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�� 2NDPXUD�+���$RWD�.��� (]XPL�0��)ULFWLRQ� VWLU�ZHOGLQJ� RI� DOXPLQXP�DOOR\� DQG� DSSOLFDWLRQ� WR�
VWUXFWXUH����-��RI�-DS��,QVWLWXWH RI /LJKW�0HWDOV��± ������± ����ʋ���± 3�����±����

�� $UEHJDVW�:�-��)ULFWLRQ�VWLU�ZHOGLQJ��$IWHU�D�GHFDGH�RI�GHYHORSPHQW����:HOGLQJ�-��± ������± ����
ʋ���± 3����±���

�� :DWDQDEH�+���7DND\DPD�+���<DQDJLVDZD�$��-RLQLQJ�RI�DOXPLQXP�DOOR\�WR�VWHHO�E\�IULFWLRQ�VWLU�
ZHOGLQJ����-��RI�PD�WHULDOV�SURF� WHFKQRORJ\��± ������± �����± 3�����±����

�� ,QIOXHQFHRI� IULFWLRQ� VWLU�ZHOGLQJ� SDUDPHWHUV� RQ� JUDLQ� VL]H� DQG� IRUPDELOLW\� LQ� ����� DOXPLQXP�
DOOR\���7��+LUDWD��7��2JXUL��+��+DJLQR�HW�DO�����0DWHULDOV�6FL��DQG�(QJLQHHULQJ��± ������± $�����±
3�����±����

�� ,QWHUIDFLDOUHDFWLRQ� LQ� VWHHO�DOXPLQXP� MRLQWV� PDGH� E\� IULFWLRQ� VWLU� ZHOGLQJ� �� :��%� /HH��
0� 6FKPXHFNHU��8�$��0HUFDU�GR�HW�DO�����6FULSWD�0DWHU��± ������± ����± ��±����

�� 0LFURVWUXFWXUH� RI� IULFWLRQ� VWLU� ZHOGLQJ� RI� DOXPLQLXP� DOOR\� WR� PDJQHVLXP� DOOR\� �� $�� .RVWD�
5�6� &RHOKR��-��GRV�6DQWRVE��$�5��3\]DOODF����,ELG��± ������± ����± 3�����±����

��� .ZRQ�<�-��� 6KLJHPDWVX� ,��� 6DLWR�1��'LVVLPLODU� IULFWLRQ� VWLU�ZHOGLQJ� EHWZHHQ�PDJQHVLXP�DQG�
DOXPLQLXP�DOOR\V����0DWHULDOV�/HWWHUV��± ������± ����± 3G�����±�����

��� (IIHVW�RI�IULFWLRQ�VWLU�ZHOGLQJ�SDUDPHWHUV�RQ�WKH�PLFURVWUXF�WXUH�DQG�PHFKDQLFDO�SURSHUWLHV�RI�
WKH� GLVVLPLODU� $O²ɋX� MR�LQWV� �� 3�� ;XH�� '�5�� 1L�� '�� :DQJ� HW� DO�� ��� 0DWHULDOV� 6FL�� DQG�
(QJLQHHULQJ��± ������± �����± 3������±�����

ɉɨɫɬɭɩɢɥɚ���������

ɍȾɄ����������������

ȼ��ɋ��Ƚɚɜɪɢɥɨɜɚ�� ȿ��Ⱥ��ɉɚɳɟɧɤɨ� ɞ�ɪ��ɬɟɯɧ��ɧɚɭɤ��
ȼ��ɂ� ɒɬɨɦɩɟɥɶ� ɞ�ɪ��ɯɢɦ��ɧɚɭɤ�� Ⱥ��Ɇ��Ʉɨɲɤɢɧ�� Ⱥ��Ƚ��Ⱦɨɜɝɚɧɶ�

�ɂɧɫɬɢɬɭɬ�ɫɜɟɪɯɬɜɟɪɞɵɯ�ɦɚɬɟɪɢɚɥɨɜ�ɢɦ��ȼ��ɇ��Ȼɚɤɭɥɹ�ɇȺɇ�ɍɤɪɚɢɧɵ��ɝ��Ʉɢɟɜ
�ɂɧɫɬɢɬɭɬ�ɯɢɦɢɢ�ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɯ�ɫɨɟɞɢɧɟɧɢɣ�ɇȺɇ�ɍɤɪɚɢɧɵ� ɝ��Ʉɢɟɜ

ȼɅɂəɇɂȿ�ɇȺɉɈɅɇɂɌȿɅȿɃ�ɂ�ɆȺɌȿɊɂȺɅɈȼ�ɋɍȻɋɌɊȺɌȺ�ɇȺ�
ɋɌɊɍɄɌɍɊɍ�ɉɈɅɂɆȿɊɇɈɃ�ɆȺɌɊɂɐɕ�ɗɉɈɄɋɂȾɇɈ�ɉɈɅɂɋɂɅɈɄɋȺɇɈȼɈȽɈ�

ɄɈɆɉɈɁɂɌȺ

ɉɪɟɞɫɬɚɜɥɟɧɵ� ɪɟɡɭɥɶɬɚɬɵ� ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵɯ� ɢɫɫɥɟɞɨɜɚɧɢɣ� ɷɩɨɤɫɢɞɧɨ�
ɩɨɥɢɫɢɥɨɤɫɚɧɨɜɨɝɨ� ɤɨɦɩɨɡɢɬɚ�� ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ� ɧɚɧɨɞɢɫɩɟɪɫɧɵɦ� ɨɤɫɢɞɨɦ� ɤɪɟɦɧɢɹ� ɢ�
ɜɵɫɨɤɨɞɢɫɩɟɪɫɧɵɦ�ɭɝɥɟɪɨɞɧɵɦ�ɧɚɩɨɥɧɢɬɟɥɟɦ�ɜ�ɢɫɯɨɞɧɨɦ�ɫɨɫɬɨɹɧɢɢ��ɧɚ�ɩɨɜɟɪɯɧɨɫɬɢ�ɫɬɚɥɢ�
��� ɢ� ɬɢɬɚɧɨɜɨɝɨ� ɫɩɥɚɜɚ� ȼɌ����� ɉɨɤɚɡɚɧɨ�� ɱɬɨ� ɯɢɦɢɱɟɫɤɢɟ� ɫɜɹɡɢ� ɨɛɪɚɡɭɸɬɫɹ� ɦɟɠɞɭ�
ɩɨɥɹɪɧɵɦɢ�ɝɪɭɩɩɚɦɢ�ɩɨɥɢɦɟɪɧɨɣ�ɦɚɬɪɢɰɵ�ɢ�ɚɬɨɦɚɦɢ�ɤɢɫɥɨɪɨɞɚ�ɧɚ�ɩɨɜɟɪɯɧɨɫɬɢ�ɩɥɚɫɬɢɧ�ɢɡ�
ɬɢɬɚɧɨɜɨɝɨ� ɫɩɥɚɜɚ�� ɬɨɝɞɚ� ɤɚɤ� ɩɪɢ� ɧɚɧɟɫɟɧɢɢ� ɤɨɦɩɨɡɢɬɚ� ɧɚ� ɫɬɚɥɶ� ɯɢɦɢɱɟɫɤɨɝɨ�
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ�ɦɟɠɞɭ�ɧɢɦɢ�ɧɟ�ɩɪɨɢɫɯɨɞɢɬ

Ʉɥɸɱɟɜɵɟ� ɫɥɨɜɚ� ɷɩɨɤɫɢɞɧɨ�ɩɨɥɢɫɢɥɨɤɫɚɧɨɜɵɣ� ɤɨɦɩɨɡɢɬ�� ɚɦɨɪɮɧɚɹ� ɫɬɪɭɤɬɭɪɚ��
ɚɦɨɪɮɧɨ�ɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ� ɫɬɪɭɤɬɭɪɚ�� ɦɢɤɪɨɝɟɬɟɪɨɝɟɧɧɚɹ� ɫɬɪɭɤɬɭɪɚ�� ɦɚɥɨɭɝɥɨɜɨɟ� ɢ�
ɲɢɪɨɤɨɭɝɥɨɜɨɟ�ɪɚɫɫɟɹɧɢɟ�ɪɟɧɬɝɟɧɨɜɫɤɢɯ�ɥɭɱɟɣ�

ȼɜɟɞɟɧɢɟ
Ⱥɤɬɭɚɥɶɧɨɣ� ɩɪɨɛɥɟɦɨɣ� ɬɪɢɛɨɬɟɯɧɢɱɟɫɤɨɝɨ� ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ� ɷɩɨɤɫɢɞɧɵɯ�

ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ� ɦɚɬɟɪɢɚɥɨɜ� ɹɜɥɹɟɬɫɹ� ɩɨɢɫɤ� ɧɚɩɨɥɧɢɬɟɥɟɣ� ɢ� ɪɚɡɪɚɛɨɬɤɚ� ɫɩɨɫɨɛɨɜ� ɢɯ�
ɜɜɟɞɟɧɢɹ� ɜ� ɩɨɥɢɦɟɪɧɭɸ� ɦɚɬɪɢɰɭ� ɞɥɹ� ɭɥɭɱɲɟɧɢɹ� ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ� ɫɜɨɣɫɬɜ� ɩɨɥɢɦɟɪɧɵɯ�
ɩɨɤɪɵɬɢɣ�ɜ�ɡɚɜɢɫɢɦɨɫɬɢ�ɨɬ�ɭɫɥɨɜɢɣ�ɪɚɛɨɬɵ�ɩɚɪ�ɬɪɟɧɢɹ��ȼ�ɫɜɨɸ�ɨɱɟɪɟɞɶ��ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ�
ɫɜɨɣɫɬɜɚ� ɡɚɜɢɫɹɬ� ɨɬ� ɮɢɡɢɤɨ�ɯɢɦɢɱɟɫɤɢɯ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɩɨɥɢɦɟɪɚ�� ɤɨɬɨɪɵɟ� ɨɩɪɟɞɟɥɹɸɬɫɹ�
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ɫɬɪɭɤɬɭɪɨɣ�� ɫɮɨɪɦɢɪɨɜɚɧɧɨɣ� ɜ� ɪɟɡɭɥɶɬɚɬɟ� ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ� ɦɟɠɞɭ� ɩɨɥɢɦɟɪɧɨɣ� ɦɚɬɪɢɰɟɣ��
ɧɚɩɨɥɧɢɬɟɥɹɦɢ�ɢ�ɜɟɳɟɫɬɜɚɦɢ�ɢɡɞɟɥɢɣ��ɧɚ�ɤɨɬɨɪɵɟ�ɧɚɧɨɫɹɬɫɹ�ɩɨɤɪɵɬɢɹ�

ȼ� ɞɚɧɧɨɣ� ɪɚɛɨɬɟ� ɩɪɟɞɫɬɚɜɥɟɧɵ� ɪɟɡɭɥɶɬɚɬɵ� ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ� ɢɫɫɥɟɞɨɜɚɧɢɹ�
ɷɩɨɤɫɢɞɧɨɝɨ� ɧɚɧɨɤɨɦɩɨɡɢɬɚ� ɫ� ɪɚɡɧɵɦ� ɫɨɞɟɪɠɚɧɢɟɦ� ɧɚɧɨɞɢɫɩɟɪɫɧɨɝɨ� ɨɤɫɢɞɚ� ɤɪɟɦɧɢɹ� ɜ�
ɩɪɢɫɭɬɫɬɜɢɢ� ɜɵɫɨɤɨɞɢɫɩɟɪɫɧɨɝɨ� ɭɝɥɟɪɨɞɧɨɝɨ� ɧɚɩɨɥɧɢɬɟɥɹ� ɜ� ɢɫɯɨɞɧɨɦ� ɫɨɫɬɨɹɧɢɢ�� ɚ� ɬɚɤɠɟ�
ɩɪɢ� ɧɚɧɟɫɟɧɢɢ� ɧɚ� ɩɨɞɥɨɠɤɢ� ɢɡ� ɫɬɚɥɢ� ��� ɢ� ɬɢɬɚɧɨɜɨɝɨ� ɫɩɥɚɜɚ� ȼɌ���� ɉɨɥɭɱɟɧɧɵɟ� ɞɚɧɧɵɟ�
ɢɦɟɸɬ� ɛɨɥɶɲɨɟ� ɡɧɚɱɟɧɢɟ� ɞɥɹ� ɪɚɡɪɚɛɨɬɤɢ� ɚɧɬɢɮɪɢɤɰɢɨɧɧɨɝɨ� ɦɚɬɟɪɢɚɥɚ� ɫ� ɩɨɜɵɲɟɧɧɨɣ�
ɚɞɝɟɡɢɟɣ� ɤ� ɬɢɬɚɧɨɜɵɦ ɫɩɥɚɜɚɦ� ɢ� ɜɵɫɨɤɨɣ� ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶɸ� ɩɪɢ� ɯɨɥɨɞɧɨɦ� ɩɥɚɫɬɢɱɟɫɤɨɦ�
ɞɟɮɨɪɦɢɪɨɜɚɧɢɢ�ɢɡɞɟɥɢɣ�ɢɡ�ɧɢɯ�

Ɇɟɬɨɞɢɤɚ�ɷɤɫɩɟɪɢɦɟɧɬɚ
Ⱦɥɹ�ɢɫɫɥɟɞɨɜɚɧɢɣ�ɛɵɥɢ�ɢɡɝɨɬɨɜɥɟɧɵ�ɱɟɬɵɪɟ�ɢɫɯɨɞɧɵɯ�ɨɛɪɚɡɰɚ�ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ�ɧɚ�

ɨɫɧɨɜɟ� ɷɩɨɤɫɢɞɧɨɝɨ� ɩɨɥɢɦɟɪɚ� ɫɟɬɱɚɬɨɝɨ� ɫɬɪɨɟɧɢɹ� ɢɡ� �� ɢɥɢ� ��� �ɦɚɫ�� ɧɚɧɨɪɚɡɦɟɪɧɨɝɨ�
ɧɚɩɨɥɧɢɬɟɥɹ� ɜ� ɨɬɫɭɬɫɬɜɢɟ� ɢɥɢ� ɩɪɢ� ɧɚɥɢɱɢɢ� ɜɵɫɨɤɨɞɢɫɩɟɪɫɧɨɝɨ� ɭɝɥɟɪɨɞɧɨɝɨ� ɧɚɩɨɥɧɢɬɟɥɹ�
�ɝɪɚɮɢɬɚ�� ɜ� ɢɯ� ɫɨɫɬɚɜɟ�� ɍɤɚɡɚɧɧɵɟ� ɱɟɬɵɪɟ� ɨɛɪɚɡɰɚ� ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ� ɛɵɥɢ� ɬɚɤɠɟ� ɧɚɧɟɫɟɧɵ�
ɬɨɧɤɢɦ� ɫɥɨɟɦ� ɧɚ� ɩɨɜɟɪɯɧɨɫɬɶ� ɫɬɚɥɢ� ���� Ȼɵɥɢ� ɬɚɤɠɟ� ɢɫɫɥɟɞɨɜɚɧɵ� ɞɜɚ� ɨɛɪɚɡɰɚ�
ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ� ɢɡ� ��� �ɦɚɫ��� ɧɚɧɨɪɚɡɦɟɪɧɨɝɨ� ɧɚɩɨɥɧɢɬɟɥɹ�� ɤɚɤ� ɩɪɢ� ɧɚɥɢɱɢɢ�� ɬɚɤ� ɢ� ɩɪɢ�
ɨɬɫɭɬɫɬɜɢɢ� ɜɵɫɨɤɨɞɢɫɩɟɪɫɧɨɝɨ� ɭɝɥɟɪɨɞɧɨɝɨ� ɧɚɩɨɥɧɢɬɟɥɹ� �ɝɪɚɮɢɬɚ��� ɤɨɬɨɪɵɟ� ɧɚɧɨɫɢɥɢɫɶ�
ɬɨɧɤɢɦ�ɫɥɨɟɦ�ɧɚ�ɩɨɜɟɪɯɧɨɫɬɶ�ɬɢɬɚɧɨɜɨɝɨ�ɫɩɥɚɜɚ�ȼɌ�����ɢ�ɨɞɢɧ�ɨɛɪɚɡɟɰ�ɧɚɧɟɫɟɧɧɨɝɨ�ɬɚɤɢɦ�
ɠɟ�ɨɛɪɚɡɨɦ�ɧɚɧɨɤɨɦɩɨɡɢɬɚ��ɜ�ɫɨɫɬɚɜ�ɤɨɬɨɪɨɝɨ�ɜɯɨɞɹɬ ����ɦɚɫ���ɧɚɧɨɪɚɡɦɟɪɧɨɝɨ�ɧɚɩɨɥɧɢɬɟɥɹ�
ɢ�ɜɵɫɨɤɨɞɢɫɩɟɪɫɧɵɣ�ɭɝɥɟɪɨɞɧɵɣ�ɧɚɩɨɥɧɢɬɟɥɶ�

Ⱥɦɨɪɮɧɭɸ� ɢ� ɚɦɨɪɮɧɨ�ɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ� ɫɬɪɭɤɬɭɪɭ� ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ� ɢɫɫɥɟɞɨɜɚɥɢ�
ɦɟɬɨɞɨɦ�ɲɢɪɨɤɨɭɝɥɨɜɨɝɨ�ɪɚɫɫɟɹɧɢɹ�ɪɟɧɬɝɟɧɨɜɫɤɢɯ�ɥɭɱɟɣ��ɫ�ɩɨɦɨɳɶɸ�ɞɢɮɪɚɤɬɨɦɟɬɪɚ�ȾɊɈɇ�
������ɂɫɫɥɟɞɨɜɚɧɢɹ� ɩɪɨɜɨɞɢɥɢ� ɫ� ɩɪɢɦɟɧɟɧɢɟɦ� ɪɟɧɬɝɟɧɨɨɩɬɢɱɟɫɤɨɣ� ɫɯɟɦɵ�Ȼɪɟɝɝɚ�Ȼɪɟɧɬɚɧɨ�
�ɧɚ�©ɨɬɪɚɠɟɧɢɟª�ɩɟɪɜɢɱɧɨɝɨ�ɩɭɱɤɚ�ɢɡɥɭɱɟɧɢɹ�ɨɬ�ɩɨɜɟɪɯɧɨɫɬɢ�ɨɛɪɚɡɰɨɜ��

Ɇɢɤɪɨɝɟɬɟɪɨɝɟɧɧɭɸ�ɫɬɪɭɤɬɭɪɭ��ɧɚ�ɧɚɧɨɪɨɡɦɟɪɧɨɦ�ɭɪɨɜɧɟ��ɱɟɬɵɪɟɯ�ɱɢɫɬɵɯ�ɨɛɪɚɡɰɨɜ
ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ� ɢɫɫɥɟɞɨɜɚɥɢ� ɦɟɬɨɞɨɦ� ɦɚɥɨɭɝɥɨɜɨɝɨ� ɪɚɫɫɟɹɧɢɹ� ɪɟɧɬɝɟɧɨɜɫɤɢɯ� ɥɭɱɟɣ� ɫ�
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɤɚɦɟɪɵ� ɄɊɆ���� ɤɨɬɨɪɚɹ� � ɤɨɧɫɬɪɭɤɬɢɜɧɨ� ɩɨɡɜɨɥɹɟɬ� ɜɵɩɨɥɧɹɬɶ� ɬɨɥɶɤɨ�
ɢɫɫɥɟɞɨɜɚɧɢɹ� ɨɛɴɟɦɚ� ɨɛɪɚɡɰɨɜ� �ɩɪɢ� ɩɪɨɯɨɠɞɟɧɢɢ� ɩɟɪɜɢɱɧɨɝɨ� ɩɭɱɤɚ� ɢɡɥɭɱɟɧɢɹ� ɱɟɪɟɡ�
ɨɛɪɚɡɟɰ���ɂɫɫɥɟɞɨɜɚɧɢɹ�ɨɫɭɳɟɫɬɜɥɹɥɢ�ɫɨ�ɳɟɥɟɜɨɣ�ɤɨɥɥɢɦɚɰɢɟɣ�ɩɟɪɜɢɱɧɨɝɨ�ɩɭɱɤɚ�ɩɨ�ɦɟɬɨɞɭ�
Ʉɪɚɬɤɢ�� Ƚɟɨɦɟɬɪɢɱɟɫɤɢɟ� ɩɚɪɚɦɟɬɪɵ� ɤɚɦɟɪɵ� ɭɞɨɜɥɟɬɜɨɪɹɥɢ� ɭɫɥɨɜɢɹɦ� ɛɟɫɤɨɧɟɱɧɨɣ� ɜɵɫɨɬɵ�
ɩɟɪɜɢɱɧɨɝɨ�ɩɭɱɤɚ�ɢɡɥɭɱɟɧɢɹ�>�@��ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ�ɩɪɨɮɢɥɢ�ɢɧɬɟɧɫɢɜɧɨɫɬɢ�ɧɨɪɦɢɪɨɜɚɥɢ�
ɧɚ�ɜɟɥɢɱɢɧɭ�ɮɚɤɬɨɪɚ�ɨɫɥɚɛɥɟɧɢɹ�ɩɟɪɜɢɱɧɨɝɨ�ɩɭɱɤɚ�ɢɡɥɭɱɟɧɢɹ�ɨɛɪɚɡɰɚɦɢ�ɩɨɥɢɦɟɪɨɜ��ɚ�ɬɚɤɠɟ�
ɧɚ�ɢɯ�ɪɚɫɫɟɢɜɚɸɳɢɣ�ɨɛɴɟɦ�

ȼɫɟ� ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵɟ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɩɪɨɜɨɞɢɥɢ� ɜ� ɋXɄĮ±ɢɡɥɭɱɟɧɢɢ��
ɦɨɧɨɯɪɨɦɚɬɢɡɢɪɨɜɚɧɧɨɦ�1L�ɮɢɥɶɬɪɨɦ���ɩɪɢ�ɬɟɦɩɟɪɚɬɭɪɟ�Ɍ� ��������ɨɋ�

Ɋɟɡɭɥɶɬɚɬɵ�ɢɫɫɥɟɞɨɜɚɧɢɣ�ɢ�ɢɯ�ɨɛɫɭɠɞɟɧɢɟ
ɉɪɢ� ɩɪɨɜɟɞɟɧɢɢ� ɚɧɚɥɢɡɚ� ɲɢɪɨɤɨɭɝɥɨɜɵɯ� ɪɟɧɬɝɟɧɨɜɫɤɢɯ� ɞɢɮɪɚɤɬɨɝɪɚɦɦ� ɢɫɯɨɞɧɵɯ�

ɨɛɪɚɡɰɨɜ� ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ� �ɪɢɫ�� ��� ɨɛɧɚɪɭɠɟɧɨ�� ɱɬɨ� ɩɪɢ� ɧɚɥɢɱɢɢ� ɜ� ɫɨɫɬɚɜɟ� ɷɬɢɯ� ɨɛɪɚɡɰɨɜ�
ɥɢɲɶ� ɧɚɧɨɪɚɡɦɟɪɧɨɝɨ� ɩɨɪɨɲɤɚ� ɧɚ� ɞɢɮɪɚɤɬɨɝɪɚɦɦɚɯ� ɢɦɟɟɬ� ɦɟɫɬɨ� ɩɪɨɹɜɥɟɧɢɟ� ɨɞɧɨɝɨ�
ɞɢɮɪɚɤɰɢɨɧɧɨɝɨ� ɦɚɤɫɢɦɭɦɚ� ɞɢɮɮɭɡɧɨɝɨ� ɬɢɩɚ� �ɚɦɨɪɮɧɨɝɨ� ɝɚɥɨ��� ɭɝɥɨɜɨɟ� ɩɨɥɨɠɟɧɢɟ� ��șP��
ɤɨɬɨɪɨɝɨ� ɫɨɫɬɚɜɥɹɟɬ� ����ɨ�� ɗɬɨɬ� ɞɢɮɪɚɤɰɢɨɧɧɵɣ� ɦɚɤɫɢɦɭɦ� ɭɤɚɡɵɜɚɟɬ� ɧɚ� ɛɥɢɠɧɟɟ�
ɭɩɨɪɹɞɨɱɟɧɢɟ� ɩɪɢ� ɬɪɚɧɫɥɹɰɢɢ� ɜ� ɩɪɨɫɬɪɚɧɫɬɜɟ� ɦɟɠɞɭɭɡɥɨɜɵɯ� ɦɨɥɟɤɭɥɹɪɧɵɯ� ɰɟɩɟɣ�
ɷɩɨɤɫɢɞɧɨɝɨ�ɩɨɥɢɦɟɪɚ��ɗɉ���ɬ�ɟ��ɧɚ ɢɯ�ɚɦɨɪɮɧɭɸ�ɫɬɪɭɤɬɭɪɭ��

ɋɪɟɞɧɟɟ� ɪɚɫɫɬɨɹɧɢɟ�G ɦɟɠɞɭ� ɫɥɨɹɦɢ�ɦɟɠɞɭɭɡɥɨɜɵɯ�ɦɨɥɟɤɭɥɹɪɧɵɯ�ɰɟɩɟɣ� ɜ� ɨɛɴɟɦɟ�
ɗɉ�ɫɨɫɬɚɜɥɹɟɬ������ɧɦ�ɜ�ɫɨɨɬɜɟɬɫɬɜɢɢ�ɫ�ɭɪɚɜɧɟɧɢɟɦ�Ȼɪɟɝɝɚ�

G  �QȜ��VLQșP����
ɝɞɟ�Q ± ɩɨɪɹɞɤɨɜɵɣ�ɧɨɦɟɪ� ɞɢɮɪɚɤɰɢɨɧɧɨɝɨ�ɦɚɤɫɢɦɭɦɚ�� ɞɥɹ� ɩɨɥɢɦɟɪɨɜ� ɩɪɢɧɢɦɚɟɬɫɹ� Q  ��
ɜɫɥɟɞɫɬɜɢɟ� ɪɟɥɚɤɫɚɰɢɨɧɧɨɝɨ� ɯɚɪɚɤɬɟɪɚ� �ɩɪɨɬɟɤɚɧɢɹ� ɜɨ� ɜɪɟɦɟɧɢ�� ɩɪɨɰɟɫɫɨɜ�
ɫɬɪɭɤɬɭɪɨɨɛɪɚɡɨɜɚɧɢɹ� ɜ� ɢɯ� ɨɛɴɟɦɟ�� Ȝ ± ɞɥɢɧɚ� ɜɨɥɧɵ� ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ� ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ�
ɢɡɥɭɱɟɧɢɹ��ɞɥɹ�ɋXɄĮ ɢɡɥɭɱɟɧɢɹ Ȝ  �������ɧɦ��



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

���

Ɉɬɫɭɬɫɬɜɢɟ� ɜɬɨɪɢɱɧɨɝɨ� ɩɨ�ɢɧɬɟɧɫɢɜɧɨɫɬɢ� ɞɢɮɪɚɤɰɢɨɧɧɨɝɨ�ɦɚɤɫɢɦɭɦɚ� ɞɢɮɮɭɡɧɨɝɨ�
ɬɢɩɚ� ɜ� ɨɛɥɚɫɬɢ� ɭɝɥɨɜ� ɪɚɫɫɟɹɧɢɹ� ɨɬ� �ɨ ɞɨ� ��ɨ ɞɚɟɬ� ɨɫɧɨɜɚɧɢɟ� ɫɭɞɢɬɶ� ɨ� ɪɟɞɤɨɫɲɢɬɨɫɬɢ�
ɷɩɨɤɫɢɞɧɨɝɨ� ɩɨɥɢɦɟɪɚ�� ɢɝɪɚɸɳɟɝɨ� ɪɨɥɶ� ɩɨɥɢɦɟɪɧɨɣ� ɦɚɬɪɢɰɵ� ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ�� Ɉɬɦɟɬɢɦ��
ɱɬɨ� ɩɪɨɹɜɥɟɧɢɟ� ɧɚɧɨɪɚɡɦɟɪɧɨɝɨ� ɧɚɩɨɥɧɢɬɟɥɹ� ɧɚ� ɪɟɧɬɝɟɧɨɜɫɤɢɯ� ɞɢɮɪɚɤɬɨɝɪɚɦɦɚɯ�
ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ� ɨɬɫɭɬɫɬɜɭɟɬ�� ȼɜɟɞɟɧɢɟ� ɜɵɫɨɤɨɞɢɫɩɟɪɫɧɨɝɨ� ɝɪɚɮɢɬɨɜɨɝɨ� ɩɨɪɨɲɤɚ� ɜ� ɨɛɴɟɦ�
ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ� ɨɛɭɫɥɚɜɥɢɜɚɟɬ� ɩɨɹɜɥɟɧɢɟ� ɧɚ� ɢɯ� ɞɢɮɪɚɤɬɨɝɪɚɦɦɚɯ� ɪɹɞɚ� ɞɢɮɪɚɤɰɢɨɧɧɵɯ�
ɦɚɤɫɢɦɭɦɨɜ� ɞɢɫɤɪɟɬɧɨɝɨ� ɬɢɩɚ� �ɫɭɞɹ� ɩɨ� ɭɝɥɨɜɨɣ� ɲɢɪɢɧɟ��� ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯ� ɟɝɨ�
ɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ� ɫɬɪɭɤɬɭɪɭ�� ɗɮɮɟɤɬɢɜɧɵɣ� ɪɚɡɦɟɪ� �ɩɨɪɹɞɨɤ� ɜɟɥɢɱɢɧɵ� / ɤɪɢɫɬɚɥɥɢɬɨɜ�
ɝɪɚɮɢɬɚ� ɫɨɫɬɚɜɥɹɟɬ� ��� ɧɦ�� Ɋɚɫɱɟɬɵ� ɩɪɨɜɨɞɢɥɢ� ɩɨ� ɧɚɢɛɨɥɟɟ� ɢɧɬɟɧɫɢɜɧɨɦɭ� ɫɢɧɝɥɟɬɧɨɦɭ�
ɦɚɤɫɢɦɭɦɭ���șP  �����ɨ��ɜ�ɫɨɨɬɜɟɬɫɬɜɢɢ�ɫ�ɭɪɚɜɧɟɧɢɟɦ�ɒɟɪɪɟɪɚ�>�@�

/  �ɄȜ�ȕFRVșPD[����
ɝɞɟ�.�± ɩɨɫɬɨɹɧɧɚɹ��ɜɟɥɢɱɢɧɚ�ɤɨɬɨɪɨɣ�ɡɚɜɢɫɢɬ�ɨɬ�ɮɨɪɦɵ�ɤɪɢɫɬɚɥɥɢɬɨɜ��ɩɪɢ�ɧɟɢɡɜɟɫɬɧɨɣ�ɢɯ�ɮɨɪɦɟ�
Ʉ  ������ȕ ± ɭɝɥɨɜɚɹ�ɩɨɥɭɲɢɪɢɧɚ��ɲɢɪɢɧɚ�ɧɚ�ɩɨɥɨɜɢɧɟ�ɜɵɫɨɬɵ��ɿ�ɝɨ�ɞɢɮɪɚɤɰɢɨɧɧɨɝɨ�ɦɚɤɫɢɦɭɦɚ��

Ⱦɥɹ�ɛɨɥɟɟ�ɩɨɥɧɨɣ�ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ�ɫɬɪɭɤɬɭɪɵ�ɨɛɪɚɡɰɨɜ�ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ��ɢɫɫɥɟɞɨɜɚɥɢ�
ɧɚɥɢɱɢɟ� ɜ� ɢɯ� ɨɛɴɟɦɟ� ɦɢɤɪɨɨɛɥɚɫɬɟɣ� ɝɟɬɟɪɨɝɟɧ�ɧɨɫɬɢ� ɧɚɧɨɪɚɡɦɟɪɧɨɝɨ� ɬɢɩɚ�� ɉɪɨɮɢɥɢ�
ɢɧɬɟɧɫɢɜɧɨɫɬɢ�ɦɚɥɨɭɝɥɨɜɨɝɨ�ɪɚɫɫɟɹɧɢɹ�ɪɟɧɬɝɟɧɨɜɫɤɢɯ�ɥɭɱɟɣ�ɨɛɪɚɡɰɨɜ�ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ�ɛɵɥɢ��
ɩɪɟɞɫɬɚɜɥɟɧɵ�ɤɚɤ�ɜ�ɜɢɞɟ�ɝɪɚɮɢɤɨɜ�ɡɚɜɢɫɢɦɨɫɬɢ�- ɨɬ��ș��ɪɢɫ������ɬɚɤ�ɢ��ɝɪɚɮɢɤɨɜ�Ɋɭɥɚɧɞɚ >�@�
V�-�V��ɨɬ�V���ɝɞɟ�V  Ȝ����VLQT��± ɡɧɚɱɟɧɢɟ�ɜɨɥɧɨɜɨɝɨ�ɜɟɤɬɨɪɚ�ɜ�ɩɪɨɫɬɪɚɧɫɬɜɟ�ɨɛɪɚɬɧɨɣ�ɪɟɲɟɬɤɢ��
ɚ� -� ± ɢɧɬɟɧɫɢɜɧɨɫɬɶ� ɪɚɫɫɟɹɧɢɹ� ɛɟɡ� ɜɧɟɫɟɧɢɹ� ɤɨɥɥɢɦɚɰɢɨɧɧɨɣ� ɩɨɩɪɚɜɤɢ� �ɩɪɢ� ɳɟɥɟɜɨɣ�
ɤɨɥɥɢɦɚɰɢɢ��� ɉɪɢ� ɩɪɨɜɟɞɟɧɢɢ� ɚɧɚɥɢɡɚ� ɩɪɨɮɢɥɟɣ� ɨɛɧɚɪɭɠɟɧɨ�� ɱɬɨ� ɜɫɟ� ɨɛɪɚɡɰɵ�
ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ�ɦɢɤɪɨɝɟɬɟɪɨɝɟɧɧɨɣ�ɫɬɪɭɤɬɭɪɨɣ��ɬ�ɟ��ɤɨɧɬɪɚɫɬ�ɷɥɟɤɬɪɨɧɧɨɣ�
ɩɥɨɬɧɨɫɬɢ�ǻȡ������ǻȡ� �ȡ ± �ȡ!��ɝɞɟ�ȡ�ɢ��ȡ! ± ɥɨɤɚɥɶɧɨɟ�ɢ�ɫɪɟɞɧɟɟ�ɡɧɚɱɟɧɢɹ�ɜ�ɞɜɭɯɮɚɡɨɜɨɣ�
ɫɢɫɬɟɦɟ���ɉɨɫɥɟɞɧɟɟ� ɭɤɚɡɵɜɚɟɬ�ɧɚ�ɫɭɳɟɫɬɜɨɜɚɧɢɟ�ɜ�ɨɛɴɟɦɟ�ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ� �ɧɟɡɚɜɢɫɢɦɨ�ɨɬ�
ɩɪɢɫɭɬɫɬɢɜɢɹ� ɜɵɫɨɤɨɞɢɫɩɟɪɫɧɨɝɨ� ɩɨɪɨɲɤɚ� ɝɪɚɮɢɬɚ��� ɩɨ� ɤɪɚɣɧɟɣ� ɦɟɪɟ�� ɞɜɭɯ� ɬɢɩɨɜ�
ɦɢɤɪɨɨɛɥɚɫɬɟɣ� ɝɟɬɟɪɨɝɟɧɧɨɫɬɢ� ɧɚɧɨɪɚɡɦɟɪɧɨɝɨ� ɬɢɩɚ�� ɤɨɬɨɪɵɟ� ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ� ɪɚɡɥɢɱɧɨɣ�
ɜɟɥɢɱɢɧɨɣ� ȡ�� ɗɬɢɦɢ� ɦɢɤɪɨɨɛɥɚɫɬɹɦɢ� ɦɨɝɭɬ� ɛɵɬɶ� ɱɚɫɬɢɰɵ� ɧɚɧɨɪɚɡɦɟɪɧɨɝɨ� ɧɚɩɨɥɧɢɬɟɥɹ� ɢ�
ɩɨɥɢɦɟɪɧɨɣ� ɦɚɬɪɢɰɵ�� ɉɨɫɥɟɞɧɢɟ ɨɛɪɚɡɭɸɬɫɹ� ɩɪɢ� ɪɚɜɧɨɦɟɪɧɨɦ� ɪɚɫɩɪɟɞɟɥɟɧɢɢ� ɩɨ� ɨɛɴɟɦɭ�
ɱɚɫɬɢɰ� ɧɚɩɨɥɧɢɬɟɥɹ�� Ɉɬɫɭɬɫɬɜɢɟ� ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɨɝɨ� ɦɚɤɫɢɦɭɦɚ� ɧɚ� ɩɪɨɮɢɥɹɯ�
ɢɧɬɟɧɫɢɜɧɨɫɬɢ��ɪɢɫ�����ɭɤɚɡɵɜɚɟɬ�ɧɚ�ɫɬɨɯɚɫɬɢɱɟɫɤɢɣ�ɯɚɪɚɤɬɟɪ�ɪɚɫɩɪɟɞɟɥɟɧɢɹ�ɦɢɤɪɨɨɛɥɚɫɬɟɣ�
ɩɨ� ɨɛɴɟɦɭ� ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ�� Ɉɰɟɧɤɭ� ɜɟɥɢɱɢɧɵ� ɷɮɮɟɤɬɢɜɧɨɝɨ� ɪɚɡɦɟɪɚ� ɦɢɤɪɨɨɛɥɚɫɬɟɣ�
ɝɟɬɟɪɨɝɟɧɧɨɫɬɢ� ɨɫɭɳɟɫɬɜɥɹɥɢ� ɩɭɬɟɦ� ɨɩɪɟɞɟɥɟɧɢɹ� ɬɚɤɨɝɨ� ɫɬɪɭɤɬɭɪɧɨɝɨ� ɩɚɪɚɦɟɬɪɚ�� ɤɚɤ�
ɞɢɚɩɚɡɨɧ�ɝɟɬɟɪɨɝɟɧɧɨɫɬɢ��³UDQJH�RI�LQKRPRJHQHLW\´�>�@��OS��ɩɨ�ɦɟɬɨɞɭ�ɚɜɬɨɪɨɜ�ɪɚɛɨɬɵ�>�@��ɗɬɨɬ�
ɩɚɪɚɦɟɬɪ�ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ�ɫɜɹɡɚɧ�ɫ�ɭɫɪɟɞɧɟɧɧɵɦ�ɞɢɚɦɟɬɪɨɦ�ɦɢɤɪɨɨɛɥɚɫɬɟɣ�ɝɟɬɟɪɨɝɟɧɧɨɫɬɢ�
ɜ�ɞɜɭɯɮɚɡɨɜɨɣ�ɫɢɫɬɟɦɟ���O�! ɢ��O�!��

OS ĳ��O�! ĳ��O�!�
ɝɞɟ�ĳ���ĳ��± ɨɛɴɟɦɧɵɟ�ɞɨɥɢ�ɦɢɤɪɨɨɛɥɚɫɬɟɣ��ĳ� ��ĳ�  �����Ʉɚɤ�ɩɨɤɚɡɚɥɚ�ɨɰɟɧɤɚ��ɜɟɥɢɱɢɧɚ�OS

ɦɚɥɨ�ɡɚɜɢɫɢɬ�ɨɬ�ɤɨɧɰɟɧɬɪɚɰɢɢ�ɧɚɧɨɪɚɡɦɟɪɧɨɝɨ�ɧɚɩɨɥɧɢɬɟɥɹ�ɜ�ɧɚɧɨɤɨɦɩɨɡɢɬɟ�ɢ�ɫɨɫɬɚɜɹɟɬ��������ɧɦ��
ɉɪɢ� ɫɨɩɨɫɬɚɜɥɟɧɢɢ� ɲɢɪɨɤɨɭɝɥɨɜɵɯ� ɪɟɧɬɝɟɧɨɜɫɤɢɯ� ɞɢɮɪɚɤɬɨɝɪɚɦɦ� �ɪɢɫ�� ���

ɢɫɯɨɞɧɵɯ� ɨɛɪɚɡɰɨɜ� ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ� ɢ� ɧɚɧɟɫɟɧɧɵɯ� ɬɨɧɤɢɦ� ɫɥɨɟɦ� ɧɚ� ɩɨɜɟɪɯɧɨɫɬɶ� ɩɥɚɫɬɢɧ�
ɫɬɚɥɢ����ɨɛɧɚɪɭɠɟɧɨ��ɱɬɨ�ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ�ɧɚɧɨɤɨɦɩɨ�ɡɢɬɚ�ɢ�ɩɨɞɥɨɠɤɢ�ɨɬɫɭɬɫɬɜɭɟɬ��Ɉɛ�ɷɬɨɦ�
ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ�ɨɞɢɧɚɤɨɜɨɟ�ɭɝɥɨɜɨɟ�ɩɨɥɨɠɟɧɢɟ���șP  �����ɨ��ɟɞɢɧɫɬɜɟɧɧɨɝɨ�ɞɢɮɪɚɤɰɢɨɧɧɨɝɨ�
ɦɚɤɫɢɦɭɦɚ� �ɜ� ɨɛɥɚɫɬɢ� ɭɝɥɨɜ� ɪɚɫɫɟɹɧɢɹ� ɨɬ� ��� ɞɨ� ��ɨ��� ɩɨɥɭɱɟɧɧɨɝɨ� ɜ� ɢɫɩɨɥɶɡɭɟɦɨɦ� ɋXɄĮ

ɢɡɥɭɱɟɧɢɢ� ɤɨɬɨɪɵɣ�ɨɬɧɨɫɢɬɫɹ�ɤ�ɫɬɚɥɢ����ɧɚ�ɞɢɮɪɚɤɬɨɝɪɚɦɦɚɯ�ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ��ɧɚɧɟɫɟɧɧɵɯ�
ɧɚ�ɩɥɚɫɬɢɧɵ�ɢɡ�ɫɬɚɥɢ�����ɢ�ɫɚɦɨɣ�ɫɬɚɥɢ��ɤɪɢɜɵɟ��±����ɋɥɟɞɭɟɬ�ɨɬɦɟɬɢɬɶ��ɱɬɨ�ɢɧɬɟɧɫɢɜɧɨɫɬɶ�
ɩɪɨɹɜɥɟɧɢɹ� ɞɢɮɪɚɤɰɢɨɧɧɨɝɨ�ɦɚɤɫɢɦɭɦɚ� ɞɢɮɮɭɡɧɨɝɨ� ɬɢɩɚ� ��șP  � ����ɨ��� ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɝɨ�
ɚɦɨɪɮɧɭɸ� ɫɬɪɭɤɬɭɪɭ� ɩɨɥɢɦɟɪɧɨɣ� ɦɚɬɪɢɰɵ�� ɡɚɜɢɫɢɬ� ɨɬ� ɬɨɥɳɢɧɵ� ɩɥɟɧɤɢ� ɧɚɧɨɤɨɦɩɨɡɢɬɚ��
ɧɚɯɨɞɹɳɟɣɫɹ�ɧɚ�ɩɨɜɟɪɯɧɨɫɬɢ�ɩɥɚɫɬɢɧ�ɫɬɚɥɢ�����ɪɢɫ����ɛ��ɤɪɢɜɚɹ������



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

���

Ɋɢɫ�����ɒɢɪɨɤɨɭɝɥɨɜɵɟ�ɪɟɧɬɝɟɧɨɜɫɤɢɟ�
ɞɢɮɪɚɤɬɨɝɪɚɦɦɵ�ɢɫɯɨɞɧɵɯ�ɨɛɪɚɡɰɨɜ�

ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ��ɫɨɞɟɪɠɚɳɢɯ����������ɢɥɢ����
�ɦɚɫ����������ɧɚɧɨɪɚɡɦɟɪɧɨɝɨ�ɧɚɩɨɥɧɢɬɟɥɹ��ɩɪɢ�

ɨɬɫɭɬɫɬɜɢɢ��������ɢ�ɩɪɢ ɧɚɥɢɱɢɢ��������
ɜɵɫɨɤɨɞɢɫɩɟɪɫɧɨɝɨ�ɭɝɥɟɪɨɞɧɨɝɨ�ɩɨɪɨɲɤɚ

Ɋɢɫ�����ɉɪɨɮɢɥɢ�ɢɧɬɟɧɫɢɜɧɨɫɬɢ�
ɦɚɥɨɭɝɥɨɜɨɝɨ�ɪɚɫɫɟɹɧɢɹ�ɪɟɧɬɝɟɧɨɜɫɤɢɯ�ɥɭɱɟɣ�
ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ��ɫɨɞɟɪɠɚɳɢɯ����������ɢɥɢ���
ɦɚɫ����������ɧɚɧɨɪɚɡɦɟɪɧɨɝɨ�ɧɚɩɨɥɧɢɬɟɥɹ�ɜ�

ɨɬɫɭɬɫɬɜɢɟ��������ɢ�ɩɪɢ�ɧɚɥɢɱɢɢ��������
ɜɵɫɨɤɨɞɢɫɩɟɪɫɧɨɝɨ�ɩɨɪɨɲɤɚ�ɝɪɚɮɢɬɚ

ɚ� ɛ
Ɋɢɫ�����ɒɢɪɨɤɨɭɝɥɨɜɵɟ�ɪɟɧɬɝɟɧɨɜɫɤɢɟ�ɞɢɮɪɚɤɬɨɝɪɚɦɦɵ�ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ��ɫɨɞɟɪɠɚɳɢɯ����ɚ��

ɢɥɢ������ɦɚɫ����ɛ��ɧɚɧɨɪɚɡɦɟɪɧɨɝɨ�ɩɨɪɨɲɤɚ��ɢɫɯɨɞɧɵɟ�ɨɛɪɚɡɰɵ��������ɢ�ɧɚɧɟɫɟɧɧɵɟ�ɧɚ�
ɩɨɜɟɪɯɧɨɫɬɶ�ɫɬɚɥɢ�����������ɩɪɢ�ɨɬɫɭɬɫɬɜɢɢ��������ɢ�ɧɚɥɢɱɢɢ�ɞɢɫɩɟɪɫɧɨɝɨ�ɩɨɪɨɲɤɚ��������ɜ�ɢɯ�

ɫɨɫɬɚɜɟ����± ɫɬɚɥɶ���

ȼ� ɫɜɨɸ� ɨɱɟɪɟɞɶ�� ɩɪɢ� ɩɪɨɜɟɞɟɧɢɢ� ɚɧɚɥɢɡɚ� ɪɟɧɬɝɟɧɨɜɫɤɢɯ� ɞɢɮɪɚɤɬɨɝɪɚɦɦ�
ɫɨɩɨɫɬɚɜɥɟɧɢɟ�ɢɫɯɨɞɧɵɯ�ɨɛɪɚɡɰɨɜ�ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ�ɢ�ɧɚɧɟɫɟɧɧɵɯ�ɧɚ�ɩɨɜɟɪɯɧɨɫɬɶ�ɩɥɚɫɬɢɧ�ɢɡ�
ɬɢɬɚɧɨɜɨɝɨ� ɫɩɥɚɜɚ� ȼɌ���� �ɪɢɫ�� ��� ɨɛɧɚɪɭɠɟɧɨ� ɫɭɳɟɫɬɜɨɜɚɧɢɟ� ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ� ɩɨɥɢɦɟɪɧɨɣ�
ɦɚɬɪɢɰɵ� ɫ� ɨɤɫɢɞɧɨɣ� ɩɨɜɟɪɯɧɨɫɬɶɸ� ɩɨɞɥɨɠɤɢ�� ɩɨ�ɜɢɞɢɦɨɦɭ�� ɡɚ� ɫɱɟɬ� ɫɜɹɡɟɣ� ɦɟɠɞɭ�
ɩɨɥɹɪɧɵɦɢ� ɝɪɭɩɩɚɦɢ� ɩɨɥɢɦɟɪɧɨɣ� ɦɚɬɪɢɰɵ� ɢ� ɚɬɨɦɚɦɢ� ɤɢɫɥɨɪɨɞɚ� ɨɤɫɢɞɧɨɣ� ɩɥɟɧɤɢ��



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

���

ɫɭɳɟɫɬɜɭɸɳɟɣ� ɧɚ� ɩɨɜɟɪɯɧɨɫɬɢ� ɩɥɚɫɬɢɧ� ɢɡ� ɬɢɬɚɧɨɜɨɝɨ� ɫɩɥɚɜɚ�� Ɉɛ� ɷɬɨɦ� ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ�
ɢɡɦɟɧɟɧɢɟ� ɫɨɨɬɧɨɲɟɧɢɹ� ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ� ɞɢɮɪɚɤɰɢɨɧɧɵɯ�ɦɚɤɫɢɦɭɦɨɜ� ��șP  � ����ɨ�� ����ɨ ɢ�
����ɨ�� ɢ� ɪɚɫɤɪɵɬɢɟ� ɦɭɥɶɬɢɩɥɟɧɨɝɨ� ɦɚɤɫɢɦɭɦɚ� ɩɪɢ� �șP  � ����ɨ �ɤɪɢɜɵɟ� �� ɢ� ��� ���� ɤɨɬɨɪɵɟ�
ɯɚɪɚɤɬɟɪɢɡɭɸɬ�ɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ�ɫɬɪɭɤɬɭɪɭ�ɬɢɬɚɧɨɜɨɝɨ�ɫɩɥɚɜɚ�

ɚ����������������������������������������������������������ɛ
Ɋɢɫ�����ɒɢɪɨɤɨɭɝɥɨɜɵɟ�ɪɟɧɬɝɟɧɨɜɫɤɢɟ�ɞɢɮɪɚɤɬɨɝɪɚɦɦɵ�ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ��ɫɨɞɟɪɠɚɳɢɯ����ɚ��

ɢɥɢ������ɦɚɫ����ɛ��ɧɚɧɨɪɚɡɦɟɪɧɨɝɨ�ɩɨɪɨɲɤɚ��ɢɫɯɨɞɧɵɟ�ɨɛɪɚɡɰɵ��������ɢ�ɧɚɧɟɫɟɧɧɵɟ�ɧɚ�
ɩɨɜɟɪɯɧɨɫɬɶ�ɬɢɬɚɧɨɜɨɝɨ�ɫɩɥɚɜɚ���������ɜ�ɫɥɭɱɚɟ�ɨɬɫɭɬɫɬɜɢɹ��������ɢɥɢ�ɧɚɥɢɱɢɹ�ɞɢɫɩɟɪɫɧɨɝɨ�

ɩɨɪɨɲɤɚ��������ɜ�ɢɯ�ɫɨɫɬɚɜɟ����± ɬɢɬɚɧɨɜɵɣ�ɫɩɥɚɜ�ȼɌ�������ɢ���

ȼɵɜɨɞɵ
Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ�� ɩɪɨɜɟɞɟɧɧɵɟ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɩɨɤɚɡɚɥɢ�� ɱɬɨ� ɷɩɨɤɫɢɞɧɵɣ� ɩɨɥɢɦɟɪ��

ɢɫɩɨɥɶɡɭɟɦɵɣ� ɜ� ɤɚɱɟɫɬɜɟ� ɦɚɬɪɢɰɵ� ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ�� ɢɦɟɟɬ� ɚɦɨɪɮɧɭɸ� ɫɬɪɭɤɬɭɪɭ�� ɩɪɢ� ɷɬɨɦ�
ɧɚɧɨɪɚɡɦɟɪɧɵɣ�ɧɚɩɨɥɧɢɬɟɥɶ�ɧɟ�ɢɦɟɟɬ�ɫɬɪɭɤɬɭɪɧɨɝɨ�ɩɪɨɹɜɥɟɧɢɹ��ɱɬɨ�ɨɛɭɫɥɨɜɥɟɧɨ�ɟɝɨ�ɧɢɡɤɨɣ�
ɤɨɧɰɟɧɬɪɚɰɢɟɣ�ɜ�ɩɨɥɢɦɟɪɧɨɣ�ɦɚɬɪɢɰɟ�

ɇɟɡɚɜɢɫɢɦɨ� ɨɬ� ɤɨɧɰɟɧɬɪɚɰɢɢ� ɷɬɨɝɨ� ɧɚɩɨɥɧɢɬɟɥɹ� ɜ� ɧɚɧɨɤɨɦɩɨɡɢɬɚɯ� ɩɨɫɥɟɞɧɢɟ�
ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ� ɫɭɳɟɫɬɜɨɜɚɧɢɟɦ� ɜ� ɢɯ� ɨɛɴɟɦɟ� ɦɢɤɪɨɨɛɥɚɫɬɟɣ� ɝɟɬɟɪɨɝɟɧɧɨɫɬɢ�� ɩɪɢ� ɷɬɨɦ�
ɷɮɮɟɤɬɢɜɧɵɣ� ɪɚɡɦɟɪ� ɷɬɢɯ� ɨɛɥɚɫɬɟɣ� ɫɨɫɬɚɜɥɹɟɬ� OS  � ����� ɧɦ�� Ɉɛɧɚɪɭɠɟɧɨ� ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ�
ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ�ɫ�ɩɨɜɟɪɯɧɨɫɬɶɸ�ɬɢɬɚɧɨɜɨɝɨ�ɫɩɥɚɜɚ�ȼɌ����

ɇɚɜɟɞɟɧɨ� ɪɟɡɭɥɶɬɚɬɢ� ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɢɯ� ɞɨɫɥɿɞɠɟɧɶ� ɟɩɨɤɫɢɞɧɨ�
ɩɨɥɿɫɢɥɨɤɫɚɧɨɜɨɝɨ� ɤɨɦɩɨɡɢɬɭ�� ɦɨɞɢɮɿɤɨɜɚɧɨɝɨ� ɧɚɧɨɞɢɫɩɟɪɫɧɢɦ� ɨɤɫɢɞɨɦ� ɤɪɟɦɧɿɸ� ɿ�
ɜɢɫɨɤɨɞɢɫɩɟɪɫɧɢɦ� ɜɭɝɥɟɰɟɜɢɦ� ɧɚɩɨɜɧɸɜɚɱɟɦ� ɜ� ɩɨɱɚɬɤɨɜɨɦɭ� ɫɬɚɧɿ�� ɧɚ� ɩɨɜɟɪɯɧɿ� ɫɬɚɥɿ� ��� ɿ�
ɬɢɬɚɧɨɜɨɝɨ� ɫɩɥɚɜɭ� ȼɌ����� ɉɨɤɚɡɚɧɨ�� ɳɨ� ɯɿɦɿɱɧɿ� ɡɜ
ɹɡɤɢ� ɭɬɜɨɪɸɸɬɶɫɹ� ɦɿɠ� ɩɨɥɹɪɧɢɦɢ�
ɝɪɭɩɚɦɢ� ɩɨɥɿɦɟɪɧɨʀ� ɦɚɬɪɢɰɿ� ɿ� ɚɬɨɦɚɦɢ� ɤɢɫɧɸ� ɧɚ� ɩɨɜɟɪɯɧɿ� ɩɥɚɫɬɢɧ� ɡ� ɬɢɬɚɧɨɜɨɝɨ� ɫɩɥɚɜɭ��
ɬɨɞɿ�ɹɤ�ɩɪɢ�ɧɚɧɟɫɟɧɧɿ�ɤɨɦɩɨɡɢɬɭ�ɧɚ�ɫɬɚɥɶ�ɯɿɦɿɱɧɨʀ�ɜɡɚɽɦɨɞɿʀ�ɦɿɠ�ɧɢɦɢ�ɧɟ�ɜɿɞɛɭɜɚɽɬɶɫɹ

Ʉɥɸɱɨɜɿ� ɫɥɨɜɚ� ɟɩɨɤɫɢɞɧɨ�ɩɨɥɿɫɢɥɨɤɫɚɧɨɜɢɣ� ɤɨɦɩɨɡɢɬ�� ɚɦɨɪɮɧɚ� ɫɬɪɭɤɬɭɪɚ��
ɚɦɨɪɮɧɨ�ɤɪɢɫɬɚɥɿɱɧɚ� ɫɬɪɭɤɬɭɪɚ�� ɦɿɤɪɨɝɟɬɟɪɨɝɟɧɧɚ� ɫɬɪɭɤɬɭɪɚ�� ɦɚɥɨɤɭɬɨɜɟ� ɿ�
ɲɢɪɨɤɨɤɭɬɨɜɟ�ɪɨɡɫɿɸɜɚɧɧɹ�ɪɟɧɬɝɟɧɿɜɫɶɤɢɯ�ɩɪɨɦɟɧɿɜ�

7KH� UHVXOWV� RI� ;�UD\� GLIIUDFWLRQ� VWXGLHV� RI� HSR[\�SRO\VLOR[DQH� FRPSRVLWH� PRGLILHG� E\�
QDQRGLVSHUVHG�VLOLFRQ�R[LGH�DQG�ILQHO\�FDUERQ�ILOO�LQ�WKH�LQLWLDO�VWDWH��RQ�WKH�VXUIDFH�RI����VWHHO�DQG�
WLWDQLXP� DOOR\� 97���� DUH� SUHVHQWHG�� ,W� ZDV� VKRZQ� WKDW� FKHPLFDO� ERQGV� DUH� IRUPHG� EHWZHHQ� WKH�



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

���

SRODU�JURXSV�RI� WKH�SRO\PHU�PDWUL[�DQG�WKH�R[\JHQ�DWRPV�RQ�WKH�VXUIDFH�RI� WLWDQLXP�DOOR\�SODWHV��
ZKHUHDV�ZKHQ�FRPSRVLWH�LV�DSSOLHG�RQ�VWHHO�WKH�FKHPLFDO�LQWHUDFWLRQ�EHWZHHQ�WKHP�LV�DEVHQW�

.H\� ZRUGV�� HSR[\�SRO\VLOR[DQH� FRPSRVLWH�� DPRUSKRXV� VWUXFWXUH�� DPRUSKRXV�FU\VWDOOLQH�
VWUXFWXUH��PLFURKHWHURJHQHRXV�VWUXFWXUH��VPDOO�DQJOH�DQG�ZLGH�DQJOH�;�UD\�VFDWWHULQJ�
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�� Ƚɢɧɶɟ�Ⱥ��Ɋɟɧɬɝɟɧɨɝɪɚɮɢɹ�ɤɪɢɫɬɚɥɥɨɜ��Ɍɟɨɪɢɹ�ɢ�ɩɪɚɤɬɢɤɚ��ɉɟɪ�� ɫ� ɚɧɝɥ�� ± Ɇ���Ɏɢɡɦɚɬɝɢɡ��

������± ����ɫ�
�� 3HUUHW� 5��� 5XODQG� :�� (LQH� YHUEHVVHUWH� $XVZHUWXQJVPHWKRGH� IXU� GLH�

5|QWJHQNOHLQHZLQNHOVWUHXXQJ�YRQ�+RFKSRO\PHUHQ����.ROORLG�=��± =��3RO\PHUH��±������± %�������
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ɉɨɫɬɭɩɢɥɚ���������

ɍȾɄ��������

ɋ��Ⱥ��Ʉɭɯɚɪɟɧɤɨ��ɤɚɧɞ� ɬɟɯɧ� ɧɚɭɤ��ȼ��ɇ��Ɍɤɚɱ��ɞ�ɪ�ɮɢɡ��ɦɚɬ��ɧɚɭɤ��
Ⱥ��Ƚ��Ⱦɨɜɝɚɧɶ� ȿ��Ⱥ��Ȼɚɪɚɧɨɜɫɤɚɹ

ɂɧɫɬɢɬɭɬ�ɫɜɟɪɯɬɜɟɪɞɵɯ�ɦɚɬɟɪɢɚɥɨɜ�ɢɦ��ȼ��ɇ��Ȼɚɤɭɥɹ��ɇȺɇ�ɍɤɪɚɢɧɵ��ɝ��Ʉɢɟɜ

ɂɋɋɅȿȾɈȼȺɇɂȿ�ȾɂɎɎɍɁɂɈɇɇɕɏ�ɉɊɈɐȿɋɋɈȼ�ɉɊɂ�ɄɈɇɌȺɄɌȿ�
ɓȿɅɈɑɇɈɋɂɅɂɄȺɌɇɕɏ�ɂ�ɋȼɂɇɐɈȼɕɏ�ɋɌȿɄɈɅ�

ɂɡɥɨɠɟɧɵ�ɢ�ɨɛɨɛɳɟɧɵ�ɨɫɧɨɜɧɵɟ�ɪɟɡɭɥɶɬɚɬɵ�ɢɫɫɥɟɞɨɜɚɧɢɹ�ɞɢɮɮɭɡɢɨɧɧɵɯ�ɩɪɨɰɟɫɫɨɜ�
ɧɚ�ɦɟɠɮɚɡɧɨɣ�ɝɪɚɧɢɰɟ��ɨɛɪɚɡɨɜɚɧɧɨɣ ɪɚɫɩɥɚɜɚɦɢ�ɳɟɥɨɱɧɨɫɢɥɢɤɚɬɧɵɯ�ɢ�ɫɜɢɧɰɨɜɵɯ�ɫɬɟɤɨɥ�

Ʉɥɸɱɟɜɵɟ�ɫɥɨɜɚ� ɫɬɟɤɥɨ��ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ��ɫɬɟɤɥɨɚɛɪɚɡɢɜɧɵɟ�ɤɨɦɩɨɡɢɬɵ��ɞɢɮɮɭɡɢɹ��
ɦɟɠɮɚɡɧɚɹ�ɝɪɚɧɢɰɚ�

ȼɜɟɞɟɧɢɟ
Ʌɟɝɤɨɩɥɚɜɤɢɟ�ɫɬɟɤɥɨɨɛɪɚɡɭɸɳɢɟ�ɫɢɫɬɟɦɵ�ɲɢɪɨɤɨ�ɢɫɩɨɥɶɡɭɸɬ�ɜ�ɤɚɱɟɫɬɜɟ�ɫɜɹɡɭɸɳɢɯ�

ɞɥɹ� ɪɚɡɪɚɛɨɬɤɢ� ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ� ɦɚɬɟɪɢɚɥɨɜ� ɪɚɡɥɢɱɧɨɝɨ� ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ� ɧɚɡɧɚɱɟɧɢɹ��
Ɋɟɝɭɥɢɪɭɹ�ɩɪɨɰɟɫɫɵ�ɜɡɚɢɦɨɩɪɨɧɢɤɧɨɜɟɧɢɹ�ɢɨɧɨɜ��ɤɨɬɨɪɵɟ�ɪɚɡɜɢɜɚɸɬɫɹ�ɜ�ɫɬɟɤɥɨɨɛɪɚɡɭɸɳɢɯ�
ɫɢɫɬɟɦɚɯ�� ɩɭɬɟɦ� ɜɚɪɶɢɪɨɜɚɧɢɹ� ɫɨɫɬɚɜɨɜ� ɢ� ɪɟɠɢɦɨɜ� ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ� ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ�
ɫɬɟɤɨɥ� � ɩɨɥɭɱɚɸɬ� ɫɬɟɤɥɨɚɛɪɚɡɢɜɧɵɟ� ɤɨɦɩɨɡɢɬɵ� ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɨɝɨ� ɧɚɡɧɚɱɟɧɢɹ� ɫ�
ɧɟɨɛɯɨɞɢɦɵɦɢ�ɮɢɡɢɤɨ�ɦɟɯɚɧɢɱɟɫɤɢɦɢ�ɫɜɨɣɫɬɜɚɦɢ�

Ɋɟɡɭɥɶɬɚɬɵ� ɚɧɚɥɢɡɚ� ɥɢɬɟɪɚɬɭɪɧɵɯ� ɢɫɬɨɱɧɢɤɨɜ� ɩɨ� ɞɢɮɮɭɡɢɢ� ɜ� ɫɬɟɤɥɚɯ� ɩɨɤɚɡɚɥɢ�� ɱɬɨ�
ɨɫɧɨɜɧɨɟ� ɜɧɢɦɚɧɢɟ� ɜ� ɧɢɯ� ɭɞɟɥɹɟɬɫɹ� ɢɡɭɱɟɧɢɸ� ɜɥɢɹɧɢɹ� ɫɨɫɬɚɜɚ� ɫɬɟɤɥɚ� ɧɚ� ɤɨɷɮɮɢɰɢɟɧɬ�
ɫɚɦɨɞɢɮɮɭɡɢɢ�ɳɟɥɨɱɧɨɝɨ�ɤɚɬɢɨɧɚ�>�±�@��Ɉɞɧɚɤɨ�ɜɨɩɪɨɫɵ�ɤɢɧɟɬɢɤɢ�ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ�ɪɚɡɥɢɱɧɵɯ�
ɩɨ� ɫɨɫɬɚɜɭ� ɫɬɟɤɥɨɨɛɪɚɡɭɸɳɢɯ� ɪɚɫɩɥɚɜɨɜ�� ɫɜɹɡɚɧɧɨɣ� ɫ� ɞɢɮɮɭɡɢɟɣ� ɤɚɬɢɨɧɨɜ� ɢ� ɩɨɞɜɢɠɧɨɫɬɶɸ�
ɚɧɢɨɧɧɨɣ� ɦɚɬɪɢɰɵ� ɪɚɫɩɥɚɜɚ�� ɧɟ� ɢɫɫɥɟɞɭɸɬɫɹ�� Ⱦɢɮɮɭɡɢɨɧɧɚɹ� ɩɨɞɜɢɠɧɨɫɬɶ� ɢɨɧɨɜ� ɜ� ɫɬɟɤɥɚɯ�
ɫɪɚɜɧɢɬɟɥɶɧɨ�ɦɚɥɨ�ɢɡɭɱɟɧɚ��ɗɬɨ�ɨɬɧɨɫɢɬɫɹ�ɩɪɟɠɞɟ� ɜɫɟɝɨ� ɤ�ɦɟɯɚɧɢɡɦɭ� ɞɢɮɮɭɡɢɢ�ɢɨɧɨɜ�� ɫɜɹɡɢ�
ɞɢɮɮɭɡɢɢ�ɫ�ɞɪɭɝɢɦɢ�ɮɢɡɢɤɨ�ɯɢɦɢɱɟɫɤɢɦɢ�ɫɜɨɣɫɬɜɚɦɢ�ɢ�ɫɬɪɭɤɬɭɪɨɣ�ɫɬɟɤɥɚ�

ȼ� ɫɜɹɡɢ� ɫ� ɢɡɥɨɠɟɧɧɵɦ� ɢɫɫɥɟɞɨɜɚɧɢɟ� ɜɡɚɢɦɨɞɢɮɮɭɡɢɢ� ɤɚɬɢɨɧɨɜ� ɳɟɥɨɱɧɵɯ��
ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɯ� ɦɟɬɚɥɥɨɜ� ɫ� ɨɞɧɨɣ� ɫɬɨɪɨɧɵ� ɢ� ɤɚɬɢɨɧɨɜ� ɫɜɢɧɰɚ� ɢ� ɰɢɧɤɚ� ± ɫ� ɞɪɭɝɨɣ�� ɜ�


