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IMTAMATHU OJPYTA

PO1LITO y>Ke 6ObIIIe IBYX JIeT, KaK OT Hac

ywén Mumia PeBHMBIIEB, HO OLIYLIEHME
OTPOMHOII TMOTepM He IMOKUMAAeT U IO ceil
meHb. Jlo cux mop He BepUTCA, 4TO 3TO CIy-
4nnoch. KaxkeTcs, 4To OH NMPOCTO B HONITON
KOMaH/MPOBKe...

Mumra 6bUT yIUBUTENIbHBIM Ye/IOBEKOM, Ore-
CTAIIMM Y4EHBIM, HOTPACAOWINUM IPYroM
u Komreroit. O6béM ero sHaHUIL 1 HEBEPOSIT-
Hasl pabOTOCIIOCOOHOCTD MIPOCTO MOPAXKAIIIL.
OH ObUI reHepaTOPOM OTPOMHOTO KOJM4e-
CTBA HAYYHBIX MJell, KOTOpbIe He TOTbKO CaM
peanusoBbIBal, HO 1 LIEfIPO EIUIICA C HAMI,
COBEPIIEHHO UCKPEHHE flapsl OTKPBITUSA U HO-
Bble Pe3y/IbTATHI. VI OH COBepIleHHO MCKpeH-
He pajioBajICsa 3a YCIleXM ¥ CBOMX Y4EHMKOB
U KOJIZIET, IV 3TOM HMKaK He IIOKa3bIBasi, YTO
YacTO B 9TUX yCIeXaX ero BK/IaJl ObIBA/l OUeHb
BEJNK.

YIMBUTEbHO, HO OYAYUYM COBCEM €lllé MOJIO-
IbIM, MuiIta cTan ofHMM 13 K/TI0UEBbIX TIofiel
B OTHene acTpO(USUKM BBICOKUX SHEpruil
MK PAH. C HUM cOBeTOBaNINUCh MPAKTU-
4eCK! M0 BCeM BOIIPOCAM, ero MHeHue ObIIo
O4YeHb Ba)KHO, YacCTO CTAHOBSACH OIpefesns-
IOLIMM II0 TOl MM MHON mpobmeme. VI 4to
YOMBUTEIbHO, MMIlIa MOT BbIpaXkaThb 11 OTCTa-
UBaTb CBOE MHEHIE TAK, YTO 3TO HE BbI3bIBATIO
Y IPYTUX OTPUIIATETbHBIX SMOLIMIA

IN MEMORY OF A FRIEND

ore than two years have passed since

Misha Revnivtsev left us, but the feeling
of a huge loss still does not leave. It is still hard
to believe that this happened. It seems that he
is just on a long business trip...

Misha was an awesome person, a brilliant sci-
entist, an amazing friend and colleague. The
amount of his knowledge and incredible per-
formance just amazed. He had created number
of scientific ideas, which he not only realized
himself but also generously shared with us,
open-heartedly giving away new results and
discoveries. He was very happy for the suc-
cesses of his students and colleagues, never
demonstrating that his contribution to these
successes was often crucial.

Being still young, Misha became one of the key
people in the High Energy Astrophysics De-
partment of IKI RAS. Colleagues would con-
sult with him on almost all issues. His opinion
was very important and often was decisive for
various problems. Amazingly, Misha could
express and defend his opinion in such a way
that it did not cause negative emotions from
his opponents.
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K Muie mpuiia m MUpPOBasi M3BECTHOCTD,
IIPECTVDKHbIE POCCUIICKME VI MUPOBbBIE Harpa-
pbl. Ero 3Banmu menaTh JOK/IaZbl Ha MPECTVK-
HBIX MEXAYHApOIHbIX KOH(bepeHLU/I}IX, €ro
ABTOPUTET B MEXAYHaAapOAHOM HayYHOM MUpE
BO3pacTall Ha I71a3aX, OH y4aCTBOBAa/ B KPYII-
HeJmux npoekrax. Ham Bcem kasanoce, 4TO
Oynyiee My Kak Hay4HOTO JIUEpa MUPO-
BOTO YPOBH:A, KOTOPBIM OH YK€ M CTaJl, IIPO-
CTO IPENONPENENEHO, OH JOKOMOTUB U OC-
HOBa HaIIMX I/IJICI?[, IIPOEKTOB, YTO BIIEpENN
HEM3MEPVIMO MHOI'O HOBDBIX I/IJIeI‘/‘I, pe3ynbra-
TOB, CIIOPOB, ¥ BMECT€ C T€M >KM3HU, TaKOMN
IIPOCTOI U TIOHATHOIA.

Ho Bc€ namenmnoch B Te 3710CHaCTHBIE MeCS-
upl Havama 2015 ropa, xorga Muine 65T 110-
CTaBJIeH Y>KacHbIN nuarxos. Ho maxe mocme
9TOTO BEPUTIOCH, YTO Mulira mo6ennT u 37ech.
Y MeHsI B 9TOM HPOCTO ObUIa YOKIEHHOCTD.
B To BpeMs MBI HamMCaIM HECKOIBKO CTaTell,
POAO/DKaIM paboTaTh Hal HOBBIMM WCCTIe-
IOBaHUAMM, KOTOpBIe OH mpemnoxut. Ho 60-
JIe3Hb BCe-TaKM OKa3ajiach CUJIbHEE. ..

TpeTnero mas 2019 roga Muiiie MCIOTHUIOCH
661 45 net. Bospact paciseTa cui, TBOpdUe-
CTBa, IVIAHOB Ha Oypylee. ..

B mamare o Mumte, fipyre u BbIJarouieMcs
Y4€HOM C MUPOBBIM MIMEHEM, MBI PELIVIIN U3-
IaTh 9Ty KHUTY, B KOTOPYIO OBl BOLIN CaMble
APKUE €T0 Pe3ybTaThl, IPOCThIE U IIOHATHbIE
BCEM OODBSICHEHMA CIIOKHENMIINX Bellell, KO-
TOPBIE OH Cfie/Ia/l B HAYYHO-TIOMY/IAPHbIX CTa-
TbAX, BOCTIOMUHAHNA IPY3€eil U KOJIJIET, IHTe-
pecuble GakTs 1 poTorpadpuu U3 ero KI3HIL.

Anexcandp JIymosuros
npodeccop PAH, 3amecturens aupexTopa
MHcTuTyTa KOcMIyecKknx uccnegosanmii PAH

At some point, fame and prestigious awards
came to Misha. He was invited to make, pre-
sentations at major international conferences,
his authority in the international scientific
community was quickly growing, and he
participated in major astrophysical projects.
We all thought that Misha’s future as a world-
class scientific leader was predetermined, that
he would continue to be the engine and basis
of many more ideas, disputes, results and proj-
ects, and that his vivid life would continue for
a long time.

But that all changed in those ill-fated months
at the beginning of 2015 when Misha learned
about his terrible diagnosis. Nevertheless, we
all hoped that he would win this battle.I was
confident that it would happen. Even during
this difficult time, we wrote several papers and
continued to work on new studies proposed
by Misha. But the disease turned out to be
stronger. ..

On May 3%, 2019, Misha would have turned
45 years old. Age of bloom, creativity and for
the future...

In memory of Misha, a friend and an out-
standing scientist, we decided to publish this
book, which includes his most significant re-
sults, simple and understandable explanations
of the most complex concepts that he present-
ed in popular articles, memories of friends and
colleagues, interesting facts and photos from
his life.

Alexander Lutovinov
professor RAS, deputy director
of Space Research Institute of RAS
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MUXAWITEHHAJOBEBIY PEBHVIBIIEB
3 mas 1974 — 23 Hos16ps1 2016

uxann Pepnusues pomuics B 1974 rony B TonbATTu B ceMbe paboTHMKOB Bormkckoro
AsrosaBopa. B Tonmpsartu popurenn npuexany usz Capartosa B 1972 rony.

Muia poc o4eHb CepbE3HBIM, JOMAIIHUM MaTb4MKOM. YYW/ICA B MIKOJIE IIPUIEXHO M OTBET-
CTBeHHO. UnTaTh Xy[0>KeCTBEHHBbIE KHUTY MIOHAYaTy He OUeHb JII0OMII, a BOT YYeOHNUKI CTap-
1eit cecTpbl JIeHBI IO MaTeMaTHKe, GU3MKe U MICTOPUM IIPUTATUBAIY €TI0 C YeTBEPTOTO KIIacca.
B cepbMoM Kitacce OH pelliaj 3ajjady CTaplieKaacCHuKaM. V3 sxypHana « OHbII TeXHMK» pelra
3agaur MOTU, cran yBreKaTbcs acTpOHOMMEN.

B 6CCCJIC C MECTHBIM M3BECTHDBIM JKYPHATINCTOM, IIOC/IE MOMYyYEHNA IIpEMNUN ITPpE3NIEHTa, OH
TaK CKa3a/JI IpO MaTEMATHUKY: «CTOUT TONBKO HaYaTh IIOHMMATh SI3bIK MAaTEMAaTUKU — W ThI IIpo-
nan. Ecnu 3ajiada CJIOKHasA, Thl pelllaclib eé, Ty7saA 110 yInLe, pa3roBapuBas € Jpy3biAMU, JaXe
BO cHe. OHa 3BYYNUT B Tebe Kak MY3bIKa, MHOT/Aa KaK HaBA349MBas METOANA. Ho Korja npuxoguT
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peuienne (Bcer,ua KaXKETCA, 4YTO BHQSaHHO) — 9TO KaK HpKI/H7I CBET B TEMHOTE, 9TO BOCTOPT, C KO-
TOPBIM, IIO-MOEMY, HUYITO HE CPABHUTCI».

C mepBoro xmacca Muia 6bU1 OIpefie/IéH U B My3bIKa/IbHYIO LIKOJTY, HO FaMMBI, KaK 11 CIIeLU-
ampHOCTD (poprenmano) He mob6WIL. [Tpo My3BIKaIBHYIO KOy TOBOPUI TaK: «5I OB KOHEYHO,
JTydllle CUJieNl 3a pellleHyeM 3afiad, 4eM 3a IMaHnHo. Ho MHe oueHb HpaBmIach arMocdepa My-
3BIKAIKN. TaM pebsiTa CUIBHO OT/IMYANCE OT JieTeil 0OBITHOI 0611Ie06pa30BaTeNbHON IIKOJBL.
Ony OpUIM YB/IEYEHHBIMY, TBOpYecKUMMU. KaXK/Iblil KOHIIEPT Kak 3K3aMeH. Bce B pagocTHOM
BOJIHEHW, HAPSI/{HbIE, YCIIEX Ha ClleHe — MajIeHbKas mobOefa. MysbIKa/lbHasI IIIKO/IA OTKPBIIA
MHE€ YMBUTEIbHBIN U IPEKPACHBI MUD MY3bIKIL».

K 8 kmaccy cran HEOZHOKPATHBIM HOOeANTeIeM MaTeMaTNIeCKUX 1 (pU3NUeCKUX OMMMIIAAL.
K tromy Bpemenu us nobenureneit onumnmag otuamu BA3a 601 chopmmpoBaH Kiacc, Ha 6ase
kol Ne 51. Ha ripotsikenny y4é6n! B cTapiumx Kaaccax Muina 6611 a0OHEHTOM CaMblX KPYII-
HbIX 6ub/moTek TonbsATTH, @ KOIZIAa 9TOrO He XBATWUJIO, 3aIIMCA/ICS elé 1 B 6uboreky KyitObr-
IIEBCKOTO aBMALMOHHOTO MHCTUTYTA, €341 Ha aBTobyce B KyitOblies.

Hapsapy ¢ TouHbBIMM IIpeiMeTaMM yBJIeKaiucs ucTopueit Poccum, sxoHommkoir. «Kammram»
Mapkca Kyt 1 nydain Ha 1 kypce. YeM cTaHOBMIICS TIOAKOBaHHee, TeM BbIlle eMy TpeboBa-
cs onmnoHeHT. CIIOPIIVK BBIPOC OTMEHHBIN, OTCTanBajl CBOIO TOYKY 3peHMA YIOPHO, apryMeH-
TpoBaHHo. [IpenoaBareni, B MIKOJIe elé, n36eray ¢ HUM BCTYNATh copsel. O 4éM He mpeMu-
HYy/Ia 3aMeTUTb IupeKTop mKonsl Jlo60Bb HukonmaesHa benHoBa, korna Bpydana eMy aTTecTar
0 cpefiHeM 00pa3OBaHMIL.

ITocne okonvanusa wWKobl B 1991 romy Muxanm ¢ HECKOIBKMMU OfHOK/TACCHUKAMI IIOCTYIIUIT
B MockoBckuit ¢prsuko-Texundeckuit nHCTUTyT (MOTU), Ha Kadenpy KocMudeckoit GusnKn
¢axynbrera pobdieM QUSUKI 1 9HEPTETUKIL.

B 1994 rogy, emé 6ynyun CTyIeHTOM, OH Hadan paboTars B VIHCTUTYTe KOCMMYECKUX VICCIIe-
mosanuit Poccuiickoit akagemun Hayk (VIKJ PAH) B otene acTpodu3nkm BBICOKIUX SHEPIUii,
BO3ITIaBJIsIeMOM aKageMukoM Pammpom AnmesndeM CroHAeBBIM. B To BpeMs B 0T/e/e IOMHBIM
XOJI0M 1ITa paboTa ¢ JaHHBIMU OTeYeCTBEHHOI (coBMecTHO ¢ Ppanuneit, lanueit u bonrapu-
eit) op6MTaIBHOI PeHTTeHOBCKOI 06cepBaTopun «Ipanar». MuxauI 1o pyKOBOACTBOM MOJIO-
IBbIX KaHAMAATOB Hayk Mapara PaBunbeBnya [iibpdanosa u Esrennsa Muxainosuya Uypasosa
Hayaj 00pabaTbIBaTh HaHHbIe (PPaHIY3CKOrO raMMa-Teneckorna «CurmMa» u BCKOpe IOTy4iI
CBOU II€PBbIe HayYHbIE pe3ynbTaThl. B 1997 roxy oH ¢ oTmranem 3akoH4mn MOTU n noctynmn
B acimpanTypy VUK PAH.

B 1996 ropy Ha 0K0/m03eMHOII Op6uTe Havama paboTaTh aMepUKaHCKas PeHTIeHOBCKas obcep-
BaTopus Rossi X-ray Timing Explorer (RXTE), xotopas BrepBble faa BO3MOXXHOCTD M3y4aTh
OBICTPYIO IIEPEMEHHOCTh PEHTI€HOBCKMX ABOJHBIX CUCTEM — aKKPELMPYIOLUX HEITPOHHBIX
3BE3x 1 Y€pHBIX AbIp. Muxawn [eHHagbeBUY akTHMBHO Mcnonb3oBas faHHble RXTE B xozme cBo-
el Hay4YHOIl Kapbepbl, I MHOTME U3 APKUX HAYYHBIX OTKPBITUIA, CBA3AHHBIX C €T0 MMEHEM, Clie-
JIaHBI IMEHHO I10 JaHHBIM 9T011 06cepBaropun. B 1999 ropy on ycnemno samyrin B VUKV PAH
KaHJUIATCKYIO IUCCepTaLMIo 1o TeMe «VIccrmenoBanne peHTTeHOBCKOTO U3MYYEeHMs OT aKKpe-
LIMPYIOIMX YEPHBIX [IBIP ¥ HEITPOHHBIX 3BE3/)» HA OCHOBE PE3y/IbTaTOB, IIOTyY€HHbIX IO IaH-
HbIM 06cepBatopuit «Ipanar» u RXTE.

B nocnepytomue rogst Muxann [eHHabeBIUY CBITPAT KIIIOUEBYIO POJIb B yCIexe obcepBaTopnn
ramma-nydeit IHTEI'PAJI (coBmecTHbIT IpoekT EBpomerickoro u Poccmiickoro KocMuaeckux
areHTCTB ¢ yuactieM HACA), kotopas Obla BbIBefieHa pakeToli-HocuTeneM IIpoToH Ha op6u-
Ty B 0KTs16pe 2002 roga. IIpnbopsl 06cepBaTopui MpOFOMKAIT PaboTaTh CIyCTs 16 et mocie
3amrycka. Pe3ybrarsl, monydeHHble 0 faHHBIM obcepBatopun VIHTETPAJIL, a Taxoke psif HO-
BBIX Pe3y/IbTaTOB, HOMy4eHHbIX 110 AaHHbIM RXTE, nermu B 0CHOBY HOKTOPCKOII AyccepTalum
«O630psI Heba ¢ o6cepatopuit UHTETPAJI u RXTE: mpupopa pentreHoBckoro ¢ona lamax-
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TUKM Y IEPEMEHHOCTY U3/TyYeHNA YEPHDIX JIBIP M HEMTPOHHBIX 3BE3/)», KOTOpy1o M. I. PeBHUB-
nes samuTit 8 VIKV PAH B 2006 rogy (B Bospacte 32 ner).

B mocnepgnue roppr csoeit xxusuayu M. I. PeBHUBLEB NpMHMMA/T aKTVBHOE Y9acTye B IIOATOTOB-
Ke K PEHTTeHOBCKOMY 0030py BCero Heba pOCCHIICKO-repMaHCKoil obcepBaropun «CrekTp-
Penrren-Tamma» (rmaHupyemslit 3ammyck merom 2019 roga), a Takxe ObUI MAEHBIM BIOXHO-
BUTe/IEM IpoeKkTa «MOHMTOp Bcero Heba», KOTOPBI IUIAHMPYETCS peannsoBaTb Ha OGOPTY
MeXpyHapogHOM KOCMUYECKON CTaHIMN.

3a cBou HayuHble gocTivkeHust M.I. PeuuBues B 2006 ropy ObUI HarpaXméH Mefanbio
um. f.B. 3enppoBrya MeXIyHapOZHOTO KOMMTETA IO JMCCTENOBAHMIO KOCMUYECKOTO IIpO-
CTPaHCTBa, a B 2008 rofy cTam ogHMM M3 IEepBHIX naypeaToB npemun IIpesmpenra Poccuii-
ckoit Pefepariuy B 06/1aCTV HAYKM ¥ MHHOBALMIL Il MOTIOABIX yuéHbIX. Ero (¢ coaBTOpamn)
UK paboT «O630p LeHTpaIbHbIX 00/acTeit [aMakTUKy B )KECTKMX PEHTTEHOBCKUX IyIax op-
6utanpuoit o6cepBatopuyt VIHTETPAJI — OTKpbITIE HOBBIX aKKPELMPYIOLINX HETPOHHBIX
3BE3J1 1 YEPHBIX AbIP», OMYOIMKOBAHHBII B )KypHase «[IncbMa B ACTpOHOMMYECKIUIT SKyPHAII»,
OBLI yIOCTOEH [JIABHOI IpeMuyt MeXXIyHapOLHOI aKafeMIdecKoll M3AaTe/IbCKOM KOMITAHUN
«Hayka/VIHTepniepuopyka» 3a ny4uryio nyomikanmio 2006 roga mo ¢usyuke 1 MaTeMaTyKe.
B 2016 romy on 6511 n36paH npodeccopom Poccuiickoit akagemMnu Hayk.

M.T. PeBHUBLIEB OTAABa/I MHOTO BpeMeHI paboTe cO CTyAEeHTaMM U aCIMpaHTaMMU, BOCIUTAII
HEeCKO/IbKO KaH[VJAaTOB (M3MKO-MaTeMaTn4ecknx HayK. OH 4mTas JeKIuM IO acTpodusnke
mna crynentoB MOTV, npenogasan Ha HECKONbKMUX JIETHUX LIKO/MAX JJIA MOJIOJBIX YYEHbIX-
actpodusukos. IToHMMas, YTO pasBUTIE HAYKM HEBOSMOXKHO 0e3 IIPUB/IEYEHNsT MOIOAEXI,
Muxann lennagibeBMY TaK)Ke aKTUMBHO 3aHMMAJICA MONyIApU3anyeil Hayku B Poccun, Hanm-
CaJl HECKOJIbKO HAyYHO-TIOMY/LIPHBIX Pab0T, MHOTO BBICTYIIATI C IEKLMAMY B PA3HBIX TOPOAX
CTpaHBL.
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OCHOBHDBIE HAYYHDBIE PE3YJIbTATBI M.I. PEBHVBIIEBA

3a CBOIO Hay4HYI0 Kapbepy M.T. PeBHUBLIEBBIM ObLIO OITy0/MKOBaHO 60/1ee 170 paboT B pe-
LEH3MPYEMBIX JKYpHa/IaX MUPOBOI'O YpOBH:A, HallMICAHO HECKOJIbKO I/IaB B MOHOI‘pa(l)I/IHX.
Hioke kpaTtko copMynmnpoBaHbI er0 OCHOBHbIE HAayYHbIE Pe3Y/IbTAThI U IPUBEEHBI OPUTH-
Ha/IbHbBIC TE€KCTbI TpéX HaI/I6OHee 3HAa4YMMbIX Hay4IHBIX CTaTeﬁ, BO MHOT'OM OIIp€eNMBIINX pa3-
BUTHE LIeJIBIX 00/1acTelt aCTPODUSUKIL.

. IIpenmo>xen MeTo[, paclio3HaBaHV A HEMITPOHHBIX 3BE3N M YEPHBIX JIBIP IO IIEPEMEHHO-
CTHU VX PEHTT€HOBCKOTO M3/Ty49eHNsI Ha MWIUIMCEKYHAHBIX Macurtabax Bpemenn. C mo-
MOIIIBIO paspaboTaHHOrO MM MaTeMarndeckoro ammapata M.T. Pesnusues obpaboran
OrpoMHBIT 00BEM MHpOpMALUK, TOTydeHHOI opburaabHOil obcepsaropueit XTE
uM. Poccn i1 HECKObKUX JIECATKOB PEHTTEHOBCKMX JBOJHBIX CUCTeM. BbIABIEHbI CY-
LIECTBEHHBIE OTANYMA B CIIEKTPAX MOIJHOCTY HEITPOHHBIX 3BE3]] 1 YEPHBIX JbIP, CBA-
3aHHbBIE C OTCYTCTBMEM Y IIOC/IEAHUX TBEPHON IIOBEPXHOCTH, YTO ITO3BOJIAET BELIECTBY,
HepeTeKAoIIeMY CO 3Be3/IbI-KOMIIAHbOHA, IIPOBA/IMBATHCS TIOJ TOPU3OHT COOBITHIT Y€p-
HOJI IBIPBI, IPEACKA3AHHBII 0011l TeOpuet OTHOCUTENbHOCTI JIHIITEeHA.

. C noMmolIpi0 pa3paboTaHHOrO MM MeToAa (ypbe-CIEKTPOCKOINN BIEPBble HATEKHO
PpasfeneHbl M M3y4eHbl KOMIIOHEHTBI PEHTTEHOBCKOTO U3TyYeH s, CBA3aHHBIE C U3/TyYe-
HYIeM aKKpeLMOHHOTO [YICKA ¥ IIOTPAHIYHOTO CI0S (CI0S pacTeKaHNA) Y TIOBEPXHOCTH
HEIITPOHHOII 3Be3[lbl B Ma/IOMacCUBHBIX PEHTT€HOBCKUX ABOMHBIX cucremax. [lokasa-
HO, YTO M3JTydIeHNe IIOTPAHIYHOTO C/I0sI CYIeCTBEHHO O0sIee )KECTKOE I ITepeMeHHOe Ha
MWUIMCEKYH/IHBIX M CEKYHIHBIX MacIITabax BpeMeHU. DI pe3y/IbTaThbl CYI[eCTBEHHO
YIy4ILINTU TIOHUMAHMe, KaK IIPOMCXOUT aKKPeLys BellleCTBa Ha cl1labo3aMarHIeHHbIe
HEIITPOHHBIE 3BE3IbL.

. ITo manubIM KocMmdeckux obcepBaropuit IHTEIPAJI, HEAO (High Energy Astronomy
Observatory) u RXTE To4HO n3MepeH CIIeKTp KOCMUYECKOTO PEHTT€HOBCKOrO (poHa —
CYMMapHOTO M3/Iy4eHMsA BCEX CBEPXMACCUBHBIX YEPHBIX AbIp BO Bcenmennoii. Ilo man-
HBIM 0630poB Bcero Heba obcepsatopuit IHTEIPAJI n RXTE ocyujecTBiena «imepe-
MICh» aKTUBHBIX sifiep TAIAKTUK B O11M3KOI BeelleHHOI 11 OKa3aHo, YTO IleHTpanbHast
CBEpXMacCMBHAA 4€pHasA JIbIpa Hamiel [aakTuKyM aKTMBHO IIOIVIONA/a MEX3BE3JHOE
BEIeCTBO ¥ M3/Ty4asaa SHEPIMI0 HECKONbKO COTEH JIeT Hasafl. DTU Pe3yIbTaThl Cylle-
CTBEHHO JJOIIOJIHIIN KapTUHY (POPMUPOBAHMSA U POCTA CBEPXMACCUBHBIX YEPHBIX JbIP
B SI[pax TallaKTUK.

. Pertea MHOTOJIETHSISI 3aTa/fKa IPUPOJBI «PEHTTEHOBCKOTO xpebTa lamakTnkm» — mpo-
TSDKEHHOTO PEHTTEHOBCKOTO M3TydeHns Bonb Mieunoro ITytu. ITo gaHHBIM 0630pOB
Bcero Heba obcepBatopuit MHTETPAJI u RXTE, a TakXe OpraHM30BaHHbIX 110 3a51B-
ke M.T. PeBHUBIIEBA YHIKA/IbHBIX CBEPXITTyOOKIX HAOMIONEHNUIT [IEHTPAIbHOI 06/1acTn
Ta/aKTHKM KOCMMYECKMM TelecKormoM «YaHApa» IIOKasaHO, YTO MU3IydeHMe «Xped-
Ta» IPAKTUYECKU LEMKOM CK/IaJIbIBAETCA U3 HEBUMMBIX 110 OTHENbHOCTY CUTHAJIOB
OT MIWIIMIOHOB CTa0BIX PEHTTeHOBCKMX UCTOYHMKOB — aKKPELVPYIOMINX Oe/IbIX Kap/m-
KOB 1 3BE3]] C BBICOKOII KOPOHAIbHON aKTMBHOCTDBIO. DTO OTKPBIIO IINPOKME BO3MOXK-
HOCTH I10 MICC/IEIOBAHMIO 3BE3IHBIX HACEJIEHMII B HALIEl Y APYTUX IajlaKTUKAX.
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Discrete sources as the origin of the Galactic X-ray

ridge emission

M. Revnivtsev'?, S. Sazonov?*?, E. Churazov®?, W. Forman®*, A. Vikhlinin®* & R. Sunyaev*’

An unresolved X-ray glow (at energies above a few kiloelectron-
volts) was discovered about 25 years ago and found to be coincid-
ent with the Galactic disk—the Galactic ridge X-ray emission"’.
This emission®'° has a spectrum characteristic of a ~10° K optic-
ally thin thermal plasma, with a prominent iron emission line at
6.7 keV. The gravitational well of the Galactic disk, however, is far
too shallow to confine such a hot interstellar medium; instead, it
would flow away at a velocity of a few thousand kilometres per
second, exceeding the speed of sound in the gas. To replenish the
energy losses requires a source of 10** ergs ', exceeding by orders
of magnitude all plausible energy sources in the Milky Way''. An
alternative is that the hot plasma is bound to a multitude of faint
sources'?, which is supported by the recently observed similarities
in the X-ray and near-infrared surface brightness distributions'>"*
(the latter traces the Galactic stellar distribution). Here we report
that at energies of ~6-7 keV, more than 80 per cent of the see-
mingly diffuse X-ray emission is resolved into discrete sources,
probably accreting white dwarfs and coronally active stars.

Observations clearly show that some fraction of the X-ray emission
of the Galaxy is produced by hot, diffuse interstellar plasma, heated
by, for example, supernovae'”, while the bulk of previously unresolved
X-ray emission at energies above 1-2keV remains unexplained.
The strong similarity of the Galactic ridge X-ray emission (GRXE)
large-scale distribution and that of the near-infrared map of the Milky
Way suggested a stellar origin of this emission. The stellar origin
was further supported by the close agreement between the X-ray
emissivity per unit stellar mass inferred for the GRXE and the col-
lective X-ray emissivity of the stellar population within a few hundred
parsecs of the Sun'’.

These findings motivated us in 2008 to perform a decisive test with
an ultradeep 1 Ms observation of a small (~16 X 16 arcmin) field
near the Galactic Centre (= 0.08, b = —1.42) with the Chandra
X-ray Observatory. We selected this region of the Galactic plane
because, here, a high GRXE intensity (essential for minimizing the
contribution from extragalactic sources) combines with weak inter-
stellar absorption (crucial for maximizing the 0.5-7keV Chandra
sensitivity for discrete sources). From what we know about the
Solar neighbourhood, we can expect the sources producing the bulk
of the GRXE to be as faint as ~10°ergs ™' and to have a surface
density of 10° per square degree or even higher in the Galactic plane.
Only with the combination of an ultradeep exposure and the excel-
lent angular resolution of Chandra'” (~0.5arcsec) has the task of
resolving the GRXE become possible.

To place the most stringent limits on the fraction of the GRXE
resolvable into discrete sources, we selected a field where the tele-
scope’s angular resolution is best and spatial variations of the soft
X-ray emission below 1.5keV (which might be caused by supernova
remnants) are minimal. We therefore restrict our present study to a

small circle of radius 2.56 arcmin near the telescope optical axis (see
Fig. 1). We refer to this field (" = 0.113, b = —1.424) as HRES (high
resolution).

The total measured X-ray surface brightness in HRES is
Lgiey = (4.6 £0.4) X 101! erg s tem™? deg72 in the 3-7keV
band, or equivalently L_oyey = (8.6 = 0.5) X 10" erg s 'em™? deg_2
in the more conventional 2-10keV band, or, in scale-free units,
L_1okev = 3.8 = 0.2 mCrab deg72 (here and below the uncertainties are
68% confidence intervals that include both statistical and count rate to
flux conversion uncertainties). The brightest source detected in our region
has a 2-10keV flux of ~1.8 X 10~ ergs ™" cm ™2 and thus a luminosity
of ~10%ergs "' if it is located at approximately the Galactic Centre
distance (~8kpc). More luminous, rarer sources are found in our
Chandra field, but outsidle HRES; we exclude such sources
(Lr—1orey > 107 erg s ') from consideration when addressing the
resolved fraction of the GRXE below.

The total measured X-ray surface brightness must include the
contribution from the nearly isotropic extragalactic cosmic X-ray
background (CXB'®). The mean CXB intensity over the sky measured
by Chandra in the 2-10keV energy band" is Icxp 2—10kev =
219X 10 Mergs 'cm *deg % of which 31% is provided® by
sources (mostly active galactic nuclei and quasars) brighter than
2X 10" ™ergs™'em ™2 Given the absence of such bright sources in
HRES, the total CXB contribution is ~1.5 X 10 " ergs™'cm > deg ™ >
After subtraction of this extragalactic emission, the GRXE intensity in
HRES is IorxE, 2 10kev = (7.1 £ 0.5) X 10™ M ergs ™' cm ™ > deg >

Looking at the same field in the near-infrared band, which pro-
vides the best window on the Galactic stellar mass distribution, the
3.5um intensity measured with the Spitzer IRAC instrument is
21 = 2MJysr~ ' (the uncertainty being mainly due to the variance
of the number of bright near-infrared point sources within the small
area of the study). Given the interstellar extinction towards HRES
Ay=3.5—4.5 (ref. 21) and adopting As 5 ,m/Av = 0.066 (refs 21, 22),
the extinction-corrected near-infrared surface brightness is
L5 pm = 26-29 MJyst~'. Therefore, the GRXE to near-infrared
intensity ratio in HRES is I, ey (in units of 10”1 erg s tem™2-
degfz)/13,5um (in units of MJysr™ ') =0.25 +0.04, in excellent
agreement with the value characterizing the entire Galaxy,
0.26 = 0.05, deduced from large-scale mapping of the GRXE". This
confirms that the findings of the present study of a tiny region of the
Galaxy may be regarded as representative of the GRXE as a whole.

We have detected sources in the broad 0.5-7 keV energy band in
the summed image of the HRES region (see Fig. 1). The sensitivity
limit fii, = 10™ " ergs™ ' cm ™2 (minimum detectable flux in the 0.5—
7 keV band corrected for the interstellar absorption) corresponds to
a minimum detectable luminosity of Lys ey =~ 107° erg s lata
source distance of 8 kpc, where most of the Galactic objects in this
field are expected to reside. In total, 473 sources have been detected

"Excellence Cluster Universe, Technische Universitat Miinchen, 85748, Garching, Germany. 2Space Research Institute, 117997, Moscow, Russia. >Max-Planck-Institut fur Astrophysik,
85748, Garching, Germany. “Harvard-Smithsonian Center for Astrophysics, Cambridge, Massachusetts 02138, USA.
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with statistical significance >4¢ (minimum number of counts per
source is about 10). In Fig. 2a we show the energy spectrum of the
total emission from HRES, as well as the two components associated
with the detected sources and with the remaining unresolved emis-
sion. Most importantly, the summed spectrum of detected sources
exhibits a pronounced ~6.7keV iron emission line, a distinctive
feature of the GRXE which was often regarded as an important argu-
ment in favour of it being the emission of a truly diffuse hot
plasma®''. But now we clearly see that the bulk of the 6.7 keV line
emission, as well as of the neighbouring continuum, is in fact pro-
duced by point sources. We note that apart from the dominant
6.7 keV line, the unresolved (partially due to finite energy resolution
of the instrument and due to limited statistics of the observation)
blend of lines at 6-7keV may contain some contribution from
6.4keV iron fluorescent emission, part of which may be unrelated
to the GRXE and result from irradiation of the interstellar medium by
discrete X-ray sources™?.

The derived fraction of the X-ray emission resolved into point
sources is shown as a function of energy in Fig. 2b. In the narrow
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Figure 1| The Chandra image in the 0.5-7 keV energy band. Circles of
radius 2 arcsec denote the positions of point sources detected after 1 Ms
exposure. The Chandra data were reduced following a standard procedure®.
The detector background was modelled using the stowed data set (http://
cxc.harvard.edu/contrib/maxim/stowed) and adjusted to the conditions of
the current observations using the count rate at energies 9-12 keV, where
Chandra has almost zero effective area. The total measured X-ray surface
brightness in HRES is I; 71y = (4.6 = 0.4) X 10 " ergs™ ' cm “deg * in
the 3-7keV band, or equivalently I, ¢y = (8.6 = 0.5) X 107"

ergs ' cm >deg ? in the 2-10 keV band. Throughout the field there are
noticeable variations of the soft X-ray (<2 keV) surface brightness,

due to what appears to be a previously unknown supernova remnant

shell projected onto the Chandra field. We note that if a 1 Ms Chandra
observation were repeated in a nearby field, the measured X-ray surface
brightness would be slightly different because the number of brightest point
sources varies from field to field, an effect known as cosmic variance in
extragalactic studies. For the same reason, there may be subtle field-to-field
variations in the GRXE spectral shape, and in particular in emission line
ratios, and recent observations indicated that such variations do exist'’.
Additional variations of the spectrum of the unresolved Galactic X-ray
emission can be caused by the presence of genuine diffuse X-ray emitters
such as supernova remnants.

LETTERS

energy band 6.5-7.1keV that contains the iron emission line,
84 = 12% of the total X-ray emission is resolved. Moreover, we recall
that the remaining unresolved X-ray emission contains a non-
negligible contribution from the CXB. Assuming that the intensity
of this unresolved component in our 1 Ms Chandra observation is the
same as in the Chandra extragalactic deep fields" (Icxp, unres1ms =
(3.4+1.7) X 10" ergscm ™ >deg ” in the 2-8 keV energy band, or
(29+1.4) X 10" Pergscm ™ *deg™? at 6.5-7.1keV, assuming a
power-law spectral shape with I"=1.4), we can estimate that
4 + 2% of the total intensity in the 6.5-7.1 keV band is unresolved
CXB emission. We conclude that we have resolved as much as
88 * 12% of the GRXE emission into point sources at energies near
the 6.7 keV line, the feature that was previously used as the strongest
argument in favour of a diffuse origin for the GRXE.

Apart from a small contribution from extragalactic sources (about
40-50 sources out of 473), most of the sources detected by Chandra
in HRES are probably accreting white dwarfs (with luminosities
L 1okev = 10°'-10%2 erg s~') and binary stars with strong coronal
activity (with L, 1oy < 10> ergs™ ). Indeed, if we plot the fraction
of the total GRXE flux contained in sources with fluxes higher than a
variable detection threshold (see Fig. 3), the resulting dependence
proves to be in good agreement with the expectation based on the
luminosity function of faint X-ray sources measured in the Solar
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0.6 [— — —

0.4 — —

Resolved fraction
T
|

0.2 — —

Energy (keV)

Figure 2 | GRXE spectrum and its resolved fraction. a, Spectra collected by
Chandra within the HRES region. Black data points, error bars and the
histogram show the spectrum of the total emission from HRES; the collective
spectrum of all detected sources is presented in blue and the spectrum of the
remaining unresolved emission in the current observations is in red. The
integrated spectrum of detected sources exhibits a strong ~6.7 keV iron
emission line, characteristic of hot (with temperatures 10-100X 10°K)
plasma emission. This line has been the main support for the popular
hypothesis that the GRXE has a truly diffuse, interstellar origin, even though
such hot interstellar plasma cannot be confined within the Galaxy by its
gravitational potential. We took into account that a small fraction of
photons, X (10% at energies 4-6 keV, according to the Chandra
Proposers’ Observatory Guide®®) from a point source are scattered by the
telescope outside the surrounding circle of radius 2 arcsec. We therefore
corrected the directly measured collective spectrum of detected sources
Fy(E) using the formula F, (E) = [F, (E) — F,(E)A, /A3 /[1 — X — XA, /A;),
where F,(E) is the spectrum of the unresolved X-ray emission, A; (~2%
of the total) is the area covered by the circles of radius 2 arcsec used for
collecting the source fluxes, and A, is the area outside these circles.

b, Fraction of the X-ray emission resolved by Chandra into point sources
as a function of X-ray photon energy. Error bars in a and b are 68%
confidence intervals.
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Figure 3 | Fraction of resolved X-ray emission around the 6.7 keV iron
emission line as a function of the limiting source flux/luminosity. The
histogram shows the fraction of the total flux in the 6.5-7.1 keV energy band
in the Chandra field provided by discrete sources with fluxes above a given
detection threshold in the 2-10 keV energy band. The wide yellow curve
shows the corresponding dependence expected for a combination of Galactic
sources with luminosities below 10°*ergs ™! (all located at the Galactic
Centre distance of 8 kpc) and extragalactic sources with fluxes below

2X 10" "ergs™' cm™? in this energy band. The blue curve shows the
expected contribution of extragalactic sources (mostly active galactic
nuclei)®. The green and red curves show the expected contributions of
accreting white dwarfs and coronally active stars correspondingly (X-ray
spectra of these types of sources are described in refs 27 and 28, for example),
estimated using the luminosity functions of these classes of objects
measured in the Solar vicinity'. These Galactic curves were normalized so
that the total resolved fraction given by the model is equal to the actual
measured fraction of 84% at the detection limit of the 1 Ms Chandra
observation of 10 "®ergs™ ' cm 2. Fluxes of sources detected in the total
Chandra band 0.5-7 keV were converted into the 2-10keV energy band
using a count-rate-dependent conversion factor that was estimated using
stacked Chandra spectra of bright, medium and faint sources (>100, 10-100
and 5-10 net counts in the image, respectively). For Galactic sources, their
fluxes in the 2-10 keV band were converted to the 6.5-7.1 keV band using a
single conversion factor estimated from the stacked Chandra spectrum of all
detected sources. Comparison of the stacked spectra of bright, medium and
faint sources indicates that this conversion factor does not vary by more than
a factor of 1.3 around the adopted value. Conversion of fluxes of
extragalactic sources from 2-10keV to 6.5-7.1 keV was done assuming that
they have power-law spectra with photon index /"= 1.4.

vicinity'®. Furthermore, because this locally determined luminosity
function continues to rise towards lower luminosities, we can expect
the still unresolved ~10-20% of the GRXE flux also to be composed
of coronally active and normal (Sun-like) stars with luminosities
Ly 1okev <4 X 10* ergs ™", which are too weak to be detected at
the Galactic Centre distance even in ultradeep Chandra exposures.
The contribution of such faint stellar sources should rise with the
decrease of the photon energies because they typically have quite soft
spectra. This might be one of the reasons why we resolve more flux at
high energies than at lower energies.

The final resolution of the GRXE into discrete sources has far-
reaching consequences for our understanding of a variety of astro-
physical phenomena. Apart from the removal of a major energy
puzzle for the Galaxy, the important immediate outcome is that we
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can now use the GRXE as a measure of the cumulative emission of
faint Galactic X-ray sources in the sense that spatial variations of the
GRXE properties over the Milky Way can indicate intrinsic variations
in the stellar populations. It has also become clear that the apparently
diffuse X-ray emission of external galaxies must contain, and in some
cases be dominated by, unresolved emission from faint stellar-type
sources, namely accreting white dwarfs and coronally active stars.

Received 4 December 2008; accepted 5 March 2009.
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ABSTRACT

We analyze a map of the Galactic ridge X-ray emission (GRXE) constructed in the 3-20 keV energy band from RXTE/PCA scan and
slew observations. We show that the GRXE intensity follows the Galactic near-infrared surface brightness closely and thus traces the
Galactic stellar mass distribution. The GRXE consists of two spatial components that can be identified with the bulge/bar and the disk
of the Galaxy. The parameters of these components determined from X-ray data are compatible with those derived from near-infrared
data. The inferred ratio of X-ray to near-infrared surface brightness /3_5 v(107!'" ergs™ cm™2 deg’z)/lls um(MJy/sr) =0.26 + 0.05,
and the ratio of X-ray to near-infrared luminosity L3 5 xev/L3-4 um = (4.1 £0.3) X 1073, The corresponding ratio of the 3-20 keV
luminosity to the stellar mass is Ly/M = (3.5 + 0.5) x 10* ergs™' M, which agrees within the uncertainties with the cumulative
emissivity per unit stellar mass of point X-ray sources in the Solar neighborhood, determined in an accompanying paper (Sazonov
et al.). This suggests that the bulk of the GRXE is composed of weak X-ray sources, mostly cataclysmic variables and coronally active
binaries. The fractional contributions of these classes of sources to the total X-ray emissivity determined from the Solar neighborhood
data can also explain the GRXE energy spectrum. Based on the luminosity function of local X-ray sources we predict that, in order to
resolve 90% of the GRXE into discrete sources, a sensitivity limit of ~107'® ergs™' cm™ (210 keV) will need to be reached in future

observations.

Key words. stars: binaries: general — Galaxy: bulge — Galaxy: disk — X-rays: general — X-rays: stars

1. Introduction

There are two major large-scale extended features in the X-ray
sky (above 2 keV): the almost uniform cosmic X-ray background
(CXB, Giacconi et al. 1962) and an emission concentrated to-
ward the Galactic plane — the Galactic ridge X-ray emission
(GRXE, see e.g. Worrall et al. 1982). While over the past two
decades it has been firmly established that the CXB is a superpo-
sition of a large number of discrete extragalactic sources (namely
active galactic nuclei, see e.g. Giacconi et al. 2002), the origin
of the GRXE remains unexplained.

Exploration of the GRXE by different observatories has re-
vealed that it is concentrated near the inner Galactic disk, ex-
tending tens of degrees in longitude and a few degrees in lat-
itude (Cooke et al. 1970; Worrall et al. 1982; Warwick et al.
1985; Warwick et al. 1988; Yamauchi et al. 1990), and probably
has a central bulge-like component (Yamauchi & Koyama 1993;
Revnivtsev 2003). The energy spectrum of the GRXE contains
a number of emission lines of highly ionized heavy elements,
indicating that the emission should be thermal with a tempera-
ture of up to 5-10 keV (Koyama et al. 1986, 1989; Tanaka 2002;
Muno et al. 2004). The total GRXE luminosity has been esti-
mated at ~1-2x10% erg s~ (Yamauchi & Koyama 1993; Valinia
& Marshall 1998).

The GRXE has been detected at least up to 20-25 keV ener-
gies (Valinia & Marshall 1998; Revnivtsev 2003), and its spec-
trum in the 3-20 keV range consists of a continuum, which can
be approximated by a power law of photon index I' ~ 2.1, and
powerful lines at 6-7 keV energies. Also a detection of GRXE
at energies >40 keV (at Galactic longitude [ = 95) was reported
(e.g. Skibo et al. 1997; Valinia & Marshall 1998), but it now

appears that those CGRO/OSSE measurements were strongly
contaminated by a few unresolved sources, including the ac-
tive galactic nucleus IGR J21247+5058 recently discovered by
the INTEGRAL observatory (Masetti et al. 2004). The IBIS
telescope aboard INTEGRAL, capable of resolving point-like
sources with flux >few x107!! ergs™! cm™2 in crowded regions,
has not detected the GRXE at energies above ~40 keV (Lebrun
et al. 2004; Terrier et al. 2004).

Soon after discovery of the GRXE, it was proposed that it
might consist of a large number of weak Galactic X-ray point
sources, €.g. quiescent low-mass and high-mass X-ray binaries,
cataclysmic variables, coronally active binaries, etc. (Worrall
et al. 1982; Worrall & Marshall 1983; Koyama et al. 1986;
Ottmann & Schmitt 1992; Mukai & Shiokawa 1993). However,
it was not possible to draw a solid conclusion due to lack of
detailed information about the space densities and X-ray lumi-
nosity distributions of these classes of X-ray sources.

Unless the GRXE is truly diffuse emission, it should even-
tually be possible to resolve it into a finite number of discrete
sources. As the sensitivity of X-ray telescopes has been increas-
ing, a progressively higher fraction of the GRXE has been re-
solved (Worrall et al. 1982; Warwick et al. 1985; Sugizaki et al.
2001). However, even the deepest observations of Galactic plane
regions by the currently operating Chandra and XMM-Newton
observatories, in which point-source detection sensitivities F >
3%x107" ergs~! cm~2 in the energy band 2—8 keV (Ebisawa et al.
2001; Hands et al. 2004; Ebisawa et al. 2005) were achieved, re-
solved not more than 10-15% of the GRXE. This was regarded
as a strong indication of the GRXE being truly diffuse.

However, the hypothesis of diffuse origin of the GRXE meets
strong difficulties (e.g. Koyama et al. 1986; Sunyaeyv et al. 1993;

http://www.edpsciences.org/aa or http://dx.doi.org/10.1051/0004-6361:20054268
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Tanaka et al. 1999; Tanaka 2002). The main problem is that the
apparently thermal spectrum of the GRXE implies that the emit-
ting plasma is so hot (~5-10 keV) that it should be outflowing
from the Galactic plane. A large energy supply is then required
to constantly replenish the outflowing plasma.

Resolving the GRXE is additionally complicated by the
fact that at fluxes near the present-day sensitivity limit
(~1075 ergs~! cm™2), extragalactic sources outnumber Galactic
ones even in the Galactic plane (e.g. Ebisawa et al. 2005). Since
identification of weak sources detected in deep X-ray surveys of
the Galactic plane is usually problematic and the CXB varies sig-
nificantly on sub-degree angular scales, so far it has only been
possible to place upper limits on the fraction of the GRXE re-
solved into Galactic X-ray sources (as mentioned above).

The only place where Galactic sources dominate over extra-
galactic ones is the inner 10" of the Galaxy (Muno et al. 2003),
and Chandra has resolved up to 30% of the “hard diffuse” emis-
sion in certain parts of this region (Muno et al. 2004, region
“Close” in this paper). Moreover, the flux-number distribution
of Galactic X-ray sources detected in this Galactic Center survey
shows no cutoff down to the Chandra detection limit, implying
that at least an order of magnitude deeper observations will be
needed to resolve the bulk of the hard X-ray emission from the
Galactic Center if the source flux-number distribution continues
with the same slope to lower fluxes than presently accessible.

It is therefore worth considering alternative ways to solve
the problem of the GRXE origin, in particular via studying
its spatial distribution. The distribution of the GRXE over
the sky is still poorly known, mainly because of its large
extent (approximately 120° x 10°) and low surface bright-
ness (<few x107!! ergs~! cm~2 deg~2). The investigation of the
GRXE in the HEAO-1/A2 experiment (e.g. Iwan et al. 1982;
Worrall et al. 1982) was significantly hampered by point source
confusion, whereas instruments with much better spatial resolu-
tion were not able to cover a sufficiently large solid angle of the
sky (e.g. Sugizaki et al. 2001; Hands et al. 2004).

In this paper we present a brightness distribution of
the GRXE measured in the 3-20 keV energy band by the
RXTE/PCA instrument and show that this distribution closely
follows the near-infrared brightness of the Galaxy, known to be
a good tracer of the stellar mass distribution. We further com-
pare the inferred Galactic ridge X-ray emissivity per unit stellar
mass with the cumulative emissivity of point X-ray sources in
the Solar neighborhood, determined by Sazonov et al. (2006),
and argue that the bulk of the GRXE is very likely composed of
weak discrete sources of known types.

2. RXTE observations and analysis

The best instrument so far for large-scale mapping of the X-ray
(above 2 keV) sky is the PCA spectrometer aboard the RXTE ob-
servatory (Bradt et al. 1993). It combines a large effective area
(~6400 cm? at 6 keV) and a moderate field of view (~1° radius).
The latter allows us both to achieve good coverage of the sky in
the course of the mission (as compared to focusing instruments)
and to alleviate the source confusion problem (as compared to
X-ray collimators with larger fields of view). Over its 10-year
lifetime RXTE/PCA has performed a large number of scan and
slew observations over the whole sky, and we previously made
use of these observations to catalog X-ray sources detected
at high Galactic latitudes (Revnivtsev et al. 2004; Sazonov &
Revnivtsev 2004) and to study the CXB (Revnivtsev et al. 2003).
We now take advantage of the good coverage of the Galactic
plane region by RXTE/PCA to study the GRXE.

We use the same set of observations and apply the same anal-
ysis as in Revnivtsev et al. (2004). Throughout the paper we will
use only data from the first layers of all PCA detectors (PCUs)
in the 3-20 keV energy band. The net exposure time of the uti-
lized observations normalized to the single PCU effective area
(~1300 cm?) is approximately 29 Ms. Exposure is not uniformly
distributed over the whole sky (see Revnivtsev et al. 2004), but
it has a relatively uniform distribution within the inner ~15° of
the Galactic Center.

2.1. Flux measurement uncertainties

Apart from statistical uncertainties (photon noise), PCA mea-
surements of X-ray flux are subject to systematical uncertain-
ties. One of the main possible uncertainties is the accuracy of
the PCA background subtraction. The PCA background that typ-
ically has the level of approximately ~3—4 cnts/s/PCU/beam
consists of an internal instrumental part and the CXB. In gen-
eral, it depends on time and operational parameters of the
PCU anodes. The current paradigm of the PCA background
subtraction is to model it with the highest possible accu-
racy using different tracers measured onboard on a 16 sec
time scale. The current version of the RXTE/PCA software
(LHEASOFT 5.2) allows for an accuracy of background sub-
traction of ~0.02—0.03 cnts/s/PCU/beam in the 3-20 keV energy
band, which corresponds to ~2 x 10713 ergs™! cm=2 deg~2 for a
Crab-like spectrum (e.g. Markwardt et al. 2002). In all our sub-
sequent figures and plots, we always subtract instrumental and
CXB backgrounds from obtained PCA measurements.

Another factor that needs to be taken into account in study-
ing the GRXE (with a subtracted contribution of bright point
sources) is small-scale variations of the CXB intensity (mainly
due to unresolved extragalactic sources within a 1-deg® field
of view of the PCA), which introduces an rms uncertainty of
1.5x107 2 ergs™! cm™2 deg~? (3-20 ke V) in measuring the X-ray
surface brightness in a given direction (Revnivtsev et al. 2003).
Note, however, that for most of the sky regions studied here this
uncertainty does not exceed statistical errors.

Almost everywhere in the Galaxy, except in the very cen-
tral regions where we practically cannot study the GRXE
because of the high concentration of bright point sources,
the interstellar gas column density does not exceed ~2-3 X
10%? atomscm™2. Photoabsorption in this gas attenuates the
GRXE flux at 3-20 keV by less than 5%. We neglect this small
effect in the subsequent analysis.

3. Map of the GRXE

In Fig. 1 we present an X-ray intensity map of the sky around
the Galactic plane convolved with the response of the PCA col-
limator (triangular shape with a radius ~1°, see Revnivtsev et al.
2003). The contour levels on this map are logarithmically spaced
with a factor of 1.4, and the lowest shown level corresponds to
an X-ray intensity of ~107!!" ergs™! cm=2 deg~>

The map clearly exposes many bright point-like sources and
an underlying unresolved emission — the GRXE. Henceforth
we reserve the term “GRXE” to describe Galactic X-ray emis-
sion that cannot be resolved into discrete sources with flux
higher than 107! ergs “'em™. We note that the exact value
of the limiting flux is not important if it is in the range of
~107137193 erg =1 cm™2, because the angular density of sources
with such fluxes even in the Galactic plane is low and they do not
contribute more than <10% to the GRXE (Sugizaki et al. 2001;
Hands et al. 2004).
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Fig. 1. RXTE/PCA map of the sky around the Galactic plane in the energy band 3—-20 keV. Contour levels are logarithmically spaced with a factor
of 1.4, with the lowest contour corresponding to an intensity of 107!! erg s™' cm~2 deg2. This contour level shows statistically significant intensity
on the sky everywhere on the plot, and the map clearly exposes many bright point sources and an underlying unresolved emission
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Fig. 2. Intensity profile of the bulge/bar component of the GRXE in
the slice 3.0° < || < 3.5° parallel to the Galactic plane. The shaded
region indicates the measurement uncertainty including the 10% sys-
tematics described in the text. The dashed line is the best-fit model of
the bulge/bar defined by parameters given in Table 1.

The GRXE was given its name because it was originally de-
tected as a prominent narrow (~1-2°) band of unresolved emis-
sion along the Galactic plane (e.g. Bleach et al. 1972; Worrall
et al. 1982). However, it has since then become more evident
that the unresolved X-ray emission of the Galaxy contains both
a disk-like and a bulge-like component (Yamauchi & Koyama
1993; Revnivtsev 2003). The exponential scale height of the disk
component of the GRXE is ~1.5° (Worrall et al. 1982; Warwick
et al. 1985; Yamauchi & Koyama 1993), whereas it is much
larger for the Galactic bulge — up to 3-5° (Yamauchi & Koyama
1993; Revnivtsev 2003). Both components can now be clearly
seen on the RXTE map shown in Fig. 1. We consider the bulge
and disk components of the GRXE separately.

3.1. Galactic bulge

The observed intensity distribution of the GRXE in the Galactic
Center region is strongly affected by the bright point sources lo-
cated there. Therefore, in order to study the underlying GRXE
we should mask out bright point sources. To this end we fil-
tered out 1.5°-radius regions around point sources with flux
higher than ~1 cnts/s/PCU/beam ~ 1.2x 107! ergs™! cm™2 (this
flux conversion corresponds to the measured GRXE spectrum,
Revnivtsev 2003). The catalog of detected point sources will
be published elsewhere. This flux limit corresponds to a source
luminosity L, ~ 10% ergs™! for a Galactic Center distance of
8.5 kpc.

Since the number density of sources with flux higher than
~1 cnts/s/PCU/beam is quite high, we have practically no data
left at [b] < 1-2° upon applying the above filtering procedure
(similar to the analysis of Revnivtsev 2003). At higher latitudes
the number density of bright point sources drops significantly
(e.g. Grimm et al. 2002), but the applied mask still severely
reduces the coverage of the bulge.

Relatively bright sources (L, > 10 ergs™!, or F, >
1072 ergs~! cm™2) below our filtering threshold might lead to
significant deviations of the observed X-ray intensity map from
the actual GRXE brightness distribution. However, as already
mentioned, the density of such sources is less than ~1 deg™> (ex-
cept in the central degree of the Galaxy), while the typical in-
tensity of the GRXE is ~107! ergs™! cm~2 deg~? (e.g. Sugizaki
et al. 2001). We thus expect that our filtering criterion enables us
to recover the surface brightness distribution of the GRXE with
approximately 10% accuracy.

In order to construct an intensity profile of the bulge compo-
nent of the GRXE along the Galactic plane, we selected latitudes
3.0° < |b| < 3.5° where the disk component of the GRXE is
weak while the bulge component is still relatively bright. Also an
intensity profile of the bulge perpendicular to the Galactic plane
was constructed from observations at |/| < 4° excluding |b| < 1°.
The resulting profiles are shown in Figs. 2 and 3, respectively.
The shaded regions indicate the measurement uncertainties in-
cluding the 10% systematics described above. One can see that
the GRXE intensity profile is relatively symmetric with respect
to the Galactic plane but is not symmetric along the plane with
respectto / = 0.

It is natural to compare the inferred morphology of the
GRXE bulge with the Galactic stellar bulge/bar (Bahcall &
Soneira 1980; Blitz & Spergel 1991; Weiland et al. 1994; Dwek
et al. 1995). For this purpose we use the analytic model of the
bulge/bar stellar volume emissivity developed by Dwek et al.
(1995), more specifically their model G3. This model is de-
rived from the near-infrared surface brightness distribution of
the Galaxy measured by COBE/DIRBE, which is believed to be
a very good tracer of the stellar mass distribution.

Let us parameterize the volume emissivity of the bulge com-
ponent of the GRXE following Dwek et al. (1995). The observed
intensity of the GRXE is proportional to the line-of-sight inte-
gral of the bulge/bar volume emissivity predicted by the model.
Specifically, the X-ray flux F (I, b) measured within a solid an-
gle dQ is given by

dQ =
F(l,b)=— f p(x,y,z)ds.
4 0
The volume emissivity of the bar is given by

Poutge (X, 4, 2) = popuge”” " exp (_rS) ’
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Table 1. Best-fit parameters of the bulge/bar and disk components
of the GRXE. The quoted errors on the values are 90% statistical 0.1, | L L L L
uncertainties. 100 50 0 ~50 —~100

Parameter Value
Bulge/bar
a,”’ 29+6
Xo, kpe 3.4+06
Yo, kpc 1.2+0.3
20, kpe 1.12+0.04
Ly putge, 10°7 erg s™ 3.9+0.5"
Reduced y?/d.o.f. 1.24/55
Disk
Ruisk 2.5(fixed)
Zsun> PC 19.5+6.5
Zgisk, KpC 0.13 +£0.02
Ly disk, 10¥7 erg s7! ~10*
Reduced y?/d.o.f. 0.93/24

* Without bright point sources.

where

2 2 271/2
S SRR
X0 Yo 20
The major axes x and y of the bar are assumed to lie in the
Galactic plane, and the x axis is inclined by an angle « to our
line of sight.

Just by varying the normalization of the G3 model of Dwek
et al. (1995), we obtain fairly good fits to the measured GRXE
intensity profiles, with reduced y?> ~ 1.3. This implies that the
longitudinal asymmetry clearly evident in Fig. 2 is a natural ob-
servational consequence of the (triaxial ellipsoid) bar inclined to
our line of sight. The near end of the bar lies in the first Galactic
quadrant.

Allowing variations of the parameters, we fitted the mea-
sured GRXE intensity profiles shown in Figs. 2 and 3 in the
ranges || < 10° and 1° < |b| < 8°, respectively. The derived
best-fit parameters are presented in Table 1. These values agree
very well with the parameters of the stellar bar obtained by Dwek
et al. (1995). We show the best-fit longitudinal and latitudinal in-
tensity profiles in Figs. 2 and 3.

Galactic longitude, deg

Fig.4. Upper panel: X-ray intensity profile (in units of
107" ergs™' cm 2 deg™?) along the Galactic plane (Jb| < 0.5).
The dashed line shows a model of infinite exponential disk with scale
length Rgisk = 2.0 kpc, the dotted line is a model with Ry = 2.5 kpc,
solid line is a model with R4 = 2.5 kpc with disk truncation at
Riax = 10 kpe. The thick solid line shows an intensity profile corre-
sponding to a simple spiral structure of the Galaxy consisting of four
logarithmic spirals with a pitch angle 15°. The intensity peaks manifest
the tangents to the spiral arms. Lower panel: the solid line is again
the X-ray surface brightness profile of the Galaxy (|o| < 0.5), and the
dashed line is the near-infrared surface brightness distribution mea-
sured by COBE/DIRBE (3.5 um) corrected for interstellar extinction
and multiplied by a factor 0.26 x 107! ergs™ cm™2 deg (MJy/sr)!
(see text). The near-infrared map was convolved with the response of
the RXTE/PCA collimator (~1°).

It is necessary to note that the determined value of the to-
tal X-ray luminosity of the bulge given in Table 1 should be re-
garded with caution because our analysis did not involve detailed
modelling of the innermost (cuspy) region of the bulge.

3.2. Galactic disk

The severe confusion problem in the Galactic plane region pre-
vents us from constructing an intensity profile of the GRXE
along the Galactic plane with subtracted contribution of bright
point-like sources. We can, however, construct a combined in-
tensity distribution of the GRXE and bright point sources along
the Galactic plane (within |b| < 0.5°), as shown in Fig. 4. On this
profile the contributions of discrete sources are seen as rapid (on
angular scales ~1°) variations of the intensity. The GRXE man-
ifests itself as an underlying smooth component. The statistical
uncertainty hardly exceeds 10~'? erg s™! cm™2 deg™? anywhere in
the Galactic plane.

Despite the strong contamination by bright discrete sources,
we can obtain important information about the properties of
the GRXE disk from the longitudinal intensity profile shown in
Fig. 4.
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3.2.1. Longitudinal extent

Following Bahcall & Soneira (1980), Kent et al. (1991),
Freudenreich (1996) and Dehnen & Binney (1998), we can pa-
rameterize the volume emissivity in the disk pgisk by two ex-
ponentials (of Galactocentric distance R and height above the
disk plane z) with a central depression (parameter Ry,). At radii
R < Rpax the volume emissivity is given by

Rm)3 R z }’ 0

Pdisk = P0disk €XP [— (?

Raisk  Zdisk
while Pdisk = 0 at R > Ryax.

The very limited information that we have about the emis-
sivity of the disk near the Galactic Center (due to bright source
contamination) does not allow us to determine the parameter R,.
We hence fixed it at the value R, = 3.0 kpc, which is approxi-
mately the size of the central stellar disk depression supposedly
induced by the bulge/bar of approximately the same size (e.g.
Freudenreich 1996, 1998). We note that a central disk depression
within approximately R = 3.0 kpc is also evident on the Galactic
plane map of 6.7 keV line emission obtained by Yamauchi
& Koyama (1993), which is much less affected by bright
point sources than the GRXE continuum map obtained by
RXTE.

In Fig. 4 we show a number of modelled disk intensity
profiles: a) an infinite disk with an exponential scale length
Raisk = 2.5 kpc (Rmax = ©0); b) a disk with Rgix = 2.5 kpc
truncated at Ry.x = 10 kpc and ¢) an infinite disk with Rgigx =
2.0 kpc. Comparison with the measured surface brightness pro-
file demonstrates that the first model provides the worst fit, be-
cause it predicts too much emission at large distances from the
Galactic Center. Both the infinite disk with Rgisx = 2.0 kpc and
the finite disk with Rgiskx = 2.5 kpc and Ry, = 10 kpc match
the observed profile much better. In the subsequent analysis we
assume that the GRXE disk has a scale length of Ry;sx = 2.5 kpc
and is truncated at Ry,,x = 10 kpc. These values are very close
to the parameters of the Galactic stellar disk (e.g. Freudenreich
1996; Binney et al. 1997; Freudenreich 1998).

The GRXE is not detectable with RXTE/PCA at longitudes
|l| > 80°, with an upper limit ~3 x 1072 ergs™! cm™2 deg~? for
any line of sight (quoted upper limit taken as a 20 error of the
measurement, which is the square root of the sum of squares of
the statistical and systematical errors). We point out that mea-
surement of the (weak) ridge emission at these longitudes by
an instrument with poor angular resolution can be strongly af-
fected by the presence of relatively bright discrete sources. For
example, the published CGRO/OSSE measurement of GRXE at
I = 95° (Skibo et al. 1997) is possibly dominated by emission
from the active galactic nucleus IGR J21247+5058 recently dis-
covered by INTEGRAL (Masetti et al. 2004).

3.2.2. Possible imprint of the disk spiral structure

There are indications that the GRXE is asymmetric with respect
to the Galactic Center. In particular the ridge emission appears
stronger at [ = —60° than at [ = 60° (see Figs. 1 and 4). This
asymmetry is probably caused by a significant enhancement of
the GRXE in spiral arms with respect to inter-arm regions. Such
arm-interarm contrast of the volume emissivity is seen on near-
infrared maps of stellar disks in spiral galaxies (e.g. Gonzalez
& Graham 1996; Drimmel & Spergel 2001). The observed en-
hancement of the GRXE in the direction of / = —60° could then
be a signature of the tangent to the Crux spiral arm. In Fig. 4 we

show an example of GRXE longitudinal intensity profile corre-
sponding to a Galactic disk with spiral structure. For this model
we assumed a simple four-logarithmic-arms spiral structure (e.g.
Vallee 1995) with a pitch angle of 15°. The width of the spiral
arms was assumed to be 600 pc, and the arm-interarm volume
emissivity contrast was assumed to be 2.0.

Summarizing all of the above, we can conclude that
the intensity of the disk component of the GRXE follows
the near-infrared brightness distribution of the Galaxy. To
strengthen this conclusion we present in Fig. 4b the near-infrared
brightness profile of the Galaxy at |b|] < 0.5° obtained by
COBE/DIRBE (zodi-subtracted mission average map provided
by the LAMBDA archive of the Goddard Space Flight Center,
http://lambda.gsfc.nasa.gov). We have chosen the spec-
tral band centered on 3.5 um, for which the interstellar extinction
is fairly small, and made the simplest correction for the extinc-
tion using the map of interstellar HI gas of Dickey & Lockman
(1990) and extinction law by Rieke & Lebofsky (1985). The in-
frared profile was additionally convolved with the PCA collima-
tor response. A very good correspondence between the GRXE
and near-infrared intensity profiles is apparent.

3.2.3. Vertical extent

As already mentioned, our study of the GRXE in the Galactic
plane strongly suffers from the high density of bright X-ray
sources and limited angular resolution of RXTE/PCA. Filtering
out discrete sources in the Galactic plane greatly reduces the
amount of data at |p| < 1°. Only a few regions are suitable
for studying the intensity profile of the GRXE perpendicular to
the Galactic plane, with the best place evidently being the re-
gion around /! ~ 20°. At this longitude there are no sources
brighter than ~107'2 erg s~! cm~2 (Sugizaki et al. 2001) at b ~ 0°
and no sources brighter than ~107'! ergs™! cm™2 away from the
plane (Molkov et al. 2004). We present the vertical profile of the
GRXE intensity at / = 20.2° (within a stripe of width ~1°) in
Fig. 5.

One of the most interesting features of the vertical profile
is the displacement of its peak from b = 0°. The best-fit peak
position is bpex = —0.15° + 0.02° (1o statistical uncertainty).
Using available scans across known persistent sources, includ-
ing supernova remnants, we estimated that the systematic uncer-
tainty in measuring bpeak is smaller than ~0.03°. We therefore
conclude that the observed displacement is real. A similar shift
of the brightness peak was previously observed in a near-infrared
spectral band (e.g. Djorgovski & Sosin 1989; Freudenreich et al.
1994; Porcel et al. 1997), and it was suggested that it arises from
the elevation of the Sun above the disk plane.

By fitting the disk model given by Eq. (1), with the Sun ele-
vation above the Galactic plane as an additional parameter (zsy,)
to the measured intensity profile at / = 20.2°, we obtain the best
fit shown in Fig. 5 by a solid line. The best-fit parameters are
presented in Table 1.

The measured vertical profile of the X-ray disk volume emis-
sivity is very similar to that of the stellar disk (see e.g. Binney
etal. 1997). To better illustrate this we show in Fig. 5 a vertical
profile of the near-infrared brightness of the Galactic disk mea-
sured at the same Galactic longitude at wavelength 3.5 ym (ex-
tinction corrected). The COBE/DIRBE infrared map was con-
volved with the PCA collimator response. Agreement with the
X-ray intensity profile is excellent.
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Fig.5. The GRXE intensity profile in the ~1°-wide slide around / =
20.2° perpendicular to the Galactic plane. The solid line shows the
best-fit model of the GXRE disk component (see text). The dashed line
shows the near-infrared (3.5 um, extinction corrected) brightness distri-
bution in units of MJy/sr multiplied by a factor 0.26.

4. Summary of the GRXE map

Below we summarize the findings of the previous two sections.

1. The GRXE consists of two major components — a disk and a
bulge.

2. The bulge/bar component of the GRXE can be described
well by a triaxial ellipsoid similar to the one used for de-
scription of the Galactic stellar bar (Dwek et al. 1995). The
best-fit parameters of the GRXE bulge/bar are fully compat-
ible with those of the stellar bar.

3. The vertical intensity profile of the disk component of the
GRXE at [ = 20° exhibits a significant offset with respect to
b = 0°. This offset is compatible with that observed for the
Galactic near-infrared (e.g. 3.5 um) brightness distribution
and can be explained by the elevation of the Sun above the
Galactic plane by ~20 pc.

4. The intensity profile of the disk component of the GRXE at
[ = 20° within |b| < 4° can be described by an exponent with
a scale height zgix = 0.13 + 0.02 kpc, which is compatible
with the near-infrared brightness (i.e stellar mass) distribu-
tion of the disk (e.g. Binney et al. 1997; Dehnen & Binney
1998). Further away from the Galactic plane where stel-
lar near-infrared emission is still visible (e.g. Freudenreich
1996), the RXTE/PCA sensitivity is not sufficient to detect
the ridge emission.

5. The longitudinal profile of the GRXE intensity is compati-
ble with the profile of near-infrared brightness of the Galaxy.
It can be approximated by an infinite exponential disk with
a scale length Rgisx = 2.0 kpc or by a finite disk with
a scale length Rgisx = 2.5 kpc and an outer boundary at
Rimax ~ 10 kpc. The inner stellar disk radius R, ~ 3.0 kpc is
compatible with our data but cannot be constrained by these
data.

6. There are indications of asymmetry for the GRXE distribu-
tion in the Galactic plane with respect to [ = 0°. We propose
that this asymmetry might be caused by the Galactic spi-
ral structure. If this is the case, we expect an arm-interarm
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Fig.6. Grayscale map and contours of isodensity of measure-
ments of X-ray (3—20 keV, RXTE/PCA) and near-infrared (3.5 um,
COBE/DIRBE) intensity in multiple sky regions. Discrete X-ray
sources with flux >1.5-2 x 10™"! ergs™' cm~2 were masked. The solid
line shows the linear correlation between near-infrared and X-ray in-
tensities 520 kev(107!! ergs™ em™2 deg™) = 0.26 X I35 ,;m(MJy/sr), ob-
tained from a vertical slice of the GRXE disk near [ = 20.2° (see
Fig. 5). The near-infrared and X-ray intensities for this slice are shown
by crosses.

contrast of the GRXE disk volume emissivity of ~2-3, as
for the near-infrared surface brightness of stellar disks in
spiral galaxies. The current observations do not allow us to
place tight constraints on the suggested spiral structure of the
GRXE.

7. The integral luminosities of the bulge and disk in the
3-20keV energy band are (3.9 + 0.5) x 10%7 ergs™! and
~1038 ergs™!, respectively. The disk-to-bulge luminosity ra-
ti0 Ly gisk/Lx,buige ~ 2.5. This value agrees with the disk-to-
bulge stellar mass ratio, indicating that the GRXE emissivi-
tiy per unit mass is similar in the disk and in the bulge. We
note, however, that a precise determination of the luminosi-
ties of the disk and bulge components, as well as of their
ratio, would require an accurate modelling of the disk com-
ponent across the Galaxy and of the bulge component near
the Galactic Center, and such detailed modelling is not pos-
sible with RXTE/PCA data.

Based on all these observational facts we can conclude that the
GRXE surface brightness (at 3—20 ke V) closely follows the near-
infrared brightness of the Galaxy and thus the Galactic stellar
mass distribution.

To calculate the ratio of X-ray luminosity to stellar mass,
it is preferable to use the bulge/bar component of the GRXE,
since it is explored with RXTE/PCA in more detail compared to
the disk. Assuming a bulge/bar stellar mass of 1-1.3 x 10'° M
(Dwek et al. 1995), we find that the ratio of X-ray luminosity to
stellar mass is Ly /M ~ (3.5+0.5)x10*" erg s™! M;!. The ratio of
X-ray (3-20 keV) to near-infrared luminosity at 3.5 um (in the
COBE/DIRBE band with a width ~1 pm) 18 L350 kev/L3-4 um =
(4.1+0.5)x1075. The latter estimate is based on the near-infrared
luminosity of the bulge/bar L_4 ym = 2.5 X 10% Ly (Dwek et al.
1995).

To illustrate the nearly perfect correlation between the
GRXE and the Galactic near-infrared brightness, we show a scat-
ter plot of X-ray surface brightness vs. near-infrared brightness
in Fig. 6, constructed by dividing the sky into many small re-
gions. To obtain this diagram, detected point X-ray sources were
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Fig.7. Top panel: RXTE/PCA map of the sky around the Galactic plane in the 3-20 keV band. The red contours show the COBE/DIRBE near-
infrared map (3.5 um) rescaled by a factor I5_s ev(107' ergs™ em™ deg™)/I3 5 m(MJy/sr) = 0.26 = 0.05 and convolved with the PCA collimator
response. The contour levels are logarithmically spaced with a factor of 1.4, with the lowest contour corresponding to an X-ray intensity of
107" ergs™' em™2 deg 2. Lower panel: the same RXTE/PCA map with subtracted rescaled near-infrared map. Contour levels are the same as for

the upper panel.

masked and the infrared sky map, having much better angu-
lar resolution than the X-ray map, was convolved with the re-
sponse of the RXTE/PCA collimator. The scatter plot is shown
as a grayscale density map. The density is calculated within
boxes of size (3 MJy/sr) (1.5 x 107! ergs™! cm™2 deg™2). The
observed strip of enhanced density signifies the correlation of
near-infrared and GRXE intensities. The vertical width of the
stripe can be fully accounted for by the uncertainty of X-ray
measurements.

The one-to-one correspondence between the GXRE
map and the Galactic near-infrared brightness map per-
mits the GRXE intensity to be expressed through in-
frared intensity at wavelength 3.5 um for any line of
sight: Ii_p0 kev(107!1 ergs™'ecm™2deg™?)=(0.26 + 0.05) x
I35 y;m(MJy/sr). This linear relation is derived by fitting the ver-
tical slice of the GRXE at [ = 20° to the corresponding profile
of near-infrared surface brightness (see Fig. 5) and is shown in
Fig. 6 (solid line) together with individual measurements for the
[ = 20° slice (crosses).

The discussion above suggests that the extinction-corrected
COBE/DIRBE near-infrared (3.5 um) map of the sky should
be nearly identical to the GRXE map upon scaling by a
factor I5_pq ey (10711 erg sl em™2 deg’z)/l3‘5 um(MJy/sr) =0.26.
Figure 7 demonstrates that this is indeed the case. Subtracting
the rescaled near-infrared map from the observed X-ray bright-
ness map of the Galaxy (Fig. 7, upper panel) leaves only point-
like X-ray sources (Fig. 7, lower panel).

5. Broad-band spectrum of the GRXE

The infrared brightness of the Galaxy sharply rises within 10
of the Galactic Center (Sgr A*) because of the so-called nu-
clear stellar cluster (e.g. Genzel & Townes 1987; Launhardt
et al. 2002). We showed above that, regardless of the origin
of the GRXE, its surface brightness traces the near-infared
surface brightness. One may therefore anticipate a sharp rise
of the GRXE in the inner 10" of the Galaxy. Such an X-
ray intensity spike has indeed been observed with Chandra

(Muno et al. 2003), and it has been demonstrated that the to-
tal X-ray flux from the inner 10" of the Galaxy is not dominated
by bright point sources (e.g. Muno et al. 2003; Neronov et al.
2005).

If observed by a hard X-ray telescope with moderate an-
gular resolution, such as IBIS aboard INTEGRAL (angular
resolution 12’, Winkler et al. 2003), the GRXE central cusp
will be perceived as a point-like source in the Galactic Center.
Assuming that the ratio of the GRXE emissivity to the stellar
mass (Ly/M) is the same as in the other parts of the Galaxy, the
total flux from this source will be determined by the total mass
of the nuclear stellar cluster. The innermost 30 pc (correspond-
ing to 12’ at the Galactic Center distance) of the Galaxy enclose
Meusp ~ 10% M, of stars. This predicts a 3-20 keV luminosity of
Ly ~3.5x 10?7 Meysp ~ 4 x 10 ergs™.

If we further assume that the GRXE spectrum in the 3—
60 keV range is a power law with a photon index I' = 2.1 (as
measured in the 3-20 keV range for the bulge component of
the GRXE, Revnivtsev 2003), we can roughly predict the hard
X-ray luminosity (20-60 keV) of the GRXE from the central
cusp: Loo—60 keV, estimate ~ 2 X 103 erg s~. This proves to be only
a factor of 2 less than the hard X-ray luminosity of the Galactic
Center “point source” measured by INTEGRAL/IBIS (Neronov
et al. 2005; Bélanger et al. 2006), which may be considered a
good agreement in view of uncertainty concerning the mass of
the nuclear stellar cluster and the solid angle subtended by the
INTEGRAL source. This also leaves open the possibility that the
GRXE from the nuclear region of the Galaxy, which is known to
be peculiar in many respects, may be somewhat different from
the rest of the Galaxy.

Given the good correspondence between the predicted hard
X-ray flux from the central stellar cusp (based on the correlation
between the GRXE and the Galactic stellar mass) and the mea-
sured flux from the Galactic Center hard X-ray source, it is inter-
esting to attach the INTEGRAL/IBIS spectrum of the Galactic
Center source at energies above 20 keV to the spectrum of the
large-scale GRXE measured below 20 keV by RXTE/PCA. Both
spectra need to be normalized to the same stellar mass. We show
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Fig.8. GRXE broad-band spectrum (squares) and spectra of its main
contributors divided by 2 for clarity. The data points in the 3-20 keV
band (RXTE/PCA) were converted to unit-stellar-mass emissivity
(based on the correlation of the GRXE with the near-infrared bright-
ness, see text). The data points in the 20-100 keV band show the
spectrum of the Galactic Center source IGR J17456-2901 measured
by INTEGRAL/IBIS divided by the estimated total mass in stars
(~10% M,) contained in the nuclear region (~30 pc around Sgr A*).
The INTEGRAL/IBIS spectrum was additionally multipled by a fac-
tor 0.6 to match the RXTE/PCA spectrum near 20 keV. Also shown are
typical spectra of X-ray source classes expected to significantly con-
tribute to the GRXE: intermediate polars (V1223 Sgr, filled circles),
polars (AM Her, open circles), dwarf novae (SU UMa, triangles), and
coronally active binaries (V711 Tau). These spectra are plotted with
normalizations corresponding to their expected relative contributions to
the GRXE (derived from the local statistics of X-ray sources) divided
by 2 (for better visibility). The individual source spectra were obtained
by the instruments PCA (3-20 keV) and HEXTE (20-100 keV) aboard
RXTE. The shaded region shows a sum of these spectra reflecting un-
certainties in the individual spectra and their relative weights.

in Fig. 8 the resulting combined spectrum covering a broad en-
ergy range from 3 to ~100 keV. This spectrum may, to a first
approximation, be regarded as a broad-band spectrum of the
GRXE. However, one should keep the possibility in mind that
the actual hard X-ray spectrum of the GRXE from regions away
from the Galactic Center may prove somewhat different, since
the Galactic Center is a peculiar region.

6. Galactic ridge X-ray emission
as a superposition of point sources

In the previous sections we have presented evidence that the
GRXE volume emissivity traces the Galactic stellar density and
estimated the ridge X-ray emissivity (3—20 keV) per unit stellar
mass as Ly /M ~ (3.5 = 0.5) x 10% erg s M(;l. It is interesting
to compare this number with the cumulative X-ray emissivity of
the known classes of X-ray sources.

It is known (see e.g. Sazonov et al. 2006) that there
is a clear tendency toward spectral hardening with increas-
ing source luminosity. Specifically, the weakest known X-ray
sources (<10°! ergs™') are characterized by multi-temperature
thermal spectra peaking in the soft X-ray regime (stellar coro-
nal sources, see e.g. Schmitt et al. 1990; Giidel 2004), while the

brightest sources contributing to the GRXE (~10%33* ergs™!)
have very hard spectra with significant energy output above
10 keV (intermediate polars, see e.g. Suleimanov et al. 2005).
Therefore, it is important to consider the same energy band
(320 keV) as used in our GRXE study.

We recently used the RXTE slew survey of the sky at high
Galactic latitude to construct an X-ray (3—20 keV) luminosity
function of nearby (~1 kpc) sources, covering a broad range in
luminosity from coronally active stellar binaries to white dwarf
binaries (Sazonov et al. 2006). Based on this luminosity func-
tion, it is straightforward to estimate the contribution of point
sources to the GRXE measured by RXTE in the same spectral
band.

The total 3-20 keV emissivity of local Galactic X-ray
sources per unit stellar mass Lyjoca/M = (5.3 £ 1.5) X
10*7 ergs™! M or (6.2+£1.5)x 10?7 ergs™' M_!, if the contribu-
tion of young coronal stars is excluded or included, respectively
(Sazonov et al. 2006). The bulk of the local X-ray emissivity is
produced by coronally active late-type binaries and cataclysmic
variables. These classes of sources represent relatively old stel-
lar populations, so their number density is expected to closely
trace the overall stellar density in the Galaxy. On the other hand,
the relative fraction of young stellar objects is expected to vary
strongly from one Galactic region to another, so their locally es-
timated emissivity may not represent the Galaxy well as a whole.
We find that the local X-ray emissivity, excluding the (small)
contribution of young coronal stars, agrees within the uncertain-
ties with the GRXE emissivity, (3.5 + 0.5) X 10?7 ergs™ M!,
found in this paper. This suggests that the bulk of the GRXE may
be composed of weak X-ray sources of known classes, mostly
coronally active binaries and cataclysmic variables.

If the GRXE is indeed superposed on known populations
of X-ray sources, then its energy spectrum must be a sum of
the spectra of these sources. In Fig. 8 we compare the mea-
sured spectrum of the GRXE with typical spectra of those
classes of sources that are expected to contribute significantly
to the GRXE. Also a composite spectrum is shown, which is
a weighted sum of the individual spectra. The weights describ-
ing the fractional contributions of different types of sources were
fixed at the values determined by Sazonov et al. (2006) for X-ray
sources in the Solar neighborhood, namely intermediate polars:
polars: dwarf novae: coronally active binaries — 1:0.2:0.6:2.0. As
can be seen in Fig. 8, the composite spectrum turns out to be very
similar to the GRXE spectrum.

7. On the way toward resolving the GRXE

It is impossible to place strong constraints on the contribution
of truly diffuse emission to the GRXE based on the X-ray lumi-
nosity function of local sources. First, there remains significant
uncertainty about the local Galactic X-ray volume emissivity.
But even if future dedicated survey missions like ROSITA (e.g.
Predehl et al. 2003) will be able to determine this quantity more
accurately, significant uncertainty will still remain owing to the
fact that the locally determined unit-stellar-mass X-ray emissiv-
ity can only represent other parts of the Galaxy approximately.

It appears that the only possibility of tightly constraining the
possible contribution of truly diffuse emission to the GRXE is
to detect the weakest point sources at ~10 kpc distances and to
subtract their contribution from the GRXE. In pursuing this goal,
one is likely to face the following observational challenges.

26 Muxanun [enHagbeBua PeBHIBIEB

7.1. Surface brightness limit

Far away from the Galactic Center and the Galactic plane, the
GRXE is characterized by low surface brightness. It may be an-
ticipated that, below a certain intensity level, the GRXE will
be lost in the cosmic variance or small-scale fluctuations of
the CXB.

This implies that it should be difficult to study the
GRXE in regions characterized by surface brightness lower
than ~107'"" ergs™'cm™?deg™> (CXB intensity is ~2 x
107" ergs™' cm™?deg™?). Higher GRXE surface brightness
is observed only in the Galactic plane and in the Galactic
bulge/bar. The best observational target in this respect is the
Galactic Center region, but there the confusion limit may be-
come a problem.

7.2. Confusion limit

In regions of very high GRXE surface brightness (e.g. the
Galactic Center region), the surface density of Galactic sources
can be very high and observations may be hampered by the con-
fusion limit. For example, observation of the Galactic Center re-
gion with Chandra, with its excellent angular resolution (~1""),
will become confusion limited if the surface density of sources
increases by a factor of ~40 (to ~500 sources arcmin™?) com-
pared to published observations (Muno et al. 2003).

7.3. Sensitivity limit

The observational sensitivity should be aimed at enabling the
detection of sources contributing more than e.g. 80-90% of the
total X-ray luminosity of discrete Galactic sources (excluding
bright X-ray binaries). Using the cumulative luminosity func-
tion of Sazonov et al. (2006), we can estimate that sources with
luminosities down to L, ~ 10°° ergs™! will need to be detected.
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For the Galactic Center region, where most sources dominat-
ing the total flux are located at the Galactic Center distance
(~8.5 kpc), it will be necessary to achieve a sensitivity limit of
~107'% erg s~! em™2, which is a factor of ~13 improvement over
the current limit (Muno et al. 2003).

We can also assess the required sensitivity for a given
Galactic plane region using our model of the Galaxy (Sect. 3.2)
and the luminosity function of Galactic X-ray sources (Sazonov
et al. 2006). We use the Galactic plane region at [ = 20° as an
example. The resulting cumulative number-flux function and cu-
mulative X-ray surface brightness as a function of flux are pre-
sented in Fig. 9. These dependencies were calculated for the
standard 2-10 keV band to facilitate comparison with X-ray
missions such as Chandra and XMM-Newton. Note that the rel-
ative contributions of different classes of sources are sensitive
to the choice of energy band. In particular, the contribution of
coronally active binaries to the GRXE at 2-10 keV is expected
to be greater compared to the 3—20 keV band (see e.g. Fig. 8).
One should be careful when comparing the presented figure
with Chandra observations, because the effectively sensitive en-
ergy band of Chandra does not continue to energies higher than
~5-6 keV.

It follows from Fig. 9 that, in order to resolve most of the
GRXE into discrete sources and place tight constraints on the
contribution of truly diffuse emission to the GRXE, it is neces-
sary to reach point-source flux limits ~107'07165 ergs~! cm™.
Interestingly, such sensitivity is not unfeasible for Chandra
(XMM-Newton will be strongly limited by confusion already at
fluxes ~10715 ergs™' em™2).

10*17 10*15 10*15 10*14 10*13 10*12 10*11
Flux, erg/s/cm?

Fig. 9. Upper panel: predicted number-flux function of Galactic (solid
line) and extragalactic (dashed line) sources in the 2—-10 keV energy
band in the direction / = 20, b = 0.0. The number-flux function of ex-
tragalactic sources is adopted from Moretti et al. (2003). Lower panel:
cumulative surface brightness distribution for the same populations of
sources. Shaded region reflects uncertainties in the Galactic X-ray vol-
ume emissivity.

Indeed, in the energy band >3 keV (which we mostly
consider here) the Chandra instrumental background is ~7 X
1078 cnts/s/pix (e.g. Markevitch et al. 2003). The limit for point-
source detection is then determined by the source photon counts
unless the exposure is longer than ~3-3.5 Ms (we assume that
the detection of a point source occurs through a 2 x 2 pixel cell
of the Chandra ACIS detector). For a statistically significant de-
tection of a point source, one should collect ~4—5 photons. We
can estimate the time needed to accumulate this number of pho-
tons for sources with spectra presented in Fig. 8 using typical
Chandra/ACIS-I response functions. We assume an interstellar
absorption column of Ny = 1.5 x 10> cm™? in the direction of
the observation (approximately corresponding to the interstellar
absorption in the direction [ = 20°,b = 0°). Using the spec-
tral shape of V711 Tau, a coronally active binary star represent-
ing the dominant population of low luminosity (<10%? ergs™)
Galactic X-ray sources, we find that a 3-20 keV energy flux of
107! ergs~! cm=2 for Chandra/ACIS-I corresponds to a count
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rate ~5—6 x 107 cnts/s in the energy band 3-8 keV, which gives
an estimate of the required exposure time of ~800—1000 ks.
Note that similar sensitivities have already been achieved in deep
surveys of extragalactic fields (e.g. Giacconi et al. 2002; Moretti
et al. 2003).

It is important that the predicted number density of sources
above the required flux limit (~5 x 10* deg~2, Fig. 9, upper
panel), will not create a confusion problem for Chandra.

At higher energies (>20 keV) lower sensitivities are needed,
~107147133 erg 5! cm™2. This follows from the fact that accord-
ing to the picture presented here the dominant contribution to the
GRXE at these energies very likely comes from polars and in-
termediate polars with high luminosities (L, ~ 1032734 ergs™!).
The surface density of such sources will be 103~* deg™2. Both the
required sensitivity and angular resolution should be achievable
with the projected focusing hard X-ray telescopes, e.g. NuSTAR
(e.g. Harrison et al. 2004).

8. Conclusions

— In this paper we have shown that the 3-20 keV map of the
GRXE closely follows the near-infrared (3.5 um) brightness
distribution of the Galaxy and thus traces the Galactic stellar
mass distribution.

— The GRXE map reveals the presence of the Galactic
bulge/bar in the inner 3—4 kpc. The parameters of the bar
determined from the X-ray data are fully compatible with
those obtained from near-infrared observations.

— We  demonstrated that the  point-like  source
IGR J17456-2901 in the Galactic Center observed by
INTEGRALY/IBIS is likely to be concentrated GRXE from
the innermost ~10’. We used this fact to extend the GRXE
energy spectrum up to 100 keV.

— Comparison of the GRXE luminosity-per-unit stellar mass
with the cumulative emissivity of X-ray sources in the Solar
neighborhood suggests that the bulk of the GRXE is very
likely superposed of emission from weak Galactic X-ray
sources, mostly cataclysmic variables and coronally active
binaries.

— The GRXE energy spectrum in the 3-100 keV range
can be explained as a composition of spectra of different
X-ray-source classes weighted in accordance with their rela-
tive contributions to the local X-ray emissivity.

— Based on the model of Galactic stellar mass distribution, we
predict that in order to resolve ~90% of the GRXE in the
2-10 keV band into discrete sources, it will be necessary to
achieve a flux limit ~107!° ergs~' cm™2. This sensitivity is
within Chandra capabilities.

— For the hard X-ray regime (20-100 keV), the requirement to
sensitivity is much less strict, since the dominant contribu-
tors to the GRXE in this energy band are intermediate polars
and polars with relatively high X-ray luminosities. The re-
quired flux limit ~107147135 erg s~! cm =2 can be achieved by
next-generation hard X-ray telescopes.
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Abst ract . We repott the association of the recently discovered hard X-ray source IGR J 17475-2822 with the giant molecular
cloud Sgr B2 in the Galactic Center region. The broad band (3-200 keV) spectrum of the source constructedfrom data of
different obsewatories strongly supportsthe idea thatthe X-ray emission of Sgr B2 is Comptonscattered and reprocessed
radiation emitted in the past by the Sgr A* source. We conclude that300-400 years ago Sgr A* was a low luminosity (L =
1.5x 10¥ ergs™' at2-200keV) AG N with a characteristichard X-ray spectrum (photonindex I' = 1.8). We estimate the mass
andiron abundanceof the Sgr B2 scatteringgas at 2 x 10° My(r/10pc)?> and 1.9 solar, respecively (wherer is the radius of

the doud).

Key words. Galaxy: center— ISM: clouds: individual: SgrB2 -

1. Introduction

Our Galactic Center (GC) harborsa black hole (BH) with a
mass of 3 X 10° Mg, (e.g. Schédel etal. 2003). It has remained
puzzling why the source Sgr A* associated with the BH is
faint despite the presenceof significant amount of ambient
gascapableof fuelling it (Melia & F alcke 2001; Bagandff etal.
2003).

Among many complex structuresnear the GC, X-ray tele-
scopes have detected8-20keV continuum (Sunyaev et al.
1993; Markevitch et al. 1993) and 6.4keV line diffuse emis-
sion (Koyama et al. 1996; Murakami et al. 2000; Sidoli et al.
2001; Murakami etal. 2001b) associatedwith giantmolecular
clouds in particular Sgr B2 locatedat a projecteddistanceof
K100 pcfrom Sgr A*. T hatwas suggestel to be radiation emit-
ted in the past by Sgr A*, Comptonscatteredand reprocessel
by the cloud neutralgas and delayed by the light travel time
(Sunyaev et al. 1993; Koyamaetal. 1996).

The scatteredemission is strongly photoabsorbedvithin
the Sgr B2 cloud at enemies below 5-10keV. However, since
the efficiency of photoabsorptin rapidly declineswith energy,
onecould expectSgr B2 to be astrongX-ray sourceatenemies
abovell 15 keV. We show below thatsuch a hard X-ray source
has now beenobservedwith the INTEGRAL obsenatory.

2. Obser vations and results

The INTEGRAL satellite (Winkler et al. 2003) expandsthe
frontiers of X-ray and gamma-rayimaging. The several-fold

X-rays: ISM

increasedeffective area of the telescopelBIS (Ubertini et al.
2003) comparedto theprevious space-bornehardX-ray imager
GRAN AT /SIGMA, opensup a possibility to study hard X-ray
sources locatedin crowded regions of the sky, at flux levels
(above 20keV) downto 1 mCrab (Revnivtsev et al. 2004a).

During the period 2003-2004INTEGRA L extensvely ob-
served the central 20 x 20% area of the Galaxy (Revnivtsev
et al. 2004a). Figure 1 shows a hard X-ray image of the in-
nermog 3.57 x 2.5% region obtainedfrom obsenations with
a total effective exposure of 2.3 Ms. Thanks to the good an-
gularresolution (12) of IBIS, practically all brightsourcesin
this areaare resolved, most of thembeingknown low-mass X -
ray binaries. The newly discovered sourcelGR J17475-2822
(Revnivtsev et al. 2004a) is coincident with the Sgr B2
molecular cloud. Since the X-ray flux below 10keV col-
lected from the IBIS PSF centeredon IGR J17475-2822 is
completely dominatedby diffuse emission of Sgr B2 (Sidoli
et al. 2001; Murakami et al. 2001b), we can safely asso-
ciate IGR J17475-2822 with this diffuse component The
obserwed flux in the 20-200keV band is 2.5 + 0.1 mCrab,
or X7 x 107" ergs™', which correspondsto a luminosity of
6% 10> ergs™' ata distanceof 8.5 kpc. To our knowledge,this
is the first ever detectian of X -ray emissionabove20keV from
any molecularcloud.

We constructeda broad band spectrum of the source
(Fig. 2) by combining data of GRA NAT, ASCA and
INTEGRAL. The ASCA /GIS spectrum was collected
from a 6.5’-radius region centered on IGR J17475-2822
using data of obsenations carried out in 1993-1994.
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Fig. 1. Upper panel: 3.5° X 2.5° hard X-ray (18-60 keV) image of the
GC region obtained with INTEGRAL/IBIS. Contours denote levels of
the signal to noise ratio, which start from $/N =5.0 and increase with
a multiplicative factor of 1.4. Detected known X-ray sources are indi-
cated (see Revnivtsev et al. 2004a for details). Lower panel: The same
IBIS color image, with overplotted contours of brightness distribu-
tion in the 6.4 keV line as measured by ASCA/GIS. Largest molecular
clouds are indicated and the position of the Sgr A* source is marked
with a cross.

The GRANAT/ART-P spectral point was obtained from ob-
servations in 1991-1993 (Pavlinsky et al. 1994). Note that
the different effective beam sizes of the instruments (~5" for
GRANAT/ART-P and ~12" for INTEGRAL/IBIS) can affect
the obtained spectrum. This effect should however be small
given the limited size (3-5") of the Sgr B2 cloud in X-rays.

3. Discussion
3.1. X-ray reflection nebula model

The 2-10keV flux from Sgr B2 is dominated by diffuse emis-
sion in a line at 6.4 keV superposed on strongly absorbed con-
tinuum emission (Koyama et al. 1996). A number of smaller
molecular clouds in the GC region also exhibit powerful
6.4keV line emission, although with low absolute fluxes com-
pared to Sgr B2 (Murakami et al. 2001a; Bamba et al. 2002;
Predehl et al. 2003; Park et al. 2004). Common for all of
these sources is the huge (1-2keV) equivalent width of the
6.4keV line.

According to an early prediction (Sunyaev et al. 1993),
X-ray activity of Sgr A* in the recent past should lead just to
such observational consequences, i.e. to the appearance of scat-
tered X-ray radiation, strongly photoabsorbed at low energies,
and of a powerful fluorescent iron K, line (see detailed analy-
sis of 6.4 keV emission line in Murakami et al. 2000, 2001b).
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Fig.2. Broad band X-ray spectrum of the source IGR J17475-2822
associated with the Sgr B2 cloud. Data of ASCA/GIS (3-10keV),
GRANAT/ART-P (10-20keV) and INTEGRAL/IBIS (20400 keV)
are presented. 1o error bars and 20~ upper limits are shown. The
dashed line is the best-fit model (see main text) convolved with the
resolution of ASCA/GIS (o =~ 230eV).

The X-ray echo from Sgr B2 should be delayed by
300-400 years relative to the direct signal from Sgr A* due
to the light travel time from Sgr A* to Sgr B2. The equiva-
lent width of the K, line is so large because we do not see
the primary source itself. The fact that INTEGRAL sees X-ray
emission above 20keV from the zone of 6.4keV emission in
Sgr B2 (see Fig. 1) provides strong support to this scenario.
Unfortunately, the angular resolution of IBIS is not sufficient
to study the diffuse emission of the other GC molecular clouds
due to the presence of a large number of strong point sources.

Our spectral analysis further supports the Sgr A* sce-
nario. As shown in Fig. 2, the spectral energy distribu-
tion of Sgr B2 measured with INTEGRAL at 20-200keV
matches the 3-20keV spectrum measured with ASCA and
GRANAT/ART-P. The combined spectrum at 3-200keV can
be well fit by a model in which X-rays from Sgr A* are scat-
tered and reprocessed in a homogeneous spherical cloud of cold
gas. Scattering of the hard X-rays occurs on the neutral molec-
ular hydrogen and helium (Sunyaev & Churazov 1996) while
the abundance of iron determines the intensity of the fluores-
cent K, line.

The spectrum emerging from Sgr B2 depends on several pa-
rameters: the slope (I') of the incident spectrum (assumed to be
a power law), the cloud radial optical depth to Thomson scat-
tering [Tt = or(2np,)r, where ny, is the number density of hy-
drogen molecules and r is the cloud radius], the iron abundance
relative to solar (A), the scattering angle (6) for photons travel-
ling from Sgr A* to Sgr B2 and then to us, and the ISM column
density toward Sgr B2 (Ny). Using Monte Carlo simulations of
the radiative transfer in the gas cloud, we find the following
best-fit values: I' = 1.8 £ 0.2, 7 = 04 +£0.1,A = 1.9+ 0.2,
6 = 80° + 10°, and Ny = (8 + 2) x 10*2cm™? (given are
1o statistical errors). Note that the obtained parameters are in
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general agreement with those derived by Murakami et al.
(2000, 2001b) but now we have significantly widened the en-
ergy spectrum of Sgr B2 that allowed to obtain additional con-
strains on the intrinsic shape of the spectrum of Sgr A* and
the relative positions of Sgr B2 and Sgr A*. The uncertainties
associated with the gas density distribution in Sgr B2 and with
the cross-calibration of the instruments can lead to additional
~30% systematic uncertainties on the values of 7 and 6, while
our estimates of the iron abundance and spectral slope are more
robust. The best-fit model is shown in Fig. 2.

Based on the measured optical depth we can es-
timate the mass of the scattering gas in Sgr B2 as
My, = @n/3m,Q2np)r’ = @n/3)mp/om)Trr? ~ 2 X
10° Mo (r/10pc)>.

In the above model the high-energy rollover tentatively
seen in the INTEGRAL spectrum is explained by the Compton
recoil of hard X-ray photons in the cloud and is very sensi-
tive to 6. Allowing for the possibility of an intrinsic cutoff
in the illuminating spectrum, we are able to place an upper
limit of & < 135° on the mutual position of Sgr A* and the
Sgr B2 cloud.

Using the measured X-ray flux from Sgr B2 and best-fit
spectral parameters, we find that the luminosity of Sgr A*
in the 2-10keV and 2-200keV band was 0.5 and 1.5 X
10% erg s~ (/10 pc)2(d/ 100 pc)?, respectively, where d is the
distance between Sgr A* and Sgr B2.

3.2. Alternative scenarios

Alternative explainations of the X-ray emission of Sgr B2 meet
severe difficulties. Instead of attributing the primary emission
to Sgr A* one could hypothesize that a transient source inside
the Sgr B2 cloud was irradiating the molecular gas. The large
equivalent width of the 6.4keV line implies that we are see-
ing pure reprocessed emission but not the primary source. The
source therefore should have faded away before the ASCA ob-
servations of 1993, i.e. more than 10 years ago. Since the light
crossing time of the Sgr B2 cloud is ~30 years, one would ex-
pect to see a decline of the 6.4keV line flux by a factor of 2
from 1993 till now (Sunyaev & Churazov 1998).

Using archival data of ASCA, BeppoSAX, Chandra and
XMM observatories we find no significant variability of the
line flux during the period 1993-2001 (see Fig. 3) in contradic-
tion with the internal source hypothesis. For each X-ray tele-
scope, we extracted the 6.4 keV line flux from the same 3’ ra-
dius circular region centered at the peak (RA=266.830126,
Dec =-28.386593) of the Chandra image in the 6.4keV line.
The background emission (instrumental plus diffuse sky back-
ground unrelated to Sgr B2) was similarly estimated for all
the instruments in a 3’-radius region around RA =266.874812,
Dec =-28.501369. The data were reduced using standard util-
ities recommended by the Guest Observer Facilities.

INTEGRAL observations similarly indicate that the con-
tinuum 18-60keV flux was constant within 25% during 2003—
2004. For the Sgr A* model, the constancy of the line flux
merely means that the luminosity of Sgr A* remained approx-
imately constant for more than 10 years a few hundred years
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Fig.3. Summary of flux measurements in the 6.4 keV line from the
Sgr B2 cloud. 1o uncertainties are indicated. See text for details.

ago, while the fact that other molecular clouds in the GC region
also shine in the 6.4 keV line indicates that the entire period of
activity lasted much longer than 10 years. The possibility that
the GC molecular clouds have been irradiated by external tran-
sient sources such as X-ray binaries has been ruled out before
(Sunyaev & Churazov 1998; Murakami et al. 2001b).

The diffuse emission from the Sgr B2 cloud being a su-
perposition of a large number of weak point sources inside
the cloud is very unlikely. First of all, the cumulative emis-
sion of X-ray sources (mostly young, low mass stars) in nearby,
well-studied molecular clouds such as Orion and p Oph is sub-
stantially softer (Revnivtsev et al. 2004b) than that of Sgr B2
and does not exhibit a strong intrinsic 6.4keV emission line
(Feigelson et al. 2002; Imanishi et al. 2001). The observed
huge equivalent width of the 6.4 keV line cannot then be ex-
plained by reprocessing of the point sources’ emission by the
molecular gas. An even stronger constraint comes from the fact
that several GC molecular clouds with hydrogen column den-
sities ranging between 10> and 10** cm™? (Bamba et al. 2002;
Park et al. 2004) all exhibit a similar equivalent width of the
6.4keV line. We briefly note that for reflecting clouds with a
small optical depth, the absorption edge above 7.1 keV (Predehl
et al. 2003) need not be strong even if the 6.4keV line equiva-
lent width is large.

The bombardment of molecular gas by low energy cosmic
ray electrons was put forward (Valinia et al. 2000; Yusef-Zadeh
et al. 2002) to explain the 6.4 keV emission. The electrons pro-
duce inner-shell ionizations of iron atoms, leading to 6.4keV
line emission, and simultaneously generate bremsstrahlung ra-
diation. In this model, the lack of a strong cutoff below 200 keV
in the spectrum of Sgr B2 implies that electrons with ener-
gies higher than a few hundred keV should be present, while
the slope of the observed spectrum (I' ~ 2) constrains the
distribution of electrons in energy. Given these observational
constraints, we can estimate in the thick target approximation
that only (1-3) x 10~ of the cosmic ray electrons’ energy can
go into hard X-ray radiation around 50keV. Thus, to produce
the observed luminosity at 50keV of ~3 x 10*° ergs~! at least
(1-3)x 10* ergs™" of energy in cosmic ray electrons ought to
be dumped into the cloud. This power is comparable to the
bolometric (mostly infrared) luminosity of Sgr B2 (Gordon
etal. 1993) which is thought to be mostly due to hot stars. Since
Sgr B2 with its dust is an almost perfect calorimeter, no room is
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left for additional energy in nonthermal, low energy cosmic ray
protons. Furthemore, the equivalent width of the 6.4keV line
(with respect to the bremsstrahlung continuum) is predicted to
be 250-350¢V for solar abundance of iron. Therefore, the ob-
served ~2keV equivalent width requires a factor of 5-6 over-
abundance of iron in Sgr B2.

Production of a 6.4 keV line by cosmic ray ions rather than
electrons (Dogiel et al. 1998; Tatischeff et al. 1998) requires
similar high energetics and strong overabundance of iron. In
addition, heavy ions (e.g. oxygen) should produce multiple ion-
izations of iron atoms leading to a blue shift of the 6.4 keV line,
which is not observed. Charge exchange reactions of nonther-
mal iron ions with the ambient H, and He should produce a
broad hump at ~6.7 keV, which is not observed in Sgr B2 either.
The cosmic rays model thus encounters very serious problems.

4. Conclusion

We thus come to the conclusion that the Sgr B2 cloud is send-
ing us an X-ray echo of violent activity of the GC supermas-
sive BH some 300 years ago, which lasted at least 10 years.
The luminosity of Sgr A* at that time was ~5 x 10%¥ ergs™!
in the 2-10keV band, i.e. a few x10° times higher than it is
now (Baganoff et al. 2003). The 2-200keV luminosity was
~1.5 x 10¥ergs™". Sgr A* was therefore similar to low lu-
minosity active galactic nuclei (LLAGN) rather than to more
powerful Seyfert galaxies. LLAGN emit most of their energy
in the near infrared (Ho 1999) and we can estimate that the
bolometric luminosity of Sgr A* was ~10* ergs™'. This is still
only ~3 x 107 of the critical Eddington luminosity of the cen-
tral BH. Thanks to INTEGRAL, we now know that Sgr A*
had a power-law spectrum with a photon index of ~1.8, with-
out a significant cutoff up to 100 keV. This spectrum is remark-
ably similar to the few directly measured hard X-ary spectra of
LLAGN (Pellegrini et al. 2000a,b).

It is actually not surprising that our GC was so active in the
recent past, as AGN with luminosities higher than 10%% erg s~
(2-10keV) are found in ~50% of galaxies morphologically
similar (of type Sb) to the Milky Way (Ho et al. 1997, 2001).
There is a significant probability that Sgr A* will become
bright again in the foreseeable future. That would provide the
much needed information about the duty cycle of activity in
galactic nuclei.

Future instruments will be able to further test the Sgr A*
irradiation model. In particular ASTRO-E2 will probe the
Compton shoulder with a peculiar spectrum on the low-energy
side of the 6.4keV line, caused by down-scattering of the line
photons on the molecular hydrogen and helium atoms (Sunyaev
& Churazov 1996; Vainshtein et al. 1998; Sunyaev et al. 1999).
The relative strength of the shoulder should be proportional
to the optical depth of individual molecular clouds. In addi-
tion, the Compton scattered X-ray continuum should be more
than 50% polarized in contrast to the fluorescent line (Churazov
et al. 2002), and future X-ray polarimeters will be able to de-
termine the scattering angle and hence the location of Sgr B2
on the line of sight. Polarization mapping of the GC molecular
clouds would yield a full 3D geometry of the region.
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HOMI/IMO Hay4yHOIl pa6oTel Muxann Pes-
HJBIIEB MTOCBAIAJ OONBIIYIO YaCTh Bpe-
MeHI O0YYEHUIO CTYHEHTOB, HOMY/IAPU3ALINN
Hayku. OH MHOTO BBICTYIAJI C IEKIMAMU, YN~
Taj1 06pa3oBaTeIbHbIe KYPChI LA CTY/ICHTOB
U aCIMPAHTOB, PYKOBOAM/I MX HAy4HO-UC-
CIIefloBaTe/NIbCKMMY paboTaMy, IMcaa Hayd-
HO-TIONY/IAPHbIE CTAaTby M 0030pbl. B KHMTY
BKJ/IIOYEHBI TPY, BO3MOYKHO, Hanbosee ApKMX
U yBJIEKATEIbHBIX HAay4YHO-IIOMY/IAPHBIX CTa-
Tbu Muxauna PeBHMBLIEBA B MX OPUTMHATIb-
HOM U3JIaHUM.
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OTKprTI/Ie KOCMNYeCKoro peHTreHoBCKOro usny4yeHua

PeHTreHoBCKas acTpodu3snKa - yHNKaNbHO 6ora-
TadA HayKa. B peHTreHOBCKOM Anana3oHe (T.e. B AnanasoHe
SHeprui ¢oToHOoB oT ~0.5 go 10-100 K3B) n3nyyaet MHOro
KNnaccoB 06bEKTOB BceneHHONM - OT MeX3Be3aHOW cpefbl
1 rennocdepbl, OT 06bIYHbIX 3B€3[, OeNbIX KapinMKOB, Hell-
TPOHHbIX 3Be3[, 4O YepHbIX Ablp B Hawen lanaktuke n B
A pax OrPOMHOrO KONMYeCTBa APYruX ranakTuk, N Mexxra-
NAKTUYECKOW cpelbl CKOMIeHWI ranakTumK.

ATMocdepa 3emnu abCosoTHO HEMPO3paYHa s
PEeHTreHOBCKOro n3nyyeHus. Ecnm nsmepenna B obnactm
SHepruin ¢poToHOB Bbilwe 20 K3B BO3MOMHbI C BbICOTHbIX
CTpaTocTaToB (Ha BbicoTax Bbiwe 20-30 Km), TO AnA Toro
yTOGbl PErMcTPUPOBaTb M3NlyYeHUe C SHepruein oKkoso 1
k3B (gn1Ha BOMHbI OKOMO 12 aHrcTpem) HeobXxoaAnMo Nog-
HATbCA Ha BbICOTY He meHee 100 KM, MO3TOMY nepBble
LUarv B 3Tol 0651aCTL CTafI BO3MOXHbI TOJIbKO C Pa3BUTK-
€M paKeTHbIX TEXHONOTNIA.

MNepBble aCTPOHOMUYECKUE U3MEPEHUS PeHTre-
HOBCKOIO M3/Ty4YeHNA Hayanucb B KOHLe 40X - Hayane 50x
rofios c HabnoaeHuin ConHua Ha paketax V-2 (cm, Hanpu-
mep, OpugmaH n gp. 1951). B kauecTBe peructpupyoLlero
npuéopa Mcnosib3oBanca MoaNPUUNPOBAHHBIA CYETYMK
leiirepa, T.e. rasopaspagHas TpybKa, perncTpupytowas
CUTHaN NpY NPOXOXAEHUN Yepe3 Hee MOHM3MPYIOLLEro
¢doToHa. OfHaKo NpocToe MaclTabrpoBaHne PEHTIEHOB-
ckoro notoka ConHua Ha paccToAHMA OO APYrux 3Be3f
MOKa3blBasio, YTO MNP UMEIOLNXCA XapaKTepucTumkax
PEHTreHOBCKMX MHCTPYMEHTOB perncrpaumsa noToka no-
6bIx Apyrux 3Be3q Kpome ConHua HeBO3MOXHa. OUeHKM
PEHTIEHOBCKMX CBETUMOCTEN APYrUX acTpodr3nyeckrx

Sueprus $otoHor , 3B

e 2 w0t 10 10° 105 107 09

Bhicora, kM

ﬂae.':euue, aT™

110

- ; ter o :
e 108 10°R  10A 1A 1674 10PR 00

10M 1M 10cm 1c 100

Nnura poaHu!

Bvicoma, 0o komopoli hpoHuUKaem 31ekmpomazHum-
Hoe u3Jly4yeHue pasHolx 3Hepaul. [TokazaHwl 8bICOMebl, 00 KOMOPbIX
doxooum 1/10 om nadarowezo uzsiyyeHus. Xopowo 8UOHO, YMO C
nosepxHocmu 3emsiu Ham 0OCMYNHO JIUWb U3J1yYeHue 8 y3Koul no-
J10ce 8UOUMO20 c8eMa U 8 paouo-0uandsoHe.

06beKTOB (TakKMX KaK OCTaTKM BCMbIWEK CBEPXHOBbIX,
BCMbIXMBaloWme 3Be3dbl U T.J.) VMENN OrpoMHble He-
onpeneneHHOCTI, MOSTOMY OXMAANOCh, YTO CleayoLWM
Mo APKOCTN 0OBEKTOM PEHTIFEHOBCKOro Heba byaet JlyHa
(3a cueT dnyopecLeHL N B MOTOKE PEHTTEHOBCKUX Jyyel
ConHua).

B Hauane 60x rogoB 6bLIM NpPeanpPUHATDLI LWaru
Mo YNyULeHWI0 PerncTprpyioLLel annapaTypbl Ha OCHO-
BE MPOMOPLMOHAJbHBIX Fa30BbIX CYETUMKOB. YyulleHne
UyBCTBUTENBHOCTM ObIIO AJOCTUFHYTO 3a CYET NOoABIEHUA
AHTMCOBMAAATENbHON 3alWKTbl (U3-3a 3TOrO CYLECTBEHHO

O6wjul 8uO none3HoU HAzpy3KU 8 paKkemHsIx SKcnepu-
meHmax epynnul AS&E 8 nonemax 1962 200a (cneea) u 1964 200a
(cnpaesa)

YyMeHbLUMNAcb CKOPOCTb cyeTa COoObITUI, perncTpupyto-
LWMX NPOXOXKAEHME Yepe3 CUETUMK 3apsAPKeHHbIX YacTul,
He CBA3AHHbIX C PEHTTeHOBCKUMY GpOTOHaMM) 1 yBenu-
yeHuns 3¢pdeKkTMBHOM Nnowaan npubopa. MNMonet pakeTol
Aerobee 18 noHA 1962 rofa, NpoHecLIen PeHTreHOBCKUN
fJetektop rpynnbl Pukkapgo OxakkoHun (AS&E) Ha Bbico-
Tax Ao 225 Km (obuiee Bpema Ha BbicOTe Bbile 80 KM Co-
ctaBuiio 350 cekyHp), 03HaMeHoBas cobol Hauyano 3pbl
PEHTreHOBCKOWM aCTPOHOMUN.

PeHTreHoBCcKOe u3nyyeHue JlyHbl OOHapY»KeHO
He 6b110 (OHO BrepBble ObINIO 3aPErMcTPUPOBAHO Ha CO-
BETCKOM CryTHUKe JlyHa-12 B 1966 r, MangenbLwtam v gp.
1968), Ho 6bINK caenaHbl fBa BaXXHeNLWNX OTKPbITUA: 1) 06-
Hapy>eHO U30TPOMNHOe (MMetoLiee OQUHAKOBYIO APKOCTb
B pasHbIX HanpaBfeHUAX) PEHTreHOBCKOEe W3nyyeHune
- KOCMUYEeCKUin peHTreHoBcKui ¢oH (KPD) BceneHHon,
2) OTKPbIT APKUIN NUCTOYHUK PEHTTEHOBCKOIO U3NyyYeHus,
Ha3BaHHbIN B ganbHerwem CKopnuoH X-1, Apyanumm nc-
TOYHVIK PEHTTEHOBCKOIO Heba ([akkoHu 1 ap. 1962)

B TeueHve nocnenyoWwmnx fecat net 6u110 Npo-
BefEeHO 60NbLIOe KONMYECTBO SKCMEPNMEHTOB B 06nacTu
PEHTFeHOBCKOW aCTPOHOMUIM NP MOMOLLM 3anycKa peru-
CTpupyoLLeln annapaTypbl Ha pakeTax. Takxe Oblno npo-
BefjeHO 6onbluoe KONMMYeCcTBO 3KCNEepPrMEHTOB Ha CTpa-
TOCTaTax. JKCMEPUMEHTbI Ha CTPATOCTATaX JOJIXKHbI ObIN
perncTprupoBatb 6osee XecTKue pPeHTreHOBCKUe nyuu, C
SHeprumen Bbiwe 20 K3B (POTOHbI MEHBLINX SHEPIUA He
JOCTUraloT BbICOTbI CTpaTocTaToB). [MponopunoHanbHble
rasoBble CUYETUMKM MPAKTMYECKM MPO3payHbl Ha TaKUX
SHepruax, NO3TOMy perucTpupytrowasa annapatypa cTpo-
nnacb Ha ApYrux NpUHUMNax.

[Ona pernctpaumm >KecTkoro pPeHTreHOBCKOro
$OTOHA MCNONb30BaNUCh, Kak NPaBUIO, CLUHTUANALMOH-
Hble KpucTanbl Nal(Tl), okpy»eHHble b0 NNacTUKOBbLIM,
nn6o Csl(TI) cUMHTMANATOPOM, CRy»KallUM aHTUCOBMa-
JatenbHon 3awmTon. Mpn npoxoxaeHnn boToHa yepe3
CUMHTUANATOP BO3HUKAET BCMbllIKa CBETa, KOTopas pe-
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3anyck cmpamocmama peHmeaeHosckout epynnel MIT 15
okmsabps 1970 2. B s3mom noneme 6bi/1 OMKpbim peHmaeHo8cKul
nynecap GX 1+4

rMCTpUpyeTCs Npu nomowy GoToymHoXMTENs. ApKoCTb
BCMbIWKM 3aBUCUT OT 3Hepruv ¢oToHa, YTO Mo3BONsAeT
NPOBOAWTL CMEKTPOMETPUYECKIE N3MEPEHNA.

B xope 3TUX 3KCMEePUMEHTOB ObiI0 OTKPbLITO
3HAUUTENbHOE KONIMYECTBO PEHTIEHOBCKMX WCTOYHU-
KOB, BKJtoUaa o6bekT B KpaboBUAHOM TyMaHHOCTU (TaK
Ha3blBaeMblli UCTOYHUK Taypyc X-1). bonblwmm nacom
3KCMEePVMEHTOB Ha CTpaTocTatax Obila BO3MOXHOCTb
NpoBOAWTb HabNOAEHMA B TEUEHMM MHOMMUX YacoB, YTO
NO3BOJINIO AOCTUYb YYBCTBUTENIbHOCTEN Jyylle, YeM B
obnacTu 3Heprun 1-10 k3B. bonee Toro, y HEKOTOPbIX MC-
TOYHUKOB Y[,anocb 06HaPYKUTb NePEeMeHHOCTb UX APKO-
CTV Ha MaclTabax MUHYT, KOTopas, Kak 0Ka3anocb B ajlb-
HelileM, BO3HMKaa 13-3a BpaLleHusa GpopmMupyoLwmux 31o
PEHTreHOBCKOe M3NyYeHne HeMTPOHHbIX 3Be3A. OfHaKo B
TO Bpems TaKue BblBOAbl HE MOIM ObiTb cenaHbl 13-3a
Masiol AITENbHOCTV HabMogeHI OTAENbHBIX OO EKTOB.

Kapma scezo Heba ¢ Nos10KeHUAMU peHM2eHOBCKUX UC-
MOYHUKO8, OMKPbIMbIX K KOHUY 1960x 20008

Cnepytoleit CTyNeHbio K YBENMUYEHWUO OnuUTeNb-
HOCTM pPaboTbl PEHTFEHOBCKMX WHCTPYMEHTOB  CTaslo
pa3melleHne nx Ha CnyTHMKax. B nepBbix CNyTHUKOBbIX
3KCNeprMeHTax annapaTtypa PeHTreHOBCKOro Auvanaso-
Ha Oblfa NMWb AOMOSHUTENIbHON MOJSIe3HON Harpy3KoMu,
HanpumMep Ha COBETCKMUX pa3BefblBaTefibHbIX CMyTHU-
Kax Tvna 3enuT: Kocmoc-208 (1968), Kocmoc-251 (1968),
Kocmoc-264 (1969), Kocmoc-428 (1971), Kocmoc-856
(1976), Kocmoc-914 (1977) 1 1.4., Ha NyHHbIX Moaynsax Koc-
Moc-60 (1965), JlyHa-10 (1966), JTyHa-12 (1966), Ha manbix
cnyTHMKax Kocmoc-135 (1966), Kocmoc-163 (1967), Koc-
Moc-461(1971-1979).

MpaKTUYeCKN BCE UHCTPYMEHTbI 3TUX CMYTHUKOB,
paboTatoLyme B 0611aCTVi PEHTIEHOBCKMX Jlyyeld, NpeAcTaB-
NANN cobol CUMHTUANATOPSI, MO0 0603peBaloLive BCO
LOCTYTHYI0 YacTb Heba C Lieiblo N3MepeHNs KOCMUYECKO-
ro peHTreHoBCKOro ¢oHa (Kak, Hampumep, annapaTtypa
cnyTHMKoB Kocmoc-135, Kocmoc-163, Kocmoc-461), nmbo
Habnogatowme Yyact Heba, orpaHMUYeHHble MACCUMBHbBIM
KOMIMMATOPOM. B nepBbIX 3KCMeprUMEHTaxX CLUMHTUANATO-
pbl He GblIY CHAGXeHbl aHTVMCOBMaAAATENIbHOW 3aLLMTOMN,
UTO CYLLECTBEHHO CHMXKANO MX YyBCTBUTENIbHOCTb K PEHT-
reHoBckum $oToHam. B 6onee no3gHUX 3KCneprMeHTax
CUMHTUNAATOPbI CHAGXanUCb aHTUCOBMAAATENbHON 3a-
wmTon (Kocmoc-856, Kocmoc-914).

Cpepun pe3ynbTatoB, MOMYYEHHbIX B XOA4e 3TMX
3KCMEePVMEHTOB, HEOOXOAVMO OTMETUTH MOJIyYeHUe Ha-
OEXHbIX W3MEPEeHUN KOCMUYECKOrO PEHTreHOBCKOro
¢doHa B obnactu sHeprun 20-500 k3B (loneHeuknii 1 ap.
1971, Mazey u gp. 1975) . B xope ckaHMpytoLWwmx Habnoge-
HWIA 6bl1 O6HAPYEHO HECKOMbKO PEHTIEHOBCKMX UCTOY-
HVKoB (BpaTtontoboBsa-Llynykuase n gp. 1976, babywkurHa
n gp. 1975), B TOM yncyie OTKPbITbIX HE3aJ0Nro 4O 3TOro
cneuranm3npoBaHHOM PEeHTreHOBCKON obcepBaTopuen
UHURU. Cpeau cyuiecTBeHHbIX HEJOCTAaTKOB YacTu 3TUX
3KCMePUMEHTOB MOXKHO Ha3BaTb MaJloe BpeMs paboTbl Ha
opbuTe (OKONO ABYX HEfEeNb) M3-3a HEOONbLUMX BbICOT Op-
OUT CMYTHUKOB, a TaKXe COXHOCTU OPOUTANIbHON Kanu-
6pOBKM UHCTPYMeHTOB. OTCYTCTBME XOPOLLel Kannbpos-
K1 (noneTHan KannmbpoBKa peHTreHOBCKMX MPUOOPOB, Kak
npaBuso, He NPOBOAWIACL) MPUBOAUIIO K TOMY, UTO 3aAB-
JIEHHbIE XapPaKTePUCTUKN OOHAPY>KEHHbBIX MCTOYHMKOB He
NOATBEPXKAANWCH APYrMM Fpynnammn ncciegoBatenei, 1
pe3ynbTaTbl 3TUX M3MEPEHU Masio NCMONb30BaNNCh B Ha-
yYHOW NnuTepartype.

MepBble cnyTHUKOBbIE M3MepeHus 1 0630pbl Heba B
PEeHTreHOBCKUX JTyYax

MpopbIBOM B peHTreHOBCKOW aCTPOHOMMM CTano
nosAB/IeHNe CneLnann3npoBaHHbIX opbuTanbHbix obcep-
BaTOPUIA. ITO NO3BOJIMIIO YBENIMUNTbL BPeMA HabnoaeHnin
00BEKTOB OT 5 MUHYT, JOCTYMHbIX AN PaKeTHbIX N3Mepe-
HWUI, O MeCALEB U faxe NeT, T.e. NPaKTUYeCKn B AeCATKN
TbicAY pa3. MNepBad cneuvann3npoBaHHasa opbuTanbHas
peHTreHoBCKaA obcepBaTopuA Obina co3faHa B pamkax
nporpammbl HACA Manbix aCTPOHOMUYECKUX CMYTHUKOB
(SAS-Small Astronomical Satellite) u nonyunna Ha3BaHue
SAS-A nan UHURU.

Opo6uTtanbHas obcepatopusa SAS-A nnu UHURU
(Yxypy B nepeBofe C cyaxunm o3HavaeT ‘ceoboga’; cnyt-
HWK 6bln Ha3BaH TaK B YeCTb 7-O rofOBLUMHbI HE3aBKCU-
MoCTU KeHuu, y 6eperoB KOTOPOW C MOPCKOW MiaTthpopmbl
CaH-Mapko 12 gekabpsa 1970 r. coctoAncs 3anyck obcep-
BaTopun SAS-A) npepHasHauyanacb anAa ob63opa Bcero
Heba C HEJOCTVXMMOW paHee YyBCTBUTENbHOCTbIO (Bpe-
MA paboTbl Ha opbuTe 1970-1973 T).

Yike [o 3anycka 3Toll o6cepBaTopum Obifo ACHO,
yTo, MO BCEV BUAMMOCTW, PEHTFEHOBCKME WCTOYHMKM
MMeIoT pasHylo Mpupoay, NosTomy HeobXxoammo Oblio
COCTaBUTb Nepenncb Hamboree APKMX 0O6bEKTOB Heba, a
Tak»Ke MMeTb BO3MOXKHOCTb NMpoBecTy bonee feTanbHoe
nccnefoBaHme OTAeNbHbIX UCTOYHUKOB. C 3TON Lenblo 06-
cepBaToOpUA AOMKHA Oblfa CUCTEMATUYECKN CKaHNPOBaTb
HebO NpW NMOMOLLM [BYX KOMTMMUPOBAHHbBIX (T.e. MMeto-
LMX none 3peHns, orpaHNYeHHOe NacCMBHbIM KOMIMMa-
TOPOM) MPOMOPLMOHANIbHBIX Fa30BblX CYETUMKOB COOU-
patowiel nnowagbio okosno 840 KB.cM. Kaxabln. CKOpoCTb
CKaHVMpoBaHUA morna ObiTb M3MeHeHa no TpeboBaHMIO
nporpammbl HabnogeHW. B cTaHgapTHOM pexnmMe Ha-
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Cxema peHmeeHosckol obcepeamopuu SAS-A (UHURU).

6ni0AeHNI ONTUYECKNEe OCK CMEKTPOMETPOB (C MofAMM
3peHna 0.5x5 rpagycoB u 5x5 rpagycoB) CKaHMpOBanu
He60 No 60NbLINM OKPYXKHOCTAM, CMeLLanach Ha 1 rpagyc
B [l€Hb.

Pesynstatom o0630pa Heba obcepBaTopun
UHURU ctan katanor 13 399 NcToYHNKOB pa3HOW Npupo-
Ibl OT 6esIbIX Kap/IKOB U HEMTPOHHbIX 3BE3 [0 raNakTuK
1 ckonneHun ranaktuk (PopmaH u gp. 1978). bnaropapn
BO3MOXXHOCTM MPOBEAEHVA ONUTESbHbIX HabMogeHWI
WHAVBYAYaNbHbIX NCTOYHVKOB YAANOCh PewwunTb npobie-
My NPUPOALI PEHTFEHOBCKOIO N3MyYeHNsA APKNX NCTOUYHN-
KOB B Hawew lanakTtuke.

[eno B TOM, UTO, HECMOTPSA Ha OTKPbITME 3HAUN-
TENbHOro KOINYECTBa PEHTIEHOBCKNX MCTOUHNKOB B Npe-
Oblayulee fecATUneTE U fJaxke ONTUYECKOe OTOXKAEeCTBIe-
Hue ApYanwero n3 Hux - CkopnuoH X-1 (CaHpagX n gp.
1966), MexaHN3M reHepaLunmn Takon 60bLION CBETUMOCTH
(peHTreHOBCKasa CBETUMOCTb UCTOYHMKA CKOpMMOH X-1
npubnnsutenbHo B 100 TbicAY pa3 60sblue 6bosioMeTpurye-
ckoln cBeTumocTu ConHua) 6bin He siceH. K Hauany 70x ro-
noB XX BeKka NosiBUNINCL NAEW, YTO UCTOYHMKOM SHEpPrm
[ANA Hee MOXeT ObITb BblaeneHre rpaBUTaLIOHHON 3Hep-
rMM Npv NageHnn BellecTBa Ha KOMMAKTHbIN 3BEe34HbIN
ocTaTtok (3enbpgoBuy 1964, Cannutep 1964), ogHaKo C Ha-
6ntofaTeNibHOM TOUKU 3peHns yoeamnTenbHbIX NOATBEPX-
OEeHUN 3TUM NPeANONIOKEHUAM He Oblno HalAEeHO.

CuTyauma CywecTBeHHO M3MeHMnacb B Hauva-
ne 1970x rofos, Korga npuv Nomowy HabnwogeHuin ob-
cepsatopun  UHURU 6bin0 nokasaHo, YTo MO KpaiHen
Mepe HEeKOTOpble PEeHTreHOBCKME WCTOYHUKM ABNAIOTCA
OBOVIHbIMW 3Be3aHbIMK cucTemamu (Lpanep n gp. 1972).
Bbl1o 06HAPYKEHO, UTO OAUH U3 APKUX PEHTFEHOBCKMX
ncrouHnkos (Cen X-3) nynbcmpyeT, 1 YacToTa NynbCaLnin
MEHAETCA CcUcTeMaTMUeCKUM 06pa3oM K3-3a ABUKEHMWSA
NynbCUpYIoLLero 06beKkTa BOKPYr LEHTPA MacC ABOMHOM
cuctembl BcneacTeue sddekta [onnepa. bonee Toro,
6b110 0OHapPY»KeHO CUCTeMaTMYeCKoe YMeHblUeHne Ya-
CTOTbl Mynbcauni 3TOrO0 UCTOYHMKA (YCKOpPeHue BpaLle-
HUA Nynbcupytollero obbekTa), MoKasbiBatlLLee, UYTo Cy-
LecTBYyeT B3aMOAENCTBYE BellecTBa 0ObIUHON 3Be3Abl C
NynbCUpYoLWMM 06beKToM. BMecTe ¢ OTKpbITUEM pagmno-
nynbcapos (B 1967 rogy A.Xbtovwom n [xx.benn) ato yka-
3bIBafIO Ha TO, UTO NYSbCUPYIOLUM NCTOUHUKOM ABAAETCA
KOMMAKTHbIN 06EKT - HENTPOHHAs 3Be3aa.

O6cepsatopura UHURU oTkpbinia uenbiin pag Ha-
npaB/ieHN B PEHTreHOBCKOW acTpoHomuu. bnaropaps
OTHOCUTENIbHO Nyyllell TOYHOCTW JIoKanusaumm 3aperu-
CTPUPOBAHHbIX PEHTIEHOBCKMX MCTOYHMKOB YaCTb U3 HUX
YAANoCb CBA3aTb C M3BECTHbIMW UCTOYHUKAMUN Pafnons-

NyYyeHus 1 BNOCIeACTBUMN OTOXAECTBUTb. Takum 06pa3om,
Hanpumep, 6bina OTOXAeCTBIeHa NepBas ABOMHasA cucTe-
Ma C YepHol ablpoin Jlebegb X-1.

3a Bpemsi paboTbl obcepBatopun UHURU 6bino
ob6Hapy»KeHo, UTo M3nyyeHne obbekTa Jlebegb X-1 cy-
LEeCTBEHHO MeHAET CBOWU XapaKTepUCTUKW. ITO CTano
npeaBecTHUKOM ¢GeHOMeHa ‘PeHTreHOBCKUX TpaH3UeH-
TOB' (MCTOYHUKOB, BPEMA OT BPEMEHM BCTMbIXMBAKOLWKX Ha
PEHTIEHOBCKOM Hebe), TakKe OTKPbITbIX B XOAe paboTol
obcepBaTopun UHURU (Hanpumep, peHTreHoBcKasi Ho-
BaA B co3ee3aun Bonka 3U1543-47), Ha nM3yyeHne KoTo-
pbix BocneAcTBUM 6yayT HanpasneHbl 6onblune ycunus.

Bbnarogapa ynyulweHHOMYy YrnoBoMy paspeLle-
HUO cnekTpomeTpoB obcepeatopun UHURU BnepBble
yOanocb OOGHapPYXUTb PEHTreHOBCKOE M3lyUYeHne CKO-
NAEHNIN ranakTuK, NPUYem He Kak CyMMapHoe 13flyyeHne
6ONbLIOro KONMMYeCcTBa OTAENbHbIX FafakTuK, a Kak us-
nyyeHne mexranaktnyeckon cpepbl (Mypcku n gp. 1971).
Mo3xe, obcepBaTopuein Ariel-V (1974-1980), B cnektpe
U3Nly4yeHns CKOMJIEHMN TFanakTUK Oblfa OOHapy»KeHa
SMWCCMOHHAA NIMHUS BbICOKOVIOHM3MPOBAHHOMO »Kesle3a
(Mutuenn n gp. 1976), uto HenocpeACTBEHHO YKa3asno Ha
npupoay 3TOro U3yYyeHns Kak n3nyyeHns ropaden ontum-
YyeCcKu TOHKO MJ1a3mbl - MEXXrasnakTUUyeCKoro rasa ckorie-
HUN.

WGL BEze

MonoxeHue Ha Hebe UCMOYHUKOS, OMKpPbIMbIX 06Cep-
samopueti UHURU

Mocne obcepsatopum SAS-A (UHURU) o0630pbl
Heba C aHaNIOrMYHOM UM C HECKONbKO JyyLlei YyBCTBU-
TeNbHOCTbIO OblIM NpoBeAeHbl co cnyTHUKoB HEAO1
(CLUA, 1977-1979), Ariel-V (Benukobputanus/CLLUA, 1974-
1980). YBennueHme 4yBCTBUTENbHOCTY AOCTUrANoch yBe-
nmyeHnem 3GPeKTUBHONM NNOLWAAN [ETEKTOPOB.

[na onpepeneHna nNpuponbl PEHTFEHOBCKOro
NCTOYHUKA KPUTUYECKM BaXKHO MOMYYMUTb €ro OTOXKAecCT-
BIIEHWE B OMTUYECKOM, MHPPaAKpPaCHOM W pagno-gua-
nasoHax AanH BonH. OgHako ansa 6onbluein YacTu UCTOY-
HUKOB, OTKPbITbIX 3TUMK 0bCcepBaTOPUAMM, CAeNaTb 3TO
OblI0 HEBO3MOXHO NPV HaMuMK TOJIbKO UMeloLienca
rpy6oii nokanusayuu. lNpobnema 6bina 0co6eHHO OCTPON
B 06nacTh ManakTnyeckom NNockocTy 1 fanakTmyeckoro
Ganga (ueHTpanbHoW obnactu fanakTukm), roe noBepx-
HOCTHaA MJIOTHOCTb 3Be3[ OYeHb BesMKa W AN Haaex-
HOrO OTOXKAECTBMEHMA TaNlakTUYECKNX PEHTFEHOBCKUX
WCTOYHUKOB C OMTUYECKUMU OObEKTaMy HeobXoaumbl
acTpoMeTpuyeckrie TOUYHOCTU UX MOJSIOKEHMA Ha YPOBHE
YrnoBon cekyHAbl. [lna pelweHna 3To npobnembl Obino
NpeanoXKeHo HECKOJIbKO METO/OB.

MepBble NONbITKM 6oNIee TOUHO ONpefenuTb Kak
YINOBOW pa3mep PeHTreHOBCKOTO NCTOUYHMKa (KpaboBua-
HOW TYMAHHOCTM), TaK 1 ero MoJiIoXKeHre Ha Hebe, Hbin
cAenaHbl NpY NOMOLLM 3aTMEHMA UCCefyeMoro obbekTa
JNlyHow (Bayep u ap. 1964). bbl1o 06HAPYKEHO, YTO NCTOY-
HUK CYLLeCTBEHHO HeTOYeYHbI C AUaMeTpom okoso 1-2
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M306paxxeHue obnacmu Heba 80Kpy2 peHM2eHOB8CKO20
ucmoyHuka GX 339-4 8 onmuyeckom duanasoHe. Kpyz u npamo-
YeusIbHUK NOKA3b18alom nosioxeHue, onpedesieHHoe npu NoMouju
HabmodeHuli KOIUMUPOBAHHLIMU CneKmpomMempamu obcepsa-
moputi UHURU u Ariel-V. Pom6 nokaseieaem nosnoxeHue, onpede-
JIeHHOe nNpu NOMouU Habs0eHUl UHCMpyMeHma ¢ MooyaAyu-
OHHbIM Kosuiumamopom A3 Ha ob6cepsamopuu HEAO1. icmuHHoe
nosoxeHUe UCMOYHUKA nokasaHo 6ykeoli V. Y3 pabomer Jokcu u
op. (1979)

YrnoBbiX MUHYT. OfHAKO 3aTMEHVA UCTOYHUKOB JlyHom
NponcxoaaT pefko, U Habop MCTOYHMKOB, MOAXOAALLMX
[NA TaKOTo UCCNeAoBaHUA, CYLLeCTBEHHO 3aBUCUT OT TUNa
opo6uTHI KOCMUMYecKol obcepBaTopuun. Hanpumep, ons
CNyTHUKa Ha GNU3KOM OKono3emMHoln opbute 310 Oyaert
BO3MOXHO NULLb A1 UCTOYHMKOB B 06MacTU NMIOCKOCTM
SKNUNTUKKW. [ns Toro, 4tobbl MMeTb BO3MOXKHOCTb Ha-
6nofatb 60NbLIOE KOMMYECTBO PEHTTeHOBCKUX WCTOY-
HWKOB MeTOAOM KX NOKPbITUA JIyHOW B KOHLe 60X rogos
EBponenckon opraHmsauum no uccnegoBaHMIo KOCMOCa
(NpepLwecTBeHHNKY coBpemeHHo EKA) 6bin npeanoxeH
npoekT HELOS (aHrn. Highly Eccentric Lunar Occultation
Satellite), ¢ CUNbHO BBLITAHYTON 3ANMNTUYECKOW OPOUTON
¢ 6onbWwnM HaknoHeHneM. K cepesiHe 70x rogos, BBULY
nosesieHna 6onee coBepLlUEHHbIX METOAOB AOCTUMKEHUA
BbICOKOTO YI/IOBOIO pPa3pelleHnsi PEHTFeHOBCKUX WH-
CTPYMEHTOB, NPOEKT 6bl/1 NepeopueHTMPOBaH Ha JOJro-
BpPeMeHHble HabnaeHnA PeHTreHOBCKUX WCTOYHMKOB
WHCTPYMeHTamMu C 60JbLIOM cobupaloLLei Miowanbio 1
6bln peannsoBaH B 1983-1986 rogax Kak obcepBaTopus
EXOSAT.

Opyrum cnocobom onpepeneHns pasmepoB U
YFNOBbIX NMONOMEHNU NCTOYHVKOB Ha Hebe cTanu Habnto-
[EeHVA NpU MOMOLM Tak Ha3blBaeMbIX MOAYNALMOHHbBIX
KonnumatopoB. OCHOBHbIM MPUHLUMOM paboTbl Takoro
npubopa ABNAETCA MOAYNAUMA NMOTOKA UCTOYHUKOB CU-
CTEMOW OTKPbITbIX U 3aKPbITbIX 3IEMEHTOB KOIMUMaTOpa,
aHanM3npysa KOTOPbI MOXKHO BOCCTAaHOBUTb aCTPOMETPU-
yeckoe NonoXxeHne NCTOYHUKA. Takne nccnefoBaHUA Ha-
Yanv NPOBOAMTCA elle Ha PAaKeTHbIX SKCMepUMeEHTax, 4YTo
NO3BOJINIO ONpPeAenuTb NOJIoKeHNe AecATKa ApYanLmx
NCTOYHMKOB C TOYHOCTbIO OKoso 0.5-1 yrn. munyTbl (Typ-
ckn 1 ap. 1966, LHonnep n gp. 1970). CyliecTBeHHOE pas-
BMTME 3Ta MeToAMKa NoNyymna Ha cnyTHMKax SAS-3 (1975-
1979), HEAO1 (1977-1979), Ariel-V (1974-1980). B xopne
3TWX SKCNEPUMEHTOB 6biNN onpeneneHbl NONOXKEHNA He-
CKOJIbKUX JecATKOB 06beKTOB € TOUHOCTAMM o 20 yrno-
BbIX CeKYH[ (cM. Hanpumep [lokcn n ap. 1977), KoTopyio
CMOMIV NPEB30WTU B JanbHeNLeM TOMbKO MNPy NOMOLLM
PEHTIEHOBCKIX TeIeCKONoB C GpOKyCcMpyioLLe ONTUKOMN.

AKKPEI.IVIOHHI)IE AUCKK, ropAYan nna3mMa BHYTPEHHUX
yacreit dKKpeLNOoHHOro AncKa

CoBepLleHCTBOBaHME PEHTIeHOBCKNX [eTeKTo-
pOB WO MO NyTW yBennyeHua mux 3GdekTUBHOM nnoLya-
W, yNy4lleHNAa MPOCTPAHCTBEHHOrO, CNEKTPanbHOro 1
BpemMeHHoro pa3peteHus. C koHua 1970x rogos o 2010x
rofloB CMEHUNOCb HECKONbKO MOKONEHWI PEHTTEHOBCKUX
obcepBaTOpuii, Kaxkgas crnegytoLlas U3 KOTOPbIX B YEM-TO
ynyJliana XxapakTepucTuKmn npeabigyLmx.

Ecnu nepBble MHCTPYMEHTbl MMenu BCero He-
CKOJIbKO 3HepreTnyeckux KaHanos (B 0COOEHHOCTW 3TO
orpaHuyeHvie ObINO CUNBbHO Yy COBETCKMX NPUOOPOB M3-
3a CWIbHO OrpaHMYeHHOro obbema TenemMeTpUYecKon
nHGopMaL MK, BblAENIEHHOro Mo pe3ynbraTbl HayYHbIX
n3mepeHuin), To K 1980-bIM rofam KonmyecTBO SHepreTu-
YeCKMX KaHasloB NPEBbICUSIO COTHIO.

BonbLon Komnnekc HabnoaeHUN, MPOBEAEHHbIX
npw NOMOLLM ANOHCKOMN obcepBaTopun Tenma (Bpems pa-
60Tbl Ha op6ute 1983-1985), NO3BONUT CPABHUTL Npea-
CKasaHua mofenn WM3Ny4YeHUA akKpeuMOHHbIX ANCKOB
BOKPYr KOMMaKTHbIX 06beKkToB (LLakypa, CioHAeB 1973)
N MoKasaTb OYEHb XOpollee corflace C 3KCnepuMeH-
TanbHbIMK pe3synbTatamu (Mutcyga n gp. 1984). Mogenb
N3Ny4YeHMA aKKpeLunoHHbIX auckoB (Wakypa, CioHAeB
1973) no3BonAna OUEHWUTb pasMep WX BHYTPEHHUX pa-

(a) SecoX-1

107}

Counts (s keV ™)

10'E ;

Energy (keV)

Cnekmp u3slydeHUs ApYalwezo UCMOYHUKA peHmee-
Ho8CK020 Heba CkopnuoH X-1 no 0aHHbIM HabodeHul obcep-
samopuu Tenma. [ucmoepammamu NoKasaHel Modeau cnekmpd
U3J1y4eHus dkkpeyuoHHo20 ducka (Modesnb u3 pabomei LLlakypel u
CioHaesa 1973) u HelimpoHHoU 38e306l (MOOesTb U3/lyyeHus abco-
JIOMHO YepHo20 mena). M3 pabomsl Mumcyda u dp. (1984)

[MYCOB, UTO B CBOIO oYepeb [aBasio BO3MOXHOCTb OLe-
HUTb pa3mep KOMMAKTHOrO MCTOYHMKA (YepHOWM Apblpbl,
HelTPOHHOW 3Be3bl), BOKPYr KOTOPOro chopmmupoBanca
AKKPELMOHHBIN AMCK. DTOT MEeToh OLUEeHKU MapameTpoB
KOMMaKTHbIX 00BEeKTOB NpeTepnen onpenenieHHble n3me-
HEeHMA B CBA3N C yYeTOM pasfinyHbiX 3GpPeKToB nepeHoca
U3ny4YyeHns 1 T.4., HO 4O CUX NMOP LUMPOKO MCMONb3yeTcs B
PEHTreHOBCKOWM acTPOHOMUMN.

B »KeCcTKoOM peHTreHOBCKOM [iiana3oHe SHeprum
(Bbile 10-20 K3B) uype3BblYaiHO BaXHbIM OKa3blBaeTCsA

3 8 Muxanun [enHagbeBua PeBHIBIEB

BNIMAHME CKOPOCTY CYeTa 3apAXKEeHHbIX YacTuL B JeTeKTO-
pe. lNo3Tomy Ana HagexHOoro N3MepeHna NOTOKa Aaxe ca-
MbIX SIPKUX OOBEKTOB PEHTFEHOBCKOrO Heba (Hanpumep,
M3syYeHna ABOWMHOWN CUCTEMbl C YepHON Ablpoii Jlebeab
X-1) HEOOGXOAMMO OYEHb TOUHO KOHTPONMPOBATb BKIAA,
$OHOBOW CKOPOCTY CUYeTa B MOJSIHYIO CKOPOCTb cyeTa fie-
TekTopa. YToObl peLwmnTb 3Ty Npobnemy Anst UHCTPYMEHTOB
YKECTKOro PEeHTreHOBCKOro AuanasoHa Obi npegnoXkeH
TaK Ha3blBaeMblil ‘MeTO KavatoLeroca Konnmmaropa'’: us-
MepeHUA NOToKa OT NCTOYHUKA CUCTeMATUYeCKN Yyepeay-
I0TCA C 3MEPEHUAMYM NOTOKA C NYCTbIX NIOWAA0K PAAOM
C HUM. DKCMeprMeHTbl, MPOBeAeHHblE Ha CTpaToCTaTax B
KoHue 1970x rogos, NO3BONUAW CAenaTb BaXHble n3Me-
pPeHUA CNeKTPOB MCTOYHNKOB Pa3HbIX KNacCOB U OTKPbITb
HECKOSIbKO OCOOEHHOCTEN B CMeKTpaX, AABLUNX BaXKHYIO
AVArHocTuKy Gpr3nYeCKrX MapaMeTPOoB BelLecTBa BON3M
HEMTPOHHbIX 3BE3[, 1 YEPHbIX AbIP.

Mpy HabnoaeHWAX C MOMOLLbID PEHTFEHOBCKUX
CNEeKTPOMETPOB eCTKOro PEeHTreHOBCKOro [Auana3oHa
co cTpaTtocTaToB B 1976 ropy B CNEKTpe U3JyyeHnsa Hell-
TPOHHOW 3Be3[bl B ABONHOM cucteme fepkynec X-1 6bim
0O6Hapy»KeHbl SMUCCMOHHbIE 0cobeHHoCTM (Tptomnep u
ap. 1978). OHW NpaKTnyeckn cpasy xe Oblny uHTepnpe-
TUPOBaHbl KaK NPOABNEHME LIMKNOTPOHHOIO NOrNoLeHNA
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Cnesa: cnekmp u3sslydyeHUs akkpeyupytowel HelimpoH-
Holi 38e30bl 8 d80liHoU cucmeme [epkynec X-1. Xopowo 8UOHbI 1u-
Heliyamele SMUCCUOHHble 0CO6eHHOCMU HA 3Hepauu 0Kos1o 40 K3B
-- YUKJTOMPOHHAA JIUHUSA NO2JIOWEHUSA U3JTy4eHUs 8 CUTTbHOM Mae-
HUMHOM noJsie HelimpoHHOU 38e30bl (U3 pabomesl Tpiomnep u Op.
1978). Cnpasa: cnekmp u3ssnydeHus 08oUHOU cucmemsl ¢ YepHoU
Obipoli Jle6edb X-1 N0 OAHHBLIM CMPAMOCMAMHbLIX SKCnhepuMeH-
moe. CnyiowHoU Kpusoli NOKAazaHa mooesib hopMupO8aHUA U3JY-
ueHUA 8 pe3ysibmame KOMNMOHOBCKO20 PaccesHUs homoHo8 Ha
20pAYUX 3/1eKMPOHAxX 8671U3U YepHOU Oblpbl (U3 pabomel CloHAEs,
Tpromnep 1980)

- NMOrOLWEHNA PEHTFEHOBCKOIO M3JTyYeHUs 3N1EKTPOHaMM
npu Nx nepexone Mexay KBaHTOBbIMU YPOBHAMY JTaHzay
B CMJIbHOM MarHMTHOM rnose (3ToT 3pPeKT ObiN NpeacKa-
3aH He3afonro o ero obHapyxeHua B paboTe MHeanHa u
CioHseBa 1974).

OTKpbITME NINHUI LUMKNOTPOHHOIO MOrNOLWeHNA
(HabniopeHusa Gonee coBpeMeHHbIMU 0b6CcepBaTOPUAMM
Mo3BOJAIOT 0OHAPYXKMBaTb JO YETbIPEX FAPMOHVIK LIMKIO-
TPOHHOIO MOTMOLEHUs) BNepBble MO3BONWIIO HAMPAMYIO
U3MepUTb 3HayeHue HanpsAKeHHOCTU MarHUTHOro Mons
B6MM3M NOBEPXHOCTY HETPOHHbIX 3Be37 - okono 102 Ta-
ycc.

HabniogeHns v3nyyeHns YepHbIX Oblp B XKecT-
KOM PEeHTreHOBCKOM [varna3oHe SHeprui gonroe Bpems

He faBany OTBETa Ha BOMPOC, - Kakon GU3NYECKUA Me-
XaHU3M OTBETCTBEHEH 3a ero ¢opmupoBaHue. lNepBble
SKCNepUMEHTbI Ha CTpaToCTaTax MOKasblBasn MPOCTON
CTeneHHOW cnekTp (T.e. CTeNeHHYI0 3aBUCUMOCTb MJIOTHO-
CTU NOTOKa GOTOHOB OT UX SHEPrun) Ha sHepruax 10-50
K3B, UTO HEe N03BONANO cAenaTh HaJeXHble BbIBObl O Me-
XaHM3Me BO3HMKHOBEHUA 3TOro U3nyyeHms. BbickasbiBa-
NNCb NPEANONIOKEHNA O TOM, UTO M3NyYEHME B XKECTKOM
PEHTreHOBCKOM Anana3oHe JOMKHO, CKopee BCEro, PoK-
[JaTbCA He B ONTMYECKM TONICTON Cpefle, PaCCMOTPEHHON
B paboTax LWakypbl 1 CioHsAeBa (1973), a B 0UeHb ropsayven
pa3peXeHHOWN nna3me B HEMOCPEACTBEHHON BAN30CTU K
KOMMAKTHOMY 00beKTy. COOCTBEHHO XKECTKOE PEHTTEHOB-
CKOE M3JlyYeHne B paMKax 3TOW MOAenu AOMKHO Oblno
dopmupoBaTbcA B pesynbraTe pacceaHMA 3aTPaBOYHbIX
(OTOHOB Ha ropAYMX 31EKTPOHAX B 3TOM BHYTPEHHEN 006-
nactu (Wanwupo, JTantmaHn, Spgnn 1976).

HeobxoaumbiM cneacTemem 3To Moaenun AB-
NANOCH Hannume 3KCMOHEHLMANbHOIO 3aBajla B CNeKTpe
N3Ny4YeHMA Ha SHeprumn, COOTBETCTBYIOLLEN TemnepaType
ropsAYnX 3MEeKTPOHOB BOAM3U YepHOWM Ablpbl. TONbKO B
KoHLe 1970x rogoB yAanocb HafeXHO OOHapyXWTb 3Ty
0CO0OEHHOCTb B creKkTpe usnyyeHus Jlebenp X-1 v getann-
HO 06bACHUTL ee dpopmy (CioHses, Tpromnep. 1979, Cio-
HAeB, TuTapuyk 1980). 3To fano HafeXHYI0 ANArHOCTUKY
dr3nYeCKMX NAapaMeTPOB Ma3mbl BOMIM3U YepHbIX Ablp.

Cnepytollee cyweCTBEHHOE YBeNuYyeHne 4ys-
CTBUTENIbHOCTU M3MEpEeHUn U, B OCOBEHHOCTU, KapTo-
rpadupoBaHme Heba Ha 3Hepruax 20-200 k3B, crtano
BO3MOXHbIM NMLWb MOC/e MOABAEHUA MO3ULUNOHHO YyB-
CTBUTENbHbIX ETEKTOPOB 3TOrO SHEPreTUYeCKoro anana-
30Ha.

TepmosaepHble B3pbiBbl Ha NOBEPXHOCTU HEUTPOHHDIX
3Be3[1, peHTreHoBckue HoBble

Bo3MOXHOCTb NPOBOAUTL ANUTeNbHblE HabnoaeHuA
PEHTFEHOBCKNX MCTOYHUKOB MO3BOJSIAN OTKPbITb UX HO-
Bble Ba)KHble CBOWCTBA. YKe B HabniofeHusx ChyTHUKa
SAS-A/UHURU 6b1510 0OTMEYEHO, YTO UCTOYHUKK B 0Ona-
CTV raNlakTUYeCKoW MNJIOCKOCTY U raslakTuyeckoro bangxa
(T.e. No BCEM BUAUMOCTU, UCTOUYHUKI, PACMONOXKEHHbIE B
Hawen ManakTKe) MHOr4a CUTbHO MEHAIT Kak CBOIO CBe-
TUMOCTb B PEHTIEHOBCKOM [Mana3oHe, Tak 1 XapaKkTepu-
CTVIK/ CBOEro PEHTFEHOBCKOTO M3JTyYeHUs.

Bo Bpema HabnogeHW peHTreHOBCKOro UCTOY-
HVKa B WwapoBom ckorneHnn NGC 6624 (Ha3BaHue nc-
TouyHMKa B KaTtanore UHURU 4U1820-30) B ceHTs16pe 1975
roga cnyTHuK ANS (Bpema paboTbl Ha opbuTte 1974-1976
rr) obHapyXun fBa BCnnecka APKOCTU C XapaKTepHbIM
BpemeHeM NnoAgbema MoToKa MeHee 1 CeKyH[bl 1 3KCMo-
HeHLManbHbIM CMafoM NOTOKa C XapaKTePHbIM BPEMEHEM
okono 10 cekyHa (TpuHanan n ap. 1976) AHanu3 nonyyeH-
HbIX JaHHbIX MO3BOSINIT UCKITIOYUTb BEPOATHOCTb TOMO, YTO
OTKPbITbIN BCMeck ABnAeTcA GOHOBbIM COObITMEM (T.€.
CBA3aHHbIM C MPOXOXAEHNEM Yepe3 AeTEKTOP 3apsaKeH-
Hbix YacTumy). Okasanocb, uto y»ke B 1969 rogy B flaHHbIX
0630pHbIX cnyTHUKOB Vela-5B aHanornyHoe cobbiTre Ha-
6noganock ot uctouyHuka Cen XR-4 (benvian n ap. 1972),
OfiHaKO B TO BPeMs HUKTO He BbiCKa3as NpeanonoxKeHue,
4yTO HabnofaBWWIACA BCMIECK ABMAETCA MPOABJIEHNEM
KaKoro-To 0CO6eHHOro MexaHn3Ma BblenleHns SHEPTUN.

[JanbHelwwmne nccnefoBaHMA Takmx cobbITUR no-
3BONUAN CAeNaTb BbIBOA, YTO OHU ABMAIOTCA pe3yibTaToOM
B3PbIBHOIO TEPMOAAEPHOrO FOPEeHUsa Ha MOBEPXHOCTAX
HeNTPOHHbIX 3Be3[ (cM. 0630p JibtonH 1981). U3nyuyeHue
dbopmupyetca B ONTUYECKM TONCTON aTmocdepe Hel-
TPOHHOW 3Be3[bl, BHYTPM KOTOPOM 3@ KOPOTKOe BpemsA
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Kpusble apkocmu HecKo/IbKUX peHmaeHo8cKux Hoabix - 080UHbIX
cucmem ¢ YepHeIMU OblpdMU, APKOCMb KOMOPbIX Ha HEKOMOopoe
8pems (HeCcKo/IbKo Mecsayes) 8o3pacmaem 8 moicAA4U pas no om-
HOWEHUIo K UX APKOCMU 8 «8bIK/TIOYEeHHOM» («CNOKOUHOM») CO-
cmosHuu. M3 063opa TaHaka, LLlubazaku (1996)

npowvzowsno 6onbluoe BbigeneHne 3Heprum. C Tex nop
BCE PEHTIEHOBCKIME 06CepBaTOpPrv NOCBALLAOT 6OMNbLUYO
YacTb CBOEro HabnoaaTeNbHOrO BPEMEHU U3YUYeHUIO Ta-
KUX coObITUI. IHTepeC K U3y4yeHuio BCMIECKOB TePMOsi-
[EPHOrO rOpPeHUs CBA3aH KaK C BO3MOXHOCTAMU UCMOJSIb-
30BaTb 3TV COObITUS AJIA ONpefeneHnst Macc 1 PaguycoB
HENTPOHHBIX 3B€3[, TaK U BO3MOXKHOCTbBIO C UX MOMOLLbIO
«MPOCBEUYMBATb» OKPECTHOCTY HEMTPOHHbIX 3BE3[.

Ewe ogHUM peHoMeHOM, 06HAPYKEHHBIM B Xofe
[IONrOBPEeMEHHbIX HabJIloAEHUIN PEHTIEHOBCKMX NCTOYHM-
KOB B Hawel [anakTuke, 6b110 OTKPLITUE Tak Ha3blBaEMbIX
peHTreHoBCKMX HoBbix. PeHTreHoBcKkue Hosble npeg-
CTaBAAT COO0M 00BEKTHI, Ube M3STyYeHUe B CMIOKOMHOM
COCTOAHUM Ha MHOTO MOPALKOB Crlabee, yemM VX U3nyye-
HMe BO BpemA BCMblWEK. VI3MepeHMA pPeHTreHOBCKOW
CBETUMOCTM B Tak Ha3blBA€MOM ‘BbIK/IIOUEHHOM' COCTOSA-
HUK obcepBaTopusamMu nocnegHero nokoneHus (Chandra,
XMM-Newton) noKasbIBalT, YTO B 3TO BPeMA WX CBETU-
MOCTb He npeBblwaeT 10°°-10°> apr/cek, B TO BpeMs Kak
BO BpeMSA BCMbIWEK CBETUMOCTb PEHTreHOBCKUX HoBbIX
MOMET AOCTUraTb 3HAUEHUN 1038 3pr/cek v Bbile.

MN3yueHne peHoMeHa peHTreHoBCKUX HoBbIX no-
Ka3ano, YTo UX BCMbIWKKU, NO BCEN BUAMMOCTN, CBA3AHDI
C HeCcTauMoHapHOWN aKKpeuunen B ABOMHON cucteme (cm.
0630p Jlacota 1991). B BblKNIOUYEHHOM COCTOSIHMM TeMn
aKKpeuun (TeMn TeyeHUs BeLLEeCTBa) Yepes AUNCK OYEeHb
Man. lNocTeneHHoe HaKoOMJeHMe BellecTBa aKKpPeLMOH-
HOro AMCKa NPUBOJUT K ero ‘nepekntoyeHmnto’ B ‘akTnsHoe'
COCTOHHI/Ieé npu KOTOPOM TEMI aKKpeL M JOCTUraeT 3Ha-
yeHuit 10°° macc ConHua B rog v HabnwaaeTcs MollHas
BCMbIWKa n3nyyeHusa. [locne BoinageHna B pesynbrate ak-
Kpeunn 60nbLIOM YacTU HaKOMIEHHOTO BeLLEeCcTBa U3 ANC-
Ka OH OMATb MOXKET NeperTn B ‘BblKNIOYEHHOE' COCTOAHME

40

N UCTOYHUK MOXeT GaKTUUECK/ NCUYE3HYTb C PEHTTEHOB-
CKoro Heba.

OkKaszanocb, 4To Cpeam PeHTreHOBCKMX HoBbix
60NblUY0 YacTb COCTaBAAIOT ABOMHbIE CUCTEMbI C Yep-
HbIMW Ablpamu. VIHTepec K 13y4YeHunio Taknix 06beKToB B
60nbLION CTENEHN OOYCNOBNEH UX BONBLLION APKOCTbIO,
UTO [AeT BO3MOXHOCTb MPOBOAUTb M3MEPEHUA Xapak-
TEPUCTUK U3STyUYEHNA YEPHbIX AbIP C TOYHOCTAMU HEBO3-
MOXHbIMW 418 APYTMX UCTOUYHMKOB.

OpHoln 13 Hambonee APKMX BCMbIWEK peHTre-
HOBCKMX HOBbIX 3a BCIO MCTOPMIO PEHTTEHOBCKOW acTpo-
HOMWW CTana BCMblWwKa B co3Be3gun EguHopora B 1975
rogy. OTa peHTreHoBcKasa HoBaa nonyuyuna obo3HauveHne
A0620-00 (6ykBa ‘A’ B Ha3BaHMM NOKa3bIBaET, YTO OOBEKT
6bln1 OTKPbIT 06cepBaTopureln Ariel-V). Ee ApKoCTb B nuke
6necka B HECKOJIbKO [1eCATKOB pa3 NnpeBblllana ApKOCTb
KpaboBugHow TyMaHHOCTM (MCTOYHUK PEHTFEHOBCKOrO
Heba, YacTo MCMOMb3yeMblil KaK HeKUIN CTaHAApT APKO-
cTn). I3yyeHne 3Toro cobbITMA NPUBENO K BCMECKY UHTe-
peca K peHTreHOBCKMM HoBbIM.

PeHTreHoBCKMe JKCNePUMeHTbl Ha NUNOTUPyemMbiX
annapartax

PeHTreHOBCKMe MccneqoBaHMA Ha KOCMUYECKUX
annapaTax B 1970x rogax Obinn CyLeCTBEHHO OrpaHuye-
Hbl BO3MOXHOCTAMU 3anucy 1 nepefauv MHGopmaLmm
Ha 3emnto. [Npobnembl BO3HUKaNM C HaJEXHOCTbIO 3a-
nMcbiBaloLLen 1 nepefatoLien annapaTypbl, NPONYCKHON
CMOCOOHOCTbIO TENIEMETPUYECKOTO KaHasa, HaleXKHOCTbIo
aBTOMATUKU 1 T.4. [lONONHUTENbHOWM BO3MOXHOCTbIO 06e-
CNeynTb OpraHM3aLmio acTPOPU3NYECKNX DKCMeprUMeH-
TOB W [OCTaBKY pe3ynbTaToB HabnopeHUn Ha 3emnio
CTano nposefeHne acTpodusnyecknx HabnogeHnn Koc-
MOHaBTaMMU.

OfHUM 13 MepBbiX OMbITOB aCTPOHOMMYECKUX
3KCMEPVIMEHTOB HA MUOTMPYEMbIX annapaTax cTanu op-
6uTanbHble KoCMMYeckne obcepBatopun ynbTpaduone-
TOBOro Anana3oHa OprOH-1 1 PEHTreHOBCKMI Tenleckon
PT-2, paboTaBwue Ha opbuTanbHon cTaHummu CanioT-1 B
uioHe 1971 roga n obcepBaTopus ynbTPadpuoNeToBOro
avanasoHa OpuoH-2, paboTaBllas Ha KOCMUYECKOM KO-
pabne Coto3-13 B gekabpe 1973 roga. B xope skcneanuymm
AnonnoH-16 B anpene 1972 r. c noBepxHOCTH JlyHbl 6N

Op6umansHaa cmanyua MUP ¢ npucmelko8aHHbIM MO-
oynem KBAHT-1

AcmpoHasmel pabomairom ¢ peHmzeHOBCKUM Chek-
mpomempom oughgpy3Hozo ussyueHus (DXS) 8 epy3osom omceke
KOCMUYecKo20 YeslHoKa IHOesop 8 sH8ape 1993 200a

caenaxbl doTorpadum paga o6bekToB B ynbTpaduoneTo-
BOM JMarna3soHe.

HabniogeHus ConHua ynbTpaduronetoBbiMU ©
NnepBbIMM PEHTFEHOBCKMMU TefleCKonamu MpoBOAUNINCH
Ha ameprKaHcKol opbuTanbHom ctaHuymm Skylab B 1973r.
B 1970-x romax B CoBeTckom Coto3ze paspabatbiBasnca
NpPoeKT opbutanbHol obcepBatopun famma-1, Kotopas
cofieprkana CTbIKOBOUHbIN MOZYNb AN BO3MOXHOCTU ee
rocelleHna KOCMOHaBTaMV C Liefiblo 3aMeHbl HocuTenen
NHPopmaL MK (MnaHMpPOBaNoOCb NUCNoNb3oBaHne $GoTo- U
KUHO-NNIEHOK) Y, BO3MOXHO, MHCTPYMEHTOB (3aTEM OT Ta-
KOW CXeMbl SKCNepuMeHTa 0TKa3auchb).

AcTpodusnyeckme HabNAeHNA B PEHTrEHOB-
CKOM [Jrana3oHe Ha MUAOTMPYEMbIX amnnapaTax MNpoaos-
»unncb B 1975 rogy Ha ctaHumm Cantot-4 npy nomoLum
TeneckonoB PT-4 n ‘OGunuH. Teneckon PT-4 (pa3Butune
TeneckonoB PT-1 JlyHoxopa-1 n PT-2 Canworta-1) npeg-
CTaBnsin cobor napabonnuecknin KOHLEHTPATOP MArKUX
PEHTreHOBCKNX GOTOHOB (C 3Hepruer okono 0.25 k3B) n
NPOMNOPLUNOHAbHbIN FAa30BbIN CYETUMK B KauyeCTBe AeTekK-
Topa. [na HaBefeHNs Ha OOBbEKTbI TeIeCKOomM Mes CBOI
CcOOCTBEHHYIO cucTeMy opueHTaumun. OfHOM K13 rMaBHbIX
3a/jay 3TOro VIHCTPYMEHTA OblfIo 0OHApYKeHWe 1 n3mepe-
HVe MArKOro PEeHTreHOBCKOMO M3lyueHns 6in3Kmx 38e3a,
KOTOpoOe He yaianocb 0OHapyX1Tb Ha SKcnepumeHTe S150
Ha aMepuKaHCKon opbutanbHow ctaHumm Skylab (1973-
1974 rr). AHaNOrMYHbIA NO NapamMmeTpam 1 3agadvam Tene-
ckon Obln yCTaHOBMIEH Ha FOIaHACKO-aMepUKaHCKOM
cnyTHuke ANS (1974-1976), n, bnarogaps 6onee gnutenb-
HbIM HAbMOOEHMAM Ha 3TOW aBTOMATMUYECKOW CTaHLuW,
3ajaya ObHapy>KeHNA PEHTreHOBCKOro n3nyyeHusa 6nms-
Kunx 3Be3[ Oblfia YCrewHo peLueHa.

CnekTtpomeTp «DunvH» npeactasnan cobon 6o-
nee CTaHAAPTHbIA PEHTIEHOBCKMI Mprbop (Konnmmmnpo-
BaHHbIV FAa30BbIN CYETUMK) ANA Anana3oHa sHeprun 0.2-10
k3B. HecMoTps Ha 3HaunTenbHyo 3bbeKTUBHYI0 Nowaab
[eTeKTopoB cnekTpomeTpa «PunrH» (okono 450 KB.CM) €
€ro NomoLLbto Obifl MOsTyYeH oYeHb HeOONbLLIOI KOMMIEKC
pe3ynbraToB (B YaCTHOCTM, OGbIIM NONyYeHbl pe3ysbTaThl
no peHTreHoBckon Hoson 1975 roga B co3se3guu Egu-
Hopora A0620-00), B OCHOBHOM WM3-3a KpalHe OorpaHu-
UEHHOro KonmMyecTBa ceaHcoB HabnofeHui (belirmaH u
ap. 1976, KypT n gp. 1976). Actpodusmyeckasa nporpamma
PEHTIEHOBCKOro Arana3oHa bbia NpofosikeHa Ha opou-
TanbHon ctaHymm CantoT-7 Npu nomowm teneckona PT-4M
N ras’oBOro CUMHTWIALNOHHOIO MPOMNOPLUOHANbHOMO
cyeTumka «CupeHb» (NpomnssoacTea OpaHumn).

OnbIT paboTbl Ha NUIOTMPYEMbIX CTaHLMAX MO-
KasaNl CyLleCTBEHHble CJIOKHOCTM ANA UHCTPYMEHTOB
peHTreHOBCKOro pAmanasoHa. Cpean HWX: OrpaHuyeH-
HOCTb CeaHCOB HabnAEHUI B Cllyyae, ecnn ecTb Heob-
XOAUMOCTb MpuBNeKaTb A paboTbl C MHCTPYMEHTaMM
KOCMOHaBTOB, MOrNOLeHVe MAFKOro PEHTTEHOBCKOMO 13-
NyYyeHns B MMKpoaTMochepe BOKPYr OpOMTanbHOM CTaH-
LMK, @ TaKXKe ocefjlaHue BellecTBa 3To MMKpoaTMocdepbl
Ha 3aXONOXeHHble YacTN PEHTTEHOBCKNX UHCTPYMEHTOB.
Kpome Toro, AvHaMmnyeckne MexaHuyecKune Harpyskm Ha
CTaHLMM HAKNafblBalOT CBOU OrpaHMYeHuUs Ha napame-
TPbl CMCTEMbI @BTOHOMHOIO HaBefeHuA 1 cTabunmsaymm
annapaTypbl.

YBenuueHve HafilexxHOCT! paboTbl annapaTtypbl,
YCOBEPLUEHCTBOBAHME PETUCTPUPYIOLLEN TEXHUKN 1 NPO-
MYCKHOWN CMOCOBHOCTY TeleMeTPMYeCcKoro KaHana cnyt-
HUKOB MOCTENEHHO MPMBENM K OTKasy OT peanm3aunm
MaclTabHbIX acTpodm3nyeckmx MPOeKToB Ha 6asze nu-
NOTUPYEMbIX KOCMUYECKUX Kopabnel. XoTa HeobXxoammo
OTMETUTb, UYTO BO3MOXKHOCTb 3aMeHbl NprbopoB obcep-
BaTOpMM OblSIa YCNELWHOo Ucnonb3oBaHa B 1984 rogy npwu
peMOHTe UHCTPYMeHTOB Solar Maximum Mission actpo-
HaBTaMM KOCMMYECKOro yenHoka YenneHgxkep, B 1988
rofy Ha mogyne KBAHT ctaHuun MUP, Koraa KOCMOHaBTbI
3aMEHVNM HEUCMPaBHbIN AeTekTop Teneckona TTM, n B
HeCKONbKNX dKcneamumax B nepuog 1994-2009 rr kocmu-
yecknx yenHokos HACA ona pemoHTa 1 3ameHbl annapa-
TYpPbl Ha KOCMUYECKOM Teneckorne nmeHn Xabo6na.

OCHOBHbIM HanpaBfeHneM UCNOosIb30BaHMA M-
NoTUpPYeMbIX Kopabnen Ans peHTreHOBCKON acTPOHOMMIM
CTanun TecToBble HabNOAEHUA UHCTPYMEHTaMU, U3roToB-
NIEHHBbIMN C MCMONb30BaHMEM HOBbIX TeXHonorum. Tak,
HanpumMep, B HOAbOpe-AeKkabpe 1983 roga Ha KocMuye-
cKOoM yenHoke Konymbua (STS-9) B pamkax nporpammbi
Spacelab-1 6bln1 McnbiTaH HOBbLIV TUM FA30BOrO MPOMOpP-
LMOHANbHOMO CYETUMKA, MCMOSb3YIOLLEro NPUHLMM CLMH-
TMANALMM (4TO NO3BONIANO B ABa Pa3a NOBbICUTb SHepre-
TUYecKoe paspelleHne npubopa). NIHTepecHO 3ameTuTb,
yto nepuod 1983-1984 rr razoBble CUUHTUIALMOHHbIE
NPOMNOPLUNOHabHble CYETUMKN, KaK NPUOOPbI C NPUHLK-
NManbHO NyYLWNM SHEPTETUYECKMM pa3peLleHneM, B Obiin
YCTaHOBJEHbI CPa3y Ha PAA KOCMUYECKMX annapaToB: Ha
ANOHCKYl0 obcepBaTopuio TeHma (3anylieHa B deBpane
1983 roga), Ha eBponelickyto obcepaTtoputo EXOSAT (3a-
nyuieHa B mae 1983 ropa), Ha ctaHuuio CanioT-7 (Nprnbop

PacnonoxeHue acmpogusuyeckozo 3KcnepumeHma
MAXI Ha anoHckom modysne MexoyHapooHol Kocmuydeckol CmaH-
Yuu u e2o nosis 3peHus
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lMnaHupyemoe pasmeuweHue acmpogusuyeckoo IKche-
pumeHma MBH Ha pocculickom cezmeHme MexdyHapooHou Koc-
muyeckol CmaHyuu.

CunpeHb, N3rotoBneHne TexHnyeckoro ueHtpa EKA, go-
CTaBneH Kopabnem lMNporpecc B aBrycte 1984 roga).

B nekabpe 1990 rona B Xxofe aKCNeanLmm KocMm-
yeckoro yenHoka Konymb6usa (STS-35) BnepBsble Obin Ucnbl-
TaH CMEeKTPOMETP LWNPOKOrO PEHTFEHOBCKOroO AMana3oHa
BBXRT (0.3-13 k3B), N3rotoBneHHbIN Ha OCHOBE OxNakaa-
emoro KpemHusa Si(Li). KOHUeHTpPaTOPOM PEeHTrEHOBCKUX
nyyen AnAa CneKTpoMeTpa CTana 3epKanbHasa cMcTema Ha
TOHKUMX ponbrax, CTaBLUasa Nocne 3TUX ycrewHbIX UCMbITa-
HWIA OCHOBHOW AJ1A TEJIECKOMOB AMOHCKMX 06CepBaTOpPWI
ASCA 1 Suzaku.

B AaHBape 1993 rofa c 6opTa KOCMMYECKOro Yer-
HOKa JHaeBop (STS-54) 66111 NpoBeAEHbI CNEKTPOMETPU-
yeckre N3MepeHnsi KOCMUYECKOTO PEHTTeHOBCKOro GpoHa
B Avana3oHe sHepruin 0.15-0.28 k3B npu nomowm bper-
roBCckoro crnektpometpa DXS.

CamMbiM yCMeLwHbIM [JOSIFOBPEMEHHbBIM OMbITOM
paboTbl acTpodusnyeckon obcepBaTOPUM PEHTTEHOB-
CKOro [ManasoHa Ha nuaoTMpyemMon CTaHUuK cTana ob-
cepsaTtopua PEHTTEH (1987-2001 rr), ycTaHOBMEHHaA Ha
mopgyne KBAHT-1 opbutanbHon ctaHumm MUAP.

B HacTtoswwee Bpema Ha MexagyHapoaHon Koc-
Mmnyeckon CTaHLMM NPOBOAUTCA OANH acTPOdU3NYECKINI
SKCMEePUMEHT PEHTIFEHOBCKOro AmanasoHa - MAXI. 3apa-
yeln 3TOro Npubopa ABNAETCA CUCTemMaTMUecKuii o063op
Bcero Heba B fnanasoHe sHepruii 1-20 k3B c uyBcTBUTENb-
HOCTbIO Ha YpOBHe 0630pa Heba obcepsaTopr UHURU
3a AeHb. MoHuTop Bcero He6a MAXI aBnaeTca NpoeKTom
ANOHCKOro KocMuyeckoro areHtcTea (JAXA) v yctaHoBneH
Ha AsnoHckoM mopyne MKC/Kunb6o.

MnaHnpyeTtca, uto B 2015 rogy Ha pPoCCUNCKOM
cermeHTe MKC OypeT yCTaHOBJIEH elle ofvH acTpodu-
3NYECKNN SKCNEPUMEHT - PEHTIFEHOBCKUI CMEeKTPOMETp
MBH. 3apgauein npubopa MBH (n3rotaBnusaemoro B VH-
CTUTYTE KOCMUYeCKnI nccnegoaHuii PAH) asnaetca Bbl-
COKOTOYHOE M3MEepEeHMe CneKkTpa KOCMUYECKOro peHTre-
HoBckoro ¢oHa (KP®) B aHepreTuyeckom agnanasoHe 6-70
k3B. OcHoBoW Nprbopa ABNATCA 4 TepMOCTabunn3npo-
BaHHbIX PEHTFEeHOBCKMX AeTeKTopa Ha NonynpOBOAHMKO-
BbIX KpucTannax Tennypuga kagmua (CdTl). OcHOBHbIM
npevmMywectsom npubopa MBH npu nsmepeHun KPO
ABNAETCA CUCTEMA MOAYNALMM anepTypbl PEHTTEHOBCKMX
[eTeKTOPOB, YTO NO3BOJSINT C BbICOKOW TOYHOCTbIO y4ecTb
BKMaj CYeTa 3apsKeHHbIX YacTuL, B MOJHY CKOPOCTb
cyeta (PeBHumBLEB 1 Ap. 2012)

lamma-Bcnnecku

PeHTreHOBCKOe HebO He ABRAETCA CTalMOHap-
HbIM. MHOXecTBO OObEKTOB Ha HEM CMOCOOGHO MEeHATb
CBOIO APKOCTb Ha pa3HbiX MaclwTabax BpemeH, OT MUIKU-
CEeKYHA [10 1eCATKOB 1 COTeH neT. icknoueHrem ABnaTca
TONbKO 60sbLUME NPOTAXKEHHbIE 0OBEKTHI, TaKNe KaK CKO-
NNEHWA ranakTUK, MMerLLe pa3mepbl COTHU Kuionapcek
1 Meranapceku, U OCTaTKM BCMblLLEK CBEPXHOBbBIX, UMELO-
Lme pa3mMepbl Napcek 1 JecATKN Napcek.

3a rogpl Pa3BUTUA PEHTFEHOBCKOM aCTPOHOMUM
Obln 0OHAPY>KEHbI TPAH3WEHTHbIE COOLITUA Pa3HbIX TU-
MOB: BCMNECKN HeCTaLMOHAPHOIo TepMOAAEPHOro rope-
HMA Ha NOBEPXHOCTAX HENTPOHHbIX 3Be34 1 Genbix Kap-
NINKOB, PEXMMbl HeCTaLMOHapPHOWM aKKpeuun B AUCKaX
BOKPYI KOMMAKTHbIX OOBbEKTOB, MPUIMBHbIE Pa3pyLUeHUs
3Be3[ 1 nocnegyoLlan akkpeLmsa obpasoBaBsLuerocs Be-
LeCTBa B OKPECTHOCTAX CBEPXMACCUBHbIX YEPHbIX Ablp 1
T.0.

OfpHVM 13 nepBbIX ‘ObICTPLIX’ TPAH3VEHTHbIX AB-
NEHWI B NCTOPWW PEHTTEHOBCKON acTpoHOMUM Obin de-
HOMEH ‘Tamma-BCnecKoB' [amma-BCneckn Obinv OTKPbI-
Tbl B X0fle paboTbl CNYTHMKOB BOEHHOMO Ha3HavyeHus Vela
5A,5B,6A,6B, 0OCHOBHOI Liefblo KOTOPbIX OGbIIO ClieXeHne
3a BCMieckaMu raMma-u3JiydyeHus, BO3HVKaLWUMIU npu
aTMochepHbIX AfepPHbIX B3pbiBax.

Famma-Bcnneckn 6o obHapy»KeHbl B 1969 rogy,
ofijHaKo BnepBsble 3Ta UHGopmaLma bbiia onybnrkoBaHa
Tonbko B 1973 rogy nocne TwatenbHON NPOBEPKM AaH-
Hbix cnyTHUKOB Vela (Knebecagen u gp. 1973). HezaBuncu-
Moe noAaTBepXkaeHe peHoMeHa raMma-BCraeckos Obino
nosyyeHo Ha cnyTHuKe Kocmoc-461 B 1971 rogy (Maseu n
ap. 1974).

Cnymuuku Vela5a u 5b, omkpelswue ¢peHomeH 2amma-
8CNJ1eCKO8.
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2704 BATSE Gamma-Ray Bursts

Fluence, 50-300 keV {ergs cm?)

PacnpedeneHue 2amma 8cnieckos, OOHApPYXeHHbIX 8
3kcnepumeHme BATSE obcepsamopuu um. Komnmora (1991-
2000). Xopowio 8uOHO, YmMo pacnpedesieHue 8Cnieckos u30mpon-
HO no Heby

[aMma-BCrnieck nosABAAeTcAa Ha ramma (1 Kect-
KOM PEHTreHOBCKOM) Hebe B TeYeHUN 04YeHb HEHObLIOTrO
BPEMEHN, HO B 3TO BPEMs OH CTAHOBUTCA CaMbIM SIPKUM
NCTOYHMKOM Ha BceM Hebe. ViccnegoBaHua nokKasanu, Yto
pacnpeneneHns AAUTENIbHOCTM raMMa-BJIECKOB MMET
[Ba nuKa: B 00facTu MeHee CeKyHAbl U B 06nacTn He-
CKOJIbKO 1eCATKOB CeKyHf. [1o npolecTBun HEKOTOPOro
BpeMeHV 00BbEKT NOSTHOCTBIO MCYE3aeT C PEHTIEHOBCKOrO
Heba 1 ero ganbHelllee UCcnefoBaHNe CTaHOBUTCA He-
BO3MOXHO.

Y>Ke nepBble 3MepeHUs raMMa-BCreCckoB NOKa-
3au, YTO UX pacnpegeneHue no Heby JOCTAaTOYHO OAHO-
POLHO, T.e. raMMa-BCMIECK MOXET BO3HUKHYTb B Jllo60M
HanpaB/ieHNY, YTO C y4ETOM MaJIoN AUTENbHOCTU COObI-
TVA Aenano onpeneneHne NX TOUYHbIX NMOSIOKEHUN OUYEHb
3aTPyAHUTENIbHBIM. DTO MPUBESO K TOMY, UTO [laxe Npupo-
[la raMMa-BCrJIeCKOB ONITOe BPEMA OCTaBanacb HEACHON.
[o koHua 1990x rogoB OCHOBHBIMU XapaKTePUCTUKaMu,
nccnefoBaBLUMIMUCA Y raMMa-BCNIeCKOB, Obinu Gopmbl X
KpVBbIX 6/1ecka 1 CnekTpanbHble XapaKTepUCTUKM.

B nepuop 1970x-1980x rogos pasHble CNyTHUKK
(B TOM uncne mexnnaHeTHble CTaHUMK) Hecnn Ha cebe
[eTEKTOPbI XEeCTKOro PeHTFeHOBCKOro 1 raMMa Amanaso-
HOB C Lienblo nccnefoBaHna G¢eHoMeHa raMma-BriecKkos:
amMepurKaHCKMe annapatbl ANOMIOH, COBETCKME CMYTHUKM
cepum Meteop, Kocmoc, MporHos, coBeTckme MexXnnaHeT-
Hble annapatbl BeHepa, Poboc, amepurKkaHCKMe annaparbl
MNMuoHep nT.4.

B wucKnouuTenbHbIX CNyvyasx, Korga ramma-
BCMNECK pernctpupoanca 6onee uem [AByMA-Tpems
CNyTHMKaMK, OTCTOAWMMMK APYr OT Apyra Ha 60MbLmx
paccToAHUAX, YyAaBanoCb MOSyYNTb €ro OTHOCUTENIbHO
TOYHOE MNOJIoXKeHMe Ha Hebe MeToAOM TPUAHTYNALMM
(onpepeneHve HanpaBneHWs, OTKyZa WAET U3fyyeHue,
Mo 3agep>KKaM MeXxy BpeMeHaMu perncrTpaLmm npuxoaa
BCMJIeCKa Ha pa3HbIx annaparax).

OnHVM U3 NepBbIX YCMEeLHbIX peanusauuni MeTo-
[la TPUAHTYNALUN BCMIECKOB raMMa-u3fyyeHus npu rno-
MOLLM MEXMMAaHETHOW CETU KOCMMYECKMX anmnapaTtoB Obin
BCMNecK, npousowenwunr 5 maprta 1979r. Bcnneck »ect-
KOrO PEeHTreHOBCKOro 1 ramma-usnyyeHusa Obin obHapy-
XeH npubopamy KOHYC Ha COBETCKMX MEXMIAHETHbIX
cTaHuuAx BeHepa-11 n -12 (Maseu u gp. 1979). lNynbca-
L1Kn BO Bpems crafatoLlei YyacTy BCriecka ofgHO3HauYHO
YKa3blBa/iM Ha TO, YTO UCTOYHUMKOM APKOro M3MyyeHus
ABNAETCA BpalLalollanca HENTPOHHAA 3Be3/a B raflakTuke

Bbonblwoe MarennaHoso O6nako. lNoAsuBLIVECS UEN, UYTO
BCE raMMa-BCMJIeCKU MMEIOT TaKylo e Npupoay, B Aanb-
HelLweM He NoATBePAUITUC.

Okasanocb, yto Bcnneck 5 mapta 1979 roga He
ABNAETCA NpeAcTaBUTeNIeM ceMelcTBa COGCTBEHHO ‘ram-
Ma-BCMJIeCKOB, a ABMAETCA TaK Ha3blBaeMbIM ‘MArKUM
ramma-nostoputeniem’ (soft gamma repeater, SGR) -- Hel-
TPOHHOW 3BE3[0M CO CBEPXMOLLHbIM MArHUTHbIM MONIEM
(1014-1015 [c), Jatowen BCNIECKM »KeCTKOrO0 PeHTreHoB-
CKOro Y raMMa-un3ayyeHuns npu nepectpomke MarHUTHOro
nons HeMTPOHHOW 3Be3bl (JyHKaH, TomcoH 1992).

3a npouwepliee Bpems OblI0 OOHAPYXKEHO elle
HECKONbKO TaKnUX NCTOYHUKOB B Hallen lanaktuke. B ge-
Kabpe 2004 roga BCrblWKa ogHoOro 13 Hux, SGR 1806-20,
CTana Apyanllen BCNbIWKOW PEHTFEHOBCKOro M3MyYeHun
3a BCIO UCTOPUIO PEHTFEHOBCKOM aCTPOHOMUM - MOTOK B
MaKCMMyMe BCriecka [OCTUran 3HauyeHWU HEeCKOSbKO
MUISIMOHOB POTOHOB B CEKYHAY Ha KBafpaTHbIN CaHTU-
MeTp.

[onroe BpemMAa cUMTanocCb, YTo ramma-BCraecku
UMeloT ranakTnyeckyio npupogy. OcHoBHasa npobnema
COCTOf/A B TOM, YTOObI CBA3aTb UCTOUYHUKM ramma-BCrine-
CKOB C 06beKTaMn B KakoM-HMOyab ApYrom crnekTpanb-
HOM AMana3oHe, B KOTOPOM MX MOXHO Obl10 Obl U3yUnTb
6onee petanbHo.Camoe 60bllOe KONYECTBO ramma-
BCNNeckoB - 6onee 3000, 06Hapy»eHHbIX Ha OHOM anna-
paTe, Obifo 3aperncTpupoBaHo nprnbopom BATSE obcep-
BaTtopun nm. KomntoHa (HACA, Bpemsa paboTbl Ha opbuTte
1991-2000). Oka3zanocb, YTO UX pacnpeneneHne Ha BCeX
MOTOKaxX OYeHb M3O0TPOMHO, UTO MPAKTMYECKN UCKIoYa-
N0 TMNOTe3y O rasiakTMYecKoM MPOUCXOXAEHUV ramma-
BCM/1ECKOB.

Jlvwb B 1997 rogy npm NOMOLUM PEHTFeHOBCKUX
TeneckornoB opbutanbHol obcepBaTopun BeppoSAX
(Bpemsa pabotbl Ha opbuTe 1996-2003) ypanocb nosny-
YNTb OTHOCKTESIbHO TOYHOE MONOXKEHME raMMa-BCrecka
GRB970228 (KocTta u gp. 1997), 1 3aTem onpegenuTb pac-
cToAHue fo Hero (BaH Mapagaric n ap. 1997) gokasas, 4To
raMma-BCrJIeCKN PAcrosioxKeHbl OT HAaC Ha KOCMOnormye-
CKMX PacCTOAHUAX.

B HacTosillee Bpemsi CUMTAeTCs, YTO ramma-
BCMJIECKM NpeacTaBnAlT cobol npossfieHne nnuéo Kor-
nanca mMacCMBHOW 3Be3fbl, NMOO CNNAHNA ABYX HENTPOH-
HbIX 3B€34 C BbIOPOCOM CTPYU YNbTPapensiTUBUCTCKOrO
BELLeCTBa, CO3JAIOLLEro BCMIECK EeCTKOro PeHTreHoB-
CKOTO N ramma-usnyyeHusa. JHepruu, BbICBOOOXKAAEMbIE
B 3TUX NpOLieccax, MOryT AOCTUraTh 3HaueHwnit 10°2 3pr,
T.€. Y>Ke CPaBHVMbI C SHEPr/en MOKOs 3Be3bl HEOONbLLION
Macchl.

Kapma Heba, nonyuyeHHas uHcmpymeHmom A2 06-
cepgamopuu  HEAOT (1977-1979). bnazodapsa cneyuanbHoU
KOHCMpyKYuu UHcmpymeHma A2 OH, Hapaoy ¢ obHapyxeHuem
OUCKpeMHbIX UCMOYHUKO8 HA Hebe, MO2 U3MepAamb NOMOK KOC-
MUYecKo20 peHmaeHo8cko20 ¢oHa. Cepas 061acme, NOKpbI8aAto-
was ece He6o -- 3Mo He UHCMpyMeHmMasbHbil hoH demekmopd, a
OelicmaumeribHoe (hoHOBOe U3JyyeHue Heba.
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Kapmel nogepxHocmHou apkocmu Heba 8 MA2KOM peHM2eHO8CKOM OuandasoHe no 0aHHLIM pakemHelx SKcnepumeHmos (YHusepcu-
mem BucKoHCUHa), u no 0aHHbIM HabaodeHUl Ha cnymHuke SAS-3 (u3 063opa CHoydeH u dp. )

Ana Toro, utobbl PYTUHHBLIM 0O6pPa3oM orpe-
LenATb TOYHble MOJSIOXKEHVSA ramma BCMIEeCKOB, YTO Mo-
3BOSIMNIO Obl M3y4yaTb MX B OMTUYECKOM, MHOPaKpacHOM
N pagvo-aranasoHax, HeobXoanMo covetaTtb 6osbluoe
rnosie 3peHns MHCTPYMEHTA, CMOCOBHOrO 3aperncTpmpo-
BaTb/0OHapYXNTb FaMMa-BCMECK, C XOPOLUei TOYHO-
CTblO ero nokanusauyun. MonbiTka peann3oBaTb OAVH U3
CNoco60B KOMOVHALMN TaKUX MPOTUBOPEUMBbLIX Tpebo-
BaHWU K PEHTFEHOBCKUM WHCTPYMeHTam 6bina caenaHa
Ha npub6ope ‘TlogconHyx' opbuTanbHON 0o6GcepBaTOPUM
TPAHAT (1989-1999). Mpurbop npeactasnan cobort Kom-
MNeKC PEeHTreHOBCKOTO 1 OMNTUYECKOro AETEKTOPOB Ha
NMOBOPOTHOW NnatdopmMe, BKIIOYAEMbIA MO pe3ynbTaTam
rpyboro n3mepeHus NoNOXeHU raMma-BCriecka, nony-
YeHHOro BcrnieckoBbiM Npubopom ‘KoHyc. K coxxaneHuto,
komnnekc ‘KoHyc'-'TlogconHyx’ He 3apaboTtan B WTaTHOM
pexume.

CoBpemeHHON peanusauyuen 3TOro nApuHUMMa
KOMOWHaLUN Tramma-BCrIeCKOBOro npubopa, cnocob-
HOro OBGHapyXMTb BCMeck Ha 60MbLION YacTy Heba, 1
npubopa, CNoCOGHOrO OMNpPeaennTb €ro MoJIoKEHME C
TOYHOCTbIO B HECKOJIbKO YITIOBbIX CEKYH[, ABNAETCA CnyT-
HuK SWIFT (HACA, 3anywieH B 2004 r). B kauecTBe nomcko-
BOr0 raMma-BrieckoBoro npubopa BbICTyMaeT Teneckon
C Koaupyowmin mackon BAT (Burst Alert Telescope), o6o-
3peBaoLMi B KaXAbllh MOMEHT BPeMEeHW TeNeCHbIN Yron
B OfIVH cTepagmnaH (okono 8% Bcero Heba, unu 1/6 yactu
Heba, He 3aKpbITOro
3emnen gna annapa-
Ta, HaxodALleroca Ha
HM3KOM  OKOJI03eM-
HOW opb6uTe).

MNMocne 06-
Hapy>XeHus  ramMma-
BCMNIeCKa  CMYTHUK
[OBOpauMBaeTca Ha
00OBbEKT U ero TouHoe
NnosioXXeHne  onpe-
JensAeTca  yxe npu
noMmow  Habnope-
HUIN PEHTreHOBCKOro
Teneckona Kocoro
nageHua XRT. 3a Bpe-
MA paboTbl obcepBa-
Topua SWIFT o6Ha-
pyxuna 6onee 700
ramma-BCrnJieCcKos,
13 HUx y 6onee 200
BCMJIECKOB N3MEPEHbI
KpacHble cMmelleHus
(KOCMOJ‘IOFVIquKI/Ie 0.00020 0.00040 0.00060
paccToAHUA).

RASS 1/4 keV Band

i

counts/s/arcmin”2

(DoHoBoe usnyyeHue He6a B MATKOM PEHTIreHOBCKOM
AnanasoHe

KocMmumuecknii peHTreHOBCKUIA GOH, OTKPbITbIN B
Havane 60x rogos B Avana3oHe SHepruin Bbiwe 1-2 K3B,
HeOHOKPATHO Habnopancs pasHbIMU MHCTPYMEHTaMMU,
noaTBep»KAaBLWMMUK, YTO ero yrioBoe pacnpegeneHuve C
BbICOKOW TOYHOCTbIO M30TPOMHO MO Heby.

OpfHO 13 Hambonee TOUYHbIX U3MEPEHUI pacnpe-
feneHnsa noBepxHocTHon Apkoctn KP® 6bino chenaHo
NHCcTpymeHTOM A2 o6cepBaTopum HEAO1 6narogaps ero
cneumanbHOM KOHCTpyKumn (Mapwann u gp. 1980). Un-
CTPYMEHT MpefCTaBnAn coboi NponopLMOoHanbHbIA ra-
30BbIfl CYETUMK, HAZ Pa3HbIMU aHOAHbBIMM MPOBOOKaMMU
KOTOpPOro 6bl/in pacrnonoXeHbl KOMIMMaToOpbl C Pa3Hbl-
MU MOAAMK 3peHuA (OTAnYaWNMNCA NPUGIN3UTENIbHO
B 2 pa3a). OTO MPMBOAUIIO K TOMY, YTO MPU NPaKTUYeCKM
MOEHTUYHOWN CKOPOCTM CYeTa pasHblX aHOLOB AeTeKTopa
3a CYET NPOXOXKAEHNA 3apAPKEHHbIX YacTuL, NOTOK poTo-
HOB Ha pa3Hble aHofbl Obif pasHbIi. BblunTtaa ckopocTm
cyeTa COCeIHMX aHOLOB MOXHO OblfO MPAKTUYECKN nae-
aNbHO BbIYECTb MHCTPYMEHTasbHbIN GOH AeTekTopa (HoH
3aPAKEHHDBIX YacTuL) U M3MepPATb MOBEPXHOCTHYO Ap-
KocTb KPO B pa3Hbix HanpaBneHusx Ha Hebe.

OpHako y»e B KoHLe 60X rogoB n3MepeHus, Npo-
BOAUMbIE Ha MeHbLUKX 3Hepruax (~0.25 k3B), nokasbiBa-

0.00080 0.00100 0.00120 0.00140 0.00160 0.00180

Kapma nosepxHocmHol apkocmu Heba 8 MAzKoM peHmeeHo8ckom duanasore (0.25 k3B) no

0aHHbIM 0bcepsamopuu ROSAT
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lMpuHYUNUANLHAs cxeMa peHM2eHOB8CK020 meseckona
‘koco2o nadeHus. [MnockonapanneneHolli Ny40K POomoHo8 om
KOCMUYeCKUx UCMOYHUKOB (hoKycupyemcs u3-3a 080liH020 ompa-
XKeHUs 8 cucmeme 3epkasn

NN, YTO APKOCTb PEHTIEHOBCKOro poHa B 3TOM frana3oHe
He cornacyeTca c npogosmkeHvem cnekTpa KPO, nsmepen-
Horo Ha 3Heprusax 1-10 k3B, B 06n1acTb MeHbLUNX SHepPrui
W CyLLeCTBEHHO HEM3OTPOMHA MO Heby.

KapTa NMOBEPXHOCTHOW APKOCTU MAFKOro pPeHT-
reHOBCKOro ¢OoHa MOCTEMNeHHO MOMOMHANACb HOBbIMMU
JaHHbIMU. MHOXeCTBO U3MepeHNIA ObINIo NPOBeAEHO KAk
paKeTHbIMK 3KCNeprMeHTamMK (Mporpamma YHUBepcuTeTa
BuckoHcuHa), Tak 1 co cnytHukoB (HEAOT, SAS-3). Oco-
6GEHHOCTbI0 MAFKOTO PEHTIEHOBCKOTO pOHa ABMSNOCh €ro
ABHOE MoAaBneHne B 06/1aCTU NIOCKOCTU [anakTuKuy, 4To
BHavasie NpuBENO K MMNoTe3e O ero BHeranakTuyeckom
NPOnCXoXaeHUN (Mex3Be3aHaa cpepa B nnockoctu la-
NAKTMKN 0YeHb 3GPEKTMBHO MOTMOWAET PEHTFeHOBCKOe
N3nyyeHne masblX SHeprum).

OrpoMHbIi CKaYoK B KauecTBe HabnogaTesbHbIX
JaHHbIX ana uccnegoBaHva anddysHOro manyyeHus B
MAFKUX PEHTFEHOBCKMX Jlyyax Npomr3oLLlen C HayaloMm pa-
60Tbl Ha OpbUTE PEHTreHOBCKoWM obcepBaTopun ROSAT
(Tepmanuna, CLUA, BennkobputaHua, Bpema paboTbl Ha
opb6bute 1990-1999 rr). B otnimure oT npeapiaywmx 3Kc-
nepumeHToB Ha obcepBaTopun ROSAT 6bii yCcTaHOBNEH
PEHTreHOBCKMIA TeNleCKomn KOCOro nafeHus, no3Bonsto-
WM CYLLeCTBEHHO YBENNYNTL YINIOBOE paspeLleHme no-
Ny4aemoro 1M3o6pakeHnsa Nno CPaBHEHWUIO C KOMTMMUPO-
BaHHbIMU CMEKTPOMETPAMU, @ TakXKe CUNIbHO YMEHbLUNTb
$OH, co3aaBaeMbI 3apPAXKEHHbIMM YaCTULLAMUA.

[eTanbHble wnccnefoBaHUA APKOCTU  MAMKOro
peHTreHOBCKOro GpoHa, 1 ee Koppenauumn ¢ pacnpegene-
HYEeM MeX3Be3gHOW cpefbl B lanakTuke nokasanu, yto
3To poHOBOE M3nyUeHue nmeeT ManakTnueckyo npupoay
N BO3HMKAeT B pe3yfbraTe U3fyuyeHUsa naas3mbl ropayen
$a3bl MeX3BE34HOM Cpefbl.

OfHUM 13 UHTepecHerwmnX pe3ynbTaToB, Nnony-
YeHHbIX MO AaHHbIM obcepBaTopun ROSAT, ctano obHa-
py>KeHne MNepeMeHHOro WK3NlyYyeHus, BO3HMKAILEro B
rennocdepe 3a cHeT nepe3apAnKN BbICOKOUOHU3POBAH-
HbIX MIOHOB TAXESbIX 3N1EMEHTOB (Hanpumep, Knciopopa)
C HeNTPasbHbIM MEXTMTAHETHLIM BELLLECTBOM.

PeHTreHoBCKMe TeNecKonbl KOCOro NageHuaA

Hanuuve Ha Hebe NPOTAXEHHbLIX NCTOYHUKOB
PEHTreHOBCKOro n3slyyeHma co BCen o4eBMAHOCTbIO CTa-
BUNO BONPOC 06 YrnoBOM pa3speleHnn cnegyrouero no-
KOJIEHNA UHCTPYMEHTOB. I'Iporpecc B 3TOM HanpaBJIEHNN

OOuH u3 nepesbix Npomomunoe peHmeeHo8CKUX meJie-
CKONOB KOCO20 NAOeHUs

TaK e Mo3BOMWSI Obl 3HAUMTENbHO YBEIMUUTD YyBCTBU-
TeNbHOCTb NPUGOPOB.

Mpenen 4yBCTBUTENIBHOCTY GONBLUMHCTBA PEHT-
FeHOBCKUX WHCTPYMEHTOB OMpefenseTca Luymamu pe-
TEKTOPOB, CPEAN KOTOPbIX BaXkHEMWYl posib urpaet
CKOPOCTb cyeTa ‘GOHOBbLIX' COOLITUI, OOYCIOBNEHHbIX HE
pervncTpaumein peHTreHoBCKUX GOTOHOB, a Mpoxoxae-
HVYEM Yepe3 AeTeKTOp 3apsMeHHbIX yacTtuy (nMnbo nep-
BMYHbIX KOCMWYECKUX Jly4yer, b0 BTOPUYHBIX YacTul,
BO3HMKaOWMX MOC/e B3aMMOAENCTBAA KOCMUYECKMX
nyyel BbICOKUX SHEPrui C KOCMUYECKUM annapaTom).
PeHTreHOBCKMe CYETUMKM, CHAGXKeHHbIE KOMIMMaTopamMm
(orpaHuuymBaLWMMN NX NONA 3peHnA) cobMpatoT Kak no-
ne3HbI curHan (peHTreHoBCKMe GOTOHDI), TaK 1 CYeT 3a-
PSKEHHbIX YacTuL € 06Len nnowaan aetektopa. OgHako,
ecnn HayumTbca GOKYCMpoBaTb PEHTreHOBCKME GOTOHbI
TaK e Kak onTnyeckme unm nidpakpacHble B He6onbluoe
NATHO B GOKaNbHON MIOCKOCTU MHCTPYMEHTA, TO MOXHO
MONyYnTb OUYEHb 6OSbLLION BbIMTPbILL 3@ CYET TOTO, UTO 3TU
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Cxema opbumaneHol ob6cepsamopuu HEAO2, obcepsa-
mopuu um. SGHWmeliHa ¢ nepebiM peHM2eHOB8CKUM mesieckonom
Koco2o naoeHus. Kayecmeo u3obpaxeHus 8 obnacmu 3Hepaull
0.5-4 k3B He 6b1710 npeg3otideHo 00 3anycka 8 1999 200y obcepsa-
mopuu YaHopa
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MAIN PULSE

“OFF" PHASE

U3o6paxeHus KpabosuoHolU mymMaHHOCMU, NOJlyYeH-
Hble obcepsamopueli um.liHwmetiHa (HEAO2), ycpedHeHHeble
30 pasHele nepuo0bl APKOCMU HeliMpOHHOU 38€30bI - Ny/1bcapa 8
ee yeHmpe. [lpucymcmaue ApKo20 nAmHa (nysscapa) 8 yeHmpe
J1€8020 U306PAXXeHUA U e20 omcymcmaue Ha NpasoM C8A3dHO C
UMNYIbCHBIM Xapakmepom u3JsydeHus HelmpoHHOU 38306l U3-
3a ee co6cmeeHHO20 8paweHUA ¢ NepuodoM npubU3UMesTbHO
0.033 cex.

doToHbI ByayT cobrpaTbCA B oUeHb Manow Yactu GoKanb-
HOrO [eTeKTOpa, B KOTOPOW CYET 3apseHHbIX YacTuLy
MOXET ObITb B COTHW U TbICAUM pPa3 MeHbLUE, YeM BO BCEM
LeTeKTope.

MNepBoe npepno)KeHne MO CO3[JAHUIO TenecKo-
noB, paboTaloLWKMX B PEeHTFEHOBCKOM [Mana3oHe nossu-
nocb ewe B 1960 rogy (OxkmakkoHu 1 ap. 1960). OgHako ao
nepBoOI peanusauum 3Toro NprHLMNa Ha obcepBaTopum
HEAO-2 (obcepBaTopua MM.DVHLWITENHA) NPOLIO OKOJIO
20 net. OcHOBHasA Npobnema 6bina cBsA3aHa C TeM, UTo Ans
bOKYCMPOBKU PeHTreHOBCKMX GOTOHOB Oblnn Heobxoau-
Mbl HOBble TeXHONOornu. PEHTreHOBCKMe Nyyn Henb3s oT-
pa3nTb 06bIYHbIM CMOCO6OM (Ha BosbLMe Yrbl), OAHAKO
3TO CTAHOBUTCA BO3MOXHbIM, €C/IN Y/bl UX NafeHUs Ha
XOPOLIO OTMNOSIMPOBAHHYIO MOBEPXHOCTb OYEHb Marsbl
(meHee ofHoOro rpapgyca). B takom cnyvyae nnockonapan-
NENbHBIN MYYOK PEHTIEHOBCKMX GOTOHOB MOXKHO CKOH-
LeHTpMpoBaTh B poKanbHOM NIockocTu. Takum obpasom,
PEHTIEHOBCKMI Teneckon GpakTnyeckn npeacTaBnseT co-
6O CMCTEMY BNOMEHHbIX KOHYCOB UM napabonouios
1 rnnep6ononaoB, BHYTPEHHME MOBEPXHOCTN KOTOPbIX
[OJIKHbI ObITb OTMOMMPOBaHbI C TOYHOCTbIO AO HECKOSb-
KUX aHrcTpem, a cama popma Tpybbl-3epKana [OMKHa
ObITb BblAep>KaHa C TOYHOCTbIO HECKONTbKO MUKPOH.

MNepBoe NpMMeHeHVe Takaa TEXHONOMMA Hallna
B Hay4yHOW annapaTtype Kocmuyeckon ctaHumu Skylab B
CO/THEYHOM PEHTreHOBCKOM Teneckone S-054 (guana3oH
SHeprun 0.2-5 kaB) B 1973-1974 rr (BaiaHa n gp. 1977).
MepBoi acTpodr3nyeckom pPeHTreHOBCKON obcepBaTo-
puen C Teneckonom Kocoro nageHuna Ha 6opTy ctana o6-
cepatopua HEAO2/ob6cepBaTtopusi M. JMHLWITENHa, pa-
6oTaBluasa ¢ 1978 go 1980 ropa.

Pe3ynbTatbl paboTbl 06cepaTopun HEAO2 cunb-
HO pacWMpWUAX FPpaHULbl PEHTFeHOBCKOW acTPOHOMUMU.
YyBcTBUTENBHOCTL dakTMueckmn Bbipocna B 1000 pa3 no
CpaBHEHNIO C WMHCTpyMeHTamy obcepsaTtopun UHURU.
PeHTreHoBCKOe M3nyyeHune 6bi10 O6HaAPYKEHO OT OrPOM-
HOro uymcna TMNoB OOBEKTOB: OT MONAPHbIX obnacrten
lOnutepa n 0OO6bIYHBLIX 3BE3[ BCEX TWMOB O OCTAaTKOB
BCMblLUEK CBEPXHOBbIX, 6esibiX KapinKOB 1 ropsiyero rasa
B MNUNTUYECKMX ranakTukax. MccnegosaHna HEMTPOH-
HbIX 3Be3[ 1 YepHbIX Ablp B ABOMHbIX CUCTEMAX, C KOTO-
pbiX Hayanacb PeHTreHOBCKasa acTPOHOMMA, CTaso BO3-
MOXXHbIM BO BCel Halleln [anakTuke, a TakKe 1 B ApYrnx
ranakTukax. bbinv nonyyeHbl yanBuTenbHble MO KayecTBy

V30bpaxxeHue yeHmMpaneHoU 0b61acmu 2aaakmu-
ku M31(TymaHHocme AHOpoMeDbl) N0 OdHHBIM peHM2eHO8-
CK020 menieckona obcepsamopuu um. SUHWmMeUHd.

N300paxKeHnA LeHTpanbHOW 06nacT ranakTmku TymaH-
HOCTb AHpomefbl

OrpoMmMHbIV NPOpPbIB NpoK3oLWen B NOHUMaHUK
NPUPOAbl KOCMUYECKOTO PEHTIEHOBCKOro GpOHa, OTKPbI-
TOrO eLle B NepBbIX PaKeTHbIX 3KCneprMeHTax. Bbicoko-
KauyecTBeHHble n3mepeHus crnekTpa KPO, npoBeaeHHble
B 1977-1979 rogax obcepBatopurenn HEAO1 nokasbiBanu,
uto dopma KPD moxeT ObITb XOPOLLIO OnmMcaHa Mofesbio
TOPMO3HOIO U3JyYeHUA ropAYMX SNIEKTPOHOB Temnepary-
poni okono 40 k3B. O3HauyaeT nn 370, UyTo BCA BCceneHHas
3anoJIHeHa ropAYyen paspekeHHoN nnasmomn?

OTBeT Ha 3TOT BONPOC ObUT fiaH NPU NOMOLLM TTy-
60KMX HabnoAeHNI 06cepBaTOpPUM UM. SAHLLTENHA. bbino
nokasaHo (>knakkoHu n gp. 1979), uto Npn ysennyeHnn
YyBCTBUTENbHOCTM HAOMIOAEHN KONMMYECTBO PernucTpu-
pyeMbIX NICTOYHWNKOB CyLLeCTBEHHO Bo3pacTaeT. [1pn aTom
MOTOK OT UCTOYHUKOB, OOHAPYKEHHbIX Ha Mpefesne vyB-
CTBUTENIbHOCTN, JOCTUTHYTON obcepBaTopuen Um. DVH-
wrerHa (HEAO2), no3sonan o6bACHUTL yxe okono 40%
BCe NoBepxHOCTHOM ApKocTh KPD Ha sHepruax 1-2 k3B.
Kpome Toro 6b1i10 ACHO, UTO CrieflyeT OXngaTb CyLLEeCTBO-
BaHWA PEHTTEHOBCKMX NCTOUYHUKOB C eLle 6onee cnabbiMm
noTokamu, u, cnepgoBaTenbHo, ewe 6onbwas gona KPO
MOXeT ObITb B Oyfyllilem pa3pelleHa Ha BKag OTAeNbHbIX
00beKTOB. B HacToAwee Bpema obcepBaTtopus Chandra
pa3peluaeT 6onee 80% KPO Ha oTaenbHble NCTOUHUKN.

MopaBnstoLee 60NbLIMHCTBO 06EKTOB, 06HapY-
»KEHHbIX B TaKOM 0630pe, OKa3blBaloTCA aKTVBHbIMM A4 pa-
MW B JaNIEKNX FaNlakTMKAX - aKKPeLUPYOLLMU CBEPXMAC-
CUBHBIMU YepHbIMK Ablpamu. OGHapyXeHne OrpoOMHOro
KOJIMYeCTBa TaKMX UCTOYHUKOB OTKPbINIO LieNloe Hanpas-
neHue B acTpodursmKe - CCIeaoBaHNE KOCMOJIOTMYECKON
3BOJIOLMM YEPHbIX AblP.

C TexHWYeCcKoM TOUYKM 3PEeHUs BO3MOMHOCTU
3epKanbHOM cucTemMbl obcepBaTOpPUN  UM.IVHLLTENHA
NPeBOCXOAMIIN  BO3MOXKHOCTU  (BOKaNbHbIX MNPrUbOPOB.
LnpuHa nATHa, B KOTOpOe 3epKasibHaa cnuctema GoKycu-
poBana GOTOHbI, ocTaBnAna okosio 80-100 MUKPOH (UTO
COOTBETCTBOBANO 5-6 YrnoBbIM CceKyHAam Ha Hebe), B TO
BpPeMsA Kak rasoBble nponopuuoHanbHblie cyetunku (IPC),
UMeBLUME MaKCUMasbHY 3GpdeKTUBHOCTb permcrpaumm
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UN306paxeHus obnacmu yeHmpa [anakmuku, nosry4eHHble no peysibmamam Habo0eHul Ha meseckonax ¢ KOOUpyWUMU Ma-
ckamu 8 duanasoHe 3Hepauli 3-30 k3B: cnesa - meneckona Spacelab2/XRT, cnpasa - meneckona MUP/KBAHT/TTM. Pazmep uzobpaxeHus -
0KoJ10 2X2 2padyca, Ymo 8ce20 8 08a-mpu pasza bosible yes08020 paspeweHus 0630pos Heba, nposedeHHbIx obcepsamopuamu UHURU u
HEAO1. lNodnucaHel Hekomopble 06vekmebl, 06HapyxeHHeble 8 xo0e HabodeHul. Obvekmebl, uMerouwjue 8 Ha38aHuUU 6ykebl «KS» bblu 8nepssbie

omkpslmel annapamypol mooyna KBAHT cmaryuu MUP.

$oTOHOB Cpean nNpnbopoB obcepBaTopU, AaBann MPo-
CTpaHCTBEHHOE pa3peLlleHne 0Kono 1 MM, YTO COOTBET-
CTBOBAJIO NPUMEpPHO 1 yrnoBon MuHyTe. Takum obpasom,
MaKC/MasnbHOe KONMyecTBo GOTOHOB OT UCTOYHMKA MOX-
HO 6blfI0 NonyunThb NpY Nnomowy aetektopos IPC, B TO
Bpems Kak s JOCTUXKEHUA MaKCUMaNbHOIO MPOCTpaH-
CTBEHHOIO pa3peLleHnsa UCNOb30BaNNCh AETEKTOPbI Ha
OCHOBE MUKpOKaHanbHbIXx mnactuH (HRI), umetowmnx Ha
nopsaaoK MeHbLyio 3GdeKTUBHOCTb, Yem AeTekTopbl IPC.
JIvwb panbHenwee pa3BuTNE AETEKTOPHbIX TEXHONOMI B
1980x 1 1990x rogax (c 3anyckom obcepBaTopuin C Npo-
MeXXYTOUYHbIMU XapakTepnctnkamm ROSAT/1990-1999 rr n
ASCA/1993-2000 rr) no3BOINIO NOSTHOCTbIO COrNacoBaThb
BO3MOXHOCTM OKyCUpytoLel ONTUKA U PErncTpupyto-
Len annapaTypbl.

lMpuHyun nocmpoeHus u306paxeHuli npu nNomMowu
Kooupytoweli annepmypel.[Tomok K8aHmMos, npuxodawul om
peHmMeeHoBCKO020 UCMOYHUKA, «koOupyemca» Mmackol u co3oaem
CBOI0 YHUKA/IbHYIO MeHb Ha 0emekmope (meHe2pamma)

mMPOKOHOHOCHbIe CNEeKTPbl PEHTreHOBCKUX UCTOYHUKOB

Wupoknin granasoH Temnepatyp OO6BEKTOB,
N3NyyalLWwmnx B PEHTTEHOBCKOM AManas’oHe, TakuX Kak
[BOWHbIE CUCTEMbI C YEPHBIMU AblPaMU U HENTPOHHbIMI
3Be3gamu, TpeboBan pacluMpeHns fmanasoHa SHeprui, B
KOTOPOM MPOUCXOAUT PerncTpaumna cnektpa nx nsnyye-
HUA. BbIIo OOHapPYXEHO, UTO B pa3Hoe (UNv Aaxke B OAHO
1 TO Xe) Bpema n3nyyeHne akkpeLpyoLwmnx YepHbIX Ablp
MOXET UMETb B M3NTyYEHUN KOMMOHEHTbI C XapaKTepPHbIMU
Temnepatypamu B 1-2 K3B 1 cBbiwwe 30-50 K3B. dddekTns-
HYt0 perncTpaumio GoTOHOB B TaKOM LUVPOKOM AManaso-
He 3Heprur NpakTUYeCKNn HEeBO3MOXHO MPOBECTM Mpwu
rnomMoln ofHoro npubopa. PeweHuem 3Toin npobnembl
CTanu KoMbrHaumm NpnbopoB Ha opbuMTaNbHbIX 06CepBa-
TOopUAX.

NHTepec Kk bonee KecTkomy peHTreHOBCKOMY 13-
nyuyeHunio (C SHeprusamu Boiwwe 5-10 K3B) Takke 06ycnoBneH

TTM - «meneckon ¢ meHegol Mackol», 0OUH U3 OC-
HOBHbIX UHCMpymeHmog obcepsamopuu PEHTTEH Ha modyne
KBAHT-1 cmaryuu MUP. Mpu nomowu HabodeHuli 3mozo merse-
cKona 611U NoJTyYeHbl Hausly4wue Ha koHey, 1980x-Hadasno 1990x
20008 Kapmel obiacmu yeHmpa [anakmuku 8 peHmeeHo8CKUX
Jlyqax eviwie 4 K3B.
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Tem $pakToM, UTO GOTOHbI TAKUX SHEPTUIN NPAKTUYECKMN He
NOrNOLATCA B MeX3Be3[HOW cpefe B Halen [anakTuke.
Ona doToHOB 6onee HU3KKX SHePruii Mexx3Be3aHoe $poTo-
nornotleHue aBnseTca 3GGeKTUBHbBIM SKPaHOM, 3aKpbiBa-
fOLLMM OT Hac 0651acTV B HanpaBneHnn NNocKocTu fanak-
TUKW, 1 B OCOOEHHOCTU MHTEPECHELLYI0 06/1acTb LieHTpa
FanakTuku. MNepBble KapTorpadprpoBaHna obnactu lanak-
Tuyeckoro LleHTpa ob6cepBaTopuren M. DMHLWITEHA NOKa-
3a/n, YTO MEX3Be3[jHOe MOTTOLEHNE Ha SHEPTUAX HIKe
2-3 k3B cyuwecTtBeHHO orpaHnyMBaeT YyBCTBUTENbHOCTb
K MCTOYHVKaM B 3TOM HanpasneHun. Ha 6onee BbICOKIMX
3HeprvAx yrnoBoe paspelleHne MHCTPYMEHTOB COCTaBAA-
no He nyyuie 20-30 yrioBbIX MUHYT, Y4TO ObINO COBEPLUEHO
He0CTaTOYHO ANA KapTorpadurpoBaHNA 3TON ryctoHace-
neHHol obnactu Heba.
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dHepzemuyeckuli cnekmp CeepxHosoli 1987A, nosny-
yeHHeIl obcepsamopueli PEHTTEH: pasHeiMu 3HaGYKamu nokasa-
Hbl pe3yibmamel u3mepeHuli pasHelx npubopos obcepsamopuu,
2UCMo2pammamu - pesysismamel MooesuposaHus. Y13 pabomel
CroHAaesa u 0p.(1987).

OpfHa 13 nepBbiX MOMbITOK MOCTPOEHMA KapTbl
obnacTn lanakTnyeckoro LleHTpa Ha sHepruaAx Bobiwe 3-4
K3B 6bina npepnpuHATa B xofe skcneamuun STS-51-G
KOCMUYecKkoro yenHoka [uckasepu B uioHe 1985 roga
npu nomoww annapatypbl SPARTAN-1. PeHTreHOBCKMi
WHCTPYMEHT NpefcTaBnan cobo fBa CNeKTpoMeTpa, pa-
6oTaloWMX B Arana3oHe sHeprui 1-12 k3B 1 Habnogas-
Wnx HebOo yepes KoNNMMaTopbl C NonAMY 3peHus 0.5 yrn
MWHYTbI X 3 rpagyca. Y3Kkaa nonoca nponyckaHua Koniu-
MaTOpPOB MO OAHOWN OCKU MO3BOJIAMIA MPU CKAHWPOBaHUM
06beKTOB Nonyyatb N306pakeHne co 3HaUNTeNbHO Ynyuy-
LUEHHbIM, OTHOCUTENBHO CYLLECTBYIOLMX, YTNTOBbIM pa3pe-
WweHuem. 1A nosyyeHUs MOSIHOLEHHOrO M306paXkeHus
HanpaBfieHNe CKaHUPOBAaHWA WHCTPYMEHTa HEeCKONbKO
pa3 MeHANOCb B XOAe SKCNepuUMeHTa.

CnepyiolWM LWIarom B Mony4yeHnn nsobpaxe-
HUI Ha 3Hepruax Bbiwe 3-4 K3B ctan akcnepumeHT XRT
(X-Ray Telescope) B cocTaBe opbuTanbHO 06cepBaToprm
Spacelab2, paboTtaBluein B coctaBe 3kcneanumm STS-51-F
Ha KOCMUWYECKOM YenHoKe Yennenaxep B uione-aBrycre
1985 roga. Bpems HabnogeHwi Teneckona Spacelab2/XRT
6b1110 HeBeNMKO (obulee Bpema HabnoaeHWin Ha obnacTb
LeHTpa ManakTMKN COCTaBMNIO BCErO OKOJIO 6 YacoB), YTo
OrpPaHNYMIIO YyBCTBUTENIbHOCTb MOyYEHHOM KapTbl Heba.
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OCHOBHOW NPVIHLMM NOCTPOEHUS U306paXKeHMs,
NCMOMb30BaHHbIN B 3TOM Teneckone, CyLeCTBEHHO OT-
NNYancsa Kak OT MPUHLMNA NOCTPOEHNA U306paxKeHus B
Teneckornax KoCcoro nafieHus, Tak 1 oT MeToga MoaynAaLum-
OHHbIX KONIMMaTOPOB. ECnv B nepBoM cilyyae peHTreHOB-
cKne GOTOHbI GOKYCMPYIOTCA B Manoii 0651acTi B poKanb-
HOW NIOCKOCTW TeNneckorna, To BO BTOPOM MOTOK KBaHTOB
MozynunpyeTtca Bo BpemeHu. B Teneckone Spacelab2/XRT
MCMoNb30BaNCA Tak Ha3blBaeMblil MeToh KOoAupyloLen
anepTypbl. ITOT METOA OCHOBaH Ha MPOCTPAHCTBEHHOMN
MOAYNALMN NEPBMUYHOrO NOTOKA PEHTIEHOBCKNX KBAHTOB
NPy NOMOLLY MacKU, PacrosioXeHHONM Haf AEeTEKTOPOM 1
cocTosALwen 13 6ONbLWOro Yymcaa CyyanHo PacronoXeH-
HbIX MPO3pPayHbIX M HEMpPO3payHbIX d1emMeHTOB. [oToK
$OTOHOB, MPUXOJALMNIA OT PEHTTEHOBCKOrO UCTOYHUKA,
HaxofsLlerocs Ha 6eCKOHEYHOCTU, KKOANPYETCA» MACKOM
N PermcTpmupyeTca no3nLMOHHO-YyBCTBUTENbHbIM AeTeK-
TOpOM. BaxkHelLwen 0co6eHHOCTbIO OMMCbIBAEMOrO MeTO-
[a ABNAETCA TO, UTO A1 Pa3HbIX HaMpaBleHW NPUXoaa
n3nyyeHua (T.e. ANA pasHbIX UCTOYHUKOB Ha Hebe) dop-
MUPYeTCA CBOA, OTNIMYHAA OT APYruX, 3aCBeTKa JeTeKTopa
(TeHerpamma). MNpr HanMuMM B NoOJe 3PEHNA HECKONIbKIMX
NCTOUYHMKOB Ha AeTEKTOP NpoeLnpyeTca TeHb, ABAAIOLA-
AcA cynepnosunumnen pasHbiX TEHErPaMM, 1 BKNaA KaKaomn
3aBUCUT OT WHTEHCMBHOCTM WCTOYHMKA. [prHMMaa BO
BHUMaHWe, UTo GOH [ieTeKTopa Mackol He KoampyeTca,
MMeeTCA BO3MOXKHOCTb OAHO3HAYHO BbIAENNTb MOJTyYeH-
HbII CUTHaN 1M BOCCTAaHOBUTbL [BYMEPHOE U306parkeHune
yuyacTka HebecHol cdepbl, UTo 1 ObINO BrepBble Npoge-
MOHCTPUPOBaHO B aKcneprmeHTe Spacelab2/XRT.

KoHuenuua Teneckona c KogupyioLlen anepty-
pol nonyumna cBOe opraHNYHoOEe pa3BUTUE NPY CO3LaHNN
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LLlupokonosiocHbIU peHmMeeHOB8CKUU cnekmp 00HoU U3
peHmeeHosckux Hosbix (X-ray Nova Vul 1988) no 0aHHbIM uHCmpy-
meHmos modyna MUP/Keanm. Ha mo epemsa asmo 6biau pekopo-
Hble cneKmparibHble U3MepeHUs Ha 8bICOKUX dHepausx (sbiwe 100
K3B). 3 pabomei CtoHsesa u Op. (1988)

npubopos obcepBatopunt PEHTTEH Ha mogyne KBAHT
opb6uTanbHon ctaHuunm MWP (1987-1996). B co3gaHum
YHVKaNnbHOWM annapaTtypbl o6cepBaTopurm, NO3BONABLLEN
nccnenoBaTb PEHTFEHOBCKME NCTOYHVIKN B LUMPOYANLLIEM
Anana3oHe sHeprun 2-800 k3B, yyacTBOBanu yueHble 1
cneunanuctel CCCP  (Teneckon-cnektpometp [lynbcap
X-1), HupepnaHgos v BenvkobputaHum (Teneckon ¢ kogu-
pytowen mackon TTM), fepmaHum (cnekTpomeTp lekce), n
EBponenckoro KOCMUYECKOro areHTCTBa (CneKTpomeTp
CupeHb-2). C nomolypbto Teneckona TTM 6biny Bnepsble
nonyyeHbl KapTbl OOMbLINX YYACTKOB PEHTFEHOBCKOro
Heba B gmanasoHe 3Hepruii Ao 30 K3B, oTKpbITbl HOBble
NCTOYHUKM B 06nacTu Manaktuyeckoro LieHTpa.

Bblgatowumca pesynbtaTom, MoayyeHHbIM 06-
cepsaTopuen PEHTIEH, 6e3ycnoBHO, ABNAETCA OTKPbITHE
»KECTKOro PEeHTreHOBCKOro u3nyyeHna ot CBepxHOBOW
1987A. OTa cBepxHOBas BCMbixHyna B ¢pepane 1987 r. B
cocefiHeli ranaktuke bonblioe MarennaHoso O6nako n
[0 CUX MOop ABASETCA CaMOln ONM3KOM K Ham 13 M3BeCT-
HbIX CBEPXHOBbIX 3a nocnefHue 400 net. Ee HabnopeHus
CTanun Hambonee NPUOPUTETHLIMU B PaHHEN MporpaMme
obcepsaTtopuu. [leno B Tom, 4to ob60noUKa, obpa3oBas-
LaAcA npu B3pbiBe 3Be3fbl C obulenn maccon 6onee 15
COSTHEYHbIX MacC, CHayana ABNAETCA HACTOMbKO MAOT-
HOW, YTO MOJIHOCTLIO 3afleP>KMBAET PEHTTEHOBCKME JyUMU.
Ho, nockonbky obonouka pasfnetaeTca BO BCE CTOPOHDI
C OFPOMHbIMM CKOPOCTAMU, OHA MOCTENEHHO CTaHOBUT-
CA NPO3PaAYHON ANA PEHTFeHOBCKMX 1 ramma-nyyen. Kak
NnokKasblBanu TeopeTunyeckue pacuetbl ([pebeHeB n ap.
1987), ramma-usnyuyeHvie, 06YC/OBIEHHOE pacnafom
PagnoaKkTMBHOIo Kobasbra >°Co, JOMKHO BbIXOAUTb HAPY-
XY CKBO3b pacLumpstoLLytoca 06010UKy NprMepHO yepes
nonrofga nocne B3pbiBa.

el

Ob6cepsamopus [paHam (1989-1999). OcHoBHble UH-
cmpymeHmsl  obcepsamopuu npedcmasnsnu cobol peHmee-
HoscKue mesneckonsl ¢ Kooupytouumu mackamu APT-ITu CUTMA.
Teneckon CUIFMA 6bin1 nepgbim acmpogu3uyeckum mesieckonom,
CNOCOBHLIM CMPOUMb U306paxeHUs 8 duanda3oHe 3Hepaul 8vile
50 k3B.

12-17 ke¥V

M3o0bpaxeHue obnacmu LleHmpa lanakmuku 8 duanaso
He 3Hepeuli 12-17 k3B, nony4yeHHoe meneckonom APT-1 obcepaa-
mopuu TPAHAT. Benele KoHMypbl nokaseigarom pacnpedeneHue
MOJIeKynIApHO20 2a3a. PeHmaeHoBCKOe uU3JlydeHue, peaucmpupy-
emMoe om MoJieKynapHo20 obnaka Sgr B2, poxdaemcs 8 pe3ysib-
mame nepeussay4yeHus hpowsiol GKMU8HOCMU C8ePXMACCUBHOU
yépHoli Obipbl 8 yeHMpe [anakmuku.

10 aBrycTa 1987 r. npnbopbl 06cepBaTopu BNep-
Bble 3apPEerncTprpoOBai >KeCTKoe PeHTFeHOBCKOEe 13nyye-
Hve 13 ob6nact CBepxHOBOW. [1nA BbIACHEHNA NPUPOLbI 1
WUCTUHHOTO UCTOYHMKA 3TOro M3nydyeHus (Tak Kak BOnn3m
oT CBepXxHOBOW HaxXo[ATCA ApYrie peHTreHOBCKME NCTOY-
HUKK) ObIIO NPEeaNoXKeHO Pa3BepHYTb M ‘MOKayaTh’ BECb
opbuTanbHbIf Komnnekc MAP, uTo6bl UCKIOUNTD 13 MO
3peHuns obcepBaTopun apyrme oO6beKTb, a TakKe Ans Us-
MepeHua ¢oHa (nocnepHee TpeboBanocb ANA NpaBusib-
HOro onpeaeneHna 3HaUYEHNA XKEeCTKOTO PEHTreHOBCKOrO
NoToKa, pernctpupyemoro npubopom Mynbcap X-1). Cu-
cTemMa ynpaBreHNa KOMMIEKCOM bnecTsLle cnpaBuInChb C
3TOW 3afayel - 6bII0 MOKA3aHO, YTO U3JyYeHMEe AeNCTBY-
TenbHO nget ot CBEPXHOBOW, U C BbICOKOW TOUYHOCTbIO
Oblf1 U3MEpPEH ee CNEKTP B LUIMPOKOM AMaNa3oHe SHeprui,
noaTBepAVB cAenaHHble TeopeTnyeckme pacyetbl (CloHsA-
eB u gp. 1987)

MoMUMO OTKPBITUA PEHTFEHOBCKOrO U3NyyYeHus
ot CBepxHoBoOl 1987A, cpean BaKHeMLWMX Pe3ynbTaToB
obcepBaTtopun PEHTTEH, kKoTopas npoponxana ceow
HabniogeHuss BNoTb Ao 1996 ropa, cnegyetr OTMETUTb
cnepytolyme: 6bl10 BriepBble 06HAPYXEHO KECTKOe PeHT-
reHoBCKOe/ramma Wu3nyyeHne peHTreHoBCKMX HoBblx,
npocTupatoLeeca 4o sHeprum Boiwe 200-300 K3B, uto no-
3BOSINMO YKa3aTb Ha HEOOXOAMMOCTb yyeTa HeTemnsoBbIX
npoteccoB B GOpMUPOBaHNY, MO KpalHen mepe, YacTu
N3NyYeHMA OT aKKpeLMpYoLWMX YEPHbIX Ablp; OTKPLIT Lie-
NbI PALR, aKKPELMPYIOLWNX HEUTPOHHbIX 3BE3J N YEPHbIX
Oblp, ANA KOTOPbIX OblNK BNepBble NoJlyyYeHbl LWMPOKOMO-
NOCHbIE CMEeKTPbI; NMoyYeHbl U306parkeHnst 06/1aCTU LeH-
Tpa ManakTrkm B LUIMPOKOM AnanasoHe SHepru.

Heobxoanmo cKasaTb, YTO CTbIKOBKa Mogy”ns
KBAHT c 6a3oBbiM Moaynem ctaHuun MWP npoxopgwmna
[OCTaTOUHO ApamaTyHo. CTbIKOBKa yBEHUYanacb yCrexom
NNLWb C TPeTbelr NOMbITKW, KOrga Tonamea Ha 6opTy Mo-
Zyns 0CTaBanoch OO Ha YCMELIHYI CTbIKOBKY, NINOO Ha
KOHTpONMpyeMblil CNycK ¢ opOuTbl 1 NoceaytoLlee 3aTo-
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RIGHT ASCENSION (1950.0)

Kapma Heba obnacmu 6anoxa Haweli [anakmuku no
0aHHbIM HabooeHuli meneckona APT-I1 (3-17 k3B) obcepsamo-
puu TPAHAT.

nneHue B TMXOM OKeaHe. [1nA pelueHna 3ajaum CTbIKOBKU,
B TOM Ymncsie Nof faBieHeM YUYeHblIX, OnacaBLUMXCA NoTe-
PATb yHMKaNbHYl0 0bcepBaTopuio, 6bln OpraHM30BaH He-
3annaHNPOBaHHbI BbIXOL KOCMOHABTOB B OTKPbITbIN KOC-
MOC, BO BPeMsA KOTOPOro JIeTYMK-KOCMOHABT AnekcaHap
JlaBeKnH o6HapyXnn 3aCTPABLLMIA B CTbIKOBOYHOM Y3J1e
MOCTOPOHHUI NPeAMET - NPeAnoNIoKNUTENIbHO, MELOK C
BbIOPOLLEHHBIM paHee CTaHUMOHHbIM Mycopom. [locne
aToro ctbikoBka mopyna KBAHT co ctaHumen MUP 6bina
yCNelHo 3aBepLueHa, 03Hayasa Hayano Moyt gecatunet-
Hel ycnelwHon paboTbl obcepBaTopun.

MpakTyeckn OAHOBPEMEHHO C MOATrOTOBKOWM
3anycka ob6cepsatopun PEHTTEH B CoBetckom Cotose
BENUCb pa3paboTKy MO Co3haHMo KOCMUYeCKon obcep-
BaTOPUWN Ha CaMOCTOATENIbHOM CMYTHUKE, KoTopas nosy-
ynna HasaHue PAHAT (1989-1998). 3TOT npoeKT ocy-
LeCTBNANCA COBMECTHO COBETCKMMM, paHLy3CKMM,
JaTCKMU 1 6onrapckummy yueHoimu. ObcepaTtopus Obina
3aflymMmaHa Kak Komrekc npubopos Ans npoBefeHus ae-
TanbHbIX MCCnefoBaHWA acTpodr3nyecknx ob6bekToB B
Avana3oHe sHeprun 2 k3B - 100 M3B.

OcHoBHbIMK Npubopamn obcepsaTopum NPAHAT
ABnAnucb $paHuyscko-coBeTckun Teneckon CUTMA u
Teneckon APT-MN (Actpodusnyeckunn PeHTreHoBCcKun Te-
neckon Mo3nLMOHHO-YYBCTBUTENbHbIN), pa3paboTaHHbIN
B MIHcTTyTe KocMmmyecknx nccneposaHnin AH CCCP. O6a
Tesfleckona paboTanu no NpUHLMNY KOAMpPYoLen anepTy-
pbl U B3aUMHO AONOMHANM APYT ApYra, MMesA nepeKkpbiBa-
lolreca paboune ananasoHbl sHepruii: 2-60 k3B (APT-I)
1 40 k3B-2 MaB (CUTMA). Teneckon APT- coctoan u3 4
WMAEHTUYHbBIX MOAYNen, Ka)KAbl M3 KOTOPbIX copep»an
NO3ULMOHHO-YYBCTBUTE/IbHBIA Ta30Bbll CYETUMK U KO-
avipyouyo Macky. Kaxabih mogynb umen 3¢pPpeKkTrBHYO
nnowanb okono 600 Ke.cm 1 none 3peHuna 1.8x1.8 rpagy-
ca. YrnoBoe paspeleHue Teneckona APT-I1 coctasnano
5 yrnoBbix MUHyT. Teneckon SIGMA 6bin nepBbiM B Mype

acTpodM3NYECKUM TENECKOMNOM, CMOCOOGHbIM CTPOUTb
N306parkeHNs B KECTKOM PEHTIeHOBCKOM Anana3oHe (40-
1300 k3B).

MoMMMO 3TUX MHCTPYMEHTOB Ha 60pTy obcep-
BaTOpWM ObIM YCTaHOBNEHbI 0630pHblE AETEKTOPbI KOM-
Mnekca HayyHou annapatypbl «Botu», «®ebyc», «KoHyC».
OHM NepeKpbIBaNy LWMPOYANLLMIA ANana3oH SHeEPrui oT 5
k3B no 100 MaB v 661111, B OCHOBHOM, NpefHa3HayeHbl AnA
pernctpaumm 1 UCCIefoBaHUA raMMa-BCrIeCKOB, XOTA
npu6op ‘BoTy; paboTaBLLMIA B AMana3oHe sHepruin 5-150
K3B, BNonHe ycnewHo ncnonb3osasnca Ana obHapy»KeHus
N IOKann3aunm HOBbIX Y TPAH3UEHTHbIX PEHTTEHOBCKUX
WCTOUYHMKOB. B 4acTHOCTW, UMEHHO 3TUM NPUOOPOM Obin
OTKPbIT MepBbI MUKPOKBa3ap B Hawen lanaktuke - GRS
19154105 (GRS 3aecb o3HauvaeT GRanat Source, UCTOYHUK
PAHATa), y KoToporo nosgHee 6bl10 06HAPYKEHO OKO-
NOCBETOBOE ABWKEHMNE PENATUBNCTCKUX CTPYA.

Heobxoanmo ynomsaHyTb COBETCKO-60NrapcKui
npunobop ‘TloaconHyx, npegHasHavyaBlUMACA AnA Habno-
[eHNA ramma-BCMIECKOB U TPAH3MEHTHbIX NCTOYHMKOB B
AvanasoHe 3Hepru 2-25 kaB. OcobeHHOCTbIO NMprbopa
6b1510 ero pasmelleHne Ha MOBOPOTHON Nnathopme, obe-
CneyrBaloLWMIN OMepaTUBHbLIN MOBOPOT (CO CKOPOCTbio 90
rpagycoB B CeKyHAy) U HaBefeHVe B aBTOMATMYEeCKOM
peXrMe YCTaHOBNEHHbIX Ha Hell NpubopPoB B Npeanona-
raemyto TOYKY PacronoXeHna NCTOYHMKA KOCMUYECKOro
ramma-Bcrsiecka no curHanam npubopa ‘Konyc’ B pamkax
nporpammMbl MccnefoBaHWiA Npefnonaranocb nyyeHue
BPEMEHHOIN CTPYKTYpbl ramma-BCrnecka, npoBegeHue
CMeKTPasibHOro aHanusa ero rnociecBeyYeHns, ocyLecT-
BIeHWe TOYHOW JIoKanu3auum UCTOYHMKa raMma-Bcrse-
cka. Ha noBopoTHon nnatdopme yCTaHaBIMBaNCA Takxe
ONMTUYECKNA MOHUTOP, MOCTPOEHHbIN Ha ocHoBe [13C-
MaTpuLbl. Takum obpa3om, BeCb KOMMIeKC NprubopoB Ha
NMOBOPOTHOW Nnatdopme ObIN 3agymMaH 1 CO34aH Ans Uc-
CfleloBaHMA raMma-BCrnieckoB. K coxaneHuto, nocne 3a-
nycka obcepBaTopun OH TaK 1 He 3apaboTan B LITaTHOM
peXrmMe, OTCPOUMB, TaKUM 06pPa3oM, OTKPbITUE NMPUPOADI
raMMa-BCM/IECKOB Ha LenbliXx BoceMb neT, Ao 1997 ropa,
Korga Ha opbute Hayana cBot paboTy uTano-ronnaHa-
ckaa obcepBaTtopusi BeppoSAX (1996-2003), BrnepBble
OOHapyXMBLIAs PEHTreHOBCKOe MocC/iecBeYeHNe raMma-
BCMNJIECKOB U CnocobHaa 6bICTPO 1 TOYHO NPOBOAUTL KX
NoKanm3aymio n coobatb 06 STOM BCEM Ha3eMHbIM Tesle-
cKomam.

Cpepm Hanbonee 3HaUNMBbIX pe3ynbTaToB obcep-
BaTopum FPAHAT cnepyet oTMeTUTb: ryboKme n3obpaxe-
HUs obnactu LleHTpa ManakTnkn B XXEctkom (40-150 KaB) n
MATKOM (4-20 K3B) peHTreHoBCKMX AranasoHax (CloHAeB 1
ap. 1991, NaBnnHckui n ap. 1994, PesHusues n gp. 2004),

O6cepsamopus MHTETPAJT (EKA, PKA). BoigedeHa Ha op-
6umy 17 okmsabps 2002 e.
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Cnekmp 2anakmuyeckozo 6an0xa no OdHHbIM Chek-
mpomempa SPI obcepsamopuu UHTEIPAJT 86s1u3u 3Hepeuu dH-
Hueunayuu nozumporos (511 k3B). U3 pabomel Yypazosa u op.
(2011)

B KOTOPbIX Oblf1 OTKPbIT PAJ HEM3BECTHbIX PaHee YEPHbIX
[bIp N HEMTPOHHbIX 3Be3[ B Halen [anakTuke; nonyyeHune
BbICOKOKAUEeCTBEHHbIX LUMPOKOMOJIOCHbIX CNEKTPOB KaH-
OnOaToB B YEPHbIE Ablpbl 1 HEMTPOHHbIX 3BE3[; OTKPbIT/E
NPOTAXKEHHOIO ECTKOro (8-22 K3B) anddysHoro nsnyye-
HWA BOKPYr LeHTpa ManakTuky 1 B HanpaBieHnn Ha Mo-
nekynsipHoe obnako Sgr B2 - 3x0 NpoLwion akTMBHOCTM
LeHTPaNbHOM CBEpXMaccnBHOWM YépHor abipbl CTpenely
A* (CioHaes 1 gp. 1993). MNocnegHuin pesynbtat 6bin Gne-
CTALWe NOATBEePXKAEH HabnoaeHaMn obcepeaTtopun MH-
TEIPAJT cnycta noutn 15 nert.

CepbesHble yCnexu 1 HayyHble pe3ynbraThl, No-
nyyeHHble obcepBaTopuamu PEHTTEH u TPAHAT (oco-
6eHHO nocsiefHell B »ECTKOM PEHTFeHOBCKOM M ram-
Ma-Arana3oHax), NoABENN YYEHbIX K MbIC/IM O CO34aHUK
MOMTHOLIEHHOW KOCMMYeCKol labopaTopurm ramma-nyyen,
KOTOpas No3Bosisisia 6bl He TONIbKO CTPOUTb N300paXkeHMA
Heba B eCTKMX PEHTFEHOBCKMX U rammMa-fiyyax v NpoBo-
ONTb CNeKTPasnbHbIN 1 BPEMEHHOW aHann3 pPeHTreHOB-
CKUX WCTOYHMKOB B LUMPOKOM AManasoHe SHeprun, Ho
TakXe MPOBOAMUTb U TOHKYIO CMEKTPOCKOMNUIO (CNeKTpo-
CKOMUIO C BbICOYANLLIMM SHEPreTMYeCcKUM paspeLleHun-
€M) pPernucTpypyemoro UsnyuyeHus Ha dHeprusax BrIOTb
no 8 M3B. Tak pogunacb KoHuenuma MexkgyHapogHom
Actpodusmnyeckoli Jlabopatopun Famma Jlyuein WHTE-
I'PAJT (INTErnational Gamma Ray Astrophysical Laboratory
(INTEGRAL), coBmecTHOro npoekta EBponerickoro (EKA) n
Poccuickoro KocMmnyeckux areHTCTB (paboTtaeTt Ha opbu-
Te c2002r.).

OcHoBHbIMM npubopamn  obcepaTopun  WH-
TEIPAJT aBnaTca ramma-Teneckon IBIS n cnektpometp
SPI. Kak 1 B crnyyae OCHOBHbIX MHCTPYMEHTOB obcepBa-
Topun TPAHAT 3afjauya BOCCTAHOBNEHMUS U300paKEHWI
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NHCTpyMeHTammn obcepBaTtopun UHTEMPAJT pelaetca c
NCMONb30BaHNEM MNPUHUUNA KOAMPYIOLWENn anepTypbl.
CnektpomeTp SPI (SPectrometer on INTEGRAL) no cBo-
el YyBCTBUTENbHOCTM B ALEPHbIX JIMHUAX HAMHOrO npe-
BOCXOOUT BCE CyLLeCTBOBABLUME [0 CUX NMOP MHCTPYMEH-
Tbl opbuTanbHbIx obcepBaTopuin. Ero peructpupyouwme
3N1eMeHTbl M3roTOBJMIEHbl U3 CBEPXYMCTOro repMaHua u
oxnaxpgatTca go Temnepatypbl 90K. [InanasoH 4yyBCTBU-
TeNbHOCTN 3TOro fgetektopa ot 20 k3B go 8 MaB, cnek-
TpanbHoe pa3pelueHune cocTaBnsaet E/dE~500.

lamma-teneckon IBIS (Imager on Board the
INTEGRAL Satellite, gnana3oH aHepruii 15 k3B-10 MaB)
MO3BOJIAAET MOJNyYaTb U30OPAKEHUSI B KECTKOM PEHTre-
HOBCKOM 1 raMMa AMana3oHax ¢ 6onee BbICOKUM YTIOBbIM
pa3peLleHnem, Hexenu nobble NpeawecTyoLWne Npu-
60pbl.

YcnewHbin BbiBOL 06CepBaTOpMM Ha BbICOKO-
anoreliHylo opbuty paketoi-Hocutenem MPOTOH, Bbi-
MOJIHEHHbIN C TOYHOCTAMM MHOTO Niyyule (6onee, Yem Ha
NOpPAAOK) rapaHTUPOBAHHbIX BEIMUYUH, MO3BOAUA 3HAUM-
TeNIbHO COKPaTUTb PacxXoAbl TONAnBa Npu GopmMmpoBaHMm
OKOHYaTeNIbHOW OpOUTbI ABUTATENSIMU KOCMUYECKOTO ar-

M306paxeHue Heba 8 obnacmu 3Hepauli 511 k3B (8 2a-
nlakmuyeckol cucmeme KOopOuHam). Xopowio 8UOHO KOHUEH-
mpayuto u3slydyeHus 8 HanpasnaeHuu yeHmpa lanakmuku./3 pa-
60mel Yypaszosa u op. (2011)

napara 1 yBen4nTb onepaLioHHOEe BPeEMS X13HU 06cep-
BaTopum € 5 net go 21 roga. Takum o6pa3om, Ha HacTos-
LWMUA MOMEHT 1 B bnivKaiiwme roabl obcepBatopusa byaet
ABNATLCA AEVCTBYIOWMM U 3PEKTUBHBIM NHCTPYMEHTOB
ONA UCCNefoBaHUN Heba B XKECTKUX PEHTFEHOBCKUX Ny-
yax.

B pesynbrate MHoroneTHen paboTbl obcepsa-
TOopUK BbiN NMONYYeH PAL BaXKHbIX Pe3yNbTaToB B Pa3HbIX
06nacTAX PeHTreHOBCKOM 1 ramMMa-acTpoHoOMUN. OfHUM
N3 HUX ABNAETCA U3MEPEHNE SHEPTUW INHUW aHHUTUNS-
UMM 3NEKTPOHOB M MO3UTPOHOB C BblCOYaNLLIEN TOUYHO-
CTbiO E/mec2=1.00002+/-0.00007 (Yypasos n gp. 2011).
MNpocTpaHCTBEHHOE pacnpeneneHne NHTEHCUBHOCTU U3-
NyYyeHna STON NIMHMUN NOKa3bIBAET, YTO aHHUTUAALKA MO-

. n " . |
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Kapma [anakmuyeckol nnockocmu 8 duandasoHe 3Hepauli 17-60 k3B, nonydeHHas ob6cepsamopueli MHTEMPAJT. KoHmypel nokasel-
satom Apkocme Hawedl [anakmuku 8 UHPAKPACHOM cnekmpasbHOM OUANasoHe - pacnpedesieHue 06bIYHbIX 38€30. M3 pabomesl KpusoHoca u

ap. (2012)
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O6cepsamopus ROSAT (20061 pabomel Ha opbume
1990-1999)

3UTPOHOB MPOUCXOAMT B LeHTpasnbHON 30He lanakTuku.
Mo wupuHe AnHMmM 511 K3B 1 OTHOCUTENBHOW APKOCTH
Tpex-GOTOHHOrO KOHTUHYYyMa (Ha 3Heprusx Huxe 511
K3B) MokasaHo, YTO aHHUTMAALMA NPOUCXOANT B TEMomn
(~10 TbIC. rpafycoB), YaCTUYHO NOHN30BaHHOI MeX3Be3[-
HOW cpepfe, NMPUYEM B OCHOBHOM He Hanpamylo, a yepes
06pa3oBaHVie MO3UTPOHNA -KOPOTKOXKUBYLLEI CBA3AHHOW
CUCTeMbI 13 3N1eKTPOHA 1 NO3UTPOHa. IHTEHCMBHOCTb K-
HUW CBUAETENbCTBYET O TOM, YTO B 06nacTn ee popmmpo-
BaHWA aHHUTMAVPYeT nopAgKa 10% nosutpoHos B CeKyH-
ay.

Cpenin fpyrux BaxHbIX pe3ysbTatoB obcepBaTo-
pun UHTETPAJT Heo6X0[MMO OTMETUTb NMOCTPOEHME Kap-
Tbl Hawen ManakTnky ¢ becnpeueneHTHOW YyBCTBUTENb-
HOCTbO B TaKol 60/bLION YacTu Heba (KpnBOHOC 1 ap.
2012); pa3spelueHne Npobaembl MPOTAKEHHOTO KECTKOTO
PEHTreHOBCKOro M3MlyYeHusa BAOMb MNOCKOCTW [anaktu-
K (npobnema xpebTa’ fanaktnkn, PeBHusLeB 1 gp. 2006,
2009, KpusoHoc n ap. 2007), OTKpbITME 3MUCCUOHHBIX
ramma-nHum ot CBepxHoBor 1987A Ha sHepruax 67.9 n
78.4 k3B, BO3HMKalOWMX B pe3ynbTaTe pacrnaja pagmoak-
TUBHOTO TUTaHa 1 ckaHama (TpebeHes n ap. 2012).

Mporpecc B npocTpaHCTBEHHOM U CNEKTPaNbHOM pa3-
pewueHun o6cepatopuit B 1980x-1990x rogax

WccnepoBaHua obbekTtoB BceneHHow metopa-
MW aCTPOHOMUK AatoT MHGOPMALMIO TONbKO TPEX TUMOB:
NPOCTPaHCTBEHHYIO (M306paxKeHre), CreKTpasnbHYto (pac-
npepgeneHvie NIOTHOCTU NOTOKa GOTOHOB OT SHEPrUMN UK
LOMMHBI BOJTHbI) U BPEMEHHYI0 (3aBUCUMOCTb IPKOCTN 06b-
€KTOB OT BPEMEHN).

OpbuTtanbHasa obcepsaTtopua HEAO2/I1HWTENH,
BMepBble MMEBLUAA BO3MOXHOCTb MOfly4yaTb BbICOKOTOUY-
HY0 MPOCTPAHCTBEHHYIO0 MHGOPMALIMIO O PEHTTEHOBCKOM
n3nyyeHnn Heba, B TO »Ke Bpemsa MMesa U HECKONbKO Cy-
LLLeCTBEHHbIX HegocTaTKoB. lNpexae Bcero, adpdeKTnBHas
nnowaab AeTEKTOPOB, NMEKLWNX BO3SMOXHOCTb CTPOUTb
NPOCTPAHCTBEHHOE N306paXKeHMe C BbICOKUX pa3pelue-
HueM, Obisla oYeHb Mana - okono 10 KB. CM Ha sHepruu 1
K3B. 2TOro 61510 COBEPLIEHHO HELOCTAaTOYHO A5 MOMHOWN
peanusaumm noTeHumana GOKyCUPYOLWNX PEHTreHOoB-
CKMX Teneckonos. Tem He meHee, B 1980x rogax Ha cnyT-

Huke EXOSAT elye pa3 6b1M UCNONb30BaHbl PEHTIFeHOB-
CKMe 3epKana Kocoro nageHua ¢ manoin 3¢pdeKTnBHON
nnowagbio (okono 10 KB. CMm).

OrpomHbIM Larom Bnepes cTano co3gaHve Tene-
CKOMOB KOCOro najieHns ¢ 60/blWNM NOSIEM 3PeHNs U CO
3HAUMTENbHO YBeNMYEHHOW 3SbPeKTUBHOM MNoLWaabio
(okono 240 KB.CM) Ha HemeLKol opbuTanbHoOM obcepBa-
Topun ROSAT. Takoli ckauyok B 3pdeKTUBHOM Niowaau, 1
B OCOOEHHOCTM B TaKOM NapamMeTpe Kak MnpousBefeHune
3bdeKTMBHOM NIOLWaAN Ha None 3peHuns 3epKasibHON CU-
CTeMbI, Jano BO3MOXKHOCTb NPOBECTU becnpeLieieHTHbIN
Mo YyBCTBUTENbHOCTM 0030p BCEro Heba B PEHTreHOB-
CKMX NyYyax Ha sHeprusx 0.2-2.5 k3B. Pe3ynbratom 0630pa
Heba cTano obHapyxeHre 6onee 150 000 UCTOYHUKOB 1
COCTaB/IeHNe KaTasloroB 0ObEKTOB pasHbIX KJaccoB, OT-
KpblTe paHee HeM3BECTHbIX U AeTanbHOe n3yyeHne n3-
BECTHbIX OCTAaTKOB BCMbILLEK CBEPXHOBbIX, OOHapY»KeHne
N30/IMPOBaHHbIX HENTPOHHbBIX 3Be3[, OTKPbITUE M3Nyye-
HMA KOMET 1 MHOTOoe Jipyroe.

Mpn nccnepoBaHMAX YepHbIX Ablp, HENTPOHHbIX
3Be34, 6enbix KapfMKOoB, T.e. KOMMAKTHbIX 06bEKTOB, NPO-
CTpaHCTBEHHAA MHPOPMaLMA OKa3blBaeTCA NPaKTUYECKM
HeAOCTYMNMHOW: NCTOYHMKN NMEIOT CJINLLIKOM Marible pa3me-

1 arcmin

PeHmeeHoBcKoe U306paxeHuUe CKONeHUs 2aaaKmukK 8
co3ee3ouu [lepces (OaHHble obcepsamopuu ROSAT), ¢ HanoxeH-
HbIMU KOHMYpamu paduosapKocmu 3mozo CKoNnJieHUs 2aaaKmuk.
Xopowo 8uOHa aHMuKoppenayus SpKoCmu CKonJieHUs 2a1aKkmuK
8 PEHM2eHOBCKOM U paouo 0Uand3oHax, yKazel8arowas Ha cyuje-
CmeeHHoe 8J/IUsHUEe 8bI6POCO8 UeHMpasibHOU C8epXMAaccusHoU
YepHol Obipbl (8bI6POCHI Beujecmaa u3 YepHoU Obipbl BUOHLI NO UX
U3J1y4yeHuro 8 paduoouandasoHe) Ha 20pAYUll Mexzanakmuyeckuli
2a3. VI3 pabomei bepuHzep u op. (1993)

pbl (Hanpumep, HENTPOHHaA 3Be3a MEET pa3mep OKOJ0
10-15 KM Ha pacCTOAHMM OT HAaC B COTHW M TbICAYM NMAPCEK).
OcTatoTcA TONbKO CneKTpasibHaa 1 BpeMeHHasa uHpopma-
yus.

[ina Toro, uTo6bl YBENNUNTL HAaYUHYHO LIEHHOCTb
cnekTpanbHON MHbOPMaLUM HeobXOAUMO YBENVNYUTb
SHEpreTUYecKoe paspelleHme perncTpupywmnx npubo-
poB. [NepBble NHCTPYMEHTbI PEHTFEeHOBCKOro AMana3oHa
VMenu sHepreTnyeckoe paspelueHne Ha yposHe 20-25%
[o 3Heprui 5-10 k3B (ra3oBble MpoOMNOpLUUOHaNbHble
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OMUCCUOHHAA NTUHUA XeJle3a, OmKpsimas 8 cnekmpe
akkpeyupytoweli HelimpoHHoU 38e30bl Sco X-1 6naeodaps yse-
JIU4eHHOMY CneKmpasabHOMY paspeuleHuto uHcmpymenma [CT1C
obcepgamopuu Tenma (u3 pabomei Cy3yku u op. 1984)

CYeTUMKM) N Ha yposHe 10-15% B gnana3oHe 50-300 k3B
(cymHTUANATOPBI).

KapauHanbHO HOBbIM CMOCOOOM MOMyYeHnsa XO-
pOLLEero 3HepreTMYeckoro paspelleHnst CTano UCMofb-
30BaHWe [AMCMEPTUPYIOLNX SMEMEHTOB - BparroBckmx
Kpuctannos nnu anddpakuMoHHbIX peleTok. OCHOBHbIM
NPUHLUNOM PaboTbl TaKUX NPUOOPOB ABNAETCA UX CBOW-
CTBO OTKJIOHATb MNOCKONapannenbHblii Nyyok $OTOHOB
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PacnpedeneHue memnepamypel 2opadeli N1a3mel 8Hy-
mpu CKonsieHuUs 2a7aKmuK nNo OdHHbIM HAbo0eHul obcepaa-
mopuu ASCA. KoHmypbl noKaswiearom peHmaeHOBCKYI0 ApKOCMb
CKONJIeHUs, ysem Cekmopog - ux memnepamypy. Y3 pabomel
Mapkesuya (1996).
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M306paxeHue ocmamka ecnelwKu ceepxHosoti SNT1006,
nosny4yeHHoe obcepsamopueli ASCA. loka3aHo, Ymo Ha Kpasx
0CMAamkKa 8CNbILIKU peHM2eHOBCKoe U3JslydeHue opmupyemca
3a cYyem HemenJI08bIX NPOYECCO8, 8 OMJIUYUE OM U3JTyYeHUs 80
8HymMpeHHeU 4acmu ocmamka.

Ha yros, NponopunoHasbHbI 3Heprun $oToHoB. Peru-
CTpaumna noToka GOTOHOB MO3NLMOHHO-YYBCTBUTENbHbBIM
[eTeKTOpOM No3BofIsAeT Npunmncate GOTOHaM, OTKIOHEH-
HbIM Ha pa3Hble Yribl, onpeaeneHHyto sHepruto. Bnepsble
3TOT MeTOf MOCTPOEHNA CNEeKTPOB acTPOdU3NYECKNX UC-
TOYHMKOB OblJT CMOJIb30BaH Ha OpbUTanbHON 06CepBaTo-
pun HEAO2/3HwTelH, 3aTeM Ha obcepBaTopun EXOSAT
(1983-1986 rr). OfHaKo, HapAZy C NpenMyLLecTBaMu, STOT
MeToA MOJyYeHUs: CMEKTPOB BbICOKOTO pa3pelleHus ob-
napaeT v He[OCTaTKOM -00NbLUOW NoTepei NoToka $poTo-
HOB.

BakHbIM warom Ana yBenuueHUsa sHepreTmye-
CKOrO paspelleHns Ha dHepruax Hmxke 10 k3B npu BbI-
coKol 3GPEKTMBHOCTU perncTpaumm ¢GoToHOB CTano
NCMONb30BaHMNEe ra3oBbIX CUMHTUANALMOHHbBIX NPONopL M-
OHasbHbIX cyeTunkos (ICMC), yTo NO3BONWUMO YNYYLINTb
SHepreTUyeckoe paspelleHve Npubopos (6e3 notepu s¢-
dekTmBHOCTM pernctpauumn ¢oToHoB) o 10%. ITo cpasy
[ano BO3MOXKHOCTb OTKPbITb HECKONIbKO HOBbIX ABMEHWI B
PEHTreHOBCKOM acTPOHOMUM. [10 faHHBIM 06CcepBaTOpPUM
Tenma, Ha KOTOpPOW BrepBble ObiNN NCNONb30BaHbI ra3o-
Bble CLUMHTUINALMOHHbIE MPONOPLMOHANbHbIE CYETUMKN
PEHTreHOBCKMX GOTOHOB, ObININ OTKPLITbI MPefCcKa3aHHble
He3agonro fo a1oro (backo n ap. 1974) dnyopecueHTHble
NIHWK XKene3a y Lesioro paga UCTOYHMKOB B Hawer [anak-
Tuke (cm. Hanpumep, Cysykn n ap. 1984) n y BHeranaktu-
YecKnx 0O BbEKTOB.

OnyopecueHTHble IMHUM BO3HUKAKOT B pe3ysib-
TaTe OTPaKEHUS PEHTreHOBCKOrO U3yYeHnsa OT OTHOCU-
TenlbHO XonofHoro BellecTBa. OBHapyKeHne 3TUX SMUC-
CUIOHHbIX JINHUA [ano OYEeHb BaXXHbI MHCTPYMEHT AnA
N3yYeHNA OKPEeCTHOCTEN YepHbIX Ablp W HENTPOHHbIX
3e3a. MNpodunu NUHWIA, NX WNPUHA, CMEeLLeHNe SHeprum
OTHOCUTENIbHO MCTUHHOTO NONOXKEHNA U T.4., AaeT UHop-
MaLuio O ABUXKEHMM BELLECTBA, B KOTOPOM BO3HMKAIOT 3TN
NINHUW, BOKPYT KOMMaKTHbIX OObEKTOB, O rPaBUTaLNOH-
HOM KpPacHOM CMelleHnn B 3ToM MecTe. OfHako and fge-
TaNbHbIX NCCNe[OBaHNN SMUCCUOHHDBIX IMHWIA B CNEKTPax
PEHTreHOBCKMX MCTOYHMKOB UMEIOLLEeroca KayecTBa Ha-
6ntofaTeNbHbIX JaHHbIX MOKa Obl/I0 HEAOCTAaTOYHO.

B 1978 rogy BnepBble Ha peHTreHOBCKoW obcep-
Batopun HEAO2/SHWTENH ANA n3MepeHnsa CneKkTpos C
BbICOKUM pa3pelleHneM Obiin MCMoNb30BaHbl TBEPAO-
TenbHble AETEeKTOPbl PEHTreHOBCKOro n3nyyeHua. Cnek-
TpomeTp SSS (Solid State Spectrometer) npepctaBnan
coboli KpMOreHHO-OXMaXK[aeMblli KDEMHUEBBI AETEKTOP
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ToHKue ¢hosbeu, ucnonb3ytowuecs 0718 J1e2Kux peHmeae-
HOBCKUX 3epKaJl KOCO20 nadeHus. 3ma mexHo/102us N0380/1UA
cywecmeeHHo obsie24ume peHmeeHosckue 3epkasna. Ecau ona
moJicmelx 3epkar, obecne4yugarowux pekopoHoe yz080e paspe-
weHue (HEAO2/06cepsamopus um.3tHwmeliHa, Chandra) coom-
HoweHue macca-3¢hgekmueHas Nowaos 6u110 OKoI0 2K2/K8.CM,
Mo 3epKana Ha MOHKUX (ho1baax obecne4usanu coOomHouweHue
okoso 30 2/ks.cm (meneckonsl BBXRT, ASCA, Suzaku).

(pabouas Temnepatypa 100K), obecneunBatowmii sHep-
reTmyeckoe paspelleHune okono 160 3B (go 4%) Bo Bcem
pabouem AmanasoHe 3Hepruii. OfHaKo B 3TOM 3Kcnepu-
MeHTe Pabounin SHepreTMUYeCKnin AnManasoH CrekTpome-
Tpa Obin OrpaHNYeH CBONCTBaMM 3epKanbHOWM CUCTEMbI 1
daKkTnuecKkn 3akaHUMBanca Ha sHepruax 4-4.5 k3B, He 3a-
XBaTbIBasn GpiyopecLeHTHbIE IMHUN Kene3a.

B 1990 rogy B xoae opbuTanbHOro nosieta KOCMM-
yeckoro yvesiHoka Konymbus KpuoreHHO-oxnakgaembii
KpeMHMeBbIA CrieKTpomeTp Obin ycTaHoB/eH B ¢GoOKyce
3epKan KOCoro nageHus, BbIMOIHEHHbIX MO TEXHONOrUK
TOHKUMX ponbr (Teneckon BBXRT). Teneckon He obecneun-
BaJl Takoe NPOCTPaHCTBEHHOE pa3pelleHe Kak Tenieckon
o6cepBaTtopuun dnHWTenH/HEAO2 (yrnoBoe paspelueHne
€ro 3epKas CoCTaBAANO OKOMO 1 YyrnoBOW MUHYTbI), OfHA-
KO NO3BONAN YCMELHO KOHLEHTPUPOBaTb PEHTIFeHOBCKME
$OTOHbI Ha HEOOJBLIOW KPUOTEHHO-OXNaXXAAeMblli KpeMm-
HMEBbIV CNeKTpoMeTp. B 3Tom 3KcneprmeHTe pabouuii
AmnanasoH cnekTpometpa coctanan 0.3-12 k3B ¢ sHepre-
Tnyecknm paspelueHvem 90 3B Ha aHeprum 1 k3B n 150 3B
Ha 3Heprum 6 K3B.

BrnepBble CKOMOMHMPOBaTb YMepeHHoe Mnpo-
CTPaHCTBEHHOE pa3speLleHne C XOPOLUMM 3SHepreTuye-
CKUM paspelteHriem ¢dokanbHoOro npubopa yaanocb Ha
AnoHckom obcepaaTopum ASCA (1993-2000). ObcepBsaTo-
puA cocToAna U3 YeTblpex TENECKOMOB KOCOro najeHus,
BbIMOJIHEHHbIX MO TEXHOMOMMU TOHKUX onbr (M3roTos-
neHbl B LleHTpe Kocmmueckmx nonetoB mm. fopaaapaa,
CLUA), B doKycax KOTOPbIX CTOANN ABa MO3NLIMIOHHO YyB-
CTBUTEJIbHbIX Ma30BbIX CLUMHTUANALMOHHbIX MPOMOPLUMO-
HaslbHbIX CYETUYMKa U [Ba TBEPAOTENbHbIX CNEKTPOMETPA,
CAenaHHbIX Ha ocHoBe YyeTbipex M3C maTpuy (pasmepom
420x400 >snemeHTOB, K3roToBneHbl B MaccauyceTckom
TexHonornyeckom mHcTuTyTe, CLUA). Pabouaa Temnepa-
Typa TBEPAOTENbHbIX CMEKTPOMETPOB COCTaBJIANA OKOJIO
-60C.

BO3MOXXHOCTb MonyyaTb NPOCTPAHCTBEHHO-Pa3-
peLueHHY0 MHGOPMaLMIO C XOPOLUMM CMEKTPAsbHbIM Pas-
pelleHreM OT MPOTAXKEHHbIX O6BEKTOB PEHTFEHOBCKOrO
Heba (ranakTVKW, CKOMJEHUs FaNaKTUK, OCTaTKUN BCMblLLEK
CBEPXHOBbBIX M T.A.) CPa3y NpuBena K psay BaXKHbIX OTKPbI-
TMiA. Hanprimep, Obi1o 06HAPYKEHO HETEMNIOBOE M3Nyuye-

2277 - 2486 c/s

2904 - 3113 ¢/s

Frequency (Hz2) Frequency (H2)

Cnekmp mowHocmu (Qypee-06pas) nepemeHHocmu
Apkocmu akkpeyupyroweli HelimpoHHoU 38e306l GX 5-1. Xopowo
8UOEH NUK K8aszunepuoou4yecKux ocyuiaayuti apkocmu ucmou-
Huka Ha yacmomax 20-30 ['y.

HMe B HEKOTOPbIX YacTAX 000sloueK OCTaTKOB BCMbllLeK
CBEPXHOBbIX, CTAaNO BO3MOXHbIM MCCejoBaHNe pacnpe-
[eneHus TemnepaTtyp 1 obunna TAXKenbIX 3JIEMEHTOB B
06onouKkax - OTHOCMTENbHO LINPOKNUIA SHEPreTUYecKuii
[Mana3oH MHCTpPyMeHToB obcepaaTopuu (0.5-10 K3B) no-
3BOMIUN BbIAENATb Oosiee XKeCcTKoe M3NlyYyeHne KoMMakT-
HbIX OOBEKTOB B TEMIOBOM M3NyYeHWW paseTatoLlenca
060504Ku. Mpr N3yyeHUn ropAYero rasa CKOMIEHUN ra-
NaKTUK HOBble BO3MOXXHOCTU WHCTPYMEHTOB 0bcepBaTo-
pun ASCA npusenu K o6HapyeHuo TemnepaTypHbIX He-
ofHOpOAHOCTeN. Xopollee crneKkTpanbHoe paspelueHne
TBephoTenbHoro fetektopa/M3C matpuubl obcepsato-
pUn NO3BONNNO OBHapYXWUTb CTPYKTYpy (ryopecueHT-
HbIX SMUCCUOHHBIX JIMHWIA KOMMAKTHbIX 06 beKTOB.

BPEMeHHaﬂ uud)opmau.ml 0 PEHTreHOBCKUX UCTOYHUKaX

CKonneHns ranakTuK, ranakTukm, OCTaTKN BCrbl-
ek CBEPXHOBbIX HE AOEeMOHCTPUPYIOT 3HAUNTENIbHON

O6cepsamopus RXTE (1995-2012). OcHo8HoU cnek-
mpomemp 3mol obcepgamopuu umesn camyto 6osbuwlyio @dek-
museHyto niowads (okono 6400 ke.cm) cpedu 8cex Koz0a /1u6o
ucnone308aswiuxcs 01 HabiwoeHUl acmpogu3auyeckux peHm-
2eHOBCKUX 065eKMo8.
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Cnekmp mowHocmu nepemeHHocmu (Qypee-06pas)
Kpusoli biecka akkpeyupytowel HelimpoHHoU 38e30bl CKOpNUoH
X-1. Ha cnekmpe mouwjHocmu A8HO 8UOeH NUK K8asunepuoouye-
cKux ocyunayul apkocmu Ha yacmome okoso 1100 [y. U3 pabo-
mel 8aH 0ep Knuca u dp. (1996)

NMEPEeMEHHOCTN CBOEro MOTOKA Ha MalblX BPEMEHHbIX
MaclTabax. [JeicTBUTENbHO, CYLLeCTBEHHOE V3MEHEHUS
APKOCTU OObeKTOB (6e3 yyeTa 3pdPeKTOB, CBA3AHHbLIX C
OYeHb Y3KMMU AMarpammamyi HarnpaBJIEHHOCTW K3Jyyde-
HWA) HE MOXET MPOUCXOAUTb Ha MacwTabax BpemeHwu,
KOTOpble KOpoue BpeMeHu MposieTa 0O6bekTa CBETOM.
OnHaKo PenATMBUCTCKME KOMMAKTHble 06beKTbl (benble
KapnuKn, HENTPOHHble 3Be3[bl, YEepHble Ablpbl) MMEIT
pa3mepbl MEHEE CBETOBOW CEKYHAbI, YTO O3Ha4aeT, uTo
NEPEeMEHHOCTb NX PEHTIEHOBCKOWN APKOCTU MOXET ObITb
BEeCbMa 3HauuTeNbHa Ha BpeMeHax 4O MUIMCEKYHZb
NN faXke MeHblue,

Yke nepBble pakeTHble 1 CNYTHUKOBbIE M3Mepe-
HUA APYANLLINX KOMMAKTHbIX 0ObeKTOB (Hanpumep, NCTouy-
HuKa Jlebeapb X-1) MoKaszanu, YTo UX PEeHTreEHOBCKMNI MOTOK

] 4
I

Countrate ——»

- AnX-ray burstfrom 4U 1636-53 with 1.7 msosc 1
L L L | L

Timg —————

Kpusas 6necka ucmoyHuka 4U1636-563 8o epems
8cnJiecka mepmMoAa0epHoOz0 20peHUA Ha nosepxHocmu 38e30bl. B
HAuanbHbIl Nepuoo 8cniecka 00 Mozo, Kak mepmosdepHoe 2ope-
HUe pacnpocmpaHuIoce Ha 8Cko N0BepPXHOCMb 38€30bl, Hab/0a-
oMCA oCyUIIAYUU ApKOCMU (HA 8pe3Ke) u3-3a bbicmpo2o spauje-
HusA 38e30bl. Y13 pabomol Cmpomatdiepa u 0p. (1998)

MOXeT MeHATbCA Ha MaclTabax CylecTBEHHO MeHbLUMX
cekyHapbl (Opa n ap. 1971). IMeHHO Ha Takmx maclTabax
NPOUCXOANT ABMXKEHME BelleCTBa BOKPYT YePHbIX Ablp U
HENTPOHHbIX 3Be3[ (Pa3mep YepHO Ablpbl 3BE34HOW Mac-
Cbl NI HENTPOHHOW 3Be3[bl cocTaBaseT okono 10-30 Km,
a CKOPOCTb ABUXXEHUSA BellecTBa Ha Kpyroson opbute Bo-
KPYT HAX MOXeT AOXOAMUTb A0 MONOBUHbI CKOPOCTM CBETA).

PaboTa c BpeMeHHbIMU MacluTabamu MasbIxX [o-
nel cekyHa npeacTaBnsaeT coboM oueHb CIOXKHYI0 3aauy.
OCHOBHasA CNOXHOCTb HabOAEHN TaKoW ObICTPOI Nepe-
MEHHOCTUN COCTOUT B TOM, YTO OOBEKTbI HaLLIMX UCCiemo-
BaHUN HaXOJATCA TaK JaneKko, YTo KoimyectBo GOTOHOB,
NPUXOAALLMX OT HUX B €AUHNWLY BPEMEHU, OYeHb Maro.
OcobeHHO cepbesHa 3Ta Npobriema B PEHTFEHOBCKOM U
MEeCTKOM PeHTreHOBCKOM JjMana3soHax.

B uacTHOCTW, 0fHa 13 Hanbosiee N3BECTHbLIX U Ap-
Yalnwmx B PEHTrEHOBCKOM AMana3oHe ABONHbIX 3BE3[HbIX
CUCTEM C YepPHOW Ablpoi B Hawel fanakTuke - cuctema Jle-
6eapb X-1 - UMeeT CBETUMOCTb B PEHTFEHOBCKOM Ainana3o-
He B CTO TbicAY pa3 bosnblue cBeTUMOCTU Hawero CosnHua,
OfiHaKO PacCTOAHME O Hee HACTONbKO BEINKO (2 TbiCAYM
napcek nnu B 400 MUANNOHOB pa3 Janblue, yem ConHue),
YTO B OKPECTHOCTAX 3eMJi OT ABOVHONM cucTembl Jlebeab
X-1 B PEHTreHOBCKOM AManasoHe 3Hepruin Npuxoaut
NI MO HeCKONbKY GPOTOHOB B CEKYHAY Ha KBapaTHbI
caHTUMETp. [o3TOMY, UTOObI HAKOMWTL MONE3HbIN CUTHa,
NO3BOJIAIOLLMIA MPOBOANTL M3MepPeHUs GpU3NYeCKnX napa-
METPOB BeLleCTBa B OKPECTHOCTAX YEPHOW Ablpbl B 3TON
CUCTEME, HY>KHbI JOCTAaTOYHO 60JbLUNE MHCTPYMEHTbI, MO-
3BonALWMe cobrpaTb GOTOHbI C 6ONBLLION NAOLWAAMN.

OpHa 13 NepBbIX MOMbITOK CKOHLEHTPUPOBATLCA
Ha U3yyeHUN ObICTPOW MEePEMEHHOCTU APKOCTM pPeHTre-
HOBCKMX WUCTOYHUKOB Oblla peann3oBaHa B Mporpamme
EBponenckoro Kocmuyeckoro areHctBa EXOSAT (rogpl
paboTbl Ha opbuTe 1983-1986). OCHOBHbLIM MHCTPYMEH-
TOM obGcepBaTopuy CTana CMCTEMA MPOMOPLMOHANbHbIX
rasoBbIX CUYETUMKOB C obuieln 3PpPeKTMBHONM MNiowanbto
okono 1600 KB.CM., camoli 60nbWo ANA CAYTHUKOB C
TpexocHoN cTabunmsaumei Ha To BpeMs.

Pe3ynbtatom paboTbl ob6cepBaTopum CTano oT-
KpbITUe pa3HbIX TUMOB KBa3WMNepUoaNYeCcKUX OCUUNs-
LN APKOCTU PEHTIEHOBCKUX UCTOYHMKOB (CM., Hanpumep,
0630p XasuHrepa, BaH gep Knuca 1989), no-sngmmomy
CBA3aHHbIX C OCOOEHHOCTAMU AKKPELMOHHbIX TeYeHWUN
BONMM3M KOMMAKTHOrO OObeKTa. ITO OTKPbITUE [Aano Ho-
BbI/l MeTOJ, AVArHOCTVKY NOBEAEHUNSA BELLECTBA Y YePHbIX
AbIp N HEMTPOHHbIX 3BE3[.

CnegyowWwym Warom B 3TOM HanpaBieHUn CTanu
obcepBaTopun GINGA (1987-1991, addekTmBHas nno-
Waab OCHOBHOIO WHCTPYMeHTa okosno 4000 KB.CM.) w
RXTE (1995-2012, a¢pdpeKTnBHaA nnoLwagb OCHOBHOIO fe-
TekTopa okoso 6400 KB.CM).

HocTmxenus pEHTTEHOB(KOﬁ aCTPOHOMUMN
nocieaHux ner

B nocnegHue 10-15 net Habniogaetca OypHoe
pa3BuUTME peHTreHOBCKoW acTpoHoMun. OCHOBHOW Npo-
rpecc 34ech CBA3aH C 3aMyCKOM UM YCMEeLWHOoN paboTol Ha
opbuTe psaga PEHTreHOBCKMX 06CepBaTOPUN, UMEIOLLMX
camble flyyLurie napameTpbl YrI0BOro pa3peLleHus, SHep-
reTmyeckoro paspelueHus, 3dpoektusHon nnowagm. 06
ob6cepBaTopum MHTEPAJT 1 nonyyeHHbIX C ee MOMOLLbLO
pe3ynbraTax B XeCTKOM PEHTreHOBCKOM [iiarna3oHe sHep-
TUIA yXKe OblNo CKasaHo Bbilwe. 3aecb peyb NoraeT 06 06-
cepBaTopusx 6onee MArkoro ArvanasoHa.

Heobxoanmo ckaszaTb UTO BBMAY HOBbIX TEXHU-
YeCKNX BO3MOXKHOCTEN PEHTIFeHOBCKOM acTPOHOMUMK ee
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O6cepsamopusa Yarnopa (HACA). BeieedeHa Ha opbumy
23 utona 1999 2

3a/laun HAUVHaOT CUNIbHO MepeceKkaTbCa C 3aaYaMm Co-
BpPemMeHHON GpyHAaMeHTaNIbHOW GU3NKN.

Cpeau 3afay, HaxodALWMXCA HA nepegHeM Kpae
PEHTFEHOBCKON aCTPOHOMMM/acTPOOU3MKM - 3agaum
006 ypaBHEHMUN COCTOAHMA MaTepUM NPU CBEPXALEPHbIX
NIIOTHOCTAX, O CYLEeCTBOBAaHUN KBAaPKOBOW MaTtepuy, 3a-
aun 06 ycTporictee BceneHHoN, Jony Tak Ha3blBaeMol
‘TeMHOI 3Heprun’ B MONHOM 3HepreTMyeckom 6GanaHce
BceneHHon, o npupope ‘TemMHOW 3Hepruuv, dyHOameH-
TasibHble 33aun NnasmMeHHoM GU3MKKM, Takue Kak Tenno-
NpPoBOAHOCTb, AndPy3us, pa3BUTNe HEYCTOMUMBOCTEN B
NPUCYTCTBAY MAarHUTHbBIX MOJIEN, I MHOTOe APYroe.

B KoHue 1995 rofa Ha opb6buTy 6bina 3anyuleHa
obcepBatopua Rossi X-ray Timing Explorer (RXTE), umes-
Luas, 4O ee BblK/oYeHUs B Havane 2012 roaga, camyto 60sb-
Lyto cobMpaloLLyto NoLWaab PEHTIEHOBCKMX e TEKTOPOB
- oKosio 6400 KB.cM. Takoe 3HauuTeslbHOe yBenuyeHune
3bdeKTUBHON nioWamn no CpaBHEHWIO C NpeablayLn-
MU MUCCUAMU MO3BOJSIUAO MPOABUHYTHCA CYLUECTBEHHO
Janblue Mo LWKaje BpeMeHHON NepeMeHHOCTH, YTo npu-
BEI0 K OTKPbITMIO KBa3nMNepPUoanUecKnx OCUMANALNN C
yactotamu fo 1 KI, KoTopble 6/M3KKU K YacToTam obpa-
LLEHWs BELLECTBA Yy FOPM30HTa COOLITUI YEPHBIX AbIp Uy
NOBEPXHOCTEN HENTPOHHbIX 3Be3f (BaH gep Knuc un gp.
1996).

Ele ogHMM BaXKHbIM OTKPbITUEM, CAENAaHHbIM 06-
cepsaTopuen RXTE, ctano oTKpbITUe nynbcaumin ApKOCTL
HEeNTPOHHBIX 3Be3[ C YaCTOTaMu B COTHM [ unu nepropa-

MU BpaLLEeHNA HENTPOHHbIX
3Be3q B 1-2 MUNNUCEKYHAbI
(BariHanac u ap. 1998). 310
BMepBble MO3BOUIO NOA-
TBEPAUTb  MpefcKa3aHHbIN
nyTb 3BOSIOLMM HEWUTPOH-
HbIX 3Be3[ B [ABOWHbIX CU-
cTemax - UX packpyTKy npwu
aKKpeuun 1 npeBpalyeHune,
nocne uncyepnaHua BeLle-
CTBa 3Be3[bl-KOMIMaHbOHA, B
OOMHOYHbIE  MWIINCEKYHA-
Hble pagnonynbcapbl.

BbicTpoBpalyaowmecs HENTPOHHbIE  3Be3Abl
6b11M OOHaPY»KEeHbI He TONBbKO CPEeAU NyNbCcapos (T.e. Hell-
TPOHHBIX 3B€3[, Y KOTOPbIX MarHUTHOE Mose 4OCTaTOYHO
CWIbHO AN1A TOro, YToObl HampaBWTb MafleHre akKpeuu-
pyemoro BelecTBa Ha MarHWTHbIE MOJOCA, YTO B CBOIO
ouepefb, COBMECTHO C BpalLeHNeM HENTPOHHOW 3Be3[pbl,
cosfaet 3¢ deKT ‘MasAKa’), HO 1 Cpean HEMTPOHHbBIX 3BE3]
€O cNabbiMU MarHUTHBIMY NONSMU.

B uacTHOCTW, Nynbcaummn 6o 06HapPYKeHbI BO
Bpems BCMIeCKOB TEePMOSALEPHOrO FOpeHus, MpPOnCXo-
ZAulero B atMocdepax HeMTPOHHbIX 3Be3f. bbin o6Hapy-
»EHO, UTO B CaMOM Hauvane TePMOSEPHOro ropeHns B
TeyeHne BpemMeHHU, 3a KOTOPOe OHO ellie He YCreno pac-
NPOCTPaHUTBLCA MO BCel NOBEPXHOCTN HEWTPOHHO 3BE3-
Abl, BUAHbI OCUMANALMM APKOCTU ropAdYero natHa (Bos-
HMKLLIEro u3-3a TepMOsIAEPHOrO rOpeHus B 3To 06nacTm)
Ha YacToTe BpaLLeHNA HeMTpPOoHHOW 3Be3bl (CTpomariep n
ap. 1998).

O6Hapy»eHre Takmx 60NbLUNX YACTOT BpaLLeHMs
HeNTPOHHbIX 3Be3[ AafI0 HOBbIN NHCTPYMEHT AMarHOCTU-
K1 nx pusmnyecknx napametpos. [pm yactoTax BpaLleHms
okono 500 Ty nuHerHas CKOPOCTb MOBEPXHOCTU Hel-
TPOHHOW 3Be3abl cocTaBnsaeT 10-20% CKOpoCTn CBETa, UTO
[OMKHO NPVBOAUTDL K BUAUMbIM 3bdeKTam Ha KpUBOW Ap-
KoCTu nynbcaumin. OxngaeTca, YTo U3MepeHme STUX NCKa-
MEHUN MOXET CTaTb OAHMM U3 CaMblX HaAeKHbIX METOA0B
onpeneneHnsa pagnycoB HEMTPOHHbLIX 3Be3[. OTU MU3Me-
peHnA oYeHb BaXKHbl ANA NMOHNMaHWNA ypaBHEHUA COCTOA-
HWNA BeLecTBa Npy CBEPXAAEPHbIX MIOTHOCTAX B LIEHTPaXx

Cnesa: 3epkansHas cucmema obcepeamopuu Chandra (HACA). Cnpasa: 3epkanbHas cucmema obcepsamopuu XMM-Newton (EKA)}
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PeHmeeHoBCKoe U306paxeHUe ocmamka B8CNbIWKU
cgepxHosol Kaccuonea A no 0aHHbIM obcepsamopuu Chandra.
PasHbIMU y8emamu NOKA3aHwl pasHele 3Hepeuu homoHos. B yeH-
mpe xopowo 8udeH KOMNAKMHsIl 06vekm, no aceli BUOUMOCMU,
HelimpoHHas 38e30a, 0b6pazoeaswascsa 8 pesysbmame 83pbi8a
ceepxHosoU.

3TUX KOMMAKTHbIX OOBEKTOB - ABNATCA I HENTPOHHbIE
3B€3/bl Ha CAaMOM [ieJie KBapKOBbIMM? 06pa3yeTcs Nn Ka-
OHHbI U GO30HHbIV KOHAEHCAT B LIEHTPE KOMMAKTHOM
3Be3bl? U T.A.

B 1999 ropy coctoanncb 3anycku cpasy ABYX
PEHTreHOBCKMX 06cepBaTOpMi, 06eCcneymBLIMX CKaYoK B
HabnogaTeNbHON TEXHNKE PEHTIEHOBCKOM acTPOHOMMM.
B nione 1999 ropa 6bina 3anyuieHa obcepBatopua AXAF/
Chandra (HACA), B gekabpe 1999 roga 6bina 3anyuieHa
ob6cepBaTopun XMM (X-ray Multi Mirror mission)/o6cep-
BaTopusa nm. HototoHa (XMM-Newton, EKA).

OcHoBol 06cepBaTopun Chandra asnatotcsa 3ep-
KaJsla Kocoro nafeHus, TEXHONOMMYECKN ABNAWMNECS Ha-
cnegHuKamun 3epkan obcepeatopuin HEAO2/SMHLWITENH.
Mpn 3Tom 3¢ deKTMBHaAA Nnowaab 3epKan yBennimnnach

X-RAY / OPTICAL

A0 600-700 KB.CM Ha 3Hepruax
1-2 k3B, npogomkmBwWncbL [0
SHeprun okono 8 k3B. B Kaue-
ctBe dOKaNbHbIX [EeTEKTOPOB
ncnonb3ytotca M3C matpuubl
HOBOro nokoneHus, obecne-
yrBaloLe  3dHepreTMyeckoe
paspelweHne okono 150-200
K3B Ha sHeprun 6 k3B. Beepe-
HUE B KOMMIEKC WHCTPYMEH-
TOB AUPPAKLMOHHbBIX peLleToK
Nno3BoNAeT NonyyaTb CNeKTpbI
TOUYEUHbIX MCTOYHMKOB C elle
GONMbLWIMM  SHEPreTUYecKUMm
pa3pelweHmnem (go E/dE~1000).

O6cepBatopus XMM-
Newton Takxe wucrnonb3syer
3epKana Kocoro nafeHwus,
OfHaKO TEXHONOMMA WX WU3ro-
TOBJIEHVUI HEMHOro Apyras.
Ona yeBenuueHva s¢deKkTrB-
HOW nnowaan 3epKan Kocoro
nageHnsa 6onblioe KonnMyecTBo napabononaos 1 runep-
605101M0B BKNaAbiBaloT ApYyr B Apyra, Co3AaBas, Takum
06pa3oM, CIIOXKHYI0 CUCTEMY BJIOXKEHHbIX Tpy6. Llenbto
ob6cepsaTtopum Chandra 6bin10 nonyyeHne mMakcManbHO
BO3MOXXHOIO YI/IOBOrO pa3peLleHunsa Tefleckona, nosTomy
B/IOXEHHbIX 3epKan B ee 3epKajibHOM cucteme Bcero 4.
YrnoBoe pa3peLueHune 3Toi 3epKasibHOWN CUCTeMbl COCTaB-
naet okono 0.5 yrnoBowm cekyHAbl.

Ob6cepsatopua XMM-Newton HaueneHa Ha no-
nyyeHVe MaKCUMaibHO BO3MOXKHOW 3pdeKTMBHONM Mno-
Waan 3epKanbHOM CUCTEMbl MPU YMEPEHHOM YrIOBOM
pa3peweHun. OHa NMeeT TpU 3epKasibHble CUCTEMbI, KaXK-
[aA 13 KOTOPbIX COCTOUT U3 58 BNOXEHHbIX C/I0eB 3epKar.
CnoXHOCTU BblpaBHMBaHWA TaKoW GOMbLION CUCTEMbI He
No3BOIMAN CAenaTb YrioBOe paspelleHue Jiyylle, Yyem
5-7 yrnoBbIx CEKYHA.

3a rogbl pabotbl o6cepaTtopuit Chandra u XMM-
Newton 6bif10 NoyuyeHo 60MbLIOE KOMMYECTBO pe3ynbTa-
TOB. 30€Cb Mbl XOTeNU 6bl YNOMAHYTb NNLLIb O HEKOTOPbIX
13 HUX, CBA3AHHBIX C Hanbonee dyHAaMeHTanbHbIMK NPO-
611eMaMu COBPEMEHHOWN GUNKMU.

EVOLUTION OF THE UNIVERSE {ILLUSTRATION)

Cnesa: peHmeeHoOBCKoe U30bpaxxeHUe CKONJIeHUA 2a/1aKMUK, HAJI0XeHHOe Ha onmuyeckoe. B peHmeeHo8ckom duanasoHe Xxopouwo
BUOHO NPOMAXKEHHOE U3JTy4YeHue, B03HUKAloWwee U3-3a MOpMO3HO20 U3/lydeHus 2opsayeli niasmel. Cnpasa: cxeMamu4HO NOKA3aH hpoyecc po-
cma so3myujeHuli nlomHocmu seujecmad 8o BceneHHoU. B y31ax xopowo 8udHoU cemu noselwieHHOU NIOMHOCMU 8eujecmaed Haxo0amcsa
CKONJIeHUA 2a1aKMUK. Pocm ckonneHul 2an1akmuk 3agucum om KocmMosioeudeckux napamempos BceneHHou (HACA).
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W306paxxeHue ckonneHusa eanakmuk 1E 0657-56 (‘llyna’) no 0aHHeim o6cepeamopuu Chandra. Cnega -- peHmeeHo8cKas Kapma cko-
njieHus, cnpasa -- memnepamypHas kapma (cuHuti ygem obo3Hadyaem naasmy ¢ memnepamypou MeHbuwe 6 K3B, xenmelli -- c memnepamy-
poli bonee 20 k3B). Xopowo 8udHo, Ymo neped nemauweli xono0HouU ‘nyneli’ cmoum ydapHas 8osHa. Y3 pabomel Mapkesuya u op. (2010)

OTKpbITME N3/TyYeHUA FOPAYEro ra3a B CKOMIeHU-
AX ranakTuK B HabnogeHusx obcepsatopun UHURU pano
Hayasio KOCMOJIOTMYEeCKUM NCCNef0BaHUAM B PEHTIEHOB-
CKOW aCTPOHOMUW. POCT CKOMMEHWI FraNakTuK, ABNAOLMX-
CA Hanbonee MaCcCUBHbBIMW rPaBUTaLVIOHHO-CBA3AHHbIMI
o6beKTamy BO BceneHHO, CyLleCcTBEHHO 3aBUCUT OT 3BO-
nounmn BceneHHol, oT ee KOCMONOMMYeCKUX napameTpoB.
N3mepeHune pacnpefeneHnsa CKOMIEHW MO UX Maccam,
a TaKXe M3MepeHMs 3BONIOLMM 3TOro pacnpeneneHuns ¢
KpacCHbIM CMeLleHreM, JaeT BO3MOXHOCTb CAenaTb Ha-
[leXHble OLIeHK/ KOCMOMOMMYeCcKmx napameTpos Bcenen-
Hon. B cnyvyae cyulecTBeHHOro BKflala TEMHOWM SHeprum
(TeMHasa 3Heprusa GakTUUeCKM pacTasikuMBaeT NpPOCTpaH-
CTBO, NMpenATcTBYA 00pa3oBaHMIO CryLieHWl BeLlecTBa
Ha OO0MbLINX PACCTOAHMAX) POCT MAaCCUBHBIX CKOMJIEHWI
ranakTuK fJomKkeH ObiTb MOAABMAEH MO CPABHEHMIO CO CIly-
yaem OTCYTCTBMA TEMHOWN SHePruu.

MoncK CKOMNEeHU ranakTuk Ha Hebe - HeTPUBK-
anbHaa 3ajava. B HacToAwee Bpema Takue nccnegoBsa-
HUA BeAYTCA Kak B PEHTTEHOBCKOM, TaK 1 B ONTUYECKOM,
UHdpPaKpacHoOM, 1 B CyOMUIIMMETPOBOM (Ha OCHOBE 3¢-
¢dekra CioHAeBa-3enboBNYa, CBA3AHHOMO C MCKaXeHVeM
N3ny4YeHnsa peNMKToBoro GoHa Npwm ero NpoXoXxaeHnm Je-

Co2/1acHO  NOCIeOHUM  UCC/Ie008AHUAM, AKMUBHbIE
A0pa - c8epPXMACCUBHbIe YepHble Oblpbl 8 UeHMPAx 2a/1aKMUK - Cy-
wecmeeHHoO 8/1UAIOM HA MeMnbl pOCMAd CAMUX 2a/IaKMUK 8 Xooe
380/1t0yuUU BceneHHoU.

pe3 ropAauni rasz CKOMAeHUn ranakTuk) AnanasoHax anmH
BonH. OfjHaKo MoKa OKa3blBaeTCs, YTo Hanbornee NonHyo
BbIOOPKY CKOMJIEHWI FalaKTUK MOXKHO MOJTyUNTb TONIbKO
npu MCNONb30BaHUN 0630pOB HebGa B PEHTrEHOBCKOM
AvanasoHe 3Hepruii. Wcnonb3ya o063opbl Heba obcep-
BaTopun ROSAT n peTanbHble HabGMOAEHUS CKOMIEHNN
ranakTuk npu nomouym obcepsatopuit Chandra u XMM-
Newton, yganocb nonyyuTb He3aBWCMMOE MOATBEPIK-
JeHve CywecTBOBaHUA TeMHOW 3Heprun Bo BceneHHom
(BuxnuHmH 1 gp. 2009)

fopaunin ra3 ckonneHun ranakTuk npeacrasnaeT
cob0I pa3pexxeHHyto nnasmy, NoBefeHne KOTOPOW B Npu-
CYTCTBUWM MarHWTHOTO NOJIA OYeHb CNOXKHO NpeAcKasaTb
TeopeTnueckun. bnarogapa paspeluatowiert cnocobHOCTM
UHCTpymeHTOB 0b6cepBaTopum Chandra n1 XMM-Newton
CBOWCTBA TakoW Mna3Mbl MOXKHO M3MepUTb B acTpodusu-
yeckux HabmogeHuax (Mapkesuy u ap. 2007), yto npea-
CTaBnsAeT 60/bLION NHTEPEC ANA Na3MeHHON GU3NKN.

KombuHauma xopolero npoCTPaHCTBEHHOTO,
SHepPreTUYecKoro paspeLleHuns 1 6onbLion 3GpdeKTUBHON
nnowaan obcepeatopuin Chandra u XMM-Newton nosso-
nnna pa3BUTbCA LieSbIM HarnpaBieHNAM B PEHTFEHOBCKO
ACTPOHOMMU, TaKUM KaK K3y4yeHre MOonynsauuin akkpe-
LMpyoLWMX 06bEKTOB B AaNeKUX ranakTukax, geTtajnbHoe
N3yyeHre XMMMUYECKOro coCTaBa ropsyert naasmbl B ra-
NaKTUKaX, B CKOMJIEHNUAX FaflakTuK, B OCTaTKaxX BCrbIeK
CBEPXHOBbIX U T.4. Ha HOBbIN YpOBEHb TOUHOCTY BbILLA
U3MEPEHNA BANAHUA aKTUBHOCTU LIEHTPasIbHbIX CBEpPX-
MaCC/BHbIX YEPHbIX Ablp B FalakTUKax U B CKOMJIEHUAX
ranakTuK Ha ranakTUYeCcKyto N MeXranakTuueckyto cpeay.

HoBble Wwarn peHTreHoBCKOil acTpoOHOMUN

YnyuuieHre XapakTepucTuk PeHTreHOBCKUX WH-
CTPYMEHTOB B OnvKalilee fecATUNETHUE OXMAAETCA Mo
HEeCKOJNIbK/M HamnpaBneHUeM.

Mpexpae Bcero, MAaHNPYETCA CAeNaTb CKAYoK B
SHepreTNyeckoM paspeLueHunr Nprbopos, KOTOPoe B CO-
BPEMEHHbIX PEHTFEHOBCKUX WUHCTPYMEHTaX OrpaHWYeHo

5 8 Muxanun [enHagbeBua PeBHIBIEB

GHANDRA/HST IMAGE

PekopOHoe y21080e paspeweHue peHmzeHo8Cko2o meseckona obcepsamopuu Chandra (okosno 0.5 yan.cekyHO 8 yeHmpe nosis 3pe-
HU#) NO380J1U/IO pa3pewums Ha 02POMHOE KOJIUYeCm8eo moYeyHbIX UCMOYHUKO8 8He2aiakmuyeckuli peHmezeHoscKuli hoH BceneHHol (e2o
nodasnAWAs 4acme CK1Aa0bIBAEMCA U3 U3/Ty4YeHUs MUIIUapO08 dKmueHbIx A0ep 2a/1aKMuUK), a makxe hoHoB80e peHM2eHOBCKoe U3Jlyye-
Hue Hawet fanakmuku. C/ieea nokazaHa KOMbUHayusA uzobpaxeHul HekomopoU ob1acmu Heba opbumansHuiMu meneckonamu Chandra u
Xa66n. Cnpasa nokasaHo Kak paspewiaemcs Ha 60/16uioe Koau4yecmao UCMoYHUKO8 NPOMsAXeHHOoe U3JlydeHue 0bs1acmu 800/1b NJIOCKOCMU

lfanakmuku.

du3nyeckumn cBoMcTBaMU MONYNPOBOAHMKOB. [aBHO
OXMAAeMbIl BBOA B CTPOW PEHTrEHOBCKUX MUKPOKao-
PUMETPOB, CMOCOOHBbIX [OBECTM 3HepreTmyeckoe pas-
pelweHne B 06nacTu aHepruin 6 k3B fo yposHA B 3-5 3B,
Obl1 3afiep>KaH HECKONbKUMY TEXHUYECKMMU aBapUAMU.
PeHTreHoBcKaa obcepBatopua AcTtpo-E (inoHuA), Ha Ko-
TOPOW ObINN yCTaHOBMIEHbI KPUOTEHHblE PEHTFeHOBCKME
MUKPOKaniopMeTPbI, Obifia MoTePsHA B XO[e HeyAauyHOro
3anycka B ¢eBpane 2000 roga. Ee konus (c HemHoro ynyu-
LIEHHbIMY XapaKTEPUCTUKaMM SHEPreTUYecKoro paspe-
WeHns) 6bl1a ycnewHo 3anyleHa B utone 2005 roga. K
COXaleHNIo, yXKe uepe3 HeCKONIbKO Hefenb npobrembl B
cucTeMe OXNaXKAEeHUA MPUBENU K MOSHOW noTepe Xug-
KOro renus, 4to $akTmyeckn o3Hayano BbIXOL M3 CTPOA
MUKpoKanopumeTpa. Cnegytoleli opbrtanbHon obcep-
BaTopuel C MUKpOKanopumeTrpamum Ha 6GOpPTY AOMKHa
cTaTb obcepBaTopusi Astro-H (3anyck 3aniaHMpoBaH Ha
2015 rop).

B 0b6nacTu »KeCcTkoro peHTreHOBCKOro Arana3oHa
COBpPEeMEHHble TEXHONIOMUM MOCTPOEHNA N300paKeHUA 1
yBeIMYeHUsA YyBCTBUTENbHOCTU aKTUYeCKn [OCTUMN
CBOEro TexHuyeckoro npegena (obcepsatopum WHTE-
IPAJ1, SWIFT). fanbHenwuee yBennyeHne 4yBCTBUTENbHO-
CTV MHCTPYMEHTOB B 3TOM [iMana3oHe 3Heprun tpebdyet

¥eray mitrocaloimeter

Adiabatic demagnetizatiop
refiigerator

Liguid helium

Two-stage ST cooler 4K-JT cooler

Mukpokanopumemp 0515 Hosol peHmM2eHo8cKoU obcep-
samopuu ASTRO-H kocmuydeckozo azeHcmeaa AnoHuu JAXA. Criox-
Has cucmema KpuozeHH020 oxs1ax0eHus 00800UM memnepamy-
Dby MUKpOKasopumMempa 00 8e/1u4UHbI 0Kos10 50 musiiuK.

3HAUMTENbHOrO YBENMUYEHNA NAOLWAAN U MacCbl PermcTpu-
pytoLer annapaTypbl (6onee 10 TOHH), YTO AeNaeT npak-
TUYECKM HEBO3MO>KHbIM BbiBe[leHVe TaKnx 06cepBaTopui
Ha opbuTy. Mo3TOMy ANA ynyylleHWA XapakTepucTuk an-
napaTypbl, paboTatoLLel B )KeCTKOM PEHTFEHOBCKOM Ana-
na3oHe, TPebyTCA NPUHLIMNNANIBHO HOBbIE TEXHUYECKUE
pelueHms.

OnOHVM 13 TaKMX pelleHnin ABAAeTCA NCMNob30-
BaHVe PEeHTreHOBCKUX 3epKas KOCoro nageHna ¢ MHOro-
CNOVHbIMM MOKPbITUAMYK, KOTOPble MO3BOAAT MOAHATb
BEPXHIOW TpaHuLy 3Heprun GOTOHOB, OTpPaXkaemblX OT
3epkan, go 70-80 k3B. Opb6uTanbHas obcepBaTopua C

U3o6paxeHue eanakmuk Antennae 8 peHmM2eHOBCKOM
(cuHul ysem, OaHHble obcepsamopuu YaHopa), onmuyeckom
(>kenmeil, obcepsamopua um. Xabbna) u uHgppakpacHom (kpac-
HbIl, 06cepsamopus Cnumuep) 0uanasoHax
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Cnesa: PeHmeeHOBCKUe 3epKasia KOco20 nadeHUs ¢ MHO20CI0UHbIM nokpsimuem obcepsamopuu NuSTAR. Cnpasa: XydoxecmeeH-

Hoe npedcmasneHue obcepsamopuu NuSTAR Ha opbume. (HACA)

Takumn 3epkanamm - NuSTAR (Nuclear Spectroscopic
Telescope Array, lappucoH n gp. 2010) 6bina 3anyLieHa Ha
opbuTy B MtoHe 2012 roga. Oxkupaemas 4yyBCTBUTENbHOCTb
peHTreHoBCKMX TeneckonoB NUSTAR B 0611acTu XecTKoro
PEHTreHOBCKOro AmanasoHa npubnusntensHo B 100 pas
nyywe yyBcTBUTENBHOCTU 06CcepBaTopun VHTEIPAJT (310
JocTuraetca 3a cuet dokycupytowern ontukm). OgHako
noJsie 3peHna Tefieckona npu 3ToM oYeHb Masno, meHee 12
YINOBbIX MUHYT.

OcHOBHbIMU MULeHAMN obcepaaToput NUSTAR
ABNAIOTCA OCTAaTKM BCMbILIEK CBEPXHOBbIX, aKTVBHbIE AApa
ranakTuK, yNnbTpaspKmue peHTreHOBCKME NCTOYHUKM, Npu-
pofa KOTOPbIX NMOKa OCTaeTcA HeACHOMN.

MoTeHUman OTKPbITUIA, CO3AaHHbI 0630pOM BCe-
ro Heba obcepsatopunt ROSAT B 1990x rogax, nocTeneH-
Ho 3akaHunBaetcA. OCO6eHHO 3TO BMAHO MO TOMY, UTO 3a
nocnegHue rofbl PeHTreHoBCKMe obcepBaToOpUM NOCBA-

O6wuti 8ud cnymuuka Cnekmp-Plr

LIAIOT JOCTAaTOYHO MHOTO BPeMeHU 0630paM pasHbIX MJo-
WAAOK Ha Hebe. 3agayamm 3TUX 0630POB, Kak MPaBUIIo,
ABMAIOTCA UCC/IEA0BAHUA KOCMOJIOTMYECKOW 3BOJTIOLMNN
ranakTUuK 1 CBEPXMaCCUBHBIX YEPHBIX AbIp.

Cnepyowym 0630pOM PEHTFeHOBCKOro Heba,
KOTOPbIA [acT OrPOMHbIA  UMMYNbC  PEHTFEHOBCKOM
ACTPOHOMMU Ha GnvKanwve AecATUNEeTUS CTaHeT 0630p
o6cepBatopumn Cnektp-PeHtreH-famma (Cnektp-Pr). O6-
cepBaToOpuA ABNSAETCA COBMECTHBIM NpoeKkTom Poccum u
lepmMaHUM U HaueneHa Ha pelleHre ¢yHAAMEHTANbHbIX
BOMPOCOB KOCMOJIOMM - CBOMCTB W 3BOJIoLMMN Bcenen-
HOW, NPYPOLbI TEMHOI SHEPIM Y TEMHOW MaTepuw, BO3-
HUKHOBEHUSA 1 POCTa CBEPXMACCUBHbIX YEPHBIX Ablp 11 MO-
NCK Hanbornee pefKnx 06 beKTOB.

OcHoBoW obcepBaTopun ABNAIOTCA [Ba PEHT-
reHOBCKMX Teneckona Kocoro nageHus - eROSITA (fep-
MaHuA) n APT-XC (Poccums), coBMeCTHO nepeKkpbiBaloLLmnx
ob6nactb 3Hepruin 0.2-30 K3B. 3agauenn obcepBaTopuui
ABnAeTCA noslyyeHme o63opa Bcero Heba ¢ UyBCTBUTENb-
HOCTbIO NPaKTUYECKM B CTO Pa3 NpeBblLllatoLLeln YyBCTBU-
TeNIbHOCTb CYLLECTBYIOLWMX 0630pOB Heba, U NpofneHne
Takoro 063opa B 0611acTb O0Nee }eCTKOro PeHTreHOBCKO-
ro AvanasoHa.

OxupaeTcs, Uto B Xxofe 0630pa Bcero Heba 06-
cepBatopua Cnektp-PeHTreH-Tamma o6HapyXut Bce
CKOMMeHUA ranakTuk B Habniogaemon yactn BceneHHom
(okono 100 000 ckonneHMin), OKOIO 3 MUIIMOHOB aKKpe-
LMPYIOLLNX CBEPXMACCMBHBIX YE€PHbIX Ablp, COTHU TbiCAY
3Be3[] C aKTUBHbIMW KOPOHaMM, AeCATKU TblCAY 3BE3[00-
6pasyoLmnX ranakTmk

ABTOpbI:
M.I.PesHuBLe, A.A. JlyToBuHOB, M.H.
Masnunckmit (MK PAH)
Cucnonb3oBaHMeM Matepuanos, nog-
TOTOB/IEHHbIX aBTOPaMU A MOHOTpadun
«DyHpameHTanbHble KOCMIYeCKme uccne-
JI0BaHUSA»
Bepctka: M.I.PeBHuBLEB
[Nln3aiin 06noxku: A.H.3axapos

BykneT u3rotoneH npu nopaepxke
Poccuiickoro Oona OyHaameHTaNbHbIX
Wccneposanuit (POON)
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Crnesa:
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Llenmpa no darHoim
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Compton mirror”,
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ACTPOHOMMSA

Jaragka peHmreHoBckoro
«Xpebma» rarakmuku

M.T'"PeBHUBIIEB

CHOBHAg MaCCa BELECTBA

B IUIAKTUKAX (€CJIU HE CYH-

TATb TEMHOM MATEPUHU) CO-
JepxxuTca B 38€34aX. OJJHAKO 3H4-
UUTEJbHAA €r'0 J0JIA PACIHbLICHA
U B MEXK3BE3JHOU cpeje. Boobme
MOXHO CKa3aTb, UTO /I 4CTPOU-
3MKH MEX3BE3JHAA Cpejla — BaAXK-
HEUIINU JIEMEHT, UCCIIEAYA CBOM-
CTBA KOTOPOT'O, MOXHO MHOTO y3-
HATb O PA3JUYHBIX (PU3UUYECKUX
[IPOLECCAX, NPOUCXOAAIIUX B I'd-
JIAKTUKAX U UX CKOIIeHUAX. [Ipo-
CTEMIIMM HATJALHBIM IPUMEPOM
6y/yT, HABEPHOE, YIAPHBIE BOJIHDI,
KOTOPBIE B MEX3BE3JHOU Cpene
CO3MAI0TCA B3PBIBAMU CBEPXHO-
BbIX. [0 JQWHAMHUKE [JBUXKEHUA
YAAPHBIX BOJIH, 10 HU3MEPEHUAM
TEMIIEPATYP HA UX (PPOHTAX U IIO-
JIOKEHUH TTOCTAEIHUX MOXKHO OIie-
HUBATb 3HEPIUIO, BBIECIUBIIYIOCH
BO BpEMs B3PbIBA WU CTOJKHOBE-
HUSI — TAKYI0O HHQOPMALUIO APY-
ruM 06pa3oM IOJYYUTh OYEHD
CIOXKHO. B Mex3Be3fHON cpeje
Hamen [aJaKTUKA CUJIbHBIE YAAP-
HBIE€ BOJIHBI IIOPOXKIAIOTCA TOJBKO
B3PbIBAMU CBEPXHOBBHIX (puc.l,
CJIeBa), 4 B MEKIAIAKTUYECKOMN
Cpefe BOJHBI MOIYT BO3HHUKATD
TAKXKE B PE3YNBTATE CTOJIKHOBE-
HUI TalakTuK (puc.l, cmnpasa)
u 1. Takum o6pa3oM, U3ydyeHUE
CBOVICTB  MEX3BE3AHOU CPEBI
NPEACTABIAET OONBIION HHTEPEC
I ACTPOPUBNKOB — €€ MAPAMET-
PBl BOXKHBI /I IOHUMAHUS JHEP-
retuku l[anakTuku B 1eaom. Ilo-
3TOMY HEYJUBUTEIBHO, YTO KOI'JA
B Hayane 80-X rojosB NPOIIJIOTO
BEKA PEHTIEHOBCKUE HAOTIONEHUA
BpOJie OBl YKA34/IM HA €€ TeEMIIEPa-

© Pesuusines M.\, 2009

Typy B 100 MIH I'pagycos, acTpo-
(pu3nuKM O6BUIM MTOCTABIEHBI B TY-
nuk. Ho 060 BceM IO MOPSI/IKY.

HeoxxupaHHas moub

[TpoCTPaHCTBO MEXAY 3BE3/a-
MM 34II0JJHEHO ATOMAPHBIM (HO-
HU30BAHHBIM W HEUTPAJIbHBIM)
U MOJIEKYJSIPHBIM BOJJOPOJIOM,
3JIEKTPOHAMU — TIPOJYKTAMHU HO-
HU3AIIUU I'a32, MUHKPOCKOIUYEC-
KHMU KOHIJIOMEPATAMU 4TOMOB
JIETKUX 3JIEMEHTOB (BKJIIOYAA OP-
IAHUYECKUE MOJIEKYJIBL) — IIBLIBIO;
€r0 NPOHU3BIBAIOT IIOTOKU BBICO-
KOIHEPIUYHBIX YaCTUI] — KOCMHU-
YECKHUE JIy4U. BCe yUaCTHUKU 3TO-
ro aHcamb6isa CIOCOOHBI I'€HEPHU-
pOBaTh pa3HOOOpa3HbIE (POTOHHL
N neicTBUTENBHO, MEXK3BE3HAA
cpena nHamer lanakTUKA CBETUT
B Pa3/JMYHBIX y4dCTKAX 3JIEKTPO-
MAIHUTHOI'O CIIeKTpa. B paguo-
JUAIIA30HE CBEYECHUE BO3HUKAET
B PE3YJBTATE M3JIYUYEHUSA XOJIOJ-
HO¥ IIBLJIN, U3JIYYEHUS CBOOOHBIX
3JICKTPOHOB U CHHXPOTPOHHOI'O

| Muxaun Iennaoveéuu Peeénueues, 00Kx-
mop Pu3UKO-MaAMeMamuecKkux Hayk, 6e0y-
WU HaYuMHbelll COMPYOHUK 0mMOend acmpo-
Pu3uKU 66L.COKUX dHepull Hncmumyma Koc-
mureckux uccaeoosanuti PAH. Hayunoie um-
mepeco. C8A3aANbL C UCCLEO0BAHUCM AKKDE-
YUY HA PenAMUBUCCKUEC 00BRKMbL.

U3IYYEHUsI PENATUBUCTCKUX 3JIE-
KTPOHOB KOCMHUYECKUX JIy4YEH.
[IpuMep TAKOrO CBEYEHUA MOKHO
BUJIECTh HA PUC.2, T/E JIETKO OIpe-
JenaeTca IMojoxKeHue Hamen Ia-
JAKTUKU — €ro BBIJAET CBETJIAA
[10JIOCA, IPOXOAAIAs YEPES CeEpe-
JUHY KapTHL.

B3anmopencTere KOCMUYECKUX
JIlydell BBICOKMX JHEPIUM C BeEle-
CTBOM MEXK3BE3/JHOU CPEAbI JJOIXK-
HO NPUBOAUTH K UCIYCKAHUIO I'aM-
Ma-aydyen (9Hepruu (POTOHOB 60-
JIee HECKONBKUX M3B). dToT (peno-
MEH ObLI IpesicKa3an 6oiee 40 et
HAa3a/1 1 GBI OOHAPYXKEH yXKE B OfI-
HOM M3 IMEPBBIX 3KCHEPUMEHTOB
10 U3YYEHUIO Heba B ramMma-iua-
nazoHe (ob6ceppatopus OSO-3,
NASA, BpeMma paboTel HA OpOUTE
1967—19609 rr.). B Hacrosee Bpe-
Ms HAWIYYIINE U3MEPEHUS U3NY-
yeHus Heba B JAaHHOM 0O6JIACTU
3JIEKTPOMATHUTHOTO CIEKTPA AAET
obcepparopusa «Pepmu» (NASA),
sanymenHas B 2008 1. Kapra Heba
IO pe3yapraTaM paboThl NEPBBIX
3 MeC 3TOM 00CEPBATOPUU I10KA34-
Ha HA PUC.2.
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Puc.1. N306paxeHne ocTaTka BCAbIWKM CBePXHOBOI 1572 rofa (cBepxHoBas TUX0) N0 AaHHbIM HAabBMOAEHUA PEHTTEHOBCKO
o6cepeatopuu Chandra (cnesa). Pacwupstowascs BHEWHSAS rpaHuLA U3lyYeHUs 0CTaTKa BCMbIWKM CBEPXHOBOW — yAapHas
BOJIHA, KOTOPYIO B3PbIB CBEPXHOBOII CO34aNn B MeX3Be3[Hoil cpefe. M3o6paxeHne ckonneHus ranaktuk Myns (1E 0657—56)
no faHHbIM HabntopeHmit o6cepsatopuu Chandra (cnpasa). Xopowo BUAEH KOHYC YAAPHbIX BOJH B NPaBOii 4acTu, MAYLLMX
cnepenu oT neTAllei Macchl rasa (TemMHas «nynsa», NeTallas Ha KapTe Hanpaeo). [InA CpaBHEHUA B NPABOM HUXKHEM Yy
pUCyHKa NOKa3aHo M300paxeHne noneta CBEpPX3BYKOBOI Nynu B BO3AyXe.

B peHTreHOBCKOI 4aCTU CIEKT-
pa OCHOBHAs 4aCTh U3JNy4eHUS [a-
JIAKTUKU BO3HUKAET B IBOMHBIX CU-
CTEMAX C KOMIIAKTHBIMU OOBEKTA-
MU — YEPHBIMHU JBIPAMU U HEMN-
TPOHHBIMU 3BE3LAMU. DTU IK3OTU-
YEeCKUE OOBEKTH UMEIOT YHUKAJIb-
HO CWJIbHBIE ITPABUTAIIMOHHBIE T10-
Jisl, IBUTASACH B KOTOPBIX, JIIOH6OE BE-
MECTBO NPUOOPETAET CKOPOCTHU
B IECATKA U COTHU TBICAY KHJIOME-

TpoB B cexynay. I[Ipu coypapenuu
YACTUL, MEXAy COOOHM 4YacTh X
3HEPIUU NIEPEXOJUT B TEIIO U Ta-
KM 006Pa30M HNPUBOJAUT K 3HAUU-
TEJIbHOMY HAIPpEBy — JO TEMIIEPa-
TYP B JECATKU U COTHU MUJUIMOHOB
I'pajlyCcoB, KOIJJd XapPaKTEPHBIM
CTAHOBUTCA CBCUYCHUE MMEHHO B
PEHTIEHOBCKUX Jy4ax. g TOro
YTOOBI UEPHAS JIBIPA U HEUTPOH-
Has 3BE3[A <«3ACBETHIA», HYXKHO

N306paxeHne NASA

obecneunTsh MOCTYIIEHUE MaTe-
pUM B €€ OKPECTHOCTH. B lanakru-
KE MPOIIE BCETO 3TO C/IENATD, «I10-
CaJiuB» KOMMNAKTHBIH OOBEKT B
JBOMHYIO CHCTEMY C OOBIYHOM
3Be3/]0M. B TakoM JBOMHOM CUCTE-
M€ OOBbIYHAS 3BE3/[d BBITOJHACT
POJIb CBOETO pOjia «6EH300aKa», T.C.
MIOCTABJISIET BEIMIECTBO ISl €TI0 MC-
[I0JIb30BAHUS B MOIHENIIEM <«pe-
AKTOpE» KOMIAKTHOTO OOBEKTA.

Puc.2. Kapta Heba B paguoananasoHe (10—100 ITy) no pgaHHbiM o6cepeatopuu WMAP, NASA (cneBa). Xopolwo 3amMeTHO
U3nyyeHue Mex3Be3[Hoi cpepbl fanakTuku (nonoca B LeHTpe kapThl). Kapta Heba B ramma-ny4yax no faHHbIM obcepsatopuu
«®epmu», NASA (cnpasa). M3nyyeHne mex3Be3aHoi cpeabl fanaktuky, poxaaolieecs npu B3auMofeNCTBUM PENATUBUCTCKUX
4aCTUL, KOCMUYECKMX Jly4Yell C BEWeCTBOM MEX3Be3[HOM CPeAbl, BULHO KaK sipKas nonoca nocepeanHe kaptol. Ha nesoii u
npaBsoit kKapTax 0GHapyXu1BaeTcs MHOTo 06lero B pacnpegeneHuu ApkocTu fanakTuku no Heby — 3To cleacTBue
(opMUPOBAHUS CBEYEHUA 06ONX TUNOB C y4acTUEM MeX3BE3[HON Cpedbl.
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Puc.3. KapTa ranaktuyeckoit niockocTu no pesynsratam HabnogeHuit o6cepsatopun EXOSAT (Bpems paboTbl Ha opGuTe
1983—1986 rr.). bonblune Kpy KN — APKNE PEHTTEHOBCKUE UCTOYHUKMN, MPEUMYLLECTBEHHO iBOMHbIE CUCTEMbI C YEPHBIMY
AblpaMn U HEATPOHHbIMK 3Be3aamMu. XpebeT fanakTMKW BUAEH Kak N0N0ocCa CBEYEHUS, NPOXOAALLAA YePe3 CepeanHy KapThbl.

CBETUMOCTH MOJJOOHBIX JBOMHBIX
CUCTEM B Hamien ['a1akTuKe JOCTU-
ralor 3HavyeHuit B 10%¥—10% apr/c,
YTO B COTHHM TBHICAY U MHUJUTMOHBI
pa3 60IbIle, YEM CBETUMOCTb Ha-
mero COJHIIA.

PentrenoBckue HaOMIOAEHUS,
HAYaBIINECA BCKOPE IMOCJE IOSB-
JIEHUS TEPBLIX PAKET U CIYTHU-
KOB, CPa3y K€ IOKa3a/J1 HaJTHU4YUe
3HAYUTEIBHOTO YUCIA TAKUX CHUC-
TeM B [anmakTtuke. HO BBISCHUIIOCH,
YTO HE BCE PEHTIEHOBCKOEC U3JY-
yeHue [aaKTUKU MOXKHO IPHUIIHN-
CaTh TAKUM OObEKTAM. B obnmacTu
ra7aKTAYECKOU TIOCKOCTH OCTa-
€TCA TYCKJIOE CBedeHue (puc.3),
[IOJIYYUBIIECE HA3BAHUE <«DPEHTIE-
HOBCKUH xpebeT Ianakrukn» [1, 2].
ITpu 6o0nee JeTaabHOM UCCIEL0BA-
HUU 3TOTO U3JIy4eHUs OOHAPYXKU-
JIUCh AMUCCUOHHBIEC JTUHUU CUJIb-
HO MOHHU30BAHHBIX ATOMOB TsIKE-
JIBIX 3JIEMEHTOB (HallpUMep, KeJie-
32), KOTOPBIE CBUJETEIbCTBOBAIN
O TOM, YTO U3AYIEHUE POXKJACTCA
B OUEHb ropsyei mwiasme [3].

Topsiuas mnazma BOOOIE-TO HE
SABJISIETCSA YEM-TO HEOOBIYHBIM IS
Hamen lanaktuku. IIponeccs,
IIPOUCXOAAINE B HEU, HEPEAKO
CBSI3aHBI CO B3PBIBAMH, C JIBHXKE-
HUAMU C OOJBIIUMHU CKOPOCTIMH,
KOTOPBIE YACTO MPUBOJAT K Ha-
I'PEBY OKPYKAOIMEN OOBEKT IIa3-
MBI 1O O0JAbIUX TeMmueparyp. Of-
H4KO, KaK IIPaBUJIO, 3TO MIPOUCXO-
JIUT B IOCTATOYHO OI'PAHUYEHHON
obsactu TaIaKTUKH, T.€. OCHOBHAS
YACTh MEXK3BE3/JHON CPEJBI TAIAK-
TUKH OCTAETCS OTHOCUTEIBHO XO-
JoaHOM. Tenepp e OKa3bIBAJIOCH,
YTO MPaKTUYECKU BECh JUCK Ia-
JIAKTUKW  34aMNO0JIHEH  TJIa3MOU

C TEMIEPATypPON B COTHIO MHII-
JIMOHOB I'PAJYCOB.

Camasi raBHasA 3a4TBO3/IKA B IIO-
HUMAaHUHU TPUPOJBl CBEUYEHUSA
PEHTIEHOBCKOTO XpebTa COCTOANA
B TOM, 4TO IJ1a3My TaAKUX OOJBITUX
TEMIIEPATYDP, KAK YKa3bIBaaWd Ha-
61I01CHUSL, TPABUTAIMOHHOE TOJIE
FanaxkTuKyu yaepKaTtb HE B CHJIAX.
[TOCKOJBKY, COTJIACHO HabJI0]e-
HUAM, PEHTTEHOBCKOE CBEYEHHE
KOHILIEHTPUPYETCA BOIMU3U TaIAK-
TUYECKON IJIOCKOCTH (IIMPUHA
06JIACTU U3JIY4YEHUS COCTABIAET
He 00JIe€ HECKOJBKUX I'PALYyCOB),
JUIS TOTO, YTOOBI KAPTUHA PEHTIE-
HOBCKOI'O XpeOTa OblIa CTALMO-
HAPHOM, YTO-TO JOJIKHO NPEJOT-
BpamaTh «pazberaHue» ropadei
MJa3MbL. [PaBUTALUMOHHOIO TOJA
JUCKA TamakTUKK A1 3TOTO SBHO
HEJOCTATOYHO. JelCTBUTENBHO,
10 PE3YJAbTATAM U3MEPEHUA J|BU-
JKEHUS 3BE3J] U3BECTHO, UTO CKO-
pocTpb yb6eranusa u3 aucka lamak-
TUKH COCTABJIAET BCETO HECKOJb-
KO JECATKOB KUIOMETPOB B CEKYH-
1y, B TO BpEMA KaK TEIJIOBBIE CKO-
poCTH IUIA3MBI C TEMIIEPATYPOM
B COTHIO MUJUIMOHOB I'Pa/IyCOB J10-
CTUTAIOT OKOJIO TBICAYU KUJIOMET-
poB B CekyHJy. Takylo ropsadyio
IIJIA3MY MOTYT YAEPXKHUBATH JHIIb
OTPOMHBIE CKOIUIEHUA TAJNAKTUK
¢ Maccamu B 10 M, 910 npumMep-
HO B 10 TBIC. pa3 OoJblle, 4YeM
Macca Hamen FaTakTuKy.

Jpyrum BApUAHTOM CYIIECTBO-
BAHUSA TOPAYEN MEXK3BE3/JHOU
[7a3MBl B [AJIAKTUKE MOXKET OBbITh
€€ MOCTOSIHHBIN OTTOK, aHAJIOTHUY-
HO TOMY, KaK 3TO 4aCTO Ha6II0aa-
€TCA B TAJAKTHUKAX C MOIHBIM
3Be3006pasosanueM (puc.4). Ox-

HAKO OKAa3BIBAETCS, YTO JUISI BOC-
NOJIHEHUA 3HEPIUH, YHOCHUMOU
BMECTE C OTTOKOM CO CKOPOCTSIMU
6onee 1 TBHIC. KM/C, HEOOXOJUMO
€KECEKYH/IHO 3dKA4YMBATD 10 BCEU
[amaKTHKE B MEXK3BE3AHYIO CPENY
3HEPIuIo nopsagka 10 spr — mno-
JOOHAs BEIMYNHA COBEPIIEHHO HE
BIIUCBIBAETCA B HAIM TEKYIIHE
NpeCTABICHUSA 00 SHepreTuKe [a-
JIAKTUKU. 17151 OOBACHEHUSA U3ITyde-
HUS XpeOTa NBITATUCH TAKXKE IPU-
BJ€Yb B3AUMOJIEMCTBUE MaJIO-
YHEPTUYHBIX 3JIEKTPOHOB KOCMHU-
YECKUX JIYYell C MEXK3BE3JHON Ccpe-
JIOM, HO 6€3yCIENIHO.

B Havane 80-X rofioB 66U IPEJI-
JIOKEH €I[€ OJIUH AJIBTEPHATUBHBIN
Crnoco6 0O0BICHUTH (POPMHUPOBA-
HHUE PEHTTEHOBCKOro xpebdra Ia-
JMAKTUKU. IIpefnarajoch paccmar-
puBaTh XpebeT He KAK PEe3yabTaT
CBEYEHUSI COOCTBEHHO MEXK3BE3JI-
HOU CpEZBl, 4 KAK UTOT CJIOXKEHUSA
CBEYEHUS OOJBIIOTO YHCAa CJa-
OBIX PEHTICHOBCKHUX MCTOYHUKOB,
UH/UBUAYAILHO HEOOHAPYKUMBIX
H4 CYI[ECTBOBABIIUX TOTJA KapTax
TFAJIAKTUYECKOTO AUCKA. Takoe 00b-
SICHEHHE TIOJIHOCTBIO CHHUMAJIO OBI
npobJeMy 3ar'a/JOYHOIO U 10 CHUX
MIOP HEU3BECTHOI'O HUCTOYHHUKA OT-
POMHO¥M 3HEPIUM B IamakTHKe.

OJHAKO JJO HETABHETO BPEMEHU
3TAa TUINOTE3a HE HaAXOJAWIA TOJ-
JEPXKKA CpeU aCTPOHOMOB. Oc-
HOBHOI MPHUYMHON TOMY OblIad
CKYZIOCTb CBEJEHUH O fieMorpaduu
(CTATUCTUYECKUX CBOUCTBAX Pa3-
JINYHBIX KIACCOB OO'BEKTOB) — OBbI-
JIO CJIO)KHO MPEJCKA3aTh, KAKOU
BKJI4J| OHU MOI'YT /1aTh B MacuTade
Bcer Tanakruku. Hacrosimum mnpo-
PBIBOM B U3YYEHUU PEHTIEHOBCKO-
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Puc.4. N306paxeHue ranaktukm M82 B pasHbix y4acTKax 3NeKTPOMArHUTHOrO
cnekTpa (6enblii — onTuyeckoe U3o006paxeHue, KpacHblii — MHdpaKpacHoe).
BupHo, 4to Gonblias YacTb PeHTreHOBCKOro U3nyyenus (rony6oii Lpet)
chopmupyeTca B ropsayeit oTTeKatowel nnasme.

ro xpebra CTaJO MOJY4EHHE €ro
BBICOKOKAYECTBEHHON KapTHl [4]
1 COCTABJICHUE «IIEPEMUCHU PEHTTE-
HOBCKOTO 3BE3JIHOIO HACEJIEHUA>
B OKpecTHOCTAX ConHIna [5].

Mop npuuenom — xpeber

Hccnenopanue MoOpQOJIOTrun
U3JIYYEHUS, T.€. €r0 pacrpepele-
HUA 10 HEOY, U CONTOCTABIEHHUE T10-
JIY4EHHON KAPTHI C YK€ U3BECTHBI-
MU PACIPEAEIEHUAMN PA3TUYHBIX
06'BEKTOB OYEHDb YACTO JAIOT KIIO-
Yl K pasrajike NpUpPO/Ibl SBICHUSL.
Hampumep, eciu peHTTEHOBCKOE
CBEUEHHE XPEOTA BO3HUKAET B pe-
3YJIBTATE B3AUMOJENUCTBUSA KOCMU-
YECKUX JIY4E€N C BEMIECTBOM MEXK-
3BE3/JHON CPEJbl, MOXHO OXU/AATD,
YTO CBEUEHHE XpeOTa OyAeT sApue
TaM, TJie MEK3BE3/IHAs cpejia boee
IJIOTHASA U OOJIBIIE KOCMHUYECKUX
aygeit. Ecnmm ke cBedyenHne xpebra
CBA3AHO C BIUAHUEM CBEPXHOBBIX
Ha MEX3BE3[IHYIO CPEJy, pEeHTTe-
HOBCKOE€ CBEUYEHHE JIOJUKHO OBITDH
ap4e TaM, Ije OOJbIIEe CBEPXHO-
BBIX, U T.J1. Tak, B KOHIE 60-X ro/[0B,
MOCIE OTKPBITUA CBEeYEHMA [amak-
TUKU B I'aMMa-JIy4ax, pacrpejene-
HUE 3TOTO CBEYCHUS OBUIO COIMOC-

TABJIEHO C M3BECTHBIMM KapTAMH
MEK3BE3[THON CPEJIBL, YTO CPa3y XKe
YKa3aJI0 HA IPUYUHY (POPMHUPOBA-
HUSA I'aMMa-U3JIyIYEHUS — B3AUMO-
JIENCTBUE KOCMHYECKUX JIy4yel
OOJIBITUX SHEPTUIT C MEK3BE3JHBIM
ra3oMm (CM. puc.2).

[Tonyuenue xopomen KapTel
PEHTTEHOBCKOTO Xpe6Ta IanmakTu-
KM OK432JI0Ch OYEHb HENPOCTOU
3ajauyert. OCHOBHas HpodiIeMa
6blIa B TOM, YTO MOBEPXHOCTHAA
APKOCTb Xpe6TA OUEHD MAJIA, BCETO
okoJ0 107'"apr/c/cM?/KB. Ipaayc,
wim  ~107¢ort./c/cM?*/KB. IpajycC.
ITpy TUMHUYHBIX PA3MEPAX U MOIAX
3pEHUS PEHTIEHOBCKUX HHCTPY-
MEHTOB (3(P(PEKTUBHASA MIOMAAb
meHee 200—500 cm? mnona 3pe-
nug — 0.05—0.2 xB. rpagyca) mig
TOT'O, YTOOBI HAKOIHUTL PA3YMHOE
KOJIMYECTBO (POTOHOB OT CBEUECHUS
xpedra (Hanpumep, 1 TeIC. POTO-
HOB) B ONPEAEIECHHOM HAaIlpaBile-
HUHU Ha HeHe, He0O6X0AUMO HAOIIO-
JIEHHUE B TEYEHUE TIOYTH ITOJOBUHEI
cyrok! A Bce cBeueHue xpedra 3a-
HMM4€eT Ha Hebe maomajb 6oJiee
300 kB. rpasycoB. YTO O3HAYaET:
TAKUX HAOIIOAEHUN JTUTENBHOC-
TBIO /10 IOJYCYTOK HEOOXOJUMO
IIPOBECTU HE OJHY ThICAYY! /14 11O-
CTPOEHUS XOPOWEN KAPTBI OOBIYU-

HBIMU UHCTPYMEHTAMU HEOOXO/U-
MO 6BIIO ObI IOTPATUTD MHOTO JIET
HAOMI0/ICHUN TOJNBKO XpebTa Ta-
JIAKTUKH, YTO, KOHEUHO XK€, HEPE-
anpHO. Pagymeercs, MOXHO yBEIU-
YUTb IOJIE 3PEHUSA HHCTPYMEHTA,
OZIHAKO TOTZAa B 3TO IOJE MOXKET
[IOACTb OYEHb APKUU HUCTOYHUK
(HanpuMmep, aKKPENUPYIOIAsd Yyep-
Hasg JbIpd WIX HEUTPOHHASA 3BE3-
11a), Ha (POHE KOTOPOT'O U3TYUYCHUE
xpe6Ta OGYyJET COBEPIIEHHO HE3a-
METHO.

PemenueM CTan0 UCIOAbB30BA-
HUE HWHCTPYMEHT4, HMMEIOIETO
YMEPEHHOE IoJIe 3peHua — 1 KB.
I'pajyc, ¥ CaMmylo 60JIBbIIYIO U3 BCEX
CYIECTBYIOMMUX HMHCTPYMEHTOB
PEHTTEHOBCKOTO JMUANa30HA CO-
puparomyo miomaab — 6500 cm?,
91o cnekrpomerp PCA obcepsa-
topun RXTE (NASA, maxopurcsa
Ha opb6ure ¢ aexabps 1995 r.).
O6cepsaropus RXTE e umeer Ha
60pTY COOCTBEHHO TEIECKOIIOB —
HHCTPYMEHTOB, MPEAHA3HAYCH-
HBIX JIIl OCTPOEHUSA U306paxKe-
HUHU. MHCTPpYyMEHTH 06CeEpBATO-
pUM — CIIEKTPOMETPHI, T.€. IETEK-
TOPBI, U3MEPAIOMIUE MOTOK C OI-
pe/leIeHHON MIomaAKu Heba (UX
[OJIE 3PEHUS OTPAHUYEHO TPYy-
6on-komnumaropom). Ilocne Ha-
BEeJCHUSA HA HEOECHBIM OOBEKT
OHHU COOUPAIOT PEHTIEHOBCKHUE
JIy4y C 3TOM IUIOU[A/IKA B TEYECHUE
JUINTEIBHOTO BpEMEHU (OOBIYHO
HECKOJIbKUX 44COB), 4 3aTEM IIe-
pEHABOJATCA HA  CIEAYIONUNA
B CBOCH HAOJIIOJATEIBHON HPO-
rpamMmme 00beKT. OJHAKO BBUJY TO-
I'o, 4TO MHCTPYMEHTH 06CEPBATO-
pun RXTE umeroT 60Jb11y10 coou-
paomyo IIOmaAhb, JAKE 34 TE He-
CKOJIBKO COTEH CEKYH/, B KOTOPBIE
obcepBaTOpUA NEPEHALENTUBAET
CBOU MHCTPYMEHTHI C OTHOTO O0'b-
€KTa Ha CIEAVIONUI, UM YAaeTCA
cobparp MHOTO IOJE3HOW HH-
(opManuu — U3MEPUTb PEHTTE-
HOBCKO€ H3JYYEHUE PAZHBIX TO-
4yeKk Heba IO MyTH MEXAY ONHUM
HUCTOYHUKOM U Apyrum. Hacromus-
KO MHOT'O, 4YTO C IOMOIIBIO TAKUX
«CKOJBb3AIMUX> HAOIIOJEHUN ya-
JIOCb MOCTPOUTH CAMYIO JIYYHIVIO
H4 TEKYIUH MOMEHT KapTy BCETO
He6a B CTAHZAPTHBIX PEHTIEHOB-
CKHUX JIy4aX, B TOM YHUCJIE U KAPTY
xpebTa MamakTuku (puc.s).
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Busy TOrO 4TO 60JBIIOE KO-
JINYECTBO SIPKUX UCTOYHUKOB BCE-
TaKA CUJIBHO 3aTPYAHANO PaboTy
C U3JIy4eHUEM COOCTBEHHO XpebTa
[a1aKTUKKU Ja’ke IO JaHHBIM Ha-
6moaenuit o6cepsaropun RXTE,
6BITIO PENICHO MPUMEHHUTD JOTOJI-
HUTEJBHBIN «TPIOK>. TPIOK 3aKiIo-
YaJICS B TOM, YTOOBI CTPOUTD KaPTY
HE BCEX PEHTIE€HOBCKUX JIy4€EH, 3d-
PETUCTPUPOBAHHBIX MHCTPYMEH-
TOM, 4 TOJBKO 3MUCCUOHHOW JIU-
HUM BBICOKOMOHU3UPOBAHHOTO
Kenesa (Ha sHepruu ~6.7 k3B), ko-
TOpast XAPAKTEPHA ISl CBEYEHUSA
HUMEHHO Xxpebra TanakTuku u
NPAKTUYECKU OTCYTCTBYET B U3NIY-
YCHUHU SAPKUX PEHTTCHOBCKUX HC-
TOYHHUKOB. Pe3ynprar mpes3ouies
BCE OXMJIAHUA — SAPKUE UCTOYHU-
KM yOUPAIUCh C KAPTHI OYEHB (-
¢exTuBHO. [TepBas MOMBITKA MTOCT-
POUTH TAKYIO KapTy [6] 6bLIa TIpEs-
NIPUHATA 110 JAdHHBIM HA0JII0ICHUI
ANOHCKOro crnyruuka GINGA (Bpe-
Mg paboTe Ha opbure 1987—
1991 rr.). OgHako camas Jydmas
KapTa OblIa IOCTPOEHA C IMOMO-
MbI0 HAGMIOLEHUIT 06CEPBATOPUA
RXTE [7] (puc.6).

JleTanbHbIE UCCHAENOBAHUS
xpe6Ta [AMAKTUKY IO KapTaM 06-
cepsaropuu RXTE npusenu K yau-
BUTEIbHOMY BBIBOJy — PEHTreE-
HOBCKOE H3Iy4eHHE XpebTa OKa-
32J10Ch SApYE TaM, IJ€ IpUYe CBETAT
OOBIYHBIC 3BE3/Ibl, U CJ1abEE POBHO
TaM, IJIe OHU CBETAT ci1ab6o. MTak,
OOHAPYXEHO: PEHTTEHOBCKOE M3-
JIy4€HUE XpeOTa KAKUM-TO OOpa-
30M CBSI3aHO C MAaCCOM 3B€3]I, KO-
TOPBIE MBI IPOCMATPUBAEM B CBO-
UX HAOJTIOJCHUIX.

Eciu npennonoXuTh, 4TO CBe-
yeHue xpedra CBI3aHO C 0O0Jb-
UM KOJIUYECTBOM CIAOBIX PEHT-
F€HOBCKUX HCTOYHUKOB, KaKHUM-
TO 06pa3oM pacHpeieICHHBIM
Cpefu 3BE3[], TO TOYHO TAKUE XKE
HCTOYHUKN JIOJUKHBI HMETHCA
1 B OKpeCcTHOCTH COMHIA, TIOTOMY
KaK OH4 IpeacTasisieT co6oil Jo-
BOJILHO TUIIMYHYIO 06/1aCTh [amak-
TUKU (BO3MOXHO, 314 UCKIIOYCHU-
€M IPUCYTCTBUSA HEMHOIO OOJIb-
IIEr0 4YHUCIA4d MOJIOABIX 3BE3N).
A TIOCKONBKY OXHJAETCH, 4TO UX
JIOJKHO OBITH IOCTATOYHO MHOTO,
3HAYUT, OHU JOJKHBI OBITb U Ha
HEOOJNBMUX  PACCTOAHUAX  OT

Puc.5. Kapta Heba B peHTreHOBCKOM fiMana3oHe, NojiyyeHHas C NOMOLLbI0 AaHHbIX
RXTE, HakonneHHbIX BO BpeMs nepeHaBefeHuit obcepsatopuu. LiseTa ykasbiatot
pasfinyHylo APKOCTb 06LEKTOB: TEMHEE KPACHOTO 03HAYAIOT, YTO B 3TOM MecTe
OTAENbHbI PEHTTEHOBCKUIA UCTOUYHUK He 0OHapyxeH. KpynHele Kpyriblie naTHa —
ApPKME UCTOYHUKMN, NPENMYILECTBEHHO aKKpeLupylolne HENTPOHHbIE 3Be3 bl

1 yepHble Ablpbl. VX Gonblwoil pa3mep ecTb pe3ynbTar Toro, YTo KapTa MMeeT njoxoe
yrnoBoe pa3pelleHune (y Hee nioxas «pe3KocTb»). BUAHO, UTO ApKMe NCTOUYHUKH
CUBHO 3aTPYAHAIOT NOAYYEHWE KapTbl COOGCTBEHHO XpebTa ManakTuku. 3eneHsle
KOHTYPbl NOKa3blBaloT APKOCTb [anakTuku B MHGPaKpacHbIX Nyyax, T.e.

thaKTuyeckn — pacnpefeneHue 3sesp B [anaktuke.

CosHIa, T.€. B IIPEAENAX JOcCATae-
MOCTH CYHIECTBYIONNX 0030pOB
HeOa. Pe3ynprarsl NEpenucu 3Be-
3/IHOT'O HACEJIEHUS OKPECTHOCTEH
ConHIa, NPOJAETAHHOIO IO pe-
3yIbTaTaM 0630pa BCETo HeHa 06-
cepsatopun RXTE, noarsepau-
U — CYMMapHOE U3JIYICHUE Cla-
OBIX p@HTI‘eHOBCKI/IX HUCTOYHUKOB
BO BCeH [a1aKTUKE CIIOCOOHO /1aTh
HAO0MI0/1aEMYIO KAapTUHY XpeobTa.
Kpome Toro, npejCcKka3aHus Ha OC-
HOBE COCTABJICHHON IE€pENnucHu
TOT'0, KaK JJOJIKHBI BBHIIJIS/ICTD 3TU
HCTOYHUKH Ha CYIIECTBYIOMIUX
Kaprax xpe6Ta [anakTuky, o0bac-
HUJIN, IOYEMY UX OBLIO TAK CIOXK-

HO OOHAPYXKUTb — HE XBATAJIO
YYBCTBUTEJNBHOCTU MU YIJTOBOTO
paspemeHnus Ipubopos.

YTOOB HANPAMYIO PA3PEUIUTD
usnydeHue xpebra IamakTuku Ha
OTAENbHBIE UCTOYHUKH (IIOKA34Th,
YTO M3JIy4EHUE HE PA3MA3AHO 110
HeOy, 4 COCPENOTOYEHO B OOJb-
MOM KOJHUYECTBE OT/ICIbHBIX TO-
YEK-UCTOYHUKOB), HEOOXOAUMO
O6bIO 3HAYUTENBHO YBEJIUYUTD
YyBCTBUTEJNBHOCTb HAOIIOJEHUN
U IIPU 3TOM UMETD YITIOBOE Pa3pe-
meHUe He XyXKe 1—2 CeKyHj Ayru
(1/3600—1/1800 monu rpaayca).
DTa 3a7a4a MOrIa OBITH PEIICHA
TOJIBKO € MOMOIIBIO CBEPXJOITUX

nuHusa 6.7 k3B

Puc.6. Kapta xpe6Ta [anakTuku B U3y4eHUn IMUCCUOHHOMN TUHUN
BbICOKOMOHWU3NPOBAHHOTO Xene3a (6.7 k3B), o4eHb xapaKTepHoit [ CBeYEHUS
xpe6Ta, HO OTCYTCTBYIOWEN B APKUX PEHTFEHOBCKUX UCTOYHUKAX. KOHTypamu
noKasaHa ApKocTb [anakTUKU B UHPaKpaCcHbIX Nydax (hakTuyecku

3TO0 pacnpefeneHve 38e3f). BULHO xopoliee COOTBETCTBUE MeXAY ABYMSA

HANIOXXEHHbIMU KapTaMu.
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Puc.7. PeHTreHoBckas kapTa o6nactu B6an3u LeHTpa fanakTuku no pesynsratam HabnopfeHnii obcepsatopun Chandra (cnesa).
Kpy»KaMu nokasaHbl 06HapyXeHHble Ha KapTe PeHTreHOBCKMe UCTOYHMUKN. KaXAblil MCTOYHUK CKOpee BCero npeActaBaser
co60i ABOIHYI0 CUCTEMY, B KOTOPOIl BeNblil KApNUK NEepeTsrnBaeT BELWECTBO CO 3B€3/bl-KOMNaHbOHA. lafas Ha NOBEPXHOCTb
6en0ro KapinKa, 3T0 BelecTBO HarpeBaeTcs A0 TEMNEpPaTyp B AeCATKN U COTHWU MUNOHOB rPajycoB W CBETUT

B PEHTFEHOBCKMX Nyyax. PyHKLMA CBETUMOCTU PEHTreHOBCKMX 3Be3p B [anakTuke (cnpasa). KpacHbiM LBETOM NoKa3aHbl
N3MepeHus, npoBefieHHble B OKpecTHOCTAX ConHua, cepbiM — B obnactu LeHTpa fanaktukn. N — ynucno 3se3p B faHHOM

WHTepBane CBETUMOCTEN.

HA0JMI0OJJCHUH OpOUTANIBHON 06-
cepsatopuu Chandra (NASA). Ora
06CEpPBATOPUS B HACTOSIIEE BpE-
MSI IMCET CAMOEC JIYYIIlEE YIJIOBOE
paspenieHue CpPejiu BCEX CYIECT-
BYIOIIUX PCHTICHOBCKUX UHCTPY-
MEHTOB, 4 UMEHHO 3TO CBOWCTBO
Han60Je€ BAKHO /I PEIICHUS 32-
ragxu xpebra [anakTuky.

PaspeweHue yaanoco!

[TpeaBapuTeNbHbIE UCCIENOBA-
HUs 00/1aCTH eHTpa [anakTuky u
IaTAKTUYECKON IJIOCKOCTH, IIPO-
BEJICHHBIE C TIOMOIIBIO VXK€ CyIIe-
CTBOBABIIMUX HAOJIIO/ICHUN 06CEP-
Batopun Chandra, o6HApYXUIN
OYEHb XOPOIIEE COTTTACUE PETUCT-

= 3. ,l\. - " "
- 1 *
I “‘--_,_________,.-r- L Nt -
- /
\ a ,.-"'1
| ,.,/-*/

Puc.8. Kapta Mex3Be3[1HOro NOMOUEHNSA B LIEHTPaNbHOI YacTu fanaktukm [8].
06nactb Heba, BbiGpaHHas ans mMybokux HabnogeHunit o6cepsatopumn Chandra,
0603HayeHa YepHbiM KBagpaToM. KOHTYpbl MOKa3biBaOT APKOCTL ANnaKTUKM

B MH(paKpaCHbIX Nyyax, T.e. fAIOT pacnpefeneHue 36e3q B 3ToN yacTu Heba.

paluu PEHTIEHOBCKOTO «HACEJE-
HUSA» B OKpeCcTHOCTAX COJNHIA U
B 06macTu IleHTpa [anaKkTuky,
110 MEHBbIIEH MepE B 06JIACTU CBE-
TUMOCTEH, 10 KOTOPBIX «IOTATU-
BAJINCh» 3TU HaAbMO4eHU (PUC.7).
Wuagye rOBOpA, HAMMU OLEHKU
BKJI/]a CIAOBIX UCTOYHUKOB B CBE-
yeHue xpebdTa [ATaKTUKH, C/IeaH-
HBIE TOJIBKO IO HCCIEJOBAHUAM
okpectHocTteir COJIHIIA, BEPHBL.
Takum 06pa3oM, 4TOOB OKOHYA-
TEJIBHO PEIIUTb NPOOIEMY CBEYE-
HuA xpebdTa [aIaKTUKHY, OBIIO He-
O0OXOAMMO JUIIb YBEJIUYHUTH YYB-
CTBUTEIBHOCTD HAOIIOACHUM.

Jnsg 3TOoro TpebOBANOCH BhI-
6paTh MIOMAJKYy HAa HebE, B KOTO-
pOU BIMAHHUE MEXK3BE3JHOTO IO-
[JIONEHUS OBIJIO 6Bl MUHUMAJIb-
HbpIM. [Ipob6iemMa 34€Cb COCTOUT
B TOM, UYTO MEXK3BE3JJHAsA Cpeja
B AAUCKE [AJTAKTHUKHU CYIIECTBEHHO
NPENATCTBYET NPOXOXKJEHUIO
PEHTIEHOBCKUX JIY4€H MaJbIX
HEPTHUH, T.€. KAK Pa3 TaM, T YyB-
CTBUTENBHOCTL  0OCEPBATOPUU
Chandra maxkcumanpHa. [lerCTBU-
TEJIbHO, HECMOTPSA HA JOBOJIBHO
MaJyIO0 MJIOTHOCTb MEX3BE3JIHOIO
BEIECTBA B Hawen fanakTuke (Tu-
MUYHOE 3HAYECHHUE IUIOTHOCTU
MEXK3BE3/JHOI'O BEIIECTBA BCETO
HECKOJIBKO 4aCTUI B KYOUUECKOM
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CAaHTUMETpPE), PacCTOAHUA B la-
JIAKTHUKE HACTOJBKO BEJIUKU — JI€-
CATKHA TBICAY CBETOBBLIX JIET,
nnn 10* ¢M, — 4TO HaA JIy4e 3pe-
HUA HAKAIJIUBAETCA OOJBIIOE
YUCIO YaCTHIL, KOTOPBIE IOIJIO-
Ma0T PEHTTEHOBCKOE U3IYYCHUE.
DaKkTUYECKH CMOTPETHh CKBO3b Ia-
JAKTUKY — 3TO CMOTPETb CKBO3b
CBUHIIOBYIO TUIACTUHY TOIIUHON
B HECKOJBKO MHIUMeTpos! Ilo-
3TOMY, YTOOBI M36€XKATh CYIECT-
BEHHBIX IOTEPH B UYBCTBUTEIBHO-
CTU HAOMIOJICHUH, OblIa BbIOpPAHA
caMmas 6JMU3KaA K TAIAKTUYECKOMY
LEHTPY OOJIACTh C OKHOM MOTIJIO-
menus (puc.8).

Takue HabnoogeHUus 06Iei
JJIMTEJIBHOCTBIO OKOJIO 12 nHen (1)
6bu1n IpoBeEeHHl B 2008 I. (pucC.9),
C X IOMOIIBIO Y/1AJIOCh, YTO HA3bI-
BA€TCS, «3A0UTD IMOCIETHUN I'BO3/b
B Irpo6» 3arajJku NpPOUCXOXKIECHUS
xpe6Ta TlamakTuku. YT1o6bl mMOJ-
YEPKHYTh YHUKAJILHOCTD HA6JII0/IE-
HUH, JOCTATOYHO, HABEPHOE, CKa-
34Th, YTO CaMbIC CJ1abble OOHApPY-
JKEHHBIE PEHTTE€HOBCKUE UCTOUYHU-
KM [dJIA 34 BCE BpeMs HAOIIOAeHUN
JIUIIb HECKOJIBKO (POTOHOB — UME-
a1 noTok menee 1077apr/c/cm?
YTO 4yTh OOJBIIE, YEM ITOTOK Y TO-
BepxHocTu 3eman oT 200-BaTTHOU
JIAMIIOYKH, PACIOJIOXKEHHOU Ha
Benepe!

biarogaps maHHBIM, TONTYy4€H-
HBIM B 3TUX HAOMIOACHUAX, YAa-
JIOCh IIOKA34Th, 4TO Oosee 88% mu3-
JIy4eHus XpebTa paspemaercs Ha
BKJIAJ| OT/IEJIBHBIX PEHTIEHOBCKUX
HCTOYHUKOB [9]. COINacHO OlEH-
KaM, OCHOBHAs YaCTh 3TUX UCTOU-
HUKOB JIOJUKHA OBITH TUOO aKKpe-
LUPYIONUMU OEIBIMU KaPIUKAMHU,
MO0 3BE3JaMU C AKTUBHBIMHU KO-
ponamu. OCTaBIIAACA Maaasd LOJA

Jluteparypa

Puc.9. 06nactb Heba B6AM3M LeHTpa MANaKTUKKM NO JaHHbIM HAbNOAEHW
Teneckona Spitzer (NASA) B uHdpakpacHom gnanaszoHe. Kpyxkom nokasaHa
obnactb, Habnwaaswascs obcepsatopueit Chandra B Tedenue 12 axeit.

Ha Bpe3ke nokaszaHo u306paxeHue 3Toi 061aCcTU B PEHTTEHOBCKMX Nyyax.

n31ydyeHus xpebdra MOXKET OBITb
pE3YIBTATOM CIOXKEHHUS H3JIyde-
HU elne 60Jiee c1adblX 0ObEKTOB,
HE OOHAPYKEHHBIX JAXKE€ B ITUX
CBEPXTIYOOKUX HAOMIONECHUAX.
Taxum o6pasom, npobaema He-
M3BECTHOTO pE3EpPByapa IHEPIUU
laaKTHUKU, BOZHUKINAS IPAKTHYE-
CKHM Ha 3ape 3Pbl PEHTICHOBCKON
acrpoHomuy, pemena. ITokasaHo,
YTO PEHTIEHOBCKOE CBEUYEHUE
xpebTa TamakTHKH €CTh CyMMap-
HOE U3AYYEHUE OTPOMHOTO YMCIa
CNA0BIX PEHTTEHOBCKUX HCTOYHU-
KOB, Cpeiu KOTOPBIX YYBCTBU-
TEJbHBIM BKJIAJ AAIOT JaXXE Ha-
CTOJNBKO PEHTTEHOBCKMU CIabble
006beKTHI, Kak Hame CosHile. [Ton-

HOE YUCJIO UCTOYHUKOB, KOTOPBIE
3aMETHO Y4YaCTBYIOT B CBEUYECHUU
xpebTa BO Bcel Tanakruke, 6onee
MuUIAapaa!l

HccnenoBaHusa, aHAJIOTUYHBIEC
OMUCAHHBIM BBIIIE, IBHO MOKA3bI-
BAI0T, HACKOJBKO BaXXHO 3HATH
JeMOrpaUuIo pa3IUUYHBIX OOBEK-
TOB BO Bcenennon. OrpoMHBIM
MaroM BIEPE] B 3TOM HaIpasJe-
HUN JOJKEH CTAThb PEHTTCHOB-
CKUIT 00630p BCEro Heba acTpo-
(puszuueckol OpOUTANBHON 06-
cepsaropuent «Crnexkrp-PI», KoTo-
past B HACTOMAIIEE BpeMs pa3pada-
ThIBA€TCA Poccuenn COBMECTHO
¢ Tepmanuen m 3amIaHUPOBAHA
K 3alyCcKy B 2012 r.m
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Ha pa6ouem mecme
68 IKVM PAH, 1997 200

C Cepeeem Caszorosvim
(cmoum) u Cepeeem
Tpydonto6oevim, 1997 200
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OcHoBHOe “HaceneHune”
Hawen ManakTnkm - 3Be3-
Abl Pa3NNUHbIX KJacCoB,
BKoyvas “ymepine” 3ges-
Abl (6enble Kapnuku, Hem-
TPOHHbIE 3Be3dbl U yep-
Hble abipbl). O6Lwee yncno
“ymepwmx” 3Be3q B Hallen
[anakTnke HeBENMKO, HO
MHTEpec K HeNTPOHHbIM
3Be3[1aM 1 YepHbIM Aiblpam
orpomeH. OCHOBHble MNpu-
UMHbI TaKOro MHTepeca -
NX YHUKanbHble CBOWCTBA.
3T 06beKkTbl NpeacTas-
nAlT cobol npupoaHble
nabopatopun pna usyye-
HUA NOBeAEHNs BelecTBa
B YC/IOBMAX CBEPXBbICOKMX
Temnepatyp (Becatkm wu
COTHU MWIMOHOB rpagy-
COB), AaBNEHUN, MMAOTHO-
cTen (OO AQepHbIX B LIEHT-
pax HEMTPOHHBIX 3BE3[, TO
ecTb 4O Munnapha TOHH
B KyOMYeCcKkom caHTMeTpe
BELIEeCTBa), MarHUTHbIX W”
rPaBUTALMOHHBIX  MOJeN.
Nopo6bHoe  HEBO3MOXHO
co3faTb B 3eMHbIX nabo-
patopusx, crnegoBaTeslbHO
acTpodusnyeckme KOM-
MaKTHble O6'beKTbI — eaunH-
CTBEHHOE [JOCTYMHOe Ham
B HACTOALMIA MOMEHT OKHO

2*  © PeuuBues M.I".

Kocmonasmuxa — acmpogpusuxe

“Unrerpana”

NMPOBOAUT NMEePENNCh
“Haceagenus’” lNarakTuku

M. TI. PEBHUBIIEB,

JOKTOP (PU3HKO-MATEeMaTHICCKUX HAyK,
naypeat npemuu [Ipesunenra PO B obnacTu Hayku
Y UHHOBAITUH JIJIT MOJIOBIX YICHBIX

HUKU PAH

m

B 3KCTPEeMasbHbIN  MUp.

Mounck Takux “nabopa-
Topuin” B Hawen ManakTu-
Ke ouyeHb He npocT. DaKkTu-
yecku B Halwen ManakTnke
“Apkux nabopatopuin” He
6onee cotHu. [lostomy
BaKHO He  MponycTuTb
HW OfHOro KaHauAaarta.
Moxanyin, cambiii 3pdek-
TUBHBIA CNocob noucka
KOMMAKTHbIX penATuBuCT-
CKUX 3Be3[ — HabnwogaTb
[anakTUKy B peHTreHoB-
CKUMX flyYax.

He60 B peHTreHoBCKMX
nyyax pasuTenbHo OTAu-
yaetcAa oT Heba B onTu-
yeckux nyyax. B peHtre-

Muxann [enHagbeBua PeBHUBIEB

HOBCKUX Jlyyax MineuHbii
MyTb He cBeTnaa nonoca
Ha Hebe, a NnMWb OKONO
COTHM ApYanwmnx “Touek”.
Kaxpas n3 HUX — 370, Kak
npaBuio, OBOWHAaA 3Be3-
[a, OfVIH N3 KOMMOHEHTOB
KOTOpon  npepcTaBnaeT
co60li KOMMNAKTHbIN 06b-
eKT (HEeMTpOHHaa 3Be3-
Ja WA 4yepHaa nAblpa).
KomnakTHbIn 06DbeKT
MOXeT nnbo nepeTAHYTb
BeLlecTBO C MOBEPXHOCTU
o6blYyHOM 3BE37bl, ecn
OHa Masnoll macchl, nnbo
3axBaTuUTb  BeLLeCcTBO, WC-
Tekawllee C NMOBEPXHOCTU
3Be3[bl B Buae 3B€34HOro
BeTpa, ecsiM 3T0 mosnopjas
MaccuBHasa 3Be3fa. [lpwu
nageHun (akkpeuun) 3a-
XBaYeHHOro BelecTBa Ha
NOBEPXHOCTb KOMMaKT-
HOro ob6beKkTa wAM Mog
FOPV30HT COOBITUI YepPHOI
[blIpbl BblAeNAeTCa Orpom-
HasA 3Heprua — B COTHU pas3
60sblue, Yem BbIAENUNIOCH
6bl NPV CrOPAHNI 3TOTO Xe
BellecTBa B Tepmosaaep-
HbIX peakuuax. MNagawowee
BeLLeCcTBO HarpeBaeTca 0
TemnepaTypbl B AeCATKA 1
COTHU MWINIMOHOB Trpagy-
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COB V1 HAUYMHAET CBETUTLCA
B PEHTreHOBCKMX Jlyyax.
bnarogapa >Tomy KoOM-
NnakTHble OObeKTbl MOryT
ObiTb Nlerko obHapyeHbl
B TECHbIX ABOWHbIX CUCTe-
Max TMpu PEHTFEHOBCKUX
HabnogeHusX.

MepBble  cuctematnye-
cKre 0630pbl Heba B peHT-
FEHOBCKMX Jlyyax mnpoBe-
ZeHbl 6onee 35 net Haszag
aMepUKaHCKOM  KocMmuye-
cKol obcepBatopuen “Yxy-
py” (“Uhuru”; 1970-1973).
Yxke Torga 6blno oGHapy-
EHO MHOTrO APKUX PEHT-
rEHOBCKMX NCTOYHMKOB,
nogasnswlee  60MbWMH-
CTBO KOTOPbIX OKa3anocb
OBOVHbIMU  CUCTEMAMWU  C
KOMMAKTHbIMX OOGbEeKTaMMU.
HenTtpoHHble 3Be3fgbl, OT-
KpbITble C MOMOLLbO “YXy-
py” 1 Qpyrnx KOCMUYeCKnx
06cepBaTOpPUN N HayUHbIX
NC3, npuBnekanu n npo-
JOMmKaoT NpuUBReKaTb Npu-
CTanbHOE BHUMaHWe acTpo-
$V13NKOB BCErO MUpa.

C nosAsneHvem nepBbix
0630poB Heba B peHTre-

20
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Crab
NGC 6624
HOBCKMX Nyyax nHtepec K Kapta peHTreHoBckoro Heba
HUM He yrac, a, Ha060poT, no pesynbTaTam HabnogeHni

nepBoN KOCMWYECKOW peHTre-
HOBCKoOW obcepBaTtopun “Yxypy”.

JIeT NPaKTNn4eCKn BCe KOC-
6 OTmeyeHbl Hanbonee nU3BeCTHblE
MUYECKNE obcepBaTopun PEHTreHOBCKME WCTOYHMKK. Pu-

3HauuTeNIbHOEe Bpems CBO- cyHOk NASA.

BO3poc. 3a nocnegHue 10

el paboTbl NOCBATUNN 06-
30pam Hawewn [anakTnkm
nnu o630pam BHeranakTu-

Yyeckux obnacren. AOBOJIbHO GOnbLUyto TONLY
OpuH 13 cambix riy6o- Bewectea (C MIOTHOCTbIO,
KX 0630poB Bcero Heba NPOVHTErpUPOBaHHOW no
B PEHTreHOBCKMX Jlyyax nydy 3peHus okono r/cm?).
NpoBefeH KOCMUYECKOon (DakTnyeckn 3TO 3SKBMBa-
obcepBaTopuen  “UHTer- JIEHTHO TOMY, UYTO peHTre-
pan”. 3TO COBMEeCTHbIV HOBCKME Nyyn MpoLWnn Ye-
npoekt EBponenckoro u pe3 NUCT CBUHLA TONLWMHON
Poccuinckoro  Kocmuyec- HEeCKOJIbKO MUNMMeTpoB. B
Knx areHTcTB. “UHTerpan” pesynbTaTe 3HauuTesbHaA
ycnewHo paboTaeT Ha op- [JONA MAFKOro PeHTreHoB-
6uTte c 2003 r. CKOro M3flyyeHnA ranaktu-
yecknx O0ODBEKTOB [0 Hac
CMOTPETb CKBO3b CTEHbI He poxoauT, ”?rﬂou-l.aﬂCb
B MeX3Be3JHON cpefe.
ConHeuHan cucTema MosTomy yxKe paBHO CTa-
pacrionaraetca B [WCKe N0 ACHO, UTO, €C/IN HYXHO
FanakTnku, a notomy us- NPoOBOAMTL  MaKCUMasnbHO
nyyeHue, vgyuiee K Ham u3 TWwaTenbHbIn 0630p o0bna-
obnacTM  ranakTmyeckoro CTV naockocTn [anakTuku,
LeHTpa unn us gpyrux ob- Heob6XoAUMO MCNoNb30BaTb
nacTen AWCKa, BbIHYXAEHO NyYn Kak MOXHO 6GonbLimx
NPOHMKaTb MO Jopore yepes SHeprun. W3BecTtHO, uTO
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Ob6nactb uentpa lanaktuku B HEBO3MOXHO MOJTyunTb Ka- Tan no cnepywwemy npu-
AnanasoHe sHepruii 40-100 k3B, uecTBEHHOE N306paxeHne. Huuny. Hag peTekTopom

no pesynbtataMm HabnogeHuin
Teneckona CUTMA Kocmuyeckom
obcepBaTopun “I'paHat”. Yep-

MepBble rpybble M306pa-
XKeHna Hawen [anakTukun

HbIMW  KPYXKamnm  0BO3HaueHbl (ma 1 Bcero Heba) B KeCTKMX
0b6HapyXeHHble NCTOYHWKMN PeHT- PEHTreHOBCKMX Jly4ax Mnony-
reHOBCKOro u3slyyeHma - npe- YeHbl C NOMOLbIO KONMMa-
MMYILIeCTBEHHO aKKpeLnpyloljne TOPOB, TO €CTb WHCTPYMEH-
HeNTPOHHble 3Be3Abl 1 YepHble TOB, MOJE 3pPEHNsi KOTOPbIX

Abipbl. Pucyrok VKA PAH. OrpaHUYeHo KOMMMaTOPOM-

TpyboI, Kak, Hanpumep, Ha
aMepUKaHCKOM KOCMUYEeCKOM

”

obcepBaTopumn “HEAO-1
C YBEJIMYEHNEM  3SHEpruu (1977-1979). K coxaneHuto,
$OTOHOB MX MPOHMKaOWan YyBCTBUTENBHOCTb U Yrio-
CNoCoBHOCTb CUIbHO yBe- BOE pa3peLleHne Takux npu-
InumBaeTca, B 4acTHOCTH 60pPOB CNNBbHO OFPaHMYEHDI.
CI)OTOHbI 3Hepr|/||7| Bbllle Cnep‘ywu_mm 6onbLWNM
10-15 k3B  6ecnpensaT- WaroMm Ha Nyt K nonyde-
CTBEHHO NpPOXOAAT CKBO3b HMIO BbICOKOKAYeCTBEHHOMN
Bcto  lanaktnky. OpHako KapTbl Heba B KECTKUX
Aofroe Bpema Takne 0630- PEHTFeHOBCKMX Nyyax cTan
pbl FanakTukn 6bIIM NUWb bpaHuy3CcKun Teneckon
meyToun acTpodur3nKoB. CUATMA , ycTaHOBNEHHbIN Ha
OcHoBHasA npobnema npw 60pTy COBETCKOIN KOCMUYec-
paboTe C PEHTreHOBCKMMM Kol obcepBatopun “I'paHat”
$OTOHAMN BbICOKUX 3HEp- (1989-1998). B Teneckone
rmin — ux 6onbluas NPoOHU- CUTMA pna nocTpoeHuA
KawoLlwaa cnocobHocTb. Ta- n3obparkeHusn NCMNonb30-
Kne GpOoTOHbI OYeHb TPYLAHO BaJicA MeToh Koaupytoulen
cbokycmpoBaTb, a 3HauuT, anepTypbl, KOTOpbIN pabo-

Muxann [enHagbeBua PeBHUBIEB

PEHTreHOBCKUX Jlyyei Haxo-
aunacb TosCTas naacTuHa
13 nornowatoLero BelecT-
Ba (“kogupytowaa macka”),
B KOTOPOW NpOpe3aHO MHOTO
OTBepCTUIN. PeHTreHOBCKOe
n3nyyeHve NpoxoauT TOMb-
KO yepes 3TU OTBepCTUA, n
Ha MOBEPXHOCTN feTeKTopa
BO3HVKAET KapTuWHa APKUX
NATEH, PACMoNioXKeHUe Ko-
TOPbIX 3aBUCUT OT MONOXe-
HUA WCTOYHMKA W3NyyeHua
Ha Hebe. [Jpyrumun cnosamuy,
KoaupytoLas Macka otopa-
CbiBaeT “TeHb” Ha JeTekTop,
a KOMMbIOTEPHbIN aHanu3
“TeHN” no3BonsaeT BOCCTa-
HaBUTb N306paxeHune Heba.
3a BoceMb neT paboTbl Ha
opbute Teneckon CUIMA
MONyuYnn YHUKanbHble pe-
3ynbTathl, B TOM u4ucne
KapTy MJOCKOCTU Halen
[anakTUKM B KECTKUX PEH-
TreHOBCKUX Jlyyax.
Jlornyeckum  passutrem
WHCTPYMeHTOB  obcepBaTo-
pun “T'paHaT” cTan KOMMNeKc

21

73



m [T T rrrr7 T — T T T T ]
g M RaiiRacl ]
3 N + ]
<2 L
“ i t
2 001 f 3
o E # ]
g C * i
2 oW ]
& i M r 1
£ 0.001f 4
1= F ]
o - ]
= '% %\1 i b L AT B
6 10 20 40 60 100
a OHeprus, k3B
annaparypbl, YCTaHOB- NpaKkTUYeckn BCe peHTre-

NeHHON Ha obcepBaTopum
“UNHTerpan”. Bce OCHOBHble
npubopbl 3To obcepBaTo-
pun paboTalT Mo NPUHLMNY
KoaupytoLen anepTypbl.
YyBCTBUTENBHOCTb €€ WHCT-

pPyMeHTOB, 6narofaps 3Hauu-
TeSIbHO 6OMbLIMM pa3mepam
M YNny4ylleHHbIM MPUEMHbBIM
JeTeKTopam, Bblpocia npak-

TUYECKM Ha MNopAfoK OTHO-
CUTENbHO BO3MOKHOCTeN
Teneckona CUTMA.

“YKPbITbIE BETPOM” HEW-
TPOHHbIE 3BE3[bl

OpoHO U3 UHTepecHem-
WX OTKPbITUNA, CAenaHHbIX
obcepBaTOpmel “UnTer-
pan”, — obHapyeHne HOBO-
ro Knacca “nornoieHHbIx”
WCTOYHUKOB. [lepBbIM  KC-
TouyHuKom ctan IGR J16318-
4848 (B Ha3BaHWMN MNCTOYHU-
Ka OTpakeHO, YTo OH Obin
OTKpbIT 0b6cepBaTopuein “UH-
Terpan” - IGR, n ykasaHbl
ero HebecHble KOOPAMHATLI),
pasuTenbHO  OTANYAIOLMIA-
CA OT OTKPbITbIX, Hanpumep,
obcepBaTOpmel “Yxypy”.
B KeCTKMx pPeHTreHOBCKUX
nyyax OH Obll OUYEHb APOK,
a C YMeHbLUeHNeM 3Heprum
$OTOHOB CTaHOBUJICA BCe
6onee TycK/bIM U daKkTye-
CK/ Mpomnafan Ha 3Heprusx
HuXe 4-5 k3B, To ectb B
AnanasoHe, rge paboTatoT
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HOBCKMe Teneckonbl. Mccne-
[JOBaHUs 3TOFO0 UCTOYHUKA
C MOMOUbI  KOCMUYECKMX
N Ha3eMHbIX WHCTPYMEHTOB
No3BOAWAN YCTAHOBUTb, YTO
NMPUYNHON TaKoro HeoObbly-
HOrO rnoBefeHua ABNAeTCA
MOLLHbIA  3Be3QHbI  BeTep
3Be3fbl-komnaHboHa. OueHb
NAOTHbIA 3BE3[HbIN  BeTep
He TONbKO “NuTaeT” HENTPOH-
Hyl0 3Be3fy, AaBas TOMINBO
ONA ee MOLHEeNLWero sHep-
reTMyeckoro peakTopa, HO
N CKpbIBaeT ee OT Habnoga-
Tens, Nornowas usnyyeHve
MAFKOroO M CTaHBapTHOro
PEHTFEeHOBCKOro AManasoHa
(sHeprum meHee 7-10 K3B).
Bnunaxwne 3Be3JHOro
BeTpa He orpaHuMunBaeTca
MorfioWweHNeM pPeHTFeHOoB-
CKOTO V3/yYeHUA HEeNTPOH-
HOM 3Be3gbl. XonogHoe
BeLLeCTBO BeTpa HacTONbKO
nnoTHO “obBonaknBaet”
[ABOWHYIO CUCTEMY, YTO MOY-
T MOMHOCTbIO Mornowaet
N ONTMYeCcKoe Wu3nyyeHune
3Be3fbl-komnaHboHa. Oka-
3a10Cb, YTO TONbKO UHOPa-
KpacHble Nyyn MOryT MOKu-
JaTb 3Ty ABOVHYIO CUCTEMY
noutn 6GecnpenATCTBEHHO.
MmeHHO B 3Tux nyyax 6binu
npoBefeHbl NCCNefoBaHusA,
No3BOJIMBLUNE NPONUTL CBET
Ha npupoay 3aragoy4yHoro
obbekTa. K coxaneHuio,
B Hallen CTpaHe Moka Het

NCTOYHUK  pEHTreHOBCKOro 13-
nyyenna IGR J16318-4848, npo-
TOTUMN  Knacca “MornoweHHbIX”
NCTOYHUKOB, B 6OMbLIOM KONnye-
cTBe  OOHapy»KeHHbIX KocMmuye-
cKol obcepsaTtopuelt “UHTerpan”:
a) ero cnektp (pacnpepeneHue
$OTOHOB MO 3HEPrvu; KpacHbIMM
TOYyKamm 0603HaueH MoToK, 3ape-
rMCTPUPOBAHHBI  KOCMUYECKOW
obcepBatopueirn  “RXTE”, cuHu-
Mn - “UHTerpanom”). BugHo, uto
APKOCTb MCTOYHMKA CUNTbHO Maja-
€T C yMeHbLUeHneMm 3Heprum poTo-
HoB. O6bpaboTka MKW PAH; 6) Tak,
BO3MOXHO, BbIFIAAUT 3Ta ABOWA-
HasA cMcTema, B KOTOPOW MOLLHBbIN
3Be3[HblIl BeTep 06bIYHOW 3BE3/pbl
"yKpblBaeT” akKpeLUpYyHoLLyo Hel-
TPOHHY!0 3Be3/y. PucyHok ESA.

BbICOKOKa4eCTBEHHbIX acCT-
POHOMUYECKNX WHCTPYMEH-
TOB ANns paboTbl B JaHHOM
yyacTke cnekrpa.

MouHbIn  3Be3aHbIN  Be-
Tep, KOTOPbIA MOXET CKPbITb
MArKnue peHTreHOBCKME Nyyn
NCTOYHUKa, BO3HUMKaeT
00bIYHO NUWb Y MONOAbIX
MacCMBHbIX 3Be3. BBnay He-
60NbLLOro BO3pacTa OHY, Kak
npaBuio, He MOTyT yneTeTb
JaneKko oT MecTa, rae obpa-
30BaIlCb, a Takmne obnactun
B Hawen lanaktuke pacno-
NOXEHbl MPEenUMyLLECTBEHHO
B CrMpasbHbIX pykaBax. Cre-
[OBaTeNbHO,  CrMpasibHble
pyKaBa [OJKHbl OblTb “n3-
No6NeHHbIM”  MecToM  obu-
TaHUA “nornoweHHbIx”  unc-

Muxann lenHagbeBnd PeBHUBIIEB

Pykas
Crpeabna

Pykas
Opuona

Pykas
Ilepcesn

CnupanbHble  pykaBa  Haluen
lanakTukun. benbin cekTop BbI-

LensieT HanpasfeHne B obnactb

co3Be3fua HayronbHuka, B KOTO-
pOoM KocMmyecKas obcepBaTopua
“WHTerpan” oTKpbina 6onbluoe
Yncno “nornoweHHbIX” NCTOYHU-
KoB. PucyHok K/ PAH.

TOYHMKOB. HanbHenwne
HabnoaeHNa C  MOMOLLbIO
obcepBatopunt  “UHTerpan”
MOJTHOCTBIO MOATBEPAVIN TN

OXWAAHWNA: B 06nacTax cnu-

panbHbIX PYKaBoOB 6blIO OT-
KpbITO 6onee aecsTka HOBbIX

“NornoweHHbIX” MCTOUYHMKOB
PEHTTeHOBCKOro M3JlyyYeHus,
KOMMAKTHbIX ~ WCTOYHMKOB,
“norpebeHHbIX” Mog BETPOM
MOJIOAbIX 3B€3A.

TPABUTALIMOHHBIE “MAAKK”
FTANTAKTUKIA?

OcHoBHoe KONIMYeCcTBO
APKNX (B PEHTreHOBCKMX
Jlyyax) HEeNTPOHHbIX 3Be3f

HaxoAMTCA B [OBOWHbIX CUC-
TemMax C MaJIoOMaCcCMBHbIMA
3Be3aaMun. B Takux cuctemax

BELLecTBO OObIYHONW 3Be3abl
NMoCTerneHHO MepeTekaeT Ha
KOMMNaKTHY0, nocTaenAn
“Tonnmeo”, Heobxoarmoe Ana
€e PEeHTreHOBCKOro cBeuye-
HuA. MNepeTekaHne MPOUCXo-
OUT B pe3ynbTaTte TOro, uTo

3Be3fa NepernosiHAeT CBO
nonoctb Powa - reomeTtpu-
yeckylo 06nactb, B KOTOPOW
NPUTSXKEeHVE 3Be3dbl NpPeo6-
nafiaeT Hap NPUTSKEHVeM
KOMMAKTHOro ob6bekta u”
LEHTPOOEXHbIMU CUNIaMN BO
BpaLlaloLenca ABONHON cu-
cTeme, TO ecTb paKTUYECKM

“BbITekaeT” u3 CBOMX “rpa-
HUL", nepennBasncb B 0651acTb
npeobnagaHna  rpaBUTaLMm
KOMMAaKTHOro 06beKTa.

C camoro Hauana vccne-
[OBaHUA  aKKpeLupyoLwmx
06beKTOB B [JBOMHbIX CUCTE-
Max OblJIo ACHO, YTO TaKomn
npowecc (C yyeTom TOJNIbKO
[OJITOBPEMEHHOV 3BOJIIOL N
CaMoW 3Be3/bl) HEe MOXeT

Muxann [enHagbeBua PeBHUBIEB

Pykas
Hayroannuka

Pykas
I0xnoro
Kpecra

obecneurBatb  nepeTeka-
HVe BelecTBa CKONIbKO-HU-
6yaob ponroe Bpema. Kak
TOJIbKO Kakoe-TO 3aMeTHoe
KONMYyecTBo BellecTBa mne-
peTeyeT C MasloMacCMBHOM
3Be3bl Ha 6onee MaccuB-
Hyl0 (KOMMakTHyl), napa-
MeTpbl ABOVHOWN  CUCTEMbI
n3meHsaTca. lNonoctb Pola
obblyHOW  3Be3fdbl  Crierka
YBENIMUNTCA, U NepeTekaHne
OCTAHOBWUTCH, MOKa 3BOJIO-
uusi 3Be3fbl He MpuBeAeT K
“pacnyxaHuto” 3Be3bl O HO-
BOro pa3mepa nonoctu Powa
(To ecTb yepes HecaTKN 1 Co-
THU MUNJIIOHOB NET).

[na Toro utobbl nepe-
TeKaHue npoJomKanocb
ponroe  Bpemsi  (BOo3pacT
MaJIOMACCUBHbBIX  [ABOMHbIX
CUCTEM COCTaBAsIET MUINNU-
apabl 1eT) 1 C HEOH6XOAVMMbIM
TEMMOM, KaKuM-TO obpa3om
Hafo obecneunTb TOpMOXKe-
HVe BpaLlleHnsa BONHON CUC-
TeMmbl. 9TO, B CBOIO oyepefb,
npviBegeT K MOCTENEHHOMY
CKMMaHuo nonoctn  Poua
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KapTta yactn nnockoctu FanakTnkm B HanpaBneHUn co3Be3fna HayroanMKa. B 3701 obnactn HaxoauTcA 60bLINHCTBO APKUX NCTOYHNKOB

Muxanun [enHagbeBua PeBHIBIEB

MKW PAH.

PEHTFEHOBCKOIro U3sly4eHNA B MaCCUBHbIX BONHbIX CUCTEMaX.

06bluHOW 3Be3abl, UTO OyAeT

SKBMBaNeHTHO  “BblaaBnu-
BaHM" BeLlecTBa 3Be3/bl B

CTOPOHY KOMMAKTHOro 06b-
ekTta. B 1970-x rr. 6bin npeg-

JIOXKEH MEXaHM3M TOPMOXKe-
HWA [BOMHOM CUCTEMbl 3a
CYeT MarHUTHOrO 3Be3[HOro
BETpa ONTUYECKOW 3Be3Apl.

CornacHo 3TomMy MexaHu3my,
onTMyeckaa 3Be3fa, TepAs

BEeLLeCcTBO B BUAe 3BE3HOI0

BETPa, TOPMO3UTCA O Hero
(o BewecTBO BeTpa) 3a cyeT

B3aVMMOAENCTBUS yepes mar-
HUTHOE Mnose, a 3aTeM Top-
MOXeHWe BpalleHna OonTu-
yeckol 3Be3abl nepegaerca

BCeN ABOWHOW cucteme npu-
JIVBHBIMY CUNIAMM.

Mokanyn, cambili MHTPU-
ryloWwmn MexaHn3m TOpMO-
KEHNA ABOWHOWN CUCTEMbI —
N3nyyeHne rpaBUTALMOHHbIX
BOMH. PacueTbl nokaszanu,
YTo B AOCTATOYHO TECHbIX
ABOVHbIX CUCTEMaX — CUCTe-
Max, opbuTasnbHbI Nepuog
KOTOpbIX He npeBblWaeT
2-3 y (nx pasmep 6IM30K K
pagunycy opb6utbl JlyHbl), —
rpaBUTaLMIOHHbIE BOJIHbI
LOJKHbI  UrpaTb OCHOBHYIO
ponb B He06Xx0ANMOM TOPMO-
>KEHWN OBONHOW CUCTEMDI.

O6Hapyxu1Tb  rpaBuTa-
LUMOHHOE U3flyyeHne Ta-
KNX [OBOWHbIX CUCTEM B
HacToAlee Bpema ele
He npeAacTaBnsAeTca BO3-
MOXHbIM, XOTA  MOMbITKA
N NpeanpuHUMAlOTCs, Ha-
npvmMmep akcnepumeHT LISA
(Laser Interferometer Space
Antenna — nasepHas NHTep-
bepomeTpuyeckaa Kocmu-
yeckas aHTEHHa, MNpOeKT
NASA). Ho MoXxHO nonbl-
TaTbCA OOHAPYXWUTb BAMA-
HUe rpaBUTALNOHHOIO N3Ny-
YeHnA Ha [ONTOBPEMEHHYIO
3BOJIIOLMIO BCEWN Nonynaumnm
PEHTFEHOBCKUX  ABOWHbIX
CUCTEM C MAJIOMAaCCUBHbBIMU
KoMnaHboHamn. Hanpumep,
MOHO CUCTEMATMNYECKUN UC-
cnefoBaTb CUCTEMbI C Ma-

JION PEHTreHOBCKOW CBeTU-
MOCTblO (C ManbiM TeMMnom
nepeTekaHua BellecTBa
C OnTMYecKkon 3Be3abl Ha
KOMMAKTHYI0) M MNOKa3aTb,
yTO TaKMe CUCTEMbl ABNA-
I0TCA [OCTAaTOUYHO TECHBIMMU,
yTo6bl 3PPEKTNBHO TOPMO-
3UTbCA 3a CYeT U3NyyeHus
rpPaBUTALNOHHbLIX BOJIH. DTO
3ajlauya He u3 nerkux, Begb
HY>KHO He TONbKO OOHapy-
XUTb Takue cnabble peHT-
reHOBCKME WCTOYHUKK, HO
N U3MEPUTb MapameTpbl Ux
opbut. O6bluHO Opb6UTaNb-
Hble napameTpbl ABOWHbIX
CUCTEM K3MepAlT B ONTU-
YyeCcKoOM AuranasoHe C Nomo-
Wb PA3NMYHBIX HAa3eMHbIX
Teneckonos. A gnAa ABOW-
HbIX CMCTEM MalblX pa3sme-
OB 3TV HabnogeHWA nNpea-
CTaBAAT OYeHb 6OMbLYIO
CNoOXHocTb.  OnTuyeckoe
N3NyyeHne MaroMacCUBHbIX
OBOMHbIX CUCTEM poXxAa-
eTcA NnpenMyLlecTBEHHO B
pe3ynbTaTe nepepaboTku
PEHTreHOBCKOro 1 ynbTpa-
dunoneToBoro  M3nyuyeHui
KOMMaKTHOro 00bekTa B
XONOAHbIX 061acTAX akKKpe-
unmoHHoro aucka. CnepoBa-
TENbHO, eCN pa3mep ABON-
HOW cucTembl mMan (UMeHHO
3a TaKUMMK [OBOWHBIMU CUC-
TeMaMn Mbl U XOTUM OXO-
TUTbCA), TO U UX ONTHUYECKOE
nsnyyeHve 6ynet uypesBbl-
YyaliHO crlabo 1 Takon 06b-
eKT OYeHb Jierko “notepaTb”
Ha ¢OHe OrpoMHOro Konu-
yecTBa 3Be3[, KOTOpPble Mbl
Habnogaem B HanpasaeHUN
ranakTMyeckoro LeHTpa u
ranakTMyeckom nNaoCcKoCTu.
Tem He MeHee 3Hauu-
TENbHbLIA MpPOrpecc B 3TOmM
HanpasneHnn ectb. [nAa
NnepBMYHOrO MOUCKA pPEeH-
TreHOBCKMX OOBEKTOB —
KaHAM4aToB B TeCHble
NBOWHbIE CuUCTeMbl — 6Obin
ncnonb3oBaH 0630p LEHT-
panbHOM 4yacT [anakTnku
(6anpa), NpoBefeHHbIN

Muxaun [erHagbeBny PeBHUBIIEB

C nomoubto obcepBaTopun
“WHTerpan”. OToT 0630p B
HacToslee Bpems ABnAeT-
CA CaMbIM YyBCTBUTENbHbIM
0630poM Takol 6Gonbluow
yacTy FanakTuKM 1 npakTu-
yeckn mpeanbHo MOAXOAUT
OonAa Hawwux uenen. EanHc-
TBEHHbIN CyLeCTBEHHbIN
ero “MmnHyc” — HepgocTaTou-
Haf TOYHOCTb onpepeneHns
NONOXeHUs O0BHaPYKEHHbIX
NCTOYHMKOB. Ho 3TO nnata
3a 6Gonbwoe none 3peHus
OCHOBHbIX NpM6OpPOB 06Cep-
BaTopumn “WUHTterpan”. [Ona
NCnpaBneHna [aHHOTO He-
JocTaTtka Obiin  noakto-
YeHbl“cobpaTba”’obcepBaTo-
pun “UHTerpan” - KocMnyec-
Kne peHTreHOBCKUe obcep-
Batopumn” Yangpa ”," Cendt ”,
“XMM-HbloTOH ”,  KOTOpble
CHabxeHbl doKycupytoLien
ontukon. C ux nomoubio
B 2009 r. nonoxeHwsa OT-
KPbITbIX PEHTreHOBCKMX
WCTOYHUKOB OymyT yTOu-
HeHbl BrIoTb pgo 1-0.5
CEeKyHIbl Ayrn (npumepHo
[Be [eCATUTbICAYHbIE [0
rpagyca), 4to nO3BONUT
B AalibHelWeM MNpoOBeCTU
rnybokmne onTuyeckme Ha-
6nofeHna  COOTBETCTBYIO-
wmx obnacrein Heba. Ectb
BCE OCHOBaHMWA nMonaraTb,
yTo 3TU TpPaBUTALNOHHbIE
“Masfkn” TanakTuku 6ypyT
O6GHapyXeHbl.

HEBOJIbLIME “KOCTOYKIN"
TANNAKTUYECKOTO “XPEBTA”

Benble Kapnuknu (Havanb-
HaA macca 3Be3f npu “pox-
feHun” meHee 8M ) - Hanbo-
flee MHOroYrc/IeHHas rpynmna
cpeaun “ymeplumx” 3Besfi, WX
B lanakTnke moxeT ObITb
He oauvH Munnvapg. Ecnm
Genblil KapnnkK HaxoguTca B
TEeCHOM OBOMHOWN cuUcTeme C
OObIYHOV 3BE3[101, OH, Kak
N HENTPOHHble 3Be3dbl WU
yepHble Ablpbl, MOXET nepe-
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TArMBaTb Ha cebA BeLecTBo
06bIYHOW 3Be3abl U MNpeBpa-
WaTbCA B UCTOYHUK peHTre-
HOBCKOTO M3nyuyeHus. Yucno
TaKMX “PEHTrEHOBCKU APKNX”
6enblX KapnUKoB — npeameT
DJINTENbHBIX  OXMBREHHbIX
nebaToB cpefmn acTPOHOMOB.
Ecnu umncno Takmx cuctem
BENNKO, TO CYMMapHO OHMU
JOMKHbI CO34aTb [OCTaTOY-

HO MOLLHOE CBeYeHNe, KOTOo-
poe ANA Hac Kak ana Habnto-

JaTenel, pacrnonaratowmxca
B Aucke lanakTuku pocTa-

TOYHO AANIeKO OT ee LieHTPa,
6ynet dopmupoBaTb Mnoso-
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cy, nNpoxofAllyio yepes mno-
noBrHY Heba. Takaa nonoca

PEHTreHOBCKOro CBeyeHus B
[anakTuke nencTBuTenb-

HO Oblla O6HApyXeHa — 3TO
“xpebet” TanakTukn, opHa-
KO [0 HefaBHEro BpemeHu
aCTPOHOMbI He MOoHWMMany,
Yyem BbI3BaHO 3TO CBeyeHune
(3emna n BcenenHasn, 2007,

Ne 6). Hanpumep, wupoko
obcyxpanocb, He MoXeT
nn unsnydyeHune “xpe6bta” la-
NaKTVKM 6bITb pe3ynbTaToM
B3aMIMOJeNCTBUA yacTumy,
KOCMUYECKNX Jlyyel Masbix
SHeprnn C  Me)K3Be3gHom

[paBUTaLMOHHbIE BOJHbI, W3My-
yaemble B TECHOW OBOWHOWN Cu-
cTeme. PucyHok XeH3se, NASA.

cpepoll. B 3HauuTenbHomn
cTeneHy 3To 6bINO CBA3AHO
C TeM, YTO OLEHWUTb YMCSIO
“PEHTreHOBCKM ApPKuX” be-
NbIX KapnMKOB [OCTaTOYHO
CJIOXHO.

OpavH 13 WMPOKO pacnpo-
CTPaHEHHbIX CNocoboB pac-
yeTa UMCNEHHOCTU TaKoro
“HaceneHna” TlanakTukm -
MeToA nonynALUNOHHOIO

Muxann lenHanbeBu4 PeBHNBIIEB
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O6nacTb ueHTpa ManakTrky (6ang ManakTnky 0603HaueH oBanom), No pesysnbTaTaM HabnaeHNn obcepsa-
Topun “UHTerpan”. Yem 60osblue PeHTreHOBCKMNIA MOTOK U3 KaKOW-TO 06/1acTh Heba, TeM TEMHEE LIBET Ha KapTe.
KOHTypbl MNOKa3bIBaloT 06/1aCT OLMHAKOBOWN APKOCTY ManakTuKM B MHPaKpacHbIX ydax. KpacHbIMU Kpy»K-
Kamy 0603HaueHbl CUCTEMbI, MPEAMNONOKNTENbHO COCTOALLME N3 KOMMAKTHOTrO 06beKTa 1 3Be3/bl-KOMMaHbOHa
MaJsioii Maccbl. Cnabeniume 13 HUX — NOTeHUManbHble FPaBUTALMOHHbIE “Maskn” anakTuku. UK/ PAH.

C/HTe3a, KOTOpPbIN paccmart-
pviBaeT 3BonOUMIO Nonyna-
UM  OBOWHbIX CUCTEM BO
BpeMeHu (HaumHas ¢ ux 3a-
pOXAeHVA) U B paMKax CBO-
MX MopAeNbHbIX MNpPeanoso-
MKEHUI MOXeT NpefcKkasarthb,
KaKoe KOMMyecTBO KaKux
ABOWMHbIX CUCTEM C KaKuMu
CBOMCTBAMM Mbl  JOJIKHbI
HabnwaaTb. PasznunyuHble
rpynnbl  CneynanuctoB BO
BCEM MMpe, MpUMeEHAOLWMEe
JaHHbI MeTof, 4YacTo Mo-
NyyalT pasfnyHble OLEeH-
kn. OcHOBHOM npobnemon
3[1eCb ABNAETCA TO, UTO MNa-
pameTpbl MOAENY 3BOTOLAN
OBOWHbIX CUCTEM W3BECTHbI
B HacTosillee Bpems mMJo-
X0, MO3TOMY MX Bapuauuu
NPVBOAAT K CYyLEeCTBEHHO
pa3HbIM OTBETaM.

Kak wum3BecTHO, npak-
TUKa — KPUTEPUN WCTUHDI,
€OUHCTBEHHbI cnocob npo-
BEPKU MpPaBUNLHOCTU MO-

[BEeNbHbIX PacyeToB — N3me-
peHne CBOWCTB Nonynaummn
aKKpeumnpyLwmx 6enbix
KapnukoB B [anakTuke.
Ona >Tol uenu Heobxopm-
Mbl UyBCTBUTENIbHbIE 0630-
pbl Bcero Heba. Oxmpaemasn
CBETUMOCTb CNlabbIX pPeHT-
FeHOBCKMX WCTOYHUKOB -
Bcero 10 30-103* >3pr/c, 1O
€CTb B TbiCAYM pa3 MeHblle
NOSIHON  CBETUMOCTU  Ha-
wero ConHua. C nomoubto
COBPEMEHHbIX  PEHTreHoB-
CKuUx obcepBaTopuii Takue
WNCTOYHUKMN MOXHO OOHapy-
XWUTb Ha PacCTOAHUAX He
6onee HECKONbKMX COTeH
napcek. Cdepa Takoro
paanyca MoyTu MOSIHOCTbIO
nomMeLlaeTca BHYTPU JMUCKa
[anakTuku, cnefoBaTenbHO
06beKTbI, Nexalyme BHyTpY
Takow obnactu, 6yayT pas-
6pocaHbl AnA Hac No BCeMy
Heby. Kpome Toro, Hy»HO He
TONbKO MONYyYnTb YYBCTBU-

Muxann [enHagbeBua PeBHUBIEB

TenbHbIN 0630p BCero Heba,
HeoOXoAUMO TaKXe MnpoBe-
CTM KnaccmdumKaumio Bcex
06HapYXeHHbIX OO BEKTOB.
O630p Heba, BbIMNOMHEH-
HbIN C NOMOLLblo 06CcepBaTo-
pvn “UHTterpan”’, ngeanbHo
noaxoaAuT AnA 3TOW Uenu.
Mano Toro, 4to OH NOKpbI-
BaeT Bce Hebo C xopolen
UYBCTBUTENIbHOCTbIO U He-
noaBepXeH BAVAHUID MeX-
3BE3JHOrO NOTJIOWEHUS, €ero
XKeCcTKum PEHTreHOBCKMI
ananasoH (3Heprum doTo-
HoB 20-100 k3B) aBnaetca
OYeHb XOpPOoLVM GUAbTPOM
OnA  BblgeneHuAa MMEHHO
aKKpeuupyoLWmnx  CUCTEM.
OrpomHoe uucno 3Besf, y
KOTOPbIX €CTb 3aMeTHadA KO-
pOHanbHaA aKTUBHOCTb (Kak
y Hawero ConHua), n3ny-
YyaeT B MATKOM PEHTreHOoB-
CKOM [Jmana3oHe (3Heprum
$oTOHOB MeHee 1-5 K3B).
Takux 3Be3[ MHOTO,
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PEBHMBIIEBE

O6nacTb Heba B6M3K LieHTpa ManakTuKkm (BBepxy), Mo pesynbTaTtam HabnoAeHUn KocMuyeckol obcepsa-
Topun “Cnntuep” B UK-cnekTpe. Ha Bpe3ske nokasaH pparmeHT yyacTka Heb6a (0603HaueH ManeHbKM KpyK-
KOM BHM3Y), HabntofaBLIeroca oKoso fByx Hefesib B PEHTFEHOBCKMX yyax KoCcMUuyeckol obcepeaTopuen
“YaHppa”. BUAHO MHOXEeCTBO PEHTFeHOBCKNX UCTOYHUKOB, COCTaBAAOWNX U3nyUyeHmne “xpebTa” [anakTunku.
®oTto NASA.

N He cTonb 6onbloe “Ha-
ceneHve” akkpeuunpyoLwmx
6enbix KapauMKoB MNpoOCTO
norepsaerca cpegn Hux. A
OCHOBHasA [0N1A SHEPrum ak-
Kpeuupyowmnx 6enbix Kap-
NIMKOB MPUXOAUTCA UMEHHO
Ha CcTaHZapTHbIN (2-10 K3B)
nnn xectkun (20-100 k3B)
PEHTreHOBCKMI Avana-
30H 3NeKTPOMarHNTHOro
CMeKTpa, YTo 1 Mno3BonseT
obcepBaTopun  “UHterpan”
3¢pPeKTMBHO  OTPUNBTPO-
BbiBaTb WX OT OCTajibHbIX,
MeHee “ropauunx” MUCTOYHU-
KOB PEHTFeHOBCKOro M3fy-
yeHus.

Mo pesynbtatam o630pa
BCero Heba obcepBaTopum
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“WHTerpan” 6binn  nony-
YyeHbl Hambonee TOUHble B
HacToAlee BpPeMA OLEHKMU
nonynALUN APKNX B PeHTre-
HOBCKOM Anana3oHe 6enbix

Kap/vKos, onpepeneHsl
UX MNOTHOCTM U Xapakre-
PUCTVKM  pacnpepeneHuns

no Heby. Oka3anocb, 4TO,
OENCTBUTENIbHO, WX YUCNO
[OCTaTOYHO AnA TOro, YTo-
Obl CNOXUTbCA B “Xpebet”
PEHTreHOBCKOro CBeYeHus
ranakTMyeckoro fucka.
JononHuTenbHbIM 1 yXe,
HaBepHOe, cambiM “Henepe-
6uBaemMbIiM” aprymeHTom B
Nonb3y TOro, YTO PEHTreHOB-
KM “xpebet” TanakTukm
CKMagblBaeTca 13 wu3nyde-

HUA 60NbWOro Yncna oTge-
JIbHbIX WCTOYHWKOB, B TOM
yncne U akKpeuupyoLwmx
6enblX Kap/inmKkoB, ABUIUCH
NccnefoBaHWsA, NpPOBeAeH-
Hble HeJaBHO C MOMOLLbIO
YHUKANbHbIX  AJIUTENbHBIX
HabnwaeHnnobnacTuranak-

TUYECKOW MNOCKOCTUM KOC-
MUYecKom obcepBaTopUn
“YaHppa” (3emna n Bceneh-

Haa, 2007, N2 4). NocBaTMB

B 00LLel C/IOKHOCTU OKOJIO
nByx Hegenb (!) HabnogeHn-

AM onpefeneHHon o6nactu
lanakTnkn, obcepBaTOpUsA

“Yangpa” Hanpamylo cMorna
YyBULETb Te WCTOYHWKKM, U3
KOTOPbIX COCTOUT U3NyyeHne
ranakTmyeckoro “xp e6ta”.

Muxann lenHanbeBu4 PeBHNBIIEB
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PAILIIN] CKOHAEB

TH)KCIIO mucarb B Kuury BocrmommuuaHuii o 1enoBexe, KOTOPBIi ObII HAMHOTO MOJIOXKe TeOst
¥ KOTOPOTO ThI XOPOLIIO 3HAJI, pabOTasI C HMM BMECTe, ¥ YBAXKAI 3a MCK/TIOYNTEIbHYIO TIpe-
IAQHHOCTb HayKe, YAUBUTEIBHO BBICOKYIO pabOTOCIOCOOHOCTD U IIPENAHHOCTD CBOEMY ey,
3a CIIOCOOGHOCTD HEIPePBIBHO YUUTHCSI; KOTOPBIN OBUT OfHNMM U3 CaMbIX SIPKUX 1 CIIOCOOHBIX
MOJIOZBIX YYEHBIX CPelt OKPY>Kalolell Te0s1 TPYIIIIbl efMHOMBIIUIEHHIKOB, [7Ie KaX/[bIil ObLI
OTHIOAb He c/1ab B CBOEM Jierie.

Muxann TenHanbeBud PeBHyBLeB npuimén B Hamr otaen crygeHToM Pusrexa (MOTU). Ero
HAyYHBIM PYKOBOJWTENEM B CTYAEHUeCKNe 1 aclupaHTckue rogsl 6pu1 Mapar Innbpanos —
TOIJa MOJOMION KaHAWMJAT HAyK, 3aTeM JOKTOP, a Celidyac 4IeH-KOppecHoHAeHT Poccumiickoii
akagemny Hayk. Kak u 6OJIbIIMHCTBO CTYAEHTOB U aCHMPAHTOB HAIIETO OTAEIA acTPopu3n-
Ku Bpicokux aHepruit VIKV B To Bpems, Muma >xut B obmexutnn Pusrexa He Tak JaneKo
ot 3panus VIKV, u paboran B VIHcTuTyTe monrumu Bedepamu. Ousrex gan Mulie OTIHIHbIE
3HaHVsI QU3NKN M MaTeMaTUKI. BbIIo MHTEpeCHO HAGTIO[ATh, KaK 6bICTPO Mulira CTAaHOBUIICS
acTpoGdU3UKOM M OBJIAZEBAT YMCTO ACTPOHOMUYECKMMM MO3HAHMAMMU (HEOOXOZMMBIMU IS
yI€HOro, paboTAIOI[Ero C JAaHHBIMM OPOUTAIBHBIX PEHTTEHOBCKUX 00CepBATOPUIT) U BHUKAI
B HENPOCTYI0 $MU3NKY pabOThl PEHTTEHOBCKUX TENIECKOIIOB KOCOTO IafeHMs, PEHTIeHOBCKIX
ra30BBIX U TBEPHOTEIbHBIX LETEKTOPOB, I B Y4CTHOCTH, IPUOOPOB ¢ 3apsipoBoit cBs3bio ([I3C).
OZRHOBpEMEHHO OH ITyOOKO BHMKAJI B TEOPIIO AKKPELNHU U KOCMOJIOTIIO. ACTPOHOMISI — 9TO
He TO/IbKO KpacuBoe He6O ¥ Ha3BaHWsI SIPKUX 3BE3/I, TYMAHHOCTEN! U T/IAKTUK, JAHHbIE COTHU
U Ja’Ke THICSAYM JIET Ha3af,.

3aMeTHYIO pOJIb B €0 TBOPYECKOM POCTe ChITPaIi ¥ CeMb JIeT paboThI IIOCTAOKOM B VIHCTUTYTE
actpodusuku obuecrsa nmenn Makca ITnanka B Fapxunre, TepmaHusi, HHTepeCHbIe CeMMHA-
pol B MIIA n skcnepumeHnTanbHOM VHcTHTYTe BHeseMHoll ¢usnkn MIIE, rne cosmaBanuch
MHOTVe YHUKa/IbHbIE IPUOOPBI [/Is1 PeHTTEHOBCKUX U MHPPAKPACHBIX OPOUTATBHBIX TEIECKO-
oB. He roBopio y>xe 0 exxeHefe/lbHbIX 0030PHBIX KOTIOKBIYMax B COCELHEN MITab-KBapTUpe
EBporeiickoit 10)KHOIT 06cepBaTOpuy — OZHOI U3 BeAyIINX Ha3eMHBIX 00CepBaTOPMIT MUpa,
C YeTHIPbMS 3HAMEHUTBIMM BOCbMMMETPOBBIMU ONTHYECKMMU Teseckomamu VLT u xpymnHei-
IIVM MWIIMMeTPOBbIM nHTepdepomerpom AJIMA Ha 5-km BbicoTe B Ummn. Beé ato pacum-
pso Kpyrosop Muii, 1 Belo K HOsABIEHUIO HOBBIX npeil. OTMedy, 4TO BCe 3TM rofpl Muia
He IIpepbIBa/l TECHON CBA3M C pofHbIM oThenoM B VIKV: mHMIMMPOBAN COBMECTHBIE CTaTbU
U 00CY)XAeHMs, IPUe3Kajl C MHTEPECHEIIIMI JOK/IaaMI Ha Bce KOH(epeHIn OTAeNa, pe-
TYIAAPHO MHCTPYKTMPOBAJI KOJUIET U aCIIMPAHTOB I10 CKaiIy. 3SHaMEHATe/IbHO, YTO Ha CPEfICTBA
CBOETrO IIepBOro rpaHTa B pamkax MionxeHckoro Excellence Cluster on sakymmt feTeKTop st
POCCUIICKO-TYPELKOTro Te/lecKomna B ropax B 40 KM 0T AHTa/Iby, IIO3BOJLIOINIT C/IEFUTD 3a Obl-
cTpoit (kmmorepupl!!!) mepeMeHHOCTBIO M3/Ty4eHV MaJIOMAaCCUBHBIX PEHTTEHOBCKIX JIBOJHBIX
B OIITMYECKMX JTydax. DTOT HEeTEKTOP MCIONb3YeTCs B MCC/IENOBAHNAX OT/eNa O CUX IIOp.

B 2006 roxy Mua 67ectsie 3amnTit SJOKTOPCKYIO arccepTaro Ha copere B VIKV 1 Bckope
CcTasI 3aBefoBaTh aboparopueit B pogHoM otaerne. OH ObII peasbHbIM «MOTOPOM» B II000IT CO-
BMECTHOI1 paboTe ¢ KO/IIeraMit.

Muira MHOTO 1 yCIrenrHo paboTan ¢ JaHHBIMU aMePUKAHCKOro crmytHrka Rossi X-Ray Time
Explorer (RXTE), nsy4as mepeMeHHOCTb M3Ty4eHNUSA aKKpeLVIPYIOIMX YEPHBIX [AbIp M Heli-
TpOHHBIX 3B€37. Ho s1 6bUI yquBaéH MacmtaboM ero MHTEPecOB, IIyOMHON OCHOBHOI Ufen
Y TOTOBHOCTBIO B35ThCSI 32 TPOMAHBIN 00bEM paboThl, Korga Mulia pacckasanz MHE O CBOMX
mampHelmux mraHax. OH Torga cobpascs MpoaHan3upoBaTh JaHHbIE 3TOTO CIYTHUKA, 3aIIM-
CaHHbIE BO BPeMsI €r0 MHOTMX TBHICSIY [IEPEOPUEHTALUIT C OfHOTO SIPKOr0 0O'beKTa Ha PYroit
¢ 1996 no 2006 rop. ITopasnuTenbHO, HO Yepe3 HECKOIBKO MECAILIEB OH ITOKa3asl HaM Pe3y/IbTaT:
KapTy CKaHMPOBaHMUA BCero Heba B PEHTIeHOBCKIIX JTy4YaXx, II0Ny4eHHyIo nM 1o fanHbM RXTE.
Ha 6ase 3Toit KapThI OH IIOTYYNM/T 3aMeYATEIBHYIO KAPTY CBEYeHNsI Halllell [aaKTUKu B PeHT-
T€HOBCKIIX JIy4aX U CPAaBHIJI C KAPTOIL e€ CBeueHNA B MHPPAKPACHBIX JIydaX, KOTOPOe, KaK 13-
BECTHO, OIIPeJENAETCA CTapbIMU 3BE€3aMu. Pacipesienenne ApKOCTY B [IBYX IIB€TaX MEHANIOCDH

Muxanun [enHagbeBua PeBHIBIEB
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MIPONOPIIMOHATIBHO APYT APYTy. DTO OJHO3HAYHO JOKA3bIBA/IO, YTO APKOCTb PEHTTEHOBCKOTO
U3ITydeHNs Xpe6Ta Hamrert [aTakTHKM ONpefie/sieTCst 3BE3JHOI MACcCOIl Ha JIyde 3peHNsL.

Ha 6a3e Tex e aHHbIX MuIla CyMeJT IOMTYYUTD CIIEKTP PEHTT€HOBCKOTO (POHOBOTO M3TYUEeHIS
BCE/IEHHOIT. DTO OfHO U3 JIYYIINX M3MepeHNMI crieKTpa ¢poHa. X04eTcsi HATOMHUTh O MHOTUX
SPYANIINX UAesX ¥ HAOIIOfaTe/IbHBIX pe3yIbraTax MMINN, CCBUIKM Ha KOTOPBbIE MAYT Hempe-
pbIBHO U ceitdac. 3armsanyn B NASA ADS: cerogust Ha ero paboTsl cenano 5830 cCbUIOK, MH-
mekc Xupira — 42. 9To OTIMYHBIN pe3ynbTaT A/ YeloBeKa, KOTOPbIN MPOXXNU/ NUIIb 42 rofia.

B 2016 romy Muiua 6611 n36pan npodeccopom PAH.

[TomHI0, KaK JIeTKo 10 BeipBIDKeHMe Mumm Ha «[Ipemuio Ilpesupenta Poccuiickort @ene-
paumu B 0071aCcTV HAYKM M MTHHOBALIMIL JI/IsI MOJIOABIX YUEHDIX».

Bce, ¢ xeM A pasroBapuBas, IIOHMMAaIN, YTO OH JOCTOMHeNMI kKaHauAaT. KoHeyHo, 3amom-
HIJIACh TOPXKeCTBEHHAA IePeMOHMA, CYACTINBOE MU0 AHM, M 9KCKYpCHUA IO HajaaraM (cTa-
PMHHBIM 11 apagubiM) bonbimoro Kpemnésckoro JJBopia, KOTOPYIO IOIPOCK OPraHM30BaTh
Muymra (maypeat!!!) @i cBoeit ceMby U KOJUIET.

Muimira 04eHb TI0OMIT CBOIO CEMbIO: CBIHOBEIT, AHIO, pofuTeeit. ITo 6bUTO BUTHO HEBOOPYKEH-
HBIM [71a30M. VI OH OBUI JOCTOIHBIM CBIHOM CBOEII CTPaHBL.

Pawuo Cronses,

aKageMuk Poccuiickoit akajieMuy Hayk,

yieH HaumonanbHoM akageMun Hayk lepmanum «JIleononbannar,
MHOCTpaHHbIiT uneH HanmonanpHo akagemun Hayk CIIA,
nHocTpauHblil wied Koponesckoro Obuiectsa (JIoHgoH)

Muxann [enHagbeBua PeBHUBIEB
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MAPAT TMJIb®PAHOB

YYEHIK, KOJUIETA, TOBAPHIII.
ITAMATHU MIKE]

B Hadajie oceHV 1994 rofa B Hall KabMHeT Ha IATOM 9Taxke VIHCTUTYTa KOCMUYECKUX VIC-
CefoBaHmil (KOTOPBIIT MBI JIE/IWIN C TAKUM XKe, KaK U s, MOJIOJIBIM KaHAMAaToM Hayk JKe-
Hell UypasoBbIM, HbIHE WIeHOM-KoppecrnoHienToM PAH) mpuuumi gBa cTygeHTa 4eTBEPTOroO
kypca ®usrexa — Mumra PeBuusies u Cepreit Tpynono608. OHM MOZOLUIIN K MOEMY CTONTY
U CKa3aJIM, 4TO CIIBILIAIN 06 yCIIexaX COBETCKMX M POCCUIICKUX OPOUTAIbHBIX PEHTTeHOBCKIX
obcepsaropuit «Penrtren» (o6cepaTopus «Penrtren» Ha Mopyne «KBaHT» KoMIIIekca op6u-
TaJIbHOI KOCMIYecKolt cTaniym «Mup») u «Ipanar» (MexayHaponHas acTpodusmieckas o6-
cepBaToOpusaA) U XOTenu Obl 3aHMMATbCs ACTPOMUSNKOI BHICOKUX sHepruii. ITocime kopoTKoro
MMHH-9K3aMeHa 5 COTTIaCUIICS PYKOBOAUTD MX AMIUIOMHBIMM paboTaMI M HU pasy He HoXKaseln
06 sToM penrernu. O4eHb CKOPO CTA/I0 OYEBMIHO, YTO MHe KPYITHO ITOBE3JI0 — CyAbOa cBena
MEH:I C OTHIOZIb HEOPAVHAPHBIMM CTYAeHTaMN. PabOTHI 110 aHaIM3y M MHTEPIIPETAINYU JAaHHBIX
o6cepparopun «[paHaT» B TO BpeMsI LIV ITOTHBIM XOIOM, 1 s npemoxxun Cepreto n Muiie 3a-
Ay [0 MICCTIeOBAaHMIO [aTaKTHYeCKMX TPaH3MeHTHBIX UCTOYHMKOB — KAaH/M/IATOB B Y€pHbIE
neipeL. [TosgHee k aTuM pabotam nopkmouncs u XKens Yypasos.

Yepes Tpu roa Muira 67ecTsIe 3alUTII AUIZIOM — K STOMY BPEMeHM OH yxe ObII COaBTO-
POM HECKO/IBbKVMX HayYHBIX paboT II0 UCCIeN0BaHNI0 [aTaKTHYeCKUX PEHTT€HOBCKUX ICTOUHM-
KOB npubopamu obcepsatopuit «Pentren» u «Ipanar». K ToMy MOMEHTY HM y KOTO He OBITIO
COMHEHMII B TOM, YTO MBI MIMeeM Je/I0 C TaTaHT/IMBBIM M IPe3BBIYAIIHO PabOTOCIOCOOHBIM
CTYIEHTOM, TaK YTO BOIPOCA, YTO JeaTh Jasblile, He ObUIO, ¥ MMullIa MOCTYINI B acCIMpaH-
Typy MUKW PAH, npogpormkas paboTarh IOf MOMM Hay4HBIM PyKOBOACTBOM. Paboram Muira
C OTPOMHBIM a3apTOM U SHTY3UA3MOM, O3TOMY KaHUATCKas JUICCEPTALVs ObLIa TOTOBA yoKe
Jepes [Ba rofia, B 1999 rony, Ha rof paHbliie 0ObIYHOTO CPOKa.

ITocne 3amuTh AyccepTanyy Muia HecKoIbKo neT paboran B MHcTuTyTe acrpodusuku O6-
mecTBa MMeH Makca [Tmanka B [apumHre Hefaneko oT MioHXeHa. 9To ObUIN He3aObIBaeMble
TOZIBI TIOMCKA, OTKPBITUIL, HOBBIX UJEVl U APKMX AMCKYCCUIT O MeXaHM3Max GpOpMMPOBAHUA
PEHTTeHOBCKOTO U3My4YeH Vs BOMM3M aKKPeLMPYIOLUX Helf TPMHHBIX 3BE3] M YEPHBIX JIBIP, IPU-
pofie UX KOPOTKOMACIITaOHOI! IIepeMeHHOCTH, MeXaHM3MaX BOSHUKHOBEHVS KBasUIIEPUOIM-
Y9eCKUX OCILVJUIALMI U3TydeHUsI KOMIIAKTHBIX 00BEKTOB, IPUPOJE PEHTTEHOBCKOTO M3Iyde-
HIMS TaK Ha3bIBaeMOro «xpe6Ta» [a/aKTUKM M [0 MHOIMM [PYTUM Npo6ieMaM COBPEMEHHOI
actpo¢usuku. B atux guckyccusax aktusHoO yuactsosanu E. M. Uypasos u P. A. Cionsies, nosp-
Hee K 00CYX/IeHII0 (PYHKIUM CBETMMOCTHU CTabbIX [a/aKTHYeCKMX MCTOYHVMKOB M MX BKJIafia
B HepaspentéHHoe usnydenne [amaktuky mopkmounncs C. 0. Casonos. B atu roger 6pi1n Ha-
IJCaHBl Hanbosee M3BECTHBIE U LMIMPOKO LIUTHPyeMble paboThl MU, KOTOpbIE OIPeNenIn
HAaITpaBJIeHVs UCCTIeOBAHUIT Ha MHOTHMe TOfbI BIlepénl. Muia paboran ¢ HeOOBIKHOBEHHBIM
a3apTOM I HaCTOI4MBOCTbIO. Bcommnar Havano 2005 roga, KOrza OH 3aliHTEPeCcoBasICs IIpo-
6rmemMort namydeHns «xpe6Ta» [amakTuku. C4MTaNOCh, YTO 3TO U3TyUEHNE UMEET UCTUHHO A1d-
¢ysHYy0 IPUPOLY, IPOU3BOAUTCS TOPAYMM VOHM30BAHHBIM I'a30M, OTHAKO Y OOIIEITPUHATON
Mojieny OBIT Psifi CepbE3HBIX HECTBIKOBOK. Mullla 6YKBaIbHO KaXK/bli1 leHb IPUXOAMI B HAIN
KabyHeTh! B VIHCTUTYTe acTpoduauky B [apumHre o6CyInuTb JaHHbIE HAOTIONEHNIA, TOfIeNUTD-
Cs1 HOBOJI Mpieell, IPOBEPUTh Ha HAC OYepefHYI0 IMmoTesy. Tak, B MyKaX, pofuiIach Teopus,
HBIHE CTaBIIas OOLICIIPUHATON, KOTOpas 00bACHNIA U3TydeHne «XpebTa» [amakThKM Kak co-
BOKYITHOE M3/Ty4eHue OOMbIIOro YMC/Ia cTabblX KOMITAKTHBIX ICTOYHMKOB — aKpeIMpPYIOINX
3aMarHM4YeHHBIX Oe/IbIX Kap/IMKOB ¥ aKTMBHBIX IBOMHBIX 3B€3d. 3a aTy pabory B 2008 roxy
Muura 6611 yrocroen npemun IIpesupenta Pocenitckoit Penepanuy B 061acTyi HayKu U MHHO-
BaIMI /IS MOJIOZBIX YIEHBIX. DTU TOABI TAK>Ke 3aIIOMHUIVCH YaCTBIM JPY)KeCKUM 00lIeHeM
B He(hOpMaJIbHOIT 06CTAaHOBKe BHe PabOTBI, C Bble3laMll Ha IIPUPOJY, IPAa3THOBAHMAMM JTHeI
PO>KZIEHUIT B3POCTIBIX U JieTeil. [IBepy rocTenpuuMHOro foMa Muiu 1 AHY ObIIM BCeT/fja OT-
KPBITHI /I Ipy3ell U KOJIET, a B JoMe Ljapiyia HeoObIKHOBEeHHAs aTMocdepa To6BM, COIacus
U B3aIMHOTO YBa>KeHM.

Muxann lenHagbeBnd PeBHUBIIEB
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IIpenanHOCTD acTpodu3uKe, CTpeMIeHNEe PabOTATDb U IOKOPATH HOBbIE BBICOTHI OBIIM MOLKpeE-
IUIEHBI MOTpsAcatoleil paborocriocobHocThi0 Mumn. B Te Bpemena, koner; 1990-x — Hauao
2000-X rofoB, JOMAILIHNIT MHTEPHET elé OBUT PEeIKOCTDIO, a ¥ CKOPOCTD Iepefadn JaHHBIX
Obl/1a TOBOJIBHO HM3KOI1, IO3TOMY BCs paboTa IIPOMCXOAWIa Ha pabodeM MecTe, B VIHCTHTYTE
KocMnueckux uccnenosaunit PAH 8 Mockse n B MHcTuTyTe actpodusuku ObujecTBa nme-
HI Makca IDranka B [apmmare. B tpamnuuax corpymaukos OTmena acTpOpM3NMKM BBICOKUX
snepruit VIKV PAH Bcerpa 66110 3acixnBaThest B VIHCTUTYTe JOIIO3HA, pPabOTAaTh B BBIXO[HbIE
u npasgHuKn. Pykosomurens Otnena akafeMuk Pammy Annesny CroHseB 9TV TPagyIMM HOJ-
Iep>KUBaJl, He yCTaBas MOAKPEIUIATb MX INYHBIM IpuMepoM. C caMbIX IIePBbIX Mecsles Muira
FapMOHMYHO BIIMCAJICSI B HAIIl MOJIOZOM KO/UIEKTUB aCTPO(U3NKOB-TEOPETNKOB U CIIeI[UajIn-
CTOB I10 06pabOTKe PEHTTeHOBCKUX JAHHBIX, ObII TOTOB PAbOTAaTh IPAKTUUECKY KPYIIIOCYTOU-
HO, BBIITyCKasl CTAaThIO 32 CTaThEN. OpHaXk bl B Havasae 2000-x Muiia BRICTYIIAN C JOK/IA/OM Ha
ceMuHape B ACTpPOHOMMYECKOM MHCTUTYTe MMeHU AHTOHa IlanHekyka B Amcreppame. Ham
HaBHUIT KOJUIETa, I B HEKOTOPOM CMBIC/Ie KOHKYPeHT, Ipodeccop AMCTepaMCKOro yHUBep-
cureta Muxun BaH fep Kiuc, npencrasnsas Mumty ayfuTopun, MOUTYTHIL, YTO OH €MHCTBEH-
HbIiT 4e/lI0BeK B MMpPe, KOTOPOMY YAa/noch 060iiTn ero yueHnka Pyan BeitHanpica (HbiHe Tak-
xe npodeccop AMCTepAaMCKOro YHUBEPCUTETA), U3BECTHOTO CBOEN IIPOM3BOAUTEIbHOCTDIO,
110 YMC/Ty CTaTell, BBIIYCKaeMBbIX B TOfi. B ycTax Muxwia, IpM3HAaHHOTO aBTOPUTETA B 00/1aCTH
MCCTIeOBAHYsI KOPOTKOMACIITAOHOI TepeMEHHOCT PEHTT€HOBCKIX [{BOIHBIX, 9TO ObIIO Hau-
BBICLIIEIT TIOXBA/ION «I10 faMOyprckoMy c4éTy», mpusHaHMeM npodeccuoHanusmMa Muiu u ero
BKJIaJIa B MIPOBYIO aCTPOPU3UKY.

C 6071p111071 TETTOTON BCIIOMMHAI0 feKabpb 2012 rofa, 3amo3ganoe mpasgHoBaHme Moero 50-ye-
tust B VIKV PAH, nosppas/ieHue MOIOABIX COTPYAHMKOB OT/EIa aCTPOPMU3NKI BBICOKIX IHEP-
Tuil, CPeXXUCCHPOBAHHOE 1 OpraHnsoBanHoe Muimeit. K ToMmy Bpemenn Mutira 65171 OTHOCTHIO
copMMPOBABIINMCST YYEHBIM C IIMPOKUM KPYTOM HAyIHBIX MHTEPECOB 1 C HEIIOBTOPUMBIM,
IPUCYIIUM TOIBKO €My CTIIeM paboThl. Y HEro pociy cOOCTBEHHbIE YUEHUKI, Y MOTIOAEXD
CYMTasIa 32 4eCTh PabOTaTh IO €r0 PYKOBOACTBOM. TeM 60siee TOPOrMM 1 3aIIOMUHAIOLIVIMCS
CTaJIO /I MEHA 9TO I03/JpaB/IEHME.

Mura 6601 OZHUM U3 Harbo/Iee HEOPAMHAPHBIX, TA/TAHT/INBBIX 1 YCIEIIHbIX CTYAEHTOB I aCIn-
PAHTOB, C KOTOPBIMU MHE II0CYACTINBIIOCh PabOTATD, 1 51 O/1arofapeH cyfpbe 3a TOT OCEHHMIT
meHb 1994 roma, KOrza OH MMOSIBIICS B MOéM KabumHerte. 3a 6ormee yem 20 71eT COBMECTHOI pabo-
THI MBI C HIM HAIIVCAJIN U CTA/IM COABTOpaMu 65 CTaTeil B peljeH3MPYeMbIX XY PHA/IaX 1 TPYAAX
MeXIYHapOLHbIX KOH(DepeHIit, MHOIMe 13 Hux ¢ ydactueM P. A. CronsieBa, E. M. Uypasosa,
C.10. CasonoBa, A. A. JlyroBuHoBa, C. B. MonbKOBa I ApYIUX COTPYRHUKOB OTAena acTpodu-
suku Beicokux anepruit VIK/ PAH. Ha stu ctatbu 651710 cienano 6oree 2300 cCbIIOK B MIPO-
BOJI HAy4YHOIT /IMTeparype, MHAEKC XUpIIa II0 HalllMM COBMECTHBIM ITyOIMKALMAM COCTABI 24
(o manHbIM 6ubMMOrpadmyeckoit 6assr gaHHbIX NASA ADS Ha amperns 2019 roga). 9to Hau-
60JIee BHYLINTE/TbHBII Pe3y/IbTaT COBMECTHOI PABOTBI C ACHMPAHTAMI 1 MOJIOLBIMIU YIEHBIMIL,
C KOTOPBIMI MHE JJOBEIOCh COTPyAHUYATh. [1onHas Hay4yHas 6ubmrorpadus Mumnm ewé 6oree
BrevaT/isieT — 6oee 300 myOmmKaruit, Ha KOTopble 6b1I0 cAemaHo 6omee 5800 CCBUIOK B MM-
poBOIT Hay4HOII MuTEparype, nHAekc Xupura — 42. K Hecwactsio xmn3up Mumnm o6opsanach
CIMIIKOM PaHO, KOTZIA OH OBbUI B CAMOM pacl{BeTe TBOPYECKUX CIJI, ¥ MHOIMM IUIaHaM ObIIO
He CY’K/IEHO COBITBCSI, MHOTYIE OTKPBITISI He OBIIN CHe/TaHblL.

Il cBOMX KOMIIBIOTEPHBIX aKKayHTOB MuIa ncronb3osan uMs mikej. MHorue rofpt s coou-
pasca CIIPOCUTD €ro, 9TO OHO O3HAYAET, HO TaK M HE CIIPOCUIL... B IMaMATH MHOTUX U3 HAaC OH

HaBCer/Ja OcTaHeTcs mikej.

Mapam Tunvpanos,
wieH-koppecnonienT PAH, npogeccop
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PIETRO UBERTINI

REMEMBERING MIKE REVNIVTSEV

met Mike for the first time at the 3 INTEGRAL workshop organised by our institute in
Taormina (Sicily, Italy) in 1998. He was a young Russian PhD student, apparently very talented
and was formally invited by Angela Bazzano, on behalf of the conference SOC.

The aim of the meeting, held in a beautiful Sicilian see-side location, was to have an update
of the high energy astrophysics panorama and to better tune the ‘core’ science achievable with
the INTEGRAL Observatory, at that time under construction in Europe, Russia and US: a real
worldwide endeavour. Surprisingly enough, for a meeting organised years before the satellite
launch, the attendance was much larger than expected (almost 300 people) and scientifically
very successful. It was a “hot boiler” with a lot of outstanding results from a number of working
satellites showing the potentiality of the newly born soft gamma-ray astronomy, with a view from
lower (BeppoSAX, RXTE, ASCA etc) and higher (SIGMA-GRANAT, CGRO satellites) energies.

Mike was at the beginning of his formation as an astrophysicist and I am sure the conference was
a great push for him to continue in the direction he was undertaking, in view of the harvest of
scientific results presented from worldwide scientists.

The “Space Group” in Frascati already spent years collaborating with Prof. Rashid Sunyaev team
in IKTI and we were always stroke by the outstanding level of the PostDocs we met, and worked
with, during the common work on the Spectrum X-Gamma instrumentation. Though Mike was
quite different, surely impressive to me for several reasons: very energetic, also from a physi-
cal side, reserved, determined and he knew the “physics”. I mean not only astrophysics, but the
“physics” in general... he obviously had good teachers at IKI!
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INTEGRAL was launched in 2002 and we were all very busy to understand how the instruments
were working, to tune the “Core Programme” and to tail our own scientific interests and main
goals... among those there was a basic output expected from the Observatory that was the first
all sky Survey in gamma-rays. For the Imager (IBIS) this work was led by the Survey Team and
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PIETRO UBERTINI

we planned regular meetings. The first was held in Southampton (UK) and Mike was among
the participants. It was struggling to see how he was “senior”, how much was changed from the
first time we met in Taormina. He was already an outstanding scientist, ready to argue on all the
scientific topics connected with the initial Survey work and scientific targets to achieve, and ana-
lysing how the Team and himself could benefit from the work to be done in the future few years
lifetime planned: we all never would have thought the satellite could be operational for more that
16 years!.. and still going well.
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Then we met again several times, in particular I have very good memories of him at the
INTEGRAL Science Workshop organised in Sardinia — Chia Laguna, to celebrate the 5" anni-
versary of the launch in October 2007. He was a clear leader in Galactic high energy astrophysics,
talking with scientists and postdocs and students from different countries...

Later on we had several scientific discussions and arguments, in particular how to tune the
INTEGRAL observing program, at the many Integral User Group meeting held in ESA-ESTEC.
Once I remember we strongly argued, in full disagreement, about the fate of the extragalactic
observations to be done with the satellite... it was an invigorating discussion between a talented
young scientist and an old PI... he was probably right!

I will never forget Mike, and was very pleased when, together with his IKI, ESA and IAPS col-
leagues, in particular Sasha, Erik and Angela, we decided to establish the “Mikhail G. Revnivtsev
prize”, in his memory, to be awarded to a young scientist with excellent recent achievements
in the field of X-ray and gamma-ray astronomy. The competition, open to individuals from all
countries is announced at every INTEGRAL conference... it is a way to remember how much
Mike has done for science and INTEGRAL in particular.

Pietro Ubertini,

Associate Director of Research at Istituto di Astrofisica e Planetologia Spaziali
(IAPS, INAF — National Institute for Astrophysics, Italy)

13 March 2019
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have met many remarkable scientists in my INTEGRAL years, but Mike was different: he was
able to look Science in the eye. He had a momentum I have never encountered in anyone else.
With Mike gone, Science zoomed out.

We met a long time ago at the INTEGRAL Science Data Centre in Geneva. I had arrived from
Italy two years before the launch, in 2000, freshly graduated and keen to absorb all I could from
my international INTEGRAL adventure. Among the scientists from all over the world that I had
the fortune to meet at the ISDC, were the scientists from Russia. I started chatting very quick-
ly — and very loudly — with Sasha Lutovinov. Then Mike appeared. I saw a scientist, slightly
younger than me, always focused and not prone to talking to strangers. If it hadn’t been for Sasha
and for X-ray binaries, it is highly unlikely that I would ever have spoken to Mike so extensively.

Time passed, INTEGRAL was launched and the first data started to come in. Science is a very
powerful channel and, over time, our talks with Mike evolved and moved from science to society
and politics. We often disagreed, but these differences only made it more fun and challenging —
even in the small things, like when we bet whether he could open a bottle of wine with just a pen
(he could, I lost); or when we decided to play a trick on his dad sending him a postcard from
Milan where he had lived and worked before Mike was born. A message from the past with
a touch of mystery.
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INTEGRAL” Workshop,
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At the ISDC, I had the pleasure to meet Ann, Mike’s wife, and their first, newborn child, Vlad.
I remember him, so tiny, in his mother embrace in the garden of the ISDC, with Mike proudly
introducing me to his beautiful family. They say that you realize how time passes when you see
children grow up. This is very true and I felt it for the first time some months later, when Mike
and Ann invited me to their home in Munich during an INTEGRAL conference. Vlad was crawl-

ing around the couch bumping into me every now and then and laughing, along with his mom
and dad.

I have watched Vlad grow up in the photos Mike sent me or showed me at the not-to-be-missed
INTEGRAL conferences. After Vlad, came the photos of Egor and then of Gleb. Over time, one
picture after the other, I saw Mike’s family grow, I saw past the scientist: the husband, the father.
Proud. Happy. Worried.

In my musings of the days gone by, I also like to stop at Nordwijk where on a windy and rainy
afternoon, Mike taught me and Diego G6tz a very bad word in Russian. I remember it and smile,
but I won't write it down. The more Sasha tried to convince us that we shouldn’t say it, not even
for fun, the more vociferously we repeated it, and the louder Mike laughed.

Sasha introduced me to Mike almost twenty years ago. He told me why Mike was missing at an
INTEGRAL conference and allowed me to feel close to Mike and his family along their difficult
path. He wrote to me when we lost him. Now he is asking me to write a few words for this book.
It is a deep and painful honor. I never thought this would happen: I assumed Mike was an im-
mortal warrior. If he could not make it, nobody could.

One day;, after that terrible November, I was at work and I received an email from an address that
looked like Mike’s. My blood froze. I cautiously opened the message and it was from Ann. I am so
grateful to her for reaching out to me, for our email exchanges and for the fact that she continues
to keep Mike’s tradition alive, sending me photos of their wonderful kids as they grow up.
Echoes of immortality.

Mike did so much in so little time. His strength, scientific voracity, results, impetus and compe-
tence will timelessly pulsate in the high-energy sky, and in the memory of those who have had
the chance to meet him.

Mike, you are missed. You will be remembered.

Adamantia Paizis,
INAF, IASF Milano
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First time I met Michail, Mike as we used to call him, was in Taormina where we were host-
ing the 3 INTEGRAL Conference, “The Extreme Universe”, September 1998. He was on the
way to get his PHD at IKI and was invited to attend with an ESA support grant. When I talked
to him, I remember I immediately realized that I was in front of a very peculiar and bright
young smiling man with deep-set eyes. He started his scientific activity working on data from
the instruments on board the “Mir-Kvant” module and in short time became an expert in the
X-Ray regime. Since then I met him time to time during conferences or meeting and looked at
his continuous progress. Soon after the INTEGRAL launch at the end of 2002 I had many more
chances to see him again as he was spending time at ISDC to become confident and support the
INTEGRAL scientific data analysis. On December 2003 we met at the Southampton University
during the first IBIS Survey team meeting and, in spite of the different roles and rules, we had
the chance to chat and have fun especially during the dinner in front of good pints of beer. He
was already expert and had clear idea on our IBIS instrument performances and giving positive
and important inputs to the discussion. Then, we had different way to go on survey but always
with infinite respect. He was publishing the first hard X-ray survey with the SIGMA instrument
on 2004 when we were ready with the first IBIS Survey and he was even more active using all
possible X- and Gamma ray operative facilities to explore the Universe.

The most beautiful memory is from 2007, in the wonderful location of Chia Laguna, Sardinia
during the celebration of the 5 year of INTEGRAL in-flight operations. After the workshop
dinner we were all around the swimming pool drinking and talking: Mike had his midnight
swim while talking with Ada Paizis and other colleagues met at ISDC: Mike facial expression
was relaxed, smiling and happy. He gave me the feeling of a young strong and powerful man.
I will never forget.
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Here is a picture
from Taormina, 1998
and Mike is just in the
middle of the first row
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Afterwards we were together in the INTEGRAL User Group and of course he was contributing
to all issues with criticism and strategic suggestions in particular for the INTEGRAL Extensions
documents to be reviewed by ESA Advisory Structure first and for final decision by the Science
Programme Committee. He demonstrated once again how competent he was on scienceas well
as on instrumentation. During the last meeting he attended, unfortunately, I saw a change. He
was somehow absent, silent, I would say sad. I was surprised and wondered why, after some
months I understood. We lost a great man.

Angela Bazzano
CNR/INAEF, Roma, Italy
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MEMORIES OF MIKHAIL REVNIVTSEV

t was 2003, and Mike was working at a desk on the top floor of the “Castle” of the INTEGRAL

Science Data Centre (ISDC) near Geneva. He was visiting and would return to his home
institute after a few days. I was beginning a doctoral thesis, and X-ray astronomy was a strange,
new world. The software was complicated. The data were obscure. After a brief introduction, he
helped answer some questions about the process of stitching individual images together into a
larger picture: a mosaic. He was unassuming but confident, helpful but direct. I did not yet know
that I was sitting next to a rare scientific talent.

In 2006, the INTEGRAL Workshop was hosted by IKI in Moscow. This was my first visit to Rus-
sia, but also to an INTEGRAL conference. Moscow is an odd city in that it looks much better
below the surface than above. The metro stations are sublime palaces while the streets are mostly
treeless and dull. It was my first real chance to spend time with Mike. Born one day before me,
Mike had already written oft-cited publications in multiple fields of X-ray astronomy while I was
still writing my thesis. Even among the company of heavyweights like Rashid Sunyaev, Nikolai
Shakura, and others, Mike was a scientific prodigy able to discuss any topic of astrophysics with
an expertise that seemed beyond his years.

One evening, Mike took some of us for a tour of the Arbatskaya which is a charming village-like
neighborhood of the city. The goal was to watch a World Cup semi-final match. Mike found a
perfect place to watch the game while sharing the essentials of beer, vodka, food, and company.
For those that care about such things, France beat Portugal that night to book a trip to the Final
a few days later against Italy; a game that featured the infamous Zidane headbutt against a trash-
talking Materazzi. After dinner, a young couple who was friends with Mike drove me to a metro
station where I could catch a train that would take me near my hotel. I wonder if that couple
remembers the guy with the thick American accent, in addition to his slurred speech, claiming
Mike was a rising star in our field and served as an inspiration for young X-ray astronomers.

The next time I saw Mike was at the 2011 XMM-Newton Workshop in Berlin. By this time,
Mike was an established figure in the X-ray community. I was a postdoc sitting by chance at a
table outside the venue, listening to a discussion where Mike asked a general question to anyone
within earshot. If you knew that Chandra was being shut down, and you were given all available
exposure time for a year, which represents around 20-30 million seconds or a huge amount for a
telescope that can confidently detect faint sources within 1000 seconds, what would you choose
to observe, and why? There were many fine suggestions, and I offered mine. I cannot express
what it meant to hear Mike agree with my proposal. A few months later, with his help and with
other collaborators, we wrote a proposal for the Chandra X-ray Visionary Program and submit-
ted it for peer review. It hurt when I learned that the proposal was rejected, but I will tell anyone
who listens that Mike agreed with me on what the lasting legacy objective of Chandra should
be. Given the respect I have for him, that makes me feel a sense of validation that is invaluable.

After the banquet of this meeting, Mike, Gabrielle Schonherr, Felix Fuerst, and I enjoyed rounds
of vodka-limes at a bar on the Eastern side of where the Wall had split the city for two genera-
tions. Here, a pair of Germans, a Russian, and an Iranian-American all free of the burdens that
history had placed on our parents and grandparents, could chat about politics, about INTE-
GRAL, and about science. Mike showed me a photo in which he received an award for scientific
achievement given to him personally by the President of the Russian Federation, Dmitrii Med-
vedev. It might have been the only time I sensed an outward display of pride from him. Just as I
had been validated by Mike, so too was Mike validated by his country.

The following year, we met again at the INTEGRAL Workshop in Paris. With Marion Cadolle

Bel, Jerome Rodriguez, Erik Kuulkers, and others, we shared dinner in the back room of a res-
taurant devoted to food from the Reunion Islands. It was a beautiful evening. We shared stories
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about our past meetings, and we talked about our ambitions and our fears. We ate extraordinary
food from exotic places, and we drank intoxicating wine from local vineyards. I never expected
that it would be the last time we would laugh together.

When I learned that Mike had passed away, I was heartbroken and in disbelief since it was so
sudden, and since he was private with his struggle with illness. I will always feel tremendous
grief for the loss of a friend. Admittedly, mine is a selfish reaction compared with the deeper loss
experienced by a family member, or what it means when an irreplaceable member of our com-
munity is silenced forever.

In his absence, I take some comfort in the knowledge that fate or chance allowed our paths to
intersect multiple times, and that I was able to know him as a fellow scientist and as a friend.
Mike challenged me by constantly asking “What do you mean?” or “How are you sure?” when-
ever I stated some fact that I had casually taken for granted, or one that I had not completely
understood. This lesson is something that I still use today: when I write a bold statement in an
article or in a proposal, I often picture Mike giving me a skeptical look and a stern admonish-
ment of “No. Why?” Then I think that as long as I can answer Mike’s question, I have succeeded
in answering any query that might arise. His skepticism and constructive criticism made be
a better scientist. For that, I sincerely thank Mike’s family and closest friends for sharing his spirit
with us.

Arash Bodaghee,

Georgia College, GA, USA
March 8, 2019
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TENDERLY FRAGILE BY GUILLAUME BELANGER

ate in the fall of 2016, towards the end one of our regular science operations meetings, one of

my colleagues mentioned that the INTEGRAL Picture of the Month for December would be
the obituary. “Obituary!? For whom!?”, I asked, with surprise and a little anxiety. “Oh! You didn’t
know? Mike died last week”. It came like a slap in the face. I had no idea he was ill. And obviously,
I had no idea he was dying. He was 42.

Mike and I met in Moscow in 2006 at the 6™ INTEGRAL Workshop. I had read his papers, and
he had read mine, but we had never met. There was a tension between the Russians and the
rest of us. The reason is mostly related to the fact that 1) Russian scientists, formally can, and
in practice do, work and share data or analysis results only with other Russians; 2) the Russian
space agency put INTEGRAL into orbit, and in return, negotiated with ESA to get one quarter,
25 %, of the observing time for the lifetime of the mission; and 3) more specifically related to
the topic of my own research, the Galactic Centre, the head of the Russian delegation, the great
and famous Professor Sunyaev, had negotiated to get half the observing time on this region, and
therefore, share all the data half way down the middle with the official Principle Investigator for
the Galactic Centre, my PhD co-supervisor, Andrea Goldwurm. So, there were subtle but defi-
nitely palpable tensions.

Professor Sunyaev gave a stunning presentation in which he talked about the science that could
be and was being done with INTEGRAL data, he drew on his vast mastery of all fields of phys-
ics, making analogies, explaining connections, and clarifying issues that most of us could not
even see, freshly and spontaneously, without any arrogance, in a simple matter-of-factly kind of
way. I was immensely impressed. His was a 40-minute review talk. Mine, on the same day, was
a 30-minute presentation, which was also a long one, since the programme contained mostly
20-minute presentations, invited review talks of 40 minutes, and a handful of 30-minute presen-
tations. I gave a shortened version of the talk I had presented in the main amphitheatre of the
CEA two months before to my PhD defence committee, and the public in attendance.

Everyone was very impressed, I think because, unlike anything I've ever seen at such a scientific
conference, the first 10 minutes were spent with my narrating a Discovery Channel video of an
voyage through the Galaxy, from the Earth to the Galactic Centre, that I slowed down to give
myself enough time to describe the large scale structures and global features of our Galaxy, the
distribution of stars and gas that make up its visible contents, talk about their formation and dy-
namics, about open and globular clusters, types of stars and their different life cycles, about plan-
etary nebulae and supernovae remnants, magnetic field structures betrayed by particles trapped
spiralling along them and seen at radio wavelengths, and on and on.

It was during the break after that session that Mike came up to me for the first time. He was
bright, quick, sharp as a whistle, energetic and curious, open and friendly, but serious. He had
a kind of grave seriousness to him. All these qualities appealed to me. He complimented me on
the presentation, and we talked for a few minutes. What struck me most was that he was simple
and straight forward: not puffed up, not arrogant, not condescending; and not cautious, hesitant,
distant, or reserved either. Just open, simple, and straight forward: nothing hidden, nothing fake.
I'm like that too. We connected.

Later that night, we had the banquet dinner, and we spoke a lot more together after eating. Natu-
rally, given that we were in Moscow, everyone (or almost) drank plenty of wine with dinner, and
everyone (or almost) was now drinking vodka. Conversations and laughter flowed freely and
echoed in the large hall. Mike invited me to come out in the evening, and meet him with other
people at a bar where we could watch, while chatting, the football game. It was the time of the
2006 Football World Cup, and this is what defined the plans for the evenings. I agreed, and we
spent the evening together.
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When it was time to call it a night, after all buses had stopped their service, he offered to walk
back with me from the bar to the hotel. I gladly accepted. It was a 45 minute walk across the city,
which I didn’t know at all, but which was his beloved home town. So somehow, in those few days
in Moscow, we became friends. Friends who didn’t really know much about one another, but
friends that connected on a deeper level. These things are hard to explain, and have to do with
personal traits and upbringing, tendencies and sensitivities, affinities and outlook. The few other
times we saw each other, either at conferences or meetings, it was always the same. We saw each
other for a short time, didn't really have much to talk about because neither of us liked small talk,
but we felt happy to see one another. We exchanged a few Skype chats over the years, but that was
the extent of our relationship.

And when I heard that he had passed, that he was no longer alive, that he was dead, I was really
shocked. What first struck me with sadness is that there was no way for me to express to him
how I felt about him, and how sorry I was that he was gone. We often hear of someone’s passing
after they have already passed. This makes it impossible for us to express anything to them: no
expression of kinship or feelings of empathy, no sentiments of understanding at what they are
going through, no words of support, comfort, or warmth. Nothing more can be expressed to
them because they are gone. Tears welled up in the eyes. Impossible to say anything. Impossible
to write anything. Impossible to reach him. Impossible, now and forever. Feeling sad and help-
less, I sat in silence, tender and fragile.

This is what we are: tender and fragile. It’s just that most of the time we don’t realise it, nor do we
think about it. When it hits us, and we feel it for a fraction of a second, we push it away, push it
down under the shell that we think hides and protects us.

Mike was a very special person. I wish I could have worked with him, and gotten to know him
better. I wish there was something that could be done to bring him back, but I know there isn’t.
Mike will remain in my memory as he was each time we met: sharp and quick, energetic and mo-
tivated, intense and sincere, simple and straight forward, completely present and alert, unhesitat-
ing, open-minded and totally honest. What a rare collection of qualities. I send all of my sympa-
thy to his close friends and colleagues, and especially to his parents, his wife, and his little boys.

Guillaume Belanger
ESA - ESAC, Madrid, Espana
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BOCIIOMIMHAHNA O M.T. PEBHVBIIEBE

BI HO3HAKOMMINCH e1é 6ynyun crynentamu MOTIL. Tlepeiias Ha crapiime Kypchl s Ipu-

méN Ha paboTy B VIHCTUTYT KOCMUYECKMX MCCIEOBAHNI B OT/iel ACTPO(PU3UKY BBICO-
KIX 9Hepruii, rae Muxamun yxe TpyAuacsa IOYTH 7iBa rofia. Uepes HeKOTOpoe BpeMs MBI Ha-
Ja/y 06IaThCA CHavanla 1o paboTe, a BIIOC/IENCTBIUI CTAIU TOBAPUILIAMU U 3aTeM JIPY3bAMIL
C MaiikoM /1eTKO ObIIO HOAPYKUTBCS (Py3bs ¥ KOJUIETY Ha3bIBA/IU €T0 VICK/TIOYNTEIBHO TaK,
make Korga Muxawun [eHHaibeBIUY yoKe CTa/l M3BECTHBIM YYEHBIM, JOKTOPOM HayK, Ipodecco-
pom PAH...), OH IpUTATUBAII TIOfEIl CBOUM APY>KenobieM, yMeHeM CIyLIaTh ¥ BeCTHU JIUAJIOL.
B sToM He60/MbIIOM BOCIIOMUHAHMY 51 OBl XOTET HAIIMCATh MIMEHHO O HEKOTOPBIX €T YeoBe-
YeCKIX JJOCTOMHCTBAX, WITIOCTPUPYS PAaccKas CIydasMM M3 SKU3HM. 3a ero mpodeccuoHab-
HYI0 pabOTy OJIHO3HAYHO TOBOPAT COTHU HAYYHBIX CTATell, OIyOIMKOBAaHHBIX MM B JIYYIINX
U3JIAaHMAX, JeCATKY «IIPUITANIEHHBIX» HAYYHBIX JOK/Ia[0B Ha MEXXTYHAPOJHBIX CUMIIO3MyMaxX
1 Iy60Koe yBakeHNe 1 6e3ycloBHOe IMpusHaHMe Muxania BefyluMI MUPOBBIMYU YIEHBIMU
B 06macTy actpodusuky. Bo I7aBe TaKOro ycrexa Ha Hay4HOM IIOINpUINeE CTOAT MMIIUH Ta-
JIAaHT ¥ HeBEPOSATHAA TPYAOCIOCOOHOCTD. Ecu TanmaHT 0co60 He M3MepUTBD, TO ero TPyHomobme
U yMeHMe TPaMOTHO OPTaHN30BaTh paboTy nopaxkanyu MHorux. Crenuduka skcrepyMeHTaNb-
HBIX UCCNIeTOBAHNII IIOfIpasyMeBaeT, YTO HaJl ONHUM IIPOEKTOM COBMECTHO TPYAATCS HECKOJb-
KO 4Ye/IOBeK, OTBevas KaX/blil 3a CBOJT PpOHT paborsl. S yyacTBoBasm ¢ MailkoM B HECKOIBKIX
COBMECTHBIX PaboTax M KaXX[blil pas 6esHaI&XHO OT Hero OTcTaBajl. MeHs yTellano TOMbKO
TO, UTO 5 B 3TOM OBUI He OIMHOK, 9Ta y4acTh HACTUTajIa MHOTUX Kouter. HaBepHOe MMeHHO mo-
aToMy Maifk Bcer/ja mapajienbHO paboTa HajJi HeCKOMbKIMU IpoekTamu. CaMoe HopasuTeb-
HOe OBIIO B TOM, YTO IpodecCHoHaIbHas IeATebHOCTD He 3aHMMasa y Muly Bce BpeMs, OH
ellé ycreBas MHOTO YMTaTh, 3AHUMATbCA CEMbE, BCTPEYATbCS C APY3bsAMMU, YB/IEKAJICA CIIOp-
TOM U JJaXKe CMOTpeTh HOBMHKY KMHOIIPOKaTa. be/teTpyucTyka Mano 3aHuMana Muxana, XoTsa
KOHEYHO >Ke OH IIPEKPACHO OPUEHTUPOBANICSA B IPOU3BENEHUAX PYCCKOI 1 3apyOesKHOIT Klac-
cuku. Ero HayuHbIT ckmaf ymMa Tpe6oBan (paKTOB M CTATMCTUYECKUX JJAHHBIX, €My XOTeNOCh
3HaTh, KaK BCE YCTPOEHO U paboTaeT 1 B 061IeCTBe JIIOfiell, TI03TOMY OH OYeHb MHTePeCOBaICA
ucropueit (0co6eHHO BOEHHOIT TeMaTUKOI1) ¥ MCCIeTOBAaHUAMY COBPEMEHHBIX S9KOHOMMCTOB.
Huxorzna oH He OCHOBBIBAJI CBOETO MHEHNS TOJIBKO Ha paboTaX OHOTO aBTOPa; eCIIV eTO MHTe-
pecoBaa KaKas-To TeMa, OH YepIiaa MHPOPMAIMIO 13 MHOTUX MCTOYHMKOB U 3a4aCTYIO Ilepe-
IPOBEPsII aBTOPOB, JJOKAIBIBASACH 10 TIePBOMCTOYHMKOB. [ToaToMy croputh ¢ HuM (a Mua
OBLI CTPACTHBIIT CIOPIINK) Ha 9TY TeMbI ObIIO KpaifHe HEIIPOCTO He TOMBKO JAPY3bsAM 3a CBET-
cknmn becefiamit, HO 1 TpodecCHOHANIaM B TaHHBIX BOIPOCcax. XOIMIU CIyXH, 4TO ellé Oyayun
IOHOIIIe}T ToBeToCh MaiiKy BeCTH CIIOp 0 BOIIPOCaM MapKCU3Ma-JIeHMHU3Ma C AUIUIOMIPOBAH-
HBIM 3KOHOMMCTOM, U TOT CIIOp 3aKOHYMJICA He B I0/Ib3y Muxamia, Tak KaK eMy IIOIpPOCTY
He XBaTaJIo TeOPETUYEeCKOIl 6a3bl /A «OUTBBI» Ha apryMeHTax. Torfa OH B3sJICA 3a U3ydeHMe
COOTBETCTBYIOIIEN IMTEePATypPhl U IPOYET HECMETHOE KOIMYeCTBO TPYHOB, BK/IIOYasd BCEM U3-
BeCTHbIII (HO MajIo KeM Jaxke mponmuctanublit) «Kamuran. Kputnka monntindeckoi 3KOHOMUM»
Kapna Mapkca. Yepes monroza (ga, Muia HogXoana K BOIPOCAM OCHOBATEIIbHO) OIIIOHEHT
OBLI pa3bUT B yX-M-Ipax. [JoBOANTD Ae/a 10 KOHIIA, He CMOTPs HY Ha KaKue TPYFHOCTY — BOT
OfiHa M3 ITIaBHBIX YepT XapakTepa Muxanaa. Ho oH He ObII YTO HasbIBAETCA «YNEPTHIM», OH
BCersia CyLIaI ¥ CTIbIIIAT OIIIIOHEHTA, 1 €C/IY YK IIOHMMAJI, YTO B KAKOM-TO BOIIPOCE OKa3asICA
HeIpas, TO 0053aTe/IbHO IIPU3HABAT 9TO.

A emé Muxann [eHHagbeBUY ObIT HACTOAILIMM IIATPUOTOM CBoOell cTpanbl, Poccunu! OH nc-
KpeHHe TOpAWICs e€ VICTOPYeN, CTapasicsl BHECTY CBOJ BK/IAJ, B pa3BUTHE CTPAHBL, TEPIETNBO
Y METORMYHO OOBSACHS HEIIPABOTY TeM, KTO OTY/IbHO OOBMHAT Pocciio B ero mpucyTCTBUML.
[Tpu sToM Muia 6oree 10 et mpopaboTan 3arpaHuiiell, e MHOM COOTeYeCTBEHHNUK Mpef-
HOYTET COIIACUTBCS € COOeCeHIKOM, 6e30CHOBaTeNbHO KpUTHKYomuM Poccuio. Maiik 6511
He VI3 TaKJX, OH BO3PakaJl, He CMOTPsI Ha CTaTyC WM BO3PACT Yel0BEKA eMY ONIIOHMPYIOLIEro,
U PasroBOp BE UCKIIOUUTENIPHO MUPOTIOOUBO C IIPUBJIeYeHNeM KOHKPETHBIX (aKTOB, HOKa-
3BIBAIOLIVX OLIMOOYHOCTD BbICKa3bIBaeMoil MbIci. He pa3 Mbl Hab/IIO[aMN, YTO IOC/IE TaKUX
CIIOPOB YeI0BEK MOXKET ¥ He COITIAIIA/ICA Cpasy, HO IBHO MEH:/ OTHOLIEHYE II0 CYTH BOIIpOca
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C KaTeropuM4ecKoro Ha JIMCKyCcCHMOHHOe. VI Halmm MHOCTpaHHbIe Komiern yBakanm Muxanma
He TOJIbKO 3a Hay4YHbIe JOCTIDKEHNS, HO 1 33 TaKyI0 XXM3HEHHY0 nosuuuio. VI y Muruu 65110
MHO>X€CTBO XOPOIIMX 3HAKOMbIX U JIPY3€li II0 BCEMY MUPY.

XoueTcst emjé OTMeTUTD, 4T0 Muxans Bcer/a b1 BHIMATEIEH K OKPY)KAIOIUM. Y HeTo BOoO1Ie
611710 «O0TIBIIOE» CepALie U OH ICKPEHHE PafoBaICs YCIIeXaM I JOCTVDKEHISIM KOJIIET 11 IPpy3eit
U TIEPBBIM IIpeJIaraa CBOI0 IIOMOILb, €C/IM Y KOTO-TO MPOUCXOAMIN HenpuATHOCTH. JacTo on
fake He aQUINPOBATI CBOE YUACTIE, TAK YTO HEKOTOPBIE I He JOTabIBA/INCh 00 3TOM.

Oco6bIX CTIOB 3aCTy>KMBaeT OTHOLIeHMe Muxanaa K CBOeil ceMbe, KOTOpast [/Is1 Hero Oblia
abCOMIOTHOII IIeHHOCThI0. He cMOTps1 Ha CBOIO 3aHATOCTb, Muina fjaxke yMyApuIcs cobparb
nrpopmario 1 0opopMuTh B KHUTY (PaMMUIbHYIO UCTOPUIO CBOE CEMblM, OXBATBHIBAIOIIYIO
HECKO/bKO moKoseHuit. I 61 3HakoM ¢ Maitkom 6oree 20 7eT, 1 3a BCe 3TO BpeMsl HUKOTZA
OT Hero He CJIbIIIA/ He TO YTO >Ka/00bl Ha CeMellHbIe [ie/a, HO jaXKe HaMEéKa Ha TO, YTO y Hero
BO3HIUKAIOT MOMEHTBI HEJOITOHMMAHA B ceMbe. ITO He 3HAUNUT, YTO TAKOBBIX HE MOITIO OBITh,
HO COBEpILIEHHO TOYHO, YTO JaXke €C/IM TaKOBbI€ I BO3HMKA/IN, TO OH Pellaj BCe BOIIPOCHI CaM,
KaK HaCTOSIIMIT My>unHa. [la 1 BooO1Ie HUKOIa OT HErO He C/IBIIIAJT HUKAKIUX XKajIo0, pa3Be
YTO OH MHOT/A CETOBAJI, YTO KTO-TO MEIIEHHO PaboTaeT. A KakK 3a HUM OBLTO TIOCIIETH? ..

Muxan odeHb IO XKI3HD, eMy ObI/IO MHTEPECHO XXIUTh, Y HETO ObIIO IVIAHOB JIET Ha BECTU
BIEPER U OYeHDb XKajIb, YTO CYAbOa pacmopsiiuaach nHade... Ho OH OCTaBII CBOIO YaCTUUKY
B Ka)KJIOM 13 CBOMX TPOMX ChIHOBEN U 51 YBEPEH, YTO OHM HE YPOHAT 3HAMA OTIIA.

Cepeeit Monvkos

CTapLINIi HAYYHbI COTPYIHMUK
Ortpena actpodusnku Beicokux snepruit VUKV PAH
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BOCIIOMIMHAHNA O MUXAWJIE PEBHUBIIEBE

Murteit PeBHMBIIEBBIM 51 BIIepBbIE BCTPETUICA B VIHCTUTYTe KOCMMYECKNX MCCTIEI0OBAHMI

PAH (MockBa) B TOT Iepyof, KOTfia OH 3aBepLIan paboTy Haf CBOel KaHJUAATCKOM [uc-
cepranueit n samuman eé B Cosere VIKM PAH B konue 1990-x ropos. B MKW a mpuesxan
IO COBMECTHBIM JIeJIaM I10 IIPOEKTY POCCUIICKO-Typerkoro 1,5-Merposoro teneckona PTT-150,
6o Ha paboure coBeljanus, M160 Ha HayuHble KOH(pepeH M. MHe MHTepecHO OpIIo0 06-
IAThCsI C MOMOABIMY coTpyaHMKamu VIKV, KoTopble ¢ To7I0BOII 611 OTPY>KEHBI B 00pabOTKY
U aHaIM3 SaHHBIX PEHTTEHOBCKUX 00CepBaTOpuMil. YKe TOrma i MeHs Muxaun BbIEe/sICs
Cpeny CBOMX CBEPCTHUKOB — aCHVPAHTOB U MOJIOABIX KaHAMIATOB HAYK — YBEPEHHOCTHIO
B BBICKA3bIBaHIIX [10 HAYYHBIM ITPO6IEMaM, KOTOpbIe 06CY)KAamich BO BpeMs KOHPepeHIIuit,
COBEILIAHIT 11 B ITepepbIBax Ha Kode-Operikax. Y Muiy 6p11u TOHKIE YEpHbIe IIMHHBIE YCHKIL,
¥ TOTJa MHE OH HAallOMIHaJI MO/IOfeHbKOro JloH-K1xoTa, KOoTOpBIil OTYassHHO Cpaykasics, HO He C
BeTPSIHBIMIY MeTbHUIIAMI, @ C peabHBIMI acTPOU3NIeCcKMI TPOo6IeMaMi, IbITAsCh HaTH
BO3MOXKHbBIe Hay4HbIe pelieHys. Ero yBepeHHOCTB, IIpeXx[e Bcero, Op1a OCHOBaHa Ha GyHza-
MEHTA/IbHbIX 3HAHVSIX ¥ YMEHMAX B PU3MKO-MaTeMaTHIeCKUX FUCLIUIIIHAX, KOTOpbIE OH IIPH-
06pén Bo BpeMs yué6pl B cpepHeit mkone 1 MOTV. Koneuno, emy 1moBesyo, YTO OH HOMAI
B CWIBHBII ¥ MHOTOYNMC/ICHHBI KOJUIEKTUB OTHeNa ACTpodusuky BeicOKuX sHepruit B VIKV
PAH (6ynyun emé crynenrom MOTV), B KOTOPOM TOH 3aaBajii OIBITHBIE YUEHBIE, MMEIOLIIe
¢dbeHoMeHanbHble 3HAHVS B (M3MKe, YMEHNUSA B METOAX MaTeMaTUIeCKOl (UMK, M OIBIT UX
IPUIOXKEHMS B aCTpou3MKe. B TaKOM SpKOM KOJIIEKTHUBE, ¢ GO/MBIIM KOMUIeCTBOM MOTIONE-
X, OBUIV CO3[JaHbI YCIOBMUA [/1s1 TBOpUYecKoro pocta. Ho Muira o6mapgan ewé 1 KomoccanbHO
paborocriocobHocThI0. He cmyvaiito, 4To ye B 32 Tofia OH YCIIeLIHO 3aIUTIUTI JOKTOPCKYIO
IVCCePTALIMIO Vi CTAJI IIOKOPATH MUPOBOJ OMUMII B aCTPO(U3NKe BBICOKMX SHEPTUIL.

[TpumepHo k 2005 ropy ycunusamu maptHEpoB 1o npoekty (Kasamckmit yHuBepcureT, Axa-
memus Hayk Peciy6nuxu Tatapcran, VHctutyT KocMudeckux nccnegosanmii PAH, Tocynap-
crBenHas obcepBaropus TIOBMTAK) 1,5-metpoBsiit Teneckon PTT-150 6511 ocHaIEH coBpe-
MEHHBIM Hay4HBIM 060pyfoBaHNEeM — (OTOMETPAMU ¥ CIEKTPOMETPAMU C OXTaXXIaeMbIMU
[13C-marpunamu. Havamach akTuBHasA paboTa IO ONTUYECKOMY OTOXKAECTBICHMIO XECTKUX
PEHTTEHOBCKUX MCTOYHMKOB, KOTOpble OOHapykuBama ramma-obcepsatopus VIHTEIPAJL
Muxann 6bi1 B komanzie VIKV ogHuM U3 MUAepoB, KOTOPbII aKTMBHO IIOMOTAN Ka3aHCKOII
TpyIIIe B 3TOl paboTe. MHe MOCYAaCTINBUIOCH IPUHATD YYaCTUE B HECKOJIBKIX MICCTIETOBAHMAX,
rfe BKIak Muxana Obl1 04eHb U 04eHb BaXHbIM. Y cinyTHyka VIHTEI'PAJI HUSKast TOYHOCTD
JIOKaM3aLMy UCTOYHMKOB (5-10 yITIOBBIX MUHYT) M3-3a 4dero B moje oummboxk VIHTEIPAJIa
Ha onTryecknx cHuMkax PTT-150 monazano 60sbloe 91cino 06beKTOB M M3HAYATbHO TPYHO
OBI/IO TIOHATD, KAKOJT >Ke 13 9TUX ONTUYECKMX UCTOYHVUKOB CBA3aH (PU3MIECKU C PEHTTEHOB-
CKMM. Myxanua akKTUBHO paboTasl ¢ 37IeKTPOHHBIMY apXMBaMI IPEAbIAYIINX PEHTTEHOBCKIX
muccnit (ROSAT (cokp. ot Hem. Rontgensatellit), RXTE) u gacto emy ymaBanoch cy3uthb 06-
JaCTb JIOKa/mu3anyyu ucTouHnKoB Ha Kaprax IHTEI'PAJIA. 9To cunbHO 0671erdano Ka3aHCKoi
TPyIIIIe 3a7auy ONTUYECKOrO OTOX/eCTBIeHNs. TakuM 06pasoM HaM COBMECTHO ¢ Muxanmiom
YAANIOCh OTOXXIECTBUTh HECKONIbKO aKTMBHBIX sifiep TramakTuk (cpemm Hux XSS J05054-2348,
XSS J16151-0943, XSS J21354-2720, IGR J18559+1535, IGR J19473+4452, IGR J2127+5656)
Y MaJIOMAaCCYBHBIX TECHBIX JBOJHBIX 3BE3HBIX CUCTEM C aKKPEIVPYOMMUMM 6e/IbIMU Kap/IyKa-
mu (XSS J00564+4548, IGR J00234+6141).

B pape cny4daes on BMecTe ¢ konneramu us VIKM PAH nanpsaMyto nucan 3asaBKy A/ MOTyYeHNUA
HaOJII0fIaTeNIbHOTO BpeMeH! Ha (aMepyuKaHCKoM!) cryTHMKe «YaHfIpa» B CYET TUPEKTOPCKOTO
¢doupa Bpemenn. Kak npasuio, criyTHUK «YaH[pa» TIpK CBOEl BBICOKON acTPOMETPUIECKOIT
TOYHOCTY HANPAMYIO YKa3bIBaJ Ha MCKOMBINl ONTUYECKUI KOMIIOHEHT B IVIOTHBIX 3BE3IHBIX
NOJAX B ITocKocTy [amaktuku. Takum ob6pasom Ob11 oTOXKAecTBIEH ncTounnk VIHTETPATIa
IGR J21343+4738, onTuueckuii KOMIIOHEHT KOTOPOTO OKasascs Be-3Bes3fioll, a KOMIIAaKTHBIN
MCTOYHMK — aKKpeLUPYIollell HelfTpOHHOI 3Be30i1. BaXkHO, 4TO 6/1arofaps akTUBHOMY yda-
ctui0 Muxauia B 3TOil paboTe MPUOPUTET B OTOX/ECTBICHU) YHUKAIbHBIX PEHTTEHOBCKIX
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ucroyHnkos Ha PTT-150 ocraBancs 3a poccuiickumu rpynnaMu yuénbix U3 Kasanckoro ynu-
Bepcuteta 1 VIKM PAH.

MeHe muaHO Muyxant moMor B paboTe HaJj OZHOI 13 I71aB MO€T! JOKTOPCKOIT Arcceprannu. Bos-
MOoKHOCTH Tefeckora PTT-150 nospommy MHe B 2004 rofy mony4nTh Haubosee JIuTe/IbHbIe
psifbl omTrdecKoi oroMeTpun MMKpOKBasapa SS433 B TedeHMe HECKOTBKMX HOYEN IIOJ-
paf (IpORXO/DKUTENIPHOCTBIO 6—8 YacoB B HOYb, VI BIIEPBbIE C BPEMEHHBIM pa3pelIeHIeM 6 C).
ITo atum paHHBIM Muxamn HOTYYWI ONTUYECKVE CIIEKTPbl MOIIHOCTY (rykTyanun 6mecka
AKKPEIVOHHOTO AycKa SS433 u cpaBHMI MX C PEHTTEHOBCKMMU JlaHHBbIMM cinyTHuKa RXTE.
bbI1o mokasaHo, 4TO CIIEKTPbI MOLTHOCTY B ONTHKE M PEHTIeHe MMEIOT OfMHAKOBbIJ HaK/IOH
B IIMPOKOM pmamaszone 4acToT (10-100 000 c), n3 4ero ObIT CHemaH BaXKHBI BBIBOK O TOM,
YTO ONTINYECKIIe KBAHThI AB/IAIOTCA CTIEICTBMEM OTPaXKeHNI (TIepeM3/IydeHNnil) peHTTeHOBCKIX
KBAHTOB OT CTEHOK aKKPELMOHHOI KO/MOHKM B SS433. Dta paboTa CTUMYyNINpOBaIa KO/UIET U3
MKMW PAH moiitn manbplile B CTOPOHY YBe/IMYEHM BPEMEHHOTO paspelleHns JJid McCaenoBa-
Hust SS433 na PTT-150. B pesynbraTe ganbHeNNIIMX COBMECTHBIX HAOMIOfEHNIT Ha 4aCTOTAX
okoro 1 Iy 6611 06HAPY’>KEH M3/IOM B ONTUYECKOM CIIEKTPE MOIIHOCTH, CBSI3AHHBIN C Gusn-
KOII aKKperun BemtectBa B SS433. Ora pabora cruMynuposana Muxania IpeyIoXKnTb HOBOE
HallpaBjIeHJe MCCIeJOBAHNIT 10 M3y4YeHUI0 (PU3NYeCKMX TapaMeTPOB HBOIHBIX CUCTEM Yepes
BBISIB/IEHIE OCOOEHHOCTEl B MX ONTUYECKMX CIEKTPaX MOLIHOCTHU. [I/Is1 yCuIeHus aKCIepu-
MEHT/IbHBIX BO3MOXKHOCTell Muxaua HOaydwI rpaHT lepmanckoro QoHfa, 3a CIET CPefcTB
KoToporo oH npuobpén mis PTT-150 6sictpogerictaytomyio I13C-marpuiy dupmer AHITOP,
HO3BO/IAAIOLIYI0 PETNCTPUPOBATD N300PAKEHNS C BPEMEHHBIM paspelrenueM o 2 Mc. OH uc-
IIBITJT BO3MOXKHOCTHM 3TOit MaTpuiibl Ha PTT-150, 1cronmp3oBaB B KadecTBE TECTOBOTO MCTOY-
HIKa Imybcap B KpaboBUAHOI TYMAaHHOCTH C M3BECTHOII IEPEMEHHOCTDBIO O/1ecKa C IepIoLoM
B 33 Mc.

Muxann IIaHupoBa NpuMeHnTb 3Ty [I3C-MaTpuily K ncciefoBaHNIO TapaMeTPOB aKKpeIy-
pymoLIMX OeIbIX Kap/IMKOB C CHIbHBIMI MAaTHUTHBIMI HO/SIMM (IIOJISIPOB), PETUCTPUPYS KPU-
Bble 07IeCKa B MOMEHTBI OBICTPBIX 3aTMEHNII IOJISIPHBIX LIAIOK MATOMAaCCUBHOI ONTIIIECKOIT
3Be3J[0l1, KOTOPasi UrpajIa Poib CBOCOOPA3HOII IIPUPOFHOIL fuadPATMBbl, FBIDKYILENICS HOIePEK
JIy4a 3peHmus.

OtpnenbHOe HampasyeHne uccnenosannit Ha PTT-150, B KOTOpOM HaM yAanoch BMecTe Iopa-
60TaTh — 3TO MONCK U MCC/IE[OBAHNE PEHTTEHOBCKIX MCTOYHIKOB B HANIPAB/ICHNUI HA LIEHTP
TamakTukm. B atoi yactu [amakTuku BeMKO BIMsHIE MEK3BE3THOTO IOIVIONIEHNS B OIITUYe-
ckoit obmactu criekrpa. UTo6bI 0C/IabNTh U yUeCTh 9TO BMsHME, MUXaWI UCKAT BapMAHTHI
COeIMHeHNsT HAIINX ONTUYECKUX HAOGTIONEHMII ¢ MMEIOLMMICS NHPAKPACHBIMI aPXVBHBIMI
maHHbIMU. OH OCBOM/I METOAMKY IOCTPOEHMs paclipelie/ieH sl 9HEepTUy B IMPOKOM AMaIaso-
He [UIH BOJIH — Ha OCHOBE MMEIOIIMXCsI IPOrPaMM PacéTa M3IydeHrst aTMocep XOMOIHBIX
3B&3J], KOTOpBIE B OO/BIIMHCTBE CBOEM MMEIOTCS B HAIIPAB/IEHNN Ha LIeHTP [a/aKTUKIL.

S ¢ 6onpIuoil 6IarOIAPHOCTHIO BCIOMUHAIO AeCATUIETIIE MOeil HaydHoIT xu3Hu Ha PTT-150,
B KOTOPOM MHe IOCYaCTIMBUIOCH paboTarh BMecTe Muxannom PeBHIBI[eBbIM.

Wnvpan Bukmaes
Kasanckuit deepabHbIll YHUBEPCUTET

Muxanun [enHagbeBua PeBHIBIEB

BAJIEPUY CYJIEIMAHOB

MAMK, KAKUM £ ETO 3HAJI

JKU3HM KaXK/IOTO Ye/IOBEKA eCTh JIIOMM, OKasaBlile Ha Hero 6O/blIoe BIMAHNE, 3a/JaBIIe

BekTOp pasButTyst. CauTaI0 CBOE GOJIBIION XI3HEHHON yadeil, 9YTO OHIUM U3 TaKUX JII0-
fmeit cran st MeHst Muxann PeBHuBreB. OH ObUL CHJIBHBIM YYEHBIM, 1 KaK-TO €CTECTBEHHO
CTIOXXWJIOCH, 4TO sI CTaJl OTHOCUTBCS K HEMY KaK K CTaplleMy TOBApUILy [0 HaykKe, HECMOTPSI
Ha 00paTHyI0 pasHUIY B 6MOIOIMYIecKOM BospacTe. Borblie Bcero mpuBiekana ero MaHepa
YBJIEYEHHO, HO B TO K€ BpPeMsI CIIOKOHO ¥ apryMEHTMPOBAHHO BECTV AMCKYCCUMM Ha T00bIe
TEMBI, OT HAYYHBIX /{0 YNMCTO XUTENCKUX. EC/ 4enoBex B 4éM-TO ommbasics, OH HaXOfWJI CIIO-
€06 ero ImOIpaBUTb TaK, YTOOBI 9TO OBUIO He OOMAHO U yOenuTenbHO. VI He JTeHMICA JenaTh
9TO, IIOMOTasl TeM CaMbIM JIyHIIle IOHATh CYLIECTBO 3aTPOHYTOI TeMsl. JIo60e 061ieHne ¢ HUM
o6oraiasno, 3aCTaB/sIo O-HOBOMY B3I/LIHYTh Ha 006Cy)X/aeMble IIPOO/IEMBI, 11 ObUIO KpaiiHe
0JIE3HO, YMAI0 IS BCEX, KTO ¢ HUM paboran. HacTosmmii HaydHblil 1upep, reHepaTop Ho-
BBIX U BJJOXHOB/ISIIOLIVX M€il U ITOfXOJIOB, CIIOCOOHBIN YB/IeYb JIIOfelL, 1 MOOGYAUTD UX K CO-
BMECTHOIT paboTe. TakuM OH ObUI. A TH060Bb U MPENAHHOCTH CEMbE TAPMOHWYHO JIOTIOMHSIIN
JMIHOCTH Muxansia, BBI3bIBasi PAfjOCTh U yBaXKeHe. [TycToTa B HAIIMX AyIIax [TOCTIE €r0 YXO/a
He MOXXeT ObITh HIYeM BOCIIO/THEHA. TPYAHO BBIPA3UThb, HACKOIBKO He xBaraeT Mumm. Ho on
V1 )K/B B HAC, MBI IIPOJIO/DKAEM C HUM MBICTIEHHO CIIOPUTb, U IO-IIPEKHEMY BIOXHOB/ISEMCSI €T0
[PeJaHHOCTHIO HAayKe U [IyOOYaillIM NHTEPECOM K HeIL.

Tak OMTy4YMIOCh, YTO HOJIbLIE BCETO MbI OOIaMNCh BO BpeMs MOUX BUSUTOB B lapxuHr, B VIH-
cTutyT actpo¢usuky. [To3HaKOMMINCH BO BpeMs IIepBOTO BU3UTA, €lE B IPOIIIOM ThICAYe-
JIeTVM, KOTZIa OH ObUI cTyfeHTOM Pammpa Anmesnya CroHsAeBa. Bo BpeMs cenyoliero BUsIUTa,
B 2004 rony, Muiua 6bU1 y>Ke M3BECTHBIM YY€HBIM, U, IO CJIOBAM €r0 YYUTeJIs, paboTan Kak
TpakTop. B aTOM 51 HezamepuTeNnbHO YOenuca 1 caM. Torza 1 IMoBe3jIo Y3HATh ero KaK 4eloBe-
Ka HeOOBIKHOBEHHOJI AYLIEBHON WeAPOCTI U MOAPY>KUTbC:A ¢ HUM. OH yMerT BOBJIeYb B 00CYX-
[leHJe Hay4HBIX IIpo06JieM, KOTOpbIe ero B HaHHbII MOMEHT MHTepecoBamu. [Jemica upeamu
" 6BUL TOTOB IOMOYb (¥ TOMOTas!) mpu Maseriiieit HEOOXOAUMOCTH.

OpHOlt M3 TOpAYMX TeM B TO BpeMs ObUIM Pe3y/lIbTaTbl HAOMIONEeHNIT MeKIYHAPOJHOI peHTTe-
HOBCKoI1 obcepBaropuy VIHTET'PAJI, BeiBeneHHolt Ha opbuty B 2002 roxy. B Tom uncre no-
SABUIACh HEOOXORMMOCTb MHTEPIIpeTalMy JKECTKOTO PEeHTTeHOBCKOIO V3IY4eHMs IPOMEXY-
TOYHBIX ITOJIAPOB, HabMofaeMbIX oOcepBaTopuelt. VI Muliia cyMen 3auHTepecoBaTh MeHs 9TON
Ipo61eMoit.

ITpomexyTo4YHbBIe OTAPBl — 3TO TeCHbIE ABOVHBIE CHCTEMBI, B KOTOPLIX BTOPMYHASA 3Be3/ia,
KPACHBIN Kap/MK, TIeperonHsAeT CBO0 I00oCTh Porra. Vcrekarolee BemecTso 06pasyeT akkpe-
LIVIOHHBIVI JVICK BOKPYT IVIABHOJI 3Be3[Ibl — 3aMarHM4YeHHOro 6eoro Kapnuka. Ero MarHuTHOe
IOJIe paspyluaeT BHYTPEHHME YaCTU JJUCKA, B Pe3y/IbTaTe 4ero BellleCTBO BbIIafaeT Ha Oelblil
Kap/IK B PajfOHe €r0 MarHMTHBIX IIO/IIOCOB.

VICTOYHMKOM PEHTI€HOBCKOTO M3/Iy4eHMs SBIAETCSA ropsidas (COTHY MIJUIMOHOB IPajycoB)
aKKpeI[MOHHAasA KOJIOHKAa Ha IIOBEPXHOCTM 3aMarHMYEHHOTO 0eI0oro Kapjyka, BO3HMKAIOIIasa
3a (POHTOM yHapHOIt BOmHbL. CTPYKTypa TaKO¥ ONTUYECK) TOHKOJ KOJIOHKY JJOBOJIBHO IIPO-
CTa, ¥ MBI OBICTPO IOHSAIN, YTO CMOXKEM CaMyl paccunuTarh eé crektp. Hermpocto 6b110 yoenuthb
Mumry, 4To BCE CUMTAETCS MPABMIBHO, OH JOCKOHATIbHO BHUKAJI B TU/IPOAVHAMIIKY OCejaole-
TO B KOJIOHKE BEIIeCTBa, JI He OTCTaBasl OT MEH: JI0 TeX IOp, II0Ka MbI He HauMHA/IV IOHMMAThb
pe3y/IbTaThl YMC/IEHHBIX pacyéToB BO BceX TOHKOCTAX. K Ttomy Bpemenu VIHTETPAJL momy-
YYJI IaHHBIE JIMIID JIIS1 HECKOIbKYX IIPOMEXYTOYHbIX IO/IAPOB, U Y HAC BO3HUKIIA Ve IIpH-
MEHUTDb PaCCYMTAHHYIO CeTKY CHEKTPOB K IaHHBIM, IPMHATBHIM PEeHTIeHOBCKOII 00cepBaTOpueit
RXTE. Muxaun Bxmounnt B aHanu3 faHuble ferektopa HEXTE (pa6orasiiero Ha 607ee BbICO-
KJX SHEePIysX), YTO JyIA IPOMEXYTOYHBIX ITOJIIPOB OBUIO CHelaHo BIepBble. braropapsa sTum
JQaHHBIM O IIOTOKAX Ha SHeprysax Oonblre 20 k9B HaM yamoCh FOBOIBHO TOYHO OLIEHUTb MacChl
HO/IyTOpa JeCATKOB 0e/IbIX Kap/IMKOB B IPOMEXYTOYHBIX IIO/IApaX, M CTaThs Hallla MOMTy4nIa
U3BECTHOCTb.

Muxann lerHagbeBUY PeBHUBIEB

BOCIIOMIMHAHWA
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BAJIEPUY CYJIEMIMAHOB

OnHako camoil 3HaYMMOI OKa3ajach Ipyras Halla pabora, ony6nukosanHas B 2011 ropy. Co-
BMecTHO ¢ IOpuem Iloyranenom 1 Kiaycom BepHepoMm MbI IpefiyioKuin HOBbIN METOJ, OIIpefie-
JIEHUs1 MacC 1 PafiyCoB HEMITPOHHBIX 3BE3] B Ma/IOMaCcCHBHBIX TECHBIX PEHTT€HOBCKIUX JIBOJI-
HBIX CHCTEMAX, JIeMOHCTPUPYIOIINX TePMOsiiepPHbIe B3PBIBbI HA IOBEPXHOCTH (TaK Ha3bIBaeMble
peHTreHOBCKIE 6apcTepsr). OKas3amoch, YTO CIHEKTPAIbHAS 9BOJIIOLNS TAKUX BCIBILIEK, CTyda-
IOIIUXCS TIPY HU3KOM TeMIIe aKKPeI[Ul, MOKeT OBITh OIMICAHA 9BOJIIOLVEI CIIEKTPOB MOferelt
arMoc¢ep M30MPOBAHHBIX TOPSIYNX HETPOHHBIX 3BE3J], KOTOPBIE 51 KAK Pas I YMeIo paccum-
ThIBaTh. CpaBHUBAsL CIIEKTPA/IbHYIO 9BOJIIOLNIO BCIBIIIKY Ha (pase eé yracaHus ¢ mpeicKasa-
HIAMY MOJIETIENl MOXKHO OIIPEJEeNUTh U MacCy, ¥ painyC HEMTPOHHOM 3Be3/ibl, IPUYEM He HaZl0
3HATh PACCTOSIHIE [JO MCTOYHMKA. MMXawWI IPOfiean OrPOMHYI0 paboTy o BceMy Hab/ofa-
TEJIbHOMY aHa/IM3y TePMOSNEPHBIX BCIBIINIEK MCTOYHNMKA, HA KOTOPOM TECTUPOBAJICA METO[,.
W oH ke an eMy Ha3BaHMe, METOJ yracaolieii Bcubimky (cooling tail method). Y pa6otsr 6bi1a
TpPyAHAs CyAbOa, MOCKOIbKY OHA IPOTUBOPEYN/IA TOCIOCTBOBABIIVM B TO BPeMsI IIPEICTaBIIe-
HIVISIM, U1 CTaThsI JBXK/IBI OTK/IOHSIACH PENAKUMAMY Pas/IMIHBIX )XypHaIoB. VI Opita omy6mm-
KOBaHa IIOYTH dYepes [Ba Tofja OC/Ie TOro, KaK OblIa HAIMCaHa. B faypHellIeM MeTOf, MHOTO-
KPATHO MPUMEHSIICS, ObIT fOpabOoTaH, I HAMBBICIIEI TOYKON €ro PasBUTHs SIB/ISIETCS Cerfdac
BO3MOXXHOCTb TIPsMOI AIIIPOKCUMALNY HAOTIONAeMbIX IIOC/IEOBATE/IBHOCTEI CIIEKTPOB
BCIIBIIIKY CIIeKTpamu Moferneii atMmocdep. ITomydeHHsle ¢ ero MOMOIIBIO 3HAUEHNsI pafmyca
HEITPOHHBIX 3BE3[] IOATBEPXK/IEHBI B HACTOsIIIee BPeMs [0 pesy/IbTaTaM HeIaBHMX HaOIIIofe-
HUI TPaBUTALMIOHHO-BOIHOBOT'O CUTHA/IA OT CAMBAIOIIMXCS HeTPOHHBIX 3BE3x (GW170817)
1 971EKTPOMAaTrHUTHOTO ITOCTIECBEYEHN S OT CIVAHMA.

Muura Brafien U co3faBaj caM OoraTeimi MHCTpyMeHTapuit B 06/1actu 06paboTKy peHTre-
HOBCKMX TaHHBIX. OH B COBEPIIEHCTBE, MOYKHO CKa3aTh BUPTYO3HO, B/Iafie/l PA3/IMYHBIMU METO-
[aMy aHaIM3a IepeMEeHHOCTY PEHTTEeHOBCKOTO M3/TydeHNs. B yacTHOCTY, 3HAYNTETbHO Pa3sBUB
METOJ, YaCTOTHO-Pa3peI€HHOI 9HePreTUYECKOI CIIeKTpocKonuy, Muxant ¢ komteramu, Cep-
reeM MosbkoBbIM 11 Maparom [iibgaHOBBIM, JOCTUI/IN 3HAYUTENIBHOTO IPOrpecca B HOHMMa-
HUV IIPUPOJbI HOTPAHNYHOTO C/I0SI MEX/Y HOBEPXHOCTBIO C/1ab03aMarHi4eHHOI HeIITPOHHOIT
3Be3JIbl U AKKPELVOHHBIM IUCKOM. B mocenyroreit Hanrest paborte ¢ Muxamiom, mpu yaacTnn
IOpusa IloyTaneHa, HaM yHanOCh MOKA3aTh, YTO MOJIE/Ib IIOTPAHMYHOTO C/IOS KaK CJI0sl pacTe-
KaHus, npennoxxenHas Hamnem VHoramosbiM 1 Pammpom CroHAEBBIM Ha MCXOfe IPOILIOTO
THICSTYETIe TS, TIOATBEPXKIAETCS HAOTIONEHNAMIL

BroocreficTBM MHe {OBETOCh paboTath ¢ MuxamaoMm u emié Haj HECKOIbKMMM MPpobIeMaMiL.
W Bceraa ero yOeXxA€HHOCTb B 3HAYMMOCTI BBIOPAHHOI 3a1a4u ¥ TBEPHOCTD B IIOC/IEOBATE/IBHOM
JIBYDKEHIN K e€ PellIeHNIo, IPU/ABaa HaM, €ro KOJJIeraM, yBepeHHOCTH, 1 BIIOXHOB/IIIA K paboTe.

Benviuku namsmu

Mironp 2013 roga. Ob1ieeBponerickas acTpoHOMuYeckas KoHepeHys B ropoge Typky, Oun-
naHpuA. Myxana Ha IMKe CBOeil HaydHON Kapbepbl. OH JTY4MTCS 30POBbEM U CYACTHEM.
CoBceM HeIaBHO pOIMJ/ICA €ro TpeTuil cblH. KoMHaTa rOCTMHMIIBL, Iie OH JKMBET, LIEHTP He-
(hopMaIbHOrO BedepHero oOlIeHNs Halllell pyCCKOTOBOp:Iell KOMIaHuu. [IbIM KOPOMBICTIOM.
Topsiume criops! 0 Hayke U 0 XV3HM. MuIla ITaBHBII 3aBOAMIA BCeX AuUCKyccuit. UTo xe 6yner
¢ PopuHoit n ¢ Hamm...

Hosprit, 2015 rozr. Muiiia o ckasiny nosgpanisgeT ¢ HacTynaroomum. OH ¢ cembéit B Kpacnoit Ionsa-
He. KaTaeTcs Ha TOPHBIX JIbDKaX B OTITyCKe. B 9ToM Halm yBedeHn: To>ke CoBIafaoT. Ha xommax

ceBepa OunyaHpny, B ganékoM 2005 rofy, OH HaIpaB/IA/l MOM IIepBble POOKYIE IIIaTyl B 9TOM JieTie.

Bo Bcex nenax Muiia 6611 XOpOoLNMM TOBAapUIEM U I[06PI)IM HacTaBHMKOM. Kak JKaib, 9YTO JIy4d-
e yxonAT IEPBbIMU. U xak TOPBKO 3TO OCO3HABATh...

Banepuii Cyneiimanos
Yuusepcuter Trob6uurena, lepmanns

Muxann lenHanbeBu4 PeBHNBIIEB

BOPHC HIYCTOB

3BEPb HA BETY U IITULIA BJIET...

Mep OIVH M3 CIIbHENIINX POCCUIICKUX acTpodusukoB Muxann Pesansies. bonbire roga
YHasan y Hero oOHApY>XWin pak. [/l Ko/ter, BCTPeYaBUINXCsl C HUM JIMIID SIMU30[Mde-
CKIf, 3Ta CMePTb CTa/Ia IOIHOM HeOXXUIAHHOCTDIO, XXYTKUM IIOKOM — Muxawry ObIIo Bcero
42 ropa, u oH 6bU1 Ha mogybéMe. HeaBHo momyunmn 3Banne npogeccopa PAH. Kasanocs, uro
yeHcTBO B PAH 11 Hero — BoIIpoc BpeMeHM, Ip14éM HeOOIbILIOTO.

Muxann 6BUI IOTHOCTBIO HOTPY)XEH B HAyKy U obmazgan (paHTaCTIIECKO paboToCrocobHo-
crbio. OH MOT OJTHOBpEMEHHO PaboTaTh B HECKONIbKIX OKHAX HA KOMIIBIOTEpE: B OJHOM — KOH-
TPpO/INPOBATDb BBIYMC/IEHN, BO BTOPOM — IINCATh CTAThIO, B TPEThEM HI/ICKyTMpOBaTb 110 9JIEK-
TPOHHOIT 1oYTe — BCé OfHOBpeMeHHO — llesapp 6bI MOT 1103aBNU0BaTh. ET0 KOHBKOM ObITa
PEHTTEHOBCKAs aCTPOHOMMST, 0COOEHHO BCAUECKIE aKKPELMPYIOLIe KOMIIAKTHBIE ICTOYHVKIL.

Muxann [enHagbeBuy PeBHUBIEB

BOCIIOMIMHAHWA
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BOPHC IYCTOB

IMoxkamyit, ero camblil M3BECTHBII LUK paboT — 0OBsICHEHNE «PEHTTEHOBCKOro xpebra la-
JTAKTUKM». DTO PEHTTEHOBCKOE U3/TyYeHle BIOJb Ia/IaKTIYECKOI IIOCKOCTH, He CBOJIMBIIEEC
HU K KOCMMYECKUM JIy4aM, HU K IMCKPETHBIM MICTOYHMKAM, — OHO BBIITIAZIE/IO HEIIPEPhIBHBIM
U MMeJIO IMHMY, OYATO M3/IydaeT KocMmudeckas miasma. Ho Takast mmasma He MOXKET YAepKiu-
BaTbCA TATOTeHMEM [a/laKTUKM — II03TOMY ABJI€HME BBITJIAJIENIO 3araflouHbiM. Muxans, nepe-
JIOTIATUB MACCHBBI JAHHBIX HECKOIBKMX PEHTT€HOBCKUX 00CEpBATOPUIl, B TOM UIC/Ie U3YIUB
BCe TUIIBI O/IM3/IeXAIINX UCTOYHIKOB, HAIIEN 0TBeT. XpebeT [a/MakTuKu — pPeHTreHOBCKOe 13-
JIydeHe OTPOMHOTO 4MCIa Oe/bIX Kap/IMKOB, BXOAAIINX B ABOHBIe cucTeMbl. Kapnuk crsru-
BaeT Ha ce0s1 3BE3IHBII BeTep KOMIIAHPOHA — OTCIOfA 1 BOSHUKAET PEHTTEHOBCKOE CBEUYEHNIE.
Kaxplit 13 3TuX 06BEKTOB LOBOILHO C1ad, HO YMCIO MX OTPOMHO — MIJUIMOHBL, IO3TOMY
U BO3HUKAET BIIeYaT/IeHIIe HEIIPEPbIBHOTO (POHA.

3a atoT umk1 pabor Muxann nonyunn Ipemuto Ipesunenrta Poccuiickoit Penepannm. Kax
HOLTY TN Ha GaHKeTe OfVH U3 KOJUIEr — [jBa MIJIIMOHA O€/IbIX Kap/IMKOB CKUHY/INCD 110 PyO/IIo
U IIpenofHecay ux Muiue B Bufie IpeMun.

OH ObUI CBET/IBIM ¥ OYEHDb JIPY)KeMOOHBIM 4elIoBeKOM. Bcerma Obl1 rOTOB IIOMOYb, MHOITA
TpaTd Ha 9TO HeMaJsIo IieHHOro BpeMeHy. OOCYX/IaTh ¢ HUM /1I00yI0 Hay4dHYI0 Ipo6ieMy ObLUIO
OO/BIINMM YIOBONBCTBMEM — OH O4YeHb OBICTPO M YETKO MBIC/IMII M CXBAaThIBal Ha JIeTy. Bcé
Y Hero ObUIO XOPOILIO — ¥ KOJUIETH, M CeMbs, U Apy3bs. VI elmé 6obplie y Hero ObII0 BIEPe.
B gacTHOCTM, HAKOHEL-TO CKOPO JOJDKHBI 3aITyCTUTh KOCMITIECKyI0 06cepBatopnio «CIeKTp-
Penrren-Tammar, rae Muliia HaBepHAKa CTas Ob OHUM 13 II€PBbIX JOOBITIMKOB MHTEPECHBIX
[AHHBIX.

OTO TOT CIy4ali, KOrja Heyero ckasarhb ceOe 1 ApyruM B yTeiueHye. CBeT/Ias HaMATb. ..
Bopuc Ilycmos

4yIeH-KoppecnonieHT PAH, Hay4HbIi
pyKoBopuTenb VinctuTyTa acrponomMun PAH

Muxanun [enHagbeBua PeBHIBIEB

ITABEJ1 AHOXVH, JIEOHN]] BACUJ/IBEB

1989 ropy B cpenneii mkone Ne 51 roposia TonbATTH U3 YYaCTHUKOB FOPOJCKUX ONTMMIINAT

o ¢usmke u MareMaTHKe HabMpamy KIacc i yrIyOnéHHOTO M3ydeHns QUIMKM 1 MaTe-
martuku. OT6op nporunm 16 4enoBex, cpeny KoTopsix 6b11 Muxann PeBHuBIies. Torga Mal 11 1o-
3HAKOMUIUCH ¢ MarikoM.

B aToMm Kmacce 10 OKOHYAHMS IIKOJIBI MBI BMECTE IIPOYYMINCD [jBA TOfa. Y4eOHas IporpamMma
IUIsL 9TOTO KJIacca ObUIa M3MeHeHA. BbIIO yBenMnueHO KOMMIeCcTBO yIeOHBIX YaCOB 110 MaTeMa-
THKe, ¢usnKe 1 nHGOpMaTIKe, FOOABIEHBI HOBBIE IIPEIMETDI: ICUXOIOTHS, COLIMOJIOTS, M-
poBas XyHmo)KeCTBEHHas Ky/IbTypa 1 Jp. YacTb NpeaMeTOB Belu NpenofasaTenn u3 TonbAT-
TMHCKOTO MeJarorn4ecKoro MHCTUTYTA I CIIEI[MaINCThI BO/DKCKOro aBTOMOOMIBHOTO 3aBOJA.
Ocobenno xo4y BbifeuTb Ilotockyesa EBrennsa Bukroposnya — ydyennka Aunpes Hukora-
eBua KommMoroposa, KOTOPBINT ITpenofasain y Hac reoMeTpuio. Ypoku EBrenns Bukroposnya
Bcerna O6pumn 0cobeHHO nHTepecHbl. OH OTHOCKIICS K HaM C TEIUIOTON U TeplieHneM. EBreunii
Buxroposuu Beiensit Muury. HaBepHoe, oH Bufen B Maiike KadecTBa, KOTOpble B OyAyLieM
cpenanyu ero y4€HbIM. C Kmaccom Mpl puesanu B Jonronpygasiit 8 MOTV. Tam Mbl genann
Hebosbie gokmansl. Joxaax Marika 6611 0 GOTOHHOM fBUraTese. Marik y>ke TOT/a MPOSIBIIST
MHTepeC K KOCMOCY. B nTore u3 kacca BBITyCTUINCD 14 elloBeK, MIeCTepo U3 KOTOPBIX (B TOM
yncie Maiik) B 1991 rogy noctymum B MOTV. Bce MBI ycrienHo 3aKOHIMIN MHCTUTYTHI, HO
B HayKe OCTaJICA TOMbKO Malik.

Bo Bpemst y4é6bI B MHCTUTYTE, )KUBS B OOLIEKUTUY, MBI €l11é 60/IblIle CAPYXMIUCh. Malik Hu-
KOTZla He OTKasbIBa/I B OMOIINM HY B MEJIOYAX, HI B KaKMX-TO 6OJ/ee CephE3HBIX CUTYALVISIX.
Bcerma mopaskana sHeprua Marika. OH ycneBasn U yIYuTbCA, ¥ 3aHMMATbCA CIIOPTOM, ¥ YUTATh
XY[IO>)KE€CTBEHHYIO IUTEPATYPY, CIYLIaTh MY3bIKY, XOOUTh B TeaTp X MHOroe apyroe. Beerna ne-
7aj Bcé OBICTPO, YaCTO HECKOTIBKO e/l OFHOBPeMeHHO. M Bcerna mo6u 60/blie KoMIIa-
Huu. Ha ero fieHb po>xieHns Bcerfa NpUXofnIo MHOTO Jpy3eil ¥ OGHOKypcHMKOB. Korma mpu-
e3>Ka/Ii IOMOJI Ha KaHMUKYJIbI, OH 9aCTO OPraHM3O0BLIBAJI TYCOBKH, Ifie ObUIM OHOK/IACCHMKIL,
Ipy3bsi U 3HAKOMbIE. BOKPYT Hero Her3MeHHO ObI/IO MHOTO MHTepPEeCHBIX JIofieil. MHOTo Bcero
CIIy9a/IoCh B HAIel )KU3HY, HO 0CO00 XO4YeTCsI OBeaTh 06 OHOI UCTOPUIM, KOTOPasi, KAaK MHe
Ka)KeTCH, OYeHb YETKO XapaKTepusyeT Mury.

B 2003 rogy Maiik, xorga oHu ¢ AHeit u Bragom sxmmn B MOHXeHe, IPUITIACUT MeHsI K cebe
B TOCTH, 11 MBI BCE BMeCTe II0eXa/i Ha MalyHe B ABCTpuIo, B CaHKT-AHTOH KaTaTbCA Ha rOp-
HBIX JIbDKaX. MajiK K TOMy BpeMeH! y>Ke HEIJIOXO OCBOMJI CITYCK Ha JIbDKaX C TOPHBIX CKTIOHOB,
a 51 KaraTbcs He ymen. Ha ckone Maiik Mokasan MHe a3bl KaTaHuA 1 yKaTua BHu3. OHy ¢ AHeit
KaTaJCh 110 odepenyt, Bian 6bu1 emé manmeHbKuit. Yepe3 HECKONIBKO JHEI IIOJ YYTKUM PYKO-
BOACTBOM MaiiKa 51 y)ke MOT KaK-TO CheXaTb ¢ ropbl. Ho MHe 3TOro 6b110 OCTaTOYHO, YTOOBI
IIOYyBCTBOBATb Ce0:1 KPyThIM FOPHOIBDKHIKOM. B nTOre 3a mapy jHeii 10 oTbe3fia A yIas 1 Ha-
TOpBaJ CBA3KY Ha Hore. Malik co MHOJI IIOJTHOYM IIPOBE Y Bpada. B leHb 0Tbes/ia CTapeHbKuUit
«HiccaH MUKpO», KOTOPBII BCE 9TO BpeMs IIPOCTOSLL, He 3aX0TeNl 3aBONUTLCS (OH, HaBepHOe,
3HaJI, 4TO OyfeT [ajblue U He XOTeNI eXarb). BeUI BRIXOQHOI, aBTOMACTepCKasi He paboTasa.
Hago 6s110 exatp, 1 Mbl ¢ MaitkoM Hadajmt pasbuparbcest ¢ monoMKoit. I[Ipocymmm u modn-
crumu TpaM6ép, u «Huccam» 3aBéncs. V13 CaHKT-AHTOHA MBI BBIEX/IN C ONIO3/aHIeM. Bbito
pelIeHo exaThb [0 KOPOTKOMY IIyTu depes nepesan PepHirace, a He B 06be3f o aBTobany. B ro-
pax IOLIE CHeT, KOTOPbIT BHI3Y HA aBTOOAHE IIPEBPATIIICS B JOXK/Ib, 4 IIOTOM B JINBEHb. [IBOp-
Hykn y «Huccana» cnomanmce, 1 Maiiky IpuxoguiIoch OIyCKaTh CTEK/IO BOUTENBCKON IBEPH,
94TOGBI IPUBECTI ABOPHMKI B IBIDKEHNUE BPYUIHYIO I IIOYMCTUTD 1060Boe crekno. Kasamocs,
BCE TOBOPMJIO O TOM, YTO HY>KHO OCTAaHOBMTbCA U NlepexkiaTh Herorofy. Ho aTo He mpo Maiika.
MpbI OCTaHOBUINCH Ha 3ampaBKe, Majik OTpeMOHTUPOBA/I JBOPHUKY, ¥ MBI IIO€Xa/N K Iepe-
Bary. Ha ®epHrracce mén cHer, KOTOPBII OBICTPO yKaThIBA/ICT MammHaMu. Oypsl, ¥ KOTOPBIX
He OBI/IO Liertelt Ha KO/IEcax, exau ¢ 60IbINM TPyAoM 11 OyKCOBau. Y HaC TOXKe He ObLIO Iierieit
Ha Kojécax. VIHOra Ka3anmoch, YTO0 MaJeHbKasl «<MUKPa» He BBITSHET Ha 0OrOHe KaKyko-HIOynb
Oykcymomyio Qypy, Mbl CbefieM KyAa-HUOYAb B CTOPOHY, I HAM IPUAETCS TONKATh MAIIVHY.
Ho mammua Bbifjepkana, AHs — ToXe, B Mailke HUKTO 11 He COMHeBasCs, a Brmaj 6but emmé
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ITABEJ1 AHOXWH, IEOHM]I BACU/IBEB

MaJIeHbKUI1 ¥ HI4YeTo He MOHSL. B 0611jeM, eI1jé II0cTOsIB HEMHOTO B ITPOOKE, MBI BIIOJIHE 6/1aro-
HOTYYHO foexanu Ao MonxeHa. HaBuratopa ¢ MOOMIBHOIL CBSI3BIO y HAC TOIAA He ObUIO, IO-
3TOMY OLIeHUTbD, CKOJIBKO MbI COKOHOMI/IV BPeMeHN, [I0eXaB Yepes IepeBaJl, a He [0 aBToOaHy,
HEeBO3MO)KHO. Ho MBI He CBepHY/IM € IIyTH, HE Pa3BEPHY/INCH, a JOEXa/IN [0 HAMEIEeHHOI L{e/n
HaMeYeHHBIM MapIIPYTOM.

B sToM 1 6611 Bech Malik. ..

Bocnomunanmsa o Muie Bcersia 6ynyT co MHoi1. Ceifdac sl HOHMMAaI0, HACKOJIBKO O0/IbIIOe BIIN-
SIHME Ha MOIO )KM3HDb OH OKas3aJl, i HACKOJIbKO €r0 He XBaTaeT.

Ilasen AHoxUuH

Maiu(a 51 3HAIO OYEHD JJaBHO — €llI€ C IEPBOro Kypca MHCTUTYTA. fI mpuexas 13 NpOBMHIA-
aJIHOTO TOPOJia U eIé He IPUBBIK K MOJHBIM IIPUYECKaM, KOTOPbIe ObIIN pacIpocTpa-
HeHbl B Mockse B To Bpemst (1991 rog). [TomHIo, Kak st cTosin y 3ganust obutarn MOTU B koHIe
aBTyCTa M CMOTPEIT Ha HECKOIbKO KPEIKVX JIIOfieit, MAYIIMX ¢ 6OMBIINMM CyMKaMU Ha I/IeYax,
C MOJHOI KOpOTKOi cTpikkoit mof Depeche Mode. OcHOBHast Macca CTYEHTOB BBIITIsIfENA
uHaue («3aJOX/IMKI»), 9Ta XKe TPYIIIa CUIIbHO BBIIEIAIACh — s jaXKe TIPMHSI UX 38 MECTHBIX
(«pornroma»). KakoBo >xe Ob1o MOE ynuB/IeHMe, KOIIa B MOI0 KOMHATY B oOljare 3aBanics
OfIVH U3 HUX U CKa3aJl, 9YTO OH 371eCh KUBET. DTO 661 Malik.

Maiix 611 60b1M panatom Depeche Mode. Ha BxopHOII ABepy B Hallleit KOMHate B obmiare
OH TIPMBECUIT Ma/leHbKYI0 (OTOrpaduio 9Toil pOK-IPYIIIbI, @ MOsI MaMa, KOIZIa MeHs HaBellja-
JTa, IIBITA/IACh HAWTY HAc Ha 3Toil poTorpaduu. B mobyro cBobomHy MUHYTY Maiik cryiian
Depeche Mode, ueM BbI3bIBa/I HEYAOBOIbCTBYE HAIIIETO TPETHETO COCEa [0 KOMHaTe, BuThbKa.
B xoHeYHOM MTOT€, 3TY MOHYIO Ipynny Mullle IpMXOAMUIOCh CAYIIATh TOIbKO B HAYIIHMKAX.

IIpomn rogpl. Maiik cTan M3BECTHBIM YYEHBIM. [IOMHIO, 4TO KaK-TO S pelun/ 3aHATbCA Ha-
ykoi1 1 Malik B3I MeHA B CBON OoT/Aie/l. Mbl Hada/u MucaTh CTaThlo. Bckope A MOHAN, YTO Ha-
yKa — He MO&, 1 y1én u3 oTaena. Uepes mapy mMecsieB Maiik IpuHEC MHe «MO0» CTaThiO (51 O6bI1
[IepPBBIM aBTOPOM), HalleYaTaHHYIO B HAYYHOM JKypHaJle, I elljé HaxBaIMBaJl, KaKas y MeHs CTa-
Tbs1 Xopouas. [IOHATHO, YTO B 3TOII CTaTbe OT MeH: OBbIT TONIBKO OfMH maparpad, ocTanbHOe
Hamcan Mariik.

Maiik o4deHb 06T 0OBACHATD BCsiKMe Bemin. Kak-To 51 TOTOBWICS K 9K3aMeHY 110 9KOHOMe-
TpuKe (CTATMCTMKA HAa 9KOHOMMYECKUIT 1afi), M MHe Oblla HEIIOHATHA HeKas popmya. Marik
IPUHSICS OOBSACHATD TEOPUIO CTATUCTHUKIM, KOTOPAst IeXKajia B OCHOBe 3Toit popmybl. Korma
e 51 IIPeIOKIIL epeiiTi K BBIBOAY (opmysinsl, Maifk ckasa, 4TO OHa JIETKO BBIBOLUTCS Ha
OCHOBE TOJI TEOPUH, KOTOPYIO OH MHE TO/IBKO YTO OOBSCHIII, U OCTABII MeHs ¢ (popMyrioit
onuH Ha ofyH. Kak okasamoch, s1 6bUI He HACTONIBKO CUJIEH B CTATUCTUKE, M BBIBOZ (POPMYIIBI
IIPUIIJIOCH UCKATh B IPYTOM MeCTe.

A yBnékca moOUTENbCKON acTpoHOMMell (HalMofieHne TalakTuK, TYMaHHOCTel M IPOYNX
3BE3[IHBIX 0O'BEKTOB ITTA30M B TeIECKOII HeOOJIBIIIOI ALIEPTYPbI) I HEOFHOKPATHO 3BAJI €T I10-
exarb ¢ co60it Ha Hab/mofleHyA. MaJiK JOTOLIHO BBICIIPALIMBAJI, YTO Xe A BUKY B OKYJLAD, U KOI'-
fla IOHMMAJI, YTO LIBETHOI KaPTUHKM KaK C TejiecKomna 1M. Xab6/1a TaM He 6yaeT, OTKa3bIBaICA.
OH pery/sIpHO IPUAYMbIBA/I HAyIHbIE 3a/1a4ll, KOTOPbIE MOXXHO ObIIO pelIaTh Ha MaJTeHbKOM
Teseckore. Maiik mofapy MHe GOIBIIYIO paciiedaTaHHyIo ¢poTtorpaduro ramaktuku M104 (ra-
naktrika CoMbpepo), KOTopast HalIOMIUHAET MHe 0 HEM. M 104 — MKOHKA MOETO IIPUIOKEHNS
Ha Android, KoTOpOe 51 HaINCaI A/Is1 UCIIO/Ib30BAHN TIOOUTEAMY ACTPOHOMUIL.

Maiik 6511 3aMedaTenbHbIM ApyroM. CBeT/Iast eMy IaMsATh!

Jleonuo Bacunves
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Bpyuenue Muxauny C Mapamom
Pesnusuesy IIpemuu Tunvgpanoswvim nocne
IIpesudenmom PP spyqenus Ilpemuu

IIpesudenma PO,

II. A. Medsedesvim,
Mockea, Kpemnv,
gespany 2009 200a

Mocxea, dpespanv
2009 z200a

Iocne spyuenus Ipemuu
IIpesudenma PO,
Mocksa, gpespany

2009 200a
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Bosne Uncmumyma
acmpopusuxu
obujecmea um. Maxca
ITnanka (MPA), [apxune,
Tepmanust, 1997 200

Hucxyccus co spemst
MOBAPULLECKO20 YHUHA
Ha KoHgeperyuu

“An INTEGRAL view

of the high-energy sky
(the first 10 years)”,
Hapux, Ppanyus,
okms6pv 2012 200a

BoixooHuvie Ha 0pHbIX C Cepeeem
nvixax 8 Tapmuu- Tpydono6osbim
Hapmenxupxene. u Koncmarmurom
Tepmanus, dexabpo Boposounvim, Iepmanus,
2005 200a 1997 200
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C Upexom Xamumosvim Ha kpouue 30anus
8 obcepsamopu ‘ meneckona PTT-150,
Ty6uma1<, Typyus, 60371€ Kynona,
Hos16pb 2009 200a ¢ Poouorom Bypenutvim
u Vpexom Xamumosvim,
Typuus, Hoa6pb
2009 200a

Muxaun PesHusues

¢ Poouorom Bypenurvim
60 BpeMSA yCMAaHOBKU
H0601i bbiIcmpoLl

H3C-mampuuel,
npuobpemenHoil
Muxaunom 0ns
meneckona PTT-150, B nobxynonbuom
Ob6cepsamopust nomew,eHul meneckona
Tyoumax, Typuus, PTT-15§, Typuyust HOS6Pb
Hos16pb 2009 200a 2009 z200a
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Y kpynneiiuezo

6 Poccuu onmuueckoeo
meneckona bTA

60 epems Bcepoccuiickoil
AcmpoHOMUHECKOLL
KoHpepeHyuu,

Huocnuit Apxois,
cenmsi6po 2010 200a

Y paouomenecxona
PT-32 60 spems
Beepoccutickoii
ACMPOHOMUHECKOU
KoHpepeHyu,
Huoxcnuti Apxots,
cenms6pv 2010 200a
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C konnezamu

Eszernuem Qypasosoim,
Bunnom @opmariom,
Muxaunom Ilasnuxckum,
Cepeeem Ipebenesvim

u Cepzeem CazoHo6bIM,
Cmoxezonom, Illseyus,
anpenv 2008 200a

B nepepoise mesdy
coseuanuAMU
pabouux epynn

6 Mexcoyrnapoorom
uHcmumyme
KOCMU1eCKUX
uccnedosanuii

(ISSI, Bepm).

Muxaun ITasnunckuil,
Anexcandp JTymosuros,
Muxaun PesHusues,
Cepeeit Monvkos.
Hlsetiyapus,

mapm 2004 zo0a

C Pawudom Anuesutem
Cronsesoim

u Anexcanopom
Jlymosunosvim

Ha KoHpepeHyuu

“The Extreme Universe”,
Taopmuna, imanus,
cenmsi6pv 1998 200a
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loma,
¢pespanv 2011 200a

Hoeswiti 2008 Too
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Ilocne

nonyueHUss OUNIoMa
06 oxonuaruu MOTH.
C yuumenvruuyei
pusuxu

Haoexooti HukonaesHoii
Moxpoycosoii

u dpyzom

Ilasnom AHoxUuMHbBIM.
Honeonpyonuiit,

utonv 1997 200a

ITo dopoze 6 VIKIL.
Mocksa, 1997 200

Cemvst Pesnusuesoix om dedyuiku u 6abyuiku do énykos. Hosuiit 2013 100. Mockea
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OOTOTPAOUN

HOSBPb
2016 TOJIA. ..

C scenoti Anetl

U CMAPUUMU ColHOBbLAMU
Brnaoucnasom u Ezopom,
anpenv 2012 200a

C comosvamu Ezopom,
Braoucnasom u Inebom,
anpenv 2015 2004,

30 HeCKO/bKO OHetl

00 onepayuu
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T}DKé}Iaﬂ 6071e3Hb 11 Ge3BpPEMEHHBIIT yXOJ 0T Hac Muim PeBHMBIIEBAa — 3TO CTPALIHBII yAAp
II0 er0 CeMbe U JIeTsIM, TPOMajiHas IOTeps [JIA HAalllero OT/eNa U I/ BCeil PeHTTeHOBCKOM
ACTPOHOMMM B Halllell CTpaHe 1 B Mupe. MbI Bce 3Hanmy Munry Kak Ta/laHTINBOTO, O1ecTsiie-
O U MIPUSHAHHOTO YIEHOTO, Ye0BeKa, 00/1a/jaBIIero CBOMM II0YEPKOM B HayKe, CBOUM SIPKIUM
U 0OBIYHO HEOXXMIAAHHBIM IIOfIXOfI0OM K PeIIeHNI0 3a/1ad, KOTOpble OH CTaBII Iepex coboit. O
obazan HeoObIYalHOI PabOTOCIIOCOOHOCTDIO, IIO/Ib30BAJICS TPOMA/{HBIM YBaXKEHIEM KOJIIET
1 OBbUT LIEHTPOM IIPUTSDKEHUS /IS OKPYIKAIOIINX er0 MOJIOABIX YIEHBIX. ACTPOHOMBI, IaXKe Ja-
7KV OT HAILell TEMATUKI, YYBCTBOBAIN €TI0 CUIIY U IPEAHHOCTD HayKe. Y HEro OblIa MeXAY-
HApOJHas M3BECTHOCTD U BBICOYAIIIIAsT PEIyTaIsi IpodeccroHaa 1 9KCIIepTa B CBOEM Jierie.
Muxann lenHagneBud 6bU1 He IPOCTO BUAHBIM WICHOM Hallleil TPYIIIIBL, OH OBUI OFHNM 13 eé
OCHOBHBIX CTEPIKHEIL.

ITporry mpoueHst, 4TO 13-3a CUIBHOTO OPOHXUTA He PEINICS HAPYIINTb PEKOMEHAALINIO Bpa-
Ya OTMEHUTD, KAK MUHMMYM Ha TPY HEJENN, BCE TIOMETHI.

I[Tporry mepenaTs MOM UCKpeHHUE COOO0NIE3HOBAHMsI AHe, POLUTE/ISIM U BCeM POACTBEHHUKAM
Mum, ero gpysbAM U KOJIJIETAM.

Pawiuo Cromses

I'AH@\ / ®epepanbHoe rocyaapcTBeHHoe GlomxeTHoe
Hay4Hoe yupexaeHue
«®PegepanbHbIv UccrnenoBaTenbCKU LEHTP
WUHCTUTYT npuknagHomn dusnku
Poccuickoii akageMum Hayk»

VIHCTHTYT KOCMHUYECKUX
uccnenoanuit PAH,

OTAEI acTPO(HUBUKM BHICOKHX HEPruit

YnbsiHosa yn., 46, FCMN-120, HwxHuit Hosropoa, 603950

Ten. (831) 436-58-10
dakc (831) 436-60-86, (831) 436-97-17
E-mail: dir@app!.sci-nnov.ru
http://www.ipfran.ru
OKMNO 04683326, OrPH 1025203020193,
WHH/ KN 5260003387/526001001

Ne 11226 —

Ha Ne ot

Co6oe3H0BaHUs OT COTPYAHMKOB OTZENa aCTPOGH3UKY U HU3MKH KOCMUYECKON ILIa3MBl

WncruryTa npuxinansoi ¢usuxu PAH (r. Hroxauit Hosropoxn)

CoTpymHuKY oTeNna acTpoOH3UKY U GU3MKU KOCMUYECKON IU1a3Mbl VIHCTHTYTa IPUKIIaTHOM
¢msuxu PAH (r. Hyoxauit HoBropon) BeIpaxaroT co60JIe3HOBaHHS KOJUIEraM ¥ poIHbIM Muxaria
PeBHuBLEeBa. MBI 3aroMHIIM Muxania Kak BBIIAIOIIErocs yYEHOTO B 00JIaCTH PEHTI€HOBCKOH
aCTPOHOMUH, TANAHTIMBOTO OPraHU3aTOPa, AYIIEBHOIO ¥ OT3HIBYMBOIO YenoBeka. IIOMHIM ero HaydHbIe
BeicTymuieHus B Hwxuaem Hosropoge. IenuM ero momomnps u moanepxky B MockBe Ha €XXeroHON
KOH(GEPEHIMH 110 acTpoGU3KKe BEICOKHX 3Hepruit U B I'apxunre B MHCTHTYTE acTpodusuxy ObmecTsa
umenu Maxkca ITnanka. MbI BMecTe palOBAIUCH €T0 yCIleXaM, IIONYYEHHIO TOCYJapCTBEHHON IIPEMUH.
Bepuutu B ero OyayIue OTKpHITHSA, B €0 HOBBIE HACH. MBI CKOPOMM BMeCTE C BaMH O IPEXKIEBPEMEHHOM

yxozne Muxauna. M HaBCeIrJa COXpaHUM CBETIIYIO IaMAThb O HEM.

Axanemuxk B. B. Xeneznsxos, wi.-kopp. PAH Bu. B. Kouaposckui,
M. A.Tapacés, E. B. llepumes, C. A. Kopsrur

24 Hos6ps 2016 rona
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COTPYIHUKH CIEHHAJIBHON ACTPO®U3HYECKOMN
OBCEPBATOPHU BBIPAJKAIOT IVIYBOKHE COBOJIE3HOBAHMSI
POJIHBIM M BJIM3KUM
MHXAMJIA TEHHA/IbEBHYA PEBHUBIIEBA
H BCEM COTPY/IHUKAM HHCTHTYTA KOCMHUYECKHX
HCCJIEAOBAHUI
B CBSI3M CO CMEPTBIO OJIHOTO W3 AKTHUBHEHIIHX
COTPYIHUKOB  MHCTHUTYTA, BHECHIEIO 3HAUYMTEJbHbIIH
BKJA/l B  PA3BUTHE  MCCJEJOBAHUI B OBJACTH
PEHTTEHOBCKON ACTPOHOMHMH M ACTPO®U3MKH BbICOKHX

IHEPTHI, IOArOTOBKY HAYUHBIX KA/IPOB.

MHOTHE M3 COTPYJHHKOB CAO PAH 3HAJIM EFO M BbIJIH
Er0 KOJUIEFTAMH. MHMXAMJ TEHHAJILEBHY BCEIJIA  BbLI
KU3HEPAJIOCTHBIM M JIPYKEJIOBHBIM  YEJIOBEKOM,
FOTOBBIM IPHIITH HA IOMOILb B JIIOBOM JIEJIE, OBPA3LIOM
VBEPEHHOCTH, BOJAPOCTH, MO3UTHBHOIO OTHOIIEHUSI K
JKM3HH, 10BPOTBI. TO BbLJ YEJOBEK, ITPEJAAHHBIH CBOEMY
JIEJTY M VBJIEUEHHBII HAVKOIL.

OH MHOT'O CHJI OT/IAJI PABOTE H YIIEJI OYEHDB PAHO.

MAMSITH O CBETJIOM U JOCTOHHOM YEJIOBEKE MUXAWJIE
TFEHHAJILEBHYE PEBHUBIEBE HABCEI'JIA OCTAHETCSI B
HAIIHUX CEPJILIAX.

e —

-
Fr
JUPEKTOP CAO PAH W/ BJIACIOK B.B.

Harvard-Smithsonian Center for Astrophysics g )é
60 Garden Street, Cambridge, MA 02138-1516 (617) 495-7000 Q‘Lv
22 December 2016

We are sorry that we are not able to join with you at the annual IKI gathering to remember our friend Mike
Revnivtsev. From the time we first met Mike he was always enthusiastic at everything he did - from organizing
a party to conceiving and writing a proposal or a paper. No one was more excited or dynamic than Mike. Mike
had strong opinions and views about how everything should be done. Grocery shopping with him was a
thrilling event - from the drive in his car to the actual act of shopping - all were unforgettable. No one could
compare to Mike for getting everyone together on a weekend evening and being the most charming and
welcoming host. Pulling out all the stops. Offering the most amazing variety and quantities of food! and piling
it all high on the plates that were offered to his guests.

Mike was the enthusiastic driver of the program to use a I Ms Chandra observation to image the Galactic Ridge
emission. He crafted the proposal, carried out the observation planning, analyzed the data, and conceived a
masterful Nature paper (Revnivtsev et al. 2009 Nature, 458, 1142) that definitively resolved the bulk of the
"diffuse" X-ray glow into discrete stellar sources. Untangling a mystery that had lasted a quarter of a century,
Mike showed that “at energies of ~6—7 keV, more than 80 per cent of the seemingly diffuse X-ray emission is
resolved into discrete sources, probably accreting white dwarfs and coronally active stars.” (Note that recent
studies suggest that there might still be some residual emission that is truly diffuse.)

This Galactic Ridge study prompted further papers that revealed a component of X-ray emission from all
galaxies - the integrated emission from their populations of coronally active stars and accreting white dwarfs -
that could only be resolved into discrete sources in our own Galaxy. In more distant galaxies, the equivalent of
the Galactic Ridge, the emission from the old stellar population, appears as an unresolvable glow from millions
of individual stellar sources.

Mike's scientific contributions, his enthusiasm, and irrepressible passion for everything that he undertook will
always be remembered.

With great sadness,
Bill & Christine, Julia, Daniel, Miranda
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Corpypuauku CrierjuanbHoi acTpoduandeckoir 06cepBaTopun BEIpaXarT [1yboKkoe cobomes-
HOBaHUe ponHbIM U OnuskuM Muxanna lennanbeBnya PeBHMBIIEBA 11 BceM cOTpyAHMKaM VIH-
CTUTYTa KOCMMYECKMX JMICCTIEIOBAHMIT B CBA3M CO CMEPTDHIO OHOTO M3 AaKTMBHENIINX COTPYH-
HUKOB MHCTUTYTA.

Yuénwuii cexpemapv CAO PAH, Kaiticuna E. V1.

oporue komnern! Tompko 4TO IMOMYy49M/7I NMUCbMO O CTPAaIlHOM HECYACThE, IOCTUTLIEM
BCE€X HacC...

bBesBpemeHHbIIT yxon Mumin, 671ecTAILIero y4€HOro ¢ paHTacTNIeckol paboToCIoCOOHOCTDIO,
6O/IBIINMI IEPCIIEKTUBAMY Vi 3aMeYaTe/IbHBIMI Y€I0BEYECKIIMI KA9eCTBAMY — OTPOMHasI I10-
Teps 1A Beeit Hayku. [lepepaitTe, HOXKaTyiicTa, MOV COOOIE3HOBAHN €T0 CeMbe.

C yBakeHMeM U I1eYaIbio
K. Ilocmnos

E 7 Baxkaemble kowtern VIKIV PAH!

C 601bIIMM IIPUCKOPOIIEeM MBI BOCIIPUHSAN IIeYa/IbHYI0 BeCTb 00 yXOfe U3 KU3HY HaIllero
Konneru Muxanna PeBHuBIEBA.

MBpI 3Ham Muxansa Kak Oflap€HHOrO 1 Ta/TaHT/IMBOTO YY€HOTO, TPAKTUYECKI KaXK/IbII TOT JApB-
IIIer0 HaM CBOM fApKJe Hay4Hble pe3y/IbTaThl, paccKasblBas O HUX Ha JleKaOpbCKUX KOH(pepeH-
myax B IKV. C HuM Bcera 610 MHTEpeCHO 00IAThCs Ha pa3Hble TeMbl B HayKe U B )KM3HIL.
OH MHMIIMUPOBA/ OpUTMHAIbHBIE HayYHble 3a/ja4un /s 1,5-M Temeckoma PTT-150, mpuanMas
AKTVMBHOE y4YacTye B UX OOCY)X[EHUM, pellleHNM, MHTepIpeTanyy pe3ynbraroB. Ero sHaHus
U OIBIT BCEIia HaM IIOMOT/IM M BCerfa ObUIM Ba>KHBI [JIA Hac. Muxaua 6bUI HEYyTOMMMBIM
TPY>KEHMKOM HayKu. Brarofjaps ero opMruMHaabHBIM HaydHBIM pe3y/lbTaTaM, MM €0 CTajo
M3BECTHBIM He TOJIbKO B HAIllell CTpaHe, HO U Cpefy IIMPOKOT0 KPyra 3apy0e>KHbIX YIEHDIX.
[TprMuTe HalM UCKpeHHME COOONTE3HOBAHMSI OT MIMEHM BCEX Ka3aHCKUX KOJIIET.

Hamm rry6oxye co6omesHoBaHuA ceMbe ¥ pogHbIM Muxanna. CBeT/ias eMy aMATb.

Wnvpan buxmaes, Hauno Caxubynnun
KasaHcknit yHuBepcuTeT

e lost a great person. I will never forget the first time I met him in Taormina in 1998. Mike
was young and promise scientist and our expectation were right. I big hug to his family.

Angela Bazzano
hese are indeed very sad news. I have very fond memories of working with Mike at the ISDC
in the early days of the INTEGRAL mission and of the many occasions to discuss with him

and to enjoy life throughout the years. Please send my deepest condolences to his family.
Volker Beckmann
hese are very sad news indeed and a great loss both personally and professionally for our
community. My thoughts go out to Mike’s family and friends and also hope our condolences

can be passed on.

Peter Kretschmar

Muxanun [enHagbeBua PeBHIBIEB

his is indeed very bad news, a big loss professionally and humanly. Please bring our condo-
lences to Mike’s family.

Diego Gotz

was shocked to learn of Misha Revnivtsev’s death. The world of astronomy has lost one of

the foremost explorers of the x-ray sky, and those of us who knew him personally lost a great
colleague, and a great friend. I treasured my own conversations with Misha during the annual
high-energy astrophysics meetings at IKI. Great encyclopedic knowledge, combined with deeply
original thinking and powerful intuition. Always a new insight, always something to think about
afterwards. I will remember his larger than life personality, his modesty, his kindness and em-
pathy, his calm demeanor and his deep passion for science and for life. It is so sad that he is no
longer with us. Please pass on my deepest condolences to Misha’s family.

Yura Levin

heard about the tragic loss of Mikhail. I meant to send you, as ones of his closest colleagues,
my condolences. Please transmit them to whoever you see appropriate. He was young, very
bright and will be missed.

Didier Barret

his is indeed very sad news. I knew that Mike was sick, but I did not expect such a tragic
event. Please express my condolences to the whole group at IKI and to Mike’s family. This is
indeed a major loss also for our scientific community.

Marco Feroci

his is a tragic news. This is a loss for the entire scientific community, beside being a horrible
loss for the family and your institute.

We send our deepest condolences to Mike’s family. He has been a greatly estimated colleague,
and his contribution to science has been enormous.

Enrico Bozzo (on behalf of the whole team)
ISDC — Science data center for Astrophysics

ens Chluba has just informed me about the terribly sad news from Mike Revnivtsev. I had no
]idea about his sickness. <...> I thought everything would be fine with him by now.

I remember very well his very young family at MPA during the time he was a student, and how
proud the High Energy group was of him at the time he was recognised by the Russian Govern-
ment. [ also vividly remember his picture with Medvedev. He was active, happy, and strong at his
work, and I admired him for how he was able to cope with work challenges and serious family
problems.

These things are particularly hard to accommodate when they involve young people with such a
great future perspective, and I guess it is even harder if you have supervised him during his early

career years.

Please transmit my sincere condolences to his family and to the entire High Energy group at MPA,
which I would like to make extensive to Sazonov and the other colleagues at IKI in Moscow.

Dr. Carlos Herndndez-Monteagudo
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his is very sad news. Mike was a wonderful scientist and a great colleague, with which we

worked constructively and always in good harmony for many years with INTEGRAL, in the
TAGC, in the IUG and in a variety of other capacities connected with our observatory. I had not
been aware that he was so gravely ill, and it is very sad to hear that he has passed away.

Please forward my condolences to his wife and family.

Ed van den Heuvel

his is shocking and unexpected for us, not knowing about his illness. I am going to miss him
as a good friend and excellent scientist. I always enjoyed interacting with him about our sci-
ence, our political interests and personally. My thoughts are with his wife, children and family.

Wim Hermsen

his is a great loss indeed for the Astrophysics community. Mike was a great scientist and
a very pleasant person. My deepest condolences to his family.

J. P. Roques

We are shocked and sad about this news. Mike was a wonderfully lively, inspiring, construc-
tive, creative, and friend-like colleague in our INTEGRAL community, we also have fond
memories especially from the time while he had a fellowship at the Garching Universe cluster.
Please convey to his family our condolences, as well as these extremely positive memories of
Mike. Unbelievable.

Roland Diehl (with his friends in Garching)

lease, bring our condolences to the family and all Russian colleagues from the whole IBIS
team.

I had the priviledge to work with Mike for some time at the beginning of the survey and had a
constructive exchange with him at his IUG time. As you all know was a very talented scientist,
front line men and great person... he left an abyss for all of us.

Pietro Ubertini

Iam shocked hearing the tragic news about Mike. He was an outstanding, very excellent scien-
tist and a very pleasant colleague. I enjoyed every moment of his company. Truly an unbeliev-
able loss.

Please convey my best wishes and regards to his family.

Christoph Winkler
learned today that Mike Revnivtsev prematurely died on 23 November after a long illness.
We lost a bright astrophysicist and a very charming person with whom we had the privilege

to discuss during several IUG meetings. I have memories of very pleasant chats with him, full
of humanity, not only outstanding competence. I wish that Sasha could bring my condolences

to his family.

Carlo Ferrigno
ISDC — Science data center for Astrophysics
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just learnt the very sad news about Mike Revnivtsev, and I am still stunned and deeply sad-
dened. Please convey my sincerest condolences to his family, and extend them to all his friends
and colleagues.

Jose Alberto Rubino-Martin
Instituto de Astrofisica de Canarias

have just heard the sad news of the death of Mikhail Revnivtsev. I have very fond memories
of Misha, who was such a brilliant and kind person, and a privilege to work with. This is very
sad, and he will be missed.

I have no contact with his family, but at least I'd like to pass to you and to you colleagues at IKI
my sincere condolences.

Andrea Merloni

heard about Mike and am so saddened by this news. He was such a great guy and scientist, and
far too young. Life is so fragile. Will there be a service? I am so sorry about this...

Mike was really great and will be dearly missed. I remember many nice evenings with him in
Garching and Munich and also am still extremely grateful for when he took a day off to show
me around Moscow after the Zeldovich celebration. That was a really great day and I many times
think back to it. I wished had had a chance to return the favor, but I sadly never managed to in-
vite him for a visit. I am so sorry for Anya and his kids. It must be horrible for them. My thoughts
are with them. Please send them my sincerest condolences.

Jens Chluba

am deeply regret to hear from Irek Khamitov that Dr. Mikail Revnivtsev has passed away.
We lost a friend and a scientist. His works will be kept in the common memory of the civilisa-
tion, and his memories in his friends.

Please accept my condolences.
A.K. Tansel
Istanbul University, Faculty of Science,
Dept. of Astronomy and Sciences
just learned the very sad news of Mike’s passing. A real tragedy for one so young and talented
and with a young family. Words can’t express my feelings. Please pass on my sincerest condo-

lences to his family, friends and colleagues.

David Buckley
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