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O6utasn xapakrepucTika paboTbl
AxmyanbHocmb membl

JomuHnpylowniA - BKNaA B  W3NyYeHWe HCPManbHbiX Fanaktuk B
PEHTrEHOBCKOM [uanasoHe BHOCAT PEHTIEHOBCKME [OBOWHLIE — TeCHble
OBOMHbIE CUCTEMbI, B KOTOPbIX YepHas [Ablpa WNU HEWTpoHHas 3Bes3aa
akkpeuupyeT BeLlLecTBO 3Be3fdbl-koMnaHboHa.  WM3yueHue peHTreHOBCKUX
ABOWMHbLIX Hadanocb B B60-x rogax XX-oro Beka nocne OTKPbITUS MepBOro
HECOMHEYHOro UCTOYHUKA PEHTTEHOBCKOrO ManyyeHus B Hawew [anaxtuke,
Sco X-1. Bckope Hadanoch U ux wumpokomacwtabHoe naydeHue B ApYyrnx
ranakTukax - BHadane obcepBaTtopuend WMenn JRHWTENHa U 3aTeM
obcepeatopueit POCAT.

PeHTreHOBCKME [BOMHLIE MOXHO pasgenyTs Ha f[sa knacca -
ManoMaccusHble CUCTEMbLI, B KOTOpbLIX 3BE3A0W-AOHOPOM  SBNASTCA
ManoMaccvBHasi 3Be3a M MacCUBHbIE, B KOTOPbLIX KOMMAKTHLIA OObLEKT
akKkpeuvpyeT BeWEeCTBO CO 3Be3fbl paHHEero CnekTpanbHOro knacca.
Bcnencteve Manoro BPeMEHM  KU3HM  MacCCUBHLIX 3Be3Z, MaCcCWBHbie
PEHTITEHOBCKME [BOWHbLIE [O/MKHbI DObiTb TECHO CBA3AHbI C  HeaaBHUM
3geanoobpasosanuem. OpHako, XOTS CBfI3b  SPKUX  PEHTTEHOBCKUX
WCTOYHMKOB C MONOALIM 3Be3[HLIM HaCeleHUeM B APYrux ranaktukax
obcyxpanacb ewe BO BpeMeHa obcepBatopuy ‘UM. JuHWTERHA, [0
HEAABHETO  BPEMEHW  OorpaHndeHHas  paspelwamuias  cnocoBHOCTL
PEHTTEHOBCKUX TEreckonos W UX YyBCTBUTENBHOCTb He [03BONSINU
NPOABUHYTLCA Aanslle KaYeCTBEHHbIX paccyxaeHui. Hactoawuid npopsie 8
U3yYyeHun Nonynsuuid PEHTIEHOBCKMX ABOWHLIX B ranaktukax npousollen
nocne aanycka obcepearopuit HoBoro nokoneHuss Chandra 1 XMM-Newton.
Yrnoeoe paspelueHune obcepeatopuu Chandra, Hanpyumep, CocTasnseT Aonu
YINOBOW CEKyHAb!, YTO CPaBHUMO C pa3pelleHMeM Ha3eMHbIX ONTUYECKUX
TENeckonoB WM MNO3BOMsieT  UCCAEAoBatb  U3NydeHue  OTAENbHbIX
PEHTTEHOBCKUX UCTOUYHUKOB Ha PACCTORHUSAX BNNOTL 40 20 Mnc. :

OgHUM M3 BaXHeWWWX  pe3ynsTatoB, NOMYYEHHLIX  3TUMU
obcepBaTopusiMK, CTano noATBEpKOEHWE TECHON  CBS3U MexXay 4ucriom
MAaCCUBHbLIX perTreHoBckux ABOMHBLIX (Npwxs) M TEMNOM 3Be38006pa3oBaHus
B poauTenbckoit ranaktuke (SFR) ¥ BblpaXeHue ee Ha KONMMYECTBEHHOM
s13blke B BUAE NUHERHoro cooTHoweHns Nywxe=A*SER (Mpumm u ap., 2003).
3T0T pesynbTat MNO3BOMSIET WCNONb30BaTb MACCUBHBIE PEHTTEHOBCKUE
ABOMHbIE 151 M3MEepeHust TeMna 38e340006pasoBaHus B ranaxkTukax Hapsiay ¢
TAKAMU KNACCUYECKUMM UHOMKATOpaMU, Kak uanyveHue B NuHun Hy, YO u
nanekom UK ananasonax. OgHako, HECMOTPS Ha O4EBUAHOCTL CBA3N MexXay
MAaCCUBHbLIMY PEeHTreHOBCKUMMU OBONHBIMU u HeaaBHUM
3Be30000pa3oBaHueM, YHUBEPCanbHOCTL €€ KanubpoBkWM  HeoueBuaHa.
HelctButensHo, 43  NpocTENIMX  CooBpaKeHui, OCHOBaHHbLIX Ha
COBPEMEHHbLIX NPEACTaBNEeHNAX O CTPOESHUU U 3BOMIOUUY 3BE3] CNeayeT, 4To
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KpoMe TeKyLLEero Temna 38e34006pa30BaHus CYLIECTBYET paf NapaMmerpos,
KOTOPBI® MOTYT BIUATE HA NONYNALMIO MACCUBHLIX DEHTTEHOBCKUX ABORHEIX.
QueBvaHbIMK  KAHOURATAMK HE 3Ty poNb ABNAKTCR 06vNMe Tawensix
ANemMeHTOB, HavanbHaAa yYHKUMA Macc W ucTopust 3seafoobpasoeanHnd
ranakTiky. G HabnopatensHOR TOHKKY 3pEHHA BNUSHWE NEePBOro HA CBCUCTBA
MACCHBHBIX PEHTTEHOBCKUX LBOAHLIX W3yyaHo rnnoxo. OpHako mogenbHole
pacyeTel NCKA3LIBAIOT, Y70 OHD MOXET ObiTh 3HAUUTENLHLIM BCReACTENe
TACG, 4TO METANNWMYHOCTL MAXET BAWATL HA WHTEHCWBHOCTE 3IBE3OHOIO
BeTpa 3Be3Abl-KOMNAaHeOHZ W Ha BPEMS, KOTOpOe CHA poBOAMT HA
PA3TMYHBIX IBOMOUMOHHBIX CTaauAx. Popma HavansHoW YHKLMK Macc M
WCTOPpUR 3893}1006{)83038}4”9! pO,D.HTej'IbCKOIﬁ rafiakTky Takke CYLWCCTBEHHDBI
ANS nonynauuid 3tux cuctem. Tawum 06pasom, CBS3b MeWay HuChnom
MEGCUBHLIX PEHTTEHOBCKUX ABOWHLIX Y TEMNOM 3Be31006PA30BAHNA MOKET
ObITE  JOCTATOMHO CROXMHONA. Maydenue (hakTopos, BRUSKWNUX Ha Hee,
NOMOMET CBECTM K MWHUMYMY pasbpoc’ B KanubpoBKE W COOTBETCTEEHHO
ABNASTCH BAXHLIM OnA BO3IMOHKHOCTA DAaTHOCTHUEKW npoueccos
3BEBL\006p830‘36\HMH B ranaktukax no vx peHTTEHORCKOMY MANYHEHKWIQ.

He MeHee BaxHbIM U3y4eHWe NONYASUWA PeHTIEHOBCKWX ABCHHRIX B
ranakTUKax ABNASTCA M AN buanky hopPMUPOBaHKMA W 3BOMCLUWMK ABORHBLIX
cucreM. TeopeTudeckue uccnegosanua B 1ol obnactu eegyTen ewe ¢ 70-
80-x rogoe npownoro Bexka. OCHOBHLIM WHCTRYMEHTOM TEOPWKM ABNHAIOTCA
MOAEniu NCNYNAUMORHOMO CUHTE3a, npeacTasnaAiLve coboi
MCAENWPOBaHUe  3BOMIUMM  GONLWOre wWicra  ABORHBIX  cucTem U
ROZBONAGILKE npenckaskieare pasHoobpastoie HabmogarensHsie
NPOSIBREHUA 4YepHBIX Abp ¥ HeRTpoHHeIX 3sean. Opnaxe getanbHoe
onwcaMute JSBONMOUMY OBOMHON CUCTEMbl ABNRETCA CNOXHOW  3afaden.
AeficteuTeleHO, AZKE B 9BOAKIUMKW CAWHOMHLIX 2BE3n, cyulesTteyloT dasbl
MOOENVPOBAHNE KOTOPbLIX NPOGREeMaTuYHG (HanpuMep, renybele 1 KpacHbie
ceepxruranThy. B TO ke Bpema NPUCYTCTBUE KOMMaHbOHA 32 cyeT obmena
MAcCON MOXeT CYLECTBEHHO NOMEHATE XapakTep 3BOMuMK 3pesasl. Bcee
ATO NPUBDOKUT K TOMY, YTO NPEACKAZAHNS MOASNEN NONYIALMOHHOIC CUHTE3a
33BUCAT OT pHRAA  NPeANCIOMEHMA W SMOUPUYECKUX  NapameTpos,
AONYCTUMBIE 3HAYEHWA KOTOPRBIX MOYT MeHATbCA B WWPCQKCOM AWanasoHe.
MpORCHWTE MHOTUE HEACHLIE MOMEHTL!, CYEBIAHO, MOXHO ““Kannbpya"” Takue
MOOeny HabnmoeasHuAMM,

K gactosiwuenmy ppemeHu obcepsatopuamu Chandra w XMM-Newton
HakenneH Gonkwold 00beM YHMKAMNbHBIX OAHHBIX, [O3BONAICWWX ATAMLHO
M3y4arte CRBOACTBA [MOMYNAAUMA MACCHBHEIX PEHTIEHOBCKUX [ABOMHLIX B8
ranakTukax, 3To NO3BONSET BNSPBLIe B UCTORUN PEHTIEHOBCKOHR aGTPOHOMWK
WCCMELDRATL WAPOYANILMA  KPYr 38034 W, B 4aCTHOCTH, OTBETUTL HA
nocrasnedHble BolWe sonpockl. MHOro UHTepecHoid wedhopMaury MOXHO
NOYEepnHyTe yXe W3 HabnoaeHWid MacCWBHbIX PEHTIEHOBCKUX [BCHHBIX B
Hawwux Bmokaiwwx cocensix - Marennawoeblx Ofnakax. HecmoTtpa Ha
HebonbLIYo  Maccy  3TWX  ranakTMk, B  HUX  WdeT  3aMeTHoe

2




3Be3noobpasoRpaHua. DencTonTensHo, - oTHOWEHME TeMna
3pe3nochpaszoraHua K 3ee3qHOR Mmacce ana Marennasossix Obnakos
cocrasnsiet ~2*107""-10° rog”, 4To npeROCXOAUT AHANOMMYHOE 3HAYEHUE
ans Mnedroro TlyTH Kak MUHAMYM Ha fopagok. bnuisocte MarennaHoselx
Obnaxon A2eT BOIMOMHOCTL U3YYATL CBOMCTRA TONYNAUMKY  MaCCHBHLIX
PEHTIEHOBCKMX ABOWHBIX BNNOTh 8O MANLIX CBETUMOCTEN, HE AOCTUXKUMBIX B
Apyrux, Bonee Aanekux ranakTukax, a manas MeTAMmNMYHOCTh MO3RONseT
UCCNEenOBaTe CBAZb MACCMBHEIX PEHTIEHOBCKMX ABOWHBLIX © oboralueHviem
TAHENLIMW aremenTaMu. ViaydeHne RonynauMi MacCUBHLIX PEHTIEHOBCKMX
ABOWHBLIX B Marennanoselx O6nakax W MX  CBA3M C  HERABHUM
aBe3no00pasoBaHeM 3aHUMAST UEHTPRNEHOS MECTo B AMCCepTaUuuM,

Hene paGomes

Awucceprauvordasn paboTa NnocBALLEHA VCCNeADBAHKID (POPMUPOBAHUA
W 3IBONHUMA MACCHMBRLIX PEHTTEHOBCKWX ﬂBOEIHbIX Ha OQCHOBE [OAHHbLIX
HabnwogeHn  obnacteil  3sesaoolpaszcBanra B ONM3KUX  ranakTukax
obcepeaTopuamu  XMM-Newton w1 Chandra W apxuBHbIX JaHHLIX B
onTueeckom W MK aManazoHax.

Hayuran HoguaHa

B paboTte Bneppble nNpoBefeH NOUCK MACCHBHEIX PEHTIEHOBCRMX
ABOMKbY B Marennatoreix Obnakax, MCnonpays Bee AOCTYNHLIE AaHHbIES
oBcepratopun XMM-Newton ¥ nonyyeH kaTanor MACCHMBHLIX PEHTTEHOBCKMX
ABOAHLIX B 3THX ranaktikax. [JaHbl KomMMyecTBeHHble OUEHKKM ero NOnHCTLI.
Mokazano, wro ora npesbiwaeT 70% ANA WMCTOMHWKOB CO CEBETWMOCTSAMW
Gonee 107 apric.

Bnepewle paccMOTpeHC BnusiHe  adbchekta  «nponennepas  Ha
DYHKUMIO CBETUMOCTH MACCUBHBIX PEHTIEHOBCKHX ABOIRHLIX,

Bnepeble FKCNEPUMSHTANBHO WCCneansada BpemMeHHana 380MauUKnA
yncna MAGCHBHLIX ~ PEHTIEHOBCKUX — ABOAMLIX  MOCNE  BCBILLKK
3Be3poobpasosanna.  Ans  sToro  NpeanioXeM  opuruHanbHelii  METOS,
OCHOBAHHLI Ha aHanwie pacnpeaensHina  MACCUBHBLIX  PEHTIEHOBOKWX
ABORHBIX MO 0DAACTAM G PA3HLIMKM UCTOpYAMA 3Ba310006pa30BaHNS.

BnepBsele noxa3aHo, UTO BCNEACTBME BPEMEHHOM 3aepiKU Mexgy
BCNLILKCA 3B83000pa30BaHuA WY NOSENSHMEM 3HAHMTENbHOW NONYNALWK
MACCHMBHBIX  PEHTTEHOBCKMX  ABOMHbLIX,  CNWpansHasd  CTPykTypa 8
pacnpeseneHu  NocneAHMX  MoweT OblTk  CMelWleHa  OTHOCHMTENBHO
CAMPANLHON CTPYKTYDL! HABOOAEMORt B TAKUX TPAAUUMCHHLIX WHAUKaTOpax
38€31006pa30BAHKA, KK U3NYHEHWE B NUHUW Hy. ViconegoBansl nposBnetun
CNUpaneHoi  CTPYKTYPLl B pachpefienNeHud  MacCMBHBIX  PEHTIeHOBCKMX



ABOMHLIX B M51 no apxmsHbIM gaHHeiM o6cepsatopun Chandra u caenaHs!
npepckazaHust 4na Hawen FanakTuey,

Mony4yeH BepXHUI Npedesn Ha CBEeTUMOCTb LIeHTPanbHOro NCTOYHUKa B
ocraTtke BChbilikM cBepxHoso# SN 1987A no paHHbiM  obcepsatopuit
UHTEFPAN n XMM-Newton.

HayuHas u npakmuyeckas yeHHocms pabomsi

B pabote uccrnenosaHa CBA3b MeXAy MAaCCUBHLIMU PEHTIEHOBCKMMMU
ABOVHLIMM U HedasBHWM  3Be3foobpasoBaHueM, B pedynbTate  yero
JKCMEePUMEHTANbHO MOMAYYEeHA 3aBUCUMOCTb WX 4YuCnNa oOT BPEMEHN,
npoweawero ¢ MoMeHTa 3BesfoobpasoBaHusi. OTOT pesynbTaT UMmeeT
ocobyio BaxHOCTb Ang AByx obnactell acTpocusuku. Bo-nepsbix, OH
HECOMHeHHO OyaeT BaxeH [ANsS [AWarHOCTMKM 3Be3faoobpasosBaHus B
ranakTukax fo vX peHTreHOBCKOMY M3MyYeHMIo Kak B flokanbHon BeenenHo,
Tak U Ha KOCMOMOrMYecKkMx pacctoaHusx. [JencTBuUtenbHo, nonydyeHHas
3aBMCUMOCTE MO3BONSET NPeAcKasbiBaTb YUCMNO MACCUBHbLIX PEHTIEHOBCKUX
[BOWHbLIX, 3HAs UCTOPWIO 3Be3006pa3oBaHus ranakTuku 3a nocnegHue 100
MNH. neT.  YMeHMe pAuarHocTuMpoeaTtb TeMn 3Be3400DpasoBaHua o
PEHTTEHOBCKOMY — M3Ny4YeHW0  MOXeT  ObiTb  MCNOMb3oBaHG  Ans
BOCCTAHOBIEHNA KOCMUYECKOWN NncTopun SBe3ﬂOO6pa3OBaHMH.

C [pyroit CTOPOHbI, MOBEAEHME UUCNE MACCUBHBLIX PEHTTEHOBCKWIX
OBOMHBIX  Kak  (yHKUUM  BpEeMeHW, Npoweawero nocne  BCNbILWKY
3pe3qoobpasosBaHMsl, NO3BOMSET NPOBEPsSiTb W kanubposaTb Mopenwu
NoNynsLMOHHOro cuHTE3a. Takum obpa3om, NoONyYeHHbIN pe3ynbTaT BaxeH 1
ANsi NOHMMaHKA 3BOSHOLMM OBONHBIX CUCTEM.

B aucceprauuv npoaeMOHCTPUPOBaHO, YTO BCneacTeme ocobeHHocTen
3BOMMOLUMM NONYNAUNM MacCUBHbLIX PEHTIEHOBCKWX [ABOWHBIX, cnmpansHas
CTPYKTYpa B pacnpefeneHun 3Tux CuUCTeM MOXeT ObiTb CMeuleHa
OTHOCWUTENBLHO CnUpaneHo CTpykTypel B nuHum H,. Habniopenns atoro
adbhekta  NO3BOMNAIOT  NOMYUYUTL  AOMOSHUTENbHbIE — OTPaHWYeHus  Ha
3BOMIOUMIO © MACCHBHbLIX  PEHTIEHOBCKMX  ABOAHLIX  NOCMe  BCbILIKA
3Be31000pas3oBaHus. .

MpegnoxeH meTog uccnefosanua adhekra nponennepa, OCHOBaHHLIA
Ha aHanuse yHKUUY CBETUMOCTU MaCCHMBHbLIX PEHTTEHOBCKUX ABOMHBIX. Ero
MOXHO WCNOMb30BaTb ANA U3yueHns B3aUMOAENCTBUS  aKKPEUMUOHHOro
noToka ¢ MarHMTocepoit HENTPOHHOM 3BE34bI.

Bonbuwioe 3HaveHue uMeeT u npefen Ha CBEeTUMOCTL LIeHTPanbHOro
MCTOMHMKA B ocTaTke BCMblukY ceepxHoBon SN 1987A no AaHHbIM
o6cepaTopun MHTEMPAT. OenctButensHo, onTudeckas tonuia obonoyku
CBEPXHOBO BCe elle Benvka B AuanasoHe dHepruin obcepsaTtopuit XMM-
Newton n Chandra. MNoaToMy nonyyeHHbIn nNpefen sIBNAeTCA YHUKanbHbIM
pesynbTaTtoMm, OrpaHuMuMBalOWUM  UCTUHHYIO CBETUMOCTb  KOMMAKTHOro
obbekTa, 06pa3oBaBLLErocsi B HeflaBHen BCrbllKe CBEPXHOBOMN.
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PesynbTarel paboTel HeOOXoAWMO NpUHWMaTL BO  BHAMAHWE MpH
NAaHupoBaHuM HaGORIoABHWA COBPEMEHHbBIMU chepaaTopmnMH obnactei
38e30000pa30BaHVA B ranakTukax.

Anpobayun pabomn!

PeaynsTathl, nonyyYeHHLIe B AWCCEpTauuW, JAOKN2AbIBAAWCHL HA
cneayiowmvx KoHhepeHuuax 1 cemuHapax:
Hayunas ceccus MUOW-2005 (Mockea, 2005), MemOyHapoOHble HaydHble
koHgeperuun “The Electromagnetic Spectrum of Neutron Stars” (Marmaris,
Turkey, 2004}, “Cosmology and High Energy Astrophysics (Zeldovich-90)
{(Mocksa, Poccun, 2004), “The 6-th INTEGRAL Workshop: The Obscured
Universe” (Mockea, Poccua, 2008), mexayHapogHas wkona “Observing the
X- and gamma-ray sky" (France, Corsica, Cargese, 2006), Beepoccuirckme
KoHthepeHtK "ACTpObUaNKE BLICOKUX SHEDMA; CeroaHa 1 saetpa” (Mockaa,
2003, 2005, 2006}, “©uavka HenTporusix 3eresn -2005" (Cavkr-Netepbypr,
Poccun 2005), koHthepeHuma monoablx yueHeix MKW PAH {2004), cemuHaphl
WKW PAH.
Uukn pabot “MaccuBHble peHTreHoeckMe geodHuie 8 MarennadoBsix
Obnakax” NonNy4ynn NepByro MPEMUIC HA KOHKYRCE HayuHeik pabot MKW PAH
B2005T.

Mo Teme guccepTtauuy onybnvkoBado nate patorT.

Monubil  CNMCOK  TpyOOR puccepTaHTa Bkniodaet 9 pabor B
pecepupyeMbiX U3AaHUAX U 3 aCTPOHOMUYBCKUE TERErpaMMb.

Cmpykmypa duccepmayuu

OuccepTaums COCTOUT U3 BREAESHWS, NATK A, 3aKMYeHUs 1 cnucka
MCNONL30BAHHOM nuTepatypel. O6vem gucceptatin — 131 cTpasuua, B Tom

yucne 37 pucyHkos W 4 Taﬁnwubl Crncox nutepaType! copepwut 140
CCBINOK,

Copepxanue paboThl

Bo Beedenuu pfaeTca KpaTKoe onncaHwe npobnem, 3aTpoHyTbiXx B
auccepTaui v GGOCHOBLIBAETCA aKTYanbHOCTE AaHHOR paboTsl.

flepaaa anasa pMccepTauni NOCBALIEHE MABHTUUKALMK NONyAALAY
MACCUBEHLIX PEHTIEHOBCKUX ABoUHLIX B Marennanoseix Obnakax v cocrout
M3 YeTbipex pa3gencs W npunoxedns. B nepsom paszdene onucbiBaAKTCH
HaGnwogenua obcepeatopuin XMM-Newton, ucnone3osasdele B paBorte u
mercaet  ux  obpabotku.  [ToApoBHO  CRMCLIBASTCA  AOCTUTHYTan
YYBCTBWUTENEHOCTL CB30pa U MEeTOA KOppeKLuW Ha HenonHoTy. Bo smopom
paadene uwccneayeTca npyupoaa PeHIrernoBCKMA WCTOYHWKOB 8 hHanpaBneHun
Ha MarennaHoebl OGnaka. [1oka3aHo, 4Te nogaenscilee CoNpWUHCTBO
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Fuc. i Pacnipedenerue  LogfN)- !og(S) Puc.2 QyHKUUR CEEMUMOCTIY MAacCUeHbLIX
PEHMZEHOBCKUX LCMOYHUKOS penmecrosckux  deotivelx o Manom
HANpasAeRUY Ha Bonkwoe Maeennah‘oso Mazennanogor  Obnake Mo GannbiM
Obrano no dauHem oficepeamopuu XMM-  obcepeamopuil XMM-Newton (ennounias
Newton. Omdeneno  fokasanst exnalsl  sucmozpammal o ASCA  fumpuzogas
MECCUEHLIY  peHmMEeeHogorUX  CROfHKIX,  BuCmospammMa). SatumpuxosaHHan
Somurupyrowiux Ha GonsiUX QOMOKax ¢ offacms  NoKasueéem  apedckazadus
ARTITUEHLIX adep 2anakmuK, YHKUUL CEemuMocml U3 pabomsr pumm
AOMUHUPYROLUXN HE MAfLE TOMOKEX. U dp. (2003). Ee wupuna omparxacm
HeonpedeneHHocms g memne
3ceadeotpazosanun & MMO.

WCTOMHUWKOB B HANPABASHWMW HA BTW ranakTuki A8NS0TCH aKTUBHEIMKW A pam:
ranaxkTuk (ASIl}, a MacciBHbI® PEHTTEHOBCKUE ABORHLIE COCTABNADT TONLKO
Many Jon B NONYNAUAM PEHTIEHOBCKMX WMCTQUHWKOR. 3TO QYEBMOHO W3
kpusex nogeveta (log{N)-log(S)) (puc.1) u olgHoK, OCHOBaHHLIX Ha 06G30pax
BHEranakTu4eckoro dioHa v cornacyerca ¢ rnpeackazadvamd  diyHRUKA
CBETUMOCTM  MACCMBHbLIX  PEHTIEHOBCKWX  ABOMHbIX, NONYMEHHOA K3
HaBnroaeHni obcepraropuei Chandra aseageobpasyiollix ranaxtii (Tpums
W gp. 2003). Tpemud pasden nNoOCBAWEH WAEHTURUKAUVM MACCHBHLIX
PeHTreHOBCKUX [OBOWHBIX HA (hOoHE NPeBOCXOAAWER nonynaumuu AHC
OnTHyECkoe ManyveHue MaccuBHOW peHTreHoBCKol AsCHHOA onpegensercs
M3nyHeHnem 3pesgbl-koMnanboHa. Takim obpasom, Ucnons3ys oXuaasMble
CBOMNCTBA NOCNEeAHWX W faHHblie ontvdeckux W WK KaTanoros, MOXHO
BbIAENNTL MACcCUBHEIE PEHTIEHOBCKME ABOWHBIE CPEAM MCTOMHWKOB APYINX
KNaCccos. Mpy NOMOULM 3TO npoyeayps! 6&I10 oToOpaHe 28 MCTOYHIKOB B
BMC 1 50 8 MMO, u3 koTopsix 9 1 32 COOTBETCTBEHHO KNACCUDULMPORAHLI
Kak HafexHble MACCUBHble DEeHTreHOBCcKWe nfsoliHele. B wemsepmom
pasfene oBCYWOAOTCS MONYYeRHbIe peayneTartel. [lokasaHo, 4To 4ueno
MACCHBHLIX PEeHTreHOBCKMX ABOWHBIX B Bonbwiom Marennanosom Q6Gnake
COrMacyeTcss C MPeAcKal’aHuAmMit YHUBepCcansHef yHKUMK  CBETHMGGCTH
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MACCUBHbIX PEHTTEHOBCKMX [BOWHLIX W+ Temne 3Be3noobpasoBaHus,
NONYYEeHHOM MO CTaH4apTHbIM uHAMKatopaMm. B To xe Bpemsa, wuucno
MacCWBHBIX PEHTTEHOBCKMX ABOMHbIX B MMO CyuiecTtBeHHO npeBocxoanT
NpeacKa3anua, OCHOBAHHLIE Ha TeMNe 3Be3n0obpa3osaHus, NONYYEHHOM NO
ceetumoctu B Hy, YO, panekom WK guanaszoHax (puc. 2). OpHako ecnu
UCronb30BaTe TeMmn 3Be30000pa3oBaHuA, OCHOBAHHLIA Ha  adanwuae
avarpamMmm uBeT-CBETMMOCTb, TO COrllacue BoCCTaHapnupaetcs. [oeBefeHue
MYHKUMN  CBETUMOCTU MACCUBHBIX PEHTFEHOBCKUX [OBOWHBLIX B Lenom
COrnacyeTcs € NPeackasaHuaMu yHUBEpPCanbHOW, OAHAaKo Ha  MarblxX
CBETUMOCTSIX €CTb CBMAETENbCTBA HeOOCTaTka MCTOMHMKOB. B gaHHOM rnase
Takke obcyxaaerca kpvBas noAcyetos AAl B HanpasneHun Ha MO.
MokasaHo, YTO OHa COTNACYETCR C KPUBbIMW NOACYEeTa B Apyrux ob3opax. B
MPUNOXEHUU PACCMOTPEHbl HEKOTOPBbIE aCneKTbl KPOCC-KOppensuun AByx
KaTanoros.

Bmopass enasa guccepraumu  MocBALUEHA BNUARWKD  addekTa
nponennepa Ha yHKUMIO CBETUMOCTU MACCUBHLIX PEHTTEHOBCKUX ABOMHbLIX
M COCTOUT U3 [iBYX pa3fnenoB. SdekT 3akrtovaeTca B OCTAHOBKE akkpeuuu
UeHTpobexHON CMNoin Bpawalwencs MarHmTocdepbl HEMTPOHHON 3BE30b!
(WnnapuoHos u Cionses, 1975). B nepgom pasdenie paccynTbiBaeTCA, Kak OH
BNMSIET Ha MYHKUMIO CBETUMOCTW MACCUBHbLIX PEHTTEHOBCKUX LBOWHLIX M
NOKa3biBaeTCsl, YTO OH AOMMKEH NPUBOAUTL K HEAOCTATKY MCTOYMHUKOB ©
mManbiMi - ceetumoctsimi,  Lx<10®®*  apr/ic. Bo emopom  pasdene
NPOV3BOAUTCA CpaBHEHWEe NpeackazaHuii ¢ HabropgaemsiMu hyHKUUSMK
CBETMMOCTU MAaCCUBHbIX PEHTIEHOBCKMX OBOMHbIX B MarennaHosbix
Obnakax. lokazaHo, 4TO Ha MarlbiX CBETUMOCTSIX eCTb CBUAeTENbLCTRA
HepocTaTka MCTOMHWKOB B cornacuu ¢ npeackasanuamu mogenn. OpHako
O TOro, 4ToOblI caoenath HageXHble 3akndeHusi, HeobxoAumsl Bonee
rnybokuMe Habnoaexus, T.K. B pacCMaTpuMB3S&MOM Auana3oHe CBETMMOCTEN
BenuuuHa adpexTa HeBenuka.

B mpembell eanage dJuccepmayuu UCCNegoBaHa CBA3b  Mexay
nonynAuMen  MacCWBHbIX  PEHTFEHOBCKUX  [ABOWHLIX W HE[3BHUM
3se3noobpasoBannem B MarennaHosbix Obnakax. OCHOBHbBIM Pe3ynbTaToM,
nonydyeHHsIM B 3TOW 4acTu paBoTtel, NBRSIETCS 3@BUCUMOCTL  4uCna
MACCUBHbIX PEHTFEHOBCKMX ABOMHbLIX OT BPEMEHW, Npolueatuero ¢ MOMeHTa
3gesnoobpasoBanna, Nuyuxs(t). Mnasa coctomt M3 3 pasgenos. B nepsom
paszdene obCYXOaeTCs SBOMIOUMA  YMCNA  MAaCCUBHBLIX  PEHTTEHOBCKMX
DBOWHBLIX NOCnNe BCANLIWKKA 3Be3goobpasosanus U pacCcMaTpUBaOTCH
hakropbt, Bnusaoive Ha Hee. [okasaHo, uTo ee HeobxoaAUMO YUUTHIBATE NpKt
WCCNEQ0BaHUM  MaCCUBHBIX PEHTIEHOBCKUX OBOWHBIX B UHAMBUAYANLHLIX
3Be3/HbIX CkonneHuax. Ha npmmepe BMO npogemoHCTpUpoBaHo, YTO OHa
NpUBOAWUT K TOMY, 4TO fMHERHas CBSR3b MeXdy 44CNOM 3STUX CUCTEM U
TEMNOM 3Be30000pa30oBaHus B 3Be30HbIX CKONNeHUsax HeobasaTensHo



Puc. 3. Vicmopust
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Puc. 4. 3asucumocms yucna
MacCuBHbIX PEeHMeEeH08CKUX
4 080UHbIX om 8pEeMeHU,
npowedwez0 c MomeHma
38e30006pasogaHus  (MoYyku ©
owubkamu). CnnowHas Kpueas
nokassigeaem rnosedeHue memna
ecrnbiek  ceepxHoseix  ll-020
muna. [lee eepmuKansHbie nUHUU
ompasxarom epemMeHa
cpopmuposarus nepeoli yepHol
, Obipbl U nocnedHell HelmpoHHOU
! 38€30bI, NOCYUMaHHbIe 8 pamKax
e ] cma+HdapmHol meopuu 38omoyuy
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10 100 HelmpoHHbIX 38830 ¢  Be
T, ML 3eT komnaHboHamu (llonoe u  Op.,
1998).
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ABNSeTCA  YHMBEpCAnbHOW M MOXET Hapywatbcs. [lokasaHo, u4To
pacnpefeneHve MacCMBHbIX PEHTIeHOBCKMX [ABOWHLIX no ofnactam ¢
paznuuHbIMU MCTOPUAMW 3BE34000pa308aHus MOXHO UMCNONL30BaTL ANS
BoccTaHoBnernus  3aBucmoctT  Nywxa(t). Bmopod pasden nocesilieH
BOCCT@HOBMEHWI0O HeAaBHeW® ucTopuu  3Be3foobpasoeaHust B Manow
Marennanosom Obnaxe. ViccrienoBassl pasnuyHble (hakTopbl, BAnsowme Ha
TOUHOCTb 3TOM NpoueAypbl U NOKa3aHo, YTO OCHOBHYIO HEOMNpPeAeneHHOCTb B
Hee BHOCAT HETOMHOCTW MOAenell 3BOMIOUMKM MACCUBHBIX 3Be3n. [yTem
annpokcumauum HabniogaeMbix Avarpamm UBET-CBETUMOCTb MOAENbHBLIMU
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U30XpOHaMu nomnyveHa uctopus 3sesnocobpasosaHns B MMO 3a nocnepgHue
100 mnH. net (puc. 3). B mpembem pa3zdene nytem cpaBHEHWs!
pacnpegeneHns MacCUBHLIX  PEHTFEHOBCKMX  ABOWHBIX B MMO ¢
NpPOCTpPaHCTBEHHO-pa3PELLeHHOMN uctopuen 3Be3noobpasosaHus,
BOCCT@HOBMEHO NOBELeHWEe MX YUCNA KaK (DYHKUMWM BpemeHu, npoweguiero
nocne BCMbILKU  3Be3fcobpasosanHua (puc.4.). lonyyeHHaa 3aBUCUMOCTb
cornacyeTcst c CYLLECTBYIOLWLUMM npeackasaHusiMm mopaenei
nonNynAUVOHHOIO CYHTE3a, PacCuuTaHHbLIMU Ana nepsbix 20 MNH. NeT nocne
BCNBILWKM 3Be3006pasosanust (puc. /5,") NHTepecHo, UTO YUCMO MaCCUBHbLIX
PEHTIeHOBCKUX ABOWHBIX OOCTUraeT Makcumyma ToNnbKo yepes 20-50 mnH.
neT nocrne Benblwky 38e38000pa3oBaHns, a KoNMHECTBO MOMOALIX CUCTEM C
YepHbLIMU AblpamMy 3aMeTHO MeHbLUe, YeM MOXHO Obing Obl oXuaaTb Ha
OCHOBE Temna BCnbiliek cBepxHoBbIX H-0r0 Tuna. Tlonynauus MacCcuBHbIX
PEHTTEHOBCKUX ABONHLIX B MMO aBnsieTcs . cpaBHUTENLHO CTapoil B cuny
cneuncdukn  uctopun 3Be3foobpasoBaHua  3ToW ranaktukn.  OuyeBuAHO,
NonyyeHHble pesynbTaThl MOXKHO UCNONbL30BaTh ASSt NPOBEPKU W KanubpoBKu
Mofefieil MoNynsIUMOHHOTO CUHTe3a U, Takum obpa3oM, NposicCHEeHus
Pas3nU4YHbIX acCNeKTOB 3BOMIOUMU ABORHBIX.

Yemeepmasi 2nasa  AuccepTauuMu  NOCBsLLEHA  NPOABASHUIO
cnupanbHOW CTPYKTYpbl B pacnpeaeneHWn MAaCCUBHbIX PEHTIEHOBCKMX
ABOMHBLIX U COCTOMT M3 [BYyX pasgenoB. B nepsom pasdene obGcyxkaaeTcs
NpOsiIBNEHWEe  CNWUPanbHOl  CTPYKTYpbl B Pa3nuuyHLIX  UHAMKATOpax
aBe3pgoobpasoBaHua.  FlocTpoeHa npocTas  kuHemaTudeckas  MOoAenb,
nokasbiBawowas, 4TO BCNeACTBUME TOrO, YTO MONYNAUMA  MACCUBHbBIX
PEHTTEHOBCKUX [BOUHBLIX 3aBUCMT OT Temna 3sesfoobpasonanus,
npovicxoavBLiero ~5-60 MnH. neT Ha3an, vX NonoXxeHue He ByaeT coBnagaTb
CO cnupanbHON CTPYKTYpOIl, HabniogaeMon B TPaAWUUMOHHBIX UHAMKaTopax,
Hanpumep, B nuHuum Hy (puc. 5). Bo emopom pazdenie, wcnosbays
HabriogeHus M51 obcepsaTopuein Chandra, u3ydeHo pacnpegeneHve
pPasnNUuUHbIX KNACCOB PEHTFeHOBCKMX UCTOYHUKOB OTHOCUTENBHO CMUpanbHbIX
PYKaBOB 3TO ranakTuku, Habnoaaembix B MHUKM Hy (puc. 6) MNokasako, uto
Xapaktep  pacnpefeneHns  MacCWMBHbIX  PEHTTEHOBCKUMX  OBOWHbIX
OTHOCUTeNbLHO Aapkux obnacted HIl coBMecTum ¢ npeackasaHwsMu Mogenu.
Taxxe npefckasaHo pacnpefeneHve MacCUBHbBIX PEHTTEHOBCKUX [BOUHBIX B
Hawen ManakTuke U NpoaeMOHCTPUPOBAHO, YTO OHO MOXET CYLIeCTBEHHO
OTAMUATLCA QT  pacnpepeneHuil  Takux  MONOALIX  0ObLEKToB,  Kak
ynbTpakoMnakTHele obrnactu HII.

Mamasi  2naea auccepTauuy  MOCBALEHA  OfPaHUMEHUSIM  HA
CBETUMOCTb LIEHTPanbHOrO UCTOMHUKA B OCTaTKe OT BCMbILWIKWA CBEPXHOBOW
SN1987A no pAaHubiM obcepeatopuit XMM-Newton u WHTEMPAN,
MOMyYEeHHBIM B  PaMKax UCCAEQOBAHWR  NONYNAuMu  PEHTIEHOBCKNX
nctouHukos 8 BMO. OHa cocTOUT M3 OLHOrO pasfena, B KOTOPOM onucaHa
npoueaypa nonyyeHus BepxHero npegena u obcyxaaloTes nonyvyeHHoble
pesynbTatel. Mo gaHHeiM XMM-Newton nonydeH BepxHuit npeaen Ha



Puc. 6. CnupanbHas cmpykmypa 8
pacnpedenexuu MaccugHbIxX
PEHM2EeHO8CKUX  O8OUHbIX. Pastbie

Kpusbie coomesemcmeyiom o6bekmam ¢
eo3pacmamu 10, 20 u 40 mnH. nem.

YepHasa Kpueast noKa3sni8aem MoflIOKeHuUe
obnacmu mekyujeao
3s8e3000b6paszosarusa, Kpye - paduyca

kopomauyuu. Modens nocmpoena 0Onsa
napamempos zanakmuxu M 51.
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Puc. 6. Pacnpedenenue paccmosiHull 00
6nuxatwel  cnupansHol  eemeu  Ons

maccusHbix peHmeenosckux 08olkbix (HMXB;
wupokKas aucmoapamma) U Aapkux obnacmel
Hil (obpamuasn wmpuxoeka, y3Kas
eucmoepamma) 8 M 51 no  QdaHHbIM
obcepgamopuu  Chandra.  Pasmsimocms
aucmozpammbl onsa MaccusHbIX
PEHM2EHO8CKUX O80UHbIX, 8EPOSIMHO,
fenaemen  cnedcmeuem bonblezo
cpedHezo gozpacma.

ux

CBETUMOCTL UEHTPANbLHOIO WCTOMHWMKA B guanasloHe gHeprun 2-10 k3B

Lx<5*10* apric.

MokaszaHo, 4TO onTUYeckas ToNlla pacwunpsioLlencs

obonouku Bce eule BEnUKa B 3TOM Auana3oHe SHepruil, HO JomkHa ObiTh
3HAYUTENLHO MEHbLIE B Auana3oHe aHepruin teneckona IBIS obcepBaTopum
WHTEMPAN, rae sepxHuit npeaen coctasnseT Lx(20-60 kaB)<1.1*10% spric.

Take N0 AaHHLIM 0DcepBaTopuu

MHTETPAJ 6bin noctasneH BepxHUN

npenen Ha vykneocuHtes Ti, M(*Ti)<10 M,.
B 3ak1o04eHUU NepednCieHbl 0CHOBHbIE Pe3yNbTaThl, NONYYEHHLIE B

AnccepTaunn,

OcHOBHble pe3ynbraThbl, BbIHOCMMbIE Ha 3aunnTy

1. Ucnonbays

OaHHble apxusHbiX HabniogeHuih obcepsaTopum XMM-

Newton u ontudeckux n UMK katanoroe, NOAyYeH kaTanor MacCUBHbIX
PEHTTEHOBCKMX ABOMHbLIX B MarennaHoeeix Ob6nakax. Wccneposana

NONHOTA NOy4YeHHoro

Karanora.

MokasaHo, 4TO B o06nRacTax,



Habmoaaswnxca obcepsatopuein XMM- Newton oHa npesbiageT 70 %
ANS UCTOYHMKOB CO CBETUMOCTsSIMU Bonee 10%pric.

2. Wccheposado  sRvsHue atbcpexTa nponennepa  Ha  QYHKUMO
CBETUMOCTW MACCMBHBIX PEHTTEHOBCKMX ABOWMEIX. [loxazaHo, 470 OH
ACMYEH NPURCANTL K aediiunTy WCTOMHMKOR 8 oDnactv mansix
cetumocTell  1x<10™*  sprfc. (lonyuyenHsle  npepckazadis
CpABHMBANTCA C NOBEOEHMEM C]JYHKLI,HM CBETUMOCTH WMACCHBHEIX
PEHTreHOBCKUX OBOMAHBIX B Marennavoewix Obnakax B 0BRACTM ManbixX
CBETUMOCTEA.

3. MaydeHa cBR3b NONYNALMM MACCHBHBIX PEHTIEHOBCKMX ABONMHBIX ©
RefgasHyM  3Be3foobpaszosanvem B Marennauoebix  Obnakax,
Wiccnenosadet rpadvlbl DPUMERMMOCTU  NWHERHOTD  COOTHOLWEHMA
Niaxe=A*SFR. Ha ocHOsaHwn aHanuaa pacnpefdenstHus MaCcCUBHbIX
DEHTIEHOBCKMX OBCHAHLIX [0 3Be3fHbM. KoMnnekcaM MarennzHoesix
Obnakos nonyyeHa 3aBUCUMOCTb nonynALMK MaCCUBHbIX
DEHTITEHOBCKKX ﬂ,BOﬁHbIX OT BpEMEHW, ﬂpOLUGﬂUJ'BFO nacne BCNbLWKW
38230000paA30BARMA.

4, Mo pavHbiv obcepeatopuid XMM-Newton w MIHTETPAD nonyqed
BerHH]ﬁ npeen da CBeTUMOCTL LeHTpaneHOrD MCTONHUKE B OCTATKE
B8CNbiluKKM ceepxHoBoi SN 1987A. Mokasano, 4T onTwdeckas Tonwa
obonoukk Bce el Benuka B Awanai3gde  aHepivuid  npuBopos
obcepearopyy XMM-Newton, Ho gormkHa ObiTh 3HAYMTENbLHO MEHbLE B
AvanazoHe sHeprnid Teneckona IBIS obcepsaropun MHTEMPAI. Takum
oBpason, nonyderHoe 3vadeHue, Lx{20-60 kaB)<1.1*10% aprlc,
OrPAHUMUBAET WUCTUHHYID CBETUMOCTb MONGAQRTO KOMNAKTHOTe oDbekTa
W ABNAETCH Haubolee CNBHLIM NPSenom Ha Hee.
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