
ȼɵɩɭɫɤ�����ɉɈɊɈȾɈɊȺɁɊɍɒȺɘɓɂɃ�ɂ�ɆȿɌȺɅɈɈȻɊȺȻȺɌɕȼȺɘɓɂɃ�ɂɇɋɌɊɍɆȿɇɌ�± ɌȿɏɇɂɄȺ
ɂ�ɌȿɏɇɈɅɈȽɂə�ȿȽɈ�ɂɁȽɈɌɈȼɅȿɇɂə�ɂ�ɉɊɂɆȿɇȿɇɂə

���

ɍȾɄ����������

ȼ� ɋ� ɉɚɧɨɜ��ɀ� ȼ� ȿɪɟɦɟɟɜɚ� ɞɨɤɬɨɪɚ�ɬɟɯɧɢɱɟɫɤɢɯ�ɧɚɭɤ�
ɇ� ɇ� ɀɟɪɞɢɰɤɚɹ� ɤɚɧɞ��ɬɟɯɧ� ɧɚɭɤ� ȿ�ȼ�Ⱥɩɨɫɬɨɥɨɜɚ

ɎȽɈɍ�ȼɉɈ�ɇɚɰɢɨɧɚɥɶɧɵɣ�ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ�ɬɟɯɧɢɱɟɫɤɢɣ�ɭɧɢɜɟɪɫɢɬɟɬ�Ɇɂɋɢɋ��Ɇɨɫɤɜɚ��Ɋɨɫɫɢɹ

ɈɋɈȻȿɇɇɈɋɌɂ�ɉɊɂɆȿɇȿɇɂə�ɇȺɇɈɊȺɁɆȿɊɇɕɏ�ɍɉɊɈɑɇəɘɓɂɏ�ȾɈȻȺȼɈɄ�ȼ�
ɌȿɏɇɈɅɈȽɂɂ�ɉɈɊɈɒɄɈȼɕɏ�ɋɌȺɅȿɃ

Ʉɨɧɟɱɧɵɦ� ɪɟɡɭɥɶɬɚɬɨɦ� ɬɟɯɧɨɥɨɝɢɢ� ɝɨɪɹɱɟɣ� ɲɬɚɦɩɨɜɤɢ� �Ƚɒ�� ɹɜɥɹɟɬɫɹ� ɨɛɟɫɩɟɱɟɧɢɟ�
ɬɪɟɛɭɟɦɨɣ� ɫɬɪɭɤɬɭɪɵ� ɢ� ɧɟɨɛɯɨɞɢɦɵɯ� ɫɜɨɣɫɬɜ� ɦɚɬɟɪɢɚɥɨɜ�� ɉɨɷɬɨɦɭ� ɡɧɚɱɢɦɨɫɬɶ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ�
ɡɚɝɨɬɨɜɤɢ� �ɩɨɪɢɫɬɨɫɬɶ�� ɩɪɨɱɧɨɫɬɶ� ɧɚ� ɫɠɚɬɢɟ� ɢ� ɩɪɨɱɧɨɫɬɶ� ɧɚ� ɪɚɫɬɹɠɟɧɢɟ�� ɬɜɟɪɞɨɫɬɶ���
ɩɪɟɬɟɪɩɟɜɚɸɳɢɯ� ɢɡɦɟɧɟɧɢɹ� ɧɚ� ɨɬɞɟɥɶɧɵɯ� ɷɬɚɩɚɯ� ɩɪɨɢɡɜɨɞɫɬɜɚ� ɝɨɪɹɱɟɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ�
ɩɨɪɨɲɤɨɜɨɝɨ� ɦɚɬɟɪɢɚɥɚ� �ȽȾɉɆ��� ɧɚɩɪɢɦɟɪ�� ɩɨɫɥɟ� ɫɩɟɤɚɧɢɹ�� ɨɩɪɟɞɟɥɹɟɬɫɹ� ɬɟɦ�� ɜ� ɤɚɤɨɣ� ɫɬɟɩɟɧɢ�
ɩɚɪɚɦɟɬɪɵ� ɩɪɨɰɟɫɫɚ� ɢ� ɢɫɩɨɥɶɡɭɟɦɵɟ� ɤɨɦɩɨɧɟɧɬɵ� ɜɥɢɹɸɬ� ɧɚ� ɩɪɨɬɟɤɚɧɢɟ� ɩɪɨɰɟɫɫɨɜ� ɭɩɥɨɬɧɟɧɢɹ��
ɞɟɮɨɪɦɚɰɢɢ�ɢ�ɦɟɠɱɚɫɬɢɱɧɨɝɨ�ɫɪɚɳɢɜɚɧɢɹ�ɩɪɢ��Ƚɒ��

Ʉɥɸɱɟɜɵɟ� ɫɥɨɜɚ�� ɩɨɪɨɲɤɨɜɵɟ� ɫɬɚɥɢ�� ɧɚɧɨɪɚɡɦɟɪɧɵɟ� ɞɨɛɚɜɤɢ�� ɩɨɪɢɫɬɨɫɬɶ�� ɝɨɪɹɱɚɹ�
ɲɬɚɦɩɨɜɤɚ��ɬɟɦɩɟɪɚɬɭɪɚ�ɝɨɪɹɱɟɣ�ɲɬɚɦɩɨɜɤɢ��ɫɬɟɩɟɧɶ�ɞɟɮɨɪɦɚɰɢɢ

ɐɟɥɶ� ɪɚɛɨɬɵ� ɡɚɤɥɸɱɚɥɚɫɶ� ɜ� ɢɫɫɥɟɞɨɜɚɧɢɢ� ɜɥɢɹɧɢɹ� ɩɨɪɢɫɬɨɫɬɢ� ɡɚɝɨɬɨɜɤɢ�� ɯɚɪɚɤɬɟɪɢɫɬɢɤ�
ɤɨɦɩɨɧɟɧɬɨɜ�ɲɢɯɬɵ�ɢ�ɬɟɦɩɟɪɚɬɭɪɵ�ɝɨɪɹɱɟɣ�ɲɬɚɦɩɨɜɤɢ�ɧɚ�ɫɬɪɭɤɬɭɪɭ��ɦɟɯɚɧɢɱɟɫɤɢɟ�ɢ�ɤɨɪɪɨɡɢɨɧɧɵɟ�
ɫɜɨɣɫɬɜɚ�ȽȾɉɆ�

ɂɫɩɨɥɶɡɭɟɦɵɟ�ɦɚɬɟɪɢɚɥɵ�ɢ�ɦɟɬɨɞɢɤɚ�ɩɨɥɭɱɟɧɢɹ�ɨɛɪɚɡɰɨɜ
ȼ�ɪɚɛɨɬɟ�ɩɪɟɞɫɬɚɜɥɟɧɵ�ɜɚɪɢɚɧɬɵ�ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ�ɩɪɨɰɟɫɫɨɜ�ɩɨɥɭɱɟɧɢɹ�ɩɨɪɨɲɤɨɜɵɯ�ɫɬɚɥɟɣ��

ɥɟɝɢɪɨɜɚɧɧɵɯ� ɧɚɧɨɪɚɡɦɟɪɧɵɦɢ� ɞɨɛɚɜɤɚɦɢ�� ɩɪɢ� ɤɨɬɨɪɵɯ�� ɨɩɪɟɞɟɥɹɹ� ɧɚɢɛɨɥɟɟ� ɛɥɚɝɨɩɪɢɹɬɧɨɟ�
ɫɨɨɬɧɨɲɟɧɢɟ� ɜɜɨɞɢɦɨɣ� ɧɚɧɨɪɚɡɦɟɪɧɨɣ� ɞɨɛɚɜɤɢ�� ɫɩɨɫɨɛɚ� ɫɦɟɲɢɜɚɧɢɹ� ɢ� ɪɟɠɢɦɨɜ� ɫɩɟɤɚɧɢɹ�� ɦɨɠɧɨ�
ɞɨɛɢɬɶɫɹ�ɜɵɫɨɤɢɯ�ɫɜɨɣɫɬɜ�ɦɚɬɟɪɢɚɥɚ�

Ⱦɥɹ� ɢɡɝɨɬɨɜɥɟɧɢɹ� ɩɨɪɨɲɤɨɜɵɯ� ɢɡɞɟɥɢɣ� ɤɨɧɫɬɪɭɤɰɢɨɧɧɨɝɨ� ɧɚɡɧɚɱɟɧɢɹ� ɜ� ɰɟɯɟ� ɩɨɪɨɲɤɨɜɨɣ�
ɦɟɬɚɥɥɭɪɝɢɢ� ɈȺɈ� ©ȺɜɬɨȼȺɁª� ɢɫɩɨɥɶɡɭɸɬɫɹ� ɠɟɥɟɡɧɵɟ� ɩɨɪɨɲɤɢ� ɪɚɡɥɢɱɧɵɯ� ɦɚɪɨɤ�� ɇɚɢɛɨɥɶɲɟɟ�
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ�ɩɨɥɭɱɢɥɢ�ɜɨɫɫɬɚɧɨɜɥɟɧɧɵɟ�ɢ�ɪɚɫɩɵɥɟɧɧɵɟ�ɠɟɥɟɡɧɵɟ�ɩɨɪɨɲɤɢ��

ȼ�ɪɚɛɨɬɟ�ɢɫɫɥɟɞɨɜɚɥɢ�ɜɥɢɹɧɢɟ�ɩɨɪɨɲɤɨɜ�ɦɚɪɨɤ�ɉɀȼ�����������ɉɀɊ�����������ɉɀȼ����������
ɝɪɚɮɢɬ� ɤɚɪɚɧɞɚɲɧɵɣ� �ȽɄ�� ɢ� ɪɚɡɥɢɱɧɵɟ� ɜɢɞɵ� ɧɚɧɨɪɚɡɦɟɪɧɵɯ� ɞɨɛɚɜɨɤ� ɭɝɥɟɪɨɞɧɵɟ� ɧɚɧɨɜɨɥɨɤɧɚ�
©Ɍɚɭɧɢɬª��ɧɚɧɨ�6L�1��ɢ�ɧɚɧɨ�$O�2��ɧɚ�ɫɬɪɭɤɬɭɪɭ�ɢ�ɫɜɨɣɫɬɜɚ�ɢɡɞɟɥɢɣ�ɚɧɬɢɮɪɢɤɰɢɨɧɧɨɝɨ�ɧɚɡɧɚɱɟɧɢɹ��
ɩɨɥɭɱɚɟɦɵɯ� ɜ� ɭɫɥɨɜɢɹɯ� ɫɟɪɢɣɧɨɝɨ� ɩɪɨɢɡɜɨɞɫɬɜɚ� ɜ� ɰɟɯɟ� ɩɨɪɨɲɤɨɜɨɣ� ɦɟɬɚɥɥɭɪɝɢɢ�� ɋɨɞɟɪɠɚɧɢɟ�
ɭɝɥɟɪɨɞɚ� ɜ� ɫɬɚɥɢ� ɜɚɪɶɢɪɨɜɚɥɢ� ɨɬ� ���� ɞɨ� ���� ɦɚɫ���� ɉɨɪɨɲɤɢ� ɨɬɥɢɱɚɸɬɫɹ� ɬɟɯɧɨɥɨɝɢɟɣ� ɩɨɥɭɱɟɧɢɹ��
ɯɢɦɢɱɟɫɤɢɦ�ɫɨɫɬɚɜɨɦ��ɮɢɡɢɱɟɫɤɢɦɢ�ɢ�ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ�ɫɜɨɣɫɬɜɚɦɢ��ɏɢɦɢɱɟɫɤɢɣ�ɫɨɫɬɚɜ�ɩɨɪɨɲɤɨɜ�
ɩɪɢɜɟɞɟɧ�ɜ�ɬɚɛɥɢɰɟ�
Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɣ� ɩɪɨɰɟɫɫ� ɢɡɝɨɬɨɜɥɟɧɢɹ� ɩɨɪɨɲɤɨɜɵɯ� ɨɛɪɚɡɰɨɜ� ɫɨɫɬɨɹɥ� ɢɡ� ɫɥɟɞɭɸɳɢɯ� ɨɫɧɨɜɧɵɯ�
ɨɩɟɪɚɰɢɣ�

x ɨɬɠɢɝ�ɠɟɥɟɡɧɨɝɨ�ɩɨɪɨɲɤɚ�
x ɩɪɢɝɨɬɨɜɥɟɧɢɟ�ɢ�ɫɦɟɲɢɜɚɧɢɟ�ɤɨɦɩɨɧɟɧɬɨɜ�ɲɢɯɬɵ�
x ɫɬɚɬɢɱɟɫɤɨɟ�ɯɨɥɨɞɧɨɟ�ɩɪɟɫɫɨɜɚɧɢɟ��ɋɏɉ��
x ɝɨɦɨɝɟɧɢɡɢɪɭɸɳɟɟ�ɫɩɟɤɚɧɢɟ�ɜ�ɜɚɤɭɭɦɟ�
x ɝɨɪɹɱɭɸ�ɲɬɚɦɩɨɜɤɭ��Ƚɒ�

ɉɟɪɟɞ� ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɠɟɥɟɡɧɨɝɨ� ɩɨɪɨɲɤɚ� ɩɪɨɜɨɞɢɥɫɹ� ɟɝɨ� ɨɬɠɢɝ� ɩɪɢ� ɬɟɦɩɟɪɚɬɭɪɟ� ���� Ʉ�
ɞɥɢɬɟɥɶɧɨɫɬɶɸ� �� ɱɚɫ�� Ⱦɚɧɧɚɹ� ɨɩɟɪɚɰɢɹ� ɛɵɥɚ� ɩɪɟɞɧɚɡɧɚɱɟɧɚ� ɞɥɹ� ɭɦɟɧɶɲɟɧɢɹ� ɫɨɞɟɪɠɚɧɢɹ� ɜɥɚɝɢ� ɜ�
ɩɨɪɨɲɤɟ��

ɉɨɫɤɨɥɶɤɭ�ɜ�ɫɨɫɬɚɜ�ɲɢɯɬɵ�ɜɯɨɞɢɥɢ�ɧɚɧɨɞɢɫɩɟɪɫɧɵɟ�ɩɨɪɨɲɤɢ��ɪɚɜɧɨɦɟɪɧɨɟ�ɩɟɪɟɦɟɲɢɜɚɧɢɟ�
ɤɨɬɨɪɵɯ�ɹɜɥɹɟɬɫɹ�ɞɨɫɬɚɬɨɱɧɨ�ɫɥɨɠɧɨɣ�ɡɚɞɚɱɟɣ��ɉɪɢɦɟɧɹɥɢ�ɫɦɟɲɢɜɚɧɢɟ�ɜ�ɩɥɚɧɟɬɚɪɧɨ�ɰɟɧɬɪɨɛɟɠɧɨɣ�
ɦɟɥɶɧɢɰɟ��Ⱦɚɧɧɵɣ�ɦɟɬɨɞ�ɨɬɥɢɱɚɟɬɫɹ�ɜɵɫɨɤɨɣ�ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ�ɢ�ɩɨɥɭɱɚɟɦɨɣ�ɨɞɧɨɪɨɞɧɨɫɬɶɸ�ɫɨɫɬɚɜɚ��
ɉɪɢ� ɷɬɨɦ�ɩɨɪɨɲɨɤ�ɠɟɥɟɡɚ� ɫɢɥɶɧɨ�ɧɚɤɥɟɩɵɜɚɟɬɫɹ�� ɱɬɨ� ɡɚɬɪɭɞɧɹɟɬ� ɟɝɨ�ɩɪɟɫɫɨɜɚɧɢɟ�� ɧɨ� ɫɭɳɟɫɬɜɟɧɧɨ�



ɊȺɁȾȿɅ����ɊȺɁɊȺȻɈɌɄȺ�ɂ�ȼɇȿȾɊȿɇɂȿ�ɈȻɈɊɍȾɈȼȺɇɂə�ɂ�ɂɇɋɌɊɍɆȿɇɌȺ��ɈɋɇȺɓȿɇɇɈȽɈ�
ɌȼȿɊȾɕɆɂ�ɋɉɅȺȼȺɆɂ��ȼ�ɊȺɁɅɂɑɇɕɏ�ɈɌɊȺɋɅəɏ�ɉɊɈɆɕɒɅȿɇɇɈɋɌɂ

���

ɚɤɬɢɜɢɪɭɟɬ�ɩɪɨɰɟɫɫ�ɫɩɟɤɚɧɢɹ��ɉɪɢ�ɷɬɨɦ�ɧɚɧɨɱɚɫɬɢɰɵ�ɪɚɜɧɨɦɟɪɧɨ�ɪɚɫɩɪɟɞɟɥɹɸɬɫɹ�ɩɨ�ɜɫɟɦɭ�ɨɛɴɟɦɭ�
ɩɨɪɨɲɤɨɜɨɣ�ɲɢɯɬɵ�

ɏɢɦɢɱɟɫɤɢɣ�ɫɨɫɬɚɜ�ɠɟɥɟɡɧɵɯ�ɩɨɪɨɲɤɨɜ
ɗɥɟɦɟɧɬ
��ɦɚɫɫ�

ɉ�ɨ�ɪ�ɨ�ɲ�ɨ�ɤ
ɉɀȼ��������� ɉɀȼ��������� ɉɀɊ���������

)H ɨɛɳ� ����� ����� �����
)H ɦɟɬ� ����� ����� �����
ɇɟɪ��Ɉɫɬ� ���� ���� ����
Ɉ ����� ��� �����
ɋ ����� ����� �����
ɇ ������ ������ ������
1 ������ ������ ������
6 ����� ����� �����
3 ����� ����� �����
0Q ����� ����� �����
6L ����� ����� �����
1L ����� ����� �����
&X ����� ����� �����
0R ����� ����� �����
9 ����� ����� �����

Ɉɛɪɚɡɰɵ� ɢɡɝɨɬɚɜɥɢɜɚɥɢɫɶ� ɨɞɧɨɫɬɨɪɨɧɧɢɦ� ɩɪɟɫɫɨɜɚɧɢɟɦ� ɫ� ɩɪɢɦɟɧɟɧɢɟɦ� ɫɬɟɚɪɚɬɚ� ɰɢɧɤɚ� ɜ�
ɤɚɱɟɫɬɜɟ�ɫɦɚɡɤɢ�ɞɥɹ�ɭɦɟɧɶɲɟɧɢɹ�ɬɪɟɧɢɹ�ɦɟɠɞɭ�ɩɪɟɫɫɨɜɤɨɣ�ɢ�ɫɬɟɧɤɚɦɢ�ɦɚɬɪɢɰɵ�

ɋɩɟɤɚɧɢɟ� ɩɪɨɜɨɞɢɥɢ� ɜ� ɜɚɤɭɭɦɟ� ����� ɦɦ�ɪɬ�ɫɬ��� ɞɥɹ� ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ� ɜɵɝɨɪɚɧɢɹ� ɭɝɥɟɪɨɞɚ� ɢ�
ɨɤɢɫɥɟɧɢɹ�ɨɛɪɚɡɰɨɜ�ɩɪɢ�ɬɟɦɩɟɪɚɬɭɪɟ�����±�����Ʉ�ɢ�ɜɪɟɦɟɧɢ�ɫɩɟɤɚɧɢɹ�ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶɸ� ��±����ɦɢɧ�

ɂɫɫɥɟɞɨɜɚɧɢɹ� Ƚɒ�
ɩɪɨɜɨɞɢɥɢ�ɧɚ ɩɪɢɡɦɚɬɢɱɟɫɤɢɯ�

ɨɛɪɚɡɰɚɯ� ɪɚɡɦɟɪɚɦɢ� ��u��u���
ɦɦ�� ɤɨɬɨɪɵɟ� ɛɵɥɢ� ɩɨɥɭɱɟɧɵ�
ɝɨɪɹɱɟɣ� ɞɨɩɪɟɫɫɨɜɤɨɣ�
ɩɨɪɢɫɬɵɯ� ɡɚɝɨɬɨɜɨɤ�� ɤɚɤ�
ɩɪɨɲɟɞɲɢɯ�ɫɩɟɤɚɧɢɟ�������Ʉ��
��ɱ���ɬɚɤ�ɢ�ɛɟɡ�ɧɟɝɨ��ɂɯ�ɧɚɝɪɟɜ�
ɨɫɭɳɟɫɬɜɥɹɥɢ� ɜ� ɫɪɟɞɟ�

ɨɫɭɳɟɧɧɨɝɨ�
ɞɢɫɫɨɰɢɢɪɨɜɚɧɧɨɝɨ� ɚɦɦɢɚɤɚ��
>�±�@�

Ɋɟɡɭɥɶɬɚɬɵ�
ɷɤɫɩɟɪɢɦɟɧɬɚ�ɢ�ɢɯ�ɨɛɫɭɠɞɟɧɢɟ

ȼɥɢɹɧɢɟ� ɩɨɪɢɫɬɨɫɬɢ�
ɡɚɝɨɬɨɜɨɤ�� ɤɨɬɨɪɭɸ�
ɜɚɪɶɢɪɨɜɚɥɢ� ɜ� ɩɪɟɞɟɥɚɯ� ���
����� ɢɡɭɱɚɥɢ� ɩɪɢ�
ɬɟɦɩɟɪɚɬɭɪɚɯ� ɝɨɪɹɱɟɣ�
ɲɬɚɦɩɨɜɤɢ� ����� Ʉ� ɢ�
ɩɪɢɜɟɞɟɧɧɨɣ� ɪɚɛɨɬɟ�

ɚ

ɛ
Ɋɢɫ�����ȼɥɢɹɧɢɟ�ɩɨɪɢɫɬɨɫɬɢ�ɧɚ�ɦɢɤɪɨɬɜɟɪɞɨɫɬɶ��ɚ��ɢ�ɩɪɨɱɧɨɫɬɶ�
ɧɚ�ɪɚɫɬɹɠɟɧɢɟ��ɛ��ɜ�ɡɚɜɢɫɢɦɨɫɬɢ�ɨɬ�ɬɢɩɚ�ɧɚɧɨɞɨɛɚɜɨɤ�ɜ�ɲɢɯɬɟ��
Ɇɚɬɟɪɢɚɥ�± ɫɬɚɥɶ���ɉ
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ɂ�ɌȿɏɇɈɅɈȽɂə�ȿȽɈ�ɂɁȽɈɌɈȼɅȿɇɂə�ɂ�ɉɊɂɆȿɇȿɇɂə

���

ɭɩɥɨɬɧɟɧɢɹ� ���� ɆȾɠ�ɦ��� Ɉɬɧɨɫɢɬɟɥɶɧɚɹ� ɩɥɨɬɧɨɫɬɶ� ɨɛɪɚɡɰɨɜ� ɩɨɫɥɟ� Ƚɒ� ɫɨɫɬɚɜɥɹɥɚ� �������� ���
Ɂɚɜɢɫɢɦɨɫɬɢ� ɦɟɯɚɧɢɱɟɫɤɢɯ� ɫɜɨɣɫɬɜ� ɩɨɫɥɟ� ɲɬɚɦɩɨɜɤɢ� ɨɬ� ɢɫɯɨɞɧɨɣ� ɩɨɪɢɫɬɨɫɬɢ� ɡɚɝɨɬɨɜɨɤ� ɉ�
ɩɪɟɞɫɬɚɜɥɟɧɵ� ɧɚ� ɪɢɫ���� ɍɫɬɚɧɨɜɥɟɧɨ�� ɱɬɨ� ɫ� ɟɟ� ɭɦɟɧɶɲɟɧɢɟɦ� ɜɫɟ� ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɟ� ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ�
ɜɨɡɪɚɫɬɚɸɬ�� Ɉɩɬɢɦɚɥɶɧɨɣ� ɫɥɟɞɭɟɬ� ɫɱɢɬɚɬɶ� ɩɨɪɢɫɬɨɫɬɶ�� ɪɚɜɧɭɸ� �������� ɩɨɫɤɨɥɶɤɭ� ɞɚɥɶɧɟɣɲɟɟ� ɟɟ�
ɭɦɟɧɶɲɟɧɢɟ�� ɯɨɬɹ� ɢ� ɩɪɢɜɨɞɢɬ� ɤ� ɧɟɡɧɚɱɢɬɟɥɶɧɨɦɭ� ɭɥɭɱɲɟɧɢɸ� ɫɜɨɣɫɬɜ�� ɫɜɹɡɚɧɨ� ɫ� ɱɪɟɡɦɟɪɧɵɦ�
ɩɨɜɵɲɟɧɢɟɦ�ɞɚɜɥɟɧɢɹ�ɩɪɟɫɫɨɜɚɧɢɹ�ɢ�ɭɫɤɨɪɟɧɢɟɦ�ɢɡɧɨɫɚ�ɢɧɫɬɪɭɦɟɧɬɚ��

ɏɚɪɚɤɬɟɪ� ɢɡɦɟɧɟɧɢɹ� ɫɜɨɣɫɬɜ� ȽȾɉɆ� ɫɜɹɡɚɧ� ɫ� ɩɪɨɰɟɫɫɨɦ� ɪɚɫɬɜɨɪɟɧɢɹ� � ɭɝɥɟɪɨɞɚ� ɜ� ɠɟɥɟɡɧɨɣ�
ɦɚɬɪɢɰɟ� ɢ� ɡɚɥɟɱɢɜɚɧɢɹ� ɩɨɪ�� ɫɬɟɩɟɧɢ� ɨɞɧɨɪɨɞɧɨɫɬɢ� ɞɟɮɨɪɦɚɰɢɢ� ɢ� ɨɫɨɛɟɧɧɨɫɬɹɦɢ�
ɫɬɪɭɤɬɭɪɨɨɛɪɚɡɨɜɚɧɢɹ�ɨɬ�ɩɨɪɢɫɬɨɫɬɢ�ɫɩɟɱɟɧɧɵɯ�ɞɟɮɨɪɦɢɪɭɟɦɵɯ�ɡɚɝɨɬɨɜɨɤ��ɉɪɢ�ɉ ���������ɭɝɥɟɪɨɞ�
ɪɚɫɬɜɨɪɹɟɬɫɹ� ɧɟɪɚɜɧɨɦɟɪɧɨ�� ɜ� ɡɨɧɚɯ�� ɝɞɟ� ɨɫɬɚɥɢɫɶ� ɧɟɪɚɫɬɜɨɪɢɜɲɢɟɫɹ� ɱɚɫɬɢɰɵ� ɝɪɚɮɢɬɚ�� ɨɛɪɚɡɭɟɬɫɹ�
ɤɪɭɩɧɨɡɟɪɧɢɫɬɵɣ� ɚɭɫɬɟɧɢɬ�� ɜ� ɩɪɨɰɟɫɫɟ� ɞɨɩɪɟɫɫɨɜɤɢ�� ɞɟɮɨɪɦɚɰɢɢ� ɢ� ɩɨɫɥɟɞɭɸɳɟɝɨ� ɨɯɥɚɠɞɟɧɢɹ�
ɜɨɡɧɢɤɚɸɬ�ɧɟɨɞɧɨɪɨɞɧɵɟ�ɧɚɩɪɹɠɟɧɢɹ��ɜ�ɫɥɟɞɫɬɜɢɢ�ɱɟɝɨ�ɨɛɪɚɡɭɟɬɫɹ�ɧɚɫɥɟɞɫɬɜɟɧɧɨ�ɤɪɭɩɧɨɡɟɪɧɢɫɬɵɣ�
ɩɟɪɥɢɬ��ɱɬɨ�ɩɪɢɜɨɞɢɬ�ɤ�ɫɧɢɠɟɧɢɸ�ɫɜɨɣɫɬɜ�ɦɚɬɟɪɢɚɥɚ��

ɋɭɳɟɫɬɜɟɧɧɵɟ� ɪɚɡɥɢɱɢɹ� ɜ� ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ� ɠɟɥɟɡɧɵɯ� ɩɨɪɨɲɤɨɜ�� ɢɫɩɨɥɶɡɭɟɦɵɯ� ɞɥɹ�
ɩɪɨɢɡɜɨɞɫɬɜɚ� ȽȾɉɆ�� ɩɪɟɞɨɩɪɟɞɟɥɹɸɬ� ɧɟɨɛɯɨɞɢɦɨɫɬɶ� ɩɪɨɜɟɞɟɧɢɹ� ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ� ɢɫɫɥɟɞɨɜɚɧɢɣ��
ɤɨɬɨɪɵɟ� ɛɵ� ɩɨɡɜɨɥɢɥɢ� ɤɨɦɩɥɟɤɫɧɨ� ɨɰɟɧɢɬɶ� ɜɥɢɹɧɢɟ� ɨɫɧɨɜɧɵɯ� ɤɨɦɩɨɧɟɧɬɨɜ� ɲɢɯɬɵ� ɧɚ� ɤɨɧɟɱɧɵɟ�
ɫɜɨɣɫɬɜɚ�ɦɚɬɟɪɢɚɥɨɜ��

Ȼɨɥɟɟ� ɜɵɫɨɤɢɟ� ɦɟɯɚɧɢɱɟɫɤɢɟ� ɫɜɨɣɫɬɜɚ� ɝɨɪɹɱɟɞɟɮɨɪɦɢɪɭɟɦɵɯ� ɦɚɬɟɪɢɚɥɨɜ� ɜ� ɫɥɭɱɚɟ�
ɢɫɩɨɥɶɡɨɜɚɧɢɹ�ɩɨɪɨɲɤɚ�ɉɀȼ����������ɦɨɠɧɨ�ɨɛɴɹɫɧɢɬɶ�ɟɝɨ�ɦɟɧɶɲɟɣ�ɩɨ�ɫɪɚɜɧɟɧɢɸ�ɫ�ɉɀȼ����������
ɡɚɝɪɹɡɧɟɧɧɨɫɬɶɸ� ɢ� ɩɪɢɦɟɫɹɦɢ�� ɚ� ɬɚɤɠɟ� ɛɨɥɟɟ� ɪɚɡɜɢɬɨɣ� ɢ� ɦɟɧɟɟ� ɨɤɢɫɥɟɧɧɨɣ� ɩɨ� ɫɪɚɜɧɟɧɢɸ� ɫ�
ɪɚɫɩɵɥɟɧɧɵɦ� ɩɨɪɨɲɤɨɦ� ɩɨɜɟɪɯɧɨɫɬɶɸ� ɱɚɫɬɢɰ� ɪɢɫ��� ɢ� ��� ɗɬɨɬ� ɜɵɜɨɞ� ɯɨɪɨɲɨ� ɫɨɝɥɚɫɭɟɬɫɹ� ɫ�
ɪɟɡɭɥɶɬɚɬɚɦɢ�ɪɚɛɨɬɵ�>�@�

ɉɪɟɞɟɥ� ɩɪɨɱɧɨɫɬɢ� ɩɪɢ� ɪɚɡɪɵɜɟ� ıɜ� ɨɛɪɚɡɰɨɜ�� ɫɨɞɟɪɠɚɳɢɯ� ɧɚɧɨɜɨɥɨɤɧɚ� ©Ɍɚɭɧɢɬª� ɢ� ɧɚɧɨ�
ɧɢɬɪɢɞ�ɤɪɟɦɧɢɹ�ɜ�ɩɨɪɨɲɤɨɜɨɣ�ɲɢɯɬɟ��ɧɚɩɪɢɦɟɪ�ɞɥɹ�ɦɚɬɟɪɢɚɥɚ�ɧɚ�ɨɫɧɨɜɟ�ɉɀȼ����������ɧɚ �����ɚ�
ɬɜɟɪɞɨɫɬɶ�ɧɚ������ɜɵɲɟ�ɩɨ�ɫɪɚɜɧɟɧɢɸ�ɫ�ɨɛɪɚɡɰɚɦɢ��ɜ�ɫɨɫɬɚɜ�ɤɨɬɨɪɵɯ�ɜɯɨɞɢɬ�ȽɄ��ɉɪɢɱɢɧɨɣ�ɬɚɤɨɝɨ�
ɪɚɡɥɢɱɢɹ� ɹɜɥɹɟɬɫɹ� ɞɢɫɩɟɪɫɧɨɟ� ɭɩɪɨɱɧɟɧɢɟ� ɧɚɧɨɧɢɬɪɢɞɨɦ� ɤɪɟɦɧɢɹ� ɢ� ɫɨɡɞɚɧɢɟ� ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ�
ɭɩɪɨɱɧɟɧɢɹ�ɧɚɧɨɭɝɥɟɪɨɞɧɵɦɢ�ɜɨɥɨɤɧɚɦɢ��Ɇɟɧɟɟ�ɡɧɚɱɢɬɟɥɶɧɚ�ɷɬɚ�ɪɚɡɧɢɰɚ�ɜ�ɫɥɭɱɚɟ�ɨɛɪɚɡɰɨɜ�ɫ�ɧɚɧɨ�
ɨɤɫɢɞɨɦ�ɚɥɸɦɢɧɢɹ�

ɋɜɨɣɫɬɜɚ�ɦɚɬɟɪɢɚɥɨɜ�ɧɚ�ɨɫɧɨɜɟ�ɩɨɪɨɲɤɨɜ�ɉɀȼ����������ɢ�ɉɀɊ����������ɛɨɥɟɟ�ɧɢɡɤɢɟ��ɱɟɦ�ɭ�
ɦɚɬɟɪɢɚɥɨɜ�ɧɚ�ɨɫɧɨɜɟ�ɉɀȼ����������ɩɪɢ�ɥɸɛɨɦ�ɫɨɞɟɪɠɚɧɢɢ�ɧɚɧɨɪɚɡɦɟɪɧɵɯ�ɞɨɛɚɜɨɤ�ɜ�ɲɢɯɬɟ��Ɇɨɠɧɨ�
ɬɚɤɠɟ�ɨɬɦɟɬɢɬɶ��ɱɬɨ�ɤɚɤ�ɢ�ɫɥɟɞɨɜɚɥɨ�ɨɠɢɞɚɬɶ��ıɜ ± ɛɨɥɟɟ�ɱɭɜɫɬɜɢɬɟɥɶɧɚɹ�ɫɬɪɭɤɬɭɪɧɚɹ�ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ��
ɱɟɦ� ɬɜɟɪɞɨɫɬɶ�� ȼɚɠɧɵɦ� ɹɜɥɹɟɬɫɹ� ɢ� ɜɵɜɨɞ� ɨ� ɬɨɦ�� ɱɬɨ� ɫɜɨɣɫɬɜɚ� ȽȾɉɆ� ɩɪɢ� ɢɫɩɨɥɶɡɨɜɚɧɢɢ�
ɧɢɡɤɨɤɚɱɟɫɬɜɟɧɧɵɯ� ɠɟɥɟɡɧɵɯ� ɩɨɪɨɲɤɨɜ� ɦɨɠɧɨ� ɧɟɫɤɨɥɶɤɨ� ɭɥɭɱɲɢɬɶ� ɩɭɬɟɦ� ɜɜɟɞɟɧɢɹ� ɜ� ɲɢɯɬɭ�
ɧɚɧɨɪɚɡɦɟɪɧɵɯ�ɞɨɛɚɜɨɤ�ɜ�ɜɢɞɟ�ɧɚɧɨɭɝɥɟɪɨɞɧɵɯ�ɜɨɥɨɤɨɧ�©Ɍɚɭɧɢɬª�ɢɥɢ�ɧɚɧɨ�ɤɚɪɛɢɞɚ�ɤɪɟɦɧɢɹ�



ɊȺɁȾȿɅ����ɊȺɁɊȺȻɈɌɄȺ�ɂ�ȼɇȿȾɊȿɇɂȿ�ɈȻɈɊɍȾɈȼȺɇɂə�ɂ�ɂɇɋɌɊɍɆȿɇɌȺ��ɈɋɇȺɓȿɇɇɈȽɈ�
ɌȼȿɊȾɕɆɂ�ɋɉɅȺȼȺɆɂ��ȼ�ɊȺɁɅɂɑɇɕɏ�ɈɌɊȺɋɅəɏ�ɉɊɈɆɕɒɅȿɇɇɈɋɌɂ

���

ɇɚɥɢɱɢɟ� ɩɪɢɦɟɫɟɣ� ɜ� ɠɟɥɟɡɧɵɯ� ɩɨɪɨɲɤɚɯ� ɩɪɢɜɨɞɢɬ� ɤ� ɡɚɝɪɹɡɧɟɧɢɸ� ɢɦɢ� ȽȾɉɆ�� ɱɬɨ� ɛɵɥɨ�
ɧɚɝɥɹɞɧɨ� ɩɨɞɬɜɟɪɠɞɟɧɨ� ɪɟɡɭɥɶɬɚɬɚɦɢ� ɨɠɟ�ɷɥɟɤɬɪɨɧɧɨɣ� ɫɩɟɤɬɪɨɫɤɨɩɢɢ�� Ⱦɥɹ� ɨɛɪɚɡɰɨɜ� ɯɚɪɚɤɬɟɪɧɨ�
ɧɚɥɢɱɢɟ�ɭɱɚɫɬɤɨɜ�ɤɚɤ�ɯɪɭɩɤɨɝɨ��ɬɚɤ�ɢ�ɜɹɡɤɨɝɨ�ɪɚɡɪɭɲɟɧɢɹ��Ɉ�ɯɚɪɚɤɬɟɪɟ�ɪɚɫɩɪɟɞɟɥɟɧɢɹ�ɭɝɥɟɪɨɞɚ�ɩɨɫɥɟ�
ɝɨɪɹɱɟɣ� ɲɬɚɦɩɨɜɤɢ� ɦɨɠɧɨ� ɬɚɤɠɟ� ɫɭɞɢɬɶ� ɩɨ� ɪɟɡɭɥɶɬɚɬɚɦ� ɦɢɤɪɨɪɟɧɬɝɟɧɨɫɩɟɤɬɪɚɥɶɧɨɝɨ� ɚɧɚɥɢɡɚ�� Ⱥ�
ɨɛɪɚɡɰɵ� ɫ� ȽɄ� ɛɟɡ� ɧɚɧɨɞɨɛɚɜɨɤ� ɫɨɞɟɪɠɚɬ� ɤɪɭɩɧɵɟ� ɧɟɪɚɫɬɜɨɪɢɜɲɢɟɫɹ� ɱɚɫɬɢɰɵ� ɝɪɚɮɢɬɚ�� ɨɛɪɚɡɰɵ�� ɜ�
ɫɨɫɬɚɜ�ɤɨɬɨɪɵɯ�ɜɯɨɞɢɬ�ɧɚɧɨ�$O�2��ɥɢɲɶ�ɨɬɞɟɥɶɧɵɟ�ɫɤɨɩɥɟɧɢɹ�ɭɝɥɟɪɨɞɚ��ȼ�ɫɬɚɥɹɯ�ɠɟ��ɩɨɥɭɱɟɧɧɵɯ�ɫ�
ɩɪɢɦɟɧɟɧɢɟɦ� ɭɝɥɟɪɨɞɧɵɯ�ɧɚɧɨɜɨɥɨɤɨɧ� ɢ�6L�1��� ɪɚɫɩɪɟɞɟɥɟɧɢɟ� ɪɚɜɧɨɦɟɪɧɨɟ��ɇɚɥɢɱɢɟ� ɜɤɥɸɱɟɧɢɣ�ɜ�
ȽȾɉɆ�� ɜɧɟɫɟɧɧɵɯ� ɩɨɪɨɲɤɚɦɢ� ɠɟɥɟɡɚ�� ɫɭɳɟɫɬɜɟɧɧɨ� ɫɧɢɠɚɟɬ� ɦɟɯɚɧɢɱɟɫɤɢɟ� ɫɜɨɣɫɬɜɚ� ɨɛɪɚɡɰɨɜ��
ȼɜɟɞɟɧɢɟ�ɧɚɧɨɞɨɛɚɜɨɤ�ɩɨɡɜɨɥɹɟɬ�ɩɨɜɵɫɢɬɶ�ɦɟɯɚɧɢɱɟɫɤɢɟ�ɫɜɨɣɫɬɜɚ�ɩɨɪɨɲɤɨɜɵɯ�ɫɬɚɥɟɣ�

ȼɥɢɹɧɢɟ� ɧɚɧɨɪɚɡɦɟɪɧɵɵɯ� ɞɨɛɚɜɨɤ� ɢɡɭɱɚɥɢ� ɧɚ� ɨɛɪɚɡɰɚɯ�� ɤɚɤ� ɩɪɨɲɟɞɲɢɯ� ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɟ�
ɫɩɟɤɚɧɢɟ�� ɬɚɤ� ɢ� ɛɟɡ� ɧɟɝɨ�� Ⱦɚɧɧɵɟ� ɪɢɫ��ɛ� ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ� ɨ� ɬɨɦ�� ɱɬɨ� ɩɪɢɦɟɧɟɧɢɟ� ɭɝɥɟɪɨɞɧɵɯ�
ɧɚɧɨɜɨɥɨɤɨɧ�� ɧɚɧɨɪɚɡɦɟɪɧɨɝɨ� ɧɢɬɪɢɞɚ� ɤɪɟɦɧɢɹ� ɢ� ɩɨɪɨɲɤɚ� ɠɟɥɟɡɚ�� ɩɨɥɭɱɟɧɧɨɝɨ� ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ�



ȼɵɩɭɫɤ�����ɉɈɊɈȾɈɊȺɁɊɍɒȺɘɓɂɃ�ɂ�ɆȿɌȺɅɈɈȻɊȺȻȺɌɕȼȺɘɓɂɃ�ɂɇɋɌɊɍɆȿɇɌ�± ɌȿɏɇɂɄȺ
ɂ�ɌȿɏɇɈɅɈȽɂə�ȿȽɈ�ɂɁȽɈɌɈȼɅȿɇɂə�ɂ�ɉɊɂɆȿɇȿɇɂə

���

ɦɚɪɤɢ�ɉɀȼ����������ɩɨɜɵɲɚɟɬ�ɨɞɧɨɪɨɞɧɨɫɬɶ�ɫɬɪɭɤɬɭɪɵ�ɢ�ɭɥɭɱɲɚɟɬ�ɫɜɨɣɫɬɜɚ�ɫɬɚɥɢ��Ɉɱɟɜɢɞɧɨ��ɷɬɨ�
ɨɛɭɫɥɨɜɥɟɧɨ�ɭɜɟɥɢɱɟɧɢɟɦ�ɨɞɧɨɪɨɞɧɨɫɬɢ�ɪɚɫɩɪɟɞɟɥɟɧɢɹ�ɢɯ�ɱɚɫɬɢɰ�ɜ�ɲɢɯɬɟ�ɢ�ɨɛɟɫɩɟɱɟɧɢɟɦ�ɭɫɥɨɜɢɣ�
ɪɚɫɬɜɨɪɟɧɢɹ� ɭɝɥɟɪɨɞɚ� ɜ� ɠɟɥɟɡɧɨɣ� ɦɚɬɪɢɰɟ�� ɗɬɨ� ɩɪɟɞɩɨɥɨɠɟɧɢɟ� ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ� ɢ� ɧɟɩɪɟɪɵɜɧɵɦ�
ɯɚɪɚɤɬɟɪɨɦ� ɮɭɧɤɰɢɢ� ıɜ I�G��� Ɇɚɤɫɢɦɚɥɶɧɨɟ� �ɨɤɨɥɨ� ����� Ɇɉɚ�� ɡɧɚɱɟɧɢɟ� ıɜ ɛɵɥɨ� ɞɨɫɬɢɝɧɭɬɨ� ɩɪɢ�
ɜɜɟɞɟɧɢɢ�ɭɝɥɟɪɨɞɧɵɯ�ɧɚɧɨɜɨɥɨɤɨɧ�ɫɨ�ɫɪɟɞɧɢɦ�ɪɚɡɦɟɪɨɦ�ɱɚɫɬɢɰ�Ga����ɧɦ��

ȼɜɟɞɟɧɢɟ� ɧɚɧɨɪɨɲɤɚ� $O�2� ɧɚɨɛɨɪɨɬ�� ɩɪɢɜɨɞɢɬ� ɤ� ɭɦɟɧɶɲɟɧɢɸ� ɩɪɟɞɟɥɚ� ɩɪɨɱɧɨɫɬɢ� ɩɪɢ�
ɪɚɫɬɹɠɟɧɢɢ��ɱɬɨ��ɩɨ�ɜɢɞɢɦɨɦɭ��ɫɜɹɡɚɧɨ�ɫ�ɬɟɦ��ɱɬɨ�ɧɚɧɨɩɨɪɨɲɤɨɤ�$O�2� ɨɛɜɨɥɚɤɢɜɚɸɬ�ɱɚɫɬɢɰɵ�ɠɟɥɟɡɚ�
ɢ�ɩɪɟɩɹɬɫɬɜɭɸɬ�ɞɢɮɮɭɡɢɢ�ɭɝɥɟɪɨɞɚ�ɜ�ɠɟɥɟɡɨ�ɩɪɢ�ɫɩɟɤɚɧɢɢ�

ɋɥɟɞɭɟɬ�ɨɬɦɟɬɢɬɶ��ɱɬɨ�ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɟ�ɫɩɟɤɚɧɢɟ�ɩɨɡɜɨɥɹɟɬ�ɧɚ���±����ɩɨɜɵɫɢɬɶ�ıɜ ɨɛɪɚɡɰɨɜ��
ɩɨ� ɫɪɚɜɧɟɧɢɸ�ɫ� ɝɨɪɹɱɟɲɬɚɦɩɨɜɚɧɧɵɦɢ��ɩɨɪɢɫɬɵɟ� ɡɚɝɨɬɨɜɤɢ�ɤɨɬɨɪɵɯ�ɧɟ�ɩɨɞɜɟɪɝɚɥɢ� ɫɩɟɤɚɧɢɸ��ɗɬɨ�
ɩɨɥɨɠɟɧɢɟ� ɫɩɪɚɜɟɞɥɢɜɨ� ɞɥɹ� ɲɢɯɬ� ɜɫɟɯ� ɫɨɫɬɚɜɨɜ� ɧɟɡɚɜɢɫɢɦɨ� ɨɬ� ɬɢɩɚ� ɧɚɧɨɪɚɡɦɟɪɧɨɣ� ɞɨɛɚɜɤɢ� ɢ�
ɪɚɡɦɟɪɚ�ɱɚɫɬɢɰ�ɩɨɪɨɲɤɚ�ɠɟɥɟɡɚ��Ɉɛɴɹɫɧɢɬɶ�ɷɬɨ��ɦɨɠɧɨ�ɛɨɥɟɟ�ɞɥɢɬɟɥɶɧɨɣ�ɜɵɞɟɪɠɤɨɣ�ɡɚɝɨɬɨɜɨɤ�ɩɪɢ�
ɫɩɟɤɚɧɢɢ�� ɱɟɦ� ɩɪɢ� ɢɯ� ɧɚɝɪɟɜɟ� ɩɟɪɟɞ� Ƚɒ�� ɇɨ� ɧɚɝɪɟɜ� ɩɟɪɟɞ� Ƚɒ� ɨɛɟɫɩɟɱɢɜɚɟɬ� ɥɭɱɲɢɟ� ɭɫɥɨɜɢɹ�
ɝɨɦɨɝɟɧɢɡɚɰɢɢ� ɦɚɬɟɪɢɚɥɚ�� ɚ� ɬɚɤɠɟ� � ɪɚɮɢɧɢɪɨɜɚɧɢɹ� ɭɠɟ� ɫɮɨɪɦɢɪɨɜɚɜɲɢɯɫɹ� ɢ� ɫɨɡɞɚɜɚɟɦɵɯ� ɩɪɢ�
ɝɨɪɹɱɟɣ�ɞɨɩɪɟɫɫɨɜɤɟ�ɦɟɠɱɚɫɬɢɱɧɵɯ�ɩɨɜɟɪɯɧɨɫɬɟɣ�

ɍɫɬɚɧɨɜɥɟɧɨ�� ɱɬɨ� ɬɟɦɩɟɪɚɬɭɪɚ� ɝɨɪɹɱɟɣ� ɞɨɩɪɟɫɫɨɜɤɢ� ɡɚɝɨɬɨɜɨɤ� ɹɜɥɹɟɬɫɹ� ɨɫɧɨɜɧɵɦ�
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ�ɩɚɪɚɦɟɬɪɨɦ�� ɨɩɪɟɞɟɥɹɸɳɢɦ�ɭɫɥɨɜɢɹ� �ɮɨɪɦɢɪɨɜɚɧɢɹ� ɫɬɪɭɤɬɭɪɵ�ɢ� ɫɜɨɣɫɬɜ�ȽȾɉɆ��
ɂɡɝɨɬɨɜɥɟɧɧɵɟ� ɨɛɪɚɡɰɵ ɩɨɞɜɟɪɝɚɥɢ� ɢɫɩɵɬɚɧɢɹɦ�ɧɚ� ɪɚɫɬɹɠɟɧɢɟ�� ɪɟɡɭɥɶɬɚɬɵ� ɤɨɬɨɪɵɯ� ɩɪɟɞɫɬɚɜɥɟɧɵ�
ɧɚ�ɪɢɫ� ��

Ⱥɧɚɥɢɡ�ɡɚɜɢɫɢɦɨɫɬɟɣ�ıɜ I�Wɝɲ��ɞɥɹ�ɫɬɚɥɟɣ�ɫ�ɪɚɡɥɢɱɧɵɦ�ɫɨɞɟɪɠɚɧɢɟɦ�ɭɝɥɟɪɨɞɚ�ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ�
ɨ�ɬɨɦ��ɱɬɨ�ɩɪɢ� Wɝɲ ������Ʉ�ɧɟ�ɨɛɟɫɩɟɱɢɜɚɸɬɫɹ�ɛɥɚɝɨɩɪɢɹɬɧɵɟ�ɭɫɥɨɜɢɹ�ɞɥɹ�ɡɚɜɟɪɲɟɧɢɹ�ɩɪɨɰɟɫɫɨɜ�
ɫɬɪɭɤɬɭɪɨɨɛɪɚɡɨɜɚɧɢɹ��Ʉɪɨɦɟ�ɬɨɝɨ��ɜ�ɫɥɭɱɚɟ�ɨɬɫɭɬɫɬɜɢɹ�ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ�ɫɩɟɤɚɧɢɹ�ɩɨɥɨɠɟɧɢɟ�ɟɳɟ�
ɛɨɥɟɟ�ɨɫɥɨɠɧɹɟɬɫɹ�ɧɚɥɢɱɢɟɦ�ɱɚɫɬɢɰ�ɧɟɪɚɫɬɜɨɪɢɜɲɟɝɨɫɹ�ɝɪɚɮɢɬɚ�

Ƚɨɪɹɱɚɹ�ɲɬɚɦɩɨɜɤɚ�ɩɪɢ�����±�����Ʉ�ɨɛɟɫɩɟɱɢɜɚɟɬ�ɧɟɤɨɬɨɪɨɟ�ɭɥɭɱɲɟɧɢɟ�ɫɜɨɣɫɬɜ�ɫɬɚɥɟɣ��ɧɨ�
ɫɬɪɭɤɬɭɪɚ�ɦɚɬɟɪɢɚɥɚ�ɫ�ɉɀȼ����������ɨɫɬɚɟɬɫɹ�ɧɟɨɞɧɨɪɨɞɧɨɣ��ɇɚɢɛɨɥɟɟ�ɜɵɫɨɤɢɦ�ɤɨɦɩɥɟɤɫɨɦ�ɫɜɨɣɫɬɜ��
ɨɛɥɚɞɚɸɬ� ɦɚɬɟɪɢɚɥɵ� ɫ� ɭɝɥɟɪɨɞɧɵɦɢ� ɧɚɧɨɜɨɥɨɤɧɚɦɢ� ɢ� ɧɚɧɨɧɢɬɪɢɞɨɦ� ɤɪɟɦɧɢɹ� � ɜ� ɲɢɯɬɟ�� ɱɬɨ�
ɨɛɭɫɥɨɜɥɟɧɨ� ɨɛɪɚɡɨɜɚɧɢɟɦ� ɨɞɧɨɪɨɞɧɨɝɨ� ɦɟɥɤɨɡɟɪɧɢɫɬɨɝɨ� ɚɭɫɬɟɧɢɬɚ� ɩɪɢ� ɧɚɝɪɟɜɟ� ɡɚɝɨɬɨɜɨɤ� ɢ�
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ�ɫɬɪɭɤɬɭɪɵ�ɩɟɪɥɢɬɚ�ɩɨɫɥɟ�ɨɯɥɚɠɞɟɧɢɹ��

ɉɪɢ� ɬɟɦɩɟɪɚɬɭɪɟ� ɝɨɪɹɱɟɣ� ɲɬɚɦɩɨɜɤɢ� ����� Ʉ� ɛɵɥɢ� ɩɨɥɭɱɟɧɵ� ɨɞɧɨɪɨɞɧɵɟ� ɫɬɚɥɢ� ɫɨ� ɜɫɟɦɢ�
ɬɢɩɚɦɢ� ɧɚɧɨɪɚɡɦɟɧɵɯ� ɞɨɛɚɜɨɤ� ɜ� ɲɢɯɬɟ�� ɉɨɷɬɨɦɭ� ɩɨɜɵɲɟɧɢɟ� ɬɟɦɩɟɪɚɬɭɪɵ� ɜɵɲɟ� ����� Ʉ�
ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ� ɧɟɰɟɥɟɫɨɨɛɪɚɡɧɵɦ�� Ʉɪɨɦɟ ɬɨɝɨ�� ɩɪɢ� ɜɵɫɨɤɢɯ� ɬɟɦɩɟɪɚɬɭɪɚɯ� ɚɭɫɬɟɧɢɬɧɨɟ� ɡɟɪɧɨ�
ɭɤɪɭɩɧɹɟɬɫɹ��ɱɬɨ�ɫɤɚɡɵɜɚɟɬɫɹ�ɧɚ�ɫɬɪɭɤɬɭɪɟ�ɩɟɪɥɢɬɚ��ɤɨɬɨɪɵɣ�ɫɬɚɧɨɜɢɬɫɹ�ɤɪɭɩɧɨɡɟɪɧɢɫɬɵɦ��

ɋɬɟɩɟɧɶ� ɞɟɮɨɪɦɚɰɢɢ� ɨɛɪɚɡɰɨɜ� ɬɚɤɠɟ� ɨɤɚɡɵɜɚɟɬ� ɫɭɳɟɫɬɜɟɧɧɨɟ� ɜɥɢɹɧɢɟ� ɧɚ�
ɫɬɪɭɤɬɭɪɨɨɛɪɚɡɨɜɚɧɢɟ�ɢ�ɫɜɨɣɫɬɜɚ�ɩɨɪɨɲɤɨɜɵɯ�ɫɬɚɥɟɣ�

ɇɚ�ɪɢɫ����ɩɪɟɞɫɬɚɜɥɟɧɵ�ɫɜɨɣɫɬɜɚ��ɩɨɥɭɱɟɧɧɵɟ�ɩɪɢ�ɪɚɡɥɢɱɧɵɯ�ɡɧɚɱɟɧɢɹɯ�İ��

ɚ� ɛ
Ɋɢɫ�� ��� ȼɥɢɹɧɢɟ� ɫɬɟɩɟɧɢ� ɞɟɮɨɪɦɚɰɢɢ� ɧɚ�� ɚ� ± ɦɢɤɪɨɬɜɟɪɞɨɫɬɶ� ɛ� ± ɩɪɨɱɧɨɫɬɶ� ɩɪɢ� ɪɚɫɬɹɠɟɧɢɢ�
ɩɨɪɨɲɤɨɜɨɣ�ɫɬɚɥɢ���ɉ

Ⱥɧɚɥɢɡ� ɪɟɡɭɥɶɬɚɬɨɜ� ɢɫɫɥɟɞɨɜɚɧɢɣ� ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ� ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨɦ� ɜɥɢɹɧɢɢ� ɫɬɟɩɟɧɢ�
ɞɟɮɨɪɦɚɰɢɢ�ɩɪɢ�ɝɨɪɹɱɟɣ�ɲɬɚɦɩɨɜɤɟ�ɧɚ�ɪɚɡɦɟɪɵ�ɡɟɪɟɧ�ɩɟɪɥɢɬɧɵɯ�ɤɨɥɨɧɢɣ��ɤɨɬɨɪɵɟ�ɫ�ɟɟ�ɭɜɟɥɢɱɟɧɢɟɦ�



ɊȺɁȾȿɅ����ɊȺɁɊȺȻɈɌɄȺ�ɂ�ȼɇȿȾɊȿɇɂȿ�ɈȻɈɊɍȾɈȼȺɇɂə�ɂ�ɂɇɋɌɊɍɆȿɇɌȺ��ɈɋɇȺɓȿɇɇɈȽɈ�
ɌȼȿɊȾɕɆɂ�ɋɉɅȺȼȺɆɂ��ȼ�ɊȺɁɅɂɑɇɕɏ�ɈɌɊȺɋɅəɏ�ɉɊɈɆɕɒɅȿɇɇɈɋɌɂ

���

ɢɡɦɟɥɶɱɚɸɬɫɹ� ɢ� ɩɪɢ� İ�  � ��� �� ɜ� ɫɬɪɭɤɬɭɪɟ� ɩɨɹɜɥɹɟɬɫɹ� ɞɚɠɟ� ɡɟɪɧɢɫɬɵɣ� ɩɟɪɥɢɬ�� ȼ� ɫɜɨɸ� ɨɱɟɪɟɞɶ��
ɢɡɦɟɧɟɧɢɟ�ɫɬɪɭɤɬɭɪɵ�ɩɪɢɜɨɞɢɬ�ɤ�ɡɧɚɱɢɬɟɥɶɧɨɦɭ�ɩɨɜɵɲɟɧɢɸ�ɫɜɨɣɫɬɜ�ɫɬɚɥɢ�ɫ�ɭɜɟɥɢɱɟɧɢɟɦ�İ�

ȼɵɜɨɞɵ
Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ�� ɩɨɫɥɟ� ɝɨɪɹɱɟɣ� ɲɬɚɦɩɨɜɤɢ� ɞɥɹ� ɨɛɪɚɡɰɨɜ�� ɫɨɞɟɪɠɚɳɢɯ� ɜ� ɲɢɯɬɟ� ɭɝɥɟɪɨɞɧɵɟ�

ɧɚɧɨɜɨɥɨɤɧɚ�ɢ�ɧɚɧɨɧɢɬɪɢɞ�ɤɪɟɦɧɢɹ��ɯɚɪɚɤɬɟɪɧɚ�ɫɬɪɭɤɬɭɪɚ�ɦɟɥɤɨɡɟɪɧɢɫɬɨɝɨ�ɩɟɪɥɢɬɚ��ɚ�ɞɥɹ�ɨɛɪɚɡɰɨɜ�
ɛɟɡ�ɧɚɧɨɞɨɛɚɜɨɤ�ɫɬɪɭɤɬɭɪɚ�ɝɪɭɛɨɩɥɚɫɬɢɧɱɚɬɨɝɨ�ɩɟɪɥɢɬɚ��Ⱦɥɹ�ɨɛɪɚɡɰɨɜ�ɫ�$O�2� ± ɦɟɥɤɨ�ɩɥɚɫɬɢɧɱɚɬɨɝɨ�
ɩɟɪɥɢɬɚ�� ɱɬɨ� ɫɜɹɡɚɧɨ� ɫ� ɜɟɥɢɱɢɧɨɣ� ɡɟɪɧɚ� ɚɭɫɬɟɧɢɬɚ� ɧɚ� ɫɬɚɞɢɹɯ� ɫɩɟɤɚɧɢɹ� ɢ� ɲɬɚɦɩɨɜɤɢ� �� ɜ� ɩɟɪɜɨɦ�
ɫɥɭɱɚɟ� ɨɧ� ɛɵɥ� ɦɟɥɤɨ�� ɜɨ� ɜɬɨɪɨɦ� ɤɪɭɩɧɨɡɟɪɧɢɫɬɵɦ�� ɍɫɬɚɧɨɜɥɟɧɨ� ɜɥɢɹɧɢɟ� ɬɟɦɩɟɪɚɬɭɪɵ� ɝɨɪɹɱɟɣ�
ɲɬɚɦɩɨɜɤɢ�ɧɚ�ɫɬɪɭɤɬɭɪɨɨɛɪɚɡɨɜɚɧɢɟ�ɢ�ɫɜɨɣɫɬɜɚ�ɝɨɪɹɱɟɲɬɚɦɩɨɜɚɧɧɵɯ�ɫɬɚɥɟɣ�ɫ�ɪɚɡɥɢɱɧɵɦɢ�ɜɢɞɚɦɢ�
ɧɚɧɨɪɚɡɦɟɪɧɵɯ� ɞɨɛɚɜɨɤ�� Ɍɟɦɩɟɪɚɬɭɪɚ� ����±����� Ʉ�� ɨɛɟɫɩɟɱɢɜɚɟɬ� ɨɛɪɚɡɨɜɚɧɢɟ� ɦɟɥɤɨɡɟɪɧɢɫɬɨɝɨ�
ɩɟɪɥɢɬɚ� ɜ� ɦɚɬɟɪɢɚɥɚɯ�� ɫɨɞɟɪɠɚɳɢɯ� ɭɝɥɟɪɨɞɧɵɟ� ɧɚɧɨɜɨɥɨɤɧɚ� ɢ� 6L�1��� ɋɜɨɣɫɬɜɚ� ɨɛɪɚɡɰɨɜ� ɩɨɫɥɟ�
ɝɨɪɹɱɟɣ�ɲɬɚɦɩɨɜɤɢ�ɧɟɫɩɟɱɟɧɧɵɯ�ɡɚɝɨɬɨɜɨɤ�ɧɚ���±�����ɧɢɠɟ��ɱɟɦ�ɭ�ɫɩɟɱɟɧɧɵɯ�

ɂɫɫɥɟɞɨɜɚɧɢɹ� ɪɚɫɩɪɟɞɟɥɟɧɢɹ� ɭɝɥɟɪɨɞɚ� ɜ� ɨɛɴɟɦɟ� ɦɚɬɟɪɢɚɥɚ� ɫ� ɩɨɦɨɳɶɸ�
ɦɢɤɪɨɪɟɧɬɝɟɧɨɫɩɟɤɬɪɚɥɶɧɨɝɨ� ɚɧɚɥɢɡɚ�� ɚ� ɬɚɤɠɟ� ɨɠɟ�ɷɥɟɤɬɪɨɧɧɨɣ� ɫɩɟɤɬɪɨɫɤɨɩɢɢ� ɢ� ɮɪɚɤɬɨɝɪɚɮɢɢ�
ɩɨɤɚɡɚɥɢ�� ɱɬɨ� ɜ ɫɥɭɱɚɟ� ɜɜɟɞɟɧɢɹ� $O�2� ɢɯ� ɯɢɦɢɱɟɫɤɚɹ� ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ� ɧɟɡɧɚɱɢɬɟɥɶɧɚ�� ɩɪɢ�
ɢɫɩɨɥɶɡɨɜɚɧɢɢ�ɭɝɥɟɪɨɞɧɵɯ�ɧɚɧɨɜɨɥɨɤɨɧ�ɢ�6L�1� ± ɩɪɚɤɬɢɱɟɫɤɢ�ɨɬɫɭɬɫɬɜɭɟɬ�

Ʉɿɧɰɟɜɢɦ�ɪɟɡɭɥɶɬɚɬɨɦ�ɬɟɯɧɨɥɨɝɿʀ�ɝɚɪɹɱɨɝɨ�ɲɬɚɦɩɭɜɚɧɧɹ��Ƚɒ��ɽ�ɡɚɛɟɡɩɟɱɟɧɧɹ�ɧɟɨɛɯɿɞɧɨʀ�ɫɬɪɭɤɬɭɪɢ�ɿ�
ɧɟɨɛɯɿɞɧɢɯ� ɜɥɚɫɬɢɜɨɫɬɟɣ� ɦɚɬɟɪɿɚɥɿɜ�� Ɍɨɦɭ� ɡɧɚɱɢɦɿɫɬɶ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɡɚɝɨɬɨɜɤɢ� �ɩɨɪɢɫɬɿɫɬɶ�� ɦɿɰɧɿɫɬɶ� ɧɚ�
ɫɬɢɫɤ� ɿ� ɦɿɰɧɿɫɬɶ� ɧɚ� ɪɨɡɬɹɝɭɜɚɧɧɹ�� ɬɜɟɪɞɿɫɬɶ��� ɳɨ� ɩɿɞɞɚɸɬɶɫɹ� ɡɦɿɧɿ�� ɧɚ� ɨɤɪɟɦɢɯ� ɟɬɚɩɚɯ� ɜɢɪɨɛɧɢɰɬɜɚ�
ɝɚɪɹɱɟɞɟɮɨɪɦɨɜɚɧɨɝɨ� ɩɨɪɨɲɤɨɜɨɝɨ� ɦɚɬɟɪɿɚɥɭ� �ȽȾɉɆ��� ɧɚɩɪɢɤɥɚɞ�� ɩɿɫɥɹ� ɫɩɿɤɚɧɧɹ�� ɜɢɡɧɚɱɚɽɬɶɫɹ� ɬɢɦ�� ɹɤɨɸ�
ɦɿɪɨɸ� ɩɚɪɚɦɟɬɪɢ� ɩɪɨɰɟɫɭ� ɿ� ɜɢɤɨɪɢɫɬɨɜɭɜɚɧɿ� ɤɨɦɩɨɧɟɧɬɢ� ɜɩɥɢɜɚɸɬɶ� ɧɚ� ɩɪɨɬɿɤɚɧɧɹ� ɩɪɨɰɟɫɿɜ� ɭɳɿɥɶɧɟɧɧɹ��
ɞɟɮɨɪɦɚɰɿʀ�ɿ�ɦɟɠɱɚɫɬɢɧɧɨɝɨ�ɡɪɨɳɭɜɚɧɧɹ�ɩɪɢ��Ƚɒ��

Ʉɥɸɱɨɜɿ� ɫɥɨɜɚ�� ɩɨɪɨɲɤɨɜɿ� ɫɬɚɥɿ�� ɧɚɧɨɪɨɡɦɿɪɧɿ� ɞɨɛɚɜɤɢ�� ɩɨɪɢɫɬɿɫɬɶ�� ɝɚɪɹɱɟ� ɲɬɚɦɩɭɜɚɧɧɹ��
ɬɟɦɩɟɪɚɬɭɪɚ�ɝɚɪɹɱɨɝɨ�ɲɬɚɦɩɭɜɚɧɧɹ��ɫɬɭɩɿɧɶ�ɞɟɮɨɪɦɚɰɿʀ

7KH�ILQDO�UHVXOW�RI�KRW�IRUJLQJ��+)��WHFKQRORJ\�LV�SURYLGLQJ�RI�UHTXLUHG�VWUXFWXUH�DQG�SURSHUWLHV�RI�PDWHULDOV��
7KHUHIRUH�� LPSRUWDQFH�RI�ZRUN�SLHFH�FKDUDFWHULVWLFV� �SRURVLW\�� FRPSUHVVLYH� VWUHQJWK�� WHQVLOH� VWUHQJWK��KDUGQHVV��� WKDW�
HYROYH�DW�GLIIHUHQW�SKDVHV�RI�KRW�GHIRUPHG�SRZGHU�PDWHULDO� �+'30��SURGXFWLRQ�� IRU�H[DPSOH��DIWHU�VLQWHULQJ��FDQ�EH�
GHILQHG� E\� WKH� GHJUHH� RI� LQIOXHQFH� RI� SURFHVV� SDUDPHWHUV� DQG� DSSOLHG� FRPSRQHQWV� RQ� FRPSDFWLRQ�� GHIRUPDWLRQ� DQG
LQWHUSDUWLFOH�MRLQLQJ�GXULQJ�+)�

.H\ ZRUGV��SRZGHUHG�VWHHO��QDQRVL]H�DGGLWLYHV��SRURVLW\��KRW�IRUJLQJ��KRW�IRUJLQJ�WHPSHUDWXUH��VWUDLQ�GHJUHH

Ʌɢɬɟɪɚɬɭɪɚ
�� Ɉɫɨɛɟɧɧɨɫɬɢ�ɩɪɢɦɟɧɟɧɢɹ�ɧɟɬɪɚɞɢɰɢɨɧɧɵɯ�ɭɝɥɟɪɨɞɫɨɞɟɪɠɚɳɢɯ�ɤɨɦɩɨɧɟɧɬɨɜ�ɜ�ɬɟɯɧɨɥɨɝɢɢ�

ɩɨɪɨɲɤɨɜɵɯ�ɫɬɚɥɟɣ��ɋɨɨɛɳɟɧɢɟ����ȼɥɢɹɧɢɟ�ɧɟɬɪɚɞɢɰɢɨɧɧɵɯ�ɭɝɥɟɪɨɞɫɨɞɟɪɠɚɲɢɯ�
ɤɨɦɩɨɧɟɧɬɨɜ�ɧɚ�ɩɪɨɰɟɫɫɵ�ɩɨɞɝɨɬɨɜɤɢ�ɲɢɯɬɵ�ɢ�ɩɪɟɫɫɨɜɚɧɢɹ�ɡɚɝɨɬɨɜɨɤ�ɩɨɪɨɲɤɨɜɵɯ�ɫɬɚɥɟɣ ��
ȼ� ɂ� Ʉɨɫɬɢɤɨɜ��ɘ� Ƚ� Ⱦɨɪɨɮɟɟɜ��ɀ� ȼ��ȿɪɟɦɟɟɜɚ�ɢ�ɞɪ�����ɉɨɪɨɲɤɨɜɚɹ�ɦɟɬɚɥɥɭɪɝɢɹ�ɢ�
ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ�ɩɨɤɪɵɬɢɹ��± ������± ʋ ���± ɋ� �±��

�� Ɉɫɨɛɟɧɧɨɫɬɢ� ɩɪɢɦɟɧɟɧɢɹ� ɧɟɬɪɚɞɢɰɢɨɧɧɵɯ� ɭɝɥɟɪɨɞɫɨɞɟɪɠɚɳɢɯ� ɤɨɦɩɨɧɟɧɬɨɜ� ɜ� ɬɟɯɧɨɥɨɝɢɢ�
ɩɨɪɨɲɤɨɜɵɯ� ɫɬɚɥɟɣ�� ɋɨɨɛɳɟɧɢɟ� ��� ȼɥɢɹɧɢɟ� ɧɟɬɪɚɞɢɰɢɨɧɧɵɯ� ɭɝɥɟɪɨɞɫɨɞɟɪɠɚɳɢɣ�
ɤɨɦɩɨɧɟɧɬɨɜ� ɧɚ� ɩɪɨɰɟɫɫɵ� ɫɩɟɤɚɧɢɹ� ɜ� ɬɟɯɧɨɥɨɝɢɢ� ɩɨɪɨɲɤɨɜɨɣ� ɫɬɚɥɢ�� �� ȼ� ɂ�� Ʉɨɫɬɢɤɨɜ�
ɘ� Ƚ� Ⱦɨɪɨɮɟɟɜ�ɀ� ȼ��ȿɪɟɦɟɟɜɚ� ���ɉɨɪɨɲɤɨɜɚɹ�ɦɟɬɚɥɥɭɪɝɢɹ�ɢ�ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ�ɩɨɤɪɵɬɢɹ�� ±
������± ʋ��� ± ɋ� �±��

�� Ⱦɨɪɨɮɟɟɜ�Ȼ� ɘ���Ⱦɨɪɨɮɟɟɜ�ɘ� Ƚ���ɂɜɚɳɟɧɤɨ�ɘ� ɇ��Ɏɨɪɦɢɪɨɜɚɧɢɟ�ɫɜɨɣɫɬɜ�ɢ�ɦɟɠɱɚɫɬɢɱɧɨɝɨ�
ɫɪɚɳɢɜɚɧɢɹ�ɝɨɪɹɱɟɞɟɮɨɪɦɢɪɨɜɚɧɧɵɯ�ɩɨɪɨɲɤɨɜɵɯ�ɦɚɬɟɪɢɚɥɨɜ�����ɉɨɪɨɲɤɨɜɚɹ�ɦɟɬɚɥɥɭɪɝɢɹ��±
������± ʋ ���± ɋ� ��±���

ɉɨɫɬɭɩɢɥɚ���������


