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CrriHOBi cTaHM KBa3iABOBUMIPHUX €JIEKTPOHIB
(ITpedcmasaeno axademirom HAH Yrpainu B. M. Jlokmesum)

Ha npuxaadi ¥6a310808UMIpHUT eACKMPOHIE NOKA3GHO, WO OAL NOBHO20 ONUCY CNIHOB020 CTNY-
nemns 8iALHOCI HEOOTIOHO BPATOBYEATNU PEAAMUBICMCLKT 3aKOHU 30EPEHCEHHA, AKI 6 HEPEN-
MUBICMCHKIT MEOPT BUKOHYIOMDBCA AUWE HADAUINICEHO.

Y mezaBHiii pobori 1] Ha ocHOBI po3s’si3kis piBHstHHs [lipaka (P/I) muist Mogesti miackoi KBAaHTOBOT
svu (K4) nocnimkyBasucest crinosi cranu kBasizsosumipuux (2D) esekTponis i 6y/10 3pobiieHo
BUCHOBOK, 1110 piBHsiHHs [IIpesinrepa (PII), B sikomy BpaxoBaHa cCriH-opbiTaJbHa B3a€MO/Iist
(COB), He 1mOBHOI MIpOI OXOILIIOE MOXKJIMBI crinoBi cranu 2D esiekrponis. Y ganiit pobori
3’SICOBYETbCSI MPUYIUHA BTPATH IEBHUX CIIHOBUX CTAHIB Ta IIOKA3aHO, IO BIIIMOBIIHI PO3B’SI3KH
npucyTtHi B PIII 3 Tieto »kx TounicTio nHabauxkenns, 3 sikoo came PIIl e nabmmkennam mo P/I.

Hocimekennst cruiHoBuX craHiB 2D ejIeKTPOHHOrO ra3y OCTaHHIM YacoM HaDy/Iu 3HAYHOTO
PO3BUTKY, IO [IOB’sI3aHO 3 MEPCIIEKTUBAMU CIIHTPOHIKH, KA MA€ 3 MEeTy BUKOPUCTATU HAaPiBHI
3 3apsiZiIoM HoCis foro crmin [2]. B Teopermunux poborax mpu JociiKkeHHi BiactuBocreit 2D
€JIEKTPOHIB, HAITPUKJIAJI B MIAPYBATUX HAITIBIPOBITHUKOBUX T'€TEPOCTPYKTYPAX, CIUPAIOTHCST Ha
po3p’st3ku piBusinas [Ilpeninrepa, B sikomy BpaxoByeTbces COB:

p? ' .
TyT m — MaCa YaCTHUHKU; P = —ihV — o1repaTop iMHyﬂbCy; V(Z) — HOTEHHiaJI 30BHIIIHBLOI'O

10JI41, 1110 Mae BUIVIsA opHoBuMipHoi K ¢ — mBuaxicrs csitia; 0; — marpuni ITaysi. B ramiss-
ToHiaHl ocraHHi{ nosaHOK Bigomuil sik monpaska Tomaca i mae nassy COB. B (1) BpaxosaHo,
IO TIOTEHTiaJI 3aJIesKNTh JINIe Bijl oaHiel 3Minnoi z i tomy VV = V'e,, V' = dV(z)/dz.

Ane PII e mepenstuBicrcbKuM Habausicennam no pisusaas Hipaka, a cama COB B ra-
MijibToHIaHI € pessiTuBicTchbKO0 monpaskoio [3, 4]. Tomy poss’szox PIII €, no cyri, nabimke-
HUM PO3B’SI3KOM, OCOOJIMBO II0 BiJIHOIIEHHIO O CIIIHOBOIO CTYIIE€HsI BiJIbHOCTI. AJKe HasBHICTDH
y eJIeKTpOHa ciiHa BuiinBae came 3 PJ[. 3 i€l Touku 30py JOMILHO MOPIBHATU PE3yJ/IbTaTH,
oJieprKaHi 3 HAOJIMKEHUX PIBHAHD, 3 TUMU, siKi J1a€ OLIBIIN TOYHA TEOPist 3 MOMAJIBIITUM PO3KJIAI0M
OJlepyKaHUX PO3B’sI3KIB 3a MMM [apaMeTpoM, Mo i Oysio Morusarieo podoru [1].

Posrnsinemo criouatky nepexin PJT

HpV = EV, Hp = cap + V(r) + pzmc? (2)

JI0 HepeJIsITUBICTChKOrO HabmKenHst. B (2) U — yorupukommnonenTHa (6iciHOp) XBUIbOBA (DY HK-
nist koopiunat, Hp — raminsronian [ipaka, B sskoMy & = ) e;Q;, e @; (j = ,y,2) Ta p3 —
J
4 x 4 marpuni ipaka (B nosnauenusix lipaka ps = B)
TicrraansaTs Marpunpb Jipaka (BKIIOYAIOUN OJUHUIHY D ) YTBOPIOIOTH TPYIly B TOMY CEHCI,
10 H00YTOK OYAb-sIKAX JBOX MAaTPHUIb 3 i€l MHOXKUHHU A€ 3 TOYHICTIO [0 IMOCTIMHOrO KoedilieH-
Ta, mo JgopiBaioe +1 abo =+i, omgHy i3 mux MaTpuip. /oBiIbHA YOTUPUBUMIPHA MATPHUIST MOXKE
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OyTH OMHO3HAYHO IIOJAaHA y BUIJIAML JIiHiHOI KoMOinamil marpuns [lipaka. Jljas momasbimoro
HaBesieMo yci epmitosi marpuri [dipaka B 6iounoMy (2 X 2 6J10KH) 3a1ucy:

(0 I (0 —il (L o0
P1 L 0 ) p2 il 0 ) P3 0 —I )
(3)
~ 0 o EN o 0 EN 0 —io ~ c 0
a‘<a 0)’ E_<0 a>’ F_<¢& 0>’ Q‘(o —&>‘
Tyr I, — omummana 2 X 2 Marpuns; & = y_e€;0; (j = ,y,%2) i BEKOPHCTAHO CTAHIAPTHE

J
npejicTaBieHHs MaTpuilb [lipaka.

[Tepexin B P/l mo HEpenaTuBiCTCHKOTO HAOIMKEHHSI, 3aIUITAI0YNCH B paMKax 3aJati Ha BJIACHI
3HAYEHHsI, ClIUpaeThcs Ha nepersopennst Posni-Borxoitzena (PB), mera sikoro HaBecTH ramijib-
touian /lipaka B 0JIOYHO-IiarOHAJILHOMY BUTJISII

7. — T Hprtcl 0

Hp = UrwHpUgyy = < 0 _Hanti> ;
ne Upw — ynitapuuii oneparop ®B nepersopennsi. B @B upencrasienni piBasHHA (2) s
GicriHOPHOT XBUJIBOBOI (DYHKINT PO3JIISETbCS HA OKPEMi PIBHSIHHS JIjIst CIHHOPHUX XBHUJIBOBHUX
dbynkiit sactuakn Hppiet) = E1p (Bepxwiit crinop Gicminopa) i antudacturu Hanip = Eg
(HVKHII criHOD).

VY Bunajky BiibHOI vacTuaku PB neperBopennst MOKHA IPOBECTH TOYHO. B mpucyTHOCTI 2K
BOBHIIIHBOI'O TIOJIsI, B3araji KaxKydd, He iCHY€ IMpEJCTABJIEHHsI, B SKOMY TaMijJbTOHIaH OyB Ou
TOYHO OJIOUHO-IIaroHAJbHUM. AJie MOXKHA OJEpXKATH HAOJIUKeHe “NpejCcTaB/IeHHsT 3 TOYHICT-
TIO 710 Jestkoro crenens (1/¢)", B sikoMy HejiaroHajIbHA YaCTUHA Ma€ OLIbII BHCOKHUN CTYIIHD
masocti [4]. Jlast nporo sammrmemo ramimbronian dipaxa (2) y surmsm Hp = mc®H, ne

H=Ho+eHs, Mo=ps, H=By L (4)
Tyr MHOKHHK £ BH3HA4Ya€ CTYHIHb MajocTi (Beamduun 3 € nponopiiiini (mc)™ "), akuil B KiHIi
Oy/e MOKJIaIEHUNl OJIMHUII.

Bobpaxkyioun omeparop ®B mepersopenus y Bursai Upw = exp(ieS), maemo H=H+
+ e[S, H] + (i2/2)2[S, [S, H]] + (i3 /3)e3[S, [S, [S, H]] + - - - . Cam omepaTop S IMyKaeThes TAKOXK
Y BUIVISLL PO3KJIAJLY 38 MAJIIM napaMeTpoM S = Sj+eSy+e2S5+e3S,+- - - . Koxen oneparop S,
3HAXOIUTHCA 3 YMOBH OJIOUHO-/11arOHAIBHOTO BUIJISILY ﬁ, SIKIil [IOBHHEH OyTu JiHiitHOIO KOMbiHA-

me  mc?’

1iero Jimire 6JI09HO-jaronagabuux MaTpuib dipaka I, p3, 3 ta Q. [Tocaigosao BusHadao4dn Sy,
MOXKHa 300pasutu H B OJIOUHO-/1arOHAJILHOMY BUIJISL 3 TOYHICTIO 0 0AXKAHOTO MOPSJIKY 3a €
(1/mc). fdrmo obMeKUTHCST MOPSIIKOM 64, TO JIOCTATHBO BU3HAYUTH S1, S9 1 Ss:

1 ~
S =—T p; So=———-—a-VV; S3=—-—T. . 5
L™ 9me p: 2 4m203a ’ 3 6m3c3 PP (5)
Bukopucrasmu anredbpy marpuins /lipaka, omep:Kyemo
~ V -~ 1 h = K2~
=3+ e——=1 +¢2 p3p? + &3 —3 . (VV —ITAV|-—
H=pst 8mc2 te 2m?2c2 psp” e m3c3 | 4dc ( xp)+ 8c
1
—et——ppt + 0. (6)

Smict
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TyT 36epexkeH0 MHOXKHUK € = 1 mo0 HiIKpecanTu CTYHiHb HAOJMKEHHsST KOXKHOTO 3 JTOJAHKIB.
3 1BOro BUpa3y BUIUIMBAE, IO B JIAHOMY HaOJIM?KEHHI 3 TOUHICTIO 0 ¢t OB IIePEeTBOPEHHS 3BO-
IUTH raMmijbroniad H 1o 6JI0YHO-/[iarOHAILHOTO BUTJISILY, B IKOMY TaMiJLTOHIAH JijIs CIIIHOPHOI
XBHJIbOBOI (DYHKIIII YacTUHKHU Ma€ j100pe Bigomuil Bursiy [3-5]

H=m+ V(@) + =+ 550 (VV xp)+ —55AV — —=—= + O("). (7)

p2 A hZ p4
2m  4m?c 8m2c? -~ 8m3c2
AKIMO 3HEXTYBATH IMOIPABKOIO et i BiJIpaxyBaTu €HepTiio BiJ[ eHeprii CIOKOI YaCTUHKM,
Eprecr = mc® +eFE , npuiigzemo o PIII 3 ramisibronianom, B skomy COB Mae BigHOCHMIT TTOPSII0K
masocti €2,V BHIAIKY, KO/ MOTEHIa I 3aleKuTh JIHite Bif ommiel smimmoi, V(r) = V(z), ra-
misbronian HabyBae Burisany (1). [Ipu npomy cran esekrpoHa 3 neHuM 3uadeHHsiM 2D iMiysibey
k = (ks, ky) B mmomuni K¢ onucyersesa xsusosoro dynkiieo Wi (r) = expli(kyx+kyy) ¥ (2), ne
W (z) — Gicuinop auist PII (2), a6o cuinop miist PII (1). To6ro, P/ € cucteMoro 90TUPBOX PIiBHSIHB
JUTsi KOMITOHeHT biciiinopa, a PIII — cucremoro qBOX PiBHSIHB JIJIsi KOMIIOHEHT CIIIHODA.
BoGpaxyroun crinop y Burasyt ¥ (z) = (Y1ahe)?, mics nigcramoskm Wi (r) B PII (1) omep-
KYEMO CHUCTEMY DPiBHSIHD

h? d? h2k? RV .
L] + (V + om E>¢1 — i (ke — iky)1p2 = 0,

" 2m dz? ! 4m2c?

(8)

hZ d2¢2 h2]€2 h2vl
- — - F ———— ) =
5 g2 T (V + o )wg +ig g (ke +iky)P1 =0,

Je K = kﬁ + k:Z [TizkpecsmMmo, MO OCTaHHI JIOJAHKYU B JIBUX YaCTHHAX PIBHAHBL (8) 0OyMOB-
sgieri COB i MaoTh HOPSiJIOK MAaJIOCTi 62, a OlJIbIIl BUCOKUMU PEJISITUBICTCHKUMU ITIOIIPABKAMU
3HEXTYBAHO.

Y pobori [1] Bpaxosano Toit daxt, 1Mo B IpuCyTHOCTI 30BHIiMHBOr0 10515t V (r) = V(z) i3 BCix
CIIIHOBUX OIIEPATOPIB, sIKi KOMYTYIOTh 3 TaMUJIBTOHIAHOM y BiabHOMY mpocropi 6], iHBapianTaMu
3aJIMIIAIOTHCS 2-KOMIIOHEHTH OIIEPATOPIB €JIEKTPUYHOI CIIHOBOL

€, = ﬁmpy - ﬁyp:v (9)
1 MargiTHol CHiHOBOI

T S (T Typ.) (10)

Pz = 22 e zPy yPx

HOJIAPU3AIliil Ta T- 1 Y-KOMIIOHEHTH IIPOCTOPOBOI YaCTUHU YOTUPUBUMIPHOIO IICEBIOBEKTOPA CIIi-
HOBOI TIOJISIPA3AITT

Sy =Qy + p1—, Sy =Qy+p1—. (11)
Koxken 3 riux omepaTopiB, KOMyTyIO9H 3 TaMiJIbTOHIAHOM, Ma€ 3 HUM CIIJIbHY CUCTEMY BJIACHUX
dyukIiit. Ase BCi BOHM HE KOMYTYIOTH OJUH 3 OJIHUM i MaroTh pisHi BiaacHi ¢yukmii. Tomy PJI

Mag€ TPU TUIH BJIacHUX (PYHKINHN, 110 Bi/IIIOBIJAI0TH TPHOM PI3HUM CIIHOBUM CTAaHAM 3aJI€2KHO Bif
Toro, sikuit 3 oneparopis (9)—(11) mae neBHe 3HAYEHHS.
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Bamummemo oneparopu (9)—(11) B @B 306paxkenni, Gepyun 70 yBaru KOHMIrypario 30B-
mimuaboro noss, V(r) = V(z). Oueparop €., komyrytoun 3 oneparopom DB neperBopenns,
[S,€,] = 0, He 3minioe cBiil GiouHo-laroHaabHuil Bursy (9), a Jyisl IHITMX 3HAXOAMMO

UFW#zUFW - E +é? 2m2¢ 2(5\J p -3, pPp.) + 0(64)’
(12)
UFWSJUEW = Qj + E2WQ - pp;j + (’)(54)7 j=ux,u.

Taxwum TUHOM, BiAIIOBIIHI €IEKTPOHHOMY CIIHOPY OJIOKK IIUX OMEPATOPIB MATUMYThb BUTJIS

€, = 6-\ypm - /O-\:pra (13)
//222 = /O-\Z + 2m202 (Uzp a- : ppz)’ (14)
~ N 1 R ~ N .

Sop =04 + ma - PPas Soy = 0y + ma “PDy- (15)

Ty, sk i B ramiibroniani (1), 3HEXTYBAHO MOIPABKAME et
Oueparop (13) komyrye 3 raminbronianom, ockinbku B (1) COB BusnauaeTbcs came mum
oneparopom. s omeparopis (14) i (15) marumemo
~ . 4 o _ 4
[/1'227H] - O(&‘ )7 [82$7H] - 0(8 )
OckisibKu BOHH, SIK 1 caM raMiJIBTOHIaH, BU3HAYEH] 3 TOYHICTIO 110 62, TO KOMYTallisl BAKOHYETHCS
HAOJIMYKEHO. 3PO3yMiJIOo, 10 BpaXyBaHHsI [TOIAJIBIIIX IIOMPABOK Oy/e 3CyBaTH HEKOMYTATHBHICTh
J10 OIJIBIIT BUCOKOTO CTEIeHsS 3a €.
Posrysinemo piBasinzst (8), 300paxyroun komionerTu 2D xBuiboBoro Bekropa K y Buruisi

ky = kcos¢, ky = ksing, ne k = \/k2 + k2 itane = ky/k,.
1. Posp’ssox cncrenu pisusinn (8) mykaemo y surmsai ¢ = e (T2 p(5) 4hy =

= oeil¢t7m/2)/2 f(2), ne ¢ = +1 Bignosinae aBOoM BapianTam p03B’${3aHH${. Tomi cucrema pie-
HsHB (8) 3BOJUTHCS JI0 OJHOIO DIBHSIHHS HA BJIACHI 3HAUEHHSI

W &f h2k2 B2V
_TeJ Y g — 1
5 T3 <V—i— o >f+a4 22kf 0, (16)

sike y BUNAJKy npsiMokyTHOI K¢ nomyckae Tounmii po3s’sizok 3 3akoHoM juctepcii Pambu [6, 7|
s 2D enekTpoHiB

h?k?
E,.. (k)= k. 17
no (k) o (17)
Tyr E, (n = 1,...,nmax) — eHepris 38’s3anux cranis B oguoBuMipuiit K4 [3, 4], a mapa-

MeTp @, Bijomuii sk napamerp Buukosa—Pam6u [2|, Binminaumii Big Hy s 1s iHBEpCHO acu-
merpuanol K. fAxmo posrsimatn COB sik 30ypeHHsi, TO B IepHIOMY HOPSIKY Teopil 30ypeHb
MaeMo oy, = R2{fn|V'|fn)/(4m>c?), ne fn — pPO3B'E3KE He3GYPEHOro PIBHSHHS, IO BH3HAMAE
eHepril 3B’sI3aHUX CTAHIB.

Came 11eii po3B’sI30K MIMPOKO 3aCTOCOBYETHCS IIPU aHAJII31 CIIIHOBUX CcTaHiB 2D ejleKTpOHHOrO
razy [2|. Bin onpasy HampomuryeTbes sIK Iponopiiitnuii BiracHoMy crinopy marpuiti i(0yky —0.ky),
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sika, 110 cyTi, i € oneparopom (13) 3 BiracHuMmu 3HadeHHsMU € = —ohk. Asie 1e He €quHUI
po3B’si30K cucremu (8).

2. Koxkne piBusiHHS B (8) MOXKHA 3allMcaT $IK HEOJHODIJ[HE DIBHSIHHS, Jie IPaBa YacTUHA
~ €2 i BU3HAYAETHCS 1HIIOIO dyHukmien. Po3s’s30K HEOMHOPITHOTNO PIBHSIHHS DU 38 IaHiil mpaBiit
qacTuHI Mae mopsaoK £2. MaeMmo aBa BapianTH pPO3B’SI3KiB, HOKJIABIIN Y1 = f(2), Y2 = 52<p,
abo 1 = e2g0, o = f(z). Hlykaoum po3B’si3KM B TAKOMY BUIVISIJ 1 HEXTYIOUM BEJIUIUHAME
~ et 9K IepeBUIEH M TOYHOCTI cAMUX PIBHSHD, 3HAXOIMMO, 110 f (z) 3a10BOJIbHSIE PIBHSIHHS
Ha BJIACHI 3HAYEHHS

K2 d2f h2?
-4 — —E|f=0. 1
2mdz2+<v+ 2m )f 0 (18)

3 iHIIOrO PIBHSHHS 3 TI€IO YK TOYHICTTIO MOXKHA, OJIEpYKATH

2
LY

Y= 4Am?2c?

ne f' = df /dz, a 3maku “+7 1 “—" BiAnOBiIAIOTH PO3B’A3KAM g ~ e? i P ~ £2 Bignosinmo.
Ili mBa PO3B’si3KM JIAIOTH JBa CIHOPH, siKi, sIK JIEFKO [IEPEKOHATHUCH, € HAOJIMXKEHO, 3 TOYHICTIO
1o &2 BKJIIOUHO, BJIACHUMHM criHopamu olieparopa (14) 3 miacHumu 3nadenHsmu p = +(1 +
+h2k? / (2m2 cz)). Takum 9uHOM, PO3B’I3KaM MOXKHA [IPUIIACATH CIIIHOBE KBAHTOBE 4nCo 0 = +1,
3MICT SIKOT'O BIJIPI3HSIETHCs BiJL onepe iHboro. 13 pisasins (18) Buruinsae, 1o B bOMY CIIHOBOMY
crani 2D esleKTpOHHI 30HU BHPOJZKEH] 10 CIIiHy, Maio4u 3akoHu Jucnepcii (17) 3 o, = 0.

3. B cucremi (8) iBa piBHSIHHS MOXKHA, HAIPUKJIAJ], CKJIACTH Ta BIJIHATH OJIHE 13 OJIHOIO.
Toxi npuiiieMo 710 HOBOI CHCTEMU PIBHSIHD, B §Kili, MOKJABINK 1 + o = Y1 Ta 1 — Yo = 1o,
OymeMo MaTu

n od? ~ h2k2 h2k hzkw ~
A <v+ e E>1,Z)1 LV = iV,

2m dz? 4m?c?
B2 d? ~ h2k? Rk, Rk, ~ 19)
gt (VT B )Tt eV = iV

TyT 3H0BY KO’KHa (DYHKIIIS BU3HATAETHCSA HEOJHOPIIHUM DIBHAHHAM 3 HpaBOIo YACTUHOIO ~ 62
B gKiit npucyTna inma dynxnia. Toxi, sixnosimmo mo ymos 91 = f ( ), o = % abo 1/11 = &2,
o = f(z), 3HEXTYBABIIN BEJIMIMHAMUI ~ et oJlepKyeMo JiBa po3B’s3ku. [Ipu nbomy dyHKILisA
f(2) sanoBonbusic piBHsiHHS, noAibHe piBHsiHHIO (16), B sikomy COB mnpomnopriiiina He MO0
XBHJILOBOI'O BEKTOpA, & JIUIIE OJHill HOro KOMIOHEHT] Ky, 110 IPU3BOJUTE JIO CIIiH-PO3IIEILICHOTO
3akoHy aucnepcii 2D egeKTpoHHUX 30H

21,2

h
Eno—(k) = En + % + O'(Xnky (20)

3 amizorporauM B k-mmpocTopi xapakTepom mmcrepcii, Ha BifMiHy BiJ i30TPOIHOTO B CIIiHOBOMY
crani (17). s masol byl ¢(z) 3HaX041MO

. Rk,
p=—iog 55 2(f + okyf).
Tyr 0 = 1 mist po3B’si3KY, B AKOMY 122 ~ 62, io0 = —1, ko 121 ~ g2,
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JIBoM po3B’si3KaM BIATIOBIIAIOTH JBa CIIHOPHU, B AKHX )] = ({51 + {/;2)/2 iy = ({51 - {/;2)/2.
Moxxna mepecBiguuTHCs, 110, 3 TOYHICTIO 10 62, i 7Ba CIiHOPH OY/IyTh BJIACHUMU CIIIHOPAMU
olepaTopa Sop 3 BIACHUME 3HAUCHHSIMU S, = o(1 + B2k2/(2m>c?)).

Tpu Tunum BKazaHUX PO3B’SI3KIiB BiJIIIOBIIAIOTH TPHOM PI3HUM CIiHOBUM cTanam 2D ejiekTpo-
uiB, 3axomiennx K. Ili po3s’s3ku nosHicTO 36irarorbest 3 ogepKaHuMu B [1] TounrMu po3s’si3-
kamu PJI. Takum 9uHOM, BUBYAIOUM B HEPEJISTHUBICTCHKOMY HAOJIMYKEHHI CIIIHOBHUl CTYIIHD BlJib-
HocTi 2D eneKTpoHiB, HEOOXITHO MaTH Ha yBa3i PEJIATUBICTCHKI 3aKOHU 30€PEKEHHS.

Aemop edaunuid E. I. Paw6i, B. M. Jlokmesy ma JI. C. Bpuotcux 3a xopuchi 062060perHs.
Jlana poboma suronama 36 NIOMPUMKU ULAbOGOT npoepamu dyrdamenmarvhux docriodicens Biddi-
AeHHA Pisuku i acmpornomii HAH Yxpairu.
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A. A. Epemvmko

CnuHOBBIE COCTOSTHUS KBa3nJBYMEPHBIX 3JIEKTPOHOB

Ha npumepe x6a3u06YMeEPHBIT IAEKMPOHOE NOKA3AHO, 4O OAA MOAHO20 ONUCAHUA UL CRUHOB0T
cmenenu c80000v, HEOOTOOUMO NPUHUMAMD 80 BHUMAHUE PEAATNUBUCTCKUE 3GKOH, COTPAHEHUA,
KOMOPblE 8 HEPEAATNUSUCTCKOT, MEOPUU BLINOAHAIOMCA AUULDL NPUDAUHCEHHO.

A.A. Eremko

Spin states of quasi-two-dimensional electrons

Using the example of quasi-two-dimensional electrons, it is shown that the full description of the
electron spin degree of freedom requires one to consider relativistic conservation laws, which are
fulfilled only approximately in a non-relativistic theory.
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