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1 �0����1. (blazar)�}�|a_x$�*�xf�Æ>�jx*g�j/�`_�xP1�$�^N>P1�U�qLJbxm���1�pPt��1.xx
8.q(R5pÆ�Hgq�u��>�U8$>���1� [1] �>$8e`ÆWhy;-pÆ�$;-Q;g�u X ql>�Æ��;-U�Æql$M�7;>q�uP�>�x83fÆ>�4x.qV*Z(\
�6C��.qÆ84Z��7(T7�hq/A�/A(T7�hqxÆZ$�d�6C��.qx8$��`P�2	 (6C�T7���) Æ"Z$d�1��Dx8$�� (�T7���) ��1.�$*g�>.qx8�3f�Æ�H>3f��Qx$�"�Z1x�e�ÆU
l 8x�1.} hTP�S�hr��1.q�_{� 9�xÆ (q�LJ5R�$(Ju�(8}�D*x1��$�d�Æ6C.qxx
8U�℄��b��x>�1wP�" [2] �>IP8} qlx8XÆ�1.Z*N58q�k|�� M/IG�2008-10-15 � Z8IG�2009-04-199<XB�Y��UYÆ�3��o! (10673001�10778601�10878007)�%AEz��5�\GkZ�r�%AE�Æ{Y\EY�B
�3��



� 4 = /R��}[� 2/Q�?�yIQ2	%92t 359�.�wn� BL 1.�Db8�gx qlÆkb�8�bt8Hex ql�Padovani` Giommi [3] �wn� BL 1.*N8$-p��$-py��aZ arx(7 5 GHz∼1 keV)s; 0.75 Z�;DbÆj; 0.75 Z�;kb�58q�k|.x$8*Bjw?�$-pwn� BL 1.$w�7;K8��xZn*�Æ�1.VN	�1R��U�;>�xLJ�D�r [4] ��O�1.xP1y7$o��
k1.5�LJx���7m$�lv}>P1y7ÆFZ(�1.x{z� C�>!H��℄kyÆxZ(4d(�Z{�zV.q$xu
���.qM?xjs�g�Z(�}�|a_-{x�D,B%W�IÆ�n����℄ky [5] ��1.xHP1�{�8)x�DX��HP117h;�d>��>UP�>�D*"UND"P1 (intra-night optical variability, INOV) Æ�r>P1y7[�U$Dm"Æ7
 min u
 h �|�7;.AS<1sÆHP1x1/&s (jK 10%∼20%) Æ.�UNHP1�5[�HP1x()Q0}��1.x�Dxx<CÆ$(�1.�"Mx_-FÆ[�ZsuH$� [6] Æ;$�Fxjs�Znw��(��xky�
'�x�D'=8$v8+,x-Z [7−11] �gRj�I}5�*℄ÆZ(lvHP1x℄hZ(�� (1) �t�! (:TP�[���n) � (2) &Sy7P1x$D* (P��"�e�[�) � (3) 	�U&SP1lx�t�!�e�ÆLJx hHP1x1/5RUj' <�&j [12−14] �
Matthews ` Sandage [15] U 20 �� 60 )m\<�X h}}�|a_x_�{�1s�!� h 3C 48 U 15 min "1s} 0.04 mag(V >�) �r3 h��kx$v�D-Z;�8wu^dSoÆ.N
v1s+^NZ$�7&C\N /Ax�r�Ækdx

CCD LJ8�_�P1i�}�|a_x$�*�Æ�;�1.��6>ae� Heidt `
Wagner [16] gChxwn� BL 1.xLJ�- [17] }Æ h>}8 80% g�HP1�8�HP1�wn� BL 1.x$�*�� 20 �� 80 )m(kHP1'+S&LJu [18,7] ��THP1'= h}
x)Ær>PtxC.u4x�I_Æe��b�e,℄}�6x���;5�0	�8Z^NHP1Z$�7�1.x�"DÆW8Q;1._"x}�Tj{zdÆPtx [18−20] Æ"8Z^NZ$�.Nm���>`(PR*B1�xmo�4�U�1.x1�"Ptx [21−24] ���x8>!x��ÆaU�`�0x�V
��W� [25,26] "Z(0	D*HP1xhr��>"dQÆu��Æ"Z$twHD q
 t1sÆg�/AP1 [24,27] ��T�;HP1xA.8e��60	Æ�wuiSx0	Æx��5�jzxLJÆ(}0>.q�y�.qM?x-F�()�6>�xmK��y���D�1.P1x����m$Æ"�Z(4dky.q�yxZ$$L�>I7�}�|a_`�0��ÆaZ$;>�xx
8�z�d��$;>�=[T`nxx
8.qÆy�F|PtÆZ(o(5[.q�b�(5[|m�.x℄|[Xg�℄d�.eÆx
8`P1Nlxy�Z(S
`laxjs [28] �*℄y�"Z(4d�D}�|a_x
b�S���"D-F��Dq��P�>�.qmK�6>��Æ.Nyb)7|m�.1�"xm�����x6C��.qPt�'8�n�D>emKÆr�wux-Z�j$w�U�y7Æq��P�>�8yjS�mK [29−31] �USy7ÆZ(auy;>�xmK�Æ6y" h�6>��8y�Æ>}84f tP1



� 360 �������2�S���6�^������� 27 N�Tk��4 [32−34] ��1.U�Æ>�8eF qÆ>P18S<"8�<xÆe�yj��
$81s [35−39] �$8x1s8� q�y>�6>�x1s8�GKa�*℄�1.x$81sÆZ(�
v1sxZn[X�(ky�X"�'8�ne�&j�-�1.x8�`.&�D�Gu |Z [40] � 8 ;�1.5�}P�>�LJÆs} 3 ;N58q�k|.Æ>=N�4-pwn� BL 1.� 3 ;58q�k|.s}8y;WhL{LgÆ� 8wn� BL 1.�L{Lf�D’Amicis |Z [41] LJ} 8 ;wn� BL 1.Æ>} 4;�gLfL{Æ>=x�8�g�i – {�Ka� Vagnetti |Z [42] � 8 ;wn� BL 1.�℄ BV RI >� 5 a �JÆQDg�L{Lf����mÆP8�1sxLJ-ZZ*Ng�Ja� (1) F�
P�[��1f� (2) F�
P�[��1g� (3) $8��P�[��51��1;�$�JaÆ�Nwn� BL 1. [41,43] Æ���Ja$�N58q�k|. [43] Æ�g�Zyb)8 [44] �^}8�$81s�Æ Xie |Z [45] U 1998—1999 )�e� 13 ; GeV �1.5�}P�>�LJÆ h��P�>�xP1y7jjS; 1 h���Æ>�xP1y7$�N
 hu
 d �
��>P�>� q.&Æ�Æqlx qPt;1�m}{_M?�Ix�'� Cheng|Z [46] *℄} 61 ;�ÆY�1.x�>��IÆ hP�>��z? X ql� K >�x�zX�UF`;8$x��$
&y�8eFximK���Æ>�?P�>�x�zZZ$82mK�
Z$�gg�>�u X ql>�x.q7m6xP�=[6C��.qPtÆ��Æql.qe8Z$7(T7�hqPtÆ>FV.qxP�d��DP����6C��.q PtxP����Æ Fiorucci|Z [47] *℄} 37 ;�1. 10 a P�>�kx6yLJ (BV RcIc) �IÆ h�$-pwn� BL 1.8r�KN 1.5 Æ0
6C�T7�����;8$-pwn� BL 1.�58q�k|.Æ8r�;XS
xpÆ8$-pwn� BL 1.x8r�g 0.5∼2.0*B�
k1.�58q�k|.P�>�.qe8Z$+:xV*WV�6�Æ Hu |Z [48] s4�6x�IÆ*℄} 17 ;�1.U 19 a xP�>�LJ�IÆwu6�x-�Æ�$-pwn� BL 1.8r�"�KN 1.5 ��8$-pwn�
BL 1.�58q�k|.x$8Z+>! qV*?N��1.xP1Z(7�U�"UC./A��UC.!b|�k� [49,50]ÆH/v9A [51,52]Æ�b
bu1�7;
v�UC.��$/A$8x1sÆ$�^N�"UC./A�1.xP1����x��N shock-in-jet���>Ie��Æ-Nxl8d=�|m�.xm���1�7}{dÆ1℄ÆaZ1��Ox$z8>�ÆF|Pt�
1�b=x�>�s�>�uu����dQ��[8xM?yÆP�>�x6C��.qF|�F�>1/`P1y7OO;=�xA
8`�>xi��e��$B�$8�P�x1s�dRK.� 7 ;�DLJ��x�1.P�>�xHP1`$81s5����
2 !30zJR3
&:3u
2.1 3C 279

3C 279(58q�k|.)(z = 0.538)�$;e8m8�x�1.�"��$;+ h8T



� 4 = /R��}[� 2/Q�?�yIQ2	%92t 361�P�hrxk|. [53,54] `�$;+T7��Æql1R#lx8$�Æql{�FIA h8�Æ>�.qxF [55] Æ"�Q1�{x�ÆqlFm$ [56,57] �"UQ>��8P1Æ (VN$v�>�LJ�qx�7 [58−60] �P�>�P1'�Æ 3C 279 (�6y7g�℄ej1sÆ7�)u 1 1(d�|� Hartman |Z [61]  hP�>�� X ql`�Æql}�8imKÆr�U�6>���au$wxy��UP�>�Æ Bottcher |Z [62]  h�
4
x[�Æy�"[�Æ B >�. R >�
ki 3 d �
�jxy�Z$�7;����$8x�"13�/Ax��.d�Æ 3C 279 xHP1;�R �sF`;}N
&yÆ�y7P1&�� Miller` Noble [63] U 1989 )LJ hFU 3 h "||51} 0.15 mag(V >�) � 1996 ) 5 OÆF`;}N
&Æ�;>�g�}y7N 1 h x1/�LJ<"xP1Nljw7_���dx' Pt� 1996 ) 5 O 22 `ÆLJ h��j/�_�P1ÆFU 40 min " V >�51
1.17 mag [10] � 2001—2002 )x' <�Æ B >�P�U 5 min ("lv 0.57 mag ÆTkU 34 min "d# 0.7 mag [20,64] � Kartaltepe ` Balonek [65] "Ue' <�LJu�y71sÆ���xN 0.1 mag /h(R >�) �$81s'�ÆS<LJg�P83�`P��8�gKa�r�Æ5[�<P1LJÆ hP�d#��
P813 (B − R r��n) �P�[���P81
 [66] �
2.2 3C 454.3

3C 454.3(z = 0.859) �$;58q�k|.Æ"� GeV �ÆqlFÆ�+T7�VpFIA hxn��1.m$ [67] �*℄q}LJÆ�Æ Villata |Z [68]  h>Uq��P�>�x8he�6Æ 2001 )(DÆ>P�UP�>�t8}|js1/Æ�q�>�'==q[g��Y
xj' ��emkÆP1UP�>�[��Uq�>��e�
8�>P��q�>�x.qd�y;�6M?�>kU 2005 )xLJÆVillata |Z [69]  hq�>��P�>�8�gy�Æy�Su 100 �1�n�^N3y��7;�PR1�"xW��Ptx�>-R},�x>= 6 ;�1.m.Æ 3C 454.3 xHP1&nÆP1y7( d NpQG��Webb |Z [70] �FU 1971u 1985) B >�xLJ�I5�}*℄Æ h"; 1979)\8' Æsy B >�U 63 d "1s 1.28 mag � 1986) 11 O —1987) 1 O<�Æ hU R >�8_�P1ÆU 2.6 h "1/iu 0.27 mag Æ�HUh;�d>�p3F�8HP1 [7,71] � Villata |Z [68] �D[3FS<P��q�>�P1Nl (1966—2005 )) Æ!�U5��>�LJxWEBT(Whole Earth Blazar Telescope) �qyÆ hU 2004—2005)3F t}D P8x' Æ' Y
} 1 a Æ; 2005 )
1-��' <� R ||�8i 12 mag Æ�u�DNsLJu�{xk|.
&�FU 2007 )e1�K1`;}N*�Æsy_�P1e�Æ�g�x�U 2007 ) 12 O 12 `ÆFU 1.5 h "; R >�[{} 1.1 mag [72] �?$�58q�k|.$�Æ 3C 454.3 U�fLJ}g�L{Lg�*℄ V − I ir�? R >�xKaÆ Gu |Z [40]  hir�Ljy||"L{� Villata |Z [68] 5�x
2004—2005) WEBT �`wJ"LJu(lJa�7; 3C 454.3"� 1 Xk|.Æ
;hrZ(n0V`�0xX q�℄xDj�s1� qeyÆ��2nP�>�x&fM?�



� 362 �������2�S���6�^������� 27 N�z�mÆP�>�!\y;V*�$;Z1xD*d�1�Æ�$;�$
Z1xD*d�`�0�s1�1{yÆ>&gP8N�tÆ#m*T�r�Æ!�" h B − R L�^p8�$`�hr�' <�ÆsFe{y (R ≤ 14 mag) ÆL{LgxL�� }�
e8Z$�.N
yj(X1� qN�tÆPt}R xL{LfJ�Æ�L{LgxL�}`}�
2.3 3C 66Awn� BL 1. 3C 66A(z = 0.444) ��$;+ hU UV >�86C��.q-pZ$x TeV �ÆqlF [73] �"U3f'�x1s/�ejÆ�$;e}Nx1.ÆUS<��<LJ�8�gP1� Fan ` Lin [74] *℄}>q}lxP1NlÆ h>�jP1/�
∆V = 2.75 mag � Bottcher |Z [75] U 2007—2008 )xLJÆ h>U=;P�>�m�
(UBV RI) ;�8y��HP1'�Æ Xie |Z [10,76−78] �"5�[�fLJÆP hhUHP1� 1985 )
1ÆFU 43 min "d# 0.46 mag ;U 63 min "[{ 0.45 mag(R >�) �k�-ZUkdxLJ}"+ h� 1988 ))�ÆLJ h B >�x||U 27 min "1� 0.45 mag ÆU 56

min "[{ 0.48 mag�1989) 11 OÆ"U 10 min " B >�d# 0.52 mag�1996) 10 OÆLJ h 87 min " V >�{�d# 0.5 mag �
Sagar |Z [79] U 1998—2000)xLJ<�Æ"�f h} 3C 66A xHP1Æ>1/N

2%∼8%(R >�) � Dai |Z [80] U 2000—2001)"�D[ 3C 66A xHP1Æ h>P1y7*:N 42 min ` 38 min, ∆B = 0.52 mag � ∆V = 0.5 mag � Ghosh |Z [81] � Bottcher|Z [82] *:U 1997 ))�` 2003—2004)U B >�� R >� h3FxHP1��;$8`P�xKaÆLJg�U$�Jad3FL{Lf� Ghosh |Z [83] *℄}
1997 )� V � R >�xLJ�IÆ hsFx{�#�yÆ V − R ir�1gÆg�ir�? R ||8imKÆ? Vagnetti |Z [84] U 1995—1999 )xLJ-Zm0� Vagnetti |Z [84] >I&nx�IÆ hs3FU B >�1Fyir�1fÆ�eKa�t;dix�zpÆ6� Gu |Z [40]  hir�? R ||8imK�T�Æ Bottcher |Z [82] LJu�6x-Z�!� hFx$8`P��8�gKa�s�z�y (R > 14 mag) Æ8�%�gxL�g�L{Lf�rs�z18yÆ$8?P�F�8�gKaÆC.Z$� B/R x.pt�U;:' yFiu-p�
2.4 BL Lac

BL Lac �wn� BL 1.xC�ÆU 1929 )+ Hoffmeister  hÆsyLJu"U$�"�z1sT[ 50% ��"UkV��<1|�"UP�>�8T[$��xLJq}�USi
� d xx
LJ}ÆFUP�>�1s(R�TZ�r�ÆU B >�Z$hUjjS; 14 a x�< [85] �>I Shen ` Usher [86] � BL Lac xq}lxP1Nlx*℄� Webb |Z [70] xS<LJ-ZÆ BL Lac U B >�P1$LN 12.4∼17.2 mag � Villata|Z [87] U 1994—2003)�I} h}>U84q�>�`P�>�xP18&FxmK�Æq�>�xy�KN 100 d �
hr8�/AP�>�' x�y6y"|2n�$>�x�zÆ��U8y�xq�>�xP1U4
L�yFL��g��;P�>�y�Æ Hu |Z [88]  h e ? m >�8Z$8 11.6 min xy�Æ
? Papadakis |Z [89] x-Ze0
� Papadakis|ZU 2001 ) 7 O 5 `xLJÆ h B ? I >�8 0.23 h xy��
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y;-Z. Stalin |Z [90] *℄ V ? R >�xy�S} 3 min �r�/��+ukb*℄x>�?D�yb��$��
BL LacxHP1�$81s$o��DX��:O 0.1 mag/h(V >�) x_�1s [91] X+ hÆrou CCD ��5vP��℄hÆ>HP1F+O
��j{ [18] �XU 1969 )Æ

Racine [91] F h}> V >� 0.35 mag/d xP1ÆLJ-Z? DuPuy |Z [92] xm0Ækb hx��N 0.3 mag/d(V >�) �Miller |Z [18]  h 0.14 mag(V >�) xHP1� Xie |Z [93] U 1985 )� 1988 )LJu 40 min "P�lv 0.56 mag(B >�) � Corbett |Z [94]Z h ∆V = 0.1 mag x1/Æy�N 30 min � Carini |Z [44] &9} 17a xP��JÆ h}Fx�J*�Æ7 (B −V )− V ||;ZS℄Æ{���i�8�gKaÆrL{LfxL��Z x� Maesano |Z [95] &9} 1993—1995)� BL Lac U BV RI >�xJPÆj{}3F�
�z[��P815�
1997 )Æ BL Lac xj' VN�;P�>�LJs�x�7 [32,95−101] �<�ÆF�f+ h8�6xHP1Æ�L{Lfxhr"�f℄h� Matsumoto |Z [101] U 1997) 8 O 2 ` h$;�_xP1ÆFU 40 min " V ||lv} 0.6 mag Æe-Z+ Ghosh|Z [14] j{�U6$DÆ Massaro |Z [98] � Speziali ` Natali [35] LJuFU' <�x�eÆ hU B � V >� 2 h "x51T[ 0.5 mag �
Webb |Z [100] U BL Lacx' <�5�} BV RI LJÆ hsF1{yÆP815�
;*gkd+ Nesci |Z [99] S^� Fan |Z [102] U 1997—1999)� BL Lac 5�} V RI>�JPÆsyFm�&�Æ�8 hk�x_�P1Ær�F8e�gx�
>S[���nxHP1�Nikolashvili|Z [103] x-Z>e$w�Clements` Carini [104] U 1997) 7 O5�} 11Dx V R>�JPÆ h} 0.1∼0.6 magxHP1�!�" hsFx{�L8yÆ�iLf�K;
��i51x-{Æ!�^NZ$�}�|a_-r/AxÆ"Z$�s}�|a_`;�e
&yÆ7�$;)>|a2n}�Fx�ixLJ�r�Æ Papadakis|Z [105] ^N�
P�[�ÆP813e�gÆ��^^}��|axDjÆ"g�LfL{Æ (!�^NiN��1.-rx*��7 Villata |Z [106] � BL Lac 5�x UBV RI>�x�tLJÆ" h}6�Ja�!�6y h�i – P�KaUS<P�1s}&��gÆ�
1xy7"Æ
l�XiNx�!�7e>� BL Lac xir�!\y;D*�S<xeiN��<"FiNx' �
Stalin |Z [107] � Gu |Z [40] *:U 2001 )� 2003 )Ju BL Lac x_�P1�$a�ExLJÆ!�" h}�<P1FiN�S<eiNxhr� Hu |Z [108] LJ 2005 )x' Æ" h6�x-Z�

2.5 AO 0235+164

AO 0235+164(z=0.94)�$;w�F [109,110] Æ+ Spinrad ` Smith [111] UkNwn� BL1.�"8TP�1�Æ8���suiu 30 *P� [112] �e1.Uq�u X ql>��wuS&xLJÆ�HU=;>�LJuxP1y7�$ [4,16,113−117] Æ�Uh;�d>81s��x�1.m$� Raiteri |Z [116] .&} 25 )}�3FxP�>��q�>�LJ�IÆ h�vyjP��q�>�6y' Æ8yjP�>�f' Æg�}hU�6xP1�y�S<xP1?�7i.�1s8K (Z$�
bu1) Æ�_�' e8Z$�"UC



� 364 �������2�S���6�^������� 27 N�. [118] � 2006 ) 12 O' <�Æ Hagen-Thorn |Z [119] �F�℄P��g�>�LJÆ h B >�P1�f R >� 0.5∼1 h Æ� V ` I >�U 0.5 h $L"6C�
AO 0235+164 UP�>�"x1s��(_�`}Nx' N� [120] � Xie |Z [10]U 1994 ) 12 O}y1xLJ hFU 10 min " V >��e 0.52 mag Æ I >��e 0.44

mag � Rabbette |Z [121], Heidt ` Wagner [16] � Noble ` Miller [122] P hFU$D"x_�P1Æ1/N
x*m$ mag (V >�) � Sagar |Z [79] U 1998 ) 11 O� 2000 ) 10O5�} 5 1LJÆ hF�g8HP1ÆU R >�x1/N 7.6%∼12.8%� Xie |Z [123]LJu��y7xHP1ÆFU 21 min "[{ 0.71 mag(R >�Æ 1999 ) 1 O) �U 16 min"d# 0.52 mag(B >�Æ 1998 ) 9 O) Æ�U 7 min "[{ 0.54 mag(R >�Æ 1998 ) 11O) �Romero |Z [4] \LJuFU 24 h " V >�1s 1.2 mag(��z51 100%) �U 6 h" V � R >�51 0.5 mag(1999 ) 11 O) �
���1s. 1990 )� 1991 )xj' �F� [122] Æsy hD"P1x1/N ∆V = 0.25 mag��xd�ÆRomero |Z [4]  hsF1{yÆP813Ær�7;LJ<��8Æx�$Fe�℄-�� Papadakis|Z [105]� Stalin |Z [107] � BL Lac � S5 0716+714 "LJu6�-ZÆ
 2 ;F"�1{yÆP813� WEBT U 2003 ))�\�F5�[LJÆ h}�gxHP1�LJ<�ÆF`;�e
&�D�1sÆ�_x8 1∼2 d Æ>1/ ∆R =0.5 mag �
;LJ-Z8�FU�e
&d"Z(e}N [124] � Gupta |Z [125] U 2007 ))\ELJ} 3 d Æ>}y1U R >� h8HP1Æ�j1/iu 13.7% �?j��x�1.�$�Æ AO 0235+164 xP�1s?�i�8g�℄�SKa�
Ghosh |Z [14] U 1997))�u 1998))\xLJÆ h V � R >�||[{Ær V −Rir��1�r�ULJk�Æ V � R >�{���Æ V − R ir�[�Æg��i1g�Romero |Z [4] \U$Dm"LJu� AO 0235+164Chx' (1999)) Æ1/ 30%�$8�81s�
>P17"xm���>xb='q>
l'q�$x51�/AxL�$w [126,127] �WEBT U 2004—2005)�3F5�}LJÆsyir�g�jx�hÆ>1s$L7 1.27∼2.07 Æ��hU��x$81s�r�Æ;�8 h{�`�i8℄b�pxmKKa�*:�ÆsU� 1989—1991)� 1997—1998)' <�xir�yÆir�;�8℄b-R�.NsF`;&�x
&yÆ�8m�x B−R p� (ÆFxS<8h�-l�XiNxÆ> V − I pj{}
; h [128] � Hagen-Thorn |Z [129]LJu3F 2006 ) 12 Ox' Æ h}
 h x�y7xP1Æ1sy77P�u8g�>��
>Sx[��[���zx[�6�NXiN�
2.6 OJ 287

OJ 287(z =0.306) �=�xq�wn� BL 1.Æ"��ÆqlF [130] Æ8T[ 100 axLJq}Æ+ Dickel |Z [131] (Uq�>�) � Thompson |Z [132](UP�>�) LJ h�OJ 287xP1177q�u�ÆqlxQ>��P�>�x3f8ejx��1s�
Visvanathan ` Elliott [133] � Frohlich |Z [134] 
f h>UP�>�x1sÆ� Kinman|Z [135] � Williams |Z [136] Z
fLJuP�>�xl3fhr� Dultzin-Hacyan |Z [137] U3F 1994 )' <�5�} BV RI JPÆ;�8 h8y��8e� OJ 287 UP�>�xP1LJ�"U 1972 )P�iu�jpÆsy V ≈ 12 mag �"U B >�x1



� 4 = /R��}[� 2/Q�?�yIQ2	%92t 365�/8u 5.5 mag, 18.0 mag≥ B ≥ 12.5 mag [138] �$v�b [76,135,139,140]  h>P1y7KN
8 d Ær.�"LJu 1 d ("xP1�
vP1
f7 Folsom |Z [141]  h� Epstein|Z [142] ` Smith |Z [143] " h[>!8Kx_�P1� OJ 287 �sx1sy7�;
1 h [133,144] � Visvanathan ` Elliot [133]  h}�<N 39.2 min xP1y7�
;�<kd+ Frolich [134] j{Ær� Kiplinger [145] ;�8 heP1y7�Carrasco |Z [144] " h}P�>�xP1Æ�<N 23.0 min � 40.0 min � Xie |Z [10] U 1994 ) 3 O� 1995 )
3 OLJu3F��x_�1sÆFU B >�{�
 min "xd#K 0.2 mag �U 25∼35

min "Æ R >�x{�1s$Li 0.27∼0.59 mag � Xie |Z [123] U 1999 ) 3 O 22 `" h}3F��xHP1Æ R ||U 84 min "1s} 0.79 mag � 1994—1996)3F' <�ÆF`;}N
&ÆP1/� ∆V = 2.46 mag(g 14.03 1N 16.49 mag) Æ;��8HP1 [146] � Sagar |Z [79] U 1998 ) 12 Ou 2001 ) 2 OÆ�3F5�} 4 d LJÆP h}HP1Æy7N 1.5∼3 h � Zhang |Z [146] U 2002 ) 1 O 6 `U R >� h}�fHP1Æsy3F`;�e
&ÆfU 31 min "�e 0.35 mag Æ:U 39 min "[{ 0.27

mag ÆTU 80 min "�n 0.32 mag Æ�k:U 31 min "[{ 0.35 mag ��; OJ 287x�i`{�xKaÆCarini |Z [44] U 1973—1990)��℄LJ� h�i>P��8�gmK�Æt8�%�gxL{LfxL��T�Æ Takalo ` Sillanpaa [147]U*℄ B − V ir�> V ||xKakÆR h}�gxL{LfxL��6�Æ Wu |Z [38] U 2005 )l )xLJ h}k�xKa�LJ<�ÆF`;,?
&Æ1wL{Lf�ir�x_�1sZ$8�3F7y;�68r�x(XV*�V�aZ
y;V*}8$;M�51ÆFZ(Su_�x�i51�sF`;P�syÆZ(U&e�&�x(X8S eV* [147] �T�Æ Tosti |Z [148] ,℄��|a��P�xDjZ$�.q�yx"U*��gs�>!8�g��|ax BL Lac 1.�e76xhrÆ$�^N"�7|axX q/Ax�s}�|a_x6Cx
.q1w&eyÆ|axP8F t�g1sÆ��i1g [148−150] �
OJ 287 U 1994—1996)' <�Æ�i1s?l�-ZCQ�6 [151] �syFx�iV
ÆU�ilxy��68h��FUy;
&dx�6P1�y�.& OJ-94 �IÆ h8y;V*� OJ 287 P18Dj��$;V*�iR�1.x1s�eV*x1/?,?
&yx1/N��ÆZ$"8N��x�<���;V*���$;V*x��4�i�ÆZ$�7Q;}{x�dÆxmo�4/Ax [38] �

2.7 S5 0716+714

S5 0716+714� S5FF�1|8}x$;VDÆU Bonn-NRAOq��1}+ h [152,153] �
Biermann |Z [154] S^"Nwn BL 1.Æ; h>P�>�P8NX*gx
8Æ>g%u4mPS
�>I 8 a xP�LJ�T[ 20 a xq�LJÆ Raiteri |Z [34] &9}>P��q�>�x8h�!�U 1995 ))\ (R ≈ 12.75 mag) � 1997 )� (R ≈ 12.6mag)� 2000)� (R ≈ 12.54 mag) � 2001)K1 (R ≈ 12.55 mag) LJu 4 f��x' �
 4 f' g�}$;Z$KN (3.0 ± 0.3) a x�<� Raiteri |Z [37]  hUSy�1slq��P�>��8�gmKÆr}|xq�[FR6y��
x��P�' Æ��PtFP�>��zx�y$G�q�>�PtvH2n�Quirrenbach|Z [29] \�3F5�}Ny 4 �xL



� 366 �������2�S���6�^������� 27 N�JÆ h�O�Uq�x�P�>�ÆP1Nl�g�$�x(K 1 1N$�<1u���Q�K 7 1N$�<Æ��q�>�xP1e8Z$�"UC./Ax� Stalin |Z [39] UyDxLJ} h} V >�xP1X; R >�Æ*:KX} 6 min ` 13 min �r�O��:?y�N��Æx�$Fe�℄-�� Qian |Z [155] 5[$DxLJ"wu}N��x-ZÆ h V � I >�m�N��8 6 min xy�� Villata |Z [156] s484
O�x�IÆ h B � I >�y�KN 10 min �
S5 0716+714xD"P1���xÆ�"VNe��J�qx�7�Sagar |Z [157] &9} 1994 )Ny 4 �xLJÆ h} 3 ;��_�P1Æ>P1/�Pj; 0.1 mag/h(R>�) �Ghisellini |Z [158] U 1994) 11 O —1995) 4 O�3F5�} BV RI >��JÆ hU
 h " R >�1/K 5% � Stalin |Z [107] U 1996 ) 4 OLJ<�xy;#DLJu��KN 0.01 mag/h xHP1 (V � R >�) � 1999 ) 2 O WEBT �3F5�x 72

h x
LJ}Æ Villata |Z [159]  h B ||U 130 min "[{ 0.15 mag Æ�_1s��N 0.002 mag/min �Nesci |Z [160] LJuFx��1s�
N 0.02 mag/h(V RI >�) �P�lvyÆ R >����8iu 0.16 mag/h � Qian |Z [161] U 5.3 a x�J�q}ÆLJuFU 9 min " V >�[{K 0.78 mag � Montagni |Z [162] U 1996—2003 )xLJ<�Æ hs R < 13.4 mag yÆ�_||1s��N 0.1∼0.12 mag/h ÆY
y�s; 2 h �6yÆ!� h8L�g�FL{yÆHP1y7L�� Gupta |Z [125] U 2007 ) 1—3Ox 5 d "� S5 0716+7145�} R >�LJÆ hFx{�iu R = 12.58 mag, >mD' yN��� 5 1xLJs}8y1hUHP1Æ1/=N 6.3% � 5.2% �
S5 0716+714UP�>�x$81sm�8$wx-Z�e��b [37,40,106,158,163] �D[P�>�x$8�P�x1s�jD*&9g�sF`;_�' yNL{LfÆrS<x1sZ�XiNx�T�Æ Stalin |Z [107]  h��`;_�P1yÆ3Fx�i"�8�P�51�Raiteri |Z [37] U 1994—2001)LJ}3F�6y7xP1Æ h}>K8�6x8hÆ8yj8L{LfxL�Æ8yjZm#Æ"8||51��i�1xJa� Nesci|Z [160] U 1999) 1—4 OxLJÆg�||?HP1/��8�gKa�T�Æs R < 13.5

mag yÆLJu&j/�xP1� Raiteri |Z [37] t h8��gxL�g�Y
y�LS1/Lj� Raiteri |Z [37] >�Z$8y�[XU℄yP1��$;[X�XiNxÆ"twS<�z51���;[XN8iNxÆtw_��z51��$;[XZ(7$z�b$;jM?0	Æ3M?U�n
;Oxy7"#YV
�T�Æ8Z,℄}y;?_�P1XKx0	�m��� qs��xBNVv`_����b�lR[X�
3 +^
�/�1.xH1s�$81s�8 20 )3k1.x�DX��
yk1sPU�;>�℄hÆ��1.x-{`"D-Fld}xn0�8 1 �℄}-R1ox 7 ;�1. tHP1yx
&�g8 1 Z(SuÆ^} 3C 279 xH1��U{�&8xJad t�Æ>!FxHP1Z(U℄bJa (X�F`;{x��e
&) d t�t�$��



� 4 = /R��}[� 2/Q�?�yIQ2	%92t 367��ÆsF&{yÆ tHP1x6
&8�r�ÆF;���f`;6$
&d�| tHP1�u�DNs� h tHP1x76T	�$�^NÆHP1e8Z$���[X�Montagni |Z [162]  hs S5 0716+714`;&{x
&yÆ�8Z$ t��&_xHP1�r�!�xLJ�I��Æ-Z�$�N-���1.x$81s��1s��
( 8 2) �Z(SuÆ�;F�8�Æx*��$81s*�.&I
x8 3C 66A � BL

Lac � AO 0235+164� 3C 454.3 �>}Æ 3C 66A $����L{LfÆ BL Lac Z�UHP1ygwL{LfÆS<P1Z�eiNÆ AO 0235+164Z�8g�iNKaÆ58q�k|. 3C 454.3 ?$�wn� BL 1.m#ÆWL{Lg��$58q�k|. 3C 279�8�giNKaÆt\=U�<P1y hP�d#y�i1fÆlvy1g [66] �OJ

287 U 1994 )� 2005 )xyfj' y*:g�y�,T�6xiNKaÆDbNXiNÆkbZ�LfL{��kÆ$81s���x� S5 0716+714 �LJg�� (1) �<P1L{LfÆS<P1XiN [158,106] � (2) �<�S<P1PNXiN [107] � (3) 8yL{LfÆ8yL{LgÆ8yP�>�i�Ka [37] ��1.HP1�$81sx�Dx��5$Cx�DÆ�jjzLJ�I�6yÆZ(<o�>��8y�*5
xLJ�
'��Dldx:6�$ 1 7 0℄!O_=2')-JR3!K*
NH "uKt4z{�' /mag 9+ R ~~%MIVq /mag

3C 279 '| (13.5∼14.3) [65] 13.0∼17.0 1)

3C 454.3 '| (14.0) [72] 12.3 ∼16.3 1)'� (15.75 ∼16.35) [125,164]

3C 66A '| (13.8) [83,75] 13.5 ∼15.2 3)'� (14.8) [74]

BL Lac '� (14.0) [102,106,107,116] 12.7∼14.9 3)�f (14.6) [116,165]

AO 0235+164 '| (15.0) [125] 14.2∼19.5 2)'� (17.5) [123,124]

OJ 287 '| (14.7) [125,146] 13.1∼15.9 3)'� (15.2) [8,132,150]�f (15.9) [58]

S5 0716+714 | (12.3) [162] 11.9∼14.9 2)'| (12.7) [72,125,162]'� (13.9) [107]9�� 2 �
m#ONLzH�{ R ~~q

1) P�)h Tuorla 4U$ 1.03 �GJB�_�� KVA 4U$ 35 cm GJB�HW
2004 + 1 Qv 2008 + 1 QnNL�J (http://users.utu.fi/kani/1m/index.html) �
2) P�)h Tuorla 4U$ 1.03 �GJB�_�� KVA 4U$ 35 cm GJB�HW
2003 + 7 Qv 2008 + 7 QnNL�J (http://users.utu.fi/kani/1m/index.html) �
3) P�)h Tuorla 4U$ 1.03 �GJB�_�� KVA 4U$ 35 C,GJB�HW
2003 + 1 Qv 2008 + 1 QnNL�J (http://users.utu.fi/kani/1m/index.html) 
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Microvariability and Spectral Variability in the Optical

Bands of Blazars

POON Helen, FU Jian-ning

(Department of Astronomy, Beijing Normal University, Beijing 100875, China)

Abstract: Microvariability across the whole electromagnetic spectrum in blazars was first dis-

covered in 1960s. It began to get extensive attention in 1980s. After twenty years’ investigation,

the physical mechanism leading to microvariability has not been found. Several models exist

in explaining this phenomenon in the literature. The most widely accepted one is the shock-

in-jet model. In this model, shocks propagating along the relativistic jet and interacting with

the hydrodynamically turbulent plasma and twisted magnetic field should be responsible for the

microvariability.

Spectral variability is always found when a blazar shows variability in brightness in both short

and long timescale. There are many different phenomena. Some blazars, generally flat spectrum

radio quasars, become redder when brighter. Some (generally BL Lac objects) show the opposite

trend-bluer when brighter. Some show no spectral variability at all. When blazars are in different

states, they exhibit different behavior in spectral variability. As an example, in the outburst of

OJ 287 in 1994, it showed no color change at all. However, in its 2005 outburst, it was observed

to be bluer when brighter. Another example is S5 0716+714, it has been observed to be bluer

when brighter, redder when brighter as well as show no spectral change with brightness.

This paper provides a comprehensive review of the historical study of microvariability as well

as spectral variability of seven most extensively observed blazars, namely 3C 279, 3C 454.3, 3C

66A, AO 0235+164, BL Lac, OJ 287, S5 0716+714. Models for these blazars’ variability are also

simply introduced.
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