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1. OnTnyHa MoAeb [JIsl ONUCY B3a€MO/Iii YACTHMHOK i C/1aOKO3B13aHUX siTep 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. JucepTanifina po60oTa MpucBsYeHa IOCTiIKeHHIO B3aEMO/Iil YaCTUHOK i JIETKUX SIiep 3 AIpaMu Ha OCHOBI
OTITUYHOI MOJIEJ SIAEpHOro PO3CisiHHS. B po6OTi OTpMMaHO aHATITUYHUIN BUPa3 [J1s1 €JIeKTPUYHOTO OIITUYHOTO
notenujany (EOII), ikuii onucye NpoCcTOPOBY MOJISIPU30BAHICTb HAJIITAI0U0] YACTUHKYU B KYJIOHOBOMY IOJIi s1Ipa-
mimeni. Ha ocHoBi EOIT no6ynoBaHo simepHuil ontrnyHuil noreHnian (S1011) njis po3cisiHHS IeTpOHONOAiGHO]
YaCTHUHKY, 6€3 MiArTOHKY [apaMeTpiB, 3a JOTIOMOT0I0 MOJIeJli 3TOPTKHY, B sKill napameTpu SOT1 ckiafmoBux 4aCTUHOK
3HAXOMSTbCS 3 BUKOPHCTAHHSIM HasIBHUX €KCIIEPUMEHTAIbHUX JaHUX. PO3paxoBaHO nepepizu Ipy>KHOTO PO3CisSHHS
IeUTpOHIB 3a eHepriii 7, 7,3 Ta 8 MeB anpamu 208Pb, 4, 5,5 Ta 5 MeB sapamu 124Sn, a Takox 3,5, 4,5 Ta 5,16 MeB

saapamu 58, 62Ni. OTpuMaHO 33J0BiIbHUM ONMC €KCIIEPUMEHTAIbHUX JIaHUX, 10 MiITBEPIKY€E 3aCTOCOBHICTD



3aIPOINIOHOBAHOI MOJIEJIi, Jja€ 3MOT'y MOSICHUTY [IPUYMHY BUHUKHEHHS He(i3YHMX TapaMeTpiB TPAIALIIMHNAX
ONTMYHUX MOTEHIiajliB IPU TEOPETUYHIN iHTEpIIpeTalii JaHUX i3 IPYKHOTO PO3CiIHHA. JJOCTiI>)KEHO B3aEMOII0
IIeUTPOHIB 3 siTpaMu 3a Hanbap'epHUX eHeprii, [J1s peakiiii po3uiernyieHHs TeiTpoHa Ha HEUTPOH i MPOTOH 3
BJILOTOM IPOAYKTIB peakuii Mg Manumu KyTaMu. JloBefeHo, o ypaxyBaHHs JIALIE KyJIOHOBOTO MEXaHI3My peaKuii
PO3LIEIUIEHHS HE3a40BIILHO OIKCYE HAasABHI EKCIIEPUMEHTAJIbHI aHi, a BpaxyBaHHA crangapTHux SOl neiTpona
Ta MOro CKJIaIOBUX MOTIpIIy€e PO30DKHICTh PO3PaxyHKIB 3 €KCIIepUMEHTAJIbHUMU JaHUMU. 3alIPpOIIOHOBAHO MOJIEIb,
B SIKill BpaXOBYBaJlach BHYTPILIHS CTPYKTYypa HaliTaloyoro AeWTPOHa, O J03BOJIMIIO 33[0BiJIbHO ONMCATU HasIBHi
eKCIIepUMEHTaJIbHI JjaHi 1010 NepepisiB peaklii posienyieHHs OedTPoHiB 3a eHeprii 56 MeB sapamu 12C, 40Ca ta
90Zr. Po3p0o06s1eHO ONITUYHY MOJEJIb JJIsl BUBYEHHS B3a€EMOIii aipOHIB cepeiHiX eHepriil 3 sapamu, 3 ypaxyBaHHIM
CIliH-op6iTasibHOI B3aeMofji. 3 ypaxyBaHsM 2-ro bopHOBOro HabsM>XeHHs BIleplie 3000yTO aHaiTU4HI BUpPa3u JJ1sl
aMILIITYIU pO3CisiHHY, udepeHLiaNbHOro nepepisy, noyaspusauii, GyHKuii TOBOPOTY CIiHa Ta KyTa IOBOPOTY CITiHa
3a pO3CigHHA NPOTOHIB Axnpamu 40Ca, 0 1a10 3MOTY SIBHO BU3HAYNUTHU 3aJIEKHICTb CIIOCTEPEKYBAHUX
XapaKTEePUCTHK BiJl TapaMeTPiB ONITUYHOrO MOTEHIjasy. [I[poBeIeHO MOPiBHSAHHS TEOPETUYHUX PO3PaxXyHKIB,
BMKOHAHUX i3 3aCTOCYBaHHSIM BOpHOBOro HabM>KEHHS Ta ONTUYHOI Mozesi. loBesieHo, 1110 BUKOPUCTaHI Iifaxonu

I03BOJISIOTh 33/I0BiJIbHO OMMCATHU HASIBHI €KCIIepUMEHTasIbHi gaHi npu eHeprisax 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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