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dusnka KOCMHUYECKOUW IUIa3Mbl — OIHO
U3 OCHOBHBIX HaIlpaBJIEHUIl TEOPETUYECKUX
W 3KCIepUMEHTaNIbHBIX uccaenoBanuit UKU.
[l1asMma — OCHOBHOIM KOMIIOHEHT OKOJIO3€M-
HOTO TIPOCTPaHCTBa, MarHUTOCHEpbl U MOHO-
chepbl, MeXIUIaHETHOW cpemsl, aTMochepsl
ConmHna. KMIMeHHO TuTa3MEHHBIE MPOLIECCHI
YOPaBJISIOT COJIHEYHOM aKTUBHOCTbIO U €€
CIEICTBUSIMA — TE€OMAaTrHUTHON aKTMBHOCTBHIO
Ha 3emJe (T.H. «<KOCMUYeCKOl moronoii»). Pas-
pexeHHy1o T1a3My COJTHEUHOM CUCTEMBbI MpaK-
TUYECKA HEBO3MOXHO HU 3aperMCTPUpOBaTh
¢ 3eMJI1, HU TIOJIyYUTh B 3eMHOI JJabopaTopuu.
Toapko ¢ HaYaJloM KOCMUYECKOI 3phI, YXXe Ha
MEePBBIX CIYTHUKAX, OBbIJIM OTKPBITHI pagyaly-
OHHBIC TTOsIca 3eMJIH, TIa3Mocdepa U MarHUT-
HBII XBOCT MarHUTOC(ephl, COTHEYHbII BETEP.
Ceituac Takue HaOmoneHus B ColHeYHON cu-
cTeMe BemyTces ¢ 60pTa IeCITKOB KOCMUUYECKUX
anmnaparos.

Ilnasama — Haubonee aKTMBHOE COCTOSI-
HHe BellecTBa BO BceneHHOIT M1 MMEHHO TIa3-
MEHHBIE TIPOLIECCHl OMPENENSIOT U3JyYeHUe
OT acTpoU3n4YecKux o00beKToB. OnHAKO 00b-
€KTBI TaJIbHETO KOCMOCa MbI MOXXEM Ha0JII01aTh
TOJIBKO «CO CTOPOHBI». [103TOMYy OKOJI03eMHOE
MPOCTPAHCTBO, JOCTUXKMMOE C TIOMOIIBIO KOC-
MMYECKHX alllapaToB, — 3TO U YHHUKaJIbHas
€CTeCTBEHHas JabopaTopusl, B KOTOPOl MOXHO
MU3y4aThb 3aKOHBI, YIPABISIONIAE ITUHAMUKON
KOCMUYECKOU TIIa3Mbl, HAXOMSICh HEIOCPEem-
CTBEHHO BHYTPH CPEJIbI.

B 1meHTpe BHUMaHMS WCCIIeNOBaHWIA Ha-
XOISITCA CJemylolre KIIo4YeBble TeMbl (Pu-
3UKM KOCMMYECKON IUIa3Mbl U KOCMUYECKOU
TTOTOJIBI:

* mpeoOpa3oBaHUE OSHEPTUM B COJHEYHBIX
BCIIBIIIIKAX;

* CTPYKTypa M IMHAMUKa COJTHEYHOTO BETpa;

* MEeXaHW3MBbl YCKOPEHHUS 3apsKEHHBIX YACTHIL

* CTPYKTypa U JMHAMHUKa 0ECCTOIKHOBUTEIb-
HBIX YIapHBIX BOJIH;

* TPOUCXOXIECHUE TypOYJICHTHOCTH U €€ BIIH-
SHME Ha TIPOLIECCHl MepeHoca, B3auMOIeii-
CTBYE BOJTH M YaCTHIL;

* KOHG(UTYpalus U TMHAMUKa MarHUTOCHephl
B XoJie Oypb U cyOOypb;

* MeXaHW3MBbI MAaTHUTHOTO TTePECOeTUHEHUS;

* MarHurtocgepHo-uoHochepHo-aTMOchep-
HbI€ CBSI3M;

* IIa3MeHHBIEe 00OJIOYKU TUTAaHET U 6e3aTMOocC-
¢epHbix Ten1 COIHEUYHOM CUCTEMBI.

OcHoBy mnonmpasneneHuit MHcTuTyTa, 3a-
HUMAaBIIMXCST TJTa3MEeHHOM TEMaTUKOM,
COCTaBUJIM  HECKOJBKO  HAy4YHBIX TPy,
nepemenimux B MUKW B nepBbie ronbl ero cy-
wecrBoBaHus: 0. U. lNanbnepuna, O. B. Baiic-
o6epra, K.W. [Ipunrayza, W.M. Iloarop-
Horo, I'.A. CkypumuHa, H.JI. T'puropona
u H.®. Iucapenko. B coBpemeHHOM BuUIE
otmen (U3MKA KOCMUYECKOM TUIa3Mbl ObLT
chopmupoBaH B 19851. Ero mepBbiM pyko-
BomuTeeM cran AnbOepr AOyOakuposwmy Ia-
JieeB, a TIOCJe €ro Ha3zHaYeHUsl TUPEKTOPOM
B 1988 r. — JleB MarBeeBuY 3eseHbIN.

Space plasma physics is one of the main di-
rections of IKI’s theoretical and experimen-
tal research. Plasma is the main component
of the near-Earth space, the magnetosphere and
ionosphere, interstellar medium and solar at-
mosphere. The plasma processes drive the solar
activity and its consequences — the geomagnetic
activity on the Earth (the so-called space weath-
er). The rarefied plasma of the Solar system can
neither be recorded from the Earth nor obtained
in the ground laboratory. Only with the begin-
ning of the space era, already on the first satel-
lites, radiation belts, plasmasphere, magne-
tosphere tail, and solar wind were discovered.
Today such observations in the Solar system are
conducted with dozens of spacecraft.

Plasma is the most active state of the matter
in the Universe and these are the plasma pro-
cesses that determine radiation from the astro-
physical objects. But the far space objects can
be studied only remotely. That is why the near
space, which the spacecraft can reach, is also
a unique natural laboratory where the laws gov-
erning the space plasma dynamics can be stud-
ied while being directly inside of this medium.

Following topics of space plasma physics and
space weather are in the focus of department at-
tention:

* energy conversion in solar flares;

 structure and dynamics of the solar wind;

* mechanisms of charged particles accelera-
tion;

« structure and dynamics of collisionless
shocks;

* turbulence origin and its influence
on the transport processes, interaction
of waves and particles;

» configuration and dynamics of the magneto-
sphere in the course of storms and substorms;

* mechanisms of magnetic reconnection;

* magnetosphere-ionosphere-atmosphere con-
nections;

» plasma envelopes of planets and atmosphere-
less bodies of the Solar system.

The basis of the Institute’s divisions dealing
with plasma topics was made up of several sci-
entific groups which joined IKI in the first years
of its existence. It’s modern form the space plas-
ma physics department acquired in 1985. Its first
head was Albert A. Galeev and when he was ap-
pointed a director in 1988, the department was
headed by Lev Zelenyi.



C 2010 1. 3aBenmyet otnenoMm A.A. ITeTpyko-
BudY. B 2013 r., rocie peopraHu3auuu, B OTaE]
BOIILIA JIAOOPATOPUST MHXKEHEPHO-TEXHUYECKO-
ro obecIeyeHNsT SKCIIEPUMEHTOB U ITPOEKTOB.

CoTpyoHUKHU OTAeNa TMPUHUMAIU YydacTue
B paboTax MpaKTUYECKU IO BCEM COBETCKUM
1 POCCHUICKUM TPOEKTaM TIJIa3MEHHOU U TIjIa-
HeTHOM TeMatuku: <«MHTepkocmoc», «Koc-
Moc», «[IporHo3», aBTOMATHMYECKUM MeEX-
IUIAHETHBIM CTaHIusAM <«JlyHa», «Benepa»,
«Mapc», «D0o60c», KOCMUYECKUM CTaHLUSIM
«Camot», «Mup», MKC u np.

Bexoii coBpeMeHHOI MCTOPUU OTHENa CTall
MmexayHaponHblii npoekt MHTEPBOJI nnsa
MHOTOTOYEUHBIX HCCIEIOBAHUN MarHUTOC-
depsl 3eMiIM U COJHEYHO-3€MHBIX CBSI3Ei
(1995—2000). OH cocTosi1 U3 ABYX CIYTHUKOB:
«UHTepbon-1» («XBocToBOU 30HN») U «UHTEDP-
601-2» («ABpopanbHbIii 30HI») — U IBYX Cy0-
cryTHUKOB («MaruoHn»). HayyHas anmapatypa
co3laBajach B paMKax OOIIMPHOW HayyHOU
Koomneparuu 6osee 20 cTpaH U BKIIIOYajga Mar-
HUTOMETPBI, MPUOOPHI ISl U3MEPEHUs IIa3-
MEHHBIX BOJH M CITEKTPOMETPHI 3apsKeHHBIX
yactui. [Ipoekt MHTEPBOJI cran uyacteio
MexareHTCKOi McClie0BaTe/IbCKOil Mporpam-
MBI TI0 cOTHeYHO-3eMHo# ¢usuke IASTP u 3a-
HSJT JOCTOMHOE MECTO B YHUKAJIBLHOM «CO3BE3-
IMU» CITyTHUKOB, paboTalolIMX B 3TO BpeMsl Ha
opoure: Wind, Polar, SOHO, Geotail (NASA,
ESA, JAXA).

Cnymtuxk UHTEPBOJ1-2
Interball 2 spacecraft

Since 2010 A.A. Petrukovich has been
the department’s head. In 2013 after the reorga-
nization, the laboratory of the engineering sup-
port of projects and experiments was included
into the department.

The department’s staff members were par-
ticipating in in almost all the Soviet and Rus-
sian plasma and planetary projects: Infercosmos,
Cosmos, Prognoz, automatic interplanetary sta-
tions Luna, Venera, Mars, Phobos, space stations
Salyut, Mir, 1SS, and others.

The Interball international project for multi-
point studies of the Earth’s magnetosphere and
solar-terrestrial relations (1995—2000) has be-
come a milestone of the department’s modern
history. The project included two satellites: In-
terball-1 (Tail Probe) and Interball-2 (Auroral
Probe) and two subsatellites (Magion). The sci-
entific hardware was constructed by the ex-
tensive scientific cooperation of more than 20
countries and included magnetometers, in-
struments to measure plasma waves and spec-
trometers of charged particles. The Interball
project has become a part of the InterAgency
Solar-Terrestrial Physics Program (IASTP) with
the unique constellation of satellites operating
on orbit at that time: Wind, Polar, SOHO, Geo-
tail, etc. (NASA, ESA, JAXA).

Sm6nema npoekma UHTEPBOJ1
Project Interball insignia

Op6umbl cnymHuKoe mexxoyHa-
pooHoli npozpammel IASTP

IASTP constellation of spacecraft
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B 5Ty roapl Mmpou3OIIEN 3HAUYMUTEIbHBINA
CKauOK B KayecTBe M KOJMYECTBEe Habirona-
TEJIbHBIX JTaHHBIX, TIOJYYeHHBIX Oaromapst
YCOBEPILIEHCTBOBAHUIO HAYYHOI armapaTypbl
U HENPEepBIBHBIM OIHOBPEMEHHBIM MU3MEPEHU-
sIM MHOTUX CIYTHUKOB. Ha ocHOBe maHHBIX,
MOJIyYeHHBbIX CIyTHUKaMu «MHTepOo», ObLIO
onyosrkoBaHo Oosiee 500 HaydHBIX CTaTei,
OOJIBIIMHCTBO M3 KOTOPBIX ObUTM HAMMCAHBI
B paMKax MEXIyHapOJHOTO HAyYHOTO COTPYI-
HUYECTBA.

DTOT MPOeKT, KaK U Ooyiee paHHUN TTPOEKT
BETA, 3a0Xwin OCHOBY aKTUBHOTO Y4acTHSI
KOJUIEKTHBA OTAe]a B paboTax MO KOMIUIEKC-
HOMY aHaJIN3y NaHHBIX B MEXTYHAPOIHON KOO-
Mepaiyu, yCIeuHo MPOIoDKAIOIIEToCs 10 CUX
nop, B ToM umcie no npoektam Cluster (EKA),
THEMIS (NASA), SDO (NASA) u MHOTHX
TIPYTUX.

B Hactosimee Bpemsi COTPYOHUKM OTAena
BEAyT TEOPEeTUYeCKre WCCIENOBAaHUS W YUC-
JICHHOE MOJEJMPOBaHME MPOLIECCOB B KOCMU-
YecKOM IuIa3Me; aHaJu3 M HMHTepIpeTaluio
HaOTIONATETbHBIX JAHHBIX POCCUMCKUX U MEX-
TIYHApOIHBIX KOCMUYECKUX U HA3eMHBIX IKCIIe-
PUMEHTOB; pa3pabOTKy U peain3aluio KOCMU-
YECKMX U Ha3eMHBIX 9KCIIEPUMEHTOB, CO3/IaHNe
Hay4yHOI ammapatypbl; pa3paboTKy U BHeApe-
HME METOJOB MOHMTOPMHIA U IPOTHO3a KOC-
MUYECKOU TTOTO/IBI.

B nmocnenHue HeCKoOJIbKO JIeT Ha opouTe Ha-
XOIWJIUCH CJIEAYIOLIME S9KCIIEPUMEHTHI OT/AeNa:

* MuUKpocnyTHUK «Hubuc-M» s uccieno-
BaHMsT (GUBMYECKUX MTPOLIECCOB B aTMOC(hepe
1 noHochepe 3eMyiu MpU TPO3OBBIX pa3psi-
nax (2012—-2014);

* BOJIHOBOW KOMIUIEKC JJISI UCCIIEIOBAHUS aT-
Moc(EepHbIX TPAaH3UEHTOB (B COCTaBe Hay4d-
Hoii Harpy3ku MKA «BepHoB», 2014);

+ Komruieke «[lnasma-®» s vccienoBaHust
COJTHEYHOTO BeTpa (B cocTaBe HayyHOM Ha-
rpy3ku KA «Cnexkrp-P», 2011);

» komruiekc «OOcCTaHOBKa» Uil McCCenoBa-
HUs T1a3MeHHoro okpyxeHuss MKC (Hava-
70 aKkcnepumenTa 2013 r.)

B cragun pa3paboTKu HaxOHsATCSl Clenylo-
II1e IPOEKTHI:

+ «Pe3onanc» (3amyck 2018 r.) — MHOTrOCIyT-
HUKOBBII TMPOEKT ISl UCCIENOBAHUN BHY-
TpeHHell MarHuTocGhephl 3eMIu;

* «CrpanHuk» (3amyck 2019r.) — wmambrit
KOCMMYECKMIA ammapaT IS MCcClIedOBaHUA
MeJIKOMAaCIITaOHBIX ITPOIIECCOB BO BHEITHEN
MarHuTocdepe 1 COTHEYHOM BETPE;

* «MoHozoHm» (3amyck 2019r1.) — MHOro-
CITyTHUKOBBIM TIPOEKT I MOHUTOPUHTA
HOHOCGhEPHI;

* «MHTteprennosoHn» (3amyck 2021 r.) — Koc-
MWYECKHI anmapar Il UCCIeIOBaHUI BHY-
TpeHHel remocdepsl 1 CoHIIA.

I[Ipubopsl B cocTaBe Hay4yHOUl Harpy3Ku
miaHeTHbIX KA: «JlyHa-I'1o6», «JlyHa-Pecypc-
Opoutanbhbelit> u  «JlyHa-Pecypc-Ilocamou-
Hblit»; «OK30Mapc» (Pockocmoc/EKA; 3amyck
2018 r.); «benmu Konom6o» (EKA/JAXA).

During those years leap forward was done
in the quality and quantity of the observational
data due to scientific instrument improvement
and continuous measurements by many satel-
lites. Based on the Interball project observations
more than 500 scientific papers were published,
most of them in international scientific collabo-
ration.

This project, as well as the earlier Vega proj-
ect, has become the basis for current active par-
ticipation of the department in complex data
analysis in the frame of international coopera-
tion, in particular with Cluster (ESA), THEMIS
(NASA), SDO (NASA) projects.

Today, the department’s staff is conduct-
ing theoretical studies and numerical modeling
of processes in the space plasma; analysis and
interpretation of the observational data from
the Russian and international space and ground
experiments; development and implementa-
tion of space and ground experiments, devel-
opment of scientific instruments, development
of the space weather monitoring and forecast
methods.

During last several years following experi-
ments of the department were operating in orbit:
+ the Chibis-M microsatellite to study physical

processes in the Earth’s atmosphere and ion-

osphere during the storm discharges (2012—

2014).

* wave instrument suite to study atmospheric
transients onboard the MKA Vernov space-
craft (2014).

* Plazma-F experiment for solar wind research
(Spektr-R, launched in 2011)

* Obstanovka instrument suite for studies
of ISS plasma environment (aboard the ISS,
the experiment started in 2013)

Projects in development are:

* Resonance (to be launched in 2018) multisat-
ellite mission to study the Earth’s inner mag-
netosphere

» Strannik (to be launched in 2019) small
spacecraft to study small-scale processes
in the Earth’s outer magnetosphere and solar
wind

« Jonozond (to be launched in 2019) multisat-
ellite mission to monitor the Earth’s iono-
sphere

 Interhelioprobe (to be launched in 2021) to
study inner heliosphere and the Sun

* Instruments included in the scientific pay-
load onboard interplanetary stations Lu-
na-Glob, Luna-Resurs-Orbiter, and Luna-
Resurs-Lander; ExoMars (Roscosmos/ESA,
2018); BepiColombo (ESA/JAXA, 2017)



JlaGopaTopus Teopun IIa3MEHHBIX MPOLECCOB
B KocMuueckoii cpene (541) (pyxosodumens —
0-p @uz.-mam. nayx asud Illlxaap)

JlabopaTopuss — omHa U3 CHUCTeMOOOpa-
sytommx B MKW ¢ momeHTa ero ¢opmu-
pOBaHMSI. Boinaromumucs TeOpeTUKaMu

TJIa3MBI SIBJISTIOTCST OBIBIIIE W HBIHEITHUN -
pektopbl MaCcTUTYTA P. 3. Carmees, A. A. 'ane-
eB 1 JI. M. 3enenblii. OCHOBHasl TeMaTUKa Ja-
6oparopu — aHAJIUTUYECKUE WCCIIEIOBaHMS,
YUCJICHHOE MOJEIMPOBAHUE W aHAU3 DKCIIe-
PUMEHTAJIIbHBIX JIaHHBIX. 3a TOAbI CYLIECTBO-
BaHUSI €€ COTPYOHUKU TIOMYYWJIW IIEJIBIA PSi
(yHmaMeHTaJIbHBIX Pe3yJbTaTOB MO TEOPUM TO-
KOBBIX CJIOEB I MAaTHUTHOMY ME€PECOCAMHEHMIO,
KBa3naanuabaTnIeckoil IMHAMUKe 3apsKeHHBIX
YacTHll, Mo (ppakTalbHOM| CTPYKTYpe IMIa3MeH-
HOU TYpOYJEHTHOCTH.

OcHoBHbIE 00BEKTHI HCCJIEIOBAHMIA
B HACTOsILIEE BPeMs

* [lna3mMeHHble HEYCTOMYMBOCTH, PpacCIpoO-
CTPAHEHME MU3TYYEHUI B OKOJIO3EMHOM KOC-
MWYECKOM TIPOCTPAHCTBE, OKOJIOTUIAHET-
HOM, COTHEYHOU 1 MEXITJIAHETHOM IIJIa3Me;

* PE30HAHCHOE B3aMMOJIECICTBHME BOJH U 4Ya-
CTUII B MarHUTOCGEpE;

* CTpPYKTypa M JAMHAMHUKA MarHUTOILJIa3MEH-
HBIX OOBEKTOB: TOKOBBIX CJIOEB, YIApHBIX
BOJIH U TIp.);

* TypOYJIEHTHOCTb I YCKOPEHME YaCTUIL.

Laboratory of Theory of Plasma Processes
in the Space Medium (541). Head —
Dr. David Shklyar

The laboratory is one of the cornerstones
of IKI since its establishment. The former
and current Institute directors R.Z. Sagdeev,
A.A. Galeev and L.M. Zelenyi are the distin-
guished plasma theoreticians. The primary sub-
ject of the laboratory is analytical investigations,
numerical modeling and analysis of the ex-
perimental data. Over the years a whole range
of fundamental results was obtained for the the-
ory of current sheets and magnetic reconnec-
tion, quasi-adiabatic dynamics of charged par-
ticles, fractal structure of plasma turbulence, etc.

Current research areas

» Plasma instabilities, wave emission propaga-
tion in the near-Earth space, planetary, solar
and interplanetary plasma;

* resonant wave-particle interactions in the
magnetosphere;

» structure and dynamics of magneto-plasma
objects: current sheets, shocks etc;

» turbulence and particle acceleration.

Haeud lknap
David Shklyar
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8 X80cme mazHUmMocepoi projects. The empirical KUMU HUXHel U 8epxHel componen ? wave measure- coznacuu ¢ daHHLIMU cnym-
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puyeckue coomHoweHus p p mue KkpynHomacwma6Hoii
Mexdy memnepamypou ceucmos, 8 mom yucse suxpeeoti cmpyKmypol

P 4 pamy
. i P p pup
pou ueep 8aHHbIX UOHOC(hepHO-

KomMnoHeHmMoU MazHUMHo20
nonaB;T,/B,=2k3B/7HTn,

— 0.62
T,=11T,

OMPAXKEHHLIX NPOMOHHbIX
ceucmos, Habnodaembix
HA HU3KUX Wupomax

The Kelvin-Helmholtz instabil-
ity (KH), which plays an
important role in the dynam-
ics of transient regions, was
analyzed in detail. The KH
instability is a probable mecha-
nism of generation of the low-
frequency long wavelength
oscillations of the magnetic
field in the boundary region
of the plasma sheet, which
moves towards the Earth to-
gether with high-speed plasma
flows. The characteristic wave-
lengths and oscillation fre-
quencies obtained analytically
match the observational data.
The use of the modern com-
putational methods helped to
show that a large-scale vortex
structure can be generated

in the supersonic plasma, as
can be seen in the image
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AHamonuti lTlempykoeuy
Anatoly Petrukovich
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in the transition region

JIaGopaTopus yCKOPUTEJIbHbIX MPOIIECCOB

B KOCMHYECKO#i IJIa3Me U KOCMHYECKO#i TOroIbI
(542) (pyxosodumenv — 0-p ¢us.-mam. HayK
unen-Koppecnondenm PAH

Anamoanuii Ilempyxoeuu)

JlabopaTopust BeI€T CBOIO MCTOPUIO OT CEK-
TOpa COJIHEUHBIX KOCMHYECKMX JIydeid, chop-
MHUPOBAaHHOIO B 1967 I. ¥ BO3IJIABISIBIIEIOCS
H. ®. IMucapenko. Crenunanusanueit abopa-
TOPUU CTAJIM 3KCIIEPUMEHTAJIbHBIE MCCIIeIOBa-
HUS COJHEYHBIX KOCMUYECKUX JIy4eil, KOpOT-
KOBOJIHOBOM COJIHEUHOM paauanuu, 4YacTull
pamualMOHHBIX TOSCOB 3eMJIM, SHEPTUYHOM
TJIa3Mbl MATHUTOC(EPHI.

TemaTuka COBPEMECHHbBIX paﬁoT

* JUMHAMUKW M YCKOPEHUs] SHEPruYHbIX 4Ya-
CTUII TUTa3MBI B OKOJIO36MHOM KOCMHUYECKOM
MPOCTPAHCTBE, OKOJIOIJIAHETHOM, COJHEY-
HOW M MEXIUJTaHETHOM cpefie;

* METOJIOB U CPEICTB MOHUTOPUHTA U ITPOTHO-
32 KOCMUYECKOM MOTObI;

* JMHAMUKW COJIHEYHOM KOPOHBI U yCKOpe-
HUS COJTHEUHBIX KOCMUYECKHX JIYICif;

* BJIMSIHUSI KOCMMUYECKOI TMOTObI Ha buocde-
py 3emiu;

* IWHAMUKW MarHUTOC(hEpPHl 3eMJTH.

O4YeHb MHTEPECHBIC Pe3YIbTaThl 10 KOCMU-
YecKoil paaualvu ObLIM TOJYyYEHbl YXe MpH
MepBBIX 3amyckaX. BelUTo moka3zaHo, 4TO TUHA-
MMKA TOTOKOB COJTHEYHBIX KOCMUYECKUX JIydeid
MOXET OBbITh paccMOTpeHa Kak Iuddy3ust ya-
CTUII HAa HEOTHOPOIHOCTSIX COJTHEYHOTO BETpa,
ObUTa BBIYMCJICHA 3aBUCUMOCTb KO3(hdUIIEH-
TOB UG dY3UU OT IHEPTUU YACTHUII.

CrieKTpoMeTpHusl SHEPTUYHBIX YACTUIl BbI-
COKOTO pa3pellleHus] MPOBOAWIACh B COTPYI-
HMYECTBE C YeXOCJIOBAaLIKUMHU Kojuteramu. [1pu
U3YyYeHUM 3apsI0BOTO M M30TOITHOTO COCTaBa
YaCTHUIl OT COJHEYHBIX BCIBIIIEK B IHUaria3oHe
5...100 MaB npubopamu U-1 («IIporHos-5»),
TP-2 («IIporuo3-6» u «MHrepkocMoc-17»)
u TP-3 («I[IporHos-8») OGbLIO OLIEHEHO COmep-
xanue He® (0OBIYHO He3/He4 <0,02) 1 BbISIB-
JIEHBI €TO CWJIbHBIE BapUallMH, YTO CBUICTENb-
CTByeT O IWHAMUYHBIX PEeXHMMaX YCKOPEHUS
KOCMMYECKUX JIyYeil B COJTHEUHOU KOPOHE.

Lenbio akcnepumenTa JIOK-2 nmpoexkra «MH-
Tepbo» («XBOCTOBOI 30HI») OBLIO M3y4eHHE
criekTpoB 3HepruyHbix yactuil (20...800 kaB)
BO BHENIHE MarHuTocdepe ¢ CyIIeCTBeHHBIM
YBEJIMYCHUEM CIIEKTPAJIbHOTO M BPEMEHHOTO
paspeleHus. B pe3yiabrare 0OHapyXeHO MPUH-
LIUTTMATTBHO HOBOE SIBJICHUE — ITYyYKU TMOYTU MO-
HosHepretuueckux noHos (ITMMU) oxoino ymap-
HOI1 BOJIHBI U B TIepeXOIHOIM obnacTtu. B criekTpe
OHU TIPENCTABJIEHBI 2-3 Y3KUMU JIMHUSIMU C OT-
HouteHneM dHepruit 1:2:(5-6), 4TO0 COOTBET-
creyer moHam H™, He™ u rpynne uoHosn (C,
N, O)+(5'6>. IIpennoxenHoe oobsicHeHue [IMU
CBSI3BIBACT MX C Pa3pbiBaMU TOKOBBIX CJIOEB,
00pa3ylollUX TpaHMIbl B IUIa3Me, HampuMmep
TPU CTOJIKHOBEHUU TOKOBOTO CJIOSI B COJTHEU-

Laboratory of Acceleration Processes in Space
Plasma and Space Weather (542). Head —
RAS correspondent member

Dr. Anatoly Petrukovich

The laboratory dates back to the division
of solar cosmic rays established in 1967 and
headed by N.F. Pisarenko. The laboratory spe-
ciality were experimental studies of solar cosmic
rays, short wavelength solar radiation, radiation
belts, energetic plasma of the magnetosphere.

Modern research

» dynamics and acceleration of energetic parti-
cles in the near-Earth space, planetary, solar
and interplanetary plasmas;

* methods and means of the space weather
monitoring and forecast;

* solar corona dynamics and solar cosmic rays
acceleration;

+ space weather influence on the Earth’s bio-
sphere;

« Earth’s magnetosphere dynamics.

Interesting results were obtained already
in the very first launches. Dynamics of solar
cosmic rays fluxes was proved to be diffusion
on solar wind inhomogeneities. The dependence
of diffusion coefficient on particles’ energy was
calculated.

Energetic particle spectrometry of high res-
olution was performed in collaboration with
the Czech and Slovak colleagues. The charge
and isotopic composition of the particles from
the solar flares within 5...100 MeV was re-
vealed using I-1 (Prognoz 5), TR-2 (Prognoz
6 and Interkosmos 17) and TR-3 (Prognoz &)
instruments. Nominally the He® content is
He3/He4 <0.02, but its strong variations were
found.



HOM BeTpe C ymapHOW BoJIHOW. B 30Hax pas-
pbiBa (OPMUPYIOTCS OYEHDb CUJIbHBIE 3JIEKTPH-
YyecKue I0Jis, B KOTOPBIX MOHBI YCKOPSIIOTCS
IO SHEPTUIA, MPOITOPIUOHABHBIX UX 3apsIy.

TemaTuka rpymnbl reJIHOOHMOJIOTHH — 3BKC-
MepUMEHTaJbHbIE MCCIICA0BAHUSI BO3ICHCTBUS
KOCMMYECKON M 3eMHOI IMOroAbl Ha GUOJIOTH-
yecKue OObEKTHl U Jitofeil Ha 3eMjie U B KOC-
Moce. I'pynma akTUBHO COTpPYAHUYAET C Me-
TUIIMHCKUMU Y HayJYHBIMM LIEHTPaMU I10 BCeit
Poccun. IlokazaHo, 4TO pUTMUYECKas CTPYK-
Typa OHMOJIOTMYECKUX OOBEKTOB MTOBTOPSIET PUT-
MBI COJTHEYHOU M T€OMAarHMTHOI aKTUBHOCTH
W UX IMHAMMKY Ha BCEX YPOBHSIX OMOJIOTHYE-
CKHMX CHUCTEM: OT KJIETOYHOTO 1O TIOIYJIsIu-
oHHOTo. B wacTHOCTH, 0OHApyXeHBI 3(PHEKTH
BO3IEHCTBYS TEOMAarHUTHBIX IyJibcalnii. Peak-
1S OMOJIOTMYECKMX OOBbEKTOB Ha BO3/IEiCTBUE
TCOMAarHUTHON aKTUBHOCTU MMEET XapakKTep
aTanTUBHOTO CTpecca U METEOTPOITHBIX peak-
muii. [lokazaHo, 4TO MMEIOTCSI TPYIIIbLI PUCKa,
B KOTOPHIX TMpOSIBICHUS 3(P(eKTOB BO3MICIi-
CTBUSI KOCMUYECKOW M 3€MHOI MOToAbl Hau-
Oosiee BbIpaxkeHbl. Pa3paboTaHbl pas3ivyHbIe
MeTOmbl MPOMPUIAKTUKY I TIPeIOTBPAILCHUS
METEOTPOMHBIX peaklUid y OO0JbHBIX U 300PO-
BbIX Jitonei. Hawarbl ucciaempoBaHus Bo3zieii-
CTBUSI TUIIOMATHUTHOTO TIOJISI, TIPUOIMKEH-
HOTO T10 3HAYEHMSIM K MEXIIJITAaHETHOMY ITIOJIIO
U MOJII0 HEMATHUTHBIX IUIAHET Ha YyeJioBeKa.

ITo TeMaTHKe KOCMUYECKOM TTOTOIBI B 1a00-
paTopuM pa3pabaThIBAlOTCS METOIbI MPOTHO3a
3(bGEKTOB KOCMUYECKON paavalyu; MeETOIbl
W TIpUOOpHl IS HAOMIONCHUI aBpOpPabHOM
aKTMBHOCTU; METOJbI MPOrHO3a F€OMarHUTHOM
aKTUBHOCTHU, B TOM YHCJIe 10 COJIHEYHOMY Be-
Tpy. Co3maH BeO-pecypc ISt POrHO30B http://
www.spaceweather.ru.

ConHeyHasi Tpymma — MOJOAEXKHBIN KO-
JIEKTUB, C(OPMHUPOBABIINICS B JabOpaTOpUM
HECKOJIbKO JIET Has3ajd, ero HayyHble MHTepe-
Chbl BKJIIOUAIOT TUHAMUKY W 3HEPrOBbIIEICHUE

BCIIBIIIEK, YCKOPEHHE M PACIIPOCTPAHEHUE 3a-
psikeHHBIX yacTull Ha CoJiHLe U B reinocdepe;
MAaTrHUTHBIE TTOJISI B aKTUBHBIX 001acTIX CoH-
11a; BOJIHBI B COJIHEYHOI KOpoHe. COTpyIHUKU

The objective of Interball DOK-2 ex-
periment was investigation of energetic par-
ticle spectra (20...800 keV) in the outer mag-
netosphere with a considerable increase
of the spectral and time resolution. The re-
search results show a bright new phenom-
enon — beams of almost monoenergetic ions
(AMI) near the shock and in the transition re-
gion. In the spectrum they are seen as 2-3 nar-
row lines with 1:2:(5-6) energy ratios which
corresponds to H', He'? ions and the ion
group (C, N, O)+(5'6). The proposed explana-
tion of AMI associates them with the disrup-
tions of of solar wind current sheets as they hit
the shock. Very strong electric fields in the dis-
ruption zone accelerate ions to the energies
proportional to their charge.

The subject of the heliobiology group is ex-
perimental investigation of space and Earth’s
weather influence on the biological objects
and humans on the Earth and in the space.
The group is in active collaboration with many
medical and scientific centers throughout
Russia. It was shown that the rhythmic struc-
ture of biological objects mirrors the rhythms
of the solar and geomagnetic activity at all
levels of the biological systems: from the cel-
lular to the population level. In particular,
the effects of geomagnetic pulsations were dis-
covered. The response of biological objects to
the geomagnetic activity is similar to adaptive
stress and meteotropic reaction. It was shown
that there exist the risk groups in which the ef-
fects of space and Earth’s weather manifest
themselves at most. Various methods of pro-
phylaxis to circumvent meteotropic reactions
among both the sick and the healthy people
were developed. The research of the hypo-
magnetic field (with amplitudes similar to that
in interplanetary space and nonmagnetic plan-
ets) on humans was started.

Ipynna reauoGuonornu

Heliobiology Group

CmeH0 susyanusayuu
meKywe2o cocmosHus
Kocmuyeckol no200b1

Visualization facility for space
weather monitoring
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ConHeyHas rpynmna

Solar group

Mpu6op M3I1 (moHumop

3 P unp )
MEP (Monitor for Electrons
and Protons)

K.W. Ipunzays
(05.07.1918-10.06.1993)

Konstantin Gringauz
(uly 5,1918 — June 10, 1993)

Muxaun Bepuaun
Mikhail Verigin
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HMMEIOT OMBIT pabOTHI C TaHHBIMU OOJIBIIMHCTBA
KOCMUYECKUX allapaToB U HA3€MHBIX TEJIECKO-
noB, Habmomaromux ConHie W reanocdepy.
[lokazaHo, 4YTO KBa3UMEPUOAMYECKUE ITyJIb-
callMu XECTKOTO0 PEHTTEHOBCKOIO U3JIy4YeHUs
COJIHEYHBIX BCIIBIIIIEK MOTYT OBITH CJIEACTBAEM
MOCJIEIOBATENbHBIX AKTOB 3HEPrOBBIIEICHUS
U YCKOPEHUS 3JIEKTPOHOB B Pa3MYHBIX Mar-
HUTHBIX TETJsIX BCIblLIeYHOU obnactu. Iloa-
TBEPXJAEHA TUIOTE3a O TOM, YTO YAcCTOTHOE
paclleieH’e COJIHEYHBIX PaJUOBCILIIECKOB
II Tuna MoxeT ObITb CJIEACTBUEM TeHEepaluu
panvou3y4eHUsT BIEpenrd M MO3aAM MOpLIHE-
BOM yIapHOUW BOJIHBI, BBI3BAHHOUW HBUXEHU-
eM BbIOpoca Macchl. YCTAaHOBJIEH OCHOBHOM
MEXaHWU3M BO30YXXIEHMSI BbICOKOAMILIUTY/I-
HBIX 3aTyXaroUIUX U3TMOHBIX OCHWUISLIUN KO-
POHAJIBHBIX MAaTHUTHBIX TIETeNb, CBSI3aHHBIN
C B3aMMOJIEVICTBUEM IETENb C BBIOPOCOM MacCChl
B HUDKHEW COJTHEYHOM KOPOHE.

B Hactosiiiee Bpemsi Ha opbure pabora-
eT sKkcnepuMeHT MOBII B coctaBe KoMIuiekca
«[nazma-®» nHa KA «Cnektp-P», mpemHa-
3HAQUEHHBI U1l WCCIIENOBAaHUI 3SHEPTUYHBIX
3JIEKTPOHOB M MPOTOHOB BO BHELIHEH MarHu-
Tocdepe 3eMII C peKOPIHBIM BpeMEHHBIM pa3-
pemenueM. [Ipubop co3naH B COTPYIHUYECTBE
CO CJIOBalIKUMM M T'peYecKUMU Creluanucra-
mu. Benércs pa3paboTka HOBBIX MPUOOPOB IS
npoekToB «Pe3oHaHc» (mpubopbl «J1OK-M»,
«PBM»), «CrpanHuk» («JJOK-MC»), «Jly-
Ha-Pecypc» («ACIIEKT-JI»), <«MoHO30HD»
(«JIletnumsi»). B MHUIIMATUBHOM TIOpPSIAKE pas-
pabaThIBalOTCsl TPUOOPHI 1T MOHUTOPUHIA KOC-
MUYECKOM TIOTOIbI, MUKPO- ¥ HAHOCITYTHUKOB.

JIaGopaTopus uccie10BaHUil OKOJIOTIAHETHOM
U MeXIUIaHeTHOI m1a3mbl (544) (pykosodumens —
0-p Qus.-mam. nayk Muxaun Bepueurn)

Hcropust KoiiekThBa J1abopaTtopuy Ha-
yajgach no mosieieHus MKM B 1950 ., xorma
B HUM-885 (ceituac HUU kocmumyeckoro npu-
6opocTpoeHusi) Oblla oOpa3oBaHa JlabopaTopus
PamMoOTEXHOJIOTUN ToA  pykoBoacTBoM Kom-
crantuHa Mocudosnya Ipunraysa (05.07.1918—
10.06.1993). E€ coTpyIHUKHM y4acTBOBAJIM MpaK-
THYECKM BO BCEX PAKETHBIX M CIIyTHUKOBBIX
SKCIePUMEHTAX Hayajla KOCMUYECKOM 3phbl. Jljst

As a part of space weather research labora-
tory develops the prediction methods for geo-
magnetic activity, space radiation; methods and
instruments for auroral activity observations;
a web-page for prediction center is http://www.
spaceweather.ru.

The solar group is a team of young scien-
tists formed in the laboratory several years ago,
the field of their scientific interest includes flare
dynamics and energy release, charged particles
acceleration on the Sun and in the heliosphere;
magnetic fields in the solar active regions;
waves in the solar corona. The staff members
have experience of data analysis for the most
of spacecraft and ground telescopes observing
the Sun and the heliosphere. It was shown that
quasi-periodic pulsations of the hard X-rays
of the solar flares can be a consequence of suc-
cessive acts of energy release and electron ac-
celeration in various magnetic loops in the flare
region. The hypothesis that the frequency split-
ting of type II solar radio bursts may be the con-
sequence of radio waves in front of and behind
the piston shock wave induced by the mass ejec-
tion was confirmed. The primary generation
mechanism of high-amplitude flapping oscilla-
tions of the coronal magnetic loops associated
with the mass ejection in the lower solar corona
was suggested.

MEP instrument (abbreviated Monitor for
FElectrons and Protons within the Plazma-F
experiment aboard the Spectr-R spacecraft,
launched in 2011) is currently operating in orbit,
and is designed to observe energetic electrons
and protons in the Earth’s outer magnetosphere
with a record time resolution. New instruments
for the Resonance project (DOK-M, REM),
Strannik project (DOK-MS), Luna-Resurs proj-
ect (ASPECT-L), lonozond project (Leticia) are
now in the development phase. The laboratory
also initiated development of instruments for
space weather monitoring, micro- and nano-
satellites.

Laboratory for Planetary and Interplanetary
Plasma Research (544). Head —
Dr. Mikhail Verigin

The history of the laboratory started in 1950
before IKI was founded, when in NII-885
(now JSC Russian Space Systems) the labora-
tory of radio technology was established under
the direction of K. I. Gringauz. The laboratory’s
staff members were participating in almost all
rocket and satellite experiments at the dawn
of the space era. The laboratory developed radio
transmitters to broadcast the famous beep-tone



IlepBoro criyrHuka B J1abopatopyuu ObUIM pa3-
paboTaHbl W TIOCTPOCHBI pamUOIepeNaTINKH,
TPAHC/IMPOBABIIINE 3HAMEHUTBIC —<«OUIT-OUIT»,
a TakKe repenaBaBllive MHGOpMaLMIO O TeMIIe-
partype ¥ TaBJIeHUU BHYTPU TepPMOKOHTeITHepa.

B uyuncne nBeHammaTy S3KCIIEPUMEHTOB Ha
TpeThbeM cryTHUKe (1958) ObLT U IKCIIEPUMEHT
H-111 na6opatopuu K.W. TI'punrayza. Oxo-
g0 10 000 criekTpoB, IMOJIYYEHHBIX B €ro XOJe,
HanEXHO TMOATBEPIMIN BbIBOIbI, CAEJAHHbIC
10 dKCTIepUMEHTaM Ha Teo(U3NIecKuX pake-
Tax, O JOCTATOYHO BBICOKOi (~10° CM’3) KOH-
LIEHTPAIMK 3apsSDKEHHBIX YacTUL] MHOTO BBIIIIE
MakcuMyMa uoHocdepHoro cios F,.

B pesynbraTe u3MepeHUiT ITOTOKOB 3apsi-
XKeHHbIX yactull Ha AMC «Jlyna-1, -2, -3»
u «BeHepa-1» ObUIO OTKPBHITO CYLIECTBOBAaHME
paHee HEW3BECTHOM T'PaHMIIBI 00JACTU XOJIOMI-
HOI OKOJIO3eMHOM IJ1a3Mbl — IUIa3MoCepshl,
Ha3bIBa€MOI B HAcTosIIee BpeMsl IUIa3MoIiay-
3a. B 3TuX ke aKcnepuMeHTax ObUIO OTKPBITO
CyIlIeCTBOBaHUE U BIEPBbIE U3MEPEHBI MTOTOKU
WOHOB KOPMYCKyJIsipHOTO u3nydeHus: CoiH-
la — COJIHEYHOro BeTpa. I[lpu3HaHuEM 3THUX
3aciyr ctaia JIeHMHcKas mpemus, NPUCYXKAEH -
Has K. Y. T'punray3sy B 1960 r.

[lepBrle HEMOCPENCTBEHHBIE W3MEPEHUS
HEUTpaJbHOTO Ta3a W IUIa3Mbl B KOME KOMe-
Tl Tajiiest ObUTM TipoBeneHbl B 1986 1. Ha KA
«BET'A-1 u -2». OTu u3MepeHusi, a Takxe 00-
Hapy>XeHUE TOPMOXEHUSI COJHEYHOIo BeTpa
W YIApHOIl BOJIHBI, BO3HUKIINX B pe3yIbTaTe
HarpyXeHusl TIOTOKa KOMETHBIMU WOHaMHU,
MO3BOJIWJIM OLIEHUTh CKOPOCTb MOTEPb BOJS-
HOTO TIapa ¢ TIOBepXHOCTH siapa Kak ~40 T1/c.
Bauxe x komeTHOMY SIIpy ObLIa OTKpHITA €I
OJlHA He MpeAcKa3zaHHas TeOPETUYECKHU pe3Kas
rpaHuiia — Komeroray3a. B 1986 r. 3a ycrexu
npoekTa BET'A K. Y. 'puHrays 6b11 HarpaxnéH
T'ocynapcrBennoii npemueit CCCP.

B naboparopuu pa3paboraHa KOJIUYECTBEH-
Hasl TIOJYSMIIMPUYECKass MOIENb TOJOXEHUS
1 (GOpPMBI OKOJIOIIAHETHIX YIAPHBIX BOJIH.
BrniepBrie TONyd4eHO TOYHOE aHATUTHYECKOE
BbIpaxkeHue 1151 hhopMbl KoHyca Maxa B MI'I-
npubakeHuu. Mojeab Mo3BoJIMIA 3KCIEpU-
MEHTAIBHO OOHApYXUTh 3(DdeKT mpudmke-
HUS OKOJIO3EMHOM yJapHOW BOJHBI K 3emJe
MpY YMEHBIICHUY aJIbBEHOBCKOTO YKciia Maxa,
aCMMMETPHUIO OKOJIO3EMHOI YIapHOUW BOJIHBI
B IUIOCKOCTH TepmuHaTopa (casur Ha ~1,5R
B «yTpeHHeM» HampaBieHuu). IIpemnoxeHa
HoBasl cuctema KoopanuHaT MIPM g uccine-
MIOBAaHUSI TUHAMWYECKUX IIPOLIECCOB MEXIY
yIapHOU BOJHOM U MarHUTOIMAYy30M.

Ha cnyrHukax «WUuHTepbon-1, -2» u cy6-
CIyTHUKe «MarmoH-5» BIIepBbIe TIPSIMBIMU
MeTOolaMHu ObUIM 3aperMCTPUPOBaHbl KaBEPHBI
TJTIOTHOCTU — Y3KWe, OTPaHUISHHBIE 110 TOJITO-
T€, OIYCTOIIEHHBIE OO0JACTH ILIa3MOCHhEPHI.
Paszpaborana monysMmnupudeckasi TpéXxMepHast
MoJieNb TuiazMocdepbl 3eMiin, KOTopast TT03BO-
JISIET 10 M3MEPEHUSIM BIOJIb OMHOTO IPOJETa
CIYTHHKA BOCCTAHOBUTD pacrpenesieHue Tias3-
MBI BO Bcelt m1azmocdepe.

of the first satellite, which also carried the code
with temperature and pressure data inside
of the pressurized container.

Twelve experiments onboard the Third
Sputnik (1958) included the D-111 experi-
ment. About 10 000 spectra obtained verified
results of the geophysical rockets, on rather high
(~105 ecm™) concentration of charged particles
far above the maximum of the F, ionospheric
layer.

Charged particle fluxes measurement aboard
Luna-1, -2, and Venera-1 resulted in the dis-
covery of the previously unknown bound-
ary of the cold near-Earth plasma region —
the plasmasphere, now called the plasmapause.
In the course of the same experiments the ion
flux of the solar particle radiation — the so-
lar wind — was discovered and measured
for the first time. In recognition of his work
K.I. Gringauz was awarded the Lenin Prize
in 1960.

The first direct measurements of the neu-
tral gas and plasma in the Halley’s Comet
coma in 1986 were performed aboard Vega-1
and -2 spacecraft. These measurements as well
as the discovery of the solar wind slowdown
and of the shock arising as a result of the so-
lar wind flux loading with cometary ions en-
abled to estimate the rate of water vapor loss
from the nucleus of the comet as 40t/s. One
more discovery was made closer to the comet
nucleus — the cometopause, a clear boundary
which was not predicted theoretically. In 1986
K.I. Gringauz was awarded the USSR State
Prize for the success of Vega project.

A quantitative = semi-empirical model
of the position and shape of the planetary shock
waves was developed in the laboratory. For
the first time ever the exact analytic expression
for the Mach cone shape in the MHD approxi-
mation was obtained. The model enabled to re-
veal the effect of the near-Earth shock approach
to the Earth with the decrease of the Alfven
Mach number, the asymmetry of the shock
in the plane of the terminator (shear by ~1.5R,
towards the morning side). A new coordinate
system MIPM to study the dynamic processes
between the shock and the magnetopause was
proposed.

The Interball-1 and -2 satellites and Mag-
ion 5 subsatellite recorded the density cavities —
the narrow, restricted by longitude, depleted
regions of the plasmasphere. A semi-empirical
3D model of the Earth’s plasmasphere enabling
to reconstruct plasma distribution in the whole
plasmasphere by the measurements along one
satellite pass was developed.
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Altitude dependence

of the maximum current

of the spherical ion traps
onboard the Luna 2 spacecraft
at the grid potentials of -10
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of-10,-5,0(4) and + 15V (6).
Abrupt current decrease at
15...20-10° km corresponds to
the plasmapause crossing

o
p

HelimpanbHo20 2a3a 8 Kome
komemel [annes, eoccma-
8. nou p
800,16 mpaekmopuu KA
(cneea) u cnekmpozpammer
- HABIODEHU

Pac n. mu

npu nepeceyeHuu Kome-
monay3sl 9 mapma 1986 2.
npu6nusumensHo 6 6:45 UT
(eHusy)

Distribution of the neutral gas
density in the comet Halley
coma along the spacecraft
trajectory (left) and the spectro-
gram of plasma observations
as the cometopause crossing
on 9 March, 1986 at ~6:45 UT
(down)

MSOHOBEPXHOCMU

Fyypm = const mexdy yoap-
HOU u

y
3ounpuM,=2ud, =45°
Isosurfaces F, wipm = €onst
between the shock wave and
the magnetopause at M, =2
and 6, ,=45°
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A.[1. Pemu3soe 3a c6opkoli A. P. Remizov during ROMAP
pubopa POMATI, bep instrument assembly, Berlin,
2003 . 2003

Cmanucnae Knumoe
Stanislav Klimov
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12 Hos16pst 2014 r. HA TTOBEPXHOCTH KOMETHI
YyproMoBa-I'epacUMEHKO COBEpIIWI MOCAAKY
30oHn «Dunel» (mpoekt PO3ETTA (Rosetta),
EKA, 3amyck 2005 r.). B pa3paboTke, U3roron-
JIECHUM, HACTPOiKe M KanuOpoBKEe BKCIepU-
meHTa POMALII, ycneniHo HauaBlllero rias-
MEHHbIE U3MEPEeHNs] B KOMe U Ha TIOBEPXHOCTHU
9TOIl KOMETBI, MPUHUMAJ y4acTUE COTPYIHUK
nadoparopuu A. I1. Pemusos.

B Hacrosiiee Bpemst mabopatopusi 3aHUMA-
eTcsl pa3paboTKoil ammaparypbl AJsl CIEeayIo-
IUX 9KCIIEPUMEHTOB:

* PEIIWH nns ObICTpbIX M JeTaTbHBIX U3ME-
peHuii TpéxMepHOi (YHKLMU pacrpeneiie-
HUS T1a3MOCGEPHBIX MOHOB TSI TTPOEKTa
«Pe3oHaHC»;

* TEJIWOH u 'EJIUDC nns uamepeHuit MOH-
HOW M 3JIEKTPOHHON KOMITOHEHT MEXIlIa-
HeTHOU 1a3mbl B npoektre MHTEPTEJIN-
O30H/J;

*« ODCHUII — sHeprocnekTpoMeTp HOHOChep-
Hoii ma3mel 1 rpoekta TEOPU3UNKA;

* 3oHa Jlenrmiopa JI3JI-100 st mpoekToB
JIYHA-TJIOb nu TIYHA-PECYPC;

* KOMIUIEKC HayYHOI anmapaTypbl uoHOChEp-
HBIX U3MEpeHUI 11 HaHocyTHuKa [1C-2.

JlabopaTopust 3JeKTPOMATHUTHBIX H3JTydeHUid
(545) (pyxosodumenv — npogpeccop, 0-p gu3.-
mam. Hayk Cmanucaae Kaumog)

JlaGopaTopusi Obl1a oOpazoBaHa 15 Mas
1984r. Ha 0a3e KOHCTPYKTOPCKOW OpMrambl
non pykoBoacTeoM C. Y. KiiuMoBa, ¢ 6araxkom,
MOJyYeHHBIM B pe3yjbTaTe OSKCIEPUMEHTOB
Ha cnytHuKax: «Kocmoc-484» (1972); «HH-
tepkocMoc-10» (1973), «IIpornos-8» (1980)
U aBTOMATUYECKUX MEXIUIAHETHBIX CTAHITUSIX
«Mapc-6, -7» (1975). C 1984 r. mpoBoIUIUCH
9KCMEPUMEHTHl O HCCIAENOBAHUIO BJIEKTPO-
MAarHUTHBIX TIOJIE W TUTa3MEHHBIX BOJH Ha
anmapatax  «[Iporno3-10», «MHTep6om-1»,
AMC npoektoB BET'A u «®o6oc», opouTaib-
HBIX KoMmIuiekcax «Mwup» m MKC, a Takxe
mukpocnyTHukax UKW PAH «Koauopu-2000»
(2002) n «Yubuc-M» (2012—-2014).

TeMaTHKa COBPEMEHHBIX PA0OT JabopaTopHu

* OKCIepUMEHTAIbHBIE WCCIENOBAHUS TUIa3-
MEHHO-BOJIHOBBIX TPOIIECCOB B KOCMUYE-
CKOMH T1a3me,

* pa3paboTka METONOB U ammaparypbl mjisi
CITyTHUKOBBIX M3MEPEHUU 3IEeKTPUIECKUX
U MarHUTHBIX MOJel, a Takke QuyKTyauuit
TOKa M TIOTOKOB YAaCTWI] B paMKax €IMHOTO
Mojxo1a «KOMOMHUPOBAHHOW BOJTHOBOM AM-
arHOCTUKW» (JIBOWHBIE JIEKTPUIECKUE 30H-
nbl JleHrMIopa, 1ieneBble 30HAbI JIeHrMIopa,
Geppo30HI0BEIE MATHUTOMETPBI, WHIYKLIM-
OHHBIE MarHUTOMeTphl, MaMHApEl Dapa-
Jiesi, KOMOMHUPOBAHHBIE BOJTHOBBIC 30H]IbI).

On 12 November, 2014 the Rosetta’s Phi-
lae probe (ESA, launched in 2005) landed onto
the surface of comet Churyumov-Gerasimenko.
A.P. Remizov, a laboratory’s staff member was
taking part in the development, manufacture,
setup and adjustment of the ROMAP experi-
ment which successfully started the plasma mea-
surements in the comet’s coma and on its sur-
face.

Currently the laboratory is developing follow-
ing instruments:

* REPIN for rapid and detailed measurements
of the 3D function of plasmasphere ion dis-
tribution for Resonance project;

* GELION and GELIES for measurement
of the ionic and electronic components
of the interplanetary plasma for the Interhe-
lioprobe project;

+ ESIP, an energy spectrometer of the iono-
spheric plasma for the lonozond project;

+ LZL-100 Langmuir probe for Luna-Glob and
Luna-Resurs projects;

* an instrument for plasma measurements for
PS-2 nano-satellite.

Electromagnetic Radiation Laboratory (545).
Head — Professor Dr. Stanislav Klimov

The laboratory was established on 15 May,
1984 on the basis of the design team under
the direction of S.I. Klimov with the experience
of experiments onboard Kosmos-484 (1972), In-
terkosmos-10 (1973), Prognoz-8 (1980), and au-
tomatic interplanetary stations Mars 6, 7 (1975).
Since 1984 new experiments have been conduct-
ed onboard the Prognoz-10, Interball-1, Vega,
and Phobos projects, Mir and the ISS, microsat-
ellites Kolibri-2000 and Chibis-M.

Topics of laboratory activity

+ Experimental studies of plasma-wave pro-
cesses in the space plasma;

+ development of the methods and instruments
for satellite measurements of electric and
magnetic fields, electric current and particle
fluxes fluctuations, basing on an approach
of a combined wave diagnostics (Langmuir
double electric and split-type probes, flux
gate and induction magnetometers, Faraday
caps, combined wave probes);



* TEOpEeTHUYECKWE W CTAaTUCTHUYECKHE WCClie-
NIOBaHUSI TUIA3MEHHO-BOJIHOBBIX TPOLIECCOB
U TypOyJEeHTHOCTM B KOCMMYECKOW TILIa3-
Me, a TaKKe CpaBHEHUeE X C JJabopaTopHOM
U acTpo(pU3UUECKOI TIa3MOii;

* pa3paboTKa METONOB W CPEACTB KOHTPOJISI
3JIEKTPOMAarHUTHOW  COBMECTUMOCTU  UTST
SKCIMEPUMEHTATbHBIX HWCCIEIOBAaHUI KOC-
MUYECKOH MIa3MBbl;

* HCCIIeNOBaHUS TUIA3MEHHO-BOJTHOBBIX TIPO-
LIeCCOB TpHU B3auMmoneicTBuu rmiaHeT Coi-
HEYHOI CUCTEMBI M 3K30TUIaHET C MEXILIa-
HETHOM Cpenoif;

* HcCIIeqOBaHUS SEKTPOMAarHUTHBIX CBSI3Ei B
cucteMe MarHutocdepa-uoHochepa-aTMo-
cepa.

B nocuieHue roapl ObLTH MOJYYEHbI CAeAYIONIHe
OCHOBHbIE Pe3yJIbTaThl

WccnenoBansl  cBoiicTBa  TYypOYJEHTHO-
CTM Ha TpaHUWIaX MarHuTocepbl Ha yYa-
crorax 0,2..10 MI'u ¥ uX BAMSIHME Ha MpPO-
Iecchl TepeHoca IUIa3Mbl Yepe3 TpaHUIIbL.
BoisiBiIeHBI TPEXBOIHOBBIE KBa3MpPe30HAHCHBIE
B3auMoaeicTBusl kKonebanuii. CraTucTuyecku
MepeMexXaeMoCcTb M MYJIbTU(GPAKTATEHOCTh
TypOyJIeHTHOTO TIOTOKAa TPUBOIAT K CyMep-
Oa/uIMCTUYECKOMY pexkumy mnepeHoca. Cpas-
HEeHBI CTaTUCTUYECKUE CBOWCTBA TOTPAHCIOEB
MarHuTochepbl M TEPMOSIIEPHBIX YCTAHOBOK
U TOKa3aHOo, YTO OHU Onu3Ku. st KBa3UILIO-
CKUX I'paHUIl JOMUHUPYIOIINE TUCCUTIAaTUBHBIC
CTPYKTYpPHI B 00OWX CITydasx OKa3aJuCh HUTeE-
BUIHBIMU, UYTO CBSI3bIBAaeTCS C 0Opa3oBaHUEM
KPUTUYECKUX (MO SHEPTeTUKE) CTPYHA.

Pazpaboranbl mMeTombl ompeneneHus IeK-
TPOMAarHUTHBIX MapaMeTPOB CPEIHELIMPOTHOMN
W TIPUIKBATOPUATILHON MOHOCHEPHI B CIIOKO-
HBIX ¥ BO3MYIIEHHBIX TEOMAarHUTHBIX YCIIOBH-
sx. VI3ydeHbl KOppPESILUOHHBIE CBSI3U MEXIY
Pa3TUYHBIMA BUIAMU COJTHEYHON aKTUBHOCTH
¥ 2JIEKTPOMArHUTHBIMY U TUTA3MEHHBIMY T1apa-
MmeTpamu B okpectHocT MKC.

Ha poccuiickom cermente MKC B 2010—
2013 TT. BBINOJHSUICS 3KCHepUMEHT <«MM-
nynaec» (2010—-2013), a ¢ 2013r. paGotaeT
aKcnepuMeHT «ObcraHoBKa (1-i 3Tam)» no Mo-
HUTOPUHTY 3JIEKTPOMArHUTHONH OOCTaHOBKU
BOKPYT CTaHLIMU.

JlaGopaTopuisi aKTUBHO 3aHUMAETCs MUKPO-
CITyTHUKAMU — KOCMHWYECKMMU araparaMu
¢ maccoii meHee 100 xr. B 2002 r. ObL1 3anyiiieH
MukpocnyTHUK  «Komubpu-2000» (20,5 kr).
B 2012—2014 rr. Ha opbuTe QYHKIMOHUPOBAI
MUKpocIyTHUK «Uubuc-M» (40 kr).

Tlo pe3symbraTaM HaGMIOACHUN MUKDPOCITYT-
Huka «Yubuc-M» chenaH BbIBO, YTO IOBbI-
LIEHWe WHTEHCUMBHOCTU BOJHOBOW 3JIEKTPO-
MarHuTHOW aKTMBHOCTU Ha Cy0aBpOpPaTbHBIX
mupoTax B quaras3oHe 10...25 x['i — xopormmii
WHIMKATOP YBEJIMYEHUsI TEOMarHUTHON aKTUB-
HOCTH M HaOJI0IaTeTbHBIN TTapaMeTp KoCMHUUe-
CKOM MOTOMBI.

» theoretical and statistical investigations
of plasma wave processes and turbulence
in the space plasma, comparison with labora-
tory and astrophysical plasma;

» development of the methods and tests for
electromagnetic compatibility control;

+ examination of the role of plasma wave pro-
cesses in the interaction of solar planets and
exoplanets with the interplanetary medium.

 investigations of electro-magnetic processes
in the system magnetosphere-ionosphere-
atmosphere.

During the latest years following main results
were obtained

Turbulence properties at the boundar-
ies of the magnetosphere at 0.2...10 MHz fre-
quency and their influence on plasma transfer
across the boundary were examined. 3-wave
resonant interactions of oscillations were found.
Statistically, intermittency and multifractal-
ity of the turbulent flow result in the super-bal-
listic transfer mode. The statistical properties
of the boundary layers in the magnetosphere
and in thermonuclear facilities (tocamacs) were
compared and their similarity was shown. For
quasi-planar boundaries the dominant dissipa-
tive structures in both cases are filamentary and
associated with the formation of the critical (by
energy balance) flows.

Methods of determination of the electromag-
netic parameters in the mid-latitude and sub-
equatorial ionosphere under the calm and dis-
turbed geomagnetic conditions were developed.
Correlations between solar activity and electro-
magnetic and plasma parameters near ISS were
studied.

Impulse experiment was conducted on-
board the ISS Russian Segment in 2010—2013,
and since 2013 the Obstanovka experiment for
monitoring of the electromagnetic environment
around the station is operating.

The laboratory is actively involved in micro-
satellites development. In 2002 the Kolibri-2000
microsatellite (20.5 kg) was launched. In 2012—
2014 the Chibis-M microsatellite (40 kg) oper-
ated in orbit.

With observations by Chibis-M micro-sat-
ellite it was concluded that increase of electro-
magnetic wave intensity at sub-auroral latitudes
within the 10...25 kHz range is a good indicator
of the geomagnetic activity increase and an ob-
servational parameter of the space weather.

W " P s i
CWIR I-'-C 6 H

Beepxy: pasmeujeHue Up. Obstanovka suit allocation

annapamypel on the external surface

3Kcnepumenma of the ISS Service Module.

«06¢ Ha Down. Arm with sensors
P mu cny

modyna MKC; eHusy:

wmadaa c damyukamu

o

3m6nema npoekma
«Yu6uc-M»

Project Chibis-M insignia

gy Wi

Mukpocnymuuk «4u6uc-M»

Chibis-M microsatellite
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Jloka3aHo, YTO B BepXHEl HOYHOI HMOHO-
cepe CylIeCcTBYIOT HU3KOYACTOTHBIE 3JIEK-
TPOMarHUTHBIE ~ CTPYKTYPHI, BO30YXXIaeMbIe
aTMoc(epHOU TPO30BOIl aKTUBHOCTHIO: MOHO-
chepHOro anb(pPBEeHOBCKOIO M IIIYMaHOBCKOTO
DPE30HAHCOB.

Ceituac B cTamguy TIOATOTOBKU HAaXOMSITCS
CJIeyIOIINe SKCIIEPUMEHTHI:

* MukpocnyTHUku «Huobuc-AW» u «TpadbaHT»

B uH®pactpykrype MKC
« JIDMMU u JINIMC s KA npoekra «JIyHa-

Pecypc» (opOuTaibHBIN anmapar)

+ OIIMC mrs npoekTa «CTpaHHUK»
+ MOI'PD mna mpoekra «Dk30Mapc» (moca-

JIoYHas TaTgopma)

+ MUMBD g npoekra « MHTEpremmo3oHm».

JladopaTopus cosiHeuHoro BeTpa (546)
(pykosodumenv — 0-p Pu3z.-mam. HAYK
FOpuii Epmonaes)

IMepBoHavanbHO  J1abOpaTOpUsl, CO3MaH-
Hasg u pykoBomumasi Ojerom JleoHumoBrueM
Baiicbeprom, 3aHuMManach 3SKCIMEPUMEHTAIb-
HBIMU HCCIIEMOBAHUSMM MarHUTOCGhEpHl 3eM-
JIM, COJTHEYHOTO BeTpa U €ro B3aMMOMACICTBUS
¢ TMJa3MEHHBIMU O0O0JIOUKAMM IIaHET, pa3pa-
GaThIBast METOIBI KOPITYCKYJISIPHOM Y BOJTHOBOM
nuarHoctuky. OmHa M3 TEepBBIX paboT — CO3-
nanue npudopoB miasg MC3 cepum «[IporHos»
IIJIST MICCJICIOBAHMST COJIHEUHO-3EMHBIX CBSI3eil
Ha OpOUTax, BBIXOIAAIIMX 3a Ipenebl 3eMHOMU
MarHutochepsl. [lepBbIM IByM amnrmaparam,
3amymeHHsIM B 1972 T., ymaioch TpoBecTH
YHUKaJIbHBIE  HAOMIOACHUS  MEXIUIAHETHBIX
M MarHUTOC(HEPHBIX BO3MYIICHUI, BEI3BAHHBIX
cepueil M3 YETHIPEX SKCTPEeMaTbHBIX COJTHEY-
HBIX BCHbIEK aBrycta 1972r. B uacTHOCTH,
OBbLTM  3aperMCTPUPOBAHBI  IKCTpEeMabHBIC
BO3pacTaHUSI CKOPOCTU COJHEYHOIO BETpa
1o ~2000 km/c. ITpubopsl, co3gaHHbBIE B J1ab0O-
paTopuu, YCIelrHO paboTaau M Ha TOCIIeIyIo-
IIUX CIlyTHUKaX cepuu «IIporHos», B 4acTHO-
CTH, B MEXIyHAPOIHBIX MpoekTax « HTepIIoK»
u «MHTEpOOI».

JpyruM BaxKHBIM HalpaBJICHUEM CTaJu HUC-
cJeoBaHUsI B3aMMOICICTBYSI COJTHEYHOIO Be-
Tpa ¢ HEMarHUTHBIMU TUTAHETAMU Y KOMETaMK
Ha KA «Mapc-2, -3, u -5», «Benepa-9 u -10»
u B nipoekte BEI'A. bbuin onpeneneHsl napa-
METpbl MarHUTOC(EPhl ITUX OOBEKTOB U 0OBEM
aTMOC(epHBIX IMOTEPh, BEI3BAHHBIX COJTHEUHBIM
BETPOM.

It was proven that in the ionosphere there ex-
ist the low-frequency electromagnetic structures
excited by atmospheric thunderstorm activity.

Currently, the following experiments are
in the preparation stage:

» Chibis-AI and Trabant micro-satellites within
the ISS infrastructure;

* LEMI and LPMS for Luna-Resurs-Orbiter
project;

« FPMS for Strannik project;

« MAIGRET for ExoMars (ESA/Roscosmos,

2018);

« IMVE for Interhelioprobe project.

Solar Wind Laboratory (546). Head —
Dr. Yuri Yermolaev

In the beginning the laboratory, founded and
headed by O. L. Vaisberg, was conducting exper-
imental studies of the Earth’s magnetosphere,
solar wind and its interaction with the plasma
envelopes of the planets, developing meth-
ods of corpuscular and wave diagnostics. One
of its first works was the construction of instru-
ments for the series of Prognoz spacecraft aimed
on studies of solar-terrestrial links on the orbits
outside of the Earth’s magnetosphere. The first
two spacecraft launched in 1972 conducted
unique observations of interplanetary and mag-
netospheric disturbances induced by the four
extreme solar flares in August 1972. In particu-
lar, extreme solar wind speed up to ~2000 km/s
was recorded. Instruments of the laboratory
were successfully operating also on the follow up
Prognoz spacecraft, including Intershock (Prog-
noz-10) and Interball (Prognoz-11).

Another important topic was investigation
of the solar wind interaction with nonmagnetic
planets and comets onboard Mars-2, -3, and -5,
Venera-9 and -10 spacecraft, and in the Vega
project. The parameters of the magnetospheres
of these objects and the amount of the atmo-
spheric losses caused by the solar wind were de-
termined.
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2m energy-mass analyzer DI
for interplanetary automatic
station Phobos Sample Return

Jeyxnomokoeas pyHkyus 2-stream ion velocity -Macc:
pacnpedesieHus UOHO8 distribution as the proof mop ,qM ons asmomamu-
y mazHumonayssi 3emnu —  of multiple reconnection Yeckoe mexnnaHemHol
0doKaszamenbcmeo MHO20- cmaHyuu «@oboc-Tpynm»
nepecoeo
P P

2m-aHanusamop

3apaXeHHbIX yacmuy
Kamepa OJIEM»:

onmuka u eé cxema

27 charged patrticles analyzer

“OLEG camera”: ion optics
and its scheme

ManopamHueiii ARIES-L panoramic
cnekmpomemp APUEC-J1 spectrometer for lunar regolith
0na uccnedosaHusa nyHHoz20  research in the Russian lunar
pezonuma e pocculickux projects
JIyHHbIX npoekmax

Ucneimanusa AN

WcneimamenvHas Laboratory of Vaisberg’s group 8 8aKyymHoli kamepe
naGopamopus zpynns Dl tests in vacuum chamber
Baiic6epea

Mpodgeccop O.J1. Balic6epa
cKonnezamu

J..F-

b/ 'H ‘

=

Prof. O. Vaisberg
with colleagues

Ceituac B saboparopuut chOpMUPOBATNCH

TPU OCHOBHBIE HAyYHBIE TPYTIIIBI:

rpyrna O.JI. Baiicbepra Bea€T moaroToBKy
SKCTIEPUMEHTOB TI0 M3MEPEHUI0 TPEXMeEp-
HOMl (DYHKLIMU paclpeie/ieHUs] TeIJI0BOI
IJTa3MBbl C aHAJIU30M IO Macce;

rpyrma I'. H. 3acteHkepa BenéT MOATOTOBKY
9KCIIEPUMEHTOB IO OBICTPHIM TAapaMeTPOB
COJIHEYHOTO BeTpa M aHAIU3 AAHHBIX O Ba-
pUAaLMSIX COTHEYHOTO BETPA;

rpynna 0. Y. EpmonaeBa mpoBoAUT aHaIU3
KPYMTHOMACIUTaOHBIX TUIMOB  COJHEYHOTO
BETpa U WX POJU B Tiepenavye BO3MYIICHUN
ot ConHua K 3emie.

Onez Batic6ep2
Oleg Vaisberg
Today the laboratory includes three primary
scientific teams:
* O.L. Vaisberg team is preparing experiments
for measurements of 3D thermal plasma dis-
tribution with mass analysis; leopauii 3acmenkep
* G.N. Zastenker team is preparing experi- Georgy Zastenker

ments for fast solar wind measurements and
data analysis of the solar wind variations;

* Yu.l. Yermolaev team is conducting the anal-
ysis of large-scale types of the solar wind
and their role transfer of disturbances from
the Sun towards the Earth.
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Mpu6op BMCB 6 cocmase

aKcnep no usmep
HUAM CO/IHe4YHOo20 eempa
«lMnasma-®» Ha annapame
«Cnekmp-P»

BMSW instrument included

in the Plasma-F experiment for
the solar wind measurements
onboard the Spektr-R spacecraft
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TunuyHasa cmpykmypa ¢ppoH-
ma i y dapHoli
80J1HbI, KOmopas 6bina nony-
YyeHa enepevle. N306paxkéH
8pemeHHOU X00 eelu4UHbI
NnomoKa uoHo8 u NoNspHo20
yana smozo eekmopa npu
npoxoxo0eHuu ppoHma

i yoapHoli 8on-
Hbl. HapacmaHue nomoka eo
¢poHme npoucxodum oyeHb
6bIcmpo — npumepHo 3a 0,2 c.
06 Ha cebs

pawy
ocy P L P
803pacmaHusA Nomoka u usme-
HeHUA NONIAPHO20 y2/1a — 3Mo
munuyHo 054 6onbwWuUHCMea
3ape2ucmpupoeaHHbIX Mex-
nnaHemHoIX y0apHbIX 80JIH

Muxaun Moaunesckuli
Mikhail Mogilevsky
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A typical structure of the in-
terplanetary shock front
obtained for the first time.
The image illustrates the time
dependence of the ion flux
and a polar angle of this
vector as the interplanetary
shock wave front is pass-

ing. The flux is increasing

in the front very rapidly,

in about 0.2 s. The oscillatory
behavior of the flux increase
and the polar angle change
are typical for the majority
of the recorded interplan-
etary shocks

B Hacrosimiee Bpemsi maboparopusi MPOBO-
IIAT SKCTIEPUMEHT MO U3MEPEHUSIM COTHEYHOTO
Betpa «[lmasma-®» Ha cnyTHUKe «CriekTp-P».
Cosmannbiii B MKW PAH B TecHoit koomepa-
uuu ¢ koyuteraMu u3 KapnoBa YHuBepcute-
ta (Ilpara, Yemickas pecrnybiavka), npubop
BMCB mpexacraBisger €000l  CIIEKTPOMETP
C WIECThIO Pa3sHOHAMPABIEHHBIMU LUJIMHAPA-
mu Papaned. Takasg KOHGUTYpalLUs TTO3BOJISIET
U3MEPSATh C PEKOPIHO BHICOKUM BPEMEHHBIM
paspemieHuemM 30 Mc BeJIMYMHY M HarllpaBiie-
HMS BEKTOpPA ITOTOKA MOHOB COJTHEYHOTO BETpa,
SHEPreTUYECKUi CIEKTP MOTOKA, TIEPEHOCHYIO
CKOpPOCTb, MOHHYIO TeMIepaTypy, TUIOTHOCTb
MPOTOHOB Y, OTAEIbHO, TUIOTHOCTh ajib(a-ya-
crtull. bmaromapsi cTonb BBICOKOMY BpeMeH-
HOMY Da3pelleHUI0 yIaloCh MOJIYYUTh HOBBIE
BaXXHBIE CBENIEHMSI O TOHKO CTPYKTYpe M CBOM -
CTBaX COJTHEYHOTO BETPa, KOTOPbIe ObLIN HEIO-
CTYITHBI B IPEXKHUX SKCIIEPUMEHTAX.

B nocnenHue roasl chopMupoBaHa oOLIUP-
Hasl 9KCIIepUMeHTaIbHasA 6a3a Wi oTpaboTKI
npubopoB, BKJIOYaIass HAabOp BaKyyMHBIX
KaMmep, UCTOYHUKY MOHOB U 3JIEKTPOHOB M TIp.
Ceituac 1abopaTopusi y4acTByeT B ITOATOTOBKE
SKCMEPUMEHTOB Ul TEepPCHEeKTUBHBIX OTeye-
CTBEHHBIX U 3apYOEKHBIX TPOEKTOB:

* BMCB-JI' u IMHA, APUEC-JI mns mipo-
ekTtoB «JlyHa-I'mo6» u «JlyHa-27», «JlyHa-
Pecypc-OpoutanbHbiii» u  «JlyHa-Pecypce-
IMocamounsrit»);

+ BMCB-C, «Kamepa-OB», «Torem-U»
u «ToremM-O» s npoekToB «Pe3oHaHC»
u «CTpaHHUK»;

+ BMCB-U, TTUIUIC-A u [MUIUIC-B nns
npoekTa « THTepre1no3oH1»;

* [IMKAM g npoekra
(EKA).

BepiColombo

JIaGopaTopus (pu3MKM MArHUTOC(HEPHBIX
npoueccoB (547) (pykosodumenb —
0-p us.-mam. nayx Muxaun Moeusesckuii)

JlaGopaTopust Gbula co3naHa B MOMEHT 00-
pasoBanusi UKW u3 coTpynHUKOB, Iepelien-
mux u3 MHctutyta usuku atmochepot AH
CCCP. Eé mnepBoe Ha3BaHMe — JlabopaTopusi
TOJISIDHBIX CUSIHUI, a TIEPBbIM PYKOBOIUTENIEM
cran IOpuwit Wabua Tamenmepun (14.09.1932—
28.12.2001).

OCHOBHBIE HamnpasnJiCcHUA

* DKCHEepUMEHTAIbHbIE MCCIIEIOBaHUS, aHa-
JIV3 U TeopeTHUYecKas WHTEPIpeTaIus BoJI-
HOBBIX U OBICTPONEPEMEHHBIX TPOLIECCOB
B KOCMUYECKOI TlJIa3Me;

* WCCJIENOBaHUSI BIUSHUS WCKYCCTBEHHOTO
M3IYYEHUST Ha TPU3EMHYIO TUIa3MY;

* DKCMEPUMEHTAbHBIE U TEOPETHUYECKUE HC-
CJIeIOBaHUSI TIPOIIECCOB B aBPOPATTLHOM Mar-
HuTOChepe 1 noHochepe.

Currently the laboratory is conducting
the Plasma-F solar wind experiment onboard
Spektr-R spacecraft. BMSW instrument was
developed in close collaboration with the col-
leagues from the Charles University (Prague,
Czech Republic) is a spectrometer with six mul-
tidirectional Faraday caps. Such a configuration
enables to measure the total value and direction
of the solar wind ion flux vector, flux energy
spectrum, flow velocity, ion temperature, proton
density, and, separately, alpha particles density
with a record high time resolution of 30 ms. Due
to such high time resolution it is now possible to
obtain new important data on the fine structure
and properties of the solar wind which were not
available in the previous experiments.

During the last years a new experimental fa-
cility was set up to develop instruments, includ-
ing a set of vacuum chambers, ion and electron
sources, etc. Today the laboratory is working
on following future experiments :

* BMSW-LG and LINA for the Luna-Glob
and Luna- Resurs-Orbiter projects;
« BMSW-S, Kamera-OV, Totem-1, and Totem-

FE for the Resonance and Strannik projects;

*+ BMSW-I, PIPLES-A, and PIPLES-S for
the Interhelioprobe project;
+ PICAM for BepiColombo (ESA).

Laboratory of Physics of Magnetospheric
Processes (547). Head — Dr. Mikhail Mogilevsky

Initially the laboratory included scientists
and engineers, who came from the Institute
of Atmosphere Physics of the USSR Academy
of Sciences when IKI was founded. Its first
name was the laboratory of polar auroras and its
first head was Prof. Yuri I. Galperin.

The main research topics

« Experimental analysis and theoretical inter-
pretation of the wave processes in the space
plasma;

» investigation of artificial radiation effects
on the near-Earth plasma;

« experimental and theoretical research
of the processes in the auroral magnetosphere
and ionosphere.



OnHUM 13 HauboJiee SIPKUX MEePBBIX Pe3yib-
TaTOB OBLIO OMpeAcIEHUE CBOMCTB UCKYCCTBEH -
HOTO pamuallMOHHOTO ITosica, KOTOPHIA obOpa-
30BaJICSl BOKPYT 3eMJIM MOCEe aMepUKaHCKOTO
siiepHOro B3pbiBa B KocMoce. COTpyIHUKU Jia-
0opaToOpuu CO3MaIu LBl psia MTPUOOPOB IJIst
W3yYeHMUS] YaCTUIl, BBI3BIBAIOIINX ITOJISIPHBIC
CUSIHMSI, B TOM 4McJie ObUIM OOHapyXeHbl MC-
TOYHMKHU TU(HOY3HBIX TTOJISIPHBIX CUSTHUM.

BaxkHbIit 9Tan B XXU3HM J1aGOPATOPUU — CO-
TPYOAHUYECTBO C (PaHUY3CKUMU YYEHBIMM.
B 1971—1973 u 1981 rr. O6bUIM 3aMMyllIeHbl CITYT-
HUuKkU «Opeon-1, -2, -3», Ha KOTOPBIX OBLT pe-
QJIM30BaH KAYECTBEHHO HOBBINA, KOMIUIEKCHBIN
MOAXON K WCCIIEIOBAaHUIO (DUBMYECKUX TIPO-
IIECCOB B aBpopaJibHOM Mmia3me. Ha cryTHuke
«Opeon-3» npoekrta APKAJI-3 3apeructpupo-
BaH 3ddekT I'eTMaHeBa Haa MoHOChepoil —
HeJMHEWHAsT JeMOIYISALINS 3JIEKTPOMAarHUTHOM
BOJIHBI B MOHOC(EpHOI1 T1a3Me B 30HE KOPOT-
KOBOJIHOBOTO HarpeBa. Takum oOpa3om, ObLia
MPOAEMOHCTPUPOBAHA BO3MOXKHOCTb CO3IaHUS
B MOHOC(heEpe OrpOMHOM aHTEHHBI, M3IyJalro-
el B MarHUTOc(epy CBEPXIUTMHHBIC BOJIHBI.

B xome cepum aKTUBHBIX KOOPIWMHMPO-
BaHHBIX 3KcnepuMeHToB MACCA 1o Bo3-
NEUCTBUIO Ha MarHUTOchepy aKyCTUIeCKUMU
BOJJHAMM OT MOIIHBIX HAa3eMHBIX XUMMUYECKUX
B3pBIBOB Ha CIyTHUKE «Opeon-3» Obuiu 3ape-
TMCTPUPOBAHbI TeHepalusl U paclpocTpaHeHe
CWJIBHOM aJIbBEHOBCKOM BOJHBI, a TaKXe IIpy-
TUX TJIa3MEHHBIX KoJieOaHW M BOJH B Mar-
HUTocepHOlt culoBOi TpyOKe Han paiioHa-
MM Ha3eMHBIX B3pbIBOB. OHU IIOKa3ajind, YTO
SIBJIEHMSI Ha YPOBHE IMOBEPXHOCTU 3eMJIM U B
HIDKHEW atMocdepe MOTYT BBI3BIBATh HaOJIIO-
naeMble 3¢ ¢GekThl B MarHuTocdepe. boln Takke
3aperMCcTPUPOBaH HarpeB MOHOCHEPHBIX MOHOB
O™, He", H" 10 mecsTKOB M COTEH 3JIEKTPOH-
BOJIBT HaJ 00JIACTBI0O MOHOC(DEPHI, 00TyIaeMoit
MoOIIHbIM  HaszeMHbIM OHY-nepematunkom
B Cy0aBpOpaIbHOI 30HE.

B 1990-xtr. BOo MHOrom cwiamu jabopa-
TOpUU OBbUI TOATOTOBJEH KOMILJIEKC HayYHBIX
npubopoB mis crytHuka <«WHtep6on-2» (u3
15 HayuyHbIx ipubopoB B coctaBe KA y onuH-
HaIllATM HAYYHBIMU PYKOBOOUTEISIMU ObLIM
coTpyaHukaMu Jjaboparopun). Ilo pesynbra-
TaM COBMECTHOTO SKCIIEPUMEHTa HarpeBHO-
ro creHna B Tpomcé (Hoperus) u cmyTHHUKA
«AHTepOb0a-2» OBLIO TOKa3aHO, 4YTO ITOTOKU
YCKOPEHHBIX MOHOC(MEPHBIX 3JIEKTPOHOB HO-
CTUTaloT 00J7acTM TeHepaluu aBpOpPaTbHOTO
KWJIOMETPOBOTO M3JYYEeHMs, YTO TIPUBOIUT
K ero nojasieHu0. BriepBrle n3MepeHO BpeMs
pacrpocTpaHeHUs MOHOC(hEepHOUl TuTa3Mbl U3
WCKYCCTBEHHO Harpetoil o6iacTi B MarHMTO-
cdepy Ha BbicoTy 11 ThIC. KM. [IpenoxeH opu-
TUHAJIbHBINM CIIOCOO ompeneieHus aruarpamMmbl
HanpaBJIeHHOCTH W3JyYeHMs 110 OTHOBPEMEH-
HBIM M3MEpPEHMSIM Ha CITyTHuKax «HTep6oII-
ABpopanbHbiii 30HI» U Polar (NASA) yacTtoT-
HO-OTpaHUYEHHOTO CITEKTpa.

One of the most prominent first results was
determination of the properties of the artificial
radiation belt after the US nuclear explosion
in space. The laboratory’s staff have construct-
ed a series of instruments to study the particles
inducing the polar auroras and have discovered
the sources of diffusive polar auroras.

An important milestone in the laboratory’s
activity is collaboration with the French scien-
tists. In 1971—1973 and in 1981 the Aureol-1,
-2, -3 satellites were launched onboard of which
a brand new integrated approach to investigation
of the physical processes in the auroral plasma
was applied. The Aureol-3 satellite of the Ar-
cad-3 project recorded the Getmantsev effect
over the ionosphere — a nonlinear demodula-
tion of the electromagnetic wave in the iono-
spheric plasma within the short-wave heating
region. In such a way, the possibility of a giant
antenna formation in the ionosphere, which ra-
diates very low-frequency waves into the magne-
tosphere was demonstrated.

During the series of active coordinated
MASSA experiments (“study of MAgne-
tosphere-ionosphere Relationships dur-
ing Seismo-Active events”), includ-
ing modification of the magnetosphere by
the acoustic waves from powerful ground-
based chemical explosions, the Aureol-3 satel-
lite has recorded the generation and propaga-
tion of a strong Alfven wave as well as other
plasma oscillations and waves in the magneto-
spheric flux tube over the ground explosion ar-
eas. The experiments showed that the events at
the ground and in the lower atmosphere may
cause the observed effects in the magnetosphere.
Heating of OF, He*, H* ionospheric ions up to
tens and hundreds of electron-volts over a pow-
erful VLF-transmitter in the subauroral region
was also recorded.

In 1990’s mostly by efforts of the laboratory
the set of scientific instruments for the [Infer-
ball-2 satellite was prepared (out of 15 scien-
tific instruments 11 were under the direction
of the laboratory’s staff members).With the joint
experiment with the heating stand in Tromso
(Norway) and the Inferball-2 it was shown that
the accelerated ionospheric electron fluxes reach
the region of the auroral kilometric radiation
and supress it. For the first time ever ionospher-
ic plasma propagation from the heated region
to the magnetosphere at the 11 000 km altitude
was observed. An original method to determine
the diagram of propagation of radiation using
simultaneous measurements of Interball-2 and
Polar satellites was proposed.

Mpodgpeccop 10. U. lanbnepux
(74.09.1932 - 28.12.2001)

Prof. Yu. I. Galperin (September
14,1932 - December 28, 2001)

Cnekmpozpamma
OHY-u3nyyenud,
3apeaucmpupoeaHHsIX npu
nepeceyeHuU cnymHukom
«Opeosn-3» cunosoli mpy6ku,
ConpAIENHOG ¢

cmeHOOM

A spectrogram of VLF emission
recorded as the Aureol-3
satellite crosses the flux tube
connected to the heating
facility
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Beepxy. CnymHuk npoekma
PE30OHAHC.

BHu3y. Cxema ebieedeHuA
2pynnel cnymHuKoe
npoexkma PE3OHAHC

Top. A satellite of the Resonance
project.

Below. Resonance’s orbital
insertion

RARMOCT POCCHACERT ¥

Cucmema cnymHukoe
«MOHO30HO»

The lonozond satellite system

Bopuc Hosukoe
Boris Novikov
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BrIsIBIIeH 0CcOOBII KiTace aBpOpajbHOTO KH-
JloMeTpoBoro paguousnydeHus (AKP) — 6Gap-
CTepHBIE CTPYKTYPHI, W TPENIOKEeH MEXaHW3M
X (popMUpPOBaAHUS.

B HacTosiee BpeMsi 1abopatopusi sIBJISIETCS
rojoBHoi 1o npoekty PE3OHAHC, nanpas-
JICHHOMY Ha WMCCJIeNIOBaHMUSI BHYTPEHHE Mar-
Hutochepbl 3eMJIM U aBpPOpaJbHONM OOJACTH.
KpoMe wu3yueHMs] eCTeCTBEHHBIX ITPOIIECCOB
B3aMMOJICHCTBUS BOJIH U YaCTHII, OTPEACIICHUS
pOJIM METKOMACIITaOHBIX IPOLECCOB B IJIO-
OaJlbHON NWMHAMUKE W W3YyYeHUS TWHAMUKU
MarHuToc(hepHOr0 MUKJIOTPOHHOTO Masepa,
B MPOEKTE IJIAHUPYETCs MPOBEACHNE TaK Ha3bl-
BaeMbIX aKTHBHBIX KCITIEPUMEHTOB — H3yde-
HHUE BO3ICHCTBUS MOIIHOTO PamUOU3ITyUCHUS
OT Ha3eMHBIX MCTOYHUKOB Ha HOHOCHEPHO-
MarHutocdepHyto miasmy. B pamkax mpoekra
OymyT 3alIlylleHbl B Mapbl CIIyTHUKOB, Iapa-
METpPbl OPOUT KOTOPBIX MOAOOPaHbI TAKUM 00-
pa3oM, YTO B BHIOpAaHHOW MarHUTHOW CUJIOBOM
TpyOKe 00e mapbl OyAyT HaxoauTbcs OoJsee
40 MMH. DTO MO3BOJUT OTCIAEIAUTb TUHAMUKY
MPOLIECCOB, CBSI3aHHBIX C Pa3BUTUEM LIMKIIO-
TPOHHOI Ma3epHOUl HeycToMuMBOCTU. B pam-
Kax 3TOro MpoekTa B JabopaTOpuM MOATrOTaB-
nuBatoTcs akcnepuMeHTsl BOJIA, DJIMABAH,
BYA.

Jpyroit coBpeMeHHBII TpoekT — <«MoHo-
30HI» — HaIlpaBJicH Ha U3y4eHUE MOHOCHEPBI
W BIUSHMSI Ha HeE€ «KOCMUYECKOW ITOTOIbI»
B ero pamkax OyayT 3amylleHBI MATh CIIYTHH-
KOB. YeThIpe OTHOTHUITHBIX ammapara Uil MO-
HUTOPUHTA T1apaMeTpPOB MOHOCHhEphl OymayT
CHaOXeHbl KOMIUIeKCOM U3 12 npudopos. I1s-
TBI CITyTHUK TMpOeKTa — «30HI» — HalleJieH
Ha MOHUTOPHUHI XapaKTEPUCTUK COJHEYHOTO
H3ITyICHUST.

Taxxe B naboparopuu st mpoekrta «Jly-
Ha-Pecypc» coBMecTHO ¢ MHCTUTYTOM KOCMMU-
yeckoit dusuku (IIIBenusi) roToBUTCS 3KCIIe-
pument JIMHA-DKCAH — nperekTop MOHOB
W HEUTpaAJIbHBIX YACTHUII,.

JlaGopaTopusi HHKEHEPHO-TEXHUYECKOTO
obecnevyeHns SKCepUMEHTOB H MPOeKTOB (548)
(pykogodumens — bopuc Hosukog)

JlaGopaTopusi Obu1a copmupoBaHa
B 2013 r. Ha ocHoOBe oTaesa GOPTOBBIX IMPO-
IrPaMMHO-YTIPaBJISIEMBIX CUCTEM U BBITIOJTHSIET
paboThI, CBSI3aHHBIE C WHXEHEPHO-TEXHUIYE-
CKUM OOECTeYeHUEeM KOCMMYECKMX MPOEKTOB.
PykoBoautenb otaena u nabopatopuu — Jjay-
peat rocynapctBeHHbIX npeMunn CCCP u P®
Bopuc Cepreesuu HoBukos.

A special class of the auroral kilometre radia-
tion (AKR) — burst structures — was discovered
and a mechanism of their formation was pro-
posed.

Currently the laboratory is leading Resonance
project targeted on the Earth’s inner magne-
tosphere and the auroral region. The project
includes investigations of the natural pro-
cesses of wave-particle interaction, of the role
of small-scale processes in the global dynamics,
of a magnetospheric cyclotron maser, as well
as active experiments — analysis of the influ-
ence of strong radio emissions from the ground-
based sources on the ionosphere-magnetosphere
plasma. Within the project two pairs of satel-
lites will be launched with orbital parameters
selected in such a way that both pairs will spend
more than 40 min in the selected magnetic
flux tube. This will enable to trace the dynam-
ics of the processes related to the development
of the cyclotron maser instability. For this proj-
ect laboratory also prepares individual scientific
instruments BELA, ELMAVAN, HFA.

The future lonozond project is aimed at
the research of the ionosphere and space weath-
er influence on it. Within this project five satel-
lites will be launched. Four similar satellites to
monitor the ionosphere will be equipped with
a set of 12 instruments. The fifth project satel-
lite, Zond, is aimed at the monitoring of the so-
lar radiation.

For the Luna-Glob and Luna-Resurs-Lander
projects laboratory prepares LINA-EKSAN
experiment (the ion and neutral particle detec-
tor) in collaboration with the Swedish Institute
of Space Physics.

Laboratory for Engineering Support for
Experiments and Projects (548). Head —
Boris Novikov

The laboratory was established in 2013
on the basis of the department of onboard
program-controlled systems and is providing
engineering support for space projects. The de-
partment and laboratory head is Boris Novikov,
a laureate of the USSR and Russian Federation
State Prize.



IlepBoii mnpakTUyecKoil paboToil oTaena,
chopmupoBanHoro B 1980T., crayso mpoek-
TUPOBaHUE U peaqu3alusl KOMIUIEKCa Hayy-
Hoil ammapatypel Ha AMC BET'A, cosznaHue

aBTOMATUYeCKOl  ciemsimieil  TuIaThopMbI
(ACII-T') ¢ xoMILIeKCOM HaBelIeHUsI Ha KO-
Mety lainess ¥ HaydHOM BMICOCIIEKTPATBHOM
ammaparypoii. [lpu ydacTuu CrenuaincToB
oTaena ObUT CO30aH CTEHI C KCIMOJb30BAHU-
€M TIOJHOPa3MEepPHOIo MakeTa KOCMUYECKOTO
armapara ¢ ACII-T' u crnenmanm3upoBaHHOM
cucTeMoil g oOe3BellMBaHMsI  1uiaTdoOp-
Mbl. Tlo3zxe ocrtaBuiasics B 3amace riatdop-
ma ACII-T" 6b1a ycTaHoBJIEHAa Ha BHEIITHIOI
CTOPOHY OpOUTAJIbHOM cTaHLMU «Mup». B or-
nesne OblLIa cOo3JaHa CUCTEMa YMpaBJeHUS IS
ACII-T'-M u3 KaOMHBI KOCMUYECKOM CTAHIINH.
ITnatpopma mpopaboTana B cocTaBe CTaHLIMU
11 niet, 3aKOHYMB CBOIO pabOTYy BMECTE CO CTaH-
LUCH...

OQHOBpPEMEHHO B OTIEJIE BEJIMCh PabOThbI
MO CO3MaHWI0 KOMIUIEKCAa Hay4yHOI amrmapa-
Typel actpodusmueckoro mpoekra ['PAHAT.
KauecTtBo 3TOTO0 NMpoexTa ¢ TEXHUUECKOI TOUKHU
3peHMS BBIACSET TOT (haKT, YTO €ro CIyxke6-
Hasl U HaydHas araparypa YCIenrHo pabora-
JI1 B KOCMUYECKOM TPOCTPAHCTBE OoJiee NeBsi-
TH JIET.

B mpoekte ®OBOC otneny 6bUI0 TIOpyYe-
HO B KpaTyailllre CpoKU cO3[aTh CIOXKHEMIIee
YCTpOCTBO  OJioKa JajbHOMepa-o0beKTHBA
(BJO) mna macc-anamuzaropa JIUMA — mipu-
Oopa 1J1s1 aHaNM3a JEMEHTHOTO U U30TOMHOIO
COCTaBa TPyHTa MapCUAHCKOTO CITyTHUKA TpU
nponére Hax HUM Ha Bbicote 30...80 M. BJ1O
MnpeacTaBisiyi co00i CHUCTeMY aganTUBHOM (ho-
KYCUPOBKH JIa3epHOTO TydyKa B 3aBUCUMOCTHU
OT BBICOTHI TIPOJIETA HAI MOBepXHOCTHIO. [Ipn
ero co3mgaHuu ObL1 MPOBeAEH OOJBILION 00BEM
CIIEIIMAJILHBIX WCIBITAHUI ¢ KOHTPOJIeM Tia-
paMeTpoB (POKYCUPOBKM (MOIITHOCTH JIy4a) Ha
peajlbHOM AMCTAaHLMM Mposi€Ta, B TOM YUCIE,
¢ umuTarmeit penbeda mosepxaoct Moboca.

The first practical activity of the depart-
ment, established in 1980, was the design and
implementation of the scientific instrument suite
onboard the Vega spacecraft, design of the au-
tomatic tracking platform (ASP-G) with
the guidance system and video-spectral camera.
The full-scale mockup of the spacecraft with
ASP-G and a specialized system for platform
weightlessness was built. Later the spare ASP-G
platform was installed at the Mir space station.
The department created the control system for
ASP-G-M to guide it from the space station
cabin. The platform had been operating aboard
the station for 11 years.

Concurrently, the department was working
on the scientific instrument suite of the Granat
astrophysical project. From the technical point
of view the quality of this project is outstanding
since it was operational in space for more than
9 years.

For the Phobos project the department was
given a task to design an advanced BDO long-
distance lens unit for the LIMA mass analy-
ser — the instrument for analysis of the element
and isotopic composition of the Martian satellite
soil from the altitude of 30...80 m. BDO role was
to perform adaptive focusing of the laser beam
depending on the altitude. At the design stage
a large amount of special tests were conducted at
the actual flight altitude including above simu-
lated Phobos terrain.

Konnekmue 73 omdena

u lo4émHuas epamoma Qede-
payuu kocmoHaemuku CCCP,
Komopoli omoen

66171 HA2PAXKOEH

8 1989 2. 3a ycnewHyio pabo-
my no npozpammam Kocmu4e-
cKux uccnedoeaHutii CCCP

Department No 73 and
Honorary diploma of the
Federation of Cosmonautics
of the USSR, awarded to the
Department in 1989 for large
contribution to national
Programs of space research
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CompydHuku omoena 73 —
8 Hacmosujee epema

P P P
mexHu4yecKo2o obecnevyeHus
3KcnepumeHmose
unpoekmos

The staff of the Department 73
— the Laboratory for
Engineering Support for
Experiments and Projects

ITo mpoekty «Mapc-94/96» otneny ObuTH
nmopy4eHbl paboTsl 1o komruiekcy APTYC, ko-
TOPBIN BBITIOJHSUI OIHY M3 OCHOBHBIX 3ajay
MpoeKkTa — TeJIeBU3MOHHAsI ChEMKA W BUIEO-
CMIEKTPaJIbHBIC UCCIEIOBAHUS TMOBEPXHOCTH
Mapca. PaspaboraHHasi B otTaeje OopToBast
cucrema MAPUOH-C oGecnieunBana mpuém,
XpaHeHWe U Tepeaavyy B paauoKaHasl HaydHOU
nHMOpPMaLIUY TTPOEKTA.

Benuch paGoThl MO MHXEHEPHO-TEXHUYE-
ckoMy obecnieyeHuto Tpoekta «CrekTp-P»
W CO3JaHUI0 HaydyHOro Komruiekca «[lmas-
Ma-®», KOTOpble 3aBEpUIMIIUCh 3aMyCKOM
U yCIelHoi padoroii ¢ 2011 1.

IlepBBIM MacImITAOHBIM ITPOEKTOM  ITOCTIE
MOYTH ABAIATUIIETHETO MepephiBa B KOCMUYE-
CKHUX IUIAHETHBIX UCCIEAOBAHUSIX ObUT MPOEKT
DOBOC-TPYHT. Kpome wuccnemoBaHUS TO-
BEPXHOCTM CIyTHMKa Mapca, rJlaBHOM 3amaueit
npoekTa ObuT 3a00p ¢ moBepxHOocT PDoboca
TpyHTa ¥ O0cTaBKa ero Ha 3emumo. Crienumanm-
cTaMu OTAesa ObLJIO pa3padoTaHO U MCITBITAHO
rpyHTo3abopHoe yctpoiictBo (I'3Y). K coxa-
neruto, mpoekT ®OBOC-I'PYHT 3asepumics
aBapMe.

B Hacrosiiee Bpemsi 1abopaTopusi Be-
IET paboThl MO MEXIYHAPOTHBIM IPOEKTaM
CIIEKTP-PI', PE3OHAHC, CTPAHHHK
u «9k30Mapc» (BTopas 4yacTh MpOeKTa — CO3-
IaHWe KOMILIeKCa HaydyHOW ammapaTypbl Ha
MOCag0YHOM MaaTdopme).

For the Mars-94/96 project the depart-
ment was put on to do the job on ARGUS suit
which was performing one of the primary tasks
of the project — TV recording and spectral
analysis of the Martian surface. The onboard
Marion-S system developed in the department
was to provide acquisition, storage and transfer
of the project scientific information.

The department was conducting the engi-
neering support of the Spektr-R project and con-
struction of the Plazma-F scientific suite which
led to its launch and successful operation since
2011.

The first large-scale project after almost
a 20-year break in space planetary exploration
was the Phobos Sample Return project. In ad-
dition to the exploration of the Martian satel-
lite surface, the primary task of the project was
taking a sample from the Phobos surface and its
delivery to the Earth. The department specialists
have developed and tested a soil-extraction de-
vice (GZU). Unfortunately, Phobos Sample Re-
turn mission failed.

Today the laboratory is working on the in-
ternational projects — Spektr-RG, Resonance,
Strannik, and ExoMars (second part of the proj-
ect planned for launch in 2018).



