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['oMoOreHHBIE KaJOpUMETPhl Ha OCHOBE CLUUHTHJUILMOHHBIX MOHOKPHCTAJUIOB IIHPOKO HC-
HOJIB3YIOTCS B (DM3HMKE BBICOKMX JHEPTUIl M CMEXKHBIX 00JacTAX Onaromapsi X XOpOIIEeMYy JHepre-
THYECKOMY, IMPOCTPAHCTBEHHOMY M BPEMEHHOMY paspemicHusiM. CeromHs akTHBHO OOCYXIaeTcs
UCIIOJIb30BAHNE HOBBIX CHMHTHJUIALIMOHHBIX MaTepUajoOB B TaKUX KaJIOPUMETpax, HAIPHMEp, HOBBIH
mHorooberaromnuii Matepran GdsAl,Gaz012:Ce (GAGG) [1]. B mannoii pabote mpeiaracTcst KOH-
HEMIHs COCTAaBHOTO KaJOPUMETpPa € IOCIEA0BATEIbHO PACHONIOKEHHBIMU KpuctamiaMmu GAGG
u PWO st mpeun3noHHOTo u3MepeHns (OTOHOB HU3KUX (0 HECKONbKUX M3B) 1 BBICOKHX 3HEPTHil,
cooTBeTcTBeHHO. [0Ka3aHO BO3MOXKHOE IPUMEHEHUE OI0OOHOTO KaJlOPUMETpa Ha OCHOBE KPHCTAILIOB
GAGG mis oOHapy)KEHHUSI CKPBITBIX BEIIECTB C ITOMOIIBIO METOIa MEUEHBIX HEHTPOHOB [2]. JlaHHBII
KaJIOPHMETP IMO3BOJISIET C XOPOIIEeH TOYHOCTHIO MACHTH(UINPOBATh Takue anemMeHTHl, kak O, C, N u
JpyTHe.
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APPLICATION OF NEW INORGANIC SCINTILLATORS FOR ELECTROMAGNETIC
CALORIMETRY

D. A. Averyanov, D. S. Blau

National Research Centre "Kurchatov Institute”, +79165645470
daver99@yandex.ru

Homogeneous calorimeters based on scintillation monocrystals are widely used in high energy
physics and related fields due to their good energy, spatial and timing resolution. Today, the use of new
scintillation materials in such calorimeters is being actively discussed, for example, the promising new
material GdsAl,Gaz012:Ce (GAGG) [1]. In this paper, we propose the concept of a composite
calorimeter with successively arranged GAGG and PWO crystals for precision measurement of
photons of low (up to several MeV) and high energies, respectively. A possible application of such a
calorimeter based on GAGG crystals for the detection of hidden substances using the tagged neutron
method [2] is shown. This calorimeter allows to identify elements such as O, C, N and others with
good accuracy.
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[louBa wrpaer ocoOyo poiib B MPOM3BOACTBE NPOAYKTOB IMUTAHHUS, a TAKKE NPHHUMACT
y4acTHe B PETYIMPOBAHUM XUMHYECKOTO COCTaBa arMocdepbl, IO3TOMY TOYHOE OIpeciieHue
KOHLEHTPALUHU Pa3NUYHbIX XUMHUYECKUX 3JIEMEHTOB B ITOYBE CETOAHS SBISACTCS BaKHOH 3amaderd ams
Pa3IUYHBIX 00JacTeil HAayKH.

CoBpeMeHHasi Hayka oOnazaeT OOJNBIIMM apCEeHAJIOM METOJOB W3YYCHHS TaKHX CIIOMKHBIX
CHUCTEM Kak TMoyBa. B dacTHOCTH, Hambosiee paclpoCTPaHEHHBIMH CIIOCOOaMHU ONpEeAeTIeHUs
KOHLEHTpPALlMK yIJepoAa B II0YBE SABJSIIOTCA XUMHYECKHE METOAbI, KOTOphle TpeOyroT
MpeABaPUTENBHON OATOTOBKH 00pasiia.

Ha ceropnsmHuil neHp NpeacTaBisieTcsl NEPCIEKTUBHBIM OIPEACICHNE KOHIEHTPAUK yIye-
poza B MOYBE C IOMOIIBIO HEUTPOH-TaMMa aHajIu3a Ha ObICTPBIX HEHTpoHaX. JJaHHBIM METOX OCHOBAaH
Ha HEUTPOHHOM OOJIyUYeHHH MaTepualla U aHalHu3€ CIEKTPOB Y-KBAHTOB, UCITYCKacMBIX B PE3yJbTare
HEUTPOH—sAJepHBIX peakuuil. [lo miomaan y-muKoB MOXKHO CYIUTHh O KOJHYECTBE TOTO HJIM HHOTO
BelecTBa B oOpasue. OTH KOHPUIypauud COCTOAT M3 HCTOYHHMKA HEHTPOHOB, raMma-AeTeKTopa
(IeTeKTOPOB), AMEKTPOHUKU M CUCTEMBI COOpa TaHHBIX.

CymiecTBYIOT [1Ba pa3iMYHBIX THIIA CHCTEM i HEWTPOHHO-TaMMa-aHaIn3a: MOOWIbHAs
ycTaHoBka [1], KoTOpas MOXKET NepeMemaTrhcs IO TMON0 s cOopa JaHHBIX, W CTalllOHapHAs
YCTaHOBKa IS UCCIIeOBaHus oopasnal2].

Baxnoit 3amadedi npu pa3pabOTKe MPOTOTHIIA YCTPOWCTBA JJIsS aHAIM3a IOYB SBISCTCS
CO3JaHME Ka4eCTBEHHOM MOJENIM IPOEKTUPYEeMOH cHUCTeMbl. Pacdér ycTaHOBKM MOXeET OBITh
BBINIOJIHEH B makere mporpamm Geant4, mpencrapmsromieM un3 ceds WHCTpyMEHTapuil IS
MOZAETMPOBAaHUS MPOXOXKICHUS IEMEHTAPHBIX YaCTHIl Yepe3 BEIIECTBO C HCIOJB30BAHUEM METOAA
Monre-Kapio.[3] CrnekTpbl, onyueHHbIe ¢ moMoisio Geant4 uHorna UMEIoT 3aMEeTHbIe OTKIOHEHUS
OT 3KCIIEPUMEHTANbHBIX JaHHBIX. OnHakKo 3Ta mpobneMa MOXET ObITh pelleHa MyTeM pPa3desIbHOIO
MOZETIMPOBAaHUs TPAHCIOPTAa HEWTPOHOB M TEHEpALMM raMMa-KBaHTOB. JTa paboTa MOCBAIIEHA
KOMIBIOTEPHOMY MOZCITUPOBAHUIO YCTAHOBKH JIJIsl aHAIM3a NIOYBHI B MHCTpyMeHTapuu Geant4.
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Soil plays important role in food production, as well as participates in regulating the chemical

composition of the atmosphere, so accurate determining the concentration of different chemical
elements in soil today remains an important task for various fields of science.
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Modern science has a large arsenal of methods for studying such complex systems as soil. In
particular, the most common ways determination of concentration in the soil sample are chemical
methods. But they require specific preparations.

Nowadays, it seems promising to determine the concentration of different chemical elements in the
soil using so-called neutron-gamma analysis on fast neutrons. This method is based on neutron irradiation
of the material and analysis of the spectra of gamma quanta. By the area of the characteristic gamma peaks,
it is possible to determine the amount of a particular substance in the sample. The system used for such
analysis, consists of a neutron source, a gamma detector (detectors) and data collection systems.

There are two different types of typical system for neutron gamma analysis: mobile setup [1],
which can move on field collecting data and stationary setup researching a specimen of material [2].

An important task in the development of a prototype device for analysis is to create a qualitative
model of the designed system. This model can be done in the Geant4, a toolkit that models the passage of
elementary particles through matter using the Monte Carlo method, developed at CERN.[3] Modeled
spectra in Geant4 sometimes demonstrate notable deviation from the experimental data. However, this
issue can be resolved by separately modeling neutron transport and generating gamma-quantum. This work
involves computer modeling of the setup for analysis of soil sample in toolkit Geant4.

1. A. Kavetskiy, G. Yakubova, S. A. Prior et al. //Applied Radiation and Isotopes. 2019. Vol. 150.
P.127-134.

2. E. A. Razinkov, V. Y. Aleksakhin, Yu. N. Rogov et al // Mining Journal. 2022. No. 2. P. 51-56.
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OOPMHUPOBAHMUE JJO30BOI'O TOJISA TAMMA-U3JTIYYEHUA METOJOM
KOMIITOHOBCKOI'O PACCEsAHUS

M. P. Anapees, M. A. loaromnosios, B. M. Baxteanb
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Paccmotpum (opmupoBaHue pacnpeneneHuil Moje 103 raMMa-u3iydeHHs] B OJHOPOHON
cpelie Ha OCHOBE MeToja (UIBTPOB-KOHBEPTOPOB IIyTeM MpeoOpa3oBaHMs MEPBUYHOTO raMMa-H3Iy-
YEHUS BO BTOPUYHOE C MOMOIILIO KOMIITOHOBCKOTO paccesHus 1pu sHeprus E, > 1,5 MaB. Jlozosoe
nosie hopMHUPOBaIOCh B (h)aHTOME BOJIBI C JIMHEWHBIMU pazMmepamu 1ot ot 10x10 cm mo 1x1 cm mpu
SHEPIUsIX raMMa-KBaHTOB = 2,3 M»3B.

OUIBTPBI-KOHBEPTOPHI U3 ATIOMHUHHA TONIUHON 10 0,3 ¢M MO3BOJISAIOT YBEIMUYUBATh 103y Ha
2-3 % B cnoe (aHTOMa TOMIMUHON 1,5 cM, B yKa3aHHBIX MpeJesaxX MOJsl, YTO COTJIacyeTcs C pac-
CUMTAaHHOW OLICHKOH NpH OJHOKPATHOM paccesiHuU B (puibTpe. AHaJOTHYHBIN pe3ynsTar obecre-
yuBaeT QUILTp U3 >kenesa. JaHubli cnocol 3¢dexkTuBeH B pagualOHHBIX TEXHOJOTHSX OPTraHH-
YEeCKUX MaTepHaJIOB.

FORMATION OF GAMMA RADIATION DOSE FIELD USING THE METHOD
OF COMPTON SCATTERING

M. R. Andreev, M. A. Dolgopolov, V. M. Vakhtel

Voronezh State University, 394018, VVoronezh, University square, 1, Russia,
Vakhtel@phys.vsu.ru

Let us consider the formation of dose field distributions of gamma radiation in a homogeneous
medium based on the method of filter-converters by transforming primary gamma radiation into
secondary radiation using Compton scattering at energies. The dose field was formed in a water
phantom with linear field dimensions ranging from 10x10 cm to 1x1 cm at gamma quantum energies
of approximately 2.3 MeV.
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Aluminum filter-converters up to 0.3 cm thick allow for an increase in dose by 2-3% in a
phantom layer 1.5 cm thick, within the specified field limits, which is consistent with the calculated
estimate for single scattering in the filter. A similar result is provided by an iron filter. This method is
effective in radiation technologies for organic materials.

JAETEKTOP 'AMMA U3JIYUHEHUSA C BO3MOXXHOCTBIO OIIPEJAEJEHUA
HAIIPABJIEHUA HA UICTOYHUK U3JTYYEHUS.

C. H. Anacos, B. M. Baxtein, M. U. JIsmenko, /1. E. Kocromaxa

®I'BOY BO Boponexckuii TocyJapcTBEHHBIH YHUBEPCHUTET,
394018, r. Boponex, YHuBepcureTckas 1., 1, Poccus, apasov@nwatom.ru.

[Ipu paguaioHHBIX aBapHsIX, CBA3AHHBIX C MOTEPEH MCTOUYHMKOB HOHHU3UPYIOMIETO U3ITyUSHHUS
WIM B CIydYasx KPyIHOMAacIUTaOHBIX BBIOPOCOB PaJMOAKTUBHBIX BELIECTB B OKPYKAIOIIYIO Cpeny,
OCHOBHOM 3aJlayeil JIMKBUJAIMU TOCIEACTBUI NaHHON aBapuM SIBJISIETCS] MOMCK HUCTOYHUKOB MOHU3M-
PYIOIIETO M3TY4YEeHUS W 3arpsA3HEHHBIX Tepputopuil. CobirofeHue MPUHLMIIOB paJuallMOHHOW 0e30-
MAacHOCTH (ONTUMHM3ALMH, HOPMHPOBAHUS, 00OCHOBaHUS) TpeOyeT OT OpraHU3aTOPOB IAHHBIX BHIOB
pa60T MMOCTOAHHOI'O COBEPIICHCTBOBAHNA METOJ0B U3MEPCHUA U IPUMCHCHHA TUCTAHIUOHHBIX METOI0B
O6CJ'I€I[OB3HI/I$[ 3arpA3HCHHBIX TeppI/ITOpI/Iﬁ 1 MMOMCKa NCTOYHUKOB MOHU3HUPYIOIIECTO U3JTYUCHH.

MeponpuaTus 1Mo MOWCKY UCTOYHHKOB M YCTAHOBIIEHHS MX XapaKTEPUCTHK B MECTE aBapHH
HA3BIBAIOTCS PaIMAIlMOHHON pa3Belkod. B HacTosmuit MOMEHT paguanoHHas pa3BeaKa MPOBOIUTCS
BPYYHYIO WU C IPUMEHEHHUEM POOOTOTEXHUYECKUX KOMILIEKCOB, yTEM M3MEPEHHUST MOITHOCTH JI03bI
raMMma M3JydyeHHs, B JJAaHHOM ClIy4ae, HaJl0 OTMETHTh YTO TpOIlecC MOMCKa (JTOKaIU3aI[MH) MOXKET
3aHMMATh JIOCTATOYHO JUIMTEIBHOE BpPEMs, YTO BJEUeT 3a COOOH yBenMueHHe IO030BBIX HArpy30K
OIIepaTOpPOB-A03UMETPUCTOB.

Hcnonb3yemble TUIIBI AETEKTOPOB TPH paJUAIMOHHONW pa3Bellke MPEACTaBISIIOT COOO0H cTaH-
JIAPTHBIE YCTPOWCTBA Ha OCHOBE CIMHTHJUIATOPOB WM Ta30pa3psOHBIX NETEKTOPOB. J[aHHBIE THIIBI
JIETEKTOPOB PETUCTPUPYIOT TOYEUHBIE BEIWYMHBI MOHU3HMPYIOMIETO H3IIydeHUs (MOIHOCTH O3B,
TUIOTHOCTH MIOTOKA MJTM CKOPOCTh CUeTa UMITYJIBCOB), s 3 (heKTHBHOTO mpoliecca TOUCKa UCTOYHUKA
MOHM3HUPYIOIIET0 U3TyYeHHs] HEOOXOIMMO MPUMEHATh JETEKTOPhl WK yCTPOWCTBA JAETEKTHPOBAHUS,
KOTOpBIE MMEIOT BO3MOXXHOCTH OTpEAENICHHs HaNpaBICHHUS pPacHpOCTpaHEHHUs TaMMa H3ITydeHUSs.
COBpCMeHHI)IC CpCACTBa paJuallMOHHOI'O KOHTPOJISA MOT'YT BU3YAJIM3UPOBATH IOJIA raMMa U3JIy4YCHUS,
OMNpeAcCiATL HaIllpaBJICHHUEC MaKCHUMyMa MOIIHOCTU O03bl, a, COOTBETCTBCHHO U HAIIPaBJICHUC
pacipocTpaHeHHs W3IydeHHs, HO B MIEPBOM CIydae YCTPOICTBA MMEIOT OYEHb BBICOKYIO IIEHY, a BO
BTOPOM, KaK MpaBHUJIO — 3TO JOCTATOYHO MAaCCHUBHBLIC YCTpOﬁCTBa CO CBUHIIOBBIMHU KOJIJIMMATOPaMU.

CyTp maHHOW pPabOTBl COCTOMT B CO3AaHWMU JOCTATOYHO MPOCTOrO MO KOHCTPYKIHHA U
HEJOPOTO YCTPOWCTBA, C MOMOIIBIO KOTOPOTO, C 3aJaHHOH TOYHOCTHIO, MOXKHO DPETHCTPUPOBATH
HaIpaBleHNE PACIPOCTPAHEHHS raMMa HW3IY4eHHSA, U TEM CaMbIM JOCTAaTOYHO OBICTPO MPOBOJIUTH
JIOKaJIM3alrIo ICTOYHUKA TaMMa H3ITydeHUsI.

JlaHHOE YCTPOHCTBO MOXKHO OTHECTH K KOMIUIEKCHOMY JeTekTopy. (Cxema BbIOpaHa
JIOCTaTOYHO M3BECTHAas W paHEe WCIIONB30BaBIIas B MCCIEAOBAHUSAX KOCMHYECKOTO MIOOHHOTO
W3JTy49eHHs] M MMOUCKAa MCTOYHHUKOB KOCMHUYECKOTO M3JIyueHHs. YCTPOHCTBO MpEACTaBIsET coOoil nBa
WJIN HECKOJIBKO Ta30pa3psAHBIX CUETUYMKOB, padOTAIOMINX B peKUME cueTuuka | eifrepa, BKIFOUEHHBIX
M0 CXeMe COBMaJeHuH (raMMma-Teneckon). B maHHO# cxeme CKOPOCTh 3JeKTPUYECKHUX UMITYJIHCOB Ha
BBIXOJIE CXEMBbI COBIAJCHUI 3aBUCUT OT B3aWMHOI'O PACIIONIOKEHHs JETEKTOPOB U MCTOYHHKA TraMMa
W3JIy4eHUsl, TP TOM, KOTJla UCCIIeAyeMOe TaMMa U3Iy4eHHs] MPOXOIUT yepe3 00a JeTeKTopa U OAuH
raMMa KBaHT C OYCHb MaJlOW BPEMEHHOU 3aJIeP)KKOM BO30YXKIACT IECKTPUUCCKUN UMITYJIBC B 000MX
JIETEeKTOpax — HaOJIr0aeTcsi MaKCUMaIbHOE KOJTMYECTBO HMEHHO MIMITYJIBCOB COBIMaIeHuH. Mcmonb3ys
JMaHHBIA A((EeKT MOXKHO IOJIydaTh a3MMyT Ha HUCTOYHMK TamMMma H3JIy4eHus u Ooyiee OBICTPO
MPOBOJIUTH WX TOUCK W JIOKATU3AIMi0. B HACTOSAIIMIT MOMEHT MPOXOJUT HCIBITAHUE JTA00PATOPHBIN
CTEHJ JaHHOTO YCTPOWCTBa, COOpaHHBIM Ha OCHOBe cueTdunkoB Tuna BC-8. B panbreiimem
TUTAHUPYETCS TIOCTPOUTH MOAPOOHBIC CUCTHBIC XapaKTEPUCTUKU JAHHON CXEMBI, a TaKKe Pa3IMIHbBIC
TEeOMETPHH PACIOI0KEHHUS JETEKTOPOB.
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JlocTonHCTBaMM JTaHHOM CXEMBI, MO0 CPABHEHMsI C JPYIMMH SBISETCS TO, YTO OTCYTCTBYIO
TSDKEJIbIE KOJUTUMATOpBhl M JBIDKYILIHMECS 3JIEMEHTh, 00padoTka OyneT NMPOMCXOOUT MOJIHOCTHIO B
aBTOMATHYECKOM DPEXHMME Ha OCHOBAHWU HapaOOTaHHBIX 0a3 NAHHBIX PETUCTPALUM HMIITYyUCHHH, U
KOHEYHO — OTHOCUTEJIbHASI ICUIEBU3HA YCTAHOBKHU.

GAMMA RADIATION DETECTOR WITH RADIATION SOURCE INDICATION
CAPABILITIES

S. N. Apasov, V. M. Vakhtel, M. I. Lyashenko, D. E. Kostomakha
Voronezh State University, 394018, VVoronezh, University square, 1, Russia, apasov@nwatom.ru

In case of radiation accidents related to the loss of ionizing radiation sources or in case of
large-scale release of radioactive substances into the environment, the main task of eliminating the
accident consequences is to search for the ionizing radiation sources and contaminated areas.
Compliance with the radiation safety principles (optimization, standardizing, justification) requires the
organizers of these types of work to enhance the measurement methods constantly and implement
remote methods of contaminated areas inspection and ionizing radiation sources determination.

Detection of the sources and their determination in the accident area are called radiation
surveying. Nowadays radiation surveying is carried out manually or with the use of robotic systems by
measuring gamma radiation dose rate. It should be noted that in this case the process of detection
(confinement) can take quite a long time, which leads to an increase in radiation exposure of health-
physicist operators.

The types of detectors used in radiation surveying are standard devices based on scintillators
or gas discharge detectors. These types of detectors record point-source values of ionizing radiation
(dose rate, flux density or pulse count rate). For effective determination of ionizing radiation source, it
is necessary to use detectors or detection devices capable to identify the direction of gamma radiation
propagation. Modern radiation monitoring means are able to visualize gamma radiation fields,
determine the maximum dose rate direction and thus the direction of radiation propagation. However,
the devices of the first type are very expensive and the second type ones are usually fitted with lead
collimators and are rather massive.

The essence of this work is to create a structurally simple and inexpensive device that will
make it possible to register the direction of gamma radiation propagation with a given accuracy and
thereby quickly confine the source of gamma radiation.

This device can be classified as a complex detector. The operating principle is pretty well-
known and was previously used for the researches of muons of cosmic radiation and for the searching
of cosmic radiation sources. The device consists of two or more gas discharge detectors working in the
Geiger counter mode and connected into a coincidence gate (gamma-ray telescope). The speed of
electrical pulses at the output of this coincidence gate depends on the mutual position of the detectors
and the gamma radiation source. Moreover, when the considered gamma radiation passes through both
detectors and when one gamma quantum with a very small-time delay excites an electric impulse in
both detectors, the maximum number of coincidence impulses is observed. Using this effect, it is
possible to get the azimuth of gamma radiation source and thus searching and confining of such
sources can be carried out more quickly. Development model of this device, assembled on the basis of
VS-8 type counters is currently undergoing laboratory testing. It is planned to build detailed counter
characteristics of this circuit, as well as various options of geometric arrangement of the detectors.

The advantage of this development in comparison with others is the absence of heavy
collimators and moving components. Data processing will be carried out utterly automatically based
on the radiation recording databases. One more advantage is relatively low price of the installation.
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HA OCHOBE CBEPTOYHBIX HEMPOHHBIX CETEN

b. A. bakupos
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Poccust, 141980, MockoBckast 06Jacth, . [lyoHa, yi. XKonuo-Kropu, 1. 6
+7 (496) 216-64-94
bulatbakirov@jinr.ru

MCTO)I KOMHI)IOTepHOI\/'I TOMOFpa(bI/H/I C HCIIOJIB30BaHHUEM pPAa3JIMYHBIX THUIIOB HW3IYUCHUA
(PEHTICHOBCKHE JTy4d, HEUTPOHBI, 3JIEKTPOMarHUTHOE MOJI€ W T. [.) MOJY4HJ IIMpoyaiiliee pacupo-
CTpaHCHHE W MPOAOIDKAECT HAOWPATh MOIMYJISPHOCTh B TaKUX CMEXHBIX ¢ (U3MKOH 007acTIX Kak
MEIWIHA, MaTepUANIOBEJICHNE, TEOJIOTHs, apXeojorus U MHorue apyrue. Ocoboe MecTo B COBpe-
MEHHOM MaTepHaIOBEICHNN 3aHUMaeT HewWTpoHHas tomorpadus [1]. IIpmpoma B3ammomencTBUS
HEHTPOHOB C BEIIECTBOM OINpPENeNseT CYIIECTBEHHBIC NMPEHMYIIECTBa AAHHOIO METONa: OoJbIuas
I‘HY6I/IH3 IMPOHUKHOBCHUA, YYBCTBUTCIBHOCTH K IJICTKUM 3JICMCHTaM, XOpOHH/II\/'I KOHTpacT Jid
3JIEMEHTOB € OJIM3KUMH aTOMHBIMH HOMEPaMH.

Opnako, METOl HEUTPOHHON TOMOTpaduu UMEET Psi HEPEIIEHHBIX MpodieM: Oombas Iju-
TEJBHOCTH SKCIIEPUMEHTA, HU3KOE KaueCTBO N300paKeHNH, BRIYUCIUTEIbHASL PECYPCOEMKOCTh. Takum
00pa3oM pa3BUTHE METOJla HEUTPOHHOU ToMOrpaduu TpeOyeT MPUMEHEHHUS! HOBBIX MaTeMaTHUECKHX
aNTOPUTMOB 00pabOTKM M PEKOHCTPYKIIMU JaHHBIX. Hanbonee mepcreKTHBHBIMU B JaHHOM 00JIacTH
SBJISIFOTCS QITOPUTMBI OCHOBaHHBIE HA CBEPTOYHBIX HEMPOHHBIX CETAX M TITyOOKOM 00ydyeHuu [2].

B nannHoli pabore Oblia peanu3oBaHa HauOoJiee ONTHMalbHAs APXUTEKTypa CBEPTOYHOM
HEHUTPOHHON CeTH IS NPeIBAPUTENbHON 00pabOTKA M TOMOTpadUIecKo PEeKOHCTPYKIINN HEUTPOH-
HBIX paanorpadpudecknx MaHHbIX. OOydeHne HEHPOHHOW CEeTH MPOBOIWIOCH C IOMOIIBI0 Habopa
JAHHBIX, MOJIyYeHHBIX Ha CTaHLUUSAX HEUTpoHHOH Tomorpaduu B JlabopaTopun HeWTpoHHOU (QH3KKM
nMeHn WM. ®@panka u HUI «KypuatoBckuil wuHCTUTYT». Pe3ynbraroM crajma mnporpamma,
3¢ PeKTHUBHOCTL pabOTHI KOTOPOH CpaBHUBAIIACH C CYMISCTBYIONTUMH METOIaMH 00PaOOTKH TaHHBIX.

Pa6ota BemonHsuiack npu ¢puHancoBoil mogaepxkke rpanta OMYC Ne 23-402-02.
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1. Podurets K. M. et al. Modern methods of neutron radiography and tomography in studies of
the internal structure of objects // Crystallography Reports. 2021. T. 66. C. 254-266.

2. Micieli D. et al. Accelerating neutron tomography experiments through artificial neural
network based reconstruction // Scientific Reports. 2019. T. 9. Ne. 1. C. 2450.

NEW ALGORITHMS FOR PROCESSING NEUTRON TOMOGRAPHY DATA BASED
ON CONVOLUTIONAL NEURAL NETWORKS

B. A. Bakirov

Joint Institute for Nuclear Research
Russia, 141980, Moscow Region, Dubna, 6 Joliot-Curie St
+7 (496) 216-64-94
bulatbakirov@jinr.ru

The method of computed tomography using various types of radiation (X-rays, neutrons,
electromagnetic field, etc.) has become widespread and continues to gain popularity in such fields
related to physics as medicine, materials science, geology, archeology and many others. Neutron
tomography occupies a special place in modern materials science [1]. The nature of the interaction of
neutrons with matter determines the significant advantages of this method: a large penetration depth,
sensitivity to light elements, good contrast for elements with close atomic numbers.
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However, the neutron tomography method has several unsolved problems: long duration of the
experiment, low image quality, computational resource intensity. Thus, the development of the
neutron tomography method requires the use of new mathematical algorithms for data processing and
reconstruction. The most promising in this field are algorithms based on convolutional neural
networks and deep learning [2].

In this work, the most optimal architecture of a convolutional neutron network for
preprocessing and tomographic reconstruction of neutron radiographic data was implemented. The
neural network was trained using a set of data obtained at neutron tomography stations at the Frank
Laboratory of Neutron Physics and the National Research Centre “Kurchatov Institute”. The result
was a program whose efficiency was compared with existing data processing methods.

The work was carried out with the financial support of the AYSS grant No. 23-402-02.
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NU3MEPEHUE ITPOPUIIA UMIIVIAHTUPOBAHHBIX HOHOB ITPOTOHHBIM ITYYKOM

T. JI. booposckuii, M. B. BoxoBko, A. ®@. I'ypouy, I1. C. IIpycauyenko

®dusuko-sHepreTHuecKuil HHCTUTYT uM. Jlelmyrckoro (OOU),
1. boamapenko 1, r. O6uuHCK, 249033, Poccus;
timofeybobrovskiy@gmail.com

[Ipu oneHKe panuanMOHHONW CTOWKOCTH MaTepHanoB, MOAH(DUKAIINH TOBEPXHOCTEH HOHHBIMH
MYYKaMH UCTIONIB3YIOTCS PA3IUUHbIE MOJIETIH TOPMO3HBIX CITIOCOOHOCTEH, Cpeii KOTOPBIX HauboIbIee
pacmpoctpanenue nonyuus SRIM [1]. Cornacho padote [2] TopMo3HBIe criocodHocTH Mozenu SRIM-
2013 nmns TsOKENBIX MOHOB ¢ 3Heprueld meHee | MaB/HykioH He 00amarOT JOKHOM COTJacoBaH-
HOCTBIO M KaK CJIEJICTBUE HE 00JIaIaloT HaJEKHOCTRI0. [103TOMY CyIIecTByeT MoTpeOHOCTh B DKCIIe-
PHMEHTAILHOM OIIpe/IeJIeHHH NpoduiIeil TSHKENbIX UMILUIAHTHPOBAHHBIX MOHOB B PA3IMYHBIX Cpeaax
U IIpU pasHOil PHEPruyM HMOHOB. B nmaHHOW paboTe MBI KCHEPUMEHTAIBHO ONPEACTHIN TPOQIIH
pacrpeiesieHus: MMIUIAHTUPOBAHHBIX HOHOB “°Ni mpm momomu Metoja, omucanHoro B padore [3].
B nanHOM MeTojie 00pasel] CKaHHPYeTCs M0 TIyOHHE ITyYKOM IPOTOHOB, TPH 3TOM H3MEHSETCS HX
npoGer 0 JOCTHKEHWs HWMM pe30oHaHCHOM oHeprum B peakiuu  °Ni(p,y)**Cu. Usmepenne
MHTEHCUBHOCTH Y-H3mydenus u3 peakimu “°Ni(p,y)* Cu B 3aBUCMMOCTH OT SHEPIHHM NPOTOHOB MO3BO-
JIMJI0O BOCCTAHOBUTH TPOJIOIBHOE pacrpelieieHue MMIUIAHTHPOBAaHHBIX HOHOB. BBUIO ycTaHOBIEHO,
YTO MOJyYEHHBIE PE3yIbTaThl s “Ni He BOCIIPOM3BOAATCS PacuéTamMu, MOTYYaEMbIMK TIPU TOMOLIH
nporpamMmel SRIM-2013.

1. James F. Ziegler, M.D. Ziegler, J.P. Biersack. “SRIM — The stopping and range of ions in
matter (2010)”. Nuclear Instruments and Methods in Physics Research B. 268 (2010) 1818.

2. Klaus Wittmark, “Misconception impairing the validity of the stopping power tables in the
SRIM library and suggestions for doing better in the future”. Nuclear Instruments and Methods in
Physics Research B. 427 (2020) 44.

3. D. I. Porat, K. Ramavataram. A proposed method for measuring ranges of heavy ions in
solid. Proc. Phys. Soc. 76 (1960). pp. 438-439.

222


mailto:timofeybobrovskiy@gmail.com

MEASUREMENT OF IMPLANTED IONS DISTRIBUTION BY A PROTON BEAM
Bobrovsky T. L., Bokhovko M. V., Gurbich A. F., Prusachenko P. S.

I.I. Leypunsky Institute for Physics and Power Engineering (IPPE),
Bondarenko sg. 1, Obninsk, 249033, Russia
timofeybobrovskiy@gmail.com

When the radiation resistance of materials or surface modification by ion beams are calculated
various stopping power models are used. Most widely SRIM [1] is used. According to [2], the
stopping power of the SRIM-2013 model does not have the proper consistency and, as a result, is not
reliable for heavy ions with an energy of less than 1 MeV/nucleon. Therefore, there is a need to
experimentally determine the profiles of heavy implanted ions in various substances and for different
ion initial energies. In this work, we experimentally determined the distribution of implanted *®Ni ions
using the method described in [3]. In this method, the target is scanned in depth by a proton beam, by
changing their range until they reach the resonance energy in the Ni(p,y)**Cu reaction. Measurement
of the intensity of y-radiation from the reaction *®Ni(p,y)*°Cu as a function of proton energy made it
possible to reconstruct the longitudinal distribution of implanted ions. It was found that the results
obtained for *®Ni are not reproduced by the calculations obtained using the SRIM-2013 program.

1. James F. Ziegler, M.D. Ziegler, J.P. Biersack. “SRIM — The stopping and range of ions in
matter (2010)”. Nuclear Instruments and Methods in Physics Research B. 268 (2010) 1818.

2. Klaus Wittmark, “Misconception impairing the validity of the stopping power tables in the
SRIM library and suggestions for doing better in the future”. Nuclear Instruments and Methods in
Physics Research B. 427 (2020) 44.

3. D. I. Porat, K. Ramavataram. A proposed method for measuring ranges of heavy ions in
solid. Proc. Phys. Soc. 76 (1960). pp. 438-439

YIPABJIEHUE PETUCTPAILIMEN TPOTOHHBIX U30BPAKEHWI TP ITPOBEJIEHUU
PAJAUOI'PAOUYECKUX SKCHHEPUMEHTOB HA YCKOPHUTEIJIE ¥Y-70

J. H. Bparumkal, A. A. Topoanos?, A. A. JKupynos!, M. C. Eppemon?,
A. JI. Pemernsikl, A. O. Ilepraes?, E. B. PpioakoBa®

! ®enepanbHOE rocymapcTBeHHOE yHUTApHOE Npeanpusthe «Poccuiickuil (eepanbHblii SaepHbIH
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607188, Hmxeropoackas 061., r. Capos, ip. Mupa 37
2Cap®TU HUAY MU®DU, r. Capos Hmwxkeropozckas o6
otd4@expd.vniief.ru

Ha cunxpotponnom yckopurene npotonos Y-70 (HUL «KypuaToBckuit unctutyT» - UOBD
r. [IpoTBHHO) TpOBOATCS pabOThl Ha MNPOTOHHOM paauorpaduueckom komruiekce (ITPTK) [1].
OcHOBHOH 3ajavell JaHHOTO KOMIUIEKCA SIBIISIETCS PETUCTpAIMs NPOTOHHBIX H300paKeHHU TpU
NPOBEIEHUH paguorpauyeckux SKCHEpUMEHTOB. /[l BBIIONHEHHS NAaHHOM 3agadyd B COCTaB
KOMILJIEKCAa BXOJST TPU IyHKTa perucTpanuu NpoToHHbIX m3oOpakeHwid ([TPTIN). Kaxnwrit TTPTIN
OCHAIlIEH TNPOrpaMMHO-aNMapaTHBIM KOMIUIEKCOM Uil PETHCTPallil MPOTOHHBIX H300paKEHUIA,
BKIIIOYAIOIIMM B ce0s CHCTEMY YIpaBJICHUs T€HEpaTopaMH 3aEpiKEeK, CHUCTEMY YHPAaBJICHUS
ocuwiorpagaMu, CUCTEMY YIpaBlIeHHS KOHTPOJUIEpaMU OOBEKTHBOB, CUCTEMY HMO3WIHMOHHUPOBAHUS
00BEKTOB M CHCTEMY YIpaBJICHUS MHUTaHHEM. J[1si pa3paboTKu MpOrpaMMHOTO OOECTICUCHHSI CUCTEM
yIIPaBJICHHS UCIIOIh30BAJICS HHCTPYMEHTAIBHBIN porpammHsiii maker CRW-DAQ [2].

CuctemMa ynpaBieHHs TeHepaTopaMu 3aJEpKeK MO3BOJISIET MPOU3BOAUTH NOAOOp MapaMeTpoB
JUISL KaXKJIOTO U3 YCTPOWCTB, a MMEHHO: BpeMs 3aJlepKKM OTHOCUTENIbHO CHTHaJIa CHHXPOHM3AlUU
YCKOPHTEJIS, aMIUIMTYy U JJIUTEIbHOCTh CUTHANa JJisi cpabaTeiBaHust 3aTBopa [13C-peructparopos.
CucteMa ympasieHHs: ocLuuuiorpagaMu HO3BOJIET YAAJICHHO MOIy4aTh JaHHbBIE 00 MHTEHCHBHOCTH
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My4yKa ¢ M3MEPHUTENHLHOTO TpaHcdopmaropa Toka (mosic POroBckoro) m o curHanax cpadaThbiBaHUS
3aTBOpOB. [Ipy momomy cucTeMbl ynpaBieHUS! KOHTPOJUIEpaMH OObEKTUBOB MPOU3BOAUTCS MOAOOP
nuadparMel U HacTpoiika (GOKYCHpOBKH n3o0paxenus. CricTeMa MO3UIMOHUPOBAHUS 0OBEKTOB JIAeT
BO3MOXXHOCTE YAAJICHHO MNEPEMEIIATh UCCICAYEMBIC OGLGKTLI, YIpPaBJIATh MOJOKCHHUEM CUHUHTUILIA-
TOPOB M pemlepHbIX 00bekToB. CHCTeMa YNpaBlIeHHs NUTaHHEM obecneuuBaeT OecriepeOoiiHbIM
NUTaHUEM OO0OpYAOBaHME, MO3BOJICT YNAJICHHO YIPAaBIATH MMOJAdedl MUTAHUS Ha anmapaTHbe
MoJACUCTeMBbI (ocHuILIorpadbl, T€HEPATOPbl, PETHCTPATOPHI M T. 1.) M OTCIEKHBATh COCTOSHUC
BHEILIHEH IEKTPUUECKON CETH.

Cnucok JuTepaTypsl
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2. A. B. Kypsakun, 0. U. Bunorpanos [Iporpamma s aBToMaru3anuu (GU3NUECKUX H3ME-
peHnii M SKcnepuMeHTalbHbIX ycTaHOBOK (CRW-DAQ) // CeugerensctBo PO 00 oduunansHoN
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PROTON IMAGE REGISTRATION CONTROL DURING RADIOGRAPHIC
EXPERIMENTS ON ACCELERATOR U-70

E. N. Bratishka?, A. A. Gorodnov?, A. A. Zhirunov?, M. S. Efremov?,
A. D. Reshetnyak?!, A. O. Pergaev?, E. V. Rybakova?

! Federal State Unitary Enterprise «Russian Federal Nuclear Center — All-Russian Research Institute
of Experimental Physics», Sarov, Nizhny Novgorod region, Mira ave, 37

2SarFTI NRNU MEPhI, Sarov, Nizhny Novgorod region
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On proton synchrotron accelerator U-70 (SRC “Kurchatov Institute” - IHEP, Protvino) there
are conducted works on proton radiography complex (PRGC) [1]. The main task of PRGC is proton
image registering during radiographic experiments. To fulfill this task, the complex involves three
proton image registering stations (PIRS). Each PIRS is equipped by a hardware-software complex for
proton image registration, involving a delay generators control system, an oscillographs control
system, a lens controllers’ control system, an objects positioning system and a power control system.
Software package toolkit CRW-DAQ was employed to develop software of control systems.

A delay generator control system allows parameters’ seek for each device, namely: delay time
relatively to an accelerator sync, signal amplitude and duration for triggering of a shutter of CCD-
registers. Oscillograph control system allows a remote receiving data on beam intensity from a
measuring current transformer (Rogowski loop) and on triggering signals of shutters. A diaphragm is
selected and an image focus is regulated by the control system of lens controllers. The object
positioning control system permits to remotely move studied objects, to control position of scintillators
and reference objects. The power control system supplies equipment with no-break power, allows a
remote control over power supply onto hardware subsystems (oscillographs, generators, registers et
al.) and monitoring of a state of external electric circuit.

References

1. A. I. Andriyanov et al. Commissioning of PRC complex on accelerator U-70 SRC IHEP. —
Preprint IHEP 2015-3. — Protvino, 2015. — 13 p.
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PA3PABOTKA TPOI'PAMMHO-AIITAPATHOTI'O KOMIIJIEKCA IS HIOUCKA
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+79057650009, ivan@gammatech.pro

B mocnemnue roapl HaOMOAaETCS TCHACHIMS Ha MCIIOIb30BaHUE METOJIOB MALITMHHOTO U TITy-
0okoro oOyueHHs AJISi CaMbIX Pa3IMYHBIX 337a4 HayKH W TeXHUKU. [Ipu 5TOM, B psje obnacteld 3TH
METO/BI, HECMOTPSl Ha BCE BO3JIOKEHHBIC Ha HMX OXXMIAHMSA, HOKA3bIBAIOT BEChbMa CKPOMHBIA pe-
3ynpTat. [lpeanonoxkeHne, 4To METOABI TITyOOKOro 00y4YeHHs CMOTYT BHECTH CYIIECTBEHHBIN BKJIA[
B pelleHHe 3ajad HMIACHTU(QHUKAIUKW B OO0JACTH CHEKTPOMETPHUH, OCHOBBIBAETCS Ha HECKOJIBKHX
¢akropax:

Ilo cBoeit cytu MeToabpl IiTyOOKOro OOy4YeHHs MBITAIOTCS UMUTUPOBATh paboTy YeIOBEKa U
TOJIOBHOTO MO3Ta (HEHpOHBI, HEMPOHHBIN CBS3M, OOy4YeHHWE W TOWCK mMaTTepHoB). [losToMy 3TH
METOABl 0COOEHHO XOopouio padoTaloT TaMm, Ie B pellaeMol 3ajade MOMHMO IOHSATHON pacyeTHo-
anropuTMHUYECKO# yactu (Hampumep, mpu pemierann OJ1Y wnm ypaBHEHHH B 9aCTHBIX MTPOU3BOIHBIX),
UMeeTcsl MaTeMaTH4YeCcKH IUIOXO  (OpMalM30BaHHBIM TOWCK MHaTTepHOB. lcmonmp3oBaHue
KJIACCHYECKOT0 TOAX0Ja WACHTH(UKAIMH, MOMUMO (OPMalIbHOTO ANTOPUTMH30BAaHHOTO Ipolecca
BBIICJICHUS] IIMKOB, IPHUMEHSET INAr COMOCTaBJIEHHs HAHIEHHBIX IIMKOB C HMMEIOLIMMUCS
oubnuorekamu HykiuaoB. [lpu atom, ans momydeHus (UHATBHOTO CIMCKA TamMMa-HYKIHZOB,
BXOASIIMX B COCTaB aHAJIM3UPYEMOW CMECH, HCIONB3yeTCsl JOCTaTOYHO OOJbIIOEe KOIHUYECTBO
9BpucThK [1]. COOTBETCTBEHHO, ¥ METOJIOB TITyOOKOTO OOYYEHHS €CTh IMOTEHIWAN IJISl TOTO, YTOOBI
YCIIEIIHO HAay4WTh MAIIMHY 3THUM OHBPUCTHKAaM. OTO B MWTOre IIPOABHUraeT HAc K Oosbliel
aBTOMaTH3aLUK Mpoliecca pa3dopa raMMa-CrieKTpoB.

B obsactu ramMma-crieKTpOCKONIMM HMEETCs] MOTEHLIUAIbHAs BO3MOXHOCTh C IIOMOIIBIO
MAIIMHHOTO OOy4YeHHs IOCTPOUTh YEIOBEKO-OPHEHTHPOBAHHBIE KJIACCU()UKATOPHI M METOABI
JICKOMIIO3HIINU CIIEKTPOB. Jlaxke ecnu B 3Toit obnactu He Oyner gocturayra 100% aBromaruzanus,
I7ic MallHa MOJHOCTBIO 3aMEHHT YEJIOBEKAa, MOCTPOCHUE TaKUX KIACCH()UKATOPOB yxXe Oyner
CYLIECTBEHHbIM YIpOILIeHHEeM 3afayd. DYHKIUS MAaLIMHBI — BBIIOJHHUTH JOCTATOYHOE KOJIUYECTBO
HpeaBApUTEIbHOM pabOThl 0 BBIACICHHUIO XapaKTEpUCTUK, 110 KOTOphIM JMOO OHa cama, JInOo
YeloBEeK CMOXET cienaTb pa3bop W aHamu3 crekTpa. OcoOeHHO 3TO aKkTyanbHO A pazdopa
CJI0’)KHOCOCTABHBIX CIIEKTPOB, C 4-Ms U 60j1ee HyKJINIaMu).

B nanHO#i paboTe MBI NpeNCTaBUM pe3yjbTaThl NEPBOTO 3Tala pa3paboTKH MPOrpaMMHO-
anmapaTHOro MOOWMJIBHOTO pPELICHUs AJIsi MPOBEACHUS MOMCKA U MACHTU(UKAINMN PaIuOHYKIUIHBIX
3arps3HEHUH C BO3MOYKHOCTBIO ONpeJesieHHs] X akTHBHOCTH. OIHOHM M3 KIIIOUEBBIX OCOOEHHOCTEH
paspabatsiBaemoro IIAK sBnsieTcss MMEHHO WHHOBAIlMOHHBIM alrOpUTM OOpaOOTKH CIIEKTPOB,
KOTOPBIM HCIONB3yeT METOABl MAIIMHHOrO oOyueHHsA. Mbl TOKa3blBa€M TEKYILUE pPE3yJbTaThl
npUMeHeHUs 1yOoKoro oOyueHust Ha cBEpTOuHBIX apxurekTypax (CNN) u Ha apxurektypax 1D U-
Net. Mpl aHanu3upyeM, HaCKOJIBKO 3TH apXUTEKTYphl NOMOTJH MPOJBUHYTHCS BIIEpPEN B PELICHUH
3amad pa3dopa CIEKTPOB, a TakXKe JENaeM BBIBOJ, KaK MOXHO YIYYIIUTh TEKYIIUH TOIAXON W
ApXUTEKTYphl B COOTBETCTBUM C 33Jadedl IOCTPOEHHA HHTEPIPETHPYEMBIX  YEIOBEKOM
KJIACCU(UKATOPOB, KaK OMKCAHO BHIIIIE.

Crnucok JuTepaTrypsl
[1] Kamuda, M., Zhao, J., & Huff, K. (2020). A comparison of machine learning methods for
automated gamma-ray spectroscopy. In Nuclear Instruments and Methods in Physics Research Section

A: Accelerators, Spectrometers, Detectors and Associated Equipment (Vol. 954, p. 161385). Elsevier
BV. https://doi.org/10.1016/j.nima.2018.10.063
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DEVELOPMENT OF A SOFTWARE/HARDWARE INSTRUMENTATION
FOR THE SEARCH AND IDENTIFICATION OF GAMMA-EMITTING NUCLIDES BASED
ON MACHINE LEARNING

I. S. Bredikhin

Gammatech LLC, Moscow, 1st Nagatinskiy proezd 2 building 35BN, office 19
+79057650009, ivan@gammatech.pro

There has been a trend towards the use of machine learning and deep learning methods for a
wide variety of tasks in science and technology recently. Despite all the expectations, in a number of
areas, these methods, show very modest results. The assumption that deep learning methods can make
a significant contribution in identification in the field of spectrometry is based on several factors:

At its core, deep learning methods try to imitate the work of a person and the brain (neurons,
neural connections, learning and pattern searching). Therefore, these methods work especially well
where understandable computational-algorithmic part (for example, when solving ODEs or partial
differential equations) is combined with a mathematically poorly formalized search for patterns. The
use of the classical identification approach, in addition to the formal algorithmized peak extraction
process, uses the step of comparing the found peaks with the available nuclide libraries. At the same
time, a sufficiently large number of heuristics are used to obtain the final list of gamma nuclides that
make up the analyzed mixture [1]. Accordingly, deep learning methods have the potential to
successfully teach these heuristics to a machine. This eventually moves us towards greater automation
of the process of parsing gamma spectra.

In the field of gamma spectroscopy, there is a potential opportunity to build human-oriented
classifiers and spectral decomposition methods using machine learning. Even if 100% automation is
not achieved in this area, where a machine will completely replace a person, the construction of such
classifiers will already be a significant simplification of the task. The function of the machine is to
perform a sufficient amount of preliminary work on the selection of characteristics, according to
which either it itself or a person can analyze and analyze the spectrum. This is especially true for the
analysis of complex spectra, with 4 or more nuclides.

In this paper, we present the results of the first stage of developing a software and hardware
mobile instrumentation for searching and identifying radionuclide contamination with the ability to
determine their activity. One of the key features of the developed HSS is the innovative spectrum
processing algorithm that uses machine learning methods. We show the current results of applying
deep learning on convolutional architectures (CNN) and on 1D U-Net architectures. We analyze how
these architectures have helped advance the spectrum analysis problem and conclude how the current
approach and architectures can be improved in accordance with the task of building human-
interpretable classifiers, as described above.

References
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AHAJIN3 XAPAKTEPUCTHUK CJTYYANUHBIX JUCKPETHBIX BEKTOPOB
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O<v

[okasano, uto KaxaoMy ciydaiinomy Bekropy (CBP);:v(:); =(vo, Vi, Viv V1) <vj,

j 1

l
Yvi=n, 0<n=23,... OpeACTaBIAIONIEMY SMIINPUYECKOE AUCKPETHOE PACIpPEEICHHE CIIydaiHON
i=0

BBIOODKHM O0BEMOM 7 M3 CIy4alHbIX OTcueToB k; =i, i=0, 1, ...,/ , OIHO3HAYHO COOTBETCTBYIOT
JIpOOHBIC IEHTPaJbHBIC KOMIUIEKCHbIE MOMEHTHI (S) mopsiaka S=r+a, r=1 2, ... ; 0<a <1,
1

w($)=" 3k —K) =Re(u(S) +iIm(u(s)). * =-1, [1].

Ipoexumn dasosbix Tpaekropuii 4(S); Ha miockocts (Re(S); IM(S)) 3aKoHOMEPHO MEHIOT
CBOM XapaKTEePUCTUKH NP mepexozie oT v(-); K V() j,,, B MX MOCIENOBATENLHOCTH MEXKTy OIM3KUMH
CBP B pacnpenenennn  C(/(v();)) wnx wunentnukaropa 1(v();): 1<I(v();)=a()-v();;
a(’) =(ag,... ,a;).

IMpoekumss Ha mmiockoctk Im(u(S),S) ™HUMON cocraBimstomeir  4(S) W peaybHOI
cocraBisironieit Re(u(S)) Ha mockocts Re(u(S),S) mpexacrarisier rapMOHHYECKHE 3aTyXaloIUe

npu k <1 wmm Bo3pacraromue mpu k >1 komebGanus GyHKIMU S, TO3BOJSIONINE ITPOTHO3UPOBATH
oxunaemsble 3HaueHus Im(S > S,), Re(S >S;), u, B uactHocTH, B 0c00BIX TOukax o =0; 0,5:

Im(S > Sp) = Im(S,) &’ ™5 (~1)"sin(z-S), r>2
Re(S) =y e % cos(y-S).
I[Mlo xapaxrtepuctukam (a3oBeIXx Tpaekrtopuii  £(S), BKIOYas TPOCKIMH, MOXKHO

kiaccuduimpoBath otaenabHbie CBP u ux ynopsjoueHHsie mo [(-) j COBOKYITHOCTH IOZ{00HO

TpaekropusiM AudhepeHIraabHbIX YpaBHEeHHH [2].
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ANALYSIS OF CHARACTERISTICS OF RANDOM DISCRETE VECTORS BY THE
METHOD OF COMPLEX MOMENTS

V. M. Vahtel, D. E. Kostomakha, V. A. Rabotkin

Voronezh State University, 394018, VVoronezh, University square, 1, Russia,
E-mail: vakhtel@phys.vsu.ru

i
It is demonstrated that for each random vector (RV) Ogvj, Yvi=n, 0<n=23,..
i=0

representing the empirical discrete distribution of a random sample volume of random counts %; =i,
i=0,1 .../, explicitly correspond to fractional central complex moments u«(S) of order S=r+«a,

r=1 2, ..;0<a<1, ,u(S):%é(ki—l;)S:Re(,u(S))+iIm(,u(S)), iZ=-1, [1].
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Projections of the phase trajectories x(S); on the plane (Re(S);Im(S)) tend to change their
characteristics in the transition from v());, x v(:),,, in their sequence between close RV in
distribution C(Z(v(:);)) of their identifier 7(v(:);): 1<I(v();)=a()-v();: a()=(ap.,- ,a;).

Projection on the plane Im(u(S),S) of the virtual component x(S) and the actual component

Re(u«(S)) on the plane Re(u(S),S) represent harmonic damping at k<1 or increasing at k>1
variations of function S, enabling us to predict the expected values of Im(S > S;,), Re(S > S,), and,
in particular, in specific points « =0; 0,5:

Im(S > Sp) = Im(S,) &%) (~1)"sin(z-S), r>2

Re(S) =y e % cos(y-S).
According to the characteristics of the phase trajectories x(S), including the projections, we
can classify the individual RVs and their ordered /(); totality similarly to the trajectories of
differential equations [2].
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PA3BPABOTKA KPUOCTATA JJISI PAIMAIIMOHHBIX TECTOB
HNPUEMHHUKOB CYBTEPAT'EPHHOBOI'O IMAITAZOHA YACTOT

A. B. BnoBun, A. A. I'ynouna, A. M. Kpacuiabaukos, M. A. Mancdenbn,
M. A. MapkuHna, K. B. Munees, E. JI. IleB3nep, M. A. Tapacos, H. B. TaTiomkuH,
A. H. Yepuukos, B. C. dneabman, B. ®. Biosun

denepanbHbIi Hccneq0BaTeNbCKIH HeHTp UHCTUTYT npukinaanoi ¢pusznku PAH
uM. A. B. I'anonoBa-I"pexosa (UI1® PAH). 603600, r. Huwxuuit Horopon, yi. YnbsHoBa, 46.
Ten. +7 (831) 436-62-02, dakc +7 (831) 416-06-16, e-mail: dir@ipfran.ru

BricokouyBcTBUTENBHBIE TIPUEMHHKH cyOTepareproBoro (cyoTI'n) nuamazona 4acToT Iuis
KOCMHUYECKHX M OaJUIOHHBIX MHCCHI TpeOyeT TiTyOOKOro KPHOTEHHOTO OXJIAXKIEHHUS 110 CyOKelb-
BUHHBIX (cyOK) ypoBHeH. DTm MHCCHHM TPEIBSBISIOT JKECTKHE TpPeOOBaHUS K paAHalOHHON
CTOMKOCTH ammapaTtypbl. KocMuueckue nydw MOTYT JApamMaTH4ecKd MOBIHSTH Ha YyBCTBUTEIBHYIO
NPUEMHYIO anmnaparypy, U Tpedyercsl Ha3eMHas [IPOBEpKa MPUOOPOB HA UCTOYHHUKAX, MMUTHPYIOLINX
pajnallioOHHOE BO3JEHCTBHE. YHUWKaIbHBIE WCTOUYHUKKA U yckoputenu BHUMD® naror Takyro
BO3MOXXHOCTb. B 2022 Obutn crienanbl nepBble TecThl C mpueMHbMu cyOTT 1 ctpykrypamu [1]. Onu
MOKAa3alll aKTyaJbHOCTh 3a/1a4d U 3QQEKTUBHOCTh UHCTpyMeHTa. O0iy4€Hble TPHUEMHUKH TECTHUPO-
BAIKMCh B CTAIMOHAPHBIX J1abopatopHbix cyOK kpuocratax pactsopenus “He B “He ¥ cOpOUMOHHBIX
KpHOCTAaTaX Ha BBDKHMBAEMOCTh U OLIEHKY CTETICHW MOBPEKACHUS OOyYEHHBIX MPUEMHBIX CTPYKTYP
1ocJIe paJvalioHHOro Bo3aeicTBus. OIEHKH BIUSHUS HA YYBCTBUTEIHFHOCTh B TAKOM KCIIEPUMEHTE
BBIMIOJIHUTH HEBO3MOXHO. st 3TOro m cosmaercs MoOMIBHBIA cyOK KpHocTaT ansi mpoBemeHUs
«TOPSIYUX» TECTOB pabOTAIOLINX MIPUEMHBIX CTPYKTYP B PeKUME IpHeMa TecToBoro cy0oTl i curnana
stanona. Co3nanue oredecTBeHHOro cyOK kprocTara mMeeT oueHb IIUPOKOE 3HAYCHHE: KBAaHTOBBIN
KOMITBIOTHHT, KBaHTOBbIE KOMMYHHKAIlMd M T. J. B CBsA3M ¢ caHKOusAMH, KomMMepudeckue cyoK
kpuoctatel Oxford Instr., Blue Force u T. m.) HeOCTYNHBI, pOCCHIICKMX aHAJIOrOB HET, U KPHOCTAT
OyneT BocTpeOOBaH.

B noknane mpencTaBieH MPOEKT TaKOro KPHOCTaTa M yXKe CO3/IaHHBbIE KIIFOUEBBIE SJIEMEHTHI
npoToTHIia Kpuoctara. PazpaboTka HauaTta B anpene 2023 r B paMKaX COBMECTHOTO C COTPYAHUKAMU
BHUND® w3ydeHnns Ha MecTe BO3MOXHOCTEH M TpeOOBaHWN IOMEIIEHHH M JAEUCTBYIOIINX
YCTaHOBOK. ABTOPHI BBIpaXArOT OnarogapHocTh corpyannkam BHUUO® A. I'pynuny, . FOHuHYy 1
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E. l'onnxuHOM, a TakKe pyKOBOJICTBY pOeKTa «SnepHas u paauanuonHas ¢usuka» HanponamsHOTO
Hentpa ®usuku u MaTeMaTHKU 32 OAAECPAKKY.
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DEVELOPMENT OF A CRYSTAT THE RADIATION TESTS
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High sensitive subterahertz (subTHz) receivers for space and balloon missions require deep
cryogenic cooling to subkelvin (subK) levels. These missions impose stringent requirements on the
radiation resistance of the equipment. Cosmic rays can dramatically affect sensitive receiving
equipment, and ground-based verification of instruments at sources simulating radiation forcing are
required. The unique sources and accelerators of VNIIEF provide such an opportunity. In 2022, the
first tests with receiving subTHz structures were made [1]. They demonstrated the relevance of the
task and the effectiveness of the tool. Irradiated receivers were tested in stationary laboratory subK
cryostats for dissolving *He in “He and sorption cryostats for survival and assessment of the degree of
damage to irradiated receiving structures after radiation exposure. It is impossible to estimate the
effect on sensitivity in such an experiment. For this, a mobile subK cryostat is being created to
conduct "hot" tests of operating receiving structures in the mode of receiving a test sub-THz signal of
the standard. Development of Russian subK cryostat has a very wide meaning: quantum computing,
quantum communications, etc. Due to sanctions, commercial subK cryostats (Oxford Instr., Blue
Force, etc.) are unavailable, there are no Russian analogues, and the cryostat will be in demand.

The report presents the project of such a cryostat and already fabricated elements of the cryostat
prototype. Development began in April 2023 as part of a joint on-site study of the capabilities and
requirements of the premises and existing installations with VNIIEF employees. The authors express
their gratitude to VNIIEF staff members A. Grunin, D. Yunin and E. Golikhina, as well as to the
management of the project "Nuclear and Radiation Physics" of the National Center for Physics and
Mathematics for their support.
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MOAEJINPOBAHUE METOAOM MOHTE-KAPJIO COCTABJISAIOINX
AMINIMTYJHOI'O PACITPEJEJEHUSA B IETEKTOPE TPOTOHOB OTAAYHN

N. C. Bepminnun, A. B. [losronouos, B. B. I'aranos

DenepanbHOE TOCYAaPCTBEHHOE YHUTapHOE Npeanpustue «Poccuiickuil GpenepaibHbli sIepHbINH
ueHTp — Beepoccuiickuii Hay4HO-HCCIIeA0BATEIbCKUIA HHCTUTYT SKCIIEPUMEHTAIBHON HU3NKI
607188, Hmwxkeropoackast 06i1., r. Capos, ip. Mupa 37
otd4d@expd.vniief.ru

OmHMM HM3 OCHOBHBIX [ETEKTOPOB HEHTPOHOB, NpHUMEHAeMbIX Ha TeHeparope HI-11U,
ABJISIETCSL AETEKTOP MPOTOHOB OTHAAuM, 0Opa3yloUIMXCsl NMPH B3aMMOJCHCTBUU OBICTPHIX HEHTPOHOB
C BOJIOPOIOCO/ICPIKAINM KOHBEPTOPOM. KOHCTPYKTHUBHO JETEKTOpP MpECTaBiIsIeT co00i BaKyyMHbBIH
TepPMETUYHBIA [WIMHAPHYECKUA OOKC, BBITIOJTHEHHBIM M3 HEpKaBEIOIIeH CTalu, BHYTPU KOTOPOTO
COOCHO pPacIojlararoTcs TOHKHHM MOJMSTHICHOBBIA TUCK (KOHBEPTEP) M LMIMHAPUYECKUN KPUCTAILI
Csl (cuunTriuiatop). Bo BHyTpeHHEM o0beMe OeTeKTopa MOJACPKUBACTCS BAaKyyM, 4TO oOecredu-
BaeT OECHpEensATCTBEHHBIM MPOJIET MPOTOHOB OTAA4YM OT KOHBEpTepa K CIUHTWUIATOPY. B xonme
W3MEPEHUH PETHCTPUPYETCS pPacHpeAeeHUe aMIUIMTYA HMIIYJIbCOB JETEKTOpa, KOTOPOE COOTBET-
CTBYET SHEPTE€THUECKOMY CHEKTPY PErHCTPUPYEMbIX YACTHLI.

B xoze skcmutyartanuu eTekTopa ObU1o 0OHApY)KEHO, YTO 3apsHKEHHBIE YAaCTHIIBI, 00pasyro-
myecs MpU B3aWMOJEHCTBHM HEWTPOHOB C KOHCTPYKTHBHBIMH 3JIEMEHTAMU JETEKTOpa, BHOCAT
CYIIIECTBEHHBIN BKJIAJl B PETUCTPUPYEMBIH CIIeKTp. B paMkax manHoi# paboTel MeTomoM MonTe-Kapio
B nporpaMMHoM Komiiekce PHITS 2.88 Obuto BBIIOIHEHO MOJIEIMPOBAHKE TIEPEHOCA YacTUI] BHYTPH
JETeKTopa W H3Yy4YeH BKJAJ, BHOCHMBIH NPOTOHAMH OTAa4yH, OOpa3yloUIMMHUCS B KOHBEPTOpE H
JPYTUMH 9acTHIIaMH, 00pa3yIOIIUMUCS B KOHCTPYKTHBHBIX 3JIEMEHTAX B PErUCTPUPYEMBbIH CIEKTP.

[lomy4yena oueHka BKJIaga 3JIEKTPOHOB M aib(a-dyacTHL B AMIUIMTYIHbBIE paclpelesIeHHs
MPOTOHOB OTAayH, PEerHCTPUPYEMBIX AeTeKTOopoM mpu pabore reHepatopa HI-11U. OmpeneneHo
BJIMSHUE KOHCTPYKIMOHHBIX MAaTEPUAJIOB JETEKTOpa Ha aMIUIMTYJHOE paclpeleleHHe MPOTOHOB,
3NIEKTPOHOB M ainbda-dyactui. IIpernctaBneHbl pe3yiabTaThl CPAaBHEHMS PACUETHBIX M IKCIIEPUMEH-
TaJbHBIX AMIUIUTYIHBIX pacpe/eeHui.

MONTE-CARLO METHOD SIMULATION OF AMPLITUDE DISTRIBUTION
COMPONENTS IN PROTON RECOIL DETECTOR

I. S. Vershinin, A. V. Dolgopolov, V. V. Gaganov

Federal State Unitary Enterprise «Russian Federal Nuclear Center — All-Russian Research Institute
of Experimental Physics» Sarov, Nizhny Novgorod region, Mira ave 37
otd4@expd.vniief.ru

One of the main neutron detectors, applied on generator NG-111, is a proton recoil detector,
being formed under interaction between fast neutrons and a hydrogenous converter. Structurally, the
detector represents a vacuum sealed cylindrical box, made of stainless steel, inside of which a thin
polyethylene disk (converter) and a cylindrical crystal Csl (scintillator) are located in alignment.
Vacuum is maintained in the inner detector volume, what provides a free path of recoil protons from
the converter to the scintillator. In measurements registered is distribution of detector’s pulse
amplitudes, which corresponds to energy spectrum of registered particles.

During detector operation it was detected that charged particles, being formed under
interaction between neutrons and structural components of the detector, contribute significantly to the
registered spectrum. Within the framework of these efforts by Monte-Carlo method in software
package PHITS 2.88 there was simulated particles’ transport inside detector, and studied a
contribution, made by recoil protons, being formed in convertor, and other particles, forming a
registered spectrum in structural components.

Obtained was evaluation of electron and alpha-particle contribution to amplitude distributions of
recoil protons, registered by detector under operation of generator NG-111. Specified is an effect of
detector’s structural components on amplitude distribution of protons, electrons and alpha-particles.
Presented are comparison results of calculation and experimental amplitude distributions.
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IMECTUJAETEKTOPHBIA CIIEKTPOMETP 3APSI)KEHHBIX YACTHI]
C PABJAEJIEHUEM UX BUJA METOJOM AE-E

O. II. Buxusinues, H. B. 3aBbsisios, JI. H. I'enepaiios, A. B. Kypsikun, U. A. Kapnos,
H. E. I'ypun, A.Jl . Tymkun, C. B. ®uasuarun, /1. C. Ipoznosa

®enepanbHOE rOCYJapCTBEHHOE YHUTAPHOE NMPENPUSITHE
«Poccuiickuii GpenepanbHbIi AACPHBIN HEHTP — Beepoccuitckuii HayuHO-UCCIIeI0BATEIBCKUI
WHCTHUTYT SKCIIEPUMEHTATBHON (YUK
607188, Hmwxeropoackas o0n., r. Capos, np. Mupa 37
otd4@expd.vniief.ru

Ha snextpocratrueckom tanaemHoMm yckoputerne DITI-10 (POSAL-BHUND®) [1] ucnomns-
3yeTcsl anmnapaTypHO-IPOrpaMMHBINA KOMITIEKC [2] /Ui perHuCcTpaliy 3apsyKeHHBIX YacTHI] C pasjie-
nenueM ux Buga MerogoM AE-E. C TedeHmeMm BpeMeHHM KOMIUIEKC IOJYYHJI CBOE JalbHEHIIee
pasBuTHE: BBINOJHEHa 3aMeHa Bcex mectd AE-E TeneckomoB u mpoBeneHa MoaepHHU3auus
CHEKTPOMETPUUECKUX KaHAJIOB pPEerucTpauu curiaioB. LllecTuaeTeKTOpHBIN crieKTpoMmeTp Ha Oase
HOBBIX TEJIECKOTIOB M SJepHO-(PH3MYECKON anmnapaTypbl MO3BOJIMI YIyYIIUTh KAYECTBO PETUCTPALIMU
TIEPBUYHBIX JIAHHBIX M YBEIUYUTH CKOPOCTH HA0OPa.

HoBeie AE-E Teneckomnbsl mnpousBoactBa «®dusuko-Texnuueckoro HWHCTUTYTa HMEHU
A. ®. Mopde» PAH, r. Canxt-IlerepOypr BkitouaioT B ceOsi 3apsJOYyBCTBHTENIBHBIC NpPEABAPH-
TEJIbHBIC YCUIIUTENH, PACIIONIOKECHHBIE B KOPITYCE TEJIECKOMNA B HETOCPEICTBEHHON OIM30CTH K KPEM-
HHUEBBIM JAeTeKTopaM. JlaHHasi KOMIIOHOBKA TEJIECKOIIOB IO3BOJIMJIA YMEHBIIUTh HIYMBI U IIOBBICUTH
SHEPreTHYECKOe pa3pelIeHNe CIEKTPOMETPUIECKUX KaHAJIOB.

MopepHu3anus CIeKTPOMETPUIECKOTO U3MEPUTENFHO TPaKTa 3aKI0uanach B 3aMeHE YCHIIHU-
TEJIBHOW W M3MEPUTEIbHOH ammapaTypsl. Mcnoabp3yembple YCHIINTENN ObLIM 3aMEHEHBI Ha CIIeLHaib-
Hble 8-KaHAJIbHBIC CIIEKTPOMETPHYECKHE ycuiauTenu-popmupoBatenn tuma 8-Chann SA-MUX
npomsBoactBa OO0 “TexMusect” r. yona. Mcmonszyemsblii ananoro-uugpoBoii nmpeodpa3oBaTeib
ObUT 3aMEHEH Ha JIByXKaHaJbHBIM aHanoro-uudpoBoii nmpeodpaszoBarens Tuna PA27n nmpousBoacTsa
00O “TexUuBect” 1. Jlybna. CHekTpoMeTpHiecKHe H3MEPUTEILHBIC KaHAJIBl, ITOCTPOCHHBIC Ha
JAHHOW ammaparype, UMeIOT OoJiblliee OBICTPOJCHCTBHIE, YTO MTO3BOJUIIO MOBBICUTH CKOPOCTH HabOpa
CHEKTPOMETPUIECKON HHPOPMALIHH.
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SIX-DETECTOR SPECTROMETER OF CHARGED PARTICLES
WITH THEIR TYPE SEPARATION BY METHOD AE-E

O. P. Vikhlyantsev, N. V. Zavyalov, L. N. Generalov, A. V. Kuryakin, I. A. Karpov,
N. Ye. Gurin, A. D. Tumkin, C. V. Fil’chagin, D. S. Drozdova

Federal State Unitary Enterprise «Russian Federal Nuclear Center — All-Russian Research Institute of
Experimental Physics» Sarov, Nizhny Novgorod region, Mira ave 37
otd4@expd.vniief.ru

On electrostatic tandem accelerator EGP-10 (RFNC-VNIIEF) [1] a hardware-software
complex [2] is used to register charged particles with their type separation by method AE-E. With time
the complex has come into its further development: all six AE-E telescopes have been changed and
spectrometer signal-recording channels have been modernized. A six-detector spectrometer based on
new telescopes and nuclear physics equipment allows improvement of quality of initial data recording
and collection rate increase.
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New AE-E telescopes, produced by «A.F. loffe Physical-Technical Institute» RAS, St.
Petersburg involve charge-sensitive preamplifiers, placed in a telescope body in immediate proximity
to silicon detectors. The given arrangement of telescopes has allowed decrease of noises and
heightening of spectrometry channel energy resolution.

To update a spectrometer measuring channel, amplifying and gaging equipment was changed.
Used amplifiers were changed for special 8-channel spectrometer amplifiers of 8-Chann SA-MUX
type, produced by LLC “TekhlInvest”, Dubna. Applied analog-digital converter was replaced for two-
channel analog-digital converter of PA27n type by production of LLC “Tekhlnvest”, Dubna.
Spectrometer measuring channels, built on this equipment, have a high performance that made it
possible to increase the speed of the spectrometric information collection.
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MOUCK TOYEYHBIX SMUCCHUOHHBIX HIEHTPOB METOJAMHN ATOMHO-
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Ha cerogusmHuii 1eHb €MUHCTBEHHOU MPOOIeMOH, CBA3aHHOW C PaJHAIIMOHHON CTOHKOCTBIO,
MHOTOIPOBOJIOUHBIX TponopuuoHansHbeIX Kamep (MIIK), pabotarommx na BAK [1, 2], sBusiorcs
CIIOHTaHHBIE CaMOTIOIIEPKUBAIOIINECS TOKH, BBI3BIBAIOIINE aBapUITHOE OTKIIIOYEHNE WM TMOHIKEHUE
BBICOKOBOJILTHOTO MUTaHUA B neTekropax. MccnemoBanus MIIK, neMOHTHpOBAaHHBIX M3 SKCIIEPUMCH-
TaJbHBIX YCTAHOBOK H3-32 ITOCTOSHHOTO BO3HUKHOBEHHSI TaKMX TOKOB, IOKA3alld, YTO NPUIHHON
s deKTa SBIAIOTCS TOYSUHBIE LEHTPHI SMUCCHUH JJIEKTPOHOB Ha TMOBEPXHOCTH KATOTHBIX TIOCKOCTEH
[3]. OnenHka BeIMYMHBI TOKA 3MUCCUHM HA KaTOJIE 1O BEJUYMHE HaOIr0AaeMbIX ckaukoB Toka B MIIK
nokazana 0.1-2 HA, 4YTO COBMNAJACT C TOKAMH IIPU HU3KOMOPOTOBOM AMHUCCHUHM YTIEPOIHBIX
HAHOCTPYKTYP, CIEIHATbHO ITOJydaeMbIX B Jabopatopusx [4, 5].

[NosiBnenne momOOHBIX CTPYKTYyp BrmonHe peansHo u B MIIK. PaGoune razoBbie cmecu
B MiooHHBIX MIIK u3 CMS u LHCb 06sr4H0 comepxat yriiepomocoaepxaiiie Mosekysbl (Ar/CO./CFs),
KOTOPBIE TUCCOIMUPYIOT B TA30pa3psiTHOM IIIa3Me y aHOAHBIX MPOBOJIOYEK. B mpescrapnenHol pabote
MOKa3aHo, YTO TMPOJYKTHI ATUX PEaKIMi BBHI3BIBAIOT OCTPOBKOBYIO KapOOHW3AIMIO METHOW (QONBrH Ha
Katozie. B uTore, smMuccHs TakWX TOYEUHBIX YIJIEPOIHBIX HAHOCTPYKTYP M3-3a Ta30BOTO YCHJICHHUS Ha
aHO/THBIX TIPOBOJIOYKAX JaeT Makpockomuueckuii 3¢ ekt B MIIK: Bcrieck Toka Ha JeCSATKH MUKPOAMIIED.

C nenpio OOHapyKEHUSI HA KaToZe HAHOCTPYKTYp, 00JalaronIiuX CIIOCOOHOCTBIO K SMUCCHH
SIEKTPOHOB B JJIEKTPUYECKOM mosie AeTeKTopa (Ewm ~ 5000 B-cm?), 6buia mcenemosana MIIK,
JCMOHTHPOBAHHAsT W3 OSKcrepuMeHTanbHOi ycranoBku LHCb. Tlowmck mpoBoamics myTem
MOCJIEIOBATEIBHOIO MPUMEHEHHSI METOJIOB aTOMHO-CHMJIOBOM MMKPOCKOIIMM, HAayWHAsl C TOJYKOH-
TaKTHBIX (Da30BbIX M TOMOTpPaUUECCKUX H3MEPEHUH, M 3aKaHYMBas M3MEPECHHUSIMH TOKOBBIX Xapak-
TEPUCTHK Ha TPEJABAPUTENBHO BBIJCICHHBIX y4acTKaX MOBEpPXHOCTH. OCOOCHHOCTBHIO HCCIIEAOBAHHS
OBLIO cTaOMIBPHOE HECMEHAEMOE IIOJOKEHHE 00pa3loB B MHKPOCKOIE W HWCIOJIH30BAHHE OJHOTO
KaHTHJIEBepa BO Bcex (pa3ax mcclieloBaHHH.
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SEARCH FOR THE CENTERS OF POINT EMISSION BY ATOMIC FORCE MICROSCOPY
AT THE CATHODE OF A MULTWIRE PROPORTIONAL CHAMBER FROM
THE EXPERIMENT AT THE LHC

M. E. Buzoveryal, I. A. Karpovi, A. Yu. Arkhipov?}, G. E. Gavrilov?,
A. A. Dzyuba?, O. E. Maev?, M.V. Suyasova?

! Federal State Unitary Enterprise «Russian Federal Nuclear Center — All-Russian Research Institute
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Leningrad. oblast, 188350 Russia
* gavrilov_ge@pnpi.nrcki.ru

To date, the only problem associated with the radiation resistance of the multiwire
proportional chambers (MWPC) operating at the LHC [1, 2] are spontaneous self-sustaining currents,
the appearance of which leads to an emergency shutdown or a decrease of the high-voltage power
supply at the detectors. Studies of MWPCs dismantled from experimental facilities due to the constant
occurrence of such currents showed that the effect is caused by the pointlike centers of electron
emission on the surface of the cathode planes [3]. According to estimates based on the magnitude of
the observed current jumps in the MWPC, the emission current at the cathode ranges from 0.1 to 2 nA,
which coincides with the currents of the low-threshold emission from carbon nanostructures produced
in the laboratory [4, 5].

The appearance of such structures is quite real in the MWPC. Working gas mixtures in the
muon MWPC from CMS and LHCb usually contain carbon-containing molecules (Ar/CO,/CF,),
which dissociate in the gas-discharge plasma near the anode wires. The present work shows that the
products of these reactions lead to island carbonization of the copper foil on the cathode. As a result,
the emission from such pointlike carbon nanostructures due to the gas amplification in vicinity of the
anode wires gives a macroscopic effect in the MWPC: a current surge of tens of microamperes.

In order to detect the nanostructures capable of emitting electrons in the electric field on the
cathode (E..n ~ 5000 V-cm™), we studied the MWPC dismounted from the LHCb experiment. The
search was carried out by successive application of the atomic force microscopy methods, starting
with semi-contact topographic and phase measurements and ending with measurements of current
characteristics at the pre-selected areas of the sample surface. A feature of the study was the stable
unchangeable position of the samples at the microscope and using only one cantilever in all phases of
the search.
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JAETEKTOPBI C JUJIEKTPUYECKNUM PACCEUBATEJIEM JUISA U3MEPEHUA
XAPAKTEPUCTHUK BBICOKOMHTEHCHUBHBIX U BBICOKOJO3HBIX IMMOJEN
TOPMO3HOI'O U3JIYUEHUSA
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ueHTp — Beepoccuiickuii HayqHO-HCCIIeA0BATEIbCKUIA HHCTUTYT SKCIIEPUMEHTAIBHON HU3NKI
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[Ipobnema oOecmedeHus (YHKIMOHUPOBAHUS ammapaTypbl B YCIOBUSX BO3ACHCTBHS
VMOHU3UPYIOIIMX aKTyaqu3upoBajach B 60-¢ rofpl Mponuioro Beka. VHTEHCHBHO HCCIEIYIOTCS
pa3nuyHble (DU3MUECKHE MPOLECChl B MOMYNPOBOAHMKAX M AWDICKTPUKAX, M3IENUSAX 3JICKTPOHHOU
KOMITOHEHTHOH 0a3bl, MPHOOpax U B CIOKHBIX TEXHUYECKUX CHCTeMax. B mocieHme ToIbl Mpou30Iun
CYIIECTBEHHbIE M3MEHEHHS B METPOJIOTMYECKOM OOECIeUeHWH M3MEPEHH, W KaK YacTHBIA CiTydaid,
UCTIBITaHUH. DTH W3MEHEHHMS CBSI3aHBI, BO-IIEPBBIX, C PACLIMPEHHEM Kpyra 3a7ad UCIbITAHUN U MOBBI-
LIEHHBIMU TPEOOBAHUSMU K TOYHOCTH PE3YJIbTaTOB, BO-BTOPBHIX, C COBEPIICHCTBOBAHHWEM [EHCTBYIO-
IIMX U CO3JaHMEM HOBBIX HMCIBITATEIBHBIX YCTAHOBOK M CPEICTB M3MEPEHUH W, B-TPETHUX C M3MeE-
HEHHMSMH HOPMAaTHBHOM 0a3bl METPOJIOTMU B CTOPOHY MX yXecTOoueHHs. Bo3HHMKaeT HE0OXOAUMOCTh
0000IINTh MMEIOIIUICS ONBIT Pa3pabOTKU AETEKTOPOB BBICOKOMHTEHCHBHBIX M3JIyUYEHUH M oOIIpe-
JIENUTH MEPCIICKTUBBI X UCTIOJIb30BAHNUS B COBPEMEHHBIX YCIIOBHSIX.

B noknane Ha mpumepe ONTUMH3AaLUU C(HEPHUECKOTO NETEKTOpa IUIsl PETHCTPAalU aMILTU-
TyIHO-BPEMEHHBIX XapakTeprucTUK TopmosHoro minydenus (TH) ycranoBkum JIMY-30 memoncTpu-
PYIOTCSI BO3MOXHOCTH IO pacueTam MmetonoMm MonTte-Kapno mo mporpamme CMK sHepreruueckoit
3aBHCUMOCTH UYyBCTBUTEIBHOCTH MOZEJNEH CQEepHUecKoro IETeKTOpa MpPH Pa3IMYHBIX KOHCTPYK-
TUBHBIX Pa3MEpax U MaTepUasiax €ro COCTaBHBIX YaCTEH.

[lepcneKTUBHBIM BapHaHTOM IMPAKTUYECKOTO MPUMEHEHUS! JAETEKTOPOB C IUIJIEKTPHUUECKUM
pacceuBareseM [1] sBigeTcs MCHOIB30BAHHUE MPOCTHIX M HANEKHBIX JETEKTOPOB-KOMIIAPATOPOB IS
obecrieyeHusl Tiepeiayd pa3Mepa €MHHUIBI AKCIIO3UIIMOHHOW 1036l OT CTATHYECKOTO ATaJIOHHOTO
Y-MCTOYHMKAa K pabo4yMM cpelIcTBaM H3MEpeHMH M K MOIIHBIM HcTouHMKaMm TH, paboTtarommm
B UMITyJIbCHOM DPEKUME. DTO TO3BOJIUT IOBBICHTH TOYHOCTh W3MEPEHHMU OJKCIO3MIMOHHOW J103bI
B TIOJISIX MOIIHBIX UMIYJIbCHBIX UCTOYHUKOB TH.

DETECTORS WITH DIELECTRIC SCATTERER FOR CHARACTERISTICS MEASURING
OF HIGH-INTENSITY AND HIGH-DOSE BREMSSTRAHLUNG FIELDS

0. A. Gorelova, A. V. Grunin, A. N. Zalyalov, K. N. Kovshov, S. A. Lazarev,
A. G. Mal’kin, M. S. Mironov, N. K. Mironov

Federal State Unitary Enterprise «Russian Federal Nuclear Center — All-Russian Research Institute of
Experimental Physics» Sarov, Nizhny Novgorod region, Mira ave 37
otd4@expd.vniief.ru

The problem of supplying equipment operation under ionizing effect was acute in the 1960-s of
the last century. Various physical processes in semi-conductors and dielectrics, products of electronic
component base (ECB), apparatuses and those in complex engineering systems are studied strongly.
Recently significant changes have taken place in metrological assurance of measurements, and,
particularly, tests. These changes are related to, firstly, extension of scope of test functions and raised
standards of results’ accuracy, secondly, improvement of active and development of new test units and
measuring instruments and, thirdly, changes of metrology regulatory system towards their toughening.
A necessity arises to summarize available experience of development of high-intensity radiation
detectors and to determine prospects for their employment under present-day conditions.
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By the example of optimization of spherical detector meant for recording amplitude-time
characteristics of LIU-30 installation bremsstrahlung, the report shows capabilities based on Monte-
Carlo method calculations by program SMK of energy dependence of models’ sensitivity of spherical
detector at different structural dimensions and materials of its component parts.

Promising variant for practice of detectors with dielectric scatterer [1] is application of simple
and reliable comparator detectors to supply transfer of a unit value of exposure dose from static
standard y - source to ordinary measuring instruments and to high-power bremsstrahlung sources,
operating in a pulsed operation. This allows measurement precision rise of exposure dose in fields of
high-power pulsed bremsstrahlung sources.

MATEMATHYECKAA MOJEJIb TIEPBUYHBIX PATUAITMOHHBIX MOBPEXIEHUM
TBEPABIX TEJI IO BO3AEUCTBUEM AJIPOHHOI'O U3JIYYEHU S HU3KUX
U IIPOMEXYTOYHBIX SJHEPT U

N. U. lertsipes, ®. H. HoBockoabues, O. A. JisieHnko,
P. 0. Cuniwokos, /I. A. IIBeTkoB, A. P. Cejie3HeBa

®denepalibHOE TOCYIAPCTBEHHOE OI0/KETHOE yupekacHue «MHCTUTYT PU3NKH BBICOKUX SHEPTHIA
nmenH A. A. JlorynoBa HanmonansHOTO HccenoBaTenbckoro neHTpa «KypuaToBCKuil HHCTUTYTY,
142281, MockoBckas obmacts, ropos IIpoteuno, momane Hayku, nom 1, Temn.: (4967) 71-36-23,
dakc: (4967) 74-28-24, Email: fgbu@ihep.ru, Igor.Degtyarev@ihep.ru

B pabore mpuBoauTcs omnucaHue (pU3NYECKUX OCHOB MAaTeMaTHUYECKOH MOJIENM MEPBHYHBIX
palualMOHHBIX NOBPEKACHUH TBEPABIX Tell, 00JIydyaeMbIX aJpOHHBIM H3Iy4YeHHEM HHU3KOTO U IIpoMe-
JKYTOYHOTO JIMamna3oHa 3Heprui. PaccMOTpeHbl clemyromye 3Tanbl reHepaiun Ae(eKToB: MepBHIHO
BBIOUTHIE aTOMBI, KacKaJbl aTOM-aTOMHBIX CTOJIKHOBEHWH (AMHamMuuecKasi cTagus (HOpMHUpOBaHHUS
MOBpPEX/ICHNH) HAa OCHOBE 6 THIIOB KacKaaHbIX (GyHKIwiA. llporpammuas peanmu3anus OMUCAHHON
MOJICNId BKJIIOUEHAa B cocTaB TmporpamMmuHoro komiuiekca RTS&T [1, 2], mpenHazHadeHHOTO st
CTaTUCTUYECKOTO MOJICIIMPOBAHMS CBA3aHHOT'O MEPEHOCa MHOTOKOMITOHEHTHOTO (200 THUIIOB YacTHIl, U
MOHOB) H3JIy4eHUS! B TETEPOr€HHBIX INPOCTPAHCTBEHHO-HEOJHOPOIHBIX TI'€OMETPHUSIX IPOM3BOJIEHOM
CTENEHN CIIOKHOCTU B auanaszone suepruii 10 5B — 20 ToB. B jokiane NpvBENEHO CpPaBHEHHE
pe3yNIbTaTOB YWCICHHOTO MOJICIIMPOBAHMS XapaKTEePUCTHK OOIydeHHs: OOpPOCHIMKATHOTO CTEKJIa,
MpeTHA3HAYEHHOTO JIJIsl UMMOOMITH3AlINH PaJMOAKTHBHBIX OTXOJIOB, C SKCIIEPUMEHTAILHBIMH JTAHHBIMH.
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MATHEMATICAL MODEL OF PRIMARY RADIATION DAMAGES OF SOLIDS
IRRADIATED BY LOW- AND INTERMEDIATE ENERGY HADRONS

I. 1. Degtyarev, F. N. Novoskoltsev, O. A. Liashenko, R. Yu. Sinyukov,
D. A. Tzvetkov, A. R. Selezneva

Institute for High Energy Physics named by A.A. Logunov of NRC “Kurchatov Institute”, 142281,
Moscow reg., Protvino, Nauki sg. 1, E-mail: fgbu@ihep.ru, lgor.Degtyarev@ihep.ru

The report describes the physical foundations of the mathematical model for primary radiation
damages of solids irradiated by low- and intermediate energy hadrons. The following stages of defect
generation are considered: primarily knocked-out atoms, atomic-atomic collision cascades (dynamic
stage of damage formation) based on 6 types of cascade functions. The software implementation of the
described model is included in the RTS&T code system [1,2], designed for statistical modelling of the
associated transport of multicomponent (200 types of particles and ions) radiation in heterogeneous
spatially heterogeneous geometries of arbitrary degree of complexity in the energy range of 10! eV -
20 TeV. The report compares the results of numerical modelling of the radiation characteristics of
borosilicate glass intended for immobilization of radioactive waste with experimental data.
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K TECTUPOBAHHUIO ITOPOT'OBBIX SiO; ADPOTI'EJIEBBIX YEPEHKOBCKHX
JAETEKTOPOB HA KOCMHUYECKHUX JYYAX (MOAEJIMPOBAHUE U U3MEPEHMUS)

A. JI. Ilonouckuii, A. M. Jlanuk, JI. 3. Iknaasau*®, B, I1. JIucuHn,
B. H. ITonomapég, H. B. Pyaues, A. B. Pycakos
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IMoporoBeie SiO, a’poreneBble YEPEHKOBCKHE IETEKTOPHI C BBIOPAHHBIMH MOKAa3aTeNsIMH
MPEOMIIEHUS] HIMPOKO WCHOJB3YIOTCS [UIA pa3/eleHHs 3apsDKeHHBIX IMHOHOB M KaoHOoB [1].
HeoOxonmumple s TakuX [OETEKTOPOB TECTUPOBAHUS M KAIMOPOBKH, ONPEACISIIONINE HX
CYLICCTBEHHbIE XapaKTEPUCTUKU (MONHYIO 3((EeKTUBHOCTh pErucTpaly, paclpeAcieHUE YHcIiia
MPOCMATPUBAIONINX JETEKTOP «aKTHBUPOBAHHBIX» (DOTOIICKTPOHHBIX yMHOXxuTened (OIY) u np.),
MOJKHO ITPOBOJNTE M Ha ITyYKaxX YCKOPUTENEH, U HA KOCMUYECKHX Jydax [2]. B mpeapinymei Hamei
paGore [3] mpennokeH METOA TECTUPOBAHMS TaKUX JETEKTOPOB HAa KOCMUYECKHX JIydax,
UCTIONIB3YIOMMH  MUHUMAaIbHOE KOJIMYECTBO JO0ABOYHOH <«DIEKTPOHHKM» W HE TpeOyromui
MaccuBHble cion Pb- mormoturenss [2]. B Hacrosimield paboTe  COMOCTaBISIOTCS —JaHHbIC
9KCIEPUMEHTOB U MOJEIHUPOBAHMS, YUUTHIBAIOLIETO: onucanue AudepeHInaIbHOro Mo SHEPrud 1
yriaM MOTOKa MIOOHOB B KOCMHYECKHUX JIydax; oOpa3oBaHKe, OTPaXKCHUE, MOTIIOMIEHHE YePSHKOBCKUX
(OTOHOB W HMX BBUIET M3 O00JydyacMOW MHUIIEHHU; KBAaHTOBYI 3(()EKTHBHOCTH (DOTOKATOIOB B
ucnonb3zyembix OIY.
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TO TESTS OF THRESHOLD SILICA AEROGEL CHERENKOV DETECTORS
ON COSMIC RAYS (SIMULATION AND MEASUREMENTYS)

A. L. Polonski, A. M. Lapik, L. Z. Dzhilavyan*, V. P. Lisin,
V.N. Ponomarev, N.V. Rudnev, A.V. Rusakov

Institute for Nuclear Research of the Russian Academy of Sciences.
7a, 60" October Anniversary Prospect, Moscow 117312, Russia
phone: (499)1352112, fax: (499)1352268
*E-mail: dzhil@inr.ru

Threshold SiO; aerogel Cherenkov detectors with chosen refractive indices are widely used to
separate charged pions and kaons [1]. The tests and calibrations necessary for such detectors, which
determine their essential characteristics (total detection efficiency, distribution of the number of
"activated" photomultiplier tubes (PMTs) viewing the detector, etc.), can be carried out both on
accelerator beams and on cosmic rays [2]. In our previous work [3], we proposed a method for testing
such detectors on cosmic rays, which uses a minimum amount of additional “electronics” and does not
require massive layers of Pb- absorber [2]. In this work, the data of experiments and simulations are
compared, taking into account: the description of the muon flux in cosmic rays differential in energy
and angles; formation, reflection, absorption of Cherenkov photons and their escape from the
irradiated target; quantum efficiency of photocathodes in the used PMTs.
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PACYETHBIE HCCIAENOBAHUSI HIPOCTPAHCTBEHHOT'O PACIIPENEJIEHUS
OJIIOEHCA HEUTPOHOB 1 MOIIHOCTH 9KBUBAJIEHTHOMU 103bI
I'AMMA - U3JIYUEHUSA B DKCHEPUMEHTAJIBHOM 3AJIE TEHEPATOPA HI'-111

A. B. loaromoJio, B. B. I'aranos
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BrimonHeHo nmeradpHOE MOJeIMpoBaHHE paboThl TeHeparopa HI-11U mpu ucmomp3oBaHUU
MUIIIEHU C JEUTepUeBHIM HACHICHUEM. [l0ydeHbl pacdeTHBIC OLCHKH JHEPTreTUYECKOTO CIIEKTpa
DD-HelTpoHOB, MCXOASAIIMX M3 MHUIICHHOTO Y3Jla HEHTPOHHOTO TeHepaTopa IpPH YCKOPSIOIIEM
HanpsokeHun 160 kB. Iloka3aHo BIUsSHUE SJIEMEHTOB KOHCTPYKLHMHM MHILEHHOTO Y374, CTEH U

237


mailto:dzhil@inr.ru

JIOTIOTHATEIHHOTO 000PYA0BaHMUS SKCIIEPUMEHTAIBLHOTO 3aja Ha (JOPMHUPOBAHHE CIEKTPa HEHTPOHOB
U ramMma usnydeHus B 3kcrnepumeHtanbHoM 3asie HI'-11M. TlpeacraBneHsl pe3ynpTaTsl pacuéra
MPOCTPAHCTBEHHOTO pacrpe/iesieHust QIroeHca HEHTPOHOB M MOIITHOCTH 3KBUBAJICHTHON J03bI TaMMa-
M3Iy4YeHHs B SKCIIEPUMEHTAIbHOM 3aiie Teneparopa HI-111.

CALCULATION STUDIES OF SPATIAL DISTRIBUTION OF NEUTRON FLUENCE
AND POWER OF GAMMA-RAY EQUIVALENT DOSE IN GENERATOR NG-111
EXPERIMENTAL HALL

A. V. Dolgopolov, V. V. Gaganov

Federal State Unitary Enterprise «Russian Federal Nuclear Center — All-Russian Research Institute of
Experimental Physics», Sarov, Nizhny Novgorod region, Mira ave 37
otd4@expd.vniief.ru

Generator NG-111 operation was simulated in detail, using targets with deuterium saturation.
Obtained were calculation estimates of DD-neutron energy spectrum, exiting the neutron generator
target unit at accelerating voltage 160 kV. The paper describes an effect of structural target unit
elements, walls and auxiliary equipment of experimental hall on formation of neutron and gamma-
radiation spectra in experimental hall. Here are presented calculation results of spatial distribution of
neutron fluence and equivalent gamma-ray dose rate in the generator NG-111 experimental hall.

PAJIUALIMOHHBIE NOBPEKIEHUS SiC-AIETEKTOPOB IOCJIE OBJTYUYEHUSI
HEUTPOHAMMU

C. A. Escees * 1, 10. b. I'ypos *° M. C. losonenxo?®, H. 1. 3amsatun 2, 10. A. KonbLios ?,
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IpencraBneHbl pe3yibTaThl HCCIEIOBAHUS JETEKTOPOB W3 KapOuma kpemuus (SiC) mpu
obmyuennn HeiTpoHamu. SiC-meTeKTops! OBUTH M3TOTOBIICHBI HA OCHOBE SMHMTaKCHAIbHOTO ciost 4H-SiC
Nn-tuna npoBoaumoctu [1, 2]. TonMHAa 3NUTAKCHANBHOIO CJOS N-TUMA cocTaBisyia 50 MKM.
Konrakte! lllorTkn quamerpom 3,0 MM ObUTH M3rOTOBJIEHBI IyTEM BaKyyMHOT'O UCIIApEHUS ABOHHOTO
cimos Ni u Au tommuuoit 10 u 30 HM COOTBETCTBEHHO. MICXOIHOE 3HEPreTHYEeCKOe pa3pelicHUe
JIETEKTOPOB COCTABISLIO < 25 k3B 1151 a-vacTuil.

PanuaronHas croiikocth SiC-IeTeKTOpOB MCCie0Balach HA OCHOBE aHAIHM3a XapaKTepuc-
THUK 3TUX NPUOOPOB J0 W TOCie OONydeHHs OBICTPHIMH HEWTPOHAMH C MHTETPAbHBIMH MOTOKAMH
5.1x10%, 5.4x10%, 3.4x10% wm/cm? OO6iydeHWe MPOBOJMIIOCH HA MMITyJbCHOM peaktope MBP-2M
(OUSIN). JIns kanuOpOBKM M KOHTPOJSI CIEKTPOMETPUUECKUX XapakTepUCTHK SiC-IeTeKTopoB
HCTIONIb30BANICS (-MCTOYHMK 22°Ra.

[lokazano, 4TO mMOCIEe HEWTPOHHOTO OONydYeHHs HAOJIONANach 3HAYMTENBHAS JIETPalallys:
NUKA OT O-YaCTHUI CMECTWJIUCh B CTOPOHY MEHBIIMX KaHaJOB M CTaJlld 3HAYUTEIIBHO IIHpE.
Y CcTaHOBIIEHO, YTO C YBETUUEHHEM HEHTPOHHOTO MOTOKA SHEPreTUUECKOE pa3pelIeHUe YXyAIaeTcs B
JBa, JECATh M IBAALATH pa3 COOTBETCTBeHHO. IIpm sTOoM 3ddekTrBHOCTE cbopa 3apsma (CCE)
cammnack ¢ 100% mo 96%, 70% u 1% (pabouee nanpspxenne 350 B) mpu morokax HEHTPOHHOTO
usmydenus 5.1x10%, 5.4x10%, 3.4x10% u/cM? cOOTBETCTBEHHO.

Pabora nognepsxana rpanrom OVAN mist monoapix cneranuctoB Ne 23-202-03.
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RADIATION DAMAGE OF SIC DETECTORS UNDER NEUTRON IRRADIATION
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Streletskaya E.2, Zamyatin N.2, Hrubcin L.2¢, Zat’ko B.°

2 Joint Institute for Nuclear Research (JINR), 6 Joliot-Curie St, Dubna, Moscow Region, Russia,
141980, phone: +7 (496) 216-40-40, fax: +7 (496) 216-51-46, e-mail: post@jinr.ru
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The results of an investigation of silicon carbide (SiC) detectors when irradiated with neutrons
are presented. SiC detectors were manufactured on the basis of the epitaxial layer of 4H-SiC n-type
conductivity [1, 2]. The thickness of n-type epitaxial layer was 50 pum. Schottky barrier contacts with a
diameter of 3.0 mm were made by vacuum evaporation of a double layer of Ni and Au 10 and 30 nm
thick. The initial energy resolution of detectors was < 25 keV for a-particles.

The radiation resistance of SiC detectors was studied experimentally by analyzing their
characteristics before and after fast neutron irradiation with integral fluxes of 5.1x10%, 5.4x10%,
3.4x10% n/cm?. The irradiation was carried out at the pulse reactor IBR-2M (JINR, Dubna). The a-
source ??°Ra that was used for calibration and control of spectrometric characteristics of SiC detectors.

It is shown that after neutron irradiation, significant degradation was observed: the peaks from
the alpha particles shifted towards smaller channels and became much wider; with an increase in the
flux, the energy resolution degrades by two, ten and twenty times; the charge collection efficiency
(CCE) decreased from 100% to 96%, 70% and 1% (operating voltage 350 V) at the neutron
irradiation fluxes of 5.1x10%, 5.4x10, 3.4x10% n/cm?, respectively.

The work was supported by the JINR grant for young specialists Ne 23-202-03.
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KHUHETHUKA CUT'HAJIA KPEMHHUEBOI'O AETEKTOPA IIPU PETUCTPALIUN
JJUHHOIIPOBEXKHBIX TAXEJIBIX HOHOB

B. K. Epemun, H. H. ®aneeBa, E. M. Bepounukas, U. B. Epemun, /1. JI. Mutuna

®denepanbHOE TOCYIAPCTBEHHOE OIOKETHOE YUPEKICHNE HAYKU
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vladimir.eremin@mail.ioffe.ru

KpemHueBble 1UIaHapHbBIE JETEKTOPBl KAk YHUBEPCAJIbHBIE CEHCOPbl HMOHOB LIMPOKO
WCIIONB3YIOTCS AN TPEKHMHra MOHOB, UX CIIEKTPOMETPHHM M ONpENENeHUs Macchl. B To ke Bpems
M3BECTHBIN 3P EKT 3aMeATIeHUsT POCTa JEKTPUUECKOTO CHTHAja MPHU PErHCTPALMH TSDKENbIX HOHOB,
Ha3bpIBaeMbIi TUIa3MEHHBIM 3()()EKTOM, CyNIECTBEHHO OTPaHUYMBACT BPEMCHHBIC XapaKTEPHUCTUKU
JIEeTeKTOpoB. B paboTe mpencTaBieHbl pe3ysbTaTbl MCCIENOBaHUS (OPMBI UMITYJIECHOI'O TOKOBOTO
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CUTHajIa, TCHEPUPYEMOT0 B KPEMHHMEBOM ILIAHAPHOM JCTEKTOPE NPU PErMCTPallMK TSDKEJIOro HOHa,
npober KOTOPOro MPeBbIMIAET TOJNIIMHY 4yBCTBHTENILHON oOmactu aerekropa (Long-Range Heavily
Particle, LRHP), u osmexTpoHHO-ABIpOYHas IuTasMa oOpasyeTcs Ha BCell TOMIIMMHE TpuoOopa.
MoenupoBaHue TUHAMHUKH PACIPEICICHUS SICKTPUICCKOTO MOJIS BAOIb OCU TPEKa, BHIMOJIHEHHOE B
npennonoxkeHun, uto Tpek LRHP momoben mumuHApy ¢ OgHOPOIHON KOHIEHTpAIed HOCUTenei
3apsaa, MOKa3ajao, 9TO OHA BKIFOYAET OBICTPYIO W MEJICHHYIO CTaaud. beicTpas craius IUTENb-
HOCThIO ~100 MHKOCEKYHJI CBfi3aHA C TOJSIpU3AIMEd Tpeka, W i COOTBETCTBYET MUK TOKa C
mpelebHO pe3kuM (ppoHTOM. Bpemsi HapacTaHus TOKa B IHMKE OIMPEICIISICTCS BPEMEHEM IpoJieTa
LRHP depe3 uyBcTBUTEIBHYIO O0JIACTH JETEKTOpa, T. €. BPEMEHEM OOpa30BaHUS IUIa3Mbl, YTO
COCTABJIICT CJMHHUIBI MUKOCeKyHa. DopMa M aMIIUTyJa TOKOBOTO CHUTHAJIA MOXKET OBbITh OMHCaHa
AHATUTUYECKH, YTO BXKHO JJI1 U 00pabOTKH pe3yabTaTtoB. MelIeHHas CTaus ONPEeIseT Crajl ToKa
B OTKJIMKE JIETEKTOpa U TI03TOMY HE BIIUSET Ha BpeMeHHOe pa3pernieHue. [Iporecchl B TpeKe TSHKEI0ro
WOHA WUTIOCTPUPYIOTCS Pe3yJibTaTaMH MAaTeMaTHYeCKOTO MOJCIMPOBAHHS U COTJIACYIOTCS C paHee
OMyOTMKOBAaHHBIMH JaHHBIMH TI0 HAOJIIOJICHUI0 KUHETHKU CUTHAJA KPEMHHEBBIX JETEKTOPOB TPH
PETUCTPALINY TSDKEJIBIX HOHOB.

KINETICS OF THE SILICON DETECTOR SIGNAL IN REGISTERING
LONG-RANGE HEAVY IONS

V. Eremin, N. Fadeeva, E. Verbitskaya, I. Eremin, D. Mitina

loffe Institute
194021, 26 Politekhnicheskaya st., St. Petersburg
(812) 292-7953, fax: (812) 297-1017
vladimir.eremin@mail.ioffe.ru

Silicon planar detectors are widely used as universal ion sensors for ion tracking,
spectrometry, and mass definition. At the same time, the well-known effect of slowing down the signal
rise during the detection of heavy ions, so-called the plasma effect, significantly limits the detector
timing characteristics. The paper presents the results of studying the shape of a current pulse signal
generated in a silicon planar detector while registrating a heavy ion whose range exceeds the thickness
of the detector sensitive region (Long-Range Heavy Particles, LRHP), and electron-hole plasma arises
over the entire device thickness. The simulation of the dynamics of the electric field distribution along
the track axis performed with the assumption that the LRHP track is similar to a cylinder with a
uniform concentration of charge carriers showed that it includes fast and slow stages. The fast stage
with duration of about 100 ps is associated with the track polarization, and it corresponds to a current
peak with an extremely sharp rise. The rise time of the peak current is determined by the time of
LRHP traversing of the detector sensitive region, i.e. plasma formation time, which is a few
picoseconds. The shape and the amplitude of the current signal can be described analytically, which is
important for processing the results. The slow stage controls a current decay in the detector response
and therefore does not affect time resolution. The processes in the track of heavy ions are illustrated by
the results of mathematical modeling and agree with previously published data on the signal kinetics
of silicon detectors in the heavy ions registration.
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MHOT'OITAPAMETPUYECKASI CHCTEMA PET'HCTPALIMA NOHU3UPYIOIUX
N3JIYYEHUU JJ11 ONPEJAEJEHUSA COCTABA OAT

K. B. Epmos’?, C. E. Besos!
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Hacrosimas pabora kacaercst pa3pabOTKH W amnpoOaluy ONBITHOM yCTaHOBKM (CpencTBa
U3MEpEeHHs), NpeAHA3HAYEHHOH AJIs1 KOHTPOJIS TuapoMeTatypriudeckoro nepeaena OAT ¢ momomsio
Hepas3pylIalouX METOIOB aHaiu3a. B yCTaHOBKE HCIOJIB3YIOTCS SAECPHO-(U3MIECKHUE METOBI
perucTpanuy HOHU3UPYIOIIUX U3TYUCHUN U MaTeMaTHIeCKOH 00padOTKH MOTyYEHHBIX CUTHAJIOB.

Co3mana MHoOromapamMeTpuyecKas CUCTeMa PETHUCTPALUH, COCTOSIIAs M3 aHAIU3aTopa HM-
MyJIbCOB (Ha YETHIpE BXOJa), JETEKTOPOB MOHU3UPYIOLIETo anbda-, OeTa-, raMMa- U PEHTT€HOBCKOTO
W3JIyYCHUS, KOMIIBIOTEpA M CIEIHAIM3UPOBAHHOIO IPOrPaMMHOTO OOECTieUeHusT ISl  aHaIn3a
MOJTyYaeMbIX JAaHHBIX. AHAIN3aTOpP UMITYJILCOB COAEPKUT YEThIpe HE3aBUCHMBIX KaHala perucTpaiyu:
UMITYJIbChI, IPUXOSIINE OT JETEKTOPOB M0 KaKAOMY M3 KaHAJIOB, aHAIM3UPYIOTCS 110 X aMIUIUTYAE U
BpPEMEHHU TIOCTYIUIEHHS B aHajm3aTop. [IporpamMmHoe obecrieueHre MO3BOJSIET BH3YaJIM3HPOBATh U
aHaJIM3UPOBATh AMIUIMTYIHbIE CIIEKTPHI 110 KaXKIOMY M3 KaHAJIOB, BEIYUCIIATH YUCIIO COBINAICHUN MEXIY
MoOBIMH  IBYMsI KaHaJlaMM, BPEMEHHOE OKHO CXEMBbl COBHAJECHUH perymupyemoe. M3 momyueHHOU
COBOKYITHOCTH JJAaHHBIX ONPEAEIISIETCS COCTaB U y/IeIbHbIE KOHLIEHTPALUHU PaluOHYKIINIOB.

Ha wHacrosmmii MOMEHT CHCTEMa YKOMIUIEKTOBaHA ABYMS CHUHTHJUIAUOHHBIMH TamMma
netexktopamu ¢ Kpuctaiuiamu Nal(T!) tommuuOU 20MM, [-IETEKTOPOM Ha OCHOBE ILIACTHKOBOTO
CHMHTHIUIATOPA, CHMHTHUIIHOHHBIM PEHTTEHOBCKUM JETEKTOPOM ¢ KpuctaimioM Nal(T!) TommuHOR
3mM, u PIPS-merexkTopoM Iuis perucTpaiuy o-u3dydeHus. B pa3nuuHbIX KOH(PHUTypamusx cUcTeMa
MOYKET PETUCTPUPOBATh, KaK 0-, -, Y- 1 PEHTT€HOBCKUE CIIEKTPBI, TaK M 0-y, -y U Y-y COBHNAICHHUS,
B TOM YHCJIE B PEHTT€HOBCKOI 00JaCcTH SHEPTHH.

Kak cooOmamoce paHee aBTropamu B [l], cuctema OyAeTr HCIOIB30BaThCS B COCTaBe
MIPOrpaMMHO-aNNapaTHOr0 KOMILIEKCA, UCTIONB3YIOLIETr0 pa3InuHble METObI KOHTPOJIS, YTO MO3BOJIUT
NOJY4YUTh OoJiee HIMPOKWMH HaOOp MapamMeTpoB TEXHOJIOTHMYECKOTO KOHTPOJS THAPOMETAILIYp-
rudeckoro nepeaena OAT.

JIntepaTtypa

[1] AradonoBa-Mopo3 M. C. u np. HoBble KOMIJIEKCHBIE CHCTEMBI AJIsl TEXHOIOTUYECKOTO
KOHTposis pacTBopoB mpu Tmiepepaborke OSAT u obOpamenun ¢ PAO. Tesucel koH(pepeHIUH
Pagnoxumus 2022.

RECORDING MULTIPARAMETRIC SYSTEM IONIZING RADIATION TO DETERMINE
THE COMPOSITION OF SNF

S. E. Belov?, K. V. Ershov 2

V. G. Khlopin Radium Institute
2PNPI

This work concerns the development and testing of a pilot plant (measuring instrument)
designed to control the hydrometallurgical process of SNF using non-destructive analysis methods.
The installation uses nuclear physics methods for recording ionizing radiation and mathematical
processing of the received signals.

A multiparametric registration system has been created, consisting of a pulse analyzer (with
four inputs), detectors of ionizing alpha, beta, gamma and X-ray radiation, a computer and specialized
software for analyzing the received data. The pulse analyzer contains four independent recording
channels: the pulses coming from the detectors on each of the channels are analyzed by their
amplitude and time of arrival in the analyzer. The software allows you to visualize and analyze the
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amplitude spectra for each of the channels, calculate the number of matches between any two
channels, the time window of the coincidence scheme is adjustable. From the obtained data set, the
composition and specific concentrations of radionuclides are determined.

At the moment, the system is equipped with two scintillation gamma detectors with a 20 mm
thick Nal(TI) crystal, a beta detector based on a plastic scintillator, a scintillation X-ray detector with a
3 mm thick Nal(Tl) crystal, and a PIPS detector for recording alpha radiation. In various
configurations, the system can register both o-, -, y- and X-ray spectra, as well as a-, B-, and y-y
coincidences, including in the X-ray energy region.

As previously reported by the authors in [1], the system will be used as part of a hardware and
software complex using various control methods, which will allow obtaining a wider set of parameters
for technological control of hydrometallurgical conversion of SNF.
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TPAHCMYTALUSA Am-241 HA CUHXPOTPOHE IIUAAD
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B orpaborannom simepHom TormuBe (OAT) comepikarcst gecsaTku paauoHyKIUaoB. Yacts u3
HUX MOXXET OBITh MCIOJIb30BaHa MOCIE MepepaboTKU TOIUIMBA, YaCTh MOMaaaeT B 0TX0xAbl. IIpu aTom
OTXOIBI, COJIepKalliie KOPOTKOXKWBYIIME HW30TOIbI, MPEACTABISIOT HAaWOOJBIIYIO OMNACHOCTh, HO
OBICTPO pacmazaroTcsl, JONTOXHUBYILUE PaJAXOU30TONBI — MAJIOAKTUBHEL. M30Tom amepuuns Am-241,
oOragaer neproaoM monypacnana B 432,6 roga u nocratouHo aktueH 3,5 Kiopu/r. B atoit paGote
OMMCaH D3KCIEPUMEHT M0 TpaHCMyTauuu (mpeBpamieHuio) Am-241 B papyrue 3JeMEHTHl NpHU
00yYeHHH HEWTPOHAMHU Pa3IMYHBIX SHEPruil. B KauecTBe MCTOYHMKA HEHTPOHOB MCIIOJIB30BAJICS
curxpouukinorpon [HSA®D, rae va ycranoske THEMC neiiTponsl 06pasyroTcs B peakiny ClaneH .
[MoxpoOHOE onrcaHue HEHTPOHHOTO CHAJICHIIH-UCTOYHNKA ITPUBEICHO B CTaThe [1]

Panee aBropaMu Obula ONMyOJIMKOBaHA CTaThs [2], TI€ ONMUCHIBAJICSA IKCIICPUMEHT 110 MOHHUTO-
PUHTY HEHTPOHHBIX ITOTOKOB MEXIY KOHTEHHEpaMH, 3alI0JJHEHHBIMH BOJOM M YCTAHOBJICHHBIMH IO
KaMepoil YCKOpHTENs, BOIM3M BHYTPEHHEH CBHHIOBOH Mumenn ycraHosku ['HEWC. Komreitrepsl
C BOJIOWM HCIIONIB30BAIMCH JUI 3aMe[UIeHHs HEMTPOHOB, a MEXAy KOHTeHHepaMy YCTaHABIUBAINCH
MOHHTOPBI U3 HEPXKABEIOLIEH CTaMd. DKCIIEPUMEHT TO3BOJIMII OLCHUThH «TEMIIEpaTypy» HEHTPOHOB VIS
Pa3IMYHBIX TOJILMH 3aMEAJIMTENs M SKCICPHUMEHTAIbHO ONPENETNTh TOYKY MaKCUMAIBHOTO IOTOKa
TETIOBBIX HEUTPOHOB. B TaHHOM dKcIieprMEHTe Ha MOAJIOKKY M3 HepyKaBerollel cTany Obl1 HaHeceH Am-
241 (axtuBHOCTH MuIieHelH 1356-2535 bk — 10.3-18.7 Hr cooTBeTcTBeHHO). [10/17105KKH U3 HEpKaBEIOIICH
CTAJIM HCIONB30BAINCh B KayeCTBE MOHHUTOPOB HOTOKA. st perucrpauuy (pakToB TPaHCMYyTalUH U
OllpeieNIeHHs I0TOKA HEWTPOHOB MPUMEHSIIUCH METO/IbI alb(a- U raMMa-CIEKTPOMETPHUH.

[Tpu obmyyernnun Am-241 HeWTpOHaMU Pa3UYHBIX PHEPTU BO3MOXKEH CIEAYIOUIMN CIIEKTp
SNIEPHBIX peaknuii [3] — cM. TabII. HIDKeE.

[IpuHuMas BO BHUMaHHE Majioe€ BpeMs aKTHBALMM MUIIEHEH, Pa3HUIY B CEUCHHUSX AIEPHBIX
peaknuii, B 00IXy4eHHBIX OOpasuax ObUTH OOHApY>KEHBI JHUIIb XapaKTepUCTUYECKUE aib(a-TuHUN
(6069 u 6113 x3B), conmpoBosxaaromye pacmnan 2Cm, npu 3ToM MaKCHMAJILHOE KOJIHYECTBO 242Cm,
0.0159% (B mponeHTax OT akTUBHOCTH 2*1AM) GbLI0 0OHAPYKEHO B MULIEHH, I/I€ TIOTOK TEILIOBBIX
SMUTEIIOBBIX HEHTPOHOB OBLT MaKCUMaIbHBIM.
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Peaxuus Oueprernyeckuii mopor, MaB Ceuenne, OapH IleneBoii npoyKT
%2\ m—22Cm (83%)
ny 0 6oxnee 7000 242 A m 242y (17%)
n,2n 6.675 menee 0.3 240 Am—240Py
n,*He 0 meHee | 2BNp—28py
n,*He+n 0 JIaHHBIE OTCYTCTBYIOT BNp—Z*Pa
n,p 0 JAHHBIE OTCYTCTBYIOT 241py—24Am
nd 2.265 JIaHHBIE OTCYTCTBYIOT 240py 236
nf 0 Gonee 50 Z = 40-63 (*°Zr...15%Eu)
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NUCLEAR TRANSMUTATION OF Am-241 ON THE PNPI SYNCHROTRON
I. E. Alekseev?!, K. V. Ershov 2

V. G. Khlopin Radium Institute
2PNPI

Spent nuclear fuel (SNF) contains dozens of radionuclides. Some of them can be used after
fuel processing, some of the end up in nuclear waste. Wastes containing short-lived isotopes pose the
greatest danger, but they decay quickly, long-lived radioisotopes are inactive. The isotope americium
Am-241 has a half-life of 432.6 years and is quite active 3.5 Curies/g. This paper describes an
experiment on the transmutation of Am-241 into other elements when irradiated with neutrons of
various energies. A synchrocyclotron of the PNPI was used as a neutron source, where neutrons are
formed in the spallation reaction at the internal target. A detailed description of the neutron source on
the base spallation reaction is given in the article [1]

Earlier, the authors published an article [2] describing an experiment on monitoring neutron
fluxes between containers filled with water and installed under the accelerator chamber, near the
internal lead target. Containers with water were used to slow down neutron, and stainless steel
monitors were installed between the containers. The experiment allowed us to estimate the
"temperature” of neutrons for different thicknesses of the moderator and experimentally determine the
point of the maximum flow of thermal neutrons. In this experiment, Am-241 was deposited on a
stainless steel substrate (activity of targets 1356-2535 Bq — 10.3-18.7 ng , respectively). Stainless steel
substrates were used as fluence monitors. Alpha and gamma spectrometry methods were used to
register the facts of transmutation and determine the neutron flux.

When Am-241 is irradiated with neutrons of various energies, the following spectrum of
nuclear reactions is possible [3] — see Table. below.

Reaction reaction threshold, MeV Cross section, B The aim producte
n,y 0 > 7000 22 Am—242Cm (83%)
22 Am—242Py (17%)
n,2n 6.675 <0.3 240 Am—240py
n,*He 0 <1 28Np—2%8pPy
n,*He+n 0 Data absent BTNp—23Pa
n,p 0 Data absent 241py—241Am
n,d 2.265 Data absent 240py 236y
n,f 0 > 50 Z=40-63 (®°Zr...15°Eu)
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Taking into account the short activation time of the targets, the difference in the cross sections
of nuclear reactions, only characteristic alpha lines (6069 and 6113 keV) accompanying the decay of
242Cm were detected in the irradiated samples. The maximum amount of 242Cm, 0.0159% (as a
percentage of 241Am activity) was detected in the target, where the flow of thermal and epithermal
neutrons were the maximum.
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B mponecce mratHoi skcruryaranun ADC NpOMCXOOUT aKTHBALUsA HEWTPOHAMHM KOHCTPYK-
LIUOHHBIX MaTEpUAJIOB AKTUBHOM 30HBI M OMOJIOTHYECKOM 3aiuThl peakropa. llpu cHsATHH cTaHuuuM
C 3KCIUTyaTalliu Tepe]] OCYLIECTBICHHEM JEMOHTaXKa, KPUTUYECKH Ba)KHBIMH SIBIIIOTCA XapaKTe-
pu3anys W MaclopTH3alUsl HAKOIJICHHBIX PaJUOaKTHBHBIX OTXOJOB B OOJMYYEHHBIX KOHCTPYKIHOH-
HbiXx Marepuaniax ADC. EcTecTBeHHBIM KalbLMid B 3HAYUTENBHBIX KOJIMYECTBAX COACPHKUTCS
B OnMonormueckor 3amuTe peakropa. B coctaBe OeroHa kamplumii oOpaszyer 55-65 % macchl
B 3aBHCHMOCTH OT MapKy M Tuma OeToHa. Bo Bpems pa6otsl peakropa m3 “°Ca B pesynsrare (7, y)
peakuun HapalatbiBaeTcs paauounsoron “'Ca ¢ nepuomom nomypacnana 10° ser. TpaaumuoHHO s
onpeneneHns akTHBHOCTH “1Ca MCHONB3YIOTCS PaIMOXUMHMYECKHE METOJBI, OJHAKO IS XapaKTepH-
3alKu OOJIBIION Macchl 0OIYyYeHHON HEHTPOHAMH OMOJIOTHYECKOMN 3alIUTHl PEaKTOpa OCYIIECTBICHUE
padoT 3TUM CIIOCOOOM OYIET KpaiiHe TPYAOEMKHUM U JIOPOTOCTOSIIIHM.

MbI npejuiaraeM MCIoJb30BaTh (POTOAKTUBAIMOHHBIN TTOAXOM IS OLEHKH akTHBHOCTH “'Ca
B OOIyYCHHEIX OETOHAX OHOJOTMYECKOM 3alMTHl peakTopa 10 akTUBHOCTH °°Co ¢ IEpHOJOM
nosnypacmana 5,27 mer. Jns peanmzanmuu mpenjaraéMoro Imoaxoja MpenaraeTcs HCIOIb30BaHUe
dorosnepuoit peakimu “Ca(y, p)*K. PacueTHas MOrpemHOCTb MPENTAraeMoro METOJA COCTABIISET
5%. Ero uyBcTtBUTENBHOCTH cocTaBisieT 0,5 BK/T mpu MCHONb30BaHUM MOTYMPOBOJHUKOBOW ramMma-
cniekTpoMeTpur. [IpennokeHHbIH MOaX0/ YIPOoIaeT WACHTUPHUKAINIO, KOHTPOIb M cepTH(UKAIIUIO
“1Ca B 00s1y4eHHBIX GETOHAX OMOJOTMYECKOM 3aIMTBI SAEPHBIX SHEPTOOIOKOB M PA3IMYHBIX THIIAX
pannMoaKkTUBHBIX OTXOMOB. lccienoBaHue BBHIIOJIHEHO 3a c4eT rpaHTa Poccuiickoro HayqHoro ¢onaa
(mpoext Ne 22-29-01013).
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PHOTOACTIVATION APPROACH TO DETERMINATION OF LONG-LIVED
RADIOISOTOPES DECAYING WITHOUT GAMMA-QUANT EMISSION,
IN REACTOR IRRADIATED STRUCTURAL MATERIALS

M. V. Zheltonozhskaya, D. A. Yusyuk, Yu. O. Balaba, A. P. Chernyaev

Lomonosov Moscow State University, Russia, 119991, Moscow, GSP-1, Leninskiye Gory 1, b. 2
* zhelton@yandex.ru, +7 (905) 579-87-83

During normal operation of a nuclear power plant, neutrons activate the reactor core’s
structural materials and the reactor biological shield. During the decommissioning of a nuclear facility,
the characterization and certification of the accumulated radioactive waste in the irradiated NPP
structural materials is of crucial importance. Natural calcium is present in significant amounts in the
reactor’s biological shield. In the composition of concrete, calcium accounts 55-65 % of the mass,
depending on the brand and type of concrete. During reactor operation a “'Ca radioisotope with a half-
life of 10° years is formed from “°Ca by the (n, y) reaction. Traditionally, radiochemical methods are
used to determine the activity of “'Ca. However, to characterize a large mass of the neutron-irradiated
biological reactor shield, carrying out work by this method will be extremely laborious and expensive.

We propose to use a photoactivation approach to assess the activity of *'Ca in irradiated
concretes of the reactor biological shield according to the activity of ®°Co with a half-life of 5.27 years.
To implement the proposed approach, it is proposed to use the *Ca(y,p)**K photonuclear reaction. The
estimated uncertainty of the proposed method is 5%. Its sensitivity is 0.5 Bg/g when using
semiconductor gamma spectrometry. The proposed approach simplifies the identification, control and
certification of *'Ca in irradiated biological shielding concretes of nuclear power plants and various
types of radioactive waste. The study was supported by a grant from the Russian Science Foundation
(Project No. 22-29-01013).

YUET SIAEPHBIX PEAKIIMI B OIIEHKE CTOMKOCTH KB K BO3JIEMCTBHIO
HEWMTPOHOB

A. B. I'pynnn, C. A. 3axaposa, A. E. 3napreB

®denepalibHOE TOCYIAPCTBEHHOE YHUTAPHOE IpeAnpusaTie «Poccuiickuii enepaibHbIi AACPHBINH
HEeHTp - Beepoccuiickuii HayqyHO-HCCIIeJ0BATENLCKUI MHCTUTYT SKCIIEPUMEHTAILHON (QU3UKID
607188, Hmwxeropoackast o0:x., r. Capos, np. Mupa, 37
otd4@expd.vniief.ru

[Tupokoe npuMEHEHUE BHICOKO MHTETPUPOBAHHBIX W3ICIUH 3JIEKTPOHHON TEXHUKU B pa3jiny-
HBIX 00BEKTaX KOCMHYECKOH U SIIEPHOM TEXHHKH CAETAN0 aKTyaJbHBIM 00ecreueHHe YCTOHYNBOCTH
anmapaTtypsl K JeHCTBHIO HOHU3UPYIOMNX W3Ty4deHHi [1], B 4aCTHOCTH, K ACMCTBUIO TSDKETIBIX 3apsi-
skeHHBIX "acTul] (T34). T3Y BEI3bIBarOT HE TONBKO OAWHOYHEIE, HO U MHOTOKpaTHbIe cOOHM B MHTE-
TpalbHBIX CXEMaXx C TOIOJIOTHYECKUMH HOpMaMu MeHee 90 HM.

[IpoBenen ananus u 000O0IIEHUE JTUTEPATYPHBIX JaHHBIX MO MOJENSM TPEeKOOOpa3oBaHHs OT
T34 B moJynpoBOJHUKOBBIX M AudIeKTpudeckux matepuanax (Si, Ge, SiO,, GaAS) u xapakTepHbIM
pasmepam Tpeka. Hampumep, paamyc cepiueBHHBbI Tpeka B Si cocraBimsier 4-5SHM, AJHMHA Tpeka
ompenensercs mnpoderom T3Y. Paccmorpena »sBomonust Tpeka T3U B MOMYNMPOBOJHHKOBBIX
CTPYKTypax NpH JIOKAIbHOM BblAedeHud 3Hepruu oT T3YU, pokmaembx B pe3yibTaTe SACpPHBIX
peakuuii OT HEWTPOHOB PA3IMYHOrO NpoUcXokaeHus. B npubmmwkennn Mu-I'proHaiizeHa npoBeaeHb
OLICHKM JaBJICHHUS M TEMIIEPaTypbl, BO3HUKAIOUIMX B Tpekax paccmaTtpuBaembix 13Y. Temneparypa
BEIIECTBA B Tpeke 3a BpeMeHa nopsaka 1072 ¢ gocturaer 10° K, 4To NpUBOIUT K BO3HUKHOBEHHIO B
Tpeke TemoBoro nasnenus a0 10%° IMa. JlokansHoe BhImenenue sHeprum ot T3Y u HarpeB Tpeka
MPUBOAAT K BO3HMKHOBEHHMIO aKyCTHUECKHX BOJH pas3rpy3KH, KOTOpBIE PacHpOCTPAHAIOTCS IO
BEIIECTBY C Ha4aJbHOW CKOPOCTHIO, pAaBHOM CKOpPOCTH 3ByKa. BosHuKIIee B Tpeke JaBICHHE MOXKET
MPUBECTH K TUHAMHYECKOMY pa3pyLICHUIO HEKOTOPBIX MOIYIPOBOJHUKOBBIX MaTepHaIOB (HaIIpHUMep,
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repmanusi). [Ipu OCTBHIBaHMHM CEpALIEBHHBI TpeKa MPOMCXOAUT amMopHu3aIys KPHCTALUTHIECKOH
PELLIETKH, YTO MOXKET YMEHBIIUTH APEH(POBYIO MOABIKHOCTL U BpeMs )KU3HU HOCUTENEH 3apsia.

[TokazaHo, 4yTO MpH aHaJIN3e MpoIlecca BOSHUKHOBEHUS OJJHOKPATHBIX M MHOTOKPAaTHBIX cOOEB
B HMHTETPaJbHBIX CXeMaxX MOMUMO IU(PPY3HOHHO-APEH(POBON MOJIENN KHHETHKH HEPaBHOBECHBIX
HOCUTEJIe HeOOXOIUMO YUUTHIBATh THAPOAMHAMHYECKUN KaHAI pasrpy3KH Tpeka, 00yCIOBICHHBIN
JBIDKEHHEM aKyCTHYECKON BOJHBI pa3rpy3ku. /s oObsCHEHUS BO3MOXHOTO BKJIaJla JUHAMHUYECKOTO
pa3pylIeHHs. MaTEPUAJIOB IIPU BO3JCHCTBUU HEUTPOHOB IPEUIOKEHO PAcCMAaTPUBATh TMAPOAUHAMU-
YEeCKYI0 MOJIETb Pa3rpy3KH TPEKOB BTOpHUYHBIX T3Y.

CnMcok JuTepaTypsl
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ACCOUNT OF NUCLEAR REACTIONS IN ESTIMATION OF ECB RESISTANCE
TO NEUTRON EFFECTS

A. V. Grunin., S. A. Zakharova, A. E. Zdaryev

Federal State Unitary Enterprise «Russian Federal Nuclear Center — All-Russian Research Institute of
Experimental Physics», Sarov, Nizhny Novgorod region, Mira ave 37
otd4@expd.vniief.ru

Equipment hardening to ionizing radiation effect [1], in particular, to the effect of heavy
charged particles (HChP) has become a topical question due to a wide application of high-integrated
electronics products in different objects of space and nuclear engineering. HChP cause not only single
but also multiple faults in integrated circuits with layout rules less than 90 nm.

Conducted were analysis and generalization of literature data on models of track formation
from HChP in semi-conductor and dielectric materials (Si, Ge, SiO,, GaAs) as well as characteristic
track dimensions. For example, the track core radius in Si is 4-5 nm, the track length is determined by
HChP range. Addressed is evolution of HChP track in semiconductor structures at local energy release
from HChP, born as a result of nuclear reactions of different origin neutrons. Pressure and
temperature, emerging in studied HChP tracks were evaluated in Mie-Griineisen approximation. For
times of 102 s order the track matter temperature approaches 10° K, what leads to occurrence of
thermal pressure up to 10'° Pa in the track. HChP local energy release and track heating lead to
emerging of acoustic unloading waves, which are spreading over the matter with initial velocity,
equaling to sound velocity. Pressure, arising in the track, can lead to dynamic failure of some
semiconductor materials (for example, germanium). When track core cooling-down, amorphization of
crystal lattice occurs, what can diminish drift mobility and lifetime of a charge carrier.

It is shown, that when analyzing emergence process of single and multiple failures in
integrated circuits besides diffusion-drift model of non-equilibrium carriers’ kinetics, one should take
into account a flow dynamics channel of track unloading, conditioned by acoustic unloading wave
motion. To explain possible contribution of dynamic materials failure under neutron action, it has been
suggested that the flow dynamics unloading model of secondary HChP tracks be contemplated.

References

1. Chumakov A. I. Space radiation effect on integrated circuits. — M.: Radio i Svyaz, 2004.
320 p.
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NCCIEAOBAHUE IPUMEHUMOCTU INIOTHOMETPUH JJIS1 KOHTPOJISA
TEXHOJOTMYECKHUX PACTBOPOB ITPOLECCOB 3KCTPAKIIMOHHOTI'O
ADOPUHAKA

E. II. 3enenenxas, A. b. Tory3oaesa

®denepanbHOE TOCYIAPCTBEHHOEC aBTOHOMHOE 00pa30BaTeIbHOE YIPEKICHUE BRICIIETO 00pa30BaHUS
«HanmonaneHbI uccnenoBaTenbcKuil TOMCKUM MOTUTEXHUYECKUA YHUBEPCUTETY,
Poccus, 634050, r. Tomck, npocniekt Jlenuna, nom 30, ten. +79059922999
e-mail: zeka@tpu.ru

PaboTsel MO 3aMBIKaHUIO SACPHOIO TOIUIMBHOTO IHUKJIA Yepe3 PEaKTOPHbIC YCTAaHOBKH Ha
obicTphiX Helirponax (BH) mpuBenun x HEOOXOAMMOCTH pa3padOTKW TEXHOJIOTHHA SKCTPAKIIUOHHOTO
adpuHaKa HOBOTO IMOKOJICHUSI MPUMEHUMBIX MPH mepepadoTke 0TpabOTaHHOTO YpaH-TTYTOHHUEBOTO
snepraoro torumsa (OAT).

B cumy Beicokoit aktuBHOocTH OST ¢ BH anmmaparsl TeXHOMOTWYECKWX — JTHHHHA
9KCTPAKIMOHHOTO ad(uHaXKa UMEIOT SIEPHO-0€30IaCHYI0 T€OMETPHUIO, YTO CHIDKAET PaAHallduOHHYIO
Harpy3Ky Ha TE€XHOJIOTHYECKHE pacTBOpbl. Ho mpu 3TOM BO3HMKAIOT CyLIECTBEHHbIE 3aTPYJHEHUS B
yIpaBJIeHUH IOTOKAMHU C «MHUKpopacxonaMu». [lomoOHbIe TPYyOHOCTH HNPUBOIST K HEOOXOOUMOCTH
pelieHust pobyieM ¢ MOAAEp>KaHHEM BBICOKOW CTENEHH W3BJICUCHMS LIEJIEBBIX KOMIIOHEHTOB, TAKHX
KaK ypaH, IUIyTOHHH M Jp. W3 TEXHOJIOTUYECKUX DPACTBOPOB, U OOECCIICUCHHEM SACPHOU HUHUCTOTHI
KOHEYHBIX XUMHYECKHX KOHLEHTpaToB. O003HaYeHHBIE TPOOJIEMBI MOXKHO PELINTh 33 CUET JKECTKOTO
KOHTPOJISI KOHIIEHTPAIMHY 1IeJIeBBIX KOMIIOHEHT B PACTBOPaxX Ha BCEX TEXHOJIIOTHUECKUX ITamax.

UccnenoBanuss B [1] mokazamu, uTo mpouib KOHIEHTPAMOHHOTO pacHpeAeieHusl Mo
TEXHOJIOTHYECKOMY OOBEKTy He paBHOMepeH. [losToMy ompenesneHne KOHLEHTpPAlMU ILIEJIEBBIX
KOMIIOHEHT IOJDKHO IIPOBOIMTHCSI HE TOJNBKO B «TOJIOBHBIX)» amllaparax, HO M Ha IIOTOKE. YUUTHIBas
AJEpHYI0 OMNAaCHOCTh NPOM3BOACTBA B OCHOBY KOJMYECTBEHHOIO M KAadeCTBEHHOTO aHalu3a
HEOOXOMMO 3aJI0KHUTh METOIBI Hepaszpymatomiero aHanmmza (HPA).

Omanm w3 Hambosiee WHAOOPMATHBHBIX METOIOB, OTHOcAmuxcs k HPA sBnsercs mioTHO-
merpus. Ho, HecMOTpss Ha MHMPOKOEe pacmpoCTpaHEHWE, NaHHBIH METOA HMeEeT COOCTBEHHBIE
CYLIECTBEHHbIC OrpaHnueHus. Hannune orpaHnueHuid NpuBENIO K HEOOXOAMMOCTH JTOTIONHUTEIBHBIX
71a00paTOPHBIX M KOMIIBIOTEPHBIX HCCIIEIOBAHUI BO3MOMKHOCTH NPUMEHEHMS IUIOTHOMETPUU IS
KOHTPOJISI TEXHOJOTMYECKHX PAaCTBOPOB MPOLECCOB 3KCTPAKIMOHHOTO adduHa’ka Ha IOTOKE HE
TOJIBKO B CTATUYECKOM, HO U B TMHAMUYECKOM PEKUMaX.

Cnucok JiuTepaTypsbl
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APPLICABILITY RESEARCH OF DENSITOMETRY TO PROCESS SOLUTIONS
CONTROL OF EXTRACTION REFINING PROCESSES

E. P. Zelenetskaya, A. B. Toguzbaeva

National Research Tomsk Polytechnic University, Lenin Avenue, 30, Tomsk, Tomsk region,
mob. +79059922999, e-mail: zeka@tpu.ru

The work on closing the nuclear fuel cycle through fast neutron reactor (FNR) facilities led to
the need to develop new generation extraction refining technologies applicable to reprocessing of
spent uranium plutonium nuclear fuel (SNF).

Due to the high activity of SNF from FNR, the apparatuses of the extraction refining process
lines have a nuclear-safe geometry, which reduces the radiation load on the process solutions.
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However, at the same time, there are significant difficulties in flows control with «micro-flow rates».
Complexities of that nature lead to the need to solve problems, not only with maintaining a high
degree of target components extraction, such as uranium, plutonium, etc. from technological solutions,
but also with ensuring the nuclear purity of the final chemical concentrates. These specified problems
can be solved by strictly controlling the concentration of the target components in the solutions in all
technological phase.

Studies in [1] have shown that the concentration distribution profile across the process facility
is not uniform. Concentrations of the target components must therefore be determined not only in the
«head» apparatus, but also on the flow. Given the nuclear hazard of the production, non-destructive
analysis (NDA) methods should be the basis for quantitative and qualitative analysis.

One of the most informative methods related to NDA is densitometry. Nevertheless, despite its
widespread use, this method has its own significant limitations. The presence of limitations has led to
the necessity of additional laboratory and computer-aided research of application possibility of
densitometry to process solutions control of extraction refining processes on a flow not only in static,
but also in dynamic modes.
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BOCCTAHOBJIEHUE SHEPTETUYECKOI'O CHEKTPA YCKOPUTEJIA 3JIEKTPOHOB
1O OKCIIEPUMEHTAJIBHO U3MEPEHHBIM PACHPEJAEJEHUAM INOTJIOIHNEHHOU
JA03bI B OITIOPHOM MATEPHAJIE

C. A. 30410108, A. II. YepHnsies, Y. A. bauzniok, ®@. P. Crynenuxkun, I1. }O. Bopmerosckas,
A. 1. Hukutuenko, H. A. AuTununa, A. A. Hukonaesa, H. 1. Kpeueros, C. A. CokoJi0B

MockoBckuii 'ocynapcrBennsiid Y HuBepcuteT umenu M. B. JlomonocoBa, 119991, Poccuiickas
Ddeneparmst, Mocksa, Jlenunckue ropsl, 1. 1, +7 (495) 939-41-60, zolotov.sal5@physics.msu.ru

CeroiHs T03MMETPUYECKOE TUTAHMPOBAHUE MTPOMBIIIIEHHON pagnaliMoHHOl 06padboTku (PO)
OCYILIECTBIISIETCS C MOMOIIBIO [UICHOYHOW J03MMETPHUH, MOTPELUIHOCTh KOTOpoi mocturaer 15 % [1].
W3-3a 3TOr0 JaHHBIA MOJXON MOXET OBITh HENPUMEHUM s TmanupoBanus PO 00BEKTOB,
YyBCTBUTEJILHBIX K TOYHOCTH W3MEPEHUs TIIYOMHHOTO paclpe/eeH s MOoroIeHHon 10361 PDD [2].
AnbTEpHAaTUBON BBICTYNAET MPUMEHEHHE KOMIBIOTEPHOIO MOJEIMPOBAaHMA AN IuaHupoBanus PO,
HO JaHHBIA METOJ KPUTHYECKU 3aBUCUT OT TOYHOCTH 3HAHUSA SHEPT€TUUYECKOTO CIIEKTPa YCKOPHTEISL.

B nmanHO# paboTe mpemiaraeTcs aqrOpPUTM BOCCTAHOBJICHHUS JHEPTETHUECKOTO CIEKTpa
YCKOPHUTEINS MO SKCIEPUMEHTaIbHO M3MepeHHOMY PDD B sTanonHOM Matepuane. OCHOBHAS HES
IrOpUTMa 3aKJII0YAeTCsl B 1M0J00pe B3BELICHHOW KOMOMHAUUN PDD OT MOHO3HEPreTUYECKUX 3JIEK-
TPOHOB B ATAJOHHOM MaTepualle, MaKCUMallbHO OJIM3KOW K SKCHIEPHUMEHTAIIbHO H3MEPEHHOMY pacripe-
Jienenuto. J{s MpoBepKU alropuTMa Ha MEAMIMHCKOM yckopuTene Varian TrueBeam ¢ momorisio
noHm3armoHHeIx Kamep Semiflex 3D u Roos Chamber, o6ecnieunBaromux TouHOCTh 0.5 %, ObLIH
AKCIIEPUMEHTANBHO U3MepeHbl PDD, co3naBaeMble 3JEKTPOHAMH ¢ 3Hepruet 6 mu 9 MsB B Boze,
TBEpOH BoJie ¥ aroMUHUK. OTIOpHBIE JaHHBIe, HEOOXOAUMBIC AJIsl paOOTHI alTOPUTMAa, OBLTH paccyu-
TaHBI ¢ TOMOIIBI0 KOMIIBIOTEPHOTO MOJEIMUPOBAHMS C UCIIOIB30BaHNEM HHCTpyMeHTapus Geant4.

Bepudwukamnus anroputMa mpoBOAMIACH ITyTEM CPaBHEHWS BOCCTAaHOBIEHHBIX PDD B 1ene-
BBIX MaTepHajax, PacCUMTaHHBIX C MOMOLIBIO Pa3pabOTaHHOTO AITOPUTMa MO SKCHEPHUMEHTATBLHO
W3MEPEHHBIM TTyOMHHBIM JIO30BBIM PACIpe/ICICHUsIM B OMOPHBIX MaTepHaliaX, ¢ SKCIEPUMEHTAIbLHO
WU3MEPEHHBIMH PACIIPENEICHUSIMU B IIEJIEBBIX MaTepHanax. PacxoxkaeHne Mexay pacCUUTAHHBIMH U
9KCIEPUMEHTAILHBIMI JTAHHBIMH COCTAaBWIJIO He Ooniee 5 %, 4TO TOBOPUT O KOPPEKTHOH pabore
anroputMa. Takke ajlropuT™M IOKa3aJl YCTOWYMBOCTh pELIEHUS NPHU HCKYCCTBEHHOM BHECEHHUH
B DKCIIEpPUMEHTAIIbHBIE JaHHbIe rorpemHocTy 10 30 %.
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RECONSTRUCTION OF ELECTRON ACCELERATOR ENERGY SPECTRUM FROM
EXPERIMENTALLY MEASURED ABSORBED DOSE DISTRIBUTIONS IN BASE
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A. D. Nikitchenko, N. A. Antipina, A. A. Nikolaeva, N. D. Krechetov, S. A. Sokolov

M. V. Lomonosov Moscow State University, 1 Leninskie Gory Moscow 119991, Russian Federation,
+7 (495) 939-41-60, zolotov.sal5@physics.msu.ru

Today, industrial radiation treatment (RT) dosimetry planning is performed using film
dosimetry, which has an error rate of up to 15 % [1]. Because of this, this approach may be
inapplicable for planning the RT of objects sensitive to the accuracy of PDD depth distribution
measurements [2]. An alternative is the application of computer simulation for RT planning, but this
method critically depends on the accuracy of knowledge of the accelerator energy spectrum.

In this paper, an algorithm is proposed to reconstruct the accelerator energy spectrum from
experimentally measured PDD in a reference material. The basic idea of the algorithm is to select a
weighted combination of PDDs from monoenergetic electrons in the reference material that is as close
as possible to the experimentally measured distribution. To test the algorithm on the Varian TrueBeam
medical accelerator, PDDs generated by 6 and 9 MeV electrons in water, solid water and aluminium
were experimentally measured using Semiflex 3D and Roos Chamber ionisation chambers providing
0.5 % accuracy. The reference data required for the algorithm were calculated by computer
simulations using the Geant4 toolkit.

Verification of the algorithm was performed by comparing the reconstructed PDDs in the
target materials calculated using the developed algorithm from experimentally measured depth dose
distributions in the reference materials with experimentally measured distributions in the target
materials. The discrepancy between the calculated and experimental data was not more than 5%,
which indicates the correct operation of the algorithm. Also the algorithm showed stability of the
solution in case of artificial inclusion of an error up to 30% in the experimental data.
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JE®EKTBI B YBCO-GdBCO JIEHTAX, HABEJIEHHBIE 18 M3B TIPOTOHAMMA
JJIs1 YCUWIEHUA HAMATHUYNBAHUA

3. M. Uoparumosal, C. B. Apremosl, O. O. Baxpanos!, H. D. Uckannapos?, X.T. Hazapos?,
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Yucruryr snepuoit pusuku, n. Yiuyroek, Tamkent, Y30ekucTaH,
?[lenTp mepenoBbIX TeXHOIOTUH, yi1. Tanabanap 2a, TamkenT, Y36ekucran,
% 141980 O6beAMHEHHBIIT MHCTUTYT SIAEPHBIX HCCNenoBanui, r. Jlyona MockoBckoi obnacTu,
yi1. XKomuo-Kropu, 1. 6
ibragimova@inp.uz

Kpome mpumenennii BTCII kaGeneit B sHepreruke, akryanbHo cozganue BTCII marautos
JUIsl yCKopuTeeit 3apspkeHHbIX yacTull. Kommanueii S-Innovations, P®, usrorosienst SUPerOX eHTHI
2-nioxonerns (YBaCuO nwmm GdBaCuO mukpocioii HaneceH Ha cranb C276 u nokpeir Ag-Cu-PbSn),
KOTOpBIE JIOJDKHBI Tiporryckath Tok >200 A B mose Boie 10 Tecna. st 5TOro HEOOX0IUMO CO3/1aTh
CHUCTEMY LIEHTPOB IIMHHUHIA MAarHUTHOTO NTOTOKA JTM0O XMMUYECKHM BBEIEHMEM HAHOYACTHUL] OKCHI0B
metauia B BTCIL, nubo paauanvoHHBIM CO3/aHHMEM HaHOPa3MEPHBIX JeQEKTOB aHW30TPOITHOMN
cTpykrypsl. IIpu pasmepe Kyneposckoii mapsl &~ 2 HM, ONTUMAIbHOE PACCTOSIHAE MEXIY LEHTPaMHU
MUHHUHTA T0JDKHO OBITH ~AL OoJiee IByX 1namMeTpoB AGPUKOCOBCKMX BUXPEH TOKA.

ILlenw axcnepumenma — co3ath yrnopsa0ueHHbIE IIEHTPHI MTUHHUHTA U3 TPEKOB OBICTPHIX MPO-
ToHOB BIoJb BTCII-eHTHI, HccnenoBaTh UX MHKPO-HAHOCTPYKTYPY M MarHUTOCOIIPOTHBICHHE Pm
B okpectHOCTH T 11 10 300 K. OTpe3ku JeHT KPEIUIi Ha METHON OXJIaKIaeMOil MUIIICHH W 00JTyJain
B BakyyMe ImyukoM 18,5 MaB npoTtoHoB & 2 cM BIOJIb JICHT MOJ yIJIOM 7° K IOBEPXHOCTH TIPH TOKE
1-2 pA 1o dmoenca (1-5)x10% cm? 10 mun. PacyeTHOE paccTOsIHUE MEXK Ly TpeKamu IpoToHOB 0,2—1 M.

Pesynvmamur. O6nyuenne ungyuuposaio B BTCII pagmonykiauasl ¢ B-y-sMuccuei 1o
JTOMHMHUPYIOIIMM  siiepHbIM — peakmusaM — 0(p,a) *N(BH)C,  ®Cu(p,n)®zn, ¥Ba(p,2pn)*Cs,
89Y (p,n)®Zr n °510Gd(p,n)*>>1Th, Ha noBepxHOCTH 0OHApPYKEHBI TIApAILIETbLHBIE TPEKH TTPOTOHOB
Ha paccTOsSHUM ~1 UM M TpeOHU yOapHBIX BOJH 5 UM, a TaKKe KOHLIEHTPUYECKHE M CHHpAJILHBIC
BoJIHBI 10-200 pM. JIOKanbHBIA 27EMEHTHBIA aHAIN3 TPEKOB MOATBEPANI T'E€HEPALUIO 3TUX HYKIIUAOB.
[Ipousomuo wyactuuHoe pasznokeHue Y Ba,CusO07.x—0.5Y,03+2BaCuO,+CuO. [Jo oOmyueHuss MUKU
pm(0,55 T) mpu 140 u 300 K B YBCO u 240 u 280 K 8 GdBCO (xumMu4ecKuii MUHHUHT), a MOCIIe
oOiyuenust — apyrue nuku. HecBepxmpoBopsuiue (a3bl HMEIOT Hapa-(peppo-MarHUTHYIO MPUPOLY
LEHTPOB NHHHUHTA. Jlokanu3anuss HOCHUTENeM WM KOHJEHCAIMs TIOJSIPOHOB XapaKTepHU3yeTcs
MUHAMYMOM TIONBIKHOCTH Hocutened mpu 160 m 250 K. Ilo mepe pacmama paguoHYKIUIOB
HaMarHMYMBAaHUE U TOABMKHOCTDh U3MEHSIOTCS, YTO MOATBEPKAACT PaIUalOHHBIA TMHHUHT.

DEFECTS IN YBCO-GdBCO TAPES GENERATED BY 18 MeV PROTONS
FOR ENHANCING MAGNETIZATION

E. M. Ibragimova?, S. V. Artemov?, O. O. Bahranov?, N. E. Iskandarov?, Nazarov Kh. T.2,
M. A. Mussaeval, O. T. Tursunkulov, O. R. Tojiboev}, U. T. Kurbanov?, B. S. Yuldashev?,
M. S. Novikov?, S. I. Tyutyunnikov®

YInstitute of nuclear physics, p. Ulugbek, Tashkent, Uzbekistan;
2Center for advanced technologies, str. Talabalar 2a, Tashkent, Uzbekistan;
3 Joint Institute for Nuclear Research Joliot-Curie 6, 141980 Dubna, Moscow Region, Russia
ibragimova@inp.uz

Besides implementations of HTSC cables in power engineering, it is actual designing HTSC
magnets for charged particles accelerators. Company S-Innovations, RF, produced SuperOx tapes of
2-generation (YBaCuO or GdBaCuO microlayer is deposited on steel-276 and coated with Ag-Cu-
PbSn microlayers), which should pass current >200 A in H field > 10 Tesla. For such goal, it is
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necessary to form a net of magnetic flux pinning centers either by chemical introducing of metal-oxide
nanoparticles in HTSC or by generation of nano-size anisotropic structure defects by irradiation.
Having the size of Cooper pair &~ 2 nm, the optimal distance between pinning centers should be ~A_ > 2
diameters of Abrikosov current vortices.

Aim of experiment — to generate ordered pinning centers from fast proton tracks along HTSC
tape, to study their micro-nanostructure and magnetoresistance Rn nearby 7t and up to 300 K. Cuts of
tapes were fixed on cooled copper target in vacuum and irradiated by 18.5 MeV protons beam of &2
cm across along the tapes at the angle 7° to their surface at current 1-2 YA to achieve a fluence
(1-5)x10%** ¢cm for 10 min. The distance between proton tracks was estimated 0.2-1 pm according to
radial distribution.

Results. The irradiation induced radionuclides in HTSC with -y-emission over dominating
nuclear reactions 0(p,0)N(B*)C, ®Cu(p,n)%*zn, *Ba(p,2pn)**Cs, &Y (p,n)®zr and %
180Gd(p,n)*>>180Th. Parallel proton tracks spaced ~1 um, shock waves 5 pum, and concentric/spiral
waves 10-200 um were found on the beam exposed surface. SEM and local element analysis of the
tracks confirmed generation of these radionuclides. XRD showed partial disintegration YBa,Cu3zO7.x
— 0.5Y,0; + 2BaCuO; + CuO after irradiation. Prior irradiation peaks of Rn(0.55 T) are at 140 and
300 K in YBCO, and 240 and 280 K in GdBCO (chemical pinning), but after irradiation other peaks
appeared. Non-superconducting phases have para-ferro-magnetic pinning centers. Localization of
charge carriers or polarons condensation is characterized by the minima of carrier mobility at 160 and
250 K. During the radionuclide decay the magnetization and carrier mobility is changing, that
confirms the radiation origin of pinning.

OU3NKO-XUMHNYECKHUE MPOLECCHI B ITPOAYKTAX IUTAHUS ITOCJIE
NX PAIMAIIMOHHOU OBPABOTKH

B. C. UnatoBa, Y. A. bauzuwk, II. 0. bopumerosckas, T. A. boaoTHuk, A. B. bpayn,
N. A. Ponumn, A. I1. YepusieB, M. K. bexnemuiues, . C. FOpos, ®. P. CtynennkuH,
C. A. 304010B, A. JI. Hukntuenko, O. 10. Xmenesckuii, 5. B. 3y0punkas,

H. T. Me:xxeroBa, B. C. UBaH1i0Ba

! MockoBckmii rocyJapcTBeHHbli yHuBepcuTeT uMend M. B. Jlomonocosa, Mocksa, 119991, I'CII-1,
Mocksa, JIenunckue ropsl, jom 1, ctp. 2, Poccus; +74959394946
Tenedon: +74959394946
E-mail: ipatova.vs15@physics.msu.ru

Pagnanmonnas o0paboTka MPOAYKTOB MATAHUS UCIOIB3YETCA C LENbI0 KOHTPOJII MHKPOOHO-
JIOTUYECKON M MATOTEHHOW 0€30IMMaCHOCTH MHINEBON MPOIYKIIUH, a TAKXKE IS MPOJJICHUS €€ CPOKOB
rogHoctd. C TMPaKTHUYECKOM TOYKH 3PEHUS BaXKHBIM SBISETCS YCTAHOBIEHHE TEXHOJIOTHYECKUX
JIMAIIa30HOB /103 AJI PA3JIMYHBIX KAaTEeropuil MpOAYKLUHH, KOTOPBIE, C OJAHOH CTOPOHBI, IPOJJIEBAIOT
CPOKH XpaHEHHUS NMPOAYKTOB, C IPYTOW CTOPOHBI, HE MPUBOIAT K CYIIECTBEHHBIM W3MEHEHUSIM B UX
XUMUYECKOM COCTaBE.

Ha xadenpe dusuku yckopuTenedl u pagualMOHHOW MeIUIMHBI (QU3MYEeCKOro (akyybTeTa
MI'Y BemyTcsi MccieOBaHUS MO BBISBICHUIO (PU3MKO-XMMHUYECKHUX 3aKOHOMEPHOCTEH, MPOUCXOs-
IIMX B MUILEBBIX NPOAYKTaX, IMOCIE HMX PaJHalMOHHOH OOpaOOTKM pPa3sIUYHBIMU (U3UUECKUMH,
XMMHUYECKUMHU U MUKPOOHMOJIOTHUECKMMHU MeToaaMHu. VccienoBaHus NpOBOAATCS COBMECTHO C XUMH-
geckuM ¢akynpTreToM MI'Y, HUUAD MI'Y, ®T'bHY BUJIAP, COHIIA PAH, CeyeHoBCKUM YyHU-
BepcuTeToM u PocroTpeOHaa30poM.

MeTomoM ra3zoBoil XpoMaTo-Macc-ClIeKTPOMETPHH IS Psiia IPOLYKTOB OOHAPY>KEHBI U KOJIH-
YECTBEHHO OLICHEHBI HU3KOMOJIEKYJISIPHBIC JIETyYle OpraHMYeCKUe COCTUHEHUS (CITUPTHI, albJeTHIbL,
KETOHBI H JIp.), KOTOPBIE B OOJILIIMHCTBE CBOEM OTBETCTBEHHBI 3a crielUIeckuil 3anax MmpoayKIIHH,
a TaKxke CcreM()UIHO pearupyroT Ha 03y HOHU3UPYIOIIEro u3nyyenus [1].

Pazpabotan ciocod naeHTHPHUKALINN 1 KOJMYECTBEHHOM OLIEHKH CTPYKTYPHBIX HOBPEXKACHUH
0EITKOBBIX MOJIEKYJI C HCIIOJIh30BaHUEM METOJIOB TPUIICHHOJIN3A M XKHUIKOCTHON Xpomarorpaduu [2].
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Benercs paspaboTka  CHeKTpO(OTOMETPHUECKOTO METOAa  KOJMYECTBEHHOW — OLIEHKH
colepKaHusl MeTreMoriioomHa B o0pa3lnax NPOAYKLUUH, KOTOPBIH MOXET OBbIThb HCIHOJIb30BaH Kak
WHJINKATOP WHTEHCUBHOCTH OKHUCIIUTENBHBIX MPOIIECCOB TOCIIE PaJIUAIIMOHHON 00paboTKH.

UccnenoBanust BHIONHSIOTCS Tpu (uHaHCOBOM momumepxke PH® B pamkax HaydHOrO
npoekTa Ne22-63-00075.
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PHYSICO-CHEMICAL PROCESSES IN FOODS AFTER IRRADIATION

Ipatova V. S., Bliznyuk U. A., Borshchegovskaya P. Yu., Bolotnik T. A., Braun A. V.,
Rodin I. A., Chernyaev A. P., Beklemishev M. K., Yurov D. S., Studenikin F. R., Zolotov S. A,,
Nikitchenko A. D., Khmelevsky O. Yu., Zubritskaya Ya. V., Mezhetova I. T., Ivantsova V. S.

! Lomonosov Moscow State University,
GSP-1, Leninskie Gory, Moscow, 119991, Russian Federation;
Phone: +74959394946
E-mail: ipatova.vs15@physics.msu.ru

Radiation processing of food products is used to control their microbiological and pathogenic
safety as well as to extend their shelf life. From a practical standpoint, it's critical to set technological
dose ranges for different product categories that, on the one hand, increase shelf life while, on the
other, not changes in chemical composition of foods.

Research to identify the physical and chemical patterns that appear in foods after irradiation is
currently being conducted at the Department of Physics of Accelerators and Radiation Medicine of the
Faculty of Physics of MSU. Research is done in collaboration with the Faculty of Chemistry, SINP
MSU, FGBNU VILAR, SFNTSA RAS, Sechenov University, and Rospotrebnadzor.

Low molecular weight volatile organic compounds (alcohols, aldehydes, ketones, etc.), which
are primarily responsible for the specific smell of foods and also react specifically to the dose of
ionizing radiation, were found and quantified using gas chromatography-mass spectrometry for a
variety of products [1].

A method for identifying and quantifying structural damage to protein molecules using
trypsinolysis and liquid chromatography methods has been developed [2].

A spectrophotometric method for quantifying the content of methemoglobin in product
samples is being developed, which can be used as an indicator of the intensity of oxidative processes
after irradiation.

This research was funded by the Russian Science Foundation, grant number 22-63-00075.
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NPUMEHEHUE METOJA HHIECTPAHJA HA KOMIIVIEKCE ®KBH-3
JJIs1 UTBMEPEHUSA PEAKTUBHOCTHU PASMHOXKAIOIUX CUCTEM

A. A. Kaiiropoaos, 9. A. I'ymennbix, C. II. Korkos, C. B. ®uHorees

DenepanbHOE TOCYAaPCTBEHHOE YHUTapHOE Npeanpustue «Poccuiickuil GpenepaibHbli sIepHbIN
HeHTp - Beepoccuiickuii HayqyHO-HCCIIeJ0BATENLCKUI MHCTUTYT SKCIIEPUMEHTATLHON (QU3UKIDY
607188, Hmwxkeropoackast 00i1., r.Capos, p. Mupa 37
otd4d@expd.vniief.ru

[Ipu nposenennn pabdor Ha komiuiekce DKBH-3 [1] nambonee MHOTOUMCICHHBIMH U
OMAaCHBIMM C TOYKH 3PEHUs SIEPHON OE30MacHOCTH SIBIISIOTCS ONEPAlMH MO COOPKE KPUTHYECKHX
CHCTEM DPAa3JIMYHOIO COCTaBa, KOTOPBIE, KAaK MPaBUIIO, MPOU3BOAATCS BpyuHyo. [lo3ToMy mMeTonuku
WU3MEpPEHHsI PEaKTUBHOCTH JIOJDKHBI 00ECTIeYrBaTh KOHTPOJb 32 TOAKPUTHYHOCTBIO Pa3MHOXKAIOIIHX
cucreM (PC) HemocpencTBeHHO B poliecce Habopa KPUTHYECKOH Macchl. Takoi KOHTPOJIb TIO3BOJISIOT
ocymecTBIsATh MeTonsl LllecTpanna, «CTpessiolero» HCTOYHMKAa W oOpaTHOro ymHoxenus [2]. B
OKCTIEPUMEHTAaX Ha KOMIUIEKCE ITHPOKO HCIOJB3YIOTCS COOPKH C COCTaBHBIMH AKTUBHBIMH 30HAMH
(A3) u3 pasHBIX JCNIAIIUXCS MaTepUaJIOB, IOATOMY B ONPEACICHUN CTEIICHU MOJKPUTUIHOCTH TaKUX
cOOpOK MpeANnouTHTENbHEH ucrnons3oBate Meton lllectpanma wiaM WUMOYIbCHBIH METOA, HE
TpeOYIOIINIA 3HAHUS [TAPAMETPOB 3ara3IbIBAOIINX HEUTPOHOB.

B ocHoBy merona lllectpanaa moiokeHO M3MEPEHUE MHTETPajioB OT OBICTPOI YacTH crajaa
IUIOTHOCTU HEHTpoHOB yTeuku u3 PC mocie KOpOTKOro uMmynbca (IOCIEeAOBAaTEIbHOCTH KOPOTKHX
UMITyJbCOB) OT BHENIHETO HEHTPOHHOTO TeHepaTopa W MEIJICHHOH dYacTd, OOYCIIOBICHHOM
Pa3sMHOXKEHUEM 3ama3AbIBaloIX HeUTPOHOB. OTHOIIEHNE HHTETPANIOB SIBIISICTCS UCKOMOW BETMYMHON
PEaKTUBHOCTH B €IUHHLAX [,¢. JMHUTENnsHOCTS MMITyJIbCa AOMKHA OBITH MHOTO MEHBILE XapaKTEPHOTO
BPEMEHH CHaja IJIOTHOCTH MTHOBEHHBIX HEWTPOHOB, a 4YacTOTa HMX CJEJOBaHUS TaKOW, YTOOBI
MIEPEXO0THON MPOIECC 3aKOHYMJIICS 10 TIOCTYIICHHUS CIEIYIOIIEro UMITYIIbCa.

Bripaxkenue s onpezeneHus peakTUBHOCTH B 00IeM citydae uMmeeT Buf [3]:

-p/Bop = (Np-M)/Ng, 1)
rae Np 1 Ng — 9uciio 0Tc4eToB HEMTPOHHOTO JETEKTOpa B OBICTPOH M 3aIla3/IbIBAIOINICH YacTIX Crana
TUIOTHOCTH HEWTPOHOB TIOCIIE Hayaja JIEHMCTBUS HMMITYJIBCHOTO HCTOYHWKA, M — YHCIIO OTCUETOB
JIeTeKTopa, OOYCIOBJICHHBIX PETUCTpAaLUEil MPSIMOMPOJICTHBIX HEHTPOHOB HCTOYHHUKA (HEHTPOHOB,
KOTOpbIE HE HCIBITBHIBAIOT B3auMoaeiicTBus ¢ PC Ha MyTH OT HCTOYHUKA K IETEKTOPY).

Anpobamust merona Illectpanna mposenena Ha PC ¢ A3 w3 ypaHa W rturyroHus 0e3
otpaxarens. [IpoBeneHHbIe UCCIIEIOBaHUS TTO3BOJMIN aTTECTOBATh METOAUKY M3MEpPEHUS peaKTUB-
HOCTH p/Bspp B AMANA30HE OT TITyOOKHX MOAKpUTHYHOCTEH: MHUHYC 30 B,y 0 OKOJIOKPUTHYECKOTO
cocrosiausi PC: muHyc 1 .y, YTO sBISIETCS HOBBIM JOCTHXKCHHEM B IPAKTUKE W3MEPEHHH Ha
komriekce ®KBH-3.

Cnmcok JiTeparypsl

1. MTarun A. B., Boponmor C. B., Jlepatkun A. A., 3aBbsioB H. B., KyBmmuor M. U.
Hcrtopus pa3Butusi KpurMaccoBblX 3kcrepumenToB B POSAL-BHUND®. // UmnynscHbIE peakTOpbL:
UCTOPHS CO3/IaHUS U MEPCIEKTHBEI UCTIONB30BaHUA. TPyAbl MEKXOTPACICBON HAyYHOUW KOH(EPEHIIHH.
T. 1. — Capos: POAL-BHUNDD, 2015. C. 196-210.

2. Kazanckuii 0. A., Matycesuu E. C. DxciepuMeHTaIbHbIE METOABI (PU3HKH PeaKTOpPOB. M.:
Oueproaromusznat, 1984. 272c.

3. M3MepeHre peakTUBHOCTH OBICTPBIX peakTopoB MeTojoM rwiommaaei. I1. ®. Yepennuk, U. 3.
Cubratymnun, M. U. Kysumnos. // BAHT. Cep. MnysbcHbIe peakTOpbl U NPOCThIE KPUTUIECKHE
coopku. 1978. Beim. 2. C. 46-52.

253



SJOSTRAND METHOD APPLICATION ON COMPLEX FKBN-3
FOR MEASURING MULTIPLYING SYSTEMS’ REACTIVITY

A. A. Kaigorodov, Eh. A. Gumennykh, S. P. Kotkov, S. V. Finogeev

Federal State Unitary Enterprise «Russian Federal Nuclear Center — All-Russian Research Institute of
Experimental Physics», Sarov, Nizhny Novgorod region, Mira ave, 37
otd4@expd.vniief.ru

When working on complex FKBN-3 [1] from the point of view of nuclear safety the most multiple
and dangerous are operations on assembly of critical systems of different composition, which, as a rule, are
manufactured manually. That is why reactivity measurement techniques must provide control over
multiplying system subcriticalities (MS) directly during critical mass gain. Such a control allows fulfilling
of methods of Sjostrand, «shooting» source and backward multiplication [2]. Assemblies with composite
cores made of different fissile materials are widely applied in the complex’s experiments, that is why when
determining a degree of such assembly subcriticalities it is more preferable to use Sjostrand method or a
pulse method, not requiring knowledge of delayed neutron parameters.

A basis for Sjostrand method is measuring of integrals of a fast part of leakage neutron density
decay from MS after short pulse (sharp pulse train) from an external neutron generator and those of a slow
part, conditioned by multiplication of delayed neutrons. An integral relation is a reactivity sought quantity
in units of Ber. A pulse length must be much smaller than characteristic prompt neutron decay time, and
their repetition rate - such that a transient process should have finished, before the next pulse comes.

Expression for reactivity determination in the common case has a view [3]:

-p/Per = (Np-M)/N, (1)
where N, and Nqg — a number of neutron detector counts in fast and delayed parts of neutron density
decay after the pulsed source starts operating, M — a number of detector counts, conditioned by
registering of source straight flight neutrons (neutrons, which do not interact with MS on the way from
the source to the detector).

The Sjostrand method is approved on MS with a core made of uranium and plutonium with no
reflector. Conducted studies have allowed certification of reactivity measurement procedure p/Besr in
the range starting from deep subcriticalities: minus 30 Ber up to near-critical state MS: minus 1 Ber,
what is a new progress in measurement practice on complex FKBN-3.
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UCIOJIb30BAHUE METOJIA MEYEHBIX HEMTPOHOB /1151 ITPUKJIA THBIX
U ®YHIAMEHTAJIBHBIX SIIEPHO-®U3NYECKUX UCCJIEJJOBAHUM

B. ®@. bartsie, C. I'. beauuenko, M. /I. Kapernukos, A. /I. Ma3uunusn, A. FO. IIpecusikoB
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Hanocexynanbiii meron wmeuenbix HeitpoHoB (MMH) ocHOBaH Ha HPOCTPaHCTBEHHO-
BPEMEHHOM aHaji3e COOBITWH, BO3HUKAIOMIMX NpH IBWKeHUH 14 Mb>B HeiliTpoHa, BpeMs BbLIETa,

OHEPrusd M HaIIpaBJICHUEC IBUXXCHHUA KOTOPOro HM3BECTHBI 3a CUCT pETruCTpaluu COHYTCTBYIOHIeﬁ
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HEHTpoHY anbda-yacTuibl. [losBIIeHHE WHTEHCHBHOTO TeHepaTropa MEYeHBIX HEWTPOHOB ¢ aibda-
nerekropom UHI-27, pazpaborannoro so ®I'YII BHUMA, npuBeno K cylecTBEHHOMY PaCIIMPEHUIO
o0acTH pUMEHEHHsI MEUEHBIX HeHTpoHOB. B Hacrosimee Bpemss MMH HaxoauT mpuMeHeHUe st
HEHTPOHHOTO aHallM3a COCTaBa BEIIECTBA, a TAaKXKe SBISACTCS YHOOHBIM WHCTPYMEHTOM JIJIS
OPUKIAIHBIX M (QYHIAMEHTAIBHBIX SIEPHO-QU3UUECKUX HCCICAOBAaHUNA. IJTOMY CHOCOOCTBYIOT
CIIEIYIOLINE OCOOCHHOCTH:

— U3MEpPEHHE HEHTPOHHOIO IOTOKAa C aOCOJIIOTHON IOTPELIHOCThIO MeHee 5 % u oTHOcu-
TensHOM MeHee 1% B MUpPOKOM Juana3zoHe MOTOKa HEHTPOHHOTO TeHepaTopa;

— u3MepeHue yria Bbuieta 14 MbaB HeliTpoHOB ¢ morpemHocTsio A0 0,02 pang u mpocTpas-
CTBEHHBIX KOOPJAUHAT MECTA B3aMMOACHCTBHS MEUEHBIX HEUTPOHOB C paMH BEILIECTBA;

— BBICOKOE OTHoIIeHHE 3((deKT/PoH 3a CUeT MPOCTPAHCTBEHHO-BPEMEHHOW NUCKPUMMHALMS
COOBITHI, 00YCIIOBICHHBIX B3aMMOJICHCTBHEM C BELIECTBOM «HEMEUEHBIX» HEMTPOHOB M BTOPHUYHOTO
U3ITy4YEeHHUS,;

— BO3MOKHOCTh KaJHMOpPOBKH raMMa-feTeKTOPOB HETOCPEICTBEHHO B JKCIIEPHUMEHTaxX C IO-
MOIIBIO CIIEIHATBHBIX 00BEKTOB-KATUOPATOPOB MPU MPOXOKICHUH B KOTOPHIX MEUYECHBIX HEHTPOHOB
UCITyCKAaIOTCA T'aMMa-TMHUH, KOTOpbIE JIETKO MHTepnpeTupyiorcst Ha cnekrpe MMH (anbda-ramma
COBIIAJICHUI1), @ TAKKE C MMOMOIIBIO STAJOHHBIX PaIMOU30TOINOB IO CIIEKTPY 0e3 COBHAaICHUN ¢ MUHH-
MAaJIbHO 3HAYMMBbIM [IPUCYTCTBUEM IIHKOB OT 3THX PAJAMOU30TONOB Ha criektpe MMH.

B pabote paccmoTpeHns! pumMeps! ncnoiabp3oBararss MMH 11st HEKOTOPBIX aKTyalIbHBIX 3a7ad:

— ONpelEeICHUE OTKIIMKA raMMa-IeTeKTOPOB IpH Bo3aeicTBuM 14 M>B HeUTpOHOB;

— U3MEpPEHHE YIJIOBOM AaHM30TPOIMM BbIXOJa ramMma-kBaHToB M 3(¢ekra [omnepa mpu
HEYNPYTOM PacCETHUN HEUTPOHOB.

[IpuBomMTCS OmMHCaHWE YCTPOWCTB C MEUYEHBIMH HEUTPOHAMH, OCOOCHHOCTH IMPOBEACHUS U
pe3ynbTaThl AKCHEpUMEHTOB. [lomyyeHHbIE NaHHBIE HAXOASTCA B XOPOIIEM COOTBETCTBHM C pacye-
TaMH Y1 SKCIIEPUMEHTAIBHBIMH PE3YIbTATaMU APYTUX aBTOPOB.

APPLICATION OF TAGGED NEUTRON TECHNOLOGY FOR APPLIED
AND FUNDAMENTAL NUCLEAR PROBLEMS

V. F. Batyaev, S. G. Belichenko, M. D. Karetnikov, A. D. Maznitsyn, A. Ju. Presnyakov

FSUE All-Russian Scientific Research Institute of Automation, Moscow,
101000 Russia, Moscow P.O. 918, +7(495) 730-1282, ext. 4-86
MDKaretnikov@vniia.ru

A nanosecond tagged neutron technology (NTNT) is based on the space-time analysis of
events produced by the 14 MeV neutron which time of escape, energy, and direction of movement is
known by the recording of the accompanying alpha-particle. The development by FSUE VNIIA of the
high-intensity generator of tagged neutrons promoted the extension of the applications of tagged
neutrons. Currently, the NTNT is used for the neutron activation analysis as well as for applied and
fundamental nuclear problems due to the following advancements:

— Measuring the neutron flux with the absolute inaccuracy less than 5 % and relative
inaccuracy less than 1 % in the high range of neutron generator intensity.

— Directional reading of the angle of the tagged neutron escape with the accuracy up to 0.02 rad,
and measuring the coordinates of nuclear reactions stipulated by tagged neutrons.

— High effect/background ratio provided by the space-time discrimination of events stipulated
by interaction of “untagged” neutrons and secondary radiation with the matter.

— Possibility of gamma-detector calibration while measurement by special object-calibrators
when tagged neutrons are passing through them, the emitted gamma-lines can be easily interpreted on
the TNT spectrum (alpha-gamma coincidences);

— Possibility of gamma-detector calibration while measurement by reference isotope sources,
the gamma-lines can be defined by the gamma-spectrum without coincidences and they practically do
not affect the TNT spectrum.

The several applications of NTNT are considered in the report:
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— Determination of gamma-detectors response to 14 MeV neutrons.

— Measuring the angle distribution and Doppler effect of gamma-rays emitted at the inelastic
neutron scattering.

The experimental technique and results are considered. The obtained data are in a good
agreement with the numerical calculations and experimental data by other authors.

UTOIOBBIE PE3YJIBTATHI IEPBBIX TYUKOBBIX UCITBITAHUA ITPOTOTHUIIA
JETEKTOPHOM YACTH CTAHIIUU JJISI UCCAEJAOBAHUM U OBJIYYEHUI
MNEPCHEKTUBHBIX U3JIEJIUA ITOJTYIIPOBOJHUKOBO MUKPO-

U HAHODJIEKTPOHUKH ITYYKAMHU MOHOB BLICOKOI SHEPT MU

0. A. Bacuasbes, /1. E. Kapmanos, . M. Koajies, A. A. Kypranos,
A. Jl. ITanos, 1. M. Ilogopo:xublii, A. H. TypynaaeBckuii

denepanbHOE TOCYIAPCTBEHHOE OIOIKETHOE 00pa30BaTEIbHOE YUPEXKICHNE BBICILIETO 00pa30BaHUS
«MOCKOBCKUH TOCyIapCTBEHHBIN yHUBepcuTeT uMeHU M. B. JlomoHOCOBaY,
Hayuno-uccnenoBarenbckuil HFHCTHTYT siiepHoi (uznku umenu [1. B. Cxobenbipiaa
[Mouroesrii anpec: 119991, I'CII-1, Mockga, JIenuHckue ropsl, 1om 1, cTp. 2.
Temedon: +7(495)939-18-18, daxc: +7(495)939-08-96
press@sinp.msu.ru

B nanHoi#1 paboTe mpeacTaBiIeHbl Pe3yabTaThl 00pa0OTKH OaHKa TaHHBIX, TIOTYYEHHOTO B XOZe
MIEPBBIX MyYKOBBIX HcnbITanni iporoTrma J{UC Ha BeiBenenHOM mmyuke yckoputenss HYKJIOTPOH 7-
8 nexadps 2022 1. B xo/e ceanca ObLI ONpe/esicH padoumii PeKUM YCTaHOBKH, M ObLIIO HA0paHO OoJiee
2 MITH. COOBITHH, MTPUTOAHBIX ISl 00paOOTKHA. AHAIHM3 aMIUTUTYIHBIX paclpeNelIeHni U TPAaeKTOPHBII
aHaJIM3 IMO3BOJISIOT OLEHNUTHh TEXHWYECKHE XapaKTEPUCTHKH MPOTOTHIIA, MPEABAPUTEIHFHO IPOBEPUTH
paboty mMeTonuk, pa3paboTaHHBIX IS OOMYUYCHUS MUKPOCXEM, U OTIPEEeTUTh HallpaBiIeHne padoT Mo
pa3paboTke onbITHOTO 00pasma JIUC.

FINAL RESULTS OF THE FIRST BEAM TEST OF THE DETECTOR PART
OF THE STATION FOR INVESTIGATION AND IRRADIATION OF SEMICONDUCTOR
MICRO- AND NANOELECTRONICS USING HIGH ENERGY ION BEAMS

O. A. Vasiliev, D. E. Karmanov, I. M. Kovalev, A. A. Kurganov, A. D. Panov,
D. M. Podorozhnyy, A. N. Turundaevskiy

This paper presents the results of processing the databank obtained during the first beam tests
of the DPS prototype on the extracted beam of the NUCLOTRON accelerator on December 7-8, 2022.
During the session, the operating mode of the prototype was determined, and more than 2 million
events were collected for processing. The analysis of amplitude distributions and trajectory analysis
make it possible to evaluate the technical characteristics of the prototype, to preliminarily check the
operation of the methods developed for irradiating microcircuits, and to determine the direction of
work on the development of the DPS preproduction model.
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MOJIEJb IOJISI TAMMA-HEUTPOHHOI'O U3JIYUEHMS BBJIN3H
KPYITHOI'ABAPUTHBIX OFbEKTOB IIPU ITPOBEJIEHUU UCIIBITAHUAM
HA AAIEPHOM PEAKTOPE BUP-2M

B. A. Ky3neunos, C. . Ko3bipesa, P. O. banun, H. I'. Jlanuyenko,
A. B. Cunaes, A. A. Kybacos, C. O. TabaxoB

®denepalibHOE TOCYIaPCTBEHHOE YHUTApHOE Ipeanpusitie «Poccuiicknii dpenepanbHbIi SAepHBIA
LeHTp - Beepoccuiickuii HayqyHO-HCCIeJ0BATENECKUI MHCTUTYT SKCIIEPUMEHTAIBHON (DH3UKID
607188, Hmxeropoackast 0611., r. Capos, ip. Mupa 37
otd4@expd.vniief.ru

IIpemiosken pacueTHO-IKCIEPUMEHTANIBHBIN CIIOCO0 OIpeAeeHUs] IapaMeTpoB IO ram-
Ma-HEUTPOHHOTO M3NMy4deHHs peakropa BHP-2M BOmu3u kpymHOrabapuTHBIX OOBEKTOB B pPa3BUTHE
noaxona, u3noxkeHHoro B [1]. Cnoco0 OCHOBaH Ha MPOBENEHHM PACUECTOB XapaKTEPUCTHUK OIS
MeTonoM Monrte-Kapno ansi cucreMbl «MCTOYHUK HM3IMYYEHUS! — OOBEKT HCHBITAHUI» C KOppeKuuei
napaMeTpoB MOJIENIM 00bEKTa MCIBITAHUN MO pPe3yiibTaTaM M3MEpEeHUH (QPYHKIIMOHATIOB TMOJS TaMma-
HEUTPOHHOTO M3JIy4YEHUS.

[IpakTHueckoe MpUMEHEHHE JAaHHOW MOJENH MO3BOJISIET IPOBOJUTH KOJIMYECTBEHHbIE OLICHKH
BJIMSIHUS KPYITHOTA0APUTHOT'O 00BhEKTa Ha PABHOMEPHOCTD MOJISl H3ITyYEeHHUST BOJIM3HM €ro IOBEPXHOCTH.
Ilo pesynapTaraM pacyeToB W aHajM3a HKCIEPUMEHTAIBHBIX JaHHBIX OIpe/eieHa 3aBUCHUMOCTh
HEPAaBHOMEPHOCTH TIOJNS TaMMa-HEHTPOHHOTO W3ITydeHUs sjepHoro peakrtopa BUP-2M BOmm3m
MOBEPXHOCTH 00BEKTOB HCIIBITAHUH OT UX ra0apUTHO-MACCOBBIX XapaKTEPUCTHK.

Cnucok JuTepaTypsbl

1. Ky3nenos B. A., Cunae A. B., Koseipera C. U., bapres H. O., XKupnos A. B., Teca-
noeckuit H. A., IMumayrua A. M., Koxxesuukos K. B. PacueTHo-sKcniepuMeHTabHAsI OIEHKAa pacrpe-
JIeTIeHNs! TIOTJIOMIEHHON NT03bI B OOBEKTE MPU MPOBEACHUM HMCIIBITAHUM Ha HCCIIEIOBATENILCKOM SIIEPHOM
peaxrope BUI'P // BAHT ®u3suka paguanroHHOrO BO3ACHCTBHS Ha PaJAHO3IEKTPOHHYIO anmnaparypy,
2022 Ne 3, C. 38-43.

MODEL OF GAMMA-NEUTRON RADIATION FIELD NEAR LARGE-SCALE OBJECTS
UNDER TEST ON VIR-2M NUCLEAR REACTOR

V. A. Kuznetsov, S. I. Kozyreva, R. O. Banin, N. G. Danchenko, A. V. Silaev,
A. A. Kubasov, S. O. Tabakov

Federal State Unitary Enterprise «Russian Federal Nuclear Center — All-Russian Research Institute of
Experimental Physics» Sarov, Nizhny Novgorod region, Mira ave 37
otd4@expd.vniief.ru

Here is proposed an experiment-calculated method for determining parameters of a
gamma-neutron radiation field of VIR-2M reactor near large-scale objects in development of
approach, presented in [1]. The method is based on performance of field characteristic calculations by
Monte-Carlo method for system «radiation source — test object» with corrected parameters of object
under test model by the results of measurements of field functionals of gamma-neutron radiation.

Practical application of the given model allows performance of quantitative assessments of large-
scale object effect on radiation field uniformity near its surface. As a result of experimental data
calculations and analysis, determined was a dependence of field inhomogeneity of gamma-neutron
radiation of VIR-2M nuclear reactor near the test objects’ surface on their overall-mass characteristics.

References

1. Kuznetsov V. A., Silaev A. V., Kozyreva S. I., Bartev N. O., Zhirnov A. V., Tesalovskii N. A.,
Pichugin A. M., Kozhevnikov K. V. Experiment-calculated estimate of absorbed dose distribution in
the object under test on BIGR research nuclear reactor // VANT. Physics of radiation effect on
electronic radio equipment, 2022 Ne 3, P. 38-43.
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NCCIEAOBAHUE AKTUBHOCTHU JOYEPHUX ITPOAYKTOB PACITIAJA PAJOHA
C IIPUMEHEHHMEM INOJYITPOBOJHUKOBOI'O TAMMA-CIIEKTPOMETPA

B. H. Kononos, I'. A. UrnartseBa, K. A. IlerpoBa, C. H. MamaeBa

denepanbHOE TOCYAIaPCTBEHHOE aBTOHOMHOE 00Pa30BaTeIbHOE YUPEXKICHHE BHICIIEr0 00pa3oBaHus
«CeBepo-BocTounslii (eepanbHbIi TocyaapcTBeHHbIH yHUBepcuTeT uMeHn M. K. AMmocoBay,
677000, r. Sxytck, yin. Kynakosckoro, 48, ayn. 118,
+79143009258, vladlenkononov@mail.ru

Panee aBTopamu Obl1 pazpaboTal 1 anpoOUPOBaH METOJ ONpeAEIeHUs] 0OBEMHON aKTUBHOCTH
(OA) ??2Rn B BOAHBIX Cpelax METOAAMH KUIKOCTHO-CUMHTHILIALMOHHOM cniektpomerpuu (YKCC) [1].
B nannoii paGore mpexacraBnsercs meton usmepenus OA 22?Rn ¢ nmpuMEHEHMEM raMMa-CIIEKTPO-
METPHUH C TOTyIpoBOAHUKOBEIM aetekTopoMm (III1J]) BogHOrO pacTBOpa Tex e 00pasioB, paccMOT-
pennbix metogoM JKCC. T.e. mns onpenenenns OA ???Rn GbLiv MOATOTOBIEHBI 0OPasibl TOPHBIX
nopox ¢ 2°Ra, KOTOpble HACTaMBAIKCh B TE€PMETUYHOM COCYJE C BOJOM B TEYCHHE JUIMTEILHOTO
IPOMEXKYTKAa BPEMEHHM, JOCTATOYHOIO JUIsi JOCTH)KEHMS BEKOBOTO paBHOBecHs “°Ra m ?Rn. U3
MIOATOTOBJIEHHON TPOOBI ObUTH 0TOOpans! 2 obOpasna oobemamu 100 u 10 My, KOTOpBIE OTHOBPEMEHHO
m3mepsuck Merogamu TIITJ1 u JKCC, coorBercTBeHHO. [lomydeHHbIe pe3ynbTaThl OTPAKEHBI B TAOJHILIE.

GEM-40 (TIT1]T) Hidex SL-300 OKCC)
Paanonykiup Rn-222 (Pb-214) Rn-222 (Bi-214) Rn-222
OA, Bx/x 739,37+ 48,8 727,21 + 49,45 712,56+43,47

OA ?22Rn ua III1]] onpenensercs no gouepHumM npoaykram pacnana (JIITP) — 24Ph, 21*Bi. Kak
BuaHO m3 Tabmunel, OA 2“Pb m 2“Bi paBebl (B mpenenax HOTpeNIHOCTEH), T. €. IS paccMmar-
PUBAEMOTO CIlydast COOJIOIAETCS BEKOBOE PABHOBECHE.

Pe3ynbTarhl, TOMyYeHHBIE HA TaMMa-CIIEKTPOMETPE, COBIAJAIOT C JAHHBIMH, MOJTYYEHHBIMHU
METOJIOM KHIKOCTHO-CIMHTH/UISIIMOHHOM CHEKTpOMETpUH. VICXOI M3 9TOr0 MOKHO YTBEPKIATh, 4TO
SKCTIEPMMEHTBI TI0 ONPE/IEIEHUIO 3HAYEHHUST 00BEMHOI aKTUBHOCTH “?RN M €ro KOHIEHTpaLMK B Mpodax
BOJIbI MOYKHO BBITIOJIHSATE ¢ IPUMEHEHHEM IaMMa-CIIEKTPOMETPHH € TTOTYTIPOBOIHUKOBBIM JIETEKTOPOM.

Cnucok JMTeparypsl

1. LXXII Mexnaynaponnas koHpepeHus «1JPO-2022: OdynnameHTanbHple BONPOCH U MPHU-
noxenus» (Mocksa, 11-16 utons 2022): Coopuuk te3ucoB / Ilom. pen. K. A. Cromanun, H. C. 3e-
nenckoit. — Caparos: Amupur, 2022. C. 388.

STUDY OF ACTIVITY OF RADON DECAY DAUGHTER PRODUCTS USING
SEMICONDUCTOR GAMMA SPECTROMETRY

V. N. Kononov, G. A. Ignateva, K. A. Petrova, S. N. Mamaeva

Federal State Autonomous Educational Institution of Higher Education "M. K. Ammosov North-
Eastern Federal University", 48 Kulakovsky str. Yakutsk, 677000,
+79143009258, vladlenkononov@mail.ru

Previously, the authors developed and tested a method for determining the volumetric activity
(VA) of 222Rn in aqueous media by liquid scintillation spectrometry (LSS) [1]. This paper presents the
method of measuring VA of 222Rn using gamma spectrometry with a semiconductor detector (SCD) of
an aqueous solution of the same samples considered by the LSS method. That is, to determine the VA
of 222Rn, rock samples with 2°Ra were prepared, which were infused in a sealed vessel with water for
a long period of time sufficient to achieve an age-old equilibrium of ?°Ra and ??2Rn. From the
prepared sample, two samples were taken in volumes of 100 and 10 mL, then simultaneously
measured on SCD and LSS. The results obtained are shown in the table.

GEM-40 (SCD) Hidex SL-300 (LSS)
Radionuclide Rn-222 (Pb-214) | Rn-222 (Bi-214) Rn-222
VA, Bg/L 739,37+ 48,8 727,21 + 49,45 712,56+43,47
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VA of ?22Rn on SCD is determined by the decay daughter products - 2*4Pb, 24Bi. Obviously,
VA of 2%*Pp and *Bi are equal (within errors), i.e. an age-old equilibrium is maintained for the case in
question.

The results obtained on the gamma spectrometer coincide with the data obtained by liquid
scintillation spectrometry. Based on this, it can be argued that experiments to determine the value of
VA of ?2Rn and its concentration in water samples can be carried out using liquid scintillation
spectrometry, because the reliability of the results is shown by data obtained by SCD gamma
spectrometry.
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MNPOLECCHI TIPEBPAINEHUS AAEP JJJIA TOYEYHOI'O PEAKTOPA B PAMKAX
MOJAEJIN POXJIEHUA U TUBEJIN YACTHUL]

T. H. Kop0yT, C. B. Psiouak

I'ocymapcTBeHHOE HayqyHOE YUpEKACHUE
«O0beAMHEHHBI MHCTUTYT SHEPreTUUECKUX U SEPHBIX UccienoBannii — COCHBI»
223063, Pecrrybnuka benapych, Munckast 0611., MuHckuit p-H, JIyroBocnoboackoii c/c, 47/22,
p-H 1. [Ipunecwe, mabopaTopHO-TEXHUIECKHUI KOpMyc, T. +375-29-365-80-17
E-mail: rybchak@sosny.bas-net.by

Teopuss MapKOBCKUX BETBSIIMXCS MPOLECCOB YaCTO MCHOJIB3YETCS IS MOJECIUPOBAHUS
MPOIIECCOB, CBA3AHHBIX C PACCESTHHEM IOTOKAa HEHTPOHOB B aKTUBHOW 30HE pEakTopa. JTa TEOpus
MO3BOJISIET OINKCATh BEPOSTHOCTH TMOTJIOMICHWS M SMUCCUM HEUTPOHOB, a TaKXKe BEPOSITHOCTH
MpEBPALLECHHUS SIIEP.

ABTOpaMH B paHHHX paboTax ObUTa TPEUIOKEHA MOJENb POXKICHUS W THOSIHW YacTHIl JUIA
OMHMCaHUsl Tpollecca Pa3MHOXKEHUS HEUTpPOHOB B aemsmieiics cpeae [1]. Ilomyuenusiii anmapat
WCTIONB30BANICS Il TIOJMYYEeHHs] OCHOBHBIX HEHUTPOHHO-(OHM3MUYECKUX XapaKTEPUCTUK JUISI TEIUIOBOTO
peakTopa. Pe3ynpTarhl ObuIM ampoOMpOBaHBI I Pe3ydbTAaTOB SKCIIEPHIMEHTOB Ha psAnae COOpOK:
Smuna-terosas, KUCA, MASURCA u KURPI [2, 3].

B Hacrosieli paboTe B paMKax MOZCIN POKICHUS ¥ THOSTH YaCTHIl OTIMCAaH MaTEeMaTHYCCKHIA
ammapar Uil OmHcaHusl (U3MYECKOTo IMpoliecca IMPeBpaIleHnus SAep 3a CUYeT peaknuid AeIeHHS U
3axBaTa HEUTPOHA B MPHOIMKEHUM TOYEYHOrO peaktopa. C MOMOIIbI0 MOJICIN POXKACHUS THOEIN
ONpeNieJICHbl OCHOBHBIE  XapaKTEPUCTUKH, CBS3aHHBIE C UYWCIOM JCNEHUM, TaKue Kak
SHEPIOBBIACIICHNE U aKTUBHOCTh IPOAYKTOB JIEIEHUS.
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2. Korbut, T.N. and et al. Neutron and Neutron-Breeding Medium Interaction Process
Description Within the Physical Birth-and-Death Model. Nonlinear Phenomena in Complex Systems,
vol.23, n0.4(2020), pp.428-434.

3. Korbut T. N., Zubareva M. V. Calculating the Neutronics of a Yalina-Thermal Subcritical
Assembly Using the Physical Birth-and-Death Model. Bull. Russ. Acad. Sci. Phys. 86, 1115-1118
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NUCLEAR TRANSFORMATION PROCESSES FOR A POINT REACTOR IN THE
FRAMEWORK OF THE PARTICLE BIRTH AND DEATH MODEL

T. N. Korbut, S. V. Rybchak

State scientific institution «Joint Institute for Energy and Nuclear Research — Sosny»
223063, Republic of Belarus, Minsk region, Minsk district, Lugovoslobodskoy s/s, 47/22,
district of the village of Prilesie, laboratory and technical building, t. +375-29-365-80-17

E-mail: rybchak@sosny.bas-net.by

The theory of Markov branching processes is often used to model the processes associated
with neutron flux scattering in the reactor core. This theory makes it possible to describe the
probability of absorption and emission of neutrons, as well as the probability of nuclear
transformation.

In early works, the authors proposed a model for the birth and death of particles to describe the
process of neutron multiplication in a fissile medium [1]. The resulting apparatus was used to obtain
the main neutron-physical characteristics for a thermal reactor. The results were tested for the results
of experiments on a number of assemblies: Yalina-thermal, KUCA, MASURCA and KURPI [2, 3].

In the present work, within the framework of the particle creation and death model, a
mathematical apparatus is described for describing the physical process of nuclear transformation due
to fission and neutron capture reactions in the approximation of a point reactor. Using the birth death
model, the main characteristics associated with the number of fissions, such as energy release and
activity of fission products, are determined.
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YYET BbII'OPAHUSA TOIIVIMBA B MOAEJIN POXJIEHUA U TUBEJIN YACTUL]
T. H. Kop0yT, C. B. Ppiouak

I'ocynapcTBeHHOE HayqyHOE YUpEKACHUE
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p-H a. llpunecse, 1abopaTopHO-TEXHUUECKHUI Kopityc, T. +375-29-365-80-17
E-mail: rybchak@sosny.bas-net.by

B pabore npecTaBneH Noaxo1 Il OMIMCAHUS Pa3MHOXKEHHUSI HEUTPOHOB M IPEBPAIICHUS sIIIED
B aKTHBHOW 30HE PeakTopa B TEOPUH BETBAIINXCS TporeccoB. DuU3nveckuil mporecc, COCTOSIIIA U3
OTJENbHBIX B3aUMOJCHCTBUI HEHTPOHOB U A1ep, IPUBOAMT K JEICHHUIO C UCITyCKaHHEM HEUTPOHOB. B
TEOPHH BETBAIIUXCS MPOLECCOB Pa3MHOKECHHE HEHTPOHOB OMMCHIBAECTCS MCXOIS U3 HE3aBUCHMOCTH
IBOJIOIMK HEWTPOHOB M siep. [Iporecc pasMHOMKEHHsSI HEWTPOHOB MOXXHO CUHWTATh HE3aBUCHMBIM,
€CJIM KOHICHTPAIUsl HEHTPOHOB 3HAYMTENHHO BBIIIEC KOHIEHTPALWH JEISIINXCS SIep U U3MEHEHHEM
KOHLICHTPAIlMM HEHTPOHOB MOXKHO IpeHeOpedb. B apyrux ciydasx paccMaTpHBaeTcs MpOLECC ¢
YYETOM JIByX THUIIOB YaCTHIl, U pPacdeT CTaHOBHUTCS HaMHOTO CJIOKHee. B Hacrosieil paborte
NPE/NIOKEH aTbTEPHATHUBHBINA MOJXO0/ — B paMKaX MOJICITH POXKICHUS W TMOENN YacTHII, NCITyCKaeMBbIX
IPH JIeJIEHUH HEHTPOHOB, PACCMATPUBAIOTCS KaK BHYTPEHHUH MCTOYHUK. [IpecTaBieHsl pe3ynbTaThl
OLIGHKH BBITOPaHMs TOILIMBA /I peakTopos Thiia BBOP-1000 u BBOP-1200.
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ACCOUNT FOR FUEL BURNUP IN A MODEL OF THE BIRTH AND DEATH OF
PARTICLES

T.N. Korbut, S.V. Rybchak
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The paper presents an approach for describing neutron multiplication and nuclear
transformation in the reactor core in the theory of branching processes. The physical process,
consisting of separate interactions of neutrons and nuclei, leads to fission with the emission of
neutrons. In the theory of branching processes, neutron multiplication is described based on the
independence of the evolution of neutrons and nuclei. The process of neutron multiplication can be
considered independent if the neutron concentration is much higher than the concentration of fissile
nuclei and the change in the neutron concentration can be neglected. In other cases, the process is
considered taking into account two types of particles and the calculation becomes much more
complicated. In the present work, an alternative approach is proposed: in the framework of the model
of the birth and death of particles emitted during neutron fission, they are considered as an internal
source. The results of fuel burnup evaluation for VVVER-1000 and VVVER-1200 reactors are presented.

PAIMAIIMOHHOE BO3JIEVICTBUE HA XAPAKTEPUCTUKHA
SIIUTAKCHUAJIBHBIX CTPYKTYP HA OCHOBE HUTPUJIA I'AJLJINSA

. E. Koctomaxa, B. M. Baxteus, I1. B. Cepenun

®I'BOY BO Boponexcknii Tocy1apcTBEHHBIH YHUBEPCHUTET,
394018, r. Boponex, YHuBepcuteTckas 1., 1, Poccus,
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Hutpun rammmessie (Jamee — GaN) cTpykTypbl J[AaBHO CTalld HWHTEPECOBaTh Kak
WCCIIeIOBATENIeH, TaK U UCTIOJHUTENEH IMOIyIPOBOIHUKOBBIX PUOOPOB. I’ eTepoCTpyKTyphl HA OCHOBE
GaN obecnieunBaroT 3MeKTPOHHBIM NMPUOOPAM Ha MIX OCHOBE ONTHYECKHE, MOIIHOCTHBIE ¥ YaCTOTHBIC
XapaKTepUCTUKH, TMO3BOJAIONINE TPUMEHATh HMX B Pa3HBIX 00JacTAX MOIXYIPOBOJIHUKOBOH
anekrponuku. Tak sxe GaN cTpykTypsl MOKa3anw, 4YTO OHHM 0OJiee CTOMKHE K BO3ICHCTBHUIO
MOHM3UPYIOIIET0 U HEUTPOHHOTO M3IYYCHHUs, B OTIIMYUE OT CTPYKTYp Ha OCHOBE KpeMHUs. B manHo#
paboTe MPOBOAMTCS UCCIICAOBAHUE CICAYIONINX 00Pa3IlOB, MPEACTABICHHBIX B TAOIUIIE.

Ne TTonnoxxka BydepHsiii cioit OCHOBHOM c0M T °C, ocaxneHus Tommuuna h
1 Al,O3 AIN — h~150 nm GaN 1050 ~5 mkm
2 Al>,03(11-20),
Al;03(10-12) AIN — h~300 nm GaN 1034 ~3 -5 mkm
3 SiC/Si (111)-4° - AlGaN 1033 ~ 6 mkm
4 AIN/Si(111) - AlGaN 1033 ~ 6 mkm
5 AlGaN/ Al,03(11-20) - AIN 982 ~5 mkm
AIN/AIGaN - GaN
6 A|203 h~2 mkm 987 ~1 mkm
7 ALOs(11-20) | AIN —h~200nm AlGaN L036 -5 mkm
Al>,03(11-20) Che GaN N
8 Al,05(10-12) AIN - h~200 nm 1034 4 mkm
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[IpoBeaeHME UCIIBITAHUE 3JICKTPOHHBIX M3EIUI HEOOXOUMO I KOHTPOJIS UX KauecTBa, TaKk
W Uil OPOTHO3UPOBaHUA HaJdexHOCTH. Kak MMOKa3bIBalOT JKCIEPUMEHTHl C Pa3HbIMU BUIAMU
n3nydyeHust, GaN cTpykTypbl MOTYT paOoTaTh B OoJiee TSHKENBIX YCIOBHAX (CCHUIKK). 3amadya JaHHOH
paboThl — 3TO YBUJIETh (hyHIaMEHTAIbHBIC 3aKOHOMEPHOCTU M3MEHEHHH B SMMTAKCHAIBHBIX CTPYKTYpax
GaN mon Bo3melCTBUEM TSHKEINBIX 3apsSKEHHBIX YacTHIl M MPOTOHOB, BIUSHHUE OOJNBIIUX J03 OOy-
YeHHS PEHTTEHOBCKUM U TaMMa-H3IIyIeHUEM, TaK e 3TO BIUSHIE TIOTOKOB HEUTPOHHOTO OOITyUeHMSI.

ITepBrrit aTam: npoBeaeHNE HEUTPOHHOTO OOIydYeHUST 00pa3IoB, MOJIYICHHE BOJIBTAMITCPHBIX
xapaktepuctuk (BAX) m 3aBucumoctn JJ[C Xoma B MOMYNMPOBOJHHUKAX OT KOHIICHTPAIUH U
MOABM>KHOCTU HOCHUTEJEH 3apsia.

BTtopoii atarm: 06mydenne 06pasnoB TsHKEIBIME 3apsHKEHHBIME YacTUIlaMu, TTofTydenne BAX u
3aucumoctr DJIC Xoia B TOTYyIPOBOAHUKAX OT KOHIIEHTPAIMH ¥ MMOJIBMKHOCTA HOCUTEIICH 3aps/a,
CTPYKTYPHBIN aHaJU3.

Tperuit sTan: obmyueHre oOpa3IOB PEHTTCHOBCKUM, raMMa — H3ITydeHueM, noimyueHne BAX
xapakTepucTuk u 3apucumoctu JJ[C Xoma B MOTyNMpOBOJHUKAX OT KOHIICHTPAITUN H MTOJABIKHOCTH
HOCHUTEIEeH 3apsaa, IOMyUYeHUE 3aBUCUMOCTH BPEMEHHU PEJIaKCAIIUK OT HMOTJIOUIEHHON JO3BI.

Cnucok JuTepaTypsl
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RADIATION EFFECT ON THE CHARACTERISTICS OF EPITAXIAL STRUCTURES
BASED ON GALLIUM NITRIDE

Kostomaha D. E., Vakhtel V. M., Seredin P. V.

Voronezh State University, 394018, Voronezh, University square, 1, Russia,
E-mail: danilkostomaha@gmail.com

Gallium nitride (GaN) structures have long been of interest to both researchers and users of
semiconductor devices. Heterostructures based on GaN provide electronic devices based on them with
optical, power and frequency characteristics that allow them to be used in various fields of
semiconductor electronics. GaN structures have also shown to be more resistant to ionizing and
neutron radiation, unlike silicon-based structures (Si). In this study, the following specimens are
considered, presented in table.

. Refrigeration .

Ne Back Buffer layer Main layer temperature, °C Thickness h
1 Al,O3 AIN — h~150 nm GaN 1050 ~5 mkm
9 Al203(11-20),

Al;03(10-12) AIN — h~300 nm GaN 1034 ~3 -5 mkm
3 SiC/Si (111) -4 ° - AlGaN 1033 ~ 6 mkm
4 AIN/Si(111) - AlGaN 1033 ~ 6 mkm
5 | AlGaN/ Al;03(11-20) - AIN 982 ~5 mkm
6 ALOs AIN/AIGaN — h~2 mkm GaN 057 ~ 1 mkm
7 Al,05(11-20) AIN = h~200 nm AlGaN L036 ~5 mkm

Al;05(11-20) e GaN _
8 Al,03(10-12) AIN — h~200 nm 1034 4 mkm

Testing of electronic equipment products is necessary to control their quality and to predict
reliability. As experiments with different types of radiation show, that GaN structures can work under
more severe conditions (references). The objective of this work is to see the fundamental patterns of
changes in the epitaxial structures of GaN, to study the formation of defects and their nature, to study
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the effects of heavy charged particles, the effect of high doses of X—ray and gamma radiation, to
consider the change in structures after irradiation with neutrons and protons.

The first stage: conducting neutron irradiation of specimens, obtaining the VAC characteristics
and the dependence of the Hall EMF in semiconductors on the concentration and mobility of charge
carriers.

The second stage: irradiation of samples with heavy charged particles, obtaining the VAC
characteristics and the dependence of the Hall EMF in semiconductors on the concentration and
mobility of charge carriers, structural analysis.

The third stage: irradiation of samples with X-ray, gamma radiation, obtaining the VAC
characteristics and the dependence of the EMF Hall in semiconductors on the concentration and
mobility of charge carriers, obtaining the dependence of the relaxation time from the absorbed dose.
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BJIMAHUE BBICOKOI'O JABJEHUS HA KPUCTAJVIMMECKYIO, MATHUTHY 1O
CTPYKTYPY U KOJIEBATEJIbHBIE CHHEKTPBI BAH-TEP-BAAJIBCOBBIX
COEIMHEHHNUN

0. H. JIuc*, 1. I1. Ko3nenko, C. E. Kuuanos, E. B. JIykun, U. 10. 3ean

141980 O0BenMHEHHBI HHCTUTYT SAAEPHBIX UCCIIeoBaHui, T. JlyoHa MockoBckoii o6macTu,
yi1. YKommo-Kropu, 1. 6 +79656061008 *e-mail: olis@jinr.ru

Ban-nep-BaanbcoBele  COEOUMHEHHUS] B HACTOsILEE BpeMs SBISIFOTCA OAHUMH M3 CaMbIX
MHTEPECHBIX OOBEKTOB MCCIENOBaHUS B 00NACTH (DPU3MKK KOHACHCHPOBAHHOTO COCTOSIHHSI 32 CUET
HEIaBHO OTKPBITBIX MAarHMTHBIX CBOWCTB B HMX JBYMEpHBIX (opmax. OCOOEHHOCTH CTPYKTYpPBI
HOPUBOIAT K 3HAUYUTEIHHON YyBCTBUTEIBHOCTH (PU3NUECKUX CBOMCTB B ATUX COCIUHEHUSIX K BHEIIHUM
BO3/IEHCTBUSAM, KOTOPbIE MOT'YT BbI3BaTh MHOXKECTBO HEOOBIUHBIX SIBICHUIL: 3apsnoBoe, opOUTaIbHOE
U CIIMHOBOE YHOPSJOYEHHUS, CBEPXIPOBOAMMOCTh, pa3inuyHble (a3oBble MEPEXObl, TAKKE BasKHBIC
JUIs pa3pabOTKH IHUPOKOTO CIIEKTPA CIMHTPOHHBIX YCTPONCTB.

BoszeiicTBre BBICOKOrO JaBJIEHUS SBISETCS MPSIMBIM METOZOM KOHTPOJIUPYEMOTO U3MEHEHUS
MarHUTHBIX B3aMMOAEHMCTBUIM 3a CUET BapHallMM MEKaTOMHBIX paccTossHMM u yrioB. [IpoBenenue
UCCJIEJIOBAHNN TIPH BBICOKHMX JaBJIEHUAX JAeT YHUKAJIbHYIO BO3MOXHOCTh HM3Y4YEHHS B3aUMOCBS3H
U3MEHEHUI CTPYKTYpHBIX IapaMeTPOB U MarHUTHOM CTPYKTYpbI, 4YTO HEOOXOAMMO MJsl IOHUMAHUS
NPUPOABI U MEXaHU3MOB (PU3NYECKUX SABJICHUH, HAOTIOIAEMBIX B HCCIEYEMBIX O0OBEKTaX.

Hacrosimas paGora mocBsiieHa HCCIIEAOBAHHUIO KPUCTAIUIMYECKOH, MarHUTHOW CTPYKTYPHI
CrBrz u FesGeTe, B mmMpokux amamna3oHax TeMIlepaTyp M JaBJICHUH C IOMOLIbIO HEHTPOHHOU
mudpakiuun Ha gudpaktomerpe [H-6 peakropa WBP-2 (JIH®, OUAU, dy6Gua, Poccus). Beuio
00HapyKEHO OTPHIIATEIILHOE TeIUIoBoe 00beMHOe pacinupenne B CrBrs ke Tc = 37 K, cBs3anHOe
CO CIHH-PEHIETOYHOM CBs3bI0. Bo3neiicTBHE BBICOKOIO MOABIEHUS NPUBOAUT K IIOJABICHUIO
MarHuTHOIO YNOPSIOUYEHUs, U nepexon u3 ncxognoro ®M-coctosHus oxunaercs npu P~8.4 I'Tla.
Hamm pe3ynbraThl Takke JNEMOHCTPHPYIOT M30CTPYKTYPHBIN (ha3oBbIi Tepexoll B GeppoMarHeTHKE
CrBrs (2,5 - 7 I'lla). Tax)xe aHOMaJIMK B TIOBSICHUH YaCTOT KOJICOATEIbHBIX MO, OOHAPYKECHHBIE TIPH
P~15 TITla, yxkaspiBaloT Ha JApyroe (a3oBoe INpeBpallieHHe, NPEANONOKHUTEIBHO CBA3aHHOE C
nporieccoM Meranm3anuu. MccnenoBanus FesGeTe; mpu BBICOKHX JaBICHHAX TAaKXKe IMO3BOJIUIN
BBISIBUTH HM3OCTPYKTYpHBIN mepexon mnpu P~7 [Tla. HaGmomaemoe aHOManbHOE TOBEIEHUE
napaMeTpoB AIIEMEHTApHOH sIYEHKHU, MEKaTOMHBIX PACCTOSHHUM U YIJIOB, M KOJIEOATEIbHBIX MO MOTYT
CBHUJICTENILCTBOBATh O KOHKYPHPYIOLIEM XapakTepe BHYTPUIUIOCKOCTHBIX (ab) W BHEIIOCKOCTHBIX
(BIOJIB €) B3aUMOICHCTBHIA.
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HIGH PRESSURE EFFECT ON CRYSTAL, MAGNETIC STRUCTURE AND
VIBRATIONAL SPECTRA OF VAN DER WAALS COMPOUNS

O. N. Lis*, D. P. Kozlenko, S. E. Kichanov, E. V. Lukin, I. Yu. Zel

Joint Institute for Nuclear Research Joliot-Curie 6, 141980 Dubna, Moscow Region, Russia
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Van der Waals compounds are currently one of the most interesting objects of research in the
field of condensed matter physics due to the recently discovered magnetic properties in their two-
dimensional forms. The structural features lead to a significant sensitivity of the physical properties in
these compounds to external influences, which can cause many unusual phenomena: charge, orbital
and spin ordering, superconductivity, various phase transitions, also important for the development of
a wide range of spintronic devices.

High pressure investigation is a direct method of controlled change in magnetic interactions
due to variations in interatomic distances and angles. Investigations at high pressures provides a
unique opportunity to study the relationship between changes in structural parameters and magnetic
structure, which is necessary to understand the nature and mechanisms of physical phenomena
observed in the objects under study.

This work is devoted to the study of the crystal and magnetic structure of CrBr; and FesGeTe;
in wide temperature and pressure ranges using neutron diffraction at DN-6 diffractometer of the IBR-2
reactor (FLNP, JINR, Dubna, Russia). A negative thermal volume expansion in CrBr; below Tc = 37 K
was observed, associated with spin-lattice coupling. The effect of high pressure leads to the suppression of
magnetic ordering, and the transition from the initial FM state is expected at P~8.4 GPa. Our results also
demonstrate an isostructural phase transition in a CrBr; ferromagnet (2.5-7 GPa). Also, anomalies in
the behavior of vibrational mode frequencies detected at P~15 GPa indicate another phase
transformation, presumably associated with the metallization process. Studies of Fe;GeTe; at high
pressures also revealed an isostructural transition at P~7 GPa. The observed anomalous behavior of the
unit cell parameters, interatomic distances and angles, and vibrational modes may indicate the
competing nature of in-plane (ab) and out-of-plane (along c¢) interactions.

AIIITAPATHAS PEAJIM3ALIUA U TECTUPOBAHUE
4-X KAHAJIBHOI'O BBICTPOI'O JETEKTOPA HA MKII

®@. ®. Banues, H. U. Kanunnuyenko, H. A. Makapos*, I'. A. ®eopuion

Cankr-IletepOyprckuil rocyiapcTBeHHBIH YHUBEPCUTET,
199034, Cankr-IlerepOypr, YHuBepcurerckas Hao. 7-9
*E-mail: n.a.makarov@mail.spbu.ru

Coznan 4-x xanansHbIN qetektop Ha MKII Ha 0cHOBE OBICTPOAEHCTBYIOMIMX KOMIAPAaTOPOB H
FPGA EPM240 ¢upmer ALTERA.

B pamkax nporpammHoit cpemst Quartus [1] mpoBemeHO MonmenMpoOBaHHE BPEMEHHBIX
M3MEpeHUH Al OBICTPOTr0 MOHUTOpA CTOJIKHOBEHHUH MyYKOB YACTHIl HA OCHOBE IIEBPOHHBIX COOPOK
MuKpokaHanbHbIX TuiacTuH (MKII) [2]. AnroputMm u3MepeHHil OCHOBaH Ha METOJE 3aJepKaHHBIX
COBIIAJICHUI C UCIIOJIIB30BAHUEM TEPMOMETPHUYECKOro kofia. IIpoBepka TecTOBOro MpoOTOTHIIA MPOBE-
JI€Ha C HCIOJIb30BaHWEM 4 KaHAJIBHOTO TeHeparopa HaHOCEKYHIHBIX MMITYJIBCOB, C PEryIUpyeMon
3aI€PKKON MEXIY KaHAJIaMU.

[lonmy4eHHBIE crenyIOUINE PE3yIbTaThl N3MEPEHH:

1. BepoATHOCTE JIOKHOH perucTpanyy no 0JHOMY U3 4-X KaHaJIOB 3a CUET JNEKTPOMArHUTHOMN
HABOJKK My kaHaitamu He Oosee 0.01 %.

2. Ilpu ucnonp30BaHUM JAHHBIX KoMIapatopoB U FPGA ycraHOBIeHa BO3MOKHOCTB OIpee-
JICHHSl BPEMEHU PErucTpalMy YacTHL JIeTekTopoM ¢ morpemHocTeio 100 mc. Ilpu sTtom pacuerHoe
OBICTPOACHCTBHE CXEMbI CUUTHIBAHUS COBIANACT C W3MEPEHHBIM W COCTaBJSIeT IUIsl 4 KaHAJTbHON
cucreMe He Oonee 6 HC Ha KaXJ0€e COOBITHE.
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Hccnenopanue nposeneHo Ipu (uHaHcoBor mnozaepkke Cankr-IlerepOyprckoro rocymap-
crBerHoro yHusepcureta (ID: 94031112).
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HARDWARE IMPLEMENTATION AND TESTING 4-CHANNEL FAST DETECTOR
ON MCP
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A 4-channel MCP detector based on high-speed comparators and FPGA EPM240 from
ALTERA was created.

Simulation of time measurements for fast monitoring of particle beam collisions based on
chevron assemblies of microchannel plates (MCPs) was carried out [1] within the framework of the
Quartus software environment [2].

The measurement algorithm is based on the delayed coincidence method using a thermometric
code. The prototype was tested using a 4-channel nanosecond pulse generator with an adjustable delay
between channels.

The obtained results of possible measurements:

1. The probability of false registration in 4 passes due to an electromagnetic wave between
flows is not more than 0.01%.

2. When collecting data from comparators and FPGAs, it is possible to determine the time of
registration of a sample by a detector with an error of 100 ps.

The study was supported by St. Petersburg State University (ID: 94031112).
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PACIIMPEHUE BO3MOKHOCTEN KOMILIEKCA ITPOT'PAMM CMK
I MOAEJINPOBAHUS TIEPEHOCA HOHOB

A. H. UBanos, A. I'. Maabkun, E. O. Mutsinun, E. B. AprembeBa
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Kommnekc nporpamm CMK [1] mpenHasHadueH uisi MOJEIHPOBAHUSA TEPEHOCA YACTHUIL
metonom MonTe-Kapno. B mocnegnee BpeMss BO3MOXKHOCTH KOMITIEKCA CYIIECTBEHHO PACIIUPEHEL,
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YTO MO3BOJISIET KPOME OCHOBHBIX UETHIPEX THIIOB YACTHUI] — HEUTPOHOB, TaMMa-KBaHTOB, DJIEKTPOHOB U
MO3UTPOHOB MOJEIUPOBATH TAKKE MEPEHOC UOHOB.

B xowmiiekce peanm3oBaHBI JBa THIA HCTOYHUKOB HOHOB — HE3aBUCHUMBIC HCTOYHUKH,
3a/laBacMbIe TIOJB30BATEIEM, a TAK)KE HMCTOYHHUKOM JIETKHX HMOHOB MOTYT SIBJISITHCS CTOJKHOBEHUS
HEUTPOHOB C fAlIpaMU BELIECTBA IMPH COBMECTHOM MOJECIMPOBAHUU MEPEHOCA HECKOJIbKHX THUIIOB
yactull. B mocnenHem ciywae [ pO3BICpHIIIA MAapaMEeTPOB POXKACHHBIX YaCTULl HCHOJIB3YIOTCA
TabnuuHble JaHHble Ononmoreku Jeff-3.3.

MonenupoBaHue NEPeHOCa HOHOB MPOBOIUTCS B MPUOJIMKCHUH HEITPEPHIBHOTO 3aMEIJICHHS C
WCTIONB30BaHUEM TaOJHIl TIOTEPh IHEPTHH, MONyUYEHHBIX C IMMOMOIIBI0 CBOOOIHO pacHpocTpaHsIeMOi
nporpamMmbl SRIM [2]. PeanuzoBan psin Mozeneid yueta QuIyKTyalliy OTEPh SJHEPTHH, UCTIONB3yEeMbIX
B Komimiekce Geant4 [3].

Kpome wnenpepsiBHOTO 3ameienuss B komimiekce CMK peanmuzoBanbl iBa criocoba ydera
Mpolecca YIpyroro paccesiHusi MOHOB B CPEE — aHAIMTUYECKAs: MOJENb, UCIOIb3yeMasi B KOMIUIEKCE
Geant4, v ¢ MOMOIIbIO TOCTPOCHHS HHTETpalia CTONKHOBeHUH dokkepa-Ilnanka.

Taxxke B kommiekce CMK pacummpeHsl BO3MOXXHOCTH 3aJaHHsl T€OMETpUU. bbul BBeleH
HOBBI THI TEOMETPHUYECKOTO ONIoKa — OJIOK-pemIeTKa, YTO TO3BOJNHJIO 33/1aBaTh B ITOCTAHOBKAxX
Pac4yeToOB MHUKPOCXEMBI, COCTOSIINE U3 OOJIBIIOrO YKCIa siueeK.

[IpuBoanTCS CpaBHEHHE PE3yIHTATOB PACUCTOB MOJCIBHBIX 3a7a4, MOJIYICHHBIX B KOMIUICK-
cax CMK u Geant4.
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EXPANDING POSSIBILITIES OF CMK SOFTWARE PACKAGE TO SIMULATE 10N
TRANSPORT
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CMK software package [1] is designed for simulating particle transport with Monte-Carlo method.
Possibilities of the package have been expanded considerably, and that allows simulating ion transport in
addition to the simulation of the four basic types of particles — neutrons, photons, electrons and positrons.

CMK realizes two types of ion sources — independent sources set by the user and the source of
light ions in the form of neutron collisions of neutrons with the nuclei of the material in case of the
mixed simulation of the transport of several types of particles. In the last case, we use table data of
Jeff-3.3 library to simulate the parameters of the originated particles.

lon transport simulation is carried out in approximation of continuous stopping using the
tables of energy loss produced with freely available SRIM program [2]. A number of models to
account for energy loss fluctuations used in Geant4 [3] is realized.

Besides continuous stopping, CMK realizes two ways of accounting for the elastic scattering
process for ions in the medium — an analytical model used in Geant4 and the one using the integral
construction for Fokker-Planck collisions.

CMK also expands the possibilities of setting the geometry. A new type of the geometric
block has been introduced - it is a block-mesh; this allows setting the computations of an integrated
circuit comprising a big number of cells.

The computation results of model problems produced in CMK and Geant4 are compared.
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VYnpaBneHue cBOWCTBaMH HOJIYHNPOBOAHUKOBBIX KPHUCTAJUIOB M XapaKTEPUCTUKAMM W3ICIHHA
Ha WX OCHOBE BO3ACHUCTBHEM paaualy SBISETCS OJHUM U3 MEPCIEKTHUBHBIX TEXHOJOTHYECKHX
HaIpaBJICHUH TIOIYIPOBOJHUKOBONH MHUKPORIIEKTPOHUKH. BO3MOKHOCTh UCIIOJIE30BAHUSI B TEXHOJIO-
THUYECKUX IESIX HaBEACHHBIX PaJUAalMOHHBIX Ae(ekToB TpeOyeT u3ydeHus 3(PQeKTHBHOCTH HX
¢opMHpOBaHUs B 3aBHCUMOCTH OT BHJA M IapameTpa BO3ACHCTBYIOIIMX YAacCTHL, TEMIIEPaTypbl
00JTydeHws, CTeTIEHH JIETHPOBaHUs 0a30BOTO KpUCTaIa U KOHCTPYKIIMOHHON 0COOEHHOCTH M3TrOTaB-
nuBaeMoro uznenus. OXHAM W3 IUPOKO MPUMEHSEMBIX CIIOCOOOB YIpaBJICHUS ObICTPOACHCTBUS
NOJTYNPOBOAHUKOBBIX THUOAHBIX CTPYKTYp SBISETCS BBeIeHHE B 0a30Bble 007acTH H3IENUil
PEKOMOMHAIIMOHHBIX JIEPEKTHBIX LEHTPOB IyTEM paJAMAIMOHHOTO Bo3jeHcTBUsA. OJHAKO aHAU3
JUTEPATYpPHBIX JAaHHBIX TOKa3bIBaeT, YTO Ha O(PQPEKTUBHOCTL (OPMUPOBAHUS PaAJTUAMOHHBIX
nedexroB (PI1) BnusioT criocod M TeXHOJIOTMYECKHE PEXKUMBI U3TOTOBJICHUS TUOAHBIX CTPYKTYP.

Hacrosimas paboTa mocBsIieHa HCCIECIOBAHHMIO TNTyOMHBI 3ajeranus pP° — cios B auddy-
3MOHHBIX KPEMHHEBBIX P'—N-N" CTpyKTypax Ha CKOPOCTh BBEJACHHS PaIUAlMOHHBIX JAe()EKTHBIX
LEHTPOB NP 0OJYYECHUH JIEKTPOHAMH ¢ 3Hepruel 4 MaB u onpeneneHnIo ONTHMaTbHBIX 1e(eKTHBIX
LHEHTPOB PEKOMOMHALIMK, BIMAIOLIMX Ha OblcTpoeiicTBHe AuonoB. Huddy3noHHBIE THOIBI
M3rOTaBIMBAIKCH U3 N-Si ¢ yaenbHbIM conpoTuBieHueM 0,3—4,5 Q - cM mytem serupoBanus Al mpu
temneparype 1150 °C. Tonmuna 6a3bl BeceX U3roTOBIEHHBIX 00pa3Los cocTasisia 400 mxm. [nyOuna
dopMupoBaHus P° — ciosi peryaupoBanach usmMeHenuem Bpemenu auddysuu ot 0,5 mo 10 9, urto
MO3BOJISIIO MOJYYHUTh P° — cioi ¢ rnyouHou 3aneranus ot 10 mo 60 mMxM. OOnydeHre oOpas3ioB
IPOBOAMIIOCH JIEKTPOHAMH ¢ SHeprueil 4 MaB B untepBane dmoencos 102-10° cm? Konrpons
paaManMoOHHBIX Je(EeKTHBIX IEHTPOB ocymiecTBisuics Metogom DLTS, a OwicTpopeiicTBue —
U3MEpeHNEeM BPeMEHH BOCCTAHOBIICHHSI 0OPaTHOTO COMPOTHUBIICHUSI JIOIOB.

YcraHoBNeHO, YTO B 00pasnax mocie oONydeHHs JIIEKTPOHAMH B YKa3aHHOM HHTEpBaje
¢moencoB B crnektpe DLTS mosBisioTCS MHKH, CBS3aHHBIE C TIyOOKMMH PEKOMOMHALIMOHHBIMHU
yposusaimu E—0,17 3B, E.—0,23 5B, E.~0,39 5B u E-0,44 5B, xotopsie npunuceiBatorcs K P11 (A, V2
u E meHTpsl cooTBeTcTBEeHHO). [IpH comocTaBlieHHMH KOHICHTPALMM YKa3aHHBIX [EHTPOB B 3aBUCH-
MOCTH OT ITyOHHBI P* — CJIOS BBISIBJIICHO, YTO BO3pacTaHue rIryOuH P — CJI0S IPUBOAUT K MOBBILICHUIO
ckopoctu BBeneHus PJ] u moxomur mo MakcMMyma npH TiryOumHax P — ciost 25 mim. [lanbHeiiniee
TIOBBIIIICHUE TTyOHHBI TIPUBOJIUT K TIOHMKEHUIO CKOPOCTH BBesicHUs ypoBHeit E—0,23 3B n E.~0,44 3B.
B otnmume ot ykazanubeix meHTpoB PJI, oOycioBneHHbix ypoBHeM E—0,39 5B (amBakancust), npu
rmyonHax p* — cmos > 30 MKM BO3pacTaeT W CTAHOBHTCS OOJbIIE CYMMapHOTO 3HAYCHUS
koHueHTpauu ypoBaer Ec—0,23 3B u Ec—0,44 5B. YcranoBieHo, 4TO BO BCeX AMOTHBIX CTPYKTypax
BHE 3aBUCHMOCTH OT IITyOHHBI 3ajieranusi P° — ¢J0s ¥ (QIIroeHca 3JIeKTPOHHOTO 00JIy4YeHHsI OCHOBHYIO
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koHIeHTpanuio P/l cocrasiser pekomOuHanuonHbii ieHTp E—0,17 3B. IToka3aHo, 4To npH riryOMHax
p" — cnos > 60 MKM BpeMsi BOCCTAHOBJICHHST OOPATHOTO COMPOTHUBIICHHS PaIHAIIMOHHO-00paOb0TaHHBIX
TUGGY3NOHHBIX P*—N—-N* CTPYKTyp TOHMKAETCA HA MOPSAAOK M ONpPENeIserTcs KOHIEHTpaIlnen
1ieHTpoB Ec—0,17 5B u E~0,39 3B. IIpemnoxkena kBasuxumudeckas peakuus ¢ yaactuem Al, O u V Ha
rpaHuile pasfmena P* — cios, MO3BOJIAONIAsS OOBSICHUTh HM3MEHEHHWE CKOpPOCTH BBeaeHus PJ] B
KpeMHHUEBBIX U (Y3HOHHBIX TUOJHBIX CTPYKTYpax.

STUDY OF THE INFLUENCE OF THE DEPTH OF P*- LAYER FORMATION IN SILICON
DIFFUSION STRUCTURES ON THE INTRODUCTION RATE OF RADIATION DEFECTS
UNDER ELECTRON IRRADIATION

Sh. Makhkamov?!, M. Yu. Tashmetov !, M. N. Erdonov %, R. P. Saidov?, Kh. M. Kholmedov 2

Lnstitute of Nuclear Physics, Academy of Sciences of the Republic of Uzbekistan,
100214 Tashkent, Uzbekistan
2Tashkent Al-Khwarizmi University of Information Technologies, 10 Amir Timur str.,
100084, Tashkent, Uzbekistan
e-mail: makhkamov@inp.uz
muzaffarerdonov1978@yandex.ru

Controlling the properties of semiconductor crystals and the characteristics of products based on
them by exposure to radiation is one of the promising technological areas of semiconductor
microelectronics. The possibility of using induced radiation defects for technological purposes requires
studying the efficiency of their formation depending on the type and parameter of the acting particles, the
irradiation temperature, the degree of doping of the base crystal, and the design features of the
manufactured product. One of the widely used methods for controlling the speed of semiconductor diode
structures is the introduction of recombination defect centers into the base regions of products by radiation
exposure. However, an analysis of the literature data shows that the efficiency of the formation of radiation
defects (RD) is affected by the method and technological modes of fabrication of diode structures.

This work is devoted to the study of the depth of the p* — layer in diffusion silicon p*—n-n*
structures on the rate of introduction of radiation defect centers upon irradiation with electrons with an
energy of 4 MeV and to the determination of the optimal defect recombination centers that affect the
performance of diodes. Diffusion diodes were made of n-Si with a specific resistance of 0.3-4.5 Q -
cm by doping with Al at a temperature of 1150 °C. The base thickness of all fabricated samples was
400 pum. The formation depth of the p+ layer was controlled by changing the diffusion time from 0.5
to 10 h, which made it possible to obtain a p* — layer with a depth of 10 to 60 um. The samples were
irradiated with electrons with an energy of 4 MeV in the fluence range 10%*+10 cm. The control of
radiation defect centers was carried out by the DLTS method, and the speed was measured by
measuring the recovery time of the reverse resistance of the diodes.

It has been established that in the samples after irradiation with electrons in the indicated
range of fluences, peaks appear in the DLTS spectrum associated with deep recombination levels E—
0.17 eV, Ec~0.23 eV, E~0.39 eV, and E-~0.44 eV , which are attributed to the RD (A, V? and E
centers, respectively). When comparing the concentration of these centers depending on the depth of
the p* — layer, it was found that an increase in the depth of the p* — layer leads to an increase in the rate
of introduction of RD and reaches a maximum at a depth of the p* — layer of 25 um. A further increase
in depth leads to a decrease in the rate of introduction of the levels E.—0.23 eV and E.~0.44 eV. In
contrast to the indicated centers, the RD, caused by the level of E.~0.39 eV (divacancy), at depths of
the p* — layer > 30 um increases and becomes greater than the total concentration of the levels E.~0.23
eV and E.~0.44 eV. It has been established that in all diode structures, regardless of the depth of the p*
— layer and the electron irradiation fluence, the main concentration of RD is the recombination center
Ec0.17 eV. It is shown that at depths of the p*—layer > 60 um, the recovery time of the reverse
resistance of radiation-treated diffusion p*—n—n* structures decreases by an order of magnitude and is
determined by the concentration of centers Ec—0.17 eV and E.~0.39 eV. A quasi-chemical reaction
involving Al, O, and V at the interface of the p* — layer is proposed, which makes it possible to explain
the change in the rate of introduction of RD in silicon diffusion diode structures.
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KOMIIO3NLINOHHBIE BOPCOJAEP/KAIIIUE IIJIACTMACCOBBIE CHUHTUJIJIATOPBI

H. U. Kamues!, U. B. Hemuenok'?, U. A. Cycaos?, A. JI. BuicTpsikos’?

1141980 OObenMHEHHBIN MHCTUTYT SIEPHBIX HCCIEN0BaHui, I. JlyoHa MOCKOBCKOH 001acTH,
yi1. XKonuo-Kropu, 1. 6
2MenepanbHOE rOCYIapCTBEHHOE OIOKETHOE 00PAa30BaTENLHOE YUPEKIEHHE BBICIIETO 00Pa30BaHuUsI
«YHusepcuret «lyOHa» (rocyqapCcTBEeHHBI YHUBEPCUTET «J{yOHa»)
yi. YauBepcurerckas 19, r. Jlyona, Mockosckas o6i., Poccusi, 141980
8 (926) 340-90-28, e-mail: potre_@mail.ru

B Hacrosmeit paboTe ONMMCHIBAETCS TEXHOJIOTHS MOTYYEHHUS KOMIIO3MIIMOHHBIX Oopcozep-
AKX MJIACTMACCOBBIX CUUHTHIUIITOPOB HAa OCHOBE COMOJIMMEPOB MeTakpuinoBoi kucinotsl (MK) u
metuiamerakpuiara (MMA) co ctuponom (Cr). B kadecTBe GopcojepiKailero COeJUHEHUS! HCION-
p30BaJicsl mopouok Hutpuaa 6opa (BN), a B kauecTBe CUMHTHIUIMPYIOIIEH NOOABKHM — MOPOIIOK
cynb(huma MUHKA, TOMUPOBaHHBINA cepedpom (ZnS(AQ)).

B pesymbrare paboThl OBUIM MOJyYeHBI CepUM O0Opas3loB € pPa3HbIM COOTHOIICHHUEM
MOHOMEPOB B ITOJUMEPHON MaTpUIIE U C Pa3HBIM COOTHOLICHWEM HUTpHAA Oopa u cyibduaa UHKA.
HUccnemyembie 00pa3iibl MpeCcTaBIsLIN COO0H TUCKU IUaMETPOM 25 MM U TONIUHOHN 1 mim 2 MM.

Hdns Bcex cepuil oOpa3uoB Oblia M3MepeHa OTHOCUTENbHas 3()(QEeKTHBHOCTH perucTparuu
TEIJIOBBIX HEHTPOHOB.

COMPOSITE BORON-LOADED PLASTIC SCINTILLATORS
I. I. Kamnev?, I. B. Nemchenok?, I. A. Suslov'?, A. D. Bystryakov!?

LJoint Institute for Nuclear Research Joliot-Curie 6, 141980 Dubna, Moscow Region, Russia
2Dubna State University, 19 Universitetskaya St, Dubna, Moscow Region, Russia, 141980
8 (926) 340-90-28, e-mail: potre_@mail.ru

This document presents the technology for producing composite boron-loaded plastic
scintillators based on copolymers of methacrylic acid (MA) and methyl methacrylate (MMA) with
styrene (St). Boron nitride was used as a boron-containing compound and silver-doped zinc sulfide
powder (ZnS(Ag)) was used as a scintillating additive.

As a result, the series of samples were produced with different ratios of monomers in the
polymer matrix and with different ratios of boron nitride and zinc sulfide. The experimental samples
were 25 mm diameter and 1 or 2 mm thickness.

The relative efficiency of thermal neutron detection was measured for all series of samples.

0O BO3BMOXHOCTHU IIPUMEHEHHNS KOMBUHUPOBAHHBIX PAIMALTMOHHBIX
TEXHOJIOTUH JJIS1 CTEPWJIN3AIIAU U KOHCEPBAIIUU MCKOIMAEMBIX
BUOOBBEKTOB

H. A. Hukonaena, B. B. Po3anos, U. B. Matseiiuyk, A. II. Yepusie, C. H. MamaeBa

denepanbHOE TOCYIAPCTBEHHOE aBTOHOMHOE 00pa30BaTEIbHOE YUPEXKICHHE BBICILIEI0 00pa3oBaHus
«Cesepo-Bocrounslii henepanbHbiil yauepcuteT uMeHn M.K. AMMocoBay,
677013, r. Slkyrck, yin. Kymakosckoro, 1. 48, CBOY umenn M.K. Ammocosa,
Tenm. 8(914)2793336, e-mail larsoon696@mail.ru

PaccmarpuBaeTcsi BO3SMOXXHOCTh HCIIONB30BaHHS HOBOTO METO/[a 0OpabOTKM M CTepUIIN3aIlUH
OMoNormuecknx oOpasloB MaMOHTa W JIPYTHX JPEBHUX J>KUBOTHBIX C IPHMEHEHHWEM O030Ha U
O0JTy4YeHHUsT DJICKTPOHAMH BBICOKOM SHEPruM Ul JUIMTEIBHOIO XPaHEHUS M HCCIeqoBaHui. B
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JIOTIONTHEHUE K PEIIeHUI0 BOMPOCOB oOOecreueHus: 0e30MacHOCTH, Takas o0paboTKa 3HAYUTEIHHO
yAydlllaeT COXPaHHOCTh oOpasma. Ha ceromHsmHWN JeHh My3ed B OCHOBHOM HCHOJIB3YIOT
XUMHYECKHE METonbl cTepwim3anuu. lccrmemoBarenn HEOJHOKPATHO OTMEYAIHd  BBICOKYIO
TOKCUYHOCTh OKHCH JTHJICHA, €ro KaHIIEPOICHHbIC CBOWCTBA M BO3MOXHOCTH MYyTareéHHOIO
BO3/ICCTBUS Ha pacTeHUs, OAKTEPUHU U JTa0OPATOPHBIX )KUBOTHBIX. Hanbonee a3 eKTHBHBIM METOIOM
CTEpUJIM3AINH SABISAETCS TydeBas oOpadoTka. OqHAKO pamuaIisl Ipy BeITUYUHE MOTIIOMEHHON JTO3BI B
20-40 xI'p MOXXET BBI3bIBATh CEPHE3HBIC U3MECHEHHUS KaK B CTPYKTYpPE, TaK U B CBOMCTBaX HUCKOMACMbBIX
(hparMeHTOB, YTO IPUBOIUT K MOTEPE BAKHOM MH(GOPMAIIMK NIPU UX JAJIbHEHIIIEM U3yUYCHHH.

KomOunmpoBanHoe Bo3neicTBue (030H + pamuarus) [1] mo3BoiseT CyIIECTBEHHO CHH3HUTH
BEJIMUUHY TIOIVIONICHHOMN JT03bI IIPU OJHOBPEMEHHOM 3(P(PEKTUBHOM YHHUUTOKCHHUU MATOTCHOB JaXKe B
criopoBoil popme. DTOT METON TakKe MO3BOJSECT 3aMEHUTh HMJIM PE3KO COKPaTHTh WCIOJIB30BaHUE
XUMHYECKUX BemiecTB. [IpoBereHpl ucciemoBaHUs 0OO0pa3loB TKaHeW MamoisiXoBCKOTO MaMOHTa
KOMIUIEKCHBIMH METOJaMH C HCIIONB30BAHUEM CKaHHUPYIOMIEH JJIEKTPOHHONM W aTOMHO-CHIIOBOM
MUKPOCKOIINM, HWH(PPAKPACHOW CIEKTPOCKONMM U pPaMaHOBCKOTO CIEKTpomeTpa. Pesymsratamu
WCCIIEZIOBaHUS SBISIOTCS HOBBIE JaHHBIE O MOPQOIOTHH TOBEPXHOCTH, SJIEMEHTHOM COCTaBe
HCKOTIaeMBIX (parMeHTOB. B Oymymem mianupyeTcss pa3paboTtark oOmue mpaBuia oOpaboTKH U
COXpAaHEHHUS HAMJECHHBIX KOCTEH BBIMEPIIMX KHBOTHBIX M COXPAaHCHHS WMCKOIMAeMbIX JPEBHUX
OCTaHKOB 3110XH TUIEHCTOIEHA, a TAKKE apXEOJIOTHYECKUX HaX0JOK KOCTeH.

Cnucok JuTepaTypsl

1. AmmmoB A. C., bmmuok Y. A., bopmerosckas II. 10. u ap. [lpumenenne mydukoB
YCKOPEHHBIX 3JEKTPOHOB IS PagUalliOHHOW O00paOOTKH MPOAYKTOB MHUTAaHUS M OMOMaTepuasoB //
N3Bectus Poccutickoii akanemuu Hayk. Cepust puszmueckas, Tom 81, Ne 6, ¢. 819-823

ON THE POSSIBILITY OF APPLYING COMBINED RADIATION TECHNOLOGIES
FOR STERILIZATION AND PRESERVATION OF FOSSIL BIO-OBJECTS

N. A. Nikolaeva, V. V. Rozanov, I. V. Matveichuk, A. P. Chernyaev, S. N. Mamaeva

M.K.Ammosov North-Eastern Federal University, 677013, Yakutsk, ul. Kulakovskogo, 48,
Phone 89644287516, e-mail larsoon696@mail.ru

The possibility of using a new method of processing and sterilizing biological samples of
mammoths and other ancient animals using ozone and high-energy electron irradiation for long-term
storage and research is being considered. In addition to addressing safety concerns, this treatment
greatly improves sample retention. Today, museums mainly use chemical methods of sterilization.
Researchers have repeatedly noted the high toxicity of ethylene oxide, its carcinogenic properties and
the possibility of mutagenic effects on plants, bacteria and laboratory animals. The most effective
sterilization method is radiation treatment. However, radiation at an absorbed dose of 20-40 kGy can
cause serious changes in both the structure and properties of fossil fragments, which leads to the loss
of important information during their further study.

Combined exposure (ozone + radiation) [1] can significantly reduce the amount of absorbed
dose while effectively destroying pathogens, even in spore form. This method also makes it possible to
replace or drastically reduce the use of chemicals. The tissue samples of the Malolyakhov mammoth
were studied by complex methods using scanning electron and atomic force microscopy, infrared
spectroscopy, and a Raman spectrometer. The results of the study are new data on the surface
morphology, elemental composition of fossil fragments. In the future, it is planned to develop general
rules for the processing and preservation of the found bones of extinct animals and the preservation of
fossil ancient remains of the Pleistocene era, as well as archaeological finds of bones.

References
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COCTAB Y JIMTHEWHAS IEPEJIAYA DHEPT MU
IMPOJIYKTOB SIIEPHBIX PEAKIIAIT W(px) B Ta(p,x)

H. B. HoBukos, H. I'. Ueuenun, A. A. lllupoxosa

MockoBckuii rocynapcTBeHHbIA yHUBepcuTeT uMeHu M. B. JlIomoHOCOBa,
HayuHo-uccnemnoBareiabckuii HHCTUTYT siiepHO# ¢usuku umenu [1. B. CkobenblibiHa,
119991, Mockga, Jlenunckue ropsr, 1, Poccus, Tem: +7-495-9392486,

E-mail: nvnovikov65@mail.ru
site@sinp.msu.ru

O ekt c60s OOPTOBOW IEKTPOHUKH OT OJHOIO MOHA MOXKET MPOMCXOAUTH HE TOJIBKO OT
HOHHM3alMU MaTcpuajia NMCPBUYHBIMU MOHAMHU, HO TAKIKC OT BSaI/IMOZ[CI\/'ICTBI/IH 3aPSAKCHHBIX (bparMeH-
TOB siiepHOM peakuuu [1, 2] ¢ OOHMM M3 MaTepHajoOB HMHTErPabHOW CXeMbl. [lpu oJHOM
CTOJIKHOBEHHH C AIpOM 00paszyercsi cpa3y HECKOJIBKO BTOPUYHBIX 3apsHKEHHBIX dacTull. VX Heynpy-
TH€ TOTEPH SHEPrMU W 3apsabl 3HAYUTENBHO OOJbIIE, YeM Y HEepBHYHOrO MpOoTOHA. [IpomyKTh
ANEPHBIX peakiuid HecyT MH(OpMAlHMI0O HE TOJIBKO O MEXaHM3MaX peaklHud, HO U O JUHAMHUKE
00pa30oBaHHA 1 pacmaga MPOMeXKYTOUHBIX COCTABHEIX siiep [3].

Meton Monte-Kapno [4] ncmonms3yercs UId MCCIIEOBAaHUS COCTaBa, SHEPTUU W JIMHEHHOW
nepeaayrl SHEPTu MPOAYKTOB SACPHBIX PEaKIHid B CTOJKHOBEHHSIX OBICTPHIX MPOTOHOB C SIIPaMU
TaHTaja u Bojib(ppama. CpaBHUBAIOTCS Pe3yJabTaThl, MOJYUYCHHBIE Ul HEYIPYroro B3aMMOACHCTBHUS
NpOTOHOB ¢ SHeprueit £ < 10 I'3B.
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THE COMPOSITION AND LINEAR ENERGY TRANSFER
OF W(p,x) AND Ta(p,x) NUCLEAR REACTION PRODUCTS

N. V. Novikov”, N. G. Chechenin, A. A. Shirokova

Skobeltsyn Institute of Nuclear Physics Moscow State University,
119991, Moscow, Leninskiye gory, 1, Russia, tel: +7-495-9392486,
E-mail: nvnovikov65@mail.ru
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The single event effects on onboard electronics can occur not only from direct medium
ionization by primary ions, but also from the effect of charged fragments of the nuclear reactions [1, 2]
of one of the materials of an integrated circuit. In one collision with the nucleus, several secondary
charged particles are formed at once. Their inelastic energy losses and charges are significantly greater
than those of the primary proton. Products of nuclear reactions carry information not only about
reaction mechanisms but also about the dynamics of formation and decay of intermediate compound
nuclei [3].

Monte Carlo method [4] is used to study the composition, energies and linear energy transfer
of products of nuclear reactions induced by collisions of fast protons with tantalum and tungsten
nuclei. We compare the results obtained for inelastic proton interaction at energies in the range
of £ <10 GeV.
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HCCJIEJJOBAHUE SIIEPHBIX PEAKIIAM ITPA IPOBEJIEHUAW ITPOTOHHOM
TEPAIIMU HA ITYUYKE 160 M>B

A. B. OBcannukoB®, M. B. Kearono:xckas, C. P. Anonnes, A. I1. UepHsieB

denepalibHOE TOCYIAPCTBEHHOE OIOPKETHOE 00pa30BaTEIbHOE YUPEKICHUE BHICIIET0 00pa3oBaHMs
«MoOCKOBCKHUH TOCyTapCTBEHHBIN yHUBEepcuTeT nMeHH M. B.JIomoHOCOBay, 119991, Poccwuiickas
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B mnocnennue roasl omHUM M3 HamOosee MepCHEeKTUBHBIX METOMOB JIEYEHHS 3JI0KaueCTBEHHBIX
0o0pa3oBaHMi SIBISETCS TPOTOHHAs Tepamus. [lo cpaBHEHMIO C TpPaJAWIIOHHOW Jy4eBOM Tepamueit
¢oToHAMH, TIPOTOHHAS Tepamusi ¢ MOAYIMPOBAHHOW HHTCHCHBHOCTBIO MOXKET IOCTABISTH BBICOKYIO
ne4eOHyI0 103y K OIyXOJIsIM NPH MHHHUMAJIBHOW [103€ Ul HOpMaJbHBIX TKaHed. Tem He meHee, B
pe3yJibTate SAepPHbIX B3aMMOJIEHCTBUN BBICOKOIHEPTETUIECKUX IPOTOHOB C BO3AYXOM, TEJIOM YeJIOBEKa U
SJIEMEHTaMH YCKOPHUTENIST MOXET (OPMHPOBATHCS BTOPHUYHOE H3ITydeHHE. BBHUIY BBICOKMX SHEpruit
MTy9YKOB MPOTOHOB, HCIONB3YEeMBIX Ul JiedeOHOM Teparmu (o 250 M»aB) BTopuuHBIE 4acTHIBI MOTYT
OBITH TIPE/ICTABIICHBI MPOTOHAMHM, JIEHTPOHAMH, alb(a-4acTUIIAMH U HEHTPOHAMH, KOTOpPBIC IEpEeNaroT
OOJTBIITYIO YacTh CBOEH SHEPTHHU HE TOJIBKO OITyXOJIH, HO ¥ OKPY>KAIOIIMM HOPMaJIbHBIM TKaHSIM.

K Hacrosimiemy BpeMEHM HCCIIEIOBAHHIO MEXAaHH3MOB BO30YXKIEHHS PAa3IUYHBIX SJIEPHBIX
peaknuii mMpu B3aUMOJICHCTBHUH MPOTOHOB C 3HEPrusiMu A0 250 MbB ¢ XuMUYECKUMHU DJIEMEHTaMHU
Je4eOHBIX YCTAaHOBOK, a TAK)KE C JIEMEHTaMH TeJla MaIMeHTa, TAKUMH JIETKUMH ApaMHU, KaKk YTIepos,
KaJbLUWH, KUCIOPO, a30T U AP. ¥ OLIEHKE BTOPUYHOM 03Bl MOCBSIIECHO €AMHUYHOE YHCIIO padoT.

B mpencraBneHHoi paboTe uccienoBasoch 00pa3OBaHME PAAMOAKTUBHBIX HYKIHIOB HPH
00JTy4eHnN MUIleHeH MeTammneckoro Kabslms U CaCly ecTecTBEHHOTro cocTaBa MPOTOHAMY C DHEPrUue
160 MsB. B ramma-criekTpax 0OJIy4eHHBIX MUINEHEH BbLIeneHsl aktuBHOCTH 'Be (T1,=53 cyr), #Na
(T1z=2.6 1), #Na (Tyz=15 u4), Mg (T12=21 4) ¥ IPOAYKTOB AKTUBALUM H3OTOIOB KAIbLH B
peakuusx (p, oXn) u (p, Xn) — 2K (T12=12.4 1), ®K (T12=22.3 1), ©*Sc(T12=3.89 u), “*Sc(T12=3.93 u).
s peaknuu paciierieHus] U3MEpEeHbl 3KCIepHMEHTANbHBIE BBIXOIBI JJISI BCEX HYKIHIOB C TMOTpemI-
HocTbl0 He BeIEe 10 %. IlomydeHHBIe pe3ynpTaThl CPaBHUBAINCH C UMEIOIIMMHUCS SKCIEPHUMEHTAIIb-
HBIMH JTaHHBIMHU O BBIXOJIE JUIsl 22Na, paHee U3MEPEHHOTO IS SHEPTMU MPOTOHOB 158 MbB, pacxox-
JIeHHe 0Ka3aJoCh B paMKax MOTPEIIHOCTH n3MepeHuid. [loaydeHHble pe3yabTaTsl 00CYKAat0TCA.

STUDY OF NUCLEAR REACTIONS DURING PROTON THERAPY AT 160 MeV BEAM
A. V. Ovsyannikov*, M. V. Zheltonozhskaya, S. R. Adoniev, A. P. Chernyaev

Lomonosov Moscow State University, Russia, 119991, Moscow, GSP-1, Leninskiye Gory 1b2
* 270560@list.ru, +7 (909) 946-56-25

One of the most promising methods for treating malignant tumors in recent years is proton
therapy. Compared to traditional photon radiation therapy, intensity modulated proton therapy can
deliver a high therapeutic dose to tumors and a minimal dose to normal tissues. Nevertheless,
secondary radiation can arise from nuclear interactions of high-energy protons with air, the human
body and accelerator elements. Due to the high energies of the proton beams used for therapeutic
therapy (up to 250 MeV), secondary particles can be protons, deuterons, alpha particles and neutrons,
which transfer most of their energy not only to tumors, but also to surrounding normal tissues.
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To date, the study of the mechanisms of excitation of various nuclear reactions during the
interaction of protons with energies up to 250 MeV with chemical elements of medical devices, as
well as with elements of the patient's body, such as light nuclei such as carbon, calcium, oxygen,
nitrogen, etc., has been discussed only in a few work done.

In the present work, nuclear reactions with accelerated protons on natural calcium targets of
different compositions were investigated. The targets made of metallic calcium and CaCl, were
irradiated with proton beams with an energy of 160 MeV. The activities of 'Be (T12=53 days), ?Na
(T12=2.6 y), #*Na (T12=15 h), Mg (T12=21 h) and such activation products calcium isotopes in the
reactions (p, aXn) and (p, Xn) as “K (T12=12.4 h), ®K (T1/2=22.3 h), *3Sc(T1,=3.89 h),
4S¢(T12=3.93 h) were identified in the gamma spectra of irradiated targets. For the splitting reaction,
the experimental yields were measured for all nuclides with maximum uncertainty of 10%. The results
obtained were compared with the available experimental data on the yield for #?Na, previously
measured for a proton energy of 158 MeV, and it was found that the deviation was within the
measurement uncertainty. The results obtained are discussed.

METO/Jl OBHAPY/KEHUS ®PATMEHTOB SAJEPHOI'O TOIIJIMBA
B I'PA®UTOBBIX BJIOKAX, U3BJIEKAEMBIX ITPU TIEMOHTA’KE
I'PA®UTOBOU KJIAIKU AAEPHOI'O PEAKTOPA

A. O. IlaBok, E. B. becnaja, E. I1. 3enenenkasn, . A. Ymakon

ToMcKkuii MOJUTEXHUYECKHI YHUBEpCUTET, 1p. Jlenuna, 30, Tomck, Tomckas 0011., 634050,
cot.ten. +79138288007, e-mail: pavlyukl7@tpu.ru

B nacrosmee Bpems B PD 1st BeIBo#a U3 3KCIUTyaTallMi SHEPTETHYECKUX YpaH-TPaQHUTOBBIX
peaktopoB (YI'P) tuma PBMK, AMb u np. npuoputetHoil ctpaterueit spisercs «HemeaneHHbN
JeMOHTax». [Ipu 3ToM yacTh rpadUTOBBIX GJIOKOB MOTYT COAEPKATh MPOCHIIHN (PParMeHToB SAECPHOIO
TOILIMBA, YTO TpeOyeT 0OHapy>KEeHHS U ONpEACTICHUs NX apaMeTpOB IIPH U3BJICUCHUH U3 PEaKTOpa 10
KOHTelHepu3anuu. MHpopMmanus o colepKaHWU TPOCHINEH SIEPHOrO TOIUIMBA HEOOXOIMMa st
coOmroieHus TpeOOBaHMI SEPHON OE30MaCHOCTH U BBINIOJHEHHS COPTUPOBKH C YYETOM CYIIEC-
TBYIOIMX OTPaHWYEHUM Ha COIEpXKaHHE SICPHO-ONACHBIX HYKJIMIOB B KOHTeiHepax. dparmeHThI
TOIJIMBA C OTHOCUTEIBHO BBICOKMM BBIFOPAHUEM SBISIIOTCS WCTOYHMKAMHM MHTEHCHUBHOI'O ramMma U
HEMTPOHHOIO WM3JIy4EeHUH M3-32 HAKOIUIEHHS B HHUX DPaJMOHYKIMIOB Npoiaykra genenus 3'Cs wu
aktuEuaa 2%Cm, 9TO TO3BOJSET BBHINOJHWTH MX JETEKTMPOBAHUE H OMNPENETUTH OCHOBHBIE
napamMeTpbl MX JIOKaJH3alWMH Ha MOBepXHOCTH Onoka. C 3Toi wenbio ObUT mpemiokeH crmocod [1],
NpEIoNIaraloniii B COOTBETCTBUM C pa3pa0OTaHHBIM aJrOPUTMOM TIO3TAIIHOE BBIMOJIHEHHE
M3MEPCHMI M3BJICUCHHOTO rpaduroBoro 0j0ka / B suelike 2 CIEHUAIBHON U3MEPHUTEIBHONH COOPKHU
(cM. puc.), cocTOSILICH M3 3aMEANMUTENsT 3 W YCTAaHOBJICHHBIX B HEE B OIPEICICHHOM IOPSAIKE
JIETEKTOPOB TaMMa-WU3JIy4YeHHUs! 4, HAATEIUIOBBIX 5 W TEIUIOBBIX 6 HEWTpPOHOB. [paduroBbiii O10K /
MoMenaeTcss B COOPKY M H3BJIEKAeTCS C IOMOIIBIO CIEHUANbHOTO IMOJIOTO 3axBaTra 7/, TaKkKe
COJIEPKALIETO BHYTPH [ETEKTOphl raMma & M HEHUTPOHHOro 9 u3iydyeHHH, HEOOXOOMMBIX IS
NpeaBapUTEIbHOr0 0OHAPYKEHHS TOILUINBA.

Sparmenton Tonmmsa | _Tone

2 3

Pucynok. Cxema anroputma (clieBa) U U3MEPUTENLHON cOOpKH (B IIEHTPE U CTIpaBa)
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1. Cnoco6 oOHapysxeHusi (pparMeHTOB SACPHOrO TOIUIMBA M OIPEICICHUS HMX IapaMeTpoB
B IpaUTOBBIX OJIOKaX SACPHOTO peakTopa: 3asBka Ha n3o0perenue PO Ne 2022135053 ot 29.12.2022 /
[aBmrok A. O./ 3asBuTenb u marentoobmanarens: HU TITY.

METHOD FOR DETECTING NUCLEAR FUEL SPILLS IN GRAPHITE BLOCKS
RETRIEVED DURING DISMANTLEMENT OF A NUCLEAR REACTOR GRAPHITE
STACK

A. O. Pavlyuk, E. V. Bespala, E. P. Zelenetskata, I. A. Ushakov

National Research Tomsk Polytechnic University, Lenin Avenue, 30, Tomsk, Tomsk region, 634050,
mob. +79138288007, e-mail: pavlyukl7@tpu.ru

At present, the priority strategy in the Russian Federation for the decommissioning of
uranium-graphite power reactors (UGRS) such as RBMK, AMB, etc. is «Immediate Dismantlements.
At the same time, some graphite units may contain spills of nuclear fuel fragments, which requires
detection and determination of their parameters during removal from the reactor prior to
containerization. Information on the content of nuclear fuel spills is needed to comply with nuclear
safety requirements and to perform sorting, taking into account existing restrictions on the content of
nuclear-hazardous nuclides in containers. Fuel fragments with relatively high burn-up are sources of
intense gamma and neutron radiation due to accumulation of *’Cs fission product radionuclides and
24Cm actinide radionuclides in them, which allows to perform their detection and determine the main
parameters of their localization on the block surface. For this purpose, a method [1] was proposed that
implies, in accordance with the developed algorithm, stepwise performing measurements of the
extracted graphite block 7 in the cell 2 of a special measuring assembly (see Fig.) consisting of a
moderator 3 and installed in it in a certain order gamma radiation detector 4, epithermal 5 and thermal
6 neutrons detectors. Graphite block 7 is placed in the assembly and retrieved using a special hollow
grab 7, also containing inside the detectors of gamma & and neutron 9 radiation, necessary for
preliminary fuel detection.

Step 1. Identification
of fuel fragments
possible presence

Step 2. Determinin ]
the nature of fuel
fragment localization

Figure. Schematic of the algorithm (left) and measuring assembly (middle and right)
References
1. Method of nuclear fuel fragments detecting and determine their parameters in nuclear

reactor graphite blocks: invention application of Russian Federation Ne 2022135053 dated 29.12.2022 /
Pavlyuk A. O. / applicant and patent holder: TPU.

274


mailto:pavlyuk17@tpu.ru

POCCHUHCKHE BBICOKOCKOPOCTHBIE (500-1000 MC/C)
MHOI'OKAHAJIBHBIE U1 KU TAU3EPBI

. C. bpenuxun, A. B. IlamkoB

000 «/Iumxuraiizepy», HoBropomackas obiacts, r. B. Hosropon, yi. Mockosckas, 1. 53, od. 30
+79057650009, ivan@edigitizer.ru

[Moctpoenne 1UMPOBBIX cXeM s 00pabOTKW M YHPABJICHHUS SKCICPUMEHTAIbHBIMU
YCTAaHOBKAMHU  SBJSIETCS  00fA3aTEJIbHBIM — aTpUOYTOM  TOCTPOCHUS COBPEMEHHOI'O  Hay4YyHOI'O
IKCIEpUMEHTa B oOsacTH sAaepHOH ¢u3nkn wim  (U3MKM dYacTul. PacTymas CIOXXHOCTh
9KCIEPUMEHTOB TIPUBOJUT K TOSBIICHUIO BCE HOBBIX TpeOOBaHWH K IUPpOBOIi dnekTpoHuke. OHU He
OTPaHUYMBAIOTCS POCTOM CKOpPOCTEH OLM(PPOBKH, WIM POCTOM CKOPOCTH Tepenaud M 0o0paboTKu
JaHHBIX. Pactymme o0bEMBI JaHHBIX nenaioT BcE Oojee u Oosiee 3aMaHYMBOI MICIO HE NMEPEHOCUTH
JaHHbIE Ha KOMIIBIOTEP, a 00palaThIBaTh MX MPSIMO Ha (GKeJIe3e», HEMOCPEACTBEHHO BO BpeMs cOopa
naHHbIX. [Ipobnemoii TyT BCTaéT MMO0 HEBO3MOXKHOCTh M3MEHATh BcTpoeHHyI0 B [IJIMC mpomuBky,
60 TpeOGOBaHUS K HAMMCAHUIO CIIOKHOTO HU3KOYPOBHEBOTO Koza ytst paboTtsl ¢ [TJIVC.

B pamkax peanmmzamuu mpoekTa Haimiel KOMITaHWelH pa3palaThiBaeTcsl JTMHEHKa BBICOKOCKO-
POCTHBIX IUKkHUTai3epoB ¢ mporpammupyemoit [IJINC. [eficTBUTEIBHO, B MUPE CYIIECTBYET LIETBIMA
PAA MEKAYHAPOJHBIX KOMIAHWH, CIEHUAIN3UPYIOIINXCS HA pa3paboTKe, MPOU3BOJICTBE U KOMMEp-
YECKOW peanm3alfi IHUPOKOTO CIEeKTpa AWpKuTaiizepoB. Ho B oTiimyme OT OONBIIMHCTBA MMEIO-
HIMXCS HA MHPOBOM pBIHKE pEIIeHHUH, I/ie alrOpUTMBI 00pabOTKH NpeoOpa3oBaHHOTO CHUTHAla
3alIUTHI KeCTKO B nupkutaiizep (koHkpeTHo B IIJIMC) u mo3BONSIIOT KaXKI0W OTACIBHONW MOAETH
JUDKUTal3epa pelatb KOHKPETHYIO 3a/1ady, B pa3padaThlBaeMbIX HAMHU PELICHUSAX IPEAyCMOTPEHa
BO3MOXKHOCTh JIETKOTO TepenporpammupoBanust [IJIMC 0e3 HEoOXOAMMOCTH W3MEHSTh BCHO
BHYTPEHHIOIO apXHUTEKTYpy, UTO JeJIaeT BO3MOXHBIM MEHSTH alIrOPUTM OOpabOTKH CHUTHANa — Tak
Ha3BIBAEMBIN TTOIX0T «OTKPHITEIH [TJICy.

Kpome TOro, BBHINIEYIOMSAHYTBIE MHUPOBBIE NPOU3BOJUTENN — 3TO KOMIAHWM u3 PpaHnuwy,
CHIA, Uranuu, ['epmanuu — cTpaH, 4yTO BBENHM CaHKIUU NpoTuB Poccuiickoii ®denepanuu B 2022
roxy. Bce BBICOKOCKOPOCTHBIE IWAKUTAM3epbl, MOANAaAasl MOJA KAaTErOpHIO JIBOMHOIO Ha3Ha4YeHUs
OBLTH 3amperieHsl k mocTaBkaM B Poccrto u bemapycs [1].

B pamkax poknaneiBaeMod paboTel OyayT MNpencTaBlIeHBl TNPAKTUYECKHUE pe3ybTaThl
pa3paboTKM BBICOKOCKOPOCTHBIX MHOTOKAaHAJbHBIX JUIKHTAH3EPOB POCCHHUCKOTO NPOU3BOJCTBA,
001aJaronMx KOHKYPEHTHBIMY TEXHUYECKUMH XapaKTEPUCTUKAMHU 1 BO3MOKHOCTBIO OBICTPOI CMEHBI
[10JIb30BaTENILCKON MPOLIMBKHY IS JIETKOH ajantaluy NpuOOpoB MO/ CTOALINE HayUHbIE 3a/1a4H.

Ta6nnua CpaBHCHU S KJIFOUCBBLIX NAPAMETPOB U obOnacreit TIPUMCHCHUS ,Z[H,Z[)KHTaﬁ3epOB

MojeJb # kanaa | MBp10/c | # Oour NnpUMeHeHHe
D125-16A 16 125 14 Cnexrpockonus & padota B pexxnme MKA
[Mponsunytas o6padoTka (ycunenue, popma)
D500-4/8 4/8 500 14 Cpenne-0ObICTpBIE IETEKTOPHI, Cy0-HC BpeMeHa BMeCTe C
XOPOIIINM Pa3pemieHreM 0 SHEPTUI
D1000-4 4 1000 14 Caepx0ObIcTphle AeTekTopsl (anmasusie, MPCs, SiPMs) Nzyuenne
TIPOLIECCOB € ITMKOCEKYHIHBIM pa3pelieHueM
GT-01 1/2 20/40 12 |Cnekrpockonusi & pabora B pexume MKA

Cnmcok JTeparypsl
[1] Official Journal of the European Union 25.2.2022 L 49/1 “amending Regulation (EU) No

833/2014 concerning restrictive measures in view of Russia's actions destabilising the situation in
Ukraine”.
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RUSSIAN HIGH-SPEED (500-1000 MS/S) MULTI-CHANNEL DIGITIZERS
A. V. Pashkov, I. S. Bredikhin

Digitizer LLC, Novgorod region, V. Novgorod, st. Moskovskaya, d. 53, of. Thirty
+79057650009, ivan@edigitizer.ru

Construction of digital circuits for the processing and control of experimental setups is a
mandatory attribute of the construction of a modern scientific experiment in the field of nuclear
physics or particle physics. The growing complexity of experiments leads to new requirements for
digital electronics. These requirements are not limited to the growth in digitization speed, or growth in
the speed of data transmission and processing. The growing amount of data makes it more and more
tempting to not transfer data to a computer, but to process it right on the hardware, right at the time of
data collection. The problem here is either the inability to change the firmware built into the FPGA, or
the requirements for writing complex low-level code to work with the FPGA.

As part of the project, our company is developing a line of high-speed digitizers with a
programmable FPGA. Indeed, there are several international companies around the world that
specialize in the development, production, and commercialization of a wide range of digitizers. But
unlike most solutions available on the world market, where the algorithms for processing the
converted signal are hardwired into the digitizer (specifically in the FPGA) and allow each individual
digitizer model to solve a specific problem, the solutions we develop provide for the possibility of
easy reprogramming of the FPGA without the need to change the entire internal architecture , which
makes it possible to change the signal processing algorithm — the so-called "open FPGA" approach.

In addition, the global manufacturers are companies from countries (France, USA, lItaly,
Germany) that imposed sanctions against the Russian Federation in 2022. All high-speed digitizers
falling under the dual-use category were banned from deliveries to Russia and Belarus [1].

As part of the report, practical results of the development of Russian-made high-speed multi-
channel digitizers with competitive technical characteristics and the ability to quickly change user
firmware for easy adaptation of devices to scientific tasks will be presented.

Comparison table of key parameters and areas of application of digitizers

model #channel | MS/s # bit applications

Spectroscopy & MCA operation

D125-16A 16 125 14 Advanced processing (gain, shape)

Medium-fast detectors, sub-ns times along with good energy

D500-4/8 4/8 500 14 :
resolution
D1000-4 4 1000 14 U!trafe_lst detectors (Dlar_nond, MPCs, SiPMs) Study processes
with picosecond resolution
GT-01 1/2 20/40 12 [Spectroscopy & MCA operation

References
[1] Official Journal of the European Union 25.2.2022 L 49/1 “amending Regulation (EU) No

833/2014 concerning restrictive measures in view of Russia's actions destabilising the situation in
Ukraine”.

276



mailto:ivan@edigitizer.ru

CUCTEMBI JUAT'HOCTUKHN CUJIBHOTOYHOI'O 3JIEKTPOHHOI'O ITYYKA

A. P. Axmetos!, H. A. Kypasies!, O. U. Memxkos?, U. B. [lensun?,
A. B. Ilerpenko?, P. B. Ilporact, C. JI. Xpenkos!

ldenepanbHoE rocy1apcTBEHHOE YHUTApHOE NpeanpusaTue «Poccuiickuii GpenepanbHblil
snepHblil nenTp — Beepoccuiickuit HUM texanueckoii puszuku nmenu akaaeM. E. M. 3ab6abaxunay,
r. Cuexunck, Poccus
Nucturyt spepHoit pusuxu um. I'. U. Byakepa CO PAH, Hosocubupck, Poccus
vniitf@vniitf.ru

Heo6xonumMocTh moay4eHus] KaueCTBEHHBIX M300paKEHUH ONTHYECKH HEMPO3PAauHBIX 00BEK-
TOB W3 MAaTEPUAIIOB C BBICOKOW IUIOTHOCTBIO TPEIBSBISECT BBICOKHE TPeOOBaHUS K KadecTBY
3JIEKTPOHHOTO ITyYKa UCTOYHMKA TOPMO3ZHOTO M3ITyUEHUSI.

OmnbITHas 3KCIUTyaTalsl JTUHEHHOrO MHAYKIHOHHOro yckopurensa JIMY-20 mokasana, 4ro Ha-
CTPOWKa PeXKUMOB PabOThI YCTAHOBKH TPEOYeT HAJIMYHS Pa3HOOOPA3HBIX CPEJICTB JUATHOCTHKY JIEKTPOH-
HOTO TyuKa. [IpuMeHsItoTCs paspyluaroiye U Hepa3pylarolpe Croco0bl JUArHOCTHKY. J{HarHoCTHpPYIO-
TCSL TaKHe MapaMeTpbl IydKa, KaK IOJIOKEHHE ITyYKa OTHOCHUTEJIFHO LIEHTPAIbHOH OpOWTHI, HHTEHCHB-
HOCTb, SHEPIUs, MPOONBHBIA M MONEPEYHbIM NMpoQuiInM B PA3IMUHBIX TOUKaX YCKOPUTEIS, pa3Mep
(hOKYCHOTO IIATHA.

DIAGNOSTIC SYSTEMS FOR HIGH-CURRENT ELECTRON BEAM

A. R. Akhmetov?, I. A. Zhuravlev?, O. I. Meshkov?, I. V. Penzin?, A. V. Petrenko?,
R. V. Protast, S. D. Khrenkov!

'Federal State Unitary Enterprise “Russian Federal Nuclear Center — Zababakhin All-Russia Research
Institute of Technical Physics”, Snezhinsk, Russia, vniitf@vniitf.ru
2Budker Institute of Nuclear Physics, SB RAS, Novosibirsk, Russia

The high-quality images of optically nontransparent objects made of high-density materials
require high-quality electron beam from bremsstrahlung radiation source.

The experimental operation of the LIA-20 linear induction accelerator facility has shown that
various means for electron beam diagnostics are required to adjust the facility operation modes.
Destructive and nondestructive diagnostics are applied to diagnose such beam parameters as beam
position relative to the central orbit, beam intensity, beam energy, longitudinal and transverse profiles
in different accelerator points, and focal spot size.

SKCIIEPUMEHTAJIBHASA YCTAHOBKA C HCITIOJIB30BAHUEM
MHNUKCEJBHBIX JETEKTOPOB JJIS1 HPELIU3UOHHOI'O OIIPEJAEJIEHUA
XAPAKTEPUCTHUK ITYUYKOB ITIPOTOHOB BLICOKHUX YHEPT U

B. B. Ilerpos?, B. U. Kepeduesckuii, B. 1. Konaparses, B. B. Beuepuun, H. A. Maabues,
C. 10. Topunos, H. A. IIpoxodresn, C. H. benokyposa, E. O. 3emaun, U. U. Eppirun

Cankrt-lletepOyprckuii rocynapcTBEeHHbIN YHHBEPCUTET
Lvitaliil7@bk.ru

Ha ceromHAmHMil A€Hp Ny4YKH 3apsDKEHHBIX YacTUL[ LIMPOKO MHPHUMEHSAIOTCA Kak JUIs
(dyHIaMEHTaNbHBIX HCCIENOBaHUN B sOepHOH (u3uke W (U3UKE BBICOKMX JHEPTrUi, Tak W IS
peuieHusl NPUKJIAJHBIX 33ad B SACPHOM MEOUIMHE, PAaAUALlMOHHOM MATEPUAIIOBEICHUH, SIEPHO-
¢u3MUecKUX TEXHOJOTHH. B HCIONB3yeMbIX Ui 3THX Lelel YCKOPHUTEISAX CO3MAl0TCs CleUaIbHbIe
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CHUCTEMBI KOHTPOJISI M U3MEPEHHS XapaKTEPUCTHUK MyYKOB. Taknue CHCTEMBI UTPAIOT BaXXHYIO POJIb MPH
HACTpOIKe, TECTUPOBAHUM W TMOCHENYIOIIEH AKCILTyaTallid COOTBETCTBYIOIIHUX JETEKTOPHBIX KOM-
TUIEKCOB, HEOOXOJAMMBIX JUIS MPOBENICHHUS dKCIIEPUMEHTAIBHBIX UccieqoBaHuid. B HacTosmeit pabore
MpeIaraeTcsl MCIIONb30BaHUE KPEMHHUEBBIX MUKCENIBHBIX AETEKTOPOB AJIS MPELM3UOHHOTO OIpere-
JICHUSI XapaKTEPUCTUK ITyYKOB IPOTOHOB BBICOKHMX SHEPTUH.

[MukcenpHBIE NETEKTOPBI XOPOILIO 3aPEKOMEHIOBATHN ce€0s B 3KCIICPUMEHTAX C 3IEMEHTAPHBIMU
yactuiiamu [ 1, 2]. VIX OCHOBHBIC MPEUMYIIIECTBA — BHICOKOE MPOCTPAHCTBEHHOE pa3pellieHHe B OBICTPO-
neiicreue. Ilo 3TOMl mpUYMHE WX HCHOJNB30BAaHHE OOECHEYUT KpaiHe BBICOKYH) TOYHOCTH JUIS
OTpeeNIeHHs] XapaKTEPUCTHK ITyYKOB 3apsKEHHBIX YaCTHII.

B pabore mpuBeseHO omMcaHWe HOBOW 3KCIEPUMEHTANBHOW YCTAHOBKM C WCIIOJBL30BAHUEM
MTUKCEIBbHBIX JAETEKTOPOB B TEIECKOITHOM BapUaHTE W JIaHbl PE3yNIbTaThl U3MEPEHHBIX XapaKTePUCTHK
IIydyka MpoTOHOB B amamazoHe or 200 MbdB no 1 I'sB. OnpepencHue XapakTepUCTHK IydKa
NPOM3BOAMIOCH IO PEKOHCTPYMPOBAaHHBIM TpeKaM IIPOTOHOB. 3 pacnpeneneHus: mapameTpoB
(KoopaMHATa, Yroyl) OT KaXIOro TpeKa BBIYMCIICHBI TaKWe BEJIMYMHBI, KaK SMHUTTAHC U HapameTphl
Teucca (cM. pucyHnok). [lomydeno mzobOpakenue mpodmis myuka. OneHeHa pasperiaroimas croco0-
HOCTh YCTaHOBKHM B 3aJaHHOH reoMerpuu. MccienoBaHa 3aBUCHMOCTH MapaMeTpOB IMydKa OT €ro
MHTEHCUBHOCTH, SHEPTHH, a TAK)Ke OT HAIWYHS Pa3IMYHBIX MOMIOTUTEIEeH Ha MyTH ITy4Ka.
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EXPERIMENTAL SETUP USING PIXEL DETECTORS FOR PRECISION
DETERMINATION OF HIGH ENERGY PROTON BEAMS CHARACTERISTICS

V. Petrov?, V. Zherebchevsky, V. Kondratiev, V. Vechernin, N. Maltsev,
S. Torilov, N. Prokofiev, S. Belokurova, E. Zemlin, 1. Erygin

Saint-Petersburg State University
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Today, charged particle beams are widely used both for fundamental research in nuclear
physics and high energy physics, and for solving applied problems in nuclear medicine, radiation
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materials science, and nuclear physics technologies. In the accelerators used for these purposes,
special systems for monitoring and measuring beam characteristics are created. Such systems play an
important role in setting up, testing, and subsequent operation of the corresponding detector systems
required for experimental studies. In this paper, we propose the use of silicon pixel detectors for the
precise characterization of high-energy proton beams.

Pixel detectors have proven themselves well in experiments with elementary particles [1, 2].
Their main advantages are high spatial resolution and high speed. This is the reason, why their use will
provide extremely high accuracy for characterizing charged particle beams.

This paper describes a new experimental setup using pixel detectors in a telescopic version
and shows the results of the measured characteristics of the proton beam in the energy range from 200
MeV to 1 GeV. The beam characteristics were determined from the reconstructed proton tracks. From
the distribution of parameters (coordinate, angle) for each track, such quantities as emittance and
Twiss parameters were calculated (see figure). An image of the beam profile has been obtained. The
resolution of the setup in a given geometry is estimated. The dependence of the beam parameters on its
intensity, energy, and also on the presence of various absorbers in the beam path is studied.
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Distribution of 1 GeV proton tracks along the X coordinate and angle
in the XZ plane. The upper part shows the emittance and Twiss parameters
of the beam calculated using this technique.

The reported study was supported by the Russian Science Foundation, project no. Ne 23-12-
00042, https://rscf.ru/project/23-12-00042/
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PACYET TEMIIEPATYPHBIX IAPAMETPOB
HOHHO-TEPMUYECKOM TEXHOJIOT'MH IEPEPABOTKH
OTPABOTAHHOI'O SAJEPHOI'O TOIIVIMBA

A. C. Ilerposckas, A. B. llpiranos?, C. B. Cypos?, /. A. Bioxun?

1 O6mectBo ¢ orpanndenHoi otBeTcTBEHHOCTRIO «MHHOILTasmMaTex», 199034, r. Cankr-IletepOypr,
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OnHOM W3 KITIOYEBBIX 3a]1a4 SIICPHON SHEPreTHKH SIBISETCS pa3padOTKa HOBBIX TEXHOJOTHN
Uit iepepaboTku orpaboranHoro saepHoro tormmBa (OST) u 3aMbIKaHUS SACPHOTO TOIUIMBHOIO
nuKina. M3BecTHble HAa CEroAHA paguoXuMHuueckue TexHoioruu nepepabotrku OAT crnoxHbl B pea-
JM3alKY, TaK KaKk COCTOSAT M3 MHOXKECTBA peakUUi M CTaauil, a TakKe NMPHUBOAAT K HAKOIUICHHIO
oonmpmmx obwvemoB JKPO. [Ins pemrenust npoGnembl mepepabotku OSAT Hamm paspabaTbiBaeTcs
OJIHOCTaJMiHAs, NPUHLUMIINAILHO HOBas HOHHO-TepMUYecKas TexHoiorus pasnenenus (UT-TP),
OCHOBaHHasi Ha NPHUMEHEHHU «YKOPOUYEHHOT0» MHKPOILIA3MEHHOTO pa3psla BBICOKOTO JAABJICHUS
B MIOTOKE MHEPTHOTO Ta3a-HocuTeNs Jyis aToMu3anuu tadnerok TBOJI OST u pasgeneHus pacibl-
JICHHBIX aTOMOB TI0 3JIEMEHTHOMY COCTaBy 3a c4eT AuddepeHraluy 1o TeMneparypam HachIIIeHHBIX
napoB [1]. Peammsanms TtexHOJOrHMH ocymecTBisercs B nuddy3noHHOH Bomb(ppamMoBoil TpyOe
¢ Tepmomsoisitmert (kepamuka HFC). OcakieHue pacrbUICHHBIX aTOMOB IPOUCXOIHMT W3 MOTOKA Ta3a-
HOCHUTEN Ha CHCTEMY CMEHHBIX BKJIaJIBIIIEH-KOUIEKTOPOB, MMEIOIMX 3aJaHHbIE pacrpeaesieHus
TemriepaTypsl. [Ipon3BOUTENIFHOCTE OJJHOM pa3ieNuTeNnbHON TPYOb! MoxkeT cocTaBisith — 100 xr OAT
Bron, a ycranoBkn 30*30 — 100 tomn/rom. Hamm BBIONHEHBI pacyeThl pacHpeieiIeHuUs
TemIieparypHoro moist B quddy3noHHOH Bonb(paMOBOH pa3ienuTe’bHOW TpyOe ITMHOW 5 M Ipu
MOIIHOCTH, BKJIQ/IbIBAEMOH B paspsi, (6-10°~7-107) B1/mM? u ckopoctr notoka rasa-socurens (0.1-20) m/c.
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THE CALCULATION OF TEMPERATURE PARAMETERS OF
ION SPUTTERING -THERMAL SEPARATION TECHNOLOGY
FOR SPENT NUCLEAR FUEL PROCESSING

A. S. Petrovskaya?, A. B. Tsyganov?, S. V. Surov?, D. A. Blokhin?
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"Rosatom”, 115035, Moscow, Kadashevskaya embankment, 32/2, building 1, tel.:+7(499) 558-10-25,
aonii@rosatom.ru
anita3425@yandex.ru

The nuclear power industry challenge task is the development of new technologies for
reprocessing spent nuclear fuel (SNF) and closing the nuclear fuel cycle. Today known radiochemical
technologies for SNF reprocessing are too much complicated due to multistage character and also lead
to the accumulation of large volumes of LRW. To solve the SNF reprocessing problem, we are
developing a one-stage, new ion sputtering — thermal separation technology (IT-TS) based on a
"shortened" high-pressure micro-plasma discharge in inert carrier gas flow for the SNF pellets
atomization and further sputtered atoms separation by elemental composition due to differentiation via
saturated vapor temperatures [1]. The technology implementation is carried out in the diffusion
tungsten tube with thermal insulation (HfC ceramics). The sputtered atoms are condensed from the
carrier gas flow on the removable collector-liners having along the prescribed temperature
distributions. The productivity of the single diffusion tube can be 100 kg of SNF per year, and for
30*30 installation — 100 ton/year. We calculated the temperature distribution field in the diffusion

tungsten separating tube of 5 m length in the discharge power range (6:10°%-7-107) W/m? and the
carrier gas flow rate range (0.1-20) m/s.

1300 I
1200 -
1100 -
1000 - |

900 | |
|
800 - |

700 - 14

Temperature, K

600 |
500 | A

400 /

300+
1

0 1 2 3 ¥ 5
Diffusion tube length, m

Temperature distribution along the separation tube inner surface at the power level
of 4-10” W/m? and the carrier gas flow rate of 10 m/s

References

[1] A. S. Petrovskaya, et al., Nuclear Engineering and Design, vol. 386, art. 111561, 2022.

281


mailto:aonii@rosatom.ru

PE3YJBTATHI BTOPOM CTAIUN ®U3NYECKOI'O ITYCKA
UCCJIEJJOBATEJbCKOM SIJIEPHOM YCTAHOBKH BP-K1IM

H. M. Iuckopckuii, A. B. Apanos, A. B. Jlanuios, A. A. leBsaTkun, U. A. Kupujum,
A. B. Kupnos, H. A. Kpacasun, A. E. Hukndopos, K. A. CaBacnues, I'. H. Ilukynuna,
A. B. CokoJioB, B. A. IOxneBu4

®denepanbHOE TOCYAaPCTBEHHOE YHUTapHOE NipeanpusTie «Poccuiickuit penepabHblil sIepHBINH
LeHTp - Beepoccuiickuii HayqyHO-HCCIeJ0BATENECKUI MHCTUTYT SKCIIEPUMEHTAIBHON (DH3UKID
607188, Hmwxkeropoackas 06i1., r.Capos, np. Mupa 37
otd4@expd.vniief.ru

Pa6oter o monepam3anmu ycranoBkd bP-K1 O0vimn Hawater B 2011 rogy. Llensro MoaepHu-
3allUKl  SIBJSUIOCH TPUOJIMDKEHHE MapaMeTPOB YCTAHOBKH K MPOEKTHBIM (IIPEAeNbHO JIOMyCTUMOE
SHEProBbIAEICHUE B aKTUBHOH 30HE (A3) MpH reHepUpPOBAaHMM MMITYJIbCa HA MTHOBEHHBIX HEMTPOHAX
(MUMH) win npu reHepupoBaHMM HMMITyJbca Ha 3amasgpiBatoimiux HeirpoHax (M3H) — 91 Mk,
MPEAeNIbHO JAOMyCTHUMAas MOIITHOCTh B cTaTHuecKoM peskume — 30 kBT).

Mopnepnauzanus ycranoBku bP-K1 Bkirouana B ceOs: U3MEHEHHE KOHCTPYKIIMU M MaTepuaja
TePMETHYHBIX YeXJIoB A3, BBeleHHE B cocTaB MoaepHm3upyemoii ycraHoBku bP-K1 (BP-K1M) Ho-
BOTO opraHa perynupoBanusi peaktuBHoctd (OPP) — OpicTporo ummynscaoro 61oka (BUB), rpadur-
OBOI'0 OTPAXKaTess, CHCTEMBI OXJIKICHUS 1 MOJICPHU3ALMIO CUCTEMbI YIPABICHU 3aLUThl PEaKTOpa.

Beuay Oosbioro o0beMa U CIOKHOCTH padoT, Gpusndeckuii myck (DIT) Obu1 paznenéH Ha aBe
ctanun. Paboter BTOpoit ctanun @I ycranoBku BP-K1M 6bun 3aBepmiensl B 2022 . Bo Bpemst OI1
ObulM ompeneneHsl napameTpsl A3 mpH paboTe YCTaHOBKM B CTaTUYECKOM PEXHUME, B DPEXHME
redepupoBanus 3H u B pexxume renepuposanus UMH.

B pamkax mpoBelleHHBIX paboT ObUTM OmpeneneHbl PU3MUECKHE XapaKTepucTHKH A3: Temre-
paTypHBIil 1 MOIITHOCTHOM KO3()PHUIIMEHTHI PEaKTHBHOCTH, KBA3UCTATUIECKUH KO (OUIINEHT TalieHus
peakTuBHOCTH, TONHBIN BKiax OPP B peaktuBHOCTE A3 W TONHBIA «3amac peakTUBHOCTH» A3,
JeopMan TOPLEBOH MOBEPXHOCTH OJHOTO M3 CTPYKTYpHBIX Ol0KOB A3, Temmeparypa HarpeBa
noBepxHocTH 4yexynoB A3. OmpeneneHo BIMSHHE Ha «3alac PEaKTHBHOCTH» MPEAEIBHBIX 3arpy30K
BHYTpHU30HHOH nonoctu A3. Omnpenenensl ontuMansHbie napametpsl bBUb mns renepuposanns UMH.
s kaxnoro peskuma padotel ycraHoBkH BP-K1M omnpeneneHs! npeaeiabHO-I0MYCTHMBIE TapaMeTphl
U TIpeJieNbl 0e30MacHOM HKCILTyaTalluy 10 MOITHOCTH U SHEPTOBBIICIICHHIO.

B noxnaze npuBeneHbl pe3yabTaThl UCCIENOBAHUM, ONUCAHBI UCIIOJIb3yEeMble METOIbI H3Me-
peHHI, COCTaB M CXEMBI UCTIONB3yEMOT0 SKCIIEPUMEHTAIBLHOTO 000pyJOBaHHUSI.

RESULTS OF PHYSICAL START-UP SECOND STAGE FOR RESEARCH NUCLEAR
INSTALLATION BR-K1M

I. M. Piskorskii, A. V. Arapov, A. V. Danilov, A. A. Devyatkin, I. A. Kirilin,
A. V. Zhirnov, N. A. Krasavin, A. Ye. Nikiforov, K. A. Savasichev, G. N. Pikulina,
A. B. Sokolov, V. A. Yukhnevich

Federal State Unitary Enterprise «Russian Federal Nuclear Center — All-Russian Research Institute
of Experimental Physics» Sarov, Nizhny Novgorod region, Mira ave 37
otd4@expd.vniief.ru

Works on updating of installation BR-K1 started in 2011. The goal of modernization was
approximation of installation parameters to design ones (maximum acceptable energy release in the
core when generating a prompt neutron pulse (PNP) or generating a delayed neutron pulse (DNP) — 91
MJ, maximum permissible power in static mode — 30 kW).

Updating of installation BR-K1 involved: change of a structure and material of core sealed jackets,
introduction (into updated installation BR-K1 (bP-K1M)) of a new absorption control member (ACM) — a
fast pulsed unit (FPU), a graphite reflector, cooling systems and updating of reactor control system.
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Due to large volume and complexity of works, physical start-up (PhS) was divided into two
stages. Works of the PhS second stage of installation BR-K1 were finished in 2022. During PhS the
core parameters were specified, related to installation operation in the static mode, in modes of
generating DNP and PNP.

Within the limits of conducted works determined were core physical characteristics: a
temperature and power coefficient of reactivity, a quasi-static reactivity extinction coefficient, total
contribution of ACM into the core reactivity and the total core «reactivity margin», deformations of a
butt end of one of the core structural units, heating temperature of core surface jackets. An effect of
ultimate loads of an in-core cavity on the «reactivity margin» was specified. Optimal FPU parameters
for generating PNP were determined. Maximum permissible parameters and safe use limits by power
and energy release were specified for each operation mode of installation BR-K1.

The report presents an analysis, describes used measurement methods, content and circuits of
used experimental equipment.

TEHEPATOP HOHOB U30MEPA TOPUS-229

10. U.Tyces!, ®. ®. Kapnemun?, ¥0. H. Hosukos'?, A. B. Ilonos"

L ®I'BY «IletepOyprekuii MHCTUTYT saepHOi Gusuku um. b. I1. Koncrantunosa»
HULI «KypuatoBckuii nuactuty™, 188300, Opnosa Poma 1, r. I'aTunna, Jlenunarpaackas o0,
Poccus. Tem:+7(81371)4-60-25, dhakc:+7(81371)46025
2 OI'VII «Bcepoccuiickuii HayqHO-UCCIIEN0BATENBCKUIA HHCTUTYT METPOJIOTHH
um. . 1. MenneneeBa», 190005, Mockosckuii nip. 19, Cankt-IletepOypr, Poccust.
Ten.: +7(812)2517601, dakc: +7(812)7130114
3 ®I'BOYBIIO «Cankr-TleTepOyprekuii rocy1apcTBEHHBIM YHUBEPCUTETY,

Poccust, 199034, Caukr-IletepOypr, YHuBepcurerckas Hao., 1. 7-9. Ten.: +7(812)3636633;
¢bakc:+7(812)3636633
popov_av@pnpi.nrcki.ru
dir@pnpi.nrcki.ru
info@vniim.ru
spbu@spbu.ru

W3omepHoe coctosuue 2°"Th umeer sHepruro 8.338(24) 5B [1]. HeGonbiuas cobcTBeHHAs
IIMPHHA U PACIOJIOKEHHE Iepexoja B ONTHYECKOM [Wama3oHe NAl0T HAAEXKIy Ha HCIIOIb30BaHUE
3TOTO COCTOSIHHSI B KQueCTBE T€HEpaTopa ¢ JOOPOTHOCTHIO, HA HECKOJBKO TOPSIKOB MPEBHIINAIOIICH
JIOOPOTHOCTH M CTA0OMIILHOCTD AJIEKTPOMATHUTHBIX OCIUIIISITOPOB.

OrexkTpoHHast 000J0YKa OKa3bIBAET KPUTUUECKOE BIMSHHUE HA MPOLECCH! KaK TalleHus], TaKk U
3acenenus uzomepa 22°"Th. “Hactpoiika” 31eKTPOHHON OBGOJIOUKHM MOYKET MOBBICUTH BEPOSTHOCTH
mepexojia Ha HEeCKOJMbKO MOpsAAKoB [2]. I OIEHKH POJM PE30HAHCHOW KOHBEPCHUHU M pealn3alluu
MEXaHH3Ma 3JIEKTPOHHOTO MOCTa HEOOXOOUMa METOAMKA C 3aJEepP)KKOH MEXIy MOMEHTOM (OpMH-
POBaHUs M PETUCTPALMU OJHO3APSIHBIX HOHOB HE Ooyiee MHJUIMCEKYHABL. s 3Toro mcmonb3yercs
YacTUYHAsI HEUTpam3aust 2X- U 3X-3apsIHBIX HOHOB BOJIM3H BBIXOJTHOTO OTBEPCTHS I'a30BOM STUCHKH,
YTO CYLIECTBEHHO YMEHBLIAET BpeMs 3BaKyalldH OJHO3aPsAHBIX MOHOB U JACT LIAHC HAOMIOACHUS
pacmaza u3oMepa ¢ yyacTheM BJIEKTPOHHOW 000J0uku. B mpesenranyu Oyner paccMoTpeH meTon [3, 4]
¢dbopMHpOBaHUs Tydka HOHOB H30MeEpa TOpHs, cxema OaHUYMpPOBAHHUS, CXeMa IEepPeHOCa HOHOB,
MPUTOTOBJICHHUS] TOHKOT'O HCTOYHHKA U PETUCTPALIMU KOHBEPCHOHHBIX AIIEKTPOHOB.
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ION GENERATOR OF THE THORIUM-229 ISOMER
Yu. I. Gusev, F. F. Karpeshin?, Yu. N. Novikov!3, A. V. Popov'”

petersburg Nuclear Physics Institute of National Research Center Kurchatov Institute,
Gatchina, Orlova rosha, 188300 Russia; Phone: +7(81371)46025, Fax: +7(81371)46025,
2Mendeleyev Institute of Metrology, St. Petersburg, Moskovsky 19, 190005, Russia. Phone:
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3 St.Petersburg University, 7-9 Universitetskaya Embankment, St Petersburg, 199034, Russia,
Phone: +7(812)3636633; Fax: +7(812)3636633
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The isomeric state of ?°™Th has an energy of 8.338(24) eV [1]. The small intrinsic width and
location of the transition in the optical range give hope for using this state as a generator with a quality-
factor several orders of magnitude higher than the quality and stability of electromagnetic oscillators.

The electron shell has a critical effect on the processes of both quenching and settling the
229MTh isomer. The “tuning” of the electronic shell can increase the probability of transition by several
orders of magnitude [2]. To assess the role of resonance conversion and the implementation of the
electronic bridge mechanism, a technique with a delay between the moment of formation and registration
of single-charged ions of no more than a millisecond is necessary. For this purpose, partial neutralization
of doubly- and triply-charged ions is used near the outlet of the gas cell, which significantly reduces the
evacuation time of single-charged ions and gives a chance to observe the decay of the isomer, with the
participation of the electron shell. The presentation will consider the method [3, 4] of ion beam
formation of the thorium isomer, together with the bunching procedure and ion optics to be used in the
experiment, the preparation of a thin source and registration of conversion electrons.
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3AMETKHA Ob OBPATHOM KOMIITOHOBCKOM PACCEAHUH

K. A. Bopuukos, 0. B. ITonos”, U. I1. Bosio6yes

MockoBCKHii rocyjapcTBeHHbINH yHUBEpcUTET HMeHH M. B. JIoMmoHOCOBa,
Hayuno-uccnenoBarenbckuil HHCTUTYT siiepHO# ¢usuku umenu /1. B. CxkobenblibiHa,
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PaccmarpuBaroTcsi HEKOTOpbIe KHHEMATHYECKUE YCIOBHS OOpPAaTHOIO KOMIITOHOBCKOTO pac-
cestHusl (POTOHOB Ha PEJISITUBUCTCKUX DJIEKTPOHAX U MOJSPU3AINH CTATKUBAIOIINXCS YACTHII, KOTOPhIE
BJIMAIOT Ha BeNMWYMHY AU((EepeHIHaIbHOr0 CeueHHs Ipouecca B 3aBUCUMOCTH OT yIJIa PacCEesIHHOTO
¢dorona. OOHapyEHO CHIIbHOE BIMSHUE HA BEJIMYMHY CEUYEHUsI CIIMPAIbHOCTEH 3JIEKTPOHA U (OTOHA.
B ynbTpapensTHBUCTCKOM cilyyae OOHapyKeH TakkKe YAUBUTENbHBIN 3(PQeKT mouTu ABYKpaTHOTO
pocTa ceyeHMsl NpH paccesHUMHM (OTOHA B HANpaBICHUHM HMMITYJIbCa HAYaJbHOTO 3JIEKTPOHA, KOTAa
HayalbHBIA UMITYyJIbC (POTOHA MEPIIEHAUKYISPEH 3ToMy ummynbcy. Ilpu 3Tom pocT sHepruu ¢oroHa
MPAKTUUECKU TaKOU e, KaK IPH CTOJIKHOBEHHH BCTPEUHBIX ITYUKOB.
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crosikHOBeHHE J1000Boe. Ha pucyHkax mapametp = V/C < 1 0603Ha4aeT OTHOIICHHE CKOPOCTH DJICK-
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NOTES ON INVERSE COMPTON SCATTERING
K. A. Bornikov, Yu. V. Popov’, I. P. Volobuev

Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University,
119991, Moscow, Leninskiye gory, 1, Russia
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Kinematic conditions of the inverse Compton scattering of photons at relativistic electrons and
the polarizations of colliding particles are considered, which affect the value of the differential cross
section of the process depending on the angle of the scattered photon. A strong effect on the cross
section of the helicities of the electron and photon is found. In the ultrarelativistic limit, a surprising
effect of an almost twofold increase in the cross section has been also found, when a photon is
scattered in the direction of the momentum of the initial electron in the case, where the initial
momentum of the photon is transverse to the electron momentum. In this case, the growth of the
photon energy is practically the same as in the case of the head-on collision of beams.
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As an illustration, in Fig. 1 cross sections are shown in the case, where the helicities of the
electron and photon are the same, and in Fig. 2 the helicities differ in sign. The photon energy is 150
keV and the head-on collision. In the figures, the parameter p = v/c < 1 denotes the ratio of the
electron speed to the speed of light. At large B, the cross section difference at the peak is almost

fourfold.
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MO3UIIMOHHO-YYBCTBUTEJBHBINA JETEKTOP-MUIIIEHB BHICTPBIX
HEUTPOHOB JJIAA NCCJIIEAJOBAHUS PEAKIIMU C JIETKUMMU AJAPAMMU

C. U. llorames*, A. A. Adonnn, 0. M. Bypmucrtpos, A. U. [[payes, A. A. Kacnapos,
C. X. Kapaesckuii, B. H. Ilonomapes, B. U. Pazun

OI'BYH Uncturyt anepubix uccnenosanuii PAH, Mockga,
117312, Mocksa, B-312, npocriekt 60-tetust OxTs10ps1, 7a.
Temn.: (+7)4991357760 (Mockga), (+7)4958504201 (Tpowurk),
®dakc: (+7)4991352268 (Mocksa), (+7)4958504228 (Tpourk)
E-mail: potashev@inr.ru

st viccenoBaHusl peakiiii B3auMOACHCTBHSI OBICTPBIX HEHTPOHOB ¢ 3Hepruei ceeiie 1 MaB
C JIETKHMH SAPaMHU, B YacTHOCTH, ¢ sapoM °B Gbul pa3paboTaH MO3MIMOHHO-YYBCTBUTEIbHBIN
JIETEKTOp, SBISIIOIIANCA OJHOBPEMEHHO MUILIEHBIO HEHUTpOHOB [1]. JlaHHBIN AETEKTOp COAEPIKHUT
karon co cioeM °B U cucTeMy M3 MPOBOJNIOYHBIX KATOIOB, CETOK M AHO/A, KOTOPHIE MO3BOJISIOT
OTIPEJIETINTh MTOTEPH SHEPTHH U yTOJI BHUIETA BTOPMYHOTO S/IPa, B 4aCTHOCTH, sapa *H. D10 no3sosser
OTIPENIeNIUTh SHEPTHI0 ObIcTpOro HelTpoHa [2]. JlaHHBIA OETEKTOp SBISIETCS Pa3BUTHEM CO3JaHHOTO
HaMHU paHee JAETEKTOpa, C IOMOLIBI0 KOTOPOrO OMNPEAENSNIOCh HE TOJBKO IPOCTPAHCTBEHHOE
pacnpezeneHne, HoO 1 MaKCUMaJIbHasl SHEPTHUA HEHTPOHHOTO MOoToKa [3].

Paborta BeImonHEHa B paMKax Hay4HOM mporpammbl HammonaneHOro neHTpa (U3HKHA H
MaTeMaTHKH, HarpasieHue Ne 6 “SnepHas u paguanuoHHas pusuka’.
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POSITION-SENSITIVE FAST NEUTRON TARGET DETECTOR FOR STUDYING
REACTIONS WITH LIGHT NUCLEI

S. I. Potashev*, A. A. Afonin, Yu. M. Burmistrov, A. I. Drachev, A. A. Kasparov,
S. Kh. Karaevsky, V. N. Ponomarev, V. I. Razin
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E-mail: potashev@inr.ru

Position-sensitive detector was developed for studying interaction of fast neutrons at above 1
MeV on light nuclei, in particular, on 1°B nucleus. It is a both of neutron target and detector [1]. The
detector contains cathode with °B layer and system of wire cathodes, grids, and anode. It gives a
possibility to determine energy loss and emission angle of secondary nucleus, in particular, *H nucleus
and determine fast neutron energy [2]. It is development of the detector which has been created earlier
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and was applied for not only the spatial distribution, but also the maximum energy of the neutron flux
determination [3].

The work was carried out within framework of scientific program of National Center for
Physics and Mathematics on the direction No. 6 “Nuclear and radiation physics”.
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AHAJIN3 BPEMEHU HAPACTAHUA JUIAA CHUHTHJUISAIIMOHHOI'O AETEKTOPA
HA OCHOBE KPUCTAJIJIA CLYC

II. C. Ilpycauyenko, T. JI. BoOpoBckuii

dusuko-sHepreTudeckuii HHCTUTYT uM. Jlewmynckoro (POU), mn. bornapenxo 1,
r. O6uuHck, 249033, Poccus;
E-mail: pprusachenko@ippe.ru

CUMHTHUISIIMOHHBIE JeTeKTOphl Ha ocHoBe KpucTamioB Cs,LiYCls(Ce), ucnons3yempie s
perucTpanu HEHTPOHOB, O0JANAIOT PSIIOM TPEUMYIIECTB TepeA IPYTHUMH JUTHA-COJEPKAIIMMA
KpUcCTaJUTaMHi. BMecTe ¢ TeM, B HaCTOAIIMI MOMEHT ILIOXO U3yUYeHBI €r0 BpEMEHHBIC XapaKTEPUCTHKH,
KOTOpPBIE MOTYT IIOBIHMATH Ha MPHMEHEHUS JTaHHOTO THIIA JETEKTOPOB I BPEMS-TIPOJIETHBIX
npuiiokeHuil. B HacTosmIel paboTe BRIOTHEHO HCCIeI0BAHNE BpEMEHN HapacTaHUs JIJIsl CHTHAJIOB OT
CLYC, mnonydyeHHBIX IpH PETUCTPAIMM 3apsDKCHHBIX 4YaCTHI[ pPa3HbIX TUIOB. [loka3aHo, d4TO
CYIIECTBYET CUCTEMaTHYECKasl pa3HUIIA BO BPEMEHU HAapacTaHUs JJIs CUTHAJIOB, COOTBETCTBYIOIIUX Y-
KBaHTaM M MPOAYKTaM SIICPHBIX PEakIMi MoJ ACUCTBHEM HEWTPOHOB. BbLIO MOKa3aHO, YTO JaHHAS
pa3HUIla OKa3bIBAET CYIIECTBEHHOE BIMSHHE HA TOYHOCTh M3MEPEHHUI MPH ONPECIICHUN BPEMEHHON
OTMETKH METOJIOM CJICJIAIIET0 MOpora.

ANALYSIS OF THE RISE TIME FOR THE CLYC-BASED SCINTILLATION
DETECTOR
P. S. Prusachenko, T. L. Bobrovskiy
I.1. Leypunsky Institute for Physics and Power Engineering (IPPE), Bondarenko sq. 1,
Obninsk, 249033, Russia
E-mail: pprusachenko@ippe.ru
Scintillation detectors based on Cs,LiYCls(Ce) crystals used for the neutron detection have a

number advantages in comparison with other Li-contained crystals. At the same time, the timing
properties of this scintillator, which can affect using this type of scintillators to the time-of-flight
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application, are poorly known. In this work, the rise time of the signals corresponding to the different
types of the charged particles was studied. It was shown that there is systematic difference of the rise
times between the signals corresponding to the y-rays and the products of the neutron-induced reaction
in the scintillator. It was shown that this difference significantly affect the accuracy of the
measurements at the time mark determination by the constant fraction timing method.

MOJEJIUPOBAHUE CUHTE3A U30TOIIA YIJIEPO/-11 IIPU OBJIYYEHUUA MULIIEHU
ATOMAMM JEUTEPUA

A. . Ilymkapes, 0. U. Eroposa, C. C ITosmcanos
ToMckuii MOMTEXHUUECKHI yHUBEpCcHUTeT, Poccus, r. Tomck, np. Jlenuna 30, aipush@mail.ru

KopoTkoxuByIne U30TONB! IMHUPOKO HCIONIB3YIOTCSA B MTO3UTPOHHON 3MHUCCHOHHOM TOMOrpa-
¢un (I19T). 13T nmo3BoJsIET OTCIICKUBATH paclpelelicHHe B OpraHu3Me OWOJOTMYECKH aKTHBHBIX
COEIMHEHUH, MEUCHHBIX TTO3UTPOH-U3TydaoummMu u3otonamu. B [I9T npumensitotr uzoromnsl ¢prop-18,
KHcaopoa-15, azor-13 u yrnepon-11. Mcnons3oBanue nzotona yriaepon-11 ¢ nepuonom nomypacnaja
20 muHyT B™Mecto m3otoma (GprTop-18 (712 ~110 MHHYT) MO3BOJISET 3HAYUTEIHLHO CHU3UTH JO30BYIO
Harpy3ky Ha mauuenrta. KopoTKokuBYmMi m3oton yriepoa-11 mepcrneKTHBEH AJsl MPUrOTOBJICHUS
Pa3IMYHBIX paanodapMIpenapaToB, MOCKOIbKY UM MOKHO 3aMECTHTh CTaOWIILHBIN M30TOI yriiepos-12
B 1100011 Onomonexyse. OQHAKO BCIEACTBHE KOPOTKOTO MEPHOAa Moaypaciaaa NpUMEHEHHe H30Toma
yraepoa-11 Tpebyer TeppUTOpHATBEHOTO OOBEIMHEHHS IMPOLECCOB MONMYyYEHHsS HM30TOIA, MPUIOTOB-
neHus: paanodapmiipenapaTa ¥ NpoBeIeHHS AUArHOCTUKU. Kak clecTBre, NCIoNb30BaHHEe KOPOTKO-
KUBYIIUX HM30TONOB OTPAHWYMBACTCS MECTAMU WX NMPOW3BOJCTBAa. Pa3paboTka KOMIAKTHBIX W He-
JOPOTHX FE€HEPAaTOPOB MO3BOJIMIIA Obl OCYIIECTBISTh CUHTE3 U30TOIMOB C OY€Hb KOPOTKUM MEPUOIOM
noJlypacrnaja, paciiupsisi HCIoiib30BaHue paanodapmipenaparoB. [lostomy pa3paboTka HOBBIX U
3¢ (dEeKTUBHBIX METOJOB CHHTE3a H30TOIOB B HACTOSIEE BpeMs CTAaHOBUTCS KIIOYEBOH 3amadeid
SEPHON MEIULIMHBL.

B pabote mpexncraBiieHbl pe3yiabTaThl MOJECIMPOBAHUS CHHTE3a HM30Toma yriaepon-11 mpu
o0ydeHnH MUILIEHH, cojepkamield 6op-10, neiTpoHaMu M atoMamu Jieiitepus. BuimonHeH pacuer
WHTETPAILHOTO BBIXOAAa HM30Toma yriaepona-11 mpum obnydernmn mumienn Ha yckopurteiae TEMII-6
(0.2-0.3 M>5B, 150 Hc). IomydeHo, uTo moOBbIIIeHHE 3(GEKTUBHOCTH YIPYroro CTOJKHOBEHHS U
CHIDKEHHE DJJICKTPOHHBIX TMOTEPh JHEPTrUM MpHU OOJNyYeHHHM aroMaMu JIeHTepHs MHIICHH U3
IPUPOTHOTO GOpa MOTYT YBEIMYUTh MHTErPANBHBINA BBIXOJ aTOMOB yriepoa-11 3a mmmynsc ¢ 1.5-10°
10 2.5-10*. IIpu pabote yckoputens TEMII-6 1ocTaTOYHO HECKOIBKO MMITYJIbCOB (MeHee | MUHYTHI)
JUIS CHHTE3a M30TONa, HeoOXOIUMOro sl HapaboTku pamuodapMIiipenapara Ui OJHOTO TMAIHeHTA.
Oneprusi atoMoB neitepusi, paBHas (0.2-0.3 M»>B, sBusercs ONTHUMaTbHON 11 WHUIIMHPOBAHUS
SAEpHON peaky CUHTE3a N30ToNa yriepoa-11 npu o0nyueHnn MUILIEHH, coaepxkaieii 6op-10.

HccnenoBanue BBITOJIHEHO 3a cyeT rpaHTa Poccuiickoro Haydnoro ¢onma Ne 23-29-00016,
https://rscf.ru/project/23-29-00016

MODELING OF CARBON-11 ISOTOPE SYNTHESIS UNDER IRRADIATION OF A
TARGET WITH DEUTERIUM ATOMS
A. Pushkarev, Yu. Egorova, S. Polisadov

Tomsk Polytechnic University, Tomsk, Lenin Ave. 30
aipush@mail.ru

Short-lived isotopes are widely used in positron emission tomography (PET). PET allows

tracking the distribution of biologically active compounds labeled with positron-emitting isotopes in
the body. Fluorine-18, oxygen-15, nitrogen-13 and carbon-11 isotopes are used in PET. The use of the
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carbon-11 isotope with a half-life of 20 minutes instead of the fluorine-18 isotope (71 ~110 minutes)
can significantly reduce the dose burden on the patient. The short-lived carbon-11 isotope is promising
for the preparation of various radiopharmaceuticals, since it can replace the stable carbon-12 isotope in
any biomolecule. However, due to the short half-life, the use of the carbon-11 isotope requires
territorial unity of the isotope production processes, preparation of radiopharmaceuticals and
diagnostics. Consequently, the use of short-lived isotopes is limited to their production sites. The
development of compact and inexpensive generators would allow the synthesis of isotopes with a very
short half-life, expanding the use of radiopharmaceuticals. Therefore, the development of new and
effective methods of isotope synthesis is currently becoming a key task of nuclear medicine.

The paper presents the results of modeling the synthesis of the carbon-11 isotope under
irradiation of a boron-10 target with deuterium and deuterium atoms. The integral yield of the carbon-
11 isotope was calculated when the target was irradiated with a TEMP-6 accelerator (0.2-0.3 MeV,
150 ns). It is found that increasing the efficiency of elastic collision and reducing electronic energy
losses when irradiated with deuterium atoms of a target from natural boron can increase the integral
yield of carbon-11 atoms per pulse from 1.5-10° to 2.5-10™. When the TEMP-6 accelerator is
operating, several pulses (less than 1 minute) are sufficient for the synthesis of an isotope necessary
for the development of a radiopharmaceutical for one patient. The energy of deuterium atoms equal to
0.2-0.3 MeV is optimal for initiating a nuclear reaction of carbon-11 isotope synthesis when
irradiating a target containing boron-10.

The research was carried out at the expense of a grant from the Russian Science Foundation Ne
23-29-00016, https://rscf.ru/project/23-29-00016

METO/I AHAJIM3A U TIPOTHO3A XAPAKTEPUCTHUK IMOCJIEJIOBATEJIBHOCTEM
CJIYYAMHBIX BEKTOPOB

H. M. baususikos, B. M. Baxreas, /I. E. Koctomaxa, B. A. PaboTkun

OI'BOY BO Boponexckuii TocynapCTBEeHHbIN YHUBEPCHUTET,
394018, r. Boponex, YHuBepcuteTckas 1mi., 1, Poccus
E-mail: vakhtel@phys.vsu.ru

IToka3aHo, 4YTO Cciy4aiiHBIE IIOCIIENOBATEIbHOCTH BBIOOPOK (ky,. .. k,) oObeMOM n U3

orcuetoB 0<k <[ 3aperncTpupoOBaHHBIX YaCTHI] TNPEOOpPa3OBaHHBIE B IOCICIOBATEIBHOCTH

!

n=)V,, HAXOIAIIUECA BO B3aMMHO OJHO3HAYHOM
i=0

COOTBETCTBMM C  MX uieHTH(uKaropamu [(v();) mocne pamwKupoBaHus 1m0 [; NPEACTaBISIOT

ciyyaiineix Bektopo (CBP)=v()=(vo,.. v;);

MHOTOMOJAJIGHBIE  PACTIpPENIeIeHnsl  CTPYNIHPOBAHHBIX  JIOKATHHBIX THKOB [l]  TO3BOJISIOT
MPOTHO3UPOBATh XapaKTEPUCTUKU Kak OTAeNbHbIX CBP, Tak n 00pa30BaHHBIX MU IHUKOB B YCIOBHSAX

Manoi cratuctukn n <10, k <5. IlpeamoxxeHHbII MeTOZ MO3BOJSET OOOCHOBBIBATH pPEaTHIAIIIO
OOJIBIINX YKIOHEHHH OMUHOYHBIX k; >>k M UX YHOPAAOYEHHBIX COBOKyNHOCTeH. Meron s dexTrBeH

B YCJOBHSIX WM3MEPECHHH OONBIINX TOCIEM0oBaTeIbHOCTEH W3 M >>1, OTHOPONHBIX, ONHM3KHX U
HeonmHOpoaHbIX CBP.

Cnmcok JInTeparypbl
1. Metox auckpeTHOro (yHKIHOHala W MPOCKUMA (YHKIUHA APOOHOTO MOpPSIKA LEHTpallb-
HBIX MOMEHTOB IS aHAIN3a OJHOPOIHOCTEH AWCKPETHBIX ciydaiHbIXx BekTopoB / H. M. bausnskos,

B. M. Baxtens, JI. E. Kocromaxa, B. A. PaboTkun // : BopoHexckast 3MMHsS MaTeMaTH4YeCKast IIKOJIa
C.T. Kpeiina - 2022: maTepuansl MexyHapoaHoii koHdepeniun. Boponex, 2022 . C. 27-33.
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METHOD OF ANALYSIS AND PREDICTION OF RANDOM VECTOR SEQUENCES
CHARACTERISTICS

N. M. Blizniakov, V. M. Vahtel, D. E. Kostomakha, V. A. Rabotkin

\Voronezh State University, 394018, Voronezh, University square, 1, Russia, E-mail:
vakhtel@phys.vsu.ru

It is demonstrated that random sequences of samples (4,. .,k,) of volume n from counts
0<k<l of registered particles transformed into sequences of random vectors

l

(RV)=v()=(vg,. v;); mn= 2v;, which are in mutual univocal correspondence with their
i=0

identifiers after ranking according to represent multimodal distributions of grouped local peaks [1]

enable us to predict characteristics of both individual RV and peaks formed by them in conditions of

small statistics n <10, k <5.
The proposed method makes it possible to justify the implementation of large deviations of

single k, >>k and their ordered populations. The method is effective under conditions of measuring
large sequences of M >>1 of homogeneous, close and inhomogeneous RV.
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DOOTOAAEPHBIE PEAKIIMU C BBIUIETOM 3APAKEHHBIX YACTHUILL
JJIs ITPOU3BOACTBA MEJUIIUHCKUX PA/TMOU30TOIIOB

I1. 1. Pemu3oB™, M. B. KeaTono:kckas, A. I1. Hepusies, /1. A. FOciox

denepanbHOE TOCYIAPCTBEHHOE OIOIKETHOE 00Pa30BaTENbHOE YUPEXKIEHUE BHICIIETO0 00pa30BaHUS
«MocKOBCKHi rocynapcTBeHHbIH yHIBepcuTeT nMeHH M.B.Jlomonocosa», 119991, Poccuiickas
®enepanus, Mocksa, JIeHMHCKHE TOPHI, 1. 1
*pd.remizov@physics.msu.ru, 89175069070

TpaaMIMOHHO PaAMOM30TONBI IS MEIULMHBI HApabaTHIBAIOTCS HA HCCIEN0BATENLCKUX
SAIEPHBIX PEAKTOPAX W HA YCKOPHMTEISX TSOKEIBIX 3apHKEHHBIX yacTuil. TeM He MEHeE, B MOCIEHNE
rOfIbl MOSBWJICS TEJBIA DS MCCIENOBaHMH, MOCBSIIEHHBIA pa3pabOTKe METOJIO0B MOJTyYEHHUS
MEIMIMHCKUX M30TONOB B (DOTOSIEPHBIX PEAKIMAX HA YCKOPHMTENAX JJIEKTpoHOB. Tak Kak B (oTo-
SJIEPHBIX PEAKIUAX C BBHUIETOM 3apsHKEHHBIX YAaCTHI] 00Pa3yrOTCs U30TONbI XMMUYECKUX JJIEMEHTOB,
OTJIMYHBIX OT MATEPHAJIOB MUILEHH, TO BO3MOKHO TOJyYEHHE MPOLYKTA C BHICOKOM PaMOHYKIIMIHOM
YUCTOTOM M yIENbHOM aKTUBHOCTHIO.

Hamu mpoBOJATCS UCCIIE0BAHMUS MOJYYEHHS TIEPCIIEKTUBHBIX MEIUIMHCKUX PAJIMOU30TOIIOB
87r u Y"Lu na yckopurensx s1ekTpoHoB. J[yist 3TOro OblIa MPOBEJIEHa Cepysi 00JTyYeHH MUIIEHE
MosubieHa, raQHusl ¥ TaHTajla, KaK €CTECTBEHHOIO H30TOIHOTO COCTAaBa, TaK M OOOTAIIEHHBIE TI0
M30TOTIaM Ha YCKOPHUTEISIX d3JeKTpoHOB ¢ sHeprusmu 20, 40 m 55 M»dB. OO6mydeHHBICE MUIICHU
HCCIIEIOBAIMCH HA TAMMA-CIIEKTPOMETPAX € JETEKTOPAMH M3 CBEPXUUCTOrO TEPMaHHS.

B pesysnbTare ObUM MOIYYEHBI CPEIHEB3BEIICHHBIE IO TOTOKY TOPMO3HOTO HW3JIy4EHUs
ceueHUss O00pa30BaHUS UENEBHIX PAIUOHYKIUAOB °°Zr m 'Lu. DxcrnepuMeHTalnbHBIE JaHHEBIE
CPaBHUBAIIUCH C pe3yIbTaTAMH TEOPETHUIECKUX PacuéToB B paMKax mporpammuoro koja TALYS1.96.
Kpome Toro, ObLI TPOAHAIU3MPOBAHBI APYrHe OOPasyIOIMECS PAJHMOAKTUBHBIE U CTAOWIBHBIE

290


mailto:vakhtel@phys.vsu.ru

u3oTombl. B wWrore, kak HauOoyiee MEPCIEKTUBHBIC JUIS MPOMBIIIICHHOTO MPOM3BOJICTBA, OBLIN
BEIJICTICHBI CIIEAYIOUIE (DOTOSICPHBIC PEaKIIHH:
89Zr: %*Mo(y, an)®Zr, %2Mo(y, p2n)¥*Nb—2Zr;
177LU: 178Hf('}’, p)177Lu " 181Ta(y, (1)177LU.
[Tomyuennsie pe3ynbTaThl 00Cy)maroTcs. VccrmemoBaHue BBITONHEHO 3a CUET TpaHTa
Poccwuiickoro Hayqnoro ¢ouma (mpoekt Ne 22-22-20119).

PHOTONUCLEAR REACTIONS WITH THE EMISSION OF CHARGED PARTICLES
FOR THE PRODUCTION OF MEDICAL RADIOISOTOPES

P. D. Remizov*, M. V. Zheltonozhskaya, A. P. Chernyaev, D. A. lusiuk

Lomonosov Moscow State University, Russia, 119991, Moscow, GSP-1, Leninskiye Gory
*pd.remizov@physics.msu.ru, 89175069070

Traditionally, medical radioisotopes are produced in research reactors and heavy particle
accelerators. Nevertheless, a number of studies dealing with the production of medicinal isotopes in
photonuclear reactions at electron accelerators have been published in recent years. Photonuclear
reactions involving the emission of charged particles produce isotopes of chemical elements that are
different from the target substance, so it is possible to obtain products with high radionuclide purity
and specific radioactivity.

We are studying the production of promising medical radioisotopes #Zr and ’’Lu at electron
accelerators. For this purpose, a series of irradiations of targets of molybdenum, hafnium and
tantalum, both of natural isotopic composition and enriched in isotopes, was carried out at electron
accelerators with energies of 20, 40, and 55 MeV. Irradiated targets were analyzed with a gamma
spectrometer equipped with a high-purity germanium detector.

The production cross sections of the promising radionuclides %Zr and /Lu were determined
weighted by bremsstrahlung flux. Experimental data were compared with the results of theoretical
calculations gained using the program code TALYS1.96. In addition, we analyzed the radioisotope
and stable isotope compositions obtained. As a result, the following photonuclear reactions were
chosen as most promising for commercial production:

89Zr: %*Mo(y, an)®Zr, %2Mo(y, p2n)¥*Nb—Zr;
7Ly 78Hf(y, p)t7Lu, B Ta(y, o)'"’Lu.

The results are discussed. The study was supported by a grant from the Russian Science
Foundation (project number 22-22-20119).

HNCCIEAOBAHUE PACHIPEAEJIEHUSA N30TOIIOB YPAHA
HA TPAHUIIE MTOJIAPHOM M HENTIOJISIPHOM CPEbI

. A. Pymsaununena, B. I'. 3unoBbeB, . A. MuTpOonobcKuii

ITerepOyprckuit mHCTHTYT saepHOit ¢pusuku uM. b. I1. Koncrantunona, r. 'atanna, Poccus
E-mail: rumyantseva_da@pnpi.nrcki.ru

Jng yBenmdeHus: 4yBCTBUTEIHHOCTH T'aMMa-CIEKTPOMETPHYECKOTO METOJla HCCIIEIOBAHMS
COCTaBa YpaHCOJEPKAIIUX PacTBOPOB HCMoOb30Banach agcopbims komruiekca UO2(NOs3)2 2TBD na
noBepxHoctu nosunpornmieHa (CsHe)n B 9KCTpaKIMOHHOW CHCTEME Ha OCHOBE PacTBOpa a30THOM
KHCIOTBI H dKcTpareHTa TpuOyTWidochara (ThD). JudunsHpie monekynsl TBD sBusrorcs
MOJISIPHBIMU M TIOBEPXHOCTHO AKTUBHBIMH [1]. B3auMoneicTBysT OJHOBPEMEHHO C MOJSIPHBIMH U
HETOJISIPHBIMH CpellaMu, OHM HAaKAITUBAIOTCS HA TpaHUIle pa3zera ¢as.

CopeprkaHre W30TOIMOB YpaHa OMPEAENIOCh MO OTHONICHWIO IUIOMaAeHd MUKOB IOJIHOTO
MOTJIONICHNS TaMMa-U3Iy4YeHHs U3 PAaBHOBECHBIX LIEMOYEK paclaja ypaHa ¢ aTOMHBIMH HOMEpaMH
234, 235, 238. DKcHepUMEHTajbHAas 3aBUCUMOCTb OTHOIICHHUS HMHTECHCHUBHOCTEH aHAIUTHYECKHUX
e 18508/ lo2os (uHBS 1) U Ligses/li0010os (MHES 2) OT pacCTOSIHUS /i MEXIy TOYKOi oTOopa
00pasia 1 MOBEPXHOCTHIO KUAKOH (ha3bl MpecTaBICHA HA PUCYHKE.
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[MonumnpornuieH (HEMOMSPHBIA KOMIOHEHT) TpouHo yaeprxkusaer komiuieke UO2(NO3)2-2TED
B BEpXHEH 4acTH Ha TpaHULIC pasfena MospHOi 1 HenosipHoi ¢as. [lpu 3ToM OGonee nerkue U30TOMbI
ypaHa coOMpAOTCs B BEPXHHX CIOSIX IUICHKH cocTosiiel u3 mMonekyn komiuiekca UO2(NO3)2-2TB®.
Konuentparmusa ysenuunnacek: o 234U ¢ 0.0016+0.0003 at.% B ucxoguom pactsope a0 0.017+0.002
aT.%,1m0 235U ¢ 0.471+0.007 at.% B ncxognoMm pactBope 10 1.49+0.02 at.% [2].
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STUDY OF THE DISTRIBUTION OF URANIUM ISOTOPES AT THE BOUNDARY
OF POLAR AND NONPOLAR ENVIRONMENTS

D. A. Rumyantseva, V. G. Zinovyev, |. A. Mitropolsky

Petersburg Nuclear Physics Institute, Gatchina, Russia
E-mail: rumyantseva_da@pnpi.nrcki.ru

To increase the sensitivity of the gamma-spectrometric method for studying the composition
of uranium-containing solutions, the adsorption of the UO2(NOs),-2TBP complex was used on the
surface of polypropylene (CsHg)n in an extraction system based on a solution of nitric acid and tributy!l
phosphate (TBP) as the extractant. Diphilic TBP molecules are polar and surface active [1]. Interacting
simultaneously with polar and non-polar media, they accumulate at the phase interface.

The content of uranium isotopes was determined by the ratio of the peak areas of total
absorption of gamma radiation from the equilibrium decay chains of uranium with atomic numbers
234, 235, 238. The experimental dependence of the ratios /(185 keV, 2°U)/1(92 keV, 2%8U) (line 1) and
1(185 keV, 25U)/1(1001 keV, 2%8U) (line 2) of the intensities of the uranium analytical lines on the
distance 4 between the sampling point and the surface of the liquid phase is presented on the figure.

I, =

F=1
L=

[U235/IU238
[,

0,5 T T T 1
0 5 10 15 20

292


mailto:rumyantseva_da@pnpi.nrcki.ru

Polypropylene (non-polar component) strongly holds the UO2(NQ3)2-2TBP complex in the
upper part at the interface of the polar and non-polar phases. At the same time, lighter isotopes of
uranium are collected in the upper layers of a film consisting of molecules of the UO2(NOs).-2TBP
complex. The concentration increased: by 2**U from 0.0016+0.0003 at.% in the initial solution to
0.017+0.002 at.%, according to *°U from 0.471+0.007 at.% in the initial solution to 1.49+0.02 at.% [2].
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PACCMOTPEHME HEUTPUHHOI'O KAHAJIA HA YCKOPUTEJBbHOM KOMILIEKCE
¥Y-70 C OTKJIOHEHUEM MMYYKA POAUTEJbCKUX YACTHUL]

®. H. Hosockoabues?, P. FO. Cuniokos'*, A. A. CokooB: **
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PaccmoTpena npuHUMNMANbHAS ONTHYECKAs cXeMa KaHaja A GOpMHUPOBAaHUS HEHTPUHHOTO
nydka Ha 0a3e YCKOpPHUTEIbHOro kKomuiekca Y-70. [lns BbimeneHus TpeOyeMOro HMITYJIBCHOTO
WHTEpBala 7-ME30HOB IMPEJIaracTcsl MCIOIL30BaATh ABYXMArHUTHYIO CHCTEMY C “TIOJIEBOM~ JTHUH30M
C OTKJIOHCHHUEM ITYyUKa POAUTCIIbCKUX YAaCTUI[ B OAHY CTOPOHY U MOJTHOM KOMHCHC&HI/ICf/i AUCTICPCUH.
B nmanHON cxeme pacmagHas 4acTb KaHalla TOBEPHyTa OTHOCUTENIBHO HAIPaBJICHUS HaBEACHUS
MEPBUYHOTO MPOTOHHOIO MydYKa Ha MUIIeHb. OOCYX/1al0TCd OCHOBHbIE PACUETHBIE XapaKTEPUCTHKU
Myyka HEWTPUHO Ha JaJbHEM [ETEeKTOpe Ha PacCTOSHHMU 2595 KM OT KOHIAa pachajHOro ydacTka
KaHaJa, a TAKKe MapaMeTphbl pOJIUTENBCKHX 7-ME30HOB B Hayalle paclaJHoOro yJacTKa.

CONSIDERATION OF THE NEUTRINO CHANNEL AT THE U-70 ACCELERATOR
COMPLEX WITH A DEFLECTED PARENT PARTICLE BEAM

F. N. Novoskoltsev, R. Yu. Sinyukov!*, A. A. Sokolov'**

INational Research Centre "Kurchatov Institute" — IHEP, 1, Nauki Sq., Protvino, Moscow Region,
142281, Russia, +7 (4967) 71-36-23, fax +7 (4967) 74-28-24, e-mail: fgbu@ihep.ru
*e-mail: roman.sinyukov@ihep.ru, **e-mail: sokolov_a@ihep.ru

Principle optical scheme of the neutrino beam production channel based on the accelerator
complex U-70 is considered. In order to extract the required pulse interval of m-mesons, a two-
magnetic system with a "field" lens with a one-way deflection of the parent particle beam and full
compensation of the dispersion is proposed. In this scheme the decay part of the channel is deflected
with respect to the direction of the primary proton beam aiming at the target. The main computational
characteristics of the neutrino beam at the far detector at a distance of 2595 km from the end of the
decaying part of the channel as well as the parameters of the parent = mesons at the beginning of the
decaying part are discussed.
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SAJTEPHO-CKAHUPY IO MUKPO30H/I B UCCJIEJJOBAHUM SITUCJIOEB
KAPBUJIA KPEMHUS

H. A. Kapnogs!, M. D. Bysoseps?, I. A. Ckopuos?3, P. U. Cunopos??, B. A. Hesepos?®

IOTVIIT «PDSIL BHUUD Dy,
20BOY BO «MI'Y um. H. I1. Orapesay;
SHUJI «Cuntes n 06paboTKa MOHOKPUCTAJIIOB KapOu/a KPEMHHSD

O PeKTUBHOCTL PaTUO3JICKTPOHHBIX YCTPOUCTB, OCOOCHHO pabOTAaIOIIMX B SKCTPEMaIbHBIX
YCIIOBUSIX (BBICOKHE TEMIIEpaTyphl, pajuanus W Jp.), CYIIECTBEHHO 3aBUCHT OT IOBBIIICHUS
OBICTPOACHCTBYS, HEProCcOEPEKEHNSI U HATECKHOCTH TBEPIOTEIBHON 3JeMEHTHOM 0a3bl. OnHUM 13
MaTeprajoB, OTBEYAIOIINM CTOJIb KECTKUM TpeOOBaHUAM, SBIsSeTca Kapoun kpemuus 4H monutuna
(4H-SiC). OtpaboTka TEXHOJOTMH BOCIPOM3BOIMUMOrO poOcTa 3nHrakcuanbHbix cioeB (DC) SiC
ABJISIETCS. MHAMBUAYAIBHOW 3a/1a4el Uil yCTAaHOBOK KOHKPETHOTO THIA M TpeOyeT NeTaJbHOro ydyeTa
¢aktopos, onpenesnsitoux goctikumbie napamerpbl DC SiC [1]. B 3T0ii cBsi3u BecbMa aKkTyallbHbIM
SIBJISICTCS IPUMEHEHHE COBPEMEHHBIX BhICOKOpa3pelaronmx metonos xapakrepusamuu DC SiC. Lenb
paboTBl — HCCIeNOBaHHE BO3MOXHOCTH HCIIOJIB30BAHUSL YCTAaHOBKU  <«SlJI€pHO-CKaHMPYIOIINH
mukpo3oHgy — OITI-10» (ICM3) B omeHKe KadecTBa TOMOAIHTAKCHAJBHBIX CJIOEB, IMOMYYEHHBIX
cyomMMariMoHHbIM coHBruY-MeTooM (CCM) B BakyyMe Ha MOHOKpHCTaTHUeCcKoi momioxke 4H-SiC.
B paGote mpuBenensl pe3yibTathl ACM3-uccienoBanus merogoM RBS (oOpatHoro pesepdopmos-
CKOro paccestusi) moBepxHocteir oopaszioB DC 4H-SiC, monydeHHBIX B YCTaHOBKE BBICOKOTEMIIC-
paTypHOro pocTa C HWHIYKIMOHHBIM HarpeBaTeneM Basic-T. IlomydeH sjeMEHTHBIH cOcCTaB H
JJIEMEHTHBIC KapThl ceprur 00pas3uoB (puc.). BEIsBIEHBI U oNMcaHbl 3aKOHOMEPHOCTH pacIpeeleHUs
OCHOBHBIX 31eMeHTOB 10 Tonuae DC 4H-SiC.
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AHanM3 COCTOSIHUA TOBEPXHOCTEH 00pa3IoB, momnepedHbix numdoB IC—TOII0KKA U PEKU-
MOB CHHTE3a TOKa3aj, YTO YBEIUUYCHUE COACpKaHus KpeMHHus (Si) B BEPXHUX CIIOSIX HEKOTOPBIX
00pasIoB MpeaecTByeT GOpMUPOBaHHIO BbICOKOAe(hekTHBIX ciioeB 4H-SiC. Buenpenue n30bITOY-
Horo Si, B MHEpPBYH oOdYepelb, MOXET ObITh CBS3aHO C JAWHAMHUKOW HM3MCHEHHUsS CTEXHOMETPHUH
MOJICKYJISIPHBIX KOMITOHEHTOB B MapoBoil (aze mpu cyOiaumupyromem ucrodnuke SiC B cTopoHy
oboramenuss kpemaueM (cuctema SiC-Si). CormacHo nutepatype [2], mpu Temmeparypax 1700 —
2100 °C B ra3oBoii (¢a3se, coorBerctBytomeir SIC-Si cucreme, Moryt (opmupoBatscs Kiactepsl Si,
KOTOpble MOTYT BhImanath Ha DC B BUJE Karenb WM 0Opa3oBHIBATH arperaTbl Ha IOBEPXHOCTH
pactymiero ciosi. Uepe3 HEKOTOpOe BpeMsl KJIacTephl Si UCTIAPSIFOTCS, OCTABIISS CIIEe/bl B BUJC SMOK Ha
nosepxHocTH DC ninn GopMUpYs XapaKTEepHbIE MUKPOIIOPOBBIE I€(PEKThI B TONIIMHE CIIOEB.

Cnucok JuTepaTypsl
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NUCLEAR-SCANNING MICROPROBE IN THE STUDY OF SILICON CARBIDE
EPITAXIAL LAYERS

I. A. Karpov?, M. E. Buzoveryal, D. A. Skvortsov? R. I. Sidorov?, V. A. Neverov ??

(1) Federal State Unitary Enterprise RFNC VNIIEF;
(2) National Research Mordovia State University,
(3) Research Laboratory “Synthesis and Processing of Silicon Carbide Single Crystals”

The efficiency of electronic equipments, especially those operating in extreme conditions
(high temperatures, radiation, etc.), significantly depends on the switching speed, energy saving and
reliability of solid-state electronic devices. One of the materials that meet such stringent requirements
is silicon carbide 4H polytype (4H-SiC). Development of the technology for the reproducible growth
of SiC epitaxial layers (EL) is an individual task for growth setups of a particular type and requires
detailed consideration of the factors that determine the achievable parameters of EL SiC [1]. In this
regard, the use of modern high-resolution methods for characterizing of the EL SiC is very actual. The
purpose of this work is to study the possibility of using the Nuclear Scanning Microprobe - EGP-10
(NSMP) facility in assessing the quality of homoepitaxial layers obtained by the sublimation sandwich
method (SSM) in vacuum on a single-crystal 4H-SiC substrate. The paper presents the results of the
NSMP study using the RBS (Rutherford backscattering) method of the surfaces EL 4H-SiC samples
obtained in a high-temperature growth setup (Basic-T) with induction heater. The elemental
composition and elemental maps of a series of samples were obtained (Fig. 1). Regularities in the
distribution of the main elements over the thickness of the EL 4H-SiC are revealed and described.
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Fig. a-RBS spectrum of the SiC sample; b- silicon element map of the SiC sample

An analysis of the state EL surfaces, cross sections of the EL—substrate compositions, and
growth modes showed that an increase in the silicon (Si) content in the upper layers of some samples
precedes the formation of highly defective 4H-SiC layers. The introduction of excess Si, first of all,
can be associated with the dynamics of changes in the stoichiometry of molecular components in the
vapor phase with a subliming source of SiC towards enrichment with silicon (SiC-Si system).
According to the literature [2], at temperatures of 1700-2100 °C, Si clusters can form in the gas phase
of the corresponding SiC-Si system, which can precipitate on the EL in the form of drops or form
aggregates on the surface of the growing layer. After some time, the Si clusters evaporate, leaving
traces in the form of pits on the EL surface or forming characteristic micropore defects in the thickness
of the layers.
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AKTUBAIINA KOMIIO3UTHBIX MATEPUAJIOB HA UMITYJIbLCHOM UCTOYHUKE
HEATPOHOB C MOHUTOPHUHI' OM ITYUKA

B. M. Cxopkun

®denepanbHOE TOCYIAPCTBEHHOE OI0HKETHOE YUPESKICHNE HAyKU VIHCTUTYT SAEPHBIX MCCIICTOBAHUI
Poccuiickoii akageMun Hayk,
117312, Mocksa, B-312, npocniekt 60-netust OxTs6ps, oM 7a,
Tell.: +74991354043, dakc: +74991352268, e-mail: skorkin@inr.ru

Ha uMITyTbcHOM MCTOYHWKE HEUTPOHOB IPOBEICHO OOIYICHHE KOMITO3UTHBIX MaTEPHAIIOB,
WCIIOJIb3YEMBIX B SIICPHOM MEOUIMHE W B MPOU3BOJACTBE PAJUALMOHHO-3AIIUTHON oxexnasl [1, 2].
Komno3utHbIe MaTepuaibl CO CIOUCTOW CTPYKTYPOU COJIEpX Al UTTepOHUEBbIe U CBHHIIOBBIC KOMIIO-
HEHTBI JJIA MPeoOpa3oBaHMs BHEIIHETO PagUAllMOHHOIO OOJIY4YCHHsS BO BTOPUYHOEC HH3KOIHEpre-
THYecKoe u3nydeHue. [IoTok HeHTpoHOB B 00My4arenbHOM KaHane ucrounuka PAJIOKC co3naBancs
HUMITYJIbCHBIM ITY4YKOM JIMHEHHOTO YCKOpPHUTENS MPOTOHOB ¢ 3Heprued 209 M»sB mpu cpenHem Toke
30 MKA. 3axBaT TEIIOBBIX HEUTPoHOB B 1 Mr *8Yb o6pasua cozmasan °°Yb ramma mcrounuk ams
HCCIICIOBAHUS PaIio0NOJIOTHIeCKON 3 PEKTUBHOCTH M3JTyUeHHUSI KOMIIO3UTA B JIOKAJIbHOW Opaxure-
panuu. Ilocae akTUBaUU CBUHIIOBOIO KOMIIO3UTa MPOBOAMIOCH U3YUEHUE €TI0 COCTaBa U U3MEPECHUE
paMallnOHHO-3aIIUTHBIX CBOWCTB. B mporecce oOMydeHUs MOTOK HEUTPOHOB B OOIy4aTeIhbHOM
KaHaJIe KOHTPOJIHUPOBAJICSA B PEIKUME PEATBHOT'O BPEMEHHU IBYMSI MOHUTOPAMHU UMITYJIBCHOTO ITy9IKa Ha
OCcHOBe jerekTopa ObicTpbix HelTponoB YJIBH-02 u pammomerpa MKC-01P. Cnektp ¢oroHOB
UTTepONEBOr0 MCTOYHHMKA ObLT m3MepeH ¢ momomnbto HPGe nmerexropa. Jo3oBoe pacmpeneneHue
raMma U3JIy4eHHUs B BOJAHOM (aHTOME UCCIEAOBAICSI C HCIHoJb30BaHMeM IuieHkn MD-55.
AKTUBHpOBaHHBIC 00Pa3IIEl CBUHIIOBOTO KOMIIO3UTA U3MEPsUIHCh Ha paaunomerpe MKC-01P.
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ACTIVATION OF COMPOSITE MATERIALS ON A PULSED NEUTRON SOURCE
WITH BEAM MONITORING

V. M. Skorkin

Institute for Nuclear Research of the Russian Academy of Sciences,
60-letiya Oktyabrya prospekt 7a, Moscow 117312, Russia.
Phone: +74991354043, fax: +74991352268, e-mail: skorkin@inr.ru

A pulsed neutron source was used to irradiate composite materials used in nuclear medicine
and in the production of radiation-protective clothing [1, 2]. Composite materials with a layered
structure contained the ytterbium and lead components to convert external radiation exposure into
secondary low-energy radiation. The neutron flux in the irradiation channel of RADEX source was
created by a pulsed beam of a linear proton accelerator with an energy of 209 MeV at an average
current of 30 pA. The capture of thermal neutrons in 1 mg *8Yb sample created ***Yb gamma source
for studying the radiobiological efficiency of composite radiation in local brachytherapy. After
activation of the lead composite, its composition and radiation-protective properties were studied.
During irradiation, the neutron flux in the irradiation channel was monitored in real time by two
pulsed beam monitors based on the UDBN-02 fast neutron detector and the MKS-01R radiometer. The
photon spectrum of the ytterbium source was measured using HPGe detector. The dose distribution of
gamma radiation in the water phantom was studied using MD-55 film. The lead composite activation
was measured on MKS-01R radiometer.
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MOJEJUPOBAHME KJACTEPHOI'O PACIIAIA BEPUJLIJIMS B MIOHU3AIITMOHHOM
KAMEPE ITPA OBJIYUEHWU EbICTPBIMA HEUTPOHAMUA

C. U. llorames, B. M. Cxopkun

denepanbHOE TOCYIAPCTBEHHOE OIOKETHOE yUpexkAeHNe Hayku HCTUTYT SAepHBIX CCIeT0BaHUI
Poccuiickoii akaeMuu Hayk,
117312, Mocksa, B-312, npocniekt 60-netust OxTs16ps, mom 7a,
Ten.: +74991354043, dakc: +74991352268, e-mail: skorkin@inr.ru

Jlns MCCIeNoBaHus KIACTEPHOH CTPYKTyphl °BE HpOBEJEHO MOAEIMPOBAHHE HEYIPYTOro
paccesHUsI OBICTPBIX HEHTPOHOB Ha OCPWIIMHM C PETUCTPALMEH ABYXCIOMHOM HOHHM3aLMOHHON
KaMepoii MPOIyKTOB peakumii n, p, o, °He, ‘Li. B HacTosmiee Bpems pa3pabaThIBaeTCs ABYXCIONHBIM
MO3UIIMOHHO-UYBCTBUTENbHBIA JETEKTOP Ha OCHOBE MHOTOIPOBOJIOYHOTO JETEKTOPAa MEIEHHBIX U
OBICTPBIX HEUTPOHOB C AKTUBHBIM OOpHBIM cioeM [ 1]. IIpoekTupyeMslii JeTeKTOp AOJDKEH COAepKaTh
JIB€ KPEMHHUEBBIE MOJUIOKKUA C OCPHIUIMEBBIM CIOEM-MHILIEHBIO U ciioeM Oopa-10 mis peructpanmu
OBICTpBIX HelTpoHOB. KoHCTpyKIHS 0OecnieurBaeT MOTIIONICHUE 3apsHKEHHBIX (PParMEeHTOB peakiuii B
MEPBOM TIOJIOBUHE JETEKTOpPA W IO3BOJIAET M3MEPATh IMOTEPU SHEPrUU W Yroji BbUIETA YacTHII.
Pe3ynbTaTel MOAENMMpPOBaHUS TIOKA3BIBAIOT, YTO PETUCTPALMSI PACCESIHHBIX HEUTPOHOB B COBIAJACHUU C
YacTUIIAMU pacnaza BO30YKICHHBIX COCTOSHHI IO3BOJSET ONPEACIUTh BKJIAJbI Pa3INYHBIX
KOH(UTYpaIuii B CTPYKTYpy COCTOSIHUH.
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1. [Torames C. U., paueB A. U., Kacnapos A. A., bBypmuctpos 0. M. Ilozuunonno-uys-
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SIMULATION OF BERYLLIUM CLUSTER DECAY IN IONIZATION CHAMBER UNDER
FAST NEUTRON IRRADIATION

S. I. Potashev, V. M. Skorkin

Institute for Nuclear Research of the Russian Academy of Sciences,
60-letiya Oktyabrya prospekt 7a, Moscow 117312, Russia.
Phone: +74991354043, fax: +74991352268, e-mail: skorkin@inr.ru

To study °Be cluster structure the inelastic scattering of fast neutrons on beryllium was
simulated with the registration of n, p, a, ®He, ‘Li the reaction products by a two-layer ionization
chamber. At present, a two-layer position-sensitive detector based on a multiwire detector of slow and
fast neutrons with an active boron layer is being developed [1]. The designed detector should contain
two silicon substrates with a beryllium target layer and a boron-10 layer for detecting fast neutrons.
The design ensures the absorption of charged reaction fragments in the first half of the detector and
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makes it possible to measure the energy loss and the angle of emission of particles. The simulation
results show that the registration of scattered neutrons in coincidence with particles of the decay of
excited states makes it possible to determine the contributions of various configurations to the
structure of states.
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KJIACTEP CeBr;-Nal(Tl) @ OCBAY JETEKTOPOB JIJI1 U3BMEPEHUS HEUTPOHOB
N T'AMMA-KBAHTOB

FO.T. Co6oaes, C. C. CtykaJjos, 10. 3. Ilenuon:kkeBud, K. 3eiinysia

141980 O0benMHEHHBIN HHCTUTYT SIEPHBIX HccienoBanuid, T. JlyoHa MockoBcko# obnactw,
yi1. XKomuo-Kropwu, 1. 6
+7 (49621)6-50-59/6-51-46, post@jinr.ru;
E-mail: sobolev@jinr.ru

CuuaTnnsinnonsslid cnekrpometp u3 CeBrs-Nal(Tl) hocBuy-neTekTopoB SBIsIETCS OJHUM U3
anemenToB ycranoBku MULTI [1], co3mannoit B JISAP OUAU ([yOHa) /s u3MepeHHs MOIHBIX
CCUCHHH peaklnii, CEeUeHHH TPYII KAHAIOB PEaKIHi C SApaMH, PACHONIOKEHHBIMHA BOJIM3H TPAHUIIBI
HYKJIOHHOH CTaOMJIBHOCTH, a TaK)Ke M3Y4EHHs IIPOLIECCOB UX pachasa.

CriektpomMeTp mpenacrTasisier co0oit kiactep u3 9 mrotHoynakoBaHHbIX CeBra-Nal(T1) docsuu
netexktopoB [2], cm. Puc. Buemnue ctoponsl kpuctamioB CeBrs 3akpeitel mnactunamu CsI(TI),
koTopeie BMecTe ¢ Nal(Tl) komMnoHeHTamMu (POCBHY-IETEKTOPOB MOTYT paboOTaTh Kak JETEKTOPHI
KOMIITOHOBCKOM 3aIl[UTBHI.

Kitactep 9 CeBr3-Nal(Tl) ¢hocBuu-nerextopos

B pabore mnpencTaBieHbl XapaKTEPUCTHKU Y-CIIEKTPOMETpa (IHEPreTHUYEeCKOe paspelicHue,
3 PEKTUBHOCTH perucTparvi U PQPEKTUBHOCTL B MUK MOJHOTO MOTIIOMICHUS, a TAKKe KOI(D(PUIIUCHTHI
MOJABJICHUs] KOMIITOHOBCKOM YacTH SHEPreTUUECKOro crekrpa y-kBaHtoB Ey = 1.17 u 1.32 M»B.
W3MmepeHusi mapaMeTpoB PETUCTpPAlMK Y-U3TYYCHHUS NPOBENEHBI METOJIOM MEYEHBIX Y-KBAaHTOB W
ucrounuka *°Co.

B pabote npeacTaBieHs! pe3ynbTaThl U3MEpeHUs 3PPEKTHBHOCTH PETHCTPALUN HEUHTPOHOB B
nuanaszone sHepruit £n = 1,0 + 5,5 M»aB. H3Mmepennst sHepreTHUecKOn 3aBUCUMOCTH 3 (HEKTUBHOCTH
PETHCTpALMU HEHTPOHOB MPOBEIEHBI METOIOM MEYEHBIX HEHTPOHOB M3 HCTOUHMKa 23°Pu/°Be.
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CLUSTER OF CeBr3-Nal(Tl) PHOSWICH DETECTORS
FOR NEUTRONS AND GAMMA QUANTA MEASURING

Yu.G. Sobolev, S.S. Stukalov, Yu.E. Penionzhkevich, Zh. Zeinulla

Joint Institute for Nuclear Research Joliot-Curie 6, 141980 Dubna, Moscow Region, Russia
+7 (49621)6-50-59/6-51-46, post@jinr.ru;
E-mail: sobolev@jinr.ru

The scintillation spectrometer based on CeBrs-Nal(Tl) phoswich-detectors is one of the
elements of the MULT] setup [1] designed at the FLNR JINR (Dubna) for measuring the total reaction
cross sections, cross sections of group reaction channels in the reaction with nuclei located at the
boundary of nucleon stability, as well as studying the processes of their decay.

The spectrometer is a cluster assembled of 9 CeBrs-Nal(TI) scintillation phoswich-detectors
[2] (see Fig). The outer CeBrs sides of the cluster are covered by the CsI(TI) plates which can operate
together with Nal(TI) components of phoswich-detectors as Compton shield detectors.

Cluster of 9 CeBrs-Nal(TI) phoswich detectors

The characteristics of the y-spectrometer (energy resolution, detection efficiency and peak
efficiency, as well as the suppression coefficients for the Compton component of the energy spectra of
y-quanta Ey = 1.17 and 1.32 MeV are presented. The measurements were carried out by tagged y-ray
method with ¢°Co y-source.

Some results of measurements of neutron detection efficiency at £n = 1,0 + 5,5 MeV are
presented. The measurements of neutron detection efficiency were carried out by method of tagged
neutron and 2*Pu/°Be neutron source.
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B Hacrosiimee Bpemsl 3HAaYCHHE PAJAMAIMOHHBIX TEXHOJOTHH CYIIECTBEHHO BO3pacTacT He
TOJIBKO B HAayKe, HO M B Pa3IMYHBIX OTPACIAX HApPOAHOTO XO3SIMCTBA M MEIMIMHCKOM MpaKTHKE.
Pagnon30ToNBl M YCKOPHUTENN 3apsDKEHHBIX YacTHIl, MOMHMO TNPUMEHEHHS B (yHIaMEHTaJIbHBIX
WCCIIC/IOBAHUAX B OOJIACTH aTOMHON W siZIepHON (PHM3HMKH, pagroOMONIOTHH U PaJUOXHMHUH, IITHPOKO
UCIIONB3YIOTCS B MEAMLIMHE JUIS JIy4eBOM Tepanmuy W AMAarHOCTUKHU, CTEPUIM3ALUU OOBEKTOB TpaHC-
TUTAHTOJIOTHH, (hapMalleBTUUECKUX IMPENapaToB U MEIULMHCKUX H3ACIHN; B DKOJOTUHU I OYMCTKU
CTOYHBIX BOJI, TBEPABIX OTXOJIOB U BBIOPOCHBIX Ta30B; B IPOMBIIUIEHHOCTH M CEILCKOM XO3SHCTBE IS
panuanoHHOM 00pabOTKH MaTepHaOB U MUIIEBBIX IPOIYKTOB.

Bonee wem B 70 crpaHax mMmpa NEHCTBYIOT HEHTPHI NMPOMBINIICHHON pajanallioHHON 00pa-
OOTKHM MPOXYKTOB MUTAHUS W MEAUIMHCKHUX u3aenuid. [Ipu oOpaboTke yCKOPEHHBIMHU JIIEKTPOHAMHU
Hen30eXHa HEOIHOPOAHOCTh OO0Ny4YeHHsI OOBEKTOB, OOYCIIOBICHHAs XapaKTepOM pachpeaescHUs
MOTJIOIIEHHOM J03bI H3Iy4eHHs 1o riryouHe oObekra. Kpurepuem OIHOPOAHOCTH OOIydYEeHUS
NPUHSATO CUYUTATh OTHOIICHNE MUHAMAIILHOTO 3HAYEHUS TMOTJIOMIEHHOHN 10361 D,y iy K MAKCUMAIBHOMY
3HAYEHHUIO TOTJOMEHHOW A03b1 D, B 0OBeMe o0bekTa. JIOCTH)KEHHE CTENeHH OJHOPOTHOCTH
oOiyuenust Gonee 80 % sBIAETCS CIOXKHON TEXHONOTHMUYECKOW 3afadeil, Npu pEHIeHUH KOTOPOH
HEOOXOIUMO YYMTHIBATh HEPAaBHOMEPHOCTh 3alOJHEHHS YNAKOBKHM OO0NydaeMBIX OOBEKTOB, HX
T€OMETPHIO, CTPYKTYPY, XUMUYIECKHI COCTaB, INIOTHOCTh U IpyTHe (aKTOPHI.

Lenp pabothl 3axmoyanach B pa3paboTke METOJOB MOBBIMEHHUS 3(Q(EKTUBHOCTH pajana-
LUOHHON 00paboTKH OMO0OBEKTOB U MaTepuaioB. beutu paspabotaHbl METOA MOAU(UKALMU ITydKa
YCKOPEHHBIX DJICKTPOHOB JIJIsI TIOBBIIICHUS PABHOMEPHOCTH OOJYYeHUs, CHCTEMa OBICTPOTO pacueTa
pacmpenesieHusl MOTJIONIEHHOM 03Bl MO TIIyOMHE M CHCTeMa pacdeTa MapaMeTpoB YCKOPHTE,
o0ecrneurBaoINX HAUOOJIBIIYI0O PABHOMEPHOCTH O0TydEHHS.

Hccneoosanue evinonneno @ pamxax Ilpoepammul paseumusn Medcoucyuniunaprou Hay4Ho-
obpaszosamenvHol wkonvl Mockosckozo ynusepcumema « Pomonnvie U KEAHMOBbIE MEXHONO2UU.
Lughposas meduyurnay.

METHODS TO INCREASE THE EFFICIENCY OF RADIATION PROCESSING
OF BIOOBJECTS AND MATERIALS

Studenikin F. R.12, Chernyaev A. P.12, Bliznyuk U. A2, Zolotov S. A.12,
Borshchegovskaya P. Yu.!?, Ipatova V. S.2, Sokolov S. A}, Krechetov N. D.!

!Lomonosov Moscow State University, Moscow, 119991, GSP-1, Moscow, Leninskie gory, house 1,
building 2, Russia; +74959394946
2Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University, Leninskie gory,
GSP-1, Moscow 119991, Russian Federation.
E-mail: f.studenikin@gmail.com

At present, the importance of radiation technologies is increasing significantly not only in

science, but also in various sectors of the national economy and medical practice. Radioisotopes and
charged particle accelerators, in addition to being used in fundamental research in the field of atomic
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and nuclear physics, radiobiology and radiochemistry, are widely used in medicine for radiation
therapy and diagnostics, sterilization of transplantation objects, pharmaceuticals and medical devices;
in ecology for the treatment of wastewater, solid waste and exhaust gases; in industry and agriculture
for radiation treatment of materials and food products.

In more than 70 countries around the world there are centers for industrial radiation processing
of food and medical devices. When processing with accelerated electrons, the inhomogeneity of
irradiation of objects is inevitable, due to the nature of the distribution of the absorbed radiation dose
over the depth of the object. The ratio of the minimum value of the absorbed dose Dmin to the
maximum value of the absorbed dose Dmax in the volume of the object is considered to be the criterion
for the uniformity of irradiation. Achieving a degree of irradiation uniformity of more than 80 % is a
complex technological task, in solving which it is necessary to take into account the uneven filling of the
package of irradiated objects, their geometry, structure, chemical composition, density and other factors.

The aim of the work was to develop methods for increasing the efficiency of radiation
treatment of biological objects and materials. A method was developed for modifying an accelerated
electron beam to improve the uniformity of irradiation, a system for quickly calculating the
distribution of the absorbed dose over depth, and a system for calculating the accelerator parameters
that ensure the greatest uniformity of irradiation.

The study was carried out within the framework of the Development Program of the
Interdisciplinary Scientific and Educational School of Moscow University “Photonic and Quantum
Technologies. Digital Medicine.

TEJJIYPCOAEPKAIIUE OPTAHUUYECKHUE CHUHTHJIIATOPBI
M. A. Cycios™5, U. b. Hemuenok™ %, A. A. Knumenko™ %, A. JI. Beicrpakos® %, U. . Kamues?
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B pabGote omucanbl HOBbIe Tesutypcoaepxkainue skuakue (Te-)KC) m mactMaccoBble CIIMH-
tiwnsitopel (Te-IIC) mis sKciepuMEHTOB IO TIOMCKY JBOMHOTO OE3HEHTPUHHOTO Oera-pacnaja.
B xadectBe ocHOBHI s Te-XKC wucmonb30BaHbl CMECH JIMHEHHOTO AlKIIIOCH30J7a C JTUU3OMPOIIH-
nHadranmmaoM, st Te-IIC — momucTHpon, B KadecTBE TEILTYPCOIEPXkAIIUX TO0OABOK — JIU-2-9TH-
arekcanoat audenuntemtypa (Ph,TeHex;) u xoMmIuiekcHoe coefaMHeHHe OKcuaa Au(EHUITEILTypa
u qu-(2-stunrekcun)pocdoproit  kuciorsl  (Ph,TeO*D2EHPA). M3mepeHbl CBETOBBIXOA W IPO-
3pavHOCTh CUMHTHIUISITOPOB, UCCIICAOBaHA UX BPEMEHHAS! YCTONUUBOCTD.

® Te-XKC c Ph,TeHex,

10 v Te-IIC ¢ Ph,TeO*D2EHPA 10

4 yU 1 _ *
" ' E »  Te-XKC ¢ Ph,TeO*D2EHPA - = Te-XC c Ph,TeO*D2EHPA
° *| o TeIKCcPh,TeHex, ° .
£ 0,81 % = 0,81 ;
o) % =} %
S i = P .
% 0,61 ¢ g 0.64 P
2 : 20 s b

: ; P = e
& 04 . go4t

[ ]
0’2 ) T T T T T 0 2 T T T T T T T
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Kowuuentpanust Te, % (2) Konuenrpauwms aunsonpormntapranasa, % ()

3aBUCHMOCTb CBETOBBIXO/IA TEJUTYPCOAEPIKALIMX OPraHMYECKUX CIMHTHIUISITOPOB OT KOHIIGHTpaLuH (a)
Temtypa, (0) auu3onponmwiHapTanrHa (OTHOCHTENBHO cBeTOBBIX01a 00pa3noB JXKC nnu I1C, He copepxammx

TEILTYp)
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B pesynwsrate nomydensl Te-XKC ¢ conepkanneM temrypa 10 1,25%yacc @ CBETOBBIXOJIOM JI0
88 % B 3aBHCHMOCTH OT cozepKaHMs Auu3onponunHadTaniaa u nepssie B mupe Te-1IC ¢ xopommmu
MPO3PaYHOCTHIO0 U CBETOBBIXOJIOM.

Pabora momneprkana rpanrom PH® nHa npoBenenne GpyHIaMeHTATBHBIX HAYYHBIX WUCCIIEIOBAHUI
¥ TIOMCKOBBIX HAYYHBIX UCCIICIOBAHUI MaJIbIMU Hay4HbIMU rpymmaMu (poekt Ne 23-22-00214).

TELLURIUM-LOADED ORGANIC SCINTILLATORS

I. A. Suslov®®, I. B. Nemchenok®?, A. A. Klimenko®®, A. D. Bystryakov®®, I. I. Kamnev?

4Joint Institute for Nuclear Research, 6 Joliot-Curie St, Dubna, Moscow Region, 141980, Russia
®Dubna State University, Universitetskaya 19, Dubna. Moscow region, 141980, Russia
telephone: 89154182225, e-mail: ivsuslov@jinr.ru

The paper describes new tellurium-loaded liquid (Te-LS) and plastic scintillators (Te-PS) for
experiments on the search for neutrinoless double beta-decay. Mixtures of linear alkylbenzene with
diisopropylnaphthalene were used as the scintillation base for Te-LS, polystyrene was used for Te-PS.
Diphenyltellurium di-2-ethylhexanoate (Ph,TeHex,;) and a complex compound of diphenyltellurium
oxide with di-(2-ethylhexyl)phosphoric acid (Ph,TeO*D2EHPA) were used as tellurium-containing
additives. The light yield and transparency of the scintillators were measured and their long-term
stability was studied.
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Light yield as a function of (a) tellurium concetration, (b) diisopropylnaphthalene concentation
for tellurium-loaded organic scintillators (relative to the light yield of unloaded LS and PS)

As a result, Te-LS with a tellurium content of up to 1.25 wt.% and a light yield of up to 88%
depending on the content of diisopropylnaphthalene were obtained and the world's first Te-PS with

good transparency and light yield were produced.

This work is supported by a grant from the Russian Science Foundation for fundamental
research and exploratory research by small individual research groups (project no. 23-22-00214).
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CAII®UPOBBIE JJOSUMETPUYECKHUE CEHCOPHI JIVIsI HIOHHOM JIYUEBOM
TEPAIIUN

K. B. Cyxapesl, A. II. Bopo6ses!, C. H. T'onosusl, O. I1. Toa6anos?, A. B. Tskes?,
A. E. Bunnuk?, M. C. Ckaxkynos?, A. H. 3apyoun?
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2) TOMCKHIA TOCYIapCTBEHHBIN YHUBEPCHTET, . ToMCK
Email: Kirill.Sukharev@ihep.ru

LenecooOpa3HOCTh MCCIENOBAHUS BO3MOKHOCTH HCIIOJB30BAaHUS JETEKTOPOB M3 MOHOKpH-
CTaJUIMYECKOr0 UCKYCCTBEHHOTO candupa B JUCTAaHIMOHHON JIy4eBOH Tepanuu clenyeT U3 CpaBHEHUS
MapaMeTpoB MEIUIIMHCKUX ITyYKOB IPOTOHOB W HOHOB YIJIEPOAA, HCIOIB3YEMBIX B aJAPOHHOMN
Tepanuy OHKOJIOTHYECKUX 3a00JIeBaHUN, ¢ MMEIOIIUMICS MHPOBBIMU HCCIEJOBAHUSAMH TPAHCIIOPTA
HOCHUTENIeH 3apsiia B UCKYCCTBEHHBIX candupax M XapaKTEPUCTHK CEHCOPOB IpU 00iyyeHHH Oeta-
YacTUIIaMH U TSHKETbIMU HoHamu [ 1,2].

B Hacrosiield pabote npeicTaBieHbl PEe3yJIbTAThl IEPBBIX HCIIBITAHUN CAallUPOBLIX CEHCOPOB
Ha My4YKe MOHOB yriepona ¢ sHeprueit 175 u 380 MaB/ayknon. 3mepeHbl 3aBUCHMOCTH CHTHAIIOB
CEHCOPOB OT MPUJIOKEHHOTO BBICOKOro Hampspkenus oT 50 mo 500B, 3aBUCHMMOCTH CHUTHAjOB OT
MHTEHCUBHOCTH ITy4Ka MOHOB yriepoja. Mcnomns3ys pagunoxpomuyio mi€¢Hky EBT-3, ycranoBnennyio
nepes canGupoBbIMUA CEHCOPAMU, U3MEPEHO COOTHOIIICHUE MEK/Y MOTJIONIEHHON 10301 B IUIEHKE U
CyMMapHBIM 3apsioM, 3aperuCTPUPOBAHHBIM CEHCOpaMu. M3MepeHa 3aBUCHMOCTh BEJMYMHBI CHUI-
HaJIOB CEHCOpPOB NpH HampspkeHuu Ha HUX 500B mpu mocTOsSHHONW MHTEHCHMBHOCTH IydKa IMOCIE
o0ydeHust 0301, PErHCTPUPYEMOl OTHOCUTEIBHBIM J03MMETpOM. BrepBole st camndupoBbIx
CEHCOPOB HM3MEpeHa 3aBUCUMOCTh nuddepeHnrnaIbHON IMOTIOMEHHON O3Bl B BOJHOM (aHTOME
(xpuBast bparra). CurHajpl ¢ JETEKTOPOB W3MEPSUTUCH NPH HAMpsDKeHWH Ha jaerekrtopax S00B m
BpeMeHHU uHTErpupoBanus 900Mc B uHTepBase nHTeHCHBHOCTEN 7,00107 + 4,5¢108 nonos/ummync.
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SAPPHIRE DOSIMETRIC SENSORS FOR ION BEAM THERAPY

K. V. Sukharev!, A. P. Vorobiev?, S. N. Golovnya?, O. P. Tolbanov?, A. V. Tyzhev?,
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The expediency of investigating the possibility of using detectors made of monocrystalline
artificial sapphire in remote radiation therapy follows from comparing the parameters of medical
beams of protons and carbon ions used in hadron therapy of oncological diseases with existing world
studies of charge carrier transport in artificial sapphires and sensor characteristics when irradiated with
beta particles and heavy ions [1, 2].
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This paper presents the results of the first tests of sapphire sensors in a beam of carbon ions
with energies of 175 and 380 MeV/nucleon. The dependences of the sensor signals on the applied high
voltage from 50 to 500 V, the dependences of the signals on the intensity of the carbon ion beam were
measured. Using the EBT-3 radiochromic film installed in front of the sapphire sensors, the ratio
between the absorbed dose in the film and the total charge recorded by the sensors was measured. The
dependence of the magnitude of the sensor signals at a voltage of 500 V and at a constant beam
intensity after irradiation with a dose recorded by a relative dosimeter was measured. For the first time
for sapphire sensors, the dependence of the differential absorbed dose in an agueous phantom (Bragg
curve) was measured, the signals from the detectors were measured at a voltage of 500V and an
integration time of 900ms in the intensity range of 7.04107 + 4.5 <108 ions/pulse.
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HCHOJb30BAHUE MOJIEJIbHBIX OIIEHOK JIJISI ONTUMU3AILIAU TEXHOJIOT Ui
PAJTIMAIIMOHHOM CTEPUJIN3AIIMNA BUOUMILIAHTATOB

A. O. Xynucrona, C. A. 3o10T0B, B. B. Pozanos, . B. MaTseiiuyk, A. I1. UepHsen

denepanbHOE TOCYIAPCTBEHHOE OIO/IKETHOE 00pa30BaTEIbHOE YUPEXKICHHUE BBICILIETO 00pa30BaHMs
«MOCKOBCKHI rocynapcTBeHHbIH yHHBepcuTeT nMeHn M. B. Jlomonocosay, r. Mocksa, I'CII-1,
Jlenunckue ropsl, 1. 1, Temn.: 8(495)-939-13-44
E-mail: vrozanov@mail.ru

Pagunanmonnas oOpaboTka OMOMMILIAHTATOB B TIOCIEOHHE TOABI COCTaBIsET BCE Oolee
3HAYUTENFHYIO JIONI0 HAa pPBIHKE CTEPUIM3AIMH OOBEKTOB OHOJOTMYECKOr0 W  MEIMIMHCKOTO
HazHaueHusa. [Ipu STOM camMyl0 CyIIECTBEHHYIO pOJb HIpaeT BeJIMYWHA M PaBHOMEPHOCTh
pacripeneneHus NOTJIOMIEHHON 10361 B 00padaTeiBaeMbIX Marepuanax. Oco0yo poiib 3TO UrpaeT npu
CTEpUIIM3AIIMH KOCTHBIX HWMILIAHTATOB, B TMpoliecce KOTOPOH HEOOXOAMMO, C OJHOW CTOPOHBI,
00ecIeunTh BBICOKHI YPOBEHb CTEPHIBHOCTH, a C APYroi — HE BHECTH CYNIECTBEHHbIC U3MEHECHUS B
CTPYKTYPY, MEXaHHYECKHE W OCTCOMHTEIPATHUBHBIC CBOMCTBA M XapPaKTEPUCTHUKH HMILUIAHTATA.
PacueTHble W KOHTaKTHBIE METOJABI HE BCErJa MOTYT OOECHEeUUTh JOCTOBEPHYIO WH(POPMAIUIO O
BEJIMYHMHE TTOTIIONICHHOH 103b1. HOBBIE BOZMOYKHOCTH 00€CTIEYHBAIOT MOJICIBHBIC TTOAXO/IbI.

B Hacrosmmedr pabote ¢ mpuMmeHeHHeM mporpamMMmHoro makera GEANT4 BwImonHEH MUK
MOJICJIBHBIX ~ PAacueToB MPOCTPAHCTBEHHOIO —paclpelieNieHHsi BEJMYMHBI  IOTJIOMICHHON 03Bl B
NPSIMOYTOJILHOM 00pasiie ¢ XapaKTepHUCTHKAMHU KOPTHUKAJIBHON KOCTHOM TKaHU (TapaMeTphbl B3STHI U3
oubmorekn GEANT4) npu pamuaiinioHHOM BO3ICHCTBUHM TaMMa-KBaHTaMH, YCKOPEHHBIMH AIIEKTPOHAMH
U TIOTOKOM PEHTTCHOBCKOI'O HM3ITy4YEHHS NPU BapbHPOBAHMH JHEPTETHUYECKUX ITApaMeTPOB H3ITydEHHS,
TONIIMHBI MHUIIEHH W TEOMETPUH BO3JCUCTBHA. VICXOIHBIE YCIOBHS COOTBETCTBOBAIM MapameTpam
peanbHOro SKCIIepUMEHTa, oCyIIecTBIeHHOro panee B HUMA® MI'Y mpu pa3zpaboTke KOMOMHIPOBAaHHON
(030H + pammanms) TEXHOJNOTHH crepwim3anmu O0noodbekToB [1]. IlpoBeneHHBIE pacdeThl MOKa3ajH
BBICOKYIO 3(()EKTHBHOCTh PaUaMOHHOIO BO3/ICHCTBHS M PaBHOMEPHOCTh PACTIPEACIICHUS 03I IIPU
00paboTKe KOCTHOIO (pparMeHTa raMma-KBaHTaMu. VIMEHHO TI03TOMY TaKasi TEXHOJIOTHS CETOTHS HAXOAUT
HamOosee mMpoKoe npuMeHenne. OIHAKo Pe3yNbTaThl, TTOTyYEeHHBIE JUIS CIydasl UCIONb30BaHMUS ITOTOKA
YCKOPEHHBIX JJIEKTPOHOB, TO3BOJIMIIHN BBIPA0OTATh Psi MPAKTHYECKUX PEKOMEHAAIMH, ONTHMHU3UPYIOIINX
NPOLIECC PaJNALIOHHON 00pabOTKH. DTO MOXKET OTKPHIBATh HOBBIE BOBMOXKHOCTH ISl OOJIee ITUPOKOTO
HCIIOJIb30BaHUSI YCKOPEHHBIX MIEKTPOHOB JUIS CTEPHIIN3ALMI KOCTHBIX MMIUIAHTATOB.
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USE OF MODEL ESTIMATES FOR OPTIMIZATION OF TECHNOLOGIES
FOR RADIATION STERILIZATION OF BIOIMPLANTS

A. O. Khutsistova, S. A. Zolotov, V. V. Rozanov, I. V. Matveychuk, A. P. Chernyaev

Lomonosov Moscow State University, 119991, Moscow, GSP-1, Leninskie gory, 1,
phone: +74959394946, e-mail: vrozanov@mail.ru

In recent years, radiation treatment of bioimplants has become an increasingly significant
share of the sterilization market for biological and medical objects. In this case, the most significant
role is played by the magnitude and uniformity of the distribution of the absorbed dose in the
processed materials. This plays a special role in the sterilization of bone implants, during which it is
necessary, on the one hand, to ensure a high level of sterility, and on the other hand, not to make
significant changes in the structure, mechanical and osteointegrative properties and characteristics of
the implant. Calculation and contact methods cannot always provide reliable information about the
absorbed dose. Model approaches provide new opportunities in this regard.

In this work, using the GEANT4 software package, a cycle of model calculations of the spatial
distribution of the absorbed dose in a rectangular sample with the characteristics of cortical bone tissue
(parameters taken from the GEANT4 library) was performed under radiation exposure to gamma
guanta, accelerated electrons, and X-ray flux at varying the energy parameters of the radiation, the
thickness of the target and the geometry of the impact. The initial conditions corresponded to the
parameters of a real experiment carried out earlier at the SINP MSU in the development of a combined
(ozone + radiation) technology for sterilizing biological objects [1]. The calculations performed
showed high efficiency of radiation exposure and uniformity of dose distribution during the treatment
of a bone fragment with gamma quanta. That is why this technology is widely used today. However,
the results obtained for the case of using a stream of accelerated electrons made it possible to develop
a number of practical recommendations that optimize the radiation treatment process. This may open
up new possibilities for the wider use of accelerated electrons for the sterilization of bone implants.
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OUBNYECKOE A/IPO CUCTEMBI JO3HO-AHATOMUYECKOI'O IINIAHUPOBAHUS
OBJYYEHUA MAIHUMEHTA C UHCTOYHUKOM NOHOB YIJVIEPOJA

N. U. Nertsapes, ®. H. HoBockoJbues, O. A. JIsmeHko,
P. 0. Cuniwokos, /I. A. IIBeTkoB, A. P. Cejie3neBa

denepanbHOE TOCYAAPCTBEHHOE OIOKETHOE yupexaeHue «THCTUTYT PHU3HKK BHICOKUX SHEPrHiA

umenn A.A. JloryaoBa HanmoHanbHOTO UCCIIEI0BATENBCKOTO IIeHTpa «KypuaToBCKM HHCTHUTYTY,

142281, MockoBckas obnacth, ropos IIpoteuno, miomanps Hayku, nom 1, Ten.: (4967) 71-36-23,
dakc: (4967) 74-28-24, e-mail: fgbu@ihep.ru, Igor.Degtyarev@ihep.ru

JucranuroHHas JyueBasl Tepanus 3J10KauyeCTBEHHBIX HOBOOOPA30BaHUM SIBISAETCSI OAHUM M3
Hanbojee BOCTpeOOBaHHBIX M OBICTPOPA3BUBAIOIIMXCS BBHICOKOTEXHOJIOTHYHBIX METOJIOB JICYCHHUSI OHKO-
soruueckux 3adonepanuii. Ha 6asze HULL “Kypuatorckuii unctutyr’ — DB mianupyercst co3naHue
HOBEHILIEr0 OTEYECTBEHHOIO HAyYHO-0O0Pa30BaTENbHOTO MEIULMHCKOTO ILIEHTPA SACPHOM MEIWLMHEIL,
BKJIIOYAIOIIETO KOMIUIEKC HOHHO (yriiepomHoil) — myueBod auctanimonHoi Ttepammu (LJIT VY70).
Heorsemnemoit wacteio LHAJIT Y70 sBnsercs aBTOMAaTU3UPOBAHHAS CHUCTEMa JI03HO-aHATOMHYECKOTO
TUTAHUPOBaHUs OOTydeHMS MalMeHTa. B Moxiiane mpeacTaBiIeHo ONMUCaHUe MPEIM3UOHHON U IoJTyaHa-
JTUTHYECKUX MaTeMaThdeckux woxened [1, 2] ¢wusmueckoro szapa pa3paOTeiBaeMOil aBTOMa-
THU3UPOBAaHHOW CHUCTEMBI JO3HO-aHATOMUYECKOTO IUIAHMPOBAHUSI KOMIUIEKCA MOHHO-TYYEBOW Tepamnuu
HUL] «Kyp4aTOBCKHiT HHCTUTYT».

305


mailto:fgbu@ihep.ru
mailto:Igor.Degtyarev@ihep.ru

Cnucok JuTepaTypsl

[1] I. I. Degtyarev, F. N. Novoskoltsev, O. A. Liashenko, E. V. Gulina, L. V. Morozova //
RTS&T-2014 code status, Nuclear Energy and Technology, Volume 1, Issue 3, November 2015,
Pages 222-225.

[2] U. U. lertspes, @. H. HoBockonbues, O. A. Jlsmenko, P. 0. Cunrokos, E. B. Antyxosa,
A. W. broxun, I1. A. bnoxun, A. A. IlpsanunukoB / RTS&T-2021 — OOHOBIEHHBIN KOMILIEKC
MPOrpaMM CTATUCTHYECKOTO MOJAEIUPOBAHUS CBI3aHHOTO NMEPEHOCa MHOTOKOMITOHEHTHOTO H3ITyde-
HUSl B TETEPOTE€HHBIX IPOCTPAHCTBEHHO-HEONHOPOAHBIX cpenax, Coopuuk TpynoB Xl Poccuiickoii
HayyHOU kKoH(pepeHIu «PaguarnyionHas 3amuTa W paJvaldOHHas O€30MacHOCTh B  SIACPHBIX
TEXHOJIOTHIX», MockBa, 26—-29 okTs0ps 2021 roxa, 1. 3, c. 148.

PHYSICAL CORE OF CARBON ION RADIATION THERAPY TREATMENT PLANNING
SYSTEM

I. 1. Degtyarev, F. N. Novoskoltsev, O. A. Liashenko, R. Yu. Sinyukov, D. A. Tzvetkov,
A. R. Selezneva

Institute for High Energy Physics named by A.A. Logunov of NRC “Kurchatov Institute”, 142281,
Moscow reg., Protvino, Nauki sg. 1, E-mail: fgbu@ihep.ru, Igor.Degtyarev@ihep.ru

Radiotherapy is one of the most widely used and rapidly developing high-tech methods for the
treatment. On the basis of the National Research Center "Kurchatov Institute" — IHEP, it is planned to
create the latest domestic scientific and educational medical center for nuclear medicine, including a
complex of carbon-ion therapy. An integral part of this complex is an automated system for dose-
anatomical planning of patient exposure. The report presents a description of precision and semi-
analytical mathematical models [1, 2] of the physical core of the automated system for dose-anatomical
planning of the ion-beam therapy complex at the National Research Center "Kurchatov Institute"-1IHEP.
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UCCJEJJOBAHUE TUHAMUKHU JEKTPOHHOI'O ITYUYKA B IMHEHHOM
NHAYKIUOHHOM YCKOPUTEJIE

A. O. Yepnuua', I1. A. Koaecnnkos!, U. A. Kapauunckmuii®,
NI. A. Crapocrenko?, I1. A. Bak?, /I. A. Hukudopos?, 51. B. Kyienko?.

ldenepanbHOE rocynapcTBEHHOE YHUTAPHOE HpeanpusaTue «Poccuiickuii (henepanbHblii S1epHBIH
ueHTp — Beepoccuiickuit HUM texangeckoii ¢puznku nmenn akanemuka E. . 3ab6abaxunay,
Cuexwunck, Poccus
2Muctutyt speproii Gusuku um. I'. U. Byaxepa CO PAH, HoBocubupck, Poccust

B POALI-BHUUT® B 2011 roay BBelieHa B SKCILTyaTalyio peHTreHorpaduyeckas ycTaHOBKa
Ha 0Oa3e MUMHEHHOTO WHAYKIUOHHOTO yckopurtens (JINY). JIMY wucnoms3yeTcss miis MCCICIOBAHUS
JMIMHAMHYECKHA Pa3BUBAIOIINXCS OOBEKTOB MpHW B3phIBHOM Harpyxenmu. B JINY dopmupyercs
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JNIEKTPOHHBIA Iy4OK JUIsl IIOJIY4EHHMs] TOYEYHOINO HCTOYHMKA TaMMa-U3JydeHHs IpH IOMOIIU
KOHBEPCHOHHOH MuIleHH. ICTOUHMKOM 3JIEKTPOHOB CIIY>KUT MH)KEKTOp, CIIOCOOHBIA reHEepHpOBaTh
VMITYJIBCBI JUIMTENBHOCTBIO OT JECATKOB HAHOCEKYHJI JI0 HECKOJIIBKMX MHUKPOCEKYHJ U TOKOM B
HECKOJIBKO KHJioamrep. 3ajada TPaHCIIOPTHPOBKU U (POKYCHPOBKM TAaKOTO ITyYKa B IUAMETP TOPSIKa
1 MM sBIIsIeTCSA BEChbMa CIIOXHOM [1].
B noxnane paccMmarpuBaeTcs MCCIEAOBAaHUE NUHAMHMKHM JIEKTPOHHOTO IyYKa B YCKOPHTEIE
JINY. TlpuBoasTcs pe3yiabTaThl YUCICHHOTO MOJCIMPOBAHMS ITyYKa, ¢ MOMOIIBIO pa3paboTaHHBIX
KO/IOB. Pe3ynmpTaThl MOJETUPOBAaHUS JIEMOHCTPHPYIOT XOpOIIEe COOTBETCTBHE MEXAY COOOI.
IIpennoxena HOBast KOH(GUIypauys TPAHCIOPTHOTO KaHaJla ¢ HOBBIMH 3JIEMEHTaMH AUArHOCTUKH IS
WU3MEpPEHHsI TTOTIEPEYHOTO MPOQUIIs, pacyeTa KOPPEKIUH OPOUTHI U IPYTUX TapaMeTpoB MydKa.
O6mas cxema JIMY npesncraBieHa Ha puc.
WHayxTopbl

KaroaHbin
U30NATOP.

WNaonatop YT

MarHuTHbIE NWUH3bI

npoBogkn
nyuka

Puc. Cxema TMHEHHOTO MHIYKIIMOHHOTO YCKOPUTEIIS
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THE LINEAR INDUCTION ACCELERATOR LIA-2 ELECTRON BEAM DYNAMICS
INVESTIGATION

A. O. Chernitsal, P. A. Kolesnikov!, I. A. Karachinskiy?, D. A. Starostenko?,
P. A. Bak?, D. N. Nikiforov?, Ya. V. Kulenko?

IFSUE “RFNC — VNIITF named after Academ. E. |. Zababakhin”, Snezhinsk, Russian Federation
2BINP, the SB of the RAS, Novosibirsk, Russian Federation

In 2011, RFNC-VNIITF put into operation a radiography facility based on linear-induction
accelerator (LIA). The LIA is applied to study dynamically evolving objects under explosive loading.
LIA generate electron beam to obtain a small spot and bright X-ray source using a conversion target.
The electrons source is injectors capable of generating pulses with a duration from tens of
nanoseconds to several microseconds and a current of several kA. The transportation and focusing of
high-current beams into diameter about 1 mm is extremely difficult [1].

The work considers the research of electron beam dynamics in the accelerator LIA. The
computational results of the electron beam with the help of developed cods are presented. The
computational results show a good equivalent between each other. The new configuration of the LIA
transport channel with new measuring diametrical profile diagnostic elements, orbit correction
calculation and others electron beam parameters are presented. The common LIA scheme is presented
in Figure.
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Fig. The common LIA scheme
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MHOI'OBUTOBBIE CBOH BQPTOBOﬂ SJIEKTPOHUKHN KOCMHUYECKOI'O
AIIITAPATA OT OJUHOYHOU YACTHUILIBI KOCMHUYECKOI'O U3JIYYEHUA

H.T. Yeuenun', H. B. HoBuxos, A. A. Illupokosa

MockoBckuil rocynapcTBeHHbIN yHUBEpcUTET MMeHU M. B. JlomoHOCOBa,
HayuHo-uccrnenoareabCKuit HHCTUTYT siuepHol ¢usuku umenn [, B. CkoOenblibiHa,
119991, Mocksa, Jlenunckue ropsi, 1/2, Poccus,

* ten: +7-495-9392348, e-mail: nchechenin@yandex.ru

C YMCHBUICHUEM pasMepa U YBCIUMYCHHUEM IUIOTHOCTU JJIEMECHTOB, MEPEXOAOM OT MHKPO-
AIICKTPOHHUKHM K HAHODJICKTPOHUKE PACTET BEPOSITHOCTh MEHEpAIMU JIOKHOTO CHIHAla HE TONBKO B
OJIHOM, HO M B HECKOJIbKUX OHWTaxX MPH MPOXOKICHUH OJAMHOYHON YACTHI[I KOCMHYECKOTO HOHH-
3UPYIOLIETO U3JIy4YCHUs Yepe3 JIEMEHT OOpPTOBOl JIEKTPOHUKH KOCMHUYECKOro amrmapara. B maHHoi
pabote BeposTHOCTE MHOT0OUTOBOTO c00st (MBC) m3yuaeTcst Ha 0a3e YIMpOIICHHOTO aHATUTHYECKOTO
MOJX0/Ia M COMNOCTABISIETCA C pe3ylbTaTaMH pacuyeToB Ha oOcHoBe Mmerona MonTe-Kapio.
Amnanusupyercsi yBennuenune BepoATHOCTH MBC ¢ pocTOM HOHH3AIMOHHBIX TOTEPh IMaJafoIiei
YACTHUIIBI ¥ TUTOTHOCTH OMTOB B YHITE.
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MULTIBIT FAILURES OF THE SPACECRAFT ON-BOARD ELECTRONICS CAUSED BY
A SINGLE PARTICLE OF SPACE RADIATION

N. G. Chechenin*, N. V. Novikov, A. A. Shirokova

Lomonosov Moscow State University, Skobeltsyn Institute of Nuclear Physics
119991, Moscow, Leninskie Gory, 1/2, Russia,
* tel: +7-495-9392348, e-mail: nchechenin@yandex.ru

With a decrease in the size and an increase in the density of elements, the probability increases
of generating a false signal not only in one, but also in several bits, when a single particle of space
radiation passes through an element of the onboard electronics of a spacecraft. In this paper, the
probability of a multibit upset (MBU) is analyzed based on a simplified analytical approach and
compared with the results of calculations based on the Monte Carlo method. An analysis is made of
the growth of the MBUs with an increase in the ionizing power of the incident particle and in the bit
density in the chip.

INPUMEHEHHUWE MOHTE-KAPJIO MOAEJIN U3BMEPUTEJIBHOI'O KAHAJIA
B OKCIHEPUMEHTE 11O PETUCTPAIIMA ®OTOHEHTPOHOB, OGPA3YIOIINXCS
MOJI BO3JAEHCTBUEM BLICOKOMHTEHCUBHOI'O UMITYJIbCA y-KBAHTOB

O. A. Hukutun, U. B. Ilen3un, E. U. Uyxaes

OI'VIT «POAL-BHUUT® um. akanem. E. 1. 3ababaxuna
yi. Bacunbesa, 13, r. CHexxuHck, YensOunckas obmacts, 456770
daxc: (351-46) 5-22-33, 5-55-66
tei: (351-46) 5-51-20, 5-43-67
E-mail: vniitf@vniitf.ru

B POALI-BHUUT® co3nan uMiybCHBINH (POTOHEWTPOHHBIM UCTOYHUK HA OCHOBE JIMHEHHOTO
WHAYKIIMOHHOTO YCKOPHUTENS C 3Hepruei anmekTpoHoB B mydke 20 MaB (JIMY-20) u ummynbcHO#
MoIIHOCTEIO 110 40 I'BT.

OTnUUuTEeNbHON YepTo Cco34aHHOTO (OTOHEHTPOHHOTO WCTOYHUKA CIYXHT (DakTop
KOMIIJIEKCHOTO BO3JIEHCTBUAS HEWTPOHHOIO M TOPMO3HOrO wu3nydeHui. llpu sToM mnpumeHeHue
pa3INYHBIX KOHBEPTOPOB MO3BOJISIET BapbHUpPOBATh KOJIMYECTBO TOPMO3HBIX KBAHTOB U HEHTPOHOB B
MIOTOKE U3JIy4YEHHUS.

Jist peleHus 3a1a4yu Mo ONpECNICHNI0 YKcia U CIeKTpa (OTOHEHTPOHOB B TEHEPUPYEMOM
raMMa-HEUTPOHHOM IOTOKE H3IIy4YEHHs] B pEaJbHOM BpeMeHUM Ha ocHoBe MoHnte-Kapno mertona
IIOCTPOCHA YHCJIEHHAas MOZEIb ObICTPOAEHCTBYIOIIEIO H3MEPUTENILHOTO KaHajla Ha OCHOBE
CUMHTWUIALIMOHHOTO AETEKTOpa, IPEJHA3HAUYECHHOIO Ul PETHCTPAlUU UMIIYJbCOB JJIMTEIbHOCTHIO
60 Hc ¢ uHTEpBATIOM 10 | MUHYTBI MEX/Ty HUMH.

B noxnane o6ocHOBaH BHIOOp JETEKTOpa, MPEACTABICH NPUHLMII ITOCTPOCHMS UYUCICHHOU
MOJEIIA U3MEPUTENIBHOIO KaHaja, [IPOBENCHO CPABHEHUE PE3YJIbTaTOB MOJCIMPOBAHUS C JAHHBIMH,
MOJTyYEHHBIMHU B 3KCIIEpUMEHTE.
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MONTE-CARLO MODEL OF THE MEASURING CHANNEL USED IN THE EXPERIMENT
TO RECORD PHOTONEUTRONS INDUCED BY HIGH-INTENSITY y-QUANUM PULSE

O. A. Nikitin, I. V. Penzin, E. I. Chukhaev

FSUE “RFNC-VNIITF named after Academ. E.l. Zababakhin”
Russia, 456770, Chelyabinsk region, Snezhinsk, Vasilieva str., 13
Fax: (351-46) 5-22-33, 5-55-66
Tel: (351-46) 5-51-20, 5-43-67
E-mail: vniitf@vniitf.ru

RFNC-VNIITF has developed a pulsed photoneutron source based on the linear induction
accelerator with the electron beam energy of 20 MeV (LIA-20) and pulsed power up to 40 GW.

The integrated effect of neutron and deceleration radiation is a specific characteristic of the
developed photoneutron source. The number of decelerated quanta and neutrons in the radiation flow
can be varied using different converters.

Numerical model of the high-speed measuring channel based on the scintillation detector
designed to record 60 ns pulses at 1-minute intervals was developed to determine in real-time mode
the number and spectrum of photoneutrons in the generated neutron radiation flow using Monte-Carlo
method.

The present paper justifies selection of the detector and describes numerical modelling for the
measuring channel. The simulation results have been compared with the experimental data.

CAMOCOTIJIACOBAHHBIN OAXO/] K OLEHKE 3APSIKEHUS
JUDJIEKTPUYECKUX MATEPHAJIOB [IPM UMITYJIbCHOM UHKEKIIUHA
BBICOKOPHEPTETUYECKHX DJIEKTPOHOB

A. B. I'pynun, A. H. 3ansnos, C. A. Jlazapes, U. B. Ilensirun, I1. A. llanuna

®denepalibHOE TOCYIaPCTBEHHOE YHUTApHOE NpeanpusTie «Poccuiickuii deepalibHbIN SIepHBIH
neHTp — Beepoccuiicknii Hay9HO-HCCIIEIOBATEILCKUN HHCTUTYT 3KCIIEPUMEHTATLHON (hU3UKI»
607188, Hmwxeropoackast 06i1., r.Capos, p. Mupa 37
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WnTepec K ABIEHUIO 3apspKEHUS AUANIEKTPUUYECKHX MarepuanoB [1] moTokamu BBICOKO-
SHEPreTHYECKHUX 3JIEKTPOHOB 0OYCIIOBJICH UX MPAKTUYECKUMH MPUMEHEHUSIMH B Pa3IMYHBIX 00JIaCTAX
(U3UKU M TEXHHWKH, B DKCIEPUMEHTaX Ha (U3UYECKUX YCTAHOBKAX, B AHAIUTHUYECKUX METOIAX
C IPUMEHEHHUEM DJICKTPOHHBIX MYYKOB, MUKPOIJICKTPOHUKE, a TaKKe B 00ECIEYCHUH YCTOHYNBOCTH
anmapatrypel KocMuueckux ammapatoB (KA) Kk BO3ZEHCTBHIO pagUMallMOHHBIX MOSCOB 3EMIIH.
BoznukHOBeHHE 1011 00bEMHOT0 AeKTpuueckoro 3apsizaa (O3) BauseT Ha mpoOer 3JIeKTPOHOB U pac-
npejieNieHre TOTIIONIEHHON SHEPTHU B 00Jy4aeMOM JHAJIEKTPHKE, IMUCCHIO BTOPHUYHBIX AJIEKTPOHOB
C MIOBEPXHOCTHU IUBJIEKTPUKA, FeHEpaLuio TopMo3Horo usinydenus (TH).

[Ipobneme 3apaaKu OUAJICKTPUUECKUX MHUIIECHEH MOCBAIIEHO 3HAYUTENBHOE YUCIO METOIU-
YEeCKHX M OKCIIEPHUMEHTAJBHBIX Pa0OT, OTHAKO HAa CErOJHS OTCYTCTBYET MOJIEINb BIUSHHUS JTUHAMUKA
CUJILHOTOYHBIX ITyYKOB 3JIEKTPOHOB Ha mporecchl popmupoBanust O3 ¥ BOZMOKHOE pelIeHUe JaHHOH
po0JIeMbl — 3TO CaMOCOTIIACOBaHHOE PellieHNe IIepeHoca N3Iy4eHu B nose ¢popmupyemoro O3.

[Ipennaraemoe mocienoBaTeNbHOE PEUICHUE 33Ja4d COJAEPKUT CaMOCOITIACOBAHHBIM pacueT
MepeHoca BHICOKOAHEPTeTHUECKHX 3IEKTPOHOB 1o MeTory MonTe-Kapio B anekrpudeckom nose O3,
pacueT KOHLEHTPALMH 3aXBaYCHHBIX Ha JIOBYIIKM HHXEKTHPOBAHHBIX 3JEKTPOHOB IIOCIE HX
TepManuzanuy, penaxkcanuio O3, OmMChIBAEMYIO paldalliOHHO-HABEIEHHOW 3JIEKTPOIPOBOAHOCTHIO
(PHD). B mporuiecce aABHKECHHUSI DJEKTPOHOB B CJIOE€ IUAJIEKTPUKA, YUUTHIBACTCS BIUSHHUE DIIEKTPU-
YEeCKOro IHojsl ¢ MpelblAyllero mara, a taxke T, KoTopoe MPUBOAUT K MOSBICHUIO BTOPHYHBIX
3JIEKTPOHOB M BHE 30HBI BO3ACHCTBHUSA HH)KEKTUPYEMBIX 3JIEKTPOHOB. TpaeKTOpUM 3JIEKTPOHOB M
raMmMma-KBaHTOB MOJIENIUPYIOTCs MeTo oM MouTe-Kapiio B mporpamme CMK.
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Hogeie BozmoxkaocTH iporpamMmsl CMK MO3BOMISIIOT B OMHOMEPHOM MPHOIMKEHUH TTPOBOAWTH
pacyeTsl 110 OLEHKE 3apsUKEHUs JUAIEKTPUUECKOTO CIIOS TOTOKAMHU BBICOKOIHEPTETUUECKUX HIIEKTPOHOB C
YUYETOM HOTEPU FHEPTUH IEKTPOHOB B 110JI€ co3aBaeMoro O3, ¢ yueToM ero peakcalui.
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SELF-CONSISTENT APPROACH TO ESTIMATION OF DIELECTRIC MATERIALS
CHARGING AT PULSED INJECTION OF HIGH-ENERGY ELECTRONS

A. V. Grunin, A. N. Zalyalov, S. A. Lazarev, |. V. Penyagin, P. A. Shanina

Federal State Unitary Enterprise «Russian Federal Nuclear Center — All-Russian Research Institute of
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An interest to phenomenon for dielectric materials [1] charging by high-energy electron flows
is conditioned by their applications in different areas of physics and engineering, experiments on
physical installations, analytical methods using electron beams, microelectronics, as well as in
providing spacecraft equipment resistance to effect of the Earth radiation belts. Birth of volume
electric charge (VCh) field affects a range of electrons and absorbed energy distribution in irradiated
dielectric, secondary electron emission from the dielectric surface, bremsstrahlung generation.

A significant number of methodical and experimental works is devoted to dielectric targets’
charging problem, however, today there is no contagion model of high-current electron beams
dynamics on VCh formation processes and possible solution of the given problem is a self-consistent
solution of radiation transfer into the field of formed VCh.

Proposed sequential task solving contains a self-consistent calculation of high-energy electron
transport by Monte-Carlo method in an electric VCh field, calculation of concentration of trapped
injected electrons after their thermalization, VCh relaxation, described by radiation-induced electrical
conduction (RIEC). During electron motion process in a dielectric layer, the electric field effect from
the previous step is taken into account, as well as bremsstrahlung radiation, leading to appearance of
secondary electrons outside the area affected by injected electrons as well. Electron trajectories and
gamma-guanta are simulated by Monte-Carlo method in program SMK/ CMK.

In one-dimensional approximation new capabilities of program CMK allow calculations on
estimation of charging the dielectric layer by high-energy electron flows, taking into account the loss
of electron energy in the field of developed VCh with regard to its relaxation.
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NPUMEHEHHME TEXHOJIOI'MHA 3D-TEYATU B HU3KO®OHOBbIX SKCIIEPUMEHTAX
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HuszkohoHoBbIE SKCHIEPUMEHTHI MMOCTOSIHHO BBIBUTAIOT HOBbIE TPeOOBaHUS KaK K PagHoak-
TUBHOM YHCTOTE, TaK M K (PU3UUECKUM CBOHCTBAM PA3IMYHBIX MPUMEHSIEMBIX MaTepHaloB B KOH-
CTPYKIHSAX JIETEKTOPOB WJIM YCTaHOBOK. JlaHHBIE TpeOOBaHUS OOBSCHSIOTCS PACTYIIEH TOYHOCTBHIO
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COBPEMEHHBIX JKCIIEPUMEHTOB, B KOTOPHIX HEOOXOAMMO YUYWTBHIBaTh MPHUMECH PaJHOAKTUBHBIX
M30TOIIOB BO BCEX DJIEMEHTAX YCTAHOBKM Ha ypoBHAX Hke 107 r/r.

OnHuM H3 Takux MatepuanoB siisercs n3ydeHHbli B JISII OUSN weitnon ans 3D-mevatw.
W3 mannoro momumepa B JIAIT OWSN Oy M3roTOBIEHBI pa3IHYHbIC KOHCTPYKIIMOHHBIC DJIEMEHTHI
JUI HECKOJIBKHMX JKCIIEPUMEHTOB C HM3KMM ypoBHeM QoHa. Tak, ams skcrnepumenta vGeN (KADC,
Poccust), HampaBlIeHHOTO Ha TOMCK KOTEPEHTHOTO pacCesHHs HEUTPHUHO Ha sAapax TepMaHHus M
W3MepeHre MAarHUTHOTO MOMEHTa HEWTpWHO, OblJla H3rOTOBIEHA HU3KO(OHOBAs MOJIMMEPHAs
AHTHPAOHOBAs 3aIllMTa JETEKTOpa C NMPUMEHEHHEM aaAuTHUBHBIX TexHomorunii (FDM-meuars). Jlms
skciepumenta LEGEND (I'pan-Cacco, Wranus), HampaBlIeHHOrO Ha TOMCK OE€3HEHMTPHUHHOIO
nBoiHOro Oera-pacnana (0v2[), ObBLIM M3rOTOBJICHBI Pa3IMUYHBIC KOHCTPYKIIMOHHBIC 3JIEMEHTHI
YCTaHOBKH, & UMEHHO: OMNPAaBbl TEPMAHHUEBBIX JETEKTOPOB YCTAHOBKH, (POPMBI JUIsI U3TOTOBJICHUS H
TPAHCHOPTUPOBKHU KOXKYXOB JJ€TEKTOPOB, HAPABJISIOLINE 715l KaTMOPOBOYHBIX HCTOYHHUKOB.

B nanHoil pabore mpencraBieHbl MpeuMmyliecTBa HHU3KOQOHOBOM 3D-meuarn, BapHaHTHI
NPUMEHEHUS] aIIUTHBHBIX TEXHOJOTHH B HU3KO(MOHOBBIX JKCIEPHMEHTaX W OKCIIEPUMEHTAaJIbHBIC
JaHHBIC 00 YPOBHSX PaIMOAKTUBHBIX IMPUMECEH N3ydeHHOro HeinoHa it 3D-nedaru. Takum obpazom,
OLICHEHa BO3MOXKHOCTb W TIEPCHEKTHBA NPUMEHEHHS AaJAWTHBHBIX TEXHOJOTHMM AJsl M3TOTOBICHUS
Pa3IMYHBIX KOHCTPYKIIMOHHBIX JIEMEHTOB YCTAHOBOK B HU3KO()OHOBBIX SKCIIEPUMEHTAX.

APPLICATION OF 3D PRINTING TECHNOLOGY IN LOW-BACKGROUND
EXPERIMENTS

K. V. Shakhov, E. A. Yakushev, A. V. Lubashevsky, S. V. Rozov, D. V. Ponomarev, S. A. Evseev

Joint Institute for Nuclear Research Joliot-Curie 6, 141980 Dubna, Moscow Region, Russia
+7 (49621) 6-50-59/6-51-46, post@jinr.ru

Low-background experiments constantly put new demands on both radioactive purity and
physical properties of various materials used in detector facilities. These requirements are explained
by growing precision of modern experiments in which radioactive isotope impurities at the levels
below 107 g/g have to be taken into account in all construction elements.

One of such materials is nylon for 3D printing which was previously studied at DLNP JINR.
Here, various structural elements for several low-background experiments were made from this
polymer. As a result, for the vGeN experiment (KNPP, Russia) aimed at searching for coherent
neutrino scattering off germanium nuclei and measuring the neutrino magnetic moment, a low-
background polymeric antiradon detector protection has been made using an additive technology,
FDM printing. For the LEGEND experiment (Gran Sasso, ltaly) which searches for the 76Ge
neutrinoless double beta decay (Ovpp), various construction elements of the facility — germanium
detector frames, molds for manufacture and transportation of detector shrouds and rails for calibration
sources — were manufactured in the same way.

This work presents the advantages of low-background 3D printing, possible applications of
additive technologies in low-background experiments and the experimental data concerning the levels
of radioactive impurities in the nylon as a 3D printing material. Thus, the possibility of and prospects
for using additive technologies for the manufacture of various structural elements of facilities in low-
background experiments are evaluated.
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CO3JAHME 9TAJIOHHOI'O ITOJIA JJIs1 KAJIMBPOBKU TAMMA-CIIEKTPOMETPOB
B OBJIACTH YHEPTUI ®OTOHOB OT 0,06 JIO 10 M>B
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CoBpeMeHHBIC TEHIICHIIMK B SAEPHOM NPHOOPOCTPOCHHH TPEOYIOT pacIIMpeHHs dHEPTeTH-
YECKOTo AMana3oHa PerucTPUPYEMOro ramMma-u3iydeHus. TpagulMoOHHO AT KaJHUOPOBKH CIIEKTPO-
METPOB UCTIONB3YIOTCSI UCTOYHUKHA MOHOPHEPTreTHYECKOTo ramMma-u3nyueHus. OCHOBHOW MpoOsieMoi
SIBJIIETCS] OTCYTCTBHE PAaJUOHYKIHNIOB, Paciiaj KOTOPBIX COMPOBOKIAETCS UCIyCKaHWEM ramma-KBaH-
TOB C HEPrusiMu BoIlie 3 M>B.

B npeacrasnsemoii pabote npearaeTcsi MoAEIb HCTOYHUKA TaMMa-U3JIyuYeHHs B IUara3oHe
sHepruii 10 10 MaB. KOHCTpYKTHBHO UCTOUHUK MPEICTABIISET COOON UCTOUHUK TETUIOBBIX HEUTPOHORB
U paguarop, B KOTOPOM IPH B3aUMOZEHCTBUU C TEIUIOBBIMM HEHTPOHAMH POXKIAIOTCS FaMMa-KBAaHTHI.
Jnst hopMupoBaHUs IMydKa TEIUIOBBIX HEWTPOHOB HCIONb30Bantachk ycraHoBka YOIIIIH u3 cocraBa
I'D5T-10-2023, B kauecTBe paguaropa — CTAIBHOM Muck auaMeTpoM 300 MM TomuHOMI 15 MM,

Jid onTHMU3alMU TEOMETPUN 3KCIIEPHMEHTA C LIENbI0 MOMyYeHUs] MaKCHMAJIbHOTO BBIXOAA
raMMa-KBaHTOB ObIIO MPOBEACHO MOJICIMPOBAHUE C UCIIONL30BaHUEM TporpammHoro makera GEANTA4.
IocTpoeHne reoMeTpHIECKOM MOAENH MPou3BOAIOCH B porpamme FreeCAD c pacimpennem GDML.

B pesynprare MonmenaupoBaHHs TMONMY4YE€HO ONTHMAJIbHOE COOTHOLIEHHE <«JIOTIOJIHUTENIBbHBIN
3aMenuTeNb-paguaTop». Pa3paboranHas KOHCTPYKLMS HO3BOJIMIIA MAaKCUMU3HUPOBATh IIOTOK raMma-
n3ny4denus. [lpuBoasites pesynbrarsl pacuéra B CPaBHEHHH C SKCIIEPUMEHTAIbHBIMY JAHHBIMU.

REFERENCE FIELD FOR CALIBRATION OF GAMMA SPECTROMETERS
IN 0.06-10 MeV ENERGY RANGE

M. S. Epov, N. N. Moiseev

D. I. Mendeleyev Institute for Metrology, VNIIM, 190005, Russia, St. Petersburg,
Moskovsky pr., 19, phone: +7 812 251-7601, fax: +7 812 713-0114

Modern trends in nuclear instrumentation require the expansion of the energy range of the
detected gamma radiation. Monoenergetic gamma radiation sources are used to calibrate
spectrometers. The main problem is the absence of radionuclides, the decay of which is accompanied
by the emission of gamma-rays with energies above 3 MeV.

This work presents a model of a gamma-ray source in the energy range up to 10 MeV. Thermal
neutron capture on iron target was used to produce gamma rays with energy up to 10 MeV. Thermal
neutron beam was generated by UEPPN (GET-10-2023) and a steel disk diameter 300 mm and
thickness 15 mm was used as a target.

To optimize the geometry and obtaining the maximum yield of gamma rays the experiment
was simulated by using the GEANT4 software package. The geometry was created in the FreeCAD
program with the GDML extension.

As a result of the simulation, the optimal ratio "additional moderator-target" was obtained. The
calculation results are presented in comparison with experimental data.
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