
ɊȺɁȾȿɅ����ɂɇɋɌɊɍɆȿɇɌȺɅɖɇɕȿ��ɄɈɇɋɌɊɍɄɐɂɈɇɇɕȿ�ɂ�ɎɍɇɄɐɂɈɇȺɅɖɇɕȿ�ɆȺɌȿɊɂȺɅɕ
ɇȺ�ɈɋɇɈȼȿ�ȺɅɆȺɁȺ�ɂ�ɄɍȻɂɑȿɋɄɈȽɈ�ɇɂɌɊɂȾȺ�ȻɈɊȺ

���

W\VNX� L� WHPSHUDWXU\� >$QDO\VLV� RI� WKH� LQWHUDFWLRQV� LQ� WKH� &X±7L±GLDPRQG� DQG� &R±:±
GLDPRQG� V\VWHPV� LQ� ZHWWLQJ� GLDPRQG� SRO\FU\VWDOV� DQG� LQILOWUDWLRQ� RI� 8''� GLDPRQG�
QDQRSRZGHU� DW� KLJK� SUHVVXUH� DQG� WHPSHUDWXUH@� 6YHUNKWYHUG\H� PDWHULDO\�� ± -RXUQDO� RI�
6XSHUKDUG�PDWHULDOV�������±���>LQ�8NUDLQLDQ@

�� <DPDPRWR�� <��� ,PDL�� 7��� 7DQDEHHW� .��� HW� DO�� �������� 7KH� PHDVXUHPHQW� RI� WKHUPDO�
SURSHUWLHV�RI�GLDPRQG� 'LDPRQG�DQG�5HODWHG�0DWHULDOV� 9RO� ����� ����±�����

�� %HOLDLHY��$�6���&KHUQREDL��9�6��� 3RGRED��<D�2��� 6\URWD�<X�9�� �������9SO\Y� ]HUQ\VWRVWL�
DOPD]QRKR�SRURVKNX�QD� WHSORSURYLGQLVW
� DOPD]RYPLVQ\NK�NRPSR]\WLY� >7KH� LQIOXHQFH�RI�
JUDQXODULW\� RI� D� GLDPRQG� SRZGHU� RQ� WKH� WKHUPDO� FRQGXFWLYLW\� RI� GLDPRQG� FRPSRVLWHV@�
3RURGRUD]UXVKDLXVKFKLL�L�PHWDOORREUDEDW\YDLXVKFKLL�LQVWUXPHQW�± WHNKQLND�L�WHNKQRORKLLD�
HKR� L]KRWRYOHQLLD� L� SULPHQHQLLD�� ± 5RFN� 'HVWUXFWLRQ� DQG� 0HWDO�:RUNLQJ� 7RROV� ±
7HFKQLTXHV� DQG� 7HFKQRORJ\� RI� WKH� 7RRO� 3URGXFWLRQ� DQG� $SSOLFDWLRQV�� ���� ���±���� >LQ�
8NUDLQLDQ@

ɍȾɄ������������

ɘ��ɘ��Ɋɭɦɹɧɰɟɜɚ��ɚɫɩ����ȼ��ɇ��Ȼɭɲɥɹ��ɩɪɨɮ��� Ⱥ��ɘ��Ɉɲɨɜɫɤɚɹ��ɫɬɭɞ����
ȼ��Ɂ��Ɍɭɪɤɟɜɢɱ� ɚɤɚɞ��ɇȺɇ�ɍɤɪɚʀɧɢ�

�ȱɧɫɬɢɬɭɬ�ɧɚɞɬɜɟɪɞɢɯ�ɦɚɬɟɪɿɚɥɿɜ�ɿɦ��ȼ�Ɇ��Ȼɚɤɭɥɹ�ɇȺɇ�ɍɤɪɚʀɧɢ��ɜɭɥ��Ⱥɜɬɨɡɚɜɨɞɫɶɤɚ����
������ɦ��Ʉɢʀɜ� (�PDLO� \UXPXDQFHYD#JPDLO�FRP

�'LYLVLRQ�RI�3URGXFWLRQ�DQG�0DWHULDOV�(QJLQHHULQJ��/XQG�8QLYHUVLW\� 3DUDGLVJDWDQ�� %R[����������
���/XQG��6ZHGHQ� (�PDLO��YRORG\P\U�EXVKO\D#LSURG�OWK�VH

�ɇɚɰɿɨɧɚɥɶɧɢɣ�ɬɟɯɧɿɱɧɢɣ�ɭɧɿɜɟɪɫɢɬɟɬ�ɍɤɪɚʀɧɢ ©Ʉɢʀɜɫɶɤɢɣ�ɩɨɥɿɢɬɟɯɧɿɱɧɢɣ�ɿɧɫɬɢɬɭɬ�ɢɦɟɧɿ
ȱɝɨɪɹ�ɋɿɤɨɪɫɶɤɨɝɨª��ɩɪɨɫɩ��ɉɟɪɟɦɨɝɢ������Ʉɢʀɜ���������(�PDLO��$QDVWDVLD2VKRYVND\D#JPDLO�FRP

ȺɊɆɍȼȺɇɇə�ɆȺɌȿɊȱȺɅɍ�ɇȺ�ɈɋɇɈȼȱ�ɄɍȻȱɑɇɈȽɈ�ɇȱɌɊɂȾɍ�ȻɈɊɍ�
ɆȱɄɊɈȼɈɅɈɄɇȺɆɂ�ɄȺɊȻȱȾɍ�ɄɊȿɆɇȱɘ

ɇɚɞɬɜɟɪɞɿ� ɦɚɬɟɪɿɚɥɢ� ± ɜɿɞɨɦɚ� ɝɪɭɩɚ�ɦɚɬɟɪɿɚɥɿɜ� ɞɥɹ� ɪɿɡɚɧɧɹ�ɦɟɬɚɥɭ��ɐɿ� ɦɚɬɟɪɿɚɥɢ� ɽ� ɛɿɥɶɲ�
ɟɮɟɤɬɢɜɧɢɦɢ�� ɟɧɟɪɝɨɡɛɟɪɿɝɚɸɱɢɦɢ� ɬɚ� ɟɤɨɥɨɝɿɱɧɢɦɢ� ɩɨɪɿɜɧɹɧɨ� ɡ� ɬɪɚɞɢɰɿɣɧɢɦɢ� ɿɧɫɬɪɭɦɟɧɬɚɦɢ��
ɇɚɞɬɜɟɪɞɿ�ɦɚɬɟɪɿɚɥɢ�ɦɚɸɬɶ�ɧɟ�ɬɿɥɶɤɢ�ɧɚɣɜɢɳɢɣ�ɪɿɜɟɧɶ�ɬɜɟɪɞɨɫɬɿ��ɬɜɟɪɞɿɫɬɶ�ɚɥɦɚɡɭ�± ��±����Ƚɉɚ��
ɬɜɟɪɞɿɫɬɶ�F%1�± ���Ƚɉɚ���ɚ�ɣ�ɜɿɞɦɿɧɧɿ�ɦɟɯɚɧɿɱɧɿ��ɬɟɪɦɿɱɧɿ��ɨɩɬɢɱɧɿ��ɚɤɭɫɬɢɱɧɿ��ɟɥɟɤɬɪɢɱɧɿ�ɬɚ�ɯɿɦɿɱɧɿ�
ɜɥɚɫɬɢɜɨɫɬɿ�� ɇɚ� ɠɚɥɶ�� ɰɿ� ɪɿɡɚɥɶɧɿ� ɦɚɬɟɪɿɚɥɢ� ɦɚɸɬɶ� ɿ� ɞɟɹɤɿ� ɧɟɞɨɥɿɤɢ�� ɬɟɧɞɟɧɰɿɸ ɞɨ� ɨɤɢɫɥɟɧɧɹ��
ɝɪɚɮɿɬɢɡɚɰɿʀ� ɬɚ� ɧɟɡɚɞɨɜɿɥɶɧɢɣ� ɪɿɜɟɧɶ� ɬɪɿɳɢɧɨɫɬɿɣɤɨɫɬɿ�� Ɉɞɧɢɦ� ɿɡ� ɜɿɞɨɦɢɯ ɫɩɨɫɨɛɿɜ� ɩɿɞɜɢɳɟɧɧɹ�
ɜ
ɹɡɤɨɫɬɿ� ɪɭɣɧɭɜɚɧɧɹ� ɬɚ� ɞɨɜɝɨɜɿɱɧɨɫɬɿ� ɿɧɫɬɪɭɦɟɧɬɭ� ɽ� ɚɪɦɭɜɚɧɧɹ� ɦɿɤɪɨɜɨɥɨɤɧɚɦɢ�� Ⱥɪɦɭɜɚɧɧɹ��
ɦɿɤɪɨɜɨɥɨɤɧɚɦɢ� ɲɢɪɨɤɨ� ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɨɫɹ� ɞɥɹ� ɿɧɲɢɯ� ɝɪɭɩ� ɦɚɬɟɪɿɚɥɿɜ� ɞɥɹ� ɪɿɡɚɧɧɹ�� ɚɥɟ� ɧɚɪɚɡɿ� ɜ�
ɥɿɬɟɪɚɬɭɪɿ ɧɟɦɚɽ�ɿɧɮɨɪɦɚɰɿʀ�ɩɪɨ�ɚɪɦɭɜɚɧɧɹ�ɦɿɤɪɨɜɨɥɨɤɧɚɦɢ�ɦɚɬɟɪɿɚɥɿɜ�ɧɚ�ɨɫɧɨɜɿ�F%1��Ɉɬɠɟ��ɭ�ɰɿɣ�
ɪɨɛɨɬɿ� ɛɭɥɨ� ɜɢɤɨɪɢɫɬɚɧɨ� ɰɟɣ� ɩɪɢɧɰɢɩ� ɡɦɿɰɧɟɧɧɹ� ɞɥɹ� ɫɬɜɨɪɟɧɧɹ� ɧɨɜɨɝɨ� ɧɚɞɬɜɟɪɞɨɝɨ� ɦɚɬɟɪɿɚɥɭ� ɧɚ�
ɨɫɧɨɜɿ�F%1��7D1�ɬɚ�$O�ɡɚ�ɪɚɯɭɧɨɤ�ɞɨɞɚɜɚɧɧɹ�ɦɿɤɪɨɜɨɥɨɤɨɧ�ɡ�ɤɚɪɛɿɞɭ�ɤɪɟɦɧɿɸ�

Ʉɥɸɱɨɜɿ�ɫɥɨɜɚ� F%1��ɦɿɤɪɨɜɨɥɨɤɧɚ�6L&��ɬɪɿɳɢɧɨɫɬɿɣɤɿɫɬɶ

ȼɫɬɭɩ
Ⱥɧɚɥɿɡ� ɨɫɧɨɜɧɢɯ� ɧɚɩɪɹɦɿɜ� ɪɨɡɜɢɬɤɭ� ɪɿɡɚɥɶɧɨɝɨ� ɿɧɫɬɪɭɦɟɧɬɭ� ɩɨɤɚɡɭɽ�� ɳɨ�

ɜɞɨɫɤɨɧɚɥɟɧɧɹ�ɦɚɬɟɪɿɚɥɿɜ� ɣɲɥɨ� ɭ�ɧɚɩɪɹɦɤɭ�ɩɨɤɪɚɳɟɧɧɹ� ɬɚɤɢɯ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɹɤ� ɬɜɟɪɞɿɫɬɶ��
ɬɟɩɥɨɫɬɿɣɤɿɫɬɶ� ɬɚ� ɡɧɨɫɨɫɬɿɣɤɿɫɬɶ� ɩɪɢ� ɨɞɧɨɱɚɫɧɨɦɭ� ɡɧɢɠɟɧɧɿ� ɬɪɿɳɢɧɨɫɬɿɣɤɨɫɬɿ� ɦɿɰɧɨɫɬɿ� ɧɚ



ȼɵɩɭɫɤ�����ɉɈɊɈȾɈɊȺɁɊɍɒȺɘɓɂɃ�ɂ�ɆȿɌȺɅɈɈȻɊȺȻȺɌɕȼȺɘɓɂɃ�ɂɇɋɌɊɍɆȿɇɌ�± ɌȿɏɇɂɄȺ
ɂ ɌȿɏɇɈɅɈȽɂə�ȿȽɈ�ɂɁȽɈɌɈȼɅȿɇɂə�ɂ�ɉɊɂɆȿɇȿɇɂə

���

ɡɝɢɧ� ɬɚ� ɭɞɚɪɧɨʀ� ɜ¶ɹɡɤɨɫɬɿ� >�@�� ɉɪɨɬɟ�� ɹɤ� ɜɿɞɨɦɨ�� ɛɚɠɚɧɢɣ� ɧɚɩɪɹɦ� ɪɨɡɜɢɬɤɭ� ɦɚɬɟɪɿɚɥɿɜ�
ɪɿɡɚɥɶɧɨɝɨ� ɿɧɫɬɪɭɦɟɧɬɭ� ± ɨɞɧɨɱɚɫɧɟ� ɩɨɤɪɚɳɟɧɧɹ� ɭɫɿɯ� ɜɢɳɟɜɤɚɡɚɧɢɯ� ɜɥɚɫɬɢɜɨɫɬɟɣ >�@��
Ɉɫɨɛɥɢɜɨ�ɚɤɬɭɚɥɶɧɨɸ�ɰɹ�ɩɪɨɛɥɟɦɚ�ɽ�ɞɥɹ�ɧɚɞɬɜɟɪɞɢɯ�ɦɚɬɟɪɿɚɥɿɜ��ɳɨ�ɦɚɸɬɶ�ɜɢɫɨɤɭ�ɦɿɰɧɿɫɬɶ�ɬɚ�
ɬɟɩɥɨɫɬɿɣɤɿɫɬɶ� �ɧɚɩɪɢɤɥɚɞ�� ɬɟɩɥɨɫɬɿɣɤɿɫɬɶ� ɰɢɯ� ɦɚɬɟɪɿɚɥɿɜ� ɫɬɚɧɨɜɢɬɶ� ɛɥɢɡɶɤɨ� ����±����� Ʉ�
ɩɨɪɿɜɧɹɧɨ�ɡ�ɬɟɩɥɨɫɬɿɣɤɿɫɬɸ�ɫɬɚɥɟɣ�± ���±����Ʉ�ɬɚ�ɬɜɟɪɞɢɯ�ɫɩɥɚɜɿɜ�± ����±�����Ʉ���ɡɚɜɞɹɤɢ�
ɱɨɦɭ�ɬɟɨɪɟɬɢɱɧɨ�ɦɨɠɧɚ�ɨɛɪɨɛɥɹɬɢ�ɲɢɪɨɤɢɣ�ɞɿɚɩɚɡɨɧ�ɦɚɬɟɪɿɚɥɿɜ��ɉɪɨɬɟ�ɧɟɡɚɞɨɜɿɥɶɧɢɣ ɪɿɜɟɧɶ�
ɭɞɚɪɧɨʀ�ɜ¶ɹɡɤɨɫɬɿ�ɬɚ�ɬɪɿɳɢɧɨɫɬɿɣɤɨɫɬɿ�ɭ�ɩɨɽɞɧɚɧɧɿ�ɡɿ�ɫɯɢɥɶɧɿɫɬɸ�ɞɨ�ɨɤɢɫɧɟɧɧɹ�ɬɚ�ɝɪɚɮɿɬɢɡɚɰɿʀ�
ɜ�ɩɪɨɰɟɫɿ�ɟɤɫɩɥɭɚɬɚɰɿʀ�ɫɭɬɬɽɜɨ�ɨɛɦɟɠɭɽ�ɹɤ�ɫɩɟɤɬɪ�ɦɚɬɟɪɿɚɥɿɜ��ɳɨ�ɦɨɠɭɬɶ�ɛɭɬɢ�ɨɛɪɨɛɥɟɧɿ��ɬɚɤ�
ɿ� ɬɪɢɜɚɥɿɫɬɶ� ɬɟɪɦɿɧɭ� ɟɤɫɩɥɭɚɬɚɰɿʀ ɪɿɡɚɥɶɧɨɝɨ ɿɧɫɬɪɭɦɟɧɬɭ� ɧɚ� ɨɫɧɨɜɿ� ɧɚɞɬɜɟɪɞɢɯ� ɦɚɬɟɪɿɚɥɿɜ�
�ɡɨɤɪɟɦɚ�ɧɚ�ɨɫɧɨɜɿ�ɤɭɛɿɱɧɨɝɨ�ɧɿɬɪɢɞɭ�ɛɨɪɭ���

Ⱥɧɚɥɿɡ� ɥɿɬɟɪɚɬɭɪɧɢɯ� ɞɚɧɢɯ� ɩɨɤɚɡɚɜ�� ɳɨ� ɬɪɿɳɢɧɨɫɬɿɣɤɿɫɬɶ� ± ɨɞɧɚ� ɡ� ɨɫɧɨɜɧɢɯ
ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɦɚɬɟɪɿɚɥɭ�� ɩɿɞɜɢɳɟɧɧɹ� ɹɤɨʀ� ɩɪɢɜɨɞɢɬɶ� ɞɨ� ɡɛɿɥɶɲɟɧɧɹ� ɫɬɪɨɤɭ� ɫɥɭɠɿɧɧɹ�
ɪɿɡɚɥɶɧɨɝɨ� ɿɧɫɬɪɭɦɟɧɬɭ�� ɉɨɤɪɚɳɟɧɧɹ� ɬɪɿɳɢɧɨɫɬɿɣɤɨɫɬɿ� ɦɚɬɟɪɿɚɥɿɜ� ɧɚ� ɨɫɧɨɜɿ� ɤɭɛɿɱɧɨɝɨ�
ɧɿɬɪɢɞɭ� ɛɨɪɭ� ɡɚɡɜɢɱɚɣ� ɞɨɫɹɝɚɽɬɶɫɹ� ɡɚ� ɪɚɯɭɧɨɤ� ɤɨɪɟɤɬɧɨɝɨ� ɜɢɛɨɪɭ� ɬɟɯɧɨɥɨɝɿʀ� ɜɢɪɨɛɧɢɰɬɜɚ��
ɨɩɬɢɦɿɡɚɰɿʀ�ɬɟɯɧɨɥɨɝɿɱɧɢɯ�ɩɚɪɚɦɟɬɪɿɜ�ɬɚ�ɯɿɦɿɱɧɨɝɨ�ɫɤɥɚɞɭ�ɤɨɦɩɨɡɢɬɿɜ��

ɍ� ɰɿɣ� ɪɨɛɨɬɿ� ɡ� ɦɟɬɨɸ� ɩɨɤɪɚɳɟɧɧɹ� ɬɪɿɳɢɧɨɫɬɿɣɤɨɫɬɿ� ɦɚɬɟɪɿɚɥɭ� ɧɚ� ɨɫɧɨɜɿ� ɤɭɛɿɱɧɨɝɨ�
ɧɿɬɪɢɞɭ� ɛɨɪɭ� ɛɭɥɨ� ɩɪɨɜɟɞɟɧɨ� ɚɪɦɭɜɚɧɧɹ� ɜɢɯɿɞɧɨʀ� ɤɨɦɩɨɡɢɰɿʀ� ɦɿɤɪɨɜɨɥɨɤɧɚɦɢ� ɤɚɪɛɿɞɭ�
ɫɢɥɿɰɿɸ�� Ɂɚɡɜɢɱɚɣ� ɚɪɦɭɜɚɧɧɹ� ɦɚɬɟɪɿɚɥɿɜ� ɦɿɤɪɨɜɨɥɨɤɧɚɦɢ� ɩɪɢɜɨɞɢɬɶ� ɞɨ� ɡɛɿɥɶɲɟɧɧɹ�
ɬɪɿɳɢɧɨɫɬɿɣɤɨɫɬɿ� ɡɚɜɞɹɤɢ� ɪɟɚɥɿɡɚɰɿʀ� ɪɿɡɧɢɯ� ɦɟɯɚɧɿɡɦɿɜ� ɡɦɿɰɧɟɧɧɹ�� ɳɨ� ɫɬɚɸɬɶ� ɦɨɠɥɢɜɢɦɢ�
ɡɚɜɞɹɤɢ� ɧɚɞɡɜɢɱɚɣɧɨ� ɜɢɫɨɤɿɣ� ɦɿɰɧɨɫɬɿ� ɦɿɤɪɨɜɨɥɨɤɨɧ� ɩɨɪɿɜɧɹɧɨ� ɡ� ɦɿɰɧɿɫɬɸ� ɦɚɬɟɪɿɚɥɭ� ɭ�
ɡɜɢɱɚɣɧɨɦɭ�ɫɬɚɧɿ��ɦɿɰɧɿɫɬɶ�ɧɚ�ɪɨɡɪɢɜ�ɤɚɪɛɿɞɭ�ɤɪɟɦɧɿɸ ɭ�ɜɢɝɥɹɞɿ�ɦɿɤɪɨɜɨɥɨɤɨɧ�ɞɨɫɹɝɚɽ�������
Ɇɉɚ��ɳɨ�ɡɧɚɱɧɨ�ɜɢɳɟ�ɡɚ�ɦɿɰɧɿɫɬɶ�ɧɚ�ɪɨɡɪɢɜ�ɬɨɝɨ�ɠ�ɤɚɪɛɿɞɭ�ɤɪɟɦɧɿɸ ɜ�ɨɛ¶ɽɦɧɨɦɭ�ɫɬɚɧɿ ± ����
Ɇɉɚ�� >��� �@�� Ɇɟɬɨɞɨɦ� ɨɬɪɢɦɚɧɧɹ� ɤɨɦɩɨɡɢɬɿɜ� ɛɭɥɨ� ɨɛɪɚɧɨ� ɦɟɬɨɞ� ɜɢɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ�
ɫɩɿɤɚɧɧɹ� ɭ� ɚɩɚɪɚɬɿ� ɬɢɩɭ� ©ɬɨɪɨʀɞª� ɹɤɢɣ� ɞɚɽ� ɡɦɨɝɭ� ɞɨɫɹɝɬɢ� ɦɚɣɠɟ� ɬɟɨɪɟɬɢɱɧɢɯ� ɡɧɚɱɟɧɶ�
ɦɿɰɧɨɫɬɿ�ɫɩɟɱɟɧɢɯ�ɦɚɬɟɪɿɚɥɿɜ�

ȿɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚ�ɱɚɫɬɢɧɚ
ɉɿɞ� ɱɚɫ� ɜɢɤɨɧɚɧɧɹ� ɰɿɽʀ� ɪɨɛɨɬɢ� ɹɤ� ɜɢɯɿɞɧɿ� ɦɚɬɟɪɿɚɥɢ� ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢ ɩɨɪɨɲɤɢ�

ɤɭɛɿɱɧɨɝɨ� ɧɿɬɪɢɞɭ� ɛɨɪɭ�� ɚɥɸɦɿɧɿɸ�� ɧɿɬɪɢɞɭ� ɬɚɧɬɚɥɭ ɬɚɤɢɯ� ɮɪɚɤɰɿɣ� ɩɨɪɨɲɤɢ� ɤɭɛɿɱɧɨɝɨ�
ɧɿɬɪɢɞɭ�ɛɨɪɭ�± �±��ɦɤɦ��ɧɿɬɪɢɞɭ�ɬɚɧɬɚɥɭ�± �±��ɦɤɦ��ɚɥɸɦɿɧɿɸ�± ��ɦɤɦ� Ⱦɨɜɠɢɧɚ�ɚɪɦɭɸɱɢɯ�
ɦɿɤɪɨɜɨɥɨɤɨɧ�ɤɚɪɛɿɞɭ�ɤɪɟɦɧɿɸ ɫɬɚɧɨɜɢɥɚ�ɩɪɢɛɥɢɡɧɨ���±���ɦɤɦ� ɞɿɚɦɟɬɪ�ɦɿɤɪɨɜɨɥɨɤɨɧ�± ����
��ɦɤɦ� ɉɨɞɪɿɛɧɟɧɧɹ�ɬɚ� ɡɦɿɲɭɜɚɧɧɹ�ɩɨɪɨɲɤɿɜ�ɩɪɨɜɨɞɢɥɢ ɭ�ɦɥɢɧɿ�ɩɥɚɧɟɬɚɪɧɨɝɨ�ɬɢɩɭ�)ULWVFK
3XOYHULVHWWH � >�@ ɭ�ɫɟɪɟɞɨɜɢɳɿ�ɿɡɨɩɪɨɩɿɥɨɜɨɝɨ�ɫɩɢɪɬɭ�

Ⱦɥɹ� ɩɨɞɪɿɛɧɟɧɧɹ� ɩɨɪɨɲɤɭ� ɧɿɬɪɢɞɭ� ɬɚɧɬɚɥɭ� ɛɭɥɨ� ɩɪɨɜɟɞɟɧɨ� �� ɨɛɟɪɬɚɥɶɧɢɯ�
ɨɞɧɨɯɜɢɥɢɧɧɢɯ�ɰɢɤɥɢ�ɧɚ�ɲɜɢɞɤɨɫɬɿ������ɨɛ��ɯɜ���ɩɚɭɡɚ�ɦɿɠ�ɹɤɢɦɢ�ɫɬɚɧɨɜɢɥɚ����ɯɜɢɥɢɧ�ɞɥɹ�
ɩɨɩɟɪɟɞɠɟɧɧɹ� ɫɚɦɨɡɚɩɚɥɟɧɧɹ� ɩɨɪɨɲɤɭ�� ɉɿɫɥɹ� ɰɶɨɝɨ� ɛɭɥɨ� ɩɪɨɜɟɞɟɧɨ� ɡɦɿɲɭɜɚɧɧɹ� ɩɨɪɨɲɤɭ�
ɧɿɬɪɢɞɭ� ɬɚɧɬɚɥɭ� ɡ� ɩɨɪɨɲɤɚɦɢ� ɧɿɬɪɢɞɭ� ɛɨɪɭ� ɬɚ� ɚɥɸɦɿɧɿɸ� ɡɚ� ɬɚɤɢɯ� ɩɚɪɚɦɟɬɪɿɜ�� ɲɜɢɞɤɿɫɬɶ�
ɨɛɟɪɬɚɧɧɹ ± ���� ɨɛ��ɯɜ��� ɱɚɫ� ɨɛɟɪɬɚɧɧɹ� ± ��� ɯɜ��ɓɨɛ� ɡɚɩɨɛɿɝɬɢ� ɩɨɞɪɿɛɧɟɧɧɸ ɦɿɤɪɨɜɨɥɨɤɧɚ�
ɤɚɪɛɿɞɭ� ɤɪɟɦɧɿɸ ɛɭɥɢ� ɡɦɿɲɚɧɿ� ɡ� ɨɬɪɢɦɚɧɨɸ� ɫɭɦɿɲɲɸ� ɡɚ� ɞɨɩɨɦɨɝɨɸ� ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ�
ɡɦɿɲɭɜɚɧɧɹ��Ɍɚɤ�ɛɭɥɨ�ɜɢɝɨɬɨɜɥɟɧɨ���ɫɭɦɿɲɿ�ɩɨɪɨɲɤɿɜ�ɧɚ�ɨɫɧɨɜɿ�ɤɭɛɿɱɧɨɝɨ�ɧɿɬɪɢɞɭ�ɛɨɪɭ�ɡ����
��� ��� ɬɚ� ��� ɨɛ�� �� ɜɭɫɿɜ� ɤɚɪɛɿɞɭ� ɤɪɟɦɧɿɸ�� ȼɦɿɫɬ� ɤɭɛɿɱɧɨɝɨ� ɧɿɬɪɢɞɭ� ɛɨɪɭ� ɭ� ɜɫɿɯ� ɡɪɚɡɤɚɯ�
ɫɬɚɧɨɜɢɜ����ɨɛ����ɚɥɸɦɿɧɿɸ�± ��ɨɛ���ɞɥɹ�ɭɫɿɯ�ɡɪɚɡɤɿɜ�>�@��əɤ ɡɜ¶ɹɡɤɭ ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢ ɧɿɬɪɢɞ�
ɬɚɧɬɚɥɭ��ɹɤɢɣ��ɡɝɿɞɧɨ�ɡ ɥɿɬɟɪɚɬɭɪɧɢɦɢ�ɞɚɧɢɦɢ��ɽ�ɯɿɦɿɱɧɨ�ɿɧɟɪɬɧɢɦ�ɞɨ�ɤɢɫɧɸ�ɬɚ��G�ɩɟɪɟɯɿɞɧɢɯ�
ɦɟɬɚɥɿɜ� ɞɨ� ɬɟɦɩɟɪɚɬɭɪ� ���±���� qɋ�� ɚ� ɡɚ� ɬɟɦɩɟɪɚɬɭɪ� ����±����� qɋ� ɭɬɜɨɪɸɽ� ɩɥɿɜɤɭ�
ɨɤɫɢɧɿɬɪɢɞɭ�ɬɚɧɬɚɥɭ��ɳɨ�ɩɨɩɟɪɟɞɠɭɽ�ɩɨɞɚɥɶɲɟ�ɨɤɢɫɧɟɧɧɹ�ɦɚɬɟɪɿɚɥɭ� >��@��ɉɿɫɥɹ�ɨɬɪɢɦɚɧɧɹ�
ɜɢɳɟɜɤɚɡɚɧɢɯ�ɫɭɦɿɲɟɣ�ɩɨɪɨɲɤɿɜ�ɛɭɥɨ�ɡɞɿɣɫɧɟɧɨ�ʀɯɧɽ ɩɨɩɟɪɟɞɧɽ�ɩɪɟɫɭɜɚɧɧɹ� ɡɚ�ɬɢɫɤɭ���±���



ɊȺɁȾȿɅ����ɂɇɋɌɊɍɆȿɇɌȺɅɖɇɕȿ��ɄɈɇɋɌɊɍɄɐɂɈɇɇɕȿ�ɂ�ɎɍɇɄɐɂɈɇȺɅɖɇɕȿ�ɆȺɌȿɊɂȺɅɕ
ɇȺ�ɈɋɇɈȼȿ�ȺɅɆȺɁȺ�ɂ�ɄɍȻɂɑȿɋɄɈȽɈ�ɇɂɌɊɂȾȺ�ȻɈɊȺ

���

Ɇɉɚ� ɭ� ɝɪɚɮɿɬɨɜɿ� ɬɢɝɥɿ� ɡ� ɦɟɬɨɸ� ɩɨɞɚɥɶɲɨɝɨ� ɜɿɞɩɚɥɭ� ɭ� ɫɟɪɟɞɨɜɢɳɿ� ɚɪɝɨɧɭ� ɬɚ�
ɜɢɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ�ɫɩɿɤɚɧɧɹ�ɭ�ɚɩɚɪɚɬɚɯ�ɜɢɫɨɤɨɝɨ�ɬɢɫɤɭ��ȺȼɌ��ɬɢɩɭ�©ɬɨɪɨʀɞª��

Ⱦɥɹ� ɭɫɿɯ� ɫɩɟɱɟɧɢɯ� ɡɪɚɡɤɿɜ� ɛɭɥɨ� ɩɪɨɜɟɞɟɧɨ� ɜɢɦɿɪɸɜɚɧɧɹ� ɬɚɤɢɯ� ɦɟɯɚɧɿɱɧɢɯ�
ɜɥɚɫɬɢɜɨɫɬɟɣ�� ɝɭɫɬɢɧɢ �ɜɢɦɿɪɸɜɚɥɚɫɹ� ɡɚ� ɞɨɩɨɦɨɝɨɸ� ɡɜɢɱɚɣɧɨɝɨ� ɬɚ� ɝɿɞɪɨɫɬɚɬɢɱɧɨɝɨ�
ɡɜɚɠɭɜɚɧɧɹ��� ɦɨɞɭɥɹ� ɘɧɝɚ� �ɜɢɦɿɪɸɜɚɜɫɹ� ɦɟɬɨɞɨɦ� ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ� ɜɢɦɿɪɸɜɚɧɧɹ� ɡɚ�
ɞɨɩɨɦɨɝɨɸ 'LJLWDO XOWUDVRQLF WKLFNQHVV JDJH ���'/ 3OXV��>�����@��ɬɜɟɪɞɨɫɬɿ�ɬɚ ɬɪɿɳɢɧɨɫɬɿɣɤɨɫɬɿ�
�ɜɢɦɿɪɸɜɚɥɢɫɹ� ɡɚ� ɞɨɩɨɦɨɝɨɸ� ɿɧɞɟɧɬɭɜɚɧɧɹ� ɩɿɪɚɦɿɞɨɸ� ȼɿɤɤɟɪɫɚ��� ɉɟɪɟɞ� ɩɪɨɜɟɞɟɧɧɹɦ�
ɦɿɤɪɨɫɤɨɩɿʀ� ɬɚ� ɿɧɞɟɧɬɭɜɚɧɧɹ� ɡɪɚɡɤɢ� ɩɨɩɟɪɟɞɧɶɨ� ɩɨɥɿɪɭɜɚɥɢɫɹ� ɚɥɦɚɡɧɨɸ� ɫɭɫɩɟɧɡɿɽɸ� �ɧɚ�
ɤɨɠɧɨɦɭ� ɤɪɨɰɿ� ɩɨɥɿɪɭɜɚɧɧɹ� ɪɨɡɦɿɪ� ɱɚɫɬɨɤ� ɚɥɦɚɡɭ� ɭ� ɤɨɥɨʀɞɧɿɣ� ɫɭɫɩɟɧɡɿʀ ɩɨɫɬɭɩɨɜɨ�
ɡɦɟɧɲɭɜɚɥɢ�ɜɿɞ���ɞɨ���ɦɤɦ���ɩɿɫɥɹ�ɱɨɝɨ�ɞɥɹ�ɞɨɫɹɝɧɟɧɧɹ�ɞɡɟɪɤɚɥɶɧɨɝɨ�ɛɥɢɫɤɭ�ɩɨɜɟɪɯɧɿ�ɡɪɚɡɤɿɜ�
ɛɭɥɨ�ɜɢɤɨɪɢɫɬɚɧɨ�ɤɨɥɨʀɞɧɢɣ�ɪɨɡɱɢɧ�ɡ�ɱɚɫɬɤɚɦɢ�ɨɤɫɢɞɭ�ɤɪɟɦɧɿɸ �ɪɨɡɦɿɪ�ɱɚɫɬɨɤ�ɫɬɚɧɨɜɢɜ�����
ɦɤɦ��� Ɇɿɤɪɨɫɬɪɭɤɬɭɪɭ ɭɫɿɯ� ɡɪɚɡɤɿɜ� ɞɨɫɥɿɞɠɭɜɚɥɢ ɡɚ� ɞɨɩɨɦɨɝɨɸ� ɫɤɚɧɭɸɱɨɝɨ� ɟɥɟɤɬɪɨɧɧɨɝɨ�
ɦɿɤɪɨɫɤɨɩɭ�+LWDFKL�68�����&ROG�)LHOG�(PLVVLRQ��Ɏɚɡɨɜɢɣ�ɫɤɥɚɞ�ɞɨɫɥɿɞɠɭɜɚɥɢ ɡɚ�ɞɨɩɨɦɨɝɨɸ�
ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɝɨ� ɚɧɚɥɿɡɭ� ɡ� ɜɢɤɨɪɢɫɬɚɧɧɹɦ� ɞɢɮɪɚɤɬɨɦɟɬɪɭ� 6WRH 6WDG\ 03 ɭ� &X.Į
ɜɢɩɪɨɦɿɧɸɜɚɧɧɿ�� Ɇɿɤɪɨɬɜɟɪɞɿɫɬɶ� ɜɢɡɧɚɱɚɥɢ ɡɚ� ȼɿɤɤɟɪɫɨɦ� ɹɤ� ɫɟɪɟɞɧɽ� ɡɧɚɱɟɧɧɹ� ɞɜɨɯ�
ɿɧɞɟɧɬɭɜɚɧɶ� ɡɚ� ɧɚɜɚɧɬɚɠɟɧɧɹ� ���� +�� ɬɪɿɳɢɧɨɫɬɿɣɤɿɫɬɶ� ± ɹɤ� ɫɟɪɟɞɧɽ� ɡɧɚɱɟɧɧɹ� ɱɨɬɢɪɶɨɯ�
ɿɧɞɟɧɬɭɜɚɧɶ�ɡɚ�ɧɚɜɚɧɬɚɠɟɧɧɹ������ɇ�ɭɩɪɨɞɨɜɠ �� ɫ�

Ⱥɧɚɥɿɡ�ɨɬɪɢɦɚɧɢɯ�ɪɟɡɭɥɶɬɚɬɿɜ
Ⱥɧɚɥɿɡ� ɡɚɥɟɠɧɨɫɬɿ� ɜɢɦɿɪɸɜɚɧɶ� ɜɿɞɧɨɫɧɨʀ� ɝɭɫɬɢɧɢ ɡɪɚɡɤɿɜ� ɜɿɞ� ɜɦɿɫɬɭ� ɦɿɤɪɨɜɨɥɨɤɨɧ�

ɤɚɪɛɿɞɭ� ɤɪɟɦɧɿɸ �ɪɢɫ� ��� ɩɨɤɚɡɚɜ�� ɳɨ� ɡɛɿɥɶɲɟɧɧɹ� ɜɦɿɫɬɭ� ɦɿɤɪɨɜɨɥɨɤɨɧ� ɩɪɢɡɜɨɞɢɬɶ� ɞɨ�
ɩɨɝɿɪɲɟɧɧɹ�ɭɳɿɥɶɧɸɜɚɧɨɫɬɿ�ɡɪɚɡɤɿɜ��

Ɋɢɫ� ��� Ɂɚɥɟɠɧɿɫɬɶ� ɜɿɞɧɨɫɧɨʀ� ɝɭɫɬɢɧɢ
ɡɪɚɡɤɿɜ� ɜɿɞ� ɨɛ¶ɽɦɧɨɝɨ� ɜɦɿɫɬɭ ɦɿɤɪɨɜɨɥɨɤɨɧ�
ɤɚɪɛɿɞɭ�ɤɪɟɦɧɿɸ

Ɋɢɫ���� Ɂɚɥɟɠɧɿɫɬɶ� ɝɭɫɬɢɧɢ ɡɪɚɡɤɿɜ� ɡ� ɪɿɡɧɢɦ�
ɜɦɿɫɬɨɦ� ɦɿɤɪɨɜɨɥɨɤɨɧ� ɧɚ� ɨɫɧɨɜɿ� ɤɭɛɿɱɧɨɝɨ�
ɧɿɬɪɢɞɭ�ɛɨɪɭ����± ��ɨɛ��������ɨɛ�������± ���ɨɛ��
���� ± ���ɨɛ������ɜɿɞ�ɬɟɦɩɟɪɚɬɭɪɢ�ɫɩɿɤɚɧɧɹ

Ⱥɧɚɥɿɡ� ɝɭɫɬɢɧɢ ɡɪɚɡɤɿɜ� ɡ� ɪɿɡɧɢɦ� ɜɦɿɫɬɨɦ�ɦɿɤɪɨɜɨɥɨɤɨɧ� ɤɚɪɛɿɞɭ� ɤɪɟɦɧɿɸ ɩɨɤɚɡɚɜ��ɳɨ�
ɞɨɞɚɜɚɧɧɹ� ɦɿɤɪɨɜɨɥɨɤɨɧ� ɩɪɢɡɜɨɞɢɬɶ� ɞɨ� ɡɦɟɧɲɟɧɧɹ� ɝɭɫɬɢɧɢ�� ɳɨ� ɭɡɝɨɞɠɭɽɬɶɫɹ� ɡ�



ȼɵɩɭɫɤ�����ɉɈɊɈȾɈɊȺɁɊɍɒȺɘɓɂɃ�ɂ�ɆȿɌȺɅɈɈȻɊȺȻȺɌɕȼȺɘɓɂɃ�ɂɇɋɌɊɍɆȿɇɌ�± ɌȿɏɇɂɄȺ
ɂ ɌȿɏɇɈɅɈȽɂə�ȿȽɈ�ɂɁȽɈɌɈȼɅȿɇɂə�ɂ�ɉɊɂɆȿɇȿɇɂə

���

ɬɟɨɪɟɬɢɱɧɢɦɢ� ɞɚɧɢɦɢ� >��@�� ɩɪɨɬɟ� ɡɪɚɡɤɢ� ɡ� ɪɿɡɧɢɦ� ɜɦɿɫɬɨɦ� ɦɿɤɪɨɜɨɥɨɤɨɧ� ɦɚɸɬɶ� ɪɿɡɧɢɣ�
ɯɚɪɚɤɬɟɪ�ɤɪɢɜɢɯ�ɭɳɿɥɶɧɟɧɧɹ�ɭ�ɰɶɨɦɭ�ɬɟɦɩɟɪɚɬɭɪɧɨɦɭ�ɿɧɬɟɪɜɚɥɿ��ɪɢɫ� ���

Ⱥɧɚɥɿɡ� ɡɚɥɟɠɧɨɫɬɿ ɦɨɞɭɥɹ�ɘɧɝɚ ɜɿɞ� ɜɦɿɫɬɭ� ɚɪɦɭɸɱɢɯ�ɦɿɤɪɨɜɨɥɨɤɨɧ� ɬɚ� ɬɟɦɩɟɪɚɬɭɪɢ�
ɫɩɿɤɚɧɧɹ�ɩɨɤɚɡɚɜ��ɳɨ�ɜɜɟɞɟɧɧɹ�ɦɿɤɪɨɜɨɥɨɤɨɧ�ɤɚɪɛɿɞɭ�ɤɪɟɦɧɿɸ ɞɨ�ɫɤɥɚɞɭ�ɨɫɧɨɜɧɨɝɨ�ɦɚɬɟɪɿɚɥɭ�
ɩɪɢɡɜɨɞɢɬɶ� ɞɨ� ɫɭɬɬɽɜɨɝɨ� ɡɦɟɧɲɟɧɧɹ� ɦɨɞɭɥɹ� ɘɧɝɚ�� ɐɟ� ɦɨɠɧɚ� ɩɨɹɫɧɢɬɢ� ɩɨɝɚɧɨɸ�
ɭɳɿɥɶɧɸɜɚɧɿɫɬɸ� ɦɚɬɟɪɿɚɥɭ� ɡ� ɦɿɤɪɨɜɨɥɨɤɧɚɦɢ� ɱɟɪɟɡ� ɧɚɞɡɜɢɱɚɣɧɨ� ɜɢɫɨɤɭ� ɦɿɰɧɿɫɬɶ�
ɦɿɤɪɨɜɨɥɨɤɨɧ� ɭ� ɩɨɽɞɧɚɧɧɿ� ɡ� ɪɨɡɜɢɧɟɧɨɸ� ɩɨɜɟɪɯɧɟɸ� ɦɿɤɪɨɜɨɥɨɤɨɧ >��@�� ɚ� ɬɚɤɨɠ� ɞɨɫɢɬɶ�
ɧɢɡɶɤɢɦɢ�ɡɧɚɱɟɧɧɹ�ɦɨɞɭɥɹ�ɘɧɝɚ�ɧɿɬɪɢɞɭ�ɬɚɧɬɚɥɭ��ɛɥɢɡɶɤɨ����Ƚɉɚ��

ɚ ɛ
Ɋɢɫ�� ��� Ɂɚɥɟɠɧɿɫɬɶ� ɡɧɚɱɟɧɶ� ɦɨɞɭɥɹ� ɘɧɝɚ� ɞɥɹ� ɡɪɚɡɤɿɜ� ɧɚ� ɨɫɧɨɜɿ� ɫ%1 ɡ� ɪɿɡɧɢɦ� ɜɦɿɫɬɨɦ�
ɦɿɤɪɨɜɨɥɨɤɨɧ� ɤɚɪɛɿɞɭ� ɤɪɟɦɧɿɸ ɜɿɞ� ɬɟɦɩɟɪɚɬɭɪɢ� ɫɩɿɤɚɧɧɹ� �ɚ��� ɡɨɜɧɿɲɧɿɣ� ɜɢɝɥɹɞ�
ɡɪɭɣɧɨɜɚɧɨɝɨ�ɡɪɚɡɤɚ��ɫɤɥɚɞɭ�����ɫ%1� ����7D1���� $O�B�ɛ�

Ɇɨɞɭɥɶ�ɘɧɝɚ� ɡɪɚɡɤɚ� ɛɟɡ� ɞɨɞɚɜɚɧɧɹ� ɦɿɤɪɨɜɨɥɨɤɨɧ� �ɚ� ɬɚɤɨɠ� ɭɫɿ� ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ�� ɳɨ�
ɡɚɥɟɠɚɬɶ�ɜɿɞ�ɦɨɞɭɥɹ�ɘɧɝɚ���ɫɩɟɱɟɧɨɝɨ�ɡɚ�ɬɟɦɩɟɪɚɬɭɪɢ ���� qɋ��ɧɟ�ɜɢɦɿɪɸɜɚɜɫɹ�ɱɟɪɟɡ�ɬɟ��ɳɨ�
ɰɟɣ� ɡɪɚɡɨɤ� ɪɨɡɫɢɩɚɜɫɹ� �ɪɢɫ� ���ɛ���Ɉɬɠɟ�� ɧɚ� ɨɫɧɨɜɿ� ɰɶɨɝɨ�ɮɚɤɬɭ�ɩɨɩɟɪɟɞɧɶɨ�ɦɨɠɧɚ� ɡɪɨɛɢɬɢ�
ɜɢɫɧɨɜɨɤ��ɳɨ�ɜɜɟɞɟɧɧɹ�ɦɿɤɪɨɜɨɥɨɤɨɧ�ɤɚɪɛɿɞɭ�ɤɪɟɦɧɿɸ ɩɪɢɡɜɨɞɢɬɶ�ɞɨ�ɡɦɿɰɧɟɧɧɹ�ɡɪɚɡɤɿɜ >�@�

Ɇɿɤɪɨɬɜɟɪɞɿɫɬɶ� ɡɪɚɡɤɿɜ� ɜɢɡɧɚɱɚɥɚɫɹ� ɦɟɬɨɞɨɦ� ȼɿɤɤɟɪɫɚ� ɡɚ� ɫɬɚɧɞɚɪɬɧɨɸ� ɮɨɪɦɭɥɨɸ�
+9 ������3�G�� ɬɚ� ɤɨɥɢɜɚɥɚɫɹ� ɜ� ɦɟɠɚɯ� ��±��� Ƚɉɚ� Ⱦɥɹ� ɜɢɦɿɪɸɜɚɧɧɹ ɬɪɿɳɢɧɨɫɬɿɣɤɨɫɬɿ�
ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢ�ɪɟɠɢɦ�ɩɨɥɹɪɢɡɚɰɿʀ�ɧɚ�ɦɿɤɪɨɫɤɨɩɿ�$OLFRQD�

Ɋɟɡɭɥɶɬɚɬɢ� ɜɢɦɿɪɸɜɚɧɶ� ɩɨɤɚɡɚɥɢ�� ɳɨ� ɡɚ� ɩɿɞɜɢɳɟɧɧɹ� ɬɟɦɩɟɪɚɬɭɪɢ� ɫɩɿɤɚɧɧɹ�
ɬɪɿɳɢɧɨɫɬɿɣɤɿɫɬɶ� ɫɩɚɞɚɽ� ɞɥɹ� ɦɚɬɟɪɿɚɥɭ�� ɧɟɚɪɦɨɜɚɧɨɝɨ� ɦɿɤɪɨɜɨɥɨɤɧɚɦɢ�� ɇɚɬɨɦɿɫɬɶ� ɞɥɹ�
ɚɪɦɨɜɚɧɢɯ� ɦɿɤɪɨɜɨɥɨɤɧɚɦɢ� ɦɚɬɟɪɿɚɥɿɜ� ɫɩɨɫɬɟɪɿɝɚɽɬɶɫɹ� ɡɪɨɫɬɚɧɧɹ� ɡɧɚɱɟɧɶ� ɬɪɿɳɢɧɨɫɬɿɣɤɨɫɬɿ�
ɡɚ� ɭɦɨɜɢ� ɩɿɞɜɢɳɟɧɧɹ� ɬɟɦɩɟɪɚɬɭɪɢ� ɫɩɿɤɚɧɧɹ� �ɪɢɫ �� ɚ��� ɉɪɢ� ɰɶɨɦɭ� ɫɟɪɟɞɧɽ� ɡɧɚɱɟɧɧɹ�
ɬɪɿɳɢɧɨɫɬɿɣɤɨɫɬɿ�ɡɪɨɫɬɚɽ�ɡɿ�ɡɛɿɥɶɲɟɧɧɹɦ�ɜɦɿɫɬɭ�ɦɿɤɪɨɜɨɥɨɤɨɧ�6L& �ɪɢɫ�����ɛ��



ɊȺɁȾȿɅ����ɂɇɋɌɊɍɆȿɇɌȺɅɖɇɕȿ��ɄɈɇɋɌɊɍɄɐɂɈɇɇɕȿ�ɂ�ɎɍɇɄɐɂɈɇȺɅɖɇɕȿ�ɆȺɌȿɊɂȺɅɕ
ɇȺ�ɈɋɇɈȼȿ�ȺɅɆȺɁȺ�ɂ�ɄɍȻɂɑȿɋɄɈȽɈ�ɇɂɌɊɂȾȺ�ȻɈɊȺ

���

ɚ ɛ
Ɋɢɫ�� ��� Ɂɚɥɟɠɧɿɫɬɶ� ɬɪɿɳɢɧɨɫɬɿɣɤɨɫɬɿ� ɞɥɹ� ɡɪɚɡɤɿɜ� ɧɚ� ɨɫɧɨɜɿ� ɫ%1 ɡ� ɪɿɡɧɢɦ� ɜɦɿɫɬɨɦ�
ɦɿɤɪɨɜɨɥɨɤɨɧ� ɤɚɪɛɿɞɭ� ɤɪɟɦɧɿɸ ��� ± ���� �� ± ���� �� ± ���� �� ± ���� ɜɿɞ� ɬɟɦɩɟɪɚɬɭɪɢ�
ɫɩɿɤɚɧɧɹ��ɚ��ɬɚ�ɫɟɪɟɞɧɿɯ�ɡɧɚɱɟɧɶ�ɬɪɿɳɢɧɨɫɬɿɣɤɨɫɬɿ�ɜɿɞ�ɨɛ¶ɽɦɧɨɝɨ�ɜɦɿɫɬɭ�ɦɿɤɪɨɜɨɥɨɤɨɧ��ɛ�

Ⱥɧɚɥɿɡ� ɦɿɤɪɨɫɬɪɭɤɬɭɪ� ɩɨɤɚɡɚɜ�� ɳɨ� ɩɨɜɟɪɯɧɹ� ɧɟɚɪɦɨɜɚɧɢɯ� ɡɪɚɡɤɿɜ� ɦɚɽ� ɦɿɤɪɨɬɪɿɳɢɧɢ�
ɧɚɜɿɬɶ�ɡɚ�ɬɟɦɩɟɪɚɬɭɪɢ�ɫɩɿɤɚɧɧɹ����� qɋ��ɪɢɫ� �� D���ɬɨɞɿ�ɹɤ�ɧɚ ɩɨɜɟɪɯɧɿ�ɚɪɦɨɜɚɧɢɯ�ɡɪɚɡɤɿɜ�ɧɟ�
ɫɩɨɫɬɟɪɿɝɚɽɬɶɫɹ�ɦɿɤɪɨɬɪɿɳɢɧ�ɧɚɜɿɬɶ�ɞɥɹ�ɡɪɚɡɤɿɜ��ɫɩɟɱɟɧɢɯ�ɡɚ�ɬɟɦɩɟɪɚɬɭɪɢ����� qɋ��ɧɚɩɪɹɦɨɤ�
ɪɨɡɩɨɜɫɸɞɠɟɧɧɹ� ɬɪɿɳɢɧɢ� ɭ� ɦɚɬɟɪɿɚɥɿ� ɩɨɤɚɡɚɧɨ� ɫɬɪɿɥɤɚɦɢ� ɧɚ� ɪɢɫ� �� ɛ��� ɐɟ� ɩɿɞɬɜɟɪɞɠɭɽ�
ɞɨɰɿɥɶɧɿɫɬɶ� ɚɪɦɭɜɚɧɧɹ� ɡɪɚɡɤɿɜ� ɧɚ� ɨɫɧɨɜɿ� ɤɭɛɿɱɧɨɝɨ� ɧɿɬɪɢɞɭ� ɛɨɪɭ� ɦɿɤɪɨɜɨɥɨɤɧɚɦɢ� ɤɚɪɛɿɞɭ�
ɤɪɟɦɧɿɸ� Ɇɿɤɪɨɫɬɪɭɤɬɭɪɚ�ɭɫɿɯ�ɡɪɚɡɤɿɜ�ɪɿɜɧɨɦɿɪɧɚ��ɡ�ɝɚɪɧɢɦ�ɪɨɡɩɨɞɿɥɨɦ�ɱɚɫɬɨɤ��ɳɨ�ɜɤɚɡɭɽ�ɧɚ�
ɩɪɚɜɢɥɶɧɢɣ�ɜɢɛɿɪ�ɩɚɪɚɦɟɬɪɿɜ�ɡɦɿɲɭɜɚɧɧɹ�ɜɢɯɿɞɧɢɯ�ɩɨɪɨɲɤɿɜ��

ɚ ɛ
Ɋɢɫ�� ��� Ɇɿɤɪɨɫɬɪɭɪɢ� ɡɪɚɡɤɿɜ�� ɨɬɪɢɦɚɧɢɯ� ɡɚ� ɞɨɩɨɦɨɝɨɸ� ɫɤɚɧɭɸɱɨɨɝɨ� ɟɥɟɤɬɪɨɧɧɨɝɨ�
ɦɿɤɪɨɫɤɨɩɚ�+LWDFKL�68�����&ROG�)LHOG�(PLVVLRQ�ɞɥɹ�ɧɟɚɪɦɨɜɚɧɨɝɨ�ɦɿɤɪɨɜɨɥɨɤɧɚɦɢ�ɡɪɚɡɤɚ��
ɫɩɟɱɟɧɨɝɨ� ɡɚ�ɬɟɦɩɟɪɚɬɭɪɢ� ���� qɋ� �ɚ���ɬɚ� ɞɥɹ� ɚɪɦɨɜɚɧɨɝɨ� ��� ɦɿɤɪɨɜɨɥɨɤɨɧ� 6L& ɡɪɚɡɤɚ��
ɫɩɟɱɟɧɨɝɨ�ɡɚ�ɬɟɦɩɟɪɚɬɭɪɢ ���� qɋ �ɛ�



ȼɵɩɭɫɤ�����ɉɈɊɈȾɈɊȺɁɊɍɒȺɘɓɂɃ�ɂ�ɆȿɌȺɅɈɈȻɊȺȻȺɌɕȼȺɘɓɂɃ�ɂɇɋɌɊɍɆȿɇɌ�± ɌȿɏɇɂɄȺ
ɂ ɌȿɏɇɈɅɈȽɂə�ȿȽɈ�ɂɁȽɈɌɈȼɅȿɇɂə�ɂ�ɉɊɂɆȿɇȿɇɂə

���

Ⱦɥɹ� ɛɿɥɶɲ� ɞɟɬɚɥɶɧɨɝɨ� ɜɢɜɱɟɧɧɹ� ɹɜɢɳ�� ɳɨ� ɜɿɞɛɭɜɚɸɬɶɫɹ� ɭ� ɰɿɣ� ɫɢɫɬɟɦɿ�� ɬɚɤɨɠ� ɛɭɥɨ�
ɡɪɨɛɥɟɧɨ�ɡɧɿɦɤɢ�ɦɿɤɪɨɫɬɪɭɤɬɭɪ�ɩɪɢ�ɛɿɥɶɲ�ɜɢɫɨɤɨɦɭ�ɡɛɿɥɶɲɟɧɿ���ɪɢɫ����

ɚ ɛ ɜ
Ɋɢɫ�� ��� Ɇɿɤɪɨɫɬɪɭɤɬɭɪɢ� ɡɪɚɡɤɿɜ�� ɨɬɪɢɦɚɧɢɯ� ɡɚ� ɞɨɩɨɦɨɝɨɸ� ɫɤɚɧɭɸɱɨɝɨ� ɟɥɟɤɬɪɨɧɧɨɝɨ�
ɦɿɤɪɨɫɤɨɩɚ� +LWDFKL� 68����� &ROG� )LHOG� (PLVVLRQ� ɞɥɹ� ɧɟɚɪɦɨɜɚɧɨɝɨ� ɦɿɤɪɨɜɨɥɨɤɧɚɦɢ� ɡɪɚɡɤɚ��
ɫɩɟɱɟɧɨɝɨ� ɡɚ� ɬɟɦɩɟɪɚɬɭɪɢ� ���� qɋ� �ɚ��� ɬɚ� ɞɥɹ� ɚɪɦɨɜɚɧɨɝɨ� �� ɦɿɤɪɨɜɨɥɨɤɨɧ� 6L& ɡɪɚɡɤɚ��
ɫɩɟɱɟɧɨɝɨ�ɡɚ������qɋ��ɛ� ɜ�

Ⱥɧɚɥɿɡ� ɨɬɪɢɦɚɧɢɯ� ɦɿɤɪɨɫɬɪɭɤɬɭɪ� ɩɨɤɚɡɚɜ�� ɳɨ� ɬɟɦɩɟɪɚɬɭɪɧɢɣ� ɜɩɥɢɜ� ɿɧɿɰɿɸɽ� ɯɿɦɿɱɧɭ�
ɜɡɚɽɦɨɞɿɸ�ɦɿɠ�ɦɚɬɟɪɿɚɥɨɦ�ɦɚɬɪɢɰɿ��ɤɭɛɿɱɧɢɦ�ɧɿɬɪɢɞɨɦ�ɛɨɪɭ��ɬɚ�ɡɜ¶ɹɡɤɨɸ��ɧɿɬɪɢɞɨɦ�ɬɚɧɬɚɥɭ���
ɳɨ� ɩɪɢɡɜɨɞɢɬɶ� ɞɨ� ɭɬɜɨɪɟɧɧɹ� ɞɢɛɨɪɢɞɭ� ɬɚɧɬɚɥɭ�� ɐɟ� ɩɿɞɬɜɟɪɞɠɭɽɬɶɫɹ� ɪɟɡɭɥɶɬɚɬɚɦɢ�

ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɝɨ� ɚɧɚɥɿɡɭ� ɬɚ�
ɬɟɨɪɟɬɢɱɧɢɦɢ� ɪɨɡɪɚɯɭɧɤɚɦɢ� ɭ�
ɩɪɨɝɪɚɦɿ�7KHUPR&DOF �ɪɢɫ� ���

ɉɪɨɬɟ�ɚɧɚɥɿɡ�ɡɚɝɚɥɶɧɨɝɨ�ɜɢɞɭ�
ɦɿɤɪɨɫɬɪɭɤɬɭɪ� ɡɪɚɡɤɿɜ�� ɚɪɦɨɜɚɧɢɯ�
ɦɿɤɪɨɜɨɥɨɤɧɚɦɢ� ɤɚɪɛɿɞɭ� ɤɪɟɦɧɿɸ
ɩɨɤɚɡɚɜ�� ɳɨ� ɜɩɥɢɜ� ɬɟɦɩɟɪɚɬɭɪɢ�
ɫɩɪɢɱɢɧɹɽ� ɪɨɡɤɥɚɞɚɧɧɹ�
ɦɿɤɪɨɜɨɥɨɤɨɧ�� ɇɟɡɜɚɠɚɸɱɢ� ɧɚ� ɰɟ��
ɬɪɿɳɢɧɨɫɬɿɣɤɿɫɬɶ�ɡɪɚɡɤɿɜ��ɚɪɦɨɜɚɧɢɯ�
ɦɿɤɪɨɜɨɥɨɤɨɧ� ɤɚɪɛɿɞɭ� ɤɪɟɦɫɧɿɸ��
ɡɪɨɫɬɚɽ�ɧɚɜɿɬɶ�ɡɚ�ɬɟɦɩɟɪɚɬɭɪ��ɜɢɳɢɯ�
ɡɚ� ɩɨɱɚɬɨɤ� ɯɿɦɿɱɧɨɝɨ� ɪɨɡɤɥɚɞɚɧɧɹ�
ɦɿɤɪɨɜɨɥɨɤɨɧ�� ɳɨ� ɜɤɚɡɭɽ� ɧɚ�
ɞɨɰɿɥɶɧɿɫɬɶ�ɚɪɦɭɜɚɧɧɹ�ɦɚɬɟɪɿɚɥɿɜ�ɧɚ�
ɨɫɧɨɜɿ� ɤɭɛɿɱɧɨɝɨ� ɧɿɬɪɢɞɭ� ɛɨɪɭ�
ɦɿɤɪɨɜɨɥɨɤɧɚɦɢ�ɤɚɪɛɿɞɭ�ɤɪɟɦɧɿɸ��ɍ�
ɡɜ¶ɹɡɤɭ� ɡ� ɜɢɳɟɡɝɚɞɚɧɢɦɢ� ɞɚɧɢɦɢ�
ɩɪɨ� ɜɡɚɽɦɨɡɜ¶ɹɡɨɤ� ɦɿɠ�
ɬɪɿɳɢɧɨɫɬɿɣɤɿɫɬɸ� ɦɚɬɟɪɿɚɥɭ� ɬɚ�
ɬɪɢɜɚɥɿɫɬɸ� ɪɨɛɨɬɢ� ɪɿɡɚɥɶɧɨɝɨ�
ɿɧɫɬɪɭɦɟɧɬɭ� ɨɱɿɤɭɽɬɶɫɹ�ɩɨɤɪɚɳɟɧɧɹ�
ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ�ɪɿɡɚɥɶɧɨɝɨ�ɦɚɬɟɪɿɚɥɭ�
ɧɚ� ɨɫɧɨɜɿ� ɤɭɛɿɱɧɨɝɨ� ɧɿɬɪɢɞɭ� ɛɨɪɭ��

Ɋɢɫ�� ��� Ɍɟɪɦɨɞɢɧɚɦɿɱɧɿ� ɪɨɡɪɚɯɭɧɤɢ� ɩɪɨɞɭɤɬɿɜ�
ɪɟɚɤɰɿɣ�� ɳɨ� ɭɬɜɨɪɸɸɬɶɫɹ� ɭ� ɫɢɫɬɟɦɿ� ɫ%1±Ɍɚ1� ɩɿɞ�
ɜɩɥɢɜɨɦ� ɬɢɫɤɭ� ɬɚ� ɬɟɦɩɟɪɚɬɭɪɢ� ɡɚ� ɪɟɡɭɥɶɬɚɬɚɦɢ�
ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ� ɪɨɡɪɚɯɭɧɤɿɜ� ɩɨɜɟɞɿɧɤɢ� ɭ� ɩɪɨɝɪɚɦɿ�
7KHUPR&DOF
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ɇȺ�ɈɋɇɈȼȿ�ȺɅɆȺɁȺ�ɂ�ɄɍȻɂɑȿɋɄɈȽɈ�ɇɂɌɊɂȾȺ�ȻɈɊȺ

���

ɚɪɦɨɜɚɧɨɝɨ�ɦɿɤɪɨɜɨɥɨɤɧɚɦɢ� ɤɚɪɛɿɞɭ� ɤɪɟɦɧɿɸ ɩɨɪɿɜɧɹɧɨ� ɡ� ɧɟɚɪɦɨɜɚɧɢɦ�ɦɚɬɟɪɿɚɥɨɦ�� Ɋɨɛɨɬɢ� ɭ�
ɰɶɨɦɭ�ɧɚɩɪɹɦɿ�ɫɶɨɝɨɞɧɿ�ɩɪɨɞɨɜɠɭɸɬɶɫɹ�

ȼɢɫɧɨɜɤɢ
ɍ� ɰɿɣ� ɪɨɛɨɬɿ� ɛɭɥɨ� ɡɞɿɣɫɧɟɧɨ� ɚɪɦɭɜɚɧɧɹ� ɪɿɡɚɥɶɧɨɝɨ� ɦɚɬɟɪɿɚɥɭ� ɧɚ� ɨɫɧɨɜɿ� ɤɭɛɿɱɧɨɝɨ�

ɧɿɬɪɢɞɭ�ɛɨɪɭ��ɳɨ�ɫɤɥɚɞɚɽɬɶɫɹ�ɡ����ɨɛ���ɫ%1�����$O ɬɚ�7D1 ɹɤ�ɡɜ¶ɹɡɤɢ��ɦɿɤɪɨɜɨɥɨɤɧɚɦɢ�ɤɚɪɛɿɞɭ�
ɤɪɟɦɧɿɸ ɜ� ɤɿɥɶɤɨɫɬɿ� ����� ɬɚ� ���� ɨɛ��� 6L&�� Ɂɪɚɡɤɢ� ɛɭɥɨ� ɫɩɟɱɟɧɨ� ɡɚ� ɞɨɩɨɦɨɝɨɸ�
ɜɢɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ� ɫɢɧɬɟɡɭ� ɜ� ɚɩɚɪɚɬɿ� ɬɢɩɭ� ©ɬɨɪɨʀɞª� ɡɚ� ɬɢɫɤɭ� ���� Ƚɉɚ�� Ȼɭɥɨ� ɞɨɫɥɿɞɠɟɧɨ�
ɜɩɥɢɜ�ɬɟɦɩɟɪɚɬɭɪɢ�ɫɩɿɤɚɧɧɹ�ɬɚ�ɨɛ¶ɽɦɧɨɝɨ�ɜɦɿɫɬɭ�ɦɿɤɪɨɜɨɥɨɤɨɧ�ɤɚɪɛɿɞɭ�ɤɪɟɦɧɿɸ ɧɚ�ɬɜɟɪɞɿɫɬɶ��
ɝɭɫɬɢɧɭ��ɦɨɞɭɥɶ�ɘɧɝɚ�ɬɚ�ɬɪɿɳɢɧɨɫɬɿɣɤɿɫɬɶ�ɨɬɪɢɦɚɧɢɯ�ɡɪɚɡɤɿɜ��Ⱥɧɚɥɿɡ�ɪɟɡɭɥɶɬɚɬɿɜ�ɩɨɤɚɡɚɜ��ɳɨ�

��� ɩɿɞɜɢɳɟɧɧɹ� ɬɟɦɩɟɪɚɬɭɪɢ� ɫɩɿɤɚɧɧɹ� ɞɥɹ� ɭɫɿɯ� ɡɪɚɡɤɿɜ� ɩɪɢɡɜɨɞɢɬɶ� ɞɨ ɭɬɜɨɪɟɧɧɹ�
ɞɢɛɨɪɢɞɭ�ɬɚɧɬɚɥɭ��ɳɨ�ɜɤɚɡɭɽ�ɧɚ�ɩɪɨɯɨɞɠɟɧɧɹ�ɯɿɦɿɱɧɨʀ�ɪɟɚɤɰɿɣ�ɦɿɠ�ɤɭɛɿɱɧɢɦ�ɧɿɬɪɢɞɨɦ�ɛɨɪɭ�
ɬɚ�ɧɿɬɪɢɞɨɦ�ɬɚɧɬɚɥɭ�

���ɦɨɞɭɥɶ�ɘɧɝɚ ɡɦɟɧɲɭɽɬɶɫɹ�ɡ�ɞɨɞɚɜɚɧɧɹɦ�ɦɿɤɪɨɜɨɥɨɤɨɧ�6L&�
��� ɩɿɞɜɢɳɟɧɧɹ� ɬɟɦɩɟɪɚɬɭɪɢ� ɫɩɿɤɚɧɧɹ� ɩɪɢɡɜɨɞɢɬɶ� ɞɨ� ɡɧɟɦɿɰɧɟɧɧɹ� ɜɭɫɿɜ� ɤɚɪɛɿɞɭ�

ɤɪɟɦɧɿɸ ɜɧɚɫɥɿɞɨɤ�ɯɿɦɿɱɧɨʀ�ɜɡɚɽɦɨɞɿʀ�6L& ɡ�F%1�
���ɧɟɡɜɚɠɚɸɱɢ�ɧɚ�ɩɨɩɟɪɟɞɧɿ�ɞɜɚ�ɩɭɧɤɬɢ��ɨɞɧɢɦ�ɡ�ɨɫɧɨɜɧɢɯ�ɩɚɪɚɦɟɬɪɿɜ��ɳɨ�ɜɩɥɢɜɚɽ�ɧɚ�

ɬɪɢɜɚɥɿɫɬɶ� ɪɨɛɨɬɢ�ɪɿɡɚɥɶɧɨɝɨ� ɿɧɫɬɪɭɦɟɧɬɭ� ɽ� ɬɪɿɳɢɧɨɫɬɿɣɤɿɫɬɶ�� ɹɤɚ� ɡɪɨɫɬɚɽ� ɩɿɞ� ɱɚɫ� ɞɨɞɚɜɚɧɧɹ�
ɦɿɤɪɨɜɨɥɨɤɨɧ�ɞɨ�ɫɤɥɚɞɭ�ɨɫɧɨɜɧɨɝɨ�ɦɚɬɟɪɿɚɥɭ�ɿ ɧɚɜɿɬɶ�ɡɛɿɥɶɲɭɽɬɶɫɹ�ɡ�ɩɿɞɜɢɳɟɧɧɹɦ�ɬɟɦɩɟɪɚɬɭɪɢ�
ɫɩɿɤɚɧɧɹ� �ɞɢɜ�� ɪɢɫ��� ɛ��� ɋɟɪɟɞɧɽ� ɡɧɚɱɟɧɧɹ� ɬɪɿɳɢɧɨɫɬɿɣɤɨɫɬɿ� ɡɪɨɫɬɚɽ� ɜɿɞ� ���� �ɞɥɹ� ɦɚɬɟɪɿɚɥɭ��
ɧɟɚɪɦɨɜɚɧɨɝɨ� ɦɿɤɪɨɜɨɥɨɤɧɚɦɢ�� ɞɨ� �� Ɇɉɚ
ɦ����� ȼɧɚɫɥɿɞɨɤ� ɰɶɨɝɨ� ɨɱɿɤɭɽɬɶɫɹ� ɩɨɤɪɚɳɟɧɧɹ�
ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɪɿɡɚɥɶɧɨɝɨ� ɿɧɫɬɪɭɦɟɧɬɭ� ɧɚ� ɨɫɧɨɜɿ� ɤɭɛɿɱɧɨɝɨ� ɧɿɬɪɢɞɭ� ɛɨɪɭ�� ɚɪɦɨɜɚɧɨɝɨ
ɦɿɤɪɨɜɨɥɨɤɧɚɦɢ�� ɩɨɪɿɜɧɹɧɨ� ɡ� ɧɟɚɪɦɨɜɚɧɢɦ� ɦɚɬɟɪɿɚɥɨɦ�� Ɉɬɠɟ�� ɰɟ� ɜɤɚɡɭɽ� ɧɚ� ɞɨɰɿɥɶɧɿɫɬɶ�
ɚɪɦɭɜɚɧɧɹ�ɦɿɤɪɨɜɨɥɨɤɧɚɦɢ�ɦɚɬɟɪɿɚɥɿɜ�ɧɚ�ɨɫɧɨɜɿ�ɤɭɛɿɱɧɨɝɨ�ɧɿɬɪɢɞɭ�ɛɨɪɭ�ɭ�ɦɚɣɛɭɬɧɶɨɦɭ�

&ɜɟɪɯɬɜɟɪɞɵɟ�ɦɚɬɟɪɢɚɥɵ�± ɲɢɪɨɤɨ ɢɡɜɟɫɬɧɚɹ� ɝɪɭɩɩɚ�ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ�ɪɟɡɚɧɢɹ��ɗɬɚ�ɝɪɭɩɩɚ�
ɦɚɬɟɪɢɚɥɨɜ ɨɬɥɢɱɚɟɬɫɹ� ɛɨɥɟɟ� ɜɵɫɨɤɨɣ� ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ�ɩɪɢ�ɪɟɡɤɟ�ɦɟɬɚɥɥɚ�� ɜɵɫɨɤɨɣ�ɬɨɱɧɨɫɬɶɸ��
ɷɤɨɧɨɦɢɟɣ� ɷɧɟɪɝɢɢ� ɢ� ɛɨɥɶɲɟɣ� ɷɤɨɥɨɝɢɱɧɨɫɬɶɸ� ɩɨ� ɫɪɚɜɧɟɧɢɸ� ɫ� ɛɨɥɟɟ� ɬɪɚɞɢɰɢɨɧɧɵɦɢ�
ɢɧɫɬɪɭɦɟɧɬɚɦɢ�� ɋɜɟɪɯɬɜɟɪɞɵɟ� ɦɚɬɟɪɢɚɥɵ ɨɛɥɚɞɚɸɬ� ɧɟ� ɬɨɥɶɤɨ ɦɚɤɫɢɦɚɥɶɧɨɣ� ɬɜɟɪɞɨɫɬɶɸ�
�ɬɜɟɪɞɨɫɬɶ� ɚɥɦɚɡɚ ± ��±���� Ƚɉɚ�� ɬɜɟɪɞɨɫɬɶ� F%1 ± ��� Ƚɉɚ�� ɧɨ� ɢ� ɨɬɥɢɱɧɵɦɢ� ɦɟɯɚɧɢɱɟɫɤɢɦɢ��
ɬɟɩɥɨɜɵɦɢ�� ɨɩɬɢɱɟɫɤɢɦɢ�� ɚɤɭɫɬɢɱɟɫɤɢɦɢ�� ɷɥɟɤɬɪɢɱɟɫɤɢɦɢ� ɢ� ɯɢɦɢɱɟɫɤɢɦɢ� ɫɜɨɣɫɬɜɚɦɢ�� Ʉ�
ɫɨɠɚɥɟɧɢɸ��ɷɬɢ�ɪɟɠɭɳɢɟ�ɦɚɬɟɪɢɚɥɵ�ɬɚɤɠɟ�ɢɦɟɸɬ�ɧɟɤɨɬɨɪɵɟ�ɧɟɞɨɫɬɚɬɤɢ��ɬɚɤɢɟ�ɤɚɤ�ɫɤɥɨɧɧɨɫɬɶ�
ɤ�ɨɤɢɫɥɟɧɢɸ� ɝɪɚɮɢɬɢɡɚɰɢɢ�ɢ�ɧɟɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɣ�ɭɪɨɜɟɧɶ�ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɢ��Ɉɞɧɢɦ�ɢɡ�ɯɨɪɨɲɨ�
ɢɡɜɟɫɬɧɵɯ� ɫɩɨɫɨɛɨɜ� ɭɥɭɱɲɟɧɢɹ� ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɢ� ɢ� ɫɪɨɤɚ� ɫɥɭɠɛɵ� ɢɧɫɬɪɭɦɟɧɬɚ� ɹɜɥɹɟɬɫɹ�
ɚɪɦɢɪɨɜɚɧɢɟ�ɦɢɤɪɨɜɨɥɨɤɧɚɦɢ��Ⱥɪɦɢɪɨɜɚɧɢɟ�ɦɢɤɪɨɜɨɥɨɤɧɚɦɢ�ɲɢɪɨɤɨ�ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ�ɞɥɹ�ɞɪɭɝɢɯ�ɝɪɭɩɩ�
ɪɟɠɭɳɢɯ� ɦɚɬɟɪɢɚɥɨɜ�� ɧɨ� ɜ� ɧɚɫɬɨɹɳɟɟ� ɜɪɟɦɹ� ɜ� ɥɢɬɟɪɚɬɭɪɟ� ɨɬɫɭɬɫɬɜɭɟɬ� ɢɧɮɨɪɦɚɰɢɹ� ɨ�
ɪɟɡɭɥɶɬɚɬɚɯ� ɚɪɦɢɪɨɜɚɧɢɹ� ɦɢɤɪɨɜɨɥɨɤɧɚɦɢ� ɦɚɬɟɪɢɚɥɨɜ� ɧɚ� ɨɫɧɨɜɟ� F%1�� ɋɥɟɞɨɜɚɬɟɥɶɧɨ�� ɜ� ɷɬɨɣ�
ɪɚɛɨɬɟ� ɷɬɨɬ� ɩɪɢɧɰɢɩ� ɚɪɦɢɪɨɜɚɧɢɹ� ɢɫɩɨɥɶɡɨɜɚɥɫɹ� ɞɥɹ� ɧɨɜɨɝɨ� ɫɜɟɪɯɬɜɟɪɞɨɝɨ� ɦɚɬɟɪɢɚɥɚ� ɧɚ� ɨɫɧɨɜɟ�
F%1��7D1�ɢ�$O�ɩɭɬɟɦ�ɞɨɛɚɜɥɟɧɢɹ�ɦɢɤɪɨɜɨɥɨɤɨɧ ɤɚɪɛɢɞɚ�ɤɪɟɦɧɢɹ�

Ʉɥɸɱɟɜɵɟ�ɫɥɨɜɚ��F%1��ɦɢɤɪɨɜɨɥɨɤɧɚ�6L&��ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɶ

<X� <��5XPLDQWVHYD��9� 1��%XVKO\D��$� <��2VKRYVND� 9� =��7XUNHYLFK
5(,1)25&(0(17�2)�0$7(5,$/�%$6('�21�7+(�&8%,&�%2521�1,75,'(�%<�7+(�+(/3�

2)�6,/,&21�&$5%,'(�:+,6.(56
6XSHUKDUG�PDWHULDOV�± ZHOO�NQRZQ�JURXS�RI�PDWHULDOV� IRU�PHWDO� FXWWLQJ��7KHVH�PDWHULDOV�DUH�PRUH�

HIIHFWLYH�� HQHUJ\� VDYLQJ� DQG� PRUH� HQYLURQPHQWDO� IULHQGOLQHVV� FRPSDUHG� WR� WUDGLWLRQDO� WRROV��� 6XSHUKDUG�
PDWHULDOV�KDYH�QRW�RQO\�KLJKHVW�OHYHO�RI�KDUGQHVV �KDUGQHVV�RI�GLDPRQG� ��±����*3D��KDUGQHVV�RI�F%1 ± ���



ȼɵɩɭɫɤ�����ɉɈɊɈȾɈɊȺɁɊɍɒȺɘɓɂɃ�ɂ�ɆȿɌȺɅɈɈȻɊȺȻȺɌɕȼȺɘɓɂɃ�ɂɇɋɌɊɍɆȿɇɌ�± ɌȿɏɇɂɄȺ
ɂ ɌȿɏɇɈɅɈȽɂə�ȿȽɈ�ɂɁȽɈɌɈȼɅȿɇɂə�ɂ�ɉɊɂɆȿɇȿɇɂə

���

*3D���EXW�WKH\�KDYH�DOVR H[FHOOHQW�PHFKDQLFDO��WKHUPDO��RSWLFDO��DFRXVWLF��HOHFWULFDO�DQG�FKHPLFDO�SURSHUWLHV��
8QIRUWXQDWHO\�� WKHVH� FXWWLQJ� PDWHULDOV� DOVR� KDYH� VRPH� GLVDGYDQWDJHV�� OLNH� D� WHQGHQF\� WR� R[LGDWLRQ��
JUDSKLWL]DWLRQ� DQG� XQVDWLVIDFWRU\� OHYHO� RI� IUDFWXUH� WRXJKQHVV��� 2QH� RI� WKH� ZHOO�NQRZQ� ZD\V RI� LPSURYLQJ�
IUDFWXUH�WRXJKQHVV�DQG�WRRO�OLIH�LV�WKH�XVH�RI�ZKLVNHU�UHLQIRUFHPHQW��:KLVNHU�UHLQIRUFHPHQW�ZDV�ZLGHO\�XVHG�
IRU� RWKHU� JURXSV� RI� FXWWLQJ� PDWHULDOV�� EXW� QRZDGD\V� OLWHUDWXUH� GDWD� GRHVQ¶W� KDYH� DQ\� LQIRUPDWLRQ� DERXW�
ZKLVNHU�UHLQIRUFHPHQW�RI�F%1�EDVHG�PDWHULDOV� +HQFH��LQ�WKLV�ZRUN WKLV�SULQFLSOH�RI�UHLQIRUFHPHQW�ZDV�XVHG
IRU�QRYHO�VXSHUKDUG�PDWHULDO�EDVHG�RQ�F%1��7D1�DQG�$O�GXH�WR�WKH�DGGLWLRQ�RI�VLOLFRQ�FDUELGH ZKLVNHUV�

.H\�ZRUGV��F%1��6L&�ZKLVNHUV� IUDFWXUH�WRXJKQHVV

Ʌɢɬɟɪɚɬɭɪɚ
�� $VKE\0� )� 0DWHULDOV VHOHFWLRQ LQ PHFKDQLFDO GHVLJQ�7KLUG (GLWLRQ ± (OVHYLHU� ������± ��� ɪ�
�� ɂɧɫɬɪɭɦɟɧɬɵ�ɢɡ�ɫɜɟɪɯɬɜɟɪɞɵɯ�ɦɚɬɟɪɢɚɥɨɜ� ��ɉɨɞ�ɪɟɞ��ɇ�ȼ�ɇɨɜɢɤɨɜɚ��± Ʉɢɟɜ��ɂɋɆ�

ɇȺɇ ɍɤɪɚɢɧɵ��������± ����ɫ��
�� ;LD .���/DQJGRQ 7��*� 5HYLHZ��7KH� WRXJKHQLQJ�DQG� VWUHQJWKHQLQJ�RI� FHUDPLF�PDWHULDOV�

WKURXJK�GLVFRQWLQRXV�UHLQIRUFHPHQW����-��0DW��6FL� ± ������± ����± ����±������
�� 0DOOLFN��3� .��)LEHU�UHLQIRUFHG�FRPSRVLWHV��PDWHULDOV��PDQXIDFWXULQJ��DQG�GHVLJQ��± &5&�

SUHVV��������± ����ɪ�
�� 1DLGRR�� 0��� 5DHWKHO�� -��� 6LJDODV�� ,��� 	� +HUUPDQQ� 3UHSDUDWLRQ� RI� �7L�� 7D�±�&�� 1�� E\�

PHFKDQLFDO� DOOR\LQJ� ��� ,QW�� -� 5HIUDFWRU\�0HWDOV� DQG�+DUG�0DWHULDOV� ± ����� ± ���� ± 3��
���±�����

�� 0HFKDQLFDO�SURSHUWLHV�RI�F%1±$O�FRPSRVLWH�PDWHULDOV���$��0F.LH��-��:LQ]HU��,��6LJDODV�HW�
DO�����&HUDPLF�,PWHUQDWLRQDO ± ����� ± ����± 1����± 3���±���

�� ɋɚɣɬ ɤɨɦɩɚɧɢɢ ,0&�2O\PSXV�� >ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ@� Ɋɟɠɢɦ ɞɨɫɬɭɩɚ��
KWWSV���ZZZ�RO\PSXV�LPV�FRP�HQ�DSSOLFDWLRQV�HODVWLF�PRGXOXV�PHDVXUHPHQW��

�� 6FKZDUW] 0��0� &RPSRVLWH�PDWHULDOV��9ROXPH����3URSHUWLHV��QRQ�GHVWUXFWLYH�WHVWLQJ��DQG�
UHSDLU� ± 3UHQWLFH�+DOO��������± ����S�

�� 1HLNRY�2���1DER\FKHQNR� 6���<HILPRY 1��9�� +DQGERRN� RI� QRQ�IHUURXV�PHWDO� SRZGHUV��
WHFKQRORJLHV� DQG� DSSOLFDWLRQV �� 6�� 1DER\FKHQNR�� ,�� 0RXUDFKRYD�� 9�� *RSLHQNR�� ,��
)ULVKEHUJ��'��/RWVNR��(G�� ± (OVHYLHU��������± ����S�

��� ɉɨɝɪɟɛɧɹɤ�Ⱥ� Ⱦ���ɒɩɚɤ�Ⱥ� ɉ���Ⱥɡɚɪɟɧɤɨɜ�ɇ� Ⱥ���Ȼɟɪɟɫɧɟɜ�ȼ� Ɇ��ɋɬɪɭɤɬɭɪɚ�ɢ�ɫɜɨɣɫɬɜɚ�
ɬɜɺɪɞɵɯ�ɢ�ɫɜɟɪɯɬɜɺɪɞɵɯ�ɧɚɧɨɤɨɦɩɨɡɢɬɧɵɯ�ɩɨɤɪɵɬɢɣ����ɍɫɩɟɯɢ�ɮɢɡɢɱɟɫɤɢɯ�ɧɚɭɤ��±
������± �����ʋ����± ɋ����±���

��� .UDXWNUlPHU� -��� .UDXWNUlPHU +�� 8OWUDVRQLF� WHVWLQJ� RI� PDWHULDOV�� ± %HUOLQ�+HLGHOEHUJ��
6SULQJHU�9HUODJ������� ± ����S�

��� 9HSĜHN��6� 7KH�VHDUFK�IRU�QRYHO��VXSHUKDUG�PDWHULDOV�$��9DFXXP��6XUIDFHV��DQG�)LOPV����
-RXUQDO�RI�9DFXXP�6FLHQFH�	�7HFKQRORJ\��± ������± ����± 1����±����±���� S��

��� *U]HVLN��:���$GYDQFHG�PDFKLQLQJ�SURFHVVHV�RI�PHWDOOLF�PDWHULDOV��WKHRU\��PRGHOOLQJ�DQG�
DSSOLFDWLRQV��± (OVHYLHU�6FLHQFH������� ± ����S�

ɇɚɞɿɣɲɥɚ���������

5HIHUHQFHV
�� $VKE\� 0� )����������0DWHULDOV�VHOHFWLRQ�LQ�PHFKDQLFDO�GHVLJQ�7KLUG�(GLWLRQ� (OVHYLHU�
�� 1RYLNRY�� 1�� 9�� �(GV��� �������� ,QVWUXPHQW\� L]� VYHUNKWYHUG\NK� PDWHULDORY� >7RROV� IURP�

VXSHUKDUG�PDWHULDOV@� .LHY��,60�1$1 8NUDLQ\��>LQ�5XVVLDQ@



ɊȺɁȾȿɅ����ɂɇɋɌɊɍɆȿɇɌȺɅɖɇɕȿ��ɄɈɇɋɌɊɍɄɐɂɈɇɇɕȿ�ɂ�ɎɍɇɄɐɂɈɇȺɅɖɇɕȿ�ɆȺɌȿɊɂȺɅɕ
ɇȺ�ɈɋɇɈȼȿ�ȺɅɆȺɁȺ�ɂ�ɄɍȻɂɑȿɋɄɈȽɈ�ɇɂɌɊɂȾȺ�ȻɈɊȺ

���

�� ;LD�.���	�/DQJGRQ�7��*� 5HYLHZ� ��������7KH�WRXJKHQLQJ�DQG�VWUHQJWKHQLQJ�RI�FHUDPLF�
PDWHULDOV�WKURXJK�GLVFRQWLQRXV�UHLQIRUFHPHQW� -��0DW��6FL�� 9����� ����±������

�� 0DOOLFN�� 3DQNDU� .�� �������� )LEHU�UHLQIRUFHG� FRPSRVLWHV�� PDWHULDOV�� PDQXIDFWXULQJ�� DQG�
GHVLJQ��&5&�SUHVV��

�� 1DLGRR��0���5DHWKHO��-���6LJDODV��,���	�+HUUPDQQ��0��3��������3UHSDUDWLRQ�RI��7L��7D�±�&��
1�� E\� PHFKDQLFDO� DOOR\LQJ�� � ,QWHUQDWLRQDO� -RXUQDO� RI� 5HIUDFWRU\� 0HWDOV� DQG� +DUG�
0DWHULDOV��9RO����� ���±�����

�� 0F.LH�� $��� :LQ]HU�� -��� 6LJDODV�� ,�� HW�DO�� �������� 0HFKDQLFDO� SURSHUWLHV� RI� F%1±$O�
FRPSRVLWH�PDWHULDOV��&HUDPLF�,PWHUQDWLRQDO��9RO�������� �±��

�� 6DLW� FRPSDQLL� �,0&�2O\PSXV��� >6LWH� RI� �,0&�2O\PSXV�� FRPSDQ\@� 5HWULHYHUHG� IURP�
KWWSV���ZZZ�RO\PSXV�LPV�FRP�HQ�DSSOLFDWLRQV�HODVWLF�PRGXOXV�PHDVXUHPHQW��

�� 0�0�� 6FKZDUW]�� �������� &RPSRVLWH� PDWHULDOV�� 9ROXPH� ��� 3URSHUWLHV�� QRQ�GHVWUXFWLYH�
WHVWLQJ��DQG�UHSDLU��3UHQWLFH�+DOO��

�� 1HLNRY�� 2OHJ� '��� 0XUDVKRYD�� ,�� %��� ɟW�� DO�� ������� +DQGERRN� RI� QRQ�IHUURXV PHWDO�
SRZGHUV��WHFKQRORJLHV�DQG�DSSOLFDWLRQV� (OVHYLHU� ,6%1���������������������

��� 3RJUHEQ\DN� $�'��� 6KSDN� $�� 3�� $]DUHQNRY� 1�$��� %HUHVQHY� 9�0� ������ 6WUXNWXUD� L�
VYR\VWYD�WYHUG\NK�L�VYHUNKWYHUG\NK�QDQRNRPSR]LWQ\NK�SRNU\WL\ >6WUXFWXUH�DQG�SURSHUWLHV�
RI�VROLG�DQG�VXSHUKDUG�QDQRFRPSRVLWH�FRDWLQJV@��8VSHNKL�IL]LFKHVNLNK�QDXN ± $GYDQFHV�RI�
3K\VLFDO�6FLHQFHV� ± 9RO������ �� ��±�� >LQ�5XVVLDQ@�

��� .UDXWNUlPHU�� -RVHI�� DQG� +HUEHUW� .UDXWNUlPHU�� ��������8OWUDVRQLF� WHVWLQJ� RI� PDWHULDOV�
%HUOLQ�+HLGHOEHUJ��6SULQJHU�9HUODJ��

��� 9HSĜHN��6�� �������7KH� VHDUFK� IRU�QRYHO�� VXSHUKDUG�PDWHULDOV�$��9DFXXP��6XUIDFHV�� DQG�
)LOPV� -RXUQDO�RI�9DFXXP�6FLHQFH�	�7HFKQRORJ\� 9RO����� �������±������

��� *U]HVLN�� :��������� $GYDQFHG� PDFKLQLQJ� SURFHVVHV� RI� PHWDOOLF� PDWHULDOV�� WKHRU\��
PRGHOOLQJ�DQG�DSSOLFDWLRQV� (OVHYLHU�6FLHQFH��

ɍȾɄ����������

Ʉ� ȼ��ɋɥɿɩɱɟɧɤɨ��ɚɫɩ���ȱ� Ⱥ� ɉɟɬɪɭɲɚ��ɞ�ɪ�ɬɟɯɧ��ɧɚɭɤ� ȼ� Ɂ��Ɍɭɪɤɟɜɢɱ��ɚɤɚɞ��ɇȺɇ�ɍɤɪɚʀɧɢ��
ȼ� Ɇ��Ȼɭɲɥɹ� ɤɚɧɞ��ɬɟɯ��ɧɚɭɤ��-��(� 6WnKO��SURIHVVRU�

�ȱɧɫɬɢɬɭɬ�ɧɚɞɬɜɟɪɞɢɯ�ɦɚɬɟɪɿɚɥɿɜ�ɿɦ��ȼ��Ɇ��Ȼɚɤɭɥɹ�ɇȺɇ�ɍɤɪɚʀɧɢ��ɜɭɥ��Ⱥɜɬɨɡɚɜɨɞɫɶɤɚ�����
�������Ʉɢʀɜ��ɍɤɪɚʀɧɚ��NDWHVOLSFKHQNR#JPDLO�FRP

�Ʌɭɧɞɫɶɤɢɣ�ɍɧɿɜɟɪɫɢɬɟɬ��ɜɭɥ��Ɉɥɟ�Ɋɨɦɟɪɫ�������������Ʌɭɧɞ��ɒɜɟɰɿɹ

ȼɉɅɂȼ ȾɈȻȺȼɄɂ�9&�$O ɇȺ�ɋɌɊɍɄɌɍɊɍ�ɌȺ�ɎȺɁɈȼɂɃ�ɋɄɅȺȾ�ɇȺȾɌȼȿɊȾɂɏ�
ɆȺɌȿɊȱȺɅȱȼ�ɇȺ�ɈɋɇɈȼȱ�F%1

ɒɥɹɯɨɦ�ɬɟɪɦɨɛɚɪɢɱɧɨɝɨ�ɫɩɿɤɚɧɧɹ�ɨɬɪɢɦɚɧɨ�ɤɟɪɚɦɨ�ɦɚɬɪɢɱɧɢɣ�ɤɨɦɩɨɡɢɰɿɣɧɢɣ�ɦɚɬɟɪɿɚɥ�ɧɚ�
ɨɫɧɨɜɿ� ɤɭɛɿɱɧɨɝɨ� ɧɿɬɪɢɞɭ� ɛɨɪɭ� ɡ� ɞɨɛɚɜɤɚɦɢ� ɤɚɪɛɿɞɭ� ɜɚɧɚɞɿɸ� ɬɚ� ɚɥɸɦɿɧɿɸ�� ɋɩɿɤɚɧɧɹ� ɩɪɨɜɟɞɟɧɨ� ɜ�
ɭɦɨɜɚɯ� ɜɢɫɨɤɨɝɨ� ɬɢɫɤɭ� ����� Ƚɉɚ�� ɜ� ɲɢɪɨɤɨɦɭ� ɞɿɚɩɚɡɨɧɿ� ɬɟɦɩɟɪɚɬɭɪ� �����±���� �ɋ��� Ɉɛ¶ɽɤɬɨɦ�
ɞɨɫɥɿɞɠɟɧɧɹ� ɨɛɪɚɧɨ�ɬɪɢ� ɤɨɦɩɨɡɢɰɿʀ� ɡ� ɜɦɿɫɬɨɦ�F%1����� ���ɬɚ���� ɨɛ���� �� ɨɛ���ɚɥɸɦɿɧɿɸ� ɜɜɟɞɟɧɨ� ɜ�
ɫɭɦɿɲ� ɹɤ� ɝɟɬɟɪ� ɤɢɫɧɸ�� ɍ� ɪɨɛɨɬɿ� ɩɪɟɞɫɬɚɜɥɟɧɨ� ɪɟɡɭɥɶɬɚɬɢ� ɞɨɫɥɿɞɠɟɧɧɹ� ɮɚɡɨɜɨɝɨ� ɫɤɥɚɞɭ��
ɦɿɤɪɨɫɬɪɭɤɬɭɪ�ɬɚ�ɦɟɯɚɧɿɱɧɢɯ� ɜɥɚɫɬɢɜɨɫɬɟɣ��ȼɚɪɿɸɜɚɧɧɹ� ɜɦɿɫɬɭ�ɞɨɛɚɜɤɢ�ɩɪɚɤɬɢɱɧɨ� ɧɟ� ɜɩɥɢɜɚɽ� ɧɚ�


