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�©JÑ
�«�â FPI *ÿØI��O-1
?1§Ý�ü��{, �Ñ
?1§Ý�ü�)�)Û/ª.

�âÉÇ�Æ FPI �í§ÝÿþXÚ¼�� 630 nm Ú 557.7 nm *ÿêâ, |^þã�{?1§Ý�ü, (JL²
�©�{ØI��O-1, U^uØÓÅ�� FPI §Ý�ü.
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1 Ú ó

Cc5 FPI({Ùp - øÛZ�¤�¤) í�Z
�¤�ÿþEâA^+��5�2,, ÿþ°Ý�
3Øä/Jp, 8c®¤�F/�m�/ÄÚUÄ
&ÿ�­�Ãã��, ´�íÔnÚ�m�¸iÿ
�ý��­�ïÄSN. ÏLé/¥¥p��í�
���º|�ÝÚ§Ý�nØïÄ±9¢S*ÿ,

�±¼�Nõk^�*ÿêâ, ?
é¥p��í
�¸G�?1ý�, ����Ê�ÊU!ÏÕ!�
ÊÚÙ¦�m¹ÄJø���|±.

¥p��íu1y�Ì�´�9��í��
1Ë�, Ï~¡�í�y�. í��u1rÝ�~
$, Ø´*ÿ. í���)Ån´xU��b	�
ì��í©f½�f¦��)>l½1©), �

�m, ù
?u-u��©f½�f3£�Ä
���)�Ë�Ò�)
�1. ~��í�Ì�
k�)pÝ�� 250 km � OI630 nm Ú�)pÝ
�� 96 km � OI557.7 nm 9 Na-D, OH �Ì�. í
��u�Ì�äk�½�°Ý, 
�í§ÝÚ�
íº|éõ«Ì�\°ÑkK�, Ïd�±lí�

Ì��°Ý&E¥�Ñ�í§ÝÚ�íº|��
'&E.

¥p��í§Ý3ØÓ�m �, ØÓ�m,

ØÓ^�e¬u)Cz, ïÄL² OI630 nm Ì�
éA§Ý± 1000 K �¥%þeÅÄ�� 500 K ±
þ [1], OI557.7 nm Ì�éA¥%§Ý�� 220 K.

C�c5í�*ÿ�Ì�?ÐNy3éº�
�ÿþþ [2−8], Ùÿþ°Ý��
±Y�Jp; é
§Ýÿþ�ïÄK�é��, ¿�E�3§Ýÿ
þ°ÝØp�¯K. 3·I, Ai � [9] u 1998 cé
^ FPI *ÿí�?1
©ÛÚïÄ, ÜW¬� [10,11]

�?1
�'nØ&?, �·IéT+��ïÄE
,�©k�. �X·IÊU¹Ä�O\, éT�m
«��*ÿÚïÄ, ±9·I¥�Ý«�p��í
iÀ�ä�ïáw��~7�. 2008 c 11 �, o
Ó, Üÿ�é{Ùp - øÛZ�¤�¤��í§Ý
ÿþ�n?1
�\�?Ø [12].
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1) I�^�O-1. y3Ï1� FPI §Ý�ü
�{, I��AÅ���O-15¼�[ÜXê,

�¯¢þ¿vkÅ�� 630 nm Ú 557.7 nm �-
1ì. Xé 630 nm Ì�, Ï~æ^ 632.8 nm �­
ª-1ì5?1�O. �¦�ü¤��U, Timothy

� [13] JÑ
Å�C���{. w,Å�C�¬�
5�A�Ø�, K�*ÿ°Ý.

2) é 630 nm Ì�, T�{�ü�§ÝåÏ�
~�. I	�©zL²á�mS, XÓ��þ�§
Ý3þ�NCåÏ�� 400—500 K[1,14,15].

3) é 557.7 nm Ì�, T�{Ø��U�Ñ��
(J. ·�Qò�O-1 (632.8 nm) [ÜXê�Å
�C��uyÃ{�Ñ 557.7 nm í�éA�§Ý.

Ù¦I[Æö'u 557.7 nm í�§Ý�ïÄ©Ù
�Øõ�. Ì��Ï�U´Å�����.

±þ¯K�U´Xe�ÏE¤�: 1) ügJ
� (í�Ú-1) Z�^«5¼�[ÜXê, õ�g
J�Òõ��Ø�. 2) Å�C��1�cJ´é�
�n��XÚ, ¢SþéJ��. ¤±k7�U?
§Ý�ü�{.

�©©Û
DÚ� FPI �í§ÝÿþXÚ§
Ý�ü�êÆ�., �Ñ
ý¢XÚ�D4¼ê�
£ãúª, ¿�Ñ
�Ä�§ÝÐ°��D4¼ê
�L�ª. �ª�Ñ
�«ØI��O-1
?1
§Ý�ü��U�{, �Ñ
3dÄ:þ?1§Ý
�ü¤7L�)�)Û/ª.

|^ÉÇ�Æï��VÏ� FPI �í§Ýÿ
þXÚ¼��*ÿêâ, ^þã�{?1§Ý�ü,

ÏL'éÙ¦Æö�¢�©Û(J, `²�©�{
U^uù�«Å�� FPI §Ý�ü.

2 � n

�fu�Ì��Ì�\°Ån´-E\°Ú
õÊV\°, du9��í�©f�Ý®�~$,

-E\°�A�$uõÊV\°�A, Ïdí�
u�Ì���°ÝdõÊV°Ý(½, 
©f (�
f) íN�§Ý T �õÊV°Ý ∆λT �'X�
L�� [1,14]

∆λT = λl

(
2kT

mc2

)1/2

, (1)

Ù¥ λl ´�Ä
õÊVª£���¥%Å�, k ´
À�[ù~ê, T ´9åÆ§Ý, m ´u1©f (�

f) �þ, c �ý�¥1�.

é FPI XÚ, eålZ�^«¥% r ? CCD P
¹�1fê� Nr, K [1]

Nr =C0r · t ·
1 − R

1 + R
· A0

{
∂<
∂λ

∣∣∣∣
0

∆λF

+ <0TF0(λl)
∞∑

n=0

[
an cos(nx)

+ bn sin(nx)
]
· exp[−n2G2]

}
+ Br. (2)

Tª=��ª^5?1ã/©Û�¼ê, Ù¥, Ï
ª� ∆λF, Cor, t, R,A0 ´®��XÚëê, XÚD
ÑXê an Ú bn �ÏLé�O-1Z�ã�[Ü
¼�. TF0(λl) �^5?1Ì�ÀJ�c�È1¡
�ß�¼ê� Taylor Ðmª�1��, Br ´ CCD

ì�Å��µD(. <0, G �1
k', Ù¥

G =
π

c

√
2kT

m

2ud

λl
. (3)

l (3) ª¥�wÑu�Ì��§Ý&E�¹3 G

¥. |^ (2) ªéí�Z�ã?1[Ü, ¼� G =
��Ñ1
�§Ý.

Ïdl¼��Z�ã�¥¼�í�Ì�°Ý
&E�=�ÏL�ü�Ñ�í�§Ý. ÿþ�J:
3uí�Z�^«�°ÝØ=�í�u�Ì��
�°k', ��Z�¤�XÚ�DÑ5�, �=X
Ú�\°�Ak'. ¼�XÚéZ�^«�\°&
E´¢y§Ýÿþ�7�^�, �í§Ý�ü�­
:3uZ�XÚêÆ�.�ïá9XÚDÑ¼ê
�O(ÿ½.

3 XÚD4¼ê

n��¹e, FPI �DÑ¼ê´Op (Airy) ¼
ê, êÆþ�L�X�Ó%��, ~�/ªXe:

A(λ, x) =
(1 − R)2

1 − 2R cos(x) + R2
, (4)

Ù¥ x = 2π
λ ∆ = 4πµd

λ cos θ L«lIOäß�
���1å� ��, ∆ ´n��¹�1§�, R

´ FP n��Xê. XJò A(λ, x) ^Fp�?êL
«, K��¤

A(λ, x) =
1 − R

1 + R

+
∞∑

n=1

2 · 1 − R

1 + R
· Rn cos(nx). (5)
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du�Å ���3, XÚØ�ò�)��N\1
§� δ∆, dd x C�

x′ =
2π

λ
(∆ + δ∆) = x +

2π

λ
δ∆, (6)

ò (6) ª�\ (5) ª¥, ·�k

A(λ, x) =
1 − R

1 + R
·
{

a0 +
∞∑

n=1

[
an cos(nx)

+ bn sin(nx)
]}

, (7)

ª¥Xê

an = 2Rn cos(
2nπ

λ
δ∆), (8)

bn = −2Rn sin(
2nπ

λ
δ∆), (9)

ª¥®�Ä� n = 0 �, an = a0 = 1, bn = b0 = 0.

(7) ª=��Ä
XÚ �� FPI XÚ�DÑ¼ê
�Fp�?êL�ª. 8�z�Fp�Xê an, bn

�NXXÚDÑA5, �¹XXÚ ��oN�A,

(8) Ú (9) ªK�Ñ
Fp�Xê�XÚØ�A�
þ δ∆ 9Å��êÆ'X.

¦+ an, bn, δ∆ �N
 FPI XÚ�DÑA5,

� (7) ª�Øv±�Nl1
�¤�ì� CCD �
��ÿþXÚ�DÑA5. �d, �±�Äé (7) ª
\±?�, 3ª¥\\XÚ~ê N0, N0 �1
�
Ý!IOäÏ1�»!CCD ì�Åþf�Ç!�
µD(!XÚ�Ñ�k'. ?U� (7) ª�

N ′
r =

1 − R

1 + R
N0

{
a0 +

∞∑
n=1

[
an cos(nx)

+ bn sin(nx)
]}

, (10)

N ′
r Ò´ý¢ÿþXÚ�D4¼ê. é' A(λ, x) �

êÆ¿Â, N´wÑ, N ′
r Ò´åZ�¥% r ?1

fOê�. '� (2) ªÚ (10) ª¦�äkÄ��Ó
�/ª, �Ó�Ôn¿Â. �é5` (10) ª�Xê
' (2) ª�{', ��*.

4 §Ý�ü

ÏLé¤^ FPI �í§ÝÿþXÚ�©ÛÚ
ïÄ, ·�¼�
?1§Ý�ü�Ä�úª [16]

G2 =
1

2(s2 − t2)
ln

[
c2
t + d2

t

c2
s + d2

s

R2(s−t)

]
, (11)

Ù¥ s, t �[Ü�g n ��� 1—7 ¥��ê,

� s > t. Ï� 1—12 �[Ü���Fp�Xê�

��Âñé¯, 18��Xê®²�Cu", ¢S
¥·�� n Ø�u 7 �Fp�[Ü��Ù�uX
ê cn Ú{uXê dn.

R � FP n���Ç, e��
�� cn Ú dn

���, À�·�� s, t �d (11) ª�� G �, 2
d (3) ªÒ��üÑ§Ý. (11) ª´���½�§,

�âØÓ� s, t ���|¤ 21 ��§, �¿Ø´z
��§Ñ´k��.

5 *ÿêâ©Û

ÉÇ�ÆVÏ� FPI k�3ÉÇ, �®, à�
I�Ú#õ?1
í�*ÿ. ·�k� 2010 c 3

� 10 �3I�¼��í�Z�ã5�ü§Ý.

du·�� FPI ´VÏ�(�, ¤±�±Ó�¼
� 557.7 nm Ú 630 nm Z�ãêâ.

IOä`²Ö¥�Ñ, é 630 nm Å�, uÑ�
� 1 mrad �, ��Ç� 91.23%, �uÑ�� 25 mrad

�, ��Ç� 0.26%; é 557.7 nm Å�
ó, uÑ
�©O� 1 mrad, 25 mrad �éA���Ç©O
� 90.62%, 0.21%, �uÑ����Ç�mäN�
'X­�)��[ (=I IC Optical Systems. Ltd)

ØUJø, |^IOä��Aëê·���
�
�Ç R ÚuÑ��m�N'X­�Xã 1 ¤«,

p�I���Ç, î�I�uÑ� (ü  mrad).


·�¢�¥ 630 nm �Z�S�éA�uÑ�
�� 6.14 mrad, 557.7 nm �Z�S��uÑ��
� 5.70 mrad, lã 1 ¥�wÑ 630 nm, 557.7 nm Z
�S�éAuÑ����Ç©O� 0.44, 0.57. ^d
����Ç?1§Ý�ü, éAü�ØÓÅ��§
Ýê�Xã 2 Úã 3 ¤«.

ã 1 ��Ç R ÚuÑ��m'X­�
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557.7 nm � ( J ' � Î Ü ú @ � � �,


 630 nm �(J¦+3ú@��U§Ý��S, �
k
 $, �U�Ï´ã 1 ¥uÑ�Ú��Ç�m
�'X­�3�uÑ��, ��Ç�Ø(½5ÒO
\. XJ� 630 nm Z�S�éAuÑ����Ç
� 0.33, éA�§ÝXã 4 ¤«, þ�� 991.56 K,

'�ÎÜÙ¦�{�Ñ§Ý(J. ù`²��U

ÀJÜ·���Ç, Ò�U�üÑÎÜ¢S�§Ý.

ã 2 630 nm Å��§Ýê�, þ� 619.56 K

ã 3 557.7 nm Å��§Ýê�, þ� 236.60 K

ã 4 630 nm Å��§Ýê�, þ� 991.56 K

y3é�¿À�� 2010 c 7 �3#õ*ÿ�
�êâ?1Ó��?n. ã 5 ´ 7 � 2 F� 7 � 16

F¥m� 8 U?n(J�Ñ��m 557.7 nm ²þ
§ÝCz­�. p�I�ýé§Im, ��Ç R �

�XÚëêé,�Å�(½�Ø2Cz, �E�
� 0.57.

ã 5 2010 c 7 � 2 F� 7 � 16 F 557.7 nm §ÝCz­�

§ÝCz«mÎÜú@§Ý��. lã¥wÑ
§Ýkeüª³. 7 � 5 Fêâk: p, XJ�K
K§Ý3 225±3 K ¥Cz, eüª³ÒØ²w
.

l (11) ª� R �ØÓ��òK� G ��(½,

�ªE¤§Ý�åÏ. 
 R ���k�½�Ø(½
5. y3·�5&?�eØÓ��Ç�5�§ÝC
z. ± 7 � 5 F�êâ�~, ã 6 �Ñ 557.7 nm Å
��ØÓ��ÇéA�§Ýê�. lã¥�±wÑ
·�ÏLã 1 ���Ç� 0.57 �éÜn5. �,é
uØÓ�[Ü�{���[ÜXê, �¬¦(Jk
¤ØÓ.

ã 6 557.7 nm Å��ØÓ��ÇéA�§Ýê�

Ó � é 2010 c 7 � 3 # õ * ÿ � 630 nm

êâ?1?n, � 630 nm �±?1©Û�êâ
� 557.7 nm �. ã 7 ´ 7 � 7 F� 7 � 16 F¥m 4

U?n(J�Ñ� 630 nm ²þ§ÝCz­�. p
�I�ýé§Im, ùp��Ç R EÎ�� 0.33.

§ÝCz«mÎÜ¢S§Ý��.

± 7 � 7 F�êâ�~, ã 8 �Ñ 630 nm Å
��ØÓ��ÇéA�§Ýê�.

l ã ¥ � ± w Ñ · � Ï L ã 1 � � � Ç
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� 0.44 k
 �, XJ���Ç� 0.33, K§Ý
(J�\��.

ã 7 2010 c 7 � 7 F� 7 � 16 F 630 nm §ÝCz­�

ã 8 630 nm Å��ØÓ��ÇéA�§Ýê�

ã 9 2011 c 1 � 10 F� 15 F 557.7 nm §ÝCz­�

ã 10 2011 c 1 � 10 F� 15 F 630 nm §ÝCz­�

ã 9 Úã 10 ´ 2011 c 1 � 10 F� 15 FI�
*ÿêâ^þã�{�Ñ�§Ý�ü(J. §Ý(
J3ú@���SCz.

6 �.'éÚØ�ÐÚ©Û

é 630 nm Å�éA§Ý, �|^IS>l
�ë��. IRI(International Reference Ionosphere

2007) ?1��, (J´�®/« (�¹I�)250 km

p Ý 2010 c 3 � 10 F 19 � > l � § Ý �
� 870K; Ó�|^�. IRI O�¼�#õ¥�
V/« 250 km pÝ 2010 c 7 � 10 F 19 �>l�
§Ý�� 876 K, d�éA��Ç�� 0.36. ùü�
§Ý�*ÿ§Ýê���3 100 K �m, �éØ�
3 10%þe, ù'I	Æö�Ñ�§ÝåÏ 400 K

� 500 K k
é��U?. du>l�§Ý�Ø(
½5, �.�Ñ�§Ýê��U��ë�. AO´
�.�Ñ�´,�pÝ�§Ýê�, 
·�*ÿ�
��§Ýê�´ù�pÝNC�½��S�§Ý
þ�. �,, lýéê���Ýw�ÏLN�XÚ
��Ç5 �Ø�, �ùATvk7�, Ï��.
.¾�Ln�z.

é 557.7 nm Å�éA§Ý, �|^�í�.?
1��, du�í�.«a�õ, ·�æ^ MSISE-

00 �íë��., ���®/« 96 km pÝ 3 � 10

F 19:00 ��§Ý� 180 K; #õ¥�V/« 96 km

pÝ 7 � 2 F�þ 7 :��í§Ý�� 184.2 K. ù
ü�§Ý�*ÿ§Ýê���3 40 K �m, �é
Ø�3 20%þe. ed�éA��Ç�� 0.58, K
�éØ����3 10%±S. |^ù��., ·�
uy#õ¥�V/« 7 � 2 F� 7 � 16 F�þ 7

: 96 km pÝ�í§Ý²­þ,, 15 U,Ì� 1 K,

�·��*ÿ(J�uyù�y�, Ñyù«�¹
��U�Ï´:

1) �í�.�Ñ�þ,ÌÝ��= 1K, J±
*ÿuy;

2) duUí�Ï, *ÿ�mãS¿�zUÑk
êâ, �Ò´êâØëY��ª³Ø²(;

3) 3k*ÿêâ��¹e, duUíÏ�, '
XU�ÝØÓéZ�^«�U�)�K�, �ªK
�§Ý�ü�O(Ý;

4) 3á�mS¢S§ÝCzª³�U�n�
§Ý�.�Ñ��UØ��;
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5) *ÿ���§Ýê�´ù�pÝNC�½
��S�§Ýþ�.

7 ïÄÐ"

Ó�À� 2010 c 3 � 10 �3�®¼��í�
Z�ã^-1�O{ (�O-1Å� 632.8 nm) 5
�ü§Ý. ã 11 ´ 630 nm í�éA�§Ý. lã
¥�±wÑ3C����mm�SåÏ� 600 K,

þ�� 900 K.

·�EÀ� 2010 c 3 � 10 �� 557.7 nm í
�Z�ã5�ü§Ý, �O-1Å�� 632.8 nm,

ò�O-1Fp�[ÜXê�Å��m�XêC
��� 557.7 nm í�Z�ãFp�[ÜXê'�
���§Ý·�uyý�Ü©vk¿Â. ��Å�
Cz���^XêC�?1§Ý�üØ�Ø��,

·�7LÏé,�«§Ý�ü�{.

���©JÑ�Ø^�O-1?1§Ý�ü
��{ò´�«U^uØÓÅ�� FPI §Ý�ü
�{. ¦+§�Ñ�*ÿêâ�n��.ê�k�
½�ýéØ�, �§ØI��O-1, é 632.8 nm

�Ñ�§Ý(JåÏ'DÚ�{�; éDÚ�{Ã
{)û� 557.7 nm ¯K�U�Ñ'����(Ø.

�,ù«�{�I�U?, 'Xé��Ç���I
��O. ùp��Ç�w�XÚëê, é,�XÚ
,�Å�
ó�O�Ø2Cz.

ÉÇ�Æ-1Ï&¢�¿u 2010 c 10 �ï

�¤õ·I1��B�ªüÏ� FPI A�4*ÿ,

é¤¼��êâE�^�©�{?1©Û. �,d
uXÚu)
Cz, XÚëê (X��Ç) �
�A
�N�, k'(Jò,©?Ø.

ã 11 2010 c 3 � 10 � 630 nm í�ã�ü§Ý©Ù

?1�¢S§Ý�Ø�©ÛÄk����é
O(�§Ýê�, XJU¼�3Ó��mÓ�/:
^ØÓ�{¼���í� 96 km �mÚ 250 km �
mp?§Ýêâ, ?1'é, K�±¼��éØ�
���. ù«©Ûò¬kÏu©Û�{�U?.

Jp FPI §Ýÿþ°Ý������{´J
p FPI XÚ��OÚ��°Ý, ü$XÚ�D(�
?. Ùg´æ^�\�{�êâ?n�{, ¦?n
(J�\äk��5. |^yk��?1��mp
rÝ�*ÿ, ¼�´L�*	êâ, ¿éêâ?1
©Û, Ø�U
)p��í�§ÝCz, éJp§
Ý�ü°ÝÚ��5��'­�.
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its observational data preliminary analysis∗
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Abstract

In this paper we present a method, by which the temperature inversion is carried our without the calibration of the laser under

the FPI observations. On the basis of 630 nm and 557.7 nm observational data are obtained by Wuhan University FPI atmospheric

temperature measurement system, using the above method. The results of temperature inversion show that the method doesnot require

the calibration of the laser, and can be used for FPI temperature inversion with different wavelengths.
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