Ilpm V >V, mone E, onuckiBaeTcs BHPaKeHHEM (3), opz 5TOM TONINMHA TPOBOMSA-
mel JacTd KaHala yMEHbBIIAaeTCs Ha szqueO/en, a TOK YMEHBIIAeTCsI B Mepy

Sz/Az [¢]. YT06H HOCTUTHYTH COBHIAMEHWA TEOPETHIECKHX KPHBHIX C DKCIEPHMEH-
&

TAJILHBIME, B BHIDA/KEHHE IS E',[ (3) momcrasmanmcy Benmampsl =200, [=L=

=25 MKM, upm stoM kKoaddumuent y=0.15.
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BJINAHUE MATHHUTHOI'O IIOJA
HA MEXYPOBHEBYIO PEJIAKCAIINIO
JABYMEPHBIX 3JIEKTPOHOB

HNsauwos 0. JI., IMlux A. .

BaxurM mapameTpoM, ONpeNeIsION(AM HepaBHOBECHbIE 3PPEKTHl B JBYMEPHBIX
3NEKTPOHHHX CHCTEMaX, ABJISETCA BPeMs MEKYPOBHEBOH (MEeKIOJ30HHOH) pelak-
CAlME Ty, T. €. BPEMsA, 32 KOTOPOE HEPaBHOBECHEIA HOCUTENb MepeiieT ¢ BO3OYKIeH-
HOT0 YPOBHSA HA OCHOBHOH YPOBEHBH PAa3MePHOro KBAHTOBAHEA 3a CYET KAKOTO-Iub0
0e3H3IYIATEIFHOT0 HEYIPYILOro Ipohecca. BaskHedmme MeXaHW3MBI Me;KYpPOBHe-
BO#l pelaKCcalW® W COOTBETCTBYIOIUE MM T, o6cy:xmanucsy B [']. [laa me caumxom
Y3KHX KBAHTOBHIX fIM, IJle MEKYPOBHEBOE PACCTOSIHAEe A MeHBIIEe HYHEPIUH OITHIe-
CKOTO (pOHOHA, IPH MAaXof KOHIEHTPALWH HPWMECed W CaMUX HEePaBHOBECHHIX HO-
cuTenell (KOTjJja Mala POJNb MeKYPOBHEBEIX O0Ke-IIPOIECCOB) MEKYPOBHEBAA pelak-
camuA OCYIIECTBIAETCA B OCHOBHOM 3a CYeT aKycTmiecKux (omoHOB. 1A 3TOro
CIyd4as Ty, JeTKO BHUHCIAeTCHA. I HehopMANHOHHOrO 3IEKTPOH-POHOHHOTO
B3aMMOREHCTBEA COOTBETCTBYIOMAA dopMyna Oba moaydeHa eme 25 ger mHasan [2]:

1 y mE2
s =4.3 s 1)
3necs E — KoHCTaHTA JAePOPMANWOHHOTO MOTEHIIMATA, p — IIOTHOCTH BEINECTBA,
S — CKODOCTH 3BYKa, a — IIMDHHA KBAaHTOBO# sMH. JIerko mokasaTh, 9TO IS
O5E303JIEKTPUICCKOT0 B3aHMOlIeﬁCTBPIH

w1 = 0.06 7Le)? B

psh®

rge B — yCpPeNHeHHBIA IO IampaBieHHAM Ibe3oMonyiab (cM. [2]). B mammoit pabore

6}71.[9T paccMOTPEHO HM3MEHEHWNe T, IO BIUAHHEM MATHHTHOTO IOJA, KBAHTYIOMETO
JABIKEHENEe NBYMEDHBIX HOCHTeNeH.

[orermman 21eKTPOH-QOHOHHOr0 B3auUMONeHCTBEA OyaeM BalUCHBATH B BHIE
Uy . <
Z\/CqT/lf exp (igr) (V — nopmupoBounmii 0GBeM), NPUTORHOM JJA ONMUCANHA KaK
q
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neOoPMAMOHHOr0, TaK M The303JeKTPHIECKOro B3amMofelicTsusa. B mepsoM ciy-
wae C=0Z2/2ps u y=1, a Bo Bropom C=1 (ef)*/2ps u y==—1. [Ipu sT0M 717 3I€K-
TpPOHA, HAXOMAIMErocs Ha HU3MIEeM yposHe JlaHmay BO BTODOH (IepBoil B0O30y:KIeH-
HOMH) moj30HE,

2nC N By 12N
=S ) D41 23 (@) F1 Qo (4.) P8 (A —Tisq — Vo). (3)

N Ty

. - 1/ ch g3\ 2
3uecs o, —inkiaoTponnad  wacrora, | Qov [P = (V1) 1<'2—e;11—‘> exp(—— ('21:33" >—

MaTPHUHBIA dneMeHT exp (iq,r) (q,=(q,, q,, 0)) MeKIY COCTOAHHAME HY.IEBOIO II
N-ro yposueit Jlaugay, Z,, — MaTpauapif dieMeHT exp (ig,z) MeKIy BOIHOBHIMIL
GYHKIMAME KBAaHTOBHIX PasMepHBIX ypoBHelt ¢; (2) m ¢, (2). MoskHo moKasarh, 4TO
IUiA PA3HEIX POPM KBAHTOBOM fAMbl QyHRIEA Z s (7.)=0a&/(B +8)* (E—agq,/=; «, B ~1)
XOPOIIO AaNIPOKCHMEPYET PeaJbHBI MaTpud-
HEI# DJIEMeHT. £

B cBoGogHOM SIEKTPOHHOM ras3e BOJIHOBOM
BEKTOD HCIOYCKaeMOTOo (OHOHA ( OMHO3HAYHO | -

ompenenseTcs 3aKOHOM COXPaHeHHA HMIYIb- O o
ca. B mameM ciygae JOKAIH30BAHHHIX BOJHO- g 3

BHIX QYHKUEEA cOXpaHCHIe HMIYIbCa He MMEeT < = Ty
MecTa, HO COXDAaHAKTCA HEKOTOPHle OTpPaHI- @ Py i -
9eHHsA, CBABAHHEE C IPUHIUNIOM Heompene- E

JIGHHOCTH W ONNCHIBAGMEIE MATPHYHEIME dle- wieq 2
meutamMu Qoy T Z,,. 3alpemeHo HCIYCKAHME
$OHOHOB ¢ OYEHb MAJBIMH ¥ OYeHb 6OJb-

mMmuME ¢, a 1lrauGojee BepPOATHHIE 3HAYEHIA 3 <
ne
o
Pric. 1. CxemMa OIEKTPORHHX IIEPEXOJ0OB NpH JABYX E___ Yy o
TIOJIOACHUAX YypoBHeil Jlamjay. g &

a— &~ zhs/a, ¢ ~ w/a, GONBIMAA BEPOATHOCTb NEPEX0,.0B;
6 — 8 ~ hwg,q> n/a, Majlasg BEPOATHOCTH Nepexonos. IITpu-
XaMM IOKa3aHbl KpadA KBAHTOBO-Pa3MEPHHIX ION30H.

g, m q, uMeoT mopAnok n/a u \eH/he coorBercTBenno. Mu GyneM paccMaTpmBaTh
TUOMYHYIO A IBYMEDHHX CHCTeM cHTyamuio A > fiw,, Korja MarHuTHOe KBAHTO-
panue ciabee pasmepHoro. IIpu atoM ¢, > ¢,, T. e. YOHOHHE HCIYCKAIOTCA B OCHOB-
HOM NEPOeHAUKYISAPHO ILTOCKOCTH J[BYMEpPHOTO rasa.

Baxueifmum mapamMeTpoM [AaHHON 3ajadum ABIAETCA BeIWIdHA ©,=a/s. Ecum
‘0HA MEHBIIe eNVHUIBI, TO THOWYIHAS YaCTOTA HCIYCKAaeMbIX (OHOHOB IPEBOCXOLUT
®,, KBaHTOBaHMe JlaHTay He UrpaeT CYMECTBEHHON PONM M OTBET IS T;p MAIO OT-
amgaerca ot (1), (2). PopMaIbHO TO CBA3aHO ¢ BO3MOKHOCTBIO 3aMeHEl B (3) cym-
MupoBanusa mo N Ha WHTEIPHDOBAHYUE.

Ecuum swe 0, a/s > 1, To memyckaume OHOHOB ¢ 9aCTOTaMA MOPAAKA ©, X GOXbIIe
BaTPYAHEHO. JIEKTPOH X3 BO3GYKIEHHON IOS30HEL Pa3MePHOTO KBAHTOBAHUA GymeT
HDepexoJuTh INIaBHBIM 06pasoM Ha Onmxaifmui mo sHeprum yposeHb Jlanmay B oc-
HOBHOI mosone (puc. 1). 3Hagenne t,, OyHET B CAIHHOMN CTEIEHN 3aBHCETH OT HEP-
TETHYECKOTO PACCTOSHEA O 3TOrO0 YPOBHS 3, KOTOPOE OCHUIIEPYET ¢ MAaTHATHRIM
mojeM, NpUHEMAs BHAYCHWA B HHTepBale OT HyIa g0 o, OueBmgEo, 910 IpH
dxho, Ty, HOMKHO PE3KO BO3PACTATH II0 CPABHEHMIO CO CIyYaeM OTCYTCTBHA HOJA,
TaK KaK MCOycKaHme (OHOHOB CO CTOJNH BRICOKIME JacTOTAMZ, KaK YiKe TOBOPHIOCH,
pesKko saTpynHeHo. IIpm yMeHBmIenmm & BpeMaA pelaKcalunm OyHeT yMEeHBIIATHCA,
mocTHTraA, KaKk OymeT MOKA3aHO, Jayke MEHBIIWX 3HAUEHHH, I6M B OTCYTCTBHE IOIA.
‘D10 mpom3oiier, KOrKa CBA3AHHHE ¢ ypoBHeM JlaHmay OWK INIOTHOCTHE COCTOAHM
OKasKeTCH OTCTOAIIMM OT SHEPTHE PeTaKCHPYIOmMero dIeKTPOHA KaK pa3 Ha BelH-
apHy SHeprmm Hambomee JerKo mcmyckaemoro goHoma hs/a.

TlepeiimeM K HeIOCPEACTBEHHHIM pacderaM Iio dopmyme (3). B cmny ckasammoro
BHINIE OCHOBHOM BRJAN B cyMMe mo /N GyaeT HaBaTh 4ieH, COOTBETCTBYIOMAH caMoMy
BepxHemy u3 ypoBHedl Jlammay, Ha KOTODHE BO3MOKEH IepPeXOJ OPH HUCIYCKAHAH
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dgomora. Ilockoabky, max ormeuasnock, q, < ¢,, B (3) MOKHO 3aMeHHTh ¢ Ha ¢,.
Hecno:xakse BHYHCIEHAA MAA0T OKOHYATENBHHN pe3yabTart:
2

it = g ()| 2 (55)[ - (4)

CKopoCTh MeKYDOBHEBOH pexakcanuy (4) S3aBHCHT OT BHEPTETHIECKOI0 3a30pa
3 HeMOHOTOHHHM o6pasoM. IIpn ogeHp MakbXx § <;} OTPONOPOEOHAIBHO TPETheld cTe-
meHm § A MedOPMALUOHHOrO X HepPBOH CTeHmeHH AIf IMhe303IEKTPHIECKOr0 B3a-
umopeticteus.! [Ipm 8 ~ =his/a ©[} npuHEMaeT MAaKCEMATbHOE 3HAYEHNE, B ~ O, a/%s

106

Puc. 2. 3aBucEMOCTP BpeMEHH pelJaKCaDWH B MarHATHOM 1OJe T, (H), OTHECeHHOro
K BpeMeHM peJaKcaldl B ero OTCYTCTBHE T, (O), OT BeJWYMHE MarHEMTHOIO HOJA NI
KBaHTOBOH aAMH Ha ocHoBe GaAs ¢ A=21 MaB.

CIUIONIHAA JIMHMA COOTBETCTBYET Ae(OPMaIMOHHOMY MOTERIUANy, IITPUXOBAS — Obe30dJIEKTPUYECKOMY.

pas Goxbluee, 4eM B OTCYTCTBEE IIOJA, IMOCIE Yero HaYXHAET PEe3KO COafaTh. 3aKOH
cmajila X MEHUMAJIBHOE 3HAYeHHe Tj;, HOCTHraeMoe IpA § =< Z®,, 8ABHCAT OT BUAA
¢yEruEE Z,, (9,). B HameM ciywae BemmamsHa (7;}),, MEHBIIE CBOEr0 3HAYEHHUA
B OTCYTCTBEE WOIA B ~ (@, a/ms)®" ¥ pas. Ilockonskry, KaKk y:ke rOBODPHIOCH, O AB-
asgerca NEPHOIWIecKOd (YHKNZeX MArHHTHOTO IOJXA, T;; OYMET OCOUIIAPOBATH
¢ moneM. JTH ocnuIIAnME mepmoxueusl mo 1/H, wark m adderr Ily6Guuxosa—rpe-
T'aasa, HO B oTiImume oT Hero mepmoy ompenexserca He sHeprumeir Oepmm, a sHEpTE-
THYeCKZAM 3a30poM A. YKasaHHEE OCHUIIALAN s HEKOTOPHX KOHKDETHHX 3Ha-
9JeHHNH mapaMeTPOB KBAaHTOBOH fAMEI MOKas3aHH Ha puc. 2. Bumaur obiacte pesxoro
BO3DPACTAHUA T,5, IPHYEM B COOTBETCTBHE C LIPUBEJEHHHME BHIIIE ONEHKAMH A
Ibe303IEKTPUIECKOTO PACCeAHEA 9TO BO3pPACTaHde CHIbHee, 9eM A HedopMaraoH-
HOTO.

CuemyeT OTMeTHTH, 4TO Hame LPUOIWKEHHE, OCHOBARHOE Ha MpeHeOpemeHmA

¢, 0O CPaBHEHWIO C ¢,. HEKODPEKTHO B 00IACTH 09eHb MAlHX 3 < syVmho,, I1e
MCOYCKATCA (OHOHHL ¢ MAJBME ¢, PACHPEEIEHHEIMH OPAKTAYECKE M30TPOIHO.
B sroit obractz gopmyna (4) m puc. 2 [a0T KaUeCTBEHHO BEPHOe, HO He BIOJIHE
TOYHOE KOJWYECTBEHHO omMcaHme. Hpome TOro, OCHUINANAE OYIYT MOMOIHETEIBHO
CIIIa’KeHH 33 CYIeT HEYYTeHHOTO HaMV yMUpeHHs yposHe# Jlammay.

Crnemyer oTMeTHTH, 9TO MATHUTHOE IOJe 0y[eT MONABIATH MEKYPOBHEBEE Iepe-
XOfbl, CBA3AHHEIE HE TONBKO ¢ (OHOHHHME, HO B C SJIEKTPOHHBIME OKe-IIPOLec-
camm [*]. 910 cBABAHO ¢ TeM, ITO B YCIOBEAX, KOTAAa A He KpaTHO %w,, IPE MOK06-

HHX mepexomax 6e3 ywera ymupenmsa yposHe#l Jlammay Hemb3d yIOBIETBOPHTH
33KOHY COXDAHEHWS DHEpPTHH.

1 Ha caMom fiene 11, Opu 3 — 0 0cTaeTcs KOHEUHHM 33 CUET ydeTa IepeXof0B Ha HHKelerkar
mue ypoBEH € d > how,. .
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Tlonygennri#t BEIBOX 00 YMEHBIIEHEE CKODOCTH MEKYPOBHEBOH pellaKcamdd
¢ IOMOINBI0 MATHHTHOTO IOJS MMeeT BaJKHOE 3HAaUeHHWe, MOCKOIBKY YKashBaeT Ha
BO3MOKHOCTD ITOBHIMIEHHSA KBAHTOBOTO BHXOMA HCTOYHUKOB JIMHHOBOJIHOBOIO 3JIEK-
TPOMATHHUTHOTO H3IYYeHNA, MCUOJIb3YIOMEUX DIEeKTPOHHHEE IEPeXOAH MEKEY ypOB-
HAMHE Da3MepHOTO KBAHTOBAHHA.

Asroprr Gmarogapsar C. JI. CyvankmHa 3a OOMOMpP B BHYACIEHHAX.
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HNCIIPABJEHHNA K CTATBHE

«Hexoropsie ocoGennocrn puramuxn HH3 B kpmcramnax KpeMHAA
OpH CHIBHOM ONTHYECKOM BO30Y:K{eHHI)

(OTIL. 1991. T. 25. B. 2. C. 344—347)

Harpayexac M., Hopeiixa [I., Harukmme B., Bamaiitac A.

Ilo BmHE aBTOPOB B cTaThe JONYIeHBI HEKOTOPHIE HETOYHOCTH.

Ha crp. 344 (4-1 cTpoxa CcEEH3Y) He OIpeleleHO COKpamleHHe HH3.
HH3 — HepaBHEOBECHBIe HOCHTEIH 3apAfa.

Ha crp. 347 (41 cTpoka cBepxy) He OIpe[ielleHO COKpamleHHe JOX.
JIIX — moKc-TE(paKOUOHEAA XApAKTEPHCTHKA, T. ©. 3ABECEMOCTH AE(pak-
IEOEHOR 5QPeKTHBHOCTE OT HHTEHCEBEOCTH BO3CYHICHMUS.

BuibHIOCCKEE YHEBEPCHTET Iloxyseno 1.10.1991
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