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ȼɊȺɓȺɌȿɅɖɇɕȿ Ⱦȼɂɀȿɇɂə�ɌȼȿɊȾɈȽɈ�ɌȿɅȺ�
ȻɅɂɁɄɈȽɈ�Ʉ�ȾɂɇȺɆɂɑȿɋɄɂ�ɋɎȿɊɂɑȿɋɄɈɆɍ��ɋ�

ȼəɁɄɈɃɀɂȾɄɈɋɌɖɘ�ȼ�ɉɈɅɈɋɌɂ

Ⱥɤɭɥɟɧɤɨ�Ʌ�Ⱦ���ɞ�ɮ��ɦ�ɧ���ɩɪɨɮ��
ɂɧɫɬɢɬɭɬ�ɩɪɨɛɥɟɦ�ɦɟɯɚɧɢɤɢ�ɢɦ��Ⱥ�ɘ��ɂɲɥɢɧɫɤɨɝɨ�ɊȺɇ��ɝ���Ɇɨɫɤɜɚ�

JDYULNRY#LSPQHW�UX

Ʌɟɳɟɧɤɨ�Ⱦ�Ⱦ�� ɞ�ɮ��ɦ�ɧ���ɩɪɨɮ�� ɉɚɥɢɣ�ȿ�ɋ��ɚɫɫ�
Ɉɞɟɫɫɤɚɹ ɝɨɫɭɞɚɪɫɬɜɟɧɧɚɹ�ɚɤɚɞɟɦɢɹ�ɫɬɪɨɢɬɟɥɶɫɬɜɚ�ɢ�ɚɪɯɢɬɟɤɬɭɪɵ��ɝ��Ɉɞɟɫɫɚ�

OHVKFKHQNRBG#XNU�QHW

ɋɩɭɬɧɢɤ� ɜ� ɫɜɨɟɦ� ɞɜɢɠɟɧɢɢ� ɨɬɧɨɫɢɬɟɥɶɧɨ� ɰɟɧɬɪɚ� ɦɚɫɫ� ɩɨɞɜɟɪɠɟɧ
ɜɥɢɹɧɢɸ� ɦɨɦɟɧɬɨɜ� ɫɢɥ�� ɨɛɭɫɥɨɜɥɟɧɧɵɯ� ɧɚɥɢɱɢɟɦ ɠɢɞɤɨɫɬɢ� ɜ� ɩɨɥɨɫɬɹɯ��
ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ�ɬɟɥɟ��ɧɚɩɪɢɦɟɪ��ɠɢɞɤɨɝɨ�ɬɨɩɥɢɜɚ���

Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ� ɞɜɢɠɟɧɢɟ� ɨɬɧɨɫɢɬɟɥɶɧɨ� ɰɟɧɬɪɚ� ɦɚɫɫ� ɫɮɟɪɨɢɞɚ� ɫ�
ɩɨɥɨɫɬɶɸ�� ɡɚɩɨɥɧɟɧɧɨɣ� ɠɢɞɤɨɫɬɶɸ� ɛɨɥɶɲɨɣ� ɜɹɡɤɨɫɬɢ�� Ɇɨɦɟɧɬ� ɫɢɥ��
ɨɛɭɫɥɨɜɥɟɧɧɵɣ�ɜɥɢɹɧɢɟɦ ɜɹɡɤɨɣ�ɠɢɞɤɨɫɬɢ�ɜ�ɩɨɥɨɫɬɢ��ɨɩɪɟɞɟɥɟɧ�ɩɨ�ɦɟɬɨɞɢɤɟ��
ɪɚɡɜɢɬɨɣ�ɜ�ɪɚɛɨɬɟ�>�@��Ɍɟɧɡɨɪ 3 ɡɚɞɚɟɬɫɹ�ɜ�ɜɢɞɟ�3LM  �3� įLM��ɝɞɟ�įLM ± ɫɢɦɜɨɥ�
Ʉɪɨɧɟɤɟɪɚ��3� !���ȼ ɫɥɭɱɚɟ�ɫɮɟɪɢɱɟɫɤɨɣ�ɩɨɥɨɫɬɢ�ɫɨɝɥɚɫɧɨ�>�@�ɡɧɚɱɟɧɢɟ�3� 
�ʌE������� ɝɞɟ� E ± ɪɚɞɢɭɫ� ɩɨɥɨɫɬɢ�� ɑɟɪɟɡ� $�� %�� & ɨɛɨɡɧɚɱɟɧɵ� ɝɥɚɜɧɵɟ�

ɰɟɧɬɪɚɥɶɧɵɟ�ɦɨɦɟɧɬɵ�ɢɧɟɪɰɢɢ�ɫɢɫɬɟɦɵ��ɱɟɪɟɡ S��T��U ± ɩɪɨɟɤɰɢɢ�ɚɛɫɨɥɸɬɧɨɣ�
ɭɝɥɨɜɨɣ�ɫɤɨɪɨɫɬɢ Ȧ ɧɚ�ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ�ɝɥɚɜɧɵɟ�ɰɟɧɬɪɚɥɶɧɵɟ�ɨɫɢ�ɢɧɟɪɰɢɢ��
ɍɪɚɜɧɟɧɢɹ�ɞɜɢɠɟɧɢɹ�ɜ�ɩɪɨɟɤɰɢɹɯ�ɧɚ�ɝɥɚɜɧɵɟ�ɰɟɧɬɪɚɥɶɧɵɟ�ɨɫɢ�ɢɧɟɪɰɢɢ��ɬɨɱɤɚ�
± ɩɪɨɢɡɜɨɞɧɚɹ�ɩɨ�ɜɪɟɦɟɧɢ��ɡɚɩɢɫɵɜɚɸɬɫɹ�ɜ�ɜɢɞɟ��
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Ɉɫɬɚɥɶɧɵɟ�ɭɪɚɜɧɟɧɢɹ�ɩɨɥɭɱɟɧɵ�ɢɡ�����ɩɭɬɟɦ�ɰɢɤɥɢɱɟɫɤɨɣ�ɩɟɪɟɫɬɚɧɨɜɤɢ�
ɫɢɦɜɨɥɨɜ��$��%��& ɢ�S��T��U�

Ɋɚɫɫɦɨɬɪɟɧ� ɫɥɭɱɚɣ�� ɤɨɝɞɚ� ɝɥɚɜɧɵɟ� ɰɟɧɬɪɚɥɶɧɵɟ� ɦɨɦɟɧɬɵ� ɢɧɟɪɰɢɢ�
ɬɜɟɪɞɨɝɨ�ɬɟɥɚ�ɛɥɢɡɤɢ�ɞɪɭɝ�ɤ�ɞɪɭɝɭ�ɢ�ɩɪɟɞɫɬɚɜɥɟɧɵ��ɜ�ɜɢɞɟ�

�$ - $H � c �� �% - %H � c �� �& - � ���

ɝɞɟ� �� �� İ ��� � ± ɦɚɥɵɣ� ɩɚɪɚɦɟɬɪ� ɉɪɢ� İ  � � ɭɪɚɜɧɟɧɢɹ� ���� ɨɩɢɫɵɜɚɸɬ�
ɞɜɢɠɟɧɢɟ�ɫɮɟɪɢɱɟɫɤɢ�ɫɢɦɦɟɬɪɢɱɧɨɝɨ�ɬɟɥɚ�

Ɍɚɤɠɟ�ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ��ɱɬɨ��
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ɉɨɫɥɟ�ɮɨɪɦɚɥɶɧɵɯ�ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ�ɫɢɫɬɟɦɵ�����ɫ�ɭɱɟɬɨɦ�
ɫɨɨɬɧɨɲɟɧɢɣ����������ɢ�ɩɟɪɟɯɨɞɚ�ɤ�ɦɟɞɥɟɧɧɨɦɭ�ɜɪɟɦɟɧɢ�Ĳ� �İW �ɞɚɥɟɟ�ɬɨɱɤɚ�±
ɩɪɨɢɡɜɨɞɧɚɹ�ɩɨ�ɜɪɟɦɟɧɢ�Ĳ��ɩɨɥɭɱɟɧɚ�ɜɨɡɦɭɳɟɧɧɚɹ�ɫɢɫɬɟɦɚ�ɬɢɩɚ�ɗɣɥɟɪɚ�ɜɢɞɚ�
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Ɂɞɟɫɶ�U ± ɦɟɞɥɟɧɧɚɹ�ɩɟɪɟɦɟɧɧɚɹ��ɋɢɫɬɟɦɚ�ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ�ɭɪɚɜɧɟɧɢɣ�
����± ɫɭɳɟɫɬɜɟɧɧɨ�ɧɟɥɢɧɟɣɧɚɹ�ɫɢɫɬɟɦɚ� ȼ�����ɜɜɟɞɟɧɵ ɜɨɡɦɭɳɟɧɢɹ�
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ɝɞɟ� � �� �TI S T UH � � �� �UI S T UH ɢɦɟɸɬ�ɩɨɯɨɠɢɣ�ɜɢɞ��

Ɋɟɲɟɧɢɟ� ɧɟɜɨɡɦɭɳɟɧɧɨɣ� ɫɢɫɬɟɦɵ� ���� ɩɪɢ �H  �� � �Q  ɡɚɩɢɫɵɜɚɟɬɫɹ�
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± ɚɦɩɥɢɬɭɞɚ��ɦɟɞɥɟɧɧɚɹ�ɩɟɪɟɦɟɧɧɚɹ���ĳ ± ɮɚɡɚ�� �
�
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ɩɨ� ɩɪɟɞɩɨɥɨɠɟɧɢɸ� ɉɨɫɥɟ� ɪɹɞɚ� ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ� ɢ� ɭɫɪɟɞɧɟɧɢɹ� ɩɨɥɭɱɟɧɧɨɣ�
ɫɢɫɬɟɦɵ�ɩɨ�ɮɚɡɟ�ĳ ɧɚɯɨɞɢɦ�ɫɢɫɬɟɦɭ�ɞɥɹ�ɦɟɞɥɟɧɧɵɯ�ɩɟɪɟɦɟɧɧɵɯ�[��\ɜɢɞɚ�

� �� �[ [ [ \K D E � �� \ [\KJ ���

Ɂɞɟɫɶ� �
�[ D ��

�\ U �� �
�
�

3
-

UK
Q

 � � ���� - $ %%
HD  �c cc �

� � � �� ��
�

- $ %
$ $ % %E Hc c c c� � � � c c �

� ��

��
$ $ %

- $
H

J
�

 �
c c c

c

Ɋɚɡɞɟɥɢɜ ɩɟɪɜɨɟ� ɭɪɚɜɧɟɧɢɟ� ɫɢɫɬɟɦɵ� ���� ɧɚ� ɜɬɨɪɨɟ� ɩɨɥɭɱɢɦ� ɫɤɚɥɹɪɧɨɟ�
ɭɪɚɜɧɟɧɢɟ��ɞɨɩɭɫɤɚɸɳɟɟ�ɷɥɟɦɟɧɬɚɪɧɨɟ�ɚɧɚɥɢɬɢɱɟɫɤɨɟ�ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ��
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c  �ɉɨɥɭɱɢɦ�ɥɢɧɟɣɧɨɟ�

ɭɪɚɜɧɟɧɢɟ�ɞɥɹ�ɩɟɪɟɦɟɧɧɨɣ� [��
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Ɂɞɟɫɶ�ɜɜɟɞɟɧ�ɚɪɝɭɦɟɧɬ OQ \T  �

ȼ� ɪɟɡɭɥɶɬɚɬɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ� ɩɨɥɭɱɟɧɨ� ɭɪɚɜɧɟɧɢɟ�� ɞɨɩɭɫɤɚɸɳɟɟ�
ɪɚɡɞɟɥɟɧɢɟ�ɩɟɪɟɦɟɧɧɵɯ��\��Ĳ ɢ�ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ�ɜ�ɤɜɚɞɪɚɬɭɪɚɯ��
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ɑɢɫɥɟɧɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɢɫɬɟɦɵ�����ɩɪɨɜɟɞɟɧɨ�ɞɥɹ ɞɜɭɯ ɪɚɫɱɟɬɧɵɯ�
ɫɥɭɱɚɟɜ ɩɪɢ� ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ�[���� ���\���� ����ȼ�ɫɢɥɭ�ɜɵɛɪɚɧɧɵɯ�ɡɧɚɱɟɧɢɣ
ɩɚɪɚɦɟɬɪɨɜ� ɭ� ɫɢɫɬɟɦɵ� ��� ɜ� ɩɟɪɜɨɦ� ɫɥɭɱɚɟ� ɤɨɷɮɮɢɰɢɟɧɬɵ� ɢɦɟɸɬ� ɜɢɞ� Ș  �
���������Į  ���������ȕ  �±�����Ȗ  �±����ɚ��ɜɨ�ɜɬɨɪɨɦ�± Ș� ����������Į  �����������ȕ� �
����� Ȗ  �±���� ɑɢɫɥɟɧɧɵɣ�ɚɧɚɥɢɡ��ɩɪɨɜɟɞɟɧɧɵɣ�ɧɚ�ɢɧɬɟɪɜɚɥɟ�>�����@��ɩɨɤɚɡɵɜɚɟɬ��
ɱɬɨ�ɜ�ɨɛɨɢɯ�ɫɥɭɱɚɹɯ U� ɭɛɵɜɚɟɬ�� ɜ�ɩɟɪɜɨɦ�± ɚɫɢɦɩɬɨɬɢɱɟɫɤɢ�ɩɪɢɛɥɢɠɚɹɫɶ�ɤ�
ɫɬɚɰɢɨɧɚɪɧɨɦɭ� ɡɧɚɱɟɧɢɸ� ������� ɚ� ɜɨ� ɜɬɨɪɨɦ� ± ɤ� ɧɭɥɸ�� Ɏɭɧɤɰɢɹ� D� ɩɟɪɜɨɦ�
ɫɥɭɱɚɟ� ɭɛɵɜɚɟɬ�� ɚɫɢɦɩɬɨɬɢɱɟɫɤɢ� ɩɪɢɛɥɢɠɚɹɫɶ� ɤ� ɧɭɥɸ�� ɚ� ɜɨ� ɜɬɨɪɨɦ� ±
ɜɨɡɪɚɫɬɚɟɬ��ɞɨɫɬɢɝɚɹ�ɡɧɚɱɟɧɢɹ������

Ɍɚɤɢɦ�ɨɛɪɚɡɨɦ ɩɨɥɭɱɟɧɚ�ɭɬɨɱɧɟɧɧɚɹ�ɜ�ɤɜɚɞɪɚɬɢɱɟɫɤɨɦ�ɩɪɢɛɥɢɠɟɧɢɢ�
ɩɨ� ɦɚɥɨɦɭ� ɩɚɪɚɦɟɬɪɭ� � ɫɢɫɬɟɦɚ� ɭɪɚɜɧɟɧɢɣ� ɞɜɢɠɟɧɢɹ� ɜ� ɫɬɚɧɞɚɪɬɧɨɣ� ɮɨɪɦɟ��
ɉɪɨɜɟɞɟɧ�ɚɧɚɥɢɡ�ɡɚɞɚɱɢ�Ʉɨɲɢ�ɞɥɹ�ɫɢɫɬɟɦɵ��ɨɩɪɟɞɟɥɟɧɧɨɣ�ɩɨɫɥɟ�ɭɫɪɟɞɧɟɧɢɹ��
ɗɜɨɥɸɰɢɹ� ɞɜɢɠɟɧɢɹ� ɬɜɟɪɞɨɝɨ� ɬɟɥɚ� ɧɚ� ɛɟɫɤɨɧɟɱɧɨɦ� ɢɧɬɟɪɜɚɥɟ� ɜɪɟɦɟɧɢ�
ɨɩɢɫɵɜɚɟɬɫɹ� ɪɟɲɟɧɢɹɦɢ�� ɩɨɥɭɱɟɧɧɵɦɢ� ɚɫɢɦɩɬɨɬɢɱɟɫɤɢ�� ɚɧɚɥɢɬɢɱɟɫɤɢ� ɢ�
ɱɢɫɥɟɧɧɨ� ɂɫɫɥɟɞɭɟɦɚɹ� ɜ� ɪɚɛɨɬɟ� ɦɨɞɟɥɶ� ɩɪɟɞɫɬɚɜɥɹɟɬ� ɨɩɪɟɞɟɥɟɧɧɵɣ�
ɟɫɬɟɫɬɜɟɧɧɨɧɚɭɱɧɵɣ�ɢɧɬɟɪɟɫ�ɞɥɹ�ɞɢɧɚɦɢɤɢ�ɮɢɝɭɪɵ�Ɂɟɦɥɢ�

���&KHUQRXVNR�)�/���$NXOHQNR�/�'���/HVKFKHQNR�'�'��(YROXWLRQ�RI�0RWLRQV�RI�D�5LJLG�%RG\�
$ERXW�LWV�&HQWHU�RI�0DVV��± &KDP��6SULQJHU��������± ����S��

527$7,21$/�027,216�2)�$�1($5/<�'<1$0,&$//<�63+(5,&$/�
5,*,'�%2'<�:,7+�&$9,7<�&217$,1,1*�$�9,6&286�)/8,'

0RWLRQ�DERXW�LWV�FHQWHU�RI�PDVV�RI�D�QHDUO\�G\QDPLFDOO\�VSKHULFDO�ULJLG�ERG\�ZLWK�D�FDYLW\�
ILOOHG�ZLWK�KLJK�YLVFRVLW\�IOXLG�LV�FRQVLGHUHG��7KH�GHWHUPLQDWLRQ�RI�WKH�PRPHQWV�RI�IRUFHV�DFWLQJ�
RQ�WKH�ERG\�IURP�WKH�YLVFRXV�IOXLG�LQ�WKH�FDYLW\�ZDV�SURSRVHG�LQ�WKH�ZRUNV�RI�)��/��&KHUQRXVNR��
$V�D�UHVXOW�RI�DV\PSWRWLF�DQG�QXPHULFDO�FDOFXODWLRQV��VROXWLRQV ZHUH�REWDLQHG�DQG�GHVFULEHG�
WKH�PRWLRQ�RI�D�ERG\�RYHU�DQ�LQILQLWH�WLPH�LQWHUYDO�


