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HOCTpOGHa Teopusd OIITUYICCKUX HBHGHHﬁ, BBISBaAHHBIX FI/IpOTpOHI/Ieﬁ IIOJIYIIPOBOJAHUKOBBIX KBaAHTOBBIX fIM.

1—1pO,ZLeMOHCTpI/IpOBaHO7 Y9TO UCCjae10BaHe OTpazKeHuns CBeTa BOJIU3M JIETKOT'O 3KCUTOHA, TI03BOJISIET 3aperucrpu-

POBaTh €CTECTBEHHYIO OIITHUYECKYIO aKTHUBHOCTb KBAaHTOBBIX M. KOS(lD(bI/IILI/IeHTbI OTpazKeHnsl B MarHuTHOM

[10JIE, JIEXKAIEM B IIJIOCKOCTH KBAHTOBOW sIMBI, HECYT MH(MOPMAIIUIO O MATHUTOTUPOTPOIINY, OIUCHLIBAEMON OH-

JINHEUHBIMHA 110 BOJTHOBOMY BEKTOPY CBE€Ta N HAIIPAXKEHHOCTU I10JId BKJIaJaMU B ONITUYIECKU OTKJIUK, O6yC.J'IOB—

JIEHHBIMH OJITHOBPEMEHHO FHpOTpOHHeﬁ CHUCTEMbI 1 MAarHUTHBIM IIOJIEM. l_IOKaBaHO7 YITO MarHUTOTUPOTPOITHBIE

3 deKThl PE30HAHCHO YCUJIEHBI BOJIM3U TAXKEJIOro 3KCuToHA. ONEHKU THMPOTPOIHBIX U MarHUTOIUPOTPOITHBIX

BKJIaZIOB B OTpPaKE€HUE HAXOAATCA B COTJIaCHU C MMECIOIMUMMCHA IKCIIEPUMEHTAJIbHBIMU JTaHHBIMUA.
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1. BBemenme. Pazjautunbie onTmyeckue sIBJICHUST
yI00HO KIaccuUIUPOBATH, PACCMATPUBA BKJIAJBI B
[IOJISIPU3YEMOCTD X, CBSI3BIBAIOILYIO IUJIEKTPUIECKYIO
mossgpusaruio P u ssmekrpudaeckoe nosie E kak P = xE.
B mamocTpykTypax 3TO COOTHOINEHUE SABJISETCS HEJIO-
KaJIbHBIM. HO B KBaHTOBBIX sIMaX COXPAHSIETCSI TPaHC-
JIANMOHHAST CUMMETPHUsI B INIOCKOCTH CTPYKTYPBI, 9TO
[TO3BOJISIET BBOJIUTH IIPOEKITUIO BOJTHOBOI'O BEKTOPA CBE-
Ta Ha IJIOCKOCTH (] U OCYIIECTBJISITh PA3JIOYKEHUE T10JIsI-
PU3YEMOCTH TIO €ro crerneHsM. Eciam 0603HAYUTH 3a 2
HAIIPABJICHUE PA3MEPHOI0 KBAHTOBAHMUS, TO CBA3b MEXK-
JIy aMIUIATYJIAME [TOJISPU3aIUU U [I0JIs IIPUMET BHJI,

13 !/ !/
P(:) = [ d'x(z 2B, ()
rie X(z,2") moxker 3aBucers or q. C y4eToM BHEIIHEro
MarHUTHOTO HoJig B, B HU3IIEM TIOPsijIKe UMEeM:

Xij (B, @) = X§; + SijkBr + ivijrar + CijruBrai.  (2)

31ech 1epBoe ClaraeMoe OMUCHIBAET JBYJLY 9elIPEIOMIIe-
HHUe, a CJAeNyIOmUN BKJaJ, JAlONAICa TEeH30pOM S, -
marauroonTudeckue apdextol Papages u Keppa.
CiaraeMoe ¢ TEH30pOM < OTBETCTBEHHO 3a 2Upo-
MPONHIE ABAEHUA, NI €CTECTBEHHYIO OIITUIECKYIO aK-
TUBHOCTH — CBOWCTBO CpE€JIbl BPAIlATh ILJIOCKOCTb I10-
JIIPU3AIMHI CBETA B OTCYTCTBHUE BHEIIHETO MArHUTHOI'O
moJisi. HeHyJieBble KOMIIOHEHTHI TEH30DPa 7y Pa3pelleHbl
CHMMeTpHeil TOMBKO B TeX CHCTeMax 6e3 IeHTpa IIpo-
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CTPAHCTBEHHON MHBEPCUM, B KOTOPBIX KAKUE-TH00 KOM-
HOHEHTHI BEKTOPa 1 IICEeBI0BEKTOPA IIPUHAJICKAT K O/
HOMY IPeJICTaBJICHUIO TOUCeYHOH IpymIbl. Takue cucre-
MBI HA3BIBAIOTCA THPOTPOIHBLIMA. B I'MPOTPONHBIX CH-
cTeMax BO3MOXKHA JIMHEHHAS CBA3b MEXKJy BEKTOPOM
IJIOTHOCTH 3JIGKTPUYECKOIO TOKA U TAKUMU IICEBIOBEK-
TOPAMM, KaK 3JIEKTPOHHBIA CIIUH U YTJIOBOi MOMEHT (ho-
TOHA, MMPOSBJIAIONIASACA B IIUPKYJIAPHOM (DOTOTAJIbBAHHN-
YECKOM M CIHMH-TaJbBaHHYecKoM 3pdeKTax u B OpHeH-
Tanuu cuHOB TOKoM |1, 2]. B cTpykTypax ¢ KBaHTOBBI-
MU sIMaMH €CTECTBEHHAS ONTHYECKad AKTUBHOCTH MO-
JKeT ObITh BbI3BaHa 00LEeMHOM UM CTPYKTYPHOI acuM-
merpueii [3, 4]. B skcnepumenTax ecTecTBEHHASI OLTHIE-
CKasl aKTUBHOCTH IIPUBOJIUT K KOHBEPCHHU TTOJISIPU3AIAM
cBera 1pu orpaxkenuu |5, 6].

Bo BHermreM MarHMTHOM IOJIe BOSHUKAET SIBJICHUE,
HA3bIBAEMOE MAarHUTO-IIPOCTPAHCTBEHHON Juciiepcuei.
OHO 3aK/IH09aeTCsl BO BKJIAJIE B ONTUYECKUI OTKIINK, JIU-
HEHHOM KaK IO HAIPSYKEHHOCTH MATHUTHOTO TIOJIsI, TaK
U TI0 BOJTHOBOMY BEKTODPY CBETA U OMHUCHLIBAETCS CJIarae-
MbIM ¢ Tensopom C B (2). MarauTo-npocTpaHCTBEHHASI
JIACIIEPCUS MMEET MECTO TOJIBKO B HEIIEHTPOCUMMETPII-
HbIX cperax. Eciu ke cucrema ere u rHPOTPOIHA, TO
BO3HUKAKT 3(@eKThl, 00YCIOBJIEHHBIE OIHOBPEMEHHO
HaJIMIMeM MarHUTHOT'O I0Jist u ruporponuun. Ilo aHaso-
TUU C MATHATOTAPOTPOIHBIM (DOTOTATHLBAHUIECKIM -
dexToMm [7] oHE MOTYT GBITH OOBEIUHEHBI B OT/IEJIbHBII
KJIACC MArHUTOIUPOTPOITHBIX OINITUYECKUX sBjIeHuil. Ta-
ke 3 EKTH MO3BOJISIOT U3yIATh OOBEMHYIO U CTPYK-
TYPHYIO ACHMMETPHUIO KBAHTOBBIX M B MATHUTOOIITH-
yeckux skcrepuMerTax. OpueHTupyst pa3IudHbIM 06pa-

2*
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30M MArHUTHOE I0JI€ U IJIOCKOCTD I IEHUS CBETA, MOXK-
HO Pa3/e/isiTh MarHUTOTMPOTPOIHbIE BKJIAJIbI, BHI3BAH-
Hble Pa3JIMYHBIMU BUJAMu acumMerpun (8, 9].

T'uporponHblie siBjieHUs] B 00'bEMHBIX ITOJIY IIPOBOHH-
KaxX M JPYIrUX KPUCTAJUIMIECKUX COEIUHEHUSIX XOPOIIIO
U3y9EeHbI, UM HOCBHAIIEHO OOJIBITOE KOJUIECTBO OPUTHU-
HAJIBHBIX cTaTell 1 MOHOrpaduii, CM. JUTEPATYPY K pa-
Goram [3-6,8-10]. B manHOM 0630pe TUPOTPOIHBIE U
MarHUTOTUPOTPOIHBIE ABJIEHUS OYIyT HCCIIEIOBAHBI B
IOy IPOBOTHUKOBBIX KBAHTOBBIX siMaX. Dyzer u3yuena
crieKTpaJjibHast 00/1aCTh BOJIM3M SKCUTOHHBIX DE30HAH-
COB, e maHHble 3DHEKTHI MHOTOKPATHO YCHJIABAIOT-
csa. Teopust OymeT CTPOUTHCS C yIETOM TOTO, ITO IKC-
[IEPUMEHTAJILHO THPOTPOIIHBIE SIBJIEHUSI B CTPYKTYPax C
KBAHTOBBIMH sIMAMHU B OCHOBHOM HCCJIEJIYIOTCSI C IIOMO-
IILI0 OTPAKEHUsI CBETA.

2. Y4yer rupoTponuu B 3KCATOHHOM OIITHYe-
CKOM OTKJINKe. BO/in3u 9KCUTOHHBIX PE30HAHCOB MUK~
POCKOIIMYECKOM IIPUIUHON TUPOTPOITAN SBJISIETCSI CITHH-
opburajbHOEe B3amMojeiicTBrue. B KBAaHTOBBIX siMaX U3
MaTEPUAJIOB C PEMIEeTKOHN IIMHKOBO OOMAHKHI OHO MOZKET
OBLITh BBI3BAHO OOBEMHO-MHBEPCHOHHON aCHMMETPHEI.
Bwmecre ¢ pasMepHbIM KBAHTOBAHUEM, 9Ta aCHMMETPUSI
IIPUBOJUT K TUPOTPOIINH, JIaXKe €CJIA SMa BBIPAIIEHA U3
HerupoTporHoro marepuasa tuna GaAs. CoorBerTcTBy-
IOIUI BKJIaJ B MAMUJIBTOHUAH 3JIEKTPOHHO-IBIPOYHOM
[apbl COCTOUT U3 CJIATAEMBIX, JIMHEHHBIX [0 BOJHOBBIM
BEKTOPAaM JaCTHUIIL:

H= > Bilki(c}cos2p+ o} sin2p) +
i=e,hh,lh

+ ky (07, sin 29 — o7, cos 2¢)]. (3)

3Bnech uniekc i = e, hh,lh HymMepyer OCHOBHBIE IOJI-
30HBI PA3MEPHOTO KBAHTOBAHUSA JJIEKTPOHOB, TS2KEJIBIX
JBIPOK I JIETKIX JBIPOK, K' — BOJIHOBLIE BEKTOPA TACTHIL
B IUIOCKOCTH SIMBI, ai,y — Matpuns! [laymm, geitctByio-
e Ha CIOUH (- 9aCTUIpl, T,y — MPOU3BOJIbHBIE OCH B
IUIOCKOCTU SIMBI, (0 — YTOJ MEXKJIy OCbI0 & U HaIpaB-
senuem [100], Hanpasienue pocrta z || [001], a 8; — nBy-
MepHBbIe ocTostHHbIe JIpeccenbxaysa [11, 12]. Ormernm,
9TO TAMUJIBTOHUAH JJIs TSXKEJIBIX IBIPOK MMEET TOT 2Ke
BU/I, ITO U JIJIsI 9JIEKTPOHOB U JIETKUX JIBIPOK, TOCKOJIBKY
BeiGpau 6asuc |hh, —3/2), |hh,3/2) [13].

HestokasbHast 9KCUTOHHAST JUJIEKTPUIECKAs TTOJIs-
pusanus P B KBAHTOBBIX SIMaX 3aBUCUT OT KOOPIUHATHI
BIIOJIb OCH POCTa, 2

P(q,z) = ®(z) )_d;(a)Cy(a). (4)

P(z) -~

PasMEpPHO-KBaAaHTOBaHHOI'O

ormbaromas BOJHOBOU (DYyHKIMH
9KCUTOHA  IIpH

31ech
COBIIa-

JAIONMAX  KOOPJIMHATAX JJIEKTPOHA U JIBIPKH, CyM-
MUPOBaHUE IIPOBOJUTCS IO YeTHLIPEM SKCUTOHHBLIM
cocrosiuusiM v = (e, s;h,m), s,m = =£1/2 nHywmepy-
IOT CIHMHOBBIE COCTOSIHUS 3JIEKTPOHOB W JBIPOK, W
d, = (es|d|K(h,m)) — cpenHee 3HauYECHHE ILIOT-
HOCTH JIUIIOJILHOIO MOMEHTa 3KCHTOHA COpTa U, TJe
K = i0,Ko — omepaTrop MHBEPCHH BPEMEHH, B KOTO-
pom Ky — omeparysi KOMIUIEKCHOTO compsizkenust [14].
Kosdbdummentor  paszioxenus C),  yIOBJIETBOPSIOT
YPABHEHHIO

[(Fewo — Few — i0)byr + How (@)] Cor =
= /dZ/(I)*(Z/)E(z’) -dy(q). (5)

Buech wo u I' — pe3oHaHCHast 9acTOTa U MIUPUHA, JIUHUN
skcuTona, E(z) — nosmoe anekrpudeckoe mose, a H,,r —
MATPUYHBIA 3JIEMEHT CIHMH-OPOUTAILHOTO B3aUMOJIEii-
cTBust (3), 3aBUCAIINI OT BOJIHOBOTO BEKTOPA CBETA, CBSI-
3annoro ¢ k" xax q = k®+k". ITonpaska k BocIrpunm-
quocTu (1) mepBoro mopsijKa 1o CIuH-OPOUTAIBHOMY
B3aMMOJIEHCTBHUIO, OIMCHIBAIOIIAs JINHEHbIE 10 q (T.e.
UPOTPOIHbIE) BKJIAJIbl, UMEeT BUL

D(2)D*(2))2y; _ o _
(hwo — hw — iIz)Q’ =ij = Z (dV) Hw/d{,/-
(6)

Tl'uporpornus TposiBIIsieTcsl B 9KCIEPUMEHTAX 10 OT-
PazKeHHIO OT CTPYKTYD ¢ KBAHTOBBIME siMaMi [5, 6]. Pe-

Xij = —

miasi COOTBETCTBYIONLYIO 3a1a4y [14], Haxomum Tensop
ko3 durmentos orpaxkennst (marpuryy J:KoHca), CBsi-
3pIBAOIIUI aMIUTy b1 oTpaxkentoro (E™) u nagaromie-
ro (EY) csera:

ET r@W + Arg R E°
T QW 0
E; R e+ Aryp Ey
(7)
Bnecs r@W u TZ? W' crammaprubie K03bhUIHEHTH OT-
pPaXKeHusi OT KBAHTOBOM SIMbI JJIsI § U P IMOJIAPU30BAH-
HOTO CBETa: -
QW — ZFSﬁD (8)
5P th — hw — i’

rJe I‘g’s = Ty(cos 6)*!, 6 — yron pacupocrpanenns cse-

r

Ta BHyTpu Marepuaja bapbepa, ['g — SKCHTOHHAsT CH-
Jia OCIWLIATOPA MPU HOPMAJbHOM MAJEHUN, a B CIIy-
Jae JIErKOro 9KCUTOHA HY?KHO IMIPOU3BECTU 3aMEHY I’g —
— I‘g(l — 4tan?6), u MBI IpeHeOperaeM paIHATIHOHHbI-
MU TIEPEHOPMUPOBKAME PE30HAHCHOM YaCTOTHI IKCUTOHA
wo u mupunsl juann T [5, 14].

ITonpaBku K guaroHaabHBIM KO3 dUITMEHTAM OTpa-
sxeHusg Argp n kodddurment R, ONUCHIBAIOMINNA KOH-
BEPCUIO TOJIIPU3AINU DU OTPAXKEHUH, SBJISIOTCS JIM-
HEHHBIMU (DYHKIUSMU ( U BOSHUKAIOT B CUJIy THPOTPO-
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MU cucreMbl. Buibupas MI0CKOCTh majieHus (zx), mo-
JIyIAM:

/D _
AT = oo = haw — T )
170
Ary — - ir')/D

(hwo — hw — iT)2

x [cos? 0=, — sin® =, + sin O cos O(Z .,

- sz)]a (10)

iT9/D
(hwo — hw — iT)2

R — — (cosb=,, —sinb=,,), (11)

rie D =3 |dY|? Boraucnsercs npu ¢ =0 u B = 0.

3-3a KoHBEpCHUY HOJIAPU3ALKUN B OTPAYKEHHOM CBETE
OSIBJISIFOTCS JiBa apameTpa CToKca, OTCYyTCTBOBaBIIINE
B IaJAIOIIEeM — 3TO CTeNeHb JUHENHON IOJdpU3alui B
IJIOCKOCTH, COCTABJIAIONIEH 45° ¢ MI0CKOCTHIO A ICHUsT
(plin), ¥ CTeneHb KPYroBoil moisipusaiu (peirc). OHU
CBSI3aHBI ¢ KO (DUIMEHTOM KOHBEPCUH R COOTHOIIECHM-
SAME

pin = 2Re (R/7:),  peire = 2Im (R/7;) (12)
e 1 = 8,p —
K03 PUIMEHT OTpaKeHUusT OT BCeHl CTPYKTYPBI, COMIEp-
JKalreil KBaHTOBYIO siMy [5].

3. EcrecrBeHHasi onTuYecKass aKTHBHOCTbH
KBaHTOBBIX M. B pabore [5| 6bl1 uccieqoBan
dyHIaMEHTAIBHBIA BOIIPOC: 00/1aJal0T JIU KBAHTOBLIE
AMBbI €CTECTBEHHOM OITHUYECKOH aKTUBHOCTBHIO? s

IIOJIdpu3alius I1a/faroniero csera, a r; —

sToro Obpum w3MepeHbl mnapamerpbl (CTOKCa CBeTa,
orpaxxeHHoro or (001) KBaHTOBBIX siM BOJIM3H JIETKOTO
9KCUTOHA. DBbLra oOHapy:KeHa KOHBEPCUS TOJISIPU3a-
[MU: HAKJOHHO IaJABIINi S IOJISIPU30BAHHBIN CBET
OTPAXKAJICHA IaCTUIHO P TOJISIPU30OBAHHBIM U HAOOOPOT.
CorocraBjieHre 9KCIEPUMEHTAJbHBIX JIAHHBIX C Pa3BH-
TOI Teopueil IPOJEMOHCTPUPOBAJIO, YTO ITOT 3(PQEKT B
3HAYUTEIHLHON Mepe 00yCJIOBJIEH UMEHHO eCTECTBEHHOI
OITHYECKOI aKTUBHOCTBHIO [5].

DeHOMEHOJIOTNIECKH , KOHBEPCHSI ITOJIIPU3aIUH PO~
ucxonuT u3-3a 3H@PEKTUBHOTO MATHATHOTO 1OJS Beg,
BO3HUKAIOIIETO IPH yUYeTe CIUH-OPOUTAJBHOTO B3au-
MogzeiicTBust (3), KOTOpoe yIOGHO 3amucarb B BHJE
H = o - Beg. Tlome Beg, nmumeiinoe mo BOJHOBOMY BEK-
TOPY CBETOBOH BOJIHBI, BO3AEUCTBYET Ha IIOJISAPUIAIIUIO
OTParKEHHOT'O CBeTa TaK Ke, KaK peajlbHOe MarHUTHOE
mojie B MaruutoontudeckoMm addekre Keppa. 13 sroit
AHAJIOTUN SICHO, YTO €CTECTBEHHAs] ONTUYECKAs aKTUB-
HOCTBb B OTPaKeHWH OyJeT HaOJIIOIAThCS TOJBKO B TOM
cJlydae, ecii eCTh HeHy/eBas npoekiusa Beg Ha q. Ilo-
9TOMY CTPYKTYPHAs aCHMMETPUS, IPUBOSAIIAS K CIIIH-
opburanabHOMy B3ammojeiicteuio Pambsr ¢ Beg L q,
He MPOsBJIsieT cebsi B KOHBEPCHH IMOJIApU3aIuu. B TO
IMucbma B 2K9TD 2020

Tom 111 Bpm. 1-2

K€ BpeMs 00'beMHAasl HHBEPCHOHHAS ACUMMETPHS IPUBO-
JIAT K eCTECTBEHHON OITUIECKOH AKTHBHOCTH, IOCKOJIb-
Ky Bet || 9, KOrJia III0CKOCTD TIAJIEHUST CONEPIKAT OFHY
u3 Kybuaeckux oceit (100) [11, 12].
Muxkpockonuyueckasi IpupoJia KOHBEPCHN COCTOUT B
TOM, YTO CMEIIMBAHUE COCTOSHHUI JEKTPOHOB H JieTr-
KHUX JIBIPOK C IIPOTHUBOIOJIOKHBIMYA CIMHAMH IIPHBOJIAT
K BO30YKJIECHHIO JIETKOI'O 9KCUTOHa P JIFOOOH IoJIs-
puszanmu csera, cM. puc. 1. IloguepkaeM, 9TO KOHBED-

Electron states

Light Hole - X+ zY

states T +$\/_ VA ~L +T\/_Z
Puc. 1. (IIsernoii onnaitn) MUKPOCKOIIUIECKUT MEXAHU3M
€CTeCTBEHHOI onTuyeckoii aktusnoctu. S, X,Y,Z — op-
OuTaIbHBIE YACTU OJIOXOBCKUX AaMIUIUTYJ, COOTBETCTBY-
omeit cummerpun, T, ux crnuHoBble 4actu. Crus-
opbuTanbube BanMmoneiicTust He u H" | cmemmparomme
BBIPOK/IEHHBIE COCTOSHUS COOTBETCTBEHHO 3JIEKTPOHOB U
JIETKUX JIBIPOK, JIEJIAI0T BOSMOXKHBIM BO30YKIEHUE OJIHOTO
U TOTO YK€ COCTOSIHUsI JIETKOI'O KCUTOHA KaK B IOJIsIPU3a-
mun e || z, rak mnpu e L z

CUs TOJAPH3alN 3alpelieHa Ha TIKEJIOM 3KCHTOHE,
IOCKOJILKY OH He MMeeT KOMIIOHEHTBI JUIIOJIBHOTO MO-
MEHTa, BJOJIb OCH POCTa 2.

MaTpruyHbIe 3JIeMEeHThl IUIO0JLHOTO MOMEHTA, JIETKO-
ro 9KCUTOHA € - de s:h.m B 6asuce e, £1/2, lh, +1/2 ume-
IOT CJIEJIYIOIIUIT BUJT

dXLh €_

e-d=
\/6 2e, et

Buecy ex = e, tiey, u dx,, = (S|d*|X) (el|llhl), e
IEPBBIA MHOKUTE/b — MEXK30HHBIIT MATPUYHBI 3JIEMEHT
JIATOJIBHOTO MOMEHTA Ha, OJI0XOBCKHX (DYHKIUAX, IPEJI-
CTaBJIEHHBIX Ha PHC. 1, & BTOPOIl — epekpbITHE Orubao-
X OCHOBHBIX TOJI30H PA3MEPHOTO KBAHTOBAHUS 3JIEK-
TPOHA U JIETKOW JBIPKU.

YunreiBasi cunH-opbuTaIbHOE B3anmoseicreue (3),
BBI3BaHHOE OOBLEMHON WHBEPCHOHHON aCUMMETPHEii,

u3 (6) moJsiydaem HeHyJIEBble KOMIIOHEHTHI T€H30pa 2 B
CJIETYIOIIEM BHJIE:
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- 2 . .
By = —Bup = §|dth 1%iBx,, (qy cos 2¢ + g, sin 2¢),

By =—Euy = §|dth 1%iBx,, (qz cos 2¢ — q,, sin 2¢).
(14)
3ech BBesieHa SKCUTOHHAA ocTosinHas Jpeccenbxaysa
Bx,,, cBsi3aHHAA C e 1p U3 (3) caeayiomum o6pasom:

_ Beme — Binnun,

= 15
Bth Me + mup ( )

rae Me,ip — 3bPEKTUBHbIE MACCHL 9JICKTPOHA ¥ JIETKOM
JBIPKY JIJIsT JBUKEHHS B INIOCKOCTH MBI,

U3 (9), (10) u (11) mosydaem, 9TO ONPABKH K A~
FOHAJIbHBIM KOI(D(MUIMEHTAM OTPAKEHUS UMEIOT BUJL:

Ars =0,

48x,, oo
(hwx,, — hw — iI")2

Arp, = — sin? @ sin 2¢, (16)
a K03(pDUIMEHT KOHBEPCHH MOJIAPU3AIHH § <5 P JAETCA
BbIparkeHueM |[5]

2Bx,,q T'Y

R= " (hwx,, — hw —i1)2

sin? 6 cos 2. (17)

31ech wx,, — PE3OHAHCHAS YaCTOTA YKCUTOHA C JIETKOM
JILIPKOHA, ¢, — BEJMYUHA BOJIHOBOI'O BEKTOPA BHYTPH Ma-
TepuaJa 6apbepa, a ¢ — YroJ Me¥KJ1y IJIOCKOCTBIO T1a1e-
Hust ¥ ocbio [100].

3aBucuMOCcTh R X COS 20 OTparkaeT 00CyKIABIITYIO-
Cs1 BBIIIE aHU30TPONHIO 3D HEKTUBHOIO MATHUTHOTO T10-
s Beg(q): adbdexT KonBepcnu nosapusauu MakCuMa-
JieH, Korga ¢ = 0,7/2, T.e. IpU OPUEHTAIMU IIJIOCKOCTU
najieHus BJIOJb KyOMYeCKUX OCeil, U OTCYTCTBYET IIpH
¢ = +m/4. B pabote [5] sra 3aBuCHMOCTS HabIIOIATACE
9KCIIEPUMEHTAJILHO.

U3 (17) caenyer, uro adderT KOHBepcuU II0JIs-
pH3AIMU BO3MOXKEH TOJLKO IIPU HAKJIOHHOM IaJICHUN
U SBJISETCA YE€THBIM IO yTJIy NaJeHns. KommaecTsen-
HOe CONOCTABJIEHNE 3JKCIIEPUMEHTAIBHBIX JaHHBIX |[5]
¢ BoipaxkenueM (17) I[03BOJMIO OUPENEIUTH CIIMH-
OpOHUTAJIbHYIO MOCTOAHHYIO [x,, ~ [ IId HCCIeHo-
BaHHBIX ZnSe KBAHTOBBIX siM. [Ipu TOM IpmHUMAJIOCH
BO BHUMAHUE MHOTOKPATHOE OTPAKEHUE CBETA B PEAJIb-
HOIl CTPYKType€, COJepzKallleil KBAHTOBYIO MY, & TakK-
JKe TO, 9TO KOHBEPCHUSI MOJIAPUZAIMNA MOXKET MPOU30ii-
TH HE TOJIbKO IIPU OTPAXKEHUHU, HO U HPU POXOXKIE-
HUM KBAHTOBOI sIMBI: COOTBETCTBYIOMUiT KO3 durment
nponyckanust 7 = —R, CM. JONOJHATEIHHBIE MATEPU-
anbl K pabore [5]. 13 dbopmyast (17) caenyer omneHka
R ~ Bin#*(wx,, /c)To/T2. Orciona ¢ momomnibio (12) 1o-
JIy9IaeM Plin,circ ~ 1 %, 9TO 10 TOPAJKY BEJIMIUHBI COB-
AJIAET C SKCIIEPUMEHTATBHBIMYA JTAHHBIMHE, MOy T€HHBI-
Mu Ha ZnSe KBAHTOBBIX siMax [5].

HecmoTpst Ha 1O, 910 KO3 DUIMEHTH KOHBEPCUU
[OJIAPU3AIUA § — P U P —> S COBIAJAIOT, OTPaXKe-
HUE OT CTPYKTYP C KBAHTOBBIMU sIMAMH IIPU HAKJIOH-
HOM MAJEHUN PA3JIAIHO IS § U P MOJIAPUIOBAHHOTO
ceera. [losTOoMy B CTpyKTypax CHenuagbHOIO am3aifHa
V/IaJI0Ch YCHJIATD 3(DP(PEKT KOHBEPCUH B P IOJISIPUBAIIAN
B HECKOJIBKO pa3 [6].

4. Marautoruporponsbie 3ddekTol. ABienus,
00yCJIOBJIEHHBIE MATHUTOTUPOTPOIHEN — CM. HOCJIETHEEe
caraeMoe B (2), OTJIMYAIOTCS 110 CUMMETPHUU OT MarHH-
toonrtuueckux dbdekroB Papanes nu Keppa, mockosb-
Ky OmyinHeiiHasi KOMOWHAIMSI KOMIIOHEHT BEKTOPOB q U
B unBapuaHTHa 110 OTHOIIEHUIO K OIEpaIluy WHBEPCUU
BPEMEHH. DTO MMO3BOJIAET PA3JIEIISATH COOTBETCTBYIOIINE
BKJIAJIbI B MAarHUTOONITHYECKUX dKCIepuMeHTax. B Tad-
jmie 1 TpejicTaBiIeHBl PE3YJIbTATHI (DEHOMEHOJIOIUYe-
CKOT'O aHAJN3a BO3MOXKHBIX BKJIAJIOB B KO3 DUIIHEHTHI
OTPaXKEHUsl, IMHEHHBIX TI0 MAarHUTHOMY 10J110. CpaBHU-
BAIOTCsl MATHUTOIUPOTPOIIHBIE BKJIAIbI, 00YCIOBJIEHHBIE
CTPYKTYPHOI acmMMeTpreil KBAHTOBBIX SIM, M BKJIQJIBI
OT MArHUTOONITHIeCKOTO 3 dexTa Keppa, KoTopbIit MO-
KeT OBbITH CYIIECTBEHEH Ha TS?KEJIOM IKCUTOHE B KBaH-
TOBBIX sIMaX C MArHUTHBIME npumecsmu [15]. Bumso,
9TO IPU OPUEHTAIMA MATHUTHOTO IIOJIS MEPIEHIUKY-
JsipHO Tutockoctu naenusi (B L q) cpaBHuMble BKIa-
JIbl B JIMArOHAJIbHbIE KO3 (DUIUEHTHI OTPaKeHIs O3Ha~
9aloT JOMUHHPOBAaHWE Maranuroruporponuu. Eciam xe
MAarHUTHOE IT0JIe€ JIE2KUT B IJIOCKOCTHU MMAJeHUs CBETa, TO
smHeiHbIit o B BKIa1 B K03 duUImeHT KOHBEPCUU II0-
JIApU3AINKA S <> P BO3MOXKEH n3-3a 000oux 3HdeKToB.
O iHAKO M B 9TOM CJIy4ae JaHHbIe BKJIAJBI MOXKHO pas-
JIEJINTh, UCCJIELysl, HAIIPUMED, KOHBEPCUIO S U P IIOJISIPH-
30BAHHOI'O CBETa B IUPKYJISIPHO-TIOJISIPU30BAHHBIN, KaK
910 6bLIO crenano B pabore [9]. HelicTBuTesabHO, Kak
caemyer u3 Tabil. 1, mosrycyMMa U HOJIyPa3HOCTb TAKUX
BeJINYKMH PaBHBI, COOTBETCTBEHHO, BKJIA[aM MAarHUTOIHU-
porporuu u 3¢ dexta Keppa.

Tabumna 1. Braagsl B Ko3hDUIMEHTHI OTPayKeHUsI MIPU Pas3-
JIMYHBIX OPHUEHTAIMAX MACHUTHOTO MOJIsI OTHOCUTEJBHO ILIOCKO-
CTH IaJIeHUs: MArHUTOIUPOTPOITHbIE, OOYCIOBJIEHHBIE CMPYKMYD-
Hoti acumMerpueil, u ot adpdekra Keppa

Ddderr Keppa
Arp; Ars =0

MarauToruporponust
Arp ~ Ars

Tsp =Tps = R

Blq
Blla

Tsp = —Tps

B rabsmmnax 2 u 3 npuBemeHbl BKJIAJIBI, 00YCIOBIICH-
Hble 00bEMHOIT THBEPCUOHHOIT acuMMerpueit. OHu 3aBu-
CAT OT OPUEHTAIMN MATHUTHOI'O IIOJIsI HE TOJBKO OTHO-
CUTEJIHHO IJIOCKOCTH TIa I€HUS CBETA, HO I OTHOCUTEJIHHO
kpucrajorpadundeckux oceit. 13 tabsur 2 u 3 BugHO,
aro BKJIaJ adpdexkta Keppa B orpaxkenue He unrepde-
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pUpYyeT ¢ BKJIAJIOM OOBEMHON MHBEPCHOHHON ACHMMET-
pu# HU B OLHOI U3 reoMeTpuil.

Tab6auna 2. Bkiaasl B koaddunuentsr orpaxkenus npu B, q ||
(100): MarHUTOTUPOTPONHBIE, OOYCJIOBJIEHHbIE 005eMHOT ACHM-
Merpueii, u ot 3dderra Keppa

Ddderr Keppa
Arp; Ars =0

Maruuroruporponus

Blq Tsp =Tps = R
Bl q Arp ~ Arg

Tsp = —Tps

Ta6auna 3. Bkiaasl B koaddunuentsr orpaxkenus upu B, q ||
(110): MarHUTOrMPOTPONHBIE, OOYCJIOBJIEHHBIE 066EMHOT ACHM-
merpueii, u ot 3cddexra Keppa

Ddderr Keppa
Tsp = —Tps
Arp; Ars =0

Maruuroruporponus
Blq Arp ~ Arg
Bla rsp =Tps =R

B peasbabIX 06pa3nax MOryT mpuCyTCTBOBATH 00a
Bujia acummerpuu. 3 tabmur 1-3 BUIHO, ITO TIPU OpU-
eHTAIMK [LJIOCKOCTH HaJeHus BaoJb oceil (110) Bkiampl
CTPYKTYPHOII 1 00'bEeMHOI aCHMMETPUN CKJIAIBIBAIOTCS,
a npu opueHTanuu N0 Kybudeckum ocsim (100) oHu He
UHTEPGMEPUPYIOT, UTO TO3BOJIAET PA3JIEIATb UX IKCIIE-
PUMEHTAJIBHO.

B 6nmxkaiimux moapasaesax 6yIayT MOCae0BaTe b
HO PACCMOTPEHBI MATHUTOTUPOTPOITHBIE BKJIAJIbI B OTPa-
JK€HUe, BbI3BAHHBIE OObEMHON U CTPYKTYPHON ACHMMET-
pueil KBAHTOBBIX SIM.

4.1. Obsemno-acummempuynvie Amov. Marsuroru-
porponHbie BKJIaabl B BocupuuMuusocTb (001) kBaH-
TOBBIX siM, BhIpamieHHbix u3 II1I-V wau II-VI marepn-
aJIOB C PEIIeTKOI [MHKOBOM OOMAHKHU, T.e. 0018 aF0ITNX
00 bEMHO-UHBEPCUOHHON acUMMETpHeil, MUKPOCKOIIYe-
CKU TOJIy9aI0TCs C YI€TOM CIIUH-OPOUTAIBHOTO B3aUMO-
JeiicrBust u3 (6), rje MATHUTHOE IIOJIe YITEHO B MAT-
PUYHBIX 3JEMEHTaX JUMOJbHOrO MoMeHTa. [[ocKOIbKY
KOMIIOHEHTBHI TI0JIsI B INIOCKOCTH MBI CMEIITHBAIOT COCTO-
STHUS TAXKEJIBIX U JIETKAX JBIPOK, MATHUTOIHPOTPOITHBIE
3¢ HEKTHI BOSMOXKHBI Ha, TSI2KEJIOM SKCUTOHE. Y UATHIBAS
marauTHoe nosie B | z B rammiproHnane Jlartumike-
pa [8], nosryunm, 910 MATPUYHBIE JIEMEHTBI JUIOJbHO-
IO MOMEHTa KCUTOHA € - d¢ s m B BHIOpAHHOM B (3)
6asuce e, +1/2, hh, F3/2 umeror BuJ,

dx,, [ e+ —2¢(Bte, e_(B_
e-d=
V2 e+(By e— +2¢Bqe.
(18)
3aech dx,, = (S|d*|X) (el|hhl), a Mausiii napamerp ¢

JIaeTCsl BHIPAsKEHUEM
_ ~vseh Z (el|{ikzz}|lhn), (19)
mocy/3 (el|hhl) Enn1 — Eihn

IIucbma B 2K9TP® Tom 111 BRm. 1-2 2020

B KOTOPOM
KOJIBIPOYHBIM  [TOJ30HAM
(n=1,3,5...). 3mech burypusle cKoOKH 06O3HAUA-
10T anTukomMyTtarop {AB} (AB + BA)/2, ~3

mapamerp Jlartumxkepa, a FEpp1 m Ejpp, — 2Heprunm
pa3MepHOro KBAaHTOBAHUSI OCHOBHOI'O YPOBHS TSIKEJIBIX

CYMMHPOBaHHME HPOU3BOJUTCA II0 JIer-
C YeTHBIMH OTHOAIONIUMEI

JIBIPOK U N-TO yPOBHS JIETKUX JIBIPOK.
Beipazkenue (18) mokasslBaer, YT0 B MAHUTHOM I10-
Jie BO30Oy?K/IeHUE TSPKEJION0 SKCHUTOHA [POUCXOIUT IIPH

JIE0GOH TosTstpu3almu ceera, cM. puc. 2. U3 (18) u (3) mo-
H@
Electron states st P Sd
A y\ . , ’
e’y ‘e
ex))’ : /\/ : ex, y
N
e N
v » \

\
Heavy Hole ,’ XHYT Yoo (X X_iY

- hh
states BH l‘ " N ! BH

H
V”’mez A —’mez

Puc. 2. (IIgerHoii onsaiin) MUKpPOCKOINYECKUH MEXaHU3M

Light Hole
states

MarHUTOTMPOTPONHNHU. MarauTHoe Iojie CMeIInBaeT COCTO-
STHUSI TSPKEJIBIX U JIETKUX JBIPOK C IPOTHBOIIOJIOZKHBIMH
cuuHamu. C y9YeToM JIMHEHHBIX 110 BOJHOBOMY BEKTODY
CIMH-OPGHTATBHBIX B3auMoeicTeuit He u H | cranosur-
Csl pa3pelleHHbIM BO30Y2K/IeHNEe OJHOIO U TOT'O Ke COCTO-
STHUSI Ts1?KEJIOI0 9KCUTOHA IIPH JII000i IOJISIPU3AIIN CBETA

Ca,y,z

JIy9arOTCsl MArHATOIMPOTPOIIHBIE BKJIAJBI B HEJOKAJIb-
HYIO BOCIpHAMYHUBOCTB B BHe (6), Tae wo = wx,, — Pe-
30HAHCHAS YACTOTA TAMKEJIOr0 IKCUTOHA, & HEHYJICBBIE
KOMIIOHEHTbI TeH30pa = ecTb

EII + Eyy = 4CBe,hh|dXhh |2 X
X [(g2 Bz F qyBy) cos2¢ F (¢y Bz £ ¢ By) sin2¢] , (20)

—2(Bnnldx,,|? x
(QIBz + QyBy) sin 290] . (21)

= — = —
—xry — —yr —

X [(gzBy — qyBz) cos 2¢ —

31ech BBEJICHBI IIOCTOSTHHBIC

Me, hh
b
Me + Mph

ﬁe,hh = Be,hh (22)
rae mpy, — 3pEPEKTUBHAS MACCa, TIXKEJION JLIPKHA B ILIOC-
KOCTU sIMBI. DTH BbIPAYKEHUsI COTTIACYIOTCS ¢ TPEDOBAHY-
MU CAMMETPHU, YTO MOYKHO MPOBEPUTH JIJIs CJIydaes,

korza x,y — ocu (100) (¢ = 0) u (110) (p = 7/4).
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Haxons gasee u3 (9), (10) u (1
OTpazKeHUsI OT KBAHTOBOW sIMbI, TOJIYYIUM MarHUTOTH-
poTpomHbli BKIas B Marpuiy Jxonca (7) BOamu3u Ts-

1) koadpdunuenTor

2KeJIOT'O 9KCHUTOHAa B BHUIE

2¢qy sin 0iT'9 ,
(thhh —hw — iF)2

x |:(Be F Bun) By cos 2 — (Be £ Bun) BLsin 2|, (23)

Arsp = —

ZCthQb sin 0(B 1 cos 2¢p — By sin 2¢)il

R =
(hwx,, — hw —il")?

(24)
3mech  — yTON MEXKIy IIOCKOCTBIO MAJIEHUSI CBETA
u oceio [100], a Bj, | — KOMIOHEHTB MATHHTHOTO TIO-
Jist, TIapaJule/IbHasl U IEPIEH UK Y/IAPHAA ILIOCKOCTH T1a-
neansi. JIaHHBIE 3aBUCUMOCTH OT OPUEHTAINHU ILJIOCKO-
CTHU TAJEHUST COTTIACYIOTCS ¢ TPEOOBAHUSMHU TPOCTPAH-
CTBEHHOI cuMMerpun. B paccMaTpuBaeMbIX O0BLEMHO-
ACUMMETPUYHBIX KBAHTOBBIX fMAX MMEETCS ILJIOCKOCTD
orpaxxenus (110). Cie/oBaTeIbHO, €C/IH IIIIOCKOCTH Ta~
JleHusi coBnajaer ¢ Heit (¢ = +7m/4), T0 KOMOUHA-
nus ¢B, , "HBapUAHTHAS [IPU OTPAYKEHUU, MOXKET IIPHU-
cyrcrBoBarb B Arg u Ar,. B To ke BpeMa BKIIaJ,
o ¢B), Mensomuii 3HaK IPH OTPAKEHUH, Pa3perieH
cumMerpueil B K03 dUIEeHTe KOHBEPCHH MO/IAPU3AIUN
Tsp = I'ps = R, HOTOMY €UTO S K D KOMIIOHEHTHI JJIEK-
TPUIECKOTO TOJIS ABJSAIOTCA COOTBETCTEEHHO HEYETHOM
U YETHOH OTHOCHUTEIHHO TAKOTO OTPAYKEHHUSI.
TosiyueHHBIe  BBIpAsKEHUSs
B 00BbEMHO-aCUMMETPUIHBIX
I B || (100) 6yxyT MakCHMAJbHBI IIONPABKH K
JIMAaroHAJbHBIM Koy dunuentam orpaxkenus Arg u
Ar,, a B reomerpuun q || B || (110) maxcumasen

IIOKa3bIBaIOT, q9TO
AMaXx B reomMeTpun

K03 DUIIIEHT KOHBEPCUU MOJSIpU3ANAnA R, CM. TaKkKe
tab1.2 u 3. B pabore [8] mccieoBainch MarHUTOIH-
porponusie nonpasku Arg u Ar, npu q || B s6iausu
TAXKEJIOT0 SKCHTOHA B KBAaHTOBBIX fMaX Ha OCHOBE
GaAs u CdTe. OHn pe30HAHCHO YCUJIMBAJUCH BOJIU3N
w R~ wx,,. B comacum c Teopueil CHTHaJIbI OBLIN,
COOTBETCTBEHHO, MAaKCHMAJIbHBI M MHHUMAJIBHBL IIPH
OpUEHTaIIUU IIJIOCKOCTU IAJeHUs U MaTrHUTHOIO IOJId
BJIOJIb Kybudeckux oceii u 1o, 45° K HuM.

OTHOIIeHNe HOIPABOK JJIst P U S HOJISIPU3OBAMNHO-
o TI3IAFOIIETO0 CBeTa IpH Iuockoctu naaenust (100) co-
riacHo (23) ecThb

Ary ~ cos 5e+5hh

25
Arg 5 — Bhn (25)

DTO COOTHOIIEHNE TIO3BOJISIET OIPE/IEISTh OTHOCUTE b
HBIIl 3HAK U OTHOIIEHNE aDCOTIOTHBIX BeIUIuH S U Spp,
cM. [8].

Beipakenue (23) 1m03BOJSET  CJeJaTh  OIEH-
Ky JUIS MAIHATOIMPOTPOITHBIX HOIPABOK:
Arg, ~ (BqT0/T?)(a/lB)?, rae a — mupuHa KBAHTOBOI
ambl U lp — MarnuTHad gumHa. OTCIOna I110JIydaeM
Arg, ~ 107°BTu~!, uro HAXOAUTCSA B KOJIMIECTBEH-
HOM COTJIACUU C JaHHBIMHU dKCIepuMenTa i am GaAs
u CdTe, uccrenosasmmxes B pabore [8].

4.2.  Cmpyxmypro-acummempuyroe  amo,. C
TOYKM 3DEHHs] TEOPUH CUMMETPUH  CTPYKTYDPHO-
ACUMMETPUYHBIE sMBI MOXKHO DACCMATPUBATL KaK
uMerorue Todednyio rpymmy cuvmmerpun  Coo,. B
9TOH IpyIie, MOMUMO OOBIYHOMH IIPONOPIUOHAJILHOCTH
Py x E, BOBMOXHA U JAPYyTras CBA3b MEXKLY IUPKYJIAD-
HBIME KOMIIOHEHTAMU IIOJIAPUBAIUA U HJIEKTPHUIECKOTO
monst: Py o iBigyF_. Otcroma BUAHO, YTO MArHU-
TOMUPOTPOIUA [PUBOIUT K BO30OYKICHUIO TAKEIOTO
9KCUTOHA B 00X KPYrOBBIX IOJISIPU3ALULAX, DPHC. 3.
Takasi CBsI3b O3HAYAET, YTO €CTh CJICIYIONIME BKJIAIIbI

Electron states st S
T T
: |
c : G | G
| |
v l A 4
Heavy Hole J , N
X+iY X-1iY
states  ¢,B, I\ =5 1 J,—\/_ LqB,
y'4
Light Hole
states XL +¢\/_Z ¢X+ iy +T\j_ VA

Puc. 3. (LIgerHoit onaiin) MUKPOCKOINYECKHUH MEXaHI3M
MATHATOTHPOTPONINA B CTPYKTYPHO-ACHMMETPHIHBIX
simax. C y4eToM BOJIHOBOIO BEKTOpa CBETa U MAIHUTHOIO
HOJISI COCTOSTHUST TSIZKEJIBIX M JIETKUX JIBIPOK, AKTHBHBIE

cMemuBaoTcsa. B
+
b

B JBYX KPYI'OBBIX IIOJIAPU3AIUAX,
pesyJjabrare TAXKEJIBI SKCUTOH B036y)KILaeTC$[ KaK O
TaK U 0 IIOJIAPpU30BaHHBIM CBE€TOM

B TEH30D JIM3JIEKTPUYECKOHl BocupuuMauBoctu (2),
OuIMHeHbIe 0 KOMIIOHeHTaM B U q B ILIOCKOCTH

awmbl [3, 4, 9]:
Xay + Xy = ClqyBy — 42 Ba),
Xzz = Xyy = C(q2By + qyBa).

Bpech T,y — IPOM3BOJILHBIE OCH B ILIOCKOCTH SIMBI,
a dynxmus C(z,z') — enuHCTBEHHAs! HEHyJeBasi KOM-

(26)

nonenra teuszopa 4 panra C, Beeuennoro B (2). U3
STUX COOTHOINEHHMIA CJIe/yeT, 9TO MAarHUTOTUPOTPOIIUS B
CTPYKTYPHO-aCUMMETPUYHBLIX SIMAaX IPUBOIUT K TOMY,
YTO B IUIOCKOCTH KBAHTOBOH SIMBI TOSIBJISIETCS OITHYIE-
CKasl OCb — OMCCEKTPHUCA MEXKJTy HAIIPABIEHUSMHA BEKTO-
poB q u B.
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Mozxnuo 6but0 OBI paccunrarh dyurmuo C, ydTsd,
AHAJIOIMYHO IIPEJIBIIYINEMY Pa3Jiesy, CIHH-0POUTAIHLHOE
B3anMojieiicTBre Pambbl, BOBHUKAIOIIE B Mepy CTPYK-
rTypHoit acummerpun. OgHaKko 6ostee 3(hhEeKTUBHO acuM-
MeTpHUsl KBAHTOBOM sIMBI TIPOSIBJISIETCS Y€PE3 CMEITIBA-
HUE COCTOSIHUN TSI2KEJIBIX M JIETKUX JBIPOK. [lo aromy
MEXaHU3My MATPUIHBIE JIEMEHTHI JUMOJILHONO MOMEH-
Ta, TAXKEJIOr0 IKCUTOHA UMEIOT BHJ, [9]

dXhh €y — ’L'£B+I€+€_ —2Z£B_k_€z

ed=— ,
V2 —2iéB kye, e_ +ifB_k_ey

(27)

rjie k+ = ki £ ik; — KOMIIOHEHTBHI BOJIHOBOT'O BEKTODA

npipku. Mastelit BemecTBeHHBINH napamMeTp &, BO3HUKA-
IONIWif B MEPY CTPYKTYPHON aCHMMETPHUH MBI, JTA€TCs
BbIpaKeHHeM

_ eh Z (el|lhn) {% Zihn,hhl
moc - <61|hh1> \/gEhhlel}m
sk (Ihnlik.|hh1) ]

mo  (Exp1 — Eipn)? )|’

(28)

r7e o U » — mapamerpsl Jlartumxkepa. [lepBoe cirarae-
Moe B (28) nostyuaercs U3 HeJUaroHAIbHBIX X k% BKJIa-
JIOB B raMUJIbTOHUAH JlaTTHHXKEpa B MATHUTHOM IIOJIE,
a BTOpOe — U3 JIMHEHHOro 1Mo K CMeIuBaHusT Ts2KeJbIX
U JIETKUX JIBIPOK U 3€EMAHOBCKOI'O PACIHIEIIEHUs COCTO-
stauit sierkoit npipku [9]. O6a BKJIaga OTJIIMYHBL OT Hy-
JIsl TOJIBKO B CTPYKTYPHO-aCUMMETPUIHBIX siMaX. Jleii-
CTBUTEJIHLHO, €CJIU sIMa CHMMETPUYIHA, TO JIJIsI HEIETHBIX
n =1,3,5... paBHBI HYJIIO MaTPUIHBIE JIEMEHTHI KOOP-
JUHATBL U UMILYJIBCA Zihn, ph1 U (Lhn|k,|hh1), a ms ger-
HBIX N = 2,4, ... HyJII0 paBHO EePEKPBITUE JIEKTPOHHON
u JierkozpIpounoit orubaromux (el|lhn). Iostomy € # 0
TOJIbKO B CHJIy aCUMMETDPHUU SIMBI, U 9TOT IIapaMeTp Me-
HsIeT 3HAK, HAIIPUMED, TP U3MEHEHHUH 3HAKA IJIEKTPHU-
YECKOTO MOJIsl, TPUJIOXKEHHOTO MEPIEHIUKYISIPHO CUM-
MeTpuuHOi sime. OTHOIIEHNE ABYX BKJIAJIOB B (28) MOXK-
HO OIEHUTH KaK ~ 3¢M /Mg, TJIe 1M UMeeT MOPSIIOK MACCHI
TSIPKEJION JIBIPKU JJIs JIBUYKEHUsI BJIOJIb OCH Pa3MEpPHO-
ro kBanToBanus. s sm na ocuose GaAs u CdTe sro
OTHOIIIEHNE MEHbINe eJMHUIbI, TIO9TOMY HEPBBIi BKJIAJ
cusbHee [9].

Pacder sxcuToHHON! AUITEKTPUIECKON MOISPU3AIAT
no (4), (5) ¢ yaerom (27) maer BOCIPUUMUINBOCTD B BU-
Je (26), B KoTopoM

®(2)@(2) ldx |”
hwx,, — hw — il

Cl(z,2') = 4¢v (29)
Baecs v = mpp/(Mme + mpp).

C yuerom crpykrypHoit acummerpun (€ # 0), noss-
JISFOTCSI MATHUTOIMPOTPOIIHBIE MTONPABKU K JINATrOHAJb-
ITucbma B 2K9TD
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HBIM KO3 DUIMEHTAM OTPAYKEHUS U S U P IOJIAPU3O0-
BAHHOT'O CBETA!

Arp s = £28vgy sin 0B Y (30)
a Takzke Kod(hUIMEHT KOHBEPCUH TIOJIAPU3AITUHM:
R = —26vqysin OB cos 0 row, (31)

3aech 3HaKN L 1 || 0603HAYAIOT OPHEHTAIMIO MATHAUTHO-
O I0JIsl, JIEZKAIIETrO B IUIOCKOCTHU SIMBI, 110 OTHOIIEHUIO
K IJIOCKOCTH NAlEHHsi CBeTa, a Il jaiorcs bopmy-
Jioit (8).

MoOXKHO OIIEHUTH —TIApaMETD
& ~ (e/hc)a®zip1,pp1, TAE a — IIUpUHA KBAHTOBOM

smbl. Cremenb KoHBepcuu nosgpusanun R =~ EqBj.

aCuUMMeTpUun KaK

9Ta OII€HKa COBIIAJAET II0 IIOPAAKY BEJIMYIUHBI C 3KC-
1073BTun !,
IIOJIYyY€HHBIMI Ha TA2KEJIOM 3KCHTOHE B GaAs n

IIepuMeHTaJIbHBIMU 3HAYE€HUAMU R ~

CdTe acuMMeTpwdHBIX KBAHTOBBIX $MaxX B MAaCHUT-
HOM [IOJIe, JIEXKAIIEM
Zlhl,hhl/a ~ 0.2 [9].

5. akJirouenune. K nacrosimeMy BpeMeHN MarHm-

B IIJIOCKOCTH IIaJIEHUsA IIpU

TOMUPOTPOINS] B KBAHTOBBIX sIMaX HCCJIEI0BaHA B T'€0-
METPHUH II0JIsl, JIEYKAIErO0 B IJIOCKOCTH IaJeHUs CBe-
ta. Kak cimemyer m3 pasBuToil Teopum, mpu momeped-
HOl OPUEHTAINH TI0JIsI BO3MOXKHA, KOHBEPCHUSI [TOJIAPI3a-
IUU S <> P 3a CYeT OObEMHON aCUMMETPUN U IIONPABKU
K JUaroHaJbHBIM Koddduimenram orpazkeHus Arg g,
00yCJIOBJIEHHBIE CTPYKTYPHOIT acummerpueit. ccnemo-
BaHUE HA OJHOM O0pa3lle MPU Pa3JIUIHBIX OPUEHTAIUSIX
MarHUTHOTO IT0JIS U IJIOCKOCTH TIaJI€HUsI [I03BOJIUT OIIpe-
JIEJINTH COOTHOIIIEHUE CTEIeHel ACHMMETPUU U Pa3JId-
HBIX BKJIAJIOB B MArHUTOIUPOTPOIIUIO.

Aprop Garomapur E. JI. IBueHKo 3a 10J1€3HBIE JHIC-
Kyccuu. Pabora wactwaHO mommep:kaHa PoccmitcKum
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duzuku n maremaruku “BA3NC”.
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