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Methods of test for
petroleum and its
products Ð

BS 2000-466: Liquid petroleum
products Ð Unleaded petrol Ð
Determination of organic oxygenate
compounds and total organically bound
oxygen content by gas chromatography
using column switching
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National foreword

This British Standard is the official English language version of EN 13132:2000.

The UK participation in its preparation was entrusted to Technical Committee
PTI/13, Petroleum testing and terminology, which has the responsibility to:

Ð aid enquirers to understand the text;

Ð present to the responsible European committee any enquiries on the
interpretation, or proposals for change, and keep the UK interests informed;

Ð monitor related international and European developments and promulgate
them in the UK.

A list of organizations represented on this committee can be obtained on request to
its secretary.

The Institute of Petroleum publishes and sells all parts of BS 2000, and
all BS EN petroleum test methods that would be part of BS 2000, both in
its annual publication ªStandard methods for analysis and testing of
petroleum and related products and British Standard 2000 partsº and
individually.

Further information is available from:

The Institute of Petroleum, 61 New Cavendish Street, London W1M 8AR.
Tel: 020 7467 7100. Fax: 020 7255 1472.

Cross-references

The British Standards which implement international or European publications
referred to in this document may be found in the BSI Standards Catalogue under the
section entitled ªInternational Standards Correspondence Indexº, or by using the
ªFindº facility of the BSI Standards Electronic Catalogue.

A British Standard does not purport to include all the necessary provisions of a
contract. Users of British Standards are responsible for their correct application.

Compliance with a British Standard does not of itself confer immunity
from legal obligations.

Summary of pages

This document comprises a front cover, an inside front cover, the EN title page,
pages 2 to 21 and a back cover.

The BSI copyright notice displayed in this document indicates when the document
was last issued.
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(8523($1�67$1'$5'

1250(�(8523e(11(

(8523b,6&+(�1250

(1������

0DUFK�����

,&6����������

(QJOLVK�YHUVLRQ

/LTXLG�SHWUROHXP�SURGXFWV���8QOHDGHG�SHWURO���'HWHUPLQDWLRQ�RI
RUJDQLF�R[\JHQDWH�FRPSRXQGV�DQG�WRWDO�RUJDQLFDOO\�ERXQG

R[\JHQ�FRQWHQW�E\�JDV�FKURPDWRJUDSK\�XVLQJ�FROXPQ�VZLWFKLQJ

3URGXLW�SpWUROLHUV�OLTXLGHV���(VVHQFH�VDQV�SORPE��
'pWHUPLQDWLRQ�GHV�FRPSRVpV�R[\JpQpV�RUJDQLTXHV�HW�GH�OD
WHQHXU�WRWDOH�HQ�R[\JqQH�RUJDQLTXH�SDU�FKURPDWRJUDSKLH

HQ�SKDVH�JD]HXVH�DYHF�FRPPXWDWLRQ�GH�FRORQQHV

7KLV�(XURSHDQ�6WDQGDUG�ZDV�DSSURYHG�E\�&(1�RQ����)HEUXDU\������

&(1�PHPEHUV�DUH�ERXQG�WR�FRPSO\�ZLWK�WKH�&(1�&(1(/(&�,QWHUQDO�5HJXODWLRQV�ZKLFK�VWLSXODWH�WKH�FRQGLWLRQV�IRU�JLYLQJ�WKLV�(XURSHDQ
6WDQGDUG�WKH�VWDWXV�RI�D�QDWLRQDO�VWDQGDUG�ZLWKRXW�DQ\�DOWHUDWLRQ��8S�WR�GDWH�OLVWV�DQG�ELEOLRJUDSKLFDO�UHIHUHQFHV�FRQFHUQLQJ�VXFK�QDWLRQDO
VWDQGDUGV�PD\�EH�REWDLQHG�RQ�DSSOLFDWLRQ�WR�WKH�&HQWUDO�6HFUHWDULDW�RU�WR�DQ\�&(1�PHPEHU�

7KLV�(XURSHDQ�6WDQGDUG�H[LVWV�LQ�WKUHH�RIILFLDO�YHUVLRQV��(QJOLVK��)UHQFK��*HUPDQ���$�YHUVLRQ�LQ�DQ\�RWKHU�ODQJXDJH�PDGH�E\�WUDQVODWLRQ
XQGHU�WKH�UHVSRQVLELOLW\�RI�D�&(1�PHPEHU�LQWR�LWV�RZQ�ODQJXDJH�DQG�QRWLILHG�WR�WKH�&HQWUDO�6HFUHWDULDW�KDV�WKH�VDPH�VWDWXV�DV�WKH�RIILFLDO
YHUVLRQV�

&(1�PHPEHUV�DUH�WKH�QDWLRQDO�VWDQGDUGV�ERGLHV�RI�$XVWULD��%HOJLXP��&]HFK�5HSXEOLF��'HQPDUN��)LQODQG��)UDQFH��*HUPDQ\��*UHHFH�
,FHODQG��,UHODQG��,WDO\��/X[HPERXUJ��1HWKHUODQGV��1RUZD\��3RUWXJDO��6SDLQ��6ZHGHQ��6ZLW]HUODQG�DQG�8QLWHG�.LQJGRP�

(8523($1� &200,77((� )25� 67$1'$5',=$7,21
&20,7e � (8523e(1� '( � 1250$/,6$7 ,21
(8523b,6&+(6 � .20,7(( � )h5 � 125081*

&HQWUDO�6HFUHWDULDW��UXH�GH�6WDVVDUW��������%������%UXVVHOV

�������&(1 $OO�ULJKWV�RI�H[SORLWDWLRQ�LQ�DQ\�IRUP�DQG�E\�DQ\�PHDQV�UHVHUYHG
ZRUOGZLGH�IRU�&(1�QDWLRQDO�0HPEHUV�

5HI��1R��(1������������(
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3DJH��
(1�����������

��,QVWLWXWH�RI�3HWUROHXP�DQG�%6,��������

)RUHZRUG

7KLV�(XURSHDQ�6WDQGDUG�KDV�EHHQ�SUHSDUHG�E\�7HFKQLFDO�&RPPLWWHH�&(1�7&�����3HWUROHXP
SURGXFWV��OXEULFDQWV�DQG�UHODWHG�SURGXFWV��WKH�6HFUHWDULDW�RI�ZKLFK�LV�KHOG�E\�11,�

7KLV�(XURSHDQ�6WDQGDUG�VKDOO�EH�JLYHQ�WKH�VWDWXV�RI�D�QDWLRQDO�VWDQGDUG��HLWKHU�E\�SXEOLFDWLRQ�RI�DQ
LGHQWLFDO�WH[W�RU�E\�HQGRUVHPHQW��DW�WKH�ODWHVW�E\�6HSWHPEHU�������DQG�FRQIOLFWLQJ�QDWLRQDO
VWDQGDUGV�VKDOO�EH�ZLWKGUDZQ�DW�WKH�ODWHVW�E\�6HSWHPEHU������

$FFRUGLQJ�WR�WKH�&(1�&(1(/(&�,QWHUQDO�5HJXODWLRQV��WKH�QDWLRQDO�VWDQGDUGV�RUJDQL]DWLRQV�RI�WKH
IROORZLQJ�FRXQWULHV�DUH�ERXQG�WR�LPSOHPHQW�WKLV�(XURSHDQ�6WDQGDUG��$XVWULD��%HOJLXP��&]HFK
5HSXEOLF��'HQPDUN��)LQODQG��)UDQFH��*HUPDQ\��*UHHFH��,FHODQG��,UHODQG��,WDO\��/X[HPERXUJ�
1HWKHUODQGV��1RUZD\��3RUWXJDO��6SDLQ��6ZHGHQ��6ZLW]HUODQG�DQG�WKH�8QLWHG�.LQJGRP�

,Q�WKLV�VWDQGDUG��DQQH[�$�LV�QRUPDWLYH�DQG�DQQH[�%�LV�LQIRUPDWLYH�
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3DJH��
(1�����������

��,QVWLWXWH�RI�3HWUROHXP�DQG�%6,��������

��6FRSH

7KLV�(XURSHDQ�6WDQGDUG�VSHFLILHV�D�JDV�FKURPDWRJUDSKLF�PHWKRG�XVLQJ�FROXPQ�VZLWFKLQJ�IRU�WKH
TXDQWLWDWLYH�GHWHUPLQDWLRQ�RI�LQGLYLGXDO�RUJDQLF�R[\JHQDWH�FRPSRXQGV�LQ�WKH�UDQJH���������P�P�
WR�������P�P��DQG�WRWDO�RUJDQLFDOO\�ERXQG�R[\JHQ�XS��������P�P��LQ�XQOHDGHG�SHWURO�KDYLQJ�D�ILQDO
ERLOLQJ�SRLQW�QRW�JUHDWHU�WKDQ������&�

127(���7KH�ILQDO�ERLOLQJ�SRLQW�FDQ�EH�PHDVXUHG�E\�XVLQJ�SU(1�,62��������������

127(����)XU�WKH�SXUSRVHV�RI�WKLV�(XURSHDQ�6WDQGDUG��WKH�WHUPV�³���P�P�´�DQG�³���9�9�´
DUH�XVHG�WR�UHSUHVHQW�UHVSHFWLYHO\�WKH�PDVV�IUDFWLRQ�DQG�WKH�YROXPH�IUDFWLRQ�

7KLV�(XURSHDQ�6WDQGDUG�LV�DSSOLFDEOH�WR�WKH�GHWHUPLQDWLRQ�RI�R[\JHQ�FRQWDLQLQJ�FRPSRXQGV�DQG
WRWDO�RUJDQLFDOO\�ERXQG�R[\JHQ�LQ�XQOHDGHG�SHWURO�LQ�OLQH�ZLWK�WKH�UHOHYDQW�(8�'LUHFWLYHV���

:$51,1*�7KH�XVH�RI�WKLV�VWDQGDUG�FDQ�LQYROYH�KD]DUGRXV�PDWHULDOV��RSHUDWLRQV�DQG�HTXLSPHQW�
7KLV�VWDQGDUG�GRHV�QRW�SXUSRUW�WR�DGGUHVV�DOO�RI�WKH�VDIHW\�SUREOHPV�DVVRFLDWHG�ZLWK�LWV�XVH��,W�LV
WKH�UHVSRQVLELOLW\�RI�WKH�XVHU�RI�WKLV�VWDQGDUG�WR�HVWDEOLVK�DSSURSULDWH�VDIHW\�DQG�KHDOWK�SUDFWLFHV
DQG�GHWHUPLQH�WKH�DSSOLFDELOLW\�RI�UHJXODWRU\�OLPLWDWLRQV�SULRU�WR�XVH�

��1RUPDWLYH�UHIHUHQFHV

7KLV�(XURSHDQ�6WDQGDUG�LQFRUSRUDWHV�E\�GDWHG�RU�XQGDWHG�UHIHUHQFH��SURYLVLRQV�IURP�RWKHU
SXEOLFDWLRQV��7KHVH�QRUPDWLYH�UHIHUHQFHV�DUH�FLWHG�DW�WKH�DSSURSULDWH�SODFHV�LQ�WKH�WH[W�DQG�WKH
SXEOLFDWLRQV�DUH�OLVWHG�KHUHDIWHU��)RU�GDWHG�UHIHUHQFHV��VXEVHTXHQW�DPHQGPHQWV�WR�RU�UHYLVLRQV�RI
DQ\�RI�WKHVH�SXEOLFDWLRQV�DSSO\�WR�WKLV�VWDQGDUG�RQO\�ZKHQ�LQFRUSRUDWHG�LQ�LW�E\�DPHQGPHQW�RU
UHYLVLRQ��)RU�XQGDWHG�UHIHUHQFHV�WKH�ODWHVW�HGLWLRQ�RI�WKH�SXEOLFDWLRQ�UHIHUUHG�WR�DSSOLHV�

(1�,62������� 3HWUROHXP�OLTXLGV���0DQXDO�VDPSOLQJ��,62������������LQFOXGLQJ
$PHQGPHQW���������

(1�,62������� 3HWUROHXP�OLTXLGV���$XWRPDWLF�SLSHOLQH�VDPSOLQJ��,62������������

(1�,62������� &UXGH�SHWUROHXP�DQG�OLTXLG�SHWUROHXP�SURGXFWV���/DERUDWRU\�GHWHUPLQDWLRQ�RI
GHQVLW\���+\GURPHWHU�PHWKRG��,62������������

(1�,62������� :DWHU�IRU�DQDO\WLFDO�ODERUDWRU\�XVH���6SHFLILFDWLRQ�DQG�WHVW�PHWKRGV
�,62������������

(1�,62������� &UXGH�SHWUROHXP�DQG�OLTXLG�RU�VROLG�SHWUROHXP�SURGXFWV���'HWHUPLQDWLRQ�RI�GHQVLW\
RU�UHODWLYH�GHQVLW\���&DSLOODU\�VWRSSHUHG�S\NQRPHWHU�DQG�JUDGXDWHG�ELFDSLOODU\
S\NQRPHWHU�PHWKRGV��,62������������

(1�,62�������� &UXGH�SHWUROHXP�DQG�SHWUROHXP�SURGXFWV���'HWHUPLQDWLRQ�RI�GHQVLW\���2VFLOODWLQJ
8�WXEH�PHWKRG��,62�������������

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

���SU(1�,62�����������3HWUROHXP�SURGXFWV���'HWHUPLQDWLRQ�RI�GLVWLOODWLRQ�FKDUDFWHULVWLFV�DW�DWPRVSKHUH�SUHVVXUH
�,62�',6������������

���(8�'LUHFWLYH��������((&��&RXQFLO�'LUHFWLYH�RQ�WKH�DSSUR[LPDWLRQ�RI�WKH�ODZV�RI�WKH�0HPEHU�6WDWHV�FRQFHUQLQJ�WKH
OHDG�FRQWHQW�RI�SHWURO��(8�'LUHFWLYH��������((&��&RXQFLO�'LUHFWLYH�RQ�FUXGH�RLO�VDYLQJV�WKURXJK�WKH�XVH�RI�VXEVWLWXWH�IXHO
FRPSRQHQWV�LQ�SHWURO�
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3DJH��
(1�����������

��,QVWLWXWH�RI�3HWUROHXP�DQG�%6,��������

��3ULQFLSOH

2[\JHQ�FRQWDLQLQJ�RUJDQLF�FRPSRXQGV�DUH�LVRODWHG�IURP�WKH�VDPSOH�XVLQJ�D�ILUVW�FDSLOODU\�FROXPQ�
,Q�D�VHFRQG�FDSLOODU\�FROXPQ�WKH�R[\JHQ�FRQWDLQLQJ�RUJDQLF�FRPSRXQGV�DUH�VHSDUDWHG��DQG
GHWHFWHG�LQGLYLGXDOO\�XVLQJ�D�IODPH�LRQL]DWLRQ�GHWHFWRU�

127(�*XLGDQFH�RQ�WKH�FROXPQ�VZLWFKLQJ�WHFKQLTXH�LV�JLYHQ�LQ�DQQH[�%�

��5HDJHQWV�DQG�PDWHULDOV

8VH�RQO\�UHDJHQWV�RI�UHFRJQL]HG�DQDO\WLFDO�JUDGH�DQG�ZDWHU�FRQIRUPLQJ�WR�JUDGH���RI
(1�,62������

����&DUULHU�JDV

+\GURJHQ��KHOLXP��RU�QLWURJHQ��IUHH�RI�K\GURFDUERQV�

:$51,1*�+\GURJHQ�LV�H[SORVLYH�ZKHQ�PL[HG�ZLWK�DLU�DW�FRQFHQWUDWLRQV�UDQJLQJ�DSSUR[LPDWHO\
IURP������9�9��WR�������9�9���$OO�MRLQWV�DQG�OLQHV�FDUU\LQJ�K\GURJHQ�VKDOO�EH�PDGH�JDV�WLJKW�WR
SUHYHQW�OHDNDJH�RI�K\GURJHQ�LQWR�D�FRQILQHG�VSDFH�

����5HDJHQWV�IRU�WKH�SUHSDUDWLRQ�RI�FDOLEUDWLRQ�VDPSOHV

5HDJHQWV�VKDOO�EH�QRW�OHVV�WKDQ���������P�P��SXUH�

&DOLEUDWLRQ�VDPSOHV�PD\�EH�FRPELQDWLRQV�RI�WKH�IROORZLQJ�UHDJHQWV�

PHWKDQRO� &+�2+ PHWK\O�DOFRKRO��0(2+�

HWKDQRO� &+�&+�2+ HWK\O�DOFRKRO��(72+�

SURSDQ���RO &+�&+�&+�2+ SURS\O�DOFRKRO��13$�

SURSDQ���RO �&+���&+2+ LVR�SURS\O�DOFRKRO��,3$�

EXWDQ���RO &+�>&+�@�2+ EXW\O�DOFRKRO��1%$�

EXWDQ���RO &+�&+�2+�&+�&+� VHF�EXW\O�DOFRKRO��6%$�

��PHWK\OSURSDQ���RO �&+���&2+ WHUW�EXW\O�DOFRKRO��7%$�

��PHWK\OSURSDQ���RO �&+���&+&+�2+ LVR�EXW\O�DOFRKRO��,%$�

SHQWDQ���RO� &+�&+�2+�&+�&+�&+� VHF�DP\O�DOFRKRO��6$$�

WHUW�EXW\O�PHWK\O�HWKHU �&+���&2�&+� PHWK\O�WHUWLDU\�EXW\O�HWKHU��07%(�

PHWK\O�WHUW�SHQW\O�HWKHU �&+���&�2&+��&+�&+� WHUWLDU\�DP\O�PHWK\O�HWKHU��7$0(�

HWK\O�WHUW�SHQW\O�HWKHU �&+���&�2&+�&+��&+�&+�� HWK\O�WHUWLDU\�DP\O�HWKHU��(7$(�

DFHWRQH �&+���&2

EXWDQRQH &+�&+�&2&+� PHWK\O�HWK\O�NHWRQH��0(.

WHUW�EXW\O�HWK\O�HWKHU �&+���&2�&+�&+� HWK\O�WHUWLDU\�EXW\O�HWKHU��(7%(
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3DJH��
(1�����������

��,QVWLWXWH�RI�3HWUROHXP�DQG�%6,��������

����,QWHUQDO�VWDQGDUGV

8VH�RQH�RI�WKH�UHDJHQWV�OLVWHG�LQ������,I�DOO�RI�WKHVH�UHDJHQWV�DUH�OLNHO\�WR�EH�SUHVHQW�LQ�WKH�VDPSOH
XQGHU�WHVW��XVH�D�GLIIHUHQW�RUJDQLF�R[\JHQDWH�FRPSRXQG�RI�WKH�VDPH�SXULW\�DQG�VLPLODU�YRODWLOLW\�

����3HWURO�FRQWDLQLQJ�QR�RUJDQLF�R[\JHQDWH�FRPSRXQGV��RU�Q�KHSWDQH

3HWURO�ZKLFK�KDV�EHHQ�H[DPLQHG�WR�HQVXUH�WKDW�LW�FRQWDLQV�QR�RUJDQLF�R[\JHQDWH�FRPSRXQGV
GHWHFWDEOH�E\�WKLV�PHWKRG��RU�Q�KHSWDQH�

��$SSDUDWXV

8VXDO�ODERUDWRU\�DSSDUDWXV�DQG�JODVVZDUH��WRJHWKHU�ZLWK�WKH�IROORZLQJ�

����*DV�FKURPDWRJUDSKLF�DVVHPEO\

������*DV�FKURPDWRJUDSK��SURYLGHG�ZLWK�D�PHDQV�IRU�FROXPQ�VZLWFKLQJ��HTXLSSHG�ZLWK�D
SURJUDPPDEOH�RYHQ�WHPSHUDWXUH�FRQWUROOHU��RU�FRQWUROOHUV�LQ�WKH�FDVH�RI�GXDO�RYHQ�JDV
FKURPDWRJUDSKV��DQG�D�IODPH�LRQL]DWLRQ�GHWHFWRU��),'��

127(�,W�LV�UHFRPPHQGHG�WKDW�D�V\VWHP�FRQVWUXFWHG�HQWLUHO\�RI�JODVV�IURP�WKH�VDPSOH
LQMHFWLRQ�SRUW�XS�WR�WKH�GHWHFWRU�V\VWHP�LV�XVHG�VLQFH�SHWURO�PD\�FRQWDLQ�RUJDQLF�R[\JHQDWH
FRPSRXQGV�ZKLFK�FDQ�JLYH�ULVH�WR�FRUURVLRQ�DQG�FKDQJHV�RI�UHWHQWLRQ�WLPHV�LQ�V\VWHPV
FRQVWUXFWHG�XVLQJ�PHWDOV�

������7ZR�FDSLOODU\�FROXPQV

127(�5HFRPPHQGHG�FROXPQV�DUH�GHVFULEHG�LQ�DQQH[�%�

7KH�FROXPQV�VKDOO�EH�FRDWHG�ZLWK�D�VXLWDEOH�SKDVH�VR�WKDW�WKH�UHTXLUHG�UHVROXWLRQ�EHWZHHQ�WKH
FRPSRQHQWV�DQG�EHWZHHQ�WKH�FRPSRQHQWV�DQG�WKH�PDWUL[�WR�EH�GHWHUPLQHG��VKDOO�EH�DW�OHDVW��
DIWHU�HOXWLRQ�IURP�WKH�VHFRQG�FROXPQ�

7KH�UHVROXWLRQ��5��EHWZHHQ�SHDNV�$�DQG�%��VHH�ILJXUH����VKDOO�EH�FDOFXODWHG�DV�IROORZV�

%$

$% �
����

ZZ

WW
5

+
��

=

ZKHUH�

W
$ LV�WKH�UHWHQWLRQ�WLPH�RI�FRPSRQHQW�$�LQ�V�

W
% LV�WKH�UHWHQWLRQ�WLPH�RI�FRPSRQHQW�%�LQ�V�

Z$ LV�WKH�SHDN�ZLGWK�DW�KDOI�KHLJKW�RI�FRPSRQHQW�$�LQ�V�

Z% LV�WKH�SHDN�ZLGWK�DW�KDOI�KHLJKW�RI�FRPSRQHQW�%�LQ�V�

���� LV�D�IDFWRU�RULJLQDWLQJ�IURP�D�SHDN�UHVROXWLRQ�HTXDWLRQ�

Copyright European Committee for Standardization 
Provided by IHS under license with CEN

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
`
`
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



3DJH��
(1�����������

��,QVWLWXWH�RI�3HWUROHXP�DQG�%6,��������

.H\

� 6WDUW
� =HUR�OLQH
� %DVHOLQH
� 7LPH�D[LV
� 7LPH�D[LV

127(�W1�LV�WKH�KROG�XS�WLPH�]HUR�RI�WKH�FROXPQ��L�H��WKH�WLPH�WDNHQ�IRU�DQ�LQHUW�FRPSRQHQW�
VXFK�DV�PHWKDQH��WR�WUDYHO�WKURXJK�WKH�FROXPQ�ZLWKRXW�FKURPDWRJUDSK\�WDNLQJ�SODFH�

)LJXUH�����&DOFXODWLRQ�RI�WKH�UHVROXWLRQ�EHWZHHQ�SHDNV�$�DQG�%

������'HYLFH�IRU�WKH�FRQWURO�RI�WKH�IORZ�RI�FDUULHU�JDV

������5HFRUGHU�DQG�RU�LQWHJUDWRU

$Q�DPSOLILHU�DQG�SRWHQWLRPHWULF�UHFRUGLQJ�GHYLFH��RU�DQ�LQWHJUDWRU�RU�GDWD�SURFHVVRU�V\VWHPV�
JLYLQJ�DUHD�YDOXHV�FRUUHVSRQGLQJ�WR�WKH�SHDN�DUHD�

����,QMHFWLRQ�GHYLFH

����7HVW�VDPSOH�FRQWDLQHU��QRUPDOO\�ZLWK�D�FDSDFLW\�RI�EHWZHHQ����PO�DQG�����PO��ILWWHG�ZLWK�D
VHOI�VHDOLQJ�UXEEHU�VHSWXP�FRDWHG�ZLWK�SRO\WHWUDIOXRURHWK\OHQH��37)(��
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��6DPSOLQJ

8QOHVV�RWKHUZLVH�VSHFLILHG�LQ�WKH�FRPPRGLW\�VSHFLILFDWLRQ��VDPSOHV�VKDOO�EH�WDNHQ�LQ�DFFRUGDQFH
ZLWK�(1�,62������RU�(1�,62�������DQG�RU�LQ�DFFRUGDQFH�ZLWK�WKH�UHTXLUHPHQWV�RI�QDWLRQDO
VWDQGDUGV�RU�UHJXODWLRQV�IRU�WKH�VDPSOLQJ�RI�SHWURO�

��3URFHGXUH

����6HWWLQJ�XS�WKH�DSSDUDWXV

������*HQHUDO

3UHSDUH�WKH�HTXLSPHQW�DQG�VHW�WKH�WHVW�FRQGLWLRQV�LQ�DFFRUGDQFH�ZLWK�WKH�PDQXIDFWXUHU
V
LQVWUXFWLRQV�

������&DUULHU�JDV

$GMXVW�WKH�SUHVVXUH�DQG�IORZ�UDWH�RI�WKH�FDUULHU�JDV�WR�OHYHOV�VXFK�WKDW�WKH�UHVROXWLRQV�DUH�LQ
DFFRUGDQFH�ZLWK�������

����&DOLEUDWLRQ

3UHSDUH�WKH�FDOLEUDWLRQ�VDPSOH�E\�FRPELQLQJ�NQRZQ�PDVVHV�RI�RUJDQLF�R[\JHQDWH�FRPSRXQGV�������
ZLWK�WKH�LQWHUQDO�VWDQGDUG��������DQG�GLOXWLQJ�WKHP�WR�D�NQRZQ�PDVV�ZLWK�WKH�SHWURO�RU�Q�KHSWDQH
������

127(�7KH�FDOLEUDWLRQ�VDPSOH�VKRXOG�FRQWDLQ�WKH�VDPH�RUJDQLF�R[\JHQDWH�FRPSRXQGV�LQ
VLPLODU�SURSRUWLRQV�DV�SUHVHQW�LQ�WKH�VDPSOH�XQGHU�WHVW�

,QMHFW�D�VXLWDEOH�TXDQWLW\�RI�WKH�SUHSDUHG�FDOLEUDWLRQ�VDPSOH�LQWR�WKH�JDV�FKURPDWRJUDSK�VXFK�WKDW
WKH�FDSDFLW\�RI�WKH�FROXPQV�DQG�RWKHU�FRPSRQHQWV�LV�QRW�H[FHHGHG�DQG�WKH�OLQHDULW\�RI�WKH�GHWHFWRU
LV�QRW�LPSDLUHG�

'HWHUPLQH�DQG�UHFRUG�WKH�UHWHQWLRQ�WLPHV��WL��IRU�DOO�WKH�FRPSRQHQWV�L�WR�EH�HYDOXDWHG���&DOFXODWH
WKH�FDOLEUDWLRQ�IDFWRU��IL��IRU�DOO�WKH�FRPSRQHQWV�L�WR�EH�HYDOXDWHG��XVLQJ�WKH�HTXDWLRQ�

P$

$P
I

VWL

VWL
L �

�
=

ZKHUH�

PL� LV�WKH�PDVV��LQ�JUDPV���RI�FRPSRQHQW�L�LQ�WKH�FDOLEUDWLRQ�VDPSOH�

$VW LV�WKH�SHDN�DUHD��LQ�PLFURYROWVHFRQGV�RU�LQ�VTXDUH�PLOOLPHWUHV��RI�WKH�LQWHUQDO
VWDQGDUG�

$L LV�WKH�SHDN�DUHD��LQ�PLFURYROWVHFRQGV�RU�LQ�VTXDUH�PLOOLPHWUHV��RI�FRPSRQHQW�L�

PVW LV�WKH�PDVV��LQ�JUDPV��RI�WKH�LQWHUQDO�VWDQGDUG�LQ�WKH�FDOLEUDWLRQ�VDPSOH�

5HFRUG�WKH�FDOLEUDWLRQ�IDFWRU�IRU�HDFK�FRPSRQHQW�
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����'HWHUPLQDWLRQ�RI�GHQVLW\

'HWHUPLQH�WKH�GHQVLW\�DW�����&��rV��RI�WKH�VDPSOH�LQ�DFFRUGDQFH�ZLWK�(1�,62������
(1�,62������RU�(1�,62�������DQG�UHFRUG�WKH�UHVXOW�WR�WKH�QHDUHVW�����NJ�P��

����3UHSDUDWLRQ�RI�WHVW�VDPSOH

&RRO�WKH�VDPSOH�WR�EHWZHHQ����&�DQG�����&��:HLJK��WR�WKH�QHDUHVW�����PJ��WKH�WHVW�VDPSOH
FRQWDLQHU�������DQG�LWV�UXEEHU�VHSWXP�ZLWKRXW�VHDOLQJ�LW�

7UDQVIHU�D�TXDQWLW\�RI�WKH�LQWHUQDO�VWDQGDUG�������WR�WKH�WHVW�VDPSOH�FRQWDLQHU�DQG�ZHLJK��WR�WKH
QHDUHVW�����PJ��WKH�WHVW�VDPSOH�FRQWDLQHU�ZLWK�FRQWHQWV�DQG�VHSWXP��ZLWKRXW�VHDOLQJ�WKH�VDPSOH
FRQWDLQHU��7KH�PDVV��PVW��LQ�JUDPV��RI�WKH�LQWHUQDO�VWDQGDUG�VKDOO�DPRXQW�WR�EHWZHHQ������P�P�
DQG������P�P��RI�WKH�VDPSOH��PV��EXW�VKDOO�QRW�EH�OHVV�WKDQ�������J�

7UDQVIHU�D�TXDQWLW\��QRUPDOO\�EHWZHHQ���PO�DQG�����PO��RI�WKH�FRROHG�VDPSOH�WR�WKH�WHVW�VDPSOH
FRQWDLQHU�DQG�VHDO�LPPHGLDWHO\�ZLWK�WKH�VHSWXP��:HLJK��WR�WKH�QHDUHVW�����PJ��WKH�WHVW�VDPSOH
FRQWDLQHU�DQG�FRQWHQWV��5HFRUG�WKH�PDVV��PV��LQ�JUDPV��RI�WKH�WHVW�VDPSOH�WDNHQ��WR�WKH�QHDUHVW
����PJ�

5HFRUG�WKH�DPRXQW�RI�LQWHUQDO�VWDQGDUG�LQ�WKH�SUHSDUHG�WHVW�VDPSOH�DV�D�SHUFHQWDJH�E\�PDVV��0L[
WKH�FRQWHQWV�RI�WKH�WHVW�VDPSOH�FRQWDLQHU�E\�VKDNLQJ�XQWLO�KRPRJHQHRXV�

����,QWURGXFWLRQ�RI�WHVW�SRUWLRQ

,QMHFW�D�VXLWDEOH�TXDQWLW\�RI�WKH�SUHSDUHG�WHVW�VDPSOH�������LQWR�WKH�JDV�FKURPDWRJUDSK��(QVXUH�WKDW
WKH�WHVW�SRUWLRQ�VL]H�LV�VXFK�WKDW�WKH�FDSDFLW\�RI�WKH�FROXPQV�DQG�RWKHU�FRPSRQHQWV�RI�WKH�JDV
FKURPDWRJUDSK�LV�QRW�H[FHHGHG�DQG�WKDW�WKH�OLQHDULW\�RI�WKH�GHWHFWRU�LV�QRW�LPSDLUHG�

����([DPLQDWLRQ�RI�FKURPDWRJUDP

([DPLQH�WKH�FKURPDWRJUDP�DQG�LGHQWLI\�WKH�FRPSRQHQWV�RI�WKH�WHVW�SRUWLRQ�E\�PHDQV�RI�WKHLU
UHWHQWLRQ�WLPHV��VHH������
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��&DOFXODWLRQ

����&DOFXODWLRQ�RI�PDVV�RI�HDFK�FRPSRQHQW�LQ�WKH�WHVW�VDPSOH

&DOFXODWH�WKH�PDVV��PL��LQ�JUDPV��RI�HDFK�FRPSRQHQW�L�RI�WKH�WHVW�VDPSOH�XVLQJ�WKH�HTXDWLRQ�

$

PI$
P

VW

VWLL
L

��
=

ZKHUH�

$L LV�WKH�SHDN�DUHD��LQ�PLFURYROWVHFRQGV�RU�LQ�VTXDUH�PLOOLPHWUHV��RI�FRPSRQHQW�L�

IL LV�WKH�FDOLEUDWLRQ�IDFWRU�IRU�FRPSRQHQW�L�

PVW LV�WKH�PDVV��LQ�JUDPV��RI�WKH�LQWHUQDO�VWDQGDUG�LQFOXGHG�LQ�WKH�WHVW�VDPSOH�������

$VW LV�WKH�SHDN�DUHD��LQ�PLFURYROWVHFRQGV�RU�LQ�VTXDUH�PLOOLPHWUHV��RI�WKH�LQWHUQDO
VWDQGDUG�

����&DOFXODWLRQ�RI�HDFK�FRPSRQHQW�LQ�WKH�VDPSOH�DV�D�SHUFHQWDJH�E\�PDVV
&DOFXODWH�DV�D�SHUFHQWDJH�E\�PDVV��wL��HDFK�FRPSRQHQW�L�LQ�WKH�VDPSOH�XVLQJ�WKH�HTXDWLRQ�

���
V

L
L �=

P

P
w

����&DOFXODWLRQ�RI�HDFK�FRPSRQHQW�LQ�WKH�VDPSOH�DV�D�SHUFHQWDJH�E\�YROXPH
&DOFXODWH�DV�D�SHUFHQWDJH�E\�YROXPH��fL��RI�HDFK�FRPSRQHQW�L�LQ�WKH�VDPSOH�XVLQJ�WKH�HTXDWLRQ�

���
V

L
L� �=

9

9f

ZKHUH�
9L LV�WKH�YROXPH��LQ�PLOOLOLWUHV��RI�FRPSRQHQW�L�

9V LV�WKH�YROXPH��LQ�PLOOLOLWUHV��RI�WKH�VDPSOH�WDNHQ�������

7KH�YROXPH��9L��RI�FRPSRQHQW�L�LV�FDOFXODWHG�IURP�WKH�PDVV�RI�HDFK�FRPSRQHQW��WKH�GHQVLWLHV�JLYHQ
LQ�DQQH[�$�DQG�WKH�GHQVLW\�RI�WKH�VDPSOH��������XVLQJ�WKH�JHQHUDO�HTXDWLRQ�

GHQVLW\

PDVV
YROXPH =

)RU�FRPSRQHQW��L��WKLV�EHFRPHV

r L

L
L

�����
= P

9

ZKHUH�
rL LV�WKH�GHQVLW\�LQ�NLORJUDPV�SHU�FXELF�PHWUH�DW�����&�RI�FRPSRQHQW�L�
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7KH�YROXPH��9V��RI�WKH�VDPSOH�WDNHQ�LV�FDOFXODWHG�XVLQJ�WKH�HTXDWLRQ�

r V�

V
V

�����
= P

9

����7RWDO�RUJDQLFDOO\�ERXQG�R[\JHQ

&DOFXODWH�WKH�WRWDO�FRQWHQW�RI�RUJDQLFDOO\�ERXQG�R[\JHQ��W��DV�D�SHUFHQWDJH�E\�PDVV��IURP�WKH
SHUFHQWDJHV�E\�PDVV�RI�WKH�LQGLYLGXDO�FRPSRQHQWV��DIWHU�LGHQWLILFDWLRQ��XVLQJ�WKH�HTXDWLRQ�

L

�L ������

:

�
S=W
w

ZKHUH�

:L� LV�WKH�PROHFXODU�PDVV�RI�FRPSRQHQW�L�

(;$03/(�,I�WKH�VDPSOH�KDV�EHHQ�GHWHUPLQHG�WR�FRQWDLQ������P�P��PHWKDQRO�DQG����
�P�P��HWKDQRO

WKHQ� �wL�IRU�PHWKDQRO�LV������P�P���:L�LV�������

DQG� �wL�IRU�HWKDQRO�LV������P�P���:L�LV�������

W� �
�����

������[��
��

�����

������[��
+  ������������� ���������P�P�

��([SUHVVLRQ�RI�UHVXOWV

5HSRUW�WKH�FRQWHQWV�RI�HDFK�FRPSRQHQW�WR�WKH�QHDUHVW���������P�P��RU����9�9���

5HSRUW�WKH�WRWDO�FRQWHQW�RI�RUJDQLFDOO\�ERXQG�R[\JHQ�WR�WKH�QHDUHVW���������P�P��

���3UHFLVLRQ

�����5HSHDWDELOLW\

7KH�GLIIHUHQFH�EHWZHHQ�WZR�WHVW�UHVXOWV��REWDLQHG�E\�WKH�VDPH�RSHUDWRU�ZLWK�WKH�VDPH�DSSDUDWXV
XQGHU�FRQVWDQW�RSHUDWLQJ�FRQGLWLRQV�RQ�LGHQWLFDO�WHVW�PDWHULDO��ZRXOG�LQ�WKH�ORQJ�UXQ��LQ�WKH�QRUPDO
DQG�FRUUHFW�RSHUDWLRQ�RI�WKH�WHVW�PHWKRG��H[FHHG�WKH�YDOXHV�JLYHQ�LQ�WDEOH���DQG�WDEOH���RQO\�LQ�RQH
FDVH�LQ�WZHQW\�

�������5HSURGXFLELOLW\

7KH�GLIIHUHQFH�EHWZHHQ�WZR�VLQJOH�DQG�LQGHSHQGHQW�UHVXOWV��REWDLQHG�E\�GLIIHUHQW�RSHUDWRUV
ZRUNLQJ�LQ�GLIIHUHQW�ODERUDWRULHV�RQ�LGHQWLFDO�WHVW�PDWHULDO��ZRXOG�LQ�WKH�ORQJ�UXQ��LQ�WKH�QRUPDO�DQG
FRUUHFW�RSHUDWLRQ�RI�WKH�WHVW�PHWKRG��H[FHHG�WKH�YDOXHV�JLYHQ�LQ�WDEOH���DQG�WDEOH���RQO\�LQ�RQH
FDVH�LQ�WZHQW\�
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7DEOH�����5HSHDWDELOLW\�DQG�UHSURGXFLELOLW\�RI�WKH�GHWHUPLQDWLRQ�RI
RUJDQLF�R[\JHQDWH�FRPSRXQGV

2UJDQLF�R[\JHQDWHV
FRPSRXQGV

���P�P��RU����9�9�

5HSHDWDELOLW\

���P�P��RU����9�9�

5HSURGXFLELOLW\

���P�P��RU����9�9�

��� WR ��� ���� ���
!���� WR ��� ��� ���
!���� WR ��� ��� ���
!���� WR ��� ��� ���
!���� WR ��� ��� ���
!���� WR ���� ��� ���
!����� WR ���� ��� ���
!����� WR ���� ��� ���

7DEOH�����5HSHDWDELOLW\�DQG�UHSURGXFLELOLW\�RI�WKH�GHWHUPLQDWLRQ
�RI�WKH�WRWDO�RUJDQLFDOO\�ERXQG�R[\JHQ�FRQWHQW

7RWDO�RUJDQLFDOO\�ERXQG�R[\JHQ

����P�P�

5HSHDWDELOLW\

���P�P�

5HSURGXFLELOLW\

���P�P�

����WR���� ���� ���

���7HVW�UHSRUW

7KH�UHSRUW�VKDOO�LQFOXGH�DW�OHDVW�WKH�IROORZLQJ�LQIRUPDWLRQ�

D��WKH�W\SH�DQG�LGHQWLILFDWLRQ�RI�WKH�SURGXFW�XQGHU�WHVW�

E��D�UHIHUHQFH�WR�WKLV�(XURSHDQ�6WDQGDUG�

F��WKH�VDPSOLQJ�SURFHGXUH�XVHG��VHH�FODXVH����

G��WKH�GHQVLW\�RI�WKH�VDPSOH��VHH������

H��WKH�UHVXOW�RI�WKH�WHVW��VHH�FODXVH����

I��DQ\�GHYLDWLRQ�IURP�WKH�SURFHGXUH�GHVFULEHG�

J��WKH�GDWH�RI�WHVW�

Copyright European Committee for Standardization 
Provided by IHS under license with CEN

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
`
`
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



3DJH���
(1�����������

��,QVWLWXWH�RI�3HWUROHXP�DQG�%6,��������

$11(;�$
�QRUPDWLYH�

'HQVLWLHV�DW�����&�RI�RUJDQLF�R[\JHQ�FRQWDLQLQJ�FRPSRXQGV�

6XEVWDQFH 'HQVLW\�DW�����&�
NJ�P�

0HWKDQRO��&+�2+ �����

(WKDQRO��&+�&+�2+ �����

3URSDQ���RO��&+�&+�&+�2+ �����

3URSDQ���RO���&+���&+2+ �����

%XWDQ���RO��&+��&+���2+ �����

%XWDQ���RO��&+�&+�2+�&+�&+� �����

��PHWK\OSURSDQ���RO���&+���&2+ �����

��PHWK\OSURSDQ���RO���&+���&+&+�2+ �����

3HQWDQ���RO��&+��&+���2+ �����

3HQWDQ���RO��&+�&+�2+�&+�&+�&+� �����

3HQWDQ���RO��&+�&+�&+�2+�&+�&+� �����

��PHWK\OEXWDQ���RO��&�+�&+�&+��&+�2+ �����

��PHWK\OEXWDQ���RO��&+�&+�&+��&�+�2+ �����

��PHWK\OEXWDQ���RO���&+���&�2+�&+�&+� �����

��PHWK\OEXWDQ���RO��&+�&�&+��&+�2+�&+� �����

+H[DQ���RO��&+��&+���2+ �����

+H[DQ���RO��&+��&+���&+�2+�&+� �����

+H[DQ���RO��&+�&+�&+�&+�2+�&+�&+� �����

��PHWK\OSHQWDQ���RO��&+�&+�&+�&+�&+��&+�2+ �����

��PHWK\OSHQWDQ���RO��&+�&+�&+�&+��&+�&+�2+ �����

��PHWK\OSHQWDQ���RO��&+�&+�&+��&+�&+�&+�2+ �����

��PHWK\OSHQWDQ���RO��&+�&�&+��&�2+��&+���&+� �����

��PHWK\OSHQWDQ���RO��&+�&+�2+�&+�&+��&+�&+� �����

��PHWK\OSHQWDQ���RO��&+�&+�2+�&+��&+��� �����

��PHWK\OSHQWDQ���RO���&+���&+&+�2+�&+�&+� �����

��PHWK\OSHQWDQ���RO��&+�&+�&�&+���2+�&+�&+� �����

��HWK\OEXWDQ���RO��&+�&+�&+�&+�2+�&+�&+� �����

����GLPHWK\OEXWDQ���RO��&+�&+�&�&+���&+�2+ �����

����GLPHWK\OEXWDQ���RO��&+�&+��&+�&+��&+�2+ �����

����GLPHWK\OEXWDQ���RO��&�&+��&�+�2+ �����
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6XEVWDQFH 'HQVLW\�DW�����&�
NJ�P�

+HSWDQ���RO��&+��&+���2+ �����

+HSWDQ���RO��&+��&+���&+�2+�&+� �����

+HSWDQ���RO��&+��&+���&+�2+�&+�&+� �����

+HSWDQ���RO��&+�&+�&+�&+�2+�&+�&+�&+� �����

��PHWK\OKH[DQ���RO���&+��&�2+�&+��&+���&+� �����

��PHWK\OKH[DQ���RO���&+���&+&+�2+�&+�&+�&+� �����

��PHWK\OKH[DQ���RO��&+�&+�&�&+���2+�&+�&+�&+� �����

��HWK\OSHQWDQ���RO���&+�&+���&2+ �����

����GLPHWK\OSHQWDQ���RO���&+���&+&+�2+��&+��� �����

2FWDQ���RO��&+��&+���2+ �����

2FWDQ���RO��&+��&+���&+2+&+� �����

2FWDQ���RO��&+��&+���&+2+&+�&+� �����

2FWDQ���RO��&+��&+���&+2+&+�&+�&+� �����

��PHWK\OKHSWDQ���RO��&+��&+���&+�&+��&+�2+ �����

��PHWK\OKHSWDQ���RO��&+��&+���&+�&+��&+�&+�2+ �����

��PHWK\OKHSWDQ���RO��&+�&+�&+�&+�&+���&+���&+�2+ �����

��PHWK\OKHSWDQ���RO��&+�&+�&+�&+���&+���&+�2+ �����

��PHWK\KHSWDQ���RO��&+�&+�&+���&+���&+�2+ �����

��PHWK\OKHSWDQ���RO��&+��&+���&�&+���2+�&+� �����

��PHWK\OKHSWDQ���RO��&+��&+���&+�&+��&+�2+�&+� �����

��PHWK\OKHSWDQ���RO��&+�&+�2+�&+�&+�&+��&+�&+�&+� �����

��PHWK\OKHSWDQ���RO��&+�&+�&+�&+��&+�&+�&+�2+�&+� �����

��PHWK\OKHSWDQ���RO���&+���&+�&+���&+�2+�&+� �����

��PHWK\OKHSWDQ���RO��&+��&+���&+�2+�&+�&+��� �����

��PHWK\OKHSWDQ���RO��&+��&+���&�2+��&+��&+�&+� �����

��PHWK\OKHSWDQ���RO��&+��&+���&+�&+��&+�2+�&+�&+� �����

��PHWK\OKHSWDQ���RO��&+�&+�&+�&+��&+�&+�2+�&+�&+� �����

��PHWK\OKHSWDQ���RO��&+�&+�&+�2+�&+�&+�&+�&+��� �����

��PHWK\OKHSWDQ���RO���&+���&+&+�&+�2+�&+�&+�&+� �����

��PHWK\OKHSWDQ���RO��&+�&+�&+�&+��&+�2+�&+�&+�&+� �����

��PHWK\OKHSWDQ���RO��&+��&+���&�2+��&+��&+�&+�&+� �����

��HWK\OKH[DQ���RO��&+��&+���&+�&+�&+��&+�2+ �����

��HWK\OKH[DQ���RO��&+��&+���&�2+��&+�&+��&+�&+� �����

1RQDQ���RO��&+��&+���2+ �����
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1RQDQ���RO��&+��&+���&+�2+�&+� �����

1RQDQ���RO��&+��&+���&+�2+�&+�&+� �����

��PHWK\ORFWDQ���RO��&+��&+���&�2+��&+��� �����

��PHKW\ORFWDQ���RO��&+��&+���&+�2+�&+�&+��� �����

��PHWK\ORFWDQ���RO��&+��&+���&�2+��&+��&+�&+� �����

��PHWK\ORFWDQ���RO��&+��&+���&�2+��&+���&+��&+� �����

'HFDQ���RO��&+��&+���&+�2+�&+� �����

'HFDQ���RO��&+��&+���&+�2+�&+�&+� �����

'HFDQ���RO��&+��&+���&+�2+��&+���&+� �����

'HFDQ���RO��&+��&+���&+�2+��&+���&+� �����

��PHWK\OQRQDQ���RO��&+��&+���&+�&+��&+�2+ �����

��PHWK\OQRQDQ���RO��&+��&+���&+�2+�&+�&+��� �����

WHUW�EXW\O�PHWK\O�HWKHU���&+���&2&+� �����

PHWK\O�WHUW�SHQW\O�HWKHU���&+���&�2&+��&+�&+� �����

WHUW�EXW\O�HWK\O�HWKHU���&+���&2&+�&+� �����

HWK\O�WHUW�SHQW\O�HWKHU���&+���&�2&+�&+��&+�&+� �����

PHWK\O�SURS\O�HWKHU��&+�2�&+�&+�&+� �����

LVRSURS\O�PHWK\O�HWKHU���&+���&+2&+� �����

'LHWK\O�HWKHU��&+�&+�2&+�&+� �����

EXW\O�PHWK\O�HWKHU��&+�2�&+���&+� �����

LVREXW\O�PHWK\O�HWKHU���&+���&+&+�2&+� �����

EXW���\O�PHWK\O�HWKHU��&+�&+�&+�&+��2&+� �����

HWK\O�SURS\O�HWKHU��&+�&+�2&+�&+�&+� �����

HWK\O�LVRSURS\O�HWKHU���&+���&+2&+�&+� �����

PHWK\O�SHQW\O�HWKHU��&+�2�&+���&+� �����

PHWK\O�LVRSHQW\O�HWKHU��&+�&+��&+���&2&+� �����

EXW\O�HWK\O�HWKHU��&+��&+���2&+�&+� �����

HWK\O�LVREXW\O�HWKHU����&+���&+&+�2&+�&+� �����

VHF�EXW\O�HWK\O�HWKHU���&+���&+�&+��&2&+�&+� �����

'LSURS\O�HWKHU��&+�&+�&+�2&+�&+�&+� �����

LVRSURS\O�SURS\O�HWKHU���&+���&+2&+�&+�&+� �����

'LLVRSURS\O�HWKHU���&+���&+2&+�&+��� �����

KH[\O�PHWK\O�HWKHU��&+�2�&+���&+� �����

HWK\O�SHQW\O�HWKHU��&+�&+�2�&+���&+� �����
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HWK\O�LVRSHQW\O�HWKHU��&+�&+�2&+�&+�&+�&+��� �����

EXW\O�SURS\O�HWKHU��&+��&+���2�&+���&+� �����

LVREXW\O�SURS\O�HWKHU���&+���&+&+�2&+�&+�&+� �����

VHF�EXW\O�SURS\O�HWKHU���&+���&+�&+��&+2&+�&+�&+� �����

WHUW�EXW\O�SURS\O�HWKHU���&+���&2&+�&+�&+� �����

EXW\O�LVRSURS\O�HWKHU���&+���&+2�&+���&+� �����

LVREXW\O�LVRSURS\O�HWKHU���&+���&+&+�2&+�&+��� �����

VHF�EXW\O�LVRSURS\O�HWKHU���&+���&+�&+��&+2&+�&+��� �����

WHUW�EXW\O�LVRSURS\O�HWKHU���&+���&2&+�&+��� �����

KHSW\O�PHWK\O�HWKHU��&+�2�&+���&+� �����

HWK\O�KH[\O�HWKHU��&+�&+�2�&+���&+� �����

SHQW\O�SURS\O�HWKHU��&+�&+�&+�2�&+���&+� �����

LVRSHQW\O�SURS\O�HWKHU��&+�&+�&+�2�&+���&+�&+��� �����

LVRSURS\O�SHQW\O�HWKHU���&+���&+2�&+���&+� �����

LVRSHQW\O�LVRSURS\O�HWKHU���&+���&+2�&+���&+�&+��� �����

'LEXW\O�HWKHU��&+��&+���2�&+���&+� �����

EXW\O�LVREXW\O�HWKHU���&+���&+&+�2�&+���&+� �����

EXW\O�VHF�EXW\O�HWKHU���&+���&+�+��&+2�&+���&+� �����

EXW\O�WHUW�EXW\O�HWKHU���&+���&2�&+���&+� �����

GLLVREXW\O�HWKHU���&+���&+&+�2&+�&+�&+��� �����

VHF�EXW\O�LVREXW\O�HWKHU���&+���&+�&+��&+2&+�&+�&+��� �����

WHUW�EXW\O�LVREXW\O�HWKHU���&+���&2&+�&+�&+��� �����

GL�VHF�EXW\O�HWKHU��&+�&+�&+�&+��2&+�&+��&+�&+� �����

GL�WHUW�EXW\O�HWKHU���&+���&2&�&+��� �����

VHF�EXW\O�WHUW�EXW\O�HWKHU���&+���&+�&+��&+2�&+��� �����

PHWK\O�RFW\O�HWKHU��&+�2�&+���&+� �����

HWK\O�KH[\O�HWKHU��&+�&+�2>&+�@�&+� �����

KH[\OSURS\O�HWKHU��&+�&+�&+�2�&+���&+� �����

KH[\O�LVRSURS\O�HWKHU���&+���&+2�&+���&+� �����

EXW\O�SHQW\O�HWKHU��&+��&+���2�&+���&+� �����

EXW\O���PHWK\O�EXW\O�HWKHU���&+���&+�&+��&+&+�2&+�&+�&+�&+� �����

LVREXW\O�SHQW\O�HWKHU���&+���&+&+�2�&+���&+� �����

LVREXW\O�LVRSHQW\O�HWKHU���&+���&+&+�2�&+���&+�&+��� �����

VHF�EXW\O�SHQW\O�HWKHU��&+�&+�&+�&+��2�&+���&+� �����
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VHF�EXW\O�LVRSHQW\O�HWKHU��&+�&+�&+�&+��2�&+���&+�&+��� �����

WHUW�EXW\O�SHQW\O�HWKHU���&+���&2�&+���&+� �����

WHUW�EXW\O�LVRSHQW\O�HWKHU���&+��&2�&+���&+�&+��� �����

PHWK\O�QRQ\O�HWKHU��&+�2�&+���&+� �����

HWK\O�QRQ\O�HWKHU��&+�&+�2�&+���&+� �����

KHSW\O�SURS\O�HWKHU��&+��&+���2�&+���&+� �����

KHSW\O�LVRSURS\O�HWKHU����&+���&+2�&+���&+� �����

EXW\O�KH[\O�HWKHU��&+��&+���2�&+���&+� �����

KH[\O�LVREXW\O�HWKHU���&+���&+&+�2�&+���&+� �����

VHF�EXW\O�KH[\O�HWKHU��&+�&+�&+�&+��2�&+���&+� �����

GLSHQW\O�HWKHU��&+��&+���2�&+���&+� �����

��PHWK\OEXW\O�SHQW\O�HWKHU���&+���&+�&+��&+&+�2&+�&+�&+�&+�&+� �����

LVRSHQW\O���PHWK\OEXW\O�HWKHU���&+���&+�&+��&+&+�2&+�&+��&+��� �����

GHF\O�PHWK\O�HWKHU��&+�2�&+���&+� �����

HWK\O�QRQ\O�HWKHU��&+�&+�2�&+���&+� �����

RFW\O�SURS\O�HWKHU��&+�&+�&+�2�&+���&+� �����

LVRSURS\O�RFW\O�HWKHU���&+���&+2�&+���&+� �����

EXW\O�KHSW\O�HWKHU��&+��&+���2�&+���&+� �����

KH[\O�SHQW\O�HWKHU��&+��&+���2�&+���&+� �����

GHF\O�HWK\O�HWKHU��&+�&+�2�&+���&+� �����

QRQ\O�SURS\O�HWKHU��&+��&+���2�&+���&+� �����

EXW\O�RFW\O�HWKHU��&+��&+���2�&+���&+� �����

KHSW\O�SHQW\O�HWKHU��&+��&+���2�&+���&+� �����

GLKH[\O�HWKHU��&+��&+���2�&+���&+� �����

$FHWRQH����&+���&2 �����

%XWDQRQH��&+�&+�&2&+� �����
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$11(;�%
�LQIRUPDWLYH�

*XLGDQFH�RQ�WKH�FROXPQ�VZLWFKLQJ�WHFKQLTXH

%�� ,QWURGXFWLRQ

&ROXPQ�VZLWFKLQJ�JDV�FKURPDWRJUDSK\�LV�XVHG�WR�LQFUHDVH�WKH�VHSDUDWLQJ�SRZHU�RI�D�JDV
FKURPDWRJUDSK\�V\VWHP�E\�WKH�IXUWKHU�VHSDUDWLRQ�RI�XQUHVROYHG�FRPSRQHQWV�XVLQJ�DGGLWLRQDO
FROXPQV��PXOWLGLPHQVLRQDO�FKURPDWRJUDSK��

9DOYHV�VXLWDEOH�IRU�FROXPQ�VZLWFKLQJ�KDYH�D�ORZ�VZLWFKLQJ�YROXPH�LQ�UHODWLRQ�WR�SHDN�YROXPHV�DQG
GR�QRW�VKRZ�DQ\�LQWHUDFWLRQ�ZLWK�WKH�VDPSOH��$V�D�VXEVWLWXWH�IRU�YDOYHV��WKH�JDV�IORZ�WKURXJK�WKH
FROXPQV�PD\�EH�DOWHUHG�E\�FKDQJLQJ�WKH�SUHVVXUH��'HDQV�RU�RII�OLQH�VZLWFKLQJ���)RU�H[DPSOH�
ILJXUH�$���LOOXVWUDWHV�KRZ�WKH�YDOYHOHVV�IORZ�VZLWFKLQJ�WHFKQLTXH�IXQFWLRQV��7KH�FHQWUDO�SRLQW�RI�WKH
V\VWHP�LV�D�FRXSOHU�WKURXJK�ZKLFK�WKH�FDUULHU�JDV�IORZV�DQG�ZKLFK�FDQ�EH�SQHXPDWLFDOO\�VZLWFKHG�
)ORZ�LQWR�WKH�FRXSOHU�FDQ�EH�VHOHFWHG�IUHHO\�LQ�WHUPV�RI�DPRXQW�DQG�GLUHFWLRQ��7KH�VDPSOH�FDQ�EH
GLUHFWHG�IURP�FROXPQ���LQWR�FROXPQ���RU�WRZDUGV�VSHFLDO�GHWHFWRUV�ZLWKRXW�DIIHFWLQJ�WKH�VKDSH�RI
WKH�SHDN�

127(�7KH�VDPH�EDVLF�SULQFLSOH�LV�XVHG�IRU�WKH�GHWHUPLQDWLRQ�RI�EHQ]HQH�LQ�SHWURO�
GHVFULEHG�LQ�(1���������

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

���(1��������/LTXLG�SHWUROHXP�SURGXFWV���8QOHDGHG�SHWURO���'HWHUPLQDWLRQ�RI�EHQ]HQH�FRQWHQW�E\�JDV�FKURPDWRJUDSK\�
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.H\

*& *DV�&KURPDWRJUDSK�ZLWK�D�FROXPQ�RYHQ
, LQMHFWRU�ZLWK�VSOLWWLQJ
6� FDSLOODU\�VHSDUDWLRQ�FROXPQ��ILUVW�FROXPQ�
6� FDSLOODU\�VHSDUDWLRQ�FROXPQ��PDLQ�FROXPQ�
. FRXSOHU�LQ�DFFRUGDQFH�ZLWK�'HDQV�PHWKRG
75�$ FDUULHU�JDV�IORZ�LQ�VWUDLJKW�VHWWLQJ
75�% FDUULHU�JDV�IORZ�LQ�KHDUW�FXW�VHWWLQJ
),'
P

),'�PRQLWRU�GHWHFWRU

),'K ),'�PDLQ�GHWHFWRU

)LJXUH�%�����,OOXVWUDWLRQ�RI�SQHXPDWLF�VHSDUDWLRQ�IORZ�VZLWFKHV�YLD�FRXSOHU�LQ�DFFRUGDQFH
ZLWK�'HDQV�PHWKRG
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%�� *HQHUDO�DSSDUDWXV�SDUDPHWHUV�IRU�WKH�IORZ�VZLWFKLQJ�WHFKQLTXH

7KH�IROORZLQJ�DSSDUDWXV�SDUDPHWHUV�KDYH�EHHQ�IRXQG�WR�EH�VXLWDEOH��:KHQ�VLPLODU�DSSDUDWXV�LV
XVHG��GHYLDWLRQV�IURP�WKH�GDWD�REWDLQHG�FDQ�RFFXU��,Q�HDFK�FDVH�WKLV�VKRXOG�EH�RSWLPL]HG�LQ
DFFRUGDQFH�ZLWK�WKH�PDQXIDFWXUHU
V�LQVWUXFWLRQV�

$SSDUDWXV� JDV�FKURPDWRJUDSK�ZLWK�'HDQV�VZLWFKLQJ�

'HWHFWRU� IODPH�LRQL]DWLRQ�GHWHFWRU�

7HPSHUDWXUH�RI�LQMHFWLRQ�EORFN� �����&�

&DUULHU�JDV� QLWURJHQ�

6SOLW� ��WR����

,QMHFWLRQ�DPRXQW� �����O�

2YHQ��� ����&�

7HPSHUDWXUH�SURJUDPPH� ����&�IRU���PLQ��WKHQ�LQFUHDVLQJ�DW����&�PLQ�WR������&�

&ROXPQ��� ���P�[������PP�LQWHUQDO�GLDPHWHU��IXVHG�VLOLFD�FRDWHG�ZLWK
�����P�WULV�F\DQRHWKR[\�SURSDQH��7&(3��

2YHQ�����2SWLRQDO�� ����&�

7HPSHUDJH�SURJUDPPH� ����&�IRU���PLQ��WKHQ�LQFUHDVLQJ�DW����&�PLQ�WR������&�

&ROXPQ��� ���P�[������PP�LQWHUQDO�GLDPHWHU��IXVHG�VLOLFD�FRDWHG�ZLWK
�����P�PHWK\O�VLOLFRQH���

%�� *DV�FKURPDWRJUDPV

)LJXUH�%���DQG�%���DUH�H[DPSOHV�RI�JDV�FKURPDWRJUDPV�REWDLQHG�IURP�WKH�GHWHUPLQDWLRQ�RI
R[\JHQDWHV�LQ�SHWURO�XVLQJ�WKH�FROXPQ�VZLWFKLQJ�WHFKQLTXH��7KH�UHWHQWLRQ�WLPHV�IRU�LQGLYLGXDO
FRPSRQHQWV�PD\�EH�GHWHUPLQHG�XVLQJ�DSSURSULDWH�UHIHUHQFH�PDWHULDOV�

)LJXUH�%���LOOXVWUDWHV�WKH�VHSDUDWLRQ�IURP�WKH�ILUVW�FROXPQ�

)LJXUH�%���LOOXVWUDWHV�WKH�VHSDUDWLRQ�IURP�WKH�VHFRQG�FROXPQ�

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

����$Q�H[DPSOH�RI�D�VXLWDEOH�PHWK\O�VLOLFRQH�SURGXFW�FRPPHUFLDOO\�DYDLODEOH�LV�29���7KLV�LQIRUPDWLRQ�LV�JLYHQ�IRU�WKH
FRQYHQLHQFH�RI�XVHUV�RI�WKLV�VWDQGDUG�DQG�GRHV�QRW�FRQVWLWXWH�DQ�HQGRUVHPHQW�E\�&(1�RI�WKLV�SURGXFW�
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.H\

� SHDN�DUHD��PPð�
� WLPH��PLQV�
� ZLQGRZV��FXWV�

)LJXUH�%�����7\SLFDO�),'�FKURPDWRJUDP�RI�SHWURO
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��,QVWLWXWH�RI�3HWUROHXP�DQG�%6,��������

.H\

� 07%(
� 0HWKDQRO
� ��PHWK\OSURSDQ���RO
� %HQ]HQH
� 6WDQGDUG
� 7ROXHQH
� 3HDN�DUHD��PPð�
� WLPH��PLQV�

)LJXUH�%�����&KURPDWRJUDP�RI�RUJDQLF�R[\JHQDWH�FRPSRXQGV�LQ�SHWURO
GHWHUPLQHG�XVLQJ�FROXPQ�VZLWFKLQJ
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%6������6HULHV

7KH�,QVWLWXWH�RI�3HWUROHXP
���1HZ�&DYHQGLVK�6WUHHW
/RQGRQ
:�0��$5

7HO� ���������������
)D[� ���������������
:HE�3DJH��KWWS���ZZZ�SHWUROHXP�FR�XN

%X\LQJ�3DUWV�RI�%6�����

2UGHUV�IRU�%6������SXEOLFDWLRQV�VKRXOG�EH�DGGUHVVHG�WR�WKH�/LEUDU\�DW�WKH
,QVWLWXWH�RI�3HWUROHXP�

&RS\ULJKW

&RS\ULJKW�VXEVLVWV�LQ�DOO�%6������SXEOLFDWLRQV��1R�SDUW�RI�WKLV�SXEOLFDWLRQ
PD\�EH�UHSURGXFHG�LQ�DQ\�IRUP�ZLWKRXW�WKH�SULRU�SHUPLVVLRQ�LQ�ZULWLQJ�RI
%6,�DQG�WKH�,3��(QTXLULHV�DERXW�FRS\ULJKW�VKRXOG�EH�PDGH�WR�WKH�6HFUHWDU\
RI�37,����DW�WKH�,3�

37,���
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