®I3UKA I XIMISI TBEPZIOIO TIIA
T. 12, Ne 4 (2011) C. 1002-1006

V]K 541.135.4

PHY SICS AND CHEMISTRY OF SOLID STATE
V. 12, Ne 4 (2011) P. 1002-1006

ISSN 1729-4428

A.0. [11abnoBCHKUH

Tepmoaunamika muMopdizMy TBepauX eJeKTPOJIITIB 3 BJaCHUM
CTPYKTYPHHUM PO3YNOPSAAKYBAHHAM

Tomenveokuti Oepacasnuii mexnivnuii ynieepcumem im. I1.0. Cyxozo

Binopycis, 246746, m. Tomens, npocn. Oxmabps, 48; e-mail: ya-shabl ovsky@yandex.ru; shablov@gstu.by

IlporioHoBaHa (H)EHOMEHONOriYHA MOZETb Mepexolay "Hu3bKompoBinHa (asa — enekrponiThyHa dasa” B
KpUCTaNaX 3 BJACHMM CTPYKTYPHHM PO3YNOPSIKYBAHHAM. Ii BXKMBAHHS JNO3BOIWIO NAaTH AHANITHYHHH OIHC
MOBEIIHKH TEPMOJIMHAMIUHHUX XapaKTePUCTHUK TBEPJOro €IEKTPOIiTy B obnacTi Horo ¢pa3oBoro nepexoany i orpumMaru
BHpPa3 3aJISKHOCTI TEMIepaTypy Hepexony Bix THcKy. OTpHUMaHi aHAITHYHI BUPa3H TEPMOKIHETUYHUX Koe(ilieHTiB.
3HalifieHnii B3a€MO3B'A30K MIXK €JICKTPOIPOBIHICTIO 1 TEIUIONPOBIIHICTIO TBEPAOTO SJICKTPOIIITY.
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Beryn

Teepai enextponmitd  (CymepioHHI  MPOBiTHHKH)
PO3IIUIMIOTBECS Ha JBa OCHOBHI pizHOBHM. [lo mepimoro
PI3HOBUY BIHOCSTH TBEPIi €IEKTPOJITH, BUCOKA i0HHA
MIPOBITHICTh SIKUX 3a0e31euyeThes BHCOKOIO
KOHIICHTPAIIIEI0 TOMIIIKOBUX 1OHIB. IHIIMIA pi3HOBUI
TBEpAMX  EJEKTPONITIB  CKIaJaroTh  KPHUCTAIH i3
CTPYKTYPHUM PO3YIIOPSIKYBaHHSIM.

B ocranni aBa gecsTupiuds 30UIBIICHHS 4HCa
BIJOMHX CYIIEPIOHHUX MpPOBIIHUKIB B OCHOBHOMY
3a0e3MeuyeThCsl CHHTE30M HOBHX BHCOKOIIPOBITHHX
TBepaux  po3umHiB  [1,2]. [upoki MOXIHMBOCTI
OTPUMAaHHS TBEPIUX EJIEKTPOJITIB MUIIXOM JIETYBaHHS 1
3HAYHI YCHIXM y BHBYEHHI JOMIIIKOBOI MPOBiTHOCTI
BiJIBEpHYJIM YBary JAOCIIIHUKIB BiJl KPUCTAIIIB 3 BIIACHUM
CTPYKTYpPHUM PO3YIIOPSAKYBaHHSIM. CynepionHa
MPOBIHICT, ~ TaKUX  KPUCTANIB € TIPOSBOIO  iX
CTPYKTYpHOTo TuMopdi3My: Ipu TeMrieparypi T Hipkde

3a TIOPOTrOBE 3HAYEHHS T| € CTIMKOI0 HU3LKOIPOBIIHA

¢basza ("3Buuaiinuit” ioHHui kpucram), a npu 7 3 T

KpHCTall 3HAXOAUTHCS B ENCKTPONiTHUHINA ¢asi | Mae
CYIepiOHHY MPOBiAHICTH [3, 4].

OCHOBY TEpPMOIMHAMIKH TBEPIUX EJIEKTPOIITIB
ckimanaoth pesyasraty [5 - 10]. B ganiit po6oTi B cBiT/II
(G yHIaMEHTAIBHUX e [5-10] JIOCHIKEH]
3akOHOMipHOCTI  (hasoBoro  mepetBopenHs  (DII)
KpHCTalia 3 BIACHUM CTPYKTYPHHUM PO3YTIOPSIKYBAHHSIM.
[Tpu oMy MU 0OMEXYEMOCS] BUIAJKOM, KOJH BCi 10HH,
o OepyTh y4acTh B mepeHeceHHi 3apsay (i0HH-HOCIT),
HaleXaTh JIO OJHOTO  COPTY, a/pKe€ METOJAUKH
BiJIMIOBiTHOTO y3araibHEeHHs 100pe Bigomi [11].

|. Teoperuunmii anami3

Y  neskux TBEpOMX ENEKTPONITIB  CTPYKTYpHE
PO3YIOPSIIKYBaHHSI HE  CYNPOBOAUTHCS  ICTOTHUMH
3MiHAMH B OCTaHHIN YacTHHi (KiCTAKY) 1X KPUCTaIiqHOT
rpatku [12]. TIpote, mani nepexia "HU3BKOMPOBiTHA (a3a
— enekrponiThyHa (aza” aHaN3YeThCA 13 3arajbHHUX
TIO3UIIIH KpUCTATOXi Mii nomMopdizmy:
PO3YIOPSIIKYBaHHS T PaTKA 10HIB-HOCITB
PO3TIISIAETHCS SIK pe3yibTaT Nepe0yq0BH KPHCTAJiYHOI
CTPYKTYpPH B ILJIOMY.

3rimHo cyuacHuMm  ysBieHHsMm [13, 14], ionHa
MPOBIHICT ~ TBEPAUX TUT 3IHCHIOETHCS  IIIIXOM
Mirpamii TOYKOBUX Ae(EeKTIB KPHCTAJIi4HOI OyIOBH —
BaKaHCil Ta MiXBY3JI0BUX ioHIB. TyT npupoza 3ragaHux
nedekTiB He AeTaii3yeTbes. J[asS HAmoro posrisimy
3HAYHO ICTOTHINIMM € BuOip mnapamerpa @I —
rnapamerpa, IO KUIBKICHO XapaKTeph3ye BiJIMiHHOCTI
MIX CTPYKTYpHUMH (a3amu. OOroBopuMo Horo.

HIBuakuii 10HHWE TPAHCHOPT MOXIIUBHU JIMIIE B
CepeIOBUINAX, B SKHUX TO3MUIlI, 3alHATI iOHAMH, IO
MepeMIllalOThCS, YTBOPIOIOTH 3B'SA3HI TpaekTopii —
kaHaju nposigHocTi [13]. TIpu HassBHOCTI TaKMX KaHANIB
CyIepioHHA MPOBIAHICTh 3a0€3MMeUYETHCA HEPIBHICTIO

Ny >Ny, D
ae Ny, — uuclo BakaHCii B KiCTAKY KpMCTajidHOi

crpykrypd, Ny —uncio "nedexrHux” moI0XKeHb 10HIB,
d

3JaTHUX 3aiHATH 1  BakaHcil, oO4YeBUIHA BUMOra
HAasIBHOCTI JOCTATHHOI KUIBKOCTI KOMIIAKTHUX 10HIB 3
HU3bKOIO BAJCHTHICTIO 1 MAajoOl CHEPri€l0 aKTHBAIii
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Ma€eTbCsl Ha yBa3l BUKOHaHOW. Jlns KpuCTaliB,
CyNEpioHHA TMPOBIAHICTh SIKUX OOYMOBJICHA BJIACHUM
CTPYKTYPHUM  PO3YIOPSIIKYBaHHSIM, HepiBHicTh (1)
pIBHOCHIJIbHA HEPIBHOCTI

Ng > Ny, )

ae Ny — 4ucio ioHiB-HOCIIB, IO 3aiMalOTh PeryispHi
(By37I0Bi) TIOMOKEHHST B TIpaTkax. BpaxoByrouu (2), B
SIKOCTI TapaMeTpa Iepexoay "HHU3bKOMpoBiaHa (aza —
eNEKTPONiTHYHA (pa3a” JOLIIBHO BHKOPHCTOBYBATH
0e3p0o3MipHY BEITHYHHY

N
q=—"-—, ©)
Nd = Nr
ne N=N d +Ny.
IMapamerp (, sKkuii MOXHa YMOBHO Ha3BaTu

MapamMeTpoM CTPYKTYPHOI HECTIHKOCTI, JO3BOJISIE HAOYHO
oxapakTepHu3yBaTh €BOJIIOLII IO TIO3UIIIHHOTO
PO3YIIOPANKYBaHHS 10HIB-HOCIIB (muB. pucyHOK). Jlms
OyIb-IKOTO PEAJBHOr0 KpHCTala Nd >0, ame npu
JIOCUTh HHU3BKHUX TeMIepaTypax HHU3bKONpOBiJHA (a3a

g

Puc. 1.  3arampHuii  BUDIA ~— TeMOepaTypHOI
3aJIeKHOCTI IapaMeTpa CTPYKTYpHOI HEeCTiHKOCTi
TBEPJIOr0 E€JIEKTPOJNiTa 3 BIACHUM CTPYKTYPHHM
PO3YHOPSIIKYBaHHSIM.

rpaHn4HO criiika: N d << N¢, 9® -1. I3 3pocranHsIM

TeMIIEpaTypu YHCIIO Nd 0  IMiJBHILYE

HECTIHKICTh ~ CTPYKTYpH  HHU3BKOMPOBITHOT  (asu
(36iBIIyeTHCS AOCOMIOTHE 3HAYEHH: mapaMerpa (), ane

3pocCTae,

MIOKH Nd < Ny, cymnepioHHa TpOBiAHICTb BiACYTHA
(g<0). 3 HabGIWKEHHIM Nd ® Ny mpu T® T,

CTPYKTYpH
i IBUIIY€THCS

HECTIHKICTD
TPaHUYHO

HU3BKOMPOBI THOT
(a® - ¥),
MEPEAYMOBOIO I  CTPUOKOMOMIOHOTO TMEepexoay B
ENEKTPONITHYHY a3y, sika Ma€ CYIEepiOHHY MPOBiJHICTh
(g=>0).

Bennunnn N d i N

¢dasu
mo  crae

3a10BOJIBHAIOTH

cliBBiHOIEHHIO bosbIiMana

N K

—d = B ()
Nr

Aie Kpg —KOHCTaHTa BonpiMana, W —3MiHa eHeprii ioHa

npu  HOro mepexomi 3 PEryISpPHOrO TIOJOKEHHS B
nedextHe monokeHHs. OCKUIBKUA PO3YIOPSAKYBaHHS

MiATPATKH  10HIB-HOCITB ~ pPO3MIIANAETHCA HAMH  SIK
pe3yapTaT TepeOyJOBH KpPUCTATIYHOI CTPYKTYpU B
iJIOMY, NPUPOJHO  BBaXKATH, 0  3OBHIIIHIA

TiIPOCTATUYHUM TUCK P OJHAKOBUM YMHOM BIUIMBAE Ha
€HEpril0 10HA-HOCIA, IO 3HAXOIUTHCS B PETYISIPHOMY
ITOJIOXKCHHI, 1 Ha €HEpPTil0 TOro XX 10Ha, IO 3HAXOTUTHCS
B JedextHoMy monokenHi. Toxml BennmumHa W He
3aJIeKUTh BiJ p. Pasom 3 muM, cmiBBiaHOmeHHs (2) i (4)
BKa3yIOTh Ha TE, 0

""|T<TI >0, V"iT:Tl =0, ""|T>TI <0 0

BpaxoByrouu criBBinHomienst (5), BBaxaeMo

w=2acg(T, - T), )
I a — 6e3po3mipHa MTO3UTHUBHA KOHCTAHTA.
[MincraBusim (6) y BuTikarouy 3 (3) piBHICTH
a\ld
q=
Np
i CKOPUCTABIINCH CIIiBBiJIHOIICHHAM (4),
OTPUMAEMO:
q=- coth(al), (7)
d
geJ =— - 1.
T
SIKIO  cTaH  CHCTEMH, IO  YIIOPSIKOBYETHCS
(pO3YMOPSAKOBYETHCA), XapakTepusye mapamerp (J,

SIKMA BU3HAYa€ NESKy il BIIACTHBICTB, IO HAOYBA€THCS
a00 BTPAYaeThCS HEIO TPU CTPYKTYPHOMY IIEPETBOPEHHI,
TOJi 3aJaHUM 3HAYEHHAM Temmepatypu T 1 THCKY P

BianoBigae 3Hauenns g = (¢, aus sxoro [15, 16]

FG O

S I

ne G - TEPMOAUHAMIYHUIM TOTEHINA CUCTEMH, SKUU
pO3TIIIAEThCA SIK CKJaaHa GyHKIIS

G= é(T, p;q(T, p)) BUIIAIKY

[d =0, npuuomy ( BupaxkacThea piBHicTio (7)] s

CTOCOBHO  HAIIIOTO

TEpPMOANHAMIYHOTO MOTEHIIATY G TBEPAOTO
ENEKTPOIITY 3 BJIACHUM CTPYKTYpHUM
PO3YIOPSIIKYBaHHIM 3aMicTh (8) MOJKHA 3aITHCaTH:

caG 0
Tagr ,
260
?G =c, (20)
ﬂq ar,p

IS MO3UTHUBHUM MHOXHHUK C HE 3aJIC)KUTh Bi)l g.

= ¢ (g +coth(ad)), 9)

OcranHe no3Bossie otpuMaty 3 (9) HacTyIHUE BUpa3 s
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51.0. Il1aGnoBchKMit

TEPMOAUHAMIYHOTO MOTCHIIIATy TBEPAOTO CIEKTPONIITY 3
BJIACHUM CTPYKTYPHHM PO3YIIOPSIKYBAHHIM:

-6 + g2 + cath(@) (1)
e2 a

[e] =[e].

[o] =[e]+° Gy mow 7>

IS

0G|, _ npu T <T, ;

HesanexHicts MHOKHUKA C Bif ( BKa3zye Ha HOro

HE3aJIeKHICTh BiJl TeMmmepaTrypd | BOJHOYAC O3HAYAE
HE3MIHHICTh omyKiocTi npodimro G(q) mo i micmsa OIT

[muB. (10)]. ToMy sIKIIO C 3aJEKHUTH BiJ THUCKY, TO IS
3aJIC)KHICTh MOHOTOHHA. TMPOTHJICKHE € PiBHOCHILHHM
icHyBaHHIO m03a JiHiero ®II AeskuX CTaHIB 3HUKEHOI
cridikocti. IIpore mpu MoOHOTOHHIN 3anexHOCTi C(p)
MTOBMHEH iCHYBAaTU THCK, IPH SIKOMY C 00epTaeThCs B

Hy7b. OTXe,

C = const. (13)

[1. Pe3yJbTaTu ekcnepuMeHTy Ta ixX

00MipKyBaHHS

3 (11) BuTikae, MO MO3HMIHHE PO3YMOPAAKYBAHHS
10HIB-HOCIiB ICTOTHO BIUIMBA€ Ha BEJIMYHMHY 1300apHOI

TEIIOEMHOCTI Cp TBEPAOIo eJ'IEKTpOJ'IiTy:

i (]
2.2
aq[ [G]_ caT,
[Cpl=-TS "% | {Cpl= —5—5——. (19
1 Zp T sinh™(ad)
B Toii ke wuac, TpyXHI BIIACTUBOCTI TBEPIOTO

CIICKTPOJIITY HE CXWIbHI 10 Mboro BmmBy. Cawme,

. 188Vvo0
KOeQIIi€HT TEMIOBOr0 PO3UIMPEHHS & =
Ve,
p
. - 188V O )
crucnuBicts b =—56—= [me V - Momipuuii
V' & gr

00'eM] IIIKOM BH3HAYAIOTHCS BIiAMOBIMHO TEPMIiYHOIO i
OapuuHoro Aedopmariero KiCTHKy:

1 146]
VO qTp

o

[G] 2

(16)

BEPXHIN 1HICKC TYT 1 Jadi BiJHOCHTH Blz[rIOBiz[Hi
BEJTUYMHY JI0 CTAHAapTHOro THUCKY. 3riguno (12), [G] He

3aJeKUTh B (], ToOMy BeianmunHam a i b BmacrtuBa

BEJIbMH CJTa0Ka TEeMITEpaTypHa 3aJICKHICTD 13 CTPHOKOM B
Touri PIT:

1@%6],.  176]. 8

Da = 5,
08 Mp T 5

1004

I C:

O

.C\ c

:—@

(17)
VO

o g n? ng
BapTO yBaru, 1o aHaJIOTi YHe CH]BB]):[HOIHCHHH €

CIIpaBeTUBUM TUTSt cTpubKa TETIOEMHOCTI.
Crpagai, i3 (15) Butikae, 1110

lim C lim C
T®T, - o Cpl= TOT, + +df

Omxke, s cTpuOka TemwioeMHOCcTi B Toulli DIT

MaemMo:.
2
T;F%@n [G]

pt-

631 [G]+
8 e ﬂpu

CrisBigHomienns (17) i (18) BKa3ylOTh Ha Te, IO
cynpoBomxytouniit ®I1 crpudok Momsproro od'emy DV

NCNC

(18)

DCp =DCp] =

i TeruioTa 1poro nepexony Q He 3ajexarts Bix mapamerpa
g . [Ipumyckarouu JiHiHY 3aJeXHICTh I[UX BEIHYUH BiJ

THUCKY | MiJICTABUBIIH BHPA3H
DV =0V’ +B(p- p"),Q=Q"+x(p- p)(19)
[me B i X — koncranru] B pinsEs Knaneiipona-

Knaysiyca, MO)XKHA OTPHMATH 3aJIEKHICTh TEMIIEpaTypu
@I1 Bif THCKY B HACTYITHOMY BHTJISII :

€T (nU B
g G=— +6In(Q° +x(p- p%), (20)
e’ g x
Dvx - B(Q+2xp°)
ne G= > .
X

Jlnst GaraThOoX KpPUCTAIiB B MEXaX iX MEXaHiuHOI
MIITHOCTI

0
X -
(”—Op) «<1. (21)
Q
B Takomy pasi piBHHHHH (20) HaOyBa€ BUTIISN
é opv° +B 0y2¢ U
T (p)>>T|°§l (p-p )O (p-p) @
2Q g
O6roBopuMo  Temep  JACAKI  TEPMOTUHAMIYUHI
OCOOJNMBOCTI ~ TIpOLECIB  TEpEeHOCY B TBEPAMX
EIICKTPOJTiTaX.
3arajpHi aJrOPUTMH CTATUCTHYHOTO PO3PAXYHKY

KIHETUYHUX BJIACTHBOCTEH KpHCTamiB go0pe Bimomi
[17,18]. Pazom 3 TuM, TIpu PO3DJISAAI BJIACHOI 1OHHOI
MPOBITHOCTI MOXXKHAa CKOPUCTAaTH Te€, M0 B IbOMY
BUNAJKy BHUHHUKHEHHS [IOTOKY IOHIB-HOCIiB  He
CYIPOBOAUTHCSI TOPYIICHHSIMH CTeXioMeTpii. 3aBsku
IOMY MO)KHA BBa)KaTH, 1110 CTaH KPUCTAJa 3aJIUIIAETHCS
JOCUTh OJM3BbKUM 10 PIBHOBXHOTO i B i300apUyYHHX
YMOBAX MiJIKOPSETHCS PIBHSIHHIM

dRy, = % Nmn dgn., (23)

Nrn = TRm/T9n s m n R =T;
Ry =nk; 91 =S; gy =C; mp — enexrpoximiunuii

MOTeHINan, S — eHrpomis, C —
HOCIIB.

ne 1 2

KOHIIEHTpAIisl 10HiB-
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Crigyroun 3arampHONpHHSITOMY miaxomy [19],

BBAXKAEMO, IO IOTIK Teruia Jt 1 TOTIK ENEKTPUYHOTO

3apany Jg JiHiHHO 3anmexaTh BiJ KIHETUMHUX CHII Lt i

L

e-

Jt =K1kt +Kpole, (24)
Je =Kyt +Ksle, (25)
ne
Ji =-LgradT, Jg=CE=-sgradF, (26)
1 _E 1
Lt—-—zgradT, Le=— =-—gradF, (27)
T T T
Kyn —kinetnuni  koedirientn  (Kypn = Kpm),
L —xoedirtieHt TEIUTONPOBIIHOCTI, S —
€IICKTPOTIPOBIHICTh, F — eJIeKTpHYHMIA TOTEHITIAJ.
OCKiTBbKH
me = m+ zZFF

[me M — ximiuHMil mOTEHMIIAN, Z— 3aps i0HA-HOCI,
F — mocriiina @apanes], y 3araabHOMY BUIIAAKY
gradrrb: gradm + zF gradF
[pore BnacHiii i0HHI# MPOBiTHOCTI BiAIOBiga€E
gradmy =0 nmpu E=- gradF =0.
OTxe, y BUNAJIKY, IO 00T OBOPIOETHCS,
gradmg = zF gradF . (28)

PosrisigaTiMeMoO  TIOTOKH,
CYNEPIIO3UINI0  1X  CKIAJOBUX, IO

0 BHUBYAIOTHCH, SK
BIIIIOBIAAIOTH

TNEPEHECCHHIO Y3[I0BK KOOPJAMHATHHX OCeH &y (k =
1,2 3):

6 ..
(gradT)ak :?—Tj . (graoF )ak Sl
ﬂak QE ﬂak gl-
Takwii mpuiioM H03BOJISIE, IMO-TIEpIIe, MEpEeHTH Bif
piBHsHB (23) 10 PiBHSIHB

d d
an = é N mn g n
dak n dak

a TOo-Apyre, HE BPAaxOBYBaTH B SBHOMY BHIIISII
TEH30pHUI Xapakrep BenuunH L 1S,
HexTyroun HeomHOpiaHUM (IPajieHTHUM) TEILUIOBUM
PO3IIUPEHHSM, [UTS i300apUYHIX YMOB MOYKHA 3aMUCATH:
dS Cp dT dc _ dmg
d ) ’ d -V @D
a T da ay day,
ne V={1c/1 . BpaxoByrouun (27) — (29),
Te/p
3amicth (31) MmaTiMeMo:

dS TChHL de ZFTVL
—=- , —=- . (32
day p day e (3

, (30)

[Mincrasnsroun (32) B (30) i 3icTaBnsroul OTPHUMAaHi
BUpasu 3 piBHAHHEAMY (24), (25), oTpUMyEMO:

sTN,,C
_ . _ _ 12~p
K11 =LT; K12 = zFLVI'N12 =
zF
Koy =sT. (33)

@®opmymu  (33) BU3HAYAIOTH  TEPMOKIHETHYHI
koedilieHTH TBepaoro enekrtpomity. Ilpum ix BuBOmI
MOJICTIbHI  YSIBIICHHS HE  3aCTOCOBYBAJHCS, TOMY
BuTiKaroumii 3 (33) BUpa3 B3a€MO3B'SI3KY MiK 3JIEKTPO- 1
TEIJIONPOBITHICTIO

L c p
o o2
S V(zZF)

€ CIpaBeIUIMBUM ISl BCIX KPUCTATIB, MIO MiIKOPSIIOTHCS

nminiiHin Teopii Owmnsarepa [19]. OctaHHe m03BOISIE

BHUKOPUCTOBYBATH CMHiBBifgHOICHHS (34) i OMLiHKH,

aHaJTi3y 1 MPOrHO3yBaHHS PE3YNIbTATIB BUMIpPY €JIEKTpO- 1

TEIIONPOBITHOCTI.

(34)

BucHoBkn

Y poboTi mpornoHoBaHa (EHOMEHOJIOTIYHA MOICh
nepexony "HU3BKOMPOBiAHA (haza — eNEeKTPOTITHYHA
¢aza" B TBEpAUX €JIEKTPOJITAX 3 BIACHUM CTPYKTYPHUM
posynopsankyBanuam [popmyun (3) - (7), (11) —(13)].
Ha ocHOBI 11i€i MOJIeNi OTpHUMaHU HACTYIIHI Pe3yJIbTaTH.

1. Busnauena TeMIiepaTypHa 3aJIeKHICTD
TEIUIOEMHOCTI TBEPAUX eJIeKTporiTiB [dopmynu (14),
(15)]. IpuHnumoBa  BiAMIHHICTH — 3aIPONOHOBAHMX

bopMyn Bij BiTOMHX BHPa3iB, OTpUMaHHUX B poboTax [8,
20], momsrae B Tomy, 1m0 piBHocti (14), (15)

JIO3BOJISIFOTH Oe3rocepeinbo BUpasutu C p (T) y sBHOMY

BUDAAl, Tomi sk popmyramu [8, 20] TemnoemHicTh

BUPAXKAETHCA yepes KOHIICHTPAIII0 ne(eKTiB,
TEeMIlepaTypHa  3aJEKHICTh  SIKOI  BU3HAYAETHCS
TPaHCLEHICHTHUM PiBHSHHSIM.

2. OOrpyHTOBaHa  BIJCYTHICTH Yy  TEIUIOBOTO

PO3LIMPEHHSI 1 CTHUCIMBOCTI TBEPIUX EJIEKTPOJITIB B

OKOJIUII TOYKH TI Oynp-skux "'mepearepexigHux"

aHOMaJIiif, IO 3a3BHYall CIIOCTEPEKYIOThCSI B 00JACTI
CTPYKTYPHHX II€PETBOPEHb KpucTamiB. [lokaszaHo, IO
BB DIl Ha [OpyKHI  BIACTHBOCTI  TBEPIUX
EJIEKTPOIITIB  OOMEKEHHH CTPUOKOMOMIOHOI0 3MiHOIO
mux BractuBoctedl B Tourii @I [hopmymu (16), (17)].
OcTaHHE TTOBHOI MipOK Y3TOMKYETHCS 3 Pe3yIbTaTaMH
HeJaBHIX Jociimkens [21 - 23].

3. [IpormoHoBaHuii BUpa3 OapUYHOI  3aJIEKHOCTI
TEeMIICPAaTypH IEPeXOAy TBEPAUX ENEKTPONITiB B
cynepionnuii cran [popmyna (20)]. YV oxpemomy
BHITIAJIKY, KOJIM TEIUIOTa MEPEeXoay c¢iaad0 3MiHIOEThCS
mpu  BapiroBaHHI THCKY [crmiBBigHomieHHs (21)], ms
3ajexHicTh HaOyBae Burnan (22). OcraHHi# BHUOATOK
MOKHA TPOLTIOCTPYBATH, 3BEPHYBIIUCH 0 PE3YNIbTATIB
pobit [24, 25]. Came, Bumipu [24] mokaszamu, 1o is
RbAQ4ls TemmnepaTypu 060X CyMEpiOHHHX TEpexXOiB
3MIHFOIOTBCSI ITi/T THCKOM 32 KBaJPATHIHUM 3aKOHOM: TS
HHU3bKOTEMIICPATYPHOTO TEPETBOPEHHS i€l CIIOMYKH

T (p)- T =565p- 053p%, & i
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51.0. Il1aGnoBchKMit

BUCOKOTEMIIEPATYPHOTO MEPETBOPEHHS CYIEPIOHHMH CTaH MPAKTUYHO HE 3aJI€KUTh Bill TUCKY.
0 2 OKpiM  BHUILEHA3BAHOIO, B 000TI  OTpHUMaHIi
T, (p)- T; =0.141p+0.111p yrPp - vy P I” _BD TpHMar
dopmynu  (33) IS TePMOKIHETHUHHMX KOe(il[i€HTiB
kunobapax). 3a panumu [25], nus CSHSO, 3anexHicTe  TBepAoro eIeKTPONITY i 3HAMAEH AHATITHYHUM BHpa3
T (p) npaxtuuHo miniiiHa. 3rigHo (22) e 03HaYaE, 1o, B3aEMO3B'SI3KY MDK  9JICKTPO- i TeHﬂOlePOBiIlHiCTK?
[bopmyna (34)], mo d03BONSAE  OIHIOBATH 1
0 0 NPOTHO3YBAaTH  PE3YABTATH  BUMIPY  JJIEKTpO- i
Mae Micie cmiBBinHomeHHs B(p- p )/ DV <1, TEMIONpPOBiAHOCTI I0HHUX KPHCTATIB.

TOOTO CTPHUOOK MOJAPHOrO 00'€eMy MpH Tepexoii B

pasom i3 criBigHomeHHAM (21), 11 HAa3BaHOI CIIONYKH
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