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3¹Ä(XØáÂ1Ì¥�3X�«­��áÂA� —– c��� M ��Ø�©E�[XáÂÌ, @£ù«
A�éu¹Ä(XØ«�Ôn5��ïÄäk­��¿Â. |^[�Ì��., é¢�¿¥¼��áÂÌ?1
n
ØO�Ú©Û, �Ð/­y
¢�(J¥Ì��áÂ(�, Ó�O�
§Ý� 10—50 eV �ýÿáÂÌ, ^u¹Ä(
XØ1Ì�ïÄ.

'�c: ¹Ä(XØ, c M ��Ø�©E�[X, [�Ì��.

PACS: 32.30.−r, 52.25.Fi, 95.30.Ky

1 Ú ó

c��´UN¥��«�~­����, é1
ÌÆ�ïÄc�­�, ù´Ï�c��kX´L�
Ì�, ÊH/�3uUN1Ì¥, �±�UN�ï
ÄJø���Ôn&E. ù
Ì��ïÄéun)
NõUNÔn¯KkX­��¿Â. ~Xc Kα �
´éõ¹Ä(XØ (AGN) X ��UÌþÊH�3
�A�, §´�½¹Ä(XØS«Ôn5���Ð
Ãã [1,2]. Ï~@�ù
c�5
u�CçÉ�á
È���S«, duÉ�ì��mÊV$Ä���
r�õÊVÐ°, \þÚåù£�A, E¤Ì��
Ð°Úù�Øé¡ [3], Ïd, °�c K ��@�´
ïÄ AGN ¥%çÉ�Ð�&�. éup�^=�
çÉ, çÉg^��, �S­½;��»��, c�
É��Ð°�A�� [4]. Ïd, °�c K ��Ó
+ÒU�NçÉ�g^��. ,	, 3��ÚÙ¦
ð(SÜ, céuÙØß²ÝkX­��z. ð(
SÜ�c��éuË�1�áÂ�^wÍ, OPAL
Øß²ÝO�L², \\
c M ����[L§
¦�Øß²Ý�O�(J3,
ÅãO�
 4 �,
¤õ)º
��¤¡��EIC(�þgñ�¯
K [5].

éu$>lÝ�clf, ÙS�� n = 2 → 3
��[�±�)�þ�áÂÌ�, ù
Ì��p·
Ü, 3*ÿ¥éJ©EÑü�Ì�5, l
�¡�
c M ��Ø�©E�[X (UTA)[6]. ù
Ì�Ì
�d 2p → 3d �>f�[�), Å���´ 16—
17 Å (1 Å = 0.1 nm). c��Ì��ù�áÂA
�®²3éõ X ��
¥�uy, a(N IRAS
13349 + 2438 ´1���E@Ñ X ��Åãä
kc M �� UTA �¹Ä(XØ [7]. �� XMM-
Newton *ÿ� Seyfert 1 (X NGC3783 �äkù
«(� [8]. ù«Ì�(��/¤´duU?��
�±9*ÿ
¥�«Ì�Ð°Å����Ì�\
°� £, l
¦��«Ì��p·Ü
Ã{©
E. ù
Ì��±JøáÂÔ��>l(�!Î�
Ý!	6ÄåÆ�­�&E, éuïÄ¹Ä(XØ
SÜ(�¿Â­�.

3¢�¿¥, Chenais-Popovics � [9] ÏL-1
\9cÊ¡, ¿¦^�µ X ��ì�c�lfN,
l
ÿþ
c M �� UTA (�. nØþQ¦^õ
«�{5[Ü¢�1Ì [9], �´(JÑØ´én�.
�©|^�éØ�[�Ì��. (DLA) é�lf
NSÜ��*L§?1
ïÄ, é¢�êâ?1

[Ü, 3§Ý� 21 eV, �Ý� 0.004 g/cm3 ���

'�Ð�(J, Ó�O�
�Ý�½� 0.004 g/cm3,
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§Ý� 10—50 eV ���ýÿáÂÌ, ¿©Û
Ù
A5�Cz.

2 ¢�êâ9nØ[Ü(J0�

Chenais-Popovics � [9] ¦^ ASTERIX IV pU
-1ìÿþ
3§Ý� 18—21 eV, �Ý� 0.002—
0.004 g/cm3 ^�ec�lfN�ß�Ì, Ùÿþ�
áÂÌ¥yÑ
 UTA �(�, Ù¢�(JXã 1
¤«, Ó� Chenais-Popovics ��é¢�(J?1

nØ[Ü, ¦�©Oæ^
�|�Øß²Ý�
. (SCO)!��[X�. (STA) Úg^ - ;�©�
�[X (SOSA) �n«�{é¢�(J?1
[
Ü, Xã 1. ùn«�.Ñ´ÄuØ�©E�[X�
�{, ¦^ÚO��{, rUþ�C�|�8��
|?1�[O� [10], ù�¬!��þ�O��m,
�´O�(J�'�o÷, vkw«Ñ1Ì�°[
(�. 
 DLA �.3O�Øß²Ý�, I��Ä�
f�[�z�^Ì�, ù��±w«Ñ1Ì�éõ
[�(�.
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ã 1 ¢�ß�Ì��«nØ[Ü(J�'�

lã 1 ¥�±wÑn«�{�[Ü(JÑØ
´én�, nØO��áÂrÝ²w'¢�(Jr,

�áÂ�¸� ��Ø�ÎÜ. Chenais-Popovics
��Ñe����Z�[Ü�J, KI�ü$á
Âlf�¡�Ý, éu SCO �{I�ü$ 2.7 �,

 SOSA �{�~� 1.7 � [9].

3 DLA �.nØ

DLA �O�I��^�^Ì�/�Ä�fU
?�[, ÏdO�þã�. ÙO�Ì��)o�L
§: åP - åPL§, åP - gdL§, gd - gd
L§, >fÑ�L§ [11].

3.1 åååPPP - åååPPPLLL§§§

åP - åPL§Ì��Ä�f½lfSÜ>f
��[éu1f�áÂ. ÙáÂXêO�úª�

µbbν =
∑

Nitσitt′ν, (1)

Ù¥ Nit � i lf?uU? t �lfê. 3ÛÜ9
Ä²ïCq^�eÙ�±L�� [12]

Nit = gitNi/Zi e−
Eit
kT , (2)

Ù¥ git ´ i lfU? t �ÚO�­, Eit � i l
f t U?�Uþ, T ��lfN§Ý. Ni, Zi ©O
� i lf�lfê�ÝÚ�©¼ê, �±ÏL¦
) Boltzmann-Saha �§��. σitt′ν �åP - åPá
Â�¡, ÙL�ª�

σitt′ν =
πhe2

m ec
fitt′Sν, (3)

fitt′ �U? t-t′ ��[�frÝ, Sν ´�/¼ê,
3�lfN�¸¥Ì��3Ð°Å�k: g,°
Ý!>f-EÐ°!õÊVÐ°Úg>l��Ð
°. �9�Ì�Ó+kpdÓ+ÚâÔ[Ó+, Ï
d·�æ^
 Voigt Ó+, §´pdÓ+ÚâÔ[
Ó+�òÈ, ÙL�ª�

Sν =
2
√

ln 2√
π∆νd

H(a, b), (4)

H(a, b) =
a

π

∫ +∞

−∞

e−x2

a2 + (b − x)2
dx, (5)

a =
√

ln 2∆νl/∆νd, (6)

b =2
√

ln 2(ν − ν0)/∆νd, (7)

∆νl Ú ∆νd ©O´âÔ[Ó+ÚpdÓ+�°Ý.
3�©�O�¥, ·�Ì��Ä
õÊVÐ°

Úg>l��Ð°. Zeng � [13] �Ñ?up-u�
�lf, g>l��Ð°�'>f-EÐ°­��
õ. ·�O�
 Fe lf�g>l�Ç, ��
Ùg
>l��°Ý. Ó�du1Ì¤©EÇ�¯K, �
7L�Ä¤ìÐ°. O�¥Ì��g,°Ý���
�uþ¡A«°Ý.

3.2 åååPPP - gggdddLLL§§§

åP - gdL§q¡�1>lL§, ´lfS
>fáÂ1fdåP��>l��L§. ÙáÂX
ê�±L��

µbfν =
∑

Niσibfν, (8)
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Ù¥ Ni Ó 3.1, σibfν � i lf�1>l�¡, L�
ª�

σibfν =
∑ git e−Eit/kT

Zi
σitν, (9)

ª¥ git, Eit, Zi �¿ÂÑÓþ�Ü©0�, σitν � i

lf t U?�1>l�¡.

3.3 gggddd - gggdddLLL§§§

gd - gdáÂq¡�_Ü�áÂ, ÙáÂX
ê� [14]

µffν =
∑

Niσiffν, (10)

σiffν =
16π2e2h2

3
√

3c(2πm e)3/2

z3
i Nigiff

(kT )1/2(hν)3
, (11)

giff ´gd - gdáÂeAÏf.

3.4 ÑÑÑ���LLL§§§

3 � © � O � ¥, Ï � \ � 1 f U þ ?
u 730 eV NC, ���u>f·�Uþ 0.51 MeV,
¤±æ^
 Thomson �¡ µscatt.

3.5 ØØØßßß²²²ÝÝÝ���OOO���

(½
±þ��þ��, Ò�±½Âo�Øß
²Ý:

κν =[µbbν + µbfν + µffν](1 − e−hν/kT )

+ µscatt, (12)

ù�\�1ÏL�lfN��Uþ=£Ò�±L
��

Fν = e−κνl, (13)

l ��lfNþÝ.

4 O�(J

4.1 lllfffÙÙÙØØØêêê

lfê�Ý Ni Ú i lfU?ê�Ý Nit Ñ´
¦)Øß²Ý�­�ëê. 3ÛÜ9Ä²ïCq^
�e, ·�ÏL¦) Boltzmann-Saha �§5��l
fê�Ý Ni, ?
¼� Nit. O�(JL², 3§Ý
�� 21 eV, �Ý� 0.004 g/cm3 ^�e, Ì��3�

lf� Fe VI, Fe VII, Fe VIII, Fe IX Ú Fe X Xã 2
¤«.

离
子
布
居
数
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0

0.1

0.2

0.3

0.4

ã 2 §Ý� 21 eV, �Ý� 0.004 g/cm3 ^�e Fe �lf
N�lfêÙØ

4.2 >>>fff���[[[���fffrrrÝÝÝ

3�©�ïÄ¥, åPáÂL§´�)¢�
áÂÌ�Ì�L§, Ïd�frÝ�°(§Ý�
�K�Ì��[Ü(J. ·�|^���éØ�
�fêâO�§S (flexible atomic code, FAC)[15]

O�
 Fe �lfN�U?Ú Fe VI — Fe X lf
� 2p → 3d >f�[��frÝ. FAC �{´Äu
��éØþfåÆ�O��{, æ^ jj ÍÜCq,
¦) Dirac �§, ��Å¼ê�Uþ�ëê. 3�
[�frÝ�O�L§¥, ¿©�Ä
|��p�
^�K�, �¹
>f�p-u� 7s ;��|�.
·�Ó�O�
�frÝ��Ý5�Ú�Ý5�
ü«L«/ª, 5�y(J��(5, Ï��Ý5
�Ú�Ý5���CÒ`²O�Å¼ê�°( [16].
·��Ñ
 Fe VII lfÚ Fe VIII lf��[�f
rÝ��Ý5���Ý5��'� Vel/Len, î�
IéA�A��[Uþ. Vel/Len ����C 1 `
²O�(J�°(. lã 3 �±wÑé¤k��
[, Ù'�Ø
�êA�: l��	, �Ü©:
Ñ3 0.9 NC, ù`²·��(J'�°(, ÎÜ1
Ì[Ü��¦.

4.3 111>>>lll���¡¡¡���OOO���

�©�O�¥, ·�'�
1>lL§�åP
áÂL§é1fáÂ�K�, uy1>lL§�'
åPáÂ�A�þ?, Ïd31>l�¡�O�¥
·�|^��� FAC �{O�
clfÄ�Ú$
-u��1>l�¡. FAC æ^Û­Å (DW) �{
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5O�1>l�¡, Ø�ÄÏ�ÍÜ, O�{ü¯
$, ������1>l�¡. ÙO�úª� [15]

σPI = 2πα
1 + α2ε

1 + 0.5α2ε

df

dE
, (14)

Ù¥ α �°[(�~ê, ε ´Ñ�>f�Uþ. ��
~f·��Ñ
 Fe VIII lf�O�(J, Xã 4.
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4.4 ¢¢¢���ßßß���ÌÌÌ���[[[ÜÜÜ

3¢�L§¥, �lfN�§ÝÚ�ÝÑ´
3Cz�. Chenais-Popovics |^6NåÆ�[�
�
¢�1ÌÿþL§¥�lfN�§Ý� 18—
21 eV �Ý� 0.002—0.004 g/cm3[9]. 
ØÓ�§
Ý�Ý^�élfÙØê¬�)é��K�, ?

K���ª[Ü(J. Ù¥§Ý´Ì��Ï�.
·�¦^ØÓ�§Ý^�¼�
ØÓ�lfÙ

Øê, ¿�)
�A�ß�Ì. ÏL�¢�1Ì�
'�·�(½
�lfN�§Ý� 21 eV, �Ý
� 0.004 g/cm3. O�(JXã 1 ¤«. DLA �(
J�' SCO Ú STA �(JÐéõ, ÙáÂ�rÝ
� SOSA �{�(J��, �´ DLA �áÂÌ�
k�õ�[��áÂ(�.

DLA O��(JE,'¢��$. �)ù«(
J��Ï�Uk: ¢�ÿþ�¤¦^� TIAP ¬N
Ì¤��g��¬é�§Ýþ��ÿþ(J�ü
$ [9]. ¢��¬�þÝÿþØO(��O�¤^¡
�Ý�Ø(½. �lfN§Ý�Ø(½, ±9�l
fN�9Ä²ï^� (LTE) b��U3,
/�Ø
¤á,  l LTE ^���lfN�1Ì¬� LTE ^
�e��lfNké���O. �
���Ð�[
Ü(J, ·�ráÂ¡�Ý��ëê5[Ü¢�ê
â, ��
�Z[Ü(J, Xã 5 ¤«, d��áÂ
¡�Ý� 12 µg/cm2. ù�(J� Chenais-Popovics
�<� SOSA �{�(J�Ó.
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透
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残
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ã 5 DLA �.[Ü¢�ß�Ì�(J9í�©Ùã c
�lfN§Ý� 21 eV, áÂ¡�Ý� 12 µg/cm2

4.5 DLA ýýýÿÿÿáááÂÂÂÌÌÌ

·�|^ DLA �.O�
�Ý� 0.004 g/cm3,
§Ý� 10—50 eV ���c�áÂÌ�5©ÛÙ
CzA�, ±B^u¹Ä(XØáÂ1Ì�ïÄ.
Xã 6 ¤«, ·��Ñ
ØÓ§Ý�áÂÌ�'�
ã. lã 6 �±wÑ, 3 10—50 eV �§Ý��Sc
�áÂÌ©ª¥yÑ UTA �(�, ù´Ï�3ù
�§Ý��SÌ��3�lf� Fe III—Fe XV, ù

�$>l�clf�áÂÌÑ´Ø�©E�(
�. ,	, �X§Ý�,pÙáÂ�rÝkO��
ª³, Ù¥�²w�Cz´�X§Ý�,páÂÌ
�pUþ��£Ä. éuü����§Ý�áÂÌ,
ÙáÂ¸�¤éA�Uþ��� 19 eV �m. Ù�
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Ï´�X§Ý�,p, �lf�>lÝO�, ØÓ
§Ý��lfN¥ÓÌ�/ �clfØÓ, Ïd
�)
ù�y�.
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ã 6 �Ý�½� 0.004 g/cm3, §Ý� 10—50 eV ���
cáÂÌ�Cz

5 o (

c M �� UTA 3Nõ¹Ä(XØ� X ��
1Ì¥´��­��A�, §3ù
UN�1Ìï
Ä¥k­���^. ��@�, ù
 UTA ´d�

	6��lfNé¥%Ë��áÂE¤�. Holczer
� [17] ïÄ
¹Ä(X NGC 3783 �1Ì�, uy
c M �� UTA ¿Ø´d	6��lfNE¤�,

´d±���DÔ��áÂE¤�. ù�(Ø
E3?Ø�¥, Ì�8¥3¦�æ^��.Ú�f
êâ´ÄO(, dd��¢�¿ÿþÒw��©­
�. Chenais-Popovics �|^pU-1ì3¢�¿
¥é Fe M UTA ?1
ïÄ, ¿¦^ØÓ��{[
Ü
1Ì, �´¦��(J�¢�êâ�É²w.
·�¦^[�Ì��.­#[Ü
¢�1Ì, O�
(JØ=Jp
�¢��[Ü§Ý, 
�éÐ/£
ã
¢�ÿþ¥�,
°[(�, Ó��Ñ
§
Ý 10—50 eV ���ýÿáÂÌ.

a�I[U©��ùB�Æ¬é�©JÑ��B¿
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Abstract

M -shell unresolved transition array of iron is an important diagnostic tool of the X-ray spectrum of active galactic nuclei. This

array is measured in the laboratory, and compared with several theoretical models. In the present paper, we introduce a detailed line

counting model. With this model, we simulate the experimental spectra, and the comparison shows a good agreement. We also calculate

the absorption spectra in a temperature range of 10—50 eV.
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