





























SAKIIOYEHUE

B 3aKIIOYCHUH NpeacTaBuUM OCHOBHBIE pe3ynbTaThl npeanaraeMomn

ZTUCCEPTALHOHHOM PaGOTHI:
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B pamkax aamabarmyedkoro NPUOIKEHUs NOCTPOEHa TEOPHs] MEX30HHOTO
BHYTPU3OHHOTO MArHETONOMIOWEHHH B CHIBHO-CIUTIOCHYTOI JBOSIKOBBIITYKJIOH
ACHMMETPHYHOM NMH3006pasHoit  KT. Tlonyyen amamurwweckwii Bux mus
SHEPreTHYECKOr0 CNEKTPAa M BOJHOBBIX (hYHKIHMH OIHOYACTHYHBIX COCTOSIHMH, a
TAKXKEe BBIABJICHBI NPaBHiIa 0TOOPA A1 MEX3OHHBIX W BHYTPH30HHBIX [EPEXO/IOB.
IloxkasaHo, 9TO anA KBAaHTOBHIX wuHCeN HMeloT MeCTO mpaBuna orGopa

/ o ’
", >n,m—>-m’,n —n . C pOCTOM MarHMTHOIO TOJNA MOPOT MOMIONIEHHS

CMEILIACTCA B KOPOTKOBOJHOBYIO 067acTh (CHHee CMEINEHME) /U MEK3OHHBIX
nepexonoB. Takke H3ydeHBI TeMmepaTypHble 3aBHCHMOCTH koa(duimenTon
MEX30HHOIO M BHYTPH30HHOTO moriomenuii. ITokasaHo. uTo TIPH  MEX30HHBIX
TEpEX0/ax HAbMIOAETCS KPACHOE CMEIIIEHHE ¢ POCTOM TEMIIEPATY Phl.

H3yuensl 3aBucHMOCTH K03(duimenTOB TCHEpALMK BTOPOH M TPeThel rapMOHHMK
OT SHEPruH Najalomero cBera. PacveTsl cAenaHbl NMpH pasmUuHBIX 3HAYEHHSX
BHEIUHEro MarHUTHOTO mons U pasmepos KT. Poct BHemHero MarHHTHOro noJis
TIPUBOZMT K CHany MHKOB Kod((HIMEHTOB reHepamyu BTOPOif M TpeTheit
FaDMOHHK. AHAJIOTMYHOE MOBEJEHHE MOKA3BIBAIOT ITHKH NPH  YBEIHYEHUU
pasmepoB KT, B yactHOCTH BBICOTHI JuH3000pa3Hoi KT.

HccnenoBan /eKTpOHHBIH a3 M ra3 TsKebix ABIPOK B CHJILHO-BBITAHYTOM
wmncounansioi KT w CHIBHO-CIUTIOCHYTOW  JIMH3006pasHoii KT,
Bsaumoneiicteue Mexay wactmamm rasa YYTEHO B paMKaX MOJEIH aroMa
Moumnckoro, korna B3auMoneiicTeue MEXy YaCTHLAMM pacCMaTPHBAETCS
TIApHBIM W OCHWUIATOPHBIM. B ciiywae smmmncownanshoii KT B3aMMOJICHCTBHE
PacCMaTpuBacTCs OAHOMEPHBIM (B AKCHANLHOM HANpPaBNEHHH), a B ciyyae
7H3000pasHol KT AByMepHBIM (B IIOCKOCTH CeueHus KT).

Toctpoena monens AMMAHOBONHOBOTO MOrTOMmEHUs JUIL HECKOJIBKOYAaCTHYHOTO
/IEKTPOHHOTO H JBLIPOYHOTO ra3oB, KOTAa Ha CHCTEMY IAJaeT JTMHHOBOJIHOBOE
BO3OYX/IEHHE C 3JIEKTPHYECKOH KOMNOHEHTOH E (t)=Ee= IMokasano, uro ¢

YHETOM MEXYaCTHYHOTO B3aMMOJIECHCTBHMA, Tak W B clydae, Koraa 3to
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B3aMMOJICHCTBHE OTCYTCTBYET, MOJ AEHCTBHEM JIMHHOBOJHOBOIO M3JIyYEHHA

HMEIOT MECTO JIMIOJIbHBIE NIEPEXO/Ibl, ONpe/ieIAeMbIe OJHON M TOM € YacTOTOi,
4TO ABNAETCA A0KA3aTEILCTBOM peanu3aluu 06061meHHo#H TeopeMsl Kona.
PaccMOTpeHbl TePMOJMHAMHYECKHE XapPaKTEPHCTHKM IbIPOYHOrO ra3a B CHIJIBHO-
BBITAHYTOH OJUIMIICOMAQIBHOM M CHIBHO-CIUIIOCHYTOH JsmH3000pasHoi KT.
M3yueHbl TeMIepaTypHble 3aBUCHMOCTH CPeJIHEeH 3HepruH, cBOOOJHON 3Hepruu,
JHTPOIMH U TEIUIOEMKOCTH ra3a. [TokasaHo, 9TO y4eT B3aMMOJEHCTBUS MPHBOJUT
K pOCTy cpeHel M CBOOOJHOHM JHEPrHii, a TAKXKe YNOPSAJA0YHBAHHIO CHCTEMBI, B
pesy/bTate 4Yero ¢ POCTOM IIapaMeTpa B3aUMOJEHCTBHS DHTPONHA CHCTEMBI
majaer.

TIpu paccMOTpEeHHH 3aBMCHMOCTH CpefiHell U cB06OIHO# sHepruu oT BhicoThl KT,

HayMHAd ¢ MOMeHTa Koraa h, =/ , Habmonaercs (hasoBblli mepexo] NEpBOro

pona, obycrnosieHHsli nepepacnpeaenenueM uactun B KT, koraa B pesynbrare
yBEJIMYEHHs HWKHEH OOJIACTH JIOKAIM3AlMM 4YacTHI, Mbl Ha0mogaeM OTTOK
YacTHL M3 BEPXHEHW O0JAaCTH B HWKHIOK, CONPOBOXIAEMBIA YMEHBLICHHEM

s¢dexra pazMepHOro KBaHTOBAHHS.
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1. Unhwpwwwlywbd  dnwugnpupjull  ppwlwlibpnd Juomgyly Lk
thegnunhwlwh b Gipgnuhwlwb dwqbhuwlwi Gubnudbtph wbunipnip
Jupun  utniywd tpyniemghly wihwdwsuh  nuyyuiwal  pYwbnuyhb
Jnmd  (RY): Uwwgyly b dkdwubhluyht  Jh6wlitph  wihpuyhl
$nihiyghwibtiph b thtipghwlwb vwybiumph Ytpndwljub mbuptpp hbgubu ule
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nmpu LG pbpdty Shegnuhwyub L ftipgnnhwlwd  whgnuibtiph  hudwp
onlpfwl Ywhnbltpp: 8nyg bt wpyly, np plwiwwhb pytiph hudwp wbinh
niLiith htnlyuy l{w[mﬁﬁbpn‘ n —n, m——m',n,—n,: Uwghhuwljub nuwywh

w6hb qmqlipwg Yruindwb bqpp thegnnhwljui whgniilitiph hundwp tinynid £
ntyh Juptughpughll whpnyp (Guuynywn tnnud): Mumdbwuhpyty GO Gwl
thegnuhwljub ' blipgnumhwljutx rulniwlh gnpdwlhgtiph
gipfwumhwbught uu]wdnipynm tbtipp: 8nyg t wpyty, np dhegnuhwjuib
whgnidhtiph nwpnid Gungmad E jupdhp 2tnnud gtipfwunh6with wGh htin:
Munidbwuhply GG Gpypnpn b Gppnpn hwpdn@ihyh qtiitipughuyh
qnpdwljhglitipp’ Yuihujwd pblyting yuh tatipghughg: <wpiwnplibiph wpt G
wpnwphll dwqbhuwud nupwh & LY-h yunhbtph wwpptp  wpdtipiiph
huwdwp: Upnwphl dwqbhuwlwh nupnh wép phpnid © kpypopn L tippnpn
hwpinbhyh  gt@itpughuyh  gnpdwilhgitiph ququpltph  jwuqiwb:
Ldwbophty Jupp Yuptgh b Ghuwnty £G-h suhtph  wéh ntiypnid
Swubtunpuiytiu nuyiywlual L4-h pupdpnipyub nhwpnid:
MuunuiGwuhply BB Hjwopnbughl gugp b dwbp funpnsbitinh qugp huhuwn
aqud Hhwuwpnuyhtt b juhun ubiniywd nuylyulual. LY-tpnud: Gwgh
thetwubihjuyhli thnpuwgntignipynitp hupdh £ wntt Unphliuynt wnmih
unntijh 2pgwlwyned, tipp dhedwubhyuyht thnhuwqnbignipyniiip nhunwplpfnid £
nputiu  gnyq L oughpunnpuyhb: Fjhwyuwpnuhtt  £4U-h  nliwypmd
thnhuugntignipynilip nhuwplymd £ npujtiu dhwewh (wpuhuy ninnnipjuip),
hul nuyywywal LU-h nhwypnd ° tphyuth (LY-h hwppnipjwi hundwb
ninnnLRjuip):

Guwpmgyly E tpupughpughll ubdwh dnntp dh pwbh Jwubhuyhh
Hupniughtl b funnnguyhf qugtiph hudwp, tpp hunfwlungh Ypw phybnd £
tpQupughpughtt wgntignipynit £ (1) = Exe™ Hllmpuyub pununpheny:

8nyg k wpwd, np higwtu thedwubihuyhb thnhuwgntignipyul wnluynipyul,
wylytiu f npu pugwluympyub nhupnid pjupuihpught Gunwquypdub
wgnbtgnipyul wwy h hwyn b quihu nhwnuyht whgnmdhitip, npniip npnpynid
il Ginyt hwlwhunpyuip, hisp hudwpynid £ Unbh ptnhwipugdud plinptidh
hpuwyuiugdiwb wuugnyg:
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Qphunwplpty B hunonguyhli qugh phpﬁnnhﬁwﬁhhuﬂ;wﬁ phinpwgptipp jupuw
aqyud Lhuuwpnuyht W fupun  utmifud nuyyuyual Ly-tipnud:
Orunidiwuhpty G qugh wheht titipghwyh, wquun thtipghuyh, thwnpnuhuwh
8 ghp\inmuﬂ;mrajum ghpﬁ\uumhﬁwﬁuljhh llmtullwbmrajmﬁﬁbm: 8nyg k
wmtiy, np qmtuuquhgnqa_]um huh wnlnuip pipnid © thohli L wquun
totpghwbtph  wéh hhswtiu Gl hundwljupgh upguujnpiwbp, hugh
wprynLipnid \hntumqnhgm[a_]um wupuitinph wéhb qniglipwg hunfwiljupgh
Eawnpnwhwi fjuqnud £

Uhghti b wqumwn thtpghwbtph®  LU-h pwpapmpyniiihg  nhwwplan
hmlullwbm[ajnmhhpnui h, = h wwhhg uljuwd  Oljunynud t wnwehll Jupgh
$puquyhll wbgnud, wuydwiwynpwd P£U-nud dwubihybbiph Ytpupwhududp,
tpp dwubhlybtiph whinuyhwgiwi fitipplth whpnyeh ihkowgiwh wprynibpnd
Aljunynid £ Wwubihybtiph wpmwhnup ytiplth mhpnyehg fikpplh wmhpnyype:

CONCLUSION

1. In the frame of the adiabatic approximation, a theory of interband and
intraband magnetoabsorption in a strongly oblate biconvex asymmetric lens-
shaped QD is constructed. An analytical form for the energy spectrum and
wave functions of single-particle states are obtained, and selection rules for
interband and intraband transitions are identified. It is shown that selection

rules for quantum numbers n, —>n, m—>—m, n, — n, take place. With

increasing magnetic field, the absorption threshold shifts to short wavelengths
(blue shift) for interband transitions. The temperature dependences of the
interband and intraband absorption coefficients were also studied. The
interband transitions red shift with increasing temperature is observed.

2. The dependences of the second and third harmonics generation coefficients on
the energy of the incident light were studied. Calculations were made for
different values of the external magnetic field and QD sizes. An increase in

the external magnetic field leads to a decrease in the peaks of the second and
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third harmonic generation coefficients. Peaks show similar behavior with
increasing QD dimensions, in particular the height of the lens-shaped QD.
Electron gas and heavy holes gas in a strongly prolate ellipsoidal QD and a
strongly oblate len‘é-shaped QD were studied. The interaction between
particles is taken into account within the framework of the Moshinsky atom
model, when the interaction between particles is considered paired and
oscillatory. In the case of an ellipsoidal QD, the interaction is considered one-
dimensional (in the axial direction), and in the case of a lens-shaped QD, it is
considered two-dimensional (in the plane of the QD section).

A model of long-wave absorption is constructed for few-particle electron and

hole gases when a long-wave excitation with an electrical component

E(t)=E,e™ is incident on the system. It is shown that, taking into account

the interparticle interaction, and in the case when this interaction is absent,
under the influence of long-wave radiation, dipole transitions take place,
determined by the same frequency, which is proof of the implementation of
the generalized Kohn theorem.

The thermodynamic characteristics of a holes gas in a strongly prolate
ellipsoidal and strongly oblate lens-shaped QDs are considered. The
temperature dependences of the mean energy, free energy, entropy and heat
capacity of the gas were studied. It is shown that taking into account the
interaction leads to an increase in the mean and free energies, as well as
ordering of the system, as a result of which, as the interaction parameter
increases, the entropy of the system decreases.

When considering the dependence of the mean and free energy on the height

of the QD, starting from the moment when h,=h, a first-order phase

transition is observed, caused by the redistribution of particles in the QD,
when, as a result of an increase in the lower region of particle localization, we

observe an outflow of particles from the upper region to the lower.
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