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ABSTRACT:
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H[SORViRQ�VHTXHQFH�RFFXUUHG�iQ�)HEUXDU\������UHFRUGHG�IURP�WKH�9RUDJiQH�DQG�%RFFD�1XRvD�FUDWHUV�UiPV�iQ�SDUDOOHO�ZiWK�8$9�VXUvH\V��
:H�DQDO\VHG�viGHRV�WR�REWDiQ�WKH�IUHTXHQF\�RI�H[SORViRQV��SDUWiFOH�H[iW�VSHHGV�DQG�VWXG\�HUXSWiRQ�G\QDPiFV��6XUvivDO�DQDO\ViV�RI�WKH�
UHSRVH� WiPH� EHWZHHQ� H[SORViRQV� UHvHDOHG� WKDW� WKH\� DUH� GiVWUiEXWHG� DFFRUGiQJ� WR� ORJ� ORJiVWiF� GiVWUiEXWiRQV�� iQ� DQDORJ\�ZiWK� NQRZQ�
VHTXHQFHV�DW�RWKHU�RSHQ�vHQW�vROFDQRHV��:H�IRXQG�GiIIHUHQFHV�DPRQJ�ORZ�iQWHQViW\�DQG�KiJK�iQWHQViW\�H[SORViRQV��/RZ�iQWHQViW\�HvHQWV�
DUH�FKDUDFWHUi]HG�E\�iQVWDQWDQHRXV�SXOVHV�RI�PDJPD�DVVRFiDWHG�ZiWK�WKH�EXUVW�RI�D�JDV�VOXJ��+iJK�iQWHQViW\�HvHQWV�DUH�FRPSRVHG�E\�
PXOWiSOH�SXOVHV��ZKHUH�vROFDQiF�SDUWiFOHV�FDQ�UHDFK�VSHHGV�RI�XS�WR�����P�V��VHSDUDWHG�E\�JDV�VWUHDPiQJ�DQG�IROORZHG�E\�D�VWDWiRQDU\�
SKDVH��ZKHUH�SDUWiFOHV�DUH�HPiWWHG�DW�FRQVWDQW�vHORFiW\��DQG�D�GHFOiQiQJ�SKDVH�HPiWWiQJ�D�IHZ�VPDOO�SDUWiFOHV�ZiWK�VSHHGV�ORZHU�WKDQ����
P�V��)iQDOO\��ZH�HPSKDVi]H�KRZ�UHPRWH�VHQViQJ�PRQiWRUiQJ�RI�VPDOO�VFDOH�H[SORViRQV�iV�D�vHU\�HIIHFWivH�WRRO�SURviGiQJ�GDWD�IRU�WKHiU�
TXDQWiIiFDWiRQ�DQG�PRGHOOiQJ��

1. INTRODUCTION

%DVDOWiF�vROFDQiF�PDQiIHVWDWiRQV�DUH�FKDUDFWHUi]HG�E\�D� ODUJH�
VW\OH�UDQJH��iQFOXGiQJ�ODvD�IORZV��RXWJDVViQJ�H[SORVivH�HvHQWV�
RI� vDUiDEOH� iQWHQViW\�� IURP� ODvD� IRXQWDiQiQJ� WR� DVK� SOXPHV��
�(GZDUGV�HW�DO����������7KHiU�HUXSWivH�VW\OH�GHSHQGV�WR�vDUiRXV�
SDUDPHWHUV�OiNH�PDJPD�viVFRViW\�DQG�vRODWiOH�FRQWHQW��UiVH�DQG�
IHHGiQJ�UDWHV��7DGGHXFFi�HW�DO����������
,Q� SDUWiFXODU�� WKH� H[SORViRQ� IUHTXHQF\� iQ� 6WURPEROiDQ�
G\QDPiFV�iV�UHODWHG�WR�WKH�UiViQJ�G\QDPiFV�RI�JDV�VOXJV��ZKRVH�
UDSiG� H[SDQViRQ� OHDGV� WR� WKH� IUDJPHQWDWiRQ� DQG� UHOHDVH� RI�
PDJPD��DQG�� iQ� VRPH�FDVHV�� VPDOO�TXDQWiWiHV�RI� OiWKiF� VWRQHV�
SUHVHQW�iQViGH�WKH�FRQGXFW��%DOFNEXUQ�HW�DO����������([iW�VSHHGV�
FDQ�H[FHHG�����P�V�DQG�HMHFWD�FDQ�UHDFK�GiVWDQFHV�XS�KXQGUHGV�
RI�P�XS�WR�D�IHZ�NP�IURP�WKH�vHQW��6WURPEROiDQ�DFWiviW\�iV�DOVR�
D� QDWXUH� VSHFWDFOH� DWWUDFWiQJ� WRXUiVWV� DQG� ORFDO� SHRSOH� ZKR�
FOiPE�vROFDQRHV�XS�WR�D�VKRUW�GiVWDQFHV�IURP�WKH�DFWivH�vHQWV�
�6FROOR� HW� DO��� ������� )RU� WKiV� UHDVRQ�� WKH� VWXG\� RI� (WQD
V�
6WURPEROiDQ�HUXSWiRQV� iV� UHOHvDQW�QRW�RQO\�IRU�XQGHUVWDQGiQJ�
WKH� G\QDPiFV� RI� WKHVH� HvHQWV� EXW� DOVR� IRU� WKH� KD]DUG�
TXDQWiIiFDWiRQ��8QIRUWXQDWHO\��GHVSiWH�(WQD�iV�RQH�RI�WKH�PRVW�
VWXGiHG� DQG� PRQiWRUHG� vROFDQR� iQ� WKH� ZRUOG�� 6WURPEROiDQ�
DFWiviW\�iV�RIWHQ�RvHUORRNHG��EHFDXVH�RI�iWV�OiPiWHG�iPSDFW�ZiWK�
UHVSHFW�WR�ODvD�IRXQWDiQ�HvHQWV��UHDFKiQJ�XS�WR�6XESOiQiDQ�VFDOH�
�%UDQFD� DQG� 'HO� &DUOR�� ������� 0RQiWRUiQJ� 6WURPEROiDQ�
HUXSWiRQV�� ZKRVH� SURGXFW� DUH� KDUG� WR� VDPSOH� EHFDXVH� WKH\�
W\SiFDOO\� RFFXU� DW� RSHQ� vHQW� vROFDQRHV� iV� iGHDOO\� PDGH� E\�
FROOHFWiQJ�JURXQG�UHPRWH�VHQViQJ�GDWD��
7KiV�VWXG\�DiPV�WR�SURviGH�XVHIXO�GDWD�WR�TXDQWiI\�DQG�PRGHO�
WKH� 6WURPEROiDQ� DFWiviW\� RI� WKiV� vROFDQR� WKURXJK� WKH�
PHDVXUHPHQW�DQG�DQDO\ViV�RI�VSDWiDO�DQG�WHPSRUDO�SDUDPHWHUV��
DOVR�E\�FRPSDUiQJ�iW�ZiWK�RWKHU�vROFDQiF�V\VWHPV�ZiWK�ViPiODU�
FKDUDFWHUiVWiFV�� ,Q� WKiV�SDSHU��ZH�GiVFXVV�RQ� WKH�6WURPEROiDQ�
G\QDPiFV�HvHQWV�WKDW�RFFXUUHG�DW�(WQD�RQ�)HEUXDU\�������7KiV�
VWXG\� iV� EDVHG� RQ� TXDQWiWDWivH� DQDO\ViV� RI� KiJK� UHVROXWiRQ�

viGHRV�� WKDW�ZHUH�UHFRUGHG�RQ� WKH���WK�)HEUXDU\������RQ� WKH�
HGJHV�RI�9RUDJiQH�DQG�%RFFD�1XRvD�&UDWHUV��

2. MATERIALS AND METHODS

7KH� GDWD� FROOHFWiRQ� ZDV� SRVViEOH� E\� WKH� DFTXiViWiRQ� RI� IRXU�
viGHRV��GRFXPHQWiQJ�WKH�DFWiviW\�RI���WK�)HEUXDU\�������7KHVH�
viGHRV�ZHUH�DFTXiUHG�ZiWK�D�IUHTXHQF\�RI����ISV��IUDPHV�SHU�
VHFRQG�� DQG� D� UHVROXWiRQ�RI� ����[�����Si[HOV�� ,PDJHV�ZHUH�
DFTXiUHG�ZiWK�D�1iNRQ�&RROSi[�3�����FDPHUD�HTXiSSHG�ZiWK�D�
��������PP�RSWiFDO�]RRP��6HQVRU�Vi]H�iV�����[�����PP��
7KH� IiOPV�ZHUH� WKHQ� VSOiWWHG� iQWR� iQGiviGXDO� IUDPHV�� VWXGiHG�
ZiWK� iPDJH� DQDO\ViV� WHFKQiTXHV� XViQJ� WKH� VRIWZDUH� )iMi�
�6FKiQGHOiQ�HW�DO���������

7DEOH����9iGHRV�DQDO\VHG�DQG�WKHiU�FKDUDFWHUiVWiFV�
2.2 Image calibration 

7KH�iPDJHV�ZHUH�FDOiEUDWHG�IRU�WKH�GiVWDQFH�FRQvHUViRQ�IURP�
Si[HOV�WR�PHWHUV��

9iGHR� 'DWH��ORFDO�
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'HIiQiWiRQ� RI� WKH� )29� �)iHOG� RI� 9iHZ�� DUHD� ZDV� iQ� IDFW�
REWDiQHG�XViQJ�NQRZQ�GiVWDQFHV��i�H��WKH�FUDWHU�UiP�GiDPHWHU���
PHDVXUHG�E\�8$9�VXUvH\V��6RPHWiPHV��iPDJH�VHTXHQFHV�IURP�
ViQJOH�viGHRV�KDvH�UHTXiUHG�PXOWiSOH�FDOiEUDWiRQV�iI�WKH�RSWiFDO�
]RRP�RI� WKH� FDPHUD�ZDV� DFWivDWHG��0RUHRvHU�� WR� UHGXFH� WKH�
PHDVXUH� XQFHUWDiQW\�� Si[HO� FDOiEUDWiRQ� ZDV� UHSHDWHG� DQG�
DvHUDJHG� RvHU� D� VHTXHQFH� RI� Ii[HG� RSWiFV� iPDJHV�� ,PDJH�
UHVROXWiRQ�ZDV�FDOFXODWHG�DV� WKH�iQvHUVH�RI�WKH�DvHUDJH�VFDOH�
IDFWRU� FDOFXODWHG� EDVHG� RQ� )iMi� DQDO\ViV� RI� WKH� FDOiEUDWiRQ�
iPDJHV��

Dm
d

= ����

ZKHUH�� m  �UHVROXWiRQ��S[�P�
D� �NQRZQ�GiVWDQFH��P�
d  �NQRZQ�GiVWDQFH��S[�

2.1. Time series analysis 

7iPH� VHUiHV� GDWD� ZHUH� REWDiQHG� E\� FDOFXODWiQJ� WKH� WiPH�
EHWZHHQ�FRQVHFXWivH�iPDJHV�REWDiQHG�E\�FRQvHUWiQJ�WKH�viGHRV�
EDVHG� RQ� UHFRUGiQJ� VSHHG� �ISV��� 7iPH� EHWZHHQ� iPDJHV� �iQ�
VHFRQGV��ZDV�FDOFXODWHG�DV��

nft
fps

= ���

ZKHUH�� QI �QXPEHU�RI�IUDPHV�EHWZHHQ�WZR�iPDJHV�iQ�WKH�
VHUiHV�

'XUDWiRQ�RI�H[SORViRQV�ZDV�FDOFXODWHG�EDVHG�RQ�WKH�QXPEHU�RI�
IUDPHV�FRPSUiVHG�EHWZHHQ�WKH�RQH�VKRZiQJ�WKH�IiUVW�SDUWiFOH�
H[iWiQJ�WKH�vHQW�DQG�WKH�RQH�VKRZiQJ�WKH�ODVW�SDUWiFOH�H[iWiQJ�
WKH�vHQW���
7KH� UHSRVH� WiPH� EHWZHHQ� WZR� FRQWiJXRXV� H[SORViRQV� ZDV�
FDOFXODWHG�DV�WKH�GiIIHUHQFH�EHWZHHQ�WKH�VWDUWiQJ�WiPHV�RI�WZR�
FRQVHFXWivH�H[SORViRQV��

� �trt ti ti= − �����

ZKHUH�� WUW  �UHSRVH�WiPH�
ti1 �VWDUWiQJ�WiPH�RI�WKH�IiUVW�H[SORViRQ �
ti2  �VWDUWiQJ�WiPH�RI�WKH�QH[W�H[SORViRQ�

)iQDOO\�� WKH� iQWHUvDO� EHWZHHQ� WZR� FRQWiJXRXV� H[SORViRQV��
GHIiQHG� DV� WKH� GiIIHUHQFH� EHWZHHQ� WKH� VHFRQG� H[SORViRQ�
VWDUWiQJ� WiPH� DQG� WKH� IiUVW� H[SORViRQ� HQGiQJ� WiPH�� ZDV�
FDOFXODWHG��

� �i ti tf= − �����

ZKHUH�� i  �UHSRVH�WiPH�
ti2  �VHFRQG�H[SORViRQ�VWDUWiQJ�WiPH�
tf1 �IiUVW�H[SORViRQ�HQGiQJ�WiPH�

2.3. Distances and particle exit speeds 

)RU�HDFK�H[SORViRQ��ZH�FDOFXODWHG�WKH�vHUWiFDO�H[iW�VSHHG�RI�WKH�
HPiWWHG�SDUWiFOHV��EDVHG�RQ�WZR�DOJRUiWKPV��
:KHQ�WKH�SDUWiFOHV�UHPDiQHG�ZiWKiQ�WKH�)29�DORQJ�WKHiU�HQWiUH�
WUDMHFWRU\��FRQVHUvDWiRQ�RI�HQHUJ\�ZDV�DSSOiHG���

� � � �U U K K+ = + �����

ZKHUH� U0  �iQiWiDO�SRWHQWiDO�HQHUJ\�
U1  �IiQDO�SRWHQWiDO�HQHUJ\�
K0  �iQiWiDO�NiQHWiF�HQHUJ\�
K1  �IiQDO�NiQHWiF�HQHUJ\�

1HJOHFWiQJ� IUiFWiRQ� �ZKiFK� iV� QRW� UHOHvDQW� FRQViGHUiQJ� WKH�
XQFHUWDiQW\�RI�WKH�PHDVXUHV��ZH�REWDiQ��

�v gh= ����

ZKHUH�� v  �SDUWiFOH�VSHHG�
g  �JUDviWDWiRQDO�DFFHOHUDWiRQ�
h  �PD[iPXP�SDUWiFOH�KHiJKW�DERvH�WKH�FUDWHU�UiP�

:KHQ�WKH�SDUWiFOH�WUDMHFWRU\�H[FHHGHG�WKH�)29��VSHHG�ZKHUH�
FDOFXODWHG� PHDVXUiQJ� WKH� GiVWDQFH� FRvHUHG� iQ� D� WiPH� RI� ��
FRQVHFXWivH�IUDPHV��

� �
��� �
�

v h h= − ����

ZKHUH�� v  �SDUWiFOH�VSHHG�
h2 = SDUWiFOH�KHiJKW�iQ�WKH�WKiUG�FRQVHFXWivH�IUDPH�
h1  �SDUWiFOH�KHiJKW�iQ�WKH�iQiWiDO�IUDPH�

2.2. Particle tracking 

7KH� IRXU� ODUJHVW� H[SORViRQV�� FKDUDFWHUi]HG� E\� WKH� ORQJHVW�
GXUDWiRQ�� DQG� WKH� ODUJHVW� QXPEHU� RI� SDUWiFOHV� HPiWWHG�� ZHUH�
VWXGiHG� iQ�GHWDiO��7iPH�HvROXWiRQ�RI� WKH� HUXSWiRQ�SDUDPHWHUV�
�i�H�� SDUWiFOH� VSHHG� DQG� Vi]H�� ZDV� TXDQWiIiHG� ZiWK� WHPSRUDO�
UHVROXWiRQ�RI�WHQWKV�RI�VHFRQGV��

3. RESULTS

7KH� viGHRV� UHFRUGHG� D� VHTXHQFH� RI� ��� WR� ��� H[SORViRQV��
RFFXUUiQJ� IURP� XS� WR� WZR� vHQWV� ZiWKiQ� WKH� 9RUDJiQH� FUDWHU�
�WDEOH� ���� ([SORViRQV� ODVWHG� IURP� ����� WR� �� V�� ZiWK� DvHUDJH�
vDOXHV�DURXQG���V�iQ�DOO�UHFRUGHG�viGHRV��5HSRVH�WiPHV�EHWZHHQ�
H[SORViRQV�UDQJHG�EHWZHHQ������WR�������V�ZiWK�DvHUDJH�vDOXHV�
DURXQG� �� V�� 7iPH� iQWHUvDOV� UDQJHG� EHWZHHQ� ����� WR� ������ V�
�WDEOH�����
6XUvivDO�DQDO\ViV�RI�WKH�UHSRVH�WiPHV�UHvHDOHG�WKDW�WKH\�DUH�EHVW�
UHSURGXFHG� E\� ORJ� ORJiVWiF� GiVWUiEXWiRQV�� HvHQ� iI� D� *DXVViDQ�
GiVWUiEXWiRQ�FRXOG�UHSURGXFH�GDWD�VDWiVIDFWRUiO\��RWKHU�NQRZQ�
GiVWUiEXWiRQ� VXFK� DV� WKH� H[SRQHQWiDO� RQH�� iQVWHDG� GR� QRW� IiW�
VDWiVIDFWRUiO\�WKH�HPSiUiFDO�SUREDEiOiW\�FXUvHV��7DEOH�����

)iJXUH����$QDO\ViV�RI�VSHHG�IUHTXHQFiHV��
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3DUWiFOH� vHUWiFDO� H[iW� VSHHG� ZHUH� PHDVXUHG� IRU� WKH� IDVWHVW�
SDUWiFOHV�iQ�HDFK�RI�WKH�����H[SORViRQV�VWXGiHG��6SHHGV�UDQJH�
IURP�vDUiHV�IURP�����WR������P�V��ZiWK�DvHUDJH�vDOXH�RI�DERXW�
��� P�V�� 6SHHGV� GiVWUiEXWH� DFFRUGiQJO\� WR� DQ� DOPRVW�
V\PPHWUiFDO�WUHQG��ZiWK�WZR�PRGHV�FORVH�WR�WKH�PHGiDQ�vDOXHV��
0D[iPXP�H[iW�VSHHG�ZDV�PHDVXUHG�iQ�WKH���PDMRU�H[SORViRQV�
�IiJ�����WDEOH�����

7DEOH����%DViF�VWDWiVWiFDO�SDUDPHWHUV�

7DEOH����)iWWiQJ�UHVXOWV�RI�UHSRVH�WiPHV�EHWZHHQ�H[SORViRQV�
// �QHJDWivH�ORJ�OiNHOiKRRG�

7DEOH���6WDWiVWiFDO�VSHHG�DQDO\ViV�

2.4. Dynamics of the four major explosions 

0DMRU�H[SORViRQV�ODVWHG�IURP������WR������VHFRQGV��7KH\�ZHUH�
GiviGHG� iQWR� WKUHH� WR� IRXU� SKDVHV�� ZiWK� GiVWiQFW� G\QDPiFV��
)iUVWO\��DQ�iQWHQVH�RXWJDVViQJ�WKDW�WKH�H[SORViRQ�RQVHW��IiJ��D��
H���)iUVW�SDUWiFOHV��DVK�DQG� ODSiOOi�Vi]HG��H[iWHG� IURP� WKH�vHQW�
GXUiQJ�WKH�RQVHW��
,Q� D� IHZ� WHQWKV� RI� VHFRQGV�� WKH�QXPEHU� RI� SDUWiFOHV� HPiWWHG�
VXGGHQO\�iQFUHDVH��IRUPiQJ�D�WKiFNHU�HUXSWivH�FROXPQ��VHFRQG�
SXOVH���,Q�WKUHH�H[SORViRQV��D�WKiUG�SXOVH�IROORZ�WKH�VHFRQG�RQH��
iW�iV�WKH�PRVW�iQWHQVH��iQ�WHUPV�RI�QXPEHU�RI�HPiWWHG�SDUWiFOHV��
DQG�iW�iV�FKDUDFWHUiVHG�HPiVViRQ�RI�ODUJHU�SDUWiFOHV��ERPEV�WR�
ODSiOOi�Vi]HG��DFFRPSDQiHG�E\�OiPiWHG�JDV�HPiVViRQ��IiJ��E��F��G��
I���

)iJXUH����'\QDPiFV�RI�PDMRU�H[SORViRQV�DV�SiFWXUHG�iQ�WKH�
UHFRUGHG�IUDPHV��RXWJDVViQJ�GXUiQJ�IiUVW�DQG�VHFRQG��iQ�WKH�
IUDPH��SXOVHV��FKDUDFWHUi]HG�UHVSHFWivHO\�E\�D�ODUJH�DQG�D�
VPDOOHU�HUXSWivH�FROXPQ�WKiFNQHVV��D���%RPEV�DQG�ODSiOOi�

HUXSWHG�GXUiQJ�VXVWDiQHG�SKDVH��E��F�G�DQG�I���IiUVW�SXOVH�ZiWK�
DVK�HPiVViRQ�DQG�RXWJDVViQJ��H���

3DUWiFOH� WUDFNiQJ� ZiWKiQ� FRQVHFXWivH� IUDPHV� RI� PDMRU�
H[SORViRQV�VKRZHG�D�W\SiFDO�GHFUHDVH�iQ�HQHUJ\�IURP�RQVHW�WR�
VXEVHTXHQW� SXOVHV� �$ODWRUUHဨ,EDUJ�HQJRiWiD� HW� DO��� ������
IROORZHG�E\�D�VWDWiRQDU\�SKDVH��VHFRQG�WR�WKiUG�SXOVH��ODVWiQJ�
OHVV�WKDQ���V��

)iJXUH����(vROXWiRQ�RI�VSHHGV�GXUiQJ�D�PDMRU�H[SORViRQ��(UURU�
RQ�VSHHG�HVWiPDWiRQ�iV�VPDOOHU�WKDQ�WKH�V\PERO�XVHG��
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3. CONCLUSIONS

7KiV� VWXG\� HVWiPDWHG� IXQGDPHQWDO� SDUDPHWHUV� RI� WKH�
6WURPEROiDQ�G\QDPiFV�DW�(WQD�vROFDQR��6WURPEROiDQ�DFWiviW\�
FRQViVWV� RI� UHJXODU� �i�H�� WiPH� EHWZHHQ� H[SORViRQ� IROORZ� ORJ�
ORJiVWiF� GiVWUiEXWiRQV�� VHUiHV� RI� H[SORViRQV�ZiWK� vHU\� ViPiODU�
G\QDPiFV��6KRUW�PHGiDQ�UHSRVH�WiPHV�VXJJHVW�ORZ�viVFRViW\�RI�
WKH�HPiWWHG��'RPiQJXH]�HW�DO����������DVVRFiDWHG�ZiWK�OiPiWHG�
JDV� HPiVViRQ�� �FRUUHVSRQGiQJ� WR� ORZ� SDUWiFOHV� H[iVW� VSHHGV��
�$ODWRUUH�ဨ�,EDUJ�HQJRiWiD�HW�DO����������7KHUHIRUH��H[SORViRQV�
DUH�PDUNHG� E\� KHiJKWV� DQG� VSHHGV�PXFK� ORZHU� WKDQ� W\SiFDO�
6WURPEROiDQ�UHJiPH��7DGGHXFFi�HW�DO����������'DWD�SUHVHQWHG�
KHUH��DOWKRXJK�UHSUHVHQWiQJ�WKH�IiUVW�DVVHVVPHQW�RI�6WURPEROiDQ�
G\QDPiFV� DW� (WQD�� DUH� RQO\� SUHOiPiQDU\�� :H� XQGHUOiQH� WKH�
iPSRUWDQFH� RI� JURXQG� UHPRWH� VHQViQJ� V\VWHPV� RI� H[SORVivH�
HUXSWiRQV� DV� WKH� PDiQ� PHWKRG� IRU� FROOHFWiQJ� ORZ� iQWHQViW\�
HUXSWiRQ�SDUDPHWHUV�ZKiFK�FRXOG�QRW�EH�HVWiPDWHG�E\�WKH�VWXG\�
RI�WHSKUD�FROOHFWiRQ�RU�XViQJ�VDWHOOiWH�WHFKQiTXHV��
7KiV�GDWD�FRXOG�EH�FRPSDUHG�ZiWK�RWKHU�vROFDQiF�V\VWHPV�WR�
KDvH�D�GHHSHU�DQG�PRUH�JHQHUDO�XQGHUVWDQGiQJ�RI�6WURPEROiDQ�
DFWiviW\��
6WURPEROiDQ�G\QDPiFV�iV�vHU\�ViPiODU�WR�RWKHU�W\SH�vROFDQRHV�
VXFK�DV�6WURPEROi�DQG�<DVXU��7DGGHXFFi�HW�DO���������*DXGiQ�
HW�DO����������([SORViRQV�DUH�IHG�E\�WKH�UiVH�RI�SUHVVXUi]HG�JDV�
VOXJV� UXSWXUiQJ� WKH� IUHH� PDJPD� VXUIDFH� iQWR� IUDJPHQWV� RI�
vDUiDEOH� Vi]H� �DVK� WR� ERPEV��� ZiWK� G\QDPiFV� ViPiODU� WR� WKH�
VXGGHQ�UHOHDVH�RI�D�PDVV�RI�SUHVVXUi]HG�JDV�ZiWKiQ�D�VKRFN�WXEH�
�$ODWRUUH�ဨ� ,EDUJ�HQJRiWiD�HW�DO���������� ,Q�PDMRU�H[SORViRQV��
PXOWiSOH�SXOVHV�VXJJHVW�WKH�UiVH�RI�D�VHUiHV�RI�VOXJV��
��
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