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Pedepar:

1. Inceprarist npucBsiYeHa No6yN0Bi TEOPETUYHUX MOEJIEN 7151 OOCiIKEHHS Pi3HUX S1€PHUX NIPOLECIB:
MiKHOSIEPHUX Peakliiil (peakiiil 3IMTTs aTOMHUX SIIEP 32 HU3bKUX TEMIIEPATYP) B KPUCTAJIIUHMX I'PATKAX
KOMIIaKTHMX 3ip; raJIbMiBHOT'O BUIIPOMIHIOBaHH4, 1O CYIIPOBOJKY€ peakllil pO3CisSiHHS IPOTOHA Ha NEUTPOHI Ta
HYKJIOHIB Ha aTOMHUX $/Ipax B CEPeOBUIIAX KOMIIAKTHUX 3ip. [lJ1s1 TOCTiI>)KeHHSs TIKHOSAEPHUX peakLiil 6yia
nobyj0BaHa MOJIE€JIb HA OCHOBI METOly 6araTopa3oBUX BHYTPIIIHIX BiIOUTTIB, SIKA1 OyB 3aCTOCOBAHU [0 siep B
KPUCTAIIYHUX I'PaTKax OiMX KapJuKiB Ta HEUTPOHHUX 3ip. Ha ocHOBI Mopesni 6yiy mopaxoBaHi MBUAKOCTI
MiKHOSIIEPHUX PeaKLii, gKi BusiBuiamcs B ~1,893 pasu MeHI1i B IOPiBHSIHHI 3 paHille TOPaXxOBaHMMU WIBUIKOCTSIMU
Ha OCHOBI KBa3iKJIaCUYHUX METO/iB. TaKy Pi3HHUII0 MOXKHA [TOSICHUTU THM, 110 METOJ, 6araTopa3oBUX BHYTPIIIHIX
BiIOUTTIB He Mae OOMEXXEHb Y 3aCTOCYBaHHI Ha BifgmiHy Bifi BKB-HabmmkeHHs. 3a M06yL0BaHOIO MOLEIIII0 OYIn

PO3paxoBaHi IMOBIPHOCTI YTBOPEHHS CKJIAJIEHUX SILIEP, IO € IIPOMDKHOIO CTafi€10 1O TOBHOTO 3JIUTTS ABOX SIIEP.



Po3paxyHKu 11oKasasny, o MMOBIPHICTb TAKOTO NPOLIeCY HabaraTo BUILA, HiXX 6e3r1ocepeHe 3IUTTH, IKe 6yJ10
IOCJIiIKeHO paHille 3a JOMOMOT0I0 METOy 3eJIb0BMYA (Ha OCHOBI €Heprii Hy/IbOBUX KOJIMBaHb). [Ipy nocimkeHHi
IIpOLIeCy PO3CisSIHHS IPOTOHA Ha JeUTPOHi Oy/iu po3pobieHi MOAiesli Ha OCHOBI KJIACTEPHOTrO Mifxony. AHai3youu
raJibMiBHE BUNIPOMIHIOBAaHHS B JIaOOPATOPIisIX, € MOKJIMBICTb YTOYHUTH MOJI€JIb AEUTPOHA HA OCHOBI OTPMMAaHUX
eKCIIepUMEHTA/IbHUX JaHuX. CIIeKTpy rajbMiBHOTO BUIIPOMiHIOBaHHSI, PO3Pax0BaHi 3a I0GYI0BAHOIO MOZEJIIIO,
rapHO OMNHUCYIOTh HAagBHI €KCIIEpUMEHTAJIbHI JIaHi, SIKi OTPMMAaHI MpY PO3CisHHI ITy4YKa JEUTPOHIB Ha IPOTOHHIN
MileHi 3 eneprieto 145 MeB. 3a nux eHepriil BIJIMB IapaMeTPU MOJieJli Ha pO3pax0OBaHi CIIEKTPY MiHIMaJIbHUM.
3rifHo 3 po3paxyHKamMmu, 3a eHepriil po3cioBaHoro nydka 1o 1,5 I'eB BriiB napameTpiB Ha nepepisu CyTTEBINI.
I[Tpu gocnimykeHHi BIaCTUBOCTEN aTOMHUX SIZIEP B IIiJIBHOMY CE€pelOBUIIi KOMIIAKTHUX 3ip OyJa nobygoBaHa
MIKpOCKOIIiYHa MOJIeJIb siipa Ha OCHOBI MoJeli e OpMOBaHUX OCLMIIITOPHUX 000JI0HOK. Mozenb 6ysa
YIOCKOHaJIEHA 17151 3aCTOCYBaHHS B KOMIIAKTHHUX 30PSIX 32 JOIIOMOTOIO MOJITPOMTHOTO PiBHSHHS CTaHY PEYOBUHU
30pi. Po3paxyHKku 3a JOIIOMOTOI0 MOZEJ IOKa3aJu, 110 JIETIli aTOMHI gpa 3[aTHi iCHyBaTH B HEUTPOHHUX 30PAX Ha
OinbIuili raMOMHI, HDK BaXKKi (€Hepris 3B'sI3Ky sipa CTae AOJATHOI0). Bysiu nopaxoBaHi CrieKTpU rajibMiBHOTO
BUIIPOMIHIOBaHHS IIPY PO3CisIHHI IIPOTOHIB Ta HEUTPOHIB HAa ATOMHUX SpaxX B CEPELOBUIL KOMIIAKTHUX 3ip. €

CYTTEBUI1 BIUIUB HA PO3Pax0BaHi CIIEKTPU B CEPENOBULL HEUTPOHHUX 3ip.

2. The dissertation is devoted to the development of theoretical models for studying various nuclear processes:
pycnonuclear reactions (fusion reactions of atomic nuclei at low temperatures) in the crystalline lattices of
compact stars; bremsstrahlung accompanying proton-deuteron scattering reactions and nucleon scattering on
atomic nuclei in the environments of compact stars. To investigate pycnonuclear reactions, a model based on the
method of multiple internal reflections was developed, which was applied to nuclei in the crystalline lattices of
white dwarfs and neutron stars. Based on this model, the rates of pycnonuclear reactions were calculated, which
turned out to be approximately 1.893 times smaller compared to previously calculated rates based on quasiclassical
methods. This difference can be explained by the fact that the method of multiple internal reflections has no
application limitations, unlike the WKB-approximation. Using the developed model, the probabilities of compound
nucleus formation, which is an intermediate stage before the complete fusion of two nuclei, were calculated. The
calculations showed that the probability of this process is much higher than the direct fusion, which was
previously studied using the Zel'dovich method (based on zero-point energy). In the study of the proton-deuteron
scattering process, models based on the cluster approach were developed. Analyzing the bremsstrahlung in
laboratories provides an opportunity to refine the deuteron model based on the obtained experimental data. The
bremsstrahlung spectra calculated using the developed model describe the available experimental data well, which
were obtained by scattering a deuteron beam on a proton target at an energy of 145 MeV. At these energies, the
influence of the model parameters on the calculated spectra is minimal. According to the calculations, at
scattering beam energies up to 1.5 GeV, the influence of the parameters on the cross-sections becomes more
significant. In the study of the properties of atomic nuclei in the dense environment of compact stars, a
microscopic model of the nucleus was constructed based on the model of deformed oscillator shells. The model
was improved for application in compact stars using the polytropic equation of state for stellar matter. The
calculations using the model showed that lighter atomic nuclei can exist in neutron stars at greater depths than
heavier ones (the binding energy of the nucleus becomes positive). The bremsstrahlung spectra from proton and
neutron scattering on atomic nuclei in the environment of compact stars were calculated. There is a significant
effect on the calculated spectra in the environment of neutron stars.
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