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Jns Gomee 50 spep or *V gmo 2®Bi Gbuio 00HApyXeHO, YTO CEYEHHsS TNApIHUATBHBIX
doronelTponHbIx peaknumit (y,1n), (y,2n) u (y,3n), momydeHHbIE B OKCIEPUMEHTAaX Ha ITydKax
KBa3MMOHOZHEPreTUYECKUX aHHUTWIIIIUOHHBIX (oTOHOB [1] C mMOMOIIBIO MeToAa pa3AeieHus
HEHUTPOHOB 10 MHOKECTBEHHOCTH, B TOW WM HMHOW Mepe HE YAOBIETBOPSIOT OOBEKTUBHBIM
(U3NYECKUM KPUTEPUSIM TOCTOBEPHOCTH. C TIOMOIIBIO IKCIIEPHUMEHTAIBHO-TEOPETHIECKOTO METO/a
OIICHEHBI CEYCHUS, YIOBIETBOPSIONINE (DU3UUIECKUM KpPUTEPHsIM, M ObUIO mokazaHo [2, 3], uto B
OKCIEPUMEHTAJIBHBIX CEUYEHHUSX MPHUCYTCTBYIOT CYLIECTBEHHBIE CHCTEMAaTHYECKHE IOTPEIIHOCTH
pasHbix THIOB. OHH OOYCIIOBJIEHBI HEJOCTATKAMH METOJia OIpENeICHUs] MHOXECTBEHHOCTH
HEUTPOHOB N0 HX H3MEPSAEMOW HHEPrMM U CYIIECTBEHHOM 3aBUCUMOCTBIO OT 3TOW JHEPruu
3¢ GEeKTUBHOCTH PErHCTPALlMM HEHUTPOHOB HCIIOIB30BaHHBIMHU JeTekTopaMu. C HCIOJIB30BaHUEM
¢u3MUecKuX KpUTEpHEB ObUla HCCIEAOBaHA JIOCTOBEPHOCTb CEUCHUH NapLUajbHBIX PpEaKIHi,
MOJTYYEHHBIX Ha ITyYKaX TOPMO3HOTO Y-H3IYYEeHHUS! MPUHIMIIMAIBEHO WHBIM CIIOCOOOM — C ITOMOILBIO
BHECCHHS MOMPABOK 0 CTAaTUCTHYECKON TEOPUH B CEUYEHME BbIXOfa HeiTpoHOB o(y,XN) = o(y,1n) +
+ 26(y,2n) + 30(y,3n) +... OGHapykeHo, 4To B cinydasx suep 2 Co, S8ONi u 11211411990 oGeyxnaembre
OKCIEPUMEHTAJIbHBIE JaHHBIC TaKkKe B PAa3IUYHOM CTENEHH HE YIOBJICTBOPSIOT (HU3NYECKUM
KpUTEPHAM. DTO JIeJaeT OLEHKY JOCTOBEPHOCTHU PE3yJIbTaTOB SKCIIEPUMEHTOB Ha MyYKaX TOPMO3HOTO
Y-U3TYYEHUS TaKKe aKTyalbHOM M MHIMBHUIyaJbHOH. BMecTe ¢ TeM Ha mpuMepe OLeHEHHBIX JTaHHBIX
s sagep °°Tb u %7Au ycTaHOBIEHO, YTO PE3yNbTaThl MCCIIENOBAHMSA OOCYKIAEMBIX PEAKIMi Ha
my4ykax (pOTOHOB OOpPAaTHOTO KOMITOHOBCKOI'O pPacCcesHHUsl C MCIOIb30BAHUEM JETEKTOpa, FPPeKTUB-
HOCTh KOTOPOT'O MPAaKTUYECKH HE 3aBHCUT OT DHEPTHUM HEHTPOHOB, (PM3NUECKUM KPUTEPUSM BIIOJIHE
COOTBETCTBYIOT. JTO JIeaeT BEChMa aKTyaJIbHOH 3a/lauy CO3JJaHUsI COBPEMEHHOTO MCTOYHHMKA TaKOTO
THUTA 11 HOBBIX HCCIICIOBaHUH.
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For more than 50 nuclei from °V to 2°Bi it was found out that the cross sections of partial
photoneutron reactions (y,1n), (y,2n) = (y,3n) obtained in experiments on the beams of
quasimonoenergetic annihilation photons using the method of neutron multiplicity sorting [1] are
more-less do not satisfied objective physical criteria of data reliability. Using the experimental-


mailto:Varlamov@depni.sinp.msu.ru
mailto:Varlamov@depni.sinp.msu.ru

theoretical method the cross sections satisfied physical criteria were evaluated [2, 3] and it was shown
that significant systematic uncertainties of different types are presented in experimental cross sections.
Those ones are because of shortcomings of the method of determination of neutron multiplicity based
on its measured energy and noticeable dependence of the used detector efficiency on that energy.
Using the physical criteria the reliability of partial cross sections obtained using principally different
method based on corrections calculated in statistical theory to the neutron yield cross-section o(y,xn) =
=o(y,In) + 20(y,2n) + 3o(y,3n) +... measured on the beams of bremsstrahlung was investigated. It
was found out that in the cases of %°Co, *%Ni and '2114119Gn experimental data under discussion to
varying degrees also do not satisfy physical criteria. This makes the task of evaluation of reliability of
the results of experiments obtained on the beams of bremsstrahlung relevant and individual. In the
same time on the example of nuclei ™°Th u *’Au it was found out that the results of investigation
reactions under discussion using beams of photons from laser Compton backscattering together with
flat efficiency detector meet the physical criteria. This makes very relevant the task of creating a
modern source of this type for new research.
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OTnpaBHOH TOYKOW TOYTH BCEX COBPEMEHHBIX BBIUYHCICHHH SIEPHO-QU3UUECKUX KOHCTAHT
(cm., nHampumep, koabel EMPIRE [1], TALYS [2] u ap.) siBisercs onTHYecKass MOJENb YIPYroro
paccestaus. OHAKO 10 CHX TOP OTCYTCTBYIOT HaJI€)KHBIE ONTHYECKHE TOTEHIIMAIBI B3aUMOICHCTBUS
n, p, d, t, **He u 1pyrux 4acTuil ¢ Jer4ailliuMy U JIETKMMH SAPAaMH, YTO CBA3aHO C MPOOJIEMOil yueTa
B OKCIIEPUMEHTAIILHBIX JIAHHBIX YIIPYTOTO PACCESHUS Pa3IMYHBIX MPOIECCOB, HEOTIIMYUMBIX OT YHCTO
YIOPYroro paccesHHs; a TakkKe NpoOJIeMONH ITUCKPETHOH W HENpephIBHOM HEOAHO3HAYHOCTEH
ONTUYECKOTO MOTEHINAIIA.

JIiist pertienust 3TUX 3a/a4 HaMH CO3/IaH ONTHKO-MoaeapHoro ko OptModel [3,4] (momep roc.
peructpanuu 2014619860), npenHasHaYeHHBIH 1)1 aHATIM3a yIPYTOro paccesHus n, p, d, t, **®He, CLi
Ha cdepudyeckux sapax (wm OnmM3kuX K HuAM). B HeM wucnomb3yercs (HeHOMEHOIOTHYECKHI
ONTHYECKUI TOTeHIHanm Ha OCHOBe ¢opMbl Bymaca-Cakcona. IlepBonagansro kox OptModel
OIUCHIBAJ OCHOBHOW IMpOIIECC YIPYTroro paccesHusi — MOoTeHImanbHoe paccesHue (Shape Elastic).
B cdepe Hammx ucciegoBaHuil — peakUM Ha JErYaillinX U JETKUX SApax, IZie B PacCesSHUN YaCTHLL
3aMETHBIM O00pa3oM TMPOSBISIFOTCS Pa3IMYHbIC TPOIECCHl, KCIECPUMEHTAILHO HEOTIEIUMBIE OT
OCHOBHOTO: PE30HAHCHOE paccesiHhe W KiacTepHeld oOMeH. [loaTromy B pnanpHedieM B Kolie
OptModel yureH pe3oHaHCHBINM BKJIaa: K ONTHKO-MOJEIBHOW aMIUTUTYE KOTE€PEHTHO J00aBiicHa
aMIUTATY/1a PE30HAHCHOW COCTABIISIONICH PacCesHUSI C BO3MOKHOCTBIO KOHTPOJISI CTETIEHH HapyIIeHUs
VHUTApHOCTH TIOJTHOH MAaTpPHUIBl pPaccesHUs, a JHepreTHUecKas 3aBHCUMOCTh NapaMeTpPOB OMNTH-
YECKOro TOTEHIMaNa B3sTa (C M3MEHeHWsAMH) u3 [5,6]. Bricokas TOYHOCTh pemieHus: pauaibHBIX



ypaBHenuii IllpeauHrepa W OTCYTCTBUE OrpaHMYEHMI Ha BEIMYMHY OpOMTAILHOIO MOMEHTA
pacceMBaeMbIX YACTHIl TO3BOJIIOT HaM TPOBOJWTH OJHOBPEMEHHBIH aHAIW3 JAHHBIX IO
nudpepeHIHANBHBIM CEYEHUSAM, MONSPU3ALMU U MOJIHBIM CEYCHHSAM, HAYMHAs OT acTPOPU3MYECKUX
sHepruii u 10 coted MaB. C noMomuipio Koaa yke Obutd poaHanusuposanbl peakiuu 'Li,"Be+p [7],
°Be,'°B+t [8-9]. Pesysbrarthl ananmsa ynpyroro paccesuus p Ha sapax ©’Li, °Be npusenenst 8 [10,11].
Ha wactosmieit koHdepeHuun OymyT cooOmeHns o6 aHaIu3e 3€pKaIbHBIX PEAKIHUA YIIPYroro
paccestHus n v p Ha sape °Li, a Takxke yrpyroro paccesuus d Ha sape 0.
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Elastic scattering optical model is the starting point for practically all modern nuclear-physics
constant calculations (see, for example EMPIRE [1], TALYS [2] codes et al). But there are no reliable
optical potentials for interaction between n, p, d, ¢, **He and the lightest and light nuclei what is
related to the problem of account of different processes not separated (almost indistinguishable) from
pure elastic scattering in elastic scattering experimental data and to the problem of discrete and
continuous ambiguities of optical potential.

To solve these problems we developed the OptModel optical-model code [3,4] (state
registration number is 2014619860) aimed at analysis of #, p, d, t, **®He, SLi elastic scattering on
spherical (or near-spherical) nuclei. Phenomenological optical potential based on Woods-Saxon form
was used in the code. The OptModel code initially described the main process of elastic scattering —
that is potential scattering (Shape Elastic).

The sphere of our interest covers reactions on lightest and light nuclei, where different
processes (resonance scattering and cluster exchange) experimentally unseparated from the main
process noticeably manifest themselves in particle scattering. The OptModel code considers the
resonant contribution. The amplitude of the resonance scattering component is added coherently to the
optical model amplitude so that the control of a unitarity violation of a total scattering matrix becomes
possible. Energy dependences of the optical-model parameters was taken with corrections from [5, 6].
High accuracy of solving the radial Schrodinger equations and the lack of restrictions applied on the
orbital angular momentum of scattered particles allow performance of simultaneous analyses of data



ranging from astrophysical energies to hundreds of MeV. With the aid of this code there have been
already analyzed the following reactions: 57Li,°Be+p [7], °Be,'°B+t [8-9]. Results of analysis of p
elastic scattering on ®’Li, °Be nuclei are presented in [10,11]. At the conference there will be presented
the reports dedicated to the analysis of n and p elastic scattering mirror reactions on °Li nucleus as
well as d elastic scattering on %O nucleus.
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KPEMHHMEBBIE JETEKTOPHBIE CUCTEMBbI J1JI51 HCCJIEJJOBAHUI
CBEPXIIJIOTHOU AAAEPHOU MATEPUHU HA YCKOPUTEJbBHO-HAKOIIMTEJIBHOM
KOMIIVIEKCE NICA

C. H. beaokypoBa, B. B. Beuepuun, U. U. Epbirun, B. U. Kepeduenckuii, E. O. 3emuun,
B. II. Konapartees, H. A. Maasues, B. B. Ilerpos, H. A. IIpoko¢ses, C. FO. Topusios

denepanbHOE TOCYIaPCTBEHHOE OIOIKETHOE 00pa30BaTeIbHOE YUPEXKICHNE BBICILIETO 00pa30BaHUS
«Cankr-IlerepOyprckuii rocynapcTBeHHBIN yHUBEpcUTeT», Poccus, 199034, Cankt-lletepOypr,
VYuuBepcuteTckas Hab., 1. 7-9, v.zherebchevsky@spbu.ru.

OpnHOM W3 aKTyalbHBIX 3a/a4 (PM3UKH BBICOKHX DHEPTUH W DIIEMEHTAPHBIX YAaCTHUI[ SBISAETCS
M3yYeHHE CHJIHHO B3aMMOJIEHCTBYIOIIEH MaTepHH B SKCTPEMalbHBIX yCioBUsX. [IpoBenenue mccie-
JIOBaHUI B 5TOM HampaBlIeHUH AAacT OTBETH Ha (pyHIaMEHTaIbHBIE BOIPOCHI COBPEMEHHOH (HU3HKH,
CBSI3aHHBIE C YPaBHEHHEM COCTOSHHS SEPHON MaTepWu MPU BBICOKUX IDIOTHOCTSIX W TEMIIEpaTypax,
cBoiicTBamMn (a30BOrO0 TepexoJa B COCTOSHHE JAeKOH(paWMeHTa, HaTUYheM ¥ MOJIOKEHUEM
KPUTHYECKON TOYKM Ha ()a30BOH guarpaMme SAEPHOTO BEMIECTBA. DTO MO3BOJHT MPOJHUTH CBET HA
MepBbIe CEKYHbl CYIIECTBOBaHMsI BceneHHO, a Takke KOJIMYECTBEHHO OMUCATh MPOLECCH CIUSIHHUS
HEHUTPOHHBIX 3Be3[. COCTOSHUS C BBICOKOW IJIOTHOCTBHIO SIIEPHOM MaTepuu OyIyT HCCIETOBATHCS
B AJPO-SJIEPHBIX CTOJKHOBEHMSIX IpH dHeprusix 4 — 11 I'sB na crposmemes B OUSAN komnaiinepe
NICA, u3yuas BBIXOJbI YACTHII, COACPKAIIUX TSHKETbIC KBapku, B okcrmepumentax MPD (Multi
Purpose Detector) u SPD (Spin Physics Detector). TToatomy BeICOK03(h(DEKTHBHASI PETUCTPALINS TAKHX
YaCTHII C HCTIOJIb30BAHNEM TPEKOBBIX JIETEKTOPHBIX CUCTEM IIPHOOpETaeT OOJBIIOE 3HAYCHHE.

B pabote Oyzaer nan 0030p COBPEMEHHBIX BEPIIMHHBIX JETEKTOPOB, CO31aBaEMbIX Ha OCHOBE
KPEMHHUEBBIX CEHCOPOB: BHYTPEHHSs TpekoBas cucrema skcrnepumenta ALICE na bBosbimom
Anponnom Komnaiiziepe, a Takke BeplIMHHBIE JIeTeKTOphl dkcniepuMenToB MPD u SPD Ha kosnaii-
nepe NICA. Bynyr mpexacrtaBiieHbl pa3paOOTKM HOBBIX AETEKTOPHBIX CHCTEM C HCIHOJIb30BAaHHEM
TOHKHX U YIBTPATOHKUX KPEMHHMEBBIX MUKCENBHBIX JIETEKTOPOB ISl IPELM3NOHHON WICHTU(DHUKALINN
BEpILIMH pacraJioB O4YapOBaHHBIX aJApOHOB. Takxke OyAyT IpeicTaBICHbI pe3ysbTaTbl paboT IO
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CO3JIaHHMIO HOBBIX CBEPXJIETKHX CTPYKTYP MOJJCPKKH (HA OCHOBE OTEHYECTBEHHBIX YTIIIEKOMITO3UTHBIX
MaTepHajoB) U OXJIAKICHUS NETEKTOPHBIX MoAayleil. ByayT mpuBeneHbl pe3yibTaThl UCCIEAOBAHUI
CBOWCTB M XapaKTEPHUCTHK KPEMHHEBBIX MHKCEIBHBIX CEHCOPOB Ha OcHOBe TexHoiorun KMOII
B KOHTEKCTE 3a]1ay 110 JIETEKTUPOBAHUIO PEAKUX PACIafioB a[pOHOB, COIEPIKAIIUX THKEIIbIe KBAPKH.

HccnenoBanue BBIMONHEHO 3a cyeT rpanTa Poccuiickoro Hayunoro ¢onzma Ne 23-12-00042,
https://rscf.ru/project/23-12-00042/

SILICON DETECTOR SYSTEMS FOR INVESTIGATIONS OF SUPERDENSE NUCLEAR
MATTER AT THE NICA COLLIDER

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

Federal State Budgetary Educational Institution of Higher Education “Saint-Petersburg State
University”, Russia, 199034, Saint-Petersburg, Universitetskaya Embankment, 7-9,
v.zherebchevsky@spbu.ru

One of the actual problems of high energy and elementary particle physics is the study of
strongly interacting matter under extreme conditions. The studies in this field will give answers to
fundamental questions of modern physics, related to the equation of nuclear matter states at high
densities and temperatures, properties of the phase transition to the deconfinement state, the existence
and location of the critical point on the nuclear matter phase diagram. It make possible to shed light on
the first seconds of the Universe existence, as well as to quantitatively describe the processes of
neutron star fusion. High-density states of nuclear matter will be investigated in nucleus-nucleus
collisions at energies: 4 - 11 GeV in the NICA collider at JINR, studying the yields of particles
containing heavy quarks in the experiments MPD (Multi Purpose Detector) and SPD (Spin Physics
Detector). Therefore, highly efficient registration of such particles using track detector systems is very
important.

This work will give an overview of modern vertex detectors based on silicon sensors: the inner
tracking system of the ALICE experiment at the Large Hadron Collider, as well as vertex detectors of
the MPD and SPD experiments at the NICA collider. Development of new detector systems using thin
and ultrathin silicon pixel detectors for precision identification of charmed hadrons decay vertexes will
be presented. The results of work on new ultralight support structures (based on Russian carbon-
composite materials) and cooling of detector modules will also be presented. The new data of studies
of the properties and characteristics of silicon pixel sensors based on CMOS technology in the context
of the tasks of detecting rare hadron decays containing heavy quarks will be discussed.

The reported study was supported by the Russian Science Foundation, project no. Ne 23-12-00042,
https://rscf.ru/en/project/23-12-00042/

KBAHTOBASI TEOPHA CIHIOHTAHHOTI'O X BBIHYKIEHHOT'O JIBOMHOT' O
N TPOUHOTI'O AEJIEHUA AAEP C BBIUIETOM ITPEJIPA3PBIBHbBIX HYKJ/IOHOB
N JEI'KUX AAEP

C.TI. KagpmeHcknii

Boponexckuil rocy1apCTBEHHBIM YHUBEPCUTET, I'. BopoHex, Poccus
E-mail: kadmensky@phys.vsu.ru

B Hacrosieli pabore NpoBeICH KPUTHUSCKUN aHAIN3 CYIISCTBYIONIUX MOIX0/0B K OMUCAHHIO
XapaKTepUCTUK CIIOHTAHHOTO W BBIHYXKJICHHOTO JBOMHOTO M HMCTUHHOTO TPOWHOIO NEJICHUS SAEp
Y IPOJEMOHCTPUPOBAHbl YCIEXM B MOHHMAaHHMHM PACCMATPUBAEMBIX IIPOLIECCOB pPa3BUBAIOLIECHCS
KBAaHTOBOW TEOPUHU JECICHHUS.
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[Toka3aHo, 4TO JeJsIIasiCs CHUCTEMa OCTACTCSl «XOJOAHOI» Ha BCEX CTAIMAX JBOIHOIO
JIeTICHUS], HAUYMHAIOIIUXCSI CO CIyCcKa Ae(OpMHPOBAHHOTO JEISAIIErocs SApa ¢ BHEIIHEH CeUIOBOM
TOYKH ¥ 3aKaHYMBAIOIIUXCS (OPMHUPOBAHHEM YIIIOBBIX PACIPEICICHUN MPOIYKTOB JCICHUS.
[ToaTBepKICHO, YTO y4eT HyJICBBIX KOJUIEKTHBHBIX morepeuHbix bending- u wriggling-konebanuii
npeadparMeHTOB JIeICHHS B Pa3pbIBHBIX KOHYUTYPALHSX ACISLIIETOCS SApa MPUBOIUT K MOSBICHHIO
OonbIIMX 3HAYCHMI Kak CHMHOB [; M [,, Tak M OTHOCHUTEIbHBIX OPOUTAILHBIX MOMEHTOB L

¢parmenToB nenenus. Ilpm 3TOM paccunTaHHBIE 3HA4YEeHHS CIHMHOB (QparmeHToB I u I,

OKa3bIBAIOTCS B Pa3yMHOM COTJIACHH C UX HAOJIOJaeMBIMU 3HAYEHHUSIMH MPH UCTIOIH30BAHUN YCIOBHS
TBEPAOTEIILHOCTH MOMEHTOB HHepuuu ¢parmenToB. llosiBneHue sxe OonbpliuMX 3HaueHWH L mpu
WCIIOJIb30BaHUY TIPUHIIMTIA HEONPEIEICHHOCTH KBAaHTOBOW MeXaHWKH sl BedmanH AL u AO, rme
AB — HeomnpeaeNeHHOCTh yIJla BblIeTa (JparMeHTOB AENEHUs, MMO3BOJSIET MOATBEpANUTH rumoresy O.
bopa o Onm3ocTH HampaBiieHHsl BbUIeTa (pParMEeHTOB JEJCHUS K HANpPaBICHUIO OCH CUMMETPUHU
JIeTAerocs sapa.

IToaTBEpKIEHO, 4YTO HCTUHHOE TPONHOE [EJIECHUE SBISETCS BUPTYAIbHBIM IIPOLECCOM,
MOCKOJIBKY CBSI3aHO C (DOPMHUPOBAHHUEM BHUPTYAIBHOTO COCTOSHHS MPOMEXKYTOUHOTO S/Ipa, JISKAIIETO
BHE MAaCCOBOW MOBEPXHOCTH YKa3aHHOTO AeneHus. [IponeMoHCTprpoBaHa BO3MOXKHOCTh Pa3yMHOTO
ONMCaHUS BBIXOJOB, YIVIOBBIX M DHEPrETHUYECKUX paclpeAeleHUH NMpenpa3pbIBHBIX HYKJIOHOB U pas-
JIMYHBIX JIETKUX 7P B TPOWHOM JCJICHUU SIIED.

O6ocHOBaH MexaHU3M, 00yCIIOBICHHBIH KOpHOMMCOBBIM B3aMMOJIEHCTBHEM MOJTHOTO CIMHA
JEJISIIErocs siApa ¢ OpOUTaIbHBIMA MOMEHTaMHU BBUICTAIOLIMX MPH ACICHUH SIEp YacTUI U I03BO-
JSIIOIIANA ONUCAaTh XAPAKTEPUCTUKH TPOWHBIX M IATEpHBIX P-ueTHBIX, T-HEYETHBIX ACUMMETPHUH
B i (QepeHanbHbIX CEUEHHSX pPEaklWd JIeNeHUs sAep XOJOJAHBIMH  IOJISPU30BAHHBIMU
HEHUTPOHAMH C BBUIETOM KaK O-4aCTHL], TAK U MTHOBEHHBIX HEUTPOHOB U Y-KBAaHTOB.

QUANTUM THEORY OF SPONTANEOUS AND STIMULATED BINARY
AND TERNARY NUCLEAR FISTION WITH THE EJECTION
OF PRESCISSION NUCLEONS AND LIGHT NUCLEI

S. G. Kadmensky

Voronezh State University, Voronezh, Russia
E-mail: kadmensky@phys.vsu.ru

In the present work, a critical analysis of the existing approaches to describing the characteristics of
spontaneous and induced binary and true ternary fission of nuclei is carried out and successes in
understanding the considered processes of the developing quantum theory of fission are demonstrated.

It is shown that the fissile system remains "cold" at all stages of binary fission, starting with
the descent of the deformed fissile nucleus from the outer saddle point and ending with the formation
of angular distributions of fission products. It has been confirmed that taking into account the zero
collective transverse bending and wriggling vibrations of fission prefragments in discontinuous

configurations of the fissile nucleus leads to the appearance of large values of both spins 7, and 7,
and relative orbital angular momenta L of fission fragments. In this case, the calculated values of the
spins of fragments 7, and /, turn out to be in reasonable agreement with their observed values when

using the condition of the solidity of the moments of inertia of the fragments. The appearance of large
values of L when using the uncertainty principle of quantum mechanics for the quantities AL and
AG, where A@ is the uncertainty of the angle of emission of fission fragments, allows us to confirm
O. Bohr's hypothesis that the direction of emission of fission fragments is close to the direction of the
axis of symmetry of the fissile nucleus.

It is confirmed that true ternary fission is a virtual process, since it is associated with the formation
of a virtual state of the intermediate nucleus, which lies outside the mass surface of the indicated fission.
The possibility of a reasonable description of the yields, angular and energy distributions of prescission
nucleons and various light nuclei in ternary nuclear fission are demonstrated.
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A mechanism is substantiated, which is due to the Coriolis interaction of the total spin of a
fissile nucleus with the orbital momenta of particles emitted during nuclear fission and which makes it
possible to describe the characteristics of ternary and quintuple P-even, T-odd asymmetries in the
differential cross sections for nuclear fission reactions by cold polarized neutrons with the emission of
both a-particles and prompt neutrons and y-quanta.

METPOJIOTHYECKOE UCCJIEJOBAHUE BJINSTHUSA
SJIEKTPOHHOI'O DKPAHUPOBAHMUS HA AJIb®A-PACITIAL

JI. ®. Burymikus, ®. ®. Kapnemmus, A. H. Ilponnn

BHUUM umenu [I. . Menneneesa, Cankr-IletepOypr, PO
E-mail: fkarpeshin@gmail.com

CymecTByeT IpOTUBOPEUNE MEXKIy J1a00paTOpHBIMHU HCCIICAOBAHHUAMH, PACCMATPHBAIOIIIMU
SAepHBbIE PeakInu 0e3 yueTa BO3MOKHOHM POJH DIEKTPOHHOW OOOJIOUKH WM OKPYXKEHHsI, U MPHJIIO-
JKEHHUSMH, KOTOPbIE UMEIOT JIeJI0 C Pa3IMYHBIMU JIEKTPOHHBIMU 000JI0YKaMHU MM OKpYkeHusiMu. Kak
CJIEJICTBUE, OCTAIOTCSl HEM3BECTHBIMU CEUEHHS MHOTHX BaXKHBIX JUIsl aCTPO(PHU3UKU SOEPHBIX PEaKIHid.
Y auBuTEenbHO, HO A0 pabothl [1] pacueTsl BEpOSTHOCTH aib(a-pacraza MPOBOJAWINCH B pPaMKax
MOJIETH 3aMOPOXXKEHHOH AmeKTpoHHOo# obonouku (30). U Tonpko B pabote [1] ObuT0 MOKa3aHO, YTO
JIBIDKEHHE ayb(a-yacTUlpl aguadaTHYHO II0 OTHOLIEHHIO K 3JeKkTpoHaMm. llosTomy smekrpocta-
TUYECKUH MOTEHIMAJ, OLYIIaeMbIl alb(a-4acTHIEH, TaK)Ke N3MEHSIETCS 10 CPAaBHEHHIO C «3aMOpO-
JKeHHOW» 000s0ukoi. Paccunrannsrii xe B momenu 30 3¢ ekt oka3pIBaeTCs JAaKe HEBEPHOTO 3HAKa
Y Ha TIOPSAOK Oounbine, 4eM B amguabatmdeckoM moaxone. [IpaBumbHBIN 3((dekT mMeeT BeMUInHY
nopsinka npomuiie. UToObl yIOBHTH TaKylo pasHHILy, MBI NpeljiaraéM OCTPOYMHBIH C METpPOJIO-
THUECKOW TOYKHM 3pEHHUs CHOCO0 OSKCIEPUMEHTANBHOM MPOBEPKH 4epe3 HW3MEpeHHe pPa3HHUIIbI
CKOpOCTEeH pacmaza MeXIy IeIui-IOJOOHBIMM HMOHAMH M TOJBIMH SIIPaMH B OJHOM M TOM K€
HAKOMUTENFHOM KOJblle [2]. DTOT METOA MO3BOJSIET PaJUKAIBHO YMEHBIIUTh CTaTUCTUYECKUE
Y CHCTeMaTHYeCKHe MorpemHocTy. [IepByro MOKHO ceiaTh J0CTaTOYHO MAJOi, YBEIHYHB JO OJJHOTO
MWUIMOHA KOJMYECTBO MH)KEKTUPYEMBIX B HAKOIHMTEIBHOE KOJBIIO PaJUOAKTHUBHBIX MOHOB 3a CUET
HWCTIOJIb30BAaHUS JTOJITOKUBYIINX H30TOIOB 22Rn ¢ nepuonoM mnonaypacmnana 23.9 m. Tak MOXHO
00ecTeunTh CTATUCTHYECKYIO TIOTPEIIHOCTh B MpejesiaX MPOMIIUIE. A UCIIONL30BaHUE OJTHOTO U TOTO
e KOJIbIla JJIsl HUPKYJSIIIUA UOHOB YMEHbBIIAET CHCTEMAaTHUECKYI0 MOorpemHocTh B 50 pa3. Takum
00pa3omM, Halll METOJ MO3BOJIUT MPEOAOJIETh HEeyaady TecToBoro skcrnepuMenta B I'CU lapmiiranr,
B KOTOPOM HCIIOJIb30BAIMCH KOPOTKOXKHMBYIIME HM30TOIBI, a H3MEPEHUs B HEUTPaJbHBIX aToMax
MPOBOJMIINCH HE3aBUCHMO TPATUIIMOHHBIMHA MeToJaMH. Hail MeTosi IMO3BOJHT COKpPATUTh BpeMs
M3MEPEHHs 710 CYTOK.

Crnucok JuTepaTypsbl
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METROLOGICAL SEARCH FOR THE EFFECT
OF THE ELECTRON SCREENING ON THE ALPHA DECAY
L. F.Vitushkin, F. F. Karpeshin, A. N. Pronin

D. I. Mendeleev Institute for Metrology, Saint-Petersburg, Russia
E-mail: fkarpeshin@gmail.com

There is a contradiction between laboratory studies that consider nuclear reactions without
regard to a possible role of the electron shell or environment, and applications that deal with different
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electron shells or environments. As a consequence, cross-sections of many important for astrophysics
nuclear reactions remain unknown. Surprisingly, until [1], alpha decay probability calculations were
carried out within the framework of the frozen electron shell (FS) model. And only in work [1] it was
shown that the motion of the alpha particle is adiabatic with respect to electrons. Therefore, the
electrostatic potential felt by the alpha particles also changes compared to that of the "frozen" shell.
The effect calculated in the FS model turns out to be even of the wrong sign and is an order of
magnitude larger than within the adiabatic approach. The correct effect is of the order of ppm. In order
to catch such a difference, we propose a method of experimental verification, ingenious from a
metrological point of view, by measuring the difference in the decay rates between helium-like ions
and bare nuclei in the same storage ring [2]. This method makes it possible to radically reduce
statistical and systematic errors. The first one can be made quite small by increasing the number of
radioactive ions injected into the storage ring to one million by using long-lived ?*?Rn isotopes with a
half-life of 23.9 m. The use of the same ring for ion circulation reduces the systematic error by a factor
of 50. Thus, our method will make it possible to overcome the failure of the test experiment at GSI
Darmstadt, where short-lived isotopes were used, and measurements in neutral atoms were carried out
independently by traditional methods. Our method will reduce the measurement time to a day.
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CTUMYJIMPOBAHUE BE3HEUTPUHHOI'O IBOMHOI'O e-3AXBATA
BHEIIIHUM U3JIYYEHUEM

®. ®. Kapnemmn®, B. H. Kongparnep?

UBcepoccuiickuii HayuHO-HCCIIE10BATEILCKHI MHCTHTYT METPOIOTHH
um. /. . Menneneesa (BHUNM), Cankr-Ilerepoypr, PO
E-mail: fkarpeshin@gmail.com
AJIT® um. boromobosa, 141980 O6beanHEHHBII HUHCTUTYT SAEPHBIX UCCIIECIOBAHUN
r. JIlyora MockoBckoii obmacty, yi. XKomumo-Kropu, 1. 6

OO6cyxaeHue TUNOTETUYeCKOM TEMHOHM MaTepud M TEeMHOW »Hepruu Bo BcenenHoit
CTHMYJIUpPYyeT OOJIBIION MHTEpeC K M3y4eHHIO Oe3HEHTpHHHOIO ABOHHOTO OeTa-pacmazia M JBOWHOTO
e-3axBara sapoM. [lociemuuii npoiiecc MOr Obl J1aTh OJHO3HAYHOE JIOKA3aTEIbCTBO MalOpPaHOBCKOM
NpUpoAbl HEUTpUHO. B TO e Bpems OH OOBIYHO TMOAABISIETCS HA MHOTO TMOPSAKOB H3-32 CBOETO
PE30HAHCHOIO XapakTepa M cBs3aHHoro ¢ HUM (axropa bpeiira-Burnepa. C npyroil cTOpoHBI,
aTOMHBIC PE30HAHCHI MOXKHO HACTPOUTH [1] ¢ MOMOIIBI0 BHEIIHETO JIa3epHOTO Moysi. Paccmorpum
saxpar 2€0v L1L1 B ®Kr ma yposens 2 + 2438 k3B "®Se. JlepekT pezonanca A = 6,87 kdB. Drta
M30BITOYHASL PHEPTUSI MOXKET OBITh MepefaHa MO0 JIA3EPHOTO HCTOYHUKA MSTKOTO PEHTTCHOBCKOIO
n3nydeHus. Takod MepeHoC OCYIIECTBIISETCS CMENIAHHBIM COCTOSIHHEM 2S-2p3/2, oOpasyrommmcs
B TIOJIE JIazepa. 3aTeM P-3JIEKTPOHBI CMEIUBAIOTCS C S-IBIPKaMH, 00pa30BaBIIMMUCS TIPU 2e-3aXBare.
Awmrututyna npumecu B = eE<2p|r|2s>/8, rae E — HanpshKeHHOCTD MMOJIA J1a3epa, € — 3apsi dJICKTPOHa.
6= 6,65 ¥»B paBHa pasnoctu 2p3/2-2S-ypoBHeil 1 dHEpPruu gazepHoro ¢porona hwl coOOTBETCTBEHHO.
PacuerHoe 3HaYeHHEe MaTPUIHOTO ANieMeHTa <2p|r|25> = 22 k3B-1. ®akTop yckopeHus 12 BO3HHKaeT 13-3a
IIPUCYTCTBUS 6P-3JIEKTPOHOB BMeCTE ¢ 2S-nbipkamu. [lpeanonaras B = 1, mpl Haxomum E = 10° B/cwm.
Torza BRIMIPHII 3a cueT OTCYTCTBUsI (akTopa bpeiita-Burnepa pasen (A/(G/2))2 = (6,87/0,0038)2 =
=2,8x10° rne G = 7,6 5B — nonHas mMpUHA COCTOSHHA 2S-2. B pesynbrare CKOPOCTh yIBaMBAETCS
yxe npu E = 400 B/cm, wnu montHoctH obnydenus P = 4x10® Bt/cm?. Takue mouss JIOCTYTIHBI
B PEHTTEHOBCKUX Jla3epax Ha CBOOOIHBIX 3JIEKTpOHAX, pa3paboTKa KOTOPBIX PE3KO Bo3pocia 3a
TOCJIeTHHE JIBA JCCATUIICTHS, TAKUX Kak ramma-(adpuka B LIEPH [2] nnu HacTpauBaeMble HCTOUHUKH
MSITKOTO PEHTTeHOBCKOTO M3ydeHus, momobHbie Linac Coherent Light. McTouHMK TUraBaTTHOM
MOIIHOCTH [3] u Apyrue.
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EXTERNAL-RADIATION ASSISTANCE OF NEUTRINOLESS
DOUBLE-ELECTRON CAPTURE

F. F. Karpeshin?, V. N. Kondratiev?

UD. I. Mendeleyev Institute for Metrology, Saint-Petersburg, Russia
E-mail: fkarpeshin@gmail.com
2Bogolubov Laboratory of Theoretical Physics, Joint Institute for Nuclear Research
Joliot-Curie 6, 141980 Dubna, Moscow Region, Russia

Discussion of hypothetical dark matter and dark energy in the universe stimulates a great
interest in the study of neutrinoless-double-beta decay and double-e capture by the nucleus. The latter
process if observed could give an unambiguous proof of the Majorana nature of neutrino. At the same
time, it is usually suppressed by many orders of magnitude due to its resonance character and the
related Breit-Wigner factor. On the other hand, atomic resonances can be tuned [1] by means of
externally applied laser field. Consider 2e0v L;L; capture in 8Kr to the 2+ 2438-keV level of "8Se.
Defect or resonance A = 6.87 keV. This excessive energy can be transferred to the field of a soft-X-ray
laser source. Such a transfer is fulfilled by the 2s-2ps» mixed state formed in the field of the laser.
Then the p electrons mix with the s holes formed in the 2e-capture. The amplitude of admixture is
B = eE<2p|r|2s>/5, E being the laser strength, and e — the electron charge. 6= 6.65 keV equals the
difference of the 2ps;»-2s-levels and the energy of the laser photon hawi, respectively. The calculated
value of the matrix element <2p|r|2s> = 22 keV1. Acceleration factor of 12 arises due to the presence
of the 6p electrons together with the 2s holes. Supposing B = 1, one finds £ ~ 10° VV/cm. Then the gain
due to absence of the Breit-Wigner factor is (A/(G/2))? = (6.87 / 0.0038)? = 2.8x10°, where G = 7.6 eV
is the total width of the 257 state. As a result, the rate doubles already at £ = 400 VV/cm, or irradiation
power P= 4x10%° W/cm?. Such fields are available at X-ray free-electron lasers, whose development
have seen the rise during the last two decades, such as the gamma factory at CERN [2] or tunable soft
X-ray sources, like Linac Coherent Light Source with gigawatt power [3], and others.
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NCCIEAOBAHUE CIIMHOBBIX D®PEKTOB HA SAJIEPHBIX MUIHEHAX
HA YCKOPUTEJIBHOM KOMILJIEKCE Y-70

B. B. Mouanos (ot umenu corpyaanyectsa CITACHAPM)

DenepanbHOE TOCYAaPCTBEHHOE OI0OMKETHOE yupexaeHne «MHCTUTYT pU3HKH BEICOKUX SHEPrHid
uM. A. A. JlorynoBa HaunonansHOTOo HccnenoBarenbckoro neHTpa «KypuaToBCKUT HHCTUTYTY,
r. [IporBuHO MockoBcKoO# 001, 142281, tut. Hayku, Ten. +7(4967)713467 +7, daxc (4967) 74-28-24,
mochalov@ihep.ru

Ha yckoputensaom komruiekce Y-70 HULL «KypuatoBckoro nactutytay — MOBD npoBenen
NepBbI HAOOP JaHHBIX IO MCCIEIOBAHUIO CIIMHOBBIX 3 (EKTOB BO B3aMMOAEHCTBHU aapoHOB [1].
OcCHOBHOH 3ajaueil IKCIIEPUMEHTA SIBIISIETCS M3Y4YEHUE OJHOCHMHOBBIX M ABYXCIHMHOBBIX 3(QQEKTOB
C UCITIOJIb30BAHUEM HOHHpHSOBaHHOﬁ MHUIIICHU I/I/I/UII/I TMOJIAPHU30BAaHHOTI'O ITyYKa.

B moxnane oOcyxnaercs ¢u3uueckas mporpaMma BCEro SKCHEPUMEHTa, BKIIOYAsl HCCIIENO-
BaHMS C MOJSIPU30BAHHBIMH ITydykaMu. Ha BTOpoOM 3Tame SKCIEpUMEHTa C UCTOJIb30BaHUEM IOJSAPH-
30BaHHOI'O IIPOTOHHOI'0O M @HTUIIPOTOHHOI'O ITyYKa INIAHUPYETCSA HCCIENOBATH CIIMHOBYIO CTPYKTYPY
HYKJIOHOB M OCOOCHHOCTH TIOSIBIICHUSI CIMHOBBIX 3((EKTOB B CHJIBHOM B3aWMOJICHCTBUH, B TOM 4YHCIIE,
W3YYUTh 3aBUCUMOCTb OJHOCIIMHOBOI aCHMMETPUH B JECSTKAX PEAKLMI OT HOMEpa aTOMHOT'O SApa.

Ve Ha NepBOM 3Tale Ha CYLIECTBYIOLIEH 3KCIEpUMEHTAJbHOW YCTaHOBKE IUIaHUPYETCS
IMPOBECTHU HCCICAOBAHUC CIHNHOBLIX 3(p(bCKTOB Ha dapax C HCIIOJb30BAaHHUCM HEMOJIAPU30BAHHBIX
MYYKOB, @ IMEHHO, U3y4YUTb MOJISAPU3ALIUIO TUIIEPOHOB M BHICTPOCHHOCTh BEKTOPHBIX ME30HOB HA ITyUKax
OTPHUIATENHHBIX YaCTHII C UMITYJIHCOM OKOJI0 27 I'3B/C 1 Ha my4kax mpoToHOB ¢ 3Heprueii 50 [3B.

B OKCIICPUMCHTAJIbHOM CCEaHCC Ha MYYKE OTPULATCIIBHBIX YaCTHUI] Ha6paHBI TNEPBLIC
IKCIEPUMEHTAJIbHbIE JJaHHbIE HA ISATH Pa3jIMYHBIX SApax OT yIiiepoaa 10 Boib(pama, NpOBEAEHA
OLIEHKA BO3MOXXHOCTH H3MEPEHMS BBICTPOCHHOCTH p-ME30Ha M Mojsipu3anuu A-runepoHa. B Omu-
KAMIINX ceaHcax IJIAHUPYETCSl YBEJIWYHUTh B HECKOJBKO pa3 HaOpaHHYIO CTaTUCTHKY M HaOparth
JTaHHBIE HA IPOTOHHOM ITyUKe.
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INVESTIGATION OF SPIN EFFECTS ON NUCLEAR TARGETS AT
THE U-70 ACCELERATOR COMPLEX

V. Mochalov (on behalf of the SPASCHARM collaboration)

Kurchatov Institute, A. A. Logunov National Research Center, Institute of High Energy Physics
Nauki sq., 1, Protvino, Moscow reg., 142281 Russia, tel. +7(4967)713467 +7, fax: (4967) 74-28-24
mochalov@ihep.ru

The first set of data on the study of spin effects in hadronic interactions was carried out at the
U-70 accelerator complex of the National Research Center "Kurchatov Institute” — IHEP [1]. The main
goal of the experiment is studying of single-spin and two-spin effects using a polarized target and/or a
polarized beam.

Physics program of the entire experiment, including studies with polarized beams is presented.
At the second stage of the experiment, it is planned to study the spin structure of nucleons and the
formation of spin effects in strong interactions using a polarized proton and antiproton beam,
including studying the dependence of single-spin asymmetry in dozens of reactions on the number of
the atomic nucleus.

Already at the first stage, it is planned to study spin effects on nuclei using unpolarized beams
at the existing experimental facility, namely, to study the polarization of hyperons and the alignment
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of vector mesons in negative particle beams with a momentum of about 27 GeV/c and in proton beams
with an energy of 50 GeV.

First experimental data were collected on five different nuclei from carbon to tungsten on a
beam of negative particles, and the possibility of measuring the alignment of the p-meson and the
polarization of the A-hyperon was evaluated. In the next data taking runs, it is planned to increase the
collected statistics by several times and also to collect data with the use of the proton beam.
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BUXPEBBIE BO3BYXKJIEHUSA B SAI/IPAX
B. O. Hecrepenko
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B mocnegnuwe romel O0NbLIOE BHUMAaHHWE NPUBIEKAET W3yYEHHE BHYTPEHHETO BHUXPEBOTO
JIBWKEHHUA B spax, MposBiAomieecs B TopounaibHbIXx El Bo3OyxaeHusx. B mokmaze kpaTko
00CYXIal0TCsl OCHOBHBIE BONPOCH M TOCIEAHUE NOCTIKEHHS 10 JAaHHOM Teme: TopouaaibHbld El
PE30HAHC KaK BUXPEBOE KOJbLO XHJLIA, CBI3b MEXY TOpoHIaibHbiM U urMu E1 pesonancamu [1-3],
WHIMBUIyalbHBIE HU3KOdHEepreTrnyeckrue E1 ToponaanbHble COCTOSHUS B JIETKHX Je(OPMUPOBAHHBIX
sapax [4], BIusiHEE Ha TOPOUIANIBHBIN PE30HAHC KIACTEPHBIX CTeMeHe# cBOOOIbI B JerKuX sapax [5],
BO3MOXKHBIE IIyTH IIOMCKa TOPOWAAJBbHBIX BO3OY)KICHUH B OKCIEpUMEHTE [5], MpOsBICHUS
TOPOUAATILHOM MOJIBI B IPYTUX (PU3UUECKUX CHCTEMAX.
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VORTICAL EXCITATIONS IN NUCLEI
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Laboratory of Theoretical Physics, Joint Institute for Nuclear Research
Joliot-Curie 6, 141980 Dubna, Moscow Region, Russia
Phone: +7 (496) 216-3383; fax: +7 (496) 216-5084; e-mail: nester@theor.jinr.ru

Last years the intrinsic nuclear vorticity associated with toroidal E1 excitations attracts a high
attention. We briefly discuss some basic aspects and recent progress in this activity: toroidal E1
resonance as a Hill’s vortex ring, relation between the toroidal and pygmy E1 resonances [1-3],
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individual low-energy E1 toroidal states in light deformed nuclei [4], impact of cluster degrees of
freedom on toroidal resonance in light nuclei [5], possible ways for the search of toroidal excitations
in experiment [5], manifestation of the vortical toroidal flow in other physical systems.

References

1. Repko A., Reinhard P.-G., Nesterenko V. O., Kvasil J. Toroidal nature of the low-energy E1
mode // Phys. Rev. C. 2013. Vol. 87. P. 024305-1 - 024305-6.

2. Nesterenko V. O., Kvasil J., Repko A., Kleinig W., Reinhard P.-G. Toroidal Resonance:
Relation to Pygmy Mode, Vortical Properties, and Anomalous Deformation Splitting // Phys. Atom.
Nucl. — 2016. - Vol. 79. — P. 842- 850.

3. Repko A., Nesterenko V. O., Kvasil J., Reinhard P.-G. Systematics of toroidal dipole
modes in Ca, Ni, Zr, and Sn isotopes // Eur. Phys. J. A. — 2019. - Vol. 55. — P. 242-1 — 242-15.

4. Nesterenko V. O., Repko A., Kvasil J., Reinhard P.-G. Individual Low-Energy Toroidal
Dipole State in *Mg // Phys. Rev. Lett. — 2018. - Vol. 120. — P. 182501-1 - 182501-6.

5. Nesterenko V. O., Repko A., Kvasil J., Reinhard P.-G. Individual dipole toroidal states:
Main features and search in the (ee’) reaction // Phys. Rev. C. — 2019. Vol. 100. P. 064302-1 -
064302-11.

HEWTPOHHO-CUHXPOTPOHHASI TOMOT'PA®USA JIJISI UCCJAEIOBAHUS
OBBEKTOB KYJbTYPHOTI'O HACJIEAUSA

E. C. Kopanenko!, M. M. Mypames', K. M. Iloagypen®’,
E. I0.Tepemenko? E. B. Sluumunal

! HatmonaneHeiii nccenosatensekuii nenTp «KypuaToBCkuit MHCTUTYT», MOCKBa
2 ®HULL «Kpucramtorpadus u poronuka» PAH, Mocksa
* Podurets KM@nrcki.ru

B HanuonaneHOM wuccinenoBaTenbCckoM MHeHTpe «KypyaTOBCKMIT HHCTUTYT» JEUCTBYIOT
9KCIEPUMEHTAJIbHbIE YCTAHOBKM JUIS TPOBEACHUS HKCIEPHUMEHTOB IO TOMOrpaduu Ha IIydKax
TEIUIOBBIX HEHUTPOHOB M CHHXPOTPOHHOIO M3Iy4eHUs. VICTOYHMKaMH W3JIy4EHHUS SIBIAIOTCA
uccienoBareiabckuil peakrop MP-8 u cnenuanu3upoBaHHBI UCTOYHUK CHHXPOTPOHHOTO H3ITy4YeHUS
«KHUCU - KypuatoB». OgHMM U3 SpPKHUX NOpUMEpOB OS(PPEKTUBHOTO TPHUMEHEHHS METOI0B
HEUTPOHHOH M CHHXPOTPOHHOM ToMorpaduu SBJSIETCS HCCIEIOBaHUE OOBEKTOB KYJIBTYpHOTO
Haclieus, T.K. OHH TIO3BOJISIIOT 0€3 pa3pyIIeHUs IPEIMETOB BBISIBUTH CKPBITHIE JA€TAId UX CTPOCHUSI.

PaboThl B JaHHOM HampaBlieHHH MPOBOJATCS B COTpyIHHYECTBE ¢ VHCTUTYTOM apXeosoTHUH
PAH, T'ocynmapcTBEHHBIM HCTOPHYECKMM My3eeM, | OCyHapCTBEHHBIM My3€eM H300pa3uTeIbHbBIX
uckycctB uM. A. C. IlymknHa u 1pyrumu opranuzauusiMi. B noknazae npezncraBieH 0030p OCHOBHBIX
paboT Mo WCCIeOBaHUIO TPEAMETOB KYJIBTYPHOTO HACJIeIusl, BBIIONHEHHBIX B KypuyatoBckoM
MHCTUTYTE C IPUMEHEHHEM METOJ0B HEUTPOHHOW U CHHXPOTPOHHOH TOMOrpaduu, B TOM YHUCIE, IPU
nojaepkke MuHHMCTEpCTBa HayKd M BbICIIEro oOpazoBanus P® B paMkax BBINOJHEHHS NPOEKTa
Nel15.CHMH.21.0023 (Cormamenue Ne 075-15-2022-1177 ot 25.08.2022).

B pesynbprare paboT ymaeTcs MOMy4YUTh Ba)KHYIO MH(POPMALUIO O COXPAaHHOCTH MPEIMETOB,
CKPBITOM MPOAYKTAMH KOPPO3UH [EKOpE, TEXHOJOIMH W3TOTOBIEHHUS M APYTHX OCOOEHHOCTAX
IIPEAMETOB, a TAKXKE BOCCTAHOBUTH UX IEPBOHAYANIbHBINA BUJ.
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NEUTRON AND SYNCHROTRON TOMOGRAPHY FOR INVESTIGATION
OF CULTURAL HERITAGE ARTEFACTS

E. S. Kovalenko?!, M. M. Murashev?!, K. M. Podurets'*, E. Yu. Tereshchenko!?, E. B. Yatsishina!

! National Research Center "Kurchatov Institute”, Moscow
2 FSRC "Crystallography and Photonics" RAS, Moscow
* Podurets KM@nrcki.ru

The National Research Center "Kurchatov Institute” operates experimental facilities for
conducting tomography experiments on thermal neutron beams and synchrotron radiation. Radiation
sources are the research reactor IR-8 and the dedicated source of synchrotron radiation "KSRS -
Kurchatov". One of the striking examples of the effective application of neutron and synchrotron
tomography methods is the study of cultural heritage artefacts, since this methods allow to reveal the
hidden details of their structure without destroying objects.

Work in this field is conducted in cooperation with the Institute of Archeology of the Russian
Academy of Sciences, the State Historical Museum, the A.S. Pushkin State Museum of Fine Arts and other
organizations. The report presents an overview of the main studies of cultural heritage objects carried out in
the Kurchatov Institute using neutron and synchrotron tomography methods, including the research
supported by the Ministry of Science and Higher Education of the Russian Federation in the framework of
the implementation of project No. 15.SIN.21.0023 (Agreement No. 075-15-2022-1177 of 08/25/2022).

As a result of the work, it is possible to obtain important information about the safety of
artefacts, decor hidden by corrosion products, manufacturing technology and other features of objects,
as well as to restore their original appearance.

UCCJIEJJOBAHUE CBOMCTB SIJIEP, IHOJIYYEHHBIX B PEAKIIMSIX
IMPU OBJIYYEHUU HA YCKOPUTEJIAX OUSAAU MUIIEHEMU: U , AKTUHU OB, *Ho
W OBPA3IIOB BBICOKOTEMIIEPATYPHOM IJIACTMACCHI

C.II. ABpneeB, O. B. beuios, /I. P. [Ipnosin, B. B. Ko6eu, M. C. HoBuxkos, I'. 1. CmupHoB,
B. U. Creraiisio, C. . TioTIOHHHKOB

141980 OObeMHEHHBIN HHCTUTYT SACPHBIX UCCIICAOBAHMIA
r. lybna MockoBckoii obnactu, yiu. XKonmo-Kropu, 1. 6
E-mail: stegajlov2013@yandex.ru

HccnenoBanrss NPOBOAWINCH B pPaMKax SKCICPUMEHTOB IO 3JIEKTPOSACPHOM TeMaTHKe
B JIOBD OUSAM u B pamrax mpoekrta «ICHAIIII-2» JISAII OUAN. Mcnons3oBaauce yCKOPUTEIH
OUAUN: Hyknorpon, ®azorpon, IMHAK-200 u nepsas ouepens komruiekca NICA ¢ myuykom KceHOHa
npu 3Heprun 6onee Tpex ['3B/nykion.[1]

W3mepeHust mMpoBOIWINCH C WCIONB30BAaHUEM PA3IMUYHBIX CHEKTPOMETPUYECKHUX METOMUK,
HOJIYIIPOBOHUKOBBIX JIETEKTOPOB U MHOTOJICTEKTOPHBIX CIIEKTPOMETPOB COBIaAeHHH [2].

Hamu mokazaHo B X0Jie TPOBEJEHHBIX SKCIEPUMEHTOB, YTO HCIOIB30BAaHHE YCKOpHUTEICH
(hazotpona (Ep = 660 MaB) u yckopurens snexrponoB (JINHAK-200 MaB) no3BomnsieT 3¢ ¢dekTnBHO
UCCIIEIOBATh M30MEPHI0 M CTPYKTYPY PaIlOaKTUBHBIX SJEp, IMOMYYCHHBIX B XOJA€ OOIy4eHUs
muinenei 1°°Ho, 28U, 2°Bi, akTuHUI0B 1 00pa3LOB U3 BEICOKOTEMIIEPATYPHOM miacTMacchl. [1, 3]

B nacrosimem nokmazne npuBeaeHbI pe3yIbTaThl HCCISAOBAHUN TNIAHUPYEMBIX Iy OINKAIUA 10
OmpeJIeNICHHBIM HampaBieHusM [ 1-3].
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3. Stegailov V. I. et al. I LV National conference on nucl. physics. S.-Petersburg. 2005. P.72.
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INVESTIGATION OF THE PROPERTIES OF NUCLEI OBTAINED IN REACTIONS
DURING IRRADIATION AT JINR ACCELERATORS OF TARGETS:
238y, ACTINIDES, **Ho AND SAMPLES OF HIGH-TEMPERATURE PLASTIC

V. I. Stegailov, S. 1. Tyutyunnikov, O. V.Belov, M. S.Novikov, V. V. Kobets, C. P. Avdeev,
G. I. Smirnov, J. R. Drnoyan

Joint Institute for Nuclear Research
Joliot-Curie 6, 141980 Dubna, Moscow Region, Russia
E-mail: stegajlov2013@yandex.ru, tsi210647 @yandex.ru

The research was carried out within the framework of experiments on the electro-nuclear topic
at the JINR LSE and within the framework of the project "YASNAPP-2" of the JINR Nuclear Power
Plant. JINR accelerators were used: Nuclotron, Phasotron, LINAK-200 and the first stage of the NICA
complex with a xenon beam at an energy of more than three GeV/nucleon. [1]

Measurements were carried out using various spectrometric techniques, semiconductor
detectors and multi-detector coincidence spectrometers [2].

We have shown in the course of our experiments that the use of phasotron accelerators (Ep =
660 MeV) and electron accelerator (LINAK-200 MeV) makes it possible to effectively study the
isomerism and structure of radioactive nuclei obtained during irradiation of targets '**Ho, ®U, 2*°Bi,
actinides and samples from high-temperature plastic. [1, 3]

This report presents the results of studies of planned publications in certain areas [1-3].
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HCCJIEJJOBAHUE IMTPOJIYKTOB PEAKIIA B IUAITA3OHE DHEPT UM > 1T3B
IPU OBJIYUYEHUM HA YCKOPUTEJAX OUSIM MAUIIEHEX TSKEJIBIX U30TOIOB,
AKTUHUJIOB U YPAHA **¥U C HEJbIO CO3JAHUS DJIIEKTPOSJIEPHBIX CUCTEM
(AAC-PEAKTOPOB)

C. . Twtwonuukos, B. . Creraiinos, O. B. beJsos, C. II. Apaees, B. H. KoGen, I'. 1. CMmupHoB

141980 OObeMHEHHBII HHCTUTYT SEPHBIX UCCIIEAOBAHIIMA
r. Jly6na Mockogckoii 001actu, yiu. XXomuo-Kropu, 1. 6
E-mail:stegajlov2013@yandex.ru, tsi210647@yandex.ru

OKCIIEpUMEHTHI, UX NPOBEACHUE B PaMKax paOOThl MO CO3JaHMIO BJIEKTPOSIIEPHBIX CHUCTEM
(AC-peakTopoB), B TEpBYIO Ouepelb HAMpaBieHbl Ha pEIIEHHE MPOOIeMbl TpPaHCMYTAIUH
aKTUHUJOB HENTYHUsI, aMEpPUIIUs, IIYTOHUS, KOTOPBIE MCKYCCTBEHHO OOpa3yIOTCS B PEaKTOpe, Kak
(hOHOBBIH MTPOAYKT, AKTUBHO MOTIIOMIAFOIINN HEUTPOHBI.

3anmaya nmpencTaBiseT coOor OOIIMPHYIO TEMY IS UCCIICIOBAHUS.

1. UccnenoBanue TpaHCMyTaIlMl 00pa3IioB B HEHTPOHHBIX MOJISAX, MOJYUYESHHBIX B MUIICHHBIX
coopkax «KBuHTa», «bypanm» npoekT [1-5] u apyrux ¢ momombto da3oTpoHa Ipu SHEPTHH TPOTOHOB
660 M»3B.

2. Uccnenoranue TpaHcMyTanuy 00pa3iioB B HEUTPOHHBIX MOJISIX, MOJIYYCHHBIX C TOMOIIBIO
MyYKOB 3apsDKEHHBIX YacTwIl Ha yckoputene Hykmorporn OUSN [2].

3. HccnenoBaHue TpaHCMyTalUH OOpas3LOB B IOJ€ TOPMO3HOTO H3IyYEHHS, IOITYYE€HHOM
¢ momolikio 1ekTponnoro yckopurens JIMHAK-200 ¢ sueprueii snextponos go 200 MaB [2].

4. UccnenoBanue TpaHCMYTAIlUK 00PA3LOB B MOJISIX JIA3EPHOIO U3nydeHus [3, 4].
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5. UccenoBaHie MOHOM30TOIIOB B IIMPOKOM amanasone mace ot 2Na, 2’Al, #Sc, °1V, %°Mn,
%Co, ™As, Y, ®Nb, Rh, BIn, ¥°Ho mo ?®Bi u %8U, a Taxke MX KOMOHMHAIMi, C IIEJbIO
WCCIIEZIOBAHUS CUCTEMATHYECKUX M3MEHEHMH WX CBOWCTB MpPU OOJYyYEHHH B HEHTPOHHBIX MOJISX,
CO3/IaHHBIX C MIOMOIIBIO My4YKOB ycKopuTeneir OVSIN.

B HacTosiieM I0KI1a e pUBEICHBI Pe3yIbTaThl HCCIEA0BAHMUIN IUIAHUPYEMBIX TyOIHKAIINIA 110
ompe/ieNICHHbIM HanpasieHusM [1-5].
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INVESTIGATION OF REACTION PRODUCTS IN THE ENERGY RANGE > 1 GEV WHEN
IRRADIATING TARGETS OF HEAVY ISOTOPES, ACTINIDES AND URANIUM 28U
AT JINR ACCELERATORS IN ORDER TO CREATE ELECTRO-NUCLEAR SYSTEMS
(ADS-REACTORS)

S. I. Tyutyunnikov, V. I. Stegailov, O. V. Belov, S. P. Avdeev, V. V. Kobets, G. I. Smirnov

Joint Institute for Nuclear Research
Joliot-Curie 6, 141980 Dubna, Moscow Region, Russia
E-mail:stegajlov2013@yandex.ru, tsi210647 @yandex.ru

The experiments carried out as part of the work on the creation of electro-nuclear systems
(ADS reactors) are primarily aimed at solving the problem of transmutation of neptunium, americium,
and plutonium actinides, which are artificially formed in the reactor as a background product actively
absorbing neutrons.

The task is an extensive topic for research.

1. Investigation of the transmutation of samples in neutron fields obtained in the target assemblies
"Quint", "Buran™ project [1-5] and others using a Phasotron at a proton energy of 660 MeV.

2. Investigation of the transmutation of samples in neutron fields obtained using charged
particle beams at the JINR Nuclotron accelerator [2].

3. Investigation of the transmutation of samples in the field of braking radiation obtained using
the LINAK-200 electron accelerator with an electron energy of up to 200 MeV [2].

4. Investigation of the transmutation of samples in the fields of laser radiation [3, 4].

5. Investigation of monoisotopes in a wide mass range from 2°Na, ?’Al, #°Sc, 5V, %*Mn, *Co,
®BAs, 8Y, ®Nb, 1Rh, 3In, 1%°*Ho to 2°Bi and 2%U, as well as their combinations, in order to study
systematic changes in their properties during irradiation in neutron fields created using accelerator
beams JINR.

This report presents the results of studies of planned publications in certain areas [1-5].
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HOBBI CHEKTPOMETPUYECKHWH KOMILIEKC YCTAHOBKH I'HC-2: PABOTA
B HU3BKO®OHOBOM PEXXUME

10. C. Upiranos, /. Uoanyanaes, A. H. Iloasikos, A. C. Ilogmmosikux,
A. A. Bounos, B. b. 3;10ka30B

JlaGoparopus saepHbIX peakiuii um. Onépona,
141980 OObeMHEHHBIH MHCTUTYT SJCPHBIX UCCIICAOBAHMIA
r. Jly6na MockoBckoii o0actu, yiu. Xomuo-Kropu, 1. 6
8-496-216-45-62, tyra@jinr.ru

JlyOHeHCKuit ra3oHanonHeHHbId cenaparop-2 (THC-2) — nanbosee coBepilicHHasI yCTaHOBKA
Jlaboparopun simepHbIX peaknuii uMm. ®@uepora (JISIP, OUSIN), umcrmonb3yemas B oOIacTH wHccIie-
JOBaHUI TsDKENBIX 3neMeHToB [1, 2]. PaccmarpuBaetcs HoBasi cuctema oOHapyxkenus: s [HC-2.
Mopyne nerektupoBanus ycTaHOBKM ['HC-2 coCTOMT M3 NBYXCTOPOHHETO CTPHUIIOBOIO HETEKTOpa
(ICCHl) m MHOTOIIPOBOJIOYHOW 3alOMHEHHON MeHTaHOM Hu3koro nasienus (~1,2 Topp, B0306-
HOBJISIEMBI MOTOK) mponopiuoHansHoi kamepsl (MIIIIK) [3, 4]. OcHOBHOEe BHHUMaHHUE YAEISETCS
pa3paboTKe HOBBIX BepCcHid (KaKk aHAJIOTOBBIX, TaK M HU(PPOBBIX) AITOPUTMOB PEaIbHOTO BPEMEHHU st
MIOMCKA KOPOTKHX KOPPEIMPOBAHHBIX IOCIEAOBATENLHOCTEH € LEJIBI0 OOECHEeUeHHs PaluKaIbHOIO
nojaByeHust GoHa, CBSI3aHHOTO C TYYKOM, B SJEPHBIX PEaKHsIX MOJHOIO CHHTE3a, HHIYLIUPOBAHHBIX
TSOKETIBIMU HOHaMU. [ MOKHe ClieHapuu AJisl 9TUX alTOPUTMOB HAXOMAATCS B CTaJHU paccMOTpeHus [5].
IIpuBenennr cnenndpudeckrne momeHTe! AE MIIIIK HU3KOTO AaBIIeHUS B yCIOBHSIX CBEPXBBICOKHX
MHTEHCHBHOCTEH Tyuka (10 7 MKA-u nonos “Ca*%) [4-6]. Taxke KpaTKo NMpeEACTABIEHBI IPUMEPHI
YCIIENIHOTO TNPMMEHEHUsS CHCTEMBI JIETEKTHPOBAHUS B COBPEMEHHBIX OKcrepumeHnTtax “®Ca +
AKTHHHIHAs MALIEHb->CBepXTsHKENOE sApO + XN.
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NEW SPECTROMETRY COMPLEX OF THE DGFRS-2 SETUP: LOW BACKGROUND
MODE OPERATION

Yu. S. Tsyganov, D. Ibadullayev, A. N. Polyakov, A. S. Podshibiakin,
A. A. Voinov, V. B. Zlokazov

Flerov Laboratory of Nuclear Reactions, Joint Institute for Nuclear Research
Joliot-Curie 6, 141980 Dubna, Moscow Region, Russia
8-496-216-45-62, tyra@jinr.ru

The Dubna Gas-Filled Recoil Separator-2 (DGFRS-2) is the most advanced facility of the
Flerov Laboratory of Nuclear Reactions (FLNR, JINR) used in the field of heavy element research [1,
2]. A new detection system for the DGFRS-2 is being considered. The detection module of the
DGFRS-2 setup consists of a Double Side Strip Detector (DSSD) and a multiwire low-pressure
pentane-filled (~1.2 Torr, renewed flow) proportional chamber (MWPC) [3, 4]. The main focus is on
developing new versions (both analog and digital) of real-time algorithms to search for short
correlated sequences in order to provide radical beam-associated background suppression in heavy
ion-induced complete fusion nuclear reactions. Flexible scenarios for these algorithms are under
consideration [5]. Specific moments of low-pressure AE MWPC under conditions of ultra-high beam
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intensities (up to 7 ppA of “8Ca*l® projectiles) are presented [4-6]. Examples of the successful
application of the detection system in modern “Ca + Actinide Target -> SHN + xn experiments are
also briefly presented.
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CUCTEMA NIOATrOTOBKH BbICOKOKBAJITM®UIIAPOBAHHBIX KA/IPOB
JJIAA PAANAIITMOHHOU MEJUIIUHBI B MI'Y UMEHHU M.B. TJOMOHOCOBA

A. I1. Yepnses'?*, E. H. JInikoBa?, M. B. Kearonoxckasn'?, B. B. Pozanos?,
V. A. Bausuok!?, I1. 10. Bopmerosckas®?, ®@. P. CryneHukun’?

! MockoBckumii rocyqapcTBeHHbIN yHuBepcuTeT nMenr M. B. Jlomonocosa, Mocksa, 119991, T'CII-1,
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Ha ¢usnueckom dakynerere MI'Y umenn M. B. JlomoHocoBa Ha Kadenpe (U3MKH YCKO-
putenell W pagMaliOHHON MEJUIUHBI Peaju3yIOTCsi 00pa30oBaTelbHbIC MPOTPAMMbI CHEIUAINTETA
«Pu3uKa yCKOpUTEIeH U paAualMOHHON MEAUIUHBD U MarucTpaTypbl «PaguanoHHas MeIUIMHCKAs
¢umsukay. B 2015-2022 rogax kadenpoir (U3MKK YCKOpPHTENEH W paJAHAlMOHHON MeEIUIUHEI
BeimymeHo 190 crynenroB, 60 % ©3 HHX ocTamuch paboOTaTh B CHEIHAIBHOCTH B KayecTBE
MEIUIUHCKUX (DU3UKOB OTHCIICHUH JIy4eBOW TEpaluy W CIELHUAIMCTOB MO 3KCIUTyaTalud U paspa-
00TKe pasnoTepaneBTHIECKOT0 000pyJOBaHUSL.

B 2012 rony Ha 6aze kadenpbl QU3MKH YCKOpHUTENEeH W paguallMOHHOW MeauiuHbl MIY
comectno ¢ MHUOUM wum. II. A.T'epuena mnpu mnommepxkke kommanuii «MCM-Menummake»
n «ELEKTA» Obutn OpraHM30BaHBI KypCHI TOBBIMICHUS KBamudukammn «Du3nka paanalnioHHON
MEIUIUHBI.

s perieHus 3agadu MEPeroOATOTOBKH KaApOB JUISL JiydeBoil Tepamuu B utone 2016 r. mo
JIOTOBOPY MeXITy MOCKOBCKMM TOCYIHapCTBEHHBIM yHHBepcuteToM mM. M. B. JlomonocoBa (¢u3u-
yeckuit Qaxynprer) W MHDpacTpykTypHeiM u OOpa3zoBatenpHbIM DoHIoM Oblma pa3paboraHa
U peaju3oBaHa TmporpamMma Npo(ecCHOHaIbHONW MEPEHoAroTOBKM B  00JacTH  pa3paboOTKH,
9KCIUTyaTallud ¥ NPUMEHEHHS BBHICOKOTEXHOJIOTHUHBIX CHUCTEM AJIs JiyuyeBod Tepamuu. OOydyeHue 1o
nporpamme npouuta 6osee 50 cnenmanicToB u3 15 pernonos Poccun.

C 2002 rona Ha 6a3e kadeapbl GU3NKH YCKOPUTEIICH U PaIMAIMOHHON MEUIIMHBI 3aIUIICHO
okono 30 KaHAWAATCKUX W JOKTOPCKUX AMccepTanuid. B Hacrosimee Bpems IUIsl CIIEIHAIHCTOB,
JKETAIONIUX MPOAODKUATE HAYIHYIO padoTy TS TOTydeHus yueHoi crenenu, B MI'Y umenn M. B. Jlo-
MOHOCOBa peaqu3yeTcsl MOATOTOBKAa MEIWIUHCKUX (H3MKOB BhICIIEH Kareropuu. JleiicTByer
Hoxtopckuit coer JI011 mo cmeumanbHOCTSIM 1.4.13 «Pamumoxumusi» u 1.5.1 «PagmoOuonorus»»
(pm3uko-maTemaTrueckue U Onomorndeckne Hayku). [Ipukazom MuHHCTEpCTBa HAYKH W BBICIIETO
obpazoBanus Poccuiickoit deneparnu B koHie mast 2022 roaa BBeneHa ¢ 2023 rona HOBas HaydHAS
CHEUUANBHOCTb, 10 KOTOPOW MPUCYXKAAIOTCS Y4eHas CTENeHb KaHguIaTa HayK M JOKTOpa Hayk:
MeAUIMHCKasA GU3UKa — PU3MKO-MAaTEMaTHUECKUE HAyKH.

Ilpu noodeporcke MedcoucyunuHapHol HAyyHO-00pazoeamenbHol wKoabl Mockosckozo
yHugepcumema « Pomonnule u keanmoguvle mexronocuu. L{ughposas meouyunay.
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THE SYSTEM OF TRAINING HIGHLY QUALIFIED PERSONNEL
FOR RADIATION MEDICINE AT LOMONOSOV MOSCOW STATE UNIVERSITY

A. P. Chernyaev'?" E. N. Lykova'?, M. V. Zheltonozhskaya'?, V. V. Rozanov?,
U. A. Bliznyuk *?, P. Yu. Borshchegovskaya?, F. R. Studenikin 2

Y Lomonosov Moscow State University, Moscow, 119991, GSP-1, Moscow, Leninskie gory, house 1,
building 2, Russia; +74959394946
2 SINP Moscow State University named after D. V. Skobeltsyn, Moscow
*e-mail: a.p.chernyaev@yandex.ru

At the Faculty of Physics of Moscow State University named after M.V. Lomonosov at the
Department of Physics of Accelerators and Radiation Medicine, educational programs of the specialty
"Physics of Accelerators and Radiation Medicine” and the master's program "Radiation Medical
Physics" are being implemented. In 2015-2022, 190 students graduated from the Department of
Accelerator Physics and Radiation Medicine, 60 % of them remained to work in the specialty as
medical physicists in radiation therapy departments and specialists in the operation and development
of radiotherapy equipment.

In 2012, on the basis of the Department of Accelerator Physics and Radiation Medicine, Moscow
State University, together with P. A. Herzen, with the support of the companies "MSM-Medimpex" and
"ELEKTA", advanced training courses "Physics of Radiation Medicine" were organized.

To solve the problem of retraining personnel for radiation therapy in July 2016 under an
agreement between Moscow State University. M.V. Lomonosov Moscow State University
(Department of Physics) and the Infrastructure and Educational Foundation developed and
implemented a program of professional retraining in the development, operation and application of
high-tech systems for radiation therapy. More than 50 specialists from 15 regions of Russia have been
trained under the program.

Since 2002, about 30 candidate and doctoral dissertations have been defended on the basis of
the Department of Accelerator Physics and Radiation Medicine. Currently, for specialists wishing to
continue their scientific work to obtain a degree, at Moscow State University named after M.V.
Lomonosov, the training of medical physicists of the highest category is being implemented. There is
a Doctoral Council D011 in the specialties 1.4.13 "Radiochemistry" and 1.5.1 "Radiobiology"
(physical, mathematical and biological sciences). By order of the Ministry of Science and Higher
Education of the Russian Federation at the end of May 2022, a new scientific specialty was introduced
from 2023, in which the scientific degree of candidate of science and doctor of science is awarded:
medical physics - physical and mathematical sciences.

With the support of the Interdisciplinary Scientific and Educational School of Moscow University

“Photonic and Quantum Technologies. Digital Medicinem “.

HOBASI PUMAHOBA SAJIEPHAS ®PU3UKA: TEOPUS U ®YHIAMEHTAJIBHBIE
CJIEACTBUA

A. B. IOmkos*, M. I'. UTknc?

'HUU skcniepumenTanbHoii u Teopetndeckoit Gpusuku mpu KasHY um. anp-®apabwu, r. Anmarer, PK
2JlaGoparopus saepHbIx peakimii uM. ®neposa I'. H., 141980 OObeAMHEHHbINA HHCTUTYT SIEPHBIX
nccnenoBanui, . Jlyona MockoBckoit o6mactu, yi. XKomuo-Kropwu, 1. 6
*yushkovalexv@mail.ru

SAnepnas ¢usuka TpeOyeT mepecMoTpa COCTaBa, CTPYKTYPHI SA€p M MEXaHU3MOB SJICPHBIX
peakuuii. llepecMOTp HBIOTOHOBOM IapaJWrMbl IPOCTPAHCTBA-BPEMEHM HA SWHINTEHHOBCKYIO
MO3BOJIIET OTKPBITH HOBBIC AP GEeKTh. B cucteMy 0a3uCHBIX MOHSATHI HOBOH SIEPHOM (QU3UKH BOIILTA
NPUHIMIIMAIEHO HOBBIE BETMUMHBI — F€OAE3MYECKHE TPAEKTOPHH U KPUBH3HA «X» SAEPHOTO M OKOJIO-
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SJIEPHOTO TIPOCTpaHCTBa. Pa3MbIKaHHWE TeoJie3MUeCKOd pUMaHOBa MPOCTPAHCTBA JaeT TIepPBOE
CIIENCTBUE: HYHOAMEHMANLHOU HNPUYUHOU AO0EPHO20 (eHOMEHA padUOaAKMUBHOCU AGIAETNCS
ycmpemienue K Hyuo KpUBUsHvl 0OKO0S0EPHO20 NpocmpaHcmed. BTopoe CIeNCTBHE — 3TO epaHuybl
NPOMOHHBIX CEA3AHHBIX COCMOAHULL W 2PAHUYbL HEelMPOHHbIX C8A3AHHbLIX cmpykmyp. Tperbe cien-
CTBHE — 3TO npedei oKoHeuHocmu mendeneeéckoil mabauyvl no Z. Hanpumep, nis *°Pb kpususHa
paBHa ®r = 0,01, TO ecTh yXe yCTpeMJICHO K HYJIO U Pa3pbiBy reojesnueckoid. Hamu ompeneneHst
ACHMITTOTHYECKUE 3HAYCHUS CBS3aHHBIX COCTOSIHUI CBEPXTSDKEIBIX sJiep KaK Zmax = 184 + 5.

ITepecMoTpena mpupoAa SIAEPHBIX CHJI H3-3a TOrO, YTO HYXKHO OOECICUHTh CBOHCTBO
pUMaHOBa TPOCTPAHCTBA — €ro paccioeHuss Ha m-cimoum JlsmyHoBa. CBoHCTBaMH OTTaJKWBaHUS
001a1a10T MazHumubie OUNOIb-OUNOIbHbIE 83AUMOOCUCMEUs. eHympu a0pa. Y TpoToHa Uy = +2,79,
HelTpoHa Un = —1,91 sAepHBIX MarHETOHOB. DTOT MAarHUTHBIA TUIONG [ — [n U OOECTIeUMBaET
HEO0X0IUMOE OUunoIb-0UnoIbHoe OTTaJIKUBaHue. Bee 9TH CBOWCTBA MPOSBIISIOTCS] B 3aBUCHMOCTH OT
OpUEHTAIlMA MAarHUTHBIX JHIIONEH IPyr OTHOCHUTEIBHO Jpyra. A TIJIaBHOE, JWIIONb-JAHIIONBEHOE
MarHUTHOE B3aWMO/ICHCTBHE JaeT TpeOyeMoe pacclioeHue SIePHOTO JUTUITHIECKOTO MTPOCTPAHCTRA.

CornacHo Teopeme bemoBa numb BoceMb TPy (EAOPOBCKHX CHUMMETPHA OTBEYAOT
YCIIOBUIO TUIOTHEWIINX YIMAKOBOK, YTO YIWBUTEIBHBIM 00pa3oM COBMANAeT C YHCIOM SIEPHBIX
MarmyecKux 4YHucell. JTO BCKPBIBAECT HPUpPOOy Ma2udeckux uucel — HIOMHeluue Ynakoexku, T. €.
MaKCHUMaJIbHbIE€ DPHEPTUM CBA3U B dAnpax. JlelcTBurtenbHO, B ZN-MaTpUIlE M30TOMOB BO3BBIIIAIOTCS
IeCTb yXKe OTKPBITHIX «OCTPOBOB CTA0MIBHOCTH» TPH MarvdecKMX YHCIaX IPOTOHOB M HAMHU
npedckazvieaiomest 7-ui u 8-l ocmposa npu Z = 126 u 184.

Hakonen, BaXHbIM CIIEJICTBHEM HOBOW SIICPHOW (DHBUKHU SIBISCTCS OOHAPYIICEHUEe S6TeHUs
CNOHMAHHO20 A0EPHO20 CUHMEe3d TIPU ABWKEHUH MYJIbTHKIIACTEPOB BIOJIH T€0IC3MUECKUX TPACKTOPHUH.

NEW RIEMANN NUCLEAR PHYSICS: THEORY AND FUNDAMENTAL
CONSEQUENCES

A. Yushkov™”, M. Itkis?

Institute of Experimental and Theoretical Physics al-Farabi KazNU, Almaty, Kazakhstan
2 Flerov Laboratory of Nuclear Reactions, Joint Institute for Nuclear Research
Joliot-Curie 6, 141980 Dubna, Moscow Region, Russia
*yushkovalexv@mail.ru

Nuclear physics requires a revision of the composition, structure of nuclei and mechanisms of
nuclear reactions. The revision of the Newtonian paradigm of space-time to the Einstein one allows
discovering new effects. The system of basic concepts of new nuclear physics included fundamentally
new quantities - geodesic trajectories and curvature "»" of nuclear and near-nuclear space. The
opening of the geodesics of the Riemannian space gives the first consequence: the fundamental cause
of the nuclear phenomenon of radioactivity is the curvature of the nuclear space tending to zero. The
second consequence is the boundaries of proton bound states and the boundaries of neutron bound
structures. The third consequence is the end limit of the periodic table in Z. For example, for 208Pb the
curvature is equal to xR = 0.01, that is, it already tends to zero and the discontinuity of the geodesic. We
have determined the asymptotic values of the bound states of superheavy nuclei as Zmax = 184 + 5.

The nature of nuclear forces is revised due to the fact that it is necessary to ensure the property
of the Riemannian space - its stratification into Lyapunov m-layers. The properties of repulsion are
possessed by magnetic dipole-dipole interactions inside the nucleus. The proton has pup = +2.79, the
neutron un = —1.91 nuclear magneton. This magnetic dipole pp - un provides the necessary dipole-
dipole repulsion. All these properties manifest themselves depending on the orientation of the
magnetic dipoles relative to each other. And most importantly, the dipole-dipole magnetic interaction
gives the required stratification of the nuclear elliptical space.

According to Belov's theorem, only eight groups of Fedorov symmetries meet the closest
packing condition, which surprisingly coincides with the number of nuclear magic numbers. This
reveals the nature of magic numbers - the closest packings, that is, the maximum binding energies in
the nuclei. Indeed, in the ZN-matrix of isotopes, six already discovered "Islands of stability" rise at the
magic numbers of protons, and we predict the 7th and 8th islands at Z=126 and 184.
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Finally, an important consequence of the new nuclear physics is the discovery of the
phenomenon of spontaneous nuclear fusion when multiclusters move along geodesic trajectories.

CBEPXTSKEJBIE XUMHWYECKUE 2JIEMEHTBI B ®OPMAJIN3ME
PUMAHOBO-JIOBAYEBCKOM TEOMETPUH

A. B. IOmxkos*", M. I'. UTknc?

'HUU s>kcniepumenTanbHOi 1 TeopeTndeckoit Gpusuku mpu KasHY um. anp-®apabu, r. Anmarer, PK
2Jlabopatopus saepHbIX peakiuii um. Oneposa I'. H., OGbeJMHEHHbINH UHCTUTYT SIEPHbIX
nccienoBanui, r. Jlyona MockoBckoit obnactu, yi. Komuo-Kropw, 1. 6
*yushkovalexv@mail.ru

PaccesiHue a-4acTHi, TSDKENTBIX MOHOB M peakius AeJICHUS OOHApYKUBAIOT HEEBKIIMIIOBOCTD
BHYTPHUSIEPHOTO U OKOJIOSAEPHOTO MPOCTPAHCTB. JlaHBI MpsiMble 3KCIEpUMEHTalbHBIE 0Ka3a-
TEJNBCTBA JIOMUHHPOBAaHUS PHUMaHOBO-T00aYEBCKOW T€OMETpUU BHYTpH oOBbema siapa. TeH30pHBIN
¢dbopMani3M TEOpUH HOBOH PHMAHOBOW sIEpHOW (PU3MKM OCYLIECTBIAET OOpaTHBIA MEpexon OT
HIPEIMHTEPOBCKOTO IBIKEHUS K IETEPMUHUPOBAHHOMY HBIOTOHOBOMY JBIIKEHHUIO.

Mogens OraHecsiHa «SIpa-CHE)KUHKM» W HOBas pUMaHOBas sjiepHas (pU3HMKa IMO3BOJSET
OOBSICHUTH HOBBIE M «CTapble» (hyHIaMeHTaJlbHbIE (DEHOMEHBI B (PM3MKE aTOMOB M aTOMHOIO sIpa.
Janpl mpenckazaHus HOBOHM JIOKaJdM3aLUMU OCTPOBOB CTAOMJIBHOCTU CBEPXTSDKENBIX XHMHUYECKHX
3JIEMEHTOB, B 4aCTHOCTH, «OcTpoBa Ne 7» (6 mpeapIAyIIMX OCTPOBOB YK€ IaBHO OTKPHBITHI) pu Z = 126
n «OctpoBa Ne 8» mpu Z =184. Teoperndeckn 000OCHOBaHA KOHEYHOCTH MEHIIEICEBCKOW TaOIHIIBI
B O0JIACTH CYMNEPTSDKEIBIX XMMHUYECKHMX OdJIeMeHTOB. llpeanmoxeHa uuess HOBOH YCKOPUTEIBHOM
KOJUTaiIepHON METOAMKH JUIsl yBEPEHHOTO JOCTHKEHUS MOCTIEAHNX IBYX «OCTPOBOBY.

Ha ocHoBe reomerpuu Pumana HaiineHsl QyHAaMeHTalIbHbIE YHCICHHBIE KPUTEPUH
KOHEYHOCTH ZN-MaTpulbl siIep, KaK CO CTOPOHbI MPOTOHOB M HEUTPOHOB, TAK U CO CTOPOHBI
CYNEPTSIKEBIX XMUMUYECKHX 3JIEMEHTOB M ypoBHeW depMu — MaKCHMaIbHO BBICOKOTO «HAarpeBa»
AIep W MaKCHMAIbHBIX 3HAUCHHWH [EIOYUCICHHBIX M JIPOOHBIX CHHHOB. KBaHTOBBIM XapakTep
BO30Y’>KJCHHBIX COCTOSHUI si7iep OOBSICHEH HAIWYMEM HOBBIX, IpeIaraéMblX HaMH, CIIeU(PUIECKUX
SOEPHBIX MAarHUTHBIX [UIOJIb-TUIOJNBHBIX CHJI, O0JajaroIiuX TaK HEOOXOOUMBIMHM JUIS 3TOTO
CBOMCTBaMU MPUTATUBAHUS U OTTAIKUBAHUSL.

U3 BmepBble HaiieHHBIX (YHKIWH 3aBUCUMOCTU IEPUOJOB MOJypacmaga oT AcdopMaruu
Aep IOMy4eHO OObBACHEHHWE Hanuuue (yHIAMEHTAJIbHBIX IPaHMIl [UIA SK30THYECKHX sAep. OTO
oOHapyKeHHOe paHee KaracTpoduueckoe pazBuThe AcdopManuu saep P2 Mo Mepe MxX yJNaJeHHUs OT
ocu «Jlopoxkku cTabmipHOCTUY». BTOpOoe HabmrofeHNe He MEHee YIUBUTEILHO: 3a 3HaUeHueM Z = 50
Y BIUIOTH /IO CAMBIX CBEPXTSDKENBIX SIEpP MOITHOCTHIO OTCYTCTBYIOT CIUTFOCHYTBIE cpeponanl ¢ signf. < 0.
CaMo 3TO fABIIEHHME, B CBOIO OU€pElb, KIAAET MpENeN CYIIECTBOBAaHUIO CBA3AHHBIX COCTOSHUM sAep,
TaKk Kak OOJbIIasl MOJYOCh BBITSIHYTHIX chEepOUIOB BpAIleHUsT CTAHOBUTCS MHOTO OOJBIIE paanyca
JIEHCTBUS SICPHBIX CHIL

SUPERHEAVY CHEMICAL ELEMENTS IN THE FORMALISM OF RIMANOV-
LOBACHEVY GEOMETRY

A. Yushkov!”, M. Itkis?

Institute of Experimental and Theoretical Physics al-Farabi KazNU, Almaty, Kazakhstan
2 Flerov Laboratory of Nuclear Reactions, Joint Institute for Nuclear Research
Joliot-Curie 6, 141980 Dubna, Moscow Region, Russia
*yushkovalexv@mail.ru

The scattering of a-particles, heavy ions, and the fission reaction reveal the non-Euclidean nature
of the intranuclear and perinuclear spaces. Direct experimental evidence is given for the dominance of
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the Riemannian-Lobachev geometry inside the volume of the nucleus. The tensor formalism of the
theory of the new Riemannian nuclear physics carries out the reverse transition from the Schrédinger
motion to the deterministic Newtonian motion.

Oganesyan's "nucleus-snowflake” model and the new Riemannian nuclear physics make it
possible to explain new and "old" fundamental phenomena in the physics of atoms and the atomic
nucleus. Predictions of a new localization of the islands of stability of superheavy chemical elements
are given, in particular, "Islands No. 7" (6 previous islands have long been discovered) at Z = 126 and
"Islands No. 8" at Z = 184. The finiteness of the periodic table in the field of superheavy chemical
elements is theoretically substantiated. The idea of a new accelerator collider technique for confident
reaching the last two "islands" is proposed.

On the basis of Riemann geometry, fundamental numerical criteria for the finiteness of the ZN-
matrix of nuclei are found, both from the side of protons and neutrons, and from the side of
superheavy chemical elements and Fermi levels — the highest "heating" of nuclei and the maximum
values of integer and fractional spins. The quantum nature of the excited states of nuclei is explained
by the presence of new, proposed by us, specific nuclear magnetic dipole-dipole forces, which have
the properties of attraction and repulsion so necessary for this.

From the functions of the dependence of half-lives on the deformation of nuclei found for the first
time, an explanation is obtained for the presence of fundamental boundaries for exotic nuclei. This is
the previously discovered catastrophic development of the deformation of the 4. nuclei as they move
away from the axis of the Stability Track. The second observation is no less surprising: after the value
Z = 50 and up to the most superheavy nuclei, there are no oblate spheroids with sgn B2 < 0. This
phenomenon itself, in turn, puts a limit on the existence of bound states of nuclei, since the major
semiaxis of prolate spheroids of revolution becomes much more than the range of nuclear forces.
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