OPU3UKA
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B. JI. Kpesuuxk, A. B. Pazymos, I1. C. byoauckuii

JUAMATHETU3M ABYXJJIEKTPOHHBIX IIPUMECHBIX
HEHTPOB B ITIOJIYITPOBOJHUKOBbBIX KBAHTOBbBIX TOUYKAX

AHHOTaL M.

Axmyansrocms u yeau. Bonpmoe KOIMYECTBO MPUMECHBIX IIEHTPOB B TOIYIIPO-
BOJHUKAX MOXXET 00NajaTh B CBA3aHHOM COCTOSIHMM HE OIHHM, a IBYMs 3JEKTpO-
HaMH. MarHUTHBIA MOMEHT TaKUX MPUMECHBIX IIEHTPOB, 00YCIOBIUBAIOIININ Mapa-
MarHeTu3M, paBeH HyJr0. B 3TOH CBsI3M IBYX3JIEKTPOHHbIE TPUMECHBIE LIEHTPhI MO-
TYT 00NIafaTh JIUIIh JHAMarHUTHBIMH CBOMCTBaMH, HCCIEIOBAHIE KOTOPHIX MO3BO-
JISET TOIYYHUTh IEHHYI0 HHPOPMALMIO O XapaKTepe M3MEHEHUSI TOHKOH CTPYKTYPHI
MOJIYIpOBOJAHHKA B 3aBUCUMOCTH OT UBMCHCHUA COACPIKAHNA B HEM ABYXJJICKTPOH-
HOW mpuMecH. MIHTepec K HMCCIIEIOBAaHUIO MAarHUTHBIX CBOWCTB KBAaHTOBBIX TOYEK
C JIBYX?JIEKTPOHHBIMU TPUMECHBIMH IIEHTPaMU OOYCIIOBIICH IIPEXIE BCETO HOBOU
¢bu3nuecKoil cutyaiei, CBsI3aHHOW C KBAaHTOBBIM pa3MepHbIM 3¢ dextom. C mpak-
TUYECKON TOYKHU 3PCHUS TaKUE CUCTEMbI MOTYT OBITh UCIOJIB30BAHBI MPH pa3padoT-
Ke KyOHTOB, a TaK)Ke JIa3epHBIX CTPYKTYp Ha NMPHUMECHBIX Iepexonax. Llenpio nan-
HOW pabOTHI SIBIIIETCSI TEOPETUIECKOE UCCIIEIOBAaHUE OCOOCHHOCTEH TUaMarHUTHON
BOCIIPUIMYUBOCTH HEUTPAJIBHOTO JBYXIIEKTPOHHOIO MPHMECHOTO IIEHTPa B KBaH-
TOBOM TOYKEC, CBA3aHHBIX C Pa3MCPHBIM KBAHTOBAHHUCM. HpOBOILI/ITCH CpaBHCHHEC 110~
JIy4EeHHBIX Pe3yJIbTaToOB CO CIIyYyaeM JHaMarHUTHON BOCIPUUMYHMBOCTU OJIHODJICK-

TPOHHOTO D™ -TICHTpa B KBAaHTOBOW TOYKE, a TAaKXKe CO CIIy4aeM HEHTPaIbHOTO
MIPUMECHOTO LIEHTPa B 00bEMHOM HOITYIIPOBOIHHKE.

Mamepuanvt u memoowl. TeopeTudeckre pacueTsl AUaMarHUTHOW BOCIIPUUMYH-
BOCTH BBIITOJIHEHBI i1l cirydasi InSb kBaHTOBOM TOukH. Ha OCHOBE IBYX3JE€KTpOH-
HOW MOJENN MPUMECHOTO IEHTPa, MOTEHIMA]I KOTOPOTO IPEACTaBIIsAeT coOOH Mmo-
TEHIMAJl HyJIEBOTO Paguyca, MPOBEAEH BAPUALIMOHHBIM PacyeT 3HEPTUM OCHOBHOIO
COCTOSIHHSL MPUMECH B c(hepryYecKOil KBAHTOBOM TOYKe. BTOpOI moTeHIMan MoHH-
3aLUU, ONPENENIAIONUI YHEPTUI0 OCHOBHOTO COCTOSIHUSL TAKOTO IMPUMECHOTO LIEH-
Tpa B KBaHTOBOW TOYKE, IPUHUMAJICS B KAUECTBE HMIIMPUUYECKOTO Mapamerpa. [Jua-
MarHuTHasE BOCIIPUMMYHMBOCTb IBYXDJIEKTPOHHOTO INPHUMECHOTO LEHTPA PACCUMTHI-
Bauach 1o ¢popmyiie Jlamxkesena — [layinu.

Pezynemamur. TlokazaHo, 4TO TUaMarHUTHAs BOCIIPUMMYHUBOCTh HEUTPAIbHOIO
IPUMECHOTO LEHTpPa B KBAHTOBOM TOYKE MEHBIIE COOTBETCTBYIOIIEH BEIUYUHBI
B 00BEMHOM IOIyNpOBOAHUKE. IIpH 3TOM ¢ yMEHBIIEHHEM BTOPOro IOTEHIHAa
HMOHU3aLMM X OTHOIIEHHE MEUICHHO BO3pacTaeT, a C POCTOM pPaauyca KBaHTOBOW
TOUYKU — CTPEMUTCSI K €IMHHULIE. Y CTAHOBJIEHO, YTO BEJIMYMHA JUAMArHUTHON BOCIIPU-
HMMYUBOCTH HEMTPAIBHOTO ABYXAJIEKTPOHHOTO MPHUMECHOTO LIEHTPA B KBAHTOBOM TOY-
K€ B HECKOJIBKO pa3 0oJbllle, YeM BEIMYMHA JUAMarHUTHOH BOCHPHUMYHBOCTH OJIHO-

ANIEKTPOHHOTO D™ -IIEHTpa U C POCTOM pajiyca KBAHTOBOW TOYKH 3TO Pa3iIn4yHe YCH-
nuBaeTcs. HalizeHo, 4TO BeJIMYMHA AMaMarHUTHON BOCIIPHUMYHBOCTH JIOCTATOYHO
OpICTpO yOBIBaeT IpH mepexo/ie K Oolee rryOOKUM IIPAIMECHBIM IICHTPaM.

Bvi6oovi. Hanmmume kBaHTOBOTO pa3MepHOro 3¢ ¢dexra IPUBOIUT K YMEHBIICHHIO
ﬂHaMaFHHTHOﬁ BOCIPUUMYHNBOCTH KaK OAHOJJICKTPOHHBIX, TaK U ABYX3JICKTPOHHBIX
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MPUMECHBIX LEHTPOB NPH TEPEXOAE OObEeMHbIU HNOAYNPOBOOHUK — KBAHMOBAS
mouka. B KBaHTOBBIX TOYKax, XapaKTEpPHbBII pa3Mep KOTOPBIX MPEBBIIIAET OOPOB-
CKUI paguycC SKCUTOHA, BKJIAJ ABYX3JIEKTPOHHBIX INPUMECHBIX LIEHTPOB B AMaMar-
HHUTHYIO BOCIPUMMYHBOCTb MOKET OBITh 3HAYMTEIILHBIM.

KiaroueBble ciioBa: JABYXOJJIEKTPOHHBIEC IMPHUMECHBIC HEHTPHBI, TOTEHIHAJI UOHU-
3a1yu, TMaMaroiuTHas BOCIIPUUMYNBOCTH, KBAHTOBAA TOYKA.

V. D. Krevchik, A. V. Razumov, P. S. Budyanskiy

DIAMAGNETISM OF DIELECTRONIC IMPURITY
CENTERS IN SEMICONDUCTOR QUANTUM DOTS

Abstract.

Background. A large number of impurity centers in semiconductors may possess
not one, but two electrons in the bound state. The magnetic moment of such impuri-
ty centers, causing paramagnetism, equals to zero. In this connection the dielectron-
ic impurity centers may possess only diamagnetic properties, researching of which
allows to obtain valuable information on the pattern of semiconductor’s structural
changes depending on changes in the content of the dielectronic impurity therein.
The interest to invrstigation of magnetic properties of quantum dots with dielectron-
ic impurity centers is caused, first of all, by a new physical situation, associated with
quantum size effect. From the practical point of view, such systems may be used in
development of qubits and lazer structures on impurity transitions. The aim of the
work is to theoretically investigate the features of diamagnetic susceptibility of a
neutral dielectronic impurity center in a quantum dot, associated with size quanti-
zetion. The authors compare the obtained results with a case of diamagnetic suscep-

tibility of the one-electron D™ -center in a quantum dot, as well as with a case of a
neutral impurity center in a bulk semiconductor.

Materials and methods. Theoretical claculations of diamagnetic susceptibility
were carried out for a case of the InSb quantum dot. On the basis of the two-electron
model of the impurity center, the potential of which appears to be a zero radius po-
tential, the authors conducted a variation calculation of the energy of the impurity’s
main condition in a spherical quantum dot. The second potential of ionization, de-
termining the energy of the main condition of such an impurity center in a quantum
dot, was considered as an empirical parameter. Diamagnetic susceptibility of the
two-electron impurity center was calculated by the Langevin-Pauli formula.

Results. It is shown that the diamagnetic susceptibility of a neutral impurity cen-
ter in a quantum dot is lower the corresponding value in a bulk semiconductor.
Herewith, with the decrease of the second potential of ionization their relation slow-
ly increases, and with the increase of the quantum dot radius it tends to unity. It is
revealed that the value of diamagnetic susceptibility of the two-electron impurity cen-
ter in a quantum dot is vereal times greater than the value of diamagnetic susceptibility

of the one-electron D™ -center, and with the increase of the quantum dot radius this
difference becomes stronger. It is found that the diamagnetic susceptibility quite rap-
idly fades away at transition to deeper impurity centers.

Conclusions. The presence of the quantum size effect leads to the decrease of di-
amagnetic susceptibility of both one-electron and two-electron impurity centers at
the transition “bulk semiconductor-quantum dot”. In quantum dots, the typical size
of which exceeds the exciton’s Bohr radius, the contribution of two-electron impuri-
ty centers into diamagnetic susceptibility may be significant.

Key words: two-electron impurity centers, ionization potential, diamagnetic
susceptibility, quantum dot.
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BBenenue

JuaMmarauTHas BOCTIpUMMYHUBOCTD ([IB) nmisi MBYX31eKTpOHHBIX 3apshKeH-
HBIX TITyO0oKuX npumecHbIX HeHTpoB (I1L]) 6pu1a paccuutana B pabote [1] mna ciy-
9yast 00bEMHOI0 TOJYIPOBOAHUKA B PaMKaxX MOJETH KOPOTKOAEWCTBYIOIIETO IO-
TeHIMaja. bblla BhIsBIEHA BBICOKasg YyBCTBHTEIHHOCTH J[B K BenmnumHE BTOPOTO

noteHIuana nonmsanuu [1]. B ciydae kBaHTOBBIX siM /B 0HORIEKTPOHHBIX D™ -
IEHTPOB TEOPETUYECKH HCCeIoBaach B pabore [2], Tae ObUIO MOKa3aHo, YTo 3a

cdyer Ooyiee KECTKOTO KpPUTEPHs TMEPEKPBITHS 3IEKTpOHHBIX opout B D -
LEHTPOB B KBAHTOBOI1 sIME MOXKET 3HAUYUTEIBHO IMPEBOCXOANUTH COOTBETCTBYIOIIYIO
BEIMYMHY B 00BEMHOM mosynpoBoaHuKe. VHTepec k uccienoBanuio B nByx-
anektpoHHbIX 11l B kBaHTOBBIX TOukax (KT) oOycnoBieH mpexkae Bcero HOBOM
¢u3nyUecKol cuTyalue, CBSI3aHHOW C KBAHTOBBIM Pa3MEPHBIM 3P PEKTOM.

C mpakTH4YecKOl TOYKHM 3pEHHS TAKHE CHCTEMBI MOTYT OBITH HCIIOJIb30BAHBI
npu pa3paboTKe KyOHUTOB, a TAKXKe JIa3epHBIX CTPYKTYP HA IPUMECHBIX MIEPEX0AaX.
Lenpro maHHON PabOTHI SIBIIIETCS TEOPETUIECKOE HccieioBaHe ocooenHocrel /(B
HedTpanbHoro AByxaiaekrpoHHoro I B KT, cBsi3aHHBIX ¢ pasMepHBIM KBaHTOBA-
HueM. [IpoBomuTtces cpaBHEHHE MOJyYEHHBIX pe3yJbTaToB co ciaydaeMm B omHo-

anektponHoro D -meHTpa B KT, a takke co ciydaem HeirTpansHoro I11] B 005-
E€MHOM IOJTYTIPOBOJTHHKE.

PacuyeTr AMaMarHUTHOI BOCIPMMMYHMBOCTH ABYX3JIEeKTPOHHOI O
NMPUMECHOT0 HEHTPAa B NMOJYNPOBOIHUKOBOIl KBAHTOBOH TOYKe

VY aepxusaromuii noreHuan KT omuceiBasics B paMKax MOAETH <GKECTKUX
creHok». Ha ocHoBe aByxanekrpoHHOU Moxenu IIII, moreHnuan KOoTOporo mnpea-
CTaBJsieT co0OM MOTEeHIMa HyJIEeBOrO paanyca, HaMu paHee [3] mpoBeleH Bapua-
LUOHHBIA pacueT 3HEPrUU OCHOBHOI'O COCTOSIHUS HEWTpaNbHON JOHOPHOU IIpPUMeE-
cu B chepuueckoit KT. Bropoit norenmuan nonusamuu £, , BXOAAMHUI B HapameTp

n=4Ey / |E2| (E; —»>bdexTuBHas G0poBcKas SHEPrHs) U ONpPEAeNAomuil 3Hep-

THI0 OCHOBHOTO cocTostHMA Takoro IIL] mocne ynaneHus oHOTO 3JIEKTPOHA, IPHU-
HUMAJICS B KadecTBE SMIIMPHUYECKOr0 TapaMeTpa, 3aMEHSIOLIEr0 HEeJIOCTAIONIYI0
nHGOpPMAIHIO O MOTEHIHANIe HyJIeBOTO panuyca [4]. B pabdore [3] ObLIO MONy4YeHO
BBIPAKECHUE JIJIS1 SHEPTUH OCHOBHOT'O cOCTOsIHUSA ABYX3aekTpoHHoro 1111 B KT, ko-
TOpPOE MOKET OBITh 3aIMCaHO Yepe3 IKCTPEMaIbHOE 3HAUCHHE BEIMYMHBI T| B BUJIE

s(RS) - 247202E, .

h? ( Rg‘ﬁ‘l)(th( Rgﬁ—l) ~ Ry ! csch(RSﬁ‘l))2

X127 (27 R - sh (271K ))2 +2ﬁ—3><
x[—4ﬁ_1Rg —8ch? (ﬁ‘lRS )sh(ﬁ‘lR’g )Chi (2ﬁ‘1R’5 ) +2In (2 exp(1+C)i 'Ry ) x

xsh(277'Rg )+ (Chi(4ﬁ‘1R[§ ) —1n(2))sh(4ﬁ“R§; ) - shi(27'Rg ) x
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(1 —2ch(2ﬁ—1R§ ) —ch(4ﬁ—1R§ )) +ch(4ﬁ—1R§ )Shi(4ﬁ—1R§ )J} (1)

k .
sgece C — mocrosHHas Ditnepa; Ry =Ry/a; ; Ry — pammyc KT; Chi(x) u
Shi(x) — rumepGoIMYECKHe MHTErpPAIbHBIE KOCHHYC M CHHYC COOTBETCTBEHHO;

ay; —3bPeKTUBHBINA OOPOBCKUIA paguyc.
JuaMarHuTHas BOCIIPUUMYHUBOCTB IBYyXdnekTponHoro IIIl B momympoBoz-
HukoBoi KT mMoxeT ObITh BerumciieHa 1o gopmyde Jlamkesena — [laymm [5]:
Ngéag (TQ 72)
b

quz_ * o n-+n
6m c

2)

rIe e — 3apsaj 2JIEKTPOHa; m - s(dexTnBHAA Macca >JIEKTPOHA; ¢ — CKOPOCTh
ceeta B Bakyyme; Ny =1/V, V — o6bem KT; rl-* =r;/ay , 1; — KOOPIMHATBI IIEK-
TpoHOB (i =1,2).

3anayva Beruucienus JIB cBoauTes K pacyeTy ClIeayrOIUX HHTErPaloB:

r172+r272=jjly*(rl*,r§)(rl*2+r2*2)‘11(r1*,r;)drf‘dr§. 3)

* *
[TpoOHas IBYX3IEKTPOHHAS BOJIHOBasI (PYHKIIUS ‘P(rl P ) nMmeet BUJ [3]:

*

lP(l”l,l";)Z\P(l’l*)lP(l”;). “4)

Hns pacuera /1B MCHONB3YIOTCS OZHORJEKTPOHHBIE BOJHOBBIE (YHKIUHU
B (4), 3anMcaHHbBIC Yepe3 SKCTpeMallbHOe 3HaUeHUE BapHAIlIOHHOTO napamerpa f :

sh(Rg ™" —pgf ') sin(%ori |
*~_1 . ~ b I/i S pd’
o B sh (Ron ) sin(Xopa )
¥ ()=~ (5)
i sh(RgT -
*~_1 > ’2 2 pd’

371€Ch B= \/27"]_ /(th(Rgﬁ_l)—RSﬁ_lcsch(RSﬁ_l)) ; ¥o = \/V; —ﬁ_2 ;

*
Vo =Vy/E, ; csch(z) — runepbonudeckuii Kocekasc.

B pesynbrare (4) ¢ yaerom (1), (3) u (5) 3anuinercs B Buze

sh? (Rg ™! —p ™" ) sin(%on Jsin(%o) . . 3
e e sh2(R8ﬁ_1) sin® (%oPa ) R b §
)= sh(Ryfi ™ - )sh(Ryii ! - ), N
2157 2Pg-
shz(Rgﬁ_l)
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Torma ms (1) umeem
22 ~4 B 2 T 2n
_Ngedg - B*N_l [d6,5in0, [ do, [d6sine; [ do;
6m’c® s (R ) L .

(R )P N
X ’ (sir(l)?()zop?;n ) fdﬁ* fdrl* (lq*2+r;2)sin2 (f(orl*)sin2 (fgorz*)+

Ry R
+ jo dri f dry (1% + 132 )sh® (R~ =R ) oh? (Rgﬁ—l—r;ﬁ—l) )
Pa Pa

s uaTerpanos B (7) MOXKHO 3amucaTh

pf drl* pf drz* (1”1*2 + ;’z*z)sin2 (f(orl*)sinz (f(orz*) = 2_53_15((_)4 X
0 0

x| =3+ 67007 +167dp4 ~ 247007 cos (2P )+ (3- 64307 )os(4Z0py )+
+12%0pg sin (2%0P4 ) —32%0P% Sin (2%0P 4 ) + 6% 0P 4 Sin (4%0Pa )} ; (8)
I drl* J. drz* (],1*2 + ;’2*2)sh2 (Rgﬁ_l - rl*ﬁ_l )sh2 (Rgﬁ_l - r;ﬁ_l) = 2_53_1ﬁ4 X
x[—3 +24R* 2 +16Ry i —24RgT Zpy —16R;> *py — 611 2p7 —
~16RG *py + 1670} ~ 24772 (R5 —pg Jpych (27" (R —py )+ (3+ 67207 )x
xch (4ﬁ‘1 (R —pa )) - 24ﬁ‘1R§sh(2ﬁ‘1 (R —pa )) 873 Ry3sh (2ﬁ‘1 (Ro—pa )) +
+12ﬁ_1pdsh(2ﬁ_1 (R —pa )) —24R3Rp2sh (2ﬁ—1 (R —pa )) +

4320 p5sh (27" (R ~py )+ 67 pysh (477 (R —py ))} : ©)

Torna Beipaxenune ans JIB Oyner umeTs BUI

N, dezaczl nzﬁ_z

me gy (R[)"ﬁ‘l)(th(R[)"ﬁ‘l)—Rgﬁ‘lcsch(RSﬁ‘l))z

X
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sh? (Rgﬁ_l —Pdﬁ_l)

%osin* (%opa)

X [—3 + 65((2)p§, + 165(3pj - 245((2)9621 cos(2%opq )+

+(3-6%007 ) cos (4%0pa ) +1220P sin (270Pa ) ~ 327305 sin (2o ) +
670 sin (47op ) |+ 71 [—3 +24RH 2 +16R M — 2R 2p, -
—16Ry* N *py — 67 70 —16Rg gy +167 *pfy =24 > Ry —py ) x
xpgch (27! (Ry —py )+ (3+67 70 Jeh (477" (Rg —py )|~
247 'R}sh (2ﬁ—1 (R —pa )) 87 3Ry3sh (2ﬁ—1 (R —pa )) +
+1271psh (2071 (Ry —pg )) - 247 Rapizsh (277! (Rg —py ) +

+327psh (207! (Rg —py )+ 671 'psh (47! (R —py ))}} . (0

Bemonnss B (10) npenensaslil nepexon py; — 0 (p,; — paauyc HOTEHIHANb-

HOM SMBI, B KOTOPOH aIpOKCHMHPOBAIICS KOPOTKOACHCTBYIOMMNA TOTeHIHAN [3])
J1st JIB OKOHYATeNnbHO MOJIYyYUM

= e [ 3424R2772
Xq2 =%Xo = F2akym T+

sh (Rgﬁ_l ) (th (R’Okﬁ_l) — Ry lesch (Rgﬁ_l ))2

+16R;* R~ +3ch (4ﬁ‘1R§ ) —877'R; (3 + ﬁ‘zRgz)sh(Zﬁ‘lRS )J , (D

%
31€Ch Yo = —Nde2n2a§/32m .

Jnsa cpaBHeHus BeIMOJMHUM pacueT JIB D™ -mieHTpa B MOMYIIPOBOIHUKOBOM
KT. BonnoBast yHKIMS 3JIEKTPOHA, JIOKAJIM30BAHHOTO HA KOPOTKOIEHCTBYIOLIEM
notenuuane B ueHtpe KT, umeer cnenyrouuii Bua [6]:

*) Zn_l
¥ ()= th(n; 'R )—nfllRScsch(“l_le) X

ch (T]l_lr*) . sh(nl_lr*) ch(nl‘le‘ )

- r r sh(nl_le) ,

(12)

rme M =«/|Ex|/Ed§ E) — bsHeprua cBa3M D -COCTOSHMA, OTCUUTHIBaeMas
or aua KT.
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B omnpenensiercs cieayoluM BhIPa)KeHUEM:
2 2
Nde ad * E3 *) £ %
Yol =—— =¥ |r |r “¥(r |dr . (13)
a=—a [ () ()

Brraucnenne wHTerpanza B (13) NpUBOAMT K CIEAYIOMEMY BBIPAXKEHHUIO
UL X g1 -

o e85
g1 = Xo . _ : _x
4 th (Th_lRo) —1; ' Ryesch (Th_lRo)

x(—4R§3 — 6N Ry +3nsh (2n; 'Ry )) . (14)

3aBHCHMOCTH IMAMATHUTHOM BOCIIPUMMYHUBOCTH OT BTOPOIro
NOoTeHIMAJJIAa HOHM3AllMMI U paauyca KBaHTOBOM TOYKH

Ha puc. 1 mpe/icraBiieHa 3aBUCHMOCTb OTHOLICHHS ) ;> / Yvo B OByxamek-

tponHoro IIL B KT ),» 1 00beMHOM MOTYNPOBOAHHKE ) o OT Mapamerpa 1 Ul

*
pasnuyHbIX 3HaueHuid paguyca KT Rj. Bemnmumna )., Oblia paccuuraHa ¢ uc-

none3oBaHueM Gopmyist (11), a dopmyna st ¥, Obura B3sita 3 padots! [1]. U3

pucyHka BuAHO, uto JIB HeliTpanbHoro asyxanekrpoHHoro II1 B KT mensuie co-
OTBETCTBYIOILEH BEJIMUYNHBI B 0OBEMHOM IOJIyIPOBOAHUKE. [IpH 3TOM ¢ ymeHbIe-
HHEM BTOpPOTO IOTEHIHMAaja HMOHM3AaLUUM HMX OTHOLICHHWE MEIUIEHHO BO3pAacTacT,
a ¢ pocrom paamyca KT crpemurcs k equnwnie (cp. kpusbie [ u 3). Ha puc. 2 npu-
BEJICHA 3aBUCHMOCTb OTHOIICHHUS ) ;) /qu JIB BYXdIIEKTPOHHOTO X,» U OJHO-

%
JIEKTPOHHOTO )| IIIT B KT ot pamuyca KT R; a1 pa3sM4HBIX 3HAYEHUH I1apa-

METPOB M H T);, XapaKTEPU3YIOWETO MOIIHOCTh IOTEHIUANIA HYJIEBOIO Paguyca
[6]. Benuunna ), paccuuTsiBaach ¢ MCnoib3oBaHueM popmyist (14). M3 puc. 2
BUJHO, yTO BennunHa JIB Heirpansnoro asyxanekrponHoro [11] B KT B Heckounb-

KO pa3 Oouiblile, yeM BennuuHa [IB 0gHO37eKTpOHHOTO D™ -IIEHTpa U C POCTOM pa-
muyca KT ato pasnuuune ycunuBaercs. MOKHO Takke BUAETb, UTO BenuuuHa /1B
JOCTaTOYHO OBICTPO yOBIBaeT MpH Hepexojie K Oosee rimyOOKUM MPUMECHBIM IIeH-
Tpam (cp. kpuBble /, 2).

3akiaouenue

B pamkax Mozenu noTeHuuanga HyJIEeBOrO paaudyca Uil JBYX3JIEKTPOHHOIO
npumecHoro nentpa B KT nomyuena 3aBucumocts JIB Takoro npumecHoro mesrpa
OT BTOPOTO MOTeHNIaNa noHu3auuu u paauyca KT.

[MokazaHo, 4TO HanmW4KWe KBAHTOBOTO pa3MepHOro d(h¢eKTa TPUBOIUT K
yMeHblIeHUI0 JIB Kak 0JHO3JIEKTPOHHBIX, TaK U ABYX31eKTpoHHBIX [IL] npu nepe-
X0JIe 06veMHblll nONYNPO8oOHUK — keanmosgasa mouka. B KT, xapakrepHslit pazmep
KOTOPBIX NPEBBILIAeT OOPOBCKUN PaguyC IKCUTOHA, BKJIAJ JBYX3NEeKTPOHHBIX [11]
B INAMarHUTHYIO BOCIIPHUMYHBOCTb MOXKET OBITh 3HAYUTEILHBIM.
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1+ 1

Y2/ Yoo

0,5 1 1.5 2

Puc. 1. 3aBucuMocTh OTHOIIEHUS qu/sz OT mapamerpa M =./E, /|E2|

JUTSL pa3NAYHbIX 3HadYeHul paagunyca KT RS ;kpuBble: [ —3;2-2;3-1

%

Puc. 2. 3aBHCHMOCTB OTHOLICHHS X ;) / Xq1 oT pamuyca KT R
JUIS pa3JInYHBIX 3HAYEHHUH NMapaMeTpoB 1 U 1); :

kpuBble: [ — N=1,M;=6;2-n=1,1m;=8;3-1n=0,51,=6
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