I1I. AGN u mukpoxBa3zapsl (LOSO).

e nQSO kak munuatwpHas moaeab AGN.

B nocnenHue ronpl MOSBWIACHE WHTEPECHAs BO3MOYKHOCTh IOJOWTH K
npobseme cMeHbl cocTosiHUN B AGN ¢ HEOKUJaHHON CTOPOHHBI. [[emo B ToM, 4TO
oonbiie 10 yier Ha3aj ObUIM OTKPBITHI AKTUBHBIC JBOWHBIC 3BE3/IHBIC CHCTEMBI,
COCTOSILIIME U3 3BE3/bI—IOHOPA, KOMIIAKTHOTO 0OBbeKTa (HEHTpOHHas 3Be3da WU
yepHast aeipa (BH)) m akkpenmoHHOTO IHCKa, KOTOPHIE MO HEKOTOPHIM CBOUM
CBOMCTBaM HallOMHHAIOT aKTUBHBIC siipa B MuHHuatope [94-98]. EcrecTBeHHO, UTO

(nQSO),

9HCPIreTUYCCKUC, JIMHEHUHBIE U BPCMCHHbLIC MacHITaObI JOJIDKHBI OTJIWYATLCA B

Yy OTHX 00BEKTOB , IIOJIYYHMBHIIMX HAa3BAHHC «MHUKPOKBA3apb»

MCHBIIIYIO CTOPOHY — M0 cpaBHEHUIO ¢ AGN — B OTHOIIEHUHU
6-9 5 108
Mgy/m.~10°"Me/10Me~x10"-10" pas.
K macTosimeMy BpeMeHM TakuWx CHUCTEM OOHApYy>KEHO BCETO OKOJIO JFOKUHBI U
HECKOJIBKO JECATKOB KaHauAaToB (Tabuuma 1) — OHM XapaKTepu3yrTCs

ITOSABJICHUEM, BpCM: oT BpCMCHH, pa):[I/IOBBI6pOCOB, JABMKYIITHUXCA C

OKOJIOCBETOBBIMA H JIa)K€ «CBEPXCBETOBBIMW» ITPOEKIIMOHHBIMH CKOPOCTSIMH,
KOTOpHIE BIIEPBbIC ObLTN OOHApPYXKEHBI Y PaauOKBa3apoB. (DTH pe3yJbTaThl ObLIN

nostyyeHbl o VLBI- gaHHBIM, 4TO ¥ OCITYKUJI0O OCHOBAaHUEM JIJIsl UX Ha3BAHUS).

Taonuya 1. Cnucok Kanouoamoe 6 080UHbIE PEeHM2EHOBCKUE 36€30HblE
cucmembul ¢ uepuvimu ovtpamu (u3 paoomot J. Ziolkowski, astro-ph/0307307).

Kpacuvim evioenensvt 10 cucmem, y Komopuoix 00HapysHceHbvl paduowvlopocel, m.e.

({(MUKDPOKea3apuvl .
Hazeanue P, Onmu- | /Ipyeue nazeanusn | X-R | C Mpy/Me | Ccbin
UCMOYHUKA YyeckKuu mun -KU
chekmp
Cyg X-1 5% 09.71ab | HDE 226868(0) | pers | pQ | 16+5
LMC X-3 1970 [B3V pers 6+9
LMC X-1 4922 | 079111 pers 4+10
SS 433 1391 | ~A1 V1343 Aqgl (O) pers | uQ | 1145
GX 339-4 148 | F8-G2 11 | V821 Ara(O) RT 1,2,3
3U 0042+32 11% | G? T 4




XTE J0421+560 Ble]l CI Cam (O) T |pQ? 56
GRO J0422+32  [5"09 |[M2V V518 Per(0O) T 3.6+5.0

XRN Per 1992
A 0620-00 7"75 | K4V V616 Mon (O) RT 1142

Mon X-1

XN Mon 1975
GRS 100945 696 |K8V MM Vel (O) T 4.4+4.7
XTE J1118+480 | 4" K7-MO V | MM Vel (O) T 6.0+7.7
GS 1124-684 104 | KO-5V GU Mus (O) T 7.0£0.6
GS 1354-645 + BW Cir (O) T

Cen X-27? 7
A 1524-617 + KZ TrA (O) RT

TrA X-1 7
4U 1543-475 1912 A2V IL Lup (O) RT 8.4+10.4
XTE J1550-564 | 1955 | G8IV-K4 | V381 Nor (O) RT |pQ |9.7+11.6

111

4U 1630472 +(IR) Nor X-1 RT 4,7,8
XTE J1650-500 | 0°212 | G-K T |uQ 9,10
GRO J1655-40  [2%2 |F3-6IV | V1033 Sco (O) RT |pQ |6.3+0.3

XN Sco 1994
H 1705-250 125 | K5V V2107 Oph (O) | T 5.7+7.9

XN Oph 1977
XTE J1709-267 T 11
GRO J1719-24 MO-5V [ V22930ph(0) |T 3,12

XN Oph 1993
XTE J1720-318 T 13
K 1730-31 T 12
GRS 1737-31 T 12
GRS 1739-278 >F5V T 3,14
1E 1740.7-2942 | 12973 pers | uQ
H 1741-322 T 1
H 1743-32 T 12
SLX 1746-331 T 12
XTE J1748-288 T |uQ 17
4U 1755-338 4"4 + V4134 Sgr (O) pers 12
XTE J1755-324 T 18
GRS 1758-258 18945 pers | uQ 12,16,

17

SAX J1806-246 T 19,20
XTE J1806—246 T 21
XTE J1819 29817 | B9 III V4641 Sgr (O) T |pQ |6.8+7.4
RX J1826.2-1450 | 49117 | 06.5Vf | LS 5039 (O) pers | uQ 22,23
EXO 18460312 T 12
XTE J1856+053 T 14
XTE J1859+226 [ 9"16 |~G5 V404 Vul (O) T 8+10




XTE J1901+014 RT 24
XTE J1908+094 +(IR) RT 25
GRS 1915+105 339 K-M III V1487 Aql (O) RT |pQ | 1444

XN Aql 1992
4U 1918+146 T 4
4U 1957+115 913 + V1408 Agl (O) pers 12
GS 2000+251 813 K5V QZ Vul (O) T 7.1£7.8

XN Vul 1988
XTE J2012+381 T 26,27
GS 2023+338 6946 KO IV V404 Cyg (O) RT 10.0+-13.4
2S 2318462 T nQ 28

IIpumeuanus:

Py — OpOUTANIBHBIN TTEPUOT,
X-R — XR nepemeHHOCTS,

+ — - ecTh ONTUYECKUI O0BEKT, HO CIIEKTP HE MOJIYYEH,

IR — onTtuueckuii 00beKT BUAEH auib B MK nuanasone,
T — BpeMEHHBIN UCTOYHUK,
RT — pexyppeHTHBII BpEMEHHBINA UCTOYHUK,

pers — MOCTOSIHHBIN HNCTOYHUK,

1Q — MUKpOKBa3ap (TeCHbIE PEHTI€HOBCKUE ABOMHBIC 3BE3/THBIE CUCTEMBI C
PENSATUBUCTCKUMHU PAAHOBBIOpOCAMU).

Eciu mexanusmel uznyuenuss y AGN u  pQSO cxoxu (a s 3TOro, B

pamkax mapagurmel «jet-disk symbiosis» [100,101], ecTb HEeKOTOpBIE OCHOBaHWSI,

Ha 9TO YK€ OOpaimanoch BHHMaHWE B psne pador, Hampumep, [102-105]), To,

u3ydasi OCOOCHHOCTH OBICTPON (THICAYM CEKyHHA) CMeHbl cocTosHumii B HQSO,

MOXHO 6y,Z[eT AcJIaTb BBIBOABI U O Iropasao Ooiee MCAJICHHBIX (I[eC}ITKI/I Hn COTHHU

ner) mpoueccax B AGN. IlpaBma, He Hamo 3a0bIBaTh, YTO H3IYYEHHE OT

AKKPCHOUPYIOIHNX 3BC3AHBIX BH H3.6J'IIOI[3.€TCSI B PCHTTCHOBCKOM IHMAIIa30HC, 4 OT

MaccuBHbBIX BH — B onitrike n YO, T.K. cpeHss TemMIieparypa IUcKa cBsizaHa ¢ Mgy

COOTHOIICHUECM

T=2x10"(Mpp/Me) " K.

PaccmoTpum Gonee moapoOHO CUTYAIHIO CO CMEHOW COCTOSIHUN B MUKPOKBa3apax.




Pazubie cocrosinus y pQSO.

JlaHHbIE MOHUTOPHUHTA HanboJiee IPKUX B PEHTTEHOBCKOM Juana3zoHe QSO

IIoKa3ajik, 4YTO HX KPHBBIC Onecka B pPasHbIC MOMCHTBI BPCMCHH MOXKHO

IIPEJCTaBUTh B BUJEC HECKOJIBKUX XAPAKTEPHBIX COCTOSIHUM, HE OYEHb PETYISAPHO

nepexoAsimux Apyr B Apyra. B psae pabot (manpumep, [106-111]) BbraensroTcs

HECKOJIbKO XapaKTEePHBIX COCTOSHUM:

(C) low/hard (LS-cocTrosHue), B KOTOPOM mpeoOiagacT HETEIIOBOM
KOMIIOHEHT (0,=1.6) co cmaboii (Heckombko %) TEmIoBOM A00aBKOW OT
JIMCKa (xT<I1x2B), CUJIbHAs MIEPEMEHHOCTD (30-50%) 151
kBasunepuoandeckue ocumnAnun (QPO) ¢ vgpo <1 I';

(A) mpomexyrtounoe (IS—cocTosiHME), B KOTOpPOM HETEIJIOBOM CHEKTP
CTaHOBUTCS Ooiiee KpyThIM (0,,=2.5) U Vqpo~1-10 I'L;

(A) very high (VHS—cocrosinue) ¢ nmpeo0iaianueM TEIIOBOI0 KOMIIOHEHTa
(xT=1 x9B) mnpu ocnabieHUU U YKPYYEHHH HETEINIOBOro (0,=2.5);
COCTOsIHUE TTOXO0Xke Ha [S, HO ¢ OOJIBIIUM TEMIIOM aKKpeInH, 4eM B [S;

(B) high/soft (HS—coctosiHue), B koTopoM mpeobiagaeT TEIIOBOM
koMrmoHeHT (KT~1Kk3B), a HeTeII0BOH ele 000JbIe octadbeBacT (0, >2.5).

N3 n3BectHbIX Ha ceroans pPQSO iydiie Ipyrux UCCIENO0BAH CaMbId SPKUM

n3 Hux GRS 1915+105, otkpeiteiii B 1992 1. HAa PEHTIEHOBCKOM CIIyTHHUKE

«GRANATY. ¥ aToro o0bekTa Takke Habmogar0Tcs pasuble coctosaus [110,111],

HAITOMUHAIOIIUE BBIIIE OMHMCaHHBIE (CM. Takke Tabmuiyy 2 u3 paborer [110],

KOTOPbIE MOKHO MPEACTAaBUTh Ha JABYLUBETHOW pPEHTreHOBCKOM auarpamme HRI-

HR2:

cocrosinve B (tuna HS): HR;>1, HR,<0.1,
cocrosiane C (tuna LS): HR;~1, HR,>0.1
coctostaue A (tuma VHS/IS: HR<1.1, HR,<0.1

(Cnez:yeT OTMCTUTDb, YTO IIOJHOI'O COOTBTCTBUA MCKIY CBOMCTBaAMH

cocrosinuii A,B,C u HS, LS, VHS/IS ne npomaTtpuBaetcs (cMm., Haripumep, [111]).
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Kpome storo, kpusbsie Onecka GRS 1915+105 onuceiBaroTCsi, COTJIaCHO
[108], 12-10 pa3HbiMu Ki1accamMu (0003HAYAIOTCS PA3HBIMU TPEUECKUMH OyKBaMH),

B paMKax KOTOPBIX H3MCHAIOTCA OSBOJIIOIIMOHHBIC CBOMCTBA U OTHOCHUTECIILHAS

MPOAOJKUTENBHOCTD cocTosiHui A, B, C.

OTH COCTOSIHMSI Ha JBYIBETHOM peHTreHoBckoil muarpamme HR;— HR;
(HR1=(Is xeB-113 xeB)/(12 eB-I5 xeB), HR2=(113 «eB-160 xeB)/(I2 keB-I5xeB)) PACIONIOXKEHDI B
pa3Hbix Mectax (puc. 13 [117]), 1 mepexoasl MEXIy 3TUMHU COCTOSIHUSIMH HOCST

KBa3ULUKINYECKUN XapaKTEP € MPOJIOJKUTENBHOCTHIO 1KiIa ~1000 cek.

HRI > 1
HR1 4 '
A | HR2 < 0.1

I\\\__ / LS

1 - # STATE C
(e ,_.'l ERI<LL  ERi= 10

P -IS | -‘
0.1 HR2

Puc. 13. Ilonosxxcenue paznvix cocmoanui (A,B,C) uQSO GRS1915+105 na
osyxueemnoiu penmeenosckoii ouazpamme HR;-HR, u nepexoodwvt meixncoy

cocmoanuamu (u3 paoomut [117]).

Ho Bpems ot Bpemenun 00bekT GRS 1915+105 moxeT Ha MPOAOTKUTETBLHOE
BpeMsl OCTaBaThCs B KAKOM-TO OJHOM COCTOSIHUU. OOLIEIPUHATON MOJIEIH TaKOTO

IIOBCACHU A 00BEKTa TTOKa HCT, 1 Pa3HbIC AaBTOPbLI IIPUACPIKUBAIOTCS HA 3TOT CUCT

pa3HbIX TOuek 3peHus (Hanpumep [112-115].
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Onna w3 HUX CBfA3aHA C MPEANOJNIOKEHUEM, YTO OMPEICISAIONIYI0 POJb
UTPAIOT WM3MEHEHHUS Temma akkpenuu. Mbl yke oTrmeuanu, yto mnpu dm/dt<
(dm/dt),pu:=0.01(dm/dt)5,, H3MeHAETCA XapakTep akKKpelMu. OTO IPHUBOJMT K
neperpeBy BHYTPEHHHX YacTed JMCKA U WX BBIAYBAHUIO JIABJICHHEM HW3ITyYeHUSI.
[Ipu 5TOM Ha pEeHTT€HOBCKOM KpuBOii Osiecka (puc. 14 [115]) mosBIsirOTCA CUIIbHBIC

(GIyKTyalluu MSTKOTO PEHTreHa, U OOBEKT PE3KO MEPEXOIUT U3 COCTOSIHUS «B»

(HS) B cocTostnue «C» (LS).

! U U T | T T U U T T T U | I T T T I T T

' 1996 October 7 ) |

1997 October 31

B

<“>»<

rms/mean (%)

500 1000

L L1 L1 R R PR I T
1500 2000 1000 1500
Time(s) Time(s)

2000

Puc. 14. Penmezenoeckasa kpueas onecka uQS0O GRS1915+105 (uz pavomowt
[115]). B gpaze «xnacca [ 60 épemsa «long SXR dip» («nnamo» - cocmosanue A)
603nHuKaem paouousnyuyenue. Ecau ¢ samom cocmoanuu naonwoaemca «XR

spike», mo écieo 3a HUM HAOIIVOAEMCA CUTbHBLIL PAOUOBLLOPOC.



.

CornacHo nmaHHbIM paboThl [115], 3ametrHoe pamno u UK wusnydenwe u
dbopmupoBaHue peaITUBUCTCKUX BEIOpocoB B GRS 1915+105 mpoucxoauT nuiib B
TeX Clydasx, Korja MOYTH cpa3y Mocje BOSHHUKHOBeHUs coctosinusa «B» (HS) ono
npepbiBaeTcs riryookum nposanoMm (long soft dip), koTopslit momyunn o6o3HaYCHHE
«coctrostaEe A». W3 puc. 14 BuanHO, uyTo cocTostHUSA «C» (LS) m «A» pazaensior
OTHOCUTENIBHO Y3KHUW PEHTTEHOBCKHI spike, mocie KOTOPOTO cpa3y MpPOUCXOIUT
panuoBsIOpoc. B ocranbHOi wactu cocrostHus «C» He HaAOMI0JaeTcss 3aMeTHBIX
dbaykryanuii cBetumocteit Hu B XR, Hu B panno, Hu B UK — 310 crokoiinas ¢asa
JUIMTENIbHOCTBIO OKOJO0 10 MuHyT. B koHue cocrosnus «B»  HaOmogarorcs
cuiIbHbIe (IyKTyaluu MArkoro XR, cBsi3aHHBIE C MOSIBICHUEM KOPOTKUX «Soft
dips». Bcrnen 3a stumm «dips» MOSBISAIOTCS ciabble PagUMOBCHBIIIKA (BpeMsI
pacrmaja OKOJIO MUHYTHI), KOTOpbIE CIMBAIOTCS B KBa3HMHENPEPhIBHBIA «baby-jet».
B cnyuae, ecnu cocrositHue «A» OTCYTCTBYET, 3aMETHOI'O PAJUOU3IYYEHHUS HE

H8.6J'IIOI[aeTCH U PCHTI'CHOBCKHUC OCHUIIJIIIIUU B COCTOSIHUU «B» cmabbl.

e Bo3MoOKHbIC IPUYHHBI H3MEHEHHUS cocTOsiHUM y nQSO.

HeoObrunpie cBoiicTBAa W WX W3MEHEHHE cOo BpemeHeM y HQSO wu
HEKOTOPBIX JAPYTUX AaKTHUBHBIX 3BE3/HBIX CUCTEM He Toiabko ¢ BH, HO u c
HeltpoHHeiMu 3Be3gamu (Cyg X-1, Cyg X-3, Sco X-1) mnocraBunu mnepen
acTpopu3MKaMu psiA  CIOXKHBIX MpoOJeM, KOTOphle TpeOyloT pa3paboTKu
aJIeKBaTHBIX ~ MoOJeNei 3TUX OOBEKTOB U  Pa3HATCA  NPEINOJIOKEHHUSIMU
OTHOCHUTEIIBHO CTPOCHMSI aKKPEUMOHHBIX JUCKOB. OfHAa W3 Takux Mojesei
IpeanoaraeT, 4ro CUCTeMa COCTOMT M3 XOJOIHOTO, T€OMETPUYECKH TOHKOTO U
ONTUYECKH TOJICTOTO JIMCKA C OJJHOPOJIHOM ropsueii KOPOHOM HaJl HUM (HampuMep,
[116,117]), a npyrast — 4TO cUCTEMa COCTOUT M3 XOJOJHOIO XK€ JAUCKA C TOPSAUYUM
BETPOM OT HEr0 U KOJUIMMHUPOBAaHHBIM BBIOPOCOM W3 IIEHTPaJIbHON 00JsacTy,
cocTosiied M3 paJualMOHHO JOMHUHUPOBaHHOW Tuia3mbl. [locrnemnsst Monens,
BO3MOJKHO, IPUMEHUMA U K CUCTEMaM co cBepxMaccuBHbIMU BH B siipax ramaktuk
(manpumep, [118-120]).

Pasubiii  Buj 3aBucumoctd L(Ly) 111 AGN u  3BE3JHBIX CHCTEM
00BSCHAETCS MPOCTO TEM, YTO 3aBUCUMOCTbH KBa3UTEIUIOBOrO u3nyudeHus L, or

AKKPCOMOHHOI'O JTUCKa JIMHEHHA 110 MBHa a 3aBUCHUMOCTDb HCTCIIJIOBOT'O HU3JIYUCHUA
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L, — Henmuueitna mo Mgy [121]. OgHako oka3piBaeTcs, uTo 1 AGN, U aKTUBHBIC
3BE3[IHbIE CHCTEMBbl MOTYT VIOBIETBOPSATH OJHOM, HO Oojee CIIOXHOU
3aBUCUMOCTH, KOTOpPYyI aBTOpbl [122] Ha3bIBalOT «byHIaMEHTATBLHON
MJIOCKOCTRIO» ([UIsI BUPHAIM30BAHHBIX 3BE3JHBIX CHCTEM «(PyHIaMEeHTaIbHAs
IJIOCKOCTh» TIPEACTABISAECT COOOW 3aBUCUMOCTh MEXKIYy TpPEeMs BCIMYMHAMMU:
CBETHMOCTBIO, Pa3MEpPOM M JTUCIIEPCHUCH CKOPOCTEH UYJICHOB CHUCTEMBI (HAIpUMeEp,
[123]). DTa 3aBUCUMOCTD 3aMMCHIBACTCS B BUJIE (CM. Takke puc. 15):

logL,=0.6logL,+0.78log(Mgu/Me)+7.33.

[IpaBna, cuiibHBIE PATMOMCTOYHUKH HA 3TY IUJIOCKOCTHY JIOXKATCS HE CIUIIKOM
XOpOUIO, YTO, MO-BUIUMOMY, TOBOPUT O «HEPABHOBECHOM» MArHUTHOM IIOJI€ B

HUX U HGO6XO,Z[I/IMOCTI/I y4dcTa 3(1)(1)GKTOB MAarouToruapoaAuHaMHuKH.

GBH

Sy
QS0

¥» B> O O

40

log Ly (erg s

Log M<2

30

6<Log M<7

Puc. 15. «@ynoamenmanvnas niocKocmvy 011 aKkmueHvlx cucmem [122],
ceazviearouian paouoceemumocms (Lg), ceemumocmo 6 penmeene (Lx) u maccy
uepHoit ovipvl (Mppy). AkmueHbvle 36e30Hble CUCHEMbL U AKMUBHBLE A0PA
2a/1aKMUK Y006/1emMeopAION 00HOU U MO JHce 3A6UCUMOCMU 8 KOOPOUHAMAX

Lg—(0.6log Lx+0.78log Mgy/Moe).
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XOTsl TIOJIHOW TEOPHH, OINMHKCHIBAIONIEH BECh KOMILJIEKC MPOIECCOB BOIM3U
AKKPEUUPYIOIIEH YEepHOM HbIpbl IIOKA HE CYIIECTBYET, OJHAKO W3 BCETO
MIEPEUNCIICHHOTO BBIIIE MOKHO CJIeNaTh BBIBOJ O €AMHON MPUPOIe POPMUPOBAHUS
BBIOPOCOB PENISITUBUCTCKUX YACTHUI[ U3 CHUCTEM C YEPHBIMU JbIpAMHU Pa3HBIX Mace -

OT 3BC3JHBIX JO CBEPXMACCHUBHELIX.

B 3akiaroueHue IEpCUNUCIIMM HCKOTOPLIC Ha6J'IIOI[aTCJ'ILHI>IC 0COOEHHOCTH
AGN, KOTOPBIC, HAa HAIll B3TJIAA, MOKHO paCCMaTpUBATh KakK MaCHITa6I/IpOBaHHI>IC
COOTBCTCTBYIOIIIUM 06p2130M dHaJI0I'n OCO6€HHOCTCI>1, XApPaKTCPHBIX JJIA 3BE3OHBIX

cucrem tuna pQSO.



