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1 �n��G
γ tÆ( (Gamma-ray Bursts, GRB) �Q3S8���Ge� γ tÆ\\+D	�Æxp�\ 60 &�G+�;aO"+#�q$*\D	 [1] 	5V+D�3
#�
p1�:G�Æ=`P�\t S�
 100 keV � 1 MeV ?
Æ�7TÆNXa�	t GRB 0D	`�Æz4?q$	O�a5V}��Qr	�ÆHBa�\�	O'�Æ��a\z4?F2�xN (d�	�+DGO�) �z�"	
GRB �A��M/`Qk 3 qy9Æ� CGRO (Compton Gamma-Ray Observatory) Dt�3`Ek#Wy9Æ5Wy9x�EY�℄B�℄	O�a?8��Æ#0,Z�;f(q��ÆÆ_	"`k GRB �D��l'��Sq$p��V�d [2∼4] 	L� GRB �3
QHÆ9\��zJ�<��3
t�Y.�Æ�x�_	`k GRB U��l'��Æ5V3
QH 0`k�x�℄B�3
Q9rB �`�	
GRB A��#By9` 1991 & 4 � CGRO �Dt�3k;KÆ CGRO p� BATSE

(Burst And Transient Source Experiment)FO�� GRB �3
t�Y.QH�Æ�� lgN(>

P )–lgP QH^pk(�'���0J −3/2 ÆÆQk(0s	x� GRB ��^;�	�%/`t\"�r=3
t�Y.QHÆAJx��^;�p�/`t\"��k(�;0s�	�Æi��v2pi7a GRB �	�l'���	%	�^;�JPQ�+D \NX�Ækau GRB �+DL~{�� 	Æ_	Lra�P\$E<�Sq$ – (/�[&A�� &�! �2003-12-15 � 0�! �2004-04-19



� 246 �������R�s�<���'������� 22 !���% [5∼10] ÆY�; GRB �\t�d�+a|e�Hz	5qy9`P�A�J%���^;�Jp; GRB �U�GO�+|e�A�	
GRB � 7�N^7Æ= X tÆ\tWX)kÆ;�'%� GRB Æ�� 10 keV �\tJ*w\t��Q?SÆ��?'(��l n�Æz��L/`FO�GeV `L TeV �l \t�q [11,12] 	 Band �_ [13] D	Æ GRB � 7/`uWqh
��'�<�Æ=l #  7Q>�Z9Æo7Æ  7�7G'
k −1 Æ� \�� 0.1∼1 MeV S
7G'7k 2∼3 ÆZ9 7� 0.1∼1 MeV  S22�w	9\ Band �5q 7'�`z"�$a�?'(�7'Æ��d%pA�\tLz�%X��W�;�WqxN [14] 	
1997& 2 � 28 bÆ
�R�!A&�Dt�Qrq$ Beppo-SAX -�"	O�a GRB

970228� X tÆ;oO [15] Æ5�� GRB �A��eaWq y9	x���a;oO��ZpNÆ��DZa	O�
Æ��?C9	O`k/ Æ��a GRB �>�|eA�		OD	Æ�z X tÆ�>� GRB SÆ�zLQz�;�>	;W�z�>� GRB �U`$��+O\D	Æ=,Zz�l� 4.5 Æ��ZI",raA	��^;�Jp��n [16] 	W�;�>�	OÆ/`�� GRB +DGO�+D:��+DI4��Zt�Y.\t�?V#�	Y�ÆW� X tÆ� 7	OÆT/`; GRB �E{$L~
O [17∼19] 	GRB �>J��A�ON�z��5$r, [20∼22] 		O��Æ GRB �zNXa���7TÆ (d^ 1 >�) Æ# 7��>�	O.PW

_ 1 BATSE � LAD GPCR?� 4 r!�Yl�� GRB 960113 ��8U�



� 3 < 3H��� γ u�)�	8R� 247�OÆ5��7TÆBwHta GRBl \t�d�#�Æzb�X�a� GRB�\t^�Æ^|; GRB �`�	2rp; GRB A�Sz��7Q��|��+w|ÆA;��|��+Hz	
2 � GRB �SEP>0R

GRB ��7NXa��Qr	�	� CGRO/BATSE �	OSÆka<8=g5�
Æ,ea T 90 # T 50 	 T 90 <�� 25∼≥300 keV  9FOBXk�w�q'� 5% # 95% �1��

pÆ T 50 <�Xk�w�q'� 25% # 75% �1��

p	 GRB �g5�
/`6�Sq\RÆ�S���SD�ÆWX�S��S��?
	d��u T 90 E T 50�[V GRB g5�
�QHÆ/`D	5qQH�E$��Æ��
 2 s x������

(m^ 2) 	F�5q�
ÆKouveliotou�_ [23] p GRB Qkg5�
�� 2 s �Z(#��
2 s �8(ZqqC		Opd�HBw^=
a5q|�	8(�'��
kZ(� 1/3 Æ�d�*n� CGRO/BATSE ;Z(�wD�r4;8(lÆ8(�7
'��45q4TlW� [24] 	

_ 2 GRB h6	d T90 �RI [48];zhdWC( —— \8(Æ=g5�
�� 0.1 s Æ BATSE �'�S�z 46 q5O��n [25] 	5C GRB �3
QH.P�;X(z)��EY	!�Æ5�(�3
QHE�3
t�Y.��=~Æ5�(� 〈V/Vmax〉 = 0.64 ± 0.14 Æw��Wq)SO�3
�QH	T��/Æ\8(E�U���^;�JÆ��U��4u	�J�Qr	�	�\Æ5O63*n BATSE ;8(FO�9��o	 BATSE �wD,9;k�� 64 � 256 � 1024

ms �
�Sz\r.� 5.5σ �wD	�\Æ;�g5�
�� 64 ms �(�/ÆA�wV'Jz�� 64 ms .�V'� 5.5σ �ÆM wDFOB0Xk�ÆT��/Jz4uG�8



� 248 �������R�s�<���'������� 22 !�(M 0wDXk� [26] 	\8(<	r�5�.PÆ��FO�G(�
�;�=2{�.PÆa1PA�	� GRB �QCSÆg5�
�QC�}�\�QC	A�<�ÆZ�8(�q3z���EYÆ8(uqÆZ(uf [23,27] Æ�Z(#8(�3
QH� lgN(> P )–lg P QH�ThAE��	z	O=���Æ8(��q X tÆ�> [28] Æ��zZI(�=�;�> [29] Æ�Z(���;�>Æ5�	O℄B��o�
>
�M�9��o [30,31] ;� GRB 2{.P�`�Æa\�zWq�Z���		�W#`kÆZ(� 	/ �t�P\$�E<�M�$O�A&�768e#{W\G�M�QO�M�QO��7ÆE3#�P\(/��Hz�ÆT/ #\ $+Dz�VX�Æ���EkI_	;E Z, GRB ��		hWJ�ÆZ(#8(�2Ppz��EYWB�_	�!�xN	zWV	%`k5ZC(1��^;�J�ÆJE���	EYÆ8(/ �	�M�QO�A&Æ�Z( �#�P\QOz� [32,33,21] 	L8(/ �	�l'�� [25] Æ�L���(/+D>M [34] 	�	�l'�;��^;�JÆ5����JThp; GRB � 	�\t�d�U�v2.�p�	4?;3A�a�^;,Z; GRB �p�	Norris�_ [35] # Nemiroff �_ [36] ;g5�
�� 1.5 s � 131q GRB �+aQ�ÆD	�(�g5�
P4_(� 2.3 /Æd�`k5�"�^;,Z�p� (�
./�o) Æ �o�,ZDk 2.6 	 Fenimore # Bloom [37]D	Æd�p�
|��83: \!^�j� (W (E)∝E−0.4) �i5*n���8Æ���
./>;o��^;,ZDk 6 Æ5��^�I4�oE 0v	 Norris �_ [38] A�aO�,Z�J0 CGRO/BATSE FO��Sq(�	O'�ÆD	EY 9\t���
Dj	�Æl \E��
Dj#UD�3��H��ÆF2~�G'k −1.1 �ÆoQH	x�O��UD�3#�J (,Z) z� [39] Æi�5q��T/�aEY 9\t��
Dj#,Zz�	hdÆ;��
Dj)� (1∼2 s< τ <10 s) ����( (E�
�	O�,Z�) ÆA	� lgN(> P )–lg P QHw	 −3/2 �QHÆJz�\$�2��M�R� [40,41] Æ5T4��m5�(�Jy	4u		w?5�WC.P4uJ#� GRB 	zEs�3;Z(#8(�+aA�	 Bzlazs �_ [42,43] Q�ag5�
�i\?
���Æ|�D	Æ;�Z(#8(Æ=i\#g5�
?
<	r�Æo���aEYÆ5T4HtaZC({LGO�EY	 Norris �_ [44] ;8(A�D	Æ=EY 9��
Dj.P#Z(EYÆ2$�qÆ8(��
DjP4Z(� 20∼40 /Æ�JzEs�8(<	r  \E	;��?'8(Æ=�7NX�eÆ δtmin/T≪1 Æ5O δtmin �}8�m�g5�
Æ T k:q(�g5�
	x| Nakar # Piran [45] �r|zÆdKCE U�8(	hWJ�ÆMcBreen�_ [46,47] Q�aZ(#8(��7J.ÆA�ap��
��r�
��m$8��m_3#�H�J8\�QHÆD	A	1~�;';DQH (Log-normal

distribution) ÆJZC(�QH��v&	x|
rÆ5ZC(g5�
�EY/ �xEY�E{$�`�Æ�A	�{LGO�YÆ1W��KC�U�	O���7TÆ	�\ÆZ(#8(Zz�Y%�zEY%Æz6P�WK"|eA�	:m	Opd�HBÆ Horvath [48] X ; GRB �g5�
QH�+aQ�ÆD	;��E� GRB �FÆ�� 3 CQH�/ .NX�	�|Y�Æ BATSE Xka GRB �?q



� 3 < 3H��� γ u�)�	8R� 249�J8\Æd 64 � 256 � 1024 ms �
��UDi\Æ`Ng5�
 T 90 # T 50 ÆA �rEY ��q34�N'Æi|/`�+?7\��CQ�	 Mukherjee �_ [49] # Balastegui�_ [50] �?7\Q��t3; GRB �+aX QCÆYO�r�� 3 CEY.P GRB �|z	�5�QCSÆ
'�8(F2p1�t`WCÆ�
'�Z( (T 90>2 s) 0Q`ZC (d^ 3 >�) 	v� Balastegui �_�Q� (m< 1) Æ 3 C GRB �EYT4
omA	{LGO�EYÆ#W�BC/ ;omSq$ – Sq$ESq$ – (/��	�#lC�
〈V/Vmax〉 )�Æi�/ ;o�P\$�E<�w���J�w��,ZD (z≈10) 	

_ 3 Sv~Æg�KG�s� 3 D GRB h6	d T90 �RI [50]	 1 �2#�)���Æ�� 3 � GRB �'5��
 [50]F& )^ 〈T90〉/s 〈H32〉 〈V/Vmax〉 〈P1024〉/ Æs · cm−2 · s−1 〈Ftotal〉/10
−13J · cm−2

I 531 3.05±0.34 6.20±0.22 0.287±0.017 0.81±0.04 1.13±0.07

II 341 25.0±1.4 3.05±0.10 0.307±0.019 1.25±0.08 2.82±0.16

III 727 71.8±2.8 3.15±0.05 0.123±0.008 4.51±0.28 30.8±2.5d� T90 mi7�f� H32 ms65� 〈V/Vmax〉 =��YF*�)
6;�KTJ�K9^� P1024 mWFj^ (`6) � Ftotal myIT#^j^�
GRB ��7TÆHoa��O{L�dBw���#�Æ��7TÆ�
OUzr7�;�7+k�WV�$ÆAHtatq1r`Q��7=�7d3�1r\p�Y5QH�
OUzr7�'D#|�/`Htl� 
OU1r`Q��7d3��;��Æ`N�Zz[;Ek[;��7`Q	d�p$ 3 C GRB �{L�dz>EYÆ��)/ �Ht�=�7+kpÆi��7TÆ�
OUzr7oh/`u�;5VQC�WV2U�gL	�1 Balastegui �_�QC|�Æy	V7a;o#B�lZCZ(�2$zr7 [51] 	



� 250 �������R�s�<���'������� 22 !��2$zr7�'D#|�pÆtÆo77G'���z�iT>dÆ5ZCZ(A�z��r���EYÆd^ 4 >�	zr7�'g�WÆo7Æ<��hÆo7;o�
OU1rIj�E���WJ81rÆQ�EY�;p��7�zt�1. [52] 	i|y	�WK
z5ZC(�=+D�dS1��Wq�u8�
l3Ij��zt�1J8�{L�d
(Stern [53] "Lr{iOS�{XX+D/ �U�zr7>v��t�1J8) 	Balastegui�_`k�	3Qr� 3 C(/ Q>;om 3 VEY�E{$Æ�5VEL�Æy	Bwx GRB��7TÆ���ZCZ(�2$zr7�|�Æ/�aZ(��7TÆE�j�E{$�EY�Q�5ZC(zEY�E{$Æ��z/ A	1
QaWq�;z../�CPy9Æ�|y9 \`bim��{XX+D�'��MÆ?.Æz�E{$�#�0-�	�hWqt3qÆd�`k GRB ��7TÆ&�z�S!D.G
�#�Æ�L�BwHt GRB E{$�#�Æ��y	���|� �L��`k5�(�zYW�		

_ 4 �~Æg�KG�s�$C�mD GRB �3%{s8 [51]?U.42�=���}u����
3 � GRB ��o)i

GRB ��7TÆ�NXa��Æ	�W#`k��KCU�a5��7TÆ	)�\Æ
GRB ��m'gE�#\tGOz�Æ�J#\tS��;z-i�.W;+kz�	;	O'��Q�D	ÆGRB��7x)?q�m|`Æ5�q�m�83�Wq(S�QH���8�	�?' GRB �m�'gb	rWq���J%ÆQp�7Æ�r�Æ/`u5OWq�'��$ [54] �

I(t) = A exp
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∣

∣
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∣

∣

∣
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� 3 < 3H��� γ u�)�	8R� 251�5O tmax ��mG3}� (UD A) >;o��1Æ στ # σd Q>;op� (t < tmax) #�r (t > tmax) ��
X'Æν ��$�mbid3�\	���z_D	uÆo�''� w�"�$ GRB �m�p�#�r9 [55,56] 	 Kocevski �_ [56] ; 77 q
q�m�Q�|�<�Æ
q�m�p���r�
?42$k 0.47 	v��KC�%ÆEY.R?
�/f�U�KCÆAW�YK\t#%)6>nt��dp=� �Mr�	z	%`kÆ GRB��m'g#.R?
�/fBw�� [57] 	 Ryde # Petrosian [58] `kÆ��KC�%;`�ÆPg./�.RpEYt3�\t��	O3�
�EY/`�� GRB 7p����r��m'g	; GRB 990123 �7TÆ�Q�<�Æ GRB 990123 ��m83:�
�I4NX�Æ��dKC��;D	 Fenimore �_ [59] x|LrÆ GRB � γ tÆU��=S!D.GÆ�E�dKC	v�Q��> [60] ÆGRB 920229��p��

 220 µs ��r�

 400 µs��mÆx|/`7r=\tS�Æ3P�� 66 km 	�dKC�%�Æ/
O|(��;z.di�L�~yoiq
nP�� 1% 	
Link �_ [61] V7a GRB �

BATSE EY ���7TÆ�t���' (ACF) ÆD	�l 9��
|�P4  9�$ÆAJp�#�r�E;℄�	 Fenimore�_ [62];EY 9��
|��Q�|��WKZ,Æ GRB �m83� \����WÆo��� W (E) ∝

E(≈−0.4) 	 Norris �_ [54] W�$&G(Su����mÆ���m��
N'Æ�[VQ�p=
a Feni-

more �_D	�Æo��Æ`N�mp�7��r��J%Æp� / �r�
?4
 0.3∼0.5 ÆJ� \z�Æl �m+%zKi\E  �m+%�R�	�	LrÆ�m'gE;℄�83� \��5ZqJ8�|&/`���m�dS� 7f4	� (m^ 5 Æ 7f4m2r#
5 {) 	

_ 5 ��n(hF<^/�94 – !℄��< GRB �n!88g��� [54]Æ��=!# (T� keV) ^v�2��=m# (T keV) ^v�
Q���p*j�%�=_ (�) �:�P=_ (~) AfTJ�F4�a�!#j^Z"�=m#�/\*��A/4AV�Æm FWHM���j^Z"/\�m#W)WFMF���!#�p|x[�,l�f�6[sK9V�
!#j^Z"/\�kA0b���p�h7���
GRB ��7�x
q�mU��Æ�m?
�
pT�a�=\tGO#.W;+k�WqXPÆ=Æ�hWqXP�;	 Nakar # Piran [63] ;Z(�Q�<�ÆZ(
q�m�g5�
�{;';DQHÆ�+ta(��
 (�z\r.��# �
) .Æ�m�
p�
T�{;';DQHÆx|�	`k GRB �� 3 VEY��;ÆQ",�mg5�
#�m
p��;�;o(�;�NB.�;#;og5�
�wOB.�;Æ5��;k
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GRB �A�Lra
O	d��m�D��2U�Æ �9�

p���m'�p~�D2QHÆ�m
pp~�G'QH	���'�xLSÆZq�L?q�p)8��mÆx��1*^Æhh0`k�Wq�m��;�
puZ��mÆ ���m?
~`kz=�u���mÆ��p�a'�Q��/+.	�E`k�7TÆ�x�KC:G�fU��ÆkgL�%�;Z�Z`ND	 �o#GOÆ;�m�[VQ��WVNXXP�a�Æi�z6PD& �[VJFÆ�u �'�Æ'&
q�m�[VA� [64] 	; GRB �/Æ=�7TÆ��WqUDÆd�`5qUDpNk�
F%Æp?q GRB��7TÆ�^Æ �rhWq2$\ÆQUD.H�I4Æ5/`u�A��7TÆ�I4�o	 Stern [65] ;|�+aA�ÆAD	;� GRB �FÆ5q2$'g~�Wqh
��o� I ∝ exp[−(t/t0)

1/3] Æ t ��JUDpN��
Æ t0 �Wq�
X'Æ;G(�F
t0≈0.3 s Æ;k( t0≈1 s Æ5q�o/`g5�U. 150 s �}	k(UD.H�*jP4G(��Æ5T4��^;,Z�`��
./�o�p� [66,67] 	p$�zWqN'�I4�oÆ; GRB \tGO�WqGzW�
O	�;# GRB �1�BMR!�TÆ=*j�o

_ 6 409 r GRB O 290 rCNS"R?aVEyl	dA&�3%+kw> [65]?U GRB �4&x?��YsiÆ��q� I ∝ exp[−(t/t0)1/3] �

� I ∝ exp[−(t/t0)
1/2] Æ���� 50

s .Æ=ÆoG'Tz7k 1/3 �R�Æm^ 6 	5�Z�� GRB#BMR!?
����GOp�X��Ru5OWqh
��o� I ∝

exp[−(t/t0)
1/3] Æ/`; GRB �\tJ.�+
O	 GRB ��e�7/`(`�Wq�zw,�
X'�h
:G�d<	r��74	�5q_xrDÆ Stern # Svensson [68] `kÆ GRB Ge��7#W�XP�[V.PÆ/ �Wq�f�%g	:G�m?3�%�RXHo>MÆQ� GRB�+D�dSÆ�$[�P�u#KC�/fÆ�pCP� \
ebiS�{WÆAW�{W�XXp5q \�Mr�	L��m�'�ÆV"�q�KD#RX�d	

4 � GRB �|t9
OUzr7 (Power Density Spectrum, PDS) Ht:q�7TÆ�.PÆW�;A�A�Æ/`^|; GRB \t�d�`�	A�D	Æ�
�W,��W�2$?.Æ GRB �2$ PDS � 1�l1bÆo
)�rÆS
�zJ#�|�ÆQ GRB �z[;Ek[;# [52,69,70] 	Beloborodov�_ [52]D	Z(2$ PDS�Æo7G'
�� −5/3 (m^ 7)Æ#



� 3 < 3H��� γ u�)�	8R� 253��$bi�PS63.}�,�n|[7
(Kolmogorov spectrum)�7G'��	5���WH&Æ;���m GRB � \�M#biz���EaEMu	�l17
 2 Hz x PDSzWG'�r�z:Æ|z:�pN:(�_3�z���
)74 [70] 	5Wz:<� GRB Ys�8�;��7ÆQ� GRB ��7TÆS�zE)sz�7�;�� 0.5 s �zr�x�5q�;E:_374Æ/�A;��q GRB�F2�Y�Æ>`� GRB�hWq
OVn	ik�7�;#~yoiqBw��Æx|/`�r� GRB �
γ tÆ\ty9ÆEY(?
�~yoiq�
nE B� (∆γ/γ≤2) 	

Beloborodov�_ [69] 	O� GRBzr7�7G'��q \�(�_31z��	;�l ���7TÆÆ=zr7 _ 7 527 r)�3%dPV{s8 [69]dd�z℄1
q
 f5/3 ks�1�2=�W8UT��w
[WGZ��YL���:w*�WF`6�Y��}u:�q:H)<�m −5/3 �`~[Æ�=���}u���P4  ��2Æ_(�4�(�2	2$ PDS 72Æ/���
l3��7B.!^Æ5Hta GRB [O28.W;�d��7J8�I4	l �zr772Æ/ ��
|��83# \���z�	L�_(zr74�(�2ÆE u�
./�o���Æik�
./�oE�i7zr7�ÆoG' [69,70] Æ>`63urhd���	� GRB ��^;�%�Æj_xA	��;k_�
#t�Y.\tÆAJ>z(�+D�d��Y�Æ _(�zu��,ZÆ�(�zu��,Z	dE>$Æ,Z�p�E�i72$ PDS �'g	hWJ�Æx��^;,Z�p�Æ�(�wl \�\t�,Z�	O 9ÆE3/��q	O 9�(;o�28�q \wlÆi|�(� PDS ohw2Æ�
[N<;��H	d� GRB ��;k_�
�t�Y.\t#\t�d�Y�_x`UÆ 2$ PDS :(�_3!^�72�R�E�,Z�`�Æ5/���	�I4ÆLs�(28+D�d��
J8p_(#�(�EY�	hWJ�Æd�*n GRB �-i�oÆ=}� \��;k_�
 (UD� E≈5×1043 J) `&�)� [71] Æ�-i-t�p���	O�� iQH�)8�IjÆT��/Æ���(Jy	��JAE�Æ= i��x�-i-t��`�	x|�r�
z�-i-tu�� GRB Æ=��;�7ojs	
Chang �_ [72,73] V7a_>,Z�Sq GRB �7TÆ�zr7ÆD	=zr7TÆ:m,Z!^z70�R�ÆQÆoG'7�Æx|�	�raWq��(�zr77G'�,Z������v
L��ÆRu5W��/`�V���zO�,Z� GRB �,ZD	
GRB �7TÆxW��m|`Æ�m�83QH�'g#
p�i51�;�7TÆ�zr7U�p�Æ�5�i51�\t�dBw��Æi|2$zr7;\tGOz�o�
O	Rees # Meszaros [74] `k�KCU���D��Ew,��;z.�$YS	Panaitescu



� 254 �������R�s�<���'������� 22 !��_ [75] `5V	%kFv; GRB ��7TÆ�+a�$Æ�	D	 GRB �zr7;$Y�rt'D� \�MN'��Q�j	
5 � GRB "9�
eK6

GRB  7��I4 [76∼79] 	W#/�Æd��q \:�qi\!^Æ
omz \
e�\tSÆ5�U�\t�Vq=2$ \!^�H?Æ
omU�\tVq�2$ \j�	5WJ8;A�\t'DLz%b	 7q3/`ul ��  ��V'?4 —— q34 (Hardness Ratio) <�	 Norris�_ [80] D	� SMM (Solar Maximum Mission) q$	O�� 10 q GRB SÆG
q�m��xq�f�I4ÆAJ=q3�UD\E�G3�UD	 Bhat �_ [81] A�a BATSE FO���zbip��<�*jJ%�LQ GRB ÆD	;��LQ�(�/Æ=q34\E�V'rÆJb	r�q�f�Y5I4�V'rUD�q3UD?
��
Dj#V'rTÆ�p��
Bw��	RuEY �V'r�r�q34Æ�; GRB \t.P�Wq�v��$Æik5V4DE�#\t.Pz�Æ�J#FO℄B� \�oz�	kaw�Z"�$ GRB �\t.PÆ Ford �_ [77] oguQ�
9 7$&�J��A� GRB � 7I4ÆAoguN\
νFν �UDpN�<8 7�q3	Band�_ [13] D	/`uWqh
�Q9�'�)�"�$ GRB ��q' 7�

NE(E)

( �r
keV · s · cm2

)

=



















A

(

E

100 keV

)α

exp−E/E0 , E ≤ (α − β)E0 ,

A′

(

E

100 keV

)β

, E > (α − β)E0 .

(2)A�Z9Æo7Æ� \ E0 g	x�wÆα # β Q>�  #l Æo7G'	x��q 7�\kk�q /keV · s · cm2 Æ NE(E)E2 ∝ νFν 	5OÆd�up$'�� 7; GRB�+$&Æ�r�o�N'Æ���W,Vn� (β < 2) ÆN\ νFν �UD (Ep) /`<�k
Ep = (2 + α)E0 Æd� Ep p�l SÆ GRB uqÆH?uf	x� Band 7/`)�"$& GRB � 7ÆJ��O�\t�%��E�Æi�Ru Ep /`�� GRB  7q3I4�4u2	��$	RuV7 νFν UD \�JFÆFord�_ [77]; BATSE/SDFOB (	O S 10 keV∼100

MeV, 256 q �) 	O�� 37 q_�Z(�+aA�ÆD	 νFν UD \:\tG3�!^�!^ÆAzri\E�\tG3�R�	�z?q�m�N<�Æ.���m#E���m�4=q37f	d���q'i\ (�q /s · cm2) ;�
�+HQÆ  ��Wq \ ——w�qHQG3 (photon fluence, �q /cm2) �C1"Æ� \i\ (J /s · cm2) ;�
HQÆ ��hWq \ —— w \HQG3 (energy fluence, J/cm2) 	5Zq\� GRB �I4S~�EY��o	hdÆ; 26 q GRB � 41 q�m�A�<� [82∼84] Æ Ep :w�qHQG3G'*jÆ�JT:w \HQG3Æ.*jÆ�>A���mS|R���Y�	5;
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GRB �\tL~a �
O [85∼87] 	;�z?q�m`N�mNXa�� GRB Æx��m?
�X&NX�XÆi�Ru
q�m�A� GRB �
I4J84u=�	hWJ�Æd� GRB ���q�f�I4Æx��EY 9��7TÆp=74�;�EY�Æ5qI4�Ho�EY 9�sS���'TÆpÆ5�=���'�}�%�EH#.H�74R��z>EYÆv�5�J8/`,:r GRB �I4R�	 Band [78] Rut��#sS��JF; GRB �I4�+aA�ÆD	;��LQ�(�qÆ= 7I41��q�fÆ�zE� 10% �O2��a�f�q�I4	;��LQ GRB �FÆ=�LQ� \MS� 30 keV �S MeV  SÆf X tÆ��;#t(�>�\tJ*w \�)�WLQÆ5�J84u`&�;zKC�% [21] 	�
GRB 941017 l `Q�*jNX�ÆAJ=\t/`Dz� 200 MeV Æ5;YK\tKC�%���Lra �U+ [88] 	
6 � GRB �
5

GRB��N'Ædw \E�3Æ�	ON'�����A�NXXP	�|A�SÆ�7Q��WqNXz��a�	A�<�Æ` GRB �7TÆ�UDpNk�
F%Æp?q
GRB ��7TÆ�^ÆUDE�.H�I4�o�#}�UDV'��� [89] 	AJÆ�za�|�� GRB Æ=UDV'�["���7TÆh
� GRB 	Fenimore# Ramirez-Ruiz [90]N Reichart �_ [91] �A�D	Æ GRB ��7#=#;�3��Æ�7TÆ�2� GRB Æ=�3u�	�	,eaWq<8 GRB �7�ed3�\ Vf �

Vf =

∫

∞

−∞
[L(t) − (L ∗ Sf )(t)]2dt

∫

∞

−∞
[L(t)]2dt

, (3)�S L(t) �(��7TÆÆ Sf �W22z�'Æ=�
83k fT Æ T k(�g5�
Æ�' f � 0 � 1 ?
9VÆ H L ∗ Sf <�
�22.��7TÆ	i|\ Vf /`<�>z�;�� fT ��7��ed3	�; 20 qz,Z� GRB �7TÆ�+Q�.D	ÆN'
V � GRB �}��3zWqu������� L ∝ V 3.3 ÆQ�7TÆ4u�2� GRB Æ=#;�3u�	d�5q��6:`UÆ��/`C1�e7$�OÆBwW�; GRB �7TÆ�A���OA�}��3ÆQ/`�� GRB ��JE,Z	5�WnNXz
e�y�Æ`E1P0 GRB ��;;oO���7O\M ��,Z�#�Æ�5O� GRB �NXs	za�3#,Z���Æ BATSE 	O�� GRB p/`u��+�^;�A�	

Norris �_ [38] A�a 8 q_>,Z� GRB ÆD	EY ���m|�?
��
Dj�}��3?
TzWq)������� L ∝ (τ/0.01 s)−1.15 Æ5O τ k BATSE #W �
( S 25∼50 keV) �;#l � ( S 100∼300 keV) �7TÆ��
Dj	� Norris �_�A�SÆta,Z�UDV'i\�	O\dÆ;wN��q�2$ \	 Salmonson [92] Lrx��q'#,Zz�Æ*n�
Dj�UD�q'�3 (Xk Nph Æ�q /s) ���ow&LW�	�D	�uUD�q'�3.Æ�
Dj – UD�q'�3�[V��z)��



� 256 �������R�s�<���'������� 22 !�ioÆ=$&��k Nph ∝ (τ/0.1 s)−0.98 �q · s −1 	��y	�zaWqA� GRB �7TÆQ/D�,Z#��JF	j	O3�pNE�Hm GRB -i�S!\Æ��5q0J�i7 GRB �	O.P	
Schaefer [93] GrÆ�V7�3 – �
Dj��3 – �7 (Variability) ���63*n5q0J;�
Dj��7��p�	F�5W*nÆ Schaefer [93] Q�a BATSE 	O��Az,ZD� 9 q GRB �.PÆ�r`����

L ∝ {τlag[Epeak(1 + z)/400]0.6}−1.27, L ∝ {V [Epeak(1 + z)/400]0.85}1.57 , (4)�S L ��3Æ τlag � 1 � 3  ���
DjÆ V k�7�ed3Æ Epeak k 7 νFν �UD \	
(4) ��ZqNXXP�����ÆZ`=z�.YO�NXXP�	V Ht���7TÆ�74.PÆ�
Dj�EY �
\t�.PÆ�[V;pqÆ5Zq.PA�zX�	d��7 – �3����
Dj – �3���7
�Æ��Æ�7 – �
Dj
Toh����Æ=�8/Æd��z��Æ��A	#�3����D�9^	 Schaefer�_ [94] Q�a BATSE '�5O 122 qu_� GRB ��7TÆÆ�r=�7#�
Dj?
Z
����Æd^ 8 >�	^S
Æ�Bwx}��3 – �7#}��3 – �
Dj�������

V = 0.0021τ−0.46 �%�BÆv&�4u�Æ/��7 – �3����
Dj – �3���zul�N#3	

_ 8 122 r GRB ��8�	dEk�d����� [94]



� 3 < 3H��� γ u�)�	8R� 257�_> GRB}��3ÆRu	O��UDi\Æ/`V7 GRB,Z	Schaefer�_ [94] �|�<�Æ122q GRB�,ZQH� 0.2∼5.5Æ2$Dk 1.5Æ�3 QH� 1.4×1043∼2.1×1046

J · s−1 Æ2$Dk 2 × 1045 J · s−1 	5 122 q GRB �'\��?�x�;�7	O���
GRB Æi|/`�kWqu��O2�A� GRB �[V.P	^ 9 ura GRB ��3�'Æ/`D	A�Wq-9�Æo'�Æ� L = 2× 1045 J · s−1 �"JzWq�%Æ�% \?p�Æo'�/�k� dN/dL ∝ L−2.8 Æ��% \?��'�k dN/dL ∝ L−1.7 	d�`k GRB �+Dr#+$�'`r��Æ��/`u GRB �u�^+$'`r�I4	^
10 ��a GRB +Dr Ngrb(1 + z) :,Z�74Æ5/���+$'`r:,Z�74	;� 0.2 < z < 5 Æ+$'`r�,Z����WqÆo'�� (1 + z)3.5 	��	O�4u�ÆD	 z < 2 5WÆo'��	O�Qv&Æ��� 2 < z < 5 �l,ZSÆ	O|�b2��Lz%�r�R�Æ5�x GRB ���'�eXE`	E�ik�El,Z	O",4p�)�Æ� γ tÆE"p�Æi|^ 10 T4Hta�^+$'`r7
�I4^�	hdÆRu Beppo-SAX q$�	O|�Æ Amati �_ [39] D	 GRB � 1 keV∼10 MeV  9��3�
νFν �UD \b;��	W�5q����V GRB �,ZQHÆYO/`���^ 10 C1�|� [95] 	

_ 9 122 r GRB ��4�( [94]5ZqXP�����uraW�NXzW�|�Æ\�A	�{L�	����W�A�3`koh�CP�.W;�	Æ4d�KCtq.R
��1�u [96] 	E�w?�_L��-i���J.Æ`k5���/ �-i�-tE-iJ��	O3�℄t#�3
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0��Æ}	D	 GRB�;�>�7TÆ�2��; tj/(1+z)��
Djz)����. [98] Æi�A�}��3Tzu������	d��2�x-i�`�Æv�-i�%Æ�2�;`PV"�-i-tÆ��-i-toh�}��3��������	

_ 10 122 r GRB �,Es�-[��� [94]

7 �~�&��
GRB �D	L�_
zS�&�A�Q�ÆHBa�\�	OpdÆV�a�\�A�`�	� GRB �\t�dSÆ\t�>y94l \ty9PZ�?	 GRB �l \t��>zNX�I���	 Beppo-SAX #�>�	O|�<�Æ GRB f;� X tÆiG#�>�iG~�[W�Æo7*j�oÆ5/� XtÆn�Y5"I4��>y9 [15,99∼101] Æ�Tz	O�
;|LraU+ÆTd HEAO1 q$	O� GRB 780506 � X tÆ�>ANÆo*jÆ��z�;k 1/2 h �E� �7 [102] 	hWJ�Æz	O��Æ�>�l \ty9�'�aÆAJ/ Ht�l 9��7TÆp [103] 	i|Æ
/ Ru?C9	O'�� GRB A��D&R�	 GRB ��7TÆ&�a\t�d��\#�Æ�\t�d�BwHtÆ;A	�+A���Q6P�Æi��7Q��A� GRB �WqNXzu� 9	�EÆ GRB �A�x	�;�\tGO��	�F2xND&Æ�5�A�SÆ�7Q�YO�WqXP� 9ÆAJRuA_D�aXP�|�Æd; GRB }��3��V�	�EA�`kÆ GRB (LsZ() �U���^;�Jp��L�4u�;�^��� \�M	�Æ5V+D	��#�^�I4�|��xNX��W��ÆGRB�A�p;
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On the Temporal Analysis of the Gamma-Ray Bursts

SONG Li-ming, SHEN Rong-feng, LEI Ya-juan

(Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100039, China)

Abstract: The gamma-ray bursts (GRB) are the sudden flashes of the hard X/γ-rays in the sky with

very complicated light curves. The temporal behavior of the bursts is directly related to their emission

processes, therefore it is highly worth while to analyse the laws of the GRBs’ temporal behavior. The

morphology of GRBs’ temporal behavior, and some work derived from the temporal analysis of GRBs,

e.g. the classifications, pulse shapes, power spectra, spectral evolution and luminosities of the GRBs, are

reviewed and some results are discussed.
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