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

��

ɍȾɄ�����������

Ⱥ� Ⱥ��Ʉɨɠɟɜɧɢɤɨɜ��ɞ�ɪ�ɬɟɯɧ��ɧɚɭɤ���Ⱥ� ɘ��Ⱦɪɟɭɫ��ɤɚɧɞɢɞɚɬ�ɬɟɯɧ��ɧɚɭɤ�

�Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɟ�ɜɵɫɲɟɟ�ɭɱɟɛɧɨɟ�ɡɚɜɟɞɟɧɢɟ�©ɇɚɰɢɨɧɚɥɶɧɵɣ�ɝɨɪɧɵɣ�ɭɧɢɜɟɪɫɢɬɟɬª�
ɝ��Ⱦɧɟɩɪ��ɍɤɪɚɢɧɚ

�Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤɢɣ�ɧɚɰɢɨɧɚɥɶɧɵɣ�ɭɧɢɜɟɪɫɢɬɟɬ�ɢɦ��Ɉ��Ƚɨɧɱɚɪɚ��ɍɤɪɚɢɧɚ�

ɈȻ�ɗɎɎȿɄɌɂȼɇɈɋɌɂ�ɊȺɁɊɍɒȿɇɂə�ȽɈɊɇɈɃ�ɉɈɊɈȾɕ�ɉɊɂ�ȻɍɊȿɇɂɂ�
ɋɄȼȺɀɂɇ��ɋ�ɂɆɉɍɅɖɋɇɈɃ�ɉɊɈɆɕȼɄɈɃ�

Ɋɚɫɫɦɨɬɪɟɧɵ� ɩɪɨɰɟɫɫɵ� ɫɧɢɠɟɧɢɹ� ɩɪɨɱɧɨɫɬɢ� ɝɨɪɧɨɣ� ɩɨɪɨɞɵ� ɩɪɢ� ɛɭɪɟɧɢɢ� ɚɥɦɚɡɧɵɦɢ�
ɛɭɪɨɜɵɦɢ�ɤɨɪɨɧɤɚɦɢ�ɡɚ�ɫɱɟɬ�ɡɧɚɱɢɬɟɥɶɧɨɝɨ�ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ�ɝɪɚɞɢɟɧɬɚ�ɩɪɢ�ɢɦɩɭɥɶɫɧɨɣ�ɩɪɨɦɵɜɤɟ��
ɉɨɥɭɱɟɧɨ� ɩɪɢɛɥɢɠɟɧɧɨɟ� ɪɟɲɟɧɢɟ� ɡɚɞɚɱɢ� ɨ� ɪɚɡɜɢɬɢɢ� ɬɪɟɳɢɧ� ɜ� ɝɨɪɧɨɣ� ɩɨɪɨɞɟ� ɞɥɹ� ɬɟɩɥɨɜɵɯ�
ɝɪɚɧɢɱɧɵɯ�ɭɫɥɨɜɢɣ�ɬɪɟɬɶɟɝɨ�ɪɨɞɚ��ɱɬɨ�ɩɨɡɜɨɥɹɟɬ�ɢɫɫɥɟɞɨɜɚɬɶ�ɜɥɢɹɧɢɟ�ɢɧɬɟɧɫɢɜɧɨɫɬɢ�ɬɟɩɥɨɨɛɦɟɧɚ�
ɧɚ� ɦɟɯɚɧɢɱɟɫɤɨɟ� ɫɨɫɬɨɹɧɢɟ� ɩɨɪɨɞɵ�� ɉɪɟɞɫɬɚɜɥɟɧɵ� ɪɟɡɭɥɶɬɚɬɵ� ɪɚɫɱɟɬɚ� ɩɚɪɚɦɟɬɪɨɜ� ɩɪɨɰɟɫɫɚ�
ɪɚɡɪɭɲɟɧɢɹ�ɩɪɢ�ɛɭɪɟɧɢɢ�ɚɥɦɚɡɧɵɦɢ�ɤɨɪɨɧɤɚɦɢ�ɞɥɹ�ɪɚɡɥɢɱɧɵɯ�ɭɫɥɨɜɢɣ�ɨɯɥɚɠɞɟɧɢɹ�ɡɚɛɨɹ�ɫɤɜɚɠɢɧɵ�

Ʉɥɸɱɟɜɵɟ� ɫɥɨɜɚ�� ɚɥɦɚɡɧɨɟ� ɛɭɪɟɧɢɟ�� ɩɪɨɱɧɨɫɬɶ� ɝɨɪɧɨɣ� ɩɨɪɨɞɵ�� ɬɪɟɳɢɧɨɨɛɪɚɡɨɜɚɧɢɟ��
ɢɦɩɭɥɶɫɧɚɹ�ɩɪɨɦɵɜɤɚ

ȼɜɟɞɟɧɢɟ
Ʉɚɤ�ɩɨɤɚɡɵɜɚɸɬ�ɪɟɡɭɥɶɬɚɬɵ�ɨɩɵɬɧɨɝɨ ɜɧɟɞɪɟɧɢɹ�ɢɦɩɭɥɶɫɧɨɣ�ɩɪɨɦɵɜɤɢ�ɫɤɜɚɠɢɧ�ɩɪɢ�

ɛɭɪɟɧɢɢ�>�@��ɬɚɤɚɹ�ɬɟɯɧɨɥɨɝɢɹ�ɩɨɡɜɨɥɹɟɬ�ɭɥɭɱɲɢɬɶ�ɪɹɞ�ɬɟɯɧɢɤɨ�ɷɤɨɧɨɦɢɱɟɫɤɢɯ�ɩɨɤɚɡɚɬɟɥɟɣ�
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ�ɩɪɨɰɟɫɫɚ��ɜ�ɱɚɫɬɧɨɫɬɢ��ɭɜɟɥɢɱɢɬɶ�ɦɟɯɚɧɢɱɟɫɤɭɸ�ɫɤɨɪɨɫɬɶ�ɛɭɪɟɧɢɹ��ɉɪɢ�
ɷɬɨɦ� ɦɟɯɚɧɢɡɦ� ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ� ɩɪɨɰɟɫɫɚ� ɪɚɡɪɭɲɟɧɢɹ� ɩɪɢ� ɬɚɤɨɦ� ɪɟɠɢɦɟ� ɩɪɨɦɵɜɤɢ� ɧɚ�
ɫɟɝɨɞɧɹɲɧɢɣ�ɞɟɧɶ�ɞɨ�ɤɨɧɰɚ�ɧɟ�ɪɚɫɤɪɵɬ��Ɉɬɦɟɬɢɦ��ɱɬɨ�ɩɪɢ�ɪɚɛɨɬɟ�ɚɥɦɚɡɧɨɣ�ɛɭɪɨɜɨɣ�ɤɨɪɨɧɤɢ�
ɧɚ�ɩɨɜɟɪɯɧɨɫɬɢ�ɡɚɛɨɹ�ɮɨɪɦɢɪɭɟɬɫɹ�ɫɥɨɠɧɚɹ�ɧɟɫɬɚɰɢɨɧɚɪɧɚɹ�ɬɟɩɥɨɜɚɹ�ɤɚɪɬɢɧɚ��ɯɚɪɚɤɬɟɪɧɨɣ�
ɨɫɨɛɟɧɧɨɫɬɶɸ� ɤɨɬɨɪɨɣ� ɹɜɥɹɟɬɫɹ� ɱɟɪɟɞɨɜɚɧɢɟ� ɭɱɚɫɬɤɨɜ� ɪɟɡɤɨɝɨ� ɧɚɝɪɟɜɚ� ɢ� ɪɟɡɤɨɝɨ�
ɨɯɥɚɠɞɟɧɢɹ�� Ɍɚɤɚɹ� ɤɚɪɬɢɧɚ� ɨɛɭɫɥɨɜɥɟɧɚ� ɤɨɧɫɬɪɭɤɰɢɟɣ� ɤɨɪɨɧɤɢ�� ɉɪɢ� ɞɜɢɠɟɧɢɢ� ɫɟɤɬɨɪɚ�
ɦɚɬɪɢɰɵ�ɩɨ�ɩɨɜɟɪɯɧɨɫɬɢ�ɡɚɛɨɹ�ɝɟɧɟɪɢɪɭɟɬɫɹ�ɬɟɩɥɨɜɨɣ�ɩɨɬɨɤ�ɬɪɟɧɢɹ�ɢ�ɜɨɡɧɢɤɚɸɬ�ɜɵɫɨɤɢɟ�
ɬɟɦɩɟɪɚɬɭɪɵ��ȼɫɥɟɞ�ɡɚ�ɫɟɤɬɨɪɨɦ�ɧɚɞ�ɷɬɢɦ�ɠɟ�ɭɱɚɫɬɤɨɦ�ɡɚɛɨɹ�ɩɪɨɯɨɞɢɬ�ɩɪɨɦɵɜɨɱɧɵɣ�ɤɚɧɚɥ��
ɱɟɪɟɡ� ɤɨɬɨɪɵɣ� ɞɜɢɠɟɬɫɹ� ɯɨɥɨɞɧɵɣ� ɩɨɬɨɤ� ɩɪɨɦɵɜɨɱɧɨɣ� ɠɢɞɤɨɫɬɢ�� ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ� ɜ�
ɩɪɢɡɚɛɨɣɧɨɦ� ɫɥɨɟ� ɝɨɪɧɨɣ� ɩɨɪɨɞɵ� ɜɨɡɧɢɤɚɸɬ� ɡɧɚɤɨɩɟɪɟɦɟɧɧɵɟ� ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɢɟ�
ɧɚɩɪɹɠɟɧɢɹ��ɤɚɤ�ɩɨɤɚɡɚɧɨ�ɜ�ɪɚɛɨɬɟ�>�@�

ɍɱɢɬɵɜɚɹ� ɱɬɨ� ɩɪɢ� ɢɦɩɭɥɶɫɧɨɣ� ɩɨɞɚɱɟ� ɩɪɨɦɵɜɨɱɧɨɣ� ɠɢɞɤɨɫɬɢ� ɭɞɚɟɬɫɹ� ɫɨɡɞɚɬɶ�
ɡɧɚɱɢɬɟɥɶɧɵɟ� ɝɪɚɞɢɟɧɬɵ� ɬɟɦɩɟɪɚɬɭɪɵ� ɧɚ� ɡɚɛɨɟ�� ɬɨ� ɨɞɧɢɦ� ɢɡ� ɮɚɤɬɨɪɨɜ ɫɩɨɫɨɛɫɬɜɭɸɳɢɯ�
ɩɨɜɵɲɟɧɢɸ� ɷɮɮɟɤɬɢɜɧɨɫɬɢ� ɪɚɡɪɭɲɟɧɢɹ� ɝɨɪɧɨɣ� ɩɨɪɨɞɵ� ɦɨɝɭɬ� ɛɵɬɶ� ɡɧɚɤɨɩɟɪɟɦɟɧɧɵɟ�
ɬɟɦɩɟɪɚɬɭɪɧɵɟ� ɧɚɩɪɹɠɟɧɢɹ� ɜ� ɩɪɢɡɚɛɨɣɧɨɦ� ɫɥɨɟ� ɝɨɪɧɨɣ� ɩɨɪɨɞɵ�� ɱɬɨ� ɩɪɢɜɨɞɢɬ� ɤ� ɟɟ�
ɪɚɡɭɩɪɨɱɧɟɧɢɸ�

ɐɟɥɶɸ� ɧɚɫɬɨɹɳɟɣ� ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ� ɩɨɫɬɪɨɟɧɢɟ� ɩɪɢɛɥɢɠɟɧɧɨɝɨ� ɪɟɲɟɧɢɹ� ɡɚɞɚɱɢ� ɨ�
ɪɚɡɜɢɬɢɟ�ɬɪɟɳɢɧ�ɜ�ɩɪɢɡɚɛɨɣɧɨɦ�ɫɥɨɟ�ɝɨɪɧɨɣ�ɩɨɪɨɞɵ�ɩɪɢ�ɛɭɪɟɧɢɢ�ɚɥɦɚɡɧɵɦɢ�ɤɨɪɨɧɤɚɦɢ�ɫ�
ɢɦɩɭɥɶɫɧɵɦ� ɪɟɠɢɦɨɦ� ɩɪɨɦɵɜɤɢ� ɢ� ɚɧɚɥɢɡ� ɬɟɪɦɨɭɩɪɭɝɢɯ� ɷɮɮɟɤɬɨɜ� ɜ� ɝɨɪɧɨɣ� ɩɨɪɨɞɟ� ɩɪɢ�
ɬɟɩɥɨɜɵɯ�ɝɪɚɧɢɱɧɵɯ�ɭɫɥɨɜɢɹɯ�ɬɪɟɬɶɟɝɨ�ɪɨɞɚ�

ɉɨɫɬɚɧɨɜɤɚ�ɩɪɨɛɥɟɦɵ
Ɍɟɨɪɢɹ� ɪɚɡɪɭɲɟɧɢɹ� ɝɨɪɧɵɯ� ɩɨɪɨɞ� ɩɪɢ� ɨɯɥɚɠɞɟɧɢɢ� ɩɨɜɟɪɯɧɨɫɬɢ� ɡɚɛɨɹ� ɛɵɥɚ�

ɪɚɡɪɚɛɨɬɚɧɚ�ɜ�>�@��Ɉɞɧɚɤɨ�ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ�ɜ�ɭɤɚɡɧɨɣ�ɪɚɛɨɬɟ�ɪɟɡɭɥɶɬɚɬɵ�ɨɝɪɚɧɢɱɟɧɵ�ɫɥɭɱɚɟɦ�
ɜɵɫɨɤɨɢɧɬɟɧɫɢɜɧɨɝɨ� ɩɪɨɰɟɫɫɚ� ©ɧɚɝɪɟɜ±ɨɯɥɚɠɞɟɧɢɟª� ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ� ɬɟɩɥɨɜɵɦ�
ɝɪɚɧɢɱɧɵɦ� ɭɫɥɨɜɢɹɦ� ɩɟɪɜɨɝɨ� ɪɨɞɚ�� ɉɪɢ� ɛɭɪɟɧɢɢ� ɚɥɦɚɡɧɵɦɢ� ɤɨɪɨɧɤɚɦɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨ�
ɪɚɫɫɦɚɬɪɢɜɚɬɶ� ɬɟɩɥɨɜɭɸ� ɡɚɞɚɱɭ� ɫ� ɛɨɥɟɟ� ɨɛɳɢɦɢ ɝɪɚɧɢɱɧɵɦɢ� ɭɫɥɨɜɢɹɦɢ� ɤɨɧɜɟɤɬɢɜɧɨɝɨ�
ɬɟɩɥɨɨɛɦɟɧɚ��ɭɫɥɨɜɢɹ�ɬɪɟɬɶɟɝɨ ɪɨɞɚ���ȼ�ɬɨɠɟ�ɜɪɟɦɹ�ɞɚɧɧɚɹ�ɡɚɞɚɱɚ�ɩɪɢ�ɝɪɚɧɢɱɧɵɯ�ɭɫɥɨɜɢɹɯ�
ɬɪɟɬɶɟɝɨ�ɪɨɞɚ�ɧɟ�ɪɟɲɚɥɚɫɶ�ɜ�ɜɢɞɭ ɨɩɪɟɞɟɥɟɧɧɵɯ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɬɪɭɞɧɨɫɬɟɣ�



ɊȺɁȾȿɅ����ɉɈɊɈȾɈɊȺɁɊɍɒȺɘɓɂɃ�ɂɇɋɌɊɍɆȿɇɌ�ɂɁ�ɋȼȿɊɏɌȼȿɊȾɕɏ�ɆȺɌȿɊɂȺɅɈȼ
ɂ�ɌȿɏɇɈɅɈȽɂə�ȿȽɈ�ɉɊɂɆȿɇȿɇɂə

��

Ʉɚɤ�ɢɡɜɟɫɬɧɨ�ɦɟɯɚɧɢɱɟɫɤɚɹ�ɫɤɨɪɨɫɬɶ�ɛɭɪɟɧɢɹ�ɨɩɪɟɞɟɥɹɟɬɫɹ�ɫɨɨɬɧɨɲɟɧɢɟɦ

)$

1
Y

�
 �

ɝɞɟ� 1 ± ɡɚɬɪɚɱɢɜɚɟɦɚɹ� ɦɨɳɧɨɫɬɶ�� $ ± ɷɧɟɪɝɨɟɦɤɨɫɬɶ� ɪɚɡɪɭɲɟɧɢɹ� ɝɨɪɧɨɣ� ɩɨɪɨɞɵ� ) ±
ɩɥɨɳɚɞɶ�ɡɚɛɨɹ�

ȼ�ɪɚɛɨɬɟ�>�@�ɞɨɤɚɡɚɧɨ��ɱɬɨ��ɷɧɟɪɝɨɟɦɤɨɫɬɶ�ɪɚɡɪɭɲɟɧɢɹ�ɢɞɟɧɬɢɱɧɚ�ɩɪɨɱɧɨɫɬɢ�ɝɨɪɧɨɣ�
ɩɨɪɨɞɵ�ɢ��ɬɚɤɢɦ�ɨɛɪɚɡɨɦ��ɫɧɢɠɟɧɢɟ�ɩɪɨɱɧɨɫɬɢ�ɹɜɥɹɟɬɫɹ�ɩɨɤɚɡɚɬɟɥɟɦ��ɫ�ɩɨɦɨɳɶɸ�ɤɨɬɨɪɨɝɨ�
ɦɨɠɟɦ� ɨɰɟɧɢɬɶ� ɩɨɜɵɲɟɧɢɟ� ɷɮɮɟɤɬɢɜɧɨɫɬɢ� ɩɪɨɰɟɫɫɚ� ɪɚɡɪɭɲɟɧɢɹ� ɝɨɪɧɨɣ� ɩɨɪɨɞɵ�� Ʉɚɤ�
ɩɨɤɚɡɚɧɨ� ɜ� ɪɚɛɨɬɚɯ� >��� �@�� ɫɧɢɠɟɧɢɟ� ɩɪɨɱɧɨɫɬɢ� ɝɨɪɧɨɣ� ɩɨɪɨɞɵ� ɩɪɢ� ɩɨɩɟɪɟɦɟɧɧɨɦ�
ɜɨɡɞɟɣɫɬɜɢɢ� ɜɵɫɨɤɢɯ� ɢ� ɧɢɡɤɢɯ� ɬɟɦɩɟɪɚɬɭɪ� ɨɛɭɫɥɨɜɥɢɜɚɟɬɫɹ� ɪɨɫɬɨɦ� ɟɫɬɟɫɬɜɟɧɧɵɯ� ɢ�
ɢɫɤɭɫɫɬɜɟɧɧɵɯ� ɦɢɤɪɨɬɪɟɳɢɧ�� ɜɵɯɨɞɹɳɢɯ� ɧɚ� ɩɨɜɟɪɯɧɨɫɬɶ� ɡɚɛɨɹ�� Ʉɨɥɢɱɟɫɬɜɟɧɧɨ� ɬɚɤɨɟ�
ɫɧɢɠɟɧɢɟ�ɩɪɨɱɧɨɫɬɢ�ɦɨɠɟɬ�ɛɵɬɶ�ɨɰɟɧɟɧɨ�ɩɨ�ɮɨɪɦɭɥɟ

O

O�

�

  
V
VJ � ���

ɝɞɟ� �O ± ɞɥɢɧɚ�ɬɪɟɳɢɧɵ�ɞɨ�ɬɟɪɦɨɰɢɤɥɢɱɟɫɤɨɝɨ�ɜɨɡɞɟɣɫɬɜɢɹ�� �V ± ɧɚɩɪɹɠɟɧɢɟ�ɪɚɫɬɹɠɟɧɢɟ�

ɪɚɫɤɪɵɜɚɸɳɟɟ� ɬɪɟɳɢɧɭ ɞɥɢɧɨɣ� �O �� O ± ɞɥɢɧɚ ɬɪɟɳɢɧɵ� ɩɨɫɥɟ� ɬɟɪɦɨɰɢɤɥɢɱɟɫɤɨɝɨ�
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ɨɩɪɟɞɟɥɹɟɬɫɹ�ɭɫɥɨɜɢɟɦ�>�@
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 ± ɤɪɢɬɟɪɢɣ� Ȼɢɨ�� 
� O[ ] �� Ⱦɥɹ� ɫɥɭɱɚɹ� ɝɪɚɧɢɱɧɵɯ� ɭɫɥɨɜɢɣ� ɩɟɪɜɨɝɨ� ɪɨɞɚ� ɜ�

ɬɟɩɥɨɜɨɣ� ɡɚɞɚɱɟ� ɡɧɚɱɟɧɢɟ� � M �� �zM � ȼɵɱɢɫɥɟɧɢɟ� ɡɧɚɱɟɧɢɹ� M ɬɪɟɛɭɟɬ� ɜɵɱɢɫɥɟɧɢɹ�
ɜɯɨɞɹɳɢɯ�ɜ�����ɫɢɧɝɭɥɹɪɧɵɯ�ɢɧɬɟɝɪɚɥɨɜ��ɤɨɬɨɪɵɟ�ɧɟ�ɢɦɟɸɬ�ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ�ɩɪɟɞɫɬɚɜɥɟɧɢɹ��ɚ�
ɬɚɤɠɟ�ɨɫɥɨɠɧɹɟɬɫɹ�ɩɪɢɫɭɬɫɬɜɢɟɦ�ɷɤɫɩɨɧɟɧɬɵ�ɜ�ɩɨɥɨɠɢɬɟɥɶɧɨɣ�ɫɬɟɩɟɧɢ��Ɋɚɡɥɨɠɟɧɢɟ�ɮɭɧɤɰɢɣ�
HUIF ɢ�H[S ɜ�ɪɹɞ�ɜ�ɞɚɧɧɨɦ�ɫɥɭɱɚɟ�ɧɟɰɟɥɟɫɨɨɛɪɚɡɧɨ��ɩɨɫɤɨɥɶɤɭ�ɩɨɥɭɱɚɸɳɢɣɫɹ�ɪɟɡɭɥɶɬɚɬ�ɢɦɟɟɬ�

ɩɥɨɯɭɸ� ɫɯɨɞɢɦɨɫɬɶ�� Ⱦɥɹ� ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɝɨ� ɩɨ� ɬɨɱɧɨɫɬɢ� ɪɚɫɱɟɬɚ� ɜ� ɞɚɧɧɨɦ� ɫɥɭɱɚɟ� ɧɟɥɶɡɹ�
ɨɝɪɚɧɢɱɢɬɶɫɹ�ɩɟɪɜɵɦɢ�ɱɥɟɧɚɦɢ�ɪɹɞɚ��ɬɪɟɛɭɟɬɫɹ�ɩɪɨɜɟɞɟɧɢɟ�ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ�ɢɫɫɥɟɞɨɜɚɧɢɣ�ɢ�
ɩɪɢɜɥɟɱɟɧɢɹ�ɛɨɥɶɲɨɝɨ�ɤɨɥɢɱɟɫɬɜɚ�ɱɥɟɧɨɜ�ɪɹɞɚ��ɱɬɨ�ɞɟɥɚɟɬ�ɷɬɨɬ�ɩɨɞɯɨɞ�ɧɟɷɮɮɟɤɬɢɜɧɵɦ�

ɉɨɫɬɪɨɟɧɢɟ�ɦɟɬɨɞɢɤɢ�ɢɫɫɥɟɞɨɜɚɧɢɹ
Ⱦɥɹ� ɚɧɚɥɢɡɚ� ɩɚɪɚɦɟɬɪɨɜ� ɪɚɡɪɭɲɟɧɢɹ� ɩɪɢ� ɝɪɚɧɢɱɧɵɯ� ɭɫɥɨɜɢɹɯ� ɬɪɟɬɶɟɝɨ� ɪɨɞɚ�

ɜɨɫɩɨɥɶɡɭɟɦɫɹ� ɩɨɞɯɨɞɨɦ� ɤ� ɪɚɫɱɟɬɭ� ɤɨɷɮɮɢɰɢɟɧɬɚ� ɢɧɬɟɧɫɢɜɧɨɫɬɢ� ɧɚɩɪɹɠɟɧɢɣ��
ɩɪɟɞɥɨɠɟɧɧɨɦɭ�ɜ�>�@��ɋ�ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ�ɦɟɬɨɞɚ�ɢɧɬɟɝɪɚɥɶɧɵɯ�ɭɪɚɜɧɟɧɢɣ�ɪɟɲɟɧɚ�ɡɚɞɚɱɚ�ɞɥɹ�
ɤɪɚɟɜɨɣ�ɬɪɟɳɢɧɵ�ɜ�ɩɨɥɭɩɥɨɫɤɨɫɬɢ��ɧɚɯɨɞɹɳɟɣɫɹ�ɩɨɞ�ɞɟɣɫɬɜɢɟɦ�ɧɟɥɢɧɟɣɧɨ�ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ�
ɧɚɝɪɭɡɤɢ� �[�V �

ɉɨɥɭɱɟɧɨ��ɱɬɨ�ɜ�ɫɥɭɱɚɟ��ɤɨɝɞɚ� ��[V ɦɨɠɟɬ�ɛɵɬɶ�ɩɪɟɞɫɬɚɜɥɟɧɚ�ɜ�ɜɢɞɟ

¦
 

¸
¹
·

¨
©
§� 

��

�

��
Q

Q

Q O

[
&[ VV � ���

ɝɞɟ� ���� ��� &&& � ± ɩɪɨɢɡɜɨɥɶɧɵɟ� ɤɨɧɫɬɚɧɬɵ� ɤɨɷɮɮɢɰɢɟɧɬ� ɢɧɬɟɧɫɢɜɧɨɫɬɢ� ɧɚɩɪɹɠɟɧɢɣ�

ɦɨɠɟɬ�ɛɵɬɶ�ɩɪɢɛɥɢɠɟɧɧɨ�ɨɩɪɟɞɟɥɟɧ�ɩɨ�ɫɨɨɬɧɨɲɟɧɢɸ
������ ������ �������������������������������� &&&&&O1 SV

������������������������������������� ������� &&&&&& ������ � ���

ȼ�ɧɚɲɟɦ�ɫɥɭɱɚɟ�ɧɚɝɪɭɡɤɚ� ��[V ɢɦɟɟɬ�ɜɢɞ

����� 
 WIVV [[ � � ����

ɝɞɟ� 
V ɨɩɪɟɞɟɥɹɟɬɫɹ�ɜ�ɫɨɨɬɜɟɬɫɬɜɢɢ�ɫ������ɚ�I ɜ�ɫɨɨɬɜɟɬɫɬɜɢɢ�ɫ������ɋ�ɭɱɟɬɨɦ�ɷɬɨɝɨ��ɚ�ɬɚɤɠɟ�

ɢɫɩɨɥɶɡɭɹ�ɜɜɟɞɟɧɧɵɟ�ɜɵɲɟ�ɛɟɡɪɚɡɦɟɪɧɵɟ�ɩɟɪɟɦɟɧɧɵɟ��ɦɨɠɟɦ�ɩɟɪɟɩɢɫɚɬɶ������ɜ�ɜɢɞɟ

»
¼

º
«
¬

ª
¸
¹

·
¨
©

§ c�
c

c��¸
¹

·
¨
©

§
c

� c W
W
[W[

W
[VW[V %LHUIF%L%LHUIF

�
�H[S�

�
��� �



� ����

Ɂɚɦɟɧɢɦ�ɮɭɧɤɰɢɸ�I ɟɟ�ɥɢɧɟɣɧɵɦ�ɩɪɢɛɥɢɠɟɧɢɟɦ�Ia ɜ�ɜɢɞɟ
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ɋ�ɭɱɟɬɨɦ������ɦɨɠɟɦ�ɩɟɪɟɩɢɫɚɬɶ�����
> @[WWWWVW[V �cc�cc�� c ��H[S��������H[S����� �
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ɉɪɢɪɚɜɧɢɜɚɹ� ����� ɢ� ���� ɢ� ɨɝɪɚɧɢɱɢɜɚɹɫɶ� ɜ� ���� ɡɧɚɱɟɧɢɟɦ� � Q �� ɥɟɝɤɨ� ɧɚɣɬɢ�
ɩɨɫɬɨɹɧɧɵɟ� �& ɢ� �& �� Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ� ɩɨɥɭɱɢɦ� ɧɟɥɢɧɟɣɧɨɟ� ɭɪɚɜɧɟɧɢɟ�� ɫɜɹɡɵɜɚɸɳɟɟ�
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ɝɞɟ� ���H[S����� � WWW cc� c %LHUIF%L%L$ �� ��H[S������� WWW cc� c HUIF% �� ɋɨɨɬɧɨɲɟɧɢɟ� ����� ɹɜɥɹɟɬɫɹ�
ɪɟɲɟɧɢɟɦ�ɡɚɞɚɱɢ�ɨ�ɩɟɪɟɯɨɞɟ�ɬɪɟɳɢɧɵ�ɜ�ɪɚɜɧɨɜɟɫɧɨ�ɩɨɞɜɢɠɧɨɟ�ɫɨɫɬɨɹɧɢɟ�ɩɪɢ� ɝɪɚɧɢɱɧɵɯ�
ɭɫɥɨɜɢɹɯ�ɬɪɟɬɶɟɝɨ�ɪɨɞɚ�ɧɚ�ɩɨɜɟɪɯɧɨɫɬɢ�ɡɚɛɨɹ��ɚɧɚɥɨɝɢɱɧɨ�ɪɚɧɟɟ�ɩɨɥɭɱɟɧɧɨɦɭ�ɪɟɲɟɧɢɸ�����
ɞɥɹ�ɝɪɚɧɢɱɧɵɯ�ɭɫɥɨɜɢɣ�ɩɟɪɜɨɝɨ ɪɨɞɚ�



ɊȺɁȾȿɅ����ɉɈɊɈȾɈɊȺɁɊɍɒȺɘɓɂɃ�ɂɇɋɌɊɍɆȿɇɌ�ɂɁ�ɋȼȿɊɏɌȼȿɊȾɕɏ�ɆȺɌȿɊɂȺɅɈȼ
ɂ�ɌȿɏɇɈɅɈȽɂə�ȿȽɈ�ɉɊɂɆȿɇȿɇɂə

��

Ɋɟɡɭɥɶɬɚɬɵ�ɢɫɫɥɟɞɨɜɚɧɢɣ
ɇɚ�ɪɢɫ����ɩɪɟɞɫɬɚɜɥɟɧɚ�ɡɚɜɢɫɢɦɨɫɬɶ�ɛɟɡɪɚɡɦɟɪɧɨɝɨ�ɜɪɟɦɟɧɢ�ɪɚɡɜɢɬɢɹ�ɬɪɟɳɢɧɵ�ɨɬ�ɟɟ�

ɞɥɢɧɵ��ɩɨɥɭɱɟɧɧɚɹ�ɧɚ�ɨɫɧɨɜɟ�ɪɟɲɟɧɢɹ������ɞɥɹ�ɪɚɡɥɢɱɧɵɯ�ɱɢɫɟɥ�%L��ɂɫɯɨɞɹ�ɢɡ�ɨɩɪɟɞɟɥɟɧɢɹ�
ɜɟɥɢɱɢɧɵ� ɬɪɟɳɢɧɵ� ɩɪɢ ��/
ɪɚɡɜɢɜɚɬɶɫɹ�ɧɟ�ɛɭɞɭɬ��ɉɪɢ� �!/ ��
ɫɨɝɥɚɫɧɨ� ɪɢɫ�� ��� ɤɪɢɜɚɹ�
ɡɚɜɢɫɢɦɨɫɬɢ� ɜɪɟɦɟɧɢ��
ɧɟɨɛɯɨɞɢɦɨɝɨ� ɞɥɹ� ɪɚɡɜɢɬɢɹ�
ɬɪɟɳɢɧɵ� ɨɬ� ɟɟ� ɞɥɢɧɵ�� ɢɦɟɟɬ�
ɦɢɧɢɦɭɦ��

Ɂɧɚɱɟɧɢɟ� PLQW c ɹɜɥɹɟɬɫɹ�

ɜɪɟɦɟɧɟɦ� ɡɚɞɟɪɠɤɢ� ɧɚɱɚɥɚ�
ɩɪɨɰɟɫɫɚ� ɪɨɫɬɚ� ɬɪɟɳɢɧɵ�� ɉɨ�
ɞɨɫɬɢɠɟɧɢɸ� PLQWW c c �� ɬɪɟɳɢɧɚ�

ɧɚɱɢɧɚɟɬ� ɪɚɡɜɢɜɚɬɶɫɹ� ɞɢɧɚɦɢɱɧɨ�
ɢ�ɩɟɪɟɯɨɞɢɬ�ɤ�ɭɫɬɨɣɱɢɜɨɦɭ�ɪɨɫɬɭ��
ɉɪɢ� ɷɬɨɦ� ɫɤɨɪɨɫɬɶ� ɪɨɫɬɚ� ɛɭɞɟɬ�
ɦɚɤɫɢɦɚɥɶɧɚ� ɞɥɹ� ɬɪɟɳɢɧɵ��
ɤɨɬɨɪɚɹ�ɧɚɱɚɥɚ� ɫɜɨɟ�ɞɜɢɠɟɧɢɟ�� ɢ�
ɡɚɦɟɞɥɹɟɬɫɹ� ɩɨ� ɦɟɪɟ� ɪɚɡɜɢɬɢɹ�
ɬɪɟɳɢɧɵ�� Ɏɭɧɤɰɢɢ� ��/W c
ɞɨɫɬɢɝɚɟɬ� ɦɢɧɢɦɭɦɚ� ɩɪɢ�

����PLQ  / �� ɚ� ɦɢɧɢɦɚɥɶɧɨɟ�

ɛɟɡɪɚɡɦɟɪɧɨɟ�ɜɪɟɦɹ�ɡɚɞɟɪɠɤɢ�ɫɨɫɬɚɜɥɹɟɬ� ����PLQ |cW ��
Ⱥɧɚɥɢɡ� ɜɥɢɹɧɢɹ�

ɢɧɬɟɧɫɢɜɧɨɫɬɢ� ɬɟɩɥɨɨɛɦɟɧɚ�
�ɡɧɚɱɟɧɢɹ� ɱɢɫɥɚ� %L �� ɧɚ� ɜɪɟɦɹ�
ɡɚɞɟɪɠɤɢ� ɧɚɱɚɥɚ� ɪɚɡɪɭɲɟɧɢɹ� ɢ�
ɦɢɧɢɦɚɥɶɧɭɸ�ɞɥɢɧɭ�ɬɪɟɳɢɧɵ��Ʉɚɤ�
ɜɢɞɢɦ�� ɱɟɦ� ɦɟɧɶɲɟ� ɡɧɚɱɟɧɢɹ�
ɤɨɷɮɮɢɰɢɟɧɬɚ� ɬɟɩɥɨɨɬɞɚɱɢ�� ɬɟɦ�
ɛɨɥɶɲɟ� ɬɪɟɛɭɟɬɫɹ� ɜɪɟɦɟɧɧɨɣ�
ɢɧɬɟɪɜɚɥ�ɞɥɹ� ɬɨɝɨ�� ɱɬɨɛɵ�ɬɪɟɳɢɧɚ�
ɩɟɪɟɲɥɚ�ɜ�ɩɨɞɜɢɠɧɨɟ�ɫɨɫɬɨɹɧɢɟ��ɢ�
ɪɚɡɦɟɪ� ɬɪɟɳɢɧ�� ɤɨɬɨɪɵɟ� ɛɭɞɭɬ�
ɪɚɫɤɪɵɜɚɬɶɫɹ�ɩɪɢ�ɞɚɧɧɨɦ�ɜɪɟɦɟɧɢ��
ɬɚɤɠɟ� ɡɧɚɱɢɬɟɥɶɧɨ� ɭɜɟɥɢɱɢɜɚɟɬɫɹ��
ɋ� ɭɜɟɥɢɱɟɧɢɟɦ� ɢɧɬɟɧɫɢɜɧɨɫɬɢ�
ɬɟɩɥɨɨɛɦɟɧɚ� ɡɧɚɱɟɧɢɟ� ɜɪɟɦɟɧɢ�
ɡɚɞɟɪɠɤɢ� ɫɦɟɳɚɟɬɫɹ� ɜ� ɫɬɨɪɨɧɭ�
ɦɟɧɶɲɢɯ�ɬɪɟɳɢɧ�

ɇɚ� ɪɢɫ� �� ɩɨɤɚɡɚɧɚ�
ɡɚɜɢɫɢɦɨɫɬɶ�ɜɪɟɦɟɧɢ�ɡɚɞɟɪɠɤɢ� PLQW c ɨɬ�ɤɪɢɬɟɪɢɹ�Ȼɢɨ��ɤɨɬɨɪɵɣ�ɯɚɪɚɤɬɟɪɢɡɭɟɬ�ɢɧɬɟɧɫɢɜɧɨɫɬɶ�

ɬɟɩɥɨɨɬɞɚɱɢ�ɧɚ�ɩɨɜɟɪɯɧɨɫɬɢ� ɡɚɛɨɹ��Ʉɚɤ�ɜɢɞɢɦ�ɢɡ�ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ�ɪɟɡɭɥɶɬɚɬɨɜ�ɩɪɢ�ɦɚɥɵɯ�
ɡɧɚɱɟɧɢɹɯ� ��%L ɜɪɟɦɹ� ɡɚɞɟɪɠɤɢ� ɪɟɡɤɨ� ɜɨɡɪɚɫɬɚɟɬ�� ɱɬɨ� ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ� ɨ� ɧɟɞɨɫɬɚɬɨɱɧɨɦ�
ɨɯɥɚɠɞɟɧɢɢ� ɡɚɛɨɹ ɞɥɹ� ɢɧɬɟɧɫɢɜɧɨɝɨ� ɬɪɟɳɢɧɨɨɛɪɚɡɨɜɚɧɢɹ�� ɉɪɢ� �t%L ɜɪɟɦɹ� ɡɚɞɟɪɠɤɢ�
ɪɚɡɪɭɲɟɧɢɹ�ɩɪɢɛɥɢɠɚɸɬɫɹ�ɤ�ɡɧɚɱɟɧɢɹɦ��ɩɨɥɭɱɟɧɧɵɦ�ɞɥɹ�ɫɥɭɱɚɹ�ɝɪɚɧɢɱɧɵɯ�ɭɫɥɨɜɢɣ���ɪɨɞɚ�
ɢ�ɪɟɲɟɧɢɹ�����

Ɋɢɫ� ��� Ɂɚɜɢɫɢɦɨɫɬɶ� ɛɟɡɪɚɡɦɟɪɧɨɝɨ� ɜɪɟɦɟɧɢ�
ɪɚɡɪɭɲɟɧɢɹ�W c ɨɬ�ɞɥɢɧɵ�ɬɪɟɳɢɧɵ� / ɞɥɹ�ɪɚɡɥɢɱɧɵɯ�
ɡɧɚɱɟɧɢɣ�%L����± %L  �������± %L  �� ��± %L  �������± %L
 �����± %L� ������± %L�o ��ɪɚɫɱɟɬ�ɩɨ����

Ɋɢɫ� ���Ɂɚɜɢɫɢɦɨɫɬɶ�ɜɪɟɦɟɧɢ ɡɚɞɟɪɠɤɢ�ɧɚɱɚɥɚ�
ɪɚɡɪɭɲɟɧɢɹ� PLQW c ɨɬ�ɡɧɚɱɟɧɢɹ�%L



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

��

Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ�� ɩɪɢ� ɪɚɡɪɚɛɨɬɤɟ� ɬɟɯɧɨɥɨɝɢɢ� ɢɦɩɭɥɶɫɧɨɣ� ɩɪɨɦɵɜɤɢ� ɧɟɨɛɯɨɞɢɦɨ�
ɜɵɛɢɪɚɬɶ� ɬɚɤɢɟ� ɪɟɠɢɦɵ� ɩɨɞɚɱɢ� ɠɢɞɤɨɫɬɢ�� ɩɪɢ� ɤɨɬɨɪɵɯ� ɤɨɷɮɮɢɰɢɟɧɬɵ� ɬɟɩɥɨɨɬɞɚɱɢ�
ɨɛɟɫɩɟɱɢɜɚɸɬ�ɤɚɤ�ɦɨɠɧɨ�ɛɨɥɶɲɢɟ�ɡɧɚɱɟɧɢɹ�ɱɢɫɟɥ�Ȼɢɨ�

ȼɵɜɨɞɵ
ȼ�ɪɚɛɨɬɟ�ɜɩɟɪɜɵɟ�ɩɨɥɭɱɟɧɨ�ɪɟɲɟɧɢɟ�ɞɥɹ�ɡɚɞɚɱɢ�ɨ�ɪɚɡɜɢɬɢɢ ɬɪɟɳɢɧ�ɜ�ɩɪɢɡɚɛɨɣɧɨɦ�

ɫɥɨɟ ɝɨɪɧɨɣ�ɩɨɪɨɞɵ ɩɪɢ�ɛɭɪɟɧɢɢ�ɚɥɦɚɡɧɵɦɢ�ɤɨɪɨɧɤɚɦɢ�ɩɪɢ�ɝɪɚɧɢɱɧɵɯ�ɭɫɥɨɜɢɹɯ�ɬɪɟɬɶɟɝɨ�
ɪɨɞɚ�� ɂɫɫɥɟɞɨɜɚɧɨ� ɜɥɢɹɧɢɟ� ɬɟɩɥɨɨɬɞɚɱɢ� ɧɚ� ɩɪɨɰɟɫɫ� ɪɚɡɜɢɬɢɹ� ɬɪɟɳɢɧɨɨɛɪɚɡɨɜɚɧɢɹ� ɩɪɢ�
ɛɭɪɟɧɢɢ� ɫ� ɢɦɩɭɥɶɫɧɨɣ� ɩɪɨɦɵɜɤɨɣ�� ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ� ɩɨɡɜɨɥɹɸɬ� ɨɰɟɧɢɬɶ� ɜɥɢɹɧɢɟ�
ɢɧɬɟɧɫɢɜɧɨɫɬɢ� ɬɟɩɥɨɨɬɞɚɱɢ� ɧɚ� ɡɚɛɨɟ� ɧɚ� ɪɚɡɭɩɪɨɱɧɟɧɢɟ� ɝɨɪɧɨɣ� ɩɨɪɨɞɵ ɢ� ɨɩɪɟɞɟɥɢɬɶ�
ɡɧɚɱɟɧɢɹ�ɩɚɪɚɦɟɬɪɨɜ�ɩɪɨɦɵɜɤɢ��ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ�ɷɮɮɟɤɬɢɜɧɨɟ�ɬɟɪɦɢɱɟɫɤɨɟ�ɪɚɡɭɩɪɨɱɧɟɧɢɟ�
ɝɨɪɧɨɣ�ɩɨɪɨɞɵ�

Ɋɨɡɝɥɹɧɭɬɨ� ɩɪɨɰɟɫɢ� ɡɧɢɠɟɧɧɹ� ɦɿɰɧɨɫɬɿ� ɝɿɪɫɶɤɨʀ� ɩɨɪɨɞɢ� ɩɪɢ� ɛɭɪɿɧɧɿ� ɚɥɦɚɡɧɢɦɢ� ɛɭɪɨɜɢɦɢ�
ɤɨɪɨɧɤɚɦɢ�ɡɚ�ɪɚɯɭɧɨɤ�ɡɧɚɱɧɨɝɨ�ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ�ɝɪɚɞɿɽɧɬɭ�ɩɪɢ�ɿɦɩɭɥɶɫɧɨɦɭ�ɩɪɨɦɢɜɚɧɧɿ��Ɉɞɟɪɠɚɧɢɣ�
ɧɚɛɥɢɠɟɧɢɣ�ɪɨɡɜ¶ɹɡɨɤ�ɡɚɞɚɱɿ�ɩɪɨ�ɪɨɡɜɢɜɚɧɧɹ�ɬɪɿɳɢɧɢ�ɭ�ɝɿɪɫɶɤɿɣ�ɩɨɪɨɞɿ�ɞɥɹ�ɬɟɩɥɨɜɢɯ�ɝɪɚɧɢɱɧɢɯ�ɭɦɨɜ�
ɬɪɟɬɶɨɝɨ�ɪɨɞɭ��ɳɨ�ɞɨɡɜɨɥɹɽ�ɞɨɫɥɿɞɠɭɜɚɬɢ�ɜɩɥɢɜ� ɿɧɬɟɧɫɢɜɧɨɫɬɿ�ɬɟɩɥɨɨɛɦɿɧɭ�ɧɚ�ɦɟɯɚɧɿɱɧɢɣ�ɫɬɚɧ�
ɩɨɪɨɞɢ��ɉɪɟɞɫɬɚɜɥɟɧɨ�ɪɟɡɭɥɶɬɚɬɢ�ɪɨɡɪɚɯɭɧɤɭ�ɩɚɪɚɦɟɬɪɿɜ�ɩɪɨɰɟɫɭ�ɪɭɣɧɭɜɚɧɧɹ�ɩɪɢ�ɛɭɪɿɧɧɿ�ɚɥɦɚɡɧɢɦɢ�
ɤɨɪɨɧɤɚɦɢ�ɞɥɹ�ɪɿɡɧɢɯ�ɭɦɨɜ�ɨɯɨɥɨɞɠɟɧɧɹ�ɜɢɛɨɸ�

Ʉɥɸɱɨɜɿ�ɫɥɨɜɚ� ɚɥɦɚɡɧɟ�ɛɭɪɿɧɧɹ���ɦɿɰɧɿɫɬɶ�ɩɨɪɨɞɢ��ɬɪɿɳɢɧɨɭɬɜɨɪɟɧɧɹ��ɿɦɩɭɥɶɫɧɟ�ɩɪɨɦɢɜɚɧɧɹ�

7+(�()),&,(1&<�2)�'(6758&7,21�2)�52&.6�'85,1*�'5,//,1*�
:,7+�38/6(�:$6+,1*

7KH�URFN�VWUHQJWK�UHGXFWLRQ�XQGHU�GULOOLQJ�ZLWK�GLDPRQG�GULOO�ELWV�GXH�WR�D�VLJQLILFDQW�WHPSHUDWXUH�
JUDGLHQW�GXULQJ�SXOVH�IOXVKLQJ�LV�GHVFULEHG��$Q�DSSUR[LPDWH�VROXWLRQ�RI�WKH�SUREOHP�RI�IUDFWXUHV�GHYHORSPHQW�
LQ�WKH�URFN�IRU�WKH�WKHUPDO ERXQGDU\�FRQGLWLRQV�RI�WKH�WKLUG�NLQG�LV�REWDLQHG��,W�DOORZV�WR�LQYHVWLJDWLRQ�WKH�
HIIHFW� RI� KHDW� WUDQVIHU� RQ� WKH�PHFKDQLFDO� FRQGLWLRQ� RI� URFN� IRUPDWLRQ�� 7KH� UHVXOWV� RI� FDOFXODWLRQ� RI� WKH�
SDUDPHWHUV�RI�WKH�IDLOXUH�SURFHVV�GXULQJ�GULOOLQJ�ZLWK�GLDPRQG�FURZQV�IRU�GLIIHUHQW�FRROLQJ�FRQGLWLRQV�RI�WKH�
ZRUNLQJ�IDFH�DUH�SUHVHQWHG�

.H\�ZRUGV� GLDPRQG�GULOOLQJ��URFN�VWUHQJWK��IUDFWXULQJ��LPSXOVH�IOXVKLQJ

Ʌɢɬɟɪɚɬɭɪɚ
�� Ʉɨɠɟɜɧɢɤɨɜ� Ⱥ� Ⱥ�� ɇ� Ɍ� Ɏɢɥɢɦɨɧɟɧɤɨ�� ɀɢɤɚɥɹɤ� ɇ� ȼ� ɂɦɩɭɥɶɫɧɚɹ ɩɪɨɦɵɜɤɚ

ɫɤɜɚɠɢɧ��± Ⱦɨɧɟɰɤ��©ɇɨɭɥɢɞɠª��Ⱦɨɧɟɰɤɨɟ�ɨɬɞɟɥɟɧɢɟ���������± ����ɫ�
�� Ɋɚɡɪɭɲɟɧɢɟ� ɝɨɪɧɵɯ� ɩɨɪɨɞ� ɩɪɢ� ɬɟɪɦɨɰɢɤɥɢɱɟɫɤɨɦ� ɜɨɡɞɟɣɫɬɜɢɢ� �� Ⱥ� ɇ� Ɇɨɫɤɚɥɟɜ��

ȿ� ɘ� ɉɢɝɢɞɚ��Ʌ� Ƚ� Ʉɟɪɟɤɟɥɢɰɚ�ɢ�ɞɪ��± Ʉ���ɇɚɭɤɨɜɚ�ɞɭɦɤɚ��������± ����ɫ�
�� Ɋɚɡɪɭɲɟɧɢɟ�ɝɨɪɧɵɯ�ɩɨɪɨɞ�ɩɪɢ�ɪɟɡɤɨɦ�ɨɯɥɚɠɞɟɧɢɢ���Ⱥ� Ⱥ��Ʉɨɠɟɜɧɢɤɨɜ��ȼ� ȼ��Ʉɪɵɫɚɧ��

ɘ� ɇ��ȼɚɯɚɥɢɧ�ɢ�ɞɪ� ± Ⱦɨɧɟɰɤ��ɌɈȼ�©Ʌɢɡɭɧɨɜɉɪɟɫª��������± ����ɫ�
�� ɒɟɯɭɪɞɢɧ� ȼ� Ʉ�� ɍɞɟɥɶɧɚɹ� ɷɧɟɪɝɨɟɦɤɨɫɬɶ� ɪɚɡɪɭɲɟɧɢɹ� ɝɨɪɧɵɯ� ɩɨɪɨɞ� ɚɞɟɤɜɚɬɧɚ�

ɩɪɟɞɟɥɭ�ɩɪɨɱɧɨɫɬɢ ���Ƚɨɪɧɚɹ�ɉɪɨɦɵɲɥɟɧɧɨɫɬɶ��±������± ʋ ��± ɋ����±���
�� 5RFN IRUPDWLRQ WKHUPDO VWUHQJWK UHGXFWLRQ VWXG\ LQ WKH FRXUVH RI GLDPRQG FRUH GULOOLQJ XVLQJ

SXOVH IOXVKLQJ PRGH ��$�<X��'UHXV��$�.��6XGDNRY��$�$��.R]KHYQLNRY��<X��1��9DNKDOLQ ���
6FLHQWLILF�%XOOHWLQ�RI�1DWLRQDO�0LQLQJ�8QLYHUVLW\��± �����± ʋ��

�� Ɇɭɫɯɟɥɢɲɜɢɥɢ�ɇ�ɂ���ɇɟɤɨɬɨɪɵɟ�ɨɫɧɨɜɧɵɟ�ɡɚɞɚɱɢ�ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ�ɬɟɨɪɢɢ�ɭɩɪɭɝɨɫɬɢ��
± Ɇ�� ɇɚɭɤɚ��Ƚɥ�ɢɡɞ�ɜɨ�ɮɢɡ�ɦɚɬ��ɥɢɬ� ������± ����ɫ�

�� ɋɩɪɚɜɨɱɧɢɤ�ɩɨ�ɤɨɷɮɮɢɰɢɟɧɬɚɦ�ɢɧɬɟɧɫɢɜɧɨɫɬɢ�ɧɚɩɪɹɠɟɧɢɣ�ɜ���ɯ�ɬɨɦɚɯ��Ɍ�����ɩɨɞ�ɪɟɞ��
ɘ��Ɇɭɪɚɤɚɦɢ��± Ɇ���Ɇɢɪ��������± ����ɫ�

ɉɨɫɬɭɩɢɥɚ���������


