YcioBue

3. PaccmoTrpure cBoiicTBa MjieaIbHOrO KPUCTAJLIa ¢ KYOMYeCKO# PeIeTKoi, 00pa3oBaHHOIO OJIH-
HAKOBBIMU aToMamu Maccoit m. Ilorennuaibaas sHeprus B3anMOJIEHCTBUS JIBYX aTOMOB 3aBUCUT
OT PACCTOSTHUS MEXKJIy UX HEHTPAMU I 110 3aKOHY

vy =2 0

ri2 - 6

re a,b - HeKOTOpbIe MOJIOKUTETIbHBIE KOHCTAHTBI. BhIpa3ure depe3 mapameTphl a, b, m ciemyio-
Iye XapakKTepPUCTUKK KPUCTAJIA: a) IJIOTHOCTH p; 6) yeJbHYIO Terory cybiammarun (mepexo/a
13 KPHUCTAJJIMIECKOTO B TazoobpasHnoe cocrosinue) A; B) moayab FOura kpucramia E; r) npemest
IIPOYHOCTU Ha Pa3pPbIB (MaKCI/IMaHBHOG MEXaHN1YI€CKOE HallpAzKEeHHUe, KOTOprfI MOZKET BbIJIEPzKaTb
KPHCTALT 6€3 PA3pyIIeHus) - Oy ; 1) MAKCHMAJILHOE OTHOCHTEILHOE YITHHEHAE KPUCTAILIA JI0 €r0
Pa3pPYIICHUS €y 5 €) JHHEHHDINH KO3(bMUIMEHT TepMIIECKOro pacmupenus Kpucrauia «. (Cuia
B3aMMO/ICHCTBHUSA JIByX TEJI CBsA3aHA C MOTEHIMAJIBHON sHeprueit coornomennem F' = —U/, tiae U] -
[IPOM3BOHAast SHeprun 1o . [Ipu pacdere Bcex XapaKTepUCTHK MOXKHO YIUTHIBATH B3aUMOI€HCTBIE
aToOMa TOJIBKO C €20 baudtcatiwumy cocedamu. Pexomendyem ucnoivaosams npubiusicennyro dop-
MYNY, CNPABEINUBYIO NPU MAADLE BEAUNUHAL X:

—1
(1+x)a%1+ax+%x2,

B KOTOPOIi BbI MOYKETE UCIIOJIb30BaTh CTOJIBKO YJIEHOB, CKOJILKO TPeOYeTCsl B KOHKPETHOW CUTYAIUH.
YBemueHne pa3MepoB Tejia P HarpeBanuu omucebiBaercs dpopmyioit [ = lo(1 + aAT), tae « -
JIMHEHHBI KO9(DMUINEHT TEPMITECKOIO PACITHPEHNUS ).

Pemienue

3. BeraucanM cuty B3anMOJEHCTBUS MEXKTy JIBYMsl aTOMaMM KakK (DYHKITMIO PACCTOSHUS MKy
HUMUI

fe-v=2 Y )

rl3 r7’

[TostozkeHNIO pABHOBECHsI COOTBETCTBYET HyJIeBasi CUJIa B3auMoeiicTBus (MM, 9TO PaBHOCHIIBHO,
MUHUMYM TOTeHIaIbHOI sHeprun). [losromy

PaBHOBECHOE PACCTOSIHIE MeXKJIy aroMamu ([Ieprojl pereTkn) Haiigem u3 yeaosus f = 0, U3 KOTo-

pOro cieayer
20\
a
7h:(3) . )

Ha ojun aTom B KyGUYeCKOil KPUCTA/IMIECKOE DEIIeTKe MPUXOIUTCA 00BLEM Ta, CJIeJ0BATEIHHO

IJIOTHOCTH KPHUCTAJIIa PACCINTBIBAETCS 10 (DOpPMYyIIe
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m
p:%:m Py (3)

Boraucimm sHepruro cBa3u, TPUXOJIAILYIOCT Ha OJuH aToM. Tak Kak aToM B3auMoJieiicTByer ¢ n = 6
OMMKAMIIIIMI COCEISIME, TO €0 IIOTEHINAIbHAS SHEPIUsl

n 3b°
u = —U<7’0> = —E,

. @

rje yareHo, aro ¢yukius U(r) omuceBaeT SHEPIUio B3anMoIeiicTBus AByX aroMoB. [liist nepexo/ia
13 KPUCTATTIECKOTO B Ta3000pa3HOE COCTOsTHIE HYZKHO COODIINTEH KPUCTAJLITY SHEPTUIO, HEOOXO -
MYIO JIJIsT pa3pbiBa BCEX CBsI3eil, MHBIME CJIOBAMU, y/IebHAas TEIIOTa CyOIMMAIIN PACCINTHIBALTCS
o opmyJie

b2
A (5)

m  dam’

HpI/I OTKJIOHEHNHX aTOMOB OT IIOJIO2KEHU A PABHOBECH A BOSHUKAECT CUJIa, CTpEMAIIaACA BEPHYTDH aTO-
MBI B UCXO/IHOE TToJIozKeHue. [Ipn Mabix jrlehopMalimsax 3Ta cujia mMporopIiroHabia gedopMaun.
st ee Bbraucsienns mpeobpaszyem dopmyity (1) mpu yeaosuu r = 1o+, TJe & - Majgoe OTKJIOHEHHe
OT TOJIOXKeHUs paBHOBecus. B xoje nmpeobpasoBannii HEOOXOIMMO UCIOJIB30BATH MTPUOIUKEHHYIO
dopMyITy, IPUBEJICHHYIO B YCJIOBUM 3aJa491 ¢ YIETOM YJIEHOB IEPBOIO MOPsIKa MAJJIOCTH

12a 6b 12a s\ P 6b z\ " 36b x
f— — p— ]_ —_— _— = 1 — % h— . . 6
f (ro+2)B  (ro+z)" rf? + 7o Ty + o re T (6)

B nmonepevHoM cevennn KpUCTaIa Ha OJUH ATOM TIPUXOJUTCS TLIOMAb T'a, CIEIOBATEIBHO, MeXa-
HUYIECKOe HAIPsizKEeHUe B KPUCTAJLJIEe OIIpe/iesisieTcst (hopMyJIoit

3

fo36b x 18 (b\? «x

O— — _2 — _9 - —_— —b —_ T (7)
2 ory o V2 \a o

CpasuuBas ¢ 3akoHoM ['yka 0 = Ee (tme € = x/rg - orHocuTe/ibHast J1ebOPMAIIs), Oy IUM
BbIpaxkenue i Moy FOnra

N
[ M][SV)

1 b\ 2 b\ 2
=0 (Y~ (L)) (8)
V2 \a a

Cwuta B3amMOJIEHICTBHST MEK/Ty aTOMaMU ITPUHIMAET MAKCUMAJILHOE 3HAUEHNE TTPU HEKOTOPOM Pac-
crostauu 1. Eciim paccrosHre MexKy aToMaMy MPEBBICHT 7', TO CHJIa B3auMOJIeHcTBIs (TIpUTsIZKe-
HUsI) HAYHET YMEHBINAThCS U, CIeJ0BATENbHO, MPH [TOCTOSTHHON BHEIHEH cujie KPUCTAI paspy-
mmres. Haitnem suadenne 1 u3 yeiosus f' = 0:

12-13a  6-7b
- =0 )

r
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U3 ypasuenus (9) HAXOIUM PACCTOSIHUE T1, IIPU KOTOPOM CHJIA TIPUTSZKEHIsST MaKCUMAJIbHA

e () 10

Taxum obpazom, MaKCUMaJIbHOE OTHOCUTEIHLHOE Y/JIMHEHUE KPUCTAJLIA JI0 Pa3PYIIEHUs OIIpeIess-
eTcs COOTHOITEHUEM

1

™ —To 13\ ¢
mae = —— = (=) —1~0,11. 11
c To 7 ( )

HpI/I TaKOM V/JJIMHEHUN CHUJIa BBaI/IMO,ZLeIU/ICTBI/IH 1 COOTBETCTBYIOIIEC MEXaHNYICCKOC HalIPDAZKEHNE
(KOTOpOE U SIBJISIETCsT IPEJIETBHON TPOYHOCTBIO) OMPEAETAITCs (bOPMYIIOit

7 3 3
/ 18 (13\° [(b\? b\ ?
am_U<;”1>__8 B (2 ~262 (2) (12)
g V27 a a

Tepmudeckoe pacmupeHre TBEP/IbIX TEJT CBA3aHO C YBEJINUEHUEM KUHETHIECKON SHEPIrUun KOJ1eH Ir0-
muxcst aToMOB. C POCTOM TEMIIEPATYPBI YBEJIMIUBACTCS JINATTA30H U3MEHEHUS PACCTOSHII MEXK Ty
aromamu. CyiiecTBeHHBIM (DaKTOPOM SABJISETCH HECUMMETPUIHOCTD TOTEHITUAIBLHON KPUBOIT - MaK-
CUMAJILHOE OTKJIOHEHUE OT TIOJIOYKEHUS PABHOBECHUS B OOJIBIINYIO CTOPOHY IPEBBINIACT OTKJIOHCHUE
B MEHBINYI0 cTOpoHy. OO03HAYNM MaKCUMaJIbHOE U MUHUMAJIbHOE PACCTOSTHUS MEXKYy aTOMAMU B
XOJIe KOJIEOaHuit 1 M Ty, COOTBETCTBEHHO. TOr/1a cpejinee paccTossHue MEXKTy aTOMaMU MOYKET OBITh
OIIEHEHO KaK CpejHee apudMeTHIecKoe MeXKIY STUMI BeJTMINHAMA. PacCTOAHUS 11 U 7'y ABJISIOTCS
KOPHAMH yPaBHCHUSA

U(r) =U(ro) + kT, (13)
rie kT - cpefHsig SHEPIUsT OJHOMEPHOTO KOJe06aTeTHbHOTO JBUKEHNsT ATOMOB B KPHUCTAIINIECKOM
pemetke (k - nocrosunas Bosnbimana, T - abcosoTHas TemnepaTypa). Ecim obosHaunTh x = r~0

U IpuHATH BO BHEMaHue dopmyiy (20), o ypasuenue (13) npumer Buj

b2
b+ — — kT = 14
ax v+ - 0, (14)

KOPHU KOTOPOI'O0 HAXOJIATCS 110 opMyJie

b 4akT
= — | 1x\/— . 15
712 2a b? (15)
Tenepb MOXKHO HaWTH 3HAYEHUS 71 U T9:
1 b 7,
T’172:T0(1:i:5) 6 %To(lng‘i‘i(s ), (16)

11 xnacc. Teoperudeckuit Typ. 3



riae 0003Ha4YeHO § = \/ZI%—;T 1 HCIIOJIb30BaHO Pa3JIOZKEHUNE CTeIleHHOI (byHKHI/II/I C y49€TOM YJIEHOM

BTOPOTO TOpsijiKa MajocTu. CpejiHee pacCTOSTHIE MeXK/Iy aTOMaMU HailjieM, YCpe Hsd 7' U I'y:

__7”1+7’2_ 7 2\ TakT
T= —r0(1+725)—7“o(1+ TR (17)

CpasuuBas Beipazkenue (17) ¢ dopmystoit Tepmudaeckoro pacmupenusi | = lo(1 + aAT'), Haxomaum
JINHEHHBIN KO3MDPUITMEHT TEPMUIECKOTO PACIIINPEHUS

Tak
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