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หล?�N���์/@!1�@%สํ@ห1?&Nค1APอ�ค/&คB/�@1QหOส@1ล>ล@0#@�หลอ NลAอ  ํ@  
�%> คB/'1>/@!1 

สN/%#?P 1 : />$?�@1สอ&N#?0&Nค1APอ�ค/&คB/�@1QหOส@1ล>ล@0#@�หลอ NลAอ  ํ@  
�%> คB/'1>/@!1 

 
1. �อ&�N@0 
  /ล1�N���์!2�#�2�2O2/#1�Nค#AP1�!A1O��"์��1��?Q 1�>�2"O�/�2��2#21�N�?"�

2O2/#1�Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2 ��>�คB!�#>!2�# (volumetric infusion pump) 
N�N2�1Q�  #2"ล0N1?"�N�AQ1/2ค#1�คลB! �2#N�#?"!�2#2O2/#1��2#21�N�?"� �2#2!>N�1#์�?P21�N�?"� �B�21�
N�?"� �1Q��1��2#21�N�?"� �2#คO2�/��ล�2#21�N�?"� �2##2"�2��ล�2#21�N�?"� �2#�#0N!>�ค/2!R!N
O�N�1��1��2#/1� �2#�/�21� Oล0Q�#1�#1��2#21�N�?"�  

 Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2�?PR!N1"CNQ��1��N2" R�OO�N Nค#AP1�
ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2O���1�/"� (drop controller)  O���#0�1��?� (syringe)  
Oล0O��ค/�คB!�2#Q/O"2ล��/��?P�O2/��P�"�CO�N/" (patient controlled analgesia pump)  

 
2. Nอ�ส@1อO@�อ>�  
 N1�22#1O2�1>��N1R��?Q�0N�็���1��ั��B�1�Oล0N�็�2>P��O2N�็�2O2/#1��2#�#0"B��์Q�O�1�

/ล1�N���์!2�#�2��?Q 
IEC 60601-2-24  Medical electrical equipment � Part 2 � 24: Particular requirements 

for the basic safety and essential performance of infusion pumps and 
controllers 

ISO 4788:2005 Laboratory glassware � Graduated measuring cylinders 
ITS 90 Density of Water Formulation for Volumetric Standards Calibration 
ECRI Procedure No. 416-20210405 Large � Volume Infusion Pumps 
JCGM 100:2008 GUM 1995 with minor corrections Evaluation of measurement data � 

Guide to the expression of uncertainty in measurement 
ISO 80000-1 Quantities and units � Part 1: General  
TP-MMD-07  คCN!A1�2#��21�Nค#AP1�!A1/1��2��2#O��"์ Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�

/ล1�NลA1��O2 
JCGM 200:2008  �#0!/ล01��์!2�#/>�"2#0//N2��#0N�0 � O�/ค>��AQ��2�Oล0O�/ค>��1P/R� 

�#O1!คO201��์N�AP1!21!�1��์ (/?R1N1O!) 
Tanaka, M., et al. (2001) �Recommended table for the density of water between 0 °C and  

40 °C based on recent experimental reports.� Metrologia 38 (4): 301. 
Good practice guide : Calibration of Medical Infusion Pumps, Metrology for Drug Delivery 
 

3. %>0@/ 
3.1 Nค1APอ�ค/&คB/�@1QหOส@1ล>ล@0#@�หลอ NลAอ  ํ@ (infusion pump)  
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 Nค#AP1�!A1�2��2#O��"์�?P�O2/�O2�?Pค/�คB!�2#R/ล�1�22#ล0ล2"N�O22CN/ล1�NลA1�
�O2�1��CO�N/"Q�11�#2�2#R/ลค��?P N�AP1Q/O�CO�N/"R�O#1��#>!2�#�1�22#ล0ล2"Q��#>!2��?P�O1��2#1"N2��C��O1�
 2"Q��#1�N/ล2�?P�O2/��  Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O222!2#��O2O���2!�ลR��2#
ค/�คB!11�#2�2#R/ล P�"O�N�11�R�O 3 �#0N � R�OO�N  

3.1.1 Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2 ��>��1�/"� (drop 
controller infusion pump ) 

3.1.2 Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2 ��>�คB!�#>!2�# 
(volumetric infusion pump ) 

3.1.3 Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2 ��>��#0�1��?� 
(syringe pump) 

3.2 Nค1APอ�/>Nค1@>ห์Nค1APอ�ค/&คB/�@1QหOส@1ล>ล@0#@�หลอ NลAอ  ํ@ (infusion 
pump analyzer) 

 Nค#AP1�!A1/1��?P11�O��!2N�AP1�2#��21�Oล021�N�?"�Nค#AP1�ค/�คB!�2#Q/O
22#ล0ล2"�2�/ล1�NลA1��O2  

3.3 Nค1APอ�/? อ?!1@�@1Rหล (flow meter)  
 Nค#AP1�!A1�?P22!2#�/1�11�#2�2#N�ล?P"�O�ล��1��1�R/ล�?PNคลAP1��?P�N2��B�/�@P�Q�

/�@P�/�N/"N/ล2  Nค#AP1�/1�11�#2�2#R/ลO�N�11�R�ON�็�/ล2"�#0N ��@Q�1"CN�1�/ล1��2#�?PQ�OQ��2#�#/�/1� 
�2��#0N �Q/O�ล�2#/1�11�#2�2#R/ลO���1��ล1� (instantaneous flow) �@P�N/!202!�1��2#/1�Q�
 2ค1B�22/�##!  ��0�?P�2��#0N �Q/O�ล�2#/1�11�#2�2#R/ลO��202! (accumulated flow)  �@P��CO�ล>�
�2�#2"12��>"2!/N2 11�#2�2#R/ลN�ล?P" (averaged flow) 

  Q�/ล1�N���์!2�#�2���1��?Q Nค#AP1�/1�11�#2�2#R/ล /!2"�@� Nค#AP1�!A1/1��?P
11�O��!2N�AP1�2#/1�11�#2�2#R/ล�1�22#ล0ล2"�?PN�>��@Q� 2"Q�O�2#�O2�2��1�Nค#AP1�ค/�คB!�2#Q/O
22#ล0ล2"�2�/ล1�NลA1��O2 �@P�!?�AQ��2��2##2"�2��ล�2#/1�11�#2�2#R/ลO��202! �@P�P�"�>"2! 
/!2"�@� คN211�#22N/�#0//N2��#>!2�#�1�22#ล0ล2"�1Q�/!��?PN�>��@Q� 2"Q�O�2#�O2�2��1�Nค#AP1�ค/�คB!�2#
Q/O22#ล0ล2"�2�/ล1�NลA1��O2 P�"�1��1Q�O�NN#>P!�O2�2#/1����@�N/ล2�ั��B�1� Q�/�N/"!>ลล>ล>�#�N1N/ล2
�1Q�/!�Q�/�N/"�1P/P!�  

3.4 อB'�1�์N�O@"@�หลอ NลAอ  ํ@ (intravenous access devices)  
  1B��#�์�?P�O2/�O2�?PN�็��2��N2��1�22#ล0ล2"�2��B�Q/O22#ล0ล2"N�O22CN/ล1�

NลA1��O2�1��CO�N/"  1B��#�์N�O2�@�/ล1�NลA1��O2!?1"CN/ล2"�#0N ��@Q�1"CN�1��O2O/�N��1��2#Q/O22#ล0ล2"
N�O22CN/ล1�NลA1��O2  

3.5 �B QหOส@1ล>ล@0#@�หลอ NลAอ  ํ@ (intravenous administration set or 
IV set)  

  1B��#�์�?P�O2/�O2�?PN�็��2��N2��1�22#ล0ล2"�2� 2��0�##�B22#ล0ล2"R�2CN
1B��#�์N�O2�@�/ล1�NลA1��O2  2N/��#0�1��1��B�Q/O22#ล0ล2"�2�/ล1�NลA1��O2 R�OO�N N�O!O��N�O2�1��B�
�##�B22#ล0ล2" (insertion spike) �#0N�20/"� (drip chamber) �N1�O222#ล0ล2" (tube)  �1/�?�22" 
(roller clamp)  �B�Q/O"2 (injection port) Oล0�B�N�AP1!�N1�1�1B��#�์N�O2�@�/ล1�NลA1��O2  

3.6 '1>/@!1#?PNค1APอ�!Oอ��N@0 (volume to be infuse, VTBI)  
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  �#>!2�22#ล0ล2"�?PNค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2�O1�
�O1�N�O22CN/ล1�NลA1��O2 !?/�N/"N�็�!>ลล>ล>�#  �#>!2�#�?PNค#AP1��O1��N2"N�็��#>!2�/�@P��?P�COQ�O�O1��#1��1Q�
Q���0Q�O�2�Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2 P�"คN2�#>!2�#�?PNค#AP1��O1��N2"�?PO2����
2N/�O2���ล�1�Nค#AP1��0ล�ล��2!#0"0N/ล2�2#�O2�2��1�Nค#AP1��?PN�>P!�@Q� 

3.7 อ?!1@�@1Rหล (flow rate)  
  �#>!2�#�1�22#ล0ล2"�?P�O1��2#Q/ONค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�

NลA1��O2�ล1�N�O22CN/ล1�NลA1��O2�1��CO�N/"Q�/�?P�/�N/"N/ล2  11�#2�2#R/ล!?/�N/"N�็�!>ลล>ล>�#�N1�1P/P!�  Q�
�2#Q�O�2�Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2��>�คB!�#>!2�# 11�#2�2#R/ลN�็��#>!2�/ล1��?P
�O1��#1��1Q�P�"�COQ�O 

3.8 อ?!1@�@1RหลNพAPอ'้อ��?%�@1อB !?%�อ�อB'�1�์N�O@"@�หลอ NลAอ  (keep vein 
open (KVO) rate)  

  11�#2�2#R/ลN�AP1�O1��1��2#1B��1��1�1B��#�์N�O2�@�/ล1�NลA1�/#A111�#2�2#
R/ล KVO คA1 11�#2�2#R/ล�1�22#ล0ล2"�?PNค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2ค/�คB!Q/O
N�>��@Q�/ล1��2��?P�O2�2�Q/O�#>!2�#�?PNค#AP1��O1��N2"ค#��2!�?P�O2/��OลO/ N�AP1�O1��1�R!NQ/ON�>��2#1B��1��1�
1B��#�์N�O2�@�/ล1�NลA1��O211�N�AP1�!2�2��2#O�O��1/�1�NลA1�  Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�
NลA1��O2�2�Nค#AP1�12�22!2#��#1�11�#2�2#R/ล KVO R�O P�"!?คN2�1Q�O�N 1�5 !>ลล>ล>�#�N1�1P/P!�   

3.9 .@/>อB !?% (occlusion) 
   2/0�?P N�>��2#�1��/2��2#R/ล�1�22#ล0ล2" 2"Q��B�Q/O22#ล0ล2"11�

N�AP1�!2�2��2#�C����1�/#A1/1��1�1��B�Q/O22"ล0ล2"  2/01B��1�2N��ลQ/Oค/2!�1��1�22#ล0ล2"�?P
�#0�O2�N1��1��O2�Q��B�Q/O22#ล0ล2"2C��@Q�  

3.10 ค/@/ ?%อB !?% (occlusion pressure)  
  ค/2!�1��1�22#ล0ล2" 2"Q��B�Q/O22#ล0ล2" � �B��?PNค#AP1�ค/�คB!�2#Q/O

22#ล0ล2"�2�/ล1�NลA1��O2Q/O�O2N�>�21ญญ2�N�A1�  N�AP1O�O��@��2#N�>� 2/01B��1��1��B�Q/O22#ล0ล2"  
/�N/"�1�ค/2!�1�1B��1� N�N� !>ลล>N!�#�#1� (mmHg) Oล0�>Pล�22ค1ล (kPa) 

3.11 �@1'้อ��?%�@1Rหลอ>ส1> (free flow protection) 
  �ลR��1�Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2 Q��2#�O1��1��2#

R/ล�1�22#ล0ล2"1"N2�1>2#0�N2��B�Q/O22#ล0ล2"Oล01B��#�์N�O2�@�/ล1�NลA1�N�O22CN#N2��2"�1��CO�N/" 
3.12 ค/@/ ?%!O@%�ล?& (back pressure)  
  ค/2!�1��1�22#ล0ล2" 2"Q��B�Q/O22#ล0ล2"�2�/ล1�NลA1��O2�?P�O2��2#

�O2�2��1��๊ั! (pump) Q��2#2#O2�ค/2!�1��/�N�AP1�ล1�22#ล0ล2"Q/O�N2��B�Q/O22#ล0ล2"Oล01B��#�์
N�O2�@�/ล1�NลA1�N�O22CN/ล1�NลA1��O2  Q��2#Q�O�2�Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2 
P�"�1P/R�ค/2!�1��O2��ล1�N�>��@Q��2�ค/2!�1��1�NลA1� 2"Q�/ล1�NลA1��O2  

3.13 �@1สอ&N#?0& (calibration) 
  �2#��>�1�>�2� 2"Q�ON�AP1�R��?P#0�B �@P�Q��1Q�O#�2#O2�ค/2!21!�1��์#0//N2�คN2

�#>!2��1�ค/2!R!NO�N�1��1��2#/1��?PR�O�2�!2�#�2��2#/1� Oล0คN2�N��?Q�?P2!�1"�1�ค/2!R!NO�N�1��1� 
�2#/1��?PN�AP1!21!�1��์คN2�N��?Q�1Q� Oล0Q��1Q��?P 2 �0Q�O22#2�N�0�1��ลN2/2#O2�ค/2!21!�1��์N�AP1Q/OR�O�ล�2#/1� 
�2�คN2�N��?Q 
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3.14 ค/@/ส@/@1"สอ&�ล?&R O#@�/@!1/>#0@ (metrological traceability)  
  2!�1�>�1��ล�2#/1� P�"�?P�ล�2#/1��1Q�21!�1��์�1�2>P�1O2�1>�1"N2�R!N�2��N/��2#

21�N�?"��?PR�O�1��O2N�็�N1�22#R/O P�"�2#21�N�?"�O�Nล0ค#1Q�!?2N/��N1ค/2!R!NO�N�1��1��2#/1� 
 

4. �@1N!1?0/�@1สํ@ห1?&�@1สอ&N#?0& 
4.1 ส.@/>O/ ลOอ/Oล>Nส"?01.@พ�อ�อB�ห.C/> 

1B�/ C!>/O1�Oล01B�/ C!>�1�22#ล0ล2" �O1�1"CN#0//N2� 18 ðC �@� 28 ðC  P�"
�?Pค/2!O�#�#/��1�1B�/ C!>#0//N2��2#21�N�?"��O1�R!NN�>� +3 ðC 

4.2 �@1!1/�สอ&N&AQอ�!O% 
�2#21�N�?"�Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O222!2#��O2R�O

/ล2"/>�? R�OO�N�2#�/� �2#�1P� Oล0�2#/1�  �N1��2#�O2�2#21�N�?"�ค/#!?�2#�#/�21�N�AQ1��O� �1��?Q 
1) �#/�21�Nค#AP1�!A1!2�#�2��?PQ�OQ��2#21�N�?"��2!/>�?�2#21�N�?"��?P

NลA1�Q�O P�"Nค#AP1�!A1!2�#�2��O1�!?คB�ล1�1�0�1Q��PO2 �2!#2"ล0N1?"��?P#0�BQ�/1/�O1�?P 4   
2) Nค#AP1�!A1!2�#�2��O1�1"CNQ�2 2��#O1!Q�O�2� P�"�O1��N2��2#21�N�?"� 

Oล0"1�!?2�2� 2�1"CNQ��#1�N/ล2�?P22!2#��O2R�Q�OQ��2#21�N�?"�Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�
/ล1�NลA1��O2R�O 

3) Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2�O1�N�็���>�ค/�คB!�#>!2�#  
4) �B�Q/O22#ล0ล2"�2�/ล1�NลA1��O2�O1�!?คB�ล1�1�0�#��2!ค/2!�O1��2#�1�

Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2�?P#0�BR/OQ�คCN!A1�2#Q�O�2�  
5) �QO2/#A122#ล0ล2"�?PQ�OQ��2#21�N�?"�N/!202!�1�/>�?�2#21�N�?"��?PNลA1�Q�O  

4.3 �@1!> !?Q� 
Nค#AP1�!A1Oล01B��#�์�?P2O2ค1ญ 
ค/2!�O1��2#�1Q��PO2�1�Nค#AP1�!A1!2�#�2�O�Nล0��>�!?#2"ล0N1?"��1��?Q  

Nค1APอ�/Aอ 1@0ล>Nอ?0  
�#0�1��/�  
(graduated cylinder) 

�#0�1��/� Class A �?P!?ค/2!�C��O1�N�็��2!!2�#�2� ISO 4788 
/#A1N�?"�N�N2 

Nค#AP1��1P�  
(weighting) 

- ค/2!ล0N1?"� (resolution) 1"N2��O1" 0.1 mg   
- ค/2!�C��O1�(accuracy) /#A1N���์�2#Q�O�2�1"N2��O1" ñ1 mg  

Nค#AP1�/1�11�#2�2#R/ล   
(flow meter) 

- ค/2!�C��O1� (accuracy) /#A1N���์�2#Q�O�2� 
  1"N2��O1" ñ2.5% �1�คN2�?P1N2�R�O /#A1 ñ0.05 ml/h  
  �@Q��1�/N2คN2R/�!2��/N2 Nค#AP1�/>Nค#20/์/  

(infusion pump analyzer)  
�20>�2�1�N/ล2 (stop watch) - ค/2!�C��O1�/#A1N���์�2#Q�O�2�1"N2��O1" ñ1 />�2�?  
Nค#AP1�/1�1B�/ C!>2 2�O/�ลO1! 
(temperature monitor)  

- ค/2!ล0N1?"� (resolution) 1"N2��O1" 0.1 1�02N�ลN�?"2 

- ค/2!�C��O1� (accuracy) /#A1N���์�2#Q�O�2�1"N2��O1" ñ0.5 ðC 
22#ล0ล2" (solution) #2"ล0N1?"��2!�2#2��?P 2  
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�2#21�N�?"�Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O222!2#��O2R�O
/ล2"/>�? R�OO�N �2#�/� �2#�1P� Oล0�2#/1�  Nค#AP1�!A1!2�#�2��?P�O2N�็��O1�Q�O2O2/#1��2#21�N�?"�Q�O�Nล0
/>�?�1�O2��Q��2#2��?P 1    

 
�2#2��?P 1 Nค#AP1�!A1Oล01B��#�์�?P�O2N�็�2O2/#1��2#21�N�?"�O�Nล0/>�? 

Nค#AP1�!A1 
/>�?�2#21�N�?"� 

�2#�/� �2#�1P� �2#/1� 

�#0�1��/� (graduated cylinder)    

Nค#AP1��1P� (weighting)    

Nค#AP1�/1�11�#2�2#R/ล  (flow meter)   
1 

Nค#AP1�/>Nค#20/์/ (infusion pump analyzer)   

�20>�2�1�N/ล2 (stop watch)    

Nค#AP1�/1�1B�/ C!>2 2�O/�ลO1! (temperature monitor)    

�QO2/#A122#ล0ล2" (solution)  2 3 
1 Nค#AP1�/1�11�#2�2#R/ล/#A1Nค#AP1�/>Nค#20/์Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2Nค#AP1�Q�Nค#AP1�
/�@P� 

2 �QO2/#A122#ล0ล2"�?P�O1��#2�ค/2!/�2O�N� (density) 
3 �QO2/#A122#ล0ล2"�?P�CO�ล>�Nค#AP1�!A1!2�#�2�O�0�O2 
 
�2#2��?P 2  O�/�2��2#�>�2#�2NลA1�Q�O�QO2/#A122#ล0ล2"�?PQ�OQ��2#21�N�?"� 

�QO2/#A122#ล0ล2" 
/>�?�2#21�N�?"� 

�2#�/� �2#�1P�1 �2#/1�2 

�QO2�ล1P� (distilled water)    

�QO2�#1� (reverse osmosis water)    

�QO2�ล1�N�AQ1 (sterile water)    

�QO2�#20�2�R111� (deionized water)    

�QO2�#20�2�O�P2 (degassed water)    

�QO2N�ลA1 (normal saline water)  - - 

 22!2#�Q�O�1�/>�?�2#21�N�?"��1Q�R�O  
1 �QO2/#A122#ล0ล2"�?P�O1��#2�ค/2!/�2O�N� (density) 
2 �QO2/#A122#ล0ล2"�?P�CO�ล>�Nค#AP1�!A1!2�#�2�O�0�O2 
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4.4 �@1!1/�ค/@/พ1Oอ/�อ�Nค1APอ�ค/&คB/�@1QหOส@1ล>ล@0#@�หลอ NลAอ  ํ@  
Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2�?P�021�N�?"� ค/#!?ล1�1�0

�1��?Q   
4.4.1 N�็�Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2��>�คB!�#>!2�#  
4.4.2 Nค#AP1�1"CNQ�2 2��#O1!Q�O�2� R!N�O2#B� Oล0!?ล1�1�0�2��2" 2��?P

2!�C#�์R!N�#0�1��O/"1B��#�์�?PN2AP1!2 2� 
4.4.2 �B�Q/O22#ล0ล2"!?คB�2!�1�>�#��2!ค/2!�O1��2#�1�Nค#AP1� 
4.4.4  2��0/#A1�B��##�B22#ล0ล2"�O1�2012� N!AP1�O2R��##�B�QO2/#A1

22#ล0ล2"OลO/�O1�R!N��2>P�N�A1�� 22#O�/�ล1" /#A1�0�1��?P�02N��ล�#0���N1�ล�2#/1� /#A1�N1Q/ON�>�
ค/2!N2?"/2"O�NNค#AP1�!A1!2�#�2�  

4.4.5  2��0/#A1�B��##�B22#ล0ล2"�O1�N�็�#0��N�ิ�P�"21!�12�##"2�20
 2"�1� Q��#�?�?PQ�ON�O!N�20ล����B�N�AP12#O2��N1��2�21!�12�##"2�20 2"�1� N�O!�1Q��O1�!?��2�R!N�PO2
�/N2N�1#์ 18 

4.4.6 �B�Q/O22#ล0ล2"�C��N1N�O2�1��B��##�B22#ล0ล2"  22#ล0ล2"�C�N�>!N�O!Q�
�N1�O22N�22#ล0ล2"P�"�#20�2��1�12�20  Oล0�B�Q/O22#ล0ล2"�C��>��1Q�N�O2�1�Nค#AP1�ค/�คB!�2#Q/O
22#ล0ล2"�2�/ล1�NลA1��O21"N2�N/!202!  

4.4.7 #0�1��1��QO2/#A122#ล0ล2" 2"Q��B��##�B22#ล0ล2" 1"CNQ�#0�1�2C��/N2
Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2 (50+5) cm 

4.5 �@1N!1?0/ค/@/พ1Oอ/�อ�Nค1APอ�/Aอ/@!1�@%  
 Nค#AP1�!A1!2�#�2��?PQ�OQ��2#21�N�?"��@Q�1"CN�1�/>�?�2#21�N�?"��?PNลA1�Q�O  

�1��2�Nค#AP1�!A1!2�#�2��0�O1�!?คB�ล1�1�0�1Q��PO2�2!�?P#0�BR/OQ�/1/�O1�?P 4.3  �N1��2#�O2Nค#AP1�!A1
!2�#�2�!2Q�OQ��2#21�N�?"��O1�!1P�Q�/N22�2� 2��1�Nค#AP1�!A1!2�#�2�"1�1"CNQ��N/�N/ล2�?P22!2#�
�O2!2Q�O�2�R�O  �2#N�#?"!ค/2!�#O1!�1�Nค#AP1�!A1!2�#�2�O�Nล0��>� !?�1��?Q  

4.5.1 �1>&อ�!/� 
 �#0�1��/�ค/#!?��2��?PN/!202!�1��2#21�N�?"� � �B�21�N�?"��?P

�O2/�� P�"ค/2!�B�1��#0�1��/��?PNลA1�Q�O�O1�Q�ลONค?"��1��#>!2�#�1�22#ล0ล2"�?PR�O#1�Q���0�?P�O2�2#
21�N�?"� �#0�1��/�ค/#2012�Oล0O/O� �#20�2�/"��QO2N�20�2!��1��O2�Q�  ค/#คO2�@��@��ล�#0��
�1��2##0N/"Oล0�N/"ล��ล�#0���1��2##0N/"1"N2�N/!202! "��1/1"N2�N�N� �2#/BO!�2��#0�1��/�
�O/"�ล22�>�Q2  

4.5.2 Nค1APอ��?P�  
Nค#AP1��1P�ค/#�1�/2�1"CNQ�2�2��?POล02 2/0O/�ลO1!�?PN/!202! Oล0�#1�

#0�1�Q/O1"CNQ�O�/#0�2�  P�"คO2�@��@��ั��1"�?P�02N��ล�#0���N1�ล�2#/1� "��1/1"N2�N�N� ล!Oล0�2#
21P�20N�A1�   

4.5.3 Nค1APอ�/? อB�ห.C/>ส.@พO/ ลOอ/  
�2#�1�/2�Nค#AP1�/1�1B�/ C!>2 2�O/�ลO1!Q��O2O/�N��?PN/!202! 22!2#�

!1�N/O��ล�2#/1�R�O1"N2��1�N��  R!N1"CNQ�ลOO/ลN��O2N�>�ค/2!#O1�/#A1ค/2!N"O��?PN�็�O/ลN�#��/��ล�2#/1� 
4.5.4 Nค1APอ�/? อ?!1@�@1Rหล  
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 Nค#AP1�/1�11�#2�2#R/ล�C��>��1Q�N�O2�1�Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�
/ล1�NลA1��O21"N2�N/!202!  �QO2/#A122#ล0ล2"�?PNลA1�Q�O22!2#�Q�OR�O�1�Nค#AP1�/1�11�#2�2#R/ล  �N1��O2
�2#21�N�?"��O1�!1P�Q�/N212�20�C��O2�1�11��2�#0���2#/1�  Nค#AP1�!A1/1�11�#2�2#R/ล�2��#0N �
�O1��2#�2#�O2/��คN2ค/2!/�2O�N��1��QO2�?PNลA1�Q�OQ/O�C��O1�  

4.5.5 Nค1APอ�/>Nค1@>ห์Nค1APอ�ค/&คB/�@1QหOส@1ล>ล@0#@�หลอ NลAอ  ํ@    
 Nค#AP1�/>Nค#20/์Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2ค/#�C�

�>��1Q�N�O2�1�Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O21"N2��C��O1� #/!�@��QO2/#A122#ล0ล2"�?PNลA1�Q�O
ค/#N�็�R��2!คO2O�0�O2�1��CO�ล>�  Nค#AP1�/>Nค#20/์/ �2�#BN� �CO�ล>�12�O�0�O2Q/O�2!22#�O2ค/2!2012�
(cleaning solution) #/!�1�22#ล0ล2"��0�?PQ�O�2�  �N1��O2�2#21�N�?"��O1�!1P�Q�/N212�20�C��O2�1�11�
�2�#0���2#/1�  Nค#AP1�/>Nค#20/์/ �2�#BN��O2N�็��O1�N�>!�QO2N�O2Nค#AP1��N2��#0�1��?� (prime) N�AP1�1�
12�2011��2�#0��Oล0N�#?"!ค/2!�#O1!Q/ONค#AP1�1"CNQ�2 2/0�#O1!�O2�2�   Q���0�?P�2�#BN�22!2#�
N�#?"!ค/2!�#O1!R�O�2��2#�N2�22#ล0ล2"�2�Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2�O/"11�#2
�2#R/ล2C�N�O22CNNค#AP1�/>Nค#20/์/ P�"�#�  �1��2��?Q Nค#AP1�/>Nค#20/์/ �O1�!?�2#�O2#B�#1�12N�>��O1��1� 
(preventive maintenance) �2!/>�?�2#Oล0#0"0N/ล2�?P�CO�ล>��O2/��  

 
5. พ@1@/>N!อ1์#?Pสอ&N#?0&  

�2#2!>N�1#์�?P21�N�?"� /!2"�@� �#>!2��?P�O1��2#�#2�ค/2!�C��O1��2��2#21�
N�?"�  �2#21�N�?"�Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2��>�คB!�#>!2�#�2!/ล1�N���์
!2�#�2��?Q  �2#2!>N�1#์�?P21�N�?"� R�OO�N 11�#2�2#R/ล (flow rate) Q�/�N/"!>ลล>ล>�#�N1�1P/P!� (ml/h) 

 
6. �B สอ&N#?0& 

�B�21�N�?"� /!2"�@� คN211�#2�2#R/ลQ��O2O/�N��?P�O1��2#21�N�?"�  �2#�O2/���B�
21�N�?"�ค/#1O2�1>��2�คN211�#2�2#R/ลQ��2#Q�O�2�Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2Q�
2 2/0���>  /ล1�N���์!2�#�2���1��?QR�OO�N�คN211�#2�2#R/ล�?P�1Q� (ý�) N�AP1Q�O�2�Nค#AP1�ค/�คB!�2#Q/O
22#ล0ล2"�2�/ล1�NลA1��O211�N�็� 3 �N/�  R�OO�N 
�. �O1"�/N2/#A1N�N2�1� 10 ml/h (ý� � 10 ÿý/ℎ) 
�. !2��/N2 10 ml/h �@��O1"�/N2/#A1N�N2�1� 100 ml/h (10 ÿý/ℎ �  ý� � 100 ÿý/ℎ) 
ค. !2��/N2 100 ml/h (ý� � 100 ÿý/ℎ ) 
P�"!?O�/�2�Oล0�1Q��1�Q��2#�O2/���B�21�N�?"��1��?Q  

6.1 �O2/���B�21�N�?"�1"N2��O1" 3 �B� P�"�>�2#�2�2��N/�11�#2�2#R/ล�?P�O2/��
�O2��O�  O�Nล0�N/�11�#2�2#R/ล�O1�!?�B�21�N�?"�1"N2��O1" 1 �B�  

6.2 Q�O�Nล0�B�21�N�?"� Q/O�O2/���N/�N/ล21"N2��O1"�?P�0�O1�Q�OQ��2#�O2�2#/1� 
(ÿ�) P�"22!2#�คO2�/�R�O�2�2!�2#�?P (1) /#A1�>�2#�2คN2�?PคO2�/�R/OลN/�/�O2Q��2#2��?P 3  Q��#�?�?P
N/ล2�?PคN2 ÿ� �?PคO2�/�R�O!?คN2�O1"�/N2 5 �2�?  Q/O�O2/�� ÿ� N�N2�1� 5 �2�?  ÿ� �  20ý � 40�ý  /#A1 5 �2�?  �@Q��1�/N2คN2R/�!2��/N2 (1) 
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6.3 Q�O�Nล0�B�21�N�?"� Q/O�O2/���#>!2�#�1�22#ล0ล2"1"N2��O1"�?P�O1�R�O#1� 
(ý�)  P�"22!2#�คO2�/�R�O�2�2!�2#�?P (2) /#A1�>�2#�2คN2�?P�C�คO2�/�R/OลN/�/�O2�2��2#2��?P 4 

ý� � ý�60 � ÿ� (2) 

N!AP1 ý� O��  คN211�#2�2#R/ล�?P�B�21�N�?"� �@P�N�็�คN2�?P�C��#1��1Q��?PNค#AP1�ค/�คB!�2#Q/O22#ล0ล2" 
     �2�/ล1�NลA1��O2  

 
Q��2#21�N�?"��O/"/>�?�2#�1P�Oล0/>�?�2#/1� /ล1��2��?PN#>P!�O2�2#/1�#0"0 N/ล2�?P�O1�

#1�N1��2#�1��@��ล�2#/1��O1�R!N�O1"�/N2คN2 ÿ� 2N/��2#21�N�?"��O/"/>�?�2#�/�  �#>!2�#�1�22#ล0ล2"
�?P�C��/��O1�R!N�O1"�/N2คN2 ý�  �1Q��?Q�O1��#1�คN2 ý� Q/ON�็��O2�/�N�O!�?PN�N2�1��?��2#O2���ล�1��#0�1�
�/�  
 
�2#2��?P 3 �N/�N/ล21"N2��O1"�?P�O2N�็��O1�Q�OQ��2#/1�2O2/#1��2#21�N�?"� (ÿ�) �O/"/>�?�2#�/� �2#�1P� 

Oล0�2#/1� 
11�#2�2#R/ล 

(ml/h) 
N/ล2 
(min) 

11�#2�2#R/ล 
(ml/h) 

N/ล2 
(min) 

11�#2�2#R/ล 
(ml/h) 

N/ล2 
(min) 

1.0 60 15 12 150 5 
2.0 38 20 10 200 5 
2.5 33 25 9 250 5 
3.0 30 30 8 300 5 
3.5 27 35 7 350 5 
4.0 25 40 7 400 5 
4.5 23 45 6 450 5 
5.0 22 50 6 500 5 
5.5 21 55 6 550 5 
6.0 20 60 5 600 5 
6.5 19 65 5 650 5 
7.0 18 70 5 700 5 
7.5 17 75 5 750 5 
8.0 17 80 5 800 5 
8.5 16 85 5 850 5 
9.0 16 90 5 900 5 
9.5 15 95 5 950 5 
10.0 15 100 5 1000 5 
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�2#2��?P 4 �#>!2�#1"N2��O1"�?P�O2N�็��O1�Q�OQ��2#�/��QO2/#A122#ล0ล2"2O2/#1��2#21�N�?"� (ý�)  
�O/"/>�?�2#�/� �2#�1P� Oล0�2#/1� 

11�#2�2#R/ล 
(ml/h) 

�#>!2�# 
(ml) 

11�#2�2#R/ล 
(ml/h) 

�#>!2�# 
(ml) 

11�#2�2#R/ล 
(ml/h) 

�#>!2�# 
(ml) 

1.0 1.0 15 2.9 150 12.5 
2.0 1.3 20 3.3 200 16.7 
2.5 1.4 25 3.7 250 20.8 
3.0 1.5 30 4.0 300 25.0 
3.5 1.6 35 4.3 350 29.2 
4.0 1.7 40 4.5 400 33.3 
4.5 1.7 45 4.8 450 37.5 
5.0 1.8 50 5.0 500 41.7 
5.5 1.9 55 5.3 550 45.8 
6.0 2.0 60 5.5 600 50.0 
6.5 2.0 65 5.7 650 54.2 
7.0 2.1 70 5.9 700 58.3 
7.5 2.2 75 6.3 750 62.5 
8.0 2.2 80 6.7 800 66.7 
8.5 2.3 85 7.1 850 70.8 
9.0 2.3 90 7.5 900 75.0 
9.5 2.4 95 7.9 950 79.2 
10.0 2.4 100 8.3 1000 83.3 

 
7. �?Q%!อ%�@1สอ&N#?0& 

�2#21�N�?"�Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2N�็��#0�/��2#/1�
P�"�2#Q�ONค#AP1�!A1!2�#�2��?P!?ค/2!22!2#�21��ล1�R�OQ��2�!2�#/>�"2 P�"!?�B�!BN�/!2"N�AP1�O2Q/O�#2�
�@�2!##��0�1�Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2 Q��O2��2#ค/�คB!11�#2�2#R/ล�1�
22#ล0ล2"�N2��B�Q/O22#ล0ล2"�2�/ล1�NลA1�N�O22CN/ล1�NลA1��O2�1��CO�N/" /ล1�N���์!2�#�2���1��?Q
�O2/��Q/O�2#21�N�?"�Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O222!2#��O2R�O/ล2"/>�? R�OO�N �2#
�1P� �2#�/� Oล0�2#/1�   

�1/1"N2�O���1��@��ล�2#21�N�?"� O2��Q� 2ค��/� � 
 
7.1 �?Q%!อ%�@1สอ&N#?0& O/0/>$?�@1!/� 

�2#21�N�?"�Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2�O/"/>�?�2#�/�  
P�"Q�O�#0�1��/�Oล0�20>�2�1�N/ล2N�็�Nค#AP1�!A1!2�#�2� !?�1Q��1��1��?Q  

1) �O2/���B�21�N�?"��#O1!�1Q��O2/���#>!2�#�1�22#ล0ล2"�?P�O1�R�O#1� (ý�)  
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2) �>��1Q�Nค#AP1�!A12O2/#1��2#21�N�?"��O/"/>�?�2#�/��2!#C��?P 1  P�"Q/O!1P�Q�
/N2�#0�1��/�2012�Oล0O/O�  �ล2"�1�N�O!N�1#์ 18 R!N1"CN2C��/N2Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�
/ล1�NลA1��O2 /#A11"CN2C��/N2R!NN�>� 20 cm �1Q��?QN�AP1ล��ล�#0���1�ค/2!�1��O2��ล1� (back pressure) �?P
�0!?�N1�#>!2�11�#2�2#R/ล�?P�C�ค/�คB!P�"Nค#AP1�ค/�คB!�2#Q/O22#0ล2"�2�/ล1�NลA1��O2  #0�1��1�
22#ล0ล2"�?P�##�B1"CN 2"Q��B��##�B22#ล0ล2"2C��2�Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2Q�
#0"0#0//N2� (50ñ5) cm  �N1�O22N�22#ล0ล2"R�"1��#0�1��/�!?�QO2/#A122#ล0ล2"1"CNN�O!���@��ล2"N�O!
N�1#์ 18  Oล0�O2O/�N��1�/2ล์/22!�2� (3-way valve) 1"CNQ��>0�2��?P�O222#ล0ล2"Q/OR/ลล�2CN 2��0
#1�#1�22#ล0ล2"  

 
#C��?P 1 �2#�>��1Q�Nค#AP1�!A12O2/#1��2#21�N�?"��O/"/>�?�2#�/� 

3) �#1��1Q�คN211�#2�2#R/ล�?PNค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2
Q/O!?คN2N�N2�1�11�#2�2#R/ล � �B�21�N�?"��?PNลA1�  

4) �#1��1Q�คN2�#>!2�#�?PNค#AP1��O1��N2" (volume to be infused) �?PNค#AP1�
ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2Q/O!?คN2!2��/N2�#>!2�#�1�22#ล0ล2"1"N2��O1"�?P�O1�R�O#1� (�O1�
�#1� VTBI Q/O!?คN2!2��/N2 ý�) 

5) N#>P!�2#�O2�2��1�Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2 #1
���#0�1P�Nค#AP1��O2�2�1"CNQ�2 2/0N2�?"# P�"21�N��N/O�/N2!?�QO2/#A122#ล0ล2"R/ลล�2CN 2��0#1�#1�
22#ล0ล2"1"N2��N1N�AP1� 

6) N!AP1�#O1! /!B�/2ล์/22!�2�Q/O�QO2/#A122#ล0ล2"R/ลN�O22CN�#0�1��/�
�#O1!�1�N#>P!�O2�2#�1�N/ล2�O/"�20>�2�1�N/ล2  

7) 21�N���2#N�>P!�@Q��1��#>!2�#�1��QO2/#A122#ล0ล2" 2"Q��#0�1��/�  
8) /"B��1�N/ล2N!AP1��/N2�#>!2�#�1��QO2/#A122#ล0ล2"Q��#0�1��/�ค#��#�

�2!�#>!2�#�1�22#ล0ล2"�?P�O1�R�O#1� (N�N2�1� ý�) 
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9) �1��@��ล�2#/1�ล�Q��2#2��1��@��ล�2#/1� �@P�R�OO�N N/ล2�?P�20>�2�1�N/ล2  
 

(ý�� ) Oล0�#>!2�#�1�22#ล0ล2"Q��#0�1��/� (ý�� ) N!AP1 ÿ O�� ลO2�1��1��B�21�N�?"� Oล0 ÿ O�� ลO2�1�
�1��ล�2#/1�  �1/1"N2��2#2��1��@��ล�2#/1�O2��Q��2#2��?P 5   

10) /1��QO2�?P�B�21�N�?"�N�>! P�"R!NN�ล?P"��O2O/�N��2#/2�22"N�็��O2�/�#/!R!N
�O1"�/N2 3 ค#1Q� P�"�N1�N#>P!�O2�2#/1�Q/!N�O1�!1P�Q�/N2�#0�1��/�O/O�Oล02012�  

11) /1��QO2Q��O1 2 � 10 �?P�B�21�N�?"�1AP���ค#� 3 �B��2!�?PR�O�O2/��R/O  P�"
N�ล?P"��O2O/�N��2#/2�22"Q/!N (/2��O2R�O)  

12) �2��ล�2#/1�Q��2#2��?P 5 คO2�/�/2คN211�#2�2#R/ล�O/"�2#/2�ล/2#
#0//N2��#>!2�#�1�22#ล0ล2"Q��#0�1��/��1�N/ล2 �2!2!�2#�?P (3) �1��@��ล�2#คO2�/�คN211�#2�2#
R/ล�?PR�O  �1/1"N2��1��2#2��1��@��ล�2#คO2�/�11�#2�2#R/ล O2��Q��2#2��?P 6  ý�� � ý��ý�� � 60 (3) 

N!AP1 ý��  O�� 11�#2�2#R/ล�?PคO2�/�R�O�2��2#Q�O/>�?�2#�/� �?P�B�21�N�?"�ลO2�1��?P ÿ Oล0�ล�2#/1�ลO2�1� 
�?P ÿ Q�/�N/"!>ลล>ล>�#�N1�1P/P!� (ml/h)  

 ý�� O�� �#>!2�#�1�22#ล0ล2"Q��#0�1��/� �?P�B�21�N�?"�ลO2�1��?P ÿ Oล0�ล�2#/1�ลO2�1��?P ÿ  
Q�/�N/"!>ลล>ล>�# (ml)  

 ý�� O�� N/ล2 Q�/�N/"�2�? (min) �?P�B�21�N�?"�ลO2�1��?P ÿ Oล0�ล�2#/1�ลO2�1��?P ÿ  

 ÿ O�� ลO2�1��B�21�N�?"� 
  ÿ  O�� ลO2�1��ล�2#/1� 
  60 O�� �1/คC�N�AP1N�ล?P"�/�N/"11�#2�2#R/ล�2�!>ลล>�#�N1�2�? (ml/min) N�็�!>ลล>ล>�#�N1�1P/P!� 

(ml/h) 
 
�2#2��?P 5 �1/1"N2��2#2��1��@��ล�2#/1��O/"/>�?�2#�/� 
ลO2�1��?P 

(ÿ) 11�#2�2#R/ล 
�?P�B�21�N�?"� (ml/h) 

�#>!2� 
�ล�2#/1��2�Nค#AP1�!A1!2�#�2� 

ค#1Q��?P 1 ค#1Q��?P 2 ค#1Q��?P 3 คN2N�ล?P" 

1. ý�� 
�#>!2�# (ml) ý�� ý�� ý�� ý�� 

N/ล2 (min) ý�� ý�� ý�� ý�̅ 

2. ý�� 
�#>!2�# (ml) ý�� ý�� ý�� ý�� 

N/ล2 (min) ý�� ý�� ý�� ý�̅ 

3. ý�� 
�#>!2�# (ml) ý�� ý�� ý�� ý�� 

N/ล2 (min) ý�� ý�� ý�� ý�̅ 

/!2"N/�B  ý��   O�� คN211�#2�2#R/ล�?P�B�21�N�?"�ลO2�1��?P ÿ �@P�N�็�คN2�?P�C��#1��1Q���Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�
/ล1�NลA1��O2 ý�� Oล0 ý�� O�� คN2�#>!2�#Oล0N/ล2�?PR�O�2�Nค#AP1�!A1!2�#�2� �2!ลO2�1� ý�� Oล0 ý�̅ O�� คN2N�ล?P"�1��#>!2�#Oล0N/ล2�?P�#/�/1�R�O�2�Nค#AP1�!A1!2�#�2� �?P�B�21�N�?"�ลO2�1��?P ÿ  �@P�22!2#�
คO2�/�R�OP�"1201"2!�2#�?P (5)  
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�2#2��?P 6 �1/1"N2��2#2��1��@��ล�2#คO2�/�11�#2�2#R/ลOล0�2#�#0!/ล�ล�2��2#/1��O/"/>�?�2#�/� 

ลO2�1��?P 
11�#2�2#R/ล�?P
�B�21�N�?"�

(ml/h) 

�ล�2#คO2�/�11�#2�2#R/ล1 (ml/h) คN2N�ล?P"2 
(ml/h) 

คN2N�?P"�N��3 
ค#1Q��?P 1 ค#1Q��?P 2 ค#1Q��?P 3 

1. ý�� ý�� ý�� ý�� ý�� ý�� 

2. ý�� ý�� ý�� ý�� ý�� ý�� 

3. ý�� ý�� ý�� ý�� ý�� ý�� 

/!2"N/�B 
1 คN211�#2�2#R/ล�@P�22!2#�คO2�/�R�OP�"1201"2!�2#�?P (3) 
2  คN2N�ล?P"�1�11�#2�2#R/ล�?P�B�21�N�?"�ลO2�1��?P ÿ (ý��) 22!2#�คO2�/�R�OP�"1201"2!�2#�?P (5) 
3  คN22N/�N�?P"�N��!2�#�2��?P�B�21�N�?"�ลO2�1��?P ÿ (ý�� ) 22!2#�คO2�/�R�OP�"1201"2!�2#�?P (6)  

 
7.2 �?Q%!อ%�@1สอ&N#?0& O/0/>$?�@1�?P� 

�2#21�N�?"�Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2�O/"/>�?�2#�1P� P�"
Q�ONค#AP1��1P�Oล0�20>�2�1�N/ล2N�็�Nค#AP1�!A1!2�#�2� !?�1Q��1��1��?Q  

1) �O2/���B�21�N�?"� �#O1!�1Q��O2/��N/ล2�?P�0�O2�2#/1� (ÿ�) Oล0
คO2�/�/2�#>!2��1��QO21"N2��O1"�?P�O1�R�O#1� (ý�)   

2) �>��1Q�Nค#AP1�!A12O2/#1��2#21�N�?"��O/"/>�?�2#�1P� �2!#C��?P 2  P�"�N1�O22N�
22#ล0ล2"R�"1��#0�1��/��O1�!?�QO2/#A122#ล0ล2"1"CNN�O!�@��ล2"N�O!N�1#์ 18 �1Q� 2��0#1�#1�22#ล0ล2" 
�. Oล0 �. 

 
#C��?P 2 �2#�>��1Q�Nค#AP1�!A12O2/#1��2#21�N�?"��O/"/>�?�2#�1P� 
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3) �1P��QO2/�1�N#>P!�O��1� 2��0#1�#1�22#ล0ล2" �. ��0�?P"1�/N2�N�ลN2 P�"
 2��0#1�#1�22#ล0ล2" � 12��C�/BO!�O/"/12�B N�N� �ล22�>�Q2 N�AP1�O1��1��2##0N/"�1��QO2�?P�0N�>��@Q�
Q���0�O2�2#21�N�?"� 

4) �#1��1Q�คN211�#2�2#R/ล�?PNค#AP1�ค/�คB!�2#Q/O22#ล2"�2�/ล1�NลA1��O2Q/O!?
คN2N�N2�1�คN211�#2�2#R/ล � �B�21�N�?"��?PNลA1�  

5) �#1��1Q�คN2�#>!2�#�?P Nค#AP1��O1��N2" (volume to be infused) �?PNค#AP1�
ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2 Q/O!2��/N2�#>!2�#�1�22#ล0ล2"1"N2��O1"�?P�O1�R�O#1�  (�O1�
�#1� VTBI Q/O!?คN2!2��/N2 ý� ) 

6) N#>P!�2#�O2�2��1�Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2 Oล0#1
���#0�1P�21�N��N/O�/N2!?�QO2/#A122#ล0ล2"R/ลล�2CN 2��0#1�#1�22#ล0ล2" �. 1"N2��N1N�AP1� 

7) /!B�/2ล์/Q/O22#ล0ล2"R/ลN�O22CN 2��0#1�#1�22#ล0ล2" �. �#O1!�1�
N#>P!�O2�2#�1�N/ล2�O/"�20>�2�1�N/ล2  

8) 21�N���2#N�>P!�@Q��1��QO2/#A122#ล0ล2"Q� 2��0#1�#1�22#ล0ล2" �. Oล0
N/ล2�?P�20>�2�1�N/ล2 

9) �2��2#�>�2#�2N/ล2�?P�20>�2�1�N/ล2 N!AP1Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"
�2�/ล1�NลA1��O2�O2�2�R�Oค#��2!�N/�N/ล2�?P�O2/��  Q/O/!B�/2ล์/N�AP1Q/O22#ล0ล2"R/ลN�O22CN 2��0#1�#1�
22#ล0ล2" �.  Oล0/"B��1�N/ล2 /ล1��2��1Q�"��ล2"N�O!11��2� 2��0#1�#1�22#ล0ล2" �. 

10) �1P��QO2/�1��1� 2��0�##�B22#ล0ล2" �.  
11) /2คN2!/ล�1��QO2/#A122#ล0ล2"�?P�##�BQ� 2��0�##�B22#ล0ล2" �. �O/"

/>�?�2#�1P� (ý��) P�"�2#/2�ล�N2��1��QO2/�1��1� 2��0�##�B22#ล0ล2" �. �N1�Oล0/ล1��2#�O2�2��1�
Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2 

12) �1��@��ล�2#/1� �@P�R�OO�N !/ล�1��QO2/#A122#ล0ล2" (ý��) Q�/�N/" �#1! 
Oล0N/ล2�?PQ�OQ��2##/�#/!22#ล0ล2"Q� 2��0 �. (ý��) Q�/�N/"�2�? ล�Q��2#2��1��@��ล�2#/1��O/"
/>�?�2#�1P� P�" ÿ O�� ลO2�1��1��B�21�N�?"� Oล0 ÿ O�� ลO2�1��1��ล�2#/1�   �1/1"N2��1��2#2��1��@��ล
�2#/1��O/"/>�?�2#�1P�O2��Q��2#2��?P 7  

13) /1��QO2�?P�B�21�N�?"�N�>! P�"R!NN�ล?P"��O2O/�N��2#/2�22"N�็��O2�/�#/!R!N
�O1"�/N2 3 ค#1Q� P�"�N1�N#>P!�O2�2#/1�Q/!N �O1�!1P�Q�/N2 2��0�##�B22#ล0ล2" �.  2012�Oล0O/O�  

14) /1��QO2Q��O1 2 � 13 �?P�B�21�N�?"�1AP���ค#� 3 คN2�2!�?PR�O�O2/��R/O  P�"
N�ล?P"��O2O/�N��2#/2�22"Q/!N (/2��O2R�O)  

15) �2��ล�2#/1�Q��2#2��?P 7 คO2�/�/2คN211�#2�2#R/ลP�"1201"2!�2#�?P (4)  
Oล0�1��@��ล�2#คO2�/�คN211�#2�2#R/ล�?PR�O  �1/1"N2��2#2��1��@��ล�2#คO2�/�11�#2�2#R/ล O2��Q�
�2#2��?P 8  

ý�� �  60ý��  � ��ý�� � ý ∙ ý��� � �1 � ÿ�ÿ�� � 1�ÿ� � ÿ���� (4) 

N!AP1  ý��   O�� 11�#2�2#R/ล�?PคO2�/�R�O�2��2#Q�O/>�?�2#�1P� Q�/�N/"!>ลล>ล>�#�N1�1P/P!� (ml/h) 
 ý��  O��  !/ล�1�22#ล0ล2"�?P�##�BQ� 2��0�##�B22#ล0ล2" �. �?PR�O�2��2#�1P� Q�/�N/"�#1! (g)  
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  ý�� O�� N/ล2�?PQ�OQ��2#N�O�22#ล0ล2" Q�/�N/"�2�? (min) 
  ÿ  Oล0  ÿ O��   ลO2�1��1��B�21�N�?"� Oล0ลO2�1��1��ล�2#/1� �2!ลO2�1� 
  ý O�� 21!�#02>��>N�2##0N/" Q�/�N/"�#1!�N1�2�? (g/min)  Q��#�?�?P�>�2#�2/N2คN2ค/2!R!N 
    O�N�1��1�Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2!?คN2R!N�O1"�/N2 2% /#A1  
    0.1 ml/h 22!2#��>�2#�2คN2 ý ∙ ÿ�� R�O/N2!?คN2�O1"!2�Oล022!2#�ล0Nล"R�O 
  ÿ� O�� ค/2!/�2O�N��1�12�20 �O2/��Q/O!?คN2N�N2�1� 0.0012 g/ml  
  ÿ� O�� ค/2!/�2O�N��1�!/ล!2�#�2��?PQ�OQ��2#21�N�?"�Nค#AP1��1P�  
    �O2/��Q/O!?คN2N�N2�1� 8 g/ml  
 ÿ� O�� ค/2!/�2O�N��1��QO2�?PQ�OQ��2#21�N�?"� Q�/�N/" g/ ml (�C 2ค��/� �) 
 60 O�� �1/คC�N�AP1N�ล?P"�/�N/"11�#2�2#R/ล�2�!>ลล>ล>�#�N1�2�? (ml/min)  
    N�็�!>ลล>ล>�#�N1�1P/P!� (ml/h) 
 
�2#2��?P 7  �1/1"N2��2#2��1��@��ล�2#/1��O/"/>�?�2#�1P� 
ลO2�1��?P 

(ÿ) 11�#2�2#R/ล�?P�B�
21�N�?"� (ml/h) 

�#>!2� 
�ล�2#/1��2�Nค#AP1�!A1!2�#�2� 

ค#1Q��?P 1 ค#1Q��?P 2 ค#1Q��?P 3 คN2N�ล?P" 

1. ý�� 
!/ล (g) ý�� ý�� ý�� ý�� 

N/ล2 (min) ý�� ý�� ý�� ý�̅ 

2. ý�� 
!/ล (g) ý�� ý�� ý�� ý�� 

N/ล2 (min) ý�� ý�� ý�� ý�̅ 

3. ý�� 
!/ล (g) ý�� ý�� ý�� ý�� 

N/ล2 (min) ý�� ý�� ý�� ý�̅ 

/!2"N/�B  ý��  O�� คN211�#2�2#R/ล�?P�B�21�N�?"�ลO2�1��?P ÿ P�"N�็�คN2�?P�#1��1Q���Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�
/ล1�NลA1��O2 ý��  Oล0 ý�� O�� คN2!/ลOล0N/ล2�?PR�O�2�Nค#AP1�!A1!2�#�2� �2!ลO2�1� ý�� Oล0 ý�̅ O�� คN2N�ล?P"�1�!/ลOล0N/ล2�?P�#/�/1�R�O�2�Nค#AP1�!A1!2�#�2��?P�B�21�N�?"�ลO2�1��?P ÿ  �@P�22!2#�
คO2�/�R�OP�"1201"2!�2#�?P (5) 

 

�2#2��?P 8  �1/1"N2��2#2��1��@��ล�2#คO2�/�11�#2�2#R/ล�2��2#/1��O/"/>�?�2#�1P� 
ลO2�1��?P 

(ÿ) 11�#2�2#R/ล�?P�B�
21�N�?"�(ml/h) 

�ล�2#คO2�/�11�#2�2#R/ล1 (ml/h) คN2N�ล?P"2 
(ml/h) 

คN2N�?P"�N��
!2�#�2�3 ค#1Q��?P 1 ค#1Q��?P 2 ค#1Q��?P 3 

1. ý�� ý�� ý�� ý�� ý�� ý�� 

2. ý�� ý�� ý�� ý�� ý�� ý�� 

3. ý�� ý�� ý�� ý�� ý�� ý�� 

/!2"N/�B 
1 คN211�#2�2#R/ล�@P�22!2#�คO2�/�R�OP�"1201"2!�2#�?P (4)  
2  คN2N�ล?P"�1�11�#2�2#R/ล�?P�B�21�N�?"�ลO2�1��?P ÿ (ý�� ) 22!2#�คO2�/�R�OP�"1201"2!�2#�?P (5) 
3  คN22N/�N�?P"�N��!2�#�2��?P�B�21�N�?"�ลO2�1��?P ÿ (ý�� ) 22!2#�คO2�/�R�OP�"1201"2!�2#�?P (6) 
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7.3 �?Q%!อ%�@1สอ&N#?0& O/0/>$?�@1/?  
�2#21�N�?"�Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2�O/"/>�?�2#/1� 

22!2#��O2R�O 2 />�? R�OO�N �2#21�N�?"�P�"Q�ONค#AP1�/1�11�#2�2#R/ล  Oล0�2#21�N�?"�P�"Q�ONค#AP1�
/>Nค#20/์Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2   

7.3.1 �@1สอ&N#?0&P 0�@1Q�ONค1APอ�/? อ?!1@�@1Rหล 
�2#21�N�?"�Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2P�"Q�O

Nค#AP1�/1�11�#2�2#R/ล!?�1Q��1��1��?Q 
1) �O2/���B�21�N�?"� �#O1!�1Q��O2/��N/ล2�?P�0�O2�2#/1� (ÿ�) Oล0

คO2�/�/2�#>!2��1��QO21"N2��O1"�?P�O1�R�O#1� (ý�) 
2) �>��1Q�Nค#AP1�!A12O2/#1��2#21�N�?"�P�"�2#Q�ONค#AP1�/1�11�#2�2#R/ล 

�2!#C��?P 3  

 
#C��?P 3 �2#�>��1Q�Nค#AP1�!A12O2/#1��2#21�N�?"��O/"/>�?�2#/1� P�"�2#Q�ONค#AP1�/1�11�#2�2#R/ล 

 
3) �#1��1Q�คN211�#2�2#R/ล�?PNค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�

NลA1��O2Q/O!?คN2N�N2�1�คN211�#2�2#R/ล � �B�21�N�?"��?PNลA1�  
4) �#1��1Q�คN2�#>!2�#�?P Nค#AP1��O1��N2" (volume to be infused) �?P

Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2 Q/O!?�#>!2�!2��/N2�#>!2�#�1�22#ล0ล2"1"N2��O1"�?P
�O1�R�O#1� (!2��/N2 ý�) 

5) N#>P!�2#�O2�2��1�Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2 
#1Q/ONค#AP1��O2�2�1"CNQ�2 2/0N2�?"# /ล1��2��1Q�N#>P!�2#�O2�2��1�Nค#AP1�/1�11�#2�2#R/ล  
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6) N!AP1N/ล2�?P�0�O2�2#/1�ค#��2!�O2/�� �1��@��ล�2#/1� �@P�R�OO�N 
11�#2�2#R/ล202! (accumulated flow) Q�/�N/"!>ลล>ล>�#�N1�1P/P!�  �1/1"N2��2#2��1��@��ล�2#/1�P�"Q�O
Nค#AP1�/1�11�#2�2#R/ลO2��Q��2#2��?P 9  

7) /1��QO2�?P�B�21�N�?"�N�>! P�"R!NN�ล?P"��O2O/�N��2#/2�22" N�็�
�O2�/�#/!R!N�O1"�/N2 3 ค#1Q� 

8) �O2�QO2Q��O1 2 � 7 �?P�B�21�N�?"�1AP���ค#� 3 คN2�2!�?PR�O�O2/��R/O  
P�"N�ล?P"��O2O/�N��2#/2�22"Q/!N (/2��O2R�O) 

 
�2#2��?P 9  �1/1"N2��2#2��1��@��ล�2#/1�P�"�2#Q�ONค#AP1�/1�11�#2�2#R/ล 
ลO2�1��?P 

(ÿ) 11�#2�2#R/ล�?P�B�
21�N�?"�1 (ml/h) 

�ล�2#/1�คN211�#2�2#R/ล (ml/h) คN2N�ล?P"2 
(ml/h) 

คN2N�?P"�N��
!2�#�2�3 ค#1Q��?P 1 ค#1Q��?P 2 ค#1Q��?P 3 

1. ý�� ý�� ý�� ý�� ý�� ý�� 

2. ý�� ý�� ý�� ý�� ý�� ý�� 

3. ý�� ý�� ý�� ý�� ý�� ý�� 

/!2"N/�B 
1 ý�� O�� คN211�#2�2#R/ล�?P�B�21�N�?"�ลO2�1��?P ÿ P�"N�็�คN2�?P�C��1Q���Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2� 

   /ล1�NลA1��O2 
2  คN2N�ล?P"�1�11�#2�2#R/ล�?P�B�21�N�?"�ลO2�1��?P ÿ (ý�� ) 22!2#�คO2�/�R�OP�"1201"2!�2#�?P (5) 
3  คN22N/�N�?P"�N��!2�#�2��?P�B�21�N�?"�ลO2�1��?P ÿ (ý�� ) 22!2#�คO2�/�R�OP�"1201"2!�2#�?P (6) 

 
7.3.2 �@1สอ&N#?0&P 0�@1Q�ONค1APอ�/>Nค1@>ห์Nค1APอ�ค/&คB/�@1QหOส@1ล>ล@0

#@�หลอ NลAอ  ํ@ 
 1) �O2/���B�21�N�?"� �#O1!�1Q��O2/��N/ล2�?P�0�O2�2#/1� (ÿ�) Oล0

คO2�/�/2�#>!2��1��QO21"N2��O1"�?P�O1�R�O#1� (ý�) 
2) �>��1Q�Nค#AP1�!A12O2/#1��2#21�N�?"�P�"�2#Q�ONค#AP1�/>Nค#20/์/ �2!

#C��?P 4 P�"Q�Oค1!�>/N�1#์#N/!�O/"/#A1R!N�OR�O 
3) �#1��1Q�คN211�#2�2#R/ล�?PNค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�

NลA1��O2Q/O1"CNQ��O2O/�N��B�21�N�?"��?PNลA1�  
4) �#1��1Q�คN2�#>!2�#�?P Nค#AP1��O1��N2" (volume to be infused) �?P

Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2Q/O!?�#>!2�!2��/N2�#>!2�#�1�22#ล0ล2"1"N2��O1"�?P�O1�
R�O#1� (!2��/N2 ý�) 

5) �#1��1Q�คN2�2#Q�O�2�Nค#AP1�/>Nค#20/์Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"
�2�/ล1�NลA1��O2�2!�?P#0�BQ�คCN!A1�2#Q�O�2� 

6) N#>P!�2#�O2�2��1�Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2 
Oล0Nค#AP1�/>Nค#20/์Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2  

7) N!AP1Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2�O2�2�R�Oค#�
�2!N/ล2�?P�O2/�� �1��@��ล�2#/1��?PR�O�2�Nค#AP1�/>Nค#20/์Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2 
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คA1 11�#2�2#R/ลQ�/�N/"!>ลล>ล>�#�N1�1P/P!� �1/1"N2��2#2��1��@��ล�2#/1�P�"Q�ONค#AP1�/>Nค#20/์Nค#AP1�
ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2O2��Q��2#2��?P 10 

8) /1��QO2�?P�B�21�N�?"�N�>! P�"R!NN�ล?P"��O2O/�N��2#/2�22" N�็�
�O2�/�#/!R!N�O1"�/N2 3 ค#1Q� 

9) �O2�QO2Q��O1 2 � 8 �?P�B�21�N�?"�1AP���ค#� 3 คN2�2!�?PR�O�O2/��R/O  
P�"N�ล?P"��O2O/�N��2#/2�22"Q/!N (/2��O2R�O) 

 

 
#C��?P 4  �2#�>��1Q�Nค#AP1�!A12O2/#1��2#21�N�?"��O/"/>�?�2#/1� 

P�"�2#Q�ONค#AP1�/>Nค#20/์Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2 
 

�2#2��?P 10 �1/1"N2��2#2��1��@��ล�2#/1�P�"�2#Q�ONค#AP1�/>Nค#20/์Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�
/ล1�NลA1��O2 

ลO2�1��?P 
(ÿ) 11�#2�2#R/ล 

�?P�B�21�N�?"�1 (ml/h) 

�ล�2#/1�คN211�#2�2#R/ล (ml/h) คN2N�ล?P"2 
(ml/h) 

คN2N�?P"�N��
!2�#�2�3 ค#1Q��?P 1 ค#1Q��?P 2 ค#1Q��?P 3 

1. ý�� ý�� ý�� ý�� ý�� ý�� 

2. ý�� ý�� ý�� ý�� ý�� ý�� 

3. ý�� ý�� ý�� ý�� ý�� ý�� 

/!2"N/�B 
1  ý�� O�� คN211�#2�2#R/ล�?P�B�21�N�?"�ลO2�1��?P ÿ P�"N�็�คN2�?P�C��1Q���Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2" 

�2�/ล1�NลA1��O2 
2 คN2N�ล?P"�1�11�#2�2#R/ล�?P�B�21�N�?"�ลO2�1��?P ÿ (ý�� ) 22!2#�คO2�/�R�OP�"1201"2!�2#�?P (5) 
3 คN22N/�N�?P"�N��!2�#�2��?P�B�21�N�?"�ลO2�1��?P ÿ (ý�� ) 22!2#�คO2�/�R�OP�"1201"2!�2#�?P (6)  
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8. �@1คํ@%/�(ล�@1สอ&N#?0& 
�2#คO2�/��ล�2#21�N�?"� คA1 �#0�/��2#/>Nค#20/์�ล�2#/1�P�"1201"�2#

�O2N�>��2#�2�ค�>�022�#์Oล0�2#/>Nค#20/์�2�2�>�>N�AQ1��O� N�AP1Q/OR�O!2�@P��ล�2#21�N�?"� P�"�0�O2R�
#2"�2�N�็��ล�2#21�N�?"�Oล0�O2R�Q�OQ��2#R��#0N!>�ค/2!R!NO�N�1�/#A1�2#�/�21��N1R�  �2#
คO2�/��ล�2#21�N�?"� �#0�1��O/" �2#/2คN2N�ล?P"�1��ล�2#/1� (ÿ�)  คN22N/�N�?P"�N��!2�#�2� 
(standard deviation, ý) �1��ล�2#/1�  คN2ค/2!คล2�NคลAP1� (ÿ)  คN2N�1#์N�O��์ค/2!คล2�NคลAP1� (%ÿ)  
P�"!?#2"ล0N1?"��1��N1R��?Q  

8.1 คN@N�ล?P0�อ�(ล�@1/?   
�2#/2คN2N�ล?P"�1��ล�2#/1� �@P�R�OO�N �#>!2�# (ý) N/ล2 (ý) /#A111�#2�2#R/ล 

(ý) 22!2#�/2R�O�2�2!�2#�?P (5) �1��?Q  ÿ�� � 1ÿ � ÿ���
���  (5) 

N!AP1 ÿ�� O�� คN2N�ล?P"�1��#>!2��?P�O2�2#/1��?P�B�21�N�?"�ลO2�1��?P ÿ 
 ÿ�� O�� �#>!2��ล�2#/1��?P�#/�/1�R�O�?P�B�21�N�?"�ลO2�1��?P ÿ Oล0�2#/1�ลO2�1��?P ÿ  

 ÿ O�� �O2�/��ล�2#/1��1Q�/!� 
  ÿ  O�� ลO2�1��1��B�21�N�?"� 
 ÿ  O�� ลO2�1��1��ล�2#/1� 

8.2 คN@สN/%N&?P0�N&%/@!1�@%�อ�(ล�@1/?  
�2#คO2�/�/2คN22N/�N�?P"�N��!2�#�2��1��ล�2#/1� 22!2#�/2R�O�2!2!�2#�?P 

(6) �1��?Q 

ý��  � � 1�ÿ � 1� ��ÿ�� � ÿ�����
���  (6) 

N!AP1  ý�� O�� คN22N/�N�?P"�N��!2�#�2��1��ล�2#/1��?P�B�21�N�?"�ลO2�1��?P ÿ  
 ÿ�� O�� �#>!2��ล�2#/1��?P�#/�/1�R�O�?P�B�21�N�?"�ลO2�1��?P ÿ Oล0�2#/1�ลO2�1��?P ÿ  
 ÿ�� O�� คN2N�ล?P"�1��#>!2��?P�O2�2#/1��?P�B�21�N�?"�ลO2�1��?P ÿ 
 ÿ O�� ลO2�1��1��B�21�N�?"� ÿ O�� ลO2�1��1��ล�2#/1� 

8.3 คN@ค/@/คล@ NคลAPอ%�อ�คN@อ?!1@�@1Rหล 
คN2ค/2!คล2�NคลAP1��1�คN211�#2�2#R/ล คA1 �ล�N2�#0//N2�คN2N�ล?P"�1�11�#2

�2#R/ล�?P�#/�/1�R�O�2�Nค#AP1�!A1!2�#�2� �1�คN211�#2�2#R/ล�?P�B�21�N�?"��@P��C��#1��1Q��?PNค#AP1�ค/�คB!
�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2  ÿ� � ý�� � ý�� (7) 

N!AP1 ÿ� O�� คN2ค/2!คล2�NคลAP1��1��2#ค/�คB!11�#2�2#R/ล�1�Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�
/ล1�NลA1��O2�?P�B�21�N�?"�ลO2�1��?P ÿ 
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 ý��  O�� คN2N�ล?P"�1��ล�2#/1�11�#2�2#R/ล�?P�B�21�N�?"�ลO2�1��?P ÿ  
  ý�� O�� คN211�#2�2#R/ล�?P�1Q���Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2�?P�B�21�N�?"�

ลO2�1��?P ÿ  
8.4 คN@N'อ1์N�O%!์ค/@/คล@ NคลAPอ%�อ�คN@อ?!1@�@1Rหล   

คN2N�1#์N�O��์ค/2!คล2�NคลAP1��1�คN211�#2�2#R/ล /#A1�O2�/�#O1"ล0�1�ค/2!
คล2�NคลAP1��1�คN211�#2�2#R/ล 22!2#�คO2�/�R�O�2�2!�2#�?P (8) �1��?Q  

%ÿ� �  �ý�� � ý���ý�� � 100 (8) 

N!AP1 %ÿ� O�� คN2N�1#์N�O��์ค/2!คล2�NคลAP1� �?P�B�21�N�?"�ลO2�1��?P ÿ 
 ý�� O�� คN2N�ล?P"�1��ล�2#/1�11�#2�2#R/ล �?P�B�21�N�?"�ลO2�1��?P ÿ  
 ý�� O�� คN211�#2�2#R/ล�?P�1Q���Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2�?P�B�21�N�?"�

ลO2�1��?P ÿ  
 
9. �@11@0�@%(ล�@1สอ&N#?0& 

�2##2"�2��ล�2#21�N�?"� คA1 �2#�O2�ล�2#/1� �ล�2#คO2�/� #/!�@��ล�2#
�#0N!>�ค/2!R!NO�N�1� !2#2"�2�Q/O�#2��@�2!##��0�1�Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1�
�O2 #2"�2��ล�2#21�N�?"�O2��Q/ON/O��@�2!##��0�1�Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2
Q��O2��2#ค/�คB!11�#2�2#R/ล�1�22#ล0ล2"Q/ON�O22CN/ล1�NลA1��O2�1��CO�N/"��0�?PNค#AP1�ค/�คB!�2#Q/O
22#ล0ล2"�2�/ล1�NลA1��O2�O2�2� � 11�#2�2#R/ล�?P�O2/��   

#2"�2��ล�2#21�N�?"��#0�1��O/" �ล�2#คO2�/��?PR�O�2��2#�#0!/ล�ล�ล�2#
/1��2!/>�?�2#Q�/1/�O1�?P 0 Oล0คN2ค/2!R!NO�N�1�  �1/1"N2�#2"�2��ล�2#21�N�?"�Nค#AP1�ค/�คB!�2#Q/O
22#ล0ล2"�2�/ล1�NลA1��O2 O2��Q��2#2��?P 11  �2##2"�2�ค/2!คล2�NคลAP1�Oล0ค/2!R!NO�N�1�
22!2#�#2"�2�1"CNQ�/�N/"�1��#>!2�(ml/h) /#A1#C�#O1"ล0 (%) �@Q�1"CN�1�ค/2!�O1��2#�1��CO#1��#>�2#  

 

�2#2��?P 11 �1/1"N2�#2"�2��ล�2#21�N�?"�Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2 

ลO2�1� 
(ÿ ) 11�#2�2#R/ล

�?P�1Q� 
(ml/h) 

11�#2�2#R/ล 
�?P/1�R�O1 
(ml/h) 

ค/2!คล2�NคลAP1� ค/2!R!NO�N�1� 
�#>!2�2 
(ml/h) 

#O1"ล03 
(%) 

�#>!2� 
(ml/h) 

#O1"ล0 
(%) 

1 ý�� ý�� ÿ� %ÿ� * * 
2 ý�� ý�� ÿ� %ÿ� * * 
3 ý�� ý�� ÿ� %ÿ� * * 

/!2"N/�B ý�� O�� คN211�#2�2#R/ล�?P�B�21�N�?"�ลO2�1��?P ÿ  
1  คN2N�ล?P"�1�11�#2�2#R/ล (ý�� ) 22!2#�คO2�/�R�OP�"1201"2!�2#�?P (5) 
2  �#>!2�ค/2!คล2�NคลAP1��1�11�#2�2#R/ล (ÿ� ) 22!2#�คO2�/�R�OP�"1201"2!�2#�?P (7) 
3  �O2�/�#O1"ล0�1�ค/2!คล2�NคลAP1��1�11�#2�2#R/ล (%ÿ� ) 22!2#�คO2�/�R�OP�"1201"2!�2#�?P (8)  
* �ล�2#�#0N!>�คN2ค/2!R!NO�N�1��@Q�1"CN�1�Nค#AP1�!A1!2�#�2��?PQ�OQ��2#21�N�?"�  O�/�2��2#�#0N!>�คN2ค/2!R!N 
  O�N�1��CR�O�2� 2ค��/� �  2ค��/� ค Oล0  2ค��/� � 2O2/#1��2#21�N�?"��O/"/>�?�2#�/� �1P� Oล0/1� �2!ลO2�1�   
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10. �@1'1>N/>%ค/@/R/NO%N%อ%�อ��@1/?  (uncertainty of measurement) 
Q�/ล1�N���์!2�#�2���1��?QQ/O�O1O�0�O2�2#�#0N!>�คN2ค/2!R!NO�N�1��1��2#/1�

2O2/#1��2#21�N�?"��O/"/>�?�2#�/� �2#�1P� Oล0�2#/1� R/OQ� 2ค��/� � ค Oล0 � �2!ลO2�1�   
 

11. �@1#/%สอ& (verification)  
Q�/ล1�N���์!2�#�2���1��?QQ/O�O1O�0�O2O�/�2��2#�O2/��N���์�2#�/�21�R/OQ�

 2ค��/� � 
12. (ล�@1สอ&N#?0& 
 �1/1"N2��ล�2#21�N�?"��C�2!  2ค��/� � 
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.@ค(%/� �  !?/อ0N@�O&&&?%#@�(ล�@1สอ&N#?0& 
 
�.1 !?/อ0N@�O&&&?%#@�(ล�@1สอ&N#?0& O/0/>$?�@1!/� 

Nค1APอ�#?P#ํ@�@1สอ&N#?0& (UUC) /1��?P ����������������������...... 

"?P/O1 (Brand) ������������������...... ส.@/>O/ ลOอ/  

#BN� (Model) ������������������........  
1B�/ C!> 

�N1� �����������.ðC  

/!2"Nล�Nค#AP1� �����������������...... /ล1� �����������..ðC 

Nค1APอ�/Aอ/@!1�@% (STD) 
�CO�O2�2#/1� �������������������..... 

��2��1��#0�1��/� ����������� ml 

#0"0/N2�#0//N2��?� ������������..ml. �CO�#/�21� �����������������.......... 

/1��?P ���������������������.......... �#0N ��1�22#ล0ล2"�������������....... 

 
!@1@�&?%#@�(ล�@1/?  

ลO2�1��?P 
(ÿ) 11�#2�2#R/ล�?P

�B�21�N�?"�  
(ml/h) 

�#>!2� 
�ล�2#/1��2�Nค#AP1�!A1!2�#�2� 

ค#1Q��?P 1 ค#1Q��?P 2 ค#1Q��?P 3 คN2N�ล?P" 

1.  
�#>!2�# (ml)     
N/ล2 (min)     

2.  
�#>!2�# (ml)     
N/ล2 (min)     

3.  
�#>!2�# (ml)     
N/ล2 (min)     

 
(ล�@1ค@ํ%/�(ล�@1/?  
ลO2�1��?P 

(ÿ) 11�#2�2#R/ล�?P 
�B�21�N�?"� (ml/h) 

�ล�2#คO2�/�11�#2�2#R/ล (ml/h) คN2N�ล?P" 
(ml/h) 

คN2N�?P"�N��
!2�#�2� ค#1Q��?P 1 ค#1Q��?P 2 ค#1Q��?P 3 

1.       
2.       
3.       
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�.2 !?/อ0N@�O&&&?%#@�(ล�@1สอ&N#?0& O/0/>$?�@1�?P� 
Nค1APอ�#?P#ํ@�@1สอ&N#?0& (UUC) 

/1��?P ����������������������........ 
"?P/O1 (Brand) ��������������.......����. 

#BN� (Model) ���������������...�......��.  ส.@/>O/ ลOอ/ 

/!2"Nล�Nค#AP1� ��������������.���....... 
1B�/ C!> 

�N1� �����������.ðC  

Nค1APอ�/Aอ/@!1�@% (STD) /ล1� �����������..ðC 

"?P/O1 (Brand) ����������������...��...... 
�CO�O2�2#/1� �������������������...... 

#BN� (Model) �����������������...�....... 

�#0N ��1�22#ล0ล2"�������������......... �CO�#/�21� ������.������������....... 

/1��?P ����������..�����������......... ค/2!/�2O�N��QO2 (ÿ�)���������.� g/ml 

 
 !@1@�&?%#@�(ล�@1/?  

ลO2�1��?P 
(ÿ) 11�#2�2#R/ล 

�?P�B�21�N�?"� 
(ml/h) 

�#>!2� 
�ล�2#/1��2�Nค#AP1�!A1!2�#�2� 

ค#1Q��?P 1 ค#1Q��?P 2 ค#1Q��?P 3 คN2N�ล?P" 

1.  
!/ล (g)     

N/ล2 (min)     

2.  
!/ล (g)     

N/ล2 (min)     

3.  
!/ล (g)     

N/ล2 (min)     
 
(ล�@1ค@ํ%/�(ล�@1/?  
ลO2�1��?P 

(ÿ) 11�#2�2#R/ล 
�?P�B�21�N�?"� (ml/h) 

�ล�2#คO2�/�11�#2�2#R/ล (ml/h) คN2N�ล?P" 
(ml/h) 

คN2N�?P"�N��
!2�#�2� ค#1Q��?P 1 ค#1Q��?P 2 ค#1Q��?P 3 

1.       
2.       
3.       
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�.3 !?/อ0N@�O&&&?%#@�(ล�@1สอ&N#?0& O/0/>$?�@1/?  

Nค1APอ�#?P#ํ@�@1สอ&N#?0& (UUC) /1��?P ����������������������........... 

"?P/O1 (Brand) ���������������...���. ส.@/>O/ ลOอ/  

#BN� (Model) �����������������....�.  
1B�/ C!> 

�N1� �����������.ðC  

/!2"Nล�Nค#AP1� �����������������... /ล1� �����������..ðC 

Nค1APอ�/Aอ/@!1�@% (STD) 
�CO�O2�2#/1� �������������������.......... 

"?P/O1 (Brand) ������������������.... 

#BN� (Model) ������������������..... �CO�#/�21� �����������������............... 

/1��?P ���������������������.............. �#0N ��1�22#ล0ล2"�������������.... 

 
!@1@�&?%#@�(ล�@1/? Oล>(ล�@1ค@ํ%/�(ล�@1/?  
ลO2�1��?P 

(ÿ) 11�#2�2#R/ล 
�?P�B�21�N�?"� (ml/h) 

�ล�2#/1�11�#2�2#R/ล (ml/h) คN2N�ล?P" 
(ml/h) 

คN2N�?P"�N��
!2�#�2� ค#1Q��?P 1 ค#1Q��?P 2 ค#1Q��?P 3 

1.       
2.       
3.       
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.@ค(%/� � O%/#@��@1'1>N/>%ค/@/R/NO%N%อ%�อ��@1/?  
สํ@ห1?&�@1สอ&N#?0& O/0/>$?�@1!/� 

 
�2#�#0N!>�คN2ค/2!R!NO�N�1�N�็��#0�/��2#�#0!/ล�ล�2#/1�ค/�คCN�1��2#�#0N!>�2>P��?P

ค2�/N2�02N��ล�#0���1��ล�2#/1� N�AP1Q/OR�O!2�@P�คN2�?PO2���@��1�N���?Pค2�/N2�#>!2��?PO�O�#>�1"CN 2"Q�
�1Q� �2#�#0N!>�ค/2!R!NO�N�1��@�N�็��#0�/��2#�?P�O2Q/O�ล�2#21�N�?"�!?ค/2!2!�C#�์ 1"N2�R#�O�2!   
�2#�>�2#�2O/ลN��1�คN2ค/2!R!NO�N�1�Q�O�Nล0/O1���>�1�>�2#12�!?ค/2!O���N2��1� N�AQ1/2�2#�#0N!>�
ค/2!R!NO�N�1�Q� 2ค��/��?QN�็�N�?"��O1O�0�O2N�AQ1��O�  P�"�O2N2�1O�/�2��2#�#0N!>�Oล0O/ลN��1�
ค/2!R!NO�N�1�N�AQ1��O��?P�O2N�็��O1��>�2#�22O2/#1��2#�#0N!>�ค/2!R!NO�N�1�Q��2#21�N�?"�Nค#AP1�
ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2�O/"/ล1�N���์!2�#�2���1��?QN�N2�1Q�  

คN211�#2�2#R/ล�?P�#/�/1�R�O�O/"/>�?�2#�/�P�"�2#Q�O�#0�1��/�Oล0�20>�2�1�N/ล2N�็�
Nค#AP1�!A1!2�#�2�!?O/ลN��1�ค/2!R!NO�N�1�O2��Q��2#2��?P �.1  
�2#2��?P �.1 O/ลN��1�ค/2!R!NO�N�1�N�AQ1��O�2O2/#1��2#�#0N!>�ค/2!R!NO�N�1��1��2#/1�2O2/#1� 

�2#21�N�?"��O/"/>�?�2#�/� 
O/ลN��1� 

ค/2!R!NO�N�1� 
21ญล1�1�์ O/ลN��1��#>!2� 

�2#O��O��
�O1!Cล 

ค/2!R!NO�N�1�
!2�#�2� 

#0�1��1Q� 
ค/2!N2#? 

�#0�1��/� ÿý��� ค/2!�C��O1�/#A1N���์ 
�2#Q�O�2��1��#0�1��/� 

2?PN/ล?P"!!B!�2� 
(rectangular) 

ÿ� ∞ 

ค/2!ล0N1?"��1�
�#0�1��/� 

ÿý��� �2�2N/�O2���ล�2#/1��1�
�#0�1��/� 

2?PN/ล?P"!!B!�2� 
(rectangular) 

ÿ�� ∞ 

�20>�2�1�N/ล2 ÿý��� ค/2!�C��O1�/#A1N���์�2#
Q�O�2��1��20>�2�1�N/ล2 

2?PN/ล?P"!!B!�2� 
(rectangular) 

ÿ�  ∞ 

ค/2!ล0N1?"��1�
�20>�2�1�N/ล2 

ÿý��� �2�2N/�O2���ล�2#/1��1�
�20>�2�1�N/ล2 

2?PN/ล?P"!!B!�2� 
(rectangular) 

ÿ��  ∞ 

ค/2!22!2#�/1�
�QO2 

ÿý��� คN22N/�N�?P"�N��!2�#�2�
�1�คN211�#2�2#R/ล (ý�) 

�2!2!�2#�?P (6) 

���>  
(normal) 

ÿ��� 2 

 
O�/�2��2#�#0N!>�ค/2!R!NO�N�1��1��2#21�N�?"�Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�

/ล1�NลA1��O2P�"�2#Q�O�#0�1��/�Oล0�20>�2�1�N/ล2N�็�Nค#AP1�!A1!2�#�2�!?�1��?Q  
�.1 O&&�ํ@ลอ�#@�ค�>!0@ส!1์  

∆ý �  �ý��� � ÿý���� � ÿý���� � ÿý���� � ÿý���� � ÿý���� � ý�                  (�.1) 

N!AP1 ý��� O�� คN211�#2�2#R/ล�?PR�O�2��2#/1�P�"�2#Q�ONค#AP1�!A1!2�#�2� �@P�R�OO�N �#0�1��/�Oล0
�20>�2�1�N/ล2  

 ý�  O�� 11�#2�2#R/ล�?P�1Q���Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2 
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 ÿý����  O�� คN2ค/2!คล2�NคลAP1��1�คN211�#2�2#R/ล11�N�AP1�!2�2�ค/2!�C��O1�/#A1N���์�2#Q�O
�2��1��#0�1��/�  

 ÿý����  O�� คN2ค/2!คล2�NคลAP1��1�คN211�#2�2#R/ล11�N�AP1�!2�2�ค/2!�C��O1�/#A1N���์�2#Q�O
�2��1��20>�2�1�N/ล2 

 ÿý����  O�� คN2ค/2!คล2�NคลAP1��1�คN211�#2�2#R/ล11�N�AP1�!2�2�ค/2!ล0N1?"��1��#0�1��/� 
 ÿý����   O�� คN2ค/2!คล2�NคลAP1��1�คN211�#2�2#R/ล11�N�AP1�!2�2�ค/2!ล0N1?"��1��20>�2�1�N/ล2 
 ÿý���   O�� คN2ค/2!คล2�NคลAP1��1�คN211�#2�2#R/ล11�N�AP1�!2�2��2#/1��QO2 
 

�.2 �@1คํ@%/�คN@ค/@/R/NO%N%อ%�อ�คN@อ?!1@�@1Rหล  
คN2ค/2!R!NO�N�1��1�คN211�#2�2#R/ล�?PR�O!2�2��2#/1��O/"/>�?�2#�/� N�>��@Q�R�O�2�

O/ลN��1�ค/2!R!NO�N�1� �1��?Q  
1) ค/2!�C��O1�/#A1N���์�2#Q�O�2��#0�1��/� 
2) ค/2!ล0N1?"��1�2N/�O2���ล�1��#0�1��/� 
3) ค/2!�C��O1�/#A1N���์�2#Q�O�2��20>�2�1�N/ล2 
4) ค/2!ล0N1?"��1�2N/�O2���ล�1��20>�2�1�N/ล2 
5) ค/2!R!NO�N�1��2��2#/1��QO2 

/!2"N/�B  
Q��#�?�?PQ�ON/ล2�O2�2#/1�11�#2�2#R/ลR!N�O1"�/N2 5 �2�?Oล0#2"�2�ค/2!R!NO�N�1�R!N�O1"�/N2 2 % R!N!?
ค/2!�O2N�็��O1��#0N!>�O/ลN�ค/2!R!NO�N�1�N�AP1��2�ค/2!R!NN2�?"#�1��2#ค/�คB!11�#2�2#R/ล�1�
Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"Q�/ล1�NลA1��O2Q�#0"0N/ล211�21Q� (short term stability) 

#2"ล0N1?"��1��2#�#0N!>�คN2ค/2!R!NO�N�1��2�O�Nล0O/ลN� !?�1��?Q  
1) ค/2!R!NO�N�1��2�ค/2!�C��O1�/#A1N���์�2#Q�O�2��#0�1��/�  

 ค/2!R!NO�N�1��1�11�#2�2#R/ล11�N�AP1�!2�2�ค/2!�C��O1�/#A1N���์�2#Q�O�2�
�#0�1��/� (ÿ�����) 22!2#��#0N!>�R�O�2�2!�2#�1��?Q  ÿ����� � ý�� � ÿ� (�.1) 

N!AP1 ý�� O��  21!�#02>��>Nค/2!R/ (sensitivity coefficient) �1��#>!2�#�?P!?�N1คN211�#2�2#R/ล �@P�
22!2#�/2R�O�2�2!�2#�?P (�.2)  

 ÿ�  O�� คN2ค/2!R!NO�N�1�!2�#�2� (standard uncertainty) �1��#0�1��/� �@P�22!2#�/2R�O
�2�2!�2#�?P (�.3)  

ý�� � ý��ý��  (�.2) 

N!AP1  ý��  O�� คN2N�ล?P"�1�11�#2�2#R/ล�?P�B�21�N�?"�ลO2�1��?P ÿ  P�"22!2#�คO2�/�R�OP�"1201"2!�2#�?P 
(5) /#A1R�O!2�2��ล�2#�#0!/ล�ลQ��2#2��?P 6  

 ý��  O�� คN2N�ล?P"�1��ล�2#/1��#>!2�#�?P�B�21�N�?"�ลO2�1��?P ÿ  P�"22!2#�คO2�/�R�O�2��ล�2#/1�
P�"1201"2!�2#�?P (5) /#A1R�O!2�2��ล�2#/1�Q��2#2��?P 5 
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ÿ� � ÿý���√3  (�.3) 

  N!AP1 ÿý��� O�� คN2ค/2!�C��O1�/#A1N���์�2#Q�O�2��#0�1��/�  
 

2) ค/2!R!NO�N�1��2�ค/2!ล0N1?"��1�2N/�O2���ล�1��#0�1��/� 
Q�/ล1�N���์!2�#�2���1��?Q O�0�O2Q/O�1�2>�คN2�1��#>!2��1�22#ล0ล2"�?P�#�

�1��?��1��#>!2����#0�1��/� �1��1Q�คN2ค/2!R!NO�N�1��1�11�#2�2#R/ล11�N�AP1�!2�2�ค/2!ล0N1?"�
�1�2N/�O2���ล�1��#0�1��/� (ÿ����� ) 22!2#��#0N!>�R�O�2�2!�2#�1��?Q ÿ����� � ý�� � ÿ�� (�.4) 

N!AP1 ý��  O�� 21!�#02>��>Nค/2!R/ (sensitivity coefficient) �1��#>!2�#�?P!?�N1คN211�#2�2#R/ล �@P�
22!2#�/2R�O�2�2!�2#�?P (�.2) 

 ÿ��   O�� คN2ค/2!R!NO�N�1�!2�#�2� (standard uncertainty) �?PN�>��@Q��2�ค/2!ล0N1?"��1�
2N/�O2���ล�1��#0�1��/��@P�22!2#�/2R�O�2�2!�2#�?P (�.5)  

ÿ�� � �ÿý���10 �√3  (�.5) 

N!AP1  ÿý��� O�� ค/2!ล0N1?"��1�2N/�O2���ล�2#/1��1��#0�1��/� 
 

3) ค/2!R!NO�N�1��2�ค/2!�C��O1�/#A1N���์�2#Q�O�2��20>�2�1�N/ล2 
ค/2!R!NO�N�1��1�11�#2�2#R/ล11�N�AP1�!2�2�ค/2!�C��O1�/#A1N���์�2#Q�O�2�

�20>�2�1�N/ล2 (ÿ�����) 22!2#��#0N!>�R�O�2�2!�2#�1��?Q  ÿ����� � ý�� � ÿ� (�.6) 

N!AP1 ý��  O�� 21!�#02>��>Nค/2!R/ (sensitivity coefficient) �1�N/ล2�?P!?�N1คN211�#2�2#R/ล �@P�22!2#�/2
R�O�2�2!�2#�?P (�.7) 

 ÿ�   O�� คN2ค/2!R!NO�N�1�!2�#�2� (standard uncertainty) �1��20>�2�1�N/ล2 �@P�22!2#�/2R�O
�2�2!�2#�?P (�.8) 

ý�� � ý��ý�̅  (�.7) 

N!AP1 ý�� O�� คN2N�ล?P"�1�11�#2�2#R/ล�?P�B�21�N�?"�ลO2�1��?P ÿ  P�"22!2#�คO2�/�R�OP�"1201"2!�2# 
     �?P (5) /#A1R�O!2�2��ล�2#�#0!/ล�ลQ��2#2��?P 6 
 ý�̅   O�� คN2N�ล?P"�1��ล�2#/1�N/ล2�?P�B�21�N�?"�ลO2�1��?P ÿ  P�"22!2#�คO2�/�R�O�2��ล�2#/1�

P�"1201"2!�2#�?P (5) /#A1R�O!2�2��ล�2#/1�Q��2#2��?P 5 
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 ÿ� � ÿý���√3  (�.8) 

N!AP1 ÿÿ��� O�� คN2ค/2!�C��O1�/#A1N���์�2#Q�O�2��20>�2�1�N/ล2  
 

4) ค/2!R!NO�N�1��2�ค/2!ล0N1?"��1�2N/�O2���ล�1��20>�2�1�N/ล2 
คN2ค/2!R!NO�N�1��1�11�#2�2#R/ล11�N�AP1�!2�2�ค/2!ล0N1?"��1�2N/�O2���ล

�1��20>�2�1�N/ล2 (ÿ�����) 22!2#��#0N!>�R�O�2�2!�2#�1��?Q ÿ����� � ý�� � ÿ�� (�.9) 

N!AP1 ý��  O��  21!�#02>��>Nค/2!R/ (sensitivity coefficient) �1�N/ล2�?P!?�N1คN211�#2�2#R/ล �@P�22!2#�
/2R�O�2�2!�2#�?P (�.7)  

 ÿ��  O�� คN2ค/2!R!NO�N�1�!2�#�2� (standard uncertainty) �?PN�>��@Q��2�ค/2!ล0N1?"��1�2N/�
O2���1��20>�2�1�N/ล2�@P�22!2#�/2R�O�2�2!�2#�?P (�.10)  

ÿ�� � ÿý���2√3  (�.10) 

N!AP1  ÿý��� O�� ค/2!ล0N1?"��1�2N/�O2���ล�2#/1��1��20>�2�1�N/ล2 
 

5) ค/2!R!NO�N�1��2��2#/1��QO2  
ค/2!R!NO�N�1��1�11�#2�2#R/ล11�N�AP1�!2�2��2#/1��QO2 (ÿ���) 22!2#��#0N!>�

R�O�2�2!�2#�1��?Q  

ÿ��� � ÿý���2√3 � ý��2√3 (�.11) 

N!AP1  ý��  O�� คN22N/�N�?P"�N��!2�#�2��1��ล�2#คO2�/�คN211�#2�2#R/ล�?P�B�21�N�?"�ลO2�1��?P ÿ �@P�
R�O!2�2��2#คO2�/�P�"1201"2!�2#�?P (6) /#A1 �ล�2#คO2�/��ล�2#/1�Q��2#2��?P 6 

 
�.3 ค/@/R/NO%N%อ%/@!1�@%1// (combined standard uncertainty) 

ค/2!R!NO�N�1�!2�#�2�#/! N�>��@Q��2��2##/!คN2ค/2!R!NO�N�1��?PN�>��@Q��2�O/ลN�
ค/2!R!NO�N�1��N2� N N�O2�O/"�1� คN2ค/2!R!NO�N�1�!2�#�2�#/!�1��2#21�N�?"��O/"/>�?�2#�/�P�"�2#
Q�O�#0�1��/�Oล0�20>�2�1�N/ล2N�็�Nค#AP1�!A1!2�#�2�  22!2#�/2R�O�1��?Q  

ÿ� � �ÿ������ � ÿ������ � ÿ������ � ÿ������ � ÿ����  (�.12) 

N!AP1  ÿ��ÿ�  O�� คN2ค/2!R!NO�N�1�!2�#�2�#/!�1��2#21�N�?"��O/"/>�?�2#�/�   
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�.4 1> ?&�?Q%ค/@/Nส1?�อ�ค/@/R/NO%N%อ%/@!1�@%1// (effective degree of 
freedom of combined standard uncertainty)  

�2#/2คN2#0�1��1Q�ค/2!N2#?�1�ค/2!R!NO�N�1�!2�#�2�#/! (ÿ���) 22!2#�/2R�O
�2�2!�2# Welch-Satterthwaite �1��?Q  

ÿ��� � ÿ���ÿ�∑ ÿ��ÿ��ÿ�����  (�.13) 

N!AP1 ÿ� O�� คN2ค/2!R!NO�N�1�!2�#�2�#/!�1��2#21�N�?"��O/"/>�?�2#�/�   
 ÿ��ÿ�  O�� คN2ค/2!R!NO�N�1��1�คN211�#2�2#R/ล�2�O/ลN�ค/2!R!NO�N�1�1�ค์�#0�1��?P ÿ  Oล0   
 ÿ�  O�� คN2#0�1��1Q�ค/2!N2#?�1�ค/2!R!NO�N�1�!2�#�2��2�O/ลN�ค/2!R!NO�N�1�

1�ค์�#0�1��?P ÿ   
�1��1Q� คN2#0�1��1Q�ค/2!N2#?�1�ค/2!R!NO�N�1�!2�#�2�#/!�1��2#21�N�?"��O/"

/>�?�2#�/� �@�22!2#�/2R�O�1��?Q  

ÿ��� � ÿ���ÿ�ÿ������∞ � ÿ������∞ � ÿ������∞ � ÿ������∞ � ÿ����2 � 2 � ÿ��ÿ����  (�.14) 

 
�.5 คN@ค/@/R/NO%N%อ%�0@0 (expanded uncertainty) 

�2#คO2�/�/2คN2ค/2!R!NO�N�1��"2" 22!2#�/2R�O�2!2!�2#�1��?Q  ý� � ý � ÿ� (�.15) 

N!AP1 ý� O�� คN2ค/2!R!NO�N�1��"2"�1��2#21�N�?"��O/"/>�?�2#�/� 
   ÿ�  O�� คN2ค/2!R!NO�N�1�!2�#�2�#/!�1��2#21�N�?"��O/"/>�?�2#�/�   
  ý  O�� คN2 Coverage factor �?PR�O!2�2��2#Q�OคN2#0�1��1Q�ค/2!N2#?�1�ค/2!R!NO�N�1�!2�#�2� ÿ���  #N/!�1��2#N�ิ��2#2� student-t  

 �O2�/�#O1"ล0�1�ค/2!R!NO�N�1��"2" (%ý�) 22!2#�/2R�O�2�2!�2#�1��?Q   %ý� � ý�ý�� � 100 (�.16) 

N!AP1 ý�� O�� คN211�#2�2#R/ลN�ล?P"�1��2#/1�11�#2�2#R/ล�O/"/>�?�2#�/��?P�B�21�N�?"�ลO2�1��?P ÿ �@P�คN2�?Q
N�็��1/O���1�คN211�#2�2#R/ล�?PR�O!2�2��2#/1�P�"�2#Q�ONค#AP1�!A1!2�#�2� (ý���)  Oล0  

 ý�  O�� คN2ค/2!R!NO�N�1��"2"�1��2#21�N�?"��O/"/>�?�2#�/�  
 
  �1/1"N2�O���#0N!>�ค/2!R!NO�N�1��1��2#21�N�?"��O/"/>�?�2#�/�O2��Q��2#2��?P �.2 
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�2#2��?P �.2  �1/1"N2�O���#0N!>�ค/2!R!NO�N�1��1��2#21�N�?"��O/"/>�?�2#�/�   
Quantity Estimate 

Value 
Unit Standard 

Uncertainty 
Probability 
Distribution 

Sensitivity 
Coefficient 

Uncertainty 
Contribution 

Degree of 
Freedom ÿ� ý� ÿ�ý��  ý� ÿ��ÿ� ÿ� ý� ý�� ml/h - - - - - ý��� (5)  ml (�.3) Rectangular (�.2) (�.1)  ÿý��� 0 ml (�.5) Rectangular (�.2) (�.4)  ý��� (5)  min (�.8) Rectangular (�.7) (�.6)  ÿý��� 0 min (�.10) Rectangular (�.7) (�.9)  ÿý��� 0 ml/h (�.11) Normal 1 (�.11) 2 ý��� ý�� ml/h ÿ� ý � 

�2��2#2� 
student-t 

(�.12) (�.14) ∆ý (�.1) ml/h ý� 
(�.15) ml/h 

   (�.16) % 
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.@ค(%/� ค O%/#@��@1'1>N/>%ค/@/R/NO%N%อ%�อ��@1/?  
สํ@ห1?&�@1สอ&N#?0& O/0/>$?�@1�?P� 

 
 �2#�#0N!>�คN2ค/2!R!NO�N�1�N�็��#0�/��2#�#0!/ล�ล�2#/1�ค/�คCN�1��2#�#0N!>�2>P��?P

ค2�/N2�02N��ล�#0���1��ล�2#/1� N�AP1Q/OR�O!2�@P�คN2�?PO2���@��1�N���?Pค2�/N2�#>!2��?PO�O�#>�1"CN 2"Q�
�1Q� �2#�#0N!>�ค/2!R!NO�N�1��@�N�็��#0�/��2#�?P�O2Q/O�ล�2#21�N�?"�!?ค/2!2!�C#�์ 1"N2�R#�O�2!   
�2#�>�2#�2O/ลN��1�คN2ค/2!R!NO�N�1�Q�O�Nล0/O1���>�1�>�2#12�!?ค/2!O���N2��1� N�AQ1/2�2#�#0N!>�
ค/2!R!NO�N�1�Q� 2ค��/��?QN�็�N�?"��O1O�0�O2N�AQ1��O�  P�"�O2N2�1O�/�2��2#�#0N!>�Oล0O/ลN��1�
ค/2!R!NO�N�1�N�AQ1��O��?P�O2N�็��O1��>�2#�22O2/#1��2#�#0N!>�ค/2!R!NO�N�1�Q��2#21�N�?"�Nค#AP1�
ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2�O/"/>�?�2#�2!!2�#�2���1��?QN�N2�1Q�  

 
 คN211�#2�2#R/ล�?P�#/�/1�R�O�O/"/>�?�2#�1P�P�"�2#Q�ONค#AP1��1P�Oล0�20>�2�1�N/ล2N�็�

Nค#AP1�!A1!2�#�2�!?O/ลN��1�ค/2!R!NO�N�1�O2��Q��2#2��?P ค.1  
 

�2#2��?P ค.1 O/ลN��1�ค/2!R!NO�N�1�N�AQ1��O�2O2/#1��2#�#0N!>�ค/2!R!NO�N�1��1��2#/1�2O2/#1� 
�2#21�N�?"��O/"/>�?�2#�1P� 

O/ลN��1� 
ค/2!R!NO�N�1� 

21ญล1�1�์ O/ลN��1��#>!2� 
�2#O��O��
�O1!Cล 

ค/2!R!N
O�N�1�
!2�#�2� 

#0�1��1Q� 
ค/2!N2#? 

Nค#AP1��1P� ÿý��� ค/2!�C��O1�/#A1N���์ 
�2#Q�O�2�Nค#AP1��1P� 

2?PN/ล?P"!�A��O2 
(rectangular) 

ÿ� ∞ 

ค/2!ล0N1?"�
�1�Nค#AP1��1P� 

ÿý��� �2�2N/�O2���ล�2#/1��1�
Nค#AP1��1P� 

2?PN/ล?P"!�A��O2 
(rectangular) 

ÿ�� ∞ 

�20>�2�1�N/ล2 ÿý��� ค/2!�C��O1�/#A1N���์ 
�2#Q�O�2��1��20>�2�1�N/ล2 

2?PN/ล?P"!�A��O2 
(rectangular) 

ÿ�  ∞ 

ค/2!ล0N1?"�
�1��20>�2�1�
N/ล2 

ÿý��� �2�2N/�O2���ล�2#/1��1�
�20>�2�1�N/ล2 

2?PN/ล?P"!�A��O2 
(rectangular) 

ÿ��  ∞ 

ค/2!/�2O�N�
�1��QO2 

ÿÿ 2!�2#�?PQ�OQ��2#คO2�/�
1B�/ C!>Oล0ค/2!�#>2B��>N�1�

�QO2 

���>  
(normal) 

ÿ� ∞ 

ค/2!22!2#�
/1��QO2 

ÿý��� คN22N/�N�?P"�N��!2�#�2��1�คN2
11�#2�2#R/ล�2!2!�2#�?P (6) 

���>  
(normal) 

ÿ��� 2 
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O�/�2��2#�#0N!>�ค/2!R!NO�N�1��1��2#21�N�?"�Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�
/ล1�NลA1��O2P�"�2#Q�ONค#AP1��1P�Oล0�20>�2�1�N/ล2N�็�Nค#AP1�!A1!2�#�2�!?�1��?Q  

ค.1 O&&�ํ@ลอ�#@�ค�>!0@ส!1์  ∆ý �  �ý��� � ÿý���� � ÿý���� � ÿý���� � ÿý���� � ÿý� � ÿý���� � ý�            (ค.1) 

N!AP1 ý��� O�� คN211�#2�2#R/ล�?PR�O�2��2#/1�P�"�2#Q�ONค#AP1��1P�Oล0�20>�2�1�N/ล2  
 ý�  O�� 11�#2�2#R/ล�?P�1Q���Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2 
 ÿý����  O�� คN2ค/2!คล2�NคลAP1��1�คN211�#2�2#R/ล11�N�AP1�!2�2�ค/2!�C��O1�/#A1N���์�2#Q�O

�2��1�Nค#AP1��1P�  
 ÿý����  O�� คN2ค/2!คล2�NคลAP1��1�คN211�#2�2#R/ล11�N�AP1�!2�2�ค/2!�C��O1�/#A1N���์�2#Q�O

�2��1��20>�2�1�N/ล2 
 ÿý����   O�� คN2ค/2!คล2�NคลAP1��1�คN211�#2�2#R/ล11�N�AP1�!2�2�ค/2!ล0N1?"��1�Nค#AP1��1P� 
 ÿý����   O�� คN2ค/2!คล2�NคลAP1��1�คN211�#2�2#R/ล11�N�AP1�!2�2�ค/2!ล0N1?"��1��20>�2�1�

N/ล2 
  ÿý� O�� คN2ค/2!คล2�NคลAP1��1�คN211�#2�2#R/ล11�N�AP1�!2�2�ค/2!/�2O�N��1��QO2  
 ÿý���   O�� คN2ค/2!คล2�NคลAP1��1�คN211�#2�2#R/ล11�N�AP1�!2�2��2#/1��QO2 
 

ค.2 �@1คํ@%/�คN@ค/@/R/NO%N%อ%�อ�คN@อ?!1@�@1Rหล  
คN2ค/2!R!NO�N�1��1�คN211�#2�2#R/ล�?PR�O!2�2��2#/1��O/"/>�?�2#�1P� N�>��@Q�R�O�2�

O/ลN��1�ค/2!R!NO�N�1� �1��?Q  
1) ค/2!�C��O1�/#A1N���์�2#Q�O�2�Nค#AP1��1P� 
2) ค/2!ล0N1?"��1�2N/�O2���ล�1�Nค#AP1��1P� 
3) ค/2!�C��O1�/#A1N���์�2#Q�O�2��20>�2�1�N/ล2 
4) ค/2!ล0N1?"��1�2N/�O2���ล�1��20>�2�1�N/ล2 
5) ค/2!/�2O�N��1��QO2 
6) ค/2!R!NO�N�1��2��2#/1��QO2 

/!2"N/�B Q��#�?�?PQ�ON/ล2�O2�2#/1�11�#2�2#R/ลR!N�O1"�/N2 5 �2�?Oล0#2"�2�ค/2!R!NO�N�1�R!N�O1"�/N2 
2 % R!N!?ค/2!�O2N�็��O1��#0N!>�O/ลN�ค/2!R!NO�N�1�N�AP1��2�ค/2!R!NN2�?"#�1��2#ค/�คB!11�#2�2#R/ล
�1�Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"Q�/ล1�NลA1��O2Q�#0"0N/ล211�21Q� (short term stability) 
 

#2"ล0N1?"��1��2#�#0N!>�คN2ค/2!R!NO�N�1��2�O�Nล0O/ลN� !?�1��?Q  
1) ค/2!R!NO�N�1��2�ค/2!�C��O1�/#A1N���์�2#Q�O�2�Nค#AP1��1P�  
 ค/2!R!NO�N�1��1�11�#2�2#R/ล11�N�AP1�!2�2�ค/2!�C��O1�/#A1N���์�2#Q�O�2�

Nค#AP1��1P� (ÿ�����) 22!2#��#0N!>�R�O�2�2!�2#�1��?Q  ÿ����� � ý�� � ÿ� (ค.2) 
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N!AP1 ý�� O�� 21!�#02>��>Nค/2!R/ (sensitivity coefficient) �1�!/ล�?P!?�N1คN211�#2�2#R/ล �@P�22!2#�/2
R�O�2�2!�2#�?P (ค.3) 

 ÿ� O�� คN2ค/2!R!NO�N�1�!2�#�2� (standard uncertainty) �1�Nค#AP1��1P��@P�22!2#�/2R�O�2�
2!�2#�?P (ค.4) 

ý�� � ý��ý�� (ค.3) 

N!AP1  ý�� O�� คN2N�ล?P"�1�11�#2�2#R/ล�?P�B�21�N�?"�ลO2�1��?P ÿ �@P�22!2#�คO2�/�R�OP�"1201"2!�2#�?P (5)  
/#A1R�O�2��ล�2#�#0!/ล�ล�2#2��?P 8 

 ý�� O�� คN2N�ล?P"�1��ล�2#/1�!/ล�?P�B�21�N�?"�ลO2�1��?P ÿ P�"22!2#�คO2�/�R�O�2��ล�2#/1�P�"
1201"2!�2#�?P (5) /#A1R�O!2�2��ล�2#/1�Q��2#2��?P 7 

ÿ� � ÿý���√3  (ค.4) 

N!AP1 ÿý��� O�� คN2ค/2!�C��O1�/#A1N���์�2#Q�O�2�Nค#AP1��1P�  
 
2) ค/2!R!NO�N�1��2�ค/2!ล0N1?"��1�2N/�O2���ล�1�Nค#AP1��1P� 

คN2ค/2!R!NO�N�1��1�11�#2�2#R/ล11�N�AP1�!2�2�ค/2!ล0N1?"��1�2N/�O2���ล
�1�Nค#AP1��1P� (ÿ�����) 22!2#��#0N!>�R�O�2�2!�2#�1��?Q ÿ����� � ý�� � ÿ�� (ค.5) 

N!AP1 ý�� O�� 21!�#02>��>Nค/2!R/ (sensitivity coefficient) �1�!/ล�?P!?�N1คN211�#2�2#R/ล �@P�22!2#�/2
R�O�2�2!�2#�?P (ค.3) 

 ÿ�� O�� คN2ค/2!R!NO�N�1�!2�#�2� (standard uncertainty) �?PN�>��@Q��2�ค/2!ล0N1?"��1�2N/�
O2���ล�1�Nค#AP1��1P� �@P�22!2#�/2R�O�2�2!�2#�?P (ค.6) 

ÿ�� � ÿý���2√3  (ค.6) 

N!AP1  ÿý���  O�� คN2ค/2!ล0N1?"��1�2N/�O2���ล�2#/1��1�Nค#AP1��1P� 
 

3) ค/2!R!NO�N�1��2�ค/2!�C��O1�/#A1N���์�2#Q�O�2��20>�2�1�N/ล2 
 ค/2!R!NO�N�1��1�11�#2�2#R/ล11�N�AP1�!2�2�ค/2!�C��O1�/#A1N���์�2#Q�O�2�

�20>�2�1�N/ล2 (ÿ�����) 22!2#��#0N!>�R�O�2�2!�2#�1��?Q  ÿ����� � ý�� � ÿ� (ค.7) 

N!AP1 ý�� O�� 21!�#02>��>Nค/2!R/ (sensitivity coefficient) �1�N/ล2�?P!?�N1คN211�#2�2#R/ล �@P�22!2#�/2
R�O�2�2!�2#�?P (ค.8) 

 ÿ� O�� คN2ค/2!R!NO�N�1�!2�#�2� (standard uncertainty) �1��20>�2�1�N/ล2  
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 �@P�22!2#�/2R�O�2�2!�2#�?P (ค.9) 

ý�� � ý��ý�̅  (ค.8) 

N!AP1  ý��  O�� คN2N�ล?P"�1�11�#2�2#R/ล�?P�B�21�N�?"�ลO2�1��?P ÿ �@P�22!2#�คO2�/�R�O P�"1201"2!�2#�?P (5) 
/#A1R�O!2�2��ล�2#�#0!/ล�ลQ��2#2��?P 8 

 ý�̅  O�� คN2N�ล?P"�1��ล�2#/1�N/ล2�?P�B�21�N�?"�ลO2�1��?P ÿ �@P�22!2#�คO2�/�R�O�2��ล�2#/1�P�"
1201"2!�2#�?P (5) /#A1R�O!2�2��ล�2#/1�Q��2#2��?P 7  

ÿ� � ÿý���√3  (ค.9) 

N!AP1 ÿý��� O�� คN2ค/2!�C��O1�/#A1N���์�2#Q�O�2��20>�2�1�N/ล2  
 

4)  O/ลN�ค/2!R!NO�N�1��2�ค/2!ล0N1?"��1�2N/�O2���ล�1��20>�2�1�N/ล2 
  คN2ค/2!R!NO�N�1��1�11�#2�2#R/ล11�N�AP1�!2�2�ค/2!ล0N1?"��1�2N/�O2���ล

�1��20>�2�1�N/ล2 (ÿ�����) 22!2#��#0N!>�R�O�2�2!�2#�1��?Q ÿ����� � ý�� � ÿ�� (ค.10) 

 
N!AP1 ý�� O�� 21!�#02>��>Nค/2!R/ (sensitivity coefficient) �1�N/ล2�?P!?�N1คN211�#2�2#R/ล �@P�22!2#�

/2R�O�2�2!�2#�?P (ค.8)  
 ÿ�� O�� คN2ค/2!R!NO�N�1�!2�#�2� (standard uncertainty) �?PN�>��@Q��2�ค/2!ล0N1?"��1�2N/�

O2���1��20>�2�1�N/ล2 �@P�22!2#�/2R�O�2�2!�2#�?P (ค.11) 

ÿ�� � ÿý���2√3  (ค.11) 

N!AP1 ÿý��� O�� ค/2!ล0N1?"��1�2N/�O2���ล�2#/1��1��20>�2�1�N/ล2 
 

5) ค/2!R!NO�N�1��2�คN2ค/2!/�2O�N��1��QO2 
  คN2ค/2!R!NO�N�1��1�คN211�#2�2#R/ล11�N�AP1�!2�2� คN2ค/2!/�2O�N��1��QO2 

(ÿ��) 22!2#��#0N!>�R�O�2�2!�2#�1��?Q  ÿ�� � ý�� � ÿ� (ค.12) 

N!AP1 ý�� O�� 21!�#02>��>Nค/2!R/ (sensitivity coefficient) �1�คN2ค/2!/�2O�N��1��QO2�?P!?�N1คN211�#2
�2#R/ล �@P�22!2#�/2R�O�2�2!�2#�?P (ค.13) 

 ÿ� O�� คN2ค/2!R!NO�N�1�!2�#�2� (standard uncertainty) �1�คN2ค/2!/�2O�N��1��QO2 �@P�
22!2#�/2R�O�2�2!�2#�?P (ค.14) 
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ý�� � ý��ÿ�ÿ� (ค.13) 

N!AP1 ý�� O�� คN2N�ล?P"�1�11�#2�2#R/ล�?P�B�21�N�?"�ลO2�1��?P ÿ �@P�22!2#�คO2�/�R�O P�"1201"2!�2# 
�?P (5) /#A1R�O!2�2��ล�2#�#0!/ล�ลQ��2#2��?P 8 

 ÿ�ÿ�  O�� คN2ค/2!/�2O�N��1��QO2�?PQ�OQ��2#21�N�?"� � 1B�/ C!> ÿ  

 
#2"ล0N1?"��2#�#0N!>�คN2ค/2!R!NO�N�1�!2�#�2��1�คN2ค/2!/�2O�N��1��QO2

2O2/#1��2#21�N�?"�Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2O2��Q� 2ค��/� �. �@P��#0�1��O/"
�2#�#0N!>�ค/2!R!NO�N�1�1"N2��N2"Oล01"N2�ล0N1?"� 2O2/#1��1/1"N2��?Q Q�O�2#�#0N!>�1"N2��N2" �@P�คN2ค/2!
R!NO�N�1��1��QO222!2#�/2R�O�2��2#�>�2#�2�2#N�ล?P"�O�ล�1B�/ C!>�1��QO2/#A122#ล0ล2"Q���021�
N�?"� P�"22!2#�คO2�/�R�O�2�2!�2#�1��?Q  

ÿ� � ý100 � ÿ�ÿ� (ค.14) 

N!AP1  ý   O�� คN2ค��?P �@P�!?คN2N�N2�1�#O1"ล0 0.03  0.06 Oล0 0.09 �1� ÿ�ÿ� 2O2/#1�1B�/ C!>�1��QO2Q�
��0�?P�O2�2#21�N�?"� (ÿ) N�ล?P"�O�ล�R�R!NN�>� ñ1 ðC ñ2 ðC Oล0 ñ3 ðC �2!ลO2�1�    

 
6) ค/2!R!NO�N�1��2��2#/1��QO2  
  ค/2!R!NO�N�1��1�11�#2�2#R/ล11�N�AP1�!2�2��2#/1��QO2 (ÿ���) 22!2#��#0N!>�

R�O�2�2!�2#�1��?Q  

ÿ��� � ÿý���2√3 � ý��2√3 (ค.15) 

N!AP1  ý�� O�� คN22N/�N�?P"�N��!2�#�2��1��ล�2#คO2�/�คN211�#2�2#R/ล �?P�B�21�N�?"�ลO2�1��?P ÿ �@P�
R�O!2�2��2#คO2�/�P�"1201"2!�2#�?P (6) /#A1�ล�2#คO2�/��ล�2#/1�Q��2#2��?P 8 

 
ค.3 ค/@/R/NO%N%อ%/@!1�@%1// (combined standard uncertainty) 
  ค/2!R!NO�N�1�!2�#�2�#/! N�>��@Q��2��2##/!คN2ค/2!R!NO�N�1��?PN�>��@Q��2�O/ลN�

ค/2!R!NO�N�1��N2� N N�O2�O/"�1� คN2ค/2!R!NO�N�1�!2�#�2�#/!�1��2#21�N�?"��O/"/>�?�2#�1P�  22!2#�
/2R�O �1��?Q  

ÿ� �  �ÿ������ � ÿ������ � ÿ������ � ÿ������ � ÿ��� � ÿ����  (ค.16) 

N!AP1 ÿ� O�� คN2ค/2!R!NO�N�1�!2�#�2�#/!�1��2#21�N�?"��O/"/>�?�2#�1P�  
 

ค.4 1> ?&�?Q%ค/@/Nส1?�อ�ค/@/R/NO%N%อ%/@!1�@%1// (effective degree of 
freedom of combined standard uncertainty) 
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�2#/2คN2#0�1��1Q�ค/2!N2#?�1�ค/2!R!NO�N�1�!2�#�2�#/! (ÿ���) 22!2#�/2R�O
�2�2!�2# Welch-Satterthwaite �1��?Q  

ÿ��� � ÿ��∑ ÿ��ÿ�����  (ค.17) 

N!AP1 ÿ� O�� คN2ค/2!R!NO�N�1�!2�#�2�#/!�1��2#21�N�?"��O/"/>�?�2#�1P� 
 ÿ� O�� คN2ค/2!R!NO�N�1��1�คN211�#2�2#R/ล�2�O/ลN�ค/2!R!NO�N�1�1�ค์�#0�1��?P ÿ  Oล0   
 ÿ� O�� คN2#0�1��1Q�ค/2!N2#?�1�ค/2!R!NO�N�1�!2�#�2��2�O/ลN�ค/2!R!NO�N�1�1�ค์�#0�1��?P ÿ   

�1��1Q� คN2#0�1��1Q�ค/2!N2#?�1�ค/2!R!NO�N�1�!2�#�2�#/!�1��2#21�N�?"��O/"
/>�?�2#�1P��@�22!2#�/2R�O�1��?Q  

ÿ��� � ÿ��ÿ������∞ � ÿ������∞ � ÿ������∞ � ÿ������∞ � ÿ���∞ � ÿ����2 � 2 � ÿ��ÿ����  (ค.18) 

ค.5 คN@ค/@/R/NO%N%อ%�0@0 (expanded uncertainty) 
  �2#คO2�/�/2คN2ค/2!R!NO�N�1��"2" 22!2#�/2R�O�2!2!�2#�1��?Q  ý� � ý � ÿ� (ค.19) 

N!AP1 ý� O�� คN2ค/2!R!NO�N�1��"2"�1��2#21�N�?"��O/"/>�?�2#�1P� 
   ÿ� O�� คN2ค/2!R!NO�N�1�!2�#�2�#/!�1��2#21�N�?"��O/"/>�?�2#�1P� 
  ý  O�� คN2 Coverage factor �?PR�O!2�2��2#Q�OคN2#0�1��1Q�ค/2!N2#?�1�ค/2!R!NO�N�1�!2�#�2� 

(ÿ���) #N/!�1��2#N�ิ��2#2� student-t  
 
�O2�/�#O1"ล0�1�ค/2!R!NO�N�1��"2" (%ý�) 22!2#�/2R�O�2�2!�2#�1��?Q   %ý� � ý�ý�� � 100 (ค.20) 

N!AP1 ý�� O�� คN211�#2�2#R/ลN�ล?P"�1��2#/1�11�#2�2#R/ล�O/"/>�?�2#�1P��?P�B�21�N�?"�ลO2�1��?P ÿ �@P�คN2�?Q
N�็��1/O���1�คN211�#2�2#R/ล�?PR�O!2�2��2#/1�P�"�2#Q�ONค#AP1�!A1!2�#�2� (ý���) Oล0 

 ý� O�� คN2ค/2!R!NO�N�1��"2"�1��2#21�N�?"��O/"/>�?�2#�1P� 
 
  �1/1"N2�O���#0N!>�ค/2!R!NO�N�1��1��2#21�N�?"��O/"/>�?�2#�1P�O2��Q��2#2��?P ค.2 
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�2#2��?P ค.2  �1/1"N2�O���#0N!>�ค/2!R!NO�N�1��1��2#21�N�?"��O/"/>�?�2#�1P�   

Quantity 
Estimate 

Value Unit 
Standard 

Uncertainty 
Probability 
Distribution 

Sensitivity 
Coefficient 

Uncertainty 
Contribution 

Degree of 
Freedom ÿ�  ý�  ÿ�ý��  ý� ÿ��ÿ� ÿ� ý� ý��  ml/h - - - - - ý��� (5) ml (ค.4) Rectangular (ค.3) (ค.2)  ÿý��� 0 ml (ค.6) Rectangular (ค.3) (ค.5)  ý��� (5) min (ค.9) Rectangular (ค.8) (ค.7)  ÿý��� 0 min (ค.11) Rectangular (ค.8) (ค.10)  ÿÿ  2ค��/� �. g/ml (ค.14) Normal (ค.13) (ค.12)  ÿý��� 0 ml/h (ค.15) Normal 1 (ค.15) 2 ý��� ý�� ml/h ÿ� ý � �2��2#2� student-t (ค.16) (ค.18) ∆ý (ค.1) ml/h ý�  

(ค.19) ml/h 

   (ค.20) % 
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.@ค(%/� � O%/#@��@1'1>N/>%ค/@/R/NO%N%อ%�อ��@1/?  
สํ@ห1?&�@1สอ&N#?0& O/0/>$?�@1/?  

 
 �2#�#0N!>�คN2ค/2!R!NO�N�1� N�็��#0�/��2#�#0!/ล�ล�2#/1�ค/�คCN�1��2#�#0N!>�2>P�

�?Pค2�/N2�02N��ล�#0���1��ล�2#/1� N�AP1Q/OR�O!2�@P�คN2�?PO2���@��1�N���?Pค2�/N2�#>!2��?PO�O�#>�1"CN 2"Q�
�1Q� �2#�#0N!>�ค/2!R!NO�N�1��@�N�็��#0�/��2#�?P�O2Q/O�ล�2#21�N�?"�!?ค/2!2!�C#�์ 1"N2�R#�O�2!   
�2#�>�2#�2O/ลN��1�คN2ค/2!R!NO�N�1�Q�O�Nล0/O1���>�1�>�2#12�!?ค/2!O���N2��1� N�AQ1/2�2#�#0N!>�
ค/2!R!NO�N�1�Q� 2ค��/��?QN�็�N�?"��O1O�0�O2N�AQ1��O�  P�"�O2N2�1O�/�2��2#�#0N!>�Oล0O/ลN��1�
ค/2!R!NO�N�1�N�AQ1��O��?P�O2N�็��O1��>�2#�22O2/#1��2#�#0N!>�ค/2!R!NO�N�1�Q��2#21�N�?"�Nค#AP1�
ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2�O/"/>�?�2#�2!/ล1�N���์!2�#�2���1��?QN�N2�1Q�  

 
 คN211�#2�2#R/ล�?P�#/�/1�R�O�O/"/>�?�2#/1�P�"�2#Q�ONค#AP1�/>Nค#20/์�2#�O2�2��1�Nค#AP1�

ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2/#A1Nค#AP1�/1�11�#2�2#R/ลN�็�Nค#AP1�!A1!2�#�2�!?O/ลN��1�
ค/2!R!NO�N�1�O2��Q��2#2��?P �.1   

 
�2#2��?P �.1 O/ลN��1�ค/2!R!NO�N�1�N�AQ1��O�2O2/#1��2#�#0N!>�ค/2!R!NO�N�1��1��2#/1� 
 2O2/#1��2#21�N�?"��O/"/>�?�2#/1� 

O/ลN��1� 
ค/2!R!NO�N�1� 

21ญล1�1�์ O/ลN��1��#>!2� 
�2#O��O��
�O1!Cล 

ค/2!R!NO�N�1�
!2�#�2� 

#0�1��1Q� 
ค/2!N2#? 

Nค#AP1�!A1!2�#�2� ÿý��� ค/2!�C��O1�/#A1N���์
�2#Q�O�2��1�Nค#AP1�!A1

!2�#�2� 

2?PN/ล?P"!�A��O2 
(rectangular) 

ÿ� ∞ 

ค/2!ล0N1?"��1�
Nค#AP1�!A1!2�#�2� 

ÿý��� �2�2N/�O2���ล�2#/1�
�1��#0�1��/� 

2?PN/ล?P"!�A��O2 
(rectangular) 

ÿ�� ∞ 

ค/2!22!2#�/1��QO2 ÿý��� คN22N/�N�?P"�N��
!2�#�2��1�คN211�#2
�2#R/ล�2!2!�2#�?P (6) 

���>  
(normal) 

ÿ��� 2 

 
O�/�2��2#�#0N!>�ค/2!R!NO�N�1��1��2#/1�2O2/#1��2#21�N�?"�Nค#AP1�ค/�คB!�2#Q/O

22#ล0ล2"�2�/ล1�NลA1��O2P�"�2#Q�ONค#AP1�/>Nค#20/์�2#�O2�2��1�Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�
/ล1�NลA1��O2/#A1Nค#AP1�/1�11�#2�2#R/ลN�็�Nค#AP1�!A1!2�#�2� �1��?Q  
 

�.1 O&&�ํ@ลอ�#@�ค�>!0@ส!1์  ∆ý �  �ý��� � ÿý��� � ÿý��� � ÿý���� � ý� (�.1) 

 N!AP1 ý��� O�� คN211�#2�2#R/ล�?PR�O�2��2#/1�P�"�2#Q�ONค#AP1�!A1!2�#�2��@P�R�OO�N Nค#AP1�/>Nค#20/์
Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2 /#A1Nค#AP1�/1�11�#2�2#R/ล  
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 ý� O�� 11�#2�2#R/ล�?P�1Q���Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2 
 ÿý���  O�� คN2ค/2!คล2�NคลAP1��1�คN211�#2�2#R/ล11�N�AP1�!2�2�ค/2!�C��O1�/#A1N���์�2#Q�O�2�

�1�Nค#AP1�!A1!2�#�2�  
 ÿý���  O�� คN2ค/2!คล2�NคลAP1��1�คN211�#2�2#R/ล11�N�AP1�!2�2�ค/2!ล0N1?"��1�Nค#AP1�!A1

!2�#�2� 
 ÿý���  O�� คN2ค/2!คล2�NคลAP1��1�คN211�#2�2#R/ล11�N�AP1�!2�2��2#/1��QO2 
 

�.2 �@1คํ@%/�คN@ค/@/R/NO%N%อ%�อ�คN@อ?!1@�@1Rหล  
คN2ค/2!R!NO�N�1��1�คN211�#2�2#R/ล�?PR�O!2�2��2#/1��O/"/>�?�2#/1� N�>��@Q�R�O�2�

O/ลN��1�ค/2!R!NO�N�1� �1��?Q 
1) ค/2!�C��O1�/#A1N���์�2#Q�O�2�Nค#AP1�!A1/1� 
2) ค/2!ล0N1?"��1�2N/�O2���ล�1�Nค#AP1�!A1/1� 
3) ค/2!R!NO�N�1��2��2#/1��QO2 

/!2"N/�B  
Q��#�?�?PQ�ON/ล2�O2�2#/1�11�#2�2#R/ลR!N�O1"�/N2 5 �2�?Oล0#2"�2�ค/2!R!NO�N�1�R!N�O1"�/N2 2 % R!N!?
ค/2!�O2N�็��O1��#0N!>�O/ลN�ค/2!R!NO�N�1�N�AP1��2�ค/2!R!NN2�?"#�1��2#ค/�คB!11�#2�2#R/ล�1�
Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"Q�/ล1�NลA1��O2Q�#0"0N/ล211�21Q� (short term stability) 

 
#2"ล0N1?"��1��2#�#0N!>�คN2ค/2!R!NO�N�1��2�O�Nล0O/ลN� !?�1��?Q  
1) ค/2!R!NO�N�1��2�ค/2!�C��O1�/#A1N���์�2#Q�O�2�Nค#AP1�!A1/1� 
 ค/2!R!NO�N�1��1�11�#2�2#R/ล11�N�AP1�!2�2�ค/2!�C��O1�/#A1N���์�2#Q�O�2�

Nค#AP1�!A1/1� (ÿ����) !?คN2N�N2�1�คN2ค/2!R!NO�N�1�!2�#�2�11�N�AP1�!2�2�ค/2!�C��O1�/#A1N���์�2#Q�O�2�
Nค#AP1�!A1/1� (ÿ�)  P�"22!2#��#0N!>�R�O�1��?Q  

ÿ���� � ÿ� � ÿý���√3  (�.2) 

N!AP1  ÿý���  O�� คN2ค/2!�C��O1�/#A1N���์�2#Q�O�2�Nค#AP1�!A1/1� 
 

2) O/ลN�ค/2!R!NO�N�1��2�ค/2!ล0N1?"��1�2N/�O2���ล�1�Nค#AP1�!A1/1�  
 ค/2!R!NO�N�1��1�11�#2�2#R/ล11�N�AP1�!2�2�ค/2!ล0N1?"��1�2N/�O2���ล�1�

Nค#AP1�!A1/1� (ÿ�����) !?คN2N�N2�1�ค/2!R!NO�N�1�!2�#�2�11�N�AP1�!2�2�ค/2!ล0N1?"��1�2N/�O2���ล
�1�Nค#AP1�!A1/1� (ÿ��) P�"22!2#��#0N!>�R�O�1��?Q  

ÿ���� � ÿ�� � ÿý���2√3  (�.3) 

N!AP1 ÿý���  O�� คN2ค/2!ล0N1?"��1�Nค#AP1�!A1!2�#�2� 
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3) ค/2!R!NO�N�1��2��2#/1��QO2  
  ค/2!R!NO�N�1��1�11�#2�2#R/ล11�N�AP1�!2�2��2#/1��QO2 (ÿ���) 22!2#��#0N!>�

R�O�1��?Q  

ÿ��� � ÿý���2√3 � ý��2√3 (�.4) 

N!AP1 ý�� O�� คN22N/�N�?P"�N��!2�#�2��1��ล�2#คO2�/�คN211�#2�2#R/ล�?P�B�21�N�?"�ลO2�1��?P ÿ �@P�
R�O!2�2��2#คO2�/�P�"1201"2!�2#�?P (6) /#A1�ล�2#คO2�/��ล�2#/1�Q��2#2��?P 9 /#A1 
�2#2��?P 10 P�"�@Q�1"CN�1�Nค#AP1�!A1!2�#�2��?PQ�O 

 

�.3 ค/@/R/NO%N%อ%/@!1�@%1// (combined standard uncertainty) 
  ค/2!R!NO�N�1�!2�#�2�#/! N�>��@Q��2��2##/!คN2ค/2!R!NO�N�1��?PN�>��@Q��2�O/ลN�

ค/2!R!NO�N�1��N2� N N�O2�O/"�1� คN2ค/2!R!NO�N�1�!2�#�2�#/!�1��2#21�N�?"��O/"/>�?�2#/1�  22!2#�
/2R�O �1��?Q  ÿ� �  �ÿ����� � ÿ����� � ÿ����  (�.5) 

N!AP1 ÿ� O�� คN2ค/2!R!NO�N�1�!2�#�2�#/!�1��2#21�N�?"��O/"/>�?�2#/1�   
 

�.4 1> ?&�?Q%ค/@/Nส1?�อ�ค/@/R/NO%N%อ%/@!1�@%1// (effective degree of 
freedom of combined standard uncertainty)  

�2#/2คN2#0�1��1Q�ค/2!N2#?�1�ค/2!R!NO�N�1�!2�#�2�#/! (ÿ���) 22!2#�/2R�O
�2�2!�2# Welch-Satterthwaite �1��?Q  ÿ��� � ÿ��∑ ÿ��ÿ�����  (�.6) 

N!AP1 ÿ� O�� คN2ค/2!R!NO�N�1�!2�#�2�#/!�1��2#21�N�?"��O/"/>�?�2#/1� 
 ÿ�  O�� คN2ค/2!R!NO�N�1��1�คN211�#2�2#R/ล�2�O/ลN�ค/2!R!NO�N�1�1�ค์�#0�1��?P ÿ  Oล0   

 ÿ�  O�� คN2#0�1��1Q�ค/2!N2#?�1�ค/2!R!NO�N�1�!2�#�2��2�O/ลN�ค/2!R!NO�N�1�1�ค์�#0�1��?P ÿ   
 

�1��1Q� คN2#0�1��1Q�ค/2!N2#?�1�ค/2!R!NO�N�1�!2�#�2�#/!�1��2#21�N�?"��O/"
/>�?�2#/1� �@�22!2#�/2R�O �1��?Q  

ÿ��� � ÿ��ÿ�����∞ � ÿ�����∞ � ÿ����2 � 2 � ÿ��ÿ����  (�.7) 
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�.5 คN@ค/@/R/NO%N%อ%�0@0 (expanded uncertainty) 
�2#คO2�/�/2คN2ค/2!R!NO�N�1��"2" 22!2#�/2R�O�2!2!�2#�1��?Q  ý� � ý � ÿ� (�.8) 

N!AP1 ý�  O�� คN2ค/2!R!NO�N�1��"2"�1��2#21�N�?"��O/"/>�?�2#/1� 
   ÿ�  O�� คN2ค/2!R!NO�N�1�!2�#�2�#/!�1��2#21�N�?"��O/"/>�?�2#/1�   
  ý O�� คN2 Coverage factor �?PR�O!2�2��2#Q�OคN2#0�1��1Q�ค/2!N2#?�1�ค/2!R!NO�N�1�!2�#�2� ÿ��� #N/!�1��2#N�ิ��2#2� student-t  
 
  �O2�/�#O1"ล0�1�ค/2!R!NO�N�1��"2" (%ý�) 22!2#�/2R�O�2�2!�2#�1��?Q   %ý� � ý�ý�� � 100 (�.9) 

N!AP1 ý�� O�� คN211�#2�2#R/ลN�ล?P"�1��2#/1�11�#2�2#R/ล�O/"/>�?�2#/1��?P�B�21�N�?"�ลO2�1��?P ÿ �@P�คN2�?Q
N�็��1/O���1�คN211�#2�2#R/ล�?PR�O!2�2��2#/1�P�"�2#Q�ONค#AP1�!A1!2�#�2� (ý���) Oล0  

 ý�  O�� คN2ค/2!R!NO�N�1��"2"�1��2#21�N�?"��O/"/>�?�2#/1�  
 
  �1/1"N2�O���#0N!>�ค/2!R!NO�N�1��1��2#21�N�?"��O/"/>�?�2#/1�O2��Q��2#2��?P �.2 
 
�2#2��?P �. 2  �1/1"N2�O���#0N!>�ค/2!R!NO�N�1��1��2#21�N�?"��O/"/>�?�2#/1�  

Quantity 
Estimate 

Value Unit 
Standard 

Uncertainty 
Probability 
Distribution 

Sensitivity 
Coefficient 

Uncertainty 
Contribution 

Degree of 
Freedom ÿ�  ý�  ÿ�ý��  ý� ÿ��ÿ� ÿ� ý� ý��  ml/h - - - - - ý��� (5) ml/h (�.2) Rectangular 1 (�.2)  ÿý��� 0 ml/h (�.3) Rectangular 1 (�.3)  ÿý��� 0 ml/h (�.4) Normal 1 (�.4) 2 ý��� ý�� ml/h ÿ� ý � �2��2#2� student-t (�.5) (�.7) ∆ý (�.1) ml/h ý� 

(�.8) ml/h 
   (�.9) % 
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.@ค(%/� �  O%/#@��@1�ํ@ห% N���์#/%สอ& 
  

�2#�/�21� คA1 �2#�#0N!>�2!##��0�1�Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1�
�O2 �O/"�2#�O2�ล�2#21�N�?"��1�คN2ค/2!R!NO�N�1� !2N�#?"�N�?"��1�N���์�2#�/�21��?PR�O�O2/���@Q�  
P�"N���์�2#�/�21� /!2"�@� �1�N���1�11�#2�2#R/ล �?P�N��?Q/N2Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�
/ล1�NลA1��O2"1�!?2!##��01"CNQ�N���์�?P22!2#��O2R�Q�O�2��N1R�R�O1"N2�!?�#02>��> 2�  

 
 �2#�O2/��N���์�2#�/�21� 22!2#��O2R�O/ล2"O�/�2� "��1/1"N2�N�N� �2#1O2�1>��2!

�#>11��CO�ล>�  �2#1O2�1>��2!N1�22# ECRI /#A1 �2#�O2/���@Q�N1��2!�P"�2"�1�P#��"2�2ล  /ล1�N���์
!2�#�2���1��?QQ/OO�/�2��2#�O2/��N���์�2#�/�21�R/O 2 2N/� R�OO�N N���์�2#�/�21�คN2ค/2!
คล2�NคลAP1� Oล0N���์�2#�/�21�คN2ค/2!R!NO�N�1� P�"!?�O1O�0�O2�2#�O2/��คN2�1�O�Nล0N���์ �2!
�2#2��?P �.1 �1��?Q  
 
�2#2��?P �.1 O�/�2��2#�O2/��N���์�2#�/�21� 

N���์�2#�/�21� คN2�1�N���์ 
N���์�2#�/�21�คN2ค/2!คล2�NคลAP1� ±5% �1�คN2�?P�1Q� /#A1 ±0.1 ml/h  

�@Q��1�/N2คN2R/�!2��/N2 
N���์�2#�/�21�คN2ค/2!R!NO�N�1� ±3.5% �1�คN2�?P�1Q� ±0.07 ml/h  

�@Q��1�/N2คN2R/�!2��/N2 
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.@ค(%/� �  ค/@/ห%@O%N%�อ�%Q@ํ 
   

คN2ค/2!/�2O�N��1��QO2�?PQ�OQ��2#21�N�?"�Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1�
�O2�2!/ล1�N���์!2�#�2���1��?Q 1O2�1>��2���ค/2!�1� M.Tanaka Oล0 ITS-90 P�"O�N�11�N�็��QO2�?P
�#20�2�12�20 (air-free water) Oล0�QO2�?P1>P!�1/�O/"12�20 (air-saturated water)  

 
 ค/2!/�2O�N��1��QO2�?P�#20�2�12�20 �?Pค/2!�1� 1013.25 hPa 22!2#�/2R�O�2�2!�2#

�1��?Q  

ÿ�� � ÿ� �1 � �ý � ÿ����ý � ÿ��ÿ��ý � ÿ�� � (�.1) 

 
N!AP1 ÿ�� O�� คN2ค/2!/�2O�N��1��QO2�?P�#20�2�12�20 Q�/�N/" kg m-3 
  ÿ�/℃ = -3.983035 ñ 0.00067 
 ÿ�/℃  =  301.797 
 ÿ�/℃� =  522528.9 
 ÿ�/℃ = 69.34881 
  ÿ�/�ýý ÿ���   =  999.974950 ñ 0.00084 
 

 2N/�ค/2!/�2O�N��1��QO2�?P1>P!�1/�O/"12�2022!2#�/2R�O�2�2!�2#�1��?Q  ÿ�� � ÿ�� � ∆ÿ (�.2) 

N!AP1 ÿ��  O�� คN2ค/2!/�2O�N��1��QO2�?P1>P!�1/�O/"12�20 (air-saturated water) Oล0  
P�" ∆ÿ /(kg m-3)  O�� �ล�N2�ค/2!/�2O�N��1��QO2 �@P�22!2#�/2R�O�2�  ∆ÿ � ý� � ý�ý (�.3) 

N!AP1  ý O�� 1B�/ C!>�1��QO2Q�/�N/" ðC 
 ý� / (10-3 kg m-3)  =  -4.612 
 ý� / (10-3 kg m-3)  =   0.106 
 

ค/2!O���N2�#0//N2�คN2ค/2!/�2O�N��1��QO2�#20�2�12�20�1��QO2�?P1>P!�1/�O/"12�20 �?P
1B�/ C!> 0ðC -40ðC O2��Q�#C��?P �.1  2N/�คN2ค/2!/�2O�N��1��QO2�1Q���>��#20�2�12�20Oล01>P!�1/�O/"
12�20 �?PคO2�/�R�O�2�2!�2#�?P (�.1) Oล0 (�.2) �?P1B�/ C!> 5ðC -40ðC O2��Q��2#2��?P �.1 Oล0�2#2��?P  
�.2 �2!ลO2�1�  
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#C��?P �.1  ค/2!/�2O�N��1��QO2�1Q���>��#20�2�12�20Oล01>P!�1/�O/"12�20 
  

Q��2#�#0N!>�ค/2!R!NO�N�1�!2�#�2��1�คN2ค/2!/�2O�N��1��QO2�?PQ�OQ��2#21�N�?"� 
O/ลN��1�ค/2!R!NO�N�1�!?/ล2"O/ลN� R�OO�N ค/2!�C��O1��1�2!�2# 1B�/ C!>�1��QO2 #/!�@�คN2ค/2!�#>2B��>N
�1��QO2 คN2ค/2!R!NO�N�1��1�คN2ค/2!/�2O�N��1��QO2 (ÿ�) 22!2#��#0N!>�R�O�2��2#/2#2��?P21��1�
�ล#/!�1�คN2ค/2!R!NO�N�1�!2�#�2�11�N�AP1�!2�2�O/ลN��1�ค/2!R!NO�N�1��N2� N �2!2!�2#�1��?Q   

ÿ� �  �ÿ��� � ÿ��� � ÿ���  (�.4) 

N!AP1  ÿ�� O�� คN2ค/2!R!NO�N�1�!2�#�2��1�คN2ค/2!/�2O�N��1��QO211�N�AP1�!2�2�2!�2#  
    !?คN2N�N2�1� 410-7 g/ml   
  ÿ�� O�� คN2ค/2!R!NO�N�1�!2�#�2��1�คN2ค/2!/�2O�N��1��QO211�N�AP1�!2�2�  
    �2#N�ล?P"�O�ล�1B�/ C!>�1��QO2 Oล0  
   ÿ��  O�� คN2ค/2!R!NO�N�1�!2�#�2��1�คN2ค/2!/�2O�N��1��QO211�N�AP1�!2�2�ค/2!�#>2B��>N�1��QO2 
 

คN2ค/2!R!NO�N�1�!2�#�2��1�คN2ค/2!/�2O�N��1��QO211�N�AP1�!2�2��2#N�ล?P"�O�ล�
1B�/ C!>�1��QO2 (ÿ��) 22!2#��#0N!>�R�O�2!2!�2#�1��?Q  ÿ�� � ÿ � ÿ� � ÿ�ÿ� (�.5) 

 

N!AP1 ÿ�ÿ� O�� คN2ค/2!/�2O�N��1��QO2  
 ÿ�  O�� คN2ค/2!R!NO�N�1��1�1B�/ C!>�1��QO2 Oล0 
 ÿ  O�� 21!�#02>��>N�2#�"2"�1/�1��QO2�?P1B�/ C!> ÿ �@P�22!2#�/2R�O�2�2!�2# �1��?Q  ÿ � ��0.1176 �  ÿ�  � 15.846 � ÿ � 62.677� � 10�� °ÿ (�.6) 

W
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 2N/�คN2ค/2!R!NO�N�1�!2�#�2��1�คN2ค/2!/�2O�N��1��QO211�N�AP1�!2�2�ค/2!�#>2B��>N
�1��QO2 (ÿ��) 12�!?คN21"CNQ��N/� 2-3 ppm 2O2/#1��QO2�?P!?ค/2!�#>2B��>N2C� 10 ppm 2O2/#1��QO2�ล1P�/#A1�QO2
�#20�2�R111��@P�!?คN2ค/2!�O2R��O2 (conductivity) �O1"�/N2 5 μS/cm /#A1 20 ppm 2O2/#1��QO2�ล1P�
คB� 2��PO2/#A1�QO2�#20�2�R111��2�O/ลN��?PN�็��?P"1!#1�  

 
 1"N2�R#�O�2! �2#21�N�?"�Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2R!N!?ค/2!

�O2N�็��O1��#0N!>�คN2ค/2!R!NO�N�1��1�คN2ค/2!/�2O�N��1��QO21"N2�ล0N1?"�   O�N22!2#��#0N!>�1"N2�
�N2" P�"�2#�>�2#�2�2��2#N�ล?P"�O�ล�1B�/ C!>�1��QO2/#A122#ล0ล2"Q���0�?P�O2�2#21�N�?"� Oล0
คO2�/�/2คN2ค/2!R!NO�N�1�!2�#�2��1�คN2ค/2!/�2O�N��1��QO2R�O�2�2!�2#�1��?Q  

ÿ� � ý100 � ÿ�ÿ� (�.7) 

N!AP1 ý O�� คN2ค��?P �@P�!?คN2N�N2�1�#O1"ล0 0.03  0.06 Oล0 0.09 �1� ÿ�ÿ� 2O2/#1�1B�/ C!>�1��QO2Q�
��0�?P�O2�2#21�N�?"� (ÿ) N�ล?P"�O�ล�R�R!NN�>� ñ1ðC  ñ2ðC Oล0  ñ3ðC �2!ลO2�1�    



�2#2��?P �.1 ค/2!/�2O�N��1��QO21>P!�1/�O/"12�20 (air-saturated water) Q�/�N/" g/ml �?Pค/2!�1� 1013.25 hPa 1O2�1>��2� M.Tanaka 
 

t (°C) 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 
5 0.999 963 0.999 961 0.999 959 0.999 957 0.999 955 0.999 953 0.999 950 0.999 948 0.999 945 0.999 942 
6 0.999 939 0.999 936 0.999 933 0.999 929 0.999 926 0.999 922 0.999 918 0.999 914 0.999 910 0.999 905 
7 0.999 901 0.999 896 0.999 891 0.999 886 0.999 881 0.999 876 0.999 870 0.999 865 0.999 859 0.999 853 
8 0.999 848 0.999 841 0.999 835 0.999 829 0.999 822 0.999 816 0.999 809 0.999 802 0.999 795 0.999 788 
9 0.999 780 0.999 773 0.999 765 0.999 757 0.999 749 0.999 741 0.999 733 0.999 725 0.999 716 0.999 708 
10 0.999 699 0.999 690 0.999 681 0.999 672 0.999 663 0.999 654 0.999 644 0.999 634 0.999 625 0.999 615 
11 0.999 605 0.999 595 0.999 584 0.999 574 0.999 563 0.999 553 0.999 542 0.999 531 0.999 520 0.999 508 
12 0.999 497 0.999 486 0.999 474 0.999 462 0.999 451 0.999 439 0.999 427 0.999 414 0.999 402 0.999 390 
13 0.999 377 0.999 364 0.999 351 0.999 338 0.999 325 0.999 312 0.999 299 0.999 285 0.999 272 0.999 258 
14 0.999 244 0.999 230 0.999 216 0.999 202 0.999 188 0.999 173 0.999 159 0.999 144 0.999 129 0.999 115 
15 0.999 100 0.999 084 0.999 069 0.999 054 0.999 038 0.999 023 0.999 007 0.998 991 0.998 975 0.998 959 
16 0.998 943 0.998 927 0.998 910 0.998 894 0.998 877 0.998 860 0.998 844 0.998 827 0.998 809 0.998 792 
17 0.998 775 0.998 758 0.998 740 0.998 722 0.998 705 0.998 687 0.998 669 0.998 651 0.998 632 0.998 614 
18 0.998 596 0.998 577 0.998 558 0.998 540 0.998 521 0.998 502 0.998 483 0.998 464 0.998 444 0.998 425 
19 0.998 405 0.998 386 0.998 366 0.998 346 0.998 326 0.998 306 0.998 286 0.998 266 0.998 245 0.998 225 
20 0.998 204 0.998 184 0.998 163 0.998 142 0.998 121 0.998 100 0.998 079 0.998 057 0.998 036 0.998 014 
21 0.997 993 0.997 971 0.997 949 0.997 927 0.997 905 0.997 883 0.997 861 0.997 838 0.997 816 0.997 793 
22 0.997 771 0.997 748 0.997 725 0.997 702 0.997 679 0.997 656 0.997 633 0.997 609 0.997 586 0.997 562 
23 0.997 539 0.997 515 0.997 491 0.997 467 0.997 443 0.997 419 0.997 395 0.997 370 0.997 346 0.997 321 
24 0.997 297 0.997 272 0.997 247 0.997 222 0.997 197 0.997 172 0.997 147 0.997 122 0.997 096 0.997 071 
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�2#2��?P �.1 (�N1) ค/2!/�2O�N��1��QO21>P!�1/�O/"12�20 (air-saturated water) Q�/�N/" g/ml �?Pค/2!�1� 1013.25 hPa 1O2�1>��2� M.Tanaka 
 

t (°C) 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 
25 0.997 045 0.997 019 0.996 994 0.996 968 0.996 942 0.996 916 0.996 889 0.996 863 0.996 837 0.996 810 
26 0.996 784 0.996 757 0.996 731 0.996 704 0.996 677 0.996 650 0.996 623 0.996 595 0.996 568 0.996 541 
27 0.996 513 0.996 486 0.996 458 0.996 430 0.996 403 0.996 375 0.996 347 0.996 319 0.996 290 0.996 262 
28 0.996 234 0.996 205 0.996 177 0.996 148 0.996 119 0.996 090 0.996 061 0.996 032 0.996 003 0.995 974 
29 0.995 945 0.995 916 0.995 886 0.995 857 0.995 827 0.995 797 0.995 767 0.995 738 0.995 708 0.995 678 
30 0.995 647 0.995 617 0.995 587 0.995 556 0.995 526 0.995 495 0.995 465 0.995 434 0.995 403 0.995 372 
31 0.995 341 0.995 310 0.995 279 0.995 248 0.995 216 0.995 185 0.995 153 0.995 122 0.995 090 0.995 058 
32 0.995 026 0.994 994 0.994 962 0.994 930 0.994 898 0.994 866 0.994 833 0.994 801 0.994 768 0.994 736 
33 0.994 703 0.994 670 0.994 637 0.994 604 0.994 571 0.994 538 0.994 505 0.994 472 0.994 438 0.994 405 
34 0.994 371 0.994 338 0.994 304 0.994 270 0.994 237 0.994 203 0.994 169 0.994 134 0.994 100 0.994 066 
35 0.994 032 0.993 997 0.993 963 0.993 928 0.993 894 0.993 859 0.993 824 0.993 789 0.993 754 0.993 719 
36 0.993 684 0.993 649 0.993 613 0.993 578 0.993 543 0.993 507 0.993 471 0.993 436 0.993 400 0.993 364 
37 0.993 328 0.993 292 0.993 256 0.993 220 0.993 184 0.993 147 0.993 111 0.993 075 0.993 038 0.993 001 
38 0.992 965 0.992 928 0.992 891 0.992 854 0.992 817 0.992 780 0.992 743 0.992 706 0.992 668 0.992 631 
39 0.992 594 0.992 556 0.992 518 0.992 481 0.992 443 0.992 405 0.992 367 0.992 329 0.992 291 0.992 253 
40 0.992 215 0.992 177 0.992 138 0.992 100 0.992 061 0.992 023 0.991 984 0.991 945 0.991 906 0.991 868 
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�2#2��?P �. 2 ค/2!/�2O�N��1��QO2�#20�2�12�20 (air-free water) Q�/�N/" g/ml �?Pค/2!�1� 1013.25 hPa 1O2�1>��2� M.Tanaka  
 

t (°C) 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 
5 0.999 967 0.999 965 0.999 963 0.999 961 0.999 959 0.999 957 0.999 954 0.999 952 0.999 949 0.999 946 
6 0.999 943 0.999 940 0.999 937 0.999 933 0.999 929 0.999 926 0.999 922 0.999 918 0.999 913 0.999 909 
7 0.999 904 0.999 900 0.999 895 0.999 890 0.999 885 0.999 880 0.999 874 0.999 869 0.999 863 0.999 857 
8 0.999 851 0.999 845 0.999 839 0.999 833 0.999 826 0.999 819 0.999 813 0.999 806 0.999 798 0.999 791 
9 0.999 784 0.999 776 0.999 769 0.999 761 0.999 753 0.999 745 0.999 737 0.999 728 0.999 720 0.999 711 
10 0.999 703 0.999 694 0.999 685 0.999 676 0.999 666 0.999 657 0.999 648 0.999 638 0.999 628 0.999 618 
11 0.999 608 0.999 598 0.999 588 0.999 577 0.999 567 0.999 556 0.999 545 0.999 534 0.999 523 0.999 512 
12 0.999 500 0.999 489 0.999 477 0.999 466 0.999 454 0.999 442 0.999 430 0.999 418 0.999 405 0.999 393 
13 0.999 380 0.999 367 0.999 355 0.999 342 0.999 329 0.999 315 0.999 302 0.999 289 0.999 275 0.999 261 
14 0.999 247 0.999 233 0.999 219 0.999 205 0.999 191 0.999 176 0.999 162 0.999 147 0.999 132 0.999 118 
15 0.999 103 0.999 087 0.999 072 0.999 057 0.999 041 0.999 026 0.999 010 0.998 994 0.998 978 0.998 962 
16 0.998 946 0.998 930 0.998 913 0.998 897 0.998 880 0.998 863 0.998 846 0.998 829 0.998 812 0.998 795 
17 0.998 778 0.998 760 0.998 743 0.998 725 0.998 707 0.998 689 0.998 671 0.998 653 0.998 635 0.998 617 
18 0.998 598 0.998 580 0.998 561 0.998 542 0.998 523 0.998 505 0.998 485 0.998 466 0.998 447 0.998 427 
19 0.998 408 0.998 388 0.998 369 0.998 349 0.998 329 0.998 309 0.998 288 0.998 268 0.998 248 0.998 227 
20 0.998 207 0.998 186 0.998 165 0.998 144 0.998 123 0.998 102 0.998 081 0.998 060 0.998 038 0.998 017 
21 0.997 995 0.997 973 0.997 951 0.997 929 0.997 907 0.997 885 0.997 863 0.997 841 0.997 818 0.997 796 
22 0.997 773 0.997 750 0.997 727 0.997 704 0.997 681 0.997 658 0.997 635 0.997 612 0.997 588 0.997 564 
23 0.997 541 0.997 517 0.997 493 0.997 469 0.997 445 0.997 421 0.997 397 0.997 372 0.997 348 0.997 323 
24 0.997 299 0.997 274 0.997 249 0.997 224 0.997 199 0.997 174 0.997 149 0.997 124 0.997 098 0.997 073 
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�2#2��?P �.2 (�N1) ค/2!/�2O�N��1��QO2�#20�2�12�20 (air-free water) Q�/�N/" g/ml �?Pค/2!�1� 1013.25 hPa �2�2!�2#�1� M.Tanaka  
 

t (°C) 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 
25 0.997 047 0.997 021 0.996 996 0.996 970 0.996 944 0.996 918 0.996 891 0.996 865 0.996 839 0.996 812 
26 0.996 786 0.996 759 0.996 732 0.996 706 0.996 679 0.996 652 0.996 624 0.996 597 0.996 570 0.996 543 
27 0.996 515 0.996 488 0.996 460 0.996 432 0.996 404 0.996 376 0.996 348 0.996 320 0.996 292 0.996 264 
28 0.996 235 0.996 207 0.996 178 0.996 150 0.996 121 0.996 092 0.996 063 0.996 034 0.996 005 0.995 976 
29 0.995 946 0.995 917 0.995 888 0.995 858 0.995 828 0.995 799 0.995 769 0.995 739 0.995 709 0.995 679 
30 0.995 649 0.995 619 0.995 588 0.995 558 0.995 527 0.995 497 0.995 466 0.995 435 0.995 404 0.995 373 
31 0.995 342 0.995 311 0.995 280 0.995 249 0.995 217 0.995 186 0.995 154 0.995 123 0.995 091 0.995 059 
32 0.995 027 0.994 996 0.994 963 0.994 931 0.994 899 0.994 867 0.994 834 0.994 802 0.994 769 0.994 737 
33 0.994 704 0.994 671 0.994 638 0.994 605 0.994 572 0.994 539 0.994 506 0.994 473 0.994 439 0.994 406 
34 0.994 372 0.994 339 0.994 305 0.994 271 0.994 237 0.994 204 0.994 170 0.994 135 0.994 101 0.994 067 
35 0.994 033 0.993 998 0.993 964 0.993 929 0.993 894 0.993 860 0.993 825 0.993 790 0.993 755 0.993 720 
36 0.993 685 0.993 650 0.993 614 0.993 579 0.993 543 0.993 508 0.993 472 0.993 437 0.993 401 0.993 365 
37 0.993 329 0.993 293 0.993 257 0.993 221 0.993 184 0.993 148 0.993 112 0.993 075 0.993 039 0.993 002 
38 0.992 965 0.992 929 0.992 892 0.992 855 0.992 818 0.992 781 0.992 744 0.992 706 0.992 669 0.992 632 
39 0.992 594 0.992 557 0.992 519 0.992 481 0.992 443 0.992 406 0.992 368 0.992 330 0.992 292 0.992 253 
40 0.992 215 0.992 177 0.992 139 0.992 100 0.992 062 0.992 023 0.991 984 0.991 946 0.991 907 0.991 868 



.@ค(%/� �  !?/อ0N@�(ล�@1สอ&N#?0& 
 

�.1 !?/อ0N@�(ล�@1สอ&N#?0&Nค1APอ�ค/&คB/�@1QหOส@1ล>ล@0#@�หลอ NลAอ  ํ@ O/0/>$?�@1!/� 
 

Nค1APอ�#?P#ํ@�@1สอ&N#?0& (UUC) /1��?P  5 �B! 2�1��์ 2566  
"?P/O1 (Brand) ��������������.....����. ส.@/>O/ ลOอ/  
#BN� (Model) ����������������....���. 

1B�/ C!> �N1�      23.3               ðC  
/!2"Nล�Nค#AP1� ����������������.....�. /ล1�      21.2               ðC 

Nค1APอ�/Aอ/@!1�@% (STD) �CO�O2�2#/1� �������........������������ ��2��1��#0�1��/�   5  10  Oล0 25  ml 
#0"0/N2�#0//N2��?�  0.1  0.2  Oล0 0.5  ml �CO�#/�21� ���������........���������.. 

/1��?P ����������������........������. �#0N ��1�22#ล0ล2" �QO2�#20�2�O�P2 
 

!@1@�&?%#@�(ล�@1/?  
ลO2�1��?P 

(ÿ) 11�#2�2#R/ล 
�?P�B�21�N�?"� (ml/h) 

�#>!2� 
�ล�2#/1��2�Nค#AP1�!A1!2�#�2� 

ค#1Q��?P 1 ค#1Q��?P 2 ค#1Q��?P 3 คN2N�ล?P" 

1. 10 
�#>!2�# (ml) 2.6 2.6 2.6 2.6 
N/ล2 (min) 15.58 15.33 15.72 15.54 

2. 100 
�#>!2�# (ml) 8.6 8.6 8.6 8.6 
N/ล2 (min) 5.25 5.33 5.30 5.29 

3. 200 
�#>!2�# (ml) 17.4 17.4 17.4 17.40 
N/ล2 (min) 5.17 5.20 5.25 5.21 

 
(ล�@1ค@ํ%/�(ล�@1/?  
ลO2�1��?P 

(ÿ) 11�#2�2#R/ล 
 �?P�B�21�N�?"� (ml/h) 

�ล�2#คO2�/�11�#2�2#R/ล (ml/h) คN2N�ล?P" 
(ml/h) 

คN2N�?P"�N��
!2�#�2� ค#1Q��?P 1 ค#1Q��?P 2 ค#1Q��?P 3 

1. 10 10.0 10.2 9.9 10.04 0.13 
2. 100 98.3 96.8 97.4 97.48 0.75 
3. 200 201.9 200.8 198.9 200.52 1.55 
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�1/1"N2��ล�2#�#0N!>�ค/2!R!NO�N�1��1��2#21�N�?"��O/"/>�?�2#�/� �?P11�#2�2#R/ล 10 ml/h 
 

Quantity ÿ� 
Estimate 

Value ý� Unit 
Standard 

Uncertainty ÿ�ý�� 

Probability 
Distribution 

Sensitivity 
Coefficient ý� 

Uncertainty 
Contribution ÿ��ÿ� 

Degree of 
Freedom ÿ� ý� 10 ml/h - - - - - ý��� 2.6 ml 0.029 rectangular 3.86 0.111  ÿý��� 0 ml 0.006 rectangular 3.86 0.022  ý��� 15.54 min 0.019 rectangular -0.65 -0.012  ÿý��� 0 min 0.005 rectangular -0.65 -0.003  ÿý��� 0 ml/h 0.074 normal 1.00 0.074 2 ý��� 10.04 ml/h ÿ� ý � 2.11 0.0136 23 ∆ý 0.04 ml/h ý� 

0.29 ml/h 
   2.88 % 

 
�1/1"N2��ล�2#�#0N!>�ค/2!R!NO�N�1��1��2#21�N�?"��O/"/>�?�2#�/� �?P11�#2�2#R/ล 100 ml/h 
 

Quantity ÿ� 
Estimate 

Value ý�  

Unit 
Standard 

Uncertainty ÿ�ý�� Probability 
Distribution 

Sensitivity 
Coefficient ý� 

Uncertainty 
Contribution ÿ��ÿ� Degree of 

Freedom ÿ� ý� 100 ml/h - - - - - ý��� 8.6 ml 0.058 rectangular 11.34 0.654  ÿý��� 0 ml 0.012 rectangular 11.34 0.131  ý��� 5.29 min 0.019 rectangular -18.42 -0.354  ÿý��� 0 min 0.005 rectangular -18.42 -0.089  ÿý��� 0 ml/h 0.431 normal 1.00 0.431 2 ý��� 97.48 ml/h ÿ� ý � 2.08 0.874 34 ∆ý -2.52 ml/h ý� 
1.82 ml/h 

   1.82 % 
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�1/1"N2��ล�2#�#0N!>�ค/2!R!NO�N�1��1��2#21�N�?"��O/"/>�?�2#�/� �?P11�#2�2#R/ล 200 ml/h 
 

Quantity ÿ� 
Estimate 

Value ý� Unit 
Standard 

Uncertainty ÿ�ý�� Probability 
Distribution 

Sensitivity 
Coefficient ý� 

Uncertainty 
Contribution ÿ��ÿ� Degree of 

Freedom ÿ� ý� 200 ml/h - - - - - ý��� 17.4 ml 0.144 rectangular 11.52 1.663  ÿý��� 0 ml 0.029 rectangular 11.52 0.333  ý��� 5.21 min 0.019 rectangular -38.51 -0.741  ÿý��� 0 min 0.005 rectangular -38.51 -0.185  ÿý��� 0 ml/h 0.897 normal 1.00 0.897 2 ý��� 200.51 ml/h ÿ� ý � 2.05 2.065 56 ∆ý 0.51 ml/h ý� 
4.22 ml/h 

   2.11 % 
 

�1/1"N2�#2"�2��ล�2#21�N�?"�Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2�O/"/>�?�2#�/� 
 

ลO2�1� 
( ÿ ) 11�#2�2#R/ล

�?P�1Q� 
(ml/h) 

11�#2�2#R/ล 
�?P/1�R�O 
(ml/h) 

ค/2!คล2�NคลAP1� ค/2!R!NO�N�1� 
�#>!2� 
(ml/h) 

#O1"ล0 
(%) 

�#>!2� 
(ml/h) 

#O1"ล0 
(%) 

1 10 10.04 0.04 0.4 0.3 2.9 
2 100 97.5 -2.5 -2.5 0.9 0.9 
3 200 200.5 0.5 0.3 4.2 2.1 
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�.2 !?/อ0N@�(ล�@1สอ&N#?0&Nค1APอ�ค/&คB/�@1QหOส@1ล>ล@0#@�หลอ NลAอ  ํ@ O/0/>$?�@1�?P� 
 
Nค#AP1��?P�O2�2#21�N�?"� (UUC) /1��?P  5 �B! 2�1��์ 2566 "?P/O1 (Brand) ����������������.....�.�. 
#BN� (Model) ������������������.....�. 2 2/0O/�ลO1! 
/!2"Nล�Nค#AP1� �����������������...... 

1B�/ C!> �N1�    23.4                 ðC  
Nค#AP1�!A1!2�#�2� (STD) /ล1�     24.0                 ðC 
"?P/O1 (Brand) ������������������....... �CO�O2�2#21�N�?"� �����������........���� #BN� (Model) �������������������...... 
�#0N ��1�22#ล0ล2" �QO2�#20�2�O�P2 �CO�#/�21� �����������������............. 

/1��?P ���������������������............ ค/2!/�2O�N��QO2 (ÿ��@��ð��) 0.997771 g/ml 
 
!@1@�&?%#@�(ล�@1/?  
ลO2�1��?P 

(ÿ) 11�#2�2#R/ล 
�?P�B�21�N�?"� (ml/h) 

�#>!2� 
�ล�2#/1��2�Nค#AP1�!A1!2�#�2� 

ค#1Q��?P 1 ค#1Q��?P 2 ค#1Q��?P 3 คN2N�ล?P" 

1. 10 
!/ล (g) 2.5623 2.5178 2.5250 2.5350 

N/ล2 (min) 15 15 15 15 

2. 100 
!/ล (g) 10.1403 10.0971 10.0725 10.1033 

N/ล2 (min) 6 6 6 6 

3. 200 
!/ล (g) 16.8285 16.7728 16.7607 16.7873 

N/ล2 (min) 5 5 5 5 
 
(ล�@1ค@ํ%/�(ล�@1/?  
ลO2�1��?P 

(ÿ) 11�#2�2#R/ล 
�?P�B�21�N�?"�(ml/h) 

�ล�2#คO2�/�11�#2�2#R/ล (ml/h) คN2N�ล?P" 
(ml/h) 

คN2N�?P"�N��
!2�#�2� ค#1Q��?P 1 ค#1Q��?P 2 ค#1Q��?P 3 

1. 10 10.3 10.2 10.2 10.23 0.10 
2. 100 101.8 101.4 101.1 101.43 0.34 
3. 200 202.7 202.0 201.9 202.17 0.44 
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�1/1"N2��ล�2#�#0N!>�ค/2!R!NO�N�1��1��2#21�N�?"��O/"/>�?�2#�1P� �?P11�#2�2#R/ล 10 ml/h 
 

Quantity ÿ�  

Estimate 
Value ý�  

Unit 
Standard 

Uncertainty ÿ�ý�� 

Probability 
Distribution 

Sensitivity 
Coefficient ý� 

Uncertainty 
Contribution ÿ��ÿ� 

Degree of 
Freedom ÿ� ý� 10 ml/h - - - - - ý��� 2.5350 ml 0.0058 rectangular 4.04 0.023  ÿý��� 0 ml 0.0003 rectangular 4.04 0.001  ý��� 15 min 0.019 rectangular -0.68 -0.013  ÿý��� 0 min 0.0048 rectangular -0.68 -0.003  ÿÿ��@��ð�� 0.997771 g/ml 0.0009 normal -10 -0.009  ÿý��� 0 ml/h 0.055 normal 1 0.055 2 ý��� 10.23 ml/h ÿ� ý � 3.31 0.062 3 ∆ý 0.2 ml/h ý�  

0.21 ml/h 
   2.06 % 

 
�1/1"N2��ล�2#�#0N!>�ค/2!R!NO�N�1��1��2#21�N�?"��O/"/>�?�2#�1P� �?P11�#2�2#R/ล 100 ml/h 
 

Quantity ÿ�  

Estimate 
Value ý� Unit 

Standard 
Uncertainty ÿ�ý�� 

Probability 
Distribution 

Sensitivity 
Coefficient ý� 

Uncertainty 
Contribution ÿ��ÿ� 

Degree of 
Freedom ÿ� ý� 100 ml/h - - - - - ý��� 10.1033 ml 0.0058 rectangular 10.04 0.058  ÿý��� 0 ml 0.0003 rectangular 10.04 0.003  ý��� 6 min 0.019 rectangular -16.90 -0.325  ÿý��� 0 min 0.0048 rectangular -16.90 -0.081  ÿÿ��@��ð�� 0.997771 g/ml 0.0009 normal -102 -0.091  ÿý��� 0 ml/h 0.199 normal 1 0.199 2 ý��� 101.43 ml/h ÿ� ý � 2 0.405 34 ∆ý 1.4 ml/h ý� 

0.84 ml/h 
   0.84 % 
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�1/1"N2��ล�2#�#0N!>�ค/2!R!NO�N�1��1��2#21�N�?"��O/"/>�?�2#�1P� �?P11�#2�2#R/ล 200 ml/h 
 

Quantity ÿ�  

Estimate 
Value ý�  

Unit 
Standard 

Uncertainty ÿ�ý�� 

Probability 
Distribution 

Sensitivity 
Coefficient ý� 

Uncertainty 
Contribution ÿ��ÿ� 

Degree of 
Freedom ÿ� ý� 200 ml/h - - - - - ý��� 16.7873 ml 0.0058 rectangular 12.04 0.070  ÿý��� 0 ml 0.0003 rectangular 12.04 0.003  ý��� 5 min 0.019 rectangular -40.43 -0.778  ÿý��� 0 min 0.0048 rectangular -40.43 -0.195  ÿÿ��@��ð�� 0.997771 g/ml 0.0009 normal -203 -0.182  ÿý��� 0 ml/h 0.251 normal 1 0.251 2 ý��� 202.17 ml/h ÿ� ý � 2 0.863 278 ∆ý 2.2 ml/h ý� 

1.73 ml/h 
   0.87 % 

 
�1/1"N2�#2"�2��ล�2#21�N�?"�Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2�O/"/>�?�2#�1P� 
 

ลO2�1� 
(ÿ ) 11�#2�2#R/ล

�?P�1Q� 
(ml/h) 

11�#2�2#R/ล 
�?P/1�R�O 
(ml/h) 

ค/2!คล2�NคลAP1� ค/2!R!NO�N�1� 
�#>!2� 
(ml/h) 

#O1"ล0 
(%) 

�#>!2� 
(ml/h) 

#O1"ล0 
(%) 

1 10 10.23 0.23 2.3 0.2 2.1 
2 100 101.4 1.4 1.4 0.8 0.8 
3 200 202.2 2.2 1.1 1.7 0.9 
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�.3  !?/อ0N@�(ล�@1สอ&N#?0&Nค1APอ�ค/&คB/�@1QหOส@1ล>ล@0#@�หลอ NลAอ  ํ@ O/0/>$?�@1/?  
 
Nค#AP1��?P�O2�2#21�N�?"� (UUC) /1��?P  5 �B! 2�1��์ 2566 
"?P/O1 (Brand) �����������������......�. 2 2/0O/�ลO1!  
#BN� (Model) ������������������......� 

1B�/ C!> �N1�      23.5              ðC  
/!2"Nล�Nค#AP1� ����������������.....�. /ล1�       24.1              ðC 
Nค#AP1�!A1!2�#�2� (STD) �CO�O2�2#21�N�?"� ������........��������� "?P/O1 (Brand) ������������������....... 
#BN� (Model) ������������������.....�. �CO�#/�21� �������������............����. 

/1��?P ��������������������..........�.. �#0N ��1�22#ล0ล2" �QO2�#20�2�O�P2 
 
!@1@�&?%#@�(ล�@1/? Oล>(ล�@1ค@ํ%/�(ล�@1/?  
ลO2�1��?P 

(ÿ) 11�#2�2#R/ล 
�?P�B�21�N�?"�(ml/h) 

�ล�2#/1�11�#2�2#R/ล (ml/h) คN2N�ล?P" 
(ml/h) 

คN2N�?P"�N��
!2�#�2� ค#1Q��?P 1 ค#1Q��?P 2 ค#1Q��?P 3 

1. 10 10.5 10.4 10.4 10.43 0.02 
2. 100 104.1 103.9 103.8 103.93 0.16 
3. 200 209.6 209.8 209.3 209.59 0.25 

 
�1/1"N2��ล�2#�#0N!>�ค/2!R!NO�N�1��1��2#21�N�?"��O/"/>�?�2#/1� �?P11�#2�2#R/ล 10 ml/h 
 

Quantity ÿ� 
Estimate 

Value ý� Unit 
Standard 

Uncertainty ÿ�ý�� Probability 
Distribution 

Sensitivity 
Coefficient ý� 

Uncertainty 
Contribution ÿ��ÿ� 

Degree 
of 

Freedom ÿ� ý� 10 ml/h - - - - - ý��� 10.4 ml/h 0.120 rectangular 1.0 0.120  ÿý��� 0 ml/h 0.003 rectangular 1.0 0.003  ÿý��� 0 ml/h 0.012 normal 1.0 0.012 2 
  ml/h ÿ� ý � 2 0.121 24133 ∆ý 0.4 ml/h ý�  

0.2 ml/h 
   2.4 % 
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�1/1"N2��ล�2#�#0N!>�ค/2!R!NO�N�1��1��2#21�N�?"��O/"/>�?�2#/1� �?P11�#2�2#R/ล 100 ml/h 
 

Quantity ÿ� 
Estimate 

Value ý� Unit 
Standard 

Uncertainty ÿ�ý�� Probability 
Distribution 

Sensitivity 
Coefficient ý�  

Uncertainty 
Contribution ÿ��ÿ� 

Degree 
of 

Freedom ÿ� ý� 100 ml/h - - - - - ý��� 103.9 ml/h 0.120 rectangular 1.0 0.120  ÿý��� 0 ml/h 0.003 rectangular 1.0 0.003  ÿý��� 0 ml/h 0.090 normal 1.0 0.090 2 
  ml/h ÿ� ý � 2 0.103 65351 ∆ý 3.9 ml/h ý�  

2.4 ml/h 
   2.4 % 

 

�1/1"N2��ล�2#�#0N!>�ค/2!R!NO�N�1��1��2#21�N�?"��O/"/>�?�2#/1� �?P11�#2�2#R/ล 200 ml/h 
 

Quantity ÿ� 
Estimate 

Value ý� Unit 
Standard 

Uncertainty ÿ�ý�� Probability 
Distribution 

Sensitivity 
Coefficient ý� 

Uncertainty 
Contribution ÿ��ÿ� 

Degree 
of 

Freedom ÿ� ý� 200 ml/h - - - - - ý��� 209.6 ml/h 2.420 rectangular 1.0 2.420  ÿý��� 0 ml/h 0.003 rectangular 1.0 0.003  ÿý��� 0 ml/h 0.147 normal 1.0 0.147 2 
  ml/h ÿ� ý � 2.00 2.425 148896 ∆ý 9.6 ml/h ý� 

4.8 ml/h 
   2.4 % 

 

�1/1"N2�#2"�2��ล�2#21�N�?"�Nค#AP1�ค/�คB!�2#Q/O22#ล0ล2"�2�/ล1�NลA1��O2�O/"/>�?�2#/1� 
 

ลO2�1� 
( ÿ ) 11�#2�2#R/ล

�?P�1Q� 
(ml/h) 

11�#2�2#R/ล 
�?P/1�R�O 
(ml/h) 

ค/2!คล2�NคลAP1� ค/2!R!NO�N�1� 
�#>!2� 
(ml/h) 

#O1"ล0 
(%) 

�#>!2� 
(ml/h) 

#O1"ล0 
(%) 

1 10 10.43 0.43 4.3 0.2 2.4 
2 100 103.9 3.9 3.9 2.4 2.4 
3 200 209.6 9.6 4.8 4.8 2.4 
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