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ȼɿɫɧɢɤ�Ɂɚɩɨɪɿɡɶɤɨɝɨ�ɧɚɰɿɨɧɚɥɶɧɨɝɨ�ɭɧɿɜɟɪɫɢɬɟɬɭ ʋ��������

ɍȾɄ������ '2,������������������������������

ɄɈɇɌȺɄɌɇɕȿ�ɁȺȾȺɑɂ�ȾɅə�ɈȾɇɈɃ�ɂ�Ⱦȼɍɏ�ɉɊȿȾȼȺɊɂɌȿɅɖɇɈ�
ɇȺɉɊəɀȬɇɇɕɏ�ɉɈɅɈɋ� ɍɋɂɅȿɇɇɕɏ�ȻȿɋɄɈɇȿɑɇɕɆ�
ɋɌɊɂɇȽȿɊɈɆ

ɇ� ɇ� Ⱦɢɯɬɹɪɭɤ��ɇ� Ⱥ� əɪɟɰɤɚɹ

ɏɦɟɥɶɧɢɰɤɢɣ�ɧɚɰɢɨɧɚɥɶɧɵɣ�ɭɧɢɜɟɪɫɢɬɟɬ
PHJD�GLKW\DUXN#XNU�QHW��PDVVDFUDQ�#XNU�QHW

Ʉɥɸɱɟɜɵɟ�ɫɥɨɜɚ�
ɥɢɧɟɚɪɢɡɨɜɚɧɧɚɹ�ɬɟɨɪɢɹ�ɭɩɪɭɝɨɫɬɢ��
ɧɚɱɚɥɶɧɵɟ��ɨɫɬɚɬɨɱɧɵɟ��ɧɚɩɪɹɠɟ�
ɧɢɹ��ɤɨɧɬɚɤɬɧɚɹ�ɡɚɞɚɱɚ��ɢɧɬɟɝɪɚɥɶ�
ɧɨɟ�ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ�Ɏɭɪɶɟ��ɫɬɪɢɧ�
ɝɟɪ�

ȼ� ɪɚɦɤɚɯ� ɥɢɧɟɚɪɢɡɨɜɚɧɧɨɣ� ɬɟɨɪɢɢ� ɭɩɪɭɝɨɫɬɢ� ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ�
ɩɥɨɫɤɢɟ�ɤɨɧɬɚɤɬɧɵɟ�ɡɚɞɚɱɢ��ɤɚɫɚɸɳɢɟɫɹ�ɩɟɪɟɞɚɱɢ�ɧɚɝɪɭɡɤɢ�ɨɬ�ɛɟɫ�
ɤɨɧɟɱɧɨɝɨ� ɫɬɪɢɧɝɟɪɚ� ɤ� ɨɞɧɨɣ� ɢ� ɤ� ɞɜɭɦ� ɨɞɢɧɚɤɨɜɵɦ� ɩɨɥɨɫɚɦ� ɫ�
ɧɚɱɚɥɶɧɵɦɢ��ɨɫɬɚɬɨɱɧɵɦɢ��ɧɚɩɪɹɠɟɧɢɹɦɢ��ɋɢɥɵ�ɬɪɟɧɢɹ�ɧɟ�ɭɱɢɬɵ�
ɜɚɸɬɫɹ��ɂɫɫɥɟɞɨɜɚɧɢɹ�ɩɪɨɜɟɞɟɧɵ�ɜ�ɨɛɳɟɦ�ɜɢɞɟ�ɞɥɹ�ɬɟɨɪɢɢ�ɛɨɥɶɲɢɯ�
�ɤɨɧɟɱɧɵɯ��ɧɚɱɚɥɶɧɵɯ�ɞɟɮɨɪɦɚɰɢɣ�ɢ�ɞɜɭɯ�ɜɚɪɢɚɧɬɨɜ�ɬɟɨɪɢɢ�ɦɚɥɵɯ�
ɧɚɱɚɥɶɧɵɯ�ɞɟɮɨɪɦɚɰɢɣ��ɞɥɹ�ɩɪɨɢɡɜɨɥɶɧɨɣ�ɫɬɪɭɤɬɭɪɵ�ɭɩɪɭɝɨɝɨ�ɩɨ�
ɬɟɧɰɢɚɥɚ�

ɄɈɇɌȺɄɌɇȱ�ɁȺȾȺɑȱ�ȾɅə ɈȾɇȱȯȲ�ɌȺ�ȾȼɈɏ�ɉɈɉȿɊȿȾɇɖɈ�
ɇȺɉɊɍɀȿɇɂɏ�ɋɆɍȽ� ɉȱȾɋɂɅȿɇɂɏ�ɇȿɋɄȱɇɑȿɇɇɂɆ�
ɋɌɊɂɇȽȿɊɈɆ

Ɇ� Ɇ� Ⱦɿɯɬɹɪɭɤ��ɇ� Ɉ� əɪɟɰɶɤɚ

ɏɦɟɥɶɧɢɰɶɤɢɣ�ɧɚɰɿɨɧɚɥɶɧɢɣ�ɭɧɿɜɟɪɫɢɬɟɬ
PHJD�GLKW\DUXN#XNU�QHW��PDVVDFUDQ�#XNU�QHW

Ʉɥɸɱɨɜɿ�ɫɥɨɜɚ�
ɥɿɧɟɚɪɢɡɨɜɚɧɚ�ɬɟɨɪɿɹ�ɩɪɭɠɧɨɫɬɿ��ɩɨ�
ɱɚɬɤɨɜɿ��ɡɚɥɢɲɤɨɜɿ��ɧɚɩɪɭɠɟɧɧɹ��
ɤɨɧɬɚɤɬɧɚ�ɡɚɞɚɱɚ��ɿɧɬɟɝɪɚɥɶɧɟ�ɩɟɪɟ�
ɬɜɨɪɟɧɧɹ�Ɏɭɪ¶ɽ��ɫɬɪɢɧɝɟɪ�

ɍ�ɪɚɦɤɚɯ�ɥɿɧɟɚɪɢɡɨɜɚɧɨʀ�ɬɟɨɪɿʀ�ɩɪɭɠɧɨɫɬɿ�ɪɨɡɝɥɹɞɚɸɬɶɫɹ�ɩɥɨɫɤɿ�ɤɨɧ�
ɬɚɤɬɧɿ�ɡɚɞɚɱɿ��ɳɨ�ɫɬɨɫɭɸɬɶɫɹ�ɩɟɪɟɞɚɱɿ�ɧɚɜɚɧɬɚɠɟɧɧɹ�ɜɿɞ�ɧɟɫɤɿɧɱɟɧ�
ɧɨɝɨ� ɫɬɪɢɧɝɟɪɚ�ɞɨ�ɨɞɧɿɽʀ� ɿ� ɞɨ�ɞɜɨɯ� ɨɞɧɚɤɨɜɢɯ�ɫɦɭɝ� ɡ�ɩɨɱɚɬɤɨɜɢɦɢ�
�ɡɚɥɢɲɤɨɜɢɦɢ��ɧɚɩɪɭɠɟɧɧɹɦɢ��ɋɢɥɢ�ɬɟɪɬɹ�ɧɟ�ɜɪɚɯɨɜɭɸɬɶɫɹ��Ⱦɨɫɥɿ�
ɞɠɟɧɧɹ�ɩɪɨɜɟɞɟɧɿ�ɜ�ɡɚɝɚɥɶɧɨɦɭ�ɜɢɝɥɹɞɿ�ɞɥɹ�ɬɟɨɪɿʀ�ɜɟɥɢɤɢɯ��ɫɤɿɧɱɟɧ�
ɧɢɯ��ɩɨɱɚɬɤɨɜɢɯ�ɞɟɮɨɪɦɚɰɿɣ�ɬɚ�ɞɜɨɯ�ɜɚɪɿɚɧɬɿɜ�ɬɟɨɪɿʀ�ɦɚɥɢɯ�ɩɨɱɚɬɤɨ�
ɜɢɯ� ɞɟɮɨɪɦɚɰɿɣ�� ɞɥɹ� ɞɨɜɿɥɶɧɨʀ� ɫɬɪɭɤɬɭɪɢ�ɩɪɭɠɧɨɝɨ�ɩɨɬɟɧɰɿɚɥɭ� ɍ�
ɫɬɚɬɬɿ�ɪɨɛɢɬɶɫɹ�ɩɪɢɩɭɳɟɧɧɹ��ɳɨ�����ɧɟɫɤɿɧɱɟɧɧɿ�ɩɪɭɠɧɿ�ɫɦɭɝɢ�ɜɢɝɨ�
ɬɨɜɥɟɧɿ�ɡ�ɨɞɧɚɤɨɜɢɯ�ɫɬɢɫɥɢɜɢɯ�ɚɛɨ�ɧɟɫɬɢɫɥɢɜɢɯ�ɦɚɬɟɪɿɚɥɿɜ�ɡ�ɩɨɬɟɧ�
ɰɿɚɥɨɦ�ɞɨɜɿɥɶɧɨʀ� ɫɬɪɭɤɬɭɪɢ�� �� ɭ� ɫɦɭɝɚɯ� ɞɿɸɬɶ� ɨɞɧɚɤɨɜɿ� ɩɨɱɚɬɤɨɜɿ�
�ɡɚɥɢɲɤɨɜɿ��ɧɚɩɪɭɠɟɧɧɹ�����ɩɿɞ�ɞɿɽɸ�ɜɟɪɬɢɤɚɥɶɧɢɯ�ɿ�ɝɨɪɢɡɨɧɬɚɥɶɧɢɯ�
ɫɢɥ�ɿɧɬɟɧɫɢɜɧɨɫɬɿ�ɫɬɪɢɧɝɟɪ�ɭ ɜɟɪɬɢɤɚɥɶɧɨɦɭ�ɧɚɩɪɹɦɤɭ�ɡɝɢɧɚɽɬɶɫɹ�ɹɤ�
ɡɜɢɱɚɣɧɚ�ɛɚɥɤɚ��ɚ�ɜ�ɝɨɪɢɡɨɧɬɚɥɶɧɨɦɭ�ɪɨɡɬɹɝɭɽɬɶɫɹ��ɫɬɢɫɤɚɽɬɶɫɹ��ɹɤ�
ɨɞɧɨɜɿɫɧɨ� ɧɚɩɪɭɠɟɧɢɣ� ɫɬɪɢɠɟɧɶ� Ⱦɨɫɥɿɞɠɟɧɧɹ� ɞɚɧɨʀ� ɡɚɞɚɱɿ� ɜɢɤɨ�
ɧɚɧɨ ɜ� ɤɨɨɪɞɢɧɚɬɚɯ� ɩɨɱɚɬɤɨɜɨɝɨ� �ɡɚɥɢɲɤɨɜɨɝɨ�� ɞɟɮɨɪɦɨɜɚɧɨɝɨ�
ɫɬɚɧɭ� Ɂɚ� ɞɨɩɨɦɨɝɨɸ� ɿɧɬɟɝɪɚɥɶɧɨɝɨ� ɩɟɪɟɬɜɨɪɟɧɧɹ� Ɏɭɪ¶ɽ� ɭ� ɫɬɚɬɬɿ�
ɨɞɟɪɠɚɧɨ�ɨɫɧɨɜɧɿ�ɿɧɬɟɝɪɨ�ɞɢɮɟɪɟɧɰɿɚɥɶɧɿ�ɪɿɜɧɹɧɧɹ��ɪɨɡɜ¶ɹɡɨɤ�ɹɤɢɯ�
ɩɪɟɞɫɬɚɜɥɟɧɨ�ɭ�ɜɢɝɥɹɞɿ�ɧɟɫɤɿɧɱɟɧɧɢɯ�ɫɢɫɬɟɦ�ɚɥɝɟɛɪɚʀɱɧɢɯ�ɪɿɜɧɹɧɶ��
ȼɢɡɧɚɱɟɧɨ� ɡɚɤɨɧ� ɪɨɡɩɨɞɿɥɭ� ɧɨɪɦɚɥɶɧɢɯ� ɿ� ɬɚɧɝɟɧɰɿɚɥɶɧɢɯ� ɤɨɧɬɚɤɬ�
ɧɢɯ�ɧɚɩɪɭɠɟɧɶ�ɜɡɞɨɜɠ�ɥɿɧɿʀ�ɡ¶ɽɞɧɚɧɧɹ�ɫɬɪɢɧɝɟɪɚ�ɡ�ɩɨɩɟɪɟɞɧɶɨ�ɧɚɩ�
ɪɭɠɟɧɢɦɢ� ɫɦɭɝɚɦɢ�� Ⱦɨɫɥɿɞɠɟɧɨ� ɜɩɥɢɜ� ɧɚɹɜɧɨɫɬɿ� ɩɨɱɚɬɤɨɜɢɯ� �ɡɚ�
ɥɢɲɤɨɜɢɯ� ɧɚɩɪɭɠɟɧɶ�ɭ�ɫɦɭɝɚɯ��ɫɦɭɡɿ��ɧɚ�ɡɚɤɨɧ�ɪɨɡɩɨɞɿɥɭ�ɤɨɧɬɚɤɬ�
ɧɢɯ�ɧɚɩɪɭɠɟɧɶ�ɩɨ�ɥɿɧɿʀ�ɤɨɧɬɚɤɬɭ�ɡ�ɧɟɫɤɿɧɱɟɧɧɢɦ�ɫɬɪɢɧɝɟɪɨɦ��ɉɪɨ�
ɿɥɸɫɬɪɨɜɚɧɨ�ɜɩɥɢɜ�ɩɨɱɚɬɤɨɜɢɯ�ɧɚɩɪɭɠɟɧɶ�ɭ�ɩɪɭɠɧɢɯ�ɫɦɭɝɚɯ�ɧɚ�ɡɚ�
ɤɨɧ�ɪɨɡɩɨɞɿɥɭ�ɤɨɧɬɚɤɬɧɢɯ�ɧɚɩɪɭɠɟɧɶ�ɩɿɞ�ɫɬɪɢɧɝɟɪɨɦ�ɜɿɞ�ɞɿʀ�ɬɚɧɝɟɧ�
ɰɿɚɥɶɧɨʀ�ɫɢɥɢ� ɍ�ɫɬɚɬɬɿ�ɡɚɩɪɨɩɨɧɨɜɚɧɨ�ɫɩɨɫɿɛ�ɪɨɡɜ¶ɹɡɭɜɚɧɧɹ�ɞɚɧɨɝɨ�
ɬɢɩɭ�ɤɨɧɬɚɤɬɧɢɯ�ɡɚɞɚɱ�ɞɥɹ�ɫɦɭɝ�ɡ�ɩɨɱɚɬɤɨɜɢɦɢ��ɡɚɥɢɲɤɨɜɢɦɢ��ɧɚɩ�
ɪɭɠɟɧɧɹɦɢ�� ɹɤɿ� ɩɿɞɤɪɿɩɥɟɧɿ� ɧɟɫɤɿɧɱɟɧɨɸ� ɩɪɭɠɧɨɸ� ɧɚɤɥɚɞɤɨɸ�
�ɫɬɪɢɧɝɟɪɨɦ��ɡ�ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɿɧɬɟɝɪɚɥɶɧɢɯ�ɩɟɪɟɬɜɨɪɟɧɶ�Ɏɭɪ¶ɽ�
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.H\�ZRUGV�
OLQHDUL]HG HODVWLFLW\�WKHRU\��LQLWLDO��UH�
VLGXDO��VWUHVVHV��FRQWDFW�SUREOHP��LQWH�
JUDO )RXULHU�WUDQVIRUP��VWULQJHU�

7KH�DUWLFOH�LV�GHYRWHG�WR�WKH�UHVHDUFK�RI�SUREOHPV�RI�FRQWDFW�LQWHUDFWLRQ�
RI�LQILQLWH�HODVWLF�VWULQJHU�ZLWK�RQH DQG�WZR�LGHQWLFDO�FODPSHG�DORQJ�RQH�
HGJH�RI�SUH�VWUHVVHG�VWULSV��,Q�JHQHUDO��WKH�UHVHDUFK�ZDV�FDUULHG�RXW�IRU�WKH�
WKHRU\�RI�JUHDW�LQLWLDO�DQG�GLIIHUHQW�YDULDQWV�RI�WKH�WKHRU\�RI�VPDOO�LQLWLDO�
GHIRUPDWLRQV�ZLWKLQ�WKH�IUDPHZRUN�RI�OLQHDUL]HG�WKHRU\�RI�HODVWLFLW\�ZLWK�
WKH�HODVWLF�SRWHQWLDO�KDYLQJ�DUELWUDU\�VWUXFWXUH��7KH�LQWHJUDO�LQWHJHU�GLIIHU�
HQWLDO�HTXDWLRQV�DUH�REWDLQHG�XVLQJ�WKH�LQWHJUDO�)RXULHU�WUDQVIRUP��,Q�WKH�
DUWLFOH� DOVDZ� ZDV� LQYHVWLJDWHG� WKH� LQIOXHQFH� RI� WKH� LQLWLDO� �UHVLGXDO��
VWUHVVHV�LQ�VWULSV�RQ�WKH�ODZ�RI�GLVWULEXWLRQ�RI�FRQWDFW�VWUHVVHV�DORQJ�WKH�
OLQH�RI�FRQWDFW�ZLWK�DQ�LQILQLWH�VWULQJHU�

7KH�VWXGLHV�SUHVHQWHG�LQ�WKH�SDSHU�DOORZ�XV�WR�PDNH�JHQHUDOL]HG�FRQFOX�
VLRQV�RI�WKH�LQIOXHQFH�RI�LQLWLDO�VWUHVVHV�RQ�WKH�ODZ�RI�GLVWULEXWLRQ�RI�FRQ�
WDFW�IRUFHV�XQGHU�DQ�LQILQLWH�VWULQJHU�

���,Q�JHQHUDO�FDVH�IRU�HTXDO�DQG�XQHTXDO�URRWV�RI�WKH�GHILQLQJ�HTXDWLRQ�WKH�
JHQHUDO�PHWKRG�RI�VROXWLRQ�IRU�WKH�SUREOHPV�FRQVLGHUHG�ZLWKLQ�WKH�IUDPH�
ZRUN�RI� OLQHDUL]HG� WKHRU\�RI� WKLV�FODVV�RI�SUREOHPV� LV� IRUPXODWHG��7KLV�
JLYHV�DQ�RSSRUWXQLW\�WR�JHW�WKH�VROXWLRQ�RI�WKH�VHW�WDVNV��LI�NQRZQ�WKH�VR�
OXWLRQ�RI�DQDORJRXV�OLQHDU��ZLWKRXW�LQLWLDO�VWUHVVHV��SUREOHPV�

���7KH�FRQWDFW�VWUHVVHV�RQ�WKH�FRQWDFW�OLQH�ZLWK�VWULQJHU�RI�VLJQLILFDQWO\�
GHSHQGHQW�RQ�WKH�LQLWLDO�VWUHVVHV��$�PRUH�VLJQLILFDQW HIIHFW�RI�TXDQWLWDWLYH�
QDWXUH�RI� LQLWLDO�VWUHVVHV� LV�FDXVHG� LQ�KLJKO\�HODVWLF�PDWHULDOV�FRPSDUHG�
ZLWK�PRUH�VWLIIV�PDWHULDOV��4XDOLWDWLYH�HIIHFW�RI�WKH�LQLWLDO�VWUHVVHV�LV�LGHQ�
WLFDO�QDWXUH�

���:KHQ�LQLWLDO�VWUHVVHV�LV�DSSUR[LPDWH�WR�YDOXH�FRUUHVSRQGLQJ�WR�WKH�VXU�
IDFH�LQVWDELOLW\��WKHUH�DUH�SKHQRPHQD�RI��UHVRQDQW��QDWXUH��ZKLFK�FRQVLVW�
LQ� WKH� IDFW� WKDW� WKH� VWUHVVHV� DQG�GLVSODFHPHQWV� LQ� WKH� ILHOG�RI� FRQWDFW� D�
VKDUS�RI�FKDQJH�WKHLU�YDOXH��DQG�WKH�HODVWLF�VWULSV�ZLWK�LQLWLDO�VWUHVVHV�DUH�
LQ�D�VWDWH�RI�QHXWUDO�HTXLOLEULXP�

ɉɨɫɬɚɧɨɜɤɚ� ɩɪɨɛɥɟɦɵ� ɂɫɫɥɟɞɨɜɚɧɢɟ�
ɜɨɩɪɨɫɨɜ�ɤɨɧɬɚɤɬɧɨɝɨ�ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ�ɬɜɟɪ�
ɞɵɯ� ɬɟɥ� ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ� ɜɟɫɶɦɚ� ɚɤɬɭɚɥɶɧɨɣ�
ɩɪɨɛɥɟɦɨɣ� ɜ� ɫɜɹɡɢ� ɫ� ɬɟɦ�� ɱɬɨ� ɨɞɧɢɦ� ɢɡ�
ɧɚɢɛɨɥɟɟ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ� ɧɚ� ɩɪɚɤɬɢɤɟ�
ɫɩɨɫɨɛɨɜ� ɩɟɪɟɞɚɱɢ ɜɧɟɲɧɢɯ� ɭɫɢɥɢɣ� ɹɜɥɹ�
ɟɬɫɹ� ɤɨɧɬɚɤɬɧɨɟ� ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ�� ɗɬɚ� ɩɪɨ�
ɛɥɟɦɚ�ɚɤɬɭɚɥɶɧɚ�ɤɚɤ�ɫ�ɬɨɱɤɢ�ɡɪɟɧɢɹ�ɪɚɡɜɢɬɢɹ�
ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ� ɪɚɡɪɚɛɨɬɨɤ� ɩɨ� ɦɟɯɚɧɢɤɟ�
ɬɜɟɪɞɨɝɨ� ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ� ɬɟɥɚ�� ɬɚɤ� ɢ� ɫ�
ɬɨɱɤɢ�ɡɪɟɧɢɹ�ɩɪɢɥɨɠɟɧɢɣ�ɤ�ɪɚɡɥɢɱɧɵɦ�ɨɬ�
ɪɚɫɥɹɦ�ɫɨɜɪɟɦɟɧɧɨɣ�ɬɟɯɧɢɤɢ��Ɉɫɨɛɟɧɧɨ�ɲɢ�
ɪɨɤɨɟ�ɩɪɢɦɟɧɟɧɢɟ�ɬɟɨɪɢɹ�ɤɨɧɬɚɤɬɧɵɯ�ɡɚɞɚɱ�
ɧɚɯɨɞɢɬ� ɜ� ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ�� ɬɚɤ� ɤɚɤ� ɩɟɪɟ�
ɞɚɱɚ�ɭɫɢɥɢɣ�ɜ�ɭɡɥɚɯ�ɢ�ɦɟɯɚɧɢɡɦɚɯ�ɦɚɲɢɧ�ɫɨ�
ɩɪɨɜɨɠɞɚɟɬɫɹ� ɤɨɧɬɚɤɬɧɵɦ� ɜɡɚɢɦɨɞɟɣ�
ɫɬɜɢɟɦ�ɞɟɬɚɥɟɣ��Ɇɟɬɨɞɵ��ɪɚɡɜɢɜɚɟɦɵɟ�ɜ�ɬɟɨ�
ɪɢɢ�ɤɨɧɬɚɤɬɧɵɯ�ɡɚɞɚɱ��ɩɨɡɜɨɥɹɸɬ�ɧɚɣɬɢ�ɪɚɫ�
ɩɪɟɞɟɥɟɧɢɟ�ɞɚɜɥɟɧɢɹ�ɜ�ɦɟɫɬɚɯ�ɤɨɧɬɚɤɬɚ��ɢɡɭ�

ɱɢɬɶ�ɤɨɧɰɟɧɬɪɚɰɢɸ�ɧɚɩɪɹɠɟɧɢɣ�ɢ�ɪɚɡɪɚɛɨ�
ɬɚɬɶ�ɤɪɢɬɟɪɢɢ�ɟɟ�ɫɧɢɠɟɧɢɹ��ɚ�ɬɚɤɠɟ�ɢɫɫɥɟɞɨ�
ɜɚɬɶ�ɧɚɩɪɹɠɟɧɧɨ�ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɟ� ɫɨɫɬɨɹ�
ɧɢɟ�

Ɉɞɧɢɦ�ɢɡ�ɢɡɜɟɫɬɧɵɯ�ɮɚɤɬɨɪɨɜ��ɤɨɬɨɪɵɟ�
ɜɥɢɹɸɬ�ɧɚ�ɧɚɞɺɠɧɨɫɬɶ�ɢ�ɞɨɥɝɨɜɟɱɧɨɫɬɶ�ɢɧ�
ɠɟɧɟɪɧɵɯ� ɤɨɧɫɬɪɭɤɰɢɣ� ɢ� ɞɟɬɚɥɟɣ� ɦɚɲɢɧ��
ɟɫɬɶ�ɧɚɥɢɱɢɟ�ɜ�ɧɢɯ�ɧɚɱɚɥɶɧɵɯ��ɨɫɬɚɬɨɱɧɵɯ��
ɧɚɩɪɹɠɟɧɢɣ�

Ⱥɧɚɥɢɡ�ɢɡɜɟɫɬɧɵɯ�ɪɟɡɭɥɶɬɚɬɨɜ�ɢɫɫɥɟ�
ɞɨɜɚɧɢɣ��ɇɟɫɦɨɬɪɹ�ɧɚ�ɫɭɳɟɫɬɜɟɧɧɨɟ�ɞɨɫɬɢ�
ɠɟɧɢɟ�ɜ�ɪɚɡɜɢɬɢɢ�ɤɨɧɬɚɤɬɧɵɯ�ɡɚɞɚɱ��ɜɫɟ�ɠɟ�
ɜɨɩɪɨɫ� ɭɱɟɬɚ� ɧɚɱɚɥɶɧɵɯ� ɧɚɩɪɹɠɟɧɢɣ� ɩɪɢ�
ɤɨɧɬɚɤɬɧɨɦ� ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ� ɨɫɬɚɥɫɹ� ɩɨɱɬɢ�
ɩɨɥɧɨɫɬɶɸ�ɧɟɪɚɡɪɚɛɨɬɚɧɧɵɦ�ɞɨ�ɩɨɫɥɟɞɧɟɝɨ�
ɜɪɟɦɟɧɢ��Ʉɚɤ�ɢɡɜɟɫɬɧɨ��ɩɪɚɤɬɢɱɟɫɤɢ�ɜɨ�ɜɫɟɯ�
ɷɥɟɦɟɧɬɚɯ� ɤɨɧɫɬɪɭɤɰɢɢ� ɩɪɢɫɭɬɫɬɜɭɸɬ�
ɧɚɱɚɥɶɧɵɟ� ɧɚɩɪɹɠɟɧɢɹ�� ɉɨɫɥɟɞɧɢɟ� ɦɨɝɭɬ�
ɛɵɬɶ�ɜɵɡɜɚɧɵ�ɪɚɡɥɢɱɧɨɝɨ�ɪɨɞɚ�ɩɪɢɱɢɧɚɦɢ��
ɧɚɩɪɢɦɟɪ� ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ� ɨɩɟɪɚɰɢɹɦɢ��
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ȼɿɫɧɢɤ�Ɂɚɩɨɪɿɡɶɤɨɝɨ�ɧɚɰɿɨɧɚɥɶɧɨɝɨ�ɭɧɿɜɟɪɫɢɬɟɬɭ ʋ��������

ɩɪɨɜɨɞɢɦɵɦɢ� ɩɪɢ� ɢɡɝɨɬɨɜɥɟɧɢɢ� ɰɟɥɨɝɨ�
ɪɹɞɚ�ɦɚɬɟɪɢɚɥɨɜ�ɢɥɢ�ɫɛɨɪɤɨɣ�ɤɨɧɫɬɪɭɤɰɢɢ��
ȼ� ɫɥɭɱɚɟ� ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ� ɦɚɬɟɪɢɚɥɨɜ�
ɧɚɱɚɥɶɧɵɟ� ɧɚɩɪɹɠɟɧɢɹ�� ɤɚɤ� ɩɪɚɜɢɥɨ�� ɫɨɨɬ�
ɜɟɬɫɬɜɭɸɬ�ɧɚɩɪɹɠɟɧɢɹɦ�ɜɞɨɥɶ�ɚɪɦɢɪɭɸɳɢɯ�
ɷɥɟɦɟɧɬɨɜ�

ɉɪɢ�ɫɬɪɨɝɨɣ�ɩɨɫɬɚɧɨɜɤɟ�ɤɨɧɬɚɤɬɧɵɯ�ɡɚ�
ɞɚɱ�ɞɥɹ�ɭɩɪɭɝɢɯ�ɬɟɥ�ɫ�ɧɚɱɚɥɶɧɵɦɢ�ɧɚɩɪɹɠɟ�
ɧɢɹɦɢ�>�� �@��ɜɨɡɧɢɤɚɟɬ�ɧɟɨɛɯɨɞɢɦɨɫɬɶ�ɩɪɢ�
ɜɥɟɱɟɧɢɹ�ɚɩɩɚɪɚɬɚ�ɧɟɥɢɧɟɣɧɨɣ�ɬɟɨɪɢɢ�ɭɩɪɭ�
ɝɨɫɬɢ��ɱɬɨ�ɫɭɳɟɫɬɜɟɧɧɨ�ɭɫɥɨɠɧɹɟɬ�ɩɨɫɬɪɨɟ�
ɧɢɟ� ɚɧɚɥɢɬɢɱɟɫɤɢɯ� ɪɟɲɟɧɢɣ�� ɇɨ� ɜ� ɫɥɭɱɚɟ�
ɛɨɥɶɲɢɯ��ɤɨɧɟɱɧɵɯ��ɧɚɩɪɹɠɟɧɢɣ��ɞɟɮɨɪɦɚ�
ɰɢɣ�� ɦɨɠɧɨ� ɨɝɪɚɧɢɱɢɬɶɫɹ� ɪɚɫɫɦɨɬɪɟɧɢɟɦ�
ɥɢɧɟɚɪɢɡɨɜɚɧɧɨɣ� ɬɟɨɪɢɢ� ɭɩɪɭɝɨɫɬɢ�
>�� ɫ� ���@�� ɂɫɬɨɪɢɱɟɫɤɢ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɤɨɧ�
ɬɚɤɬɧɵɯ� ɡɚɞɚɱ� ɜ� ɪɚɦɤɚɯ� ɥɢɧɟɚɪɢɡɨɜɚɧɧɨɣ�
ɬɟɨɪɢɢ� ɭɩɪɭɝɨɫɬɢ� ɫɤɥɚɞɵɜɚɥɢɫɶ� ɩɨ� ɞɜɭɦ�
ɧɚɩɪɚɜɥɟɧɢɹɦ��ɉɟɪɜɨɟ ɛɵɥɨ ɫɜɹɡɚɧɨ ɫ�ɢɫɫɥɟ�
ɞɨɜɚɧɢɹɦɢ�ɤɨɧɬɚɤɬɧɨɝɨ�ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ�ɬɟɥ�
ɫ�ɤɨɧɤɪɟɬɧɨɣ�ɮɨɪɦɨɣ�ɭɩɪɭɝɨɝɨ�ɩɨɬɟɧɰɢɚɥɚ�
>�� ɫ� ���@�� ȼɨ� ɜɬɨɪɨɦ� ± ɡɚɞɚɱɚ� ɫɬɚɜɢɥɚɫɶ� ɜ�
ɨɛɳɟɦ�ɜɢɞɟ�ɞɥɹ�ɫɠɢɦɚɟɦɵɯ��ɧɟɫɠɢɦɚɟɦɵɯ��
ɬɟɥ�ɫ�ɩɨɬɟɧɰɢɚɥɨɦ�ɩɪɨɢɡɜɨɥɶɧɨɣ�ɫɬɪɭɤɬɭɪɵ�
ɧɚ�ɨɫɧɨɜɟ�ɥɢɧɟɚɪɢɡɨɜɚɧɧɨɣ�ɬɟɨɪɢɢ�ɭɩɪɭɝɨɫ�
ɬɢ�>����@�

ȼ�ɞɚɧɧɨɣ�ɫɬɚɬɶɟ�ɫ�ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ�ɫɨɨɬ�
ɧɨɲɟɧɢɣ� ɥɢɧɟɚɪɢɡɨɜɚɧɧɨɣ� ɬɟɨɪɢɢ� ɭɩɪɭɝɨ�
ɫɬɢ� >�� �@� ɩɪɟɞɫɬɚɜɥɟɧɵ� ɪɟɲɟɧɢɹ� ɤɨɧɬɚɤɬ�
ɧɵɯ� ɡɚɞɚɱ� ɨ� ɤɨɧɬɚɤɬɧɨɦ� ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ�
ɛɟɫɤɨɧɟɱɧɨɝɨ� ɫɬɪɢɧɝɟɪɚ� ɫ� ɨɞɧɨɣ� ɢ� ɞɜɭɦɹ�
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ� ɧɚɩɪɹɠɟɧɧɵɦɢ� ɩɨɥɨɫɚɦɢ��
ɂɫɫɥɟɞɨɜɚɧɢɟ�ɜɵɩɨɥɧɟɧɨ�ɜ�ɨɛɳɟɦ�ɜɢɞɟ�ɞɥɹ�
ɫɠɢɦɚɟɦɵɯ�ɢ�ɧɟɫɠɢɦɚɟɦɵɯ�ɬɟɥ�ɞɥɹ�ɬɟɨɪɢɢ�
ɛɨɥɶɲɢɯ� �ɤɨɧɟɱɧɵɯ�� ɧɚɱɚɥɶɧɵɯ� ɞɟɮɨɪɦɚ�
ɰɢɣ�ɢ�ɞɜɭɯ�ɜɚɪɢɚɧɬɨɜ�ɬɟɨɪɢɢ�ɦɚɥɵɯ�ɧɚɱɚɥɶ�
ɧɵɯ� ɞɟɮɨɪɦɚɰɢɣ� ɩɪɢ� ɩɪɨɢɡɜɨɥɶɧɨɣ� ɫɬɪɭɤ�
ɬɭɪɟ�ɭɩɪɭɝɨɝɨ�ɩɨɬɟɧɰɢɚɥɚ�

ɐɟɥɶ�ɪɚɛɨɬɵ��ɂɫɫɥɟɞɨɜɚɬɶ ɜ�ɪɚɦɤɚɯ�ɥɢ�
ɧɟɚɪɢɡɨɜɚɧɧɨɣ�ɬɟɨɪɢɢ�ɭɩɪɭɝɨɫɬɢ�ɞɜɟ�ɩɥɨɫ�
ɤɢɟ�ɤɨɧɬɚɤɬɧɵɟ�ɡɚɞɚɱɢ��ɱɬɨ�ɤɚɫɚɸɬɫɹ�ɩɟɪɟ�
ɞɚɱɢ�ɧɚɝɪɭɡɤɢ�ɨɬ�ɛɟɫɤɨɧɟɱɧɨɝɨ�ɫɬɪɢɧɝɟɪɚ�ɤ�
ɨɞɧɨɣ� ɢ� ɤ� ɞɜɭɦ� ɨɞɢɧɚɤɨɜɵɦ� ɩɨɥɨɫɚɦ� ɫ�
ɧɚɱɚɥɶɧɵɦɢ� ɧɚɩɪɹɠɟɧɢɹɦɢ� ɛɟɡ� ɭɱɟɬɚ� ɫɢɥ�
ɬɪɟɧɢɹ��Ɋɟɲɟɧɢɹ�ɡɚɞɚɱ�ɩɪɟɞɫɬɚɜɢɬɶ�ɜ�ɨɛɳɟɦ�
ɜɢɞɟ� ɞɥɹ� ɬɟɨɪɢɢ� ɛɨɥɶɲɢɯ� �ɤɨɧɟɱɧɵɯ��
ɧɚɱɚɥɶɧɵɯ� ɞɟɮɨɪɦɚɰɢɣ� ɢ� ɞɜɭɯ� ɜɚɪɢɚɧɬɨɜ�
ɬɟɨɪɢɢ�ɦɚɥɵɯ� ɧɚɱɚɥɶɧɵɯ� ɞɟɮɨɪɦɚɰɢɣ�� ɞɥɹ�
ɩɪɨɢɡɜɨɥɶɧɨɣ�ɫɬɪɭɤɬɭɪɵ�ɭɩɪɭɝɨɝɨ�ɩɨɬɟɧɰɢ�
ɚɥɚ��ȼɵɹɜɢɬɶ� ɜɥɢɹɧɢɟ�ɧɚɱɚɥɶɧɵɯ�ɧɚɩɪɹɠɟ�

ɧɢɣ�ɜ�ɩɨɥɨɫɚɯ�ɧɚ�ɡɚɤɨɧ�ɪɚɫɩɪɟɞɟɥɟɧɢɹ�ɤɨɧ�
ɬɚɤɬɧɵɯ� ɧɚɩɪɹɠɟɧɢɣ� ɩɨ� ɥɢɧɢɢ� ɤɨɧɬɚɤɬɚ� ɫ�
ɛɟɫɤɨɧɟɱɧɵɦ�ɫɬɪɢɧɝɟɪɨɦ�

ɉɨɫɬɚɧɨɜɤɚ� ɡɚɞɚɱɢ� ɋɥɟɞɭɹ� >���@� ɜɫɟ�
ɢɫɫɥɟɞɨɜɚɧɢɹ� ɩɪɨɜɟɞɟɦ� ɜ� ɤɨɨɪɞɢɧɚɬɚɯ�
ɧɚɱɚɥɶɧɨɝɨ� ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ� ɫɨɫɬɨɹɧɢɹ�
�L\ ɤɨɬɨɪɵɟ�ɫɜɹɡɚɧɧɵ�ɫ�ɥɚɝɪɚɧɠɟɜɵɦɢ�ɤɨɨɪ�

ɞɢɧɚɬɚɦɢ� L[ ɫɨɨɬɧɨɲɟɧɢɹɦɢ� L L L\ [O 
� ����L  �� ɝɞɟ� LO ± ɤɨɷɮɮɢɰɢɟɧɬɵ� ɭɞɥɢɧɟɧ�

ɧɵɟ�� ɨɩɪɟɞɟɥɹɸɳɢɟ� ɩɟɪɟɦɟɳɟɧɢɟ� ɧɚɱɚɥɶ�
ɧɨɝɨ�ɫɨɫɬɨɹɧɢɹ�ɜ�ɧɚɩɪɚɜɥɟɧɢɹɯ�ɨɫɟɣ�ɤɨɨɪɞɢ�
ɧɚɬ�

Ȼɭɞɟɦ�ɫɱɢɬɚɬɶ��ɱɬɨ�ɜɫɟɝɞɚ�ɜɵɩɨɥɧɹɸɬɫɹ�
ɱɟɬɵɪɟ�ɩɨɥɨɠɟɧɢɹ�>�@��ɤɨɬɨɪɵɟ�ɹɜɥɹɸɬɫɹ�ɨɫ�
ɧɨɜɧɵɦɢ�ɜ� ɬɟɨɪɢɢ�ɤɨɧɬɚɤɬɧɨɝɨ� ɜɡɚɢɦɨɞɟɣ�
ɫɬɜɢɹ� ɬɟɥ� ɫ� ɧɚɱɚɥɶɧɵɦɢ� �ɨɫɬɚɬɨɱɧɵɦɢ��
ɧɚɩɪɹɠɟɧɢɹɦɢ� ɢ�� ɫɥɟɞɨɜɚɬɟɥɶɧɨ�� ɨɩɪɟɞɟ�
ɥɹɸɬ�ɨɛɥɚɫɬɶ�ɟɟ�ɩɪɢɦɟɧɟɧɢɹ�

ȼ� ɨɛɥɚɫɬɢ� ɤɨɧɬɚɤɬɚ� ɭɩɪɭɝɨɣ� ɩɨɥɨɫɵ� ɫ�
ɧɚɱɚɥɶɧɵɦɢ� ɧɚɩɪɹɠɟɧɢɹɦɢ ɢɦɟɸɬ� ɦɟɫɬɨ�
ɭɫɥɨɜɢɹ�ɩɪɢ� � �\  �
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Ʉɚɤ�ɢɡɜɟɫɬɧɨ�ɢɡ�>�� �@��ɭɫɥɨɜɢɹ�����ɷɤɜɢ�
ɜɚɥɟɧɬɧɵ�ɭɫɥɨɜɢɹɦ�
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ɍɫɥɨɜɢɹ� ���� ɢ� ���� ɨɬɥɢɱɚɸɬɫɹ� ɞɪɭɝ� ɨɬ�
ɞɪɭɝɚ� ɬɨɥɶɤɨ� ɩɨɫɬɨɹɧɧɨɣ� ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ��
ɱɬɨ� ɜɵɪɚɠɚɟɬ� ɠɟɫɬɤɨɟ� ɫɦɟɳɟɧɢɟ� ɩɨɥɨɫɵ� ɫ�
ɧɚɱɚɥɶɧɵɦɢ�ɧɚɩɪɹɠɟɧɢɹɦɢ��ɜɦɟɫɬɟ� ɫ� ɭɫɥɨ�
ɜɢɟɦ�ɪɚɜɧɨɜɟɫɢɹ�
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ɡɚɦɵɤɚɸɬ�ɩɨɫɬɚɧɨɜɤɭ�ɥɢɧɟɚɪɢɡɨɜɚɧɧɵɯ�ɡɚ�
ɞɚɱ� ɨ� ɤɨɧɬɚɤɬɧɨɦ� ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ� ɭɩɪɭɝɢɯ�
ɧɚɤɥɚɞɨɤ��ɱɬɨ�ɭɫɢɥɢɜɚɸɬ�ɭɩɪɭɝɭɸ�ɩɨɥɨɫɭ�

Ɂɚɞɚɱɚ����Ʉɨɧɬɚɤɬɧɨɟ�ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ�
ɛɟɫɤɨɧɟɱɧɨɝɨ� ɫɬɪɢɧɝɟɪɚ� ɫ� ɩɪɟɞɜɚɪɢ�
ɬɟɥɶɧɨ�ɧɚɩɪɹɠɟɧɧɨɣ�ɩɨɥɨɫɨɣ�ɉɭɫɬɶ�ɭɩɪɭ�
ɝɚɹ� ɛɟɫɤɨɧɟɱɧɚɹ� ɩɨɥɨɫɚ� ɫ� ɧɚɱɚɥɶɧɵɦɢ�
ɧɚɩɪɹɠɟɧɢɹɦɢ� ɢɦɟɟɬ� ɬɨɥɳɢɧɭ� W ɢ� ɡɚɳɟɦ�
ɥɟɧɚ� ɨɞɧɢɦ� ɤɪɚɟɦ� �ɧɚɯɨɞɹɫɶ� ɜ� ɭɫɥɨɜɢɹɯ�
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ɩɥɨɫɤɨɣ� ɞɟɮɨɪɦɚɰɢɢ��� ɚ� ɞɪɭɝɢɦ� �ɫɜɨɛɨɞ�
ɧɵɦ��ɤɪɚɟɦ�ɭɫɢɥɟɧɧɚɹ�ɛɟɫɤɨɧɟɱɧɨ�ɞɥɢɧɧɵɦ�
ɫɬɪɢɧɝɟɪɨɦ��ɬɨɥɳɢɧɚ�ɤɨɬɨɪɨɝɨ�K �ɪɢɫ�����

Ɋɢɫ���� Ⱦɟɣɫɬɜɢɟ�ɫɢɥ�ɧɚ�ɭɫɢɥɟɧɧɭɸ�ɩɨɥɨɫɭ

Ȼɭɞɟɦ� ɫɱɢɬɚɬɶ�� ɱɬɨ�ɩɨɞ�ɞɟɣɫɬɜɢɟɦ�ɜɟɪ�
ɬɢɤɚɥɶɧɵɯ�ɢ�ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ�ɫɢɥ�ɢɧɬɟɧɫɢɜ�
ɧɨɫɬɢ� ɫɬɪɢɧɝɟɪ� ɜ� ɜɟɪɬɢɤɚɥɶɧɨɦ� ɧɚɩɪɚɜɥɟ�
ɧɢɢ�ɫɝɢɛɚɟɬɫɹ�ɤɚɤ�ɨɛɵɱɧɚɹ�ɛɚɥɤɚ��ɚ�ɜ�ɝɨɪɢ�
ɡɨɧɬɚɥɶɧɨɦ�± ɪɚɫɬɹɝɢɜɚɟɬɫɹ��ɫɠɢɦɚɟɬɫɹ��ɤɚɤ�
ɨɞɧɨɨɫɧɵɣ�ɧɚɩɪɹɠɟɧɧɵɣ� ɫɬɟɪɠɟɧɶ��ɋɥɟɞɨ�
ɜɚɬɟɥɶɧɨ��ɦɨɠɧɨ�ɡɚɩɢɫɚɬɶ�
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� �X \ � � � ��

�Y \ ± ɤɨɦɩɨɧɟɧɬɵ�ɜɟɤɬɨɪɚ�

ɩɟɪɟɦɟɳɟɧɢɣ�ɜ�ɭɩɪɭɝɨɦ�ɫɬɪɢɧɝɟɪɟ� �' ± ɤɨ�

ɷɮɮɢɰɢɟɧɬ� ɠɟɫɬɤɨɫɬɢ� ɫɬɪɢɧɝɟɪɚ� ɧɚ� ɢɡɝɢɛ�

�( ± ɦɨɞɭɥɶ�ɘɧɝɚ� � �� � �S \ � �� �S \ � �� � �T \

� ��T \ ± ɢɧɬɟɧɫɢɜɧɨɫɬɢ�ɜɟɪɬɢɤɚɥɶɧɵɯ�ɢ�ɝɨ�

ɪɢɡɨɧɬɚɥɶɧɵɯ�ɫɢɥ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ�

ɉɪɢ�ɭɫɥɨɜɢɢ�ɩɨɥɧɨɝɨ�ɤɨɧɬɚɤɬɚ�ɫɥɟɞɭɟɬ�
ɨɬɦɟɬɢɬɶ��ɱɬɨ�ɞɨɥɠɧɵ�ɜɵɩɨɥɧɹɬɶɫɹ�ɭɫɥɨɜɢɹ�
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ɬɨɪɚ� ɩɟɪɟɦɟɳɟɧɢɣ� ɜ� ɭɩɪɭɝɨɣ� ɩɨɥɨɫɟ� ɫ�
ɧɚɱɚɥɶɧɵɦɢ�ɧɚɩɪɹɠɟɧɢɹɦɢ�

ȿɫɥɢ�ɭɱɟɫɬɶ�ɭɫɥɨɜɢɹ�����������ɩɪɢ�ɜɵɩɨɥ�
ɧɟɧɢɢ�ɭɫɥɨɜɢɹ���� ɩɟɪɟɦɟɳɟɧɢɹ�ɝɪɚɧɢɱɧɵɯ�
ɬɨɱɟɤ� ɫɜɨɛɨɞɧɵɯ� ɨɬ� ɡɚɳɟɦɥɟɧɢɹ�� ɢɦɟɸɬ�
ɜɢɞ�
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ɝɞɟ� LMK � � ����L M  ± ɮɭɧɤɰɢɢ� ɜɥɢɹɧɢɹ� ɞɥɹ�

ɭɩɪɭɝɨɣ� ɩɨɥɨɫɵ� ɫ� ɧɚɱɚɥɶɧɵɦɢ� �ɨɫɬɚɬɨɱ�
ɧɵɦɢ�� ɧɚɩɪɹɠɟɧɢɹɦɢ�� ɜɵɪɚɠɟɧɢɹ� ɤɨɬɨɪɵɯ�
ɡɚɞɚɸɬɫɹ�ɜ�>�@�

ɍɱɢɬɵɜɚɹ� ��������� ɩɨɥɭɱɢɦ� ɫɥɟɞɭɸɳɭɸ�
ɫɢɫɬɟɦɭ� ɢɧɬɟɝɪɨ�ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɧɵɯ�
ɭɪɚɜɧɟɧɢɣ�
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ɉɪɢ� ɭɫɥɨɜɢɢ�� ɱɬɨ� ɧɚ� ɧɚɤɥɚɞɤɭ� ɞɟɣ�
ɫɬɜɭɸɬ�ɬɨɥɶɤɨ�ɜɟɪɬɢɤɚɥɶɧɵɟ�ɫɢɥɵ� � �� �S \ � ɚ�

� �� � �T \  ��ɬɨ�ɫɢɫɬɟɦɚ�����ɫɜɨɞɢɬɫɹ�ɤ�ɨɞɧɨɦɭ�

ɢɧɬɟɝɪɨ�ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɦɭ�ɭɪɚɜɧɟɧɢɸ�
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ɍɪɚɜɧɟɧɢɟ�����ɨɩɢɫɵɜɚɟɬ�ɢɡɝɢɛ�ɭɩɪɭɝɨɣ�
ɧɚɤɥɚɞɤɢ�ɧɚ� ɭɩɪɭɝɨɣ�ɩɨɥɨɫɟ� ɫ� ɧɚɱɚɥɶɧɵɦɢ�

ɧɚɩɪɹɠɟɧɢɹɦɢ�� ȼ� ɫɥɭɱɚɟ�� ɤɨɝɞɚ� ɩɨɞ� ɞɟɣ�
ɫɬɜɢɟɦ� ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ� ɫɢɥ � �� �T \

� �� �� � �S \  ɭɩɪɭɝɚɹ�ɧɚɤɥɚɞɤɚ�ɬɨɥɶɤɨ�ɪɚɫɬɹ�

ɝɢɜɚɟɬɫɹ��ɩɨɥɭɱɢɦ�ɫɥɟɞɭɸɳɟɟ�ɭɪɚɜɧɟɧɢɟ�
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ȼɿɫɧɢɤ�Ɂɚɩɨɪɿɡɶɤɨɝɨ�ɧɚɰɿɨɧɚɥɶɧɨɝɨ�ɭɧɿɜɟɪɫɢɬɟɬɭ ʋ��������

Ⱦɥɹ� ɪɟɲɟɧɢɹ� ɫɢɫɬɟɦɵ� ɢɧɬɟɝɪɨ�ɞɢɮɮɟ�
ɪɟɧɰɢɚɥɶɧɵɯ�ɭɪɚɜɧɟɧɢɣ�����ɩɪɢɦɟɧɢɦ�ɢɧɬɟ�
ɝɪɚɥɶɧɵɟ� ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ� Ɏɭɪɶɟ� ɩɨ� ɩɟɪɟ�

ɦɟɧɧɨɣ� �\ �� ɜ� ɪɟɡɭɥɶɬɚɬɟ� ɩɨɥɭɱɢɦ� ɜɵɪɚɠɟ�

ɧɢɹ� ɞɥɹ� ɧɚɯɨɠɞɟɧɢɹ� ɤɨɧɬɚɤɬɧɵɯ� ɧɚɩɪɹɠɟ�
ɧɢɣ� � ��S \ ɢ� � ��T \ �

� � � � � � � �� � �
� �� � �� �

� �

VLQ FRVS \ 4 + + \ G 3 + + \ G
P D D D D D D D D
S

f f
 �  �ª º

 � � �« »
¬ ¼
³ ³ � ��\�f � � f

� � � � � � � �� �
� �� � �� �

� �

FRV VLQT \ 4 + + \ G 3 + + \ G
P D D D D D D D
S

f f
 �  �ª º

 � �« »
¬ ¼
³ ³ � ����

Ɂɞɟɫɶ�ɜɟɥɢɱɢɧɵ 3 ��4 ± ɜɟɪɬɢɤɚɥɶɧɵɟ�ɢ�ɝɨ�
ɪɢɡɨɧɬɚɥɶɧɵɟ�ɜɧɟɲɧɢɟ�ɫɢɥɵ��ɤɨɬɨɪɵɦɢ�ɡɚ�
ɝɪɭɠɟɧɚ�ɭɩɪɭɝɚɹ�ɧɚɤɥɚɞɤɚ��ɚ LM+  � �� �� �L M  
ɜɵɪɚɠɚɸɬɫɹ� ɱɟɪɟɡ� ɢɡɜɟɫɬɧɵɟ� ɮɭɧɤɰɢɢ�

LM+ � �� �� �L M  �� ɤɨɬɨɪɵɟ� ɨɩɪɟɞɟɥɹɸɬɫɹ� ɞɥɹ�

ɪɚɜɧɵɯ�ɢ�ɧɟɪɚɜɧɵɯ�ɤɨɪɧɟɣ�ɨɩɪɟɞɟɥɹɸɳɟɝɨ�
ɭɪɚɜɧɟɧɢɹ�>�@�ɫɨɝɥɚɫɧɨ�ɫ�>�@�

Ɂɚɞɚɱɚ����Ʉɨɧɬɚɤɬɧɨɟ�ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ�
ɛɟɫɤɨɧɟɱɧɨɝɨ� ɫɬɪɢɧɝɟɪɚ� ɫ� ɞɜɭɦɹ�ɩɪɟɞɜɚ�
ɪɢɬɟɥɶɧɨ� ɧɚɩɪɹɠɟɧɧɵɦɢ� ɩɨɥɨɫɚɦɢ��
ɉɭɫɬɶ� ɛɟɫɤɨɧɟɱɧɵɟ� ɭɩɪɭɝɢɟ� ɩɨɥɨɫɵ� ɢɡɝɨ�
ɬɨɜɥɟɧɵ�ɢɡ�ɨɞɢɧɚɤɨɜɵɯ�ɫɠɢɦɚɟɦɵɯ�ɢɥɢ�ɧɟ�
ɫɠɢɦɚɟɦɵɯ�ɦɚɬɟɪɢɚɥɨɜ�ɫ�ɩɨɬɟɧɰɢɚɥɨɦ�ɩɪɨ�
ɢɡɜɨɥɶɧɨɣ� ɫɬɪɭɤɬɭɪɵ�� ȼ� ɞɚɧɧɵɯ� ɩɨɥɨɫɚɯ�

ɞɟɣɫɬɜɭɸɬ�ɨɞɢɧɚɤɨɜɵɟ�ɧɚɱɚɥɶɧɵɟ��ɨɫɬɚɬɨɱ�
ɧɵɟ��ɧɚɩɪɹɠɟɧɢɹ��ɩɪɢɱɟɦ�ɬɨɥɳɢɧɵ�ɩɨɥɨɫ�±
W ��ɉɨ�ɤɪɚɹɦ�ɩɪɢ� \ W r ɩɨɥɨɫɵ�ɭɳɟɦɥɟɧɵ ɢ�
ɧɚɯɨɞɹɬɫɹ�ɜ�ɭɫɥɨɜɢɹɯ�ɩɥɨɫɤɨɣ�ɞɟɮɨɪɦɚɰɢɢ�

Ȼɭɞɟɦ�ɫɱɢɬɚɬɶ��ɱɬɨ�ɛɟɫɤɨɧɟɱɧɵɟ�ɭɩɪɭɝɢɟ�ɩɨ�
ɥɨɫɵ� ɫɨɟɞɢɧɟɧɵ� ɦɟɠɞɭ� ɫɨɛɨɣ� ɛɟɫɤɨɧɟɱɧɵɦ�
ɭɩɪɭɝɢɦ�ɫɬɪɢɧɝɟɪɨɦ�ɫ�ɦɨɞɭɥɟɦ�ɭɩɪɭɝɨɫɬɢ�ɦɚɬɟ�
ɪɢɚɥɚ� �( ɢ�ɤɨɷɮɮɢɰɢɟɧɬɨɦ�ɉɭɚɫɫɨɧɚ� �Q ��ɉɭɫɬɶ�

ɬɚɤɠɟ�ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ�ɧɚɩɪɹɠɟɧɧɵɟ�ɩɨɥɨɫɵ�ɡɚ�
ɝɪɭɠɟɧɵ�ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ�ɫɢɥɨɣ� � �� �4 \G ��ɤɨɬɨ�

ɪɚɹ� ɞɟɣɫɬɜɭɟɬ� ɜ� ɫɪɟɞɧɟɣ� ɬɨɱɤɟ� ɫɬɪɢɧɝɟɪɚ� �ɬɭɬ�

� ��\G ± ɞɟɥɶɬɚ�ɮɭɧɤɰɢɹ�Ⱦɢɪɚɤɚ���ɂɫɫɥɟɞɨɜɚɧɢɟ�

ɞɚɧɧɨɣ�ɡɚɞɚɱɢ�ɩɪɨɜɟɞɟɦ�ɜ�ɤɨɨɪɞɢɧɚɬɚɯ�ɧɚɱɚɥɶ�
ɧɨɝɨ� �ɨɫɬɚɬɨɱɧɨɝɨ�� ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ� ɫɨɫɬɨɹ�
ɧɢɹ� � �2\ \ �Sɢɫ� ���

Ɋɢɫ���� Ⱦɟɣɫɬɜɢɟ�ɫɢɥ�ɧɚ�ɩɨɥɨɫɵ

Ɉɩɪɟɞɟɥɢɦ� ɡɚɤɨɧ� ɪɚɫɩɪɟɞɟɥɟɧɢɹ� ɧɨɪ�
ɦɚɥɶɧɵɯ ɢ� ɬɚɧɝɟɧɰɢɚɥɶɧɵɯ� ɤɨɧɬɚɤɬɧɵɯ�
ɧɚɩɪɹɠɟɧɢɣ�ɜɞɨɥɶ�ɥɢɧɢɢ�ɫɨɟɞɢɧɟɧɢɹ�ɫɬɪɢɧ�
ɝɟɪɚ�ɫ�ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ�ɧɚɩɪɹɠɟɧɧɵɦɢ�ɩɨɥɨ�
ɫɚɦɢ�� ɉɪɢ� ɷɬɨɦ� ɞɥɹ� ɫɥɭɱɚɹ� ɭɫɢɥɟɧɢɹ� ɞɜɭɯ�
ɨɞɢɧɚɤɨɜɵɯ�ɩɨɥɨɫ�ɫɢɫɬɟɦɚ���������ɢɡ ɩɪɟɞɵ�
ɞɭɳɟɣ�ɡɚɞɚɱɢ�ɩɪɢɦɟɬ�ɜɢɞ�
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ɂɡ�����������ɨɬɧɨɫɢɬɟɥɶɧɨ�ɧɟɢɡɜɟɫɬɧɵɯ�ɤɨɧɬɚɤɬɧɵɯ�ɧɚɩɪɹɠɟɧɢɣ�ɩɨɥɭɱɢɦ�ɫɥɟɞɭɸɳɭɸ�
ɫɢɫɬɟɦɭ�ɢɧɬɟɝɪɨ�ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ�ɭɪɚɜɧɟɧɢɣ�
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ɝɞɟ LMK � �� �� �L M  ± ɮɭɧɤɰɢɢ� ɜɥɢɹɧɢɹ� ɞɥɹ�

ɭɩɪɭɝɨɣ� ɩɨɥɨɫɵ� ɫ� ɧɚɱɚɥɶɧɵɦɢ�ɧɚɩɪɹɠɟɧɢ�
ɹɦɢ�>�@��ɉɪɢɦɟɧɢɜ�ɮɨɪɦɭɥɵ�Ʉɪɚɦɟɪɚ�ɢ ɨɛ�
ɪɚɬɧɨɟ�ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ�Ɏɭɪɶɟ��ɩɨɥɭɱɢɦ�ɪɟ�
ɲɟɧɢɟ�ɫɢɫɬɟɦɵ�ɢɧɬɟɝɪɨ�ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ�
ɭɪɚɜɧɟɧɢɣ� ������ɗɬɨ�ɪɟɲɟɧɢɟ�ɞɚɟɬ�ɜɵɪɚɠɟ�
ɧɢɹ�ɞɥɹ�ɢɫɤɨɦɵɯ�ɤɨɧɬɚɤɬɧɵɯ�ɧɚɩɪɹɠɟɧɢɣ�ɜ�
ɜɢɞɟ�
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ɂɫɫɥɟɞɨɜɚɜ� ɧɚ� ɫɯɨɞɢɦɨɫɬɶ� ɧɟɫɨɛɫɬɜɟɧ�
ɧɵɟ� ɢɧɬɟɝɪɚɥɵ�� ɜɯɨɞɹɳɢɟ� ɜ� ������ ɚ� ɬɚɤɠɟ�

ɭɱɢɬɵɜɚɹ� ɡɧɚɱɟɧɢɟ� � �
LM+ D ɢ� ɡɧɚɱɟɧɢɟ�

� �LM+ D � >�@ ɢ�ɚɫɢɦɩɬɨɬɢɱɟɫɤɢɟ�ɮɨɪɦɭɥɵ�ɞɥɹ�

� �LM+ D � ɭɩɭɫɤɚɹ� ɝɪɨɦɨɡɞɤɢɟ� ɩɪɟɨɛɪɚɡɨɜɚ�

ɧɢɹ� ɞɥɹ� ɤɨɧɬɚɤɬɧɵɯ� ɤɚɫɚɬɟɥɶɧɵɯ�ɧɚɩɪɹɠɟ�
ɧɢɣ�>�@� ɞɥɹ�ɫɥɭɱɚɹ�ɞɟɣɫɬɜɢɹ�ɬɨɥɶɤɨ�ɝɨɪɢɡɨɧ�

ɬɚɥɶɧɨɣ� ɜɧɟɲɧɟɣ� ɫɢɥɵ� � �� �4 \G �� ɩɨɥɭɱɢɦ�
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± ɢɧɬɟɝɪɚɥɶɧɵɣ� ɫɢɧɭɫ� ɢ� ɤɨɫɢɧɭɫ� ɫɨɨɬɜɟɬ�
ɫɬɜɟɧɧɨ�

Ⱥɧɚɥɢɡ�ɱɢɫɥɟɧɧɵɯ�ɪɟɡɭɥɶɬɚɬɨɜ�ɢɫɫɥɟ�
ɞɨɜɚɧɢɹ��Ⱦɥɹ ɮɨɪɦɭɥɵ� ����� ɛɵɥ� ɩɪɨɜɟɞɟɧ�
ɱɢɫɥɟɧɧɵɣ�ɪɚɫɱɟɬ�>�@��ɪɟɡɭɥɶɬɚɬɵ�ɤɨɬɨɪɨɝɨ�
ɩɪɟɞɫɬɚɜɥɟɧɵ� ɧɚ� ɝɪɚɮɢɤɚɯ� �ɪɢɫ�� ��� ���� ȼɫɟ�

ɜɵɜɨɞɵ�ɩɨɥɭɱɟɧɵ�ɞɥɹ�ɫɠɢɦɚɟɦɵɯ�ɢ�ɧɟ�ɫɠɢ�
ɦɚɟɦɵɯ�ɦɚɬɟɪɢɚɥɨɜ�ɜ�ɫɥɭɱɚɟ�ɪɚɜɧɵɯ��ɝɚɪɦɨ�
ɧɢɱɧɵɣ� ɩɨɬɟɧɰɢɚɥ�� ɩɨɬɟɧɰɢɚɥ� Ȼɚɪɬɟɧɟɜɚ�
ɏɚɡɚɧɨɜɢɱɚ�� ɢ� ɧɟɪɚɜɧɵɯ� �ɩɨɬɟɧɰɢɚɥ� Ɍɪɟ�
ɥɨɚɪɚ�� ɤɨɪɧɟɣ� ɨɩɪɟɞɟɥɹɸɳɟɝɨ� ɭɪɚɜɧɟ�
ɧɢɹ�>�@�

ɑɢɫɥɨɜɵɟ�ɪɚɫɱɟɬɵ�ɩɪɨɜɟɞɟɧɵ�ɧɚ�ɉɄ�ɩɨ�
ɥɢɰɟɧɡɢɨɧɧɨɦɭ� ɩɪɨɝɪɚɦɦɧɨɦɭ� ɨɛɟɫɩɟɱɟ�
ɧɢɸ�0DSOH�>��@�ɫɨɝɥɚɫɧɨ�ɛɟɡɪɚɡɦɟɪɧɵɦ�ɜɟ�

ɥɢɱɢɧɚɦ�� � ��K3 S W� ± ɧɨɪɦɚɥɶɧɵɟ� ɤɨɧɬɚɤɬ�

ɧɵɟ� ɧɚɩɪɹɠɟɧɢɹ� � ��K4 T W� ± ɬɚɧɝɟɧɰɢɚɥɶ�

ɧɵɟ�ɤɨɧɬɚɤɬɧɵɟ�ɧɚɩɪɹɠɟɧɢɹ�



9LVQ\N�RI�=DSRUL]K]KLD�1DWLRQDO�8QLYHUVLW\��3K\VLFDO�DQG�0DWKHPDWLFDO�6FLHQFHV ��

ȼɿɫɧɢɤ�Ɂɚɩɨɪɿɡɶɤɨɝɨ�ɧɚɰɿɨɧɚɥɶɧɨɝɨ�ɭɧɿɜɟɪɫɢɬɟɬɭ ʋ��������

Ɋɢɫ���� ɂɧɬɟɧɫɢɜɧɨɫɬɢ�ɧɨɪɦɚɥɶɧɵɯ�ɤɨɧɬɚɤɬɧɵɯ�ɧɚɩɪɹɠɟɧɢɣ�ɩɨɞ�ɫɬɪɢɧɝɟɪɨɦ

Ɋɢɫ���� ɂɧɬɟɧɫɢɜɧɨɫɬɢ�ɬɚɧɝɟɧɰɢɚɥɶɧɵɯ�ɤɨɧɬɚɤɬɧɵɯ�ɧɚɩɪɹɠɟɧɢɣ�ɩɨɞ�ɫɬɪɢɧɝɟɪɨɦ

ɇɚ� ɪɢɫ�� ��� �� ɩɪɨɢɥɥɸɫɬɪɢɪɨɜɚɧɨ� ɜɥɢɹɧɢɟ�
ɧɚɱɚɥɶɧɵɯ�ɧɚɩɪɹɠɟɧɢɣ�ɜ�ɭɩɪɭɝɢɯ�ɩɨɥɨɫɚɯ�ɧɚ�ɡɚ�
ɤɨɧ�ɪɚɫɩɪɟɞɟɥɟɧɢɹ�ɤɨɧɬɚɤɬɧɵɯ�ɧɚɩɪɹɠɟɧɢɣ�ɩɨɞ�
ɫɬɪɢɧɝɟɪɨɦ�ɞɥɹ�ɛɟɡɪɚɡɦɟɪɧɵɯ�ɜɟɥɢɱɢɧ� � ��K4 T W�

ɢ� � ��K3 S W� ��ɝɞɟ� � ��K4 T W� �� � ��K3 S W� ± ɛɟɡɪɚɡ�

ɦɟɪɧɵɟ�ɤɨɧɬɚɤɬɧɵɟ�ɬɚɧɝɟɧɰɢɚɥɶɧɵɟ�ɢ�ɧɨɪɦɚɥɶ�
ɧɵɟ� ɧɚɩɪɹɠɟɧɢɹ�� ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ�� Ɂɧɚɱɟɧɢɸ�

� �O  �ɩɭɧɤɬɢɪɧɚɹ�ɥɢɧɢɹ�ɧɚ�ɪɢɫ� �� ���± ɫɨɨɬɜɟɬ�

ɫɬɜɭɟɬ� ɤɥɚɫɫɢɱɟɫɤɨɣ� ɬɟɨɪɢɢ� ɭɩɪɭɝɨɫɬɢ� ɢ� ɫɨɜɩɚ�
ɞɚɟɬ�ɫ�ɪɟɡɭɥɶɬɚɬɚɦɢ�ɪɚɛɨɬɵ�>�@�� � �����������O  
± ɫɨɨɬɜɟɬɫɬɜɭɸɬ� ɧɚɱɚɥɶɧɵɦ� ɧɚɩɪɹɠɟɧɢɟɦ� ɫɠɚ�
ɬɢɹ�� ɚ� � �����������O  ± ɧɚɩɪɹɠɟɧɢɟɦ� ɪɚɫɬɹɠɟ�

ɧɢɹ�� W ± ɛɟɡɪɚɡɦɟɪɧɚɹ� ɤɨɨɪɞɢɧɚɬɚ� ɧɚɱɚɥɶɧɨɝɨ�
ɧɚɩɪɹɠɟɧɧɨɝɨ�ɫɨɫɬɨɹɧɢɹ�ɜ�ɭɩɪɭɝɢɯ�ɩɨɥɨɫɚɯ�

ȼɵɜɨɞɵ͘�ɉɨɥɭɱɟɧɧɵɟ� ɪɟɡɭɥɶɬɚɬɵ� ɩɪɨ�
ɜɟɞɟɧɧɨɝɨ�ɢɫɫɥɟɞɨɜɚɧɢɹ�ɩɨɡɜɨɥɹɸɬ�ɫɞɟɥɚɬɶ�
ɪɹɞ� ɨɛɨɛɳɚɸɳɢɯ� ɜɵɜɨɞɨɜ�� ɨ� ɜɥɢɹɧɢɢ�
ɧɚɱɚɥɶɧɵɯ�ɧɚɩɪɹɠɟɧɢɣ� ɧɚ� ɡɚɤɨɧ� ɪɚɫɩɪɟɞɟ�
ɥɟɧɢɹ�ɤɨɧɬɚɤɬɧɵɯ�ɭɫɢɥɢɣ�ɩɨɞ�ɛɟɫɤɨɧɟɱɧɨɣ�
ɧɚɤɥɚɞɤɨɣ�� ɤɨɬɨɪɚɹ� ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ� ɫ� ɨɞ�
ɧɨɣ� ɢ� ɫ� ɞɜɭɦɹ� ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ� ɧɚɩɪɹɠɟɧ�
ɧɵɦɢ�ɩɨɥɨɫɚɦɢ�

�� ȼ�ɨɛɳɟɦ�ɫɥɭɱɚɟ�ɩɪɢ�ɪɚɜɧɵɯ�ɢ�ɧɟɪɚɜ�
ɧɵɯ� ɤɨɪɧɹɯ� ɨɩɪɟɞɟɥɹɸɳɟɝɨ� ɭɪɚɜɧɟɧɢɹ� >���
ɫ� ���@�ɞɥɹ�ɞɚɧɧɨɝɨ�ɬɢɩɚ�ɡɚɞɚɱ��ɜ�ɪɚɦɤɚɯ�ɥɢ�
ɧɟɚɪɢɡɨɜɚɧɧɨɣ� ɬɟɨɪɢɢ ɭɩɪɭɝɨɫɬɢ�� ɫɮɨɪɦɭ�
ɥɢɪɨɜɚɧ�ɨɛɳɢɣ�ɦɟɬɨɞ�ɢɯ�ɪɟɲɟɧɢɹ��ɤɨɬɨɪɵɣ�
ɞɚɟɬ� ɜɨɡɦɨɠɧɨɫɬɶ� ɩɨɥɭɱɢɬɶ� ɪɟɲɟɧɢɹ� ɩɨ�
ɫɬɚɜɥɟɧɧɵɯ� ɡɚɞɚɱ�� ɟɫɥɢ� ɢɡɜɟɫɬɧɨ� ɪɟɲɟɧɢɟ�
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ɚɧɚɥɨɝɢɱɧɵɯ� ɥɢɧɟɣɧɵɯ� ɡɚɞɚɱ� �ɛɟɡ� ɧɚɱɚɥɶ�
ɧɵɯ�ɧɚɩɪɹɠɟɧɢɣ��

�� ȼ� ɫɥɭɱɚɟ� ɪɚɜɧɵɯ� ɤɨɪɧɟɣ� ɨɩɪɟɞɟɥɹɸ�
ɳɟɝɨ� ɭɪɚɜɧɟɧɢɹ� >��� ɫ� ���@� ɞɥɹ� ɬɟɥ� ɫ� ɭɩɪɭ�
ɝɢɦɢ� ɩɨɬɟɧɰɢɚɥɚɦɢ� ɩɪɨɢɡɜɨɥɶɧɨɣ� ɫɬɪɭɤ�
ɬɭɪɵ�ɧɚɩɪɹɠɟɧɢɹ�ɢ�ɩɟɪɟɦɟɳɟɧɢɹ�ɧɚ�ɤɨɧɰɚɯ�
ɭɩɪɭɝɢɯ� ɧɚɤɥɚɞɨɤ� ɢɦɟɸɬ� ɨɫɨɛɟɧɧɨɫɬɶ�� ɱɬɨ�
ɩɨɥɧɨɫɬɶɸ�ɫɨɜɩɚɞɚɟɬ�ɫ�ɨɫɨɛɟɧɧɨɫɬɶɸ�ɜ�ɚɧɚ�
ɥɨɝɢɱɧɵɯ� ɡɚɞɚɱɚɯ� ɤɥɚɫɫɢɱɟɫɤɨɣ� ɥɢɧɟɣɧɨɣ�
ɬɟɨɪɢɢ� ɭɩɪɭɝɨɫɬɢ��ȼ� ɫɥɭɱɚɟ�ɧɟɪɚɜɧɵɯ�ɤɨɪ�
ɧɟɣ� ɢɞɟɧɬɢɱɧɨɫɬɶ� ɭɤɚɡɚɧɧɵɯ� ɨɫɨɛɟɧɧɨɫɬɟɣ�
ɞɨɤɚɡɚɬɶ�ɧɟ�ɭɞɚɟɬɫɹ�

�� Ⱥɧɚɥɢɡ�ɱɢɫɥɟɧɧɵɯ�ɪɟɡɭɥɶɬɚɬɨɜ�ɩɨɤɚ�
ɡɵɜɚɟɬ��ɱɬɨ�ɜ�ɫɥɭɱɚɟ�ɫɠɚɬɢɹ� � �� �O � ɧɚɥɢɱɢɟ�

ɧɚɱɚɥɶɧɵɯ� ɧɚɩɪɹɠɟɧɢɣ� ɜ� ɭɩɪɭɝɨɣ� ɩɨɥɨɫɟ�
ɩɪɢɜɨɞɢɬ� ɤ� ɡɧɚɱɢɬɟɥɶɧɨɦɭ� ɭɦɟɧɶɲɟɧɢɸ�
ɤɨɧɬɚɤɬɧɵɯ�ɧɚɩɪɹɠɟɧɢɣ��ɜ�ɫɥɭɱɚɟ�ɪɚɫɬɹɠɟ�
ɧɢɹ� � �� �O ! ± ɤ�ɢɯ�ɭɜɟɥɢɱɟɧɢɸ��Ⱥ�ɫ�ɩɪɨɢɥ�

ɥɸɫɬɪɢɪɨɜɚɧɧɵɯ� ɝɪɚɮɢɤɨɜ� �ɪɢɫ�� ��� ��� ɫɥɟ�
ɞɭɟɬ�� ɱɬɨ� ɛɨɥɟɟ� ɫɭɳɟɫɬɜɟɧɧɨɟ� ɜɥɢɹɧɢɟ�
ɧɚɱɚɥɶɧɵɯ� ɧɚɩɪɹɠɟɧɢɣ� ɧɚɛɥɸɞɚɟɬɫɹ� ɜ� ɜɵ�
ɫɨɤɨɷɥɚɫɬɢɱɧɵɯ�ɦɚɬɟɪɢɚɥɚɯ�

Ʌɢɬɟɪɚɬɭɪɚ

�� Ƚɭɡɶ Ⱥ� ɇ�� Ȼɚɛɢɱ ɋ� ɘ��� Ɋɭɞɧɢɰɤɢɣ ȼ� Ȼ� Ʉɨɧɬɚɤɬɧɨɟ� ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ� ɭɩɪɭɝɢɯ� ɬɟɥ� ɫ� ɧɚɱɚɥɶ�
ɧɵɦɢ��ɨɫɬɚɬɨɱɧɵɦɢ��ɧɚɩɪɹɠɟɧɢɹɦɢ� Ɋɚɡɜɢɬɢɟ�ɢɞɟɣ�Ʌ��Ⱥ��Ƚɚɥɢɧɚ�ɜ�ɦɟɯɚɧɢɤɟ��Ɇɨɫɤɜɚ±ɂɠɟɜɫɤ�
ɂɧɫɬ�ɬ�ɤɨɦɩɶɸɬɟɪ��ɢɫɫɥɟɞɨɜɚɧɢɣ������������ɫ�

�� Ƚɭɡɶ Ⱥ� ɇ�� Ɋɭɞɧɢɰɤɢɣ ȼ� Ȼ� Ɉɫɧɨɜɵ�ɬɟɨɪɢɢ�ɤɨɧɬɚɤɬɧɨɝɨ�ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ�ɭɩɪɭɝɢɯ�ɬɟɥ�ɫ�ɧɚɱɚɥɶ�
ɧɵɦɢ��ɨɫɬɚɬɨɱɧɵɦɢ��ɧɚɩɪɹɠɟɧɢɹɦɢ��ɏɦɟɥɶɧɢɰɶɤɢɣ� ɂɡɞ�ɜɨ ©ɉɉ�Ɇɟɥɶɧɢɤª� ����������ɫ�

�� Ⱦɢɯɬɹɪɭɤ ɇ� ɇ�� Ʉɭɪɢɧɟɧɤɨ Ɉ� ȼ��� ɉɨɩɥɚɜɫɤɚɹ ȿ� Ⱥ��� ɋɚɦɚɪɭɤ ɇ� ɇ�� Ʉɨɧɬɚɤɬɧɵɟ� ɡɚɞɚɱɢ� ɞɥɹ�
ɩɪɟɞɧɚɩɪɹɠɟɧɧɵɯ�ɞɟɮɨɪɦɢɪɭɟɦɵɯ�ɬɟɥ� ɉɪɢɤɥɚɞɧɚɹ�ɦɟɯɚɧɢɤɚ� ����� Ɍ������ʋ����ɋ����±���

�� Ⱦɢɯɬɹɪɭɤ ɇ� ɇ�� Ɉ� ɪɚɜɧɨɜɟɫɢɢ� ɩɨɥɨɫɵ� ɫ� ɧɚɱɚɥɶɧɵɦɢ� ɧɚɩɪɹɠɟɧɢɹɦɢ�� ɭɫɢɥɟɧɧɨɣ� ɭɩɪɭɝɢɦɢ�
ɧɚɤɥɚɞɤɚɦɢ��ɉɪɢɤɥɚɞɧɚɹ�ɦɟɯɚɧɢɤɚ��������Ɍ������ʋ����ɋ����±���

�� Ⱦɿɯɬɹɪɭɤ Ɇ� Ɇ��ɉɟɪɟɞɚɱɚ�ɧɚɜɚɧɬɚɠɟɧɧɹ�ɜɿɞ�ɧɟɫɤɿɧɱɟɧɧɨɝɨ�ɫɬɪɢɧɝɟɪɚ�ɞɨ�ɞɜɨɯ�ɡɚɬɢɫɧɟɧɢɯ ɩɨ�ɨɞ�
ɧɨɦɭ�ɤɪɚɸ�ɨɞɧɚɤɨɜɢɯ�ɫɦɭɝ�ɡ�ɩɨɱɚɬɤɨɜɢɦɢ��ɡɚɥɢɲɤɨɜɢɦɢ��ɧɚɩɪɭɠɟɧɧɹɦɢ� ȼɿɫɧɢɤ�ɌɇɌɍ��������
Ɍ� ����ʋ����ɋ����±���

�� Ɋɭɞɧɢɰɤɢɣ ȼ� Ȼ��� Ⱦɢɯɬɹɪɭɤ ɇ� ɇ�� ɍɩɪɭɝɚɹ� ɩɨɥɨɫɚ� ɫ� ɧɚɱɚɥɶɧɵɦɢ� ɧɚɩɪɹɠɟɧɢɹɦɢ�� ɭɫɢɥɟɧɧɚɹ�
ɭɩɪɭɝɢɦɢ�ɧɚɤɥɚɞɤɚɦɢ��ɉɪɢɤɥɚɞɧɚɹ ɦɟɯɚɧɢɤɚ��������Ɍ������ʋ�����ɋ����±���

�� Ɋɭɞɧɢɰɤɢɣ ȼ� Ȼ���Ⱦɢɯɬɹɪɭɤ ɇ� ɇ��Ʉɨɧɬɚɤɬɧɚɹ�ɡɚɞɚɱɚ�ɨ�ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ�ɛɟɡɤɨɧɟɱɧɨɝɨ�ɫɬɪɢɧɝɟɪɚ�
ɢ�ɞɜɭɯ�ɨɞɢɧɚɤɨɜɵɯ�ɩɨɥɨɫ�ɫ�ɧɚɱɚɥɶɧɵɦɢ�ɧɚɩɪɹɠɟɧɢɹɦɢ��ɉɪɢɤɥɚɞɧɚɹ ɦɟɯɚɧɢɤɚ��������Ɍ������ʋ ���
ɋ����±���

�� 'LNKW\DUXN 1� 1��(TXLOLEULXP�RI�D�SUHVWUHVVHG�VWULS�UHLQIRUFHG�ZLWK�HODVWLF�SODWHV� ,QWHUQDWLRQDO�$S�
SOLHG�0HFKDQLFV� 0DUFK������ 9RO����� ,VVXH��� Ɋ� ���±����

�� 5XGQLWVNLM 9� %�� 'LNKW\DUXN 1� 1��$�SUHVWUHVVHG� HODVWLF� VWULS�ZLWK� HODVWLF� UHLQIRUFHPHQWV� ,QWHUQD�
WLRQDO�$SSOLHG�0HFKDQLFV��1RYHPEHU������ 9RO����� ,VVXH�����Ɋ� ����±�����

��� 5XGQLWVNLM 9� %�� 'LNKW\DUXN 1� 1� ,QWHUDFWLRQ�%HWZHHQ�DQ�,QILQLWH�6WULQJHU�DQG�7ZR�,GHQWLFDO�3UH�
VWUHVVHG� 6WULSV�� &RQWDFW� 3UREOHP�� ,QWHUQDWLRQDO� $SSOLHG� 0HFKDQLFV�� ������ 9RO� ���� ,VVXH ���
Ɋ� ���±����

��� <DUHWVND\D 1� $� 7KUHH�'LPHQVLRQDO�&RQWDFW�3UREOHP�IRU�DQ�(ODVWLF�/D\HU�DQG�D�&\OLQGULFDO�3XQFK�
ZLWK�3UHVWUHVVHV� ,QWHUQDWLRQDO�$SSOLHG�0HFKDQLFV��-XO\�������9RO������,VVXH����3� ���±����

��� <DUHWVND\D 1� )��&RQWDFW�3UREOHP�IRU�WKH�5LJLG�5LQJ�6WDPS�DQG�WKH�+DOI�6SDFH�ZLWK�,QLWLDO��5HVLGXDO��
6WUHVVHV� ,QWHUQDWLRQDO�$SSOLHG�0HFKDQLFV��2FWREHU�������9RO������,VVXH����Ɋ�����±����

��� Ɋɭɞɧɢɰɶɤɢɣ ȼ� Ȼ���əɪɟɰɶɤɚ ɇ� Ɉ���ȼɟɧɝɟɪ ȼ� Ɉ��Ɂɚɫɬɨɫɭɜɚɧɧɹ ȱɌ ɬɟɯɧɨɥɨɝɿɣ ɜ ɦɟɯɚɧɿɰɿ ɞɟɮɨɪɦɨ�
ɜɚɧɨɝɨ ɬɜɟɪɞɨɝɨ ɬɿɥɚ��ɉɪɨɛɥɟɦɢ ɬɪɢɛɨɥɨɝɿʀ��������ʋ ���&����±���



9LVQ\N�RI�=DSRUL]K]KLD�1DWLRQDO�8QLYHUVLW\��3K\VLFDO�DQG�0DWKHPDWLFDO�6FLHQFHV ��

ȼɿɫɧɢɤ�Ɂɚɩɨɪɿɡɶɤɨɝɨ�ɧɚɰɿɨɧɚɥɶɧɨɝɨ�ɭɧɿɜɟɪɫɢɬɟɬɭ ʋ��������

5HIHUHQFHV

�� *X]��$� 1�� %DELFK� 6� <X� 	 5XGQLWVNL\� 9� %� ������� &RQWDFW�LQWHUDFWLRQ�RI�HODVWLF�ERGLHV�ZLWK�LQLWLDO�
�UHVLGXDO� VWUHVVHV� 5D]YLWLH�LGH\�/� $��*DOLQD�Y�PHKDQLNH��0RVFRZ�,]KHYVN� ,QVWLWXW�NRPS\XWHUQ\LK�
LVVOHGRYDQL\ �LQ 5XVVLDQ��

�� *X]��$� 1� 	 5XGQLWVNL\��9� %��������� )XQGDPHQWDOV�RI�WKH�WKHRU\�RI�FRQWDFW�LQWHUDFWLRQ�RI�HODVWLF�
ERGLHV�ZLWK�LQLWLDO��UHVLGXDO��VWUHVVHV� +PHOQLWVNL\� Y\LG��33 0HOQLN �LQ 5XVVLDQ���

�� 'LKW\DUXN��1� 1�� .XULQHQNR��2� 9���3RSODYVND\D��(� $� 	 6DPDUXN��1� 1� ��������&RQWDFW WDVNV IRU
SUH�VWUHVVHG GHIRUPDEOH ERGLHV� 3ULNODGQD\D PHNKDQLND� 9RO������1R�����SS����±����LQ 5XVVLDQ��

�� 'LKW\DUXN��1� 1� ������� 2Q�WKH�HTXLOLEULXP�RI�D�VWULS�ZLWK�LQLWLDO�VWUHVVHV�UHLQIRUFHG�E\�HODVWLF�RYHU�
OD\V� 3ULNODGQD\D PHNKDQLND� 9RO������1R���� SS����±����LQ 5XVVLDQ��

�� 'LNKWLDUXN��0��0� ������� 7UDQVIHU�RI�D�VWULQJHU�WR�WKH�HGJH�RI�D�VLQJOH�VWULQJ�XS�WR�RQH�VLGH�RI�RQH�
VLGH�RI�WKH�VNLQ�ZLWK�VPRNHG��RYHUODSSHG��OLQHV� 9LVQ\N 7178� 9RO������1R�����SS����±����LQ 8NUDLQ�
LDQ��

�� 5XGQLWVNL\��9��%� 	 'LKW\DUXN� 1� 1� ������� (ODVWLF�VWULS�ZLWK�LQLWLDO�VWUHVVHV��UHLQIRUFHG�E\�HODVWLF�
OLQLQJV� 3ULNODGQD\D PHKDQLND� 9RO������1R����� SS����±����LQ 5XVVLDQ��

�� 5XGQLWVNL\��9��%� 	 'LKW\DUXN� 1� 1� ������� &RQWDFW�LQWHUDFWLRQ�RI�LQILQLWH�VWULQJHU�ZLWK�RQH�DQG�
E\�WZR�VWULSV�ZLWK�LQLWLDO�VWUHVVHV��3ULNODGQD\D PHKDQLND� 9RO������1R� ���SS����±����LQ 5XVVLDQ��

�� 'LNKW\DUXN��1� 1� �0DUFK� ������ (TXLOLEULXP RI D SUHVWUHVVHG VWULS UHLQIRUFHG�ZLWK�HODVWLF�SODWHV�
,QWHUQDWLRQDO�$SSOLHG�0HFKDQLFV��9RO����� 1R���� SS� ���±����

�� 5XGQLWVNLM��9� %��	 'LNKW\DUXN 1� 1� �1RYHPEHU� ������ $�SUHVWUHVVHG�HODVWLF�VWULS�ZLWK�HODVWLF�UHLQ�
IRUFHPHQWV� ,QWHUQDWLRQDO�$SSOLHG�0HFKDQLFV��9RO� ��� 1R����� SS� ����±�����

��� 5XGQLWVNLM��9� %� 	 'LNKW\DUXN� 1� 1� �������,QWHUDFWLRQ�%HWZHHQ�DQ�,QILQLWH�6WULQJHU�DQG�7ZR�,GHQ�
WLFDO� 3UHVWUHVVHG� 6WULSV�� &RQWDFW� 3UREOHP�� ,QWHUQDWLRQDO� $SSOLHG� 0HFKDQLFV� 9RO�� ���� 1R�� ��
SS� ���±����

��� <DUHWVND\D��1� $� ������� 7KUHH�'LPHQVLRQDO�&RQWDFW�3UREOHP�IRU�DQ�(ODVWLF�/D\HU�DQG�D�&\OLQGULFDO�
3XQFK�ZLWK�3UHVWUHVVHV� ,QWHUQDWLRQDO�$SSOLHG�0HFKDQLFV��9RO������1R���� SS� ���±�����

��� <DUHWVND\D��1��)� ������� &RQWDFW�3UREOHP�IRU�WKH�5LJLG�5LQJ�6WDPS�DQG�WKH�+DOI�6SDFH�ZLWK�,QLWLDO�
�5HVLGXDO��6WUHVVHV� ,QWHUQDWLRQDO�$SSOLHG�0HFKDQLFV��9RO������1R���� SS�����±����

��� 5XGQ\WVN\L� 9� %�� <DUHWVND� 1� 2� 	 9HQKHU� 9� 2� ������� 7KH�XVH�RI� ,7� WHFKQRORJLHV� LQ� WKH�
PHFKDQLFV�RI�GHIRUPDEOH�ERGLHV� 3UREOHP\�WU\ERORKLL��1R���� SS����±����LQ 8NUDLQLDQ��


