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$%675$&7�
,Q� WKLV� VWXG\�ZH�SUHVHQWHG� D� QHZ�QXPHULFDO�PHWKRG�
WR� FDOFXODWH� VN\� YLHZ� IDFWRU� �69)��EDVHG�RQ�5KLQR�
*UDVVKRSSHU�SODWIRUP��DLPLQJ�WR�SURYLGH�SRVVLELOLWLHV�
RSSRUWXQLW\� WR�HYDOXDWH�GHWDLO�GLVWULEXWLRQ�RI�69)� LQ�
VFKHPH�VWDJH�RI�EXLOGLQJV�DQG�XUEDQ��7KH�SURFHGXUH�
RI�FDOFXODWLRQ�LV�EULHIO\�VKRZHG�DV�IROORZV�����WKH��'�
GDWDEDVH� RI� VFKHPH� RU� VLWH� LV� LPSRUWHG� E\�
*UDVVKRSSHU�� DQG� D� FHUWDLQ� UHVROXWLRQ� RI� PHDVXULQJ�
SRLQWV� DUH� DUUDQJHG�� ��� 69)� LV� FRPSXWHG� IRU� DOO� WKH�
PHDVXULQJ� SRLQWV� RQH� E\� RQH�� DQG� WKH� FRQWLQXRXV�
69)� ILHOG�ZDV� ILQDOO\� DFKLHYHG�� ��� WKH� UHVXOWV� UHVXOW�
DUH�VHQW� WR�([FHO�DQG�GLVSOD\HG�RQ��'�YLVXDOL]DWLRQ��
%\�FDOFXODWLRQV�DQG�FRPSDULVRQV�RI�GLIIHUHQW�PRGHOV��
ZH� GHWHUPLQHG� IRXU� NH\� SDUDPHWHUV�ZKLOH� EDODQFLQJ�
FDOFXODWLRQ� DFFXUDF\� DQG� HIILFLHQF\�� ,W� LV� ZRUWK�
QRWLQJ� WKDW� WKH� ELVHFWLRQ� PHWKRG� LV� KLJKO\� HIILFLHQW�
DQG�RI�OHVV�HUURU�LQ�FRQWUDVW�ZLWK�HTXLVHFWLRQ�PHWKRG��
HVSHFLDOO\�ZKHQ� WKH�KHLJKW�ZLGWK�UDWLR�RI�FDQ\RQV� LV�
UHODWLYHO\� KLJK�� %HVLGHV�� WKH� HIIHFW� RI� WKH� EXLOGLQJV�
DURXQG�FRXOG�EH�FRQVLGHUHG�QHJOLJLEOH�ZKLOH�WKH\�DUH�
EH\RQG�WKH�VFRSH�RI����P�H[WHQGHG�UHJLRQ��
.H\� ZRUGV�� GHWDLO� GLVWULEXWLRQ� RI� 69)�� 5KLQR�
*UDVVKRSSHU��D�QXPHULFDO�PHWKRG�

,1752'8&7,21�
6N\� YLHZ� IDFWRU� �69)�� LV� WKH� UDWLR� RI� UDGLDWLRQ�
UHFHLYHG� E\� D� SODQDU� VXUIDFH� IURP� WKH� VN\� WR� WKDW�
UHFHLYHG� IURP� WKH� HQWLUH� KHPLVSKHULF� UDGLDWLQJ�
HQYLURQPHQW� �-RKQVRQ� HW� DO�� ������� � 69) �� PHDQV�
WKDW� WKH� UDGLDWLRQ� ZKLFK� LV� UHOHDVHG� E\� D� VXUIDFH� LV�
WRWDOO\�UHFHLYHG�E\�WKH�VN\��ZKLOH�69) ��PHDQV�WKDW�
WKH� UDGLDWLRQ� LV� FRPSOHWHO\� EORFNHG� E\� REVWUXFWLRQV��
69)� LV� DQ� LPSRUWDQW� SDUDPHWHUV� WR� GHVFULEH� ORQJ�
ZDYH�UDGLDWLRQ�H[FKDQJH�ZLWKLQ�XUEDQ�FDQRSLHV��DQG�
69)�ILHOG�LV�VLJQLILFDQWO\�DIIHFWHG�E\�WKH�GLVWULEXWLRQ�
DQG� VFXOSW� RI� VXUURXQGLQJ� EXLOGLQJV� �2NH� ������
6DNDNLEDUD��������7KHUHIRUH�WKH�GHWDLOHG�GLVWULEXWLRQ�
RI� 69)� SOD\V� DQ� LPSRUWDQW� UROH� LQ� UHODWLQJ� WKH�
GLVWULEXWLRQ� RU� VFXOSW� RI� EXLOGLQJV� WR� XUEDQ� WKHUPDO�
HQYLURQPHQW��
6HYHUDO� PHWKRGV� KDYH� EHHQ� SURSRVHG� WR� FDOFXODWH�
69)��DQG�WKH�EHORZ�LV�EULHI�UHYLHZ��
 $QDO\WLFDO� PHWKRGV�� 8VH� HTXDWLRQV� DQG�
JHRPHWULFDO�FKDUDFWHULVWLFV�DV�LQSXW�WR�FDOFXODWH�69)��
DQG� VXLWDEOH� IRU� VLPSOH� PRGHOV�� )RU� H[DPSOH��

2NH������� SURSRVHG� D� PHWKRG� WR� FDOFXODWH� 69)� RI�
WKH� FHQWHU� SRLQW� RI� D� V\PPHWULF� FDQ\RQ� RI� LQILQLWH�
OHQJWK��2.(�������-RKQVRQ�HW�DO���������DQG�-RKQVRQ�
DQG� :DWVRQ� ������� H[WHQGHG� WKH� PHWKRG� DQG�
HVWDEOLVKHG� H[SUHVVLRQV� IRU� QRQV\PPHWULFDO� FDQ\RQV�
RI�ILQLWH�OHQJWK��2.(�������-RKQVRQ�HW�DO���������
 )LVKH\H� SKRWRJUDSKLF� PHWKRGV�� 3URMHFW� WKH�
KHPLVSKHULFDO�HQYLURQPHQW�RQWR�D�FLUFXODU�SODQH��DQG�
WKH� LPDJH� LV�SURFHVVLQJ�PDQXDOO\�RU�E\�FRPSXWHU� WR�
JHW� 69)� �6WH\Q� ������ :DWVRQ� HW� DO�� ������� 7KHVH�
PHWKRGV� DUH� LQWURGXFHG� IRU� FRPSOH[� UHDO��
HQYLURQPHQWV��DQG�QRW�VXLWDEOH�IRU�HYDOXDWLRQ�RI�69)�
LQ�GHVLJQ�SKDVH��
 1XPHULFDO� PRGHOV� PHWKRGV�� 'HYHORSHG� IRU� WKH�
69)� HVWLPDWLRQ� LQ� WKH� EXLOW� RU� VFKHPDWLF� GHVLJQ�
SKDVH� RI� XUEDQ� HQYLURQPHQW�� 7KH� PHWKRGV� FDQ� EH�
GLYLGHG� LQWR� WKUHH� FDWHJRULHV�� VWDQG�DORQH�
SURJUDPV�%UXVH�HW�DO��������7HOOHU�HW�DO���������&$'�
SOXJ�LQV� �6+8� ������ &+(1� ������ &+(1*� �������
DQG� QRQ�&$'� SOXJ�LQV�5DWWL� HW� DO�� ������ *DO� HW� DO��
������ *DO� HW� DO�� ������� 7KH� &$'� SOXJ�LQV� LV�
SDUWLFXODUO\�ZHOO�VXLWHG�IRU�GHVLJQHUV�IRU�WKDW�WKH\�FDQ�
HYDOXDWH�UDSLGO\�DW�GHVLJQ�VWDJH�E\�XVH�WKHLU�H[LVWLQJ�
&$'� PRGHOV�� +RZHYHU�� 69)� RI� VLQJOH� SRLQW� RU�
DYHUDJH�RI� DQ� DUHD� FDQ�RQO\� EH� FDOFXODWHG� � E\�XVLQJ�
WKH� H[LWHG�PHWKRGV�� DQG� WKHUHIRUH�� LW� LV� VWLOO� GLIILFXOW�
WR� DFFXUDWHO\� HYDOXDWH� WKH� HIIHFW� RI� �'� JHRPHWULFDO�
FRQILJXUDWLRQ� RQ� ORQJ�ZDYH� UDGLDWLYH� KHDW�
ORVV�&+(1�������&+�(1��������0HDQZKLOH��<DIHQJ�
*DR��*$2�HW�DO�������LQGLFDWHG�WKDW�ZKHQ�LQFUHDVLQJ�
KHLJKW�ZLGWK� UDGLR� RI� FDQ\RQ� DQG� XVLQJ� HTXLVHFWLRQ�
PHWKRG� WR� HVWLPDWH� DOWLWXGH� DQJOH�� LW� XVXDOO\� PDNHV�
WKH�SUHFLVLRQ�RI�69)�FDOFXODWLRQ�GHVFHQG��
7KH�PDLQ�SXUSRVH�RI�WKH�SUHVHQW�VWXG\�LV�SURSRVHG�D�
QXPHULFDO� PHWKRG� WR� FDOFXODWH� � FRQWLQXRXV�
GLVWULEXWLRQ�RI�69)�RI�XUEDQ�HQYLURQPHQWV�EDVHG�RQ�
5KLQR�JUDVVKRSSHU� SODWIRUP��7KH� VSHFLILF� REMHFWLYHV�
DUH�� ���� WR� SUHVHQW� WZR� PHWKRGV�� ELVHFWLRQ	�
HTXLVHFWLRQ�� IRU� HVWLPDWLQJ� DOWLWXGH� DQJOH�� DQG�
FRPSDUH�LQ�WKHLU�SHUIRUPDQFH�DQG�DSSOLFDELOLW\������WR�
GHWHUPLQH� DSSURSULDWH� SDUDPHWHU� VHWWLQJV� RI� WKH�
FDOFXODWLRQ��

180(5,&$/�0(7+2'�2)�69)�),(/'�
(67,0$7,21�
7KH�69)�FDOFXODWLRQ�SOXJ�LQV�ZDV�ZULWWHQ�E\�9%�QHW�
DQG� EDVHG� RQ�*UDVVKRSSHU� �*+���*+� LV� D� JUDSKLFDO�
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DOJRULWKP� HGLWRU� WLJKWO\� LQWHJUDWHG� ZLWK� 5KLQR¶V� �'�
PRGHOLQJ�WRROV��ZZZ�JUDVVKRSSHU�G�FRP��������)LJ���
��LOOXVWUDWHV�WKH�VFKHPDWLF�GHVFULSWLRQ�RI�WKH�SOXJ�LQV��
:LWK�WKH�KHOS�RI�*+��WKH�SOXJ�LQV�FDQ�TXLFNO\�JHW�WKH�
YHFWRU� GDWD� RI� EXLOGLQJV� DQG� VHW� XS� WKH� FRPSXWLQJ�
JULG� IRU� 69)� FDOFXODWLRQ�� :KHQ� WKH� FDOFXODWLRQ� LV�
FRPSOHWHG�� WKH� UHVXOWV� RI� FRQWLQXRXV� 69)� ILHOG� ZLOO�
EH� RXWSXWWHG� WR� ([FHO�� DQG� GLVSOD\HG� RQ� �'�
YLVXDOL]DWLRQ��

0HWKRG�RI�VLQJOH�SRLQW�69)�HVWLPDWLRQ�
7KH�PHWKRG�SURSRVHG�E\�*DO��������ZDV�DGRSWHG�WR�
FDOFXODWH� 69)� RI� VLQJOH�SRLQW�� 7KHUH� ZHUH� IRXU� NH\�
VWHSV�LQ�WKLV�PHWKRG��)LJ�������
���FUHDWH�D�KHPLVSKHUH�RI�XQLW�UDGLXV�LQ�D��'�PRGHO��
DQG� SODFH� WKH� FHQWHU� RI� WKH� KHPLVSKHUH� DW� WKH�
PHDVXULQJ� SRLQW�� ��� GLYLGH� WKH� KHPLVSKHUH� HTXDOO\�
LQWR�Q� VOLFHV�E\� URWDWLRQ�DQJOH�Į ����Q������HVWLPDWH�
DOWLWXGH� DQJOH� IRU� HDFK� VOLFH�ȕ𝑖��� ZKLFK� ZDV� WKH�
ODUJHVW� DOWLWXGH� DQJOH� WKDW� ZDV� REVWUXFWHG� IRU� WKDW�
VOLFH��7KH�ZDOO�YLHZ�IDFWRU�IRU�D�VOLFH�ZLWK�D�ZLGWK�RI�
Į� ZDV�� :9)𝑖 �Į�����FRV�ȕ𝑖 ���Q�FRV�ȕ𝑖�� ���
FDOFXODWH� WKH� 69)� YDOXH� RI� WKH� PHDVXULQJ� SRLQW� DV��
69) ��:9) 1 − ∑ 𝑊𝑉𝐹𝑖�� 7KH� DFFXUDF\� RI� WKH�
DERYH�PHWKRG�GHSHQGHG�RQ� WZR�DVSHFWV�� WKH�ZD\� WR�
PHDVXUH� WKH�DOWLWXGH�DQJOH�ȕ𝑖��DQG� WKH�VOLFHV�QXPEHU�
�Q���
7ZR� PHWKRGV�� WKDW� LV� WKH� HTXLVHFWLRQ� DQG� ELVHFWLRQ�
PHWKRG�� ZHUH� FRQVLGHUHG� WR� EH� XVHG� WR�PHDVXUH� WKH�
DOWLWXGH� DQJOH�� 7KH� PDLQ� VWHSV� RI� WKH� WZR� PHWKRGV�
ZHUH�VKRZQ�EHORZ��
7KH�PDMRU� VWHSV� RI� WKH� HTXLVHFWLRQ� PHWKRG� DUH�)LJ��
�D�������GLYLGH�WKH�VOLFH�V��HTXDOO\�LQWR�0�VHFWRUV�E\�
DOWLWXGH� DQJOH� ȕH ���0� DQG� GUDZ� YLUWXDO� GHWHFWLRQ�
OLQHV� IURP� WKH� PHDVXULQJ� SRLQW� WR� HDFK� VHFWRUV�� ����
FDOFXODWH� WKH� DPRXQW� RI� OLQHV� WKDW� LQWHUVHFWHG� ZLWK�
VROLG� REVWDFOHV�EXLOGLQJV��� ZKLFK� ZDV� WHUPHG� DV� P��
DQG� WKH� DOWLWXGH� DQJOH� ZDV� GHWHUPLQHG� DV� ȕ𝑖 ȕe ×
m = m × 90/M��,W�FDQ�EH�NQRZQ�WKDW�D�KLJKHU�YDOXH�
RI�0�ZLOO�UHVXOW�LQ�D�PRUH�DFFXUDWH�HVWLPDWLRQ�RI�WKH�
ȕ𝑖�DQG�D�ORQJHU�FRPSXWDWLRQ�WLPH��,Q�WKLV�DUWLFOH�� WKH�
YDOXH�RI�0�ZDV�����
7KH� VWHSV� IRU� ELVHFWLRQ� PHWKRG�)LJ�� �E�� FDQ� EH�
GHVFULEHG�DV�IROORZV������VHW�D�FRQYHUJHQFH�WKUHVKROG�
&�LQ�WKLV�DUWLFOH��& ������������GUDZ�YLUWXDO�GHWHFWLRQ�
OLQHV� E\� WKH� DOWLWXGH� DQJOH� ȕE� IURP� WKH� PHDVXULQJ�
SRLQW��$QG�WKH�DQJOH�ȕE�LV�FDOFXODWHG�DV��

ȕE ȕE���（��）7î△ȕE�
ZKHUH�E �����������ȕ� �，ȕ� ��，△ȕE ����E��,I�WKH�
OLQHV�LQWHUVHFW�ZLWK�DQ\�EXLOGLQJV��WKHQ�7 ���LI�QRW��
WKHQ�7 �������FRPSXWH�WKH�GLIIHUHQFHV�RI�ZDOO�YLHZ�
IDFRU�△:9)��DQG�LI�△:9)�&��WKHQ�UHSHDW�WKH�VWHS���
DQG����LI�QRW��WKHQ�FDOFXODWLRQ�LV�ILQLVKHG�DQG�WKH�
DOWLWXGH�DQJOH�RI�WKH�VOLFH�V��ȕ𝑖 ȕb��7KH�YDOXH�△:9)�
FRXOG�EH�GHULYHG�E\�WKH�IROORZLQJ�IRUPXOD��

△:9) _Qî�:9)E�:9)E���_ _FRV�ȕE�FRV�ȕE��_�

0HWKRG�RI�FRQWLQXRXV�69)�ILHOG�HVWLPDWLRQ�
7KH� HVWLPDWLRQ� PHWKRG� RI� FRQWLQXRXV� 69)� ILHOG�
LQFOXGHV� WKH� IROORZLQJ� VWHSV�� ���� VHW� XS� WKH� WRWDO�
FRPSXWLQJ� DUHD� �)LJ�� ���� ZKLFK� FRQWDLQV� WZR� PDMRU�
SDUWV��FHQWUDO�UHJLRQ�DQG�H[WHQGHG�UHJLRQ������DUUDQJH�
WKH� PHDVXULQJ� SRLQWV� HYHQO\� LQ� D� SURSHU� UHVROXWLRQ�
ZLWKLQ� WKH� FHQWUDO� UHJLRQ�� 7KH� SRLQWV� RYHUODSSHG� E\�
WKH�EXLOGLQJV�ZHUH�GHOHWHG������GHWHUPLQH�WKH�69)�RI�
HDFK� SRLQWV� E\� WKH� PHWKRG� RI� VLQJOH�SRLQW�� 7KH�
EXLOGLQJV� ORFDWHG� LQ� H[WHQGHG� UHJLRQ� ZLOO� EH� WDNHQ�
LQWR�FRQVLGHU�ZKHQ�SHUIRUPLQJ�WKH�HVWLPDWLRQ�RI�69)�
ILHOG��
7KHUH� ZHUH� PDLQO\� WZR� IDFWRUV� LQIOXHQFLQJ� WKH�
DFFXUDF\� RI� WKH� DERYH� PHWKRG�� WKH� UHVROXWLRQ� RI�
PHDVXULQJ� SRLQWV� DQG� WKH� UDQJ� RI� H[WHQGHG� UHJLRQ��
7KH�RSWLPDO�VHWWLQJV�RI�WKH�LQIOXHQFLQJ�IDFWRUV�VKRXOG�
EH� GHWHUPLQHG� ZKLOH� FRQVLGHULQJ� ERWK� WKH� SUHFLVLRQ�
RI�WKH�FDOFXODWLRQ�DQG�WKH�QHFHVVDU\�FRPSXWLQJ�WLPH��

'(7(50,1$7,21�2)�.(<�
3$5$0(7(56�
,QDSSURSULDWH� VHWWLQJV� RI� NH\� SDUDPHWHUV�ZRXOG� OHDG�
WR�ORZ�DFFXUDF\�DQG�PRUH�FRPSXWDWLRQ�WLPH��7KH�NH\�
SDUDPHWHUV�ZHUH�GHWHUPLQHG�LQ�WKH�SUHVHQW�VWXG\�ZLWK�
WKH� FRQVLGHUDWLRQV� RI� ERWK� DFFXUDF\� DQG� FDOFXODWLRQ�
WLPH�� 7KH� YDOXH� RI� UHODWLYH� HUURU� �į�� ZDV� XVHG� WR�
UHSUHVHQW� WKH� DFFXUDF\� RI� FDOFXODWLRQ�� ZKLFK� ZDV�
GHULYHG�E\�WKH�IROORZLQJ�IRUPXOD��

į （69)HVW�69)UHI）�69)UHI[�����
ZKHUH�69)HVW�LV�WKH�UHVXOW�FDOFXODWHG�E\�WKH�QXPHULFDO�
PHWKRG�DQG�69)UHI�LV�WKH�UHIHUHQFH�YDOXH�WR�EH�
FRPSDUHG�H�J��DQDO\WLFDO�VROXWLRQ�IRU�0RGHO�,	,,��
DQG�FDOFXODWLRQ�UHVXOWV�E\�WKH�PHWKRG�ZLWK�KLJK�OHYHO�
VHWWLQJV�IRU�0RGHO�,,,	,9���

'HWHUPLQDWLRQ�RI�DOWLWXGH�DQJOH�
�����0RGHO�,�
0RGHO�,��)LJ���D��ZDV�D�KROORZ�F\OLQGHU�ZLWK�D�
FHUWDLQ�UDGLXV�5 ��P��7KH�KHLJKW�+��RI�F\OLQGHU�ZDV�
FKDQJHG�IURP��P�WR����P�LQ�VWHS�RI��P��DQG�
WKHUHIRUH�WKH�+�5�UDWLR�RI�WKH�F\OLQGHU�FKDQJHG�IURP�
����WR�����7KH�PHDVXULQJ�SRLQW�03��ZDV�ORFDWHG�DW�
WKH�FHQWUDO�RI�F\OLQGHU��$FFRUGLQJ�WR�DQDO\WLFDO�
VROXWLRQV��WKH�UHIHUHQFH�YDOXH�RI�PRGHO�,�FRXOG�EH�
GHULYHG�ZLWK�WKH�IROORZLQJ�IRUPXOD��

69)UHI�0� 5��（+��5�）�
7KH�UHODWLYH�HUURUV��5(��FDQ�EH�H[SUHVVHG�IRU�YDULRXV�
PHWKRGV�DV��
įHTXLVHFWLRQ （ 69)HTXLVHFWLRQ�69)UHI�0�） �69)UHI�0�[�����
įELVHFWLRQ （69)ELVHFWLRQ�69)UHI�0�）�69)UHI�0�[�����

:KHUH�69)HTXLVHFWLRQ�LV�WKH�69)�YDOXH�EDVHG�RQ�WKH�
DOWLWXGH�DQJOH�HVWLPDWLRQ�PHWKRG�RI�HTXLVHFWLRQ��
69)ELVHFWLRQ�LV�WKH�YDOXH�EDVHG�RQ�WKH�PHWKRG�RI�
ELVHFWLRQ��
���5HVXOWV�
7KH�5(�RI�WZR�PHWKRGV�ZHUH�VKRZQ�LQ�)LJXUH����,W�
FDQ�EH�VHHQ�WKDW�WKH�PD[LPXP�5(�RI�HTXLVHFWLRQ�
PHWKRG�(0��ZDV������ZKLFK�LV�DERXW���WLPHV�RI�WKDW�
RI�ELVHFWLRQ�PHWKRG�%0���7KH�PHDQ�5(�RI�(0�ZDV�
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�����QHDUO\���WLPHV�RI�WKDW�RI�%0��:KHQ�WKH�+�5�
UDWLR�LQFUHDVHV��LW�LV�ZRUWK�QRWLQJ�WKDW�WKH�5(�RI�(0�
LQFUHDVHV�UDSLGO\��DQG�ZKHQ�+�5�UDWLR�LV�DERYH����WKH�
5(�RI�(0�VWDUWV�WR�ULVH�DERYH�����DQG��WKHUHIRUH�WKH�
(0�LV�QRW�VXLWDEOH�IRU�69)�FDOFXODWLRQ�XQGHU�WKH�
FRQGLWLRQ�RI�VXFK�KLJK�+�5�UDWLR��
)LJXUH���DOVR�VKRZV�WKH�WLPH�FRQVXPLQJ�XQGHU�
GLIIHUHQW�FRQGLWLRQV��7KH�PHDQ�WLPH�FRQVXPLQJ�RI�
(0�ZDV�����PV����WLPHV�DV�WKDW�RI�%0��,Q�DGGLWLRQ��
LW�FDQ�EH�VHHQ�WKDW�WKH�FRPSXWDWLRQDO�HIILFLHQF\�RI�
%0�ZDV�QRW�VHQVLWLYH�WR�+�5�UDWLR��
$V�WKH�DERYH�UHVXOWV�VKRZ��WKH�ELVHFWLRQ�PHWKRG�ZDV�
KLJKO\� HIILFLHQW� DQG� RI� OHVV� UHODWLYH� HUURU� LQ� FRQWUDVW�
ZLWK� HTXLVHFWLRQ� PHWKRG� ZKLOH� HVWLPDWLQJ� 69)��
+HQFH�� WKH�ELVHFWLRQ�PHWKRG�ZDV� �XVHG� WR�GHWHUPLQH�
DOWLWXGH�DQJOH�LQ�WKH�IROORZLQJ�VHFWLRQV��

'HWHUPLQDWLRQ�RI�VOLFHV�QXPEHU�
����0RGHO�,,�
0RGHO� ,,� ZDV� D� QRQV\PPHWULFDO� FDQ\RQ� ZLWK� ILQLWH�
OHQJWK� �)LJ�� �E��� 7KHUH� ZHUH� WZR� EXLOGLQJV� � LQ�
GLIIHUHQW�KHLJKWV� LQ� WKH�PRGHO��7KH� OHQJWK��/��RI� WKH�
FDQ\RQV�ZDV�YDULHG�IURP��P�WR����P�LQ��VWHS�RI��P��
DQG� WKH� RWKHU� JHRPHWULFDO� FKDUDFWHUV�� VXFK� DV�
ZLGWK�:�� RI� WKH� FDQ\RQV� ���P�� DQG� � KHLJKWV� RI�
EXLOGLQJV����P�DQG���P��ZHUH�IL[HG�DV�FRQVWDQW��7KH�
03� ZDV� SODFHG� DW� WKH� PLGSRLQW� RI� WKH� FDQ\RQ��
-RKQVRQ� DQG� :DWVRQ� ������� SURSRVHG� D� DQDO\WLF�
PHWKRG� EDVHG� RQ� D]LPXWKV�Ȗ�� DQG� DOWLWXGH�ȕ�� DQJOHV�
RI�VXUURXQGLQJ�EXLOGLQJV��ZKLFK�LQYROYHG�FDOFXODWLQJ�
WKH�ZDOO�YLHZ�IDFWRUV�:9)���

WVF =
1
2π

{(γ − γ )
+ cos β [tan (cos β tan γ   )
− 𝑡𝑎𝑛 (𝑐𝑜𝑠β  tanγ )]}�

:KHUH�γ   and  γ �DUH� WKH�D]LPXWK�DQJOHV�RI� WKH� ILQLWH�
ZDOO� IURP�03� WR� WKH� WZR�HQGV�RI� WKH�ZDOO�� DQG�ȕ� LV�
WKH� DQJOH� RI� HOHYDWLRQ� RI� WKH� WRS� RI� D�ZDOO� IURP� WKH�
OLQH�SDUDOOHO�WR�WKH�ZDOO��SDVVLQJ�WKURXJK�WKH�03��7KH�
ZDOO� YLHZ� IDFWRU� RI� 03� VXUURXQGHG� E\� VHYHUDO�
EXLOGLQJV� ZRXOG� EH� WKH� VXP� RI� WKH� :9)� IRU� HDFK�
EXLOGLQJ�� $FFRUGLQJ� WR� DQDO\WLFDO� VROXWLRQV�� WKH�
UHIHUHQFH�YDOXH�RI�PRGHO�,,�FRXOG�EH�GHULYHG�ZLWK�WKH�
IROORZLQJ�IRUPXOD��

𝑆𝑉𝐹 = 1 − (𝑊𝑉𝐹 +𝑊𝑉𝐹 )�
7R� FRPSDUH� DFFXUDF\� RI� WKH� GLIIHUHQW� PDJQLWXGH，
WKH�5(�EHWZHHQ�WKH�UHVXOWV�RI�DQDO\WLFDO�PHWKRG�DQG�
WKH�QXPHULFDO�PHWKRGV�ZDV��
δ = （SVF − SVF ）/SVF × 100%�
:KHUH�Q�ZDV�WKH�SDUDPHWHU�VHWWLQJ�RI�VOLFHV�QXPEHU��
LQ� WKLV� FDVH�� Q ���� ����� ����� ����� ������ DQG�SVF �
ZDV�WKH�UHVXOW�LQ�WKH�VHWWLQJV���
���5HVXOWV�
$V� WKH�)LJ�� �� VKRZV�� WKHUH�ZDV� QHJDWLYH� FRUUHODWLRQ�
EHWZHHQ�WKH�VOLFHV�QXPEHU�DQG�WKH�PHDQ�YDOXH�RI�5(��
DQG� SRVLWLYH� FRUUHODWLRQ� EHWZHHQ� WKH� VOLFHV� QXPEHU�
DQG� WLPH�FRQVXPLQJ� RI� FRPSXWDWLRQ�� 7KH� PHDQ�
YDOXHV� RI� 5(� ZHUH� DOZD\V� VPDOOHU� WKDQ� ����� IRU�

0RGHO� ,,�� )RUP� WKH� DVSHFWV� RI� DFFXUDF\� DQG�
HIILFLHQF\��WKH�VOLFHV�QXPEHU�FRXOG�EH�GHWHUPLQHG�DV�
������

'HWHUPLQDWLRQ�RI�UHVROXWLRQ�RI�PHDVXULQJ�SRLQW�
����0RGHO�,,,�
0RGHO� ,,,� �)LJ�� �F�� LQFOXGHG� WZR� XUEDQ� VLWHV� LQ�
GLIIHUHQW� VFDOHV� WKDW� ZHUH� JHQHUDWHG� E\� UDQGRPO\�
DUUDQJLQJ� D� FHUWDLQ� DPRXQW� RI� EXLOGLQJV�� $FFRUGLQJ�
WR� WKH� QDWLRQDO� DUFKLWHFWXUDO� GHVLJQ� VSHFLILFDWLRQV� RI�
&KLQD����������� WKH�GLPHQVLRQ�RI�GZHOOLQJ�JURXS� LQ�
WKH� +RW�6XPPHU� DQG� :DUP�:LQWHU� DUHD� LV�
�����a�����P���VR�WKH�FHQWUDO�UHJLRQ�RI�6LWH�$�ZDV�
GHWHUPLQHG� DV� ���[���P�� LQFOXGLQJ� ��� UDQGRP�
DUUDQJHG� EXLOGLQJV� �FXERLG��� DQG� 6LWH� %� ZDV�
���[���P��LQFOXGLQJ�����EXLOGLQJV��
7R�FRPSDUH�WKH�DFFXUDF\�RI�GLIIHUHQW�UHVROXWLRQV��WKH�
UHVXOWV� FDOFXODWHG� LQ� UHVROXWLRQ� RI� ���P� ZDV�
FRQVLGHUHG� DV� UHIHUHQFH�� DQG� WKH� 5(� RI� RWKHU� IRXU�
GLIIHUHQW�UHVROXWLRQV�ZDV��
δ
= （SVF
− SVF . ）/SVF . × 100%�

:KHUH�[�ZDV�WKH�SDUDPHWHU�VHWWLQJ�RI�WKH�UHVROXWLRQ��
LQ� WKLV� FDVH�� [ ����� ��� ���� ���� ���RQO\� 6LWH� %�� DQG�
SVF �ZDV� PHDQ� YDOXH� RI� WKH� FDOFXODWLRQ�
UHVXOWV�LQ�WKH�VHWWLQJV���
����5HVXOWV�
$V� WKH� )LJ�� �� VKRZV�� WKH� UHVROXWLRQ� RI� WKH� 03�
FRUUHODWHG�ZLWK�WKH�PHDQ�YDOXH�RI�5(�QHJDWLYHO\�DQG�
ZLWK�WLPH�FRQVXPLQJ�RI�FRPSXWDWLRQ�SRVLWLYHO\��7KH�
LQWHUVHFWLRQ� SRLQW� RI� WKH� UHJUHVVLRQ� OLQHV�ZLWK� WKH�<�
D[LV� ZDV� WKH� HVWLPDWLRQ� 5(� EHWZHHQ� WKH� VHWWLQJ�
UHVROXWLRQ�DQG�WKH��P�UHVROXWLRQ��7KH�HVWLPDWLRQ�5(�
RI��P�UHVROXWLRQ�ZHUH������IRU�6LWH�$�DQG������IRU�
6LWH� %�� ERWK� RI� ZKLFK� DUH� OHVV� WKDQ� ���� 7KH�
HVWLPDWLRQ�5(�RI���P�UHVROXWLRQ�ZDV������IRU�6LWH�%��
ZKLFK� LV� JUHDWHU� WKDQ� ���� )RUP� WKH� DVSHFWV� RI�
DFFXUDF\�DQG�HIILFLHQF\�� WKH�UHVROXWLRQ�RI�PHDVXULQJ�
SRLQWV�ZDV�GHWHUPLQHG�DV��P��

'HWHUPLQDWLRQ�RI�H[WHQGHG�UHJLRQ�
�����0RGHO�,9�
7KH�WRWDO�UHJLRQ�RI�0RGHO�,9�ZDV����[���P��)LJ��
�G���DQG�WKH�EXLOGLQJV�RXWVLGH�RI�H[WHQGHG�UHJLRQ�
ZRXOG�QRW�EH�WDNHQ�LQWR�DFFRXQW�GXULQJ�WKH�69)�
FDOFXODWLRQ��7KH�FDOFXODWLRQ�UHJLRQ�FRQWDLQHG�FHQWUDO�
UHJLRQ�DQG�H[WHQGHG�UHJLRQ��7KH�03V�ZHUH�HYHQO\�
GLVWULEXWHG�LQ�WKH�FHQWUDO�UHJLRQ�����[���P���7KH�
H[WHQGHG�UHJLRQ�ZDV�FKDQJHG�LQ�GLVWDQFH�RI��P�WR�
���P�IURP�WKH�FHQWUDO�UHJLRQ�DQG�7DEOH���
VXPPDUL]HV�WKH�LQIRUPDWLRQ�RI�WKH�H[WHQGHG�UHJLRQV��
7R�FRPSDUH�HIIHFWV�RI�WKH�GLIIHUHQW�UDQJH，WKH�UHVXOWV�
FDOFXODWHG� LQ� UDQJH� RI� ���P� ZDV� FRQVLGHUHG� DV�
UHIHUHQFH��DQG�WKH�5(�RI�RWKHU�VL[�UDQJH�ZDV��

δ = （SVF − SVF ）/SVF
× 100%�
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:KHUH� \� ZDV� WKH� SDUDPHWHU� VHWWLQJ� RI� WKH� UDQJH�� LQ�
WKLV�FDVH��\ ������������������������������DQG�SVF �
ZDV� PHDQ� YDOXH� RI� WKH� FDOFXODWLRQ� UHVXOW� LQ� WKH�
VHWWLQJV��
���5HVXOWV�RI�WKH�'HWHUPLQDWLRQ�
%\� FRPSDULQJ� WKH� FDOFXODWLRQV� RI� WKH� GLIIHUHQW�
UDQJHV�)LJ���D���LW�FDQ�EH�IRXQG�WKDW�FRQWLQXRXV�69)�
ILHOG� QHDUE\� WKH� HGJH� ZDV� JUHDWO\� LQIOXHQFH� E\� WKH�
EXLOGLQJV�LQ�WKH�H[WHQGHG�UHJLRQ��7KH�UHVXOW�)LJ���E��
GHQRWHG� WKDW� ZKHWKHU� RU� QRW� WR� FRQVLGHU� WKH�
VXUURXQGLQJ�EXLOGLQJV�FRXOG�OHDG�WR�D�PD[LPXP�HUURU�
RI�����LQ�PHDQ�YDOXH�RI�69)��:KHQ�FRQVLGHULQJ�WKH�
EXLOGLQJV� LQ� WKH� H[WHQGHG� UDQJH� RI� ��a���P�� WKH�
HUURU� FRXOG� GHFUHDVH� WR� ����� RU� OHVV�� DQG� WKH� HUURU�
FRXOG� GHFUHDVH� WR� ����� ZKLOH� WKH� FRQVLGHUHG� UDQJH�
ZDV�RYHU����P��%DVHG�RQ�WKH�DERYH�UHVXOWV��H[WHQGHG�
UHJLRQ�UDQJH�ZDV�GHWHUPLQHG�DV���P�RU����P��

&21&/86,21�
7KH� QXPHULFDO� PHWKRG� EDVHG� RQ� &$'� SOXJ�LQV� RQ�
5KLQR�*UDVVKRSSHU� SODWIRUP� ZDV� SURSRVHG� DQG� WKH�
NH\� SDUDPHWHUV� ZHUH� GHWHUPLQHG� ZKLOH� FRQVLGHULQJ�
ERWK� DFFXUDF\� DQG� WLPH�FRQVXPLQJ�� 7KH� PHWKRG�
SURYLGHV� DQ� HIILFLHQW� DQG� DFFXUDF\� ZD\� WR� HVWLPDWH�
ERWK�WKH�VLQJOH�SRLQW�69)�DQG�FRQWLQXRXV�69)�ILHOG��
7KH� ELVHFWLRQ�PHWKRG� LV� KLJKO\� HIILFLHQW� DQG� RI� OHVV�
UHODWLYH� HUURU� LQ� FRQWUDVW� ZLWK� HTXLVHFWLRQ� PHWKRG�
ZKLOH� HVWLPDWLQJ� DOWLWXGH� DQJOH�� 7KH� LPSDFW� FDQ� EH�
LJQRUHG� IRU� WKH� EXLOGLQJV� ���P� IDU� DZD\� IURP� WKH�
FHQWUDO� UHJLRQ�� 7DEOH� �� VXPPDUL]HV� WKH� SURSHU�
VHWWLQJV�IRU�69)�FDOFXODWLRQ��

$&.12:/('*(0(176�
7KH�SURMHFW�ZDV�VXSSRUWHG�E\�,QWHUQDWLRQDO�6FLHQFH�
	7HFKQRORJ\�&RRSHUDWLRQ�3URJUDP�RI�&KLQD�3URMHFW�
1R�����')$��������7KH�SURMHFW�ZDV�VXSSRUWHG�E\�
1DWLRQDO�.H\�7HFKQRORJ\�5	'�3URJUDP�RI�&KLQD�
�3URMHFW�1R������%$&��%�����7KH�SURMHFW�ZDV�
VXSSRUWHG�E\�1DWLRQDO�1DWXUDO�6FLHQFH�)RXQGDWLRQ�RI�
&KLQD��3URMHFW�1R����������）��

5()(5(1&(6�
����*��%�� ��������&RGH�IRU�8UEDQ�UHVLGHQWLDO�GLVWULFW�

SODQQLQJ�	�GHVLJQ��
%UXVH��0��DQG�+��)OHHU����������6LPXODWLQJ�VXUIDFH±

SODQW±DLU� LQWHUDFWLRQV� LQVLGH�XUEDQ�HQYLURQPHQWV�
ZLWK� D� WKUHH� GLPHQVLRQDO� QXPHULFDO� PRGHO���
(QYLURQPHQWDO� PRGHOOLQJ� 	� VRIWZDUH� �������
���������

&+(1�� -�� �������� 2XWGRRU� WKHUPDO� HQYLURQPHQW�
HYDOXDWLRQ� WRRO� EDVHG� RQ� OXPSHG� SDUDPHWHU�
PHWKRG� 0DVWHU�� 6RXWK� &KLQD� 8QLYHUVLW\� RI�
7HFKQRORJ\��

&+(1*�� 0�� �������� �([SORULQJ� � WKH� 5HODWLRQVKLS��
EHWZHHQ�6WUHHW�*HRPHWU\��DQG�6N\�9LHZ��)DFWRU���
D� 0HWKRG� WR� ,QYHVWLJDWH� WKH� ,PSDFW� RI� 8UEDQ�
)RUP�RQ�8UEDQ�+HDW�,VODQG����

*DO�� 7��� )�� /LQGEHUJ� DQG� -�� 8QJHU� ��������
�&RPSXWLQJ� FRQWLQXRXV� VN\� YLHZ� IDFWRUV� XVLQJ�
�'� XUEDQ� UDVWHU� DQG� YHFWRU� GDWDEDVHV��
FRPSDULVRQ� DQG� DSSOLFDWLRQ� WR� XUEDQ� FOLPDWH���
7KHRUHWLFDO�DQG�DSSOLHG�FOLPDWRORJ\������������
�����

*DO��7���0��5]HSD��%��*URPHN�DQG�-��8QJHU���������
�&RPSDULVRQ� EHWZHHQ� VN\� YLHZ� IDFWRU� YDOXHV�
FRPSXWHG�E\� WZR�GLIIHUHQW�PHWKRGV� LQ�DQ�XUEDQ�
HQYLURQPHQW��� $&7$� &OLPDWRORJLFD� (W�
&KRURORJLFD����������������

*$2�� <��� ;�� 7$1*�� 0�� ;8� DQG� &�� 1,(� ��������
�6LPSOLILHG�VROXWLRQ�RI�FRQILJXUDWLRQ�IDFWRU�IURP�
XUEDQ� JURXQG� WR� VN\��� $FWD� (QHUJLDH� 6RODULV�
6LQLFD��������

-RKQVRQ�� *�� 7�� DQG� ,�� '�� :DWVRQ� �������� �7KH�
GHWHUPLQDWLRQ�RI�YLHZ�IDFWRUV�LQ�XUEDQ�FDQ\RQV���
-RXUQDO� RI� &OLPDWH� DQG� $SSOLHG� 0HWHRURORJ\�
����������������

2.(�� 7�� �������� �&DQ\RQ� JHRPHWU\� DQG� WKH�
QRFWXUQDO�XUEDQ�KHDW�LVODQG��&RPSDULVRQ�RI�VFDOH�
PRGHO� DQG� ILHOG�REVHUYDWLRQ��� -��&OLPDWRORJ\� ���
���������

2NH�� 7�� 5�� �������� %RXQGDU\� OD\HU� FOLPDWHV��
5RXWOHGJH��

5DWWL��&�� DQG�3��5LFKHQV� �������� �5DVWHU� DQDO\VLV� RI�
XUEDQ�IRUP���(QYLURQPHQW�DQG�3ODQQLQJ�%��������
���������

6DNDNLEDUD�� <�� �������� �$� QXPHULFDO� VWXG\� RI� WKH�
HIIHFW� RI� XUEDQ� JHRPHWU\� XSRQ� WKH� VXUIDFH�
HQHUJ\�EXGJHW���$WPRVSKHULF�(QYLURQPHQW��������
���������

6+8�� /�� �������� 5HVHDUFK� RI� GHVLJQ� PHWKRG� IRU�
RXWGRRU� WKHUPDO� HQYLURQPHQW� EDVHG� RQ� &77&�
PRGHO�0DVWHU��

6WH\Q�� '�� �������� �7KH� FDOFXODWLRQ� RI� YLHZ� IDFWRUV�
IURP�ILVKH\H‐OHQV�SKRWRJUDSKV��5HVHDUFK�QRWH���

7HOOHU�� -�� DQG� 6�� $]DU� �������� �7RZQVFRSH� ,,²$�
FRPSXWHU� V\VWHP� WR� VXSSRUW� VRODU� DFFHVV�
GHFLVLRQ�PDNLQJ���6RODU�HQHUJ\�����������������

:DWVRQ�� ,�� DQG� *�� -RKQVRQ� �������� �(VWLPDWLQJ�
SHUVRQ� YLHZ�IDFWRUV� IURP� ILVK�H\H� OHQV�
SKRWRJUDSKV��� ,QWHUQDWLRQDO� -RXUQDO� RI�
%LRPHWHRURORJ\�����������������

�

)LJXUHV�DQG�7DEOHV�
�
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�
)LJXUH���6FKHPDWLF�GHVFULSWLRQ�RI�WKH�DOJRULWKP�IRU�WKH�GHWDLO�GLVWULEXWLRQ�RI�69)�FDOFXODWLRQ�EDVHG�RQ�WKH�

5KLQR�*UDVVKRSSHU�SODWIRUP��
�

�
)LJXUH����,OOXVWUDWLRQ�RI�PHWKRG�RI�6LQJOH�SRLQW�69)�HVWLPDWLRQ��*DO�HW�DO����������D��3RO\JRQ�J�[��DV�D�ERUGHU�RI�
WKH�YLVLEOH�VN\�DQG�GLYLGLQJ�WKH�KHPLVSKHUH�XQGHU�J�[��HTXDOO\�LQWR�VOLFHV�E\�DQJOH�Į��KHLJKWV�DUH�HTXDO�WR�WKH�J�[��
YDOXHV�LQ�WKH�PLGGOH�SRLQWV�RI�WKH�LQWHUYDO���E��D�VOLFH�RI�D�µZLGWK¶�RI�D��6��RI�D�EDVLQ�ZLWK�DQ�DOWLWXGH�DQJOH�ȕ�

�

&DOFXODLWRQ�5HVXOWV�2XWSXW�

([SRUW�WR�([FHO� 'UDZ�LQWR�VFUHHQ�

69)�&DOFXODWLRQ�3OXJ�LQV�
 
 
*UDVVKRSSHU�XVHU�LQWHUIDFH�
�6HOHFW�HVWLPDWLRQ�PHWKRG�IRU�
DOWLWXGH�DQJOH��
�'HILQH�VOLFH�QXPEHU�
�'HILQH�H[WHQGHG�UHJLRQ�
�$FWLYDWH�VXEURXWLQHV�

5XQ�VXEURXWLQHV�
�(VWLPDWH�DOWLWXGH�DQJOH�VOLFH�
E\�VOLFH�IRU�HDFK�PHDVXULQJ�
SRLQW�
�&DOFXODWH�VLQJOH�SRLQW�69)�
EDVHG�RQ�DOWLWXGH�DQJOH�
�:ULWH�69)�RI�DOO�PHDVXULQJ�
SRLQWV�LQWR�WDEOHV�
�&DOFXODWH�69)�SRLQW�WR�SRLQW�

0HVXULQJ�,QIRPDWLRQ�,QSXW�
 
%XLOGLQJV�
� LPSRUWLQJ��HVWDEOLVKLQJ����'�
PRGHO�RI�VFKHPH�DQG�VLWH�

0HDVXULQJ�SRLQWV�
�'HILQLQJ��UHVROXWLRQ�RI�
PHDVXULQJ�SRLQWV�

Rhino-Grasshopper interface 
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�

�
)LJXUH����$�VDPSOH�ZLWK�WKH�WRWDO�FRPSXWLQJ�DUHD�

�

�
)LJXUH����7KH�FRPSDULVRQ�RI�UHODWLYH�HUURUV�DQG�WLPH�FRQVXPLQJ�DW�GLIIHUHQW�DOWLWXGH�HVWLPDWLRQ�PHWKRG�
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)LJXUH����,OOXVWUDWLRQ�RI��D��HTXLVHFWLRQ�PHWKRG���E��ELVHFWLRQ�PHWKRG�

D� (TXLVHFWLRQ�����
ȕ𝑖 = β ×𝑚�

�

ȕE���

△ȕE�

P�

0�

E���%LVHFWLRQ�
��ȕE ȕE���（��）7î△ȕE�

7 ��

7 ���

ȕ𝑖�

�

ȕE�

&HQWUDO�UHJLRQ�
�

([WHQGHG�UHJLRQ�
�

2XWOLQH�RI�EXLOGLQJV�
�

*ULG�RI�PHDVXULQJ�SRLQWV�
�
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�
)LJXUH����&RPSDULVRQ�RI�PHDQ�UHODWLYH�DQG�DYHUDJH�WLPH�FRQVXPLQJ�DW�GLIIHUHQW�PDJQLWXGH�
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)LJXUH����7KH�FRPSRQHQWV�RI�0RGHO��)RU�D�FHUWDLQ�GHJUHH�RI�DFFXUDF\�DQG�HIILFLHQF\�GHVFULEHG�
DERYH�WKH�RSWLPDO�VHWWLQJV�QHHGHG�WR�EH�WHVWHG�ZLWK�WKH�IRXU�W\SHV�RI�PRGHOV��D��7KH�0RGHO�,��
ZKLFK�ZDV�D�KROORZ�F\OLQGHU��ZDV�XVHG�WR�GHWHUPLQH�WKH�HVWLPDWLRQ�RI�DOWLWXGH�DQJOH���E�7KH�
0RGHO�,,��ZKLFK�ZDV�QRQV\PPHWULFDO�FDQ\RQV�RI�ILQLWH�OHQJWK��ZDV�XVHG�WR�GHWHUPLQH�VOLFHV�
QXPEHU���F�	�G�7KH�0RGHO�,,,	,9��ZKLFK�ZHUH�FRQVLVWHG�RI�UDQGRP�FXEHV��ZHUH�XVHG�WR�
GHWHUPLQH�WKH�UHVROXWLRQ�RI�PHDVXULQJ�SRLQW�DQG�H[WHQGHG�UHJLRQ��

D��0RGHO�,� E��0RGHO�,,�

F��0RGHO�,,,���
VLWH�$�

F��0RGHO�,,,���
VLWH�%�

G��0RGHO�,9�
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�
)LJXUH����&RPSDULVRQ�RI�UHODWLYH�HUURUV�DQG�DYHUDJH�WLPH�FRQVXPLQJ�DW�GLIIHUHQW�UHVROXWLRQ�RI�PHDVXULQJ�SRLQWV�
�

7DEOH����6WDWLVWLF�RI�VLWHV�LQIRUPDWLRQ�IRU�YDULRXV�H[WHQGHG�UHJLRQV�
(;7(1'('�
5(*,21
（0）�

&$/&8/$7,2
1�5(*,21�
$5($�㎡��

180%(5�
2)�

%8,/',1*6�

%8,/',1*�
'(16,7<�

%8,/',1*�+(,*+7�0��

0($1� 0,1� 0$;�

�� ������ ��� ������ ����� ����� �����
��� ������ ��� ������ ����� ����� �����
��� ������ ��� ������ ����� ����� �����
���� ������� ���� ������ ����� ����� �����
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