TEINJIOEMKOCTDb TBEPIbIX TEJI

Kiaaccnueckasi TECOPpUA TCILVIOEMKOCTH KPUCTA/LVIOB

B nawane 19 Beka [ronoHr m IITM SKCIEpUMEHTANIBHO YCTaHOBHWIM, 4YTO
MOJISIpHAsA TEIJIOEMKOCTh XMMHUYECKH MPOCTBIX T€JI B TBEPAOM COCTOSIHUM HPHUMEPHO
OJMHAaKoBa MW cocraBiasieT okoio 25 Jx/(monb K). PaccMoTpuMm, kak B pamkax
KJIACCMUECKOM (PM3UKH MOKHO TPAKTOBATh JAHHOE YTBEPKJICHUE.

TBepapie Tena, B OTIMYME OT >KUJKOCTEH M ra3oB, COXpaHSIIOT 00beM U (opMy.
Cunpl  MEXMOJIEKYJSIPDHOTO  B3aUMOJEWCTBUSL B  TBEPABIX TEJNAX 3HAYUTEIIBHBI.
[loTeHnmanbHas >HEpPrusi B3aUMOJCHCTBUS aTOMOB, COOTBETCTBYIOHIAS JIOKAJILHOMY
MUHUMYMY, CYIIECTBEHHO MPEBOCXOAUT KUHETHUECKYIO SHEPrui0. ATOMBI 00pa3yroT
KPUCTAJUIMYECKYIO PEIIETKY — NPOCTPAHCTBEHHOE PETYIISIPHOE PACIIONIONKEHUE aTOMOB
WJIM MOHOB B KPUCTAJUIE, XapaKTEPU3YIOLIEEC NEPUOJUIHOCTHIO B TPEX U3MEPEHUSX.

TeruioBoe IBHKEHHE aTOMa, HAXOAILIErocs B y3JI€ KPUCTAUIMYECKOW PELIETKH,
NPEACTABIIET COOOM Majble KOJIEOAHHsI OKOJIO IMOJIOXKEHUH paBHOBecHs. Takoil arom
MOJKHO paccMaTpuBaTh KaK TapMOHMYECKUN OCHMIUIATOP, OOJajaoImuil Tpems
KoJjeOaTenbHbIMU  cTeneHssMU  cBoOOonbl. [lo Teopeme bonbliMaHa Ha Kaxayro
KOJICOATEIbHYIO CTENICHh CBOOOJBI B CPEIHEM NPUXOIWTCS OSHeprusi, paBHas KT.
3anuiiem

<e>=KT,
TOTJ1a BHYTPEHHSS SHEPTUS OJHOIO MOJISI KPUCTAJLJIA €CTh

U, =3N,kT =3RT,

a MOJIpHasa TCINIOCMKOCTHb IIPH ITOCTOAHHOM 00beMe HE 3aBUCHUT OT TCMIICPATYPBI U

OJAMHAKOBa IJIs1 JIFOOBIX XUMHUYECKHU IMPOCTLIX TCJI

ou,
ot

C, =—~=3R.
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[TomydyeHHbIid  pe3yiabTaT XOpPOIIO  coryacyercs ¢  3akoHoM  Jlromonra-IlTw.
JletictBuTenbHO,  Ta3zoBas  moctosHHas R =8.3  JIx/(moms-K), Torma
3R = 25 JIx/(monb-K).

[TomydeHHBIA pe3ynbTaT MOXHO OOOOIIUTH, Ha TBEPAbIC XUMHUYECKHE
coenuHeHus. JleHcTBUTEIRHO, TeopeMa bojblMaHa O paBHOMEPHOM pacHpeIeiIcHUN
DHEPTrUM II0 CTENCHSAM CBOOOJBI MPUMEHHMA JJII aTOMOB JIIOOOTO XHMHYECKOTO
AJIEMEHTA, BXOJSIIET0 B XMMHUYECKOE COCANHCHNE. BHYTpEHH S SHEPTUS XUMHYECKOTO
COCIMHCHHUS TIOJy4aeTCss CYMMHUPOBAHUEM HE TOJIBKO IO CTCTIICHSAM CBOOOJBI, HO H TIO
atomam. Torma st XAMHYECKOTO COSAMHEHUS, COCTOSIIIETO U3 N aTOMOB

U, =3N,nkT =3RnT,a C, =3nR.

TennoeMKoCcTh TBEPABIX TEI XUMUYECKUX COCIMHEHUM paBHA CyMME aTOMHBIX
TEIUIOEMKOCTEMN IJIEMEHTOB, COCTABIIIOIINX 3TO COEUHEHHUE.

Hecmotps Ha Kaxyluiicss ycrex, CiaeAyeT IPU3HaTh, YTO KIIACCUYECKas TEOPUs
TEIUIOEMKOCTH KpPUCTA/NIOB BHYTPEHHE HEIOcJeqoBarelpHa. Tak arom, oOianas
BHYTPEHHEH CTPYKTYpOil, UMEET JAOINOJHUTENIbHBIE CTENEHH CBOOOJbI, KOTOPHIE HE
YUYUTBIBAIOTCA. B MeTamax MOHHAsE KPUCTA/UIMYECKaAsl PELIETKA 3all0JIHEHA UICAIbHBIM
ANEKTPOHHBIM Tra3oM. OO6namas Tpemsi NOCTYNATEIbHBIMH CTENEHSIMH CBOOOJBI,
CBOOOJIHBIE 3JIEKTPOHBI JIOJKHBI BHOCHTH BKJIaJ B TEIJIOEMKOCTh KpucTaiia. OMbIT
IIOKA3bIBAET, YTO 3TOr'0 HE IMPOUCXOIUT.

OneIT K€ MOKa3bIBAET, YTO YCTAHOBJEHHBIM 3aKOH CIPABEMJIUB JIMIIb IIPU
TEMIIEPATypax, HE CUJIBHO OTINYAIOIINUXCA OT HOpMalibHOU. [Ipyn HU3KUX TeMiieparypax
TEIUIOEMKOCTh CYLIECTBEHHO 3aBUCUT OT TeMmeparypbl, a npu T — 0 TemIoeMKocTh

KpUCTAJJIOB CTPEMHUTCA K HYIIIO.

KBanToBasi Teopus TeNJI0eMKOCTH JilHIITEHHA

C pa3BuTHEM KBAaHTOBOW (PU3UKH CTAJIM MOHSATHBI OIPAHUYCHUS, 3aJ0KCHHBIC B
KJIACCUYECKOM TEOPUU TEIUIOEMKOCTH KpUCTAJIOB. Eciam aTom M paccMaTpuBaTh Kak
FapMOHUYECKUN OCHUIUISITOP, TO, KOHEYHO XK€, KaK KBAaHTOBBIA OCHWILIATOP. A

C-)HepFCTI/I‘IeCKI/Iﬁ CIICKTP KBAHTOBOI'O OCHHUJLIATOpPA NJUCKPCTCH. BBI)IBI/IHYTYIO IImankom
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UJICI0 O JUCKPETHOCTU CIEKTpa KBAHTOBOTO OCHWILIIATOpa DWHINTEWH MPUMEHWI MPHU
MMOCTPOCHUHU KBAHTOBOM TEOPUU TEINIOEMKOCTH KPHUCTAJIIOB.

B mogenu OiinmTeiina N aTOMOB KpPUCTaNIMYECKOW PEHIETKU MPEICTaBIISIET
coboit cuctemy 3N He3aBUCHMBIX KBAaHTOBBIX ocimuiaropa. [lomaraercs, 4to atom
oOnagaer TpeMs KoJeOaTeNbHBIMU CTENEHSIMU CBOOOJIbI M KoJieOaHUSI aTOMOB
MPOUCXOMST HE3aBUCUMO JPYr OT JApyra ¢ oJuMHaKoBoW dactoToil. Eciu coOcTBeHHas
4acTOTa TAaKOr0 OCHWILIATOPA V, TO JHEPTHUs

£, :(n +]/2)hv, n=0,12...,.

BolpakeHne 111 SHEPIHMM KBAaHTOBOTO OCHWJUIATOpPA OTJIMYAETCA OT IJIAHKOBCKOTO
& =nhy HalnU4YreM SHEPTHU HYJICBBIX KOJCOAHUH, OJJHAKO MPH PacyeTe TEIIOEMKOCTH
JaHHOE OOCTOSITENBCTBO HE CYLIECTBEHHO.

Ilomarasi, 4TO 3HEPreTUYECKUE YPOBHM 3aCEJIEHBI B COOTBETCTBUU C TEOPEMOMU
bonpiMana, mpocyMMUpPOBaB MO BCEM YPOBHSM, I CPEIHEH SHEPIHMH OCUUILIATOpA

IMOJIYYHM BBIPAKCHUC

hv hv
<g>=—+
2 exp(hv/kT)-1

Tornma BHYTpEHHSISI SHEPTUS OJTHOTO MOJIS

U,=3N,<&>
TenmoeMKoCcTh €cTh TPOU3BOJHAS OT BHYTPEHHEW HHEPruu mo temieparype. IMeHHo
MO3TOMY SHEPrusi HYJIEBBIX KOJIeOaHWM, HE 3aBUCSAIIAsl OT TEMIEPAaTypbl, HE BHOCHUT
BKJaJ B TEIUIOEMKOCTh. B3fB MPOM3BOAHYIO, IIOJIY4Ya€M, YTO BBIPAKECHUE IS

TCIIJIOCMKOCTH KpHUCTaJlIa

2
exp(hv/KT
CVZBR(h—VJ p(v/KT)
KT ) (exp(hv/kT)-1)
[Tony4yeHHOE BBIpAKEHHE IS TEIJIOEMKOCTH ABJsieTCs QyHKIMEH Oe3pa3MepHOro

napamerpa hv/KT . TlapameTp 3TOT €CTh OTHONIEHHE YHEPTHA MUHUMAJIBLHOW SHEPrUH

KBAHTOBOI'O OCHMUIIIATOPA W JSHCPIUM TCIIJIOBOTO JABHMKCHHA aTOMOB KpHCTAJLIA. I[JIH
yu€Tta KOJMYCCTBCHHBIX COOTHOIIICHUI BBCACM IIOHATHC XapaKTepHCTquCKOﬁ

TeMNepaTypbl DUHIITEHHA
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T, =hv/k.

PaCCMOTpI/IM MNpCACIbHBIC ClIYdal BBICOKHX M HU3KUX TCMIICPATYP. HpI/I BBICOKHX

Temneparypax, T > T, . Toraa, pasnaras 5KCIIOHEHTY B Psijl 110 MajoMy Iapamerpy,

IIoJjIydacMm

hv hy
exp| — [=1+—.
KT KT

[IpeneOperast cnaraeMplMM Majioro MOpPsKa, IMOIY4aeM, YTO TEIJIOEMKOCTh IIpU
BBICOKHX TEMIIEPATypax MEPEXOIUT B KJIACCUUECKOE BhIpakeHue 3akoHa J[rononra-Iltu
C, =3R.

B obmacti Mmanbix Temmeparyp, koraa T <T, , eluHHIEH B 3HaMeHaTelne

BBIPpAKCHHUA I TCINIOCMKOCTH MOXKHO Hp€H€6pCLII>, TOorga

2
C, =3R v exp v
KT KT
TennoeMKoCcTh 3KCIOHEHIIMAIBHO CTPEMUTCS K HyJto ipu T —0.

B npubnmxenun ORHIITENHHA TEIIOEMKOCTh KpHUCTalyla IOCTOSHHA MU
HOpMaJbHOM M 0Oo0Jiee BBICOKOW TemrepaType U YObIBaeT HKCIOHEHLMAJIbHO TNpU
MOHIKEHUHN Temneparypbl. OIHAKO corjiache C AKCIIEPUMEHTOM JIHIIb Ka4eCTBEHHOE.
N3BecTHO, 4TO TEMIOEMKOCTh METANIOB BOJIM3HM aOCOTIOTHOTO HYJIsl yOBIBAET JIMHEWHO,
a IUDJICKTPUKOB — KyOMUECKHU.

[IpumenuB runore3y IlmaHka O IHCKPETHOCTHM CHEKTPAa SHEPTUA KBAHTOBOIO
OCLMJUIATOPA, DWHIITEHH OOBSCHWII YMEHBIICHHE TEIUIOEMKOCTH IpHU TEeMIIepaType,

CTpeMsIIENCs] K HYJII0, OJHAKO MPEANOJI0KEHHEe O TOM, YTO YacTOThl KojaeOaHui

OCHUILJIATOPOB B KPUCTAJIC OAMHAKOBEI, HC COOTBCTCTBYCT PCAJIbHOCTH.

KBanToBasi Teopus temioemkoctu Jledas

AToMm B KpuUCTalJICe HC MOXKCT COBCPIIATh HE3AaBUCUMBIC IBHUIKCHHA. CBs3n MCKIY
aTOMaMiu IpuBOAAT K TOMY, YTO KOJIEOAHMS nepeaarnTCa COCCAHNM aTOMaM M JaJICC 110

BCEMYy KpucTajly. B pe3synbTrare CiOXKHBIE KOJEOaHMsI COBEPIIAET BCS CHUCTEMA,
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cocrosimass U3 N aromoB (dactuil). Takue JBUKEHHS BeChbMa CJIOXKHO OIMCATh
KOJIMYECTBEHHO.

PaccMoTpuM  OZHOMEpHBIM  KpUCTaUl, COCTOSIIIMI W3 IIEMOYKH aTOMOB,
HaXOJISAIIUXCS HAa PacCTOSHUAU & APYT OT Apyra, Puc. 1. ATOMBI COBEpIIAOT KOJIeOaHUs
NEePHEHANKYJIIPHbIE OCH KpUCTaUla, a KOHIbI IEMOYKH 3aKpeIuieHbl. Torjaa Takoiu
KpUCTaJUI MOKHO paccMaTpUBaTh KakK CTPYHY, a KoJieOaHUs aTOMOB Kak BOJHBI Ha
ctpyHe. Jlro0oe konebaHue CTPYHBI MOKHO Pa3JIOKUTh MO TAPMOHUKAM — CTOSTYUM

BOJIHAM, UMCIOIINM Y3JIbl HC TOJIBKO Ha KOHIIAX CTPYHBI.

]

Puc. 1
Ha Puc. 1 npuBeneHsl iepBbie TpU TApMOHUKH. [[7M1HA BOJIHBI, COOTBETCTBYIOIIAS
TapMOHHUKE, C POCTOM HOMEpa ITOCIEAHEM MOHOTOHHO YyMeHbInaercsa. KommuecTBo
BO30y>K/1a€MbIX FAPMOHUK B HJCATM3UPOBAHHOW CTpyHE OeckoHeuHO. B ogHOMEpHOM

KpUCTaJJIe OYEBUIHO OTrpaHUYeHHe, A, =28, CMBICI KOTOPOro nposcHser Puc. 2.

| 2a

Puc. 2
JIroboe kosiebaHME TPEXMEPHOTO KpPUCTAIAa MOXKHO OIUCATh KaK CYyMMY

HOPMAJIBHBIX KOJIeOaHMWH, 00pa3yroIMX OpPTOTOHAIBHBIM Oa3zuc. UncIo HOPMaIbHBIX
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KOoJieOaHWiI paBHO YHUCIY CTeTNeHed CBOOOABl 4HacThil B Kpuctawie, Bcero 3N mis
KpucTaiia, cocrosmiero u3 N gactui.

JleGaii  ympoCTHJI CIIOKHYIO 3aJady KOJUIGKTUBHOTO JIBIDKEHUS aTOMOB
Kpucrtamuia. OTBIEKIINCh OT aTOMHOM CTPYKTYpBI, OH CTaJ pacCMaTPHUBATh TETUIOBHIE
KoJIe0aHUsI KaK CTOSYMEe MH(Pa3BYKOBBIC BOJHBI B yIPYroW CIUIOMIHON cpeze. BomHb
Jlebas, onpenenstonye Te0eMKOCTh KPUCTAIIa, UMEIOT CIUIOMIHON crieKTp. OHaKo
OCHOBHOW BKJIQJ] BHOCAT BOJIHBI C HU3KHMH YacTOTaMH, JJIMHA BOJHBI KOTOPBIX
MIPEBBIIIACT MTEPHOJ] PEIICTKH.

MeskaToMHOE paccTosiHHE ISl Kprctamia oobeMoM V, copepkamiero N gacTwir,

OLICHUM KaK a = 3 /N , TOI'’Ja MUHHMMAJIbHA AJIMHA CTOSTUCH

A ~2a=38V/N.

bonee akkypaTHbIi pacyeT MO3BOJSET YTOUHHUTH YHCIOBON KOI(PPUIMEHT, U

TOTJa

min

A =3 4—7zaz1.6a.
3

KoprnyckynsipHO-BOJTHOBOM Ayaliu3M COIOCTaBIISIET BOJHE YacTully. Mcmonw3ys
ATy UL, MOXXHO pacCMaTpuBaTh YOPYIyI0 BOJIHY TEIUIOBOTO BO30YXKJIECHHS Kak
KBazuuacTuily. KBazuuactuiia urpaer posib KBaHTa K0JIEOATEILHOTO JIBMYKCHHSI aTOMOB
Kpuctayia. Torma ciioXHble KoJieOaHUsI KpUCTAJJIa MOXHO paccMaTpuBaTh Kak ras
KBa3U4aCTHUIl. DTU KBa3WYACTHUIIbI HAa3BaIu ()OHOHAMH.

Hecomuennoe co3Byune Ha3BaHusg C (OTOHAMH — KBaHTAaMU ODHEPIHH
AJIEKTPOMArHUTHOTO TOJis, HeciaydaiHo. IlmomoTBopHas uaesa Ilnanka o ToM, 4TO
TEIJIOBOE H3JIy4eHHE aOCOJIIOTHO YEpPHOTO Tejla KBAaHTYETCs, Hallsla MPUMEHEHUE B
Teopuu TBepJoro Tena. MOTOHHBIM ra3 B aauadaTUYECKOW MOJIOCTH, HAXOJSIICHCS B
COCTOSIHUM TEPMOJAMHAMUYECKOTO paBHOBECHUS, M (OHOHHBIM Tra3 B KpUCTAILIE
paccMaTpUBAKOTCA C €IUHBIX MO3ULIUH.

CnuH QoHOHa paBeH HYJO, CIEJOBATENbHO, (OHOH sBIsEeTCI OO030HOM U
OMMCBHIBACTCS CTATUCTUKOM bo3ze-DiHimTeliHa. XUMUYSCKHN NOTeHITHAT (POHOHA PaBEH

HYJIIO.
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Hapsiny ¢ oHeprueit e¢=hv , ¢oHoH oOnamaeT WMIOYIbCOM, TOYHEE

KBa3UHUMITYJIbCOM,
p=hv/c,

IJIe€ ¢ — CKOPOCTh 3ByKa. MOKHO OTBJIEYBCS OT TOTO, YTO B TBEPJOM TEJIE CYLIECTBYIOT
KaK MPOJIOJbHBIC, TaAK U MOINEPEYHbIC BOJIHBI, U MPUHUMATH 32 CKOPOCTh 3BYyKa HEKOE
YCPEIHEHHOE 3HAYEHUE.

Hcnonbs3yeM MeTOJbl KBAaHTOBOW CTAaTUCTHKHU JJIsl pacyeTa dHEeprur (OHOHHOIO
raza. 3anuiieM 4ucio (a3oBbIX COCTOSHUN B KpUCTaiie 00beMoM V

2
4z = 347’5—3dpv ,

r7ie P — MaKCUMAaJIbHBIM KBa3UHUMITYJIbC, a KO3(pPUIMEHT 3 MO3BOJISIET y4eCTh, UTO B
KpUCTaJUIE MOTYT CYIIECTBOBATh KakK MpPOJOJIbHBIE, TaK W IOMEPEYHBbIE BOJHBI CO
B3aMMHO MEPHEHANKYJSIPHBIMU MOJAPU3ALUAMHA. AHAJIOTUYHOE YBEIWYEHUE BIBOE
KoJuuecTBa (ha30BbIX COCTOSHUW 3JEKTPOHHOTO Tras3a ONpEAeNsuioch TEM, 4YTO B
(a30BoM sYEHKe MOTJIA Pa3MEIAThCA 1BA AJEKTPOHA C TPOTUBOIIOJIOKHBIMU CIIMHAMM.

3aMoyHEHNE SHEPreTUYECKMX YPOBHEHW CHCTEMbl OO30HOB ONpeaensercs
pacripeneneHueM boze-DiiHmreiiHa. Torma yucio (OHOHOB, 3aNMOJHSIOMIMX SYCHKU
(a30BbIX cocTostHUE 0Z, 3amuiemM Kak

N = dz
exp(hv/kT)-1

HGpCXO}IH OT KBa3WMHUMIIyJIbCa K 4YaCTOTC, IMOJYYHM, YTO JId YHCIIA (1)3301351)(

COCTOSIHUM 1 YKclia (POHOHOB CHPABEIJIMBBI BHIPAKECHUS

2 2
dz =3 dvy gy EVvidv
c? c®(exp(hv/kT)-1)

BHyTpeHHsis dSHeprus KpucTajula €CTh DJSHEprusi TEIUIOBBIX  KOJIeOaHM
KPUCTAJUIMYECKOW PELIETKH, B TEPMUHAX KBAHTOBOW (DM3HKU — SHEPrusi (POHOHHOTO

rasa. HYCTB Viax — BEPXHASL I'paHUlla 9acCTOT (1)OHOHOB, BHOCAIIIMX BKJIaA B TCIIJIOBBIC

Kojebanus pemeTkd. Ee Ha3pIBalOT XapakTepucTuyeckoil n1edaeBckoil yactotoid. Torna,
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HMHTCTPUPYsS IO AHAla3oHy 4YaCTOT OT HyJsL A0 V.. , IOJYYHM BBIPpAXKXCHHUC IS

BHYTPEHHEH 3HEPTUM KpUCTaIlIa

U — V”jfx hdN — 127z3Vh VT* vidy |
: ¢’ ¢ exp(hv/KT)-1
[epeiins x 6e3pazmepHoit mepemennoit X =hv/KT u onpenenus
Xmax
D:%, p=| _Xdx —hw, /KT,
c’h > exp(x)—-1
MOJIYYHM, YTO BHYTPEHHSIS SHEPTUsI
U= D-,B(T)-T“.
OmnpenenuM XapakTepUCTHYECKyto Temieparypy [ebas kak T, =hv /K. Ilpu
ATOM TeMIiepatrype B TBEPJOM Telie BO30YKJIE€HBI BCe MOJbl kosieOanuil. JlanpHenuii
pPOCT TeMIlepaTyphbl MPUBOIUT JIUITh K YBEIMYCHHUIO aMIUTHTYABI YK€ BO30YKICHHBIX
moa. Uccnenyem npesenbHbie CIydyan HU3KUX M BBICOKUX TEMIIEpaTyp.

ITycts T <<T,. B aToM ciryqae X ., —> o0, TOrga MHTErpall, aHaJIOTUYHBINA TOMY,

4TO BO3HHKAJI IIPHU BBLIBOJAC 3aKOHA CTC(baHa—EOJIBIIMaHa N3 pacIpCcacCIICHUA HJIaHKa,

CCTb IPOCTO KOHCTAHTA

0

_[ x>dx _z
exp(x)-1 15

4

0

Torga B 007aCTH HU3KUX TEMIIEPATyp MOJIyYaeM, YTO TEINIOEMKOCTh KpUCTaJIa,
oJ
C, =—~T°,
oT
MPOTNOPIMOHANIbHA KyOy a0CONIOTHOM TeMnepaTypbl. DKCIEPUMEHTHI MOKAa3bIBAIOT, YTO

3aKOH KyOOB BBITIOJIHAETCS JIJIsl TBEPABIX TEJ IPH HU3KHUX TEMIIEpaTypax.

[Tycte T >T,. B obmacTu BBICOKMX TEMIIEpaTyp, pasjiaras HKCIOHEHTY IIO

MajioMy rapameTpy,

exp(x)~1+Xx,

oJiydacM, 4TO HHTCTpPaJI
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Xmax X3
B~ | Xdx="mx
) 3

Torna BHYTpeHHsISI SHEPTHUs IPOIMOPIIMOHATIFHA TEPMOMHAMUYECKON TeMIlepaType

4zVk vio.T.

3 “max
C

3
U =D2lme T4
3

Paccuutaem BHYTPCHHIOIO JHCPIrHi0 OAHOI'O MOJIA KpHUCTAJJIA. MexaToMHOE

pacCTosIHHME B 3TOM CIIy4a€ MOKHO 3aIIicaTh Kak a = QSIQ/NA , 4 MUHUMAJIbHYIO JJINHY

BOJIHBI
ﬂ’min =3 472.\/
3N,
ITockonbKy A, Vi =C»>a R=KN,, TO
U,=3RT.

KBaHTOBast MOJIsIpHAs TEMJIOEMKOCTh KPUCTAIa B 00JIACTU BBICOKHX TEMIIEPATYP

NEPEXOAUT B KJIACCUUECKOE BhIpaxkeHue 3akoHa [{rononra-IItn
C, =3R.

Temnepatypa [leGas — BakHas XapaKTEpHUCTUKA BEIIECTBA, BIUSIOLIAS HA €ro
TEII0eMKOCTh. OHa yKa3bIBaeT TEMIIEPATYpPy, AJIs KOTOPOU CYIIECTBEHHO KBAaHTOBAHUE
sHeprun KkoseOaHuit. Ilpu mocTHKEHUW OTOM TeMmmeparypsl B TBEPAOM Teje
BO30Yy>KIaeTcs BECh CHEKTP HOPMANbHBIX KOJEOaHMH, a JanbHeWlee MOBBILICHUE
TEeMIIepaTypbl HE BO30YXJaeT HOBBIX HOpMalbHBIX KoJieOanuil. Temmnepatypa [leOas
OTIpENENAETCs] CTPOEHUEM KpUCTallJla U BapbUpYyeTCs B IIUPOKUX Mpenenax. B tabnuue

NpUBEACHBI TeMIiepaTypsl Jlebast 1isi HEKOTOPBIX BELIECTB.

Bemectso [Ip, K

Amromuuuii 433
Menn 347
30110TO 162

Anmas 2250
3anuimeM BbIpaXKEHHE JJIsI BHYTPEHHEH SHEPruud OJHOTO MOJSL KpHUCTalia,

UCIIOJB3Ys Temnepatypy Jebas,
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3TD/T 3
U, =9RT| = X dx
# T ) % exp(x)—l

HuddepeHuupyss BHYTPEHHIOIO DHEPrUI0 IO  TEMIEpaTrype, IOJy4yuM
TEMIIEPATYypPHYIO 3aBUCUMOCTh MOJIIPHOM TEIIOEMKOCTH KPUCTaJUIa CIPABEJIMBYIO BO

BCCM JJHAIIA30HC TCMIICPATYP

31T 3
C, =3R| 12 T xdx 3T, /T
T, ) o exp(x)-1 exp(T,/T)-1

[locnennee BbIpaskeHHWE B €AMHOOOpa3HOW (PopMe OMUCHIBAET TEIUIOEMKOCTD
KpucTtaysioB. CBOICTBa BEIIECTBA YUUTHIBAIOTCS OJHUM IapaMeTpoM — TEMIEpaTypoi
Hebas. IlockonbKy aHaJIUTUUECKOTO BBIPAXKEHUS JJIsl WHTErpajia, BXOJMSIIETO B
dbopMyy IS TETNIOEMKOCTH, HE CYIIECTBYET, KOHKPETHBIC 3HAYEHUS TEIUIOEMKOCTU
MOJTy4aroT YHCIEHHO.

JanumeM TEIUIOEMKOCTh KpUCTala B paMKax MOAENM OWHINTENHA, IoJiaras
YacTOTY OCUIJIIATOPA MaKCUMaJIbHOH 1o Moaenu Jebas, v =T,k /h,

T_ojz exp(To/T)
T ) (exp(T,/T)-1)

Ha Puc. 3 moka3zaHbl 3aBHCHMOCTH MOJIIPHOW TEIJIOEMKOCTH KpHUCTasia B

C\,:BR(

mozenu Jlebas u DHmTeiHa. TemnepaTypa HOpMUpOBaHa Ha TemriepaTypy Jlebas, a

TEIIOEMKOCTh — Ha 3R.
TennoemkocTb KpnucTanna
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®opmyna [[ebasi XOpoIIO OMUCHIBAET TEIUIOEMKOCTh TBEPJBIX TEI C MPOCTOU
KPUCTAJUIMYECKON pemeTkon. Bmecte ¢ TeM, HEyAOBJIECTBOPUTEIBHO ONUCHIBAIOTCS
W3JIOKEHHOW Teopued Oojiee CJIOKHO YCTPOCHHBIE KpuCTaIbl. K HMM OTHOCSTCS
KPHUCTAJUIbl: COCTOSIIIAE W3 AaTOMOB pAa3HbIX XUMHUYECKHX JJIEMEHTOB; HMEIOIIUE
CYIIECTBEHHO Pa3IMYaIOIINECT CBA3U MEXKIY aTOMaMH, B KOTOPBIX COCTOSIHUE YACTHII,
ClararolMXx KpUCTAUIMYECKYIO PEeIeTKYy, 3aBUCUT OT TeMmmepaTypbl. Takue oO0BEKTHI

TpeOyroT OoJiee CI0NKHOTO U AETATLHOTO aHATHN3a.
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