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Äuü©ÛÏ��©Ñù	 (non-dispersive infrared, NDIR) íN©ÛEâ, JÑ�«ü|©V©ÛÏ�íNu
ÿ�{. �â SO2 �ù	áÂA�, æ^Å�È©íNáÂ�.Ú�{, ÀJâÔ[Ð°�.¿�Ä§ÝÚíØé
È©�r!�.�K�, (½
ü�©ÛÏ��ÈÅëê. ¦^ 7.32 µm Ú 4 µm Åã©O�ü�u�u 280 ppm

��u 280 ppm � SO2 ßÝ; ¦^���¦{, ±n�õ�ª�[Ü�., ¼�
ü�©ÛÏ��½I­�. éXÚ
�ÿþ�5Ý!uÿ�ÚÿþO(Ý?1
©Û. ü�©ÛÏ��éÜ�±¢y�A ppm � 10000 ppm �°Ä�
��� SO2 ÿþ, �XÚÿþ�5Ý�u 0.99, ÿþØ��u 5%. Q�Ñ
 NDIR íN©ÛEâuÿ(¯ÝÚ°Ä
�ÿþ��ØUÓ�o��"�, ûÐ�XÚÿþ�5Ý��õ|©íN©Û�Z6?�Jø
�~7��cJ
^�.

'�c: �¸À/iÿ, 1ÆÿþEâ, �©Ñù	, íN©Û

PACS: 07.88.+y, 42.87.–d, 07.07.Df, 33.20.Ea

1 Ú ó

ù	Åã (1—10 µm) �©f�=1Ì�Äª
áÂ«, éõíN3ù�ÅãÑ�3�«áÂ�,

áÂrÝ��Ù¦áÂÅã� 10 —10000 �, ¦ù
	Eâ¤�íN©Û+��É�à�©ÛÃã�
� [1−3]. �©Ñù	 (NDIR) Eâ��ù	íN©
ÛEâ��«, ¤ì(�{ü!¦^Æ·�!d�
B¨!�o¤�$!U�~�B/?1<Å�p,

®2�A^u-�!À/!��!ð�, zÆ!
�õ9Ù¦+� [4−7]. Cc5, NDIR EâA^u
ó�À/
ëYü�iÿXÚ (continuous emission

monitoring system, CEMS) õ|©íNp°Ý°Ä
���uÿ�ïÄÅì,§. Andre �JÑ¦^1
Ì�'{5?� NDIR íN©Û¥�	.íNZ
6, lnØþy²
 NDIR p°ÝíNÿþ��U
5 [8]. Dirk �b�z�©ÛÏ��&ÒP~��

X�íNáÂ�U\, ÏL¦)dZ6XêL�
¤�Z6�§|, ?�
íNm���Z6, ¢y

 NDIR õ|©íN�Ó�©Û [9]. Heusinkveld

� [10] JÑ
�¸�í¥Z6Yð�?��{,

^ NDIR �{¢y
�¸�í¥m�1´� CO2

p°ÝµÝ�'ÿþ. ,
, ù
Z6?��cJ
´XÚäkûÐ�ÿþ�5ÝÚ (½) (¯Ý.

du)�!\óL§ØÓ, ó�À/
�À/
íNßÝ��ã�. ~XÔ�õ�ÑÔÏm� SO2

ßÝ�k�A� ppm (10−6), $���, 
Ô�õ
Ïm�ø1c� SO2 ßÝ�±��þZ ppm, $�
AZ ppm [11]. NDIR ©ÛEâ�,U
�yXÚû
Ð�ÿþ�5Ý, �Ã{Ó�o�ÿþ(¯ÝÚ°
Ä�ÿþ��. ��p°Ýÿþda°Ä����
íNßÝ�ØK�õ|©íN©Û�Z6?�, D
Ú�ü©ÛÏ�ÿþEâ®ØU÷v. �©¦^ü
�©ÛÏ�ÿþ SO2 íN, ¦^ráÂÏ�¢y$
ßÝ SO2 ÿþ, fáÂÏ�¢ypßÝ SO2 ÿþ,
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3�yXÚûÐÿþ�5Ý�cJe, �ÿþ(¯
ÝÚ°Ä�ÿþ��é�
��²ï:, � NDIR

õ|©íNp°Ý!°Ä���ÿþJø
ûÐ
�cJ^�, Ó��Ù¦íN (�~��� NO2,

CO2) V©ÛÏ�ÿþJø
�/��)û�Y.

2 NDIR íN©Û�n

�©Ñù	{ÿþíNßÝ�Än�KË'
�½Æ (Lambert-Beer law)[9,12], 1&Ò²L�íá
Â�, 1r÷vXe'X:

IS = I0 exp(−τ) = I0 exp(−αCL), (1)

τ = αCL = ln
(

I0

IS

)
, (2)

(1) ª¥, I0 � IS ©O�\�1rÚÑ�1r; α

��ÿíN�áÂXê, ü � cm2/molec, �ÏL
ê�È©��; C (molec/cm3) ��¬³¥�ÿíN
�ßÝ, L (cm) �1&Ò3�¬³Sõg����
�¢SáÂ1§, τ ��ÿíN�á1Ý½¡1Æ
þÝ, �Ãþjþ. IS , I0 �d&ÿì��, L ��
½�, ¤±¼�íN�á1ÝÚáÂXê��, =
��üíN�ßÝ.

,
, ¦^ NDIR {©ÛíNßÝ�, Ï~¦^
�ÏÈ1¡5ÀJ^ußÝ�ü�1Ì�° ∆λ,

��°���° (A��AzB�). �Ä�È1¡
3���°SßLÇ��þ!©ÙÚ�ä, \�&
ÿì��þ!�A!©fáÂ��Ð°�A!ê
�È©Cq?n�5�Ø�!1
Ø­½5!�
¬³½&ÿì§Ý¤£�Ï��K�, Ï~¬¦á
ÂXê�nØO���¢S�k�½ �, ¦á1
Ý�íNßÝ¿�¤�5'X, ?
O�íNßÝ
��üØ�.

�
O(�üíNßÝ, ��òíNá1Ý
w����N, ÏL���¦{[ÜÑíNßÝ
�á1Ý�¼ê'Xª, =½I­�. �íNá1
Ý(½��, ÏLT¼ê=��üíN�ßÝ. á
1Ý�O�L§¥, Ï~Ú\��ë�ÈÅÏ�
5�ØXÚ¤£!M�ÅÄ�K�. Xd, (2) ª
=z� [13,14]

τ = αCL = ln
(

I0
T/I0

ref

IS
T/IS

ref

)
, (3)

I0
T, IS

T ©OL«8IÈÅÏ��\�1rÚÑ�

1r, I0
ref , IS

ref ©OL«ë�ÈÅÏ��\�1r
ÚÑ�1r.

3 ¢�XÚ

¢�¤^ NDIR íN©ÛC�Xã 1 ¤«. ¢
�C�Ì��)ù	Ë�1
!È1Ó!õg�
�³!&ÿì9�Aêâ©ÛXÚ. ù	1
�
\9� 1200 K (= 927 ◦C) �q�Ü7j, �)�
1&Ò1Ì��CX 1—10 µm, ��Ë�Å��
� 3.2 µm; È1Óþ�)ØÓa.�È1¡±È
K�½ª��1&Ò; ÓÚ>Å��È1Ó=Ä±
��1ÆÈÅÚN�1Å�V­�^; 1&Ò3
õg��³Sn�¥¡º (f = 396.5 mm) �mõ
g��±O\íNáÂ1§ (�¬³� 60 cm, õ
g����¢S1§�� 12 m �m); 6þ��z
�Äí"�éÜ�^ò�ÿ·ÜíNð�/Ä\
�¬³ (∼1L/s), ±�y�¬³SØå�­½; �;
�$§�Yðv(½��U�3��5íNu)
zÆ�A, @¡�¬³, ü$ÿþO(Ý, \9�
¬�§ÝDaì¦�¬³S�§Ý­½3 343 K

(= 70 ◦C); >^z��í´ÀJ, ¤ì�O�, Ä
\�¬³��ØÓßÝ�IOíN, ßÝÿþÏm,

Ä\�¬³����ßÝ��í; &ÿì�ÝzY
&ÿì, Ù3 1—10 µm �ù	ÅãäkûÐ��
AA5.

¢�C��È1Óþ��k 8 �È1¡�
�, ÏLV\½��È1¡, �±ÿþó�À/

� SO2, CO2, CO, NO, NO2, CH4, N2O, HC, NH3,

H2S �À/íN. ùp��Ñ¦^ü�©ÛÏ�ÿ
þ SO2 �~f. ù�Ø
ü� SO2 ©ÛÏ�9�
�^uXÚ¤£?��ë�ÈÅÏ�	, Ù¦©Û
Ï�Ø��Ä. Ù¦íN�©Û½õ|©íNÓ�
©Û9��Z6�?��{�©z [11—14].

4 ÈÅëêÀ�

ÈÅëêÀ�cLéXÚ�ÿþ���nØ
��. ¦+¢SßÝ�ü�Ï~òá1Ýw��
��N, /Ïu½I­�¼�íNßÝ, 
¿�^
�áÂXê α, � α �O�éÈÅëêÀ�c�
ÿþ����äk�~­�����^. b½X
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Ú � ± é Ð / © E 5%—95%� m � & Ò P
~ [8,9], =XÚÿþ�� u IS = 0.05I0—0.95I0

�m, |^ (2) ª=��á1Ý: τ  u 0.05129

—2.9957 �m. duáÂ1§ L = 1200 cm, ¤±
��O�ÑáÂXê α, =�nØí�ÑXÚ�
ÿþ��.� � �

ã 1 �©Ñù	íN©ÛC�

áÂXê α �O��1Ì�° ∆λ Sz^á
ÂÌ��áÂ�rÚáÂ�.¼ê���'. z^
Ì��áÂ�r S �d HITRAN êâ¥Jø, �
.¼ê��ÀJ3 20 km ±e�$��í¥ÓÌ
��^�âÕ[�. σL(λ)[15]:

σL(λ) =
aL

π[(λ − λ0)2 + a2
L]

, (4)

aL �âÔ[�°, λ0 �áÂ��¥%Å�. §Ý
,p�, éáÂ�rÚÌ�Ð°ÑkK�, 
 HI-

TRAN êâ¥Jø�ý�õêíN��rëêþ
�§Ý Tref = 296 K, íØ Pref = 101325 Pa ��ë
��. éu,�¢S§Ý T ���rÚ�°�©O
d±eúª?� [16].

¢S§Ý T ���r?�:

Sηη′(T ) = Sηη′(Tref) ·
Qvib(Tref)Qrot(Tref)

Qvib(T )Qrot(T )

× exp(−c2Eη/T )
exp(−c2Eη/Tref)

× [1 − exp(−c2ληη′/T )]
[1 − exp(−c2ληη′/Tref)]

, (5)

(5) ª ¥, C2 L « 1 � Ë � ~ ê (hc/k =

1.4388 cm·K−1), ληη′ L«áÂ��Å�, Eη �á

Â��$U��, T Ú Tref ©OL«O�§ÝÚë
�§Ý (��� 296 K), Qvib(T ) Ú Qrot(T ) ©O�

Qvib(T ) = Πi[1 − exp(−hwi/KT )]−di , (6)

Qrot(T ) = Qrot(Tref)(T/Tref)n, (7)

Ù¥, wi ´�ª i �Äª, di ´{¿Ý, �êÏf n

éu�5©f� 1, �é¡©f� 1.5. (5) ª¥�Ù
¦ëêÑ�l HITRAN êâ¥¥���� [16].

éuâÕ[�.�Ð°, ¢S§Ý T ÚíØ P

���°?� [16]:

γL(P, T ) =
(

Tref

T

)n

· [γair(Pref , Tref) × (P − PS)

+γself(Pref , Tref) × Ps] , (8)

(8) ª¥, γself L«áÂ��gÐ°, γair L«áÂ
���íÐ°, n L«�íÐ°�§ÝCz�ëê,

P � Ps ©OL«�O�íØÚáÂíN¤Ó�©
Ø. ±þëêþ�l HITRAN êâ¥¥����.

ã 2 � HITRAN êâ¥Jø� SO2 3 2—

10 µm �ù	áÂ1Ì. lã¥�±wÑ SO2 áÂ
�Ì�©Ù3 4, 7.3 9 8.5 µm Åã; 7.3 µm Åã�
áÂ��r, 8.5 µm ÅãÙg, 4 µm Åã�f, þ
?©O� 10−20, 10−21, 10−22 (cm2/molec). �
¦
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XÚUÿþ�A ppm �� 10000 ppm °Ä���
� SO2 ßÝ, Ó��Ä1
�Ë�rÝ©Ù, ·�
ÀJ 7.3 µm Åã�ü$ßÝ� SO2, 4 µm Åã�
üpßÝ� SO2, ¿æ^ 3.73 µm Åã��ë�Ï
�. �áÂÅãÀ��, È1¡�°�(½UXe
�{¢y. � � � � � �� � � � �� � � � 	� � � � �
� �
� 
 
�� ��� � � �� � � � � � � � � � � � � � � � �

ã 2 SO2 2—10 µm Åã�ù	áÂ1Ìã (x-logy /ª)

1) Ä k � � � � ° � ∆, § Ý � � ¬ ³ §
Ý 343 K, íØ� 1 �IO�íØ, Ì��.À
JâÕ[�.¼ê σL(λ), �âc¡0��áÂ�
rÚ�.Ð°?�úª, æ^ Sparks �JÑ�íN
áÂÅ�È©O��{ [17], é SO2 3n�ÈÅÏ
��áÂXê?1O�; ¿�âO�Ñ�áÂXê
Úc¡�Ñ�á1Ý��, é��ÈÅÏ��ÿþ
��?1��, XJXÚÿþ��Ü·, Åã(½,

XJØÜ·, K±¥%Å��é¡, ü>©OO\
��Ú� ∆′ UYO�, · · · · · · , ­E±þÚ½��
é��Z�°.

2) �°(½I��Ä1
�Ë�rÝ©Ù�
¹, ��Ë�Å�NC�Åã�°�Ä, �l��
Ë�Å��Åã�°��°, ±(� “"í” �µ
e (99.999% N2) ��ÈÅÏ��&ÒrÝ�N�
�, �B�Yêâæ8Úêâ?n. ~X, 7.32 µm

(SO2(L)) Åã�È1¡�°A�u 4 µm (SO2(H))

Ú 3.73 µm (Ref) Åã��°.

3) �yë�ÈÅÏ�&ÒrÝ��¹e, ë�
È1¡�°�Ä�Ð.

²õgO��(½���È1¡�ëêX
L 1 ¤ «. � A � O � ( J, ~ X � � È Å Ï
� � á Â X ê ! ÿ þ � � d L 2 � Ñ. l L 2

� ± w Ñ, SO2 3 ë � È Å Ï � S � á Â X ê
© O = � SO2 (L) Ú SO2 (H) Ï � � 6.1×10−5

Ú 2.76×10−3. SO2 3ë�ÈÅÏ���$uÿ

� (=�A�) � 88270.9 ppm, éu 10000 ppm ±
e SO2 áÂE¤�&ÒP~���±�Ñ. X
d, ?¿��	.Z6E¤�&ÒP~ (X1
P
z!>ØÅÄ!�DÑ��) ÌÝ�ü�8Ií
N©ÛÏ��Ó, �±éÐ/�ØXÚ¤£. SO2

3 SO2 (H) ©ÛÏ��áÂXê� SO2 (L) Ï�
� 2.02%. XJ=æ^ SO2 (L) ©ÛÏ�, Ù�$u
ÿ��±�� 5.37 ppm. ,
, duTÏ�S SO2

�áÂXê��, Ùuÿþ�=� 313.904 ppm, T
©ÛÏ��±O(ÿþ$ßÝ� SO2. ~XÔ�
õ�ÑÔÏm� SO2 ßÝ, �éu�pßÝ�µ
� SO2 (�u 350 ppm). ~XÔ�õ��õÏm�
ø1c� SO2 ßÝ, TÏ�KÃU�å. Ón, X
J=æ^ SO2 (H) ©ÛÏ�, Ùuÿþ��±�
� 14224.6 ppm. ,
, duTÏ�S SO2 �áÂ
Xê��, Ù�$uÿ�p� 243.56 ppm, T©Û
Ï��±O(ÿþpßÝ� SO2, éu SO2 ßÝ�
u 200 ppm ��¹, TÏ�KÃU�å. XJÓ�
éÜü�©ÛÏ�, SO2 (L) ©ÛÏ�KI$ßÝ
� SO2 ÿþ, SO2 (H) Ï�KIpßÝ� SO2 ÿþ,

¿¦ SO2 (H) Ï���$uÿ� (243.56 ppm) $
u SO2 (L) Ï���puÿ� (313.904 ppm), @o
XÚ=�O(ÿþ�A ppm � 10000 ppm °Ä�
��� SO2 ßÝ.

L 1 ��ÈÅÏ��È1¡ëê

ÈÅÏ� (#) #1 #2 #3

ÈÅ¡ Ref SO2 (L) SO2 (H)

¥%Å�/µm 3.73 7.32 4.00

¸��p°/µm 0.08 0.4 0.1

ßLÇ/% 76 80 80

L 2 ��ÈÅÏ��nØÿþ�����

È©�� áÂXê �$uÿ� �puÿ�

/µm /(cm2/molec) /ppm /ppm

ë� 3.69—3.77 2.46113×10−23 88270.9 5.15537×106

SO2 (L) 7.12—7.52 4.04201×10−19 5.3747 313.904

SO2 (H) 3.95—4.05 8.91975×10−21 243.556 14224.6

5 ¢��(J©Û

5.1 ½½½III­­­���¼¼¼���

>^z��IOí6Ï��m, òØÓßÝ
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� SO2 íNÄ\�¬³, ©Û¤­½�, êâ©
ÛXÚ©OPeØÓßÝ� SO2 (L) Ú SO2 (H)

©ÛÏ��&ÿ>Ø¿�â (3) ªòÙ=��á
1Ý. æ^���¦{, ±n�õ�ª��[Ü�
., éêâ| (τX

i , Ci) ?1êâ?n [18,19], =�
©O�� SO2 (L) Ú SO2 (H) ©ÛÏ��½I¼
ê, Ù¥, i = 1∼ n, Ci �1 i gÏ\�¬³� SO2

ßÝ, τX
i ��¬³Ï\ Ci ßÝ� SO2 � X ©

ÛÏ��á1Ý, X = SO2 (L) ½ SO2 (H). Ù¥,

SO2 (L) ©ÛÏ��?nßÝ 6 280 ppm �êâ
|, SO2 (H) ©ÛÏ��?nßÝ > 280 ppm �
êâ|. ã 3(a) Ú (b) ©O� SO2 (L) Ú SO2 (H)

©ÛÏ��½I­�, §�½Â
íNßÝ�á
1Ý�éA'X, ´ßÝ�ü�7�^�. ã 3

��Ñ
�^­��[Üëê. lã¥�±w
Ñ, �^­��[Ü�'Xê R þ�u 0.999, Ù
¥ SO2 (L) ©ÛÏ��½I­�� y = 5.40386

+ 94.58219x + 44.59494x2 + 11.43462x3; SO2 (H)

© Û Ï � � ½ I ­ � � y = –109.98492 +

4402.11471x + 229.94456x2 + 406.11472x3.

� � � � � � � � � � � � ��� � � �� � � �� � � �� � � � � � 	 
 � � � �
 � 	 � 
 � � � � � � � 
 � � � � �� � 	 � 
 � � � � � � � 
 � � � � �� � � 
 � � � � � � � � 
 � � � 	 �� 	 � 
 � � � � � � � 
 � 	 � 	 � � � � � � � � � � � � �� � � � � � � � � � � �� � �� � � � � � � � � � � � � � � � � � � � � ��� �� � �� � �� � �� � � � � 	 
 � � � � ! " # $ � 
 � 	 � � � 	 
 � � � � �� � 
 � � � � � � 
 � � � � �� � 
 � � � � � � 
 � � � � �� � 
 � � � � � � 
 � � � � � � % �& ' ( ! ) ( " * )  # * # ) ( $ * $ ! " # $ & ' ( ! ) ( " * )  # * # ) ( $ * $+ ,,-
ã 3 n�õ�ª[Ü¼�� SO2 (L) Ú SO2 (H) ©ÛÏ��
½I­� (a) SO2 (L); (b) SO2 (H)

æ^ NDIR Eâ©ÛíNßÝ�, ½I­�[
Ü�.�~��k�5¼êÚõ�ª¼êü«. Ï
~3©Û¤�,�A½þ§��S, XÚ��5
Ý�Ð, ½I­��±æ^�5[Ü. 
éu°Ä
�ÿþ���©Û¤
ó, �
�Ð/�xXÚ
���5�A, Ï~æ^õ�ª[Ü, ���
ó,

[Ü�ê�p, ½I­��E,, °Ý�p (R �
ªCu 1). Tan � [20] �O��. NDIR ©Û¤¥
� CO2 Ú CH4 þæ^n�õ�ª[Ü, Li-cor ú
i� NDIR ©Û¤ Li-7500 éu CO2 æ^Ê�õ

�ª[Ü, 
éu H2O %æ^n�õ�ª[Ü [21].

�©� SO2(L) Ú SO2 (H) ©ÛÏ�þæ^n�õ
�ª[Ü, [Ü�'Xêp, [Ü�.ÀJÜn. ½
I­�¼��, SO2 (L) Ú SO2 (H) ©ÛÏ��¤±
± 280 ppm �.�, �Ï3u3�yXÚÿþO(
Ý��¹e, ¦þJpXÚÿþ�5Ý (�� 5.2),

280 ppm �õgêâÚO�Ñ���n�� [22,23].

5.2 XXXÚÚÚ���555ÝÝÝ

�
ïÄXÚ�ÿþ�5Ý, æ^���¦{
é½I­�[Üæ^�êâ| (τX

i , Ci) ?1
ê
â?n [18,19] (� 5.1), ©O��
 SO2 (L) Ú SO2

(H) ©ÛÏ��ÿþ�5Ý. ã 4(a) ��Ä¤k
ßÝ�¹e, SO2( L) ©ÛÏ�ßÝ�á1Ý�
éA'X9�5[Ü�¹. lã¥�±²ww
Ñ SO2 (L) Ï���ÚáÂy�, ��¬³ßÝ�
�u 1500 ppm �, ÃØßÝXÛCz, á1ÝA�
��~þ, �5[Ü�'Ý R =� 0.5276. ã 4(b)

���ÄßÝ 6 280 ppm �¹e, SO2 (L) ©ÛÏ
�ßÝ�á1Ý�éA'X9�5[Ü�¹. lã
¥�±wÑ, d��5[Ü�'Ý R �� 0.9903.

ã 5(a) Ú (b) ©O��Ä¤kßÝÚ��ÄßÝ >
280 ppm �¹e, SO2 (H) ©ÛÏ�ßÝ�á1Ý�
éA'X9�5[Ü�¹. lã¥�±wÑ, ¦+
�Ä¤kßÝ�, SO2 (H) Ï�Ø�3�ÚáÂy
��ÿþ�5Ývk²weü (ã 5(a) Ú (b) ©O
� 0.9974 Ú 0.9977), �duTÏ�áÂUå�f,

Ã{O(ÿþ$ßÝ (X 6 280 ppm) � SO2 áÂ,

=�$uÿ� p½uÿ(¯ÝØp. æ^ü�©
ÛÏ�, SO2 (L) Ï�=ÿþ 6 280 ppm � SO2 ß
Ý, SO2 (H) Ï�=ÿþ > 280 ppm � SO2 ßÝ, X
ÚQU�Ñ�ÚáÂé SO2 (L) Ï�ÿþ�5ÝÚ
uÿþ��K�, qU�Ö SO2 (H) Ï��$uÿ
� p�"�. ù�, XÚQUPk�$�uÿ�,

qUPké°�Ä�ÿþ��, 
��U�yXÚ
ûÐ�ÿþ�5Ý (SO2 (L) Ú SO2 (H) Ï�þ�
u 0.99). ûÐ�XÚÿþ�5Ý�õ|©íN©
Û���Z6?�Jø
�~7��cJ^�, 

��Z6?���Jû½õ|©íN©Û�ÿþ
O(Ý [8]. {ó�, �·�¤^¢�C�?1õ|
©íN©Û�, æ^±e�{5?� SO2 éÙ¦�
ÿíN�Z6: � SO2 �µßÝ$u 280 ppm �,

140704-5



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 14 (2012) 140704

¦^ SO2 (L) Ï��á1ÝÚZ6Xê5?�; Ä
K, ¦^ SO2 (H) Ï�5?�. Xd, �¿©|^ü
�©ÛÏ�ûÐ�ÿþ�5Ý, Jp��Z6?�
��J [12,13].

� � � � � � � � � � � � � � � � � � � � � ��� �� � �� � �� � �� � � � 	 
 � � � 
 
� � � � � 
 
 � � � � � � 
 �� � � � � � � 
 � � � � � 
 �� 	 
 � � � � �� � � � � � � � 
 
 � � � � � 
 � � � �� � � � � � � � � � � � � � � � � � � � � � �� � �� � � � � � � � � � � � �� � � � ��� � � �� � � � � �  � !  � "� �  � !  � "� �� �# $$% & ' ( ) * + & ' ( ) * +
ã 4 SO2 (L) ©ÛÏ��ÿþ�5Ý (a) �Ä¤kßÝ�¹;

(b) ��Ä 6 280 ppm �¹� � � � � � � � � � � � � � � � � � � � � ��� � � �� � � �� � � �� � � �� � � � � � 	 
� � � � � � � � � � � � � � � � � � � � � ��� � � �� � � �� � � �� � � � � � 
 � � � � �� � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � �� � 
 � � � � �  � � � � � � � � � � � � � � � ! ! �� � � � � � � � � � � � � � � � � � � " 
� �� � # $ � � % � � &# $ � � % � � &' (() * + , - . / * + , - . /
ã 5 SO2 (H) ©ÛÏ��ÿþ�5Ý (a) �Ä¤kßÝ�¹;

(b) ��Ä > 280 ppm �¹

5.3 XXXÚÚÚuuuÿÿÿ���

XÚ�$uÿ��&ÿì��AUå!&
ÿìD(!>fÆD(!íNáÂëê�Ï�
k', ÙäN�Ã{��ÿþ¼�, Ï~ÏLü
«�{?1��. 1�«�{�� “"í” �µ
eá1ÝIO��ü��\½I­�O�; 1�
«�{�c¡0���{�Ó (�1 4 !), =b
½,�'~�&ÒP~�XÚ��$©EUå,

�
�c¡?1'�, ùp�b�� 5%, =á1
Ý�� 0.05129, �\½I­�O�. ü«�{�
O�(J�U�3�½ �, �ÑU3�½§Ý

þ�NXÚ5U. ùp�Ñü«�{���(J,

ã 6 �XÚæ8� “"í” �µe SO2 (L) Ú SO2

(H) ©ÛÏ��á1ÝCz�¹, ±Yæ8�m�
L 10 h, ÚO(JXL 3 ¤«. ò��©ÛÏ�
� 2 �IO��\�A½I­�, �±�Ñ SO2

(L) Ï��(¯Ý� 5.54768 ppm, SO2 (H) Ï��
(¯Ý� 102.14842 ppm. 
æ^1�«�{�±
�Ñ SO2 (L) Ï��(¯Ý� 10.37384 ppm, SO2

(H) Ï��(¯Ý� 116.45925 ppm. Ó�, �

Bu'�, ·�b½ 95%�&ÒP~ (=á1Ý
� 2.9957) �XÚ��puÿ�, �éü�©Û
Ï��uÿþ��
��, �Ñ SO2 (L) Ï��
uÿþ�� 997.23 ppm, SO2 (H) Ï��uÿþ�
� 26059.02 ppm. luÿ����(J�±�Ñ,

SO2 (L) Ú SO2 (H) Ï��éÜ�±¢y�A ppm

� 10000 ppm �°Ä���� SO2 ÿþ, ù�nØ
O��Ñ�(ØÎÜûÐ.� � � � � �� � � � � ��� � � � �� � � � �

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

ã 6 N2 �µe SO2 (L) Ú SO2 (H) ©ÛÏ��á1ÝCz5
Æ æ��m�L 10 h

uÿ�����nØO���3�½ � (�
1 4 !). Ø��±lü�¡©Û: 1�, nØO�
���3Ø�, ~Xê�È©Cq?n�5�Ø�,

È1¡3���°SßLÇ��þ!©ÙÚ�ä,

��Ä&ÿì��þ!�AÚ¤ì¼ê�; 1�,

¢Sÿþ�, b½�&ÒP~�U�¹5g�íN
áÂ�¤©, ~X1
ø>>ØÅÄ!âfÑ�!
>fÆì�"¤£!�¬³Ú (½) §Ý¤£��
��&ÒP~. ,	, I��Ñ�´, ¦+ SO2 (L)

Ú SO2 (H) Ï�¢S�uÿþ�©O�L 280 ppm

Ú 10000 ppm, ��
�yü�Ï��ÿþ�5Ý
¿�Ä¢SA^�µ (ó�À/
� SO2 ßÝü�
��Ø�L 10000 ppm), ü�Ï��uÿþ�©O
�½� 280 ppm Ú 10000 ppm.
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L 3 ã 6 êâ�ÚO(J

æ�ê/� ²þ� IO� ��� ���

SO2 (L) 8275 –5.76798×10−7 7.59723×10−4 0.00209 –0.00324

SO2 (H) 8275 2.98175×10−6 8.90672×10−4 0.00306 –0.00397

5.4 XXXÚÚÚOOO(((ÝÝÝ

©Û¤?1¢SßÝÿþ�, Äké SO2 (L)

©ÛÏ��á1Ý?1�ä, XJ 6 1.5 Kæ^T
Ï��üíNßÝ, ÄKæ^ SO2 (H) Ï��üí
NßÝ. XÚäNßÝ�üÚ½Xã 7 ¤«. �


uÿXÚ�ÿþO(Ý, XÚ�O�¤�, òØÓ
ßÝ�IO SO2 íNÏ\�¬³?1ßÝ�ü, X
Úÿþ(JÚ�üØ�XL 4 ¤«. lL 4 ¥�±
wÑ, $ßÝ��üØ���ÑpupßÝ��ü
Ø�, �Ñ�u 5%.� � � � � � � � � � � �

ã 7 ©ÛXÚ SO2 íN�äN�üÚ½

L 4 ØÓßÝ� SO2 ÿþ(Jé'

SÒ IO�/ppm ÿþ�/ppm ÿþ � ∆C/ppm ÿþØ�/%

0 0 2.1 2.1 /

1 43 41.2 1.8 4.1

2 118 113.5 4.5 3.8

3 177 171.2 6.2 3.4

4 234 242.1 8.1 3.42

5 343 333.8 11.8 3.2

6 849 861.5 12.5 1.41

7 1574 1530.7 44.7 3.0

8 3521 3560.6 39.6 1.1

9 6388 6450.9 62.9 1.0

10 8385 8300.4 85.4 1.01
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6 ( Ø

ûÐ�ÿþ�5Ý´ NDIR õ|©íN©Û
¥��Z6?��cJ^�. ,
3ó�À/«�,

du)�!\óL§ØÓ, À/íNü�ßÝ��
é�, 3�yXÚûÐÿþ�5Ý��¹e, Ï~
Ã{Ó�o�XÚuÿ(¯ÝÚ°Ä�ÿþ��.

�©JÑ
 NDIR ü|©V©ÛÏ�íNuÿ�
{, ± SO2 �~, ¦^�ráÂ� 7.32 µm Åã�
ü�u�u 280 ppm � SO2 ßÝ, ¦^�fáÂ

� 4 µm Åã�ü�u 280 ppm � SO2 ßÝ. ü�
©ÛÏ��éÜ�±¢y�A ppm � 10000 ppm

�°Ä���� SO2 ßÝÿþ, �XÚÿþ�5Ý
�u 0.99, ÿþØ��u 5%. Q�Ñ
 NDIR uÿ
(¯ÝÚ°Ä�ÿþ��ØUÓ�o��"�, û
Ð�XÚÿþ�5Ý��õ|©íN©Û�Z6
?�Jø
7��cJ^�. d	, T�{��Ù
¦íN (X CO2 Ú NO2) p°Ý°Ä����ÿþ
Jø
�/��)û�Y.
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Abstract

In this paper, we propose a method of measuring a gas by using non-dispersive infrared (NDIR) technique with two analysis

channels. The filter parameters of the two analysis channels are calculated by line-by-line integral of the selected absorption spectrum

of SO2. The influences of temperature and air pressure on strengths and Lorentzian shape functions are considered accurately in the

calculation. The absorption wavelengths at 7.32 µm and 4.0 µm are chosen to detect the SO2 whose concentrations are 6 280 ppm

and > 280 ppm, respectively. The calibration curves of the two analysis channels are obtained by least-squares fitting two 3-order

polynomials. The linearity, the sensitivity and the accuracy of the analysis system are analyzed. SO2 concentration with a large range

from ∼ 5 ppm to 10000 ppm can be retrieved with the measurement linearity > 0.99 and measurement error < 5%. The reasonable

tradeoff is made to optimize both sensitivity and measurement range jointly. A fair balance between measurement sensitivity and large

span range is obtained. Furthermore, sufficiently good measurement linearity makes cross-interference correction possible in the NDIR

multi-gas analyzer.
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