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1. OnTnyHa MoAeb 17151 OUCY B3a€MO/Iii YACTHMHOK i CJ1a0KO3B’s13aHUX SIIEp 3 siIpaMu B 00J1aCTi HU3bKUX i cepeHix
€Heprin

2. The optical model for the description of the particles and weakly-bound nuclei interaction with nuclei in the
region of low and middle energy

Pedepar:

1. lucepraniiiHa po60oTa MpucBsYeHa NOCIiIKEeHHIO B3aEMOJ il YAaCTUHOK i JIETKUX SIAEP 3 ApaMu Ha OCHOBI
ONTUYHOI MOJIEeJIi SIHEPHOTO PO3CisiHHS. B po60Ti OTpMMAaHO aHAJIITUYHUN BUPA3 7151 €JIEKTPUYHOTO ONTUYHOTO
notenuiany (EOII), sikuii onucye pocTOPOBY MOJISIPU30BaHICTb HAJIITAI0Y0] YACTUHKY B KYJIOHOBOMY I10JIi siipa-
mimeHi. Ha ocHosi EOII no6ynoBaHo saepHuil ontruyHuil norenuiasn (1011) nyis po3cisiHHS e TpOoHONOAiGHO]

YaCTUHKMU, 6e3 I'IiJ_II‘OHKI/I napaMeTpiB, 3a JOIMIOMOT OO MO]_ICJ'Ii 3ropTKH, B SIKii [apaMe€Tpu S0I1 CKIagOBUX YaCTHMHOK



3HAxXOJAThCS 3 BUKOPUCTAaHHSM HasIBHUX €KCIIEPUMEHTAJIbHUX NaHUX. PO3paxoBaHo nepepisu Npy>KHOTO PO3CiSTHHS
IeUTpOHiB 3a eHepriii 7, 7,3 Ta 8 MeB sgpamu 208Pb, 4, 5,5 ta 5 MeB sapamu 124Sn, a Takox 3,5, 4,5 Ta 5,16 MeB
saapamu 58, 62Ni. OTpMMaHO 33J0BiIbHUM ONMC €KCIIEPUMEHTAIbHUX JIAHUX, 10 i TBEPIKYE 3aCTOCOBHICTD
3aIPONIOHOBAHOI MOJIeJIi, Jja€ 3MOT'y MOSICHUTY [IPUYMHY BUHUKHEHHS He(i3YHMX IapaMeTpiB TPaJALiMHIX
ONTMYHYX [NOTEHIiajIiB IPU TEOPETUYHIN iHTEpIIpeTalii JaHUX i3 IPYKHOTO PO3CiAHHA. JJOCIiI)KEHO B3aEMO/II0
IIeUTPOHIB 3 siTpaMu 3a HaZbap'epPHUX €Heprii, [J1s1 peakilii po3iuieryieHHs TeUTpoHa Ha HEUTPOH i IPOTOH 3
BAJILOTOM IPOZAYKTIB peakuii g MaiuMu KyTaMu. JloBeeHo, o ypaxyBaHHs JIALIE KyJIOHOBOTO MEXaHI3My peaKLii
PO3LIEIIEHHS HE3a40BIILHO OINKCYE HAsIBHI €KCIIEPUMEHTAJIbHI aHi, a BpaxyBaHHA cTangapTHux SOl neitpona
Ta MOTr0 CKJIAIOBUX MOTIpIIy€e PO30DKHICTh PO3PaXyHKIB 3 €KCIIepUMEHTAJIbBHUMU JaHUMU. 3alIPOIIOHOBAHO MOJIEIb,
B SIKill BpaXOBYBaJIaCh BHYTPILIHS CTPYKTypa HaJITAl04oro IeMTPOHA, 110 JO3BOJIUIIO 3a40BIIBHO ONKCATH HASBHI
eKCIIepUMEHTaJIbHi JjaHi 1010 epepisiB peaklii posiienyieHHs OedTPoHiB 3a eHeprii 56 MeB sapamu 12C, 40Ca ta
90Zr. Po3p06s1eHO ONITUYHY MOJEJIb [1J11 BUBYEHHSI B3aeMO/Iii [JPOHIB CEpe/IHiX €Heprill 3 gipaMu, 3 ypaxyBaHHSIM
CcIiH-op6iTasibHOI B3aeMofii. 3 ypaxyBaHsaM 2-ro BopHOBOro HabsM>XeHHs BIleplie 3000yTo aHaliTU4HI BUPa3U JJ1sl
aMILIITYIyU pO3CisiHH, nudepeHLiaNbHOro nepepisy, nosaspusauii, yHkuii IoBOpoTy cliHa Ta KyTa IIOBOPOTY CIliHa
3a PO3CisiHHS IPOTOHIB siapamu 40Ca, M0 Ja0 3MOTY SIBHO BU3HAUYUTH 3aJI€KHICTh CIIOCTEPEKYBAHUX
XapaKTEePUCTUK BiJl TapaMeTPiB ONITUYHOTO NOTEHIiany. [IpoBeieHO NOPiBHSHHS TEOPETUYHUX PO3PaXyHKIB,
BMKOHAHUX i3 3aCTOCYBaHHSIM BOpHOBOro HabM>XEHHS Ta ONTUYHOI Mozesi. loBesieHo, 1110 BUKOPUCTaHI Iifaxonu

IO3BOJISIIOTH 3a[J0OBI/ILHO ONMCATH HASIBHI €KCIIEPUMEHTAJIbHI JaHi npy eHeprisix 150 - 800 MeB.

2. Optical model was developed to describe the following reactions: elastic scattering of deuteron-like particles at
heavy nuclei at sub-barrier energies; the break-up of deuteron, scattering at the nuclei by the above-barrier
anergies; and polarization of protons by scattering at nuclei at intermediate energies. In the sub-barrier energy
scattering reactions, the nuclear optical potential (NOP) of a weakly coupled particle, obtained from the fit of the
experimental data, has non-physical parameters (large values of potential shape parameters, like radii or
diffusivity). For the theoretical construction of the optical potential that can predict the magnitudes of the elastic
scattering cross sections of such particles, the proposed model has a simple physical content: a weakly bound
deuteron-like particle is considered as a composite particle, which is polarized in the Coulomb field, which causes
the neutron to fall into the field of action target nuclei. Particle polarization is described by an electrical optical
potential within an adiabatic model that has no fitting parameters. For the first time, an analytical expression for
electrical optical potential (EOP) has been obtained for the calculations of the elastic scattering of light weakly
bound deuteron nuclei in the electric field of heavy nuclei in the area of turning points. Using of EOP allows the
construction of the deuteron-like particle nuclear optical potential without parameter fitting, within the folding
model, on the basis of constituent particles (“proton" and "neutron") optical potentials, which are obtained from
experimental data on the elastic scattering of these particles. Using the EOP, the wave function of the polarized
deuteron in the region of turning points was calculated, and the NOP was obtained as a folding of the sum of the
NOP of the proton and neutron with the function of the distribution of these particles in the polarized deuteron.
This model allows the use of global optical potentials of nucleons to describe reactions with such composite,
weakly-bound particles as deuteron,6He et al. The cross-sections for deuterons elastic scattering at the energies
of 7,7.3, and 8 MeV on 208Pb nuclei were calculated; for scattering energies of 4, 5.5 and 5 MeV at 124Sn nuclei; for
scattering energies of 3.5, 4.5, and 5.16 MeV at 58, 62Ni nuclei. It is shown that taking into account the polarization
enhances the nuclear optical potential in the peripheral region and gives a satisfactory description for the
experimental data on the scattering of deuterons on nuclei. This confirms the applicability of the proposed model,
makes it possible to explain the cause of non-physical parameters of traditional optical potentials in the theoretical
interpretation of the data from elastic scattering. Interaction of deuterons with heavy nuclei by above-barrier
energy was investigated. At such energy, the adiabatic approximation is not applicable, since the turning points lie
deep in the nuclear field of the target nucleus. The interaction of the deuteron with the target nucleus was
considered as an example of the deuteron break-up to a neutron and a proton, with the scattering of the reaction
products at small angles. Under this condition, the reaction is predominantly elastic and has been investigated in
the Distorted Wave Born Approximation (DWBA). Taking into account only the Coulomb mechanism of the break-



up reaction does not sufficiently describe the available experimental data, taking into account the standard NOP of
the deuteron and its components further impress the divergence of the calculations with the experiment data. In
the proposed approach, the effect of deuteron and its constituents on reaction cross sections was investigated. A
zero-point model of a deuteron NOP is proposed, where the interaction potential of a deuteron with a target
nucleus is expressed by the sum of the neutron-proton NOP and the folding model of the neutron-proton NOP by
the Hilten function of the deuteron ground state. It is shown that the shape of the break-up reaction cross-
section depends on the choice of the model of the deuteron EOP model, but the absolute value of the cross-
section exceeds the experimental data almost twice. The model that empirically considered the deuteron internal
structure was proposed and gave a satisfactory description of the data. Comparison of the calculated cross
sections of the deuteron splitting reaction at 56 MeV with 12C, 40Ca and 90Zr nuclei is compared with the
available experimental data, and it is shown that taking into account the internal structure of the deuteron
significantly influences the behavior of the calculated characteristics of the splitting reaction at the above-barrier
energies.
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