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ОСОБЕННОСТИ ФОРМИРОВАНИЯ СТРУКТУРЫ ПОКРЫТИЙ НА 
СПЛАВАХ С ТИТАНОВОЙ ОСНОВОЙ  
 
ɍɱɤɭɧ�ɊȺɏɂɆɈȼ���XFKTXQ�UD[LPRY�����#PDLO�UX���ɇɚɫɢɛɚ�ȺȻȾɍɊȺɂɆɈȼȺ���WLWHQDVK#PDLO�UX��� 
ɘɥɛɚɪɫɯɨɧ�ɆȺɇɋɍɊɈȼ���\XOEDUVPDQV#JPDLO�FRP� 
�Ɍɚɲɤɟɧɬɫɤɢɣ�ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ�ɬɪɚɧɫɩɨɪɬɧɵɣ�ɭɧɢɜɟɪɫɢɬɟɬ��Ɍɚɲɤɟɧɬ��ɍɡɛɟɤɢɫɬɚɧ 
�ɂɧɫɬɢɬɭɬ�ɨɛɳɟɣ�ɢ�ɧɟɨɪɝɚɧɢɱɟɫɤɨɣ�ɯɢɦɢɢ��Ɍɚɲɤɟɧɬ��ɍɡɛɟɤɢɫɬɚɧ� 
 

Ɋɚɧɟɟ�ɩɨɤɚɡɚɧɨ��ɱɬɨ�ɩɨɤɪɵɬɢɹ��ɫɮɨɪɦɢɪɨɜɚɧɧɵɟ�ɧɚ�ɬɢɬɚɧɟ�ɦɟɬɨɞɨɦ�ɩɥɚɡɦɟɧɧɨ-ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɝɨ�ɨɤɫɢɞɢɪɨɜɚɧɢɹ��ɉɗɈ��ɜ�
ɷɥɟɤɬɪɨɥɢɬɟ�ɫ�ɫɭɥɶɮɚɬɨɦ�ɰɢɪɤɨɧɢɹ�=U�62�����ɫɨɫɬɨɹɬ�ɢɡ�ɨɤɫɢɞɨɜ�=U2��ɢ�7L2���ɢɯ�ɩɨɜɟɪɯɧɨɫɬɧɵɣ�ɫɥɨɣ�ɨɛɨɝɚɳɟɧ�ɰɢɪɤɨɧɢɟɦ��ɨɧɢ�ɨɛɥɚɞɚ�
ɸɬ�ɯɨɪɨɲɢɦɢ�ɡɚɳɢɬɧɵɦɢ�ɫɜɨɣɫɬɜɚɦɢ�ɜ�ɯɥɨɪɫɨɞɟɪɠɚɳɢɯ�ɫɪɟɞɚɯ��ɉɨɥɭɱɟɧɧɵɟ�ɫɥɨɢ�ɢɦɟɸɬ�ɞɨɫɬɚɬɨɱɧɨ�ɪɟɝɭɥɹɪɧɨɟ�ɪɚɫɩɪɟɞɟɥɟɧɢɟ�ɩɨɪ�
ɨɬɧɨɫɢɬɟɥɶɧɨ�ɧɟɛɨɥɶɲɢɯ�ɪɚɡɦɟɪɨɜ��ɞɢɚɦɟɬɪɨɦ�ɨɤɨɥɨ�ɢɥɢ�ɦɟɧɶɲɟ���ɦɤɦ��ɧɚ�ɩɨɜɟɪɯɧɨɫɬɢ��ɋɨɫɬɚɜ�ɢ�ɫɬɪɨɟɧɢɟ�ɉɗɈ-ɫɥɨɟɜ�ɡɚɜɢɫɹɬ�ɤɚɤ�
ɨɬ�ɫɨɫɬɚɜɚ�ɷɥɟɤɬɪɨɥɢɬɚ��ɬɚɤ�ɢ�ɪɟɠɢɦɨɜ�ɮɨɪɦɢɪɨɜɚɧɢɹ��ɉɪɟɞɫɬɚɜɥɹɟɬ�ɧɚɭɱɧɵɣ�ɢ�ɩɪɚɤɬɢɱɟɫɤɢɣ�ɢɧɬɟɪɟɫ�ɜɵɹɫɧɢɬɶ�ɜɥɢɹɧɢɟ�ɭɫɥɨɜɢɣ�
ɨɛɪɚɡɨɜɚɧɢɹ�ɩɨɤɪɵɬɢɣ�ɫ�=U2��ɧɚ�ɬɢɬɚɧɟ�ɢ�ɟɝɨ�ɫɩɥɚɜɚɯ�ɧɚ�ɢɯ�ɩɪɨɬɢɜɨɤɨɪɪɨɡɢɨɧɧɵɟ�ɫɜɨɣɫɬɜɚ�ɜ�ɯɥɨɪɫɨɞɟɪɠɚɳɢɯ�ɫɪɟɞɚɯ��Ɉɛɪɚɡɰɵ�ɞɥɹ�
ɢɫɫɥɟɞɨɜɚɧɢɣ�ɮɨɪɦɢɪɨɜɚɥɢ�ɜ�ɚɧɨɞɧɵɯ��ɨɞɧɨɩɨɥɹɪɧɵɯ��ɭɫɥɨɜɢɹɯ�ɩɪɢ�ɨɞɢɧɚɤɨɜɨɣ�ɩɥɨɬɧɨɫɬɢ�ɬɨɤɚ�ɢ�ɪɚɡɧɨɦ�ɜɪɟɦɟɧɢ�ɮɨɪɦɢɪɨɜɚɧɢɹ��ɉɪɢ�
ɷɬɨɦ�ɨɛɪɚɡɰɵ�ɮɨɪɦɢɪɨɜɚɥɢ�ɜ�ɪɟɠɢɦɚɯ�ɫ�ɩɥɨɬɧɨɫɬɶɸ�ɬɨɤɚ������Ⱥ�ɫɦ��ɢ�ɞɥɢɬɟɥɶɧɨɫɬɶɸ�ɨɛɪɚɛɨɬɤɢ��ɦɢɧɭɬ��í� ��������������������������
������������������������Ⱦɥɢɬɟɥɶɧɨɫɬɶ�ɨɛɪɚɛɨɬɤɢ�ɜɵɛɪɚɧɚ�ɢɡ�ɪɚɫɱɟɬɚ�ɧɚ�ɬɨ��ɱɬɨɛɵ�ɦɚɤɫɢɦɚɥɶɧɨ�ɩɨɜɬɨɪɢɬɶ�ɩɪɨɬɢɜɨɤɨɪɪɨɡɢɨɧɧɵɟ�ɯɚ�
ɪɚɤɬɟɪɢɫɬɢɤɢ�� ɩɨɥɭɱɟɧɧɵɟ� ɜ� ɩɪɟɞɵɞɭɳɟɦ� ɫɥɭɱɚɟ�� ȼ� ɪɚɛɨɬɟ� ɢɫɩɨɥɶɡɨɜɚɧɵ� ɫɨɜɪɟɦɟɧɧɵɟ�ɦɟɬɨɞɵ�ɢɫɫɥɟɞɨɜɚɧɢɹ�� ɜɤɥɸɱɚɹ� ɷɥɟɤɬɪɨɧɧɭɸ�
ɦɢɤɪɨɫɤɨɩɢɸ��ɩɪɟɞɫɬɚɜɥɟɧɵ�ɪɟɡɭɥɶɬɚɬɵ�ɞɚɥɶɧɟɣɲɟɝɨ�ɢɡɭɱɟɧɢɹ�=U2��7L2��7L�ɫɢɫɬɟɦ��ɫɮɨɪɦɢɪɨɜɚɧɧɵɯ�ɜ�ɷɥɟɤɬɪɨɥɢɬɟ�ɫ�ɫɭɥɶɮɚ�
ɬɨɦ�ɰɢɪɤɨɧɢɹ�=U�62�����ɍɫɬɚɧɨɜɥɟɧɨ��ɱɬɨ�ɩɨɤɪɵɬɢɹ�ɮɨɪɦɢɪɭɸɬɫɹ�ɧɚ�ɬɢɬɚɧɟ�ɢ�ɟɝɨ�ɫɩɥɚɜɚɯ�ɜ�ɷɥɟɤɬɪɨɥɢɬɟ�ɫ�ɫɭɥɶɮɚɬɨɦ�ɰɢɪɤɨɧɢɹ�ɜ�
ɝɚɥɶɜɚɧɨɫɬɚɬɢɱɟɫɤɢɯ�ɭɫɥɨɜɢɹɯ�ɩɪɨɰɟɫɫɚ�ɉɗɈ�ɩɪɢ�L �����Ⱥ�ɫɦ��ɡɚ�ɜɪɟɦɹ�ɨɛɪɚɛɨɬɤɢ���-���ɦɢɧ��ɇɚɛɥɸɞɚɟɬɫɹ�ɤɨɪɪɟɥɹɰɢɹ�ɦɟɠɞɭ�ɫɬɚɞɢɹ�
ɦɢ�ɝɚɥɶɜɚɧɨɫɬɚɬɢɱɟɫɤɨɝɨ�ɮɨɪɦɢɪɨɜɚɧɢɹ�ɩɨɤɪɵɬɢɣ�ɢ�ɢɯ�ɩɪɨɬɢɜɨɤɨɪɪɨɡɢɨɧɧɵɦɢ�ɫɜɨɣɫɬɜɚɦɢ� 
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8FKNXQ�5$.+,029���XFKTXQ�UD[LPRY�����#PDLO�UX���1DVLED�$%'85$,029$���WLWHQDVK#PDLO�UX��� 
<XOEDUVNKRQ�0$168529���\XOEDUVPDQV#JPDLO�FRP� 
�7DVKNHQW�6WDWH�7UDQVSRUW�8QLYHUVLW\��7DVKNHQW��8]EHNLVWDQ 
�,QVWLWXWH�RI�*HQHUDO�DQG�,QRUJDQLF�&KHPLVWU\��7DVKNHQW��8]EHNLVWDQ� 
 

3UHYLRXVO\�VKRZQ�WKDW�FRDWLQJV� IRUPHG�RQ�WLWDQLXP�E\�SODVPD�HOHFWURO\WLF�R[LGDWLRQ� �3(2��LQ�DQ�HOHFWURO\WH�ZLWK�]LUFRQLXP�VXOIDWH�=U
�62���� FRQVLVWHG� RI� =U2�� DQG� 7L2�� R[LGHV�� WKHLU� VXUIDFH� OD\HU� LV� HQULFKHG� ZLWK� ]LUFRQLXP�� WKH\� KDYH� JRRG� SURWHFWLYH� SURSHUWLHV� LQ� FKORULQH-
FRQWDLQLQJ�PHGLD��7KH�UHVXOWLQJ�OD\HUV�KDYH�D�IDLUO\�UHJXODU�GLVWULEXWLRQ�RI�UHODWLYHO\�VPDOO�SRUHV��ZLWK�D�GLDPHWHU�RI�DERXW���ȝP�RU�OHVV��RQ�WKH�
VXUIDFH��7KH�FRPSRVLWLRQ�DQG�VWUXFWXUH�RI�3(2�OD\HUV�GHSHQG�RQ�ERWK�WKH�FRPSRVLWLRQ�RI�WKH�HOHFWURO\WH�DQG�WKH�PRGHV�RI�IRUPDWLRQ��,W�LV�RI�VFLHQ�
WLILF�DQG�SUDFWLFDO�LQWHUHVW�WR�HOXFLGDWH�WKH�HIIHFW�RI�WKH�FRQGLWLRQV�IRU�WKH�IRUPDWLRQ�RI�FRDWLQJV�ZLWK�=U2��RQ�WLWDQLXP�DQG�LWV�DOOR\V�RQ�WKHLU�DQWLFRU�
URVLYH�SURSHUWLHV�LQ�FKORULQH-FRQWDLQLQJ�PHGLD��6DPSOHV�IRU�UHVHDUFK�ZHUH�IRUPHG�XQGHU�DQRGLF��XQLSRODU��FRQGLWLRQV�DW�WKH�VDPH�FXUUHQW�GHQVLW\�
DQG�GLIIHUHQW�IRUPDWLRQ�WLPHV��7KH�VDPSOHV�ZHUH�IRUPHG�LQ�PRGHV�ZLWK�FXUUHQW�GHQVLW\������$�FP��DQG�SURFHVVLQJ�WLPH��PLQXWHV��í�������������������
��������������������������������7KH�GXUDWLRQ�RI�WUHDWPHQW�ZDV�FKRVHQ�DV�WR�PD[LPDOO\�UHSHDW�WKH�DQWLFRUURVLYH�FKDUDFWHULVWLFV�REWDLQHG�LQ�WKH�SUHYL�
RXV�FDVH��7KH�ZRUN�XVHV�PRGHUQ�UHVHDUFK�PHWKRGV��LQFOXGLQJ�HOHFWURQ�PLFURVFRS\��SUHVHQWV�WKH�UHVXOWV�RI�IXUWKHU�VWXG\�RI�=U2����7L2����7L�V\VWHPV�
IRUPHG�LQ�DQ�HOHFWURO\WH�ZLWK�]LUFRQLXP�VXOIDWH�=U�62�����,W�KDV�EHHQ�HVWDEOLVKHG�WKDW�FRDWLQJV�DUH�IRUPHG�RQ�WLWDQLXP�DQG�LWV�DOOR\V�LQ�DQ�HOHFWURO\WH�
ZLWK�]LUFRQLXP�VXOIDWH�XQGHU�JDOYDQRVWDWLF�FRQGLWLRQV�RI�WKH�3(2�SURFHVV�DW�L� ������$���FP��GXULQJ�D�SURFHVVLQJ�WLPH�RI���-���PLQ��7KHUH�LV�D�
FRUUHODWLRQ�EHWZHHQ�WKH�VWDJHV�RI�JDOYDQRVWDWLF�IRUPDWLRQ�RI�FRDWLQJV�DQG�WKHLU�DQWLFRUURVLYH�SURSHUWLHV��� 
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TITAN ASOSLI QOTISHMALARDA QOPLAMA TUZILISHINING SHAKLLANISH 
XUSUSIYATLARI  
 
8FKNXQ�5$+,029���XFKTXQ�UD[LPRY�����#PDLO�UX���1DVLED�$%'85$,029$���WLWHQDVK#PDLO�UX��� 
<XOEDUV[RQ�0$168529���\XOEDUVPDQV#JPDLO�FRP� 
�7RVKNHQW�GDYODW�WUDQVSRUW�XQLYHUVLWHWL��7RVKNHQW��2
]EHNLVWRQ 
�8PXPL\�YD�QRRUJDQLN�NLP\R�LQVWLWXWL��7RVKNHQW��2
]EHNLVWRQ 
 

,OJDUL� ]LUNRQLXP�VXOIDW�=U�62����ER
OJDQ�HOHNWUROLWGD�SOD]PD�HOHNWUROLWLN�RNVLGODQLVK� �3(2��QDWLMDVLGD�WLWDQGD�KRVLO�ER
OJDQ�TRSODPDODU�
=U2��YD�7L2��RNVLGODULGDQ�WDVKNLO�WRSJDQOLJL��XODUQLQJ�VLUW�TDWODPL�]LUNRQLXP�ELODQ�ER\LWLOJDQL��XODU�[ORUOL�PXKLWGD�\D[VKL�KLPR\D�[XVXVL\DWODULJD�
HJD�HNDQOLJL�NR
UVDWLOJDQ��+RVLO�EROJDQ�TDWODPODU�GLDPHWULF�WD[PLQDQ���PNP�\RNL�XQGDQ�NDP�ER
OJDQ�QLVEDWDQ�NLFKLN�ROFKDPGDJL�WHVKLNODUQLQJ�
\X]DGD�PXQWD]DP�UDYLVKGD�WDTVLPODQLVKLJD�HJD��3(2�TDWODPODULQLQJ�WDUNLEL�YD�WX]LOLVKL�KDP�HOHNWUROLWODU�WDUNLELJD��KDP�KRVLO�ER
OLVK�XVXOODULJD�
ERJ
OLT��=U2��ELODQ�TRSODPDODUQL�KRVLO�TLOLVK�VKDUWODULQLQJ�WLWDQ�YD�XQLQJ�TRWLVKPDODULJD�[ORUOL�PXKLWGD�NRUUR]L\DJD�TDUVKL�[XVXVL\DWODULJD�WD
VLULQL�
DQLTODVK�LOPL\�YD�DPDOL\�TL]LTLVK�X\J
RWDGL��7DGTLTRW�XFKXQ�QDPXQDODU�DQRGOL��ELU�TXWEOL��VKDURLWGD�ELU�[LO�RTLP�]LFKOLJLGD�YD�KDU�[LO�KRVLO�ER
OLVK�
YDTWODULGD�KRVLO�TLOLQJDQ��1DPXQDODU�RTLP�]LFKOLJL������$�VP��YD�LVKORY�EHULVK�YDTWL��GDTLTD������������������������������������������������4D\WD�
LVKODVK�GDYRPL\OLJL�ROGLQJL�KRODWGD�ROLQJDQ�NRUUR]L\DJD�TDUVKL�[XVXVL\DWODUQL�PDNVLPDO�GDUDMDGD�WDNURUODVK�XFKXQ�WDQODQJDQ��,VKGD�]DPRQDYL\�
WDGTLTRW�XVXOODUL��VKX�MXPODGDQ�HOHNWURQ�PLNURVNRSL�TR
OODQLOJDQ��=U�62���]LUNRQ\XP�VXOIDW�ELODQ�HOHNWUROLWGD�KRVLO�ER
OJDQ�=U2����7L2����7L�WL]LPOD�
ULQL�NH\LQJL�R
UJDQLVK�QDWLMDODUL�NHOWLULOJDQ��,VKORY�EHULVK�PXGGDWL-��-���GDTLTD��4RSODPDODUQLQJ�JDOYDQRVWDWLN�VKDNOODQLVK�ERVTLFKODUL�YD�XODUQLQJ�
NRUUR]L\DJD�TDUVKL�[RVVDODUL�R
UWDVLGD�R
]DUR�ERJ
OLTOLN�PDYMXG� 

 
ɄɚOLW�VR
]ODU��NRU U R]L\D�[XVXVL\DWODU L��TRSODPDODU ��SOD]PD-XFKTXQOL�RNVLGODQLVK��WX]LOLVK� 

ȼɜɟɞɟɧɢɟ 
Ɍɢɬɚɧ� ɢ� ɟɝɨ� ɫɩɥɚɜɵ�� ɛɥɚɝɨɞɚɪɹ� ɭɞɚɱɧɨɦɭ�

ɫɨɱɟɬɚɧɢɸ�ɜɵɫɨɤɨɣ�ɭɞɟɥɶɧɨɣ�ɩɪɨɱɧɨɫɬɢ��ɞɨɫɬɚ�
ɬɨɱɧɨɣ� ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɢ�� ɦɚɥɨɣ�� ɩɨ� ɫɪɚɜɧɟɧɢɸ�
ɫɨ� ɫɬɚɥɹɦɢ�� ɩɥɨɬɧɨɫɬɶɸ� ɢ� ɯɨɪɨɲɟɣ� ɤɨɪɪɨɡɢɨɧ�
ɧɨɣ� ɫɬɨɣɤɨɫɬɶɸ� ɩɨɥɭɱɚɸɬ� ɜɫɺ� ɛɨɥɟɟ� ɲɢɪɨɤɨɟ�
ɩɪɢɦɟɧɟɧɢɟ� ɜ� ɦɟɞɢɰɢɧɟ� ɞɥɹ� ɢɡɝɨɬɨɜɥɟɧɢɹ� ɯɢ�
ɪɭɪɝɢɱɟɫɤɢɯ�ɢɦɩɥɚɧɬɚɬɨɜ��ɦɟɞɢɰɢɧɫɤɢɯ�ɢɧɫɬɪɭ�
ɦɟɧɬɨɜ� >�-�@�� Ɍɢɬɚɧ�ɲɢɪɨɤɨ� ɢɫɩɨɥɶɡɭɟɬɫɹ� ɜ� ɪɚ�
ɤɟɬɧɨ-ɤɨɫɦɢɱɟɫɤɨɣ� ɢ� ɚɜɢɚɰɢɨɧɧɨɣ� ɬɟɯɧɢɤɟ�� ɜ�
ɫɭɞɨɫɬɪɨɟɧɢɢ�ɢ�ɬɪɚɧɫɩɨɪɬɧɨɦ�ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ��

ɝɞɟ� ɨɫɨɛɟɧɧɨ� ɜɚɠɧɭɸ� ɪɨɥɶ� ɢɝɪɚɸɬ�ɦɚɥɚɹ� ɩɥɨɬ�
ɧɨɫɬɶ� ɜ� ɫɨɱɟɬɚɧɢɢ� ɫ� ɜɵɫɨɤɨɣ� ɩɪɨɱɧɨɫɬɶɸ�ɢ� ɫɨ�
ɩɪɨɬɢɜɥɹɟɦɨɫɬɶɸ�ɤɨɪɪɨɡɢɢ�>�-��@� 

ȼ� ɬɨ� ɠɟ� ɜɪɟɦɹ�� ɩɪɢ� ɩɪɢɦɟɧɟɧɢɢ� ɜ� ɤɨɧ�
ɫɬɪɭɤɰɢɹɯ��ɫɨɫɬɨɹɳɢɯ�ɢɡ�ɪɚɡɧɨɪɨɞɧɵɯ�ɦɟɬɚɥɥɨɜ��
ɧɚɩɪɢɦɟɪ��ɬɢɬɚɧɚ�ɢ�ɠɟɥɟɡɚ��ɫɬɨɢɬ�ɩɪɨɛɥɟɦɚ�ɫɧɢ�
ɠɟɧɢɹ�ɬɨɤɨɜ�ɝɚɥɶɜɚɧɨɩɚɪ�>��-��@��ɉɪɢ�ɩɪɢɦɟɧɟ�
ɧɢɢ� ɬɢɬɚɧɚ� ɜ�ɦɟɞɢɰɢɧɟ� ɫɬɨɢɬ� ɩɪɨɛɥɟɦɚ� ɪɚɫɬɜɨ�
ɪɟɧɢɹ� ɬɢɬɚɧɚ�� ɩɨɜɵɲɟɧɢɹ� ɛɢɨɫɨɜɦɟɫɬɢɦɨɫɬɢ�
ɬɢɬɚɧɚ�ɫ�ɠɢɜɨɣ�ɬɤɚɧɶɸ�>��-��@��ɉɪɢ�ɢɫɩɨɥɶɡɨɜɚ�
ɧɢɢ�ɬɢɬɚɧɚ�ɜ�ɤɨɧɫɬɪɭɤɰɢɹɯ�ɤɚɬɚɥɢɡɚɬɨɪɨɜ��ɧɟɨɛ�
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ɯɨɞɢɦɨ� ɧɚɧɟɫɬɢ� ɫɥɨɣ�� ɩɨɜɵɲɚɸɳɢɣ� ɚɞɝɟɡɢɸ� ɤ�
ɬɢɬɚɧɭ� ɤɚɬɚɥɢɬɢɱɟɫɤɢ� ɚɤɬɢɜɧɨɣ� ɦɚɫɫɵ�� ȼɫɟ� ɷɬɢ�
ɩɪɨɛɥɟɦɵ� ɦɨɝɭɬ� ɛɵɬɶ� ɪɟɲɟɧɵ� ɧɚɧɟɫɟɧɢɟɦ� ɧɚ�
ɬɢɬɚɧ�ɢɧɟɪɬɧɨɣ�ɨɤɫɢɞɧɨɣ�ɩɥɟɧɤɢ�ɢɥɢ�ɩɨɤɪɵɬɢɹ� 

ȼ� ɩɨɫɥɟɞɧɟɟ� ɜɪɟɦɹ� ɢɧɬɟɧɫɢɜɧɨ� ɜɟɞɟɬɫɹ�
ɩɨɢɫɤ�ɩɪɢɧɰɢɩɢɚɥɶɧɨ�ɧɨɜɵɯ�ɦɟɬɨɞɨɜ�ɧɚɧɟɫɟɧɢɹ�
ɩɥɟɧɨɤ�ɢ�ɩɨɤɪɵɬɢɣ��ɨɞɧɢɦ�ɢɡ�ɤɨɬɨɪɵɯ�ɹɜɥɹɟɬɫɹ�
ɦɟɬɨɞ�ɩɥɚɡɦɟɧɧɨ-ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɝɨ�ɨɤɫɢɞɢɪɨ�
ɜɚɧɢɹ��ɤɨɬɨɪɵɣ�ɡɚɤɥɸɱɚɟɬɫɹ�ɜ�ɚɧɨɞɧɨɣ�ɨɛɪɚɛɨɬ�
ɤɟ�ɦɟɬɚɥɥɨɜ�ɜ�ɷɥɟɤɬɪɨɥɢɬɚɯ�ɜ�ɪɟɠɢɦɟ�ɢɫɤɪɨɜɵɯ�
ɢɥɢ� ɦɢɤɪɨɞɭɝɨɜɵɯ� ɷɥɟɤɬɪɢɱɟɫɤɢɯ� ɪɚɡɪɹɞɨɜ� ɧɚ�
ɩɨɜɟɪɯɧɨɫɬɢ�ɜɟɧɬɢɥɶɧɵɯ�ɦɟɬɚɥɥɨɜ�>��-��@��Ɉɫɨ�
ɛɟɧɧɨɫɬɢ� ɩɪɨɰɟɫɫɚ� ɩɨɡɜɨɥɹɸɬ� ɩɨɥɭɱɚɬɶ� ɫɥɨɢ��
ɫɨɫɬɨɹɳɢɟ��ɤɚɤ�ɢɡ�ɨɤɫɢɞɨɜ�ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ�ɦɟ�
ɬɚɥɥɚ� ɜ� ɪɚɡɥɢɱɧɵɯ�ɮɚɡɨɜɵɯ�ɦɨɞɢɮɢɤɚɰɢɹɯ�� ɬɚɤ�
ɢ� ɢɡ� ɫɨɟɞɢɧɟɧɢɣ�� ɜɤɥɸɱɚɸɳɢɯ� ɜ� ɫɜɨɣ� ɫɨɫɬɚɜ�
ɷɥɟɦɟɧɬɵ� ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ� ɦɟɬɚɥɥɚ� ɢ� ɷɥɟɤɬɪɨ�
ɥɢɬɚ� ɢɥɢ� ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ� ɷɥɟɦɟɧɬɵ� ɷɥɟɤɬɪɨ�
ɥɢɬɚ�>��-��@� 

ɉɪɨɛɥɟɦɚ� ɮɨɪɦɢɪɨɜɚɧɢɹ� ɢ� ɢɡɭɱɟɧɢɹ�
ɫɜɨɣɫɬɜ�ɨɤɫɢɞɧɵɯ�ɩɨɤɪɵɬɢɣ�ɧɚ�ɦɟɬɚɥɥɚɯ��ɩɨɥɭ�
ɱɟɧɧɵɯ�ɦɟɬɨɞɨɦ�ɩɥɚɡɦɟɧɧɨ-ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɝɨ�
ɨɤɫɢɞɢɪɨɜɚɧɢɹ��ɹɜɥɹɟɬɫɹ�ɨɫɨɛɟɧɧɨ�ɚɤɬɭɚɥɶɧɨɣ�ɜ�
ɫɜɹɡɢ� ɫ� ɲɢɪɨɤɢɦ� ɫɩɟɤɬɪɨɦ� ɢɯ� ɩɪɚɤɬɢɱɟɫɤɨɝɨ�
ɩɪɢɦɟɧɟɧɢɹ��Ɇɟɬɨɞ�ɉɗɈ�ɹɜɥɹɟɬɫɹ�ɜɵɫɨɤɨɬɟɯɧɨ�
ɥɨɝɢɱɧɵɦ�ɢ�ɩɨɡɜɨɥɹɟɬ�ɩɨɥɭɱɚɬɶ�ɧɚ�ɩɨɜɟɪɯɧɨɫɬɢ�
ɜɟɧɬɢɥɶɧɵɯ�ɦɟɬɚɥɥɨɜ�ɢ�ɫɩɥɚɜɨɜ�ɤɟɪɚɦɢɤɨɩɨɞɨɛ�
ɧɵɟ� ɨɤɫɢɞɧɵɟ� ɫɥɨɢ� ɫ� ɪɚɡɧɨɨɛɪɚɡɧɵɦ� ɫɨɫɬɚɜɨɦ��
ɫɬɪɭɤɬɭɪɨɣ�ɢ�ɫɜɨɣɫɬɜɚɦɢ�>��-��@� 

Ɋɚɧɟɟ� ɩɨɤɚɡɚɧɨ�� ɱɬɨ� ɜ� ɷɥɟɤɬɪɨɥɢɬɟ� ɫ� =U
�62���� ɦɟɬɨɞɨɦ� ɩɥɚɡɦɟɧɧɨ-ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɝɨ�
ɨɤɫɢɞɢɪɨɜɚɧɢɹ� ɮɨɪɦɢɪɭɸɬɫɹ� ɩɨɤɪɵɬɢɹ�� ɫɨɞɟɪ�
ɠɚɳɢɟ� ɤɚɤ�ɨɤɫɢɞ�ɰɢɪɤɨɧɢɹ�� ɬɚɤ�ɢ�ɨɤɫɢɞ� ɬɢɬɚɧɚ�
>��@�� ɉɪɢɱɟɦ� ɩɨɜɟɪɯɧɨɫɬɧɵɣ� ɫɥɨɣ� ɩɨɤɪɵɬɢɣ�
ɨɛɨɝɚɳɟɧ�ɰɢɪɤɨɧɢɟɦ��ɉɟɪɜɵɟ�ɨɰɟɧɨɱɧɵɟ�ɷɤɫɩɟ�
ɪɢɦɟɧɬɵ� ɩɨɤɚɡɚɥɢ�� ɱɬɨ� ɬɚɤɢɟ� ɫɥɨɢ� ɩɪɨɹɜɥɹɸɬ�
ɯɨɪɨɲɢɟ�ɡɚɳɢɬɧɵɟ�ɫɜɨɣɫɬɜɚ�ɜ�ɯɥɨɪɫɨɞɟɪɠɚɳɢɯ�
ɫɪɟɞɚɯ� >��@��ɍɱɢɬɵɜɚɹ� ɷɬɨɬ�ɮɚɤɬ�� ɚ� ɬɚɤɠɟ�ɛɢɨɢ�
ɧɟɪɬɧɵɟ�ɫɜɨɣɫɬɜɚ�ɨɤɫɢɞɚ�ɰɢɪɤɨɧɢɹ��ɩɪɟɞɫɬɚɜɥɹ�
ɟɬ�ɡɧɚɱɢɬɟɥɶɧɵɣ�ɩɪɚɤɬɢɱɟɫɤɢɣ�ɢ�ɧɚɭɱɧɵɣ�ɢɧɬɟ�
ɪɟɫ� ɜɵɹɫɧɢɬɶ� ɜɥɢɹɧɢɟ� ɪɟɠɢɦɨɜ� ɮɨɪɦɢɪɨɜɚɧɢɹ�
ɩɨɤɪɵɬɢɣ�ɫ�ɨɤɫɢɞɚɦɢ�ɰɢɪɤɨɧɢɹ�ɢ�ɬɢɬɚɧɚ�ɧɚ�ɩɪɨ�
ɬɢɜɨɤɨɪɪɨɡɢɨɧɧɵɟ� ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ� ɩɨɤɪɵɬɢɣ��
ɜɵɹɜɢɬɶ�ɤɨɪɪɟɥɹɰɢɢ�ɦɟɠɞɭ�ɫɨɫɬɚɜɨɦ��ɫɬɪɨɟɧɢɟɦ�
ɩɨɤɪɵɬɢɣ�ɢ�ɢɯ�ɩɪɨɬɢɜɨɤɨɪɪɨɡɢɨɧɧɵɦɢ�ɯɚɪɚɤɬɟ�
ɪɢɫɬɢɤɚɦɢ� 

ɐɟɥɶ� ɧɚɫɬɨɹɳɟɣ� ɪɚɛɨɬɵ� –� ɩɨɥɭɱɢɬɶ� ɞɚɧ�
ɧɵɟ� ɨ� ɜɥɢɹɧɢɢ� ɭɫɥɨɜɢɣ� ɩɥɚɡɦɟɧɧɨ-
ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɝɨ�ɮɨɪɦɢɪɨɜɚɧɢɹ��ɜɪɟɦɹ��ɬɨɤɨ�
ɜɵɟ�ɪɟɠɢɦɵ���ɧɚ�ɫɬɪɭɤɬɭɪɭ��ɫɬɪɨɟɧɢɟ�ɢ�ɩɪɨɬɢɜɨ�
ɤɨɪɪɨɡɢɨɧɧɵɟ� ɫɜɨɣɫɬɜɚ� ɰɢɪɤɨɧɢɣɫɨɞɟɪɠɚɳɢɯ�
ɨɤɫɢɞɧɵɯ�ɫɥɨɟɜ�ɧɚ�ɬɢɬɚɧɟ� 

Ⱦɥɹ� ɞɨɫɬɢɠɟɧɢɹ� ɰɟɥɢ� ɜ� ɪɚɛɨɬɟ� ɪɟɲɟɧɵ�
ɫɥɟɞɭɸɳɢɟ�ɡɚɞɚɱɢ� 
· ɩɨɥɭɱɟɧɵ� ɩɨɤɪɵɬɢɹ� ɧɚ� ɬɢɬɚɧɟ� ɢ� ɫɩɥɚɜɚɯ�

ɧɚ� ɟɝɨ� ɨɫɧɨɜɟ� ɩɪɢ� ɪɚɡɥɢɱɧɵɯ� ɭɫɥɨɜɢɹɯ�
ɮɨɪɦɢɪɨɜɚɧɢɹ� �ɞɥɢɬɟɥɶɧɨɫɬɶ� ɩɪɨɰɟɫɫɚ��
ɩɥɨɬɧɨɫɬɶ�ɬɨɤɚ�� 

· ɩɨɥɭɱɟɧɵ�ɞɚɧɧɵɟ�ɨ�ɩɪɨɬɢɜɨɤɨɪɪɨɡɢɨɧɧɵɯ�
ɫɜɨɣɫɬɜɚɯ�ɫɮɨɪɦɢɪɨɜɚɧɧɵɯ�ɩɨɤɪɵɬɢɣ� 

· ɢɫɫɥɟɞɨɜɚɧɵ�ɫɬɪɭɤɬɭɪɚ��ɦɨɪɮɨɥɨɝɢɹ�ɢ�ɫɨ�
ɫɬɚɜ�ɩɨɤɪɵɬɢɣ� 
 
Ɇɟɬɨɞɵ�ɢɫɫɥɟɞɨɜɚɧɢɹ 
Ɉɤɫɢɞɧɵɟ� ɩɨɤɪɵɬɢɹ� ɮɨɪɦɢɪɨɜɚɥɢ� ɧɚ� ɨɛ�

ɪɚɡɰɚɯ�ɢɡ�ɬɟɯɧɢɱɟɫɤɢ�ɱɢɫɬɨɝɨ�ɬɢɬɚɧɚ�ɦɚɪɤɢ�ȼɌ�
-�� �)H�–� ������ &� –� ������ 6L� –� ����� 1� –� ������ 7L�–�
������–�������2�–������+�–������ɩɪɨɱɢɟ�����ɦɚɫ������ 

Ɍɚɤɠɟ� ɢɫɩɨɥɶɡɨɜɚɥɢ� ɨɛɪɚɡɰɵ� ɢɡ� ɫɩɥɚɜɨɜ�
ɧɚ� ɨɫɧɨɜɟ� ɬɢɬɚɧɚ�–�ȼɬ�-���Ɉɬ�-���ȼɌ��� ɫ� ɨɫɧɨɜ�
ɧɵɦɢ� ɥɟɝɢɪɭɸɳɢɦɢ� ɷɥɟɦɟɧɬɚɦɢ� ɚɥɸɦɢɧɢɟɦ��
ɨɥɨɜɨɦ��ɦɚɪɝɚɧɰɟɦ��ɫɨɞɟɪɠɚɧɢɟ�ɤɨɬɨɪɵɯ�ɜ�ɫɩɥɚ�
ɜɚɯ�ɨɬɜɟɱɚɥɨ�ɬɪɟɛɨɜɚɧɢɹɦ�ɦɟɠɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ�
ɫɬɚɧɞɚɪɬɚ� ȽɈɋɌ� �����-��� ©Ʌɢɫɬɵ� ɢɡ� ɬɢɬɚɧɚ� ɢ�
ɬɢɬɚɧɨɜɵɯ�ɫɩɥɚɜɨɜ��Ɍɟɯɧɢɱɟɫɤɢɟ�ɭɫɥɨɜɢɹª� 

ɂɫɩɨɥɶɡɨɜɚɥɢ� ɩɥɨɫɤɢɟ� ɨɛɪɚɡɰɵ� ɢɡ� ɥɢɫɬɨ�
ɜɨɝɨ�ɬɢɬɚɧɚ��ȼɌ�-���������ɦɦ��ɉɟɪɟɞ�ɚɧɨɞɢɪɨɜɚ�
ɧɢɟɦ� ɩɥɨɫɤɢɟ� ɨɛɪɚɡɰɵ� ɩɨɞɜɟɪɝɚɥɢ� ɦɟɯɚɧɢɱɟ�
ɫɤɨɣ�ɨɛɪɚɛɨɬɤɟ�ɫ�ɰɟɥɶɸ�ɫɤɪɭɝɥɢɬɶ�ɨɫɬɪɵɟ�ɭɝɥɵ�
ɢ�ɭɛɪɚɬɶ�ɡɚɭɫɟɧɰɵ�� 

Ⱦɥɹ� ɫɧɹɬɢɹ� ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ� ɫɥɨɹ� ɦɟɬɚɥɥɚ�
ɢ�ɫɬɚɧɞɚɪɬɢɡɚɰɢɢ�ɩɨɜɟɪɯɧɨɫɬɢ�ɬɢɬɚɧɨɜɵɟ�ɨɛɪɚɡ�
ɰɵ� ɩɨɥɢɪɨɜɚɥɢ� ɜ� ɫɦɟɫɢ� ɩɥɚɜɢɤɨɜɨɣ� ɢ� ɚɡɨɬɧɨɣ�
ɤɢɫɥɨɬ�+)���+12�� �������ɩɪɢ�����ɋ��ɋɦɟɫɶ�ɤɢɫ�
ɥɨɬ� ɩɨɦɟɳɚɥɢ� ɜ� ɩɥɚɫɬɢɤɨɜɵɣ� ɫɬɚɤɚɧ�� ɤɨɬɨɪɵɣ�
ɩɨɞɨɝɪɟɜɚɥɢ� ɧɚ� ɜɨɞɹɧɨɣ� ɛɚɧɟ��ɉɨɫɥɟ� ɩɨɥɢɪɨɜɚ�
ɧɢɹ�ɜɫɟ�ɨɛɪɚɡɰɵ�ɩɪɨɦɵɜɚɥɢ�ɜɧɚɱɚɥɟ�ɩɪɨɬɨɱɧɨɣ�
ɜɨɞɨɩɪɨɜɨɞɧɨɣ�� ɡɚɬɟɦ� ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ� ɜɨɞɨɣ�
ɢ�ɫɭɲɢɥɢ�ɧɚ�ɜɨɡɞɭɯɟ� 

ɉɗɈ-ɫɥɨɢ� ɧɚ� ɬɟɯɧɢɱɟɫɤɨɦ� ɬɢɬɚɧɟ� ɢ� ɟɝɨ�
ɫɩɥɚɜɚɯ� ɮɨɪɦɢɪɨɜɚɥɢ� ɜ� ɝɚɥɶɜɚɧɨɫɬɚɬɢɱɟɫɤɨɦ�
ɪɟɠɢɦɟ� ɜ� ɬɟɱɟɧɢɟ� �-���� ɦɢɧ� ɩɪɢ� ɷɮɮɟɤɬɢɜɧɨɣ�
ɩɥɨɬɧɨɫɬɢ�ɬɨɤɚ������Ⱥ�ɫɦ���Ⱦɥɹ�ɩɨɥɭɱɟɧɢɹ�ɨɤɫɢ�
ɞɧɵɯ�ɩɨɤɪɵɬɢɣ�ɧɚ�ɬɢɬɚɧɟ�ɢɫɩɨɥɶɡɨɜɚɥɢ�ɪɚɫɬɜɨ�
ɪɵ� ɫɭɥɶɮɚɬɚ� ɰɢɪɤɨɧɢɹ�� ȼ� ɤɚɱɟɫɬɜɟ� ɢɫɬɨɱɧɢɤɚ�
ɬɨɤɚ� ɜ� ɭɫɬɚɧɨɜɤɟ� ɩɨ� ɧɚɧɟɫɟɧɢɸ� ɩɨɤɪɵɬɢɣ� ɢɫ�
ɩɨɥɶɡɨɜɚɥɢ� ɬɢɪɢɫɬɨɪɧɵɣ� ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ� ɌȿɊ-
�������ɇ-�-�ɍɏɅ�� ɫ� ɢɦɩɭɥɶɫɧɨɣ� ɮɨɪɦɨɣ� ɬɨɤɚ�
ɩɨɥɨɠɢɬɟɥɶɧɨɣ�ɩɨɥɹɪɧɨɫɬɢ� 

ȼɟɥɢɱɢɧɭ� ɧɚɩɪɹɠɟɧɢɹ� ɢɫɤɪɟɧɢɹ� ɨɰɟɧɢɜɚ�
ɥɢ�ɜɢɡɭɚɥɶɧɨ�ɩɨ�ɩɨɹɜɥɟɧɢɸ�ɩɟɪɜɵɯ�ɢɫɤɪ�ɧɚ�ɩɨ�
ɜɟɪɯɧɨɫɬɢ� ɚɧɨɞɚ� ɢɥɢ� ɢɡ� ɚɧɚɥɢɡɚ� ɤɪɢɜɵɯ� �ɩɨ�
ɧɚɱɚɥɭ� ɨɬɤɥɨɧɟɧɢɹ� ɡɚɜɢɫɢɦɨɫɬɢ� ɧɚɩɪɹɠɟɧɢɟ� ɧɚ�
ɷɥɟɤɬɪɨɞɚɯ�–�ɜɪɟɦɹ�ɨɬ�ɥɢɧɟɣɧɨɣ���Ɂɚ�ɩɪɨɪɚɛɨɬɤɭ�
ɷɥɟɤɬɪɨɥɢɬɚ�4��Ʉɥāɥ-���ɩɪɢɧɢɦɚɥɢ�ɧɨɪɦɢɪɨɜɚɧ�
ɧɨɟ� ɧɚ� ɨɛɴɟɦ� ɪɚɫɬɜɨɪɚ� ɤɨɥɢɱɟɫɬɜɨ� ɷɥɟɤɬɪɢɱɟ�
ɫɬɜɚ�� ɩɪɨɩɭɳɟɧɧɨɟ� ɱɟɪɟɡ� ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɭɸ�
ɹɱɟɣɤɭ�ɧɚ�ɞɚɧɧɵɣ�ɦɨɦɟɧɬ�ɜɪɟɦɟɧɢ� 

Ɏɚɡɨɜɵɣ� ɫɨɫɬɚɜ� ɩɨɥɭɱɟɧɧɵɯ� ɩɨɤɪɵɬɢɣ�
ɢɫɫɥɟɞɨɜɚɥɢ�ɦɟɬɨɞɨɦ�ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɝɨ�ɚɧɚɥɢɡɚ�
�ɊɎȺ�� ɧɚ� ɨɫɧɨɜɟ� ɚɧɚɥɢɡɚ� ɪɟɧɬɝɟɧɨɝɪɚɦɦ�� ɩɨɥɭ�
ɱɟɧɧɵɯ� ɧɚ� ɪɟɧɬɝɟɧɨɜɫɤɨɦ� ɞɢɮɪɚɤɬɨɦɟɬɪɟ� '��
$'9$1&(��Ƚɟɪɦɚɧɢɹ��ɩɨ�ɦɟɬɨɞɭ�Ȼɪɟɝ�–�Ȼɪɟɬɚ�
ɧɨ�ɫ�ɜɪɚɳɟɧɢɟɦ�ɨɛɪɚɡɰɚ�ɜ�&X.Į�–�ɢɡɥɭɱɟɧɢɢ� 

Ⱦɚɧɧɵɟ� ɨɛ� ɷɥɟɦɟɧɬɧɨɦ� ɫɨɫɬɚɜɟ� ɢ� ɦɨɪɮɨ�
ɥɨɝɢɢ� ɩɨɜɟɪɯɧɨɫɬɢ� ɨɛɪɚɡɰɨɜ� ɩɨɥɭɱɚɥɢ� ɧɚ� ɪɟɧɬ�
ɝɟɧɨɫɩɟɤɬɪɚɥɶɧɨɦ� ɦɢɤɪɨɚɧɚɥɢɡɚɬɨɪɟ� -;$� �����
�əɩɨɧɢɹ�� ɫ� ɷɧɟɪɝɨɞɢɫɩɟɪɫɢɨɧɧɨɣ� ɩɪɢɫɬɚɜɤɨɣ�
,1&$��Ⱥɧɝɥɢɹ�� 

ɂɧɮɨɪɦɚɰɢɸ� ɨ� ɫɬɪɨɟɧɢɢ� ɩɨɜɟɪɯɧɨɫɬɢ� ɢ�
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� 

ɪɚɫɩɪɟɞɟɥɟɧɢɢ� ɷɥɟɦɟɧɬɨɜ� ɜ� ɫɨɫɬɚɜɟ� ɨɬɞɟɥɶɧɵɯ�
ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɯ� ɫɬɪɭɤɬɭɪ� ɩɨɥɭɱɚɥɢ� ɫ� ɩɨɦɨ�
ɳɶɸ� ɷɥɟɤɬɪɨɧɧɨɝɨ� ɫɤɚɧɢɪɭɸɳɟɝɨ� ɦɢɤɪɨɫɤɨɩɚ�
ɜɵɫɨɤɨɝɨ�ɪɚɡɪɟɲɟɧɢɹ�+,7$&+,�6-������əɩɨɧɢɹ��
ɫ�ɩɪɢɫɬɚɜɤɨɣ�ɞɥɹ�ɷɧɟɪɝɨɞɢɫɩɟɪɫɢɨɧɧɨɝɨ�ɚɧɚɥɢɡɚ�
7KHUPR�6FLHQWLILF��ɋɒȺ�� 

 
Ɋɟɡɭɥɶɬɚɬɵ�ɢ�ɨɛɫɭɠɞɟɧɢɟ 
Ɋɚɧɟɟ�ɩɨɤɚɡɚɧɨ��ɱɬɨ�ɩɨɤɪɵɬɢɹ�� ɫɮɨɪɦɢɪɨ�

ɜɚɧɧɵɟ� ɧɚ� ɬɢɬɚɧɟ� ɢ� ɟɝɨ� ɫɩɥɚɜɚɯ� ɦɟɬɨɞɨɦ� ɩɥɚɡ�
ɦɟɧɧɨ-ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɝɨ� ɨɤɫɢɞɢɪɨɜɚɧɢɹ�
�ɉɗɈ�� ɜ� ɷɥɟɤɬɪɨɥɢɬɟ� ɫ� ɫɭɥɶɮɚɬɨɦ� ɰɢɪɤɨɧɢɹ� =U
�62����� ɫɨɫɬɨɹɬ� ɢɡ� ɨɤɫɢɞɨɜ� =U2�� ɢ� 7L2��� ɢɯ� ɩɨ�
ɜɟɪɯɧɨɫɬɧɵɣ� ɫɥɨɣ� ɨɛɨɝɚɳɟɧ� ɰɢɪɤɨɧɢɟɦ�� ɨɧɢ�
ɨɛɥɚɞɚɸɬ� ɯɨɪɨɲɢɦɢ� ɡɚɳɢɬɧɵɦɢ� ɫɜɨɣɫɬɜɚɦɢ� ɜ�
ɯɥɨɪɫɨɞɟɪɠɚɳɢɯ�ɫɪɟɞɚɯ�>����@��ɉɨɥɭɱɟɧɧɵɟ�ɫɥɨɢ�
ɢɦɟɸɬ� ɞɨɫɬɚɬɨɱɧɨ� ɪɟɝɭɥɹɪɧɨɟ� ɪɚɫɩɪɟɞɟɥɟɧɢɟ�
ɩɨɪ�ɨɬɧɨɫɢɬɟɥɶɧɨ�ɧɟɛɨɥɶɲɢɯ�ɪɚɡɦɟɪɨɜ��ɞɢɚɦɟɬ�
ɪɨɦ� ɨɤɨɥɨ� ɢɥɢ� ɦɟɧɶɲɟ� �� ɦɤɦ�� ɧɚ� ɩɨɜɟɪɯɧɨɫɬɢ��
ɋɨɫɬɚɜ� ɢ� ɫɬɪɨɟɧɢɟ� ɉɗɈ-ɫɥɨɟɜ� ɡɚɜɢɫɹɬ�� ɤɚɤ� ɨɬ�
ɫɨɫɬɚɜɚ�ɷɥɟɤɬɪɨɥɢɬɚ��ɬɚɤ�ɢ�ɪɟɠɢɦɨɜ�ɮɨɪɦɢɪɨɜɚ�
ɧɢɹ��ɉɪɟɞɫɬɚɜɥɹɟɬ�ɧɚɭɱɧɵɣ�ɢ�ɩɪɚɤɬɢɱɟɫɤɢɣ�ɢɧ�
ɬɟɪɟɫ� ɜɵɹɫɧɢɬɶ� ɜɥɢɹɧɢɟ� ɭɫɥɨɜɢɣ� ɨɛɪɚɡɨɜɚɧɢɹ�
ɩɨɤɪɵɬɢɣ�ɫ�=U2��ɧɚ�ɬɢɬɚɧɟ�ɢ�ɟɝɨ�ɫɩɥɚɜɚɯ�ɧɚ�ɢɯ�
ɩɪɨɬɢɜɨɤɨɪɪɨɡɢɨɧɧɵɟ� ɫɜɨɣɫɬɜɚ� ɜ� ɯɥɨɪɫɨɞɟɪɠɚ�
ɳɢɯ�ɫɪɟɞɚɯ� 

ȼ�ɞɚɧɧɨɣ�ɪɚɛɨɬɟ�ɩɪɟɞɫɬɚɜɥɟɧɵ�ɪɟɡɭɥɶɬɚɬɵ�
ɞɚɥɶɧɟɣɲɟɝɨ� ɢɡɭɱɟɧɢɹ� =U2��7L2��7L� ɫɢɫɬɟɦ��
ɫɮɨɪɦɢɪɨɜɚɧɧɵɯ� ɜ� ɷɥɟɤɬɪɨɥɢɬɟ� ɫ� ɫɭɥɶɮɚɬɨɦ�
ɰɢɪɤɨɧɢɹ�=U�62���� 

ɉɨɫɤɨɥɶɤɭ� ɫɜɨɣɫɬɜɚ� ɨɤɫɢɞɨɜ� ɰɢɪɤɨɧɢɹ�
ɲɢɪɨɤɨ� ɢɫɩɨɥɶɡɭɸɬ� ɜ� ɩɪɚɤɬɢɤɟ�� ɜ� ɱɚɫɬɧɨɫɬɢ� ɜ�
ɤɚɬɚɥɢɡɟ�� ɜ� ɬɨɦ� ɱɢɫɥɟ�� ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɦ�� ɜ�
ɦɟɞɢɰɢɧɟ��ɜ�ɫɨɫɬɚɜɟ�ɡɚɳɢɬɧɵɯ�ɫɥɨɟɜ��ɧɚ�ɩɟɪɜɨɦ�
ɷɬɚɩɟ� ɩɪɟɞɫɬɚɜɥɹɥɨ� ɢɧɬɟɪɟɫ� ɜɵɹɫɧɢɬɶ�� ɤɚɤ� ɩɪɨ�
ɪɚɛɨɬɤɚ�ɷɥɟɤɬɪɨɥɢɬɚ�ɜɥɢɹɟɬ�ɧɚ�ɡɚɳɢɬɧɵɟ�ɯɚɪɚɤ�
ɬɟɪɢɫɬɢɤɢ�ɉɗɈ-ɩɨɤɪɵɬɢɣ��ɋ�ɬɨɱɤɢ�ɡɪɟɧɢɹ�ɩɪɚɤ�
ɬɢɱɟɫɤɨɝɨ� ɩɪɢɦɟɧɟɧɢɹ� ɧɚ� ɩɪɨɢɡɜɨɞɫɬɜɟ� ɫɢɫɬɟɦ�
=U2��7L2��7L� ɩɪɨɪɚɛɨɬɤɚ� ɷɥɟɤɬɪɨɥɢɬɚ� ɹɜɥɹɟɬɫɹ�
ɜɟɫɶɦɚ� ɡɧɚɱɢɦɵɦ� ɮɚɤɬɨɪɨɦ�� ɜɥɢɹɸɳɢɦ� ɧɚ� ɩɨ�
ɜɬɨɪɹɟɦɨɫɬɶ� ɫɜɨɣɫɬɜ� ɝɨɬɨɜɵɯ� ɨɛɴɟɤɬɨɜ�� ɬɚɤɢɯ�
ɤɚɤ� ɫɨɫɬɚɜ�� ɫɬɪɨɟɧɢɟ�� ɬɨɥɳɢɧɚ��ɦɨɪɮɨɥɨɝɢɹ� ɩɨ�
ɜɟɪɯɧɨɫɬɢ�ɢ� ɡɚɳɢɬɧɵɟ�ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ��ɂɦɟɧɧɨ�
ɡɚɳɢɬɧɵɟ�ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ� ɫɢɫɬɟɦ�=U2��7L2��7L��
ɫɮɨɪɦɢɪɨɜɚɧɧɵɯ�ɜ�ɫɜɟɠɟɩɪɢɝɨɬɨɜɥɟɧɧɨɦ�ɢ�ɩɪɨ�
ɪɚɛɨɬɚɧɧɨɦ� ɷɥɟɤɬɪɨɥɢɬɚɯ� ɹɜɢɥɢɫɶ� ɨɬɩɪɚɜɧɨɣ�
ɬɨɱɤɨɣ�ɞɚɥɶɧɟɣɲɢɯ�ɢɫɫɥɟɞɨɜɚɧɢɣ� 

ɉɨɥɭɱɟɧɧɵɟ� ɡɚɜɢɫɢɦɨɫɬɢ� ɜɪɟɦɟɧɢ� ɷɥɟɤ�
ɬɪɨɫɬɢɦɭɥɢɪɨɜɚɧɧɨɝɨ� ɨɛɪɚɡɨɜɚɧɢɹ� ɩɢɬɬɢɧɝɚ� Ĳɪ�
ɨɬ� ɜɪɟɦɟɧɢ� ɮɨɪɦɢɪɨɜɚɧɢɹ� ɩɨɤɪɵɬɢɣ� Wɮ� ɩɪɟɞ�
ɫɬɚɜɥɟɧɵ� ɧɚ� ɪɢɫɭɧɤɟ� ��� ȼ� ɰɟɥɨɦ� ɡɚɜɢɫɢɦɨɫɬɢ�
ɨɛɪɚɡɨɜɚɧɢɹ�ɩɢɬɬɢɧɝɚ��ɩɨɥɭɱɟɧɧɵɟ�ɧɚ�ɨɛɪɚɡɰɚɯ��
ɫɮɨɪɦɢɪɨɜɚɧɧɵɯ� ɜ� ɫɜɟɠɟɦ� ɢ� ɩɪɨɪɚɛɨɬɚɧɧɨɦ�
ɷɥɟɤɬɪɨɥɢɬɚɯ� ɫɯɨɠɢ�� Ʉɚɫɚɬɟɥɶɧɨ� ɩɪɨɪɚɛɨɬɚɧɧɨ�
ɝɨ� ɷɥɟɤɬɪɨɥɢɬɚ�� ɩɪɢ� ɭɜɟɥɢɱɟɧɢɢ� Wɮ� ɞɨ� a�� ɦɢɧ�
ɜɟɥɢɱɢɧɚ� Ĳɪ� ɩɥɚɜɧɨ� ɭɜɟɥɢɱɢɜɚɟɬɫɹ�� ɉɪɢ� Wɮ� �-���
ɦɢɧ� ɧɚɛɥɸɞɚɟɬɫɹ� ɪɟɡɤɨɟ� ɜɨɡɪɚɫɬɚɧɢɟ� ɜɪɟɦɟɧɢ�
ɨɛɪɚɡɨɜɚɧɢɹ� ɩɢɬɬɢɧɝɚ�� Ɂɚɬɟɦ� ɜɟɥɢɱɢɧɚ� Ĳɪ� ɩɪɢ�
Wɮ!��� ɦɢɧ� ɬɚɤɠɟ� ɪɟɡɤɨ� ɭɦɟɧɶɲɚɟɬɫɹ�� Ɍɨ� ɟɫɬɶ� ɫ�
ɭɜɟɥɢɱɟɧɢɟɦ� ɜɪɟɦɟɧɢ�ɮɨɪɦɢɪɨɜɚɧɢɹ� ɩɨɜɟɞɟɧɢɟ�

ɩɪɨɬɢɜɨɤɨɪɪɨɡɢɨɧɧɵɯ� ɫɜɨɣɫɬɜ� ɩɨɤɪɵɬɢɣ� ɦɟɧɹ�
ɟɬɫɹ�ɧɟ�ɦɨɧɨɬɨɧɧɨ��ɚ�ɫɤɚɱɤɨɨɛɪɚɡɧɨ��ɱɬɨ�ɪɚɧɟɟ�ɜ�
ɥɢɬɟɪɚɬɭɪɟ�ɧɟ�ɨɬɦɟɱɚɥɨɫɶ�� 

ȼ�ɫɜɟɠɟɦ�ɷɥɟɤɬɪɨɥɢɬɟ�ɡɚɜɢɫɢɦɨɫɬɶ�ɜɪɟɦɟ�
ɧɢ� ɨɛɪɚɡɨɜɚɧɢɹ� ɩɢɬɬɢɧɝɚ� Ĳɪ� ɢɞɟɧɬɢɱɧɚ�� Ɍɚɤɢɦ�
ɨɛɪɚɡɨɦ�� ɦɨɠɧɨ� ɫɞɟɥɚɬɶ� ɜɵɜɨɞ� ɨ� ɬɨɦ�� ɱɬɨ� ɜɧɟ�
ɡɚɜɢɫɢɦɨɫɬɢ� ɨɬ� ɩɪɨɪɚɛɨɬɚɧɧɨɫɬɢ� ɷɥɟɤɬɪɨɥɢɬɚ��
ɩɨɥɭɱɟɧɢɟ�ɤɚɱɟɫɬɜɟɧɧɵɯ�ɩɨɤɪɵɬɢɣ�ɫ�ɭɞɨɜɥɟɬɜɨ�
ɪɢɬɟɥɶɧɵɦɢ�ɩɪɨɬɢɜɨɤɨɪɪɨɡɢɨɧɧɵɦɢ� ɯɚɪɚɤɬɟɪɢ�
ɫɬɢɤɚɦɢ� ɜɨɡɦɨɠɧɨ� ɜ� ɨɩɪɟɞɟɥɟɧɧɵɯ� ɜɪɟɦɟɧɧɵɯ�
ɭɫɥɨɜɢɹɯ� 

Ⱥɧɚɥɢɡ� ɡɚɜɢɫɢɦɨɫɬɢ� ɢɡɦɟɧɟɧɢɹ� ɧɚɩɪɹɠɟ�
ɧɢɹ� ɧɚ� ɷɥɟɤɬɪɨɞɚɯ� ɨɬ� ɜɪɟɦɟɧɢ� ɮɨɪɦɢɪɨɜɚɧɢɹ�
ɩɨɤɚɡɚɥ�� ɱɬɨ� ɜ� ɨɛɥɚɫɬɢ� ɩɟɪɟɯɨɞɚ� ɨɬ� ɢɫɤɪɨɜɨɣ�
ɫɬɚɞɢɢ� ɤ�ɦɢɤɪɨɞɭɝɨɜɨɣ�ɧɚɛɥɸɞɚɸɬɫɹ� ɬɚɤɠɟ�ɩɟ�
ɪɟɝɢɛɵ�ɧɚ�ɡɚɜɢɫɢɦɨɫɬɹɯ�K I�Wɮ���ș I�Wɮ���ɱɬɨ�ɬɚɤ�
ɠɟ�ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ�ɨɛ�ɢɡɦɟɧɟɧɢɹɯ�ɜ�ɦɟɯɚɧɢɡɦɟ�
ɨɛɪɚɡɨɜɚɧɢɹ� ɢ� ɫɬɪɨɟɧɢɢ� ɩɨɤɪɵɬɢɣ� –� ɡɧɚɱɟɧɢɟ�
ɧɚɩɪɹɠɟɧɢɹ� ɢɫɤɪɟɧɢɹ� 8L� ɩɪɢ� ɩɥɨɬɧɨɫɬɹɯ� ɬɨɤɚ�
ɮɨɪɦɢɪɨɜɚɧɢɹ� L� �� ����� Ⱥ�ɫɦ�� ɫɨɫɬɚɜɥɹɟɬ� ɨɤɨɥɨ�
��� ȼ�� ɭɜɟɥɢɱɢɜɚɹɫɶ� ɫ� ɪɨɫɬɨɦ� ɩɥɨɬɧɨɫɬɢ� ɬɨɤɚ��
ɉɪɢ� ɷɬɨɦ� ɫɬɚɞɢɹ�ɦɢɤɪɨɞɭɝ�ɧɚɱɢɧɚɟɬɫɹ� ɫ� ɧɚɩɪɹ�
ɠɟɧɢɹ�ɨɤɨɥɨ�����ȼ��ɱɬɨ�ɧɚ����ȼ�ɜɵɲɟ��ɱɟɦ�ɜ�ɩɪɨ�
ɪɚɛɨɬɚɧɧɨɦ�ɷɥɟɤɬɪɨɥɢɬɟ��ɉɪɢ�ɷɬɨɦ�ɜɧɟɲɧɢɣ�ɜɢɞ�
ɩɨɤɪɵɬɢɣ�ɧɟ�ɦɟɧɹɟɬɫɹ��ɪɢɫ����� 

ɉɪɢ� ɭɜɟɥɢɱɟɧɢɢ� ɜɪɟɦɟɧɢ� ɨɛɪɚɛɨɬɤɢ� ɧɚ�
ɬɢɬɚɧɟ� ɨɛɪɚɡɭɸɬɫɹ� ɞɨɫɬɚɬɨɱɧɨ� ɩɥɨɬɧɵɟ� ɨɤɫɢɞ�
ɧɵɟ�ɫɥɨɢ��ɪɢɫ������Ɉɧɢ�ɢɦɟɸɬ�ɨɬɧɨɫɢɬɟɥɶɧɨ�ɧɟ�
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Ɋɢɫɭɧɨɤ����Ʉɨɪɪɨɡɢɨɧɧɚɹ�ɫɬɨɣɤɨɫɬɶ�ɩɨɤɪɵɬɢɣ�ɫɮɨɪɦɢɪɨ�
ɜɚɧɧɵɯ�ɜ�ɫɜɟɠɟɩɪɢɝɨɬɨɜɥɟɧɧɨɦ��ɚ��ɢ�ɩɪɨɪɚɛɨɬɚɧɧɨɦ�ɷɥɟɤ�

ɬɪɨɥɢɬɟ��ɛ�� 

Ɋɢɫɭɧɨɤ����ȼɧɟɲɧɢɣ�ɜɢɞ�ɩɨɤɪɵɬɢɣ�ɚ�–������ɛ�–�����ɜ�–�����ɝ�–�����
ɞ�–�����ɟ�–����ɦɢɧ� 
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ɛɨɥɶɲɢɟ� ɩɨ� ɪɚɡɦɟɪɚɦ� �ɞɢɚɦɟɬɪɨɦ� ɦɟɧɶɲɟ� ɢɥɢ�
ɨɤɨɥɨ� �� ɦɤɦ�� ɜɵɯɨɞɹɳɢɟ� ɧɚ� ɩɨɜɟɪɯɧɨɫɬɶ� ɭɫɬɶɹ�
ɩɨɪ�� ɩɪɢ�ɢɯ�ɞɨɫɬɚɬɨɱɧɨ�ɪɟɝɭɥɹɪɧɨɦ�ɪɚɫɩɨɥɨɠɟ�
ɧɢɢ� 

Ɏɨɪɦɢɪɨɜɚɧɢɟ� ɩɨɤɪɵɬɢɣ� ɩɪɨɢɫɯɨɞɢɬ� ɜ� ��
ɷɬɚɩɚ�� ɉɨɫɥɟ� ɨɛɪɚɡɨɜɚɧɢɹ� ɩɟɪɜɢɱɧɨɝɨ� =U-
ɫɨɞɟɪɠɚɳɟɝɨ� ɩɨɤɪɵɬɢɹ�� ɧɚ� ɟɝɨ� ɩɨɜɟɪɯɧɨɫɬɢ�
ɧɚɛɥɸɞɚɥɫɹ� ɪɨɫɬ� ɜɬɨɪɢɱɧɨɝɨ� ɫɥɨɹ� ɩɨ� ɨɫɬɪɨɜɤɨ�
ɜɨɦɭ� ɦɟɯɚɧɢɡɦɭ�� ȼ� ɧɚɲɟɦ� ɫɥɭɱɚɟ� ɩɨɜɟɪɯɧɨɫɬɶ�
ɫɬɚɧɨɜɢɬɫɹ� ɝɪɭɛɨɣ�� ɤɨɥɢɱɟɫɬɜɨ� ɤɪɭɩɧɵɯ� ɩɨɪ�
ɭɜɟɥɢɱɢɜɚɟɬɫɹ��ɪɢɫ���� 

ɉɪɢ� ɭɜɟɥɢɱɟɧɢɢ� ɞɥɢɬɟɥɶɧɨɫɬɢ� ɮɨɪɦɢɪɨ�
ɜɚɧɢɹ�ɧɚ�ɪɟɧɬɝɟɧɨɝɪɚɦɦɚɯ�ɩɪɟɨɛɥɚɞɚɸɬ�ɪɟɮɥɟɤ�
ɫɵ�� ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ� =U2�� ɦɨɧɨɤɥɢɧɧɨɣ� ɢ� ɬɟɬ�
ɪɚɝɨɧɚɥɶɧɨɣ�ɦɨɞɢɮɢɤɚɰɢɢ��ɭɦɟɧɶɲɚɟɬɫɹ�ɢɧɬɟɧ�
ɫɢɜɧɨɫɬɶ�ɪɟɮɥɟɤɫɨɜ�ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ�ɞɢɨɤɫɢɞɭ�
ɬɢɬɚɧɚ�ɦɨɞɢɮɢɤɚɰɢɢ�ɪɭɬɢɥ� 

Ⱥɧɚɥɢɡ� ɩɪɢ� ɛɨɥɶɲɢɯ� ɭɜɟɥɢɱɟɧɢɹɯ� ɫɬɪɭɤ�
ɬɭɪɵ� ɩɨɜɟɪɯɧɨɫɬɢ� ɩɨɤɪɵɬɢɣ�� ɫɮɨɪɦɢɪɨɜɚɧɧɵɯ�
ɩɪɢ�ɢɡɦɟɧɟɧɢɢ� �ɭɜɟɥɢɱɟɧɢɢ��ɜɪɟɦɟɧɢ�ɮɨɪɦɢɪɨ�
ɜɚɧɢɹ�� ɩɨɤɚɡɚɥ�� ɱɬɨ�ɧɚ�ɩɨɜɟɪɯɧɨɫɬɢ�ɱɟɪɟɞɭɸɬɫɹ�
ɩɨɪɵ� �ɧɚ� ɫɧɢɦɤɚɯ� ɬɟɦɧɵɟ� ɨɤɪɭɝɥɵɟ� ɢɥɢ� ɨɜɚɥɶ�
ɧɵɟ� ɭɱɚɫɬɤɢ��� ɩɨɞɧɹɬɢɹ� ɜɨɤɪɭɝ� ɩɨɪ� ɢ� ɜɩɚɞɢɧɵ�
ɦɟɠɞɭ�ɩɨɞɧɹɬɢɹɦɢ��ɇɚɢɛɨɥɟɟ�ɯɚɪɚɤɬɟɪɧɵɟ�ɞɢɚ�
ɦɟɬɪɵ�ɭɫɬɶɟɜ�ɩɨɪ�ɞɥɹ�ɢɫɫɥɟɞɭɟɦɨɣ�ɩɨɜɟɪɯɧɨɫɬɢ�
ɞɨ� a����ɦɤɦ�� ɩɪɢ� ɷɬɨɦ� ɧɚɛɥɸɞɚɸɬɫɹ� ɨɬɞɟɥɶɧɵɟ�
ɩɨɪɵ� ɞɢɚɦɟɬɪɨɦ� ɞɨ� �� ɦɤɦ� �ɪɢɫ�� ���� ɉɨɤɪɵɬɢɹ��
ɫɮɨɪɦɢɪɨɜɚɧɧɵɟ�ɩɪɢ�ɪɚɡɧɵɯ� Wɮ�� ɫɨɨɬɜɟɬɫɬɜɭɸɬ�
ɧɚɢɛɨɥɟɟ� ɯɚɪɚɤɬɟɪɧɵɦ� ɞɢɚɦɟɬɪɚɦ� ɩɨɪ� ɢ� ɦɚɥɨ�
ɡɚɜɢɫɹɬ� ɨɬ� ɫɬɚɞɢɢ�ɨɛɪɚɡɨɜɚɧɢɹ�ɩɨɤɪɵɬɢɣ�� ɩɥɨɬ�
ɧɨɫɬɶ� ɩɨɪ� ɧɚ� ɟɞɢɧɢɰɭ� ɩɨɜɟɪɯɧɨɫɬɢ� ɫ� ɜɪɟɦɟɧɟɦ�
ɮɨɪɦɢɪɨɜɚɧɢɹ�ɩɨɤɪɵɬɢɣ�ɭɦɟɧɶɲɚɸɬɫɹ� 

ɇɚ�ɧɟɤɨɬɨɪɵɯ�ɭɱɚɫɬɤɚɯ�ɩɨɜɟɪɯɧɨɫɬɢ�ɢɦɟɸɬɫɹ�
ɜɵɬɹɧɭɬɵɟ� ɜ� ɞɥɢɧɭ� ɧɚɧɨɨɛɪɚɡɨɜɚɧɢɹ� –� ɜɢɫɤɟɪɵ�
�ɪɢɫ������Ɉɛɪɚɡɨɜɚɧɢɹ�ɞɢɚɦɟɬɪɨɦ���-����ɧɦ�ɢ�ɞɥɢ�
ɧɨɣ����-��ɦɤɦ�ɫɨɫɪɟɞɨɬɨɱɟɧɵ�ɜ�ɨɤɪɟɫɬɧɨɫɬɹɯ�ɩɨɪ� 

Ɉɩɪɟɞɟɥɟɧɢɟ�ɷɥɟɦɟɧɬɧɨɝɨ�ɫɨɫɬɚɜɚ��ɜɵɩɨɥ�
ɧɟɧɧɨɟ�ɧɚ�ɩɥɨɳɚɞɤɚɯ��î��ɦɤɦ��ɫ�ɩɨɦɨɳɶɸ�ɞɢɫ�
ɩɟɪɫɢɨɧɧɨɣ� ɩɪɢɫɬɚɜɤɢ� ɷɥɟɤɬɪɨɧɧɨɝɨ� ɫɤɚɧɢɪɭɸ�
ɳɟɝɨ� ɦɢɤɪɨɫɤɨɩɚ�� ɩɨɤɚɡɚɥɨ�� ɱɬɨ� ɜ� ɛɟɫɩɨɪɢɫɬɨɣ�

ɱɚɫɬɢ� ɩɨɤɪɵɬɢɣ�� ɜ� ɫɪɟɞɧɟɦ�� ɫɨɞɟɪɠɢɬɫɹ�� ɚɬ����
�����=U�������7L�ɢ������2� 

Ʉɚɤ�ɢ�ɜ�ɫɥɭɱɚɟ�ɫ�ɩɪɨɪɚɛɨɬɚɧɧɵɦ�ɷɥɟɤɬɪɨ�
ɥɢɬɨɦ�ɢɡɦɟɪɟɧɢɹ�ɫ�ɩɨɦɨɳɶɸ�ɷɧɟɪɝɨɞɢɫɩɟɪɫɢɨɧ�
ɧɨɣ� ɩɪɢɫɬɚɜɤɢ� ɤ� ɷɥɟɤɬɪɨɧɧɨɦɭ� ɫɤɚɧɢɪɭɸɳɟɦɭ�
ɦɢɤɪɨɫɤɨɩɭ�ɩɨɤɚɡɚɥɢ��ɱɬɨ�ɞɧɨ�ɢ�ɫɬɟɧɤɢ�ɩɨɪ�ɫɨ�
ɞɟɪɠɚɬ� ɬɨɥɶɤɨ� ɜɨɫɫɬɚɧɨɜɥɟɧɧɵɟ� ɦɟɬɚɥɥɵ�� ɩɪɟ�
ɢɦɭɳɟɫɬɜɟɧɧɨ� ɬɢɬɚɧ� ɢ� ɨɫɧɨɜɧɵɟ� ɪɚɜɧɨɜɟɫɧɵɟ�
ɮɚɡɵ� ɫɩɥɚɜɨɜ�� Ⱦɥɹ� ɛɨɥɶɲɢɧɫɬɜɚ� ©ɥɟɠɚɳɢɯª� ɧɚ�
ɩɨɜɟɪɯɧɨɫɬɢ� ɜɢɫɤɟɪɨɜ� ɷɥɟɦɟɧɬɧɵɣ� ɫɨɫɬɚɜ� ɛɥɢ�
ɡɨɤ� ɤ� ɫɨɫɬɚɜɭ� ɩɨɤɪɵɬɢɹ�� ɉɪɢ� ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɦ�
ɨɩɪɟɞɟɥɟɧɢɢ� ɫɨɫɬɚɜɚ� ɜɢɫɤɟɪɨɜ�� ɧɚɯɨɞɹɳɢɯɫɹ� ɜ�
ɩɨɪɟ�� ɮɢɤɫɢɪɭɸɬɫɹ� ɬɨɥɶɤɨ� ɬɢɬɚɧ� ɢ� ɰɢɪɤɨɧɢɣ��
Ɉɞɧɚɤɨ�� ɷɬɨɬ�ɮɚɤɬ� ɬɪɟɛɭɟɬ� ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ�ɛɨ�
ɥɟɟ�ɝɥɭɛɨɤɢɯ�ɢɡɭɱɟɧɢɣ�ɢ�ɩɪɨɞɨɥɠɟɧɢɹ�ɢɫɫɥɟɞɨ�
ɜɚɧɢɣ�ɜ�ɷɬɨɦ�ɧɚɩɪɚɜɥɟɧɢɢ� 

Ʉɚɫɚɬɟɥɶɧɨ�ɤɨɪɪɨɡɢɨɧɧɵɯ�ɫɜɨɣɫɬɜ�ɩɨɤɪɵ�
ɬɢɣ�ɧɟɨɛɯɨɞɢɦɨ�ɨɬɦɟɬɢɬɶ��ɱɬɨ�ɩɪɢ�ɝɚɥɶɜɚɧɨɫɬɚ�

� 

MATERIALS SCIENCE AND ENGINEERING 
МАТЕРИАЛОВЕДЕНИЕ И ТЕХНОЛОГИЯ 

MATERIALSHUNOSLIK VA TEXNOLOGIYAI 

Ɋɢɫɭɧɨɤ����ɗɋɆ-ɢɡɨɛɪɚɠɟɧɢɹ�ɩɨɤɪɵɬɢɣ��ɫɮɨɪɦɢɪɨɜɚɧɧɵɯ�
ɩɪɢ�ɩɥɨɬɧɨɫɬɢ�ɬɨɤɚ� 

�����Ⱥ�ɫɦ��ɢ�ɞɥɢɬɟɥɶɧɨɫɬɢ�ɨɛɪɚɛɨɬɤɢ��ɦɢɧɭɬ���ɚ�–�����ɛ�–�����ɜ�–�
����ɝ�–���� 

Ɋɢɫɭɧɨɤ����ɉɨɜɟɪɯɧɨɫɬɶ�ɩɨɤɪɵɬɢɣ�ɫɮɨɪɦɢɪɨɜɚɧɧɵɯ�ɩɪɢ�ɩɥɨɬ�
ɧɨɫɬɢ�ɬɨɤɚ������Ⱥ�ɫɦ��ɢ�ɞɥɢɬɟɥɶɧɨɫɬɢ�ɨɛɪɚɛɨɬɤɢ��ɦɢɧɭɬ���ɚ�–������

ɛ�–�����ɜ�–�����ɝ�–�����ɞ�–�����ɟ�–���� 

Ɋɢɫɭɧɨɤ����ɋɬɪɨɟɧɢɟ�ɨɬɞɟɥɶɧɵɯ�ɩɨɪ�ɢ�ɜɢɫɤɟɪɵ�ɜ�ɨɤɪɟɫɬɧɨɫɬɹɯ�
ɩɨɪ�ɞɥɹ�ɩɨɤɪɵɬɢɣ��ɫɮɨɪɦɢɪɨɜɚɧɧɵɯ�ɩɪɢ�ɩɥɨɬɧɨɫɬɢ�ɬɨɤɚ������

Ⱥ�ɫɦ��ɢ�ɚ�–������ɛ�–�����ɜ�–�����ɝ�–����ɦɢɧ� 
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CHEMISTRY AND CHEMICAL ENGINEERING 
ɏɂɆɂə�ɂ�ɏɂɆɂɑȿɋɄȺə�ɌȿɏɇɈɅɈȽɂə  

ɬɢɱɟɫɤɨɦ�ɮɨɪɦɢɪɨɜɚɧɢɢ�ɫ�ɪɨɫɬɨɦ�Wɮ�ɩɪɨɢɫɯɨɞɢɬ�
ɫɦɟɧɚ� ɫɬɚɞɢɣ� ɪɨɫɬɚ� ɩɨɤɪɵɬɢɣ�� ɞɨɢɫɤɪɨɜɚɹ�� ɢɫ�
ɤɪɨɜɚɹ�ɢ�ɦɢɤɪɨɞɭɝɨɜɚɹ��ȼ�ɫɬɚɞɢɢ�ɦɢɤɪɨɞɭɝ�ɩɪɢ�
Wɮ� �� ��� ɦɢɧ� ɜɪɟɦɹ� ɨɛɪɚɡɨɜɚɧɢɹ� ɩɢɬɬɢɧɝɚ�� ɨɬɧɟ�
ɫɟɧɧɨɟ� ɤ� ɟɞɢɧɢɰɟ� ɬɨɥɳɢɧɵ� ɩɨɤɪɵɬɢɣ�� ɡɚɦɟɬɧɨ�
ɧɢɠɟ�� ɱɟɦ� ɞɥɹ� ɩɨɤɪɵɬɢɣ�� ɫɮɨɪɦɢɪɨɜɚɧɧɵɯ� ɜ�
ɢɫɤɪɨɜɨɣ� ɫɬɚɞɢɢ�� Ɍɨ� ɟɫɬɶ�� ɜ� ɢɫɤɪɨɜɨɣ� ɫɬɚɞɢɢ�
ɨɛɪɚɡɭɸɬɫɹ� ɛɨɥɟɟ� ɩɥɨɬɧɵɟ� ɢ� ɦɟɧɟɟ� ɞɟɮɟɤɬɧɵɟ�
ɩɨɤɪɵɬɢɹ��ɱɟɦ�ɜ�ɦɢɤɪɨɞɭɝɨɜɨɣ��Ɋɟɡɤɨɟ�ɭɜɟɥɢɱɟ�
ɧɢɟ� ɜɪɟɦɟɧɢ� ɨɛɪɚɡɨɜɚɧɢɹ� ɩɢɬɬɢɧɝɚ� ɞɥɹ� ɩɨɤɪɵ�
ɬɢɣ�� ɫɮɨɪɦɢɪɨɜɚɧɧɵɯ� ɜɨ� ɜɪɟɦɟɧɧɨɦ� ɢɧɬɟɪɜɚɥɟ�
��-���ɦɢɧ��ɩɨ�ɜɢɞɢɦɨɦɭ�ɫɜɹɡɚɧɨ�ɫ�ɨɫɨɛɟɧɧɨɫɬɹ�
ɦɢ�ɫɬɪɨɟɧɢɹ�ɩɨɤɪɵɬɢɣ��ɩɨɞɜɟɪɝɧɭɬɵɯ�ɞɟɣɫɬɜɢɸ�
ɪɚɫɩɪɨɫɬɪɚɧɹɸɳɢɯɫɹ�ɪɚɡɪɹɞɨɜ� 

Ɂɧɚɱɟɧɢɹ� ɜɪɟɦɟɧɢ� ɨɛɪɚɡɨɜɚɧɢɹ� ɩɢɬɬɢɧɝɚ��
ɮɨɪɦɢɪɭɟɦɵɯ�ɩɨɤɪɵɬɢɣ�ɫɯɨɠɢ��ɉɪɢ�ɭɜɟɥɢɱɟɧɢɢ�
ɜɪɟɦɟɧɢ�ɮɨɪɦɢɪɨɜɚɧɢɹ� Wɮ� ɞɨ�a���ɦɢɧɭɬ�ɩɥɚɜɧɨ�
ɪɚɫɬɟɬ�ɜɪɟɦɹ�ɨɛɪɚɡɨɜɚɧɢɹ�ɩɢɬɬɢɧɝɚ��ɉɪɢ�Wɮ���-���
ɦɢɧ�ɧɚɛɥɸɞɚɟɬɫɹ� ɡɚɦɟɬɧɨɟ�ɭɜɟɥɢɱɟɧɢɟ�ɜɪɟɦɟɧɢ�
ɨɛɪɚɡɨɜɚɧɢɹ� ɩɢɬɬɢɧɝɚ�� Ɂɚɬɟɦ� ɜɟɥɢɱɢɧɚ� Ĳɪ� ɩɪɢ�
Wɮ!���ɦɢɧ�ɪɟɡɤɨ�ɭɦɟɧɶɲɚɟɬɫɹ��Ɍɨ�ɟɫɬɶ�ɩɪɨɬɢɜɨ�
ɤɨɪɪɨɡɢɨɧɧɵɟ�ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ�ɜ�ɫɜɟɠɟɩɪɢɝɨɬɨɜ�
ɥɟɧɧɨɦ�ɷɥɟɤɬɪɨɥɢɬɟ�ɢ�ɩɪɨɪɚɛɨɬɚɧɧɨɦ�ɜɟɞɭɬ�ɫɟɛɹ�
ɨɞɢɧɚɤɨɜɨ�� ɫ� ɬɨɣ� ɥɢɲɶ� ɪɚɡɧɢɰɟɣ�� ɱɬɨ� ɜ� ɫɜɟɠɟ�
ɩɪɢɝɨɬɨɜɥɟɧɧɨɦ�ɩɪɨɢɫɯɨɞɢɬ�ɧɟɛɨɥɶɲɨɣ�ɫɞɜɢɝ��ɢ�
ɩɨɤɪɵɬɢɹ� ɫ� ɜɵɫɨɤɢɦɢ� ɩɪɨɬɢɜɨɤɨɪɪɨɡɢɨɧɧɵɦɢ�
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ�ɮɨɪɦɢɪɭɸɬɫɹ�ɧɚ���-���ɦɢɧɭɬɵ�
ɞɨɥɶɲɟ�� Ʉɪɨɦɟ� ɬɨɝɨ�� ɜ� ɫɜɟɠɟɩɪɢɝɨɬɨɜɥɟɧɧɨɦ�
ɷɥɟɤɬɪɨɥɢɬɟ�ɡɧɚɱɟɧɢɹ�ɜɪɟɦɟɧɢ�ɨɛɪɚɡɨɜɚɧɢɹ�ɩɢɬ�
ɬɢɧɝɚ�ɜ�����ɪɚɡɚ�ɜɵɲɟ� 

 
Ɂɚɤɥɸɱɟɧɢɟ 
ɉɪɨɜɟɞɟɧɧɵɟ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɩɨɤɚɡɚɥɢ�� ɱɬɨ�

ɜ� ɫɜɟɠɟɩɪɢɝɨɬɨɜɥɟɧɧɨɦ� ɷɥɟɤɬɪɨɥɢɬɟ�� ɫ� ɬɨɱɤɢ�
ɡɪɟɧɢɹ�ɩɪɨɬɢɜɨɤɨɪɪɨɡɢɨɧɧɵɯ�ɫɜɨɣɫɬɜ��ɩɪɟɞɫɬɚɜ�

ɥɹɸɬ� ɢɧɬɟɪɟɫ� ɩɨɤɪɵɬɢɹ�� ɫɮɨɪɦɢɪɨɜɚɧɧɵɟ� ɧɚ�
ɬɢɬɚɧɟ�ɢ�ɟɝɨ�ɫɩɥɚɜɚɯ�ɜ�ɷɥɟɤɬɪɨɥɢɬɟ�ɫ�ɫɭɥɶɮɚɬɨɦ�
ɰɢɪɤɨɧɢɹ� ɜ� ɝɚɥɶɜɚɧɨɫɬɚɬɢɱɟɫɤɢɯ� ɭɫɥɨɜɢɹɯ� ɩɪɨ�
ɰɟɫɫɚ�ɉɗɈ�ɩɪɢ�L �����Ⱥ�ɫɦ��ɡɚ�ɜɪɟɦɹ�ɨɛɪɚɛɨɬɤɢ�
��-���ɦɢɧɭɬ�� 

ɉɪɢ�ɝɚɥɶɜɚɧɨɫɬɚɬɢɱɟɫɤɨɦ�ɮɨɪɦɢɪɨɜɚɧɢɢ�ɫ�
ɪɨɫɬɨɦ� Wɮ� ɩɪɨɢɫɯɨɞɢɬ� ɫɦɟɧɚ� ɫɬɚɞɢɣ� ɪɨɫɬɚ� ɩɨ�
ɤɪɵɬɢɣ�� ɞɨɢɫɤɪɨɜɚɹ�� ɢɫɤɪɨɜɚɹ� ɢ� ɦɢɤɪɨɞɭɝɨɜɚɹ��
ȼ� ɫɬɚɞɢɢ� ɦɢɤɪɨɞɭɝɨɜɨɣ� ɩɪɢ� Wɮ� �� ��� ɦɢɧ� ɜɪɟɦɹ�
ɨɛɪɚɡɨɜɚɧɢɹ� ɩɢɬɬɢɧɝɚ�� ɨɬɧɟɫɟɧɧɨɟ� ɤ� ɟɞɢɧɢɰɟ�
ɬɨɥɳɢɧɵ�ɩɨɤɪɵɬɢɣ�� ɡɚɦɟɬɧɨ�ɧɢɠɟ�� ɱɟɦ�ɞɥɹ�ɩɨ�
ɤɪɵɬɢɣ��ɫɮɨɪɦɢɪɨɜɚɧɧɵɯ�ɜ�ɢɫɤɪɨɜɨɣ�ɫɬɚɞɢɢ��Ɍɨ�
ɟɫɬɶ��ɜ�ɢɫɤɪɨɜɨɣ�ɫɬɚɞɢɢ�ɨɛɪɚɡɭɸɬɫɹ�ɛɨɥɟɟ�ɩɥɨɬ�
ɧɵɟ� ɢ� ɦɟɧɟɟ� ɞɟɮɟɤɬɧɵɟ� ɩɨɤɪɵɬɢɹ�� ɱɟɦ� ɜ� ɦɢɤ�
ɪɨɞɭɝɨɜɨɣ�� Ɋɟɡɤɨɟ� ɭɜɟɥɢɱɟɧɢɟ� ɜɪɟɦɟɧɢ� ɨɛɪɚɡɨ�
ɜɚɧɢɹ�ɩɢɬɬɢɧɝɚ�ɞɥɹ�ɩɨɤɪɵɬɢɣ��ɫɮɨɪɦɢɪɨɜɚɧɧɵɯ�
ɜɨ� ɜɪɟɦɟɧɧɨɦ� ɢɧɬɟɪɜɚɥɟ� ��-��� ɦɢɧ�� ɩɨ-
ɜɢɞɢɦɨɦɭ�� ɫɜɹɡɚɧɨ� ɫ� ɨɫɨɛɟɧɧɨɫɬɹɦɢ� ɫɬɪɨɟɧɢɹ�
ɩɨɤɪɵɬɢɣ�� ɩɨɞɜɟɪɝɧɭɬɵɯ� ɞɟɣɫɬɜɢɸ� ɪɚɫɩɪɨɫɬɪɚ�
ɧɹɸɳɢɯɫɹ�ɪɚɡɪɹɞɨɜ��ɉɪɢ�ɷɬɨɦ�ɧɚɛɥɸɞɚɟɬɫɹ�ɤɨɪ�
ɪɟɥɹɰɢɹ� ɦɟɠɞɭ� ɫɬɚɞɢɹɦɢ� ɝɚɥɶɜɚɧɨɫɬɚɬɢɱɟɫɤɨɝɨ�
ɮɨɪɦɢɪɨɜɚɧɢɹ� ɩɨɤɪɵɬɢɣ� ɢ� ɢɯ� ɩɪɨɬɢɜɨɤɨɪɪɨɡɢ�
ɨɧɧɵɦɢ�ɫɜɨɣɫɬɜɚɦɢ� 

ɗɥɟɤɬɪɨɧɧɨ-ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɟ�ɢɫɫɥɟɞɨɜɚ�
ɧɢɹ� ɩɨɤɚɡɚɥɢ�� ɱɬɨ� ɦɧɨɝɢɟ� ɩɨɪɵ� ɢɦɟɸɬ� ɦɧɨɝɨ�
ɭɪɨɜɧɟɜɨɟ� ɫɬɪɨɟɧɢɟ�� ɂɡɦɟɪɟɧɢɹ� ɫ� ɩɨɦɨɳɶɸ�
ɷɧɟɪɝɨɞɢɫɩɟɪɫɢɨɧɧɨɣ� ɩɪɢɫɬɚɜɤɢ� ɩɨɤɚɡɚɥɢ�� ɱɬɨ�
ɞɧɨ�ɢ�ɫɬɟɧɤɢ�ɩɨɪ�ɫɨɞɟɪɠɚɬ�ɬɨɥɶɤɨ�ɜɨɫɫɬɚɧɨɜɥɟɧ�
ɧɵɟ� ɦɟɬɚɥɥɵ�� Ⱦɥɹ� ɛɨɥɶɲɢɧɫɬɜɚ� ©ɥɟɠɚɳɢɯª� ɧɚ�
ɩɨɜɟɪɯɧɨɫɬɢ� ɜɢɫɤɟɪɨɜ� ɷɥɟɦɟɧɬɧɵɣ� ɫɨɫɬɚɜ� ɛɥɢ�
ɡɨɤ�ɤ�ɫɨɫɬɚɜɭ�ɩɨɤɪɵɬɢɹ��ɉɪɢ�ɨɩɪɟɞɟɥɟɧɢɢ�ɫɨɫɬɚ�
ɜɚ�ɜɢɫɤɟɪɨɜ��ɧɚɯɨɞɹɳɢɯɫɹ�ɜ�ɩɨɪɟ��ɮɢɤɫɢɪɭɸɬɫɹ�
ɜ�ɨɫɧɨɜɧɨɦ�ɬɨɥɶɤɨ�ɬɢɬɚɧ�ɢ�ɰɢɪɤɨɧɢɣ��ɱɬɨ�ɬɪɟɛɭ�
ɟɬ�ɛɨɥɟɟ�ɝɥɭɛɨɤɨɝɨ�ɢɡɭɱɟɧɢɹ�ɩɪɨɰɟɫɫɚ�ɨɛɪɚɡɨɜɚ�
ɧɢɹ�ɜɢɫɤɟɪɨɜ� 
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5()(5(1&(6 
 

�� 5XGQHY�9�6���.LOLQ�.�1���0DO\VKHY�,�9���<DURYD\D�7�3���1HG]RURY�3�0���3RSRYLFK�$�$��3OD]PHQQR-HOHNWUROLWLFKHVNRH�RNVLGL�
URYDQL\H�WLWDQD�Y�HOHNWUROLWH�V�=U�62����>3ODVPD-HOHFWURO\WLF�R[LGDWLRQ�RI�WLWDQLXP�LQ�HOHFWURO\WH�ZLWK�=U�62���@��)L]LNRNKLPL\D�
SRYHUNKQRVWL�L�]DVKFKLWD�PDWHULDORY��������YRO������QR�����SS�����-���� 

�� 5XGQHY�9�6���<DURYD\D�7�3���1HGR]RURY�3�0���8VWLQRY�$�<X���7LULQD�/�0���0DO\VKHY�,�9���(JRUNLQ�9�6��3ROXFKHQL\H�SOD]PHQ�
QR-HOHNWUROLWLFKHVNLP�RNVLGLURYDQL\HP�WLWDQD�Y�NRPSR]RWVL\�=U2��&H2[�7L2��7L�L�LVVOHGRYDQL\H�LNK�NKDUDNWHULVWLN��>2EWDLQLQJ�
E\�SODVPD-HOHFWURO\WLF�R[LGDWLRQ�RI�WLWDQLXP�LQWR�FRPSRVLWHV�=U2��&H2[�7L2��7L�DQG�VWXG\�RI�WKHLU�FKDUDFWHULVWLFV@��)L]LNRNK�
LPL\D�SRYHUNKQRVWL�L�]DVKFKLWD�PDWHULDORY��������YRO������QR�����SS�����-���� 

�� 8UXVRY�9�6��(UHPHQ�1�1��$WRPLVWLFKHVNR\H�PRGHOLURYDQL\H�VWUXNWXU\� L�VYR\VWY�QHRUJDQLFKHVNLNK�NULVWDOORY� L�PLQHUDORY�� LNK�
GHIHNWRY� L� WYHUG\NK� UDVWYRURY� >$WRPLVWLF�PRGHOLQJ� RI� WKH� VWUXFWXUH� DQG� SURSHUWLHV� RI� LQRUJDQLF� FU\VWDOV� DQG�PLQHUDOV�� WKHLU�
GHIHFWV�DQG�VROLG�VROXWLRQV@��0RVFRZ��*(26�3XEO�������������S�� 

�� .DOXÿHURYLü�0�5���6FKUHFNHQEDFK�-�3���*UDI�+�-/��=LUFRQLD�FRDWHG�WLWDQLXP�IRU�LPSODQWV�DQG�WKHLU�LQWHUDFWLRQV�ZLWK�RVWHREODVW�
FHOOV��0DWHU��6FL��(QJ��&�0DWHU��%LRO��$SSO���������YRO������SS�����-�����'2,����������M�PVHF������������� 

�� 5HGG\�%�0���5HGG\�*�.���5DR�.�1���*DQHVK�,���)HUUHLUD�-�0��&KDUDFWHUL]DWLRQ�DQG�SKRWRFDWDO\WLF�DFWLYLW\�RI�7L2�-0[2\��0[2\�
 �6L2���$O�2���DQG�=U2���PL[HG�R[LGHV�V\QWKHVL]HG�E\�PLFURZDYH-LQGXFHG�VROXWLRQ�FRPEXVWLRQ�WHFKQLTXH��-RXUQDO�RI�0DWHULDOV�
6FLHQFH��������YRO������SS������-����� 

�� .LP�%���.LP�'���&KR�'���&KR�6��%DFWHULFLGDO�HIIHFW�RI�7L2��SKRWRFDWDO\VW�RQ�VHOHFWHG�IRRG-ERUQH�SDWKRJHQLF�EDFWHULD��&KHPR�
VSKHUH��������YRO�����SS�����-���� 

�� 3DXORVH�0���6KDQNDU�.���<RUL\D�6���3UDNDVDP�+�(���9DUJKHVH�2�.���0RU�*�.���/DWHPSD�7�$���)LW]JHUDOG�$���*ULPHV�&�$��$Q�
RGLF�JURZWK�RI�KLJKO\�RUGHUHG�7L2��QDQRWXEH�DUUD\V�WR�����ȝP�LQ�OHQJWK��7KH�-RXUQDO�RI�3K\VLFDO�&KHPLVWU\��������YRO������SS��
�����-������ 

�� 6XPLQRY� ,�9���(SHOIHUG�$�9���/\XGLQ�9�%��0LNURGXJRYR\H�RNVLGLURYDQL\H� �WHRUL\D�� WHNKQRORJL\D�� RERUXGRYDQL\H�� >0LFURDUF�
R[LGDWLRQ��WKHRU\��WHFKQRORJ\��HTXLSPHQW�@��0RVFRZ��.20(7�3XEO�������������S� 

�� $UUDEDO�5���0DW\NLQD�(���9LHMR�)�5���6NHOGRQ�3���7KRPSVRQ�*�(���0HULQR�0�&��$&�SODVPD�HOHFWURO\WLF�R[LGDWLRQ�RI�PDJQHVLXP�
ZLWK�]LUFRQLD�QDQRSDUWLFOHV��$SSOLHG�6XUIDFH�6FLHQFH��������YRO������SS������-����� 

��� 5XGQHY�9�6���.LOLQ�.�1��<DURYD\D�7�3���1HGR]RURY�3�0���8VWLQRY�$�<X���.D\GDORYD�7�$��2NVLGQR-IRVIDWQL\�VOR\�V�VR\HGLQHQL�
\DPL�WVLUNRQL\D�QD�WLWDQH�>2[LGH-SKRVSKDWH�OD\HU�ZLWK�]LUFRQLXP�FRPSRXQGV�RQ�WLWDQLXP�@��=DVKLWD�PHWDOORY��������YRO�����SS��
���-���� 

��� 5XGQHY�9�6���<DURYD\D�7�3���1HGR]RURY�3�0���.D\GDORYD�7�$��2NVLGQ\\H�VORL�V�IRVIDWDPL�WLWDQD�L�WVLUNRQL\D�>2[LGH�OD\HUV�ZLWK�
WLWDQLXP�DQG�]LUFRQLXP�SKRVSKDWHV@��=KXUQDO�QHRUJDQLFKHVNR\�NKLPLL��������YRO�����SS������-����� 

��� *QHGHQNRY� 6�9��� .KULVDQIRYD� 2�$��� =DYLGQD\D� $�*�� 3OD]PHQQR\H� HOHNWUR-OLWLFKHVNR\H� RNVLGLURYDQL\H� PHWDOORY� L� VSODYRY� Y�
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WDUWUDWVRGHU]KDVKFKLNK�UDVWYRUDNK�>3ODVPD�HOHFWURO\WLF�R[LGDWLRQ�RI�PHWDOV�DQG�DOOR\V�LQ�WDUWUDWH-FRQWDLQLQJ�VROXWLRQV@��9ODGLYRVWRN��'DO�
QDXND�3XEO�������������S���� 

��� 5XGQHY�9�6���.LOLQ�.��1���<DURYD\D�7�3��6SRVRE� SROXFKHQL\D� QD� WLWDQH� L� \HJR� VSODYDNK� SRNU\WL\�� VRGHU]KDVKFKLNK� RNVLG� WVLUNRQL\D� >$�
PHWKRG�RI�REWDLQLQJ�FRDWLQJV�RQ�WLWDQLXP�DQG�LWV�DOOR\V�FRQWDLQLQJ�]LUFRQLXP�R[LGH�@��3DWHQW�58��QR����������������� 

��� 7KRPSVRQ�*�(���0DW\NLQD�(���$UUDEDO�5���0RQIRUW�)���6FHOGRQ�3��,QFRUSRUDWLRQ�RI�]LUFRQLD�LQWR�FRDWLQJV�IRUPHG�E\�'&�SODVPD�HOHFWURO\WLF�
R[LGDWLRQ�RI�DOXPLQLXP�LQ�QDQRSDUWLFOH�VXVSHQVLRQV��$SSOLHG�6XUIDFH�6FLHQFH��������YRO�����SS������ 

��� 7KRPSVRQ�*�(���0HULQR�0�&���$UUDEDO�3���0DW\NLQD�(���9LHMR�)�5��6NHOGRQ�$&�SODVPD�HOHFWURO\WLF�R[LGDWLRQ�RI�PDJQHVLXP�ZLWK�]LUFRQLD�
QDQRSDUWLFOHV��$SSOLHG�6XUIDFH�6FLHQFH��������YRO������SS������� 

��� 5XGQHY�9�6���0DOHVKHY�,�9���/XNL\DQFKXN�,�9���.XU\DYL\�9�*�6RVWDY��VWUR\HQL\H�SRYHUNKQRVWL�L�WHPSHUDWXUQR\H�SRYHGHQL\H�NRPSR]LWVL\�
=U2��7L2��7L� L� =U2��&H2[�7L2��7L�� VIRUPLURYDQQ\NK� PHWRGRP� SOD]PHQQR-HOHNWUROLWLFKHVNRJR� RNVLGLURYDQL\D� >&RPSRVLWLRQ�� VXUIDFH�
VWUXFWXUH� DQG� WHPSHUDWXUH� EHKDYLRU� RI� =U2��7L2��7L� L� =U2��&H2[�7L2��7L�� FRPSRVLWLRQV� IRUPHG� E\� SODVPD� HOHFWURO\WLF� R[LGDWLRQ@��
)L]LNR[LPL\D�SRYHU[QRVWL�L�]DVKLWD�PDWHULDORY��������YRO�����SS�����-���� 

��� 2OH\QLN�6�9���5XGQHY�9�6���.X]HQNRY�<X�$���-DURYDMD�7�3���7UXEHWVNDMD�/�)���'HJWLDUHQNR�1�1���1HGR]RURY�3�0��7KH�SURWHFWLYH�SURSHU�
WLHV�RI�FRDWLQJV�RQ�D�PDJQHVLXP�DOOR\�IRUPHG�E\�SODVPD�HOHFWURO\WLF�R[LGDWLRQ�LQ�VLOLFDWH�HOHFWURO\WHV�� ,QWHUQDWLRQDO�-RXUQDO�RI�&RUURVLRQ�
DQG�6FDOH�,QKLELWLRQ��������YRO�����SS����-��� 

��� 0DQVXURY�<X�1���5HYD�9�3���0DQVXURY�6�<X���%HORERURGRY�0�9��(FRQRPLF�DQG�VRFLDO�EDVLV�RI�PDWHULDO�VFLHQFH�GHYHORSPHQW� LQ� WKH� IDU�
HDVW��7VYHWQ\\H�PHWDOO\��������YRO������SS�����–���� 

��� 5XGQHY�� 9�6��� 1HGR]RURY�� 3�0��� <DURYD\D�� 7�3���0DQVXURY�� <X�1�� /RFDO� SODVPD� DQG� HOHFWURFKHPLFDO� R[\JHQDWLQJ� RQ� WKH� H[DPSOH� RI�
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