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ɈɊɌɈɌɊɈɉɇɂɃ�ɉɊəɆɈɄɍɌɇɂɄ�ɉȱȾ�ȼɉɅɂȼɈɆ�ɉɅɈɋɄɈȽɈ�
ɒɌȺɆɉȺ

Ɉ��ȼ��Ȼɟɥɨɜɚ��ȱ��ȼ��ɓɟɪɛɢɧɚ

ɇɚɰɿɨɧɚɥɶɧɚ�ɦɟɬɚɥɭɪɝɿɣɧɚ�ɚɤɚɞɟɦɿɹ�ɍɤɪɚʀɧɢ
RNEHORYD#UDPEOHU�UX��VKHUELQDLY#XNU�QHW

Ʉɥɸɱɨɜɿ�ɫɥɨɜɚ�
ɚɫɢɦɩɬɨɬɢɱɧɢɣ�ɦɟɬɨɞ��ɦɟɬɨɞ�ɦɚɥɨɝɨ�
ɩɚɪɚɦɟɬɪɚ��ɨɪɬɨɬɪɨɩɧɢɣ�ɦɚɬɟɪɿɚɥ��
ɩɪɹɦɨɥɿɧɿɣɧɚ�ɚɧɿɡɨɬɪɨɩɿɹ��ɦɨɞɟɥɶɧɚ�
ɡɚɞɚɱɚ�

Ɇɟɯɚɧɿɡɦɢ�ɩɨɲɤɨɞɠɟɧɧɹ�ɤɨɦɩɨɡɢɰɿɣɧɢɯ�ɿ�ɚɧɿɡɨɬɪɨɩɧɢɯ�ɦɚɬɟɪɿɚɥɿɜ�
ɫɭɬɬɽɜɨ� ɜɿɞɪɿɡɧɹɸɬɶɫɹ� ɜɿɞ�ɦɟɯɚɧɿɡɦɿɜ� ɩɨɲɤɨɞɠɟɧɧɹ� ɨɞɧɨɪɿɞɧɢɯ� ɬɚ�
ɿɡɨɬɪɨɩɧɢɯ�ɦɚɬɟɪɿɚɥɿɜ��Ɂɚɫɬɨɫɭɜɚɧɧɹ�ɦɟɬɨɞɿɜ�ɥɿɧɿɣɧɨʀ�ɦɟɯɚɧɿɤɢ�ɪɭɣ�
ɧɭɜɚɧɧɹ�ɞɨ�ɤɨɦɩɨɡɢɬɿɜ�ɨɛɦɟɠɟɧɟ�ɿɡ�ɡɚ�ɚɧɿɡɨɬɪɨɩɿʀ�ɿ�ɧɟɨɞɧɨɪɿɞɧɨɫɬɿ�
ɫɬɪɭɤɬɭɪɢ�ɬɚɤɢɯ�ɦɚɬɟɪɿɚɥɿɜ��Ⱥɫɢɦɩɬɨɬɢɱɧɢɣ�ɚɧɚɥɿɡ�ɞɨɡɜɨɥɹɽ�ɫɩɪɨɝ�
ɧɨɡɭɜɚɬɢ� ɩɨɞɚɥɶɲɭ� ɩɨɜɟɞɿɧɤɭ� ɦɚɬɟɪɿɚɥɭ� ɚɛɨ� ɤɨɧɫɬɪɭɤɰɿʀ�� ɨɛɪɚɬɢ�
ɧɚɣɤɪɚɳɢɣ�ɨɛɱɢɫɥɸɜɚɥɶɧɢɣ�ɦɟɬɨɞ�ɬɚ�ɪɨɡɿɛɪɚɬɢɫɹ�ɭ�ɱɢɫɥɨɜɨɦɭ�ɦɚ�
ɬɟɪɿɚɥɿ��Ɍɚɤɢɣ�ɚɧɚɥɿɡ�ɨɫɨɛɥɢɜɨ�ɟɮɟɤɬɢɜɧɢɣ�ɜ�ɬɢɯ�ɨɛɥɚɫɬɹɯ�ɡɧɚɱɟɧɶ�
ɩɚɪɚɦɟɬɪɿɜ�� ɞɟ� ɦɚɲɢɧɧɿ� ɨɛɱɢɫɥɟɧɧɹ� ɡɭɫɬɪɿɱɚɸɬɶ� ɫɟɪɣɨɡɧɿ� ɭɬɪɭɞ�
ɧɟɧɧɹ��Ɂɝɿɞɧɨ ɡ ɬɚɤɢɦ�ɩɿɞɯɨɞɨɦ ɚɫɢɦɩɬɨɬɢɱɧɢɣ�ɚɧɚɥɿɡ�ɪɿɜɧɹɧɶ�ɬɟɨɪɿʀ�
ɩɪɭɠɧɨɫɬɿ�ɞɥɹ�ɨɪɬɨɬɪɨɩɧɢɯ�ɬɿɥ�ɜɢɤɨɧɭɽɬɶɫɹ�ɡ�ɜɢɤɨɪɢɫɬɚɧɧɹɦ�ɩɚɪɚ�
ɦɟɬɪɿɜ��ɳɨ�ɯɚɪɚɤɬɟɪɢɡɭɸɬɶ� ɚɧɿɡɨɬɪɨɩɿɸ��ɉɪɢ�ɰɶɨɦɭ�ɜɢɯɿɞɧɿ� ɡɚɞɚɱɿ�
ɬɟɨɪɿʀ�ɩɪɭɠɧɨɫɬɿ�ɡɜɨɞɹɬɶɫɹ�ɞɨ�ɪɟɤɭɪɟɧɬɧɨʀ�ɩɨɫɥɿɞɨɜɧɨɫɬɿ�ɤɪɚɣɨɜɢɯ�
ɡɚɞɚɱ�ɬɟɨɪɿʀ�ɩɨɬɟɧɰɿɚɥɭ��Ɋɨɡɜ¶ɹɡɚɧɚ�ɡɚɞɚɱɚ�ɩɪɨ�ɜɬɢɫɤɚɧɧɹ�ɩɥɨɫɤɨɝɨ�
ɲɬɚɦɩɚ ɜ�ɩɪɭɠɧɭ�ɨɪɬɨɬɪɨɩɧɭ�ɧɚɩɿɜɩɥɨɳɢɧɭ�ɰɟɧɬɪɚɥɶɧɨɸ�ɩɪɢɤɥɚ�
ɞɟɧɨɸ�ɫɢɥɨɸ��ɉɟɪɟɞɛɚɱɚɥɨɫɶ��ɳɨ�ɧɚ�ɫɟɪɟɞɧɿɣ ɞɿɥɹɧɰɿ�ɦɚɽ�ɦɿɫɰɟ�ɡɱɟ�
ɩɥɟɧɧɹ�ɲɬɚɦɩɚ ɿɡ�ɩɪɭɠɧɨɸ�ɩɿɜɩɥɨɳɢɧɨɸ��ɇɚ�ɛɿɱɧɢɯ�ɞɿɥɹɧɤɚɯ�ɨɛɥɚ�
ɫɬɿ�ɤɨɧɬɚɤɬɭ�ɦɚɽ�ɦɿɫɰɟ�ɤɨɜɡɚɧɧɹ��ɩɪɢɱɨɦɭ�ɹɤ�ɡ�ɬɟɪɬɹɦ��ɬɚɤ�ɣ�ɛɟɡ�ɬɟ�
ɪɬɹ��Ⱦɨɜɠɢɧɚ�ɞɿɥɹɧɤɢ�ɡɱɟɩɥɟɧɧɹ�ɧɟɜɿɞɨɦɚ�ɬɚ�ɩɿɞɥɹɝɚɽ�ɜɢɡɧɚɱɟɧɧɸ��
ɇɚɜɟɞɟɧɚ�ɧɢɠɱɟ�ɡɚɞɚɱɚ�ɪɨɡɜ¶ɹɡɭɽɬɶɫɹ�ɚɜɬɨɪɚɦɢ�ɦɟɬɨɞɨɦ�ɡɛɭɪɟɧɶ�>�@�
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RNEHORYD#UDPEOHU�UX��VKHUELQDLY#XNU�QHW

.H\�ZRUGV�
DV\PSWRWLF�PHWKRG��VPDOO�SDUDPHWHU�
PHWKRG��RUWKRWURSLF�PDWHULDO��
UHFWLOLQHDU�DQLVRWURS\��PRGHO�SUREOHP�

0HFKDQLVPV� RI� GDPDJH� RI� FRPSRVLWH� DQG� DQLVRWURSLF� PDWHULDOV�
HVVHQWLDOO\� GLIIHU� IURP� PHFKDQLVPV� RI� GDPDJH� RI� KRPRJHQHRXV� DQG�
LVRWURSLF� PDWHULDOV�� $SSOLFDWLRQ� RI� D� PHWKRG� RI� OLQHDU� PHFKDQLFV� RI�
GHVWUXFWLRQV� WR� DJJUHJDWHV� LV� OLPLWHG� EHFDXVH� RI� DQLVRWURS\� DQG�
KHWHURJHQHLW\� RI� VWUXFWXUH� RI� VXFK� PDWHULDOV�� 7KH� DV\PSWRWLF� DQDO\VLV�
DOORZV�WR�SUHGLFW�WKH�IXUWKHU�EHKDYLRXU�RI�D�PDWHULDO�RU�D�FRQVUXFWLRQ��WR�
FKRRVH� WKH� EHVW� FRPSXWLQJ� PHWKRG� DQG� WR� XQGHUVWDQG� D� QXPHULFDO�
PDWHULDO��6XFK�DQDO\VLV�LV�HVSHFLDOO\�HIIHFWLYH�LQ�WKRVH�DUHDV�RI�YDOXH�RI�
SDUDPHWHUV�ZKHUH�FRPSXWHU HYDOXDWLRQV�DUH�LQFRQYHQLHQW��$FFRUGLQJ�WR�
VXFK�DSSURDFK�WKH�DV\PSWRWLF�DQDO\VLV�RI�WKH�HTXDWLRQV�RI�WKH�WKHRU\�RI�
DQ�HODVWLFLW\�IRU�RUWKRWURSLF�VNHZ�ILHOGV�LV�IXOILOOHG�ZLWK�DSSOLFDWLRQ�RI�WKH�
SDUDPHWHUV�GHVFULELQJ�DQLVRWURS\��7KXV�LQLWLDO�SUREOHPV�RI�WKH�WKHRU\�RI�
DQ� HODVWLFLW\� DUH� UHGXFHG� WR� UHFXUUHQW� VHTXHQFH� RI� ERXQGDU\� YDOXH�
SUREOHPV�RI�D�SRWHQWLDO�WKHRU\�

$SSUHFLDEOH� LQWHUHVW�RI� UHVHDUFKHUV�DOUHDG\�HQRXJK� ORQJ� WLPH� LV�FDXVHG�
ZLWK� FRQWDFW� SUREOHPV� LQ� YLHZ�RI� FRXSOLQJ� DQG� VOLSSDJH��7KH� SUREOHP�
DERXW�LQGHQWDWLRQ�RI�D�IODW�GLH�LQ�UHVLOLHQW�RUWKRWURSLF�KDOI�SODQH�LV�VROYHG�
LV�FHQWUDO�E\�WKH�HQFORVHG�IRUFH��,W�ZDV VXSSRVHG��WKDW�RQ�DQ�DYHUDJH�VLWH�
FRXSOLQJ�D�GLH�ZLWK�UHVLOLHQW�KDOI�SODQH�WDNHV�SODFH��2Q�ODWHUDO�VLWHV�RI�DUHD�
RI� FRQWDFW� VOLGLQJ�� DQG�� ERWK�ZLWK� IULFWLRQ� >�@�� DQG�ZLWKRXW� IULFWLRQ� >�@�
WDNHV�SODFH��7KH�OHQJWK�RI�D�VLWH�RI�FRXSOLQJ�LV�XQNQRZQ�DQG�LV�D�VXEMHFW�
WR�GHILQLWLRQ��,Q�WKH�IXUWKHU�WKLV�SUREOHP�ZDV�VWXGLHG�E\�PDQ\�DXWKRUV�DQG�
YDULRXV�PHWKRGV�>����@��7KH�PHQWLRQHG�EHORZ�SUREOHP�LV�VROYHG�DXWKRUV�
D�PHWKRG�RI�LQGLJQDWLRQV�
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ȼɿɫɧɢɤ�Ɂɚɩɨɪɿɡɶɤɨɝɨ�ɧɚɰɿɨɧɚɥɶɧɨɝɨ�ɭɧɿɜɟɪɫɢɬɟɬɭ ʋ��������

ȼɫɬɭɩ� ɋɶɨɝɨɞɧɿ� ɨɫɨɛɥɢɜɢɣ� ɿɧɬɟɪɟɫ� ɿɧ�
ɠɟɧɟɪɿɜ�ɜɢɤɥɢɤɚɸɬɶ�ɤɨɧɫɬɪɭɤɰɿʀ�ɡ�ɫɭɱɚɫɧɢɯ�
ɤɨɦɩɨɡɢɰɿɣɧɢɯ�ɦɚɬɟɪɿɚɥɿɜ��ɉɪɨɛɥɟɦɢ�ɤɨɧɬɚ�
ɤɬɭ�ɬɿɥ� ɡ� ɬɚɤɢɯ�ɦɚɬɟɪɿɚɥɿɜ�ɜɢɡɧɚɱɚɸɬɶ�ɩɪɨ�
ɰɟɫɢ� ɦɿɰɧɨɫɬɿ� ɿ� ɞɨɜɝɨɜɿɱɧɨɫɬɿ� ɫɩɨɪɭɞ�� Ɂɚ�
ɜɞɹɤɢ�ɰɶɨɦɭ�ɦɨɠɧɚ�ɨɛʉɪɭɧɬɨɜɚɧɨ�ɜɢɡɧɚɱɚɬɢ�
ɞɨɰɿɥɶɧɿɫɬɶ�ɡɚɫɬɨɫɭɜɚɧɧɹ�ɬɨɝɨ�ɱɢ�ɿɧɲɨɝɨ�ɦɚ�
ɬɟɪɿɚɥɭ� ɜ� ɩɟɜɧɢɯ� ɭɦɨɜɚɯ� ɟɤɫɩɥɭɚɬɚɰɿʀ� �ɩɪɢ�
ɞɟɮɨɪɦɚɰɿʀ��ɪɭɣɧɭɜɚɧɧɿ��ɞɿʀ�ɡɨɜɧɿɲɧɿɯ�ɫɢɥ���
ɇɚɩɪɢɤɥɚɞ��ɤɨɧɫɬɪɭɤɰɿɣ�ɡ�ɚɥɸɦɿɧɿɸ��ɬɢɬɚɧɭ��
ɫɬɚɥɿ�� ɚɪɦɨɜɚɧɢɯ� ɦɟɬɚɥɟɜɢɦɢ� ɜɨɥɨɤɧɚɦɢ�
ɤɨɦɩɨɡɢɬɿɜ��Ⱥɥɟ�ɫɢɥɶɧɨ�ɜɢɪɚɠɟɧɚ�ɚɧɿɡɨɬɪɨ�
ɩɿɹ�ɛɚɝɚɬɶɨɯ�ɜɢɞɿɜ�ɤɨɦɩɨɡɢɬɿɜ ɩɪɢɡɜɨɞɢɬɶ�ɞɨ�
ɡɧɚɱɧɢɯ�ɫɤɥɚɞɧɨɳɿɜ�ɩɪɢ�ɨɛɱɢɫɥɟɧɧɿ�ɨɫɧɨɜ�
ɧɢɯ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ʀɯ� ɧɚɩɪɭɠɟɧɨ�ɞɟɮɨɪɦɨ�
ɜɚɧɨɝɨ�ɫɬɚɧɭ�

Ɂɧɚɱɧɢɣ�ɿɧɬɟɪɟɫ�ɞɨɫɥɿɞɧɢɤɿɜ�ɭɠɟ�ɞɨɫɢɬɶ�
ɬɪɢɜɚɥɢɣ�ɱɚɫ�ɜɢɤɥɢɤɚɸɬɶ�ɤɨɧɬɚɤɬɧɿ�ɡɚɞɚɱɿ�ɡ�
ɭɪɚɯɭɜɚɧɧɹɦ� ɡɱɟɩɥɟɧɧɹ� ɬɚ� ɤɨɜɡɚɧɧɹ��
Ɋɨɡɜ¶ɹɡɚɧɚ� ɡɚɞɚɱɚ� ɩɪɨ� ɜɞɚɜɥɟɧɧɹ� ɩɥɨɫɤɨɝɨ�
ɲɬɚɦɩɚ ɜ� ɩɪɭɠɧɭ� ɿɡɨɬɪɨɩɧɭ� ɧɚɩɿɜɩɥɨɳɢɧɭ
ɰɟɧɬɪɚɥɶɧɨ� ɩɪɢɤɥɚɞɟɧɨɸ� ɫɢɥɨɸ�� ɉɟɪɟɞɛɚ�
ɱɚɥɨɫɹ�� ɳɨ� ɧɚ� ɫɟɪɟɞɧɿɣ� ɞɿɥɹɧɰɿ� ɦɚɽ� ɦɿɫɰɟ�
ɡɱɟɩɥɟɧɧɹ�ɲɬɚɦɩɚ�ɡ�ɩɪɭɠɧɨɸ�ɧɚɩɿɜɩɥɨɳɢ�
ɧɨɸ�� ɇɚ� ɛɿɱɧɢɯ� ɞɿɥɹɧɤɚɯ� ɨɛɥɚɫɬɿ� ɤɨɧɬɚɤɬɭ�
ɦɚɽ�ɦɿɫɰɟ�ɤɨɜɡɚɧɧɹ��ɩɪɢɱɨɦɭ ɹɤ�ɡ�ɬɟɪɬɹɦ�>�@��
ɬɚɤ� ɿ� ɛɟɡ� ɬɟɪɬɹ� >�@�� Ⱦɨɜɠɢɧɚ� ɞɿɥɹɧɤɢ� ɡɱɟɩ�
ɥɟɧɧɹ�ɧɟɜɿɞɨɦɚ� ɿ�ɩɿɞɥɹɝɚɽ�ɜɢɡɧɚɱɟɧɧɸ��ɇɚ�
ɞɚɥɿ�ɰɹ�ɡɚɞɚɱɚ�ɜɢɜɱɚɥɚɫɹ�ɛɚɝɚɬɶɦɚ�ɚɜɬɨɪɚɦɢ�
ɿ� ɪɿɡɧɢɦɢ�ɦɟɬɨɞɚɦɢ� >�� �@��ɇɚɜɟɞɟɧɟ ɧɢɠɱɟ�
ɡɚɜɞɚɧɧɹ� ɜɢɪɿɲɭɽɬɶɫɹ� ɚɜɬɨɪɚɦɢ� ɦɟɬɨɞɨɦ�
ɡɛɭɪɟɧɶ�>�@�

ɉɨɫɬɚɧɨɜɤɚ�ɡɚɞɚɱɿ� ɇɟɯɚɣ�ɩɪɭɠɧɢɣ ɨɪ�
ɬɨɬɪɨɩɧɢɣ ɩɪɹɦɨɤɭɬɧɢɤ � �[ Kd d \ Ed ɡɚ�

ɤɪɿɩɥɟɧɢɣ ɩɨ� ɤɪɚɹɯ \ E r �� Ƚɨɥɨɜɧɿ

ɧɚɩɪɹɦɤɢ� ɚɧɿɡɨɬɪɨɩɿʀ ɦɚɬɟɪɿɚɥɭ ɩɪɹɦɨɤɭɬ�
ɧɢɤɚ ɡɛɿɝɚɸɬɶɫɹ ɡ�ɞɟɤɚɪɬɨɜɢɦɢ�ɨɫɹɦɢ�ɤɨɨɪ�
ɞɢɧɚɬ �[ \ �� ɍ� ɜɿɥɶɧɭ ɝɪɚɧɶ� ɩɪɹɦɨɤɭɬɧɢɤɚ

��[  \ Ed ɜɬɢɫɤɚɽɬɶɫɹ ɠɨɪɫɬɤɢɣ ɲɬɚɦɩ�ɡ�

ɩɥɨɫɤɨɸ� ɨɫɧɨɜɨɸ� ɲɢɪɢɧɢ �O � �O E� ɰɟɧ�

ɬɪɚɥɶɧɨɸ�ɫɢɥɨɸ� �3 �ɲɬɚɦɩ�ɪɭɯɚɽɬɶɫɹ ɩɨɫɬɭ�

ɩɚɥɶɧɨ�� ɩɚɪɚɥɟɥɶɧɨ ɨɫɿ 2[ ��� ɉɟɪɟɞɛɚɱɚ�
ɽɬɶɫɹ��ɳɨ ɜ�ɨɛɥɚɫɬɿ ɤɨɧɬɚɤɬɭ�ɲɬɚɦɩɚ�ɡ�ɩɪɹ�
ɦɨɤɭɬɧɢɤɨɦ ɿɫɧɭɸɬɶ ɞɜɿ ɞɿɥɹɧɤɢ ɤɨɜɡɚɧɧɹ��
ɳɨ ɩɪɢɦɢɤɚɸɬɶ ɞɨ� ɤɿɧɰɟɜɢɯ ɬɨɱɨɤ ɨɛɥɚɫɬɿ
ɤɨɧɬɚɤɬɭ��ɿ�ɞɿɥɹɧɤɚ ɡɱɟɩɥɟɧɧɹ��ɳɨ ɪɨɡɬɚɲɨ�
ɜɚɧɚ ɦɿɠ ɧɢɦɢ��ɍ�ɡɨɧɚɯ�ɤɨɜɡɚɧɧɹ ɡɫɭɜɧɿ ɡɭ�
ɫɢɥɥɹ ɫɩɪɹɦɨɜɚɧɿ ɜ� ɩɪɨɬɢɥɟɠɧɿ ɫɬɨɪɨɧɢ��

Ƚɪɚɧɢɱɧɿ ɬɨɱɤɢ� ɞɿɥɹɧɤɢ ɡɱɟɩɥɟɧɧɹ Dr � ɹɤɿ
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ɡɚɞɚɱ�ɞɥɹ�ɝɥɚɞɤɨɝɨ�ɲɬɚɦɩɚ��ɨɫɨɛɥɢɜɿɫɬɶ ɧɚ�
ɩɪɭɠɟɧɶ ��V ���� ɜ� ɤɭɬɨɜɢɯ� ɬɨɱɤɚɯ� ɲɬɚɦɩɚ�

\  � ��W  ɡ�ɭɪɚɯɭɜɚɧɧɹɦ ɬɟɪɬɹ ɬɚɤɚ ɠ��

ɹɤ�ɿ�ɞɥɹ�ɧɚɩɿɜɩɥɨɳɢɧɢ��ɿ�ɽ ɫɨɛɨɸ�ɪɨɡɤɥɚɞɚɧ�
ɧɹɦ ɭ ɪɹɞ�ɩɨ�ɩɚɪɚɦɟɬɪɭ�

�
�H ɬɨɱɧɨʀ ɨɫɨɛɥɢɜɨ�

ɫɬɿ >�@��Ⱦɥɹ�ɝɥɚɞɤɨɝɨ�ɲɬɚɦɩɚ�ɨɫɨɛɥɢɜɿɫɬɶ ɭ�
����ɫɩɿɜɩɚɞɚɽ ɫ�ɬɨɱɧɨɸ�

Ɍɟɩɟɪ ɜɩɥɢɜ ɝɪɚɧɢɰɶ ɩɪɹɦɨɤɭɬɧɢɤɚ ɧɚ�
ɬɢɫɤ ɩɿɞ ɲɬɚɦɩɨɦ�ɭ ɩɨɪɿɜɧɹɧɧɿ ɡ�ɧɚɩɿɜɩɥɨ�
ɳɢɧɨɸ� ɜɢɪɚɠɚɽɬɶɫɹ ɧɟ� ɬɿɥɶɤɢ ɦɧɨɠɧɢɤɨɦ�
�J ɹɤ�ɭ �����ɚɥɟ�ɿ�ɞɪɭɝɢɦ�ɞɨɞɚɧɤɨɦ ɭ ɤɜɚɞɪɚ�

ɬɧɢɯ ɞɭɠɤɚɯ�ɪɿɜɧɨɫɬɿ ����
ɍ�ɬɚɛɥɢɰɿ ��ɧɚɜɟɞɟɧɚ�ɡɚɥɟɠɧɿɫɬɶ ɤɨɟɮɿ�

ɰɿɽɧɬɚ J ɜɿɞ ɜɢɫɨɬɢ ɩɪɹɦɨɤɭɬɧɢɤɚ� K ɩɪɢ�
�E  �� ɭ ɬɚɛɥɢɰɿ �� ɧɚɜɟɞɟɧɚ� ɡɚɥɟɠɧɿɫɬɶ�

ɤɨɟɮɿɰɿɽɧɬɚ� J ɜɿɞ E ��ɐɿ�ɡɚɥɟɠɧɨɫɬɿ ɧɨɫɹɬɶ
ɡɪɨɫɬɚɸɱɢɣ ɯɚɪɚɤɬɟɪ�� ɚ�ɞɥɹ�ɩɿɜɩɥɨɳɢɧɢ� J
ɫɬɚɽ ɪɿɜɧɢɦ ��

Ɍɚɛɥ� �

K � � � �� �

J ������ ������ ������ ������ ������

Ɍɚɛɥ� �

E ���� ���� ��� ��� ���

J §�� ������ ������ ������ ������

E ��� ��� ���� ����

J ������ ������ ������ ������
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Ɏɿɡɢɤɨ�ɦɚɬɟɦɚɬɢɱɧɿ�ɧɚɭɤɢ ,661������������2QOLQH���,661������������3ULQW�

Ʌɿɬɟɪɚɬɭɪɚ

�� Ƚɚɥɢɧ�Ʌ� Ⱥ��Ʉɨɧɬɚɤɬɧɵɟ�ɡɚɞɚɱɢ�ɬɟɨɪɢɢ�ɭɩɪɭɝɨɫɬɢ�ɢ�ɜɹɡɤɨɭɩɪɭɝɨɫɬɢ��Ɇɨɫɤɜɚ��ɇɚɭɤɚ����������� ɫ�

�� Ɏɚɥɶɤɨɜɢɱ�ɋ� ȼ��Ɉ�ɞɚɜɥɟɧɢɢ�ɠɟɫɬɤɨɝɨ�ɲɬɚɦɩɚ�ɧɚ�ɭɩɪɭɝɭɸ�ɩɨɥɭɩɥɨɫɤɨɫɬɶ�ɩɪɢ�ɧɚɥɢɱɢɢ�ɭɱɚɫɬ�
ɤɨɜ� ɫɰɟɩɥɟɧɢɹ� ɢ� ɫɤɨɥɶɠɟɧɢɹ� ɉɪɢɤɥɚɞɧɚɹ� ɦɚɬɟɦɚɬɢɤɚ� ɢ� ɦɟɯɚɧɢɤɚ�� ������ Ɍ� ���� ȼɵɩ� ���
ɋ�����±����

�� Ɇɚɧɟɜɢɱ�Ʌ� ɂ���ɉɚɜɥɟɧɤɨ�Ⱥ� ȼ��Ⱥɫɢɦɩɬɨɬɢɱɟɫɤɢɣ�ɦɟɬɨɞ�ɜ�ɦɢɤɪɨɦɟɯɚɧɢɤɟ�ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ�ɦɚ�
ɬɟɪɢɚɥɨɜ��Ʉɢɟɜ��ȼɢɳɚ�ɲɤɨɥɚ������������ɫ�

�� Ɇɨɫɫɚɤɨɜɫɶɤɢɣ�ȼ� ȱ���Ȼɢɫɤɭɩ�Ⱥ� Ƚ��Ɂɚɫɬɨɫɭɜɚɧɧɹ�ɿɧɬɟɝɪɚɥɿɜ�ɬɢɩɭ�Ʉɨɲɿ�ɞɨ�ɪɨɡɜ¶ɹɡɚɧɧɹ�ɩɥɨɫɤɢɯ�
ɤɨɧɬɚɤɬɧɢɯ�ɡɚɞɚɱ� ɉɪɨɛɥɟɦɢ�ɧɟɥɿɧɿɣɧɨʀ�ɦɟɯɚɧɿɤɢ�ɿ�ɮɿɡɢɤɢ�ɦɚɬɟɪɿɚɥɿɜ��������ɋ�����±����
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DUHDV�RI�DGKHVLRQ�DQG�VOLGLQJ��3ULNODGQD\D�PDWHPDWLND�L�PHNKDQLND� 9RO�����,VVXH �� SS�����±����

�� 0DQHY\FK��/��,��	�3DYOHQNR��$��9����������$V\PSWRWLF�PHWKRG�LQ�PLFURPHFKDQLFV�RI�FRPSRVLWH�PD�
WHULDOV�.LHY��9LVKFKD�VKNROD�
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