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AHHOmauusi — B paboTe paccMoTpeHa BO3MOXHOCTb ornpe-
neneHnsi COBCTBEHHBbIX 3HAYEHUN WM COBCTBEHHbIX (YHKLMIA
YacTuL, M KBas3M4acTUL, B TYHHEIbHO-CBA3AHHbIX KBAHTOBbIX
siMax B NPUOGNMXEHUN Teopuu BO3MYLLUEHWUN. [JaHHbIA noaxopn,
nossonsiet 6onee agekBaTHO ONUCLIBaTb NPOLECC B3auMogewn-
CTBUSI MEXAY KBAaHTOBbIMU SIMamu, OCOGEHHO Mpu yBENUYeHUn
LUMPWHbI M S3HEPreTUYecKom BbICOTbI pa3aenuTenbHoro 6apbepa.

|. BBegeHue

CosgaHne HaHOCTPYKTYpbl B aKTUBHOW obnacTtu Toro
WUNM MHOTO MONYNPOBOAHMKOBOIrO npmbopa NpuMBOAMT K
BO3HMKHOBEHMIO Psija MCKYCCTBEHHbIX MOTEHUManbHbIX
6apbepoB 1 iM, KOTOpbIE U3HaYarnbHO 3a4al0T AHepreTn-
Yyeckme 1 anekTpogusnyeckme CBOMCTBa HocuTenewn [1].
CymmapHoe none HocuTemNen, oKa3aBLUMXCS B aKTUBHOM
obnactu npubopa, kak B pe3ynbTaTe TEMMOBOW reHepa-
uuKn, Tak U B pesyrnbTaTe CornacoBaHHOro HanpaBneHHOro
OBWKEHUS B pe3yrnbTaTte BHeLWHero nonesoro nnm nioboro
Opyroro BMAa BO3AENCTBUSA, Kak MPaBumo, He okasblBaloT
CYLLECTBEHHOIO BIIUSHUS Ha MOTEHUManbHbIA pernbed
HAHOCTPYKTYpbI. XapakTep ABWXeHNs HocuTenen B obna-
CTW HAaHOCTPYKTYPbl MEHSIETCS MO CPABHEHWIO C OObIYHbIM,
06bEeMHbBIM NOMNYNPOBOAHMKOBLIM NpubopoM. [loaTomy
anekTpoduanyeckne cBorcTBa NpUBGOPOB C HAHOCTPYK-
Typamy B OCHOBHOM OMNpeaensitoTcs napameTpamMmm HaHo-
CTPYTYpbl 1 €e BO3AEeNCTBMEM Ha NPOLECChI reHepaLuuu,
HaKOMMEHNs N pekoMbrHaL MM HoCUTENEeN, a TakKe Ha UX
HanpaBneHHoe 1 TennoBoe ABwxeHue [2, 3].

Tak, Hanpymep, B POTONPUEMHMKAX Pas3nnYHbIX TU-
MOB W CONHEYHbIX 3NIeMeHTax C HaHOCTPyKTypamu, obec-
neyMBaeTCq MPOCTPAHCTBEHHOE pasfenieHne 3nekTpo-
HOB 1 ObIPOK C LIENb HEAOMYLLEHUS Napa3uTHON peKoM-
OUHaLMM 1 NOBbILEHUSA CUMbl TOKa, NONy4aemoro oT Ta-
KX anemMeHToB. Kpome Toro, npyMeHeHne HaHOCTPYKTYp
no3sonsieT Hanbornee NOMHO OXBaTUTb 3aJaHHbIN Anana-
30H AJIH BOJTH, MOMNOLWAeMOoro onTUYeCKOro NsnyyeHnst
— KaKk MOXHO 0Goree LUMpOKOro, B Criy4ae COITHEYHOrO
3aNeMeHTa, 1 Kak MOXHO bonee y3koro — B cnyvae gatyu-
Ka MM MOHOXPOMHOrO choTonpremHmka [4].

B cBetoguogax v MoOnNynpoBOOHWMKOBbLIX Nasepax
HaHOCTPYKTYpPbl CNOCOBCTBYOT 06pa3oBaHMI0 MHBEPCHOM
HacerneHHoCTW, MPenAaTCTBYIOT napasnuTHoMy OOKOBOMY
pacTekaHuo HocuTenen, cnocobCTBYIOT CHUXEHUIO NOPO-
roBOro Toka 1 popMrpoBaHMIO ONTUYECKOrO BONTHOBOAA B
aKTMBHOWM 06nactu npubopa, Ansi BbiIBoAa reHepMpyeMoro
U3MNyYeHUs, yBENNYEHUIO Er0 HaNPaBNEHHOCTN N CHUXKe-
HWIO NOTEpPb Ha paccesiHne B paboyem BellecTBe [4, 5].

B 9neKTpOoHHbIX MNOMyNnpOBOAHUKOBLIX Mpubopax
NpUMEHeHNe HaHOCTPYKTYp No3BonsieT 6onee LWMpoKo U
Ka4yeCTBEHHO MPUMEHHATb TYHHENbHbIN MeXaHW3M nepe-
HOCa 3apsiA0B MO CPaBHEHMUIO C TPaAULIMOHHLIMU — 06b-
emMHbiMu npubopamu. B npubopax, mcnonb3yowmx pe-
30HaHCHOE TYHHENVMpPOBaHWe ANEKTPOHOB — PE30HaHCHO-
TYHHENbHbIX AMoAax, PE30HAHCHO-TYHHENbHbIX TPaH3u-
cTopax, OuMNonsipHbIX TpaH3UCTOpax CO CBEPXTOHKOM
TYHHENbHO-NPOHULaeMol 6a3on 1 HEKOTOPLIX APYruX,
HaHOCTPYKTYpbl MO3BONSAT co3aaBatb N-obGpasHyto
BONMbTaMMEPHYI XapakTepuCTUKy C 3afaHHbIMW Benu-

YMHaMM TOKOB MKWKa M OMUHbI, @ TakKe C 3a4aHHON Kpy-
TU3HON y4acTka oTpuuartenbHoro anddepeHumnansHoro
conpoTtuBnexus [5].

[I. DopMmupoBaHMe IHEepreTUYeCKUX
CNEeKTPOB MHOIOCIIONHbIX HAHOCTPYKTYP

CneKTpbl COOCTBEHHbIX 3HAYEHUI 3HEPTMM YacTuL, B
MHOFOCIOMHbBIX HaHOCTPYKTypax (hOpMUPYIOTCA NO pas-
HomMy. B Tom cniyyae, ecnu o6nacTu KBaHTOBOIO orpaHu-
YEHUSA — KBaAHTOBblE SIMbl HE B3aMMOAEWCTBYIOT MexXay
cobol aHepreTUYeckme CrnekTpbl HAHOCTPYKTYP COCTOST
U3 COBCTBEHHbIX 3HAaYeHWN OTAENbHbIX KBaHTOBO-
orpaHnyeHHbIX obnacrten. B Tom cnydyae, ecnu obnactu
KBAHTOBOrO OrpaHWYeHnss B3auMOAENCTBYHOT MeXay
coboli Yepe3 TyHHeNbHO-Npo3payHble Hapbepbl 3Hepre-
TUYeCKMe CNeKTPbl HAHOCTPYKTYp NpeacTaBnsioT cobon
obLme aHepreTMYeckue COCTOSIHWUS BCEW CTPYKTYpbl B
uenom, o6ycrnoBreHHble B3aMMHbIM TYHHENMpOBaHMEM
YyacTuy Yepes TyHHEeNbHO-Npo3payvHble Gapbepbl Mexay
KBaHTOBO-OrpaHMYEeHHbIMN obnacTamu.

MaTemaTtuyeckoe onncaHne COGCTBEHHbIX 3HAYEHUN
3HEpPrMn YacTuL, 1 COOTBETCTBYIOLUMX UM COBCTBEHHbIX
dyHKUMA ans obomMx ITUX KpawmHUX CryyYaeB XOpOLLO
N3BECTHbI KaK B Knaccmyeckon nuteparype [1, 2], Tak n B
Hay4HbIX ny6nukauusix [5, 6].

MpeonoxeHHble MoAenu Mno3BONAOT ONpeaensTb
6onblUOe KONMMYECTBO CaMbiX pa3HoobpasHbIX napameT-
POB KBaHTOBO-pa3MepPHbLIX CTPYKTYP U CMYXWUTb OCHOBOWA
bonee pa3BeTBNEHHbIX MoAernen npubopoB C HaHO-
cTpykTypamu. OgHaKko AaHHble MOAENW NMPUMEHUTENBHO
K KOHKPETHbIM KBaHTOBO-pa3MepHbIM CTPYKTypam W
CBepXpeLleTkaM UMeKT U pag HepocTaTkoB. B yacTHo-
CTU OHUW He NO3BOMAIT NOoMNyyYnTb ObLlee pelleHne Ans
HEOOMHAKOBLIX KBAHTOBbIX sIM, pa3feneHHbIX TyHHerb-
HO-MpO3payHbIMU NOTEHUMANbHLIMM Bapbepamn a Takke
KOPPEKTHO OLeHMBaTb CODOCTBEHHbIE (PYHKLUMM 4YacTuLl
npu yBENWYEHUN HEMPOHULAEMOCTU MOTEHUMAanbHbIX
6apbepoB (LUMPUHBI N 3HEPreTUYECKOW BbICOThI) BMIOTb
0O COCTOSIHUS  MOSHOCTbIO  HEB3aMMOAENCTBYHOLLMX
KBaHTOBbIX SIM.

[ll. CobcTBEHHBbIE PYHKLUMN U
COGCTBEHHbIe 3Ha4YeHUs IHeprum
TYHHENbHO-CBA3aHHbIX CNoeB

Ha puc. 1 nokasaHbl pesynbTaTbl pacyeToB coO-
CTBEHHbIX 3HAYEHUN 3HEPrun 3NEeKTPOHOB B 30HE MPOBO-
OMMOCTU OBOWHOW HAHOCTPYKTYPbl, N NX COBCTBEHHbIX
PYHKUMI NO MeToAY MarblX BO3MYLLEHWNNA.

Takvm 0b6pa3om, NpyM NPOYMX paBHbIX YCMOBUSIX, Ya-
CTUUbI, NpU TYHHENVWPOBAHUU 4Yepe3 pasfenuTenbHbIN
Gapbep pasnU4YHOM LUMPUHBLI UCMbITLIBAOT OAWHAKOBOE
paccesiHue, 4YTO MPOTUBOPEYUT pe3ynbTaTtam 3Kcnepu-
MEHTarnbHbIX  WCCNEAOBaHUA  ONTMYECKUX  CBOWCTB
cBepxpelwetok [4] M KBAHTOBO-MEXaHUYECKON TEopuM
TYHHENMOBaHMA YacTuy, Yepe3 noTeHuuanbHble 6apbe-
pbl KOHEYHOWN BbICOTbI U WWMPKUHBI [1 — 3].
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Puc. 1. lumepghepeHyusi cobcmeeHHbIX oyHKUUU U
€c0bCMBEHHbIX 3HaYEHUU 8 MyHHEIIbHO-C853aHHbIX
KaHmo8bIX iMax paccyumarHble 8 MpubnuxeHUU
meopuu 803MyweHU.

Fig. 1. Interference of own functions and own values in
the tunnel and connected quantum holes calculated in
approximation to perturbation theories

V. 3akno4yeHune

M3 aHanu3a koopAMHaTHbIX 3aBUCMMOCTEN CO6-
CTBEHHbIX (PYHKLUUMA SMEKTPOHOB pPacCUUTaHHbIX Ans
CTPYKTYPbl C «Y3KAM» W «LWWPOKUMY» pasaenuTenbHbIM
H6apbepom crnegyet, 4TO NO Mepe YBENUYeHWs WUPUHbI
pasgenutensHoro 6Gapbepa amnnuTyga  BOJHOBbIX
yHKUMIA yMEHbLUAETCH, criefoBaTenbHo, B MeToae Ma-
NbIX BO3MYLLEeHWI Bonee afekBaTHO y4uTbIBAeTCH Mpo-
Lilecc paccesHus vactuy Ha 6apbepe. B otnnunm ot 06-
LEero peLleHns, COrfmacHoO KOTOPOMY MEXYPOBHEBbIN
WHTepBan Mexay yABOEHHbIMU 3HepreTM4eckuMmn ypoB-
HSMWU MOHOTOHHO BO3pacTaeT C yBENWYEHUEM 3Heprum
COCTOSIHWS, NPY UCMOMb30BaHUM MeToAa MarbiX BO3MYy-
LLIEHNI MEXYPOBHEBbLIV MHTEPBan ABNSETCS MakcMmarb-
HbIM KaK pa3 Ans nepBbiX ABYX YPOBHEN, YMEHbLUASACh U
yBenMuMBasChb Mo Mepe pocTa 3HEepPrn COCTOSHUA He-
MOHOTOHHO. AHaNOIMYHO M3MEHSEeTCA N aMnNnMTyaa Bof-
HOBbIX (PYHKLMIA — COrnacHo obLlemMy peLueHnio amnnu-
TyAa BOMHOBbIX (PYHKLUMIA pacTeT OT COCTOSAHWS K COCTOSI-
HUIO NO Mepe YBENUYEHNS ero 3Heprum, CornacHo MeTo-
Oy MarnbIX BO3MYLLEHWUIA amMnnuTyaa BONHOBOW (OyHKUMN
TO yBENNYNBAETCS, TO YMEHbLUIAETCS B TAKT YBEMUYEHNIO
U YMEHBLLEHUIO MEXYPOBHEBOIO MHTEPBana.
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Abstract — The possibility to determine the eigenvalues
and eigenfunctions of particles and quasi particles in the tunnel-
linked quantum wells in the perturbations theory approximation
is considered. The given approach makes it possible to de-
scribe the process of interaction between the quantum wells
more adequately, particularly in the case when increasing the
width and energy height of the dividing barrier.

|. Introduction

Spectra of the energy particles eigenvalues are formed vari-
ously in the multi-layer nanostructures. When the quantum re-
striction regions are quantum wells not interacting with each
other, the nanostructure energy spectrum consists of eigenval-
ues of separate quantum-restricted regions. In the event that the
regions of quantum restrictions interact with each other through
the tunnel-permeable barriers, the energy spectra of nanostruc-
ture represents a general energy states of the structure as a
whole caused by the mutual tunneling of particles through tun-
nel-permeable barriers between the quantum restriction regions.

II, Il Paragraphs

It follows from the analysis of the mentioned coordinate de-
pendences of the electron wave functions that as the dividing
barrier width between two wells is increased, the interaction
between them decreases. The decrease in the interaction is
expressed in the degeneracy of particles energy levels doubled
because of the mutual tunneling from one quantum-restricted
level into another through the dividing barrier. However, the
wave functions amplitudes do not decrease with the increase in
the width of the dividing barrier, i.e. the probability of finding
particles on each side of the dividing_barrier is equal both for
the “narrow” barrier and for the “wide” barrier (the cross section
size of the dividing barrier is estimated relative to the quantum
wells cross-section sizes).

IV. Conclusion

From the analysis of the coordinate relations of electrons
eigenfunctions, calculated for the structure with “narrow” and
“wide” dividing barriers, it follows that as the width of the dividing
barrier increases, the amplitude of the wave functions decreas-
es, hence, the process of the particles scattering on the barrier
is considered more adequately in the perturbation method. Con-
trary to the general solution, according to which the interlevel
interval between the doubled energy levels monotonously in-
creases with the increase in the state energy, when using the
perturbation method the interlevel interval is the maximal one
just for the first two levels decreasing and increasing not monot-
onously as the state energy increases. The wave functions
amplitude varies similarly — according to the general solution the
wave functions amplitude increases from the state to the state,
as its energy increases according to the perturbation method;
the wave function amplitude either increases or decreases in
step with the increase or decrease in the interlevel interval.
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