Jexknusa Nel2

@®OHOHBI B MOHHBIX KpUCTaJlj1ax

BOABIMHCTBO MUAIEKTPUKOB OTHOCSITCS K MOHHBIM KpucTaiam. B Takmx
KpUCTAJUTaX KYJOHOBCKAas SHEPIHs UTPaeT TIABHYIO POJIb BO B3aWMOJCHCTBUU
WOHOB Ha OOJBIIUX paccTOosSHUAX. Ha ManpIx paccTosHUsAX HaOIomaeTces
OKCIIOHEHIINAJIBLHO BO3pPACTAIOIIECe OTTAJIKHWBAaHHUE, OOYCIIOBIICHHOE OOMEHHBIM
B3aMMOJICCTBUEM 3aMKHYTBIX JJCKTPOHHBIX 000j04Yek aTtoma. CymMapHBIN
DIICKTPUYCCKUIN 3aps] KaKIO0M SUYCHKM KpucTala paBeH HyJ0. OTKIOHECHHE
WOHOB OT PaBHOBECHS, COOTBETCTBYIOIIICTO MHHHUMYMY IOTCHIIUAILHON SHEPTHH,
MPUBOJNT K TOSBIICHUIO YIIPYTHX M JJICKTPUYECKHX KOJICOAHWH, BO3BPAIIAFOIINX
WX B TOJIO)KCHHE PABHOBECHSI.

[Ipu NITUHHOBOJIHOBBIX AKYCTUYECKHMX KOJICOAHUSX WOHBI, BXOSIINE B
COCTaB OJHOM 3JIEMEHTAPHOM SYEHKH, CMEIIAIOTCS OJUHAKOBO, €€ JIEKTPUYECKAS
HEUTPAIIBHOCTh HE HAPYIIAETCS, U B KOJCOAHMSIX YYACTBYIOT TOJIBKO YIIPYyTHE
cuibl. [ToaToMy akycTrueckue Koyie0aHuss B MOHHBIX KPUCTAJIAX CYIIECTBEHHO HE
OTJIMYAIOTCS OT TAaKOBBIX B KOBAJICHTHBIX KpucTawiax. OIHAKO ONTHYECKUE
KoJeOaHus, CBSI3aHHBIE C OTHOCHUTEIBHBIM TIEPEMENICHHEM DJIEKTPUUYCCKU
3apsUKEHHBIX HOHOB, 00J1a1a10T PSIZIOM OCOOSHHOCTEH.

PaccmMoTpuM IS TIPOCTOTHI  KPHCTAUIBI  KYOMYECKOHM  CHHTOHUH,
coJepkaliye 10 JBa WOHA B JJIEMEHTapHOW sdekike. K TakuM Kpucramiam
otnocsatcess NaCl, CsCl, ZnS u ap. Byaem uccnenoBath TOJNBKO JIMHHOBOJIHOBBIC

ka1 aJieMeHTapHble BO30YXKIeHUs. OTHOCUTEIBHO TaKuX BO30YKICHUN
KpUCTAJUIBI ~ KyOWYecKOM  CHHTOHMM  u30TpomHbl. llpu  wccrnemoBanuu
JUIMHHOBOJIHOBBIX ~ BO30YXKJCHUH KPUCTAII MOXHO  paccMaTpuBaTh  Kak
U30TPONHYI0 CpEly U HCIOJb30BaTh MAaKpPOCKOMMWYECKOe omnucaHue. Takas
MaKpPOCKOIUYECKasi TeOprsl JITMHHOBOJHOBBIX ONTHYECKHX KOJeOaHUN B MOHHBIX
KpUCTaJlIax Oblia pa3BuTa BrepBble XyaHoMm KyHem.

OnTuueckne IMHHOBOJIHOBBIE KOJEOAHMS B HMOHHBIX KpHUCTalLIaXx,
coJiepXalux Mo JBa HOHA B 3JIEMEHTAPHOU sUeiike, COOTBETCTBYIOT CMEUIEHUSIM
R, - R_ pemerok nonoxurensHbIX HOHOB OTHOCUTENHEHO OTPULIATENLHBIX. Takoe
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Torza IWIOTHOCTh KMHETHYECKOH sHeprun K OTHOCHTENBHOrO IBMKEHHS HOHOB
naetcs popmymnoun
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B HOHHBIX KpuCTaulax HapsAay C YOPYTHMH CHJIAMH F= _ngt :

IPONOPIMOHATIBHBIMU CMEILEHUSAM, UIPAIOT CYLIECTBEHHYIO POJIb 3JIEKTPUUYECKHE
JANbHOJICHCTBYIOIME B3aUMOACUCTBUSL MeXAy HoHaMu. CMEIEHHS HOHOB U3
PAaBHOBECHBIX MOJIOKEHUH CO3JAI0T AIEKTPUYECKYIO MOJISPU3ALNI0, MOCIEIHSA
BBI3BIBAET MOSBJIICHHE II0JIA, KOTOPOE, B CBOK OYEpPENb, B3aUMOJECHCTBYET C
voHaMu. Y enbHas nonspusanus P obyciopineHa kak cMelleHHEM HOHOB, TaK U
BHYTPEHHEH MOJIsipU3anneil HOHOB (CMEIIECHHE YJICKTPOHOB OTHOCHTENBHO SIACp 3a
CYET TOPOXKIECHHOTO AJIEKTPHUYEcKOro moirst). [loaTomy B 00memM BUIE MOKHO
Hanucarhb

P=y.f+y,E, (4)

e )i, u )o, - MapaMerphl, KOTOpblE Hamu OyIyT BBIDAXKEHBI B TEPMUHAX

HCTIOCPCACTBCHHO HU3MCPACMBIX BCJIMYMH. [InoTHOCTE TOTEHLMAIBLHOU OHCPIruu,
CBs3aHHasi C nompmauneﬁ, 6y,Z[CT OIPEACIIITECA BBIPAXKCHUCM.
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CKJ'I&,Z[I)IBa}I MNOTCHUOUAJIBHBIC OHCPIruu YIPYIrux KOJICOAHUH W I[moJsIpru3alunu,
IMOJIy4ruM
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Yactb ynenpHOM mMOJSpU3alUK, OOYCIOBJIEHHAs TOJIbKO BHYTpPEHHEH
noJisipu3alieil HOHOB, paBHA!
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C apyroii CTOPOHBI, ATY K€ BETUYHHY MOKHO OMPENEIUTh (POopMynon
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qepe3 JUIJICKTPUICCKYIO MPOHUITAEMOCTh KpUCTAJLIa goo IIpH 4aCcTOTax, MCHbIINX

4acTOT COOCTBEHHBIX KOJEOAHHWU JIIEKTPOHOB B HOHE, HO OOJBIIMX YaCTOT
kosie0anuit noHOB. CpaBHMBAS J1BA MOCIEAHUX BBIPAKECHHUSI, TOTyUUM
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JIs1  OIIPCACIICHUA nmapamMeTpa npuMeM BO BHHMAHHEC, 4YTO B
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CTaTHYCCKOM II0JI€ EO HOHBI CMCIIAIOTCA HAa BCIMYHUHY
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[Ipu aTOM, cornacHo (4), BOSHHUKAET yeNbHAs OJISPU3ALIHSI PO
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CpaBHHBasi 3TO 3HAYEHHWE C YJAEJIbHON NOJSIPU3ALMEN, BBIPAXKEHHOW Yepe3

AUIBJICKTPHUICCKYHO IMMOJIAPU3YCMOCTD B CTATMOHAPHOM 3JICKTPUICCKOM I10JIC
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C y4€TOM HaWJICHHOTO BBIPAXEHUS TS )5y MOTYUUM
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UccnenyeM coOCTBEHHBIE AJIMHHOBOJHOBBIE ONTHYECKUE KOJIEOAHUSI HOHOB
(ro ecth, kojeOaHus O3 BHEIIHMX CHII), COOTBETCTBYIOLIHE OIPEACICHHOMY

3HAYEHMIO BOJNHOBOTO BekTopa K mpm ycimoBuu ka1l B M30TPONIHOMN Cpene
Takue KonebaHus noapasaensiorca Ha npogonsusie ¢ ||K u monepeunsie & LK .
Ecnu He yunThIBaTh 3ana3/IbIBaHUs B3AaUMOJEHCTBHSI, IEPEHOCUMOTO MTONEPEUHBIM
anexTpuyeckumM nojieM E, To npu nonepeunsix konebanusax E; =0 u ypasnenue
JBH>KEHUS

E+Q% =0, &=&0e . Q.=0. (10)

Taxum oGpasom, yactota )i cOOCTBEHHBIX TOMEPEdHBIX KoNnebanuii uoHoB (6e3

ydeTa 3ara3/bIBaloIlero B3aWMOJICHCTBHS) OINPENEISIeTCs TOJIBKO YIPYTUMH
CUJIaMH.
JI1s1 IPOONBHBIX KONEGAHMIT HOHOB BEKTOPHI &, PI U EI napajuieiabHbl U

ypaBHeHus (4) u (7) NpUHUMAIOT BUI:

P =V.é +v.E . (11)
& =—Q% +y,E,.

Cpeansisi IIIOTHOCTh AJIEKTPUUECKUX 3aps/IOB B KPUCTAJIE paBHA HYJIIO, TO3TOMY

diV(E+4ﬂP) =0. ns npomombHBIX COCTABIAIOIIMX U3 3TOTO PaBEHCTBA

ciaeayer
E, +47P, =0. (12)

C nomoripio (11) u (12) MOXKHO HMCKIIIOYUTh M3 YPAaBHEHUS JABHKCHHS BEINYMHBI
E, u B, B pesynsrare dero monyunm

§+QfE =0, §=0™

rac

Ay’ &
2=02 12 =002
Q7 =07+ 7= Q: (13)

- KBaJpaT 4aCTOThI IIPOAOJIBHBIX KOJICOaHHIA.
Takum 06pa30M, HaCTOThbl AJIMHHOBOJIHOBBIX ITPOAOJIBHBIX M ITOIICPCYHBIX
KOJICOAHUII HOHOB CBS3aHBI ITPOCTBIM COOTHOIICHHUEM
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B Ta6n1/1ue IMPUBCIACHBI 3HAYCHUA Qt’ 50 H &, 4 HCKOTOPBIX HOHHBIX

KPUCTAJLJIOB
Kpucraimn Q,, 1083, cex 1 &, £,
NaCl 3,09 5,62 2,25
KCI 2,67 4,68 2,13
TICI 1,61 31,9 5,10
ZnS 571 8,3 5,07

PaccmoTpuM Temnepb BBIHY)XIEHHbIE KOJl€OaHMs HOHOB KpUCTA/UIa IIOJ
neficteuem BHemHero nonepeunoro nons E(t) = E,(0) exp(—lat) 3ajaHHON

9acTOThl . B 3TOM citydae ypaBHeHHE NBWOKCHHS (7) TPUHUMACT BUJI;
. pe_
¢ +Q%¢ =yE 1) (15)
[TosoxuB f = 50 exp(—i 01) , TTOJTy4aeM pellIeHue JIJIsl BBIHYKJEHHBIX KOJeOaHui
£0= 5227 Eul). (16)

Temepp ¢ mnomompo (4) MOXHO ONPEACTUTh YIACIBHYIO IOJISIPU3AIMIO,
BO3HMKAIONIYIO B KPUCTAILIE TI0]] BausiHueM BHemmHero nons E(t):
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JIpyroii CTOpPOHBI, yJeJbHAs MHOJISIPU3YEMOCTb ONPEAEISIETCS AUAIEKTPUUYECKOU
MIPOHULIAEMOCTBIO £ (a)) B COOTBETCTBUU C COOTHOLIEHUEM

Pu(t) =—7— ( ) E.(1).

CpaBHuBas IBa TOCJIEIHUX BBIPAXKEHUSI, ONIpeeuM & (a))




£(w)=e, +—(;°2 __‘i}) Q2 = g“g()?'_;f) . (18)

M3 3TOr0 BBIpAKEHUSA CIELYET, YTO HYJb JUIIEKTPUYECKOM IPOHULAEMOCTH
COOTBETCTBYET COOCTBEHHBIM YacTOTaM IMPOJOJbHBIX KOJEOaHUM, a MOJC -
4acTOTaM MOIMEPEUHBIX KOIeOaHmil.

JlusnexkTpuyeckas IPOHULAEMOCTh C ITIOMOLIBIO ypaBHEHMM Makcsemna
ONPENESIET 3aKOH IMPOXOXKIACHUS AJIEKTPOMArHUTHBIX BOJH 3aJaHHOM YacCTOTBI
yepes KpucTaul. B kpucrasie rmiockas BojHa 4acTOThl GV NOJKHA UMETh BUJ

E,(r.t)=E, exp[i (kr - cd)} ,

rac BOJIHOBOM BCKTOp k 3aBHUCUT OT 94aCTOTHI B COOTBCTCTBHUU C PABCHCTBOM
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Ionaras K = kl +1 k2 Y BBOJISI TIOKA3aTeNb MPEIOMIICHUS n(a)) U Kod(ppumeHt

norjonieHust K (a)) C IOMOILBIO COOTHOILICHUSA

(k1+ik2)2 :%(nﬂk)z,

[Tonyunm
n“-k*=¢(w), nk =0.

CnenoBarenbHo, nipu &€ (a))>0 u K=0 n(a))= E (a)), MIO3TOMY IUIOCKAst

BOJIHA paCHPOCTpaHﬂeTCﬂ C BCILICCTBCHHBIM BOJIHOBBIM BeKTOPOM
k()= fe(@). Ky (w)=o.

IIpu & (a))<0 n=0, K (a)) =\ & (a)) IUIOCKAsT BOJIHA PACHPOCTPAHSAECTCA C

MHHMBIM BOJIHOBBIM BECKTOPOM

() =2\ (@) k(e)=0

TO €CTh, B 00JlacTU 4YacToT (J, MPU KOTOPBIX & (a))<0, Ipu MPOXOXKIECHUU

BJICKTPOMaFHHTHOP’I BOJIHBI B KpPHUCTAJUIC €C aMIUIMTyda OSKCIHOHCHIUAJIIBHO
YMCHBIIACTCA.



