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³À »ÈÐ

t�èß� 2005�̧� 1�Z4 4{9� �Ð�&³íß� ��;ë�H@/(BOAO)_� BOES(BOao Echelle Spectograph)\�¦ s�6 x
�#�

Machholz(C/2004Q2) K�$í
�̀¦ �'a8£¤
�%i���. s� �7Hë�H\�"f��H Machholz K�$í
_� �¦ì�ríß� ì�rF�g ��«Ñ

\�¦ s�6 x
�#� p�SX���� ì�rF�g���\� �'aô�Ç ���½̈\�¦ Ãº'��
�%i�Ü¼ 9 ���½̈\� s�6 x�)a ì�rF�g���_� ���©� #3�0A��H

4800 ∼ 8100Å %ò
%i�s���. l��>r\� e��~�� Swift-Tuttle K�$í
 Brorsen-Metcalf K�$í
, Austin K�$í
, Õª

o��¦ 122P/de Vico K�$í
_� ��«Ñ[þtõ� q��§ì�r$3��̀¦ 
�%i���. ��Ãº_� p�SX���� ì�rF�g���\� @/ô�Ç "é¶���Óüt

|9��̀¦ ·ú���ÍÇx�¦, s��Qô�Ç ��«Ñ[þt�Ér ·ú¡Ü¼�Ð K�$í
 ���½̈\� e��#Q"f Ä»6 xô�Ç ��«Ñ�Ð �Ö̧6 x|̈c Ãº e���̀¦ ��s	כ

��.

Abstract

We observed Comet Machholz (C/2004Q2) using the BOES (BOao Echelle Spec-

tograph) at the Bohyunsan Observatory on January 4, 2005. We have studied a

wavelength range of 4800 ∼ 8100 Å in order to investigate unidentified spectral

lines in the high-resolution spectra of Machholz. We compared the Machholz spectra

with the high-resolution spectra of previous comets: Swift-Tuttle, Brorsen-Metcalf,

Austin, and 122P/de Vico. We identified many molecular lines, which are previ-

ously unknown; and these identifications will be useful information for studying high-

resolution spectra of future comets.
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1. "e Â]Ø

K�$í
�Ér I��ª�>��� +þA$í
÷&�¦ z���Ér ïß�K�Óüt�Ð ëß�[þt#Q��� ��s�l	כ M:ë�H\� ú́§�Ér ��;ë�H�<Æ��[þt�Ér K�$í
s� I�

�ª�>� �íl�Óüt|9��̀¦ ��t��¦ e�����¦ Òqty��ô�Ç��. ����"f K�$í
 ���½̈_� ÏãÎ�FG&h� 3lq&h��Ér I��ª�>� Òqt$í
 "é¶���_� ½©

"î
s��� ½+É Ãº e����.

K�$í
 C/2004Q2�Ér 2004�̧� 8�Z4 27{9� Donald Machholz\� _�K� µ1Ï|
�÷&#Q Machholz K�$í
Ü¼�Ð "î
"î


÷&%3���. ÅÒl� K�$í
Ü¼�Ð Õª ÅÒl��� 113,465�̧�Ü¼�Ð >�íß�÷&#Q e��Ü¼ 9, "é¶{9�&h�_� ��o���H 4,686AUs��¦ ��H

{9�&h�_� ��o���H 1.205AU, s�d��Ò�¦�Ér 0.995�Ð �íÓüt���\� ����î�r ��"é¶C��̧\�¦ ��t��¦ e����. ��Ht�&h��̀¦ :�xõ�

ô�Ç r�l���H 2005�̧� 1�Z4 4{9� s�%3�Ü¼ 9 {©�r� t�½̈ü<_� ��o���H 0.349AU s�%3���. s� ��Ht�&h� r�l�\�¦ s�6 x


�#� s� ���½̈\� ��6 x�)a �'a8£¤ ��«Ñ\�¦ %3�%3���.

s� �7Hë�H\�"f��H K�$í
_� ½̈$í
 $í
ì�r�̀¦ ���½̈
�l� 0AK� ì�rF�g �'a8£¤�̀¦ Ãº'��
��¦ ��«Ñ\�¦ ì�r$3� 
�%i���. ì�r

F�g�<Æ&h� ì�r$3��Ér "é¶��, ì�r��, s��:r[þt\�"f µ1ÏÒqt
���H y��l� ���Ér [jl�\�¦ ����� ì�rF�g���_� f�̈Ãº, ~½ÓØ�¦ "é¶o�ü<

:£¤$í
�̀¦ s�K�
���HX<�̧ B�Äº ×�æ¹כ
���.

s�����'a8£¤\�"f��H�Ð�&³íß���;ë�H@/_� 1.8mF�g�<Æ}©�"é¶�â
õ� BOES(BOao Echelle Spectograph)\�¦s�6 x


�#� ì�rF�g �'a8£¤�̀¦ 
�%i�Ü¼ 9, S\�1pqô�Ç X<s�'�\�¦ ��«Ñ %�o�
�#� ì�rF�g��� ì�r$3��̀¦ Ãº'��
�%i���. �'a8£¤
�#� %3�

�Ér ì�rF�g���_� ���©� %ò
%i��Ér 3500 ∼ 10000Ås��¦, ��«Ñ %�o�\� ��6 x�)a ���©� %ò
%i��Ér 4800 ∼ 8100Ås���.

ì�rF�g��� 7£x"î
�Ér s�p� ���Ér K�$í
[þt_� �¦ì�ríß� ì�rF�g���[þt�̀¦ ì�r$3�
�#� µ1Ï³ð�)a �7Hë�H��� Brown et al.(1996),

Kim et al.(1997)õ� Cochran & Cochran(2002)_� ��«Ñ\�¦ �ÃÐ�̧
�#� q��§ì�r$3� 
�%i���.

s���� ���½̈\�"f &ñ
o��)a Machholz K�$í
_� ��«Ñ ì�r$3�_� _�_���H ú́§�Ér ì�rF�g���[þt�̀¦ SX����
�%i��¦, q�

�§ì�r$3�\� ��6 x�)a ë�H��³ ��«Ñ[þt ×�æ SX����s� p�q�ô�Ç ���©�%i�%i��̀¦ �Ð¢-a
��¦ e����H &h�s���. s�XO�>� &ñ
o��)a

Machholz K�$í
_� ��«Ñ��H ·ú¡Ü¼�Ð ���½̈÷&#Q|9� ���Ér K�$í
[þt�̀¦ ���½̈
���HX< e��#Q"f ×�æ¹כô�Ç ��«Ñ�� |̈c Ãº

e���̀¦ �Ü¼�Ð	כ l�@/½+É Ãº e����.

2. å¾Ë �	¤

�'a8£¤�©�q��Ð��H�Ð�&³íß���;ë�H@/_� 1.8mF�g�<Æ}©�"é¶�â
õ� BOES\�¦��6 x
�%i��¦,q��§F�g"é¶\���H ThArÏþ�

áÔ\�¦ ��6 x
�%i���. F�g$3�Ä»��H 300µm\�¦ ��6 x
�%i�Ü¼ 9, ì�rF�gì�rK�0px�Ér ��� 30,000 s���.

�'a8£¤�Ér 2005�̧� 1�Z4 4{9� 12:04:35(UT)\� r����
�#� 13:40:14(UT)��t� ���'�� ÷&%3���. �'a8£¤{©�r� K�$í


�Ér 0.349AU_� ��Ht�&h�\� e��%3��¦ µ1ßl���H 7.271px/åLÜ¼�Ð 1200�í �̧Ø�¦�̀¦ ï�r áÔYUe���̀¦ [j�©� %3�#Q 8úx �̧Ø�¦

r�çß��Ér 1r�çß� s�%3���. ¢̧ô�Ç K�$í
 ��«Ñ\�"f t�½̈@/l�\� _�ô�Ç f�̈Ãº���õ� I��ª�ynC_� f�̈Ãº����̀¦ ]j��
�l�

0AK�³ðï�r$í
(SAO62173, G2.5IIa) �'a8£¤�̀¦
�%i�Ü¼ 9,�'a8£¤{©�r�1px/åL�Ér 4.681px/åLs�%3���.�'a8£¤{©�r�±ú�}�

��H ú̈́��¤Ü¼ 9, r��©��Ér ��� 3�í %i���(Lee et al. 2008).

BOES�Ð �'a8£¤�)a ��«Ñ_� ����̂ ���©�%ò
%i��Ér 3800A ∼ 10800Ås�t�ëß�, 4800Å�Ð�� Âúª�Ér ���©�s�����

8100Å�Ð�� |�� ���©� %ò
%i�\�"f��H ±ú��Ér S/N M:ë�H\� s� ���½̈\�"f��H��6 x
�t� ·ú§��¤��.

3. ��z»%iP�

�'a8£¤ ��«Ñ��H Machholz K�$í
õ� ³ðï�r$í
 ��«Ñ, biasü< flat, comparison lamp ��«Ñ�Ð s�ÀÒ#Q4R e��

��. s� ��«Ñ��H IRAF(Image Reduction and Analysis Facility)_� echelle package\�¦ ��6 x
�#� %�o�
�

%i���. ���$� CCD ���%�o� õ�&ñ
�̀¦ z�́r�
�%i���HX<, {9�ìøÍ&h�Ü¼�Ð CCD ���%�o���H �̧!QÛ¼�±p(overscan) �Ð&ñ
,



High-Resolution Spectra of Comet Machholz 489

ÕªaË> 1. Machholz K�$í
õ� ³ðï�r$í
 Û¼&7�àÔ!3�. ����ÉrÒ�o ����Ér K�$í
_� Û¼&7�àÔ!3�s��¦, Ô���ÉrÒ�o ����Ér ³ðï�r$í
_�

Û¼&7�àÔ!3�s���. �©�éß�_� ÕªaË>�Ér t�½̈@/l� f�̈Ãº���_� ���©�\� ú́�2X"f Õª�2; ÕªaË>s��¦, 
�éß�_� ÕªaË>�Ér I��ª� f�̈Ãº���_�

���©�\� ú́�2X"f Õª�2; ÕªaË>s���. #QÖ¼ ô�Ç f�̈Ãº����̀¦ l�ï�rÜ¼�Ð ���©��̀¦ &ñ
§>=
�>� ÷&��� �� Qt� ô�Ç f�̈Ãº���s� #Q�FM��

���©�s� ú́�t� ·ú§��H �¦̀�	כ �̂¦ Ãº e����.

%ò
&h�(bias) �Ð&ñ
, ��2£§|9�(trimming), bad pixel �Ð&ñ
, ÄºÅÒ��� ]j�� 1px�̀¦ ��5g ��{���¦ØÔl�(flat) �Ð&ñ
��

t�\�¦ ú́�ô�Ç��. s� ��� õ�&ñ
�̀¦ ���2; Êê 2	�"é¶ Û¼&7�àÔ!3��̀¦ 1	�"é¶ Û¼&7�àÔ!3�Ü¼�Ð i(v��¤Ü¼ 9, ì�ríß��'a>� ���&ñ


�Ér �̂�y©����õ� s�#î
ô=(2004)�̀¦ s�6 x
�%i���. s�Êê ·ú¡_� õ�&ñ
�̀¦ ��5g"f ���:r K�$í
õ� ³ðï�r$í
 Û¼&7�àÔ!3�_�

���5Åq����̀¦ ]j��
��¦ ]j��ô�Ç FITS(Flexible Image Transport System) ��{9��̀¦ �̧¿º %7�Û¼àÔ ��{9��Ð ���

8̈�K� ÅÒ��H ���\O��̀¦ 
�%i���.

0A_� ��«Ñ%�o� ~½ÓZO��Ér ���7£x ÷&#Q ³ðï�r�o�)a BOES ��«Ñ%�o� ~½ÓZO�s�t�ëß� ��6£§\� l�Õüt½+É K�$í
��«Ñ

\�"fK�$í
�¦Ä»_�Û¼&7�àÔ!3��̀¦%3���Hõ�&ñ
�Ér�¾ÓÊêK�$í
,'��$í
,�è'��$í
,0A$í
,²ú�1px'��$í
>�Óüt�̂_� BOES

�'a8£¤��«Ñ %�o� ~½ÓZO�\� Ä»6 x
�Ù¼�Ð q��§&h� ��[jy� l�Õüt
��¦�� ô�Ç��.

IRAF�Ð X<s�'� %�o�ô�Ç Machholz K�$í
_� Û¼&7�àÔ!3�\���H K�$í
_� �¦Ä»_� ì�rF�g ½̈�̧ü< ìøÍ���)a I��ª�

F�g���_� Û¼&7�àÔ!3��̧ �í�<Ê÷&#Q e���¦, t��©��'a8£¤�̀¦ 
�%i�l� M:ë�H\� t�½̈@/l� f�̈Ãº���[þt�̧ �í�<Ê÷&#Q e����.

³ðï�r$í
 X<s�'�\��̧ ³ðï�r$í
 ���̂_� Û¼&7�àÔ!3�õ� t�½̈@/l� f�̈Ãº���[þts� �í�<Ê÷&#Q e����. {9�ìøÍ&h�Ü¼�Ð K�

$í
 �¦Ä»_� Û¼&7�àÔ!3��̀¦ %3�l� 0AK�"f��H K�$í
 Û¼&7�àÔ!3��̀¦ ³ðï�r$í
 Û¼&7�àÔ!3�Ü¼�Ð ��¾º#Q ÅÒ#Q t�½̈@/l�

ü< I��ª�F�g���\� _�ô�Ç f�̈Ãº���[þt�̀¦ ]j��K� ÅÒ#Q�� 
�t�ëß� ��A�\� l�Õüt�)a #��Q õ�&ñ
\� ���u���H ���\O��̀¦ ��

5g�� ô�Ç��. s�[þt õ�&ñ
�Ér �̧¿º IDL(Interface Definition Language) áÔ�ÐÕªÏþ��̀¦ s�6 x
�%i���.

ÕªaË> 1\�"f��H {9�éß� ³ðï�r�o�)a ��«Ñ%�o� s�Êê %3�#Q��� K�$í
 Û¼&7�àÔ!3�õ� ³ðï�r$í
 Û¼&7�àÔ!3��̀¦ �Ð#�ÅÒ
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ÕªaË> 2. Kitt Peak ��«Ñ�Ð í�HÃºô�Ç I��ª� Û¼&7�àÔ!3��̀¦ ½̈
���H õ�&ñ
(1). �©�éß� ÕªaË>_� ����Ér ����Ér FTS(Fourier

Transfer Spectrometer) Solar Spectral Atlases ��«Ñs��¦, Ô���Ér ����Ér Kitt Peak_� Transmission of the Earth’s

Atmosphere ��«Ñs���. 
�éß� ÕªaË>�Ér �©�éß� ÕªaË>_� FTS ��«Ñ\�¦ @/l� transmission ��«Ñ�Ð ��¾º#Q t�½̈f�̈Ãº����̀¦

]j��ô�ÇI��ª�Û¼&7�àÔ!3�s���. Õª�Q��ÕªaË>\�"f�Ð1pwt�½̈@/l�f�̈Ãº���s�y©�
�>���������H%ò
%i�\�"f��Ht�½̈f�̈Ãº���_�

¢-a���ô�Ç ]j���� #Q§>���.

�¦ e����. ÕªaË> 1 ×�æ �©�éß�_� ÕªaË>\�"f ����ÉrÒ�o ���s� K�$í
_� �'a8£¤ Û¼&7�àÔ!3�s��¦ Ô���ÉrÒ�o ����Ér ³ðï�r$í
_�

�'a8£¤ Û¼&7�àÔ!3�s���. ÕªaË> 1_� �̧�ÉrAá¤\� �Ðs���H y©�ô�Ç f�̈Ãº���[þt�Ér t�½̈@/l�\� _�ô�Ç f�̈Ãº���[þt���X< '��$í


õ� ³ðï�r$í
_� Û¼&7�àÔ!3�\�"f �̧¿º �������¦ f�̈Ãº���[þt_� ���©�s� {9�u�
���H �¦̀�	כ �̂¦ Ãº e����. Õª�Q�� Õª

aË> 1_� �©�éß� ÕªaË>\�"f ¢,aAá¤\� ��������H f�̈Ãº���[þt�Ér I��ª� �¦Ä»_� f�̈Ãº���[þt ���X< f�̈Ãº��� ���©�s� "f�Ð

ú́�t� ·ú§��H �¦̀�	כ �̂¦ Ãº e����. ÕªaË> 1_� 
�éß� ÕªaË>\�"fü< °ú s� I��ª�f�̈Ãº��� ���©�\� {9�u�r�v���� t�½̈f�̈Ãº

���[þts� "f�Ð ú́�t� ·ú§>� �)a��. ����"f t�½̈ f�̈Ãº���õ� I��ª� f�̈Ãº����̀¦ 1lxr�\� ]j��
�l��� jËµ[þtÙ¼�Ð K�

$í
 �¦Ä»_� Û¼&7�àÔ!3��̀¦ %3�l� 0AK�"f��H �'a8£¤ô�Ç K�$í
 Û¼&7�àÔ!3�\�"f I��ª�õ� t�½̈@/l� f�̈Ãº����̀¦ ��6£§õ�

°ú �Ér ~½ÓZO�Ü¼�Ð ���Ð���Ð ]j��K���ëß� Ùþ¡��.

I��ª�F�g���\�_�ô�ÇÛ¼&7�àÔ!3��̀¦]j��
�l�0AK� Kitt Peak\�e����H National Solar Observatory(NSO)

\�"f ]j/BN
���H I��ª� Û¼&7�àÔ!3��̀¦ ½̈
�#� ��«Ñ\�¦ %�o�
���HX< ��6 x
�%i���. s� X<s�'���H Kitt Peak ��;

ë�H@/(KPNO)\�"f �'a8£¤
�#� ]j/BN
���H X<s�'��¦ http://diglib.nso.edu/ftp.html\�"f %3��̀¦ Ãº e����. s�

X<s�'���H FTS(Fourier Transfer Spectrometer) Solar Spectral Atlasesü< Transmission of the Earth’s

Atmosphere from Kitt PeakÜ¼�Ð ½̈$í
÷&#Q e����HX<, I��ª� X<s�'�\���H t�½̈ @/l� Û¼&7�àÔ!3��̧ �í�<Ê÷&#Q

e����H ��s�%3�l	כ M:ë�H\� s� ¿º >h_� X<s�'�\�¦ s�6 x
�#� I��ª�F�g��� �¦Ä»_� Û¼&7�àÔ!3��̀¦ %3�%3���. 7£¤, ÕªaË>
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ÕªaË> 3. Kitt Peak��«Ñ�Ðí�HÃºô�ÇI��ª�Û¼&7�àÔ!3� ½̈
���Hõ�&ñ
(2). ÕªaË> 2_�
�éß�ÕªaË>\�"f¢-a���y�]j��÷&t�·ú§��¤~��

I��ª� Û¼&7�àÔ!3� ×�æ y©�ô�Ç t�½̈@/l� f�̈Ãº��� %ò
%i��Ér s� ÕªaË>_� 
�éß� ÕªaË>%�!3� Ä»ò́
�t� ·ú§�Ér ��«Ñ�Ð %�o�
�%i���.

2_� �©�éß� ÕªaË>\� �Ð#�ÅÒ��H FTS I��ª� ��«Ñ\�¦ @/l� transmission ��«Ñ�Ð ��¾º#Q ÕªaË> 2_� 
�éß�ÕªaË>\�

"f �Ð#�ÅÒ��H t�½̈f�̈Ãº����̀¦ ]j��ô�Ç I��ª� Û¼&7�àÔ!3��̀¦ %3�%3���. Õª�Q�� ÕªaË> 2\�"f �Ð1pw t�½̈@/l� f�̈Ãº

���s� y©�
�>� ��������H %ò
%i�\�"f��H t�½̈ f�̈Ãº���_� ¢-a���ô�Ç ]j���� #Q§>���. ����"f ÕªaË> 3\�"f �Ð#�ÅÒ

1pw t�½̈ @/l� f�̈Ãº���s� ��ÅÒ y©�ô�Ç ���©� %ò
%i��Ér Ä»ò́ô�Ç &ñ
�Ð\�¦ %3��̀¦ Ãº \O�%3�l� M:ë�H\� s� ���½̈\�"f��H

��6 x
�t� ·ú§��¤��. t�½̈ f�̈Ãº���s� y©�ô�Ç %ò
%i�[þt�Ér ����̂ ���©�%ò
%i�\� q�K� B�Äº a%v�Ér ���©� @/%i�s��� s�

ÂÒì�r�̀¦ ��6 x½+É M:��H ÅÒ_�\�¦ .��¹ô�Çכ

ÕªaË> 4��H 0A\�"f %3��Ér í�HÃºô�Ç Kitt Peak I��ª� Û¼&7�àÔ!3��̀¦ s�6 x
�#� t�½̈ f�̈Ãº���s� ]j���)a K�$í


Û¼&7�àÔ!3�\�"f I��ª� f�̈Ãº����̀¦ ]j��
��¦ K�$í
 �¦Ä»_� Û¼&7�àÔ!3��̀¦ ½̈
���H õ�&ñ
�̀¦ �����·p ÕªaË>s���. Õª

aË> 4 �©�éß� ÕªaË>_� Ô���ÉrÒ�o ����Ér ÕªaË> 3 
�éß�\� �Ð#�ï�r °ú �Ér Kitt Peak I��ª� Û¼&7�àÔ!3�s��¦, s�\�¦ s�6 x


�#� ÕªaË> 4 
�éß�\� �Ð#�ÅÒ��H K�$í
_� �¦Ä»ô�Ç Û¼&7�àÔ!3��̀¦ ½̈
�%i���.

K�$í
 Û¼&7�àÔ!3�õ� Kitt Peak I��ª� Û¼&7�àÔ!3��̀¦ ��t��¦ ��«Ñ %�o�
���H õ�&ñ
\�"f ¿º X<s�'�_� ì�rK�

0px_� 	�s��Ð ���ô�Ç ���©�s� "f�Ð {9�u� 
�t� ·ú§��H ÂÒì�r�Ér &h�{©�ô�Ç convolutionõ� interpolation ~½ÓZO��̀¦ ��

6 x
�#� %�o� 
�%i��¦ f�̈Ãº���_� [jl�ü< ;�¤ ¢̧ô�Ç smoothing�̀¦ ��6 x
�#� ���©� ú̧� ú́�2X"f ]j��K� ÅÒ%3���.

4. UêsûsÚ�ÒÅ ½�ÊßÃÅ

0Aü< °ú s� %3�#Q�·p K�$í
 �¦Ä»_� Û¼&7�àÔ!3��Ér ë�H��³\� ����èß� ��r�F�g��� %ò
%i� �¦ì�ríß� ì�rF�g ��«Ñ[þt,

7£¤ Austin K�$í
_� 3799 ∼ 8552Å_� ��«Ñ(Kim et al. 1997)ü< Brown et al.(1996)_� Swift-Tuttleõ�



492 Hwang et al.

ÕªaË> 4. Kitt Peak ��«Ñ�Ð %3��Ér í�HÃºô�Ç I��ª� ��«Ñ\�¦ K�$í
 ��«Ñ%�o�\� &h�6 x. �©�éß�_� ÕªaË>\�"f Ô���ÉrÒ�o ����Ér Kitt

Peak ��«Ñ�Ð %3��Ér í�HÃºô�Ç I��ª� ��«Ñ(ÕªaË> 3 
�éß� Û¼&7�àÔ!3�õ� 1lx{9�)s��¦ ����ÉrÒ�o ���s� Machholz K�$í
_� ��«Ñs���.


�éß� ÕªaË>_� ��� %ò
%i��Ér y©�ô�Ç t�½̈@/l� f�̈Ãº���Ü¼�Ð ���
�#� Ä»ò́
�t� ·ú§�Ér %ò
%i�s���.

Brorsen-Metcalf K�$í
_� 3800 ∼ 9900Å_� ��«Ñ, Õªo��¦ Cochran & Cochran(2002)_� de Vico K�$í
_�

3830 ∼ 10192Å_� ��«Ñü< �<Êa� ì�rK�0px #3�0A îß�\�"f SX����
� 9 q��§ì�r$3� 
�%i���. t���� �'a>��©� q��§ ì�r

$3�%�o��)a 4800 ∼ 8100Å���©�%ò
%i� �̧¿º\�¦�Ð#�×�¦Ãº\O��¦Õª×�æô�Ça%v�Ér���©�%ò
%i�(5090 ∼ 4210Å)�̀¦

\V�Ð [þt#Q ÕªaË> 5\� �Ð#� ÅÒ%3���. ��� ���©� %ò
%i�\� @/ô�Ç q��§ì�r$3� ���õ���H http://padra.khu.ac.kr/\�"f

%3��̀¦ Ãº e����.

Swift-Tuttle K�$í
õ� Brorsen-Metcalf K�$í
, de Vico K�$í
_� ��«Ñ��H ���©�õ� "é¶���Óüt|9��̀¦ ·ú���?/��H

X<, Õªo��¦ Austin K�$í
��«Ñ��H ���©�õ� [jl�\�¦ q��§
���H X< ��6 x
�%i���. ~½ÓØ�¦��� SX���� ���\O��Ér q��§ ��

«Ñ_� ���©�õ� Machholz K�$í
 ì�rF�g���_� ���©�õ�_� 	�s�\�¦ ì�rK�0px #3�0A îß�\�"f SX����
�#� &ñ
o�
�%i���. ì�r

F�g���_� [jl���H normalized continuum�̀¦ l�ï�rÜ¼�Ð ô�Ç �©�@/ [jl�s���.

Machholz K�$í
_� ��«Ñü< ���Ér K�$í
[þt_� ��«Ñü< q��§
�#�, Austin K�$í
õ� de Vico K�$í
_� ��«Ñ ×�æ

\� ¾º|ÃÌ÷&#Q e����H ���©�%ò
%i�\� @/ô�Ç ~½ÓØ�¦���[þt�̀¦ &h����
�%i���. q��§ì�r$3��̀¦ :�xK� &ñ
o�ô�Ç 4800 ∼ 8100Å

%ò
%i�_� �̧��H ~½ÓØ�¦����Ér ���©�õ� "é¶���Óüt|9��Ð &ñ
o�
�%i���. ��«Ñ %�o�ô�Ç ��� ���©�@/\�"f Machholz K�$í
_�

~½ÓØ�¦����Ér @/ÂÒì�r C2, NH2, CN, H2O
+\� _�ô�Ç �:s�%3���(\V	כ ÕªaË> 5). s���� ���½̈\�"f ÆÒ���Ð SX�����)a ~½Ó

Ø�¦���×�æ MachholzK�$í
_���«Ñ\���H�>rF�
��� AsutinK�$í
\�"f\O���H~½ÓØ�¦���[þt�Ér 284>h(³ð 1), de Vico

K�$í
\�"f \O���H ~½ÓØ�¦���[þt�Ér 53>hs���(³ð 2). Austin K�$í
\� \O���H 284>h_� ~½ÓØ�¦���×�æ 231>h_� ~½ÓØ�¦����Ér
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ÕªaË> 5. Machholz K�$í
 ì�rF�g���\� @/ô�Ç q��§ SX���� ���\O�s� =åQèß� ô�Ç \V.

de Vico K�$í
_� ��«Ñ�ÐÂÒ'� SX����s� ÷&%3��¦, 53>h_� ~½ÓØ�¦���[þt�Ér ��f�� SX����÷&t� ·ú§�Ér ~½ÓØ�¦���[þts���. ³ð

1õ� 2\�"f p�SX���� ì�rF�g���[þt\� @/K�"f��H ‘unid’�Ð ³ðr�
�%i���.

ÅÒ�Ð �©����©� %ò
%i�\�"f ��������H OH ~½ÓØ�¦���[þts� Machholz K�$í
_� ��«Ñ\� �>rF�
���Ht�\� @/ô�Ç �̧

���̧ ���'�� 
�%i���. t�½̈@/l�_� OH ~½ÓØ�¦���\� �'aô�Ç ��«Ñ��H Rousselot et al.(2000)õ� Osterbrock et

al.(2000) ��«Ñ\�¦ s�6 x
�%i���. �'a8£¤ ��«Ñ\� ����èß� OH ~½ÓØ�¦���[þt\� @/K�"f t�½̈@/l�\� _�ô�Ç ~½ÓØ�¦������

t� K�$í
\�"f µ1ÏÒqt�)a ~½ÓØ�¦������t�\�¦ ��6£§õ� °ú �Ér ~½ÓZO�Ü¼�Ð SX����
�%i���. Machholz K�$í
�Ér �'a8£¤{©�r� r�

���~½Ó�¾ÓÜ¼�Ð –1.29km/s_� 5Åq�̧�Ð B�Äº Ö¼§4�l� M:ë�H\� ~½ÓØ�¦���_� �̧e�¦�Q s�1lx�Ér SX����s� #Q�9�°?��. K�

$í
õ� ³ðï�r$í
 �'a8£¤ ��«Ñ�ÐÂÒ'� ����èß� t�½̈@/l�_� OH ~½ÓØ�¦���_� ]X�@/ [jl�\�¦ ³ðï�r$í
õ� K�$í
_� ì�rF�g

����̀¦ &ñ
½©�o
�l� ������ �'a8£¤{©�r�_� [jl��Ð q��§
�%i���. s�\�¦ :�xK�"f K�$í
 ì�rF�g���\�"f �Ðs���H OH ~½Ó

Ø�¦���_� 0Au��� ³ðï�r$í
\�"f�̧ 1lx{9�
�>� ��������Ht� SX����
�%i���. ëß���� K�$í
 Û¼&7�àÔ!3�\� ����èß� ~½ÓØ�¦

���s� t�½̈ @/l�\� _�ô�Ç OH ~½ÓØ�¦���s������ K�$í
õ� ³ðï�r$í
\� 1lxr�\� �>rF�K��� 
�l� M:ë�Hs���. OH ~½Ó

Ø�¦���_� �>rF� Ä»Áº\�¦ 1lx{9�ô�Ç ���©�%ò
%i�\�"f q��§ 
�l�0AK�"f ¿º ì�rF�g���s� ��������H %ò
%i��̀¦ t�½̈ @/l�

f�̈Ãº����̀¦ l�ï�rÜ¼�Ð {9�u�r�(����. K�$í
Û¼&7�àÔ!3�\� ��������H OH ~½ÓØ�¦���s����¦ _�d�� ÷&��H ���©�0Au�\�

³ðï�r$í
 Û¼&7�àÔ!3�\�"f��H #Q*�ô�Ç +þAI�_� ~½ÓØ�¦����̧ µ1Ï|
�½+É Ãº \O������, s� ~½ÓØ�¦���s� K�$í
 �¦Ä»_� OH ~½Ó

Ø�¦���{9� ��0px$í
s� Z�}��. s�XO�>� OH ~½ÓØ�¦���s����¦ _�d��÷&��H ~½ÓØ�¦���[þt�Ér 7340.8Å, 7358.5Å, 7369.4Å,

7716.9Å, 7750.5Å, 7794.1Å, 7964.5Å, 7993.3ÅÜ¼�Ð 8>hs���. Õª�Q�� Äºo���H s� ~½ÓØ�¦���[þts� OH\� l�

���ô�Ç �¦����s	כ SX�&ñ
&h� ����:r ?/o�l�\���H �'a8£¤ ��«Ñ�� p�f�̈
�����H Òqty��s���. ����"f ³ð 1, 2\���H s�[þt



494 Hwang et al.

³ð 1. Austin K�$í
\� \O���H Machholz K�$í
_� ~½ÓØ�¦���(284>h).

���©�, Machholz(Å) �©�@/ [jl� "é¶��� Óüt|9� ���©�, Machholz(Å) �©�@/ [jl� "é¶��� Óüt|9�

4864.6977 1.35 C2 5417.9546 1.74 C2

4864.7454 1.34 C2 5418.8321 1.43 C2

4866.2478 1.27 unid 5419.0715 1.44 C2

4866.844 1.44 unid 5419.4438 1.17 NH2

4905.7582 1.20 C2 5464.3053 1.52 C2

4906.6738 1.45 C2 5465.1393 1.20 NH2

4946.3329 2.06 C2 5467.3721 1.21 C2

4950.5697 1.24 C2 5469.2014 1.26 C2

4951.4219 1.63 C2 5472.6179 1.44 C2

4991.2914 1.36 C2 5521.3068 1.11 C2

4992.3249 1.74 C2 5521.4973 1.15 NH2

4994.5643 1.20 C2 5523.1577 1.22 NH2

4994.6135 1.18 C2 5524.0015 1.19 C2

5033.6268 1.35 C2 5524.4915 1.09 C2

5034.2084 1.31 C2 5524.7364 1.10 C2

5035.6849 1.42 C2 5573.5406 1.16 C2

5037.3091 1.27 unid 5574.8744 1.12 C2

5037.7028 1.91 unid 5575.4460 1.25 C2

5038.4165 1.15 unid 5576.1264 1.40 C2

5038.5641 1.15 unid 5577.3513 4.03 C2

5077.5928 1.51 C2 5578.6578 1.30 C2

5077.8364 1.28 C2 5582.3052 1.28 C2

5078.3339 1.49 C2 5625.5725 2.08 C2

5079.9009 2.35 C2 5626.7845 1.21 C2

5080.2988 1.25 C2 5627.9965 1.25 C2

5081.7664 1.52 C2 5629.0156 1.14 C2

5082.2141 1.25 C2 5630.0348 1.25 NH2

5082.9851 1.84 C2 5631.7976 1.26 C2

5083.1593 1.51 C2 5632.4587 1.27 C2

5083.9303 1.01 C2 5633.1748 1.31 C2

5084.0298 1.02 C2 5633.7533 1.43 C2

5122.7685 1.57 C2 5634.2491 1.30 C2

5123.1205 1.18 C2 5634.8826 1.78 C2

5123.7491 1.68 C2 5635.1580 1.99 C2

5123.9754 1.56 C2 5682.3334 2.05 NH2

5125.1823 2.00 C2 5687.7138 1.86 NH2

5125.4337 1.17 C2 5692.5087 1.14 NH2

5126.6406 1.54 C2 5692.9269 1.55 NH2

5127.1686 1.59 C2 5693.3451 2.15 NH2

5127.6464 1.27 C2 5693.5681 3.45 NH2

5128.1744 1.92 C2 5741.2036 4.12 NH2

5128.4258 1.69 C2 5868.7443 1.16 NH2

5129.5573 1.96 C2 5915.0869 1.15 NH2

5175.3255 1.16 unid 5917.6905 1.15 NH2

5175.5289 1.13 unid 5928.0178 1.29 NH2

5318.0321 2.28 unid 5931.0552 1.20 NH2

5362.1509 1.18 C2 5976.3946 5.84 unid

5362.2561 1.15 C2 5976.8633 2.14 unid

5366.4623 1.21 unid 5977.2149 2.47 unid

5366.7777 1.19 C2 5983.2206 1.09 NH2

5371.8777 1.28 C2 5984.5975 2.71 NH2

5416.9707 1.42 NH2 6039.1786 1.65 NH2
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³ð 1. >� 5Åq

���©�, Machholz(Å) �©�@/ [jl� "é¶��� Óüt|9� ���©�, Machholz(Å) �©�@/ [jl� "é¶��� Óüt|9�

6048.9413 1.16 NH2 6836.4179 1.23 NH2

6108.8484 1.63 C2 6840.0776 1.10 unid

6109.9907 1.62 C2 6847.1955 1.10 NH2

6238.6369 1.13 NH2 6847.5984 1.11 NH2

6245.6639 1.33 unid 6848.2363 1.18 unid

6245.5817 1.24 unid 6848.5385 1.33 unid

6308.7570 1.03 unid 6849.1764 1.07 unid

6309.4361 1.09 unid 6850.0494 1.09 NH2

6310.7635 1.20 unid 6856.0593 1.16 NH2

6312.6773 1.55 NH2 6858.9468 1.09 unid

6317.7706 1.18 NH2 6859.2825 1.15 unid

6318.6349 1.30 NH2 6912.1236 1.23 unid

6319.2214 1.14 NH2 6927.2181 1.39 CN

6320.3635 1.26 NH2 6931.4432 1.08 unid

6320.7957 1.44 NH2 6932.2269 1.69 unid

6322.4009 1.22 NH2 6932.8743 1.21 unid

6326.9694 1.09 NH2 6937.3379 1.40 unid

6447.9888 1.16 unid 6939.3823 1.12 unid

6468.2582 1.11 NH2 6941.7675 1.30 unid

6470.1931 1.20 NH2 6942.6534 1.15 unid

6470.6055 1.25 NH2 6943.8119 1.09 unid

6521.8962 1.14 unid 6943.9141 1.12 unid

6533.1859 1.17 NH2 6987.8006 1.08 H2O
+

6534.0222 1.35 unid 6988.0051 1.11 unid

6537.0135 1.21 NH2 6990.9694 1.26 H2O
+

6598.7692 1.19 C2 6993.4568 1.08 NH2

6599.2516 1.12 unid 7000.815 1.27 unid

6600.2809 1.83 unid 7002.7865 1.58 unid

6601.2780 1.32 NH2 7010.5339 1.17 NH2

6604.3658 1.16 NH2 7011.9174 1.75 NH2

6614.3788 1.10 unid 7014.6152 1.10 unid

6617.9345 4.34 NH2 7017.3476 1.09 unid

6618.6196 1.77 NH2 7017.7972 2.43 NH2

6619.2394 1.85 NH2 7023.8845 1.30 NH2

6671.7594 1.55 NH2 7027.7236 1.62 unid

6674.3039 1.24 NH2 7027.9657 1.52 NH2

6675.9676 1.13 unid 7028.8996 1.22 NH2

6676.8483 1.12 unid 7074.3122 1.36 unid

6677.5660 1.23 NH2 7075.7994 1.08 unid

6677.9248 1.07 unid 7076.2144 1.15 unid

6682.1982 1.33 NH2 7264.442 1.49 unid

6750.0913 1.89 NH2 7264.9769 1.31 unid

6750.3561 1.24 NH2 7276.4245 1.20 C2

6754.5586 2.07 NH2 7276.7811 1.12 unid

6754.8234 1.42 NH2 7291.4739 1.11 CN

6764.850 1.20 NH2 7292.5438 1.94 unid

6766.3722 1.08 NH2 7346.1782 1.06 NH2

6767.8944 1.31 NH2 7346.5405 1.08 C2

6830.7773 1.10 NH2 7347.2288 1.83 NH2

6831.7846 1.31 NH2 7348.2431 1.84 NH2

6832.4225 1.16 unid 7349.2936 1.16 NH2

6833.8326 1.17 unid 7350.1268 1.33 NH2
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³ð 1. >� 5Åq

���©�, Machholz(Å) �©�@/ [jl� "é¶��� Óüt|9� ���©�, Machholz(Å) �©�@/ [jl� "é¶��� Óüt|9�

7358.0964 1.07 unid 7873.3577 1.17 CN

7358.6038 1.10 unid 7874.0538 1.17 CN

7359.6179 1.32 NH2 7874.9045 1.18 CN

7360.4511 1.34 NH2 7876.0259 1.09 CN

7369.2901 1.07 CN 7877.3407 1.13 unid

7375.6295 1.92 unid 7878.8875 1.14 unid

7376.3178 1.89 unid 7880.3957 1.10 unid

7392.4019 1.12 unid 7880.7824 1.08 unid

7394.1769 1.15 unid 7882.3292 1.13 unid

7394.6841 1.15 unid 7883.4119 1.86 unid

7446.8487 1.77 H2O
+ 7883.6053 1.44 unid

7462.3574 1.18 NH2 7884.4947 1.18 unid

7464.6763 1.14 C2 7885.7708 1.14 unid

7465.2652 1.13 unid 7886.8536 1.16 unid

7466.5166 1.29 H2O
+ 7889.3285 1.33 unid

7467.7681 1.15 H2O
+ 7892.1127 1.18 unid

7538.6214 1.12 unid 7894.2009 1.21 unid

7542.3021 1.15 unid 7894.7423 1.10 unid

7583.5431 1.27 unid 7895.2837 1.20 unid

7585.7876 1.34 unid 7897.7972 1.07 unid

7743.4075 1.14 unid 7898.532 1.23 unid

7747.0963 1.43 unid 7900.6588 1.10 unid

7750.6710 1.33 NH2 7901.8963 1.19 unid

7752.1921 1.12 NH2 7904.3325 1.15 unid

7753.6372 1.21 unid 7904.7966 1.15 unid

7761.1668 1.11 NH2 7905.6473 1.20 unid

7763.4485 1.26 NH2 7908.2382 1.09 unid

7763.9049 1.09 NH2 7908.6636 1.21 unid

7771.0162 1.55 NH2 7909.0116 1.24 unid

7773.6782 1.08 NH2 7964.6951 1.23 unid

7778.2796 1.27 NH2 7977.8720 1.13 NH2

7783.0712 1.21 unid 7978.3440 1.09 CN

7783.6036 1.46 NH2 7979.8781 1.13 CN

7794.1755 1.25 unid 7980.2714 1.12 NH2

7860.4418 1.25 NH2 7983.9295 1.42 NH2

7861.5246 1.13 NH2 7992.4257 1.23 NH2

7866.3971 1.20 NH2 7993.4090 1.19 unid

7872.8936 1.26 CN 8004.5799 1.12 NH2

~½ÓØ�¦���[þt�̀¦ ³ðr�
�t� ·ú§��¤��.

5. +sÇ Â]Ø

s� �7Hë�H\�"f��H Machholz K�$í
�̀¦ �Ð�&³íß� ��;ë�H@/_� BOES�Ð �'a8£¤
�#� 4800 ∼ 8100Å %ò
%i�\�"f �¦

ì�ríß� Û¼&7�àÔ!3��̀¦ %3�#Q ?/%3���. l��>r_� ��r�F�g��� %ò
%i� �¦ì�ríß� ì�rF�g���½̈ ��«Ñ[þt��� Kim et al.(1996)_�

Austin K�$í
_� 3799 ∼ 8552Å, Brown et al.(1996)_� Swift-Tuttle K�$í
, Brorsen-Metcalf K�$í
_�

3800 ∼ 9900Å ��«Ñ Õªo��¦, Cochran & Cochran(2002)_� de Vico K�$í
_� 3830 ∼ 10192Å ��«Ñ[þt�̀¦

��t��¦ q��§ì�r$3� 
�%i���.

��«Ñ %�o�ô�Ç ���©�@/\�"f Machholz K�$í
_� ~½ÓØ�¦����Ér @/ÂÒì�r C2, NH2, CN, H2O
+\� _�ô�Ç ��s�%3	כ
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³ð 2. de Vico K�$í
\� \O���H Machholz K�$í
_� ~½ÓØ�¦���(53>h).

���©�, Machholz(Å) �©�@/ [jl� "é¶��� Óüt|9� ���©�, Machholz(Å) �©�@/ [jl� "é¶��� Óüt|9�

5976.3946 5.84 unid 7747.0963 1.43 unid

5976.8633 2.14 unid 7877.3407 1.13 unid

5977.2149 2.47 unid 7878.8875 1.14 unid

6308.7570 1.03 unid 7880.3957 1.10 unid

6309.4361 1.09 unid 7880.7824 1.08 unid

6310.7635 1.20 unid 7882.3292 1.13 unid

6931.4432 1.08 unid 7883.4119 1.86 unid

6932.2269 1.69 unid 7883.6053 1.44 unid

6932.8743 1.21 unid 7884.4947 1.18 unid

6937.3379 1.40 unid 7885.7708 1.14 unid

6939.3823 1.12 unid 7886.8536 1.16 unid

6941.7675 1.30 unid 7889.3285 1.33 unid

6942.6534 1.15 unid 7892.1127 1.18 unid

6943.8119 1.09 unid 7894.2009 1.21 unid

6943.9141 1.12 unid 7894.7423 1.10 unid

7074.3122 1.36 unid 7895.2837 1.20 unid

7075.7994 1.08 unid 7897.7972 1.07 unid

7076.2144 1.15 unid 7898.532 1.23 unid

7358.6038 1.10 unid 7900.6588 1.10 unid

7375.6295 1.92 unid 7901.8963 1.19 unid

7376.3178 1.89 unid 7904.3325 1.15 unid

7392.4019 1.12 unid 7904.7966 1.15 unid

7394.1769 1.15 unid 7905.6473 1.20 unid

7394.6841 1.15 unid 7908.2382 1.09 unid

7538.6214 1.12 unid 7908.6636 1.21 unid

7542.3021 1.15 unid 7909.0116 1.24 unid

7743.4075 1.14 unid

��. Austin K�$í
õ� q��§\�"f Dh�Ð SX�����)a 284>h_� ~½ÓØ�¦����̀¦ ³ð 1\� &ñ
o�
�%i��¦, de Vico K�$í
\�"f \O�

��H ~½ÓØ�¦���[þt�Ér 53>hs���(³ð 2). K�$í
_� OH\� _�ô�Ç ��9}	כ ��0px$í
s� e����H 8>h_� ~½ÓØ�¦����̧ SX����
�%i���.
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o��)a Machholz K�$í
_� ~½ÓØ�¦��� ��«Ñü< ���Ér K�$í
[þt_� q��§ ��«Ñ��H ·ú¡Ü¼�Ð K�$í
 ���
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