REVIEW

by the foreign scientific supervisor of the doctoral dissertation of Shalkar
Muratovich Kazhykenov entitled “Exotic states of nuclei with 1 p shell”, submitted
for the degree of Doctor of Philosophy (PhD) within the educational program
“8D05308 — Nuclear Physics”.

The PhD dissertation of Shalkar M. Kazhykenov is devoted to a fundamental
theoretical investigation of the structure of light nuclei with open 1p shells and of
nuclear reaction mechanisms used as probes of their internal structure. The work
focuses on elastic and inelastic scattering of protons and deuterons, as well as nucleon
transfer reactions involving the nuclei *C, C, and 7Li in the low-energy region near
the Coulomb barrier.

The dissertation employs a methodologically consistent set of modern quantum-
mechanical approaches to nuclear reaction analysis, including the optical model, the
full-wave method, the distorted-wave Born approximation (DWBA), and coupled-
channel formalisms (CC, CDCC, and CRC). Microscopic folding potentials are
constructed using effective nucleon-nucleon interactions of the M3Y and CDM3Y6
types. The selection and systematic application of these methods are well justified and
demonstrate a deep understanding of their physical content and limitations.

A substantial part of the dissertation is dedicated to the analysis of the 3C+2C
system at energies near the Coulomb barrier. It is shown that an adequate description
of the experimental angular distributions, particularly at large scattering angles,
requires the inclusion of one-step neutron transfer. Within the DWBA framework, a
self-consistent value of the spectroscopic amplitude for the *C — 12C + p configuration
is obtained, exhibiting only weak energy dependence. This result indicates the
dominance of a single-step neutron transfer mechanism and is consistent with existing
theoretical and experimental data.

The interaction of deuterons with the *C nucleus is investigated using the CDCC
and CRC approaches, with a detailed analysis of deuteron breakup and nucleon transfer
effects. The results demonstrate that channel coupling effects significantly modify the
clastic scattering observables, highlighting the importance of a multichannel
description for low-energy deuteron-induced reactions.

Special attention is given to the study of excited states of the *C nucleus with
excitation energies of 3.09, 8.86, and 9.89 MeV. It 1s shown that the 3.09 MeV state
has a predominantly single-particle '?C + n structure, whereas the higher-lying states
are characterized by a dominant °Be + o cluster configuration. These findings have a
clear physical interpretation and are in good agreement with modern concepts of light
nuclear structure.

Within the full-wave method, elastic proton scattering on the nuclei "Li and '“C
in the low-energy region is also analyzed. It is demonstrated that the use of MICroscopic
folding potentials allows for a consistent description of experimental differential cross
sections and phase characteristics, with the imaginary part of the optical potential
playing a crucial role in shaping the angular distributions.
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Overall, the PhD dissertation of Shalkar Muratovich Kazhykenov represents a
logically complete and well-structured fundamental study carried out at a level that
meets international standards for doctoral research in nuclear physics. I consider that
the dissertation fully satisfies the requirements for the award of the degree of Doctor
of Philosophy (PhD) in Nuclear Physics, and that its author deserves the conferment of
the PhD degree.
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PELIEH3USA

Ha TOKTOpCKyto nuccepranunio Kaxsikenosa Illamkapa MypatoBuua «K30THUECKHE
COCTOSIHMA AP ¢ 1p 000sI04KaMK», NPEICTABIEHHYIO HA COUCKAHUE CTENCHH JOKTOpa
¢unocoduu (PhD) B pamkax 06pazoBarenbHOi nporpammbl «8D05308 — Snepnas
$u3nKay, COCTABICHHAS! MHOCTPAHHBIM HAYYHBIM PYKOBOAMTENIEM.

Huccepranumst  KaxbikenoBa Illankapa M. mnocssimeHa (GyHIaMeHTanbHOMY
TCOPCTHHUECKOMY HMCCIICIOBAHUIO CTPYKTYPhl JIETKHX sIep ¢ lp obomoukamm, a Takike
MCXaHU3MOB ANCPHBIX PEAKLMH, HCIIONb3yeMbIX B KaueCTBE 30HIOB WX BHYTPEHHEH
CTPyKTypbl. PaboTa cocpenoToueHa Ha ynmpyroM M Heympyrom paccessHuM MPOTOHOB U
JISUTPOHOB, a TAK)KE HA PEAKIMAX MepeIadu HYKJIOHOB C y4yactuem saep C, “C u "Li B
00J1aCTH HU3KMX SHEPrUii BOIM3H KYJIOHOBCKOIO Oapbepa.

B juccepraumu  IpHUMEHS€TCS  METONOJNOMYECKH — COMIACOBAHHbL Habop
COBPEMCHHBIX  KBAHTOBO-MEXAHMYECKMX IOAXONOB K aHAIH3y AEPHBIX pEaKiiii,
BKIIOYAIOMMH ONTHYECKYIO MOMENb, METOA TOJHBIX BOJH, MPUOIIKEHHE HCKAKEHHBIX
BoJIH bopHa (DWBA), a Takxke GpopMani3Mbl CBI3aHHBIX KAHAIOB (CC, CDCC u CRO).
MHukpockonuueckne  GOIJMHIOBBIE  [TOTEHLMANBI CTPOATCS  C  HCIIOJB30BAHUEM
Y (EKTUBHBIX HYKIOH-HYKJIOHHBIX B3aUMONEHCTBHH THIOB M3Y u CDM3Y6. Boibop u
CHCTEMAaTHYCCKOC MPUMEHEHUE YKA3aHHBIX METOJOB SIBIISFOTCS XOPOIIO 060CHOBAHHBIMYU
CBUJCTENBCTBYIOT O IIYOOKOM TMOHUMAHHHM HMX (U3MYECKOTO COAEPKAHUA U IpaHuIl
IIPUMEHUMOCTH.

3HAYWTENbHAS YACTh JMCCEPTALMH MOCBAIIEHA aHanmu3y cucrteMbl “C+2C mpwu
OHEPrusX BOJIM3M KyJIOHOBCKOTO Oapbepa. II0OKa3aHO, YTO aNeKBATHOE OMHCAHME
IKCIICPUMEHTATIBHBIX  YIVIOBBIX PACTIPE/CNICHHH, B OCOOEHHOCTH MpH GONBIIMX yIviax
paccesHus, TpedyeT yuéra OJHOIIAr0BOro IepeHoca HeWTpoHa. B pamkax nmoxxona DWBA
HMOIYHCHO  CaMOCOINIACOBAHHOE  3HAYCHHE  CHEKTPOCKONMHYECKOW — aMIUTUTYHBI  JUls
koHuryparuu *C — '2C + n, AEMOHCTPUpYIOLIEe ClIabyro S3HEPreTHYECKYIO 3aBUCHMOCTb.
~[{aHHBIil pe3ynbTaT yka3biBaeT HA JOMHHHPOBAHHE MEXAHH3MA OJHOMIArOBOIO epeHoca
HEHTPOHA M COMIACYeTCs C HMMEIONIMMUCH TEOPETHUECKUMH H SKCIEPUMEHTATBHBIMU
JIAHHBIMH.

B3aumonericTBue netporos ¢ axpom *C uccienoBaHo B pamkax noaxonoB CDCC u
CRC ¢ nmeTanbHbIM aHanuzoM 3dGhexTos pasBaja JEUTPOHA M NEPEHOCA HYKIOHOB.
ITomy4eHHbIe pesynbTaThl AEMOHCTPUPYIOT, YTO S(QGEKTBI CBA3M KaHAIOB CyILIECTBEHHO
MOZM(HULUMPYIOT HAOIIONAEMBIE YIIPYrOro paccesHus, nomYepKkrBasi HEOOXOIUMOCTh
MHOTOKaHAJILHOTO  OIMCAHWS pEaKkUUH, HHIYUMPOBAHHBIX NCHTPOHAMH IIPH HH3KHX
SHEPTHUsX.

Ocoboe BHHUMaHHE yIENEHO H3yUCHHIO BO30YXIEHHBIX cocTOsHMU siapa *C ¢
dHEprusiMu Bo30yxaeHus 3,09, 8,86 u 9,89 M»B. [loka3aHo, 4TO COCTOsIHUE C dHEprueii
3,09 MsB umeer npeumyInecTBeHHO OZHOYACTHYHYIO KOH(UTypanuio '2C + n, Torma kKak
BbICOKOPACTIONIOKCHHBIC  COCTOSIHUS  XapaKTEpU3YIOTCsl JIOMUHUPYIOUIEH  KIIACTEPHOM
koHQurypamueir *Be + . ITomydenusie Pe3yIbTaThl NOMYCKAIOT SICHYIO (DU3HUUECKYIO



MHTEPIPETALUIO U HAXOAATCS B XOPOILIEM COITIACHH C COBPEMEHHBIMH IPEICTABICHUSIMH O
CTPYKTYype JIETKUX SIACP.

B pamkax Meroma HOMHBIX BONH Tarke NPOBEJCH aHANIU3 YIPYroro paccesHus
IIPOTOHOB Ha sapax ‘Li u “C B 00macTy HU3KHX sHeprui. IIpogeMoHCTpUpoBaHO, uTo
UCIIONIb30BAHME ~ MMKPOCKONMYECKHX  (DOIAMHIOBBIX IIOTEHIIHAIOB  00eCIeYnBaeT
COITIACOBAHHOE OMHUCAHME 3KCIIEPUMEHTATbHBIX auddepeHInanbHBIX CeUeHUN 1 (bazoBbIx
XdpaKTCPUCTHK, TIPU ITOM MHHMAs YacTh ONTHIECKOIO NOTCHIIMANIA  WUTPAET
OTPEACIIAIONIYIO POTb B (POPMHUPOBAHHH YTIIOBBIX pacripeneneHui.

B nenom muccepranus Kaxbikenosa IlTankapa Myparosuua mpencrasiaser co6oii
JIOTHYECKHU 3aBEPIICHHOE, XOPOIIO CTPYKTYPHUPOBAHHOE byHIameHTaNBEHOE HCCTEROBaHNE,
BBIIIOTHCHHO® HA YPOBHE, OTBEYAOLIEM MEXIyHAPOLHBIM CTaHJapTaM Hay4dHBIX paboT B
obnactu simepHoit (GuzuKwy. Cuuraro, 4T0 AMccepTanys B MONHOMN Mepe YIOBIETBOPSAET
TPEOOBAHUSM, HPENBIBISEMBIM K IPUCBOCHHIO CTEIEHM JOKTOpa ¢umocoduu (PhD) mo
CIICHHATBLHOCTH «SlnepHast pusuka», u uro eé aBTOP 3aCJIy’KHBACT NPUCYKACHHS CTEIICHH
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