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#q�ƒ�Ë�– (general relativistic magnetohydrodynamics, GRMHD) �é0;	ë�ÿF -(�)Aê�W�ç#q


��4	jLtF�,´#q�ƒ�Ø�Ë�–�ÈB��é0;	q�6�=�r�È�˜M’@��À�•"�E³
 Lî�ÄF��¤�•�È� �l Q��,´��



1 �O "¸)¹)â�È1y�Ö�4+e�O3+�ç#q�ö-$�j�f.D0¦F��… 211 �O "¸)¹)â�È1y�Ö�4+e�O3+�ç#q�ö-$�j�f.D0¦F��… 211 �O "¸)¹)â�È1y�Ö�4+e�O3+�ç#q�ö-$�j�f.D0¦F��… 21

FO
��…�¯�ÇB�.D0¦
��@
�7-
[31, 34]

�È�²�£�¾�j.ñ	F�ç#q,´@��À
[35]

�È�v�)�¾2Â�€�ÐFO
¼7-Gÿ6G

�“,´E÷0;��	ú�³��
X�ç#q�],´�Œ+X8#�ú�ý�Z�9�>.ž,´5�Aê
[36–39]

�Ä

(2) �ç#q�]Gý?±,´(™*6E÷0;#¹	ú�`�=
<,´0ªL$�j�Ö�Ä-��}�£�¾�ç#q�’�@,´*6Aê Q
» (BZ


¼BP  Q
» )
[7, 22]

AÔ�j�È�ç#q+a�j.ñ
jP¡�Ø�È�¦�0�M�×+O�&FO�Ö5C�’�È6<.ñ
j�J>Û�ûEœ,´U�

#N�F65
h0�-��n�W�ÈL¿
>�ûEœ.ñ
j,´.ñ7-�JEœ	F�@�Ø7-�þ6<�ÐFO�ç#q�Ä*6Aê Q
»AÔ�j�ÐFO
¼

�ö-$	j (acceleration and collimation zone, ACZ) �4
XD
U�#N4Ö10 Rs ∼ 105 Rs ,´	j��
[40]

�È

�)�¾�0�ZF�Fë (4Ò0+z < 0.1) ,´ AGN �ç#q�•B$�È�?
£-pB�	j���)�Ä,´@��j�Ö�_"�@�0� (mas)

+J8#�Þ@�0�(µas) Gÿ4×, �́Ä
��F�È
X X �44ï�Ã�¤ �44ï#�!å?ò#{��FO
�	F,´60
��)�Ä,´5��´
�

	F�•M0?±�Ê0���D
 (pc) 4×+J8#�$Q�,´0ªL$�6EØ)·�ÈF	�ËL�NÈ�¸Lî+X�y�–�Ã X �44ï�Ã�¤ �44ï

�KF�KŒ-$�Õ@��ã�Ä�j�¶�Ä�)8$�ö�Y�ƒ�@�ÿ?ò#{,´
 Lî�È�4+e#�!å,´+JK¯�*4ï�¢#¹#{Gÿ (very

long baseline interferometry, VLBI) �é#��ÄF�6<+O�¦EõFO
��…�Ä��
X 20 �F4Ú60 �¤���È�}8ÿ

6„0��–L’�G"��§�[(™*6.D0¦�p,´�Y�·�–�æOÆ!Q!“�?
�>˜�£�¾��)�0û�\�_
¼.ñ�VAà�…��K¯�*4ï

�¢#¹��,´ VLBI �²�%
[41]

�Ä20 �F4Ú70 8#80 �¤���È�ê���a+X�d�&4ô�@,´Le�GF�>|�¶ VLBI ?ò#{

�ÎP¼�È�¦
X���ZE³�Þ,´�4+e$À�]?ò#{�` pc �j�Ö,´5��´
[42–44]

�È��/j�¶�ç#q�h�ó,´�’�1(©�±
¼

�ç#q
�
‡,´?öCµ�yFOF��Ø�Ä 20 �F4Ú90 �¤���È!W#b VLBI 5•
[45]

�Ã5¾
-+JK¯�*4ïLe (Very Long

Baseline Array, VLBA)
[46, 47]

,´L��F�±�W
`�óF��¶ AGN �ç#q,´Q��6EØ)·?ò#{.D0¦�Ä !”
>�È

L¿-p%ã�W�Y�ÊK¯�*4ïLe�G (Long Baseline Array, LBA)
[48]

�Ã���\ VERA (VLBI Exploration

of Radio Astrometry)
[49]

�Ã�L�Ê VLBI 5•5� (East Asia VLBI Network, EAVN)
[50]

,´�*0û�ÈF�

�0!•��Q��¶ VLBI 5•,´�˜*3?¶-��Ä6<�˜*3"�2£#� VLBI Le�G (the Global mm-VLBI Array,

GMVA)�Ã�»�&?ö+|�KF�KŒ (Event Horizon Telescope, EHT)
[51]

��	úN�
- VLBI 5•5� (Korean

VLBI Network, KVN)
[52]

1y�6.D0¦N¶�����í�`�$Q�,´NÁ)· (86, 129, 230 GHz)�Ä �T�¦�_�»�&

?ö+|�KF�KŒ(EHT) ,´EõFO
��…�È�¯�ê2«OÆ!Q�ý�t�¶U�#N,´'—(w�È���¦�}�p�Z�9,´Q�@��6EØ

)·�È�j AGN 
¼Cµ�WCXGÿU�#N,´?ò#{.D0¦�0EÏ�¶�à4Ú�s�Ä

-(�)Aê�W�ç#q,´�ö-$�j�f8#�ú�ý�_�Y�ƒ(™*6�–�]�0�Z�J�Z�¼�˜@��ã,´L�NÈ�È�v�_F��¤

�•�ÈL¿-pQ��6EØ)· VLBI ?ò#{�°�_,´
��…�È�ê��FJE÷?ò#{�=�õ
���9ç�Ç�ç#q,´FO�Ö
¼�ÐFO�Ö

,´�W�?1y	ò� �ÈF�
���$!�•�`�¦�µG�	j���È9ç�Ç�ç#q�µG�,´2î4ö5�� �́Ä�Ç,ú�¾!”�È�ê��F��O


XFëF� AGN �ç#q5��´,´?ò#{.D0¦�éM’
��Ç�¶Gý�WF��…�Ä

L€�¾1÷�u�È�\�·�6Gý&é�û4ý�4+e�O3+�ç#q,´�ö-$�j�f-(�£.D0¦,´�0�àF��…�È�¦�D-pGý�£

#� VLBI �°�_
��U,´)�(©�Œ+X�Ä�·1�5��´�²�;�Ö
X1\ 2 1��]�È�A��1°F �ƒ�}�k#q,´�T/ý�ç#q

 Q
»	ú�ö-$�j�f�×
X1\ 3, 4 1��]�È�A���6�G�n�¨
»,´.D0¦�x�»�6�[�) FR-I 
¼FR-II �T2«�4

+e�O3+�ç#q�ö-$�j�f,´�0�àF��…F�>|L@F �×
X1\ 5 1��]�È�A���6�J�)�˜�·F�>|�k5��¦�)�Z�•

,´.D0¦F�>|�…�K�Ä



22 �Y �· �– F� �… 40 	§22 �Y �· �– F� �… 40 	§22 �Y �· �– F� �… 40 	§

2 �ç#q�’�@ Q
»	ú�ö-$�j�f

2.1 �í#w,º�˜�F W
Á

�£�¾ AGN �ç#q�’�@��	ú�ÐFO�j�f�È
XE÷	ë,´��	q�¤Gü�È0��–�æ�����*�¶Aè�J Q
»�È�¦

�]�0�§�¡
ý�Ë,´�_�T�Z+a.ñ
jP¡�Ø�ç#q,´ Q
»�È Blandford-Znajek (BZ)  Q
»
[7]


¼Blandford-

Payne (BP)  Q
»
[22]

�Ä�T65,´	j�[�k?±
X�¾ BZ  Q
»�k?±��
�,´�_U�#N8�Eœ7-�È
�!”�ç#q
[

�9,´(™CX�@�6�¸�A�È�k?±�_
‘	 �'7-#q�×6< BP  Q
»�k?±��
�,´�_U�#N
˜
$
h0�-�,´7-Gÿ�È

�ç#q+a(™CX�@�6	•�k�,
[53]

�Ä

2.1.1 BZ  W
Á

BZ  Q
»�_ Blandford 
¼Znajek
[7]


X 1977 �¤���*�Ö#k�Ø�O3+�h�ç#q
��V�9
h0�.ñ#q,´�û

EœU�#NP¡�Ø�È
h0�3+5�FJE÷F��ÕU�#N,´.ñ
j��
�U�#NEœ�Ø7-�ÄCµ�WCXGÿU�#N,´@��ØGÿFJ�h>Û

0 �j8��û@��ØGÿ�È�¦�D�¦�E�Ë�¡
ý93
$�¸�W�Ä
h0�#q�,8$�ûEœ,´Cµ�WCXGÿU�#N
˜
$�’�@.ñ

�r�ÈL¿
>�’�@.ñ	F,´1y/ë�€�ƒ�ÄCµ�WCXGÿU�#N8��û�>.ñ
j,´-(�Â�Œ+X�i
��¶.ñ
j,´5��´�È1y

/ë�€�ƒ>Û�ÐFO�ÄTchekhovskoy 1y�ê
[34]

FJE÷� �l Q��
�)à�È
XCµ�WCXGÿU�#N�§�9Q�.ñ	F
h0�

#q
¼Q�8��û,´�õ�å�;�È BZ E÷0;
����þCµ�WCXGÿU�#N�]��
�7-Gÿ�ÄFJE÷ BZ E÷0;�þCµ�WCXGÿ
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2.1.2 BP  W
Á

L” BZ E÷0;�]F��ÕU�#N,´.ñ
j�}�’�F�ÈF��ˆ
X-pF��Õ
h0�-�,´�W�j�Ö�9�¿.ñ
j
[55]

�Ä 1982

�¤�È Blandford 
¼Payne
[22]

�wAî�W�j�Ö.ñ
j>Û���ë5���
X
h0�-��:�È���*�¶ BP  Q
»�Ä����

AÔ�j�È+a�¾
h0�-�,´�ûEœ�È
h0�-��:,´.ñ�Ë4ï�JL¿
h0�(™CX5�U�#NEœ�Ø�Ä.ñ
j�>
h0�-�>˜

M’�i@��?�¾ 60◦ �&�È/ë�ó�Ë
�P¡�Ø1y/ë�€�ƒ�F#q�Ä
X/ë-�M’E³F��4�È)ß
A.ñ
j�@�6�6�F#q(™

CX�ö-$�Ä�=
<�¾ BZ E÷0;�ÈBP E÷0;�×+O,´�ç#q�j�V�9�WGÿGý�€(™CX�ÈF	�0�j�f@�Gú�¶�0�Ë

AGN �]�×+O�~FO�F#q,´)àB‘�Ä
<�&�È BP E÷0;�],´(™CX�F#q�J�,8$-��y�Ö�>�n�;L}�×�ç#q

�*)à�&�È-�,´ X �44ïEÀ�4FJGÿ�•�JL¿�{�ÿ�?
[56]

�Ä

2.2 �ü-*�p�l

J¸�)�"4ÿ?ò#{�`,´�W�j�Ö�ö-$,´�ç#q5��´�È-��}�k?±���*�¶�T/ý�,8$�ö-$�j�f,´
�3P�Ö

.ñ
j
¼�OLu�ûCX�Ä

.ñ
j
X�·�É�]���4�=
X
[53, 57–62]

�È�=E÷�08\�õ�å�;.ñ
j�j�ÖG-"�E³�a�È�v�_�ˆ
X�¾
h0�

-��],´.ñ
j�È�J
��j��.ñEœ�Ø�=0c�Ê�W���x�Ä>Û�n�W
[63]

�ÄF	�0�x�Ä�_�7�È+a�¾
h0�-��k�_

E³��Eœ�Ø,´�È	£	z�´Cº�?,´
`�éEœ�Ø@�FO�ÖCº�W�Ä
XF	�g�=0c�Ê,´
h0�-��]�È"D�ƒ�J
��Ç$}

�Ø�È.ñ
j�J>Û�n�W�Ä�}�·���`,´�k#q�ç#q�’�@ Q
»�]
XM•F�U�#NEœE¤	j��G-�9�W�j�Ö�±
A.ñ


j,´�ˆ
X�Ä
X BZ  Q
»�]�ÈE³��Eœ�Ø�J�×+O�0�Z
$5��ûEœE¤,´=ê�û.ñ
j
[64, 65]

�È=ê�û(æ,´.ñ�Ë

4ïP¡�¯��
 ��
X�¦�],´1y/ë�€�ƒ
A�F�P�Ý�È
X!”E÷0;�]�È-(�Ä,´�Ë�7
A�ûEœE¤�Ä�ƒ.ñ
j�Ã1y
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/ë�€�ƒ�ö�Ö
¼�ûEœ,´-(�)�j�a�õ�å�=
<�&�È�J�×+O�=
<,´5��Ì�È�²MŽ�ö-$,´Nþ�Ã5C�’,´�F#q

��	ú"�E³�ö-$,´�ç#q�Ä�p��F	�0.ñ#q�ƒ�Ë�– (magnetohydrodynamics, MHD) E÷0;�08\AÔ�j

�_�ç#q,´�M�û�ÐFO
¼�ö-$�j�f�ÄF��O�È Chen 
¼Zhang ,´@��À Q
»
[35]

�6F	�0E÷0;5��f�@�ÊGÿ

(™*6
. (�²
. 3 �p/j )�È	£�§�ƒ.ñ�Ë4ï�²�…)ß5���	ú=ê�û�ç#q�²�…�ÐFO1yE÷0;G-�Ç�`�¶�ÊGÿ@�

�À,´AÑ1Ç�Ä
X BP  Q
»�]�È
XD
/ë
h0�-�E³F�,´
`�é�È.ñ
j�k?±+a�±
A�6Gÿ�k�,�×6<
X/ë
h

0�-��¸F�,´
`�é�È
h0�-�Eœ�Ø��#��V�Ø.ñ�Ë4ï
<!•�È
�!”.ñ
j�J�×+O�0�Z)ß
A�6Gÿ�ÈF	�0)ß


A�6Gÿ
����ö-$�ç#q
[22]

�Ä


4 3 MHD �í#w�ÖFU
Â�ü-*Eý0A@��Æ
4
[35]

L”!”�{�F�È�OLu�ûCX,´	»�j�•
����ö-$�ç#q�È�v�¦�Œ+X93
$�>.ñ
j�=
<�Ä1°	…�•B$�È�ç

#q
X�P�Ý�&�È#q�ØFO�Ö���È"D�ƒ�ö�ÖE³�~�È	»�j�~�¾
˜
$�OLu�ûCX,´	»�j�È�,8$�OLu�ûCX
A

�ç#q"D�ƒ�×+O	»�Ë�È�þ6<Eî�`�ö-$�ç#q,´�x�Ì
[53, 66]

�Ä �ƒ'f	»�Ë�9
�7-�•8��¾�OLu�ûCX�],´

"D�ƒ�ÃEÀ�4�F65%ð#��Ä
XF	/ý�õ�å�;�È�=
<�O3+
˜
$,´)ß�³���2�a�JFP�@�ç#q5��´,´�=
<�Ä

K¯�O���•�È-(�)Aê�W�ç#q�ö-$�j�f,´.D0¦�0-$�¸�§�9�A�H�W�È
��j
X�0�Z�O3+�]�°�°�=

�_	…�0,´�j�f
XC§�Œ+X�È�v�•!“�_
��j�¦�=�r6<	ø-(�Â�£6„,´
4/ý(©�W�¯�Ç.D0¦�$�9�'�l�Ä

�Õ�;�•�È�a
$5� FR-I/FR-II �T2«�4+e�O3+,´�0�à.D0¦F��…F�>|L@F �Ä�Œ�j.D0¦�x�»�È�;�·

�A���G�n���ZF�D
/ë,´�4+e�O3+�ÈFJE÷Q��6EØ)·�@�ÿ?ò#{.D0¦#N�¹�¦�h�ó�ÕF��ç#qC§$À,´

	j���Ä
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3 FR-I 
»�4+e�O3+�n�»

3.1 M87

M87 �_ �0 �Z�} �¾�Ô�£�×�O3+
� �] �ó ,´ �WCXGÿ�] 
6 �O3+�È�_�¨ 
» ,´ FR-I 
» �4+e�O

3+�Ä 
XOÆ!Q
�)àM87 �ç#q
[8]

�{
>�È�ê���)�¦F�>|�¶�0�Z�J�F4Ú,´-�#{�Ä+a�¾�³D
/ë (D=

16.8 Mpc
[67]

) E³F��È6<�D�þ�4+e�`�¤�44ï,´�¤�Z+e.ñ#�BaG-�9�¸�j,´EÀ�4�ÈF	�Ë?ò#{�H�ï�¯

�³�@�j.D0¦-(�)Aê�W�ç#q(™*6�–,´5
�£-��7�È	5���W�j�Ö�ç#q�’�1
[68]

�Ã�ç#q�’�@	ú-(�£�W

CX
[69, 70]

�ÃQ�7- X �44ï
��4,´C§$À
[71–73]

1y�Ä!”�FB��O3+�]�óCµ�WCXGÿU�#N,´CXGÿ�•"�E³�W�È

Eî�` 6.5× 109M⊙
[74–76]

(M⊙ �_�ZLcCXGÿ)�Ä-(�)E³F�,´D
/ë
¼E³�W,´U�#NCXGÿ-(5�
8�¯�ÇB�

�O3+1 mas ,´@��j�Ö-(�ƒ�¾ 0.08 pc (4Ö140 Rs)
[77]

�È7-�O�Ò#{�`"�F•F�,´2«�O�ƒ�F60
��ƒ2î

4ö10 ∼ 100 �=,´5�� �́Ä
�!”�È M87 �0-$���•G-�_U�#NLd�¡�@�ÿ
[78]


¼�Y+XVLBI �°�_.D0¦-(

�)Aê�W�ç#q�’�@	ú5��´,´�0�H�x-��7�{�0�Ä


XE÷	ë,´��	q�¤Gü�È�ê��F�+X VLBI �°�_
X�=
<�j�Ö�;�) M87 �ç#qF�>|�¶�¯#�6<$!�•

,´.D0¦�È�¦
��ÇGý?±F��…�Ä
X (10 ∼ 100) Rs �j�Ö93
$�µ�È 2016 �¤�È Hada 1y�ê
[77]

�ÕFƒ�¶�Y

+XQ�&¥�•�ÖLe�G(high-sensitivity array, HSA) �) M87 ,´ GMVA 86 GHz ,´?ò#{5��Ì�È9ç

�Ç,´
.�ÿ�n/j�ˆ
X�0�Z�W�P@��ç#q�*�Å�È�¦�§�9$5� ,´Eé5H�Î�Þ5��´
[79]

�ÈF	�>�ûEœU�#N

,´.ñP¡�Ø�ç#q Q
»�08$
[80–83]

(	£ BZ  Q
» )�Ä 
X
<�g,´�j�Ö�;�È 2018 �¤�È Walker 1y�ê
[84]

�Y+X

43 GHz ,´ VLBA ?ò#{� �ž5��f,´�±	F
.�ÿ�n/j
XB��j�Ö�:�ˆ
X=ê�û.ñ
j�È>˜�>�¶B��j�Ö

�;,´.ñ
j�õ�å�Ä
XD
/ëU�#N 100 Rs �{�F�È-$8#�Þ8²&é HST-1 �*)à,´
`�é (4Ö106 Rs)
[85–87]

�È

2018 �¤�È Nakamura 1y�ê
[82]

5��f�¶ 1 ∼ 43 GHz ,´�J#�!å VLBI 
.�ÿ�È�n/j M87 �ç#q
x�Ë

(™4ï�’(æ (�F65B$2«�Ë(™4ï�’�È
��j�=�_�7�ö�Ë(™4ï�’�È�v�\�·Gý&é�£#��ç#q
4/ý�’�1	j

�[	úEœ
��È�p��
X�·�]�=�U�l	j�6�È5�0 �Ë(™4ï�’ )�×
X HST-1 �{�F�È�ç#q
��j
6KU�’ (?ñ


. 4)�Ä

�03+�G,´?ò#{5��Ì�_�1�¶ M87 �ç#q,´.ñ�ö-$�j�f�È	£ MHD E÷0;�È�v�l�Ç#��?,´�_�È

M87 �ç#q�’�1
�	F�>�Þ8²&é HST-1 �}5ž-(�08$�ÈJ¸�)F	�0(©&é�È Asada 
¼Nakamura
[85]

�Ø

#{F	
�7-�>)ß�³	»�Ë�6�3
�	F��	ú+a	»�Ë�;L}
¼0±'f7Ø6ð�×+O,´�½�ö-$%ð#��9�£�Ä�j�¶P¼

Añ)L#{�È����AØAê�¶�ç#q4Ö�•�>)ß�³	»�Ë�´
A�6�3
�	F�{L$
�7-�ˆ
X,´(™*6�£3+�È�6�À>˜�>

.ñ#q�ƒ�ç#q�0�M�J
��`�FG�"D�ƒ,´4Ö�•�È6<�FG�"D�ƒ
�Cµ�WCXGÿU�#N�E�Ë,´�¡
ý
�	F�ÈL¿


>�ç#q�ï8�+a
`��
6KU�’
A�F7Ø6ð�Ä 2015 �¤�È Asada 1y�ê,´)L#{�Ç�`�¶ Russell 1y�ê
[88]

�FG�

�ûCX	»�Ë#{Gÿ� �ž,´�_�1�Ä�¦�D�ÈF��O?ò#{.D0¦�n/j�È
��0�4+e$À 1H0323+342 ,´�ç#q�•�*

)à�¶2«�l,´�õ�å
[89]

�Ä 
��0�éM’�È	…�r�»	»�Ë Q
»�•
���N´#{�ç#q�’�1,´
�	F�Ä�»�²�È 2009

�¤�È Lyubarsky ,´@��À Q
»
[90]

N´#{�¶�ç#q�þ�Ë(™4ï�`
6KU�’E÷$Q,´	j���È��	úKU�’	j���µ�ç

#q�’(æ,´�ö�_9‘�Ä 2017 �¤�È Levinson 
¼ Globus
[91]

�6B��é#��Ä+X�¾ M87 �½�ö-$%ð#�(©�W.D

0¦�Ä�03+�G,´.D0¦>˜�>�È�½�ö-$%ð#��)�ç#q�ö-$�•�9Gý?±�¡
ý�Ä


X�08\,´ AGN 3+5��]�ÈNþ�§�9Gý?±,´�Y�ƒ(™*6�–�?�y�Ä+a�¾Nþ
�7-FP�@CXGÿ�•�a�È�p

��
X���0 AGN 3+5��]�È�]�ó�WCXGÿU�#N,´
h0�)·
�7-F�F��?�¾FJE÷ X �44ï#{�Ç,´
XFÖF�
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4 4 M87 �í#w�ü-*�ŒM˜
[82]

	z�´�4,´
h0�)·�Ä�>FÖF�	z�´�4.ž�Ê,´
h0�)· (ṀB ≈ 0.2M⊙ · a−1)
[88, 92]

�pN´#{,´�Þ�Ö-("��È

M87 ,´�hMŽ�h�Ç�a (Lbol ≈ 10−6LEdd�ÈLbol �_�h	jEÀ�4�y�Ö�È LEdd �_(a�1N¯�y�Ö )
[93]

�ÈF	B$

�> M87 ,´�]�óU�#N,´
h0�(æ�1EÀ�4�x)·MŽ�h�~�È�F65
X?ö+|LtF�,´
h0�)· Ṁ F��~�¾ ṀB�Ä

2014 �¤�È Kuo 1y�ê�Y+X�Ê"�2£#�Le�G�KF�KŒ (Submillimeter Array, SMA) 
X 230 GHz �)

M87 ,´�hF�>|#��ù1\�ûEœ (faraday rotation measure, RM) #{Gÿ�È�n/j
XU�#NLtF�,´
h0�)·

Ṁ 6 10−3M⊙ · a−1�È"� ṀB 8#�A�~�T�Z� Gÿ4×
[94]

�È>˜�>
h0�#q�µG�	j��,´
h0�)·�>�n
��`

�Á�f�È
<�&�•Añ�Î�¶ M87 .ž�Î�_�0�Z�~�y�Ö AGN�Ä�=E÷�È�£�¾
XFÖF�	z�´�>U�#NF	�T�j�Ö

�{L$�ˆ
X���W,´CXGÿ#q�a,´�§�ƒE÷0;-��}F�"Ñ�9-(�£.D0¦
¼�ÕFƒ�Ä


X!”6ü�Ÿ�;�È 2019 �¤�È Park 1y�ê
[95]

FJE÷�fLö�JNÁ)·,´ VLBA �  �ž�ÈB�4ö
`.D0¦�¶

M87 �ç#q
XFÖF�	z�´�µ,´ RM�Ä ����FJE÷�6�À!ÿ�0�ZNÁ)·,´ RM �l 
�)à�È
XD
/ëU�#N

(5× 103 ∼ 2× 105) Rs �{L$,´ RM Gÿ4×�JL¿-pD
/ë,´�Î�Ð6<L}�~ (?ñ
. 5)�È�¦�]�Ì)·
����¸

�­
`+X'�"D�ƒ�ö�Ö�†M’ ρ ∝ r−1 >˜/j�È r �_/ëU�#N,´D
/ë�Ä

MŽ-(�)Aê�WMŽ�ö-$"D�ƒ�þ'�
h0�#q#q�*�ÈF	�>
4/ý� �l Q��5��Ì�08$�Ä+a�ö�Ö�†M’�Ø

�,�*,´	»�Ë�†M’�>�n"��¨
»,´4ß�£#q�j�k,´
h0�#q (advection-dominated accretion flows,

ADAF) �£
–�È
����ö-$�ç#q�È�•
����¯�ç#q
X.ñ#q�ƒ�Ë�–E÷0;�]F@$@�ÐFO�Ä
. 5 �>?ò#{�`

,´ M87 �ç#q
XFÖF�	z�´�µ,´F@$@�ö-$
¼�ÐFO�õ�åMŽ�h
k
8�Ä!”�F�È RM ,´5��Ì�•Añ�Î�¶Nþ
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4 5 M87 �í#w,º VLBA RM �ŒM˜�DU�#TD�/ñ,º�3�¦
[95]

,´	»�Ë�†M’�¸#u�È��8#�¾-$8#FÖF�	z�´93
$�µ�ÈG-Cã���6 M87 ,´�ç#qL€�f
X�Ë(™4ï�’(æ�:�È

F	B$�>Nþ�_L€�f�ç#q,´�0�Z�k?±�FG��•$À�Ä

3.2 3C 84

3C 84 �_M•F�9!�	�×�O3+
�,´�]
6�O3+ NGC 1275 ,´�0�Z�>�Þ�4+e$À�Ä�i�ž�4+e�y�Ö>Û

�B�6�j FR-I 
»$À
[96]

�È+a�¾�¦�Þ�Ö
¼D
/ë�ÈB��4+e$À�•�_E÷	ë.D0¦E³�J,´$À�{�0�È�".��9�þ

pc �` 10 kpc �j�Ö,´�J
&�’�1
[97]

�È�¦�D
˜�O�W,´�ç#q#k�ØG-�9Aà�…�Ä
X 2005 �¤�` 2008 �¤�{

L$�ÈB��4+e$À,´�h�ó�4�¤�44ï
��4�>�n�Î�j
[98]

�È�¦�D�0�Z�à,´�4+e�@�6�� C3��
X�Ê pc �j�Ö

�;�þ�h�ó
A	‡�ç�4
[99, 100]

�Ä�03+�G)àB‘�ó�¯�¦�J#�!å?ò#{N©-��0�û�Î�í�È-��}F�
XF�>|�ÄB�

�O3+�`�ü,´?ò#{� �ž>˜�>�h
˜
$,´"D�ƒ)ß�³MŽ�h�=�r
[101–104]

�Ä�03+�G,´(©�W�¯�Ç 3C 84 �@�j

.D0¦�ç#q,´�’�@�Ã�¤�44ï,´�×+O�ÃCµ�WCXGÿU�#N,´
h0�
¼	ýO¸1y)àB‘,´*6�#-��7�Ä

F��O 3C 84 ,´Q��6EØ)· VLBI �@�ÿF��0!•�¼�´�¶�A���)�Ê pc �` pc �j�Ö�ç#q Z
A5��´

,´AÔ.��Ä 2014 �¤�È Nagai 1y�ê�*�¾ VLBA ,´ 43 GHz ,´� �ž�È.D0¦�¶ 3C 84 �Ê pc �j�Ö,´�ç

#q5��´�È
A�ê���…/j�¶�ç#q$5� �>�Þ,´�’�1
[105]

�Ä �¦5��Ì>˜�>�È
X (103 ∼ 105) Rs �j�Ö93
$

�µ�ç#q�í�ÖEž���_��FO�ö-$,´�È�=�_�Ë(™4ï�’�Ä!”�F�È 2018 �¤�È Giovannini 1y�êFJE÷0ªL$

VLBI ?ò#{�6�$M•F��ç#q�*�Å,´�Þ�Ö5��´2î4ö�` 50 µas �j�Ö (�)�Ä4Ö 200 Rs)
[106]

(?ñ
. 6)�Ä

�þ
. 6 
���-;�*�È
XM•F��h	j,´
`�é�È�ç#qE³�í�È	£�ç#q�P@��¸�W�ÈF	�0&é�> M87 -(

�l�È�v�=
<�{�4
X�¾ 3C 84 ,´�ç#q�ö-$�†M’�ÕF��¾
6�!�’6<MŽ�Ë(™4ï�’�Ä+a�¾-(�)Aê.ñ#q�ƒ

�Ø�Ë�–�ç#q,´Ež��
��FG��ûCX�pL€�f�È�¦�DB��O3+�ü
["D�ƒ�È�p��F	�0)àB‘
�7-�_+a�ç#q�P

�Ý)ß�³,´���2�pFP�@�Ä

'f6<�È
XE³�?�j�Ö�: (�² pc �j�Ö )�È�h
˜
$�F65B$)ß�h,´�¸�J�WCXF�"Ñ�91„�x�Ä �¦�D

Giovannini 1y�ê
[106]

���*�È�i�ž�¦?ò#{5��Ì�È 3C 84 �ç#q9��>�F+|�ûCX	»�Ë�4�¾�£>‘(æ�1�È

FÓ-(�Ä,´�ö�Ö�"4ï�6C»�¾�£
–�È�v�_�)�¾
6-�(æ,´
h0�#q�È"ï-p���…	Ê-�,´�µ5H�9�0�Z�£
–
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4 6 3C 84 �í#w�ü-*�ŒM˜
[106]

,´�ö�Ö�†M’�l�~�=�Z
�7-�×�p���¸�9
�7-,´�õ�å�_�ÈB�$À�ç#q�>
h0�#q�F�OLu�ûCX,´�¦���6

�r�@�6	»�Ë�4�¾MŽ�£>‘(æ�1�Ä

�*�¾!”�È
>�•FJE÷�)�ç#q�]�>�Þ,´�4+e�@�6 C3 F�>|K¯�O-�#{�È�ê��
�)à�¶�0�Ë�£�¾ pc

�j�Ö,´�h
˜
$)ß�³,´� �ž4ï3R�Ö C3 �ç�4�*
>�0-$
A	‡0+�Ø
[107]

�È2015 �¤�È C3 0±'f�i
��é
A�È

�0�û
A�L0+�Ø (?ñ
. 7)
[108]

�È�¦�D�k#qGÿ
[108, 109]


¼�•�_#qGÿ
[110]

G-
X�Î�j�ÄF	/ý(©!º,´F��Ø�–

�¸Lî+X�ç#q,´�µG�F��Ø�•@�Gú�È�v�²�Ì+X C3 �>MŽ
w	08$�ö,´
‡(æ�ûCX,´-(�Â�Œ+X�È�I
���

�¸8�'f
`@�GúF	/ý)àB‘
[111]

�Ä�¦�D�ÈF��O�£�¾�þB�$À,´�h
A	G 2 mas �4,´	ý
A�ç#q,´-�#{5�

�Ì�•>˜�>�È
X�Ê pc 8#pc �j�Ö93
$�µ�È�¦
˜
$�ˆ
X8$�ö�ûCX
[112]

�Ä
��0�éM’�ÈQ��ö�Ö,´)ß�h

)ß�³
�7-�J�¯	Ï�9,´�ç#q(©�W	ú�¦�>�ç#q�×+O,´6„3+
��Ç�$�Ð�=�r�È
�!”�ÈF	M0?±�$Q��6EØ

)·,´ VLBI �°�_�_�1�Ä

3.3 NGC 4261

NGC 4261 (3C 270) �•�_�0�ZF�Fë,´ FR-I 
»�4+e�O3+�Ä�³,´(©&é�_�9�ÕF��)0 ,´ kpc

�j�Ö,´	üEé�ç#q
[113]

�ÄB��O3+D
/ë
`*3 31.6 Mpc
[114]

�È-(�ƒ�¾ 0.15 pc·mas−1�È-(�)E³F�,´

D
/ë�j.D0¦�] �óU�#N 1 pc �� �µ,´2î4ö5��´�KFP�¶�j �J�Ä NGC 4261 �] �óU�#N,´CXGÿ�j

(4.9 ± 1.0) × 108M⊙
[115]

�Ä 
ø�ó�Z0ª�KF�KŒ,´?ò#{�•�n/j
X NGC 4261 �]�ó�9�0�Z-$�´4Ö�j

300 pc ,´"D�ƒ
¼�H
ó-�
[116]

�ÄVLBI ,´?ò#{5��Ì��/j�¶ NGC 4261 ,´
��0�Z(©�±�È�a�_�>�H


ó-�,´�ûEœE¤�£>|,´ pc �j�Ö,´	üEé�ç#q
[117]

�Ä?¯Eé�ç#q�M
A?ò#{65�È�LEé,´�ç#qF�/ë?ò#{

65�È
>65>Û0 �j	ý
A�ç#q�×�T�•�ç#q,´�Þ�ÖG-
��`-(�)Aê6Š�•,´E«�Þ�¡
ý�Ä

2018 �¤�È Nakahara 1y�ê
[118]

�Y+X+JK¯�*4ïLe�G (VLBA) 
¼+J�WLe�G(VLA) ,´�JNÁ
.�ÿ

�Ç�`
X (103 ∼ 109) Rs 93
$�µ"ï�ç#q�í�Ö
¼EÀ�4�†M’,´�à?ò#{� �ž�Ä VLBA 
.�ÿ�n/j�È
XD


/ë�]�óU�#N4Ö�j 104 Rs,´
`�é�È�ç#q�>	ý
A�ç#q,´�í�Ö�†M’G-�*)à�¶�þ�Ë(™4ï�`
6KU�’E÷$Q
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4 7 3C 84 �í#w C3 �F�<�� 2015 �ª 8 �>�f 2016 �ª 6 �>,ºEžF/
[108]

,´�õ�å (?ñ
. 8)�×
<�g
XB��4�È�ÕF��ç#q,´EÀ�4�†M’�•
�+O�¶Eœ
��ÄE÷$Q�}5ž,´�08$�W�È>˜

�> NGC 4261 �ç#q
XB�D
/ë�4,´(™*6)ß�³�‘�&
�+O�¶�i
��Ä
�?ñ�È�{�}�ÕFƒ,´ M87 
¼NGC

6251 �]
�)à�¶�ç#q8��µ6<�F	ú�þ�ÐFO�`�™�P,´�õ�å�È
X NGC 4261 �]
<�g�ˆ
X�Ä!”�F�ÈB�

.D0¦F�
X
6KU	j��4Ö�j 3× 106 Rs �4
�)à
��0�ZEÀ�4�†M’,´CóEñ�Ä�ç#q,´�FG�)ß�³�_
V�ˆ
X


��0�ZE³�W,´
�	F�È�l�ÇF��0!•.D0¦�Ä


4 8 NGC 4261 �í#w (a)) �D
�
G�í#w (b)) �ó�Ü,º�º
G�<�9
4
[118]
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NGC 4261 �_1\�0�Z
X�ç#q
¼	ý
A�ç#q�]G-?ò#{�`�ç#q5��´�i
�,´�O3+�ÈF	B$�>#k�Ø�O

3+�h,´�ç#q�ö-$E÷0;�9
�7-�_+a
˜
$)ß�³	»�Ë,´�˜�p�6�3�p�,8$�È6<�=�_+a�ç#q�>
˜
$)ß

�³�ûCX,´�pG�-(�Â�Œ+X�p�,8$�Ä�§�ƒ�¡
ý�j�f�IM0AØAê
X2Â�€�ÐFO�Ã�ç	¤�Ã6G�“
¼�ç#q	»�Ë

�>
˜
$'�"D�ƒ�£>‘�éM’,´�ç#q�p�4)ß�³,´%D
��Ä
��0�éM’�È�> M87 
¼NGC 6251 �0�g�È
X

���~-(
<,´�}5ž�È�ç#q�í�Ö
¼EÀ�4�j�ÖG-
�+OEœ
��È�ç#q�’(æ�•�þ�Ë(™4ï�’
��j
6KU�’�Ä�*

�¾7-Gÿ
w�6,´�wAî�È Nakahara 1y�ê
[118]

�Ç�`�ç#q	»�Ë�6�3�È5��Ì�>�*�¾ X �44ï,´'�"D�ƒ	»

�Ë�`1Ç�08$�È�þ6<
X?ò#{�:�_�1�¶�ç#q	»�Ë�>)ß�³	»�Ë,´�£>‘�Ä

4 FR-II 
»�4+e�O3+�n�»

4.1 Cygnus A

�YTu�× A (Cygnus A) �_�0�Z�¨
»,´ FR-II 
»�4+e�O3+
[119]

�È4Ò0+z = 0.056 075
[120]

�Ä�y

�–
¼F�4Ò�F�yBa� �ž>˜�>�ÈB��O3+�]�óU�#NCXGÿ4Ö�j 2.5 × 109M⊙
[121]

�Ä�¦�ç#q�þ 0.3 pc �`

60 kpc �¤�ƒ�:�
�1�Ë(™4ï�’
[122]

�ÈF	�0&é�¸(©�[�È
��j�ç#q,´�Ë(™4ï�’�1
X�E�Ë	z�´�:5$�1

�¶ 8 �Z� Gÿ4×�ÈF�F�Cµ�*�]�óU�#N,´�E�Ë�¡
ý93
$�ÈF	�?
£-p�W�Ï)·�ç#q
���
X�
�1�¦�’�1

,´�õ�å�;0¯F?
˜
$�ûCX
[123]

�Ä

2016 �¤�È Boccardi 1y�ê
[124]

�*�¾ VLBI 43 GHz � �ž�)�YTu�× A 	ü�×�ç#q,´F��Ø�–(©�W


¼ Z
A5��´F�>|�¶.D0¦�È5��Ì>˜�>�Ê pc �j�Ö�:,´�ç#q�í�Ö�†M’,´�r�»�ÍC†�W
���>˜/j�j

W (r) ∝ z0.55±0.07�ÈW (r) �_�ç#q,´�í�Ö�È z �_D
�h�ó,´�Å�¡D
/ë�È	£�ç#q
x�Ë(™4ï�’(æ�È-$

�`4Ö 104 Rs ,´
`�é�Ä 1991 �¤�È Carilli 1y�ê
[125]

F�+XVLBI 4.9 GHz � �ž�@�ÿ�n/jB�$À�ç#q
X

4 ∼ 20 mas (�)�Ä4Ö 104 Rs ∼ 105 Rs�4 ) ,´�í�Ö�
�1�‚�Ê�l�j 2.2 mas�Ä 2019 �¤�È Nakahara

1y�ê
[122]

�¯+X VLA �“�x� �ž��	ú VLBI �œ�0� �ž#{Gÿ�l�È.D0¦�¶�YTu�× A �ç#q�´
A�í�ÖEž

��,´
�	F�Ö�²
. 9 �p/j�È�J#�!å� �ž�@�ÿ5��Ì�n/j�ç#qF@$@�ö-$�È	£L¿-pD
/ë,´�Î�Ð�È�P@�

�£%�
`�ÿ�?�È�¤�ƒ�:�
�1�Ë(™4ï�’�1�¦�0-$�15��` kpc �j�Ö�×����F�
�)à�¶�ç#q�í�Ö,´�´


A�6�3�]�ˆ
X�>�n,´�=F�5��W (4Ö100 pc �F 5 × 105 Rs �4 )�È�¦)L#{�_+a�¾�a	ë�¶�Ø�1�£>‘

�F
X-(�)�£0c,´)ß�³	»�Ë�‘�&�;Gý�à
�+O�¶�_�Ø�È�ç#q,´ Z�ZM’�*)à7Ø6ð�¦�½!Q>Û�ö-$�Ä

!“�²�}�·���`�È-(�)Aê.ñ#q�ƒ�Ø�Ë�–�ç#q,´Ež���_
��FG��ûCX�pL€�f�È�08\,´-(�)Aê

.ñ#q�ƒ�Ë�– Q���•�n/j�ç#q�Ë(™4ïEž���J
��FG�	»�Ë,´�¡
ý
[118]

�Ä*6Aê.D0¦�•>˜�>�ÈMŽKU�’

,´�’�1M0?±�FG��ûCX,´ Z
A	»�Ë�È�¦�´
A�ÍC†F¥�Ú p ∝ r−b[126, 127]

�Èp �_�FG��ûCX,´	»�Ë�È r

�_D
�h�ó,´D
/ë�Ä 2009 �¤�È Komissarov 1y�ê
[128]

.D0¦>˜�>�È�ƒ�FG�"D�ƒ	»�ËF¥�Ú b 6 2�È�ç

#q�’�@�Ë(™4ï�’ (�r�»�7�  0.5 < a 6 1)�×�ƒ�FG�	»�Ë�=Cã�&�È�ç#q�I�J�’�@
6KU�’�Ä�»�²

M87 
¼NGC 6251 ,´�ç#q
X4Ö 105 Rs �*)à�þ�Ë(™4ï�`KU�’,´Eœ
��ÈF	�0D
/ë�ÕF��¦FÖF�	z

�´�F65�]�óCµ�WCXGÿU�#N,´�¡
ý93
$
[85, 129]

�ÄF��O�È�) M87 ,´ RM ?ò#{5��Ì>˜�>
˜
$,´Nþ

%�Cãb < 2�ÈF	�6C§�`L€�f�ç#q,´�Œ+X
[95]

�Ä
�!”�È�)�¾�YTu�× A�È
�7-!“�_�9
˜
$"D�ƒ	»�Ë

�_�1�È�p���
�1�W�j�Ö�’�1"Ñ�9�i
��Ä

1996 �¤�È Carilli 
¼Barthel
[119]


X�0�?7-Gÿ�‘�&�; (4Ö6× 10−15 N · cm−2) �`1Ç�¶�YTu�×
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4 9 Cygnus A �í#w (AJ) �D
�
G�í#w (CJ) �ó�Ü�º
G�<�9
[122]

A ,´�ç#q	»�Ë�È5��Ì�n/j�¦�J�))ß�³�×+O	»�Ë�Ä�����Y+X X �44ï?ò#{� �ž5��f�¶'�"D�ƒ
X

kpc �j�Ö�:,´	»�Ë�ß�Ö�"4ï�Ö
XD
�h 70 ∼ 500 kpc �4�È
�
‡�ûCX,´�´
AEž��4ï�)�Ä,´�r�»�7

�  b ≈ 1.6�×
X-(�)F�/ë�4+e+�,´	j�� (4Ö60 kpc)�È�W?ö
j Chandra (X �44ï�KF�KŒ) ?ò#{,´

5��Ì>˜�>�È�²�Ì	»�Ë�n:‡�È
˜
$,´'�"D�ƒ�6�¯�ç#q�ö-$�@�Ë(™4ï�’(æ�Ä
<�¤�È Reynolds 
¼

Fabian �*�¾�V*d	›�O ROSAT (the ROentgen SATellite) ?ò#{� �žAÑ1Ç�* 10 ∼ 500 kpc 	»�Ë

�6�3�È5��Ì>˜�>
X�4+e
��4	j��Ež��
��Ç�$�£
–
[130]

�Ä�i�ž Chandra � �ž
[131]


�.��È
X 10 ∼
30 kpc D
/ë�4�È'�"D�ƒ	»�Ë4Ö�j 5× 10−15N · cm−2�ÈF	�> kpc �j�Ö,´�ç#q�0�?	»�Ë-(�ƒ�Ä
�

!”�È�§�9 X �44ïEÀ�4,´'�"D�ƒ�×+O,´)ß�³	»�ËCã���>�0�?�ç#q	»�Ë�£>‘�ÈF	
���
8*6
`@�

Gú�YTu�×A �ç#q�
�1�Ë(™4ï�’-$8# kpc �j�Ö,´)àB‘�Ä
��F�ÈF��9�0/ý
�7-�W�_�È�)�¾�YTu

�× A �•B$�È�²!”�W,´�j�Ö�È+a�¾9W(æ�F�þ'��Á	j
˜
$,´
�#q�È�¦�ç#q
����>)ß�³�ûCXF�>|

	»�Ë�£>‘�ÈF	
�7-�_ FR-II $À�p(©�9,´)àB‘�Ä�=E÷?±�$�­
`@�Gú FR-I �> FR-II �{L$�ˆ
X�$

�J,´	j�[�È�IM0?±�Î�Ð FR-II ,´.D0¦�g�\�Ä

4.2 3C 111

3C 111 �•�_�0�ZF�Fë FR-II �4+e�O3+�È4Ò0+z = 0.049�Ä1982 �¤ 6 �8�È VLA 
X 1.4 GHz,

4.9 GHz 
¼ 15 GHz ,´� �ž�n/j�È 3C 111 �§�9�>�Þ�D8$�ö,´�h	j�ÃQ��Ö�ö-$,´	…Eé�ç#q
¼

�W�j�Ö,´	üEé�4+e+�
[132]

�Ä
��F�È 1995 �¤�0�û�È Lister 1y�ê
[133]

�Y+XVLBA �Î�í,´ MOJAVE

N©-� (Monitoring of Jets in Active Galactic Nuclei with VLBA experiments, MOJAVE) 
X

15 GHz �;F�>|,´ VLBI K¯�O-�#{�n/j�È 3C 111 �ç#q5��´
X pc �j�Ö�:�ˆ
X�¸�j,´5��´
�	F�Ä
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Jorstad 1y�ê
[134]

�ÈChatterjee 1y�ê
[135]


¼Lewis 1y�ê
[136]

�•�) 3C 111 
X 43 GHz F�>|�¶ VLBA

-�#{�ÈF	�Ë?ò#{,´5��ÌG-�n/j 3C 111 �_�0�ZMŽ�hF2
8.D0¦�ç#q�µG�5��´
¼�ö-$�j�f,´�4+e

$À�È�¦�=
<�j�Ö,´�ç#q5��´�²
. 10 �p/j�Ä


4 10 3C 111 
^�C
B�p�Ü�A,º�í#w5	�º
[137, 138]

�=E÷�È�)�¾?ò#{�`,´Q��Ö�ö-$�ç#q�È�{�},´.D0¦)L#{�È�FG��ûCX	»�Ë
�7-�=Cã��L€�fF	

/ý�ç#q�È�$�W,´
�7-F��9.ñ4Ö�•�Œ+X�Ä+a�¾�ƒ�&�°�_�‘�&�9L€�È�Ð�{B�L�NÈ�•"Ñ�9�EC§Cã�O

Gý?ö�È�u�¦�Z�Ç�`$!�•.D0¦�Ä�¦�D�È 3C 111 ,´�ç#q
X pc �j�Ö�n/j�*�Ë(™4ï�’�1�È�¦�ç#q
X

�]�óCµ�WCXGÿU�#N,´�E�Ë�¡
ý93
$LtF�
x�Ë(™4ï�’�`
6KU�’E÷$Q
[139]

�È2«�l�¾ M87 
¼NGC

6251�ÄF	�_
V�Ç/j-p�h?ñ,´�ç#q�ö-$�j�f�•F2+X�¾B�$À�Û�>�}F FR-I 
»$À�ˆ
X�ð�x�2
<�Û

G-M0?±$!�•.D0¦
¼Añ�Î�Ä

5 �k5��>�…�K

+aF��Ë�¤�•,´.D0¦���Œ
�.��È FR-I �> FR-II �O3+�ç#q�ö-$�j�f
4�9(©&é�È�v�•�9�¡�W�È

�*�\G-AÔ�j.ñ
j5��´�>)ß�³�ûCX	»�Ë,´�¡
<�Œ+X�ó�@�¶�ç#q,´�ö-$5��Ì�Ä �)�¾ FR-I �O3+�È

L”�¶�·�]�G�n,´���Œ���F�ÈCº�•Cº�JF�Fë FR-I �4+e�O3+�µG��ç#q,´���…5��´G-�Ç�`�¶$!�•

.D0¦�È�² NCG 315
[140]

, NGC 6251
[129]

, 3C 120
[141, 142]

, 3C 264
[143]

1y�Ä�00±�*,´�_�ÈF	�Ë�O3+

,´�ç#q
X�Ê pc 8# pc �j�Ö�:�ÈG->˜)à�*�>�n,´�Ë(™4ï�’�1�Ä6<�¸�J FR-II 
»�4+e�O3+�È�²

3C 111�È�YTu�× A 
¼ 3C 445 1y
[144]

�ÈG-�§�9�¸�j,´�ç#q�È�¦�D�•�9�`�ü,´	¶
"?ò#{� �ž�È

�"4ÿ�M!•�§�7�¶B�4ö.D0¦ FR-II 
»�4+e�O3+�ç#q�ö-$�j�f,´�‘�&�Ä�vL”�YTu�× A 
XF��T�¤
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�0�û�9�ê�£#��F�È�¦�‰ FR-II 
»�4+e�O3+F�"Ñ�9�Ç�`3+5�,´.D0¦�È�¦�ç#q�ö-$E÷0;,´4ö8²8#

�úF��=�_�¸$5�Š
[145]

�ÈM0?±�Î�Ð FR-II �O3+,´.D0¦� �ž�¯�Ç.D0¦�g�\�$�Ð�¼� �́Ä

�Z�•�£�é�œGüLe�G (Square Kilometre Array, SKA)
[146]


¼5¾
-�;�0��+J�W�KF�KŒLe (the

next-generation Very Large Array, ngVLA)
[147]

1y�;�0���4+eLe�G�KF�KŒ,´CµQ��Ø�193
$�@

�ÿ7-�Ë�È�9�K5	�ê�����Ë�$�J�£�¾�ç#q5�� �́Ã.ñ
j��	ú�Ø�Ë�–,´���Ÿ
[148, 149]

�È�W�u�Î�Ð�4+e

�O3+�ç#q�ö-$�j�f.D0¦,´�g�\�È�^�Ù��/j FR-II �O3+�> FR-I �O3+	ú�¦���4+e�š AGN �ç#q

�’�1
¼�ö-$�j�f,´�2
<�È�¼�´�ê���) AGN �ç#q(©�W,´AÔAö�Ä

8*BX

�OBR�Ñ0o�ê�*Aî�W,´���i�??ñ�È�¯�\�·�9�¶�¸�W,´�iF��×�OBR���\
-0û�Y�·
 Kazuhi-

ro Hada 	Š��,´AØAê
¼�*AÞ�×
<�&�•MŽ�h�OBR�:#§�Y�·
 ,´�PEþ�ç	Š���Ã�˜�?UÉ	Š���Ã"š(a

)â�Ã�:#§�Y�·O¶,´
E8Ü	Š����	ú�à+¶�Y�·
 ,´)»J›
¼>±*V
X�\�·�É�ŒE÷0;�]���Ë,´�^�Ù�Ä
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[141] Gómez J L, Marscher A P, Alberdi A, et al. ApJ, 2001, 561: L161
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Progress in the Study of the Jet Collimation Mechanism of

Radio Galaxies

SHEN Yu-ling1, CUI Lang1, AN Tao1,2, LIU Xiang1

(1. Xinjiang Astronomical Observatory, Chinese Academy of Sciences, Urumqi 830011, China; 2.

Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China)

Abstract: Radio galaxies are an important subclass of radio-loud active galactic nuclei

(AGN), and relativistic radio jets are one of its typical observational features. The accelera-

tion process of radio jets, the collimation mechanism and the role of magnetic field have been

studied extensively by astronomers. In recent years, with the development of high-resolution

VLBI observational techniques, radio astronomical observations have been able to probe the

nuclear region of nearby AGN, which enables the study of the internal structure and physical

processes of the jets. As a result, astronomers have made great progress in the observational
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study of jet collimation mechanisms in nearby radio galaxies. First, several mainstream jet

production models are presented, followed by a review of the recent progress in the study

of the collimation mechanism of FR-I and FR-II radio galaxies by presenting typical case

studies. Finally, we make a summary and give a short prospect for the future study of jet

collimation mechanism in radio galaxies.

Key words: radio galaxies; jet; collimation mechanism; VLBI
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