
ɊȺɁȾȿɅ����ɌȿɏɇɂɄȺ�ɂ�ɌȿɏɇɈɅɈȽɂə�ɉɊɈɂɁȼɈȾɋɌȼȺ�ɌȼȿɊȾɕɏ�ɋɉɅȺȼɈȼ�
ɂ�ɂɏ�ɉɊɂɆȿɇȿɇɂȿ�ȼ�ɂɇɋɌɊɍɆȿɇɌȿ�ȾɅə�ɊȺɁɅɂɑɇɕɏ�ɈɌɊȺɋɅȿɃ�ɉɊɈɆɕɒɅȿɇɇɈɋɌɂ

���

ȼɵɜɨɞɵ
�� ɋɨɡɞɚɧɧɚɹ�ɦɨɛɢɥɶɧɚɹ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɚɹ�ɫɢɫɬɟɦɚ�ɞɥɹ�ɢɫɫɥɟɞɨɜɚɧɢɹ�ɫɢɝɧɚɥɚ�Ⱥɗ�

ɩɨɡɜɨɥɹɟɬ�ɢɡɭɱɚɬɶ�ɨɫɨɛɟɧɧɨɫɬɢ�ɦɟɯɚɧɨɨɛɪɚɛɨɬɤɢ�
�� Ɋɚɡɪɚɛɨɬɚɧɚ� ɩɪɢɧɰɢɩɢɚɥɶɧɨ� ɧɨɜɚɹ� ɤɨɧɫɬɪɭɤɰɢɹ� ɲɢɪɨɤɨɩɨɥɨɫɧɵɯ� ɞɚɬɱɢɤɨɜ�

ɚɤɭɫɬɢɱɟɫɤɨɣ� ɷɦɢɫɫɢɢ� ɡɚ� ɫɱɟɬ� ɧɚɭɱɧɨ� ɨɛɨɫɧɨɜɚɧɧɨɝɨ� ɦɟɬɨɞɚ� ɞɟɦɩɮɢɪɨɜɚɧɢɹ� ɬɵɥɶɧɨɣ�
ɫɬɨɪɨɧɵ�ɩɶɟɡɨɩɥɚɫɬɢɧɵ�ɫ�ɪɚɛɨɱɟɣ�ɩɨɥɨɫɨɣ�ɱɚɫɬɨɬɵ�ɨɬ����±�����ɤȽɰ�

�� ɍɫɬɚɧɨɜɥɟɧɨ�� ɱɬɨ� ɪɚɡɪɚɛɨɬɚɧɧɭɸ� ɫɢɫɬɟɦɭ� ɦɨɠɧɨ� ɩɪɢɦɟɧɹɬɶ� ɞɥɹ� ɞɢɚɝɧɨɫɬɢɤɢ�
ɲɥɢɮɨɜɚɧɢɹ�ɢ�ɢɡɭɱɟɧɢɹ�ɨɫɨɛɟɧɧɨɫɬɟɣ�ɲɥɢɮɨɜɚɥɶɧɵɯ�ɤɪɭɝɨɜ�ɢɡ�ɋɌɆ�

ɇɚɜɟɞɟɧɨ� ɚɜɬɨɦɚɬɢɡɨɜɚɧɭ� ɫɢɫɬɟɦɭ� ɞɨɫɥɿɞɠɟɧɧɹ� ɨɛɪɨɛɥɟɧɧɹ� ɿ� ɞɿɚɝɧɨɫɬɢɤɢ�
ɲɥɿɮɭɜɚɧɧɹ� ɦɟɬɨɞɨɦ� ɚɤɭɫɬɢɱɧɨʀ� ɟɦɿɫɿʀ�� Ɂɚɫɬɨɫɨɜɚɧɨ� ɩɪɢɧɰɢɩɨɜɨ� ɧɨɜɿ� ɲɢɪɨɤɨɫɦɭɝɨɜɿ�
ɞɚɬɱɢɤɢ� ɚɤɭɫɬɢɱɧɨʀ� ɟɦɿɫɿʀ� ɡ� ɞɟɦɩɮɭɜɚɧɧɹɦ� ɡɜɨɪɨɬɧɨɝɨ� ɛɨɤɭ� ɩ¶ɽɡɨɩɥɚɫɬɢɧɢ�� Ɋɨɡɪɨɛɥɟɧɭ�
ɫɢɫɬɟɦɭ�ɡɚɫɬɨɫɨɜɚɧɨ�ɞɥɹ�ɞɿɚɝɧɨɫɬɢɤɢ�ɲɥɿɮɭɜɚɧɧɹ�ɿɧɫɬɪɭɦɟɧɬɨɦ�ɡ�ɇɌɆ�

Ʉɥɸɱɨɜɿ� ɫɥɨɜɚ� ɚɤɭɫɬɢɱɧɚ� ɟɦɿɫɿɹ�� ɲɢɪɨɤɨɫɦɭɝɨɜɢɣ� ɞɚɬɱɢɤ�� ɩ¶ɽɡɨɤɟɪɚɦɿɤɚ��
ɧɟɪɭɣɧɿɜɧɢɣ�ɤɨɧɬɪɨɥɶ��ɲɥɿɮɭɜɚɧɧɹ��ɧɚɞɬɜɟɪɞɿ�ɦɚɬɟɪɿɚɥɢ�

$XWRPDWHG� V\VWHP�IRU� WKH�VWXG\�RI� WKH�SURFHVVLQJ�DQG�GLDJQRVLV�RI� WKH� VWDWH�RI� WKH�FXWWLQJ�
WRRO� E\� WKH� DFRXVWLF� HPLVVLRQ�PHWKRG� LV� SUHVHQWHG� 3ULQFLSDOO\�QHZ�GHVLJQ� RI�EURDGEDQG�DFRXVWLF�
HPLVVLRQ�VHQVRUV�WKURXJK�VFLHQFH�EDVHG�PHWKRG�RI�GDPSLQJ�WKH�EDFN�RI�WKH�SLH]RFHUDPLF�SODWHV�ZDV�
HVWDEOLVKHG��7KH�GHYHORSHG�V\VWHP�KDV�EHHQ�DSSOLHG�IRU�WKH�GLDJQRVWLFV�RI�JULQGLQJ�E\�WKH�6+0�WRRO�

.H\ ZRUGV� DFRXVWLF� HPLVVLRQ��ZLGH�EDQG� VHQVRU�� SLH]RFHUDPLF�� QRQ�GHVWUXFWLYH� FRQWURO��
JULQGLQJ��VXSHUKDUG�PDWHULDOV�

Ʌɢɬɟɪɚɬɭɪɚ
�� Ⱦɟɜɢɧ�Ʌ� ɇ���ɇɢɦɱɟɧɤɨ�Ɍ� ȼ���Ɉɫɚɞɱɢɣ�Ⱥ� Ⱥ��Ⱥɤɭɫɬɢɤɨ�ɷɦɢɫɫɢɨɧɧɚɹ�ɢɡɦɟɪɢɬɟɥɶɧɚɹ�

ɫɢɫɬɟɦɚ�ɞɥɹ� ɤɨɧɬɪɨɥɹ� ɡɚ� ɫɨɫɬɨɹɧɢɟɦ�ɪɟɠɭɳɢɯ� ɢɧɫɬɪɭɦɟɧɬɨɜ� ��� ȼɢɫɨɤɿ� ɬɟɯɧɨɥɨɝɿʀ� ɜ�
ɦɚɲɢɧɨɛɭɞɭɜɚɧɧɿ��ɡɛ��ɧɚɭɤ��ɩɪ��ɇɌɍ�©ɏɉȱª��± ɏ���������± ȼɢɩ���������± ����ɫ�

�� ɉɚɬ�� ɧɚ� ɜɢɧɚɯɿɞ� ʋ ������ ɜɿɞ� ������������ ɉ¶ɽɡɨɟɥɟɤɬɪɢɱɧɢɣ� ɩɟɪɟɬɜɨɪɸɜɚɱ� ��
Ʌ� Ɇ� Ⱦɟɜɿɧ��Ⱥ� Ƚ� ɇɚɣɞɟɧɤɨ��Ɍ� ȼ� ɇɿɦɱɟɧɤɨ�

�� Ⱦɟɜɢɧ� Ʌ� ɇ��� ɇɨɜɢɤɨɜ� ɇ� ȼ�� ɒɢɪɨɤɨɩɨɥɨɫɧɵɟ� ɞɚɬɱɢɤɢ� ɚɤɭɫɬɢɱɟɫɤɨɣ� ɷɦɢɫɫɢɢ� ɞɥɹ�
ɞɢɚɝɧɨɫɬɢɤɢ� ɫɨɫɬɨɹɧɢɹ� ɪɟɠɭɳɢɯ� ɢɧɫɬɪɭɦɟɧɬɨɜ� ��� Ɍɟɯɧ�� ɞɢɚɝɧɨɫɬɢɤɚ� ɢ�
ɧɟɪɚɡɪɭɲɚɸɳɢɣ�ɤɨɧɬɪɨɥɶ��± ������± ʋ����± ɋ����±���

ɉɨɫɬɭɩɢɥɚ�����������

ɍȾɄ��������
Ⱥ� ɘ��Ɏɢɥɚɬɨɜ� ɤɚɧɞ��ɬɟɯɧ��ɧɚɭɤ��ɋ� ȼ��Ʉɨɜɚɥɟɜ� ɤɚɧɞ��ɬɟɯɧ��ɧɚɭɤ�
Ⱥ� Ƚ��ȼɟɬɪɨɜ��ɘ� Ⱦ��Ɏɢɥɚɬɨɜ��ɞɪ��ɬɟɯɧ��ɧɚɭɤ�Ɇ� Ⱥ��Ⱦɚɧɢɥɶɱɟɧɤɨ�

�ɂɧɫɬɢɬɭɬ�ɫɜɟɪɯɬɜɟɪɞɵɯ�ɦɚɬɟɪɢɚɥɨɜ�ɢɦ��ȼ�ɇ��Ȼɚɤɭɥɹ�ɇȺɇ�ɍɤɪɚɢɧɵ��ɝ��Ʉɢɟɜ
�ɇɚɰɢɨɧɚɥɶɧɵɣ�ɬɟɯɧɢɱɟɫɤɢɣ�ɭɧɢɜɟɪɫɢɬɟɬ�ɍɤɪɚɢɧɵ�©Ʉɢɟɜɫɤɢɣ�ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ�

ɢɧɫɬɢɬɭɬª

ȺɅɆȺɁɇɈȿ�ɉɈɅɂɊɈȼȺɇɂȿ�ɉɅɈɋɄɂɏ�ɉɈȼȿɊɏɇɈɋɌȿɃ�ȾȿɌȺɅȿɃ�
ɈɉɌɂɑȿɋɄɂɏ�ɋɂɋɌȿɆ�ɂ�ɗɅȿɄɌɊɈɇɇɈɃ�ɌȿɏɇɂɄɂ�ɂɁ�ɄȼȺɊɐȺ

Ɉɩɢɫɚɧɚ� ɨɛɨɛɳɟɧɧɚɹ� ɦɨɞɟɥɶ� ɨɛɪɚɡɨɜɚɧɢɹ� ɢ� ɭɞɚɥɟɧɢɹ� ɱɚɫɬɢɰ� ɲɥɚɦɚ� ɫ�
ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ�ɩɨɜɟɪɯɧɨɫɬɢ��ɩɨɡɜɨɥɢɜɲɚɹ�ɪɚɫɫɱɢɬɚɬɶ�ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ�ɩɨɥɢɪɨɜɚɧɢɹ�
ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ� ɤɜɚɪɰɚ� ɫ� ɩɨɦɨɳɶɸ� ɫɭɫɩɟɧɡɢɢ� ɚɥɦɚɡɧɵɯ� ɦɢɤɪɨɩɨɪɨɲɤɨɜ�� ɉɪɢɜɟɞɟɧɵ�
ɪɟɡɭɥɶɬɚɬɵ�ɷɤɫɩɟɪɢɦɟɧɬɨɜ��ɩɨɞɬɜɟɪɠɞɚɸɳɢɟ�ɞɚɧɧɵɟ�ɪɚɫɱɟɬɚ�

Ʉɥɸɱɟɜɵɟ�ɫɥɨɜɚ��ɩɨɥɢɪɨɜɚɧɢɟ��ɚɥɦɚɡɧɵɟ�ɦɢɤɪɨɩɨɪɨɲɤɢ��ɤɜɚɪɰ�



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

���

ȼɜɟɞɟɧɢɟ
ɒɢɪɨɤɨɟ� ɩɪɢɦɟɧɟɧɢɟ� ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ� ɤɜɚɪɰɚ� ɜ� ɨɩɬɨɷɥɟɤɬɪɨɧɢɤɟ�� ɪɚɞɢɨɬɟɯɧɢɤɟ��

ɨɩɬɢɱɟɫɤɨɦ� ɢ� ɷɥɟɤɬɪɨɧɧɨɦ� ɩɪɢɛɨɪɨɫɬɪɨɟɧɢɢ� ɨɛɭɫɥɨɜɥɟɧɨ� ɟɝɨ� ɩɪɨɡɪɚɱɧɨɫɬɶɸ� ɜ� ɜɢɞɢɦɨɣ��
ɛɥɢɠɧɟɣ� ɢɧɮɪɚɤɪɚɫɧɨɣ� �ɂɄ�� ɢ� ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɨɣ� �ɍɎ�� ɨɛɥɚɫɬɹɯ� ɢɡɥɭɱɟɧɢɹ� �ɜ� ɞɢɚɩɚɡɨɧɟ�
���±����� ɧɦ��� Ȼɥɚɝɨɞɚɪɹ� ɨɬɫɭɬɫɬɜɢɸ� ɩɭɡɵɪɟɣ� ɢ� ɜɤɥɸɱɟɧɢɣ�� ɛɟɫɫɜɢɥɶɧɨɫɬɢ��
ɥɸɦɢɧɟɫɰɟɧɰɢɢ� ɜ� ɍɎ� ɢɡɥɭɱɟɧɢɢ�� ɧɚɥɢɱɢɸ� ɞɜɭɥɭɱɟɩɪɟɥɨɦɥɟɧɢɹ�� ɜɵɫɨɤɨɣ�
ɬɟɩɥɨɭɫɬɨɣɱɢɜɨɫɬɢ� ɢ� ɨɛɴɟɦɧɨɣ� ɨɞɧɨɪɨɞɧɨɫɬɢ� ɩɨɤɚɡɚɬɟɥɹ� ɩɪɟɥɨɦɥɟɧɢɹ�� ɚ� ɬɚɤɠɟ�
ɫɩɨɫɨɛɧɨɫɬɢ�ɜɪɚɳɚɬɶ�ɩɥɨɫɤɨɫɬɶ�ɩɨɥɹɪɢɡɚɰɢɢ�ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɣ�ɤɜɚɪɰ�ɜɫɟ�ɱɚɳɟ�ɩɪɢɦɟɧɹɸɬ�
ɩɪɢ�ɫɨɡɞɚɧɢɢ�ɜɵɫɨɤɨɬɨɱɧɵɯ�ɢ�ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɵɯ�ɨɩɬɢɱɟɫɤɢɯ�ɤɨɦɩɨɧɟɧɬɨɜ�ɞɥɹ�ɥɚɡɟɪɧɨɣ��
ɩɨɥɹɪɢɡɚɰɢɨɧɧɨɣ� ɢ� ɫɩɟɤɬɪɚɥɶɧɨɣ� ɨɩɬɨɷɥɟɤɬɪɨɧɧɨɣ� ɬɟɯɧɢɤɢ�� ȼɵɫɨɤɚɹ� ɨɩɬɢɱɟɫɤɚɹ�
ɨɞɧɨɪɨɞɧɨɫɬɶ�ɢ�ɫɨɜɟɪɲɟɧɫɬɜɨ�ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ�ɪɟɲɟɬɤɢ��ɨɬɧɨɫɢɬɟɥɶɧɨ�ɜɵɫɨɤɚɹ�ɬɜɟɪɞɨɫɬɶ��
ɜɵɫɨɤɚɹ�ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶ�ɪɚɛɨɱɢɯ�ɩɨɜɟɪɯɧɨɫɬɟɣ�ɩɪɢ�ɷɤɫɩɥɭɚɬɚɰɢɢ��ɯɢɦɢɱɟɫɤɚɹ�ɫɬɨɣɤɨɫɬɶ�ɤ�
ɜɨɡɞɟɣɫɬɜɢɸ�ɨɤɪɭɠɚɸɳɟɣ�ɫɪɟɞɵ��ɧɟɪɚɫɬɜɨɪɢɦɨɫɬɶ�ɜ�ɜɨɞɟ�ɢ�ɞɪɭɝɢɯ�ɪɚɫɬɜɨɪɢɬɟɥɹɯ��ɧɢɡɤɢɣ�
ɤɨɷɮɮɢɰɢɟɧɬ� ɬɟɩɥɨɜɨɝɨ� ɪɚɫɲɢɪɟɧɢɹ�� ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɟ� ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ�� ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ�
ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ� ɜ� ɲɢɪɨɤɢɯ� ɱɚɫɬɨɬɧɨɦ� ɢ� ɬɟɦɩɟɪɚɬɭɪɧɨɦ� ɢɧɬɟɪɜɚɥɚɯ� ɢ� ɫɢɥɶɧɵɯ�
ɷɥɟɤɬɪɢɱɟɫɤɢɯ� ɩɨɥɹɯ�� ɲɢɪɨɤɢɣ� ɞɢɚɩɚɡɨɧ� ɨɩɬɢɱɟɫɤɨɝɨ� ɩɪɨɩɭɫɤɚɧɢɹ�� ɭɫɬɨɣɱɢɜɨɫɬɶ� ɤ�
ɜɨɡɞɟɣɫɬɜɢɸ�ɦɨɳɧɨɝɨ� ɥɚɡɟɪɧɨɝɨ� ɢɡɥɭɱɟɧɢɹ� ± ɞɚɥɟɤɨ� ɧɟ� ɩɨɥɧɵɣ� ɩɟɪɟɱɟɧɶ� ɨɬɥɢɱɢɬɟɥɶɧɵɯ�
ɫɜɨɣɫɬɜ� ɤɜɚɪɰɚ�� ɛɥɚɝɨɞɚɪɹ� ɤɨɬɨɪɵɦ� ɨɧ� ɹɜɥɹɟɬɫɹ� ɧɟɡɚɦɟɧɢɦɵɦ� ɦɚɬɟɪɢɚɥɨɦ� ɞɥɹ�
ɨɩɬɨɷɥɟɤɬɪɨɧɧɨɝɨ�ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ�

Ɂɚɤɨɧɨɦɟɪɧɨɫɬɢ�ɚɥɦɚɡɧɨɝɨ�ɩɨɥɢɪɨɜɚɧɢɹ�ɤɜɚɪɰɚ
Ⱦɟɬɚɥɢ� ɢɡ� ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ� ɤɜɚɪɰɚ� ɜ� ɫɨɜɪɟɦɟɧɧɨɦ� ɩɪɨɢɡɜɨɞɫɬɜɟ� ɢɡɝɨɬɨɜɥɹɸɬ�

ɦɟɬɨɞɚɦɢ� ɚɥɦɚɡɧɨ�ɚɛɪɚɡɢɜɧɨɣ� ɨɛɪɚɛɨɬɤɢ�� Ɉɩɟɪɚɰɢɢ� ɬɨɧɤɨɝɨ� ɚɥɦɚɡɧɨɝɨ� �ɌȺɒ�� ɢ�
ɫɭɩɟɪɬɨɧɤɨɝɨ� ɚɥɦɚɡɧɨɝɨ� �ɋɌȺɒ��ɲɥɢɮɨɜɚɧɢɹ� ɨɩɬɢɱɟɫɤɢɯ� ɩɨɜɟɪɯɧɨɫɬɟɣ� �Ɉɉ�� ɞɟɬɚɥɟɣ ɢɡ�
ɤɜɚɪɰɚ� ɨɫɭɳɟɫɬɜɥɹɸɬ� ɫ� ɩɨɦɨɳɶɸ� ɮɭɧɤɰɢɨɧɚɥɶɧɨ� ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ� ɚɥɦɚɡɧɵɯ�
ɢɧɫɬɪɭɦɟɧɬɨɜ� ɫɨ� ɫɩɟɰɢɚɥɶɧɨɣ� ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ� ɢ� ɤɨɧɫɬɪɭɤɰɢɟɣ� ɪɚɛɨɱɟɝɨ� ɫɥɨɹ��
Ɂɚɤɥɸɱɢɬɟɥɶɧɚɹ� ɨɩɟɪɚɰɢɹ� ɩɨɥɢɪɨɜɚɧɢɹ� ɜ� ɨɛɳɟɦ� ɫɥɭɱɚɟ� ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ� ɜ� ɨɞɢɧ� ɢɥɢ� ɞɜɚ�
ɩɟɪɟɯɨɞɚ�� ɩɨɥɢɪɨɜɚɧɢɟ� ɢɧɫɬɪɭɦɟɧɬɨɦ� ɫɨ� ɫɜɹɡɚɧɧɵɦ� ɩɨɥɢɪɨɜɚɥɶɧɵɦ� ɩɨɪɨɲɤɨɦ� ɬɢɩɚ�
Ⱥɤɜɚɩɨɥ� ɢ� ɯɢɦɢɤɨ�ɦɟɯɚɧɢɱɟɫɤɨɟ� ɩɨɥɢɪɨɜɚɧɢɟ� �ɋɆɉ�� ɧɚɧɨɩɨɪɨɲɤɚɦɢ� ɜ� ɫɜɨɛɨɞɧɨɦ�
ɫɨɫɬɨɹɧɢɢ�� ɉɪɨɛɥɟɦɵ�� ɜɨɡɧɢɤɚɸɳɢɟ� ɩɪɢ� ɮɨɪɦɨɨɛɪɚɡɨɜɚɧɢɢ� ɩɪɟɰɢɡɢɨɧɧɵɯ� ɨɩɬɢɱɟɫɤɢɯ�
ɩɨɜɟɪɯɧɨɫɬɟɣ� ɜ� ɩɪɨɰɟɫɫɟ� ɩɨɥɢɪɨɜɚɧɢɢ� ɞɟɬɚɥɟɣ� ɢɡ� ɤɜɚɪɰɚ�� ɫɜɨɞɹɬɫɹ� ɤ� ɧɟɨɛɯɨɞɢɦɨɫɬɢ�
ɨɛɟɫɩɟɱɟɧɢɹ� ɫɬɚɛɢɥɶɧɨɝɨ� ɜɨ� ɜɪɟɦɟɧɢ� ɫɴɟɦɚ� ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ� ɦɚɬɟɪɢɚɥɚ� �ɢɧɬɟɧɫɢɜɧɨɫɬɶ�
ɢɡɧɚɲɢɜɚɧɢɹ��� ɚ� ɬɚɤɠɟ� ɭɩɪɚɜɥɟɧɢɹ� ɮɨɪɦɢɪɨɜɚɧɢɟɦ� ɦɚɤɪɨɩɪɨɮɢɥɹ� �ɬɨɱɧɨɫɬɶ�
ɮɨɪɦɨɨɛɪɚɡɨɜɚɧɢɹ��ɢ�ɦɢɤɪɨɩɪɨɮɢɥɹ��ɲɟɪɨɯɨɜɚɬɨɫɬɶ��ɨɛɪɚɛɨɬɚɧɧɵɯ�ɩɨɜɟɪɯɧɨɫɬɟɣ�

Ɋɟɡɭɥɶɬɚɬɵ�ɢɫɫɥɟɞɨɜɚɧɢɣ�ɦɟɯɚɧɢɡɦɚ�ɫɴɟɦɚ� ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ�ɦɚɬɟɪɢɚɥɚ� ɜ� ɩɪɨɰɟɫɫɟ�
ɚɥɦɚɡɧɨ�ɚɛɪɚɡɢɜɧɨɣ� ɨɛɪɚɛɨɬɤɢ� ɨɩɬɢɱɟɫɤɢɯ� ɩɨɜɟɪɯɧɨɫɬɟɣ� ɡɚ� ɩɨɫɥɟɞɧɢɟ� ɞɟɫɹɬɢɥɟɬɢɹ�
ɩɨɡɜɨɥɢɥɢ� ɨɛɴɹɫɧɢɬɶ� ɰɟɥɵɣ� ɪɹɞ� ɬɟɨɪɟɬɢɱɟɫɤɢɯ� ɢ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ� ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ�
ɷɬɨɝɨ� ɩɪɨɰɟɫɫɚ�� ɉɪɢ� ɢɫɫɥɟɞɨɜɚɧɢɢ� ɤɨɧɬɚɤɬɧɨɝɨ� ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ� ɢɧɫɬɪɭɦɟɧɬɚ� ɢ�
ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ�ɞɟɬɚɥɢ�ɩɪɢ�ɩɨɥɢɪɨɜɚɧɢɢ�Ɉɉ�ɢɡɭɱɟɧɵ�ɦɟɯɚɧɢɡɦ�ɞɢɫɩɟɪɝɢɪɨɜɚɧɢɹ� ɱɚɫɬɢɰ�
ɲɥɚɦɚ� ɢ� ɢɯ� ɪɚɫɩɪɟɞɟɥɟɧɢɟ� ɩɨ� ɪɚɡɦɟɪɚɦ�� ɨɩɢɫɚɧɵ� ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ� ɮɨɪɦɨɨɛɪɚɡɨɜɚɧɢɹ�
ɩɪɟɰɢɡɢɨɧɧɵɯ�ɩɨɜɟɪɯɧɨɫɬɟɣ��ɪɚɡɪɚɛɨɬɚɧɵ�ɦɟɬɨɞɵ�ɭɩɪɚɜɥɟɧɢɹ�ɬɨɱɧɨɫɬɶɸ�ɢɯ�ɮɨɪɦɵ�ɡɚ�ɫɱɟɬ�
ɨɩɬɢɦɢɡɚɰɢɢ� ɤɢɧɟɦɚɬɢɱɟɫɤɢɯ� ɢ� ɪɟɠɢɦɧɵɯ� ɩɚɪɚɦɟɬɪɨɜ� ɩɪɨɰɟɫɫɚ� ɢ� ɜɵɛɨɪɚ�
ɮɭɧɤɰɢɨɧɚɥɶɧɨɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ�ɤɨɧɫɬɪɭɤɰɢɣ�ɢ�ɯɚɪɚɤɬɟɪɢɫɬɢɤ�ɪɚɛɨɱɟɝɨ�ɫɥɨɹ�ɢɧɫɬɪɭɦɟɧɬɚ��
ɪɚɡɪɚɛɨɬɚɧɵ� ɦɟɬɨɞɢɤɢ� ɪɚɫɱɟɬɚ� ɢɧɬɟɧɫɢɜɧɨɫɬɢ� ɫɴɟɦɚ� ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ� ɦɚɬɟɪɢɚɥɚ� ɢ�
ɤɨɦɩɶɸɬɟɪɧɨɝɨ�ɦɨɞɟɥɢɪɨɜɚɧɢɹ�ɦɢɤɪɨ� ɢ�ɦɚɤɪɨɪɟɥɶɟɮɚ�ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɯ�ɩɨɜɟɪɯɧɨɫɬɟɣ�
ɞɟɬɚɥɢ� ɢ� ɢɧɫɬɪɭɦɟɧɬɚ�� Ʉ� ɨɫɧɨɜɧɵɦ� ɦɨɞɟɥɹɦ� ɩɪɢ� ɪɚɡɪɚɛɨɬɤɟ� ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ� ɩɪɨɰɟɫɫɨɜ�
ɮɨɪɦɨɨɛɪɚɡɨɜɚɧɢɹ� Ɉɉ� ɨɬɧɨɫɹɬɫɹ� ɤɥɚɫɬɟɪɧɚɹ� ɦɨɞɟɥɶ� ɢɡɧɨɫɚ� ɜɡɚɢɦɨɩɪɢɬɢɪɚɸɳɢɯɫɹ�
ɩɨɜɟɪɯɧɨɫɬɟɣ� ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ� ɞɟɬɚɥɢ� ɢ� ɩɨɥɢɪɨɜɚɥɶɧɨɝɨ� ɢɧɫɬɪɭɦɟɧɬɚ� >�±�@� ɢ� ɮɢɡɢɤɨ�
ɫɬɚɬɢɫɬɢɱɟɫɤɚɹ�ɦɨɞɟɥɶ�ɨɛɪɚɡɨɜɚɧɢɹ�ɢ�ɭɞɚɥɟɧɢɹ�ɱɚɫɬɢɰ�ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ�ɦɚɬɟɪɢɚɥɚ��ɲɥɚɦɚ��
ɢ� ɱɚɫɬɢɰ� ɢɡɧɨɫɚ� ɢɧɫɬɪɭɦɟɧɬɚ� ɩɪɢ� ɮɢɧɢɲɧɨɣ� ɚɥɦɚɡɧɨ�ɚɛɪɚɡɢɜɧɨɣ� ɨɛɪɚɛɨɬɤɟ�
ɧɟɦɟɬɚɥɥɢɱɟɫɤɢɯ�ɦɚɬɟɪɢɚɥɨɜ�>����@�



ɊȺɁȾȿɅ����ɌȿɏɇɂɄȺ�ɂ�ɌȿɏɇɈɅɈȽɂə�ɉɊɈɂɁȼɈȾɋɌȼȺ�ɌȼȿɊȾɕɏ�ɋɉɅȺȼɈȼ�
ɂ�ɂɏ�ɉɊɂɆȿɇȿɇɂȿ�ȼ�ɂɇɋɌɊɍɆȿɇɌȿ�ȾɅə�ɊȺɁɅɂɑɇɕɏ�ɈɌɊȺɋɅȿɃ�ɉɊɈɆɕɒɅȿɇɇɈɋɌɂ

���

ɉɥɨɫɤɢɟ� ɩɨɜɟɪɯɧɨɫɬɢ� ɞɟɬɚɥɟɣ� ɢɡ� ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ� ɤɜɚɪɰɚ� ± ɛɥɨɤɨɜ� ɞɢɚɦɟɬɪɨɦ� ���
ɦɦ�� ɧɚ� ɩɨɜɟɪɯɧɨɫɬɢ� ɤɨɬɨɪɵɯ� ɪɚɫɩɨɥɨɠɟɧɵ� ɱɟɬɵɪɟ� ɤɪɢɫɬɚɥɥɚ� ɨɛɳɟɣ� ɩɥɨɳɚɞɶɸ� ����� ɫɦ���
ɩɨɥɢɪɨɜɚɥɢ� ɧɚ� ɲɥɢɮɨɜɚɥɶɧɨ�ɩɨɥɢɪɨɜɚɥɶɧɨɦ� ɫɬɚɧɤɟ� ɦɨɞɟɥɢ� �ɒɉ����Ɇ� ɫ� ɩɨɦɨɳɶɸ�
ɫɭɫɩɟɧɡɢɢ�ɢɡ�ɚɥɦɚɡɧɵɯ�ɦɢɤɪɨɩɨɪɨɲɤɨɜ�ȺɋɆ�����ɧɚ�ɨɥɨɜɹɧɧɨɦ�ɩɨɥɢɪɨɜɚɥɶɧɢɤɟ�ɞɢɚɦɟɬɪɨɦ�
����ɦɦ�ɩɪɢ�ɱɚɫɬɨɬɟ�ɜɪɚɳɟɧɢɹ�ɩɪɢɬɢɪɚ����ɨɛ��ɦɢɧ��ɭɫɢɥɢɢ�ɩɪɢɠɢɦɚ�ɞɟɬɚɥɢ�ɤ�ɢɧɫɬɪɭɦɟɧɬɭ�
�����ɇ��ɫɦɟɳɟɧɢɢ�ɲɬɪɢɯɚ�HS  ����ɦɦ��ɞɥɢɧɟ�ɲɬɪɢɯɚ�/  ����ɦɦ��ɦɚɤɫɢɦɚɥɶɧɨɦ�ɪɚɫɫɬɨɹɧɢɢ�

ɦɟɠɞɭ�ɰɟɧɬɪɚɦɢ�ɢɧɫɬɪɭɦɟɧɬɚ�ɢ�ɞɟɬɚɥɢ� ��
� ����/HH S �  ����ɦɦ�ɢ�ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ�

ɰɢɤɥɚ�ɩɨɥɢɪɨɜɚɧɢɹ����ɦɢɧ��
ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ� ɫɴɟɦɚ� ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ� ɦɚɬɟɪɢɚɥɚ� ɩɪɢ� ɩɨɥɢɪɨɜɚɧɢɢ�

ɪɚɫɫɱɢɬɵɜɚɥɢ� ɧɚ� ɨɫɧɨɜɟ� ɨɛɨɛɳɟɧɧɨɣ�ɦɨɞɟɥɢ� ɨɛɪɚɡɨɜɚɧɢɹ� ɢ� ɭɞɚɥɟɧɢɹ� ɢɡ� ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ�
ɩɨɜɟɪɯɧɨɫɬɢ� ɱɚɫɬɢɰ� ɲɥɚɦɚ�� Ɉɛɴɟɦ� ɫɧɹɬɨɝɨ� ɦɚɬɟɪɢɚɥɚ� ɩɪɢ� ɩɨɥɢɪɨɜɚɧɢɢ� ɨɩɪɟɞɟɥɹɥɢ� ɫ�
ɩɨɦɨɳɶɸ�ɤɨɷɮɮɢɰɢɟɧɬɚ�ɨɛɴɟɦɧɨɝɨ�ɢɡɧɨɫɚ�Ș�>����@��ȼ�ɡɚɜɢɫɢɦɨɫɬɢ�ɨɬ�ɪɚɡɦɟɪɨɜ�G��L��ɱɚɫɬɢɰ�
ɲɥɚɦɚ� ɢ� ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ� ɢɯ� ɤɨɧɬɚɤɬɚ� ɫ� ɩɨɜɟɪɯɧɨɫɬɶɸ� ɢɧɫɬɪɭɦɟɧɬɚ� ɤɨɷɮɮɢɰɢɟɧɬ�
ɨɛɴɟɦɧɨɝɨ�ɢɡɧɨɫɚ�ɪɚɫɫɱɢɬɵɜɚɥɫɹ�ɩɨ�ɮɨɪɦɭɥɟ�
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ɜ�ɤɨɬɨɪɨɣ�ɡɧɚɱɟɧɢɹ�ȕ�L��ɩɪɟɞɫɬɚɜɥɹɸɬ�ɫɨɛɨɣ�ɤɨɪɧɢ�ɬɪɚɧɫɰɟɧɞɟɧɬɧɵɯ�ɭɪɚɜɧɟɧɢɣ
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ɝɞɟ� 1�L�� ± ɤɨɥɢɱɟɫɬɜɨ� L�ɯ ɱɚɫɬɢɰ� ɲɥɚɦɚ� ɧɚ� ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ� ɩɨɜɟɪɯɧɨɫɬɢ�� 6L ± ɩɥɨɳɚɞɶ�
ɩɨɜɟɪɯɧɨɫɬɢ� L�ɣ� ɱɚɫɬɢɰɵ�� /W  � �ʌH� ± ɞɥɢɧɚ� ɩɭɬɢ� ɬɪɟɧɢɹ� ɷɥɟɦɟɧɬɚ� ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ�
ɩɨɜɟɪɯɧɨɫɬɢ� ɩɨ� ɩɨɜɟɪɯɧɨɫɬɢ� ɪɚɛɨɱɟɝɨ� ɫɥɨɹ� ɢɧɫɬɪɭɦɟɧɬɚ�� GD ± ɫɪɟɞɧɢɣ� ɪɚɡɦɟɪ� ɡɟɪɟɧ�
ɩɨɥɢɪɨɜɚɥɶɧɨɝɨ� ɩɨɪɨɲɤɚ�� 6ɫ ± ɩɥɨɳɚɞɶ� ɤɨɧɬɚɤɬɚ� ɩɨɜɟɪɯɧɨɫɬɟɣ� ɢɧɫɬɪɭɦɟɧɬɚ� ɢ� ɞɟɬɚɥɢ��

FD

W

X6S

7/O
 - ± ɛɟɡɪɚɡɦɟɪɧɵɣ�ɩɚɪɚɦɟɬɪ��Ȝ�± ɤɨɷɮɮɢɰɢɟɧɬ�ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ�ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ�

ɦɚɬɟɪɢɚɥɚ�� 7 ± ɬɟɦɩɟɪɚɬɭɪɚ� ɜ� ɤɨɧɬɚɤɬɧɨɣ� � ɡɨɧɟ�� � SD ± ɧɨɦɢɧɚɥɶɧɨɟ� ɞɚɜɥɟɧɢɟ� ɩɪɢɠɢɦɚ�
ɢɧɫɬɪɭɦɟɧɬɚ� ɤ� ɞɟɬɚɥɢ�� � X  � Ȧ�HS ± ɫɤɨɪɨɫɬɶ� ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ� ɩɟɪɟɦɟɳɟɧɢɹ� ɢɧɫɬɪɭɦɟɧɬɚ� ɢ�
ɞɟɬɚɥɢ��Ȧ� ± ɭɝɥɨɜɚɹ�ɫɤɨɪɨɫɬɶ�ɜɪɚɳɟɧɢɹ�ɞɟɬɚɥɢ�

ɉɚɪɚɦɟɬɪɵ� ɢ� ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ� ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ� ɤɜɚɪɰɚ� >��� ��@�� ɩɥɨɬɧɨɫɬɶ� ȡ�  �
����ā��� ɤɝ�ɦ��� ɫɬɚɬɢɱɟɫɤɚɹ� ɞɢɷɥɟɤɬɪɢɱɟɫɤɚɹ� ɩɪɨɧɢɰɚɟɦɨɫɬɶ� ± ������ Ȝ�  � ����� ȼɬ��ɦāɄ���
ɷɧɟɪɝɢɹ� ɫɜɹɡɢ� ± ���� ɷȼ� ����� ɤɤɚɥ�ɦɨɥɶ��� ɑɚɫɬɨɬɵ� ɫɨɛɫɬɜɟɧɧɵɯ� ɤɨɥɟɛɚɧɢɣ� ɦɨɥɟɤɭɥɹɪɧɵɯ�
ɮɪɚɝɦɟɧɬɨɜ�� ɨɩɪɟɞɟɥɹɟɦɵɟ� ɩɨ� ɫɩɟɤɬɪɚɦ� ɢɧɮɪɚɤɪɚɫɧɨɝɨ� ɩɨɝɥɨɳɟɧɢɹ� �ɂɄ�� ɢɥɢ�
ɤɨɦɛɢɧɚɰɢɨɧɧɨɝɨ�ɪɚɫɫɟɹɧɢɹ��ɄɊ�� ɞɥɹ�6L2� ɫɨɫɬɚɜɥɹɸɬ��
Ȧ��  � ��������� ɫ�� ����� ɫɦ����� ���������� ɫ�� ����� ɫɦ���� ɢ� ���������� ɫ�� ������ ɫɦ���� >��@�� ɞɥɹ�
ɚɥɦɚɡɚ�Ȧ��  ���������� ɫ�� ������ɫɦ����ɢ���������� ɫ�� ����� ɫɦ��� >��@��ɉɥɨɳɚɞɶ�ɩɨɜɟɪɯɧɨɫɬɢ�L�ɣ�

ɱɚɫɬɢɰɵ� ɲɥɚɦɚ� 6L  � 6� �L �� ��� �ɝɞɟ� ��� � QL �� Q  � �� ± ɤɨɥɢɱɟɫɬɜɨ� ɜɵɛɨɪɨɤ��� ɉɥɨɳɚɞɶ�
ɩɨɜɟɪɯɧɨɫɬɢ�ɤɥɚɫɬɟɪɚ�6� ɡɚɜɢɫɢɬ�ɨɬ�ɫɬɪɭɤɬɭɪɵ�ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ�ɦɚɬɟɪɢɚɥɚ�ɢ�ɨɩɪɟɞɟɥɹɟɬɫɹ�
ɜ� ɡɚɜɢɫɢɦɨɫɬɢ� ɨɬ� ɤɨɥɢɱɟɫɬɜɚ� ɦɨɥɟɤɭɥɹɪɧɵɯ� ɮɪɚɝɦɟɧɬɨɜ� ȟ�  � ���� Ⱦɥɹ� ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ�
ɤɜɚɪɰɚ� ɪɚɫɫɬɨɹɧɢɹ� ɦɟɠɞɭ� ɫɨɫɟɞɧɢɦɢ� ɩɨɜɟɪɯɧɨɫɬɧɵɦɢ� ɦɨɥɟɤɭɥɚɦɢ� ɢ� ɦɨɥɟɤɭɥɹɪɧɵɦɢ�
ɫɥɨɹɦɢ�ɨɩɪɟɞɟɥɹɥɢ�ɩɨɫɬɨɹɧɧɵɦɢ�ɪɟɲɟɬɤɢ�D  ��������ɧɦ�ɢ� F  ��������ɧɦ� >��@��ɂɫɯɨɞɹ�ɢɡ�
ɩɚɪɚɦɟɬɪɨɜ�ɫɬɪɭɤɬɭɪɵ�ɤɜɚɪɰɚ�ɫ�ɭɱɟɬɨɦ�ɫɨɨɬɧɨɲɟɧɢɹ�N�N�N�  �ȟ� �����N�  ����N�  ����N�  ����
ɱɟɪɟɡ�ɩɨɫɬɨɹɧɧɵɟ�ɪɟɲɟɬɤɢ�ɦɨɠɧɨ�ɨɩɪɟɞɟɥɢɬɶ�ɩɥɨɳɚɞɶ�ɩɨɜɟɪɯɧɨɫɬɢ�ɤɥɚɫɬɟɪɚ�6�  ��N�N�ɚ� ��
�N�N�ɚɫ �� �N�N�ɚɫ §� ����������� ɦ� ɢ� ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ� ɪɚɡɦɟɪɵ� ɱɚɫɬɢɰ�ɲɥɚɦɚ� 6L  � 6� �L �����
ɑɚɫɬɢɰɵ� ɲɥɚɦɚ� ɩɨɞɱɢɧɹɸɬɫɹ� ɪɚɫɩɪɟɞɟɥɟɧɢɸ� ɉɭɚɫɫɨɧɚ� ɩɨ� ɩɥɨɳɚɞɹɦ� ɩɨɜɟɪɯɧɨɫɬɢ� ɫ�
ɩɚɪɚɦɟɬɪɨɦ� Ȟ�  � ������ ɢ� ɢɦɟɸɬ� ɪɚɡɦɟɪɵ� G��L�� §� >6L�ʌ@��� §� ����� ����� ����� ���� ɧɦ� ɢ� ɧɚɢɛɨɥɟɟ�
ɜɟɪɨɹɬɧɵɣ�ɪɚɡɦɟɪ�DY  �����ɧɦ�

Ʉɨɧɰɟɧɬɪɚɰɢɸ�ɱɚɫɬɢɰ�ɲɥɚɦɚ�ɧɚ�ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ�ɩɨɜɟɪɯɧɨɫɬɢ��ɦ��ɫ����ɨɩɪɟɞɟɥɹɥɢ�ɩɨ�
ɮɨɪɦɭɥɟ
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ɤɨɥɢɱɟɫɬɜɨ� L�ɯ ɱɚɫɬɢɰ� ɲɥɚɦɚ� ɧɚ� ɩɥɨɳɚɞɢ� 6ɫ ɡɚ� ɜɪɟɦɹ� ɤɨɧɬɚɤɬɚ� ɚɛɪɚɡɢɜɧɨɝɨ� ɡɟɪɧɚ� ɫ�
ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ�ɩɨɜɟɪɯɧɨɫɬɶɸ� WF  �GD ��X ɫ�ɭɱɟɬɨɦ�ɢɯ�ɪɚɫɩɪɟɞɟɥɟɧɢɹ�3�L�Ȟ�Â�ɩɨ�ɪɚɡɦɟɪɚɦ�±
ɩɨ� ɮɨɪɦɭɥɟ� 1�L��  � 1�3�L�Ȟ�6FWF�� Ɍɨɥɳɢɧɭ� ɡɚɡɨɪɚ� O� ɦɟɠɞɭ� ɩɨɜɟɪɯɧɨɫɬɹɦɢ� ɢɧɫɬɪɭɦɟɧɬɚ� ɢ�
ɞɟɬɚɥɢ�� ɡɚɩɨɥɧɟɧɧɨɝɨ� ɜɨɞɧɨɣ� ɫɭɫɩɟɧɡɢɟɣ� ɚɥɦɚɡɧɵɯ� ɦɢɤɪɨɩɨɪɨɲɤɨɜ�� ɩɪɢɧɢɦɚɥɢ� ɪɚɜɧɨɣ�
ɫɪɟɞɧɟɦɭ�ɪɚɡɦɟɪɭ�ɢɯ�ɡɟɪɟɧ�

ɋ� ɭɱɟɬɨɦ� ɡɧɚɱɟɧɢɹ� ɫɬɚɬɢɱɟɫɤɨɣ� ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ� ɩɨɫɬɨɹɧɧɨɣ� ɚɥɦɚɡɚ� ����� >��@�
ɪɚɫɫɱɢɬɚɥɢ� ɡɧɚɱɟɧɢɟ� ɤɨɧɫɬɚɧɬɵ� Ʌɢɮɲɢɰɚ� ± ����ā����� Ⱦɠ� ������� ɷȼ�� ɧɚ� ɱɚɫɬɨɬɟ� Ȧ���  �
���ā���� ɫ���ɢ�ɤɨɧɰɟɧɬɪɚɰɢɢ�ɱɚɫɬɢɰ�ɲɥɚɦɚ�1�  ����Â���� ɦ��ɫ����

ȼ�ɪɟɡɭɥɶɬɚɬɟ�ɪɟɲɟɧɢɹ�ɱɢɫɥɟɧɧɵɦɢ�ɦɟɬɨɞɚɦɢ�Q ɭɪɚɜɧɟɧɢɣ�����ɢ�ɪɚɫɱɟɬɨɜ�ɩɨ�ɮɨɪɦɭɥɟ�
���� ɨɩɪɟɞɟɥɢɥɢ� ɡɧɚɱɟɧɢɹ� ɤɨɷɮɮɢɰɢɟɧɬɚ� Ș�  � �Â����� ɦ��ɫ� ɨɛɴɟɦɧɨɝɨ� ɢɡɧɨɫɚ�� ɚ� ɬɚɤɠɟ�
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ� ɩɨɥɢɪɨɜɚɧɢɹ� 4  � Ș/W ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ� ɤɜɚɪɰɚ� ɜ� ɷɬɢɯ� ɭɫɥɨɜɢɹɯ��
ɤɨɬɨɪɚɹ�ɫɨɫɬɚɜɥɹɟɬ����ā����� ɦ��ɫ�ɢ�ɧɟɡɧɚɱɢɬɟɥɶɧɨ�ɨɬɥɢɱɚɟɬɫɹ� �ɩɨɝɪɟɲɧɨɫɬɶ�ɪɚɫɱɟɬɚ� ± �����
��� ɨɬ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ� ɡɧɚɱɟɧɢɹ� ���ā����� ɦ��ɫ� �ɥɢɧɟɣɧɵɣ� ɫɴɟɦ� ± ���� ɦɝ�ɦɢɧ� ɢɥɢ� �����
ɦɤɦ�ɦɢɧ��

ȼɵɜɨɞɵ
Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ�� ɫ� ɩɨɦɨɳɶɸ� ɨɛɨɛɳɟɧɧɨɣ� ɦɨɞɟɥɢ� ɨɛɪɚɡɨɜɚɧɢɹ� ɢ� ɭɞɚɥɟɧɢɹ� ɢɡ�

ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ� ɩɨɜɟɪɯɧɨɫɬɢ� ɱɚɫɬɢɰ� ɲɥɚɦɚ� ɦɨɠɧɨ� ɪɚɫɱɟɬɧɵɦ� ɩɭɬɟɦ� ɨɩɪɟɞɟɥɢɬɶ�
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ� ɫɴɟɦɚ� ɩɪɢ� ɩɨɥɢɪɨɜɚɧɢɢ� ɩɥɨɫɤɢɯ� ɩɨɜɟɪɯɧɨɫɬɟɣ� ɞɟɬɚɥɟɣ� ɢɡ�
ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ�ɤɜɚɪɰɚ��ɍɫɬɚɧɨɜɥɟɧɨ��ɱɬɨ�ɤɨɷɮɮɢɰɢɟɧɬ�ɨɛɴɟɦɧɨɝɨ�ɢɡɧɨɫɚ�ɩɨ�ɚɧɚɥɨɝɢɢ�ɫɨ�
ɜɫɟɦɢ� ɢɡɜɟɫɬɧɵɦɢ� ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ� ɩɟɪɟɧɨɫɚ� ɹɜɥɹɟɬɫɹ� ɧɚɢɛɨɥɟɟ� ɢɧɮɨɪɦɚɬɢɜɧɵɦ�
ɩɚɪɚɦɟɬɪɨɦ�� ɨɩɪɟɞɟɥɹɸɳɢɦ� ɷɮɮɟɤɬɢɜɧɨɫɬɶ� ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ� ɢɧɫɬɪɭɦɟɧɬɚ� ɢ�
ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ� ɞɟɬɚɥɢ� ɩɪɢ� ɦɟɯɚɧɢɱɟɫɤɨɣ� ɨɛɪɚɛɨɬɤɟ�� ɚ� ɡɧɚɱɢɬ�� ɢɧɬɟɧɫɢɜɧɨɫɬɶ� ɫɴɟɦɚ�
ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ�ɦɚɬɟɪɢɚɥɚ�ɢ�ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ�ɩɨɥɢɪɨɜɚɧɢɹ�ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ�ɤɜɚɪɰɚ��
ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɩɨɞɬɜɟɪɞɢɥɢ� ɪɟɡɭɥɶɬɚɬɵ� ɬɟɨɪɟɬɢɱɟɫɤɢɯ� ɪɚɫɱɟɬɨɜ�
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ� ɫɴɟɦɚ� ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ� ɦɚɬɟɪɢɚɥɚ� ɩɪɢ� ɚɥɦɚɡɧɨɦ� ɩɨɥɢɪɨɜɚɧɢɢ�
ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ�ɤɜɚɪɰɚ�

Ɉɩɢɫɚɧɨ� ɭɡɚɝɚɥɶɧɟɧɭ� ɦɨɞɟɥɶ� ɭɬɜɨɪɟɧɧɹ� ɬɚ� ɜɢɞɚɥɟɧɧɹ� ɱɚɫɬɢɧɨɤ� ɲɥɚɦɭ� ɡ�
ɨɛɪɨɛɥɸɜɚɧɨʀ� ɩɨɜɟɪɯɧɿ�� ɳɨ� ɞɚɥɚ� ɡɦɨɝɭ� ɪɨɡɪɚɯɭɜɚɬɢ� ɩɪɨɞɭɤɬɢɜɧɿɫɬɶ� ɩɨɥɿɪɭɜɚɧɧɹ�
ɤɪɢɫɬɚɥɿɱɧɨɝɨ� ɤɜɚɪɰɭ� ɡɚ� ɞɨɩɨɦɨɝɨɸ� ɫɭɫɩɟɧɡɿʀ� ɚɥɦɚɡɧɢɯ� ɦɿɤɪɨɩɨɪɨɲɤɿɜ�� ɇɚɜɟɞɟɧɨ�
ɪɟɡɭɥɶɬɚɬɢ�ɟɤɫɩɟɪɢɦɟɧɬɿɜ��ɳɨ�ɩɿɞɬɜɟɪɞɠɭɸɬɶ�ɞɚɧɿ�ɪɨɡɪɚɯɭɧɤɭ�

Ʉɥɸɱɨɜɿ�ɫɥɨɜɚ��ɩɨɥɿɪɭɜɚɧɧɹ��ɚɥɦɚɡɧɿ�ɦɿɤɪɨɩɨɪɨɲɤɢ��ɤɜɚɪɰ�

7KH� JHQHUDOLVHG� PRGHO� RI� IRUPDWLRQ� DQG� UHPRYDO� RI� SDUWLFOHV� VOLPH� IURP WKH� SURFHVVHG
VXUIDFH�ZKLFK�XVH�KDV�DOORZHG�WR�FDOFXODWH�SURGXFWLYLW\�DW�SROLVKLQJ�RI�FU\VWDO TXDUW]�E\�PHDQV�RI�
VXVSHQVLRQ�RI�GLDPRQG�PLFURSRZGHUV LV�GHVFULEHG��5HVXOWV RI�WKH�H[SHULPHQWV��FRQILUPLQJ GDWD�RI�
FDOFXODWLRQ�DUH�UHVXOWHG�

.H\�ZRUGV��SROLVKLQJ��GLDPRQG�PLFURSRZGHUV��TXDUW]�

Ʌɢɬɟɪɚɬɭɪɚ
�� Ɏɢɥɚɬɨɜ� ɘ� Ⱦ�� ɉɨɥɢɪɨɜɚɧɢɟ� ɚɥɸɦɨɫɢɥɢɤɚɬɧɵɯ� ɦɚɬɟɪɢɚɥɨɜ� ɢɧɫɬɪɭɦɟɧɬɨɦ� ɫɨ�

ɫɜɹɡɚɧɧɵɦ�ɩɨɥɢɪɨɜɚɥɶɧɵɦ�ɩɨɪɨɲɤɨɦ����ɋɜɟɪɯɬɜɟɪɞɵɟ�ɦɚɬɟɪ��± ������±ʋ ���± ɋ����±���
�� 1HZ� WHFKQRORJ\� RI� SUHFLVLRQ� SROLVKLQJ� RI� JODVV� RSWLF� �� 9� 9� 5RJRY�� <� '� )LODWRY��

:� .RWWOHU��9� 3� 6RERO����2SWLFDO�(QJLQHHULQJ��± ������± 9������± Ɋ������±�����
�� Ɏɢɥɚɬɨɜ�ɘ� Ⱦ���Ɋɨɝɨɜ�ȼ� ȼ��Ʉɥɚɫɬɟɪɧɚɹ�ɦɨɞɟɥɶ�ɦɟɯɚɧɢɡɦɚ�ɭɫɬɚɥɨɫɬɧɨɝɨ�ɢɡɧɨɫɚ�6L2��

ɫɨɞɟɪɠɚɳɢɯ� ɦɚɬɟɪɢɚɥɨɜ� ɩɪɢ� ɢɯ� ɩɨɥɢɪɨɜɚɧɢɢ� ɢɧɫɬɪɭɦɟɧɬɨɦ� ɫɨ� ɫɜɹɡɚɧɧɵɦ�
ɩɨɥɢɪɨɜɚɥɶɧɵɦ�ɩɨɪɨɲɤɨɦ�ɧɚ�ɨɫɧɨɜɟ�ɞɢɨɤɫɢɞɚ�ɰɟɪɢɹ��ɑ���� ���ɋɜɟɪɯɬɜɟɪɞɵɟ�ɦɚɬɟɪ��±



ɊȺɁȾȿɅ����ɌȿɏɇɂɄȺ�ɂ�ɌȿɏɇɈɅɈȽɂə�ɉɊɈɂɁȼɈȾɋɌȼȺ�ɌȼȿɊȾɕɏ�ɋɉɅȺȼɈȼ�
ɂ�ɂɏ�ɉɊɂɆȿɇȿɇɂȿ�ȼ�ɂɇɋɌɊɍɆȿɇɌȿ�ȾɅə�ɊȺɁɅɂɑɇɕɏ�ɈɌɊȺɋɅȿɃ�ɉɊɈɆɕɒɅȿɇɇɈɋɌɂ

���

������± ʋ ���± ɋ����±����
�� Ɏɢɥɚɬɨɜ ɘ� Ⱦ�� ɉɨɥɢɪɨɜɚɧɢɟ� ɩɪɟɰɢɡɢɨɧɧɵɯ� ɩɨɜɟɪɯɧɨɫɬɟɣ� ɞɟɬɚɥɟɣ� ɢɡ�

ɧɟɦɟɬɚɥɥɢɱɟɫɤɢɯ� ɦɚɬɟɪɢɚɥɨɜ� ɢɧɫɬɪɭɦɟɧɬɨɦ� ɫɨ� ɫɜɹɡɚɧɧɵɦ� ɩɨɥɢɪɨɜɚɥɶɧɵɦ�
ɩɨɪɨɲɤɨɦ����ɋɜɟɪɯɬɜɟɪɞɵɟ�ɦɚɬɟɪ��±������± ʋ �� ± ɋ����±����

�� Ɏɢɥɚɬɨɜ� ɘ� Ⱦ��� ɋɢɞɨɪɤɨ� ȼ� ɂ�� ɋɬɚɬɢɫɬɢɱɟɫɤɢɣ� ɩɨɞɯɨɞ� ɤ� ɢɡɧɨɫɭ� ɩɨɜɟɪɯɧɨɫɬɟɣ�
ɞɟɬɚɥɟɣ�ɢɡ�ɧɟɦɟɬɚɥɥɢɱɟɫɤɢɯ�ɦɚɬɟɪɢɚɥɨɜ�ɩɪɢ�ɩɨɥɢɪɨɜɚɧɢɢ����ɋɜɟɪɯɬɜɟɪɞɵɟ�ɦɚɬɟɪ�� ±
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