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cIMM

class
I
M ethanol
M aser

cIIMM

class
II
M ethanol
M aser



OH H 2O cIMM cIIMM

ȵɑɔɘɓɔɗɘɢ ɓɆ ɑəɝɋ ɍɖɋɓɎɥ

~1019ɗɒī2 1019ɗɒī2 1016ï1017 ɗɒ-2 1017ɗɒ-2

ȵɑɔɘɓɔɗɘɢ ɈɋɟɋɗɘɈɆ

~106ï108ɗɒ-3 ~106ï108ɗɒ-3 ~105ɗɒ-3 ~104ï109ɗɒ-3

ȸɋɒɕɋɖɆɘəɖɆ

300ï400 Ȱ ~400 Ȱ ~25ï100 K 100ï200 Ȱ

ȶɆɍɒɋɖ ɒɆɍɋɖɓɔɉɔ ɕɥɘɓɆ

~3 Ɇ.ɋ. Ò10 Ɇ.ɋ. ~1 000 Ɇ.ɋ. ~3Ɇ.ɋ.

ȰɔɑɎɝɋɗɘɈɔ

13655 <1 500 ~400 ~900

ȵɆɖɆɒɋɘɖɡ ɒɆɍɋɖɔɈ

OH, H2O Hollenbach et al. (2013), cIMM Pihlstrom et al. (2014) , cIIMM Cragg et al. (2005)
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Ellingsen et al. (2007)

Ellingsen et al. (2011)
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ɃɈɔɑɤɜɎɔɓɓɡɋ ɗɛɋɒɡ



ȳɆɐɆɝɐɆ ɒɆɍɋɖɔɈ

ÅOH(1612)

ÅOH(1665)

ÅOH(1667)

ÅcIIMM

ȷɘɔɑɐɓɔɈɎɘɋɑɢɓɔ-ɖɆɊɎɆɘɎɈɓɆɥ

ÅOH(1720)

ÅH 2O

ÅcIMM

ȷɘɔɑɐɓɔɈɎɘɋɑɢɓɆɥ

ȳɆɎɇɔɑɋɋ Ɉɋɖɔɥɘɓɔ ï
ɣɘɔ ɖɆɓɓɎɋ ɗɘɆɊɎɎ ɣɈɔɑɤɜɎɎ ï
ɕɑɔɘɓɡɋ ɎɍɔɑɎɖɔɈɆɓɓɡɋ 
ɗɉəɗɘɐɎ  ɒɋɌɍɈɋɍɊɓɔɏ ɗɖɋɊɡ
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cIMM
M8E

M8: The Lagoon Nebula 



ȳɆɐɆɝɐɆ ɒɆɍɋɖɔɈ
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ɔɇɑɆɗɘɎ, ɕɖɔɊɈɎɓəɘɡɋ 
ɕɔ ɞɐɆɑɋ ɣɈɔɑɤɜɎɎ ï
ɔɐɔɑɔɍɈɋɍɊɓɡɋ ɊɎɗɐɎ 
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ɔɇɑɆɗɘɎ, ɕɖɔɊɈɎɓəɘɡɋ 
ɕɔ ɞɐɆɑɋ ɣɈɔɑɤɜɎɎ ï
ɔɐɔɑɔɍɈɋɍɊɓɡɋ ɊɎɗɐɎ 
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Bartkiewicz et al. (2009), EVN



ȺɆɐɘɔɖɡ, ɕɖɔɈɔɜɎɖəɤɟɎɋ 
ɗɘɔɑɐɓɔɈɎɘɋɑɢɓəɤ ɓɆɐɆɝɐə
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ȷɆɒɔɉɖɆɈɎɘɆɜɎɥ ɘɋɒɓɡɛ 
ɔɇɑɆɐɔɈ

ȲɆɉɓɎɘɓɡɋ ɕɔɑɥȧɎɕɔɑɥɖɓɡɋ ɕɔɘɔɐɎ

ȹɊɆɖɓɡɋ Ɉɔɑɓɡ ɔɘ SNR
ȹɊɆɖɓɡɋ Ɉɔɑɓɡ ɓɆ 
ɚɖɔɓɘɆɛ ɍɔɓ HII

ȷɘɔɑɐɓɔɈɋɓɎɥ ɔɇɑɆɐɔɈ
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ȮɍəɝɋɓɎɋɈɑɎɥɓɎɥɖɆɍɑɎɝɓɡɛɊɎɓɆɒɎɝɋɗɐɎɛ
ɕɖɔɜɋɗɗɔɈɓɆɣɈɔɑɤɜɎɤɒɋɌɍɈɋɍɊɓɔɏɗɖɋɊɡɎ
ɈɡɥɈɑɋɓɎɋɣɈɔɑɤɜɎɔɓɓɔɏɗɈɥɍɎɒɆɍɋɖɔɈ
ɒɋɘɆɓɔɑɆ, OH Ɏ H 2O ɓɆɖɆɓɓɋɏɗɘɆɊɎɎɗɌɆɘɎɥ
ɉɆɍɔɕɡɑɋɈɔɏɐɔɓɊɋɓɗɆɜɎɎ

ȴɗɓɔɈɓɆɥ ɜɋɑɢ ɖɆɇɔɘɡ

ȲɋɘɔɊ

ȵɔɑəɝɋɓɎɋɇɔɑɋɋɘɔɝɓɡɛɈɍɆɎɒɓɡɛɕɖɎɈɥɍɔɐ
ɖɆɍɑɎɝɓɡɛɒɔɑɋɐəɑɥɖɓɡɛɒɆɍɋɖɔɈɈɕɖɋɊɋɑɆɛɔɘɊɋɑɢɓɡɛ
ɐɔɓɊɋɓɗɆɜɎɏ
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Ȱɔɓɐɖɋɘɓɡɋ ɍɆɊɆɝɎ:

1) ɔɜɋɓɐɆɈɔɍɒɔɌɓɔɏɖɔɑɎɓɋɇɔɑɢɞɎɛɘɋɒɓɡɛ
ɔɇɑɆɐɔɈɈɚɔɖɒɎɖɔɈɆɓɎɎɕɖɔɘɔɍɈɋɍɊɓɡɛɐɔɓɊɋɓɗɆɜɎɏ
(ȩɑɆɈɆ1);

2) ɔɜɋɓɐɆɈɑɎɥɓɎɥɒɆɉɓɎɘɓɔɉɔɕɔɑɥɓɆɕɖɔɜɋɗɗɡ
ɗɌɆɘɎɥɉɆɍɔ-ɕɡɑɋɈɡɛɚɖɆɉɒɋɓɘɔɈɒɋɌɍɈɋɍɊɓɔɏɗɖɋɊɡ
(ȩɑɆɈɆ2);

3) ɕɖɔɈɋɊɋɓɎɋɎɗɗɑɋɊɔɈɆɓɎɏɒɆɍɋɖɔɈȴȳɈɓɆɕɖɆɈɑɋɓɎɎ
ɒɋɘɆɓɔɑɢɓɡɛɒɆɍɋɖɔɈI ɐɑɆɗɗɆɓɆɔɊɎɓɔɝɓɡɛɘɋɑɋɗɐɔɕɆɛ
ɎɓɆɎɓɘɋɖɚɋɖɔɒɋɘɖɆɛ(ȩɑɆɈɆ3);

4) ɕɖɔɈɋɊɋɓɎɋɎɗɗɑɋɊɔɈɆɓɎɏɒɆɍɋɖɔɈH 2O ɈɓɆɕɖɆɈɑɋɓɎɎ
ɒɋɘɆɓɔɑɢɓɡɛɒɆɍɋɖɔɈI ɐɑɆɗɗɆɓɆɔɊɎɓɔɝɓɡɛɘɋɑɋɗɐɔɕɆɛ
ɎɓɆɎɓɘɋɖɚɋɖɔɒɋɘɖɆɛ(ȩɑɆɈɆ4).



Ȱȶȸ

Ef Sr

Ys Nt

Tr Sv

Spitzer

MSX

ȩɑɆɈɆ 1

NRT

ȩɑɆɈɆ 2

ȶȸ-70

VLA

ȩɑɆɈɆ 3

ȶȸ-22

ȩɑɆɈɆ 4
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Spitzer

MSX

ȩɑɆɈɆ 1

NRT

ȩɑɆɈɆ 2

ȶȸ-70

VLA

ȩɑɆɈɆ 3

Ȱȶȸ

Ef Sr

Ys Nt

Tr Sv

ȶȸ-22

ȩɑɆɈɆ 4



ȴ. ȷ. ȧɆɥɓɊɎɓɆ, Ȯ. ȫ. ȨɆɑɢɘɜ,ȩ.Ȳ. ȱɆɖɎɔɓɔɈ,Ȧɗɘɖɔɓ.Ɍəɖɓ. 89, 611(2012)
I . E. Valôtts,G. M. Larionov, O. S. Bayandina, Revisedversion of the classI methanol maser catalog (2010)
http ://arxiv .org/abs/ 1005.3715

ȩɑɆɈɆ 1
ȲɋɘɆɓɔɑɢɓɔɋ ɒɆɍɋɖɓɔɋ ɗɈɋɝɋɓɎɋ I ɐɑɆɗɗɆ 

Ɉ ɎɓɚɖɆɐɖɆɗɓɡɛ ɔɇɑɆɐɆɛ 
Ɏ ɘɖɋɘɢɥ ɈɋɖɗɎɥ ɐɆɘɆɑɔɉɆ cIMM/SFR

N Position Source

Name

RA

(B1950)

/

(J2000)

Dec

(B1950)

/

(J2000)

ÚSdv ; VLSR

for the 

strongest 

detail of the 

methanol 

spectra

Maser

Identification

MMII (Y)

OH

H2O

IR identification:

/IRAS

/IRDC

/SDC

/EGO(number of 

table in [CWH])

Identification

with

UCHII

BO

Molecules 

traced 

dense gas:

CS

Distance

h m s Üǋǋǋ Jy km s-1 ; km s-1 Kpc

1 2 3 4 5 6 7 8 9 10 11

129 19.01-0.03 18 22 56.52

/

18 25 44.8

-12 24 32

/

-12 22 45.8

1.8; 4.18

[CBH]

Y [E2] /18228-1224

/

/

/1,5

130 19.36-0.03 Mol 55 18 23 37.9

/

18 26 25.8

-12 05 46.1

/

-12 03 56.9

5.63; 25.01 

[CBH]

Y [CBH]

W [PBC]

/18236-1205

/+

/+

/2

UCHII [WC] 1.92[PBC]

131 19.61-0.23 18 24 50.3

/

18 27 38.05

-11 58 34

/

-11 56 39.5

41.43 [BMG] Y [PMB]

OH [SIM]

W [SIM]

/18248-1158

/

/+

/

UCHII [WHR] CS [BNM] 5.4 [AEP]

132 22.04+0.22 18 27 49.81

/

18 30 34.7

-09 36 54.3

/

-09 34 47.0

5.33; 49.83 

[CBH]

Y [PMB] /18278-0936

/

/+

/1

133 23.01-0.41 18 31 56.70

/

18 34 40.9

-09 03 18.0

/

-09 00 52.9

10.3; 77.12 

[SKV]

[CBH]

Y [PMB] [E]

OH [SIM]

W [SIM]

/18318-0901

/

/+

/1

CS [LVW] 12.8 [AEP]

4.59 [RMZ1]
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Midcourse Space Experiment 

(1996-1997) 

Spitzer 

(2003-2009)

ʂʘʨʪʳ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ

8.3ʤʢʤ 8 ʤʢʤ

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ

20'' 2''

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ

1.2 ʤʗʥ 0.3 ʤʗʥ

ʂʦʣʠʯʝʩʪʚʦ ʦʙʲʝʢʪʦʚ

10 931 11 303

I nfra r ed Dark Clouds
IRDC

Spitzer Dark Clouds
SDC

R. Simon et al., Astrophys. J. 639, 227 (2006) N. Peretto et al., A&A. 505, 405 (2009)

11

Å ɔɜɋɓɐɎ ɚɔɓɆ
Å ɕɖɋɊɋɑɡ ɔɇɓɆɖəɌɋɓɎɥ
Å ɕɎɐɎ ɐɔɓɘɖɆɗɘɓɔɗɘɎ
Å ɉɖɆɓɎɜɡ ɔɇɑɆɐɔɈ

NASA MSX satellite

ALMA image of the protostar

IRDC(MSX) Ɏ SDC(Spitzer ) - ɕɑɔɘɓɡɋ,ɛɔɑɔɊɓɡɋɚɖɆɉɒɋɓɘɡɒɋɌɍɈɋɍɊɓɔɏ
ɗɖɋɊɡ,ɘ.ɋ. ɓɋɇɔɑɢɞɎɋɎɍɔɑɎɖɔɈɆɓɓɡɋɘɋɒɓɡɋɔɇɑɆɐɆɗɓɋɝɋɘɐɔɈɡɖɆɌɋɓɓɡɒɎ
ɉɖɆɓɎɜɆɒɎ,ɓɆɇɑɤɊɆɤɟɎɋɗɥɈɕɔɉɑɔɟɋɓɎɎɈɐɔɖɔɘɐɔɒɎɗɖɋɊɓɋɒɎɓɚɖɆɐɖɆɗɓɔɒ
ɊɎɆɕɆɍɔɓɋɓɆɚɔɓɋɎɍɑəɝɋɓɎɥɕɑɔɗɐɔɗɘɎȩɆɑɆɐɘɎɐɎ
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R. Simon et al., Astrophys. J. 639, 227 (2006) N. Peretto et al., A&A. 505, 405 (2009)

11

Å ɔɜɋɓɐɎ ɚɔɓɆ
Å ɕɖɋɊɋɑɡ ɔɇɓɆɖəɌɋɓɎɥ
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Å ɉɖɆɓɎɜɡ ɔɇɑɆɐɔɈ



Extended Green Objects 

C. J. Cyganowski et al. Astrophys. J.  136, 2391 (2008)
X. Chen et al., Astrophys. J. Suppl. Ser. 196, Issue 1, 9 (2011)

ȳɔɈɡɏ ɐɑɆɗɗ ɔɇɠɋɐɘɔɈ,
ɕɖɔɘɥɌɋɓɓɡɛ

ɓɆ ɊɑɎɓɋ Ɉɔɑɓɡ 4.5 ɒɐɒ,
ɔɇɓɆɖəɌɋɓɓɡɏ Ɉ ɛɔɊɋ ɖɆɇɔɘɡ 
Spitzer Space Observatory ï
ɗ ɇɔɑɢɞɔɏ Ɉɋɖɔɥɘɓɔɗɘɢɤ 

ɔɘɗɑɋɌɎɈɆɤɘ 
ɇɎɕɔɑɥɖɓɡɋ ɕɔɘɔɐɎ
Ɉ ɇɑɎɌɓɋɒ ȮȰ-ɊɎɆɕɆɍɔɓɋ

ȸɖɋɛɜɈɋɘɓɔɋ ɎɍɔɇɖɆɌɋɓɎɋ 
IRAC/Spitzer:

3.6 ɒɐɒ, 4.5 ɒɐɒ, 8.0 ɒɐɒ
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83%

59%

72%

59% 60%

22%

79%

16%

71%

42%

H2O OH cIIMM UCHII CS BO IRAS IRDC

(MSX)

SDC

(Spitzer)

EGOs

(Spitzer)

ȷɘɆɘɎɗɘɎɐɆ ɔɘɔɌɊɋɗɘɈɑɋɓɎɥ cIMM 
ɗ ɖɆɍɑɎɝɓɡɒɎ ɘɎɕɆɒɎ ɔɇɠɋɐɘɔɈ 

ɒɋɌɍɈɋɍɊɓɔɏ ɗɖɋɊɡ

13

ȴ. ȷ. ȧɆɥɓɊɎɓɆ, Ȯ. ȫ. ȨɆɑɢɘɜ,ȩ.Ȳ.ȱɆɖɎɔɓɔɈ,Ȧɗɘɖɔɓ.Ɍəɖɓ. 89, 611(2012)
http ://www .asc.rssi.ru/MMI/



ȨɁȨȴȪɁ:

Å ȲɋɘɆɓɔɑɢɓɡɋ ɒɆɍɋɖɡ I ɐɑɆɗɗɆ 

ɒɔɉəɘɚɔɖɒɎɖɔɈɆɘɢɗɥ 
Ɉ ɎɍɔɑɎɖɔɈɆɓɓɡɛ 
ɗɆɒɔɉɖɆɈɎɘɎɖəɤɟɎɛ 
ɐɔɓɊɋɓɗɆɜɎɥɛSDC

Å ȨɡɇɔɖɐɆ SDȷ 
ɕɖɋɊɑɆɉɆɋɘɗɥ ɐɆɐ
ɓɔɈɡɏ ɗɆɒɔɗɘɔɥɘɋɑɢɓɡɏ ɗɕɎɗɔɐ 
Ɋɑɥ ɕɔɎɗɐɔɈɡɛ ɔɇɍɔɖɔɈ  
ɓɆ ɛɆɖɆɐɘɋɖɓɡɛ ɝɆɗɘɔɘɆɛ 
ɒɋɘɆɓɔɑɢɓɔɉɔ ɎɍɑəɝɋɓɎɥ I ɐɑɆɗɗɆ 
ɗ ɜɋɑɢɤ ɔɇɓɆɖəɌɋɓɎɥ ɓɔɈɡɛ ɔɇɠɋɐɘɔɈ ɊɆɓɓɔɉɔ ɘɎɕɆ

14



ȴ. ȷ. ȧɆɥɓɊɎɓɆ, Ȧ. Ȩ. ȦɑɆɐɔɍ,Ȯ.ȫ. ȨɆɑɢɘɜ,Ȧɗɘɖɔɓ.Ɍəɖɓ. 90, 967 (2013),
ȴ. ȷ. ȧɆɥɓɊɎɓɆ, Ȧ. Ȩ. ȦɑɆɐɔɍ,Ȯ.ȫ. ȨɆɑɢɘɜ,Ȧɗɘɖɔɓ.Ɍəɖɓ. 91, 540 (2014).

ȩɑɆɈɆ 2
ȲɆɉɓɎɘɓɡɋ ɕɔɑɥ Ɉ ɒɋɘɆɓɔɑɢɓɡɛ ɒɆɍɋɖɓɡɛ 
ɐɔɓɊɋɓɗɆɜɎɥɛ ɕɔ ɊɆɓɓɡɒ ɎɗɗɑɋɊɔɈɆɓɎɏ 

ɗɔɕɖɥɌɋɓɓɡɛ ɔɇɑɆɗɘɋɏ

ȵɖɋɊɗɘɆɈɑɋɓɡ ɖɋɍəɑɢɘɆɘɡ ɔɇɖɆɇɔɘɐɎ ɊɆɓɓɡɛ 
ɕɔɑɥɖɎɍɆɜɎɔɓɓɡɛ ɓɆɇɑɤɊɋɓɎɏ, Ɉɡɕɔɑɓɋɓɓɡɛ  

ɓɆ ɖɆɊɎɔɘɋɑɋɗɐɔɕɋ Ɉ ȳɆɓɗɣ
Ɉ4-ɛ ɕɆɖɆɒɋɘɖɆɛ ȷɘɔɐɗɆ 

Ɋɑɥ7 ɒɆɍɋɖɓɡɛ ɎɗɘɔɝɓɎɐɔɈ ȴȳ, 
ɆɗɗɔɜɎɎɖəɤɟɎɛɗɥ ɗ ɒɋɘɆɓɔɑɢɓɡɒ ɎɍɑəɝɋɓɎɋɒ 

ɐɆɐ I, ɘɆɐ Ɏ II ɐɑɆɗɗɆ, 
ɘ.ɋ. ɖɆɍɑɎɝɆɤɟɎɛɗɥ ɕɔ ɣɈɔɑɤɜɎɔɓɓɔɒə ɘɎɕə.

15



ȧɔɑɢɞɔɏ ɖɆɊɎɔɘɋɑɋɗɐɔɕ 
Ɉ ȳɆɓɗɣ
(ȺɖɆɓɜɎɥ)

16

ɃɚɚɋɐɘɎɈɓɆɥ ɗɔɇɎɖɆɤɟɆɥ ɕɑɔɟɆɊɢ200 x 35 ɒ2

ȪɎɆɉɖɆɒɒɆ ɓɆɕɖɆɈɑɋɓɓɔɗɘɎ ɓɆ ɕɔɑɔɈɎɓɋ    
ɒɔɟɓɔɗɘɎ ɗɎɉɓɆɑɆ ɕɔ ɕɖɥɒɔɒəɈɔɗɛɔɌɊɋɓɎɤ

3.5ῂ

ȪɎɆɉɖɆɒɒɆ ɓɆɕɖɆɈɑɋɓɓɔɗɘɎ ɓɆ ɕɔɑɔɈɎɓɋ    
ɒɔɟɓɔɗɘɎ ɗɎɉɓɆɑɆ ɕɔ ɗɐɑɔɓɋɓɎɤ

19ῂ

ȶɆɍɖɋɞɋɓɎɋ
763 ȩɜ
0.14 ɐɒ/ɗ

ȽəɈɗɘɈɎɘɋɑɢɓɔɗɘɢ ɓɆ 18 ɗɒ Ɏ ŭ = 0ę 1.4 K/ Ʌɓ

ȳɆɇɑɤɊɋɓɎɥ ɈɡɕɔɑɓɥɑɎ 
Ȩ. Ȯ. ȷɑɡɞ, Ȧ. Ȩ. ȦɑɆɐɔɍ Ɏ Ȯ. ȫ ȨɆɑɢɘɜ Ɉ 2003 ɉ. 



ȷɕɋɐɘɖɡ 4-ɛ ɕɆɖɆɒɋɘɖɔɈ ȷɘɔɐɗɆ Ɋɑɥ ɑɎɓɎɏ 
ɓɆ ɝɆɗɘɔɘɆɛ 1665 Ɏ 1667 Ȳɉɜ

17



ȷɕɋɐɘɖɡ 4-ɛ ɕɆɖɆɒɋɘɖɔɈ ȷɘɔɐɗɆ Ɋɑɥ ɑɎɓɎɏ 
ɓɆ ɝɆɗɘɔɘɆɛ 1665 Ɏ 1667 Ȳȩɜ

17



ȩɆəɗɗɔɈɡ ɕɆɖɆɒɋɘɖɡ ɒɆɍɋɖɓɡɛ ɑɎɓɎɏ ȴȳ 
ɓɆ ɝɆɗɘɔɘɆɛ 1665 Ɏ 1667 Ȳȩɜ

ȩɆɑɆɐɘɎɝɋɗɐɎɋ 

ɐɔɔɖɊɎɓɆɘɡ

ȽɆɗɘɔɘɆ 
ɑɎɓɎɎ,

MHz

ȵɔɑɥɖ
ɎɍɆɜɎɥ

ÚSVdV ,
ɅɓĀɐɒ/ɗ

VLSR ,
ɐɒ/ɗ

ȾɎɖɎɓɆ
ɑɎɓɎɎ,
ɐɒ/ɗ

S,
Ʌɓ

G5.886 -0.393

1665
L 2.90 (0.20) 9.5 (0.05) 0.4 (0.20) 6.2

R 2.70 (0.60) 10.3 (0.05) 0.6 (0.20) 4.5

1667
L 3.70 (0.50) 9.7 (0.02) 0.3 (0.06) 10.7

R 3.50 (0.50) 10.2 (0.02) 0.3 (0.06) 9.6

G12.03 -0.03

1665 R 0.25 (0.03 ) 109.0 (0.03) 0.4 (0.05) 0.6

1667
L 0.06 (0.02) 106.7 (0.03) 0.2 (0.20) 0.4

R 0.07 (0.03) 106.8 (0.04) 0.2 (0.10) 0.4

G20.23+0.07 1665   R 2.10 (0.20) 73.8 (0.02) 0.7 (0.10) 2.9

G33.103+0.108

1665
L 0.30 (0.10) 79.8 (0.02) 0.3 (0.06) 1.0

R 0.80 (0.10) 79.7 (0.01) 0.3 (0.02) 2.5

1667
L 0.02 (0.03) 78.1 (0.08) 0.1 (0.95) 0.2

R 0.63 (0.03) 78.0 (0.01) 0.2 (0.02) 2.5

G349.09+0.11
1665

L 2.30 (0.10) -79.8 (0.01) 0.7 (0.03) 3.1

R 1.10 (0.10) -80.2 (0.03) 0.7 (0.07) 1.4

1667 L 0.90 (0.10) -79.8 (0.01) 0.3 (0.03) 2.6

G352.52 -0.16

1665 L 5.10 (0.20) -50.8 (0.01) 1.0 (0.05) 5.0

1667
L 1.40 (0.10) -51.7 (0.03) 1.0 (0.08) 1.3

R 3.20 (0.10) -51.6 (0.02) 1.2 (0.05) 2.5

G358.235+0.116

1665
L 0.50 (0.10) -26.6 (0.04) 0.5 (0.10) 0.9

R 0.30 (0.10) -27.2 (0.05) 0.7 (0.20) 0.5

1667
L 0.90 (0.20) -26.7 (0.05) 0.7 (0.20) 1.4

R 0.40 (0.10) -27.1 (0.04) 0.6 (0.10) 0.7

18



ȵɔɑɥɖɎɍɆɜɎɔɓɓɡɋ ɕɆɖɆɒɋɘɖɡ, ɕɔɑəɝɋɓɓɡɋ 
Ɏɍ 4-ɛ ɕɆɖɆɒɋɘɖɔɈ ȷɘɔɐɗɆ ɓɆ ɝɆɗɘɔɘɆɛ 1665 Ɏ1667 Ȳȩɜ

m C - ɗɘɋɕɋɓɢ ɐɖəɉɔɈɔɏ ɕɔɑɥɖɎɍɆɜɎɎ

p - ɕɑɔɘɓɔɗɘɢ ɕɔɘɔɐɆ Ɉ 
ɑɎɓɋɏɓɔɏ ɕɔɑɥɖɎɍɆɜɎɎ

m L - ɗɘɋɕɋɓɢ ɑɎɓɋɏɓɔɏ ɕɔɑɥɖɎɍɆɜɎɎ

Ȑ- ɕɔɍɎɜɎɔɓɓɡɏ əɉɔɑ

19



*ȳɋɘɊɆɓɓɡɛɕɔɕɆɖɆɒɋɘɖə
ȷɘɔɐɗɆU

ȵɔɑɥɖɎɍɆɜɎɔɓɓɡɋ ɕɆɖɆɒɋɘɖɡ, ɕɔɑəɝɋɓɓɡɋ 
Ɏɍ 4-ɛ ɕɆɖɆɒɋɘɖɔɈ ȷɘɔɐɗɆ ɓɆ ɝɆɗɘɔɘɆɛ 1665 Ɏ1667 Ȳȩɜ

19



20

M. Szymczak and E. Gerard, Astron. & Astrophys. 494, 118 (2009).

ȵɔɑəɝɋɓɓɡɋ ɍɓɆɝɋɓɎɥ ɈɡɝɎɗɑɋɓɡ 
ɕɔ ɚɔɖɒəɑɆɒ:



21

M. Elitzur, Astrophys. J. 504, 390 (1998)

ȴɕɖɋɊɋɑɋɓɎɋ ɍɓɆɝɋɓɎɏ ɓɆɕɖɥɌɋɓɓɔɗɘɎ ɒɆɉɓɎɘɓɔɉɔ ɕɔɑɥ 
ɒɋɘɔɊɔɒ ɆɕɕɖɔɐɗɎɒɆɜɎɎ ɕɆɖɆɒɋɘɖɆ V ɕɖɔɎɍɈɔɊɓɔɏ dI/d Ȋ

ɉɊɋ



22

ȴɕɖɋɊɋɑɋɓɎɋ ɍɓɆɝɋɓɎɏ ɓɆɕɖɥɌɋɓɓɔɗɘɎ ɒɆɉɓɎɘɓɔɉɔ ɕɔɑɥ 
ɒɋɘɔɊɔɒ ɆɕɕɖɔɐɗɎɒɆɜɎɎ ɕɆɖɆɒɋɘɖɆ V ɕɖɔɎɍɈɔɊɓɔɏ dI/d Ȋ



ȵɆɖɆɒɋɘɖɡ ɕɔɑɥɖɎɍɆɜɎɎ Ɏ ɒɆɉɓɎɘɓɔɉɔ ɕɔɑɥ 
ɒɆɍɋɖɓɡɛ ɑɎɓɎɏ ȴȳ ɓɆ ɝɆɗɘɔɘɆɛ 1665 Ɏ 1667 Ȳȩɜ

ȩɆɑɆɐɘɎɝɋɗɐɎɋ

ɐɔɔɖɊɎɓɆɘɡ

ȽɆɗɘɔɘɆ
ɑɎɓɎɎ,
Ȳȩɜ

VLSR ,
ɐɒ/ɗ

m C,
%

p,
Ʌɓ

m L,
%

Ƿ,
ę

B,
ɒȩɗ

G5.886 -0.393

1665
9.5 -72 0.6 8 19

1.4
10.3 73 0.4 5.9 -35

1667
9.7 -81 1.5 12.8 -40

1.4
10.2 99 0.6 6.4 -7.5

G12.03 -0.03
1665 109.0  65 - - - <0.5

1667 106.8  51 - - - <0.5

G20.23+0.07 1665  73.8 85 0.4 10 -22 <0.5

G33.103+0.108
1665   79.7 80 0.4 13 -27 -0.5

1667    78.0 91 0.5 26 16 -0.5

G349.09+0.11
1665  

-79.8 -66 0.7 16 -35
-0.8

-80.2 -0.3 0.6 22 14

1667  -79.8 -86 0.5 15 -19 -0.8

G352.52 -0.16
1665  -50.8 -51 1.1 15 37 <0.5

1667  -51.6 37 0.4 8 -24 <0.5

G358.235+0.116

1665  
-26.6 -69 0.3 24 -5

-1.2
-27.2  41 0.5 68 8

1667  
-26.7 -66 0.5 28 -12

-1.1
-27.1  38 0.4 51 17

23



24

ȪɎɗɐ Ɉ ȸəɒɆɓɓɔɗɘɎ ȴɖɎɔɓɆ ɕɔ ɊɆɓɓɡɒ Hubble 

ȱɎɓɋɏɓɡɋɖɆɗɗɘɔɥɓɎɥɒɋɌɊəɜɋɓɘɖɆɒɎɗɐɔɕɑɋɓɎɏɒɆɍɋɖɓɡɛɕɥɘɋɓ
ȴȳɎcIIMM ɔɐɆɍɆɑɎɗɢɈɕɖɋɊɋɑɆɛ~2 000 Ɇ.ɋ.
(ɘɆɐɎɋɖɆɍɒɋɖɡɛɆɖɆɐɘɋɖɓɡɊɑɥɔɐɔɑɔɍɈɋɍɊɓɡɛɊɎɗɐɔɈ)

ȱɎɓɋɏɓɡɋɖɆɗɗɘɔɥɓɎɥɒɋɌɊəɜɋɓɘɖɆɒɎɗɐɔɕɑɋɓɎɏɒɆɍɋɖɓɡɛɕɥɘɋɓ
ȴȳɎcIMM ɔɐɆɍɆɑɎɗɢɈɕɖɋɊɋɑɆɛ<100 000 Ɇ.ɋ. (< 0 .5 ɕɐ)
(ɘɆɐɎɋɖɆɍɒɋɖɡɛɆɖɆɐɘɋɖɓɡɊɑɥɔɇɑɆɐɔɈIRDC )

ȴɇɑɆɐɔ SDC ɕɔ ɊɆɓɓɡɒ Spitzer



R. M. Crutcher, Astrophys. J. 520, 706 (1999),
C. F. Gammie and  E. C. Ostriker, Astrophys. J. 466, 814 (1996).

ȵɔɑəɝɋɓɓɡɋ ɍɓɆɝɋɓɎɥ ɈɡɝɎɗɑɋɓɡ ɕɔ 
ɚɔɖɒəɑɆɒ:

CɔɔɘɓɔɞɋɓɎɋ ɒɋɌɊə  
ɕɑɔɘɓɔɗɘɢɤ Ɏ ɒɆɉɓɎɘɓɡɒ ɕɔɑɋɒ

ȴɘɓɔɞɋɓɎɋ ɕɑɔɘɓɔɗɘɋɏ ɒɔɑɋɐəɑ 
ȴȳ Ɏ H 2 ɓɆ ɑəɝɋ ɍɖɋɓɎɥ

ȴɘɓɔɞɋɓɎɋ ɐɖɎɘɎɝɋɗɐɔɏ ɒɆɗɗɡ 
ɐ ɒɆɉɓɎɘɓɔɒə ɕɔɘɔɐə

ȴɘɓɔɞɋɓɎɋ ɘɋɕɑɔɈɔɉɔ ɊɆɈɑɋɓɎɥ 
ɐ ɊɆɈɑɋɓɎɤ ɒɆɉɓɎɘɓɔɉɔ ɕɔɑɥ

ȸɋɔɖɋɒɆ ɈɎɖɎɆɑɆ

ȻɆɖɆɐɘɋɖɓɔɋ  Ɉɖɋɒɥ ɌɎɍɓɎ

ȴɘɓɔɞɋɓɎɋ ɈɖɋɒɋɓɎ 
ɕɖɔɛɔɌɊɋɓɎɥ ɆɑɢɚɈɋɓɔɈɗɐɔɏ 
Ɉɔɑɓɡ ɐ ɈɖɋɒɋɓɎ 
ɉɖɆɈɎɘɆɜɎɔɓɓɔɉɔ ɐɔɑɑɆɕɗɆ

25



ʅʘʟʚʘʥʠʝ 

ʠʩʪʦʯʥʠʢʘ

B,

ʤɻʩ

nH2Ā10
5,

ʩʤ-3
NH2Ā10

23,

ʩʤ-2

NOHĀ10
15,

ʩʤ-2

cIMM/cIIMM

R,

ʘ.ʝ.

cIMM/cIIMM

G5.886-0.393 1.4 45 16.2/3.6 64.8/14.4 21 000/5 000

G12.03-0.03 <0.5 <5.6 <0.2 <0.9 /3 136

G20.23+0.07 <0.5 <5.6 <0.2 <0.9 2 060

G33.103+0.108 0.5 5.6 1.1 4.4 11200

G349.09+0.11 0.8 15.9 20.4 81.4 81 510

G352.52-0.16 <0.5 <5.6 <0.2 0.9 /1 600

G358.235+0.116 1.2 32 3.5 14 6 000

26

ȶɆɗɝɋɘɓɡɋ ɍɓɆɝɋɓɎɥ ɕɑɔɘɓɔɗɘɋɏ, ɗɔɔɘɈɋɘɗɘɈəɤɟɎɋ 
ɍɓɆɝɋɓɎɤ ɓɆɕɖɥɌɋɓɓɔɗɘɎ ɒɆɉɓɎɘɓɔɉɔ ɕɔɑɥ Ɏ 

ɈɔɍɒɔɌɓɡɒ ɑɎɓɋɏɓɡɒ ɖɆɍɒɋɖɆɒ R ɎɍɑəɝɆɤɟɋɏ ɔɇɑɆɗɘɎ  



ʅʘʟʚʘʥʠʝ 

ʠʩʪʦʯʥʠʢʘ
M/ʌB

mS

(T=10K/

T=100K)

mA

ɓP

(T=10K/

T=100K)

Ek/Eg Em/Eg

tCĀ10
6,

ʣʝʪ
tA/tC

G5.886-0.393
11.6/

2.6

2/

0.6
0.3

0.05/

0.5

0.004/ 

0.07

0.06/

1.1
0.5

2/ 

0.6

G12.03-0.03 >0.4 1.6/0.5 >0.3 >0.07/0.7 1.5 <36.7 0.13 0.09

G20.23+0.07 >0.4 2.8/0.9 >0.5 >0.06/0.6 4.7 <36.7 0.13 0.09

G33.103+0.108 2.2 1.2/0.4 0.2 0.06/0.5 0.03 1.5 0.13 0.4

G349.09+0.11 25.4  2.8/0.9 0.5 0.06/0.6 0.002 0.01 0.08 2

G352.52-0.16 >0.4  3.8/1.2 >0.7 >0.07/0.7 8.8 <36.7 0.13 0.1

G358.235+0.116 3.0 2.4/0.8 0.5 0.09/0.8 0.07 0.7 - -
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ȩɖɆɈɎɘɆɜɎɔɓɓɔ-ɒɆɉɓɎɘɓɡɋ ɕɆɖɆɒɋɘɖɡ 
ɉɆɍɔ-ɕɡɑɋɈɔɏ ɗɖɋɊɡ Ɉ ɎɗɗɑɋɊəɋɒɡɛ 

ɒɆɍɋɖɓɡɛ ɆɗɗɔɜɎɆɜɎɥɛ



�ƒM/ ȺB > 0.12 , Ek /E g < 1, Em /E g < 1:
ȲɆɉɓɎɘɓɔɋ ɕɔɑɋ ɓɋɗɕɔɗɔɇɓɔ 
ɗɘɆɇɎɑɎɍɎɖɔɈɆɘɢ ɐɔɑɑɆɕɗ, 
ɘ.ɋ. ɔɇɑɆɐɆ ɓɆɛɔɊɥɘɗɥ Ɉ ɗɔɗɘɔɥɓɎɎ ɓɋəɗɘɔɏɝɎɈɔɉɔ
ɖɆɈɓɔɈɋɗɎɥ, ɘɋɖɥɤɘ ɗɚɋɖɎɝɋɗɐəɤ ɚɔɖɒə Ɏ 
ɗɘɖɋɒɥɘɗɥ  ɐ ɚɔɖɒɋ ɕɑɔɗɐɔɉɔ (ɆɐɐɖɋɜɎɔɓɓɔɉɔ) ɊɎɗɐɆ

�ƒȁP < 1:
ȴɇɑɆɐɆ ɒɔɉəɘ ɓɆɛɔɊɎɘɢɗɥ 
Ɉ ɒɆɉɓɎɘɓɔ-ɊɔɒɎɓɎɖəɤɟɋɒ 

ɖɋɌɎɒɋ,ɘ.ɋ. ɒɆɉɓɎɘɓɔɋ ɕɔɑɋ 

ɗɕɔɗɔɇɓɔ  ɕɖɔɘɎɈɔɗɘɔɥɘɢ 
ɉɖɆɈɎɘɆɜɎɔɓɓɔɏ  ɐɔɒɕɖɋɗɗɎɎ, 
ɗɊɋɖɌɎɈɆɥ ɚɆɍə 
ɔɇɖɆɍɔɈɆɓɎɥ 
ɕɖɔɘɔɍɈɋɍɊɡ
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ȨɁȨȴȪ 1,2:


