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ɍȾɄ ������������

ɋɛɨɪɧɢɤ� ɦɚɬɟɪɢɚɥɨɜ� ɦɟɠɞɭɧɚɪɨɞɧɨɣ� ɧɚɭɱɧɨ�ɩɪɚɤɬɢɱɟɫɤɨɣ� ɤɨɧɮɟɪɟɧɰɢɢ�
ɩɨɫɜɹɳɟɧ� ɜɨɩɪɨɫɚɦ� ɧɚɭɤ� ɨ� Ɂɟɦɥɟ�� ɢɫɫɥɟɞɨɜɚɧɢɹɦ� ɢɯ� ɫɨɫɬɨɹɧɢɹ� ɧɚ� ɫɨɜɪɟɦɟɧɧɨɦ�
ɷɬɚɩɟ�ɢ�ɩɟɪɫɩɟɤɬɢɜ�ɪɚɡɜɢɬɢɹ�ɜ�ɬɟɨɪɟɬɢɱɟɫɤɨɣ�ɢ�ɩɪɚɤɬɢɱɟɫɤɨɣ ɫɮɟɪɚɯ�

ɂɡɞɚɧɢɟ� ɫɨɫɬɨɢɬ�ɢɡ� ɞɜɭɯ�ɱɚɫɬɟɣ��ȼ�ɩɟɪɜɨɣ�ɱɚɫɬɢ�ɩɪɟɞɫɬɚɜɥɟɧɵ�ɦɚɬɟɪɢɚɥɵ�ɩɨ�
ɫɟɤɰɢɹɦ�� ©Ɉɛɳɚɹ� ɢ� ɪɟɝɢɨɧɚɥɶɧɚɹ� ɝɟɨɥɨɝɢɹª�� ©Ƚɢɞɪɨɝɟɨɥɨɝɢɹ� ɢ� ɢɧɠɟɧɟɪɧɚɹ�
ɝɟɨɥɨɝɢɹª�� ©Ƚɟɨɥɨɝɢɹ� ɧɟɮɬɢ� ɢ� ɝɚɡɚ�� ɦɟɫɬɨɪɨɠɞɟɧɢɹ� ɩɨɥɟɡɧɵɯ� ɢɫɤɨɩɚɟɦɵɯª��
©Ʌɢɬɨɥɨɝɢɹ�� ɫɟɞɢɦɟɧɬɨɥɨɝɢɹ� ɢ� ɝɟɨɯɢɦɢɹ� ɨɫɚɞɨɱɧɵɯ� ɛɚɫɫɟɣɧɨɜª�� ©ɋɨɜɪɟɦɟɧɧɵɟ�
ɦɟɬɨɞɵ�ɢɫɫɥɟɞɨɜɚɧɢɣ�ɜ�ɩɚɥɟɨɧɬɨɥɨɝɢɢ�ɢ�ɫɬɪɚɬɢɝɪɚɮɢɢª��©ɂɧɧɨɜɚɰɢɨɧɧɵɟ�ɦɟɬɨɞɵ�
ɝɟɨɮɢɡɢɱɟɫɤɢɯ� ɢɫɫɥɟɞɨɜɚɧɢɣ� ɫɤɜɚɠɢɧ� ɢ� ɫɟɣɫɦɨɪɚɡɜɟɞɤɢª�� ©Ƚɟɨɢɧɮɨɪɦɚɰɢɨɧɧɵɟ�
ɫɢɫɬɟɦɵ�ɜ�ɧɚɭɤɚɯ�ɨ�Ɂɟɦɥɟª�

Ⱥɞɪɟɫɭɟɬɫɹ�ɧɚɭɱɧɵɦ�ɫɨɬɪɭɞɧɢɤɚɦ��ɩɪɟɩɨɞɚɜɚɬɟɥɹɦ�ɫɪɟɞɧɢɯ�ɢ�ɜɵɫɲɢɯ�ɭɱɟɛɧɵɯ�
ɡɚɜɟɞɟɧɢɣ�� ɫɬɭɞɟɧɬɚɦ�� ɦɚɝɢɫɬɪɚɧɬɚɦ�� ɚɫɩɢɪɚɧɬɚɦ�� ɚ� ɬɚɤɠɟ� ɪɚɛɨɬɧɢɤɚɦ� ɫɢɫɬɟɦɵ�
ɩɪɢɪɨɞɨɩɨɥɶɡɨɜɚɧɢɹ��ɫɨɬɪɭɞɧɢɤɚɦ�ɭɩɪɚɜɥɟɧɱɟɫɤɢɯ�ɢ�ɯɨɡɹɣɫɬɜɟɧɧɵɯ�ɫɬɪɭɤɬɭɪ�

ɋɛɨɪɧɢɤ� ɢɡɞɚɟɬɫɹ� ɜ� ɫɨɨɬɜɟɬɫɬɜɢɢ� ɫ� ɨɪɢɝɢɧɚɥɨɦ�� ɩɨɞɝɨɬɨɜɥɟɧɧɵɦ�
ɪɟɞɚɤɰɢɨɧɧɨɣ�ɤɨɥɥɟɝɢɟɣ��ɩɪɢ�ɭɱɚɫɬɢɢ�ɢɡɞɚɬɟɥɶɫɬɜɚ�

Ɋɟɞɚɤɰɢɨɧɧɚɹ�ɤɨɥɥɟɝɢɹ�

Ⱥ�ɂ��ɉɚɜɥɨɜɫɤɢɣ��ɝɥɚɜɧɵɣ�ɪɟɞɚɤɬɨɪ��
Ɇ�ɋ� Ɍɨɦɚɲ� ɋ�ȼ��Ⱥɧɞɪɭɲɤɨ� Ɍ�Ⱥ��Ɇɟɥɟɠ��

ȿ�ɘ��Ɍɪɚɰɟɜɫɤɚɹ��Ⱥ�Ɉ��ɐɵɝɚɧɤɨɜ

,6%1 ������������������ɑ�����
,6%1 �����������������

��ɍɱɪɟɠɞɟɧɢɟ�ɨɛɪɚɡɨɜɚɧɢɹ�
©Ƚɨɦɟɥɶɫɤɢɣ�ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ�ɭɧɢɜɟɪɫɢɬɟɬ�
ɢɦɟɧɢ�Ɏɪɚɧɰɢɫɤɚ�ɋɤɨɪɢɧɵª������
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���Ʌɨɝɢɧɨɜ�� ȼ�Ɏ�� ɋɨɜɪɟɦɟɧɧɨɟ� ɚɧɬɪɨɩɨɝɟɧɧɨɟ� ɜɨɡɞɟɣɫɬɜɢɟ� ɧɚ� ɜɨɞɧɵɟ� ɪɟɫɭɪɫɵ�
Ȼɟɥɚɪɭɫɢ� �� ȼ�Ɏ�� Ʌɨɝɢɧɨɜ�� Ɇ�ɘ�� Ʉɚɥɢɧɢɧ�� ȼ�Ɏ�� ɂɤɨɧɧɢɤɨɜ�� ± Ɇɢɧɫɤ� �� ɂȽɇ� ɇȺɇ�
Ȼɟɥɚɪɭɫɢ��������± ����ɫ�

���Ɇɢɧɟɪɚɥɶɧɵɟ� ɜɨɞɵ� Ȼɟɥɚɪɭɫɢ� �� Ⱥ�� ȼ�� Ʉɭɞɟɥɶɫɤɢɣ�� Ɇ�� Ƚ�� əɫɨɜɟɟɜ�� ± Ɇɢɧɫɤ� ��
ɂɧɫɬɢɬɭɬ�ɝɟɨɥɨɝɢɱɟɫɤɢɯ�ɧɚɭɤ�Ⱥɇ�Ȼɟɥɚɪɭɫɢ��������± ����ɫ�

���Ɇɢɧɟɪɚɥɶɧɵɟ� ɜɨɞɵ� ɢ� ɥɟɱɟɛɧɵɟ� ɩɟɥɨɢɞɵ� Ȼɟɥɚɪɭɫɢ�� ɪɟɫɭɪɫɵ� ɢ� ɫɨɜɪɟɦɟɧɧɨɟ�
ɢɫɩɨɥɶɡɨɜɚɧɢɟ���Ɇ�Ƚ��əɫɨɜɟɟɜ��ɂ�Ɏ��Ⱥɜɟɪɱɟɧɤɨ� ɇ�ȼ��Ɇɚɡɭɪ�>ɢ�ɞɪ�@� ± Ɇɢɧɫɤ��������± ����ɫ�

���ɉɨɞɡɟɦɧɵɟ�ɜɨɞɵ�Ȼɟɥɚɪɭɫɢ� ��Ⱥ�ȼ��Ʉɭɞɟɥɶɫɤɢɣ��ȼ�ɂ��ɉɚɲɤɟɜɢɱ��Ɇ�Ƚ��əɫɨɜɟɟɜ�� ±
Ɇɢɧɫɤ���ɂɧ�ɬ�ɝɟɨɥ��ɧɚɭɤ�ɇȺɇ�Ȼɟɥɚɪɭɫɢ��������± ����ɫ�

���ɉɪɟɫɧɵɟ� ɩɨɞɡɟɦɧɵɟ� ɜɨɞɵ� Ƚɨɦɟɥɶɫɤɨɣ� ɨɛɥɚɫɬɢ�� ɞɢɧɚɦɢɤɚ� ɢ� ɷɤɨɥɨɝɢɹ�� ��
ȼ�Ƚ��ɀɨɝɥɨ�>ɢ�ɞɪ�@� ± Ɇɢɧɫɤ���Ȼɟɥɚɪɭɫɤɚɹ�ɧɚɜɭɤɚ��������± ����ɫ�
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/RPRQRVRY�0RVFRZ�6WDWH�8QLYHUVLW\��0RVFRZ��5XVVLD�
DQDVWDVL#LWIRUE�UX� YD�NRUROHY#EN�UX

,QIRUPDWLRQ� DERXW�0DUWLDQ�VXUIDFH�PDWHULDOV�FDQ�EH�XVHG� IRU� FRPSDUHG�SODQHWRORJ\�DQG�
VSDFHFUDIW�ODQGLQJ�FDOFXODWLRQV��2QH�RI�WKH�PDMRU�SURFHVVHV�WKDW�LQIOXHQFHG�RQ�0DUV�H[WHULRU�LV�
WKH�HROLDQ�SURFHVV�UHSUHVHQWHG�E\�GXVW�VWRUPV�DQG�GXVW�GHYLOV��0RGHOLQJ�RI�WKH�HROLDQ�SURFHVV�
LV�QHFHVVDU\�WR�UHVHDUFK�VXUIDFH�SURFHVVHV�RQ�0DUV��LQVRIDU�LW�FKDQJHV�UHOLHI�RI�WKH�SODQHW�DQG�
PL[HV� VRLOV� HQWLUHO\� IRU� VHYHUDO� \HDUV�� $OVR�� WKH� HROLDQ� SURFHVV� VKRXOG� EH� FRQVLGHUHG� WR�
HVWDEOLVK�WKH�FRUUHFW�RSHUDWLQJ�PRGH�RI�GHVFHQW�YHKLFOHV�

0DMRU�FRPSRVLWLRQV�HOHPHQWV�ZHUH�6L2� DQG�)H�2� �)H2���IURP����WR����ZW��DQG����WR�
���ZW��UHVSHFWLYHO\��$O�2���0J2��&D2��62� DUH�DOVR�IRXQG�LQ�DPRXQWV�RI�PRUH�WKDQ���ZW��
�7DEOH� ���� 7KHUHIRUH�� LW� FDQ� EH� DUJXHG� WKDW� WKH� FUXFLDO�PLQHUDOV� LQ� WKH�0DUWLDQ� UHJROLWK� DUH�
ROLYLQH�� S\UR[HQH�� SODJLRFODVH�� LOPHQLWH�� DQG�PDJQHWLWH� RU� KHPDWLWH� �6KHNKRYVRYD��.RUROHY��
�������� 7KH� GXVW� LV� UHSUHVHQWHG� E\� VHFRQGDU\� ZHDWKHULQJ� SURGXFWV� RI� PDILF� LJQHRXV� URFNV�
�0DUWLDQ�EDVDOWV���DV�ZHOO�DV�LURQ�FRQWDLQLQJ�VPHFWLWH�FOD\�

7KH�VKDSH�RI�WKH�SDUWLFOHV�LV�WDEXODU��DQJXODU��URXQGHG��ZKLFK�RI�FRXUVH�LV�H[SODLQHG�E\�WKH�
UROOLQJ�RI�SDUWLFOHV�LQ�WKH�HROLDQ�VWUHDP��)LJ������2Q�WKH�VXUIDFH�ZH�FDQ�VHH�LQGLYLGXDO�SDUWLFOHV�
XS� WR� ��PP� GLDPHWHU� �����PP� GLDPHWHU� DJJORPHUDWHV�� DFFRUGLQJO\�� VDQG� VL]H� �!� ���� ȝP��
EDVDOW� SDUWLFOHV� DUH� TXLFNO\� FRPPLQXWHG� WR� VLOW� DQG� FOD\� VL]H� SDUWLFOHV� E\� 0DUV� HROLDQ�
SURFHVVHV��3DUWLFOHV�ZLWK�D�VL]H�RI��������ȝP�DUH�DOZD\V�LQ�WKH�DLU��GXVW�ZLWK�D�VL]H�RI�������
ȝP�DUH�WUDQVIHUUHG�E\�GXVW�VWRUPV�DQG�GXVW�GHYLOV��DOVR�������ȝP�GLDPHWHU�SDUWLFOHV�ODFNLQJ�RQ�
(DUWK��PD\�EH�UDUH�RQ�0DUV�DV�ZHOO��7KH�VWXG\�RI� WKH�SDUWLFOH�VL]H�GLVWULEXWLRQ�RI�VHGLPHQWV�
ZDV�FDUULHG�RXW�GXULQJ�GLIIHUHQW�PLVVLRQV��VR�GXULQJ�WKH�9LNLQJ�����PLVVLRQV�WKH�SDUWLFOH�VL]H�
GLVWULEXWLRQ�RI�GHSRVLWV�IURP�������PP�WR����PP�LQ�VL]H�ZDV�REWDLQHG��)LJ�����

3K\VLFDO�DQG�PHFKDQLFDO�SURSHUWLHV�RI�0DUWLDQ�HROLDQ�PDWHULDOV�ZHUH�REVHUYHG�E\�YDULRXV�
VSDFHFUDIW�PLVVLRQV��IRU�H[DPSOH��E\�6SLULW�5RYHU��3DWKILQGHU��9LNLQJ�/DQGHU����8QGRXEWHGO\�
SK\VLFDO� SURSHUWLHV� H[SORUH� VKRXOG� EH� VWDUWHG� IURP� LQIRUPDWLRQ� DERXW� GHQVLW\� DQG� SRURVLW\��
LQVRIDU�DV�LW�H[SRVHV�D�UHDO�VWDWH�RI�GULIW�GHSRVLWV��'HQVLW\�GDWD�ZHUH�REWDLQHG�LQ�WKH�UDQJH�IURP�
����WR�����J�FP� ZLWK�DQ�HUURU�FRUUHVSRQGLQJ�WR�WKH�WHVW�PHWKRGV��,W�ZLOO�QRW�EH�FRUUHFW�WR�WDON�
DERXW�VXFK�D�FRQFHSW�DV� WKH�SRURVLW\�RI�HROLDQ�VHGLPHQWV��KRZHYHU��GXULQJ� WKH� WHVWV��YDOXHV�



��

IURP� ��� WR� ����ZHUH� UHFHLYHG��$OVR�� GDWD�ZHUH UHWULHYHG RQ� WKH� GHQVLW\� RI� WKH� VROLG� SKDVH�
GHSRVLWV�HTXDO�WR���������J�FP��IRU�LQGLYLGXDO�SDUWLFOHV�

7DEOH���± 0DMRU�HOHPHQW�FRPSRVLWLRQ�RI�0DUWLDQ�VRLO��ZW����=HQJ�HW�DO�������

9LNLQJ�� 9LNLQJ�� 3DWKILQGHU 6SLULW 2SSRUWXQLW\ &XULRVLW\
6L2� ����� ����� ����� ����� ����� �����
7L2� ���� ���� ���� ���� ���� ����
$O�2� ���� � ����� ����� ���� ����
&U�2� � � ���� ���� ���� ����
)H�2� ����� ����� �����
)H2 ����� ����� �����
0Q2 � � ���� ���� ���� ����
0J2 ���� � ���� ���� ���� ����
&D2 ���� ���� ���� ���� ���� ����
1D�2 � � ���� ���� ���� ����
.�2 ����� ����� ���� ���� ���� ����
3�2� � � ���� ���� ���� ����
62� ���� ���� ���� ���� ���� ����
&O ���� ���� ���� ���� ���� ����

7RWDO ����� ����� ����� ����� ����� �����

)LJ�����7\SLFDO�H[DPSOH�RI�WKH�0HULGLDQL�3ODLQV�VRLO��)HUJDVRQ�HW�DO�������
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)LJ�����*UDLQ�VL]H�GLVWULEXWLRQ�RI�WKH�0DUWLDQ�UHJROLWK�DFFRUGLQJ�WR�9LNLQJ�����
�=LPPHU HW�DO�������

$OVR�� WKH�LQVWUXPHQWV��ZKLFK�SDUWLFLSDWH�LQ� WKH�PLVVLRQV��DUH�GHVFULEHG�DERYH�UHVHDUFKHG�
VHYHUDO�PHFKDQLFDO�SURSHUWLHV�DVVRFLDWHG�ZLWK� WKH�VWUHQJWK�FKDUDFWHULVWLFV�RI�HROLDQ�GHSRVLWV��
DOORZLQJ�WKHP�WR�EH�FRQVLGHUHG�DV�VRLOV��7KH�YDOXHV�RI�WKH�DQJOH�RI�LQWHUQDO�IULFWLRQ�DQJOH�ZHUH�
REWDLQHG�LQ�WKH�UDQJH�IURP���ͼ WR�����ͼ��KRZHYHU��WKH�SUHGRPLQDQW�QXPEHU�RI�LQGLFDWRUV�ZDV�
DERXW� ��ͼ�� $GGLWLRQDOO\�� FRKHVLRQ�ZDV� DOVR� UHYLHZHG��ZKLFK� UHVXOWV� IURP� ������ WR� ���� N3D�
ZHUH�UHFHLYHG��7DEOH����

7DEOH����0HFKDQLFDO�SURSHUWLHV�RI�0DUWLDQ�UHJROLWK�DW�GLIIHUHQW�0DUV� ODQJLQJ� VLWHV�
�=HQJ�HW�DO�������

0LVVLRQV 6RLO�W\SH %XON�GHQVLW\�
�NJ�P��

&RKHVLRQ��N3D� ,QWHUQDO�
IULFWLRQ�DQJOH�

���

6SLULW�5RYHU 'ULIW�PDWHULDO ��������� ���� a��

3DWKILQGHU 'ULIW�PDWHULDO ��������� ����� ����

9LNLQJ�/DQGHU�� 'ULIW�PDWHULDO �������� ������� ��������

)RU�PRGHOLQJ��LW�LV�QHFHVVDU\�WR�FKRRVH�WKH�PRVW�VXLWDEOH�VRLO�IRU�PL[LQJ��VR�WKH�DUUD\�RI�
PLQHUDOV�PXVW�EH�GHILQHG�WR�GHWHUPLQH�WKH�URFNV�FRPSRVLQJ�RI�WKH�VXUIDFH�PDWHULDOV�RI�0DUV��
7KXV�� WR�PRGHO� D� VDPSOH� RI�0DUWLDQ� HROLDQ� GHSRVLWV�� LW� LV� UHFRPPHQGHG� WR� XVH�.DPFKDWND�
EDVDOWV�DQG�VPHFWLWH�FOD\V�WR�FUHDWH�WKH�FORVHVW�PLQHUDO�FRPSRVLWLRQ��9LNLQJ�����GDWD�VKRXOG�EH�
WDNHQ�DV�D� UHIHUHQFH�SDUWLFOH�VL]H�GLVWULEXWLRQ��EXW�XVH� LQIRUPDWLRQ�RQO\�DERXW�GULIW�PDWHULDOV�
ZLWK�SDUWLFOH� VL]H� IURP�������PP� WR�����PP� $OVR�� GXULQJ� WKH� VWXG\� WKH�PRGHO�� LWV� GHQVLW\�
VKRXOG� EH� PHDVXUHG� LQ� ORRVH� DQG� GHQVH� DGGLWLRQ�� DQG� FDOFXODWH� WKH� SRURVLW\� RI� WKH� VDPSOH�
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