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Abstract 
 
 I studied 6.7GHz methanol masers in high mass star forming regions. The flux variability of these 
masers has been observed with long-term monitoring observations, and several types of variation 
have been identified. Fujisawa et al. (2012) reported the rapid flux raise of maser emission in the 
high mass star forming region G 033.64-00.21. The maser got brighten by 7times in its flux density 
in a single day. The rapid raise of flux is called a flare or a burst. 
 We are observing 6.7GHz methanol maser in high mass star forming regions with the Hitachi 32m 
radio telescope. The number of observed maser sources is 442. I searched for the rapid raise of flux, 
similar to the case of G 033.64-00.21 by analyzing the data that are obtained by Hitachi-32m 
monitoring observations. 
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?ŗƌ:�N5ĩɩʒƌ?ŉŢʄȈ>ʙI9@ɐǈǭ=Ƥɗ"ÒÂ>ɁQO9 M4£�
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>ǹ%4ɽ�?ʁÐƴʡ>Ĥœ.N`�x�Ɓ"Ī=�5(?3H4Ȥɔǭ>ʁÐ?ʄȈ

Rɡƞ.N(;"öʩ:�N5F34čɩʒÙēƌ?ê÷RʺĢł=ƌʘǘɩ"ɉ69�
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 3 

ǶʁÐRȦ&3;I9I4100M⨀Rɬ�NK�=ʮļ>č#=ɩʒRŭ7čɩʒƌ@ŉŢ

GO=�5 
� ǟû4čɩʒƌŉŢ?bo�Y;I9ư?27"ŵðGO9�N5ȑˀ?bo�Y@4
ĩɩʒƌKMIɩʒʛǶǞ"č#�;��¤ĝ:4ĩɩʒƌ;åƩ>ʛǶʁÐ>K69č

ɩʒƌ"ŉŢGON;��ʛǶɟ:�N5II4čɩʒƌIĩɩʒƌ;åƩ>ÙēƌêM

>ʛǶÀǰR¦69ŉŢGON;.OA4Ùēƌ!LG9ɪʅʯƅç@ʮļ>»Ęǭ>Ø

%4Ʀƅç@ƶɳǭ»Ęǭ>ȿ%=N5(?3HÀǰƅç>Ĥ.N�őƌ!L?žħ@Ņ

%=N5(?Ąä4ƁÒďʟɩʒ£�?čɩʒƌIŉŢGOŎN5ȑ2?bo�Y@äª
ɟ:�N5(OF:?ɐǈ>KM4čɩʒƌ?ċ%@ƌõ?ƌĢł"ʺ��Đʍ>Ėû.

N(;"ǼɜGO9�N5ƌõ�Đʍ?ƌĢł"ʺ�ʵĀ:ŗƌåĈ"ɂȎ�äªI3Ȣ

ƛ4čɩʒƌ"ŉŢGON;��?"(?bo�Y:�N5I!I4�/O?ɟIÒÂ=

ɐǈǭɗū"ŎLO9 L/4čɩʒƌŉŢʄȈ>ʙI9@Ɩ4>ċ%?ɤ"Ėû.N5 
 
���� ��a��
 
������ ��a�ǟɧ�
 
üǠčƷ?K�>ZdĢł"ʺ�;(m:@șĔåĈ?ɂȎ"Żʎǭ(ǕľɃǛş):�
M4�7?ǋ§ʘ?șĔƁR =#, =' ȤɔǭʐǞR >#, >' ;.N;�7?ǋ§ʘ?șĔƁ
?ƶ@ʃÏǇł:ǙŐ8&LON}�j~�Âĺ:��LON5 

=' >'⁄
=# >#⁄ = exp	 D−

ℎG
HIJ (1) 

((:4I@ZdǇł:�N5(?K�=Ǜƽ:@ń(1)@Œ/1KMĩG%=' >'⁄ < =# >#⁄
;=M4I3"69ȤɔǭʐG�3M?șĔƁ =L >L⁄ (M = 1,2) @�?Xq�[�ǋ§?ƅ
"ċ%=N5 
� ;(m"4ęĜȍʘ@șĔƁĢł"¨%șĔåĈ?ɂȎKMIɶħ>KNXq�[�?

JM;M"Ôɭ.NĄä"�N5ō694Œ/II=' >'⁄ < =# >#⁄ ;@=L/4�?Xq�

[�ǋ§KMI�?Xq�[�ǋ§>șĔ"ċ%Âĺ.NĄä"�N5(?K�=ǛşR

ÜɱÂĺ;��(ø 1)5 
� ÜɱÂĺ@ʮļ>�Ěĝ:�M4Ċʍ!L2ǋ§(level1, level2)ʘ?Xq�[�ķ>ǳň
.NêƿƁ?ʫǽƿ"¼ħ.N;4�?ǋ§>�NșĔ"�?ǋ§>ʉȆ.N;åƍ>½

%å-§ǳ�êƿƁRI7ʫǽƿRɝĨžħ.N5žħGO3ʫǽƿ@Æ?șĔ>¼ħI

9ɝĨžħRɫ(.5£�?ǟɧ"ʀȦǭ>ɫ#N(;:ʫǽƿ?Ňł@ŮƁʙƁǭ>Ć

ĽI4Ȣƛ;I9ʮļ>Ň�žħRÁ.5(O"��a�(MASER:Microwave Amplification 
by Stimulated Emission of Radiation);ìAONǟɧ:�N5��a�žħ@£�?ǙŐRI
75 
 
1. Ňł"īţǕľɃǛş>ƶC9č#�5 
2. ʫƿǊ?ŀ"M"ƦH9ĩG%ǏǛ:�N5 
3. ǲȨF3@À¶»I9�N5 
4. ȨĽ@ǕʃÏ>KNĽKMIĩG�Ąä"ċ�5 
5. ʫƿ?§ǳ"1m69�N5 
 
ǟû4ęĜȍʘ:@OH4H2O4SiO4CH3OHȓ?ÂĔ"��a�ǟɧRǿ.(;"ǼɜG
O9�N5 
 



 

 4 

 
ø 1˂3ǋ§��a�?ƫńø 

�

 
 
������ ������ �gr����a��
 
� ʄÚ?ɐǈ?Ȣƛ4ęĜȍʘ>Ėû.N�gr��ÂĔ@Ʃ6=êƿƁĻ:��a�R

žħ.N(;"ǼɜGO9�N5�gr��ÂĔ!L 6.7GHzĻ?��a�"ÄH9ǫɊ
GO3?@ 1991Ŀ:�N(Menten 1991)5ÎɫǛş( J,K )=(5,1)!L¨ÎɫǛş
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#=Ć»ǟɧRƤÁI9�N5F/41óǱ?ĉÏ>ʙI9ɟƋ.N57Ɛ 2Ƈ(DOY 183)
?v�i\dĢł@ț 25Jy:�N57Ɛ 5Ƈ(DOY 186)?v�i\dĢł@ț 190Jy:�
M43Ƈ£¿?�5>ț 7³?Ć»RǿI9�N5ǆ»@ŮƁʙƁǭ:�M4e-folding 
time3@ 5Ƈ:�N5Ć»ƍ:�N 7Ɛ 5Ƈ(DOY 186);1?ǲÉ?ɐǈƍ 7Ɛ 2Ƈ(DOY 
183);?ʘ> 3Ƈʘ?l�gƯŷ"�N3H4Ć»Ɣʘ;Ć»ƍ?v�i\dĢł?µ>
@�ǼĝŖ"�N5ư>42óǱ?ĉÏ>ʙI9ɟƋ.N57Ɛ 29Ƈ(DOY 210)?v�i
\dĢł@ 26Jy:�N57Ɛ 30Ƈ(DOY 211)?v�i\dĢł@ 191Jy:�M41Ƈ£¿
?�5>ț 7³?Ć»RǿI9�N52óǱIǆ»@ŮƁʙƁǭ:�M4e-folding time@ 5
Ƈ:�N5 
 

                                                   
2 ɐǈƍ?Ď´JɅȮɫô:ǫǢ.Nʧʰ5 
3 v�i\dĢł"Əčµ? 1/e ³;=NF:>ɈI3ƍʘ5 
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ø 2˂G 033.64-00.21>¡ʢ.N 6.7GHz�gr����a�?d{\m�5ǏȨ@ 7Ɛ 29Ƈ(DOY 
210)4ğȨ@ 7Ɛ 30Ƈ(DOY 211)>ÞŎI3d{\m�5ŢÂ II(RSTU=59.6km/s)?v�i\dĢł?G
" 1Ƈʘ: 26Jy!L 191Jy>ĆÌI9�N5(Fujisawa et al. 2012KMŦȘ) 
 

 
ø 3˂G 033.64-00.21>¡ʢ.N 6.7GHz�gr����a�?ãɿłŢÂ(I~VI)?v�i\dĢł?ƍ
ʘĉÐ?ƩĔ5ğȨ:ȭ"O3ʼȻ?�Ǐ"ŢÂ II(RVTU=59.6km/s):�N5(Fujisawa et al. 2012KM
ŦȘ) 
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��	� Ȏǫǟɧ?ǫǢƮƨ�
 
� ƘȖ@Fujisawa et al. (2012);7b��eǟ¢?ĎƂĘ10 ďʟ�RÛȰ>4G 033.64-
00.21>¡ʢ.N6.7GHz�gr����a�?Ȏǫǟɧ>7�94ǟûȰ�LO9�NǫǢ
ƮƨRɕɺ.N5Fujisawa et al. (2012):@4G 033.64-00.21>ɊLONȎǫǟɧ?ǙŐRȵ
ǒ>ɟƋIŎNǫǢƮƨ;I9ǽƷ�_q\b��RŵðI9�N5 
� F/4ǽƷ�_q\b��>7�9ɟƋ.N5ǽƷ�_q\b��;@4ø 4?K�>
ǽËȨ"7=AĉQNǟɧ:�N5x�e~¿:ɻç#?ǽËȨ"ŨI7&LON;41

?ʘ:ʮļ>Ň�ʫǂ"ǂON5(ORʫǂb�m;��5ʫǂ"ǂO9�NʜM@ɻç

#?ǽËȨ@7=AĉQL=�"4=SL!?ǡǥ>KMʫǂ"ƀʂ.N;ǽËȨ@7=

A!QN51?Ȣƛ;I9ǢŢGO3ƄI�ǽËȨ>@Ň�ǽƷņË"ǫǢI9x�e~

"ǍI%ÌɿGON5F3åƍ>4c���ÌǕ4ɂźƿÌǕ=<"ɫ#9x�e~"ɬ

ʺǇ>ÌǕGON5(?K�>4ǽƷXq�[�"ǹƍʘ?�5>x�e~?ʃÏXq�

[�JǕXq�[�>ĉŶGON5 
� ɰɹ=­;I94ďʟv�T@(?ǽƷ�_q\b��>ɫô.NXq�[�ɒžǟɧ

:�N5ďʟv�T;@4ďʟɄʯ>Ⱦ�LO3ǽĄ?Xq�[�"ǽƷ�_q\b��

>K69ǹƍʘ?�5>ɒžGONǟɧ:�N5ɒžGO3Xq�[�@ǕXq�[�4

ʃÏXq�[�4șĔÌɿXq�[�=<?Æ?ŉş?Xq�[�>ĉŶGO4Ȣƛ;I

9ê÷?ZdJhdmRÌǕ.N5ďʟv�T"ǫǢ.N;4ƁÂ!LƁƍʘȈł?ʘ>

GFHF=ƿʗĀ?ʫǽƿ> �9Ć»ǟɧ"ɐǈGON(;"ƋL!>=69�N5 
� £�>4Fujisawa et al. (2012):ɦɣGO9�NG 033.64-00.21?Ȏǫǟɧ?ǫǢƮƨRǿ
.5 
 
1. čɩʒÙēƌêɸ:ǽƷ�_q\b��"ǫǢ.N5 

2. ǽƷ�_q\b��>KMɒžGO3Xq�[�"ê÷?ZdJhdmRÌǕ.N5 

3. ÌǕGO3hdm!LžħGONɪĊȨ>K69ê÷>Ėû.N�gr��ÂĔ"Î

ɫGO4ÜɱÂĺ"ŇHLON5 
 

4. �gr��ÂĔZd!LǷʘǭ>ʮļ>Ň���a�žħ"ǫǢ.N5 

 
� Éɺ?ɾM4G 033.64-00.21!L@ɌȨƅç>Ƽ69−18mG?ǽĄ"ɐǈGO9�N5
Fujisawa et al. (2012):@4��a�?v�i\dĢłR7³ĆÌG0N?>ŒɈ;GONX
q�[�;4(?ǽĄ>KMǢŢáȲ=Xq�[�;Rƶɳ.N(;:4ƘǫǢƮƨ?Ē

ňŖRƤɗI9�N5£�>41?ɔȕRǿ.5 
� ǡɣǭ>@4ê÷?hdmǇł"100K�Ɗ.OA��a�?v�i\dĢł"7³>Ć
Ì.N;ɔȕGO9�N(Cragg et al. 2005)5��a�žħʵĀRƁĢł	=WX = 103cmZ	?Ƹ
ȝÂĔ:ƨŢGO3Óŋ r = 5au4?Ǡ:�N;¤ĝI4(?ʵĀ?Zd?Ǉł"∆I =
100K�Ɗ.NĄäRȰ�N5ƸȝÂĔ1²�3M?ɩʒ@\WX = 3.3 × 105']g:�N5Ƹȝ
?ƶǕ@^WX = 10]	J	K5#	kg5#=?:4ŒɈ;=NXq�[�c#@£�?ɾM:�N5 
 

c# =
4efZ
3 × =WX × \WX × ^WX × ∆I = 5.8 × 10'%	J (2) 

 
ư>4−18mG?ǽĄ>K69ǢŢáȲ=Xq�[�ʒRɔȕ.N5|i| = 18mG?ǽĄ?Ö
§ªȊ�3M?Xq�[�	j	@£�?ɾM:�N5 
                                                   
4 ĎƂÖ§5üǠ;ďʟ;?ľýɯʨ51au=1.5 × 10##m5 
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j =
|i|'
2k$

= 1.3 × 1053	J	mZ (3) 

 
((:4k$@ǵȍ?ɼǽǞ(k$ = 1.26 × 1053m	kg	s5'	A5'):�N5I3"694��a�
žħʵĀ?ǽĄ>K69ǢŢáȲXq�[�c'@£�?K�>=N5 
 

c' =
4efZ
3 × j = 2.3 × 10Z$	J	 (4) 

 
ǽĄ>K69ǢŢáȲ=Xq�[�c'"��a�?v�i\dĢłR7³>ĆÌ.N?>
ŒɈ=Xq�[�c#R�óN?:4ǽĄ>KNXq�[�ɒžǟɧ>KMȎǫǟɧ@ǡɣ
�ǫǢIŎN5 
 

 
ø 4˂ǽƷ�_q\b��?ƧǨø(7b��eǟ¢?ĎƂĘ 10ĸ ďʟ�RÛǔ) 

 
 
 
��
� ǻȌǱǭ�
 
� Éɺ?ɾM42009Ŀ>ğƆGO3İß32mʫƿƒʇʖRǣ�3�pg�ɐǈ?Ȣƛ4G 
033.64-00.21>¡ʢ.N6.7GHz�gr����a�?Ȏǫǟɧ"ƤÁGO35G 033.64-
00.21!L@ǽĄ"ƤÁGO9 M4ƘĎª?Ȏǫǟɧ@čɩʒƌŉŢʵĀêɸ:ǫǢ.N
ǽƷ�_q\b��>ɫô.N;Ȱ�LO9�N534I4åƩ?Ȏǫǟɧ".C9ǽƷ

�_q\b��>KNXq�[�ɒžǟɧ>ɫô.N?!4�N�@Æ?Ʈƨ>ɫô.N

áȲŖ"�N?!RƤɗ.N3H>@4ȎǫǟɧRǿ.ĎªRȤɔǭ>ɡƞ.NŒɈ"�

N5I!I4G 033.64-00.21>ɊLONK�=ȎǫǟɧRǿ.Ďª@ƘĎª£Ċ>ʄÚ?ă
é­"=%4Ȥɔǭ=ɡƞRğƆ.N>@ĤɧĎªƁ"�ɮI9�N;��ñʷ"�N5 
� Ȃ"ţĮ.NʫƿĎƂɐǈǻȌĠ:@42012Ŀ12Ɛ30Ƈ!Lǟû>!&94ƇȏĹ>§
Ȯ.N32mʫƿƒʇʖ(£�4Ƈȏī;ȅ.)R¬ǣI96.7GHz�gr����a�"¡ʢ
.NĎª?�pg�ɐǈRğƆI9�N5ĎªƁ@442Ďª:�N5Ƙ�pg�ɐǈ?Ƨ
Ɉ>7�9@ȑ2.1Ȗ:ɺCN51(:ƘǻȌ:@4(OL?Ďª?�>G 033.64-00.21>
ɊLONK�=ȎǫǟɧRǿ.Ďª"�N!ųƞI35ƘǻȌ:@1Ƈ:v�i\dĢł
"2.0³£�>ĆÌ.NŇłĉÏǟɧRǜ�4�%7!?ɒƚƅƾRəI91?ƤÁRəG
35ȎǫǟɧRǿ.ĎªRȤɔǭ>ɡƞ.N(;:4Ȏǫǟɧ"<?K�=ǫǢƮƨ>ɫ

ô.Nȵǒǟɧ=?!RƋL!>.N(;":#N;�śI35 
 
 
 
 
 

リコネクション前

磁力線

電流シート

プラズマ流

リコネクション 
ジェット

リコネクション中 リコネクション後
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�� ɐǈ�
 
���� ɐǈƧɈ�
 
Éɺ?ɾM42012Ŀ12Ɛ30Ƈ!Lǟû>!&94ƇȏĹ>§Ȯ.N32mʫƿƒʇʖR¬
ǣI96.7GHz�gr����a�"¡ʢ.NĎª?�pg�ɐǈRğƆI9�N5Ʉ 2>
Ƙɐǈ:¬ǣI3ʫƿƒʇʖ?ɐǈt���gRǿ.5ɐǈ?ĤɧĎª@4ɪσ−30ł£
Ñ>§Ȯ.N442Ďª:�N5Ƙ�pg�ɐǈ@č#%4ó>Â&9ğƆI9 M41O2
OæȅRȑ1Ɣ4ȑ2Ɣ4ȑ3Ɣ4ȑ4Ɣ;I9�N5ɐǈʶł@D;S<?Ďª"ȑ1Ɣ;
ȑ2Ɣ:ț9Ƈ>1ó4ȑ3Ɣ;ȑ4Ɣ:ț4Ƈ>1ó:�N5Ʉ 3>Ƙ�pg�ɐǈ?ğƆƧɈ
Rǿ.5= 4ŇłɳƲȓ?Ǳǭ:Ʉ 3>ǿI3ɐǈʶł;@Ǫ=Nʶł:ɐǈRɁ69
�NĎªI�M4(OL?Ďª>ʙI9@Ʉ 4>F;H35 
 

Ʉ 2˂ɐǈt���g 
ƒʇʖ Ƈȏ32mʫƿƒʇʖ 

u��`Ve 4.6 Âɑ 
ɐǈêƿƁ 6664 - 6672 MHz 
Â»ǏƁ 8192 Ǐ 
ɿłÂɒȲ 0.044 km/s 
ȊÂƍʘ 300 Ȅ 
ƤÁŞł(3σ) 0.9 Jy Ȉł 

 
Ʉ 3˂�pg�ɐǈ?ğƆƧɈ 

æȅ Ɣʘ ʶł 
ȑ1Ɣ 2012/12/30 - 2014/01/10 ț9Ƈ>1ó 
ȑ2Ɣ 2014/05/07 - 2015/08/08 ț9Ƈ>1ó 
ȑ3Ɣ 2015/09/18 - 2017/03/07 ț4Ƈ>1ó 
ȑ4Ɣ 2017/06/14 - ǟû ț4Ƈ>1ó 
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Ʉ 4˂ɐǈʶł"Ʉ 3>ǿI3ʶł;@Ǫ=NĎª5 

Ďªæ ¸Ȱ 

G 000.16-00.44 ȑ 1Ɣ,ȑ 2Ɣ@ț 9Ƈ> 1ó4ȑ 3Ɣ,ȑ 4Ɣ@DEƵƇɐǈ5 

G 007.63-00.10 ȑ 3Ɣ?ɽ� 2016/11/06 (MJD:57698)£ʛ4DEƵƇɐǈ5 

G 009.62+00.19 .C9?Ɣʘ:DEƵƇɐǈ5 

G 010.20-00.34 ȑ 3Ɣ?ɽ� 2016/10/14/ (MJD:57675)ʳ£ʛ4ț 2Ƈ> 1óɐǈ5 

G 012.02-00.03 ȑ 1Ɣ@ț 9Ƈ> 1ó4ȑ 2Ɣ,ȑ 3Ɣ,ȑ 4Ɣ@DEƵƇɐǈ5 

G 013.17+00.06 ȑ 3Ɣ?ɽ� 2016/09/25 (MJD:57656)ʳ£ʛ4ț 4Ƈ> 3óɐǈ5 

G 014.23-00.50 ȑ 1Ɣ@ț 9Ƈ> 1ó4ȑ 2Ɣ,ȑ 3Ɣ,ȑ 4Ɣ@DEƵƇɐǈ5 

G 014.33-00.63 ȑ 3Ɣ?ɽ� 2016/07/14 (MJD:57583)ʳ£ʛ4ț 4Ƈ> 3óɐǈ5 

G 019.75-00.12 ȑ 3Ɣ?ɽ� 2016/06/25 (MJD:57564)ʳ£ʛ4ț 4Ƈ> 3óɐǈ5 

G 023.80+00.40 ȑ 3Ɣ?ɽ� 2016/09/25 (MJD: 57656)ʳ£ʛ4ț 4Ƈ> 3óɐǈ5 

G 024.93+00.08 ȑ 3Ɣ?ɽ� 2016/09/25 (MJD: 57656)ʳ£ʛ4ț 4Ƈ> 3óɐǈ5 

G 033.40+00.01 ȑ 1Ɣ,ȑ 2Ɣ@ț 9Ƈ> 1ó4ȑ 3Ɣ,ȑ 4Ɣ@ț 2Ƈ> 1óɐǈ5 

G 033.64-00.21 ȑ 2Ɣ?ɽ� 2014/07/03 (MJD:56841)ʳ£ʛ4DEƵƇɐǈ5 

G 034.39+00.24 ȑ 1Ɣ,ȑ 2Ɣ@ț 9Ƈ> 1ó4ȑ 3Ɣ,ȑ 4Ɣ@ț 2Ƈ> 1óɐǈ5 

G 035.79-00.17 ȑ 3Ɣ?ɽ� 2016/06/25 (MJD:57564)ʳ£ʛ4ț 2Ƈ> 1óɐǈ5 

G 052.66-01.09 ȑ 3Ɣ?ɽ� 2016/09/26 (MJD: 57657)ʳ£ʛ4DEƵƇɐǈ5 

G 069.52-00.97 .C9?Ɣʘ:DEƵƇɐǈ5 

G 174.19-00.09 ȑ 1Ɣ@ț 9Ƈ> 1ó4ȑ 2Ɣ,ȑ 3Ɣ,ȑ 4Ɣ@DEƵƇɐǈ5 

G 183.34-00.59 ȑ 3Ɣ?ɽ� 2016/10/19 (MJD:57680)ʳ£ʛ4ț 4Ƈ> 3óɐǈ5 

G 192.60-00.05 ȑ 3Ɣ?ɽ� 2015/11/13 (MJD:57339)ʳ£ʛ4DEƵƇɐǈ5 

G 196.45-01.68 ȑ 2Ɣ?ɽ� 2014/09/23 (MJD:56923)ʳ£ʛ4DEƵƇɐǈ5 

G 213.70-12.60 ȑ 1Ɣ,ȑ 2Ɣ@ț 9Ƈ> 1ó4ȑ 3Ɣ,ȑ 4Ɣ@DEƵƇɐǈ5 

IRAS22198+6336 .C9?Ɣʘ:DEƵƇɐǈ5 
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�� Ȏǫǟɧ?ɒƚƅƾ;Ȣƛ -��
 
���� ɒƚƅƾ�
 
� F/4ȎǫǟɧRĝʒǭ>ĝȯ.NŒɈ"�N5ƘǻȌ:@41Ƈ:v�i\dĢł"
2.0³£�>ĆÌ.NŇłĉÏǟɧ?ƤÁRǜ635I3"6941Ƈ�3M?ŇłĉÐǞ
" 2.0[day-1]£�;=NŇłĉÏǟɧRȎǫǟɧ;ĝȯI35£�>Ȏǫǟɧ?ɒƚ?ǂ
ORǿ.5 
 

i. Ƈȏī?�pg�ɐǈ>K69ÞŎGO3ƍȚÃl�g!L 1Ƈ�3M?� � � �
ŇłĉÐǞRɔȕ>K69ƺHN5 

ii. ɔȕ>K69ƺH3 1Ƈ�3M?ŇłĉÐǞ" 2.0[day-1]£�:�63Ąä� � �
1?ŇłĉÏǟɧRȎǫǟɧ;I9ʊÁ.N5 

 
� ɒƚ>@Ƈȏī?�pg�ɐǈ>K69ŎLO3ƍȚÃl�g?�54ɐǈƇ�rmsr
Ve�z��v�i\dĢł?ŚăRť635£�:@4�NĎª�ɿłŢÂ>ʙI9 1
Ƈ�3M?ŇłĉÐǞRɔȕ.Nƅƾ>7�9ɺCN5 
� ɐǈ>K69ŎLO3ƍȚÃl�g?�5ƏIà�l�g(M = 1)!LƁ�9MǩǱ?l�
g?ɐǈƇ, rmsrVe�z�, v�i\dĢłR1O2O /L[day], &L[Jy], oL[Jy];Ʉɕ
.N(M = 1,2, . . . , p$)534I4p$@Ƈȏī?�pg�ɐǈ:ÞŎGO3ƍȚÃl�g?`
�x�Ɓ:�MĎª>K69Ǫ=N5ƘǻȌ:@ 1Ƈ�3M?ŇłĉÐǞR 3ȉʸ?ƅƾ
:ɔȕI35£�?ń(5), ń(6), ń(7)@4.C9?ƍȚÃl�g?�5¥Ŝ?ˁ7?l�
g /L, &L, oL; /Lq#, &Lq#, oLq#Rǣ�9 1Ƈ�3M?ŇłĉÐǞRɔȕ.Nƅƾ:�N5 
� F/ 17Ǳ?ƅƾ@4/Lq#? 1ƇÉF:v�i\dĢł"	oL?FF�ĝ: 1Ƈ:v�i
\dĢł"	oL!L	oLq#>ĆÌ.N;¤ĝI41Ƈ�3M?ŇłĉÐǞ	r1[day-1]Rń(5)>K
MɔȕI35= 4Ďª?žħŇł	o	>ĤI9ɐǈƍ?ʧʰ>ɫôI9±1&Ȉł?ɞķ"
ǫǢ.NáȲŖ"�M41Ƈ�3M?ŇłĉÐǞRɔȕ.Nʤ>ʧʰ>ɫô.NĉÏRȰ
ŠI4o	>ĤI91&R1O2OÌǆȕI35 
 

r1Lq# ≡
oLq# − &Lq#
oL + &L

 (5) 

 
� ư> 27Ǳ?ƅƾ@4/L!L/Lq#>!&9ƵƇ�ĝ?Êä:v�i\dĢł"oL!LoLq#
>ĆÌ.N;¤ĝI41Ƈ�3M?ŇłĉÐǞ	r2[day-1]Rń(6)>KMɔȕI35 
 

r2Lq# ≡ D
oLq# − &Lq#
oL + &L

J
#
∆u

 (6) 

 
((:4∆/ @ 27?l�g?ɐǈʘʣ	∆/ = /Lq# − /L:�N5 
� ƏŌ> 37Ǳ?ƅƾ@4/L!L/Lq#>!&9v�i\dĢł"oL!LoLq#>ĆÌ.N;¤
ĝI41Ƈ�3M?ŇłĉÐǞ	r3[day-1]Rń(7)>KMɔȕI35ń(7)?âɸRɊ9Â!
NɾM4r3@v�i\dĢł?ƶ	oLq#/oLRɐǈʘʣ	∆/:Ê63µ:�N5 
 

r3Lq# ≡
(oLq# − &Lq#) (oL + &L)⁄

∆/  (7) 

 



 

 12 

ń(5), ń(6), ń(7)>ǿI3ɔȕń:4ƏIà�l�g(M = 1)RɫǏ;I9ƏIƄI�l�
g(M = p$)F:ʴ>4ʥMä� 27?l�gRǣ�9 1Ƈ�3M?ŇłĉÐǞr1L, r2L, 
r3LR1O2OɔȕI35(O>KM 1Ƈ�3M?ŇłĉÐǞr1L, r2L, r3L?ƍȚÃl�
g"ƺFN534I4Ďª!LžħGONv�i\dĢło" rmsrVe�z�>ĤI9
ƤÁʜǧ 3	&£�:�63Ąä@ 3	&?µRo?µ;I9ǣ�35F34ƘǻȌ:@ 1ƇƖ
ǉ?ŇłĉÏ@ǑɌI35 
� £�?ɔȕR4Ƈȏī:�pg�ɐǈI9�N.C9?Ďª>ĤI9ğƆI35Ďª�

ɿłŢÂ);>ŎLO3 1Ƈ�3M?ŇłĉÐǞ	r1L, r2L, r3L?ƍȚÃl�gRɡƞI
942.0£�?Ɓµ"�63Ąä>1?Ďª�ɿłŢÂRʊÁI35¡ʕ A>ƘɒƚRğ
ƆI3ĎªRF;H35ɒƚ:ť63l�g@ 2012Ŀ 12Ɛ 30Ƈ!L 2017Ŀ 9Ɛ 6Ƈ
F:>Ƈȏī?�pg�ɐǈ:ÞŎI3l�g:�N5 
 
 
 
 
���� Ȣƛ�
 
� F/4ń(5):ĝȯI3ɔȕƅƾ>K69ƺH3 1Ƈ�3M?ŇłĉÐǞr1?ƍȚÃl�
gRɡƞI3ȢƛRǿ.5ɒƚ?Ȣƛ437ĎªRʊÁI35Ʉ 5>ʊÁI3Ďª�ɿłŢ
Â?�ɎRǿ.534I4å-Ďª�å-ɿłŢÂ:ȎǫǟɧRɆƁóƤÁI3Ąä4Ʉ

�?r1?µ@ƤÁI3.C9?µ?�5Əčµ?GRɄǿI9�N5 
 

Ʉ 5˂ɒƚ?Ȣƛ4ʊÁI3Ďª�ɿłŢÂ?�Ɏ5 

Ďªæ ɌȨɿł[km/s] ƤÁóƁ ȎǫǟɧRƤÁI3ɐǈb�e� r1[day-1] 

G 005.89-00.39 0.64 1 K 1 4 2.1 

G 009.21-00.20 45.53 1 K 2 4 2.4 

G 009.62+00.19 

4.99 3 K 2 4, K 3 4 3.4 

8.09 2 K 3 4 3.5 

8.75 1 K 3 4 3.5 

G 010.20-00.34 1.04 4 K 3 4 2.9 

G 011.49-01.48 

7.38 1 K 1 4 2.5 

7.70 1 K 1 4 2.8 

14.65 1 K 1 4 2.1 

G 012.88+00.48 

32.76 1 K 3 4 2.3 

34.68 2 K 1 4, K 3 4 2.3 

36.52 2 K 2 4, K 3 4 2.1 

38.20 8 K 1 4, K 2 4, K 3 4 3.4 

G 014.23-00.50 25.29 19 K 2 4, K 3 4, K 4 4 7.5 

G 014.33-00.63 21.54 2 K 2 4 3.2 
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Ďªæ ɌȨɿł[km/s] ƤÁóƁ ȎǫǟɧRƤÁI3ɐǈb�e� r1[day-1] 

G 019.36-00.03 
25.29 1 K 2 4 2.2 

27.25 1 K 2 4 2.2 

G 022.36+00.06 80.86 1 K 3 4 2.1 

G 025.38-00.18 61.88 1 K 1 4 2.4 

G 027.86-00.24 20.18 1 K 1 4 2.2 

G 028.39+00.08 
72.58 1 K 1 4 2.3 

70.37 1 K 2 4 2.4 

G 030.70-00.07 
91.40 1 K 3 4 2.3 

91.79 1 K 3 4 2.5 

G 031.04+00.36 81.82 1 K 2 4 2.2 

G 033.64-00.21 
59.30 9 K 1 4, K 2 4, K 3 4 28.0 

59.61 44 K 1 4, K 2 4, K 3 4 34.5 

G 033.74-00.15 59.67 7 K 1 4, K 2 4, K 3 4 9.2 

G 034.39+00.24 55.67 2 K 2 4, K 3 4 2.0 

G 035.20-00.74 
29.98 1 K 2 4 2.2 

36.68 4 K 2 4, K 3 4 2.6 

G 035.79-00.17 

58.84 3 K 1 4, K 2 4, K 3 4 2.9 

61.54 2 K 1 4 2.1 

62.02 1 K 1 4 2.0 

G 036.70+00.09 

53.65 2 K 1 4 2.7 

55.07 2 K 1 4, K 2 4 2.6 

62.06 1 K 2 4 2.5 

G 037.47-00.11 54.51 2 K 1 4, K 3 4 2.5 

G 039.10+00.48 17.67 1 K 4 4 2.9 

G 040.62-00.14 31.18 1 K 4 4 2.0 

G 045.47+00.13 59.67 1 K 1 4 2.4 

G 045.49+00.13 59.67 1 K 1 4 2.6 

G 049.03-01.06 37.39 1 K 1 4 2.1 

G 049.60-00.25 62.09 1 K 3 4 2.1 

G 075.76+00.34 -9.38 1 K 1 4 2.2 
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Ďªæ ɌȨɿł[km/s] ƤÁóƁ ȎǫǟɧRƤÁI3ɐǈb�e� r1[day-1] 

G 078.10+03.64 

-6.66 2 K 1 4, K 2 4 2.8 

-6.09 1 K 1 4 2.1 

-5.01 1 K 2 4 2.4 

G 123.05-06.31 -28.15 1 K 2 4 2.2 

G 183.34-00.59 -15.18 1 K 2 4 2.2 

G 189.78+00.34 

3.84 1 K 1 4 2.5 

4.25 1 K 1 4 3.8 

5.49 1 K 1 4 2.1 

5.62 1 K 1 4 2.2 

G 192.60-00.05 

1.22 2 K 2 4 2.9 

3.07 2 K 3 4 3.3 

3.30 2 K 3 4 3.3 
5.87 1 K 3 4 3.3 

G 232.62+00.99 
22.32 1 K 2 4 2.2 

22.87 1 K 2 4 2.2 

G 351.25+00.65 -10.35 3 K 3 4 3.1 

IRAS22198+6336 

-16.89 7 K 2 4, K 3 4 4.1 

-15.51 2 K 3 4, K 4 4 2.5 

-10.89 1 K 3 4 3.5 

-9.19 32 K 1 4, K 2 4, K 3 4, K 4 4 8.8 

-8.49 50 K 1 4, K 2 4, K 3 4, K 4 4 13.6 

-7.31 63 K 1 4, K 2 4, K 3 4, K 4 4 33.6 
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� ư>4ń(6):ĝȯI3ɔȕƅƾ>K69ƺH3 1Ƈ�3M?ŇłĉÐǞr2?ƍȚÃl�
gRɡƞI3ȢƛRǿ.5ɒƚ?Ȣƛ43ĎªRʊÁI35Ʉ 6>ʊÁI3Ďª�ɿłŢ
Â?�ɎRǿ.534I4å-Ďª�å-ɿłŢÂ:ȎǫǟɧRɆƁóƤÁI3Ąä4Ʉ

�?r2?µ@ƤÁI3.C9?µ?�5Əčµ?GRɄǿI9�N5 
 

Ʉ 6˂ɒƚ?Ȣƛ4ʊÁI3Ďª�ɿłŢÂ?�Ɏ5 

MIV ɌȨHN[km/s] 7=1@ ȎǫǟɧRƤÁI3ɐǈb�e� r2[day-1] 

G 014.23-00.50 25.29 14 K 2 4, K 3 4, K 4 4 5.3 

G 033.64-00.21 
59.30 6 K 2 4, K 3 4 28.0 

59.61 34 K 2 4, K 3 4 34.5 

IRAS22198+6336 

-16.89 5 K 3 4 4.1 

-15.51 2 K 3 4, K 4 4 2.5 

-9.19 25 K 2 4, K 3 4, K 4 4 3.4 

-8.49 38 K 1 4, K 2 4, K 3 4, K 4 4 9.6 

-7.31 54 K 1 4, K 2 4, K 3 4, K 4 4 5.7 

 
 
 
 
 
� ƏŌ>4ń(7):ĝȯI3ɔȕƅƾ>KMƺH3 1Ƈ�3M?ŇłĉÐǞr3?ƍȚÃl�
gRɡƞI3ȢƛRǿ.5ɒƚ?Ȣƛ43ĎªRʊÁI35Ʉ 7>ʊÁI3Ďª�ɿłŢ
Â?�ɎRǿ.534I4å-Ďª�å-ɿłŢÂ:ȎǫǟɧRɆƁóƤÁI3Ąä4Ʉ

�?r3?µ@ƤÁI3.C9?µ?�5Əčµ?GRɄǿI9�N5 
 

Ʉ 7˂ɒƚ?Ȣƛ4ʊÁI3Ďª�ɿłŢÂ?�Ɏ5 

MIV ɌȨHN[km/s] 7=1@ ȎǫǟɧRƤÁI3ɐǈb�e� r3[day-1] 

G 014.23-00.50 25.29 15 K 2 4, K 3 4, K 4 4 5.3 

G 033.64-00.21 
59.30 6 K 2 4, K 3 4 28.0 

59.61 34 K 2 4, K 3 4 34.6 

IRAS22198+6336 

-16.89 1 K 3 4 4.1 

-15.51 2 K 3 4, K 4 4 2.5 

-9.19 26 K 2 4, K 3 4, K 4 4 3.4 

-8.49 30 K 1 4, K 2 4, K 3 4 9.7 

-7.31 55 K 1 4, K 2 4, K 3 4, K 4 4 11.2 
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���� Ȱģ�
 
� ɒƚ?Ȣƛ41Ƈ�3M?ŇłĉÐǞ" 2.0[day-1]£�;=NŇłĉÏǟɧRǿI3Ďª
@ 37Ďª:�635I!I4Ƙɒƚ>@ 27?ñʷǏ"�N(;"ÅƋI35 
� ȑˀ?ñʷ@4ȎǫǟɧƤÁ?3HɖĝI3ʚµ 2.0>Ň�Ơū@=%4¥ŜŖ"�N
;��Ǐ:�N57FM4Ƙɒƚ:ƤÁGO3Ďª�ɿłŢÂ@Œ/IIƎƴ?ŇłĉÏ

>ĤI9ƑŜ>Ǫ=Nč#=ŇłĉÏRǿI3;@ʜL=�5(?ñʷǏ>Ĥ.NżòȔ

;I94Ďª�ɿłŢÂùƑ?Ǝƴ?ŇłĉÏ>ĤI94ʭȋƍ;@ƑŜ>Ǫ=NŇłĉ

ÏǟɧRƤÁ.NƅƾRȰ�35(?ɒƚ>ʙI9@ȑ 4Ȑ:ɛI%ɺCN5 
� ȑ 2?ñʷ@4ɐǈʶł"ț 4ƇF3@ț 9Ƈ> 1ó;¨ʶł:�N(;>ɫôI9 1
Ƈ�3M?ŇłĉÐǞRƲI%ĨÁ:#9�=�áȲŖ"�N;��Ǐ:�N5ń(5):ĝ
ȯI3 1Ƈ�3M?ŇłĉÐǞRɔȕ.Nʤ4/Lq#?ÉƇF:v�i\dĢł"oL?FF�
ĝ: 1Ƈ:v�i\dĢł"oL!LoLq#>ĆÌ.N;¤ĝI3"4Œ/IIĆ»"/Lq#?É
Ƈ!LēF69�N;@ʜL/Ć»łRč#%ĨÁI9�NáȲŖ"�N5F34ń(6), 
ń(7):ĝȯI3 1Ƈ�3M?ŇłĉÐǞRɔȕ.Nʤ4/L!L/Lq#>!&9v�i\dĢł
"oL!LoLq#>ĆÌ.N;¤ĝI3"4Œ/IIĆ»"/L!LēF69�N;@ʜL/Ć»
łRĩG%ĨÁI9�NáȲŖ"�N5(?ñʷǏ>Ĥ.NżòȔ;I94Ƙɒƚ:ʊÁ

I3Ďª?�5¨ʶłɐǈĎª>ĤI4KMɛȠ=gV�d^��:?ĉÏRŰ�N(;

RǱǭ;I3ʺʶł�pg�ɐǈRğƆI35ɐǈ>¬ǣI3ƒʇʖ@ʺȽĹ>§Ȯ.N

32mʫƿƒʇʖ:4ɐǈʶł@ț 1Ƈ 1ó:�N5ɐǈ:ÞŎI3l�g>ĤI9 1Ƈ:
v�i\dĢł" 2.0³£�>ĆÌ.NŇłĉÏRǿ.ĎªRųƞI35(O>ʙI9@
ȑ 5Ȑ:ɛI%ɺCN5 
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	� Ȏǫǟɧ?ɒƚƅƾ;Ȣƛ --��
 
	��� ɒƚƅƾ�
 
� ȤɔĘ> �94�NǼǞĉƁ	w	?ĤƁµ"ƲɋÂĺ>ō�K�=ȤɔÂĺRĤƁƲɋ
Âĺ;��5Ƙɒƚ:@41Ƈ�3M?ŇłĉÐǞ?ĤƁµRǼǞĉƁ;I3łƁÂĺ"
ľý 04Âƀ	&'?ƲɋÂĺ	N(0, &')	>ō�;¤ĝI35Ƙɒƚ@4Ďª�ɿłŢÂ?Ǝƴ
?ŇłĉÏ>ĤI94ǼǞǭ>ƦH9ȇ>ǫǢ.NŇłĉÏǟɧRƤÁ.Nƅƾ:�N5

£�:@41Ƈ�3M?ŇłĉÐǞR	wLq#	(M = 1,2, . . . , p$ − 1)41?ĤƁµ	log#$ wLq#R
	zLq#	;ɄɕI9Ƙɒƚƅƾ>7�9ɺCN5 
� F/41Ƈ�3M?ŇłĉÐǞ?ĤƁµ	zLq# = log#$ wLq#	Rɔȕ>K69ƺHNƅƾRɺ
CN5ȑ 3.1Ȗ?;#;åƩ>4�NĎª�ɿłŢÂ>ʙI9ɐǈ>K69ÞŎGO3ƍ
ȚÃl�g?�54¥Ŝ?ˁ7?l�g?ɐǈƇ, rmsrVe�z�, v�i\dĢł	/L, 
&L, oL;	/Lq#, &Lq#, oLq#RȰ�N5((:4ãĉƁ?ǅĕ?	M	@ƍȚÃl�gRƏIà�l
�g(M = 1)!Lʴ>Ɓ�9MǩǱ?l�g:�N(;RɄ.5/Lq#? 1ƇÉF:v�i\d
Ģł"oL?FF�ĝ: 1Ƈ:v�i\dĢł"oL!LoLq#>ĆÌ.N;¤ĝI41Ƈ�3M
?ŇłĉÐǞ	wLq#Rń(8)>ǿ.ɔȕń>KMɔȕI35 
 

wLq# =
oLq#
oL

 (8) 

 
34I4Ďª!LžħGONv�i\dĢło" rmsrVe�z�>ĤI9ƤÁʜǧ 3	&£
�:�NĄä@o?µ>@ 3	&?µRǣ�35ń(8)>ǿ.ɔȕń>KM4ƏIà�l�g
(M = 1)RɫǏ;I9ƏIƄI�l�g(M = p$)F:ʴ>4ʥMä� 27?l�gRǣ�9
	wLq#	RɔȕI351I94ŎLO3 1Ƈ�3M?ŇłĉÐǞ	wLq#?ĤƁµ	log#$ wLq#Rɔ
ȕI35(O>KM41Ƈ�3M?ŇłĉÐǞ	wLq#	?ĤƁµ	zLq# = log#$ wLq#?ƍȚÃl�
g"ƺFN5£�?ɔȕR4Ƈȏī:�pg�ɐǈI9�N.C9?Ďª>ĤI9ğƆI

35 
� ǼǞĉƁ	z	"ľý	k4Âƀ	&'?ƲɋÂĺN(k, &')>ō�;.OA4z	?ǼǞĢłʙƁ 
{(z)@ư?K�>ɄGON5 
 

{(z) =
1

√2e&'
exp }−

(z − 	k)'
2&' ~ (9) 

 
((:4ȤɔĘ?ƪǋƲɋÂĺ>7�9ɟƋ.N5�NǼǞĉƁ	z	"ľý	k4Âƀ &'?Ʋ
ɋÂĺN(k, &')>ō�Ąä4£�?ń(10):	z	RƄ3=ǼǞĉƁ	�	>ĉƁĉŶ.N(;RȰ
�N5 
 

� =
z − k
&  (10) 

 
(?;#4ǼǞĉƁ	�	@ľý	04Âƀ 1?ƲɋÂĺN(0,1)>ō�5(?ľý	04Âƀ 1?Ʋ
ɋÂĺN(0,1)?(;RƪǋƲɋÂĺ;��5ƪǋƲɋÂĺ>ō�ǼǞĉƁ	�	?ǼǞĢłʙ
Ɓ	{(�)	@£�?K�>=N5 
 

{(�) =
1
√2e

exp }−
�'
2 ~ (11) 
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(?ƪǋƲɋÂĺ?ǼǞĢłʙƁ!LǼǞĉƁ	�	?;M�Nµ>Ĥ.NǼǞÄRɔȕ.N
(;"áȲ:�N5�ȹǭ>4Ä(−1 ≤ � ≤ 1) = 0.6827, Ä(−2 ≤ � ≤ 2) = 0.9545, 
	Ä(−3 ≤ � ≤ 3) = 0.9973 "K%ǸLO9�Nµ:�N5= 4Ä(−1 ≤ � ≤ 1) = 0.6827;
@Ǒ«ǐ>ũÁI3ǼǞĉƁ	�	?µ"−1£�!7 1£�>èFONǼǞ"0.6827:�N(
;RŜë.N5(?�54Ä(−3 ≤ � ≤ 3) = 0.9973R­>;N;4(O@I;?ǼǞĉƁ
	z	:Ȱ�N;Ä(k − 3& ≤ z ≤ k + 3&) = 0.9973:�M47FMǑ«ǐ>ũÁI3	z	?µ"
ľý	kR�őµ;I9−3&£�!7+3&£�>èFONǼǞ"0.9973:�N(;RŜë.
N5 
� II4Ȏǫǟɧ"Ǝƴ?ŇłĉÏ>ĤI9ǼǞǭ>ǌċ>ɫ(L=�ȇƑ=ŇłĉÏǟ

ɧ:�N;.OA4(O>ɫô.NÂĺ@ǼǞĢłʙƁ!LȕÁGONǼǞ"ʮļ>ĩG

�µ;=N§Ȯ>ǟON@/:�N51(:4Ȏǫǟɧ?ƤÁƅƾR£�?K�>Ȱ�

35F/41Ƈ�3M?ŇłĉÐǞ?ĤƁµ	zLq#	(M = 1,2, . . . , p$ − 1)RǼǞĉƁ;I3ł
ƁÂĺR«Ţ.N51I94łƁÂĺRZWbT�>K69vUikU�z.N5= 4

vUikU�z?ʤ@ʙƁR£�?ń(12):ĝȯI9 gnuplot? fitʙƁRǣ�35 
 

{(z) = É	exp }−
(z − 	Ñ)'
2^' ~ (12) 

 
É, Ñ, ^@vUikU�z?ʤ?t���g:�MÑ = k, ^ = &>ǳň.N5łƁÂĺRǱ
Ɍ:ǼɜI4É	>@łƁ?Əčµ4Ñ	>@ z	?ľýµ4^	>@ z	?Âĺ?ŀ"M>ǳň.
NµRvUikU�z?ÄƔµ;I91O2O��35vUikU�z?Ȣƛ4	z	?ƀĺ
łRɄ.ƪǋ¶ķ	&	"ŎLON5ƺH3ƪǋ¶ķ	&	RĂǋ;I9 10	&	£�>ÂĺRǿ.
Ďª�ɿłŢÂRȎǫǟɧRǿ.Ďª�ɿłŢÂ;I9ʊÁI357FM4ȑ 3Ȑ>9ʚ
µR¥Ŝ> 2.0;��9�3�>ĤI94�ó@Ȥɔǭ>Ŝë?�NʚµRɖĝ.N�>
=N5 
� £�>4Ďª G 006.61-00.08?ɌȨɿł	0.82	km/sŢÂR­>Ƙɒƚ?ǂORǿ.5ø 
5@ G 006.61-00.08?ɌȨɿł	0.82	km/sŢÂ?ƍȚÃŇłĉÏx�im:�N5ø 6@
G 006.61-00.08?d{\m�:�N5ø 7@41Ƈ�3M?ŇłĉÐǞ?ĤƁµ	zLq#	(M =
1,2, . . . , p$ − 1)	RǼǞĉƁ;I3łƁÂĺ:�N5`�x�Ɓ@ 182:�635= 4Ƙ
ɒƚ:@4ʡȜ?²Ɓ@`�x�Ɓ?ľƅƠ?µ;I35ø 8?ɪȨ@4łƁÂĺRZW
bT�:vUikU�zI3Ȣƛ:�N5vUikU�z?ʤ?1O2O?t���g?

ÄƔµ@£�?ɾM:�N5 
 

É = 40, 
Ñ = 0.001, 
^ = 0.1. 

 
vUikU�z?Ȣƛ4ŎLO3µ@£�?ɾM:�N5 
 

É = 37, 
Ñ = −0.001, 
^ = 0.03. 

 
ø 8?â�>ɄǿGO9�N	& = 0.03	@ZWbT�:vUikU�zI3ȢƛŎLO3	z	
?ƪǋ¶ķ	&	:�N5Ƙɒƚ:ɖĝI3ʚµ:�N10	&@|z| = 0.3	>ǳň.N"4|z| ≥
0.3	>ÂĺRǿG=!633H(?Ďª�ɿłŢÂ@ȎǫǟɧRǿI9�=�;ÅƃI
35(?K�=Ťƾ>KMƇȏī:�pg�ɐǈR (=69�N.C9?Ďª>ĤI9
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ɒƚRğƆI35Ƙɒƚ:ť63l�g@ 2012Ŀ 12Ɛ 30Ƈ!L 2017Ŀ 9Ɛ 6ƇF:
>ÞŎI3l�g:�N5 

 
ø 5˂G 00.61-00.08? 0.82 km/sŢÂ?ƍȚÃŇłĉÏx�im5 

 
 

 
ø 6˂G 00.61-00.08?MJD=58002(2017/09/06)>ÞŎGO3d{\m�5ǏȨ:ǿ.ɌȨɿł>Ĥœ
.NžħŢÂ" 0.82 km/sŢÂ:�N5 
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ø 7˂łƁÂĺø5 

 

 
ø 8˂ZWbT�:vUikU�zRI3Ō5ɪȻ?Ȩ"łƁÂĺRvUikU�zI3Ȣƛ:�N5 
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	��� Ȣƛ�
 
� Ʉ 8>Ƙɒƚ?ȢƛRǿ.5ɒƚ?Ȣƛ49ĎªRʊÁI35ƪǋ¶ķ@łƁÂĺRZ
WbT�:vUikU�zI9ŎLO3Ɓµ:�N5ƤÁóƁ;@ȎǫǟɧRƤÁI3ó

Ɓ:�N5 
 

Ʉ 8˂ɒƚȢƛ5 

MIV ;EHN
[km/s] 

Q>T9
(&) 

7=1@ |z|!:JL 7=7�3GC4(/ 

G 009.62+00.19 4.99 0.03 3 0.53 K 2 4, K 3 4 

G 014.23-00.50 25.29 0.05 31 0.98 K 2 4, K 3 4, K 4 4 

G 014.33-00.63 21.54 0.05 1 0.64 K 2 4 

G 027.86-00.24 20.18 0.05 2 0.51 K 1 4 

G 033.64-00.21 
59.30 0.09 2 1.58 K 2 4, K 3 4 

59.61 0.10 3 1.56 K 1 4, K 2 4 

G 075.76+00.34 -9.38 0.05 1 0.52 K 1 4 

G 174.19-00.09 3.77 0.03 1 0.31 K 1 4 

G 192.60-00.05 

3.07 0.05 2 0.54 K 3 4 

4.94 0.02 1 0.23 K 3 4 

5.34 0.02 2 0.31 K 3 4 

5.87 0.02 1 0.32 K 3 4 

6.42 0.02 10 0.43 K 2 4, K 3 4 

7.93 0.03 2 0.34 K 2 4 

IRAS22198+6336 

-16.89 0.05 11 0.71 K 2 4, K 3 4 

-15.51 0.04 4 0.54 K 3 4, K 4 4 

-10.89 0.05 2 0.70 K 3 4 

-9.19 0.05 27 1.08 
K 1 4, K 2 4, K 3 4, 

K 4 4 

-8.49 0.06 38 1.27 
K 1 4, K 2 4, K 3 4, 

K 4 4 

-7.31 0.07 25 1.65 
K 1 4, K 2 4, K 3 4, 

K 4 4 
 
� £�>4Ƙɒƚ:ʊÁI3Ďª�ɿłŢÂ>ʙI941Ƈ�3M?ŇłĉÐǞ?ĤƁµ
RǼǞĉƁ;I3łƁÂĺRZWbT�:vUikU�zI3Ȣƛ�1Ƈ�3M?Ňłĉ
ÐǞ?ĤƁµRŎLO3ƪǋ¶ķ&:Ê69ɋơÐI3µRǼǞĉƁ;I3łƁÂĺ�z/&
?ƍȚÃĉÏx�im�v�i\dĢł?ƍȚÃĉÏx�imRʴ>ǿ.5 
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4.2.1� G 009.62+00.19 
 
� Ďª G 009.62+00.19@ 17?ɿłŢÂ"ʊÁGO35£�@4VLSR=4.99[km/s]ŢÂ>
ʙ.NɒƚȢƛ:�N5ø 9@ 1Ƈ�3M?ŇłĉÐǞ?ĤƁµRǼǞĉƁ;I3łƁÂ
ĺRZWbT�:vUikU�zI3Ȣƛ:�N5ǼǞĉƁ	z	?ƪǋ¶ķ&@ 0.03:�6
35ø 10@ 1Ƈ�3M?ŇłĉÐǞ?ĤƁµRŎLO3ƪǋ¶ķ&:Ê69ɋơÐI3µ
RǼǞĉƁ;I3łƁÂĺ:�N57FM	z/& ≥ 10	>Âĺ.Nl�g"Ȏǫǟɧ:�
N5 ø 11@z/&?ƍȚÃĉÏx�im:�N5ø 12@v�i\dĢł?ƍȚÃĉÏx�
im:�N5 
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ƁÂĺʾĶø 5ʿâ?ø@ȫɲ?µRŬčI3I?5 
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4.2.2� G 014.23-00.50 
 
� Ďª G 014.23-00.50@ 17?ɿłŢÂ"ʊÁGO35£�@4VLSR=25.29[km/s]ŢÂ
>ʙ.NɒƚȢƛ:�N5ø 13~ø 16@ø 9~ø 12;åƩ:�N(34I4σ = 0.05)5 
 
 

 
ø 13˂łƁÂĺRZWbT�:vUikU�zI3Ȣƛ5 

 
 
 

 

 

 
ø 14˂1Ƈ�3M?ŇłĉÐǞ?ĤƁµRŎLO3ƪǋ¶ķ:Ê69ɋơÐI3µRǼǞĉƁ;I3ł
ƁÂĺʾĶø 5ʿâ?ø@ȫɲ?µRŬčI3I?5 
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ø 15˂Ü/á?ƍȚÃĉÏx�im5 
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4.2.3� G 014.33-00.63 
 
� Ďª G 014.33-00.63@ 17?ɿłŢÂ"ʊÁGO35£�@4VLSR=21.54[km/s]ŢÂ
>ʙ.NɒƚȢƛ:�N5ø 17~ø 20@ø 9~ø 12;åƩ:�N(34I4σ = 0.05)5 
 

 
ø 17˂łƁÂĺRZWbT�:vUikU�zI3Ȣƛ5 

 
 
 

 

 

 
ø 18˂1Ƈ�3M?ŇłĉÐǞ?ĤƁµRŎLO3ƪǋ¶ķ:Ê69ɋơÐI3µRǼǞĉƁ;I3ł
ƁÂĺʾĶø 5ʿâ?ø@ȫɲ?µRŬčI3I?5 
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4.2.4� G 027.86-00.24 
 
� Ďª G 027.86-00.24@ 17?ɿłŢÂ"ʊÁGO35£�@4VLSR=20.18[km/s]ŢÂ
>ʙ.NɒƚȢƛ:�N5ø 21~ø 24@ø 9~ø 12;åƩ:�N(34I4σ = 0.05)5 
 

 
ø 21˂łƁÂĺRZWbT�:vUikU�zI3Ȣƛ5 

 
 
 

 

 

 
ø 22˂1Ƈ�3M?ŇłĉÐǞ?ĤƁµRŎLO3ƪǋ¶ķ:Ê69ɋơÐI3µRǼǞĉƁ;I3ł
ƁÂĺʾĶø 5ʿâ?ø@ȫɲ?µRŬčI3I?5 
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ø 23˂Ü/á?ƍȚÃĉÏx�im5 
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4.2.5� G 033.64-00.21 
 
� Ďª G 033.64-00.21@ 27?ɿłŢÂ"ʊÁGO35£�@4VLSR=59.30[km/s]ŢÂ
>ʙ.NɒƚȢƛ:�N5ø 25~ø 28@ø 9~ø 12;åƩ:�N(34I4σ = 0.09)5 
 

 
ø 25˂łƁÂĺRZWbT�:vUikU�zI3Ȣƛ5 

 
 
 

 

 

 
ø 26˂1Ƈ�3M?ŇłĉÐǞ?ĤƁµRŎLO3ƪǋ¶ķ:Ê69ɋơÐI3µRǼǞĉƁ;I3ł
ƁÂĺʾĶø 5ʿâ?ø@ȫɲ?µRŬčI3I?5 
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ø 27˂	Ü/á?ƍȚÃĉÏx�im5 
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� £�@4VLSR=59.61[km/s]ŢÂ>ʙ.NɒƚȢƛ:�N5ø 29~ø 32@ø 9~ø 12;å
Ʃ:�N(34I4σ = 0.10)5 
 

 
ø 29˂łƁÂĺRZWbT�:vUikU�zI3Ȣƛ5 

 
 
 

 

 

 
ø 30˂1Ƈ�3M?ŇłĉÐǞ?ĤƁµRŎLO3ƪǋ¶ķ:Ê69ɋơÐI3µRǼǞĉƁ;I3ł
ƁÂĺʾĶø 5ʿâ?ø@ȫɲ?µRŬčI3I?5 
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ø 31˂	Ü/á?ƍȚÃĉÏx�im5 
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4.2.6� G 075.76+00.34 
 
� Ďª G 075.76+00.34@ 17?ɿłŢÂ"ʊÁGO35£�@4VLSR=−9.38[km/s]ŢÂ
>ʙ.NɒƚȢƛ:�N5ø 33~ø 36@ø 9~ø 12;åƩ:�N(34I4σ = 0.05)5 
 

 
ø 33˂łƁÂĺRZWbT�:vUikU�zI3Ȣƛ5 

 
 
 

 

 

 
ø 34˂1Ƈ�3M?ŇłĉÐǞ?ĤƁµRŎLO3ƪǋ¶ķ:Ê69ɋơÐI3µRǼǞĉƁ;I3ł
ƁÂĺʾĶø 5ʿâ?ø@ȫɲ?µRŬčI3I?5 
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ø 35˂Ü/á?ƍȚÃĉÏx�im5 
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4.2.7� G 174.19-00.09 
 
� Ďª G 174.19-00.09@ 17?ɿłŢÂ"ʊÁGO35£�@4VLSR=3.77[km/s]ŢÂ>
ʙ.NɒƚȢƛ:�N5ø 37~ø 40@ø 9~ø 12;åƩ:�N(34I4σ = 0.03)5 
 

 
ø 37˂łƁÂĺRZWbT�:vUikU�zI3Ȣƛ5 

 
 
 

 

 

 
ø 38˂1Ƈ�3M?ŇłĉÐǞ?ĤƁµRŎLO3ƪǋ¶ķ:Ê69ɋơÐI3µRǼǞĉƁ;I3ł
ƁÂĺʾĶø 5ʿâ?ø@ȫɲ?µRŬčI3I?5 
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ø 39˂Ü/á?ƍȚÃĉÏx�im5 
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4.2.8� G 192.60-00.05 
 
� Ďª G 192.60-00.05@ 67?ɿłŢÂ"ʊÁGO35£�@4VLSR=3.07 [km/s]ŢÂ>
ʙ.NɒƚȢƛ:�N5ø 41~ø 44@ø 9~ø 12;åƩ:�N(34I4σ = 0.05)5 
 

 
ø 41˂łƁÂĺRZWbT�:vUikU�zI3Ȣƛ5 

 
 
 

 

 

 
ø 42˂1Ƈ�3M?ŇłĉÐǞ?ĤƁµRŎLO3ƪǋ¶ķ:Ê69ɋơÐI3µRǼǞĉƁ;I3ł
ƁÂĺʾĶø 5ʿâ?ø@ȫɲ?µRŬčI3I?5 
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� £�@4VLSR=4.94 [km/s]ŢÂ>ʙ.NɒƚȢƛ:�N5ø 45~ø 48@ø 9~ø 12;å
Ʃ:�N(34I4σ = 0.02)5 
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ƁÂĺʾĶø 5ʿâ?ø@ȫɲ?µRŬčI3I?5 
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ø 47˂Ü/á?ƍȚÃĉÏx�im5 
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� £�@4VLSR=5.34 [km/s]ŢÂ>ʙ.NɒƚȢƛ:�N5ø 49~ø 52@ø 9~ø 12;å
Ʃ:�N(34I4σ = 0.02)5 
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G 012.88+00.48 

G 014.33-00.63 

G 019.36-00.03 

G 022.36+00.06 

G 025.38-00.18 

G 027.86-00.24 

G 028.39+00.08 

G 030.70-00.07 

G 031.04+00.36 

G 032.74-00.08 * 

G 033.74-00.15 

G 034.39+00.24 

 
MIV 

G 035.20-00.74 

G 035.79-00.17 

G 036.70+00.09 

G 037.47-00.11 

G 039.10+00.48 

G 045.47+00.13 

G 045.49+00.13 

G 049.03-01.06 

G 049.57-00.38 * 

G 049.60-00.25 

G 069.52-00.97 * 

G 075.76+00.34 

G 078.10+03.64 

G 123.05-06.31 

G 183.34-00.59 

G 189.78+00.34 

G 351.25+00.65 
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��� ɒƚƅƾ;Ȣƛ�
 

����� ɒƚƅƾ�
 
� ȑ 3.1Ȗ;åƩ>ń(5)Rǣ�3ɒƚRɁ�4ȎǫǟɧRʊÁI35 
 

����� Ȣƛ�
 
� ɒƚȢƛRɄ 11>ǿ.5 
 

Ʉ 11˂ɒƚȢƛ5 

Ďªæ ɌȨɿł[km/s] ƤÁóƁ r1[day-1] 

G 351.25+00.65 
−11.11 1 2.4 

−10.35 1 3.1 

 
ɒƚ?Ȣƛ4Ďª G 351.25+00.65? VLSR=−11.11[km/s]ŢÂ; VLSR=−10.35[km/s]ŢÂ
:ȎǫǟɧR 1óƤÁI3527?ŢÂ@<5LI 2017Ŀ 12Ɛ 31Ƈ(MJD:58118)!L
2018Ŀ 1Ɛ 1Ƈ(MJD:58119)>!&9Ć»I9�N5VLSR=−11.11[km/s]ŢÂ>ʙI94
Ć»ƍ:�N 2018Ŀ 1Ɛ 1Ƈ?v�i\dĢł@ 5.5Jy41?ÉƇ:�N 2017Ŀ 12Ɛ
31Ƈ?v�i\dĢł@ 1.8Jy:�635VLSR=−10.35[km/s]ŢÂ>ʙI94Ć»ƍ:�
N 2018Ŀ 1Ɛ 1Ƈ?v�i\dĢł@ 11.8Jy41?ÉƇ:�N 2017Ŀ 12Ɛ 31Ƈ?v
�i\dĢł@ 3.3Jy:�635ø 89@Ƙ�pg�ɐǈ>K69ÞŎGO3 G 
351.25+00.65?ɿłŢÂ);?ƍȚÃŇłĉÏx�im:�N5ø 90>ʭȋƍ;Ć»ƍ
?d{\m�Rǿ.5 
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ø 8932HNAS!<SWRNUO+.)G2 

 
 
 

 
ø 903C0<�F8<!'I%G-2B?6C0<1D?6F8<�5#2A,B "8$9$ VLSR=1
11.11[km/s]ŢÂ; VLSR=110.35[km/s]ŢÂ>ĤœI9�N5 
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��� Ȱģ�
 
� Ďª G 351.25+00.65@ƇȏīRǣ�3�pg�ɐǈ:?ɐǈʶł"ȑ 1Ɣ, ȑ 2Ɣ:
ț 9Ƈ> 1ó4ȑ 3Ɣ, ȑ 4Ɣ:ț 4Ƈ> 1ó:�635ń(5):ĝȯI3ɔȕƅƾ>K6
9ɔȕI3 1Ƈ�3M?ŇłĉÐǞ	r1	?ƍȚÃl�gRɡƞI3Ȣƛ4
VLSR=−10.35[km/s]ŢÂ:ȎǫǟɧR 3óƤÁI3"4ɐǈʶł"¨�(;>ɫôI9Ʋ
Ǽ=Ć»łRĨÁ:#9�=�áȲŖ"�6351(:4ʺȽīRǣ�9ț 1Ƈ 1ó?ʶ
ł:�pg�ɐǈRğƆI3Ȣƛ4VLSR=−11.11[km/s]ŢÂ; VLSR=−10.35[km/s]ŢÂ@
1Ƈ:v�i\dĢł" 2.0³£�>ĆÌ.NŇłĉÏRǿI3(;"ÅƋI351? 
?Ďª@4ʺȽīRǣ�3�pg�ɐǈƔʘ> �9 1Ƈ:v�i\dĢł" 2.0³£�
>ĆÌ.NŇłĉÏ@ɐǈGO=!635�ó?ʺʶł�pg�ɐǈ?Ȣƛ4G 
351.25+00.65@ 1Ƈ:v�i\dĢł" 2.0³£�>ĆÌ.NŇłĉÏĎª:�N(;"
ÅƋI35�Ō?ĭƒ;I9@4Ďª G 351.25+00.65>ĤI9ʺʶł�pg�ɐǈRğ
ƆI4ŇłĉÏ?ǙŐRǀŜǄ%ǯɌI9�%ŒɈ"�N5�
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�� F;H�
 
� ƘǻȌ:@41Ƈ:v�i\dĢł" 2.0³£�>ĆÌ.NĆ»ǟɧ?ƤÁRǜ635
1(:4F/ȎǫǟɧR 1Ƈ:v�i\dĢł" 2.0³£�>ĆÌ.NĆ»ǟɧ;ĝʒǭ
>ĝȯI352012Ŀ 12Ɛ 30Ƈ!L 2017Ŀ 9Ɛ 6Ƈ>!&9ƇȏīRǣ�3�pg�
ɐǈ:ÞŎI3ƍȚÃl�gRǣ�94£�? 3ȉʸ?ƅƾ: 1Ƈ�3M?ŇłĉÐǞR
ɔȕI4ȎǫǟɧRųƞI35 
 
1. ƍȚÃl�g:ʥMä�l�g?ŇłƶRɔȕI9ŎLONƁµ" 2.0£�5 
2. ƍȚÃl�g:ʥMä�l�g?Ňłƶ?ɐǈʘʣƇƁ?ȟ�ƠRɔȕI9ŎLON

Ɓµ" 2.0£�5 
3. ƍȚÃl�g:ʥMä�l�g?ŇłƶRɐǈʘʣƇƁ:Ê69ŎLONƁµ" 2.0

£�5 
 
1?ɔȕƅƾ:ɒƚRɁ63Ȣƛ 37Ďª42?ɔȕƅƾ:ɒƚRɁ63Ȣƛ 3Ďª43?
ɔȕƅƾ:ɒƚRɁ63Ȣƛ 3ĎªRʊÁI35 
 
I!I4(?ɒƚƅƾ>@ 27?ñʷǏ"�N(;"ÅƋI35 
2� ȎǫǟɧƤÁ?ʚµR 2.0>ɖĝI3"4(O>@¥ŜŖ"�MƤÁGO3ŇłĉÏ

"Ǝƴ?ŇłĉÏ>ĤI9Œ/IIȎǫǭ;��ND<?ĉÏǟɧ:�63;@ʜL

=�5 
3� ɐǈʶł"¨�(;>ɫôI9ƲǼ=Ć»łRĨÁ:#9�=�áȲŖ"�N5 
 
2>Ĥ.NżòȔ;I9ư?ɒƚRɁ635 

1Ƈ�3M?ŇłĉÐǞ?ĤƁµRǼǞĉƁ;I3łƁÂĺ"ľý 04Âƀ&'?Ʋɋ
ÂĺN(0, &')>ō�;¤ĝI94łƁÂĺRZWbT�:vUikU�zI9ƺH3
ƪǋ¶ķ&RĂǋ>10&£�>ÂĺRǿ.ĎªRųƞI35ɒƚ?Ȣƛ49ĎªRʊ
ÁI35(OL?Ďª�ɿłŢÂ@Ǝƴ?ŇłĉÏ?ůNȸ�!Lč#%ʂȳI3

ŇłĉÏǟɧRǿI3;ɓ�N5 
 
3>Ĥ.NżòȔ;I9ư?ɐǈRɁ635 

1?ɔȕƅƾ:ɒƚRɁ63ȢƛʊÁI3 37Ďª?�5¨ʶłɐǈĎª 31Ďª>
ĤI4ʺȽīRǣ�3ƵƇ�pg�ɐǈRğƆI35Ƙɐǈ:ÞŎI3l�gRǣ

�9 1Ƈ:v�i\dĢł" 2.0³£�>ĆÌ.NŇłĉÏRǿ.ĎªRųƞI3
Ȣƛ41ĎªRʊÁI35�Ō?ĭƒ;I9@4ƘĎª>ĤI9ʺʶł�pg�ɐ
ǈRğƆI4ŇłĉÏ?ǙŐRǀŜǄ%ǯɌI9�%ŒɈ"�N5 
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� ƘǻȌRʁH4ƘɣƂRāȒ.N>�3M4čĉċ%?ƅ6>ŏÕËRʲ#FI3(;

RőKMŞɥǦI�'F.5 
� ǬǎěƳſŲ>@4f�JŲƥȓRɾ-9ǘǡĘ?ĂǾ!LʫƿĎƂĘ>ȶNF:Ʃ6

=(;Rſ�9ʲ#FI35F34ȵɰ?ǻȌǫɄ?ʤ>@ǫɄ?�ƅJȵɰ?ǻȌ>ʙ

.NTnsVdRƁċ%ʲ#FI35őKMŞɥǦI�'F.5 
� ȗ±ɍÈſŲ>@4Ƈ6?ȵɰ?ǻȌăé>ĤI9Ʃ6=TnsVdRʲ#FI35Ȃ

?ǻȌ>ʙ.N�Ƞ=ɩñ>ĤI9IǵŹ>1I9Â!MJ.%ſ�9ʲ#FI35őK

MŞɥǦI�'F.5 
� ąɭĲÍſ>@4f�:ʫƿĎƂĘ>ʙ.N�ƜRǁǫ>ɦɣI9ʲ#FI35őKM

ŞɥǦI�'F.5 
� ƙİė�ʌƩ4ǻȌï?ʽɀřƩ>@4Ƈȏī?ʃǣ>ʙ.NƩ6=(;Rſ�9ʲ#

FI35ƙİė�ʌƩ@4Ȃ"ȵɰ?ǻȌ?ʁűăéȓ:ʍĬ> ʋʻI3ʤ>�7IÎ

FI9%OFI35ʽɀřƩ@4Ȃ"ʃǣŪň:m�w�"ǫǢI3ʤ>4ƉƓ�ǄČ>

I!!QL/ŏĤœʲ#FI35Ƙň>�M";�)H�FI35 
� ǻȌï?Soon Kang LouƩ@4ȊƦǭ>f�>)ÛÌʲ#4Ȃ35;ǁǫ=ɦɣR�QI
9ʲ#FI35Ȃ?ǻȌ>ʙ.N�Ƞ=ɩñJǳɢ>IǵŹ>ĤœI9ʲ#FI35Ƙň

>�M";�)H�FI35 
� ǻȌĠ?ºɵ:�NǤɸȯǃƩ>@4Ȃ"ǻȌ:Ɂ#ɚF69�3ƍ>�ȧ>ǻȌ¿ġ

>7�9Ȱ�1I9ÎFI9ʲ#FI35Ƙň>�M";�)H�FI35 
� åƔ?ǺĴƛđƩ4©ɀŝƭƩ4İßɨčƩ@4f�:ǁǫ=ɦɣR�QI9ʲ#FI

35Ƙň>�M";�)H�FI35 
� ǻȌĠ?Ōɵ?ǮƩ>@4Ƈ6?Ƈȏīʃǣ>ŸQ69ʲ#FI35Ƙň>�M";�

)H�F.5 
� 3Ŀʘ?ǻȌǢǁRɾ-9Ƙň>ċ%?ƅ6?Ż�"�N(;RğŞȷIFI35ƏŌ
>4ȂR((F:ȱ9Ż�9%O3�ɏ>ŞɥǦI�'F.5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

69 

¡ʕ *� ɒƚĤɧĎª?�Ɏ�
 
� ƘǻȌ:ɒƚI3Ďª?�ɎRɄ 12>ǿ.534I4½ɐǈl�gƁ" 1²F3@ 2
²?Ďª@ʞ�9�N5Ďªæ@Ǩȅ:�M4­�A4G 0.092+06@ G 0.092+0.663:
�N5ŢÂƁ;@ƇȏīRǣ�3�pg�ɐǈ>K69åĝGO3ɌȨɿłŢÂ?Ɓ:�

N5 
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