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OBIITAA XAPAKTEPUCTKA PABOTHI

AkTyaapHOCTb TeMbl. Paznoobpasue (pusnuecknx ycjioBuii B acTpodusnaecKkmux
00'bEKTaX MOPOXKJIAET MACCY TEOPHUii, KOTOPhIE OCTPO HYKJIAITCs B HADJIIOATE b
Hoit mporepke. IIporpecc nociaennnx gecssTuaeTnii B o0aacT acTpopU3NKNA BhI-
COKMX DHEPTHUil TECHO CBsI3aH C 3alyCKOM W YCIENTHOH paboToif MHOTOUNCIEHHBIX
KOCMHUYECKUX MUCCHI. BarkKHOM 1eIbI0 MX NCCJIEIOBAHUIN SIBJISETCS NU3YyUYeHUE IKC-
TpeMaJbHBIX YCJIOBHUI B acrpodusndeckoii miaaszme. B 31oit ¢Bsi3u, depHbIe Jbl-
por (Y1) w meitrponnsie 3re3nbr (H3), akkpernmpytorye ra3 B peHTTEHOBCKIX
JIBOMHBIX CHCTEMAaX, MPeJIaraloT YHUKAJIbHYI0 BO3MOXKHOCThH B3IJISHYTH Ha CBOM-
CTBA MaTEPUU, HAXOJSIIEHCst B HanOoJiee SKCTPEeMaJIbHbIX YCJIOBUSIX, HUIIE DoJiee
HE BCTPEUAIOIINXCs, KOTOPhIE MOTYT OBITh MCIOJ30BAHbI JIJIST HEMTOCPEJICTBEHHOM
MTPOBEPKU TEOPETUYUECKUX MOJIEJIEH.

B jauccepranuu cjesiaHa MOIbITKA PACIIMPUThL HAIIKM IPEJICTaBICHUsT O HAOJITO-
JIATEJIbHBIX HPOSBJIEHUSIX CBOWCTB PEHTTEHOBCKUX UCTOYHUKOB C BO3MOXKHOCTBHIO
YCOBEPITIEHCTBOBAHNST YCTOSIBITAXCST KPUTEPHER, TTO3BOJISIIONINX BBISICHUTE TTPUPO-
Jly KOMTAKTHOTO 00heKTa B JIBOMHOI cucreme (qepHaﬂ JbIpa W HEWTpOHHAa
3Be3J1a). CJI0KHOCTD 3aKJIIOUAETCS B TOM, UTO yXKE M3BECTHbBIE MPU3HAKU OTHO-
CATCS JIMOO MCKJIOUNTEIHHO K CIMOKONHOMY COCTOSTHWIO TaKUX JIBOWHBIX CUCTEM,
JINOO YPE3BHIYAIHO CJIOXKHBI B HAOJIIOAATEIHLHON perncTpalny 1 JajJeko He Beerja
ojiHo3HAYHbI B uenTudukanun 9/ /HS3.

Buiarogiapst muorouucsientbim kocmuueckum muccusivm (I'PAHAT, BeppoSAX,
Chandra, RXTE, INTEGRAL, XMM-Newton, Swift, Suzaku, NuSTAR,
Fermi w ap.) K HaACTOSIIEMY BPEMEHW HAKOTJIEH OTPOMHBIN HABJIOIaTeIhHbIH
Marepuas 1o perrreHosckuM JiBolinbiM cucremam (PIIC). TIpu srom jyiureis-
HOCTb MOHUTOPHUHIOBBIX HAOJIIOJEHUIN TTO3BOJISIET HAJEKHYIO JUATHOCTUKY aKTHB-
HBIX COCTOSTHWI, B KOTOPBIX OOHEKTHI MOKA3BIBAIOT TMepexoinl (prc. 1) Mexay
PA3/IMYHBIMU CIEKTPAJbHBIMU COCTOsIHUsAME |1, 2|, CONpPOBOXKIAIOIIUECcs aKKpe-
el HA KOMIAKTHBIE OOBEKThl HA CTajiuk OOMeHa Mace B JBOWHBIX cucremMax [3].
[Toresienne 0OHEKTOB B AKTUBHBIX COCTOSTHWSIX MPEJICTABISAET OIPOMHBIN WHTEpEC
KaK C TOYKN 3PEHUST MTOHNMAHUST TTPUPOJIHI KOMTIAKTHRIX 00HLEKTOB, TaK W JIJIsT Te-
CTUPOBAHUSI TEOPUU DBOJIIOIUN JIBOMHBIX CHUCTEM B IejoM. IMEeHHO B aKTUBHBIX
COCTOSIHUSIX KOHTPACTHO MPOSIBISIOTCS KPUTUYECKUE CBONCTBA MCTOYHUKOB, Ha,
OCHOBE KOTOPBIX B HACTOSIIEH JrccepTaliny MpeJnoaraeTcst yCoBepieHcTBORa-
HUE JIMAIHOCTUKHU ITPUPOJIbI KOMIIAKTHBIX OO'bEKTOB 110 PEHTTEHOBCKOMY CIIEKTPY.
K nacrosimieMmy MOMEHTY M3BECTHBI HECKOJIBKO HADJII0IATE/IbHBIX KPUTEPUEB, 1103~
BOJISIOIINX JINArHOCTHPOBATH MPUPOJIY KOMITAKTHOTO MCTOUYHUKA — OTJIMIUTE dep-



HYIO JIBIPY OT HeiTpoHHO# 3Be3/ibl. U nentudukanus Y1 0ObIYHO BBITOJIHSIETCS Ha,
OCHOBE JINHAMWYECKUX OIIEHOK WX MAaCChl ¢ UCMOJIh30BaHueM (BYHKIIUU Mace, Mo-
JIYIEHHO 110 KPUBOH JIYIEBHIX CKOPOCTEHl KOMIOHEHTOR JIBONHON CHCTEMBI. DTOT
C110c00 OCHOBAH HAa IPEJIOJ0MKEHUU O TOM, 9TO €CJAU MaCCa KOMIAKTHOIO 00'beKTa,
M, okaxetcst 6osbie nmpumMepHo Tpex mMacc CoJiHIa, To B KauecTBEe KOMIMAKTHOTO
o0’beKTa B Takoii JIBOWHOI cucTeme ¢ OOJIBITON BEPOITHOCTHIO HAXOIUTCS YepHast
abipa. B nporusrom cayuae (M, < 3 Mg), 31or KOMIakTHbIi 00beKT 1jeHTrdhu-
HUPYIOT KaK HeHTPOHHYIO 3Be3,1y (eM., Hanpumep, 0630p Yepenaniyka [4]).

AKKPELIIOHHbI MEPEXOAHbIV
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Puc. 1: Ilpeanonaraemsbiit crienapuii mepexoi0B MK /1y CIIeKTPAJIbHBIMEI COCTOSHUSIMA B PEHTTE€HOBCKUX
nroitabix cncremax (PIC) ¢ weprsivu geipamu (o Pemmtapny n MaxkKonaroxy [6]). Vkazamsr ae-
MEHTBI MOJIE/IN: AKKPEIMOHHBIN JMCK, NepexoaHblil cioi, cxopsimuiicss moTok Ha yepuyto asipy (91); un
CXEMATWIHO OTMEYEHO W3MEHeHWe BKJIaJa M3Iy9YeHnss aKKPeIMOHHOTO INCKa M TIePEeXOIHOr0 CJIOsT TIPH
nepexone PIC B mampaBJIeHnn K MITKWUM COCTOSTHUSIM.

K HacrosiieMy MOMEHTY JaHHBII C110C00 siBJIsieTCst OOIIEIPU3HAHHBIM U COIPSI-
YKeH ¢ M3yUYeHWeM TTPENMYIIECTBEHHO ONTHYECKOro juanasona crekTpa. Onprako
oveHnh 9acTo ontndeckoe naaydenne B PIIC sipasiercst HeJOCTYTHBIM JIJIST JIeTeK-
TUPOBAHUS U3-38, YAAJEHHOCTH OObEKTa MJIM B CHJIY OCODEHHOCTEH ero BHYTPEH-
Hell cTpyKTypbl. B 3TOM ciydae npuMeHeHne JUarHOCTUKU ITPUPOJbl KOMIIAKTHO-
ro 00HLeKTa MO0 PEHTTEHOBCKOMY CIEKTPY SABJSETCs 0c000 aKTyaabHBIM. B sToMm



HAIIPABJIEHUU OblLJI MPEJNPUHAT Psifl YAAUHBIX HONBITOK MMOJA00HOINO JHAIHOCTUPO-
BaHWsI Ha OCHOBE aHaJIn3a CIEeKTPOB MOMIHOCTH. Tak, J0JIroe BpeMsi KOCBEHHBIM
npusHakoM Hajguans ]I cunrasack npperysasipHast IepeMeHHOCTh PEHTTeHOBCKO-
ro uziydenusi (Hanpumep, Haiijennas B Cyg X 1) ¢ xapakTepHbIMU BpeMeHAME
At ~ Ry/c ~ 0,0001 — 0,001 cexynapi (rne R, = 2GM/c* rne G — rpasura-
IIMOHHAST TTOCTOSTHHAST, ¢ — CKOPOCTh cBeTa, M — Macca Tesa), J0 TeX Mop, MoKa
110/100HasI IepeMeHHOCTh He Oblia oOHapy»Kkena B H3 co ciiabbiM MAarHUTHBIM 110~
aem (nanpumep, B H3 Cir X-1). Hesasuo Cionsiesbim u Pesrusuenbiv [5] Ob110
MOKa3aHO, YTO MEPEMEHHOCTh TOTOKA M3JIyUeHUs] aKKPEIUPYIOIIUX HeHTPOHHBIX
3Be3J1 (HampuMep, Jist aKKPeIpyoIieil HeiTPOHHON 3BE3/bI B MAPOBOM CKOTLIE-
ruu Tepsan 2) npogoskaercst 10 ropas o 60sbiux Gypbe-4acror, T.e. JI0 ropas3-
JI0 MEHBITTNX BPEMEHHBIX MACITaboB, 4eM JJist 9epHBIX JbIp (HampuMmep, depHoii
apipbl Cyg X-1). Bosee Toro, namwame T.H. KOTEPEHTHBIX KBAa3WMEPHOITICCKIX
ocimsinuit (KITO), a rakxke kuorepnosbix KITO B criekrpe momnocTu cucre-
MBI SIBJISIFOTCSI 9aCTHBIMK Tpu3HakamMy Hajgnausg H3 B Takoit cucreme. Opaako
kuorepriopbie KITO B criekTpax MOIITHOCTH BeCchMa CJI0XKHBI B HAOJIOIATETHHOM
JIETEKTUPOBAHUN M UMEIOT JIAJIEKO HEOJHO3HAUHYIO WHTEPIPETAIIHIO.

B cBoto ouepejib, cMeHa CrieKTpasibHbIX cOCTOstHUi (puc. 1) U, COOTBETCTBEHHO,
3BOJIIOIMs (GOPMBI CLIEKTPa, HADJII0[aeMast B AKTUBHbBIX (ha3ax (CM., HAlpUMep, Jie-
BYIO TTAHEJIh Ha PUC. 2) TaK¥Ke paccMaTphuBaIach Kak NpusHak vagnans B aeii 4 /1.
OpHako, Kak ObLIO MOKA3aHO BBIIIE, HEHTPOHHDBIE 3BE3/bl TAKXKE [TOKA3BIBAIOT 10~
JIOOHYI0 CMEeHy cOCTOsiHUET (HApUMED, IpaBasi aHeb Ha puc. 2). Boeuiu ciesanb
YCTIETITHBIE TIOMBITKN JUATHOCTUKW MPUPOJIHI KOMITAKTHOTO 00'hEKTa U 110 aHAJIN3Y
caMuX (POTOHHBIX crieKTpoB. Hampumep, npn onucannn crekTpor cucrem ¢ YJI n
H3 B cocrosinum HU3KOM CBETUMOCTH B paMKaX MOJE/IU TeijioBoit Komnronnsaum
MMEeT MECTO CYIIEeCTBEHHOE PA3JIMIhe MEXKIY THUIAMHU KOMIIAKTHBIX UCTOUYHUKOB:
st H3 sjekTponHasi TemriepaTypa 30HBI TEPeX0oHOrN0 CJI0si 0OBIYHO HUXKE 25
k3B, B 10 Bpems kak jyisi 41 ona o6bruno Bbime 50 k3B (cum. crarbio Yypaszo-
Ba u Jip. [6]). B camom jiesie, Gosiee HU3Kast 3JIEKTPOHHAS TEMIIEPATYPA B CJIydae
H3 smisiercst ciefcTBreM JIONOJTHUTEIHLHOTO OXJIAXKJIEHWST 3a CUeT MOBEPXHOCTH
H3, koropast orpaskaer peHTreHOBCKNWe (POTOHBI M, B KOHEYHOM WTOTE, OTpeie-
JISIET TeMIIEPATYPY 3JIEKTPOHOB ILJIA3MbI EPEXOJHOI0 CJi0st (MOJAPOOHOCTH CM. B
pabore Turapuyka u jp. [7], nybuukanuu Cronsiea u Turapuyka [8], a Takxke B
crarhe Kiyxnska [9]). Kpome Toro, wnamnane B criekTpe CHILHOM JWHWN CIabo-
nonuznporannoro x)ejnesza Fe I — Fe XII na snepruax 6.4 kaB ¢ acumMmMmeTpmanbiM
podujieM 1 COOTBETCTBYIONMM CKAYKOM IOIJIOIMIEHKS B IOPOre TAKXKE PACCMAT-
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Pnc. 2: Xapakrepuble crieKTpalhHbIe AnarpaMMbl B eqnanmnax K Fg, nabaomsaeMbie BO BPEMST TIEPEXO-
JIOB MEXK/Iy BBICOKMM M HU3KUM CIEKTPATBHBIME COCTOsHUsAMY B 4epHoii gabipe GRS 1915+105 (caesa)
n weiirpornoii 3se31e 4U 1820-30 (cnpasa) 10 JaHHBIM PEHTTEHOBCKOW OpOMTANLHON obcepBaTOpUn
RXTE. (Caesa:) cuneti aunueti ykazano Huskoe,/xxecrkoe cocroguue (LHS); xpacnoti aunuedi  npome-
KyTouroe cocrosiane (IS); seaenoli aunueti — Bricokoe /msirkoe cocrosiamne (HSS) n maaunosots aunueti —
ceepxsbicokoe cocrosinue (VSS) mas GRS 19154105, (Cnpasa:) nokazanbl MeCTh THIMYHBIX CIIEKTPOB
npu 3Bosonnn Helirponnoit 38e3ab1 4U 1820-30 ot muskoro (island) k BeICOKOMY (banana) cocTost-
HUO, KOTOPBIE OTHOCSATCS K PA3HBIM 3JEKTPOHHBIM TeMreparypamM rmepexognoro ciost [kT, =2.9 kB
(xpacuwii), 3 k3B (cunui), 4 k3B (3eaenwii), 6 k3B (Puoremosnii), 10 k3B (marurosni) n 12 k3B
(uepnwiti) cieKTphI| Ha MpuMepe HeHTpOHHOI 3Be3/w! atoll-Tuma 4U 1820-30.

pPUBAJIOCh, KaK TTpu3HakK Hajguwaus /I, 10 Tex rnop, rnoka rnojgodHbIe CrieKTpaabHbe
0cobeHHOCTH HEe OblIM 0OHAPYKEHbI B PEHTIeHOBCKUX criekrpax H3 (1ogapobHbiii
AHAJIN3 BO3MOXKHBIX IIPUUYMH aCUMMETPUU HPOMUIIs JIMHUU CM. B crarbe Turap-
ayka u jip. |10] n murupyemoii B Heii nTepatype). OKazagoch, 9T0 aCHMMETPHS
npouJist JIMHUK XKeJie3a BbizaHa ckopee BeTpoBbiM adekrom [10], uem peJisitu-
BUCTCKUM 3P pexTom [onmaepoBeKoro cMeIeHns U, KOHEIHO, HE MOXKET CJIy>KUThb
HaJIEXKHBIM npr3HakoMm Hajuuust Y/1. B cBoio odepesh, HajIn4dne T.H. “YKECTKOTO
xBocta” (T.e. mamyuenns ¢ sneprusimu Gosbie 100 kaB) B ciekTpe nanydenns Tak-
’Ke pacCMaTpUBaJIOCh Kak npu3Hak Hajudus UJI B cucreme, moka takue “¥Kect-
kue xBocrbl” He Obuin obHapyxkenbl B H3 (HanpumMep, B cucreme ¢ TpaH3UEHTHOMH
H3 Sco X-1 nzyuennoit 1’Aw n map. |24]). Takxke 6b1I10 3aMedeHO, 9TO B COCTOSI-
HUM HU3KOM cBerumoctu ¢ xkecrkum criekrpom (LHS) penrrenosekast ceerumoctnb
st cucreM ¢ 91 obbrano muxke, dem Jisi cucrem ¢ H3. Ho, omsits ke, ato He



BCErJ[a MUMEET MeCTO, Kak, Hampumep, s cucrembl ¢ 1 GS 354 64. Hakoner,
BelbiiKY | pojia (TepMosijiepHble B3PbIBbl HAKOILJIEHHOI'O BEIEeCTBa, IPUBO/ISIIIE
K KOPOTKWUM, Jitdmnmcst ~ 1 — 10 cexyHJI, ¥ MOIITHBIM BCITBITIIKAM PEHTTEHOBCKOIO
VI3JTy9eHNsT) sTBJISTIOTCST TPU3HAKOM Hasimanst akkpenupytoreii H3. C npyroii cro-
POHbI, OTCYTCTBHE ITOr0 heHoMeHa (T.H. GApCTEePHOIl IePEMEHHOCTH ), KOHEUHO, He
SIBJISIETCS TIPU3HAKOM MPUCYTCTBUST B cUcTeMe YEpHOi biphl. ClelyeT oTMeTHTh,
YTO 9T MTPU3HAKW TaKyKe He Bcerja paboTaioT n3-3a “Heyi00Horo” pacioioKeHnst
obbekTa (Harpumep, 60JIbIIONR HAKJIOHHOCTH OPOUTHI M/ YJIAJEHHOCTH CUCTEMDbI)
¥ JIAJIEKO He Beerjla ojHo3Haq bl B ujenrudukanuu 11/ HS.

B s7oit cBsizn, erie B 1998 1. Ob1IM cliesiaHbl TEOpETHYECKUE TpejicKas3anns 1Tu-
Tapuykom n 3arrnacom [12| o Boamoxkuoctn auarroctuku 41 mo addexry Hach-
enust GoToHHOro uHjeKca [ (Mepbl HAKJIOHA CTEIIEHHO COCTABJISIIONIET CLIEKTPA)
IIPU BBICOKKX TeMmIax akkpernuu. OHAKO Ha IPAKTUKE 3TOT 3(DPEKT HAIIET CBOE
npumenenne juih B 2003 1., korga Burnapka n ap. [13| obrapyxuim Hacelmenne
unjiekca I, Ho He Kak (DYHKIMIO TeMIla akKKperun, a Kak GpyHknuio 4actorbl KITO
B PEHTIE€HOBCKUX CIIEKTpax Kaujujgara B depuble juipbl GRS 1915+105. Ussect-
HO, UTO CYINECTBYeT KoppeJsinns Mexjay dacroramu KIIO n temmnom akkpennn
M [14]. Buocaencrsun, Turapaykom n ®uopnro [14], n neckosnbko nozxke Mla-
HOMHUKOBbIM U Turapuykom [15]|, Obuin IPENPUHATBI HONBITKY JAJIbHERITIEro
M3yYeHKsT 3aKOHOMEPHOCTEH MOBEJIeHNsSI PEHTIEHOBCKUX CIIEKTPAJIbHBIX ITapaMeT-
poB, B gacTHOCTH, (hoTOHHOTO MHeKca I, kKak dyHkmn HnskodacToTHbix (1 — 10
['11) KBa3WMEPWOINIECKNX OCIMJUISITING, B JIBOWHBIX CHCTEMaX ¢ KaHAWIaTaMHU B
YepHbIE JbIPbl BO BPEMsI CIIEKTPAJIbHBIX MEPEX0JIOB, T.€. KOIJla UCTOUYHUK IBOJIIO-
IIMOHUPYET W3 T.H. HU3KOTO B BBICOKOE CIEKTpaJIhHOE cocTosiHne. Bhicokoe n HU3-
KO€ CIeKTpPaJIbHbIE COCTOSIHUSI XapaKTepU3YIOTCsS COOTBETCTBEHHO WHTEpPBAJAMU
BBICOKOI CBETUMOCTU O0BHEKTA ¢ MATKUM CIIEKTPOM U HU3KOU PEHTIEHOBCKON CBe-
TUMOCTHU C >KECTKUM CIIEKTPOM, U CBsI3aHbI C UBMEHEHUEM TEeMIIa [1ePETEKAHUS Be-
mecTBa Ha crajgnn oomena |1]. Kak y»ke roBopuioch, B BRICOKHX COCTOSTHUSIX dep-
HBIX JIBIP 3TU KOPPEJSAINT WHOT/IA MOKA3bIBAIOT HACHIIIEHNE (POTOHHOTO MHJIEKCA
I' mpu BoicOKKMX 3HadeHnsIX HU3K0IacTOTHBIX KITO. Onnako KITO-ocobernnocTu He
BCerjia HabJIIOJIAI0TCS B CIIEKTPaX MOIITHOCTH 00heKTa, 0OCOOEHHO Ha THKE BCITHITTI-
KU, 49TO, OTSTH YKe, CYy>KaeT BO3MOXKHOCTH JUarHocTupoBanus. [loaTomy omHO
13 OCHOBHBIX 3a/1aY, KOTOpasi MPEACTaBJIACT OOJIbIION UHTEPEC, siBIsieTCs Pa3BU-
THe crocoba JUArHOCTUKK HPUPOJIbI KOMIIAKTHBIX UCTOYHUKOB, BXOJMIINX B CO-
CTaB aKKPEIWPYIOIINX PEHTIeHOBCKUX JBONHBIX CUCTEM, KOTOPBIH siBJIsSIeTCst OoJiee
YHUBEPCAJbHBIM U HaJIE>KHBIM Ha TTpakTuke. B wacTHOCTH, 0COOBII MHTEpeC Tpe/I-



craBJiieT 1nopejeHne (POTOHHOTO MHJEKCA 1', KakK (DyHKIMM TeMIila aKKpPEIuu, B
MpUMEHEeHNN KaK K KaHJIWJaTaM B YepHbIe ILIPHI, TaK U K HEATPOHHBIM 3BEe37aM.

B 3ajaue m3amepenust TeMiia, akKKpeIrnn m n3 HabIIoAennii nandoJsiee yiIo0HoMi
spigercs Komnronmsanmonnast monenb (nanpumep, T.H. BMCL, “Bulk Motion
Comptonization”), KOTOpast OMMCHIBAET BRIXOSIINI CITEKTP KaK KOHBOJIOIIIO BXO/I-
HOT'O “3aTPaBOYHOTO” CIEKTPA, AITPOKCUMIUPYEMOro Mojesahio Bbody, napamerpa-
MU KOTOPO# SIBJISIOTCsE HOPMUPOBKA Ny U 11BeTOBast Temueparypa k7', ¢ Kowmi-
ToHu3anoOHHOR dyuKImei ['puna. [Tosromy, kak u syt 0ObraHOi Mogean Bbody
nakera nporpaMm XSPEC, HopMuporKa, Ny, TpejcTapisieT coboit OTHOTIEHNE CRe-
TUMOCTH WCTOYHNKA K KBaJIpaTy PaCCTOSTHUS:

Npme = Lo/ d3,, (1)

0% apr/c n dyy — paccrosaue 1o

rje L3g — CBeTUMOCTH UCTOUYHWKA B €JUHUIAX 1
ucrounnka B ejqunuiax 10 xkmc. Baxkno ormerurnh, 4TO napaMerp HOPMHUDPOBKU
Nppme ONpEIesieTcsl KaK MKW PEHTTeHOBCKHUI MOTOK JIMCKA (HBJIHIOLL[I/IﬁCH UC-
TOUYHWKOM MATKUX (POTOHORB B mporecce KOMITOHM3AINNA, CM. HATIPUMED, PHUC. 3
JUIST TEOMETpUH 00JIyuenust MATKuMu (poronamMn KoMmToOHN3NPOBaHHOM 06J1acw1),

MPONOPIMOHAJBHBINA KAaK MAcCe YepHOU JbIPbl M, TaK U TEMIy aKKPEIuu 17

Nyme X M, M, (2)

YTO U [IO3BOJIsIET HanbhOoJIee TOUHO OIEHUBATH TAKOH BaXKHBIN IapaMeTp, KaK TeMII
akkpernuu m. B camom sese, moTox jucka L MoxKeT ObITh IIPeJICTaBIeHa KaK

_ GMyM
=

rie R, = r.Rg npeacrapisier coboit 3pdeKkTnBHBI paanyc, Ha KOTOPOM WMeeT

L = n(rs)m Ly, (3)

MECTO OCHOBHOE SHEpPTOBBbIJIeJIeHNe B Jncke, Rg = QGM/C2 — pajgnyc IIBapi-
mwibga, 7 = 1/(2r,)  addexTuBHOCT BbijejeHrs] I'PABUTAIIMOHHOM 3HEpPIruy,
m = M/Mmf — Oe3paszMepHasi CKOPOCTh aKKPEIUN MacChl B €INHUIAX KPUTH-
JeCKOM CKOPOCTN aKKpeInn BelecTBa Mmf = Lgq/ ® u Lgq - DIUTMHTTOROBCKAST
CBETUMOCTD.

C zpyroit ¢TOpOHBI,

"http:/ /heasarc.gsfc.nasa.gov/docs/software/lheasoft /xanadu /xspec/models/bmc. html



10 ecth, Lpg o< M u, takum 06pa3om, uciosib3ys ypasuenust (3)  (4), Mbl 1oJty-
UM, UTO

L o n(ry)mM. (5)

B BBICOKOM /MSITKOM COCTOSIHUM, KOTJIA BHYTPEHHUH pajuyc jucka R, jocru-
raet cpoeil HauMeHbIrelt Beanunnabl R, > 3Rg, 3dpdekTnBHOCTH BHIJIE/IEHNS I'pa-
BUTAIMOHHON sHepruw 7)(7,) JocTUTaeT cBoeil HaWbOJIBITIeH BEJINTUHBI, W, TAKWM
00pa30M, CBETUMOCTD JIMCKA MOXKET Jlajiee BO3PacTaTh TOJBKO IPHU JlaJibHERIIeM
BO3PACTAHMU CKOPOCTU akKpenuu Beriectsa (cM. ypasaenue 5). [lpu yesosuu, uro
HopMupoBka BMC, Npyye, TPOMOpIHOHATIBHA BEJUUUHE 172 B BHICOKOM /MSITKOM
COCTOSTHUM, HADJIOJATebHBIH 3((MEKT B OTHONEHWN HACHIIEHWS WHJIEKCA KaK
dyuxiwmst Ny 1peobpa3yercsi B HACBIIEHUE WHEKCA ¢ BEJMIUHON M.

[ pyroii, He MeHee BaXKHOM, 3a/1aveil SRIgeTCsd TpUMeHeHre TPUHITATIOR JTUaTrHO-
CTUKW TaJIAKTUIECKUX YEePHBIX JIBIP K BHETAJAKTHIECKUM YEPHBIM JIbIpaM, B TOM
YUCJIe, K 9ePHBIM JbIPAM T.H. “TIPOMEXKYTOIHBIX MacC . DTH 3aJa9i MOI'YT OBIThH
KpaiiHe MHTEPEeCHbI IIPU PELIeHUH BOIIPOCA O IPUPOJE YJIbTPASIPKUX UCTOUYHUKOB,
KOTOpPBIE SIBJISIOTCS 3arajiKoi acTPOU3NKN MOCTETHUX JIeCATUICTHil. YIIbTpasip-
KNMW Ha3bIBAIOT PEHTTEHOBCKNE MCTOUHWKW B JIBOMHBIX cHcTeMax (B KOTODHI
HPOUCXOJUT MEPETEKAHKE BEIecTBa ¢ 0ObIYHON 3Be3/ibl HA KOMIIAKTHBIA 00bEKT,
IPEJIIOJIOKUTEHHO  YEPHYIO JIBIPY ), CBETUMOCTH KOTOPBIX OKA3bIBAETCs HPU-
mepro B 250 000 pasz bomabie comnednoii. Takast CBETUMOCTD SIBISIETCS CJIWTITKOM
BBICOKOWl M TPAHUYUT C NPEAEJTHbHON CBETUMOCTBHIO JIJIsT YEPHBIX JBIP 3BE3HOU
maccol, 10 cosHeunbix. B cTaHgapTHBIX CIEHAPHUSIX 3TO TUIIMYHAS BEPXHsIsS I'pa-
HUIIA MacC YepHBIX JIbIP, obpasyomuxcs n3 3Be3j. EcTh jBa BapuanTa 00hsic-
HEHNS BBICOKOH cBeTMMOCTH. BO-MIepBhIX, 9TH WCTOYHUKHA MOTYT OBITH YePHBIMU
JbipaMu 38e3/iHo0i Macenl (< 100 Mg), usiayvaomumu B D IMHITOHOBCKOM UJIK
CBEPX-DYIMHITOHOBCKOM pexkuMax [23, 24]. Bo-Bropbix, ObLIO HPEJJIOKEHO, U4TO
MOTYT CYHIECTBOBATH “depHBIE JIHIPHI TTPOMEXKYTOUHBIX Macc . VX macchl MOryT
COCTABJIATD JIECSITKHA, COTHUA U JaxKe Thicsiun Mace Cosnna. [Ipu arom mnsnyuenne
OCYIIECTBJSIETCS B CYO-D JIIMHITOHOBCKOM pexkuMe. OTMeTHM, 9TO TOUHOE MPOUC-
XOKJIEHWE 3TUX UCTOUYHWKOR JIO CUX TTOP OCTAETCS HESICHBIM U SBJISETCS MTPEIMETOM
MHOTHX HAyUYHBIX CTTOPOB.

B c¢Bere BbIIEU3I0KEHHBIX HPOOJIEM, METOJI OIPEJIEJIeHIsT MACC YEPHBIX JIbIP
JUISE YJIBTPAsipKUX PEHTIeHOBCKUX MCTOYHMKOB BakeH BBoiiHe. Bo-1epBbix, 310
MO3BOJINT TIPOBEPUTH MPABUJILHOCTH MOJIe/Ieil TAKUX MCTOUYHWKOB W OTPEJIEJINTh
WX 9BOJIIOIMOHHBIN cTaTyc. B 9acTHOCTH, ABIAIOTCS JIM WCTOYHUKN PEHTTEHORB-



CKOT'O W3JIYUEeHWST YePHBIMU JIbIpAMU 3BE3HON WJIM TTPOMEYKYTOTHONW MACChI, WJIN
Jaxke HeHTPOHHBIMK 3Be3/aMu (HApUMeEp, KakK TyJhcap, HeJaBHO OTKPBITHIH B
M82 ULX-4 [20]). Bo-BTopbix, HEOGXOAMMO COMIACOBATH MACCY HEHTPATBHOIO UC-
TOYHWKA W HUBKYIO TeMIeparypy “3arpaBounbix’ (oToHoB jncka < 1 k3B, xa-
PaKTEPHYIO JJIsi DOJIBITUHCTRA YJIbTPAsAPKUX MCTOUYHUKOB. B jieficTBuTEIRHOCTH,
B MoJiesiu JiuckoBoil akkperuu [lakypor u Cronsiesa [3, 21| apdekrushyto Temiie-
paTypy aKKpenupyiomero semecTsa 1y OOBIMHO OLIEHUBAIOT B 3aBUCHMOCTH OT

Macehl 4epHoit JApipbl Mppg B coornommennu Trpp o< M§I1{/4. [Tosromy HEOOXOMMO
[IPUBJICYCHUE AJBTEPHATUBHBIX METOJIOB OIEHKH MACCHI IEHTPAJbHBIX HCTOTHH-
KOB B TaKNX 00heKTax. 3a9aCTyi0 MaCChl IEHTPAJIHLHOTO NCTOUHUKA OKA3hIBAIOTCS
MaJIbl COTJIACHO JINHAMUYECKUM OIeHKaM [22|, n mpekpacHo 00bsCHSIOT HU3KYTO
TeMiepaTypy (pOTOHOB JIMCKA, HO OHK HE B COCTOSIHUK OObSICHUTD BBICOKYIO D0JIO-
METPUIECKYIO CBETUMOCTH TAKKX O0BEKTOB, HADIIOAAEMbBIX ¢ KOJOCCAJbHBIX Pac-
crosmmii (manmpumep, Ly ~ 104 — 104 spr/c gns M101 ULX-1 npn D > 7
Miic).

Bbuio 3amedeno, 9To HaOIIOAaeMast IEPEMEHHOCTh U CIIEKTPAJIbHbIE CBOHCTBA
Y1 n3MeHsIi0Tcst CTPOTo ONMpeIeJIeHHBIM 00pa30M Ha TTPOTSIKEHNN BCEX TTEPEX0JI0B
MEXKJTY CITEKTPaAIbHBIMIA COCTOSTHUSIMU. KpoMe TOro, 3T KOpPessiiiny HabIi01ai0T-
¢s1 BO MHOT'MIX MCTOYHMKAX, cojepxKarux 1/, coBepIieHHo pa3HbIX CBETUMOCTEN.
YHUBEPCAJIBHOCTh 3TUX KOPPEJIAIUN O3BOJSIET HPEIOJOXKUTh, UTO OCHOBHBIE
dursnIecKre MpoIecehl ABISIOTCS MOJOOHBIMI B KaryKJIOM U3 3TUX MCTOYHUKOB U
UX HADJIIOIaeMbIe [IPOSIBJICHUST OIIPEJIEISIOTCs 00IIUM HaOOPOM OCHOBHBIX (pr3mye-
CKHUX IIapaMeTpoB. DTO MO3BOJIsieT onpejeienne Mace /1 MerosoM cKaaupoBaHust
Ha 0a3e COOTBETCTBYIOIIETO CPABHEHNS CIMEKTPAJHHBIX W BPEMEHHBIX XapaKTepu-
CTHUK MCCIIEyeMOTro 00heKTa ¢ XapaKTePUCTUKAMI 00LEKTOB ¢ M3BECTHHIMU MaCCa-
mu. [IpuHIKIIBI CKAJIMPOBaHMS OCHOBAHBI HA OOPATHON 3aBUCUMOCTU Macchl ]I u
YACTOTHI KBA3UIIEPUOAUICCKUX OCIUJISIIUNA B CIIEKTPE MOITHOCTH, O0OCHOBAHHBIE
Teoperruecku |7, 14| n obrapykenubie Ha GOJIBITIOM HAOIIOAATETHLHOM MaTepruae

[13]
Uy Mt

V2 (6)
[Toxacrpounbie nugekcol “r’ u “t” 0003HAYAIOT OHOPHBIA ¥ MCKOMBI MCTOUYHUKH,
coorBeTcTReHHO. Torma macca YJI mckoMOTO MCTOUHWKA ONPEessieTcs JIeMeH-
TapHbIM cooTHomernem Mpyg = M, X l”/—: Ecim Bo Bpems crieKTpaJibHBIX Tepe-
XOJIOB B CHCTEMe He HaOJIOAI0TCH KBASUIEPUOANICCKIE OCIIMILISIIN B CIIGKTPE

MOIIHOCTH, NJIX OHW OTCYTCTBYIOT Ha CTaAWW IMWKa BCHbBIIIKKW, I'JIE O2KHUJIAETCA Ha-



CBIIIEHHSI CIIEKTPAJIBLHOTO UHJIEKCA, TO Olepallisi CKAJIUPOBAHUSI [IPEyCMATPUBAELT
CPABHEHUE 3BOJIIOIUK CBETUMOCTEH (JIMCKA) HCTOYHUKOB. A UMEHHO, B OCHOBE IIPU-
MEHSIeMOW TEXHWKU JIEXKUT TTPEJNOJIOKEHNE O TOM, 9TO pa3IndHbie OMOpHBIE MC-
TOUHUKH MOKA3BIBAIOT OJIMHAKOBYTO (hopMy koppensnuii I'— N,y u euncreentoe
pasimare Mexk1y HUIMU B TePMUHAX HOPMUPOBKK B KOMIITOHU3AIMOHHONE MOJIEJIH
00yCJIOBJIEHO pa3HbIMU BeJINUWHAMHU OTHOIEHnsT Macchl 1/I K KBajapaTy paccTo-
SHWs JI0 MCTOUHUKa, a uMentno Mpy /d?. C yueroMm Toro, 4To HOPMUPORKA N, i
peJIcTaB/sier coboil OTHOIEHUE CBETUMOCTH (JIMCKA) UCTOYHUKA K KBaJIPATY PAc-
crostiust (1),

L, d? N,
rte, 20 7

rjie L ¢cBeTMMOCTD JMcKa, d  PaCCTOSHHUE 0 UCTOUYHUKA U f  MeOMeTpUYeCKuii
dbaxrop [(cos@),/(cosB):|. Teomerpruecknii dakrop yanthiBaer darT OTIHIHS
MpoIecca aKKPEInK B Clyvdae INCKOBOI reomerpun. Pasymeercst, ato juist cdepu-
JeCKO# akKpenun reomerpudeckuii haxkTop paBeH ejgunuie. Takum obpa3om, Jijist
oneHkyr Macchl /1 B MCKOMOM MCTOYHUKE, HY?KHO BBIINIOJHATEH CMEIEHNE COOTBET-
CTBYIOINEH KOPPETISAIMN NCKOMOTO MCTOTHIKA BJIOJIH OCH HOPMUPOBKH N (X M)
JIO €e COBMEIEHUS C KOPPEJTANNOHHON KPUBOW OJITHOTO M3 OTMOPHBIX MCTOYHUKORB
(eM. puc. 6). Dra uponeypa ckaJupoBaHusi obecrednBaeT UCKomyo maccy 971
MCKOMOTO ncTounnka M,

N; [d\?
(\/i prny [\/_ZT— —_— . 8
! N, \d, Jo (8)

C y4eToMm 9THUX NPUHIUIIOB CKAJUPOBAHKS, B JIMCCEPTALINN CJI€JIaHA TONBITKA Pa3-
PEIuThH JIABHO HA3DPERITNE MPOTHRBOPEUNs B MTPOOJIEME OIEHKU MacChl IEHTPAJIb-
HOTO 00bEKTA B yJIbTPAsPKUX UCTOUHUKAX.

HabutoaresibHblil MaTepuaJ JuccepTainoHHOl paboThl ObLI MOJIYUEeH ¢ IOMO-
mso penrreropckux TeseckonoB RXTE, BeppoSAX, SWIFT, Hanapa n Suzaku,
HAKOTIJIEHHBII 32 BpeMst paboThl Muccnit B 1996 — 2015 rr. Bee pesynbrarhi, BHIHO-
CUMbIE Ha 3AIUTY, HOJYIeHbl JUIHO JuccepTanToM. Best oOpaborka JaHHBIX HPO-
M3BOAUIACH aBTOPOM. CHEKTPaJbHOE MOJCJIUPOBAHKE U WHTEPIPETAIUS PE3YJib-
TATOR, a TaK»Xe dacTuuHas paspaborka Kommnronuzamnnonnoit monenn CompT' B,
pacderT PEHTIeHOBCKUX CIIEKTPOB W CPaBHEHHME € HAOJIOJATeJIbHBIMU JIAHHBIME
HPUHAJIJIEXKAT aBTOPY.

10



ILlenp paboTsl

OcHoBHas 1€/ paboThl 3aKJ0YaIaCh B aHAJW3€e JTaHHBIX HAOJIIOJEHN raJaKTH-
YECKUX U BHETaJIAKTUUECKUX NCTOTHUKOB PEHTIEHOBCKOTO M3JIyUeHUsI, TTPUHAJIIE-
KAIIUX PA3HBbIM KJjaccaM (KaHJMJIaThl B Y4EPHbBIE JIBIPbI 3BE3/IHBIX U “IPOMEXKY-
TOYHBIX MaCC, MUKPOKBAa3apbl, HEHTPOHHBIE 3BE3/IbI, BXOISAIINE B COCTAB MACCHUB-
HbIx 1 MasgomaccnBabix PIIC, B Tom wncse, atoll- w Z-nctounnku) gerekropamn
obcepsaropuit RXTE, BeppoSAX, SWIFT, Hanapa n Suzaku, a Tak>ke nnrep-
npeTanusi pe3yabTaToB 9TOTO aHAJU3a HA OCHOBE MOJIEJeH TepBhIX MPUHIIUIIOB ¢
BO3MOXXHOCTHIO CUCTEMATH3AIINNA OCHOBHBIX CIEKTPAJIBHBIX XapaKTePUCTHK.

[ pyroit 1iepio paboThl OblIa pa3paboTKa 1 MTPUMEHEHNEe MeTo/1a HabJIoIaTe h-
HOW JIMATHOCTHUKU MPUPOJIBI KOMIIAKTHBIX OOBEKTOB Ha OCHOBE CPAaBHUTEJHHOTIO
AHAJIM3A TOBEJICHNS CIIEKTPAJbHBIX XapaKTEPUCTUK YEPHBIX JbIP W HEATPOHHBIX
3BE3JI BO BPEMSI CMEHbBI CIIEKTPAJILHBIX cocTosiHnit. [IpoTecTpoRaTh mojydeHubie
NMpU3HAKKU Ha Da3e KaK MOXKHO OOJIBITIEro KOJUYECTRBA PEHTIEHOBCKUX NCTOUHWKOB
(Kak rajlakTUYECKUX, TAK ¥ BHEIAJAKTUIECKUX) ¢ YYeTOM PasHO0Opa3usi CUcTem
[0 COCTaBY KOMITAHBOHOB, MPEJAYCMATPUBasT MUPOKWUH JUATA30H MACC KOMIAKT-
HBIX 00'LEKTOB 1 Pa3HOO0Opa3ne CIIeHAPUER TTEPEX0IOB MEXK Iy COCTOSTHUSIMU, TAKKe
SIBJISIJIOCH TIEJIBIO MCCJIEIOBAHMS.

Kpowme Toro, 1e/ibio padoThl OBLIO BHEIPEHUE METOJa OIPEJIE/IeHIs MaCC dep-
HBIX JIBIP MyTeM MaciTabnpoBanus (CKaJnpOBaHWs) HAWIEHHBIX CIEKTPAJILHBIX
M BPEMEHHBIX XapaKTePUCTUK JIJIST aKKPEIUPYIONNX TePHBIX JIBIP KaK 3BE3IHBIX,
TaK ¥ “TIIPOMEXKYTOUYHBIX MacCC.

Hay4unas HOBM3HA

Bcee pesysbrarhl, TpecTaBIeHHbIE K 3allATe, SIBJAAIOTCS HOBbIMU. HoBu3HA pa-
OOTHI TaK»Ke CBsi3aHa C MCIOJh30BaHWEM OOIMPHOTO ceTa HabJIIoIeHN T, KaK 110
JUINTEJILHOCTA BPEMEHHBIX PSJA0B HAOJIOMEHMA, TaK U [0 KOJHUIECTBY HCIIOJIb30-
BAHHBIX MHCTPYMEHTOB C Pas3HbIMK IPUHIMIAMU jieTekTupoBanust (BeppoSAX,
RXTE, Suzaku, SWIFT n Yanapa) n kauecTBy JaHHBIX. BBUIN MCMOIB30BA-
HBI BCE MMEIOIINECsT Ha CerOAHSITHNI JIeHh TOCTYITHBIE HAOJII0IaTeIhHbIe JaHHbie
(kak apXxuBHbBIE, TAK U AKTUBHO PAbOTAIONINX B HACTOSAIIUI MOMEHT OPOUTAJILHBIX
obcepBaTOpHil) 10 U3yUYEeHHBIM 0O'bEKTAM.

BriepBhie mpeiyioyKeHnbl ClieKTpaabHble TTPU3HAKNA YePHBIX JIHIP W HEATPOHHBIX
3Be3)1 B akkpenupyomux PIC, ncnoib3yomnme peHTreHOBCKIe HaDJII01aTeIbHbIE
KOPPEJIANUK CIIEKTPAIbLHOIO WHJEKCA, KaK (PYHKIMIO TeMIIa aKKPEIUHd, BO BPe-
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Msi pa3 aKTUBHOCTH OObEKTA, IPOTECTUPOBAHHBIE HA OOJIBIIOM HADJIIOIATEIbHOM
MaTepuaJie, BKIUas Kak [ajakTrndeckne, Tak U BHEraJaKTHIeCKne NCTOUHUKHA.

Briepsbie BhITIOJTHEHA OIEHKA Macchl eATpaabioro obbwekta M101 ULX-1 me-
TOJIOM MaciTabupoBanust (CKAJIUPOBAHUS) CHEKTPAJIbLHBIX XAPAKTEPUCTUK PEHT-
renoBckoro nanyuennst ULX—1 wa ocrore mabmonennit obcepparopuit C'handra
n Swift, Tpu 3TOM BIEpPBHIE CJeJaH BBHIBOJ O MPUPOJIE HEHTPAJIHHOTO 00HEKTa
(B nosib3zy /1) na ocHose criekTpasibabix npusHakoB 11 u 06ocHOBaHO Hajmuue
“gepHOil JIBIPBI TpoMeKyTouHOM Macckl B ULX-1 ¢ noMoribio HabJI04aTeIbHOTO
apderTa HaCKITEHNsT NHIEKCA B PEHTIEHOBCKOM CITEKTPE NCTOTHUKA.

Briepprie BuITIOTHEHA OIIEHKaA MaCChl YePHO JBIPHI B JIBoWHOIN cucteme 4U 1630
47 merosiom MacirabupoBanust (CKAJIMPOBAHUST) CIIEKTPAJIbHBIX U BPEMEHHbIX Xa-
PaKTEPUCTUK PEHTIeHOBCKOTO mayyuennst Ha ocHose RXTE n BeppoSAX wabdiiro-
nennit: M, = 9.5+ 1.1 Mg

Brepsbie obHapykeHa (pa3a HACHIIIEHUs CIEKTPAJbHOIO MHJIEKCA, KaK (PyHK-
st ckopocru akkpennn M, B PIC ¢ uepnoit apipoit GRS 19154105, Ha oc-
HOBE aHaJin3a PEHTTeHOBCKUX HabJIfo/ieHnit ¢ bopTa opbuTajhHO# obcepraTopun
RXTE.

Brepsbie 00HAPYKEHO MOCTOSTHCTBO CIIEKTPAJIbHBIX HHJIEKCOB PEHTI€HOBCKUX
CIIEKTPOB Psijia HeHTPOHHbBIX 3Be3J Ha ypose a = 1 (I' = a4+ 1 = 2, B Mojesn
MEPEXOIHOTO cJjiost ¢ yaerom TeroBoit Kommrormsannn): 4U 1728-34, GX 3+1,
4U 1820 30 u GX 340-+0 npu 3BOJIFOIUU UCTOTYHUKOB MEXKJIy COCTOSTHUSIMUA HUBKOM
1 BBICOKOI CBETUMOCTH HA OCHOBE aHAJIM3a PEHTTEHOBCKUX HAOJIIOIEHUiT oOcepBa-
topnit RXTFE n BeppoSAX.

Briepsoie nipejyioxkena (pusndeckast Moes b JJisi 000CHOBaHWST 0OHAPYKEHHOTO
KBA3UIIOCTOSIHCTBA, CIEKTPAJbLHOIO MHJEKCA, COIJIACHO KOTOPOR JIOMUHUPYIOLINIA
BKJIaJ] B (pOpPMUpOBaHKE CIIEKTPa 00ycJOBIeH KOMITOHM3UPOBAHHONR KOMIIOHEH-
TOi, PpOopMUPYIOIIEHicss B MTEPEXOJIHOM CJIOE MEXKJY aKKPEIMOHHBIM JIUCKOM M T10-
BEPXHOCTHIO HEHTPOHHOI 3Be3/1bl. Kak npaBujio, KBa3ucTabMJIbHOCTH POTOHHOIO
nHJIeKca Ha ypoBHe ' = 2 uMmeer mecto B ciiydae, ecjiu cOOCTBEHHOE IHEPIOBbIIe-
JIEHWE B TIEPEXOJIHOM CJIOE TTPEBOCXOJINT TTOTOK W3JIYUEeHNST aKKPEITMOHHOTO JINCKA,
nepexBaThIBAEMbIl B 00JIACTH TTEPEXOJIHOTO CJIOS .

Brepsbie obHapyKeHo JByxdazHoe moBejieHre (POTOHHOI'O MHJEKCA KEeCTKOM
KOMIIOHEHTBI PEHTTE€HOBCKOI'O CIIEKTpa Psijia HedTpoHHBIX 3Be371: Sco X 1, 4U 1705
44 n 4U 1700-37 nipu cMeHe CreKTpaJbHBIX COCTOSTHI 00HEeKTOR, MPW 9TOM BIIep-
BbI€ JIETEKTUPOBaHA YHUKaJbHAas (pa3a MOBBITIEHHON YKECTKOCTH CIIEKTPOR B CBEPX-
DIJMHITOHOBCKOM PEXKUME aKKPEIUU BEIeCTBa 3Be3/bl-JJOHOPa Ha OCHOBE aHa-
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JIN3a PEHTreHOBCKuX HabsoaeHuit obcepsaropuit RXTE n BeppoSAX.

Briepsoie pazpaborana (pusndeckast MoJeb JIJisi 000CHOBaHUST 0OHAPYYKEHHOTO
YCUJIEHNST YKECTKOCTH PEHTTEHOBCKMX crieKTpoB H3 Ha nuke BCIBITIIKT, COTJIACHO
KOTOPOI BbICBOOOXKIEHNE I'PABUTAIMOHHON SHEPIMU HPOUCXOUT JIMIIL BO BHEII-
HIUX 9aCTSaX MePEexXoHOT0 CJIOS, MpUdeM 3T 00JIACTH Pa30rpeBalTCs HACTOIHKO,
YTO 9TO TMPUBOIUT K YMEHBITIEHWIO CEUEHNsT SJIEKTPOHHOTO PACCESTHNS U yBeJInve-
HUIO YPOBHSI KpUTUUIECKO# cBeTuMmocTu. B urore apdexkrusuocts TemioBoit Komir-
TOHMU3AILMKA BO3PACTAET, IPUBOJIS K CHUXKEHUIO CIIEKTPAJIbHOIO MHJIEKCA B PEXKUME
CBEP3-DIJNHITOHOBCKOW CBETUMOCTH. DTO MOXKET PACCMATPUBATHLCS, KaK JIOMOJI-
HUTEJBHBIA CITEKTPAJIhHBIN MPU3HAK HAJMYNA HEHTPOHHONW 3BE3/Ibl B TAKUX CHUCTE-
Max.

Haquaﬂ n 1nmpakTu4deCckKad InNeHHOCTb

B pabore obnapykeHbl (hyHIaMEHTAJILHBIE CIEKTPAJIhHbIE MPU3HAKN OTJIUUINsI
YEpPHBIX JbIP OT HEHTPOHHBIX 3Be3j B akkperumpyomnmx PIC, koropsie obecrie-
YUBAOT HaubOJIee YHUBEPCAJbHBIA M IPOCTON B IMPUMEHEHUU CIIOCOD HaOJII01a-
TEJILHOW JIMAIHOCTUKU TTPUPOJIbI KOMIIAKTHOTO 00'bEKTa 110 PEHTIEHOBCKUM CIIEK-
tpaMm. QOHaApY>KEHHBIE TPU3HAKN YK€ TPUMEHSIOTCS PA3JIMIHBIMU TPYTAMU JIJIsT
JINATHOCTUKHU TTPUPOJIHI KOMITAKTHRIX 00HEKTOB Kak B ['ajJlakKTHdecKnx, Tak W BO
BHEraJIAKTUYECKUX UCTOUHUKAX.

[IpeioskeHHbIe METOANKN HCMOB3YIOT pa3sndne nopejernst oobektor (Y1 /
H3), nanbosiee mposiisieMoe B aKTWBHBIX COCTOSTHWSIX, KOTOPBIE TTPEJICTABISIOT
OPPOMHBIN MHTEPEC C TOUYKHU 3PEHUsi MOHUMAHUS PUPOJIbl KOMIAKTHBIX O0bEK-
TOB W JIJI TECTUPOBAHUS TEOPUHU IBOJIONUU [ajlaKTUUYeCKUX JIBOMHBIX CUCTEM U
VIBTPASTPKUX PEHTTEHOBCKUX UCTOYHUKOR, B IEJIOM.

PaspuT HOBBIIT METOT OIIEHKT Macehl YepHBIX JbIp (M, ) Ha ocHOBe MacmTabnpo-
BaHUs (CKAJMPOBAHUS) CIIEKTPAJIbHBIX U BPEMEHHBIX XAPAKTEPUCTUK ITUX UCTOU-
nukor. Co3zjiana 6a3a “00pas3IoBhIX’ KOPPENAINMOHHBIX TpekoB I', Kak yHKIMN
Temma akkpernn M, s OOhEKTOB ¢ M3BECTHBIMH MapaMeTpaMiu (maccoit M,
paccrosinueM D v yrjioM HAKJIOHHOCTH OPOMTBHI JIBOMHON CUCTEMbI 1), KOTOPbIE
03BOJISIIOT Ha UX OCHOBe Maciitabuposanue (ckajuposanue) mace 41, B mmpo-
KOM JIMaria30He KOPPEeJsInil, NMEIOINX pPas3Hbie YPOBHU HACHIIEHUsT WHJIEKCa. B
HACTOSIIIEe BpeMsi 0OHAPYKEHHBIE 3aBUCUMOCTH CIEKTPAJIHLHOTO WHJIEKCA OT TEeM-
1a aKKpEeIUu JIJisd psijla YepHbIX JIbIP, MOJIyYeHHbIe B JIAHHONW pabore, MHOIMMU

uccaea0oBaTeJsiMu UCITOJIb3YIOTCA KaK 9TaJIOHHbIE.
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Haydanoe 3nauenne mmeer takke orneHka mace U/ B yJabTpasgpKux MCTOTHU-
KaXx, 9TO MO3BOJIUT YTOUHUTH UX IBOJIONUOHHBIH craryc. MeTogunueckoe 3HaueHre
MMeeT BIepBbie MPUMEHEHHBIH 71T YABTPAsPKUX UCTOUYHUKOB CITOCOD OTIEHKHN MacC
YT myrem macrrabupoBanns (CKaanpoOBaHNsT) KOPPEJSIHHA CeKTPajIbHOTO WH-
JleKca, Kak (pyHKIMU Temia akkperuu. Peien Bonpoc o npupojie KOMIAKTHOIO
ncTounnka B yabrpasgpkom uctounnke ULX-1 B ranaktnke M101 B monn3y uepHoit
JIBIPBI “TTPOMEXKYTOUHON Macchl”, TPEJICTABISBINNN 3arajKy JJjs WccjegoBareiei
B Teuennn Oosee yem 15 jer. Okaszaoch, uro macca depnoit jgpipsr M101 ULX-
1 cocrasnsger nopsjaka 10 000 comnednbx mMace, 9TO, ¢ OAHOW CTOPOHBI, CYIIe-
CTBEHHO DOJIBITIE, YeM ONTUYECKHE OLIEHKN, HO, C JIPYTOil CTOPOHBI, COTJIACYETCST CO
CIINTITKOM MSITKUM PEHTTeHOBCKUM CITEKTPOM MCTOUYHHWKA. TeM caMbIM pasperiena
zarajika ncrounuka ULX-1 B rajgakruke M101, 91o crocobcTByer pemieHuio ak-
TyaJbHON NPUKJIAIHON 3341 OIPEIeJICHUsT MACC KaH/IMAATOB B Y€PHBIE JIbIPHI.

OTKpwITHE HACHIIIEHNsT (DOTOHHOTO WHJEKCA PEHTTEHOBCKOTIO CIIEKTpa B CUCTE-
me 4U 1630 47 BuepBblie 103BOJIMIIO OLEHUTh Maccy ]I nyrem maciiTabupoBaHus
(cKaJIMpPOBaHUs ) PEHTIEHOBCKUX CHEKTPAJIbHbIX XapakTepucTuk. OlEeHKa Macchl B
aBoiinoii cucreme 4U 1630-47 TpanimoHHBIMI (JIMHAMIYECKIMI) METOJaMMU JI0
CUX 0P HEBO3MOXKHA W3-3a OTCYTCTBUsI OMTUUECKOTO M3JIYUYeHNsT 00heKTa B CUIIY
ero yjaJieHHOCTH. BHepenne HOBOI MeTo MKy juarnoctupoBanust 1/1 o penTre-
HOBCKOMY HM3JIyYEHUIO CIIOCOOCTBYET PELICHHUIO aKTyaJbHOM 3a/1auu 0OHADPYXKEHUSI
M W3ydeHnst HabJII0IaTe/IbHBIX TTPOSBJICHNH YepHBIX JIbIP, B OCOOEHHOCTH, KOTJIA
KJIACCUYIECKWE METOIbI He TTPUMEHNMBI.

Pemren Bonpoc o npupoje KOMIAKTHOIO UCTOYHUKA B MACCUBHON JBOWHON CH-
creme 4U 1700-37, B KoTOpO# AMHAMUYIECKUE OIEHKW MACCHI HE TTO3BOJISIIN WJIEH-
THGUIIPOBATH KOMMAKTHBINH 00beKT (yKaspiBaan kak Ha H3, mak n wa Y/ ma-
JIOW MacCChl), B KAUYECTBE KOMIAKTHOIO OOBEKTA, MPU ITOM OTCYTCTBHUE I1yJIbCa-
1M U3JIyUeHUsT U [UKJIOTPOHHON JIMHUK IOIJIOIMIEHUsI B PEHTIEHOBCKOM CIIEKTPE
CBUJIETEJILCTBOBAJIN B TOJIH3y HAJWUUST YepHON JbIphl B cucrteme. Hajguaue T.H.
“>xkectroro xBocta” B cniekTpe 4U 1700-37 BHOCKHIO HOMOJHUTENIHLHYIO HEOTpe/ie-
JIEHHOCTB. TOJIbKO Ha OCHOBAHMU NPUMEHEHHSI IIPEJJIOXKEHHON B JaHHO! padoTre
JIMAPHOCTHKY C WCTOJIh30BaHNEM CieKTpaihbHoro npusnaka H3 (o crabuiaprocTn
WHJEKca Ha ypoBHe ' ~ 2 B HEHTPOHHBIX 3Be3/1aX), ObI CJETaH BHIBOJL B MOJIB3Y
HaJM4ans HeiiTpoHnHo# 3e3/bl B 4U 1700 37.

Cucremaruszamust 1 U3y9eHre CHEeKTPAJbHBIX PU3HAKOB YEPHBIX JbIP U Heii-
TPOHHBIX 3BE3J] B PEHTIEHOBCKOM JIMATTA30HE CIIEKTpa sIBJISIETCST OJIHUM U3 KJIF0Ue-
BBIX (DAKTOPOB KaK JJIsi MTOHUMaHUs TTPOIECCOB (DOPMUPOBAHUS PEHTTEHOBCKOIO
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UBJIyYeHUsl, TaK U JIJIsi BbIsICHEHUS CBOMCTB CAMUX KOMIIAKTHBIX OO'EKTOB.
[Tonydenubie B paboTe pe3yabTaThl MOT'YT HAWTH TpUMEHEHNEe BO BCEX aCTPOHO-
MUYECKNX yupexaeHusx, rjae nzydatorcs PIC ¢ akkpennpyomuMn KOMITaKTHbI-

mu obbekramu, B yacrnocru, B TAUII MTYV, UKW PAH, ®TU PAH (r. Cankr-
[Terepoypr), AKII ®UAH, KTV, CAO PAH, TAO PAH (s IlynkoBo), n 3apy-

OEXKHBIX MHCTUTYTaX U 00CEPBATOPHUSIX.

Arnpobarusa paboTsl

PaboTbl, 110J102KEHHBIE B OCHOBY JAaHHON JIMCCEPTAIMN, JIOKJIAIbIBAJIUCH HA POCCHUIt-
CKUX U MEXKJIYHAPOJIHbIX HAy4HbIX KOH]epeHiusx “MexaHusambl u3jydeHus act-
podusnaecknx 0bbekToB: Kiaccuka cerogns’ (Cankr-IlerepOypr, Pocenst, 2015),
“Kocmosorust u pesisituBucrckast acrpodusuka (Zeldovich — 100)” (MKW PAH,
Mocksa, Poccusi, 2014), na 38-0ii u 39-oit accambiuiesix Mex gynapojgnoro Ko-
vuTera 1o Kocmmdecknm ucesenopannsm COSPAR (Bpewmen, epmanms, 2010;
Maiicyp, Unans, 2012), wa 66-om MexgyHapogHom cemuiape nmenn Oymknxapa
“Beesiennasi B ramMma-penTreHosekux jydax’ (Xakons, Anonus, 2013), “Acrpodu-
3uKa BbICOKUX 3Hepruii cerojns u 3aprpa’ (MKW PAH, Mocksa, Poccust, 2003,
2006, 2012, 2013), “Penrrenorckast acrpodusnka 1o 511 kaB” (Peppapa, Uramnns,
2011), ra cemurape oriesa “AcTpodW3nKN JaCTUIL 1 KOCMOJIOTHN (DU3NTECKO-
ro dakysbrera [Tapuxkckoro yausepcurera (Ilapux, @pannus, 2010), “Hepuble
JIBIPHI B JIBOMHBIX crcreMax: Habmonerns n teopust” (®eppapa, Uramws, 2009),
“Penrtrenonckast Beenennast — 2008” (I'panaya, Venanns, 2008), 6th INTEGRAL
Workshop “The Obscured Universe” (Mocksa, Poccust, 2006), cemunape Ienrpa
siepubix ucciegosanuii (Cakse, @pannus, 2009), cemunape [lenrpa Hayunbix
Hawnwx cnyranka INTEGRAL (Bepceya, Hlseiiapns, 2004), a tak:ke Ha acTpo-
dbmznuecknx cemmrapax B Uncrnryre Kocmmnuecknx Mcenenosanmnit PAH, Tocy-
JlapcTBEeHHOro acrpoHoMmudeckoro nucruryrta umenu [1.K. IIrepubepra.

ITy6aukammm. [lo Teme nuccepranmm onybsnkoBana 21 pabora, n3 wux 11
craTeil B peleH3npyeMbIx KypHaJax, 2 cTaThu B COOPHUKAX TPYJIOB KOH(MEpeHInii
1 8 TE3UCOB JIOKJIAJIOB.

O6bem mucceprarum. uccepraiusi COCTOUT U3 BBEECHUsI, CEMU TJIaB, 3a-
KJIo9ennst n npuaoxkenns. QOobem gucceprannn 303 ¢cTpaHWIBI, JUCCEPTAIAST CO-

nepxut 109 pucynkor n 55 Tadbaui. Criucok Jauteparyphbl cojiep>kuT 488 cChIIoK.
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Coaep>kanne padboThbl

Bo BBemeHuM onuchiBarOTCs MpoOJIEMbI, Ha PerieHre KOTOPhIX HallpaBJIeHa, JTUC-
cepTamonHasi pabora, 0O0CHOBBIBAETCS €€ aKTyaJIbHOCTh W ONPEJIe/IeHBI TeJIN Pa-
60Thl. B 1epBbix Tpex riiaBax HPUBEJEHbI PE3YJIbTAThl UCCJIEI0BAHUS PEHTTEHOB-
CKUX MCTOYHUKOB C aKKPEHUPYIOIMUMEI YePHBIMU JIbIPAMU, HOCIEAYIONINE YeThIPe
TJIABBI TIOCBSIIEHBI M3YUYEHWIO PEHTTEHOBCKUX WCTOYHUKOB C aKKPEIWPYIOITUMN
HEHTPOHHBIMY 3BE3JIAMMU.

IlepBag riaBa 1nocBsilieHa U3yUYEHUIO KOPPEJSINAA MEXKIY CIEKTPaJIbHbIMHU,
BPEMEHHBIMU CBONCTBAMU PEHTIEHOBCKOTO M3JIYUYEHUS W TEMIIOM aKKpelun B ['a-
JIAKTUYIECKO JIBOIHOI cucTeme ¢ KananagaTom B depubie A6iphl GRS 19154105 Bo
BpEMsi [IEPEXO0JIOB MEXK/1y cocTosiHusiMu. B pazjesie 1.1 npuBejeH aHajns3 1npeibl-
JNYIIAX UCCJIeA0BAHUN 00bEeKTa, MONBITOK CUCTEMATU3AINNA er0 HADJIFOAATeIbHbIX
MPOSIBJICHUIT B PEHTTEHOBCKOM JIMana3oHe, u copMyInpoBaHbl HEpPEIIeHHbIE aK-
TyaJibHbIE TTPODJIEMbI, KOTOpPHIE TTPEJACTOUT PENnuTh B 3TOi TyaBe. B pazjerne 1.2
HPUBEJICHO OlKCAHKE HADJIIOAATE/IbHBIX JAHHBIX, TOJIYUYEHHbIX ¢ DOpTa OpOUuTAJIb-
Hoit obcepsaropun Rossi X-ray Timing Explorer (nanee  RXTE), koopauuupo-
BaHHbIe ¢ pajnonabogenusivu Tejgeckona Ryle Radio Telescope. ITokazamno, aTo
mmpokonoocubiii (3 150 k3B, PCA+HEXTE/RXTE) sneprerudeckuii criekrp
GRS 1915+105 Bo Bpemst Beex CHEKTPAJbHBIX COCTOSHUN MOXKET OBbITh aJIeKBaT-
HO TIpeJICTaBJIeH JByMsi KoMmrnoueHnTamu B mojenu “Bulk Motion Comptonization”
(BMC): skectkoii kommonenToi ¢ GororabiM nrgekcom 1.7 — 3.0 ¢ 3aBasom Ha
BBICOKHUX JHEPIUsIX U MsIKOH KOMIIOHEHTON ¢ (POTOHHBIM HHJeKcoM 2.7 4.2 ¢
xXapakTepHoil Temueparypoit ~ 1 k3B, a Tak»ke KOMIIOHEHTON KpacHOCMEIEH-
HOW acuMMeTpuaHOil Jmann xesesa (Laor). B pasmene 1.3 nmpuBesen mogpoOHbIii
aHaJM3 BCEX MEPExXOJ0B MeXy crekTpajbHbiMu coctossausiMun GRS 19154105
(puc. 2, sieBast nanesn). B pasjesne 1.4 jano obcykjeHne u UHTEPHPETAIs Pe-
3yJIbTATOR aHaJn3a 3TuX Habsrojgenuit. B wacrroctu, B pazgene 1.4.1 geraninh-
HO paccMOTpeHo BiaustHue 3 dekTa TernjioBoit n nuramndeckoit Komnronuzannn
MBJIyUEeHUsI BO BHYTPEHHUX 4YaCTsX AKKPEHMOHHOIO OTOKA HA IBOJIONUIO CIIEK-
TpaJbHOrO uHJeKca ' BO BpeMsi mepexojoB Mexkjay cocrosiausiMu. OOHapy»Ken
sddext nacwienns poronnoro nuaexca I, kak dyrkms remna akkperun M,
npejickazannbiii eme B 1998 rogy Turapuykom n Sannnacom [12|. Takske nokasza-
HO, 9TO 3PPeKT HAChIIEeHUS nHAeKca [ SIBJIsIeTcst MPSIMbIM CJIEJCTBUEM HAJIATHST
B UCTOUHWKE 00JIACTH CXOSIIETrOCs MTOTOKA, 1, 10 CYIINEeCTRY, pACCMATPUBAETCS KaK
Ha0JII0JIaTe/IbHOE JOKA3ATEJIHLCTRO HAJIMYUS YepHOi JIhIPHI B ncTounnke. lajee, B
pazzene 1.4.2 obcyxKaaercss Mojiesb, npejioxkennas Turapuykom u @uoputo B
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2004 roy [14], B KOTOPOit GbLIO OOOCHOBAHO MOBEJIEHUE CIIEKTPAJIBHOIO WH/IEK-
ca KakK (PYHKIUNU CKOPOCTH aKKPEIUU BEIecTBa M, 0OHAPY?KEHHOE B PEHTI€HOB-
ckux Habmojennsx GRS 19154105 nmo pesyakratam 3Toit riapkl. Kpome Toro,
yCTaHOBJIEHA HAOJII0JIaTe/IbHAsT KOPPEISIUs MHJIEKCA C BEJIWIUHONW Vj HU3KOUa-
crorubix KIIO Hapsiiy ¢ HacbleHHEM WHJEKCA KaK (PYHKIUMU TEeMITa aKKPeInn
JUIST MSITKOTO W YKeCcTKOTO KOMTITOHM3MPOBAHHBIX KOMITOHEHTOR PEHTTEHOBCKOTO
criektpa GRS 1915+105. Tem cambiM, TTOATBEPXKIeHA KOPPEJISINsT WHIEKCA KaK
dbyukiust KITO, rakxke npejickazannast Turapuykom u 3annuacom [12], koropbie
APIYMEHTHPOBAJIM, 4T0 Hepexo ubiii cyioil (uau Komuronosckoe obiiako), 06pazo-
BaHHBIN MeX Ty KemmeposckiM fuckom u nieHTpaibabiM obbertom (H3 v Y/I)
COKMMAETCST U CTAaHOBUTCST XOJIOJHEE, KOTJIa CKOPOCTh aKKPEIWW BellecTBa JINCKa
Bo3pacraet. B pesyiibrare cxkaTust MepexoHOro0 CJI0s 4acToTa V, HU3KOYaCTOTHBIX
KBa3UTMEPUOJINIECKUX OCHMJLIAINI, KOTOpasi MpsiMO MPOTIOPIIMOHAILHA, CKOPOCTH
MOTOKA TJIa3Mbl U 00PATHO TPOTOPINOHAILHA pa3Mepy TepPexoHOr0 CJI0si, BO3-
pacraer ¢ pocrom M. C JIDYIO#i CTOPOHBI, ¢ POCTOM M MOHOTOHHO BO3pacTaeT
uajieke I (1py OXJ1axK JIeHUH 1IepexoiHoro ¢Jiost [14]) 1 BBIXOJAUT Ha MOCTOSIHHBIH
BRICOKHT ypOBeHb ['5qp (HACKHIIACTCS ) TTPH OOJTHITTIX 3HATECHUSTX M, aro yrasmiBaer
Ha JIOMUHUPOBaHNE JUHAMUIECKOH KoMITonn3amnnm B 30He CXOISIIET0CsT TOTOKA.
Drot apdekrt, Kak nokazano #Ha npumepe GRS 1915-+105, jierko obHapyKHUBaeTCst
1py aHaju3e Hab/IIoeHnit 1 JoKa3biBaeT Hagu4dne /1 B ncrounuke. B nocsey-
IOIIAX JIBYX TJIaBaxX MposiBIerne 3Toro 3ddekra HalileHo KakK B raJaKTHIeCKUX
1 BO BHEIaJIAKTHICCKUX UCTOYHUKAX CO CIIOPHBIM THUIIOM KOMIIAKTHOIO OO'bEKTa U
MCIIOJIb30BAHO JIJIsl UX MJICHTU(DUKAIMN, KAK UCTOYHUKOB C YePHBIMU JIbIPAMHU.
Bo BTOpPOIt riape 1o ipoObHO U3yYEeHO MOBEJIEHNE IHEPTETUIECKUX CIIEKTPOB 1
CTIEKTPOB MOIITHOCTH, HAOJIIOIAEMbBIX OT TaJaKTUIECKOTO PEHTTEHOBCKOIO MCTOY-
nuka 4U 1630 47 Bo Bpems Benbimednoil akrusroctu (1996 2004) 110 jgaHHbIM
RXTE u BeppoSAX (puc. 4). UccaepoBanusi ¢hoKyCUpOBaHbl Ha JIETATBHOM
M3yUeHnr HaDJI0aTeIhHON 3aBucuMocTin hoToHHOTO nHIekca ot gactor KITO,
HA OCHOBE KOTOPBIX ObLIa BBIIOJHEHA OLEHKA MACChl KAHIUJIATA B YEPHbBIE JIbIPhI
4U 1630 47 merojom MaciitabupoBanus (CKaJUPOBaHUs) CHEKTPAJbHBIX U BDPe-
MEHHBIX XapaKTEePHUCTHK PEHTIeHOBCKOTO n3sydennst (puc. 5). B ocHore mpumvens-
eMOit TEXHUKY JIEYKUT MPENOJI0KEHTE O TOM, 9TO PA3JIUIHBIE OTTOPHBIE NCTOTHUKA
IIOKA3bIBAIOT OJIMHAKOBYIO (popMy Koppessinuit I — M W eMHCTBEHHOE pas/indue
MEXKJIy HUMM 3aKJII09aeTcs B OTHOIIeHUM Mmacchl d/] K KBajpaTry pacCTOsIHUS,
a nvmenno Mpy/d?. Tlokazano, urto nsmenenue GopMbl PeHTTEHOBCKOTO CTIeKTpa
MpU TIepexoiax MeXKJIy COCTOSTHUSIMHU 3TOT0 MCTOUHNKA XOPOTIIO BOCITPON3BOJISATCS
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Puc. 3: Cxemarudeckoe mpencTaBieHue 30H TEIJIOBON u auHamudeckoit Komnronusanuu, ucmnoib3ye-
MO€ JIjId CIIEeKTPAJbHOI0 aHAIU3A B MOJEIU C MEPEXOAHBIM CJI0EM Jjisi HCTOYHUKOB, comepzkammx /1.
Komvnrormzannonnast COCTABASIONIAA CTeKTpa (POPMHUPYETCT BO BHYTPEHHUX 00JACTAX TIEPEXOIHOTO
cy10si, re (POTOHBI YePHOTEHLHOTO U3IyUeHus qucka KOMITOHU3UPYIOTCA MIyTeM TeIrJIOBOM U JTUHAMU-
yeckoit KoMmrormnsaimy mpn B3anMOoIeiiCTBUN ¢ 3JIEKTPOHAMW BTEKAIOIIETr0 BEmecTBa (KpACHBIE CTPEe-
ku). YepHOTENIbHAS COCTABISIONAs CIEKTPA (POPMHUPYETCS B AKKPEIMOHHOM JIHCKE U 9aCTh ee (DOTOHOB
BUJIHA LISt 3eMHOTO HabJIr0aTess, He ToaBeprasich npoieccy Komnronnsamnmm (cuHane CTpesiku).

B paMKaX MOJIEJIN TTePEXOTHOTO CJIOsT ¢ yIeTOM TEIJIOBON m auHaMmndeckoit Kowmr-
Tornsainn (pasi. 2.3.3). Obnapyxkeno xapakreproe jiist 41 moregenne mapaver-
poB mozeabHoro cuekrpa 4U 1630 47, B vacTHOCTH, BO3paCTaHUE CIEKTPAJILHOIO
MHJIEKCa (¢ C POCTOM Mw (baza HaCKITIEHWST UHJIEKCA TTPW BHICOKUX 3HAUEHUSIX M,
Ha OCHOBE Yero yCTaHOBJIEHA TTPUHAJIEKHOCTH KOMITaKTHOrO o0bekTa B 4U 1630
47 K KJlaccy 4epHbIX JibIp. [IpuMedaresibHo, 9TO B pa3HbIX BCIBIIIKAX 9TOT 00bEKT
[I0KA3bIBAET PA3HbIE YPOBHU HACHINEHUs (HUXKHUE TaHesn Ha puc. b): [y ~ 1.9
(ma ywacrke craga serwimkn 2003 1), I ~ 2.4 (2000 — 2001 rr.) un Dyger ~ 3
(1996 — 1999 rr.).

B pazu. 2.5.2 obcyxKjaeTcss HEMOHOTOHHOCTD 1TOBEIEHUsI TOPOIOBO# SHEPruu
Ecutors B 3aBucuMoct ot nnjgekca I' (Bepxmssi manenn na puc. 6). [Ipn srom
KOPPEJSINN JIEMOHCTPUPYIOT TPW Pa3HBIX TPeKa, KOTOPhIE COOTBETCTBYIOT pa3-
HbIM YPOBHsIM Hacblienus unjekca [ (puc. 6). KitoueBbim MoMeHTOM siBJisieT-
cs1 JIETEKTUPOBAHKME HACBIIEHUsT nHAeKca [, Kak (DyHKIIMN KBa3UIIEPHOINIECKUX
OCIIAJIIAIIAH, KOTOPOE TO3BOJMJIO B Pa3/l. 2.5.3 BHITOJHNUTH OIEHKY MaCChl KOM-
makTHOr0 oObekTa B 4U 1630-47 meromom macirabupoBanust (CKaJInpoBaHmus)
(M, = 9.5+ 1.1 Mg). @akr nHacbimenus unjekca [, B coderanun ¢ BeJguduHO¥M
MaCChI IEHTPAJbHOIO 00'beKTa, yKadbiBaeT Ha HaJjudue U/ B mcrounuke. Haii-
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Puc. 4: Dromonnst ckopoctn cuera ASM ro mpems wabomenuit 1996 — 2011 rr. o6bekra 4U 1630—
47. Curumu BEPTUKATLHBIME NOJOCKAMU (HA BEPTHEN YaACMU NGHEAU) TPEJICTABIEHO DPACIpejese-
ure 1o Bpemenn AanHbIX RXTE, nCmoan30BaHHBIX I CIEKTPATLHOTO aHAJW3A, TTPU 3TOM 204Y0biMU
NPsIMOYTOJIbHUKAME yKa3aHubl ceTbl JaHHbIX RXTE u 3esenbimu TPEYTOJbHUKAMU MOKA3AHBI JAHHBIE
BeppoSAX.

JeHHAs HEMOHOTOHHOCTB HOPOTOBO# 3HEPIUU Feyioff B 3aBUCUMOCTH OT MHJCKCA
I' MmoKeT ci1y>KUTh JIONOJHUTEIbHBIM TPU3HaKOM Hajmuust 1/1 B cucreme.

B Tperbeii riaBe BHITOIHEHBI OIEHKN MACCHI IIEHTPAJIHLHBIX 00HEKTOB B YIIbT-
pasipknx ncrogankax ULX-1 (ramakrukn M101) w HLX-1 (ramakrunkn ESO 243
49) merojioM MaciiTabupoBaHusi (CKAJIMPOBAHUST) CHEKTPAJILHBIX XaPaKTEPUCTUK
PEHTTEHOBCKOI'O M3JIyUeHHUs] Ha OCHOBE HaOJIOJeHUil ¢ 6OPTOB OpOMTAJIBHBIX 00-
cepparopnii Swi ft v Chandra (pwc. 7), ciesan BHIBOJ O HAJWIWN B HUX “dePHBIX
JIBIP TTPOMEXKYTOUHOI Macchl . [Ipu 5TOM o1eHKa Macchl 00hbEKTOR CTaJjIa BO3MOYK-
HO# GJiarosapsi OTKPbITUIO 3P deKTa HACBIIEHUs] CIHEKTPAJIbHBIX MHJIEKCOB, KaK
GYHKIMN TeMITa aKKPEInn, BO BPeMsi TIepexoIoB 00HEKTOB MEXK Iy COCTOSTHUSIMMU,
B paMKax MOJIEJN TIePeX0HOTO CJI0si C yIeTOM TerJIoBOi n auHamuydeckoit Kowmr-
ronnzanuu. Kpome toro, oonapyxxenue apdexra HaChIEHNsT (POTOHHOIO UHJIEKCa,
I' Bo Bpemsi (pa3 aKTUBHOCTHU HOATBEPXKIAET HAJUIKE cxojsdinerocs Ha 9/ noro-
Ka, TeM caMbIiM Hajgmaue /1 B mcrounnkax. Ha ocHoBe HaliIeHHBIX 3aBUCUMOCTE
nHaekca I' or Temmna akkpennu M BhinosiHena ornenka macc Y/: B mcrounmke
M101 ULX-1 M, cocrasnster (3.2  4.3)x 10* Mg ¢ yuerom pasbpoca B onpe-
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Puc. 5: Macmrabuposanue (ckanuposanue) doronnoro nugekca [ kak pyHKIMN TeMna akkpenun M
n gacrorekl KITO, ays 4U 1630-47 (kpacubie Toukn) u onopubix 06bektoB X TE J1550-564, GRO J1655-
40 u H 1743-322 (cunne to4km).

nenennn paccrosiavst jio ragaktukn M101 (ot 6.4+£0.5 Mnc mo 7.4£0.6 Mmc); B
ncrounuke ESO 243 49 HLX 1 M, cocrasusier ~ 7 x 10*M,, B npenonoxennn
paccrosiiusi 1o rajgakTuku ESO 243-49 oxkoso 95 Mnc. [Ijst 3TUX OLIEHOK MacChl
BITEPBbHIE OB TIPHMEHEH YHUBEPCAILHBI METOJ MaCIITabnpoBans (CKaInpoRa-
Hust) [15] Ha OcHOBE CpaBHEHUSI C KOPPEJSIIUAME IaJaKTHIECKUX UCTOYHUKOB,
cojiepxKanux depubie Jbipbl XTE J1550 564, H 1743-322 u 4U 1630 472. Tak-
yKe Obljla JeTeKTHPOBaHa HMU3Kas TeMTepaTrypa ‘3aTpaBOYHbIX  (DOTOHOB JIMCKA,
Bcero 40 — 100 3B, uro cormacyercst ¢ boabimumu maccamun 9 8 M101 ULX-1
u ESO 243 49 HLX 1. B gacraocru, jist ucrognuka M101 ULX-1 paspermiena
11pobJieMa BbICOKOH OOJIOMETPUUIECKON CBETUMOCTH IIPU YCJIOBUHM HADJIIOIAEMOIO
MSITKOTO PEHTTEHOBCKOT'O CIIEKTpa M CJIeJIaHO MPEJINOJI0KEHNE, ITO EHTPAJIbHBIM
oobexkTom B M101 ULX-1 apaserca YJI npomeskyTodnoit Maceel nopsaka 104 M.
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Pruc. 6: Crepxy: nmoporosasi sHeprus E.ui,rf Kak DyHKIWs HOTOHHOTO WHEKca 110 HabIIoAeHusM
4U 1630-47 co cunyrauka RXTE. Cnexkrpanbabie mapamerpsl st Benbimek 1996 1999 u 2002
2004/2000 — 2001/2003 rr.[buraapras dasza BCOBIKK| OTMEYEHBI KPACHBIMHU /3€EHBIMI / KEITHIMI
TOYKAMM JiJisl yKA3aHUsi COOTBETCTBYIOIIMX ypOBHeHl Haceimenust I ~ 3.0/2.3/1.9, coorBercrBeHHO.
Cruzy: xoppeasiinn wHaekca I kak dynakmus sopmuporkn Compth KOMTIOHEHTHI /1T BCEX yKa3aH-
HbIX HabJrofeHnit: dunanbaas daza 2003 (caesa), 2000 2001 (nmo wenrpy) u 1996 1999 u 2002
— 2004 (cripaBa). Koppeasunm jgeMOHCTPUPYIOT TP Pa3HbIX TPEKa, KOTOPhle COOTBETCTBYIOT PAa3HBIM
YPOBHSIM HACBIIMIEHUS WHEKCA. ¥ POBEHb HACBIIIEHUS WHJIEKCA BEPOATHO KOPPEIUPYET C IOPOroBOi
sueprueil Eeytorf (CM. BEPXHIOIO TIAHEIB).

[To pesynbraTtam mepBbIX YeThIpeX TJIaB MOJYyYeHO HaOJI0IAaTeIhHOEe MOATRED-
YKJIEHNEe TeOPEeTUYIeCKN TPeJICKa3aHHbIX KOPPeJauii CTeKTpaJbHOTO WHJIeKca, KaK
(pyHKIMKM CKOPOCTU aKKpeluu M , 3aBEPIIAIONINXCS HACBITEHUEM WHJIEKCa Tpu
OOJIBINNX 3HAYCHUSAX TEMIIA AKKPEIUuu M s YEPHbBIX JIbIPaX, PEJJIOKEHHbBIX €I1e B
1998 rogy Turapuykom n Sanunacom [12]. B cieayionmx riaaBax Mbl MOMBITATINACE
1JIyOXKe U3y4YuTh, Kak BeJIeT cebsi 3TOT TUIl KOPPEJIAIY UHJIEKCA B UCTOUYHUKAX C
H3, ucnonb3yst peHTTeHOBCKHE HADJIIOIEHNsT HEHTPOHHBIX 3BE3J PA3HBIX MOJIKJIAC-
COB, BXOJISIIIINX B COCTAaB MACCUBHBIX, TaK 1 MajoMmaccuBabix PIC, n cpaBHUTH, 110
BO3MOYKHOCTH, C 3aBUCUMOCThHIO WHIEKCA OT CKOPOCTH aKKpeInu, 0OHapyKeHHO

B /1.
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Puc. 7: Criaskennoe m3obparkenne ydacTka Heba, mosydennoe ¢ nmomorbio gerekropa ACIS-S (0.2 —
8 k3B) ¢ Gopra kocmmueckoit ob6cepsaropun Chandra. YpoBHeBbIe N30JIMHAN JIEMOHCTPUPYIOT MUHU-
MaJILHOE BJIVSTHVE JPYTUX TOYEUHBIX MCTOUHUKOB W ANM@Y3HOTO M3IYUEHUs B MPEIEIaX KOJIbIEBOTO
yuactka ¢ paguycom 9"sokpyr M101 ULX-1.

B geTBepTOii 11aBe MpoRejieH aHaJN3 SBOJIONNNA PEHTTEHOBCKUX CIEKTPAJIb-
HBIX XxapakTepucTuk cucrembl 4U 1728-34, naad KOTOpO#t TOYHO M3BECTHO, UTO
ona cojepxur H3. I[Ipu obpaborke nHabrogeHuit opOUTAIbLHBIX 00CEpBaTOpMIL
BeppoSAX u RXTE ¢ nomomipto nakeros nporpamm SAXDAS u LHEASOFT/
FTOOLS 5.3, obnapy»eHo, 9To MUPOKOMOJIOCHBIN peHTreHoBCcKnii criekTp 4U 1728—
34 BO BpeMsi BCeX CIEKTPAJIbHBIX COCTOSIHUN XOPOIIO AIIPOKCUMUPYETCS KOMIIO-
sunueit remopoit, Komnronusuposannoit u ['ayccoBoit kommonent. B a1oit riase
(pa3s. 5.4) MpeIoXkReHo OMUCaAHTe EPEXOIOB MEXKTY CIIEKTPATHHBIMU COCTOSTHHS-
MU HW3KO¥ M BBHICOKO CBETHMOCTH B TEpMWHAX 3JIEKTPOHHON TeMrepaTyphl Komr-
TOHOBCKOTO 0bJiaka (o1 15 j10 2.5 k9B, Ha npumepe obbexkra 4U 1728 34). Anasius
CIIEKTPOB, BBIIOJHEHHBI B paMKaxX JAHHOTO TOJXO/a, MOKa3aJ, 9T0 (POTOHHDIN
nHjeke I’ cTernennoii cocTaBIsIONIEH CIeKTpa sIBJASETCs JIOCTATOTHO CTaONIHLHBIM
(' = 1.99 + 0.02) npu usmenenun 3jekTpoHHol Temueparypbt kT, or 15 g0 2.5
k5B Bo Bpemsi 3Tux crekTpaJibHbIX cocTosinnii. [Ipeiokena dpusnydeckast MojIeJ1b
JIJIsi 0DOCHOBaHMsT OOHAPYYKEHHOTO KBA3WIOCTOSTHCTRA CIEKTPaJhbHOIO WHJIEKCA,
COTJIACHO KOTOPO# JIOMUHUPYIONINI BKJIaJl B (DOPMUPOBAHUE CITEKTPa 00YCJIOBJIEH
KoMIToHn3npoBaHHO# KOMIIOHEHTON, (POPMUPYIOMIEHCS B IIEPEXOHOM CJIOE MEXK-
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Jly aKKPEIMOHHBIM JIMCKOM M IIOBEPXHOCTHIO HERTPOHHON 3Be3jibl. B dacTHOCTH,
KBa3UCTAOMJILHOCTH (DOTOHHOI'O MHJIEKCA UMEET MECTO B CJIy4ae, eCJIM COOCTBEHHOE
SHEPTOBBIJICJICHNE B TIEPEXOJIHOM CJIOE€ TPEBOCXOJUT TIOTOK MBJIYUEHUsT aKKPEIn-
OHHOT'O JINCKA, TTePEeXBaThIBAEMOTO B 0DJIACTH TepexojiHoro cost. [Tokazano, 4To
XapakKTepHasi ¢cTabuIbHOCTH (DOTOHHOI'O MHJIEKCA HA KPUTHIECKOM ypoBHe ' = 2
OTIpeJIesISIeTCST BHYTPEHHUMU CBOMCTBAMI HEHTPOHHBIX 3BE3J| W sABJIETCs (DyH/ 1A~
MEHTAJHHBIM TTPU3HAKOM, OTJIMYAIOIIAM X OT YePHBIX JbIP, JJIsi KOTOPHIX WHIEKC
MOHOTOHHO BO3PACTAET IPU IEPEX0jie OT HUBKOTO K BHICOKOMY CHEKTPAJBHOMY CO-
CTOSTHUIO M HACBIIAETCS 1IPA BBICOKUX 3HAYEHUSAX CKOPOCTH AKKPEIUU BelecTBa
(eMm. mpaBsbiii crosberr Ha puc. 8).

B mnocieayommux riaaBax, TakKe TMOCBSIIEHHBIX WCCIEIOBAHUIO HEHTPOHHBIX
3Be3/1, XapakTepHble npu3Hakn H3, nmojydennbie Ha OCHOBE CIIEKTPAJIbHO-BPEMEH-
HOT'O aHaJmu3a HeiATpoHHo# 3Be3bl 4U 1728 34, npuMeHeHbl K JPYIrUM CHCTEMaM
¢ H3 (m.u. atoll n Z-ucroannkam), ¢ OHOH CTOPOHBI, JJIsT AMATHOCTHKH TTPUPOJIHI
KOMIIAKTHOTO 00bekTa B crophbix ciydasix (Y1 wim H3?) u, ¢ apyroii cropo-
HBI, JIJIsl IPOBEPKM HaJexkKHocTu HajigenHbix npusHakoB H3 B PIC ¢ najgexuo
MJIeHTUMUIINPOBAHHBIMY HEHTPOHHBIMI 3BE3/IaMMU.

Taknm obpaszom, B TIATOM TiaBe MPEJCTaBICH aHAJN3 CIEKTPAIbHBIX U Bpe-
MEHHBIX XapaKTePUCTUK, HAOJIOJAEMbIX B PEHTIEHOBCKOM JIMAIA30HE OT JIBOM-
HbIX cucrteMm ¢ HeiirponnbimMu 3pesjamu GX 3+1 u 4U 1820 30 B Teuenue ju-
TEJILHBIX TIEPEXOJIOB MeXJy (pazaMu 6b6icokol W HU3K0lU CBETUMOCTH, TTPOMOJLY-
JINPOBAHHBIMI KOPOTKOTIEPUOJIMIECKUMU TIepexogaMn Mexx iy T.H. “lower banana’
(LB) u “upper banana” (UB) cocrosinusiMu B TEpMUHAX [BETOBOW JHAIDAMMBI.
Brumn nmpoanaJn3npoBaHbl BCe MMEOIINECs] Ha CErOJHSNTHWI JIeHh HaDJII0/IeHUsT
co cnytankoB RXTE n BeppoSAX. Obrapy»eno, 9TO MHUPOKOMOJIOCHBI PEHTTe-
HOBCKHIT criekTp 31ux H3 BO Bpemst nmepexopoB MoKeT ObITh alimpOKCHMUPOBAH
AJUIMTUBHON MOJIEJIBIO, COCTOsINEH U3 YepHOTEIbHOrO, KOMIITOHU3UPOBAHHOIO 1
l'ayccoBoro komrmonenTor. OOHApY>KEHO MOHOTOHHOE BO3pacTaHWe 3JIEKTPOHHOM
TeMIepaTyphl TJIa3Mbl 1epexoiHoro cjios ot 2.3 k3B jgo 4.5 k3B g GX 3-+1
u or 2.9 k3B 510 21 k3B gz 4U 1820 30 npu nepexojiax o0bEKTOB U3 COCTOSI-
nust “UB” B cocrosinue “LB”. Bo Bpemsi UB-LB nepexojioB gerektnpoBana 3Ha9M-
TeJIbHAS IBOJIONNS TTYMOBBIX KOMITOHEHT CIEKTPa MOIIHOCTH 00'hEeKTOB, KOTOPast
Obljla MCIIOJIb30BAHA JIJIs JIONOJHUTEJLHON WACHTU(UKAIIMA CHEKTPAJILHBIX CO-
CTOSIHUIM 9TUX MCTOYHUKOB. AHAJN3 IHEPreTUIECKUX CIEKTPOB, BBIMOJHEHHBIH B
pamMKax BhITNIeyKa3aHHOW MOJe/n, TToKasaJsi, 9To (POTOHHKIH nHjueKke [T crenenHoii
cocTaBJsionieil criekTpa Takyke, kak 1 B H3 4U 1728-34, apisieTcst JOCTATOYHO
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Puc. 8: Ilpumepnr noBenennst (poroHHOoTo MHAEKCA I Kak (YHKINS CKOPOCTH aKKPEINW MACCHI LI
PJIC ¢ uepubivu apipavu (npasas konouka, GRS 1915+105 [16], GRO J1655-40 [15] u GX 339-4 [15])
B conocraryiennn ¢ PIIC ¢ neiirponusivMu 38e3aamu - “atoll” ncrounnkamu (neBast konorka, 4U 1820-30
[18], 4U 1728-34 [17] u GX 3+1 [11]). MoxkHO Buzerh 3amerHOe u3MeHeHne nujaekca I 3aBepriaonieecs
xXapakTepHoil (ha30il HACHIIIEHNS B BUJE TJIATO JIJIsT 9€PHBIX JIBIP, B TO BPEMsT Kak JIsT HEHTPOHHBIX
3BE3J WHJIEKC JIUIIb CJIENKA BAPbUPYETCd OKOJIO 3HadeHus: I = 2. Jlns marasigHocTw, ypoBenb [ = 2
yKa3aH ToIy00i MyHKTUPHON JWHMWENH Ha BCEX ararpamMMax.

crabusibibiv (I' = 2.00 4 0.02) npu usMeneHun TeMia AKKpeIEn B 4eThipe pasa.
[Ipr 5TOM pEHTTEeHOBCKWE CHEKTPHI 00HEKTOB JIEMOHCTPUPYIOT JTOMWHUPOBAHNE
Komnronnsnposanuoit KommounenTwl. [loaTomy st obocHoBanns 00HAPY )KEHHOTO
KBa3UIIOCTOSIHCTBA, CIIEKTPAJILHOI'O MHJIEKCa U creluduieckoit (popMbl CIIEKTPOB
B Heirponubix 3Be31ax GX 3+1 u 4U 1820 30 npusiiedena MoJeJb IEPEXOITHOIO
CJI0ST JIJIST coiydasi JOMUHUpOBaHWsg KOMNITOHN3AIMOHHON KOMITOHEHTRI CIEKTpa,
IpPEeJIJIOYKEHHAsT B UeTBEPTOil ryiaBe JaHHOR juccepranuu. [lokazaHo, 4To 3Ta MO-
JIeJIb YJIOBJIETBOPUTEJILHO OObsICHSIET ¢TabUIbHOE MOBEIeHIEe (DOTOHHOI'O MHJIEKCA,
Ha KpUTHUUIeckoM yposHe I' = 2 s nccaeoBanubix atoll-ncToIHNKORB, 9TO yKa-
3bIBAET Ha YHUBEPCAJILHOCTH HaliJeHHOTO Habo1aTeLHoro npnsnaka H3, a Tak-
JKe sIBJIIeTCs (pyHIaMEeHTAIbHBIM [TPU3HAKOM, OTJIMYAIOIIUM UX OT YePHBIX JIbIP.

B 1mrecToii riiaBe mpoji0/RKeHO TeCTUPOBaHMEe HaiijieHHOro npusnaka H3 s
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JIDYTUX JBOMHBIX CHUCTEM ¢ HEHTPOHHBIMH 3BE3JIaMU, JOCTUIAIOMIAX OKOJIO- -
JIMHITOHOBCKOTO PEXKUMa CBETUMOCTH Ha IpUMepe Z-UCTOIHUKOB. B camMom jese,
M3BECTHO, YTO Z-WCTOYHWKW B XOJIe WX CHEKTPAJHHOW IBOJIIOIUHU, KaK TTPaBUIIO,
MOKA3LIBAIOT TMTUPOKNI JUATIA30H CBETUMOCTEH, JTOCTUTasT KDUTHIECKNX 3HAUCHWH
(0.5 1)Lpgg. Takum 0Opasom, B 3T0i ryiaBe NPEJCTABJIEH aHAJIUS CHEKTPAJbHBIX
M BPEMEHHBIX CBOWCTB, HabJO/aeMbIiXx B peHTrene oT Z-uctounnkoB GX 340-+(0
n Scorpius X—1 mpu rnepexojiax MeXKJy CIeKTPAJhHBIMA COCTOSTHUSIMA BO BpPe-
Msl BCIBIIIEK, OTCJEXKUBAEMbBIX BJIOJIb Z-TpeKa Ha I[BETOBOW mmarpamme. Ilpum
9TOM ODHAPYKEHO, 9TO IMPU IePexoje MCTOYHUKA M3 TaK Ha3hIBAEMbBIE COCTOSI-
rnst “Horizontal branch” (HB) B cocrosinme “Flaring branch” (FB) anekrponnas
TemriepaTypa MepexojHoTo C¢JI0si MOHOTOHHO cHM»KaeTcs oT 21 k3B 1o 3 k3B B
JIO-O JUIMHT TOHOBCKOM PexKuMe. BbLin mpoaHaJ n3upoBanbl BCe UMEIOIIHeCs: Ha Ce-
rOJHAMHNG gedb HadaoaeHust Sco X 1 ¢ bopra cnyranka RXTE n GX 340+0 co
cnytankoB RXTE n BeppoSAX ¢ ncnoan3orannem maketor nporpamMm SAXDAS
u LHEASOFT /FTOOLS 5.3. [Tokazano, 410 MUPOKONOJOCHBIH PEHTIEHOBCK U
ciuektp GX 34040 Bo BpeMst 9TUX HEPEXOJA0B MOXKET ObITH AIIIPOKCHMUPOBAH aJl-
JINTUBHON MOJIEJIRIO, COCTOSIIIENH M3 HU3KOTEMIEPATyPHOTO YEePHOTEJIHHOTO KOM-
nmorenTa, JBYyX KOMIITOHM3AIMOHHRBIX KOMIIOHEHTOB M ['ayccoBOTO KOMTIOHEHTOB.
[Ipuuem oba KomnronmsamnmoHHBIX KOMIIOHEHTa OOYCJIOBJIEHBI HAJUYKUEM IIepe-
XOJIHOTO CJIOs, KOTOPBIH ODecrednBaeT paccesiiune Kak “MmCXOjHbIX /3aTPABOIHBIX
dbororor ¢ remneparypoii Ts 51 k3B, waymmx or akKpEnnoHHOro JINCKa |reprast
Kowmmnronuszarmonnast cocrapisioras Comptbl|, rak u “3arpaBodanbix” GOTOHOB ¢
remuepaTypoit Ty 1.5 k3B, njymux or HoBepXHOCTH HEHTPOHHOH 3BE31bI [BTOpaH
Kowmmronusaronnast cocrapistioriast Compth2|. JeraabHblii aHaIn3 CIEKTPOB HA
OCHOBE 3TOI MOjean mokasaj, u9To (PoTOHHbIE MHAEKCHI L'wpm1 1 Lepma cooTBET-
cTBYIOIUX KOMITOHU3AIMOHHBIX KOMIIOHEHTOB OKA3BIBAIOTCS MOCTOSIHHBIMKU HA,
YPOBHE 2 TPU M3MEHEHUH 3JIEKTPOHHON Temueparypbl kT e(l) HEPEXOJIHOIO CJI0S
or 3 k3B 10 21 k3B. ObHapy>keHHOE KBa3MIIOCTOSTHCTBO WHIEKCOB HA KPUTHYE-
ckoM ypoBHe I' = 2 ObIJI0 MHTEPIPEeTUPOBAHO B PaMKax MOJIE/IN, B KOTOPOil CIIEKTD
OIPEJIENISETCS TeIIOBEIMI KOMITOHM3AIMOHHBIMUA KOMIIOHEHTAMK, (DOPMUPYEMbI-
MU B MEPEXOJHOM CJIOE W ero BHYTPEHHWX JacTsx. Kpome Toro, ycraHOBJIEHHBIH
3 dexT cTabnIbHOCTH CreKTpaabHOTo nHaekca st Z-ucrouannka GX 340-+0 mo-
J1006eH paHee oOHapykeHHOMY 3P deKkTy cTadujIbHOCTH (POTOHHOIO MHJIEKCA JIJIsI
psiia. MAJIOMACCUBHBIX JBOMHBIX CHCTEM C HEATPOHHBIMU 3BE3JIaMU ¥, B YaCTHO-
ctu, st atoll ncrounnkon 4U 1728-34, GX 3+1 n 4U 1820-30. Takoe mnosejienme,
XapakKTepHoe Kak st Z-, Tak n Juisg atoll mcTouHnKOB BO BpeMsi (pa3 aKTHUBHO-
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CTH, IPUHIUINAAJIBHO OTJNYAETCs OT HOBEJIEHNUST YEPHBIX JIbIP, JJI KOTOPhIX CIIEK-
TPaJIbHbBIN MHJIEKC MOHOTOHHO BO3PACTAET BO BPEMsI CIIEKTPAJIbHBIX IIEPEXOJ0B OT
HU3KOTO K BBICOKOMY COCTOSTHWIO M 3aTE€M HACKHIIAETCS TPW BHICOKNX 3HAUEHUSIX
CKOPOCTH aKKPEIUH.

B cBoio ouepejib, MOKazaHo, 9TO CHEKTPhl 5S¢0 X 1 BO BpeMsi BCeX COCTOsIHUIA,
kak u juisd Z-ucrounnka GX 34040, MoryT OBITH aMPOKCUMUPOBAHBI aJIIUTHR-
HO¥ MOJIeJIBIO, COCTOsIIIEH N3 JIByX KOMITOHU3AIMOHHBIX KOMITOHEHT U SMUCCUOH-
HO¥ JINHUU 2KeJie3a, HO y2Ke 0e3 100aBjieHrs] HU3KOTeMIIepaTyPHO# YepHOTE/IbHO
KOMIIOHEHTBI. O0e KOMIIOHEHTHI OOYCJIOBJIEHBI HAJUUUEM [EPEXOHOI0 CJI0SI, KO-
TOPBIN ODecTeunBaeT paccessine Kak “sampasounvr’ (pOTOHOB C TeMIepaTypoii
Ty < 0.7 k3B, wiymux or akKpenMoHHOro JiucKa [nepsasi, swcecmras, KoMiro-
HU3alMOHHas cocrapsiomas Comptbl], tak u “sampasounvr’ HOTOHOB ¢ TEM-
nepatypoit Tso < 1.8 k3B, uymmx oT MOBepXHOCTU HEHTPOHHOW 3BE3ThI [BTopaﬂ,
mAazkaA, cocrapisioniast, Compth2| Ha ropsanux JEKTPOHAX MEPEXOIHOTO CJIOS.
[To pesyibraraM JileTajbHOTO aHAJIK3A CIEKTPOB B 3TOM MOJIEJIH TOATBEPXKEHO 110~
CTOAHCTBO MHJEKCOB I'y /9 Ha ypoBHE 2 JUIst JIOKPUTHICCKOTO DEXKUMa 1 0OHapy-
YKEHO 3HAUNTEJILHOE CHUYKEHNE NHJIEKCA [wymo otcecmixot KOMITOHEHTHI B TIPEJIeIax
1.3 < Teom1 < 2 B OKOJIOKPUTHIECKOM (MJIN JlasKe CBEPXKPUTHIECKOM) PEKMME
akkperuu. Takoe aByxdasHoe MOBEJIEHNE NHJIEKCOB HUKOIa HEe 0OHADYKUBACTCS
B U /I, mosToMy MOXKeT pacCMATPUBATHLCS KaK JOTIOJHUTEILHBI TTPU3HAK HAJTMTHST
H3 B cucreme. IIpu 3T7OM mokasano, 9To MpKW HAXOXKJIEHNNW NCTOUHWUKOB Ha TTHKE
BCIIBIIIKK TeMiiepaTypa 1Ty MOHOTOHHO cHuxkaeTcs or 1.8 jgo 0.7 k3B 1upu oj-
HOBPEMEHHOM POCTE 3JIEKTPOHHON TEeMIIEPATypbl IJIa3Mbl IEPEXOHOIO CJI0si T@(z))

Bhitie 80 k3B. Mbr naTEprpeTpoBain 0bHapy)KEeHHOE KBA3UTIOCTOSTHCTBO WHJIEK-
coB I’y /9 = 2 111 10-3 JJIMHTTOHOBCKOTO peXkuMa (comocTaBUMOTO ¢ WHTEPRAJIOM

HUBKWX TEMTIEPATYP TJIa3MbI MEPEXOTHOTO CJIOS Te(2) < 50 x3B) ¢ momorpI0 Mo-
JIeJIA, B KOTOPO# CIEKTP Olpejensercs JoOMUHUpoBaHueM KOMITOHU3AIMOHHBIX
KOMIIOHEHTOB. KpoMe Toro, ycraHoBJEHHbIH (aKT CTaOUJIBHOCTHA CIEKTPAJIbHBIX
MHJIEKCOB JIIsT Z-ucTounnka Sco X—1 nmomoben panee obHapy)eHHoMy 3] hexTy
crabmibHOCTH (HOTOHHOTO MHJEKCA JIUIs APYTUX HEHTPOHHBIX 3Be3 (atoll nerod-
rukos 4U 1728 34, GX 3+1 u 4U 1820 30, a rakxke jist Z-ucrounuka GX 340-+0)

CBETUMOCTH KOTOPbLIX MHOI'O MEHBIIIE KpI/ITI/IquKOﬁ JJIA BCEX CIIEKTPAJIbHBIX COCTO-

’

stanit. Mbl Takyke WHTEpPHpeTupoRain (hasy CHUKEHUS WHJEKCa MPH JIOCTHXKEHUN
00BEKTOM KPUTHUYECKUIO PEKUMA AKKPEIUU (ACCOUUPYEMOro ¢ HAbJII0/1aeMbIMU

2
BBICOKUMU 3JIEKTPOHHBIMU TeMTIepaTypamMn Te() > 50 x3B) B pamkax mosmesn,
COTJIACHO KOTOPO# CIEKTP ONpeesieH BHICOKUM JIABJICHUEM U3JTyUeHUs, UJTyIIEro
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or nopepxaoctr H3. B pesyibrare nocsiegHero, BHyTpEHHUE YaCTH IEPEXOITHOIO
cJ10s1 APPEKTUBHO OXJIAXKIAIOTCSI, B TO BPEMsI KaK €0 BHEIIHUE YaCTH OCTAIOTCS
pasorpeTbiMu 0e3 JOJIXKHOIO TerjiooTRojIa. B pe3yihrare 3Toro, ceueHne pacces-
HUsT 3HAYUTEJILHO CHUXKAETCST BO BHEITHUX 00JIACTSX TTEPEXOJHOTO CJI0si, UTO TTPU-
BOJIUT K POCTY 3HAUEHMSI KPUTUUECKONH CBETUMOCTH. Takum oOpPasoM, MOKA3aHO,
YTO JIOKAJIhHAST CBETUMOCTH O0HEKTOR HE MPEBOCXOIUT KPUTHIECKN ypoBeHh. B
9TOM CJIydae YCUJIWBAETCS POJb TeMJIoBoi KoMnToHu3ammm, 9To U TMPUBOJUT K
CHU2KEHUIO CIIEKTPAJIbHOT'O UHJIEKCA.

T T T T I T T T T T T I
0.03 0.03 | Sco X-1(RXTE) | FB 1
>
(V]
'
3| I HB 7
(o2
>
T 002 0.02 |- -
o
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1.5 2 25 5000 10000 15000

SC [4-9 keV/2-4 keV]

PCA Intensity (cts/s/PCU)

Puc. 9: [Igerosbie quarpammbl (C1€Ba) U qMATPAMMBI KECTKOCTH U3JIy4eHrst (CIpaBa) 1o HabII0IeHUIM
Sco X-1 (1996 — 2002). YepHbIMIU TOYKAMHU OTMEUEHBI CEThI 3HAYNTEILHON (DJIAPUHTORBOI aKTHBHOCTH,
B TO BpEMsi KaK KPACHBIMW TOYKAMW MOKA3aHhl CEThI yMEPEHHON aKTWBHOCTM wcTounHmKa. st ceTor
CO 3HAYUTEJHHON (D/IAPUHIOBOI AKTUBHOCTBIO OTMEYEHBI TPHU THIUYHBIX TPEKA IEPEXO/I0B 00beKTa
B Hamparjaeann HB—NB—FB coorrercTrytommmn crpenkamu. Iasi ciHEro Tpeka TakKe yKa3aHbl
cocrosiaust: the Faring branch (FB), Normal branch (NB) u Horizontal branch (HB). 3aecs xoporo
BWIHBI CMEIIEHNsT TPEKOB BO BPeMs yCcuieHnst (pJIapwHTOBOM aKTHBHOCTH 00hekTa Sco X-1.

[To pesyabTaTam epBHIX MECTH TJIaB YCTAHOBJIEHBI U B JOCTATOYHOW Mepe Mmpo-
TeCTUPOBaHbl crekrpaJbible npu3Haku U1 n H3. Ognako Bce paccMoTpeHHbIe
H3 (kpome Sco X-1), Kak MpaBujio, HE JOCTHUTAIOT KPUTHIECKUX CBETHMOCTEI.
st TpoBepKu TOro, Kak paboTaloT HalJIeHHbIe NMPU3HAKKW B 3TOM MpeJebHOM
peXkuMe aKKpeluu, B CeAbMOM IjiaBe IPOoaHaJM3UPOBAHbI HEATPOHHbBIE 3BE3/IbI,
JIOCTUTAOIINE CBEPX-JIMHITOHOBCKON CBETUMOCTH BO BPEMsi CBOMX PEHTIE€HOB-
ckux Benbimek. Cpenn Hux H3 pasHbIX MOJKIACCOB, BXOIAIINE B COCTaB KaK Ma-
gomaccnBHbIX, Tak n MaccnBabix PIC: 4U 1705-44 (majexxHO ycTaHOBJIEHHDI
“atoll”-ucTOUHUK, HO MOKA3bIBAIOIIMHA HEKOTOPbIE CBOHCTBA Z-UCTOYHUKOB) U BO3-
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MoxHast Hefirponnast 3se3ja 4U 1700 37 (Bxogsiasi B cocra maccusroit PIIC
1 UMEIOIIAs CIOPHYIO WJIEHTUMUKAIMIO TPUPOILI KOMIAKTHOTO 00bekTa, H3 nin
YJI). Tlokazano, aro crnektpbl 3tux o0bekTor (4U 1705-44 w 4U 1700-37) Bo
BpEMST BCEX COCTOsTHWI ONsTh e, KaK n jis Z-ucrounnkor GX 34040 n Sco X—
1, MoryT ObITh AlNPOKCUMUPOBAHBI AJJIUTUBHON MOIEJbIO, COCTOMIIEH U3 JIBYX
KoMTITOHN3aIMOHHBIX KOMITOHEHTOB W 3MUCCHOHHON JIMHUN »Kese3a. ()0a KoMITo-
HEHTa ODYCJIOBJIEHBI HAJUUUEM TIEPEXOJIHOTO CJIOsI, KOTOPKIH obecrieunBaeT pac-
cesiHie Kak “‘3dampasounvix’ GoroHos ¢ Temieparypoit Ty < 0.7 k3B, muymmx
OT aKKPEIUOHHOIO JIMCKA [1epBast, srcecmuas, KoMITOHUZAIIMOHHAST COCTABJISIO-
mast Comptbl|, Tax u “sampasounwvir’” dbororor ¢ remmneparypoii Ty < 1.8 k3B,
VJIYIIIAX OT TIOBEPXHOCTH HEHTPOHHOI 3BE3JIbI [BTOpast, MAZKaA, COCTARISIIONIAST,
Comptb2| Ha ropsidux 3J1€KTPOHAX HEPEXOJAHOrO ¢jiosi. Jlist 91ux 0ObEKTOB 1pH
MOJIEJINPOBAHNN CIIEKTPOR TaKKe JIobaBIstjaach KoMonenTa Bbody jjst onvcanmsi
X HU3KO9HEPTWIHO# vacTn crekTpa. [lo pesyanrraraMm getaanbHOr0 aHaIn3a Clek-
TPOB B 3TO# MO/ OOHAPYXKEHO MOBEJIEHUE, B TOYHOCTH IOA00HOE [TOBEIEHUIO
Sco X 1, T.e. BHOBb HOJATBEPKEHO TOCTOAHCTBO HHACKCOB ['1 /9 Ha yposHe 2 jiis
JIOKPUTHYIECKOTO peXkrMa 1 00Hapy»KeHO 3HAUNTEeIhHOE CHIKEeHe NHAEKCA [ wpmo
orcecmroti KommoHeHTh! B mipefenax 1.3 < i1 < 2 B OKOJTOKpUTHIECKOM (W
Jla2Ke CBEPXKPUTUIECKOM ) pexkuMe akkperuu. Takum ob6pasom, rakoe jByxdastoe
[OBEJIEHNE MHJIEKCOB, B CHUJIy €ro MOBTOpsieMocTH st psija H3 B DimHIr TOHOB-
CKOM PEeXXNMe aKKPEIHN, MOYKET PACCMATPUBATHLCS KaK JOMOJHUTEIHHBIA TPU3HAK
Haymaust H3 B cucreme. [Ipu 9TroM nmokasaHo, 9To npu HAXOXKJIEHUNA UCTOYHHKOB
Ha IIMKEe BCHBIIIKK TeMieparypa 1 OlsTh »Ke MOHOTOHHO CHHUXKaeTcs oT 1.8 J10
0.7 k3B ¢ ogHOBpEMEHHBIM HapacTaHUEM 3JIEKTPOHHON TeMTIepaTyphl M1a3Mbl Te-
PEXOIHOTO CJIOS Te(2) . BRITTe 80 k3B. MuI yke nHTEpnpeTrnpoBaIn 0OHapY > KEHHOe
KBA3UIOCTOAHCTBO MHICKCOB ['1/9 & 2 Jiist 10-DIMHITOHOBCKOIO peskuma, (co-

MOCTABMMOTO C WHTEPBAJIOM HU3KUX TEMTIEPATYP TJIA3MbBI TTEPEXOIHOTO CJIOS Te(2)
<80 k3B) ¢ HOMOIIBIO MOJIEJIH, B KOTOPOIH CIIEKTD ONPEJIEJIAETCs JIOMUHUPOBAHUEM
KoMnronnsaimnonnbix KoMonenT. B mesiom, ycranoBaenubiit pakT cTabnIhHOCTH
CTIEKTPAILHBIX WHIEKCOB JIIst Z-rictounnka Sco X—1, atoll-ncrounuka 4U 170544
u ucrounnka 4U 1700 37 nooben panee oOHapykeHHOMY 3D DeKTy cTabUIbLHOCTH
hOTOHHOTO MHJIEK A JIIst JPYTUX HeliTporHbix 3Be3J1 (atoll-ucrounukos 4U 1728

34, GX 3+1 n 4U 1820-30, a Taxxke s Z-ncrounnka GX 340+4-0), ceernmocTn
KOTOPBIX MHOTO MEHBLITIe KPUTUIECKON JJIsT BCEX CTIEKTPAJILHBIX COCTOAHWI. MbI
TaKXKe MHTEPHPEeTUpoBaIn (pa3y CHUXKEHUS MHJEKCA [IPU JOCTUXKEHUU 00bEKTOM
KPUTHIECKUTO PEsKIMa aKKPEIHN (aCCOMMUPYEeMOTo ¢ HAOTIOMAeMbIMU BHICOKUMHT
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Puc. 10: 3aBucnmocts dhororroro wHaekca ' oT saeKTpoHHON TemmepaTtypsbl k1, 1 Z-MCTOYHUKA
Sco X 1 (cunme 3e3nouknu), GX 340+0 (yepubie Tpeyrosbaukn), u atoll ncrounuku 4U 1705 44 (ce-
poie Toukn), 4U 1728-34 (rony6nie pomoni), GX 3+1 (mannnosbie kpyxkkn), n 4U 1820-30 (3eenbie
keazparsl) u H3 4U 1700 37 (kpacHble 3Be3104KH).

9JIEKTPOHHBIMU TemiiepaTypamu 1 6(2) > 80 k3B) B paMKax MOJIEJIHN, COMTACHO KOTO-
POl CIIEKTP OIPEIe/IeH BBICOKUM JIABJICHUEM U3J1y YeHUST, UJIYIIIEr0 OT MTOBEPXHOCTH
H3.

Haxkownerr, mpuMepoM MpakTHIeCKOr0 MPUMEHEHNsT HOBOTO CITOco0a JINarHoCTH-
POBAHWS SIBJISIETCS WJIECHTUMUKAIINS TTPUPOJIHI KOMIIAKTHOTO O0hEKTa B TOJIH3Y
H3 B 4U 1700 37 (puc. 10, pazja. 7.2.6). Jeso B TOM, 4TO JUHAMUYECKUE OlEH-
K1 Macchbl kKoMmnakTHoro obbekra B 4U 1700 37 ykaszbiBajin JiubO HA HEHTPOHHYIO
3BE3]1y OOJIBITION MACChl, JIMOO Ha YEepHYIO JbIPy MaJjoii macchl. [Ipn orcyrcrBun
XapaKTEPHBIX TMyJIhCAINI PEHTIEHOBCKOTO W3JIYUYEHUST U KaKUX-JUO0 HAJIeXKHBIX
MPU3HAKOB HAJTMIHS IUKJIOTPOHHON JIMHUK MTOTJIOIIEHUs B CIIEKTPE 00beKTa, 00JIb-
IMUHCTBO (PAKTOR YKa3hIBAJIO HA YEPHYIO JIBIPY, B KAYECTBE KOMIAKTHOTO 00'HEKTA.
1 ToshbKO Ha OCHOBE XapaKTEepHOIO ToReeH!sT (POTOHHOTO WHIEKCA B JIOKPUTHYE-
CKOM ¥ OKOJIO-OJIJIMHITOHOBCKOM PEXKUMAaX ObLJIO yCTAHOBJIEHA MPUHAJJIEKHOCTH
koMmiakTHoro obbekra B 4U 1700 37 K KJjiaccy HEHTPOHHBIX 3BE3I.

B 3akarouenum kpatko copMyINpPOBAHBI BRIHOCHMbBIE Ha 3alUTYy TMOJI0MKe-
HUST JIUCCEPTAIIMOHHON PabOTHI.
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OcHoBHBIE IIOJIO2KE€HHN 4, BBIHOCUMBIE€ Ha 3alllUTy

1. Obnapy»xenbl ¢yHIaMeHTAIbHBIE CIEKTPAJIbHBIE MPU3HAKNA AKKPEIUPYIOIUX
HERTPOHHBIX 3BE3/1 U YePHbIX AbIP: jJjst 1/ dporonnbrit nujgekce I' MoHOTOHHO BO3-
PACTAET ¢ POCTOM CKOPOCTH akKperun M 1pH nepexojie 0T HU3KOrO K BHICOKOMY
CTIEKTPAJIBHOMY COCTOSTHIIO, M HACHIIIAETCS TIPU BHICOKMX 3Havennstx M, B TO Bpe-
Msi Kak it H3 doronnbiit unjgexke I gemoncTpupyer ¢crabMiIbHOCTH Ha YPOBHE
I' = 2 He3aBHCHMO OT CIIEKTPAIBLHOIO COCTOSIHUST B PEXKUME Cy0O-O JJIMHI TOHOBCKOI
CBETUMOCTH W CHMKAeTCsT 10 ypoBHst I' = 1.3 nmpn 10CTHKEHNN CUCTEMO? KPUTH-
YECKOIO PEXKUMa, aKKPEIuu.

2. Brejipen HOBBIN MeTOJ1 onpejeaeHns Mmaccbl 1[I myrem maciiTabupoBaHus
(ckaMpOBaHMsT) CMEKTPATIBHBIX W BPEMEHHBIX XapaKTEePHUCTHK PEHTTEHOBCKOTO
U3JIyYeHnst Kak lajakTnaecknx, Tak W BHerajgakTudecknx YJI Bo Bpewmst mepe-
XOJ0B MEXKJly CIHeKTPAJbHBIMU COCTOSHUSIMA. DTOT METOJ JaJl HPUHIAITHAJILHO
HOBYIO BO3MOXKHOCTD OIPEJICJICHIS MacChl akKpernupyfomux 1/ ¢ ucrnosb3oBanm-
eM WCKJIIOUNTEIHhHO PEHTIeHOBCKUX HAOJIIOICHWIA,

3. Ha ocnoBe HOBLIX KpUTEPHER JUATHOCTUKY WACHTH(MDUIMPOBAHA TPUPOJIA Psi-
Jla AKKPEIUPYIOINUX PEHTIeHOBCKUX MCTOYHUKOB B JIBOMHBIX CHCTEMAaX CO CIIOP-
HBIM THTTOM KOMTIAKTHOTO 00HEKTA.

4. ITonydensl orpaHuvuennst Ha MacCy YepHBIX JIBIP B psijie YIbTPaspPKUX HCTOY-
HUKOB METOJIOM MaciirabupoBatusi (CKaJUMPOBAHUsI) UX CHEKTPAJbHBIX DEHTTe-
HOBCKHUX XaPaKTEPUCTUK BO BPEMsl IIEPEXOJIOB MEXKJIy CIEKTPAJIbHBIMU COCTOSTHH-
SIMW, YKa3bIBAIOIINE HA HAJWYUNE YEPHBIX JIbIP “TTPOMEKYTOTHONW MaCChl B TaKWX
MCTOYHNKAX.
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