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��� ɒɟɪɟɦɟɬ�ɇ�Ʌ���ɋɦɢɪɧɨɜɚ�Ɍ�ȼ���Ɋɨɧɡɢɧɚ�ɂ�Ⱥ��Ⱥɧɚɥɢɡ�ɫɬɪɭɤɬɭɪɵ��ɩɪɢɱɢɧ�ɢ�ɮɚɤɬɨɪɨɜ�ɪɢɫɤɚ�ɪɚɡɜɢ�
ɬɢɹ�ɢɲɟɦɢɱɟɫɤɨɣ�ɨɩɬɢɱɟɫɤɨɣ�ɧɟɣɪɨɩɚɬɢɢ����ȼɟɫɬɧ��Ɉɮɬɚɥɶɦɨɥ���������ʋ��������ɫ�������

��� Ʉɚɫɵɦɨɜɚ�Ɇ�ɋ��ɋɪɚɜɧɢɬɟɥɶɧɵɣ�ɚɧɚɥɢɡ�ɢɲɟɦɢɱɟɫɤɨɣ�ɨɩɬɢɱɟɫɤɨɣ�ɧɟɣɪɨɩɚɬɢɢ�ɢ�ɝɥɚɭɤɨɦɚɬɨɡɧɨɣ�
ɨɩɬɢɱɟɫɤɨɣ�ɧɟɣɪɨɩɚɬɢɢ����Ƚɥɚɭɤɨɦɚ��������ɫ��������

��� Ⱥɧɢɫɢɦɨɜɚ�ɋ�ɘ���Ɍɭɪ�Ⱥ�ɇ���Ⱥɧɢɫɢɦɨɜɚ�ɋ�ɂ��ɇɟɣɪɨɩɪɨɬɟɤɬɢɜɧɚɹ� ɬɟɪɚɩɢɹ� ɝɥɚɭɤɨɦɵ� ��ɋɛ��ɧɚɭɱ��
ɫɬɚɬ��ɘɛɢɥɟɣɧɨɣ�ɧɚɭɱ��ɤɨɧɮ���ɩɨɫɜɹɳ�����ɥɟɬɢɸ�ɩɪɨɮ��ȼ�ȼ�ȼɨɥɤɨɜɚ��Ɉɮɬɚɥɶɦɨɥɨɝɢɹ�ɧɚ�ɪɭɛɟɠɟ�
ɜɟɤɨɜ��ɋɉɛ���������ɫ���������

��� :DOVK�DQG�+R\WLV�&OLQLFDO�1H\UR�2SKWDOPRORJ\���WK�(GLWLRQ��(G�1(�0LOOHU��:LOOLDPV�DQG�:LONLQV��������
��� 1H\UR�2SKWDOPRORJ\�-�6��&ODVHU���UG�(GLWLRQ��/LSSLQFRWW�:LOOLDPV�DQG�:LONLQV�������
��� ȼɨɥɱɟɝɨɪɫɤɢɣ�ɂ�Ⱥ���Ɍɭɪ�ȿ�ȼ���ɋɨɥɹɧɧɢɤɨɜɚ�Ɉ�ȼ��ɢ�ɞɪ��ȼɥɢɹɧɢɟ�ɜɨɞɨɪɚɫɬɜɨɪɢɦɨɝɨ�ɚɧɬɢɨɤɫɢɞɚɧɬ�

ɧɨɝɨ�ɩɪɟɩɚɪɚɬɚ��ɦɟɤɫɢɞɨɥɚ��ɧɚ�ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ�ɡɪɢɬɟɥɶɧɨɝɨ�ɧɟɪɜɚ�ɢ�ɫɤɨɪɨɫɬɶ�ɤɪɨɜɨɬɨɤɚ�ɜ�ɚɪɬɟ�
ɪɢɹɯ�ɝɥɚɡɧɨɝɨ�ɹɛɥɨɤɚ�ɢ�ɨɪɛɢɬɵ�ɭ�ɛɨɥɶɧɵɯ�ɩɟɪɜɢɱɧɨɣ�ɨɬɤɪɵɬɨɭɝɨɥɶɧɨɣ�ɝɥɚɭɤɨɦɨɣ����ȼɟɫɬɧ��Ɉɮ�
ɬɚɥɶɦɨɥ���������ʋ���ɫ�������

��� ȼɨɪɨɧɢɧɚ�Ɍ�Ⱥ��Ⱥɧɬɢɨɤɫɢɞɚɧɬ�ɦɟɤɫɢɞɨɥ��Ɉɫɧɨɜɧɵɟ�ɧɟɣɪɨɩɫɢɯɨɬɪɨɩɧɵɟ�ɷɮɮɟɤɬɵ�ɢ�ɦɟɯɚɧɢɡɦ�ɞɟɣ�
ɫɬɜɢɹ����ɉɫɢɯɨɮɚɪɦɚɤɨɥ��Ȼɢɨɥ��ɇɚɪɤɨɥ���������ɬ����ɫ������

���� ȼɨɥɱɟɝɨɪɫɤɢɣ�ɂ�Ⱥ���Ɋɚɫɫɨɯɢɧɚ�Ʌ�Ɇ���Ɇɢɪɨɲɧɢɱɟɧɤɨ�ɂ�ɘ��ɐɟɪɟɛɪɨɩɪɨɬɟɤɬɢɜɧɨɟ�ɞɟɣɫɬɜɢɟ�ɩɪɨ�
ɢɡɜɨɞɧɵɯ���ɨɤɫɢɩɢɪɢɞɢɧɚ�ɢ�ɹɧɬɚɪɧɨɣ�ɤɢɫɥɨɬɵ�ɜ�ɨɫɬɪɨɦ�ɩɟɪɢɨɞɟ�ɚɥɥɨɤɫɚɧɨɜɨɝɨ�ɞɢɚɛɟɬɚ�ɭ�ɤɪɵɫ����
ɗɤɫɩɟɪɢɦ��ɢ�ɤɥɢɧɢɱ��Ɏɚɪɦɚɤɨɥ���������ɫ�������
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Ƚɨɞɠɚɟɜɚ�Ⱥ�Ɇ���Ƚɚɞɠɢɟɜɚ�Ȼ�ɏ�

Ʉ�Ʌȿɑȿɇɂɘ�ɂɒȿɆɂɑȿɋɄɂɏ�ɁȺȻɈɅȿȼȺɇɂɃ�ɁɊɂɌȿɅɖɇɈȽɈ�ɇȿɊȼȺ

ɇɚɰɢɨɧɚɥɶɧɵɣ�ɐɟɧɬɪ�Ɉɮɬɚɥɶɦɨɥɨɝɢɢ�ɢɦɟɧɢ�ɚɤɚɞ��Ɂɚɪɢɮɵ�Ⱥɥɢɟɜɨɣ��ɝ�Ȼɚɤɭ��Ⱥɡɟɪɛɚɣɞɠɚɧ

Ʉɥɸɱɟɜɵɟ�ɫɥɨɜɚ��QH\URSURWHNWLY�WHUDSL\D��PHNVLGRO��LúHPLN�RSWLN�QH\URSDWL\D

ɊȿɁɘɆȿ

ɐɟɥɶ� ±� ɢɡɭɱɢɬɶ� ɷɮɮɟɤɬɢɜɧɨɫɬɶ� ɢ� ɫɩɨɫɨɛɵ� ɜɜɟɞɟɧɢɹ� ɩɪɟɩɚɪɚɬɚ� ©Ɇɟɤɫɢɞɨɥª� ɜ� ɤɨɦɩɥɟɤɫɧɨɣ� ɬɟɪɚɩɢɢ�
ɛɨɥɶɧɵɯ�ɫ�ɢɲɟɦɢɱɟɫɤɢɦɢ�ɡɚɛɨɥɟɜɚɧɢɹɦɢ�ɡɪɢɬɟɥɶɧɨɝɨ�ɧɟɪɜɚ��

Ɇɚɬɟɪɢɚɥ�ɢ�ɦɟɬɨɞɵ
ɂɫɫɥɟɞɨɜɚɧɨ����ɩɚɰɢɟɧɬɨɜ�ɫ�ɨɫɬɪɨɣ�ɢ�ɯɪɨɧɢɱɟɫɤɨɣ�ɢɲɟɦɢɱɟɫɤɨɣ�ɧɟɣɪɨɩɚɬɢɟɣ�ɜ�ɜɨɡɪɚɫɬɟ�ɨɬ����ɞɨ����

ɥɟɬ��ɢɡ�ɧɢɯ����ɠɟɧɳɢɧ�����±�ɦɭɠɱɢɧ��Ɇɟɤɫɢɞɨɥ�ɧɚɡɧɚɱɚɥɫɹ�ɩɚɰɢɟɧɬɚɦ�ɜ�ɜɢɞɟ�ɪɚɫɬɜɨɪɚ�ɞɥɹ�ɜɧɭɬɪɢɜɟɧɧɨɝɨ�
ɢ�ɜɧɭɬɪɢɦɵɲɟɱɧɨɝɨ�ɜɜɟɞɟɧɢɹ�ɜ�ɞɨɡɟ�����ɢ�����ɦɝ�ɫɭɬ��

ȼɫɟ�ɩɚɰɢɟɧɬɵ�ɩɨɥɭɱɚɥɢ�ɬɟɪɚɩɢɸ�ɜ�ɬɟɱɟɧɢɟ�ɞɜɭɯ�ɧɟɞɟɥɶ��ɗɮɮɟɤɬɢɜɧɨɫɬɶ�ɢ�ɩɟɪɟɧɨɫɢɦɨɫɬɶ�ɬɟɪɚɩɢɢ�ɨɰɟ�
ɧɢɜɚɥɢ�ɧɚ����ɣ�ɞɟɧɶ�ɨɬ�ɧɚɱɚɥɚ�ɥɟɱɟɧɢɹ��

Ɋɟɡɭɥɶɬɚɬɵ�
ɂɡ�ɩɨɥɭɱɟɧɧɵɯ�ɪɟɡɭɥɶɬɚɬɨɜ�ɜɢɞɧɨ��ɱɬɨ�ɢɫɩɨɥɶɡɨɜɚɧɢɟ�ɦɟɤɫɢɞɨɥɚ�ɜ�ɞɨɡɟ�����ɦɝ�ɜ�ɫɭɬɤɢ�ɜɧɭɬɪɢɜɟɧɧɨ�

ɤɚɩɟɥɶɧɨ�ɜ�����ɦɥ�ɯɥɨɪɢɞɚ�ɧɚɬɪɢɹ�ɟɠɟɞɧɟɜɧɨ�ɜ�ɬɟɱɟɧɢɟ�ɞɜɭɯ�ɧɟɞɟɥɶ�ɛɵɥɨ�ɛɨɥɟɟ�ɷɮɮɟɤɬɢɜɧɵɦ��ɱɬɨ�ɩɨɞ�
ɬɜɟɪɠɞɚɸɬ�ɞɚɧɧɵɟ�Ɂȼɉ�ɢ�ɩɟɪɢɦɟɬɪɢɢ��

Ⱦɨ�ɥɟɱɟɧɢɹ�Ɂȼɉ�ɧɚ�ɫɜɟɬ�2'�ɥɚɬɟɧɬɧɨɫɬɶ�3��ɤɨɦɩɨɧɟɧɬɚ�ɜ�ɩɪɟɞɟɥɚɯ�ɧɨɪɦɵ��ɨɬɦɟɱɚɟɬɫɹ�ɫɭɳɟɫɬɜɟɧɧɨɟ�
ɫɧɢɠɟɧɢɟ�ɚɦɩɥɢɬɭɞɵ��ɭɦɟɧɶɲɟɧɢɟ��ɤɨɥɢɱɟɫɬɜɚ�ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ�ɜɨɥɨɤɨɧ�ɡɪɢɬɟɥɶɧɨɝɨ�ɧɟɪɜɚ���

ɑɟɪɟɡ�ɦɟɫɹɰ�Ɂȼɉ�ɧɚ�ɫɜɟɬ�2'�ɥɚɬɟɧɬɧɨɫɬɶ�3��ɤɨɦɩɨɧɟɧɬɚ�ɜ�ɩɪɟɞɟɥɚɯ�ɧɨɪɦɵ��ɨɬɦɟɱɚɟɬɫɹ�ɫɧɢɠɟɧɢɟ�ɚɦ�
ɩɥɢɬɭɞɵ�ɫɪɟɞɧɟɣ�ɫɬɟɩɟɧɢ��ɭɦɟɧɶɲɟɧɢɟ�ɤɨɥɢɱɟɫɬɜɚ�ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ�ɜɨɥɨɤɨɧ�ɡɪɢɬɟɥɶɧɨɝɨ�ɧɟɪɜɚ�ɜ�ɫɪɟɞɧɟɣ�
ɫɬɟɩɟɧɢ���ȼ�ɞɢɧɚɦɢɤɟ�ɨɬɦɟɱɚɟɬɫɹ�ɭɥɭɱɲɟɧɢɟ�ɩɨɤɚɡɚɬɟɥɟɣ�ɩɪɚɜɨɝɨ�ɝɥɚɡɚ��

ɑɟɪɟɡ���ɦɟɫɹɰɚ�2'�ɥɚɬɟɧɬɧɨɫɬɶ�3����ɤɨɦɩɨɧɟɧɬɚ�ɜ�ɩɪɟɞɟɥɚɯ�ɧɨɪɦɵ��ɨɬɦɟɱɚɟɬɫɹ�ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ�ɫɧɢ�
ɠɟɧɢɟ�ɚɦɩɥɢɬɭɞɵ��ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ�ɭɦɟɧɶɲɟɧɢɟ�ɤɨɥɢɱɟɫɬɜɚ�ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ�ɜɨɥɨɤɨɧ�ɡɪɢɬɟɥɶɧɨɝɨ�ɧɟɪɜɚ���

Ɂɚɤɥɸɱɟɧɢɟ
ɋɨɝɥɚɫɧɨ�ɩɨɥɭɱɟɧɧɵɦ�ɪɟɡɭɥɶɬɚɬɚɦ��ɩɪɟɩɚɪɚɬ�ɨɤɚɡɵɜɚɟɬ�ɚɧɬɢɝɢɩɨɤɫɢɱɟɫɤɨɟ��ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɟ��ɧɨɨɬɪɨɩ�

ɧɨɟ�ɢ�ɦɟɦɛɪɚɧɨɩɪɨɬɟɤɬɨɪɧɨɟ�ɞɟɣɫɬɜɢɟ��ɱɬɨ�ɧɚɲɥɨ�ɨɬɪɚɠɟɧɢɟ�ɜ�ɭɥɭɱɲɟɧɢɢ�ɩɨɤɚɡɚɬɟɥɟɣ�Ɂȼɉ��ɩɟɪɢɦɟɬɪɢɢ��
Ⱦɥɹ�ɞɨɫɬɢɠɟɧɢɹ�ɧɚɢɥɭɱɲɢɯ�ɪɟɡɭɥɶɬɚɬɨɜ�ɥɟɱɟɧɢɹ��ɩɚɰɢɟɧɬɚɦ�ɫ�ɢɲɟɦɢɱɟɫɤɨɣ�ɨɩɬɢɱɟɫɤɨɣ�ɧɟɣɪɨɩɚɬɢɟɣ�ɫɥɟ�
ɞɭɟɬ�ɧɚɡɧɚɱɚɬɶ�ɦɟɤɫɢɞɨɥ�ɜ�ɞɨɡɟ�����ɦɝ�ɜ�ɫɭɬɤɢ�ɜɧɭɬɪɢɜɟɧɧɨ�ɤɚɩɟɥɶɧɨ�ɜ�����ɦɥ�ɪɚɫɬɜɨɪɚ�ɯɥɨɪɢɞɚ�ɧɚɬɪɢɹ�
ɟɠɟɞɧɟɜɧɨ�ɜ�ɬɟɱɟɧɢɟ�ɞɜɭɯ�ɧɟɞɟɥɶ��

*RG]KDHYD�$�0���*DG]KLHYD�%�.K�

72�7+(�75($70(17�2)�,6&+(0,&�',6($6(6�2)�7+(�9,68$/�1(59(

1DWLRQDO�&HQWUH�RI�2SKWKDOPRORJ\�QDPHG�DIWHU�DFDG��=DULID�$OL\HYD��%DNX��$]HUEDLMDQ

.H\�ZRUGV��QH\URSURWHNWLY�WHUDSL\D��PHNVLGRO��LúHPLN�RSWLN�QH\URSDWL\D

6800$5<

$LP�±�WR�VWXG\�WKH�H൵HFWLYHQHVV�DQG�PHWKRGV�RI�XVH�RI�WKH�GUXJ��0H[LGRO��LQ�WKH�WUHDWPHQW�RI�SDWLHQWV�ZLWK�
LVFKHPLF�GLVHDVHV�RI�WKH�RSWLF�QHUYH�

0DWHULDO�DQG�PHWKRGV
:H�VWXGLHG����SDWLHQWV�ZLWK�DFXWH�DQG�FKURQLF�LVFKHPLF�QHXURSDWK\�DJHG����WR����\HDUV��LQFOXGLQJ����ZRPHQ�����

PHQ��0H[LGRO�ZDV�SUHVFULEHG�WR�SDWLHQWV�LQ�WKH�IRUP�RI�D�VROXWLRQ�IRU�LQWUDYHQRXV�DQG�LQWUDPXVFXODU�DGPLQLVWUDWLRQ�
DW�D�GRVH�RI�����DQG�����PJ���GD\�
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$OO�SDWLHQWV�UHFHLYHG�WKHUDS\�IRU�WZR�ZHHNV��7KH�H൵HFWLYHQHVV�DQG�WROHUDELOLW\�RI�WKHUDS\�ZDV�HYDOXDWHG�RQ�WKH�
��WK�GD\�IURP�WKH�VWDUW�RI�WUHDWPHQW�

5HVXOWV
7KH� UHVXOWV� VKRZ� WKDW� WKH�XVH�RI�0H[LGRO�DW� D�GRVH�RI�����PJ�SHU�GD\� LQWUDYHQRXVO\� LQ�����PO�RI� VRGLXP�

FKORULGH�GDLO\�IRU�WZR�ZHHNV�ZDV�PRUH�H൵HFWLYH��ZKLFK�LV�FRQ¿UPHG�E\�WKH�9(3�DQG�SHULPHWU\�GDWD�
%HIRUH�WUHDWPHQW�RI�SDWWHUQ�9(3�2'�WKH�ODWHQF\�RI�3��FRPSRQHQW�ZLWKLQ�QRUP��LV�QRWHG�VLJQL¿FDQW�GHFUHDVH�LQ�

DPSOLWXGH��XPHQVKHQL\H�DPRXQWV�RI�IXQFWLRQDO�¿EHUV�RI�DQ�RSWLF�QHUYH���
,Q� D�PRQWK� RI� SDWWHUQ�9(3�2'� WKH� ODWHQF\� RI� 3�� FRPSRQHQW�ZLWKLQ� QRUP�� LV� QRWHG� GHFUHDVH� LQ� DPSOLWXGH�

RI�DYHUDJH�GHJUHH��UHGXFWLRQ�RI�DPRXQW�RI� IXQFWLRQDO�¿EHUV�RI�DQ�RSWLF�QHUYH� LQ�DYHUDJH�GHJUHH��� ,Q�G\QDPLFV�
LPSURYHPHQW�RI�LQGLFDWRUV�RI�WKH�ULJKW�H\H�LV�QRWHG��

,Q���PRQWKV�RI�2'�WKH�ODWHQF\�RI�3����FRPSRQHQW�ZLWKLQ�QRUP��LV�QRWHG�LQVLJQL¿FDQW�GHFUHDVH�LQ�DPSOLWXGH�
�LQVLJQL¿FDQW�UHGXFWLRQ�RI�DPRXQW�RI�IXQFWLRQDO�¿EHUV�RI�DQ�RSWLF�QHUYH��

&RQFOXVLRQ
$FFRUGLQJ� WR� WKH�UHVXOWV�� WKH�GUXJ�KDV�DQWLK\SR[LF��DQWLR[LGDQW��QRRWURSLF�DQG�PHPEUDQH�SURWHFWLYH�H൵HFWV��

ZKLFK�LV�UHÀHFWHG�LQ�WKH�LPSURYHPHQW�RI�WKH�VWXGLHG�SDUDPHWHUV�9(3�DQG�SHU\PHWU\��7R�DFKLHYH�WKH�EHVW�WUHDWPHQW�
UHVXOWV�� SDWLHQWV� ZLWK� LVFKHPLF� RSWLF� QHXURSDWK\� VKRXOG� EH� SUHVFULEHG� PH[LGRO� DW� D� GRVH� RI� ���� PJ� SHU� GD\�
LQWUDYHQRXVO\�LQ�����PO�RI�VRGLXP�FKORULGH�VROXWLRQ�GDLO\�IRU�WZR�ZHHNV��

.RUUHVSRQGHQVL\D��o�Q��
4RFD\HYD�$\EΩQL]�0DTVXG�TÕ]Õ�DNDG��=ΩULIΩ�ΨOL\HYD�DGÕQD�0LOOL�2IWDOPRORJL\D�0ΩUNΩ]LQLQ�úΩNΩUOL�GLDEHWLQ�J|]�
IΩVDGODUÕ�YΩ�YLWUHRUHWLQDO�FΩUUDKL\\Ω�ú|EΩVLQLQ�UΩKEΩUL��WLEE��]UΩ�HOPOΩU�GRNWRUX�
7HO����������������������������������������
hQYDQ��$=������%DNÕ�ú��&DYDG[DQ�N�o��������
(PDLO��DJRMD\HYD#JPDLO�FRP


