Jlexkuusa Nelb

Il1a3MeHHbIE BOJHBI B TBEPABIX Tejax (MPoI0IKeHHne)

Ha NpeAbIAYIIEM 3aHATUN HaMHU PACCMATPUBAIMCh HOBBIC KOJIJICKTHBHBLIC
B036y)KI[eHI/I$I B TBCPpAOM TCJIC — IINIa3MOHBLI, KOTOPLIC MOI'YT CYHICCTBOBATL B
MCTalJIaX M IMOJYIIPOBOJHHKAX. Hamm Ob11 INOJYYCH CIICKTP OTHUX KOJIICKTHBHBIX

BO30YXKICHUI
2
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IIpu 3TOM 25IEKTPOHHAS MTOJACUCTEMA PACCMATPUBAIIACH KaK AJIEKTPOHHBIN I'a3.

JUiss  BBIAICHEHHS  IPENEJOB  NPUMEHHMOCTH  TEOPUM  ILJIa3MOHOB,
NOCTPOEHHOM Ha NpeabLAylIEd JEKUHUH, PACCMOTPUM, IPU KaKUX YCIOBUAX
OTIPaBJBIBACTCA MPEACTABICHUE 00 3JIEKTPOHAX KPHUCTAJUIOB KaK O HEMpPEepPhIBHON
cpene. Eciu NpuHATH, 4TO 3JMEKTPOH — TOYEUHAs YACTHIIA, TO INIOTHOCTh U BEKTOP
MOTOKA 3JIEKTPOHOB B TOYKE I MOXHO 3alucaTh B BUJE
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rae Iy, V|, - paauyc-BEKTOp M CKOpOCTh |-ro smexTpoHa, CyMMHpOBaHHE

MIPOM3BOJIUTCS TIO BCEM AJIEKTPOHAM KPHUCTAJIa B €IMHUYHOM €ro o0bheMe.

Bynem  y4uTBIBaTH  TOJIBKO  DJIEKTPOCTATHYECKOE  B3aUMOJCHCTBHE.
[ToreHuaabHast SHEPrus B3aMMOACHCTBHS |-r0 3JIEKTPOHA CO BCEMH APYTHMH
AIIEKTPOHAMU U TOJOXKHUTEIBHBIM OJHOPOJHO paCIpee]ICHHBIM 3aps0M HOHOB
MMEET BU/I.
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IPECTaBISIIOT co00i MOoNHBIM HAObOp opTOHOpMHUPOBaHHBIX GyHKIUH. C ydeToM
TOr0 0OCTOSATENBCTBA, YTO PACCMATPUBAETCS €AUHUYHBIN 00bEM, UMEEM

C, :ezjdrjriexp(ikrij):d'k—ﬂze2 npn k20
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Takxum ob6paszom, (2) mpeodpasyeTcs K BUAY
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Kunetnueckas OHECPIrUs 3JICKTPOHOB UMECT OOBIYHBIN BHU
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W3 Beipaxkenuit (3), (4) ciueayeT ypaBHEHHE [BIDKCHHS IS OTACIIBHBIX
3JICKTPOHOB

mv, = —idre’ ). % exp(i kr, ) . (5)
J

YtoObl MOJYYUTh YypaBHEHUE ISl IUIOTHOCTH DJIEKTPOHOB, IMPOBEIEM
npeaBapuresbHo Oypre-nipeodpazoBaHus

p(r)=> pexp(ikr), j(r)=>jexp(ikr).
k k
Torna, ucnonws3ys obpatHbie mpeodpazoBanust Pypre, UMeeM
P =Y exp(—ikr), oy =Ve  ji =D v exp(-ikr,) (6)
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[Mpumensis k (6) ypaBHEHHE HENPEPHIBHOCTU

p+divj =0,

MOJIYYUM YpaBHEHHUS
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P = -Iz[(kv, ) +i(kv,)[iexp{-ikr,).

[ToxcraBuB B moclieHee paBeHCTBO 3HaueHue V| u3 (5), HaxoxuM, ucrons3ys (6)
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Ecau B IEPBOM Cj1ara€Mom npaBoﬁ 4acCcTH 3TOr0 paBCHCTBA BBLIACINUTL CJIaracMoce

g =k, to ocraBmyrocs cymmy Z '—2 PqPx—q MOKHO OIYCTHTb, TaK KaK OHa
gzk q

COJIEPKUT OOJNBIIIOE YHCIO MajblX 3HAKOMEPEMEHHBIX ciaraeMbix. OtOpachiBas

3Ty CYMMY, MBI TpeHeOperaeM CBs3bI0 MEXIy H3MEHeHusMu Dypne-oO0pa3oB

IUIOTHOCTEH, OTHOCSAIIMXCS K Pa3HBIM JUTMHAM BOJH. Takoe MPHUOIMKCHHE

Ha3bIBacTCS  MPHOJMKeHHeM  OecmopsitouHbIx  ¢a3. Hcnoms3ys  3TO

npuOIrKeHue, nmpeodpasyem ypaBHeHue (8) K BUIY

D+ k= —le(kvI )2 exp(-ikr,). (9)
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[IpaBas 4acTh 3TOrO YpaBHEHHUS 3aBUCHT OT CKOPOCTEH ODIIEKTPOHOB M TIpH
a0COJFOTHOM HyJIe. DTO JIBIDKEHHE OKa3bIBACT PAa3yNoOpsI0YHBAIOLICe ACHCTBHE HA
KOJUIEKTUBHBIC TUTa3MEHHbIE KoyieOaHus. Ero BiMsHUE TeM MEHBIIE, YeM MEHbIIE
K. ns ouenku 3nauenmii K, mpu koTophix MOxHO mpeHeGpedb IPaBoil YacThIO
(9), MOXKHO 3aMEHUTH V| MaKCHMaJIbHBIM 3Ha4E€HHEM CKOPOCTH (ckopocTh DdepMu)
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CJICI[OB&TCJ'II)HO, ITPH BBITIOJITHCHUHW HEPABCHCTBA
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ypaBHeHue (9) mepexouT B ypaBHCHHE KOJUIEKTHBHBIX IIJIA3MEHHBIX KOJICOAHMI
Py +ap=0.

[lpu Bemonnenun HepaBeHcTBa (10) (daszoBas CKOPOCTh IJIA3MOHOB a)p/k

IPEBBIIIAET MAKCUMAJIBHYIO CKOpPOCTh 3J€KTPOHOB. IloaTOMy mepexoa sHepruu
IUIa3MOHOB B JHEPIUI0 OTACNIBHBIX 3JEKTPOHOB HEBO3MOXKEH. 3aTyXaHHe
IJ1a3MOHOB B TBEPAOM TeJie OOYCIIOBIEHO B3aMMOJIEUCTBUEM C KOJI€OaHUSMU
PEUIETKH, C IPUMECSIMU U IPYTUMH HEOJHOPOAHOCTIMHU PEUIETKHU.

3nauenne K, ompenensemoe (10), MOXKHO NPHMHATH 3a BEPXHIO I'PAHUILY
BOJIHOBBIX BEKTOPOB TIa3MOHOB. TakuM 00pa3oM, BOJIHOBBIE BEKTOPHI IJIA3MOHOB
ATtk
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. Tak kak Ha

3aHUMarOT OCHTPAJIbHYIO 001aCTh 30HBI BpI/IJ'IJ'IIOG)Ha o0BeMa

(27"

AO0JIFO OAHOT'O BEKTOpa HNPUXOAUTCSA 00BeM

ke
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, TO B KPUCTAJLJIC MOXCT OBITh

IIJIa3MOHOB.

SHCMCHTapHLIC B036Y)KI[CHI/IH C k2 >k(2: HC HMCIOT KOJIJICKTHUBHOIO

xapaktepa. [Ipu 3Tux BO30YXIEHUSIX AJIEKTPOHHBIN Ta3 ClieqyeT paccMaTpuBaTh
KaK CUCTEMY OTAEJIbHBIX KBA3UYACTHI] C MOTEHIIMATIBLHBIM B3aUMOJEHCTBUEM

Unlr) =3 3 47
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exp(i kry, ) : (11)

Wtak, HEy4YTEHHbIE B IUJIa3MEHHBIX KOJEOAHMAX B3aWMOJEUCTBUS AIJIEKTPOHOB,
PACITOJIOKEHHBIX Ha pacCTOSHUM I IpyT OT Apyra, ONPENeIOTCS BBIPAXKEHUEM

Ugr)= 3 47

ikr). (12)
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I[lepexoisi B 3TOM BBIPAKEHHMH OT CyMMHUpOBaHUA 10 K K HHTErpHPOBAHHMIO,
IIOJIyYUM

_ e explikr) 2
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Sm(kr)~e—2exp( ). (13
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Takum 00pa3oM, B3aUMOJECHCTBUE MEKAY DIIEKTPOHAMH IPOSBIAETCA TOJNBKO Ha
MaJIbIX paccTosHuaX I < kc_l. Beipaxxenue

eTexp(—kcr)

HazpiBaercs 9KpaHUPOBAHHLIM KYJIOHOBCKHM IMOTCHIOHXAJIOM 3apsiaa €. 3HaueHHIo

2= % 27792nO
c=
V3 E-
1
rae EF :Em\/g - oHeprus @Depmu, COOTBETCTBYET KBaApaT paauyca

sKkparupoBanus (paanyc 3xkpanupoBanus Tomaca - Depmu)

=
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HpI/I BBIYHMCJIICHNU /]T?F Mbl HCXOJWJIM W3 MPCAIIOJIO0KCHUA, YTO IUIOTHOCTDb

DJICKTPOHOB B METa/UIe BEJIMKA, W OHHM 3aHUMAIOT BCE COCTOSHHS C JHEpPrueu
E < E; (BbIpoxnenue).

B IMOJYIIPOBOAHUKAX IINIOTHOCTH OJJICKTPOHOB Majla M BBIPOXICHHUC HC
OCYIICCTBJIIACTCA. PaCHpCI[CJ'ICHI/IC QJIICKTPOHOB IIO0O OHEPrUAM OIPCACIIACTCA
3aKOHOM BOJ'IBLIMaHa. BSaHMOHCﬁCTBHC QJICKTPOHOB JOKPAHUPYETCA U B IOTOM

% 2
ciy4dac Tak, qTo KYJIOHOBCKOC B3aMMOJACUCTBHUEC e/ Eor 3aMCHCTCA
9KpPAaHHUPOBAHHBIM KYJIOHOBCKUM BBaHMOHCﬁCTBHeM

riae Ay - neGaeBCkuil paauyc SKpaHUPOBAHHUS

AS =T 1Ay €°.






