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ɢɫɩɨɥɶɡɭɟɦɨɝɨ� ɦɟɬɚɥɥɚ�ɫɜɹɡɤɢ�� Ɍɚɤ�� ɩɪɢ� ɢɫɩɨɥɶɡɨɜɚɧɢɢ� ɜ� ɤɚɱɟɫɬɜɟ� ɦɟɬɚɥɥɚ�ɫɜɹɡɤɢ� ɤɨɛɚɥɶɬɚ�
ɩɨɥɭɱɚɟɬɫɹ�ɫɵɩɭɱɢɣ�ɩɪɨɞɭɤɬ�ɪɟɚɤɰɢɢ��ɛ ɧɚ�ɪɢɫɭɧɤɟ���ɫɨɫɬɨɹɳɢɣ�ɢɡ�ɤɨɧɝɥɨɦɟɪɚɬɨɜ�ɞɢɚɦɟɬɪɨɦ���±���
ɦɤɦ�� ɜɧɭɬɪɢ� ɤɨɬɨɪɵɯ� ɫɨɞɟɪɠɚɬɫɹ� ɱɚɫɬɢɰɵ� ɪɚɡɦɟɪɨɦ� �±�� ɦɤɦ�� Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ�� ɩɪɨɢɫɯɨɞɢɬ�
ɡɧɚɱɢɬɟɥɶɧɨ�ɢɡɦɟɥɶɱɟɧɢɟ�ɩɨɥɭɱɚɟɦɵɯ�ɱɚɫɬɢɰ�ɜɨɥɶɮɪɚɦɚ��ɩɨ�ɫɪɚɜɧɟɧɢɸ�ɫ�ɩɪɨɰɟɫɫɨɦ�ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ�
ɱɢɫɬɨɝɨ��ɛɟɡ��ɩɪɢɦɟɫɟɣ�ɨɤɫɢɞɚ�:2���ɗɬɨ�ɦɨɠɟɬ�ɛɵɬɶ�ɨɛɭɫɥɨɜɥɟɧɨ�ɬɟɦ��ɱɬɨ�ɜ�ɩɪɨɰɟɫɫɟ�ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ�
ɞɜɨɣɧɨɣ�ɫɢɫɬɟɦɵ�ɨɤɫɢɞɨɜ�:2� � &R�2� ɩɪɨɢɫɯɨɞɢɬ�ɨɛɪɚɡɨɜɚɧɢɟ�ɢɧɬɟɪɦɟɬɚɥɥɢɞɨɜ�&R�: ɢ�&R�:� >�@��
ɱɬɨ� ɜ� ɪɟɡɭɥɶɬɚɬɟ� ɪɟɚɤɰɢɨɧɧɨɣ� ɫɩɨɫɨɛɧɨɫɬɢ� ɬɨɪɦɨɡɢɬ� ɪɨɫɬ� ɱɚɫɬɢɰ� ɜɨɥɶɮɪɚɦɚ�� Ɉɛɪɚɡɨɜɚɧɢɟ�
ɢɧɬɟɪɦɟɬɚɥɥɢɞɨɜ�ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ�ɩɪɢɦɟɧɟɧɢɟɦ�ɫɩɟɤɬɪɚɥɶɧɨɝɨ�ɚɧɚɥɢɡɚ��ɩɭɬɟɦ�ɢɫɫɥɟɞɨɜɚɧɢɹ�ɩɪɨɞɭɤɬɚ�



ɊȺɁȾȿɅ����ɊȺɁɊȺȻɈɌɄȺ�ɂ�ȼɇȿȾɊȿɇɂȿ�ɈȻɈɊɍȾɈȼȺɇɂə�ɂ�ɂɇɋɌɊɍɆȿɇɌȺ��ɈɋɇȺɓȿɇɇɈȽɈ�
ɌȼȿɊȾɕɆɂ�ɋɉɅȺȼȺɆɂ��ȼ�ɊȺɁɅɂɑɇɕɏ�ɈɌɊȺɋɅəɏ�ɉɊɈɆɕɒɅȿɇɇɈɋɌɂ

���

ɪɟɚɤɰɢɢ�ɜ�ɪɚɡɥɢɱɧɵɯ�ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɯ�ɢɡɥɭɱɟɧɢɹɯ��ɇɟɫɤɨɥɶɤɨ�ɢɧɵɦ�ɨɛɪɚɡɨɦ�ɜɟɞɟɬ�ɫɟɛɹ�ɫɢɫɬɟɦɚ�
:±1L �ɚ�ɧɚ�ɪɢɫɭɧɤɟ���ȼ�ɷɬɨɦ ɫɥɭɱɚɟ�ɧɚɛɥɸɞɚɥɨɫɶ�ɜɟɫɶɦɚ�ɡɧɚɱɢɬɟɥɶɧɨɟ�ɫɩɟɤɚɧɢɟ�ɩɨɪɨɲɤɚ�ɜ�ɩɪɨɰɟɫɫɟ�
ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ��ɜ�ɨɬɥɢɱɢɟ�ɨɬ�ɩɨɪɨɲɤɨɜ�ɫɢɫɬɟɦɵ�:±&R��ɋɩɟɤɚɧɢɟ�ɫɦɟɫɢ�:±1L ɩɪɢ�ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ�
ɨɛɭɫɥɨɜɥɟɧɨ�ɬɟɦ��ɱɬɨ�ɩɪɨɢɫɯɨɞɢɬ�ɨɛɪɚɡɨɜɚɧɢɟ�ɬɨɥɶɤɨ�ɨɞɧɨɝɨ�ɢɧɬɟɪɦɟɬɚɥɥɢɞɚ�1L�: �ɞɥɹ�ɫɢɫɬɟɦɵ�:±
1L�� ɗɬɨɬ� ɢɧɬɟɪɦɟɬɚɥɥɢɞ� ɩɨ� ɫɨɫɬɚɜɭ� ɛɥɢɡɨɤ� ɤ� ɩɪɟɞɟɥɶɧɨ� ɧɚɫɵɳɟɧɧɨɦɭ� ɬɜɺɪɞɨɦɭ� ɪɚɫɬɜɨɪɭ�: ɜ�1L��
Ⱦɚɥɟɟ�� 1L�: ɪɚɡɥɚɝɚɟɬɫɹ� ɧɚ� ɬɜɺɪɞɵɣ� ɪɚɫɬɜɨɪ� ɢ� ɜɨɥɶɮɪɚɦ� ɩɪɢ� ɬɟɦɩɟɪɚɬɭɪɟ� a���� �ɋ�� Ɉɛɪɚɡɨɜɚɧɢɟ�
ɲɢɪɨɤɨɣ�ɨɛɥɚɫɬɢ�ɬɜɺɪɞɵɯ�ɪɚɫɬɜɨɪɨɜ�: ɜ�1L ɢ�1L ɜ�: ɢ�ɩɪɢɜɨɞɢɬ�ɤ�ɩɨɜɵɲɟɧɧɨɣ�ɫɩɟɤɚɟɦɨɫɬɢ�ɫɦɟɫɢ�
: ɢ�1L��ɩɨɥɭɱɚɟɦɵɯ�ɩɪɢ�ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ�ɢɯ�ɨɤɫɢɞɨɜ�

ȼ�ɬɪɨɣɧɵɯ�ɫɢɫɬɟɦɚɯ�:±&R±&X ɢ�:±1L±&X ɞɚɠɟ�ɧɟɛɨɥɶɲɨɟ����ɦɚɫ�����ɫɨɞɟɪɠɚɧɢɟ�&X ɨɤɚɡɵɜɚɟɬ�
ɫɭɳɟɫɬɜɟɧɧɨɟ� ɜɥɢɹɧɢɟ� ɤɚɤ� ɧɚ� ɮɨɪɦɭ� ɤɪɢɫɬɚɥɥɨɜ�: ɬɚɤ� ɢ� ɫɬɟɩɟɧɶ� ɚɝɥɨɦɟɪɢɪɨɜɚɧɢɹ� ɩɨɪɨɲɤɨɜ� �ɜ�� ɝ� ɧɚ�
ɪɢɫɭɧɤɟ�� Ɉɬɫɭɬɫɬɜɢɟ� ɪɚɫɬɜɨɪɢɦɨɫɬɢ� : ɜ� &X ɢ� &X ɜ� :�� ɚ� ɬɚɤɠɟ� ɯɢɦɢɱɟɫɤɨɝɨ� ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ� ɫ�
ɨɛɪɚɡɨɜɚɧɢɟɦ� ɢɧɬɟɪɦɟɬɚɥɥɢɞɨɜ�� ɩɪɢɜɨɞɢɬ� ɤ� ɬɨɦɭ�� ɱɬɨ� ɝɪɚɧɢɰɵ� : ɩɪɢɨɛɪɟɬɚɸɬ� ɡɚɦɟɬɧɭɸ� ɨɝɪɚɧɤɭ��
Ɉɞɧɚɤɨ�ɫɤɨɪɨɫɬɶ�ɢɯ�ɪɨɫɬɚ�ɫɭɳɟɫɬɜɟɧɧɨ�ɦɟɧɶɲɟ��ɱɟɦ�ɩɪɢ�ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ�ɱɢɫɬɨɝɨ�:2���ɉɨɷɬɨɦɭ�ɦɨɠɧɨ�
ɫɱɢɬɚɬɶ�� ɱɬɨ�ɧɚɥɢɱɢɟ� ɜ� ɫɦɟɫɢ�ɩɨɪɨɲɤɨɜ�ɦɟɞɢ�ɩɪɟɩɹɬɫɬɜɭɟɬ� ɨɫɭɳɟɫɬɜɥɟɧɢɸ�ɩɟɪɟɧɨɫɚ�: ɱɟɪɟɡ� ɝɚɡɨɜɭɸ�
ɮɚɡɭ�ɡɚ�ɫɱɟɬ�ɩɥɚɤɢɪɨɜɚɧɢɹ�ɦɟɥɤɢɯ�ɱɚɫɬɢɰ�ɢ�ɱɚɫɬɢ�ɩɥɨɳɚɞɢ�ɝɪɚɧɟɣ�ɛɨɥɟɟ�ɤɪɭɩɧɵɯ�ɱɚɫɬɢɰ�

ȼɵɜɨɞɵ
�� ɉɪɢɦɟɧɟɧɢɟ� ɨɤɫɢɞɚ� ɤɨɛɚɥɶɬɚ� ɩɪɢ� ɫɨɜɦɟɳɟɧɧɨɦ� ɩɪɨɰɟɫɫɟ� ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ� ɨɤɫɢɞɨɜ�

ɜɨɥɶɮɪɚɦɚ� ɢ� ɤɨɛɚɥɶɬɚ� ɩɪɢɜɨɞɢɬ� ɤ� ɫɭɳɟɫɬɜɟɧɧɨɦɭ� ��� ��� ɪɚɡɚ�� ɬɨɪɦɨɠɟɧɢɸ� ɩɪɨɰɟɫɫɚ� ɪɨɫɬɚ� ɱɚɫɬɢɰ�
ɜɨɥɶɮɪɚɦɚ� ɜ� ɡɚɤɪɵɬɨɦ� ɪɟɚɤɬɨɪɟ�� ȼɟɪɨɹɬɧɨ�� ɤɨɛɚɥɶɬ� ɜɵɫɬɭɩɚɟɬ� ɜ� ɪɨɥɢ� ɢɧɝɢɛɢɬɨɪɚ� ɪɨɫɬɚ� ɱɚɫɬɢɰ�
ɜɨɥɶɮɪɚɦɚ�� Ɍɚɤɨɣ� ɷɮɮɟɤɬ� ɹɜɥɹɟɬɫɹ� ɜɟɫɶɦɚ� ɩɟɪɫɩɟɤɬɢɜɧɵɦ� ɜ� ɭɫɥɨɜɢɹɯ� ɩɪɨɢɡɜɨɞɫɬɜɚ�
ɨɫɨɛɨɦɟɥɤɨɡɟɪɧɢɫɬɵɯ�ɬɜɟɪɞɵɯ�ɫɩɥɚɜɨɜ�ɢɥɢ�ɜɨɥɶɮɪɚɦɨɜɵɯ�ɦɚɬɟɪɢɚɥɨɜ�ɫ�ɦɟɥɤɨɡɟɪɧɢɫɬɨɣ�ɫɬɪɭɤɬɭɪɨɣ�

�� ɋɨɜɦɟɳɟɧɧɨɟ�ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ�ɫɦɟɫɟɣ�ɨɤɫɢɞɨɜ�ɜɨɥɶɮɪɚɦɚ�ɢ�ɧɢɤɟɥɹ��ɚ�ɬɚɤɠɟ�ɫɦɟɫɟɣ�ɨɤɫɢɞɨɜ�
ɜɨɥɶɮɪɚɦɚ� ɫ� ɧɢɤɟɥɟɦ�� ɤɨɛɚɥɶɬɨɦ� ɢ� ɦɟɞɶɸ� ɨɤɚɡɵɜɚɟɬ� ɦɟɧɶɲɟɟ� ɜɥɢɹɧɢɟ� ɧɚ� ɩɪɨɰɟɫɫ� ɪɨɫɬɚ� ɱɚɫɬɢɰ�
ɜɨɥɶɮɪɚɦɚ�� Ɍɚɤɢɦ� ɨɛɪɚɡɨɜ� ɜɨɡɦɨɠɧɨ� ɩɨɥɭɱɟɧɢɟ� ɤɪɭɩɧɨɡɟɪɧɢɫɬɵɯ� ɩɨɪɨɲɤɨɜɵɯ� ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ�
ɦɚɬɟɪɢɚɥɨɜ�ɧɚ�ɨɫɧɨɜɟ�ɜɨɥɶɮɪɚɦɚ�

Ⱦɨɫɥɿɞɠɟɧɨ�ɫɭɦɿɳɟɧɟ�ɜɿɞɧɨɜɥɟɧɧɹ�ɫɭɦɿɲɟɣ�ɨɤɫɢɞɿɜ�ɜɨɥɶɮɪɚɦɭ��ɤɨɛɚɥɶɬɭ��ɧɿɤɟɥɸ�ɬɚ�ɦɿɞɿ��ɉɨɤɚɡɚɧɨ��ɳɨ�
ɞɨɛɚɜɤɢ� ɨɤɫɢɞɿɜ� ɤɨɛɚɥɶɬɭ�� ɧɿɤɟɥɸ� ɣ� ɦɿɞɿ� ɩɪɢ� ɜɿɞɧɨɜɥɟɧɧɿ� ɨɤɫɢɞɭ� ɜɨɥɶɮɪɚɦɭ�� ɜɩɥɢɜɚɸɬɶ� ɧɚ� ɩɪɨɰɟɫ� ɪɨɫɬɭ�
ɱɚɫɬɢɧɨɤ�ɜɨɥɶɮɪɚɦɭ�ɜ�ɡɚɤɪɢɬɨɦɭ�ɪɟɚɤɬɨɪɿ�

Ʉɥɸɱɨɜɿ�ɫɥɨɜɚ� ɜɨɥɶɮɪɚɦ��ɜɿɞɧɨɜɥɟɧɧɹ��ɡɚɤɪɢɬɢɣ�ɪɟɚɤɬɨɪ�

,QYHVWLJDWLRQV� RI� WKH� FRPELQHG� SURFHVV� RI� UHGXFWLRQ� RI� R[LGHV RI� WXQJVWHQ�� FREDOW�� QLFNHO� DQG� FRSSHU�� ,W� LV�
VKRZQ� WKDW� WKH�DGGLWLRQ�RI� R[LGHV�RI� FREDOW�� QLFNHO� DQG� FRSSHU� LQ� UHGXFWLRQ�SURFHVV�RI� WXQJVWHQ�R[LGH�KDYH�GLIIHUHQW�
HIIHFWV�RQ�WKH�SURFHVV�RI�SDUWLFOH�JURZWK�RI�WXQJVWHQ�LQ�D�FORVHG�UHDFWRU�

.H\ZRUGV� WXQJVWHQ��SURFHVV�RI�UHGXFWLRQ��FORVHG�UHDFWRU�

Ʌɢɬɟɪɚɬɭɪɚ
�� *HUPDQ�5�0��&ULWLFDO GHYHORSPHQWV LQ WXQJVWHQ KHDY\ DOOR\V ��5�0� *HUPDQ���LQ��$��%RVH��5�-��

'RZGLQJ �(GV������7XQJVWHQ DQG 7XQJVWHQ $OOR\V��03,)��3ULQFHWRQ��1-��± ������± 3���±���
�� Ȼɨɧɞɚɪɟɧɤɨ� ȼ�ɉ� ɋɩɟɤɚɧɢɟ� ɜɨɥɶɮɪɚɦɨɜɵɯ� ɬɜɟɪɞɵɯ� ɫɩɥɚɜɨɜ� ɜ� ɩɪɟɰɢɡɢɨɧɧɨ�ɤɨɧɬɪɨɥɢɪɭɟɦɨɣ�

ɝɚɡɨɜɨɣ�ɫɪɟɞɟ�� ȼ�ɉ��Ȼɨɧɞɚɪɟɧɤɨ��ɗ�Ƚ� ɉɚɜɥɨɰɤɚɹ ���± Ʉ���ɇɚɭɤ��Ⱦɭɦɤɚ��������± ����ɫ�
�� ɉɚɧɨɜ�ȼ�ɋ��Ɍɟɯɧɨɥɨɝɢɢ�ɢ�ɫɜɨɣɫɬɜɚ�ɫɩɟɱɟɧɵɯ�ɬɜɟɪɞɵɯ�ɫɩɥɚɜɨɜ�ɢ�ɢɡɞɟɥɢɣ�ɢɡ�ɧɢɯ���ȼ�ɋ��ɉɚɧɨɜ�

Ⱥ�Ɇ��ɑɭɜɢɥɢɢ��ȼ�Ⱥ��Ɏɚɥɶɤɨɜɫɤɢɣ����Ɇ���Ɇɂɋɂɋ��������± ����ɫ�
�� /DVVQHU�(��7XQJVWHQ���(��/DVVQHU��:�'��6FKXEHUW����1��<���.OXZHU��������± ����S�
�� Ɉɫɨɛɟɧɧɨɫɬɢ� ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ� ɜɨɥɶɮɪɚɦɚ� ɢɡ� ɟɝɨ� ɨɤɫɢɞɚ� :2�� ɜ� ɡɚɤɪɵɬɨɦ� ɪɟɚɤɬɨɪɟ� �� ȼ�ɉ��

Ȼɨɧɞɚɪɟɧɤɨ� ɂ�ȼ�� Ⱥɧɞɪɟɟɜ�� ɂ�ȼ�� ɋɚɜɱɭɤ�� Ʌ�Ɇ�� Ɇɚɪɬɵɧɨɜɚ�� Ⱥ�ɇ�� ȼɚɳɟɧɤɨ ��� ɋɜɟɪɯɬɜɟɪɞɵɟ�
ɦɚɬɟɪɢɚɥɵ��í ������í�ʋ����í�ɋ� ��í���

�� Ȼɨɧɞɚɪɟɧɤɨ� ȼ�ɉ� Ʉɢɧɟɬɢɱɟɫɤɢɣ� ɚɧɚɥɢɡ� ɪɟɚɤɰɢɣ� ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ�:2�� ɜɨɞɨɪɨɞɨɦ� ɜ� ɡɚɤɪɵɬɨɦ�
ɪɟɚɤɬɨɪɟ���ȼ�ɉ��Ȼɨɧɞɚɪɟɧɤɨ��ɂ�ȼ��Ⱥɧɞɪɟɟɜ����ɋɜɟɪɯɬɜɟɪɞɵɟ�ɦɚɬɟɪɢɚɥɵ��± ������± ʋ����± ɋ����±���

�� 5HFHQW UHVHDUFKHV RQ WKH PHWDO�FHUDPLF FRPSRVLWHV EDVHG RQ WKH GHFDPLFURQ�JUDLQHG�:& � 9�3�
%RQGDUHQNR��,�9��$QGUH\HY��,�9��6DYFKXN HW DOO�� ���,QW��-��RI�5HIUDFWRU\�0HWDOV�DQG�+DUG�0DWHULDOV��±
������± Y������± 3����±���

�� ɏɚɧɫɟɧ�Ɇ��ɋɬɪɭɤɬɭɪɚ�ɞɜɨɣɧɵɯ�ɫɩɥɚɜɨɜ���Ɇ��ɏɚɧɫɟɧ��Ʉ� Ⱥɧɞɟɪɤɨ����ɜ���ɬ��±Ɇ���Ɇɟɬɚɥɥɭɪɝɢɹ�������
ɉɨɫɬɭɩɢɥɚ���������


