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Ms. B. M. Yeleusheva’s Ph.D. dissertation, “Radiative capture reactions on light nuclei in stellar
and interstellar plasma”, is devoted to the interesting topic in nuclear physics related to the
theoretical description and analysis of the neutron and proton radiative capture in the reactions
8Li(n,y0+1)°Li, "Be(n,yo+ 1124304+5) °Be, B(n,y0+1)'*B, and ""N(p,7)'°O within the framework of the
modified potential cluster model (MPCM). These processes have attracted intense theoretical and

experimental research in modern nuclear astrophysics.

The dissertation consists of Introduction, five Sections, Conclusion, a list of references and 1s
organized in the following way. The Introduction provides an overview of the dissertation, the
purpose and objectives of the research, scientific novelty, and theoretical and practical
significance of the presented studies. Section 1 presents the modified potential cluster model
approach and elements of formalism for radiative capture processes. Astrophysical processes of
SLi(ny)’Li, “Be(n,yos1+2:3+14+5)'°Be, “B(n,y011)"'B, and 'SN(p,)'°O are considered in Sections 2,
3. 4 and 5, respectively. At the end of dissertation, the general conclusions of the performed
research were described, and research beyond this dissertation is discussed.

[et us review the dissertation step by step, following each Section. In Section 2, for the first time,
1 model-free criterion for evaluating the reliability of the calculated reaction rates is proposed due

(o the binding energy in the nucleon channels °Li(n,y)'Li, "Li(n,y)°Li, and ®Li(n,)’Li. The same
criterion allows to estimate the range of the asymptotic normalizing coefficients (ANCs)

providing correct long-range behavior of radial bound state functions. In Section 3, the partial and
total cross-sections of the "Be(n,Yo+1+2+3+41 s)!"Be reaction calculated in the energy range from 10
eV to 5 MeV allows to consider five resonances and estimate their signature in the total cross-
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sggtion. The inclusion of resonances shows their impact on the reaction rate within the factor 4-5
rising at To >1, comparing the recent results of Wallner et al., 2019 and Mohr et al., 2019. In

Section 4, the unique in sense calculations of the total cross sections of *B(n,y0+1)'*B reaction
performed in MPCM from 10 eV to 5 MeV provide the proposal for new experimental
measurements ISOLDE. The presented data on the reaction rates substantiate the role of the
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B(n,y0+1)""B reaction in the Boron-Carbon-Nitrogen chains, this is not the break-point of the

Bor.on. sequence. In Section 5, the "N(p,y)'°O reaction rate has negligible dependence on the
variation of asymptotic constant, but shows a strong impact of the interference of °Si(312) and
’S1(962) resonances, especially at To referring to the CNO Gamow windows. The accounting of
the "N(p,y6050)'°0, "N(p.,y6130)'°0, and SN(p,y7117))'°O cascade processes leads to the
enhancement of the total reaction rate contrary to the ground state proton capture at To>3.

The topic of the dissertation is interesting enough and very timely due to current experimental
and theoretical research in low energy nuclear astrophysics to explain the primordial
nucleosynthesis in the Universe. This work is clearly communicated, the dissertation is written in
a clear an understandable style, the references are relevant to the subject and show the recent
status and past developments in the subject of research. The figures, tables are shown properly
as well. Ms. Yeleusheva clearly demonstrates a high level of professionalism and deep knowledge

of the subject. To sum up, the dissertation represents a good level of scientific work with scientific
novelty and an extensive range of research.

During the conducted research, Badigul Yeleusheva has established herself as a competent young
scientist, able to independently solve the scientific problems assigned to her. Badigul has proven
her excellent analytical skills, and the high quality of her work is demonstrated by coauthoring
four peer-reviewed publications in reputable journals in the field of research. She is an excellent
presenter and her presentations at international conferences including the International

Conference of Few-Body Problems in Physics (EFB25), Mainz, Germany, 2023 attracted great
Interest.

[n summary, Ms. Yeleusheva’s PhD thesis represents the original and high level of scientific work.
The conducted research is logically arranged, and methods are clearly described. The results are
very well presented and justified, and the explanations are reasonable as well as suitable, and
focused on the relevant topics. The results of each Section are summarized in concluding remarks.

To conclude, the reviewed dissertation fulfills all requirements posed on the dissertation of Doctor
of Philosophy, and the research conducted by Ms. Yeleusheva and presented in the dissertation
“Radiative capture reactions on light nuclei in stellar and interstellar plasma™ is on the cutting

edge in low energy nuclear physics. In the dissertation thesis, Ms. Yeleusheva has demonstrated
her creative abilities in the relevant research area. I am recommending the dissertation thesis for

defense, and she undoubtedly deserves to be granted the degree of Doctor of Philosophy (PhD)
in the specialty 8D05308 — “Nuclear physics”.
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Hd AMCCCPTAlHONRYI0 paboty Eneyiesoit baauryas Mapatosibl « Peakius paauaunoHHOTo
3AXBATA HA JIETKHUX SIAPAX B 3BE3AHOI H ME/K3BE3AHOI M1a3Me. NpeACTaBACHHYIO Hd
COMCKAHNE YHEHON CTenenu okTopa punocodekux Hayk (PhD) no cneunaisroctn 8D05308 -

«SnepHas Gpusnkan
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Jluccepranuonnas paGora 5. M. Eneymesoit «Peakiuy paJMalliOHHOrO 3axBarTa Ha JIErKHUX
IpaxX B 3BE3THOM M MEX3BE3OHOM IuIa3Me» [OCBSILLEHA HHTEPECHON TeMe SACpHOH (H3HKH.
CBA3AHHOH C TEOPETHYECKUM OIMUCAHMEM M AHATM30M DagUALHOHHOrO 3aXBaTa HEHTPOHOB H
[IPOTOHOB B PCAKIUAX SLi(I?,}’OH)gLi, gBe(n,yo+|+z+3+4+5)'(’Be, l3B(n.*,'ou)MB. 5! ISN(p,}’)“’O B &
paMKaX MOAMGHLUUPOBAHHOW MOTEHLUMANLHON KiacTepHoit Mozenn (MITKM). Dt mpoueccsl
[TPUBJICKIIA UHTEHCHBHBIE TEOPETUUECKHE U IKCTIEPUMEHTalIbHbBIE HCCIIEI0BAHHSI B COBPEMEHHOH
sJIEpHON acTpodu3mke.

JluccepTauus coctout u3 BeeneHus, natu Pasnenos, 3akiioueHus, Cucka JUTEpaTypbl U
OpraHus3oBaHa cleayloluM o0pa3oM. BBeaeHue jaet 0030p jauMccepTauuu, LEId H 3ajay
HCCIEAOBAHUS, HAYYHOM HOBHU3HBI, a TAKXKE TECOPETHUECKOH KU MPAKTHUECKOH 3HAYHMOCTH
MpeACTaBICHHbIX HccnenoBanui. Paszgen | npeactaBager MOAM(DHUHAPOBAHHBIA  MOAXO]
MOTEHLUAJIBHON KJIACTEPHOH MOEJIM M 3JIEMEHTBI (hopMau3Ma JUis IIPOLECCOB palHallMOHHOIO
saxpata. Actpodusmueckue mporeccsl “Li(m,yo+1)’Li, “Be(n,yo+1+2+3+4+5)''Be, “B(n,y0+1)'*B, u
5N(p,7)'°0 paccmarpuatotest B Paszenax 2, 3, 4 u 5, COOTBETCTBEHHO. B KoHIle mccepTartiy
OTNIMCAHBI OOIIME BBIBOJIBI BBIMOJHEHHOTO UCCIIENOBAHNUS, a TAKXKE 00CYKIAKOTCS UCCIIE0BAHUS
3a Ipe/IeNIaMH JJAaHHOM JAUCCEPTALHH.

PaccMOTpUM JMCCEPTALMIO MOLLAroBO, CIIELYs KKAOMY pasjeiy. B pasznene 2 Bnepsbie
npeuioKeH 0e3MOIENbHBIH KpPUTEPUH OLICHKH IIOC(")FO'BepH(?)Cl.“H7 chczm.an?gx cxopocreﬁ
peaKLyii 32 cUeT SHEPTHHU CBA3U B HYK/IOHHBIX Kataldx Li(n,y)'Li, "Li(n,y)°Li 1 °Li(n,y)’Li. dTOT
Je KpUTEpHH TI03BOJISET OLEHNTH JIHANa3oH aCHMITOTHHECKHX HOPMHPYIOILHX KO3((PUUHEHTOR

(ANC), obecrieunBaroLIMX MPaBUJIbHOC JIalTbHOJIEHCTBYIOIIEE TTOBEJICHHE PAJHAIBHBIX (DYHKLIHI]
B pasaene 3 napuuaibHbIC W [OJIHBIE  CCUCHHMS  peaKilMy
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CBA3aHHBIX  COCTOSAHHH. o
() ; i 5 ara v YHONTFULT OT "B no § M- : i
()Be(n,yo+1+z+3+4+5)' Be, paccuuTaHtbic B AHANA30HC JHCPIHH O B 10 5 MaB | nossossiton

paccMOTpeTh MATh PE30HAHCOB M OUCHHTL HX CHFHATYPY B MOJHOM CeUCHHMH. BrmoueHue
Pe30HAHCOB [OKa3bIBAcT MX BIHAHHC Hd CKOPOCTb peakuuH B mnpeaenax ¢dakropa 4-3.
Bospacrarouiero npu 7o >1, cpaBHHBaA HEJABHAC pesysbrarel Wallner ?t al., 201‘)‘? Mohr etl ill.,
2019. B pazzene 4 yHUKaJIbHBIC 1O CMBICIY pacueThl MOJHBIX CCUCHHH peakuun ~B(n,yo+1) "B, '
semonHennsie B MPCM ot 107 3B 10 5 MaB, RaloT NpeayioeHHE O HOBBIX BI:CHCDHMCHTE’LHBHBIX ‘f
uimepenusax ISOLDE. IlpeacrasiChHbIC JIAHHBIE O CKOPOCTAX peakilii O0OOCHOBBIBAIOT PO!lb
peaxKiuu '3B(n,yo+|)'4B B [lernoyvKax Bop-Yrnepo-A30T, 3TO  HE TOYKA  paspbiBa




1C10BATENLHOCTH Bon: AR L 8 -
Laeoee HOCTH bopa. B pasenc 3 CKOpoeTh peakin “N(p.7)'°0 uwveer nestauntens HY 10
IBUCUMOCTD O . e LA : o
JABHCH] T ?3Mellcllnﬂ ACUMITOTHYCCKON KOHCTAHTLI. HO MOKa3bIBACT CHIBHOE BIMSHUC
untepdepertuu “Si(312) u 3,962 J :
: i 1(962) pe3onancos, ocobenio npu 79 OTHOCALIMXCA K OKHAM
" 7 ICT KacKalHeIx npoueccos *N(p,ys0s0y)'¢0, N(p.Y(6.130)'%0, 1 *N(p.y.117))'°0

MBOJIUT K ¥
PUBO,T YCHIICHUIO 001el ckopocTy PCAKLMK B OTJIMYHE OT 3axBara MPOTOHA B OCHOBHOM
COCTOSIHUU nipu T9 >3,
lema nucceprauuu nocratouno MHTCPECHA M OYCHb CBOEBPEMEHHA B CBA3M C TEKYLIMMMU
OKCICPHUMCHTATIBHBIMU U TEOPETHUYECKMMU HCCIICIOBAHUSIMH B 0614CTH IEPHOH acTpO(U3UKH
HI3KUX SHEPTUH U1 O0BACHEHHUS IEpBUYHOTO HYKJICOCHHTE3a BO BeenenHoi. Dta paboTta ueTko

H3N0KEHA, TMCCepTALNs HAIIMCAHA B SICHOM M TIOHATHOM CTHJIE, CChUTKH COOTBETCTBYIOT TEME M
MOKa3bIBAIOT HEIABHEE COCTOSIHUE W MPOLILIIBIE Pas3:

TAOJIMILbI TAKIKE MOKA3AHBI 10JDKHbIM oOpazom. Es

DaDOTKH B MpeIMETe HCCIeI0BaHks. PucyHKH.

eyuieBa b. M. 1BHO 1IeMOHCTPUPYET BBICOKH
YPOBCHb MPO(ECCHOHANU3MA U 1yOOKHE 3HAHUS npesivera. lloasoas wuror, auccepraius

MPCACTABNACT COOOH XOpOWHit ypoBeHb HayuHOI] PadOTHI ¢ HAyUYHOH HOBM3HOH W OOLIMPHBIM
CIIEKTPOM HCCJIEAOBAHUH.
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B Xone npoBeneHHBIX Hccien0BaHMI] bajimryas EseyuieBa 3apekomenjoBasia ceds Kak
KOMTIETEHTHBIM MOJIOJOW YUY€HBIH, ClTOCOOHBIH CaMOCTOSITEBHO pelaTh MOCTABJIEHHBIE 1EPE]]
HEW HayuHbIC 3a7a4u. baaurynb nokaszana cBOM NPeBOCXO/(HbIE AHATUMTHUYECKHE CIIOCOOHOCTH. a
BBICOKOE KaueCTBO €€ paldOoThl MOATBEPXKAAECTCS COABTOPOM YETHIPEX PELEH3UPYEMbIX
Iy OIMKalKid B aBTOPUTETHBIX JKypHasax B 06nactu ucenenosanuii. OHa sBISETCS NPEBOCXOHBIM
JIOKJIaI9UKOM, U €€ JOKIanbl Ha MEKAYHApPOAHBIX KOH(pEpeHLUsIX, BKIoUas MexayHapoaHyo
KOH(pepeHuuo mo npodiemaMm HemHorux tesn B (usnke (EFB2S), Maitnu, Fepmanus, 2023.
BBI3BAJIM OOJIBLIION MHTEPEC.

[lomBoas wurTor, MOXHO cKasaTh, 4TO JOKTOpCKas aucceprauus EneyiueBoit Baauryib
[IPEACTABIACT COOOH OpUTrHHANLHYIO M Hay4yHYI0 pabOTy BbICOKOro ypoBHs. [IpoBeaeHHOe
HCCIICIOBAHKE JIOTMYHO OPraHM30BaHO, @ METOIbI YE€TKO ONMcaHbl. Pe3ynabTaThl OYeHb XOPOLIO
[IpEeACTaBICHbl W OOOCHOBAHBLI, @ OOBACHECHHS pa3yMHbl MU YMECTHBl. H COCPEAOTOYEHBI HA
COOTBETCTBYIOLIMX TeMax. Pe3ysbrarhl Kaxa10ro pasjelia CyMMHPOBAHbI B 3aKTHOUYUTEIbHBIN
3aMEYaHHUsX.

B 3aknmioueHue CIEAYET OTMETHTDL, YTO PEUCH3MpyeMas JIMCCEPTalUst COOTBETCTBYET BCEM
TpeOOBaHUSAM, NPELbABIAEMbIM K JIMCCEPTALMHU JIOKTOPA (UIOCOMCKUX HAyK, @ NPOBEACHHbIC .
Eneymesoit bamurynb ¥ NpeAcTaBieHHbe B AUCCEpTalMH  HccnenoBaHus «Peakuuu
paIMallHOHHOTO 3aXBaTa Ha JIETKUX SApax B 3BE3JAHOH M MENK3BE3IHOMH MiazMe» HaXoAATCs Ha
rnepesiHeM Kpae sIepHOH hbr3MKY HU3KKX SHeprud. B jaumccepraunonnoit padore Eneyiuesa
Bagurysp MPOAEMOHCTPHpPOBAJIAa CBOM TBOPUECKHE CIIOCOOHOCTH B COOTBETCTBYIOWEM HAYUHOM
HanpapieHuy. S PEKOMEH/YIO JMCCEPTALMIO K 3ALIMTE, W OHA, HECOMHEHHO, 3aCiyXKHBAC
[IPUCYKJICHHUS y4yeHOM CTENEHU J0KTOPA bunocodpekux nayk (PhD) no cneunansuoctu 8D05308

— «SlpepHas (pU3HKay.
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