
第
V<

卷#第
H

期
! !!!!!!!!!!!

光 谱 学 与 光 谱 分 析
#?1_V<

#

M?_H

#

44

!G;=:!GH8

89!<

年
H

月
!!!!!!!!!!! !

3

4

-50*?.5?

4)

$%L3

4

-50*$1A%$1

)

.&. +$

)

#

89!<

!

4)P"#*-

B

$*-()()*'"V(,$*-,-*

?

(.=::()-5:W-*%$*"

X#-)

B

0

9

*-&$,F8""S"%#

RkZ&:

\

@$%

!

WACZ&$?:

)

$%

!

+AN&$:X&

"

!

f]AMWY@%:D?%

T

"

U%.0&0@0-?O>D-'&5$1ED

)

.&5.

#

35D??1?O>D-'&.0*

)

$%L>D-'&5$1S%

T

&%--*&%

T

#

F-&

\

&%

T

U%.0&0@0-?OP-5D%?1?

T)

#

F-&

\

&%

T!

!999=!

#

>D&%$

=1#*%$&*

!

+-$.@*-'-%0.?O0D-

4

$*0&51-:0?:

T

$.

4

$*0&0&?%&%

T

?O.-'&:6?1$0&1-$0'?.

4

D-*&5$-*?.?1.$*-5*@5&$1O?*

4

*?6&L&%

T

'?*-$55@*$0-L-.5*&

4

0&?%.?O0D-5?'

4

?.&0&?%$1$%L.&Q-L&.0*&X@0&?%.?O$0'?.

4

D-*&5$-*?.?12A.$

'$

\

?*5?'

4

?%-%0?O.-'&:6?1$0&1-$-*?.?1.

4

-5&-.

#

$''?%&@'%&0*$0-

$

M]

;

MC

V

%

&.@X&

^

@&0?@.&%0D-.@X:'&:

5*?%

4

$*0&5@1$0-'$00-*

#

4

$*0&5@1$*1

)

&%D&

T

D

4

?11@0&?%-

4

&.?L-.2U%?*L-*0?O@*0D-*@%L-*.0$%L

T

$.:

4

$*0&51-

4

$*:

0&0&?%&%

T

?OM]

;

MC

V

#

L-0-*'&%$0&?%?O0D-.$0@*$0-L6$

4

?*

4

*-..@*-?OM]

;

MC

V

&.%--L-L2]-*-

#

7-&%6-.0&:

T

$0-0D-6?1$0&1&0

)

?OM]

;

MC

V

$0L&OO-*-%0*-1$0&6-D@'&L&0&-.

$

/].

%

@.&%

T

$-*?.?1?

4

0&5$107--Q-*.5?@

4

1-L

7&0D/$'$%.

4

-50*?.5?

4)

$.$%&%.0*@'-%0O?*.$'

4

1&%

T

$%LL-0-50&%

T

2A55?*L&%

T

0?0D-+$[7-11-

^

@$0&?%

#

0D-

6$

4

?*

4

*-..@*-.$0L&OO-*-%0/].$*-5$15@1$0-L

#

$%L0D-6$1@-.$*-

$

!_G"i9_8;

%

c!9

bV

#$

!_=8i9_!<

%

c

!9

bV

#$

8_<!i9_!V

%

c!9

bV

#$

V_Hi9_8=

%

c!9

bV

#$

;_H<i9_88

%

c!9

bV

$%L

$

G_G;i9_V

%

c!9

bV

E$

#

7D-%

0D-/]&.=9j

#

"Vj

#

G=j

#

H"_Vj

#

HH_;j

#

;;_=j *-.

4

-50&6-1

)

2CX6&?@.1

)

#

0D-6$

4

?*

4

*-..@*-.?O

M]

;

MC

V

&%5*-$.-7&0D/]L-5*-$.&%

T

#

&2-21?7/]

4

*?'?0-.0D--6$

4

?*$0&?%?O$''?%&@'%&0*$0-2ALL&:

0&?%$11

)

#

7-$1.?5$15@1$0-0D-6?1$0&1&Q&%

T

O1@[?OM]

;

MC

V

$0L&OO-*-%0/].

#

$%L0D-6$1@-.$*-&%0D-*$%

T

-?O

$

;_9!i9_"<

%

c!9

b"

"

$

V_V8i9_""

%

c!9

b=

'?1

-$

.

-

'

8

%

b!

2PD-*-.@10.?X0$&%-LD-*-&%$*-?O&'

4

?*0$%0

.&

T

%&O&5$%5-&%@%L-*.0$%L&%

T

0D-

4

$*0&0&?%&%

T4

*?5-..-.?O.-'&:6?1$0&1-$-*?.?1.2

>"

?

8(%2#

!

A-*?.?1

(

C

4

0&5$107--Q-*.

(

A''?%&@'%&0*$0-

(

#?1$0&1&0

)

(

#$

4

?*

4

*-..@*-.

中图分类号!

CGH"_V

!!

文献标识码!

A

!!!

<04

!

!9_V<G;

"

\

_&..%_!999:9H<V

#

89!<

$

9H:!G;=:9H

!

!"&"-P"2

&

89!=:9V:V9

(

$&&"

9

*"2

&

89!=:9=:9H

!

A(5)2$*-()-*":

&

M$0&?%$1K-

)

/g(E*?

T

*$'?O>D&%$

$

89!GYB>989V999

%#

M$0@*$135&-%5-B?@%L$0&?%?O>D&%$

$

<!G;;!9!

#

<!H;;88V

%

!

6-(

B

%$

9

'

?

&

RkZ&:

\

@$%

#$

!<=G

.%#

E?.0:L?50?*$1?OF-&

\

&%

T

U%.0&0@0-?OP-5D%?1?

T)!!

-:'$&1

&

"H89!=99;9

!

X&02-L@25%

"

>?**-.

4

?%L&%

T

$@0D?*.

!!

-:'$&1

&

'$

\

&$X&

!

X&02-L@25%

(

)

DQ

!

X&02-L@25%

U%0*?L@50&?%

!!

A-*?.?1

4

$*0&51-.$*-&'

4

?*0$%05?%.0&0@-%0.?O0D-$0'?.:

4

D-*-2PD-

)

&'

4

$50'?L-*%.?5&-0

)

0D*?@

T

D0D-&*-OO-50.?%

6&.&X&1&0

)

#

D@'$%D-$10D

#

$%L

T

1?X$151&'$0-2U%$0'?.

4

D-*&5

$%L51&'$0-.5&-%5-0D-*-&.5?%.&L-*$X1-&%0-*-.0&%@%L-*:

.0$%L&%

T

0D-

4

$*0&0&?%&%

T

X-07--%

T

$.$%L

4

$*0&51-

4

D$.-?O

5D-'&5$1.

4

-5&-.2U%

4

$*0&5@1$*

#

O?*.-'&:6?1$0&1-.@X.0$%5-.

1&J-M]

;

MC

V

#

0D-

4

$*0&0&?%&%

T

7&11.0*?%

T

1

)

&%O1@-%5-0D-

4

$*:

0&5@1$0-'$00-*X@*L-%&%0D-0*?

4

?.

4

D-*-

#

0D-*$L&$0&6-

4

*?

4

:

-*0&-.?O0D-$-*?.?1

#

0D-51?@L

4

*?5-..&%

T

$%L0D-D-0-*?

T

-%-:

?@.5D-'&.0*

)

2

M]

V

&.0D-L?'&%$%06?1$0&1-X$.-&%0D-$0'?.

4

D-*-

#

7&0D0D-&*'$&%.?@*5-..0-''&%

T

O*?'5?'X@.0&?%

#

O-*0&1&Q-*.

$%LX&?1?

T

&5$1L-5$

)

!

!

"

2F

)

*-$50&%

T

7&0D]

8

3C

;

#

]MC

V

$%L

]>1

#

$''?%&@'.$10..@5D$.

$

M]

;

%

8

3C

;

#

M]

;

MC

V

$%L

M]

;

>1$*-O?*'-L$%L$55?@%0O?*0D-

4

*-L?'&%$%0&%?*

T

$%&5

5?'

4

?%-%0.?O$0'?.

4

D-*&5$-*?.?1.

!

8

"

2I%1&J-'?.0?O0D-

?0D-*D

)T

*?.5?

4

&5.$10.O?@%L&%0D-$0'?.

4

D-*-

#

M]

;

MC

V

&.

$.$107&0D$*-1$0&6-1

)

D&

T

D6$

4

?*

4

*-..@*-2E$*0&51-.5?%0$&:

%&%

T

M]

;

MC

V

$*-&%-

^

@&1&X*&@' 7&0D

T

$.-?@. M]

V

$%L

]MC

V

$%L0D-

4

$*0&0&?%&%

T

X-07--%

4

$*0&51-$%L

T

$.&.$

.0*?%

T

O@%50&?%?O0-'

4

-*$0@*-$%L*-1$0&6-D@'&L&0

)

!

V

"

2U%?*:

L-*0?

4

*-L&500D&.

4

$*0&0&?%&%

T

#

&0&.5*@5&$10?J%?70D-6$

4

?*

4

*-..@*-?O0D-M]

;

MC

V

@%L-*$'X&-%05?%L&0&?%.2

+$%

)

0-5D%&

^

@-.D$6-X--%L-6-1?

4

-L0?'-$.@*-0D--:

6$

4

?*$0&?%?O'?%?L&.

4

-*.-M]

;

MC

V

@%L-*L&OO-*-%0/].X

)



5?%0&%@?@.1

)

$%L*$

4

&L1

)

*-'?6&%

TT

$.-?@.M]

V

$%L ]MC

V

O*?'$-*?.?1.2]@

#

-0$12

!

;

"

&%6-.0&

T

$0-L0D--OO-50.?O/]

$%L

4

$*0&51-.&Q-?%-6$

4

?*$0&?%?OM]

;

MC

V

$-*?.?1.X

)

$.-1O:

$..-'X1-LD

)T

*?.5?

4

&50$%L-' L&OO-*-%0&$1'?X&1&0

)

$%$1

)

Q-*

$

]:P(+A

%

.

)

.0-'2PD-

)

O?@%L0D$00D--6$

4

?*$0&?%?O

M]

;

MC

V4

$*0&51-1-..0D$%H9%'7$..&

T

%&O&5$%01

)4

*?'?0-L

7D&1-/]&%5*-$.-LX-1?70D-(/]2PD-

4

*?

4

?.-L'-5D$:

%&.'.@

TT

-.0-L0D$00D-&%5*-$.-?O/]$10-*.0D-5D-'&5$1

-

^

@&1&X*&@'

#

&2-2

#

M]

;

M]

V

$

.

%

*

M]

V

$

T

%

h]MC

V

$

T

%

#

X

)

5?%:

6-*0&%

T

M]

V

$

T

%

$%L ]MC

V

$

T

%

&%0? M]

V

-

$]

8

C $%L

]MC

V

-

$]

8

C

#

7D&5D $55-1-*$0-L 0D- -6$

4

?*$0&?% ?O

M]

;

MC

V

$

.

%

2>D&-%

#

-0$12

!

H

"

L-0-*'&%-L0D-0?0$16$

4

?*

4

*-..@*-?OM]

;

MC

V

?6-*0D-*$%

T

-?OV!V

"

VG9K

#

$%L0D-

6$1@-.7-*-=_9"Vc!9

bV

"

!_9H"E$2PD-6$

4

?*

4

*-..@*-

7$.L-0-*'&%-LX

)

0D-0?*.&?%$%L-OO@.&?%'-0D?L

#

$%L6$

4

?*

5?'

4

?.&0&?%7$.L-0-*'&%-LX

)

-OO@.&?%:X-$''$...

4

-50*?':

-0*

)

2]?%

T

#

-0$12

!

G

"

?X0$&%-L0D--OO-50&6-.$0@*$0&?%6$

4

?*

5?%5-%0*$0&?%O?*M]

;

MC

V

O&-1L'-$.@*-'-%0.@.&%

T

$6?1$0&1:

&0

)

0$%L-'L&OO-*-%0&$1'?X&1&0

)

$%$1

)

Q-*

$

#P(+A

%

7&0D$J&:

%-0&5-6$

4

?*$0&?%'?L-12A55?*L&%

T

0?0D-.$0@*$0&?%6$

4

?*

5?%5-%0*$0&?%?X0$&%-LO?* M]

;

MC

V

#

0D-

)

5?%51@L-L0D$0

M]

;

MC

V

5$%X-5?%.&L-*-L$..-'&:6?1$0&1-5?'

4

?@%L.$%L

0D-6$1@-?O6$

4

?*

4

*-..@*-7$.8_Gc!9

bV

E$2f$*L&%&

#

-0

$12

!

"

"

L-.5*&X-LD?7$0&'-.-*&-.?O?

4

0&5$1*-.?%$%5-.

4

-50*$

?O$%-6$

4

?*$0&%

T

#

%?%:.

4

D-*&5$1

#

&**-

T

@1$*$-*?.?1

4

$*0&51-

1-6&0$0-L&% $% -1-50*?L

)

%$'&5 X$1$%5- -[D&X&0-L

4

$00-*%.

7D&5D7-*-*-1$0-L0?&0.-6$

4

?*$0&?%J&%-0&5.

#

$%L0D-6$

4

?*

4

*-..@*-.?O.?1&LM]

;

MC

V

O*?'-6$

4

?*$0&%

T4

$*0&51-.?6-*

0D-*$%

T

-?O8"=_8

"

V9V_!HK7-*-

$

H_H8i!_<V

%

c!9

bH

"

$

8_9Vi9_"!

%

c!9

bV

E$2]?7-6-*

#

0D-.$0@*$0-L6$

4

?*

4

*-.:

.@*-?OM]

;

MC

V

$0L&OO-*-%0/]$0*??'0-'

4

-*$0@*-D$.%?0

X--%O?@%L2

U%0D&.

4

$

4

-*

#

7-@.-$%-70-5D%&

^

@-O?*-[

4

1?*&%

T

0D-

-

^

@&1&X*&@'

4

*?

4

-*0&-.?O$''?%&@'%&0*$0-$

^

@-?@.$-*?.?1

4

$*0&51-.@.&%

T

?

4

0&5$107--Q-*.5?@

4

1-L7&0D5$6&0

)

:-%D$%5-L

/$'$%.

4

-50*?.5?

4

&52PD-

4

$*0&51-&.5?%O&%-L&%0D*--L&'-%:

.&?%.

#

$%L5$%X-D-1L&%L-O&%&0-1

)

X

)

0D-?

4

0&5$1O?*5-.2/$0D:

-*0D$%$00-'

4

0&%

T

0?&.?1$0-0D-

T

$.:

4

$*0&51-

4

$*0&0&?%&%

T

?O

7$0-*$%L0D-.-'&:6?1$0&1-5?'

4

?@%L.&%&%L-

4

-%L-%0'-$.:

@*-'-%0.

#

0D-0-5D%&

^

@-&.&%.0-$LL-*&6-LO*?'-[

4

1?&0&%

T

0D-

&%0&'$0-5?@

4

1&%

T

X-07--%0D-07?

!

=

"

23&'@10$%-?@.$%L$55@:

*$0-'-$.@*-'-%0.?O0D-*-O*$50&6-&%L-[$%L.&Q-?O$

^

@-?@.

$-*?.?15$%$11?7

4

$*$11-1-.0&'$0&?%.?O0D-5D$%

T

-&%5?'

4

?:

.&0&?%$.7-11$..&Q-

#

4

*?6&L&%

T

5?%5@**-%0&%O?*'$0&?%?%0D-

T

$.:

4

$*0&51-

4

$*0&0&?%&%

T

?OX?0D0D-.-'&:6?1$0&1-5?'

4

?@%L.

$%L7$0-*2U%0D&.7?*J

#

0D-6$

4

?*

4

*-..@*-.?OM]

;

MC

V

$-*?.?1.

$

8

"

!9

#

'

%

$*-'-$.@*-LO*?';;_=j0?=9j /]

@.&%

T

$%?

4

0&5$107--Q-*.5?@

4

1-L7&0D5$6&0

)

:-%D$%5-L/$'$%

.

4

-50*?.5?

4

&52PD--OO-50.?O /] ?%0D--6$

4

?*$0&?% ?O

M]

;

MC

V

$-*?.?1.$*-L&.5@..-L2

!

!

S[

4

-*&'-%0$1L-.5*&

4

0&?%

!!

PD-$-*?.?1?

4

0&5$107--Q-*..-0@

4

D$.X--%5?'

4

*-D-%:

.&6-1

)

L-.5*&X-L&%

4

*-6&?@.

4

@X1&5$0&?%.$%L7-?%1

)

X*&-O1

)

.@''$*&Q-0D-J-

)

-1-'-%0.

!

<:!9

"

2B&

T

_!.D?7.$.5D-'$0&5L&:

$

T

*$'?O0D-.&%

T

1-

T

*$L&-%0O?*5-?

4

0&5$10*$

4

@.-L&%0D&.

.0@L

)

2PD-?

4

0&5$10*$

4

&.O?*'-LX

)

O?5@.&%

T

0D-X-$'

$

HV8

%'

#

899',

%

O*?'$%$*

T

?%&?%1$.-*

$

C

4

@.;,h'

4

5G999

4

?7-*.@

44

1

)

%

0D*?@

T

D$%C1

)

'

4

@.IU38E1$%>M!99c ?&1

&''-*.&?%?X

\

-50&6-

$

!_8HM2A2

%

2AX1@-RS(5-%0-*-L$0

;HH%'&.$L?

4

0-L$.0D-&11@'&%$0&?%.?@*5-O?*X*&

T

D0:O&-1L

&'$

T

&%

T

?O0D-0*$

44

-LL*?

4

1-0.*-5-&6-LX

)

$5$'-*$

$

,$0-5

#

!

'

V&%2

#

'?L-18V!38

%

2(*?

4

1-0.?O!'?1

-

R

b!

M]

;

MC

V

.?:

1@0&?%$*-&%0*?L@5-L&%0?0D-.$'

4

1-5-11$%L$.&%

T

1-L*?

4

1-0

O*?'0D-51?@L&.5$

4

0@*-L2PD-/]?O0D-

T

$.

4

D$.-&.5?%:

0*?11-LO*?'L*

)

5?%L&0&?%.

$

%

Hj /]

%

0?D&

T

D/]

$

+

=9j

%

X

)

'&[&%

T

O1?7.?OL*

)

$%LD@'&L&O&-L%&0*?

T

-%2PD-O1?7

*$0-.$*-5?%0*?11-LX

)

07?&%L-

4

-%L-%0'$..O1?75?%0*?11-*.

$

A1&5$035&-%0&O&5M?_8!:!:9=:!:!:K+9;!9

%

2PD-5?'X&%-L

T

$.O1?7&%0*?L@5-L&%0?0D-5-11&.J-

4

05?%.0$%0$09_89R

-

'&%

b!

2PD-/] $%L0D-0-'

4

-*$0@*-?O0D-5?'X&%-L

T

$.

O1?7$*-'-$.@*-LX

)

/]:PL-0-50?*.

$

>-%0-*V!V

%

X-O?*-0D-

5-11$%L&%0D-?@0O1?7O*?'0D-5-112PD-@%5-*0$&%0

)

?O/]

L-0-*'&%$0&?%&.i82Hj2E$*0&51-.$*-&'$

T

-LX

)

X*&

T

D0O&-1L

'&5*?.5?

4)

2U%-1$.0&5X$5J.5$00-*-L1&

T

D05?11-50-LX

)

0D-'&:

5*?:.5?

4

-?X

\

-50&6-&.&'$

T

-L&%0?$9_H'O?5$11-%

T

0D.

4

-5:

0*?

T

*$

4

D

#

L&.

4

-*.-LX

)

$!899

T

-

''

b!

T

*$0&%

T

#

$%L0D-/$:

'$%.

4

-50*@'*-5?*L-LX

)

$>>(7&0D$0&'-*-.?1@0&?%?O!.

$%L$.

4

-50*$1L&.

4

-*.&?%?O9_9;%'

4

-*

4

&[-12U%$LL&0&?%0?

0D-O$'&1&$*.

4

?%0$%-?@..0?J-.X$%L..D&O0-LO*?'0D--[5&0$:

0&?%7$6-1-%

T

0D

#

0D-/$'$%.

4

-50*@'

4

*?6&L-.$@%&

^

@-O&%:

T

-*

4

*&%0?OL*?

4

1-0.&Q-$%L*-O*$50&6-&%L-[

$

/U

%

0D*?@

T

D0D-

A-

B

C@

!

+&'":$*-&2-$

B

%$:(."H

9

"%-:")*$,#"*Q5

9

5#"2.(%#-)

B

,"2%(

9

,"*(

9

*-&$,*8""S"%#

<;G!

第
H

期
!!!!!!!!!!!!!!!!!!!!

光谱学与光谱分析



4

$00-*%?O*-.?%$%0'?L-..@

4

-*&'

4

?.-L?%0D-.

4

?%0$%-?@.

X$%L$07$6-1-%

T

0D.5?''-%.@*$0-7&0D7D&.

4

-*&%

TT

$11-*

)

'?L-.2PD-.&Q-

#

/U$%LL&.

4

-*.&?%&%/U5$%X-*-0*&-6-L

7&0DD&

T

D$55@*$5

)

O*?'0D&.O&%

T

-*

4

*&%0X

)

5?'

4

$*&.?%7&0D

+&-.5$00-*&%

T

5$15@1$0&?%.

!

!!:!8

"

2

8

!

S6$

4

?*$0&?%J&%-0&5.?O7$0-*$%L$''?:

%&@'%&0*$0-

! !

P? -[

4

1?*-0D- -6$

4

?*$0&?% J&%-0&5. ?O 7$0-* $%L

M]

;

MC

V

#

0D-$

^

@-?@.L*?

4

1-0.?OM]

;

MC

V

'

]

8

C$0L&OO-*-%0

5?%.0$%0/].$*-?

4

0&5$11

)

0*$

44

-LX

)

?

4

0&5$107--Q-*.2A

0

)4

&5$15$6&0

)

:-%D$%5-L/$'$%.

4

-50*$

$

>S/3

%

-[$'

4

1-?O$%

$

^

@-?@.M]

;

MC

V

'

]

8

CL*?

4

1-0$0G"j /]&..D?7%&%B&

T

_8

$

$

%

2PD-0&'--6?1@0&?%?O0D-7$6-1-%

T

0D.?O0D-,W+*-.?:

%$%0'?L-.?%0D-C]X$%LO?*0D-M]

;

MC

V

'

]

8

CL*?

4

1-0$0

G"j /]&..D?7%&%B&

T

_8

$

X

%

2(@*&%

T

0D&.

4

*?5-..

#

7-5$%

O&%L0D$00D-/$'$%

4

-$J.$*-.D&O0-L0?0D-1?7-*7$6-1-%

T

0D

L@*&%

T

$5

^

@&.&0&?%0&'-7D-%0D-/]&.5?%.0$%0$0G"j

#

$%L

.@5D

4

D-%?'-%?%&.'$&%1

)

L@-0?0D--6$

4

?*$0&?%?O$''?%&:

@'%&0*$0-2>D$%

T

-.&%L*?

4

1-0.&Q-$%L*-O*$50&6-&%L-[$*-

.D?7%&%B&

T

_V2PD-L-5*-$.-?O0D-*$L&@.*-O1-50.0D-6?1$:

0&1&0

)

?O0D-L*?

4

1-02

A-

B

CD

!

$

$

%

;G!+(.WO

I

W0

E

'

O

D

02%(

9

,"*$*KLY !O

($

1

%

F'"*-:""P(,5*-()(.*'"8$P",")

B

*'#(.*'"Z[/%"#Q

()$)*:(2"#()*'"0O1$)2.(%*'"WO

I

W0

E

'

O

D

0

2%(

9

,"*$*KLY !O

A-

B

CE

!

F-:"Q2"

9

")2")*WO

I

WO

E

'

O

D

02%(

9

,"*#-S"

$

1,5",-)"

%#

!4

$

B

%""),-)"

%

$)2!O

$

%"2,-)"

%

$*D\M>-)*'",$#"%

*8""S"%#$

99

$%$*5#$%"

9

%"#")*"2

!!

PD--6$

4

?*$0&?%-[

4

-*&'-%0.$*-*-

4

-$0-L$0?0D-*5?%:

.0$%0/].$%L0D-.$'-$%$1

)

.&.$.L-.5*&X-L$X?6-&.

4

-*:

O?*'-L2PD--OO-50&6-

4

@*-5?'

4

?%-%06$

4

?*

4

*-..@*-?O$':

'?%&@'%&0*$0-5$%X--.0&'$0-LO*?'0D-*$0-?O5D$%

T

-&%

0D-*$L&@.:.

^

@$*-L?O$%$

^

@-?@.L*?

4

1-0

$

9

8

%

D-1L$0$5?%:

.0$%0/]7&0D0&'-

$

)

%

L@-0?0D--6$

4

?*$0&?%?O$''?%&@'

%&0*$0-23&%5-$%-6$

4

?*$0&%

T

?O$''?%&@' %&0*$0-

4

$*0&51-

L&..?5&$0-.&%$''?%&$$%L%&0*&5$5&L0D*?@

T

D0D-*-$50&?%

&

M]

;

M]

V

$

1

%

*

M]

V

$

T

%

h ]MC

V

$

T

%#

0D-6$

4

?*

4

*-..@*-5$%

X-L-0-*'&%-LO*?' *$L&@.5D$%

T

-6&$0D- +$[7-11-

^

@$:

0&?%

!

"

#

!V

"

%

'

%M]

V

*

%]MC

V

'

+

!

8

L9

8

L)

:;

$

AM

<

#

,

AM

%

#/#

!

=

M]

V

*

!

=

]MC

$ %

V

$

!

%

7D-*-,

AM

&.0D-'?1-5@1$*'$..?O$''?%&@'%&0*$0-

#

=

M]

V

$%L=

]MC

V

$*-0D-L&OO@.&6&0&-.?O0D-07?.

4

-5&-.&%0D-$'X&:

-%0$&*

#

/&.0D-&L-$1

T

$.5?%.0$%0

#

;&.0D-0-'

4

-*$0@*-

#

/#

&.0D-$50&6&0

)

5?-OO&5&-%0

#

$

AM

&.0D-L-%.&0

)

?O0D-L*?

4

1-0$%L

<

#

&.0D-'$..O*$50&?%?O$''?%&@'%&0*$0-&%0D-L*?

4

1-02

(&OO@.&6&0&-.O?*]MC

V

$%LM]

V

$*-0$J-%O*?'Z@--0$12

!

!;

"

$%L+$..'$%

!

!H

"

2

PD- -OO-50&6-

4

@*- 5?'

4

?%-%0 6$

4

?*

4

*-..@*-. ?O

M]

V

MC

V

$0L&OO-*-%05?%.0$%0/].$*-5$15@1$0-L$55?*L&%

T

0?

-

^

@$0&?%

$

!

%#

$%L0D-*-.@10.$*-

4

*-.-%0-L&%B&

T

_;2PD--O:

O-50&6-

4

@*-5?'

4

?%-%06$

4

?@*

4

*-..@*-.?O$''?%&@'%&0*$0-

$*-

$

!_G"i9_8;

%

c!9

bV

#$

!_=8i9_!<

%

c!9

bV

#$

8_<!i

9_!V

%

c!9

bV

#$

V_Hi9_8=

%

c!9

bV

#$

;_H<i9_88

%

c!9

bV

$%L

$

G_G;i9_V

%

c!9

bV

E$

#

7D-%0D-/]&.=9j

#

"Vj

#

G=j

#

H"_Vj

#

HH_;j

#

;;_=j *-.

4

-50&6-1

)

2PD-6$

4

?@*

4

*-..@*-?O$''?%&@'%&0*$0-&.?O0D-.$'-'$

T

%&0@L-$.&%

4

*-6&?@..0@L&-.

!

H:G

#

!G

"

2U%0D-*$%

T

-?O/].0@L&-LD-*-

#

0D-

.$0@*$0-L6$

4

?*

4

*-..@*-?O$''?%&@'%&0*$0-&%5*-$.-.7&0D

0D-L-5*-$.-?O/]2PD&..D?7.0D$00D-1?7-*0D-/]&.

#

0D--$.&-*0D-$''?%&@'%&0*$0--6$

4

?*$0-.2

!!

PD-6?1$0&1&Q&%

T

O1@[?OM]

V

MC

V

5$%X--.0&'$0-LO*?'

0D-*$0-?O5D$%

T

-&%0D-6?1@'-?OL*?

4

1-0.$%L0D-5?%5-%0*$:

0&?%?OM]

V

MC

V

$

&%O-**-LO*?'*-O*$50&6-&%L-[

%

2PD-5$15@1$:

9HG!

光谱学与光谱分析
!!!!!!!!!!!!!!!!!!!

第
V<

卷



0&?%O?*'@1$&.$.O?11?7.

&

<

'

;

V

$

$

9

V

9

+

9

V

%

>

9

'

;

$

9

8

)

$

8

%

7D-*-9

9

&.&%&0&$1*$L&@.

#

>

9

&.0D-5?%5-%0*$0&?%?OM]

V

MC

V

#

9&.0D-*-$1:0&'-*$L&@.2

A-

B

CI

!

N5%"P$

9

(%

9

%"##5%"#(.WO

I

W0

E

$*2-.."%")*&()#*$)*!O#

!!

#?1$0&1&Q&%

T

O1@[?O0D-$''?%&@'%&0*$0-$0-$5D5?%:

.0$%0/]

$

-.0&'$0-LO*?'-

^

@$0&?%

$

8

%%

$*-.D?7%&%B&

T

_H2

PD-6?1$0&1-O1@[?O$''?%&@'%&0*$0-&.&%0D-*$%

T

-?O

$

;_9!

i9_"<

%

c!9

b"

"

$

V_V8i9_""

%

c!9

b=

'?1

-$

.

-

'

8

%

b!

2

V

!

>?%51@.&?%.

!!

,-*-

4

?*00D--

^

@&1&X*&@'

4

*?

4

-*0&-.?OM]

;

MC

V

$

^

@-?@.

$-*?.?1

4

$*0&51-. @.&%

T

?

4

0&5$1 07--Q-*. 5?@

4

1-L 7&0D

5$6&0

)

:-%D$%5-L/$'$%.

4

-50*?.5?

4

&52PD-6$

4

?*

4

*-..@*-.$0

A-

B

CJ

!

V(,$*-,-S-)

B

.,5H"#(.WO

I

W0

E

$*2-.."%")*&()#*$)*!O#

L&OO-*-%05?%.0$%0/].$*-5$15@1$0-L$55?*L&%

T

0?0D-+$[:

7-11-

^

@$0&?%$%L0D-6$1@-.$*-

$

!_G"i9_8;

%

c!9

bV

#$

!_=8

i9_!<

%

c!9

bV

#$

8_<!i9_!V

%

c!9

bV

#$

V_Hi9_8=

%

c!9

bV

#

$

;_H<i9_88

%

c!9

bV

$%L

$

G_G;i9_V

%

c!9

bV

E$7D-%0D-

/]&.=9j

#

"Vj

#

G=j

#

H"2Vj

#

HH_;j

#

;;_=j *-.

4

-5:

0&6-1

)

2PD-.-6$1@-.$*-?O0D-.$'-'$

T

%&0@L-$.0D$0&%

4

*-:

6&?@..0@L&-.2,&0DL-5*-$.&%

T

/]

#

0D-6$

4

?*

4

*-..@*-?O

M]

;

MC

V

&%5*-$.-.

#

&%L&5$0&%

T

0D$00D-1?7 /] $55-1-*$0-.

0D--6$

4

?*$0&?%?OM]

;

MC

V

2U%$LL&0&?%

#

0D-6?1$0&1-O1@[-.

?O$''?%&@'%&0*$0-$*-$1.?5$15@1$0-L$0L&OO-*-%0/].$%L

0D-

)

$*-&%0D-*$%

T

-?O

$

;_9!i9_"<

%

c!9

b"

"

$

V_V8i9_""

%

c!9

b=

'?1

-$

.

-

'

8

%

b!

2

=&7)(8,"2

B

:")*

PD-$@0D?*.7&.D0?-[

4

*-..0D-&*

T

*$0&0@L-0?0D-$%?%

)

:

'?@.*-6&-7-*.O?*0D-.0&'@1$0&%

T

.@

TT

-.0&?%.$%LL&.5@.:

.&?%.2

!"."%")&"#

!

!

"

!

F?@7'$%AB

#

R--(3

#

A.'$%, A]

#

-0$12W1?X$1F&?

T

-?5D-'&5$1>

)

51-.

#

!<<"

#

!!

$

;

%&

HG!2

!

8

"

!

/-%$*LNN

#

>$1&L?%%$3S

#

]-%1-

)

+ #2N?@*%$1?O]$Q$*L?@.+$0-*&$1.F

#

899;

#

!9=

$

!:8

%&

8<2

!

V

"

!

N$'-.+

#

R&

T

D0.0?%-PFC

#

($%U'*-2N?@*%$1?OED

)

.&5$1>D-'&.0*

)

A

#

8999

#

!9;

$

;!

%&

<VV"2

!

;

"

!

]@($7-&

#

>D-%N&$%'&%

#

Y-Z&%

T

%$%

#

-0$12A0'?.

4

D-*&5S%6&*?%'-%0

#

89!!

#

;H

$

!;

%&

8V;<2

!

H

"

!

>D&-%,-%:'&%

T

#

>D$%L*$(D$%-.D

#

R$@K]

#

-0$12PD-N?@*%$1?O>D-'&5$1PD-*'?L

)

%$'&5.

#

89!9

#

;8

$

"

%&

=;G2

!

G

"

!

]?%

T

N

#

l&

\

m1m+&JJ?

#

]m'-3AK

#

-0$12A0'?.

4

D-*&5>D-'&.0*

)

$%LED

)

.&5.

#

89!"

#

!"

$

G

%&

;V="2

!

"

"

!

f$*L&%&AA

#

K*&-

T

-*IK2C

4

0&5.S[

4

*-..

#

899<

#

!"

$

G

%&

;GH<2

!

=

"

!

>$&>

#

30-7$*0(N

#

/-&LNE

#

-0$12N?@*%$1?OED

)

.&5$1>D-'&.0*

)

A

#

89!H

#

!!<

$

;

%&

"9;2

!

<

"

!

,$%

T

RM

#

>$&>

#

fD$%

T

Y]2N?@*%$1?OED

)

.&5$1>D-'&.0*

)

F

#

89!"

#

!8!

$

VG

%&

=HH!2

!

!9

"

!

>$&>

#

P$%3

#

>D-%]

#

-0$12ED

)

.&5$1>D-'&.0*

)

>D-'&5$1ED

)

.&5.

#

89!H

#

!"

$

;;

%&

8<"HV2

!

!!

"

!

E*-.0?%P>

#

/-&LNE2N?@*%$1?O0D-C

4

0&5$13?5&-0

)

?OA'-*&5$F

#

89!V

#

V9

$

=

%&

8!!V2

!

!8

"

!

+&1-./S

#

,$1J-*N3

#

F@*%D$'(/

#

-0$12ED

)

.&5$1>D-'&.0*

)

>D-'&5$1ED

)

.&5.

#

89!8

#

!;

$

<

%&

V9V"2

!

!V

"

!

+$*.D$11B]

#

+&1-./S]

#

3?%

T

Y>

#

-0$12>D-'&5$135&-%5-

#

89!G

#

"

$

8

%&

!8<=2

!

!;

"

!

Z@-]

#

+?

)

1-A +

#

+$

T

--M

#

-0$12N?@*%$1?O0D-A0'?.

4

D-*&535&-%5-.

#

899H

#

G8

$

!8

%&

;V!92

!

!H

"

!

+$..'$%,N2A0'?.

4

D-*&5S%6&*?%'-%0

#

!<<=

#

V8

$

G

%&

!!!!2

!

!G

"

!

]@OO'$%NA

#

(?5D-*0

)

K3

#

A&J-%A>

#

-0$12A0'?.

4

D-*&5>D-'&.0*

)

$%LED

)

.&5.(&.5@..&?%.

#

899<

#

<

$

!

%&

8G;H2

!HG!

第
H

期
!!!!!!!!!!!!!!!!!!!!

光谱学与光谱分析



用光镊技术研究硝酸铵气溶胶的挥发性

吕席卷!高晓艳!马嘉璧"

!张韫宏"

北京理工大学化学与化工学院#化学物理研究所#北京
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研究半挥发性气溶胶物质的气粒分配对于更准确地描述大气气溶胶的组成和尺寸分布是至关重要

的)硝酸铵是亚微米颗粒物的主要组成部分#特别是在高污染事件中)为了更深入的了解硝酸铵气溶胶的气

粒分配问题#利用激光悬浮技术捕获*悬浮半挥发性无机物硝酸铵液滴单颗粒$
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%#控制相对湿度条

件*温度条件#并采集氢
:

氧振动带的受激拉曼峰位信息#利用非弹性米氏散射理论计算实时液滴半径尺寸*

折射率和浓度#利用稳态传质模型
+$[7-11

公式推算出了不同湿度下的蒸汽压)实验数据计算出的硝酸铵

的饱和蒸汽压值的数量级与文献报道一致)当
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#显然#随着相对湿度的降低#饱和蒸汽压值增大#即

湿度降低促进硝酸铵的挥发)此外#还推算了不同湿度下硝酸铵气溶胶液滴的挥发通量#挥发通量值在
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b!之间)这对更好的了解气溶胶在挥发过程中的

微观过程有重要意义)
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