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Meta podoTH

HaykoBe  gociikeHHS ~ CIOpSMOBaHO  HAa  OTPUMaHHS  HOBHX
CKCTICPUMEHTAIBHAX PE3yJIbTaTiB 1o Buxojax (oTosaepHux (y,n)- ta (y,p)-
peakuiii Ha Mariuaux sgpax onoso—112 (*12Sn), onoso—114 (}14Sn) Ta inpii-113
(*BIn), sxi B smepHiil acTpodisuui HamexkaTh 10 TIpymu p-sdep (IPOTOH
30arayeHux  sjaep), PO3YMIHHS  YTBOPEHHs, IUIAXM  po3magy  Ta
PO3MOBCIOJKEHICTh SIKUX Ha 3emill Ta y BcecBiTi BUKIMKAE BETUKI TPYIHOIII.
OTtpumani gaHi o BUxojax (hOTOSIAEPHUX Peaklid MOXKYTh OyTH BUKOPHCTAHI

JUTSL MOJIETIIOBAHHS )~npoyecy YTBOPEHHS CTaOUIbHUX 130TOMIB Y 31pKaXx.

VYHIKaJIBHICTIO pOOOTH € Te, IO OTPUMaHI B €KCIEPUMEHTI JaHl JaayTh
BHECOK, K B pO3BUTOK (PYHIaMEHTaIbHUX HAayK (AIepHOi acTpodi3uKH,
byHIaMEHTAIBHOI A/IepHOi (PI3MKK Ta SACPHOI CIEKTPOCKOIIT), TaK 1 MOXYTh
OyTH BUKOPHUCTaH1 ISl PO3BUTKY CYMDKHUX MPHUKIATHUX HAyK (MEIUYHOI

¢b13uKH, Ta MaTEP1aJIO3HABCTBA).

OO0’ eKT JIOCHIDKEHHS

f-Posnan pagioaktusaux saep 11Sn, Hn, 113Sn, 12[n, korpi yrBopuncs B

pesyabTati ¢orosimepuux (y,n) ta (y,p) peakuiii. Ta meranbHe TOCITIIKECHHS



YTBOPEHHUX JIOBFOKMBYYUX 130MEPHUX CTaHIB MpPH PaJI0aKTUBHOMY pO3Maji

0aThKIBCHKHUX SITEP.

[Ipeamer I[OCJIiI[}KeHHSI

[aMa-BUIPOMIHIOBAHHS, IO CYHNPOBOMKY€ PaliOaKTHBHHI pO3Haj szep
WM, 191y, 1igp, 112mn 112010 1 135S nng mogankimoro oTpuMaHHs 3HAYEHD
eKCIIEPUMEHTANBHUX ~ BHXOMiB  peakuiii  2Sn(y,p)t*MIn,  2Sn(y,p)HWin,
1128n(y,n)1iSn, BIn(y,n)2Mn, BIn(y,n)12In ta Sn(y,n)**Sn 3 wmetoro
BM3HAYEHHS iX LIBUIKOCTEH JJIS JOCHIIKEHHS Y-TIPOLIECY YTBOPEHHS p-sidep B

3ipKax.

MeTtoaun I[OCJIiI[)KGHHfI

ExcriepuMmenTansHi  Buxoau  (ortosaepHmx  peakmiii - 2Sn(y,n)Sn,
112Sn(y’p)111m|n’ 1128n(y,p)1119In, 113|n(y’n)112m|n’ 113|n(y,n)1129|n Ta 114Sn(y,n)1138n
BU3HAUAIHMCA 13 3aCTOCYBaHHSIM METOAMKH HAaBEIEHOI aKTHBHOCTI, sIKa
nepeadayae ONMPOMIHEHHSI MIIIEHI MOTOKOM BHUCOKOEHEPTreTUYHUX (POTOHIB Ta
NOJAJIbIIE BUMIPIOBAHHS YTBOPEHMX B LHUX pEAKIIAX pPaal0aKTUBHOCTEH
KIHIIEBUX sifep. J[ms BUMIprOBaHHS pajl0aKTUBHOCTEN 3aCTOCOBYETHCS TEXHIKA
Y-CIIEKTPOMETPIi 3 BUCOKOI €HEPreTUYHOIO PO3MOAIIBHOI 3JaTHICTIO, Ha 0asi
HaMiBIPOBITHUKOBOrO TepManii-mitieBoro Ge(Li) merekropa Ta aerekropy 3
Haguuctoro repmanito HPGe. [Ipu TeopeTnunux po3paxyHKax 1HAWBIAyaIbHUX
BUXO/IB (DOTOSIAEPHUX PEAKIIN, [0 BUBYAIOTHCS, 3aCTOCOBYIOTHCS TPAAUIIIITHE
aKTHBAIlIfHE DPIBHSIHHSA Ta PIBHSHHSA aKTUBAIli JJI1 TEHETHYHO IIOB’S3aHUX

paIl0aKTUBHUX HYKJIIJIIB.

HaykoBa HOBU3HA

B nucepramiiinii  po6oTi Oysi0 BIEpIIe BUMIPSHO EKCIIEPUMEHTATbHI

3HAYEHHS IHTErpPalbHMX BHXOIIB (QoTosmepHux peakuii 12Sn(y,n)!Sn,



112Sn(y’p)111m|n’ 1125”(7,[3)1119'”, 114Sn(%n)113sn’ 113|n(y’n)112m|n Ta 113|n(y’n)1129|n
3 BUKOPHCTAHHSM TaMa-aKTHBALIMHOTO MeToay. JlomaTkoBUM pe3yiabTaToMm
CTaJI0 BCTaHOBJIEHHS ()aKTy HEKOPEKTHOCTI IMPEACTABIECHUX B MIKHAPOJHUX
0azax sIepHUX JaHUX 3HA4€Hb KOE(IIIEHTIB pO3raly>KeHHS TS Y-TIEPEXO0/I1B MK

Win ta ™Cd, mo cynpoBOIKYIOTH

CHEPreTUYHUMHU  PIBHSAMH  SIJIEP
- . 111g 1129 gi - B

panioakTUBHUN po3man siiep n ta N BiamoBigHO. Buxonsum 3 Hammx

EKCIIEPUMEHTAILHUX JaHUX, HOB1 3HAYCHHS KOE(DIIIE€HTIB pO3rany>KeHHS IS

UX Y-TIepeXoiB OyJM MpaBUIBLHO OOYHUCIIECHI Ta OMyOJIKOBaHI B HAyKOBHUX

CTaTTiX.

[IpoleMOHCTpPOBaHO BIIMB Bapialli HapameTpiB CTATUCTUYHOI Teopii
AIEPHUX PpEeaKI[ii Ha XapakTep MOBEAIHKM BHUXOJIB SACPHUX pPEaKIi mpu
TEOPETHUYHUX PpO3paxyHKax. Ilpwm TOpIBHSAHHI EKCIIEPUMEHTAIBHUX Ta
TEOPETUYHUX 3HAYCHb BUXOJIB (DOTOSIIEPHUX PEaAKIiil, KOTpl AOCTIHKYIOThCS,
oOpaHO HaWOLIBII aJIeKBAaTHI MOJIEIN TYCTUHHU SIEPHUX DPIBHIB Ta pajiamiifHOi

CUJIOBOI (DYHKIIIT CTATUCTUYHOI TEOPIi AJIEPHUX PEAKIIiil.

Y nepwiomy po3odini nuceprtaimiiiHoi poOOTH MPOBEACHO OIJIsA HAYKOBHUX
nyOJiKaliii CTOCOBHO HaWBAaXXJIMBIIIKUX MHUTAHb, IO PO3IJISAAIOTHCA B SACPHIN
actpodizuill. PO3KpUTO MOHATTS 31pKOBOTO HYKJICOCHHTE3Y Ta BIJOMOCTI PO
HBOTO, 1110 ICHYIOTh Ta OIMyOJIIKOBaH1 10 ChOroAHi. ONMMCaHO MOXIIMBI CIIOCOOH
YTBOPEHHSI CIIOCTEPIraEMUX B IPUPOJL CTA0LIbHUX 130TOIIB XIMIYHUX €JIEMEHTIB
Ta YMOBH iX pO3MOBCIO/KEHOCTI y BcecBiTi. Hampukinii po3aiiny HaBeneHO
OTJIST €KCTIEPUMEHTATBHUX POOIT Ta OTPUMAHUX PE3yJIbTaTIB IHIINX HAYKOBUX
Ipyl, 10 BUKOHYBAJIWCS paHille, Ta B KOTPUX AOCTIIKYBaJIMCS PI3HI SAEPHI
peaxiiii, siki TPUBOASTH 10 YTBOPEHHS KIHIEBUX sifep (MPOMYKTIB PeaKIlii), 1Mo
BUBYAIOTBCS Yy  MpEICTaBIEHIA  aumceprauidHii  poboti.  OnucaHo

CKCIIEpUMEHTAJIbHI ~ METOJMKHM  Ta  BHUMIPIOBAIBHY  amaparypy, 110



BHKOPHUCTOBYBAJIMCA Y ITUX pO6OTaX, Ta 3p06J'ICHO BHCHOBKH OO0 OTPHUMAHUX

paHiiie pe3yJabTaTiB, KOTpi, sIK BUSBUIIOCS Hapa3i, HOTpeOyIOTh MEPEBIPKH.

Y opyeomy po30ini po3risinaroThCs MOXKJIMBI HAPSIMKUA HAYKH, 1€ MOKYTh
OyTH BUKOpHUCTaHI OTpPUMaHI B Il JaucepTaliiHIi poOOTI eKCIepUMEHTaIbHI
naHi. ['0JIOBHMM HampsiIMKOM BHKOPHUCTAHHS OTPUMAHHUX EKCIIEPUMEHTATBLHUX
JTAHUX Ta BUCHOBKIB JUCEPTaIlIHOI poOOTH € siiepHa acTpodizuka Ta MUTAHHS
HYKJICOCUHTE3Y . He MEHIII BaXXTMBUMU HaIpsiIMKamH, ne
BUKOPUCTOBYBAaTUMYThCSI OTPUMaH1 B €KCIEPUMEHTI JaHl 1e (yHIaMeHTalbHa
anepHa (i3uka Ta SJAEpHA CHEKTPOCKOMis. TakoX eKCIepuMEHTalbHI JaHi
MOXXYTb OyTH KOPHCHUMH JIJIS SIICPHOT MEAUITMHY, 3araioM ISl BIOCKOHATICHHS
METOJMKH NOOYBaHHS MIarHOCTHYHUX a00 TepaneBTHYHUX pajioizotomiB. Ille
EKCIIEpUMEHTAJIbH1 JaHI HEOOXIJHI [IJIi PO3BUTKY paiiamiiiHoi ¢GI3UKA Ta
MaTepialo3HaBCTBA. BuXomsum 3 BHUIICONMHUCAHUX OOTPYHTYBaHb CTOCOBHO
BKJIMBOCTI pe3yJIbTaTiB, [0 OTPUMAaHI B €KCIIEPUMEHTANIbHIN POOOTI, Y IbOMY

po3/11 cpopMyTHOBAHO OCHOBHI 3aa4i.

Y mpemvomy po30ini ONMCaHO EKCIIEPUMEHTAIbHY YaCTUHY JUCEPTaLIHOT
poOoTH Ta 00paHy METOJIWKY IPOBEACHHS eKcrepuMeHTy. JIjisi BUBYCHHS
iHTEerpansHuX nepepiszis GorosmepHux peakuiit 2Sn(y,n)tiSn, 1128n(y,p)Himin,
1128n(y,p)*In, 14Sn(y,n)*3Sn, 2BIn(y,n)*2™In ta *In(y,n)%In, 6yno obpano
Y-aKTUBAIlIHY METOJWKY, 10 HallKkpalie MiAXOAUTh Uil BUKOHAHHS
MOCTaBJICHUX 3aJ1a4 (IUB. PO3/1T 2) 1 Ma€ HaMEHII TTOXUOKHU, 1110 BHOCSITHCS B
OCTAaTOYHI 3HAYCHHS BUXOJIIB (DOTOSACPHUX PEaAKIIii, BiJ MOYATKy OTPOMIHECHHS
Ta MOJAJBIIOT0 BUMIPIOBAHHS. Y OJHOMY 3 MiJIPO3AiTiB OMUCAHO BaXKJIUBICTH
BUKOPUCTAHHA  MOHITOPHOI  MIIIEHI NpU  TMPOBEJACHHI  OMPOMIHECHHS
JOCITITHUIIBKUX MIIICHEH, MoKa3aHa HeOOX1AHICTh TOUHOTO BU3HAYEHHSI ITOTOKY
(G OTOHIB, 10 MPOXOIATH KPi3b MIIIEHI, III0 OTPOMIHIOIOTHCA. [{eTanbHO onmucaHo

npoiiecu KamiOpyBaHHs repmanii-mitieBoro Ge(Li) meTekTopa Ta AeTeKTOpy 3



HaguucTtoro repmaniro HPGe, HaBelneHO eHepreTWyHi PO3MajJiHi CHEKTPU BiA
CTaHJIAPTHUX MACIOPTU30BAHMUX JKEPEIT Y-BUIPOMIHECHHS, 3a JIOMTOMOTOIO SKHX
BUKOHYBAJIOCS ~ KajgiOpyBaHHsS 000X JCTEKTOpPIB Ta BH3HAYalUCI  iX

bhoTOCPEKTUBHOCTI.

Y uemeepmomy po30ini PpO3TIAHYTO TEOPETHUYHY YaCTUHY, IO OyJo
BUKOHAHO Yy JUCepTaliiHiii po6oTi. ToOTO pO3IIAIa€EThCsl CTATUCTUYHA TEOPIs
SIEPHUX PEeaKiliid, yMOBH ii 3aCTOCYBAaHHS JJIs1 KO)KHOTO €KCIIEPUMEHTY, 1110 OyJIn
ONMKCaHl B TpeThOMY po3ail. HaBeneHi oCHOBHI ¢GopMyiH Ta mapaMeTpH, IO
BXOJISITh Y CTATUCTUYHY TEOPIIO AIEPHUX PEAKL1N; HABEAEHI KOMI IOTEPHI KON
JUIsL TEOPETUYHUX PO3PAXYHKIB, B KOTP1 IMIJIEMEHTOBAaHA CTaTUCTHYHA TEOPIs;
pi3Hl Moau(ikaimii aKTHUBALIMHOTO PIBHSIHHS, IO BHKOPUCTOBYBAJUCS IS
KOHKPETHHUX paJl0aKTUBHHUX PO3MA/IIB, K1 pO3IISAAIOTECA Y poOoTi. Buxoasun 3
0COOJIMBOCTEN PO3MaJHUX XapaKTEPUCTUK BUBYAEMHUX SIAEP, BUKOPUCTOBYIOTHCS
TpaJMIliiiHE PpIBHSAHHA AaKTUBALli (78 BHUMOAAKY MPOCTOrO PaJaiOaKTUBHOTO
po3many, 3 MUTTEBUMH Y-TIEPEX0IaMU MK €HEPTETUIHUMH PiBHSAMHU JOUYiPHHOTO
Apa) Ta PIBHSHHS AaKTUBALl i1 TEHETUYHO IMOB’S3aHUX PaAl0AKTUBHUX
HYKJTIAIB (KOJM TIPU PaloaKTUBHOMY pO3Maji siapa BiIOYBAE€ThCS 3aTpUMKa
Y-IIepexo/1y Ha TIOBFOKMBYUOMY CTaHi, 10 YTBOPIOE B sI/Ip1 130MEPHUI piBEHb 200

KOJIM SIAPO-TIPOAYKT PEeaKilii MOXKe YTBOPUTHUCS Y ABOX KOHKYPYIOUHX PEaKIisX).

Oco0nuBa yBara npuauIsiETbCsl pe3yiabTaTy, 110 OyJjI0 OTPUMaHO T0AaTKOBO,
Oynu OTpuMaHi HOBI, KOPEKTHO PO3paxOBaHl 3HAYECHHsS KOEQIIIE€HTIB
pO3TalTy’>KeHHS IS Y-TIEPEXOiB, M0 CYMPOBOKYIOTh PaJTI0aKTHBHUN PO3MAL]
agep 1Sn Ta 1%In. B posnini HaBe#eHO PO3B’A30K CHUCTEMH AM(EPEHLIHHIX
PIBHSIHB, AKUH OyJ0 OTPUMAHO JIJIi KOHKPETHOTO PaJAiOaKTUBHOIO pO3May Mpu
3HAXO/KCHHI 1HTErpajbHUX TEPEpi3iB SACPHUX peakiliil, B SKUX OaTbKIBCHKE
AJIPO € PAIIOAKTUBHUM Ta YTBOPEHE JIOUIPHE SAPO TEXK € PATI0OAKTUBHUM 1 3a3HAE

po3mnajy, 3 NOJaNbIIUM YTBOPEHHSM Sipa y CTAOUTLHOMY CTaHi.



YV n’amomy po30ini mpoaeMOHCTPOBaHI pe3yJbTaTH EKCICPUMEHTIB Ta
TEOPETUYHUX PO3PAaxXyHKIB, IO OyiaM OTpUMaHi 3a TepioJ] BUKOHAHHS
aucepramiiHoi  poOOTH. Ha  rpadikax  300paxeHO HOPIBHSHHS
CKCIIEPUMEHTAJIbHUX JIaHUX 3 EBAIIOMOBAHUMH JaHUMH Ta TEOPETHUHUMHU
po3paxyHKam#, 10 OyJM BHKOHAHI 13 3aCTOCYBaHHSM CTAaTUCTHYHOI Teopii
anepHux peakuil. Ilpu TeopeTMyHUX po3paxyHKax ocobiMBa  yBara
NPUIISETCS BaplalisiM pI3HUX MOJEJeH TyCTHHU SIACPHUX PIBHIB Ta
panianiiinoi cunoBoi ¢yHkiii. OOpaHO BiAMOBiAHI KOMOIHaIli HapaMeTpiB
TEOPETUYHUX MOJIEJIeH, KOTpl HallKpallle ONUCYIOTh OTPUMAaHI B €KCIEPUMEHTI
pesynbTaTi. lle € BaXJIMBUM ISl MEPEBIPKM CTATUCTHUYHOI TEOPIl SACPHUX

peaxiiii Ta ii Mo aabIIoro BIOCKOHAJICHHS.

KarouoBi ciaoBa: (Qorosigepni  peakilii, 3IpKOBUN  HYKICOCHUHTES,
paJlOaKTUBHUK poO3Maj, AakTUBAllliHA METOAUKA, Y-CIIEKTPHU, TaJIbMIBHE

BUIIPOMIHIOBaHHS, p-A]ipa, CTATUCTUYHA TEOPIs AJIEPHUX PEAKIIii,



ABSTRACT

Chekhovska A. V. Cross-sections of photonuclear reactions for modeling
of nucleosynthesis y-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 (y,n)- and (y,p)-reactions on the magic nuclei tin-112
(128n), tin-114 (*4Sn) and indium-113 (**3In), 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
y-transitions of the intranuclear transitions of the daughter nuclei of the
MSn — n and *2In — 2Cn 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 y-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 B-decay of radioactive nuclei 1*'Sn, !n,
113Gn, %In, which were formed as a result of photonuclear (y,n) and (y,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
Himpn, 1Hg|n 111G 112mpp 112910 and 113Sn nuclei for further obtaining values of
experimental yields of the 2Sn(y,p)!'!™In, 2Sn(y,p)*%In, 12Sn(y,n)!Sn,
131n(y,n)H2mIn, 128In(y,n)H29In and 4Sn(y,n)**3Sn reactions in order to determine

their reaction rates.

Research methods are experimental yields of photonuclear reactions
1128n(,y’n)1118n’ 112Sn(y’p)1llm|n’ 112Sn(y’p)lllg|n’ 114SH(Y,n)1138n, 113|n(y’n)112m|n
and 3In(y,n)!2In 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 2Sn(y,n)*Sn, 2Sn(y,p)MIn, 12Sn(y,p)tiIn,

148n(y,n)133n, LIn(y,n)?MIn and BIn(y,n)*%9In 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
y-transitions between energy levels in tIn and 2Cn nuclei accompanying the
radioactive decay of !Sn and !%In nuclei, respectively, presented in
international nuclear databases are incorrect. The new correct values of the
branching coefficients for y-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.

In the first chapter of the thesis, a review of scientific publications related to
the most important issues considered in nuclear astrophysics are carried out.
The concept of stellar nucleosynthesis and information about it, which exist and
have been published to date, are revealed. Possible ways of formation of known
chemical elements and conditions of their distribution in the Universe are
described. At the end of the chapter, there is an overview of the experimental
works and the obtained results of other scientific groups, which were carried out
earlier and in which various nuclear reactions were studied, which lead to the
formation of final nuclei (reaction products), which are studied in this dissertation
work. The experimental methods and measuring equipment used in these works
are described, and conclusions are drawn regarding the previously obtained

results, which, as it turned out, currently require verification.



In the second chapter, all possible directions and sciences are considered,
where the experimental data obtained in this dissertation can be used. The main
direction of using the obtained experimental data and conclusions of the
dissertation is nuclear astrophysics and the issue of nucleosynthesis. Fundamental
nuclear physics and nuclear spectroscopy are no less important areas where the
data obtained in the experiment will be used. Also, experimental data can be
useful for nuclear medicine, in general, for improving the technique of obtaining
diagnostic or therapeutic radioisotopes. More experimental data are necessary for
the development of radiation physics and materials science. Based on the above
justifications regarding the importance of the results obtained in the experimental

work, the main tasks are formulated in this section.

The third chapter describes the experimental part of the thesis and the chosen
method of conducting the experiment. To study the integral cross sections of the
photonuclear reactions  '2Sn(y,n)*'Sn, *2Sn(y,p)**™In,  2Sn(y,p)*In,
1145n(y,n)1133n, 131n(y,n)H2MNn and 1311 (y,n)H29In, the
y-activation technique was chosen, which is best suited to the tasks (see chapter
2) and has the smallest errors included in the final value of the yields from the
start of irradiation and subsequent measurement. One of the subsections describes
the importance of using a monitor target when irradiating research targets, and
shows the need to determine accurately the photon flux passing through the
irradiated targets. The calibration processes of the germanium-lithium Ge(Li)
detector and the high pure germanium HPGe detector are described in detail,
energy decay spectra with the standard certified y-radiation sources, which were

used to calibrate both detectors and determine their photoefficiency are given.

The fourth chapter examines the theoretical part that was performed in the
thesis. That is, the statistical theory of nuclear reactions, the conditions of its

application for each experiment, which were described in the third chapter, are



considered. The main formulas and parameters included in the statistical theory
of nuclear reactions are given; computer codes for theoretical calculations are
given, in which statistical theory is implemented and various modifications of the
activation equation used for specific radioactive decays considered in this work.
Based on the peculiarities of the decay characteristics of the studied nuclei, the
traditional activation equation is used (for the case of simple radioactive decay,
with instantaneous y-transitions between energy levels in the decaying nucleus)
and the activation equation for genetically related radioactive nuclides (when
radioactive decay of the nucleus occurs in delay of y-transitions on the long-lived

state, which forms an isomeric level in the nucleus).

Special attention is paid to the result that was obtained in addition, in the
work, new, correctly calculated values of the branching coefficients for
v- transitions accompanying the radioactive decay of ''Sn and '29In nuclei were
obtained. The section presents the solution of the system of differential equations
that was obtained for a particular radioactive decay to find the integral cross-
sections of nuclear reactions in which the parent nucleus is radioactive and the
resulting daughter nucleus is also radioactive and decays, followed by the

formation of a stable state nucleus.

The fifth chapter shows the results of experiments and theoretical
calculations, which were obtained during the period of the dissertation work. The
graphs show a comparison of experimental data with evaluated data and
theoretical calculations made using the statistical theory of nuclear reactions.
In theoretical calculations special attention is paid to variations of different
models of some parameters of the statistical theory of nuclear reactions, such as
nuclear potential, nuclear levels density, and radiation strength function.

Appropriate combinations of parameters of theoretical models, which best



describe the results obtained in the experiment, were chosen. This is important for

testing the statistical theory and its further improvement.

Key words: photonuclear reactions, stellar nucleosynthesis, radioactive
decay, activation technique, y-specrta, bremsstrahlung radiation, p-nuclei,

statistical theory of nuclear reactions.



