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Frank Laboratory of Neutron Physics

NaSopaTopuA HelTpoHHOW du3nKKM um UM Ppanka

BO3MOMHOCTE MCCARAOBATE NPUPOAY OKPYMAKILErO MUPA 33 rPaHLH) AOCTYNHOrD BCerja Npueaekana
uenoseKa. HTobel yeraeTs MUKPONPOLEcts!, NPOMCXOAALIME B BeleCcTBe, Bhln cO3/aH MUKpocKon. OgHako AnA
M3yMeHMA NoBeAeHHA Bonee Mankix OB LEKTOR — aTOMOB 1 MOAEKYA, DOPMUPYIOLMX N060E BELeCTRO, HeoBX0 MM
Bonee 3pderTHEHEIN MeTod. HelTpousl — BHICOKO3IQEEHTUBHOR CPEACTEO AMNA M3Y4YeHUA BellecTsa,
HAXOAALLEroCA B KOHASHCMPOBAHHOM COCTORHMM (KaK TBEPAEIX TeN, TaK M MUAKOCTENH).

NabBopatopuA HeWTPOHHOW dM3kMkM WM. WM. @panka (IHD) O6bedMHEHHOrO MHCTHTYTA AAEPHBIX
uccnegopaqnil (OHMAM) Buina co3gana B 1957 rody v meeT Bosee Yem NoAYBEKOBON ONBIT CO3JAHMA W PA3BHMTHA
HEMTPOHHBIX HCTOMHMKOB, TAHWUX KaK MMNY/LCHBIA PEAKTOP HA BLICTPBIX HERTPOHAX, @ TAKMKE ONbIT MCNOAL30BaHHA
HEHTPOHOE B QyHAIMEHTANLHOR M NPUKAAAHON HayKe.

MycTb 370T BYKAST NOCAYHHUT 417 BAC NPOBOAHMKOM B MHOMOrPaHHLIN 1 33XBATLIBAFOLLMIA MUP HeliTpOHHOH
PU3MHM M NO3HAKOMMT BAC C BOIMOMHOCTAMM Halel nabopaTopuu.

AupexTop fabopatopum HEMTPOHHOM duavKm Mm. M.M. dpaxka
AB. BenywkuH

OnTr4eckuA
MMKPOCKON .
Pazpewenne

INEKTPOHHEA MUKPOCKON . ~ _
Pa3pewesHe 80 ~ 5 HM HeATPOHHEIR CREKTPOMETP.
Paspewenue Ao ~ 8.4 HW

Optical microscope.

Resolution

down to~8.2 pm Electronic microscope.
Resolution down to ~ 5 nm

Neutron spectrometer.
Resolution down to ~ 8.4 nm

The possibility to explore the world around us beyond the range of unaided human vision has always
attracted people. The invention of the light microscope has enabled us to observe enlarged images of tiny objects,
but to study the behavior of even smaller objects, like atoms or molecules, requires more effective methods.
Neutrons are a powerful probe to study condensed matter {both solids and liquids).

The Frank Laboratory of Neutron Physics (FLNP) of the Joint Institute for Nuclear Research (JINR) was
founded in 1957 and has more than half-century long experience in the creation and development of neutron
sources, such as the pulsed fast neutron reactor, and experience in using neutrons in fundamental and applied
science.

Let this booklet serve you as a guide into the versatile and fascinating world of neutron physics and let it
introduce you to the research possibilities of our Laboratory.

Alexander Belushkin
Director of the Frank Laboratory
of Neutron Physics
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B Hayane 6bi10 €NOBO, WAM KaK BCE Ha4yuHanocChb.. Hauwmn nyTEBOﬂHTenH B HaHOMUp
e nanoworld

B koHue 1955 roga B OBHWHCKOM OM3IMKO-3HEPreTHHecKoM WHCTHTyTe (03M) npoxogun Explorlng t
CeMHHap, Ha koTopom obcywfanack paboTa aMepUKaHCKMX YYEHBIX NO WCCNENOBaHWN 3aBUCHMOCTH
CeYeHWA AeneHWA ypaHa-235 oT IHEeprud HeATpoHOB. B WX 3KCNepUMeHTE WCMoNb3OBANCA AWCK C
HAHECEHHLIM Ha HErO CNOEM ypaHa. OH BPaWancA CHHXPOHHO C MPEpLIBATENEM NMyuka, a TeMm BpeMeHeMm PeaI(Top UBEP 1966 - 1968
M3MEPANach BOIHWKWAA Ha ofofe Koneca pafMoakTHBHOCTL ypaHa. «Bapyr OMuTpui MeaHosuy [[1.U. IBR reactor
BNoXuHUEE, B TO BpeMA AMpekTop ©3W] noaHMMaeT pyky M rOBOPUT: «A YTO, CNH YacTh akKTUBHOWA
30HEl peakTopa 3aKkpenuTe Ha obofe Takoro AMcka, Aa Tak, 4Tobel nNpw kawaom obopoTe 3Ta 4HacTe
npoxoawna sBAW3M HENOABUXHONR 30HE W KPAaTKOBPEMEHHO CO3AaBana Bul CBEPXKPUTHHECKYW Maccy?»

— Tak BCNOMWHAWT Havano paboTel Haj NPOEKTOM MMNYNLCHOMO PeakTopa Ha ObiCTpX HedTpoHax —
MEFa — pa3paboT4MKKM TEOpUM 3TOrD peaKTopa, COTPYOHMKH D3, YYaCTHUKH nycka

Korpa B cepeawde 1956 roga .U, BnoxuHUEBY Npeanoxudny BO3rNaBWTL OPradU3yeMsid B . WoHb, 1968 roa
Lly6He MexayHapogHLIA UHCTMTYT, OH NOCTABWA YCNOBMe: COOpPYAMTH B [yBHe HOByW yCTaHoBKy  — lepeuil - peairap, MBR: MeCro,. rie Gunn oTkphTS
WEP. [InA npoBemeHHA GUIMMECKMX UCCNefOoBaHWA Ha 3ToM peakTope Gena obpasosada NaBopaTopwuA JASTREREADMTAE HEATEOHY
HENWTPOHHOA ¢u3nkn. EE gupexTopom Bein w3Bpad naypeat HobBeneeckow npemuid W.M. ®padk, a |
3aMecTuTeneM aupexktopa — @01, Wanupo. Nyck WEPa cocToAancA 23 wigHA 19608 roga — «Konecow ) I
33KpYTHUNOCh... i /

.M. Tpank

&.N. Wanwpo

0.1, BnoxuHues

Grnﬁ‘m__g+ participants of th
June, 1‘-;5&1

D.1. Blokhintsev

PeakTop WBP-30
IBR-30 reactor +969=2000 S

L.M. Frank HAPYWEHWA MNPOCTPAHCTEEHHON 48T~
HOCTH B HEHTPOHHBIX PEIOHAHEAX
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AKTUBHAA 30Ha peakTopa

In the beginning was the Word or how it all began..

In late 1955 in the Institute of Physics and Power Engineering (IPPE, Obninsk) a
seminar was held, where the American scientists' work devoted to the investigation of the
neutron energy dependence of uranium-235 fission cross-section was discussed. In the
experiment they used a disc with a thin layer of uranium on its surface. While it was
rotating simultaneously with the beam chopper, they measured the radicactivity, which
appeared at the rim of the wheel. Suddenly Dmitrii Ivanovich (D.I. Blokhintsev, IPPE

Director at that time) raised his hand and said, "Why not fix a part of the reactor active The reactar cre The enhancement of the space parity
zone on the rim of such a disk so that at each rewvolution this part passes near the -1501 inlati i
P P | violation effect in neutron resonances
stationary zone and creates a supercritical mass for a short time?” These are the was found
recollections of the creators of the theory of this reactor (IPPE scientists) about the 'Mﬂ_
beginning of work on the design of the pulsed fast neutron reactor (IBR). 10 09 0B 07 06
L 1 L A 1

When in the middle of 1956 D.I. Blokhintsev was suggested to head the International
Institute being organized in Dubna, he made it a condition that the new IBR facility should
be built in Dubna. To carry out physical investigations on this reactor, the Laboratory of
Neutron Physics was established. Nobel Prize winner I.M. Frank was elected its Director and
F.L. Shapiro was appointed Deputy Director of the Laboratory. The IBR start-up was held on
June 23, 1968, and the "wheel" began to turn.
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UMNyNbCHLIA peakTop Ha OGbiCTPbIX
HeiTpoHax WBP-2 (1984-2006)

MexayHapoaHLIA LEHTP HEATPOHHLIX WCCNEN0BIAHUA KOH-
OEHCUpOBaHHLX cpep. bonee 158 3KCNepuMeHTOE B
rog.

Npemua npaewTenscTBa PO B obnacTw Hayku w
TEXHUKH 23 paboTy «BLICOKONOTOUHLIM MMIYNLCHLIA M-
cnefoBaTenkCkuid peaktop WBP-2» (1996).

FocypnapcTeeqHan NpemuA Poccuitckoi Bepepauuu
(2008) 3a pazpaboTKky M peanu3auui HOBbIX METOLOB
HEHTPOHOrpaduK MO BpEMEHH NPOMETA HA MMNYIbCHLIX W
CTaUMOHapHLX ALEPHLIX peakTopax.

Engineering Life
Sciences  scipncps  Earth Remania Uh;"“ France
Chemistry 5% 1S%  Sciences 3% g Bl U;;:‘
15% — 5% Poland =
5%
FLMP
Waterials science Fhiices 5% Garmany Rin
15% 5% iy 3%

33BUCHMOCTE 33PAAA OT TeMNepaTypsl
npu @asceom nepexcde Hg-1281 B
CEEPXNPOBOAALEE COCTORHME

UCcTOYHUK Pe30HaHCHbIX HeltpoHoB (MPEH) (2008- ..)

3TOT HEATPOHHLI MCTOYHHMK Ha Baze YCKODUTENA 3MEKTPOHOB C MAaNeHbKOW WWPUHOW BCMLILKW
(nopAmka 18@ HC) ABNASTCA MHCTPYMEHTOM ANA HEATPOHHO-PUZMYECKMX 3KCMEPUMEHTOE B oBnactw
pa3peleHHsx PE30HAHCOE, TPeByliyx BEICOKOT0 IHEPrETHHECKOTO PA3PELEHKA.

XapakTepucTUKKW nonHomacwrabHoro komnnexkca WPEH BuBemyT 3Ty YCTAHOBKY B OOMH PAL C
NYHWHMK WCTOYHWKEMM HERTPOHOB 3TOMO KAacca.

Mporpamma nccnegosaHuii Ha WPEH

QYHOAMEHTANBHAR ALEPHAA GU3nKa:
® wccnepoeauwwe (n,p), (n,a) peakuui B 06NACTM 3IHEPTMH 00D HECKONBKMX OECATKOE K3B
(ApepHan acTpodM3MKa, 3BE3AHLIA HYKNEOCHHTES, AEDHLIE AaHHLE);
® Mpeur3MOHHOE (C TOYHOCTLH A0 1%) W3IMepeHWe IHEPreTHHECKORW 3ABWCUMOCTH HEHTPOHHLIX
ceYeHWi (AfEepHLIE faHHLE) ;
® W3Iy4YeHWe CEOWCTE BhICOKOBO3BYKAEHHLIX COCTOAHWI AREP;
® WCCNEOBaHWE NOANOPOTrOBLX P-PE30HAHCOB (HapyweHwe ¢yHOIMEHTANLHLEX CUMMETPMIA) ;
® MOAroTOBKAE SKCNEPUMEHTANbHLIX METOAMK .
MpMKNagHsle WCCNenOBaHMA
® WCMNoNbL30BaHWE HEATPOHHOTO W MaMMa-aKTUBALMOHHOMO aHANKM3a B MaTEPUaNnoBedeHMH, HayKax o
WHIHM}
® MoNyYeHWe  PafNOAKTHEHLIX  M3IOTOMOE €  MOBLAUEHHOM
DPAOMOHYKNUOHOW YMCTOTOW [ONA NPUMEHEHWA B COCTaBe
OWATHOCTHHECKMX W TEPanNeBTHHECKWMX  MEQWLMHCKMX
npenapaToe.

3an yckoputens MPEH

Tekyuue napameTpsl UPEH
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IBR-2 Pulsed Fast
Reactor (1984-2006)

The International Centre for Neutron Research of Conden-
sed Matter. Over 158 experiments per year.

The RF Government Prize in the field of science and technology for the work “The high
flux pulsed research reactor IBR-2" (1998).

State Prize of the Russian Federation (2888) for the development and realization of
new methods in time-of-flight neutron diffraction studies at pulsed and steady-state
I_:_1uclear reactors.

Repetition freguency, Hz
Electron pulse duratiom, ns
Electron energy, MeV

YacToTa chegoeaHmA, i 58
[MMTEAEHOCTE INEKTRONHOrD WMNYALCA, HC

Beam power, ki

Multiplication factor
Neutron yield, n/s

MowMocTe ny4xa, KBT N Bj
Ko3OHUMEHT paSMHOREHHA 1

Current parameters of IREN

IREN accelerator hall

Intense Resonance Neutron Source (IREN) (2008-..)

This neutron source built on the basis of an electron accelerator with a small burst
width (of the order of 188 ns) is an instrument for neutron experiments in the region of
resolved resonances that require high energy resolution.

The parameters of this full-scale IREN facility will bring this instrument to the level
of the best neutron sources of this type.

IREN research program

Fundamental nuclear physics

e investigation of (n,p), (n,a) reactions in the energy range of up to several tens of
keV (nuclear astrophysics, stellar nucleosynthesis, nuclear data);

® precision (with an accuracy of 1%) measurement of energy dependence of neutron cross-
sections (nuclear data);

® ipvestigation of properties of highly excited atomic nuclei behavior;

® ipvestigation of sub-threshold p-resonances (violation of fundamental symmetries);

® development of experimental techniques.

Applied research

® application of neutron analysis and gamma-activation analysis in materials science
and life sciences;

®  production of radiocisotopes with high radionuclide purity for using in diagnostic and
therapeutic drugs.
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MogepHM3UpoBaHHLIA peakTop UBP-2 (2010 -...)

MEP-2 - HeWTPOHHBIA WCTOYHWK, KOTOPHIA MO MpaBy MOXHO HA3BaTk PEKOPOHLM, Kak Mo
NOKa3aTenAM WHTEHCMBHOCTW MOTOKA HEWTPOHOB B WMMNYNLCE, TaKk W MO TEXHWHECKUM pPEWsHWAM,
KOTOpHIE JaKT BO3MOKHOCTE €ro NonyYuTh. HecMoTpA Ha GONbUYW NMUKOBYH MOWHOCTE B WMNYALCE -
1858 MBT, WEP-2 noTpebnAeT ropa3go MeHbE IHEPruM, Yem Opyrue MCCNefOoBaTeNbCKMe peaKkTopkl W
YCKOPHTENW. 3T0 0O3Ha4aeT, HYT0 OH He TONbKO 3IKCHOMMYECKM, HO M 3IKONOTMYECKW BhirofeH
BnarogapA HU3KOMY Pacxody NpUpofHLX pecypcoB, HeobxoAuMbix ONA COOQEpXaHWA YCTaHOBKW. Kpome
TOro, HEBENMKM W TEXHONOrW4eckue BuBpocH, NOCKONEKY BPEMA 3KCAAYaTauuM TONAWEA B peakTope
WBP-2 - Bonee 15 neT, 4TO B [ARCATKM pa3 NPeBOCXOAMT BPEMA 3KCNAYaTauuu TONNWEa B
HAN0r MYHLIX NO MOWHOCTH CTaUMOHapHLIX peakTopax.

MpeMMywecTBO peakTopa WMNYALCHOTO THNa NO CP3BHEHWH CO CTauMOHapHLM peaKkTopoMm
COCTOMT B TOM, 4TC OH [MO3BONAET WCNONL30BaTk MeToA BpeMeHW nponeta 6e3 noTepw
WHTEHCWBHOCTH NOTOKa HEATPOHOE.

OcHoBHbE napameTpsl MOAepHW3WpoBaHHoro peaktopa WMBP-2

YcTtaHoBku WUBP-2

® Judpakuma: OOBP, [H-2, OH-12, OH-6, CKAT, 3MNCHNOH , ©CA;

Manoyrnoeoe pacceaHue: HMO;
PednextomeTpua: PEMYP, PEGNEKC, MP3WMHC;
Heynpyroe paccerdue: [WH-2MW, HEPA;
AnepHan gu3mnka: W30MEP, KOMXMOA;
HeMTpOHHLIA aKTHB3UMOHHLIA aHanua: PETATA;
06nyyawan YCTaHoBKa.

HelAiTpoHHbIE MCCNegoBaHuA
Ha peakTope WBP-2

L]
L
L
L]
L
L]

PU3MKE HAHOCHCTEM;
CTpyKTypa W OWHaMUKa §YHKUWOHANEHLIX
MaTepuanoe;

KOMMNEKCHLIE KUAKOCTH W NONUMEpH ;
MonekynApHaA BMoNorua W HapMakonorua;
CTpyKTYpa ropHuix NOpog M MAHEpaNos ;
MHxeHepHaA AMarHOCTHKE;

HeHTPOHHO -AQEPHLIE MCCNEN0BAHMA;

HAA B HayKax 0 HM3HH.

CpensAR MOWNOCTs, MBT 2 Maan power, MW
KonhecTen Tennossgennau Snswekros it Pud, &3 Nimber of fuel elsmente of Pul,
Yactora wMnynecos; Iy 55 18 Pulse repetition rate, Hz
NoAYWHPHHE WMnyRBCa, © 208 Pulse half-width, =
CKOPOCTE BpAWEHUA, OO/MAHT Rotation rate, rev/min:
‘DcHoBHOR NogeMsseW OTpaxatent (ON0 628 Main movable reflector (MMR)
Nt A OTp 3] 388 Auxiliary movable reflector (AMR)

Cpok cywbs NOABMAHOID OTPa¥aTens, 4 5568 Movable reflector service life, hours
Konuectao catenndtos npw 5 My 1 Number of satellites at 5 Hz
MAOTHOCTE NOTOKS TENADSHX HERTPOHOE Thermal neutron flux density from the
C TIOBEPXHOCTH 3ar EnR: P % surface of the moderator:
VEDEDHEHHEA N0 BPEMEsN 25 nfem’/s | time average

| makcwaym 8 wanpnuce 18" n/em' /s | burst maximum

Main parameters of e

the modernized
IBR-2 reactor
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The IBR-2 modernized reactor (2010 -...)

IBR-2 can be rightly referred to as a record-breaking neutron source both as to the
intensity of neutron flux in pulse and as to the engineering solutions allowing us to
achieve it. In spite of the high peak pulse power (1858 MW) IBR-2 consumes far less energy
than any other research reactors or accelerators. This means that it is not only
economically advantageous, but also ecologically beneficial due to the fact that the
consumption of natural resources required for its maintenance is relatively low. What is
more, technological emissions are alse minor since the fuel service life is more than 15
years, which is ten times longer in comparison with that of stationary reactors with
equivalent power.

The advantage of a pulsed reactor as compared to a stationary reactor is that it
makes it possible to use the time-of-flight technique without any loss in the intensity of a
neutron flux.

The IBR-2 instruments

Diffraction: HRFD, DN-2, DN-12, DN-6, SKAT,

Ycranoskn WBP-2:

[

IBR-2 facilities:

Small-angle scattering: YuMO;
Reflectometry: REMUR, REFLEX, GRAINS;
Inelastic scattering: DIN-2PI, NERA;
Nuclear Physics: ISOMER, KOLHIDA;
Neutron Activation Analysis: REGATA;
Irradiation Facility.

Neutron investigations at IBR-2

Physics of Nanosystems;

Structure and Dynamics of Functional Materials;

Complex Liguids and Polymers;
Molecular Biology and Pharmacology;
Structure of rocks and minerals;
Engineering Diagnostics;
Neutron-nuclear investigations;

NAA for Life Sciences.

EPSILON, FSD;

0




9 10
Mo4emy Mbl UCNONb3YEM HEWUTPOHbI?
o Ty —

MOAEHCTBUA

Hanuume MarHMTHOro MoMeHTa

OTCYyTCTBMe 3apapa, cnabocTe B3au-

KMHETUYECKAA IHEPrMA CpaBhuma ¢ sHep-
THEH 3NeMEHTapHux Bo3bywaeHui (MaB)

+ WCCNegoBaHuA obOvemHux 0bpasuoceE

+ WIYHEHWA GHONDMHYECKHX CHCTEM

+ W3yveHun ofpasuOB B CAOMHMX CHCTEMax OKpyxeHus obpasua
SKCTPEMancHee YCAOBWA N0 TEMNepaType, AaBNeHWd, MarHWT-
M[)N’II nong

+ WAYYeHWA 0BPAzIUCE BO EPEMA XWUMMYECKUX peakuwi

g‘:ggo‘:‘:::“c?::"ﬁ ;' ::“?;g:“i";“ W3YUBHHA TOMHOR W MOMEKYNADHOR CTRYKTYpPH BELECTBA

M3YUEHUA MATHHTHOR CTPYKTYps BeWEecTEa

W3YYEHHA ATOMHOH W MErHHTHOM JUHAMAKK

Korga He#TpoHb MPOHWKAWT B
DBDBEELI.J aTOMbI Ha4YMHAWNT MWK
NPEKPALENT OCLUMANWPOBATL. Ecnu
HERTpoHW 0Opa3ywnT $OHOHW HIK
MarHoHe, OHM MEpefanT MM CEOD
IHEPTHID ~ HEYTIPYTOE PaccenHue

CHa4ana B KpuCTanne-aHanu-
KpucTann, KkOTOpeld wBEPEIAET» 3IaTOPE QUKCUPYHTCA MIMEHEHWA
HEATPOHE C ONPeAenéHHON ANWHOA  3IHEPrWW HEATPOHOB.. .3 3aTEM B
BOMHBl  (3HEPrued) - MOHOXPO- peTexkTope PerdCTPUPYETCA KO-
MaTHMECKHE HEATPOHBI NWYECTEO HEATPOHOB

Paccennue Ha AApax aTomoB WENOAL3OBIHHA U3OTOMHOMG 33MEWSHMA W METONA BAPWALIMHM KOHTPACTa —* e
KorepesTHoe W HEKOTEPEHTHOR DACCEAHME  W3YHMEHWA KONNEKTUBHBIX W OOHOMACTHYHHX SpdexTon F=s
ATomel B 06 c
. AeTexTOpu PErUCTPUPYNT HANPAB- Spectrometer with rotatable c Rigwpache
Korpa HeRTpOHE CTANKWBaWTCA C NeHMHA HEeATPOHOE, 3TO NO3IBONAET Kp!cTann, KOTOPLIA “BMpE3AETH cr‘ystals and rotatable sample KPHCTANNN4ecKon
aToMamu B BewecTBe 0Bpa3ua, oHu noay4sTe JAudpakTorpammy, rae HEATPOHL C onpefenéHHon tprKTyﬂOﬁ
MEHRIOT HANpagneHue (paccen- oToBpaXawTcA  MOIWUMM  ATOMOB ANWHOW  BONWe  (3IHEprued) - " 2
BAWTCA) - YNPYroe paccenHue OTHOCHTENLHO APYT Apyra MOHOXPOMaTH4YECKHE HERTPOHL ccnefoBaTenbCKun
. » peakTop
- //,
- ~ < ,;W —-
- Atomsl B8 obpasue c 5 d r“x\ j %
— I e .
o KpUCTANNM4Yeckol CTPYKTYpoi | r /{ €4y, (
]7. = ‘:“’w % 'd
s L L] L ]
WccneposaTensckui . . O
peakTop Research reactor 7 s,
: e
- L]
e .
i Atoms in a * ]*
qo,\n" “/‘) e crystalline - .
(] \ ;’r sample 4 ™
7
Research reactor P :
- * ‘

— Atoms in a 2
PRE crystalline sample s
e |
“‘.

When the neutrons collide with Detectors record the direc- Crystal that sorts and
atoms in the sample material, tion of the neutrons and a forwards neutrons of a certain
they change direction (are diffraction pattern is obtai- wavelength (energy) - mono-
scattered) - elastic scatte- ned. chromatized neutrons
ring The pattern shows the positions

of the atoms relative to one
another

0LOLOOLLOLOOLOOOLO

When the neutrons penetrate the
sample they start or cancel
oscillations in the atoms. If
the neutrons create phonons or
magnons they themselves lose
the energy -inelastic scat-
tering

Why do we use

Absence of charge, weak interaction ° investigations of bulky samples

with matter

distances (from 8.1
Paaet e wonent

up to 1609

of elemental excitations (MeV)
Scattering by atomic nuclei

Wavelength of the nrftr h?'inféi-ai?ﬂc investipations of atomic and melecular structure of matter

Kinetic energy comparable to that  investigations of atomic and magnetic dynamics

Coherent and incoherent scattering lﬁﬁﬂsti_g_&tinn& of collective and single-particle effacts

Crystal that sorts and forwards Changes in the energy of the
neutrons of a certain wave- neutrons are first analysed in

length (energy)- monochroma- an analyser crystal. _and the
tized neutrons neutrons then counted in a
detector

neutrons?

+ investipgations of biological systems

+ investigations of samples in complex sample enviromment systems:
under extreme conditions of temperature, pressure and magnetic fields
+ investigations of samples during chemical reactions

investigations of magnetic structure of matter

application of isotopic substitution and contrast variation methods




HeATpPOHbl U CUHXPOTPOHHOE WU3NyYeHUue

He#n
L]

L ]
L]
Npwi
L
L]

MNony4eHue HERTPOHOB € NOMOLUGH WEMHON PEAKUHW AEReHuA

TPOHL
Nyyok yacTuy (HeATpansHan cyBaTomHas
yacTuua).

BIaMMOLEACTBHE C  AOPEGMA W MarHHTHHMM

MOMEHTaMH HECHapeHHbIX 3INeKTPOoHOB (B
obpasue).

PacceAHue Ha BCEX INEMEHTAX, B TOM YNCNE Ha

NErKMx, TAKMX KaK W30TONs BOAOpOAAE.
Bonbad rNyGuHa NPOHWKHOBEHWA (WCCAeoBaHKUA
BHYTPEHHEW CTPYxTypel obpasuoe).
Menee WHTEHCHBHHA NY4oX ANR W3MepeHwA Bonee
KpynHex ofpazuos.
MEHEHME :
MarHMTHHE CTPYKTYPs W BO36YROEHHA,
Wcnons3osanue H-D w3oTondore agdexta npu
MIYHEHHW OPraHMYeCcKux CTPYKTYP.
Wccnenosanue obbeMHux 0Bpasuos (HanpAKeHWs,
BO3DYHAEHKA) .
CNeKTPOCKONKMA  HHIKNX
MONeKynApHeie BuGpaUmu .

3IHEPTHA, Hanpumep,

CHHXPOTP{!HHOE HINY4YeHUE:

@ [(yyok CBeTa (3NeKTPOMarHUTHaA BONHA).

® B33uMOOEACTEME C 3IACKTPOHAMM, OKPYXINWHMA
Appo (B8 obpa3ue).

® PacceAwde B OCHOBHOM Ha Afpax TRAXENWX
3MEMEHTOR.

@ Hebonswaa rAyGWMHa TNPOHWKHOBEHWA (Mccneno-
BaHWA NOBEPXHOCTEW 0BpasyuoE).

® [onee  WHTEHCHBHHA  NY4Y4OK AR W3IMEPEHMA
Hebonswrx U yneTpapasbasnensux obpa3ayos.

MpuMeHEHWe :

® CTpykTyps BenkoBeX KpUCTaNNoe.

®  BLiCTPHE XMMHU4ECKHE DEAKLHH .,

® McocnegoEaHWA NoBepxHoOCTeR (AedexTe, kKoppo-
SuAY.

@ CNexTpOCKONMA BHICOKMX 3HEPruA, Hanpumep,

HIMEDEHWAE IHEPTETHYRCKHX ypOEHEﬁ INEKTPOHA .

MpHHUAN NEACTBHMA MCTOMHMKE CHHXPOTPOH-

Mbl MCMONb3yeM HEeWTPOHbl KaK MHCTPYMEHT..

.. B paspaboTke 6Gonee 3¢ppeKTMBHLIX METOAOB 6OpbObl C pakom

[MarHoCTHKAE M TepanWA pakoBwX 3360NeBaHWMA OCT3ETCA OOHOM W3 CaMbiX akTyanbHuX npobnem
CoBpEMEHHOH BMOMegWUWHEI. B nocnegHue rofsl aKTHBHO NPOBOAATCA WMCCNEfOBaHWA BO3MOMKHOCTH
NPMMEHEHWA MArHWTHLIX HAHOYacTWL B Tepanui paka, BK/AWYEA OQOCTABKY M KOHUEHTPMPOBaHHe
NEKAPCTEEHHHX MPEnapaToE C MNOMOWLW BHEWHEro MarHMTHOTrO MOAA, WMCNONL3CBEHHE MarHWTHOrO
MaTepuana ANA CO3LaHWA KOHTPAacTHOW Cpefsl 8 MarHWTHO-pPE30HAHCHOW TOMOrpaduW, MarHUTHYH
runeprTepmuio. OMEWEHWE KOMNNEKCHHIX 4acTuy B Buonorudeckwe cpefsl TpebyerT getansHoro
daHanW3a WX NOBEEHWA B BOAHWX PacTEOPax ANA CO303HWA ArperauMoOHHO-YCTOHYMBBIX MarHMTHLIX
HUAKOCTER .

ManoyrnoBoe pacceAHWEe HEWTPOHOE MCNOAL3YETCA ANA ONUCAHMA CTPYKTYPhl OTAEALHbIX HACTUL W
MX @rperaTtoB B PpasfWYHelX YCNOBWAX. Ha OCHOBE NOCNEAHMX CTPYKTYPHBIX WCCASLOBaHWA C
MCNONLIOBAHKEM HEHTPOHHOrO PAcCeAHWA CMHTE3WPOBaHH HOBbIE BUALl BUOCOBMECTHMBIX MarHWUTHLIX
KUAKOCTEH, KOTOPLIE NPUMEHAKITCA B HACTOAWEE BPEMA B PA3BUTUM METOAO0B TEpanuu OAHOW U3 Camblx
TPYAHOWZNEYUMLIX 3N10KAYECTBEHHBIX ONYXONEH MO3ra - TNHOBNACTOMEI .

CTpYyKTYpHaA XapakTepW3aLMA MarHWTHEX MXWOKOCTEA C NOMOWLN ManoyrioBOTO PacCeAHMA HEATPOHOB.
Mcnonb3oBanMe cCMECEd onenHoBol (0A) W MApWCTHHOBOW (MA) KMCNOT ANA NEPEMYHOA CTAGMNW3AUMM MAarHeTHTa
E OpraHAYecKoM pacTEOpWTENE nNO3BONAET pPEryNMpoBaTeE pasMep W AWCNEPCHOCTE HaHO4acTWUY nepeqg
noMeleHKeM B Buonaruyeckyn cpeay

HOTO W3NY4YEHUR
i — 1 ASNEhES Lenraa-peakins h INEKTPOMAr HUTHEIE JapREEHHAA YacTHUa ﬁ
e E— BO3BYRAEHHBIX n BONHE (MPOTOH MAKN 3NEKTPOM)
S — AAep
5 Charged particle
= n 3 {proton or electron} 2
: : n o J = .
" S |
k; MarsmTHoe
none
Magnetic — .
field . : ¥
4 e — e ———
fission of chain reaction Electromagnetic =,
excited nuclei waves —
—
I
: : s Principle of tion of hro- izati i ; . ;
Production of neutrons by means of chain reaction rinciple ot operation of a synchro Str‘l:rcturelchar'acterlzat_mn of magnatlF F]_.ums by means of Sm?ll angle I"H!Il.ltl"tln sc_atj:er'lpg. _The use tElf
tron source various mixtures of oleic (0OA) and myristic (MA) acids for primary magnetite stabilization in organic
solvents makes it possible to control the size and dispersion of nanoparticles before introducing
them into biological media
Neutrons and synchrotron radiation W t t661l
e use neutrons as a Tooli ..
Neutraons: Synchrotron radiation:
® Particle beam (neutral subatomic particle). ® |Light beam (electromagnetic wave). » .
® Interactions with the nuclei and the ® Interactions with the electrons surrounding ...tO dEVE].Op more Effectl\!e I'I'IethDdS O'F tr‘eatlng cancer
't":EﬂEtiCl moment of unpaired electrons (in = ;h‘_? “IL'Clutg:l" t:ehs:'“plg)'l Diagnostics and treatment of cancer diseases remain one of the most topical problems of
e sanples 3 AN Y BERl enes Iy eV 8 emenls: 7 modern biomedicine. In recent years there has been done a lot of research on the possibility
® Scattered by all elements, also the light ® Small penetration depth (surface studies of i % : ? 3 L it A
ofes Tike hydvogan -T4otoned S amnias) of using magnetic nanoparticles in cancer treatment, including delivery and concentration
® Deep penetration depth (bulk studies of @ Very intense beam for measuring small ar of drugs using external magnet_lc fields, as well as using magnetic ma?:er'lals for cr'r::atlng a
samples). ultra-dilute samples. contrast _medlum for magnetic resonance tomf)gr‘aphy,_ and magnetic hy_per‘thermla.‘ The
® less intense beam for measuring larger  Applications: introduction of complex particles into biological media requires a detailed analysis of
samples. ® Protein crystal structures. their behavior in water solutions for aggregate-stable magnetic fluids.
P ¥ BEreg B
Applications: ®  Fast chemical reactions. Small-angle neutron scattering is used for structure characterization of separate
% sinc : ) E B p
© Magnetic structures & excitations. ® Surface studies (defects, corrosion). particles and their aggregates under wvarious conditions. On the basis of the latest
® Organic structures using the H-D isotope @ High-energy spectroscopy, e.g. measurements structural studies using the neutron scattering new types of biocompatible magnetic fluids
= effect. - 5 of electron energy lavels. have been synthesized. At present, they find application in the development of methods for
Bull-stuoles (Strarns; excltationg). treating glioblastoma - one of the most intractable brain tumors.
® |ow-energy spectroscopy, e.g. molecular
vibrations.
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.. PN pa3paboTke NEeKapCTBEHHbLIX NpenapaToB OT aHeMuu

AHemuA, WM HEXBATKAa XeNe3a 8 OPraHu3Me, - 3To OAHa M3 OCTpHX npobnem neguaTtpun u
MEAMUMHLI KEHWMH JETOPOAHOrC BO3pacTa. Mene3o yHacTBYeT B NEPEeHOCEe KUCAOPO4a, B OKMCIH-
TENbHO-BOCCTAHOBUTENLHEIX PEAKUMAX, ABMNASTCA AKTUEHWM LEHTPOM MHOrWx depmedTos. OpHako,
npu ¢u3Monoru4eckux pH oHo BeicTpo okuwcnAeTcA go $opmsl Fe (III), KoTopaA HepacTBOpMMa B
Bofe, k ToMmy xe ceofiogHaA ¢opma xene3aa Fe (II) BWICOKOAKTWUBHA WM TOKCHM4YHA. [o3Tomy B
OpraHM3Me ANA ¥ene3a HeobXoAMMEl CNeunantHee XPaHunuLa, KyAa ¥ene3o Nerko nocTynuT u BecTpo
6yneT W3BNEYEHO NPU HEoBXO0AMMOCTU. OLHMM U3 TAKKX XPAHWWL ABNAETCA GEnoK GeppuTHH.

PacungpoBka cTPYKTYpsl $EPPUTHHA ABNAETCA OJHWM M3 HEOBXOAMMHX YCNOBWH ONA MOHUMaHWA
MOMEKYNAPHLEX MEX3HW3MOE Xene3006MEeHHON aKTUBHOCTW 3Toro Benka ¢ uensw pa3paboTkW HOBGIX,
fonee apHeKTUBHLIX NPENapaToB ANA NEYSHWA PA3HLIX BWLOE 3HEMAK. METOA ManoyrnNoBOro pacCcesHua
HEWTPOHOB NO3BONAET NOAYHWTL HOBYK WHOOPMALIMID ANA pacuMGPOBKK CTPYKTYpL 3TOro Genka.

« WU yny4dlieHna HX.ﬂpOHHKammEﬁ cnocobHocTu B OopraHusm

Mpw pazpaboTke HOBLIX NeKapCTE OAMH M3 BakHedWMx BONPOCOB - 3T0 CnocobHOCTL nekapcTe
NpoHWKaTE Yepes Guonoru4eckue AunuaHee membpans. Ha peakTope MEP-2 cywecTeyeT BO3MOKHOCTL
MCCNEeoBaTL npouecce AWGdy3MK B0AOH B MOAENEHEIX JWNWOHEX MEMBPaHax B pPeXMME peansHoro
BpemeHi. MopobHuie wccnefoBaHMA MOTYT BuiTh 3OHEKTUEHO NPUMEHEHE! ANA WIYHEHMA GUIHYSCKMX
NPUHUKMOE MEX3HUIMA NPOHUKHOBEHWA NEKAPCTEEHHLIX BEWECTE 4Hepe3 GUONOrHMHecKHE NUNUWAHLIE
MeMbpaHsl .

OpHEHTUPOBAHHAA NUAKAHAA MYALTUCAORHAA membpaHa

KpucTannuyeckan cTpykTypa GeppuTHHa

nonapHas
ronoBKa
olar
NunuaHsR
Gucnoi
lipid
bilayer

¥INEBOADPOLHLE
BOCTH

hydrocarbon
tails

Crystal structure of ferritin

. B U3yveHuHn npoueccoB CTapeHuMA KneTokK

MUTOXOHAPUM BXOAAT B COCTAB NPaKTHHECKW BCEX THNOB KNETOK KMBOTHHIX M pacTesud, W
OCHOBHOWM 3afayeil 3TUX Opravensn ABNAETCA BupaBoTKa 3HEprun LNA  Paz3NMuHbX  KNETOYH.IX
npoueccoB. [OMMMO 3TOFO OHW Y4acTBYHWT B NPOLUECCE CTAPeHWA, FABNANTCA Ba¥HbM 3BEHOM B
KNETOYHOH CUTHANW3aUMK. [UNA TOro 4TO6b HAYHMTCA YNPABNATE STHMH MPOUSCCAMH HYKHO W3Y4HaThb
CTPYKTYPY W QYHKLAW MATOXOHADKA, KOTOPHIE B32WMOCEA3aHE M B CEOK OYEpefit 33BMCAT OT BHEWHMX
yCnoBMi (TEMNepaTypa, OCMOTHYHOCTL Cpefsl, CHrHalbHLE MONEKYMsl W T.4.). B oTaudue oT
CHMHXPOTPOHHOTO M3MYYEHMA, BHSLBANWEro CUALHEE PaAWALMOHHLIE MOBPEXAEHWA KMBEIX KNETOK,
MCNONL30BAHME HEHTPOHHOrO  M3NYHeHWs NO3BONAET MPOBOANTE  3IKCMEPMMEHTHL  H3  HMBbIX
Euonorudeckux obbekTtax 6e3 noTepu UX QyHKUMOHANEHOCTH. C NOMOWLH ManoyrnoBOro PacceAHus
HEATPOHOE Mbl MPOBOAMM WCCNSA0BaHWMA «KWBBIX® $YHKUMOHUPYHWWX MUTOXOHOPMMA, MOMEWEHHLIX B
cneunduyeckue MHKYBILMOHHEIE Cpegsl W YCNOBMA W Noay4YaeM WHGoOpMauuKw O pacnpeneneHud Benka u
NUNKAE BO BHYTPEHHER MUTOXOHAPMANEHONW MeMBpaHE .

.. B MOWCKe BoAbl Ha Mapce W Apyrux naaHeTax

B TeyeHne 58 neT nocne nepeoro nofeTa HeNoBeka B KOCMOC, NHAW MuITANTCA HAWTK Bogy Ha
OpyTWx nnaHeTax. HaquHaa c 1997 r., B coTpygHu4ecTBe ¢ POCCHMACKHMM MHCTHMTYTOM KOCMHYECKHX
MCCNEA0BaHWA Mbl CO3AAEM KOHUENLUM, MOJENupyeM U OCYWRCTBAAEM KaNWEPOBKY pa3HLIX HEATPOHHLIX
M ramma feTekTopoB. B HacTOAWee BpemA TpW TakuxX AeTekTopa ycnewdo paboTawT B Kocmoce,
Opyrue TpW AETEeKTOopa HAaXxOAATCA Ha pa3HeiX 3Tanax pa3paboTku.

YAbTPacTpyKTYpa BHYTPeHHed MeMBpaHw MUTOXCHAPMA

= Pacnpefenesue BOOAHOTO NbAa B MapCHaHCKOM
(C NMoMOWbKW BTOMHO- CU/IDBOH MUKPOCKOMAW )

TpyHTE, noayuyenHoe npuBopom HEND

(B 015 a; [

Aligned multilamellar lipid membrane

.. to develop antianemic drugs

Anemia, or deficiency of iren in the human body, is one of the acutest problems of pe-
diatrics and the areas of medicine related to women of reproductive age. Iron takes part in
oxidation-reduction reactions and in the process of oxygen transfer; it is an active site
of many enzymes as well. However, at a physiologic pH it quickly oxidizes to Fe (III), which
is not soluble in water; moreover, the free form of Iron, Fe (II), is highly active and
toxic. That is why the human body has a special need for an iron depository, where it can be
easily inserted and extracted if necessary. One of such depositories is a ferritin protein.

Determination of ferritin structure is one of the necessary conditions for
understanding molecular mechanisms of iron-exchange processes in this protein in order to
develop new and more effective drugs for treating various types of anemia. The small-angle
neutron scattering technigque makes it possible to get new information for the
determination of the structure of this protein.

.. and to improve their penetrability into the organism

The ability of drugs to penetrate biological lipid membranes is one of the major
problems in the development of new drugs. At the IBR-2 reactor the water diffusion
processes in model 1ipid membranes can be studied in real time. These investigations can be
efficiently applied to study physical principles of the mechanism of drug penetration
through biological lipid membranes.

Ultrastructure of the internal membrane of Distribution of water ice in the Martian soil
mitochondria (using atomic force microscopy) obtained by the HEND detectar

.. to study cell ageing processes

Mitochondria are a part of practically all types of animal and plant cells and the main
task of these organelles is energy production for various cell processes. In addition, they
take part in the ageing process and play an important role in cell signaling. In order to
find out how to control these processes, one needs to study the structure and functions of
mitochondria, which are interrelated and in their turn, depend on the environment
(temperature, osmotic conditions of the medium, signaling molecules, etc.) Unlike
synchrotron radiation, which causes severe damages to living cells, the use of neutron
radiation allows one to conduct experiments on living biological objects without loss in
their functionality. Using small-angle neutron scattering we study “living” functioning
mitochondria placed under special conditions and in specific incubation media, and obtain
information on the protein and lipid distribution in the internal mitochondrial membrane.

. to detect water on Mars and other planets

During 5@ years since the first human flight into space, people have been trying to
detect water on other planets. Since 1997 in collaboration with the Russian Space Research
Institute, we have been designing and calibrating various neutron and gamma detectors. At
the present time three of them are successfully operating in space and other three are at
different stages of development.

g ————— —-..-.‘“ﬁi.—\, L3
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.. B pa3paboTke HOBbIX QYHKLUMOHANbLHLIX MaTepuanos

Co3gaHMe HOBbIX MaTepuanos, ob6naganuux OQUINHECKMMH W XMMWYECKWMM CBOWCTBaMM,
KOTOPHE W3IMEHAKTCA NP M3IMEHEHWM BHEWHWUX YCMOBHA WM NapaMeTpoB OKpYKaWWel cpeps
npedckasyemsM ¥ ynpasnAemum obpazoM, ABNASTCA OCHOBHOW 3agadqel uccnegosBanui XXI Beka Bo
MHOrMX OBNacTaAx Hayku W Texwukd. Tak, Nepexof Ha BOLOPOAHYH SHEPreTWKy HeeozmoxeH Ges
pa3paboTkK HagekHbX METOLOE NONYYEHWA, TPAHCMNOPTHPOBKN M XPaHEHURA BOAOPOAa. MepcneKTHEHLM
HanpaeneHueM pazpaboToK Mo XpaHeHwD BOAOPOAa ABNAETCA XMMU4ECKOE «CBA3LBAaHME» BOLOPOL3E B
kpucTannax. OpHUM M3 Takux NepcrneKTHBHLIX coefWHeHud ABnmeTca LiBeD., cTpykTypa koToporo
(npegcTaeneHa Ha pucyHke) Belna pacwudpoBaHa CNeyHanMcTaMk Hawed nabopaTopuK.

OTkpeTHE  3QdekTa  KONOCCANLHOrO  MarHETOCONPOTHMBNEHWA  MoBnekno  3a  coboi
CTPEMMTENLHEIA MOMCK M W3yYeHne oBnafgawux WM MATepHanoce B CBA3M C BO3MOKHOCTLR MX
MPUMMEHEHHA B YCTPOHCTEBAX HOBOTO MOKONEHWA: OT CO3Q3HWA MAarHMTHOW ONEpaTWBHOH MaMATH W
NPOM3BOACTEa YCTPONCTE, CHUXAHWWX WYMsl B KOMMYHWKALMOHHHIX CETAX, [0 M3MEPEHMA NWHERHIX
YIrNOB MEXLY NPEAMETAMH NOCPELCTEOM WCMOML3I0BIHWA MArHWTHOTO MONA W CMEUHaNsHEX CEHCOPOE.
MccnegoBaHue MArHWUTHOW CTPYKTYPh W M3rHWTHHX (33J0BHX NEpPexXefos COeAMHEHWA C 3ddexTom
KONOCCANLHOT O MarHETOCONPOTHEAEHUA ABNAETCA OAHOM W3 3aAa4 Haweil nabopaTopui.

MarHaTHaa CTPYKTYpa CAOXKHOMD OKcuga wmaprasua, ob-
nagawuero achdekToMm KOMOCCANLHOMO MAFHETOCONpO-
TUBNEHUA, NONYYEHHARA C NOMOLLLI0 AMGPEKLMK HERTDOHOR

KpueTannuqeckan cTpykTypa marepuana
Li.BeD, ana xpaHeHks sogopona

MepcrnekTUBHEIMA  BUA3MW  MaTEpWanoE ANA  NPUMEHEHWA B Ka4ecTse  3NeKTPOAoE
TBEPAOTENLHE TOMNMMBHLIX 3NEMEHTOR ABAAKTCA CNOKHLIE HWOH-4edMUMTHLIE OKcas KobansTa Tuna
314 - Sr¥C0,0, .0 (MAW Sry oY, 2000, 4]« C NOMOWEH HERTPOHHEIX OWGPaKLUWOHHLIX WCCNefOBaHHA
3TOMHOW M MarHWTHOW CTPYKTYPbl 3TWX MaTEpWanos Bhepesie ANA NepoBCKMTONOAoBHLIX KOBanLTHUTOB
fblna YCTAHOBAEHA NMPAMaA CBA3bL MEXLY 3apAACBLIM W CMNMHOBLIM COCTOAHWAMW aTomoB Co. 370 Aaer
BO3MOXHOCTL YNPaBAEHWA PU3NHECKWMM CEOWCTBAMM MaTepuana NoOCPescTBOM W3MEHEHWA CNWHOBOTO
COCTOAHMA.

MynsTudeppounku - COEAWHEHMA, CoBMeWale B cebe OOHOBPEMEHHO MarHUTHHE W
CErHEeTO3NeKTPUHECKHE CBOMCTEA, HA DCHOBE KOTOPLX B NEPCMNEKTHEE BO3MOKHO CO3[aHUE HOBOTO
MOKONEHMA PYHKUMOHANLHEX MATEPMANOB C BO3IMOMHOCTLI YNPABNEHWA M3rHMTHEMM CBOACTBaMW
snekTpWHeckum nonem u HaobopoT. Takue marepuans GynyT wupoko BocTpeBoBaHe Npw Co3gaHMu
Pas/MYHOrO POfa 3NeKTPOHHLIX YCTPOWCTE B 0BnacTu 2anuMcu M xpaHeHuA uHbopMauuw, nepeaaqu
LaHHBIX, KOMMYHUKauun. WCcneloBaHuA, NpoSefeHHLe METOA0M HERTPOHHOW Oudpakumu, NOZBOAMIM
BLIABMTL 33KOHOMEPHOCTH GOPMMPOBEHWA MarHMTHLIX CBOWCTE Ha YPOBHE 8TOMHOrD CTPOEHWA OBHOMO
13 Haubonee MHTEPECHLIX KNBCCOB MyNbTHOSPPOMKOE — reKCaroHanbHexX MaHrasuTos RMnO, (R- peg-
KO3EMENLHBIA INEMEHT ) .

KpucTanawyeckan (cneea) W MarWWTHaa (cnpasa) CTPYKTYPe COBAUHEHHA
Sr¥YCo0,,,. ATOMH KWCACpo4a (ManeHoKWe WAapMKW) 3aHWMAKNT 3anoAHEeHHHe
(TEMHO-CHHKME ), Y3CTHYHO 3anonHeHHsle (fuoneToBele) W pasynopsAoYeHHse
(ronyfue) yyacTku
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Crystal structure of hydrogen storage material Li,BeD,

Magnetic structure of a complex manganese oxide with colossal
magnetoresistance determined by means of neutron diffraction

.. to develop novel functional materials

The development of novel materials with physical and chemical properties that vary
under changes of external conditions or parameters of the environment in a predictable and
controllable way is the main task of the 21st century studies in many areas of science and
technology. For example, transition to hydrogen power engineering is impossible without
reliable methods of obtaining, transportation and storage of hydrogen. A promising
direction in the development of hydrogen storage is the chemical “binding” of hydrogen in
crystals. One of such promising compounds is Li,BeD., whose structure (shown in the figure)
has been determined by the specialists of our Laboratory.

The discovery of the colossal magnetoresistance effect resulted in a wvigorous
search and study of materials with this property in relation to the possibility of using
them in a new generation of devices: ranging from the creation of magnetic RAM and noise-
reducing devices for communication lines to the measurement of linear angles between
objects by means of magnetic fields and special sensors. The study of magnetic structure
and magnetic phase transitions of compounds with colossal magnetoresistance is one of the
tasks of our Laboratory.

Crystal {(left) and magnetic (right) structures of Magnetic structure of hexagonal manganites
the Sr.,¥Co0,0,,., compound. Oxygen atoms (small (left). Generalized magnetic phase diagram of
balls) occupy filled (dark blue), partially hexagonal manganites

filled {wiolet) and discrdered (light blue) sites

One of the promising materials for application as electrodes in solid fuel elements
is complex anion-deficient cobalt oxides such as 314 - Sr,YCo.0, +8 (Or 5r, .Y, .Co0, ,+6/4).
With the help of neutron diffraction studies of atomic and magnetic structures of these
materials for the first time the direct relation between the charge and spin states of Co
atoms has been revealed for perovskite-like cobaltites. This makes it possible to control
physical properties of the material by changing the spin state.

Multiferroics are compounds that simultaneously exhibit magnetic and ferroelectric
properties. Multiferroic materials are of great interest because of their potential
applications in the creation of a new generation of functional materials making it possible
to control magnetic properties by an applied electric field and vice versa. These novel
materials hold much promise for the dewvelopment of various electronic devices for data
recording and storage, data transmission and communications. Neutron diffraction studies
allowed us to reveal the formation mechanisms of magnetic properties at the nanoscale of
one of the most interesting classes of multiferroics - hexagonal manganites RMnO. (R - rare-
earth element). ()
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‘ Water solution of organic polymer chains

MoAMMEps WMPOKO WCNOAL3YNTCA B Hawe Bpema. JIErkocTs, NPOYHOCTE M OTHOCHTENBHO HW3KaA
LeHa CABNANN WX HEIAMEHWMLIMA BO MHOFHX OBAACTAX HAYKW M TEXHMKK. MONUMEpHbE LEnouKK oBpa3oBaHs
BAMHWYHEIMK MONEKYNAMA, KOTOpHE COCTOAT B OCHOBHOM W3 BOAOPOAA, YFAEpoAa, KWCAopoAa w ¢Topa.
HeiiTpousl 06A2030T YHUKANLHHMA CBOACTEBAMM MANA W3IYYEHUA MNONMMEDOB, B HYACTHOCTH, CNOCOBHOCTHK
"MapKMpoBaTh" OTHENLHLE MOAEKYAR W [enaTs WX BUAWMeMA € MOMOWLID W3OTOMHBX 3aMEWEHW.
WccnepoBaTend MOryT BLICTPD ONPeAennTb, K NPUMEpY, HACKONBKO XOpOWO CMEWWBAKTCA Kakue-To
nonuMepsl, KaKoBa ONTHMANbHAA TEMNEPATYPa CMEWeHHA, KaKOo# COCTAB ONTMManbHOR cMecH W np.

MepcekTHEHEMA NONUMEDHEIMM COBAMHEHWAMA FABNANTCA AEHAPMMEP, CHABHO pPa3BETBAEHHbE
MAKPOMONEKYNE BHCOKOM GYHKLUMOHANEHOCTH. Hanpumep, AEHOPMMEDHl MOMYT WCNONL30BATLCA B KaYecTee
HaHOPeaKTopOB ANA NPMIOTOBNEHMA HAHOYACTHL,. AHANW3 KPHBEIX MAanoyrnoBOro PACCEAHWA HERTPOHOB ANA
pa3nMYHEX THNOB AEHODHMMEpoB O3eT WHAOpPMauui o6 WX BHyTpeHHel cTpykType (06bemM, OQHOPOAHOCTE
pacnpegeneHus NAOTHOCTH, CTENEHb NPOHWKHOBEHWA PACTBOPHTENA), MOMOraA COBEPWEHCTEOBATE CHHTES
ITHX CNOKEBIX OBLEKTOR .

.. B co3aaHuu Oonee HapgexHoro MHUpa BOKpPYr Hac

KOHCprKLH"ICIHHHe MaTepMansl W cnnaesl

MM NPOM3BOACTBE KOHCTPYKUWOHHBIX MATEPWHANO0B ONA NPOMBILNEHHEX HYRL W M3LEenuid W3 HUX
BO3IMOKHO BOSHUKHOBEHWE BHYTPEHHUX HaNDAKEHUA B 0BbEME, KOTOPHE B NPOLECCE KCNNYaTaukn U3aenta
MOFYT CTaTh NPUNUHOR Ero NpexgespemMeHHol NonoMkk. BHICOKEA NPOHMKaWWas cnocobHOCTL HelTpoHOE
NOZB0ARET 3PPEKTUBHO MCNONL3I0BATE HERTPOHHYK AHGPIKLMIO LAA HEPAIPYLAWLEr 0 KOHTPONA BHYTPEHHKX
HanpskeHWil B KOHCTPYKLUMOHHHIX MAaTEpHanax W NPOMHIWNEHHHX W3fenuax. HelTpoHorpaguueckue
WCCNENOBaHMA AETaNel AfepPHEX PEaKTOPOR — BUMETANNWYECKOrO a4anTepa, KOpNyca peakTopa, No3sonu-
DK NOAYYUTE WHGOPMALWI O NPOCTPAHCTEEHHOM PACNPEAENEHHH BHYTPEHHWY HANPAXEHWA, HAKONNEHHLX B
Npouecce 3KCAAYaTaUWK, KOTOPaA BaXHA ANA COBEPWEHCTBOBAHWA TEXHONOT M PEAKTOPOCTPORHHA.

leonorudeckan ycTOﬁHKBOCTb

AnA pazpaboTkM HOBeIX TEXHONOrMA CTPOMTENBCTBA TYHHENEH W WaxT; WHTepnpeTauunu
CERCMHMECKHX AdHHBIX W NOCTPOEHWA MOAENER Pa3BUTHA Ovara IeMneTpAceHnid HeobxonuMma whdopMauna ob
FHMIOTPONMM YNPYIrUX W MEX3HMYECKWX CBORCTB rOpHLIX NOPO4, KOTOPaA MOXET BeiTh NONYHYEHA C NOMOWLI
HERTPOHHOTO TEKCTYPHOrO aHanwaa.

Pe3yneTaTh HEATPOHOr padMYeCKny WCCNELOBAHWA TEKCTYDE W BHYTPEHHUX HaNpAXEHWH oBpasuos
ropHex nopog UenTpancHex Anbn (lWBeeiuapuA) B obnacT MoTapackoro BasMCHOrNO TOHHENA MMEKNT BaXHOE
3IHAYEHWE ONA OUEHKH BAMAHWA TOHHENLHHX paboT HAa rEeOMEXaHMYEeCKOE COCTOAHME FOpHHX Ueneh, B
KOTOPLIX PACMNONOKEH TOHHENL.

o

CTpYKTYPa AEHOPUMEPOE: XWMA4YECKOE NpeacTas-
NMEHWE W CTPYKTYpa, BOCCTEHOBNEHHAA W3 LaHHLIX
ManoyrnoBOro PacCemRHnA HeRTpoHoB

BOAHLIA PacTBOP OPraHMMECKUX MNONMMEPHEIX LEMOMEK

BenWuMHL OCTATOMHLX HANPAXEHAR ONA  CeMM [EELLEES
HanNpasfednid B OCHOBHbIX K!JHCTEJ'IRDI'FIBC‘MHECKHX NAOCKOCTAX
B CKaHWpOBaHWK NepneHpWKynApHOM NADCKOCTW PAacCcNOEHHA B

Pacrpeaenetne sHYTPEHHWX HENPAKEHWA B HACTH
peaktopHoro kopnyca peaktopa BE3P-1000, nony-
YEHHOE € NOMOLLI HEATPOHHOW QUpaKLMK

Tax M BHCMApHaaX
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Structure of dendrimers: chemical represen-
tation and structure reconstructed from
small-angle neutron scattering data
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Polymers are widely used nowadays. Their light weight, durability and relatively low
cost made them irreplaceable in many areas of science and technology. Polymer chains are formed
by single molecules, which consist primarily of hydrogen, carbon, oxygen and fluorine. Neutrons
have unique properties for polymer studies, in particular, the ability to "mark"” separate
molecules and make them visible by means of isotopic substitutions. Researchers can quickly
determine, for example, how well certain polymers mix, what their optimum temperature and
proportion are, ete.

Dendrimers (highly branched macromolecules with a high degree of functionality) are very
promising polymer materials. For example, dendrimers can be used as nanoreactors to prepare
nanoparticles. Analysis of small-angle neutron scattering curves for different types of
dendrimers gives information about their inner structure (volume, density distribution
homogeneity, degree of solvent penetration) helping to improve the synthesis of these complex
objects.
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.. for creating a more reliable world around us
Constructional materials and alloys

During the manufacturing or service of industrial products the internal mechanical
stresses appear, which can significantly affect their strenpth and service life period. The
high penetrating power of neutrons makes it possible to effectively use neutron diffraction as a
method of nondestructive control of internal stresses in constructional materials and
industrial products. Neutron diffraction investigations of some components of nuclear reactors
such as bi-metal adapter and reactor vessel allowed us to obtain information on the spatial
distribution of internal stresses, which is important for improving reactor engineering
technologies.

Geological stability

The development of new technologies of building tunnels and mines, as well as the
interpretation of seismic data and construction of earthquake source generation models require
the information on the anisotropy of elastic and mechanical properties of rocks, which can be
obtained using the neutron texture analysis. The results of neutron diffraction studies of
texture and internal stresses of rock samples from the Central Alpes (Switzerland) in the region
of the Gotthard Base Tunnel are of importance to evaluate the influence of the tunnel excavation
work on the geomechanical conditions of the mountain ranges surrounding the tunnel.
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besonacHoe XpaHeHuWe 0TX0[40B

COBpeMEHHI:Iﬁ MWp CTankuMBaeTCA C HEobXoANMOCTEN COSAAHNA XPaHHIWL PaAMOaKTUBHBIX OTXO008 M
oBoCHOBAHHOr O gu&apa MECT ANA CTPOWTENBLTBA ALepHLIx obbekToB. 3TO AKTyaNeHaA W OYeHb CHOXHaR
3apava. Ha nomolle B ee pelleHHW NPUXOAAT COBpEMeHHwe HelTpoHorpaduyeckue MeTofsl, KOTOpLIE Npu
WCNONb3I0BAHMK B KOMNNEKCE ¢ TPAAHUMOHHBMK ANA reodu3MKn aKycTHHECKUMA METOAEMH OTKPBIBANT HOBLE
BOIMOMHOCTH ANA M3YMEHHA MEXEHMYBECKMX W PUIMHECKWX CBORCTE, NPOLECCOB NOAFOTOBKM W peann3audu
paspylleHWA ropHex Nopogd C Uefbi NOHUMMaHWA W NpeicKasaHuA BEMETpRCEHnﬁ W ropHelx yAapos.

MOHWTOPMHI aTMOCHEpHbIX BHINAAEHWH TAKENLIX meTannos B EBpone W Poccuu

MpaBunbHan oueHka aTMOChepHEX BhINAJEHWA TAKENHX METANN0B, B TOM YHCNE M MEXT PaHWYHLIX
nepeHocoB  aTMOchepHbX 3arpA3HeHMd, ABNAETCA OOHOW M3  BakHellWx 3afad COBpEMeHHOr o
MHAYCTPUANEHOro Mupa. OAMH M3 HawBonee 3pPeKTHEHEX W HEAOPOrMX cNOcoBOB — 3TO MHOrO3NEMEHTHLIR
HEHTPOHHEA AKTHBALWOHHBIA &HaNW3 MxOB-OMOMOHWTOPOR ¢ MpWMeHeHueMm GIS TexHonorwm AnR
BH3IYENW3aUMKM pacnpocTPpaHeEHWA 3arpAsHeHnA. B paMkax mesayHapoiHol nporpammsl UNECE sATmochepHsle
BHNAOEHMA TAMENLX MeTannoe B EBpone - OUEBHKM HAa OCHOBE aHanusa Mxo8-GUOMOHMTOPOB® Mul
NoAfepXMBAEM TECHOE COTPYAHWHMECTBO C© KONAeramu w3 Anbaduu, boArapuu, bocHuW, Benopyccuu,
BoeTHama, Mpeuuw, Makepouuk, Modronuu, Moncuwu, Poccuu, PyMmuuud, Cepbuum, Choeakwu, Tainanna,
Ykpawsel, XopeaTun u H0AP.

. NpU U3y4yeHUU QYHAAMEHTANIbHLIX CBONCTB
KOHAEHCUPOBAHHLIX cpef

CprKTypbl HOBLIX OKCHAHBIX MaTepvanos

B MCCNEOOBAHMAX KPUCTANAMYECKOW W MarHUTHOW CTPYKTYpPH CEepuM  TEEpAblX PacTEOpPOE
Pb,.Ba.Fe,0. ¢ x = 1 obHapyxeHsl ABe CTPYKTYpHule dasbl (BLICOKO- W HH3KOTEMNEpaTypHaA) C Nepexomom
MexAy Humu npu T, = 548 K. M3 gadHbiX, NoAyYedHbx NP NOMolW HERTPOHHOK AudpakuwM, cnepyeTt, 4To
Huxe T, = 625 K coeguHenue Pb, ,.Ba, ..Fe.0, nepexoanT B aHTHdeppoMarHITHOE COCTORHKE. 3TO 03HauaeT,
4TO 3TOT THN AHMOH-GedULMTHEX NEepOBCKMTOE NPEeAcTaBAAET OrpOMHLIA WHTEpeC C TOMKW 3PEeHMA WX
NPAKTHYECKOrO NPUMEHEHUA .

Hosbie ¢OPMH BEWeCcTB MoA BO3AEACTBMEM BLICOKMX [JABNEHWIA

BO3OeACTEME BRICOKOrO AABNEHWMA H3 BEWECTEO BhISHBAET YMEHLWEHWE MEXATOMHBIX DACCTOAHWA W
M3IMEHEHME MOTEHUWANLHOR IHEPriM MEeXaTOMHLIX B3aMMOSENCTBWIA, Y4TO NPUBOAMT K 0BpA30BaHWI HOBbIX
dopm BewecTea, CBOACTBA KOTOPHX MOryT BbiTh BecbMa HeobuidHeMM. B MarHMTHEIX MaTepuanax npu
CHETHM, KAK NPABMNO, CTABUALHOCThL MArHUTHOrO YNOPALOHEHWA BO3PACTAET 33 CHET YCUNEHHA OBMEHHbIX
BIAMMOAEACTEHMA. Ha NpUMepe CNOXHOrO OKCWAAE — CerHeToMarHeTura YMnO, ¢ kNacCMYeckMM cnuHom 5=2
HegasHo G0 NPOAEMOHCTPUPOBAHO, 4YTO Bo3Moxed W obpaTHei addexT: paspyweHde fanbHero
MAFHATHOr O NOPAAKA W GOPMUPOBAHME AWHAMHMECKW Pa3ynNOPASOMEHHOrO0 COCTOAHWA, AHANOFWYHOrD
COCTOAHMI CNMHOBOW XMOKOCTH, KOTOPOE, KaK PaHbWe CYNTAN0Ch, MOXET PEaNnU30BaTbCA TONLKO AnA
KBAHTOBHX MAarHETHKOB CO CNUHOM 5=1/2.

Tpk MacuTabHux YPOBHA MOATOTOBKH 3EMARTOACEHWA: Micro - gedopMmausa kpucTan-
NUYECKHX PEWETOK W Pa3pLB MENATOMHbIX CBH!EI‘I; Mezo - DEPEEUEBHHE MHKPOTDEWHH
3 TOpHOR Nopoge; Macro - KpynHoMacuTaBuwe paspuiEsl 3eMHOMW KOp
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Three levels of earthquake preparation: Micro - deformation of
crystal lattices and breaking of interatomic bonds; Mezo - microcrack
development in rocks; Macro - large-scale fractures of the Earth crust

WAAINCTPAUNA  aHTHPEPPOMArHHTHOrD YNOPAGCYEHWA MOMEHTOE aTOMDE HEnesa B CTPYKType
Pb, ..Ba, ..Fe.0, (cnpaea). 3nemenTapHam AYERKa KPUCTANINMYECKOW CTPYKTYPsl HM3KOTEM-
nepaTypHOA §a3w CoeaMHenWA (Cnesa B ToA ke wkane) (aToms Fe waoBpamessl KDACHLMA WapaM4

CrnuHoBelE dnyKTyauww 8 YMnO, noj B03AEACTEWEM BaBNEHUA

Spin fluctuations in YMnQ, under pressure

=]

Safe waste storage

The present-day world faces the need to create safe radicactive waste storages, as well
as to make a well-argumented choice of places where to bulld nuclear facilities. This is an
urgent and very difficult task. Modern neutron diffraction technigques are very helpful in
solving this problem and in combination with the acoustic methoeds traditional for geophysics,
open up new possibilities for investigation of mechanical and physical properties of rocks,
preparation and realization of the destruction of rocks with the purpose of understanding and
prediction of earthquakes and rock bumps.

Monitoring of atmospheric deposition of heavy metals in Europe and in Russia

Correct assessment of atmospheric deposition of heavy metals including the cross-border
transfer of atmospheric pollutants is one of the most urgent tasks of the present-day industrial
world. One of the most effective and lnexpensive ways is the multi-element neutron activation
analysis of moss-biomonitors with the use of the GIS technology for visualization of pollution
distribution. Within the framework of the International UNECE program “Atmospheric deposition
of heavy metals in Europe - estimates based on moss analysis” we maintain close cooperation
with our colleagues from Albania, Belarusia, Bosnia, Bulgaria, Croatia, Greece, Macedonia,
Mongolia, Poland, Romania, Russia, Serbia, Slovakia, the Republik of Soufh Africa, Tailand,
Ukraine and Vietnam.

Illustration of the antiferromagnetic ordering of the magnetic Fe moments for the
Pb, ..Ba, .,Fe,0, compound (right side). The unit cell of the crystal structure of the low-
temperature form (left side - in the same scale)(Fe atoms are shown as red balls)

..to study fundamental properties of condensed matter

The structure of novel oxide materials

In the investipations of crystal and magnetic structures of the Pb, BaFe,0, solid
solution series with x = 1 two structural phases (high- and low-temperature) with a phase
transition between them at T, = 548 K have been revealed. It follows from the neutron diffraction
data that below T, = 625 K the Phb, .Ba, ,.Fe0. compound transforms inte an antiferromagnetically
(AFM) ordered state. This means that this type of anion-deficient perovskites is indeed
interesting from the viewpoint of their practical applications.

New forms of substances under high pressures

The effect of high pressures on matter results in a decrease of interatomic distances and
a change in the potential energy of interatomic interactions, which leads to the appearance of
new forms of matter, the properties of which can be rather unusual. The stability of magnetic
order in magnetic materials being compressed increases as a rule, due to the enhancement of
exchange interactions. Using a complex oxide (ferroelectromagnet YMnO, with the classical spin
S=2) as an example it has been recently shown that the opposite effect is also possible: loss of
the long-range magnetic order and formation of a dynamically disordered state, similar to a
spin-liquid state, which, as it was believed before, can be realized for quantum magnetics with
the spin 5=1/2 only.
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IdpdexTol BIAMMOABCACTBMA CBEPXNPOBOLAUMOCTH W MAarHeTUIMa B
C/NOMCThIX MarHMTHbHIX HEHOCTPYKTYpax

Kak W3BECTHO, CBEPXNPOBOAMMOCTE M MAarHETUIM FBNANTCA BIAUMOMCKNOYAHWMMA ABNEHHAMH W He
MOFYT HAGNKAATHCA OJHOBPEMEHHO B OOBEMHBIX MATepManax. IKCNEPHMEHTH MO HeWTpoHHOW pednex-
TOMETPHM NOKa3anW, 4T0 B MArHAUTHBIX CNOMCTHX HAHOCTPyKTypax Fe/V cocylecTBOBaHME CBEPXNpO-
BOAMMOCTH M MAarHeTH3Ma BO3SMOMHO BCNEACTBWE TOr0, HTO BEMNWHMHBI KOPPENAUMOHHBIX AAWH, XapakTe-
PH3YIOWMX 3TH ABNEHUA, B HAHOCTPYKTYPAX CONOCTABMML C TOMUMHOA aTOMHbIX cnoes. Habnuwaanuce npAMoi
W obpaTtHeid apdexT OGAusocTH. [(pamoi 3dpdexkT NPOABAAACA B YCTAHOBNEHWH CBEpXNPOROAAWErD
napameTpa NopAaka B PEPPOMArHETUKE W B BHAE YMEHLWEHWA HEMarHWMEHHOCTW GeppoMarHMTHOrO CNoA.
06paTHuit 3pbekT BANZOCTH 3AKNHHENCA 8 YCTAHOBNEHUM DEPPOMArHUTHOND NOPALKE B CBEPXNPOBOAHNKE U
NPOABMACA B YBEMNMYEHWM BEKTOPE HAMarHUWYEHHOCTH CBEPXNPOBOAALLErO CAOA.

PazpaboTka CNUHTPOHHBIX yETpOﬁCTB

CAMHTPOHKKE (MAM CNHHOBAA 3NEKTPOHWMKE) B HACTOAWEe BPEMA ABNAETCA GLICTPO Pa3BHBANWMMCA
HanpaeneHWem B Hayke, TEXHMKE W NPOM3BOACTEe. CNUHTPOHMKA HAXOOWT NpWMEHeHWe npwn paspaboTke
NPMHLMMMANEHD  HOBBIX  M3rHHTHO-HEKONNMHEADHHKX W MArHUTHO-HEKOMNASHAPHHX  FeTepocTpYKTYR,
MPUMEHAEMEIX B HAHO3NEKTPOHUMKE OAA CO3AAHWA 3NEMEHTOB XpaHeHWA GoNbWwol EMKOCTU W BRICTPON 3anucu
WHBOpMaUKK, HEeRATpoHHEA pedNekTOMETPUA © MNOAADU3O0BAHHbIMA HeRTpodamn (PNH) faeT BO3IMOKHOCTb
M3IMEPUTL MarHWTHeA M AJepHuHil NPOCTPaHCTBEHHWe nNpofMAM C HAHOPA3PEWEHWEM, 4TO Mo3BONAET
apheK THEHO NPOBOAMTE MCCNBAOBAHMA OBLEKTOR CAHHTPOHMKA

a) CTPYKTYP € FUF3HTCKMM M3rHWTHEM conpoThenedueM, (b) ¢eppoMarHWTHHX NOAYNPOBOAHWMKOR
GaMnAs, (c) natepansHO MONOCOBHMX M TOYEYHWX CTPYKTYp, (d) deppoMarHUTHbLIX-3HTUPEPPOMAET HHTHBIX
Gucnoes, (&) NpysMHHBIX CTPYKTyp. PMH NO3BONAET pacno3HaBaTh MarHUTHBE W AAEPHBIE FPaHWALb
pasgena, ONpefenATe Pa3Mepe KNACTEPOE, ONPEAENATb HAMNPABNEHHE W BENWHMHY NOKaNnbHoro BekTopa
HAMarHHY EHHOCTH .
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Mbl M3y4YaeMm HeMTPOHbI

NpsAMoe u3MepeHue pacCcesHWA HEWTpoHa Ha HEeWTpoHe

[LNA Teopun ANEPHLIX CHN HEeoBXOAWMO 3KCMNepUMEHTaNLHO NMPOBEPUTL YKa3aHWA TEOPUM Ha To,
4TO napel HEATPOH-HEATPOH W MpPOTOH-MPOTOH B3aMMOAEACTEYWT MOCPEACTEOM ALEPHBIX CHA
HeoaMHaKoBo.

Mepoli cunbl B3aMMOJERCTBUA YacTWL ABAAETCA CEYEHWE DacCeAHMA, KOTOPOE NpW Mankix
SHEPrUAX BCTh NpoCcTO 3¢pPeKTUBHAA Nnowafb YacTuus. Paguyc, COOTBeTCTBYWWWA 3ToW nnowagm,
yKe NaBHO M3IMEPEH ANA PacCeAHWA NPOTOHA Ha NPOTOHe. [INA Naphl HEWTPOHOB M3-33 OTCYTCTBMA B
NpMpoAe HEATPOHHOW MUWEHW W3BECTHH MWL MPOTWBOPEYMBLIE KOCBEHHbIE [aHHBIE, MONYYEHHbIE U3
peakuMii Ha nerkux Agpax. Ouamku JHE OWAW npepnoxMny pewuTs 3a4ady NOCPeACcTBOM W3MEPEHHMA
NNOTHOCTH CTONKHOBEHWA TENNOBLX HEATPOHOE B CKBO3HOM KaHane WMNy/nbcHoro peaktopa ATYAP,
rae buina CMOHTMpPOBaHa YCTaHOBKa, CNPOEKTUPOBaHHaA W nocTpoedHan B JIHO. MogobHeli
SKCMEPUMEHT CYWTANCA TEXHMYECKM HeoCyWecTBUMONR 3afaveid Ha CTaUMOHApHMX peakTopax.
M3aMepeHWA BO3MOMHEl, OHAKO, Ha WMNYNbCHLIX PeakTOpax C MMHOBEHHOW NNOTHOCTEW NOToKa B 1808
pa3 npeesllaued NpefensHoe 3HaYeHWe Ha CTaUMOHapHHIX peakTopax. TporpaMma 3TUX W3MepeHui
OCYWECTENAETCA COBMECTHO © fM3ukamn u3 Poccuu u CUA.

Ha 3gauun peakTopa ATYAP (r.CHeMMHCK) YCTaHOBAEHa 3a[HAA NPoOAETHAA
Ga3a IKCNEPUMEHTANLHOR YCTAHOEKH

BO3MOXHAA MONAPHIAUKMA KYNepoBCKMX nap Ha
rpaHNLe pa3gena CBepxXNPOBOAHKK/ GeppomMarHMT

Cu(32nm) /V(4@nm) / Fe(1nm) / Mg0 ‘ ﬁﬂ

Possible polarization of Cooper pairs at
the superconductor/ferromagnet interface

The back flight base of the experimental
facility is installed on the building of the
YAGUAR reactor (Snezhinsk)

Interaction of superconductivity
and magnetism in layered magnetic nanostructures

It is well known that superconductivity and magnetism are mutually exclusive phenomena
and cannot occur simultaneously in bulk materials. Neutron reflectometry experiments have shown
that in Fe/V magnetic layered nanostructures the coexistence of superconductivity and magnetism
is possible as a consequence of the fact that the values of correlation lengths, characterizing
this phenomena, in nanostructures are comparable to the thickness of atomic layers. The direct
and inverse proximity effects were observed. The direct proximity effect consisted in that a
ferromagnetic order was set in the superconducter and the magnetization of the ferromagnetic
layer decreased. The inverse proximity effect consisted in that a ferromagnetic order was set in
the superconductor and the magnetization vector of the superconducting layer increased.

Development of spintronic devices

Spintronics (or spin electronics) is currently a rapidly developing area of science and
industry. Spintronics finds application in the development of radically new magnetic
noncollinear and magnetic noncoplanar heterostructures used in nanoelectronics for creation of
high-capacity storage elements and high-speed data recording devices. The polarized neutron
reflectometry (PNR) makes it possible to obtain magnetic and nuclear spatial profiles with
nano-resolution, which allows us to effectively study objects of spintronics: a) structures
with giant magnetoresistance, (b) ferromagnetic semiconductors GaMnAs, (c) lateral stripe and
dot structures, (d) ferromagnetic-antiferromagnetic bilayers, (e) spring structures. PNR also
helps to study magnetic and nuclear interfaces, to estimate cluster sizes, to determine the
direction and magnitude of the local magnetization vector.

We investigate neutrons

Direct measurement of the neutron-neutron
scattering length

For the theory of nuclear forces it is necessary to experimentally verify that
neutron-neutron and proton-proton pairs interact by nuclear forces differently.

A measure of the interparticle interaction force is the scattering cross-section,
which at low energies is just an effective area of a particle. The radius corresponding to
this area has been measured for the proton-proton scattering long ago, while for a neutron-
neutron pair only contradictory indirect data are available obtained from the reactions on
light nuclei because of the absence of neutron targets in the natural environment.
Physicists of FLNP JINR suggested solving the problem by measuring the collision density of
thermal neutrons in the through channel of the YAGUAR reactor where a special facility was
installed, which was designed and constructed in FLNP. Such an experiment is considered
technically unfeasible at steady-state reactors. The measurements are possible, however,
at pulsed reactors with the instantaneous flux density exceeding the limit value for
steady-state reactors by a factor of 1888. The program of these measurements is carried out
in collaboration with the physicists from Russia and the USA.
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YNbTPaxonofHsle HelTpOoHbI

B H® B 1968 rogy Ha4aTsl NEPEbE B MUPE 3IKCMEPHMEHTH € YALTPaXOMOAHEIMH HERTPOHAMM
(¥XH). YXH — o4eHb MefneHHsle HERTPOHE CO CKOPOCTAMM <5 M/c. OcoBeHHOCTBI 3THX HeRTpoHoB,
NO3BONAKUEA BLASAUTL WX B OTAENLHYW TPYnny, ABAAETCA NONHOE OTPAXeHWe TakWX HEWTPOHOB OT
MHOTWX MAaTepHanos.

OTpaxeHue YXH OT CTEHOK A38T BOIMOKHOCThL XPaHWTh WX B 3aMKHYTHIX BaKyyMWPOBaHHbLIX
KaMepax B TEYEHWEe HECKONBKMX MMHYT. B 3THUX NOBYWLKAX HEATPOHL, CTankMBaAck (1808-18888 pa3)
C TBEPALIMW MAK KWAKMMIM CTEHK3MW NOBYWKM, BI3MMOAERCTBYIT TOALKO C TOHKMM NPUAOBEPXHOCTHLIM
CNoeM BewecTBa CTEHKM NoByWkU (40 208 A) . Bpema xpaHeHna YXH B NOBYWKAX OFPaHA4EHO BPEMEHEM
KW3HW CBOBOAHOrO HEATPOHA, a Tak Xe NPoUeccaMi 3axXBaTa W Heynpyroro paccefHua HeRTpOHOB
AdpamM  CTeHKW. YXH 4pe3Bu4aiHO UYBCTBMTENbHE K a3TOMapHOMy COCTaBy MOBEPXHOCTH,
NOBEPXHOCTHOW NAOTHOCTW AAEp, K AWHaMUKe MNOBEPXHOCTW W K AWHamMMKe HaHoobpas3oBaHMi Ha
NOBEPXHOCTH. Ha ABukeHue YXH cyuec TBeHHsIM 06pa3om BAWAKT MarHUTHOR W FPaBATaUMOHHOE NonA.

YXH WCNonb3ywTcA ANA peleHuA BOMNPOCOB QyHAAMEHTaNLHOW (U3WKKU: OnpefeneHue BPeMeHU
XW3HM cBoBOAHOro HeATpOHa, MNOWCK 3NEeKTPUHEeCKOro AWNOALHOMD MOMEHTa M 3INEeKTPU4HecKoro
3apAna HedTpora. BeayTcA paboTsl NO M3YYEHUK B3aMMOAEACTEMA YXH C HAHOCTPYKTYpamu .

CneunanucTsl nabopaTopui TPaAULMOHHO 33HUMAWT OOHY W3 BefyuMx NOo3MUWA B MUPOBOM
Hay4HoMm cooBwecTee nNo onuTy paboTel C YXH.

Ma nosywkn YXH

HEI;"ITFIOHHI:IE peakuuu AnAa Uu3y4v4eHua HyKneoCcuHTe3a
B 3Be3ax

AoepHLie  peakuwM € y4acTMeM HEeHTPOHOB WIrpawT onpejenAluyw pofib BO  MHOMMX
acTpoPUIMHECKHX NPOLECCEX, HaYMHaA C NepBhiX CeKyHA bonbworo B3peiBa M 3aKaH4MBaA CTaaWAMM
YMMpaHuA 38e34. BonpocamM NPOMCXOKAEHWA XWMUHECKMX 3NeMeHTOoB Bo BceneHHoW 3aHuMaeTcA
TakoW pasfen Haykn kak AAEepPHaA acTpodu3nka. ACTPOdHUIMKK MOAENMPYIT NPOLSCcCH, NPoUCXogAUMe
B 3Be3fax, W Ppe3ynbTaTe CPaBHWBAWT C fAaHHeMu Habnwgenuid. CooTBETCTBYWUME CLEHaPHU
3BE3[HOM0 HYKNEeOCHHTe3a [AOMkHe OBBLACHATE XWMMYECKWH W M30TONHLIA COCTaB KOCMMYECKHMX
obLekToB.

[LnA pac4eToB NPOLECCOB HyKNeoCHHTe3a TpebywTcA AaHHEe O CKOPOCTAX AASPHLIX PeakLMid C
y4acTHeMm COTeH M30TONOB, BONBWMHCTBO M3 KOTOPBIX PafMOaKTHMBHb. Tak Kak ANA MHOTWUX M3 HWX
NpAMbIE W3MEPEHWA HEBO3MOKHL, TO WCMONbL3YWTCA 3Ha4YeHMA, NoAyYaemsle Ha OCHOBE Mogenei
AOEpHLIX peakuuid. K CcoXanedHww, He OnA BCcex TWNOB peakuui 3KCnepuMenTanbHan Ba3sa faHHbix
ABNAETCA OCTATOYHO MOAHOMA, 4TOBW NOCTPOWTE HaJEXHYW TeopeTu-eckyw mogens. Hanpumep, ana
peaKUWid, BKANYAHWHX (L-43CTULL, Pa3/NYHbE TEopeTUHECKWe NPEeNCcKa3aHnA MOryT OT/MHaTLCA B 18
paz. Mo3ToMy O4EHb BakHLIMA ABNAKTCA MIMEPEHWA CeYeHW peakunn (Nn,o) Ha WMPOKOM Kpyre Afep u
ONA WKPOKOrO AManasoHa IHeprui HedTpoHoB.

TakMe SKCNepUMEHTH NpoBOAATCA B JIHD Ha yckopuTene Bad-ge-Tpaaga, a Takwe
NA3HWPYKWTCA Ha HOBOM MMNYILCHOM MCTOYHUKE Pe30HAHCHLIX HedTpoHoB WPEH.

TyMaHHOCTe AHgpomenw (NGC 224)
- OGnukaiwan Kk Maeuwomy MyTw
fonblan ranakTHka

MoHW3auMoHHaA Kamepa (BHYTpewHsaA
KOHCTPYKUMA), MCNOAL3YEMan ANA WC-

cnefoBaHWi peakumi (n,p) u (n, o)

A schematic diagram of a UCN trap

The Andromeda Nebula (NGC 224)
is the nearest large galaxy to
the Milky Way

The ionization chamber (intermal
structure) used for studying the

(n,p) and (n,u) reactions

Ultracold neutrons

In 1968 at the Laboratory of Meutron Physics the world's first experiments with
untracold neutrons (UCN) were started. Ultracold neutrons are very slow neutrons with
velocities of < 5 m/s. A peculiar property of ultracold neutrons allowing us to single them
out into a separate group is the total reflection of these neutrons from most materials.

The total reflection of ultracold neutrons from walls makes it possible to store them
in closed vacuum chambers for several minutes. In these traps while colliding (1eee-1eee8
times) with the solid or liquid trap's walls, neutrons interact only with a thin surface
layer of the trap's wall material (up to 2@@ A). The UCN storage time in traps is limited by
the lifetime of a free neutron, as well as by the processes of radiation capture and
inelastic neutron scattering by the nuclei of the wall. UCN are extremely sensitive to the
atomic composition of the surface, to the surface density of nuclei, to the dynamics of the
surface and nancformations on the surface. Magnetic and gravitation fields have a
significant influence on the movement of UCN.

UCN are used for solving topical problems of fundamental physics, such as evaluation
of the lifetime of a free neutron, search for the electric dipole moment and the electric
charge of the neutron. The investigations on the interaction of UCN with nanostructures are
carried out.

The specialists of the Laboratory traditionally hold one of the leading positions in
the world's scientific community as having a wealth of experience in UCN investigations.

Neutron reactions for studying nucleosynthesis
in stars

Nuclear reactions with neutrons play a dominant role in many astrophysical processes
starting from the first seconds after the Big Bang and including the dying stages of stars.
Nuclear astrophysics is a branch of science, which deals with the questions of the origin of
chemical elements in the Universe. Astrophysicists simulate processes occurring in stars
and compare the results with the observations. The corresponding scenaries of stellar
nucleosynthesis should explain the chemical and isotope composition of space objects.

For the calculations of nucleosynthesis processes one needs the data on the rates of
nuclear reactions involving hundreds of isotopes, most of which are radicactive. Since for
many of them direct measurements are impossible, one uses the values obtained on the basis
of nuclear reaction models. Unfortunately, the experimental database is not sufficiently
complete for all types of the reactions to construct a reliable theoretical model. For
example, for the reactions with w-particles the discrepancy between different theoretical
predictions can be as high as a factor of 18. Therefore, measurements of the (n,u) reaction
cross sections for a broad range of nuclei and for a wide range of neutron energies are of
utmost importance.
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HelTPOHHO -UHAYLUMPOBAHHOE AefieHue

0AHMM U3 Hawbonee BaxHLX AAEPHLIX NPOLECCOB, MPOTEKAHWWX NOM BO3ASHCTBMEM HEMTPOHOE,
ABNASTCA AeneHue Afep. Mpu HEHTPOHHO-WHAYUMPOBAHHOM [ENEHUW TAKEN0e AP0 3axBaTuiBaeT
HEeMTpOH ¥ pacnagaeTcA Ha ABa Gonee Nerkvx OCKONKA, KOTOPbLIE W3-3a KYNOHOBCKOrC OTTankKWBaHUA
paznevawTcA, npuobpeTtan BonbWwyw KWMHETWHECKyw SHepruw. [pu  fgeneHud nouTH  BCerga
MCMYCKAKWTCA HECKONLKO HEATPOHOB (KOTOpHE B CBOK O4epefb MOryT WHLYUMPOBAaThL OHepegHoe
LeNeHWe) W raMMa-KBaHToe. B pefkux cnyqyanx npu GeneHMd MOXeT MCNYCKaThCA ankda-4actuua,
koTopan obe4HO GOPMUPYETCA MeXAY ABYMA OCHOBHBIMM OCKOAKAMM W UCMYCKAETCA NepneHiMKynaApHO
HanpaeNieHU Pa3neTa OCKONKOE. Takoe JeneHue Ha3uBawT TPoWHuM Aeneduem. O6pazoeaHue nerkoi
HaCTUUE O4eHb HATNAQHO OEMOHCTPUPYETCA B OMBITE € MbUILHBIMH MYy3bPAMA (CM. pUcC. BHU3Y), B
KOTOpPOM ManeHsKaa Kkaneneka obpa3yeTcA BCerfa, B OTAMHME OT JefeHWA Afep, rAe nerkas
4yacTuua ofpasyerca B8 menee 1% cnysaes. Ewe Gonee pegxum (2 BO3MOXHO, W BOBCE He
CYWECTEYHIWMM) ABNASTCA AENEHMe AAPA H3 HETHPE OCKONKA WM TPW OCKONKA CPABHUMON M3CCH .

HecMOTpA Ha To, 4TO Npouecc AeNeHWA ABNASTCA OfHWM M3 Haubonee W3yHeHHLX, A0 CHUX nop
HE CyWecTByeT efMHOW TEOpPWM, MOZBONAKUWEN MOAHOCTLH W BCECTOPOHHE ONUCATE 3TO ABAEHMe. B
HACTOAWEE BPeMA W3Y4EHWE W MOMCK MMEHHO 3IK3OTWHECKMX BWOOB [ASNEHWA Afep, Takux Kak
TpOWHOE, mNoXanyi, npeacTaenAeT Haubonbwki WHTepec. WCCNefoBaHUA pPasnWuHEX  SCMNEKTOB
NENeHWA BefyTCA B HD B COTPYAHUHECTEE C BEAyWUMH H3YHHEMU LEHTPaMU POCCHU M MUPa.

THNMYHAA CXEM3 HEATPOHHD-
WHAYLUHPOEAHHO O AENEHHA

WnnwcTpaumA TPOHHOrD AEneHuA

141 B a @921( N

Mbl co3pgaem WU pa3BuBaeM CBOWU YCTAHOBKW

« CUMY/INPOBdHHBIE MOAENN HEﬁTpOHHHX CneKTpoMeTpoB

HEATPOHHBIA CNEKTPOMETP ABAAETCA GOBOJLHO CACKHHM HHCTPYMEHTOM. HEATPOHH POKASNTCA
B GKTMBHOW 30HE peakTopa, Aanee 3aMefNAlTCA A0 HYXHHX IHEpruil (CKoOpocTed) 3amegnuTensm,
NOTOM HEATPOHHBIM NYHOK NOCTYNaeT B cMCTEMY GOPMMPOBAHWA My4Ka ANA NPUAaHWA emy Tpebyemsbix
napaMeTpoE W MPOBOAKW HEWTPOHOB OT 2aMegnuTenn k obpasuy. [anee NPoOMCXOAMT pacceaHue
HeWTpoHa Ha obpasue (uccnegyemom maTepwane). [ocne SToro HeWTPOHW  PErvCTpUPYHTCA
NETEKTOPOM MW HaBopoM OETEKTOPOB HEHTPOHOB. Mo MOMYYEeHHHM 33perMcTPUPOBAHHEM CMEKTpaMm
BOCCTaHABNMEIETCA Heobxoauman uhbopmauma ob nccnegyemom obpasue.

Camuiil 3GPeKTHEHLEH NOAX0OA ANA NPOEKTHMPOBAHMA, DAacHeTa M ONTHMW3AUMM CNEKTPOMETPOR
ABNASTCA MOGENMPOBAHWE METOAOM MoHTe-Kapno. Me ycnewHo pa3pabaTuiEacMm W MOLENWPYEM HOBbE
npubopsl W CNEKTPOMETPE, a Takke pa3pabaThiBaeM HOBLIE METOAMKH B HEATPOHHOM CNEKTPOCKOMMM.

Cxema ycTaHOBKW HERTPOHHOID PACcCeAHNS
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popMUupoBaHMA CWCTEMa ynpasnexun CucTema
ny-Ka WEMOAHKTENLHEIMA cBopa
MEXAHWIMAMMU AAHHLIX

Bean-forming systen Control system of Data acquisition

actuating mechanisms system

Layout of a neutron scattering instrument

°

A typical scheme of An illustration of termary fission

neutron-induced fission

We develop and improve our instruments

Neutron-induced fission

One of the most important nuclear processes induced by neutrons is nuclear fission.
During the neutron-induced fission a heavy nucleus captures a neutron and then decays into
two lighter fragments, which due to the Coulomb repulsion acquire high kinetic energy while
coming apart. Fission is almost always accompanied by the emission of several neutrons
(which, in their turn, are able to induce further fission) and gamma-quanta. In rare cases
an alpha-particle can be emitted during the fission, which is usually formed between the two
main fragments and emitted perpendicular to the fragment separation direction. This type of
fission is usually called termary fission. The light particle formation is very wividly
demonstrated by an experiment with soap bubbles (see the figure), where a small bubble is
always produced in contrast to the nuclear fission, where a light particle appears in less
than 1% of cases. More rare (perhaps not existing at all) is fission of a nucleus into four
fragments or three fragments of comparable mass.

Despite the fact that fission is one of the most extensively studied processes, there
is still no unified theory capable of describing the phenomenon comprehensively. It is the
study and search for these extraordinary types of nuclear fission (such as ternary fission)
that hold the greatest interest today. Investigations of various aspects of fission are
carried out in FLNP in cooperation with the leading scientific centers of Russia and other
countries.

.. Simulated models of neutron spectrometers

A neutron spectrometer is a rather complex instrument. Meutrons are born in the
reactor core, next they are slowed down to the regquired energies (velocities) by a
mederator, then the neutron beam comes to the beam-forming system, where it acquires the
required parameters and after that neutrons are guided from the moderator to the sample.
Then neutrons are scattered by the sample (material under study). After that neutrons are
registered by a neutron detector or a set of neutron detectors. The required information
about the sample under study is reconstructed from the obtained spectra.

The most effective approach to designing, calculation and optimization of
spectrometers is the Monte Carlo simulation. We successfully design and simulate new
devices and spectrometers as well as develop new techniques in neutron spectroscopy.




w MCTOYHUKKW XONOAHbLIX HEﬁTpOHOB

Yue Bonbwe NONBEKAa HAWW Y4YeHble W3YYaWT HedTpoHe W WCNOAL3YHWT WX ANA MCCNEeNoBaHHA
CTPOEHWA BEWECTE W MaTEpPUanoe. [LN1A 3TOro NPUrodHbl HEATPOHE, JBMKYUMECA C MaN0oW CKOPOCTEH -
COTHW M THCAYM METPOE B CeKyHOY. Takue HERTPOHL HA3LEaWT MELNEHHLMW, B OTAMYME OT BeCTp.IX
HEATPOHOB, W3Ny4aeMbx pPeakToOpoM, KOTOpHE MMENT CKOPOCTh B OECATKM THICAY kM/C. MeaneHHuoe
HERTPOHB NOAYYaKHT NyTeMm 3amefneHnA BEICTPLIX B YCTPOACTBAaX, Ha3bBaeMbx 3amMelNMTENAMM.

B nocnegHwe 15 neT Mbl M3Y4WNW CBORCTBA MHOMECTBA MaTepuanos ANA Toro, 4Tobk co3paTth
HauNy<LMA 3aMennMTeNkt ONA MOAEepPHM3HWpoOBaHHoro peakTopa WBP-2.

0OCTaHOBKMNM CBOW BeIBOp Ha CMECH apoMaTHMHECKWX YTr/eBOA0POACE-ME3MTWIEHA W M-KCHIO-
Na, KOTOpaA noka3ana Hawny4wde napameTpel. HeWTpoHh 3aMefnANTCA B MEeNKMX Wapukax M3
3aMOPOXEHHONW CMECH.

~ CMEUNANU3UPOBAHHLIE NPEpPLIBATENIN HEWTPOHHLIX MY4YKOB

B paznuuHbix 3KcnepumeHTax TpefyeTcA HanpaBuTe Ha obpazel HeATpoOHs ONpefensHHoW
3HepruW  (ckopocTi). [lockonkky BpeMA MponeTa ny4Yka HeWTPOHOB 4epe3 npepeBaTens
NpONOPUMOHANLHO WX 3HEpPruM, BpemA OTKPLIE3HMA OKHa ONpejenfeT SHepruw HedTpoHoR,
nonagawwmx Ha obpazed. 3TM 230344 DEWANTCA MEXIHWHECKWMWA CUCTEMaMW, NpPONYCKaKWAMK Ha
obpazey HeWTPOHL CTPOro ONpEefeNeHHOe BpemA, npumepHo 1-18 mc. ToyHOCTb cTabBuan3auuu
COCTaenAeT oT 26 go 258 mKc.

WapWkn IaMEANAKWEro MATEPMANa B KaMepe
IAMEANMTENR NpH 58 K (~27 008 wr.)

Beads of moderator material in the moderator
chamber at 50 K (-27 000 pes)

MesuTuned

Mesitylene

m-xylene

« HENTPOHOBOAbLI MU HENTPOH-ONTHUYECKUE D/IeMeHThI

[NA NpoBOAKW MYyYKOB TENNoBhX (XONOAHbX) HEATPOHOE OT AKTMBHOW 30HL peakTopa Ao
CNEeKTPOMETPA MCMONL3YKTCA HEATPOHOBOM. .

33343 HeWTPOHOBOAA - TPAHCNOPTUPOBKA TETMOBLIX (XONOAHHIX) HEATPOHOE A0 334aHHOro
MECTA C COXPAHEHMEM NAOTHOCTH NOTOKA Ha OCHOBE MOMHOrO OTPAaXEHWMA OT TNafKoW 3epkansHoi
NOBEPXHOCTH. W30THYTHE HEATPOHOBOAE (paAnyc KPUBW3HE ~1 KM) NO3BONAKT OTAENWTE TEMIODBLE
(xonogHbie) HEWTPOHLI (OTpakawwuecn OT NOBEPXHOCTH) OT BLICTPLIX HEWTPOHDB (HE OTpaxanwvecn).

. OEeTEeKTOpbl HEeWTPOHOB

Ype3ebHaiHO BaxHaA 4acTb CNeKTpoMmeTpa - 3TO AETEeKTOpb HEeATpPOHOB. [JeTeKkTopsl - 3TO
npubopsl ANA pervHCTPauvMM HERTPOHOB. C NOMOWLHW ASTEKTOPOE OMPefenAlT WHTEHCHMBHOCTbL NOTOKA
HEHTPOHOB, Ero 3IHEPreTHHecKWH CMekTp, npocTPaHCTEEHHOE W YrNOBOE pacnpegenedwe. Ha
cnekTpomeTpax MBEP-2 MCNONL3yWTCA paznMYHbie TUMB JETEKTOPOE - HEWTPOHHBIE CHETHWKM
(ra3oHanoNHeHHHE TOYeYHHe [AeTexKTopw), CUMHTHANALUMOHHBIE [OETEKTOPs W a30HanoNHEeHHbE
NO3ULMOHHO-4YBCTEMTENLHLE AeTekTopu (N4HA).

Kaxguid neTekTop no-cBOEMY YHUKaneH W fonked cTabunbHo W HagexHo paboTaTe B
MHTEHCUBHBIX PaAMaLMOHHLX NOTOKAX W OTBE4ATL FNaBHLM TpeBoBaHwAM: BoNbWaA cKOpoOCTh CYeTa,
BBICOK3A 3DOEKTUBHOCTL PErMCTPALMU M DA3PELEHHE.

B JHD wmeeTcA HeobBXOOMMaA WHOPacTpPyKTypa ANA pa3paboTkW, M3rOTOBNEHWA M MCNLITAHWA
N4, cozfaHa TaK Xe NWHEelKa ofHo- K ABYXKOOPAWHATHbIX MH.

Dypbe-npepnisatent Ha 11 nyuke peaxtopa MBP-2

Fourier chopper on beam 11 of the |BR-2 reactor

.. cold neutron sources

For over half a century our scientists have been investigating and using neutrons to
study the structure of substances and materials. It is done with the help of neutrons moving
at low velocities - hundreds and thousands of meters per second. Such neutrons are called
slow, in contrast to fast neutrons emitted by reactors with velocities of tens of thousands
km/s. Slow neutrons are obtained by slowing down fast ones in devices called neutron
moderators.

In the last 15 years we have studied the properties of many materials in order to
create the best neutron moderator for the medernized IBR-2 reactor.

We set our choice on a mixture of aromatic hydrocarbons - mesitylene and m-xylene,
which showed the best parameters. Neutrons are slowed down in small beads of frozen
mixture.

.. specialized neutron beam choppers

In various experiments it is necessary to direct neutreons of a particular energy
(velocity) to the sample under study. Since the neutron beam time of flight through the
chopper is proportional to the neutron energy, the window opening time determines the
energy of neutrons incident on the sample. This problem is solved by mechanical systems
that allow neutrons to pass to the sample in a strictly determined period of time of about
1-18@ ms. The stabilization accuracy is from 28 to 258 ps.

Npamo#
MAcKoW C OyKBEamu “NHD"

“AH®” (“FLNP") is placed in
direct beam

.. neutron guides and neutron-optical elements

To guide thermal (cold) neutrons from the reactor core to a spectrometer, neutron
guides are used.

The function of neutron guides is to transport thermal (cold) neutrons to the destina-
tion and maintain the flux density constant owing to the total reflection off a smooth mirror-
like surface. Curved neutron guides (radius of curvature ~ 1 km) make it possible to separate
thermal (cold) neutrons (reflected off the surface) from fast ones (non-reflected).

.. heutron detectors

Neutron detectors are an extremely important constituent part of a spectrometer.
Detectors are the devices for registering neutrons. With the help of detectors the
intensity of a neutron flux, its energy spectrum, spatial and angular distribution are
determined. Detectors of various types are used at the IBR-2 spectrometers - neutron
counters (gas-filled point detectors), scintillation detectors and gas-filled position-
sensitive detectors (PSD}.

Each detector is unique in its own way and must be stable and reliable in operation in
intense radiation fluxes and meet the main requirements: high counting rate, high
registration efficiency and resolution.

FLNP has proper infrastructure for designing, production and testing of PSD. Also, a
series of 1D and 2D PSD has been developed.

KoopawHaTHelR cnekTp 2D MOHMTOpE.
My40K nNepeKpelT Ka,qr\-mesnﬁ

Coordinate spectrum of a 2D moni-
20 PSD tor. A cadmium mask with letters
the




. CUCTEMbl OKpYXeHus obpasua

Kamgeid W3 cnekTpoMeTpoB, PacnofoKeHHbX B 3KCNepUMeHTanbHeX 3anax MBP-2, uMeeT B CBOEM
COCTaBe camoe pa3HoobpazHoe 0BOPYAOBAHME W ODUEHTHPOBAH HA peWeHWe ONpefeneHHoro Knacca
33/1a4. Hanpumep, MOXHO BHABAWTh LENb KNACC YCTPONCTE - TaK HA3bIBAEMbE CMCTEMBI OKPYKEHWA
ofpasua, KoTopwe MNO3BONAKT CO3AaBaTb Ha MWcchegyemom obpas’ue onpefeneHHble  YCNOoBMA
(TemnepaTypy, AaBNeHHE, MAarHWTHOS none u ap.). ObopydoBadue anAa 3Tux yeneid nubo npuobpeTaerca
B CNeUnanW3MpoBaHHLX pupMax, NMB0 pa3pabaThHBAeTCA B CAMMX HERTPOHHLIX UEHTPax, B TOM YWCie U B
Hawem. Mpu 3ToM Bawuo, 4Tofu 3To obopyaosadHue BLINO MAKCUMANBHO YHUbUUWpOBaHo, No Kpaduxed
Mepe, B OTHOWEHWKM CUCTEM YNPABAEHMA U WHTepdercos .

.. CHCTEMbl aBTOMaTU3MPOBAHHOro ynpasneHua U cbopa
AaHHbIX C HEWTPOHHLIX CMEKTPOMeTpoB

Ana ycnewHo# peanusauuu NporpaMMsl Hay4dHbIX MCCNBAO0BAHWA  KNKNYEBOE 3HAYEHHE WMMERT
XApPaKTEpPUCTHKKM W napameTpsl cuctTem cBopa fdaddeix (CCA) W MHPOPMALWOHHO-BLIMUCAMTENEHOR
MHPPECTPYKTY bl .

Bo Beex co3fadHbix &8 NIHD MY cucTemax UCNONLIYNTCA PaspaboTaHHbe HaMKU YHHGHUMPOBAHHLIE
CCA-Bnoku, BeTpaneaemsiz B8 PC. [na MY v TodedHux AeTexkTopol paspabaTeBagTcA HOBOE NOKONeHWe
GoicTpogecTeyounx CCA-6nokoe, koTopee GyayT nodknpudateca Kk PC ¢ nomowbw USB-uxTepdelca w
BOMNOKOHHO-ONTHYECKON NHMHUK CBA3K.

Mul  paspaBaTeisaem nporpammHoe  ofecnedeHue ANA  BCEX CNEKTPOMETPOS, NO3BONAHWes
ynpasnATe paboTod MEXaHW3IMOB CNEKTPOMETPOB, KOHTPOAWPOBATE paboTy YCTPORCTE OKpyseHMA
obpasia W BeCTW cBop W HaKONNeHWe AaHHHX, & Takke NPoBoAMTE NpeaBapuTencHyw obpaBoTky W
BWU3YaNnW3auu HAKOMNNEHHHX [aHHeIX. Pa3paboraHHoe Hamu nporpammioe ofecnevedue nossonaer
paboTaTh Ha CNEKTPOMETPaX YAINEHHO W3 NBoH TOYKKW MHPa, WMelWel BuXO B UHTEpHeT.

Bnox chopa W HaKkONAEHWA Aaddsix ¢ M4]
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AXTHEA KDUOCTAT (OWanazcH perynupyeMsx TEMnepatyp 2.3-3888K)
k 1
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Shaft cryostat (repgulated temperature range - 2.3-3808 K)

.. sample environment systems

Each spectrometer in the IBR-2 experimental halls has various types of equipment that
is targeted at dealing with specific tasks. For example, among this equipment a whole class of
devices may be noted - the so-called sample environment systems, which makes it possible to
create certain conditions at the sample under investigation (temperature, pressure, magnetic
field, etc). The equipment for these purposes 1s either purchased in specialized firms or
developed directly in neutron centers, including our Laboratory. Here, it is of importance
that the equipment should be unified to the maximum extent, at least, in relation to the
control systems and interfaces.

.. automatic control and data acquisition systems
for neutron spectrometers

For successful realization of scientific research programs the characteristics andFor
successful realization of scientific research programs the characteristics and parameters of
data acquisition (DAQ) systems and of the information infrastructure are of key importance.

Unified PC's built-in DAQ blocks developed by us are used in all PSD systems designed
and constructed in FLNP. For PSD and point detectors a new generation of fast DAQ blocks are
being designed, which will be connected to PC via an USB interface or fiber-optic lines.

We also design software for all spectrometers, which makes it possible to control the
mechanisms of spectrometers and sample environment devices, perform data acquisitien and
accumulation as well as to preprocess and visualize the accumulated data. Our software allows
remote control over the spectrometers from any place in the world where there is an Internet
access.

PSD data acquisition and accumulation block

Mbl genMMmcAa HawuMMu 3HAHUAMU

Mol MOALEPHMBEEM AKTWUBHEA ObBMEH WHHOPMALER MeXAY YHEeHsMW, OpPradHu3ya perynapHse
KOHPEPEHUMK NO HERATPOHHBIM WCCNEAOBAHWAM B 0BNACTH HAHOTEXHONOMMA M JU3MKN KOHOSHCHPOBaHHOMO
COCTOAHWA (MeXayHAPOLHLIE CEMWHAPH N0 WCCNELOBAHMAM HA WMNYNLCHOM peakTope MBP-2) w B obnacTu
AAEPHOR HERTPOHHOR PUINKKM (MeXAYHAPOAHLIH CEMUHAD NO B3AWMOAEACTEMN HEATPOHOB C AAPaMAK) .

Mbl Y43ACTBYEM B OPraHW3auMi TPaQWUMOHHBIX WKON ANA MONOALX WMCCNefoBaTeneil, CTYONEHToB,
ACNMPaHTOB M KAHAWAATOB HayK W3 cTpaH CHI: Bblcwue Kypcel N0 COBPEMEHHLIM METOMAM WCCAefoBaHWi
HEHOCHETEM W MaTEpHanoB «CHHXPOTPOHHbIE M HERTPOHHNE WCCNefOBaHWA HaHocHeTem» (CHH-HaHo).

OpraHusyem MexayHapofHele wkonsl «CoBpeMeHHan HeATpoHorpadua: dyHAIMEHTANbHbIE W
NPUKNaAHEIE WCCNEAOBAHMA GYHKUMOHANLHEX M HAHOCTPYKTYPHPOBaHHEX MaTepuanos» W «MpuBopsl W
METOAN 3KCNEPUMEHTANbHOR AfepHOR  GU3MKM. INEKTPOHMKAE M  aBTOMATMKA 3IKCNEpPUMEHTaNbHBIX
YCTAHOBOK .
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We share our knowledge

We support active information exchange between scientists by organizing regular
conferences on neutron investigations in the field of nanotechnologies and condensed matter
physics (International Seminars on investigations at the IBR-2 reactor) and in the area of
neutron physics (International Seminar on Interaction of Neutrons with Nuclei).

We contribute to organization of traditional schools for young scientists, graduates, PhD
students and PhD can-didates from CIS countries: Higher Courses on advanced methods of
research in nanosystems and materials "Synchrotron and Neutron Investigations of
Nanosystems” {(SYN-nano).

We organize international scientific schools “"Modern Neutron Diffraction Studies:
Interdisciplinary Research of Nanosystems and Materials®™, and “Instruments and Methods of
Experimental Nuclear Physics. Electronics and Automatics of Experimental Facilities®.
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Y4aecTEYEM B npo-
BEflEHMU NETHUX CTYOEeH-
HECKMX NpaKTHK QNA CTy-
LEHTOE W JCNUpaHTOB W3
ACCOUMUPOBAHHLEIX CTPaH M
CTpaH-y4acTHuy OWAK  op-
raHW30BaHbIX COBMECTHO C
YuebHO-Hay4HeIM  LEHTpOM
OHAK.

MpPOBOAWTCA TPAAHUMOHHEIA COBMECTHBIA ceMuHap OWAM-PyMeIHKUA
«HedTpoHHaA ¢M3WKa ONA WCCNedoBaHWA ALEP, KOHAEHCMPOBaHHOMO
COCTOAHWA BeWecTBa, MeAuUMHE W OGuonoruM» ANA  YKPenaeHuA
COTpygHWHecTea mexgy JHY OWMAM u PyMeHMEH W NMPHUBNEYEHWA HOBLIX
NOKONEHWA CTYOEHTOB K Hay4HoW paboTe nocne okoHYaHWA y4ebil.
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Mbl Nnpurnawaem MCNoNb30BaTb HallM YCTaHOBKMU

MNonutuka nonb3osatenenn JIHO

BpemA AnA  W3MepeHMd Ha peakTope WEP-2 pacnpegenneTcA  Mexay BHYTPEHHUMK
NONL30BATENAMM M OCTANbHLIM Hay4YHLIM COOBWECTEOM B COOTHOWEHMW 35% (BHYTpPEHHME 3aABKW) @ 55%
(BHewHWe O6bYHEIE 3IAABKK) 18% (BHewWHMe Cpo4YHble 33ABKM). [JONyCcK K 3KCMNEpPUMEHTaM Ha
cnekTpomeTpax MWBP-2 pna nwboro nonk3oBaTens  NpefocTaBAAETCA TONLKO Ha OCHOB3HUM
3anAeneqduA. CyWecTBYeT OBa BMO3 33ABNEHWA: OBbMHLIE W CPO4HWE. [LNA NEPBOro BWAA 33ABNEHUN
CyWecTBYET KpaWHWA CPOK NOA3a4YdW W NPOLEecca paccMOTPEHMA [ANA  BLOENEHWA BPEMEHW Ha
3KCNEepWMEHT. [nA BTOPOro BMA3 HE CYWECTBYeT KPaWHEro Cpoka Mogayqd; COTPYOHWK,
OTBETCTBEHHLIH 33 COOTEETCTEYHUYK YCTAHOBKY, B MCKNKMWTENLHBX CNYYaAX O3eT paspeweHwe Ha
BEINONMHEHWE 3KCNEPMMEHTA. 33ABKW OLEHWBAKWTCA OTOHOPOYHON KOMMCCMEHR, EpPEMA ANA NPOBEOEHHMA
3KCNEPUMEHTA BLINENABTCA B COOTBETCTEWM C HAYYHOW LEHHOCTLH 33ABKM .

[llononHWTEensHaA MHGOPMaLUMA Ha www.ibr2user.ru

CTymeHTs M3 CTpaH-y4acTHHU
OMAW w w3 ppyrux CTpaH BLNONHAKT Ha

HEWWX YCTAHOBKaX 3KCMEPUMEHTANLHYH
4acTbk  AWNAOMHBIX,  MarWcTEPCKUX W
kaHampaTckux pabor

DT

We take part in
the organization of
summer student training
courses for graduates
and PhD students from
JINR Associated Member
Countries and JINR

Member States held by
the JINR University
Centre.

A traditional Joint Seminar JINR-Romania on neutron
physics for investigations of nuclei, condensed matter and life
sciences is held to consolidate collaboration between FLNP JINR
and Romania and to attract new generations of students to
scientific research after graduation.

Hawu cneuynanucTel YHacTBYHT B Hay4HelX WKonax AnA
YHMTENER PUIUKM W3 CTpaH-y4acTHUU OMAW, npencTaBnAA WM
HalWKW YCTAHOBKM M HayuHLIE LOCTMXKEHMA.

Our specialists take part in scientific schools
for teachers of physics from JINR Member States
presenting them our instruments and our scientific
achievements.

Students from JINR Member
States and other countries carry out
the experimental part of their
diploma, Master's degree and PhD
theses at our instruments

We invite users to conduct experiments at
our instruments

FLNP User Policy

The neutron beam time at the IBR-2 reactor is distributed between the internal users
and general scientific community in the ratio of 35 % (internal proposals) : 55 % (external
ordinary proposals) : 18 % (external urgent beam time requests). The access to experiments
on the IBR-2 spectrometers for all users is given only on application basis. There are two
kinds of applications: ordinary applications and fast access applications. For the first
category there is a deadline for propeosal submission and review process for beam time
allocation. For the second category there is no deadline for submission, the respective
instrument responsible in exceptional cases may grant permission for carrying out the
experiment. The proposals are peer-reviewed and rated and beam time for experiments is
allocated on the basis of scientific merit of the proposal.

Additional information is at www.ibr2user.ru
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CopepxaHue

Contents

B Ha4éane Beo CNOBO, WM Kak BCE Ha4YMHANOChL..

Haww nyTeBogMTenH B HaHOMMp

PeaxTop WEP 1968-1968

PeaxTop MEP-38 1969-2808

WMNyNbcHEM peakTop Ha OLICTPEX HeATpoHax

MEP-2 (1984-2806)

HeTounnK PezosadcHelx HedTpouos
(MPEH) (2B@8- _.)

MogepHW3uposakHelid peakTop WBP-2 (2818-..)

Komnnexkc cnekTpoMeTpoB Ha peaktope MBP-2

Modemy Mul MCNONL3YEM HERTPOHLI?

HelTpoHbl M CHHXPOTPOHHOE W3MYYeHue

Mel MCNONB3YeM HERTPOHH KAk MHCTPYMEHT..

.. B pa3spaboTke Gonee 3¢@exTHBHLIX METOOOB
Gopebel C paxom

.. Mpw pa3paboTke NekapCTEeHHLX NPenapaToR oT
FHEMHH

w W YNYHWEHWA WX NpoHMKanuel cnocofHocTw B
OpraHuam

B M3Y4EHWW NPOLECCOB CTAPEHHA KNETOK
.. B NOWCKe BOOW Ha Mapce W Qpyrux nnadeTax
. B pa3paboTke HOBIX YHKLWOHANLHLX MaTepUanos
B CO3JaHAn Gonee HAGEWHOrO MWPa BOKPYT Hac

. TP W3Y4EHUM GYHAAMEHTANEHLX CBOWCTE
KOHOEHCHPOBAHHBIX CPaf

Ml M3y4aEem HedTpoHL!

MpAMOE W3MEpEeHME PACCEAHMA HEWTPOHA Ha
HERTpOHE

YNeTPaXONOMHEIE HERTPOH:

HEATPOHHbIE peakLMM ONA M3YYEHWA HYKNeoCcHMHTe3a
B 3Be3fax

HeATPOHHO-MHAYLMPOBAHHOE AeneHne

Mul co3paeMm W pa3BMBaEeM CBOM YCTaHOBKW

. CHMYNWPOBAHHBIE MOAENH HEATPOHHLIX CNEKTPOMET -
poB

. MCTOYHWKA XONOOHLX HERTPOHOR

w.. CMEUAANWUIUPOBAHHLIE NDEPLIBATENN HERTPOHHLIX
ny4KoB

... HEATPOHOBOOE M HEATPOH=ONTHYECKWE 3MEMEHTHI

.. DETEKTOPs HEATPOHOB

.. CHCTEME OKpyWeHwA obpa3ua

. CHCTEME ABTOMATHIMDOEAHHOTO YNPABAEHMA M
chopa AaHHEX € HEWTPOHHBIX CMEKTPOMETPOR

Mol [eNUMCA HAWMMK SHIHWAMA

Vbl NpUrNALAEM UCMOAL30BAThH HaWKM YCTIHOBKM

NonuTUKa nons3osatenei JTHD
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In the beginning was the Word or how it all
began...

Exploring the nanoworld

IBR reactor 1968-1968

IBR-2@ reactor 1965-2080

IBR-2 Pulsed Fast Reactor (1984-20886)

Intense Resonance Neutron Source
(IREN)(2608- ..)

The IBR-2 modernized reactor (2818- ..)

The IBR-2 spectrometers' complex

Why do we use neutrons?

Neutrons versus synchrotron radiation

We use neutrons as a tool..

..to develop more effective methods of
treating cancer

..to develop antianemic drugs

..and to improve their penetrability into

the organism
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.. to study cell ageing processes

.. to detect water on Mars and other planets

..to develop novel functional materials

..for creating a more reliable world
around us

..to study fundamental properties of
condensed matter

We investigate neutrons

Direct measurement of the neutron-neutron
scattering length

Ultracold neutrons

Neutron reactions for studying
nucleosynthesis in stars

Neutron-induced fission

We develop and improve our instruments

. simulated models of neutron spectrometers

cold neutron sources
specialized neutron beam choppers

neutron guides and neutron-optical

elements

.. neutron detectors

.. sample environment systems

. automatic control and data acquisition
systems for neutron spectrometers

We share our knowledge

We invite users to conduct experiments at
our instruments

FLNP User Policy
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