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Hpe,ucmaabmae'rcn BO3HMKHOBEHUE CTAallUOHAPDHOI'O TOKAa B Cl'IPlpaJ’II:HOI‘;I KBaHTOBOMH IIPOBOJIOKE IO nelcTBU-

€M LHPRYIAPHO-IIOJAPHU30BAHHOI'O CBETA. S(I)Q)GKT CBA3aH C BOBHMKHOBEHHEM B CUCTeM€ KOOpOWHAT, CBA3aHHOM

C IPOBOJOKOM, Gerymeil a1eKTpoOMarHUTHON BOMHBI C JIMHOIM BOIHBI, olpeaenfieMoil nepuogoM cnupanu. W3-

y4eHa rupoTponusdAa Cpeabl U3 IapaljlelbHbIX KBAHTOBBIX IIPOBOJIOK.

PACS: 73.63.Nm, 78.67.Lt

B nacrosmeit paGore paccMaTpUBalOTCA CIHMpPAlb-
Hble KBAHTOBbIE IPOBOJIOKYU THINAa U300paxeHHOi Ha pU-
CyHKe U OJHOpOJHAfA cpela U3 TaKUX MNapalilelbHBIX

Cnnpanhnaﬂ KBaHTOBaA NPOBOJOKA

KBaHTOBBIX NpPoBoNoK. CHMMMeETpUA cnupanu JonycKaeT
CyLIecTBOBaHME aHTUCUMMETPUYHOI0 TEH30pa TPEThEro
panra. ®usnuecky Tarkoil TEH30p COOTBETCTBYET Npeol-
pas3oBaHMIO BpallleHUA B NOCTyNaTelbHOe nBUMeHne. Fc-
Y ToJ BpalleHNEM NMOHMMAaThb KPYTroBYIO NMOJAPU3aLUIO
3JIEKTPOMarHUTHOI BOJIHBI, NIOTJIOIIAaeMoil B cpejie, a noj
MOCTYNaTeNbHbIM ABUMEHUEM — BIEKTPOHHBIA TOK, TO
0TCIOJla cllelyeT BO3MOMHOCTb BO3HUKHOBEHUS CTalUO-
HapHOTO TOKAa B CIKpalbHON KBAaHTOBOI MPOBOJIOKE MOJ
JIeHCTBUEM CBeTa — HUPRYIAPHBIH ¢oTorankBaHUUECKU i
adderT [1]. AHaNOrMYHBIA TEH30P ONPEAENAET UPOTPO-
IIUIO CpeAbl, “MOCTPOEHHO” U3 TaKUX MPOBOJOK.

B onTuueckoit u uHpparpacHoi o6racTAX 4acTOT
UMIyJdbC GoTOoHaA OOBIYHO MMeeT Malylo BeIUWYHHY IO
CpaBHEHUIO ¢ 3MeKTPoHHBIM. IloaTomy B Teopuu doro-
ranbBaHNYecKOro adderTa 3TUM UMIYJIbCOM, KaK Ipa-
BUJIO, IpeHe6peraioT. McKiaioueHne cocTaBlaAIOT 3 der-
Thl, IPAMO CBA3aHHblE C KUMIIyJIbcOM (OTOHA, — YBIe-
YyeHUe 3IEeKTpPoHa ¢OoTOHaMU, B TOM YUCIe pe30HaHCHOe
yBlleueHue, I8 KOTOPOro UMIYJbC POTOHA UrpaeT pPoib
CIIyCKOBOrO KPIOYKa, B TO BpeMA KaK 3JIEeKTPOH NoJyyva-
€T CBOIl MMIYJIkC OT TPEThero Tela.

CnupanbHasa reoMeTpuf KBAHTOBOI NMPOBONOKM NpU-
BOJIUT K UCKYCCTBEHHOMY YBeIHUUYEHUIO BOJHOBOI'O BEK-
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Topa BonHbl. IIpu OCBelleHMM KBAHTOBON MPOBOIOKM
BIOJbL OCH LUPKYJIAPHO-NONAPHU30BAHHBIM CBETOM JJIEK-
TPOMAarHUTHOE 10Je C TOYKM 3PEHUA BJIEKTPOHA, ABHU-
JKYIIErocA Mo MPOBOJIOKe, NpeICTaBIAeT co0oii Geryuyio
BOJIHY C MJIWHOM, COBMAfaiomeil ¢ MepUoioM CIUPAJH.
Nmnyabc, nepemaBaeMblii OT CBeTa 3JIEKTPOHY, HeaeT
paspelleHHbLIMY MEPEX0Ibl MEeMAY COCTOAHUAMM CBOGO-
HOTO 3JIEKTPOHA, YTO MPUBOAUT K GECCTONKHOBUTENLHO-
My MOTJIONIEHUIO BMEKTPOMAarHUTHOTrO TodA. B pesyib-
TaTe U3MEHEeHHA MMIYIbca BIEeKTPOHA B CHUCTEME BO3-
HUKaeT CTalMOHApHBIA TOK. B KmaccmyeckoMm mpenene
CTalMOHAPHBIN TOK 00BACHAETCA YCKOPEHUEM BIIEKTPO-
HOB, IBMKYIIMXCA ¢ $a30BOi CKOPOCTHIO BOJHBI.

B paGote paccMoTpeHbl HMPKYJIAPHBIA (poToranbBa-
HUYeCKUH 3(P(PeKT B 0ONMHOYHON cnMpanbHOil KBAHTOBOM
IIPOBOJIOKE U FeOMEeTPUYECKH UHAYIMPOBaHHAaA TUPOTPO-
A OZHOPOAHOM Cpefbl M3 MapalielbHbIX KBaHTOBLIX
IPOBOJIOK.

TupoTponua MoleKkyIAPHBIX CUCTEM — CPell, COCTOA-
IUX U3 OPraHMYECKUX XUPalIbHBIX MONEKYJ U3ydalach
Gonee cronerusa. Takumu cpefpamMu ABIAIOTCH, B YacT-
HocTH, pacTBophl GenkoB u JHK (cm., Hanpumep, [2]).
JIpyroit Xopoluo U3BeCTHBIA MPUMED cpell, o6iagarouux
reoMeTpUYECKU HaBeIeHHON TMPOTPONUEil — XolecTepu-
JecKue JRUAKME KpyucTamisl (cM., HanpuMmep, [3]).

OnHako TONbKO B TOCHe[HEe BpeMsA yaaloch MONY-
YUTb HAHOCTMpANM HAa OCHOBE TUMUYHBIX MONYTIPOBOJI-
HUKOB [4, 5]. COBMECTUMOCTDb 3TUX CHCTEM C BIEMEHTa-
MU [OIYTIPOBOJHUKOBOMN 3IEKTPOHUKY leNaeT UX Uccie-
JOBaHMe Ba{HbIM JJiA GYAYIIUX NPUKIATHBIX NpUMeEHe-
HUH.

Iornomenue cBeTa B CIUpaTbHOM KBAaHTOBOM MPOBO-
PaccMOTpUM TOHKYIO CIMpalbHYIO KBaHTOBYIO
MPOBOJIOKY TMOCTOAHHOrO CEUeHMA, ONKUChIBAEMYIO YpaB-
HEeHUeM

JIOKE.

r = a(q) = (Rcos kg, Rsin kg, nq). (1)
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3neck R — paguyc cnupand, q — KOOpPAMHATAa BIONh
MPOBOJIOKM, 3HaK k ompedenseT HampaBleHUE CIUPAIH
¢ = +£1 (nmoc cooTBeTCTBYeT lIeBOii cnupanu), AIu-
Ha BUTKa cnupanu paBHa 2m/|k|, 7 - oTHomeHue wmara
cnMpanu K [IJIvHe ee BHUTKA; OChb CIHUpald HampasieHa
BJIONB Z.

FaMuIbTOHMAH UCKPUBIEHHONH KBAHTOBOM MPOBOJO-
KM TOCTOAHHOTO CEUEHUA B OTCYTCTBHME BHEUIHEro Mo-
1A Gl BeIBefeH B ofmeM Buge B [6, 7]. [lna cnupans-
Hoii reomerpuu (1) B mpeneGpesieHre CIUHOM U MOCTO-
AHHBIM CABUIOM JHA 30HbI, CBA3AHHBIM C KPUBU3HON M
KpYYeHHEM, BJIEKTPOHBI OMUCHIBAIOTCA OOBIUHBIM KBaj-
paTUYHBIM OJHOMeEpHBIM ramunbTonuanom H = p?/2m,
rie p = —i0/0q — omepaTop WMmylbca >IE€KTPOHA
BIONb MPOBONOKKU. IIpy HANTMYMM BHENIHETO SJIEKTPO-
MarHuTHOTO Mol A rpaaueHTHOe mpeoGpa3oBaHue ra-
MUJIbTOHMAHA TPUBOAMT K 3aMeHe UMIylbca Ha P +
+ e/cAt, rme Ay — NpOeKIUA BEKTOp-MOTEHNUana Ha
KacaTelbHYI0 K KBaHTOBOI HPOBONOKe ¢ opToM t(g) =

(—kRsinkg, kR cos kq,n). IonueprHeMm, uTO B Ha-
crofAuei pabote Mbl OyleM npeHebperaThb nepexogamu
Me Ay MONEPeYHbIMU COCTOAHUAMM BIEKTPOHOB B MPO-
Bosoke. Jlanee monaraem A = 1.

Me1 GyneM paccMaTpuBaTh CIUPANbHYIO KBAHTOBYIO
[IPOBOJIOKY BO BHELIHEM OJHOPOJAHOM MEPEMEHHOM 3JIeK-
tpuueckoM nosie E(t) = Re(Ege ), npene6peras Boa-
HOBBIM BeKTOpoM BoiHbI K. Ha aneKTpoHbI B MpoBoOKe
IeHCTBYEeT TONbLKO TaHTeHIMAJIbHaA KOMIOHEHTA MOJA

t = _At/c =
= Re(kR(—Ey, sinkq + Eg 4 coskq) + nEo . )e “t.

Taxum o6pa3om, ¢ TOUKM 3PEHUA OJHOMEPHOT'O raMUJIb-
ToHMaHa, nons F, n E, cozpaioT geiicTByoNue Ha 3K~
TPOH BOJIHBI C BOJTHOBBIM BEKTOpPOM k, a F/, — 0lHOpPOAHOE
moje BAONb cnupanu. J[ng cBoGOIHOTO 3NEKTPOMarHUT-
HOT'O MOJIA ONTUYECKUX WIX MEHbIINX YaCTOT UCXOOHBIN
BOJHOBON BEKTOpP BOJHBI Majl; B TO K€ BpeMA BOJHO-
BOll BeKTOp cnupanu k MOMeT GhITh cleNaH JOCTaTou-
HO 60JBIIMM, B YaCTHOCTH, CPABHUMEBIM € (pepMHEBCKUM
UMIYJIbCOM 3JeKTPOHOB. B pe3ynbTaTe mpoliecc morio-
LIeHUA CBeTa OKa3blBaeTCA pa3pelleHHbIM Jae I CBO-
60HOTO BIEeKTpPOHA.

IunamMuuyeckuil TOK, BO3HUKAIOUIMII TOA AeifCTBU-
eM monf, pa3buBaeTcA Ha BKIAAbI OT COOTBETCTBYIOMIUX
NPOCTPaHCTBEHHBLIX F'AaPMOHUK:

J(g,t)=Re(kRo(w, k)(—Eo,. sinkg + Eg , coskq) +
+ no(w,0)Ep ;)e ™. (2)
3mech o(w,k) = o(w,—k) — AUHaMuUYecKana MPOBOAU-

MOCTb OJZHOMEPHO# CHUCTEMBI C yYETOM NPOCTPaHCTBEH-
HO# Iucnepcuu, KoTopas onuckiBaeTca ¢popmyioit Ky6o:

2
o(w, k) = % X
fle) - f(€) 2 1
X z:’ 5, —€ |(u)P’P’| 6"‘7/(5 _6, _w)’ (3)

rae € = p?/2m — sHeprusa snexkTpoHa, f(¢) — GyHKuus
®epmu, U = {p,e**?} (¢purypusie crobru ofozmauvaioT
omepauuio cuMMeTpusanuu), L — nonHasa guuHa cnupa-
14, § — TeMmn BRItoueHus nond. IIpeneGperas pacceAHu-
€M 3JIeKTPOHOB, ANA AefCTBUTENbHOI YacTH NPOBOAU-
MOCTH TNOJTy4YaeM

Re o(w, k) =

_ 4e’mw (k2 — 2mw)? (k2 + 2mw)? 4
= b () - ()]

CpenHsAa N0 BpeMeHU MOrioLmaeMas MOLIHOCTEL BOI-
Hpl ¢ amnautynoii Ep, pacnpocrpansiomeiica BAOIb
OCH cnMpany, paBHa B Clly4yae JMHENHHON monApu3anuu
Re(0)k?R2E} /4, a B ciyuae NMpPKYJNApPHON MONApU3a-
LUK — yIBOEHHOMY 5TOMY 3HaueHuio. IIpu HU3KOMN TeM-
mepatype MOIIOMEHNE B BBIPOMIEHHOM 3IEKTPOHHOM
rase OTJIMYHO OT HyJA B Mofoce YacToT |pr|k| — k?/2| <
< mw < (pr|k| + k2/2), onpenensemoii 3aroHamu co-

XpaHeHUA sHepruu u umnynabca. [Ipu manom k mnonoca
IOTIIOIEHNA CKUMAeTCA K 4acToTe w = |k|vp.

doToranbBaHuYeckuit 3()peKT B cIUpaTbHOM MPOBO-
Jore. PaccMOTpuM BO3HMKHOBEHUE CTalMOHAPHOIO TO-
Ka BO BHEIIHEM I0JIe NUPKYIAPHO-NONAPU30BAHHON BOJ-
HbI, pacHpocTpaHfAolleiicA BIONb ocu cnupanud z. B
STOM pasfele Takie OGyneM npeHeGperaTb BOITHOBBIM
BeKTOpOM BoiHbl. CTalMoHapHBIM TOK B claGoM 3IeK-
TPOMAarHNUTHOM N0Jie BO3HUKAeT KaKk OTKINK BTOPOTo 10-
pALKAa N0 BHEIIHEMY 3JIEKTPUYECKOMY NOJIO.

KRomnnekcHylo aMmiuTyny 3JIeKTPUYECKOro IoJd
MosHo 3anucathk Kak Eg = (1,i(,0)Ey, ( = £1, a

@ cos (Ckq — wt). (5)

Jlna BbIYMCIEHUA TOKA BOCNONL3YyeMCA KBaApaTHUYHON
no BHewHeMy nomo ¢popmynoit Ky6o. 3azaua pemaercs
aHANOrNYHO HAXOH{/IEHUIO KPYTOBOr0 TOKA B KBAHTOBOM
KOJIbILle BO BHEWIHeM NepeMeHHOM mone (cMm. [8]). IIpe-
HeGperas paccefiHMeM 3IEeKTPOHOB, HO OCTABIAS Malblii,
HO KOHEYHBIN TeMIl BKIIOYEHHUS IOJA §, NOIydYaeM CTa-
LYIOHAPHBIA TOK BAOIb nposonorm

At:

B szzEz ) f(El)
Jo = 2mB3w?l ez p=7) 25 %
< |(w) |2; 6)
PP e —¢ —w)

Pacceauune 3JIEKTPOHOB MOMHO MMHUTHUPOBAThb TEM-
I[IOM BHRJIIOYEHHUA IM0JIA, BBOAA BPEMA pelaKncalluul dJIeK-
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TPOHOB 10 UMnyiascy 7: § — 1/27. Toraa us (6) cneny-
er

ek

m3w?

Jo (1-7*)E2 / dp (p+k/2)? x

x 7(f(e +w) — f(€)d(kp/m +k*/2m —w).  (7)
Wcnonnays Boipaienue (4), HAX0AUM NPU NIOCTOAHHOM T

Jo = —— ¢k Re[o(w, k)] (1 — ?)E2.  (8)

dmw

B npepene Hu3KO#M TeMIepaTyphl 3aBUCUMOCTh TOKA
OT YacTOThI IpeCTaBAAeT NPAMOYTONbHbIN nuk |pr|k|—
—k?/2| < mw < (pr|k|+k?/2). 3nak Tora onpexenser-
cA mpousBefenneM (£, TO eCTb CMeHa HaNpaBlIeHUA IO-
AAPU3ALMY WK COUpPANU MeHseT 3Hak Toka. llpu k — 0
IIMpPUHA NMKA CTPEMUTCA K HyIIO GhICTpee, YeM MONO-
JKEHO, TO eCTh MUK CTAHOBUTCH GECKOHEUHO-Y3KUM.

B rnaccuueckom mpenene k K pr, w K ep Gonee
aKKypaTHOe NPHOIUKEHUe, YUUTHIBAIONIEE, B YAaCTHOC-
TH, BHEPreTHUYECKYIO 3aBUCHMOCTh BpeMeHM pelaKca-
MM, MOMHO NONYYUTh B PAMKAX KHHETUYECKOr0 ypaB-
HeHHA. B mpeanono;eHuu, 4YTO paccefiHMe BIEKTPOHOB
yIpyroe, KMHETUYECKOe ypaBHeHHe Jif QyHKOUM pac-
npepenenus f(p,q,t) umeer BuUa

of  of of _ f- _ ) - f(-p)
— tv——eBg—=——, fo=—
Op T 2
(9)

ot Oq

3pmect v = p/m. YpaBHenue (9) ABnAeTCA Napoil cBA3aH-
HBIX AuddepeHnManbHBIX ypaBHeHuit. CTanuoHapHBIR
TOK ompefieIfieTCA HEYeTHOH M0 MMIYJIbCy CTallMOHAp-
HOIt yacThlo (YyHKIMM paclpejeleHKA, KOTOPag BO3HU-
KaeT BO BTOPOM MOPAJKe Mo MOJIO BOIHLI. Pemas ypas-
nenve (9) B KBagpaTuuHoM npubnuenun no Ei, nmeem
IIA cTalMOHApPHON yacTu QYHKIUM pacrpeeleHUs

_1 5 200, 0
fo= 7€ (kRE),) (kvap X

wT dfo
% <w2 + 72(w? — ((kv)2)2vg) ) (10)

W3 (10) pnsa cranmoHapHOro TOKa BAOIL MPOBOJOKM Ha-
XOIUM

3¢k
Jo=-2 [apor) =2 S - n?)EE x

T
i wT d(1e) 0fq
x / p(w2 — k202)272 + W2 ® "0 e
IIpn 7 — 0o TOK MMeeT pe3oHaHC MO YacTOTe NMpPH COB-
naseHny GepMHIEeBCKOM CKOPOCTH IEKTPOHOB UF € (aso-
BOI1 CKOPOCTBIO BOJHEI 8 = £(w/|k|. Pesonanc cpasan c
TeM, 4TO [IOCTOSIHHOEe yCKOpeHNe Ha rpeGHe BOIHBI pas-
FOHAET BIEKTPOHBI. JTOT BKIA/J, KOMOMHUPYACH C BKIa-
IOM yNpYro paccefsHHbIX DIEKTPOHOB, CO3JAET MOCTOAH-
HBI/ TOK B HampaBleHUU (a3oBOii CKOPOCTU BOIHBI.

(11)
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B aToM npefienie npu NOCTOAHHOM BPeMeHU pellaKca-
uuu dopmyna (11) cosnanaer ¢ (8). Bue pesonanca,

Jo ~ k/w? npu w > |klvp, wr>>1,

Jo ~ k7?/w npu w > |klvp, wT < 1 unu mpu
w <L |klvr, EiT < w,

Jo ~ w/k*vE npu w < |klvr, k037> w.

IIpu w — 0 unu k — 0 TOK CTPEMUTCA K HYIIO.

Mopuepkuem, uTo Hame paccMOTpeHue (HOTOramb-
BaHMUYECKOro 3()(eKTa OrpaHUYMBaNOCh KMHETHUYECKUM
MOAX0J0M M NpeHeGperano Jlokanusanueil cocToAHUN B
OMHOMEpHOIN cucTeMe. JTO CIpaBeJIUBO, €ClU JNOKa-
nuzauusa paspyimaercs c6oeM (asbl, B YaCTHOCTH, €CIU
BpeMs c6oA a3kl CTAHOBUTCA CPABHUMO C T (Hanpumep,
B OrPaHUYEHHO!N CHCTEMe) UM MeHbIe Hero.

Hpegen cuaproro moaa. Mpeapiaymue hopMyIbl OT-
HOCWINCh K KBajipaTUYHOMY M0 MO0 OTKAUKY. Pac-
CMOTpPHMM CIy4Yail CHILHOTO BHEILIHEro Mojif, Koria Be-
MUYMHA TOTeHNuala, CO34aBaeMOro MOJEM, NPeBbIaeT
sHepruio @epmu, a B To #e BpeMsA (pazoBas CKOPOCTh
BONIHBI MeHbIlle UK nopazaka ckopoctu @epmu. B atom
npefene Mhl MOMEM CUMTATh, UTO Mole coOUpaeT AMeK-
TPOHBI B CTYCTKM B MUHMMYyMax NoTeHuuana. Torja
BCE BIEKTPOHBI GYAYyT ABUTAThCA CO CKOPOCTHIO BOMHBI.
B pesynnTaTe mocTOAHHBIN TOK

Jo = —enes, (12)

rie moj n. NOHUMaeTCA CPelHAA JWHeHHad INIOTHOCTh
AIEKTPOHOB. JTO BBIPAsKEHUE NEPECTAET 3aBHCETh OT
BIEKTPUYECKOr0 MOJA U PellaKkcaluyl IeKTPOHOB.

JTOT pe3yabTaT OCTAeTCA CIpaBefJMBbIM M TOr.a,
KOTr'Jla NOTEeHIINal BOJIHBI epecTaeT GbITh KIacCUYECKUM
ana anekTpoHoB. llpoBens rpapueHTHOe npeoGpasoBa-
HHle, HAXOIMM, UYTO BOJHOBafA (QyHKINA BIEKTPOHA yI0B-
JTeTBOpPAET ypaBHEHUIO

[—i 0
_Z_
ot
B mBusyIneiica cucTeMe KOOPAMHAT SIEKTPOH ONUCHIBA-
i i _ i
eTcA 6I0X0BCcKOi QyHKENUeR ¢p(g) = up(g)e™? (¢ kBasu-
UMIIYJIbCOM P U 3HEPruei €,, OTHOCALIEHCA K HEKOTOPO#
30HE), ABIAIOLIENCA pellleHneM ypaBHeHus Mathe
2
_ 1 dd
2m dq?
DyHRUMYU 1) U U, CBA3AHBI COOTHOLIEHUEM

$(a,t) = up(q — st)eme e et tmt/ (15

JHeprua sNeKTpoHa B nabopaTOpHOI cHUCcTeMe paB-
Ha €p + sp + ms?/2, a ero ckopocTh ecTh Oep/0p + 5.
IIpu Gonbuoit aMnauUTyAe BONHBI B CHCTEME, CBA3AHHOMN
¢ Heil, ycTaHaBIUBaeTCA paBHOBecHe, WM, N0 KpaiiHei
Mepe, PyHRIUA pacnpejelleHUA CTAHOBUTCA (QyHHKIuel
TONBLKO BHEPrum €,. OTclofa A1A cTalMOHAPHOIO TOKA
cnenyer (12).

-2
+ 2p—m + eEgR cos(Ckq — wit)]yp = 0. (13)

+ eEgR cos(kq)dp = epdp. (14)



252 JI. U. Marapumna, M. B. 3uTHH

Bripamenue (12) cooTBeTCTBYyeT KBAHTOBAHMIO BNEK-
TPOHHOI'O MepeHoca B aﬂﬂaﬁaTI/IquKOM 3JIEKTPOHHOM Ha-
coce [9], €ClIu MIOHUMAaTh Kamﬂblif‘l BUTOK cIUpaln KaK OT-
ﬂeﬂbHLIﬁ BJIeHTpOHHLIﬁ Hacoc. ﬂeﬁcTB“TeﬂbHO, coriac-
Ho (12), Kam/I0e 3aHATOE COCTOAHME B BATKE NMpOKauM-
BaeT 3a nepuoj M3MeHeHUA II0JIA POBHO OOWH 3JIEKTPOH.

FHpOTpOHHH cpeabl U3 CIIHpPaJbHBIX KBAHTOBBIX IIPO-
BoJIOK. B HacToAlleM pa3aeie paCCMOTpPeHa rupoTponuda
TpexMepHOli cpefibl, COCTOAIIeH U3 OIMHAKOBLIX Napal-
JeNbHBIX CNUPANbHBIX KBAaHTOBBIX NPOBONOK. B ¢op-
MalbHBIX TepMMHAX, CUMMETDHA OJHOPORHON Cpefbl,
cocTaBJIEHHON U3 CHI/IpaJIeI'/'I, JomycKraeT BO3MOMIHOCTHb
CyuieCTBOBaHUAA aHTUCUMMETPUYHOro TeH30pa TpeThe-
ro pasra ’Y’L]k = —’ink, BO3HUKAIOLIEero Imnpu paalo-
#KEHUW MPOCTPAHCTBEHHO-AUCIEePrupyIolel Ju3IeKTPU-
yeckoii nponunnaemocty ¢;;(K) no BonHoBoMy BekTOpy
JJIEKTPOMarHUTHOI'O M0JA K:

Ez'j(K) = Eij(O) + i’Yiijk + ...

OnunoponiHas cpefia, cofepalias coupanu, obaana-
er cummerpueil Do, A KOTOPOH TEH30pP 7;jr MMEeT
TOJIBKO OIBe He3aBUCHMbI€e KOMIIOHEHTHI: 'Y;cyz n ’szz =
= —"/wzy. I[J'Iﬂ HaxXoMmageHUAa 3TUX KOMIIOHEHT JoCcTaTou-
HO pacCMOTpeThb ﬂHHeﬁHO-HOﬂﬂpH3OBaHHBIe BOJIHBI C BOIJI-
HOBBIMH BE€KTOpaMHU, HallpaBJ€HHbIMHA BAOJIb OCH CIKpAa-
74 ¥ NepneHAUKYIAPHO eil.

B nepBoMm cirydae AJA BONHBI, TMHeHHO-TI0JIAPHU30BaH-
HOU Bjionb ocu z (OHA MomeT OwITh BhIGpaHa MpOU3-
BOJIEHO MEePNneHauKyJNAPHO OCU CHI/IpaJII/I), TaHreHualb-
HafA KOMIIOHEHTAa 3JeKTPUYECKOro nojafd nMeeT BUJ

E; = —kREoRe[eK™M~" gin(kq)]. (16)

Tor B cnupanmu J onpenendercd cynepno3unueil OTKIN-
KOB Ha JIBe BOINHBI:

J= Re[i%Eoei(_“’H"K'n X

x (o(w, k +nK)e* — o(w, —k + nK)e *9)].  (17)

O6beMHasa MIOTHOCTh TOKA j JaeTcA ycpedHEHHEM II0
BUTKY COMpald BeKTopa Toka tJ, yMHomeHHOro Ha
MNJIOTHOCTH Cnnpa.l'lef/'l n:
2
k w/k

i=n<tl>, <> (...)dg. (18)

Ham IOCTaTOYHO HaTH Y-KOMIIOHEHTY IIJIOTHOCTHU TOKa:

:E .

jy = Re[oye (w, K) EgelKz—wt)]

k22

(o(w, k +nK) — o(w, k —nK)).
(19)

Oye(w, K) = in

OTcilona HaxoouM
Yyzz = —Yeyz — 27:'"‘2(1 - "72)"7%0(“)’ k) (20)
Bo Bropom cayuae gasa Bommel ¢ K = (K,0,0),
JTVHEHHO-TIONAPU30BaHHON BIONL OCH 2, BeluuuHa Fy
onpenenseTca BbIpaykeHueM ([ COMPAIM C OCbIO, IPO-
xozdueii yepes Toury p; = (z7,y))

Egl) — Re[eiK(;vH-Rcos (kq))—iwtnEO] ~

~ Re[e!®21=wt) (1 + iK R cos (kq))nEo).- (21)
dopmyna (21) pasmomeHa ¢ yueToM MaloCTH MapaMeT-
pa KR. O6beMHasA MIOTHOCTL TOKa CPeAbl U3 cnupaneit
UMeeT BHUJ

dy=> <t JVé(p—p —ai(q) >,

p (22)
a1 (q) = (a2(2), ay(9)),

rae

JO = Re{Eonei(Kztiwt) [0(w,0) + iK Ro(w, k) cos kq]}.
(23)

YcpenHAA MO NMONOMEHUAM clupanei, norydaeM

ez = ~Yasy = 2inzen(l = 17) (0w, k) = 0(w,0)).
(24)

®opmyasr (20) u (24) Bmecte c BoIpamenuem (3)
ONpEeJeNAIOT TUPOTPONUI0 cucTeMbl. OueBHIHO, YTO
KpPYroBOil JUXPOM3M M BpallleHUe NIOCKOCTH MOJApU3a-
MY YCUIUBAIOTCA B OKPECTHOCTY pE30HaHCA.

PaGora Grpiia mongmepiana rpantom Poccuiickoro
¢douna ¢pyHmamMeHTanbHbIX Uccnenosanuii # 02-02-16377
u Ilporpammamu PAH u MunucTepcTBa HayKu U TE€XHO-
aoruu PO.
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