Otnmen co3maH B KoHile 2013 T. Ha OCHOBe
HeCKOJIbKUX Jabopatopuii u cektopoB WH-
crutyTta. Maes ero co3gaHusi cocTosia B TOM,
YTOOBl OOBEAMHUTL TEOPETUUECKUE U DKCIIe-
pUMEHTAJIbHbIE aCTPOHOMUYECKHE HCCIIeN0oBa-
HUSI, B pa3HBIX AMaria30HaX 3JIEKTPOMAarHUTHO-
TO CTIEKTpa, OT PafNo- 10 TaMMa-U3ITyIeHUS.

TeopeTnueckuMu UCCIENOBAHUSIMUA U YUC-
JICHHbIM MOJECJIMPOBAaHUEM 3alay COBPEMEH-
HOU acTpo(U3WKM U KOCMOJIOTMH 3aHUMAETCST
J1abopaTopusi MArHUTOILIa3MEHHBIX TTPOLIECCOB
B PEIATUBUCTCKOI acTpodusuke. OCHOBBI pe-
JIATUBUCTCKOM acTpoU3NKN OBUIA 3aJI0XEHBI
BBIIAIOIMMCSI COBETCKUM (U3MKOM, aKase-
mukoM S.B. 3eabaoBuyeM, U PYKOBOIUTENb
naboparopum 1-p Gu3s.-mar. HayK, mpodeccop
I'.C. bucHoBarblii-Koran — omuH u3 nep-
BbIX y4YeHUKOB fIKoBa bopucosuya B obnactu
actpodusuku. TeMaTnka vccienoBaHuil 1a6o-
paTopuM BKJIIOYAET UCCIIeA0BaHUE (PUINIECKUX
MPOIIECCOB, TIPOUCXOISIIUX B CBEPXHOBBIX
3BE3Max, U3yYeHNE CBOMCTB KOPBI HEUTPOHHBIX
3BE3]1, 3aJa4M aKKpeLud Ha HENTPOHHBIE 3BE3-
IIbI ¥ YEPHBIE IBIPBI, TPABUTAIIMOHHOE JIMH3UPO-
BaHWe, VCCIIENOBAHVS BIUSHUSI TEMHOI 2HEp-
MU HA UCTEYECHUSI U3 CKOTUICHUI TajlakKTUK U JIp.

CexTop OBICTPOTIEpEMEHHBIX KOCMUYECKUX
WCTOYHUKOB 3aHUMAETCS MCCIeNOBaHNEM KOC-
MMYECKUX TaMMa-BCIUIECKOB — OIHUX M3 ca-
MBIX MOIIHBIX KaTacTpod Bo BceneHHoil. Dt
pabotsr Havamuch B UKW PAH c 1980-x rr.
non pykoBoactBomM HWcas BenuamMuHoBHYA
DcTyaMHA B OTIEe BHeaTMOCGhEPHOI acTPOHO-
MuH, KOoTopsiii Bo3rnasisut Mocud Camynaosna
IIknoBckuii. IIpoBoasitcs (poTomMeTpuyeckue
HaOMIOIeHUS Ha POCCUMCKUX U 3apyOEKHBIX
TEJIECKOTaX pPA3NMUYHBIX TMPOSIBIEHUN TaMm-
Ma-BCIUIECKOB B OINTMYECKOM IMAaNa3oHe B UX
aKTUBHOI (hba3e, pasze MociecBeYeHUs U po-
IUTETbCKUX TATAKTUK, a TaKXKe MCCIeIOBaAHUS
CBSI3M TaMMa-BCIUIECKOB CO CBEPXHOBBIMU.
[pyroe HampapjieHUe pabOT — UCClIeq0BaHNUE
3eMHbIXx Tamma-Bcnbimek (TGF), kotopbie
CBSI3BIBAIOT C MOJTHUEBOI aKTMBHOCTBIO B BEPX-
Heli atMocdepe.

JlaGoparopust cBepxmaibHeil paguoOWHTEP-
depomMeTpun 3aHMMAaeTCsl MCCIENOBaHUSIMU
B 00J1aCTU paAuoOMHTEPHEPOMETPUUN CO CBEPXI-
muHHBIMK 6a3amu (PCJIB). I'maBHBIN HaydHBIIT
COTPYIOHMK, O-p ¢u3.-Mat. HayK Jleonun MBa-
HOBMY MaTBeeHKO — aBTOp METONa W OOVH U3
nuoHepoB co3nanust u passutus PCJB, mero-
Ja, KOTOPBII MO3BOJISIET PaAMOACTPOHOMUYE-
CKUM HaOJIOIEHNSIM TOCTUYh OY€Hb BBHICOKOTO
YTJIOBOTO pa3perieHus.

UccnenoBanust nabopatropuri MUKPOBOJI-
HOBOU TEXHUKU W J1aOOpaTOpuu pamruoMeTpun
TPOOJIXKAIOT PAOOTHI OTAENA TIPUKIIATHON KOC-
MHMYECKOH MWIMMETPOBO M CyOMWILITUME-
TPOBOI aCTPOHOMMU IOJ PYKOBOACTBOM [I-pa
¢uz.-mar. Hayk U.A. CtpykoBa. B atoM oT-
gene ObUT peanu3oBaH BaXHEWIIWNA Tpo-
ekt «Penukr-1» (Ha OGopty ammapata «[Ipo-
THO3-9») M OBUIM HAvyaThl PabOTHI MO MPOEKTY
«Penaukr-2».

The department was created in the end
of 2013 on the basis of a number of laboratories
and departments in the Institute. The idea was
to combine theoretical and experimental astro-
nomical research in different electromagnetic
spectra, from radio to gamma rays.

Theoretical research and numerical simula-
tions in astrophysics and cosmology are carried
out by the laboratory of magnetoplasma pro-
cesses in relativistic astrophysics. The ground-
work of relativistic astrophysics was created by
a prominent Soviet physicist, academician Yakov
Zeldovich, and the head of the laboratory Prof.
Dr. Gennady Bisnovaty-Kogan is one of the first
his students in astrophysics. The laboratory ar-
eas of research are physics in supernovae, neu-
tron star crust properties, accretion problems for
neutron stars and black holes, gravitational lens-
ing, effect of dark energy on the galactic cluster
outflow, etc.

The department of rapidly-changing cosmic
sources deals with cosmic gamma-ray bursts,
which are one of the most energetic catastroph-
ic events in the Universe. This research be-
gan in IKI since the 1980s under the guidance
of Isay Estulin in the department of exoatmo-
spheric astronomy, headed by losif Shklovsky.
With the Russian and foreign telescopes pho-
tometric observations are made of various in-
stances of gamma-ray bursts in optical spectrum
in active phase, afterglow and host galaxy phase,
as well as connection of gamma-ray bursts to
supernovae. Another focus area is terrestrial
gamma-ray flashes (TGF), which are linked to
the lightning activity in the upper atmosphere.

The ultralong radiointerferometry laboratory
researches very long base interferometry (VLBI).
The chief research scientist Dr. Leonid Mat-
veenko, is the inventor and one of the pioneers
of VLBI creation and development, the method
that enables radioastronomical observations to
achieve very high resolution.

Research conducted by the microwave engi-
neering laboratory and radiometry laboratory
takes over the work of the department of applied
extraterrestrial millimeter- and submillimeter-
wave astronomy headed by Dr. Igor Strukov.
The department executed a very important mis-
sion Relikt-1 (aboard Prognoz-9 spacecraft) and
began the Relikt-2 project.

OTAEN HABJIIOAATEJ/IbHOMN
N TEOPETUYECKOW
ACTPOHOMWU U PAANO-
WHTEPOEPOMETPUU

(64)

THEORETICAL AND
OBSERVATIONAL ASTRONOMY
AND RADIOINTERFEROMETRY
DEPARTMENT

(64)

Pykosodumenb — 0-p ¢hus.-mam. Hayk
Cepezeli MouceeHko

Head — Dr. Sergey Moiseenko

U.B. Scmynun
(16.10.1017-15.11.1982)
1. V. Estulin

(October 16, 1917 -
November 15, 1982)

JleoHud MameeeHko
Leonid Matveenko
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lewHaouli
BucHoeamelii-Kozan

Gennady Bisnovaty-Kogan
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WUnunmaropom «Penukra-1» Obl1  akane-
Muk Hwukonaii CeménoBuu Kapnames (cerom-
Hs — pykoBomutesnb AKIT ®UAH). B ero xome
ObLTa BIIepBbIe U3MepeHa aHU30TPOTIUS MUKPO-
BOJIHOBOTO DPEJIMKTOBOTO M3JIy4eHUsI, KOTOpOe
ocTajioch Bo BcesnleHHO# ¢ caMbIX paHHUX CTa-
Uit e€ pa3BUTHSI.

CekTop CyOMUJUIMMETPOBOI U MH@paKpac-
HOW acCTPOHOMHUHM KakK J1TabopaTopusl TOSBUJICS
B UKW PAH B Hawane 1970-x rr. 3nech ObUTH
pa3paboTaHbl OxJaxaaemble (POTOMETpbl CyO-
MWUIMMETPOBOTO HMAaINa3oHa U IPOBEICHBI
ACTPOHOMUYECKUE WCCIEeIOBAHUST MEX3BE3I-
HOW TIbUIM U XapaKTEePUCTUK 3EMHOM aTMO-
cepbl Ha BEICOKOTOPHBIX ¥ CAMOJIETHBIX TeJle-
ckomax. Cefiyac rjmaBHOe HampaBlieHUE PaboT
CEKTOpa — HKCCIEeIOBaHUE aCTPOHOMUYECKUMU
METOJaMHM CBOKCTB W paclpeieieHue IbUIN
B KOcMoce 1 aTMocdhepe 3eMITn.

TIpoeKThI OT/aE/1A MM NOATOTOBJICHHbIE
C YY4acTHeM COTPYAHUKOB OT/EjA

Actpodusunueckre ucciaenoaHus: «Pe-
mukT>  («[IporHo3-9», 1983—84); «Pammo-
ActpoH» (¢ 2011 r. mo Hacrosiiee Bpemsi)

HccnenoBanus rmiaHet: «®ob6oc-I'pyHT»
(2011), «®Doboc-1, -2, «Mapc-96»

Byaymmue npoekTbl

Hccnenosanusi Mapca: «Bk3oMapce» (EKA/
Pockocmoc, 2016)

WUccnenosanust Jlynsr: «JIyna-25» (2018),
«Jlyna-27» (2020)

Uccnenosanus 3emm: «Yuduc-Al» (2016)

JlaGopaTopus MArHUTONIA3MEHHbIX MPOIIECCOB
B PeJIATUBUCTCKOIA acTpodusnke (641)
(pyKo6odumenv — 0-p @u3z.-mam. HAYK
Tennaouii bucnosamoiii- Koear)

Temartuka HCCIeN0BaHUM Jlabopato-
puu chopMmupoBaiach MO BIUSHUEM Hayy-
HOIl acTpodu3nyeckoil IIKOJbI aKaleMHKa
A.B. 3empnoBuya. Crienpanusanuys jgadopaTo-
puu — paspaboTKa TEOPEeTHMUYECKHMX IMOIXOI0B
K HMCCJIeOBAaHUIO acTpOhU3NIECKUX OOBEKTOB
U yuciIeHHoe Moaenuposanue. [1ma3zma — ver-
BEPTOE U cCaMOe PACIIPOCTPAaHEHHOE COCTOSIHUE
BelllecTBa BO BceleHHOI, MO3TOMYy KpyT WHTe-
PECOB COTPYTHUKOB OTIEJNA IIUPOK: OT OTHAEIb-
HBIX acTpoPU3NUYECKUX OOBEKTOB 10 (pusnye-
CKOW KOCMOJIOTUU.

OcHoBHbIE HanpaBJICHUA UCCJIE€IOBAHUSA

» Dusuyeckue MPOLECCH B CBEPXHOBLIX;

* MIJI-MonenvpoBaHue 3amadyd O MarHUTO-
POTAllMOHHOM B3pHIBE CBEPXHOBOM C KOJ-
JIATICUPYIOILMM SIIPOM;

* IpaBUTAIlMOHHOE JIMH3UPOBaHUE Ha YEPHBIX
IBIpax;

* MpollecChl aKKpelMU Ha 3BE3Ibl C MarHUT-
HBIM TIOJIEM;

The proponent of Relikt-1 was academician
Nikolay Kardashev (now the head of the Astro-
Space Center of the RAS Lebedev Physical In-
stitute). During this project for the first time an-
isotropy of the relict microwave background was
measured that remained in the Universe after its
early development stages.

The department of submillimeter and infra-
red astronomy appeared as a laboratory in IKI
in the early 1970s. There a cooled submilli-
meter-wave photometers were developed and
studies of interstellar dust and the Earth’s atmo-
spheric properties were conducted in high-alti-
tude and airborne telescopes. Today the depart-
ment’s main area of research is the study with
astronomical methods of dust properties and
distribution in space and the Earth atmosphere.

Completed and Ongoing Projects

Astrophysical research: Relikt (Prognoz-9,
1983—84); RadioAstron (2011— to date)

Planetary exploration: Phobos Sample Return
(2011), Phobos-1, -2, Mars-96

Projects in Development

Mars exploration: ExoMars (ESA/Roscos-
mos, 2016)

Moon exploration: Luna-Glob (2018), Luna-
Resurs-Lander (2020)

Earth exploration: Chibis-AI (2016)

Laboratory of MagnetoPlasma Processes
in Relativistic Astrophysics (641). Head —
Dr. Gennady Bisnovaty-Kogan

The area of research of the laboratory was
shaped by the astrophysics school of the mem-
ber of the Academy of Sciences Yakov B. Zel-
dovich. The laboratory specialty is development
of theoretical approaches to research of astro-
physical objects and numerical modeling. Plas-
ma is the fourth and the most widespread state
of matter in the Universe, therefore the range
of interests of the department employees is wide:
from individual astrophysical objects to physical
cosmology.

Research Areas

+ Physical processes in supernovae;

« MHD simulation of magnetorotational ex-
plosion of core-collapsed supernovae;

+ gravitational lensing on black holes;

* accretion processes for stars with magnetic
field;



* MIJI-MonenvpoBaHUe NBUKEHUS] HEUTPOH-
HOW 3Be3lbl C MArHUTHBIM IIOJIEM CKBO3b
MEX3BE3THYIO Cpely.

PesyabTaTni

MopnempoBaHue 3a1a41 0 MATHUTOPOTAIIMOH-
HoM B3pbiBe (MP) cBepxHOBOIi ¢ KOJUIANCHPYIO-
MM sapoM. [1py MarHUTOPOTAIIMOHHOM B3phI-
BE YYUTHIBAETCSI, KaK DHEPTUsT MAarHUTHOTO
MOJIsl, KOTOPOE YBEIWYMBAETCS MPU KOJUIArce
3BE3MIbI, TIEPEXONUT B PAIMATbHYI0 KUHETHYE-
CKYIO DHEpTUIO B3pbiBa. B Momensix, KOoTopbie
MpenoXeHbl B JIabOpaTOpUM, YUUTHIBAETCS
MepeHOoC HEUTPUHO TPU TIOMOIIM TPOIETyPhI
orpaHWYeHus MOTOKOB. Kpome 3TOrO, CpaB-
HUBAJIUCh pe3ysibTaThl pacuéToB MP-B3pbiBa
TPY Pa3IMYHBIX YPABHEHUSIX COCTOSTHUS, 1 T10-
Ka3aHO, YTO 3TOT MEXaHW3M CJIab0 3aBUCUT
OT BbIOOpA ypaBHEHUsI COCTOSIHUS (TO €CTh CO-
OTHOLLEHUS] MEXIy NTaBIEHUEM, TEMITEPATypO
W TUIOTHOCTBHIO 3BE3MbI, KOTOpPas CTAHOBUTCS
CBEpXHOBOI1) M jderajeil yuyéTta HEUTPUHHOTO
nepeHoca. DHeprusi MP-B3pbIBa pacTeT ¢ yBe-
JIMIEHUEM MAcCChl KEJIE3HOTO sipa, a TakkKe
C VYBEJIMYEHMEM HayajJbHOW BpalllaTeJbHOM
sHepruu. PaspabaTbiBaeTcs mnporpamma s
TPEXMEPHOTO MOIEIMPOBAHUS MAarHUTOPOTA-
LIMOHHBIX acTPOPU3NYECKUX MPOLIECCOB, KO-
TOpbIe MOJDKHBI TIPEINCTABUTh 3TH IIPOLIECCHI
¢ emé OopIleil meTanu3anueil, 4eM B IByMep-
HOM clTydae.

AHTUTpaBUTAINSA TEMHOIM JHEPIUM KaK YCKO-
puTeNb ra3a, WCTEKAIero M3 CKOIUIeHWid ra-
gakTuk. PeilleHa 3amaya 06 MCTeYEeHUM MOJIM-
TPOITHOTO Ta3a B cHepruiIeckd CUMMETPUIHOM
TPAaBUTAIIMOHHOM ITOJIE B IPUCYTCTBUY TEMHOMU
SHEPrUM B BHUIE KOCMOJOTMYECKON IMOCTOSTH-
HOM, co3aalolleil aHTUTPaBUTALIUIO. DTO UMeeT
TPsSIMOE OTHOIIIEHNE K TOMY, KaK BeIET cebs ro-
psTYMit ra3 B CKOIUIEHUsIX raiakTuk. [lokaszaHo,
YTO TEMHAasI SHEPTUsI MOXET IMPUBOIUTH K YCKO-
pPEHUIO BeTpa 10 CKOPOCTEl, MHOTO OOJBIINX
BUPUATBHBIX CKOPOCTEH TallaKTMK B CKOILIe-
HuU. CTOJIKHOBEHHME CWJIBHO YCKOPEHHBIX Be-
TPOB B MPUCYTCTBUM MATHUTHOTO TIOJTSI MOXKET
pOXIaTh KOCMMYECKHME JIyYM CBEPXBBICOKUX
sHepruii. [Ipu 3TOM meKynspHble (COOCTBEH-
HbIE, HE CBSI3AHHBIE C TEMHOW dHEPTUEi) CKO-
POCTH [BYX CKOIUJIEHUI HOJKHBI OBITh HaIpas-
JIEHBI TIPOTUBOITOJIOXKHO IPYT APYTY.

IpaBuTanMOHHOE JMH3NPOBAHKE HA HEBPAIIA-
omieiics 4€pHOil JpIpe, OKPYXKEHHO# IJIA3MOid,
npu 0OJBIINX YIJIaX OTKJIOHeHus. VccienoBaHb
pEeNATUBUCTCKUE W300paxkeHUs] WMCTOYHMKA,
copMupoBaHHble (OTOHaAMH, COBepLIAIO-
MU ONUH WJIM HECKOJHLKO 000POTOB BOKPYT
yépHOUl abIpbl. [lodydyeHbl acUMIITOTUYECKUE
GopMyBl O71ST YIJIOB OTKJIOHEHUSI (POTOHOB.
AHAJIUTUYECKU PACCUUTAHBI YTJIOBBIE TTOJIOXKE-
HUST U KOI(DOUIMEHTHI YCUIIEHUST PEIISITUBUACT-
CKUX M300pakeHU I MPY HATUYUU OTHOPOIHOMN
TIJIa3MBl.

* MHD simulation of motion of neutron star
with magnetic field in interstellar medium.

Results

Simulation of magnetorotational (MR) ex-
plosion of core-collapsed supernovae. Dur-
ing a magnetorotational explosion it is con-
sidered how the energy of the magnetic field,
which increases with the star collapse, transfers
into the radial kinetic energy of the explosion.
The models simulated by the laboratory consider
neutrino transfer through the flux limited proce-
dure. The analysis of MR explosion simulation
results with various equations of state were com-
pared and they indicated that this mechanism
weakly depends on a selected equation of state
(i.e. relation between pressure, temperature, and
density of supernova matter) and details of neu-
trino transfer. The MR explosion energy grows
with increase of an iron core mass, as well as
with increase of initial rotation energy. A pro-
gram is being developed for a 3D simulations,
the magnetorotational astrophysical processes,
which should present them in greater details
than in 2D.

Dark energy antigravity as an accelerator
to gas exiting galactic clusters. A problem was
solved for a polytropic gas flow in spherically
symmetric gravitational field with dark energy as
a cosmological constant what creates antigravity.
It is straightly connected with hot gas behaviour
in galactic clusters. It indicates that the dark
energy can accelerate the wind to velocities far
greater than virial velocities of galaxies in a clus-
ter. Collision of highly accelerated winds with
the presence of the magnetic field can create
cosmic rays of ultrahigh energy. In such a case
peculiar (natural, not related to dark energy) ve-
locities of two clusters has to be counterdirected.

Gravitational lensing of non-rotating black
hole surrounded by plasma at high deviation
angles. There were studied relativistic images
of a source formed by photons making one or
several circles around a black hole and asymp-
totic equations were obtained for deviation
angles of photons. Analytically there were cal-
culated angular positions and magnification co-
efficients of the relativistic images with homog-
enous plasma.
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Development of Magneto-
Differential-Rotational
Instability in a star interior
prior to explosion. Cylindrical
coordinatesr, z are along

the axes. Full lines are

the forcelines of poloidal
magnetic field, color —
toroidal magnetic field (left).
Relation of toroidal magnetic
energy to poloidal magnetic
energy (right, marked by color)

Acceleration of wind from
the Coma Berenices galaxy
cluster. X-direction is

the distance to the center

of the cluster, Y-direction —
velocity. Results of numerical
modeling
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Formation of relativistic im-
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trajectories from a point
source while passing near
ablack hole
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Motion of a neutron star with
magnetic field through a dense
cold cloud of the interstellar
medium

[MokazaHo, YTO MIPU HATWYWU TUIA3MBI YTJIO-
Bble TMOJIOXEHUSI U KO3D@PUUMEHTHl YCUICHUS
YBETUYMBAIOTCSI, 10 CPaBHEHMIO CO CiIydaeM
BaKyyma.

3agaya o JABWJKEHMH HEHTPOHHOW 3Be3Jbl
C TUTIOJIbHBIM MAarHUTHBIM TIOJIEM Yepe3 OIHO-
POIHYIO M HEOTHOPOIHYIO MEX3BE3MHYIO Cpe-
Iy, uccienyemasi TMpU TOMOLIM YKMCJIEHHOTO
MTI-monenupoBanusi. I[TonydyeHa KapTuHa Te-
YEHUsI BEIIeCTBA JJIsI pa3HBIX ITapaMeTPOB Mar-
HUTHOTO TMOJSI 3B€3Ibl, CKOPOCTH IBUXKECHUS
3BE€3/Ibl U TUIOTHOCTU MEX3BE3NHOM cpenbl. Mc-
CJIeIOBaH PEXUM TeopoTaTopa ISl OMUHOYHBIX
HEUTpoHHBIX 3BE30. [lokasaHo, 4TO cHUJIOBBIE
JIMTHUY MarHUTHOTO TIOJISI BHITATUBAIOTCS] B Ha-
MPaBJIEHUN TOTOKA BEIECTBA BHE MAarHUTO-
cepHoro panuyca 1 06pa3yloT JJIMHHBINA XBOCT
MarHuTocdepsi, hopmMa KOTOPOTO U3MEHSIETCS
B 3aBUCHMOCTH OT TUIOTHOCTM MEX3BE3MHOM
cpenel. Kpome 3Toro, B XxBocTe HabiomaeTcst
repecoeNMHeHNe MATHUTHBIX CYJTOBBIX JIMHUH.

Pacuér KmHeTmyecKMX KO3()(HIMEHTOB BbI-
poxaeHHoii maasmpl. KunHernyeckue Koad-
uMeHTH ompenensoTcs KakK IOTOKW He-
KOTOpBIX (DM3UYECKUX BEIWYUH (HAIpUMeEp,
TEIUIOTHl WM UMITYJIbCa) U 3aBUCST OT Bapua-
LW TeMTIepaTypbl, KOHIIEHTPAIuKY U T. 1. beuta
pelieHa 3afgaya O BBIYMCICHUU KUHETHYECKUX
K03(h(GUIMEHTOB B BBIPOXACHHON Ma3Me
3JIEKTPOHOB B TIPUITOBEPXHOCTHOM CJIOE OJMI-
HOYHOI 3aMarHUYE€HHOW HEWTPOHHOW 3BE3[BI.
Pemeno ypaBHeHue bosibiiMaHa ¢ y4éToM mar-
HUTHOTO TIOJISI, METOIOM TIOCIIeNOBATETHHBIX
npubamxkeHuii Yenmena-DHckora. [lonydeHo
bosiee TOYHOE MpUONMXKEeHUEe st KoapduLm-
€HTOB TETUIONPOBOAHOCTU U 3JIEKTPOTIPOBOI -
HOCTH BBIPOXICHHBIX JIEKTPOHOB, 1O CpaBHE-
HUIO C MCIOJB30BAaHHBIM B IMPENIIECTBYIOLINX
paboTax 1Mo TaHHOU TeMe, W 3TO BaXXHO ISt 60-
Jiee TOYHOTO MOJIEIUPOBAHUSI TEX MPOLECCOB,
YTO MPOUCXOAAT Ha MOBEPXHOCTU HEUTPOHHBIX
3BE3.

TemaTuka ﬂaﬁopa’ropvm TAKXKe BKJIIOYAET:

* HUCCNeoBaHME aKKpelMM Ha HEeUTPOHHBIE
3BE30bI M UYEPHBIC OBIPBI: CTPYKTypa aK-
KPEIMOHHBIX JWCKOB TIPU OOJBIION CBe-
TUMOCTH;

* MOAEIMPOBaHME XECTKOTO WU3JIYYEHUS TO-
psTYMX KOpoH MmetonoM Monte-Kapio, pas-
paboTKa MexaHM3Ma HarpeBa BelIeCcTBa Ha-
TIPaBJIEHHBIX BBIOPOCOB M3 aKKPEIIMOHHBIX
IMCKOB (JIKETOB).

It was indicated that in presence of plasma
angular positions and magnification coefficients
increase compared with vacuum.

The problem of motion of a neutron star with
a dipole magnetic field through the homog-
enous and inhomogeneous interstellar medium
is investigated with numerical MHD simula-
tion. The matter stream pattern was revealed for
various parameters of the star magnetic field,
star velocity, and the interstellar medium den-
sity. The georotator mode for single neutron
stars was studied. It was shown that the exten-
sion of the magnetic field lines in the direction
of the matter stream outside the magnetospheric
radius creates a long tail of the magnetosphere.
Its shape can change depending on the interstel-
lar medium density, besides in the tail a recon-
nection of the magnetic field lines is evidenced.

Calculation of the kinetic coefficients for de-
generate plasma. The kinetic coefficients are
defined as certain physical quantities (i.e. ra-
diation or impulse) and depend on variations
of temperature, concentration, etc. A prob-
lem was solved to calculate the kinetic coef-
ficients in the degenerate plasma of electrons
in the surface layer of a single magnetized neu-
tron star. The Boltzmann equation was solved
with consideration of the magnetic field using
the method Chapman-Enskog of successive ap-
proximations, which resulted in a more accurate
approximation for coefficients of thermal and
electric conductivity of degenerate electrons,
compared to the one applied in the previous
works on the topic. This is important for a more
accurate modelling of the processes taking place
on the neutron star surfaces.

The research topics of the laboratory also include:

 investigation of accretion for neutron stars
and black holes: accretion discs structure
with high luminosity;

* modeling of the hot corona hard rays us-
ing the Monte Carlo method, formulation
of the heating mechanism for directed ejec-
tions of the accretion discs (jets).



CekTop ObICTpoNIepeMEHHbIX KOCMHUYECKHX
UCTOYHUKOB (64.2) (pyKosodumens — Kand.
uz.-mam. nayx Anexceii Ilozanenxo)

TemaTnka WcCCIeNOBaHUS KOCMUYECKUX
ramMma-BerieckoB (GRB, gamma-ray bursts)
ObUla yHaclienoBaHa W3 JabopaTOpUM Tam-
Ma-CIHeKTPOCKOIIMM KOCMHUYECKUX WCTOYHU-
KOB, KOTOPOI PYKOBOOWJI O-p (U3.-MaT. HayK
N.T. MutpodaHoB.

HnTepecHo, 4To raMMa-BCTUIECKH, OTKPBI-
ThIE CIIy4aifHO B 1967 I., KaK I03Xe paccKa3bl-
BaJl y4yaCTHUK 3KcriepumeHTta, Peit KiebGeca-
IeJI, TIOHAYaly He 3alHTEepPecOBAIM BOEHHOE
BenmoMmcTBo CIIIA, 1o ybeMy 3aKa3y ObLIM pa3-
paboTaHbl KOCMUYECKHE arrmaparthl cepun Vela
(OT ucn. velar — CMOTpETb) JJISI KOHTPOJS 3a
Ha3eMHBIMU HWCHBITAHUSIMU  SIIEPHOTO  OpYy-
KMSI C TIOMOIIIbIO PErMCTpallMy raMMa-u3ayde-
HUs. [laHHBIE O TaMMa-BCIUIECKaX BHE3eMHOTO
MPOUCXOXIECHUS OBbLIA TPOCTO IOJIOKEHBI «B
CTOJI», a mepBast MyOJauMKauus YBUOENA CBET
guuib B 1973 1. C Tex nmop 3aperucTpupoBaHO
6onee 10 ThICSY raMMa-BCILJIECKOB, HO 0 CHUX
Mop UX MpUpoJa N0 KOHIIA He BbicHeHa. U3-
JIy4eHHE OT MCTOYHUKOB TaMMa-BCILIECKOB pe-
rucTpupyercsl B Hactosiiee BpeMs oT 500 MI'x
u g0 ~100 I'sB. BcecTtopoHHue uccienoBaHust
raMMa-BCITJIECKOB COCTaBIISIIOT OCHOBHYIO Te-
MaTHKy cektopa. HabmoneHus B ONTUYECKOM
IMarna3oHe B HAcTosllee BpeMsl CTaHOBSITCS
Haubojiee MHDOPMATUBHBIM METOIOM HCCIIe-
JIOBaHUSI TaMMa-BCILIECKOB U TIO3BOJISIIOT TMO-
JIy4UTb JaHHBIE O KOCMOJIOTUYECKOM KPacHOM
CMEIICHUM WCTOYHUKA, IMapaMeTpax o0JIacTh
W3TYy4eHUs] U OKPYXalolllel MCTOYHUK MEX3-
BE3MHON cpelibl NaJEKUX rajakThK.

l'aMMa-BCIUIECKM 36MHOTO TPOMCXOKICHUS
(TGF, terrestrial gamma-ray flashes) — emg
olHa TeMaTuKa cektopa. Ecim ramma-Bcruie-
CKM KOCMUYECKOTO IMPOUCXOKICHUS HAXOISATCS
B MUJUIMapaax cBeTOBbIX JieT oT 3emiin, T0 TGF
MPOUCXOAIT B OYKBaJTbHOM CMBIC/IC HaJl HaII-
MM TOJIOBAMM — WCTOYHMK 3€MHBIX BCITJICCKOB
raMMa-usjlydeHHs] HaXomuTcs B arMmocdepe
Halllell TUTAHETBI W SIBIIIETCST pe3yJbTaTOM TOP-
MO3HOTO U3JIy4YeHUS PEIITABUCTCKUX DJIEKTPO-
HOB, BO3HMKAWOIIMX B pe3yJbTaTe JaBUHOO-
O6pa3Horo nmpobosi Ha yOeramIrx 3JeKTPOHaX.
Cuuraercst, uyto ucrtouHuku TGF cBa3aHbl
C MOJIHMEBOM aKTUBHOCTBIO B BEpPXHEH aTMO-
cepe. OnHOM U3 BaxKHBIX 3a1a4 SIBJISIETCS OTO-
xnectBieHrue TGF ¢ MOJHUSAME B ONITUYECKOM
M paavoauarna3oHax U UX JOKaJIU3alus.

CoBpeMeHHBIe TPeOOBaHUS K PETUCTPALIMK
GRB cocToIT B HEOGXOIMMOCTH TEPBUYHOM
JIOKQJIM3allMM  MCTOYHUKA BCIUIeCKa B TaM-
Ma-Iuara3oHe U Iepenadye KOOPAMHATHOM
WH(POPMAIIMA B PEeXHMME pPeaJbHOTO BpPEeMEHM
Ha3eMHBIM TeJiecKomaM JJis MpOBeAeHUS Bce-
BOJIHOBBIX MccliefioBaHUii. B cextope Bemércs
MOATOTOBKA 3KCIIEpUMEHTA IO PEeTUCTpallii
M JIOKaJIM3alli¥ FaMMa-BCIIJIECKOB KOCMUYECKO-
IO M 36MHOTO TPOMCXOXICHUS TPYIITMPOBKOM
MUKPOCITYTHUKOB Ha OKOJIO3EMHOIT opouTe.

Rapid Variable Cosmic Sources Sector (64.2).
Head — Dr. Alexey Pozanenko

The research of gamma-ray bursts (GRBs)
was taken over from the laboratory of cos-
mic sources gamma spectroscopy, headed by
Dr. Igor Mitrofanov.

It is interesting to point out that gamma-
ray bursts, discovered by accident in 1967, as
later was elaborated by Ray Klebesadel, one
of the participants of the experiment, didn’t
catch the interest of the US Department of De-
fense, which commissioned the development
of the VELA series of spacecraft to record
gamma emissions and monitor ground nuclear
tests. The data on extra-terrestrial gamma rays
were just put “on a shelf”, and the first publica-
tion saw the light only in 1973. Since then over
10,000 gamma-ray bursts were detected, but its
nature hasn’t yet been fully explained. Radia-
tion from the gamma-ray sources is presently re-
corded in the range of 500 MHz — ~100 GeV.
Thorough investigation of gamma-ray bursts is
the main research area of the sector, established
in 2013. Optical range observations are cur-
rently the most meaningful method of gamma-
ray research and enable to receive information
on the cosmological redshift of a source, pa-
rameters of the emitting area and the matter sur-
rounding the source.

Terrestrial gamma-ray flashes (TGFs) are
another topic. While cosmic gamma-ray bursts
are billions of light years away from the Earth,
TGFs happen literally above our heads —
the source of the terrestrial gamma-ray flashes is
in the atmosphere of the planet and is caused by
the acceleration radiation of relativistic electrons
resulting from the avalanche breakdown of es-
caping electrons. It is considered that the TGF
sources are related to the lightning activity
in the upper atmosphere. One of the main prob-
lems is to match TGF with lightning in the opti-
cal and radio range and its localization.

The modern requirements to GRB record-
ing involve primary localization of a burst source
in the gamma range and transmission of the co-
ordinates in real time mode to the ground-based
telescopes for an all-wave investigation. The sec-
tor carries out preparations for an experiment
to record and localize cosmic and terrestrial
gamma rays with a group of microsatellites
on the low earth orbit.

Anekceli [lozaHeHKo
Alexey Pozanenko

Cexkmop cocmasnsiom The sector’s staff — young
Mos100ble COmpyOHUKU — graduates from MSU Sternberg
ebInyckHUKku FTAULL My Astronomical Institute
uMoTn and MIPT
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M p 6ne- Multicolor light curve of GRB

§
CcKa onmu4ecKoz0 nocsiecee-
YeHus 2amma-ecnnecka GRB

130427A optical afterglow. This
is one of the brightest events

130427A. 3mo odHo u3 cameix in both gamma and optical

ApKuUX cobbImuli Kak e 2am-
ma-, mak u 8 onmuy4eckom
duanasone. Onmuyeckuii
UCMOYHUK 661 OMKpLIM

8 o6cepsamopuu ISON-NM
(GCN 14450), yaacmeyio-
wetli 8 cemu Habn00eHuli
3a eamma-ecnneckamu

u eknoyaroweii 6onee yem
15 o6cepeamopuli cmpaH
CHI, Moxzonuu u CLUA. Kpu-

ranges. The optical source was
discovered in the ISON-NM
(GCN 14450) observatory,
which is a part of the gamma
ray observational network that
includes over 15 observatories
from CIS, Mongolia and USA.
The light curve was plotted
based on the in-house observa-
tions and the observations

of the BOOTES-3 observatory

8as 6necka nocmpoeHa Ha oc- (original data)

HoBe OaHHbIX c06CMBeHHbIX
6mi0denuti u HabnodeHui

o6cepeamopuu BOOTES-3
(co6cmeeHHble OaHHbIe)

Ci p p i
duazpamma 2amma-ecnne-
cka GRB 050504 (eeepxy),
20e ommeHKamu cepo20
noKasaHa UHMeHcU8HOCMb
cuzHana e 3agsucumocmu
om 3Hepauu U 8pemMeHU.
JanHele 3kcnepumenma
I1BIS/ISGRI (INTEGRAL).
Kpueas 6necka (cpedHsas
naxesnv) 8 WUPOKOM 3Hep-
2 u KOM O

20-200 k3B. Xopowo eudHo,
4mo 2amma-ecnneck cocmo-
um u3 00HO20 UMnyneca,
annpoKcumupyemozo 3Kc-
NoHeHYUanbHbIMU pocmom
U cnadom ¢ pasnuyHeIMu
napamempamu 3KCnNoHeH-
mel. Ha HuxHel naHenu
nokasaHa cnekmpaneHasa
3adepxka (naz) kpueol
6necka 6 MAzKom dua-
nasoHe om Kpueoli 6necka
8 Gonee xécmkux oua-
nasoHax e 3asucumocmu
om 3Hepauu duanasoHa.
Ansa smozo umnynsca
3adepxka onucsieaemcs

P P
~ nozapudgm sHepauu». Ha
ocHoge Ucc/1edo8aHUs MHO-
2UX UMNYNbCOB BbICKA3AHA
2unomesa, Ymo makoe

S

J P
ona ecex umnynecos, us
Komopbix cocmoum Kpueas
61ecKa ecnyieckoe 8 2am-

ma , U
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YcpeoHéi p 6necka

06vBsACHAMbCA npocmoli
7 A,

Kol
(MAX, 40, 271,2014)

Spectral time diagram

of the GRB 050504 (above)
that shows in shades of grey
the signal intensity depending
on it energy and time. IBIS/
ISGRI/INTEGRAL experiment
findings. The light curve
(central panel) is in wide
energy range 20...200 keV. It is
clearly seen that the gamma-
ray burst consists of one pulse
which is well approximated

to exponential growth and
decay with various exponent
parameters. The lower panel
shows a spectral delay (lag)
of the light curve in the soft
range compared to the light
curve in the hard range
depending on the range
energy. For this pulse the delay
is outlined by the delay time
~energy logarithm law. It is
suggested that such behavior
is universal for all pulses that
constitute the gamma-ray
burst light curve, and can be
explained by a simple kine-
matic model of an emitting
area (PAZh. 2014. V. 40.P.271)
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2pynnel ApKux (KpacHelm yee-
mom) u myckneix (4Y€pHoIm)
TGF, 3apeaucmpupoeaHHbiIx
8 3kcnepumenm RHESSI.
Kpuevlie HopmuposaHs!

noKp pacnp
Xopouwio 8udHo, Ymo ApKas
2pynna umeem ynnowéHHbIlU
MAaKcumym no cpasHeHuto
¢ mycknot epynnod, Yymo

g cheh
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OcHoBHbIE HaNPaBJIeHNs UCCJIeJOBAHUIT Research Areas

* HaGmonenus
raMMa-BCITJIECKOB, CBEPXHOBBIX M POJIUTETb-

CKUX TAJIAKTUK;
* MOJEIMpPOBaHKE KPUBBIX 0JI€CKA U CIIEKTPOB spectra;
GRB u TGF;

ONTUYECKUX  IPOSBICHUI » Observations of optical afterglows of gamma
rays, supernovae and host galaxies;

* modelling of light curves and GRB and TGF

Podumensbckas zanakmuka onmu-
YecKu MéMHO20 2aMMa-ecniecka
GRB 051008. Xoma ucmo4yHuk
ecnsiecka u He 6611 HalideH HU

8 onmuy4ecKkom, HU 8 paduooua-
X, Y 0 b 06HApY

ezop Kyl

Ha meneckone um. I A. Waiina

(2,6 M) u 3amem onpedenume

eé KpacHoe cmeujeHue (z = 2,82)

¢omomempuyeckum cnoco-

60om, nposeds Habn0deHuUs Ha

meneckone um. B. M. Keka (10 m).

M peo. 4ymo po-

oumenbckas 2anaKkmuka exooum
Al A 8 KOMNJleKc 2pasumMayuoHHO-Cex-

o l'i‘ =t 3aHHbIX 2anakmuk. Ha6nodeHus

" e b GRB 051008 nodmeepxdatom

" gy \" & 0, 4mo 2a, con-

: s B muy4ecKku MémMHbIMU 2amMma-

FY

pait o it o ecniieckamu codepxam 6onbwe
= y neinu, 4em pooumesnscKue

06B1C b

mép p

mopa, m. e. npocyémamu

¢omoHoe npu 6onbwoli

UsHocmu

8 nuke. Y4ém mépmeozo epe-

MeHU Heo6x00uM 0N 8biAC-
uc i 4 mu

ucmo TGF (co6ci

Hble uccnedoeaHus)

An averaged light curve for

a group of bright (in red) and
dim (in black) TGFs recorded
during the RHESSI experiment.
The curves are rated according
to wing distribution. It is clearly
seen that the bright group

has a flattened maximum
compared to the dim group,
which is explained by dead times
of the detector, i.e. miscount

of photons due to peak-high
stream intensity (original study)

2a71aKMuKu 06bI4HbIX 8CNJ1ECKO8
(Volnova A. A. et al. GRB 051008:
along, spectrally hard dust-
obscured GRB in a Lyman-break
galaxy atz=2.8// MNRAS. 2014.
V. 442. No. 3. P. 2586-2599)

1, 3 A

Hey , 005

ACHAIOWAA 803MOXKHYIO NPUYUHY

NpoonéHHO20 U3NyYyeHUs 2amma-

y 8cnnieckoe 8 2amma-duanasoHe.
S 4 Head gopmupyowueca
F F; nocnedosamesnvHo Opye 3a
| y I Opy2aom, 06BACHAIOM KOPOMKYI0
‘.-"l F] aKmueHyio ¢asy usnydeHusa

KOpOMKUX 2aMMa-8cnsieckos

u nocnedyrowyio, 6onee onumenso-

AT TR Hyto (Barkov M. V., Pozanenko A. S.
I - Model of the extended emission of

short gamma-ray bursts // Monthly
Notices of the Royal Astronomical
Society (MNRAS). 2011. V. 417.
P.2161-2165)

Host galaxy of the optical-
ly dark GRB 051008. Even
though the burst source
was not found either

in optical or radio ranges,
its host galaxy was
detected with the Shajn
telescope (2.6 m) with
redshift (z = 2.82) photo-
metrically detected via
the Keck telescope (10 m)
observations. It can be
assumed that the host
galaxy is part of a galaxy
group. The GRB 051008
observations confirm

the conclusion that
galaxies with optically
dark gamma-ray bursts
contain more dust than
host galaxies of common
bursts (Volnova A. A.

etal. GRB051008:a

long, spectrally hard
dust-obscured GRB in
aLyman-break galaxy
atz=2.8// MNRAS. 2014.
V. 442. P. 2586-2599)

A two-jet model giving

a potential reason for
extended radiation

of gamma ray bursts

in the gamma range. Two
jets forming in sequence
can explain a short-dura-
tion active phase of short
gamma-ray bursts and

a subsequent longer one
(Barkov M. V. et al. Model
of the extended emission
of short gamma-ray
bursts // MNRAS. 2011.
V.417.P.2161-2165)



* ucclenoBaHMe  (DM3NYECKUX  IIPOLIECCOB
M MojeJjieil raMMa-BCIUIECKOB KOCMUYECKO-
TO ¥ 36MHOTO IMPOUCXOKICHMS,;

* CO3MaHME UIIMPOKOYIOJbHBIX OINTUYECKUX
CUCTEM JUISI HAOMIOAEHUST ObICTpOIIEpEMEH-
HBIX TPAH3UEHTHBIX SIBICHUI.

JlabopaTopus pamuomerpuu (644)
(pykosodumenv — Kano. ¢us.-mam. Hayx
Jmumpuii Ckyaauée)

OcHOBHasi TeMaTWKa JabopaTOpUU CBS-
3aHa C pa3pabOTKONW HAy4yHOM aImapaTypbl
(CBY-panuoMeTpoB) s AUCTAHLIMOHHBIX
WCCIIeNOBAHNN BBICOKOYACTOTHBIX U CBEPXBBI-
COKOYACTOTHBIX PaIMOM3IYyYeHUNM €CTeCTBEH-
HBIX M UCKYCCTBEHHBIX OOBEKTOB, Ha 3emiie U B
KocMoce.

Camoii sipkoii paboToii J1abopaToOpruu CTaIo
yyactue B co3naHuu B 1970—1980-x rr. panuno-
METPUUYECKOTO KoMIuleKca «PemkT-1» mis uc-
CJIeIOBaHUS KOCMOJIOTMYECKOTO PEJIMKTOBOTO
MU3JTy4eHus ¢ 6opTa CIyTHUKA 3eMn. DTO U3-
JIydeHre DPaBHOMEPHO 3aIlOJIHSET TIPOCTPaH-
CTBO M HecéT mHGpopMalui 00 OYeHb paH-
HUX CTaausX pa3BuUTUs BcejneHHON — oKoJjio
270 ToIc. et ocie Bonbioro B3psiBa. Penmk-
TOBOE U3JTydeHHE OBbLIO MpeacKa3aHO TEOPeTH-
YyecKd, a 3aTeM B 1965 r. o6HapyxeHo A. IleH-
3uacoMm u P. Buiconom (CIIA). IMocne atoro
WHTEpeC MccienoBaTeNieil ObLT CBSI3aH C aHU-
30TPONKUEN PEJTUMKTOBOIO U3IYYEHUS] — OYEHb
HEOONBIIMMU  OTKJIIOHEHUSIMU  TEMITePaTyphl
OT CpenHell BeJIMYMHBI, OOYCIOBICHHBIMU TEM,
Kak pacrnpezesisiiach MaTepusi B MoJjionoii Bee-
JeHHoU. JInsT pemreHust Toif 3amauu ObUT CO3-
naH pamrometrp P-08 (wactora 37 I'Tu, miuna
BOJIHBI 8§ MM), KOTOpPHBIi B 1983 1. ObLI 3amylieH
Ha 60pTy cniyTHHKA «[IporHo3-9».

| EERESVER TS E RS S e

gt 2 3 4 5 6 7T B 91011213
Sean Aumber
Koppenayus oaHHbIx
3Kcnepumenma «Penukm-1»
u WMAP
Relikt-1 and WMAP data
correlation

+ study of physical processes and models
of cosmic and terrestrial gamma-ray bursts;

» creation of a wide-angle optical system for
observations of quick-changing transient
events.

Laboratory of Radiometry (644). Head —
Dr. Dmitry Skulachev

The main area of the laboratory is develop-
ment of scientific instruments (microwave ra-
diometer) for remote investigation of high- and
super-high-frequency radio emissions of natural
and artificial objects on the Earth and in space.

The most outstanding work of the laboratory
was its participation in 1970—1980s in develop-
ment of the Relikt- 1 radiometer suit, designed to
study cosmological relict radiation (microwave
background) from aboard a satellite. This ra-
diation fills the space and contains information
on the earliest stages of the Universe evolution,
ca. 270,000 years after the Big Bang. The rel-
ict radiation was predicted in theory and then
discovered in 1965 by Arno Penzias and Robert
Wilson (USA). After that their interest was fo-
cused on the relict radiation anisotropy — small-
est deviations in temperature from the average
attributed to the matter distribution in young
Universe. To solve this problem an R-08 radi-
ometer was created (frequency 37 GHz, wave
length 8 mm), which was launched onboard
Prognoz-9 spacecratft.

Paduomempuyeckuii
Komnnekc «Penukm-2»

Relikt-2 radiometer suit

Paduokapma HebecHoli
chepol Ha yacmome 37 Ty.
Mony4eHo enepevie 8 pe-
JKCI

Y P
«Penukm-1». Bnepavie
06HAapyXeHo, YMO KOCMO-
JlozuyecKoe pesluKmosoe
u3snyyeHue He0OHOpPOOHO
u A A, A, 2 2

p
aHusomponued. B nocnedy-
rowjue 20061 6b11u nposede-
Hbl HECKOJIbKO 3apy6exHbIX
KOCMUYeCKUX 3KcnepumeH-
moe mozo e HanpaeneHus
(COBE, WMAP, PLANCK),
S 5

X OCi

P
3KC

pesy P
ma «Penukm-1». AHanus
83aumHoli Koppenayuu
O0aHHbIX, NOJTy4eHHbIX «Pe-
nukmom-1» e 1983-1984 22.,
u WMAP (2001-2009 22.,
NASA, CLLA), nokasan
8bICOKYI0 00CMoB8epHOCMb
pe3ynemamos «Penukma-1»

Amumpuii Ckynauée
Dmitry Skulachev

Paduomempuyeckuli
Komnnekc «<Penukm-1»

Relikt-1 radiometer suit

Coelosphere radio map

on the 37GHz frequency,
obtained for the first time

as aresult of the Relikt-1
experiment. It was revealed
that the cosmological relict
radiation is nonuniform and
possesses a certain level

of anisotropy. In the follow-
ing years several space
experiments in this area by
other countries (COBE, WMAP,
Planck) confirmed the Relikt-1
findings. Intercorrelation
analysis of the data received
from Relikt-1in 1983-1984
and WMAP (20071-2009, NASA,
USA) indicated the high valid-
ity of the Relikt-1 findings.
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AnekcaHop Kocoe
Alexander Kosov
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Paduomempuyeckuii
komnnekc MUPK onsa
u3yyeHuA husuyecKux
Xapakmepucmuk MEP3/bIX
2pyHmoe 8o epems
nosneebix ucnbimaxudi.
MUPK — Kkomnnekc u3
0eyx CBY-paduomempos,
pa6 wux e 0
yacmom 2,7 u 6,9y

€ coomeemcmeyowumu
aHmeHHamu.
Ucnonv3zosancs ons
usmepeHuli e KHY CO PAH

MIRK radiometric complex
for investigation of frozen soil
physical properties during
field tests. MIRK is a complex
of two microwave radiometers
operating in the frequency
range 2.7 and 6.9 GHz with
relevant antennae. It was
used for measurements

in the Krasnoyarsk research
center of the Siberian branch
of the Academy of Sciences

Paspa6bomka memoouku

aKcnep U co30

paduomepmomempa PAT ons

uccnedosanus sy p

ma c 6opma nocado4Ho20 Mody-

N4 0na npoekma «JlyHa-Pecypc».

Mpu6op PAT npedcmaensaem

co6oli komnakmHbiii CBY-

paduo P, pa6: wudi

8 Mpéx 4acmomHbIX nonocax

8 duana3zoHe om 9 0o 18 ITy.

Oci yesb 3Kcnep

ma — oyeHKa mensio8bix
puayuii pamypel iyH-

HO20 pezosluma u cmeneHu e2o

cmep 06yc

Hanu4uem nooda

M. 6 6,

A @ 1P (d
PAT-M 0na usyyeHua Mapcuas-
CK020 2pyHma u ammocgepeol
Mapca c 6opma nocadoyHol
naamgopmel 6 pamkax npo-

Development of a test proce-
dure and design of the radio
thermometer RAT for an
investigation of lunar
regolith aboard the lander
in the Luna-Resurs mission.
The RAT instrument is a small
microwave radiometer that
operates in three frequency
bands in the range of 9 to

18 GHz. The main objective
of the experiment is to
estimate temperature varia-
tions of the lunar regolith
and degrees of its freezing
determined by possible pres-
ence of ice

A prototype unit of RAT-M for
investigation of the Mar-
tian soil and atmosphere
aboard the lander platform
in the ExoMars mission

CoTpyoHuku  Jabopatopu  MPUHUMATU
yyacThe B YIPaBICHUN KOCMUYECKUM 3KC-
MEPUMEHTOM, OOpabOTKE W WHTEPIpeTalun
MOJIyYEHHBIX HayYHbIX JaHHBIX. B xone skcre-
pVIMEHTA BIIEPBbIE M C PEKOPIAHOI Ha TO BpeMs
YyBCTBUTEJIBHOCTBIO ObLIa TOJyYeHa paauo-
KapTa HeGecHOil cepbl B TOM quana3oHe.

B 1980—1990-e rr. coTpymHuku 1abopato-
pUU 3aHUMAIUCh DPa3pabOTKONW KOCMMYECKO-
ro komruiekca «Penukr-2» — pacuimpeHHbIM
U 3HAYUTETHbHO YCOBEPIIEHCTBOBAHHBIM Bapu-
aHTOM KoMIuiekca «PesukT-1», KOTOphIii cMor
Obl MU3MEPUTh AHU3OTPOITMIO PEIMKTOBOTO M3-
JIydeHUSI CO 3HAYUTENTHHO OOJIbIell UyBCTBU-
TeNbHOCTBI0. OTHAKO pelIeHueM PYKOBOASIIINX
opraHoB B 1997 r. paGoTel mo mnpoekrty «Pe-
JIKT-2» OBUTH TIPEKPAIeHBbI.

B nocnenyroliye roabl B 1a00OpaTOPUU ObLINA
CO3MaHBl MHOTOYHMCIICHHBIE pamTuoNpUEMHBIC
YCTpOWCTBA IS CaMBIX DPa3sHOOOpPA3HBIX 3a-
a4y, OT HaOJIIONEHUI CHEXHBIX JaBUH (Ha3eM-
Hblil pagap RAD97, xpruoreHHasi KaiuOpoBoY-
Has CBY-narpyska Cryoload) mo usydeHus
TPYHTOB [IpPYruX IUIAHET, B IEPBYIO OYepEnb,
Jlynel 1 Mapca no npoektam «JlyHa-Pecypc»
u «Bk30Mapc».

JlabopaTopusi MUKPOBOJIHOBOII TeXHUKH (645)
(pykogodumens — KaHo. Qus.-mam. HAYK
Anexcandp Kocog)

JlabopaTopusi MUKPOBOJHOBOII  TEXHUKU
3aHUMAETCs] CO3MaHUeM IPUOOPOB ST TIPO-
BeEHUST pamroPU3NIECKUX DKCIIEPUMEHTOB
B KOCMOCe U Ha 3emle, IJIAaHUPOBAHUEM U BbI-
MTOJTHEHUEM 3TUX 9KCIICPUMEHTOB.

exkma «3k3oMapc» (2018). (2018). The laboratory
B na6op p 0émca prepares a procedure and
paspa6b mem designs the instrument,
3Kcnep uc a microwave radiometer op-

pu6opa — CBY-paod pa, erating in the range of 10 to
pab. It ] 17 GHz. The main objective
om 1000 17 ITy. OcHoBHAA yens is to estimate temperature
3KcnepumMeHmMa — oyeHKa me-  variations of the Martian

X eapuayuti p regolith and measure dust

mypbel MapcuaHckozo pezoauma density in the Mars atmo-

Py

PY

u usmep 'mu neinu  sphere during dust storms
8 ammocgpepe Mapca eo epema
neinesbix 6ype

The laboratory staff was involved in monitor-
ing the space experiment, processing, and inter-
pretation of the scientific data. During the ex-
periment for the first time ever and with then
record-setting sensitivity the coelosphere radio
map was created in the range.

In the 1980—1990s the laboratory staff
worked on the Relikt-2 radiometric complex —
a significantly advanced version of Relikt-1, that
could measure the relict radiation anisotropy
with much higher sensitivity. However in 1997
the Relikt-2 mission was closed down.

In the following years the laboratory created
various radio-receiving equipment for a wide
range of tasks, from snow avalanche observa-
tions (ground-based radar RAD97, cryogenic
microwave load CryoLoad) to soil investigations
of other planets, first of all Moon and Mars
in the Luna-Resurs and ExoMars missions.

Laboratory for Microwave Instrumentation
(645). Head — Dr. Alexander Kosov

The Laboratory for Microwave Instrumenta-
tion designs instruments for radiophysical ex-
periments in space and on the Earth, as well as
planning and realisation of such experiments.
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8 Anbnax, paspabomanHoiii
U u320moesieHHbIli NO KOH-
mpakmy ¢ Uhucmumymom

Coherent radar for remote
sensing of snow avalanches

in the Alps, designed and
manufactured under

a contract with the Institute
for Communication and Wave

Propagation (Technical

KOoMMyHuUKayuti u pacnpo-
cl University Graz, Austria)

J 80J1H Te
2u4ecKo20 yHUsepcumema
Ipaya (Aecmpus) (Techni-
sche Universitdt Graz)

Annapamypa 0ns npoekma
@OBOC-TPYHT: npu6op YCO
U aHmMeHHa 3KcnepumeHma
MROE, ycmaHoeneHHas Ha
KA «®o6oc-T PyHmM»

Phobos Sample Return
hardware: USO instrument
and MROE antenna installed
on the Phobos Sample Return
probe

TlepBas 3amaya 1aGopaTopuM, CO3TAHHOM
B 1993 ., ObUTa pa3paboTKa ammapaTypbl AJIs

KOCMHMYECKOIO 3KCIepuMeHTa  «Pelmkr-2»,
B XOIe KOTOPOTO ITUIAHMPOBAIOCH W3MEPSITh
TEMIIEpaTypy M aHU30TPOIUIO PEIMKTOBO-
ro u3jaydyeHus. IDTU TpuOOpbl ObLIM pa3pa-
0OTaHBl W WM3TOTOBJIEHBI, HO W3-3a TPOOJIEM
B POCCUMCKON KOCMMYECKOU OTpaciu MPOEKT
«Penukr-2» ObLT Mpekpaiu€H. [MaBHBIMU KOC-
MudeckumMu Temamu B 1990—2000-e Tr. cranu
npoekThl «PamnoActpon» u «®oboc-I'pyHT».
Kpome 3TOro, coTpymHuKu Jabopatopuu pas-
pabaTeIBaI IPUOOPHI TSI MCCIeNOBAaHUI 3eM-
JIA: pagapbl ISl AMCTAaHLIMOHHOIO 30HIMPOBa-
HHUSI MOPCKOM TMOBEPXHOCTH, CHEXHBIX JIaBUH,
TpuéMoTepeaole yCTPOUCTBa U JIOKATOPHI.
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The primary task of the laboratory, which was
established in 1993, was to design hardware for
the Relikt-2 space experiment, aimed to mea-
sure temperature and anisotropy of the relict
radiation. The instruments were designed and
manufactured, but due to problems in the Rus-
sian space industry the Relik?-2 mission was ter-
minated. The major missions in the 1990—2000s
were RadioAstron and Phobos Sample Return.
Moreover the laboratory staff designed instru-
ments for the Earth observations: radars for re-
mote sensing of the sea surface, snow avalanch-
es, as well as transceivers and locators.

0719 OUCMAHYUOHHO20
30HOUpOBaAHUSA
ammocgpepol u mopckoli
nosepxHocmu.

Cneea — pe3ynomamoi
u3smepeHuli, Komopeoie
OdemMoHCMpupyilom Hanu4ue
80JIH C ONlUMeNbHbIM
nepuodom (nopsadka

10 MuH)

Annapamypa,

€030aHHAA no npoekmy
«PaduoAcmpoH»: npuémHuk
8 duanasoxe 18-25 Ty,

C

y !
0deoliHoli cunmesamop,
npeo6paszosamene
yacmomol

Radiophysical measurements
in the Golubaya Bay
(Gelendzhik) with a coherent
millimeter wavelength
range radar for remote
sensing of the atmosphere
and sea surface. On the left
side are the results of these
measurements, displaying
presence of long waves (ca.
10 min)

Hardware designed

for the RadioAstron mission:
receiver in the range

of 18...25 GHz, low-noise
amplifier, double sequencer,
frequency converter

239



Annapamypa ona npoekma
«JlyHa-Pecypc»

Hardware for the Luna-Resurs
mission

lMpuémonepedarowyuli
MOJyNb U MOHOTUMHBI
ycunumenes MoujHo-

cmu, paspabomatHsie

no 2ocydapcmeeHHomy
o6opoHHomy 3akKasy c [ocy-
0apcmeeHHbIM pA3AHCKUM
npu6opHeim 3a8000M —

S 5

P P P

p
komnnekca MAIO (rynn).
bblnu 0c80eHbl HOBble mex-
yeckue p —
Xembl
MuuUMempoeozo oua-
NasoHa ONnuH 80/TH
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Transmit-receiver module and
monolithic power amplifier de-
veloped by a government order
in cooperation with the Ryazan
State Instrument Plant, a sub-
sidiary enterprise of the MAPO
Military-Industrial Complex.
New technological solutions
were utilized — monolithic
microcircuits of millimetre
wavelength range

TIpuGopbI, MPOEKTHI, PE3YIBTATHI

B mpoekre «®o6oc-I'pynr» (3amyck 2011 r.)
JlabopaTtopusl 3aHUMaJlach IMOATOTOBKOW MpHU-
oopa YCO (ynbTpacTaOMIILHBIM OCLIMILISITOP)
IJIST ABYX Paguo@U3NYECKUX SKCIICPUMEHTOB:
«Hebecnast mMexanuka» 1 MROE. B mnepsom
W3 HUX IUIAHUPOBAJIOCH TTPOBECTHU TPEIIU3NOH-
HbIe M3MEPEHUS MapaMeTPOB OPOUTHI CITyTHM-
Ka Mapca ®ob6oca. ITocie mocagku Ha Pobdoc
npubop YCO nmomkeH ObUT M3JTydaTh HeTIpe-
PBIBHBIE CUTHAJIBI HA IBYX TAPMOHUYECKM CBSI-
3aHHBIX yacroTax: 8,4 m 33,6 I'Tu, — koro-
pble IOJDKHBI OBUIM TPUHMMATBCS Ha 3emiie.
[To 5TUM TaHHBIM TMIPEATIOJIATAIOCH ONPENEINUTD
OTHOCHUTENIbHYIO CKOPOCTb U YIJIOBbIE KOOPAM-
HaTel mpubopa Ha Poboce M TakuM 0OpazoM
BBIYUCIIUTD €T0 OPOUTY C BBICOKOM TOYHOCTHIO.
OkcnepuMeHT MROE no n3yuyeHuto noHocge-
pbl Mapca TyTéM paiorpoCBeYNBAHUS MEXITY
nBymMs: KA muaHupoBalioch IIPOBOOUTH CO-
BMECTHO C KMTaliCKUM MUKpOCITyTHUKOM YH-1.

Jns1 myHHOU miporpammbl (ITpoekThl «JIyHa-
I'mo6» u <«Jlyna-Pecypc») nmabGoparopusi co3-
NaéT anmaparypy A paauodU3UYecKux 3KC-
MMepuMeHTOB: «Pamuomasik» Ui ycTaHOBKM Ha
MOCaOYHBIX JIYHHBIX aIlrnaparax M NMpUEMHUK
Ka-gunanazona (ITK) mist opOUTAIBHOTO ar-
rmapata M TPOBEICHUST IKCIIepUMEHTa IO W3-
YUEHUIO TPaBUTALIMOHHOTO 10Jis JIyHBI.

Hns mpoekta «Ok30Mapce» (3amyck 2018 r.)
IJIAHUPYETCS  CO3MaTh  CITy>KeOHO-HAyYHBIT
npubop 'APC (reHepaTtop aBTOHOMHBINM pa-
JNMOCUTHAJIOB) ISl MTPOBEPKM HAa3eMHBIX CTaH-
it mpuéMa uHOOPMAIMKM C OPOUTATBHOTO
anmapara 1Mo MpoekTy «3k3oMapc» (3amyck
B2016T1.).

st 6ymymero MUKpocyTHUKA «Hubuc-A»
coznaércs mpubop I1BK (mepenatymk GuICTpO-
ro KaHaja), npeiHa3HauYeHHbIN IS Mepeaayn
HayyHOU MH(popManuu Ha 3eMJTI0 U IS TIPOo-
BeIeHUS paaroGU3NIECKOro IKCIEpUMEHTa
Mo ucceloBaHUI HOHOChepbl. 3amycK MM-
KpPOCITyTHHKA 3arutaHupoBaH Ha 2016 .

Instruments, Projects, Results

As part of the Phobos Sample Return mis-
sion (launched in 2011) the laboratory was re-
sponsible for the USO instrument (ultrastable
oscillator) for two radiophysical experiments:
“Celestial mechanics” and MROE. The for-
mer’s objective was to perform precision mea-
surements of orbital parameters of Phobos.
Following the landing the USO instrument was
supposed to emit continuous signals on two
harmonically related frequencies — 8.4 and
33.6 GHz — to be received on the Earth. Based
on this data it was assumed to determine relative
velocity and angular position of the instrument
on Phobos and, as a result, to calculate its or-
bit with high precision. The MROE experiment
on studying the Mars ionosphere via continuous
electromagnetic transmission probing with two
probes was expected to be conducted in coop-
eration with the Chinese microsatellite YH-1.

For the lunar program (missions Luna-Glob
and Luna-Resurs) the laboratory designs instru-
mentation for radiophysical experiments: radio
beacons to be installed on the lunar landers and
a Ka-band receiver for the orbiter and the exper-
iment of the gravity field of the Moon.

As part of the ExoMars mission (launch
in 2018) it will design a scientific support instru-
ment GARS (isolated signal generator) for veri-
fication of information reception by the earth-
based stations from the orbiter (launch in 2016).

For the upcoming microsatellite Chibis-Al
the laboratory designs an instrument PBK
(short for “fast channel transmitter”) for transfer
of scientific data to the Earth and conducting ra-
diophysical ionosphere experiment.

A ypa, co30 Instrumentation designed for

p
no memam «Onepemka»

u «BpoHenoe30» (2ocydap-
cmeeHHbIli 060poHHbIU 3a-
kas3). Ljenvio pabomel 66110
co30aHue npubopa «O6Ha-
pyXumesnb», Komopbil
€ocmosAn us NaccueéHoz20
KaHana — npuémHuKk (cne-
84a), U aKMmueHo20 — paouo-
nokamop (nocepeduHe).

C a6

ucnvimanus npl;'6oparna
Kkpolwe UKU PAH

the Operetka and Bronepoyezd
(government defense order)
projects. The goal was to
create a detecting instrument,
which consisted of a passive
channel (receiver — left) and
an active one (radio locator —
right). On the right is the labo-
ratory testing of the instru-
ment on the roof of IKI



CeKTOp CyOMULIMMETPOBOIi M HH(PAKPACHO#
actponomun (64.6) (pyxosodumeno —
Heops Macnog)

CekTop (MepBOHaYaJIbHO — JlabopaTopusi)
CyOMWITUMETPOBOI U MH(MPAKPACHON acTpo-
Homuu obpasoBanack B UK PAH B Hauane
1970-x rr. B otnene U.C. IlIknoBckoro. [Tocie
ero cmeptu u oopazoBanHust AKLl ®MAH ona
npeBpaTUjiach B J1a0OpaTOpUIO CyOMMILIMME-
TPOBOI TEXHUKHU B COCTaBe OTAENa MPUKIIATHON
actpodusuku. C caMoro Havaja J1abopaTopu-
eil pykoBoawa a-p ¢u3s.-Mar. Hayk leHHammii
Bopucosny lonomunkmii. M ¢ cotpynHuka-
mu MKH, TAUII u oTpacieBblX UHCTUTYTOB
ObUIM pa3padoTaHbl oxjaxaaembie (POTOMETPBI
CyOMWIJTUMETPOBOTO IMana3oHa U TpOBele-
HBl ACTPOHOMWYECKHE WCCIENOBAHUS MEX-
3BE3AHON MBUIM U XapaKTEPUCTUK 3€MHOM aT-
mocdepsl Ha BoiHax ot 1,4 mm 1o 340 MkM Ha
BBICOKOTOPDHBIX U CAMOJETHBIX TeJIecKOomax.
IIpoBoaunuce paboThl MO CO3NAHUIO OXJIAXIA-
€MBIX KOCMUYECKUX TeJIeCKOIOB IUIsi 0630pOB
Heba B CYOMWJUIMMETPOBOM, WH(pPaKpacHOM
Y BUAMMOM JIMana3oHax.

Ceituac OCHOBHOE HarpaBJieHUue paboT ceK-
TOpa — WCCIeqOBaHWE AaCTPOHOMUYECKUMU
METOJaMU CBOMCTB W paclpeiesieHue IMbUd
B KocMoce M atMochepe 3eMin ¢ TTOMOIIBIO
doTromMeTpuuecKuX M TMOMSIPU3ALMOHHBIX Ha-
OoAeHUH.

OcHOBHbBIE HATIPABJICHHUS

»  DoTOMETPUYECKUE HABGIIONEHMS 3BE3 U KO-
MeT B MH(PAaKpaCHOM JUAra3oHe CIIEKTpPa;

* IIMPOKOYTOJbHBIE IOJAPU3ALMOHHBIE Ha-
OJIIOIEHIS B OIITUYECKOM JMaIa30He;

* HCClieOBaHKE Ma3ePHBIX NICTOYHUKOB.

LupokoyzonbHble nonapusa-
YUOHHbIe usmepeHus poHa
cymepeyHo20 He6a Hayanuce
82011 2. c nomowbto no-

p 4 pol,
paspabomanHoli compyo-
Hukamu omoena. Ce2o0HsA
3mo eduHCMeeHHbIl 8 Mupe
uHcmpymeHm, noseonsowu
00HOBpeMeHHO nosly4ams
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P JP mo-
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aKkm mu P no-
moka lMepceudoi

A

The wide-angle polarization
measurements of twilight
background commenced

in 2011 assisted by a polar-
ization camera designed

by the department staff.
Today it is the world’s

only instrument that
enables to simultaneously
obtain polarization data
from all points in the sky

up to coaltitude of 7°.

The instrument can monitor
temperature of the Earth
mesosphere (70 to 85km).
This is highly relevant due to
rapid cooling of these atmo-
spheric layers, which is likely
related to anthropogenic
reasons — radiation cool-
ing associated with green-
house gases, most notably,
CO,,. Moreover the polariza-
tion analysis enables to
record appearance of dust
particles in the mesosphere.
The effect’s maximum was
observed in August 2013,
during activity of the Perse-
ids meteoric shower

Submillimeter and Infrared Astronomy Sector
(64.6). Head — Igor Maslov

The sector (initially a laboratory) was estab-
lished in IKI in the early 1970s in the depart-
ment of Iosif S. Shklovsky. Following his death
and foundation of the AstroSpace Center it be-
came a laboratory of submillimeter equipment
as part of the Department of Applied Astrophys-
ics. In the beginning it was headed by Dr. Gen-
nady B. Sholomitsky. Together with the employ-
ees of IKI, SAI, and sectoral research institutes
they designed the cooled submillimeter-wave
photometer conducted studies of interstellar
dust and the Earth’s atmospheric properties
on 1.4 mm to 340 um with high-altitude and air-
borne telescopes. It also worked to create cooled
space telescopes to survey the sky in submillime-
ter, infrared and visible ranges.

Today the main line of work of the depart-
ment is astronomical research of dust properties
and distribution in space and the Earth atmo-
sphere with photometric and polarization obser-
vations.

Research Areas

* Photometric observations of stars and comets
in the infrared spectrum;

* wide-angle polarization observations

in the optical spectrum;
* maser source studies.
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Nzopb Macnoe
Igor Maslov

I.b. llonomuuykuii
G.B. Sholomizky

BbannoHel ¢ XudKuM 2enuem
803/1e 6awHu 70-caHmu-

Liquid helium tanks near
a 70-cm telescope housing

mMempoe020 meneckona, arranged for astronomical
nodzomoeneHHble OnAnpo-  observations at a height

O acmp Kux  of 4,350 m. Central Astro-
Ha6niodeHuli Ha 8bicome nomical Observatory and IKI

4350 m. 3kcneduyusa FrAO

u KU AH CCCP. BocmodHbili
Mamup (noc. LWop6ynak,
Tadxukckas CCP), hespane
1983 a.

expedition. Eastern Pamir
(settlement Shorbulak, Tadzhik
Soviet Socialist Republic),
February 1983
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Fe3y

memnepamyp e me30c-
¢hepe no cpasHeHuto co

cny 0
(sxcnepumerm SABER Ha
cnymnuke TIMED u 3kcnepu-
meHm MLS Ha cnymHuke
EOS Aura, NASA)

Measurement results

of the mesosphere tempera-
tures compared to the satel-
lite data (SABER experiment
on the TIMED satellite and MLS
experiment on the EOS Aura
satellite, NASA)



