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§uyçÉX ��V( Cygnus X-1 3�u

�����mp§X��UÌl��'�^�UÌCz���'�M�UÌµ3ùÏm
�

2∼6 keV Uã�6rü$��5� 1/4§
 10∼20 keV Uã�6rO\
 2 �"ùü�Ø

Ó�UÌG�Ò¡�^� (soft state) ÚM� (hard state)§
ù��UÌCzL§Ò´l^

��M����["�\��5¿�´§X��UÌ�Cz���X�>Ë��Cz"3�

[�c§¿vk3�>Åã*ÿ�éAN¶3�[u)��éAu'�M�X ��UÌ§u
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X´ÊH�3�
[2]

"Kitamoto
[3]

3 GS 1124−684 ¥uy
ØÓu^�ÚM��UÌ§ù«

#��3�cGX 339−4 ¥��w�L
[4]

§Ï�§Ñy31Ý�p��ÿ§Ïd�¡�$p

� (very high state)§Ù X ���ëYÌ¥yÑ^�ÚM�·Ü�A�"3þ¡ü
¥�u

y
Ú$p�aq�UÌA�§�´u)3�$1Ý��ÿ§�¡��¥m� (intermediate

state)
[5, 6]

"

úú/<�uyX ��UÌÚ1Ýk'é"Esin�<
[7]

JÑ
���.)ºX ��U

ÌXÛ�XáÈÇüz"
��âáÈÇ (±O¶îáÈÇ�ü )y©
ØÓ��µw·�

(quiescent state)!$M� (low-hard state)!¥m�!p^� (high-soft state)Ú$p�"¦�

@�3çÉX��V(¥*ÿ��^�ÚM��UÌ�dü«ØÓ�áÈ65£ã§=3$

1Ý?uM��§�±d1�AÛþ�áÈ6 (advection-dominated accretion flow§ADAF)

£ã¶3p1Ý?u^��§�±d1þAÛ��áÈ6 (IO�) £ã"ùü«ØÓ�áÈ

6�±��u���ä�IO�\þADAF ��.¥§|^ü«áÈ6�üz5£ãØÓ

�e�áÈAÛ
[8]

"ù��.@�§ØÓ�1Ý��S�3ØÓ�áÈAÛ§
ØÓ�áÈ

AÛ�)
ØÓ��§Ò´`1Ý (=áÈÇ) û½��üz"

�´�XçÉ X ��V(*ÿêâ�È\§<�ÅìuyX ���UÌ5��ÚX

���1C5�ké��éX§'X3Ñy'�M� X ��UÌ�§X ���1CÌÝ

�é�"ÏLé X ��õÇÌ (power spectrum) �ïÄuy§õÇÌ�/� (�)°�¤

© (D() ÚÄ�¤© (O±Ï��§quasi-periodic oscillation§QPO)) ÚUÌ�/�ké�

�'é"X ���UÌÚ1C(ÜÙ¦Åã�*ÿ(J (�)�>Ú1ÆÅã) �«
�

«��\´L�A�"u´<�Ø2üX/�61Ý
|^�õ�ëê'XX ��UÌ!

1C±9�>Ë�5½ÂØÓ��
[7, 9–12]

"'X McClintock Ú Remillard
[11]

|^�ÆÌ�

ê!�¤©Óo6r�'­±9L«1C�þ�� (root mean square§RMS) �ëê½þ

/½Â
n«�µ9Ì�� (thermal dominant state)!M� (hard state) ÚÍ�Æ� (steep

power-law state)§éAu�c½Â�p^�§$M�Ú$p�"Belloni�<|^rÝMÝã

(hardness-intensity diagram§HID) 5£ãØÓ��§¿3�Ä
X ��1C�A���r

¥m�©�M¥m� (hard-intermediate state) Ú^¥m� (soft-intermediate state)
[10]

§�

C¦�q|^X ��1C� RMS Ú6r�'X (RMS-intensity diagram§RIM) £ãØÓ

��
[12]

"Fender Ú Belloni �<
[9]

|^ HID (Ü�>Ë��5�5£ãØÓ��±9Ú�

6�üz'X"�,<�^ØÓ��{Úëê5½ÂØÓ��§�Ù¥M�Ú^��A�´

���éÐ/½ÂÚú@�µ

(1) M�µ3X ��UÌ�¡§Ì�´d���ÆÌÌ�§Ì�ê��� 1.5 < Γ < 2.1(Ì�

3 2 �A� keV Uã)§3pUà 50∼100 keV ¬k�ä"k�M��X ��Ì�¬k

��eáÈ���z (Ì�3 2 keV ±e)§
��¤©�6þ���uo6þ� 20%"

éu�ÆÌ�å
§y3�vkÚ��@£§�Æ/ª�´,«ÔnL§��«êÆ{

z"Ï~<�/ÏADAF(½ö9�) ½ö�6��.5)º�ÆÌ¤©"3M�X �

�1C�ér§Ï~RMS �±��� 30%"X ��õÇÌ�A�Ly���ér��
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�D( (band-limited noise§BLN)¤©¶
�Ï~�±*ÿ���±Y�²Ì (Ì�ê

≈ 0) �>Ë�§��>Ë�1ÝÚX ���1Ý�3éÐ���''X Lradio ∝ Lb
X§

Ù¥ b ≈ 0.7
[13]

"<���@��>Ë�Ì�5gu�6
[14]

§@o�>Ú X ��ér

��''X¿�X�6Ú�)X ���áÈ6�3,«ÍÜ"

(2) ^�µ*ÿ��^�Ë��UþÌ�8¥3 10 keV ±e§X ��ëYÌ�±^��õ

Ú�çNÌ
[15]

éÐ/[Ü§k�3pUà¬k��éÍ� (Γ ≈ 2.5) �Æ�n"<�

ÊH@�õÚçNË�5gu��1þAÛ��áÈ�"^�X ��1C� RMS é

�§��� 1%§L²1Céf§õÇÌ�Ì�¤©´���Æ�ê�−1 ��ÆÌ"̂

���>Ë�éf$�&ÿØ�§¤±<�Ï~@��63^��®K«½ö�éî

­/³�
[16]

"

c¡'uØÓ��£ãÌ��éçÉX ��V(§
¥f($�þX ��V(�¥y

Ñ´L�*ÿy�§k

�kÚçÉ X ��V(aq�UÌÚ1CA�"<��â
3

ÚÚã (colour-colour diagram)
[17]

þ�;,r²�¥f($�þX ��V(Ì�y©�ü

aµ©O�� Z 
Ú Atoll 
 (ùüa
A�ºX
� 90% �²��$�þ¥f(X ��V

()"Atoll 
3ÚÚãþkü�©|§ùü�©|©OéA/�0� (island state§UÌ�M)

Ú/�ý0� (banana state§UÌ�^)§���±éAuçÉX ��V(�M�Ú^�"

�@3çÉX ��V( Cygnus X-1 ¥uy��["§´��±Y
§
�Ü©�çÉ

X ��V(Ñ´6y
"3��çÉX ��6y
¥§�um©�o´?3M�"�MX �

���¸��§  m©u)lM��^�� ({�� H-S) ��["3��[Ïm§X��

�UÌÚ1CA��~E,ÚõC"ù��UÌ'M��^§�k��'�r��¤©"3

õÇÌþ§k��BLN ¤©Úér�$ªQPO ¤©§RMS �'M����
��XX �

�UÌC^
~�"3H-S ��[Ïm§  ¬��X6y�1Æ���>Ë�
[18]

§Ï~@

�´dØëY��éØ5��Ô�¤uÑ�>�Ë�",

¥�U*ÿ�ù
Ô�lV(

�	���À�1�y�
[19]

"�X�u1Ý�O\§�Æ¤©ÅìCf
�¤©ÅìOr"

��¤©Ì�
X ���UÌ�§ÒL²ù�
?\
^�"̂ �±Y
�ã�m��§3

�ueü��ãq�[£�M�§�ª�X1Ý�ü$£�
w·�"éuçÉX ��6y


5`§3�uþ,�ãH-S ��[�1Ý'eü�ãl^��M� ({�� S-H) ���

[1Ý�p§ù«y���/hysteresis0
[20, 21]

"ùL²XJ�[�����§��[¿Ø´

u)3Ó��1Ýe§ùÚEsin �<
[7]

�nØ�.´Ø�Î�",��¡§�
*ÿL²

H-S ���[1Ý�Ø´�½ØC�
[22, 23]

§3ü�
¥Ñ�±Cz� 10 �
[24, 25]

"��[¿

Ø´u)3���½1Ýe�Ø´u)3?¿1Ýe"kyâL²§3$�þX ��V(6

y
 Aql X-1§XTE J1550−564§GX 339−4 Úaqu6y
�±Y
 4U 1705−44 ¥§M

��¸�1ÝÚ�u�¸�1Ý�3��''X
[24–26]

"ù�'X�Ñ�ã�´M��¸�

6r�p§�u�Ò��§��½,"ïá3­�áÈÄ:þ��.@���[ATu)3

,��½1Ýe
[7]

§ù��*:Ú*ÿ´Ø�Î�§¤±áÈÇ¿Ø´Ì���[���ë

ê"u´<�@���[¬É�Ù¦�
ëê�K�§'X����
[22]

!áÈÇ�{¤
[27]

!

S��»¤3 ��{¤
[23]

ÚáÈ���þ
[24, 26]

�"
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�CAc Yu �<
[28–33]

|^�m X ��¥(�iÿêâéX ��V(���[Ú6

y
��u?1
�X��ïÄ§ÚO
ÕàXS²� X ��V(��[�1Ý§(JL

² H-S ��[1ÝÚ��^��¸�1ÝÚOþ��'§�uy��[1ÝÚ1ÝO\Ç�

�'§L²��[1Ý´dáÈÇ�CzÇ¤L���­�áÈ¤Ì�
[28]

"
é GX 339−4

2007 c�u�ïÄ(Jqy¢
�cuy��u�MX ��¸�1ÝÚ�u����m�

'X§¿�X�­�áÈ´dáÈ��þ¤û½�
[30]

"é$�þ X ��V(6y
�u�

¸�1Ý�ÚOïÄuy§;�±Ï���
���u¸�1Ý��§|±áÈ��þû½

�­�áÈ��{
[31]

"�©±ù�X��ïÄó��Ä:§o(¿?Ø
�­�áÈéH-S

��[1Ý�Ì��^"

2 ÕàX²� X ��V(��[1Ý�ÚO

2.1 dMÝ'½Â�^�ÚM�

X ��V(^ X ��ÚM X ��ü�Uã��Ï1C­�§�±^5ïÄX ��V

(�UÌüz§y@��[¿�(½��[1Ý"Yu�<
[28, 29, 32]

|^5gu Rossi X-ray

Timing Explorer ( RXTE) ¥(þ� All-sky Monitor(ASM§2∼12 keV)
[34]

�^ X ��1

C­�Ú5gu Swift þ� Busrt Alert Telescope(BAT,15∼50 keV)
[35]

�M X ��1C­

�5ïÄ X ��V(���["RXTE/ASM�±iÿ²��X ��V( 2∼12 keV Uã

� X ��6r�Cz§U
CX^��9Ë��Ì�Ë�Uã¶Swift/BAT�±iÿ²�X

��V(� 15∼50 keV Uã�6rCz§U
CXM���9Ë��Ì�Ë�Uã"ü�U

ã�MÝ' (hardness ratio) �±^5«©M�Ú^�§ù��{ÃØ´3¥f(X ��V

(�´çÉX ��V(¥ÑUéÐ/A^"

rOêÇ±�G(� (Crab) �6r�ü 8�§�±¦�6r���é¤ì�A��

6ü���§�BÚÙ§¤ì�6r'�"éuASM æ^ 1 crab=75 counts·s−1
§éu BAT

æ^ 1 crab=0.23 counts·cm−2·s−1
§ùü�ªfÑ´�âü�¤ìéCrab *ÿ¤���Ï

1C­���Ñ5�"̂ Mü�Uã�MÝ'�HR =
C15∼50keV

C2∼12keV

§Ù¥ C �L3,��U

ã�1fOêÇ"lBAT/ASM �MÝ'3éê�Iþ�©Ùþ�±wÑ²w�3ü�¸§

L²�3­½�ü��µM�Ú^� (�©z [28] �ã 1 ±9©z [29] �ã 1 Úã 2)"
�

�±�â©Ù½ÂM�Ú^��MÝ'�K�
[28, 32]

"

2.2 ��[1Ý�ÿþ

�MÝ'l�uM��K�C��u^��K��§@�u)
H-S ��[¶
�MÝ

'l�u^��K�Cz��uM��K��§@�u)
 S-H ��["3 H-S ��[m

©��M X ��6r�@�´��[u)�6r§
���^X ��¸�6r�@�´�

u�¸�6r"ã 1 Ð«
|^ RXTE/ASM Ú Swift/BAT �1C­�ÚMÝ'y@Ñ�

�[���~f"éuz��H-S ��[§[�ÞIP
��[m©�MX ���6rÚ

MÝ'§̂ o�ÞIP
��^��^ X ��¸�6rÚMÝ'"3 H-S ��� S-H ��
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[��y@Ñ5§[�ÞÚo�Þ©OIP
 S-H ��[�m©Ú(å"S-H ��[�6r

�g�MÝ'��l^���M���1��:�BAT �6r"��5¿�´ S-H ��[

�6r�g��[(å�§ùÚH-S ��[�6r�g��[m©�Ø���"S-H ��

[��u)3�u�eü�ã§¤±ÿþ���[�6rA�'ý¢��"Yu �<
[28]

|

^ 2005–2008 cm RXTE/ASM Ú Swift/BAT �êâ§3 15 �¥f($�þX ��V(

Ú 4 �çÉ X ��V(±9��p�þ X ��V( Cygnus X-3 ¥y@Ñ
 H-S ��[

Ú��� S-H ��["Tang�<
[32]

|^Ó���{ïÄ
 RXTE/ASM Ú Swift/BAT 3

2005–2010 cm�êâ§3 30 �²�� X ��V(¥éÑ
 128 � H-S ��["

ã 1 GX 339−4 � ASM 3 2∼12 keV UãÚ BAT 3 15∼50 keV Uã�Ïiÿ�1C­�ÚMÝ

'
[28]

"

2.3 H-S ��[1ÝÚ^�¸�1Ý�'X

Yu �<
[28, 32]

|^®²��� X ��V(¥ H-S ��[�M X ���6rÚ���

^�¸���6r§uyüöw«Ñér���' (�©z [28] �ã 22 Ú©z [32] �ã 4)§


�¥f(ÚçÉX ��V(��''X´���"�
üØ
�ål½ö��UN��

þ��é�''X��z§b½z��
ÚCrab 3 BAT Ú ASM ¤éA�ü�X ��U

ã�áÂÚUÌ/G´��� (ù�b½´Ün�§Ï� Crab 3 2∼10 keV Ú 15∼50 keV

�UÌ�±^���ÆÌ5£ã§Ì�ê©O� 2.07 Ú 2.12
[36]

§
��[u)��UÌ´d

��Ì�ê�� 2.0 ��ÆÌÌ�§ÕàXS��õêX ��V(��Î�Ý (nH) Ú Crab

� nH ≈ (4.0 ∼ 4.5)× 1021cm−2 �C)§Ò�±|^Crab �UÌr*ÿ�z��
�1fO

êÇ=z�6þ§|^��
��þÚål±9§��Ø�§r6þ=z�1Ý¿8�¤±

O¶î1Ý�ü "��uyù«r����'�,�3 (�ã 2 Ú©z [32] �ã 6)"
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ã 2 ±O¶î1Ý�ü � H-S ��[1Ý (15∼50 keV) Ú���^�¸�1Ý (2∼12 keV) �'

X"Cygnus X-1 êâ5gu 1996 c CGRO/BATSE Ú RXTE/ASM �*ÿ
[37]

"̂ ¢�ë��ê

â:5g�c�ïÄ
[24–26]

"ã5gu©z [28]"

ã 2 w«±O¶î1Ý�ü �H-S ��[1ÝÚ���^�¸�1Ý�,�3��

''X§Ù Spearman �'Xê� 0.87§�ÅE¤ù«©Ù�VÇ� 7.4 × 10−22
"XJ^þ

¡��.[Üù��''X§�� A = 0.93 ± 0.07 Ú B = 0.42 ± 0.14§Ù¥ lg LPS �S

��Ñ� 0.170 ± 0.001"��5¿�´§H-S ��[1Ýª�
ü�þ?"2S 0918−549!

Cygnus X-1!GRS 1915+105!4U1820−30 Ú 4U 1705−44 ùA�
Ñ3�''X�üà§


�Ñk'�°(��þålÿþ(J§̀ ²H-S ��[1Ý(¢´ª�
ü�þ?"X

ã 2 ¤«§15∼50 keVUã� H-S ��[1Ý�� 0.13%∼8.0% O¶î1Ý§XJ���

1∼200 keVUã�1Ý��� 0.4%∼25% O¶î1Ý§Ù¥b½
�X ��Ì´��Ì�

ê� 2�ò�� 200keV�ÆÌ"k

3H-S ��[�c�UÌ3 30 keV �mk�ä§@

o 1∼200 keV Uã� X ��1ÝÒ¬� 1/7"ùÒ¿�X¢SUÌÚü��ÆÌ��OØ

¬é1Ý���k���K�"

ù�'XÚ�c3ü�
¥Aql X-1!GX 339−4 Ú XTE J1550−564 �ïÄ(J
[24–26]

�¬Ü"|^þã©Ù¥���RXTE/ASM Ú RXTE/HEXTE �6r§r§�=z�±

O¶î1Ý�ü "Xã 2 ¤«§ü�
� RXTE/ASM Ú RXTE/HEXTE êâÚùgï

Ä¥�êâÎÜÓ���''X"
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Í¶�çÉ Cygnus X-1 3ù�'Xãþ� �ké��¿Â§§���[´u)3�

�A�ØC�1Ýe
[23, 37]

"�±|^ASM Ú BATSE �êâ§�O Cygnus X-1 3 1996 c

H-S ��[�6rÚ���^�¸�6r§ASM�6r��� 1.3 crab§
 20∼50 kev Uã

� BATSE �6r�� 1 crab
[37]

"Cygnus X-1 �ål� 2.1 kpc§çÉ�þ� 10.1M⊙

[38]

"d

ù
ëê�±��Cygnus X-1 � H-S ��[1Ý§§3�''X��$à (�ã 2)§ù¿

�X Cygnus X-1 A�´ÕàXSX ��V(¥ H-S ��[1Ý���
"

2.4 S-H ��[1Ý

�
ïÄ��[¥Í¶� hysteresis �A§Yu �<
[28]

3é� H-S ��[�
¥Ïé

H-S ��[��� S-H ��[§̂ ±'�3Ó���u/ð�¥�H-S ��[1ÝÚ S-H �

�[1Ý"��5¿�´§·�½Â� S-H ��[1ÝØ´��[m©��1Ý§
´��

[(å��1Ý"r S-H ��[�� 15∼50 keV Uã�6r�� S-H ��[u)��6r

�`:3u§�±3�Ó�UãÚ�Ó��'�H-S ��[6rÚ S-H ��[6r§XJ¦

^3��[m©�� 2∼12 keV Uã�6r5�'�§Ò¬3=z�91Ý�O\�	�Ø

(½5¶":´ÿþ�6r¿Ø´��[fm©��6r§
´��[(å�M��6r"

Ï~ S-H ��[u)31Ýeü�ã§¤±ÿþ�6rAT²w$u¢S��[fm©��

6r"

ã 3 '�3Ó���u/ð�¥ H-S ��[1ÝÚ S-H ��[1Ý"¢%:Ú�%:©O�L H-S ��

[1ÝÚ S-H ��[1Ý"ã5gu©z [28]"

lã 3 ¥�±wÑ§15∼50 keV Uã S-H ��[1Ý��� 0.2%∼2.0% O¶î1Ý§

=z� 1∼200 keV Uã� X ��1Ý�� 0.6%∼6% O¶î1Ý"1Ý��ª�
��þ
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?§'Maccarone �<
[39]

� S-H ��[1Ý��� 4 ��(J��§�NålÚ��UN

�þ�Ø(½5Ú�Ä�Uã��
ù��É"
���±wÑ§3ý�õê��u/ð�

¥ S-H ��[1ÝÏ~'H-S ��[1Ý$ÐA�§��c�(J
[21]

��§2�gl*ÿ

þy¢
 hysteresis �A"

S-H ��[1Ý¿vkÚ�c�u�¸�1Ýkér��'"��� Spearman �'

Xê� 0.5§�ÅL§�)ù«�'�VÇ� 0.01§ù¿�Xüö���''Xéf"éê

â�?�Ú�u�uy§ù�f��'�Ué��Ü©5g 4U 1705−44!4U 0614+091 Ú

HETE J1900.1−2455 ù 3 �
��z§Ï�§�©O uêâ�üà"ålÚ�þ�Ø(

½5�¬�5 2 ��m��Ñ ('X¥f(�þ^ 2.2 M⊙ �O 1.4 M⊙)§ù�±�z��

Ü©���'"o�§(JL² S-H ��[1ÝÚ�u�¸�1ÝvkÚ����''X"

3 H-S ��[1ÝÚ�­�áÈ�Ì��^

3.1 ÿþ X ��6r�O\Ç

�
ïÄ
[22, 40]

JÑL§Ø
áÈÇ�	§AT�kÙ¦ëêÌ���üz"ù���

ëê´n)áÈAÛÚ��[å
�'�"þ¡J��H-S ��[1ÝÚ���^�¸�1

Ý���''X¿�X§ù���ëê7LU
�L�u/ð��¸�1Ý§'X�u/ð�

u)c�áÈ�¥È\��þ
[24, 26]

"���{ü�ã�´XJ�u�þ,�m´��~ê§

@oáÈÇ�O\Ç dṀ/dt �±�L�u�¸�1Ý§¤±X ��1Ý�O\Ç dL/dt ´

����ïÄ�Cþ"

áÈÇû½��[1Ý�*:�6u­�áÈ�b�§3ù�b�¥áÈÇ�Cz´�

��±�Ñ��þ"36y
��u¥ù�b�Ø¤á§Ï�6y
�1ÝÏ~¬3AU½

ö�ü(ÏSO\ÐA�þ?"¤±3��[��Iþ§áÈÇ�O\�éuáÈÇ��5

`Ø2´�±�Ñ��þ"

Yu �<
[28]

©O
ÿþ

3H-S ��[NCRXTE/ASM Ú Swift/BAT �6r�O

\Ç§ÏLO���ü:6r��∆F Ø±üU��mm�"dL/dt3çÉX ��V(�^

�Ú¥f( X ��V(�^�ÚM�ÑUéÐ/�L dṀ/dt"Ï�¥f(kML¡§¤±

áÈL§¥¤º��Úå³U��Ñ¬Ë�Ñ5"
éuçÉX ��V(5`§̂ ��Ë�

Ì�5guáÈ�§d�1ÝU
éÐ/�LáÈÇ§
3M��Ï~@�d��áÈ6´

Ë�$��
[41, 42]

§Ë��Ç�'uáÈÇ§�áÈÇ��ép�§Ë��Çâ�CuIO�

�Ë��Ç"¤±§3H-S ��[NC���6rO\ÇATU
Cq�N��áÈÇ�O

\Ç"ù�e¡�(J¤<y§Ï�çÉÚ¥f(X ��V(ÑÑl���²�'X (�ã

4 Úã 5)"

3.2 H-S ��[1ÝÚX ��1Ý�O\Ç

XJ�u/ð��þ,�I´��~ê§@o�u/ð��¸�Ú1ÝO\ÇdL/dtÒ¬

�'¶�,XJþ,�IØÓ§̧ �1ÝÚ dL/dt �Òvk�'"¤±§ïÄ1Ý�O\Ç
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ã 4 H-S ��[1ÝÚ��[NC��� X ��1ÝO\Ç�m�'X
[28]

"
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ã 5 ^��¸�1ÝÚ H-S ��[NC��� X ��1ÝO\Ç�m�'X
[28]

"
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Ú H-S ��[1Ý�'X§Ó¸�1ÝÚ��[1Ý�'X?1'�§�±��=�'Xâ

´Ì��'X"ã 4 w«l RXTE/ASM Ú Swift/BAT ��� dL/dt Ú H-S ��[1Ý�

mkér��'5"éu®�ålÚ��UN�þ�
�±��§� Spearman �'Xê©

O� 0.72(RXTE/ASM)§0.70(Swift/BAT)§�ÅL§�)ù«�'�VÇ©O� 2.4× 10−9

Ú 7.2 × 10−9
"XJ^�. lg dL/dt = A lg Ltr,H + B 5[Üêâ§Ù¥ dL/dt �Ll

RXTE/ASM½ö Swift/BAT���1ÝO\Ç"éuRXTE/ASM§A = 1.15± 0.18§B =

0.06 ± 0.32§S��Ñ� 0.11±0.001¶éu Swift/BAT§A = 0.81 ± 0.27§B = −1.16 ± 0.45§

S��Ñ� 0.10±0.002"

ã 5 w«
 dL/dt Ú^��¸�1Ý��''X§éu®�ålÚ��UN�þ�


§Spearman �'Xê©O� 0.86(RXTE/ASM) Ú 0.65(Swift/BAT)§�ÅL§�)ù«

�'�VÇ©O� 1.9 × 10−16(RXTE/ASM) Ú 1.3 × 10−7(Swift/BAT)"̂ �. lg dL/dt =

A lg LPH + B [Ü�(J©O�µéu RXTE/ASM§A = 1.18 ± 0.14§B = −0.56 ± 0.15§

S��Ñ� 0.070± 0.001 ¶éu Swift/BAT§A = 0.67± 0.25§B = −1.76± 0.28§S��Ñ

� 0.116 ± 0.002"

lù
êâ�(J§Ã{�ä�.´ dL/dt �´¸�1ÝÌ�ÚH-S ��[1Ý��

'5§½ök,	�ëêû½ù
�''X"�´GX 339−4 3 2007 c��u�NJø


yâ§L²H-S��[1ÝÚ¸�1Ý��''X'H-S��[1ÝÚ1ÝO\Ç�'X�

f"3 2007 c��uL§¥§lRXTE/ASM ���1C­�¥�±w�^X ���¸�

Ú 2002–2003 c�u�¸�6r�Øõ§�´l Swift/BAT ���1C­�þw��MX

���¸����
 2002–2003 c�u���"XJ�â²�'X§2007c�u�^ X �

��¸�1Ý�AT�k*ÿ����§ùÒ`² 2007 c�u�¸� l
Ù¦n�
�

�''X
[26]

k 2 �"�Ï�U´ 2007 c�u�þ,�I²w�á§ù�±lRXTE/ASM

�1C­�þwÑ5"

H-S ��[1ÝÚ dL/dt ��''Xw�·�§�X ���1ÝCzÌÝé��§��

[NC� dṀ/dt Cz�é�§
 H-S �1ÝÒ3�''X��eà§ùÚCygnus X-1 é

$qØC���[1Ý��� (�ã 2)"Cygnus X-1 �1Ý'�ð½§
���[�1Ý

�'��C
[37, 43, 44]

"ù�±n)� Cygnus X-1 3��[�Iþ dṀ/dt é�"ùÒ¿�X

ã 2 ¥¤«�±Y
Ú6y
H-S ��[1Ý��O´du dṀ/dt E¤"±Y
3M�

� dṀ/dt '��§¤± H-S ��[1ÝÒ'�$¶
6y
3�u� dṀ/dt '��§¤±

H-S ��[1ÝÒ'�p"

H-S ��[1ÝÚ dL/dt kér���''X§¿�Xkü�Ì��ëêû½
H-S

��[u)�1Ý"Ù¥��´Ï~@��áÈÇµ�áÈÇ�Czé��§��[�1Ý

ÒdáÈÇ5û½¶�áÈÇð½�§d��1Ý (=áÈÇ) �±�� H-S ��[1Ý�

ÄO�",��ëê´áÈÇ�O\Ç"

ù
(JJ2·�§3áÈÇ�Cz∆Ṁ ÚáÈÇ Ṁ �������§áÈ6�­�

áÈb�´ØT��"H-S��[��u)3�u/ð��þ,�ã§ù�­�áÈ�b½´

Ø¤á�"lM����[�^��VI�AU$�A�(Ï§Xã 4 Úã 5 ¥¤«§�Ç
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A�� 1§̀ ²3�u/ð��þ,�ãX ��1ÝzUO\�� 1/3§ùÒ¿�X�u/ð

��þ,�ã§áÈÇO\é¯§ØU�����±�Ñ��þ"Ïd§±­�áÈ�b�

�áÈ6�)
[7, 45, 46]

5)º��[´k¯K�§
^¹��)5)º��[ù�*:��

Ù¦�
ïÄ¤|±
[40, 47]

"

3.3 ��[1Ý�Ä�ã�

Yu �<
[28]

nÜþã²�'X^«¿ãÐ«
M�Ú H-S ��[1Ý��� (�ã

6)"2 �n�©O�LÓ��
ü���ØÓ��u§¢��L���u§J��L���

u"M��«�IP��Ú§^��«�IP�xÚ"'�61�ã�´áÈÇû½��

[§H-S Ú S-H ��[Ñu)3��ð½�1ÝL0§$ud�
Ò?uM�§pud�
Ò

�[�^�"�´�âþã�ü�²�'X§�uþ,�ã�M��±�����1Ý (p

u L0)§
��u L0 �1Ý�'u∆L/∆T"S-H ��[1Ý�Øõ3L0 NC"ù�ã�

w«ÕàXSð(?�þ�V(XÚ�M��±3����u¥���p�1Ý§�L²u

) hysteresis y�Ì�´Ï��u�þ,�ãÉ�­�áÈ�K���"

ã 6 M�¤3«��V�ã
[28]

"b�ü�ØÓ¸�1Ý��u§©O^¢�ÚJ�L«"���
?

u­�áÈ�§^Mü�U��m��[u)3��C�~ê�1Ýe (L0)§ùÓáÈÇû½�

�[�nØ���"�
²{���u/ð��§H-S ��[1Ý�u L0§�u L0 �1Ý�'u

∆L/∆T¶S-H ��[1Ý�Øõ3 L0 NC"
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4 û½�­�áÈ�Ð©^�—— áÈ��þ

4.1 GX 339−4 M X ��¸�6r��u���m�²�'X

GX 339−4 ´�u'�ª��çÉX ��6y
§Yu�<
[26]

©Û
l 1991 c 5 ��

2005c 5� CGRO/BATSEÚ RXTE/HEXTEéGX 339−4��Ï*ÿêâ§uy�um

©��M�¸�6r��u����m�3Cq�5'X"Wu �<
[30]

©Û
 Swift/BAT

é GX 339−4 3 2007 c�u�*ÿêâ§(Ü�c CGRO/BATSE Ú RXTE/HEXTE �

*ÿ§uy 2007 ��u�~ÎÜYu �<
[26]

(½�²�'X§
�|^ 2007 c�u�ê

â�õ
ù�²�'X (�ã 7)"ù�²�'XU
3e�g�um©��OÑ�u�MX

��¸�6þ"�GX 339−4 3 2010cÐ?\��#��u�§Yan�<
[48]

|^ù�²�

'X§¤õýó
ùg�u�M X ��¸�����mÚ6r§dd>u
 Swift �Å�é

� (target of opportunity) *ÿ§¼�
ÕA�H-S ��[�Ï�õÅã*ÿêâ"

ã 7 GX 339−4 ��ÏM X ��1C­�§5g CGRO/BATSE(�%�)!RXTE/HEXTE(¢%�)Ú

Swift/BAT(�¬) �*ÿ":y��L 0.1crab �6rY²§3T�±e� X ���ué²�'X

vkK�"n�/I²
�^5O����m�$M�¸"�ã´M�¸�6r����m�'X§

J�w«
�Z[Ü��5�."Tã5gu©z [30]"

GX 339−4 �u�M X ��¸�6rÚ�u���m�Cq�5'X (ã 7)§L²§¤

U������M��UÚ�um©�c;�3áÈ�p��þ�3,«éX§�,ù�é

X���Å�8c�Ø�Ù"�Ä�H-S ��[1ÝÚ���^�¸�1Ý�'X±9Ú

dL/dt �'X (�ã 2 Úã 4)§̀ ²M X ���¸�1ÝÚ�u�¸�1Ý��'§�Ú X
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��1Ý�O\Ç��'"ù
�''XL²§áÈÇ�O\ÇÚ�u/ð�u)c�áÈ

�È\��þk,«éX§�´ù«éX´XÛïá�§ÒØ�
�"=áÈ���þK�


M�Ú^���Nüz§±9H-S ��[1Ý"

4.2 $�þ X ��V(6y
�;�±ÏÚ�u¸�1Ý

lþ¡�©Û(J¥§�±íÿ�u�¸�1Ý�T�u�cÈ\�áÈ��þ�3

��'"�,áÈ��þÃ{��ÿþ§�´áÈ�U
;�����þ´dV(âF�

�º����§
;�±Ï��á�±�NâF��º�"3�«�.¥§áÈ��»�º

��;�±ÏÑkX���éX
[49–52]

§o�`5;�±Ï��§áÈ�#N����»�

�"Wu �<
[31]

|^ RXTE ��Uiÿ±9½:*ÿêâÿþ
 25 �$�þX ��V(

6y
���u�3 3∼200 keV Uã��S�¸�1Ý§��
�
�¸�1ÝÚ;�±

Ï�'X (�ã 8)"

Xã 8 ¤«§oNþ;�±Ï���
§�u�¸�1Ý (Lpeak/LEdd) �p"��;�

±Ï? (GRS 1915+105) ����u1Ý�CO¶î4�§
�¿vkLyÑ1Ý�Ú�ª

³"�u�¸�1Ý�;�±Ï�'X3éê – éêãþ¥yÑ{ü��5ª³§Ø
3;

�±Ï� 2∼4 h ?�3�
 �"

ã 8 �u�¸�1Ý (3∼200 keV) �;�±Ï�¼ê'X
[31]

"çÉÚ¥f(©O^êiÚi1L«¶¢

�w«
1Ý���§J�L«
Ø(½Ý¶�Þ�Lþ�½öe�§V�ÞL²d�´Ø(½�"

o�§ù�ïÄ(JL²3$�þX ��V(6y
¥�Nþ�3�u�¸�1Ý�

;�±Ï��'5"ù|±
�u�¸�1ÝÚ�u�c�áÈ��þ�m�3�'5��

{
[24, 26, 28]

"Ï�áÈ�Ñ���þ�âF��º���§
âF�����;�±Ï�'"

�u�¸�1Ý�;�±Ï���'�«ÑáÈ��þé�u5��K�"¢Sþé$�þ

X ��V(6y
�nØïÄ®²L²§3A½��.ëêeLpeak/LEdd � Porb �3��
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'
[53]

"�Ä� X ��V(¥H-S ��[1Ý!1ÝCzÇÚ�u¸�1Ý��'5
[28]

§á

È��þwå5´�uÏmû½áÈL§�­�ëê"

5 (ØÚ?Ø

Yu �<
[28, 32]

|^ RXTE/ASM Ú Swift/BAT ��Ïiÿ1C­�§XÚ/ïÄ


²�� X ��V(¥ (�)±Y
Ú6y
) ��[y�§uy H-S ��[u)�1Ý

(15∼50 keV) Ú���^�¸�1Ý (2∼12 keV ) kéÐ���''X§
��ÚH-S ��

[NC�1ÝO\ÇkéÐ���''X§ùü��''XªÝÑ�ü�þ? (�ã 2 Úã

6)"ùØ=�y
 Yu �<
[24, 26]

3ü�
¥uy�²�'X§
��uy6y
Ú±Y


ÑlÓ���''X"�,ùü��''X�å
y3�Ø�Ù§�´ké­��¹Â"Ä

k§*ÿ�� H-S ��[1Ýé��ªÝ`²��[´dØÓþ?��­�áÈÚå�§


Ø´6y
�u�[!Å� ('X inside-out ½ö outside-in �u)"ù
(JL²Ø
áÈ

Ç�kÙ¦�Ônëêû½
��[§
ù�ëê´Ú�­�áÈk'X�§'X dṀ/dt"


�§GX 339−4�M X ��¸�1ÝÚ���m��''X`²§MX ��¸�1Ý�'

uáÈ�p��þ§ùL²�­�áÈ´d�u/ð�m©��áÈ��þ¤û½�"Ùg§

ùü��''XÑvk3p1Ýàw«?Û�Ú�,�§ùÒ¿�X�U��3Ônþ#N

����M�Ú���^�§�´�vk3àS�X ��V(¥*ÿ�"�âã 2§���

u�M��±���p�1Ý"¤±ò5·�k�U3àSX ��V(����u¥§*ÿ

����M�

,��¡ Yan �<
[33]

|^ RXTE/ASM ��Ï1C­�ïÄ
àSX ��V(²�

��u§uy�u� e-folding þ,�I�� 4.5+9.60
−3.06 d"kyâL²3�
�� X ��


(ultra-luminous X-ray sources§ULXs)¥�þ,½öeü�I�´ù�þ?"�²w�~f

´ NGC 1365 X-1§ÏL Chandra/ACIS ��X�*ÿ
[54]

§uy§�eü�I´ 3 d"Ï~

�¹e$�þ X ��V(6y
�þ,�I��ueü�I
[55]

§XJé NGC 1365 X-1�

´Xd§@o§�þ,�I��u 3 d",��~f´ M101 ¥��^ X ��
§§�

u� e-folding þ,�I��´ 1∼2 d
[56]

"�k��~f´ M82 ¥����� X ��


X41.4+60
[57]

§RXTE/PCA �1C­�w«§�ð� e-folding þ,Úeü�I�� 3 d§


àSð(?�þ���UN� H-S ��[1ÝÚ¸�1Ý� dL/dt ��''X§ýÏU


w�ù�á�I����ð�ÚM�"�
ULXs ´�;�±Ï�XÚ§'XM82 ¥�

X41.4+60 �;�±Ï´ 62 d
[57, 58]

§NGC 5408 X-1 �;�±Ï´ 115 d
[59]

§
ÕàXS X

��V(����;�±Ï´GRS 1915+105 � 35 d§(Ü�c�ÚO(J=$�þX �

�V(6y
��u¸�1ÝÚ;�±Ï�'X
[31]

§L²XJ X ��V(�±Pk���

;�±Ï§Ò�±k���þ�áÈ�§l
�)�p1Ý��u/ð�§§��1�ÒÚù


�;�±Ï�ULX ��"Yan�<
[28, 33]

�ïÄ(Jl,���¡Jø
yâ§@��


�� X ��
ék�U´ð(?�þ���UN§¤±'ÕàXSX ��V(���M�
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Ú�u�N®²3�C(X¥���X ��
¥®*ÿ�"�C3�C(XM31 ¥uy�

��6y��X ��
�@�´$�þX ��V(
[60, 61]

§l
y¢
Yan �<
[28, 33]
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Hard-to-soft State Transition Dominated by

Non-stationary Accretion

YAN Zhen

(Key Laboratory for Research in Galaxies and Cosmology, Shanghai Astronomical Observatory, Chinese

Academy of Sciences, Shanghai 200030, China)

Abstract: Different states of X-ray binaries are defined according to some observational

features such as X-ray spectra and timing variabilities. The theory based on the stationary

accretion was used to explain different states and state transitions, but there is a gap between

the theories and observations. Some new studies show that non-stationary accretion deter-

mined the luminosity of the hard-to-soft state transition. A positive correlation between

the luminosity of the hard-to-soft state transition and the peak luminosity of the following

soft state was found in some X-ray binaries, and then a statistical study about the sate

transition luminosity showed that transient and persistent X-ray binaries follow the same

positive correlation. Another positive correlation between the luminosity of the hard-to-soft

state transition and the rate-of-increase of luminosity was found. These two empirical cor-
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relations suggest that the hard-to-soft state transition is dominated by the non-stationary

accretion which is characterized by the rate of increase of the mass accretion rate. There

is a unique correlation between the peak flux in the hard X-ray and the outburst waiting

time in GX 339−4, implying that the peak flux in the hard X-ray is determined by the mass

accumulated before the outburst. On the other hand the statistical study about the peak

luminosity of outbursts in LMXB transients showed that the peak luminosities of outbursts

positively correlate with the orbital periods, which also supports that the peak luminosity

is determined by the disk mass. These results suggest that the non-stationary accretion in

outbursts/flares is set up by the initial condition – disk mass.

Key words: accretion disks; black hole; X-ray binaries


