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� 7KH�REMHFWLYH�RI� WKH�ZRUN� LV� WR� LQFUHDVH� WKH�HIILFLHQF\�RI�HOHFWULF�DUF�FXWWLQJ�ZLWK� D�ELSRODU�HOHFWURGH�
WRRO�E\�DSSO\LQJ�UHYHUVH�SXPSLQJ�RI�WKH�RUJDQLF�PHGLXP��
� :H�NQRZ� WKH� WHFKQRORJLFDO� VFKHPH� IRU� VKDSLQJ�ZKLFK�FRPSHQVDWHV� WKH�ZHDU�RI� WKH�ELSRODU�HOHFWURGH�
WRRO�GXH�WR�LWV�SXOOLQJ�LQ�WKH�FXWWLQJ�]RQH�� LQ�ZKLFK�WKH�GLUHFW�SXPSLQJ�RI�SURFHVV�ZDWHU� LV�XVHG��+RZHYHU�� WKH�
DSSOLFDWLRQ�RI�WKLV�WHFKQRORJ\�FUHDWHV�FRQGLWLRQV�IRU�WKH�FRQFHQWUDWLRQ�RI�HURVLRQ�LQ�WKH�ODWHUDO�LQWHU�HOHFWURGH�JDS�
FOHDUDQFH��$V�D�UHVXOW��ORQJ�DUFV�DSSHDU�WKDW�IRUP�DQ�LQFOLQHG�FXWWLQJ�VXUIDFH�DQG�GHVWUR\�WKH�HOHFWURGH�KROGHUV��
$QG�WKH�OHDNDJH�RI�FXUUHQW��WKURXJK�ZDWHU��UHGXFHV�WKH�FXWWLQJ�SHUIRUPDQFH�� �
� 7KH� ZRUN� VXJJHVWV� D� QHZ� WHFKQRORJLFDO� VKDSLQJ� VFKHPH� IRU� WKH� HOHFWULF� DUF� FXWWLQJ� E\� D� ELSRODU�
HOHFWURGH� WRRO� ZKLFK� XVHV� UHYHUVH� SXPSLQJ� DQG� RUJDQLF� PHGLXP�� 7KH� QHZ� VFKHPH� DOORZHG� HOLPLQDWLQJ� WKH�
DERYH�PHQWLRQHG�GLVDGYDQWDJHV�RI�WKH�NQRZQ�VFKHPH��([SHULPHQWDO�UHVHDUFK�ZDV�FDUULHG�RXW�DQG�PDWKHPDWLFDO�
PRGHOV�RI�WHFKQRORJLFDO�FKDUDFWHULVWLFV�ZKLFK�DOORZ�PDQDJLQJ�DQG�SUHGLFWLQJ�SURGXFWLYLW\��DFFXUDF\�DQG�TXDOLW\�
RI�HOHFWULF�DUF�FXWWLQJ�KDYH�EHHQ�REWDLQHG��
� 7KXV��D�KLJK�SHUIRUPDQFH�PHWKRG�RI�HOHFWULF�DUF�FXWWLQJ�RI�PHWDOV�E\�D�ELSRODU�HOHFWURGH�WRRO�KDV�EHHQ�
VWXGLHG�DQG�LPSURYHG�E\�XVLQJ�UHYHUVH�SXPSLQJ�RI�WKH�RUJDQLF�PHGLXP��
HOHFWULF�DUF��K\GURG\QDPLF�PRGH��ELSRODU�HOHFWURGH�WRRO��WHFKQRORJLFDO�VKDSLQJ�VFKHPH�

Ɉɞɟɪɠɚɧɨ��5HFHLYHG�������������

ɍȾɄ�����������

&��Ɇ��Ƚɟɪɭɤ��ɞɨɰ���ɤɚɧɞ��ɬɟɯɧ��ɧɚɭɤ��ɫɬ��ɧɚɭɤ��ɫɩɿɜɪ�
ɇɇɐ� ©ȱɧɫɬɢɬɭɬ� ɦɟɯɚɧɿɡɚɰɿʀ� ɬɚ� ɟɥɟɤɬɪɢɮɿɤɚɰɿʀ� ɫɿɥɶɫɶɤɨɝɨ� ɝɨɫɩɨɞɚɪɫɬɜɚª��
ɀɢɬɨɦɢɪɫɶɤɢɣ�ɚɝɪɨɬɟɯɧɿɱɧɢɣ�ɤɨɥɟɞɠ��ɦ��ɀɢɬɨɦɢɪ��ɍɤɪɚʀɧɚ�
(�PDLO��PHJDBVJHUXN#XNU�QHW�
Ɉ�Ɇ��ɋɭɤɦɚɧɸɤ��ɞɨɰ���ɤɚɧɞ��ɿɫɬ��ɧɚɭɤ
ɀɢɬɨɦɢɪɫɶɤɢɣ� ɧɚɰɿɨɧɚɥɶɧɢɣ� ɚɝɪɨɟɤɨɥɨɝɿɱɧɢɣ� ɭɧɿɜɟɪɫɢɬɟɬ�� ɦ�� ɀɢɬɨɦɢɪ�� ɍɤɪɚʀɧɚ�
�(�PDLO��PHJDBVJHUXN#XNU�QHW�

Ɉɫɨɛɥɢɜɨɫɬɿ�ɪɨɡɜɢɬɤɭ�ɚɜɬɨɦɚɬɢɡɚɰɿʀ�ɡɜɚɪɸɜɚɧɧɹ�ɿ�
ɧɚɩɥɚɜɥɟɧɧɹ�ɡ�ɜɢɤɨɪɢɫɬɚɧɧɹɦ�ɩɪɨɦɢɫɥɨɜɢɯ�ɪɨɛɨɬɿɜ�

Ɋɨɛɨɬɚ� ɩɪɢɫɜɹɱɟɧɚ� ɫɤɥɚɞɧɨɦɭ� ɿ� ɚɤɬɭɚɥɶɧɨɦɭ� ɩɢɬɚɧɧɸ� ɪɨɡɜɢɬɤɭ� ɨɞɧɨɝɨ� ɡ� ɧɚɩɪɹɦɤɿɜ� ɩɪɨɰɟɫɭ�
ɜɿɞɧɨɜɥɟɧɧɹ�ɞɟɬɚɥɟɣ�ɦɚɲɢɧ�ɡɜɚɪɸɜɚɧɧɹɦ�ɿ�ɧɚɩɥɚɜɥɟɧɧɹɦ�ɡ�ɜɢɤɨɪɢɫɬɚɧɧɹɦ�ɩɪɨɦɢɫɥɨɜɢɯ�ɪɨɛɨɬɿɜ��

ɍ� ɫɬɚɬɬɿ� ɜɢɫɜɿɬɥɟɧɿ� ɬɚ� ɩɪɨɚɧɚɥɿɡɨɜɚɧɿ� ɞɨɫɹɝɧɟɧɧɹ� ɫɜɿɬɨɜɢɯ� ɮɿɪɦ�� ɳɨ� ɡɚɣɦɚɸɬɶɫɹ� ɪɨɡɪɨɛɤɨɸ� ɿ�
ɜɩɪɨɜɚɞɠɟɧɧɹɦ� ɪɨɛɨɬɨɬɟɯɧɿɱɧɢɯ� ɤɨɦɩɥɟɤɫɿɜ� ɬɚ� ɬɟɯɧɨɥɨɝɿɱɧɢɯ� ɨɩɟɪɚɰɿɣ� ɜɿɞɧɨɜɥɟɧɧɹ� ɞɟɬɚɥɟɣ� ɦɚɲɢɧ�
ɡɜɚɪɸɜɚɧɧɹɦ�ɿ�ɧɚɩɥɚɜɥɟɧɧɹɦ��
ɿɫɬɨɪɿɹ��ɩɪɨɦɢɫɥɨɜɿ�ɪɨɛɨɬɢ��ɡɜɚɪɸɜɚɧɧɹ��ɧɚɩɥɚɜɥɟɧɧɹ��ɜɿɞɧɨɜɥɟɧɧɹ�

&��Ɇ��Ƚɟɪɭɤ��ɞɨɰ���ɤɚɧɞ��ɬɟɯɧ��ɧɚɭɤ��ɫɬ��ɧɚɭɤ��ɫɨɬɪ��
�ɇɇɐ� ©ɂɧɫɬɢɬɭɬ� ɦɟɯɚɧɢɡɚɰɢɢ� ɢ� ɷɥɟɤɬɪɢɮɢɤɚɰɢɢ� ɫɟɥɶɫɤɨɝɨ� ɯɨɡɹɣɫɬɜɚª�� ɀɢɬɨɦɢɪɫɤɢɣ�
ɚɝɪɨɬɟɯɧɢɱɟɫɤɢɣ�ɤɨɥɥɟɞɠ��ɝ���ɀɢɬɨɦɢɪ��ɍɤɪɚɢɧɚ�
Ⱥ�ɇ��ɋɭɤɦɚɧ�ɸɤ��ɞɨɰ���ɤɚɧɞ��ɢɫɬ��ɧɚɭɤ�
ɀɢɬɨɦɢɪɫɤɢɣ�ɧɚɰɢɨɧɚɥɶɧɵɣ�ɚɝɪɨɷɤɨɥɨɝɢɱɟɫɤɢɣ�ɭɧɿɜɟɪɫɢɬɟɬ��ɝ��ɀɢɬɨɦɢɪ��ɍɤɪɚɢɧɚ�
Ɉɫɨɛɟɧɧɨɫɬɢ� ɪɚɡɜɢɬɢɹ� ɚɜɬɨɦɚɬɢɡɚɰɢɢ� ɫɜɚɪɤɢ� ɢ� ɧɚɩɥɚɜɤɢ� ɫ� ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ�
ɩɪɨɦɵɲɥɟɧɧɵɯ�ɪɨɛɨɬɨɜ�

Ɋɚɛɨɬɚ�ɩɨɫɜɹɳɟɧɚ�ɫɥɨɠɧɨɦɭ�ɢ�ɚɤɬɭɚɥɶɧɨɦɭ�ɜɨɩɪɨɫɭ�ɪɚɡɜɢɬɢɹ�ɨɞɧɨɝɨ�ɢɡ�ɧɚɩɪɚɜɥɟɧɢɣ�ɩɪɨɰɟɫɫɚ�
ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ�ɞɟɬɚɥɟɣ�ɦɚɲɢɧ�ɫɜɚɪɤɨɣ�ɢ�ɧɚɩɥɚɜɤɨɣ�ɫ�ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ�ɩɪɨɦɵɲɥɟɧɧɵɯ�ɪɨɛɨɬɨɜ��

ȼ�ɫɬɚɬɶɟ�ɨɫɜɟɳɟɧɵ�ɢ�ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ�ɞɨɫɬɢɠɟɧɢɹ�ɦɢɪɨɜɵɯ�ɮɢɪɦ��ɡɚɧɢɦɚɸɳɢɯɫɹ�ɪɚɡɪɚɛɨɬɤɨɣ�
ɢ� ɜɧɟɞɪɟɧɢɟɦ� ɪɨɛɨɬɨɬɟɯɧɢɱɟɫɤɢɯ� ɤɨɦɩɥɟɤɫɨɜ� ɢ� ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ� ɨɩɟɪɚɰɢɣ� ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ� ɞɟɬɚɥɟɣ�
ɦɚɲɢɧ�ɫɜɚɪɤɨɣ�ɢ�ɧɚɩɥɚɜɤɨɣ��
ɢɫɬɨɪɢɹ��ɩɪɨɦɵɲɥɟɧɧɵɟ�ɪɨɛɨɬɵ��ɫɜɚɪɤɚ��ɧɚɩɥɚɜɤɚ��ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ�
BBBBBBBBBBB�
��&��Ɇ��Ƚɟɪɭɤ��Ɉ�Ɇ��ɋɭɤɦɚɧɸɤ������



,661���������������Ɍɟɯɧɿɤɚ�ɜ�ɫɿɥɶɫɶɤɨɝɨɫɩɨɞɚɪɫɶɤɨɦɭ�ɜɢɪɨɛɧɢɰɬɜɿ��ɝɚɥɭɡɟɜɟ�ɦɚɲɢɧɨɛɭɞɭɜɚɧɧɹ��ɚɜɬɨɦɚɬɢɡɚɰɿɹ��������ɜɢɩ����

��

ɉɨɫɬɚɧɨɜɤɚ�ɩɪɨɛɥɟɦɢ��ȼ� ɭɦɨɜɚɯ� ɫɶɨɝɨɞɟɧɧɹ�� ɤɨɥɢ� ɞɥɹ� ɿɧɬɟɧɫɢɜɧɨɝɨ� ɪɨɡɜɢɬɤɭ��
ɜɢɪɨɛɧɢɰɬɜɚ��ɧɚɭɤɢ�ɿ�ɬɟɯɧɿɤɢ�ɩɨɫɬɚɥɚ�ɧɟɨɛɯɿɞɧɿɫɬɶ��ɡɛɟɪɟɠɟɧɧɹ�ɬɚ�ɟɤɨɧɨɦɿʀ�ɫɢɪɨɜɢɧɧɢɯ�
ɿ�ɟɧɟɪɝɟɬɢɱɧɢɯ�ɪɟɫɭɪɫɿɜ��ɩɪɨɜɿɞɧɭ�ɪɨɥɶ�ɭ�ɞɨɫɹɝɧɟɧɧɿ�ɜɢɫɨɤɨʀ�ɹɤɨɫɬɿ�ɬɚ�ɟɤɫɩɥɭɚɬɚɰɿɣɧɨʀ�
ɧɚɞɿɣɧɨɫɬɿ�ɦɚɲɢɧ�ɿ�ɡɦɟɧɲɟɧɧɹ�ʀɯɧɶɨʀ�ɜɚɪɬɨɫɬɿ�ɧɚɛɭɜɚɸɬɶ�ɩɪɨɰɟɫɢ�ɹɤɿɫɧɨɝɨ�ɜɿɞɧɨɜɥɟɧɧɹ�
ɡɧɨɲɟɧɢɯ�ɞɟɬɚɥɟɣ�ɦɚɲɢɧ��ɡɨɤɪɟɦɚ�ɡɜɚɪɸɜɚɧɧɹɦ�ɿ�ɧɚɩɥɚɜɥɟɧɧɹɦ��ɹɤɟ�ɧɚɛɭɥɨ�ɲɢɪɨɤɨɝɨ�
ɡɚɫɬɨɫɭɜɚɧɧɹ�ɭ�ɫɜɿɬɿ��

Ⱦɥɹ�ɩɨɞɚɥɶɲɨɝɨ�ɬɟɯɧɿɱɧɨɝɨ�ɩɪɨɝɪɟɫɭ�ɡɚɫɬɨɫɭɜɚɧɧɹ�ɪɨɛɨɬɢɡɨɜɚɧɨʀ�ɬɟɯɧɿɤɢ�ɫɬɚɥɨ�
ɚɛɫɨɥɸɬɧɨ� ɧɟɨɛɯɿɞɧɢɦ�� ɨɫɤɿɥɶɤɢ� ɞɨɫɹɝɬɢ� ɪɟɚɥɶɧɨɝɨ� ɪɟɡɭɥɶɬɚɬɭ� ɟɤɫɬɟɧɫɢɜɧɢɦ��
ɦɟɬɨɞɚɦɢ�� ɬɨɛɬɨ� ɪɭɱɧɨɸ� ɩɪɚɰɟɸ�� ɫɬɚɥɨ� ɜɠɟ� ɧɟɦɨɠɥɢɜɢɦ�� Ʉɪɿɦ� ɬɨɝɨ�� ɿɫɧɭɸɬɶ�
ɬɟɯɧɨɥɨɝɿɱɧɿ� ɩɪɨɰɟɫɢ�� ɞɟ� ɡɜɚɪɸɜɚɥɶɧɟ� � ɫɟɪɟɞɨɜɢɳɟ� ɿ� ɩɪɨɞɭɤɬɢ� ɡɜɚɪɸɜɚɧɧɹ� ɦɨɠɭɬɶ�
ɡɚɜɞɚɬɢ�ɩɪɹɦɨʀ�ɲɤɨɞɢ�ɡɞɨɪɨɜ
ɸ�ɡɜɚɪɸɜɚɥɶɧɢɤɚ�ɿ�ɜɢɤɨɧɭɸɬɶɫɹ�ɜ�ɿɡɨɥɶɨɜɚɧɨɦɭ�ɪɨɛɨɱɨɦɭ�
ɩɪɨɫɬɨɪɿ���

ɉɨɫɬɿɣɧɟ�ɩɿɞɜɢɳɟɧɧɹ�ɜɚɪɬɨɫɬɿ�ɟɧɟɪɝɨɧɨɫɿʀɜ�ɬɚ�ɦɚɬɟɪɿɚɥɿɜ��ɹɤɿ�ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ�
ɭ� ɩɪɨɰɟɫɿ� ɜɿɞɧɨɜɥɟɧɧɹ� ɞɟɬɚɥɟɣ� ɡɚ� ɞɨɩɨɦɨɝɨɸ� ɟɥɟɤɬɪɢɱɧɨʀ� ɞɭɝɢ�� ɩɨɫɬɚɜɢɥɨ� ɩɟɪɟɞ�
ɞɨɫɥɿɞɧɢɤɚɦɢ�� ɧɚɭɤɨɜɰɹɦɢ� ɿ� ɜɢɪɨɛɧɢɤɚɦɢ� ɡɚɜɞɚɧɧɹ� ɳɨɞɨ� ɦɨɠɥɢɜɨɫɬɿ� ɫɬɜɨɪɟɧɧɹ�
ɟɮɟɤɬɢɜɧɿɲɢɯ�ɫɩɨɫɨɛɿɜ�ɜɿɞɧɨɜɥɟɧɧɹ�ɞɟɬɚɥɟɣ�ɡ�ɜɢɤɨɪɢɫɬɚɧɧɹɦ�ɩɪɨɦɢɫɥɨɜɢɯ�ɪɨɛɨɬɿɜ��

Ⱥɧɚɥɿɡ� ɨɫɬɚɧɧɿɯ� ɞɨɫɥɿɞɠɟɧɶ� ɿ� ɩɭɛɥɿɤɚɰɿɣ�� əɤ� ɫɜɿɞɱɚɬɶ� ɞɨɫɥɿɞɠɟɧɧɹ�� ɜ�
ɥɿɬɟɪɚɬɭɪɧɢɯ� ɞɠɟɪɟɥɚɯ� ɧɟɞɨɫɬɚɬɧɶɨ� ɜɢɫɜɿɬɥɟɧɨ� ɪɨɡɜɢɬɨɤ� ɪɨɛɨɬɿɜ� ɞɥɹ� ɜɿɞɧɨɜɥɟɧɧɹ�
ɞɟɬɚɥɟɣ� ɦɚɲɢɧ� ɡɜɚɪɸɜɚɧɧɹɦ� ɿ� ɧɚɩɥɚɜɥɟɧɧɹɦ�� ɬɨɦɭ� ɜɢɧɢɤɥɚ� ɨɛ¶ɽɤɬɢɜɧɚ� ɧɟɨɛɯɿɞɧɿɫɬɶ�
ɛɿɥɶɲ�ɲɢɪɨɤɨɝɨ�ɜɢɫɜɿɬɥɟɧɧɹ�ɟɬɚɩɿɜ�ɞɚɧɨɝɨ�ɪɨɡɜɢɬɤɭ���

ɉɨɫɬɚɧɨɜɤɚ� ɡɚɜɞɚɧɧɹ�� Ɇɟɬɨɸ� ɞɚɧɨɝɨ� ɞɨɫɥɿɞɠɟɧɧɹ� ɽ� ɜɢɫɜɿɬɥɟɧɧɹ� ɞɿɹɥɶɧɨɫɬɿ�
ɮɿɪɦ�ɪɨɡɪɨɛɧɢɤɿɜ� ɪɨɛɨɬɿɜ� ɞɥɹ� ɜɿɞɧɨɜɥɟɧɧɹ� ɞɟɬɚɥɟɣ� ɦɚɲɢɧ� ɡɜɚɪɸɜɚɧɧɹɦ� ɬɚ�
ɧɚɩɥɚɜɥɟɧɧɹɦ��

Ɉɫɧɨɜɧɢɦ�ɡɚɜɞɚɧɧɹɦ�ɞɚɧɨʀ�ɪɨɛɨɬɢ�ɫɬɚɥɚ�ɫɩɪɨɛɚ�ɪɨɡɝɥɹɧɭɬɢ�ɪɨɡɜɢɬɨɤ�ɪɨɛɨɬɿɜ��ɜ�
ɿɫɬɨɪɿʀ�ɧɚɭɤɢ�ɟɥɟɤɬɪɨɞɭɝɨɜɨɝɨ�ɡɜɚɪɸɜɚɧɧɹ�ɿ�ɧɚɩɥɚɜɥɟɧɧɹ��

Ɉɛ¶ɽɤɬ� ɫɬɚɬɬɿ� ±� ɿɫɬɨɪɿɹ� ɪɨɡɜɢɬɤɭ� ɪɨɛɨɬɿɜ� ɞɥɹ� ɜɿɞɧɨɜɥɟɧɧɹ� ɞɟɬɚɥɟɣ�
ɫɿɥɶɫɶɤɨɝɨɫɩɨɞɚɪɫɶɤɢɯ�ɦɚɲɢɧ�ɡɜɚɪɸɜɚɧɧɹɦ�ɿ�ɧɚɩɥɚɜɥɟɧɧɹɦ��ɚ�ɩɪɟɞɦɟɬɨɦ�±�ɜɢɫɬɭɩɚɸɬɶ�
ɧɚɭɤɨɜɿ�ɡɞɨɛɭɬɤɢ�ɜɢɧɚɯɿɞɧɢɤɿɜ��

Ɇɟɬɨɞɨɥɨɝɿɱɧɨɸ� ɨɫɧɨɜɨɸ� ɞɨɫɥɿɞɠɟɧɧɹ� ɽ� ɡɚɝɚɥɶɧɿ� ɩɪɢɧɰɢɩɢ� ɨɛ¶ɽɤɬɢɜɧɨɫɬɿ��
ɿɫɬɨɪɢɡɦɭ�� ɹɤɿ� ɩɟɪɟɞɛɚɱɚɸɬɶ� ɨɛ¶ɽɤɬɢɜɧɢɣ� ɨɩɢɫ� ɿ� ɚɧɚɥɿɡ� ɩɨɞɿɣ� ɧɚ� ɨɫɧɨɜɿ� ɧɚɭɤɨɜɨ�
ɤɪɢɬɢɱɧɨɝɨ�ɜɢɤɨɪɢɫɬɚɧɧɹ�ɪɿɡɧɨɦɚɧɿɬɧɢɯ�ɞɠɟɪɟɥ���

ȼɢɤɥɚɞ�ɨɫɧɨɜɧɨɝɨ�ɦɚɬɟɪɿɚɥɭ��ɉɟɪɟɜɚɝɢ�ɜɢɤɨɪɢɫɬɚɧɧɹ�ɪɨɛɨɬɨɬɟɯɧɿɤɢ��
�� ɩɿɞɜɢɳɟɧɧɹ� ɬɨɱɧɨɫɬɿ� ɜɢɤɨɧɚɧɧɹ� ɬɟɯɧɨɥɨɝɿɱɧɢɯ� ɨɩɟɪɚɰɿɣ� ɣ�� ɹɤ� ɧɚɫɥɿɞɨɤ��

ɩɨɥɿɩɲɟɧɧɹ�ɹɤɨɫɬɿ�ɩɪɨɞɭɤɰɿʀ��
��ɦɨɠɥɢɜɿɫɬɶ�ɜɢɤɨɪɢɫɬɚɧɧɹ�ɬɟɯɧɨɥɨɝɿɱɧɨɝɨ�ɜɫɬɚɬɤɭɜɚɧɧɹ�ɜ�ɬɪɢ�ɡɦɿɧɢ������ɞɧɿɜ�

ɭ�ɪɨɰɿ���
��ɪɚɰɿɨɧɚɥɶɧɿɫɬɶ�ɜɢɤɨɪɢɫɬɚɧɧɹ�ɜɢɪɨɛɧɢɱɢɯ�ɩɪɢɦɿɳɟɧɶ���
��ɜɢɤɥɸɱɟɧɧɹ�ɜɩɥɢɜɭ�ɥɸɞɫɶɤɨɝɨ�ɮɚɤɬɨɪɚ�ɧɚ�ɩɨɬɨɤɨɜɢɯ�ɜɢɪɨɛɧɢɰɬɜɚɯ��ɚ�ɬɚɤɨɠ�

ɩɪɢ�ɩɪɨɜɟɞɟɧɧɿ�ɦɨɧɨɬɨɧɧɢɯ�ɪɨɛɿɬ��ɳɨ�ɜɢɦɚɝɚɸɬɶ�ɜɢɫɨɤɨʀ�ɬɨɱɧɨɫɬɿ���
�� ɜɢɤɥɸɱɟɧɧɹ� ɜɩɥɢɜɭ� ɲɤɿɞɥɢɜɢɯ� ɮɚɤɬɨɪɿɜ� ɧɚ� ɩɟɪɫɨɧɚɥ� ɧɚ� ɜɢɪɨɛɧɢɰɬɜɚɯ� ɡ�

ɩɿɞɜɢɳɟɧɨɸ�ɧɟɛɟɡɩɟɤɨɸ���
��ɞɨɫɢɬɶ�ɲɜɢɞɤɚ�ɨɤɭɩɧɿɫɬɶ���
ɇɚ� ɫɜɿɬɨɜɨɦɭ� ɪɢɧɤɭ� ɪɨɛɨɬɨɬɟɯɧɿɤɢ� ɡɚɪɚɡ� ɥɿɞɢɪɭɸɬɶ� əɩɨɧɿɹ� ɿ� ɇɿɦɟɱɱɢɧɚ� �� ɰɿ�

ɤɪɚʀɧɢ�ɜɢɪɨɛɥɹɸɬɶ�ɛɿɥɶɲɟ�ɩɨɥɨɜɢɧɢ�ɜɫɿɽʀ�ɪɨɛɨɬɢɡɨɜɚɧɨʀ�ɩɪɨɞɭɤɰɿʀ�ɜ�ɫɜɿɬɿ��
ȼ� ɫɟɪɟɞɢɧɿ� ���ɯ� ɪɨɤɿɜ� ɏɏ� ɫɬ�� ɨɞɧɢɦ� ɿɡ� ɧɚɩɪɹɦɤɿɜ� ɪɨɡɜɢɬɤɭ� ɚɜɬɨɦɚɬɢɡɚɰɿʀ�

ɡɜɚɪɸɜɚɧɧɹ� ɿ�ɧɚɩɥɚɜɥɟɧɧɹ�ɭ� ɫɜɿɬɿ� ɫɬɚɥɨ�ɜɢɤɨɪɢɫɬɚɧɧɹ�ɩɪɨɦɢɫɥɨɜɢɯ�ɪɨɛɨɬɿɜ��ɞɥɹ�ɹɤɢɯ��
ɧɚ� ɜɿɞɦɿɧɭ� ɜɿɞ� ɿɧɲɢɯ� ɡɚɫɨɛɿɜ� ɚɜɬɨɦɚɬɢɡɚɰɿʀ� ɜɢɪɨɛɧɢɰɬɜɚ�� ɽ� ɯɚɪɚɤɬɟɪɧɨɸ� ɦɨɠɥɢɜɿɫɬɶ�
ɩɟɪɟɧɚɥɚɲɬɭɜɚɧɧɹ�ɡ�ɨɞɧɨɝɨ�ɬɢɩɭ�ɜɢɪɨɛɭ�ɧɚ�ɿɧɲɢɣ�ɲɥɹɯɨɦ�ɡɦɿɧɢ�ɩɪɨɝɪɚɦɢ��ɉɨɲɬɨɜɯɨɦ�
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ɞɥɹ� ɪɨɡɜɢɬɤɭ� ɰɶɨɝɨ� ɧɚɩɪɹɦɤɭ� ɫɬɚɥɚ� ɩɪɨɜɟɞɟɧɚ� ɜ�ɦɿɫɬɿ� ȿɫɫɟɧ� �ɇɿɦɟɱɱɢɧɚ�� ɜ� ����� ɪɨɰɿ�
ɜɢɫɬɚɜɤɚ�ɹɪɦɚɪɨɤ�ɞɨɫɹɝɧɟɧɶ�ɜ�ɫɮɟɪɿ�ɪɨɛɨɬɢɡɚɰɿʀ�ɩɪɨɰɟɫɭ�ɡɜɚɪɸɜɚɧɧɹ��

Ɉɞɧɿɽɸ�ɡ�ɩɟɪɲɢɯ�ɤɪɚʀɧ��ɹɤɿ�ɫɬɚɥɢ�ɧɚ�ɲɥɹɯ�ɪɨɛɨɬɢɡɚɰɿʀ�ɩɪɨɰɟɫɭ�ɡɜɚɪɸɜɚɧɧɹ��ɛɭɥɚ�
əɩɨɧɿɹ�� ɞɟ� ɜɢɝɨɬɨɜɥɟɧɧɹɦ� ɬɚ� ɜɩɪɨɜɚɞɠɟɧɧɹɦ� ɭ� ɜɢɪɨɛɧɢɰɬɜɨ� ɪɨɛɨɬɿɜ� ɡɚɣɦɚɥɢɫɹ� ɬɚɤɿ�
ɮɿɪɦɢ� ɹɤ� ©6KLQ0D\ZDª� �ɪɢɫ�� ���� ©2VDND� 7UDQVIRUPHUª� �ɪɢɫ�� ���� ©+,7$&+,ª� �ɪɢɫ�� ����
©<$6.$:$ª��±�©02720$1�/��ª�ɿ�©02720$1�/�ª��ɪɢɫ�����>�@��

ɉɪɨɦɢɫɥɨɜɿ� ɪɨɛɨɬɢ� 3DQDVRQLF� ɡɚɫɬɨɫɨɜɭɸɬɶɫɹ� ɞɥɹ� ɡɜɚɪɸɜɚɧɧɹ� ɭ� ɫɟɪɟɞɨɜɢɳɿ�
ɚɤɬɢɜɧɢɯ� �&2�� ɬɚ� 0$*�� ɬɚ� ɿɧɟɪɬɧɢɯ� ɝɚɡɿɜ� �0,*�� ɩɥɚɜɤɢɦ� ɟɥɟɤɬɪɨɞɨɦ�� ɚ� ɬɚɤɨɠ�
ɧɟɩɥɚɜɤɢɦ� ɟɥɟɤɬɪɨɞɨɦ� ɭ� ɫɟɪɟɞɨɜɢɳɿ� ɿɧɟɪɬɧɢɯ� ɝɚɡɿɜ� �7,*��� Ɂɜɚɪɸɜɚɥɶɧɢɣ� ɪɨɛɨɬ�
ɫɤɥɚɞɚɽɬɶɫɹ� ɡ� ɦɚɧɿɩɭɥɹɬɨɪɚ�� ɤɨɧɬɪɨɥɟɪɚ�� ɡɜɚɪɸɜɚɥɶɧɨɝɨ� ɞɠɟɪɟɥɚ� ɠɢɜɥɟɧɧɹ� �ɡ�
ɜɿɞɩɨɜɿɞɧɢɦ�ɩɚɥɶɧɢɤɨɦ�ɬɚ�ɦɟɯɚɧɿɡɦɨɦ�ɩɨɞɚɜɚɧɧɹ�ɞɪɨɬɭ���ɚ�ɬɚɤɨɠ�ɞɨɞɚɬɤɨɜɢɯ�ɩɪɢɫɬɪɨʀɜ�
ɩɟɪɟɦɿɳɟɧɧɹ� ɬɚ� ɩɨɡɢɰɿɨɧɭɜɚɧɧɹ� �ɬ�ɡ�� �ɡɨɜɧɿɲɧɿ� ɨɫɿ���� Ɂɜɚɠɚɸɱɢ� ɧɚ� ɧɚɹɜɧɿɫɬɶ� ɞɜɨɯ�
ɪɿɡɧɢɯ�ɬɢɩɿɜ�ɤɨɧɬɪɨɥɟɪɿɜ��ɪɨɡɪɿɡɧɹɸɬɶ�ɞɜɿ�ɫɟɪɿʀ�ɪɨɛɨɬɿɜ��*��ɬɚ�7$:(56��

ɉɪɨɛɥɟɦɚɦɢ� ɪɨɡɪɨɛɤɢ� ɬɚ� ɜɢɝɨɬɨɜɥɟɧɧɹ�� ɚ� ɬɚɤɨɠ� ɜɩɪɨɜɚɞɠɟɧɧɹ� ɭ� ɜɢɪɨɛɧɢɰɬɜɨ�
ɪɨɛɨɬɿɜ� ɞɥɹ� ɡɜɚɪɸɜɚɧɧɹ� ɡɚɣɦɚɥɢɫɶ� ɪɹɞ� ɮɿɪɦ� ɇɿɦɟɱɱɢɧɢ� ©ɇɿɦɚɤª� �ɪɢɫ�� ����
©Ɏɨɥɶɤɫɮɚɝɟɧª��©Ʉɥɨɨɫª� �ɪɢɫ������ ©ɄɍɄȺª��ɪɢɫ������ ©Ⱥ�Ȼɢɧɰɟɥɶª��©ɆɟɫɫɟɪȽɪɢɫɯɚɣɦª���
ɋɒȺ©ɘɧɿɦɟɣɲɟɧª��©ɐɢɧɰɢɧɧɚɬɿ�Ɇɿɥɚɤɪɨɧª��Ⱥɜɫɬɪɿʀ�©ȱȽɆª��Ɏɪɚɧɰɿʀ�©Ɋɟɧɨª��©ɋɿɚɤɿª��
ɒɜɟɰɿʀ� ©ȺɋȿȺª�� ©ȿɋȺȻª�� ©Ɍɨɪɫɬɟɤɧɿɤª�� ȱɬɚɥɿʀ� ©Ȼɿɫɿɚɱ� ɿ� Ʉɚɪɪɭª� �ɪɢɫ�� ����
ȼɟɥɢɤɨɛɪɢɬɚɧɿɹ�©Ɏɿɥɿɩɫª�>���ɋ�����±���@��

Ɋɢɫɭɧɨɤ���±��Ɋɨɛɨɬɢ�ɞɥɹ�ɡɜɚɪɸɜɚɧɧɹ�ɮɿɪɦɢ�
©Ɉɫɚɤɚ�ɬɪɚɧɫɮɨɪɦɟɪª��əɩɨɧɿɹ��

ɚ�������������������������������������������������ɛ�

Ɋɢɫɭɧɨɤ���±�Ɋɨɛɨɬɢ�ɞɥɹ�ɡɜɚɪɸɜɚɧɧɹ�ɮɿɪɦɢ�©ɒɢɧ�
Ɇɟɣɜɚª��əɩɨɧɿɹ��ɚ�±�3:�����ɛ�±�5-���

Ɋɢɫɭɧɨɤ���±��Ɋɨɛɨɬɢ�ɮɿɪɦɢ�©ɏɿɬɚɱɿª��əɩɨɧɿɹ�� Ɋɢɫɭɧɨɤ���±�Ɋɨɛɨɬɢ�©Ɇɨɬɨɦɚɧ��/��ª�ɿ��
©Ɇɨɬɨɦɚɧ�/�ª�ɮɿɪɦɢ�©əɫɤɚɜɚª��əɩɨɧɿɹ��
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Ɋɨɛɨɬɢɡɚɰɿɹ� ɬɨɝɨ� ɱɚɫɭ� ɛɭɥɚ� ɫɩɪɹɦɨɜɚɧɚ� ɜ� ɨɫɧɨɜɧɨɦɭ� ɧɚ� ɡɜɚɪɸɜɚɥɶɧɟ�
ɜɢɪɨɛɧɢɰɬɜɨ�� ɨɞɧɚɤ� ɜɢɳɟɩɟɪɟɪɚɯɨɜɚɧɿ� ɮɿɪɦɢ� ɩɪɢɞɿɥɹɥɢ� ɭɜɚɝɭ� ɣ� ɪɨɡɜɢɬɤɭ�
ɪɨɛɨɬɨɬɟɯɧɿɱɧɢɯ� ɤɨɦɩɥɟɤɫɿɜ�� ɹɤɿ� ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢɫɶ� ɞɥɹ� ɜɿɞɧɨɜɥɟɧɧɹ� �ɡɜɚɪɸɜɚɧɧɹ� ɬɚ�
ɧɚɩɥɚɜɥɟɧɧɹ��ɞɟɬɚɥɟɣ�ɦɚɲɢɧ���

Ɉɞɧɿɽɸ� ɡ� ɧɚɭɤɨɜɢɯ� ɭɫɬɚɧɨɜ�� ɳɨ� ɡɚɣɦɚɥɢɫɹ� ɪɨɡɪɨɛɤɨɸ� ɧɨɜɢɯ� ɬɟɯɧɨɥɨɝɿɣ�
ɜɿɞɧɨɜɥɟɧɧɹ� ɬɢɩɭ� ©ɜɚɥª�� ɡɚɫɧɨɜɚɧɨʀ� ɧɚ� ɧɚɧɟɫɟɧɧɿ� ɦɿɧɿɦɚɥɶɧɨɝɨ� ɲɚɪɭ� ɞɨɞɚɬɤɨɜɨɝɨ�
ɦɚɬɟɪɿɚɥɭ��ɛɭɜ�ɐɟɧɬɪɚɥɶɧɢɣ� ɿɧɫɬɢɬɭɬ� ɡɜɚɪɸɜɚɧɧɹ� �=,6��ɜ�ɧɿɦɟɰɶɤɨɦɭ�ɦɿɫɬɿ�Ƚɚɥɥɿ��Ⱦɥɹ�
ɰɶɨɝɨ� ɛɭɜ� ɫɬɜɨɪɟɧɢɣ� ɫɩɟɰɿɚɥɶɧɢɣ� ɪɨɛɨɬ�� ɡɚ� ɞɨɩɨɦɨɝɨɸ� ɹɤɨɝɨ� ɜɿɞɧɨɜɥɸɜɚɥɢɫɶ�
ɪɿɡɧɨɦɚɧɿɬɧɿ� ɞɟɬɚɥɿ�� ɳɨ� ɡɚɛɟɡɩɟɱɭɜɚɥɨ� ɡɧɚɱɧɟ� ɫɤɨɪɨɱɟɧɧɹ� ɜɢɬɪɚɬ� ɰɿɧɧɨɝɨ�
ɧɚɩɥɚɜɥɹɽɦɨɝɨ�ɦɟɬɚɥɭ�ɬɚ�ɟɧɟɪɝɿʀ�>����@��

ɚ����������� �ɛ�

ɚ�±�ȱ5��������±�ɞɥɹ�ɡɜɚɪɸɜɚɧɧɹ�ɤɥɿɳɚɦɢ��ɛ�±�ɪɨɛɨɬɨɬɟɯɧɿɱɧɢɣ�ɤɨɦɩɥɟɤɫ��ɹɤɢɣ�ɜɤɥɸɱɚɽ�ɜ�ɫɟɛɟ��
ɞɜɚ�ɪɨɛɨɬɢ��ȱ5���������ɬɚ�ɱɨɬɢɪɶɨɯɩɨɡɢɰɿɣɧɢɣ�ɫɬɿɥ�ɡɿ�ɫɤɥɚɞɚɥɶɧɨ�ɡɜɚɪɸɜɚɥɶɧɢɦɢ�ɩɪɢɫɬɨɫɭɜɚɧɧɹɦɢ�

Ɋɢɫɭɧɨɤ���±�Ɋɨɛɨɬɢ�ɞɥɹ�ɤɨɧɬɚɤɬɧɨɝɨ�ɬɨɱɤɨɜɨɝɨ�ɡɜɚɪɸɜɚɧɧɹ�ɮɿɪɦ�©ɄɍɄȺª��ɇɿɦɟɱɱɢɧɚ��

Ɋɢɫɭɧɨɤ���±�Ɋɨɛɨɬ�©Ⱦɠɨɥɥɿ���ª�ɮɿɪɦɢ�©Ȼɿɫɿɚɱ�ɿ�Ʉɚɪɪɭª��ȱɬɚɥɿɹ���
ɞɥɹ�ɤɨɧɬɚɤɬɧɨɝɨ�ɬɨɱɤɨɜɨɝɨ�ɡɜɚɪɸɜɚɧɧɹ�

Ɋɢɫɭɧɨɤ���±��Ɂɜɚɪɸɜɚɥɶɧɢɣ�ɪɨɛɨɬ��
©Ɋɨɦɚɬ���ª�ɮɿɪɦɢ�©Ʉɥɨɨɫª��ɇɿɦɟɱɱɢɧɚ��

Ɋɢɫɭɧɨɤ���±�Ɂɜɚɪɸɜɚɥɶɧɢɣ�ɪɨɛɨɬ�ɮɿɪɦɢ�
©ɇɿɦɚɤª��ɇɿɦɟɱɱɢɧɚ��
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ɐɟɣ� ɪɨɛɨɬ� ɡɚɛɟɡɩɟɱɭɜɚɜ� ɧɚɩɥɚɜɥɟɧɧɹ� ɡɚ� ɩ¶ɹɬɶɦɚ� ɩɪɨɝɪɚɦɚɦɢ�� ɨɞɧɨɲɚɪɨɜɭ� ɩɨ�
ɜɫɿɣ� ɞɨɜɠɢɧɿ� ɞɟɬɚɥɿ� ɩɪɢ� ɩɨɫɬɭɩɚɥɶɧɿɣ� ɩɨɞɚɱɿ�� ɞɜɨɲɚɪɨɜɭ� ɩɪɢ� ɡɜɨɪɨɬɧɨ�ɩɨɫɬɭɩɚɥɶɧɿɣ�
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Ɂɚ�ɨɫɬɚɧɧɿ�ɪɨɤɢ�ɡɧɚɱɧɨ�ɡɛɿɥɶɲɢɥɚɫɶ�ɜɚɧɬɚɠɨɩɿɞɣɨɦɧɿɫɬɶ�ɩɪɨɦɢɫɥɨɜɢɯ�ɪɨɛɨɬɿɜ��ɜ�
ɞɚɧɢɣ� ɱɚɫ� ɞɥɹ� ɞɟɹɤɢɯ� ɦɨɞɟɥɟɣ� ɪɨɛɨɬɿɜ� ɜɨɧɚ� ɞɨɫɹɝɚɽ� ���� ɤɝ�� ɐɟ� ɫɭɬɬɽɜɨ� ɪɨɡɲɢɪɢɥɨ�
ɝɚɥɭɡɶ�ʀɯɧɶɨɝɨ�ɜɢɤɨɪɢɫɬɚɧɧɹ��ɩɿɞɜɢɳɭɜɚɥɚɫɶ�ɬɨɱɧɿɫɬɶ�ɩɨɡɢɰɿɨɧɭɜɚɧɧɹ�ɪɨɛɨɱɢɯ�ɨɪɝɚɧɿɜ��
ɹɤɚ� ɜ� ɞɟɹɤɢɯ� ɦɨɞɟɥɟɣ� ɞɨɫɹɝɚɥɚ� ���������� ɦɦ� ɿ� ɧɟ� ɩɟɪɟɜɢɳɭɜɚɥɚ� ���� ɦɦ� ɞɥɹ� ɦɨɞɟɥɟɣ�
ɜɟɥɢɤɨʀ�ɜɚɧɬɚɠɨɩɿɞɣɨɦɧɨɫɬɿ��

Ɂɚ� ɪɚɯɭɧɨɤ� ɭɫɤɥɚɞɧɟɧɧɹ� ɚɥɝɨɪɢɬɦɿɜ� ɨɛɪɨɛɤɢ� ɿɧɮɨɪɦɚɰɿʀ� ɪɨɡɲɢɪɢɥɢɫɶ� ɿ�
ɮɭɧɤɰɿɨɧɚɥɶɧɿ�ɦɨɠɥɢɜɨɫɬɿ�ɪɨɛɨɬɿɜ��Ɏɿɪɦɚ�©5(,6�52%27,&6ª��ɪɢɫ������ɧɚɜɟɥɚ�ɨɫɧɨɜɧɿ�
ɫɬɚɧɞɚɪɬɧɿ�ɮɭɧɤɰɿʀ�ɩɪɢɫɬɪɨʀɜ�ɤɟɪɭɜɚɧɧɹ�ɩɪɨɦɢɫɥɨɜɢɯ�ɪɨɛɨɬɿɜ�ɞɥɹ�ɞɭɝɨɜɨɝɨ�ɡɜɚɪɸɜɚɧɧɹ��
Ⱦɨ� ɧɢɯ� ɜɿɞɧɨɫɹɬɶɫɹ� ɚɜɬɨɦɚɬɢɱɧɟ� ɩɪɨɝɪɚɦɭɜɚɧɧɹ�� ɤɨɪɟɤɰɿɹ� ɦɨɠɥɢɜɢɯ� ɩɨɦɢɥɨɤ��
ɚɜɬɨɦɚɬɢɱɧɟ� ɭɩɪɚɜɥɿɧɧɹ� ɪɨɛɨɬɚɦɢ� ɡɚ� ɲɟɫɬɢ� ɫɬɟɩɟɧɹɦɢ� ɪɭɯɥɢɜɨɫɬɿ�� ɡɚɩɚɥɟɧɧɹ� ɞɭɝɢ��
ɪɟɝɭɥɸɜɚɧɧɹ� ɩɚɪɚɦɟɬɪɿɜ�� ɨɛɪɨɛɤɚ� ɿ� ɪɚɰɿɨɧɚɥɶɧɢɣ� ɜɢɛɿɪ� ɯɨɥɨɫɬɢɯ� ɯɨɞɿɜ� ɩɟɪɟɦɿɳɟɧɧɹ�
ɪɨɛɨɱɨɝɨ�ɿɧɫɬɪɭɦɟɧɬɚ�>���ɋ�������@��

Ɋɢɫɭɧɨɤ����±�Ɋɨɛɨɬ�ɦɨɞɟɥɿ�659��659�/ɿ659���ɮɿɪɦɢ�©5(,6�52%27,&6ª�

Ɋɨɡɪɨɛɤɚ� ɪɨɛɨɬɨɬɟɯɧɿɱɧɢɯ� ɤɨɦɩɥɟɤɫɿɜ� ɜ� ɍɤɪɚʀɧɿ� ɡɞɿɣɫɧɸɽɬɶɫɹ� ɜɿɞɞɿɥɨɦ�
ɚɜɬɨɦɚɬɢɡɨɜɚɧɢɯ� ɫɢɫɬɟɦ� ɭɩɪɚɜɥɿɧɧɹ� ɬɟɯɧɨɥɨɝɿɱɧɢɦɢ� ɩɪɨɰɟɫɚɦɢ� ȱɧɫɬɢɬɭɬɭ�
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ɟɥɟɤɬɪɨɡɜɚɪɸɜɚɧɧɹ�ɿɦ��ȯ�Ɉ��ɉɚɬɨɧɚ��ɋɩɿɜɪɨɛɿɬɧɢɤɚɦɢ�ɞɚɧɨɝɨ�ɜɿɞɞɿɥɭ�ɞɥɹ�ɩɿɞɩɪɢɽɦɫɬɜɚ�
©ɉɿɜɧɿɱɧɚ�ɡɿɪɤɚª��ɦ��ɑɟɪɤɚɫɢ��ɛɭɥɨ�ɪɨɡɪɨɛɥɟɧɨ�ɜ������ɪ��ɪɨɛɨɬ�3$18.�ɞɥɹ�ɡɜɚɪɸɜɚɧɧɹ�
ɜɭɡɥɿɜ�ɫɿɜɚɥɤɢ��

ɇɚ� ɡɚɦɨɜɥɟɧɧɹ� ɨɞɧɨɝɨ� ɡ� ɧɚɣɫɬɚɪɿɲɢɯ� ɭɤɪɚʀɧɫɶɤɢɯ� ɩɿɞɩɪɢɽɦɫɬɜ� ɡ� ɜɢɩɭɫɤɭ�
ɫɿɥɶɝɨɫɩɦɚɲɢɧ�ȼȺɌ�©ɑɟɪɜɨɧɚ�ɡɿɪɤɚª��ɦ�Ʉɿɪɨɜɨɝɪɚɞ��ɮɿɪɦɚ�©ɇȺȼɄɈ�Ɍȿɏª�ɜɢɝɨɬɨɜɢɥɚ�
ɿ� ɡɚɩɭɫɬɢɥɚ� ɭ� ɜɢɪɨɛɧɢɰɬɜɨ� ɪɨɛɨɬɢɡɨɜɚɧɢɣ� ɤɨɦɩɥɟɤɫ� ɊɄ���� ɞɥɹ� ɆɂȽ�ɡɜɚɪɸɜɚɧɧɹ�
ɦɚɥɨɝɚɛɚɪɢɬɧɢɯ� ɜɢɪɨɛɿɜ� ɬɢɩɭ� ©ɩɨɜɿɞɟɰɶª�əɤ� ɩɪɨɦɢɫɥɨɜɢɣ� ɪɨɛɨɬ� ɡɚɫɬɨɫɨɜɚɧɢɣ� ɪɨɛɨɬ�
$0����L%H�ɡ�ɩɪɢɫɬɪɨɽɦ�ɭɩɪɚɜɥɿɧɧɹ�5�-�L%0DWH�ɜɢɪɨɛɧɢɰɬɜɚ�ɮɿɪɦɢ�)$18&�5RERWLFV��

Ɋɢɧɨɤ� ɪɨɛɨɬɨɬɟɯɧɿɤɢ� ɩɨɫɬɿɣɧɨ� ɡɪɨɫɬɚɽ� ɩɪɨɬɹɝɨɦ� ɛɚɝɚɬɶɨɯ� ɪɨɤɿɜ�� ɉɪɨɦɢɫɥɨɜɿ�
ɪɨɛɨɬɢ� ɽ� ɧɟɜɿɞ
ɽɦɧɨɸ� ɱɚɫɬɢɧɨɸ� ɫɭɱɚɫɧɢɯ� ɜɢɪɨɛɧɢɱɢɯ� ɩɨɬɭɠɧɨɫɬɟɣ� ɭ� ɜɫɶɨɦɭ� ɫɜɿɬɿ� ɿ�
ɫɬɚɧɨɜɥɹɬɶ� ɨɫɧɨɜɭ� ɞɥɹ� ɬɨɱɧɨɫɬɿ�� ɩɨɫɬɿɣɧɨɝɨ� ɹɤɨɫɬɿ� ɬɚ� ɜɢɫɨɤɨʀ� ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ�� ɉɪɢ�
ɜɩɪɨɜɚɞɠɟɧɧɿ� ɪɨɛɨɬɿɜ�ɜ� ɡɜɚɪɸɜɚɥɶɧɟ�ɜɢɪɨɛɧɢɰɬɜɨ�ɧɚɣɜɢɳɿ� ɜɢɦɨɝɢ�ɩɪɟɞ
ɹɜɥɹɸɬɶɫɹ� ɞɨ�
ɦɟɯɚɧɿɱɧɢɯ��ɯɿɦɿɱɧɢɯ� ɿ�ɬɟɩɥɨɜɢɯ�ɜɥɚɫɬɢɜɨɫɬɟɣ��ɉɪɨɞɭɤɬɢ�ɩɨɜɢɧɧɿ�ɜɢɬɪɢɦɭɜɚɬɢ�ɫɢɥɶɧɟ�
ɩɪɢɫɤɨɪɟɧɧɹ�ɿ�ɭɩɨɜɿɥɶɧɟɧɧɹ��ɧɚɜɚɧɬɚɠɟɧɧɹ��ɚ�ɬɚɤɨɠ�ɦɿɥɶɣɨɧɢ�ɰɢɤɥɿɜ�ɜɢɝɢɧɭ��ɤɪɭɬɿɧɧɹ�
ɬɚ�ɿɧ��Ⱦɨ�ɰɶɨɝɨ�ɞɨɞɚɸɬɶɫɹ�ɫɬɿɣɤɿɫɬɶ�ɞɨ�ɜɢɫɨɤɢɯ�ɬɟɦɩɟɪɚɬɭɪ�ɿ�ɡɜɚɪɸɜɚɥɶɧɢɯ�ɛɪɢɡɨɤ���

ȼɢɫɧɨɜɨɤ�� Ɉɬɠɟ�� ɜɩɪɨɜɚɞɠɟɧɧɹ� ɿ� ɜɢɤɨɪɢɫɬɚɧɧɹ� ɪɨɛɨɬɿɜ� ɞɥɹ� ɡɜɚɪɸɜɚɧɧɹ� ɿ�
ɧɚɩɥɚɜɥɟɧɧɹ� ɩɪɢ� ɜɿɞɧɨɜɥɟɧɧɿ� ɞɟɬɚɥɟɣ� ɦɚɲɢɧ� ɞɨɡɜɨɥɢɬɶ� ɩɨ� ɧɨɜɨɦɭ�� ɛɿɥɶɲ� ɜɢɫɨɤɨɦɭ�
ɧɚɭɤɨɜɨ�ɬɟɯɧɿɱɧɨɦɭ� ɪɿɜɧɿ� ɜɢɪɿɲɢɬɢ� ɡɚɞɚɱɭ� ɫɬɜɨɪɟɧɧɹ� ɤɨɦɩɥɟɤɫɧɨʀ� ɚɜɬɨɦɚɬɢɡɚɰɿʀ� ɧɚ�
ɩɿɞɩɪɢɽɦɫɬɜɚɯ�� ɩɟɪɟɝɥɹɧɭɬɢ� ɮɭɧɤɰɿʀ� ɦɿɠ� ɥɸɞɢɧɨɸ� ɿ� ɦɚɲɢɧɨɸ�� ɫɭɬɬɽɜɨ� ɩɿɞɜɢɳɢɬɶ�
ɩɪɨɞɭɤɬɢɜɧɿɫɬɶ�ɩɪɚɰɿ���

Ɂɚɫɬɨɫɭɜɚɧɧɹ� ɩɪɨɦɢɫɥɨɜɢɯ� ɪɨɛɨɬɿɜ� ɿ� ɪɨɛɨɬɨɬɟɯɧɿɱɧɢɯ� ɤɨɦɩɥɟɤɫɿɜ� ɡɚɛɟɡɩɟɱɢɬɶ�
ɫɬɚɛɿɥɶɧɨ� ɜɢɫɨɤɭ� ɹɤɿɫɬɶ�ɩɪɨɞɭɤɰɿʀ�� ɚ� ɬɚɤɨɠ�ɦɨɠɥɢɜɿɫɬɶ�ɦɨɛɿɥɶɧɨɝɨ�ɩɟɪɟɧɚɥɚɲɬɭɜɚɧɧɹ�
ɜɢɪɨɛɧɢɰɬɜɚ���

ɋɩɢɫɨɤ�ɥɿɬɟɪɚɬɭɪɢ�
�� ɋɭɤɦɚɧɸɤ� Ɉ�Ɇ�� ȿɜɨɥɸɰɿɹ� ɧɚɭɤɨɜɢɯ� ɩɨɝɥɹɞɿɜ� ɧɚ� ɜɿɞɧɨɜɥɟɧɧɹ� ɞɟɬɚɥɟɣ� ɫɿɥɶɫɶɤɨɝɨɫɩɨɞɚɪɫɶɤɢɯ�

ɦɚɲɢɧ� ɡɜɚɪɸɜɚɧɧɹɦ� ɿ� ɧɚɩɥɚɜɥɟɧɧɹɦ� >Ɍɟɤɫɬ@�� ɚɜɬɨɪɟɮ�� ɞɢɫ�� «� ɤɚɧɞ�� ɿɫɬɨɪ�� ɧɚɭɤ�� ɫɩɟɰ�� ���������
©ȱɫɬɨɪɿɹ�ɧɚɭɤɢ�ɿ�ɬɟɯɧɿɤɢª����Ɉ�Ɇ��ɋɭɤɦɚɧɸɤ���Ʉ����������±����ɫ��

�� ɇɢɤɢɬɢɧ� ȼ�ɉ�� Ɇɟɬɨɞ� ɫɜɚɪɤɢ� ɦɟɬɚɥɥɨɜ� ɫ� ɪɚɡɞɟɥɶɧɵɦɢ� ɩɪɨɰɟɫɫɚɦɢ� ɩɥɚɜɥɟɧɢɹ� >Ɍɟɤɫɬ@� �� ȼ�ɉ��
ɇɢɤɢɬɢɧ����Ⱦɨɤɥ��Ⱥɇ�ɋɋɋɊ���������±Ɍ��/9,��ʋ���±ɋ���������

�� ȼɨɫɫɬɚɧɨɜɥɟɧɢɟ� ɞɟɬɚɥɟɣ� ɬɢɩɚ� ©ɜɚɥª� ɧɚɩɥɚɜɤɨɣ� ɬɨɧɤɨɝɨ� ɫɥɨɹ� ɫ� ɩɨɦɨɳɶɸ� ɪɨɛɨɬɚ�  � $XWRPDWLVFKHV�
5HJHQHULHUHQ�5RWDWLRQV�V\PPHWULVFKHU�%DXWHLOHPLO�JHULQJHU�6FKLFKWGLFNH����.)7��������±�ʋ����±6����±����

�� ȼɨɫɫɬɚɧɨɜɥɟɧɢɟ�ɪɨɬɚɰɢɨɧɧɨ�ɚɫɢɦɦɟɬɪɢɱɧɵɯ�ɞɟɬɚɥɟɣ�ɧɚɩɥɚɜɤɨɣ�ɬɨɧɤɢɯ�ɫɥɨʀɜ�ɦɟɬɚɥɥɚ�ɫ�ɩɨɦɨɳɶɸ�
ɪɨɛɨɬɚ�  � $XWRPDWLVFKHV� 5HJHQHULHUHQ� URWDWLRQ� V\PPHWULVFKHU� %DXWHLOHPLO� JHLQQJHU� 6FKLFKWGLFNH� ���
$JUDUWHFKQLN��±�������±�ʋ�����±6�����±�����

�� ɋɨɜɪɟɦɟɧɧɨɟ�ɨɛɨɪɭɞɨɜɚɧɢɟ�ɢ�ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ�ɩɪɨɰɟɫɫɵ�ɞɥɹ�ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ�ɢɡɧɨɲɟɧɧɵɯ�ɞɟɬɚɥɟɣ�
ɦɚɲɢɧ��Ɋɟɦɞɟɬɚɥɶ�������ɬɟɡ�ɞɨɤɥ��ɧɚ�ɧɚɭɱ��ɬɟɯɧ��ɤɨɧɮ��ɫɬɪɚɧ�ɱɥɟɧɨɜ�ɋɗȼ�ɢ�ɋɎɊɘ��ɝ��Ʉɢɟɜ��������
ɦɚɹ�������ɝ����Ƚɨɫɤɨɦɫɟɥɶɯɨɡɬɟɯɧɢɤɚ�ɋɋɋɊ��ɐɇɌɂɂɌɗɂ���Ɇ���������±�ɑ�����±����ɫ��

�� ɍɫɬɚɧɨɜɤɚ�ɞɥɹ�ɧɚɩɥɚɜɤɢ�ɲɟɟɤ�ɤɨɥɟɧɱɚɬɵɯ�ɜɚɥɨɜ��ɩɪɨɫɩɟɤɬ���©5HJH�0RWRUWHFKQLN�*PE+ª���Ȼ��ɝ��±���ɫ���
�� Ɇɚɫɢɧ� Ɇ�Ⱥ�� Ɉɪɝɚɧɢɡɚɰɢɹ� ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ� ɚɜɬɨɦɨɛɢɥɶɧɵɯ� ɞɟɬɚɥɟɣ� >Ɍɟɤɫɬ@� �� Ɇ�Ⱥ�� Ɇɚɫɢɧ�� ±� Ɇ���

Ɍɪɚɧɫɩɨɪɬ��������±�����ɫ��
�� ȼɨɫɤɨɛɨɣɧɢɤɨɜ� ɂ�ȼ�� Ɍɟɯɧɢɱɟɫɤɨɟ� ɨɛɫɥɭɠɢɜɚɧɢɟ� ɢ� ɪɟɦɨɧɬ� ɦɚɲɢɧ� ɡɚ� ɪɭɛɟɠɨɦ�� ɨɛɡɨɪ�� ɢɧɮɨɪɦ��

>Ɍɟɤɫɬ@� �ɂ�ȼ��ȼɨɫɤɨɛɨɣɧɢɤɨɜ��Ⱥ�Ƚ��əɥɨɜɟɧɤɨ� ��Ɇɢɧɥɟɫ�ɛɭɦɩɪɨɦ�ɋɋɋɊ��ȼɇɂɉɂɗ�ɂɥɟɫɩɪɨɦ��±�Ɇ���
������±����ɫ��

�� Ʉɨɥɹɫɢɧɫɤɢɣ� Ɂ�ɋ�� ȼɨɫɫɬɚɧɨɜɥɟɧɢɟ� ɞɟɬɚɥɟɣ� ɚɜɬɨɦɨɛɢɥɶɧɵɯ� ɞɜɢɝɚɬɟɥɟɣ� ɡɚ� ɪɭɛɟɠɨɦ� >Ɍɟɤɫɬ@� �Ɂ�ɋ��
Ʉɨɥɹɫɢɧɫɤɢɣ�� ɇ�Ⱥ�� Ȼɨɥɬɵɲɟɜ� ��� Ɉɪɝɚɧɢɡɚɰɢɹ� ɪɚɛɨɬɵ� ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ� ɬɪɚɧɫɩɨɪɬɚ� ɡɚ� ɪɭɛɟɠɨɦ��
ɷɤɫɩɪɟɫɫ�ɢɧɮɨɪɦ����ɐȻɇɌɂ�Ɇɢɧɚɜɬɨɬɪɚɧɫɚ�ɊɋɎɋɊ��±�������±�ȼɵɩ�����±ɋ����±����

��� ɋɬɟɫɢɧ�Ȼ�ȼ��Ɋɨɛɨɬɨɬɟɯɧɢɤɚ�ɜ�ɫɜɚɪɨɱɧɨɦ�ɩɪɨɢɡɜɨɞɫɬɜɟ�>Ɍɟɤɫɬ@� ��Ȼ��ȼ��ɋɬɟɫɢɧ��Ⱥ��ɂ��Ȼɨɧɞɚɪɟɧɤɨ� ���
ɋɜɚɪɳɢɤ��±�������±�ʋ��������±�ɋ�����±�����

5HIHUHQFLV�
��� 6XNPDQLXN��2�0����������(YROLXWVLLD�QDXNRY\NK�SRKOLDGLY�QD�YLGQRYOHQQLD�GHWDOHM�VLO
V
NRKRVSRGDUV
N\NK�

PDVK\Q� ]YDULXYDQQLDP� L� QDSODYOHQQLDP� >7KH� HYROXWLRQ� RI� VFLHQWLILF� YLHZV� RYHU� WKH� UHQRYDWLRQ� RI�



,661���������������Ɍɟɯɧɿɤɚ�ɜ�ɫɿɥɶɫɶɤɨɝɨɫɩɨɞɚɪɫɶɤɨɦɭ�ɜɢɪɨɛɧɢɰɬɜɿ��ɝɚɥɭɡɟɜɟ�ɦɚɲɢɧɨɛɭɞɭɜɚɧɧɹ��ɚɜɬɨɦɚɬɢɡɚɰɿɹ��������ɜɢɩ����

��

SDUWLFXODUV� RI� DJULFXOWXUDO�PDFKLQHV� E\� ZHOGLQJ� DQG�PHOWLQJ@��([WHQGHG� DEVWUDFW� RI� FDQGLGDWH¶V� WKHVLV�
.\LY��

��� 1LNLWLQ�� 9�3�� �������� 0HWRG� VYDUNL� PHWDOORY� V� UD]GHO
Q\PL� SURFHVVDPL� SODYOHQLMD� >0HWKRG� RI� ZHOGLQJ�
PHWDOV�ZLWK�VHSDUDWH�PHOWLQJ�SURFHVVHV@��$EVWUDFWV�RI�3DSHUV� 9RO��/9,������������

��� 5HVWRUDWLRQ�RI�GHWDLOV�OLNH��VKDIW��E\�VXUIDFLQJ�D�WKLQ�OD\HU�ZLWK�WKH�KHOS�RI�D�URERW����������.)7��������
����

��� 5HVWRUDWLRQ� RI� URWDU\�DV\PPHWULF� SDUWV� E\� ZHOGLQJ� RI� WKLQ� OD\HUV� RI� PHWDO� XVLQJ� D� URERW�� ��������
$JUDUWHFKQLN���������±�����

��� 6RYUHPHQQRH�RERUXGRYDQLH�L�WHKQRORJLFKHVNLH�SURFHVV\�GOMD�YRVVWDQRYOHQLMD�L]QRVKHQQ\K�GHWDOHM�PDVKLQ�
>0RGHUQ�HTXLSPHQW�DQG�WHFKQRORJLFDO�SURFHVVHV�IRU�WKH�UHVWRUDWLRQ�RI�ZRUQ�PDFKLQH�SDUWV@��5HPGHWDO�µ���
��1DXFKQR�WHKQLFKHVNDL� NRQIHUHQWFLLD� VWUDQ�FKOHQRY� 6-H9� L� 6)5-X� J��.LHY� � �������PDMD� �����KRGD�� ±�
6FLHQWLILF�DQG�7HFKQLFDO�&RQIHUHQFH�RI�WKH�PHPEHU�FRXQWULHV�RI�WKH�&0($�DQG�WKH�6)5<��.LHY��9RO�����
����S���0RVFRZ��*RVNRPVHO
KR]WHKQLND�6665��&17,,7-H,��

��� ,QVWDOODWLRQ�IRU�VXUIDFLQJ�QHFNV�FUDQNVKDIWV�©5HJH�0RWRUWHFKQLN*PE+ª���
��� 0DVLQ�� 0�$�� ��������2UJDQL]DFLMD� YRVVWDQRYOHQLMD� DYWRPRELO
Q\K� GHWDOHM� >2UJDQL]DWLRQ� UHVWRUDWLRQ� RI�

DXWRPRELOH�SDUWV@��0RVFRZ��7UDQVSRUW��
��� 9RVNRERMQLNRY�� ,�9�� 	� -DORYHQNR�� $�*�� �������� 7HKQLFKHVNRH� REVOX]KLYDQLH� L� UHPRQW� PDVKLQ� ]D�

UXEH]KRP�� RE]RU�LQIRUP� >0DLQWHQDQFH� DQG� UHSDLU� RI� PDFKLQHU\� DEURDG@�� 0LQOHV�EXPSURP� 6665��
91,3,-H,OHVSURP���0RVFRZ��

��� .ROMDVLQVNLM�� =�6�� 	� %ROW\VKHY�� 1�$�� �������� 9RVVWDQRYOHQLH� GHWDOHM� DYWRPRELO
Q\K� GYLJDWHOHM� ]D�
UXEH]KRP� >5HVWRUDWLRQ� SDUWV� RI� DXWRPRELOH� HQJLQHV� DEURDG@�� 2UJDQL]DFLMD� UDERW\� DYWRPRELO
QRJR�
WUDQVSRUWD�]D�UXEH]KRP��MHNVSUHVV�LQIRUP�±�2UJDQL]DWLRQ�WKH�ZRUN�RI�PRWRU�WUDQVSRUW�DEURDG� H[SUHVV�
LQIRUP� �����������

���� 6WHVLQ�� %�9�� 	� %RQGDUHQNR�� $�� ,�� �������� 5RERWRWHKQLND� Y� VYDURFKQRP� SURL]YRGVWYH� >5RERWLFV� LQ�
ZHOGLQJ�SURGXFWLRQ@��6YDUVKKLN�±�:HOGHU�����������������

6QDQLVODY�*HUXN��$VVRF��3URI���3K'�WHFK��VFL���6HQLRU�5HVHDUFKHU�
16&�³,QVWLWXWH�RI�0HFKDQL]DWLRQ�DQG�(OHFWULILFDWLRQ�RI�$JULFXOWXUDO´�1$$6�RI�8NUDLQH��=K\WRP\U�$JURWHFKQLFDO�
&ROOHJH��=K\WRP\U��8NUDLQH��
2OHQD�6XNPDQLXN��$VVRF��3URI���3K'�KLVW��VFL��
=K\WRP\U�1DWLRQDO�$JURHFRORJLFDO�8QLYHUVLW\��=K\WRP\U��8NUDLQH�
'HYHORSPHQW�IHDWXUHV�RI�ZHOGLQJ�DQG�VXUIDFLQJ�DXWRPDWLRQ�ZLWK�LQGXVWULDO�URERWV�XVDJH�

7KLV�UHVHDUFK�SXUSRVH�LV�WR�KLJKOLJKW�WKH�DFWLYLWLHV�RI�URERWV�DQG�URERWLF�V\VWHPV�PDQXIDFWXUHUV�IRU�SDUWV�
RI�PDFKLQHV�UHSDLU�E\�ZHOGLQJ�DQG�VXUIDFLQJ��

7KH� SDSHU� KLJKOLJKWV� GHYHORSPHQW� RI� ZHOGLQJ� DQG� VXUIDFLQJ� DXWRPDWLRQ� ZLWK� LQGXVWULDO� URERWV� XVDJH��
ZKLFK� GDWHV� EDFN� WR� WKH�PLG���
V� RI� WKH� WZHQWLHWK� FHQWXU\�� 7KH� DUWLFOH� GHDOV� ZLWK� URERWV� DQG� URERWLF� V\VWHPV�
PRGHOV� WKDW� ZHUH� GHYHORSHG� DQG� LPSOHPHQWHG� LQ� WKH� SURGXFWLRQ� E\� WKH� ZRUOG� OHDGLQJ� FRXQWULHV� ILUPV�� ZKLFK�
SURGXFH�PRUH�WKDQ�D�KDOI�RI�DOO�URERWL]HG�SURGXFWV�LQ�WKH�ZRUOG��-DSDQ��*HUPDQ\��86$��HWF��

,QGXVWULDO� URERWV� DUH� XVHG� IRU� ZHOGLQJ� LQ� DFWLYH� DQG� LQHUW� JDV� ZLWK� WKH� FRQVXPDEOH� HOHFWURGH� DQG� 7,*�
HOHFWURGHV�LQ�LQHUW�JDV��WKLV�JHQHUDWHV�D�VLJQLILFDQW�DPRXQW�RI�SROOXWDQWV�WKDW�DGYHUVHO\�DIIHFW�WKH�VWDII��

7KDQNV�WR�VSHFLDO�URERWV��D�VLJQLILFDQW�UHGXFWLRQ�RI�YDOXDEOH�VXUIDFLQJ�PHWDO�DQG�HQHUJ\�FRVW�ZDV�UHDFKHG��
WKH�VKDUSQHVV�RI�WHFKQRORJLFDO�RSHUDWLRQV�ZDV�LQFUHDVHG�DQG��FRQVHTXHQWO\��WKH�SURGXFW�TXDOLW\�ZDV�LPSURYHG��

7KH�DUWLFOH�LQGLFDWHV�WKH�VFLHQWLILF�LQVWLWXWLRQV���WKH�&HQWUDO�,QVWLWXWH�RI�:HOGLQJ��=,6��LQ�WKH�*HUPDQ�FLW\�
RI� *DOOL� DQG� WKH� ,QVWLWXWH� RI� (OHFWULF� :HOGLQJ� QDPHG� DIWHU� <�� 2�3DWRQ� �8NUDLQH��� WKDW� ZRUNHG� ZLWK� WKH�
GHYHORSPHQW� RI� WKH� PDFKLQH� SDUWV� UHSDLU� QHZ� WHFKQRORJLHV�� EDVHG� RQ� WKH� DGGLWLRQDO� PDWHULDO� PLQLPXP� OD\HU�
DSSOLFDWLRQ��

3DUWLFXODU�DWWHQWLRQ�LV�SDLG�WR�WKH�ILUP��5(,6�52%27,&6��ZRUN��ZKLFK�GHYHORSHG�WKH�FRQWURO�GHYLFHV�IRU�
LQGXVWULDO� URERWV�EDVLF�VWDQGDUG�IXQFWLRQV�IRU�DUF�ZHOGLQJ��7KHVH� LQFOXGH�DXWRPDWLF�SURJUDPPLQJ�� WKH�SRVVLEOH�
HUURUV� FRUUHFWLRQ�� URERWV� DXWRPDWLF� FRQWURO� LQ� VL[� GHJUHHV� RI� IUHHGRP�� WKH� DUF� LQIODPPDWLRQ�� WKH� SDUDPHWHUV�
DGMXVWPHQW��SURFHVVLQJ�DQG�UDWLRQDO�FKRLFH�RI�WKH�ZRUNLQJ�WRRO�PRYLQJ�LGOH�PRYHPHQWV��

7KH�LQWURGXFWLRQ�DQG�URERWV�XVDJH�IRU�ZHOGLQJ�DQG�VXUIDFLQJ�ZKLOH�WKH�PDFKLQH�SDUWV�UHSDLU�ZLOO�DOORZ�WR�
VROYH� WKH� FUHDWLQJ� FRPSOH[� DXWRPDWLRQ� SUREOHP� RQ� WKH� QHZ� DQG� KLJKHU� VFLHQWLILF� DQG� WHFKQLFDO� OHYHO� DW�
HQWHUSULVHV��WR�UHFRQVLGHU�WKH�IXQFWLRQV�EHWZHHQ�D�SHUVRQ�DQG�D�PDFKLQH��ZLOO�VLJQLILFDQWO\�LQFUHDVH�SURGXFWLYLW\��
7KH� LQGXVWULDO� URERWV� DQG� URERWLF� V\VWHPV� XVDJH� ZLOO� HQVXUH� D� SURGXFW� VWDEOH� KLJK� TXDOLW\�� DV� ZHOO� DV� WKH�
SURGXFWLRQ�PRELOH�UHFRQILJXUDWLRQ�SRVVLELOLW\��
KLVWRU\�RI�GHYHORSPHQW��LQGXVWULDO�URERWV��ZHOGLQJ��VXUIDFLQJ��UHSDLULQJ�
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