Jlexkuusa Nel4

I11a3MeHHBbIE BOJIHBI B TBEPAbLIX TEJaX

Ha npenpinymumx JeKIusx pacCMaTpUBAIMCH 3JIEMEHTapHbIE BO30YKIEHUS B
TBEPJBIX TEJAX, CBA3AHHBIE C KOJUIEKTUBHBIM JIBH)KEHHEM HEHUTPaJIbHBIX aTOMOB,
MOJIEKYJT WJIM TSKENbIX HMOHOB. KBaHTaMu 3THX 3JIEMEHTApHBIX BO30YKIIEHUN
ABJIAIOTCS  (DOHOHBI WM TOJSIPUTOHBI. PaccmoTpuMm Temeps BO30YXKIEHHUS,
CBSI3aHHBIE C KOJUIEKTMBHBIM JIBMDKEHUEM DSJIEKTPOHOB OTHOCUTEIBHO TS¥KEIbIX
MOHOB B TBEPAbIX Tellax. OJTU OJJIEMEHTapHble BO30YXXIEHUS OO0YCIOBJICHBI
KYJJOHOBCKMM B3aUMOJEHCTBHEM MEXKAY OJJIEKTPOHAMU U MOJIOKUTEIbHBIMU
noHaMH. VIM COOTBETCTBYIOT MPOJIOJBHBIE BOJIHBI, KOTOPBIE MOJIYYUIIM HA3BaHUE
IUIA3MEHHBIX BOJIH. KBaHThI MJIa3MEHHBIX BOJIH HA3bIBAIOT MJIA3MOHAMM.

[1na3menHbIe KONIEOaHMsI HE OYEHb BBICOKHMX YacCTOT BO3HHMKAIOT B MeTallIax
U TOJYNPOBOAHHUKAX, TO €CTh, B TBEPIBbIX TeJaX, UMEIOUINX CJIa00 CBSA3aHHBIE C
MOHAMHU  3JEKTPOHBI. B OCHOBHOM COCTOSSHUM  3JEKTPOHBI  HOJHOCTBIO
KOMITEHCHPYIOT IOJIOKUTEIbHBIM 3apsiJ MOHOB M Ka)KJas 3J€MEHTapHas sdeilka
Kpuctajia HeutpanbHa. IlycTs V, - cpenHee 4YHCIO IEKTPOHOB B EAVHHIIE

oO0bema Kpucrtaiajiaa, COOTBCTCTBYIOIICC TaKOMY HCﬁTpaHLHOMy COCTOSHMHIO.
OTkJIOHEHHUE YHCia OJICKTPOHOB V ot CPpECOHEro 3Ha4Y€HuA V, IPUBOAUT K

HapyImCcHUTIO HeﬁTpaJIbHOCTPI n IIOABJICHHUIO QJICKTPUICCKHX CHII,
BOCCTAaHABJIMBAONIUX PABHOBCCHUC. Tak BO3HUKAIOT KOJIcOAHUS IUIOTHOCTHU
SJICKTPOHOB OTHOCHUTCIIbHO CPCAHECTO 3HAUCHH VO .

B npocreiiiieit Teopun mia3MeHHBIX KOJIOaHUN B TBEPABIX TeJaxX, pa3BUTOU
bomom wu TIlaliHcoM ®w B psae TNOCIEAOBABIIMX pabOT JPYruX aBTOPOB,
MTOJIOKUTEIIBHBIE MOHBI TBEPAOTO TEJIa 3aMEHSAIOTCS OAHOPOIHO PACIPEACICHHBIM
MOJIOKUTENIBHBIM 3apsiIOM C IUIOTHOCTBIO, PABHOM CPEIHEN IUIOTHOCTH 3apsiaa
ANEKTPOHOB. Takasg MOAENb TBEPAOTO TEJIA HA3BIBACTCS MOAEJIbIO KeJie. BaneHTHe
AJEKTPOHBI U 3JIEKTPOHBI TPOBOJMMOCTH PACCMATPUBAKOTCS KaK JIEKTPOHHBIM a3,
pa3pekKEHUE U CKATUE KOTOPOrO0 OTHOCUTEIBHO CPEIHETO 3HAYEHUS] NPUBOIAT K
IPOJOJIbHBIM KOJeOaHusIM. [IMOTHOCTh 3JIEKTPOHOB B TBEPAOM TeJ€ MOPsIKA

10%cm™® B ommume ot Manoii mwiotHOCTH n1eKTporoB (~10“Cm™) B 06bIuHOI
ra3oBoi ia3me. [Ipu 6OIBIION TUIOTHOCTH 3JIEKTPOHOB KMHETUYECKAs YHEPTHS MX
«HYJIEBOTO JBM)KCHUS» 3HAYUTEIHHO MPEBBIMIAET SHEPTHUIO TEIUIOBOTO JBIIKCHUS,
MI03TOMY TIOCIIEIHEE MOYKHO HE MPUHUMATh BO BHUMaHUE.

PaccMoTpuM ITMHHOBOJHOBBIE IUIA3MEHHBIE KOJEOAHUS B HW30TPOITHOM
Kpucrasie. JIJis JIIMHHOBOTHOBBIX KOJIEOAHU AIEKTPOHBI MOYKHO pPacCMaTpUBAThH
KaK HEMpEephIBHYIO cpeny. V3MeHeHHe IUIOTHOCTA SJEKTPOHOB OTHOCHUTEIHHO
CpEIHEro 3Ha4eHUs V, MOKHO 3alMcaTh B BUJIE

V(r,t)=vy =vdivR(r,t), (1)
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rac R(r,t) BCKTOp MaJIOT0 CMCIICHHUA OJJICKTPOHHOI'O Tra3a M3 CBOCTO

HOPMAJIBHOTO TMOJIOKEHUS. Ecam € - €AMHUYHBIN MOJIOKHUTENbHBIA 3apsil, TO
VM3MEHEHHUE MNIOTHOCTH AJIEKTPUYECKOTO 3apsiaa JAeTCsl BBIPAKEHUEM

o =p(r,t)=p, =—ev divk (r,t). (2)

M3meHeHne IIIOTHOCTH JJIEKTPOHOB HapyllaeT HEUTpanbHOCTh. [losBnsercs
NMEKA4TPOCTATUUECKUI  MOTEHLHAI ¢(r,t), YAOBJIETBOPSIOIIANA  YPABHEHUIO

IlyaccoHna
Ap(rt)=—4mdp(r t) = 4rev,divR (r t). (3)

[loreHuuanbHast 3HEPrys, BO3HUKAIONIAS TPU CMEIICHUU OHIIEKTPOHOB, Oyjaer
CaraTbCs U3 U3MEHEHUS YIIPYTOU U 3JIEKTPOCTATUYECKON YJHEPTUN

u :% Jdr{y(divR)’ + g}, (4)

€ ) - MOIyJb YNPYTOCTH DJJIEKTPOHHOTO Ta3a 0e3 ydera 3apsgoB. Ml

paccMaTpuBaeM TOJBKO MPOJOJIbHBIE CMELIEHUs, TO ecTh, mojaraem [IOtR =0.
Ecniu m - macca snekTpoHa, TO KMHETHYECKas YHEPrusi CMEIEHUN AJIEKTPOHOB
paBHa

_m, :
-TOIdrRz. (5)

[Ipennonoxum, 4to Kpuctamn umeer Gopmy kyba co ctopoHoil L u obbemom
V=L,

Jlnst ynobcTBa BBEIeM LMKINYECKHE TPAHUYHbIE yCI0BUA. Toraa BOJTHOBBIE
byHKIIANA

W, (r) :%exp(ikr ), (6)

i€ KOMIIOHCHTHI kx HMCIOT 3HAUYCHHUA

27,
L ]

0o0pa3yloT TIOJIHYI0O OpPTOHOPMHUPOBaHHYIO cuctemy (QyHkui. Paznoxum
cMmenieHust R (r ,t) 10 3TOM CUCTEME OPTOHOPMHUPOBAHHBIX (DYHKIIHIMA



R(rt)= %Zkﬂ (t)e(k) explikr), @)

rae €(K) - eIMHUYHBIH BEKTOP HPOAOJLHOW MOJSPHU3ALMH, YIOBICTBOPSIOIIHNM
YCJIOBUSIM

ek)=e(-k), €(k)=1, k|ek).
3 yCJI10BUA BCIICCTBCHHOCTHN CMCH_ICHI/Iﬁ BBITCKACT paBCHCTBO
A=A,.

W3 (7) cnenyer, 4to
divR (r,t) =—= 3" A (t) (ke(k)) exp(ikr ). (8)
W3
Paznoxum nmoTeHmai no OpTOHOPMUPOBAHHOM cucTeme pyHKIwHit (6)

4(r 1) :%;@ (t) exp(ikr). ©)

W3 ypaBuenus [lyaccona (3) mpu yuere (8) moaydaem

4y,

¢0:O! ¢k = k2

(ke(k))A.,  k#0. (10)

[Tpu yuere (7)-(10)norenuunansHast sueprus (4) npeodpasyeTcst K BUAY
U =12{k2y+4ne2v§}AkAk. (11)
2%
KuneTnueckas SHeprusi oopeTaet BU/
W . .
K ZTOZAAK- (12)
K

W3 (11)m (12) cnexyeT ypaBHEHHUE TBUKCHUS

mvoA, +{K’y +4mevi} A = 0.



Ilonarasa

A =-af (K) A,

oJy4acM 3aKOH AUCIICPCHUHU IIJIa3MCHHBIX KoJIcOaHMI B 00J1aCTH MajIbIX 3HAYCHUM

Kk

aﬁ(k):wg+WLOk2, (13)
rac
W= eV
m

- KBa/IpaT NMJa3MeHHOH YaCTOTHI.
3ametum, uto nipu € — O snextpocraruueckue 3 (HEKThI HCUE3AIOT U

w(k)zk\/mz%:wac(k).

Takast 3aBHCHMOCTH COBMAJaeT C 3aKOHOM MIHMCIIEPCHU YaCTOTHI IS 3BYKOBBIX
BOJIH, pPAacClpOCTPAHSIOIIMXCS B Ta3e CO CKOpOCTBIO +/y/MV,. 3nadeHwue

JyImy, ~50Ccm feek, K. ~10fcm™. Tostomy @), ~5010%ek™. s
OILICHKHN BCJINYUHBI IUIa3MEHHOM  YacCTOTHI IpuMEeM BO BHHUMAHHUC, qyTO

Vo=10%cm™, m=900° n e=500"°CI'C3. Torma w,=2[10°ek™,
hw, =1256. CnenoBarenbho, @, > ., U AUCHEPCUs MIa3MEHHBIX BOJH OYEHb
mana. OtHocutenshoe nsmenenne (k) B mpezenax mepsoit 30Hb BpuiumooHa

menee 1073,
OO0OOIIEHHBII MMITYJIbC, CONPSDKEHHBIH KOJUICKTHBHOM TMepeMeHHOH A,

HAXOAUTCS MO O0IIEeMY MPaBUITY

P.= a(:—p;U) =My A, .

[Toatomy knaccuueckas (¢GyHKkuMs ['aMUIbTOHA TIA3MEHHBIX — KOJeOaHMUIA,
BbIpaKaIoOMIasicss 4yepe3 000OIIEHHbIE KOOPAMHATHI M HMITYJIbCHI, OINpeneseTcs
BBIPAKEHUEM:



5

H(p,A):mViZk:PkP_k+mvozk:a)2(k)AkAk. (14)
0

[lepexonm k omepatopy [amMuiIbTOHA B TPEACTABICHUM YHCET 3aIlOJTHCHUS
TUTa3MOHOB ocytiectBisieTcs: B (14) mpeobpa3oBanrneM

A<_,A(: L(

2myge(k ) e ) ’ (15)

7\9»

=

PP :i\/zha)(k)mvo (& -4a.),

rie 8, u @, - 6O3eBCKHME ONMEPaTOphl POXKIEHHUSA M YHHUTOXKEHHS IUIA3MOHOB C
BOJIHOBBIM BekTOpoM K . Takum 0Gpazom, moryanm

H :Zhw(k)(é;ék +%) (16)

CranuoHapHbIe COCTOSIHUS KPUCTAIa U300paXKatoTCs (PyHKIMSAMH OT YUCEIl
3all0JHEHMS IU1a3MOHOB N, . BakyyMHOe cocTosiHME XapaKTepusyeTcs BEKTOPOM

‘O> . B aTOoM cocTosiHumM HYJICBas ODOHEPTIUA IIJIa3MOHOB

(0]A \o>:%;hw(k).

KBaapat aMIimuTy 1l HyJI€BbIX KOJIEOAHUHN ONpEEsieTCs] BRIPaKEHUEM

~ A _ 7 _
<O‘A<A-k‘0> - ZWOCU(k) - XOk'



