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U;)r6b	opjS�>~�Æ��[
f�g&�jS�>~�-";��KB 1 �t
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C 1 ��?V�.#<�
uPC�lU�A�'��℄5o�A��g��℄��	��s7JoG= 0�I%��X��V����T����R:BRe-����T��'7�?sh'	�Ab:	
1930 Æ
 Trumpler [1] 8℄U�X�q�i~���mG	~
�Iou?�)lC�>U��r���[��>U�3w6oX�d�j}OQ�AD5t�ICt}�>U�3w-S� 1936 Æ Rundnick [2] ℄
/>8� (pair method) �oG
Cq)<,��>�qU (�>�q�<R�C?) � 1953 Æ Morgan �E [3] h=CI �ql(��q-.

RV = AV/E(B − V ) = 3.0 ± 0.2 � Stecher (1965) [4] *G� 2175 Å �qHH
 Stecher �
Donn (1965)[5] FT!yh{�;�.#x�� 1973Æ
� 0.2 µm−1 � 10 µm−1 :R��q9x,?!q*� 1989 Æ Cardelli �E [6] 0dq) / YJ�q9x�M℄2|dSIE	�℄gdrl

�[SI�E	yyI �ql(��q-. RV 
1>?�8p RV )d>?� Burstein � Heiles(1982) [7] ℄ HI/ �m=	 (HI/GC) >8
�U	m��B
 h�\z�o>)C�U4>������
(U4��� E(B − V ) zT 0.01 mag 
�U4T
0.01∼0.02 mag � 1998 Æ
 Schlegel �E [8] _� COBE/DIRBE � /ISSA 	~
�<7:R
100 µm U��J5\B�
!�MP�TU�Kn&C?B
p3�Mh=U	m�q� h�\z����;���8p�q&y Burstein � Heiles ��B [7] ��*
�X��8pq&GdsJ0X�>{���AD�`i
Eh�MVTT?�h=U	m℄|x>��



� 262 �������8�[�*�j��������� 24 ���q��>S\�ra van Rhijin(1921)[9] *G�
��, Henyey � Greenstein [10] )FT�U��;�i℄� h$5t�>U�HD�,S\
9�W (albedo) �X� 20 vB 40 Æ}z
 Hall [11] � Hilltner [12] C8%:�5t�>� �I FT�y�U	mlN�i℄q
A5R�;�["F
p�>�q℄�S 
�4xhÆ��qMb� � 1957 Æ van

de Hulst [13] p1℄U&r7v� �r�
 1972 Æ Martin �E [14] �
R�~�|x>�X�o*G�v� �r{ 75 Æ�>Æ�<
�UmG<��iA�l>{GA�5��/i5Q;�
1�) 8Fn�0X
Eh/U��1℄{*{4h�a��-Z�4[~p^d�>U�l�lN{�i℄�mG)~
+℄�q�S\��>�JK\��>� ��>s�L�
;^dpmGWE�M
��jiU�F&�`t��)d[��R�AD�k��Q[`ZQ-�,!4W℄1{/MW�U�1℄w��f�
0d�ILp�,r��^1�/S*�>U�3w�1��O�
2 ���W�ÆoI+�~,ah/�>U��)d[�`t��R��FnHDK,i!lDRK\N�{�i℄�mG�&;�>�q��>5\��>� �i.Y)~��>�)s�L��iHY)~���AD�mG)~T3wU��
1.#0
Cw7<P�qrC8`ZI�AD�mG�HD�q".#x (|) �
2.1 �5	3~�qyi~�S\
Y�a�
��?{^$
LP��q��Xi�5 (mG�) �xhÆ�-H�U�)i~�S\�q
&i~�
A��J�x�J<,�K\
S\
[�q�jb�Eh>Q℄
/>8�*?!�>�q�<R�C? (
�>�q9x�) �OI��l�5-H;�edU�
�q�M�X>=
3NI�q"�{?�����
YsJ
F^U��q�4y<RhTK
.V����q"
ah�
��q Aλ ≡ 2.5 lg(F 0

λ/Fλ) 
&; F 0
λ yed�qjÆ�5\��5X�K\PA
 Fλ ymG��K\PA�
/>8��MVT?�?!�q
!,s;℄i�q9xGA�B 2 [15] �dC;<����q9x�pl�J�lYJ�qGQ
X
� λ−1 ≈ 4.6 µm−1

(λ ≈2175 Å)hdI[V#�i~.#
-�.3xYJ λ−1 ≈ 10 µm−1 
�qMV#/��W�"ÆE�p�q9x�M
��>U�`t�d[��k��yTT�<RlU�`ty4{� (λ ≈ 2πa)j
U��i~�S\
WfX�Tn
�>U�;I!r��-`t��;�yU; (a ≥ (λ/2π ≈ 0.1 µm))
!
℄z�Nq<,��q�4��U; (a ≤ (λ/2π ≈ 0.016 µm))��℄zxYJ (λ ≈ 0.1 µm) ��q [13] �TTpq)<,�xYJ<,
�q9xM�#/��WX

�u�>U�;|d�y	A��`tU;�q) / YJ�q9x�8p2�
6u�>?|x>�U��d>?�`tC?��)d[�q) / YJ��q9x�℄2|dI[\aEA�℄gdrl

\aEARV ≡

AV/E(B − V ) ya�ql(��q-. [6] �>?�|x>�
 RV )d�>?
I 2.1 <

RV < 5.6 [17,18] �/U	mjS�>`8
 RV ���/T 3.1 
9U	m��
�q�I *�
`8{n
 RV {y
xYJ�q9x�W{��`8{�S
 RV {�
�q9x{



� 3 % 4|����?V�4xuSmj� 263�#/�l�J (0.9µm ≤ λ ≤ 3.5µm) ��q9x�℄pUdr Aλ ∝ λ−1.7 s�
!l|x>��"tjm>y [15] �

C 2 ��?�r:y [15]

C 3 �V
n (MW) �z`�[� (LMC) �	`�[� (SMC) 
�r:y [15]
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ahC℄f4g��	y�_�Z~�B 3 [15] �dU	m�y_�Z~��_�Z~��q9x���_�Z~;
y1	|x>�X��q9xed,2d4P� 2175ÅH [19,20] 
� λ−1 l
x �#/ÆE��_�Z~;�U;.U	mjS�>`8�U;�
��
yai�_�Z~;�4)75
1"t�4U; !WX
,ai&
�F&��4U;��[W���y_�Z~;
�q9xdVP� 2175ÅH�V#�YJ
X7x [21,22] �
2.2 �5	�IA5RU;��lN;ai}?07�[!��F
p
�q�}�>� (K B‖ � B⊥)℄�S 
�4xhÆ�5\��qMb� �>Q,����qyx � �
� & P (λ)y<R�}	
!�<R2��7xKB 4 �t�p�J<,�qGQ
X
�q)<,w�4y/ Pmax 
��GQL�.3YJ<,�q) / YJ�� 9x�M℄|dQ[EA�r>dr Serkowski Us� [23] �

Pλ/Pmax = exp[−K ln2(λ/λmax)] ,

λmax y� w�4y/ Pmax j�<R (M µm T�X) �K y#&E	
�jS�~�|xX��/y λmax ≈ 0.55 µm 
 K = 1.66λmax + 0.01 (K ybAWA) � λmax �|x>��2�32�
l RV d{j � RV ≈ (5.6 ± 0.3)λmax
[15] � λmax Vy�|x>�XdV1�y`tU;
1�q9x� RV Vy� SerkowskiU�M4����q)lYJ<R:R�� 9x�

C 4 ��?�!:y [15]�O / ZL=-_ Serkowski V
��m�L
qVlo P (λ) ∝ λ−β(β ≈ 1.8) 
�	pB 4 �q) / YJ� 9xah�ME.� (1) 3YBC�>U�yA5R;[
1
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1{^!��F� (2) TT�<RlU;`t{�j� f.
!��F�U��
λ ≈ 5500Å hw�4y/
Tn�F�U����`tT a ≈ λ/2π ≈ 0.1 µm � (3) UV <,
P (λ)/Pmax(λ) qT1/��
��u
[ UV <,�q�4�`tU;��Ry5R,�ed�[!��F�y1	Æ�� 2175 Å�q.#>st� 
2d�[9J�� HD 197770� HD 147933-4�q";mG� 2175 Å � .# [24] 
 λmax C8� 0.51 µm � 0.68 µm h�� BN(Becklin-

Neugebauer) 75��Ji~.#�q"� mG;
 9.7 µm � 18 µm v�1�i~.#st� [26,27] �NJ Adamson �E (1999)[27] �mG\zst�U	m;�>� 3.4 µm (3��
.#b� 
1 PAHs |b� �x�J5\.#�9�i~.# (3.1 µm H2O 

4.67 µm CO � 4.62 µm XCN −1) mG�� .#�pUjm P (λ) ∝ λ−β �M��l�J (1.64 µm < λ < 5 µm) � 
&; β = 1.8± 0.2 
l λmax bj [28,29] �
2.3 �5	 !Ehf	p9\�~���~�jbU	q (DGL) 5tU�/�q�S\i℄�U��S\. (9�W
albedo
9S\l�q-.�{}	) TC℄U;�q). 0
C�

pah
+
djU;`t��)dE��k
?j!G0
CI>U�1℄w��Du�l�J�q)<,�9�W�X (≈ 0.6) 
� 2175 Å �i~.#xT3z 0.4, λ−1 ≈

6.6 µm−1 Pl
X3z 0.8 
��� λ−1 ≈ 10 µm−1 qT3z 0.3 �S\A/ZT[�
λ−1 ≈ 1 µm−1 � λ−1 ≈ 10 µm−1 :R	pz 0.6 ���Æ3z 0.8[30] �pS\9x�<R�2�7xah�M
d\℄�l�J�q)<,��qyBCwiS\ (�I8p9�WVX) � 2175 Å YJ�qHyi~x
ed,4YS\[C��`tU;HD(i~i℄
S\
Y�� (�YJ89�W��) ��>U��{���U&S\ X \x

[ X \x�wDR"BUI[,�>U�S\� X \x�
!�.&��RadS\i℄�U;�d[�̀ t��%��HC?�! [31] �GA�[��M! I>�>U�w�� X \xaZr�VLS\ZrC8�`t� a4 �
a6 uU2� (a TU;"u) 
Tn X \x�wPl���R�.&�Md
�XtQ|x>�Xy`tU;�	A�

ROSAT(ROentgen SATellite) mG Nova Cygni 1992� X \x�

����mGWE�
Witt �E [32] >{Cg��WE0d�!DdyA"u a zT 0.25∼2 µm �y`tU�D
℄z��l Ulysses � Galileo *G
��\zI4�3 Draine � Tan[33] 5tv�1�h{�1"=}= (PAHs) w��M℄zmG�� X \x�� h�℄�`tC?ypl�J�xYJ��q��M6�J5\��
d*��
2.4 �~�v3~��I*JU��q"mGstq"r�;[us��q�� .#
9K 2175 ÅYJ�qH�9.7

µm � 18 µm ��Ji~.#� 3.4 µm (3��
i~.#�9i~x�p���q�� .#ah�M
�djU�`t�F&�$
)d[�>r��k�
2.4.1 � 2175 ÅpXjW —— w`TpXhspB 2 ��q9x�Mus
d� λ−1 ≈ 4.6 µm−1(λ ≈2175 Å) hdI[�qHH
!
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3H/<R λmax �;�>2 [34] �"H<# FWHM ��
/T
0.992 µm−1 
2�Wy ±12% �;�<R� 2175 Å Pl2�WhT ±0.46% �

2175 Å �qHHy 1965 Æa Stecher[4] �r5t
gYU Stecher � Donn (1965)[5] 0d�h{�;�
yMbni~H�
8��*�3w6u
��h{y1���(5
�!>
℄z"H<#�"tS23;�<R;�>2�mGwl�1"=}=C[ (PAHs) �
2000∼2500 Å :RdV.�i~x�Tn/iMb 2175 Å �qH�
8
\ 20 vB 90 Æ}(Eh�|F�qph{{(� PAH C[�t�Eh!4Y��-
8y=}�|(
8�m�
!hy-
 PAH C[�*�
 [35,36] ��[�qHH�y1	|x>�Xed� 
h��[75XmG��P� 2175 Å � .# [24] � 2175 Å �qHHHDyU��i~i℄
[�
TTS\q"st� λ ≈ 2175

Å h9�W�� (≈ 0.4 �N 2.2 [) 
�uMb 2175 Å �qH�
8��
`tyz�M84w:R (≈ 0.01µm) �
2.4.2 9.7 µm Z 18 µm Yfrnehs —— w`T\knehs�#1|x>���>i~";mG��<�.��J.#x
;�<RC8T 9.7 µm� 18 µm ��~,T1
Mb��.#�
8�q?d[�\f$>4g
EhI FTv�1; Si-O )_ "wr� O-Si-O �9 "wrMb��<.#x�NJ
Ehh�.�OAÆ� (�
�}�[v�1) �8A�P (outflow) ;mG� 10 µm 5\.#
3�O(Æ� (Au[�rl(u[\��[ CO 
>
�[v�1) �JP;>edmG���iIA)lC 10 µm � 18 µm �>�J.#a}?v�1Mb���>�H;mG��v�1|V#1.Vq� (b[\f) 
��u�>�H�v�1yBCyA\o\f�l>{GA
d
\ov�1�dd$�oZ\f
� 9∼40 µm V#�<R:R	d#1GN1���.#x (K 11.3 µm .#x) ��~,T1
Eh�;�N$Æ���D#J�BÆ2Æ� (H$,�H$�) �U���k����>U�;*G��m	A�\ov�1�U��-";�1℄FT
;�N$Æ�>{����S����I8APd,����S��&5�>r0
C�>U�8A�yBC
Tk
��\ov�1iL�>�H�y2[A\o%��Y�_F
t�EhGb8℄z�>`8;S�\ov�1|A�mGt��TT��>U�w�z 1000K �XYD
�[\ov�1
!y3w75"t;X
{^�*�
jS�>`8;\ov�1|A�3wys
`TAD�

Li � Draine [35] .i�JK\h=jS�>`8;U�`t a < 0.1 µm �\ov�1�8Af1>)S{ 5% �fl Kemper[38] 
dC_T���<P
 h>{CgU�>�
Sgr A∗ ��q"
FTjS�>`8;\ov�1�XwT 0.4% ��1"0d
#1mG$6uU�>�>h#&jS�>~ (diffuse clouds) 
Gr�#14n�>~ (dense clouds) �
Kemper �EF^
��q"$yjS�>`8�ev
��
�4 Kemper �E�hCjS�>~;\ov�1|A [39](/
0d
y
 hfl5t�Zv [38] ;dvf
tL�\ov�1�8A.XwzX
C 2%)�NI>r
Bowey � Adamson(2002) [40] >{ Ea 8?>??-�\ov�1d[�*�
�i~"
M�����9 Cyg OB2-12>�� 10 µm i~"�
T3 hFT�>v�1yBCy\o%���y
 h�\℄
�>#�
[:
��M>{��&�&!78�5\">) —— fA� 8 ?\ov�1�d{?�Y&
J
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℄z!4mG�� 10 µm q�5\" [41] ��� 8 ?>?�)dC�v�1aiYJ / �Nq�i~
<>?
��J�5\G>?
>#�
�d{?�Y&��>�H;
Trapezium8v�15\" [42] �"H<# FWHM ≈ 3.45 µm
µ Cephei[43]�"H<# FWHM ≈ 2.3 µm ��Nv�1�. �nE;;>y!4�I���bajS�>~�|xX
 9.7 µm i~�M℄V�� µ Cep "��� [44,45] �3�C[~;
℄V#�
Trapezium Y(��V� [45] �lp (,{p) jS�>`8; 9.7 µm v�1i~.#.&l�Nq�qA-.l
T ∆τ9.7µm/AV ≈ 1/18.5��[/D6l� 100%�#?F&� Si�Fe� Mg �\�b!�v�1U;;�lÆ*dE0dai B ���Æ2
!�F&_
}6nE)F&
YM B ���F&iT5TF&��B�>s�F&hT#?� 60%∼70% ��

�
YA� Si � Fe � Mg u[K�
�[bgA�v�1p3� 9.7 µm MbKnA�i~�� Mathis 0d2d�U;y�Æ1�� (porous) 
z|d ≥ 25% ��j
℄#?F& 60%∼70%� Si � Fe � Mg F&3Mb ∆τ9.7µm/AV ≈ 1/18.5� 9.7 µm i~ [46] ��fl Li (2005) �`i/n1℄0dC;� [47] � Li[47] p Krammers-Kronig jmd5
℄)Cb℄1�U���Æ& (porosity) ;1y
OM B ��F&iTEÆF&
G>
℄zmG��U	m�q
�[\℄>K,iU��`t��R��I��>8pmG� 9.7 µm� 18 µmv�1i~"�� .#�mG��� 9xy1q�
b[\f
p3pNIU&)u�>v�1	yBCyA\o%��2d AFGL 2591(!yÆ2Æ�75DR�C[~) �& 9.7 µm #� "X Ed 11.2 µm ��.#x
>QFT�[ 11.2µm [|y\ov�1
[�
�3eedu?�1℄�M℄z�It� [48] �
2.4.3 3.4 µm uVivga℄[mnehs�U	mjS�>`8�& �m;$mG��#� 3.4 µm �q.# [49] ��<.i~xa,�
 (>R) (3��
; C-H )_wrW(
�!�?0 8Gb!℄� Sandford�E [50,51] FTjS�>`8; 3.4 µm i~.#HDa+�%�,�
> (z� C F&�
4%) Mb� Greenberg [52] FT�y9�J� UV q�i℄Mb�|(d0
�Fk
�3
Duley [53] FT��xbi|3�b!�( (HAC) �

3.4 µm i~.#x2�jS�>`8;,*G�
�4nC[~;>pV5t�I�7Z)C℄G3{^�3�{^�v%*℄z [54,55] ��>,�
|3(�
U;Mb�(��JP;$y�>`8;
GyI[d%R�^1� 3.4 µm ��>i~.#lO|(���R�~ CRL 618 �i~.#4&{

an�M
AE.�?U;Mb�(�JP;��3
�b8℄zjS�>`8;r�n-U��mGt��+eT1$edmG��<.#x�� [25] ��{?|x>�X
 9.7 µm v�1.#x� 3.4 µm (3.#x�q"� GA�M℄*.YI>v�1��(3��
�JU�w� [56] �TT�[w�FT(3��
#�v�1�Jr
Kzv�1!��F
mG� 9.7 µm �� .#
�
 3.4 µm (3��
� .#�!r� [57] �
2.4.4 �QRPneo�i{4nC[~�|xXrQmG�℄?9�i~x�f.�yi%
9 (H2O) �)_wrMb� 3.1 µm i~x�!� 3.1 µm i~x�$d�1 H2O �Px6 CO � NH3 �
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CO � CH3OH � CH4 �& C[�i~x (KB 5 �t) ��C[~ (>Q�q AV > 3 mag)d#|X�
8�9#J�9#J��)dCl��"t�!��[6odj�

C 5 ��?:V�
j�/$ [58]

2.4.5 �_
q^SmG���q9xXfCL)F�au[�/[��C[Mb�V��i~.#xJ
$d#1V#�i~.#
��V#�i~x,ZTjS�>| (Diffuse Interstellar Bands 

DIBs) �!f	y 1922Æa Heger[59] 5t
 1934Æ Merrill[60] FT!ya�>`8�\�
[���~,T1
Eh*G�yz 300 < DIBs 
!h�"H<#
yi 1Å �OE�M6��y
 80 1Æ*�
1�jS�>i~|z�edI<
�?F�XC3Wq"st 5797 Å � 6614 Å jS�>|�qp\fl#|;f[u[�yC[�[�P"|I4 [61,62] �Gd>#���)~6u 9577 Å � 9632 Å � DIBs �
y C+

60 Mb� [63∼66] �ah�ME.�
IBCjS�>|yayC[,4�`tU;�i~Mb�T℄z�J5\"
U�;1"#|yA PAHsC[ (N 2.6.1)
�M\��E��� PAHC[G�MMb#1 DIBs �~,
℄l>{GA�*%i~q"lmG
�� DIBs q"i�.Vs
AQ1D
2d�l>{G!*%i~.#�q?<R�"�
D
T?)F DIBs �
2.5 �=F�wy!�rlv�~{!U��5��)5\ (Extended Red Emission
ERE)y�>U��x�)�=&5\�!T3wU��dC0
CADx�� ERE a� 5400Å� 9000Å<R:R����#5\|d[
"H<#:RT 600 Å≤ FWHM ≤ 1000 Å 
H/<R�:RT 6100∼8200Å�H/<R λp �UDR"t�S23>?�

1980 Æ Schmidt[67] �o��|��~ (“Red Rectangle”) mG� ERE ��*T&�#175"t#&9\�~���R�~� H �8�U	mjS�>`8�& �m;$mG�
ERE [68] �!4FT ERE yU	mU�}?[C�[qK\�U�i~CI[�qq[�




� 3 % 4|����?V�4xuSmj� 269�)5\I[[qq[
mG6uq[P�W ηPL l� 100% ��Mb ERE �
8ed
�)F�Eh0d1?�(
8
#& PAH 
 HAC � Si �m;[�
�!hy1	,�>
��mG�� ERE q"
,�>
abXq[P�W�D6
$r�℄\�^1�

C 6 � NGC 7023 NW 
6��*6℄# (ERE)[68]

2.6 �~�vy!*J
2.6.1 3.3, 6.2, 7.7, 8.6 Z 11.3 µm
ltb�T\kUdhs�#15\�~ (��R�~� H �8) �9\�~;mG��<R:R 3∼15 µm d�.�5\"|
."u a ≥ 100Å�U��K\NEC��CK\.&.
1�y1	5\5;� 5 [<R� 3.3, 6.2, 7.7, 8.6 � 11.3 µm � Leger � Puget [69] l Allamandola � Tielens� Barker [70] )FC��5\x
FT!hyaqF PAH C[� "wrW(�� C-H )_wr (3.3 µm) � C-C )_wr (6.2 � 7.7 µm) � C-H �r	�9wr (8.6 µm) � C-H �rJ�9wr (11.3 µm) ���5\.#�{/.&�T?<R;�i PAH C[�`t��/%
3!��/%a75"t��q.&��[n&�*5Y&�! [71∼73] �#| 45 ppm hf(s�� PAHs C[,YJ / �Nq[�0EC (TT PAHs C[`t��
T3CJ��
�[q[l&�0�Q)
[�0EC)[73] 
�yT�M℄zU	mjS�>`8;�>U�5\abW� 20% [36] �!D�u�y
>h UV q[�M35
PAHs 
R<, (�)�x�)) q[G�MS PAHs EC3XY
p3p!h�
V)F���J (Unidentified Infrared, UIR) <,d
�5\
A [74] �

PAHs �M,#1
1{^ (#&l; u[�/[�Q��/[5F)�q[�i~�5\�) 35���{^�Mp PAHs "�P"
P"�Ww�f; GHz ���'P� PAHC[�P"���4[5\�M℄zmG��
>u��Q<5\ [75∼77] �NJ
mGXV5t PAH 5\.#xst� ��Il#?m��>`8�U�>�mG� 3.3 µm � 6.2 µm i~.# [78,79] �� 2 <i~x�.&l Li � Draine 0d� PAH w��r7I4 [36] �
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2.6.2 �q^RPT\kUd�>U�
i~YJ / �N<,�q
Mb�JK\�U	mjS�>`8��J5\q"La IRAS (Infrared Astronomical Satellite)12, 25, 60 � 100 µm #<,�Gq� DIRBE-

COBE (Diffuse Infrared Background Experiment-Cosmic Background Explore) 2.2, 3.5, 4.9, 12,

25, 60,100, 140� 240 µm#<,Gq�FIRAS-COBE (Far Infrared Absolute Spectrophotometer-

Cosmic Background Explore) 110 µm < λ < 3000 µmq"GAmG���<R:R 80 µm ≤ λ ≤

1000 µm 
�℄H/ 130µm hf��5" λ−1.7Bλ(T = 19.5 K) l
6t��� λ ≤ 60 µm Pl!DPE�PA.&xxXi T ≈ 20 K�U��x�J��5K\�NJ
IRTS (Infrared

Telescope in Space) � ISO (Infrared Space Observatory) �q"mGG℄zCjS�>`8�
3.3, 6.2, 7.7, 8.6 � 11.3 µm d�.�K\
I FT!hy PAHs �5\" (N 2.6.1) �B 7stCjS�>`8�JK\
"C?�℄?mG\z�

C 7 �kT�?a9<�KL℄�#D� [36]mz — IRTS �g^ — IRAS �J� — COBE DIRBE �(?� — COBE FIRAS 	
λ ≥ 60 µm �5\z�a5\bW� 65% ���uU�;r�`t a > 250 Å�.U��TTn-U�`tVy
!h�DRK\Nw�C�

I �d 15∼25 K ��
Y&
���<RVR�x�J<,K\
A
w�.> [36] �
λ ≤ 60 µm �5\z�a5\bW� 35% 
��uU�;r�`t a < 250 Å�CU��ai��U��`t�CJ$V�
Kz�[q[l&�0�Q

��
AbM��[�
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A
Y&/�qT
w�.> [16,36] �
CU���Y&)�H(M
>
lDRK\Nw�C�

Tn>r��
Y&�
2.7 �5	�:C%�'
�U	m;℄?s��{/F&yC℄�>�H�);��AD�,�Cg�n&�~�YJi~"�M
d#1s��*%{/F& [X/H]gas �i#?F&/ [X/H]⊙ �KzF^�>F& (GZTnEF&,5TF&) �i#?F&
�
�>`8;℄?s��=dy


[���?t�gK�℄z�I EhFT=d�u[�\�i%��>U�;
9
[X/H]dust+[X/H]gas = [X/H]cosmic ��,ZT�>�)s�L��Savage & Sembach, (1996)[80]8℄ HST(Hubble Space Telescope) �mG\z.Vq?�?!C℄?�>"tq�*%s�F&
3*%F&�GAT�>U�w�0
CHY��k��>�)s�L�/1℄w�0dCHY�w7<P
~,�R:�U�w�Yl�>s�L��mGI4�p�>*5;℄?s��L��M
AE.�>U���)d[���>`8;
D6yzyi 90% � Si � Fe � Mg s�M6yi 60% � C � O s��\�U�;D
℄zmG��*%
8�s�L�� Ca� Fe � Si �L�`&sJ
*%;�F&.#?/� 2 �
3 [A:�Tn
�,�d�U�w�$|dv�1�(��
U;�p�;?HDs��L�;�
d*5lU��8A.zT 165 �KzF^nEF&�i#?F&
p�>L�E.d�v�1|A>bM℄zmG��>�q� Snow � Witt (1996)[81] 5tKzLYz 30% ���\�u[ (O � C � N � Si �
Mg � Fe) �	A
9�>aF&z;#?F&� 70%
U�w��M���℄z�qmG\z�fCv�1U�
�>�H;�!r�& �U�?-�TT9p�d� Si � Fe � Mgs��\�v�1U�;
&	AG>bMMbmG���q
32
℄zz 60% ��Nq8�q [82] �
2.8 �uD"�85	rl�O5�(>.Lv5	rl�>U�Gr�iu
�h���>U�;�y1	L)F�,#?U�y|(
8
9K
Vh�h{� SiC ��l>{GA$5tCA�
 Al2O3 ���
 Si3N4 ��h;�
|d�4Y��H8�
�l>{�)0;�{^;, !�C�Tn
l>{0;d�,#?U���)d[;>
M<}6�>U���)d[ [83] ���>Bj Ulysses � Galileo 
*GiL#?m��>U�
;?!!h��&�>��8A
!h5tC.U�w�r71�1�y`t (a > 0.3 µm)[84,85] U��~,y1	k�w�$F^k5U�}6C�>U��u#?�~&�{^;���R%�#1*G�,G,Y℄ik5�)[C�3wX
TahiIA*��>U�0
d℄�WE�
3 ���W�Æy�,r~p`ZCU�lK\N{�i℄�I�.Y�HYmG)~
R:�U�1℄w�YQ
g�1�℄zX�mGt��p1��U�w��MT?�+
djU;�
1.



� 272 �������8�[�*�j��������� 24 �� (\f�`tC?�) ��)d[��k�ahG�M℄U��1℄w�=�lU�{j�
1{^
9Ki~�S\�5\��p1℄X�
℄U�w��M=�dU;�
1. ��>`8�"<){^
G�MAt�r7U��;�6o (9U;�i2�q��q/℄��5M6�l& U;�Q{^;r6��}��!� ��{^)��>U���)d[�\f�%M6`tC?�5b�2���ai*�{^r��%�
+eT1$ed
gMf�℄z℄?mG�
1��>U�w����y
℄?mGT1℄w�0
Cw7<P
�>.�P}{^;)/'?x�{*{l
f>)�[I[.V1��U�w���,r��℄?w�;
,s;Y�;W℄�HDdQy-�v�1 – h{ –PAHs w��v�1��(�Jw��1�U�w��
3.1 ��&; – "� – PAHs �7

Mathis, Rumpl � Nordsieck (1977) [86] 5t�dpU`tC?�v�1U;�h{U;�*�
�M℄z�>�q9x�nU�w�av�1�h{�;�?%:�U�[Cd[���?[C$�dpU�r�`tC? dn(a)/dn≈ a−3.5(a y5R;[�"u

50Å≤ a ≤ 0.25 µm [86,87]) �Draine � Lee (1984) [77] ?!Ch{�v�1�q)Q	
;1=�C��U;,�qEC�w��Y&M6���x�J5\.>
5tnw��M.V1��℄z�q��J5\mG�

Désert, Boulanger � Puget (1990)[88] 0dI[Q[Cw�� (1) PAHs�M℄zmG��
PAH 5\.#x (N 2.6.1) � PAH �F&a PAHs �i~�5\-H�
A�

d� (2)4�`tU;�℄*℄z 2175 Åi~HH�xYJ�q�8�ÆE� (3) y`tU;�℄zx�J5\�q)<,��q�fl
 Draine, Li � Weingartner [36,74,85,89] iIASiCnw�
R:Cv�1 – h{ –PAHs w� (The Silicate-Graphite-PAHs Model) 
&�>U�ab!�v�1U;�(�
U;d[
 PAH [CiT(�
��`tU;℄M℄z PAH 5\.#x
9(�
�y`tj6tTh{�;
��`tj6tT PAH C[�/
MO�y
EL PAH [C�
y`tU;�C?s�>��dJ�� dn(a)/dn ≈ a−3.5 pU�r�
3.2 ��&;� – �)A���K�q�7v�1� –|(d0�H8�Jw� (The Silicate Core-Carbonaceous Organic Refractory

Mantle Model) 1978 Æa Greenberg R: [90] �Qw�;y`tv�1U;Jdad0�H8
(&.�y�H�X) d[�#J�#JyaC[~;Y2�U�6r�℄?9�*�
�YJq�i℄q�[�� 1997 Æ Li � Greenberg[56] 5�C�[w�� h5t℄�dX�`tC?�dwRvK5 (T℄z�>� ) ���w��M4��℄z�>�q��>� �TC℄zxYJ�q�X
7x� 2175 Å �qHH
 h�w�;ELC�h{U;�TC℄zV)F��JK\|
w�;ELC PAH [C�
3.3 �x�rl�7

Mathis � Whiffen(1989) [91] 0dI[Q?[C�1�U�w� (The Composite Dust

Model) � (1) �`th{U;Mb 2175 Å �qHH� (2) �`tv�1U;Mb UV �q�#/X
7x� (3) av�1�℄?( (b!�(�HAC �d0�H8) ��� (52.z� 45%)d[�1���ÆU�� hEL PAHs℄*℄z PAH �J5\.#
�y5txYJ�q.mG/y�1� Dwek(1997) [92] G0dnU�w�=�
d�5\"� λ > 100 µm
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1�w�>
℄zxYJ�q�x�J5\mG�
3.4 �rl�74
��>?�w�-Hr�℄?LS
�℄w�jiU��d[�`t�ON'GQ7iI4�jiU���)[Cf!4�m�y�>U�ab!�v�1U;�}?�r�|(
8�U;d[�TT�>�H5tC�.� 9.7 µm � Si-O )_wr� 18 µm � O–Si–O�9wr�[�i~x�*5;As� Si � Fe �Mg �F&xx�inE�
F&
aMX��E.dU�;dv�1U;�NJ
p 2175 Å �qH� 3.4 µm C-H )_wr�i~xE.d�>`8;r�|(��
�/i|(��

Eh0dC�1?
8
#&b!�(�d� C60 �
Vh�h{� HAC � PAHs �d0�H8��jiU�`t��kHDpCgK,i<R��>�q�� 9xM6l�J�;�J5\
d��>U��;�`t�MCT�-� (1) y`tU; ("u a > 0.025 µm 
#&
a ≥ 0.1 µm ���U;) HDMb�Nq<,��q�� �S\M6 λ ≥ 60 µm ��J5\� (2) 4�`tU; (a < 0.025 µm) MbYJ<,�q
,�[q[��0�QEC3XY�� λ ≤ 60 µm �l�J�;�J5\�U���RHDp�>� �mG
d��>U�;I!r�A5R1!��F�U;�� 9x� UV <,�"�L�
�u�U��;y5��,�ed!��F�
4 ��_�Æ`3�W+�P\p 1930 Æ Trumpler [1] �o)lnE�Hr��>U�M*
r{;fÆ�3w
Eh/�>U�. �Fn{*{4g�a�
1℄w�GGA7iMW��y�[LpG�r�I�V℄��,VM<℄��^1
HD#&�

(1) Mb 2175 ÅYJ�qHH�
8e
�)F
np~,!4FT PAHs Mb�[.�i~.#�
(2) ~,
[ ERE �
8G>y�4g�jS�~; ERE .&�X
��uMb ERE�
8y�>U��ADd[BC�
(3) jS�>| (DIBs) w�. GyV℄-i���mGX5tCl 300< DIBs 
EhC��
ya PAHs W(�
�ed
�)l�
(4) #175"t;mG���J5\.# (UIBs) ed
�)F
��!4FTy PAHsC[� "wrMbC��5\x�
(5) /U�Mb�[R�(t�;2{^Fn>4g�
(6) U��d[��%>
?!�U�yaC:�v�1�;�(�;d[
$yav�1��(�Jd[
,�ya��v�1�;�(���d[�1�U;
t�$ed!℄�
(7) �jS�>`8;ed��\ov�1r��?0)~�>
�1�℄zTk
mGLr)l�U�;��,` (;�N$Æ���DU�#J) ��` (k����>U��) 
d�m	A�\ov�1
3�;H% (jS�>`8) ;>3eV��\ov�1�
(8) >4g
[U��U	m�lN;!��F�
107�� mG6uU��lN;ai}?07!��F
p�qMb� �
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�>U��3w[T�e7Z)Lp�,9�1� 2003Æ 8 |
 SST (Spitzer Space Telescope) [bX7
!S
0
y�X8A�	~
TE"�>U��3wk
?��)0�e�
�U℄?mG^+�dt�l>{<P�Si�/i5
8�
1�) 81℄�MW
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Interstellar Dust: Current Status and Perspectives

LI Mo-ping 1, ZHAO Gang 1, LI Ai-gen 1,2,3

(1. National Astronomical Observatories, Chinese Academy of Sciences, Beijing 100012, China; 2. Purple Moun-

tain Observatory, Chinese Academy of Sciences, Nanjing 210008, China; 3. Department of Physics and Astronomy,

University of Missouri, Columbia, MO 65211, USA)

Abstract: Interstellar grains reveal their presence in the space between stars through their in-

teraction with the electromagnetic radiation: they absorb, scatter, redden and polarize starlight,

luminesce in the far-red, and emit the absorbed energy at longer wavelengths (i.e. infrared and

submillimeter). In this review we present an overview of our current knowledge about the ab-

sorption, scattering, polarization, luminescence and infrared emission properties of interstellar

dust. Indirect evidence for the presence of interstellar dust including the interstellar elemental

depletion and presolar grains in interplanetary dust particles and in meteorites is also discussed.

A comparative review of the current popular grain models (i.e. the silicate-graphite-PAHs model,

the silicate core-carbonaceous organic refractory mantle model, and the composite model) is also

presented.

Key words: astrophysics; interstellar dust; review; interstellar extinction; interstellar emission;

interstellar polarization; interstellar elemental depletion


