OBb OCOBEHHOCTYX IINIASMOHHOI'O
CIIEKTPA ITPOCTBIX METAIJLIIOB

N. M. Anemind u 1. B. IIEPETYOOB

AHHOTALUA. Usyuaercs BIusSHUE TEPUONMYECKOIO HEOMHOPOOHOTO GOHA Ha PACIPOCTPa-
HEHHE BOJIH 3aPsOOBOI INIOTHOCTHU B IPOCTHIX MeTasuax. llokasaHo, UTO yueT IpocTpaH-
CTBEHHOI HEOOHOPONHOCTHU B ypaBHeHUsX BrnacoBa—Ilyaccona npuBoouT K CIeKTpy Ijias-
MOHOB, KQ4ECTBEHHO COIJIACYIOILIEMYCS C 9KCIIEPUMEHTAILHEIM. B JacTHOCTH, HMOSBIIsIETCS
obpaTHas OUCIEPCUs U HEHyJIeBOe 3aTyXaHue IIa3MOHA IIPU HYJIEBOM 3HAUEHUN KBAa3UIM-
nynbca. [lpemoxxena HarysoHas MHTEPIPETAIUs 3aTyXaHUS NJIMHHOBOJIHOBBIX IINTA3MO-
HOB.

BBEIOEHUE

HenaBuue skcrnepuMeHTaIbHBIE UCCIEIOBAHUS TIOKA3aJIM, UTO KJTACCUUECKas MOIEITh
SJIEKTPOHHON IIa3Mbl Ha (OHE OTHOPOMHOTO IMOJIOKUTEILHOro “wxkese” [1| sBisteTcs
HEIOCTATOYHON [JIsT OMUCAHUS CBOWCTB IJIA3MOHOB B “HpOCThIX’ MeTasutax. OTMeTum
HEKOTOPBIe OCOOEHHOCTH CIEKTPAa IJIA3MOHOB B IIEJOYHBIX MeTaJIIaX, UCIOIb3Ys TaH-
Hble paboTsl [2] (cM. pucyHok 1). Bo-mepBbIX, B IJIMHHOBOJIHOBOI OOJIACTH CIIEKTPA
HEKOTOPBIX IIIEJIOYHBIX METAJIIOB (B YACTHOCTH, Ie3us) HabGIomaeTcss oOpaTHas IUC-
nepcusi. Bo-BTOpBIX, 3aTyXaHNe IJIA3MOHOB OCTAETCSI KOHEUHBIM IIPU HYJIEBOM 3HAYUEHUH
BOJIHOBOT'O BekTOpa. [locrentee siBiieHne HaGIIONATIOCH PaHee B MHINK U afoMuHun [3].
B RaBucumocTu 3aTyxaHuUs OT KBaapaTa BOJIHOBOTO BEKTOpPA SICHO IPOCTIEKUBACTCS
HaJMune ABYX O0JIacTell: JIMHHOBOJIHOBOW M KOPOTKOBOJHOBOW (BIUIOTH O TDAHUIIBL
[epBOil 30HBI BpmntiosHa), B KaxkION U3 KOTOPBIX 3aBUCAMOCTH UMEET JIMHENHBIA Xa-
pakTep, HO KOX(PDUIIMEHTHI HAKJIOHA PAa3IUYHBbI. VI3MeHeHUs JacTOThI U 3aTyXaHUs
OKa3bIBAIOTCS HEKOTOPHIM 00pa3OM CBS3aHHBIMU OPYT C OPYTOM: BOCCTAHOBJIEHWE HOD-
MaJILHOW MUCIIEPCUN TIPU OOJIBIINX 3HAUEHUSIX BOJTHOBOI'O BEKTOPA MPUMEDPHO COBITAIAET
C U3MEHEHNEM XapaKTepa 3aBUCUMOCTH 3aTyXaHU.

s TeopeTnueckoro OOBICHEHUs YKa3aHHBIX OCOOEHHOCTEN IpPEmIarajlich IBa Me-
xaHn3Ma. B pabore [4] yunTBIBAIOCH 97€KTPOH-IUTA3MOHHOE B3auMoneiicTue. B pa6o-
Tax [5] kpome shHeKTOB KOppessaimu u o0MeHa NMPUHITA BO BHUMAHUE 30HHAS CTPYK-
Typa CIEKTpa IJIa3MOHOB. PaKTUUECKN 5TO O3HAUAET YUET MEPUOOUIECKON HEOTHOPOI-
HOCTHU TIOJIOXKUTEIBHOTO (hOHA, OOYCIIOBIIEHHON HAJWYINEM KPUCTAIITMIECKON PEIIeTKH.
HekoTopbiM cuMOIO30M yIOMSIHYTHIX MOOXOHOB sBIIsieTcst pabora [6], B koTOpOil muc-
mepcus IJIA3MOHOB B Ile3ul OOBSICHEHa B3aMMONENCTBUEM ra3a CBOOOMHBIX BaJIEHTHBIX
SJIEKTPOHOB C JIOKAJIM30BAHHBIMU 3JIEKTPOHAME BHYTpPeHHUX ob6osouek. HemocTaTkom
TIePEYUNCIIEHHBIX PabOT SIBIISETCS MCIOJIB30BaHMe (PopMaIm3Ma PABHOBECHON CTATUCTU-
JecKol MeXxaHuKu. Kpome TOro, B KaxXIOH M3 HUX OOBICHSIETCS JIUIIb JYacThb HabOITIOIa-
eMBIX SIBIIEHUU.

Typeset by ApS-TEX
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Mgl nosmaraeM, 94TO yKa3zaHHBIE TPYIHOCTU HYXKHO IIPEONIOJIEBATH B PAMKaX KIHETU-
veckoit Teopun. IIpumepom Takoro momxoma sBiseTcs pabora [7], B KOTOPOIl, OTHAKO,
BBIUNCIISIIACH JIAITH CTATHYIECKas NUAJIEKTPUIecKas IPOHUIIAeMOCTb MOHHBIX KPHUCTAJI-
70B. MBI Takxke cUmTaeM, YTO OCHOBHBIM (AKTOPOM, OKA3BLIBAIOIIINM BIIUSHIE HA Pac-
IIPOCTPAaHEeHNe IJIa3MEHHBIX BOJIH, SBIISETCS HAJIUUNE MEPUOANUECKOr0 HEOTHOPOIHOTO
donua. IIpu s3TOM yueT B3amMOOeNCTBUS JIEKTPOHOB B PAMKAX TEOPUU CAMOCOTJIACOBaH-
HOTO TIOJISI SIBJISIETCS BIIOJIHE NTOCTATOYHBIM. B HacTosIenn paboTe MBI pacCMaTpPUBAEM
3a71ady, MOOEIUPYIONIYIO BO30YKIOEHWS 3JIEKTPOHHON TJIa3MbI B CJIA00OM NEPUOANIECKOM
mojie nOoHOB. [{uHAMUKa BO3MYILIEHUs ONMUCHIBACTCS JIMHEAPU30BAHHBIM (110 5TOMY BO3-
MyleHuo) ypasaenuneMm Bitacosa [8]. Brepseie 3amaua B Takoil moCTaHOBKE CHOPMYIIN-
poBasa B [9], rme moka3aHo, UTO CHEKTD IIA3MEHHBIX BOJIH B KPUCTAJIIE UMEeT 30HHBIN
xapakTep. B mpenmaraemoii pabore, paccMaTpuBas IEPUOOUYIECKYIO HEOIHOPOTHOCTH
KaK BO3MYIIEHIE, Mbl HAXOIUM IIEPBYI0 HEUCUE3AIOIIYIO TIOMPABKY (BTOPOTO MOPSIIKA 1O
AMIUTUTY 1€ TIEPUOIUIECKOTO TIOJIsI) K MUCIIEPCUOHHOMY YPABHEHMUIO.

1 TOro YTOOB! IOy YNTH PE3yIbTAThHl B 0003PUMOM BHUIIE HAM IPUIIIOCH IPEOeb-
HO YIPOCTUTBH ITOCTAHOBKY 3amadn. 1Ipn KOHKPEeTHBIX BBIYUCIIEHUSX MBI IIPENIOIaralIy,
YTO Cpela HEOMHOPOOHA B ONHOM HAIIPABJIEHUMW 1, KPOME TOTO, PABHOBECHOE pPAacCIIpe-
TleJIeHrEe 3JIEKTPOHOB II0 CKOPOCTSIM CUNTAIN MAaKCBEUIOBCKIM. Takmm obpa3om, pac-
CMOTpEHHas 3a7ada SBJISeTCS MONEJIbHOW. DB peajbHBIX MeTaaax 3JIEKTPOHHBIA ra3
CUJIBHO BBIPOXKIEH, W MJIS €rO OMUMCAHUS HYXKHO WCIOJIB30BATh KWHETUUECKOE YpaBHe-
HUE [JI MATPUIbL IIOTHOCTH [10] 1, KOHEUHO K€, YUNTHIBATH TPEXMEPHYIO CTPYKTYPY
KPUCTAJIINIeCKON pelreTKu. Peanm3anus 5Toil IporpaMMbl, He IPENCTABIISIONIAs TPUH-
IUNUAIBHBIX TPYOHOCTEHN, TpeOdyeT, OqHAKO, TOpa3no 60sbIrero oobeMa BeIYUCIeHn . B
TO K€ BpeMs, axKe B paMKaX HAIIIIX MONEJIBHBIX IIPEAIIOJIOKEHNN yaaeTCsl KaueCTBEHHO
OmMCcaTh KaK MUCIEPCHUIO IJIa3MEHHBIX BOJH B MeTaJjIjlaX, TaK M OCOOEHHOCTH WX 3aTy-
xaHus. [lpu comocTaBieHUU pPe3yILTATOB C SKCIEPUMEHTAIbHBIMU HAHHBIMU HYXKHO
IPOCTO 3aMeHATh TeMrepaTypy 1 (xapakTepHbill mapameTp pacupeneserus Makcses-
7a) Ha sHepruto Pepmu € (XxapakTepHbI HapaMeTp GepMUEBCKOTO PACIPENeIeHNs ).

IIOCTAHOBKA 3AI0AYN

PaceMoTpuM mpocTeiiiny o Moienb KpIUCTAIIa, COCTOMILErO U3 JaCTULl ABYX COPTOB:
HOJIOXKUTEIBHBIX NOHOB (1) 1 551eKTPOHOB (€). VOHBI CYMTatoTCs HEMONBUKHBIMU U 06-
PasyIoT NepUOANIECKII HEOMHOPONHBIH (hoH. PyHKIUIO pacupeneseHns NOHOB HAIIUIIIEM
B BUIE

fi=1In+p(r)]o(p), (p(r)) =0,
roe p(r) — mepuomumdeckast GYHKIWS, 1 — CPEOHSS KOHIIEHTPALUs WOHOB, yTJIOBBIMUI
cKOOKaMU 3[1eCh U f1ajiee 0003HAYAETCS CPeIHee 10 IIEPUONY PEIIeTKH.
HuHaMUKa 3JI€KTPOHHOI KOMIIOHEHTBI OMUCHIBaeTCs ypaBHeHusMu BracoBa—IIyac-
coHa
Ofe | Ofe = O0pdfe _

ot Vor Corop

Ap=—ire [ &p(25; f.).

B ¢yukunum pacnpenesneHust 3J€KTPOHOB BBIIEIUM TPHU CJIATAEMBIX, OMUCHIBAIOIINX Ofl-
HOPOOHBIN (hoH F(j, PABHOBECHYIO MEPUOMNMYECKYIO HEOTHOPOMHYIO MOOABKY fo U HepaB-
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HOBECHOE BO3MYyIIleHue fi:

fe = FO(p> +f0(p,r> +f1(p,r,t)'

B cumy ycnoBus KBasmHERTPaIbLHOCTI
/d?’pFO(p) = Zn,

< / d?’pfo<p,r)> —0,
/ d&r / &p f1(p, 1, 1) = 0.

[MoTeHnman ¢ OpencTaBuM B BUAE CYMMbl DABHOBECHON YACTU U HEPABHOBECHOTO
BO3MyIIeHUs @ = @o(r) + ¢1(r,t), roe

1) Apo(r) = —dme [zmr) - [@nsto, rﬂ |
A@l (I‘, t) = 4dme / dgp fl (p7 r, t)

[Momoxum Takxe (po(r)) = 0, gero Bcerma MOXKHO HOOUTHCS BBIOOPOM HAUasIa OTCUETA
HOTEHINAIIA.
PaBroBecHast GyHKIMS pacIpenesieHus ONPENEeIeTCsl U3 CTAIOHAPHOIO YDABHEHNUS

Biacosa
Vafo + 63%00 O(Fo + fo)
or or op

Hac marepecyeT cnyqaﬁ, Kornga F() — MaKCBEJIJIOBCKOE pacCIIpenesIcHuE. Torma

=0.

(&

folor) = [Cexp (Z0(r)) = 1] Fop).

[Mocrostanas C' onpenenseTcs U3 yCIOBUS < [ @®p fo(p, r)> = 0 upasua C = <exp (%gpo(r)»_l.

[Tocne Toro, xak GyHKIUS pacupenesieHus fo BbIpaXKeHa Uepe3 MOTEHINATI (g, TO-
CIIeHUI, B NPUHIUIE, MOXKET ObITH OIpemesieH u3 ypasHeHus (1) mo m3BecTHOMY pac-
npenesnenuio noHoB p(r). U3 sBHOrO Buma fy ciemyer, 4TO Mbl MOJLYYUM HEJIMHETHOe
nuddepeHnaIbHOe YPpaBHEHNE B YACTHBIX MPOU3BOMHBIX. TakKuM 0Opa3oM, yiKe OIpe-
TeJieHre PaBHOBECHOTO COCTOSHUST TPENCTABIIsIET cOOOH CIoXKHYI0 mpobsieMy. Mebr He
GymeM 3[1eCh 3aHUMATLCS €€ PeIlleHHeM, 3aMETHUB TOJBKO, UTO B JIMHENHOM (IO )
TpuOAMKEHUN TIOJIy4IaeTcss OOBIYHOe MebaeBCKOe SKPAaHNPOBAHUE MOHOB 3JIEKTPOHAMMU.
Harrreit niesibio sIBIsieTCsI MCCIIENOBaHNE YPABHEHUH IJIsT BOBMYIIIEHUH, B KOTOPBIE BXOOST
TOIBKO fo 1 o, HO He p(r). [TosToMy HaM GymeT MOCTATOYHO yKe YyCTAHOBIIEHHON CBsI-
3u Mexny fo u @g. Camy xe QYHKIUIO (o9 MBI OyIEM CUATATH W3BECTHOW W3 ONBITA U
PaBHOII IICEBNONOTEHINALY MeTata [11].

YpaBHEHUE [JIsT BO3MYIIEHUN UMEeT BUJT

df1 oft ~ Opodfi  0p10(Fo+ fo) . Op10fi
(2) ot +V8r +€8r 8p+€8r op +€8r 8p_0
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[Tocmenuuit, HeIUHERHBIN, WIeH OyneM majiee OTOpachbIBaTh. DTO MOXKHO CHETaTh MU
yCJIOBUN 26<p1k2 /mw2 < 1, rme w u kK — 4YacTOTa U BOJHOBOW BEKTOP BO3MYIIICHUS.
[Ipu sToM Ha 3Ha4YeHus napamerpa epi /T (B ciydae depMUEBCKOIO PABHOBECHOTO Pac-
[PEMIESIeHNUs 5JIEKTPOHOB €1 /€ ) HE HAKIIANBIBAETCS HUKAKIX OTDAHIICHMUI.

JluHeapu3oBaHHOE yYpaBHEHUE MPENCTABISIET COOON YpaBHEHUE C IEPUOMNMIECCKUMU KO-
adumeHTaMu, pelreHns KOTOPOTro UMeEIOT BU OJIOXOBCKUX BOJTH

fl (p, r, t) _ e—z‘wt—i—ikr Z hn(p)eibnr,
(3) i

o1 (I‘, t) — e—iwt—l—ikr Z Xneibnr.
n

s yuporenus: 0o603HAYEHUNT MBI IPUMEHSIEM COCTaBHOW MHOEKC N = {ni,ng,ng} u
BekTOp Ob6parHoit perterku b = {by, bs, bs}, 3anuce bn oznavaer bing + bans + bans.
[Tepuonumueckue GyHKIUIU fo U Yo MOXKHO 3aIACATH B BUMIE

fop,) =D gn(p)e™™,
900(1') _ Z @bneibnr-

[Moncrasmisis 5TU pasioxeHUs: B ypaBHeHHe (2), MOIydYMM CUCTEMY YDPABHEHUIl s
TapMOHUK

[w— (k+bn)v]h, —exn(k+ bn)%_io_
8h / ag o/
_ , _n! n , nZon—n |\ _
(4) e En, (@Dn_n b(n—n') op + xn (k4 bn') op ) 0,

(k + bn)QXn = —47re/d3p h.(p)

Ypasuenust (4) npencrasisgioT coboil 3amady Ha COOCTBEHHBIE 3HAUEHUS, DEIICHUe
KOTOpOI ompenesseT 3aBucuMocThb w = w(k), To ecTh mucnepcuio u 3aTyXaHue mIa3Mo-
HOB.

BrIBOII IMCOIEPCUOHHOT'O COOTHOIIEHUA

Tounoe perienne ypaBHeHHUl (4) He IPENCTABISETCS BO3MOXKHBIM, MIOITOMY OymeMm
UCKATh TNPUOIMKEHHOe DeIleHre. B MpOCTBIX MeTajulax IOTeHIAal ¢y HeBeluK |5,
a UMEeHHO epg/ep < 1. B Hamiell MomenapHOI 3amade 5TO COOTBETCTBYET MAJIOCTH
napameTpa & = epg/T, Tak 4TO OKa3bIBAETCS BO3MOXKHBIM CTPOUTH PEIIEHHE B BUIE
Pa3IOKeHNs IO CTeMmeHsIM 3Toro mapamerpa. OKa3blBaeTCs, YTO MepBas HEMCUYe3aroIas
TIONPaBKa, K JaCTOTe BO3HUKAET BO BTOPOM IOPSIKE TEOPUU BO3MYIIEHUN, TO3TOMY HAM
MOHANOOUTCS BRIpaKeHWe NI QYKHIIN pacIpeneieHusl ¢ TOYHOCTHIO JI0 KBaIPATUIHBIX
110 TIOTEHINAJY (o JIEHOB:

62

73 (#o(r) = (5 (r))) | Fo(p) + -

fo(p.r) = | Zpo(x) +
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[Tocme mpeobpaszoBanus Pypbe mosydaeM

F()(p)+...

2
gn(p) = T@Dn + 26? Z(@Dn’wn—n’ - 5n0|¢n’|2)

Mg XO0TUM UCCIEI0BATH BOIHOBBIE pellieHusl, KOTopbie npu & — () OMUCHIBAIOT OOBIU-
HBbIE TJTA3MEHHBIE BOJIHBI B Momenin “keje” . B cooTBeTcTBUE C 5TUM B HYJIEBOM PUOIU-
JKEHUU MBI OCTABIISIEM TOJIBKO Yo 1 hg. Il 5TUX BenmuumH nMeeM ypaBHEHUSI

OF
O —kv]n§” —exPkZ2 =0
w v e ,
[ ] 0 X0 8]3
k% x (O) 47re/d3ph(()0)

13 KOTOPBIX CIIEAYeT CTAHNAPTHOE NUCIEPCHOHHOE COOTHOIICHWE I JICHIMIODOBCKUX
BOJIH [8]:

0) 4me? 3
(5) e(wW, k)=0, ewk)=1+ 2 d’p (kG)Fy
3mech UCIOIB30BAH OIEPaTOP
1 0
G = —.
w—kvOop
B mepBom npubsmkeHun
OF, ony

[w® — Kk, v]pD + DO — exg)kna— — ey, bn 0) © @Dn =0,
p Ip

op
k25D = 47re/d3ph§}>.

3mecw k,, = k + bn. IIpu n = 0 umeem

1)k3F0

1 0
w® —kv]h{? +wMh§ — 5o

=0.

1
Ecau MBI nckimounmM h(() ) OOBIYHBIM o6pa30M 1 BCIIOMHUM OUCIIEPCHUOHHOE COOTHOIIICHUE

(1)

1
B HyJIeBOM mopsinke, To momyunM w'l) = 0, a sHaveHns Xy I h(() ) ocrarores HeoIpene-

JIEHHBIMU. AHAJOTUYHO OCTAIOTCS HEONPENeJIeHHBIMI AMIUIATY IbI X(()s) u h(()s) B JIIO60M
MOPSIIKE § TEOPUM BO3MYIIEHU. MBI MOXEM CUMTATH UX PABHBIME HYJTIO, [TOJIArast, ITo
AMIUTUTYIa OCHOBHOM TapMOHWKK B HYJIEBOM MPUOKEHUN €CTh IMOJHAS AMIUIITYIa
OCHOBHOW TapMOHUKN B TOYHOM DEIIIeHUH.

s n # 0 umeem

hD = exD(k, G,) Fy + ex” %[ T(bnG,)(kG) + (kG,)] Fo,
4me? e, (o)
1 M
(6) X = _k%—gnTXO n0
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roe
My = / Bp[T(b(n —1')G) (K Grr) + (K G)] Fo.-

Mgl BBenu obosnauenue G, mas omepatopa G, B koropom BMmecto Kk cromT ki,
aHaJIOIUYIHOe OOO3HAYEHUE VI TU3IEKTPUIECKON IIPOHUIIAEMOCTH €.

[TockonbKy OuaIeKTpUYecKasl MPOHUIAEMOCTh &(w, K) 3aBUCHT TOIBKO OT MOMYJIs
BOJIHOBOTO BEKTOpa K, a OuCIepcroHHOE COOTHOIIEHVE B HYJIEBOM IPUOINKEHUN MMEET
Buz (5), To B dopmysne (6) m3-3a HATUYUS MHOXKUTENs 1/€, BO3MOXKHO IOSBIIEHIE De-
30HAHCHOTO 3HaMeHaTess1. HeTpymHo coobpa3uTh, UTO 3TO IPOUCXOOUT TOTIa, KOTOA
BekTOp k jexxut BOmuM3u rpaHuisl 30Hbl bpumutiosua. Ilpu mexoropom n BekTop ki,
uMeeT MOMYJb, Oiim3kuil K | K|, u musiexk Tpudeckasi IpOHUIIAEMOCTD £, CTAHOBUTCS aHO-
MaJIbHO MAaJIOl, & IOIPaBKa ngl) — aHoMaJibHO Oosbimon. Takum obpaszom, BOIU3U
rpaHuil 30H Bpusiosaa Teopust BO3MYIIIEHIN CTAHOBUTCST HEITPUMEHIMON.

Bo BTOpOM mopsinke mosydaeM HOIPaBKY K JaCTOTE

w@p — Z‘T%

4
{ 7T€ MOnMnO_

— / d®p [T?(bnG)(bnG,,)(kG) +T(bnG)(an)]F0},
raoe

d3p
p= / o (kG
C TOYHOCTBIO IO BTOPOTO MOPSIIKA
4rrew?) Ame?w®@)

[TosToMy MOXKHO 3amucaTh OUCIIEPCUOHHOE COOTHOIIIEHUE B BUIE
4me? e

e(w, k) — E )—q/zn
’ k2 — T

— / d*p [T?(bnG)(bnG,,)(kG) + T(bnG)(an)]FO} =0.

Ame?
{]{72 MOnMnO_

Kak yxe oTMedasioch, 5TO COOTHOIIIEHNE CIIPABENINBO Be3Ae, KpoMe 001acTell KBa3n-
UMITYJTbca BOSIM3U TpaHull 30H bpunmosna. B mocnemuaem cityyae mMerOTCs OBa KOHKY-
PUPYIOIIIX MAJIBIX TapaMeTpa: MOTEHIINAI Qg U UMITYJIbC k, OTCUNTAHHBIA OT TPAHUIILI
30HBI, TIO9TOMY HYXKHO IIEPECTPOUTH Psinl Teopuu Bo3MmyiieHuit. [lepBas mompaska 6y-
IeT ONPenessiThCs CyMMOIl Hanbojiee CUHTYIISPHBIX WIEHOB (WIEHOB, CONEPIKAIINX HAV-
GOJIBIIIE CTEMEHN PE30HAHCHOTO 3HAMEHATEIS) BO BCEX MOPSIKAX TEOPUU BO3MYIIICHMUIL.
PaccmoTpuM caMbIil TIPOCTON Cilydaii, KOTIa UMEETCsI BCETO ONWH PE30HAHCHBIN 3HAaMe-
HaTeb £y, COOTBETCTBYMOIUA N-Oif TapMOHUKe. BoImuckiBas k-bIii TOPSOOK TEOPUHN
BO3MYIILIEHUN

k—1
WO — VA + 3 WO REP G BRO ey (K, %FO
p

p=2

(k P)

(k—1)
- €Z¢n—n’b(n— )ah ezzx(p)k ggpn =0,

n’ p=0
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k k
U BCIOMUHAS, UTO X(() ) = 0, h(() ) =0 npu k # 0, u3 ypaBuenus mjs n = 0 mogydaem
MIOIIPABKYy K JacTOTe

k)PX(O) Z/d?) { bn/G>h(k 1)+ZX(2’) k, G) (k— p)},

p=0
a U3 ypaBHeHu! njis n # () — MOIpaBK! K MOTEHINAIY U (DYHKIIUN PACIPENe/TeHNs

1 k—1 d3p
(k) — = w | __*F  p(k—p)_

—47r622/d3p{wn o (b(n — 1')G)h % 1>+pr> k. G) gT(Lknp)}]

k—1

1
Zw(p)h(k P) 4+ ex® (k,G,)Fo+

k) - -
= T ke

+eY Ynow(b(n—n)Gy )Rl 1)+€sz(p> ke G )g " 7).

n’ p=0

W3 BEIINCAHHBIX Bpra}KeHI/Iﬁ BUIOHO, YTO Haubosee CUHTYJ/ISIPHBIEC Y9JICHBI UMEIOT BUIT

w1 w1 k) o 1
~Y =, ~ 5 w ~ —
XN 5?\[ N ‘Elzgv €]]€V 1

OcTaBisgas TOILKO 3TH YJICHBbI, HAIIIIIIEeM HpI/I6J'[I/I}KeHHbIe COOTHOIIICHNI A

4dme _
§ w®) W, k=3,4
T Ren & /wm)_kw N R

4e?
XE&) = T ew /d3p {wN(bNGN)h(()O) +Xo (kG n)g ](Vl)} xﬁ) =0,

h(k) = GXSV (knG ) Fo,

w® Py = / p{-v-nBNGAY ™+ x§ P kNG }

Uckmogas hy uMmeem

dre? A _
XS\];)— e PNZw(p)XS\]f P k=3.4,...,

k'JQVfSN
) __Ame® eYn (o) V2 —o,
N k]2V€N T NOX() )

W) Py — e”lbj:N XE\];_I)MON
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HonpaBKa K 9aCTOTE OIIpencasaeTcs BEJITIMHON

- k) _ Y-~ Mon (k) _ €¢ N Mon | (), =~ _ ()
S I
k=2 X0 Xo k=3

GQ/J_N MON 47‘(62 e¢N (0) 47T€2 > (k)
T PO | Rhex T V0% TRzey Y X_:XN
epn |2 Moy Mpyo  4me? PO
D) N
kNgN T P kNgN
Pemas kBanpaTHOe ypaBHEeHUE, HAKIEM
(7) 0 — kN5N + M ’ epn ? Mon Mo
87T€2PN 87T€2PN T PPN

Pasuble BeTBU KOpHSI BBIOUPAIOTCS C PA3HBIX CTOPOH OT T'PAHUIILI 30HBI BpUILTIOSHA.
Korma k mpubnmxaercs x rpanuiie 30HbI bpummiosua, ey — 0, a ky, P, Py, Myn
UMeIOT KOHEeUYHble HeHylieBble mpeneinbl. [lepsoe ciaraemoe B dopmyse (7) cokparraer
AHAJIOTWYHDI JTMHEAHLI TT0 OTKJIOHEHIIO OT IPaHuIbl 30Hbl wieH B w(Y), obecrmeunsas,
TEeM CaMbIM, BBINOJHEeHHe paBeHcTBa Ow/0k = 0 Ha rpanuue 30HbI. BTOpoe ciaraemoe
IMEeT HEAHAJIMTUYECKYIO 3aBUCAMOCTBL OT IBYX MAaJIbIX mapaMeTpos (Buma v/ a? + b?).
Kax Bumbo, paspbiB B CIEKTpe MPU IEPEXONe Yepe3 TPAHUIly 30HbI BpuiimosHa nMeeT
HEPBBIil TOPSIIOK MO MEPUOANICKOMY HOTEHIUAIY g [9].

INCOEPCUS MIIABMOHOB B ONMHOMEPHOM KPUCTAIJIIE

YTo6bl NOMyYUTh SBHO 3aBUCHMOCTH w(kK) M mpomeMoHCTpUpOBATH KaueCTBEHHBIE
OTJINYUsS TPENJIOKEHHON MOMEIU OT MOIeIu ‘Keje’, coeraeM HOaJbHEHIne yIIpoIia-
fOIlIe TIPENToIokKeHns:. bynemM paccMaTpuBaTh OODHOMEPHYIO 3a[1a4dy U CUMTATH, UTO
MOTEHIUA Py UMeeT TOIBKO ONHY (MEepBYI0) TApMOHUKY. Y IOOHO BBECTU XaPAKTEPHBIE
rmapaMeTphl: JIEHT'MIOPOBCKYIO YaCTOTY, OOpATHBIN me6aeBCKUN PAIIyC U TEIJIOBYIO CKO-
pOCTH

4de3n 1 4dre?n T

P m  rp T m’

7 mepedTn K Oe3pa3MepHBIM YacTOTE, BOJIHOBOMY BEKTOPY W CKOPOCTH, KpOMe TOTO
BBemeM Oe3pa3MepHBIN ITapaMeTp

5: |€¢1/T|

[TompaBka K 9acTOTe BBIPAXKAETCs Yepe3 TPU STAJTOHHBIX WHTErPaJIa

+oo
J1(2) :/ ! O0pF'(v) dv,

o 2V

e 1
Jo(z1, 22) :/ 0 0, F(v) dv,

v
zZ1 — U Z9 — U

— 00

+o0 1
J3(2’1, 22) :/ 1 0. L 0 avF(U) dv,

v v
oo A1 U Z9 — U Z1 — U



OB OCOBEHHOCTYX IINTASMOHHOI'O CIIEKTPA ITPOCTBIX METAJIJIOB 9

2
roe F(v) = e™/?/\/7, a o6xon momocos 3aBucuT oT 3Haka z [12]. WaTerpamsr Jo u Js
cBomATCs K Jp mocpencTsoM (opmyit

Jo(21, 2) = B.. Ji(z1) — J1(2’2>’

29 — 21

1 1
J3(21, 22) = =05, (5@1 + §8z2> Ja(z1, 22)

Cam J; ¢ yueToMm mpaBmiia 06Xoma BBIPAKAETCs Yepe3 mHTerpasl omubok [13]

7(2) 1+iz\/m/2e % 2 erfe(—iz/\/2), 2z >0,
1\Z) =
1—izy/7/2 e~ /2 erfc(izN2), 2<0

,HI/ICHepCI/IOHHOG COOTHOILIECHUE B HYJICBOM HpI/I6.TII/I}KeHI/II/I nmMeeT BU

(0
e(w®, k) =1+ k2J1< k ) -

Bcmomorarenbabie Benmuunnbl M u P BhIpaxaroTcs o GopMyiam

- k (0) Nb 0)  ,(0) -
Mpno =TMpno = —J1<w >+ —Js (w_ w_) = Moyn,

kN kN kN ]CN k
- B w(©)
Py =wp TPy = Ow() Jl( kn )

HonpaBKa K 9aCTOT€ BO BTOPOM IIOPAOKE

© LON 202 [ 0® O
(2) — S Mo, b_JJ wowve A (e
w ;;ﬂ [k%g AN 7% % ) T B

[Monpaska kK yacToTe BOIU3M IPAHUIBL TIEPBOIT 30HBI bpuimosHa (K — b/2 — 0)

2
k2. e k2. e_ M2
21641 2161 MZy9
A L R L e
2P 4 2P_4 PP_ 1
B IJIMHHOBOJIHOBOI YaCTH CIIEKTPa MOXKHO IIOJIYUUTH Gojlee IPOCTEIE U SBHBIE (Op-

MyJIbI, pacKiIanbiBas BeIpakerne msi w(? B psm mo k. Pesyabrar ¢ TouHOCTBIO 10 k2
TJIACHAT

w® +w® =14 2R(b) + gk2(1 +&28(0) + ...,
roe
(0® + ) (1 = Ji(1/b))
b2+ Jy(1/b)
a BeIpaxkenne S (b) uepe3 3TAJIOHHBIN WHTErpasl Jq Mbl HE TPUBOIUM U3-3a €70 TPOMO3/I-
KOCTH.

R(b) =
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3aBUCIMOCTD BEIIECTBEHHON W MHUMOU YaCTed YaCcTOTHI OT K CXeMATUYeCKN IPel-
craBiieHa Ha pucyHke 2. O6bryHO B Merasuiax b mopsmka me6aesckoro panmyca [1] (B
HAIIUX Ge3pa3MEepHBIX MEePEMEHHBIX TOpsaaka enuHnbl). OKa3bBaeTCs, 9TO IS TAKWX
3HaueHn b BBIMOHEHBI HepaBeHCTBA Re R > 0, Im R < 0, Re S < 0, Im S > 0. Hepa-
BEHCTBa M1 R 03HAYAIOT, YTO MOABIIAETCS KOHEYHOE 3aTyXaHue IIa3MOHa [P HYJIeBOM
3HAYEHWN BOJHOBOTO BEKTOPA, UTO TONTBEpPKIAeTcs B skcrmepumenTax [2]. Ommospe-
MEHHO YBEJIMUMBAECTCS YacTOTa IJIa3MOHA IPHU HyJIeBOM 3HAYEHUN BOJHOBOIO BEKTODA.
OT0 MOXKHO HHTEPIPETUPOBATHL KAK YMEHbIICHNE 5P(MEKTUBHON MACCHI 3JIEKTPOHA B Pe-
[IETKE TI0 CPABHEHUIO CO CBOOOMHBLIM 3JIEKTPOHOM, YTO, MO-BHANMOMY, IMTPOTUBOPEUUT
skcriepuMenTy. OnHako shheKTUBHAsS Macca He ABIAETCS OMHO3HAYHO ONPEIesTseMOil
BEJIMYNHOM, IJIsl COTJIACHS C DKCIEPUMEHTOM MPUXOONUTCSA B PA3HBIX IIPOIECCAX IIPUIIN-
CBIBATH DJIEKTPOHY pasHble sddekTuBHbIe Macchl [11].

HepapencTBa mias S roBOpsAT, UTO IPU MOCTATOYHO OOJBINNX 3HAYEHUSX £ B 004~
CTU MAaJIbIX 3HAYEHWU BOJIHOBOT'O BEKTOpa OydeT HaOIomaThbCs oOpaTHAas MUCIEPCHS,
YTO TaKXKe TOMTBEPXKIACTCS DKCIIepUMEHTAIbHO. “Bosbinme” 3HaueHus { OTHIOOb HE
O3HAYAIOT BBIXOI 38 PAMKU TEOPHUU BO3MYyIeHuir. IeficTBUTEIbHO, MPUMEHEHNE TEOPUHN
BO3MYyIIeHIil ompaBabIBaeTcsa HepasencTBoM 1+ 3/2k2 > €2|R + 3/2S5k?|. C npyroit
CTOPOHBI, 06paTHas MUCIepCcns mosBisercs mpu yemosun [E29Re S| > 1. Ecm R mocra-
TOYHO MaJlo, TO BCErJa MOXKHO YKa3aTh TAKyI0 OOJIACTh MAJIBIX Kk, UTO BBITOHSIIOTCS
oba HEpaBEHCTBA.

3aryxaHue Ia3MOHa YMEHBIIIAETCsI C POCTOM BOJTHOBOTO BEKTOpa. HacKOIbKO MOXKHO
CyOUTh, 3TO SIBJIEHUE HE HaOIIIOIAeTCs B DKCIEPUMEHTE, TAK UTO €ro CJIeIyeT OTHECTH
K HeJoCTaTKaM HAIIlero yIPOIIIEHHOro noaxona. MoXKHO HamesThCs, YTO BHIUNCIIEHUS B
60Jtee peaTuCTUIECKON MOOENIN C MCIOIb30BaHneM (popMaIm3Ma MaTPUITLI IJIOTHOCTH 1
C YyUIEeTOM TPEXMEPHON CTPYKTYPHI PEIIETKN MCIIPABIT TOJIOXKEHUE.

[ToBenmenne BereCTBEHHON M MHUMOW UACTEN YaCTOTHI Mg OObINNX k MOXeT ObITh
MCCIIEMOBAHO YHUCJICHHO. KakK MOKAa3bIBAIOT BBIUUCIIEHUS, TPUBEOCHHBIE (POPMYIIbI IJINH-
HOBOJTHOBOTO TpuOIm:keHus crupaeniauBbl mist k < 0.2. Ims 6ombpimux k CyIecTBEHHBI
CIIEMTYIOTIINE YUJIEHBI Pa3JIOKEHUsI, KOTOpPble KaueCTBEHHO MEHSIOT XOI KPUBBIX, BO3Bpa-
mas “HOpMaJlbHBbIE” NUCIIEPCHUIO0 U 3aTyxaHue. VIHTepecHO OTMETHTH, UTO XapaKTep
3aBUCUMOCTHU OJIS BEIIECTBEHHON W MHUMOW YaCTeW JacCTOTHI MEHSETCS COTJIaCOBaHHO,
puOIN3UTEIHHO B OOHON 1 TOM 2Ke obmacTu 3Hauenuit k. Ilomo6Hoe e cBOICTBO MMEIOT
9KCIIepUMEHTAJIbHbIE KPUBbIE (CM. PUCYHOK 1).

MEXAHU3M 3ATYXAHUSA IJIMHHOBOJIHOBBIX IJIA3SMOHOB

dopmam3M Teopur BO3MYIIIEHU, NCIIOIB30BAHHBIN HAMU B paboTe, yIoOeH s aHa-
Jm3a OOIIMX CBOWCTB PEIEHUs W IIOCTPOEHUs 00Jjiee TOUHBLIX MPUOJIMKEHU, OMHAKO OH
HECKOJIBKO 3aTYIIEBBIBAET IPOCTYIO (PU3MUIECKYIO UIMIEI0, COCTABIISIONIYIO OCHOBY pabo-
Tel. B »TOM pasmerie MbI pa3zoBbeM OpPYToii, O0jlee MHTYUTUBHBIN ITOOXONI K 3amade,
KOTOPHBIN TTO3BOJIUT HAM OATh (PM3UYECKYIO MHTEPIPETAIINIO SIBICHUIO 3aTyXaHUS IJTIH-
HOBOJTHOBBIX TIJIa3MOHOB.
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Ucxonubiv mynkToM Gynmer dopmysta (3), B KOTOPOil Mbl Bbimeaum uieH n = 0:

fi (p, r, t) _ 1wt—|—1krh + Z h —iwt—|—i(k—|—bn)r —F + 5]07
n#0
901(1'; t) _ e—iwt—!—ierO + Z Xne—iwt+i(k+bn)r =P + 5907
n#0

B nnurHOBOMHOBOI 06macTu cuekTpa k < b, u Takoe pa3bueHne COOTBETCTBYET pa3iie-
JIEHUIO Ha, OBICTPO M MENJICHHO MEHSIOIIECS ClIaraeMble. Y YNThIBAs, UYTO PABHOBECHBIE
TMOTEHINAN (P9 U PYHKIUS pacupeneiaeHus: fo sSBISIOTCS OBICTPO MEHSOITUMUCS, MOXK-
HO B ypaBHeHUN (2) BBIOEIUTH OBICTPO U MEIJIEHHO MEHSIOIINECs cllaraeMble, KOTOPBIE,
OYEBUTHO, MOJIXKHBI COKPAIATHCS IO OTACTBHOCTH. Bbimernss 6bICTPO MEHSoIIecs ciia-
raemble, IMeeM

0 0y D0 OR | 000fy | e OF
Ot Vor or Op “or Op “or op

(8)
Adp = 47re/5fd3p

YT06bI Oy YN T yPABHEHUS [IJ1s1 MEIJIEHHO MEHSIOIIINXCSI CIIAraeMbIX, yepenHuM (2) mo
IIepuony peuteTKn

o 9 0B OF, /950 f Do D6 f
— _ F R e —— _— p—
<8t+V8r) T op +e< or 3p>+e< or ap> 0

AD = 47Te/Fd3p

3mech nMeeTcs IpsiMast aHasorusi ¢ MetonoM, npemyoxenusiM 11, JI. Kamumneir npu pac-
CMOTPEHNN MEXaHWYIECKON 3a/1a9i OBIKEHUSI MasTHUKA C OCIUIMPYIOMIEN TOYKON MOM-
Beca [14]. Ora aHaJOrus MCIONB30BAIaCh paHee ONHUM U3 aBTOPOB [15] mis perenus
YPABHEHUI XOJIOMHON TUAPOAMHAMUKY TUIA3MBI (HCCIIEN0BAIACh HEJIMHENHAs IUHAMUIKA
[JIA3MEHHBIX BOJIH B MEPUOMUYECKN HEOMHOPOIHOI Cpere).

B mnuaHOBOMHOBOW 06/ACTU STOT IMOAXOM MPUBOAUT K BBIPAXKEHUSIM, IOIYIeHHBIM
BBIIIIE C TIOMOIIBIO CTAHOAPTHOW CXEMbI Teopuu BO3MYyIeHui. [lpm sTom nss Berauc-
genust 0f u §p HyXKHO B ypaBHeHue (8) MONCTABUTL BIACOBCKUE BBIpAXKEHUs st F
u .

N3moxenHbIil TOOXon Mo3BOJISET NATh TPOCTYIO U HATISIHYIO NHTEPIPETALNIO 3aTy-
XAHUIO MJINHHOBOJIHOBLIX IJIa3MOHOB. Ecnu “paspermaroriasi CtocOOHOCTL” M3MEePUTEIhb-
HOTO TpumbOpa MHOTO OOJIBIIIE pa3zMepa MEJTKOMACHITAOHBIX HEOMHOPOMHOCTEW, TO IIPU
SKCIIEPUMEHTAIBHOM HAOIIONEHUN TPOUCXOOUT “‘yepemHeHne” GBICTPO OCHUIIIIUPYOIITIX
MIPOCTPAHCTBEHHO-BPEMEHHBIX COCTABIIIIONINX M3MepsieMbIxX BenunuwH. Hamuawe mepuo-
NITYECKOTO MOTEHINAIa IPUBOAUT K IePEPACIPENEICHIIO0 SHEPTUN MEXKIY OBYMS STUMEI
craraeMbiMu. [losToMy 3aTyxaHume IUTa3MEHHBIX BOJIH MOXKET OBITH OOBSICHEHO KaK Ha-
pacTaHre MEJIKOMACIITAOHOW YaCTU BO3MYIIIEHWS, UTO, B CBOIO OUYEPENb, MPUBOIUT K
YMEHBIIICHUIO aMIIJINTYIbI OCHOBHOI TapMOHUK.
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