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ɍȾɄ�������������������������

ɏɚɧɥɚɪɨɜɚ�ɇ�Ⱥ���Ƚɚɞɠɢɟɜɚ�ɇ�Ɋ���Ʉɭɥɢɟɜɚ�ȼ�ȼ�

ȼɅɂəɇɂȿ�ɈɊɌɈɉɌɂɑȿɋɄɈȽɈ�Ʌȿɑȿɇɂə�ɂ�ɄɈɊɊȿɄɐɂɂ�
ȺɋɌɂȽɆȺɌɂɁɆȺ�ɇȺ�ɉɈɄȺɁȺɌȿɅɂ�ȺɄɄɈɆɈȾȺɐɂɂ�ɂ�ɎɍɁɂɂ�ɍ�
ɒɄɈɅɖɇɂɄɈȼ�ɋ�ɈɋɅȺȻɅȿɇɇɈɃ�ɄɈɇȼȿɊȽȿɇɐɂȿɃ�

ɇɚɰɢɨɧɚɥɶɧɵɣ�ɐɟɧɬɪ�Ɉɮɬɚɥɶɦɨɥɨɝɢɢ�ɢɦɟɧɢ�ɚɤɚɞɟɦɢɤɚ�Ɂɚɪɢɮɵ�Ⱥɥɢɟɜɨɣ��ɝ�Ȼɚɤɭ��Ⱥɡɟɪɛɚɣɞɠɚɧ

Ʉɥɸɱɟɜɵɟ�ɫɥɨɜɚ��ɚɫɬɢɝɦɚɬɢɡɦ��ɦɢɨɩɢɹ��ɤɨɧɜɟɪɝɟɧɰɢɹ

Ɇɢɨɩɢɹ�ɨɫɬɚɟɬɫɹ�ɨɞɧɨɣ�ɢɡ�ɫɨɰɢɚɥɶɧɨ�ɡɧɚɱɢɦɵɯ�ɩɪɨɛɥɟɦ�ɜ�ɨɮɬɚɥɶɦɨɥɨɝɢɢ��ɉɨ�ɪɚɡɧɵɦ�ɞɚɧɧɵɦ�����
����ɞɟɬɟɣ�ɞɨ����ɥɟɬ�ɢɦɟɸɬ�ɫɥɚɛɨɟ�ɡɪɟɧɢɹ��ɩɪɢɱɢɧɨɣ�ɤɨɬɨɪɨɣ�ɹɜɥɹɟɬɫɹ�ɦɢɨɩɢɹ��ɉɪɢ�ɦɢɨɩɢɢ�ɚɤɤɨɦɨɞɚɰɢɹ�
ɩɪɟɬɟɪɩɟɜɚɟɬ�ɡɧɚɱɢɬɟɥɶɧɵɟ�ɢɡɦɟɧɟɧɢɹ�ɢ�ɩɪɨɹɜɥɹɟɬɫɹ�ɩɨɧɢɠɟɧɧɨɣ�ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶɸ�ɰɢɥɢɚɪɧɨɣ�ɦɵɲ�
ɰɵ��ɧɚɱɢɧɚɸɳɟɟɫɹ�ɭɠɟ�ɩɪɢ�ɫɥɚɛɵɯ�ɫɬɟɩɟɧɹɯ��ȿɫɬɶ�ɨɫɧɨɜɚɧɢɹ�ɫɱɢɬɚɬɶ��ɱɬɨ�ɷɬɢ�ɧɚɪɭɲɟɧɢɹ�ɩɪɟɞɲɟɫɬɜɭɸɬ�
ɪɚɡɜɢɬɢɸ�ɦɢɨɩɢɢ��ɫɜɹɡɚɧɧɨɣ�ɫɨ�ɡɪɢɬɟɥɶɧɨɣ�ɧɚɝɪɭɡɤɨɣ�ɧɚ�ɛɥɢɡɤɨɦ�ɪɚɫɫɬɨɹɧɢɢ�ɢ�ɫɨɫɬɚɜɥɹɟɬ�ɟɟ�ɩɚɬɨɝɟɧɟɬɢ�
ɱɟɫɤɭɸ�ɨɫɧɨɜɭ�>�@�

ɋɥɚɛɨɫɬɶ� ɚɤɤɨɦɨɞɚɰɢɢ� ɢ� ɤɨɧɜɟɪɝɟɧɰɢɢ� ɩɪɢ�ɦɢɨɩɢɢ� ɩɪɢɜɨɞɹɬ� ɤ� ɹɜɥɟɧɢɹɦ�ɦɵɲɟɱɧɨɣ� ɚɫɬɟɧɨɩɢɢ�� ɩɟ�
ɪɢɨɞɢɱɟɫɤɨɦɭ��ɚ�ɡɚɬɟɦ�ɢ�ɤ�ɫɬɨɣɤɨɦɭ�ɪɚɫɯɨɞɹɳɟɦɭɫɹ�ɤɨɫɨɝɥɚɡɢɸ��ɉɨɫɥɟɞɧɟɦɭ�ɫɩɨɫɨɛɫɬɜɭɟɬ�ɞɢɫɫɨɰɢɚɰɢɹ�
ɚɤɤɨɦɨɞɚɰɢɢ�ɢ�ɤɨɧɜɟɪɝɟɧɰɢɢ��ɩɪɢɜɨɞɹɳɟɟ�ɤ�ɛɵɫɬɪɨɦɭ�ɭɬɨɦɥɟɧɢɸ�ɜɧɭɬɪɟɧɧɢɯ�ɩɪɹɦɵɯ�ɦɵɲɰ�ɧɚ�ɛɥɢɡɤɨɦ�
ɪɚɫɫɬɨɹɧɢɢ�ɩɪɢ�ɧɟɤɨɪɪɢɝɢɪɨɜɚɧɧɨɣ�ɦɢɨɩɢɢ��

ɇɨɪɦɚɥɢɡɚɰɢɹ� ɪɟɡɟɪɜɚ� ɨɬɧɨɫɢɬɟɥɶɧɨɣ� ɚɤɤɨɦɨɞɚɰɢɢ� ɫɩɨɫɨɛɫɬɜɭɟɬ� ɫɬɚɛɢɥɢɡɚɰɢɢ� ɢɫɯɨɞɧɨɣ� ɪɟɮɪɚɤɰɢɢ��
ɭɫɬɪɚɧɹɟɬ�ɚɫɬɟɧɨɩɢɱɟɫɤɢɟ�ɠɚɥɨɛɵ�ɢ�ɩɨɞɞɟɪɠɢɜɚɟɬ�ɜɵɫɨɤɭɸ�ɨɫɬɪɨɬɭ�ɡɪɟɧɢɹ�ɤɚɤ�ɫ�ɤɨɪɪɟɤɰɢɟɣ�ɬɚɤ�ɢ�ɛɟɡ�ɧɟɟ�>�@�

Ɉɛɹɡɚɬɟɥɶɧɵɦ� ɭɫɥɨɜɢɟɦ� ɞɥɹ� ɚɞɟɤɜɚɬɧɨɝɨ� ɜɟɞɟɧɢɹ� ɩɚɰɢɟɧɬɨɜ� ɫ�ɦɢɨɩɢɟɣ� ɹɜɥɹɟɬɫɹ� ɩɪɨɜɟɞɟɧɢɟ� ɰɟɥɨɝɨ�
ɤɨɦɩɥɟɤɫɚ�ɫɩɟɰɢɚɥɶɧɵɯ�ɨɛɫɥɟɞɨɜɚɧɢɣ��ɧɚ�ɨɫɧɨɜɚɧɢɢ�ɤɨɬɨɪɵɯ�ɪɟɲɚɟɬɫɹ�ɜɨɩɪɨɫ�ɨ�ɧɟɨɛɯɨɞɢɦɨɫɬɢ�ɩɪɢɦɟɧɟ�
ɧɢɹ�ɤɨɪɪɟɝɢɪɭɸɳɢɯ�ɢ�ɥɟɱɟɛɧɵɯ�ɫɪɟɞɫɬɜ�>�@�

Ʉɨɧɜɟɪɝɟɧɰɢɹ� ɢɝɪɚɟɬ� ɛɨɥɶɲɭɸ�ɪɨɥɶ� ɜ� ɛɢɧɨɤɭɥɹɪɧɨɦ� ɡɪɟɧɢɢ� ɢ� ɭ� ɞɟɬɟɣ� ɨɧɚ� ɧɟɪɟɞɤɨ� ɧɚɪɭɲɚɟɬɫɹ� ɩɪɢ�
ɷɤɡɨɮɨɪɢɢ��ɩɪɢɜɨɞɢɬ�ɤ�ɦɵɲɟɱɧɨɣ� ɚɫɬɟɧɨɩɢɢ��ɩɨɹɜɥɟɧɢɸ�ɢ�ɭɫɢɥɟɧɢɸ�ɦɢɨɩɢɢ�ɢ� ɫɩɨɫɨɛɫɬɜɭɟɬ�ɩɟɪɟɯɨɞɭ�
ɫɤɪɵɬɨɝɨ�ɤɨɫɨɝɥɚɡɢɹ�ɜ�ɹɜɧɭɸ�ɷɤɡɨɬɪɨɩɢɸ�>�@�

ɐɟɥɶɸ�ɧɚɫɬɨɹɳɟɝɨ�ɢɫɫɥɟɞɨɜɚɧɢɹ�ɹɜɢɥɚɫɶ�ɨɰɟɧɤɚ�ɷɮɮɟɤɬɢɜɧɨɫɬɢ�ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ�ɪɟɡɟɪɜɨɜ�ɚɤɤɨɦɨɞɚ�
ɰɢɢ�ɢ�ɤɨɧɜɟɪɝɟɧɰɢɢ��ɚ�ɬɚɤɠɟ�ɤɨɪɪɟɤɰɢɢ�ɚɫɬɢɝɦɚɬɢɡɦɚ�ɜ�ɭɫɬɪɚɧɟɧɢɢ�ɜɨɡɧɢɤɧɨɜɟɧɢɹ�ɪɚɫɯɨɞɹɳɟɝɨɫɹ�ɤɨɫɨɝɥɚ�
ɡɢɹ�ɭ�ɲɤɨɥɶɧɢɤɨɜ�ɫ�ɦɢɨɩɢɱɟɫɤɢɦ�ɚɫɬɢɝɦɚɬɢɡɦɨɦ�ɫɥɚɛɨɣ�ɫɬɟɩɟɧɢ�

Ɇɚɬɟɪɢɚɥ�ɢ�ɦɟɬɨɞɵ�ɢɫɫɥɟɞɨɜɚɧɢɹ�
ɉɨɞ�ɧɚɛɥɸɞɟɧɢɟɦ�ɧɚɯɨɞɢɥɨɫɶ����ɲɤɨɥɶɧɢɤɨɜ�ɫ�ɦɢɨɩɢɱɟɫɤɢɦ�ɚɫɬɢɝɦɚɬɢɡɦɨɦ�ɫɥɚɛɨɣ�ɫɬɟɩɟɧɢ�ɫ�ɨɫɥɚ�

ɛɥɟɧɧɨɣ�ɤɨɧɜɟɪɝɟɧɰɢɟɣ��ɋɬɟɩɟɧɶ�ɚɫɬɢɝɦɚɬɢɡɦɚ�ɭ�ɨɛɫɥɟɞɭɟɦɵɯ�ɲɤɨɥɶɧɢɤɨɜ�ɧɟ�ɩɪɟɜɵɲɚɥɚ�����'��ɩɪɢ�ɷɬɨɦ�
ɧɚɡɧɚɱɚɥɚɫɶ�ɩɨɥɧɚɹ�ɤɨɪɪɟɤɰɢɹ�ɞɥɹ�ɩɨɫɬɨɹɧɧɨɝɨ�ɧɨɲɟɧɢɹ�ɢ�ɩɪɢ�ɧɟɩɟɪɟɧɨɫɢɦɨɫɬɢ�±�ɛɨɥɟɟ�ɫɥɚɛɚɹ�ɞɥɹ�ɛɥɢɡɢ��
ɇɚɡɧɚɱɟɧɢɟ�ɤɨɪɪɟɤɰɢɢ� ɚɫɬɢɝɦɚɬɢɡɦɚ� ɫɥɚɛɨɣ� ɫɬɟɩɟɧɢ�ɞɨ�����'��ɩɨ�ɞɚɧɧɵɦ�ɪɚɡɥɢɱɧɵɯ�ɚɜɬɨɪɨɜ�� ɹɜɥɹɟɬɫɹ�
ɫɩɨɪɧɵɦ��ɜ�ɫɜɹɡɢ�ɫ�ɱɟɦ�ɦɵ�ɪɚɡɞɟɥɢɥɢ�ɨɛɫɥɟɞɭɟɦɵɯ�ɧɚ�ɞɜɟ�ɝɪɭɩɩɵ�

²� ,�ɝɪɭɩɩɚ�±����ɲɤɨɥɶɧɢɤɚ�����ɝɥɚɡɚ��ɫ�ɦɢɨɩɢɱɟɫɤɢɦ�ɚɫɬɢɝɦɚɬɢɡɦɨɦ�ɫɥɚɛɨɣ�ɫɬɟɩɟɧɢ�ɫ�ɤɨɪɪɟɤɰɢɟɣ�
ɛɟɡ�ɭɱɟɬɚ�ɚɫɬɢɝɦɚɬɢɡɦɚ�

²� ,,�ɝɪɭɩɩɚ�±����ɲɤɨɥɶɧɢɤɨɜ�����ɝɥɚɡɚ��ɫ�ɦɢɨɩɢɱɟɫɤɢɦ�ɚɫɬɢɝɦɚɬɢɡɦɨɦ�ɫɥɚɛɨɣ�ɫɬɟɩɟɧɢ��ɤɨɪɪɢɝɢɪɨ�
ɜɚɧɧɵɯ�ɫ�ɭɱɟɬɨɦ�ɚɫɬɢɝɦɚɬɢɡɦɚ�

ȼɨ�ɜɫɟɯ�ɫɥɭɱɚɹɯ�ɨɫɬɪɨɬɚ�ɡɪɟɧɢɹ�ɫ�ɤɨɪɪɟɤɰɢɟɣ�ɛɵɥɚ�ɪɚɜɧɚ�����
ȼɨɡɪɚɫɬ�ɲɤɨɥɶɧɢɤɨɜ�ɜɚɪɶɢɪɨɜɚɥ�ɨɬ���ɞɨ����ɥɟɬ��ɢɡ�ɧɢɯ�ɦɚɥɶɱɢɤɨɜ�ɛɵɥɨ�����ɞɟɜɨɱɟɤ�±�����Ɉɞɢɧɚɤɨɜɚɹ�

ɫɬɟɩɟɧɶ�ɦɢɨɩɢɱɟɫɤɨɝɨ�ɚɫɬɢɝɦɚɬɢɡɦɚ�ɛɵɥɚ�ɭ����ɲɤɨɥɶɧɢɤɨɜ�����ɝɥɚɡɚ���ɚɧɢɡɨɦɟɬɪɨɩɢɹ�ɫ�ɪɚɡɧɢɰɟɣ���������'�
ɭ����ɲɤɨɥɶɧɢɤɨɜ�����ɝɥɚɡɚ���

ɍ�ɜɫɟɯ�ɨɛɫɥɟɞɭɟɦɵɯ�ɨɬɦɟɱɚɥɨɫɶ�ɛɢɧɨɤɭɥɹɪɧɨɟ�ɡɪɟɧɢɟ��ɭɝɥɚ�ɤɨɫɨɝɥɚɡɢɹ�ɧɟ�ɛɵɥɨ��ɧɨ�ɩɪɢ�ɨɛɫɥɟɞɨɜɚɧɢɢ�
ɤɨɧɜɟɪɝɟɧɰɢɢ�ɨɬɦɟɱɚɥɚɫɶ� ɟɟ�ɧɟɞɨɫɬɚɬɨɱɧɨɫɬɶ��ɉɪɢ�ɢɡɨɦɟɬɪɢɱɟɫɤɨɣ�ɪɟɮɪɚɤɰɢɢ�ɫɥɚɛɨɫɬɶ�ɤɨɧɜɟɪɝɟɧɰɢɢ�� ɜ�
ɨɫɧɨɜɧɨɦ��ɧɨɫɢɥɚ�ɚɥɶɬɟɪɧɢɪɭɸɳɢɣ�ɯɚɪɚɤɬɟɪ��ɩɪɢ�ɚɧɢɡɨɦɟɬɪɨɩɢɢ�±�ɧɚ�ɫɬɨɪɨɧɟ�ɝɥɚɡɚ�ɫ�ɛɨɥɶɲɟɣ�ɪɟɮɪɚɤɰɢɟɣ�

ȼɫɟɦ�ɲɤɨɥɶɧɢɤɚɦ�ɩɪɨɜɨɞɢɥɚɫɶ�ɜɢɡɨɦɟɬɪɢɹ�ɛɟɡ�ɢ�ɫ�ɤɨɪɪɟɤɰɢɟɣ��ɨɩɪɟɞɟɥɟɧɢɟ�ɪɟɮɪɚɤɰɢɢ�ɫɤɢɚɫɤɨɩɢɟɣ�ɢ�
ɪɟɮɪɚɤɬɨɦɟɬɪɢɟɣ��ɨɩɪɟɞɟɥɟɧɢɟ�ɩɨɥɨɠɢɬɟɥɶɧɨɣ�ɱɚɫɬɢ�ɨɬɧɨɫɢɬɟɥɶɧɨɣ�ɚɤɤɨɦɨɞɚɰɢɢ�ɢ�ɩɨɥɨɠɢɬɟɥɶɧɨɣ�ɮɭɡɢɢ�
ɫ�ɤɨɪɪɟɤɰɢɟɣ�ɞɨ�ɢ�ɩɨɫɥɟ�ɥɟɱɟɧɢɹ��ɋɪɨɤ�ɧɚɛɥɸɞɟɧɢɹ���������ɝɨɞɚ��Ʌɟɱɟɧɢɟ�ɩɪɨɜɨɞɢɥɨɫɶ�ɜ�ɚɦɛɭɥɚɬɨɪɧɵɯ�ɭɫ�
ɥɨɜɢɹɯ�ɜ�ɬɟɱɟɧɢɢ����ɞɧɟɣ�ɫ�ɧɚɡɧɚɱɟɧɢɟɦ�ɦɚɝɧɢɬɨ��ɢ�ɥɚɡɟɪɬɟɪɚɩɢɢ��ɭɩɪɚɠɧɟɧɢɣ�ɧɚ�ɪɭɱɟɣɤɟ�ɢ�ɫ�ɩɪɢɡɦɚɦɢ��ɚ�
ɬɚɤɠɟ�ɧɚɡɧɚɱɚɥɢɫɶ�ɞɨɦɚɲɧɢɟ�ɭɩɪɚɠɧɟɧɢɹ�ɩɨ�ɪɚɡɜɢɬɢɸ�ɚɤɤɨɦɨɞɚɰɢɢ�ɢ�ɤɨɧɜɟɪɝɟɧɰɢɢ�
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Ɋɟɡɭɥɶɬɚɬɵ�ɢ�ɨɛɫɭɠɞɟɧɢɹ�
ɉɟɪɜɢɱɧɨɟ�ɨɛɫɥɟɞɨɜɚɧɢɟ�ɲɤɨɥɶɧɢɤɨɜ�ɩɨɤɚɡɚɥɨ�ɡɧɚɱɢɬɟɥɶɧɨɟ�ɫɧɢɠɟɧɢɟ�ɡɚɩɚɫɚ�ɨɬɧɨɫɢɬɟɥɶɧɨɣ�ɚɤɤɨɦɨ�

ɞɚɰɢɢ�ɢ�ɩɨɥɨɠɢɬɟɥɶɧɨɣ�ɮɭɡɢɢ�ɜ�ɨɛɟɢɯ�ɝɪɭɩɩɚɯ��Ɉɛɫɥɟɞɨɜɚɧɢɟ�ɩɪɨɜɨɞɢɥɨɫɶ�ɫ�ɤɨɪɪɟɤɰɢɟɣ��ȼɟɥɢɱɢɧɚ�ɩɨ�
ɥɨɠɢɬɟɥɶɧɨɣ�ɱɚɫɬɢ�ɨɬɧɨɫɢɬɟɥɶɧɨɣ�ɚɤɤɨɦɨɞɚɰɢɢ�ɤɨɥɟɛɚɥɚɫɶ�ɜ�ɩɪɟɞɟɥɚɯ���������'� �ɩɪɢ�ɧɨɪɦɟ���������'���
ɩɨɥɨɠɢɬɟɥɶɧɵɯ�ɮɭɡɢɨɧɧɵɯ�ɪɟɡɟɪɜɨɜ�ɜ�ɩɪɟɞɟɥɚɯ�������ɩɪɢɡɦ��ɞɩɬɪ�� �ɩɪɢ�ɧɨɪɦɟ�����������ɩɪɢɡɦ��ɞɩɬɪ����
Ɉɛɫɥɟɞɨɜɚɧɢɟ�ɩɪɨɜɨɞɢɥɨɫɶ�ɫ�ɤɨɪɪɟɤɰɢɟɣ�ɫ�ɩɨɦɨɳɶɸ�ɩɪɢɡɦ�

Ɉɫɬɪɨɬɚ�ɡɪɟɧɢɹ�ɜ�ɨɛɟɢɯ�ɝɪɭɩɩɚɯ�ɧɚɯɨɞɢɥɚɫɶ�ɜ�ɩɪɟɞɟɥɚɯ���������ɛɟɡ�ɤɨɪɪɟɤɰɢɢ�ɢ�����ɫ�ɤɨɪɪɟɤɰɢɟɣ��ɉɨɫɥɟ�
ɩɪɨɜɟɞɟɧɧɨɝɨ�ɥɟɱɟɧɢɹ�ɧɚɦɢ�ɩɨɥɭɱɟɧɵ�ɫɥɟɞɭɸɳɢɟ�ɪɟɡɭɥɶɬɚɬɵ�

,�ɝɪɭɩɩɚ�±�ɨɫɬɪɨɬɚ�ɡɪɟɧɢɹ�ɩɨɞɧɹɥɚɫɶ�ɧɚ����������ɜɨ�,,�ɝɪɭɩɩɟ�±�ɧɚ����������ɛɟɡ�ɤɨɪɪɟɤɰɢɢ��Ɉɛɴɟɦ�ɩɨɥɨɠɢ�
ɬɟɥɶɧɨɣ�ɱɚɫɬɢ�ɨɬɧɨɫɢɬɟɥɶɧɨɣ�ɚɤɤɨɦɨɞɚɰɢɢ�ɜ�,�ɝɪɭɩɩɟ�ɞɨɫɬɢɝ���������'��ɜ�ɫɪɟɞɧɟɦ���������'���ɜɨ�,,�ɝɪɭɩɩɟ�
±���������'��ɜ�ɫɪɟɞɧɟɦ������������'���ɞɢɚɝɪɚɦɦɚ����

3,3

3,7

3

I группа

I группа

II группа

II группа

3,5

4

Ⱦɢɚɝɪɚɦɦɚ����Ɉɛɴɟɦ�ɩɨɥɨɠɢɬɟɥɶɧɨɣ�ɱɚɫɬɢ�ɨɬɧɨɫɢɬɟɥɶɧɨɣ�ɚɤɤɨɦɨɞɚɰɢɢ

ɉɨɫɥɟ�ɥɟɱɟɧɢɹ�ɪɟɡɟɪɜ�ɩɨɥɨɠɢɬɟɥɶɧɨɣ�ɮɭɡɢɢ�ɞɨɫɬɢɝ�ɜ�,�ɝɪɭɩɩɟ�±�����������ɩɪɢɡɦ��ɞɩɬɪ���ɜ�ɫɪɟɞɧɟɦ������
��������ɜɨ�,,�ɝɪɭɩɩɟ�±�����������ɩɪɢɡɦ��ɞɩɬɪ���ɜ�ɫɪɟɞɧɟɦ���������������ɞɢɚɝɪɚɦɦɚ�����

20,5

19,7

20,6

I группа

II группа

21

призм.

дптр.

20

19,5

19

Ⱦɢɚɝɪɚɦɦɚ����Ɋɟɡɟɪɜ�ɩɨɥɨɠɢɬɟɥɶɧɨɣ�ɮɭɡɢɢ

ɍɥɭɱɲɟɧɢɟ�ɫɨɫɬɨɹɧɢɹ�ɚɤɤɨɦɨɞɚɰɢɢ�ɢ�ɮɭɡɢɢ�ɩɨɥɨɠɢɬɟɥɶɧɨ�ɫɤɚɡɵɜɚɟɬɫɹ�ɧɚ�ɫɨɫɬɨɹɧɢɢ�ɤɨɧɜɟɪɝɟɧɰɢɢ�ɢ�
ɫɬɟɩɟɧɶ�ɩɪɨɝɪɟɫɫɢɪɨɜɚɧɢɹ�ɦɢɨɩɢɢ��

ɍɥɭɱɲɟɧɢɟ�ɤɨɧɜɟɪɝɟɧɰɢɢ�ɜ�,�ɝɪɭɩɩɟ�ɨɬɦɟɱɚɥɨɫɶ�ɭ���������ɲɤɨɥɶɧɢɤɨɜ���ɩɨɥɧɨɟ�ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ�±�����
���ɲɤɨɥɶɧɢɤɨɜ���ɛɟɡ�ɩɟɪɟɦɟɧ�±��������ɲɤɨɥɶɧɢɤɚ��

ȼɨ� ,,� ɝɪɭɩɩɟ�ɭɥɭɱɲɟɧɢɟ�ɤɨɧɜɟɪɝɟɧɰɢɢ�ɨɬɦɟɱɚɥɨɫɶ�ɭ���������ɲɤɨɥɶɧɢɤɨɜ���ɩɨɥɧɨɟ�ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ�±�
��������ɲɤɨɥɶɧɢɤɨɜ���ɛɟɡ�ɩɟɪɟɦɟɧ�±�������ɲɤɨɥɶɧɢɤɚ���ɞɢɚɝɪɚɦɦɚ����
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I группа

II группа

8

Ⱦɢɚɝɪɚɦɦɚ����ȼɨɫɫɬɚɧɨɜɥɟɧɢɟ�ɤɨɧɜɟɪɝɟɧɰɢɢ�ɛɨɥɶɧɵɯ�ɫ�ɦɢɨɩɢɱɟɫɤɢɦ�ɚɫɬɢɝɦɚɬɢɡɦɨɦ

ɉɨɜɬɨɪɧɨɟ�ɨɛɫɥɟɞɨɜɚɧɢɟ�ɱɟɪɟɡ���������ɝɨɞɚ�ɜɵɹɜɢɥɨ�ɩɪɨɝɪɟɫɫɢɪɨɜɚɧɢɟ�ɦɢɨɩɢɢ�ɜ�,�ɝɪɭɩɩɟ��������ɲɤɨɥɶ�
ɧɢɤɚ��� ɜɨ� ,,� ɝɪɭɩɩɟ� ±� ��� ���ɲɤɨɥɶɧɢɤɚ��� ɫɧɢɠɟɧɢɟ�ɩɨɤɚɡɚɬɟɥɟɣ� ɚɤɤɨɦɨɞɚɰɢɢ�ɢ�ɮɭɡɢɢ� ɜ� ,� ɝɪɭɩɩɟ� ������
��ɲɤɨɥɶɧɢɤɨɜ���ɜɨ�,,�ɝɪɭɩɩɟ�±����������ɲɤɨɥɶɧɢɤɨɜ��

ɋɧɢɠɟɧɢɟ�ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ� ɩɨɤɚɡɚɬɟɥɟɣ� ɢ� ɩɪɨɝɪɟɫɫɢɪɨɜɚɧɢɟ�ɦɢɨɩɢɢ� ɨɬɦɟɱɚɥɨɫɶ� ɭ� ɬɟɯ�ɲɤɨɥɶɧɢɤɨɜ��
ɤɨɬɨɪɵɟ�ɧɟ�ɫɨɛɥɸɞɚɥɢ�ɪɟɠɢɦ�ɡɪɢɬɟɥɶɧɨɣ�ɪɚɛɨɬɵ�ɧɚ�ɛɥɢɡɤɨɦ�ɪɚɫɫɬɨɹɧɢɢ�ɢ�ɧɟɪɟɝɭɥɹɪɧɨ�ɩɨɫɟɳɚɥɢ�ɨɛɫɥɟ�
ɞɨɜɚɧɢɟ�ɢ�ɥɟɱɟɧɢɟ�

ȼɵɜɨɞɵ�
Ɋɟɡɭɥɶɬɚɬɵ�ɢɫɫɥɟɞɨɜɚɧɢɣ�ɩɨɤɚɡɚɥɢ�ɧɟɤɨɬɨɪɨɟ�ɭɥɭɱɲɟɧɢɟ�ɩɨɤɚɡɚɬɟɥɟɣ� ɚɤɤɨɦɨɞɚɰɢɢ�ɢ�ɮɭɡɢɢ�� ɚ� ɬɚɤɠɟ�

ɫɥɚɛɨɫɬɢ�ɤɨɧɜɟɪɝɟɧɰɢɢ�ɜɨ�,,�ɝɪɭɩɩɟ��ȼɢɞɢɦɨ��ɤɨɪɪɟɤɰɢɹ��ɞɚɠɟ�ɫɥɚɛɨɣ�ɫɬɟɩɟɧɢ�ɚɫɬɢɝɦɚɬɢɡɦɚ�ɞɨ�����'��ɩɪɢ�
ɜɨɞɢɬ�ɤ�ɩɨɥɧɨɦɭ�ɫɧɹɬɢɸ�ɧɚɩɪɹɠɟɧɢɹ�ɚɤɤɨɦɨɞɚɰɢɢ�ɢ�ɤɨɧɜɟɪɝɟɧɰɢɢ�ɢ�ɩɪɢ�ɷɬɨɦ�ɧɟ�ɫɨɡɞɚɸɬɫɹ�ɞɨɩɨɥɧɢɬɟɥɶ�
ɧɵɟ�ɭɫɥɨɜɢɹ�ɞɥɹ�ɪɚɡɜɢɬɢɹ�ɫɩɚɡɦɚ�ɚɤɤɨɦɨɞɚɰɢɢ��ɦɵɲɟɱɧɨɣ�ɚɫɬɟɧɨɩɢɢ��ɩɪɢɜɨɞɹɳɢɯ�ɤ�ɜɵɲɟɭɤɚɡɚɧɧɵɦ�ɨɫ�
ɥɨɠɧɟɧɢɹɦ�

ɇɚ� ɨɫɧɨɜɚɧɢɢ� ɩɨɥɭɱɟɧɧɵɯ� ɞɚɧɧɵɯ� ɪɟɤɨɦɟɧɞɨɜɚɧɨ� ɧɚɡɧɚɱɟɧɢɟ� ɩɨɥɧɨɣ� ɤɨɪɪɟɤɰɢɢ� ɦɢɨɩɢɢ� ɫ� ɭɱɟɬɨɦ�
ɚɫɬɢɝɦɚɬɢɡɦɚ�ɫɥɚɛɨɣ�ɫɬɟɩɟɧɢ�ɫ�ɰɟɥɶɸ�ɭɫɬɪɚɧɟɧɢɹ�ɞɢɜɟɪɝɟɧɰɢɢ��ɩɪɢɜɨɞɹɳɟɣ�ɜ�ɞɚɥɶɧɟɣɲɢɦ�ɤ�ɷɤɡɨɮɨɪɢɢ��

ɅɂɌȿɊȺɌɍɊȺ

��� 0ԥPPԥGRY�0�&���;DQODURYD�1�Ԥ���+DFÕ\HYD�1�5��� 6ԥIԥURY�6�h��0ԥNWԥE\DúOÕ� XúDTODUGD�PLRSL\DQÕQ�
SURTUHVVLYOԥúPԥVLQGԥ�DNNRPRGDVL\DQÕQ�]ԥLÀL\LQLQ�Yԥ�VSD]PÕQ�UROX����$]ԥUE��7LEE�-XUQDOÕ��%DNÕ��������
ʋ���V��������

��� Ȼɨɪɨɞɢɧɚ�ɇ�ȼ���Ʉɚɪɚɩɟɬɹɧ�Ⱥ�Ɍ��Ⱥɧɚɬɨɦɨ�ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ�ɩɨɤɚɡɚɬɟɥɢ�ɝɥɚɡɚ�ɢ�ɪɚɡɜɢɬɢɟ�ɦɢɨɩɢɢ����
ȼɟɫɬɧ��ɨɮɬɚɥɶɦ���������ʋ���ɫ�������

��� ɏɚɧɥɚɪɨɜɚ�ɇ�Ⱥ���Ƚɚɞɠɢɟɜɚ�ɇ�Ɋ��ȼɥɢɹɧɢɟ�ɫɨɫɬɨɹɧɢɹ�ɨɬɧɨɫɢɬɟɥɶɧɨɣ�ɚɤɤɨɦɨɞɚɰɢɢ�ɧɚ�ɩɪɨɰɟɫɫ�ɫɬɚɛɢ�
ɥɢɡɚɰɢɢ�ɦɢɨɩɢɢ����Ɉɮɬɚɥɶɦɨɥɨɝɢɹ��Ȼɚɤɭ��������ʋ������ɫ���������

;DQODURYD�1�Ԥ���+DFÕ\HYD�1�5���4XOL\HYD�9�9�

=Ԥø)�.219(5*(16ø<$6,�2/$1�0Ԥ.7Ԥ%<$ù/,�8ù$4/$5'$�257237ø.�
0h$/ø&Ԥ1ø1�9Ԥ�$67ø40$7ø=0ø1�.255(.6ø<$6,1,1�$..202'$6ø<$�
9Ԥ�)8=ø<$�*g67Ԥ5ø&ø/Ԥ5ø1Ԥ�7Ԥ6ø5ø�

$NDGHPLN�=ΩULIΩ�ΨOL\HYD�DGÕQD�0LOOL�2IWDOPRORJL\D�0ΩUNΩ]L��%DNÕ�úΩK���$]ΩUED\FDQ

$oDU�V|]OԥU��DVWLTPDWL]P��PLRSL\D��NRQYHUJHQVL\D

;h/$6Ԥ

0ԥTVԥG�� =ԥLI� GԥUԥFԥOL� PLRSLN� DVWLTPDWL]PL� RODQ� PԥNWԥE\DúOÕ� XúDTODUGD� [DULFL� oԥSJ|]O�\�Q� \DUDQPDVÕQÕQ�
NԥQDU�HGLOPԥVLQGԥ�DNNRPRGDVL\D�HKWL\DWÕQÕQ�Yԥ�NRQYHUJHQVL\DVÕQÕQ�KԥPoLQLQ�DVWLTPDWL]P�NRUUHNVL\DVÕQÕQ�EԥUSDVÕ�
HIIHNWLYOL\LQLQ�TL\PԥWOԥQGLULOPԥVL�
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0DWHULDO�Yԥ�PHWRGODU��0�úDKLGԥ�DOWÕQGD�]ԥLÀԥPLú�NRQYHUJHQVL\D�LOԥ�]ԥLI�GԥUԥFԥOL�PLRSLN�DVWLTPDWL]PL�RODQ����
PԥNWԥEOL��RQODUGDQ����QԥIԥUL�R÷ODQ�����QԥIԥUL�TÕ]��LNL�TUXSD�E|O�QP�úG�U��,�TUXS�±�DVWLTPDWLTP�Qԥ]ԥUԥ�DOÕQPDGDQ�
NRUUHNVL\D�LOԥ�]ԥLI�GԥUԥFԥOL�PLRSLN�DVWLTPDWL]PL�RODQ����PԥNWԥEOL�����J|]���,,�TUXS�±�DVWLTPDWL]P�Qԥ]ԥUԥ�DOÕQDUDT�
NRUUHNVL\D�HGLOPLú�]ԥLI�GԥUԥFԥOL�PLRSLN�DVWLTPDWL]PL�RODQ����PԥNWԥEOL�����J|]��

%�W�Q�KDOODUGD�NRUUHNVL\D�LOԥ�J|UPԥ�LWLOL\L�����EԥUDEԥU�ROPXúGXU�
1ԥWLFԥ�Yԥ�RQODUÕQ�P�]DNLUԥVL��$SDUÕODQ�P�DOLFԥGԥQ�VRQUD�DúD÷ÕGDNÕ�QԥWLFԥOԥU�ԥOGԥ�HGLOLE��,�TUXSGD�±�J|UPԥ�

LWLOL\L�±���������ԥ�TԥGԥU�DUWPÕúGÕU��,,�TUXSGD�±�NRUUHNVL\DVÕ]����������ԥ�TԥGԥU�DUWPÕúGÕU��1LVEL�DNNRPRGDVL\DQÕQ�
P�VEԥW� KLVVԥVLQLQ� KԥFPL� ,� TUXSGD� ��������'� �RUWD� KHVDEOD� ����'��� ,,� TUXSGD� ±� ��������'� �RUWD� KHVDEOD� ����'��
oDWPÕúGÕU�

0�DOLFԥGԥQ�VRQUD�P�VEԥW�IX]L\DQÕQ�HKWL\DWÕ�,�TUXSGD�����������SUL]P��GSWU���RUWD�KHVDEOD��������,,�TUXSGD�±�
����������SUL]P��GSWU���RUWD�KHVDEOD�������oDWPÕúGÕU��

,� TUXSGD� NRQYHUJHQVL\DQÕQ� \D[úÕODúPDVÕ� ����Gԥ� ����PԥNWԥEOL��� WDP� EԥUSD� ROPDVÕ� ±� ����Gԥ� ���PԥNWԥEOL���
Gԥ\LúLNVL]�TDOPDVÕ�±�����Gԥ����PԥNWԥEOL��TH\G�HGLOPLúGLU�

,,�TUXSGD�NRQYHUJHQVL\DQÕQ�\D[úÕODúPDVÕ�����Gԥ�����PԥNWԥEOL��� WDP�EԥUSD�ROPDVÕ�±�����Gԥ�����PԥNWԥEOL���
Gԥ\LúLNVL]�TDOPDVÕ�±����Gԥ����PԥNWԥEOL��TH\G�HGLOPLúGLU�

�������� LOGԥQ� VRQUD� NHoLULOԥQ� WԥNUDU� P�D\LQԥGԥ� ,� TUXSGD� ���� ��� PԥNWԥEOL��� ,,� TUXSGD� ±� ��� ��� PԥNWԥEOL��
PLRSL\DQÕQ�SURTUHVVLYOԥúPԥVL�� ,�TUXSGD����������PԥNWԥEOL��� ,,�TUXSGD�±����������PԥNWԥEOL��DNNRPRGDVL\D�Yԥ�
IX]L\D�J|VWԥULFLOԥULQLQ�HQPԥVL�DúNDU�HGLOPLúGLU�

<HNXQ�� 7ԥGTLTDWÕQ� QԥWLFԥOԥUL� DNNRPRGDVL\D� Yԥ� IX]L\D� J|VWԥULFLOԥULQLQ�� KԥPoLQLQ� NRQYHUJHQVL\D� ]ԥLÀL\LQLQ�
,,� TUXSGD� ELU� TԥGԥU� \D[úÕODúPDVÕQÕ� J|VWԥUPLúGLU�� *|U�Q�U� NL�� KԥWWD� ���� '� TԥGԥU� ]ԥLI� GԥUԥFԥOL� DVWLTPDWL]PLQ�
NRUUHNVL\DVÕ��DNNRPRGDVL\D�Yԥ�NRQYHUJHQVL\D�JԥUJLQOL\LQLQ�WDP�J|W�U�OPԥVLQԥ�JԥWLULU�Yԥ�EX�]DPDQ��\X[DUÕGD�TH\G�
ROXQDQ�IԥVDGODUD�VԥEԥE�RODQ�DNNRPRGDVL\D�VSD]PÕQÕQ��ԥ]ԥOԥ�DVWHQRSL\DVÕQÕQ�DUWPDVÕ��o�Q�ԥODYԥ�úԥUDLW�\DUDQPÕU�

$OÕQDQ�QԥWLFԥOԥUԥ�ԥVDVODQDUDT��HN]RIRUL\D�LOԥ�QԥWLFԥOԥQԥQ�GLYHUJHQVL\DQÕQ�DUDGDQ�TDOGÕUÕOPDVÕ�PԥTVԥGLOԥ�]ԥLI�
GԥUԥFԥOL�DVWLTPDWL]PL�Qԥ]ԥUԥ�DODUDT�PLRSL\DQÕQ�WDP�NRUUHNVL\DVÕ�PԥVOԥKԥW�J|U�O�U�

.KDQODURYD�1�$���*DGMLHYD�1�5���*XOL\HYD�9�9�

,1)/8(1&(�2)�257237,&�75($70(17�$1'�$67,*0$7,60�
&255(&7,21�21�7+(�,1',&$7,216�2)�$&&202'$7,21�$1'�)86,21�
,1�6&+22/&+,/'5(1�:,7+�:($.(1('�&219(5*(17,21�

1DWLRQDO�&HQWUH�RI�2SWKDOPRORJ\�QDPHG�DIWHU�DFDG��=DULID�$OL\HYD��%DNX��$]HUEDLMDQ�

.H\�ZRUGV��DVWLJPDWLVP��P\RSLD��FRQYHUJHQWLRQ

6800$5<

7KH�VWXG\�DLPHG�WR�LQYHVWLJDWH�WKH�HI¿FLDF\�RI�UHKDELOLWDWLRQ�RI�DFFRPPRGDWLRQ�DQG�DVWLJPDWLVP�FRQYHUJHQWLRQ�
UHVHUYHV� LQ� WKH� UHPRYDO�RI�GLYHUJHQW�VTXLQW�EHJLQQLQJ� LQ�VFKRROFKLOGUHQ�ZLWK� WKH�P\RSLF�DVWLJPDWLVP�RI�ZHDN�
GHJUHH�

0DWHULDO� DQG� PHWKRGV�� ��� VFKRROFKLOGUHQ� ���� ER\V�� ��� JLUOV�� ZLWK� P\RSLF� DVWLJPDWLVP� RI� ZHDN� GHJUHH�
ZLWK�WKH�ZHDNHQHG�FRQYHUJHQWLRQ�ZHUH�XQGHU�REVHUYDWLRQ�DQG�WKH\�ZHUH�GLYLGHG�LQWR�WZR�JURXSV��,�JURXS�±����
VFKRROFKLOGUHQ�����H\HV��ZLWK�P\RSLF�DVWLJPDWLVP�RI�ZHDN�GHJUHH�ZLWK�FRUUHFWLRQ�ZLWKRXW�DVWLJPDWLVP��,,�JURXS�±�
���VFKRROFKLOGUHQ�����H\HV��ZLWK�ZHDN�GHJUHH�P\RSLF�DVWLJPDWLVP�FRUUHFWHG�LQ�UHVSHFW�RI�DVWLJPDWLVP�

,Q�DOO�FDVHV�WKH�YLVXDO�DFXLW\�ZLWK�FRUUHFWLRQ�ZDV�����
5HVXOWV�DQG�GLVFXVVLRQ��$IWHU�WKH�SHUIRUPHG�WUHDWPHQW�ZH�KDG�REWDLQHG�WKH�IROORZLQJ�UHVXOWV�� � ,� JURXS� ±�

YLVXDO� DFXLW\�KDG� WR�EH� LQFUHDVHG�RQ���������� LQ� WKH� ,,�JURXS�±�RQ����������ZLWKRXW� FRUUHFWLRQ��7KH�YROXPH�RI�
SRVLWLYH�SDUW�RI�UHODWLYH�DFFRPPRGDWLRQ�LQ�WKH�,�JURXS�DFKLHYHV�WR���������'��PHDQ���������'���LQ�WKH�,,�JURXS�±�
��������'��PHDQ����������'��

$IWHU� WUHDWPHQW� WKH�UHVHUYH�RI�SRVLWLYH�IXVLRQ�LQ�,�JURXS�ZDV�����������SULVP��GSWU���PHDQ������������ LQ�WKH�
VHFRQG�RQH�±�����������SULVP��GSWU���PHDQ������������
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,PSURYHPHQW�RI�FRQYHUJHQWLRQ�LQ�,�JURXS�ZDV�QRWHG�LQ���������SXSLOV������IXOO�UHVWRUHG�±�LQ��������FKLOGUHQ�
������ZLWKRXW�DQ\�FKDQJHV�±�LQ��������FKLOGUHQ������

,Q� WKH� ,,�JURXS� WKH� LPSURYHPHQW�RI�FRQYHUJHQWLRQ�ZDV�QRWHG� LQ���������FKLOGUHQ�� IXOO� UHVWRUHG�±���������
VFKRROFKLOGUHQ���ZLWKRXW�DQ\�FKDQJHV�±�������FKLOGUHQ��

7KH�UHSHDWHG�H[DPLQDWLRQ�DIWHU�������\HDUV�KDG�UHYHDOHG�WKH�SURJUHVV�RI�P\RSLD�LQ�,�JURXS�±��������FKLOGUHQ���
LQ�,,�JURXS�±�������FKLOGUHQ���GHFUHDVH�RI�DFFRPPRGDWLRQ�DQG�IXVLRQ�LQGLFHV�LQ�,�JURXS�ZDV����������FKLOGUHQ���
LQ�,,�JURXS�±����������FKLOGUHQ��

&RQFOXVLRQV��7KH�UHVXOWV�RI�LQYHVWLJDWLRQV�LQGLFDWHG�VRPH�LPSURYHPHQW�RI�DFFRPPRGDWLRQ�DQG�IXVLRQ�LQGLFHV��
DQG�DOVR�ZHDNHQLQJ�RI�FRQYHUJHQWLRQ�LQ�,,�JURXS��$SSDUHQWO\��FRUUHFWLRQ�RI�HYHQ�ZHDN�GHJUHH�RI�DVWLJPDWLVP�XS�WR�
����'�OHDGV�WR�WKH�IXOO�UHPRYDO�RI�DFFRPPRGDWLRQ�DQG�FRQYHUJHQWLRQ�VWUDLQ��DQG�KHUH�ZLWK�WKHUH�LV�QR�DQ\�DGGLWLRQDO�
FRQGLWLRQV�IRU�GHYHORSPHQW�RI�VSDVP�RI�DFFRPPRGDWLRQ���PXVFXODU�DVWKHQRSLD�OHDGLQJ�WR�WKH�DERYH�FRPSOLFDWLRQV�

2Q�WKH�EDVH�RI�WKH�REWDLQHG�GDWD�ZH�UHFRPPHQG�WKH�SUHVFULSWLRQ�RI�FRPSOHWH�FRUUHFWLRQ�RI�P\RSLD�WDNLQJ�LQWR�
FRQVLGHUDWLRQ�WKH�ZHDN�GHJUHH�DVWLJPDWLVP�ZLWK�WKH�DLP�RI�UHPRYDO�RI�GLYHUJDWLRQ�OHDGLQJ�WR�IXWXUH�H[RIRULD�
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