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N>snJg=x{H8LW[wT��� 1,3 Æ��� 2,3

(1. `h�1�[ eqO�(Q[�[�.9 530001; 2. `hv� eqZ�OQ[���[�.9 530004; 3. `hv� `hv��b��\.�<eqo_�Z�$G�	�.9 530004)zy� )#2Iz((83�m�!#	6J>��>�.�mg�����kk&p1Vev��zM�_�� X vw�℄i℄,	>&*2I�83bKPn
	1Vo:~o�"EgU	�M
C�RXV�8>;do"E	�^�R�/�>��G���kk��N~	!��m';M�G��v�[���8)>�	X8�N~�!�Uom�%���,_8<AUe��/3�)L>��>�.�mg�����kk&pY	=v�/!lVKv�m_�=vGz)��'	EE=vN~� X vw	MXIqe#/�	{9� }F�C�R>8i[Imo�"E:p�F Q :����kk�>��g��.�� X vw=v��kBVI�P157.6 ��� mp4h\�A
1 �>��(��
jju℄"=�,`� 19187 CurtisCe^�=%ZH�:/�M87.s� [1]���i�;�TduK%o0U�+Æ� 20 � 60 7x4h�("u�QZB℄�'72�l1H� "�5I�uzu�
j�%o0U)1H��72aJO?b�0U�n=��=�-�lf�� [2] �� 20 �I��7x�FKu�GxHz���.o�=.}i�(tLu�=�!D�fT�=�-U��
jj�.�Æ0U�)P3)|uw (VLA) �|R�vGxHz (VLBI) �|R�vw (VLBA) 4�|Ku�QZBduz�WrZH� [3] �d^�=%-IU��t�ZH� Chandra X
3�ZH���K�#u�W� X uv=��l=.}=�!DfT [4] ��� iDeb�2010-04-02 � vMeb�2010-05-25OSq℄�b�*eZ��6%�{* (11078008, 11025313, 10873002); 973 {*%� (2009CB824800)



� 374 �������>�Z���:�p������� 28 P�("1HN'72��5I�Om	�=�0U�n=�-�lf��-)72ah�|�72aJO?b�&0U (-n VLBA �ZH3�72a Pictor A g0u�"rf�O?b�&0U [5]) �u�=%�ZH.s��Dj��
jj=���/-�D�I�mjX~L�$1�1o�I�j1| [6] �G7��
jj�=�d�D=%�ZH�/-�D�J�.KD4s�� X uv<u)=��$!o�-u�<uQ")=�lQ [7] �~ZH�I�W|=�-��o�x�<u�u�ZHs�&|?g�n��!�Td�I{^7�ZHl!D�ZH��,9oqL}%o0U<u��nÆ!D�fT�. kU%oX�u�<uM}Ky(Æ�&�DD<u�S^�=%�vZH6"^�<u-LWKy(Æ�&�DD<u [8,9] �(K X uv<u�LWpdz8�;Sd�DWrIr�L: [10−12] �+YE�B�Q�,�ZH9olnÆ!Ds��
2 \ J
2.1 _Z�5?G7tjM^�lI11HNy-�u�QZBNII�℄�72�l� "� Fanaroff l
Riley NMu�^" (178 MHz, 2× 1025 W·Hz−1·sr−1) &u�
j7W FR I l FR II y�j [6] � FR II I-)I�u�^"�-SJ=��/M FR I NIr��L:�dG.%�� FR I u�
j� BL Lac =:�(A:�JjX-)|�=�d�"rSmjX~L�$1o1���I"r�u�"0U�JO�LO (kpc) ℄"�=�QQd(K�1|�~|J�$1��u�0UV~U
=�-�� [4](nJ 1(a) +�) �. kUFK
FR I u�
jd=�a�eZ��wL��
�Æ�J pc ℄"r�
$y(Æ$"�$1��� kpc �℄"rj1W y(Æ�� FR II u�
j�jX)��=�n-o�I"r�u�"0U�J0Yw|�V~U
f�� [13,14](nJ 1(b) +�) �dG.%

K 1 (a) FR I Æv��k M87 	>��0 [4]; (b) FR II Æv��k 3C 200 	>��0 [15]
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j�j
:�(A:�sd.sI�j
:-pd%o0U�I"�/�~�jXw|�I�)VU FR II j
:�FR II u�
j�=�\1��℄Th� ���IdNZ [16] �-S FR II u�
j�=��K��<u:�\4&1zh��wZf�|�� Mpc �℄"�f?℄�QZB (HST) ZH�.�%o0U�^�(A:�nu�
j Pictor A g0u�"r�f� [17] �BEu�j
: 3C 273 �u℄"=�4�J=�-� [18,19] �'d Einstein l ROSAT X uvX
-mMae%oX� X uvZHJ|�~�%oX X uvZH!D�,�7K 1999 7.u� Chandra X
� Schwartz �isE Chandra (u�f��
jj�O'++9��=ZH [20] �.s}.? X uv=��J℄"d�� kpc� Mpc �(uK++�7f.s X uv=��/++��,jI�mjX~L� �=���IHC�j� �lNZ=��MjX~�pd℄l�=��mjX=a��x�=��,�kU� X uv=�ZH�/�D�+Æ�=��lZH�v~��'�D1�FJ��A5ugW�sd3I��K��
jj1H� X uv=��-Sw+=�-�lf�-1H�} X uv<u��)PU���du�
j Cen A l M87 �=�%o0UZH�})"r�^1s� [4] �
2.2 R<Kd2-�. kU� �=��.G7 [21] �-��LW�M}-��	=F����`�JW��Q"l�$�^7~w�Td�}hG�	=�$u&u�2��-�|"lQ~\4Iw+2��-��LW-��++���4�#�u�
j M87 =�Ut�JrX=jX�-� D � E l F �I-)aj�℄��/lu��\1� Beresnyak �i����=gW [22] �MkO`�D�Jr�-� A l-� C I �u�^"E�\1�F0~l|~	=M}�� Bicknell l Begelman [23] jkU+Iu�-�!\4E�	= (oblique

shocks) 2��JZH4x�L:�FKy(Æ�AgW��,��%,W=��lZH�v�'U 30◦ ∼ 35◦ �--� HST-1 0YZH�$a���` (blob) j,WO��ZH�' 10◦ ∼ 20◦ �f�. asdu�"�0YW��J0U	��^"I�)kU�=���� [13,14] �M=�-�j#�f�-�FQ	=�	=jGM}�I<uX��D���=�\4ge-�$\ ��L��~�=�df�fH������pM}u�"�L��(K-)Z�o�=��I�{w/X7Jr��.K0UDC�-�~�f��t�u�"�(�Vep�Æ	6Q|�f��J+Æ-w�Td�tn�j
: 3C 351 �u�"�K!f�:j�%0�u�"dj��%2~IyKf��-�du�l X uv=%!w|�-0�u�"�I.K-)o�f��d 1.4 GHz Q"���%GyKf�� 4% [4] �?℄. kUf��<u�V�y(Æa��~��%0�!f�aIy(Æa��4� [24] ��yu�|0U��asdu�"�0Y�-�-���=�r��-��-uK=��(V�lZH�v�'w���EyD�'72�ZH��u��^�l X uv^"�9�W���q�gW�D=%��rW (offsets) s��. Vep�IA^"�9�d-��rH (upstream) �~|�("PpH (downstream) 2~�E1�\h\ �tnu�
j M87 �=�-� D l F(J
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1(a)) � Bai l Lee mMa}u�rWs��2��kUd kpc ℄"r�&\4)�$�FKSt�D=%DD<u��&ka�5�D�;kL=%^"9�W��7B�D [25] ��.�XKrWs��\12���iOQ")"=��pHlu�m-lQ}u�<u��.�lrWs�ywj�ZHs��^Q$9 (progressions)�u�s�6sU X uv<ud=�rHQ",I�)=��$!o�-u�<u�Q")=�lQ�̂ Q$9�s��wD4�� Sambruna �id 2004 7�a 7 Kj
:�=�!Iu��A [26] �,r��.Kt&� 3C 273 �=��/�nJ 2 +�����6��-��^�^"y(-)℄��d FR

I u�
jlj
:�=��!ZH�}rWl^Q$9s��

K 2 (a) 3C 273 eAE>&	>��0K [4]; (b) 3C 273 	>�ev��_�� X vw5_��{�Jw	[IK} (8:G MERLIN array � HST m Chandra [I��)[7]

2.3 Cf^`K�5?ZYEXu=�-�lf�du�−^�−X uv��1E7B�u�l X uv=%ZH�E�� (αr l αX) 7B4� 5 GHz l 1 keV ZH^" (L5GHz l L1 keV) �yX�nJ 3 � 4 +��mZH�1E7BJ 3\"�I�W� Xuv<uE�u� –^�DD<uW7dI1$�%{�-I�W� X uv<u"r��u�l^�W7��|%{�ZHE�� αr l αX�I"r�yX� (nJ 4(a)) �-�lf��u�E�� αr ��d 0.1 l 0.9 ~��!�K
1 �f�� X uvE�� αX ���d 0.7 ∼ 1.2 ~��--�� αX 7B)�q�d 0.2 ∼ 2.4~��Kolmogorov-Smirnov�* (K-S�*) 06"f�l-��u�E��l XuvE���7B!�I"r�L:�~�bÆ(K-�~�f�� 5 GHz l 1 keV �ZH^"QyX (nJ 4(b)) �BR-'�-�� X uv^"-f�I 0.7 Kz��dB�J L5GHz −L1 keVr�f�l-�F�v L1 keV = L5GHz wiÆ7S�;k�ZH^"- RL ≡ L5GHz/L1 keV �.KX7-�lf����N [10] �u�ZHÆ��-�6"yjW� X uv<ulu�<uh)yD�<uX�- X uv<uZH4x��D�FKyj%o0U01nA#�DgW� (niOQ"��l&:��$;&�)[10] �
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K 3 (a) Cygnus A sg� B 	[I2Fm&Æ4r1d [10] � (b) M87 s.� A 	[I2Fm&Æ4r1d [10]n�x8� δ = 1 �
 SSC '�5sx��x8�W	L��B�
 IC/CMB '��o�x8�FF>w'�	

K 4 (a) g� (��3a / ��w) m.� (^�^ / �w) 	v�m X vw[IF� 	8C [10] � (b) g� (��3a) m.� (^�^)1 keV [I_#m 5 GHz [I_#	YkK�wy7 L5 GHz = L1 keV
[10]

3 p�#F
3.1 _Z;t9K9A. kU�=��M}WKSuÆzu��i�eZ�w+}M6"=���WMi�;l��u��ywj� [27,28] �1zWK�5)i�Æ�=v�1��tCe Blandford-

Znajek (BZ) eZ5\u����1 [29] �Pt�i�;0Xi�:v��0�u℄"
S5�iO&i�;r�1zl'�z�1�h��=�;�$JÆ��VU BP�� [30] �b



� 378 �������>�Z���:�p������� 28 P�Æ�d=�.ueZ� pc ℄"r�~�d=�$\℄�� kpc ℄"r�!x��}=�� �^7�=� ����I�CeiOu� �=� [31] �X�T4Æ_� �=� [32] �Fi�;)��<uO �=� [33] �=�)kU�.K�I1z*��h�C��Fy(Æ�&�iOlC�B�zUW [4] �J�
4Æ��h&jXM}�1zh��=�0Ylu�"�6f�l&:M}u��^�� X uv�<u�(K(�=�%-'�uy�W7\1UD.�Æ�~. kU-���D�=�W7�u�l^�<u�v�ZH6"��t=��.G7x�<u�Fy(Æ�&�DD<uM}�uHI}XK�l&:<u��+}M�~(K�1zh��=�0Y�4ÆW7;�Td�-=��\1O`Fy(Æ��|��&UW�;UI1�y(Æ�&�MP�S=&A^&Ce6UD*qu*��1z��\1�s=��0Y [34] �;k�=��4ÆAB#gC�B�z�1z γ ≤ 1 000 �y(Æ�&l�z�Æ&�-Ii5a
���� (neutral beams) =� [35] �;UZH�u℄"=��NZ��x�l���tn
3C 120 l 3C 390.3 �=��,W=��=u2~,(��1}����=�\1F+�W7UW�=��W7~\1pd�1�.�W7���1U�.�W7���tn��y=�,`F�i=���("L�1Wu&�� [36,37] �}r�+"=�W7��b���J:$"-I�b���=�x~�u�ZH [38] l
blazarj<u�nÆ% [39] 6"=�I.K$"0U��|�!X0U%kU$a�����w"=��uG71z�L�I.Ka�)��L[#K [39] �nyK=�K$"L9wu�,�.KK�u&
T���.KK�^&�y(Æa���0��	6UD*<u�lQ�bÆ� FR I ~� FR II u�
j�=��J!$XQ!lu&��$Xywj�ZH� FR II u�
jf�^�<u��v�6"f��I1y(Æ�&��$O+ [8,9] �.�V�4��p�A�%\42� FR I u�
j=��^�ZH [40] �~�=�� X uvZHO`:�}u�%�-}�}u&d+XQ��$% [41] �~���I�+�}M6"u&du℄"=��j6W�!\4)�$�
3.2 CfP~. kU��
jj%oXu�<uM}Ky(Æ�&�DD<u�S^�=%�v�ZH6"^�<u-�LWKy(Æ�&�DD<u [8,9] �~�%oX X uv<u�LW�7mpdwuz8�-Sw+!D06"�DWrJ X uv<u��Ir�L: [10−12] �D��d=%ZH�1E7B (SED) (K<u��%�u�L"w�,�-E�tG7W� Xuv<uE"r�u�−^�DD<uW7dI1$�%{ [42,43] �6"u�W� Xuv<uM}KDD<u�~�w+W� X uv1EYs
R�0��/ (nJ 3(a) +�) �6"J X uv<u"r��u�l^�W7��|%{�nu�W� X uv<uh)DD<u�j,W�&7BdI1$IKe��Ce03K�$\4	�&EdI1G71B�k~L�F�� KN(Klein-Nishina) qu,��	��&7BdI1$I.Ke�-\4M} X uv=%�DD<uE [44] �~�O���Z�kU�
R�0�� X uv<uE�.K6UD*quW7St� [10,11] �uKqueZ\1�y(Æ�&6UD*quJM}�D



� 4 H s�<�����kkv�&pY[Imo�"E 379�D<u^& [45](DD)UD*qu� SSC) �-\1�y(Æ�&6UD*quS=&A^&+	 [46] (IC/CMB) � Kataoka l Stawarz �i}.K++�7fJ=�-��f�lu�"� X uv<u��|5a�(u+�Wh"�,E SSC %2�J X uv<u�,.K�l1R7iO��iO [11] � 2004 7 Hardcastle �i(.KF FR II u�
jlj
:rf�UW�++9�7f [12] �-.s(Ku�^"-)I�f��J X uv<ud1R7A#p\4E SSC %wiÆ2��~�(Ku�^"-)�f�h"j�1E SSC %2�J X uv<u�6�lR7iOA#�M SSC %y-� IC/CMB%\4/��l1R7iOA#�,W� IC/CMB%kU<uX4�$;& Γ I$a��d=�.5jp�y(ÆJ��A�5u CMB �1z�"�
u′(CMB) ≈ 4 × 10−20(1 + z)4Γ 2 J/cm3 , (1)duK%p�|.��&\4d1R7iOA#pCeDD<ueZM}u��^�=%�<u�Ce IC/CMBeZM} X uv<u�2010 7 Zhang�i [10] jGÆ(Iu��^��XuvpK=%ZH�M� 22Kf�l 45K-��1E7B9�%�&3q�.s�V�J��A��.�f�� X uv<u\4d.K�l1R7iO�Se 1 Kz��iOpE SSC %3q�~�(-�h"� SSC %Ma�3qiO�Z�K1R7iO�-V�J��A��d1R7iOA#p�Qu+�f�l-�� X uv<u\4E IC/CMB%wiÆ2��,��a�u�l X uv�ZH^"-\I�W�E SSC %3q X uv<u�(1R7iO�lZ"\��uM Hardcastle �i�0.	�-SuK-��.K01z�MW��$;&l+xiOyX (nJ 5 +�) �\4-UX7f�l-�yj%o0U���N�,�~�a�f�l-� X uv<uZH4x��D�\1�FK-���$;&lT�jp�iOQ"�DgW��

K 5 v�m X vw[I_#. RL N,yjPmK�<'	zYK_	_z8/���	4bz8h� [10] 	
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4 `9nrRw+06"f�l-�uyj%o0U� X uv<uLW�D�Æ	D.=�r�D-�� X uv<u��\1-�D [47] �I�{Æ	I X uvZHE���-w/b�DC�+.�����J X uv<u� IC/CMB %(%oX X uv<u2��Tj��d1%�&7B-��
��;k� IC/CMB <u\4%{�D X uv=%�Mk�D�DD<uj,WdIA%1 �tIK,��~�uK1%3�Sa} Chandra �ZH1%�n&h1WdOI1%H� X uv�E�j\4<'a�+.�����} X uv<u�0h���dSe 10 keV �=%ZH2Ns�+,W�� "l'72��6Qf/���.�<' X uv<u���2/�Ce&hIQ%W�I� "l'72��Au�QZB9�ZH�n&h�Au�ZH.sJEwB�tI.KA�,��j6" IC/CMB%�I^7��D��+�Vep�1H�-�d^�lyL=%<u�ru�uK=%�M�ZH( X uv<u%�u�-w�,�2�%oX X uv<u� IC %dnÆrS'(�%oX� MeV/GeV <u\4)
Fermi 1H��|�ISeÆ�RY;QZBZH� "� GeV/TeV <u [10] �~�sI1HN�'72��WI��1X7I10�uv<u�:h)jX�t%oX� Zhang �i(u�
j Pictor A r.K�f�� X uv<u��9�}m	�!D [48] �.sd61R7A#p�%S'uKW\1I GeV/TeV I1<u�-SCeMjX1E7B�-)�*�JI10�uv<u�,h)Bf��St-��jX�<u�%oX�I10�uv<u��~�,9.D�ZH}��d3Æ%oX X uv<u���PP,W�+1R7A#�~�uK�y�:qn-pd".�z8�n SSC %S'� GeV/TeV <uH�d�l1R7iOA#p���0 [10,48] �n%S'�uKI1<u&h)1H��6"�tu�W��+1R7A#�DCu�%oX� X uv<u������<uX��Æ�k+��J0GiO�:�+1zR7A#��Dj�%o0U (nf�l-�) �<u���<uX0Gn�ÆIp:D�u�%o0U�:\1IOI1�0�uv<u�u.j�^7!I{&h�ZH�*l}��a�G{sI�u℄�QZB Fermil&h�1Oi�1HN1*�G7t��} rH��5"!DVAI%y��3Æl���6Ulo�
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Observational and Theoretical Progress for
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Abstract: We present a brief review on both observational and theoretical progress of the

extended structures of AGNs (active galactic nuclei) in the recent years. With great improvements

on both the space resolution and detection sensitivity of current instruments, these sub-structures,

including knots and hot spots were observed in the radio, infrared, optical and X-ray bands.

Hot spots are often found near the outmost boundaries of radio lobes, being regarded as jet

termination. Knots are usually thought to be a part of a well-collimated jet. The two kinds of

extended regions show different observational properties in the radio, optical, and X-ray bands.

It is believed that the synchrotron radiation of relativistic electrons is responsible for the radio

emission of these extended regions. The detection of polarization in the optical band indicates

that the optical emission is also from synchrotron radiation. The X-ray radiation mechanisms of

the extended regions are highly debated. For a few sources, the observed X-ray spectra smoothly

connect to the radio-optical band, and can be fitted by the synchrotron radiation model, indicating

that the X-rays of these sources are the high energy tail of the synchrotron radiation by the

same electron population for the radio and optical emission. However, an inverse Compton (IC)

scattering component, the synchrotron self-Compton (SSC) scattering and/or the IC/CMB (the

relativistic electrons IC scattering the cosmic microwave background photons), is necessary to

model the X-ray spectra for most of the sources. It is found that the X-ray emission for hot spots

with high radio luminosity could be roughly explained with the SSC model under equipartition

condition. But the same model cannot explain the X-ray emission for hot spots with low radio

luminosity and the most knots. Considering the beaming effect, the IC/CMB model can reproduce

the X-ray emission for most of the hot spots and knots under the equipartition condition. The

deriving bulk Lorentz factors of the knots generally are larger than that of the hot spots. Both the

SSC and IC/CMB models predict a prominent GeV-TeV emission for some sources, which could

be detectable with H.E.S.S. and Fermi/LAT. The detections of these high energy emission would

place much stronger constraints on the radiation mechanisms and on the physical parameters of

these sources.
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