OTAEN AAEPHON
MJAHETOJIOTNA

(63)

NUCLEAR PLANETOLOGY
DEPARTMENT

(63)

Pykoeodumenb — 0-p ¢pus.-mam. HayK,
npodgeccop Uzopb MumpoaHos

Head — Prof. Dr. Igor Mitrofanov

WN.C. Wiknoeckuti
(01.07.1916-03.03.1985) —

Dr. losif S. Shklovsky
(July 1, 1916 — March 3, 1985)

3aeedyrowuti omoesiom Head of the Extraterrestrial
8HeammocgepHoli Astronomy Department is
acmpoHomuu, ocHoeameno  the founder of the nuclear
2pynnbl A0epHbIX planetology group, which

X uccneo 7]

originated the modern
department of IKI

p aya

cosp H y y
«fldepHoli nnaHemonoauu»
UKW PAH
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JladopaTopus HeATPOHHOIT M raMma-
cnekrpockomuu (631) (pyxosodumens —
0-p Quz.-mam. nayx Maxcum Jlumeax)

JladopaTopus simepHo-(U3MIECKUX IPHOOPOB
(632) (pyxosodumenv — kamo. gu3s.-mam. HayK
Maxcum Mokpoycos)

JIaGopaTopus ncclie0BaHuiA 3JIeMEHTHOTO
€OCTaBa MoBepxHOCTH MiaHet (633)
(pyxosodumenv — 0-p u3s.-mam. HayK
Heopo Mumpogharog)

Otmen 63 «mepHOil IUIAHETOJOTUU» —
OIHO M3 CaMbIX MOJIOIBIX CTPYKTYPHBIX MOMI-
pasmenennii MKMW PAH. OH ObUT co3maH
3 mapta 2014 1. Ha 6a3e caMOCTOSITEILHON JIa-
GopaTopru KOCMUYECKON TraMMa-CIeKTPOCKO-
nuu, Kotopas Obula chopMUpPOBaHa B aBrycTe
1992 r. U3 caMOCTOSATENBHON HAYYHOUN TPYIITBI
W.T. Mutpodanosa. B cBowo ouepenb, pelie-
HHME O CO3MaHWUU ITOU TPYIIBI OBIIO MPUHSITO
B 1984 r. 3aBenyiommm otaenom BHeaTMochep-
HOW aCTPOHOMUU WJIEHOM-KOPPECTIOHIEHTOM
AH CCCP Hocupom Camymwnosuuem IlIkmoB-
cknM (01.07.1916—03.03.1985).

Otnen IIKIOBCKOro B TO BpeMsl ObUI WMH-
ctuTyToM B MHCTUTYTE — OH OOBENUHSIT OKO-
JIO TIONTyTOpa NIecsITKa JIabopaTopuii, TemaTuka
KOTOPBIX MOKphIBaja MPaKTUYECKU BCE CIIEK-
TpaJIbHbIE TUAITa30HbI 3JIEKTPOMAarHUTHOTO W3-
JIy4eHUSI — OT PaJAMOBOJIH IO PEHTTEHOBCKOTO
U raMMa-u3nydeHust. Kpome npouux, B otnene
TaKXe ObUT CEKTOP TEOPETHUECKON acTpohu3u-
KU, KOTOPBIN YCTICIIHO PACIIMPSIT MPUTSI3aHUS
oT/eJla Ha KOCMOJIOTHIO, TpaBUTaLUIO0 U GU3M-
Ky ajieMeHTapHbIXx yactuil. (Yuraremum, XuB-
IIME B Ty BIO0XY, OLEHAT BBICOYANIINNA CTATyC
otaena IIknosckoro B UKU 1o Tomy HoMmepy,
KOTOPBIE OH WMeNl B WHCTUTYTCKOU CTPYKTY-
pe — Ne 3, 3aHMMas MecTo cpasy Xe MocJie Ta-
KUX BaXKHEWIIMX CTPYKTYPHBIX MOApa3aeIeHU
COBETCKOTO MHCTUTYTA, KAK «IIEPBLI» U «BTO-
poii» OTHENbI.)

Xapakrep «BHeaTMOC(EpPHBIX» WCCIIEN0Ba-
Huit otnena LlIkmoBckoro TpebGoBan HAYYHBIX
SKCMEPUMEHTOB Ha OOPTY KOCMMYECKMX all-
1apaToB, MPU TOM YTO KOHKYPEHLUS 32 MECTO
non «kKocmuyeckuM CorHIeM» Torma Obuta
IOCTaTOYHO BBICOKA, a mpuoputeT B 1970—
1980-¢ rr. otnaBajics ucciaenoBaHusIM BeHepbl
u Mapca. C npyroii CTOpOHBI, CaMOii ropsiueit
00J1acThIO0 acTpOU3UKHU TeX JIET ObLIM KOCMU-
YecKMe ramma-BCIUIECKH, B CIEKTpax KOTO-
pBIX TPYIIION JEHWHTPAICKOTO acTpodu3mKa
E.I1. Mazenia ObuiM OOHapyXkeHbl CHEeKTpaib-
HblE JIMHUM LUKJIOTPOHHOTO W aHHUTWISLU-
oHHOro m3nmydeHust. [loaTomy Korma crapumit
Hay4yHbIi coTpynHUK otaena Ne3 U.T. Mu-
TpodaHoB obpatuiicss K Mocupy CamyunoBu-
4y C TMPeIOXEeHNEeM TPOBECTU JJIST TTPOBEPKU
pe3yibTaToB Masela KOCMUYECKUI 3KCIepu-
MEHT IO raMMa-CIEKTPOCKOMUN KOCMUYECKUX
BCILJIECKOB, u300peTrareibHblil Jokmop (Tak

Neutron and Gamma Spectroscopy Laboratory
(631). Head — Dr. Maxim Litvak

Instruments for Nuclear Physics Meausurements
Laboratory (632). Head —
Dr. Maxim Mokrousov

Planetary Surface Composition Laboratory
(633). Head — Prof. Dr. Igor Mitrofanov

Department No. 63 for Nuclear Planetology
is one of the most young departments in IKI.
It was formed on 3 March 2014 on the basis
of a separate laboratory of space gamma-ray
spectroscopy, which was created in August 1992
from the Igor Mitrofanov research team. In turn
a decision on putting this team together was
made in 1984 by the head of the Extraterrestrial
Astronomy Department, who was correspon-
dent member of the Academy of Sciences losif
Shklovsky.

Shklovsky’s department was at that time an
institute within the Institute, it combined ap-
proximately 15 laboratories, which covered al-
most all spectral range of the electromagnetic
radiation, from radiowaves to X-ray and gamma
rays. Moreover, it also included a theoretical
astrophysics section, which successfully ex-
panded on the department assertions to include
cosmology, gravity, and elementary particle
physics. (The readers from that period will ap-
preciate the highest status of the Shklovsky’s
department by its number in the organizational
structure — No. 3, right after such important
departments of the Soviet institute as the “First”
and the “Second”.)

The nature of the department’s extrater-
restrial studies required scientific experiments
onboard spacecraft, and that was in the envi-
ronment of high competition with priorities
in the 1970—1980s given to the investigations
of Venus and Mars. On the other hand, the then
“hottest” field in astrophysics was cosmic gam-
ma-ray bursts, in which spectra the team headed
by Leningrad astrophysicist Evgeny Mazets dis-
covered spectral lines of the cyclotron and an-
nihilation radiation. So when senior research-
er of the department No.3 Igor Mitrofanov
approached losif Shklovsky with a proposal to
conduct a space experiment on gamma spec-
troscopy and test Mazets’s results, resourceful
Doctor (as Shklovsky was called by his students)
persuaded the head of the Institute and mem-
ber of the Academy of Sciences Roald Sagdeev
to upgrade the instrument GS-14 for record-
ing of the Mars gamma radiation (principal
investigator was Prof. Yuri Surkov, Vernadsky
Institute of Geochemistry and Analytic Chem-
istry of the USSR Academy of Sciences) aboard
the Mars spacecraft Phobos I and Phobos 2 with
a small VGS unit for the accompanying study



3Bam M.C. ero y4yeHWKH) YrOBOPWJ IHMPEK-
topa WHctutyra akagemuka P.3. CarneeBa
IOTIOJTHUTh Ha OOPTYy MapCHaHCKWX armapa-
ToB «Poboc-1» u «Doboc-2» mpudop I'C-14
(pykoBoautenb — mpodeccop 0. A. Cypkos,
MHCTUTYT TCOXUMHMU U aHATUTUYSCKON XMMUU
(TEOXH) um. B.A. Bepnanckoro AH CCCP)
IUISL perucTpaluy ramma-usiydyeHusi Mapca
HebobuM 610koM BI'C (BcruiecKoBblli ram-
Ma-CHeKTPOMETp) [UIsl TIOMYTHOTO W3yYeHUsI
raMmma-BcIuieckoB. [lockonbky MurtpodaHoB
ObUT (PUBMKOM-TEOPETUKOM M HE WMEJ OITbI-
Ta co3maHusl JETHOM ammapartypbl, 610k BI'C
no 3ambicny Jlokmopa NOJXHBI ObLIU pa3pabdo-
TaTh (paHIly3sl — TPATUIIMOHHBIC MapPTHEPHI
MKMU B kocmoce.

JlocTaToyHO CKOpO CTajlo TIOHSITHO, 4TO
BcruieckoBblid pubop BI'C Ttakke MOXHO ucC-
TOJTH30BATh IS PETUCTPAllii MapCUAHCKUX
raMmma-Jiyyeii Bo BpeMs nposiéra B6u3u Kpac-
HOW TUTaHETBhI, YTOOBI ITOBBICUTH IPOCTPaH-
CTBEHHOE pa3pelieHue Npu M3MEPEeHWHN TaM-
Ma-JIyyeil OT MapcHMaHCKO# MoBepxHOCTU. Tak
B 1984 r. B UKW nosiBunack rpynna Mutpoda-
HOBa, paboTaloiiasi B 06JaCTsIX CIIEKTPOCKOTUN
KOCMMYECKOTO TaMMa-U3Ty4yeHUs: U «sIOepHOU
IJIAHETOJIOTMU». A CIIyCTs TISITh JIET, B (peBpaie
1989 1., aTa rpymma B cocTaBe COBETCKO-GhpaH-
1Iy3CKOro KoJjulekKThBa 3KcmepumeHTa APEX
(Astrophysical ~ Planetological EXperiment)
¢ mpubopamu I'C-14 u BI'C, BnepBbie 3aperu-
CTpUpOBaJIa U MccienoBajla COOCTBEHHOE TaM-
Ma-u3jnydyeHue Mapca.

OcHoBHbIe HANIPABJIEHN HCCJIEI0BAHMIA

* KOCMMYECKHE TaMMa-BCIIECKU U KECTKOE
U3JTyYEeHUE COTHEYHBIX BCIIBIIIEK;

* smepHas TUTAHETOJIOTHWS;, B TOCIeTHUE He-
CKOJIbKO JIET 3TO HampaBJIeHHWE BBIIBU-
HYyJIOCb Ha IepBO€ MECTO, B €ro pamkax
B OTHEJIe OCYIIECTBIISIIOTCS HaydYHO-HCCIe-
TIOBATEJIbCKME M OIBITHO-KOHCTPYKTOPCKUE
paboThI MO CO3aHUI0 HOBOI OOPTOBON arl-
Taparyphl;

* HayYHO-OPTraHW3allMOHHOE PYKOBOJICTBO
MOATOTOBKOM NBYX MEPCHEKTUBHBIX KOCMHU-
yeckux MNpoekToB PockocMoca «JlyHa-25»
(OKP Jlyna-I'mo6») u «Jlyna-27» (OKP
«Jlyna-Pecypc-1»); oTnen Takxke oTBevaeT 3a
OTpabOTKU Y UCTIBITAHUSI KOMIUIEKCOB Hay4-
HOI aInmaparypbl 3TUX ITPOEKTOB.

IIpoexTsI ¢ yYacTHeM COTPYIHUKOB OT/IENA

BI'C (B cocraBe mpubopa I'C-14, mpoekTt
®OBOC, 1988 r.)

«Mapc-96» (1996),

XEHJ (Mars Odyssey, NASA, 2001 r.)

BTH-M1 (3kcnepument «bTH-Heittpon»,
PC MKC, nauano pa6otsi 2007 r.)

JIEHA (LRO, NASA, 2009 1.)

HC-XEH/, («®o6oc-I'pyHT», 2011 T.)

JAH («Kbropuocutu» (Curiosity), NASA,
2011r.)

of gamma-ray bursts. Since Mitrofanov was
a theoretical physicist and did not have experi-
ence in designing onboard hardware, the Doctor
envisioned that the VGS unit would be designed
by the French, IKI’s usual partners in space.

It soon became clear that the gamma-ray
burst unit could also be applied to register Mars
gamma rays during the flight near the Red
Planet in order to enhance the spatial resolu-
tion while measuring gamma rays from the Mars
surface. And so in 1984 the Mitrofanov team was
formed in IKI that specialized in cosmic gamma
ray spectroscopy and “nuclear planetology”.
Five years later, in February 1989, the team,
being a part of the Soviet-French experiment
APEX (Astrophysical Planetological EXperi-
ment) for the first time recorded and studied
the Mars own gamma radiation via GS-14 and
VGS instruments.

Research Areas

* cosmic gamma-ray bursts and solar flare hard
X-ray bursts;

* nuclear planetology; in the last few years this
line of research have come to the forefront,
and in its frame the department conducts
research and development of new onboard
equipment;

» scientific and organizational supervision
of two planned Roscosmos space missions
Luna-Glob and Luna-Resurs-Lander; the de-
partment is also in charge of development
and testing of scientific packages for these
missions.

Completed and Ongoing Projects

VGS (as part of the GS-14 instrument, Pho-
bos mission, 1988)

Mars-96 (1996)

HEND (Mars Odyssey, NASA, 2001)

BTN-M1 (experiment BTN-Neutron, Rus-
sian segment of the International Space Station,
2007)

LEND (LRO, NASA, 2009)

NS-HEND (Phobos Sample Return, 2011)

DAN (Curiosity, NASA, 2011)

Makcum Jlumeak
Maxim Litvak

Makcum Mokpoycose
Maxim Mokrousov
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N3mepeHus nomoka 2am- Measurements of the Mars
ma-usnyyenusa om Mapca gamma ray flux in the Soviet-
8 cosemcKo-hpaHuysckom French experiment APEX
3kcnepumenme APEX Ha 6op- aboard the Phobos 2 probe.
my annapama «®o60c-2». The gamma ray flux profiles are
MokazaHel npogpunu nomoka Visible in four successive passes
2amma-nyyeli 8 4embIpéx over Mars on 1-11 February
nocnedoeamenvHbix nponé- 1989 with the pericenter

max Hao Mapcom 1-11 ¢pee-  minimal altitude of ca. 900 km
pana 1989 2. c MuHumaneHou

8blcomoli 6 nepuyeHmpe

0K010 900 KM
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Poccutickuli HelimpoHHbIl
demexkmop XEH/[] (HEND)
Ha 6opmy MapcuaHcKozo
annapama «Mapc Oducceli»
(© HACA, 3anyck 2001 2.)

Kapma pacnpedenerus
80061 8 2pyHme Mapca (mac-
coeas 0014, %), nony4yeHHan
Nno 0aHHbIM 3KCnepumMeHma
XEHJ (cm. ¢ 222). benoim
yeemom noKasaHel patioHsl
nonApHou ee4yHou mep3-
slomel, 20e 00/1 800AH020
N1b0a cocmaenaem decAamKu
npoyeHmoes
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Russian neutron detector
HEND aboard the spacecraft
Mars Odyssey (© NASA,
launch in 2001)

Subsurface water distribution :
map of Mars (mass fraction, %) [ = _ -
based on the HEND experiment -120 -B0° o B0’ 120 180
data. The polar permafrost

regions are white, where

the water ice fraction is tens

percent

B cTaaum pa3padoTKn

MTHC («benu Konom6o», EKA, 2017), Ha
opouTe BOKpyr Mepkypust

®PEH/ («Yx30Mapc», opOUTaIbHBIA arl-
mapar Trace Gas Orbiter, EKA/Pockocmoc,
2016), Ha opbure Bokpyr Mapca

AJJPOH-MII u AIPOH-MP («Bx30Mapc»,
Mapcoxon «[lactep» m mocamouHasi riatdop-
ma, EKA/Pockocmoc, 2018T.), MOBEepXHOCTh
Mapca

BTH-M2 (akcnepument «bTH-Heiitpon»,
Poccuiickuit cermeHT MexxnyHaponHO Koc-
MHUYecKoi craHuuu, 2017 r.)

JITHC, AAPOH-JIT u AAPOH-JIP Ha oko-
JIONlHHOU opOwuTe W Ha TOBepXHOCTH JIyHBI
(mpoexkTbl PockocMoca «JlyHa-25» — «JlyHa-
27»,2018—2020 rr.)

IIpuGopsi, NpoeKThbI, pe3ybTAThI

B HacTostiee BpeMsi OTHEN TIPOBOAWT 4e-
ThIpE KOCMMYECKUX HAy4YHBIX 3KCIIEpUMEHTa:
Ha OKOJIO3eMHOI opOuTe (poccHilcKuii cer-
MmeHT MKC), Ha oKoJIOIyHHOI opoHTe (IPOEKT
NASA LRO — «JIyHHBI OpOUTANIBHBINA 30HI»,
JIPO), Ha okosioMapcUaHCKoil opoute (ITpoeKT
NASA «Mapc Omucceit») 1 Ha TTOBEPXHOCTHU
Mapca (mpoekT NASA «Kbtropruocutun»).

Okcnepument XEHJI (HEND). DOkcrnepu-
MEeHT TipoBoauTcs ¢ ampenst 2001 r. o HacTosI-
1ee BpeMsl Ha 60pTYy MapCUaHCKOTO KOCMMYe-
ckoro anmnapaTta NASA «Mapc Onucceii» (Mars
Odyssey).

Projects In Development

MGNS (BepiColombo, ESA, 2017), Mercury
orbital mission

FREND (ExoMars, Trace Gas Orbiter, ESA/
Roscosmos, 2016), Mars orbital mission

ADRON-MP and ADRON-MR (ExoMars,
Rover Pasteur and Lander, ESA/Roscosmos,
2018), Mars landing mission

BTN-M2 (experiment BTN-Neutron, Rus-
sian segment of the International Space Station,
2017)

LGNS, ADRON-LG and ADRON-LR for
lunar orbital and landing mission (Roscosmos
missions Luna -Glob and Luna-Resurs, 2018-20)

Instruments, Projects, Results

Currently the Department conducts four
space experiments: in low Earth orbit (the ISS
Russian segment), in lunar orbit (NASA mis-
sion LRO), in Mars orbit (NASA mission Mars
Odyssey) and on Mars surface (NASA mission
Curiosity).

Experiment HEND (High Energy Neutron
Detector). The experiment started in April 2001
to the present day aboard the NASA spacecraft
Mars Odyssey.



OcHOBHasg 3amavya JKCIIEPUMEHTa — W3-
MepeHHEe HEWTPOHHOTO M3JIyYeHMS] ITOBEpX-
Hocth Mapca mom BO3NEHCTBHMEM ITOTOKA
KOCMMYECKUX JIydeld M M3y4eHHe Ha OCHOBE
aHalIM3a 3TUX AAHHBIX PACIPOCTPAHEHHOCTHU
BOIbI B BellleCTBe TpyHTa Mapca Ha IiyOuMHe
10 1 M. OCHOBHOI Hay4YHBIN pPe3ybTaT SKCITe-
pumeHTa XEH] — OTKpbITHE PaiilOHOB C BBICO-
KM colepXaHWeM BOIBI B BeIleCTBE TI'PYHTA.
Ilo ouenkam, comep:kaHue BOIBI B DKBATOPH-
aJIbHBIX 00JacTsx 3emisa ApaBus (Arabia Terra)
u boposnbl Menyssl (Medusae Fossae) coctaB-
nser 7...10 % mo macce, a Ha IIMPOTaX BBIIIE
60° K ceBepy U 0Ty I0JIsI BOABI B TPYHTE JOCTH-
raeT IeCSITKOB ITPOIICHTOB.

Kpome storo, maHHbIe U3MepeHUIA TTprbGOpa
XEH/ ucrnonb3ylorcs s MU3y4eHUs: KOCMU-
YeCKHUX TaMMa-BCIUIECKOB 1 XKECTKOTO U3JTyde-
HUS COJTHEUHBIX BCIIBIIIEK, KOTOPHIX 3a BpeMs
paboThl B KOCMOCE OBbUIO 3aperucTpyMpoOBaHO
okoJio 400. JaHHble U3MEepEHUI raMMa-BCILIe-
CKOB TIO3BOJIUJIA ONPEICIUTh PACITONIOKEHHE
MX UCTOYHUKOB Ha HeOeCcHO cdepe, a JaHHbIE
110 COJTHEYHBIM BCITBIIIIKAM TTOMOTJIA U3MEPUTh
CTETIeHb aHWU3OTPOIUU U3IYUYEeHUST aKTUBHBIX
obnacteii Ha moBepxHocTu CoJTHIIA.

ITo pesynbraram skcnepumeHta XEH/L co-
TPYAHUKHU OTaAesIa omyonuKoBanu 6omee 30 cra-
Teil B pedepupyeMbix XKypHaiaxX, B 4YacTHO-
CTU, B CTaThbU B MEXIYHApOIHOM XXypHaye
Science, u caenaHo 6onee 100 1oKJIagoB Ha Ha-
YUHBIX KOH(PEpEeHLIUSIX.

Okcnepument BTH-M1 (6oproBoii Tene-
CKOIT HEUTPOHOB) TPOBOAUTCS ¢ 22 deBpais
2007 r. Ha poccuiickom Cermente MKC kak
TEepBbIi 3Tanm KOMIUIEKCHOTO KOCMUYECKO-
ro skcnepumeHnta «bTH-Heittpon». OcHoOB-
Hble 3aJauyd JKCIIEPMMEHTa C aIapaTypoii
BTH-M1 — wu3yyeHue HEWTPOHHOW KOMIIO-
HEHTHl paavalmoHHoro ¢oHa Ha 6opty MKC
W perucTpauys peHTreHOBCKOIO M raMma-u3-
JIydeHUSI TaMMa-BCIUIECKOB M COJIHEUHBIX
Bcblmek. [as peanm3aliud  3KCIIEpUMEHTa
BTH-M1 wucnonb3oBajics 3amacHOil JIETHBII
obpazen, nmpudopa XEH]/I, Kotopsiit ObUT pa3-
MEIIEH B HECYyIIel TepMOCTaOMIM3NPOBAHHOM
¢depMe U YCTaHOBJIEH Ha BHEUIHEW MOBEPXHO-
CTU MOIynsl «3Be3ma» BO BPeMs IBYX BBIXOIOB
B OTKPBITBIII KOCMOC POCCHUICKOTO KOCMOHABTa
Muxauna TopuHa MU aMepMKaHCKOrO acTpo-
HaBra Maiikna Jlonec-Anerpusi. YnpasieHue
BKCIIEPUMEHTOM U CBSI3b C OOPTOBBIMM CHUCTE-
mamu MKC obGecrieunBaer crnieliMajJbHO pa3-
paboTaHHBIN OJIOK 3JIEKTPOHUKU, YCTAHOBJIEH-
HBII BHYTPY TEPMOOTCEKA.

ITo pesynbraram skcnepumeHta BTH-MI1
TMOCTpOeHa KapTa MOIIHOCTU SKBUBAJIEHTHOU
pamuanoHHO mo3bl Ha 6opty MKC ot Heii-
TPOHHOI KOMIIOHEHTHI paAMallMOHHOTO (hoHa.

The main task of the experiment is to mea-
sure neutron radiation on the Mars surface,
which is caused by cosmic ray flux, and follow-
ing the data analysis to study water abundance
in the Mars ground at the depth down to Im.
The main findings of the HEND experiment
are discoveries of regions with high water con-
tent in the shallow subsurface ground matter.
According to the estimates, the water content
in the equatorial areas of Arabia Terra and Me-
dusae Fossae is 7...10 % by weight, and in lati-
tudes above 60° north and south the water con-
tent reaches tens of percent.

Moreover the measurement data of the
HEND instrument is applied for studies of cos-
mic gamma-ray bursts and solar flare hard X-ray
radiation, of which ca. 400 were recorded while
in space. The gamma-ray burst measurements
allowed to determine their sources on the ce-
lestial sphere, and the solar flare data supported
radiation anisotropy measurements of the Sun’s
active areas.

Based on the results of the HEND experi-
ment over 30 papers in peer-reviewed maga-
zines were published, in particular two articles
in the international magazine Science, and over
100 reports at scientific conferences were made.

BTN-M1 experiment (short for Russian On-
board Neutron Telescope) is conducted since
22 February 2007 onboard the Russian segment
of the ISS as the first stage of the BTN-Neutron
space experiment. The main tasks of the ex-
periment are the study of neutron component
of the ISS background radiation and record-
ing of X-ray and gamma-ray emission of gam-
ma-ray bursts and solar flares. To implement
the BTN-M1 experiment a backup flight unit
of the HEND instrument located on the inte-
grated truss was utilized, which was reinstalled
on the external surface of the Zvezda module
during two EVAs by Russian cosmonaut Mikhail
Tyurin and American astronaut Michael Lopez-
Alegria. The experiment control and communi-
cation with the ISS onboard systems is provided
by a specially designed electronic block, mount-
ed inside the pressurized shell.

From the BTN-M1 results the map was plot-
ted for equivalent dose rate from the neutron
component of the ISS background radiation.

Bipureon dape squiesbera rane, [ par hoar

[ . ]

aar a4 o 1 L+
Kapma ona mowHocmu A map of equivalent dose
3KeueaseHmMHou rate (millisievert/hour) from
paouayuoHHoli 003bl the neutron component of
(m38/4) om HelimpoHHOU the ISS background radiation

paouay according to BTN-M1 data
OHHO20 (hoHa Ha 6opmy
MKC no oanHbIM
annapamypel BTH-M1
|:‘ |
I;f ! #";: "

U3mepeHHbIli 8 3Kcnepu- Unique gamma-ray burst
meHme XEH/ npocpune profile measured by the HEND

YHUKaNIbHO20 KOCMUYecKo2o experiment on 27 December
2amma-ecnnecka 27 dekabpa 2004
2004 2.

LT TSR
AcmpoHaem HACA Maiikn Michael Lopez-Alegria, NASA
Jlonec-Anezpus ycmanaenu-  astronaut, mounts the ex-
e8aem eHewHuli peaucmpa-  ternal detector assembly
ui i 610K ipamypel  of the BTN-M1 hardware
BTH-M1 Ha eHewHeli nosepx- on the external surface
Hocmu mModyns «3ee30a» of Zvezda module of the RS

Poccutickozo ceemeHma ISS. The photo is taken by
MKC. ®omo poccutickozo Mikhail Tyurin, Russian
KocC -yyaci cosmonaut and a participant

3Kcnepumenma 6TH-M1
Muxauna Tiopuna

of the BTN-M1 experiment
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Mpodunu eapuayuti
2anaKkmuyecKux
Kocmuy4eckux syyeli 60
8HympeHHel o6nacmu
ConHe4vHol cucmemol

no daxnHeiM npu6opoe XEH/],
BbTH-M1 u JIEH/ (e8epxy)
u ux conocmassneHue

C HazeMHeIMU
Ha6no0eHUAMU Ha
apkmuyeckoli cmaHyuu
Mak-Mepdo (8Hu3y)

HamypHo-maccosbiii
obpasey npubopa JIEH/]
20mosumcs K npuémo-
€0amoYHbIM UCNbIMAaHUAM
8 UKU PAH neped omnpae-
Koli 8 HACA. Cneea Hanpaeo:
npedcmasumenu apynnel
KOHMPpO/A Kayecmea u Ha-
odéxHocmu E. B. JlapuoHos
u b. C. Hosukoe, KOHCMpYK-
mop npu6opa B. C. TpowuH,
pyKosodumens aKcnepu-

pogp
U Ys1eH Hay4Hblli KOMAHObI
3KC 1ma P. 3. Caz0

P
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Profiles of galactic cosmic rays
variations in the inner Solar
system according to the data
of HEND, BTN-M1, and LEND
(up) and their correlation with
ground observations from

the arctic station McMurdo
(down)

A full-scale prototype

of the LEND instrument is
prepared for acceptance
tests at IK| prior to shipping
to NASA. L-R: QC group
representatives E. Larionov
and B. Novikov, instrument
designer V. Troshin, principal
investigator I. Mitrofanov
and member of the experiment
science team R. Sagdeyev

Space measuraments: HEND/Odyssey, BTNASS, LEND/LRO
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Earth measuremeants: McMurdo neutron monitor
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Kpome aTOorOo, maHHBIC COBMECTHBIX M3ME-
pennit nmpubopa BTH-M1 ¢ npyrumu simepHo-
dursnyeckuMu NMpubopamMu oOTAeSa MO3BOJMIN
W3MEPUTh CHHXPOHHBIE TPOMWIN IOJTOBpE-
MEHHBIX BapMalMii TOTOKOB KOCMUYECKUX
Jydyeit B pasauyHbiX obsjacTsax CojiHeuHoI
CHCTEMBI: Ha OKOJIO3eMHOI opbute (TIpubop
BTH-M1), Ha op6ute Bokpyr Mapca (mpubdop
XEH/) u Ha opbute Bokpyr JlyHbl (mpubop
JIEH/, cMm. HIXKe).

Besides the measurement data of com-
bined BTN-M1 and other nuclear instruments
of the Department enabled measurements
of synchronous profiles of long-term flux varia-
tions of cosmic rays in different areas of the So-
lar system: in low Earth orbit (BTN-M1 instru-
ment), in Mars orbit (HEND instrument), and
in Moon orbit (LEND instrument, see below).




CompyoHuku omodena Mak-

cum Mokpoycoe (esepxy)

u AumoH CaHuH (cnpaea)

nony4atom npemuio lpe-

3udeHma Poccutickoli Qe-

Odepayuu 8 o6nacmu HayKu
i 0.

3

u Juti ona
y4€Hbix (2010) 3a ycnewiHyto
paspa6omky u p 4
KOCMUYeCK020 3KcnepumMeH-
ma JIEHA

ITo pesynbraram skcnepumeHta BTH-M1
OIyOJIMKOBAHO 5 cTareli B pedeprupyeMbIX Xyp-
HajlaX U caenaHo okoso 20 DOKJIamoB Ha HAyd-
HBIX KOH(EpeHIIUSIX.

Okcnepument JIEHJI (LEND) npoBoautcs
¢ nioHs 2009 T. Ha GOPTY JYHHOTO CIIYTHUKA
NASA LRO (JIPO). BTOoT 3KCHEpUMEHT OC-
HOBaH Ha MPUHUUMNHUATBLHO HOBOI pa3paboTke
KOJUTMMATOpa KOCMHWYECKOTO HEWTPOHHOTO
TejecKorna, KOTOPBIN MO3BOJSIET AOCTUYDb MPO-
CTPaHCTBEHHOTro paspeleHust okojio 10 KM Ha
MOBepXHOCTH JIyHBI TIpU HAOIIOAEHUSIX C OpOU-
TBI C BBICOTOI 0KOJIO 50 KM.

Ha ocHoBe 00pabOTKM JaHHBIX W3MEPEHUIA
HEUTPOHHOTO M3MYYeHMsI OT TOJISIPHBIX panio-
HOB JIYHBI ¢ BBICOKMM MPOCTPAHCTBEHHBIM Pa3-
peuieHreM ObLIM BIEPBbIE MOCTPOEHBI KapThl
pacrpoCTpaHEHHOCTH BOABI B JIYyHHOM DEro-
JIUTE Ha CEBEPHOM U I0XXHOM mnomtocax JIyHbI.
OTU pe3yabTaThl OMNpENeTWIM COBPEMEHHbIE
TIPENICTABIEHNUSI O TPUPOIHBIX YCIOBUSIX M O
pacnpoCTPaHEHHOCTH BOIBI U JIETYYUX COEIU-
HEHUIl Ha CEBEpPHOM U 10XKHOM Totocax JIyHBI.
Pesynbratel akcriepumenTa JIEHI Oymyt mc-
MOJIb30BAaTbCsl TMPHU TUIAHUPOBAHUU OydyIIUX
HayYHBIX M MCCJIENOBATEIbCKUX MUCCUN Ha
JIYHHBIE TIOJTIOCA.

OCHOBHBIE YYaCTHUKU KOCMUYECKOIO 3KC-
nepumenTta JIEHJI — Mosoasie cOTpyaHUKHA
oTaena KaHna. ¢us.-maT. Hayk Makcum Mokpo-
yCOB UM KaHA. ¢pu3.-mar. HayK AHTOH CaHUH —
noayywin npemuu I[lpesuneHra Poccuiickoii
®eneparuu B 007aCTM HAyKW W WHHOBAIUI
JIJISE MOJTOABIX yu€HbIX 3a 2010 .

ITo pesynbraram akcnepumenTta JIEH/I ony-
61mKoBaHO Oojiee 15 crareit B pedepupyeMbIx
JKypHaJlax, B YaCTHOCTH, JIB€ CTaTbU B MEXIy-
HapoIHOM XypHalle Science, ¥ cleJlaHO OKOJIO
100 moxy1amoB Ha HAYYHBIX KOH(PEPEeHIINSIX.

The Department members
Maxim Mokrousov (left) and
Anton Sanin (top) receive

the Presidential Award in Sci-
ence and Innovations for Young
Scientists (2010) for successful
development and imple-
mentation of the LEND space
experiment

Based on the results of the BTN-M1 experi-
ment 5 papers were published in peer-reviewed
magazines and ca. 20 reports presented at scien-
tific conferences.

LEND experiment (Lunar Exploration Neu-
tron Detector) is conducted since June 2009
onboard the NASA lunar satellite LRO (Lu-
nar Reconnaissance Orbiter). The experiment is
based on a brand new collimator for space neu-
tron telescope, which achieves spatial resolution
of ca. 10 km on the Moon surface with orbital
observation at ca. 50 km.

On the basis of the processed neutron radia-
tion measurement data of the Moon polar re-
gions with high spatial resolution for the first
time maps of water abundance in the lunar
regolith of the North and South poles were
compiled. The results define present-day ideas
on natural environment and abundance of water
and volatile compounds on the North and South
poles of the Moon. The LEND findings will be
utilized for planning of subsequent scientific and
research missions to the lunar poles.

The principal participants of the LEND
space experiment Dr. Maxim Mokrousov and
Dr. Anton Sanin were awarded the President
of Russian Federation Award in Science and In-
novation for Young Scientists for 2010.

Based on the results of the LEND experi-
ment over 15 papers were published in peer-
reviewed magazines, in particular two articles
in the international magazine Science, and
over 100 reports were presented at scientific
conferences.

Kapmel pacnpocmpanén-
HOoCcmu 8006l 8 pezoniume
cesepHO20 (cnieea) u 10#HO20
(cnpaea) nomtocoe JlyHei

Nno 0aHHbIM HelimpoHHO20
meneckona JIEH/ na 6opmy
JNIyHHO20 cnymHuka JIPO
(HACA)

Maps of water abundance

in the lunar regolith

of the North (left) and South
(right) poles according to

the data of the LEND neutron
telescope onboard the LRO
satellite (NASA)

3awyuma 3cKu3sHoz20
npoekma KocMu4eckoz20
3kcnepumerma fJAH c yua-
cmuem npedcmasumeneii
Pockocmoca u HACA

Presentation of the DAN space
experiment concept with

the involvement of Roscosmos
and NASA representatives
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U3mepeHHble 8 3Kcnepu- Afterglow profiles of thermal
meHme [JAH npocpunu (up) and epithermal (down)
nocneceeyeHus mennioebix  neutrons measured in the DAN
(esepxy) u X experiment for dry (red color,

(8HU3Yy) HelimpoHoe dnA cy-
X020 (KpacHelili yeem, oKkono
1 % 800bI no Maccoeoli 0ose)
u enaxHozo (cuHuti ysem,
0K0J10 5 % 800bI N0 Macco-
8oli 00/1e) MapCUaHcKo20
2pyHma e okpecmHocmu no-
cadku mapcoxoda «Kbtopuo-
cumu» e kpamepe leiin. WEH
(water equivalent hydrogen)
03HA4Yaem maccosyio 9o/
800bl N0 0AHHLIM U3Mepe-
Huli co0ep)KaHus 8 2pyHme
800opoda

ca. 1% of water by weight)

and wet (blue color, ca. 5 %

of water by weight) Martian soil
in the vicinity of the Curiosity
landing in the Gale Crater. WEH
(water equivalent hydrogen) is
mass fraction of water accord-
ing to the hydrogen measure-
ment data for the soil

=
L

as

L L]

LRl

L Fiw

1Y 't

P e

i i

B i i

CErr T R T A e [

Pacnpedenenue cpedHux

no 2n1y6uHe oyeHoK codep-
JKaHus 800bl 8 8epXHeM crioe
¢ monwuHoli 60 cv 800/1b
mpaccel 08uKeHUs Mapco-
X00a no OaHHbIM AKMUBHbIX
u3mepeHuii npubopom JAH
8 meyeHue nepeozo 200a
pa6omel npubopa
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Distribution of depth-mean
water content in the upper
layer of 60 cm thickness along
the rover route, according to
the DAN active measurements
during the first year of the in-
strument operation

Mapcoxod HACA «Kbropuocumu» (0NASA) ¢ pocculickoii

annapamypoli [JAH Ha 6opmy. Buo )
ycmasoe. i 8 cney HoM

Kopnyca mapcoxooa

610K O
5

eHymp:l

Okcnepuvent JIAH Ha Oopry Mapcoxoma
NASA «Ksiopuocutn» (Curiosity). Dkcnepu-
meHT JIAH Ha 6opty Mapcoxona Curiosity rpo-
BOIOUTCSI Ha ITOBEpXHOCTH Mapca C aBrycra
2012 r. mo Hacrosiiee Bpemsi. B skcriepumeHTe
BIEPBble B KOCMMYECKUX HCCIAENOBaHUAX pe-
aJM30BaH SIePHO-(DU3NYCCKUI METON aKTHB-
HOTO0 HEWTPOHHOTO 30HAMPOBAaHUS BelllecTBa
MoBepxHOoCTU Mapca g U3MEpeHusl comep-
JKaHUST BOABI B TPYHTE BIOJIb TPACCHI IBYKCHUS
Mapcoxona.

Annapatypa JIAH ycraHoBieHa c¢ JieBoit
U TIPaBOIi CTOPOHBI B 3adHEH YaCTH MPUOOPHO-
ro otceka Mapcoxoaa. OHa BKJIIOYaeT UMITYJIbC-
HbII1 reHepaTop HEUTPOHOB ¢ 3Heprueit 14 MaB
W JETEKTOPHI SMUTETUIOBBIX M TEIUIOBBIX HEil-
TPOHOB, KOTOPBIE U3JIyYalOTCsS BEPXHUM CIOEM
TTOBEPXHOCTU B Te€YCHUE HECKOIBKIX MUJUTHCE-
KYHJ TIOCJIe UMITYJIbCHOTO OOJIydeHUSI HEUTPO-
HaMU OT TeHepaTopa.

IMocTpoeHHOE Ha OCHOBE aHaJM3a MAaHHBIX
anmaparypsl JIAH pacnpeneneHue cpeaHero
MO TJyOMHE coIepXKaHWs BOIBI B CJIO€ C TOJ-
muHOi 60 cM TpeAcTaBlIeHO Ha PUCYHKe. DTH
3HAYEHMS HaXomsTcs B mpenenax or 1 mo 3 %
10 Macce CO CPeIHMM 3HaueHueM okouio 1,9 %.
IIpy >TOM O0OBEMHAsS IJIOTHOCTh BelIECTBA
MPaKTUYECK He H3MEHSIach M COCTaBIIsLIA
1,5..2,2r oM’ co CpEIHUM 3HAYE€HHEM OKOJIO
1,851/cM’, a comepXaHue XJopa U3MEHSIOCH
B unTepBaie 0,75...1,75 % co cpenHuM 3Haue-
HueM okosio 1,1 % mo macce.

I1o pesynbratam skcriepumeHTa JAH omy-
omkoBaHo 10 crateii B pedeprpyeMbIX KypHa-
JIax U clieJaHo 0Kojo 50 moKJIamoB Ha HayYHBIX
KOH(pepeHLIUsX.

The NASA Mars rover Curiosity (ONASA) with the Russian DAN
instrument. The detector block is visible, mounted in the special
compartment inside the rover body

DAN experiment (Dynamic Albedo of Neu-
trons) onboard the Mars rover Curiosity (NASA)
is conducted on the Mars surface since Au-
gust 2012 to the present day. For the first time
in space research the experiment implemented
active neutron sensing of the Mars surface to
measure water content in the ground along
the rover route.

The DAN hardware is mounted on the left
and right sides at the rear of the rover instru-
ment section. It includes a pulsed neutron gen-
erator at the energy of 14 MeV and detectors
of epithermal and thermal neutrons, which are
radiated by the surface for a few milliseconds af-
ter pulsed neutron irradiation by the generator.

The distribution of depth-mean water con-
tent in the upper layer of 60 cm thickness is il-
lustrated in the figure. These values are within
1 to 3% by weight with an average value ca.
1.9 %. At that the volume density of the mat-
ter is practically unchanged and amounts to
1.5...2.2 g/cm3 with an average value of ca.
1.85 g/cm3, and the chlorine content measured
within 0.75...1.75 % with an average of ca. 1.1 %
by weight.

Based on the results of the DAN experiment
10 papers were published in peer-reviewed mag-
azines and ca. 50 reports presented at scientific
conferences.



Byuynme KOCMHUYECKHE IKCNIEPUMEHTDI OT/IE]1a

B Hacrosiiee Bpemsi oTaesl pa3pabaThiBaeT
OOpTOBYIO ammapaTrypy M IMOITOTaBIMBaeT Ha-
3eMHBIIl CETMEHT IS BOCBMU KOCMHUYECKUX
HayYHBIX KCMIEPUMEHTOB.

Okcnepument PPEHJI (FREND) Oyner
mpoBenéH Ha OOpPTy MapCHaHCKOTO KOCMU-
yeckoro arnmnapata TGO — mnepBoil Muccuu
EKA B pamkax poccuiicko-eBporneickoil mpo-
rpaMmMbl  «DK3o0Mapc», 3amycKk KOTOpoil 3a-
mraHupoBad Ha 2016 1. HeiirpoHHBIN Tele-
ckorm ®PEH/] pa3paboTaH Ha OCHOBE OIbITA
co3nanust nipubopa JIEH/ w npenHasHaueH
UIsT  KapTtorpadvpoBaHUsl TIOTOKA HEUTPOH-
HOTO U3JIyYeHUs ¢ MoBepxHocTU Mapca ¢ Bbl-
COKMM  TPOCTPAHCTBEHHBIM  pa3peleHreM
okos10 80 kM. D10 moutu B 10 pa3 mnpeBbIlIacT
MPOCTPAHCTBEHHOE pa3pellleHUue KapThl Hel-
TPOHHOTO M3Ty4eHus1 Mapca, moCTpoeHHO! Ha
OCHOBe 00pabOTKM JaHHBIX U3MEPEHUII BCeHa-
MnpaBJieHHbIMU NeTeKTopamu npubopa XEH/I.

Jannble u3MepeHuii Teneckorra POPEH]]
BIEPBbIE TO3BOJISIT TMPOBECTU OPOUTABHYIO
pa3BelnKy COJepXXaHUs BOABI B BEpXHEM Clioe
TPyHTa MOBEpXHOCTU Mapca, mpu4éM BBICOKOE
MPOCTPAHCTBEHHOE Da3pelleHre NaHHBIX W3-
MEpEeHUIi TI03BOJIUT COMOCTABUTh PAOHBI C TO-
BBIIIEHHBIM COIEPXaHUEM BOIOBI C KOHKpET-
HBIMU CTPYKTypaMU MapCHUaHCKOTO penbeda.
B cocras mpu6opa @PEH/I takxe BXoauT 610K
nosumeTpa  «JItomuH-MO», pa3paboTaHHBIM
WHCTUTYTOM  KOCMMYECKMX  HCCIEIOBaHUI
u TexHoyoruit Bonrapckoit akamemMuu Hayk,
Codust. DTOT OJIOK M3MEPUT paavialliOHHYIO
00CTAaHOBKY Ha OKOJIOMapCHaHCKOI opoOure,
a Takke Ha mepesiéte K Mapcy, 3HaHUe KOTO-
poii HeOOXOAMMO IS TUTAHUPOBAHMS TTUJIOTH-
pyeMbIX NoJIETOB K Mapcy B OyaylieM.

Okcnepument BTH-2 nponoickaer skcniepu-
meHT BTH-M1 Ha 60pTy poccHifiCKOro cerMeH-
ta MKC. Ero ocHoBHas 3amaya — JeTaabHOE
U3y4YeHUE paauallMoOHHOro (hoHa raMma-iydei
u HelitpoHoB Ha 6opty PC MKC. Ilnanupy-
€TCsl U3yYUTh YIJIOBOE pacrpenesieHrue yKa3aH-
HOro (hOHOBOTO U3JYYEHUS] OTHOCUTEJIbHO Oa-
30BBIX OCEil CTAHIIMU Ha PA3NIUYHBIX Yy9aCTKaX
OKOJIO3EMHOM OpOUTHI B YCIOBUSIX CIIOKOMHOM
MarHuToc(epbl U BO BPeMsI COTHEYHBIX BCITBI-
meKk. Bropasi HayuyHast 3amaya sKCIepuMeHTa
CBSI3aHA C PEerUCTpaleil COTHEYHBIX BCIBILIEK
raMMa-u3ay9eHus, TaMMa-BCIIIECKOB U BCITBI-
LK TaMMa-JIy4ell OT DJIeKTPUYECKUX Pa3psiIoB
B BepxHell aTMocdepe 3eMIu C BBICOKMM Bpe-
MEHHBIM pa3penieHueM. TpeTbs HayIHO-TIpaK-
TUYecKasl 3a1a4a dKCIePUMEHTa COCTOUT B DKC-
TMEPUMEHTAIBHOM HW3YYEHUH BO3MOXHOCTEN
pamvallMOHHOW 3aIUTHl OT HEUTPOHOB W TaM-
Ma-aydeit Ha 6opty MKC. Anmapartypa BTH-2
COCTOUT M3 OJ0Ka NETEeKTUPOBAHUS, KOTOPBIN
pa3pabaThIBaeTCsl Ha OCHOBE OTIBbITa pa3paboT-
ku nipubopa MI'HC (cM. Huke), 610Ka yrpaB-
JIEHUsI ¥ KOMIUTEKTa ChEMHBIX 9KPAHOB TS TO-
[JIOLLIEHUSI HEUTPOHOB Y raMMa-JIy4yen.

Planned Space Experiments of the Department

Currently the department designs onboard
equipment and sets up ground segments for
eight space experiments.

Experiment FREND (Fine Resolution Epi-
thermal Neutron Detector) will be conducted
aboard the Martian space vehicle TGO (short
for Trace Gas Orbiter) — the first ESA mission
under the Russian-European program Exo-
Mars, with launch scheduled for 2016. The neu-
tron telescope FREND is developed based
on the LEND experiences and is intended for
mapping of neutron flux from the Mars surface
with high spatial resolution ca. 80 km. This is al-
most 10 times higher than the spatial resolution
of the Mars neutron flux map generated from
the processed data of the HEND omnidirec-
tional detectors.

The FREND measurement data should al-
low for the first time to conduct orbital survey
of the water content in Mars shallow surface.
Moreover high spatial resolution will enable to
cross-reference the high water content areas with
specific Mars surface formations. The FREND
instrument also includes a dosimeter unit Ly-
ulin-MO, designed by the Space Research and
Technology Institute of the Bulgarian Acad-
emy of Sciences in Sofia. This unit will measure
the radiation environment on the low Mars or-
bit, as well as during the flight to Mars, whose
values will be important for planning of manned
Mars missions in the future.

Experiment BTN-2 (Onboard Neutron Tele-
scope, version 2) continues the BTN-M1 experi-
ment aboard the Russian segment of the ISS.
Its primary task is a detailed study of gamma-
ray and neutron background radiation onboard
the RS ISS. It is planned to study angular dis-
tribution of background radiation relative to
the station reference axis on different orbital
flight phases under the conditions of quiet mag-
netosphere and during solar flares. The second
task is related to recording with high temporal
resolution of solar gamma bursts, gamma-ray
bursts, and gamma-ray flashes in the Earth up-
per atmosphere. The third research task is ex-
perimental study of radiation shielding capa-
bilities against neutrons and gamma rays aboard
the ISS. The BTN-2 equipment is comprised
of a detector block, which is developed based
on the MGNS experience (see below), a control
block and removable shields assembly for neu-
tron and gamma-ray absorption.

O6wuii 8ud NémHoz0
06pasya mapcuaHckoz20
HelimpoHHO20 meneckona
®PEH/] (esepxy) u ycmaHos-
Ka némHoezo obpasya OPEH/
Ha 6opm KA EKA TGO (eHu3y)

General configuration of a flight
unit of the FREND neutron telescope
(up) and general installation

of the FREND flight unit on the ESA
space vehicle TGO (down)

06wuti 8ud annapamypoi
ons skcnepumerdma bTH-M2:
1 — paswsémbl 6n10Kka
OdemeKkmupoeaHus; 2,3 —
ceMb KOMNJIEKIMO06 CbEMHbIX
3KpaHoe 0711 noz/ioujeHusA
HelimpoHHO20 U 2amMmma u3-
nyqeHusa

General configuration

of hardware for the BTN-M2
experiment: 1 — detector
block sockets; 2, 3 — seven
removable shields assembly
for absorption of neutron and
gamma radiation
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O6wuti 6ud némHoz2o
o6pasya npu6opa MFTHC
(e8epxy) u o6wuti 6ud
ycmaHoeKu 1émHo20
o6pasya MFHC Ha 6opm KA
«benu Konomé6o» (eHu3y)

228

General configuration

of a flight unit of the MGNS
instrument (up) and general
arrangement of the MGNS
instrument on board

the spacecraft BepiColombo
(bottom)

DTH 3KpaHbl CO3MAIOTCS Ha OCHOBE OIBITA
pa3paboOTKM KOJUIMMATOPOB HEUTPOHOB MJIs
teneckonioB JIEH u ®PEH/.

Okcnepuvent MTHC (MGNS) na 6Gopry
anmnapata EKA «bern Koinom60» pa3pabatbi-
BaeT anrapatypy I U3y4eHUsl cocTaBa Bellle-
ctBa MepKypust Ha OCHOBE M3MEpPEHMI CIIeK-
Tpa raMMa-u3JIy4eHUs] U HEUTPOHHOIO MOTOKA
C TOBEPXHOCTU 3TOH TuiaHeThl. JJIsI crieKTpo-
CKOIMUM TaMMa-Jyd4eil B Tpubope MpUMEHS-
€TC WHHOBALUMOHHBIA CUMHTUUISALMOHHBIN
kpuctan CeBry; ¢ BBICOKAM CIIEKTPATbHBIM
paspelieHreM okoJjio 4 % mist aHepruu 662 k3B
M C TIpefesIbHO HU3KUM COOCTBEHHBIM (POHOM.
Jlnst pernctpaliii HEHTPOHOB TMPUMEHSIIOTCS
CYETUYMKM Ha OCHOBE TeNusi-3, aHaJIOTMYHBIC
YCIEIHO 3apeKOMEHIOBABIINM Ce0sl CYETIYMKAM
npubopa XEH/I. 3amyck KocMHYeCKOro armra-
pata «bermn Konom60» 3arranupoBan Ha 2017 r.

B skcneprMeHTe OyayT NPOJOJIKEHbI UcCie-
JIOBaHUs cocTaBa BelliecTBa MepKypus ¢ opou-
TBI, KOTOpBIe OBbLIM HayaThl B Mpoekre NASA
Messenger. OkcnepumeHnT MI'HC mnosBoaut
U3MEPUTh COIEPXaHWEe OCHOBHBIX TOPOI00-
OpasyoINX 3JIEMEHTOB 1 €CTeCTBEHHBIX paIu-
OAKTUBHBIX MU30TOIOB B BEIIECTBE MOBEPXHOCTU
Mepkypusi, a TaKXe OLIEHUTb KOJTMYECTBO BOIbI
B PETOJIUTE TOJISIPHBIX PAafOHOB 3TOM TIIAHETHI.
ITockonbKy ramma-creKTpoMeTp Ha arrapare
Messenger oka3ayicsl HepabOTOCITOCOOHBIM, TaH-
Hele MITHC morytr mpemnoctaBuTh TIEpBBIC pe-
3yJIbTAThl O TEOXMMUM ITOBEPXHOCTU MepKypus.

Okcnepument JITHC GynmeT mpoBoauThest Ha
MEepPCIIEKTUBHOM POCCHUIICKOM JIYHHOM OpOu-
TajabpHOM ammapare «JIyHa-26», 3amyck KOTopo-
ro HameueH Ha 2019 r. [Tpubop npenHazHaueH
IUIST U3MEPEHUN C TIOJNSIPHON OKOJIOJIYHHOU
OpOUTHI MMOTOKOB U DHEPTreTUYECKUX CIIEKTPOB
raMMma-Jjydeii U HEUTPOHOB C TOBEPXHOCTHU
Jlyael. Ha ocHOBe moJydeHHBIX JaHHBIX TIPEI-
roJjlaraeTcsi IMOCTPOUTb KapTy 3JEMEHTHOTO
CcOCTaBa JYHHOTO PErojiiTa U pacrpoCTpaHEH-
HOCTU B HEM €CTECTBECHHBIX DPaTMOAKTUBHBIX
n3orornoB. TakuMm o0Opa3oM, B 3KCIIEpUMEHTE
JITHC mnnaHupyeTtcsl MpOoA0JIXKUTh TJI00aIbHbIE
WCCIIEIOBAaHUST 3JIEMEHTHOTO coctaBa JIyHBHI,
MpoBeAEHHBIE B aMEPUKAHCKOM M SITOHCKOM
npoekrax Lunar Prospector u Kaguya. OcobeH-
HOCTh JKCIEpMMEHTAa — BO3MOXKHOCTH CpaB-
HUTb JaHHbIE OPOUTAJIBHBIX SAEPHO-(DU3NYe-
CKUX W3MEpEeHUl C NaHHBIMUA aHAJOTUIHBIX
W3MEpEHMI HEITOCPEICTBEHHO Ha IMTOBEPXHOCTU
Jlynsl. [Tpu6op JITHC Oyner co3maH Ha OCHO-
Be ombITa pa3paboTku npudopa MI'HC, B HEM
Takke OYyIyT MCITOJIb30BaThCsl MEPCIIEKTUBHBIC
NETEKTOPbI raMMa-Jiyueit Ha ocHose CeBr,.

OkcnepumenTsl cepun AJIPOH. TlIpuGopsr
9TOI CepUU MpeaHA3HAYCHBI IUTSI aKTUBHBIX W3-
MEpEHUI 3JIEMEHTHOTO COCTaBa IMOBEPXHOCTU
JlyHbl 1 Mapca HerocpeacTBeHHO ¢ OopTa CITy-
CKaeMoro amrapara ¢ IpUMeHEHHEM WUMITYJIbC-
HOTO HEMTPOHHOIO reHepaTopa Ajs O0IydeHUs
TTOBEPXHOCTU M NETEKTOPOB BTOPUIHOTO M3JTY-
YeHUsI raMMa-(GOTOHOB M HEUTPOHOB OT 00JTY-
y€HHOro BellleCTBa MOBEpXHOCTU. B KauecTBe

The shields are designed based on neutron
collimator experience for LEND and FREND
telescopes.

Experiment MGNS (Mercury Gamma and
Neutron Spectrometer) aboard the ESA space-
craft BepiColombo is designed to study Mercury
composition on the basis of the gamma-ray and
neutron flux measurements from the planet sur-
face. For the gamma-ray spectroscopy the in-
strument uses the innovative scintillation crystal
CeBr, with high spectral resolution ca. 4 % at
the energy of 662 keV and extremely low intrin-
sic background. To record neutrons it applies
helium-3 filled counters, which are analogous to
the well-proven counters of the HEND instru-
ment. The launch of the spacecraft BepiColombo
is scheduled for 2017.

The experiment will continue the orbital
study of the Mercury composition that be-
gan during the NASA mission Messenger.
The MGNS experiment should enable to mea-
sure content of basic rockforming elements
and naturally-occurring radioactive isotopes
in the Mercury surface matter, as well as es-
timate the quantity of water in the regolith
of the planet’s polar regions. Since the gamma
spectrometer on the Messenger craft turned out
to be inoperative, the MGNS data can provide
the first findings on the Mercury surface geo-
chemistry.

Experiment LGNS (Lunar Gamma and Neu-
tron Spectrometer) will be conducted on an up-
coming Russian lunar Luna-Resurs-Orbiter,
which is scheduled for launch in 2019. The in-
strument is designed to measure from the polar
lunar orbit fluxes and energy spectra of gam-
ma rays and neutrons from the lunar surface.
The obtained data is planned to be the basis
of a map of Moon regolith composition and oc-
currences of natural radioactive isotopes. There-
fore the LGNS experiment should continue
the global studies of the lunar composition, con-
ducted during the American and Japanese mis-
sions Lunar Prospector and Kaguya respectively.
The distinctive characteristic of the experiment
is an opportunity to compare the orbital nucle-
ar measurement data to the similar measure-
ments on the Moon surface (see description
of the ADRON experiments). The LGNS in-
strument will be designed based on the MGNS
development experience, and it is going to use
advanced gamma ray detectors based on CeBr.

ADRON experiments (Active Detector Gam-
ma-Ray and Neutron). The instruments
of the series are designed for active measure-
ments of the Moon and Mars surface composi-
tion directly from aboard the lander, that apply
a pulsed neutron generator to irradiate the sur-
face and detectors of gamma-ray photons and
neutrons from the irradiated surface. For
the neutron generator the ADRON hardware



reHepaTopa HeiTpoHOB B armmaparype AIIPOH
TPUMEHSIIOTCSI TeHepaTophl, pa3paboTaHHBIE
st akcriepuMmenTa JJAH, a KOHCTpykuus ne-
TEKTOpPOB OCHOBaHa Ha pa3paboTkax Mpubdopa
MTI'HC. Pasnuunble MomuduKaluuy armapa-
Typel AIIPOH Oynyt ycraHoBieHbl Ha 0OOpTY
POCCHUIICKUX JIYHHBIX ITOCAIOYHBIX aIIapaToB
«JIyHa-25» n «JlyHa-27» u Ha GOpTYy poccHii-
CKOTO MOCaIO4YHOTO anmnapara u eBporneiickoro
MapcoXxo/la POCCUICKO-EBPOIENCKOTO TTPOEKTa
«DKk30Mapcy» (Muccus ¢ 3amyckoM B 2018 1.).

IIpoekTsl oTAENA

Otnmen SIBASIETCSl BEOYIIMM CTPYKTYPHBIM
noapasneseHreM WMHCTUTYTAa 1O OBYM IIep-
CMHEKTUBHBIM KOCMUYECKUM MpoeKTaM: «JIyHa-
25» u «JlyHa-27». CoTpynHUKM OTIeaa IOTO-
BAT HAYYHYIO TPOTpaMMy HCCIEIOBAHUN 3TUX
JIYHHBIX MUCCHI, MPOBOASIT KOMIUIEKCHbBIE HC-
MbITaHUs 00pa3ll0OB HAyYHOM ammapaTypbl Ha
crengax MKW PAH u B HITO uM. C. A. JlaBou-
KMHa, 00ecrneyuBaloT HayYHO-OPTraHU3alMOH-
HYIO TIOJIIEPKKY peaiu3aliuy 3TUX MPOEKTOB.

Otmen Takke TPOBOAWT HCCEIOBAHUS
Mo KOHKYpCHOMY TpoekTy Poccuiickoro Hayu-
Horo GoHaa «fAnepHas miaaHerosorusi». B ero
paMKax pa3pabaThIBalOTCSI HOBBIE IT€PCITCK-
TUBHBIC TIpUOOPHI IS  SIAEPHO-(PU3UUECKUX
uccaenoBaHuii JIyHbI, MJIaHET U HEOECHBIX TN
CoOJIHEUHOM CHCTeMBbI, MIPOBOASTCS CIICIHATb-
HbIE IEePHO-(U3NYECKUE HA3eMHbIE IKCIIEPH-
MEHThI ((bu3nyeckue KaauOpOBKU U TMOJEeBbIe
WCTIIBITAHUS) JUISS WHTEPIpETallui 3KCIIepH-
MEHTJIbHBIX JAHHBIX, MOJTYYeHHbIX B KOCMUYE-
CKUX IKCIIEPUMEHTax, U M3Yy4yaroTcs CBOMCTBA
HebecHBIX Tes1 COTHEUHOM CUCTEMBI Ha OCHOBE
aHajM3a JaHHBIX HayYHBIX ITPUOOPOB Ha OOPTY
KOCMUYECKUX aIapaTos.

HccnenoBanust u pa3pabOTKM OTHENa MPO-
BOISITCS Ha OCHOBE IIMPOKOW Koomepauuu
C BEAYIIMMM DPOCCUUCKUMU HAyYHBIMH W WC-
CJIeIOBAaTEIbCKUMU OpraHU3alusIMU, W TaK-
K€ € MHOCTPAaHHBIMU MCCIIEAOBATEILCKUMU
eHTpamu. B ux yucie — Bceepoccuiickuil Ha-
YYHO-HCCIENOBATEIbCKIUIA WHCTUTYT aBTOMa-
Tuku uM. H.JI. lyxosa (BHUHA), UHcTuTyT
GU3UKA aTOMHBIX pPeakTopoB, OObEIUHEH-
HBIII MHCTUTYT SIIEPHBIX uccaemoBanuii (J1y6-
Ha) (OUAN), MHCTUTYT MallIMHOBEAEHUS WM.
A.A. bnaronpasoa PAH (MMALL PAH),
Bcepoccuiickuii  HayyHO-MCCIEeI0BaTEIbCKU A
MHCTUTYT MUHEPAJIBLHOTO ChIpbs M. H. M. Me-
nopoBckoro (BUMC), ®Dusuko-TeXxHUIecKuit
nHCTUTYT uM. A. ®. Mopcde PAH (OTU PAH)
u npyrue. JlecsiTb COTPYIHUKOB OTAENA BXOIST
B MEXIYHapOIHbIC HAYYHBIC TPYIIIBI KOCMUYE-
ckux mpoektoB NASA «Mapc Onucceii», JIPO,
«Kbropuocutu» n npoektoB EKA «benu Ko-
JIoM00» 1 «Dk30Mapc».

OTnen — 3TO CIUIOYEHHBIN KOJUIEKTUB €M~
HOMBILIJIECHHUKOB,  OOBEAMHEHHBIN  OOILLIei
IeJbI0 — Pa3BUTHEM POCCHIICKON KocMMue-
CKOI HayKM Ha OCHOBE COBPEMEHHBIX SIIEPHBIX
U DJIEKTPOHHBIX TEXHOJIOTUIA.

applies generators developed for the DAN ex-
periment, and the detector design is based
on the MGNS instrument. Various modifica-
tions of the ADRON equipment will be mount-
ed on the Russian lunar landers Luna-Glob and
Luna-Resurs, as well as the Russian lander and
the European Mars rover under the Russian-
European mission ExoMars (mission launch
in 2018).

Department Projects

The Department is the leading division
of the Institute in two future space missions:
Luna-Glob and Luna-Resurs-Lander. The De-
partment employees prepare research programs
for these missions, conduct tests of the hardware
at IKI and Lavochkin Association, and provide
scientific and organizational support of these
missions.

The Department also leads researches un-
der a competitive project of the Russian Sci-
ence Foundation “Nuclear Planetology”. For
the purpose of the project new advanced in-
struments are designed for nuclear physics in-
vestigations of the Moon, planets, and small
bodies of the Solar system, special nuclear
ground-based experiments (physical calibrations
and field trials) are conducted for interpretation
of the experimental findings, and the properties
of the celestial bodies in the Solar System are in-
vestigated based on the instrument data analysis.

Research and development of the Depart-
ment are carried out based on extensive coop-
eration with the leading Russian science and
research institutes, as well as foreign research
centers. These include the Dukhov All-Russia
Research Institute of Automatics, Institute
of Physics of Nuclear Reactors, Joint Insti-
tute for Nuclear Research (Dubna), A.A. Blag-
onravov Institute for Engineering Science
of RAS, Fedorovsky All-Russia Research In-
stitute of Mineral Resources, Ioffe Physical and
Technical Institute, and others. Ten of the em-
ployees are included in the international science
teams for the NASA missions (Mars Odyssey,
LRO, Curiosity) and ESA missions (BepiColom-
bo, ExoMars).

The Department is a tight-knit group of like-
minded people, bound by a common goal — to
advance the Russian space science with modern
nuclear and electronic technologies.

4

CompyoHuk omodena
N263 AHOpeli BocmpyxuH

pudop
AZIPOH-JII kK KoMnaeKcHbIM
ucnbIMAaHuAM Hay4Hou
annapamypbel npoekma
«JlyHa-25»

Andrey Vostrukhin prepares
the ADRON-LG instrument
for the tests of the Luna-Glob
hardware
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Konnekmue omdena
0 )

Ne63 ¢ o6pasyamu npubopos
MrHC, XEHA, IEHA, IAH
uAQIPOH (cneea Hanpaeo)

The department staff
holding prototypes

of MGNS, HEND, LEND, DAN,
and ADRON (left to right)



