫɹ� ɞɜɭɦɹ�
ɰɢɥɢɧɞɪɢɱɟɫɤɢɦɢ� ɨɛɨɥɨɱɤɚɦɢ� ɫ� ɨɪɬɨɬɪɨɩɧɵɦɢ� ɦɟɯɚɧɢɱɟɫɤɢɦɢ� ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ� ɜ� ɭɫɥɨɜɢɹɯ�
ɞɢɧɚɦɢɱɟɫɤɨɝɨ� ɧɚɝɪɭɠɟɧɢɹ�� ȼ� ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ� ɦɨɞɟɥɢ� ɞɚɧɧɨɣ� ɨɛɨɥɨɱɟɱɧɨɣ� ɫɢɫɬɟɦɵ�
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Ɏɿɡɢɤɨ�ɦɚɬɟɦɚɬɢɱɧɿ�ɧɚɭɤɢ ,661������������2QOLQH���,661������������3ULQW�

ɭɱɢɬɵɜɚɟɬɫɹ�ɜɥɢɹɧɢɟ�ɝɪɭɧɬɚ��ɞɟɣɫɬɜɢɟ�ɤɨɬɨɪɨɝɨ�ɡɚɦɟɧɹɟɬɫɹ�ɤɨɦɩɨɧɟɧɬɚɦɢ�ɜɟɤɬɨɪɚ�ɜɧɟɲɧɢɯ�ɫɢɥ��
ɉɪɢ�ɷɬɨɦ�ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ�ɱɬɨ�ɞɟɣɫɬɜɭɸɬ�ɤɚɤ�ɧɨɪɦɚɥɶɧɵɟ� ɬɚɤ�ɢ�ɫɞɜɢɝɚɸɳɢɟ�ɫɨɫɬɚɜɥɹɸɳɢɟ��Ⱦɥɹ�
ɫɢɫɬɟɦɵ� ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ� ɨɛɨɥɨɱɟɤ� ɨɩɪɟɞɟɥɟɧɚ� ɩɨɥɧɚɹ� ɷɧɟɪɝɢɹ�� ɜɤɥɸɱɚɸɳɚɹ� ɩɨɬɟɧɰɢɚɥɶɧɭɸ� ɢ�
ɤɢɧɟɬɢɱɟɫɤɭɸ� ɷɧɟɪɝɢɢ ɢ� ɪɚɛɨɬɭ� ɜɧɟɲɧɢɯ� ɫɢɥ�� Ɇɟɠɞɭ� ɫɨɛɨɣ� ɨɛɨɥɨɱɤɢ� ɫɨɟɞɢɧɹɸɬɫɹ� ɭɩɪɭɝɨ��
ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ�� ɱɬɨ� ɬɨɪɰɟɜɵɟ� ɱɚɫɬɢ� ɫɢɫɬɟɦɵ� ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ� ɨɛɨɥɨɱɟɤ� ɪɚɫɩɨɥɨɠɟɧɵ� ɧɚ�
ɢɞɟɚɥɶɧɵɯ� ɞɢɚɮɪɚɝɦɚɯ�� ɇɚ� ɨɫɧɨɜɟ� ɷɬɨɝɨ� ɫɮɨɪɦɭɥɢɪɨɜɚɧɵ� ɝɪɚɧɢɱɧɵɟ� ɭɫɥɨɜɢɹ� ± ɭɫɥɨɜɢɹ�
ɲɚɪɧɢɪɧɨɝɨ�ɨɩɢɪɚɧɢɹ�
ɉɟɪɟɦɟɳɟɧɢɹ� ɬɨɱɟɤ� ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ� ɨɛɨɥɨɱɟɤ� ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ� ɧɚ� ɨɫɧɨɜɟ� ɬɪɢɝɨɧɨɦɟɬɪɢɱɟɫɤɢɯ�
ɮɭɧɤɰɢɣ�ɫ�ɧɟɢɡɜɟɫɬɧɵɦɢ�ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ��ɂɯ�ɩɨɞɫɬɚɧɨɜɤɚ�ɜ�ɜɵɪɚɠɟɧɢɟ�ɞɥɹ�ɩɨɥɧɨɣ�ɷɧɟɪɝɢɢ�ɢ�
ɩɨɫɥɟɞɭɸɳɟɟ� ɩɪɢɦɟɧɟɧɢɟ� ɩɪɢɧɰɢɩɚ� Ɉɫɬɪɨɝɪɚɞɫɤɨɝɨ�Ƚɚɦɢɥɶɬɨɧɚ� ɞɚɟɬ� ɨɞɧɨɪɨɞɧɭɸ� ɫɢɫɬɟɦɭ�
ɥɢɧɟɣɧɵɯ�ɭɪɚɜɧɟɧɢɣ��ɂɡ�ɭɫɥɨɜɢɹ�ɟɟ�ɧɟɬɪɢɜɢɚɥɶɧɵɯ�ɪɟɲɟɧɢɣ�ɩɨɥɭɱɚɟɦ�ɱɚɫɬɨɬɧɨɟ�ɭɪɚɜɧɟɧɢɟ��ɗɬɨ�
ɭɪɚɜɧɟɧɢɟ� ɪɟɲɚɟɬɫɹ� ɱɢɫɥɟɧɧɨ� ɩɪɢ� ɤɨɧɤɪɟɬɧɵɯ� ɡɧɚɱɟɧɢɹɯ� ɜɯɨɞɹɳɢɯ� ɜ� ɧɟɝɨ� ɩɚɪɚɦɟɬɪɨɜ�� ȼ�
ɪɟɡɭɥɶɬɚɬɟ� ɧɚɣɞɟɧɵ� ɡɚɜɢɫɢɦɨɫɬɢ� ɱɚɫɬɨɬɧɵɯ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɨɬ� ɪɚɡɥɢɱɧɵɯ� ɩɚɪɚɦɟɬɪɨɜ� ɫɢɫɬɟɦɵ��
ɍɫɬɚɧɨɜɥɟɧɚ� ɜɡɚɢɦɨɫɜɹɡɶ� ɦɟɠɞɭ� ɝɟɨɦɟɬɪɢɱɟɫɤɢɦɢ� ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ� ɨɛɨɥɨɱɟɤ� ɢ� ɢɯ�
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ�� Ɉɩɪɟɞɟɥɟɧɨ� ɜɥɢɹɧɢɟ� ɨɪɬɨɬɪɨɩɢɢ� ɦɚɬɟɪɢɚɥɨɜ� ɧɚ� ɜɟɥɢɱɢɧɭ� ɱɚɫɬɨɬɧɵɯ�
ɩɚɪɚɦɟɬɪɨɜ�ɨɛɨɥɨɱɟɤ�

Ʉɥɸɱɟɜɵɟ�ɫɥɨɜɚ��ɨɪɬɨɬɪɨɩɧɚɹ�ɨɛɨɥɨɱɤɚ��ɩɨɞɩɨɪɧɵɟ ɫɬɟɧɵ��ɝɪɭɧɬ��ɫɜɨɛɨɞɧɵɟ�ɤɨɥɟɛɚɧɢɹ��ɱɚɫɬɨɬɧɨɟ�
ɭɪɚɜɧɟɧɢɟ��ɜɚɪɢɚɰɢɨɧɧɵɣ�ɩɪɢɧɰɢɩ�

ȼȱɅɖɇȱ�ɄɈɅɂȼȺɇɇə�ɉɈɅȿȽɒȿɇɂɏ�ɉȱȾɉȱɊɇɂɏ�ɋɌȱɇ��ɋɄɅȺȾȿɇɂɏ�Ɂ�
ɈɊɌɈɌɊɈɉɇɂɏ�ɐɂɅȱɇȾɊɂɑɇɂɏ�ɈȻɈɅɈɇɈɄ��ɓɈ�ɄɈɇɌȺɄɌɍɘɌɖ Ɂ�ȽɊɍɇɌɈɆ

Ʌɚɬɿɮɨɜ�Ɏ��ɋ���ɞ��ɮ��ɦ��ɧ���ɩɪɨɮɟɫɨɪ��Ƚɚɧɿɽɜ�Ⱦ��ɋ���ɞɨɤɬɨɪɚɧɬ

Ⱥɡɟɪɛɚɣɞɠɚɧɫɶɤɢɣ�Ⱥɪɯɿɬɟɤɬɭɪɧɨ�ɛɭɞɿɜɟɥɶɧɢɣ�ɭɧɿɜɟɪɫɢɬɟɬ�
ɜɭɥ��Ⱥ��ɋɭɥɬɚɧɨɜɨʀ ���ɦ��Ȼɚɤɭ��Ⱥɡɟɪɛɚɣɞɠɚɧ ������
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ȼ� ɪɨɛɨɬɿ� ɪɨɡɝɥɹɞɚɽɬɶɫɹ� ɫɢɫɬɟɦɚ� ɰɢɥɿɧɞɪɢɱɧɢɯ� ɩɿɞɩɿɪɧɢɯ� ɫɬɿɧ�� ɹɤɚ� ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ� ɞɥɹ�
ɡɚɛɟɡɩɟɱɟɧɧɹ� ɫɟɣɫɦɨɫɬɿɣɤɨɫɬɿ� ɫɩɨɪɭɞ�� ɉɿɞɩɿɪɧɿ� ɫɬɿɧɢ� ɦɨɞɟɥɸɸɬɶɫɹ� ɞɜɨɦɚ� ɰɢɥɿɧɞɪɢɱɧɢɦɢ�
ɨɛɨɥɨɧɤɚɦɢ� ɡ� ɨɪɬɨɬɪɨɩɧɢɦɢ� ɦɟɯɚɧɿɱɧɢɦɢ� ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ� ɜ� ɭɦɨɜɚɯ� ɞɢɧɚɦɿɱɧɨɝɨ�
ɧɚɜɚɧɬɚɠɟɧɧɹ��ɍ�ɦɚɬɟɦɚɬɢɱɧɿɣ�ɦɨɞɟɥɿ�ɞɚɧɨʀ�ɨɛɨɥɨɧɤɨɜɨʀ�ɫɢɫɬɟɦɢ�ɜɪɚɯɨɜɭɽɬɶɫɹ�ɜɩɥɢɜ�ʉɪɭɧɬɭ��ɞɿɹ�
ɹɤɨɝɨ�ɡɚɦɿɧɸɽɬɶɫɹ�ɤɨɦɩɨɧɟɧɬɚɦɢ�ɜɟɤɬɨɪɚ�ɡɨɜɧɿɲɧɿɯ�ɫɢɥ��ɉɪɢ�ɰɶɨɦɭ�ɩɟɪɟɞɛɚɱɚɽɬɶɫɹ� ɳɨ�ɞɿɸɬɶ�ɹɤ�
ɧɨɪɦɚɥɶɧɿ� ɬɚɤ� ɿ� ɡɫɭɜɧɿ�ɫɤɥɚɞɨɜɿ��Ⱦɥɹ�ɫɢɫɬɟɦɢ�ɰɢɥɿɧɞɪɢɱɧɢɯ�ɨɛɨɥɨɧɨɤ�ɜɢɡɧɚɱɟɧɚ�ɩɨɜɧɚ�ɟɧɟɪɝɿɹ��
ɳɨ� ɜɤɥɸɱɚɽ� ɩɨɬɟɧɰɿɣɧɭ� ɿ� ɤɿɧɟɬɢɱɧɭ� ɟɧɟɪɝɿʀ� ɿ� ɪɨɛɨɬɭ� ɡɨɜɧɿɲɧɿɯ� ɫɢɥ�� Ɇɿɠ� ɫɨɛɨɸ� ɨɛɨɥɨɧɤɢ�
ɡ¶ɽɞɧɭɸɬɶɫɹ� ɩɪɭɠɧɨ�� ɉɟɪɟɞɛɚɱɚɽɬɶɫɹ�� ɳɨ� ɬɨɪɰɟɜɿ� ɱɚɫɬɢɧɢ� ɫɢɫɬɟɦɢ� ɰɢɥɿɧɞɪɢɱɧɢɯ� ɨɛɨɥɨɧɨɤ�
ɪɨɡɬɚɲɨɜɚɧɿ� ɧɚ� ɿɞɟɚɥɶɧɢɯ� ɞɿɚɮɪɚɝɦɚɯ��ɇɚ� ɨɫɧɨɜɿ� ɰɶɨɝɨ� ɫɮɨɪɦɭɥɶɨɜɚɧɿ� ɝɪɚɧɢɱɧɿ� ɭɦɨɜɢ� ± ɭɦɨɜɢ�
ɲɚɪɧɿɪɧɨɝɨ�ɨɛɩɢɪɚɧɧɹ�
ɉɟɪɟɦɿɳɟɧɧɹ� ɬɨɱɨɤ� ɰɢɥɿɧɞɪɢɱɧɢɯ� ɨɛɨɥɨɧɨɤ� ɩɪɟɞɫɬɚɜɥɹɽɬɶɫɹ� ɧɚ� ɨɫɧɨɜɿ� ɬɪɢɝɨɧɨɦɟɬɪɢɱɧɢɯ�
ɮɭɧɤɰɿɣ� ɡ� ɧɟɜɿɞɨɦɢɦɢ� ɤɨɟɮɿɰɿɽɧɬɚɦɢ�� Ȳɯ� ɩɿɞɫɬɚɧɨɜɤɚ� ɜ� ɜɢɪɚɡ� ɞɥɹ� ɩɨɜɧɨʀ� ɟɧɟɪɝɿʀ� ɿ� ɩɨɞɚɥɶɲɟ�
ɡɚɫɬɨɫɭɜɚɧɧɹ�ɩɪɢɧɰɢɩɭ�Ɉɫɬɪɨɝɪɚɞɫɶɤɨɝɨ�Ƚɚɦɿɥɶɬɨɧɚ�ɞɚɽ�ɨɞɧɨɪɿɞɧɭ�ɫɢɫɬɟɦɭ�ɥɿɧɿɣɧɢɯ�ɪɿɜɧɹɧɶ��Ɂ�
ɭɦɨɜɢ�ʀʀ�ɧɟɬɪɢɜɿɚɥɶɧɢɯ�ɪɿɲɟɧɶ�ɨɬɪɢɦɭɽɦɨ�ɱɚɫɬɨɬɧɟ�ɪɿɜɧɹɧɧɹ��ɐɟ�ɪɿɜɧɹɧɧɹ�ɜɢɪɿɲɭɽɬɶɫɹ�ɱɢɫɟɥɶɧɨ�
ɩɪɢ� ɤɨɧɤɪɟɬɧɢɯ� ɡɧɚɱɟɧɧɹɯ� ɧɚɡɜ� ɩɚɪɚɦɟɬɪɿɜ�� ȼ� ɪɟɡɭɥɶɬɚɬɿ� ɡɧɚɣɞɟɧɿ� ɡɚɥɟɠɧɨɫɬɿ� ɱɚɫɬɨɬɧɢɯ�
ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɜɿɞ� ɪɿɡɧɢɯ� ɩɚɪɚɦɟɬɪɿɜ� ɫɢɫɬɟɦɢ�� ȼɫɬɚɧɨɜɥɟɧɨ� ɜɡɚɽɦɨɡɜ¶ɹɡɨɤ� ɦɿɠ� ɝɟɨɦɟɬɪɢɱɧɢɦɢ�
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ� ɨɛɨɥɨɧɨɤ� ɿ� ʀɯ� ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ�� ȼɢɡɧɚɱɟɧɨ� ɜɩɥɢɜ� ɨɪɬɨɬɪɨɩɿʀ� ɦɚɬɟɪɿɚɥɿɜ� ɧɚ�
ɜɟɥɢɱɢɧɭ�ɱɚɫɬɨɬɧɢɯ�ɩɚɪɚɦɟɬɪɿɜ�ɨɛɨɥɨɧɨɤ�

Ʉɥɸɱɨɜɿ� ɫɥɨɜɚ�� ɨɪɬɨɬɪɨɩɧɚ� ɨɛɨɥɨɧɤɚ�� ɩɿɞɩɿɪɧɿ� ɫɬɿɧɢ�� ʉɪɭɧɬ�� ɜɿɥɶɧɿ� ɤɨɥɢɜɚɧɧɹ�� ɱɚɫɬɨɬɧɟ� ɪɿɜɧɹɧɧɹ��
ɜɚɪɿɚɰɿɣɧɢɣ�ɩɪɢɧɰɢɩ�

)5((�9,%5$7,216�2)�/,*+7�68335(66('�:$//6�0$'(�2)�257+27523,&�
&</,1'5,&$/�6+(//6�&217$&7�:,7+�*5281'

/DWLIRY�)��6���GRFWRU RI�SK\VLFDO�DQG�PDWKHPDWLFDO�VFLHQFHV��SURIHVVRU�
*DQLHY�'��6���GRFWRUDO�VWXGHQ

$]HUEDLMDQ�$UFKLWHFWXUH�DQG�&RQVWUXFWLRQ�8QLYHUVLW\�
6WU��$��6XOWDQRYR\�����%DNX����������$]HUEDLMDQ

IODWLIRY#PDLO�UX

,Q�WKLV�DUWLFOH��ZH�VWXG\�WKH�V\VWHP�RI�VXSSRUWLQJ�F\OLQGULFDO�ZDOOV�DV�HDUWKTXDNH�UHVLVWDQW�VWUXFWXUHV��$�
SDLU�RI�F\OLQGULFDO�RUWKRWURSLF�VKHOOV�XQGHU�G\QDPLF�ORDGLQJ�VLPXODWHV�D�VXSSRUWLQJ�ZDOO��7KH�VLPXODWLRQ�
FRQVLGHUV�DQ LPSDFW�RI�JURXQG�XVLQJ�H[WHUQDO�IRUFHV��$W�WKH�VDPH�WLPH��ZH�VXJJHVWV�WKDW�WKHUH�DUH�ERWK�
QRUPDO�DQG�VKHDU�IRUFHV�



9LVQ\N�RI�=DSRUL]K]K\D�1DWLRQDO�8QLYHUVLW\��3K\VLFDO�DQG�0DWKHPDWLFDO�6FLHQFHV ��

ȼɿɫɧɢɤ�Ɂɚɩɨɪɿɡɶɤɨɝɨ�ɧɚɰɿɨɧɚɥɶɧɨɝɨ ɭɧɿɜɟɪɫɢɬɟɬɭ ʋ �������

)XOO�HQHUJ\�KDV�EHHQ�REWDLQHG�IRU�D�V\VWHP�RI�F\OLQGULFDO�VKHOOV�LQFOXGLQJ�NLQHWLF�DQG�SRWHQWLDO�HQHUJ\�
DQG�YLUWXDO�ZRUN�RI�H[WHUQDO�IRUFHV��6KHOOV�DUH�HODVWLF�MRLQHG�WRJHWKHU��:H�VXJJHVW�WKDW�HGJHV�RI�VKHOOV�DUH�
SODFHG�RQ�SHUIHFW�DSHUWXUHV��7KXV��ERXQGDU\�FRQGLWLRQV�DOORZ�URWDWLRQV�DW�HGJHV�
'LVSODFHPHQWV� RI� F\OLQGULFDO� VKHOOV� DUH� GHILQHG� XVLQJ� WULJRQRPHWULF� IXQFWLRQV� ZLWK� XQNQRZQ�
FRHIILFLHQWV�� 6XEVWLWXWLRQ� RI� WULJRQRPHWULF� IXQFWLRQV� LQWR� HQHUJ\� H[SUHVVLRQ� DQG� DSSOLFDWLRQ� RI� WKH�
2VWURJUDGVN\�+DPLOWRQ�SULQFLSOH�JLYH�KRPRJHQHRXV�V\VWHP�RI�OLQHDU�HTXDWLRQV��7KH�IUHTXHQF\�HTXDWLRQ�
LV�REWDLQHG�XVLQJ�FRQGLWLRQV�RI�QRQWULYLDO�VROXWLRQ�H[LVWHQFH��7KLV�HTXDWLRQ�FRXOG�EH�VROYHG�QXPHULFDOO\�
IRU�FRQFUHWH�YDOXHV�RI�LWV�SDUDPHWHUV��)LQDOO\��GHSHQGHQFHV�RI�IUHTXHQF\�FKDUDFWHULVWLFV�IURP�SDUDPHWHUV�
RI� WKH�V\VWHP�DUH�REWDLQHG��'HSHQGHQFH�RI�VKHOO¶V�FKDUDFWHULVWLFV� IURP�LWV�JHRPHWU\�DUH�DOVR�REWDLQHG��
,QIOXHQFH�RI�RUWKRWURSLF�PDWHULDO�RQ�IUHTXHQF\�FKDUDFWHULVWLFV�LV�VWXGLHG�

.H\� ZRUGV�� RUWKRWURSLF� VKHOO�� UHWDLQLQJ� ZDOOV�� JURXQG�� IUHH� RVFLOODWLRQV�� IUHTXHQF\� HTXDWLRQ�� YDULDWLRQDO�
SULQFLSOH�

Ɋɚɫɩɪɨɫɬɪɚɧɟɧɢɟɦ� ɬɨɧɤɨɫɬɟɧɧɵɯ� ɤɨɧɫɬɪɭɤɰɢɣ� ɢɥɢ� ɷɥɟɦɟɧɬɨɜ� ɤɨɧɫɬɪɭɤɰɢɣ� ɜ�
ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ�� ɜ� ɫɢɫɬɟɦɟ� ɩɟɪɟɞɚɱ�� ɜ� ɨɛɥɚɫɬɢ� ɫɬɪɨɢɬɟɥɶɫɬɜɚ� ɞɟɥɚɸɬ� ɚɤɬɭɚɥɶɧɵɦ�
ɜɵɱɢɫɥɟɧɢɟ� ɢɯ� ɞɢɧɚɦɢɱɟɫɤɢɯ� ɩɪɨɱɧɨɫɬɧɵɯ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɢ� ɜɵɛɨɪ� ɢɯ� ɨɩɬɢɦɚɥɶɧɵɯ�
ɜɚɪɢɚɧɬɨɜ�� Ɉɫɧɨɜɵ� ɩɨɞɩɨɪɧɵɯ� ɫɬɟɧ� ɫɨɫɬɚɜɥɹɸɬ� ɨɛɴɟɞɟɧɧɵɟ� ɰɢɥɢɧɞɪɢɱɟɫɤɢɟ� ɨɛɨɥɨɱɤɢ�
ɨɬɤɪɵɬɨɝɨ�ɩɪɨɮɢɥɹ� ɢ�ɢɯ�ɮɨɪɦɚ�ɩɪɢɧɢɦɚɟɬɫɹ�ɨɩɬɢɦɚɥɶɧɨɣ��Ɂɚɦɟɧɨɣ�ɦɚɫɫɢɜɧɵɯ�ɩɨɞɩɨɪɧɵɯ�
ɫɬɟɧ�ɧɚ�ɬɨɧɤɨɫɬɟɧɧɵɟ�ɨɛɨɥɨɱɤɢ�ɩɨɥɭɱɚɟɬɫɹ�ɩɭɫɬɚɹ�ɫɢɫɬɟɦɚ��Ⱦɥɹ�ɨɛɟɫɩɟɱɟɧɢɹ�ɭɫɬɨɣɱɢɜɨɫɬɢ�
ɷɬɨɣ�ɫɢɫɬɟɦɵ�ɩɭɫɬɵɟ�ɱɚɫɬɢ�ɡɚɩɨɥɧɹɸɬɫɹ�ɝɪɭɧɬɨɦ��ɱɬɨ�ɩɪɢɜɨɞɢɬ�ɤ�ɷɤɨɧɨɦɢɢ�ɛɟɬɨɧɚ�

ɍɱɢɬɵɜɚɹ�� ɱɬɨ� Ⱥɡɟɪɛɚɣɞɠɚɧɫɤɚɹ� Ɋɟɫɩɭɛɥɢɤɚ� ɧɚɯɨɞɢɬɫɹ� ɜ� ɚɤɬɢɜɧɨɣ� ɫɟɣɫɦɢɱɟɫɤɨɣ� ɡɨɧɟ��
ɪɚɫɱɟɬ�ɫɨɛɫɬɜɟɧɧɵɯ�ɤɨɥɟɛɚɧɢɣ�ɢ�ɧɚɯɨɠɞɟɧɢɟ�ɪɟɡɨɧɚɧɫɧɵɯ�ɱɚɫɬɨɬ�ɬɚɤɢɯ�ɤɨɧɫɬɪɭɤɰɢɣ�ɢɦɟɟɬ�
ɛɨɥɶɲɨɟ�ɩɪɚɤɬɢɱɟɫɤɨɟ�ɡɧɚɱɟɧɢɟ�

Ɉɬɦɟɬɢɦ� ɱɬɨ� ɪɚɫɱɟɬ ɩɨɞɩɨɪɧɵɯ� ɫɬɟɧ�� ɫɨɫɬɨɹɳɢɯ� ɢɡ� ɞɜɭɯ� ɢɡɨɬɪɨɩɧɵɯ� ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ�
ɨɛɨɥɨɱɟɤ� ɜɵɩɨɥɧɟɧ� ɞɥɹ� ɫɬɚɬɢɱɟɫɤɢɯ� ɫɥɭɱɚɟɜ� ɜ� >���@�� ȼ� ɪɚɛɨɬɟ� >�@� ɢɡɭɱɟɧɵ� ɫɬɚɬɢɱɟɫɤɢɟ�
ɞɟɮɨɪɦɚɰɢɢ�ɩɨɞɩɨɪɧɵɯ�ɫɬɟɧ��ɫɨɫɬɨɹɳɢɯ�ɢɡ�ɞɜɭɯ�ɢɡɨɬɪɨɩɧɵɯ�ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ�ɨɛɨɥɨɱɟɤ� ɉɪɢ�
ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ ɢɫɩɨɥɶɡɭɟɬɫɹ�ɦɟɬɨɞɢɤɚ� ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɜ�ɪɚɛɨɬɟ�>�@��ȼ�ɪɚɛɨɬɟ�>�@�ɩɪɢɜɟɞɟɧɵ�
ɪɚɫɱɟɬɵ� ɩɨɞɩɨɪɧɵɯ� ɫɬɟɧ�� ɫɨɫɬɨɹɳɢɯ� ɢɡ� ɬɪɟɯ� ɢɡɨɬɪɨɩɧɵɯ� ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ� ɨɛɨɥɨɱɟɤ� ɩɪɢ�
ɩɥɨɫɤɨɦ ɞɟɮɨɪɦɢɪɨɜɚɧɢɢ� Ɂɚɞɚɱɚ� ɫɜɟɞɟɧɚ� ɤ� ɪɟɲɟɧɢɸ� ɨɛɵɤɧɨɜɟɧɧɵɯ� ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ�
ɭɪɚɜɧɟɧɢɣ ɢ�ɩɨɫɬɪɨɟɧɵ�ɢɯ�ɪɟɲɟɧɢɹ��Ɋɚɛɨɬɚ�>�@�ɩɨɫɜɹɳɟɧɚ�ɦɟɬɨɞɢɤɟ�ɪɚɫɱɟɬɚ ɩɨɞɩɨɪɧɵɯ�ɫɬɟɧ��
ɫɨɫɬɨɹɳɢɯ�ɢɡ�ɢɡɨɬɪɨɩɧɵɯ�ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ�ɨɛɨɥɨɱɟɤ ɫ� ɭɱɟɬɨɦ�ɪɚɛɨɬɵ�ɝɪɭɧɬɚ�ɩɪɢ�ɫɠɚɬɢɢ�ɢ�
ɫɞɜɢɝɟ�� Ɋɚɫɱɟɬɵ� ɩɪɢɜɟɞɟɧɵ� ɧɚ� ɨɫɧɨɜɟ� ɦɨɦɟɧɬɧɨɣ� ɬɟɨɪɢɢ� ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ� ɨɛɨɥɨɱɟɤ�� ȼ�
ɧɚɭɱɧɵɯ� ɪɚɛɨɬɚɯ� >���@� ɪɚɫɫɦɚɬɪɢɜɚɹ� ɪɚɡɥɢɱɧɵɟ� ɜɚɪɢɚɧɬɵ� ɨɛɴɟɞɢɧɟɧɢɣ� ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ�
ɨɛɨɥɨɱɟɤ� ɨɬɤɪɵɬɨɝɨ� ɩɪɨɮɢɥɹ�� ɩɨɫɬɪɨɟɧɵ� ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ� ɭɪɚɜɧɟɧɢɹ�ɦɨɦɟɧɬɧɨɣ� ɬɟɨɪɢɢ�
ɩɪɢ�ɪɚɡɥɢɱɧɵɯ�ɭɫɥɨɜɢɹɯ�ɫɬɵɤɨɜɤɢ�

ɉɈɋɌȺɇɈȼɄȺ�ɁȺȾȺɑɂ

ɇɚɩɢɲɟɦ�ɩɨɬɟɧɰɢɚɥɶɧɭɸ�ɢ�ɤɢɧɟɬɢɱɟɫɤɭɸ�ɷɧɟɪɝɢɢ ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ�ɩɨɞɩɨɪɧɵɯ�ɫɬɟɧ ሾͻሿ�
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Ɂɞɟɫɶ� ݅ ൌ ͳ ɫɨɨɬɜɟɬɫɬɜɭɟɬ� ɩɟɪɜɨɣ� ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ� ɨɛɨɥɨɱɤɟ� ɜ� ɩɨɞɩɨɪɧɵɯ� ɫɬɟɧɚɯ�� ݅ ൌ ʹ
ɫɨɨɬɜɟɬɫɬɜɭɟɬ� ɜɬɨɪɨɣ� ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ� ɨɛɨɥɨɱɤɟ� ɜ� ɩɨɞɩɨɪɧɵɯ� ɫɬɟɧɚɯ� �ɪɢɫ� ���� ��݅ݑ ݅ݓ��݅ߴ ±
ɩɟɪɟɦɟɳɟɧɢɟ� ɨɛɨɥɨɱɟɤ�� ܴ݅�� ݄݅ ± ɪɚɞɢɭɫɵ� ɢ� ɬɨɥɳɢɧɵ� ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ� ɨɛɨɥɨɱɟɤ�
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ�� ܾͳͳ�� ܾʹʹ�� ܾͳʹ�� ܾ͸͸ ± ɨɫɧɨɜɧɵɟ� ɦɨɞɭɥɢ� ɭɩɪɭɝɨɫɬɢ� ɨɪɬɨɬɪɨɩɧɵɯ� ɦɚɬɟɪɢɚɥɨɜ�
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ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ� ɨɛɨɥɨɱɟɤ� ɢ� ɜɵɪɚɠɚɟɬɫɹ� ɱɟɪɟɡ� ɦɨɞɭɥɢ� ɭɩɪɭɝɨɫɬɢ� ɜ� ɤɨɨɪɞɢɧɚɬɧɵɯ�
ɧɚɩɪɚɜɥɟɧɢɹɯܧ�ͳ݅ܧ��ʹ݅� ɱɟɪɟɡ�ɤɨɷɮɮɢɰɢɟɧɬɵ ɉɭɚɫɫɨɧɚߥ�ͳ݅� ݅ʹߥ ɫɥɟɞɭɸɳɢɦ�ɨɛɪɚɡɨɦ�

ܾͳͳ݅ ൌ
ͳ݅ܧ

ͳ െ ݅ʹߥͳ݅ߥ
ǡ ܾʹʹ݅ ൌ

݅ʹܧ
ͳ െ ݅ʹߥͳ݅ߥ

ǡ ܾͳʹ݅ ൌ
ͳ݅ܧ݅ʹߥ

ͳ െ ݅ʹߥͳ݅ߥ
ൌ

݅ʹܧͳ݅ߥ
ͳ െ ݅ʹߥͳ݅ߥ

ǡ

݅ݏ Ȃ ɩɨɜɟɪɯɧɨɫɬɢ� ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ� ɨɛɨɥɨɱɟɤ�� ɮɢɝɭɪɢɪɭɸɳɢɯ� ɜ� ɩɨɞɩɨɪɧɵɯ� ɫɬɟɧɚɯ� ȼɥɢɹɧɢɟ�
ɝɪɭɧɬɚ� ɧɚ� ɰɢɥɢɧɞɪɢɱɟɫɤɢɟ� ɨɛɨɥɨɱɤɢ� ɡɚɦɟɧɹɸɬɫɹ� ɜɧɟɲɧɢɦɢ� ɫɢɥɚɦɢ� ��݅ݔݍ ��݅ݕݍ ��݅ݖݍ Ɋɚɛɨɬɚ�

ɫɨɜɟɪɲɚɟɦɚɹ�ɷɬɢɦɢ�ɫɢɥɚɦɢ�ɜ�ɩɟɪɟɦɟɳɟɧɢɹɯ�ɨɛɨɥɨɱɟɤ� ɢɦɟɟɬ�ɜɢɞ�

݅ܣ ൌ െන න ቀ݅ݑ݅ݔݍ ൅ ݅ߴ݅ݕݍ ൅ ቁ݅ݓ݅ݖݍ

ߨʹ

Ͳ

ͳݔ

Ͳ

Ǥݕ݀ݔ݀ ሺʹሻ

Ɋɢɫ� �� ɋɯɟɦɚ�ɩɨɞɩɨɪɧɨɣ�ɫɬɟɧɵ��ɫɨɫɬɨɹɳɚɹ�ɢɡ�ɨɪɬɨɬɪɨɩɧɵɯ�ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ�ɨɛɨɥɨɱɟɤ

ȼ�ɪɟɡɭɥɶɬɚɬɟ�ɞɥɹ�ɩɨɥɧɨɣ�ɷɧɟɪɝɢɢ�ɩɨɞɩɨɪɧɵɯ�ɫɬɟɧ�ɩɨɥɭɱɢɦ�

ʞ ൌ ෍ሺʬ௜ ൅ ௜ܭ ൅ ௜ሻܣ

ଶ

௜ୀଵ

Ǥ ሺ͵ሻ

Ʉ�ɜɵɪɚɠɟɧɢɹɦ�����ɢ ��� ɩɪɢɛɚɜɥɹɸɬɫɹ�ɤɨɧɬɚɤɬɧɵɟ�ɢ�ɝɪɚɧɢɱɧɵɟ�ɭɫɥɨɜɢɹ��Ȼɭɞɟɦ�ɩɪɟɞɩɨɥɚɝɚɬɶ��
ɱɬɨ�ɰɢɥɢɧɞɪɢɱɟɫɤɢɟ�ɨɛɨɥɨɱɤɢ�ɫɨɟɞɢɧɟɧɵ�ɭɩɪɭɝɨ�ɦɟɠɞɭ�ɫɨɛɨɣ��ɬ�ɟ��ɜ�ɤɨɧɬɚɤɬɟ�ɜɵɩɨɥɧɹɸɬɫɹ�

ͳൌͲݕሻหݔͳሺݓ
ൌ ൌͲʹݕሻหݔሺʹߴ

Ǣ ͳൌͲݕሻหݔͳሺߴ
ൌ ൌͲʹݕሻหݔሺʹݓ

Ǣ

ͳൌͲݕሻหݔͳሺݑ
ൌ ൌͲʹݕሻหݔሺʹݑ

Ǣ
ሻݔͳሺݓ߲
ݔ߲

ቤ
ͳൌͲݕ

ൌ
ሻݔሺʹߴ߲
ݔ߲

ቤ
ൌͲʹݕ

Ǥ ሺͶሻ

ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ��ɱɬɨ�ɰɢɥɢɧɞɪɢɱɟɫɤɢɟ�ɨɛɨɥɨɱɤɢ ɪɚɫɩɨɥɨɠɟɧɵ ɧɚ�ɢɞɟɚɥɶɧɵɯ�ɞɢɚɮɪɚɝɦɚɯ�ɤɚɤ�
ɧɚ�ɲɚɪɧɢɪɚɯ�ɩɨ�ɥɢɧɹɦݔ� ൌ Ͳ ɢݔ� ൌ ܽ� ȼ�ɷɬɨɦ�ɫɥɭɱɚɟ�ɝɪɚɧɢɱɧɵɟ�ɭɫɥɨɜɢɹ�ɢɦɟɸɬ�ɜɢɞ�

ݑ ൌ Ͳǡ ݓ ൌ Ͳǡ ଵܶ ൌ Ͳǡ ଵܯ ൌ ͲǤ ሺͷሻ

Ɂɞɟɫɶ�ܶͳܯ��ͳ ± ɫɢɥɚ�ɢ�ɦɨɦɟɧɬɵ ɜ�ɩɨɩɟɪɟɱɧɨɦ�ɫɟɱɟɧɢɢ�ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ�ɨɛɨɥɨɱɤɢ�

ɂɫɩɨɥɶɡɭɹ�ɩɪɢɧɰɢɩ ɫɬɚɰɢɨɧɚɪɧɨɫɬɢ Ɉɫɬɪɨɝɪɚɞɫɤɨɝɨ�Ƚɚɦɢɥɶɬɨɧɚ� ɦɨɠɧɨ�ɩɨɥɭɱɢɬɶ�ɱɚɫɬɨɬɧɨɟ�
ɭɪɚɜɧɟɧɢɟ� ɤɨɥɟɛɚɧɢɹ� ɩɨɞɩɨɪɧɵɯ� ɫɬɟɧ�� ɫɨɫɬɨɹɳɢɯ� ɢɡ� ɫɨɟɞɢɧɟɧɢɹ� ɞɜɭɯ� ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ�
ɨɛɨɥɨɱɟɤ�ɨɬɤɪɵɬɨɝɨ�ɩɪɨɮɢɥɹ

߲ܹ ൌ ͲǤ ሺ͸ሻ

Ɂɞɟɫɶ�ܹ ൌ ׬ ȫ݀ݐ
௧మ

௧భ
± ɜɥɢɹɧɢɟ� Ƚɚɦɢɥɶɬɨɧɚ� ȼɵɩɨɥɧɹɹ� ɨɩɟɪɚɰɢɢ� ɜɚɪɶɢɪɨɜɚɧɢɹ� ɜ� ɪɚɜɟɧɫɬɜɟ�

߲ܹ ൌ Ͳ ɢ� ɭɱɢɬɵɜɚɹ� ɧɟɡɚɜɢɫɢɦɨɫɬɢ� ɢ� ɩɪɨɢɡɜɨɥɶɧɨɫɬɢ� ɜɚɪɢɚɰɢɣ� �ݑ߲ ��ߴ߲ �ݓ߲ ɩɨɥɭɱɢɦ�
ɱɚɫɬɨɬɧɨɟ� ɭɪɚɜɧɟɧɢɟ� ɤɨɥɟɛɚɧɢɣ� ɩɨɞɩɨɪɧɵɯ� ɫɬɟɧ�� ɫɨɫɬɨɹɳɢɯ� ɢɡ� ɫɨɟɞɢɧɟɧɢɹ� ɞɜɭɯ�
ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ� ɨɛɨɥɨɱɟɤ� ɨɬɤɪɵɬɨɝɨ� ɩɪɨɮɢɥɹ�� ɤɨɧɬɚɤɬɢɪɭɸɳɢɯ� ɫ� ɝɪɭɧɬɨɦ�� ɂɬɚɤ��
ɩɨɫɬɪɨɟɧɢɟ ɱɚɫɬɨɬɧɨɝɨ�ɭɪɚɜɧɟɧɢɹ�ɤɨɥɟɛɚɧɢɣ�ɩɨɞɩɨɪɧɵɯ�ɫɬɟɧ��ɫɨɫɬɨɹɳɢɯ�ɢɡ�ɫɨɟɞɢɧɟɧɢɹ�ɞɜɭɯ�

ܺଵሺܺଶሻ
ଵܻ

D

ଶܻ

ܼଵ

ܼଶ

E
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ȼɿɫɧɢɤ�Ɂɚɩɨɪɿɡɶɤɨɝɨ�ɧɚɰɿɨɧɚɥɶɧɨɝɨ ɭɧɿɜɟɪɫɢɬɟɬɭ ʋ �������

ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ� ɨɛɨɥɨɱɟɤ� ɨɬɤɪɵɬɨɝɨ� ɩɪɨɮɢɥɹ�� ɤɨɧɬɚɤɬɢɪɭɸɳɢɯ� ɫ� ɝɪɭɧɬɨɦ� ɫɜɨɞɢɬɫɹ� ɤ�
ɫɨɜɦɟɫɬɧɨɦɭ�ɢɧɬɟɝɪɢɪɨɜɚɧɢɸ�ɩɨɥɧɨɣ�ɷɧɟɪɝɢɢ�ɫɢɫɬɟɦɵ�����ɩɪɢ�ɤɨɧɬɚɤɬɧɵɯ�����ɢ�ɝɪɚɧɢɱɧɵɯ�
ɭɫɥɨɜɢɹɯ�����

ɋɢɥɵ� ɫɨ� ɫɬɨɪɨɧɵ� ɝɪɭɧɬɚ� ɧɚ� ɰɢɥɢɧɞɪɢɱɟɫɤɢɟ ɨɛɨɥɨɱɤɢ� ��݅ݔݍ ��݅ݕݍ ��݅ݖݍ ɜɯɨɞɹɳɢɟ ɜ� ���� ɛɭɞɟɦ�

ɩɪɟɞɫɬɚɜɥɹɬɶ�ɜ�ɜɢɞɟ�

݅ݔݍ ൌ ݅ݕݍ ൌ ͲǢ ͳݖݍ ൌ ݇ͳݓͳǢ ʹݖݍ ൌ ʹݓʹ݇ െ ݏ݇ ൭
߲
ʹ
ʹݓ

ݔ߲
ʹ
൅
߲
ʹ
ʹݓ

ݕ߲
ʹ
൱Ǥ ሺ͹ሻ

Ɂɞɟɫɶ�݇ͳ��݇ʹ��݇ݏ ± ɤɨɷɮɮɢɰɢɟɧɬɵ�ɠɟɫɬɤɨɫɬɟɣ�ɝɪɭɧɬɚ�ɩɪɢ�ɫɠɚɬɢɢ�ɢ�ɫɞɜɢɝɟ�

Ɋȿɒȿɇɂə�ɁȺȾȺɑɂ

ɉɟɪɟɦɟɳɟɧɢɹ�ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ�ɨɛɨɥɨɱɟɤ�ɛɭɞɟɦ�ɢɫɤɚɬɶ�ɜ�ɜɢɞɟ�

݅ݑ ൌ Ͳ݅ݑ �ߦ߯�� ሺ�݅ߠ݊�� ൅ ሻ݅ߠ݊��� ���߱ͳݐͳǡ

݅ߴ ൌ Ͳ݅ߴ ߦ߯��� ሺ�݅ߠ݊�� ൅ ሻ݅ߠ݊��� ���߱ͳݐͳ ǡ ሺͺሻ

݅ݓ ൌ Ͳ݅ݓ ߦ߯��� ሺ�݅ߠ݊�� ൅ ሻ݅ߠ݊��� ���߱ͳݐͳǤ

Ɂɞɟɫɶݑ�Ͳ݅ߴ��Ͳ݅ݓ��Ͳ݅ ± ɧɟɢɡɜɟɫɬɧɵɟ�ɩɨɫɬɨɹɧɧɵɟߦ�� ൌ
௫

௔
ͳݐ�� ൌ ߱Ͳ݊��߯��ݐ ൌ ʹ݇ ൅ ͳ ± ɜɨɥɧɨɜɵɟ�ɱɢɫɥɚ�

ɜ�ɧɚɩɪɚɜɥɟɧɢɢ ɨɛɪɚɡɭɸɳɟɣ�ɢ�ɤɪɭɝɨɜɨɦ�ɧɚɩɪɚɜɥɟɧɢɢ�ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ�ɨɛɨɥɨɱɟɤ݅ߠ�� ൌ
݅ݕ
ܴ
� Ͳ ൑

௜ߠ ൑
ଷగ

ସ
�� ɉɪɢ� ɜɵɩɨɥɧɟɧɢɟ� ɷɬɢɯ� ɭɫɥɨɜɢɣ� ɧɚ� ɝɪɚɧɢɰɚɯ� ݅ߠ ൌ

ߨ͵

Ͷ
ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ� ɨɛɨɥɨɱɟɤ�

ɜɵɩɨɥɧɹɸɬɫɹ�ɭɫɥɨɜɢɹ�ɲɚɪɧɢɪɧɨɝɨ�ɨɩɢɪɚɧɢɹ�

ɉɨɞɫɬɚɜɥɹɹ� ɪɟɲɟɧɢɹ� ���� ɜ� ����� ɭɱɢɬɵɜɚɹ� ɤɨɧɬɚɤɬɧɵɟ� ɭɫɥɨɜɢɹ ���� ɢ� ɜɵɪɚɠɟɧɢɟ ����� ɜɵɪɚɠɚɹ�
ɩɨɫɬɨɹɧɧɵɟݑ�Ͳʹߴ��Ͳʹݓ��Ͳʹ ɱɟɪɟɡ� ɩɨɫɬɨɹɧɧɵɟݑ�Ͳͳߴ��Ͳͳݓ��Ͳͳ��ɞɥɹ�ɩɨɥɧɨɣ� ɷɧɟɪɝɢɢ� ����ɩɨɥɭɱɢɦ�
ɩɨɥɢɧɨɦ�ɜɬɨɪɨɝɨ�ɩɨɪɹɞɤɚ�ɨɬɧɨɫɢɬɟɥɶɧɨ�ɩɨɫɬɨɹɧɧɵɯݑ�Ͳͳߴ��Ͳͳݓ��Ͳͳ�

ȫ ൌ ෬߮ଵଵݑ଴ଵ
ଶ ൅ ෬߮ଶଶߴ଴ଵ

ଶ ൅ ෬߮ଷଷݓ଴ଵ
ଶ ൅ ෬߮ସସݑ଴ଵߴ଴ଵ ൅ ෬߮ହହݑ଴ଵݓ଴ଵ ൅ ෬߮଺଺ߴ଴ଵݓ଴ଵǤ

ɂɡ�ɡɚ� ɫɥɨɠɧɨɫɬɢ� ɤɨɷɮɮɢɰɢɟɧɬɨɜ� ෭߮
ͳͳ�� ෭߮

ʹʹ�� ෭߮
͵͵�� ෭߮

ͶͶ�� ෭߮
ͷͷ�� ෭߮

͸͸ ɜɵɪɚɠɟɧɢɟ� ɢɯ� ɡɞɟɫɶ� ɧɟ�
ɩɪɢɜɨɞɢɬɫɹ� ȼɵɩɨɥɧɹɹ� ɨɩɟɪɚɰɢɢ� ɜɚɪɶɢɪɨɜɚɧɢɹ� ɜ� ɜɵɪɚɠɟɧɢɢ�ȫ ɨɬɧɨɫɢɬɟɥɶɧɨ� ɧɟɡɚɜɢɫɢɦɵɯ�
ɩɨɫɬɨɹɧɧɵɯ� ��Ͳͳݑ ��Ͳͳߴ Ͳͳݓ ɢ� ɩɪɢɪɚɜɧɢɜɚɹ� ɤɨɷɮɮɢɰɢɟɧɬɵ� ɧɟɡɚɜɢɫɢɦɵɯ� ɜɚɪɢɚɰɢɣ� ɤ� ɧɭɥɸ��
ɩɨɥɭɱɢɦ�ɫɥɟɞɭɸɳɭɸ�ɫɢɫɬɟɦɭ�ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ�ɨɞɧɨɪɨɞɧɵɯ�ɭɪɚɜɧɟɧɢɣ�

൞

ʹ෭߮ͳͳݑͲͳ ൅ ෭߮
ͶͶߴͲͳ ൅ ෭߮

ͷͷݓͲͳ ൌ Ͳǡ
෭߮
ͶͶݑͲͳ ൅ ʹ෭߮ʹʹߴͲͳ ൅ ෭߮

͸͸ݓͲͳ ൌ Ͳǡ
෭߮
ͷͷݑͲͳ ൅ ෭߮

͸͸ߴͲͳ ൅ ʹ෭߮͵͵ݓͲͳ ൌ ͲǤ
ሺͻሻ

Ɍɚɤ� ɤɚɤ� ɫɢɫɬɟɦɚ� ���� ɥɢɧɟɣɧɚɹ� ɢ� ɨɞɧɨɪɨɞɧɚɹ�� ɬɨ� ɞɥɹ� ɫɭɳɟɫɬɜɨɜɚɧɢɹ� ɟɟ� ɧɟɬɪɢɜɢɚɥɶɧɵɯ�
ɪɟɲɟɧɢɣ� ɧɟɨɛɯɨɞɢɦɵɦ� ɢ� ɞɨɫɬɚɬɨɱɧɵɦ� ɭɫɥɨɜɢɟɦ� ɹɜɥɹɟɬɫɹ� ɪɚɜɟɧɫɬɜɨ� ɧɭɥɸ� ɟɟ� ɝɥɚɜɧɨɝɨ�
ɨɩɪɟɞɟɥɢɬɟɥɹ� ȼ�ɪɟɡɭɥɶɬɚɬɟ�ɩɨɥɭɱɢɦ�ɱɚɫɬɨɬɧɨɟ�ɭɪɚɜɧɟɧɢɟ�

ተ

ʹ ෭߮ ͳͳ ෭߮
ͶͶ

෭߮
ͷͷ

෭߮
ͶͶ ʹ ෭߮ʹʹ ෭߮

͸͸
෭߮
ͷͷ

෭߮
͸͸ ʹ ෭߮͵͵

ተ ൌ ͲǤ ሺͳͲሻ

ɍɪɚɜɧɟɧɢɟ������ɧɚɩɢɲɟɦ�ɜ�ɜɢɞɟ�

Ͷ ෬߮ଵଵ ෬߮ଶଶ ෬߮ଷଷ ൅ ෬߮ସସ ෬߮ହହ ෬߮଺଺ െ ෬߮ହହ
ଶ ෬߮ଶଶ െ ෬߮଺଺

ଶ ෬߮ଵଵ െ ෬߮ସସ
ଶ ෬߮ଷଷ ൌ ͲǤ ሺͳͳሻ

ɍɪɚɜɧɟɧɢɟ������ɪɟɚɥɢɡɨɜɚɧɨ�ɱɢɫɥɟɧɧɨ��Ⱦɥɹ�ɩɚɪɚɦɟɬɪɨɜ�ɡɚɞɚɱ��ɜɯɨɞɹɳɢɯ�ɜ�ɪɟɲɟɧɢɟ� ɩɪɢɧɹɬɵ�

݇ͳ ൌ ݇ʹ ൌ ͹ ή ͳͲͺ
ܰ

݉ʹ
ǡ ݏ݇ ൌ ͳͳ ή ͳͲ͸

ܰ

݉ʹ
ǡ
ܽ
ܴ
ൌ ͵ǡ

݄
ܴ
ൌ
ͳ
͸
ǡ ͳߥ ൌ ʹߥ ൌ Ͳǡ͵ͷǤ

Ɋɟɡɭɥɶɬɚɬɵ�ɜɵɱɢɫɥɟɧɢɣ�ɩɪɢɜɟɞɟɧɵ�ɧɚ�ɪɢɫ����ɜ�ɜɢɞɟ�ɡɚɜɢɫɢɦɨɫɬɢ�ɩɚɪɚɦɟɬɪɚ�ɱɚɫɬɨɬ ɨɬ �ͳ��ɧɚߠ
ɪɢɫ�� �� ɩɚɪɚɦɟɬɪɚ� ɱɚɫɬɨɬ ɨɬ� ɨɬɧɨɲɟɧɢɣ� ܽȀܴ�� ɂɡ� ɪɢɫ��� ɜɢɞɧɨ�� ɱɬɨ� ɫ� ɭɜɟɥɢɱɟɧɢɟɦ� ɭɝɥɚ� ͳߠ
ɡɧɚɱɟɧɢɟ� ɩɚɪɚɦɟɬɪɚ� ɱɚɫɬɨɬ� ɭɜɟɥɢɱɢɜɚɟɬɫɹ�� ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɞɥɢɧɵ� ɨɛɨɥɨɱɟɤ� ɡɧɚɱɟɧɢɟ�
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Ɏɿɡɢɤɨ�ɦɚɬɟɦɚɬɢɱɧɿ�ɧɚɭɤɢ ,661������������2QOLQH���,661������������3ULQW�

ɩɚɪɚɦɟɬɪɚ� ɱɚɫɬɨɬ� ɭɦɟɧɶɲɚɟɬɫɹ�� Ʉɪɨɦɟ� ɬɨɝɨ�� ɫ� ɭɜɟɥɢɱɟɧɢɟɦ� ɨɪɬɨɬɪɨɩɧɨɫɬɢ� ɦɚɬɟɪɢɚɥɚ�
ɨɛɨɥɨɱɟɤ�ɡɧɚɱɟɧɢɹ�ɩɚɪɚɦɟɬɪɚ�ɱɚɫɬɨɬ�ɭɜɟɥɢɱɢɜɚɸɬɫɹ�

Ɋɢɫ� �� Ɂɚɜɢɫɢɦɨɫɬɶ�ɩɚɪɚɦɟɬɪɚ�ɱɚɫɬɨɬ�ɨɬߠ�ଵ

Ɋɢɫ�����Ɂɚɜɢɫɢɦɨɫɬɶ�ɩɚɪɚɦɟɬɪɚ�ɱɚɫɬɨɬ�ɨɬ�ܽȀܴ

ɅɂɌȿɊȺɌɍɊȺ

�� Ƚɚɧɢɟɜ Ⱦ� ɋ�� ɉɪɢɦɟɧɟɧɢɟ� ɢ� ɪɚɫɱɟɬɵ� ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ� ɨɛɨɥɨɱɟɤ� ɜ� ɩɨɞɩɨɪɧɵɯ� ɫɬɟɧɚɯ�
Ⱥɡɟɪɛɚɣɞɠɚɧɫɤɢɣ� Ⱥɪɯɢɬɟɤɬɭɪɧɨ�ɋɬɪɨɢɬɟɥɶɧɵɣ� ɍɧɢɜɟɪɫɢɬɟɬ� Ɍɟɨɪɟɬɢɱɟɫɤɚɹ� ɢ� ɩɪɢɤɥɚɞɧɚɹ�
ɦɟɯɚɧɢɤɚ��������ʋ����&���±���

�� Ƚɚɧɢɟɜ Ⱦ� ɋ� ɂɫɫɥɟɞɨɜɚɧɢɟ� ɨɛɥɟɝɱɟɧɧɵɯ� ɩɨɞɩɨɪɧɵɯ� ɫɬɟɧ� ɩɪɢ� ɩɥɨɫɤɨɣ� ɞɟɮɨɪɦɚɰɢɢ��
Ⱥɡɟɪɛɚɣɞɠɚɧɫɤɢɣ� Ⱥɪɯɢɬɟɤɬɭɪɧɨ�ɋɬɪɨɢɬɟɥɶɧɵɣ� ɍɧɢɜɟɪɫɢɬɟɬ� Ɍɟɨɪɟɬɢɱɟɫɤɚɹ� ɢ� ɩɪɢɤɥɚɞɧɚɹ�
ɦɟɯɚɧɢɤɚ��������ʋ����&����±���

�� Ƚɚɧɢɟɜ Ⱦ� ɋ� Ɋɟɲɟɧɢɟ� ɡɚɞɚɱɢ� ɩɨɞɩɨɪɧɵɯ� ɫɬɟɧ�� ɫɨɫɬɨɹɳɢɯ� ɢɡ� ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ� ɨɛɨɥɨɱɟɤ��
ɥɟɠɚɳɢɯ� ɧɚ� ɭɩɪɭɝɨɦ� ɨɫɧɨɜɚɧɢɢ�� Ⱥɡɟɪɛɚɣɞɠɚɧɫɤɢɣ� Ⱥɪɯɢɬɟɤɬɭɪɧɨ�ɋɬɪɨɢɬɟɥɶɧɵɣ�
ɍɧɢɜɟɪɫɢɬɟɬ� Ɍɟɨɪɟɬɢɱɟɫɤɚɹ�ɢ�ɩɪɢɤɥɚɞɧɚɹ�ɦɟɯɚɧɢɤɚ�������ʋ����&�����±����

�� ɋɟɣɮɭɥɥɚɟɜ ;� .�� Ɉɛ� ɨɞɧɨɦ� ɦɟɬɨɞɟ� ɪɟɲɟɧɢɹ� ɤɪɚɟɜɵɯ� ɡɚɞɚɱ� ɩɨɥɨɝɢɯ� ɨɛɨɥɨɱɟɤ�� ɂɡɜ�ɜɭɡɨɜ�
©ɋɬɪɨɢɬɟɥɶɫɬɜɨ�ɢ�ɚɪɯɢɬɟɤɬɭɪɚª��������ʋ����&����±���

߱Ȁ߱଴ଵ

ଵߠ
ߨ

Ͷ
ߨ

ʹ

ߨ͵

Ͷ

Ͳǡͷͷ

����

Ͳǡ͹ͷ

Ͳǡͺͷ

݊ ൌ ͵

ߦ ൌ ͳ
ଶߠ ൌ

ߨ

ʹ

ଵ௜ܧ
ଶ௜ܧ

ൌ ͳǡ͹

ଵ௜ܧ
ଶ௜ܧ

ൌ ͳǡͲ

ଵ௜ܧ
ଶ௜ܧ

ൌ Ͳǡ͹

߱Ȁ߱଴ଵ

ܽȀܴͳ ʹ ͵

Ͳǡ͸Ͳ

Ͳǡ͹Ͳ

ͲǡͺͲ

ͲǡͻͲ

ଶߠ ൌ
ߨ͵

Ͷ

ଵߠ ൌ
ߨ

ʹ

݊ ൌ ͵

ߦ ൌ ͳ
ଵ௜ܧ
ଶ௜ܧ

ൌ Ͳǡ͹

ଵ௜ܧ
ଶ௜ܧ

ൌ ͳǡͲ

ଵ௜ܧ
ଶ௜ܧ

ൌ ͳǡ͹



9LVQ\N�RI�=DSRUL]K]K\D�1DWLRQDO�8QLYHUVLW\��3K\VLFDO�DQG�0DWKHPDWLFDO�6FLHQFHV ��

ȼɿɫɧɢɤ�Ɂɚɩɨɪɿɡɶɤɨɝɨ�ɧɚɰɿɨɧɚɥɶɧɨɝɨ ɭɧɿɜɟɪɫɢɬɟɬɭ ʋ �������

�� ɋɟɣɮɭɥɥɚɟɜ ɏ� Ʉ�� Ʉ� ɪɚɫɱɟɬɭ� ɩɨɥɨɝɢɯ� ɨɛɨɥɨɱɟɤ� ɫ� ɛɨɥɶɲɢɦ� ɩɪɹɦɨɭɝɨɥɶɧɵɦ� ɨɬɜɟɪɫɬɢɟɦ��
ɨɬɤɪɵɬɵɯ�ɧɚ�ɭɩɪɭɝɢɣ�ɤɨɧɬɭɪ��ɂɡɞ��ɜɭɡɨɜ�©ɋɬɪɨɢɬɟɥɶɫɬɜɨ�ɢ�ɚɪɯɢɬɟɤɬɭɪɚª��������ʋ ��

�� ɋɟɣɮɭɥɥɚɟɜ ɏ� Ʉ��Ɉɛ�ɨɞɧɨɦ�ɦɟɬɨɞɟ�ɢɫɫɥɟɞɨɜɚɧɢɹ�ɧɟɫɭɳɟɣ�ɫɩɨɫɨɛɧɨɫɬɢ�ɩɨɥɨɝɢɯ�ɨɛɨɥɨɱɟɤ�ɩɪɢ�
ɛɨɥɶɲɢɯ�ɩɪɨɝɢɛɚɯ��ɋɬ��ɧɚɭɱɧɵɯ�ɬɪɭɞɨɜ�ɩɨ�ɦɟɯɚɧɢɤɟ��������ʋ����ɋ���±��

�� ɋɟɣɮɭɥɥɚɟɜ ɏ� Ʉ���Ⱥɡɢɦɨɜ ɇ� Ⱥ��Ʉ� ɪɟɲɟɧɢɸ�ɭɪɚɜɧɟɧɢɣ� ɬɟɨɪɢɢ� ɩɨɥɨɝɢɯ� ɨɛɨɥɨɱɟɤ� ɩɟɪɟɦɟɧɧɨɣ�
ɬɨɥɳɢɧɵ� ɢ� ɤɪɢɜɢɡɧɵ� ɩɪɢ� ɩɪɨɢɡɜɨɥɶɧɵɯ� ɝɪɚɧɢɱɧɵɯ� ɭɫɥɨɜɢɹɯ�� ɉɪɢɤɥɚɞɧɚɹ� ɦɟɯɚɧɢɤɚ�� ������
ȼɵɩ��ɏ9,��ʋ�����ɋ����±���

�� ɋɟɣɮɭɥɥɚɟɜ ɏ� Ʉ��� Ƚɭɫɟɣɧɥɢ ɏ�� Ɋɚɫɱɟɬ� ɩɨɥɨɝɢɯ� ɪɟɛɪɢɫɬɵɯ� ɨɛɨɥɨɱɟɤ� ɧɚ� ɨɫɧɨɜɟ� ɦɨɞɟɥɢ�
ɤɨɧɫɬɪɭɤɬɢɜɧɨ�ɨɪɬɨɬɪɨɩɧɵɯ� ɫɢɫɬɟɦ�� ɋɛɨɪɧɢɤ� ɧɚɭɱɧɵɯ� ɬɪɭɞɨɜ� ɩɨ� ɦɟɯɚɧɢɤɟ ������ ɑ� ��� ʋ ���
ɋ� ���±����

�� Ȼɨɫɹɤɨɜ ɋ� Ɇ��� ɑɠɢɜɷɣ ȼ�� Ⱥɧɚɥɢɡ� ɫɜɨɛɨɞɧɵɯ ɤɨɥɟɛɚɧɢɣ� ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ� ɨɛɨɥɨɱɤɢ ɢɡ�
ɫɬɟɤɥɨɩɥɚɫɬɢɤɚ�ɩɪɢ� ɝɪɚɧɢɱɧɵɯ�ɭɫɥɨɜɢɹɯ�ɇɚɜɶɟ��Ɇɟɯɚɧɢɤɚ�ɦɚɲɢɧ��ɦɟɯɚɧɢɡɦɨɜ� ɢ�ɦɚɬɟɪɢɚɥɨɜ��
������ʋ�������

��� Ⱥɦɢɪɨ ɂ� ə��� Ɂɚɪɭɰɤɢɣ ȼ� Ⱥ�� ɉɨɥɹɤɨɜ ɉ� ɋ�� Ɋɟɛɪɢɫɬɵɟ� ɰɢɥɢɧɞɪɢɱɟɫɤɢɟ� ɨɛɨɥɨɱɤɢ�� Ʉɢɟɜ��
ɇɚɭɤɨɜɚ�ɞɭɦɤɚ������������ɫ�

5()(5(1&(6

�� *DQLHY�� '�� 6�� �������� $SSOLFDWLRQ� DQG� FDOFXODWLRQ� RI� F\OLQGULFDO� VKHOOV� LQ� UHWDLQLQJ� ZDOOV��
$]HUED\G]KDQVNL\�$UNKLWHNWXUQR�6WURLWHO¶Q\\�8QLYHUVLWHW��7HRUHWLFKHVND\D� L�SULNODGQD\D�PHNKDQLND��
1R�����SS�������

�� *DQLHY�� '�� 6�� �������� QYHVWLJDWLRQ� RI� OLJKWZHLJKW� UHWDLQLQJ� ZDOOV� ZLWK� SODQDU� GHIRUPDWLRQ��
$]HUED\G]KDQVNL\�$UNKLWHNWXUQR�6WURLWHO¶Q\\�8QLYHUVLWHW��7HRUHWLFKHVND\D� L�SULNODGQD\D�PHNKDQLND��
1R�����SS��������

�� *DQLHY��'��6����������6ROXWLRQ�RI�WKH�SUREOHP�RI�UHWDLQLQJ�ZDOOV�FRQVLVWLQJ�RI�F\OLQGULFDO�VKHOOV�O\LQJ�
RQ�DQ�HODVWLF�IRXQGDWLRQ��$]HUED\G]KDQVNL\�$UNKLWHNWXUQR�6WURLWHO¶Q\\�8QLYHUVLWHW��7HRUHWLFKHVND\D�L�
SULNODGQD\D�PHNKDQLND��1R�����SS����������

�� 6H\IXOODHY��;��.�� ��������2Q�D�PHWKRG� IRU� VROYLQJ�ERXQGDU\�YDOXH�SUREOHPV�RI� VKDOORZ�VKHOOV�� ,]G��
YX]RY�³6WURLWHO¶VWYR�L�DUNKLWHNWXUD´��1R�����SS��������

�� 6H\IXOODHY��;��.����������7R�WKH�FDOFXODWLRQ�RI�VKDOORZ�VKHOOV�ZLWK�D�ODUJH�UHFWDQJXODU�RSHQLQJ�RSHQ�WR�
WKH�HODVWLF�FRQWRXU��,]G��YX]RY�³6WURLWHO¶VWYR�L�DUNKLWHNWXUD´� 1R����

�� 6H\IXOODHY��;��.����������2Q�D�PHWKRG�IRU�VWXG\LQJ�WKH�ORDG�EHDULQJ�FDSDFLW\�RI�VKDOORZ�VKHOOV�ZLWK�
ODUJH�GHIOHFWLRQV��6E��QDXFKQ\NK�WUXGRY�SR�PHNKDQLNH� 1R� �� SS������

�� 6H\IXOODHY��;��.��	�$]LPRY��1��$����������7R�WKH�VROXWLRQ�RI�WKH�HTXDWLRQV�RI�WKH�WKHRU\�RI�VKDOORZ�
VKHOOV�RI�YDULDEOH�WKLFNQHVV�DQG�FXUYDWXUH�XQGHU�DUELWUDU\�ERXQGDU\�FRQGLWLRQV��3ULNODGQDLD�PHNKDQLND��
,VV��ɏ9,��1R����� SS��������

�� 6H\IXOODHY��;��.��	�*XVH\QOL��.K��������� &DOFXODWLRQ�RI�JHQWO\�VORSLQJ�ULEEHG�VKHOOV�RQ�WKH�EDVLV�RI�
WKH�PRGHO�RI�FRQVWUXFWLYH�RUWKRWURSLF�V\VWHPV��6ERUQLN�QDXFKQ\NK�WUXGRY�SR�PHNKDQLNH��,VV� ���1R� ��
SS� ��������

�� %RV\DNRY��6��0��	�&K]KLYH\��9����������$QDO\VLV�RI�IUHH�YLEUDWLRQV�RI�D�F\OLQGULFDO�VKHOO�RI�ILEHUJODVV�
ZLWK�WKH�ERXQGDU\�FRQGLWLRQV�1DYLH��0HNKDQLND�PDVKLQ��PHNKDQL]PRY�L�PDWHULDORY��1R��������

��� $PLUR�� ,��<D���=DUXWVNL\��9��$��	�3RO\DNRY��3��6�� ��������5LEEHG�F\OLQGULFDO�VKHOOV��.LHY��1DXNRYD�
GXPND�


