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QI BCEX N, JOM¥eH OBITb BEKTOPOM OOpaTHOf peleTKH.
Ecnu rtenepp BuiOparh BpaueHue R;, mpuHajgiexallee Toyey -
HOH rpynne, KOTOpAas OCTaBJAST HEH3MEHHO! HPOCTPAHCTBEH-
HYIO pellerky, To Touka Ri'n Toxke OyaeT y3JjoM peIUEeTKH,
tak 4yro exp(iKm-Ri'n)=1. IIockodbKy :Ke HOKasaTesb
3KCIIOHEHTHl €CThb CKaJspHOe NPOHU3BeJeHHue, OTCIOAA CaejlyeT,
4to exp (iR;Km-n) =1 u, 3uayur, rouxaR;Kn TaxkxKe saBaserca
y3noM o6partnofl pentersd. Takum o6pasoM, no0oi 3/1eMeHT R;
JaHHOH TPy MEPeBOJUT BCE BEKTOPbL OOPaTHOH pelleTKU
B Takdhe Ke BEeKTODBI; ClefoBaTespHO, o0paTHad pelleTka
of;1anaer To#l Ke cHMMerpHeH TOUeYHOH rPyHNEL, YTO U OpO-
CTpaHCTBEeHHAs pelleTKa.

4. 3JIEKTPOHHBIE COCTOAHUA B NEPHOLUYECKOM
NOTEHUHAJE

Ipocrefimag Mojesab XJAs OMUCAHHA 3JICKTPOHOB, JBUXKY-
WHUXCHd B KPHCTALIE, —35TO MOJE/Ib He3aBHCHMBIX 3JIEKTPOHOB.
B ueil mpunuMmaercs, 4TO KamKIALIH 3JE€KTDPOH JBUIKETCSl He-
3aBHCHUMO OT JApPYTHX B (UKCcHpoBanHOM noreHudane V (r),
KOTODHIA OTpaxkaeT ero B3auMOAeHCTBHE C SiApaMH, a TaKXKe
(B cpemneM) u B3auMOJeHCTBHE C JAPYTHMH 3JIGKTPOHAMH
TBepAoro Tena. Ilpeamonaraercs, uto norenuuan V (r) oGia-
JlaeT TpaHCAAHUOHHOH cuMmeTpuel kpucranna, T. e, V (r)=
=V (r-n). dror nmeprnopvueckufl MOTeHIHa] CJeLyeT pac-
CMaTpHBaTh TaK e, Kak M IeHTpajJbHOe noje B ciayyae
3JIeKTPOHOB B aroMe (ri. 8, § 6, o, A).

Tenepb MOXKHO WCIONL30BATH NOJMYYEHHBIE BhILE PE3YJib-
TaThl, 4TOOH HaHTH XapaKTepUCTHUYECKHE CBOHCTBA 3JIEKTPO-
HOB, JBMXKYIIMXCA B TAKOM NoTeHUUase. [Ipexkae Bcero ycra-
HOBUM JefCTBHE TPaHCAAUHH Ha BOJHOBYIO (QYHKIHIO 3JeK-
TPOHA, OCHOBBIBAACH HA ofuieM omnpelenennu (4.8):

Tm)e (=9 (P *(n)r)=9(r—n). (14.17)

Has storo npeoGpasoBannsi T(n) BuIMOJAHSIETCS TPYMNOBOH
3aKOH YMHOXKEHH:

Tm) T @)= (f—m—n)=T(m+n)¢(r), (14.18)

qro u Tpebyercs B oflieM cjydae OT JioOOro TpefCTaBIEHUs
Cpynmbl.

Ha ocHoBe ofuux pe3ysbTaToB OTHOCHTENLHO HHIHIHDPO-
Banus NpefcTaBieHHA M BBHIPOXKAeHUs (ra. 5, § 3) MOXHO
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IpeJicKasaTb, YTO €CJIM B KPHCTaJJle OTCYTCTBYeT Kakas-jH6o
CHMMETpHS, KpPOoMe TPaHC/SHHOHHOH (T. €. OTCYTCTBYIOT Ka-
KHe-JIM60 cHenyajbHble COOTHOLIGHHS MeXAy &;), TO cobCT-
BeHHBIE COCTOSIHHS 3JieKTpoHa OyAyT npeo6pasoBBIBATBHCA CO-
I'J1aCHO HENpPWBOJYMMEIM IPELCTABACHUAM TPYIIIbL TPAHCASIIHIA.
D10 03HAayaeT, WTO TaKHe COCTOAHUA OyAyT HHAMUHPOBATHCA
BekTopoM k u o6nagath TpaHchopMallMOHHBEIMU CBOHCTBAMU

T(n) @' (r) =T% (n) ¥ (r) = exp (— ik -n) ¥ (r). (14.19)
Orcrona B cuny ¢opmyun (14.17) nonyuaem
¢® (r—n)=exp (— ik-n) g® (r). (14.20)

BBuzny Ttoro uro npencraBneHve k oJHOMEPHO, MBI 3aKJII0UAEM
Takke, 4To coOcTBeHHoe cocrostHHe @& (r) nosxHO OGbiTh
HEeBLIPOXKJEeHHBIM. Baxkuwift pesynbrar (14.20) ecTp 3HameHu-
tasg Teopema BJjoxa ang cocrosuuil B Kpucraanax. Ecau us-
BECTHO, KaK H3MeHsiercsa cobcrBedHast (yHKHHS B OAHOM
fyellke KpHUCTaJsa, TO XapakTep e€e H3MEHeHHd BO BceX
ocTaJbHBIX Auefikax OyleT onpelensiTbcsi MHAEKCOM K U cBO-
IWTbCS K IpocTOMY H3MeHeHHIO ¢asel. Teopemy baoxa uacto
(GopMYMUPYIOT B HECKOJBKO Apyro# ¢gopme-—samicuiBas cob-
CTBeHHYIO QyHKIHIO (6J10XOBCKOE COCTOSIHHE) B BHIE

¢® (r) = ug (r) exp (ik - r). (14.21)

INopcraBuB 3To Belpaxkenue B Gopmyny (14.20), Mbr yGepumces,
4TO onpejencHHas paseHcTBoM (14.21) pymxius u (r) uHBa-
pPHAHTHA OTHOCHTEJLHO TPYNNBl TpaHcaauui & :

uyg (r—n) = uy (1). (14.22)
UTo6k: HalTH QYHKIUIO Uy (r), HYKHO HANUCATb ypaBHEHHE

[lpeauurepa Ans 3a€KTPOHA, ABUKYILIETOCT B MEPHOAHYECKOM
norenpnuate. I'aMHUJIbTOHHAH JJS JAHHOTO CAYUas HMEET BMA

H=L 4V (@), (14.23)

rie V(r)=V (r—n). C yuerom dopmynst (14.21) naa cober-
BeHHbIX (YHKHHH @k (r) nojgyuaem ypaBHenue [lpenunrepa
—h2
[% VeV (6)] 1) exp (k1) =e (k) i (1) exp (K1),
(14.24)
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KOTOpO€ MOXKHO TakKikKe nepenncarb B BHIAC
52
[m(v+ik)2+e(k)—vm] ue(r)=0.  (14.25)

ITockoneky uy (r) —nepuopuvueckas ynkuus, anddepeHiH-
ajqbHOe ypaBHeHue (14.25) MoXHO pellaTh JUWb B Npefenax
OJIHO¥ 3JIeMEHTADHOH sYEHKH, 3a/]aB NMepHOAUYecKHe Ipaduy-
HBIE yCJOBHA HA ee Kpasx. Takum oOpas3oM, TeopHust rpynn
N03BOJIMJIa HaM CBeCcTH 3ajauy JJisi BCero KpHcTaaja K 3a-
Jaue fAjs ofuHod snementapHoit sidedxu. Ilpu xaxaoMm 3Ha-
yeann k ypasuenme (14.25) Oyzer uMeTb HaGop pelleHHH
e,(k). Kak sBcrByeT u3 camoro ypashenusi (14.25), ecnn
BenMuHMHa k MeJJieHHO MEHSercsl, TO pelleHus 3Toro Augde-
PEHUHA/IbHOTO ypaBHEHH:A OYyJAYT H3MEHSATHCS HENPephIBHO,
YTO YKAa3blBAeT Ha HelpephBHYIO 3aBHcuMocTb ¢, OT K. Ilpn
KaXJioM 3HaueHWH n suepru €, (k) ob6pa3yioT Tak Ha3EIBAEMYIO
30HY, IIOCKOJ/IbKY ORU H3MEHSIIOTCS B OIDaHHYEHHEIX pejenax,
4yro GyjAeT MPOUJMIOCTPUPOBAHO HUKE.

A. Mojgesib No4TH CBOGOJHBIX 3JEKTPOHOB

Paccvmorpum Teneppb ofmue cBofictBa ¢yHgkuud € (k), Bbl-
6paB OoueHb NDOCTYIO MOJeNb KpHUcTaiana. B sTol Mojenn
3/IeKTPOHBl CYNTAIOTCH TOYTH CBOOOAHBLIMH, a MEPUONHYECKHH
noreHnuan V (r)—ManbivM BO3MYIIEHHEM COCTOSIHHH cBO6OJ-
HHIX 37eKTpoHoB., OUYeBUAHO, YTO TAKoe MPHOJHMKEHHE MOKET
GLiTe TpUEMJEMBIM TOJBKO MM CAMBIX BHEIIHHX ATOMHBIX
SJIEKTPOHOB (BAJIEHTHHIX 3JIEKTPOHOB), KOTOPHIE —OCOBEHHO B
MeTajlaX— MOTYT HOoYTH CBOOOJHO ABMIATHCA MO KPHCTALNY.
B caenyiomeMm naparpage MBI IOKameM, YTO Ha OCHOBE Ta-
KO¥l MOJeNH YyJAaeTcs OOBACHHTb, NOYEMy 3JeMeHTHl H3 pas-
JUYHBIX YacTed NepuojadyeckoH TabauLLl 3/1eMEHTOB OKasbl-
BalOTCSl MeTalnaMit ¥ JUIJIEKTPUKAMH,

Ecau nmoaoxute V (r)=0, To, Kak HeTpyAHO yOemuTbcd,
ypaBHenue (14.25) OGyAer UMeTb pelleHHs Bula

Unk ()= vo“llexp (iKq -1},

2 14.26
() = o (Ko +11, (1429
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KOTOpHie B CHJly paBeHcrBa (14.16) yaoBaerBopsioT nepuo-
JUYECKHM TpPaHHYHBIM VCJIOBHAM TOJBKO TOTJa, KOrAa
K, sBasiercs BekTopoM obpaThoil pemeTky [popmyna (14.12)].
INostomy npu nmoGom ¢uxkcupoBaHHcM k uMeercss OJHO
pelleHHe, COOTBETCTBYIOLIEE KAKAOMY N (T. €. TpeM LEJbM
UHCJIAM 71y, 11, U N,). Torna «sHepreTHueckue 30HBD OyAYT
MHIHLHPOBATLCS YHCJAMH N, XOTA Ha NpakTHKe HHOrAa npolle
HOPOCTO HYMepoBaTh 30HBEI B INOPsIKE BO3PACTAHHS SHEPIUH
,2,3...), Hauunas C 30HBl Hu3iel sHeprul. IlocToAHHLIA

MHOKHTeNb v, /* 06ecTieuHBAeT HOPMUPOBKY BOJHOBOH (yHK-
UBU Un (F) B Npejesax 3JeMEeHTapHON suelKH ¢ 0ObeMOM
v,=|a,xa, a;!. Takas HopMupoBKa HamGojee ynoGHa, NO-
CKOJIbKY B CHJIy TePHOAHYHOCTH OOJILILMHCTBO HHTErPaoB
MOXKHO CBECTH K HHTerpajaM INo 3jeMeHTapHO# sdyefike, 3a-
MeTHM, YTO TOJIHAas BOJHOBAS (GYHKLMS WUMeeT BUA

U® (r) =exp (iker) dn () ==vi "exp[i (Ko 4+ k) -], (14.27)

L

a ¢opmysa (14.26)—>310 O6BIUHOE BBIPAXKCHHE 1Nl 3HEPTHH
IJIOCKOH Bogbl (14.27), xapaktepH3ylollle#f COCTOsiHHE CBO-
GofHOro anekTpoHa, Heckosbko HeoGbluHas dhopMa BOJHOBOIO
BeKTOpa OOBACHSIETCS TIPOCTO TeM, UYTO MBI B3sJU B Kaue-
ctBe obJjactu onpejenenus sekropa k sony Bpuaniosua.

Ha pnmc. 14.3,a npexcraBaen rpadux oyurnum e (k),
nasaemoll gopmyqo# (14.26), B yacTHOM cayuae GIHOMEPHOIO
KpHCTa/Jia, T, €. CHUCTEMHl aTOMOB, DPAacIOJIOKEHHHIX BIOJB
npaMOH JIMHMH HA pPaccTosiHMM a APYr oT jpyra. B sTtom
clyuyae €AHHCTBEHHBIH BekTop 6asuca OOpPATHOH peIleTKH
uMeeT Aauny b=2m/a, a rpaHulbl 30HH DBpu/iaiosea Haxo-
JAATCs TNpH 3Hauenunsax —=m/a. Ha rpaduke BHAHO, Kak 4acTi
KpHBofl & (k) ==7ik%/2M, omucHBAIOWE] OAHOJIEKTPOHHYIO
SHEPIHIO, fepeHocsaTcs B 30HY DpuaniosHa BekTopavu 00-
paTHOH pelleTKH.

OcraBuM Tenepb MoJenb CBOOOJAHBIX 3JeKTPOHOBC V (r)=0
H DAcCMOTPUM BJIVMSIHWE TIepHOAMUYECKOro nortenuuana V (r)
KaK BO3MYILEHUs, AeHCTBYIOMEr0 Ha COCTOSTHUA CBOOOIHBIX
5/1eKTpoHOB. IToCcKOJIbKY noTeHiHan V (r) HHBapHaHTeH OT-
HOCHTEJIbHO TPYIIBl TPAHCASLUHE, OH 6yJeT CBSSLIBATh JIHIlb
COCTOSIHHS, IIPHHaAJeXKallHe ONHOMY H TOMY XKe HelpH-
BOJUMOMY NPEeACTABJEHUIO 3TOH TPYNOH, T. €. COCTOAHHA €
ofuHaKoBbIM BektopoM k B 3ome Bpunimosna. Torpaa pan
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TEOPHH BO3MYIIEHHH NS SHEPrHH NPUMET BHJ

en (k) =2 (k) +v;* § exp [— i (k+ Ka)-r]-V (r) exp[ilk+

ITo sivefixe

exp (— iKm-r) V (1) exp (Kn -0) dr |

eey

(14.28)

—I—Kn)-r]dr+v;2§llS

rae &% (K)— neBo3MylieHHBIE SHEPTHHM, JaBaemble (opMy=
aoit (14.26). Ilockonbky uHTerpansl 06Jafal0T MepHOLUY"
HOCTbIO, JOCTATOYHO OFPAHUUYHTh 0O6JacTb HHTErPHPOBAHMSA
0lHOH SneMeHTapHOH siuefikoH, T. e. To#l o006JacThbio, B KO-
TOpoH HOPMHMPOBaHH BOJIHOBHE (GyHKIWH. YjeH nepBoro
nopsiika psaja TEOPHMH BO3MyIlUeHHE ecTb KoncTaHTta V,, paB-
Hasl cpefHeMy 3HaueHHUi0 morennuana V (r). Marpuusnble sge-
MEHTHl B 4JIeHe BTOPOTO NOPSAKA UMEIOT BUL

{ exp[—i (Km—Ka)-1]V (1) dr="{ exp (— iKmi-a-1) V (r) dr

OueBujHO, 4TO OHU B TOUHOCTH paBHH Koabduuuenram Pypobe
Vm-n, BXOJSILINM B pas/ioxeHue neprognueckoit Gyunkunn V(r):

V(r)==2 exp(i Kp - 1)V,

Vp = S exp(—iK,-r)V (r)dr.

l'Io fAYeiike

(14.29)

Takum obpasom, psil Teopun BoaMmymlenuit (14.28) mMoxHO
3anucatb B HPOCTOM BHJE

ea (k) =2 (k) +V, +2 +..., (14.30)

n n+p

rie BeelleHo o6o3naueHue p=m—n. YJjeH BTOpOro nOpsf-
Ka onucbiBaeT OObuHHIH 3(heKT B3aNMHOIO «OTTANKHBAHHUSI»
MeX1y COCTOSIHHAMH; U3-3a SHEPTeTHYECKOTO 3HaMeHaTeJsl OH
MakcHUMaJseH, KOrJa COCTOSIHUS N U N-} p UMEIOT IOYTH OfH-
HaKOBYIO 3HEprHuIio,

Ecuin npHHEATH IPOCTYIO OJIHOMEPHY IO MOJENB (puc. 14. 3 a),
TO «OTTAJKHBaHUe» JOJIKHO MPHBOJUTbL K CIIEKTPY THIA H30-
Gpaxennoro Ha puc. 14.3,6. 3aMeTuM, 4TO HEBO3MYIIEHHHIE
3HepreTHyecKre 30HBl KacawoTcs JAPYyr Jpyra Ha rpaHumax
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soHbl Bpuimosna n npn k=0, a noroMy B 3THX TOYKaX
pasJloxkeHHe OOBIYHON TEOPHY BO3MYLIEHHH TepseT NpPUMEHH-
MOCTh M HeoOXOJMMO HCIIOJIb30BAThb TEOPHIO BOSMYIIEHHIr
JUISl BBIPOXKAEHHOTO YPOBHS. BblyucauM paciiemienne Mexay
ABYMSl HHM3LIKMK YPOBHSIMM SHEPrHH BOJUM3M TOUKH BHIPOK-
JIleHUsI Ha TpaHyle 30HB k= — /@, upeHebperas CcBsI3BIO C
JpYruMH (BBICIUMMHU) 30HAMH. 3aliLIeM HCKOMBbe pelleHusl B
BHJE JIHHEHHBIX KOMOHHANHH JBYX HEeBO3MYILEHHHX COCTOSHHUMA

Uy (X) = Collgg (1) 11835 (5). (14.31)

Torma ypasnenne llipepnnrepa (14.25) npuBoguT K MaT-
PUYHOMY YPaBHEHHIO

ed(R)+V,—e (k) V, N /e
( Vy sg(k)+v0__8(k))<cl)=0, (14.32)

rie e(k)—HoBoe 3HaueHWe SHepruu, a V,—nepBuil Ko03(-
¢uunent Pypre B ogHoMepHOM (ypbe-pas3iioKeHHH, COOTBET-
creyomeM (14.29):

Vo=t S exp (—2mimx/a) V (x) dx. (14.33)
0

Pemenus ypasuenns (14.32) umeror BUJ

et () =V + 5 [ (k) -+ 23 (B)] = 5 {[e8 (&) — 2 (R)] 4+ V3
(14.34)

Bnanu or rpauuns! 3ousl Bpuimiosna, rae senvuuna V, mana
IO CPaBHEHWIO C PasHOCTbIO sHepTuil &g (kB)—el (k), aTu pe-
IIeHUs] CTPEMATCSl K HEBO3MYIIeHHHIM 3HaueHuaM. Ha camoit
rpanuie 30HBI DBpusmosHa &f(k)=¢] (k) U KopHH ypaBHe-
Hust (14.32) TakoBhl:

- (_ g)=gg (_§)+voi|vl|. (14.35)

Orciofa BuaHO, YTO HA TpaHMIe 30HB BpuaniosHa Bosuukaer
sanpellenHast 30Ha (MeXJy3oHHas Imesb) mwpuHolt 2|V, |.
AxaniornyHoe BLMHCJIEHHE AJS1 TOUKH KOHTAKTa MEXAy >Hep-
TeTHUECKHMH 30HaMH C MHIEKCAMHM n M m [pUBENET K pac-
uiensexuto, pasHomy 2|V,_.|; 9TH pe3ynbTaThl WINIOCTPH-
pytoTcsi rpadukoM puc. 14.3, 6.
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Pacnlensienue HenpephIBHOH I0C/€I0BAaTeNbHOCTH paspe-
IIEHHBIX 3HEpPrHH HEBOSMYIIEHHOH CHCTEMB! Ha 30HBI paspe-
1leHHBIX 3HEPTHH, pasfeneHHble 3alpelleHHbLIMH 30HaMH (lue-
JSIMH), BOOOIIE ke COLEpIKAUMMH 35JeKTPOHHBIX COCTOSIHHH,
€CTb OCHOBHOH DEe3yJsbTaT TeOPUM 3JIEKTPOHHEIX COCTOAHME B
Kpucraanax. Huxe Gyner nokasaHo, Kakum o6pasoM 3TO
NPUBOJUT K Pa3HUUI0 MEXKIY METalJlaMH H JHJIEKTPUKaMH,
Ho crauana paccmorpuM Bui BOJHOBHX (GyHKUME Ha rpa-
nuue soubl Bpuasmosua. Bynem cuurare Beanuuuy V, orpu-
I[aTeNbHOMA, 4TO COOTBETCTBYeT MOHHOMY IOTEHIHANy NPUTS-
JKeHHd Haysnax pemerxku. Torja pemlenHs ypabHeHus (14.32),
COOTBETCTBYIOWME 3HEpruam (14.35), umeror BHA cF=FcE,

OTKyJa Ha ocHoBanun ¢opmyn (14.31) u (14.27) noayuum

Tma (x)=(—2£11)—,/= exp (— inx/a) {1 —exp (2nix/a)} =
- (%)"’ism (fia’ﬁ) , (14.36)
WO = (%)'/’cos_ (i‘aﬁ) : (14.37)

Boanopast pyukuus W;%2(x) IaeT BBHICOKYIO 3/ME€KTPOHHYIO
IJIOTHOCTb BOJIM3H TOWeK X == @/2 (T. €. Ha IIOJOBHHE pac-
CTOSIHHSl MEXJY COCeJHHMH Y3JaMH), a BOJHOBas (GyHKUHS
W™ (x)—uHa camux yajax peweTkd. CiefoBaTesbHO, QyHK-
uusg W4 (x) noaHa COOTBETCTBOBATbH 00Jiee HM3KOW 3Hep-
TMH, 4TO corjacyercsi ¢ Bhipaxennem (14.35).

5. Metaaabnl H JM3ACKTPHKH

B 1. A Mul ncenenoBany o0ulHE X0/, KPHBOH 3aBHCHMOCTH
e (K) IS BaNEHTHOrO 3JEKTpoHA B Kpucraste. Pacemorpum
Tenepb MHOTO3JIEKTPOHHOE OCHOBHOE COCTOSIHHE, KOTOpOe
mosyyaeTcsl NOPW PasMelleHUH 3JEKTPOHOB MO HaHJEeHHBIM
OJIHO3JIEKTPOHHEIM COCTOSIHMSIM C y4eroM NpHHOMNa 3anpera
IMayan. Oas yaoGerBa BosbMeM OueHb O0JbLIOH, HO KOHeY-
Hbll KPHCTAJLJI, B KOTODOM MOXKHO II€PeCUHTaTbh BCE 3JIEKT-
POHLI H BCE COCTOSIHMS. I paHHYHBLIMU YCJIOBHSIMH, KOTOpHIe
Mbl HaJIOXKHM Ha NOBEPXHOCTSAX KpHUcTanna, OyAyT orpamu-
yeHn! 3HaueHnsi k, npuemsemble JAJst GIOXOBCKHMX COCTOSHHM
(14.21). ®axtuyeckuii BHIGOp IPAHUYHBIX YCJOBUH HE MOXET
NOBJIHSITh Ha OGDbeMHble CBOWCTBA KPHCTAJIIa; NPHHSTO BHIGH-
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paTh NUKJINYECKWe TpaHuyHBlE YCa0BHs. BosbMeM KpucTad,
pefpa KOTOpOro napajylesibHbl BEeKTOPaM OCHOBHHIX TPaHCJIS-
oy a;, NpuysM BIOJb KaXKJAOTO H3 TaKux pebep mmeercd N;
3JIeMEHTAPHBPIX $4€eK, TaK YTO HX IIOJIHOE UHCJO PaBHO
N=N,N,N,. lukauueckue TpaHWUHBIE YCJIOBUs TPEOYIOT,
4yTOObl BOMHOBRle (PYHKUMH NPHUHUMA/JIY OJHHAKOBLIE 3Hade-
HM S Ha HPOTHBONIONIOKHBIX IPAHSX KPUCTA/IIA;, TaK, HANPHUMEP,

$(000)=y(N,00) =y (0N,0)=1p (00N,). (14.38)

Coranacio TeopeMe Buoxa [dopmyna (14.21)], sro ospauaer,
4TO

exp (2nik,N,)=exp (2nik,N,) =exp (2nik;Ng)=1,

T. €. BO3MOXKHBIE 3HAUEHUS K;, BeJMUMH K; JaloTCs BhIpa-
xenneMm k;,=p/N; rae p—moGoe ueJIoe ypcgo. Takum
ofpasom, paspemeHHme 3HaueHus BekTopa k ofpasywor pe-
[IETKY TOUeK BHYTPH OOpaTHOH pelleTKH, npuueM HA Hasuc-
HOM BekTope b; yknajpiBaercss N; TOUeK, TdK YTO B KaxKAOH
3JeMenTapHoil suelire Takux Touek uMeercs N. Cuaenyer,
OJIHAKO, OrpaHMyYUTh 3HaueHus k nepsoll 3omnoli Bpummosna,
uMerlel TOT ke o0beM, YTO M 3JeMeHTapHasa siuelka. Toraa
[OJYUEHHBIH BhIlIE Pe3yJbTAaT MOXKHO BBIPA3UTH M TaK: €C/IH
B Kpucrasyie N 3/eMEHTApPHBIX S4eeK, TO UMEeTCsl B TOUHOC-
T™® N paspellleHHBIX 3HAY€HHH BekTopa k, paBHOMEpHO pac-
npejeneHHbiX No 30He DBpuamiossa. ITockonbky N;—ouenb
GoJbIlINe UMCsa, NPU aHadu3e O0beMHBIX CBOHCTB He Oyler
NPAKTUYECKH HHKAKOTO DasjMiuud MEKIY HENPEPHIBHBHIMH H
JHCKPETHBIMI 3HAUEHHSIMH BeKTopa k; TpeGyeTcs Juilb, YTOOHI
OHM HO3BOJISIIW Pa3/jMyaTh COCTOSIHHSA.

BepHeMmcs Teneph K OHOMEPHOMY Kpucrtaly (puc. 14.3, 6),
HO GyJeM CUHTATb €ro KOHEUHbIM ¥ cojepxaimum N ajemen-
T4PHBIX SUeeK, TAK YTO Y Hero mmeercs B ToyHocTH N Ono-
XOBCKHX COCTOSIHMH, COOTBETCTBYIOUIMX N 3HaueHusM Rk B
Kaxaoft 30He n. B Kaxpoe U3 TakuX COCTOSIHHEI MOXKHO IIO-
MECTUTh N0 [Ba 3JEKTPOHA C IIPOTHBONOJOKHO HalpaBJeH-
HBIMH CIMHAMH; TOTJA B Kaxkao# 3oHe Gyger 2N asnekTpo-
HOB. Ecam y atoMoB TBepAOTO TeJa HMeeTCsl JHIlb ORUH
BaJIEHTHLI 3JIEKTPOH (TAaKOB, HalpAMeD, HAaTpHiH), TO KpuC-
tamn ¢ N atomamu Gyjger ¥MeTb N BaJIeHTHHIX 3JEKTPOHOB,
KOTOpHle B OCHOBHOM COCTOSIHMM 3aliMyT Husllue N opHouac-
THYHBIX COCTOSIHME M, TakuM o6pa3oMm, JUillb HAlOJOBUHY
3amosiHAT TepBYIO 30HY. Ecin Xke y aroma JBa BAaJCHTHBIX
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3JIeKTPOHA, TO B OCHOBHOM COCTOSIHUH BC€ OAHOWACTHYHBIE
€OCTOSTHUSA NepBoH 3oHbl OyayT 3aHATH. [IpH HanoxeHHH
VIEKTPHYECKOrO MO/ TOK MOKJLT JIMIIL TOTAA, KOTJa HEKO-
‘TOpHIE 3JIGKTPOHBE MOTYT OBITb YCKOpDEHBI, T. €. llepeBejeHb
B Oosiee BHICOKHE COCTOSIHHSI, OECKOHEWHO Majo OT/HYalo-
muecs 1O Hepruu OT HCXOJHBIX cocTosiHuH. B cayuae aro-
MOB C OAHHM BAQJEHTHBLIM 3JMEKTPOHOM (HaNpuMep, aTOMOB
HATpusl) 3TO BO3MOXKHO, IIOCKOJBKY HENOCPeJCTBEHHO HaJ
BLICIIMM 3aHSATHIM COCTOSSHHEM HMEIOTCSI H  He3aloJHeHHHBE
3JIEKTPOHHBIE COCTOSIHUSI, B 3TOM ciyyae Mbl HMeeM MeETalll
{npoBogHuk). B caydae ke aToMOB ¢ JBYMSI BaJeHTHHIMEH
3/eKTPOHAMM (HanpHMep, MarHus) HHUXKHAS 30HA IONHOCTBLIO
3anosiHeHa W Onuxkafilpe He3aHsITHIE COCTOSIHUA HAXOAATCS
Ha pue crepyrome# (6onee BHICOKOH) 30HBI, TAK UTO MHHHU-
MaJibHasl 3Heprusi, KOTOPYI0 MOXHO TII€PejarTb 3JIeKTPOHaM,
paBHa wpuHe 3sanpemenHod 3oubl 2V, Ilosromy wmarnui
JOJiKeH ObITb AuaMeKTpukoM. K CcoxXalleHuto, TakoH BHIBOJ
#e corjacyercd ¢ JAHHBIMH KCHEepuUMEHTa, HO IPUYUHA 3/1eCh
B TOM, YTO MBI B3fJM OAHOMEPHYIO MOJEJb.

Ilpn TpexMepHOM mOAXOJE MBI IOJYYHM 3allpeleHHble
30HBl BO BCEX TOYKAaX TpaHMlbl TPeXMepHOH 30HLI Bpuiurios-
Ha, HO OHH OyJyT BO3HUKAThH IIPH Da3HLIX 3HAYCHHUSIX SHEP-
run. [lostomy, ecnu ToJpKO 3anpelleHHble 30HBI He OyayT
‘OYeHb IIMPOKH, MOxKeT Boolule OTCYTCTBOBATb Kakas-anbo
06MacTb 2Hepruil, KoTopasg BCerja LEIHKOM NOpHXOAUNACDh
OBl Ha 3aupeuwieHHy0 30Hy. [IOTOMY-TO KPHCTALI, COCTOS-
IIye H3 aTOMOB C ABYMsi BaJEHTHBIMU 3JEKTPOHAMH, HE BCErja
OKa3pIBaIOTCS B ACHCTBUTENBLHOCTH ANIEKTPUKAMHU (KaK JOJIXK-
HO OBITH B OjHOMEpHOH Mojenu). [loscHuM npuMepoM B ABY-
MepHOM caydae. M300pasuM 30HBI 3HEPTUH MNOYTH CBOGOIHBIX
3JIEKTPOHOB, jaBaeMble dopmynoil (14.26) mia npsMoyrob-
HOH pemerxu, BoiOpaB BekTop Kk cHayasna BIOJL OCH X, &
3areM Bjiosib ocu ¥ (puc. 14.4, rie npuHATO @ = 3/,a,). [Oue-
BHJAHO, 4TO JJS Tako#l CHCTeMbl He OyjeT CyiecTBOBATh
SHEpreTHUeCKO# IUeJqd MexXjy IepBod H BTOPoOH 30HaMH,
TOCKONBKY LIEAW HA X- ¥ y-TpaHuiaXx 30Hb DpHaniosHa Bos-
HHKAIOT 1IpH SHEPIUAX hn®/2Ma? u h2n?/2Ma? (3agaua 14.3)
U, Kak sBCTByeT u3 puc. 14.4, pasHnia MeXAy 3TuMH 3Ha-
YeHWsIMH, BoOOIIEe TOBOPSI, BeJMKA 0 CPABHEHHIO C MIHPHHOH
menelt. Ha pHCyHKe MOKa3aHO TaK:Ke, KaKMM 06pasoM MOTYT
B 3TOM CJydyae BO3HHKAaTb MAKCHMYMbl H MHHUMYMBI SHEPTHU
B TOuYKaX, He COBMAjAONUX C HEeHTPOM HJH IPaHHIAMH 30HH
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H COOTBETCTBYIOIIMX IlepeceueHusaM KPHUBBIX A1 CBOGOAHBIX
3/1IeKTPOHOB. TaKHe SKCTpeMyMBI MI'PaloT BaxkKHYIO POJb MPH
aHaJiuse BO3OYKJEHHH 3JeKTPOHOB M3 OJHOI 30HH B APYTYIO
(MeXAy30HHHIX NEPEeX0N0B), HO 3/€Ch MbI He 6YJeM OCTAaHaB-
JIUBaTbCA Ha 3TOM BONpoce (cM., Hampumep, Kuury [2]).

)

_"’r/aq 0 !r/a

2 k e&dosts ocu x

~

- x/a, 0 7/, k sdoms ocu y

Puc. 14.4. DHeprernyueckHe 30HH JJisl NPIMOYTOJBLHOH KDPHCTAJJIH YeCKO#
pewleTkH ¢ a;=23/,3; B MNPUOJNMKEHHH INOYTH CBOGOJLHBIX 3JIEKT{POHOB.
TIyHKTHPOM MOKa3aHbl napaGoJsbl AJAS CBOGOJHHX 3JIEKTPOHOB.

Bonee monHoe npejicraBieHue O 3aBUCHMOCTH & (K) MOXK-
HO IIOJIyuHTb, H300paxasi, Kak OOBIMHO JeJaloT, CedeHHs
NOBePXHOCTEH DaBHOH 3HEPrMM B BHIE CeMeHCTBA ABYMEpPHBIX
KpUBBIX B NepBOd 3oHe LpmnaniosHa s KaxzuoHl sHeprern-
yeckol 30Hbl. [lepBble aBe 3sHepreTHUYECKHe SOHBI AJA CHC-
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TeMH, H306paxkeHHON Ha pHc. 14.4, noxasanul Ha puc. 14.5;
H303HepreTHUECKHe KDHBHE SCHO YKasHBalOT Ha TO, 4TO
MakCHMyMbl Ha PHUC. 14.4 pacro/ioXKeHH NpH 3HAYEHHAX R, =
=+5/0/a,, k,=0.

I3
ky y

N

/B

Puc. 14.5. Koutypnl NOCTOSHHOH 3HeprHy IS NPAMOYTOJIbLHOM KpHCTAT-
JUYeCKOH pelieTKH. a—NepBasfl 30Ha; 6—Bropad 30HA. I[IYHKTHPOM
NOKa3aHbl OKPYXKHOCTH JJs CBOGOIHBIX 3JIEKTDOHOB.

fp

B. llpubauxeHue CHIbHOH CBA3H

Mogenr noutu cBOGOAHBIX 37EKTPOHOB (COOTBETCTRYIOMASA
opubaukeHuio cjaaboll cBs3u), paccMOTpenHast B m. A, Obuia
NPUTOJHA /IS BANCHTHHX 3/7€KTPOHOB B KpucTamie. Ho ecan
BAC MHTEPECYIOT BOJHOBbE (GYHKUUH 3JEKTPOHOB BHYTpeH-
HEX 000JI09eK, T. €. «OCTOBHLIe» COCTOSHUS ATOMOB, TO BOJ-
HOBHIe QYHKUHU CBOGOJHBIX 3J€KTPOHOB OYyIYyT, OYEBHAHO,
IJIOXHUM HCXOJHBIM IpUOuzKenHeM. [ BHYTPEHHHUX 3MEeKTPO-
HOB BOJIHOBBIE (hyHKIHMH JOJI3KHBI BBIT /151 1I€Th BO MHOTOM [10L06HO
op6utansim cBOGOHOTO aTOM&; Ha HUX JINIb He3HAUHTebHO HO-
BJIMSIET B3ANMO 1eHCTBHE ¢ cocegnuMu aromamu. OTcioa cienyer,
9YTO MBI MOTJIH OBl MCITOJB30BATh MOAXOJ TEOPHH BO3MYILEHMI,
paccMarTpuBasi B KayecTBe HCXOJHBIX GyHKUuMH cOCTOsiHUA CBO-
foaHOTO aToMa, a MexaToMHOEe B3anMOjelicTBHE —B KauecTBe
BosMyIleHusi. Paszymeercss, B 3ToM CJydae IOHAJAOGHTCS Teo-
pUsl BO3MYIUIEHHH /IS BEIPOXKAEHHOTO YPOBHS, HOCKOJBKY
KaXKJIOMY aTOMHOMY COCTOSIHHIO @, (F) B KaxAOMy y3Jy n
GyZLyT COOTBETCTBOBATb BHIPOXKJEHHBIE ATOMHEIE OpOuUTA/IH
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Qi (r—n). Bansnue B3anvoJeHcTBHA NPOABHTCA B TOM,
YTO OHO CMelIaeT BHIPOXK/SHHBIE cocTosiuyusl M obpasyer
SHEePreTHYeCKYI0 30HY TakHX COCTOAHHE, mpuueM pasdbpoc
SHeprufl GyJeT 3aBUCETH OT HHTEHCHBHOCTH B3aMMOJEHCTBHS.
dro aBJeHHe WIIOCTpUpYeTcda Ha puc. 14.6, rpe mnoxkasana
30Ha OuUeHb M&JOH IMPHHH JJf IMYGOKO JiexKallHX «OCTOB-
HBEIX» COCTOSIHMH, CHJIBHO 3Kpa-
HHPOBAHHBLIX BHEIUHHMH 000J0u-
KaMH OT BJHSHHAS COCEJHUX aTo-
MoB. Ha toM ke pucyHKe nokasa-
HO 3HayuTeJbHO OoJbllee pac-
LIEeN/IeHHe COCTOSIHHE, JeXKallux
BHIIE [0 SHEPTHH; B KOHEL:IOM
cyeTe COOTBETCTBYIOUIHE 3HEpTe-
THYECKHE 30HBI MOTYT Hepexphl-
BarbCs,

PaccmoTpuM  Ipexkle  Beero
TaX Has3bIBaeMylO §-30HY, 00-
Pa3s0BaHHYIO 3JIEKTPOHAMH, Haxo-  g=l ——— W
AANMMICS B ATOMHLIX S-COCTOS- Hoanuposari- Baaumogeicm-

e ayrogue
Husix ¢ [=m=0. B HH3LIeM o aooter
Hopsiike TeOpHW  BO3MYIIeHUH
3TH COCTGSAHHSA, NEpPEeMEUIHBAsCh, Puc. 14.6.
o0pasyioT 30Hy, B KOTOpOfl Kax-
0B M3 COCTOSHMH gBageTcs JuHeHHoh KomGuualluell BCeX
s-opGutanefi. Hoeie cocTosinus — J10/kHB [1peoGDPa3OBHI-
BaThCH IO HEIIPUBOAUMBIM [IPCACTABJAEHUAM TPYNIBL TPAHCIS-
uuit kpucramia & . D10 03HAYAET, YTO OHH AOJKHSI ObITb 6710~
XOBCKMMH COCTOSTHUSIMH, HMHAMIHPYEMBbIMH BeKTOpoM K, W
MOryT OhITh HalleHBl MyTeM npoektupoBanus (r1. 4, § 19)
¢ opburanu npu n=0:

@5 (r) o PR, (r) o
¢ 3 exp (ik-n) ¢, (r—n). (14.39)

3averuM, 4TO NpOeKTHpPoBaHHe C OpOUTany C IEHTPOM Ha

JADPYTOM y3Jie H3MEHsAeT JHIIb MOoaHyo $asy Qydxilun o (1),
T. €. He MU3MEHSIeT HOJYYeHHOTO COCTOSHHS.

Ecap WCXOAHBIH aToMHBIH YPOBEHb He SBJASETCS $-COCTOS-
HHeM, TO OYyJeT JONOJHMTeNbHOE BhIPOXKAeHHEe, COOTBETCT-
Bylollee paspPELUCHHEIM 3HaueHusM m. B sToM chaydae cie
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AYeT CTPOUTDH JIHHei{Hble KOMGHHAUNY O6JOXOBCKHX COCTOAHUI,
[OJyYeHHBIX U3 KaxjAoH opém‘anﬂ nim. Hanumewm

o (1)=23 i (), (14.40)

rupe
P (£) = %1 exp (ik-n) 9,4, (r—n)

ecTh 6/10XOBCKOe COocTosiHME A8 opburann m. Kospduuuen-
Thl Cfy BBUHCISIOT OGBIYHO BapHAaOHHBIM Merofom (ra. 5,
§ 7). B § 2 Mbl noxkaxeMm, KaK HX MOXHO HalTH, PYKOBOJ-
CTBYSICH JIMIIb COOOpaxeHHSIMH CHUMMETDUH, eCJM KpHCTaMl
ob6lafaer KpoMe IpyNNbl TPAHC/ANHKH elle M TOYUHOI CHM-
Mmerpuedl, a BekTop k HampaBJieH BAOJIb OCH CHMMeETpHH.

HerpynHo BHaeThb, uTO OnHCHIBAeMbIl METOJX aHaslOIHUYEH
metony JIKAO ans monekyaspHelx opGurane# (ra. 13). Pas-
JH4Yhe COCTOMT JIHIIb B TOM, YTO HHJIEKC HEIpPHBOAMNMOrO
NOpeACTaBJIECHHA TOUEUHOH IPYNIBl ¢ 3aMeHsieTcss HHAeKcoM K
LS TPYHNNSI TpaHcasguui., BouucieHHe HOCHT MeHee OOMWIMHA
XapakTep, Hexead B IV, 13, B TOM CMBIC/IeE, UTO MBI OTpaHu-
quan cymmy B (14.40) aTOMHBIMH OPGHTAJIAMH C ONpeleJieH-
HBHIMM 3HaueHusAMH n ¥ [. Merox MoXHO 060OWIHTH, €CJH
yuecThb GoJbliee YHCJIO aTOMHWIX OpOuTanell, COOTBETCTBYIO-
[UX ATOMHBIM COCTOSHHWSM OJM3KOH 3HEPTrHH, a HMEHHO CO-
CTOSIHUAM C JaHHBIM 3HAYyeHWeM IJIABHOTO KBAHTOBOTO YHCJIa
n ¥ pasHBIMH 3HaueHuaMH [, B 3ToM cayyae BapHalHOHHBIA
MeTOJ JaeT MaTpHYHOE ypaBHEHHE, SKBHBAJ/IEHTHOE ypaBHe-
Huo (13.5).

Janst npocteix 60xoBcKHX cocroAHuit (14.39) smepruio
MOXKHO IIOJYYHTb, BBIUHCIHB JHAarOHaNbHBIH MAaTPU4HBIH 3J1€-
MEHT OAHOJIEKTPOHHOr0 ravusbToHnana H(r) B stoM cocTos-
HUM, a HMEHHO BE&IMUMHY

Hyy

e, (k) =7, (14.41)

e Hia= { 4" () H(r) ol (1) dr,
hae={ o8 (1) o (r) dr.

Vcnonb3yst KoHkpeTHbIH BujA GJOXOBCKHX cocToAHu (14.39),
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MOXHO YNPOCTHTb 3TH BHIDaXKeHHs:
Hyy= Zlexp [ik-(n—n'}] S @s (r—n")YH(r) 9, (r—n)dr =
=n2n'exp [ik-(n—n")] S @ (r'—n'+n)H(r') g (r')ar’;

3jech r’'=r—n, U MB BOCHOJbL30BajIKCh TeM, uTo H (r) =
= H(r’). Beozs BMecTo n’ nepeMeHHy10 p=n’-—n, HaXOJHUM

H= 2 exp(—ik-p) § 07 (r—p)H () 0, (1) dr=
= X exp(— ik-p) Hy, | (14.42)

nl p
rae Hy={ o} (—p)H ) o, () dr.
AHaJIOI'l/I'-lHO MO2KHO HAamNucartb
Ivk = 2 exp (— ik-p) I,

n, p
rie

Iy={ ¢! *—p) ¢, () dr. (14.43)

Toraa swHepruio, naBaemyio ¢Qopmysnoii (14.41), momxHO
3anucaTb B BHJE

2] exp (— ik.p) Hp
P

—Z exp (— ik-p) Iy *
P

e, (k) (14.44)

Jas BoluMciehus HHTerpanoB H, u I, BO3bMEM TaMHUJbTO-
HHAH
k2

H () =— oo V24V (1), . (14.45)

rae V (r)—nepuopMuecKuil MOTEHLMAa , H HEPENHIIEM €ro
B BHJE
£2

H)=— g7 V24V () +[V () =V (], (14.46)

rpe V,,(r)—mnorenuuan ILEHTPaJbHOTO HOJAST CBOGOJXHOTO
atomMa. Toria mepBbe [Ba CJaraeMblX COCTABJSIOT I'aMHJIb-
TOHHAaH CBOGOJHOTO aTOMAa, HAaXOAALIErocs B Hauase KOOp-
IUHAT, ¥ BOJHOBAasA (PYHKUHS $-COCTOSIHMS SIBJIAETCA COOCT-
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BEeHHHBIM COCTOSIHHEM 3TOI'0O raMHJbTOHHAHA C SHeereﬁ 8_,:
—F3
(T3 Vi 4Vee () 0 () =2,0, (0)- (14.47)

Hcnonp3ysa 3To ypaBHeHHMe, MBI MOXKeM Telepb 3alucarb
MaTpHuHEI 3nemeHT fIp B BHje

Hy=§ 01 r—0) 2, +V ()= Vau (V] @ (r) . (14.48)
Torza soipaxenue (14.44) npunuMaeT BHJ
Diexp (—ik-p) V,;

. [
& (k)_ s+2exp (~‘{t'k-p) lp
P

(14.49)

rjae
Vo= { o t—p) [V (1) —Var (0]l (1) dr.  (14.50)

IlepBoe ciaaraeMoe B BolpaxkeHHH (14.49) paer smepreruyes
CKHll ypOBeHb CBOGOJHOrO aroMa, a BTOPOE CJaraeMoe OMHChls
BaeT 3aBHCHMOCTb OT k, Koropasi M NPHUBOAUT K pacHlenJe-
HHIO OJHOTO YPOBHS B 30HY. [lyTeM KadecTBEHHBIX paccy-
JeHHH MOJKHO YCTAaHOBHTb, KaKHM 06pasoM 3To paciienne-
HY€e 3aBUCHT OT CBOHCTB HEBO3MYILIEHHOTO COCTOsHMS. Lcau
@, (r) —rayfokoe «oCTOBHoe» cocTosinue (Hampumep, 1s-co-
CTOsSIHE), TO €r0 BOJHOBas QYHKIHUSA CUJBHO JOKAJH30BAHA;
Torga /, 1 Vp NpakTuueck® DaBHBI HYJIO NPH 3HAYCHHSX P,
OTJMIYdbLIX OT HYJsl, BCAEACTBHE MaJIOrG MEPEKPHIBAHUT BOJ-
HOBHIX (PyHKUHH. DTO 03HAYAeT, YTO BTOPOE CJIATAEMOE B Bbl-
paxen:nu (14.49) cBoaurcsa x Benuuune Vy//,, He 3aBHCAwed
or k, tax 4ro mHpuHA 30HH paBHA HyJo. Hag dydxuii
HE CTOJIb TJYyOOKHX COCTOSHMH MOMXHO TNPHHSATH Tpydoe
npubIHKEHHe, B KOTOPOM TIpeHeOperaioT MepeKkpuiTueM B [,
HO COXDaHSIOT caaraemoe B Vp, COOTBETCTBYyIOllEe BEKTODV P
GmKalmux cocefeit. B cnyqae IpOCTOrO KYyOHYECKOTO KpH-
CTaljla, B KOTOPOM B KaXKAOM Y3JIe DEIUSTKU HaXCHHICH
OZHH aTOM, @ Bce TPH OCHOBHBIX BEKTOpA TpPAHCJAAUUA a;
B3aUMHO NEPHEHAHKYJIAPHH H 10 MOAYJIO PABHHI 4, HMeeTcs
nrecTh GIMKAAINHX COCENHHX Y3J0B p. B arom caydae suep-
rust (14.49) paercs BhIpakeHHEM

es (k) =¢e,+4+V,+2V, (cosak, +}cosak, +cosak,), (14.51)
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rae V,—3HaueHHe BeqMUHHBL V), NI GaMKafIIero cocegHero
y3ja (B KyOHYECKOM KpHCTaJJe JJs BCEX ILIECTH COCEIHHX
v3JI0B BeJaHuMHa V), OyjeT oAHHaKoBOH). [las BaieHTHOrO
3JIEKTPOHA CJCAYET yJepKarb eIle HEeCKOJbKO CJaraeMbiX
kak B Vp, Tak u B [,. linTepsan sHaueHud, B KOTOPOM
usmensiercsl €, (k) npu usmenenun k, nmaspiBaeTcsl IIHPHHOH
30HH, B MPHUMEpE, K KOTOPOMY oTHOCHTCS ¢opMyaa (14.51),
sTa BeauuuHa paBHa 12|V,|. YUroObl BHYUHCAHTE IIHPHHY
30HBI, MBI JIOJ2KHBI, KOHEYHO, BHIOpaTb HEKYIO MOJEab AJs
nepuojuueckoro Mnorennuana V (r). Hampumep, B rauectBe
npocToro npHOaMmKeHHs Aaf V(r) MOXHO BBHIGpaTb CyMMY
aTOMHBIX NoTeHnuanoB V,, (r):

V(r) = 2 Vo (r—n). (14.52)

[Ipu TakoM BEeIope cIBUT V, MaJ mo BeJHYHHE H OTpHIia-
TeJeH, IIOCKOJBKY BXoisuice B Bulpaxenue (14.50) Bosmy-
menye OYEHb MaJo B IIEHTPANbHOH siuelike, i€ BOJIHOBbLIE
¢ynxuuy @, (r) BeTUKH, H, KpOME€ TOTO, BCIOAY OTpHILa-
teapHo. Ilo Tof ke npuuuHe BesnuwumHa V, BCioAy oTpHIla-
TeNbHA.

B Gosee TOYHBIX BLIUMCICHHSX 30HHOH CTPYKTYpH [3, 4]
HeoGxoxuMo BhIGHpath V (r) Gosee TILATENBHO, NOCKOMBKY
npu BuiGope (14.52) naspHOmefCTBYHOWUA XapaxTep aToM-
HOro NOTEHIWana NpuBeleT K ToMy, uto paubt (14.49) 6yayr
CXOIUTbCH JIMIIb OUeHb MeNJeHHO. ¥ jo6uee Buibpath V (r)
B BHJE CYMMHl JIOKa/M30BaHHHIX NOTEHIHA/OB, NOJOOHBIX
noTeHIlHa/laM CBOOOJHOTO aTOMa KJIM HOHA B MaJoi o6acT
aTOMHOI'O pasMepa M PaBHBIX HYJIO BCIOLY BHE 3TOH 06JacTH.
Torpa smepruu e,, cjenyer BHIUHCAATH QA 3THX IMOTEH-
1026 00): B

§ 5. KOJIEBAHH S PEHIETKH

Kose6anus pemeTky MOXKHO HCCJAEN0BATh METOAAMH, U3JI0-
XEHHBIMH B T, 6 ang MosekyJ. Mbl HauHeM C OJHOMEPHOH
MOJEJNH OJHOATOMHOTO KpHCTanaJa, T. €. COBOKYIHOCTH TOXK-
JleCTBEHHBIX aTOMOB, DACIOJOXEHHBIX BJOJb NpPSAMOM JHHHH
Ha PaBHBIX PaccTOSHUSAX 4 OJUH OT Apyroro. B nampHedinem
Mbl 0606MM pe3y.IbTaThl Ha CcJyyad TpexX H3MEpeHu# ¢ nHe-
CKOJIbKUMH aTOMaMH B 3/eMeHTapHOH suelike.



