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Huccepratmuss  Mapunbsl  AnekcanapoBHbl  CeMHHOW — ABISIETCS  JI€TalbHBIM
TEOPETUYECKUM  HCCIEIOBAaHMEM  DKCUTOHOB M OKCHUTOHHBIX  KOMILUIEKCOB B
MOJTYIIPOBOJTHUKOBBIX HAHOCTPYKTypax. B Hell paccMarpuBarOTCs HECKOJIBKO THIIOB
CTPYKTYp, KOTOpble Haxonaarcsi B (oKyce HaydHBIX HMHTEPECOB OOJBIIOIO KOJIMYECTBA
TEOPETUYECKUX U DKCIEPUMEHTANBHBIX Tpynn B mupe. Cpeau HUX, KBAaHTOBBIE TOYKH,
KOJUIOM/IHbIE HAHOKPHUCTaNIbl W JABYMEpHble Marepuaibl. Kpome TOro, mnpeacraBieHO
JeTalbHOE HCCIIEAOBAHHE CTPYKTYPhl PHIOEPrOBCKUX HKCHUTOHOB B OOBEMHOM KpHUCTAILIE
Cu20. CMozmenupoBaHbl U pacCYUTAHBI SKCUTOHHBIE TTAPAMETPBI OMPEIEISIONINE ONTHYECKIE
CBOMCTBA 3THUX CTPYKTYP M UMCIOIIUX BAXXHOE 3HAYCHUE JUIS MX MPAKTUICCKUX MPUMEHEHHH.
Cpenu HHUX: PHEpPrusi CBA3M U TOHKasg CTPYKTypa SKCUTOHOB, TPUOHOB U OUIKCUTOHOB.
ABTOpOM pa3BUTHI (i) BapUAIIMOHHBIN TOAXOT /ISl pacueTa 3JIeKTPOH-ABIPOYHBIX KOMILJICKCOB
B HaHOCTPYKTypax, (ii) TeopHs CBSI3aHHBIX COCTOSIHUN JIBIPOK C YYETOM CIIOKHOM BaJICHTHOM
30HbI U 3¢dekra 3eemana, (iii) TeopHs KyJOHOBCKHX KOMIUIEKCOB B SIHMTAKCHAIBHBIX U
KOJUIOWJHBIX KBAaHTOBBIX TOuYkax, (IV) TEOpHsl SKCUTOHOB W TPHUOHOB B JBYMEPHBIX
KpHCTa/UTaX HAa OCHOBE JUXAIbKOTCHHIOB TEPEXOAHBIX MeTamioB, u (V) Teopus
pUAOEPTOBCKUX PKCUTOHOB B OOBEMHBIX KPUCTAIUIAX. B IeI0M, BBITOJIHEHHBIN UK paboT
MIPEJICTABISETCS] OUYEHb CePhE3HBIM HCCIIEIOBAHUEM KYTOHOBCKHX KOMILIEKCOB ¢ HEOOIBIIUM
KOJIMYECTBOM YaCTHII.

CunpHOM CTOPOHOM AKMCCEePTALIMOHHON pabOThI U €€ BaKHOM 0OCOOCHHOCTBIO SBIISETCS
TOT (aKT, YTO OONBIIMHCTBO PACUYETOB MPSMO COMOCTABIISETCS C IKCIEPUMEHTAIBHBIMU
naHHbIMU. Peanm3anum 3Toro cmoco0cTBOBaio TecHoe coTpyaHuuectBo M.A. CeMuHO#l ¢
HECKOJIBKUMH IKCIIEPUMEHTATBHBIMU TPYIIIIAMHA U3 PA3HBIX CTPaH. ITO IMO3BOJIMIO HE TOIBKO
MOJIYYUTh JIOCTOBEPHOE MOJIETbHOE OIMCAaHUE OJKCIePUMEHTa, HO U YyOeauThCcs B
QJICKBAaTHOCTH HCIIOJIB3yEMbIX MOJICITBHBIX MOJIXO0JI0B U YAOCTOBEPUTCS B UX MPUMEHHUMOCTH.
Hama »kcnepuMenTanbHast Tpymmna B TexHudeckoMm yHuBepcutere JlopTmMyHIa wumeer
JTABHIOIO MCTOPUIO TUIOAOTBOPHOTO coTpynHuuectBa ¢ M.A. CeMHHOM, KOTOPOE BKJIIOYAET B
ce0s HECKOJBKO TEeM: DMHUTAKCHATbHble KBAaHTOBHIE TOYKH, KOJJIOUIHBIE HAaHOKPHCTAILIBL,
punbeprosckue 3kcuToHBl B CU20, a Takke HEeTMHEWHBIE CBOHCTBA AKCUTOHOB. [lociemHss
TeMa He Oblila BKIFOYEHA B IaHHYIO JIUCCEPTALIUIO.

BrImiosTHEHHBIE HCCIICIOBAHUS JTOKJIAIBIBAINCh HA MHOTOYUCIICHHBIX POCCHUCKHX WU
MEXIYHApOAHBIX KOH(EpeHIUIX, a Takke OMyOJIMKOBaHBI B CEpUM CTaTel u 0030pOB B
BEIyIIUX OTEYCCTBCHHBIX M 3apyOeHBIX HAYYHBIX JKypHajIax. HaydHble pe3yabTaThl,
moJiydeHHbIe B quccepraiud M.A. CeMUHOH, IUPOKO U3BECTHBI HAYYHOU OOIIECTBEHHOCTH.

PaboTa BrIOTHEHA HA BEICOKOM HayYHOM YPOBHE, a aBTOP HECOMHEHHO 3aCITy’)KUBAET
NPUCYXKACHUS €My YYEeHOH CTelmeHW MAOKTOpa (U3HKO-MAaTeMaTHYECKHMX HayK IO
cnenuanbHOoCcTH 01.04.02 — TeopeTndeckas Gpu3uKa.
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Report on the abstract of the dissertation of M.A. Semina
“Theory of Coulomb complexes in semiconductors and nanostructures”
submitted for the degree of Doctor of Physics and Mathematics
specialty 01.04.02 - theoretical physics

The Doctor of Science dissertation of Marina Aleksandrovna Semina represents a
comprehensive theoretical study of excitons and their complexes in semiconductor
nanostructures. It covers several types of structures which are in the focus of current interest
of theoretical and experimental groups all over the world. Among them are quantum dots,
colloidal nanocrystals and two-dimensional materials. Additionally, the details of the exciton
fine structure are modeled for Rydberg excitons in CuxO bulk crystals. Theoretical
calculations are provided for the exciton parameters which are controlling the optical
properties of these structures and are of key importance for their applications. Among these
quatities are the internal structure, binding energies, fine structure of excitons, trions, and
biexcitons. The author has developed (i) a variational approach for calculating electron-hole
complexes in nanostructures, (ii) a theory of bound hole states taking into account the
complex valence band structure and the Zeeman effect, (iii) a theory of Coulomb complexes
in epitaxial and colloidal quantum dots, (iv) a theory of excitons and trions in two-
dimensional transition metal dichalcogenides, and (v) a theory of Rydberg excitons in bulk
crystals. In summary, the dissertation contains a very thorough study of Coulomb complexes
with a small number of particles.

A strong and remarkable aspect of this dissertation is that most of the calculations are
directly compared with experimental data, which are provided by direct and close
collaborations of M.A. Semina with several experimental groups worldwide. It allowed M.A.
Semina not only to give the correct interpretation of the observed phenomena and to obtain
reliable confirmation of the developed theories, but also get specific data on Coulomb
complexes in the systems under study. Our experimental team at the TU Dortmund University
have had the great pleasure to collaborate with Dr. Semina during a long period. The
collaboration comprises several topics: epitaxial quantum dots, colloidal nanocrystals,
Rydberg excitons in Cu2O as well as nonlinear exciton properties in optical harmonics
generation, which have been left out of this dissertation, likely for length restriction.

The research results of this dissertation were extensively presented at numerous
Russian and international conferences. They are published in a series of articles and reviews
in leading Russian and international scientific journals. These results are well known and
widely cited by the scientific community. We are absolutely convinced that the author
deserves the award of the degree of Doctor of Physics and Mathematics, specialty 01.04.02 -
Theoretical Physics.
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