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ANNOTATION

Savrasow . [Studyof reactionsmechanism witlgammaraysandlight particles
by using of activationmethod i Qualification scientific workwith the manuscript
copyright.

The thesis for a doctaf physical and nthematical sciencedegree in speciality
01.04.16¢Physic of nucleus, elementary particles and high egeiigynstitute for

nuclear research, NAS of Ukraine, Kyiv, 202

The thesisis devoted to a complex study of the decaymundandor isomeric
staes of atomic nuclei, which are formed as a result of nuclear reactions-veijis
and light particles.

Using the gammactivation methodthe experimental data about isomeric yields
ratios (I'YR) andor flux-weighted average crosgctions(AC) were obtained for the
first timein reactions witth r e ms s t ragslatlindiwndgal valuestheirs enepoint
energes in nuclei: ™™Hf in the (gn)-, (gd)- and (gta)-reactions *°*"Hf in the
(99)-, (gU)- and(gtg-reactions*® s @n the (g2n)- and(g,3n)-reactions*’s @n the
(g4n)-reaction ’Lu in the (gp)-, (gta)-, (gte2n)-, (gtexn)- and (g U)-reactions’) j
in the (g2n)-, (gtxn)-, (gdxn)- and (gpxn)-reactions *"*™9Lu in the (gpn)-reaction
and™®™"Hf in the (g U)-reaction

The onehump character of the excitation functidor the *Hf @)5Hf™
reaction was eablished in thegiant dipole resonanc&DR) region, because a
increagng of the endpoint energy of thébremsstrahlunghotons(E,,) from 15.1 to
17.5 MeV, the isomerigieldsratios and thdlux-weighted averagerosssectionsof
1"%Hf™2 creation isdecrease:

For all the abovenentioned reactions, theoretical calculations of isomeric yields
ratios and fluxweighted average crosections were performed usinghe
TALYS-1.6,1.9 and EMPIRB.2 codesand compared witkthe experimental values.
For the (gd)-, (6.2n)-, (g,3n)- and (g4n)-reactions the dominance of the statistical
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mechanism is showand in the( 2 5, [ )ten@ te 2 (@) te xand U Yeactionsat
[or = 17.5 and 20 MeV thenon-statistical processeminate

For the ( 2 srepcktons and for reactions on boron and berylliunhew the
endpoint energy of thebremsstrahlungphotonsis increagd the contibution of
statistical and peguilibrium mechanismss increasd by 1-2 orders of magnitude
and begins to make a signifidazontribution to their yield.

Quantitative agreement of experimental and theoretical Vyidiols the
18Ta( p) ”®°™Hf reaction is obtained, in a wide rangeesfdpoint energyaluesfor
bremsstrahlung-raysat taking into account the isospsaplitting of the GDR within
the semidirect mechanism.

The crosssections othe *°Te(gn)**Te and™*Ce(gn)*Cereactions in the region
of GDR were obtained. Thexcitation functiondave a single hump shapdich is
the characteristic ofthe spherical nuclei. Satisfactory agreement between the
theoretical results calculated thin the framework of the TALY®SL.9 code and the
experimental results testifies to the dominant role of the statistical mechfanigm
(gn)-reaction on the studied nuclei.

The isomericcrosssections ratiogICR) are measured if°’Tc™? nuclei in the
(d,nyand -(eactions)irtTc™%in the (d,n)reactions, for the first time iftNb™?
in the ( d srelddtion for deuterons and protons with maximum energy values of 4.5
and 6.8 MeV, respectively. It is shown that the theoretical valudbeokomerc
crosssections ratigsobtained by using of thEMPIRE-3.2 and TALYS-1.4 codes
significantly exceed the experimental ones, with the exception of the
Mo ( d°NB39 reaction in the TALYSL.4 package. A common possible cause of
inconsisten@s is the little information about the decay paths of highly excited
discrete levels, especially f8iINb. An additional reason for the disagreement for all
reactions may be the contributions of reiatistical effects for the given values of the
energief the projectiles.

For the first timethe crosssectionfor the *"*Hf(n,o y*Hf™ reaction was obtained
on neutrons of the reactor energy spectrum. From the comparifomesjperimental

andtheoreticaldatg obtained by using of th€ALYS-1.9 codesit follows that the
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"81f(n,o 'Y*Hf™ reaction is triggered by high-energy natrons of the reactor
spectrum For this reaction thestatistical mechanisndominates(95%) with a
contribution of about 5% dhe preequilibrium mechanism.

The isomeric crossections ratios for th€°Cgn,0)**"°Cs, **’Au(n,2)***%Au and
Y97Au(n,p)**"™9Pt reactions weremeasured at neutron energy of 2.9 MeVTheir
simulation was performed in the TALYR9 code, from which it follows that the
YAu(n,0)"®™9Au reaction mehanism is completely statistical, while for others
reactionsa significant comribution of nonstatistical processes is possible.

For the first time, the crossectionfor the **Nb(p,n)**"Mo reaction was measured
at proton energy of 3.85 MeV. The isomeric cresstions ratios were measured for
the reactions®®Pt(p,n)***"%Au and **®Pt(p,n)**™%Au at proton energy 6.8 MeV and
1205n(p,n)*?°sH™? at proton energy 3.9 MeV. The results of the comparison of the
experimental and theoretical data indicab®utthe possible presence of a ldying,
high-spin excited level with an ener@®30 keV and spin (;B) in the scheme ahe
1293h discrete leveland significant influence of nowstatistical mechanisms fdhe
19%¢(p,n)**™9Au and %P t(p,n)**%Au reactions

For the first time, the crossections and ICRs for the reactibiLu(UU y"Lu™9
were measured for individual values of the energy of apahécles in the range of
15.325.2 MeV at irradiation of the targets of natural and enriched lutetiurs.
modeled in the framework of open source code for all available densiys le
models In the range of energy valuésg = 15.321.0 MeV, the theoretical cross
sections are much lower than the experimental ones, which indicates a possible
contribution of the structer of the excited levels and paths of their decays to the
Y .u™9 population. At Ig= 25.2 MeV, the statistical mechanistominats.

For the first time, the crossectionsfor the *"®Lu(Up)*"Hf™ and " Lu(U2n)* " "Ta
reactions were measured by irradiating of the natural lutetium targets with 26 MeVs
alphapatrticles.As follows from the comparison, the theoretical crssstions are
twice the experimental values f@d2n)-reactions, which may indicate a significant

Impact of nonstatisticalprocessesAt thes ame t i me , -rdaaiion, thieh e
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contributiors andthe pre-equilibriumand statisticamechanism at the leved of 11%
and 89%, properlgllow to reconcilehe experimental and theoretical data.

For the first time,the "®Hf™ creation crossections were measured when the
natural tantalum targets were irraic of alphgparticles with individual values of
the energy in the energy range of&5MeV. These crossections were simulated in
the framework of the TALYS.4 code, from which it follows that the main
contribution to creation of "Hf™ is given bythe (a,ap2n), @,3p4n) and4,°Hep3n)
reactions. | n tparticlese582 May ythe evalumatioa ofte fCRsU
valuess (*"®™Hf)/s (*"®Hf) is obtained These valuesre in good agreement with the
tendency of the@R change in other reactions witbwer-energy alpha particles at
other targets.

The average angular momentum of tHeb, *°Sh, **Te, *1 and ***Xe fission
fragments were determinefbrmed as a result 6f'Np and**’Am photofission by
bremsstrahlung-quanta with engboint energesof 9.8 and 17 MeV, by measuring of
the isomeric yields ratios. The experimental values of the isomeric yields ratios were
calculated taking into account the contribution of the Joetzay of isobaric nuclei to
the yields of the studied nuclideshe theoratal values of the average angular
momenta of the photofission fragments were calculated by using GiAh¥S-1.6
andEMPIRE-3.2codes based on tlikelta spin distribution.

There is no increasy of the average angular momentum (AAMpalues with
increasiny of A for odd Z nuclei in contrast to tH&U and®**Pueven nuclei anthe
special behavior of the average angular momentoni**Xe is observed

New data were obtained about the isomeric ratios i’ ik nuclei, which are
formed as a result of phaftssion of?*U and?*®U nuclei by bremsstrahlung with
endpoint energies of 10.5, 12.0, and 18.0 MeV. The difference between the values o
the isomeric ratios &, = 105 andE,, = 12MeV from their values aE,, = 18 MeV
has been demonstrated, whictaymindicate that the isomeric ratios significantly
depend on the type of the entrance charte. difference between the values of the
averageangular moments antheir values in the mother nucleus indicates the

presence of an additional mechanism forfirenation oftheangular momemnim.
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For the first time, the measurement of the isomeric yields ratios df e and
3% e nuclei was performed after the photofissioi® by br e msgsanta a h| u |
with endpoint energies: = 6.25, 12.5, 14.518 MeV and**Nb nucleiat E,, = 12,
and 12.5 MeV The AAM s of the investigated fragments are determined within the
statistical model of decayased on the their delta spin distriion The measurement
results indicate the possibility of the influence of shell effects and opening of the
(o,nf) and(9,2nf) fission channels on the values of isomeric yields ratios and average
angular momentum of the primary fission fragments.

For thefirst time, the IYRs of photofission fragments of°U, ®Np, and**%Pu
nucl ei wer e meas urgaahtawith enboint enargy bfrl&MeV.u n g ¢
New data are obtained about the yieldshef>Br, “Rb, *'Te, ¥%5h, 33, 13°Te, 134,
13X e isomeric pairs.For the first time, the IYRof *Rb, **Te, ** and **Xe were
measuredvhich are thghotofission fragments 6fU at B, = 10.5 and 17 MeV and
*Am at B, = 9.8.The influence of odd and ew@ven effects in fission systems is
revealed.

The someric yield ratios wermeasuredor the ***Te, *, **Xe nuclej which are
the fragments of*U photdission forthe ( f)-, nf)-teactions aendpoint energy
of bremsstrahlung-quanta of 17 MeVIlt is shown that the values of the average
angular moments weakly depend on the mobeth the radiationstrengthfunctions
andthe level densities. The valued the AAM coincide within the errors and their
difference in absolute valuees not exceed 8%. The difference is shown between
the averageangular moments of the primary fission fragments and the spins of the
3 compound nucleus formed after the absorption oflthe o-fuantum

The energy of the first excited statt™’Au was measured with high accuracy. Its
value is 77.339 N 0.003 keV nalea extitétienr e f or
by electron transitonNEET) events in gol d i s dgsultsN 3
confirm the datdrom the recentexperiment with NEETwhich was carried outn
gold.

T h e-lineowas measured with energy of 497 keNh high accuracy which

accompanies the decay BfSb nuclei. The obtained value of the energy of the first
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excited state of'*°Sn nucleiis: E.. = 497.342 (3) keV. It agrees well with the
esti mated dat a, but wi t hreicemt exPerideatal d i
results- 497.316 (7) keV.

The obt ai ne decayaehewgyeoftnhuclei btée fifst excited level of
5Sn nucleiiss Qo= 147 N 10 eV. This value 1| e
experimental value of the hdlfi f e -@dcaywithitheorebical estimates.

There is a significant exse of the experimental valued internal conversion
coeficient (ICC) over the theoretical ond®r the 55 keVo-transition calculated
assuming the Einultipolarity of this transitionThese differencesan be explained
by the manifestation othe intranuclear conversion with the penetration pastem
s= 5.7 N 0.8.

The decay scheme 6f™Lu has been improved, and the accuracy of determining
of the intensities of Ka n dray9 in the entire energy range has been improved. The
i ntensities o-fantdhddraypof thenigmbrie statearé definedas
well as the internal conversion coefficients for thredikderedo-transitions are
determined.

The relative intensities dhe o-transitionsand K -irradiationfrom the **°Sb decay
were measured with high accuracy. From thaioled datathe totallCC andICC on
the K-shell were determinefdr thehinderedEl- and E2transitions with energy 89.9
keV and 197.3 keV, respectivelyror the first time the contributios both of
penetration effectand spin currentsn this hinderedEl-transitionis revealedThe
contribution of penetration effects in thenderede2-transition is specified.

Experimental data obtained in thigesisfor reactions withgammarays and light
particles will be useful at creation of the nuclear reactioorthelhis data will be
used for evaluation of the creation possibility of the other radionuclides and in the
activation analysis. Infonation aboutaverage angular momentum will be useful at
creation of theuniversalfission theory and will be used in neer energetics at

calculation of the fission product dime operated nuclear power plant.
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