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1. YexoBchka A. B. Tlepepisu poTosepHUX peakiiiil 1j1s MOZeII0BaHHS O0-TIPOLleCY HYKJIEOCUHTE3Y B 3ipKax. -
KsanigikanifiHa HayKoBa IIpalsl Ha NIpaBax pyKonucy. JluceprauiiiHa po6oTa Ha 3000yTTsI CTYIIEHs TOKTOPa
¢inocopii 3a cnenianphicTio 105 - [IprknagHa ¢pisuka Ta HaHoMmarepianu ('amy3b 3HaHb 10 - [IpupogHNYi HAyKK). —
XapkiBCbKMM HaljioHaNbHNUA yHiBepcuTeT imeHi B. H. Kapasina MiHictepcTBa ocBiTH i Hayku YKpainu, Xapkis, 2023.
Merta po6otu. HaykoBe NOCiIKEHHS CIIPSIMOBAHO Ha OTPUMaHHS HOBUX €KCIIEPMMEHTAJIbHUX PE3YJIbTATIB [10
BUXOgax GOTOsmEPHNUX (O0,n)- Ta (0,p)- PeaKkLiil Ha MariYHuX gapax on0Bo-112 (112Sn), onoso-114 (114Sn) ta inAin-113
(113In), sixi B ssmepHilt acTpodisuili HajeXxaTb 4o rpynu p-snep (IPOTOH 30araueHux sifiep), pO3yMiHHS YTBOPEHHS,
LIJIIXY PO3IIAAY T PO3NOBCIOIKEHICTh IKUX Ha 3eMJli Ta y BcecBiTi BUK/IMKae BeJMKi TpygHowi. OTpuMaHi JaHi 1o

BUXOJaX (POTOSNEPHUX PEAKLi MOXYTb OyTY BUKOPUCTAHI [J1s1 MOJEJIIOBAHHSI O-TIPOLIECY YTBOPEHHSI CTabiIbHUX



i3oromiB y 3ipKax. YHIKaJbHICTIO pOOOTH € Te, IO OTPUMAaHi B €KCIIEPMMEHTI IaHi JaAyTbh BHECOK, SIK B PO3BUTOK
dyHIaMeHTaNbHUX HayK (s1aepHoi acTpodizuky, QyHIAMeHTaNbHOI aaepHoi (i3uKH Ta SIepHOi CIIeKTPOCKOIIil), TaK
i MOXYTb O6yTH BUKOPUCTAHI [1711 PO3BUTKY CYMDKHUX [IPUKJIaHAX HAayK (MeAu4Hoi Qi3uKy, Ta MaTepiaslo3HaBCTBA).
O6’exT pocinimpkeHHs. 0-Po3nag pagioakTuBHUX gaep 111Sn, 111In, 113Sn, 112In, KoTpi yTBOpUNCS B pe3yjbTari
dorosnepHux (o,n) Ta (0,p) peakuini. Ta geTanbHe LOCIIIKEHHS! yTBOPEHUX JOBIOKMBYYMX i30MEPHUX CTaHiB IIPU
pazioakTMBHOMY po3nafi 6aTbKiBCbkUX simep. [IpenmeT nociimkeHHs. 'ama-BUIIPOMiHIOBAHHS, 1110 CYIIPOBOIKYE
pagioakTuBHuU posnag, sgep 111min, 111gln, 111Sn, 112mln, 112gIn Ta 113Sn A1 no#anbOro OTPUMaHHS 3Ha4€Hb
€KCIIEPMMEHTAIBHUX BUXO/iB peakuil 1125n(o,p)111min, 112Sn(n,p)111gln, 112Sn(o,n)111Sn, 113In(n,n)112mlin, 113In(o,n)112gIn
Ta 114Sn(o,n)113Sn 3 MeTOI0 BU3HAYEHHS iX IBUIKOCTEN JJ1s1 HOCIiIPKeHHS O-TIPOLieCy YTBOPEHHS! p-s1ep B 3ipKax.
Meronu nocrnipkeHHs. EkciepuMeHTanbHi BUXoau goTosaepHux peakuiit 112Sn(o,n)111Sn, 112Sn(o,p)11imin,
112Sn(n,p)111gIn, 113In(o,n)112mlin, 113In(o,n)112gIn ta 114Sn(n,n)113Sn BU3HaYanuCA i3 3aCTOCYBaHHSIM METOIUKU
HaBe[leHOi aKTUBHOCTI, sIKa Iepenbadae ONpOMiHEHHS MillleHi TOTOKOM BUCOKOEHEePreTUYHUX (POTOHIB Ta
Iofasplile BUMIPIOBaHHS YTBOPEHUX B IIUX PEaKLigIX PaiioaKTUBHOCTEN KiHLIEBUX 4A€p. 171 BUMipIOBaHHS
PalioaKTUBHOCTEN 3aCTOCOBYETHCS TEXHIKA O-CIIEKTPOMETPIi 3 BUCOKOIO0 EHEPreTUYHOIO PO3IOiIBHOIO 30aTHICTIO,
Ha 6a3i HaMiBIIPOBiIHUKOBOTO repmaHin-JitieBoro Ge(Li) JeTekropa Ta IeTeKTOpy 3 HagducToro repmaiio HPGe.
[Tpu TeopeTHYHNX pO3paxyHKax iHAMBiAyanbHUX BUXOAiB (POTOSAIEpHUX peaKIiili, [0 BUBYAIOTHCS, 3aCTOCOBYIOTHCS
TpaguliliHe aKTHBallifiHe PiBHSIHHS Ta PiBHSIHHS aKTUBAllii 1151 TEHETUYHO I10B’S13aHUX PalioaKTUBHUX HYKJIiiB.
HaykoBa HOBU3HA. B nuceprauiiiHiil po6oTi 6yJI0 BlieplIe BUMIPSIHO €KCIIEPUMEHTAJIbHI 3HAYEHHSI iHTErpajIbHUX
BUXOJIiB QoTosAnepHUX peakuiit 112Sn(o,n)111Sn, 112Sn(n,p)11imIn, 112Sn(o,p)111gIn, 114Sn(o,n)113Sn, 113In(o,n)112mIin ta
113In(o,n)112gIn 3 BUKOpUCTaHHSIM raMa-akTUBalliiiHOro MeToy. JJonaTKOBUM pe3yJIbTaTOM CTajlo BCTAHOBJIEHHS
(aKTy HEKOPEKTHOCTI IPEICTABIEHUX B MI’)KHApOAHUX 6a3ax SA€PHUX JAaHUX 3HAaY€Hb KOe(illieHTiB pPO3Trajy>Ke€HHS
17151 0-TIEPEXOMIB MK eHepreTnyHuMH piBHsIMU sanep 111In Ta 112Cd, mo cynpoBOAXYIOTh paJlioaKTUBHUN PO3Ma],
spep 111Sn Ta 112gIn BifgnoBigHO. Buxonsa4u 3 HALIMX €KCIIEPUMEHTaIbHUX JaHWX, HOBI 3HaYeHHsI KoedillieHTiB
PO3rayIy>)KeHHs 11 LUX O-TIepexofiB 6y IpaBUjIbHO 064MCIEH] Ta OMy0J1ikoBaHi B HAYKOBUX CTATTSX.
[IpomeMOHCTPOBAaHO BIUIMB Bapiallil mapaMeTpiB CTaTUCTAYHOI TEOPIi AIEepPHUX PeaKLill Ha XapaKTep MOBEIiHK1
BUXO/IB AI€PHUX PEaKLiil IPY TEOPETUYHUX PO3paxyHKax. [Ipy NopiBHAHHI €eKCIIEPUMEHTAILHUX Ta TEOPETUYHUX
3Ha4Y€Hb BUXO[IiB QOTOSIIEPHUX PeaKLiil, KOTPi LOCIIIKYIOTbCSI, 06paHO HailbiblI afjeKBaTHI MOZEJIi IyCTUHI
slepHUX PiBHIB Ta pagialiiiHoi cunoBoi PyHKILil cTaTUCTUYHOI Teopii ssuepHux peakuii. Kito4osi cioBa:
doTosaepHi peaxiiii, 3ipKOBUI HYKJIEOCUHTE3, palioaKTUBHUI pO3Majl, aKTHBalliliHa METOIUKA, O-CIEKTPY,

rajbMiBHE BUIIPOMIHIOBaHHS, p-S1pa, CTATUCTUYHA TEOPis SepPHUX PeaKiiil.

2. Chekhovska A. V. Cross-sections of photonuclear reactions for modeling of nucleosynthesis o-process in stars.
Qualification scholarly paper: a manuscript. Thesis submitted for obtaining the Doctor of Philosophy degree in
Natural Sciences, Speciality 105 - Applied Physics and Nanomaterials. - V. N. Karazin Kharkiv National University,
Ministry of Education and Science of Ukraine, Kharkiv, 2023. The scientific research is aimed at obtaining new
experimental results on the yields of photonuclear (o,n)- and (o,p)-reactions on the magic nuclei tin-112 (112Sn), tin-
114 (114Sn) and indium-113 (113In), which in nuclear astrophysics refers to a group of so-called p-nuclei (proton
riched nuclei), understanding the formation and distribution of which in the Earth and Universe causes great
difficulties. As an additional result, new values of the branching coefficients for o-transitions of the intranuclear
transitions of the daughter nuclei of the 111Sn o 111In and 112In o0 112Cn radioactive chains were determined. It is
important for the correct calculation of the cross-sections of various nuclear reactions leading to the formation of
these nuclei through different nuclear reactions or their combinations. It is also important for the development of
existing nuclear spectroscopy theories. The obtained data on the yields of photonuclear reactions will be used for
modeling and calculating the o-process of stable isotopes formation in stars, as well as to improvement and
parameterization of the statistical theory of nuclear reactions. The uniqueness of this work is that the data
obtained in the experiment will contribute both to the development of fundamental sciences (nuclear astrophysics,
fundamental nuclear physics and nuclear spectroscopy), and can be used for the development of related applied
sciences (medical physics radiation physics and materials science). The object of the research is the o-decay of
radioactive nuclei 111Sn, 111In, 113Sn, 112In, which were formed as a result of photonuclear (o,n) and (o,p) reactions.



Moreover. A detailed the study of long-lived isomeric states formed during the radioactive decay of parent nuclei.
The subject of the thesis is gamma-radiation accompanying the decay of 111mIn, 111gIn, 111Sn, 112mIn, 112gIn and
113Sn nuclei for further obtaining values of experimental yields of the 112Sn(n,p)111mIn, 112Sn(n,p)111gIn, 112Sn(o,n)111Sn,
113In(o,n)112mIn, 113In(o,n)112gIn and 114Sn(o,n)113Sn reactions in order to determine their reaction rates. Research
methods are experimental yields of photonuclear reactions 112Sn(o,n)111Sn, 112Sn(n,p)111mIn, 112Sn(o,p)111gIn,
114Sn(o,n)113Sn, 113In(n,n)112mIn and 113In(o,n)112gIn were determined using the method of induced activity, which
involves irradiating the target with a high-energy photon flux that is exciting the target's stable nuclei to energies
above the threshold binding energies of neutrons and protons in these nuclei, and further measuring the
radioactivities of the residual nuclei formed in these reactions. The high-energy resolution gamma-spectrometry
technique using the semiconductor germanium-lithium Ge(Li) detector and the high pure germanium HPGe
detector were applied to measure residual radioactivities. The traditional activation equation and the activation
equation for genetically related radioactive nuclides were used calculating individual yields of isotopes of the
radioactive chains. The scientific novelty of this thesis is that the experimental values of integral yields of
photonuclear reactions 112Sn(g,n)111Sn, 112Sn(o,p)111mIn, 112Sn(n,p)111gIn, 114Sn(o,n)113Sn, 113In(o,n)112mIn and
113In(n,n)112gIn were measured for the first time using the activation technique. An additional result was the fact
establishment of incorrectness of data on the branching coefficients for o-transitions between energy levels in 111In
and 112Cn nuclei accompanying the radioactive decay of 111Sn and 112gIn nuclei, respectively, presented in
international nuclear databases are incorrect. The new correct values of the branching coefficients for o-transitions
were recalculated and presented in this work, as well as published in scientific articles. The influence of the
variation of different parameters of the statistical theory of nuclear reactions on the nature of the behavior of the
yields of nuclear reactions during theoretical calculations and computer modeling is demonstrated. The most
appropriate parameters for the optical potential, the nuclear levels density and the radiation strength function of
the statistical theory of nuclear reactions were established for a more accurate description of the data obtained in
the experiment. Key words: photonuclear reactions, stellar nucleosynthesis, radioactive decay, activation
technique, o-specrta, bremsstrahlung radiation, p-nuclei, statistical theory of nuclear reactions.
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