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ɩɪɨɯɨɞɤɟ�ɢ�ɦɟɯɚɧɢɱɟɫɤɨɣ�ɫɤɨɪɨɫɬɢ�ɫ�ɲɚɪɨɲɟɱɧɵɦɢ�ɞɨɥɨɬɚɦɢ�ɩɪɢ�ɛɭɪɟɧɢɢ�ɫɤɜɚɠɢɧ��ɜ�ɬɨɦ�
ɱɢɫɥɟ� ɝɢɞɪɨɝɟɨɥɨɝɢɱɟɫɤɢɯ�� ɧɚ� ɧɟɛɨɥɶɲɢɟ� ɝɥɭɛɢɧɵ� �ɞɨ� ���±���� ɦ�� ɜ� ɦɹɝɤɢɯ� ɢ� ɫɪɟɞɧɟɣ�
ɬɜɺɪɞɨɫɬɢ� ɩɨɪɨɞɚɯ�� ɝɞɟ� ɛɨɥɟɟ� ɞɨɪɨɝɢɟ� ɲɚɪɨɲɟɱɧɵɟ� ɞɨɥɨɬɚ� ɧɟ� ɨɛɟɫɩɟɱɢɜɚɸɬ� ɜɵɫɨɤɢɯ�
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ɜɢɩɪɨɛɭɜɚɧɶ�ɜɤɚɡɚɧɨɝɨ�ɿɧɫɬɪɭɦɟɧɬɭ�
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Ʌɢɬɟɪɚɬɭɪɚ
�� ɉɨɪɨɞɨɪɚɡɪɭɲɚɸɳɢɣ�ɢɧɫɬɪɭɦɟɧɬ�ɞɥɹ�ɝɟɨɥɨɝɨɪɚɡɜɟɞɨɱɧɵɯ�ɫɤɜɚɠɢɧ��ɫɩɪɚɜɨɱɧɢɤ���ɇ� ɂ��

Ʉɨɪɧɢɥɨɜ��ȼ �ɋ��Ɍɪɚɜɤɢɧ��Ʌ� Ʉ��Ȼɟɪɟɫɬɟɧɶ��Ⱦ� ɂ��Ʉɨɝɚɧ��± Ɇ���ɇɟɞɪɚ��������± ����ɫ�
�� Ȼɭɞɸɤɨɜ�ɘ� ȿ���ɋɩɢɪɢɧ�ȼ� ɂ���Ȼɭɞɸɤɨɜɚ�Ɍ� ɘ��Ɋɚɡɪɭɲɟɧɢɟ�ɝɨɪɧɨɣ�ɩɨɪɨɞɵ�ɤɨɪɨɧɤɚɦɢ�

ɪɟɠɭɳɟɝɨ�ɬɢɩɚ�ɩɪɢ�ɛɭɪɟɧɢɢ�ɫɤɜɚɠɢɧ�ɧɚ�ɤɚɪɶɟɪɚɯ� ���ɋɨɜɪɟɦɟɧ��ɩɪɨɛɥ�� ɷɤɨɥɨɝɢɢ�� ɬɟɡ��
ɞɨɤɥ�� 9,,, Ɇɟɠɞɭɧɚɪ�� ɧɚɭɱ��ɬɟɯɧ�� ɤɨɧɮ�� ɩɨɞ� ɨɛɳ�� ɪɟɞ�� ȼ�Ɇ�� ɉɚɧɚɪɢɧɚ�� ± Ɍɭɥɚ��
ɂɧɧɨɜɚɰɢɨɧɧɵɟ�ɬɟɯɧɨɥɨɝɢɢ��������± ���ɫ�

�� Ɍɟɯɧɨɥɨɝɢɹ� ɛɭɪɟɧɢɹ� ɪɚɡɜɟɞɨɱɧɵɯ� ɫɤɜɚɠɢɧ� �� Ⱥ� Ƚ�� Ʉɚɥɢɧɢɧ�� ȼ� ɂ�� ȼɥɚɫɸɤ��
Ɉ� ȼ� Ɉɲɤɚɪɞɢɧ��Ɋ� Ɇ��ɋɤɪɹɛɢɧ��± Ɇ���Ɍɟɯɧɢɤɚ��������± ����ɫ�

�� Ɉɬɱɺɬ�ɩɨ�ɬɟɦɟ�©Ɇɨɞɟɪɧɢɡɚɰɢɹ�ɪɟɠɭɳɟɝɨ�ɩɨɪɨɞɨɪɚɡɪɭɲɚɸɳɟɝɨ�ɢɧɫɬɪɭɦɟɧɬɚ�ɫ�ɰɟɥɶɸ�
ɩɨɜɵɲɟɧɢɹ� ɟɝɨ� ɫɬɨɣɤɨɫɬɢ� ɢ� ɦɟɯɚɧɢɱɟɫɤɨɣ� ɫɤɨɪɨɫɬɢ� ɛɭɪɟɧɢɹ� ɜɡɪɵɜɧɵɯ� ɫɤɜɚɠɢɧ� ɜ�
ɤɪɟɩɤɢɯ� ɩɨɪɨɞɚɯ� ɧɚ� ɤɚɪɶɟɪɚɯ� Ɍɭɥɶɫɤɨɣ� ɨɛɥɚɫɬɢª� �ɡɚ� ɫɱɺɬ� ɝɪɚɧɬɚ� ɩɪɚɜɢɬɟɥɶɫɬɜɚ�
Ɍɭɥɶɫɤɨɣ�ɨɛɥɚɫɬɢ�ɜ�ɫɮɟɪɟ�ɧɚɭɤɢ�ɢ�ɬɟɯɧɢɤɢ������ɝ��� ��ȼ� ɂ��ɋɩɢɪɢɧ��ɘ� ȿ��Ȼɭɞɸɤɨɜ��
ɇ� ȿ� Ȼɨɪɢɫɨɜ�ɢ�ɞɪ��± Ɍɭɥɚ��������± ���ɫ�

ɉɨɫɬɭɩɢɥɚ���������

ɍȾɄ��������
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�6WDWH�.H\�/DERUDWRU\�RI�6XSHUKDUG�0DWHULDOV��-LOLQ�8QLYHUVLW\��&KDQJFKXQ��-LOLQ��&KLQD
�&ROOHJH�RI�&RQVWUXFWLRQ�(QJLQHHULQJ��-LOLQ�8QLYHUVLW\��&KDQJFKXQ�-LOLQ��&KLQD
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3RO\FU\VWDOOLQH�GLDPRQG�FRPSDFW��3'&��FXWWHUV�DUH�ZLGHO\�XWLOL]HG� LQ�RLO�DQG�JDV�H[SORLWDWLRQ�DQG�
JHRORJLFDO�GULOOLQJ�ZRUNV� DV�WKHLU�H[FHOOHQW�FRPSUHKHQVLYH�SURSHUWLHV��7KH�FREDOW�DV�ELQGHUV�H[LVWV�LQ�3'&�LV�
DOVR�WKH�FDWDO\VW�IRU�GLDPRQG�WUDQVIRUPLQJ�LQWR�JUDSKLWH�XQGHU�WKH�KLJK�WHPSHUDWXUH��ZKLFK�ZLOO�GHFUHDVH�WKH�
WKHUPDO�VWDELOLW\�RI�3'&�VHULRXVO\��6R� LW� LV�QHFHVVDU\� WR� LPSURYLQJ�WKH�KHDW�UHVLVWDQFH�RI�3'&�IRU�GULOOLQJ�
ZRUNV��,Q�WKLV�SDSHU��3'&�VLQWHUHG�ZLWK���&R±�6L±�%�ELQGHUV�KDG�EHHQ�SUHSDUHG�WR�GHFUHDVH�WKH�FRQWHQW�RI�
FREDOW�LQ�3'&�DQG�LPSURYH�WKH�KHDW�UHVLVWDQFH�E\�IRUPLQJ�6L&�DQG�%�&��7KH�WKHUPR�JUDYLPHWULF�DQDO\VLV��7*�
'6&��UHVXOWV�LQGLFDWHG�WKDW�WKH�EHJLQQLQJ�RI�R[LGL]LQJ�WHPSHUDWXUH�RI�ZHOO�VLQWHUHG�3'&�ZLWK���&R±�6L±�%�
LV�XS�WR����Ԩ��ZKLFK�LPSURYH�WKH�KHDW�UHVLVWDQFH�VLJQLILFDQWO\�
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.H\�ZRUGV��SRO\FU\VWDOOLQH�GLDPRQG��FXWWHUV��KHDW�UHVLVWDQFH

,QWURGXFWLRQ
$V� VXSHUKDUG� FRPSRVLWHPDWHULDO�SRO\FU\VWDOOLQH� GLDPRQG� FRPSDFW�3'&��ZKLFK� LV� XVXDOO\�

FRPSRVHG�RI�SRO\FU\VWDOOLQH�GLDPRQG�DQG�:&±&R�VXEVWUDWH�DQG�V\QWKHVL]HG�XQGHU�WKH�FRQGLWLRQV�RI�
KLJK� SUHVVXUH� DQG� KLJK� WHPSHUDWXUH� �+3+7��� DUH�ZLGHO\� XWLOL]HG� DV� WKH� WRRWK� RI� GULOOLQJ� ELWV >�@��
&RPSDUHG� ZLWK� RWKHU� ZHDUUHVLVWDQW� FXWWHUV�� 3'&� FXWWHUV� KDV� EHWWHU� LPSDFW� WRXJKQHVV� DQG� KHDW�
FRQGXFWLYLW\�EHFDXVH�:&±&R�PDWHULDO�LV�XVHG�DV�D�VXEVWUDWH >�@��1RZ�3'&�KDV�EHHQ�ZLGHO\�XVHG�LQ�
SURFHVVLQJ�FXWWLQJ�WRROV��PLQH��RLO�DQG�JDV�GULOOLQJ�ZRUNV��JHRORJLFDO�SURVSHFWLQJ��GHHS�GULOOLQJ�DQG�
VR�RQ >�@�

$OWKRXJK�LW�KDV�H[FHOOHQW�SURSHUWLHV�RI�KLJK�WRXJKQHVV�KLJK�KDUGQHVV�DQG�ZHDUUHVLVWDQFH��ZKLFK�
PDNH�LW�YHU\�VXLWDEOH�IRU�GULOOLQJ�VRIW�WR�PHGLXP�KDUG�IRUPDWLRQ�ZLWK�UHODWLYHO\�ORZ�DEUDVLYHQHVV��%XW�LW�
LV�QRW�ILW�IRU�KDUG�DQG�FRPSDFW�URFN�IRUPDWLRQ�ZLWK�KLJK�DEUDVLYHQHVV�>�@��7KH�PDLQ�UHDVRQ�LV�WKDW�GXULQJ�
WKH�GULOOLQJ�ZRUNV��3'&�FXWWHUV�KDV�D�VWURQJ�IULFWLRQ�ZLWK�WKH�IRUPDWLRQ��ZKLFK�FDQ�SURGXFH�ORWV�RI�KHDW��
8QGHU�WKH�FRQGLWLRQ�RI�KLJK�WHPSHUDWXUH�HQYLURQPHQW��WKH�FREDOW�LQ�WKH�SRO\FU\VWDOOLQH�GLDPRQG��ZKLFK�
DV�D�ELQGHU�LQ�V\QWKHVLV�SURFHVV��EHFRPHV�WKH�FDWDO\VW�IRU�GLDPRQG�WUDQVIRUPLQJ�LQWR�JUDSKLWH�>�@��7KDW�
ZLOO�UHGXFH�WKH�SHUIRUPDQFH�RI�3'&�FXWWHUV��6R�LW�LV�YHU\�QHFHVVDU\�WR�LPSURYH�WKH�KHDW�UHVLVWDQFH�RI�3'&�
WR�PDLQWDLQ�LWV�SHUIRUPDQFH�VWDELOLW\�DW�KLJK�WHPSHUDWXUH >�@�

0DQ\�UHVHDUFK�ZRUNV�KDG�EHHQ�GRQH�WR�LPSURYH�WKH�SURSHUWLHV�RI�3'&��+� 3� %RYHQNHUN�DQG�
KLV�WHDP�XWLOL]HG�WKH�DTXD�UHJLD�WR�UHPRYH�WKH�SRUWLRQ�RI�FREDOW�IURP�3'&�WR�NHHS�LWV�KHDW�UHVLVWDQFH��
ZKLFK�KDG�D�JRRG�UHVXOW�LQ�LPSURYLQJ�LWV�WKHUPDO�VWDELOLW\�EXW�KDV�QHJDWLYH�HIIHFWV�RQ�ZHDU�UHVLVWDQFH�
DQG�UXSWXUH�VWUHQJWK >�@� 8HGDD�HW�DO��WULHG�WR�XWLOL]HG�0J&2� DV�D�QHZ�ELQGHU�WR�UHSODFH�FREDOW�WR�
V\QWKHVL]H�3'&�ZLWK�EHOW�W\SH�SUHVV >�@��7KH�V\QWKHVLV�FRQGLWLRQ�ZDV�����*3D������ ႏ�DQG��� PLQ��
$OWKRXJK�WKH�QHZ�VW\OH�3'&�KDG�H[FHOOHQW�WKHUPDO�VWDELOLW\��ZKLFK�VWLOO�KDG��� *3D�9LFNHUV�KDUGQHVV�
DIWHU����� ႏ�KLJK�WHPSHUDWXUH�WUHDWPHQW�ZLWKRXW�DLU��WKH�WRXJKQHVV�DQG�KDUGQHVV�GURSSHG�RXW��3LRWU�
.OLPF]\N�HW�DO�XVHG�7L%� WR UHSODFH�SDUWLDO�FREDOW�WR�LPSURYH�LWV�WKHUPDO�VWDELOLW\��WKH�UHVXOWV�VKRZHG�

WKDW�WKH�PDWHULDOV�PDLQWDLQ�WKH�KLJK�KDUGQHVV�YDOXH�XS�WR���� ႏɾEXW�WKH�KDUGQHVV�KDG�D�GHFOLQH >�@��
'HVSLWH� WKH�FRQVLGHUDEOH� VWXGLHV�RQ� WKLV� W\SH� RI�PDWHULDOV�� WKH�KLJK�SHUIRUPDQFH�3'&�IRU�GULOOLQJ�
LQGXVWU\�ZLWK�KLJK�KHDW�UHVLVWDQFH�LV�VWLOO�QRW�SUHSDUHG��,Q�WKLV�ZRUN��KLJK�KHDW�UHVLVWDQW�3'&�ZLWK�&R±
6L±%��ZKLFK�KDG�D�ORZ�FRVW�DQG�ORZHU�VLQWHULQJ�FRQGLWLRQV��KDG�EHHQ�VXFFHVVIXO�SUHSDUHG�

([SHULPHQWV
7KH�UDZ�PDWHULDOV�XVLQJ�LQ�H[SHULPHQW�ZHUH������ ȝP�VL]H�RI�GLDPRQG�SRZGHU�ZLWK�SXULW\�RI�

�������� ȝP�VLOLFRQ�SRZGHU�ZLWK�SXULW\�RI��������SXULW\��� ȝP�FREDOW�ZLWK�������SXULW\��� ȝP�ERURQ�
SRZGHU�ZLWK� ������SXULW\ DQG� ��� PP�1L±0Q±&R� DOOR\� SODWH��7KH� VXEVWUDWH�PDWHULDO�ZDV�:&±
���&R��7KH�KLJK�SUHVVXUH�DQG�KLJK�WHPSHUDWXUH�H[SHULPHQW�ZHUH�SHUIRUPHG�LQ�D��î����01�FXELF�
SUHVV��$V� VKRZQ�LQ�)LJ� ��� WKH�DOOR\�SODWH�ZDV�SXW�RQ� WKH� WRS��ZKLFK�ZRXOG�SURYLGH�GULYLQJ�IRUFH�
GXULQJ�WKH�LQILOWUDWLRQ�SURFHVV�WR�PDNH�WKH�GLDPRQG�SRZGHU�DQG�VXEVWUDWH�FRPELQH�WR�SRO\FU\VWDOOLQH�
GLDPRQG�FRPSDFW��

)LJ�����7KH�3'&�VLQWHUHG�PHWKRG
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7KH� &R±6L±%� DGGLWLRQ� LQ� GLDPRQG� SRZGHUV� ZRXOG� DOVR� EH� ELQGHUV� WR� KHOS� WKH� VLQWHULQJ�
SURFHVV�� ZKLFK� ZLOO� LPSURYH� WKH� KHDW� UHVLVWDQFH� RI� 3'&� E\IRUPLQJ� KHDW� UHVLVWDQW� FRPSRXQGV� LQ�

SRO\FU\VWDOOLQH� GLDPRQG� OD\HU� DV�ZHOO� DV� GHFUHDVHG�
WKH� FRQWHQW� RI� FREDOW�� 7KH� VLQWHUHG� FRQGLWLRQ� ZHUH�
ORZHU� E\� ZD\� RI� DOOR\� SODWH� LQILOWUDWLQJ�� 7KH� FHOO�
DVVHPEO\�XVHG�LQ�KLJK�SUHVVXUH�DQG�KLJK�WHPSHUDWXUH�
H[SHULPHQWV�LV�VKRZQ�LQ�)LJ�����

'XULQJ� WKH� VLQWHULQJ� H[SHULPHQWV�� WKH�
SUHVVXUHV�LQ�WKH�FHOO�UDQJHG�IURP���� WR����*3D�DQG�
WKH� WHPSHUDWXUH� YDULHG� IURP� ���� WR� ����ႏ ZLWK�
WKHGXUDWLRQ�WLPH�DERXW���WR � PLQ��&R±6L±%�ELQGHUV�
IRU� LPSURYLQJ� WKH�KHDW� UHVLVWDQFH�RI�3'&�KDG�EHHQ�
XWLOL]HG� LQ� H[SHULPHQWV�� 6FDQQLQJ� HOHFWURQ� PLFUR�
VFRSH �6(0�� DQG� HQHUJ\� GLVSHUVH� VSHFWURVFRS\
�('6��ZHUH�XVHG� WR�DQDO\]H� WKH�PLFURVWUXFWXUH�DQG�
HOHPHQWV� RI� VLQWHUHG� 3'&�� 7KH� ;�UD\� GLIIUDFWLRQ�
�;5' �DQDO\]HU� ZDV� DSSOLHG� WR� DQDO\]H� WKH� SKDVH�

FRPSRVLWLRQ�LQ�SRO\FU\VWDOOLQH�GLDPRQG�OD\HUV��7KH�WKHUPR�JUDYLPHWULF�DQDO\]HU �7*�'6&� ZDV�XVHG�
WR�PHDVXUH�WKH�WKHUPDO�VWDELOLW\��

5HVXOWV�DQG�GLVFXVVLRQ
6(0�DQG�('6�DQDO\VLV
7KH�UHVXOWV�RI�6(0�DQG�('6�RI�VLQWHUHG�3'&�VDPSOHV�ZLWK�&R�6L�%�ELQGHUV�ZHUH�VKRZQ�LQ�

)LJ�����

ɚ ɛ
)LJ�����7KH�6(0�RI�3'&�ZLWK�&R±6L±%��D��DQG WKH�('6�RI�3'&�ZLWK�&R±6L±%�E�

,W� ZDV� VKRZQ� WKDW� WKH� GLDPRQG� SRZGHU� KDG� UHFRPELQHG� WR� IRUP� WKH� ODUJH�JUDLQHG�
SRO\FU\VWDOOLQH�GLDPRQG�DQG�WKHUH�DUH�VRPH�FRPSRXQGV�IRUPHG�LQ�WKH�GLDPRQG�OD\HU��ZKLFK�PHDQV�
WKDW�WKH�DOOR\�SODWH�KDG�LQILOWUDWHG�LQWR�WKH�GLDPRQG�SRZGHUV��7KH�FRQWHQW�RI�WKH�H[LVWHQW�HOHPHQWV�LQ�
GLDPRQG�OD\HU�ZHUH�VKRZQ�LQ�7DE� ���WKH�UHVXOWV�VKRZHG�WKDW�WKH�GLDPRQG�FRQWHQW�DFFRXQW�IRU�����
DQG�WKH�ELQGHUV�FRQWHQW�ZHUH�DERXW������LQ�ZKLFK�WKH�FRQWHQW�RI�FREDOW�ZDV�DERXW�����7KH�KLJKHU�
FRQWHQW�RI�GLDPRQG�HQVXUHG� WKH�KDUGQHVV� DQG�ZHDU� UHVLVWDQFH�RI� WKH�3'&�FXWWHU��ZKLOH� WKH� ORZHU�
FRQWHQW�RI�FREDOW�LQ�WKH�ELQGHU�ZLOO�EH�EHQHILFLDO�WR�WKH�LPSURYHPHQW�RI�KHDW�UHVLVWDQFH�RI�WKH�FXWWHU�

)LJ�����7KH�FHOO�DVVHPEO\�XVHG�LQ�+3+7����
± 6WHHO� FDS�� �� ± 'RORPLWH� WXEH�� �� ±
3\URSK\OOLWH�EORFN����± &RSSHU�VKHHS����±
*UDSKLWH� GLVF�� �� ± *UDSKLWKH� WXEH�� �� ±
0J2±=U2� GLVF����± ,QVXODWLQJ�WXEH
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7DEOH���7KH�FRQWHQWV�RI�HOHPHQWV�LQ�3'&�ZLWK�&R±6L±%

7KH�UHVXOWV�RI�6(0�DQG�('6�RI�VLQWHUHG�3'&�VDPSOHV�ZLWK�&R±6L±%�ELQGHUV�ZHUH�VKRZQ�LQ�
)LJ�� �� ,W� ZDV� VKRZQ� WKDW� WKH� GLDPRQG� SRZGHU� KDG� UHFRPELQHG� WR� IRUP� WKH� ODUJH�JUDLQHG�
SRO\FU\VWDOOLQH�GLDPRQG�DQG�WKHUH�DUH�VRPH�FRPSRXQGV�IRUPHG�LQ�WKH�GLDPRQG�OD\HU��ZKLFK�PHDQV�
WKDW�WKH�DOOR\�SODWH�KDG�LQILOWUDWHG�LQWR�WKH�GLDPRQG�SRZGHUV��7KH�FRQWHQW�RI�WKH�H[LVWHQW�HOHPHQWV�LQ�
GLDPRQG�OD\HU�ZHUH�VKRZQ�LQ�7DE����WKH�UHVXOWV�VKRZHG�WKDW�WKH�GLDPRQG�FRQWHQW�DFFRXQW�IRU�����
DQG�WKH�ELQGHUV�FRQWHQW�ZHUH�DERXW������LQ�ZKLFK�WKH�FRQWHQW�RI�FREDOW�ZDV�DERXW�����7KH�KLJKHU�
FRQWHQW�RI�GLDPRQG�HQVXUHG� WKH�KDUGQHVV� DQG�ZHDU� UHVLVWDQFH�RI� WKH�3'&�FXWWHU��ZKLOH� WKH� ORZHU�
FRQWHQW�RI�FREDOW�LQ�WKH�ELQGHU�ZLOO�EH�EHQHILFLDO�WR�WKH�LPSURYHPHQW�RI�KHDW�UHVLVWDQFH�RI�WKH�FXWWHU�

;5'�DQDO\VLV
7KH� SKDVH� FRPSRVLWLRQVRI� SRO\FU\VWDOOLQH� GLDPRQG� OD\HU�ZHUH� IXUWKHU� DQDO\]HG� E\�;�5D\�

GLIIUDFWLRQ�PHWKRG��WKH�UHVXOWV�ZHUH�VKRZQ�LQ�)LJ� ���
$V� VKRZQ� LQ�)LJ� ���6L&�DQG�%�&�ZHUH�

IRUPHG�LQ�WKHGLDPRQG�OD\HU�RI�3'&�7KHVH�KHDW�
UHVLVWDQW�FRPSRXQG�ZLOO�VLJQLILFDQWO\�LPSURYHWKH�
WKHUPDO�VWDELOLW\�RI�3'&�

+HDW�UHVLVWDQFH�DQDO\VLV
7KH�KHDW�UHVLVWDQFH�RI�ZHOOVLQWHUHG�3'&�

VDPSOHV�ZHUH�PHDVXUHG�LQ�WKH�DLU�E\�XWLOL]LQJ�
WKH� WKHUPR�JUDYLPHWULF� DQDO\VLV �7*±'6&�
PHWKRG��7KLV�LV�DQ�R[LGDWLRQ�UHVLVWDQFH�WHVWV��LQ�
ZKLFK� WKH�EHJLQQLQJ�RI�R[LGDWLRQ� WHPSHUDWXUH�
RI�3'&�LQ�WKH�DLU�ZDV�XWLOL]HG�DV�WKH�R[LGDWLRQ�
UHVLVWDQFH� SURSHUW\� HYDOXDWLRQ� FULWHULRQ��
+HDWLQJ� WHPSHUDWXUHV� ZHUH� LQFUHDVHG� IURP�
URRP� WHPSHUDWXUH� DW� WKH� KHDWLQJ� UDWH� RI�
��ႏ�PLQ�

7*� UHVXOWV� RI 3'&� ZLWK� &R±6L±%�
ELQGHUV�ZHUH�VKRZQ�LQ�)LJ����$V�VKRZQ�LQ�)LJ� ���
WKH� EHJLQQLQJ� RI� R[LGL]LQJ� WHPSHUDWXUH� RI� WKH�
3'&� ZLWK� &R±6L±%� ELQGHU� LV� XS� WR� ���ႏ��
&RPSDUHG�ZLWK� WKH�FRQYHQWLRQDO�3'&�a���ႏ���
WKH�KHDW UHVLVWDQFH�KDV�EHHQ�LPSURYHG�

&RQFOXVLRQV
7KH� SRO\FU\VWDOOLQH� GLDPRQG� FRPSDFW�

�3'&�� ZLWK� LPSURYHG� KHDW� UHVLVWDQFH� ZHUH�
IDEULFDWHG�E\�D�QHZ�PHWKRG��ZKLFK�ZDV�FRPELQHG�
ZLWK� WKH� LQILOWUDWLRQ� DQG� SRZGHU� PL[LQJ�
DSSURDFKHV��DW�WKH�FRQGLWLRQ�RI�3  ���a��� *3D��
7  ����a����ႏ��W  � a � PLQ�

&R±6L±%�ELQGHUV�V\VWHP�IRU�LPSURYLQJ�KHDW�UHVLVWDQFH�RI�3'&�ZDV�LGHQWLILHG��LQ�ZKLFK�KHDW�
UHVLVWDQW�FRPSRXQG�%�&�DQG�6L&�ZHUH�IRUPHG�LQ�WKHGLDPRQG�OD\HUV��WKH�KHDW�UHVLVWDQW�3'&�VDPSOHV�
FDQ�PDLQWDLQ�KDUGQHVV�YDOXH�XS�WR ���ႏ�

(OHPHQWV &.D &R.D 6L.D %.D 1L.D 0Q.D

:W�� ����� ���� ���� ���� ���� ����

)LJ�����7KH�;5'�RI�3'&�ZLWK�&R�6L�%�
ELQGHU

)LJ�����7KH�7*±'6&�UHVXOWV�RI�3'&�ZLWK�
&R±6L±%�ELQGHU
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Ɋɿɡɰɿ ɡ ɚɥɦɚɡɧɢɯ ɩɨɥɿɤɪɢɫɬɚɥɿɱɧɢɯ ɤɨɦɩɨɡɢɬɧɢɯ ɦɚɬɟɪɿɚɥɿɜ �ȺɉɄɆ��ɲɢɪɨɤɨ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɜ
ɧɚɮɬɨɝɚɡɨɜɢɞɨɛɭɜɧɢɯ ɿ ɝɟɨɥɨɝɿɱɧɢɯ ɛɭɪɨɜɢɯ ɪɨɛɨɬɚɯ��ɱɟɪɟɡ ʀɯ ɜɿɞɦɿɧɧɿ ɤɨɦɩɥɟɤɫɧɿ ɜɥɚɫɬɢɜɨɫɬɿ��Ʉɨɛɚɥɶɬ ɜ
ɹɤɨɫɬɿ ɡɜ¶ɹɡɤɢ ɜ ȺɉɄɆ ɽ ɤɚɬɚɥɿɡɚɬɨɪɨɦ ɞɥɹ ɩɟɪɟɬɜɨɪɟɧɧɹ ɚɥɦɚɡɭ ɜ ɝɪɚɮɿɬ ɩɪɢ ɜɢɫɨɤɿɣ ɬɟɦɩɟɪɚɬɭɪɿ��ɳɨ
ɫɟɪɣɨɡɧɨ ɩɨɝɿɪɲɭɽ ɬɟɪɦɨɫɬɚɛɿɥɶɧɿɫɬɶ ȺɉɄɆ��ɍ ɰɿɣ ɪɨɛɨɬɿ ȺɉɄɆ��ɫɩɿɤɚɽɬɶɫɹ ɿɡ ɡɜ¶ɹɡɤɨɸ ��&R±�6L±�%��
ɳɨɛ ɡɦɟɧɲɢɬɢ ɜɦɿɫɬ ɤɨɛɚɥɶɬɭ ɜ ȺɉɄɆ ɿ ɩɨɥɿɩɲɢɬɢ ɬɟɪɦɨɫɬɿɣɤɿɫɬɶ ɲɥɹɯɨɦ ɭɬɜɨɪɟɧɧɹ 6L& ɿ %�&��
Ɋɟɡɭɥɶɬɚɬɢ ɬɟɪɦɨɝɪɚɜɿɦɟɬɪɢɱɧɨɝɨ ɚɧɚɥɿɡɭ �7*�'6&�� ɩɨɤɚɡɚɥɢ��ɳɨ ɩɨɱɚɬɨɤ ɬɟɦɩɟɪɚɬɭɪɢ ɨɤɢɫɥɟɧɧɹ
ɫɩɟɱɟɧɨɝɨ ȺɉɄɆ ɡ ��&R±�6L±�% ɫɬɚɧɨɜɢɬɶ ɛɥɢɡɶɤɨ ����Ԩ��ɳɨ ɡɧɚɱɧɨ ɩɿɞɜɢɳɭɽ ɬɟɪɦɨɫɬɚɛɿɥɶɧɿɫɬɶ�

Ʉɥɸɱɨɜɿ ɫɥɨɜɚ��ɩɨɥɿɤɪɢɫɬɚɥɿɱɧɢɣ ɚɥɦɚɡ��ɪɿɡɰɿ��ɬɟɪɦɨɫɬɚɛɿɥɶɧɿɫɬɶ

Ɋɟɡɰɵ� ɢɡ ɚɥɦɚɡɧɵɯ� ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ� ɤɨɦɩɨɡɢɬɧɵɯ� ɦɚɬɟɪɢɚɥɨɜ �ȺɉɄɆ�� ɲɢɪɨɤɨ�
ɢɫɩɨɥɶɡɭɸɬɫɹ� ɜ� ɧɟɮɬɟɝɚɡɨɞɨɛɵɜɚɸɳɢɯ� ɢ� ɝɟɨɥɨɝɢɱɟɫɤɢɯ� ɛɭɪɨɜɵɯ� ɪɚɛɨɬɚɯ�� ɢɡ�ɡɚ ɢɯ� ɨɬɥɢɱɧɵɯ
ɤɨɦɩɥɟɤɫɧɵɯ ɫɜɨɣɫɬɜ�� Ʉɨɛɚɥɶɬ� ɜ� ɤɚɱɟɫɬɜɟ� ɫɜɹɡɭɸɳɟɝɨ ɜ� ȺɉɄɆ ɹɜɥɹɟɬɫɹ� ɤɚɬɚɥɢɡɚɬɨɪɨɦ� ɞɥɹ�
ɩɪɟɜɪɚɳɟɧɢɹ� ɚɥɦɚɡɚ� ɜ� ɝɪɚɮɢɬ� ɩɪɢ� ɜɵɫɨɤɨɣ� ɬɟɦɩɟɪɚɬɭɪɟ�� ɱɬɨ� ɫɟɪɶɟɡɧɨ� ɭɯɭɞɲɚɟɬ�
ɬɟɪɦɨɫɬɚɛɢɥɶɧɨɫɬɶ� ȺɉɄɆ�� ȼ� ɷɬɨɣ� ɪɚɛɨɬɟ� ȺɉɄɆ�� ɫɩɟɤɚɥɢ ɫɨ ɫɜɹɡɭɸɳɢɦ� ��&R±�6L±�%�� ɱɬɨɛɵ�
ɭɦɟɧɶɲɢɬɶ ɫɨɞɟɪɠɚɧɢɟ ɤɨɛɚɥɶɬɚ�ɜ�ȺɉɄɆ ɢ�ɭɥɭɱɲɢɬɶ ɬɟɪɦɨɫɬɚɛɢɥɶɧɨɫɬɶ ɩɭɬɟɦ�ɨɛɪɚɡɨɜɚɧɢɹ�6L& ɢ�
%�&�� Ɋɟɡɭɥɶɬɚɬɵ�ɬɟɪɦɨɝɪɚɜɢɦɟɬɪɢɱɟɫɤɨɝɨ� ɚɧɚɥɢɡɚ� �7*�'6&�� ɩɨɤɚɡɚɥɢ�� ɱɬɨ� ɧɚɱɚɥɨ�ɬɟɦɩɟɪɚɬɭɪɵ�
ɨɤɢɫɥɟɧɢɹ� ɯɨɪɨɲɨ� ɫɩɟɱɟɧɧɨɝɨ� ȺɉɄɆ ɫ� ��&R��6L��% ɫɨɫɬɚɜɥɹɟɬ� ɨɤɨɥɨ ���� Ԩ�� ɱɬɨ� ɡɧɚɱɢɬɟɥɶɧɨ�
ɩɨɜɵɲɚɟɬ�ɬɟɪɦɨɫɬɚɛɢɥɶɝɨɫɬɶ�

Ʉɥɸɱɟɜɵɟ�ɫɥɨɜɚ� ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɣ�ɚɥɦɚɡ��ɪɟɡɰɵ��ɬɟɪɦɨɫɬɚɛɢɥɶɧɨɫɬɶ

5HIHUHQFHV�
�� 7KH�FXUUHQW VWDWH�RI�3'&�ELW�WHFKQRORJ\ ��)HGHULFR %���$OID]D]L '���:LOOLDP .� HW�DO� �� :RUOG�

RLO��± ������± �� ± Ɋ����±���
�� 7KH�FXUUHQW�VWDWH�RI�3'&�ELW�WHFKQRORJ\ � )HGHULF�2� %���$OID]D]L '���:LOOLDP .��HW�DO� �� :RUOG�

RLO��± ������± ����± Ɋ����±���
�� 7KH�FXUUHQW�VWDWH�RI�3'&�ELW�WHFKQRORJ\�� )HGHULFR %���$OID]D]L '���:LOOLDP .��HW�DO�����:RUOG�

RLO��± ������± ��� ± Ɋ����±���
�� 3'&�%LW� WHFKQRORJ\� IRU� WKH���VW�&HQWXU\ ��*UHJ %���5RQ &���0DOFROP 7� HW� DO� �� 2LOILHOG�

UHYLHZ��± ������± �� ± Ɋ���±���
�� -DLQ� -� 5���5LFNV� *��� %D[WHU�%� HW� DO�� $� 6WHS�&KDQJH� LQ�'ULOO�%LW�7HFKQRORJ\�:LWK�6HOI�

$GMXVWLQJ�3RO\FU\VWDOOLQH�'LDPRQG�&RPSDFW�%LWV��± 7H[DV��6RFLHW\�RI�3HWUROHXP�(QJLQHHUV��
�����

�� 6LPXODWLRQ�DQG�([SHULPHQWDO�5HVHDUFK�RI�3'&�%LW�&XWWLQJ�5RFN � .XDQJ�<���=KDQJ�0���)HQJ�
0� HW�DO���� -RXUQDO�RI�)DLOXUH�$QDO\VLV�	�3UHYHQWLRQ��± ����� ± Ɋ���±��

�� %H[ 3� $���6KDIWR *� 5��7KH�LQIOXHQFH�RI�WHPSHUDWXUH�DQG�KHDWLQJ�WLPH�RQ�3'&�SHUIRUPDQFH��
�� ,QGXVWULDO�'LDPRQG�5HYLHZ��±����� ± �� ± Ɋ�����±����

�� *X�-���+XDQJ�.�� 5ROH�RI�FREDOW�RI�SRO\FU\VWDOOLQH�GLDPRQG�FRPSDFW��3'&��LQ�GULOOLQJ�SURFHVV�
�� 'LDPRQG�	�5HODWHG�0DWHULDOV��± ����� ± ��� ± Ɋ����±����

�� 3RO\FU\VWDOOLQH� 'LDPRQG� &RPSDFW� ZLWK� (QKDQFHG� 7KHUPDO� 6WDELOLW\ � 6�/�� %�/�� HW� DO�� ��
-RXUQDO�RI�PDWHULDOV�VFLHQFH�DQG�WHFKQRORJ\��± ����� ± ��

��� )XPLKLUR 8���7DGDND]X 2���0LQRUX $���6KLQREX <��&XWWLQJ�SHUIRUPDQFH�RI�VLQWHUHG�GLDPRQG�
ZLWK�0J&2��DV�D�VLQWHULQJ�DJHQW��� 0DWHULDO�UHVHDUFK��± ����� ± ������ ± Ɋ������±�����

��� &REDOW� VXEVWLWXWLRQ� LQ� 3&'� FXWWLQJ� WRRO� PDWHULDOV �� 3LRWU� .OLPF]\N�� HW� DO� ±%XUJRV��
,QWHUQDWLRQDO 'D\V�LQ�&ULWLFDO�5DZ�0DWHULDOV��± �����

5HFHLYHG ��������


