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1 �5����{�dCM*Y�M*Y_+4)�99Y��:�dq�{�� (YSOs)�YSOsf#L�{���
 (PMS)�{���4�℄8,�.D85���� (MS)�=�^7w���O0�Shu �2 [1] �j(q�1�{ (M < 2 ∼ 3M⊙)_M*Y���dziM8 4\O0�M*Y���dO0����M�YNO0�,AO0��{1e{v�dO0�̂ \O0�k�MF (SED) }_&#U0�Lada �2 [2] aw 2.2 µmA��uF a(= −d lg νFν/d lg ν ��� ν dRH}F� Fν d ν s�RHA1) �Hq�1q�{���k���M8;��M;d Class I � Class II � Class III ��� Andre [3] B=^&� SED b��ÆP YSOs �=
z8 Class 0 Q�^O0�y��t7Y [4,5] � Class 0 QdLa��L�{�� SED �#=��$S�=H4
�Q~_T�,���X?0� Class 0 Q$S�1�k`z�x���1� Class I QsCL�{�L0T��1�~{��MP_�Y���$S��p\T��� vRqn�2009-01-06 � �Yqn�2009-03-05[_�k�v;,-��'[℄Bjf (10873037)
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2 331�� SED 5=��$S�
�Q~_��,�T�,?0� Class II Q,f Zu T �{
(CTTSs) 8��� SED -w[�{p�� SED 
�=Cop��B�T*v�8i�
SED MF_a�,���,�?0� Class III Q_ CTTSs �T*vpR���d:=HaZu T �{ (WTTSs) �� SED �#=&\�+Cp�S����=H3d�Q~_a�,?0 [6] �q�1� YSOs ���k
��.D�.:℄8<>�� (ZAMS) O0�� SED = Class 0 � Class III ���w�46Cq�1�{{L�{�<>����dzi���1 YSOs %�f#=L�{�<>��O0�����U?`)��JM�E��1�{�dzi��^O0d46�e
��1�{ (M ≥ 10M⊙) ��dzid4T℄�}_u/���dzi�#?/�m��&�48��1�{=T*�d��&�e48��1�{d z�C�Y{)���q�1 (L) �{=�:d [7] ��1�mP8`��1�{�dzi��ÆPd [8] �,��M8���1K{�#�,�Y���1L�{�1��/`�Y!�� �`�Y!�� �O0 [9] ���1K{�#�,�Y�C,L��:�U?`℄��{!&-o�M*�amP8`� ?L���1�Y,�=g^o��YN1Y�,lA��{�d�-o�_��1L�{�1��O0}_l�xGlf<�C,�,:��xY,v0�T�,�H!�mP8`1��?,lA!&#nv�}_�1��dCs�
�t�℄8��O0����3/`�Y!�� O0�yT���1�{5,_C2�T*�sC`�Y!�� O0���1�{5MPCM*Y�����5}_&\�x�)��Y!��$S�4C�{��o�&��#4&W9�M��t℄�^r�7�1�p,�"m�q>�Q&�����dM�J&1�wY��1�RF��{�5�k����4�#�%*L1d�{��1�"m�p,���dM [10,11] ��{��14�{��d���
'�k�#�99��5�}#7�{=oP����}1�v\Pa#i�YSOs��1W�����z
���T5W/��{�d!&b<{;�!T�YSOs ��14n^�1~u (IMF) �
SED ���#[�dk�o
'�#�99��)#� YSOs �1�q>�,Vt IMF �*P�{�d#[ [12] ��{��1��_ 0.08∼120 M⊙ C5� 0.08 M⊙ d�JA�{k℄���B6��1Y`���{��1A`CC`)� 120 M⊙ d=�"7p,���/`�1�4Cq�{�����1%_p&C5����1�, z4mP��s�[&�Mpp��pp���p1,1�t�a�zV�s��P�d6��J�b��)#�7q�y{����[&�
YSOs _	K (H-R) %�E��s-�-L����1 YSOs {�Q&,1wST*G?��psG?�8=4��{��o�1:��E��{1����{��1)#-L�~�7&)�G?���{�q�{����1*aw���s�[&���
n�s�[&�}N zp�mP��n&� z�,��X�?0�mP[�s��E YSOs �~�?�����{ (70�{) %8^o�,RH�� YSOs � SED E�{���RH?L�U0� YSOs8^o`℄��,>D�

YSOs MPCd�M*Y��=�E�5�M*Yd�99�p℄�4 YSOs �mP}_L���i�=Co�MpmPM3F�`
�e
�k4�{�d ℄�� AU l
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8bql,�^o��t=CSM7T�:�'H!XI6p�+g6p���>2Tl�℄9�mPM3FC2�Y�<�daq�p�XIP16p�=h℄mPM3F~��J_14�ptNaC�,�P� YSOs �X��t�7
YSOs 8\�{�v�T*E,A��{:�,bd)�)# YSOs �q>��1�%*�t�9C�o YSOs a�CC`)�M�^o [13,14] �Y\M;XF)# YSOs �1�^�G?1�o℄h�
2 �(+�IA%9q�{������[&)#��1de
4}N�4d)�G?���#dmPy{ (#v{) s�[&#n�{ (#y{) {�v�[&���P����#D)#q�{����1�=C����1q�{���d�kT℄�C.CmP#nCk��mMzV�1yp�G?��o,q�1q�{�� (M <2∼ 3 M⊙) u8�8 1 d4eiy{�Mpy{��"�Lu�/P [15] ���y{��1�#(�C8�9o�s�Lu�1ys�Lu�)#℄�<8�#�? 1 �y
�~`d��rTCy
VHÆMbZIJAw [15]Mw fk{~ (VB) ��Or{~ (SB1) {�Or{~ (SB2) {�W{~ (ESB2)

P Y Y Y Y

a Y a1sin i a sin i Y

e Y Y Y Y

i Y N N Y

M N f(M) M1sin3i � M2sin3i M1 � M2 �::��� Y�N O<:af7MwmR��EmR�Æf(M) = (M2 sin i)3/(M1 + M2)2 

2.1 �jux	=C�IM�eiy{�d4[&C`℄�1y�#℄�mPJk��$)�s�[&���&�dH��P1uw℄�s�n��Hs�n�PwEmP���uw℄�-L��{U4qnt46C4��s�n� [16] �,:78 1 �`�_z�=y���Y�eiy{ (VB) ��1dK?"���1y�#b\ z�>B{ (7 Hipparcos) #nN℄%aXI* (VLBI) �mP [17] �"�Ey{�z�uw�,�%9����;#D�)#y{�/�1�7w#M;)#/*{��1�#y��W��1-�#n=s�Lu�n�,)#/*{��1�% 1 d Nielsen � Close �2 [18,19] 4q�1 YSOs W# AB Doradus s�[&�n�Pw�	W\4YM3F�mP%k℄�s��95$���=~u (PSF) n�%k�Q��� AB Dor A � C ���d4{)1�,��P�+?� AB Dor A ���P1uw [20] �n��� AB Dor A �B6[& (_ {4)99Y��{�' {�d!:9���&�7% 1 �`) �s�Lu� AB Dor C ��1 (78 2 �`) �
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& 1 AB Dor A � AB Dor C �t
\'�v-�9D"$K�nQQx [19]? 2 �y
JVHAw℄�e [18,19]M��w � QW�� /a 11.74 0.07uÆ#_n /AU 0.476 0.012|yH 0.61 0.03uÆ℄�K /(◦) 66 2uÆ℄A	K /(◦) 110 3b~�g. /(◦) 133 2!~g|b~��U� 1991.92 0.03�~�4 /M⊙ 0.865 0.034!~�4 /M⊙ 0.090 0.003�{W#��1-C.)#�1y�8u�dk�o���7y{#v{W#�/�1�7 V773 Tau(3.20M⊙±0.71M⊙)�FO Tau(0.77 M⊙±0.25M⊙)�FS Tau(0.78 M⊙±0.25M⊙)[16]�
DF Tau(1.14M⊙ ± 0.5M⊙) � MHO 8(0.32M⊙ ± 1.12M⊙) � TWA 5A(0.70M⊙ ± 0.23M⊙)[21]�� Reipurth � Zinnercker `o7 87 4 PMS eiy{� 1 \;{W#�IMs�Lu (BD_ [22] �8 1), Correia �2 [23] 4��� 58 4 PMS y{87℄&H�mP���7q�y{�{��p��uw�=i8ov{��1�Lu�
2.2 �PUx	Mpy{���d4T℄��# zMRil�, (RV) "a)#y{�s�Lu��1�MpmPT�/{�p�a1il�,��1�:}_d4�)�V�p�a%�o^�a�ya���1��1y�78 1 �`�Mpy{B?��Mpy{ (SB1) �y�Mpy{ (SB2) zM�4C��Mpy{��)#��1�d&\�1~u f(M)(78 1 ) �7wy��W�d4[& (��J�d4z�) �iU�%�,)#�W��1 [24] �{8 1 �,�oy�Mpy{����1�(�C=y�s�\�J�
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Guenther �2 [24] 4p/�Mpy{87�o�	W9N�2TlXI* (VLTI) 4&s

PMS Mpy{℄�7℄�mP�"�7s����Lu�!T%9Yz
-�p�Hy{�p�Ep��b�℄�-L,)#il�,�4�P�s�[&Lun�oil�,"a=)#7y{�1��	Mpy{��o [25,26] %K97�~�p�-LG?,"�y{�il�,�% 2 d PMS y{ NTT 045251+3016�il�,"a [26] �p��il�,=MRp�mPp�E�J8�p��dk�"��a�,�il�,= TODCOR �? [27] 4a�,mPp�℄�<;dk�MR��� z/{�il�,���P1uw�,n���y{�s�Lu��x�,�,�=/{�il�,��x�,)#�1-�3�)#y{�1 (1.45M⊙ ± 0.19M⊙ � 0.81M⊙ ± 0.09M⊙) �/{�1�PU�#�+C=��P1���s�\�J (V8 50% �f_) �e
��o�q�y{�8dq�1� YSOs ���10�_ 0.8∼2M⊙ C5� Prato �24q�Mpy{��1-87�o�D_ [25] ��8 4 9o7
31 \ PMS y�Mpy{��1-��{�1����L1�y,��? Cru-3 [28] �UZ Tau

E [29] � EK Dra [30] � Haro 1-14c [31] �q�Mpy{��oPw�

& 2 PMS z| NTT 045251+3016 �jm�-#b [26]h��Y�O<fr��b�.oRwxÆY
f�~�o�SyÆ	
f!~�o�SyÆ	�
f�y�.
2.3 �sx	d4CMpy{�Vy{�,"�y{�p1"a=)#s�\�J�1y�y��Vy{
(ESB2s)�s�Lu��1d�,d))#� (78 1)��1�PU_ 1%∼2%C5 [11] ����Vy{E��Mpy{�~�5Ck)#/{��1�e
�#4y��Vy{℄��o�=CmP�`
�p��oLE�% 3d Stempels�2 [32] %98\2TlmPASAS J052821+0338.5�,�℄�d6�Pps����LUPpp1"a�%��`d&\��j�{) {�V (�/q) � {)�{�V (z/q) �{�1��s���8 3.87 d(gB8 3) �
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& 3 ASAS J052821+0338.5 �MVQq�q2#b [32]87)#Vy{�dkL1���#4mP�p1"a8℄&H�s��n\�MRmPp�"�Vy{�IMLu (7?rC,�il�,�s�Lu��) �,��9p1"ab� [32]4s�Lu�il�,�p1uw℄�n��=C^Lu4p1"a?
��Vt��,�,n�o/v�Vy{L1�$�y{�s��J��1�p,���,�Vy{%�ko��5�k�8i (7{Y�BHp [36] �) �C!��o4mPuw�s�G?�p1b��K9%}_U0�ps�o�8%9b�4�)#�s�Lu�p1uw�M�1℄�n�=)#y{�^Lu�8 3 �98e
+�o� PMS Vy{�Pw�$� 9 4q�Vy{�s�Lu��1���� TY CrA � EK Cep ��{+fd��{�
2.4 �G��	e
��o8`��{#y{{�v�[&�#?;����YN[&�!&�/n� ��d4q���{ (7L�{){�v�#dYN[&�d4q���{ (7 CTTSs){�ve,���!&8� [47,48] �1y�q��{� zYM3FM*�amP=P�!&v�b� [47] �o YSOs {�v�[&�,��%94q χ2 G? [48] n�mPuw=MRLu>�(�kW��,)#v�!&�,��J�"m��℄:��q��{��1�

& 4 DM Tau |�w� 12CO J=1→0 �bnQ (	?N4G9 2.6′′)[48]|7�AO<:,O�. (��
 50∼700 Æ�[ 50 mJy/beam.· km · s −1) ��.Z (5.8∼6.6, 0.2 km· s −1) ��
Æ. (0.2∼1.2, 0.2 km · s −1) �℄n DM Tau �,O�
 (Jy), Vlsr ff6,�j�7&�kn�.
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2 337�n\�%9YM3F�XImP��{�vd6M*�a=H�%k [48,49] �MR�W_C!�,Y�*M�,�)#v�Æ![&��Æ�t�87��v�X�Pg�p"#�v��J i ≤ 70◦ �7wdNlmP�e�o��C$`,�8i:Ck��v�u}Pg [48] �% 4 d DM Tau � 12CO J = 1→0 =Ha�mPPw��� CO(1-0) �a�yQPg��	�t [48] 8`{�v�}_�_�,YMF%���,�,E{�vv\�� (℄) � (BD_ [48] ��% 1) Gl&��8`v�[&6U,Æ![&8��p�!&�,9���[&�^r� Dutrey �2 [47] =Kv���dA�i)�~Æ��!T=Kv���Y,�&)�C,�s��,d[FMF��awRH!)GiF(�WEmP1�kW�,���,9b�-LmP�t��4q χ2 G?�n�L1�7v��J�!&�,�"m��4q χ2 G?%9Lu>�(�kW�n���v�^Lu�����J��,�"m�9C�x{��1)#�&�v��1
q��, zÆ!�, V0 �~GE�1�-'kW�M = [(V100sini)/(2.98sini)]2 M⊙(V100 d 100 AU "ms�!&�,�2.98 km · s −1d 1 M⊙ ��{�46� V100 ~)[50] �)#q��{��1�=A_�,�o�q��{�1�#(�C_"m 100 AU s�Æ!�, V100 sin i ��C)#��+Cv��J�q��{�z��=CLu(��YJM3F�mP�,I�v��J���C)#��q��{�z�Hd8��1C)#���#1��7w{�v�!&Lu2hd)�gTp�G?)#��1PU ≤5% � Simon �2`o7IM T Tauri �{��oPw (BD_
[50] ��8 4) ��	�? CB26 (L1439, 0.5 M⊙ ± 0.1M⊙)[51] �HH30 (0.45 M⊙ ± 0.04M⊙)[52]� L1489 IRS (1.3 M⊙ ± 0.4M⊙)[53] �����1 YSOs ��1%�,9p�G?)#�7L�{ IRAS 20126+4104 (7 M⊙ ± 2M⊙)[54] � HerbigBe { R Mon (8 M⊙ ± 1M⊙)[55] ���1PUd4L��
3 ��M'IA4C&\�{��+�	K%������^℄&H������d&\��s-�p\��s-%}C�{����1���dM�1��1y�,aw�{�Pg�F(���b��4C!�1�{���s-℄�^r�p���b��,9C�T�{����!T�,)#�{��1�q>�Lu�!"��{�dzi%�,9YSOs��b�℄�^r�9C)# YSOs��1�Lu�=Cq�{�������{��zi?*�� ;�
n zM*Y���,A�T*�M�(
l������n z�.D℄���=1lx1�1y/n���b�%?`℄�C!�Y\XF/�%9	K%)# YSOs �1�G?�
3.1 �PUXg�ON4Cq�{����W�8uMPCd�M*Y��_p�?0
imP��=C
YSOs �p�{���5b��pp�L1��W_�,?0-L5�1y�,%9�,mP"��W����p���t�%9psmPzV��	mPm0�o YSOs �%*�t��{�d�#[ [56] �p"�#XFa�,G\��o��G?d%9a�,mP6p4 YSOs ℄�MpmP�9p��t)#�?rC,�p,�3)# YSOs _ H-R %



� 338 ���������E���^�i������� 27 |������^E YSOs ���b�℄�-L=)# YSOs ��1�=C�{�p��#}#C�{�?rC, Teff �8\�)<�, g �J�P,��,�,aw YSOs �p��)#�?rC,�&�\H YSOs p�E+y�{p�℄�-L=)#�p���^=p��EC,�kW�)#�?rC,�% 5(a) `o7&s+y��{p�� MK p�M�G? [57] ���p���% 5(b) d ρ Ophiuchi �{Y (L1688) � YSOs �p� [58] �-L/%���t�a�)# YSOs �p�� (^5o_%��N) �%���t�a�#? H I Brg(2.17 µm) � Na I (2.21 µm) � Ca I (2.26 µm) � CO (2.29∼2.40 µm) a�,?0�Tla�=ps�a��:��~
,��t�x2 YSOs �p��� YSOs �mPp���o�5�kpp�1b�=H�8\4)<�,�8i��#4mPp�℄�&��� M8\4)�:�s� [58−60] ��,�)#p��T��,%98?0�mPp�M;℄�-L�℄)#�p��b<d)�7 Hanson �2 [61] _�o M17���1 YSOs(�1V8 5∼20 M⊙) zi��%97p��a�,?0mP�p�E YSOs 5$p�℄��t�a-L��oV\ YSOs d)�p��� YSOs �p��)#z��t�,%9C!p����a�~
,E Teff �a�kW [58] #n&sp��E Teff �f!kW [62] )#�?rC,�

& 5 (a) 't�|�6%q� (�^D6` 2.1∼2.4 µm)[57] � (b) YSOs �q� (2.1∼2.4 µm)[58]4Cp,�)#�Greene�2 [4] _4 PMS �{p,��1��o�`o7;�d)i8p,�G?�&�d\=K��u�~�4mP�℄�,*�^4p�-
��A1Y,℄���*M��p,�=C Class I�Class II� Class IIIq�{��� SEDsC!��#�CmP�,*IM4p,�8i��&�daw��kW4 IR 
&?0�A19&��Ww�^=1p,�UA1�a�kW)#p,��;�d z PMS �Jb�F( PMS �{a�,A1E1p,�kW�=Cb�℄` J ?0A1E1p,}_-'kW�1y�,9p�-'kW)#1p,�!Tb�K97C!�q>�C$`,�4A�s��p4p,�)#8iC���,���, zp�#a�,Pp)#p,�\4Pp{�℄�ppWw�^P� YSOs �z��aw1WwkW��d6�1p, [63] �)#7 YSOs �?rC,�p,�3q�{��_ H-R %�����t�,E PMS�{��b�℄�-L=)# YSOs ��1� PMS �{��b�?
8� Hillenbrand �
White [70] 9o7 7 \�o3� 9 \b��psb��s-��_ 0.1∼7.0 M⊙ C5j�P
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2 339�,=K-L&��:C$`,�#ÆGi��{���s�}_'L�U0�% 6(a) d
PS99 b����s- [64] �C!�1 PMS �{���{�N��Pa�^�fz^+��s-�~6N�<>��a����Pa&��=�1"mkW"� [65,66] �4C��1� YSOs ����b��,L� Behrend � Maeder [67] 4 1∼85 M⊙ � PMS �{����o��? Schaller � Schaerer�2 [68,69] 4 0.8∼120 M⊙ �{��b��o�&sPw�% 6(b) d M17 �{�d �<>�� OB {_ H-R %��MF [61] ���b�d Schaller�2� Geneva b� [68] �ps OB {��MF_ 1 Ma ��q>aA��1_ 7∼70 M⊙ C5����=p�p�)#p���Q��?rC,�1{�k
��)#�PULq�=
K ?0p�)#p���Q��p��C5L��?rC,�1{��PUd4L��Kp���Q��?rC,=i{��z�=K�ppkW"��C)#�4��=C?rC,�p,��K9���b�}_&sC)#���,����1%�}_&#�PU� Siess [71] 4Mp	K%G?)#��1�q>�C)#�87MR�	 ∆Teff = ±100

K � ∆lg L = ±0.1 L⊙ T�)#��1PUV8 10%∼20% �

& 6 (a) PMS �|� �t. [64]; (b) M17 �|�e!� 15 ℄�
2|` H-R &��NG [61]( (a) �7OY
f=?��
ÆAOY
f�Q
Æ0o|��Y
f 0.1∼6.0 M⊙ E7���4
Æ	
>B�[O<f 0.1 � 1 � 10 � 100 Ma ��t?
�( (b) �Y
f 7∼120 M⊙ E7���4
Æ	
>7�AO<f 1 � 2 � 4

Ma ��t?
ÆY�>r�+%r���RÆP'> K A1+%r���RÆ~�f?+%r���R
3.2 �BUXg�ON&��|�Pp	K%G?�#d48\?0 (7 JHK ?0) �mPuw℄�s��"�
YSOs �{��pp�zV�EMp	K%�~��%%9 H-R %���b��Vt YSOs ��1�Czp"K9�dy> (CC) %��>{� (CM) %�d4CMp	K%G?�PpmP-L6.�����Pw[9Cp,~u�n^�1~u��o [59,72] �_�o�{�d T�n\#4mP�%k℄�Pp�=C^\?0*?mP/`�!T%k�
OB�4�Q�)#XPX0�1y�#)#�Q�rX��3MRPp�/(��&��,9Kr{X!�)#Pp�/(� [72,73] �%�,E+y{8℄�-L"�/(���,�=C%��Q}_L�d dM (
h{�'h{) ,1�W���



� 340 ���������E���^�i������� 27 |�pJ/�1y�#awz��pp=K4psY{℄�&q�!T%92�Wb� [74,75]��psY{XP�pJ/�=4p�J/℄��w�,��%9&sf!kW4^?0{�℄���Ww�{:)#�Q�{���>�=��,H�W8`_ CC %� CM %��_ CC %��C!��T��q�{��mw'�#� H [77] ��,H YSOs E��{℄� M�%�,�� M YSOs ���O0�4��H�)#� YSOs 8`_ CM %�E��s-℄�-L�{:i8 YSOs ��1�% 7 d NGC 7538 �{�d YSOs _
CM %��MF�� [72] �p"���s-K97 PS99 b��=C J ?0o{9M�=H�8iLq�p"K97 J vs. J − H i8q�{����1�=%�,�o�4CC!q>�q�{����IM YSOs ��1qC 3 M⊙ � z=Kq>�pp�P� J ?0��P/`��,= PS99 b���i8�1�4�`�V8 0.1 M⊙(7% 7 �`) �

& 7 NGC 7538 �r�|��eN` CM &��NG [72]$
O<f 0.1∼4 M⊙ E7� 0.3 Ma(	) � 1 Ma(Y) �U
Æv
f��
Æ
L~:a Class II fOÆY<Kf Class

I fOÆP�:a H − K > 2 ��RÆJ�:�.6R ���,� YSOs _% 7 ����do*L�,`�{9pp8i�Pw��,%9f!kW
(7{9�,ppD [76]) 4�,`�{9pp℄�1��8`d\1�_�7% 7 �pp\1
Av ��o8` T Tauri �{_ CC %� CM %�����, z�,`\1�{9pp\1)# [77,78] �wy� López-Chico � Salas [79] %9C!�vb��o�,`\1�pp\1��t�=F(7�\1G?�)# T Tauri �{��1�E
rPpG?C!�	W4 CC %�
CM %℄�;5!�:��/\�,` – pp (D-X) %�=�=�\1G?�� T Tauri �{_ D-X %�����=C/%z>U?(�kW�:�/%�l,d!�1y�,}N-L�\1℄,�)# T Tauri �{��1��)#��1E&)��1d-L�/n? 20%∼45%�U;�p�kd=�{�z��q>PU4
��
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4 �	
s�}��Æ3��q
4.1 �lo	|ziL���1 (1.5 M⊙ < M < 8M⊙) � PMS �{ (7 Herbig Ae/Be �{) }_C!T>l,�p1�7{�l,�={9b�4
�p1�=d)T*#p�!&4
�qT#�l,�p1� δ Scuti ��{1Q&:XP�M��qTl,�p1 [80] ��o8`�
8 Herbig Ae/Be�{_=L�{������zi��fz&\Q&CH#��=℄` δ Scuti �q�{���p1��W�1���EC 0.3 d�p1S,V8 0.003∼0.3 mag�p�p1�kE�{�jI!&dk [81] � Marconi � Palla [82] %9Q&b��op�Q&�t=`o7CH#��C5�CH#�EmPuw�-L�,9CVt PMS �{��1���T��

Marconi � Palla �#4Q&b�℄�7a��La�MR�p"��o7Q&b��%}�&OF}�<OF};�mlb_ [82,83] �a�MR�,i8oCH#���/V�3Z
Q&�4�C, (p,`#) �:�/V=k)#�La�MRK97a�MR�Pw=4b��H#�℄�MR�MR℄`�'?rC,�f<�;�b_}_H#�`
�℄:�oCH#��C5�4C δ Scuti �q�{���=CmPuw�C)#��℄��)#�p,�?rC,}_PU�1y PMS �{8`_ H-R %�d&\C5�p\C5�,%9CH#��Vt�34�1���T��Vt�!T%�4 PMS ��b�XP&#�Vt�mP��p,�?rC,�p1�����,%9Q&b�)#�{�1�=Cml�Q&b�Ck M�{���T��1y�? PMS ���� (post-MS)/��1�7 HD 35929 98 PMS �{��1d 3.4 M⊙(&OF}b_) # 3.8 M⊙(<OF}b_) �98 post-MS �{��1d 2.7 M⊙(<OF}b_)[84] �e
+? 36 \ PMS Q&�{)=^��� 6 \1Q&���)#Chd):)98��dM (gBD_ [85] ��8 1) �
4.2 �ED�\mPxw8`�YSOs z�1,A�v�T*�!)J&1�T*���^C_zp�S5\�{"ms�{�vj/S�T*M�fzwS�~p�S [86] �wSjwY=�x{E{�v�d�99XP���4M�YN�{�!&XP8i�&�T*M��'w)a+=YN�{�8\�4p�M�YN��o�,9�)# PMS �{��1Y` [87] �M�YN)48dwY4T*v�8iXP��:p�YN��,o�v!&�1��8id{�ml��=K	vM��w)a8p�mlYNT�!&k1+f/(�R�1y�z"�{8\�M�A�, Vstream �,=C!"ms�
k8`�7Y_�

1

2
V 2

stream =
GM

R
−

GM

Rhole
,�� M , R, Rhole � G M;dq�{����1�"m�wS"m�4)[u�)# R, Rhole� Vstream �t�,aw M = V 2

streamR(1 − R/Rhole)
−1/(2G) 8� PMS �{��1����"m R �)#%}Cp��i8�?rC,�f!kW����x{p,�:C(� PMS ��s-�M�A�,GlEiaGl}_&\J, θ �1yM�A�,EmP�,�kW�8`



� 342 ���������E���^�i������� 27 |�8� Vipc = Vstream × cos θ �p"9mP�, Vipc �� Vstream ��,�o)#��1�{��mP�,� zp�9 P � (IPC) I��Tla (7 NaD, He I) ��)P#��C�RH!)r64 IPC I��8i� Vipc %4MTlI�)#��,�Tla)#�4��,/����
R/Rhole �)#Li���, z-L{�v (?Kj����) ��,`�i8�% Rhole = ∞T��,)#�1�4�`��C�"m R �PU (V8 20%∼30%)�mP�, Vipc �PU (V8 10%) ��1Y`�4�PUC5d ±45% �
5 �0RGk3A\XF�psG?*4mPzV�$)i,?&#�(��mPM3F�Y��}N8i)#�1�Pw�tG?*L:��W����[&�&)�G?48}N�%b<d)�4Cq�{���p�G?�#g9C�q�1q�y{��{��o�y{BM8ei�Mp�Vy{�q�eiy{�mP&��#L℄T>���1)##�L$)�z��/{�d4s�[&���/{�d4[& (3�1-) C.$)���1y��8ueiy{�o�,��$)�y{/�1�4C/{��1�k8��i8�q�Mpy{�1)#��i_Cy{�s�\�J�s�"℄m�Lu}_&sPU�=y����1%�}_PU (≤ 10%)�e
4d)
YSOs �1=Vy{��o���:p�y{�+yue
E�Ck8�	dk�o�
2h�"*�4C�{�����1)##�?L�S�{�v[&�:�v�[&d���!&��1)#4v�^Lu?&#�(��)#��1PU�#�+Cz��v��J���z����PUi,W��4CMp	K%�Pp	K%G?��W*%97 H-R %�)# YSOs ��1�d4:��Mp	K%G?�mPzVb8�4 YSOs �1�Vtb��:Pp	K%G?�mPb6.�uw�s�b<A��g�C#8�o�4CMp	K%G?��=mPzV!�"�p,�?rC,� H-R %98�.Hb�s-�mPzV,W
��{:)# YSOs��1�=C YSOs �p���p,�?rC,!�*d&sf!kW��,�W_ H-R%����}_&sC)#��:Pp	K%G?�pp��,`=f!Pw���!"?L��C)#�� López-Chico � Salas �Pp	K%G?\4+�o� Class II T Tauri�{87!x�:bq�#b�� YSOs ��#℄&H��o�=C�\1G?4pp�#���Cg�Cpp AV > 25 mag �pp- (R) Yow[~ (R= 3.1) ����/�	K%G?&��K9��b��o YSOs ��1�q>�:C!���b�z>}_&#�U0��#d�W4�{jI�t���dM�/V�D�?'C!�=K#a~ [71] �e

M < 1 M⊙ � PMS ��s-CC)#��C 0.6 M⊙ �^b����s-}_L�U0�1y�#b8q�1 YSOs ��1�o"*�/�d6� H-R % [70,71] ����1 YSOs �Q&�td YSOs ��zi��#O0�M��t�_ H-R %�8^8Q&CH#��CH#�4 YSOs �1?`℄�Vt������T5d4C Kelvin-HelmoltzT5
q�74C 1.5 M⊙ �q�{��Vm 10% �: 4 M⊙ �q�{��Vm 5% [84] �4C�1�)#�Q&G?��#`
dmPQ&}F�C)#��C. M PMS � post-MS ��T� (<�d�{�a��T) ��k}_=�C�LmlQ&b_ [81] �4CmP}F�C)
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2 343�#��=�?2%9 MOST � COROT B{4 PMS δ Scuti �1{℄��>mP��YmPd,�=℄&H�o�W�Q&�t [80,88] �4C�/�`
��#℄�ml�LmlQ&b���o�,0b���T1{�jI�t�!TLmlQ&b��k?�C PMS � post-MS ��T�� M [89] �4CwST*�G?�wY4T*v�8idT℄��7w)a�MF=C�r�T*A"$�{8\����kd��<,,1M�YN=L�h�+=YN��!T�{�v��J=y�R/Rhole }_
��C)#��=C,AL1p�G?
i$))#
YSOs ��1��ki8&\�1Y`����G?dK9!&�,�)#�1 [90] �7w4 YSOs �wST*zi8X��mP��Y IPC I��"m�T*A�,�d,�gT�)#��1%�b<$)�p�G?�;�_CCW�T℄���b���uws�bG0��,IB��'b8��8?02Tl�w&��>2Tl�℄9�7w_Fd����\2Tl GMT (Giant Magellan Telescope) �+=H��>�,2Tl SIRTF (Space

Infrared Telescope Facility) �H%�}B�>2Tl (Hubble Space Telescope) � JWST

(JamesWebb Space Telescope) ��ps2Tl�,"�bYM3F�%k�p��zV�P�L/�� YSOs ��b��9Cb$)��1)#�!T��,mP�w��o"*�7q�� / y{�q�{)� δ Scuti �1{��9CW℄ YSOs ����J��o�{�d�M�(
�=�Y4 YSOs ��zi�4Z��a���
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The Mass of Young Stellar Objects

YIN Jia1,2, JIANG Zhi-bo1

(1. Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210008, China; 2. Graduate School of

Chinese Academy of Sciences, Beijing 100039, China)

Abstract: Young stellar objects (YSOs) evolve from molecular cloud cores through protostars

and pre-main-sequence(PMS) to zero-aged main-sequence (ZAMS) stars. During this process,

their masses, which are the most fundamental parameter, play a very important role. The masses

of YSOs determine almost everything about their birth, life, and death.

Four fundamental methods of estimating the mass of YSOs are introduced in the paper(classi-

fied as Dynamic, Hertzsprung-Russell (H-R) diagram, Pulsation, and Magnetospheric accretion).

The most direct method to determine stellar mass is through the analysis of dynamical param-

eters. This can be accomplished by measuring the periods of orbital components, the radial

velocities of unresolved companions in binary system, or the kinematics of a circumstellar disk



� 346 ���������E���^�i������� 27 |�
in a single star. The second one is to plot the objects onto the H-R diagram and compare their

positions with theoretical evolutionary tracks. Their positions depend on their temperatures and

luminosities (or their colors and magnitudes) that are determined by their spectral types and

extinctions and/or photometry. The third one to estimate the mass of Herbig Ae/Be star is

through the pulsational instability strip, which is defined by the analysis of photometric variabil-

ity. Finally, the velocity of the accreting material can be used to measure the stellar potential

energy, which, combined with the stellar radius, yields the mass of a PMS star.

These methods can be used to constrain the mass of YSOs, but there are still some prob-

lems. For the first method, although the determined mass is more precise than other methods,

there would be errors in dynamical parameters due to observational uncertainty. Moreover, the

sample of such objects is small; the errors of second method come from the uncertainties of the

theoretical evolutionary tracks and the uncertainties of temperature and luminosity due to the

errors of the measured spectral type and extinction (or the uncertainties of color and magnitude

of YSOs due to the errors of extinction and photometry); for the third method, the boundaries of

the pulsational instability strip are not precise enough due to the unclear intrinsic properties of

YSOs; for the last one, there is a complex motion of the accreting material, its physical velocities

may not be truly free-fall.

With the development of new observational technology, the observational accuracy will be im-

proved,and the samples of YSOs will be enlarged. This will greatly improve our understanding of

the formation and evolution of YSOs. And the mass of YSOs will be more accurately determined.

Key words: star formation; Young Stellar Objects; Hertzsprung-Russell diagram


