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1 ��R�b��v/)Si�f�ú,î�K�,å�vâ	©��ûÓ������ã, Èsû0L��b�, �å()Sw���v-, R�b��vw�¢½\([1]. R�b���P�-, �öÈ�Ç�Î�i(�'(ÏR��UV (UltraVio-

let)����°��ÑIÇ�¨�09Ø�vÍS�P��¯�. b��K, R�b��Ï�*Ç�ý�(ÍS�P�-Y�Õù, �ìïå�ÇùÙ
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63w ) � f ¥ 6�
�Z, �åØ6ú'(ÏR�b��Ç�þ/�y�w��'�å\[3–4]. :��°Ù�î�,�v�P��¨�f'(/ósÍ��. �ö�P��Aú°('(ÏR�b��Í�6µ,/R�b�é�6µnMX(�°a[5]. Zucker-

manI[6]�KwanI[7]�1976t(ØuO��ÂK¹Õ, (R�b�:-Æ7§-K0,�*�P��A. dÆ�P��A��û��vì��U, àº('(ÏR�b�:, Ø/(�(Ït{�Sh�, G¢K0��P��A. ǑÆ¸��vºXù'(ÏR�b�:-��P��AÛL��v[8–13]. (Ù��v-, �8ê�(��Í�P¢�e:*�P��A, 6��P��A��(�Í�P¢�eÛL�th�. àd, :�� hb0�ã�P��A�i�'(, 	Å�ù�Í�P¢��:*��P��AÛLûß�v[14].(Ùyå\-, �ì�(+Ñq)�ðRwÂKÙ·äÈ13.7 mësâ�Ü\ù�*'(ÏR�b�
�SÛL�12CO�13CO�C18O�HCO+�CS��þÂK�v. ,��CO�HCO+�P1¿G:J = 1 − 0, CSG:J = 2 − 1, ���ÒÏPp�e. þ1/t*ÂK:ß(-¢�âµ��Þí1��þ. ÝrÌoãh4.5 µm�öU��,ÙÍöU��;�1'(Ït{���A�Í�Æ�EË(°��§��ÀâÀÑCO�H2�ý§�Á�b��; ÿrÌo/8 µm�Þí1��, ;�eê	:'�P�¯³�(Polycyclic Aromatic

Hydrocarbons, PAHs), /v86'(Ït{R��Ü+�IPÀÑ§��; ¢rÌo/24 µm���, ;�eêí���Þí1��.(å���v-, Ù*
�S�P�;�13*�Ä�, �+«}
:IRAS 19230+

1506[15–17]� IRAS 19232+1504[17]�G050.3179–

00.4186[17], (þ1-�(¢r­4�ú. 3*��ú,áo�(h1-, v-l�b�+h:öÏ�ö¬, M:��(Ï, M⊙:*3(Ï. �*���S(Ï/1·äÈ13.7 mësâ�Ü\ÂK�12CO�P1¿¡��0�, ¡�¹ÕæÁ�.[18]�DU2. JohnstonI[17](2009t)(-¢�� 1.1 mm� 3.6 cm��P1¿�ÂKpn�v�Ù*
�S�P��i�'(�R�b�

;¨. �vÓ�hÆIRAS 19230+1506DÑ2.5′′�X(�*HII:, vÙú�G050.3179–00.4186/�*'(ÏR�b�:�ÂKÁn. F(IRAS

19232+1504-, 1�¡	¢K0í���5»�S�X(, Öì¤:Ù*�ïý/�Y����R�b��é�6µ. æ�, Öì¤:IRAS

19230+1506-ØïýX(�P��A, F*ÛLÁ¤. ǑÆRetes-RomeroI[16](2020t-�ú�ì��v�
�S/�*M�1.3 kpc��¢���,¿:��:4.2 pc.d�,(,3�-, �ì(3*�-G¢K0�Ì���A;¨, Û�eÁ�d
�SM��¨fÝ»�ÑÝ»
(∼1.3 kpc).

þ 1 
�S�P��-¢���.1Spitzer-IRAC (Infrared

Array Camera)�MIPSGAL (Galactic Legacy Infrared

Mid-Plane Survey Extraordinaire)pnà �	rþ(4.5 µm:Ýr, 8 µm:ÿr, 24 µm:¢r). 3*âµ�pnÇ(�p<��ý/Î��0�', Ç(�Ô�/¿'�. }rFh:Æí�ì;����Í¹:ß. æ�, 4.5 µm��â�ìR�b�:�öU��,_�ìeêÌo�Mo����.

Fig. 1 Mid-infrared radiation of complex molecular clouds.

A three-color plot (Blue for 4.5 µm, Green for 8 µm, Red for

24 µm) overlaid with Spitzr-IRAC and MIPSGAL data. The

range of values used in the data of the three bands is from

the smallest to the largest, and the proportion used is linear.

The white box represents the key areas of our subsequent

analysis. In addition, 4.5 µm radiation includes both

extended radiation from star-forming regions and radiation

from background and foreground stars.
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�S�¨�f'( 6�h 1 ��ú,áo
Table 1 Basic information of sources

Source name l/◦ b/◦ M/M⊙

1 IRAS 19230+1506 50.28 −0.39 85

2 G050.3179–00.4186 50.31 −0.41 44

3 IRAS 19232+1504 50.27 −0.44 50}6MºùÙ*
�S-�3*�	�����v, F/ù�¨�f'(�¤Æ
��p. ,�v�!ùÙ*
�S�U5Í�P1¿(12CO�
13CO�C18O�HCO+�CS)�þÂK, ùÙ*'(ÏR�b�
�S�¨�f'(ÛLûß�v. v-�P1¿C18O;�(e:*�P�8, vY4Í�P1¿12CO�13CO�HCO+�CS(e:*
�S�P��-���A. (�Í�P1¿�ÂK�v-, ïå�:�p0�ã�P�S�����P�¨�f¶�I'(, Î�hb�ã�P��R�b�;¨. �à�vYè���: (,2�ËÍ�pnÂK�pn��; ,3�U:ú�Ó��øs�i�ÏÂp¡�; ,4�ùå\ÛL�;Ó.

2 ÂKÆpn��
2021t1�11åó17å, �ì�(+Ñq)�ðRwÂKÙ·äÈ13.7 mësâ�Ü\ål =

50.28◦, b = −0.45◦:-�ÛL�10′ × 10′�OTF

(On-The-Fly)�þÂK. v-1�11åó13åÂK�12CO� 13CO�C18OÙ3a�P1¿; 1�14åó
15åÂK�HCO+�P1¿; 1�16åó17åÂK�CS�P1¿. å�Ü\Ç(�9â_�ü�Ï�1ê5�, å\!�:Ì¹&�»!�[18], v-�P1¿12CO�HCO+�CS(
¹&, 13CO�C18O(�¹&. �Ü\ØÇ(�ë��ÌöØb(Fast

Fourier Transform, FFT)�1ê, å�1ê�
1 GHz&½�:�16384*�S, Ï*�S:
61 kHz. �(OTFÂK!�, åR����¿öÏ�ö¬¹��LkÏ, kÏ��:15′′, ¥6:Ï�0.3 s°U�!pn[19], ÂK0�pn�«Q<�:30′′�Ï UC. �È�	pný�ÇGILDAS

(Grenoble Image and Line Data Analysis

Software)1oö-�Class�Gregoö����0.�à-Ùú��	Ó�Gh::;â_)¿)�Tmb = T ∗
A/ηmb, v-T ∗

A/ÏÇ'�9
�)¿)�, ηmb/�Ü\�;â_H�. (ÂK-, ÏÍ�P1¿�x��ûß)�Tsys_ý
�7. s��Ü\�å\¶��
ðÂpæÅÂÁ+Ñq)�ðRwÂKÙ��°¶�¥J2 . h2-�ú��P1¿ÂK�ú,Âp, v-, Lines:�P1¿Í{, Frequency/1¿�Yb��, HPBW (Half-

Power BeamWidth)/J��â_½�, dV/���¨�. 1�3*�(��*ÂK:ß�, �å�ìùÂK:ß�ÏÍ�P¢�ÛL�;â_jóG¹9(root mean square,

rms)�¡�: 12CO�P1¿�rms�:200 mK�
13CO�P1¿�rms�:95 mK� C18O�P1¿�rms�:91 mK� HCO+�P1¿�rms�:95 mK�CS�P1¿�rms�:93 mK.h 2 �P1¿ÂK�ú,Âp

Table 2 Basic observation parameters of the

observed molecular line

Lines
Frequency

/GHz

Tsys

/K
ηmb

HPBW

/′′
dV

/(km · s−1)

12CO 115.27 237 0.49 49 0.16

13CO 110.20 143 0.54 51 0.17

C18O 109.78 143 0.54 52 0.17

HCO+ 88.18 115 0.63 60 0.21

CS 97.98 120 0.64 55 0.18

3 Ó�Æ��
3.1 �P1¿�þÓ��ìù'(ÏR�b�
�S�ÂK���:10′ × 10′. �ìÇ(øùP��¹�ÛLØ6,v-�Mn(0,0):l = 50.28◦; b = −0.45◦, 6Æ�+ù5Í�P1¿�ï�:�IÛL�þ, Ó�>:(þ2 (a)–(e). 5Í�P1¿���ï���

1http://www.iram.fr/IRAMFR/GILDAS.
2http://www.radioast.nsdc.cn/english/zhuangtaibaogao.php.
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63w ) � f ¥ 6�ý/10–21 km · s−1. ù�12CO�P1¿�nÓþ2

(a)-ÑrIØ¿1��Ì�<:3–88 K · km ·

s−1, e�:6.5 K · km · s−1. ù�13CO�P1¿�nÓþ2 (b)-ÑrIØ¿1��Ì�<:1.5–

15 K · km · s−1, e�:1.2 K · km · s−1. ù�HCO+�P1¿�nÓþ2 (c)-ÑrIØ¿1��Ì�
<:0.5–5.6 K · km · s−1, e�:0.5 K · km · s−1. ù�CS�P1¿�nÓþ2 (d)-ÑrIØ¿1��Ì�<:0.4–3.7 K · km · s−1, e�:0.4 K · k-

m · s−1, ù�C18O�P1¿�nÓþ2 (e)-ÑrIØ¿1��Ì�<:0.35–1.4 K ·km · s−1, e�:0.35 K · km · s−1.

(a) 12CO (b) 13CO (c) HCO+

(d) CS (e) C18Oþ 2 5Í�P1¿�ï�:�þ.-�Mn(0,0):l = 50.28◦; b = −0.45◦. ��ï���10 km · s−1 < VLSR < 21 km · s−1, VLSR:Æ���. ∆b�∆l:øùP�, I:ï�:�. ÏÍ�P1¿�
ðý(Pþ�èÙú.IØ¿æÆ÷Á
�Ïð. 3*}r�÷�+ãhIRAS

19230+1506�IRAS 19232+1504�G050.3179–00.4186.

Fig. 2 Integrated intensity plot of five molecular lines. The central position (0,0) is l = 50.28◦; b = −0.45◦. Speed integral range

10 km · s−1< VLSR < 21 km · s−1, VLSR is the radial velocity. ∆b and ∆l are relative coordinates, and I is the integral intensity.

The name of each molecular line is given at the bottom of the panel. The contour lines are described in detail above. The three

white asterisks represent IRAS 19230+1506, IRAS 19232+1504 and G050.3179–00.4186.Îþ2�þÓ�-ïå�ú, IRAS 19230+

1506�á÷:��ÔvÖ$*��ý�:. æ�,

COÊv�M �P1¿�CS�P1¿(Ù3*�-G«¢K0, 6�HCO+�P1¿ê(IRAS

19230+1506�IRAS 19232+1504-«¢K0, �( G050.3179–00.4186-*«Æ>¢K0(á÷�ð<:���3
�jð).�ÇùÔ5Í�P1¿�ï�:�þïåÑ°, 12CO�13CO�P1¿���:ßÔæ�3Í�P1¿���:ßý�öU. 12COIf���
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63w h	#I: �*'(ÏR�b�
�S�¨�f'( 6�', ï(�ý*øùØ����A�S[20]. 13COÔ
12COI�, ���:, ý¢K0�ñ�:ß, �,\:�SñÆ��;�¢�, Øï(�ý*øùN����A[21–22]. C18O�HCO+�CSÙ3a�P1¿ý/(e:*�Æ:ß��P¢�, 
Çø��C18O�P1¿, HCO+�CS�P1¿:*�:�Æ�:ß. Ù5Í�P1¿��:ß�
�,ïýß��P1¿��f'(�4LÀÑÆ�	s. ddK�HCO+�P1¿Ø�Û(\�v�P��L);¨[23], _Ï8«(e�v�P��A,ï(�ý*øùØ����A. CS�P1¿�,((�)ësâµ¹�«ÂK0�Iñ
', Øý(�ý*øùN����A[24].

3.2 �P1¿y��ìùÂK:ß��12CO�13CO�P1¿(>

5σ, σ:�P1¿�jð4s)ýÇ(moment-1 (å1¿:�:CÍ� CsG��)�¹Õ�0��P����:, (þ3-;ú�12CO�13CO�P1¿�����. Ù7ý��Â0�ã�P���¨f'(. $Eþ
Gà �ù��P�ï�:�nÓ, Ìo�rÍ ����Ø�. �ÇùÔÑ°, �P1¿12CO�13CO�����ø<, ��¯�Ø

�;�Æ-(13–16 km · s−1K�.(þ4-ÏØú�3*�(Ñ�ð<Mn��5Í�P1¿nÓ. (¡	9Ø1¿nÓ�aö�, ùC18O�HCO+�CS�Ñ�ð1¿sÑ4*�S(e�ØájÔ, �12CO�13CO1¿�ájÔ�Ø, �*ÇÖsÑª½. h3�ú�Ï*�(Ñ�ð��P1¿�ú,Âp. v-, Tmb/;â_)�, Vpeak/ð<��, ∆V/1¿¿½. �ÇùÔÑ°, IRAS 19230+1506ÏÍ�P�¿½�;â_)�ý'�æ�$*�, �ÆÙ*���èR�;¨øùgÈ, Ñ��P��A;¨�ïý'�', Ù_Á��JohnstonI[17]¤:IRAS 19230+1506-ïýX(�P��A��ó. Ù3*�-�ÏÍ�P1¿¿½X(��sû: ∆V12CO > ∆VHCO+ >

∆VCS ≈ ∆V13CO > ∆VC18O, 1¿¿½�(∆Vh:,��:ù���P1¿. Ù�Ó�ÆLiuI[24](�v�P��A;¨-�Ó���. ���-�5Í�P1¿�:*���ú,��, v-IRAS

19230+1506-���:16 km · s−1; IRAS 19232+

1504-���:14 km · s−1; G050.3179–0.4186�-���:13 km · s−1, Æþ3����Ó�øù�.

(a) 12CO (b) 13COþ 3 12CO�13CO�P1¿�Æ�����þ.-�Mn(0,0):l = 50.28◦; b = −0.45◦. VLSR���:10–21 km · s−1. IØ¿å12CO�13CO�ï�:�:Æ.

Fig. 3 Velocity profiles of 12CO and 13CO molecular lines. The central position (0,0) is l = 50.28◦; b = −0.45◦. The velocity

range of VLSR is 10 to 21 km · s−1. The contour lines are based on the integral intensities of 12CO and 13CO.
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(a) IRAS 19230+1506 (b) IRAS 19232+1504 (c) G050.3179–00.4186þ 4 3*���P1¿�ÁnÓþ.�P1¿/(C18OÑ�ðMn�·Ö�0, Ï*��
ð(Pþ�èÙú.Î
0��!/12CO�13CO�
C18O�HCO+�CS.

Fig. 4 Molecular lines transition profiles of three sources. The molecular lines were obtained at the position of the C18O

emission peak. The name of each source is given at the bottom of each panel. From top to bottom the lines are 12CO, 13CO,

C18O, HCO+ and CS respectively.h 3 �P1¿�ú,Âp
Table 3 Basic parameters of the molecular lines

IRAS 19230+1506 IRAS 19232+1504 G050.3179–00.4186

Lines Tmb Vpeak ∆V Tmb Vpeak ∆V Tmb Vpeak ∆V

/K /(km · s−1) /(km · s−1) /K /(km · s−1) /(km · s−1) /K /(km · s−1) /(km · s−1)

12CO 17.6 16.3 4.4 9.0 14.8 3.8 7.9 13.5 4.1

13CO 3.7 16.2 3.7 3.7 14.7 2.8 3.3 13.4 2.6

C18O 0.4 16.3 3.6 0.7 14.5 1.8 0.5 13.3 2.0

HCO+ 1.3 16.3 4.1 0.3 14.4 3.1 - - -

CS 0.9 16.3 3.8 0.4 14.7 2.3 0.2 13.4 2.7
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63w h	#I: �*'(ÏR�b�
�S�¨�f'( 6�
3.3 �P��Ab��ì)(5Í�P1¿�ÂKpne�vÙ*'(ÏR�b�
�S, d»C18O�P1¿(e:*�Æ�8�, vY4Í�P1¿(12CO�13CO�
HCO+�CS)ý(e¢K�P��A. �8$­�P��A�����¹Õ/ÇÖC18O1¿nÓ\:ùÔ, ·�12CO1¿nÓ�¿ü����, _1/�ì������A����. wS�¹Õ/Hù12CO�1¿�C18O1¿ÛL:��R��, 6Æ��(R��KÆ�12CO1¿nÓÏ»C18O1¿nÓ, �0����w1/¢Ýã��A�����[8, 22], �þ54qè��:(vY��P1¿þÁDU1). 6Æ�9n¢Ýã�����;ú¢Ýã�ï�:�þ, v¿�ïý/��AöU�¹�;úMn-��þ, v(Mn-��þ
_�ú�¢Ýã�����. vY��P1¿Á¤��A�¹ÕÆ12CO�P1¿��. h4-�+�ú�3*����A����, ∆vr�∆vb�+:¢/îã�����. IRAS 19230+1506(Ù4Í�P1¿�ÂKpn-ý¢K0��P��A,�IRAS 19230+1506�G050.3179–00.4186ê(12CO�13CO�P1¿�ÂKpn-¢K0��P��A.

þ 5 IRAS 19230+1506-12CO�P��A�¢/Ýã1¿þ.Ñr1¿:C18Oð<����Ñ�1¿,ùTmb>'5
å¹¿Æ12CO�P1¿ZùÔ; Ýr1¿/ÎÝãÑ�:ß�ð<�Öúe�,¢r1¿/Î¢ãÑ�:�Öúe�;ÑrÖ¿h:C18O1¿�ð<��. þ-4qè�h:¢/Ýã�����.

Fig. 5 Red/blue lobe outflow for IRAS 19230+1506 of 12CO

molecular line. The black line is emission-peak position of

the C18O, and the Tmb is magnified five times to facilitate

comparison with the 12CO molecular line. The blue line is

extracted from the peak of the blue lobe emission region.

The red line is extracted from the red lobe emission region.

The black vertical line represents the peak velocity of the

C18O. The shaded part of the figure indicates the velocity

range of the red/blue lobes.h 4 �P��A�¢/Ýã����
Table 4 Red/blue lobe velocity range of molecular outflow

IRAS 19230+1506 IRAS 19232+1504 G050.3179–00.4186

Lines ∆vb ∆vr ∆vb ∆vr ∆vb ∆vr

/(km · s−1) /(km · s−1) /(km · s−1) /(km · s−1) /(km · s−1) /(km · s−1)

12CO (11, 13.5) (19, 21) (11, 12.5) (17.5, 19) (9, 11.5) (16.5, 19)

13CO (12, 14) (18.5, 20) (11, 13) (16.5, 18) (10.5, 12) (16, 17)

HCO+ (12.5, 14) (18.5, 20.5) (-, -) (-, -) (-, -) (-, -)

CS (12.5, 14) (18.5, 20) (-, -) (-, -) (-, -) (-, -)¢�âµ�ÂKpnïå(e:*�P�-�R�b�;¨[25]. àd, �ì)(¢�k�
WISE (Wide-field Infrared Survey Explorer)(
4.6�12�22 µmâµ�á)pn, vÓ�C18O� P1¿:*ú��Æ8�MnÆIRAS¹�h

Catalog2.13eû~Ù3*����A-�q¨�.(þ6–8-, �ì��P1¿�I<¿þà (
WISE�	rþ
, v(þ-(Ýr¹�ú�P

3https://irsa.ipac.caltech.edu/Missions/iras.html.

62-7



63w ) � f ¥ 6�1¿C18O�:*��Æ8, sC18O�P1¿�+(Ù3*:ßÌb���:�Mn, }r�Ò�:IRAS��Mn. 6Æ(�<e$­þ-/&X(��A-�q¨�, $­�n:¢��/&ÆC18O:*ú��Æ8Íà, ��Íà�å��A1/1Æ�Æ8�O�¢�¹�q¨�. �È�0�IRAS 19230+1506�IRAS 19232+1504�
G050.3179–00.4186���A����, �öÙú��P��A¢Ýã�ï�:�þ.

3.3.1 IRAS 19230+1506þ6 (a)–(d)�+Ùú�IRAS 19230+1506�
12CO�13CO�HCO+�CS�P1¿�Ì���AÓ�. v-12CO�P1¿�Ýã����:11–

13.5 km · s−1, ¢ ã � � � � :19–21 km · s−1.
13CO�P1¿�Ýã����:12–14 km · s−1,¢ã����:18.5–20 km · s−1. HCO+�CS�P1¿�Ýã����:12.5–14 km · s−1, ¢ã����:18.5–20.5 km · s−1. ÎHCO+�CS�P1¿�¢/Ýã�þÓ�ïå�ú, ¢ÝãO»Ò���, àNÍà(�wàÕ�».  �dÅµ��à	$*: �/à:�(��Ü\�z��¨�øù�N, Î�àÕ�¨���A�Ì�Ó�; �/à:�P��A�¹�,«/ö�Æ¿�¹�, Î��Ýãè��¢ãè�Íà(�w[21].�ÇùÔÑ°HCO+�P1¿:*ú���AâãøÔ�CS�P1¿���AâãÔ�', vÓ�_�:öU, �Æù�IRAS 19230+1506��,

HCO+�P1¿ÔvÖ3Í�P���¢Kå����Ay�. Îþ-ïå�ú, C18O�P1¿�:*��Æ8MnÆIRAS 19230+1506�Mn	Oî, F/(ïî���, �å,�vå\¤:IRAS

19230+15061/Ù*��A�-�q¨�.

3.3.2 IRAS 19232+1504þ7 (a)–(b)�+Ùú�IRAS 19232+1504�
12CO�13CO�P1¿�Ì���AÓ�. v-
12CO�P1¿�Ýã����:11–12.5 km · s−1,¢ã����:17.5–19 km · s−1, 13CO�P1¿�Ýã����:11–13 km · s−1, ¢ã����:16.5–18 km · s−1.��A�¹�¿��-�W¹�öU. �ÇùÔÑ°, 12CO�P1¿:*ú��A

�âãÔ13CO�P1¿�'v��:öU, Ù�Æ12COýý*�èøùØ����A, �13COý*�èøùN����A. W¾�/HCO+�CS�P1¿*ý:*úÙ*����AÓ�, �àïý/1�ÂKï�ö�
³ü��1¿ájÔ�N. Î�þÓ�ïå�ú, C18O�P1¿�:*��Æ8MnÆIRAS 19232+1504�Mn	Oî, F/(ïî���, �å,�vå\¤:IRAS

19232+15041/Ù*��A�-�q¨�.

3.3.3 G050.3179–00.4186þ8 (a)–(b)�+Ùú�G050.3179–00.4186�
12CO�13CO�P1¿�Ì���AÓ�. v-
12CO�P1¿�Ýã����:9–11.5 km · s−1,¢ã����:16.5–19 km · s−1, 13CO�P1¿�Ýã����:10.5–12 km · s−1, ¢ã����:16–17 km · s−1. ��A�¹�/¿��-�W¹�öU. �7(Ù*�-, _*¢K0HCO+�CS�P1¿���AÓ�, �àïý/1�ÂKï�ö�
³ü��1¿ájÔ�N. Î�þÓ�ïå�ú, C18O�P1¿�:*��Æ8-�M�¢ÝãI<¿¤É�Mn, �ÆWISEâµ��:ßú,Í�, �å¤:d��A�q¨�M��Æ8-�.

3.4 ��A�i�'(Ê���ÇùÙ3*��ñ�ÂK, �ì¡��Æ�ìøs��A;¨�i�Âp, �ì¢Ýã�"�PñÆ�Nlobe�(ÏMlobe���A��(��Aãøù8��-����øù��)〈∆vlobe〉���
Llobe�¨ÏPlobe�¨ýElobe�¨�fö�tlobe�:°I�(AúI�) Lm(lobe). 9nÙ��P1¿¡�úe�i�ÏÂp;Ó(h5–7-. �ÇùÔ3*��Aúi�ÏÂpÑ°, IRAS 19230+

1506�Aúi�ÏÂpnMÔæ�$*��Ø,�Æå���è;¨gÈ, ��·ú�i(��, _1�øù�'. Ù4Í�P1¿¡�úe�Aú(ÏMlobe'�ý(à
�*3(Ï(M⊙ =

2.0×1030 kg);¨ÏPlobe'�:2.3− 26.1 M⊙ · km ·

s−1; ¨ýElobe'�:4.2−84.4×1045 erg; ¨�fö�tlobe�:2.3−15.4×104 yr; Lm�:à
�*3I�(L⊙ = 3.845×1033 erg · s−1). 
ð¡����
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63w h	#I: �*'(ÏR�b�
�S�¨�f'( 6��A�øsi�Âp, G=(WuI[26]�LiI[13]'7,��A�i�Âpß¡��K-.ÎIRAS 19230+1506� IRAS 19232+1504�
G050.3179–00.4186Ù3*����Ai�Âp-ïå�ú, ÏÍ�P1¿¡��ú�Ó�ÂpX (Æ>î�. 13CO�P1¿¡�Ó�nM'�æ�3Í�P1¿¡�Ó�. ù���*��(
��P1¿¡�ø�i�ÂpX(î�/1�
��P�i��f'(
�, �:*�:ß
��ü��.

(a) 12CO (b) 13CO

(c) HCO+ (d) CSþ 6 IRAS 19230+1506�P��A:�þ.þ(a)æþ/12CO�P1¿¢/Ýã�ï�:�þ,Ìo:WISE	rþ, v-Ýr:4.6 µm�ÿr:12 µm, ¢r:22 µm. I<¿Î3σ (σ = 0.27 K · km · s−1)�Ëå5σ:e�ÛLØ6� .Ýr¹�úC18O:*ú�Æ8�Mn, }r�Ò�:IRAS��Mn, ÿr-�:IRAS��ïî-�.þ(a)óþ/¿�þ(a)æþ-+r­4¹��Mn-��þ,¢¿h:��-���,¢/Ýã������ì(Z¿��úe.vÖPþhðßþ(a)��.
��/þ(b)-13CO�I<¿Î8σ (σ = 0.13 K · km · s−1)�Ëå2σ:e�� . þ(c)-HCO+�I<¿Î3σ (σ = 0.14 K · km · s−1)�Ëåσ:e�� . þ(d)-CS�I<¿Î2σ (σ = 0.12 K · km · s−1) �Ëå0.5σ:e�� .

Fig. 6 The diagram of molecular outflow in IRAS 19230+1506. The left figure of panel (a) is the integrated intensity map of the

red/blue petals of the 12CO molecular line, and the background is the WISE three-color figure, where the blue is 4.6 µm, the

green is 12 µm, and the red is 22 µm. The contours are drawn in steps of 5σ starting at 3σ (σ = 0.27 K · km · s−1). The blue dot

marks the position where C18O traces the dense core, the white pentagonal star is the position of the IRAS source, and the

green ellipse is the error ellipse of the IRAS source. The right figure of panel (a) shows the position-velocity figure along the

direction of the purple arrow in the left figure, the red line shows the center velocity of the source, and the speed range of the

red/blue petals is divided by dashed lines. The other subfigure representations are the same as in panel (a). The difference is

that the 13CO contours of panel (b) start at 8σ (σ = 0.13 K · km · s−1) and increase in steps of 2σ. The HCO+ contours of panel

(c) start from 3σ (σ = 0.14 K · km · s−1) and increase in steps of σ. The CS contours of panel (d) start at 2σ (σ =

0.12 K · km · s−1) and increase in steps of 0.5σ.
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(a) 12CO (b) 13COþ 7 IRAS 19232+1504�P��A:�þ.þ(a)æþ/12CO�P1¿�¢/Ýã�ï�:�þ,Ìo:WISE	rþ, v-Ýr:4.6 µm�ÿr:12 µm�¢r:22 µm. I<¿Î8σ (σ = 0.27 K · km · s−1)�Ëå3σ:e�ÛLØ6� ,Ýr¹�úC18O:*ú�Æ8�Mn, }r�Ò�:IRAS��Mn, ÿr-�:IRAS��ïî-�.þ(a)óþ/¿�þ(a)æþ-+r­4¹��Mn-��þ,¢¿h:��-���, ¢/Ýã������ì(Z¿��úe.þ(b)-13COI<¿Î5σ (σ = 0.13 K · km · s−1)�Ëåσ:e�� . vÖhðßþ(a)��.

Fig. 7 The diagram of molecular outflow in IRAS 19232+1504. The panel (a) left is the integrated intensity map of the red/blue

petals of the 12CO molecular line, and the background is the WISE three-color figure, where the blue is 4.6 µm, the green is

12 µm, and the red is 22 µm. The contours are drawn in steps of 3σ starting at 8σ (σ = 0.27 K · km · s−1). The blue dot marks

the position where C18O traces the dense core, the white pentagonal star is the position of the IRAS source, and the green

ellipse is the error ellipse of the IRAS source. The panel (a) right shows the position-velocity figure along the direction of the

purple arrow in the left figure, the red line shows the center velocity of the source, and the speed range of the red/blue petals is

divided by dashed lines. The 13CO contours of panel (b) start at 5σ (σ = 0.13 K · km · s−1) and increase in steps of σ. The other

representations are the same as in panel (a).

(a) 12CO (b) 13COþ 8 G050.3179–00.4186�P��A:�þ.þ(a)æþ/12CO¢Ýã�ï�:�þ, Ìo:WISE	rþ, v-Ýr:4.6 µm�ÿr:12 µm�¢r:22 µm. I<¿Î3σ (σ = 0.27 K · km · s−1)�Ëåσ:e�ÛLØ6� ,Ýr¹�úC18O:*ú�Æ8�Mn, þ(a)óþ/¿�(a)æþ-+r­4¹��Mn-��þ,¢¿h:��-���,¢Ýã������ì(Z¿��úe.þ(b)-13COI<¿Î5σ (σ = 0.13 K · km · s−1)�Ëåσ:e�� . vÖhðßþ(a)��.

Fig. 8 The diagram of molecular outflow in G050.3179–00.4186. The panel (a) left is the integrated intensity map of the

red/blue petals of the 12CO molecular line, and the background is the WISE three-color figure, where the blue is 4.6 µm, the

green is 12 µm, and the red is 22 µm. The contours are drawn in steps of σ starting at 3σ (σ = 0.27 K · km · s−1). The blue dot

marks the position where C18O traces the dense core, the white pentagonal star is the position of the G050.3179–00.4186. The

panel (a) right shows the position-velocity diagram along the direction of the purple arrow in the left figure, the red line shows

the center velocity of the source, and the speed range of the red/blue petals is divided by dashed lines. The 13CO contours of

panel (b) start at 5σ (σ = 0.13 K · km · s−1) and increase in steps of σ. The other representations are the same as in panel (a).
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Table 5 Physical parameters of molecular outflow in IRAS 19230+1506

Lines Lobe
Nlobe Mlobe 〈∆vlobe〉 Llobe Plobe Elobe tlobe Lm(lobe)

/(1020 cm−2) /M⊙ /(km · s−1) /pc /(M⊙ · km · s−1) /(1045 erg) /(104 yr) /L⊙

12CO
blue 2.3 2.7 3.2 0.7 8.6 30.4 11.2 2.2

red 3.3 3.6 3.1 0.5 11.2 35.3 8.3 3.5

13CO
blue 20.6 8.7 3.0 0.6 26.1 84.4 9.4 7.3

red 15.3 9.5 2.7 0.5 25.7 68.4 8.3 6.7

HCO+
blue 15.9 4.9 2.8 0.7 13.7 42.5 15.4 2.3

red 20.4 6.3 2.5 0.6 15.8 43.5 11.9 3.0

CS
blue 14.5 3.4 2.6 0.4 8.8 24.1 8.8 2.3

red 12.6 2.9 2.2 0.5 6.4 14.8 8.2 1.5h 6 IRAS 19232+1504�P��A�i�Âp
Table 6 Physical parameters of molecular outflow in IRAS 19232+1504

Lines Lobe
Nlobe Mlobe 〈∆vlobe〉 Llobe Plobe Elobe tlobe Lm(lobe)

/(1020 cm−2) /M⊙ /(km · s−1) /pc /(M⊙ · km · s−1) /(1045 erg) /(104 yr) /L⊙

12CO
blue 2.1 1.5 2.1 0.7 3.2 11.4 13.1 0.7

red 2.7 2.3 2.6 0.7 6.0 16.8 8.2 1.6

13CO
blue 13.4 6.4 2.0 0.6 12.8 24.3 13.2 1.5

red 10.9 5.3 2.1 0.5 11.1 21.7 10.1 1.8h 7 G050.3179–00.4186�P��A�i�Âp
Table 7 Physical parameters of molecular outflow in G050.3179–00.4186

Lines Lobe
Nlobe Mlobe 〈∆vlobe〉 Llobe Plobe Elobe tlobe Lm(lobe)

/(1020 cm−2) /M⊙ /(km · s−1) /pc /(M⊙ · km · s−1) /(1045 erg) /(104 yr) /L⊙

12CO
blue 1.4 0.9 2.6 0.8 2.3 4.2 3.4 1.0

red 1.3 0.7 2.7 0.7 1.9 2.6 2.3 0.9

13CO
blue 10.4 5.8 1.4 0.7 8.1 15.1 6.9 1.8

red 9.8 3.6 1.6 0.6 5.8 11.5 5.8 1.6�ì�
ð¡�ú�12COÆ13CO���A(Ï�¨ý�¨Ï��¨fö�åÊ:°I�Âp,(���¹þb�Ø6(þ9-, �ÇùÔ5ÄþGïå�ú12COÆ13CO�P1¿¡�úe���A ÂpÓ�X(Æ>�î�. d�, ��Í�P1¿ù
��ÛL¡�ö�0�Ó�_X(Æ>î�,Ù_�¥�Æ��A�'(/1-�q¨�,«³��.
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(a) 12CO (b) 13COþ 9 �P��A�i�Âp��þ.¢ãÆÝã(þ-(�r:�.*P�Ùú�3*��
ð,µP�Ùú�i�ÏÂp�
ðÆUM.

Fig. 9 Physical parameter distribution diagram for the molecular outflow. The red and blue lobes are distinguished by color in

the drawing. The abscissa gives the names of the three sources and the ordinate gives the names and units of the parameters of

the physical quantities.
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�SÛL12CO�13CO�C18O�HCO+�CS�P1¿�þÂK�v, °�v�Ó�;Ó��:

(1)� ! Ñ ° �IRAS 19230+1506� IRAS

19232+1504�G050.3179–00.4186���AÌ�Ó�, v�Ùú�wS�AúÂp. 3*�ýX(��Ay�v�ý/'(Ï��A, �Æ�ö(ÛLR�b�;¨, v��é���6µ;
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Dynamic Properties of a Massive Star Formation Complex

ZHOU Yu-xin1,2 XU Ye3,4 ESIMBEK Jarken2,4,5 LIU De-jian3 ZHOU Jian-jun2,4,5

HE Yu-xin2,4,5 WU Gang2,4,5 LI Guang-hui2,5

(1 School of Physical Science and Technology, Xinjiang University, Urumqi 830046)
(2 Xinjiang Astronomical Observatory, Chinese Academy of Sciences, Urumqi 830011)

(3 Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210023)
(4 Key Laboratory of Radio Astronomy, Chinese Academy of Sciences, Nanjing 210023)

(5 Xinjiang Key Laboratory of Radio Astrophysics, Urumqi 830011)

ABSTRACT Stars are formed in molecular clouds. Molecular outflow is an important dynamic feature
of star formation and an important entry point for the study and understanding of star formation. Us-
ing the 13.7 m millimeter wave telescope of Delingha, Qinghai Observation Station of Purple Mountain
Observatory, we used five molecular line probes (including 12CO, 13CO, C18O, HCO+ J = 1 − 0 and CS
J = 2−1, J is the quantum number of angular momentum). A massive star formation complex containing
three sources IRAS 19230+1506, IRAS 19232+1504 and G050.3179–00.4186 were been mapped. Through
the analysis of the above molecular spectral line data combined with infrared band sky survey data, we
detected the molecular outflow activity for the first time in the three sources, and identified the central
driver of the molecular outflow. Finally, the physical parameters related to the outflow is calculated for
the three sources, and the relationship between these physical parameters is analyzed. The results show
that the properties of the outflow is closely related to the properties of the central driving source.

Key words stars: formation, ISM (interstellar medium): clouds, ISM: molecules, ISM: stars
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1 �P��A�1¿áo
1.1 IRAS 19230+1506

(a) 12CO (b) 13CO

(c) HCO+ (d) CSþ 10 IRAS 19230+1506-�P��A�¢/Ýã1¿þ.Ñr1¿:C18Oð<����Ñ�1¿,ùTmb>'5
å¹¿Æ12CO�P1¿ZùÔ; Ýr1¿/ÎÝãÑ�:ß�ð<�Öúe�,¢r1¿/Î¢ãÑ�:�Öúe�;ÑrÖ¿h:C18O1¿�ð<��. þ-4qè�h:¢/Ýã�����.

Fig. 10 Red/blue lobe diagram of molecular outflow in IRAS 19230+1506. The black line is emission-peak position of the C18O,

and the Tmb is magnified five times to facilitate comparison with the 12CO molecular line. The blue line is extracted from the

peak of the blue lobe emission region. The red line is extracted from the red lobe emission region. The black vertical line

represents the peak velocity of the C18O. The shaded part of the figure indicates the velocity range of the red/blue lobes.
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1.2 IRAS 19232+1504

(a) 12CO (b) 13COþ 11 IRAS 19230+1504-�P��A�¢/Ýã1¿þ.Ñr1¿:C18Oð<����Ñ�1¿,ùTmb>'5
å¹¿Æ12CO�P1¿ZùÔ; Ýr1¿/ÎÝãÑ�:ß�ð<�Öúe�,¢r1¿/Î¢ãÑ�:�Öúe�;ÑrÖ¿h:C18O1¿�ð<��. þ-4qè�h:¢/Ýã�����.

Fig. 11 Red/blue lobe diagram of molecular outflow in IRAS 19230+1504. The black line is emission-peak position of the C18O,

and the Tmb is magnified five times to facilitate comparison with the 12CO molecular line. The blue line is extracted from the

peak of the blue lobe emission region. The red line is extracted from the red lobe emission region. The black vertical line

represents the peak velocity of the C18O. The shaded part of the figure indicates the velocity range of the red/blue lobes.

1.3 G050.3179–00.4186

(a) 12CO (b) 13COþ 12 G050.3179–00.4186-�P��A�¢/Ýã1¿þ.Ñr1¿:C18Oð<����Ñ�1¿,ùTmb>'5
å¹¿Æ12CO�P1¿ZùÔ; Ýr1¿/ÎÝãÑ�:ß�ð<�Öúe�,¢r1¿/Î¢ãÑ�:�Öúe�;ÑrÖ¿h:C18O1¿�ð<��. þ-4qè�h:¢/Ýã�����.

Fig. 12 Red/blue lobe diagram of molecular outflow in G050.3179–00.4186. The black line is emission-peak position of the

C18O, and the Tmb is magnified five times to facilitate comparison with the 12CO molecular line. The blue line is extracted from

the peak of the blue lobe emission region. The red line is extracted from the red lobe emission region. The black vertical line

represents the peak velocity of the C18O. The shaded part of the figure indicates the velocity range of the red/blue lobes.
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SnellI[27]�1984tÙú�112CO:*úH2ñÆ�N(H2)�¡�l�:

N(H2) = 4.2× 1017
Tex

e−5.5/Tex

Z
Tmbdv , (1)(Ù*¹�-, �ï������/¢Ýã�����. G¾�S���èí�fsa¶�(LTE),

X(12CO) = [12CO]/[H2] = 10−4, X :0�, dv:���®�, ÀÑ)�Tex:30 K.

WilsonI[28]�2013tÙú�113CO:*úH2ñÆ�N(H2)�¡�l�:

N(H2) = 2.3× 1019
Tex

e−5.3/Tex

Z
Tmbdv , (2)(Ù*¹�-, �ï������/¢Ýã�����. G¾�S���èí�fsa¶�.

X(13CO) = [13CO]/[H2] = 2 × 10−6, v-ÀÑ)�Tex:30 K.

YangI[29]�1991tÙú�1HCO+:*ú
H2ñÆ�N(H2)�¡�l�:

N(H2) = 1.87× 1019
Tex

1− e−4.3/Tex

Z
Tmbdv , (3)(Ù*¹�-, �ï������/¢Ýã�����. G¾�S���èí�fsa¶�,

X(HCO+) = [HCO+]/[H2] = 10−8. v-ÀÑ)�Tex:15 K.

TatematsuI[30]�1998tÙú�1CS:*ú
H2ñÆ�N(H2)�¡�l�:

N(H2) = 3× 109
k2Tex

4π3µ2
dhνe

−hν/kTex

Z
Tmbdv ,

(4)(Ù*¹�-, �ï������/¢Ýã�����.v-k/»�yü8p(1.38×10−16 erg·K−1),

h/n�K8p(6.626× 10−27 erg · s), µd/5v�Ý(1.96D), ν/�Á��(97.981 GHz).G¾�S���èí�fsa¶�. X(CS) = [CS]/ [H2] =

10−9, v-ÀÑ)�:Tex:20 K.��Aã�(ÏMlobe���llobe�¡�l��+::

Mlobe = NlobeAlobeµmH , (5)

llobe = 1.77
È
Alobe , (6)v-Alobe:��Aã�bï, �81ð<ï�:��40%�I<¿�ù�:ße0¡. µ = 2.72/sG�PÏ8p[31], mH/"�P(Ï(1.674 ×

10−27 kg)[5]. d�, ((l�¡���(Ïö, �ì	Ö'�5σ�Ï ¹�ù�:ß:��bï, ùÏ*Ï ¹�(ÏB��0��(Ï.

Plobe�ElobeýÖ³�〈∆vlobe〉, Llobe�tlobe�¡�l��+::

〈∆vlobe〉 =

P
i(vi − vpeak)Ti∆vresP

i Ti∆vres
, (7)

Plobe =
X
Alobe

Mlobe〈∆vlobe〉 , (8)

Elobe =
1

2

X
Alobe

Mlobe〈∆v2lobe〉 , (9)

Llobe = Elobe/tlobe , (10)

tlobe = llobe/∆vmax , (11)v-, i�Ti�+/Ýã�¢ã¿ü��S�÷�å�S
�;â_)�, vi/å�S�÷�ù����, vpeak:1¿�-���, ∆vres1/å�S����¨�. ∆vmax/��Aãøù8��-�����'��.
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(a) 12CO

(b) 13COþ 13 �ìùÂK:ß��5Í�P1¿	ÏÒ���ú�*1nÓþ,Ï*¿Fãh�Ò�, Ç(øùP�ûÆM�øù�.þ(a)–(e)�+:12CO�13CO�C18O�HCO+�CS�P1¿
Fig. 13 We divided the five kinds of molecular lines in the observation area into a spectral contour map according to each angle,

each line frame represents a corner, and the relative coordinate system is used to correspond to the above. Panels (a)–(e) are
12CO, 13CO, C18O, HCO+ and CS molecular lines respectively.

62-18



63w h	#I: �*'(ÏR�b�
�S�¨�f'( 6�

(c) C18O

(d) HCO+þ 13 í
Fig. 13 Continued
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(e) CSþ 13 í
Fig. 13 Continued
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