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HpOBO,I]I/IMOCTb BI/IFHepOBCROﬁ MHUITKOCTU

3.T Barsies

HucTuTyT pusuku nomynposogHukoB Cubupckoro ora. PAH, 630090 HoBocubupck, Poccua

Iloctynuna B pepakuuio 23 utond 2001 r.

HPOBOJIPIMOCTI: ABYMEDPHBIX 3J€KTPOHHBIX CUCTEM C HU3KOM KOHHeHTpaHHeﬁ HocuTene paccMaTpuBaeTca

Ha OCHOBE IPeJI0KEeHHO paHee Mofenu ((hepMU-KUIKOCTb C MATKON MOJOM) U B NPEIIONOEHNH, YTO PABHO-

Becue BHYTPHU Ka;iJoil u3 noacucteM — GepMHUOHHOM U 6030HHOM — ycTaHaBIMBaeTCA GHICTPO IO CPaBHEHUIO C

penaxcauneﬁ Ha nIpyuMecAX U Memay InoacucreMaMu (I‘Pll[pO,[lPlHaMPl‘{eCKOG npuﬁnnmeﬂne). B Takoii cucteme

HMEIOTCA TPY BPEMEHH, OT KOTOPHIX 3aBHUCHUT IPOBOAMMOCTB: 71 (72) ompelenfercA paccefiHneM (HepMUOHOB

(6030HOB) Ha mpUMecAX, a Ti2 ONPeNelNfAeTCA TPEHHEM MEeMAY MOACHCTEMaMy; Hal[eHbI UX TeMIepaTypHbIe

3aBucuMocTHU. IIpoBoguMocTh 06bIYHBIM 00pa3oM CBA3aHA CO BpeMEHeM pelaKcaluy T, 1A KOTOPOro moixyde-
HO cooTHomeHue: T - = 7, ' + (72 + 712)"'. 13 pesynnraToB paGOTEI ClieTyeT, 4To A JOCTATOYHO UHUCTHIX
06pasIoB CONPOTUBIEHNE JOM}HO BO3PACTaTh C TEMIEPATYPOH M BBIXOJUTE Ha HACHIIEHUE.

PACS: 71.27.4a , 71.30.4+h

B nocneanue rofbl NOABMINCH SKCNEPUMEHTANbHbIE
M TeopeTHdYeckue paGOThI, MOCBALIEHHBIE ABYMEPHBIM
BIEKTPOHHBIM CHCTEMaM Majloil NIOTHOCTH, B KOTOPBIX
Ha6II0aeTcA Nepexol MeTall — AUAIEKTPUK NPY MOHU-
#EHUN KOHIEHTpaLUN HOCHTelell 3apAia 1 NPUBOIATCA
pasnuuHble 06bACHEHHA TOTO ABIEHUA U 3aBUCHMOCTeElH
IPOBOAYMOCTH OT TE€MIIEPATyphI, KOHIIEHTPALUH ¥ Mar-
HUTHOrO noid (cM. 0630p [1]). Bo muorux pa6orax mox-
4YepKUBAeTCA POIb KYJOHOBCKOTO B3aUMOJEHCTBHA HO-
cUTeNeil — 5TO B3aMMOJIeiiCTBHE 1O OlleHKaM CTAaHOBUTCA
Goanblre epMUEBCKOI SHEPTUM, U 3TO 06CTOATENbCTBO
TaKk WM MHAYe HCNob3yeTcA (NPUBeJeM TONBKO CChLI-
Ky Ha paGoTy [2], KoTopas He BOLLIA B YIOMAHYTbIN
0630p).

B Takoit cucteme 3aBeloMO BEeMKK KOPPEIALNOHHbBIE
3 (eKrThl, 1 MOMHHO yTBepJaTh, UTO B 3TOH cUCTeMe
uMeeTcel ONMKHNN MOPANOK B PacloIoKeHUN HOCUTENeH,
KaKk B BUTHEPOBCKOM KpHCTallle, N03TOMY TaKylo CHUC-
TeMy MO;{HO Ha3blBaTb BUTHEPOBCKOH mugKocTbio. Ec-
TeCTBEHHO 0UJaTh, YTO 3TO 06CTOATENbCTBO JOJHHO
CKHas3aThCA Ha CINIeKTpe 3JleMeHTapHBbIX BO30Y:AeHUM, U
BOmpoc B TOM, KakuM oGpasom. B paGote [3] BbigBura-
eTcA ujed, 4To B TaKOil cUcTeMe MOKET NOABUTHLCA HO-
Bafl BeTBb 3lleMeHTapHbIX BO30y# JeHUl, COOTBETCTBYIO-
masA Tak Ha3bIBaeMoOil “MArkoil Moae”, Tak 4TO MOMUMO
OOBIUHBIX 1A (epMU-UAKOCTU BOo30Oy:kAeHUl pepmu-
eBckoro tuna ((pepMIOHOB) UMEIOTCA ele Bo30y:H AeHUA
603eBCKOro TUMNa ¢ Maloil 3Heprueil 1 KOHEUHbIMH UM-
nyabcamu. Uncio 3TUX HOBBIX BO30ymiaeHUil (6030HOB)
3aBHCHUT OT TeMIlepaTyphl, a C 3TUM M UX BKIaZ B CO-

De-mail: batyev@isp.nsc.ru
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[POTHUBIEHNE, YTO B MpocTelilell nocTaHOBKE GbLIO MO-
KasaHo B pabore [3].

Insa Gonee monHOro MccleJOBaHUA BOIpoca O BIHMA-
HUU GO30HOB Ha KUHETHUYECKHE U Apyrue CBOICTBa cuc-
TeMbl He0OXOJVMO NOHATH, KaKk ONUChIBAaTh CUCTEMY B
IPOU3BOJLHOA, a He TONbKO B NpocTeiiiei [3] nocTaHos-
Ke. CoorBercTByIOUIafg ¢GeHOMEHONOrn4YecKas MOJeNlb
Gbina chopmynupoBaHa B paGoTe [4], rae GbLIN NOXYYEHBI
TaKke TeMIllepaTypHble 3aBUCMMOCTH CIEKTPOB KBa3WU-
YyacTHIl B paBHOBeCUU. JTU pe3yNbTaThl UCNOIL3YIOTCA
B HacToflllell paboTe c HelblO NONy4YeHUA TeMIepaTyp-
HOIl 3aBUCHMMOCTH CONPOTHUBJIEHUA AJA MeTalllueCKoro
COCTOfIHUA.

YpaBuenusa nBuskeHud. Ocol6eHHOCTHL 3ajauyd He
TOJNBLKO B TOM, YTO UMEIOTCA JBe MOJCUCTEMbI, CBOMCT-
Ba KOTOPBIX 3aBUCAT OT TeMNepaTyphbl, HO U B TOM, 4YTO
OpU IBUKEHUM CUCTEMbI M3MEHAIOTCA DHEPruu KBasu-
YacTHIl, YEro HET B MAealbHOM rasze. JTO IPOMCXOAUT B
mo6oit cucTeMe, B KOTOpPOi B3auMOJeiCTBIE UT'PaeT Cy-
IeCTBeHHYIO poib. Tak, B Teopuu ¢GepMU-3KUAKOCTU
Jlangay sHeprua (epMu-Bo3GyKIEHUA NPU ABUMKEHUU
cHcTeMbl NpeobpasyeTce cllefyolUM o0pa3oM:

oo b=+ Pw)(l-5), (1)

rje £, — HeprudA (pepMuoOHa ANA NOKOANIEHCA CUCTEMBI,
u — CKOPOCTb MHULKOCTH, M — Macca UCXOAHBIX PepMu-
yacTtul, m* — sapderTUBHAA Macca pepMHOHa, OTINYa-
omasca oT m 3a cYeT B3aUMOJeHCTBUA YacTHUll ApYyT ¢
npyroM. Peub upeT 06 3HEpruM B HENOABHMHOI (1a6o-
paTopHOi) cHUCTEMe KOOpJMHAT.

B paccmaTpuBaemoit Moaenn ¢ MATKONH MOAOI mpu-
BeJleHHOe COOTHOILIEHUe U3MeHfAeTcH, MOTOMY 4YTO eCTh
ellle Bo3faeiicTBie G030HOB, A1A KOTOPHLIX Toke HeobGXo-
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IVMO yUYecTh MoA06HkIH 3 ¢derT. ITOT BONpOC pelraeTca
[pY NOMOIIHA COOTBETCTBYIOM[UX YACTEH, YUYUTHIBAIOM KX
BIUAIHUE ABUMEHUA PA3NNYHBIX MOJCUCTEM, UTO 3a[aeT-
cA cymMmoii onepatopoB Hs u Hy, onpenenenusix B [4], a
HUMEHHO:

1
H3+H4 — Vzp’qén(p) @ ﬂ;,@q'i‘

+ 7 Sa. oB50) L2 g1, 2

p=mn, n=kpy/ir

(onmymeHo HecylecTBEHHOe TMOCTOAHHOE ClaraeMmoe).
Hoscuum oGo3nauvenus: On(p) — orauuve QyHKUIUK
pacmpeseneHus GepMUOHOB OT PAaBHOBECHON (YHKINHM,
B4 (Bq) — oneparop pompennus (yHuuTomenus) 6o3oua,
CHMBOI (...) 03HAYaeT yCPeAHEHNE [0 COCTOAHUIO CUCTE-
MbI, . — KOHIIEHTpANUA HOCUTeNnel, pr — HepMUeBCKUi
umnyisc, V — o6vem (miomazns) cuctemsl. 34ech Hapf-
Iy ¢ CyMMHPOBaHMEM 10 UMIYJIbCaM MOApa3yMeBaeTcCH
TaKke CyMMMpOBaHKWe Mo (PEPMHOHHOMY CIOUHY U IO
HOMepy HOMUHBI (B MHOTOJONMHHOM CIyd4ae), a MHO-
JKUTENb K B ONpeJeleHUud 7 COOTBETCTBYET KPAaTHOCTH
BbIpOsieHuA ypoBHA (k = 4 gua nosepxHoctu (100) Si
MOSFET - nBe npoekuuu cnovHa ¥ ABe IOJUHBL [1]).
CuuraeM, uTo (epMHUOHHAA (YHKIMA pacnpeneleHuA
He 3aBUCUT OT CIvHa (HeT MarHWTHOIO NOifA) ¥ HOMepa
monuHbl. Breipamenus (2) — 370 cBepX TOro, 4YTO UMe-
erci B OGbIUHOM (HepMU-}KUAKOCTH U UTO MPUBOJUT K
coorHowenuio (1).

IOpu mnomomum (2) c yuerom Tarme ¢epMu-
JUJKOCTHON mompaBku Tuma (1) momyyMMm BMeCTO
paBHOBECHBIX 3Hepruil c¢epmmuona ¢, u 06030Ha wq
cliefyIolue 3HaYEHUA:

Wq = wq + (qu) ; (3)

*

_m
Pl—m p -

gp =&p — (pu,) + (pu) ,

piuy =Py, pu=P,
3zece P — nioTHOCTB nonHOro uMnynsca (To ecTh B pac-
yeTe Ha efUHUNY miowanu), P; — nmnoTHocTs uMmynnca
(hepMHUOHHOIT MoACUCTEMBL. DTU PE3YILTAThI HE 3aBUCAT
OT KOHKPETHOro Buja J06aBoK K (QyHKUMAM pacnpeje-
JeHUf, 8 TONLKO OT YKa3aHHBIX XapaKTEpUCTUK.

Ianee 6ynem ynpomath 3agayy. OmuH U3 BO3MOMK-
HBIX MyTell — 3TO CYNTATh M3BECTHLIMU (PYyHKIMM pac-
npefenedus GepMUOHOB np U 6030HOB Ng. 3agagum uX

B TaKOM BHJE:
-1
[ exp (L Tpul) + 1] )

(4)

-1
[e(t27%) 1]

Np

Nq

rie 3Heprusa gepMuoHa &, OTCUMTaHA OT (pepMUeBCKO
sHeprum (M3MeHeHNe XMMHUYECKOro NMOoTeHnuana, KBaj-
paTUYHOEe M0 CKOPOCTHU U, AJA HAUIUX Lejeil HecylecT-
BeHHO). Bripamenus (4) cupaBefnuBbl B TUAPOIUHAMU-
4YyeCKOM NpubIn:KeHuu, Korja paBHOBeCHE BHYTPU Kai-
ol u3 moacucteM — (epMUOHHOU U GO30HHOI — ycTa-
HaBlIUBaeTCA ObLICTPO IO CPABHEHUIO C pelakcanuei Ha
npuMecAx ¥ MexAy noacucreMamu. OpHaKo momyuyaro-
muecA Npy 3TOM pe3yJIbTaThl AJA IPOBOAUMOCTH OKa3bl-
BalOTCA NPaBUJIbHBIMU B IpefiellaX AOCTAaTOYHO HU3KUX
U JOCTAaTOYHO BBICOKMX TeMIlepaTyp He3aBHCHMO OT TO-
ro, roquTCcA yKasaHHOe NpuOIueHne Uiu HeT.

CBA3b MIOTHOCTU MMNYylhca MarHOHHOII MOACHCTe-
Mbl P, co cropocThio up 3anuilieM clefyromuMm obpa-
30M:

P, =P —-P; = pouy, (5)

rje BeIUYUHY p> MOMHO OblIO ObI Ha3BaTb 0030H-
HOI HOpMalbHON KOMIIOHEHTOMH, eciu ObI cucTeMa Oblna
CBepXTeKyueil.

Tenepr Heo6x0nMMO HamucaTb yPaBHEHUA IBUMe-
HuA. OQHO U3 HUX B 06IIeM BUJE BHIMIAIUT CIEAYOMUM
o6pasom:

oP oP
Bt (E>i+neE, (6)

rae e — 3apan, E — anexTpuueckoe mone. IlepBoe cnara-
€Moe ClipaBa — 3TO U3MEHEeHNEe UMITYIIbCa 3a CUET CTOJK-
HOBEHM} KBa3nMyacTHIl ¢ MpuMecAMU. PaccMoTpuM cHa-
yaja Takoil BRiIag mia ¢depmuonoB. Ecaum Gb1 gnA HUX
¢yHrnua pacnpenenenus Gblna paBHOBeCHO!H ¢ Hepruei
Ep, onpeneneHHoi B (3), To aTOT BKIaj obparuica Gbl B
Hyn1b. Ha camoMm pene ux QpyHRIUA pacnpeneleHus Ipy-
rasa (4), moATOMy HCKOMas BelWuuHa MPOMOPIUOHAND-
Ha Pa3HOCTU MMNYJIbCOB, COOTBETCTBYIOIMX 3TUM JBYM
pacnpenenenuam. Ilonyuaromuiica npu 3ToM pe3yiabTaTt

ymoOHO 3amucaTh B BHe

oP;\ 1
<W)z_ 71 P ©

Ananoruuneie paccymsJeHuA NPUMEHUTENBHO K 6030HaM
JaioT

(%)iz—:—zp(u+u2). (8)

IIpu momyuyeHuU JaHHBIX COOTHOIIEHHUI riaBHOe GbLIO —
BBIJIEIUTh 3aBUCUMOCTH OT CKOPOCTEli, a ocTalbHOE 3a-
nucaTh Tak, YTOObI BO3MO#Hble TeMIepaTypHbIE 3aBU-
CHMOCTH COJIep;HaliCh TOILKO BO BpEMEHaX peslakcanuu
Ty U T2, KOTOPBIE U BONAYT B BhIpaseHUe ANA NPOBOAU-
MOCTH.
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Tocne »Toro ypasuenue (6) ompezneneHo, U ocTaet-
CA HamucaTh ellle ypaBHeHUE 1A 6030HHOIO0 MMINYJbCa.
I'maBHOe, YTO npH 3TOM HEOGXOJUMO YUECTh, 3TO TO, UTO
6030HBI NOJIBEP3KEHBI TONbKO BO3AEHCTBUIO CUJ TPEHUA
(u3-3a B3aMMOJeNCTBUA ¢ NIPUMeECAMU U (HepPMUOHAMN),
HO He 3neKkTpuueckoro noiad. IloaTomy cooTBeTcTBYyIO-
lee ypaBHeHHe UMeeT BUJ

0P, (0P, 0P, 9

6t_<8t)i+(6t>1’ ©)
rle BTOpPOe cllaraeMoe ClpaBa Kak pa3 COOTBETCTBYET
TpeHuio o ¢epmMuoHbl. [lnA ycTaHOBIEHHA BHUAA 3TOr0
BKlaja 3aMeTHUM, 4YTo npu up = ( oH obpamaerca B
HYlb, KaKk JOJHO ObITh U3 06mux coobpameHnii, 1 3TO
cleqyeT U3 3aKOHA COXPaHEHUA SHEPruM NpU CTONKHOBE-
HUAX GepMuoHoB u 6030HOB ¢ 3uepruamu (3). Ioatomy
STOT BRJIAJ NPONOPLMOHANEH Uy, U, 1006Ho (7), (8), ero
MOKHO 3amucaTh B BUJE

oP,\ 1

T12

Co6upas Bmecrte (6) — (10) 1 nepexoas 0T UMIYILCOB
K ckopocTaM 1o (3) u (5), monyuyuM cregyromue ypas-
HEHUA B OJHOPOJHOM CllydJae:

Ou 1 1 1 e
—+(=+=)u+t=wm=—E,
m

8t 1 T2 T2
(11)
0 1 1 1
p_2ﬂ+ —+ — Juy+—u=0.
pP ot T2 T12 T2

OTCIO,Ela HETPYAHO NOJYYUTh BBIDaxeHUA NJA IJIOTHOC-
TH TOKa (j = neu) M COOTBETCTBEHHO IJIA IPOBOANMOCTH
0, TaKk 4TO B CTalUOHaApHOM Clly4yae nMeeM

2 1 1 1
U:neT, -_—= 4+ —. (12)
m T T T2+ T12

O6paTuM BHMMaHUeE Ha TO, YTO B OTBET BXOJUT HEOObIY-
HafAd KoMOuUHauufA OBYX BpemeH (T3 + Ti3), HO Tawk u
DOJMHO OBITh: €clIM OZHO M3 HUX CTpeMUTcA K Oec-
KOHEYHOCTH, TO G030HHBIE XapaKTEPHCTUKYU BoobIie He
IOOJKHBI BIMATH Ha NIPOBOAMMOCTh, U TO, YTO 3TO HOIY-
yaeTcd, CBUJAETEIbCTBYET O IPaBUIbHOCTU pe3yJibTaTa.
Ecnu ste ogHO M3 3TUX BpPeMeH CTPeMHUTCA K HYJIO, TO
TaK;Ke NONydyaeTcA OUIaeMblil pe3ybTar.

W3 ypaBuenwii (11) BuaHo, 4T0 BhIpaseHue i NPO-
BOAMMOCTH 0 (V) B IEPEMEHHOM IIOJE C YAaCTOTOM ¥ MOM-
HO MONYYUTh, eciu B (12) mpousBecTH 3aMeHbI:

1 1 i 1 1 . 2
— = — =1V, ——>——zup—.
T1 T1 T12 T12 P

o — a(v),
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TemnepaTypHble 3aBucuMocTH. Haunem c Go-
30HHOI'0 BPEMEHU pellaKcaluy 7p. OTa BelMYMHA pac-
cMmaTpuBanack B paGore [3], rae GbLIO MOJYyYEHO COOT-
BETCTBYIOIEE BhIpameHue 7, JIA UCXOJHOro 6030HHOI0
cnektpa {lq. B Hamewm ciydae 3TO BhIpaseHUe TOMe ro-
JUTCA, TONLKO HaJ0 yYecTb NMEPEHOPMUPOBKY CHEKTpA
[4], uTo o3HauaeT mpocTo 3aMeHy {lq — wq, TaK 4TO

A To UMeeM:

rl_z ~ 72}0) [exP (“’O/T) - 1]_1’ 7210) = % :_:n'
(13)

3mechb n; — KOHLIEHTpaUuA NpuMeceil, wo U ¢o — napa-
MeTphI IEPEHOPMUPOBAaHHOTO G030HHOIO CIEKTpa:

wq = \/w§ +v3(a — q)? .

W3 Toro, Kar BeIpameHue 1id 72 GbLI0 monydeHo [3], cie-
JyeT, 4TO OHO TOJUTCA B cllydae, KOrjila B3auMojeiicTBue
C IpUMecAMH IOCTAaTOYHO CUIbHOe (a caMUX IpuMeceii
Malo — [Jifl BbICOKOM MOJABYMMHOCTH); NO-BUAUMOMY, 3TO
MMeeT MeCTO A IByMEPHLIX 2JIeKTPOHOB B CTPYKTYpax
MeTalll — AUAIEKTPUK — NONyNpOBOAHUE (Hampumep, Si
MOSFET [1]). O6wwuit crydait 3gech He GyxeT o6cysH-
JaThCA.

Teneph 0 (PEPMHOHHOM BpEMeHU pelaKcalud Ti.
IycTh M3BeCTHO 3TO BpeMA NpHU HyleBO# TeMmepaType
71(0). Torma TemnepaTypHasa 3aBUCHMOCTb Ti MOABIA-
eTcA u3-3a 3QQEeRTUBHOIN Macchl m*, KoTopad OTJIMYaeT-
cAl oT 3¢ PexTUBHON Macchl IpU HyNeBoOil TeMnepaType
mg [4] u B penakcanuio uMnyiabca GepMUOHHOMN NOACHC-
TeMbI BXOAMUT B KBajpaTe. IloaToMy umeem

1 m*\’> 1

(Y "

T1 mg T1 (0)
ToacHuM, OTKya cleayeT UMEHHO KBaapaT 3()(eKTUB-
Hoii maccel. CootHomwenue (7) nua u3BecTHON QyHKRUIMU
pacnpeznenenus GepMuoHOB (4) MOKHO NONYyYWUTh, 3aMK-
caB pelaKcaluio UMIOyJabca 3a CYeT pacCeAHMA Ha MpHU-
MecAx no “sonoromy npasuny” ®epmu (kak, Hanpumep,
5To 6blI0 cpenaHo B [3] ans GosoHoB). CooTBETCTBYIO-
lee BhIpaseHue CONEPMUT JBOMHYIO CyMMY Mo (epMu-
OHHBIM UMIylkLcaM (Ha4albHOMY U KOHEYHOMY), U HOC-
Jie Tiepexola K MHTErPUPOBAHUIO M0 DHEPrUAM Kak pas
U MojlydaeTcA KBaapaT 3((eKTUBHOM MaccChl.

O BeIUMCIEHUU T15. V3MeHeHMe G6030HHOTO UMITYIIh-
ca u3-3a B3aumogeiicTBua ¢ ¢epmuonamu (10) mosHO
BLIYUCIUTh IPH MOMOINHU 30J0Toro npasuia ®epmu, Tak
YTO UCXOJHOE BhIpamieHue MMEeeT BU[

aPQ 21K
(52), =5 Soramprra M@~ ) x

X np(l - np’)Nq(l + Nq’) 5(21;, + ‘:’q - ép’ - qu:), (15)
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rie MHOMUTENb Kk YYUTHIBAET CIMHOBOE U IONUHHOE BhI-
poszaenns (cm. (2)). Us-3a Toro, 4to GO30HHBINA MM-
nyibce 6onble 2pp, BO3MOMHBI TONLKO MPOLECCHI pacce-
AIHVA, HO HEe U3JIYYeHNA UIK NOrJoueHns 6030HoB. Mart-
puuHblii sneMenT M umeer BuA

=1 W

V o
3hech BbIZeNIeHa 3aBUCUMOCThL OT G030HHBIX SHEPrHUii, a
YTJIOBbIE 3aBUCUMOCTHU, KOTOPbIE MOT'YT COJEPHAThCA B
W, nna manbHeiinero HecyuecTBEHHBI.

Auanus Boipamenus (15) naer gna 1y claemyromui
pesynbTar:

o1 (’”*)ZJ(xo) : (16)

T12 T12 (0) ma

[eo) oo
Iao) = [t [y
o Ve ~ Tog, Vi -}
rT—-Y

" Sinh[(z — y)/2] sinh(z/2) sinh(y/2)’
3pech BblielleHa TeMIlepaTypHas 3aBHCHUMOCTD, a (eHo-
MeHoloruyeckuii napamerp 712(0) — 3To HekoTOpas xa-
paKTepHCTHKa BellleCcTBa, He 3aBUCAINAA OT TeMIepaTy-
pBI

Jlna monHOro oTBETA HA BONPOC O TEMIEPATYPHBIX

3aBMCHMOCTAX BPEMEH pellaKcalniu HeoGX0AMMO elle 10-
6aButhb K (13), (14), (16) BbIpaskeHnn muA cneKTpos [4],
MMEHHO:

To = wo/T.

*

«\ 2

m

A? = (m ) aT? + wiF(zo),
0

m*
m_o 1+ F(zo); (17)

.

oo

dz 1
Pl =2

Zo
W = \/Qg—FAz

(Q — wenb B GO30HHOM CHEKTpe MpU aGCOMIOTHOM HY-
ne). BespasmepHble MOCTOAHHBIE @ U 7y CBA3AHBI COOT-
HoeHueM a = y?/k? (mo ouenke, Kar B [4], HO ¢ yue-
TOM MHOTOJOIMHHOCTH), NO-BUAMMOMY, ¥ ~ 1; wy ecThb
HeKOTOopas MOCTOAHHAA PAa3MEepHOCTH 3Hepruu (ompegne-
afeTcA B3auMojeiicTBueM GO30HOB).

B mpegene Boicokux temmeparyp T > wgo u3 (17)
crefyer:

1 In(zoT /),

CunTaeM, 4TO Kak TeMnepaTypa, Tak U BelMunUHa wy Ma-
JIbl IO CPaBHEHUIO ¢ TeMIepaTypoii Bbiposaenus. [Ipen-
nolaraeMyio MalocTb wj MOMHO MOACHUTBH TONLKO OJ-
HHUM: eclll 3TO He TaK, TO B3auMoJeiicTBie 6030HOB ApYT
¢ IpyroM aHoMalbHO BEINKO, AJA Yero HeT OCHOBaHUI.

Ecmn BemmuuHa w; mnponopuuoHaibHa §)g, TO
TeMIlepaTypHOe NOBefleHNe PpaBHOBECHBIX BeJIUYUH
(wo/S, m*/mf) onpepenserca orHomenueM T/Qy u
ONMChIBAaETCA YHUBepcalbHON (yHKLUe#, U 3To mpen-
Ho pns conporuBneHus
nojo6Hoe BPAX 1M MMeeT MECTO, TaKk KaKk OHO 3aBUCHUT
U OT Ipyrux napameTpoB.

BrIficCHUM, YTO MOKHO CKa3aThb B 00IIeM O COPOTUB-
nenun. Bpems 792(0) B (16) ecTh XxapakTepuUCTHKA Be-
IecTBa, He 3aBucAman oT npumeceir, a 71(0) u 7(0)
3aBUCAT OT B3auMojeiicTBuA ¢ npumecamu. s gocra-
TOYHO YHCTOro o6pasia JOJ#HO BBINOIHATLCA HepaBeH-
CTBO

CTaBlIfieTCA eCTEeCTBEHHBIM.

7'12(0) < Tl(O) y 7'2(0) . (18)

B sKcnepuMeHTax 06bIYHO NPUBOAATCA 3aBUCHMOCTH
AN yAeNIbHOro COnpoTuBieHud ¢ = 1/o. Paccmorpum
npejenbHble 3HaUeHUA: go Npu 1 = 0 U g, pu T > wyp.
B nepBom cinyuae ocraerca tonbko 71 = 71(0), a Bo BTO-
pOM — TOIBKO T2, TaK Kak [PU BO3pacTaHUU TeMIle-
paTyphl 71 pacTeT, a T yOblBaeT, B TO BpeMfl KaK Ti2
CTPEMUTCA K NOCTOAHHOMY 3HaYeHUIO, KOTOPOe yCTaHa-
BIMBaeTCA Mocle NPUOIMKEHHOTO BEIUNCIEHIA COOTBET-
cTBylomux uHTerpanoB B (16) u (17). IlpuBemem pe-
3yJIbTaThl AIA CONPOTUBIEHHA B YKa3aHHBIX Hpefellb-
HBIX CIy4afXx:

m 1 m 1

2
= = S (19
ne? 71(0) Qoo = 2 v2 712(0) (19)

Otcrona BIAHO, 4TO, coraacHo (18), BO3MOoKHO HepaBeH-
CTBO Qoo > 00, KAK U NOKA3bIBaeT AKCIEPUMEHT, U 3TO
HEPaBEHCTBO JOMMHO YCHUINUBAThbCA C POCTOM MOIBUM-
HOCTH, IOTOMY YTO NpeJelbHOe 3HAUEHUE Q,, HE 3aBU-
CHT OT YKMCTOTHI 06pasiia (OHO ompefienfaeTcs paccesHueM
(hepMUOHOB Ha MOIHOCTHIO 3aTOPMOMEHHBIX 6030HAX), a
Qo ompeJlenfeTcA paccesHUEM (PepMHIOHOB Ha MPUMECAX
¥ yMeHbIIaeTcA AnA 6olee YNCTHIX 06pa3LoB.

Ina nanbHeNMNUX BLIBOAOB HEOGXOAUMBI pacueThl C
KOHKPETHBIMU 3HAaUEHUAMU HEHOMEHONOT MUeCKUX napa-
MEeTpPOB, KOTOphIE MOABIAIOTCA B 3afavye. JTO BBIXOAUT
3a paMKHU JaHHO# paGoThl. YKameM TOJNbKO, UTO BO3MO-
JKeH KaK MOHOTOHHBI, TaKk U HEMOHOTOHHBII X0J CONpO-
TUBIEHNA MeAYy npefenbHbIMu 3Havenusamu (19).

B zarniouenue 3ameTum criepytomee. TemnepaTyp-
HbIe 3aBHUCHMOCTH OBLIM NOJNYYEHbI B F'UJPOJUHAMHIYEC-
KoM npubmmmeHuu. MoHO MoKasaTh, UCIONL3YA ofIee
BhIpasieHue A N06aBOK K (YHKIUAM pacnpeleleHUs
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BMeCTO TeX, KOTOpble CIeAyIoT u3 (4), 4To pe3yabTaTsl
1A TPOBOJAMMOCTH CIPaBEIMBLI M B 0OLIEM Clydae B
npejelie BLICOKUX TemmepaTyp (B mpejelie HU3KUX TEM-
nmepaTyp, Korja BHKJIaioM 6G030HOB MOHO NpeHeOpeyb,
BTO OYEBUAHO). ITOT BONPOC, TaK e KaKk CONOCTaB-
JIeHWE C DKCMEepUMEHTOM, MpejnoiaraeTcA o0CyIuTh B
6ollee ToApoGHOM COOOIEeHUU.

Bnaromapio A.B. Yannuka u M. B. uTuna 3a mones-
Hoe ofcymaenue. PaGora moamep:ana, B 4aCTHOCTH,
Poccuiickum donmomM GpyHIaMeHTaIbHBIX HCCIeIOBaHM

8 IIucbema B MAT® Tom 74 BRIM.3-4 2001

(rpant # 00-15-96800) u T'ocy gapcTBEHHO# IpOrpaMMOoii
Poccuiicroit @enepanuu “@usura TBEpIOTENbHBIX HAHO-

CTPYHRTYp”.
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