Jexkuiag Nel?

@oHOHM B iIOHHUX KPHUCTAJAX

Mu poci 3 Bam# po3risigand (OHOHHM B KpHUCTajaxX Ha MPHUKIaIl JOCUTh MPOCTUX
MoJIesIel THX KPUCTaliB. AJie sICHO, 1[0 Ha BJACTUBOCTI (DOHOHIB CYTTEBO MOBUHEH
BIUIMBATH BHUJ UM THIl KPUCTAJTIB 3 X 0COOIMBUMH, MPUTAMAHHUMHU JI1 KOKHOTO
TUITY, BIACTUBOCTSIMH. Y 3B’SI3KYy 3 IIUM BapTO KOPOTKO HaraiaTu Kiacu]ikaiiiio

KPUCTAJIYHUX CTPYKTYP, MOKIIUBUX JJIS PI3HUX TBEPAUX TiJI.

Bikinenis. Knacudgikauia kpucranis

VY ¢i3ulil TBEpAOro TiJIa 3a MEPEBAKHUM THUIIOM XIMIYHOTO 3B’ 13Ky MPUHHATA TaKa
kiacudikailisi KpUCTaNTIB !

—wmetanigni (Na, Al, Cu, Ag, Zn, Fea in.);

—ionni (NaCl, MgO, LiFra in.);

—xoBayientHi (C, Sita iH.);

— MOJIEKYJISIpHi (KpucTamy 0araTb0X OpraHiYHUX PEUOBHH).

MertasmiyHi KpHCTaJdM  XapaKTepU3YIOThCA  CHEUU(DIYHOIO  E€JIEKTPOHHOIO

CTPYKTYPOIO, BUCOKOIO €JIEKTPO- 1 TETIOMPOBIAHICTIO.

HonHi KpHcTanum B CTPYKTYPHOMY BiIHOIICHHi SIBISIOTH COOOIO HMO3UTHBHI if
HEraTWBHI WOHHM, WI0 TMpPaBWIbHO 4epryiorbcs. Cuiam nOpuTsAraHHs 1
BIINITOBXYBaHHS MK HOHAMM BHM3HA4YalOTh CTaH PIBHOBArW 1 XapakTepHi s
KOKHOT'O KPUCTaly MixkitoHHi BincTani. MoHHI kpucTanm y GilbIIOCTi BUIAIKIB €
JeNeKTpUKaMH, HEe3HayHa eJEeKTPOIPOBIAHICTh SKUX OOyMOBIEHA AU(PY3HUM
NepeMillleHHsIM  HOHiB. VOHHMII 3B'S30K yTBOPIOETbCS 3aBIAKH  IEPEXOJY
€JIEKTPOHIB BiJ OJHIE] XIMIYHOI CKJIAJOBOI KpUCTajla A0 1HIIOL. Y XIMIYHHX
CHIOJTyKaX MKl aTOMH TparHyTh 3aXOMUTH E€JIEKTPOHH Ta YTBOPUTH HETATHBHI
HOHHM, TO/I SIK 1HIIII ATOMH BTPAYarOTh €JICKTPOHH 1 CTAIOTh MMO3UTUBHUMHU HOHAMHU.

VY HaBeneHOMY psIy €JIEMEHTH pO3TallloBaHI TaKUM YHHOM, IO B XIMIYHHUX



CIIOJIYKax aTOMH, IO CTOATH 3J'IiBa, BiI[I[aIOTB CJICKTPOHM aTroMaM, IO CTOATb

copasa: Li, Rb, K, Ca, Na, Al, Zn, Cd, Sn, H, Cu, Hg, B, F.

KoBaJjieHTHI KpHCTaJM TMpeICTaBICHI CHOJYKaMH, XIMIYHI 3B’SI3KHM Yy SKHX
OOyMOBIIOIOTh CHapeHi eNneKkTpoHH. Taki Kpucranu MOXKHA 3HAWTH cepen
OpTraHiYHUX CIIOJIYK, HAMIBOPOBIAHUKIB 1 JIEJEKTPUKIB, Y pe3yiabTaTi dYoro

eJIEKTPONPOBIAHICTh KOBAJICHTHUX KPUCTAJIB 3MIHIOETHCS B IIUPOKOMY 1alla30Hi.

MoJiekyJIsIpHi KPHCTaJIM YTBOPIOIOTBCS Yy THUX e€JeMeHTax a0o CHosiyKax, s
AKUX EJEKTPOHHI MEPEeXoJud MK aToMaMu JOMYCTUMI Yy MajoMy CTYIEHI.
MornekynsipHuid 3B’ 130K XapaKTEepHHUM A OJaropoJHUX Ta3iB, BOJHIO, KHCHIO,
METaHy Ta IHIIMX HACHUYEHUX MOJIEKYJ] BYIJIEBOAHIB Yy TBEPJAOMY CTaHI.

MonekyasspHUM KpUcCTajgaM MPUTaMaHH1 BIACTUBOCTI 130JITOPIB.

JIJIsi TIOBHOTH KapTHHM CJIiJ] HAragaTHd MPO OKPEMUN BHUJl KPUCTATIB, IO
MOXYTh ()OPMYBATUCS HE B TBEPJAOMY T1JIi, a B PEUOBHHAX, SIKI MO>KHA BIJIHECTH J10

KOH/JICHCOBAaHUX CEPEIOBUIII, CKOPIIIIE, 10 PiIUH - PiAKI KPUCTAJIN.

BinMiHHOCTI THMIB KpHUCTaliB OOYMOBJIEHI PI3HUMHU 3B SI3KAMH  MIX
eneMeHTaMu Kpucrany. Enekrpocratmunuii (HOHHWEH) TN 3B'S3Ky B HOHHUX
KpucTanax (XJOPHCTHH HATpiil), KOBAJICHTHHHA 3B'SI30K Yy BEJIMKOI TPYIH
KPUCTAJIIB, KU 3A1MCHIOETHCS CIApEHUMH €JEeKTPOHAMU BYTJIEHEBUX AaTOMIB
(anma3), cunm Ban-aep-Baasbca, XxapakTepHi Uit KpUCTaIIiB OJIarOpOHUX Ta3iB i
OpraHiYHUX CHOJYK (Hamp., KPUCTATIYHUN aproH), 1 MeTaJlYHHH 3B 530K, IO

3MIACHIOETBCS CIIEKTPOHHUM ra30M (KPUCTAJIA METAIIB).

binbmiicTe i€NEKTPUKIB BIMHOCATHCS N0 10HHUX KPHUCTATIB. Y TaKuX
KpUCTaJIaX KYJOHIBChbKA €HEPTis BiAIrpae OCHOBHY POJIb Y B3a€MO/Ili 10HIB Ha
BEIUKHUX BiACTaHsIX. Ha Mamux BIACTaHSAX CIOCTEPITAETHCS EKCIOHEHINHO
3pOCTaroue BIAIITOBXYBaHHS, 3yMOBIEHE OOMIHHOIO B3a€EMOJIEI0 3aMKHEHHUX
CIIEKTPOHHUX 000JI0HOK aroma. CyMapHUU ENEeKTPUYHUN 3apsll KOXKHOI KOMIpKH

KPUCTAIly OPIBHIOE HYNIIO. BiIXUIeHHS 10HIB BiJl pIBHOBAYKHOTO MOJOXKEHHS, 110



BIJINOBIIa€ MIHIMyMY MOTEHIIAIIbHOI €Heprii, MPU3BOAUTH 10 TOSABH MPY>KHUX Ta

EJIEKTPUYHHUX KOJHMBaHb, 10 MOBEPTAIOTh 10HU JI0 CTaHy PIBHOBArH.

3a JOBTOXBWJIBOBHX aKyCTHYHHMX KOJWBAaHb 10HH, IO BXOMSTH JO CKJIAIy
OJTHOI €JIEMEHTAPHOI KOMIPKH, 3MIIIYIOTHCS OJJHAKOBO, €ICKTPUYHA HEUTPATIHHICTh
KOMIPKH HE TOPYIIYETHCS, 1 B KOJWUBAHHAX MPUUMAIOTh y4acTh TUIbKH MPYXKHI
cumi. OTxe, aKyCTWYHI KOJHMBAaHHA B 10HHMX KPHUCTaJIaxX CYTTEBO HE
BIJIPI3HSAIOTHCS BlJ TAKUX y KOBaJEHTHUX KpucTayiax. OHaK ONTHYHI KOJIMBAHHS,
MOB’s13aH1 3 BIJHOCHUM IIEPEMINICHHSAM €JIEKTPUYHO 3apsKEHHX 10HIB, MalOTh

HU3KY 0COOJIMBOCTEH.



PosrnsHeMo A mpoCcTOTH KpUCTaIl KyOiYHOI CHHTOHI{, 110 MICTSITh MO JBa

ioHM B ejeMeHTapHii komipii. Jlo Takux kpuctanmis BigHocatbes NaCl, CsCl, ZnS

Ta 1H. bymemo nocmimpkyBaTu TUIBKH JTOBIOXBHJIbOBI ka1 eJIeMEHTapHI1
30y/keHHS. BigHOCHO TakMX KOJHMBaHb KpHUCTadd KyOiyHOI CHHIOHII €
i3oTpormtHMH. OTXe, MPU JOCTIKCHHIX JOBTOXBUIBOBUX 30YIKCHB KPHCTAI
MOKHa  pO3IJIsifaTH  SIK  130TPOMHE  CEpPEAOBHINE 1  BHKOPUCTOBYBATU
MaKpOCKOIIYHUHN onuc. Taky MaKpOCKOIIYHY TEOPit0 JOBTOXBHUJIHOBUX ONTHYHHX
KOJIMBaHb B I0HHUX KpPUCTaIax OyJja po3BUHYTO BIiepiie XyaHoM KyHew.

OnTuyHi JOBrOXBUJIHOBI KOJIMBAHHS B I0HHMX KPHCTAJIaX, 110 MAlOTh 10 JIBa
PI3HOMMEHHO 3apsKEH1 10HU B €JIEeMEHTapHINA KOMIPII, BIAMOBIIAIOTH 3MIIIIEHHSIM

R+ -R_ PENITOK MO3WTUBHHUX 10HIB BIJIHOCHO HETaTHMBHUX. Takui BIAHOCHHIA

ﬁ. Sxmo V
m, +m,

€JIEMEHTapHO1 KOMIPKH, TO ,0 =m/v - TYCTUHA MPUBEJICHOI MacHu. YBEAEMO nai

pyX XapaKTepU3YEThCSl MPUBEICHOI Macow M= - 00'eM

BEKTOP 3MIIICHHS

—> —>

A=R+_R. .
¢ —\/ﬁ (1)

Toni ryctuHa KinetndHoi eHeprii K BimHOCHOTO pyXy i0HIB 1aeThest hOPMYIIO0

K=%?, 2)



a TYCTHHA IMOTEHIIIaJbHOI €HEepril MPYXHUX CHJI BU3HAYAETHCS BUPA30M (IHBHCH

MaTepialii MOMEPETHIX JISKIIii)
I P
U, —§Q2£ , 3)

B iOHHHX KpHCTanax MOpPSA i3 IPYXHAMH cwiamd I :—sz , 1110

MPOTOPIIMHI 3MIIIEHHSAM, BIJITPAlOTh CYTTEBY POJIb EJICKTPUYHI JAJICKOCSKHI
B3a€MOJII MDK 10HAMHU. 3MIIIEHHS 10HIB 13 PIBHOB&XHUX CTaHIB CTBOPIOIOTH
eNIEKTPUYHY MOJSAPU3aLil0, OCTAHHS BHUKJIMKAE TOSBY IOJA, SKE, Y CBOIO 4epry,
B3aeMoie 3 ionamu. [Tutoma nonspusauis P 3ymoBnena sk smilieHHsAM i0HiB, Tak
1 BHYTPIIIHBOIO TOJSIPHU3AIEI0 10HIB (3MIMIEHHS €JIEKTPOHIB BiTHOCHO sijep 3a
PaxyHOK TIOPOJDKEHOTO €JEKTPHUYHOTO TOJsl). 3aBISIKH IIbOMY B 3arajlbHOMY

BI/IFJ'IHI[i MOJXHa HalmucaTtu

P=yé+ykE, (4)

ne )j w ), - napamerpu, sKi Jani Hamu OyIoyTh BHP&KEHI B TEpMIHAX

BUMIPIOBaHUX (DI3UYHUX XapaKTepUCTHK. ['ycTHMHA TOTEHIIAJIBHOI EHEpTii,

OB’ si3aHa 3 MOJsIpU3aIli€to, Oy/1e BU3HAYATUCS BUPA3OM:

E
Up:—lPdE:— HEE+ 1 E? (5)

OCKiJILKI/I, JK MH 3HA€EMO 3 CJ'ICKTpOI[I/IHaMiKI/I, IIOBMHHC BHUKOHYBATHUCDH

CITIBBIIHOIIICHHS

dUp:—PdE.

Ckrnagarouy NMOTEHIAIbHI €Heprii MPY>KHUX KOJIMBAHb 1 MOJISIpU3aIlii, OTpUMa€EMO:
~1 282 2
U =5(Q%¢?-yee-re) ©

I3 (2)1 (6) 3 ypaxyBaHHSIM Ti€i 00CTaBUHH, 11O TYCTHHA JIarPaHKiaHy €

L=K-U,



a TakoX, 0 PpiBHSAHHS Jlarpamka oTpUMYIOThCS 13 JarpaHkKiaHy y BiIMOBIIHOCTI
3 BUPa30M:

d(oL) oL _

| 0¢ | 52 =°

BUTIKA€ PIBHSHHS JIJIS 3MIIECHHS &

¢ =-Q% +yE. ™

YactuHa mNUTOMOI moOJspu3alii, 3yMOBJEHa TUIBKH BHYTPIIIHBOIO

MOJISIPU3AIIIEIO 10HIB, BU3HAYAETHCSA (POPMYJIOLO:
P, =),E.

3 iHIIIOT CTOPOHH, ITIO K BEJIMUYMHY MOKHA BU3HAYUTH (POPMYIIOI0

_&n 1

Pe 4rr

E

yepe3 JIeIEeKTPUYHY MPOHUKHICTh KpUcTally &, 3a 4acTOT, MEHUIMX 3a 4acTOTU

BJIACHUX KOJIMBaHb €JIEKTPOHIB B 10HI, aji¢ OUIBIIMX 3a YACTOTH KOJIMBaHb 10HIB.

[TopiBHIOOUM J1Ba OCTaHHIX BUpPa3H, 3100yaeMO

g, -1

1z T (8)

Jlns Bu3HA4YEHHS mapameTpa ) mnpuiiMemo N0 ysaru, mo 3rigHo (7) B

CTaTUYHOMY fo =0 nomi EO 10HU 3MIIIYIOTHCS Ha BEJTUYUHY

& =WE 1 Q%

[Tpu upoMy, y BiamoBigHOCTI 3 (4), BHHUKAE MUTOMA MOJISPU3ALIis PO



[lopiBHIOIOYHM 1I€ 3HAYEHHS 3 MHUTOMOIO TMOJSIPU3AIIEI0, BHPAXKECHY depes
J1EJIEKTPUYHY TTOJISPU30BaHICTh Y CTAIllIOHAPHOMY TTOJTI

& -1
Po=—2m E,.

3 ypaxyBaHHsAM 3HaliieHoro Bupasy (8) nist ), 3m00ynemo

}/1=Q\/(£0—£oo)/4ﬂ. (9)

JlocaiiuMo Terep BJIAacHI JOBrOXBHJILOBI ONTHYHI KOJMBaHHS i0HIB (TOOTO,
TI KonMBaHHSA O€3 3OBHINIHIX CWJI, SIKi, BJIacHEe, TUIBKA ¥ MOXYTb
PO3MOBCIOJKYBATHCS B CUCTEMI, SKUMH O MPUYMHAMY BOHU BUKIIMKaHI HE Oyiu!)

IO Bi/IIOBINAIOTH IIGBHOMY 3HAYCHHIO XBHIBOBOrO BekTopy K 3a ymoBH

ka1, Ile, BmacHe, 1 € yMOBa <«IOBrOXBHUJIBOBOCTI» KOJHMBaHb, OCKLUIBKH,

MIPUTATAEMO,

_ 21T
A ]
e /] - JIOBXKMHA XBHWJ1 3 XBWJIBOBUM BEKTOPOM k. Ormxe, cHiBBIIHOIIECHHS

ka <1 mosxna sarmcarw it y HACTYITHOMY BUTJISII

27T%l <1,

3BIIKM W BUTIKAE, 10 JOBXKWHA XBWJII Mae OyTh Habarato OUIBIION 3a CTary

MIPSIMOT I'PATKH.
B i30TpOIHOMY CepeIoBHII| TaKi KOJTMBAHHA HinsAThcs Ha mosnosxkHi ¢ || K

W momnepeyHi f Ok . Sxmo wue BpaxOBYBaTHU 3alli3HEHHS B3a€MOJli, IO



MNEPEHOCUTHCA TIONCPCYHHUM CICKTPUYIHHUM II0JICM Et’ TO IIPpHU TIOINCPCUHUX
KOJIMBAHHAX MOKHa HCXTYBATHU IOINCPCHHHM CICKTPHUYHHM II0JICM, Et :0, |

pIBHSIHHS pyXy HaOyBalOTh BUTIISTY:

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

Takum uuHOM, uactota ), BIAacCHMX MONEPEYHMX KOJMBAaHL iOHIB (6€3
ypaxyBaHHS 3aIi3H1J101 B3a€EMO/Ii1) BU3HAYAETHCS TUTBKH MPY>KHAUMHU CHUIIAMHU.

JIJ1s1 O3/10BXKHIX KOJIUBaHb ioHIB & | PI u EI napasenbHi, 1 piBHHHSA (4) Ta

(7) mpuitmMaroTh BUTJIS;

P =yé +rkE., (11)

Y
¢ =-Q% +yE.
CepenHs TyCTHHA EJNEKTPUYHHUX 3apsi/iiB y KpPUCTall JOPIBHIOE HYIIO, TOMY

diV( E+ 477P) =0. JI1st TO3/T0BXKHIX CKJIQJIOBHX 13 111€1 pIBHOCT1 BUTIKAE

E, +4nP, =0. (12)

3a moromoroto (11)i (12) MokHA BUKITIOUHTH PIBHSIHHS PYXY BEITUYNHU EI iP,

B PE3YJIbTATI YOTO OTPUMAEMO

§+0 =0, §=40"

ac

2
QF=Qf+ 413 =02 (13)

- KBaJpaT 4aCTOTHU HOBI[OB)KHiX KOJINBAHb.
Takum YWMHOM, 4YaCTOTH JOBIrOXBHJIBOBUX HOBI[OB)KHiX 1 IMOTICPCUHUX

KOJIMBaHb OB’ 13aH1 MPOCTUM CITIBBITHOIICHHSIM
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V Tabnuni Hapeneno 3nauenns (;, £ 1€, M NeAKUX IOHHUX KPUCTAIIIB

(14)

Kpucran Q,, 103, 1 & £,
NaCl 3,09 5,62 2,25
KCI 2,67 4,68 2,13
TICI 1,61 31,9 5,10
nS 5,71 8,3 5,07

PosrnsHemo Temep BHMYIIEHI KOJMBAHHS 10HIB KPHUCTANy MiA JI€IO

soBHimHROr0 momepeunoro mons E(t) =E,(0) exp(—iwt) 3aJ]aH0l 4acTOTH

. Y 1bOMY BUTIAJIKY PIBHAHHS pyXy (7) mpuitmMae BUTIIS;

E+Q2E=yE(t). (15)

[Toxnagarouun f :foexp(—iai), 3100yBa€EMO PO3B’SI30K 1IOTO PIBHSHHS IS

BUMYIICHUX KOJINBAHb

$p= w= w(t) (16)

Temnep 3a gonomororo (4) MoXKHA BU3HAYUTH MUTOMY TOJISIPH3AIIIO, [0 BHHUKAE B

KpucTai mia BrmmBoM 3oBHimHboro mons E (1)
Polt) =] 12+ 522 [Eult). @7)

3 iHmoro ©OOKy, THATOMa TEIJIOEMHICTh BHU3HAYAETHCS  JICICKTPUIHOIO

MPOHUKHICTIO & (a)) y BIATIOBIHOCTI 13 CIiBBITHOIIICHHSIM:



=" o)

[TopiBHIOIOUM JIBa OCTAaHHIX BUPa3H, BUBHAUUMO & (w) :
2 _
£, —gw)QZ &, (Q, af)

5(&)):80°+(Qt2_a)2 C= Qtz—a)z

(18)

I3 1mporo BUpazy BUTIKAE, MO0 HYJIb IEJICKTPUYHOI MPOHUKHOCTI BIAIOBIIAE
BJJACHUM YacTOTaM II03JI0BXKHIX KOJIMBaHb, a IOJIOC - YacTOTaM ITOMEPEYHHMX
KOJIMBAaHb.

JlieeKTpudHa MPOHMKHICTH 4epe3 piBHAHHA MakcBeiia BH3HAYA€ 3aKOH
MIPOXO/KEHHS EJEKTPOMArHITHUX XBWJIb 3aJaHOI YacTOTH 4Yepe3 Kpucrai. Y

KpI/ICTaJ'Ii IUIOCKA XBUJISL YaCTOTU (J MOBUHHA MAaTH BUTJIS;

E,(r,t)=E, exp[i (kr —wt)]
Jie XBIJTOBHII BEKTOp K 3a11eXKHUTh BiJl 4aCTOTH y BiAIOBIiIHOCTI 3 PiBHICTIO

W
2 :?s(a)).

(V)

[Moknanaroun K =|(1+||(2 Ta BBOJAYM IIOKA3HUK 3aJIOMJICHHS n(a)) 51

koedimienT K (a)) 3a JOTIOMOTOFO CITiBBITHOIIIEHHS

%%

[k, +ik,) =55 (n+ix)”,

3100y 1EMO
n“-k?=¢(w), nk =0.

Orxe, mpu E(Cd)>0 it k=0 n(a)): 8(0)), TOMY TIJIOCKA XBHUIS

PO3MOBCIOKYETHCA 3 I[iﬁCHPIM XBUJIBOBUM BEKTOPOM

k(=L@ k(@)=0



[Ipu & (a))<0 n=0, K (a)) =, & (a)) IUIOCKA XBWJISA PO3HOBCIOJKYETHCS 3

YSAIBHUM XBHUJIbOBHUM BCKTOPOM

o) =2 (@) Ky(a)=o.

TOOTO, B o00MacTi Yactror @), mnpu SKUX & (a))<0, Ipu  TIPOXOJKEHHI

eJIEKTPOMArHiTHOI XBMJI1 B KPUCTaJI i aMILTITyJa eKCIIOHEHLIHHO 3MEHIIYEThCS.



