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���/LTXLG�&KURPDWRJUDSK\�%DVLFV
+LVWRU\�RI�/LTXLG�&KURPDWRJUDSK\
/LTXLG�FKURPDWRJUDSK\�ZDV�GH¿QHG�E\�0LNKDLO�6��7VZHWW�������������ZKR�VHSDUDWHG�OHDI�SLJPHQWV�LQWR�GLIIHUHQW�FRORUHG�EDQGV�XV�

LQJ�FKDON�SRZGHU��&D&2���DV�DGVRUEHQW��7KHQ�UHYHUVHG�SKDVH�FKURPDWRJUDSK\�� LRQ�H[FKDQJH�FKURPDWRJUDSK\��VL]H�H[FOXVLRQ�

FKURPDWRJUDSK\�ZHUH�GHYHORSHG��,Q������-�-��.LUNODQG�KDV�VXFFHHGHG�LQ�WKH�SURGXFWLRQ�RI�FKHPLFDOO\�ERQGHG�SDFNLQJ�PDWHULDO�IRU�

OLTXLG�FKURPDWRJUDSK\��DQG�FRQWULEXWHG�WR�HVWDEOLVK�WKH�EDVLFV�RI�KLJK�SHUIRUPDQFH�OLTXLG�FKURPDWRJUDSK\��ZKLFK�DUH�QRZ�RQH�RI�

WKH�PRVW�LPSRUWDQW�DQDO\VLV�PHWKRGV�

+3/&�(TXLSPHQWV
+3/&�HTXLSPHQWV�DUH�FRQQHFWHG�DV�VKRZQ�LQ�)LJXUH���LQ�WKH�RUGHU�RI�PRELOH�SKDVH�ÀRZ�IURP�PRELOH�SKDVH�UHVHUYRLU��SXPS��LQMHF�

WRU��FROXPQ��GHWHFWRU�WR�ZDVWH�VROYHQW�FRQWDLQHU��6DPSOHV�DUH�LQWURGXFHG�LQWR�PRELOH�SKDVH�WKURXJK�WKH�LQMHFWRU�DQG�VHSDUDWHG�E\�

WKH�FROXPQ��&KURPDWRJUDP�LV�GUDZQ�E\�UHFRUGHU�

Ɣ�0RELOH�3KDVH�5HVHUYRLU
*ODVV�ERWWOH�RU�FRQLFDO�ÀDVN�LV�XVHG�DV�D�PRELOH�SKDVH�UHVHUYRLU��7R�DYRLG�FORJJLQJ�IURP�LQVROXEOH�FRPSRXQGV�LQ�WKH�PRELOH�SKDVH��
D�VXFWLRQ�¿OWHU��RU�VLQNHU��LV�DWWDFKHG�WR�WKH�LQOHW�

Ɣ�3XPS
6HQG�PRELOH�SKDVH�DW�D�FRQVLVWHQW�ÀRZ�UDWH�RU�SUHVVXUH��&RQQHFWLQJ�WZR�SXPSV�HQDEOHV�JUDGLHQW�HOXWLRQ�

Ɣ�,QMHFWRU
,QMHFW�VDPSOH�WR�FROXPQ�E\�D�PLFUR�V\ULQJH��$XWR�LQMHFWRU�LV�ZLGHO\�XVHG�IRU�DXWRPDWHG�VDPSOH�LQMHFWLRQ�

Ɣ�&ROXPQ
3DFNLQJ�PDWHULDO�LV�SDFNHG�LQ�D�VWDLQOHVV�RU�JODVV�FKURPDWRJUDP�FROXPQ��7R�DYRLG�WKH�HOXWLRQ�RI�SDFNLQJ�PDWHULDO��D�IULW����ȝP��LV�
SDFNHG�RQ�HDFK�HQG�RI�WKH�FROXPQ�

Ɣ�&ROXPQ�7KHUPRVWDWLF�2YHQ
0DLQWDLQ�WKH�FROXPQ�DW�D�FRQVLVWHQW�WHPSHUDWXUH��7HPSHUDWXUH�FRQWURO�LV�YHU\�LPSRUWDQW�IRU�UHYHUVHG�SKDVH�FKURPDWRJUDSK\�DQG�LRQ�
H[FKDQJH�FKURPDWRJUDSK\��,W�LV�GHVLUDEOH�WR�NHHS�WKH�WHPSHUDWXUH�ZLWKLQ�����R&��:DWHU�RU�DLU�FLUFXODWRU�LV�ZLGHO\�XVHG�

Ɣ�'HWHFWRU
'HWHFW�HDFK�FRPSRXQGV�HOXWHG�IURP�WKH�FROXPQ��DQG�FRQYHUW�WKHP�LQWR�HOHFWURQLF�VLJQDOV�

Ɣ�5HFRUGHU
3URFHVV�WKH�HOHFWURQLF�VLJQDOV�IURP�GHWHFWRU�WR�GUDZ�FKURPDWRJUDPV��5HWHQWLRQ�WLPH��SHDN�DUHD��DQG�WKHRUHWLFDO�SODWH�QXPEHUV�DUH�
DXWRPDWLFDOO\�FDOFXODWHG�

Mobile Phase Reservoir

Pump Injector Column

Detector

RecorderWaste Solution

)LJXUH���+3/&�(TXLSPHQWV
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SSOLFDWLRQV
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RWHV
9,,��,QGH[��

,,,� �3UHSDUDWLYH�
3DFNLQJ�0

DWHULDOV

&KURPDWRJUDP
(OXWLRQ�PHDQV�WKH�SURFHVV�WR�H[WUDFW�UHWDLQHG�VDPSOHV�IURP�D�FROXPQ��5HWHQWLRQ�WLPH�PHDQV�WKH�WLPH�EHWZHHQ�WKH�VDPSOH�LQMHFWLRQ�

DQG�WKH�VDPSOH�H[WUDFWLRQ��&KURPDWRJUDP�LV�D�WZR�GLPHQVLRQ�GLDJUDP��)LJXUH����WKDW�UHYHDOV�WKH�UHWHQWLRQ�WLPH�RQ�WKH�DEVFLVVD�

DQG�WKH�FRQFHQWUDWLRQ�RI�VROXWH�RQ�WKH�RUGLQDWH��7KH�FKURPDWRJUDP�VKRZV�IROORZLQJ�GDWD��

����WR���5HWHQWLRQ�WLPH�RI�WKH�PRELOH�SKDVH

7KH�UHWHQWLRQ�WLPH�RI�DQ�XQUHWDLQHG�SHDN��8UDFLO�LV�ZLGHO\�XVHG�LQ�UHYHUVHG�SKDVH�DV�D�WR�PDUNHU�

����W5���5HWHQWLRQ�WLPH
'LVWDQFH�IURP�WKH�SRLQW�DW�SHDN�PLGSRLQW�WR�WKH�VWDUW�RI�DQDO\VLV�

����K���3HDN�KHLJKW
'LVWDQFH�IURP�WKH�SHDN�WRS�SHUSHQGLFXODU�WR�WKH�EDVHOLQH�

����:������3HDN�KDOI�ZLGWK
7KH�SHDN�ZLGWK�DW�KDOI�KHLJKW

����N¶��FDSDFLW\�IDFWRU����&DSDFLW\�IDFWRU��UHWHQWLRQ�UDWLR�RI�HDFK�VDPSOH��N¶ ��W5�WR��WR
$�KLJKHU�YROXPH�PHDQV�ORQJHU�UHWHQWLRQ����7KH�YDOXH�UHPDLQV�FRQVLVWHQW�XQGHU�WKH�VDPH�H[SHULPHQWDO�FRQGLWLRQ��SDFNLQJ�PDWHULDO��
PRELOH�SKDVH�DQG�WHPSHUDWXUH�

����1��WKHRUHWLFDO�SODWH����WKHRUHWLFDO�SODWH�QXPEHU��1 ������W5�:������

�$�WKHRUHWLFDO�SODWH�LV�DQ�LPDJLQDU\�OD\HU�ZLWKLQ�D�FROXPQ�WKDW�KHOSV�WR�LQWHUSUHW�WKH�VHSDUDWLRQ�SURFHVV��$�KLJKHU�WKHRUHWLFDO�SODWH�
QXPEHU�FRUUHVSRQGV�WR�EHWWHU�FROXPQ�HI¿FDF\��7KH�SODWH�QXPEHU�GHSHQGV�RQ�WKH�SDFNLQJ�PDWHULDO�DQG�H[SHULPHQWDO�FRQGLWLRQV�

����6��SHDN�DV\PPHWU\����SHDN�DV\PPHWU\V��6 :E�:D

:D���'LVWDQFH�IURP�WKH�OHDGLQJ�HGJH�RI�WKH�SHDN�WR�WKH�PLGSRLQW��PHDVXUHG�DW�����RI�SHDN�KHLJKW�
:E���'LVWDQFH�IURP�WKH�SRLQW�DW�SHDN�PLGSRLQW�WR�WKH�WUDLOLQJ�HGJH��PHDVXUHG�DW�����RI�SHDN�KHLJKW�
7KH�SHDN�DV\PPHWU\�6 ��LQGLFDWHV�D�SHUIHFWO\�V\PPHWULFDO�SHDN��DQG�6�!���LQGLFDWHV�WDLOLQJ��DQG�6�����LQGLFDWHV�OHDGLQJ��7DLOLQJ�
RU�OHDGLQJ�RFFXUV�ZLWK�GHWHULRUDWHG�SDFNLQJ�PDWHULDO��XQVXLWDEOH�H[SHULPHQWDO�FRQGLWLRQV�RU�RYHUORDGLQJ��

����Į��VHSDUDWLRQ�IDFWRU����6HSDUDWLRQ�IDFWRU��Į N
��N
���N
��DQG�N
����UHWHQWLRQ�UDWLR�RI�HDFK�VDPSOH�
7KH�VHSDUDWLRQ�IDFWRU�PXVW�EH�!���IRU�SHDN�VHSDUDWLRQ��$�KLJKHU�Į�YDOXH�LQGLFDWHV�JUHDWHU�GLVWDQFH�EHWZHHQ�WKH�SHDNV�

����5V��UHVROXWLRQ����5HVROXWLRQ��5V ^㩷1��` 䊶 �^Į��`��Į�・^�N
�������N
��`
7KH�UHVROXWLRQ��5V�� LQGLFDWHV�KRZ�ZHOO� WZR�VDPSOHV�DUH�VHSDUDWHG��5V ���� LQGLFDWHV�EDVHOLQH�VHSDUDWLRQ�� ,I� WKH�5V�YDOXH� LV�
VPDOOHU�WKDQ������SHDNV�PD\�RYHUODS�

W1/2

W a W b

h

1/2h

10%h

tR3

tR1

tR2

to

Injection

)LJXUH���&KURPDWRJUDP



���

,��
+
3/

&
�&
RO
XP

QV
,,�
�8
+
3/

&
�&
RO
XP

QV
,,,
��3

UH
SD
UD
WLY
H�

3D
FN
LQ
J�
0
DW
HU
LD
OV

,9
��5

HO
DW
HG
�3
UR
GX

FW
V

9�
�$
SS

OLF
DW
LR
QV

9,
��7
HF
KQ

LF
DO
�1
RW
HV

9,
,��
,Q
GH
[�
�

)HDWXUHV�RI�(DFK�6HSDUDWLRQ�0RGH�RI�+3/&
+3/&�KDV�IROORZLQJ�VHSDUDWLRQ�PRGHV�

Ɣ�1RUPDO�3KDVH�&KURPDWRJUDSK\�
$GVRUEHQW�PDWHULDO�VXFK�DV�VLOLFD�JHO�RU�DOXPLQD�LV�XVHG�DV�WKH�SDFNLQJ�PDWHULDO��$QDO\WHV�DUH�VHSDUDWHG�E\�WKH�GLIIHUHQFH�LQ�DG�

VRUSWLYH�IRUFHV�WR�WKH�SDFNLQJ�PDWHULDO��UHVXOWLQJ�LQ�HDFK�PRYLQJ�DW�GLIIHUHQW�VSHHG��7KH�DQDO\WH�WKDW�LQWHUDFWV�PRUH�VWURQJO\�ZLWK�WKH�

SDFNLQJ�PDWHULDO�PRYHV�DW�D�VORZHU�UDWH�

Ɣ�5HYHUVHG�3KDVH�&KURPDWRJUDSK\
$QDO\WHV�DUH�GLVWULEXWHG�EHWZHHQ�SRODU�PRELOH�SKDVH�DQG�QRQ�SRODU�VWDWLRQDU\�SKDVH��DQG�VHSDUDWHG�E\�WKH�ÀRZ�VSHHG�GLIIHUHQFH�

GXH�WR�WKH�GLIIHUHQFH�LQ�WKH�GLVWULEXWLRQ�EHWZHHQ�WKHVH�WZR�SKDVHV��,I�WKH�DQDO\WH�GLVWULEXWHV�PRUH�WR�WKH�VWDWLRQDU\�SKDVH��LW�ZRXOG�

KDYH�D�VORZHU�ÀRZ�VSHHG��1RQ�SRODU�SDFNLQJ�PDWHULDOV��VXFK�DV�RFWDGHF\O�JURXS�DQG�RFW\O�JURXS�ERQGHG�VLOLFD�JHOV�DUH�ZLGHO\�

XVHG��7KH\�DUH�VWDEOH�WR�KHDW�DQG�K\GURO\VLV�ZLWKLQ�D�FHUWDLQ�S+�DQG�WHPSHUDWXUH�UDQJH,�VHSDUDWLRQ�LV�LQÀXHQFHG�E\�WKH�W\SH�RI�VWD�
WLRQDU\�SKDVH��FDUERQ�UDWH��HQG�FDSSLQJ�WUHDWPHQW��HWF��

Ɣ�,RQ�H[FKDQJH�&KURPDWRJUDSK\
&KDUJHG�IXQFWLRQDO�JURXSV�DUH�ERQGHG�WR�WKH�VROLG�VXSSRUW�WR�VHSDUDWH�LRQLF�VROXWHV�ZLWK�WKH�FRXQWHU�LRQV���$QDO\WHV�DUH�VHSDUDWHG�

E\�WKH�ÀRZ�VSHHG�GLIIHUHQFH�GXH�WR�WKH�GLIIHUHQFH�LQ�WKH�DI¿QLW\�WR�VWDWLRQDU\�SKDVH��'H[WUDQ��FHOOXORVH�DQG�SRO\VW\UHQH�DUH�FRP�

PRQO\�XVHG�DV� WKH�SDFNLQJ�PDWHULDOV��7\SLFDO� IXQFWLRQDO�JURXSV�DUH�6XOIRSURS\O� �63��DQG�&DUER[\PHWK\O� �&0�� IRU�FDWLRQLF�H[�

FKDQJH��DQG�'LHWK\ODPLQRHWK\O��'($(��DQG�4XDUWHUQDU\�DPPRQLXP��4$��IRU�DQLRQLF�H[FKDQJH��7KH�LRQ�H[FKDQJH�FDSDFLW\�ZKLFK�

LQÀXHQFHV�VHSDUDWLRQ�SHUIRUPDQFH�GHSHQGV�RQ�WKH�W\SH�DQG�GHQVLW\�RI�WKH�IXQFWLRQDO�JURXSV��

Ɣ�6L]H�([FOXVLRQ�&KURPDWRJUDSK\
$QDO\WHV�DUH�VHSDUDWHG�E\�WKH�PROHFXODU�VL]H��7KH�DQDO\WH�VPDOOHU�WKDQ�WKH�SRUH�VL]H�FDQ�SHQHWUDWH��WKH�SRUHV�DQG�PLJUDWH�VORZO\��

ZKHUHDV�ODUJHU�DQDO\WH�LV�H[FOXGHG�IURP�WKH�SRUHV�DQG�PLJUDWHV�TXLFNO\��7KLV�PRGH�PDLQO\�XVHG�IRU�VHSDUDWLRQ�RI�KLJK�PROHFXODU�

SRO\PHU��PROHFXODU�ZHLJKW�������DQG�PRUH���2UJDQLF�H[SDQGHG�W\SH�JHOV��VXFK�DV�GH[WUDQ�DQG�SRO\DFU\ODPLGH��DQG�LQRUJDQLF�JHOV�

�VXFK�DV�VLOLFD�JHO�DQG�JODVV��DUH�XVHG�DV�SDFNLQJ�PDWHULDOV�

6HSDUDWLRQ�0HFKDQLVP�RI�+3/&
7KH�PRVW�FRPPRQ�PRGH��UHYHUVHG�SKDVH�LV�XVHG�DV�DQ�H[DPSOH�

KHUH��0L[HG�VDPSOHV�DUH�LQMHFWHG�LQWR�D�FROXPQ��WKH�ORZHU�K\GUR�

SKRELF�DQDO\WH��$��GLVWULEXWHV�LQ�WKH�SRODU�PRELOH�SKDVH�DQG�PRYH�

IDVWHU�GRZQ�WKH�FROXPQ��&RQYHUVHO\��KLJKHU�K\GURSKRELF�DQDO\WH�

�%��GLVWULEXWHV�LQ�WKH�QRQ�SRODU�VWDWLRQDU\�SKDVH�IRU�D�ORQJHU�WLPH�

DQG�PRYHV�VORZHU�GRZQ�WKH�FROXPQ��7KHUHIRUH��WKH�DQDO\WHV�ÀRZ�

RXW�RI�WKH�FROXPQ�LQ�RUGHU�RI�WKH�SRODU�¿UVW�DQG�WKH�QRQ�SRODU�ODVW�

FLOW

SLOW FAST
Mobile Phase

Stationary Phase

)LJXUH����6HSDUDWLRQ�0HFKDQLVP
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DWHULDOV

0RELOH�3KDVH�6ROYHQW
7KH�LPSRUWDQW�PRELOH�SKDVH�TXDOLWLHV�IRU�+3/&�DUH�VKRZQ�EHORZ�

��� +LJK�VROXELOLW\�IRU�WKH�VDPSOH�FRPSRQHQWV

��� *RRG�PLVFLELOLW\

��� 1R�GHWHFWLRQ�GLVWXUEDQFH

��� /RZ�YLVFRVLW\

��� +LJKHU�ERLOLQJ�SRLQW�WKDQ�WKH�RSHUDWLRQDO�WHPSHUDWXUH

��� /RZ�WR[LFLW\�DQG�QRQ�ÀDPPDELOLW\

��� /RZ�SULFH

��� 8VLQJ�+3/&�JUDGH�RU�¿OWHUHG�VROYHQWV�

1H[W��VHOHFWLRQ�JXLGH�RI�PRELOH�SKDVH�LV�VKRZQ�EHORZ�DFFRUGLQJ�WR�WKH�VHSDUDWLRQ�PRGH�

Ɣ�1RUPDO�3KDVH�&KURPDWRJUDSK\
*HQHUDOO\��D�SRODU�VROYHQW�LV�PL[HG�ZLWK�D�QRQSRODU�VROYHQW��7KH�VHSDUDWLRQ�IDFWRU�LV�DGMXVWHG�E\�FKDQJLQJ�WKH�PL[HG�UDWLR��3OHDVH�

UHIHU�WR�WKH�SRODULW\�DQG�WKH�VROXELOLW\�RI�VROYHQW��7ROXHQH��KH[DQH��FKORURIRUP��HWK\O�DFHWDWH��DQG�HWKDQRO�DUH�PDLQO\�XVHG�

Ɣ�5HYHUVHG�3KDVH�&KURPDWRJUDSK\
:DWHU��PHWKDQRO��DFHWRQLWULOH��DQG� WHWUDK\GURIXUDQ�DUH�PDLQO\�XVHG��6HSDUDWLRQ� IDFWRU� LV�DGMXVWHG�E\� WKH�PL[HG�UDWLRV�RI� WKHVH�

VROYHQWV��:KHQ�XVLQJ�VLOLFD�EDVHG�FROXPQV�IRU�LRQLF�DQDO\WHV��LW�LV�GHVLUDEOH�WR�DGMXVW�WKH�S+�UDQJH�IURP���WR������*HQHUDOO\��VLOLFD�

EDVHG�FROXPQV�DUH�QRW�VWDEOH�RXWVLGH�RI�WKLV�UDQJH�GXH�WR�FOHDYDJH�RI�WKH�ERQGHG�JURXSV�DW�S+������DQG�WKH�GLVVROXWLRQ�RI�VLOLFD�

VXSSRUW�DW�!�S+������8VH�¿OWHUHG�SKRVSKRULF�DFLG�EXIIHU�VROXWLRQ�RU�DFHWLF�DFLG�EXIIHU�VROXWLRQ�IRU�S+�FRQWURO�

Ɣ�,RQ�H[FKDQJH�&KURPDWRJUDSK\
$GG�EXIIHU�VROXWLRQ�LQ�ZDWHU�DQG�DGMXVW�VHSDUDWLRQ�IDFWRU�E\�VDOW�FRQFHQWUDWLRQ��LRQLF�VWUHQJWK��DQG�S+��7KH�PRUH�LRQLF�VWUHQJWK�LV��

WKH�HDUOLHU�WKH�VDPSOH�HOXWHV��/RZHU�S+�GHFUHDVHV�WKH�VHSDUDWLRQ�IDFWRU�RQ�DQLRQ�H[FKDQJH��DQG�LQFUHDVHV�WKH�RQH�RQ�FDWLRQ�H[�

FKDQJH��&DWLRQ�EXIIHU�VROXWLRQV��VXFK�DV�DPPRQLD�DQG�DPLQH�DUH�XVHG�IRU�DQLRQ�H[FKDQJH��DQG�DQLRQ�EXIIHU�VROXWLRQV��VXFK�DV�

DFHWLF�DFLG�VDOW��IRUPLF�DFLG�VDOW�DQG�FLWULF�DFLG�DUH�XVHG�IRU�FDWLRQ�H[FKDQJH�

Ɣ�6L]H�([FOXVLRQ�&KURPDWRJUDSK\
*HQHUDOO\��D�VLQJOH�VROYHQW�LV�XVHG�DV�WKH�PRELOH�SKDVH��DQG�LW�LV�QRW�FKDQJHG�WR�DGMXVW�WKH�VHSDUDWLRQ�IDFWRU���7HWUDK\GURIXUDQ��FKOR�

URIRUP��WROXHQH�DQGGLPHWK\OIRUPDPLGH�DUH�FRPPRQO\�XVHG�LQ�QRQ�DTXHRXV�PRGH��$GG�EXIIHU�VROXWLRQ�LQ�ZDWHU�IRU�DTXHRXV�PRGH��

$GMXVW�S+�DQG�LRQLF�VWUHQJWK�WR�SUHYHQW�DGVRUSWLRQDQG�RWKHU�XQGHVLUHG�LQWHUDFWLRQV��
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4XDQWLWDWLYH�$QDO\VLV
$EVROXWH�FDOLEUDWLRQ�FXUYH�PHWKRG�RU�LQWHUQDO�VWDQGDUG�PHWKRG�LV�XVHG�WR�FDOFXODWH�WKH�DPRXQW�RU�FRQFHQWUDWLRQ�RI�VROXWH�E\�SHDN�

DUHD�RU�KHLJKW�

Ɣ�$EVROXWH�&DOLEUDWLRQ�&XUYH�0HWKRG
��� 3UHSDUH�WKH�VWDQGDUG�VROXWLRQV�LQ�����GLIIHUHQW�FRQFHQWUDWLRQV��

��� ,QMHFW�WKH�VDPH�YROXPH�RI�HDFK�VWDQGDUG�VROXWLRQ��UHFRUG�FKURPDWRJUDP��DQG�

PHDVXUH�SHDN�DUHD�

��� 3UHSDUH�D�FDOLEUDWLRQ�FXUYH�E\�SORWWLQJ�WKH�DPRXQWV�RI�WKH�VWDQGDUG�RQ�WKH�[�

D[LV�DQG� WKH�SHDN�DUHDV�RQ� WKH�\�D[LV��7KH�FDOLEUDWLRQ�FXUYH� LV�XVXDOO\�D�

VWUDLJKW�OLQH�WKURXJK�WKH�RULJLQ�

��� ,QMHFW�VDPSOH�XQGHU�WKH�VDPH�FRQGLWLRQV�DV�WKH�VWDQGDUGV��DQG�UHFRUG�D�FKUR�

PDWRJUDP��0HDVXUH�WKH�SHDN�DUHD��\��DQG�XVH�WKH�FDOLEUDWLRQ�FXUYH�WR�GHWHU�

PLQH�WKH�VDPSOH�DPRXQWV�

7KLV�PHWKRG�VKRXOG�EH�SHUIRUPHG�H[DFWO\�XQGHU�D�JLYHQ�FRQGLWLRQ��7KLV�PHWKRG�LV�

DOVR�FDOOHG�H[WHUQDO�VWDQGDUG�PHWKRG�

Ɣ�,QWHUQDO�6WDQGDUG�0HWKRG
��� 3UHSDUH�����NQRZQ�FRQFHQWUDWLRQ*1�UDWLRV�RI�WKH�VWDQGDUGV�DQG�VDPSOHV��

��� ,QMHFW�D�FRQVWDQW�YROXPH�RI�HDFK�FRQFHQWUDWLRQ�� UHFRUG�FKURPDWRJUDP�DQG�

PHDVXUH�SHDN�DUHDV�

��� �3UHSDUH�D�FDOLEUDWLRQ�FXUYH��DV�VKRZQ�RQ�¿J�����E\�SORWWLQJ�0;�06�YV��$;�$6�UD�

WLRV��0;� LV� WKH�DPRXQW�RI� WKH�VDPSOH� LQMHFWHG��DQG�06� LV� WKH�DPRXQW�RI� WKH�

VWDQGDUG��$;� LV� WKH�SHDN�DUHD�RI� WKH�VDPSOH��DQG�$6� LV� WKH�SHDN�DUHD�RI� WKH�

VWDQGDUG��7KH�FDOLEUDWLRQ�FXUYH�LV�XVXDOO\�D�VWUDLJKW�OLQH�WKURXJK�WKH�RULJLQ�

��� 7KHQ��SUHSDUH�D�WKH�WHVW�VROXWLRQ�FRQWDLQLQJ�D�NQRZQ�DPRXQW�RI� WKH� LQWHUQDO�

VWDQGDUGDQG�DQ�XQNQRZQ�DPRXQW�RI�VDPSOH*3��3HUIRUP�WKH�H[SHULPHQW�XQGHU�

WKH�VDPH�FRQGLWLRQV�DV�IRU�REWDLQLQJ�WKH�FDOLEUDWLRQ�FXUYH�

��� 8VH�WKH�FDOLEUDWLRQ�FXUYH�WR�GHWHUPLQH�WKH�XQNQRZQ�VDPSOH�DPRXQW��

��,I�WKH�FDOLEUDWLRQ�FXUYH�LV�FRQ¿UPHG�WR�EH�D�VWUDLJKW�OLQH�WKURXJK�WKH�RULJLQ��SORW�WKH�FDOLEUDWLRQ�FXUYH�ZLWK�
$;�$6�GHWHUPLQHG�E\�RQH�SRLQW�RI�FRQFHQWUDWLRQ�RI�LQMHFWHG�XQNQRZQ�VDPSOH�

��7KH�LQWHUQDO�VWDQGDUG�VKRXOG�KDYH�VLPLODU�FKHPLFDO�FKDUDFWHUV�DV�WKH�VDPSOH�ZKLOH�FRPSOHWHO\�VHSDUDWHG�
IURP�LW�

��:KHQ�WKH�LQWHUQDO�VWDQGDUG�LV�DGGHG�WR�WKH�WHVW�VROXWLRQ��PDNH�VXUH�WKH�FKHPLFDO�UHDFWLRQ��H�J���SUHFLSLWD�
WLRQ���GRHV�QRW�RFFXU�

The amounts of the standard
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)LJXUH����$EVROXWH�FDOLEUDWLRQ�FXUYH

)LJXUH����&DOLEUDWLRQ�&XUYH�RI�,QWHUQDO�
VWDQGDUG�PHWKRG


