OTAEN ACTPOOU3SUKHN
BbICOKUX SHEPTUA

(52)

HIGH ENERGY ASTROPHYSICS
DEPARTMENT

(52)

Pykosodumesno — 0-p ¢hus.-mam. Hayk
Muxaun NaenuHckul

Head — Dr. Mikhail Pavlinsky

HayyHerti
pyKosooumenb —
akaoemuk

Pawuo CioHAes

Scientific advisor —
academician
Dr. Rashid Sunyaev
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JladopaTopus 3KCepUMEHTAIbHOI acTPOGH3UKH
(521) (pyxosodumenv — 0-p ¢uz.-mam. HayK
Muxaun Pesrusues)

JIaGopaTopus peHTreHOBCKOIi M raMMa-
acTpoHoMuH, PoccmiicKuii HEHTP HAYIHbIX
naHHbIX o0cepBaTopun «HTerpan» (522)
(pyKogodumenv — 0-p @u3z.-mam. HAYK
Cepeeii [pebenés)

JlabopaTopust peJATUBUCTCKHX KOMIIAKTHBIX
00BEKTOB ¥ PEHTTeHOBCKO#i HaBuramuu (523)
(pyko6odumenvb — 0-p @u3z.-mam. HAYK
Anexcandp Jlymosunoe)

JladopaTopus acTpou3ndecKux
PEHTTeHOBCKHX JIETEKTOPOB U TejiecKonoB (524)
(pyKo6odumenvb — KaHo. mexXHU4. HAYK
Huxonaii Cemena), BKI10Yasi CEKTOP
PEHTreHOBCKHUX 1eTeKTopoB (Ne 524.1)
(pykoeodumenvs — Bacuauii Jleeun)

JIabopaTopus TeopeTHUECKO# acTPOGH3UKH U HA-
yuHoro conpoBoxaenus npoekta CITEKTP-PT’
(525) (pyxosodumenv — axademux Pawuod
Cronses), BKIIIOYAs CEKTOP HAYIHOM MOAIEPKKA
oocepsaropun «Cnekrp-PI'» (525.1) (pykosodu-
menv — 0-p ¢uz.-mam. Hayk Cepeeii CazoHog)

JIaGopaTopus 31eKTPOHMKH acTPO(PU3NIECKHX
npudopos (526) (pykosodumens —
Muxaun bynmoe)

Akao: A.b. 3env0

(08.03.1914-02.12.1987)

Academician Yakov B. Zeldovich
(March 8, 1914 — December 2, 1987)

Experimental Astrophysics Laboratory (521).
Head — Dr. Mikhail Revnivtsev

X-Ray and Gamma Astronomy Laboratory,
Russia Science Data Center of the INTEGRAL
observatory (522). Head — Dr. Sergey Grebenev

Relativistic Compact Objects and X-Ray
Navigation Laboratory (523). Head —
Dr. Alexandr Lutovinov

Astrophysical X-Ray Detectors and Telescopes
Laboratory (524). Head — Dr. Nikolay Semena,
including X-ray Detectors Sector (524.1).

Head — Vasily Levin

Theoretical Astrophysics and Scientific Support
of the Spektr- RG project Laboratory (525).
Head — academician Dr. Rashid Sunyaev,
including Sector for Spektr-RG Observatory
Scientific Support (525.1). Head —

Dr. Sergey Sazonov

Electronics for Astrophysical Instruments
Laboratory (526). Head — Mikhail Buntov



OpraHu3aiys ¥ CTAaHOBJIEHUE OTIeNIa aCTPO-
dusuku Bbicokux sHepruit MKW Hepa3pbiBHO
CBSI3aHBI C MMEHEM OIHOTO M3 KPYITHEWIINX
¢usukoB, Tpuwxabl ['epost ColmanncTuiecKo-
ro Tpyna, akagemuka SIkoBa bopucosuya 3eb-
nosmya (08.03.1914—02.12.1987). B Hauane
1960-x rr. oH co3nan B HCTUTYTe MPUKIaTHOM
matemMatnku AH CCCP otaen TeopeTnueckoit
acTpoU3UKU. DTO AecsATUIeTUe ObUIO Haya-
JIOM DKCIEPUMEHTOB B KOCMOCE M BpeMeHeM
TOTPSICAIOIINUX OTKPBITUI — PEMKTOBOTO W3-
JyqeHust BceyleHHOI, KBa3apoB, pamvuoINyJib-
CapoB, TIEPBBIX KOMITAKTHBIX PEHTTEHOBCKUX
HMCTOYHUKOB — aKKPELMPYIOIINX HEUTPOHHBIX
3B&31 U 4€pHbIX nbIp. [lkona 4. b. 3enpnoBuya
B MIIM yxe Torma crajga omHON U3 JIMIAUPYIO-
IIUX B 3TOI 00J1aCTU HayKU.

B 1974r., mo mnpumialmeHuIo akaaeMuUKa
P.3. Carneena, f.b. 3enpnoBuy opraHuzoBal
U BO3IJIaBWJI OTIEN TEOPETHUYECKOU acTpodu-
3UKA B OTHOCHUTEJIbHO MojiogoMm torna UKU
AH CCCP. Yepe3 HeCKOIBKO JIET B pe3yJibTaTe
peopraHM3alMy TeMaThKa WCCIEAOBaHUIl OT-
IieJla CWJIBHO DPAacIIMpWiIach, B HETO BIMJINCH
QB SKCIIEPUMEHTATBHBIX J1AaOOpaTOpuu, M OH
nosyuun HazBaHue «Otaen acTpoU3MKU Bbl-
cokux sHepruii». Ero Bosrnasun Pamua Anue-
Bu4 CronsieB (wieH-KoppecrnonaeHT AH CCCP
¢ 1984 r., akanemuk PAH ¢ 1998r.), yuyeHUK
S.Bb. 3enpnoBuya. HayuyHoe pykoBOACTBO OT-
nenom 4. b. 3enpmoBuy octaBu 3a coboii. Tak
otaen 1 MKW Havyanu BXOAUTH B KCIIEPUMEH-
TaJIbHYIO PEHTTEHOBCKYIO aCTPOHOMMUIO.

[MepBbie aKCIIEpUMEHTANBHBIE DPE3YJbTATHI,
MOJTYyYEHHbIE OTIEJOM, OBbLIM CBSI3aHBI C CO-
BeTCKO-(paHIty3ckuM skcniepuMeHToM SNEG-
2MP9 mno perucrpaiuu ramMma-BCIIECKOB Ha
cnyTHuke «[IporHo3-9» (1983—1984). Cambim
MHTEPECHBIM OBbUIO OOHapyXeHHWe CUJIbHOU
SBOJIIOLINY CTIEKTPA SIPUANIIET0 KOCMIYECKOTO
ramMma-Bcriecka 1 aBrycta 1983T. M OTKpbI-
THE UCTOYHMKA MSTKUX TIOBTOPHBIX BCTUIECKOB
SGR 1806-20 B co3Be3nuu CTpenblia.

B 1980-x rr. Hauanoch paciiMpeHre MexXmy-
HapOTHOTO COTPYTHUYECTBA B 00IaCTH KOCMU-
YeCKUX MCCIeNOBAHUN, 3aKIIOYEHBI COTJIalle-
Hus ¢ TexHuyeckuMm LieHTpoM EBpomneiickoro
kocmuueckoro areHtctBa (ESTEC), romnanm-
ckuM LleHTpoM KocMUYecKUX WCClenoBaHUN
(SRON) B Y1pexte 1 MHCTUTYTOM BHE3eMHOM
¢uszuku Oobiectsa uM. Makca I1nanka (MPE)
B lNapxunre (I'epmaHus) 0 BO3MOXHOCTH yCTa-
HOBKM PEHTI€HOBCKMX IPUOOPOB, W3rOTOB-
JIEHHBIX B 3TUX WHCTUTYTaX, Ha TIEPBOM MO-
Qyjie, TIOJMYYWBILEM BIIOCIEACTBUM Ha3BaHUE
KBAHT, npoekTupyemMoii KOCMUYECKOI CTaH-
i «Mup». C COBETCKOIl CTOPOHBI OTBEYaTh
3a 9Ty mporpammy Obulo mopydyeHo MHcTuTy-
Ty KOCMHMYECKUX uccienoBaHuil. HaydHbim
DPYKOBOIUTEJIEM TIPOTpaMMBbl  acTpodusnue-
ckux uccienoBaHuii Ha momyine KBAHT cran
P.A. CionsieB. Tak Hauajnoch co3maHue oocep-
BaTopuu «PeHTreH».

Organization and formation of the IKI
high-energy astrophysics department are close-
ly related to the name of one of the greatest
physicists, triple “Hero of Socialist Labour”,
academician Ya. B. Zeldovich. In the early 1960’s
he established a department of theoretical as-
trophysics within the Applied Physics Insti-
tute of the Academy of Sciences of the USSR.
That decade was the beginning of experiments
in space and the time of dramatic discoveries —
the cosmic microwave background, quasars,
radio pulsars, first compact X-ray sources — ac-
cretive neutron stars and black holes. Even at
that time Ya. Zeldovich school in the Applied
Physics Institute became one of the leading
schools in this field of science.

In 1974 by invitation from academician
R. Sagdeev, Ya. Zeldovich arranged and took
the lead of the theoretical astrophysics depart-
ment in the relatively young IKI. Several years
later as a result of reorganization the research
area was considerably expanded, it included
two experimental laboratories and was named
“High-Energy  Astrophysics = Department”.
The department was headed by Rashid Sun-
yaev (correspondent member of the Academy
of Sciences of the USSR since 1984, RAS aca-
demician since 1998), student of Ya. Zeldov-
ich. Ya. Zeldovich retained academic advising
of the department. This was the way how the de-
partment and the IKI started their work in ex-
perimental X-ray astronomy.

The first experimental results obtained by
the department related to the Soviet-French
experiment SNEG-2MP9 for the recording
of the gamma-ray bursts on the Prognoz-9 satel-
lite (1983—1984). The most interesting one was
the discovery of the strong evolution of the spec-
trum of the brightest gamma-ray burst on
1 August, 1983 and the discovery of the source
of the soft repeated bursts of SGR 1806—20
in the constellation of Sagittarius.

In 1980’s expansion of international coop-
eration started in the field of space exploration,
agreements were made with the European Space
Research and Technology Center (ESTEC),
SRON Netherlands Institute for Space Research
in Utrecht and Max Planck Institute for Extra-
terrestrial Physics (MPE) in Garching (Ger-
many) on the possibility of installation of X-ray
instruments manufactured by these Institutes
on the first module, named afterwards Kvant,
of the future Mir space station. From the Soviet
side the Institute of Space Research was respon-
sible for this program. R. Sunyaev has become
a scientific advisor for the astrophysical research
program on the Kvant module. This was the be-
ginning of the Rentgen observatory.

Muxaun PesHusyes
Mikhail Revnivtsev

Cepeeli [pebeHés
Sergey Grebenev

AnekcaHop JlymosuHos
Alexandr Lutovinov

Hukonatii Cemena
Nikolay Semena

Bacunuii Jlesun
Vasily Levin

Cepeeli CazoHoe
Sergey Sazonov

Muxaun Bynmoe
Mikhail Buntov
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Cnekmp écmkozo A hard X-ray spectrum

peHmM2eHoBCK020 U3NyyeHus
om ceepxHoeoli SN1987a,
. P

4. P P P
modynsa KBAHT. CniowHble
Kpy»<Ku (6epxHue npedenol
HAa nomok) — meneckon
TTM, kpecmor —
cnekmpomemp HEXE,

661 — C|

4 P
«[lynecap-X1».
Tucmozpammoli nokasaHol
modenu usnyvyeHus
ceepxHoeoli 3a cH€m
pacnada paduoaKkmueHoz0
Ko6anema, nosy4eHHsie npu
nomowu pacyémos: 1 — Ha
180-ii 0eHb nocie 83pbiea;

2 — Ha 210-Ui OeHb
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from SN1987a supernova
measured by the instruments
of the Kvant module. Solid
circles (maximum limits

per flux) — TTM telescope,
crosses — HEXE spectrometer,
diamonds — Pulsar-X1
spectrometer. The histogram
shows supernova radiation
models due to radioactive
cobalt decay obtained by
calculations: (1) — on day
180 after the explosion; (2) —
onday 210

Cmanyua «<Mup»
€ NPUCMbIKOBAHHLIM
modynem KBAHT

Dta obcepBaTOpUsl BKIIIOYAa YEThIpe MpPU-
Oopa, TpM U3 KOTOPBIX OBLIM W3TOTOBJICHBI
B 3aIagHOEBPONEHCKNX UHCTUTYTaX U OOUH —
KECTKUI PEHTTeHOBCKUI MHCTPYMEHT «IlyJib-
cap X-1» — B CCCP. 3a ero co3naHue oTBevas
MKMHA. CymectBeHHYIO poJib B €r0 MPOU3BOI-
cTBe cChirpaii MHCTUTYT KOCMUYECKUX UC-
cnenoBaHuii B baky, Azep6aiimxkaHckas CCP,
u pumman MKH Bo Ppynze, Kuprusckas CCP.
Kpucramnbl pisi 1eTeKTOpOB IMpuOOpa ObLIv
BbIpalleHbI B Y cosibe-CubUpckoM U XapbKOBe.

Monyne KBAHT Obu1 BhIBeIeH Ha OpOUTY
paketoii «IIpotoH» ¢ kKocmonpoma bBaiikoHyp
31 mapra 1987 r. Hezanonro no storo, 23 des-
panst 1987 r., B Onmxkaiilieit K HaM TalakTUKe
Boabmoe MaremianoBo O0j1ako  BCIBIXHYJIA
CBEpPXHOBas, KOTOpasi B MWKEe SPKOCTU ObUIa
BUIHA Ha Tpefieie UyBCTBUTEIBHOCTU YEJO-
Beyeckoro rnasza. OHa craja caMoil SIpKOM
cBepxHOBOil 3a mocinenHue 400s1er U momy-
ymia HazBaHue SN1987A. Teneckomnbsl MomyJst
KBAHT HememieHHO Havyaau HaOJMIOACHUS.
OnHOBPEMEHHO TEOPETUKU B OTIENe acTpo-
¢usuku Beicokux sHepruii MKW paccuuranu
U TpPEeAcKa3aju CIEKTp W3Ty4eHUs], BO3HUKA-
IOIIETO BCJIEACTBUE PAmMOaKTUBHOTO pacriana
HUKeJISI-56, CUHTE3UPOBAHHOTO MIPU KOJUIATICE
U rubenu 3Be3abl U BBIOPOLIEHHOTO B OKOJIO3-
BE3MHOE TIPOCTPAHCTBO BMeCTe C €€ BHEITHUMU
CIIOSIMU.

IlepBble Xe OLEHKM IMOKa3ajJu, YTO OMNTHU-
yecKasl TOJNIIMHA PaCIIUPSIONIENHCS 000T0UKN
10 KOMIITOHOBCKOMY PacCEsIHUIO OYeHb BEJH-
Ka, ¥ TaMMa-JMHUM PaJMOaKTMBHOTO pacraaa

Mir space station with the Kvant
module docked

This observatory included four instruments,
three of them were manufactured in the Western
European institutes, and one was manufactured
in the USSR, it was a hard X-ray instrument
Pulsar X-1. IKI was responsible for its manufac-
ture. A significant role in the manufacture of this
instrument was played by the Institute of Space
Research in Baku, the Azerbaijan SSR and an
IKI branch in Frunze, Kirgiz SSR. The crystals
for the instrument detectors were grown in Uso-
lye Sibirskoe and Kharkov.

The Kvant module was inserted into orbit by
the Proton launcher from the Baikonur Cos-
modrome on 31 March, 1987. Shortly before,
on 23 February, 1987, a supernova exploded
in the nearest galaxy of the Large Magellanic
Cloud, this supernova on its peak brightness
was seen at the visual threshold. It has become
the brightest supernova over the last 400 years
and was named SN1987A. Kvant telescopes im-
mediately started observations. At the same
time, theoreticians in the IKI high-energy as-
trophysics department calculated and predicted
the emission spectrum resulting from the ra-
dioactive decay of nickel-56 synthesized during
the collapse and death of a star and emitted to
the circumstellar space together with the star’s
outer layers.



HUKEJISI-56, MpeBpallaerocss B Koo0aabT-56,
a 3aTeM B MPUBBIYHOE HAM XeJe30, HE UMEIOT
HUKaKUX IIaHCOB BbITM uU3 He€. Ho ¢ pac-
IHUpPEeHNEM OO0OJIOUKM €€ ONTHUYecKas TOJIIA
MO KOMIITOHOBCKOMY pPacCEesSHUI0 yMEHbIla-
eTcsl, W CBEepXHOBas MOJKHAa CO BpeMeHeM
CTAaHOBUTBCSI BUAUMOMN B KECTKUX PEHTTCHOB-
ckux Jiydyax. M Takoil curHai IeiCTBUTENIbHO
0BT OOHApYXEH Yepe3 IMOJITofa Mocjie B3phIBa,
a UBMEPEHHBIN CIIEKTp OKa3aJics MOX0X Ha pe-
3yJbTaThl PacY€TOB COTPYAHMKOB OTAesla. DTO
MO3BOJIMJIO MOJIONOM KOMaHIe OTHesia acTpo-
(GU3UKN BBHICOKUX SHEPIUi yOeIUTh 3amalHbIX
KOJLJIET, YTO JeHCTBUTEILHO HAOMI0IaeTCsl CUT-
HaJl OT B3pbIBa CBEPXHOBOI 3BE31IbI, B XOIE KO-
TOPOTro ObLIO CUHTE3UPOBAHO OKOJIO 7 % MaccChl
CosiHIIa B BUAE PagMOAaKTUBHOIO HUKENIS-56.
PesynbraThl HaOmoneHU ObUIM OIyOJIMKOBA-
HBI B XXypHase Nature, BeIb TaKO CIIEKTp U3-
JIydeHUs acTpo(U3UKY HAOJI01a1 BIIEPBhIE.

3a roapl paboThl obcepBaTopuu «PeHT-
reH» OBLIO TIOJIyYeHO MHOXECTBO HAayYHBIX
pe3yJIbTaTOB W OTKPBITHI JECSATKU  HOBBIX
PEHTTeHOBCKMX WCTOYHUKOB, Ha3BaHHBIX KS
(KvantSource). bblmu mojy4eHbl YHUKAJIbHBIE
KapThl 00JlacTM lieHTpa [ajJlaKTUKU B PEHT-
TeHOBCKOM JMara3oHe, B YaCTHOCTU, IaHBI
MepBble BaXKHbIE OTrPaHMUYEHHUSI Ha SIPKOCTh
ucrtouHuka Crpeneny A* — CcBepXMacCUBHON
y€pHOU IBIpHI B LIEHTpe Hallell [alakTuku,
CBETMMOCTh KOTOPO#, COIJIaCHO pe3yJibTa-
TaM HaOJIIOIEHWI, He IpeBbIIIAcT 10% apr/c.
KBAHT o6HapyXuil HECKOJbKO YEPHBIX IbIP
B TECHBIX IBOMHBIX CUCTEMaX, OTKPBLI OTHY U3
HanboJjiee OBICTPO BpaILAIOLIUXCSI HEMTPOHHBIX
3Bé3n B Hamel [amaktuke (KS 1731-260, ya-
croTa BpamieHust 524 Tepi!l), ciequn 3a u3Mme-
HEHUSIMU TIeprofa BpallleHUs TeCsSITKa PeHTre-
HOBCKUX ITyJTbCapoB. DTO OBUT OMMH U3 CaMBIX
pEe3YJIbTaTUBHBIX OKCIIEPUMEHTOB Ha 0opTy
KOCMHYECKOM CTaHIUU «Mup», Ha OCHOBE €ro
JIaHHBIX OBLIO Omy6iMKoBaHO okoyio 100 cra-
Teii, HaOpaBmmx 6osee 1000 cCBIIOK B MUPO-
BOI1 acTpo(U3NYECKOI IUTEpaTypeE.

TIpakTryeck OTHOBPEMEHHO C TIOATO-
TOBKOII K 3amycKy obGcepBaTopum «PeHTreH»
B MKW Benuch paboThl MO CO3JAHUIO KOC-
MMYECKOI 00CepBaTOPUM Ha CaMOCTOSITEIb-
HOM CIYTHUKE I OCTAJIbHBIX MCCIIeHOBaHUIA
acTpopU3NUYEeCKUX OOBEKTOB B JMara3oHe
sHepruil 2 koB — 100 MaB. MexnyHapoaHas
acTpodusnyeckasi 00cepBaTOpPUsT  ITOJTYIMIIA
Ha3BaHue «I'paHar», e€ co3maBali COBMECTHO
COBEeTCKHUE, (DpaHIly3cKue, maTckue M Goyrap-
ckue y4yéHble. [IBa OCHOBHBIX MpuUOOpa: Teje-
ckornbl APT-IT u «Curma» (Sigma) — paboTtaiu
10 TIPUHIINITY KOAWPYIOIIEH arepTypbl W JI0-
MOJHSUITM JIPYT NIpyra, vuMesl TepeKpbIBAIOIIM-
ecda paboune auMamnasoHbl dHepruii: 2...60 koB
(APT-II) u 30 k3B — 2 MaB («Curma»). Tene-
ckon APT-II 6bu1 pa3paboTaH crierajucTaMu
otaena acTpou3nuKu BbiIcOKUX sHepruit KN
u OKBb MKU (®pyH3se, HeiHe buikek).

The very first estimates showed that the opti-
cal depth of the expanding envelope in Compton
scattering is very large and the gamma-ray lines
of radioactive decay of nickel-56 turning into
cobalt-56 and then into traditional iron have no
chance to leave the envelope. But when the en-
velope is expanding, its optical depth in Comp-
ton scattering is reducing and a supernova shall
eventually become visible in the hard X-rays.
And this kind of a signal was actually discovered
half a year after the explosion and the measured
spectrum turned out to be similar to the re-
sults of calculations made by the department’s
staff members. This enabled a young team
of the high-energy astrophysics department to
persuade their Western colleagues that it was
the actual signal from the supernova explosion
during which about 7 percent of the solar mass
was synthesized in the form of radioactive nick-
el-56. The observation results were published
in the Nature journal for it was the first time
when the astrophysicists observed such an emis-
sion spectrum.

During the Rentgen observatory work
many scientific results were obtained and doz-
ens of new X-ray sources were discovered,
named KS (KvantSource). Unique X-ray maps
of the Galactic center were obtained, particu-
larly, the first important limits on the brightness
of the Sagittarius A* radio source — a location
of a supermassive black hole in the center of our
galaxy, which luminosity§ per observation re-
sults, does not exceed 10 3 erg/s. Kvant discov-
ered several black holes in the contact binary
systems, one of the fastest spinning neutron
stars in our galaxy (KS 1731-260, the spin pe-
riod is 524 Hertz!), was monitoring the changes
in the spin periods of dozens of X-ray pulsars.
It was one of the most effective experiments
aboard the Mir space station. Based on the data
obtained from this module more than 100 ar-
ticles were published which were referred to
in the international publications on astrophysics
more than 1000 times.

Virtually at the same time with preparation
for the Rentgen observatory launch, IKI was
conducting works on establishing a space obser-
vatory on an independent satellite for detailed
research of astrophysical objects within energy
range of 2 keV through 100 MeV. The observa-
tory was named Granat, it was created together
by Soviet, French, Danish, and Bulgarian scien-
tists. Two main devices: telescopes ART-P and
Sigma were operating on a principle of a coded
aperture and complemented each other, hav-
ing overlapping operational ranges of ener-
gies: 2...60 keV (ART-P) and 30 keV — 2 MeV
(SIGMA). The ART-P telescope was developed
by the specialists of the IKI High Energy As-
trophysics Department and IKI Special Design
Bureau (Frunze, currently Bishkek).

Penmzenoeckuii meneckon
™

TTM X-ray telescope

CompyoHuku UKU IKI employees and foreign
U UHOoCMpaHHeole experts near the HEXE spet-
cneyuanucmesi 6ossne rometer

cnekmpomempa EKCE

One of the modules of the ART-
P coded aperture telescope
aboard Granat observatory

OO0uH u3 modynelii
mesneckona c
KooupoeaHHol anepmypoli
APT-I1 o6cepeamopuu
«[panam»
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Kapma o6nacmu yenmpa
lfanakmuku e duanazoHe
3Hepeauli 4...30 K3B,

nonyyeHHas mesnec
APT-I1 o6cepeamopuu
«[panam»

U3o6paxenue obnacmu
yewmpa lfanakmuku

8 duana3soHe 3Hepauli
12...17 K3B, nony4yeHHoe
meneckonom APT-IT
obcepsamopuu
«[panam». beneie
KOHMypbI noKaseiearom
pacnpedeneHue
MoJIeKynApHOo20 2a3a.

b

P

Koe ussny
peaucmpupyemoe
om mMosneKynsapHozo
6. Sgr B2, poo: A
8 pesynbmame ompaxeHus

8

u3nyyeHus, npouseedéHHO20
C C 7]

Ly .
8

P P
lanakmuku

p
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Map of the region on the
Galactic centerin 4...30
keV ebergy band, obtained
by ART-P telescope aboard
Granat observatory

An image of the region

in the Galactic center within
12...17 keV energy range
obtained from the ART-P
telescope of the Granat
observatory. The white
outline shows molecular
gas distribution. The X-rays
recorded from the Sgr B2
molecular cloud are emitted
as a result of reflection

of the emission produced
by a supermassive black
hole in the Galactic center
in the past

MexoyHapooHaa acmpo-
¢usuyeckasa opbumaneHaa
o6cepeamopus «[paHam»
8 yexe HIMO um. C. A. Jlasoy-
KuHa. 1988 200

T'urantckuii teneckon «CurMa» ¢ KOIUPY-
IOlEel MacKoi, TMO3BOJISIIOLIEH CTPOUTh M30-
OpakeHUST B XKECTKMX PEHTIEHOBCKUX W MSIT-
KHX TaMMa-Jy4Jax, OblJI U3rOTOBJIEH B SlmepHoM
nentpe @Ppanuuu B Cakine nm Kocmumyeckom
ueHtpe B Tymyse. O6cepBatopusi «I'paHaT»
ObL1a 3amymieHa 1 nekabpst 1989 r. ¢ kocmonpo-
ma baiikoHyp.

OnHUM 13 TJIaBHBIX pe3yJbTaTOB HaOJoze-
Huii Teneckona APT-II crano monydyeHue Ha-
NIEXHOTO I0OKa3aTeNbCTBa, YTO LeHTp lanakTu-
KU OUYeHb C1ab B PEHTTEHOBCKUX JIydaX — €ro
CBeTMMOCTh OKa3ajlaCh Ha MHOTO IIOPSIAKOB
MEHbIIIe KPUTUYECKOU SITUHITOHOBCKOM CBeE-
TUMOCTH JUISI CBEPXMACCUBHOM UYEPHOIU ITHIPHI
¢ Maccoit 3...4 MUJUTMOHA COTHEYHBIX Macc.

Opnaxko Teneckon APT-IT 3aperucrpupoBan
npotsikéHHoe xéctkoe (8...22 kaB) peHTre-
HOBCKOE€ M3JIy4YeHUE OT TMIaHTCKOTO MOJIEKY-
asgpHoro ob6naka Crpenenr B2, Haxonsiunerocs
npumepHo B 100 MK OT cBepXMacCUBHOW Y€p-
HOI AbIpbl. COTPYIHUKM OTIENa MPEATIONIOXKM-
JIM, YTO 3TO OTPAXKEHHOE MOJIEKYJISIPHBIM I'a30M
W3JTydeHue 4YEPHOU OBIPhI, KOTOpas paHbIIIe
(okomo 300 et Ha3am) ObUTA TPUMEPHO B MUJI-
JIMOH pa3 sipue, 4eM ceituac. beuio nmpenckasa-
HO CYIIECTBOBaHME IEPEMEHHOTO BO BPEeMEHU
U3JTy4eHUsT BO (DIIyOpeCleHTHOM JIMHUM XKeJie-
3a ¢ sHeprueit 6,4 kaB. Cnycts moutn 15 et
W OTOT Pe3yjibTaT, W TpelacKa3aHue OJiecTsiie
MOATBEPAUIN HAOMIOACHUST 3apyOekHBIX 00-
cepBatopuit «MHrerpan», ASCA, BeppoSAX,
XMM-Newton u Chandra.

ITo manHbIM Teneckomna «Curma» OBLIU TO-
JIy4eHbI TTepBbIe U300pakeHUsT 00JIaCTH IIeHTpa

Granat International orbital
observatory at Lavochkin
Association plant, 1988

A huge Sigma telescope with a coded mask
enabling to make images in hard X-rays and
soft gamma-rays was built in the Saclay Nucle-
ar Research Center and in the Toulouse Space
Center. The Granat observatory was launched
on 1 December, 1989 from the Baikonur cosmo-
drome.

One of the main results of the ART-P tele-
scope observations was obtaining a reliable proof
that emission of the Galactic central region is
very weak in the X-ray spectrum — its lumi-
nosity was found to be several orders less than
the critical Eddington luminosity for a super-
massive black hole having a mass of 3...4 million
of the solar masses.

However, the ART-P telescope recorded an
extended hard (8...22 keV) X-ray emission from
the giant Sagittarius B2 molecular cloud located
at approximately 100 pc from the supermassive
black hole. The department’s staff members
assumed that this is a reflected by the molecu-
lar gas emission of this black hole, which ear-
lier (about 300 years ago) was approximately
one million times brighter than now. Existence
of the time-variable iron fluorescent-line emis-
sion of 6.4 keV energy was predicted. Almost
15 years later this result and this prediction were
confirmed by observations made by the foreign
observatories — Inftegral, ASCA, BeppoSAX,
XMM-Newton, and Chandra.

Based on the data from the Sigma tele-
scope, the first images of the region in the Ga-
lactic center in hard X-rays and soft gamma-
rays from 35 through 600 keV were obtained.
Names of the sources discovered by Granat



TanakTuku B XKECTKUX PEHTTCHOBCKUX U MSIT-
KHX ramMma-iydax ot 35 mo 600 ksB. HasBanusa
WCTOYHUKOB, OTKPHBITHIX «['paHaT», HAUMHAIOT-
csa ¢ 6ykB GRS, 1.e. GRanatSource. 13 okrs-
6pa 1990 r. Temeckon «Curma» 3aduKCUpOBaI
CUJIBHEMIIIYIO BCIIBIIIKY OT M3BECTHOTO WC-
tounuka 1E1740-2942 B nuama3oHe sHepruii
400...600 x3B. TlomyyeHHBIE HaHHBIE OBUIH
WHTEPIIPETUPOBAHBl KaK CBUIETEILCTBO aH-
HUTWISIIMA 3JIEKTPOHHO-TIO3UTPOHHON T1J1a3-
Mbl BOMM3M 4€pHoil nbipbl. [lociaenoBaBiuue
pamroHaOIOACHNS Ha KPYITHEMIIIEM TeJIeCKOTIe
aneptypHoro cuHte3a VLA B CIIIA mpuBenu
K OOHapy>XeHUIO PaauOBBIOPOCOB Yy 3TOTO UC-
TOYHMKA, a caM OH ObUT Ha3BaH Benukum AH-
HUTWISITOPOM.

O4yeHb BaKHBIM COOBITUEM CTAJIO OTKPBITHE
B aBrycte 1992 r. ¢ momomrsio mpubopa BOTY
peHTreHoBcKoro wucrouHnka GRS 1915+105,
KOTOpPBI OKa3aJcs caMbIM MOIIHBIM B [a-
naktuke. B Mapre 1994 r. moToK u3MydeHUs
OT HEro CUJIbHO yBeauuwmics. MHuimupoBaH-
HbIE 3TUM COOBITMEM HaOJIOACHMSI HA aMepu-
KaHCKOM pelléTke amepTypHoro cuHresa VLA
MO3BOJIWJIM OOHAPYXUTh NIBa PEJIITUBHCTCKUX
BBIOpOCA, OIWMH U3 KOTOPBIX IepeMelaics
B KapTMHHOM IIJIOCKOCTU Heba CO CKOPOCTHIO,
NpeBBIIAIONIEH CKOPOCTb CBeTa. Tak ObLI
OTKPBHIT TepBbIii B ['ajlakTWMKe WCTOYHMK CO
«CBEPXCBETOBBIM» PA3JIETOM PaaIUOKOMITOHEHT.
Jlo 3TOro Takue oObEeKThl HAOJIONAIUCH JIUIIb
B SIpYalIINX BHETAJJAKTUYECKUX PaTUOMCTOY-
HUKaX, CBSI3aHHBIX C AaKTUBHOCTBIO CBEpX-
MaCCHUBHBIX YE€PHBIX AbIp. OOBEKT, HEBUOAU-
MBIt 10 1992 1., ¢ Tex Tmop MposBisieT ceds Ha
Pa3HBIX YPOBHSIX aKTUBHOCTU ITOYTH YETBEPTh
BeKa.

B centsi6pe 1994 r. obcepBatopus «I'paHaTs»
Oblla TepeBeleHa B PEXUM CKaHUPOBAHMS
U TIpoBeJia 0030p Heba B KECTKMX PEHTIEHOB-
ckux jyyax. [lepenaya naHHbIX ¢ 06CepBaTOpUU
ObL1a 3akoHuYeHa 27 HOs6ps 1998 r., oGcepBa-
TOpUSI pa3pyllliach MpU Bxoae B atMocdepy
25 mast 1999 r. ITiogom e€ paboThl cTanu Gosee
TPEXCOT HAYYHBIX CTaTeil B BEAyIIMX HAYUHBIX
XKypHajax, coopaniuux 6oJjiee 3500 cchblIoK.

CepbEsHble yCIleXu M HayYHbIe pe3ysibTa-
THI, TOJy4eHHBIE oOcepBaTOpusMu «PeHTreH»
n «['paHaT», moaBeNMn YYEHBIX pa3HbIX CTpaH
K MBICJTM O CO3IaHUU TOJTHOIIEHHOW KOCMMYe-
CKOI1 TabopaTopuy raMMa-Jry4deii, Koropas 1mo-
3BOJIsIAa Obl HE TOJIBKO CTPOMTH U300paKeHUs
Heba B XECTKUX PEHTTEHOBCKUX W TaMMa-JIy-
YyaxX W MPOBOINTH CITEKTPAJbHBIM 1 BPeMEHHOM
aHaAJIU3 PEHTIEHOBCKMX MCTOYHUKOB B IIHUPO-
KOM [IIMalia3oHe JSHEpruid, HO TaKXke IPOBO-
IUTh U TOHKYIO CIIEKTpOCKOIMIo. Tak poamnach
KOHLIETILIMS MEXAyHApOOHOW acTpodusnye-
CKOIf JTabopaTopuy TamMMma-jydeid, nim obcep-
Batropuu «MHTerpaa», COBMECTHOTO IPOEKTa
EBponelickoro u Poccuiickoro KocMuyeckux
areHTCTB. B okTsa6pe 2002 1. obcepBaropusi
«HTerpan» Obula BhiBeneHa Ha opouty. Hayu-
HBII pyKOBOAMUTEb MpoeKTa oT Poccun — aka-
nemuk P.A. CioHsieB.

start with letters GRS which means GRanat-
Source. On 13 October, 1990 the SIGMA tele-
scope recorded the strongest burst from a known
source 1E1740-2924 within the energy range
of 400...600 keV. The obtained data were in-
terpreted as a proof of annihilation of the elec-
tron-positron plasma near the black hole.
Further radio observations using the largest ap-
erture-synthesis VLA telescope in the USA led
to discovery of radio emission from this source,
and the source itself was named the Great
Annihilator.

In August 1992 a very important event was
the discovery, using the WATCH instrument,
of the X-ray source GRS 1915+105 which
turned out to be the strongest in the Galaxy.
In March 1994 the radiation flux from this
source has increased significantly. Initiated by
this event observations using the US aperture-
synthesis VLA enabled to find two relativistic
jets one of which was moving in the perspective
plane of the sky at the speed exceeding the speed
of light. So that the first in the Galaxy source
with superluminal expansion of radio compo-
nents was discovered. Earlier similar objects
were observed only in the brightest extragalactic
radio sources associated with activity of super-
massive black holes. Since then the object un-
seen until 1992 is showing itself at various activ-
ity levels for almost 25 years.

In September 1994 the Granat observatory
was switched to a scanning mode and performed
the observation of the sky in the hard X-rays.
The data transfer from the observatory ended
on 27 November 1998 and the observatory un-
derwent destructive reentry on 25 May 1999.
The results of its operation included more than
300 research articles in the top journals with
more than 3500 references.

Significant achievements and research re-
sults obtained by the Rentgen and Granat obser-
vatories gave scientists of different countries an
idea of establishing a proper space laboratory
of gamma-rays which would enable not only to
make sky images in hard X-rays and gamma-
rays and perform a spectral and time-line analy-
sis of X-ray sources in a wide range of energies
but also to conduct their fine spectroscopy.
This was the birth of the concept of INTErna-
tional Gamma Ray Astrophysical Laboratory, or
Integral, a joint project of the European (ESA)
and Russian space agencies. In October 2002,
the Integral observatory was injected into orbit.
R. Sunyaev, academician, is an academic advi-
sor of the project on behalf of Russia.

MocnedosamenvHocmeo
paouousobpaxenuli
obnacmu He6a

80Kpy2 UCMOYHUKA

GRS 1915+ 105, omkpsimozo
obcepsamopueli

«Ip Xop
ceepxceemoseoli pasném
penamusucmcKux cmpyu

BatikoHyp.

Cn ) «Ip P 0
Hakamkoli obmekamensa
Baikonur.

Granat observatory before
encapsulation

APRIL 18

Sequence of radio images

of the sky region around

the GRS 1915+105 source
discovered by the Granat
observatory. A superluminal
scattering from the relativistic
jets can be seen clearly
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O6cepsamopus Integral observatory
«UHmezpan» Photo ESA
®omo EKA
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3anyck o6cepeamopuu Integral launched by Proton
«UHmezpan» pakemoti launcher from Baikonur.
Pockocmoca «[ipomoHn» Photo ESA

c Kocmoopoma balikoHyp

®omo EKA

Sm6nema npoekma UHTETPAJT
Integral insignia
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HaGnioneHus1 B XECTKOM pPEHTTeHOBCKOM
IMarna3oHe HEPTUii, KOTOpbIe TMPOBOIUT 00-
cepsaropus «MHTErpas», MO3BOJIMINA OTKPHITH
HECKOJIbKO COTEH HOBBIX PEHTI€HOBCKMX MWC-
TOYHUKOB U HCCIENAOBAaTh CTAaTUCTUYECKUE
CBOMCTBa OOBEKTOB pa3HBIX KiIaccoB. B He-
CKOJIbKUX 00jiacTsiX Heba ObUIM TPOBENEHBI
CBEpXINIyOOKME (CO BpEeMEHEM SKCIO3UIIUU
OT HECKOJIbKMX MWIUIMOHOB CEKYHI IO He-
CKOJIbKMX JIeCATKOB MWUIMOHOB  CEKYHI)
HaOMIOACHUSI, YTO TIPAKTUYECKU TOCTHIJIO
TPENeIOB BO3MOXKHOCTEN TEJIECKOIIOB C KOIM-
pYIOIIEN ariepTypo.

Hnas obcepBaropuu <«WHTErpas» BlepBbIE
B Poccum ObLT peann3oBaH MPUHLUIT «HALU-
OHAJILHOM o00cepBaTOopuu». DTO 3HAYMT, UYTO
JII000I Y4E€HBINM U3 JIIOOOro POCCUMCKOro Ha-
YYHOTO MHCTUTYTa, YHUBEpPCUTETa WU obcep-
BaTOPUU MOXET MOAaTh 3asIBKY Ha MPOBEICHUE
HaOII0eHKS JI000r0 00beKTa U, B Cllydyae ecliv
3asBKa OyJeT omo0peHa pOCCUNCKUM U €BpO-
MEeICKUM KOMHUTETaMM TI0 pacIipele/IcHUIO Ha-
0JIIOIaTEIbHOTO BpEeMEHU, — MOJYYUTh TaHHBIC
HabJoAeHU 11 UX mocieaytonieit 00padboTKu
¥ aHanm3a. Bce HayyHBle TaHHBIE, TTOJyYeHHBIE
B paMKaX pOCCHICKOM KBOTbI HaOJI0JaTeb-
HOTO BpEMEHM, TOCTYIMalT B MeXIyHapon-
HBIi 1LIEHTp HAYYHBIX JaHHBIX 00CEepBaTOPUU
«HUuterpan» (ISDC, XKenepa, IllBeituapus),
a 3aTeM CTaHOBATCS IOCTYITHBIMU IJISI POC-
cuiickux y4yéHnix yepe3d PLIH obGcepBaropun
«MHTerpan», opraHM30BaHHBII B OTAEJIE aCTPO-
¢usuku Beicokux sHepruii UKN.

3a 12 1eT ¢ UCIONB30BAaHUEM PE3yJIbTaTOB
HaOmoaeHuin obcepBaropuu «MHTEerpan» BbI-
o 6osiee 250 myOonMKalMiA POCCUNCKUX yUE-
HBIX B BENyIIMX HAYYHBIX XypHallax, coOpaB-
mux 6ojee 4000 ccbUIOK.

KomnekTus otnena acTpodU3UKN BBICOKUX
SHEPTU MPUOOPENT GOJIBIION ONBIT IPU paboTe
¢ obcepBatopusimu «KBaHT», «I'panat», «MH-
Terpajl» ¥ akTUBHO WCIIOJIB3YeT ero pu paboTe
C apXMBHBIMA ¥ BHOBb TOCTYMAIOIIMMM JTaH-
HBIMM MHOI'MX IPYI'MX PEHTTE€HOBCKMX U Iam-
Ma-o0cepBaTopuii, B epByto ouepenb ROSAT,
RXTE (NASA), Chandra (NASA), XMM-
Newton (EKA). bblio mosydyeHO MHOXECTBO
pe3yJIbTaTOB, KOTOPBIE CETOMHS XOPOIIO W3-
BECTHBI BO BCEM MUpE.

WHrepnpeTalius AaHHBIX 3KCIIEPUMEHTAb-
HBIX HaOJIIOJEHNI HEBO3MOXHa 0e3 rIy0oKOoro
IMIOHMMAaHUS M Pa3BUTHUSI TCOPUM PEISITUBUCT-
ckoit actpodusuku u KocMmosoruu. OTtaen
MPOJOJKAET TEOPETHUECKNE HUCCIeTOBAHUS
1Mo KOcMoJioruu, ¢pu3uke paHHel BceneHHOI,
pPEIMKTOBOMY M3JydyeHuto BceneHHoii, ¢usu-
YECKMM TMIpOIleccaM B TOpSTYEM Tra3e CKOTLIe-
HUI TaJlakKTUK, B SIApaxX aKTUBHBIX TaJTaKTUK U B
LIEHTpaJibHOU objacTu [ajakTWKu, akKKpeuuu
BellleCTBa Ha YEPHBIE AbIPbI, HEUTPOHHBIE 3BE3-
bl ¥ OeJible KapJIMKW, B3aUMOICHCTBUIO U3IIYy-
YeHUs ¢ ropstyeii acTpodu3nyecKoi rmia3Moi.

Observations in the hard X-ray range of en-
ergies conducted by the [Infegral observatory
enabled to discover several hundreds of new
X-ray sources and examine statistical properties
of objects of various classes. In several regions
of the sky ultra deep (with exposure time from
several millions of seconds to several tens of mil-
lions of seconds) observations were conducted,
which was virtually at the limit of capabilities
of the coded aperture telescopes.

For the Infegral observatory it was the first
time in Russia when the principle of the national
observatory was implemented. This means that
any scientist from any Russian scientific insti-
tute, university, or observatory can apply for
observation of any object and, if this applica-
tion is approved by the Russian and European
Time Allocation Committees, receive the ob-
servational data for their further processing and
analysis. All the scientific data obtained within
the Russian observation time quota are trans-
ferred to the International Scientific Data Cen-
ter of the Infegral observatory (ISDC, Geneva,
Switzerland) and then become available for Rus-
sian scientists via the Russian Scientific Data
Center (RSDC) of the Integral observatory es-
tablished in the IKI High Energy Astrophysics
Department.

Over the 12 years period more than 250 ar-
ticles of Russian scientists using the Integral ob-
servational data were published in the top jour-
nals with more than 4000 references.

The team of the High Energy Astrophys-
ics Department gained a vast experience when
working with the Kvant, Granat, and Integral ob-
servatories and is making an active use of it for
processing of archived and new data received
from many other X-ray and gamma-ray observa-
tories, first of all from ROSAT, RXTE (NASA),
Chandra (NASA), XMM-Newton (ESA).
Many results now well known worldwide were
obtained.

Interpretation of the experimental obser-
vational data is impossible without a deep un-
derstanding and development of the relativistic
astrophysics and cosmology theory. The depart-
ment continues its theoretical research in cos-
mology, physics of the early Universe, cosmic
microwave background, and physical processes
in the hot gas of galaxy clusters, in the ac-
tive galactic nuclei and in the central region
of the Galaxy, accretion of matter on black
holes, neutron stars, and white dwarfs, inter-
action of radiation with the hot astrophysical
plasma.



[MapannenbHO ¢ 3TUM MPOAOJIKAETCS pa3-
paboTKa HOBBIX WHCTPYMEHTOB I DPEHTIe-
HOBCKOM acTtpodu3uku. biawxkaimuii npo-
eKT — POCCHIICKO-TepMaHCKasi o0cepBaTopus
«Cnexkrp-PI'>, KoTopylo muiaHUpyeTcs BbI-
BecT! Ha op6uty B 2016 1. T'oTOBsATCS K pabdo-
Te IBa SKCIepUMEHTa s MeXIyHapomHOM
KocMuueckoit craHuuu. Kpome atoro, otmen
acTpo¢usuku Bbicokux sHepruit UKW PAH
y4acTByeT B Ha3¢MHOM pPOCCUMCKO-Typell-
KoM 1,5-MeTpoBOM TejlecKoIe, OfHa M3 3amad
KOTOPOTO — ONTHYECKas IMOMAEepPXKKa KOCMU-
YeCKUX HAONIONeHUI, B TOM 4YHClIe — Oymy-
IIUX HaOJIOJEHUI C MOMOIIBI0 00CepBaTOPUU
«Cnektp-PI'».

CoTpyIHUKM OTHOeIa OIMyOJUKOBaIM Oojee
2400 HayuHbIX crateil (M3 Hux 20 — B XypHa-
sax Nature u Science), Ha KOTOpble B MUPOBOIA
HAay4HOH JuTeparype ObuIo caeiaaHo 60 ThicsSd
ccotok (mo gaHHbIM NASA ADS Ha deBpaib
2015 1.). Ha paGoThl 4YeThIPEX COTPYAHUKOB OT-
Iiesa caeslaHo 0oJiee YeM MO 5 ThICSY CCHLIOK.

ITpoexTsI 0TAENA / C y4ACTHEM
COTPYZIHUKOB OTZHENA

«[Iporunoz-9» / CHET-2MP9 (1983—1984)

PEHTTEH / KBAHT (opGutanpHbIii KOM-
miekc «Mup», 1987—2001 rr.)

T'PAHAT (1989—1999)

MHTEI'PAJI (c 2002 r. mo HacTosiee Bpe-
MsT)

Poccuiicko-typenkuit  Teneckon PTT-150
(coBmectHo ¢ Kazanckum denepanibHBIM yHH-
BepcuTeToM, [OCymapcTBEHHBIM KOMMTETOM
no Hayke u TexHosoruu Typuum, ¢ 1997r.
10 HACTOSIIIEe BPEMST)

B cragun pa3padoTku

«Cniektp-PI'» (coBMecTHBIN TpoekT Pene-
paJTbHOTO KOCMMUYECKOTO areHTCTBa U ['epmaH-
CKOTO a3pPOKOCMMYECKOro areHrcrsa, 2016—
2017 rr.)

«Monutop Bcero Heba» (MBH, nHa MKC),
2016r.)

«PeHTreHOBCKUi1 MUKPO(POH»

OcHoBHbIE HATIPABJIEHHS CCIIETOBAHMI

* PenukToBnbiii poH BeenenHoit, BKiouas a¢-
ekt CronsieBa-3enpaoBuya. AHaIN3 GU3M-
YECKUX MPOIIECCOB, OMPEICISIONINX PEKOM-
OuHalMIO Bojioponia U reius Bo BceeneHHoOI
U peroHu3auuio BeeneHHoii.

* H3MepeHne QyHKUIUM Macc CKOIUIEHWH ra-
JakTuk. [lonydyeHue orpaHUYeHUil Ha KOC-
MOJIOTUYECKHME ITapaMeTphl, B TOM YHUCJE
CBOICTBa TEMHOI MaTepuu U TEMHOI dHEp-
ruu. KpynHomaciuitabHas cTpyktypa Bce-
JeHHoi. McTopusi pocTta CBepXMacCCUBHBIX
Y€pHBIX AbIp BO BeeneHHOI.

Concurrently, new instrumentation for X-ray
astrophysics is under development. The near-
est project is the Russian-German Spektr-RG
observatory planned to be inserted into orbit
in 2016. Two experiments are being prepared
for the International Space Station. Addition-
ally, IKI High Energy Astrophysics Department
is partaking in operation of the ground Rus-
sian-Turkish 1.5-m telescope, a task of which,
among other things, is optical support of space
observations including future observations using
the Spektr- RG observatory.

The department’s staff members have more
than 2400 scientific articles published (20
of them in Nature and Science journals) these
articles were referred to 60 000 times (per NASA
ADS data as of February 2015). Papers of 4 de-
partment members were referred to more than
5000 times each.

Completed and Ongoing Projects

Prognoz-9/SNEG-2MP9 (1983—1984)

Rentgen / KVANT (Mir space station, 1987—
2001)

Granat (1989—1999)

Integral (ESA, 2002 — today)

RTT-150 Russian-Turkish telescope (together
with the Kazan Federal University, Scientific
and Technological Research Council of Turkey
TUBITAK, 1997 — today)

Projects in Development

Spektr-RG (Roscosmos/DLR, 2016—17)

All-Sky Monitor (onboard the International
Space Station, 2016)

X-Ray Microphone

Research Areas

* Cosmic microwave background includ-
ing Sunyaev-Zeldodich effect. Analysis
of the physical processes which determine
the hydrogen and helium recombination pro-
cess in the Universe and Universe re-ioniza-
tion.

* Measuring the mass function of the galaxy
clusters. Data acquisition on the restric-
tions to cosmological parameters includ-
ing properties of the dark matter and dark
energy. The Universe large scale structure.
History of supermassive black holes growth
in the Universe.

O6cepeamopus
«lpo2Ho03-9»

Prognoz 9 observatory

O6cepeamopusa KBAHT
Kvant observatory

O6cepeamopusa TPAHAT
Granat observatory

O6cepeamopus UHTETPAJT
(EKA)

Integral observatory (ESA)

Teneckon PTT-150
RTT-150 telescope
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YeHmpaneHou o6nacmu of the Galactic center
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80Kpye ceepxHoeoli SN1987a  around SN1987a supernova
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* HccnemoBaHue CBOWCTB U Pa3BUTHE METO-
OB NMATHOCTUKU ILJIa3Mbl B CKOILJICHMSIX
rajaktuk. Pdusnyeckre MpouLecch BOIM3U
CBEPXMACCUBHBIX YEPHBIX ABIP, UX BO3IEIH-
CTBME Ha MEX3BE3NHYI0O U MEXTaJlaKTuie-
CKYIO Cpefy.

+ CBoiicTBa PEHTT€HOBCKMX ITBOMHBIX CHUCTEM
M KaTaKJIM3MMUYECKUX TEPEMEHHBIX, a TaKXKe
ux nonynasuuii. M3ydeHue cTpyKTyphl Tajgak-
THK 10 JAHHBIM O MPOCTPAHCTBEHHOM pac-
NpeaesieHUU peHTTeHOBCKUX MCTOUHUKOB.

* HykjeocuHTe3 TIpU B3pBIBaX CBEPXHOBHIX
3BE31 M aHHUTWIISILIUM BelllecTBa Bo BeenmeH-
HOM MeToIaMM PEHTIeHOBCKOM M TraMma-
CcrieKTpocKonuu. [loydyeHne orpaHWYeHUt
Ha TIpUPOLY CBEepXHOBBIX. Kocmumyeckue
ramMMa-BCILJIECKH.

» IlpoBeneHue 0030pOB HebOa B PEHTTEHOB-
ckux Jy4ax. IloMCK HOBBIX OOBEKTOB.
HazemHass  mommep:kka  peHTTEHOBCKUX
o63opoB. Ilomgepxkka apxuBa IaHHBIX 00-
cepBatopuu «MHrterpan». HayuHoe co-
MPOBOXIeHUE 0030pa Heba oOCepBaTOpPUU
«Cnektp-PTI'».

+ @opMupoBaHWE HAyYHBIX 3amdad M pas3pa-
00TKa HAYYHO-TEXHMUYECKHUX MPETOKEHUI
JUTL OyAylIux acTpou3nyecKrux odcepBaTo-
puit. PazpaboTka peHTTeHOBCKUX MPUOOPOB
JJIs peleHust actpodusnmyeckux 3agad. OT-
paboTKa HOBBIX METOIOB HaBUTALMOHHO-
ro obecrmeuyeHUsT KOCMUYECKUX alllapaToB
110 CUTHAJIaM PEHTT€HOBCKUX MYJIbCApOB.

IIpubopsl, MPOEKTHI, Pe3yIbTATHI

C MOMOIIBIO CIIEKTPOMETPa BBICOKOTO pa3-
pemenust SPI o6cepBaTtopuu «MHTETpa» 6bBL10
HCCIENOBAaHO TaMMa-u3iyyeHue [amakTuku.
B u3MepeHHBIX CIEKTpax BBIACISIOTCS JTUHUU
Ha sHeprusax 511 k3B u 1,8 MaB, cBsizaHHBIE
C aHHUTWISILUENW  BJIEKTPOH-MO3UTPOHHBIX
nap W pacnaioM paauoaKTUBHOIO H30TOIA
A, CHUHTE3MPYEMOTO MACCUBHBIMU 3BE3MAMU.
[IpocTtpaHCTBeHHBbIE paclpeneneHus: WHTEeH-
CUBHOCTHU U3JIyYEHUS] STUX JIUHUU Pa3UTEIbHO
oTmyatores: TuHuA 1,8 MaB TsaroreeT K aucky
lanaktuku, roe GOpMUPYIOTCS MOJOIbIE 3BE3-
IIbl, @ UHTEHCUBHAS aHHUTWISILIMS TTO3UTPOHOB
MPOVCXOANT B LIEHTpabHOU 30He [amakTuku.
I[To mwmpune auHum 511 k3B M oTHOCUTENb-
HOI ApKOCTU TPEXHOTOHHOTO KOHTMHYyMa Ha
aHeprusix Huxe 511 k3B mokazaHo, 4TO aH-
HUTWISIUUS TIPOMCXOOUT B TEIUION 4YaCTUYHO
MOHM30BAHHON MEX3BE3IHOW cpene, MPUYEM
He HaIpsiMylo, a yepe3 oOpa3oBaHUe TTO3UTPO-
HUSI — KOPOTKOXMBYIIEH CBSI3aHHOW CUCTEMBbI
U3 3JIEKTPOHA U Mo3uTpoHa. Haubosee BeposiT-
HBII «ITOCTABIIUK» TTO3UTPOHOB — TEPMOSIIEP-
HbI€ B3PbIBbI CBEPXHOBBIX TUTA la, cMHTE3Upy-
[OLMe PAIHMOAKTHBHEIA H30TOI “°Ni, KOTOPBbIil
B Ipoliecce pacrana Ni — 3°Co — *°Fe npo-
U3BOOUT TO3UTPOHBI. OAHAKO HEIb3sd UC-
KJIIOYUTh U 0OoJiee 3K30TUYECKME CIeHApUU
POXJIEHUST TIO3UTPOHOB B IIEHTPATHHOI 30HE
lanaxkTuku.

* Analysis of the properties and develop-
ment of the methods of plasma diagnostic
in the galaxy clusters. Physical processes
in the vicinity of the supermassive black
holes, their influence on the interstellar and
intergalactic media.

* Properties of the X-ray binary systems and
cataclysmic variable stars as well as their
populations. Study of the galaxy structures by
the data on the spatial distribution of X-ray
sources.

* Nucleosynthesis in the process of super-
nova explosions and matter annihilation
in the Universe using the methods of X-ray
and gamma-ray spectroscopy. Data acquisi-
tion on the restrictions to the supernovae na-
ture. Cosmic gamma-ray bursts.

» X-ray sky surveys. Search for new objects.
Ground support of X-ray surveys. Keeping
the data archive of the Infegral observatory.
Scientific support of the sky survey using
the Spektr- RG observatory.

* Problem descriptions and development
of scientific and technical proposals for fu-
ture astrophysical observatories. Develop-
ment of the X-ray instrumentation to solve
the astrophysical issues. Development of new
methods of navigation support for spacecraft
by means of signals from the X-ray pulsars.

Instruments, Projects, Results

Using the high definition SPI spectrometer
of the Integral observatory Galactic gamma-ray
emission was examined. Within the measured
spectra the lines are distinguished within ener-
gies of 511 keV and 1.8 MeV associated with an-
nihilation of the electron-positron pairs and
radioactive isotope 26Al decay synthesized by
massive stars. Spatial distribution of these lines
emission intensity is in a marked contrast: line
of 1.8 MeV gravitates towards the Galactic cen-
ter where young stars are formed, and intensive
positron annihilation takes place in the central
region of the Galaxy. 511 keV line width and
relative brightness of the three-photon con-
tinuum at energies below 511 keV show that an-
nihilation occurs in a warm, partly ionized, in-
terstellar media, and not directly, but through
formation of a positronium — a short-living
bound system of an electron and a positron.
The most probable supplier of the positron is
type la supernova thermonuclear explosions
which synthesize the 56Ni radioactive isotope
that 5groduces positrons in the process of its de-
cay >°Ni — Co — **Fe. But we cannot exclude
even more exotic scenarios of positron produc-
tion in the central region of the Galaxy.



B pesynbraTe mpoBeaEHHBIX oOcepBaTOpUEii
«WHterpan» miybokux HabmoaeHuit boabino-
ro MaremranoBa O6iaka 3apeTUCTPUPOBAHO
PEHTTeHOBCKOE M3JYyY€HHME OT OcTaTKa Yxe
yYIOMUHaBLIeHcSd CBepXHOBOM 1987A B nuHUsAX
Ha sHeprusix 67,9 u 78,4 k3B, cBs13aHHOE € pac-
najoM paJvuoakTUBHOIO TUTaHa-44 (44Ti). 310
nepBoe MpSIMOE J10Ka3aTeIbCTBO 0Opa30BaHUS
TUTaHa BO BpeMs B3pbIBa 3TOW MHTEPECHENIIECH
cBepxHOBOii. [lo M3MepeHHOMY MOTOKY U3ITyye-
HUS yIAJI0Ch OLIEHUTh KOJIMYECTBO 11, CHHTE3M -
poBaHHOTO Mpu B3pbIBe, — oKoJso 0,0003 macch
CoHila, 1 00BSICHUTbL HabJIOAaKoIIEeeCs MOBe/Ie-
HUe SIPKOCTY CBEPXHOBOI1 B nmocyenHue 20 jieT.

15 anBaps 2014 r. B ranakTuke M82 B3opBa-
Jlach CBepXHOBasi TuIa la, monyyuBLIas Ha3Ba-
Hue SN2014J. OHa oka3zajach camoil OJ13KOi
CBEPXHOBOI 3TOTO THUIIA 33 BCIO 3IMOXY KOCMU-
yeckux obOcepBaropuii. CBepxHoBble TvMa la
CBSI3aHBI C TEPMOSIIEPHBIMU B3PBIBAMU OEJTbIX
KapJIuMKOB ¢ Maccoil okosio YaHapaceKapoBCKO-
ro mnipenena (1,4 maccel ConHila). B mporiecce
B3pbIBA CUHTE3UPYETCS OOJIBIIOE KOJUYECTBO
panroakTUBHOTO 6Ni, pacnag KOTOporo JoJ-
JKEH COIPOBOXIATbCS U3ITyYEHUEM XapakKTep-
HBIX IMHWI B TaMMa-Iuana3oHe. Boicokast cko-
pocTb pasyiéta U HeboJiblllasi Macca 000JIOUKU
JOJIKHBI TIPUBOIUTH K PAaHHEMY BBIXOLY TaM-
ma-uznyyenus. Ilpu mommepxke Poccuiicko-
ro HayyHoro komuteTta npoekta MHTEI'PAJL
nporpaMma HaOJIloJeHuiT obcepBaTOpuur ObLIa
OINEpPaTUBHO W3MEHEHa, 4YTOObl 00ecHeyuThb
MaKCUMAIbHBIA  TIPUOPUTET  HAOMIONCHUSIM
3TOro 00BEKTA.

Bcnolwka ceepxHosol
SN2014J 8 2zanakmuke M82

SN 2014J explosion
in the galaxy M82

As a result of deep observations of the Large
Magellanic Cloud by the Integral observatory,
X-ray emission from the mentioned SN1987A
remnant within the lines of energies of 67.9 and
78.4 keV associated with radioactive **Ti decay
was recorded. This is the first direct proof of ti-
tan production in the explosion process of this
fascinating supernova. We were able to calculate
the amount of *Ti synthesized during the ex-
plosion using the measured emission — about
0.0003 of the solar mass, as well as to explain
the observed behavior of the supernova bright-
ness over the last 20 years.

On 15 January 2014 a type la supernova
named SN2014J exploded in the MS82 galaxy.
It turned out to be the closest supernova of this
type over the whole history of space observa-
tories. Type la supernovae are associated with
thermonuclear explosions of white dwarfs with
a mass close to the Chandrasekhar limit (1.4 so-
lar mass). During the explosion process a large
amount of radioactive *°Ni is synthesized, de-
cay of which shall produce indicative lines
in the gamma-rays. A high speed of scattering
and a small mass of the envelope shall result
in early gamma-ray yield. Supported by the Rus-
sian Scientific Committee of the project, the /n-
tegral observation program was quickly changed
to ensure the maximum priority in observation
of this very object.

9 days

*Fe
111 days

Enargy. eV

Cxema pacnada paouoak-
8 6. m

u xeneso. YépHoli 2ucmo-

p i noKasax 0
emblli cnekmp usny4yeHusa
ceepxHoeoli Ha 75-Ui 0eHb
nocsne e3pviea. Oxudaemoie
8KJ1a0bl KOMNMOHOBCKO-

20 pacceaHus nuHuli 847
(kpacHas), 1238 k3B (cuHAsA),
at Juu nosump
(3enénas), mpéxg
AHHU2UNAYUU NO3UMPOHUSA
(cupereeas)

Radioactive nickel decay to
cobalt and iron. The black
histogram shows the ex-
pected emission spectrum

of the supernova 75 days after
the explosion. The expected
contributions of the Compton
scattering of the 847 keV (red),
1238 keV line (blue), positron
annihilation (green), three-
photon positronium annihila-
tion (lilac)
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Cnekmp SN2014J, nony-

1 06¢C 7]
«Wumezpan» c 50-20
no 100-Ui deHb Nnoc/ie 8cnbiw-
Ku. KpacHsie u cunue moyku
nokaseieaom 0aHHble
npu6opoe SPI u ISGRI/IBIS.
YépHasa kpueasa — modeno
cnekmpa ceepxHogoli Ha
75-ii 0eHb nocnie 83pbiea.
B eepxHem pady — u3o-
6p nony 06-

cEep L 1
Yémko eudeH UCMOYHUK
2aMMa-usJsiy4eHus Ha Mmecme
SN2014J

SN2014J spectrum obtained
by the Integral observatory 50
to 100 days post the burst. Red
and blue dots indicate SPl and
ISGR/IBIS data. A black curve is
a supernova spectrum model
75 days post the explosion.
Top row — images obtained
from the Integral observa-
tory. Agamma-ray source

on SN2014J place can be seen
clearly
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The Integral observatory during
Earth observation (artist’s
impression, (© ESA). Earth
observations were conducted
to separate the detector
instrument background

from the cosmic background
of the Universe. On completion
of measurements the spectrum
of the cosmic X-ray background
was obtained (see the inset)
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«xpebma» [anakmuku Ha

3Hepeusax 17...26 k3B. KoH-
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Hol apkocmu lanakmuku
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Surface brightness

of theGalactic ridge at

the 17...26 keV energies.

The outlines show the regions
with the same surface
brightness in the infrared
waveband where standard
stars contribution prevails.
The correspondence

of the surface brightness map
in the hard X-rays to the map
in the infrared rays points

out that the discrete sources
distributed in the Galaxy same
way as the standard stars, are
the photon sources for the X-ray
Galactic ridge

B pesynbrate ynajsoch BHepBble HAMpPSIMYIO
TTOATBEPIUTh TEPMOSIIEPHYIO TIPUPOMY TAKUX
CBEPXHOBBIX, U3BMEPUTH MACCY PAMOAKTUBHOTO
*Ni u CKOpPOCTb pa3ji€Ta U CpaBHUTH IpeacKa-
3aHUS JETAIBHBIX MOJeJieil ¢ HabIoIaeMbIMI
CIIeKTpaMU B raMMa-Iuarna3oHe. DT paboTHI,
KpOME Hay4yHOro, MMeJu OoJiblIoe 3HaueHue
I TIOIJEPXKKM TMPOAOIKEHUST padoThl 00-
cepBatopun «MHrerpan». B 2014 1. cnenmais-
Hasg komuccusi EKA, paccMoTpeB mosydyeH-
HBIE Pe3yJIbTaThl U BO3MOXKHBIE TIEPCIIEKTUBHI,
npuszHaja paboTy oOCepBaTOPUU YCTEIIHON
U TpeOylollieil AajibHelIero npoaokeHusi. Pe-
mweHueM EKA duHaHcupoBaHue obcepBaToprun
(ympaBieHue CIyTHUKOM, TIPUEM M Tiepenaya
TTAaHHBIX, Ha3eMHasl MOJIePKKa) rapaHTUPOBAHO
110 KoH1a 2016 1. ¢ BO3MOXHBIM TIPOIEHUEM.

Keéctkuit  peHTreHoBCKMI 0030p Heba
10 JaHHBIM HaOJIoneHuit obcepBaTOpUU
«MHTETrpa» MO3BONMWII BIIEPBbIE MPOBECTH CH-
CTEeMATUYECKUIl TTOMCK aKTUBHBIX SIIEP Talak-
THK BTOPOTO THUIIA, B KOTOPBIX CBEPXMACCUBHAsI
4y€pHasi JpIpa CKPBITa OT HAOMIOAATENS B APYTHX
NAara3oHax IJIMH BOJH TOJCTBIM CJIOEM IIbLIU
U XOJIOAHOTO ra3a. «MHTerpam» oOHapyXuiI yxe
HECKOJIBKO NTECSITKOB HOBBIX OOBEKTOB TAKOTO
tuna. CyuTaercs, YTO aKTUBHBIE SIApA Talak-
TUK BHOCSIT OCHOBHOHM BKJIal B KOCMUYECKUI
pentreHoBckuii o (KP®D) — wuzmyuenwue,
MPOHU3BIBAIONIEE BCE KOCMUUYECKOE MMPOCTPaH-
ctBo. K coxaneHuio, 4yBCTBUTEIBHOCTH CO-
BPEMEHHBIX KECTKMX PEHTTEHOBCKUX JETEKTOPOB
He XBaTaeT MJIs1 TOTO, YTOObI pa3pelaTb peHTTe-
HOBCKMI ()OH Ha OTIEIbHbIE UCTOYHUKHU B XKECT-

i
i

As a result, it was the first time when
the thermonuclear nature of such supernovae
was directly confirmed, the mass of the radio-
active *°Ni and scattering speed were measured,
detailed predicted models were compared with
the observed spectra in gamma-rays. In addition
to the science, these work also had a great sig-
nificance in support of continuation of Integral
operations. In 2014, ESA special commission
reviewed the obtained results and potential pros-
pects and acknowledged the observatory to be
successful and the need to continue. The ESA
decision guarantees observatory financial sup-
port (satellite control, data acquisition and
transfer, ground support) till the end of 2016
with probable prolongation.

A hard X-ray observation of the sky based
on the data obtained from the Integral observa-
tory enabled the first systematic search of ac-
tive nuclei of the type 2 galaxies where a super-
massive black hole is hidden from the observer
in other wavelength ranges by a thick layer
of dust and cold gas. Integral has already dis-
covered several dozens of new objects of this
type. Active galactic nuclei are thought to con-
tribute most into the cosmic X-ray background,
the emission going through the whole space.
Unfortunately, today’s hard X-ray detectors are
not sensitive enough to resolve the X-ray back-
ground into the separate sources in the hard
range (above 10 keV), the range where the maxi-
mum of background intensity is. But we can
obtain an important missing information
on the history of supermassive black hole growth



KOM aManaszoHe (Ha 3Heprusix Bbie 10 k3B),
Ha KOTOPBIA TPUXOAWUTCS MAaKCUMyM €ro WH-
TeHcuBHOCTU. OMHAKO BaXHYIO HEJOCTAIOMIYIO
nHdopMaLMIo 00 UCTOPUU POCTa CBEPXMACCHUB-
HBIX YEPHBIX BIP BO BceneHHO MOXHO moJy-
YUTH U OPYTUM CIIOCOOOM — M3MEpSIST CTIEKTP
KECTKOTO peHTreHoBcKoro doHa. CrielMagibHO
IUTS peltieHust 9Toit 3amaur B 2006 r. yu€HbIMU
oTaena acTpodU3MKU BBICOKUX SHEPTuil ObLTa
WHULMUPOBAHA YHUKalbHas TMporpamMmma Ha-
omoneHuii 3eMm obcepBaropueit «MHTerpan».
Ilpu sToM Hama ITaHeTa UCMOIb30BATACH KaK
TUTAaHTCKUI 3KpaH, Ha BpeMsl 3aKpbIBLUIUI
OT MpUOOPOB 0OCEPBATOPUM U3JTyYeHUE AAIE-
KHMX MCTOYHMKOB, cOocTaBJstommx ¢oH. B pe-
3yJIbTaTe BIEPBBIE yAAIOCh MOCTPOUTH CIEKTP
doHa B MIMPOKOM aMara3oHe 3Hepruil or 3
10 150 k3B ¢ TouHocThI0 0KOJ10 10 %.

Bonbuioe mone 3peHust U xopoiuee Yriao-
BO€ paspellieHne TeJIECKOIOB oOcepBaToOpuu
«UnTerpan» BHepBble IMO3BOMWINA TOTYYUTH
KapTbl U CHEKTPbl TaK HAa3bIBAEMOIO «Xpeo-
Ta lanakTuku» — caa00TO TPOTIKEHHOTO
PEHTIEHOBCKOTO W3JIyYeHUs] BIOJb TajaKTu-
YECKOW TJIOCKOCTH, MPEICTaBISIBIIEr0 COOOit
3arafKky TIIOCIEAHUX NeCITWIeTHil. Ymamoch
nokasaTh, 4TO M3IydyeHHe XpebTa [amakTukm
B XECTKOM PEHTTEHOBCKOM AMana3oHe 3Hep-
ruii 10...60 kB npencraBiser coboil cyMMap-
HOE M3JTyYyeHUWEe MWIIMOHOB aKKPEIUPYIOIINX
6enbix KapaukoB. Ha sHeprusix Boiie 100 k2B
BKJTAJI 3TUX UICTOYHUKOB CTAHOBUTCSI MAJIBIM U B
MPOTSKEHHOM U3NTydeHUH [alakTMKY HaYMHaeT
npeoGiagaTh U3Ty4YeHNEe MEK3BE3IHON Cpebl.

in the Universe by other means, i.e. by measur-
ing the spectrum of the hard X-ray background.
In 2006, specifically for resolving this issue, sci-
entists of the High Energy Astrophysics Depart-
ment initiated a unique program of Earth obser-
vation from the Infegral observatory. Our planet
was utilized as a huge screen that temporary
blocked the far source emission from the ob-
servatory instrumentation. Consequently, it was
the first time when the background was recorded
in a wide range from 3 through 150 keV within
the accuracy of 10 percent.

Large fields of view and a good angular reso-
lution of the Infegral’s telescopes first enabled
to obtain the maps and spectra of a so-called
Galactic ridge — a weak extended X-ray emis-
sion along the Galactic plane which was a puz-
zle of the last decade. We succeeded in show-
ing that the Galactic ridge emission within
the hard X-ray energy range of 10...60 keV is an
accumulated emission of millions of accreting
white dwarfs. At the energies of above 100 keV
the contribution of these sources becomes low
and the interstellar medium emission starts to
prevail in the extended Galactic emission.

Xvo 6
d P
0eoliHoli cuci

€ MOWHbIM 38€30HbIM

P u akkpeyupy
well HelimpoHHoli 38e300li
(© EKA). Ha epe3ke nokasaH
cneKmp u3Jiy4eHus oOHoU
u3 makux cucmem. BuoHo,
4Ymo Ha SHepausaX HuXe
10 K3B usny4eHue npakmu-

An artist’s impression

of a binary system with

a powerful stellar wind and
an accreting neutron star

(© ESA). The inset shows

the emission spectrum

of one of such systems. You
can see that at the energies
below 10 keV the emission is
almost completely absorbed

YyecKu nosiHocmeblo no2nouje- by the wind matter

HO sewjecmeom eempa
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Kapma yenmpa lanakmuku
Ha 3HepausaAx 17...60 K3B,
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A map of the Galactic
centerat 17...60 keV
obtained from the Integral
observatory including pri-
mary sources. Among them,
the Sgr B2 molecular cloud is
distinguished. The luminance
of this region is apparently
formed as a result of the re-
flection of the past (300 years
ago) emission of the central
black hole in our Galaxy
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Mass function of the

galaxy clusters measured
using the data of the X-ray
observations. The re-

mote galaxy clusters are
selected from the 400 sq.
deg. observation made

on the basis of the pointings
of the ROSAT telescope (Ger-
many). The close clusters
are selected from the all-sky
observation from the ROSAT
telescope. The cluster
masses are measured based
on the X-ray observations
by the Chandra observatory
(NASA). The acquired data
on the cluster mass function
are an evidence of a non-
zero cosmological constant

Left: an X-ray image
of the galaxy cluster

P
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in the constellation of Per-
seus from the Chandra ob-
servatory data (NASA). Right:
the same image but divided
by the average brightness
profile; here the relative
variations of the matter
density in the cluster can be
seen better

Yxe no nepBbIM HaOmoaeHUsIM Hawei ['a-
JIaKTUKU obcepBaTtopueii « MHTerpan» Obu10 OT-
KPBITO HOBOE CEMEICTBO HEMTPOHHBIX 3BE3I,
OKPYXXEHHBIX «<KOKOHAMU» TBUTH ¥ Ta3a. Spkue
B JXKECTKUX PEHTITC€HOBCKUX JIy4ax, 3TU OObEKThI
MPAKTUYECKA HEBUAMMBI B OOBIYHOM PEHTIE-
HoBcKOM nuama3oHe (<10 k»B). Oxkazanocs,
YTO 3TO NBOWHBIE CHUCTEMBI C HEHUTPOHHBIMU
3BE31aMM, KOTOpbIE AKKPELMPYIOT BELLECTBO
C MOJIOABIX 3BE3/ C OUEHb MOITHBIMU BETPAMU.
Kpome Toro, mpu akTMBHOM y4acTUU COTPYI-
HUKOB OTIeNla acTpOdU3UKU BBICOKUX SHEp-
Tl OBUI OTKPBIT HOBBIA KJIACC MAaCCHUBHBIX
PEHTI€HOBCKUX JBOMHBIX CHCTEM, B KOTOPBIX
HEUTPOHHBIE 3BE3[bI, aKKPELMPYIOLIUE BeELLe-
CTBO C MACCUBHBIX 3BE3II, MOTYT BCITHIXUBATh HA
KOPOTKMI TEpUOJ BPEMEHU, IOBBIIIAs CBOIO
SIPKOCTh MHOTZAA B COTHU U THICSTYM pa3. Bcero
Xe B XOlme MHOrojeTHero ob63opa [amakTukm
npubopamu obcepBaropun «MHTEerpan» ObLIO
3aperucTpUpPOBaHO 00Jee COTHU MAaCCHUBHBIX
PEHTTeHOBCKUX TBOMHBIX CUCTEM, U TIOYTH I10-
JIOBUHA U3 HUX — HOBBIE. DTO MO3BOJIWIO U3-
MEpUTh pacrpeneieHue TTOBepXHOCTHOW TIIOT-
HOCTH TakuX 00OBbEeKTOB B ['amakTrke, moKasarsb,
YTO OHO KOPPEJIUPYET C JIOKAJIbHBIM TEMIIOM
3BE31000pa30BaHUsI, U CPABHUTH PACITOJIOXE-
HHE MACCUBHBIX PEHTTEHOBCKUX TBONHBIX CU-
cTeM ¢ 00JacTsMM MX IpelronaraeMoro oopa-
30BaHUSI.

O6cepBaTtopust «MHTerpan» 3aperucTpmpo-
Bajla XECTKOE PEHTTeHOBCKOE W3JyYeHUEe Ha
sHeprusx 20...150 k3B oT ruraHTckoro mose-
KyJsipHoro obyaka Crpenel; B2 B eHTpanbHOM
obnactu Hameil [anakTuku, MONTBEPAUB pe-
3yJIbTAT, TTOJTyYeHHBII paHee, HO Ha 6ojiee H13-
KHX BHEPrusx, ¢ momoipio teneckorna APT-T1
obcepBaropun «I'paHat». Ilocnenymoomiye Ha-
OJIIONCHUST TTOKAa3aJIM, YTO 3TO W3JIyYeHHe 3a-
TyxaeT Ha Mmaciurabe 10 jmet. Tem cambiM Ton-
TBEPXKAAETCSl TUIOTe3a, YTO CBEPXMACCUBHAsI
yépHasg awipa B LieHTpe MieuHoro Ilytu ak-
TUBHO AaKKpPeIMpoBajia BEIIECTBO IMPUMEPHO
300 neT Ha3axm, a ceilyac MbI HAOJIIOAAEM «IXO»
3TOI aKTUBHOCTH.

IMonyyeHbl orpaHMYeHUs] Ha KOCMOJIOTHU-
yeckue napamerpsl BceleHHOU mo 3BoioLuu
byHKIIMY Macc CKOTUIEHWI TaIaKTHK, YTO NaéT
HE3aBUCUMOE TIOATBEPXKICHUE CYIIECTBOBAHUS
TEMHOM 3Hepruu Bo BeesleHHOI.

PazpaboraHa Teopusi HarpeBa MeXrajak-
TUYECKOUN TUIa3MBbl 3a CYET Pa3BUTHUST BCIUIBI-
BaOLIMX ITy3bIpeil PENSITUBUCTCKOM IUIa3MBbl,
CBSI3aHHBIX C AaKTUBHOCTBIO IIEHTPAILHOMN
CBEpXMAaCCUBHOM YEPHOI1 IBIPHI.

Poccuiicko-repmaHckast PEHTIeHOBCKast
obceparopusi «Cnektp-Penrren-Iamma» —
¢marmanckuit mpoekT otaena. OH Hec€T nBa
OCHOBHBIX HayYHBbIX TpPUOOpa: TepMaHCKUI
teseckont eROSITA (MPE) u poccuiickuit Te-
neckont APT-XC (MKW PAH B koonepauuu c
POl — BHUUNDD (BcepoccuiickuM Hayd-
HO-MCCIIENOBATEIbCKUM WHCTUTYTOM KCITepPU-
MeHTasbHOM usnku, CapoB) u KocMuueckum
1eHTpoM uM. Mapmanna, HACA, CILA).

Already after the first observations of our gal-
axy by means of the Integral observatory, a new
family of neutron stars surrounded by so-called
cocoons of dust and gas was discovered. These
objects being bright in the hard X-rays were
virtually invisible in a standard X-ray range
(below 10 keV). It turned out that these are bi-
nary systems with neutron stars which accrete
matter from the young stars with very strong
winds. Additionally, High Energy Astrophys-
ics Department’s staff members were actively
involved in discovery of a new class of massive
X-ray binary systems where the neutron stars
accreting the matter from the massive stars can
flare for a few minutes with an increase in their
brightness sometime hundreds and thousands
of times. All in all over the long-term galaxy
observation the [Infegral instrumentation dis-
covered more than a hundred of massive X-ray
binary systems and almost half of them are
the new ones. This enabled to measure the dis-
tribution of the area density of such objects
on the Galaxy, to show that it correlates with
the local rate of star formation and to compare
the location of the massive X-ray binary systems
with the regions of their assumed formation.

The Integral observatory recorded a hard
X-ray emission at 20...150 keV from the giant
Sagittarius B2 molecular cloud in the central
region of our Galaxy that confirmed the previ-
ous results obtained at lower energies by means
of the ART-P telescope of the Granat observa-
tory. Further observations showed the quench-
ing of this emission at the scale of 10 years. This
confirms the hypothesis that the supermassive
black hole in the center of the Milky Way was
actively accreting the matter about 300 years
ago and today we can observe the echo of that
activity.

By the evolution of the mass function
of the galaxy clusters the restrictions to the cos-
mological parameters of the Universe were ob-
tained that independently confirm existence
of the dark energy in the Universe.

The theory of intergalactic plasma heating
through the ejection of bubbles of the relativistic
plasma related to the activity of the central su-
permassive black hole was developed.

The Russian-German Spektr-Rentgen-Gam-
ma X-ray observatory, or Spektr-RG, is a flag-
ship project of the department today. After mul-
tiple modifications of the recent years, today it
is carrying two primary scientific instruments:
the German eROSITA telescope (Max Planck
Institute for Extraterrestrial Physics, MPE, Ger-
many) and the Russian ART-XC telescope (IKI
in collaboration with the Russian Federal Nu-
clear Center — All-Russian Research Institute
of Experimental Physics, Sarov, and the Mar-
shall Space Flight Center, NASA, USA).

In 2008 the department in collaboration with
the Russian Federal Nuclear Center in Sarov
(RFNC) developed operations on the ART-XC
telescope — an X-ray mirror telescope
of oblique incidence. The most complex is-



Pocculicko-zepmaHckan The Russian-German

peHmzeHoeckas Spektr-Rentgen-Gamma
o6cep pus «Ci p- X-ray observatory, or
Penmzen-famma» — Spektr-RG, is a flagship project
¢ nazmaHckuli npoekm of the department today
omodena

B 2008 r. otmen B koomepauuu ¢ PDOALL
B CapoBe pa3BepHyJl pabOThl MO 3epKajbHO-
MY PEHTT€HOBCKOMY TEJIECKOITy KOCOTO Iajie-
Husg ART-XC. Haubosee cioxHoOi 3amaueit
oKazajlach pa3paboTKa pPEHTTeHOBCKOW OIl-
TMKU Ha sHepruu no 30 k3B m momympoBo-
THUKOBBIX MO3ULIMOHHO-YYBCTBUTEJIbHBIX
W CIEKTPOMETPHUYECKUX HETEKTOPOB, TaKXkKe
pa6oratomux a0 30k3B. 3a cpaBHUTEBHO
KOPOTKHWA CPOK ObLIM JOCTUTHYTHI 3aMETHbIE
ycniexu B P®ALl — paspaboraHbl U 0OCBOe-
Hbl OCHOBHBIE TEXHOJIOTMYECKHUE TIPOLIECCHI,
B YACTHOCTM IO MPELIM3UOHHON MeTalioodpa-
60TKe, TTOJIMPOBKE, TATbBAHOIIJIACTUKE, METPO-
JIOTMM Ha YypOBHE aHICTPEM, BBICOKOTOUYHOI
FOCTUPOBKE Ha YPOBHE CEKYHI IYTM, CO3IaHbI
CTEHOBI TI0 TPOBEpPKEe U COOPKE 3epKabHBIX
cucteM. B MKW Obl1 moAroroBieH cCremu-
JTM3UPOBAHHBIN CTEH]I VTSI TECTUPOBAHMS 3ep-
KaJIbHBIX CHCTEM M IETEKTOPOB IPU MOMOIIKN
KBa3WMapauIeJJbHOTO PEHTIeHOBCKOIO ITyJKa.
OpHako ObICTPO BBIMTH Ha TpeOyemble Mapame-
TPHI 3¢pPKAJbHBIX CUCTEM II0 YIJIOBOMY paspe-
IIeHUI0 ¥ 3(DGhEKTUBHOI TIIOIIAAN He YIaIoCh.
B 2011r. ObUIO MPUHSATO pelIEHWE MOIKIIIO-
yuth Kocmmueckuii mieHTp Mapimamia NASA
(CIIIA) K M3roTOBAEHMIO JIETHBIX 3epKaIbHbIX
cucteM. UsrotosieHnbie B POSLL 3epkaabHbIe
CHCTEMBI OYIYT MCIIOJIB30BAThLCS TSI KBATU(DU-
KalIMOHHBIX UCTIBITAHUIM TeJIeCKOoIa.

D,
P Kas

p
HasA cucmema c 28 060s104-
Kamu, ycmaHoeeHHasA Ha

A -1 7

X-ray mirror assembly with 28
shells, installed on the hexa-
pode before placing it into

eKC P vacuum chamber to test with a
8 8aKyyMHyI0o Kamepy ona quasi-parallel X-ray beam
mecmupoeaHuA Ha Keasu-
nap peHm
CKOM nyyKe

sues during the design of the ART-XC tele-
scope were the development of the X-ray optics
at the energy below 30 keV and semiconductor
position-sensitive and spectroscopic detectors
also operating at the energies below 30 keV. Over
a comparatively short period a remarkable suc-
cess was achieved in the X-ray optics in RENC,
it developed and/or mastered primary processes,
among others precision metal forming, polish-
ing, electrotyping, metrology at the Angstroem
level, high precision adjustment at the second
of arc level, created the testbeds for validation
and assembly of the mirror systems. IKI pre-
pared a special test bed to validate the mirror
systems and detectors using the quasi-parallel
X-ray beam. But it was hard to achieve the re-
quired parameters of the mirror systems regard-
ing the angular resolution and the effective area.
So in 2011 it was decided to engage the Marshall
Space Flight Center (USA) into the manu-
facturing of the flight mirror assemblies with
the world’s best parameters. It was decided to
use the mirror systems developed by RFNC for
the performed validation tests of the telescope.

C6opka 0emekmopa
meneckona APT-XC

ART-XC detector assembly

] T " ' - &

Penmaenoeckoe
P e
nnocKkocmu peHmaeHo8cKou
3epKanbHol cucmemsl
meneckona APT-XC,
nony npu w
mampuyel ANDOR (pasmep
2048x2048, pasmep nukcens
13x13 MKm,
nozapugmuyeckuti
macwma6)

X-ray image in the focal plane
of the ART-XC mirror system,
as obtained by ANDOR matrix
(2048x2048, pixel size

13x13 mictrometer,
logarithmic scale)
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p KUuX 0 -
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C6opka 0emekmopa
peHM2eH08CK020 U3/yveHus
npu6opa MBH

Assembly of X-ray detector

for MVN instrument

MVN inner structure.

Bottom: X-ray detector modules
with the electronic module.
Middle: 3-layer cylindrical
collimator and drive control
module.

Top: aperture blocking system

Jist perucTpaiuy peHTTeHOBCKOTO M3JTyde-
HUST B (POKANIBbHOM TIJIOCKOCTU B OTHeNe ObLIU
pa3BEPHYTHI PAabOTHI IO TOJYIPOBOITHUKO-
BBIM JIETEKTOpaM Ha OCHOBE TeJUTypuaa Kao-
must (CdTe). B pesynbrate ObUIM pa3paboOTaHbI
YHUKaJIbHbIE  TO3UIIMOHHO-YYBCTBUTEIbHbIE
U CIEKTPOMETPUYECKUE NEeTEKTOPHI, KOTOPHIE
CMOIJIM YCIEIIHO BBIAEPXATb BCE TsKeNnek-
IIMe WCITBITAHUS Ha MeXaHWYeCKUe Harpys3Ku
1Mo ygapaM U BUOpaluu, MO TEPMOLIMKINPO-
BaHUIO, BaKyyMy, 2JEKTPUYECKOW MPOYHOCTH,
3JICKTPOMarHUTHBIM TTOMeXaM M T.J., C COXpa-
HEHNEeM OCHOBHBIX ITapaMeTpoOB IO IPOCTPaH-
CTBEHHOMY M HEPreTUYeCKOMY Pa3pelleHUIO.
Jnsa cOOpKu AETEeKTOPOB MOTPeOOBAIOCh pa3-
paboTaTh HECKOJIIBKO YHUKAIBHBIX TEXHOJIOTH-
YeCcKHUX OIepalnii, MOATOTOBUTh YUCThIE TIOME-
IeHNs 7-To KJlacca YUCTOTHI.

«CnekTp-PI'> — KpyImHeHImii COBMeCTHBIN
npoekt Poccun u I'epmanuu B 06j1acTH acTpo-
usukuM, HalleJIeHHBII Ha peleHre hyHIaMeH-
TaJTBHBIX BOTIPOCOB KOCMOJIOTUM — CBOWCTB
U sBoJouuu BceeneHHo#t, mpupoabl TEMHOM
SHEePTUM U TEMHON MaTepu¥, BOSHUKHOBEHUS
U POCTa CBEPXMACCUBHBIX YEPHBIX JIBIP U TTOUC-
Ky Haubosiee peakux oobeKToB. ObcepBaTOpus
OyzieT 3amylieHa BO BHEIIHIOI TOuKy JlarpaH-
xa (L,) cucrembr ConHule-3emIs M JOJDKHA
npopadboTaTh TaM Kak MHUHUMYM CEMb JieT.
I'maBHOIA 11€7bI0 TEPBBIX YETHIPEX JIET pabOThI
o0cepBaTopum JOJIKEH CTaTh 0030p Bcero Heba
B PEHTI€HOBCKUX JIy4aX C PEKOPAHOU YYBCTBU-
TeJIbHOCThI0. OXMmaercsi, YTo B Xole ob30pa
Heba «CniekTp-PI'» 06HapyKUT Bce CKOTUICHUS
rajakTuk B HaOmomaeMoil yactu BceneHHoit
(okosio 100 000), okoji0 3 MUJIJITMOHOB aKKpe-
LMPYIOUIUX CBEPXMACCUBHBIX YEPHBIX [BIP,
COTHM ThICSY 3BE3]] C aKTUBHBIMU KOPOHAMU
M aKKPELUPYIONINX OeTbIX KapJIMKOB, HeCSITKA
THICSIY 3BE3M000PA3yIONNX TaJaKTUK U MHO-
rvue Apyrue oObeKThl, B TOM YHMCJIE HEU3BECT-
Houl Tipuponbl. B pamkax mpoekra «CriekTp-
Pentren-I'amma» poccuiickue y4€Hble moydat
50 % nmanubix Teneckona eROSITA u Bce naH-
Hble Teseckona APT-XC.

OnmHOBpEMEHHO C CO3JaHWEM TeJlecKoma
APT-XC B HacTosilliee BpeMsl B OTIeJIe acTpo-
GU3MKM BBICOKMX SHEPIWii 3aKaHYMBAETCS
usroroBieHue «Monutopa Bcero Heb6a», ko-
TOpPBII TUIAHUPYETCS] YCTAaHOBUTb Ha POCCHUIA-
ckoM cermeHTe (PC) MexayHaponHoii koc-
Muyeckoi craHumu. Ero miaBHas HaydHast
3aJaya — U3MEpeHre MOBEPXHOCTHON SIPKOCTHU
KOCMUYECKOTO PEHTTEHOBCKOTo (PoHa ¢ BBICO-
Koii ToyHocThio. [1Ipu momomm MBH mnnanu-
pyeTcsl Takxke DPELIUTb PsIll TEXHOJIOTMYECKUX
3a1ay: mpoBepka MnoaynpoBoaHUuKoBbix CdTe-
NIETEKTOPOB B YCJIOBUSIX OTKPBITOTO KOCMOCA,
usyueHue sddekroB noasgpuzanuu  CdTe-
KPUCTAJJIOB, U3MepeHne (hOHOBBIX YCIOBUI Ha
MKC.

Kak 6puto ckasanHo, KP® wnHecér unHdpop-
Maluilo 00 KMCTOPUU POCTa CBEPXMACCHUBHBIX
YEpHBIX ABIP TaKMX OOBEKTOB BO BceneHHOM.
BonpiHeTBO npeapiaymx usmepeHuii KP®

To record the X-ray emission in the fo-
cal plane, the department started to work
on the semiconductor detectors based
on the cadmium telluride (CdTe). As a result,
the unique position-sensitive and spectro-
scopic detectors were made which successfully
passed all the extreme tests for impact and vi-
bration loads, thermal cycling, vacuum, electric
strength, electromagnetic interference, etc. with
main parameters of spatial and energy resolu-
tions unaffected. Several unique process opera-
tions were developed, level 7 cleanliness rooms
were prepared for detectors assembly.

Spektr-RG is the largest joint project of Rus-
sia and Germany in the field of astrophysics
aimed at resolution of the fundamental issues
of the cosmology — the Universe properties
and evolution, nature of the dark energy and
dark matter, formation and growth of super-
massive black holes and a search for the most
rare objects. The observatory will be launched
to the outer Lagrangian point (L)) of the Sun-
Earth system and shall operate there for seven
years at least. The main goal of the first four
years of the observatory operation shall be all-
sky observation in the X-rays with the record
sensitivity. It is expected that during the sky
observation Spektr-RG will discover all galaxy
clusters in the observable Universe (around
100 000), around 3 million of accreting super-
massive black holes, hundreds of thousands
of stars with active coronas and accreting white
dwarfs, tens of thousands of star-forming gal-
axies and many other objects including those
of unknown nature. Within the framework
of the Spektr-RG project, the Russian scien-
tists will receive 50 per cent of the data from
the eROSITA telescope and all the data from
the ART-XC telescope.

Concurrently with development of the
ART-XC telescope the high energy astrophysics
department is finalizing manufacture of the All-
Sky Monitor planned for installation on the Rus-
sian segment onboard the International Space
Station (ISS). Its primary scientific task is to
measure the surface brightness of the cosmic
X-ray background (CXB) to high precision. Us-
ing All-Sky Monitor it is planned to solve sev-
eral technological tasks: checkup of semicon-
ductor CdTe-detectors under the conditions
of the open space, examination of polarization
of the CdTe crystals, measurement of the back-
ground condition onboard the ISS.

As was said, the CXB is carrying informa-
tion on the history of supermassive black holes
growth of such objects in the Universe. Most
of the previous CXB were measured with-
in the energy ranges of 1...10keV and only
some of them (on the series Cosmos satellites,
on the HEAO-1, Integral, and Swift observa-
tories) were measured within a harder range
of 10-100 keV where the maximum of CXB
spectrum is. Unfortunately, the obtained values
of the surface brightness of the hard X-ray back-
ground differ by 10...15 %. All-Sky Monitor will



MPUXOOUTCS Ha Auara3oH sHepruii 1...10 k3B,
M JIMIIIb HECKOJIbKO (Ha cryTHUKe cepuu «Koc-
moc», Ha obcepBaropusix HEAO-1, «WMHre-
rpai» u Swift) — Ha Oosiee XECTKWII nuamna-
30H 10...100 k3B, rme pacnosioxxeH MakCUMyM
cnekrpa KP®. K coxajgeHuio, IOIydeHHBIE
3HAUYEHUST TTOBEPXHOCTHOM SIPKOCTH XKECTKO-
IO PEHTreHOBCKOro ¢oHa pa3nuyaloTcsl Ha
10...15%. MBH cmoxeT u3MepuTh TOBEpX-
HOCTHYIO sipkocTh KP® ¢ BBICOKOIT TOUHOCTBIO
U TEM CaMbIM CYLIECTBEHHO MOMOXET B MOHU-
MaHUM 3BOJIOLMU YEPHBIX IbIPp BO BeeneHHOI.
Kpome TOTO, C ero momompilo MOXHO Oymer
OOHapYXUTh KPYITHOMACIITaOHYI0 aHU30TPO-
mio KP® Ha ypoBHe 1 %, cBs3aHHYIO C KOH-
IeHTpaleil MaTepr B OJIM3KUX CKOTUICHUSX
U CBEPXCKOIUIEHUSIX ranakTuk. OCHOBHAsI 0CO-
6eHHOCTb criekTpoMeTpa MBH — crioco6HOCTh
HaAEXHO BBIOENATH BKIAA WHCTPYMEHTAIb-
Horo ¢oHa M3 TMOJHONM CKOPOCTU CU€Ta COObI-
TUIA. DTO JOCTUTAETCs 3a CUET BpaIaroIIerocst
KoJieca, TEePUOANYECKN 3aKPBIBAIOIIETO OIS
3peHUsT YETHIPEX MoayJjei MHcTpymeHTa. s
OTCJICKWBAHUSI  IBOJIIOLIMM  XapaKTePUCTUK
nerekTopoB B uHctpymeHte MBH mnpenycmo-
TPEeHbl KaTMOPOBOYHBIE MCTOYHMKU, KOTOPHIE
10 KOMaHIe ¢ 0JIoKa yIIpaBJIeHUS] MOTYT OBITh
BIBUHYTHI B TI0JI€ 3pEHUSI IETEKTOPOB.

«PeHTreHOBCKUIT MMKPO(MOH» — KOHLEI-
1MS TIEPCTIEKTUBHOM obcepBaTopuu OymyIiero,
npenjoxeHHas B otaene. E€ cobuparonias mio-
1manb npeBpicuT 10 Mm% Ona npeaHa3zHayaeTcst
IUTSI TOHKOTO BPEMEHHOTO aHaJli3a U CIEeKTPO-
CKOTIMY PENIATUBUCTCKUX KOMITAKTHBIX OOBEK-
ToB. B KauecTBe mepBoro 1iara B CO3AaHUU Ta-
KOi 00cepBaTOpUM M OTPAOOTKM TEXHUYECKMX
pellleHnil TUIAHMPYEeTCS] YCTAaHOBKA WHCTPY-
MeHTa Tuiowabio okoso 1 M> Ha MKC (TIpoeKT
MBH-M2).

B otnene Hauammch pabGoTHI TIO CO3MAHUIO
U OTpabOTKE 3JIEMEHTOB MEPCIEKTUBHON CH-
CTeMbI aBTOHOMHOI HaBHMTallUd KOCMHUYECKUX
ammapatoB. CucTeMa OCHOBaHa Ha HOBOM
TIPUHIIUIIE: PETUCTPALIMY U aHATTU3€e SIPKUX UM-
MYJBCHBIX CUTHAJIOB OT OBICTPOBPAIIAIOIIXCST
HEUTPOHHBIX 3BE3N C CWJIBHBIM MAarHUTHBIM
MOoJeM — PEHTIEHOBCKUX ITyJIbcapoB. Takue
00BEKTHl — (DAKTUYECKH, TIPUPOIHBIE «TPaHC-
JIATOPBI», aHAJIOTUYHBIE CITYTHUKOBBIM HaBU-
rauoHHbiM cuctreMam GPS/TJIOHACC, re-
HepUpYIOIIe KBa3UCTaOMIIbHBIC MMITYJIBCHI U B
CUIy CBOEW yHaI€HHOCTA OOeCTeunBaroIINe
CTallMOHAPHYIO MTPOCTPAHCTBEHHYIO MPUBSI3KY,
KOTOpasi TIO3BOJISIET ABTOHOMHO OTPENETUTh
MECTOIIOIOKEeHNE U BEKTOP CKOPOCTH KOCMU-
yeckux anmnapaToB (KA). [1pu ucnonbzoBaHuu
TaKOW CHCTEMbI HABUTALIMM TOYHOCTH OIpele-
JIEHUsI HAaBUTAIMOHHBIX TTapaMeTpoB KA He Oy-
JIET 3aBUCETh OT PACCTOSIHUS 10 3eMJIM U HaJlU-
yust pabOTAIOIINX HABUTAIIMOHHBIX CITYTHUKOB
u OyIeT OMMHAKOBOM B M000# Touke ConHed-
HOW CHUCTEMBI.

be able to measure the CXB surface brightness
to high precision and thus will help significantly
in understanding of the black holes evolution
in the universe. Additionally, A/l-Sky Monitor
can help discover a large-scale CXB anisotropy
at the 1 % level related to the matter concentra-
tion in the close galaxy clusters and superclu-
sters. The main peculiar feature of the All-Sky
Monitor spectrometer is the capability to sepa-
rate the instrument background contribution
from the total event counting rate. This effect is
reached through the rotating wheel which pe-
riodically blocks the field of vision of the four
instrument modules. To track the evolution
of the detector parameters, the A/l-Sky Moni-
tor instrument has calibration sources that can
be pushed into the detectors field of vision by
a command from the control unit.

X-Ray Microphone is a concept of a potential
observatory of the future proposed by the De-
partment. Its collecting surface will be more
than 10 sq. m. It is designed for a fine time-
line analysis and spectroscopy of the relativistic
compact objects. As a first step in development
of such an observatory and technical solutions
it is planned to install an instrument of the area
of about 1 sq. m. aboard the ISS (A4//-Sky Moni-
tor-M2 project).

The department has started work on con-
struction and development of the elements
of prospective systems of autonomous naviga-
tion of spacecraft. The system is based on a new
principle: recording and analysis of the bright
pulse-type signals from the rapidly spinning
neutron stars with a strong magnetic field,
the so-called X-ray pulsars. These objects
are virtually natural broadcasters similar to
the GPS/GLONASS satellite navigation systems
which generate quasi-stable pulse signals and
due to their remoteness ensure a fixed spatial
reference which enables to find the position and
the velocity vector of a spacecraft independently.
When using this navigation system the accu-
racy of determining the spacecraft navigation
parameters will not depend on the distance to
the Earth, the presence of operational naviga-
tion satellites and will be the same in any point
of the Solar system.

CneyuanusupoeaHxasa UC
o6pa6bomku cuzHanos
X O] lich X

CKp peuq
demeKkmopoe (coemecmHasn
paspabomka HUAY MUOU
u VKU PAH)

Specialized integrated circuit for
signal processing from silicon
drift detectors (joint design of
MEPhI and IKI)

BOSMO)lbelfl o6nuk nepcnek- A probable image of the future

p Koli 06- X-ray observatory under
cep puu nood yc. the conventional name X-Ray
«P Kuti Microphone. Its primary

h

pocpon». E€ oc

3adayeii cmaHem onpedene-
Hue ypasHeHUA COCMOAHUA
ceepxn/1omHo20 eeujecmea
8 yeHmpax HelimpoHHbIX
38630

task will be to determine

the constitutive equation

of the superdense matter

in the centers of neutron stars
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U3obpaxerHue o6nacmu
Heba 80Kpy2 ckonneHus
p

Animage of the sky region
around the galaxy cluster
discovered by the Planck orbital
observatory (© ESA)

L 00cCp
pueli «[Mnaxk» (© ESA)
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u3 Aapyaliwiux 2amma-ecnne-  of the brightest gamma-ray
ckoe GRB 030329 e pasHbix  bursts GRB 030329 in different
¢ , nosty filters obtained from

the RTT-150 telescope

A light curve of one

;a mengcxone PTT-150
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JlaHHbBIE POCCHIACKO-TYPELKOr0 MOJyTOopa-
metpoBoro Tejeckona PTT-150 ucmomb3yiorcst
IUTST TIONAEPXKU PEHTIEHOBCKUX HAOMIOAEHUI
B ONTUYECKOM JMAaNa30HE U OTOXAECTBICHUS
PEHTIeHOBCKUX MCTOYHUKOB. YCTaHOBKA Telle-
ckora Havyanach B 1997 r., HayuyHble HabIOME-
Hus Ha Teneckone — B 2000 r. Teneckon Obu1
WU3TOTOBJIEH Ha JICHUHTPAJICKOM OTNITHKO-MeXa-
HuvyeckoM oobenuHeHuu (JIOMO). B mpoekre
y4yacTByioT ['ocynapcTBeHHBII KOMUTET MO Ha-
yke u TexHonorum Typruun, Kazanckuii dene-
panbHbiii yHuBepcuteT 1 MKMW PAH. B koH-
ue 2014 r. peiictBue nmoroBopa mo PTT-150
ObUTO TIpomsieHO euié Oosiee yem Ha 10 Jer.
[Ipennonaraercsi, YTO OCHOBHOW Hay4yHOU 3a-
ayeil TeJeckora CTaHeT MOANEepXKKa PEHTre-
HOBCKOTO 0030pa Bcero Heba oOcepBaTOpuU
«Criextp-PI».

CeronHst PTT-150 — HagéxHbIil, BHICOKO-
KaueCTBEHHBIII ~WHCTPYMEHT, OCHAIIEHHBII
MOJIHBIM HabOpPOM CaMbIX COBPEMEHHBIX TPU-
6opoB. OgHa u3 HauboJiee YCIELIHBIX Ipo-
rpaMM, TIPOBOIMMBIX Ha TeJIecKomne, — MHO-
TOJIETHSIS cepusi HaOMIOAEHU CKOIUIEHUM
rajakThK, OTOOPAaHHBIX IO PEHTTE€HOBCKUM
naHHbeM Testeckoma ROSAT (Iepmanwmst). Dto
camblii  0OJIbIIOK PEHTreHOBCKMUIT 0030p 00-
raThlX CKOIUIEHWI Ha BBICOKUX KPACHBIX CMe-
meHusx. [lo ero maHHBIM ymaaoch M3MEPWTH
(yHKIIMIO Macc CKOIUIEHUI U MOJIYyYUTh Orpa-
HUYEHUs] Ha MapamMeTpbl ypaBHEHUSI COCTOSI-
HUST TEMHOW SHEPTUM W IPYrve KOCMOJIOTHYe-
CKHe MapaMeTphl, TaKiue Kak cyMMapHasl Macca
HelTpuHo. Mcrmonb3yss 3TM HaHHBIE BMeCTe

PTT-150 — Poccuticko-

mypeukut 1,5

The Russian-Turkish
1.5-m telescope (RTT-150)

menec'Kon (PTT-15 O)rHa 2ope
Bakvipnsi-Tene 6 60 KM K ce-
eepy om Aumanou (Typyus)

on the Bakirlitepe mountain
60 km to the north
from Antalya (Turkey)

The data of the Russian-Turkish 1.5-m tele-
scope (RTT-150) are used to support the X-ray
observations in the optical range and identifica-
tion of the X-ray sources. The telescope instal-
lation started in 1997, the scientific observations
started in 2000. The telescope was manufac-
tured at the Leningrad Optomechanical Asso-
ciation (LOMA). The Turkey State Committee
for Science and Technology, the Kazan Fed-
eral University and IKI are participating in this
project. In the end of year 2014 the RTT-150
contract was prolonged for more than 10 years.
It is assumed that the primary scientific task
of the telescope will be the support of the X-ray
all-sky survey of the Spektr- RG observatory.

Today RTT-150 is a reliable, quality instru-
ment equipped with a complete set of most
advanced devices. One of the most success-
ful programs conducted with the telescope is
a long-term set of observations of the galaxy
clusters selected by the X-ray data from the RO-
SAT telescope (Germany). This is the largest
X-ray observation of rich clusters at high red-
shifts. The data obtained from this telescope en-
abled to measure the cluster mass function and
obtain restrictions to the parameters of the con-
stitutive equation of the dark energy and of other
cosmological parameters such as a total neu-
trino mass. When using these data together
with accurate measurement of the anisotropy
of the cosmic microwave background by the data
from the WMAP (NASA) and Planck (ESA)
space observatories together with the recent
data on the measurement of the baryon acous-



C TOYHBIMU W3MEPEHUSMHU aHWU30TPOIUU pe-
JINKTOBOTO WU3Jy4eHUs MO NAaHHBIM KOCMUYE-
ckux oocepBaropuit WMAP u «Ilnank» (EKA),
a TaKKe BMECTe C TMIOCIeAHUMU JTaHHBIMU
10 U3MEPEHUI0 OAPUOHHBIX aKyCTUYECKUX OC-
MWUISIIANA, OOHApYKeHO PAacXOXIeHUE B M3Me-
PEHUSX aMIUTUTYIbl BO3MYIIEHUI TUIOTHOCTH,
MOJIyYEeHHBIX PA3HBIMU CIIOCOOAMMU, YTO MOXHO
OOBSICHUTh HAJTMYMEeM HEHYJIEBON CyMMapHOU
Macchl HEMTpUHO. DTO pasnuyue ObUTO HeoaB-
HO TMOATBEPXIECHO HA HOBOM YPOBHE TOYHOCTHU
no AaHHbIM obcepBaTopuu «IlnaHk». B Teue-
HHE TTOCJIEIHNX HECKOJbKUX JIET Ha TeJIeCKOIe
PTT-150 u 6-metpoBoM Teneckone Crielu-
anbpHOI acTpodusuueckoit oocepsaropuu PAH
BeNETCsl OOLIMpHAs TporpaMMma HaOJoneHu
CKOTUIEHUI TallaKTUK, OOHApYXEHHBIX MO 3(¢-
ety CroHsieBa-3enbpaoBuya B 0030pe BCEro
Heba obcepBatopum «I1maHk».

KpomMe ckoruieHuii ranakTik, Ha TeJaecKomne
PTT-150 HaGmonatoTcss MHOTHE ApYrue o0b-
€KTBl, B TOM YMCJie — ONTUYECKUE IMOCIECBe-
YeHUs] KOCMHUYECKMX TaMMa-BCILIECKOB (yXe
0oJiee COTHM), BKJIIOYasi HAOJIONEHUS] Havyajlb-
HOW CTaauu TIOCJIECBEUYEHMsI TaMMa-BCIUIECKA
030329, onHoro u3 HauboJee OJIU3KUX U SIPKUX
3a BCIO UCTOPUIO HAOTIONEHUA.

OnbIT, MOJYYEHHBI COTPYIHUKAMM OTAEsa
npu padore Ha tenaeckone PTT-150, mo3Boaun
ToJTyyaTh HaOJIOMATEIbHOE BpeMsI U TIPOBO-
OUTh HAOMIONEHWSI HA MHOTHMX [PYTUX Telle-
ckonax B Poccuu u 3a pyoexkom. B nocneqHue
TOZBI GOJTBIIIOE KOJIMYECTBO PA3TUIHBIX HAOJTIO-
NeHU I ObLIO BBIMIOJHEHO Ha 6-MEeTPOBOM TeJjie-
ckonne BTA CAO PAH (boabuioii Teneckon
asumyTanbHBI  CrienuanbHOUN  acTpodusmue-
cKoil obcepBaropum Poccuiickoii akazeMuu
Hayk). HenaBHo, npu aktuBHOM yyactuu MKH
PAH, 6buin HayaThl pabOTHI MO JOOCHAIIIEHUIO
HOBBIMM Tpubopamu Tejeckorna A3T-33UK
CasHckoil ob6cepBaropun HMHcrutyTa con-
HeyHO-3eMHOIl u3nku CHOUPCKOTo OTHese-
Hust Poccuiickoii akagemun Hayk (MC3® CO
PAH). DT0 no3BOUT MOAKIIOYUTH 3TOT Teje-
CKOT K paboTaMm 1o HaOMIONeHUSIM WCTOYHU-
KOB, OOHAPY>XEHHBIX 10 UX U3JYYEHUIO B PEHT-
TEHOBCKOM JIMana3oHe.

tic oscillations, the variation in measurements
of the density perturbation amplitude obtained
by different methods was discovered that can be
explained by the presence of the non-zero total
neutrino mass. This variation was recently con-
firmed at the new level of accuracy by the data
of the Planck observatory. Over the last several
years the RTT-150 telescope and the 6-m tele-
scope of the RAS Special Astrophysical Obser-
vatory, an extended program of galaxy cluster
observations discovered using the Sunyaev-Zel-
dovich effect during the Planck observatory all-
sky observations is being implemented.

In addition to the galaxy clusters, many other
objects can be observed using the RTT-150 tele-
scope, including the optical afterglows of cos-
mic gamma-ray bursts (more than one hundred
up to now) including observations of the initial
stage of the gamma-ray burst afterglow 030329,
one of the closest and brightest bursts ever.

The experience gained by the Department’s
staff members when working with the RTT-150
telescope enabled to receive the observation time
and perform observations with many other tele-
scopes in Russia and abroad. In the recent years
a large number of various observations were
conducted using the 6-m telescope of the RAS
SAO (Large Altazimuth Telescope or BTA). Re-
cently, with the involvement of IKI the upgrade
of the AZT-33IK telescope of the Sayan Solar
Observatory at the Institute of Solar-Terrestrial
Physics of the RAS, Siberian Branch (RAS
SB), with new devices started. This will enable
to engage this telescope in the works on obser-
vation of the sources discovered by their X-ray
emission.



