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75,**(5�32,176

*RUGDQD�3DQRYD
*RFH�'HOFHY�8QLYHUVLW\�� 6WLS��5HSXEOLF�RI�1��0DFHGRQLD��JRUGDQD�SDQRYD#XJG�HGX�PN

7RVKH�.UVWHY
*RFH�'HOFHY�8QLYHUVLW\�� 6WLS��5HSXEOLF�RI�1��0DFHGRQLD��WRVH�NUVWHY#XJG�HGX�PN

7DPDUD�6WUDWRUVND
*RFH�'HOFHY�8QLYHUVLW\�� 6WLS��5HSXEOLF�RI�1��0DFHGRQLD�� WDPDUD�VWUDWRUVND#XJG�HGX�PN

$EVWUDFW�� ,QWURGXFWLRQ�WKH� PDMRULW\� RI� WKH� SRSXODWLRQ� KDV� P\RIDVFLDO� WULJJHUV�� &XUUHQWO\� WKH� WUHDWPHQW� RI� WKLV�
FRQGLWLRQ� LQYROYHV� WKH� XVH� RI�PHGLFDWLRQV��PDVVDJH�� SK\VLRWKHUDS\� DV�ZHOO� DV� WKH� XVH� RI� RUWKRSHGLF� DLGV� VXFK� DV�
RUWKRVHV��EHOWV�DQG�WKH�OLNH��0\RIDVFLDO�WULJJHUV�DUH�PD[LPDO�SDLQIXO��LUULWDWHG�EXQGOHV�RI�VNHOHWDO�PXVFOH�DVVRFLDWHG�
ZLWK� YHU\� VHQVLWLYH� QRGHV�� 3UHVVXUH� QRGHV� DUH� SDLQIXO�� DQG� LQ� D�PRUH� DGYDQFHG� IRUP� WKH\� FDQ� HPLW� SDLQ� ZLWKRXW�
SUHVVXUH� RU� LUULWDWLRQ��*XD6KD� LV� D�PDVVDJH� WHFKQLTXH� IURP� WUDGLWLRQDO�&KLQHVH�PHGLFLQH��:KHQ� WKLV� WHFKQLTXH� LV�
XVHG� D� WRRO� OLNH� D� VPDOO� SODWH�ZLWK�ZKLFK� WKH� IULFWLRQ�± VFUDSLQJRQ� WKH� VNLQ�RI� WKH�ERG\��2LO� LV� XVHG� DV� D� FRQWDFW�
PHGLXP�WR�UHGXFH�VNLQ�LUULWDWLRQ�DQG�GLVFRPIRUW�
7KH�SXUSRVH RI�WKLV�VWXG\�LV�WR�WHVW�WKH�HIIHFW�RI�D�*XD6KD�PDVVDJH�WHFKQLTXH�RQ�WKH�WUHDWPHQW�RI�DFWLYH�P\RIDVFLDO�
WULJJHUV�LQ�P��7UDSH]LXV��
7KH PDWHULDOV�DQG�PHWKRGV�KH� UHVHDUFK�ZDV�FRQGXFWHG� LQ� WKH�SHULRG�0DUFK� � -XQH������RQ� WKH�SUHPLVHV�RI� WKH�
*RFH�'HOFHY�8QLYHUVLW\�5HFUHDWLRQ�&HQWHU�� 6WLS��
5HVXOWV�WKH�VDPSOH�FRQVLVWHG�RI����SDWLHQWV�ZLWK�DFWLYH�WULJO\FHULGH�SRLQWV LQ�P��WUDSH]LXV��3DWLHQWV�ZHUH�JURXSHG�DW�
UDQGRP�ZLWKRXW�NQRZLQJ�ZKLFK�JURXS� WKH\�EHORQJHG� WR��%HIRUH� WUHDWPHQW�� WKH\�ZHUH� LQWURGXFHG� WR� WKH�PHWKRG�RI�
WUHDWPHQW�� WKH� WKHUDSHXWLF�DV�ZHOO�DV� WKH�VLGH�HIIHFWV� WKDW�PD\�RFFXU�DV�D� UHVXOW�RI� WKH�PDVVDJH��7KH�SDWLHQWV�ZHUH�
GLYLGHG�LQWR�WZR�JURXSV��
'LVFXVVLRQ�SDWLHQWV� IURP� ERWK� JURXSV� XQGHUZHQW� D� ���GD\� FRXUVH� RI� WKHUDS\� GXULQJ� ZKLFK� WKH\� KDG� �� *XD6KD�
PDVVDJH�SURFHGXUHV��*URXS�$��FRQWURO���Q� ������ZKHUH�ZH�DSSOLHG�WKH�ZKROH�VXUIDFH�WUHDWPHQW�WR�P��WUDSH]LXV��1R�
GLUHFW� WRXFKLQJ�RI� WKH� WULJJHU�SRLQWV��*URXS�%� �([SHULPHQWDO��� �Q� ������ DSSOLHG�*XD6KD� WUHDWPHQW�GLUHFWO\� WR� WKH�
WULJJHUV� RQO\�� 7R� DVVHVV� WKH� HIIHFWV� RI� WKHUDS\� EHIRUH� DQG� DIWHU� HDFK� WUHDWPHQW�� ZH� SHUIRUPHG� VXEMHFWLYH� SDLQ�
VHQVDWLRQ�PHDVXUHPHQWV�XVLQJ�D�9LVXDO�$QDORJXH�6FDOH��9$6��DV�ZHOO�DV�PHDVXULQJ�ORFDO�SDLQ�LQ�WULJO\FHULGH�SRLQWV�
XVLQJ�DQ�DOJRPHWHU��:H�XVHG�DQ�$OJRPHWHU� IURP�WKH�PDQXIDFWXUHU�%DVHOLQH�ZLWK�D�FRQWDFW�DUHD�RI� �FP����$OO����
SDUWLFLSDQWV�FRPSOHWHG� WKH� VXUYH\�� ,Q�*URXS�$��DIWHU� WKH� ILUVW� WUHDWPHQW�����VXEMHFWV� UHSRUWHG� ORZHU� OHYHOV�RI�SDLQ�
DIWHU�<28��(LJKW�RI�WKHP�H[SHULHQFHG�DQ�LQFUHDVH�LQ�SDLQ�WKUHVKROG�GXULQJ�DOJRPHWU\�WHVWLQJ��DQG�IRXU�H[SHULHQFHG�D�
GHFUHDVH�LQ�SDLQ�WKUHVKROG��$QG�LQ�*URXS�%�DOO�VXEMHFWV�FRPSOHWHG�WKH�WUHDWPHQW�FRPSOHWHO\��$W WKH�HQG�RI�WKH�ILUVW�
WUHDWPHQW����VXEMHFWV�UHSRUWHG�D�GHFUHDVH�LQ�SDLQ��WZR�LQFUHDVHG�DQG�WKUHH�UHPDLQHG�WKH�VDPH��5HJDUGLQJ�DOJRPHWU\��
���VDZ�DQ�LQFUHDVH�LQ�SUHVVXUH��DQG�RQH�UHVSRQGHQW�UHPDLQHG�WKH�VDPH��
&RQFOXVLRQ�WKLV�VPDOO�VWXG\�FRQILUPV�WKH�JURZLQJ WUHQG�LQ�VWXGLHV�RI�WKH�HIIHFWV�RI�*XD6KD�PDVVDJH�WKDW�FRQILUP�LWV�
DELOLW\� WR� UHGXFH� SDLQ� LQ� DFWLYH� WULJJHUV�� 7KH� UHVXOWV� DOVR� VKRZ� WKDW� WKH� DPRXQW� RI� SUHVVXUH� QHHGHG� WR� JHW� SDLQ�
LQFUHDVHG�DIWHU�WUHDWPHQW��7KLV�VWXG\�VXJJHVWV�WKDW�WKH�*XD6KD�WHFKQLTXH�PD\�EH�D�YDOLG�PHWKRG�RI�UHGXFLQJ�SDLQ�LQ�
WULJJHUV��UHTXLULQJ�FRQWLQXRXV�VWXGLHV�RI�D�ODUJHU�QDWXUH�WR�IXUWKHU�H[SORUH�WKH�FOLQLFDO�DQG�HFRQRPLF�LPSOLFDWLRQV�RI�
WKH�WHFKQLTXH�LQ�WKH�RYHUDOO�KHDOWKFDUH�V\VWHP�
.H\ZRUGV� WULJJHUSRLQWV��*XD�6KD��P\RIDVFLD

ɂɋɉɂɌɍȼȺȵȿ�ɇȺ�ȿɎȿɄɌɂɌȿ�ɇȺ�ȽɍȺ�ɒȺ�ɆȺɋȺɀȺ�ɇȺ�
ɆɂɈɎȺɋɐɂȳȺɅɇɂɌȿ�ɌɊɂȽȿɊɇɂ�ɌɈɑɄɂ

Ƚɨɪɞɚɧɚ�ɉɚɧɨɜɚ
ɍɧɢɜɟɪɡɢɬɟɬ�ÄȽɨɰɟ�Ⱦɟɥɱɟɜ³�± ɒɬɢɩ��Ɋɟɩɭɛɥɢɤɚ�ɋ��Ɇɚɤɟɞɨɧɢʁɚ� JRUGDQD�SDQRYD#XJG�HGX�PN

Ɍɨɲɟ�Ʉɪɫɬɟɜ
ɍɧɢɜɟɪɡɢɬɟɬ�ÄȽɨɰɟ�Ⱦɟɥɱɟɜ³�± ɒɬɢɩ��Ɋɟɩɭɛɥɢɤɚ�ɋ��Ɇɚɤɟɞɨɧɢʁɚ��WRVH�NUVWHY#XJG�HGX�PN

Ɍɚɦɚɪɚ�ɋɬɪɚɬɨɪɫɤɚ
ɍɧɢɜɟɪɡɢɬɟɬ�ÄȽɨɰɟ�Ⱦɟɥɱɟɜ³�± ɒɬɢɩ��Ɋɟɩɭɛɥɢɤɚ�ɋ��Ɇɚɤɟɞɨɧɢʁɚ��WDPDUD�VWUDWRUVND#XJG�HGX�PN
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Ⱥɩɫɬɪɚɤɬ�� ȼɨɜɟɞ�Ʉɚʁ� ɩɨɝɨɥɟɦɢɨɬ� ɞɟɥ� ɨɞ� ɧɚɫɟɥɟɧɢɟɬɨ� ɫɟ� ɡɚɛɟɥɟɠɭɜɚ� ɩɨʁɚɜɚ� ɧɚ� ɦɢɨɮɚɫɰɢʁɚɥɧɢ� ɬɪɢɝɟɪɧɢ�
ɬɨɱɤɢ�� Ɇɨɦɟɧɬɚɥɧɨ� ɬɪɟɬɦɚɧɨɬ� ɧɚ� ɨɜɚɚ� ɫɨɫɬɨʁɛɚ� ɩɨɞɪɚɡɛɢɪɚ� ɭɩɨɬɪɟɛɚ� ɧɚ� ɦɟɞɢɤɚɦɟɧɬɢ�� ɦɚɫɚɠɚ��
ɮɢɡɢɨɬɟɪɚɩɢʁɚ�ɤɚɤɨ�ɢ�ɭɩɨɬɪɟɛɚ�ɧɚ�ɨɪɬɨɩɟɞɫɤɢ�ɩɨɦɚɝɚɥɚ�ɤɚɤɨ�ɨɪɬɨɡɢ��ɩɨʁɚɫɢ�ɢ�ɫɥ��Ɇɢɨɮɚɫɰɢʁɚɥɧɢɬɟ�ɬɪɢɝɟɪɧɢ�
ɬɨɱɤɢ�ɩɪɟɬɫɬɚɜɭɜɚɚɬ�ɦɚɤɫɢɦɚɥɧɢ�ɛɨɥɧɢ��ɢɪɢɬɢɪɚɧɢ�ɦɭɫɤɭɥɧɢɬɟ�ɫɧɨɩɱɢʃɚ�ɜɨ�ɫɤɟɥɟɬɧɢɬɟ�ɦɭɫɤɭɥɢ��ɚɫɨɰɢɪɚɧɢ�
ɫɨ� ɦɧɨɝɭ� ɱɭɜɫɬɜɢɬɟɥɧɢ� ʁɚɡɥɢ�� ȳɚɡɥɢɬɟ�� ɧɚ� ɩɪɢɬɢɫɨɤ� ɫɟ� ɛɨɥɧɢ�� ɚ� ɜɨ� ɩɨɪɚɡɜɢɟɧɚ� ɮɨɪɦɚ� ɦɨɠɟ� ɞɚ� ɟɦɢɬɢɪɚɚɬ�
ɛɨɥɤɚ� ɢ� ɛɟɡ� ɩɪɢɬɢɫɨɤ� ɢɥɢ� ɢɪɢɬɚɰɢʁɚ�� Ƚɭɚ�ɒɚ� ɩɪɟɬɫɬɚɜɭɜɚ� ɦɚɫɚɠɧɚ� ɬɟɯɧɢɤɚ� ɨɞ� ɬɪɚɞɢɰɢɨɧɚɥɧɚɬɚ� ɤɢɧɟɫɤɚ�
ɦɟɞɢɰɢɧɚ�� ɉɪɢ� ɨɜɚɚ� ɬɟɯɧɢɤɚ� ɫɟ� ɤɨɪɢɫɬɢ� ɚɥɚɬɤɚ� ɤɚɤɨ� ɦɚɥɚ� ɩɥɨɱɤɚ� ɫɨ� ɤɨʁɚ� ɫɟ� ɜɪɲɢ� ɬɪɢɟʃɟ� ± ɫɬɪɭɝɚʃɟ� ɧɚ�
ɤɨɠɚɬɚ� ɧɚ� ɬɟɥɨɬɨ��Ʉɚɤɨ� ɤɨɧɬɚɤɬɧɚ� ɫɪɟɞɢɧɚ� ɫɟ� ɤɨɪɢɫɬɢ�ɦɚɫɥɨ� ɫɨ�ɲɬɨ� ɫɟ� ɧɚɦɚɥɭɜɚ� ɞɪɚɡɧɟʃɟɬɨ� ɧɚ� ɤɨɠɚɬɚ� ɢ�
ɧɟɩɪɢʁɚɬɧɨɬɨ�ɱɭɜɫɬɜɨ���
ɐɟɥɬɚ ɧɚ� ɨɜɚ� ɢɫɬɪɚɠɭɜɚʃɟ� ɟ� ɞɚ� ɫɟ� ɚɩɪɨɛɢɪɚ� ɟɮɟɤɬɨɬ� ɧɚ� ɬɟɯɧɢɤɚɬɚ� ɧɚ� Ƚɭɚ�ɒɚ� ɦɚɫɚɠɚ� ɩɪɢ� ɬɪɟɬɢɪɚʃɟ� ɧɚ�
ɚɤɬɢɜɧɢ�ɦɢɨɮɚɫɰɢʁɚɥɧɢ�ɬɪɢɝɟɪɧɢ�ɬɨɱɤɢ�ɜɨ�P��7UDSH]LXV�
Ɇɚɬɟɪɢʁɚɥɢ�ɢ�ɦɟɬɨɞɢ�ɂɫɬɪɚɠɭɜɚʃɟɬɨ�ɫɟ�ɫɩɪɨɜɟɞɟ�ɜɨ�ɩɟɪɢɨɞ�ɨɞ�ɦɚɪɬ�± ʁɭɧɢ������ɝɨɞɢɧɚ�ɜɨ�ɩɪɨɫɬɨɪɢɢɬɟ�ɧɚ�
Ɋɟɤɪɟɚɬɢɜɧɢɨɬ�ɰɟɧɬɚɪ�ɩɪɢ�ɍɧɢɜɟɪɡɢɬɟɬ�ÄȽɨɰɟ�Ⱦɟɥɱɟɜ³�± ɒɬɢɩ��
Ɋɟɡɭɥɬɚɬɢ�ɉɪɢɦɟɪɨɤɨɬ�ɫɟ�ɫɨɫɬɨɟɲɟ�ɨɞ����ɩɚɰɢɟɧɬɢ�ɫɨ�ɚɤɬɢɜɧɢ�ɬɪɢɝɟɪɧɢ�ɬɨɱɤɢ�ɜɨ�P�� WUDSH]LXV��ɉɚɰɢɟɧɬɢɬɟ�
ɛɟɚ� ɝɪɭɩɢɪɚɧɢ� ɩɨ� ɫɥɭɱɚɟɧ� ɢɡɛɨɪ� ɛɟɡ� ɞɚ� ɡɧɚɚɬ� ɜɨ� ɤɨʁɚ� ɝɪɭɩɚ� ɩɪɢɩɚɼɚɚɬ��ɉɪɟɞ� ɬɪɟɬɦɚɧɨɬ� ɛɟɚ� ɡɚɩɨɡɧɚɟɧɢ� ɫɨ�
ɦɟɬɨɞɨɬ�ɧɚ�ɬɟɪɚɩɢʁɚ��ɫɨ�ɬɟɪɚɩɟɜɬɫɤɢɬɟ�ɤɚɤɨ�ɢ�ɫɨ�ɧɟɫɚɤɚɧɢɬɟ�ɟɮɟɤɬɢ�ɤɨɢ�ɦɨɠɟ�ɞɚ�ɫɟ�ɩɨʁɚɜɚɬ�ɤɚɤɨ�ɩɨɫɥɟɞɢɰɚ�
ɨɞ�ɦɚɫɚɠɚɬɚ��
Ⱦɢɫɤɭɫɢʁɚ�ɉɚɰɢɟɧɬɢɬɟ�ɛɟɚ�ɩɨɞɟɥɟɧɢ�ɜɨ�ɞɜɟ�ɝɪɭɩɢ��ɉɚɰɢɟɧɬɢɬɟ�ɢ�ɨɞ�ɞɜɟɬɟ�ɝɪɭɩɢ�ɩɨɦɢɧɚɚ ɬɟɪɚɩɟɜɬɫɤɢ�ɤɭɪɫ�
ɨɞ� ��� ɞɟɧɚ� ɡɚ� ɤɨʁ� ɩɟɪɢɨɞ� ɢɦɚɚ� �� ɩɪɨɰɟɞɭɪɢ� ɧɚ� Ƚɭɚ� ɒɚ� ɦɚɫɚɠɚ�� Ƚɪɭɩɚ� Ⱥ� �ɤɨɧɬɪɨɥɧɚ�� �Q ����� ɤɚʁ� ɤɨʁɚ�
ɩɪɢɦɟɧɢɜɦɟ� ɨɛɪɚɛɨɬɤɚ� ɧɚ� ɰɟɥɚɬɚ� ɩɨɜɪɲɢɧɚ� ɧɚ� P�� WUDSH]LXV�� Ȼɟɡ� ɞɢɪɟɤɬɧɨ� ɡɚɫɟɝɚʃɟ� ɧɚ� ɬɪɢɝɟɪɧɢɬɟ� ɬɨɱɤɢ��
Ƚɪɭɩɚ�Ȼ��ɟɤɫɩɟɪɢɦɟɧɬɚɥɧɚ����Q �����ɩɪɢɦɟɧɢɜɦɟ�Ƚɭɚ�ɒɚ�ɨɛɪɚɛɨɬɤɚ��ɞɢɪɟɤɬɧɨ�ɫɚɦɨ�ɧɚ�ɬɪɢɝɟɪɧɢɬɟ�ɬɨɱɤɢ��Ɂɚ�
ɩɪɨɰɟɧɤɚ� ɧɚ� ɟɮɟɤɬɢɬɟ� ɨɞ� ɬɟɪɚɩɢʁɚɬɚ� ɩɪɟɞ� ɢ� ɩɨɫɥɟ� ɫɟɤɨʁ� ɬɪɟɬɦɚɧ� ɧɚɩɪɚɜɢɜɦɟ� ɦɟɪɟʃɚ� ɡɚ� ɫɭɛʁɟɤɬɢɜɧɨɬɨ�
ɱɭɜɫɬɜɨ� ɧɚ� ɛɨɥɤɚ� ɫɨ� ɤɨɪɢɫɬɟʃɟ� ɧɚ� ɜɢɡɭɟɥɧɨ� ɚɧɚɥɨɝɧɚ� ɫɤɚɥɚ� �ȼȺɋ�� ɤɚɤɨ� ɢ� ɦɟɪɟʃɟ� ɧɚ� ɥɨɤɚɥɧɚɬɚ� ɛɨɥɤɚ� ɜɨ
ɬɪɢɝɟɪɧɢɬɟ� ɬɨɱɤɢ� ɫɨ� ɤɨɪɢɫɬɟʃɟ� ɧɚ� ɚɥɝɨɦɟɬɚɪ�� Ʉɨɪɢɫɬɟɜɦɟ� ɚɥɝɨɦɟɬɚɪ� ɨɞ� ɩɪɨɢɡɜɨɞɢɬɟɥɨɬ� %DVHOLQH� ɫɨ�
ɤɨɧɬɚɤɬɧɚ� ɩɨɜɪɲɢɧɚ� ɨɞ� �ɰɦ�� �� ɋɢɬɟ� ��� ɭɱɟɫɧɢɰɢ� ɝɨ� ɡɚɜɪɲɢʁɚ� ɢɫɬɪɚɠɭɜɚʃɟɬɨ�� ȼɨ� Ƚɪɭɩɚ� Ⱥ�� ɩɨɫɥɟ� ɩɪɜɢɨɬ�
ɬɪɟɬɦɚɧ��ɤɚʁ����ɢɫɩɢɬɚɧɢɰɢ�ɫɟ�ɡɚɛɟɥɟɠɚ�ɧɚɦɚɥɭɜɚʃɟ�ɧɚ�ɧɢɜɨɬɨ�ɧɚ ɛɨɥɤɚ�ɩɨ�ȼȺɋ��Ʉɚʁ�ɨɫɭɦɦɢɧɚ�ɫɟ�ɡɚɛɟɥɟɠɚ�ɢ�
ɡɝɨɥɟɦɭɜɚʃɟ�ɧɚ�ɩɪɚɝɨɬ�ɧɚ�ɛɨɥɤɚ�ɩɪɢ�ɬɟɫɬɢɪɚʃɟ�ɫɨ�ɚɥɝɨɦɟɬɪɢʁɚ��ɚ�ɤɚʁ�ɱɟɬɜɨɪɢɰɚ�ɫɟ�ɡɚɛɟɥɟɠɚ�ɧɚɦɚɥɭɜɚʃɟ�ɧɚ�
ɩɪɚɝɨɬ� ɧɚ� ɛɨɥɤɚɬɚ��ɂ� ɤɚʁ� Ƚɪɭɩɚ� Ȼ� ɫɢɬɟ� ɢɫɩɢɬɚɧɢɰɢ� ɝɨ� ɡɚɜɪɲɢʁɚ� ɥɟɤɭɜɚʃɟɬɨ� ɜɨ� ɰɟɥɨɫɬ��ɉɨ� ɡɚɜɪɲɭɜɚʃɟ� ɧɚ�
ɩɪɜɢɨɬ� ɬɪɟɬɦɚɧ� ɤɚʁ� �� ɢɫɩɢɬɚɧɢɰɢ� ɡɚɛɟɥɟɠɚɜɦɟ� ɧɚɦɚɥɭɜɚʃɟ� ɧɚ� ɛɨɥɤɚɬɚ�� ɤɚʁ� ɞɜɚʁɰɚ� ɫɟ� ɡɝɨɥɟɦɢ� ɢ� ɤɚʁ� ɬɪɨʁɰɚ�
ɨɫɬɚɧɚ�ɢɫɬɚ��ȼɨ�ɨɞɧɨɫ�ɧɚ�ɚɥɝɨɦɟɬɪɢʁɚɬɚ�ɤɚʁ����ɫɟ�ɡɚɛɟɥɟɠɚ�ɡɝɨɥɟɦɭɜɚʃɟ�ɧɚ�ɩɪɢɬɢɫɨɤɨɬ��ɚ�ɤɚʁ�ɟɞɟɧ�ɢɫɩɢɬɚɧɢɤ�
ɨɫɬɚɧɚ�ɢɫɬ��
Ɂɚɤɥɭɱɨɤ�Ɉɜɚ�ɦɚɥɚ�ɫɬɭɞɢʁɚ�ɝɨ�ɩɨɬɜɪɞɭɜɚ�ɪɚɫɬɟɱɤɢɨɬ�ɬɪɟɧɞ�ɜɨ�ɢɫɬɪɚɠɭɜɚʃɚɬɚ�ɧɚ�ɟɮɟɤɬɢɬɟ�ɨɞ�Ƚɭɚ�ɒɚ�ɦɚɫɚɠɚ�
ɫɨ�ɤɨɢ�ɫɟ�ɩɨɬɜɪɞɭɜɚ�ɫɩɨɫɨɛɧɨɫɬɚ�ɞɚ�ɫɟ�ɧɚɦɚɥɢ�ɛɨɥɤɚɬɚ�ɜɨ�ɚɤɬɢɜɧɢɬɟ�ɬɪɢɝɟɪɧɢ�ɬɨɱɤɢ��Ɋɟɡɭɥɬɚɬɢɬɟ��ɢɫɬɨ�ɬɚɤɚ��
ɩɨɤɚɠɭɜɚɚɬ�ɞɟɤɚ�ɤɨɥɢɱɢɧɚɬɚ�ɧɚ�ɩɪɢɬɢɫɨɤ�ɲɬɨ�ɟ�ɩɨɬɪɟɛɟɧ�ɡɚ�ɞɚ�ɫɟ�ɞɨɛɢɟ�ɛɨɥɤɚ�ɫɟ�ɡɝɨɥɟɦɢ�ɩɨ�ɬɪɟɬɦɚɧɨɬ��Ɉɜɚɚ�
ɫɬɭɞɢʁɚ� ɫɭɝɟɪɢɪɚ� ɞɟɤɚ� Ƚɭɚ� ɒɚ� ɬɟɯɧɢɤɚɬɚ� ɦɨɠɟ� ɞɚ� ɛɢɞɟ� ɜɚɥɢɞɟɧ� ɦɟɬɨɞ� ɡɚ� ɧɚɦɚɥɭɜɚʃɟ� ɧɚ� ɛɨɥɤɚɬɚ� ɜɨ�
ɬɪɢɝɟɪɧɢɬɟ�ɬɨɱɤɢ��ɫɨ�ɩɨɬɪɟɛɚ�ɨɞ�ɤɨɧɬɢɧɭɢɪɚɧɢ�ɫɬɭɞɢɢ�ɨɞ�ɩɨɝɨɥɟɦɚ�ɩɪɢɪɨɞɚ�ɡɚ�ɩɨɧɚɬɚɦɨɲɧɨ�ɢɫɬɪɚɠɭɜɚʃɟ�
ɧɚ�ɤɥɢɧɢɱɤɢɬɟ�ɢ�ɟɤɨɧɨɦɫɤɢ�ɢɧɞɢɤɚɰɢɢ�ɧɚ�ɬɟɯɧɢɤɚɬɚ�ɜɨ�ɰɟɥɨɤɭɩɧɢɨɬ�ɫɢɫɬɟɦ�ɧɚ�ɡɞɪɚɜɫɬɜɟɧɚ�ɡɚɲɬɢɬɚ�
Ʉɥɭɱɧɢ�ɡɛɨɪɨɜɢ� ɬɪɢɝɟɪɧɢ�ɬɨɱɤɢ��Ƚɭɚ�ɒɚ�ɦɢɨɮɚɫɰɢʁɚ

�� ȼɈȼȿȾ
Ʉɚʁ� ɩɨɝɨɥɟɦɢɨɬ� ɞɟɥ� ɨɞ� ɧɚɫɟɥɟɧɢɟɬɨ� ɫɟ� ɡɚɛɟɥɟɠɭɜɚ� ɩɨʁɚɜɚ� ɧɚ� ɦɢɨɮɚɫɰɢʁɚɥɧɢ� ɬɪɢɝɟɪɧɢ� ɬɨɱɤɢ��Ɇɨɦɟɧɬɚɥɧɨ�
ɬɪɟɬɦɚɧɨɬ�ɧɚ�ɨɜɚɚ�ɫɨɫɬɨʁɛɚ�ɩɨɞɪɚɡɛɢɪɚ�ɭɩɨɬɪɟɛɚ�ɧɚ�ɦɟɞɢɤɚɦɟɧɬɢ��ɦɚɫɚɠɚ��ɮɢɡɢɨɬɟɪɚɩɢʁɚ�ɤɚɤɨ�ɢ�ɭɩɨɬɪɟɛɚ�ɧɚ�
ɨɪɬɨɩɟɞɫɤɢ� ɩɨɦɚɝɚɥɚ� ɤɚɤɨ� ɨɪɬɨɡɢ�� ɩɨʁɚɫɢ� ɢ� ɫɥ�� ȼɨ� ɮɢɡɢɨɬɟɪɚɩɢʁɚɬɚ� ɞɨɦɢɧɢɪɚɚɬ� ɧɟɤɨɥɤɭ� ɬɟɯɧɢɤɢ�� ɤɚɤɨ��
ɢɫɯɟɦɢɱɟɧ�ɩɪɢɬɢɫɨɤ�ɧɚ�ɬɨɱɤɢɬɟ��ɦɢɨɮɚɫɰɢʁɚɥɧɚ�ɪɟɥɚɤɫɚɰɢʁɚ��ɫɬɪɟɱɢɧɝ�ɢ�ɞɪɭɝɢ�ɩɨɞ�ɮɨɪɦɢ�ɧɚ�ɦɨɛɢɥɢɡɚɰɢʁɚ�
ɧɚ� ɦɟɤɢɬɟ ɬɤɢɜɚ�ɇɚʁɱɟɫɬɨ� ɤɨɪɢɫɬɟɧɢɬɟ� ɫɪɟɞɫɬɜɚ� ɩɨɦɚɝɚɚɬ� ɡɚ� ɧɚɦɚɥɭɜɚʃɟ� ɧɚ� ɛɨɥɤɢɬɟ� ɢ� ɩɨɞɨɛɪɭɜɚʃɟ� ɧɚ�
ɮɭɧɤɰɢɨɧɚɥɧɨɫɬɚ�� ɧɨ� ɫɩɪɨɬɢɜɫɬɚɜɟɧɢɬɟ� ɫɬɚɜɨɜɢ� ɧɚ� ɧɟɤɨɢ� ɤɨɥɟɝɢ� ɧɚɥɚɝɚɚɬ� ɞɨɩɨɥɧɢɬɟɥɧɨ� ɢɫɬɪɚɠɭɜɚʃɟ� ɜɨ�
ɧɚɫɨɤɚ�ɧɚ�ɨɩɬɢɦɢɡɚɰɢʁɚ�ɧɚ�ɭɩɨɬɪɟɛɚɬɚ�ɧɚ�ɨɜɢɟ�ɫɪɟɞɫɬɜɚ�ɢ�ɦɟɬɨɞɢ��Ɇɟɫɬɨ�ɤɚɞɟ�ɲɬɨ�ɱɟɫɬɨ�ɫɟ�ɫɪɟʅɚɜɚɚɬɚɤɬɢɜɧɢ�
ɬɪɢɝɟɪɧɢ�ɬɨɱɤɢ�ɟ�ɝɨɪɧɢɨɬ�ɞɟɥ�ɧɚ�P�� WUDSH]LXV��Ɂɚ�ɨɜɚ�ɞɨɩɪɢɧɟɫɭɜɚɚɬ�ɩɨɫɬɭɪɚɥɧɢɬɟɧɚɬɨɜɚɪɭɜɚʃɚ��ɮɚɡɢɱɧɚɬɚ�
ɭɩɨɬɪɟɛɚ�ɤɚɤɨ�ɢ�ɢɧɟɪɜɚɰɢʁɚɬɚ�ɨɞ�ɩɨɫɬ�ɝɚɧɝɥɢʁɚɥɧɢɬɟ�ɜɥɚɤɧɚ�ɧɚ�ɫɢɦɩɚɬɢɱɤɢɨɬ�ɥɚɧɟɰ�
Ɇɢɨɮɚɫɰɢʁɚɥɧɢɬɟ� ɬɪɢɝɟɪɧɢ� ɬɨɱɤɢ� ɩɪɟɬɫɬɚɜɭɜɚɚɬ� ɦɚɤɫɢɦɚɥɧɢ� ɛɨɥɧɢ�� ɢɪɢɬɢɪɚɧɢ� ɦɭɫɤɭɥɧɢɬɟ� ɫɧɨɩɱɢʃɚ� ɜɨ�
ɫɤɟɥɟɬɧɢɬɟ�ɦɭɫɤɭɥɢ�ɚɫɨɰɢɪɚɧɢ�ɫɨ�ɦɧɨɝɭ�ɱɭɜɫɬɜɢɬɟɥɧɢ�ʁɚɡɥɢ��ȳɚɡɥɢɬɟ��ɧɚ�ɩɪɢɬɢɫɨɤ�ɫɟ�ɛɨɥɧɢ��ɚ�ɜɨ�ɩɨɪɚɡɜɢɟɧɚ�
ɮɨɪɦɚ�ɦɨɠɟ�ɞɚ�ɟɦɢɬɢɪɚɚɬ�ɛɨɥɤɚ�ɢ�ɛɟɡ�ɩɪɢɬɢɫɨɤ�ɢɥɢ�ɢɪɢɬɚɰɢʁɚ��Ɉɞ�ɬɨɱɤɢɬɟ�ɦɨɠɟ�ɞɚ�ɩɨɬɟɤɧɭɜɚ�ɢ�ɪɟɮɟɪɟɧɬɧɚ�
ɛɨɥɤɚ� ɢɥɢ� ɬɪɩɧɟʃɟ� ɤɨʁɚ� ɦɨɠɟ� ɞɚ� ɟ� ɩɪɨɩɪɚɬɟɧɚ� ɫɨ� ɞɢɫɤɨɦɮɨɪɬ�� ɦɨɬɨɪɧɚ� ɞɢɫɮɭɧɤɰɢʁɚ� ɤɚɤɨ� ɢ� ɚɜɬɨɧɨɦɧɢ�
ɮɟɧɨɦɟɧɢ�� Ɍɪɢɝɟɪɧɢɬɟ� ɬɨɱɤɢ� ɩɪɟɬɫɬɚɜɭɜɚɚɬ� ɤɥɚɫɬɟɪ� ɧɚ� ɚɤɬɢɜɧɢ� ɦɟɫɬɚ� ɤɨɢ� ɟ� ɫɟ� ɩɨɜɪɡɚɧɢ� ɫɨ�
ɢɪɢɬɢɪɚɧɢ�ɤɨɧɬɪɚɤɬɢɥɧɢ�ʁɚɡɥɢ�ɤɚɤɨ�ɢ�ɞɢɫɮɭɧɤɰɢɨɧɚɥɧɚ�ɦɨɬɨɪɧɚ�ɩɥɨɱɚ�ɧɚ�ɫɤɟɥɟɬɧɢɨɬ�ɦɭɫɤɭɥ��Ɉɜɢɟ�ɚɤɬɢɜɧɢ�
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ϭϬϮϱ

ɦɟɫɬɚ� ɫɟ� ɧɚɨɼɚɚɬ� ɜɨ� ɦɭɫɤɭɥɧɨɬɨ� ɫɧɨɩɱɟ� ɢ� ɩɨɤɚɠɭɜɚɚɬ� ɫɩɨɧɬɚɧɚ� ɟɥɟɤɬɪɢɱɧɚ� ɚɤɬɢɜɧɨɫɬ�� Ⱥɛɧɨɪɦɚɥɧɨ�
ɫɬɢɦɭɥɢɪɚɧɚɬɚ� ɦɨɬɨɪɧɚ� ɩɥɨɱɚ� ɩɪɟɞɢɡɜɢɤɭɜɚ� ɥɨɤɚɥɧɨ� ɡɝɨɥɟɦɭɜɚʃɟ� ɧɚ� ɧɢɜɨɚɬɚ� ɧɚ� ɚɰɟɬɢɥɯɨɥɢɧ�� ȼɚɤɚ�
ɡɝɨɥɟɦɟɧɢɬɟ�ɧɢɜɨɚ�ɧɚ�ɚɰɟɬɢɥɯɨɥɢɧ ɪɟɡɭɥɬɢɪɚɚɬ�ɫɨ�ɩɨɫɬɨʁɚɧɚ�ɞɟɩɨɥɚɪɢɡɚɰɢʁɚ�ɧɚ�ɦɟɦɛɪɚɧɢɬɟ�ɧɚ�ɦɭɫɤɭɥɧɢɬɟ�
ɜɥɚɤɧɚ�ɢ�ɩɪɟɞɢɡɜɢɤɭɜɚ�ɫɤɪɚɬɭɜɚʃɟ�ɢ�ɩɨɫɬɨʁɚɧɚ�ɤɨɧɬɪɚɤɰɢʁɚ�ɧɚ�ɫɚɪɤɨɦɟɪɢɬɟ��Ɂɝɨɥɟɦɟɧɚɬɚ�ɩɨɬɪɨɲɭɜɚɱɤɚ�ɧɚ�
ɟɧɟɪɝɢʁɚ�ɢ�ɧɚɦɚɥɟɧɚɬɚ�ɰɢɪɤɭɥɚɰɢʁɚ�ɜɨ�ɡɚɫɟɝɧɚɬɢɨɬ�ɞɟɥ�ɜɨɞɢ�ɞɨ�ɢɫɯɟɦɢʁɚ�ɢ�ɯɢɩɨɤɫɢʁɚ�ɧɚ�ɬɤɢɜɨɬɨ��Ɉɞɝɨɜɨɪɨɬ�
ɧɚ� ɨɜɚɚ� ɫɨɫɬɨʁɛɚ� ɟ� ɨɫɥɨɛɨɞɭɜɚʃɟɬɨ� ɧɚ� ɧɟɭɪɨɜɚɡɨɪɟɚɤɬɢɜɧɢ� ɫɭɩɫɬɚɧɰɢɢ� ɤɚɤɨ� ɨɞɝɨɜɨɪ� ɡɚ� ɜɨɫɩɚɥɟɧɢɟɬɨ��
Ⱦɨɤɨɥɤɭ�ɜɨ�ɟɞɟɧ�ɢɫɬ�ɞɟɥ�ɡɚ�ɩɨʁɚɜɚɬ�ɧɟɤɨɥɤɭ�ɦɟɫɬɚ�ɫɨ�ɯɢɩɨɤɫɢʁɚ�ɢ�ɢɫɬɢɬɟ�ɧɟ�ɫɟ�ɨɫɥɨɛɨɞɚɬ�ɦɨɠɧɚ�ɟ�ɩɨʁɚɜɚ�ɧɚ�
ɧɟɟɞɧɚɤɜɨ� ɪɚɫɩɪɟɞɟɥɭɜɚʃɟ� ɧɚ� ɜɥɚɤɧɚ� ɫɨ� ɲɬɨ� ɫɟ� ɨɞɪɠɭɜɚ� ɡɝɨɥɟɦɟɧɢɨɬ� ɦɭɫɤɭɥɟɧ� ɬɨɧɭɫ� ɢ� ɩɪɢ� ɦɢɪɭɜɚʃɟ� ɢ�
ɩɨɫɬɨʁɚɧɚ�ɞɪɚɡɛɚ�ɧɚ�ɛɨɥɤɚ�ɢ�ɜɨɫɩɚɥɟɧɢɟ�
Ƚɭɚ�ɒɚ�ɩɪɟɬɫɬɚɜɭɜɚ�ɦɚɫɚɠɧɚ�ɬɟɯɧɢɤɚ�ɨɞ�ɬɪɚɞɢɰɢɨɧɚɥɧɚɬɚ�ɤɢɧɟɫɤɚ�ɦɟɞɢɰɢɧɚ��ɉɪɢ�ɨɜɚɚ�ɬɟɯɧɢɤɚ�ɫɟ�ɤɨɪɢɫɬɢ�
ɚɥɚɬɤɚ�ɤɚɤɨ�ɦɚɥɚ�ɩɥɨɱɤɚ�ɫɨ�ɤɨʁɚ�ɫɟ�ɜɪɲɢ�ɬɪɢɟʃɟ�± ɫɬɪɭɝɚʃɟ�ɧɚ�ɤɨɠɚɬɚ�ɧɚ�ɬɟɥɨɬɨ��Ʉɚɤɨ�ɤɨɧɬɚɤɬɧɚ�ɫɪɟɞɢɧɚ�ɫɟ�
ɤɨɪɢɫɬɢ�ɦɚɫɥɨ�ɫɨ�ɲɬɨ�ɫɟ�ɧɚɦɚɥɭɜɚ�ɞɪɚɡɧɟʃɟɬɨ�ɧɚ�ɤɨɠɚɬɚ�ɢ�ɧɟɩɪɢʁɚɬɧɨɬɨ�ɱɭɜɫɬɜɨ���Ʉɚɤɨ�ɩɨɫɥɟɞɢɰɚ�ɫɟ�ʁɚɜɭɜɚɚ�
ɯɟɦɚɬɨɦ��ɩɨɫɢɧɭɜɚʃɟ�ɧɚ�ɤɨɠɚɬɚ��Ɂɚ�ɜɪɟɦɟ�ɧɚ�ɬɪɟɬɦɚɧɨɬ�ɩɚɰɢɟɧɬɨɬ�ɦɨɠɟ�ɞɚ�ɢɫɩɢɬɚ�ɦɚɥɚ�ɞɨ�ɭɦɟɪɟɧɚ�ɛɨɥɤɚ��
Ʉɚɪɚɤɬɟɪɢɫɬɢɱɟɧ�ɟɮɟɤɬ�ɨɞ�ɬɪɟɬɦɚɧɨɬ�ɟ�ɦɢɤɪɨɬɪɚɜɦɢɪɚʃɟɬɨ�ɧɚ�ɬɤɢɜɚɬɚ�ɡɚ�ɤɨɟ�ɫɟ�ɫɦɟɬɚ�ɞɟɤɚ�ʅɟ�ɝɢ�ɚɤɬɢɜɢɪɚ�
ɪɟɝɟɧɟɪɚɬɢɜɧɢɬɟ�ɤɚɩɚɰɢɬɟɬɢ�ɧɚ�ɬɟɥɨɬɨ�ɢ�ɧɚ�ɬɨʁ�ɧɚɱɢɧ�ʅɟ�ɫɟ�ɩɨɫɬɢɝɧɟ�ɢ�ɫɚɧɨɝɟɧɟɬɫɤɢ�ɟɮɟɤɬ��ɉɨɫɥɟ�ɬɪɟɬɦɚɧɨɬ�
ɜɨ� ɩɟɪɢɨɞ� ɞɨ� ɧɟɤɨɥɤɭ� ɞɟɧɚ� ɫɟ� ɡɚɛɟɥɟɠɭɜɚ� ɡɝɨɥɟɦɭɜɚʃɟ� ɧɚ� ɥɨɤɚɥɧɚɬɚ� ɰɢɪɤɭɥɚɰɢʁɚ� ɢ� ɞɨ� ������Ɇɟɬɨɞɨɬ� ɫɟ�
ɤɨɪɢɫɬɢ� ɭɲɬɟ� ɨɞ� ɞɚɦɧɟɲɧɢ� ɜɪɟɦɢʃɚ� ɜɨ� ɞɚɥɟɱɧɢɨɬ� ɢɫɬɨɤ� ɤɚɤɨ� ɫɪɟɞɫɬɜɨ� ɡɚ� ɬɪɟɬɦɚɧ� ɧɚ� ɦɭɫɤɭɥɧɚ� ɛɨɥɤɚ��
ɧɚɪɭɲɭɜɚʃɟ� ɧɚ� ɰɢɪɤɭɥɚɰɢʁɚɬɚ� ɤɚɤɨ� ɢ� ɡɚ� ɥɟɤɭɜɚʃɟ� ɧɚ� ɡɚɛɨɥɭɜɚʃɚ� ɩɪɟɞɢɡɜɢɤɚɧɢ� ɨɞ� ɩɚɬɨɝɟɧɢɬɟ� ɮɚɤɬɨɪɢ�
Äɜɟɬɚɪ³�ɢ�Äɫɬɭɞɟɧɢɥɨ³��ɫɩɨɪɟɞ�ɬɪɚɞɢɰɢɨɧɚɥɧɚɬɚ�ɤɢɧɟɫɤɚ�ɦɟɞɢɰɢɧɚ�

�� ɐȿɅ�
ɐɟɥɬɚ� ɧɚ� ɨɜɚ� ɢɫɬɪɚɠɭɜɚʃɟ� ɟ� ɞɚ� ɫɟ� ɚɩɪɨɛɢɪɚ� ɟɮɟɤɬɨɬ� ɧɚ� ɬɟɯɧɢɤɚɬɚ� ɧɚ� Ƚɭɚ�ɒɚ� ɦɚɫɚɠɚ� ɩɪɢ� ɬɪɟɬɢɪɚʃɟ� ɧɚ�
ɚɤɬɢɜɧɢ�ɦɢɨɮɚɫɰɢʁɚɥɧɢ�ɬɪɢɝɟɪɧɢ�ɬɨɱɤɢ�ɜɨ�P��7UDSH]LXV�

�� ɆȺɌȿɊɂȳȺɅɂ�ɂ�ɆȿɌɈȾɂ��
ɂɫɬɪɚɠɭɜɚʃɟɬɨ�ɫɟ�ɫɩɪɨɜɟɞɟ�ɜɨ�ɩɟɪɢɨɞ�ɨɞ�ɦɚɪɬ�± ʁɭɧɢ������ɝɨɞɢɧɚ�ɜɨ�ɩɪɨɫɬɨɪɢɢɬɟ�ɧɚ�Ɋɟɤɪɟɚɬɢɜɧɢɨɬ�ɰɟɧɬɚɪ�
ɩɪɢ� ɍɧɢɜɟɪɡɢɬɟɬ� ÄȽɨɰɟ� Ⱦɟɥɱɟɜ³� ± ɒɬɢɩ�� ɉɪɢɦɟɪɨɤɨɬ� ɫɟ� ɫɨɫɬɨɟɲɟ� ɨɞ� ��� ɩɚɰɢɟɧɬɢ� ɫɨ� ɚɤɬɢɜɧɢ� ɬɪɢɝɟɪɧɢ�
ɬɨɱɤɢ�ɜɨ�P��WUDSH]LXV��ɉɚɰɢɟɧɬɢɬɟ�ɛɟɚ�ɝɪɭɩɢɪɚɧɢ�ɩɨ�ɫɥɭɱɚɟɧ�ɢɡɛɨɪ�ɛɟɡ�ɞɚ�ɡɧɚɚɬ�ɜɨ�ɤɨʁɚ�ɝɪɭɩɚ�ɩɪɢɩɚɼɚɚɬ��ɉɪɟɞ�
ɬɪɟɬɦɚɧɨɬ�ɛɟɚ�ɡɚɩɨɡɧɚɟɧɢ�ɫɨ�ɦɟɬɨɞɨɬ�ɧɚ�ɬɟɪɚɩɢʁɚ��ɫɨ�ɬɟɪɚɩɟɜɬɫɤɢɬɟ�ɤɚɤɨ�ɢ�ɫɨ�ɧɟɫɚɤɚɧɢɬɟ�ɟɮɟɤɬɢ�ɤɨɢ�ɦɨɠɟ�ɞɚ�
ɫɟ�ɩɨʁɚɜɚɬ�ɤɚɤɨ�ɩɨɫɥɟɞɢɰɚ�ɨɞ�ɦɚɫɚɠɚɬɚ��ɉɚɰɢɟɧɬɢɬɟ�ɛɟɚ�ɩɨɞɟɥɟɧɢ�ɜɨ�ɞɜɟ�ɝɪɭɩɢ��ɉɚɰɢɟɧɬɢɬɟ�ɢ�ɨɞ�ɞɜɟɬɟ�ɝɪɭɩɢ�
ɩɨɦɢɧɚɚ� ɬɟɪɚɩɟɜɬɫɤɢ� ɤɭɪɫ� ɨɞ� ��� ɞɟɧɚ� ɡɚ� ɤɨʁ� ɩɟɪɢɨɞ� ɢɦɚɚ� �� ɩɪɨɰɟɞɭɪɢ� ɧɚ� Ƚɭɚ� ɒɚ� ɦɚɫɚɠɚ�� Ƚɪɭɩɚ� Ⱥ�
�ɤɨɧɬɪɨɥɧɚ�� �Q ����� ɤɚʁ� ɤɨʁɚ� ɩɪɢɦɟɧɢɜɦɟ� ɨɛɪɚɛɨɬɤɚ� ɧɚ� ɰɟɥɚɬɚ� ɩɨɜɪɲɢɧɚ� ɧɚ� P�� WUDSH]LXV�� Ȼɟɡ� ɞɢɪɟɤɬɧɨ�
ɡɚɫɟɝɚʃɟ�ɧɚ�ɬɪɢɝɟɪɧɢɬɟ�ɬɨɱɤɢ��Ƚɪɭɩɚ�Ȼ��ɟɤɫɩɟɪɢɦɟɧɬɚɥɧɚ����Q �����ɩɪɢɦɟɧɢɜɦɟ�Ƚɭɚ�ɒɚ�ɨɛɪɚɛɨɬɤɚ��ɞɢɪɟɤɬɧɨ�
ɫɚɦɨ�ɧɚ�ɬɪɢɝɟɪɧɢɬɟ�ɬɨɱɤɢ��Ɂɚ�ɩɪɨɰɟɧɤɚ�ɧɚ�ɟɮɟɤɬɢɬɟ�ɨɞ�ɬɟɪɚɩɢʁɚɬɚ�ɩɪɟɞ�ɢ�ɩɨɫɥɟ�ɫɟɤɨʁ�ɬɪɟɬɦɚɧ�ɧɚɩɪɚɜɢɜɦɟ�
ɦɟɪɟʃɚ�ɡɚ�ɫɭɛʁɟɤɬɢɜɧɨɬɨ�ɱɭɜɫɬɜɨ�ɧɚ�ɛɨɥɤɚ�ɫɨ�ɤɨɪɢɫɬɟʃɟ�ɧɚ�ɜɢɡɭɟɥɧɨ�ɚɧɚɥɨɝɧɚ�ɫɤɚɥɚ��ȼȺɋ��ɤɚɤɨ�ɢ�ɦɟɪɟʃɟ�ɧɚ�
ɥɨɤɚɥɧɚɬɚ�ɛɨɥɤɚ�ɜɨ�ɬɪɢɝɟɪɧɢɬɟ�ɬɨɱɤɢ�ɫɨ�ɤɨɪɢɫɬɟʃɟ�ɧɚ�ɚɥɝɨɦɟɬɚɪ��Ʉɨɪɢɫɬɟɜɦɟ�ɚɥɝɨɦɟɬɚɪ�ɨɞ�ɩɪɨɢɡɜɨɞɢɬɟɥɨɬ�
%DVHOLQH�ɫɨ�ɤɨɧɬɚɤɬɧɚ�ɩɨɜɪɲɢɧɚ�ɨɞ��ɰɦ����

�� ɊȿɁɍɅɌȺɌɂ�ɂ�ȾɂɋɄɍɋɂȳȺ
ɋɢɬɟ� ��� ɭɱɟɫɧɢɰɢ� ɝɨ� ɡɚɜɪɲɢʁɚ� ɢɫɬɪɚɠɭɜɚʃɟɬɨ�� ȼɨ� Ƚɪɭɩɚ� Ⱥ�� ɩɨɫɥɟ� ɩɪɜɢɨɬ� ɬɪɟɬɦɚɧ�� ɤɚʁ� ��� ɢɫɩɢɬɚɧɢɰɢ� ɫɟ�
ɡɚɛɟɥɟɠɚ�ɧɚɦɚɥɭɜɚʃɟ�ɧɚ ɧɢɜɨɬɨ�ɧɚ�ɛɨɥɤɚ�ɩɨ�ȼȺɋ��Ʉɚʁ� ɨɫɭɦɦɢɧɚ� ɫɟ� ɡɚɛɟɥɟɠɚ�ɢ� ɡɝɨɥɟɦɭɜɚʃɟ�ɧɚ�ɩɪɚɝɨɬ� ɧɚ�
ɛɨɥɤɚ�ɩɪɢ�ɬɟɫɬɢɪɚʃɟ�ɫɨ�ɚɥɝɨɦɟɬɪɢʁɚ��ɚ�ɤɚʁ�ɱɟɬɜɨɪɢɰɚ�ɫɟ�ɡɚɛɟɥɟɠɚ�ɧɚɦɚɥɭɜɚʃɟ�ɧɚ�ɩɪɚɝɨɬ�ɧɚ�ɛɨɥɤɚɬɚ��ɉɨɫɥɟ�
ɡɚɜɪɲɭɜɚʃɟɬɨ�ɧɚ�ɬɪɟɬɢɨɬ�ɬɪɟɬɦɚɧ��ɤɚʁ����ɢɫɩɢɬɚɧɢɰɢ�ɫɟ�ɡɚɛɟɥɟɠɚ�ɧɚɦɚɥɭɜɚʃɟɧɚ�ɧɢɜɨɬɨ�ɧɚ�ɛɨɥɤɚ�ɩɨ�ȼȺɋ��ɚ�
ɤɚʁ���ɫɟ�ɡɚɞɪɠɚ�ɢɫɬɨɬɨ�ɧɢɜɨ��ȼɨ�ɨɞɧɨɫ�ɧɚ�ɚɥɝɨɦɟɬɪɢʁɚɬɚ��ɤɚʁ����ɢɫɩɢɬɚɧɢɰɢ�ɫɟ�ɡɝɨɥɟɦɢ��ɤɚʁ���ɨɫɬɚɧɚ�ɢɫɬɚ�ɢ�ɤɚʁ�
ɟɞɟɧ�ɩɪɚɝɨɬ�ɧɚ�ɛɨɥɤɚɬɚ�ɫɟ�ɧɚɦɚɥɢ��ɉɨɫɥɟ�ɬɪɟɬɢɨɬ�ɬɪɟɬɦɚɧ�ɞɟɜɟɬɦɢɧɚ�ɢɫɩɢɬɚɧɢɰɢ�ɡɚɛɟɥɟɠɚɚ�ɧɚɦɚɥɭɜɚʃɟ�ɧɚ�
ɧɢɜɨɬɨ�ɧɚ� ɛɨɥɤɚ�� ɚ� ɤɚʁ� ��ɧɢɜɨɚɬɚ�ɨɫɬɚɧɚɚ� ɢɫɬɢ��Ⱥɥɝɨɦɟɬɚɪɨɬ�ɩɨɤɚɠɚ� ɡɝɨɥɟɦɭɜɚʃɟ� ɤɚʁ� ɟɞɢɧɚɟɫɟɬɦɢɧɚ�� ɚ� ɤɚʁ�
ɟɞɟɧ�ɩɨɤɚɠɚ�ɧɚɦɚɥɭɜɚʃɟ��ɉɨ�ɡɚɜɪɲɭɜɚʃɟɬɨ�ɧɚ�ɩɨɫɥɟɞɧɢɨɬ�ɬɪɟɬɦɚɧ��ɤɚʁ����ɢɫɩɢɬɚɧɢɰɢ�ɛɨɥɤɚɬɚ�ɫɟ�ɧɚɦɚɥɢ��ɚ�
ɤɚʁ� ɞɜɚʁɰɚ� ɨɫɬɚɧɚ� ɢɫɬɚ�� ɉɪɢ� ɚɥɝɨɦɟɬɪɢʁɚ� ɤɚʁ� ��� ɫɟ� ɡɚɛɟɥɟɠɚ� ɡɝɨɥɟɦɭɜɚʃɟ ɧɚ� ɩɪɢɬɢɫɨɤɨɬ�� ɚ� ɤɚʁ� ɟɞɟɧ�
ɧɚɦɚɥɭɜɚʃɟ�
ɂ�ɤɚʁ�Ƚɪɭɩɚ�Ȼ�ɫɢɬɟ�ɢɫɩɢɬɚɧɢɰɢ�ɝɨ�ɡɚɜɪɲɢʁɚ�ɥɟɤɭɜɚʃɟɬɨ�ɜɨ�ɰɟɥɨɫɬ��ɉɨ�ɡɚɜɪɲɭɜɚʃɟ�ɧɚ�ɩɪɜɢɨɬ�ɬɪɟɬɦɚɧ�ɤɚʁ���
ɢɫɩɢɬɚɧɢɰɢ�ɡɚɛɟɥɟɠɚɜɦɟ�ɧɚɦɚɥɭɜɚʃɟ�ɧɚ�ɛɨɥɤɚɬɚ��ɤɚʁ�ɞɜɚʁɰɚ�ɫɟ�ɡɝɨɥɟɦɢ�ɢ�ɤɚʁ�ɬɪɨʁɰɚ�ɨɫɬɚɧɚ�ɢɫɬɚ��ȼɨ�ɨɞɧɨɫ�ɧɚ�
ɚɥɝɨɦɟɬɪɢʁɚɬɚ�ɤɚʁ����ɫɟ�ɡɚɛɟɥɟɠɚ�ɡɝɨɥɟɦɭɜɚʃɟ�ɧɚ�ɩɪɢɬɢɫɨɤɨɬ��ɚ�ɤɚʁ�ɟɞɟɧ�ɢɫɩɢɬɚɧɢɤ�ɨɫɬɚɧɚ�ɢɫɬ��ɉɨ�ɜɬɨɪɢɨɬ�
ɬɪɟɬɦɚɧ�ɤɚʁ�ɞɟɫɟɬɦɢɧɚ�ɫɟ�ɧɚɦɚɥɢ�ɛɨɥɤɚɬɚ��ɤɚʁ�ɟɞɟɧ�ɧɢɜɨɬɨ�ɨɫɬɚɧɚ�ɢɫɬɨ��ɚ�ɤɚʁ�ɟɞɟɧ�ɢɦɚɲɟ�ɡɝɨɥɟɦɭɜɚʃɟ��ɉɪɢ�
ɚɥɝɨɦɟɬɪɢɫɤɨɬɨ� ɦɟɪɟʃɟ� ɤɚʁ� �� ɫɟ� ɩɨɤɚɠɚ� ɡɝɨɥɟɦɭɜɚʃɟ�� ɚ� ɤɚʁ� �� ɧɚɦɚɥɭɜɚʃɟ� ɧɚ� ɩɪɚɝɨɬ� ɧɚ� ɛɨɥɤɚ�� Ɍɪɟɬɢɨɬ�
ɬɪɟɬɦɚɧ� ɞɨɧɟɫɟ� ɩɪɨɦɟɧɢ� ɤɚʁ� ɫɢɬɟ� ɢɫɩɢɬɚɧɢɰɢ�� ɤɚʁ� �� ɧɚɦɚɥɭɜɚʃɟ� ɧɚ� ɛɨɥɤɚɬɚ�� ɚ� ɤɚʁ� �� ɡɝɨɥɟɦɭɜɚʃɟ��
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Ⱥɥɝɨɦɟɬɚɪɨɬ�ɩɨɤɚɠɚ�ɡɝɨɥɟɦɭɜɚʃɟ�ɧɚ�ɩɪɢɬɢɫɨɤɨɬ�ɤɚʁ���ɢ�ɧɚɦɚɥɭɜɚʃɟ�ɧɚ�ɬɪɨʁɰɚ��ɉɨɫɥɟ�ɩɨɫɥɟɞɧɢɨɬ�ɬɪɟɬɦɚɧ��
ɞɟɜɟɬɦɢɧɚ�ɡɚɛɟɥɟɠɚɚ�ɧɚɦɚɥɭɜɚʃɟ�ɧɚ�ɛɨɥɤɚ��ɚ�ɤɚʁ���ɨɫɬɚɧɚ�ɢɫɬɚ��ɉɪɢɬɢɫɨɤɨɬ�ɫɟ�ɡɝɨɥɟɦɢ�ɤɚʁ�ɫɟɞɭɦɦɢɧɚ�ɚ�ɤɚʁ�
ɩɟɬɦɢɧɚ�ɨɫɬɚɧɚ�ɢɫɬ�
Ɍɚɛɟɥɚɪɟɧ�ɩɪɢɤɚɡ�ɧɚ�ɪɟɡɭɥɬɚɬɢɬɟ
Ƚɪɭɩɚ�Ⱥ
Ȼɪɨʁ�ɧɚ�ɢɫɩɢɬɚɧɢɰɢ����
ȼȺɋ

ɉɪɨɫɟɤ�ɩɪɟɞ ɉɪɨɫɟɤ�ɩɨɫɥɟ ɉɪɨɫɟɤ�ɪɚɡɥɢɤɚ

Ɍɪɟɬɦɚɧ�� ���� ���� ����

Ɍɪɟɬɦɚɧ� ���� ��� ����

Ɍɪɟɬɦɚɧ�� ���� ���� ����

Ɍɪɟɬɦɚɧ�� ���� ���� ����

Ɋɚɡɥɢɤɚ�ɩɨɦɟɼɭ�ɩɪɨɫɟɰɢɬɟ�ɨɞ�ɬɪɟɬɦɚɧ���ɢ�ɬɪɟɬɦɚɧ���
ɉɪɟɞ������± ���� �����ɧɚɦɚɥɭɜɚʃɟ�
ɉɨɫɥɟ������± ���� �����ɧɚɦɚɥɭɜɚʃɟ
Ⱥɥɝɨɦɟɬɪɢʁɚ

ɉɪɨɫɟɤ�ɩɪɟɞ� ɉɪɨɫɟɤ�ɩɨɫɥɟ� ɉɪɨɫɟɤ�ɪɚɡɥɢɤɚ�

Ɍɪɟɬɦɚɧ��� ���� ���� ����

Ɍɪɟɬɦɚɧ��� ���� ���� ����

Ɍɪɟɬɦɚɧ��� ���� ���� ����

Ɍɪɟɬɦɚɧ��� ���� ���� ����
Ɋɚɡɥɢɤɚ�ɩɨɦɟɼɭ�ɩɪɨɫɟɰɢɬɟ�ɨɞ�ɬɪɟɬɦɚɧ���ɢ�ɬɪɟɬɦɚɧ���
ɉɪɟɞ����������� �����ɡɝɨɥɟɦɭɜɚʃɟ�
ɉɨɫɥɟ������� ���� �����ɡɝɨɥɟɦɭɜɚʃɟ
Ƚɪɭɩɚ�Ȼ
Ȼɪɨʁ�ɧɚ�ɢɫɩɢɬɚɧɢɰɢ����
ȼȺɋ

ɉɪɨɫɟɤ�ɩɪɟɞ� ɉɪɨɫɟɤ�ɩɨɫɥɟ� ɉɪɨɫɟɤ�ɪɚɡɥɢɤɚ�

Ɍɪɟɬɦɚɧ��� ���� ���� ����

Ɍɪɟɬɦɚɧ��� ���� ���� ����

Ɍɪɟɬɦɚɧ��� ���� ���� ����

Ɍɪɟɬɦɚɧ��� ���� ���� ����

Ɋɚɡɥɢɤɚ�ɩɨɦɟɼɭ�ɩɪɨɫɟɰɢɬɟ�ɨɞ�ɬɪɟɬɦɚɧ���ɢ�ɬɪɟɬɦɚɧ���
ɉɪɟɞ������� ���� �����ɧɚɦɚɥɭɜɚʃɟ
ɉɨɫɥɟ������� ���� �����ɧɚɦɚɥɭɜɚʃɟ
Ⱥɥɝɨɦɟɬɪɢʁɚ�

ɉɪɨɫɟɤ�ɩɪɟɞ� ɉɪɨɫɟɤ�ɩɨɫɥɟ� ɉɪɨɫɟɤ�ɪɚɡɥɢɤɚ�

Ɍɪɟɬɦɚɧ��� ��� ��� ���

��ɁȺɄɅɍɑɈɄ
Ɉɜɚ�ɦɚɥɚ�ɫɬɭɞɢʁɚ�ɝɨ�ɩɨɬɜɪɞɭɜɚ�ɪɚɫɬɟɱɤɢɨɬ�ɬɪɟɧɞ�ɜɨ�ɢɫɬɪɚɠɭɜɚʃɚɬɚ�ɧɚ�ɟɮɟɤɬɢɬɟ�ɨɞ�Ƚɭɚ�ɒɚ�ɦɚɫɚɠɚ�ɫɨ�ɤɨɢ��ɫɟ�
ɩɨɬɜɪɞɭɜɚ� ɫɩɨɫɨɛɧɨɫɬɚ� ɞɚ� ɫɟ� ɧɚɦɚɥɢ� ɛɨɥɤɚɬɚ� ɜɨ� ɚɤɬɢɜɧɢɬɟ� ɬɪɢɝɟɪɧɢ� ɬɨɱɤɢ�Ɋɟɡɭɥɬɚɬɢɬɟ�� ɢɫɬɨ� ɬɚɤɚ��
ɩɨɤɚɠɭɜɚɚɬ� ɞɟɤɚ� ɤɨɥɢɱɢɧɚɬɚ� ɧɚ� ɩɪɢɬɢɫɨɤ� ɲɬɨ� ɟ� ɩɨɬɪɟɛɟɧ� ɡɚ� ɞɚ� ɫɟ� ɞɨɛɢɟ� ɛɨɥɤɚ� ɫɟ� ɡɝɨɥɟɦɢ� ɩɨ�
ɬɪɟɬɦɚɧɨɬ�Ⱦɜɚɬɚ� ɦɟɬɨɞɚ� ɧɚ� ɦɟɪɟʃɟ� ɜɨ� ɨɜɚɚ� ɫɬɭɞɢʁɚ� ɫɟ� ɫɭɛʁɟɤɬɢɜɧɢ�ɚ� ɫɨ� ɬɨɚ� ɲɬɨ� ɛɨɥɤɚɬɚ� ɟ� ɫɭɛʁɟɤɬɢɜɟɧ�
ɤɥɢɧɢɱɤɢ�ɢɧɞɢɤɚɬɨɪ�ɦɨɠɟ�ɞɚ�ɜɚɪɢɪɚ�ɨɞ�ɢɧɞɢɜɢɞɭɚ�ɞɨ�ɢɧɞɢɜɢɞɭɚ�ɩɨɪɚɞɢ�ɜɚɪɢʁɚɰɢɢɬɟ�ɧɚ�ɩɪɚɝɨɬ�ɧɚ�ɛɨɥɤɚ�ɨɞ�
ɟɞɧɚ� ɞɨ� ɞɪɭɝɚ� ɥɢɱɧɨɫɬ�Ɉɜɚɚ� ɫɬɭɞɢʁɚ� ɫɭɝɟɪɢɪɚ� ɞɟɤɚ� Ƚɭɚ� ɒɚ� ɬɟɯɧɢɤɚɬɚ� ɦɨɠɟ� ɞɚ� ɛɢɞɟ� ɜɚɥɢɞɟɧ� ɦɟɬɨɞ� ɡɚ�
ɧɚɦɚɥɭɜɚʃɟ�ɧɚ�ɛɨɥɤɚɬɚ� ɜɨ� ɬɪɢɝɟɪɧɢɬɟ� ɬɨɱɤɢ�� ɫɨ�ɩɨɬɪɟɛɚ�ɨɞ�ɤɨɧɬɢɧɭɢɪɚɧɢ�ɫɬɭɞɢɢ�ɨɞ�ɩɨɝɨɥɟɦɚ�ɩɪɢɪɨɞɚ� ɡɚ�
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ɩɨɧɚɬɚɦɨɲɧɨ�ɢɫɬɪɚɠɭɜɚʃɟ�ɧɚ�ɤɥɢɧɢɱɤɢɬɟ�ɢ�ɟɤɨɧɨɦɫɤɢ�ɢɧɞɢɤɚɰɢɢ�ɧɚ�ɬɟɯɧɢɤɚɬɚ�ɜɨ�ɰɟɥɨɤɭɩɧɢɨɬ�ɫɢɫɬɟɦ�ɧɚ�
ɡɞɪɚɜɫɬɜɟɧɚ�ɡɚɲɬɢɬɚ�

ɅɂɌȿɊȺɌɍɊȺ
&DUH\��7���+DPPHU�:����������*UDVWRQ7HFKQLTXH,QVWUXFWLRQ0DQXDO��('��5LFKDUG�(��9LQFHQW��,QGLDQDSROLV��,1���QG�

(GLWLRQ��������
6LPRQV��'���7UDYHOO�-���6LPRQV��/���&XPPLQJV��%��� �������7UDYHO	6LPRQV
V�0\RIDVFLDO�3DLQDQG'\VIXQFWLRQ��

7KH7ULJJHU3RLQW0DQXDO���QG�(GLWLRQ��������
%ULPP��-DPLH HW DO���*UDVWRQ7HFKQLTXHDQG,WV(IIHFWRQ7ULJJHU3RLQWVLQWKH8SSHU7UDSH]LXV�0XVFOH
:HOW\��'LDQQDHWDO���$ ������ 3LORW6WXG\IRU*UDVWRQ7HFKQLTXHIRU,PSURYLQJ7ULJJHU3RLQWVLQWKH8SSHU�7UDSH]LXV�

0XVFOH��$SULO�����������
+DPPHU��:��������� *UDVWRQWHFKQLTXH�D�QHFHVVDU\SLHFHRIWKHSX]]OH��'\QDPLFFKLURSUDFWLF���������������
+DPPHU��:���������� $SSO\LQJWKH*UDVWRQ7HFKQLTXH��$Q8SGDWH��'\QDPLF&KLURSUDFWLF��������������
5LFK��.��������� 7ULJJHU�3RLQW*UDGLQJ��'\QDPLFFKLURSUDFWLF���������������
)LVFKHU��$$���������� 3UHVVXUHWKUHVKROGPHWHU��,WVXVHIRUTXDQWLILFDWLRQVRIWHQGHUVSRWV��$UFK3K\V0HG�5HKDELO������

������������
&RQWRJLDQQLV��'���HW DO�� &RPSDUDWLYHVWXG\EHWZHHQOLTXLGFU\VWDOWKHUPRJUDSK\	DOJRPHWU\LQWKHXSSHUDQGPLGGOH�

WUDSH]LXV�WULJJHUSRLQWV��
-DHJHU�%��5HHYHV�-/�������� 4XDWLILFDWLRQRIFKDQJHVLQ�P\RIDVFLDO�WULJJHUSRLQWVHQVLWLYLW\ZLWKWHKSUHVVXUH�DOJRPHWHU�

IROOZLQJSDVVLYHVWUHWFK��3DLQ��������


