YcioBue

3ana4va 1. «B3pbiBHast aMuccusi»

B dannoti 3adave Bam npedcmoum uccaedosamsv ABAHUA, NPOUCTOOAULUE NPU IMUCCUL (NO-DYCCKU
CUCTYCKANUUS ) IAEKMPOHOE NOGEPTHOCTIDIO MEMAAAG (6 JanHnoM cayyae naamuns). Bam nona-
dobAMCA HeKOMOPvLE TAPAKMEPUCTIUKY NAGMUNDL, NPEICMABAEHHDBIE 8 MADAUYE.

XapaKTEPUCTUKH TIJTATHHBI.

O6o3nauenne Pt
Mounsipaasi Mmacca fi, T/MOJIb 195
[LnorHoCTh p, Kr/M? 21450
YaenpHast TermaoeMkocTs ¢, JIxk/(kr K) 134
TemtonposoaocTs K, Br/(M K) 71,6
Temmeparypa nnaBiaenns, K 2045
VienbHOe 3s1eKTprdeckoe cornpoTusienne v, Om M | 1,1 - 1077

1. KOHHeHTpaIII/IH QJIEKTPOHOB. OCHOBHBIMU HOCHATEJISIMHA 3apda B MeTaJlJIaX ABJIAIOTCA 3JIEK-
TPOHLI. OHGHI/ITG KOHIICHTPaIIUIO JIEKTPOHOB IIPOBOAMMOCTHU B IIJIaTHHE, CHUTad, 9TO OT KazKI0I'0
aTOMa B 30HY IIPOBOJUMOCTH Ilepeniesr OJAUH 3JIEKTPOH.

Yncso Asorajgpo Ny = 6,023 mon L.

2. DJIeKTpUYECKOEe TI0JIe

s mozo wmobvl sAeKxmpor cmo2 NOKUHYMbD MEMANN, HEOOTOOUMO EMY <NOMOYUL», 03006, HANPU-
MEP, INEKMPUMECKOE NOAE Y NOBEPTHOCINU U/ U NOBYICUE MEMNEPAMYPY MEMAILG. B wacmmo-
M, Mo MoHcem OviMb INEKMPUNECKOE NOAE, CO30ABAEMOE CAMUM MEMAALOM, ECAU Y HE20 eCTb
KAKOU-mo anexmpuveckut nomeruyuan.

'O RAKYYMHas Kamepa
fdM |
: B —qJI -_| | -

Paccmorpum ycranoBky, pabory kotopoit Bam npejcrout uccienoBarh. OHa mpecTaBigeT codoit
MeTaJUIMYeCKN aHOJ ¥ ILUIATUHOBLIA 00pas3el-KaTojl, HaXOJsIIecs B TJIyDOKOM Bakyyme. AHOZ,
3azemJieH. [lorenmnumast KaTojia OTPUIATEILHBIN U paBeH — .

By,ZLeM CHUTATb, 9TO 3JIEKTPOHLbI, BblJIETEBIINE C IIOBEPXHOCTU MeTaJljla, Cpal3y 2KE YHOCATCA SJIEK-
TPpUYIECKUM II0JIEM K aHOAY W HUKaKOI'O BJIMAHHA Ha IIPOUCXOAAIINE B YCTaHOBKE IIPOIECCHI HE
OKa3bIBalOT.

| —
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Ha noBepxHocTH mIaTHHOBOIO KaTO/a, KAK ObI XOPOIIIO OHA
HU ObLa oTHLIH(OBaHA, BCETIa UMEIOTCS IEPOXOBATOCTH,
HEPOBHOCTU, MUKPOBBICTYIBI. B cjydae HeOOXOIMMOCTH,
MUKPOOCTPHUS MOTYT OBITH CO3JIaHBI cllennaabHo. PaceMoT-
puM ojHO0 Takoe octpue. OHO IpeJcTaBiisieT cob0il TOHKYIO
MUIAHIPUYIECKYIO UT0JI0UKY JuHoit [ = 500 MKM u pajiu-
ycoM r = 10 MKM, 3aKaHUYUBAIONIYIOCH TOJIYChEPUIECKIM
ocTpueM Takoro ke pajmyca r = 10 mxMm. K KaTogy npuioxken norennuan —p. llokaxkure, uro
MOJTY/Th HAPAXKEHHOCTH BOIM3M OCTpUA paBeH F ~ £, rjie r - pajmyc KPUBU3HBI OCTPUA.

.

/

.

3. TenonmpoBOJHOCTb.

Ecau meao nazpemo mepasHomepro, mo 603HUKGEM NEPEHOC MENAG U3 DOAEE 20PANUL wacmell 6
bosee TOAOOHbIE, NPU IMOM NOMOK MENAOMBL (O eCTND MENAOMA, NEPEHOCUMAA HEPE3 €UHII-
HYIO ILJIONIAb 38 €JIUHUILY BPEMEHU § = AASCL ) onpedeasemcs 3axonom Pypve q = —m%, rae AT
- PA3HOCTH TEMIIEPATYP B OJIM3KUX TOYKAX, PACCTOAHIE MEXKIy KOTOPhIMU Ax, a KO3 UIMEHT K -
MaK HA3bBAEMAA MENAONPOBOIHOCTND BEWECMEA. SHAK MUHYC NOJYEPKUBAEM, YIMO MENAO NEPEHO-
cumes om wacmeti ¢ boavwet memnepamypoti K wacmam ¢ menvuieti memnepamypoti. Paccmorpum

OJIHOPOJIHBIN CTePyKeHb JINHOI [, IIOIIAIbI0 IOMEPETHOr0 CeUeHnst S U TEIIONPOBOIHOCTHIO K.

3.1. BokoBas IOBEPXHOCTH CTEPXKHs Terion3zoaupoBana. Ha mepsom
ropre (z = 0) Temueparypa nojjepuBaercs: pasHoit Ty, Ha BTOpoOM
(x = 1) Ty. Haiiaure pacupenenenne Temueparypsl 1 () BIOIb CTPeXK-
Hs. V300pa3ure npumepHbIii rpaduK pacupeesieHnusl TeMIepaTyphl.
3.2. Becb crepkeHb TEIIOM30JIMPOBaH, KpoMe Topria r = (, Ha KO-
TOPOM TIOJJIepKIBaeTcs Temiieparypa 1y. Haitniure pacipesesienne reMepaTypbl BJIOJIb CTEPKHS.
Nzobpasute npumepnbiit rpaduk s1oit 3asucumoctu. 3.3. [lycth B eqununie obbema cTepKHS B

eJIMHAUILY BPEMEHH BBIIEIISACTCS TEIUIoTa W (eIé eé MOKHO HA3BaTh INIOTHOCTHIO MOITHOCTH TEILIO-
BBIJIeJIeHNs ). Bech crep:keHb Terion30gupoBat, Kpome topria © = 0, KOTOPBIH HO/IeP:KIBAETCSI
pu oCTOTHHON Temriepatype 1. [lokaxkure, 910 pacipeiesieHne TeMIepaTypbl BIOIb CTEPIKHS
T(x) = Ty + 2x(l — 5). Yemy pasna remneparypa topua (z = [) 7;? 3.4. Crepxens cienan u3
MeTaJlJIa ¢ Y/eJbHBIM COIMPOTUBJIEHUEM 7 ¥ [0 HEMY TedeT TOK IJIOTHOCTBIO j. Bechb creprkeHb
TeILJION30JINPOBaH, KpoMme Topiia = (), KOTOPbI MOAAEPXKUBACTCS IIPU IIOCTOSIHHON TeMIIepaType
Ty. Haiinure Temneparypy topra (z = 1) 1.

4. dMHUccUd 3JIEKTPOHOB.

Bepnemca x naamunosomy obpasuy. Ecau nomenyuas Memaniia Ompuuamesvsiil, mo 6064u3u no-
BEPTHOCTIU MEMAANG COZ0AEMCA INEKMPUYECKOE NOAE, KOMOPOE NOMOGEM, INEKMPOHAM NOKUHYM
memann. Ilromrnocms moka ¢ noseprHocmu Memanna 3a6ucum om

HAIPSXKEHHOCTH 3JIEKTPUIECKOTo 11011 K 1 TemitepaTypbl 1, IprdeM 3aBUCUMOCTD 3Ta JIOCTATOTHO
CJI0ZKHAsI, HO B MHTEPEeCYIOIeM Hac JIralla30He HAIIPSKEHHOCTEH 1 TeMIIepaTyp €€ MOKHO aIllpOK-
CUMHUPOBATH CJIEIYIONIAM 00pa30M
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a, T <b

i) = a+k(T—b), T>b

npudeM caMu KO3(PUITUEHTHI @, b, k 3aBUCAT OT HAIPSAXKEHHOCTH JIEKTPUIECKOTO TTOJIsT

a = ay exp(asF)

b=0b —boF

k = ki exp(koF)

a1 = 2,60 - 10°A/n? | by = 1983K ki = 319 A/n°K
ay =1,01-10""n/B | by = 1,67-10 °K- /B | k» =9,39- 10" "n/B

4.1. V3o6pasure mpuMepHBIl rpaduK 3aBHCHMOCTH IJIOTHOCTH TOKa oT Temieparypsl j(17) mpu
OTCYTCTBHH 3JIEKTPUIECKOTO T0JisA. Kak M3MeHnTCst 9TOT rpaduK, Mpu HAJIAYAN JIEKTPHIECKOrO
oja?

4.2. K xaTojy IpuaIoKuIn OTPUIATETbHBIN TOTEHITUAJ 110 aDCOTIOTHOH Besmunae paBublil H0 KB.
OrmpeiesiuTe yCTAHOBUBIIIYIOCS TeMIIepaTypy 1; oCTpus IiaTuHOBOM uroyjoaku. OCHOBaHUE UT0JI0Y-
KU nojiepxkuBaercsd mpu temueparype Ty = 300 K, Bes ocraibHasg Urosodka TEIIon30MpoBaHa
(moTepsiMu Ha M3JIyYeHHE MOXKHO mpeHeOpeub). Cuuraiite, 4T0 SMUCCHsI JIEKTPOHOB TIPOUCKOJIUT
TOJIBKO € TI0J1yCHePUIecKOro OCTPUs UTOJIKH.

4.3. Eciiu remmniepaTypa OCTpHS JJOCTUTAET TEMIIEPATYPHI IJIABJIEHHUS, TO IIPOUCXOIUT €r0 pa3pyIie-
HIe — ObIcTpoe ncrapenre B BakyyM. OupesesnTe KpUTHIECKUI TOTEHINAT (Pyp, T.€. MAKCHMATIhb-
HBIl TIOTEHINAJ, KOTOPBI MOXKHO HMPUJIOKUTH K KATOJY, YTOOBI €Ié He MPOM3O0IIIO pa3pyIleHune
OCTPHUA UTI'OJIOYKH.

4.4. K kaTojly TPpWIOKUIN OTPUIIATE/IbHBIN TOTEHINA, 110 BeJindanHe paBHbIil ¢ = 130 kB. Yemy
paBHa IJIOTHOCTD TOKa cpa3y rocJie BKodenus ! Haiiure BpeMst rmocsie BKIIOYeHnns, 4epes KOTopoe
MIPOU30MJIET B3PHIB UTOJIOYKH.

Pemnienne

Sagada 1. «B3pbiBHast amuccus»

1. KoHnleHTpaus 3JIEKTPOHOB.

OnuH MOJIb IIJIATHHBI UMeeT Maccy [ W 3aHuMaer o0beM V = p/p, mpu 95TOM B HEM HAXOJUTCSI

NA aToMmoB. Ecim or KazK/JI0ro aroMa B 30HY IIPOBOAUMMOCTHU II€pemies OJUH JIEKTPOH, TO B OJJHOM
MOJI€ IIJIaTHUHBI 6y,ZLeT NA QJIEKTPOHOB, a UX KOHIIEHTPaIIUA 6y,ILeT paBHa
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n=-—=— (1)

n=6,62-10"%m" (2)

[Ipu Takoit OOJIBINON KOHIICHTPAIIMKA JIEKTPOHBI HE TMOKUJIAIOT MeTaJ LI, IOTOMY YTO Ha HUX JICHCTBYIOT CHJIbI

st Toro 9To0BI 3JEKTPOH TMOKUHYJI METAJLI, HAJI0 COOOIUTHL €My JIOTOJHUTE/ILHYIO SHEPIHIO,
HAIPUMED, TOBBICHB TEMIIEPATYPY MeTa/L1a. IMUCCUIO JIEKTPOHOB MO/ JIEHCTBUEM 3JIEKTPUIECKOTO
MOJISA TTO3BOJISIET OObBACHUTD TOJIBKO KBAHTOBAaS MEXaHUKA.

2. DJIeKTpUYeCcKoe II0JIe.

Tounoe HaxoXK/IeHUE SJIEKTPUIECKOTO 110J1s1 BOJIN3U TOBEPXHOCTH MeTaJsljia IIPU U3BECTHOM IIOTEH-
nuaJje — J0CTaTOYHO CJIOXKHAsA 3a/1ada, HO MPUOJINZKEHHO MOYKHO ITOKA3aTh CBA3b HAIPIZKEHHOCTU
U TIOTEHIIMAaJIa Ha IpuMepe MeTaJutmdecKoit cdepbl. Ecau Ha cdepe pajimycom r HAXOIUTCH 3apsi/l
(), TO HAIPSPKEHHOCTH JIEKTPUIECKOTO TOJI Y TTOBEPXHOCTH

S
4egr?
a ITOTeHIIIAT
__ Q@
4regr
Kak Buzno,
¥
E =1 3
: 3)

Bomsu ocTpud MeTaJIJINIeCKO NTOJIOUKNI JaHHoe paBEHCTBO BBLIITIOJIHAETCA TOJILKO HpI/I6JII/I)KeHHO,
HO MO2KHO HCIIOJIb30BaTh €ro JIJId OINEHKU HaIIPA2KEHHOCTHU IJIEKTPHUICCKOI'O I10JIA.

3. Ten10nIpoOBOAHOCTb.

A\ 4
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3.1. Tak KaKk cTepKeHb OJIHOPOJHBIN M HET UCTOYHUKOB TEILJIOTHI BHYTPU CTEPZXKHS, TO IOTOK TEILIOTHI B JIIO0

T.€.

dr
q = —k— = const
dx

dr
dr

/TOTdT:C/:d:U (4)

T(z) =T+ Cz,

C

Ty — 15

npudem Ha Topre x = [ T(1) = Ty, mostomy C = l

T

(Th = To) (5)

['paduk 310l 3aBUCUMOCTHU — NIpsAMAs JIMHULA.

3.2. Eciu crepkeHb TEIION30IMPOBAH U HA OJIHOM U3 KOHIOB IIOJJIEPYKNBAETCS
MIOCTOsIHHAS TeMmuepaTrypa 1y, ToO HIKAKOTO TOTOKa TeIlIa B 3TOM CTPEXKHe HeT U A
TeMIlepaTypa 1O BCel JJIMHE CTePXKHeA NOCTOAHHA U PaBHA

T(z) =Ty (6)

[
L

~ 1

3.3. [TockoJIbKY CTepKeHb TEIION30JIMPOBAH, TO B YCTAHOBUBIIIEMCs PEsKUME (TO €CTh, KOTJIa TeM-
reparypa IepecTaHeT U3MEHSThCs) JIJisl TEILIOBOro DajiaHca HEOOXOAUMO, YTOOBI BCsI TEILIOTA, BbI-
JICJISTIOMAsICS TIpaBee HEKOTOPOH TOYKHM & CTepKHs (TO e€CTh, ¢ YacTW CTEPXKHsI JIMHO | — ),
OTBO/INJIACH ITyTEM TETJIOTIEPE/IatN.

v

ypaBHeHI/Ie TEIIOBOIO OaJlaHca

’PTenﬂ+qS: 0 (7)
T
(I —x)Sw — H%S =
ar w
& =9y
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T T
/dT:/ Y- 2)da
Ty 0o K

w w I‘Q w T
T =T —lr — —— =T, —z(l — = 8
() 0+K$ 5 0+H9€( 2) (8)
TemritepaTypa paBoro TopIiia CTep:KHs paBHA
wl?
T, =T —_— 9
! o+ e 9)

3.4. Eciu 110 cTep KHIO TeYeT TOK IIOTHOCTBIO J, TO 10 3akony JIxkoyns-Jlenna B quddepentiu-
aJIbHOI (bopMme B ejuHuIe 00beMa B €JIMHUILY BPEMEHH BBIJIEJISIETCS TEILIOTa

w = j°| (10)

CooTBeTCcTBEHHO, TeMIIepaTypa MIPABOro TOPIA CTPEXKHs OyIeT paBHA

272
V7l
T, =T, 11
! 0o+ o (11)
4. DMuccus 3JeKTPOHOB.
T<b
4.1. Basucumocts j(T') = @ KyCOYHO-

a+k(T—=b), T>b
JInHeiiHas, npudeM KO3(MD@UIMEHT ¢ TOKA3bIBAET, HACKOJIBKO
rpauK IPUIOIHAT HaJl OChIO abcruce, KoddduiumenT b mo-
Ka3bIBaeT TEMIIEPATYPY U3JIOMa, & KOIDUImeHT k - yriaoBoii
KO3 PUITHEHT [0 HAKJIOHHOTO y4yacTka rpaduka. C pocTom
HAIIPSI)KEHHOCTU 3JIEKTPUIECKOTO IM0JIs BOJIM3U TOBEPXHOCTU
MeTajta KoddduimenT a yBeandubaeTcs, koddduimeHt b
yMeHbIIaeTcsd, a KoM uineHT k yBeInanBaeTcs.

I'paduk 3aBucumoctn j(1') mpu AByX 3HAYUEHNSX HAIPSZKEH-
HOCTH TI0Ka3aH Ha PUCYHKE.

iw

4.2. Eciu norennuan Karoga pasen ¢ = —50 - 10° B, To '
HaIIPsI>KEHHOCTD 110JIs1 BOJIN3U OCTPUs UT0JI0YKU paBHa F =

5-10° B/m. 3nauenns: koacbduimentos pasabl a = 4,06 - 107

A/M2 b =1900 K, k = 3,49 - 10* A/(m?K).

TeHJIO, BbLJICJ/IAdomeecd B UT'0JIOYKE IIPU IPOTEKaHUU 110 Hell TOKa, BbI3bIBa€T HaI'PDEB. B YCTaHOBUBHIEMCA DE2

) 272
[Ipu nmporekannu TOKa IJIOTHOCTHIO j TemIilepaTrypa octpud Oyiaer pasua 1T = Tj + % (em. .

3.4).
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Mozkem BbIPa3UTDH IIJIOTHOCTb TOKa B 3aBUCUMOCTHU OT TEMIIEPATYPblI OCTPUA

, 2K
] = D) (T — T())
vl
CMBICJT 3TOrO COOTHOIIEHUS: YTOOBI TeMIleparypa ocTpus Oblia pasHa 7', 110 MTOJIOUKE JIO0JKEH
T€4Yb TOK ILJIOTHOCTBIO j.

[TOCKOMBKY 9MUCCHS TPOUCKOINT C TIOBEPXHOCTH TIOTyCephl IIONAIbI0 2772, a ToepedHoe cete-

HuEe UToJIOYKH paBHO 7T7’2, IIpAU 9TOM CHJIa TOKa OJMHaKOBa 9YTO BHYTPH HUI'OJIKHA, 9YTO C IIOBEPXHOCTU

OCTpHud, TO IIJIOTHOCTL TOKa BHYTPHU HUI'OJIKK WU Ha IIOBEPXHOCTU OCTPHUA OT/IMIAIOTCA B JIBa pa3a:

2 2 -
T JBuyTpn — 27r Jrnosepxu

j BHYTpPH —— 2] MTOBEPXH - ( 12 )

CoOTBETCTBEHHO, JIJIA TOI'O, 4TOOBI TeMIlepaTypa ocTpusd ObLia paBHa 1', ¢ MOBEPXHOCTU JTOJIZKEH
CTeKaTh TAKOW TOK, UYTO

. 2K
2]noBerH = W(T - TO)
. K
Juosepxn — W(T - TO)

s ynoberBa JasbHeiineir paboTbl 0003HAUNM KOIMDMUITUEHT

K
= /== =3,61-10" A/(m*K"/?
X 2,)/[2 ) /(M )

[InorHOCTH TOKA AMUCCUA ji ONPesessdeTcs TeMiepaTypoit octpus 1’

a, T <b

.
W) =N kT -5 T > b

A II0THOCTH TOKa, Jo, KOTOPBIH JIOJZKEH CTEKaTh C OCTPHs, 9T00LI Ha HeM OblLia Temueparypa 1,
orpe/ieideMasl Terionepeadeit

J2(T) = xv/T = Tp

O‘{eBI/I,ILHO, Y9TO 9TO OJHa M Ta 2Ke IIJIOTHOCTH TOKa, IIO9TOMY TeMIlepaTypa CTAaIlMOHAPHOI'O COCTOA-
HUA OIIpEJIC/IAeTCA YpaBHEHUEM

71(T) = jao(T) (13)
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[TocTtpoum ob6e dynkimu Ha rpaduke, TOYKHU IEpe-
cedeHns Oy/IyT COOTBETCTBOBATH pereHusaM. Pere-
Hus JiBa. PaccMoTpuM mmepBoe, KOTOPOe COOTBETCTBY-
eT MeHbIeit Temueparype. Eciu Bapyr ciaydaiino |
TeMIepaTypa yBeJUUUTCs, TO IJIOTHOCTh TOKA SMUC- | > o

CUU HE U3MEHUTCs, & BOT IIOTE€PU TEILJIOTHI BO3PACTYT r

(U1 TIO/IepKAHMS TeMIlepaTypbl Tpedyercst 6oJib- i
1ast IJIOTHOCTH TOKA), U OCTPHE UTOJKU HAYHET OXJIa- | 5 _
xparbesd. Ecim Bapyr Temmeparypa ocrpust ymens- |
[IATCsI, TO MOTEPU TEIJIOTHI TOXKE yMEHBIIATCA, HO { /

TOK 3MUCCUU OYJIET TeM Ke, [I09TOMY UTIOJIKA HAYHeT |
HAIPEBATHCsI. DTO PEIIeHne YCTOWINBO, TIOTOMY HTO
OTKJIOHEHUsI TeMIIepaTypPbl OT CTAIIMOHAPHON TPUBO-
JISAT K IIPOTIeccaM, BO3BPAIIAIONIIM UTOJIKY K PABHOBECHOI TeMIlepaType.

Permenne ke, coorBercTByIOIiee OOJIbIIel TeMieparype, HeycToiduBo. CTOUT TOJBKO TeMIlepa-
Type CJIydailHO YBEeJIMUIUTHCsI, KaK TOK dMHUCCHU CTaHeT OOJIbIIe, a yBeJUIeHHe IIOTePh TEILIOTHI
HE CMOXKET KOMIIEHCHPOBATh yBEJUYEHHE BBIIECJISIONIEr0Cs XKOyIeBa TeIlIa. DTO IPUBEIET eIlé
OOJIbIIIEMY pa30rPEBY MI'OJIOYKHU — TEMIIEpaTypa yXOIUT OT PABHOBECHOTO 3HAYEHUS.

Ha npakTuke, eciin He co3/aTh ClIeNUAIbHBIX YCIOBUM, IPU HEOOIBIINX IJIOTHOCTAX TOKA Peasn3y-
eTcs TOJIbKO YCTOMIMBOE peNenne, BeJb HAI'PEB UTOJIKU OT KOMHATHON TEMIIEPATYPhI ITPOU3BOUTCS
IIPU TTIOMOTITN TTPOTEKAIONIETO TOKA.

Haiiziem s1o 3uHauenue temmeparypsl 7). Yenosue (13) npesparmaercs B

a=xV1i—1g

2
Tl:TOnL% (14)

T, = 301,3K (15)

I pumedanne.

I3aTEJIbHO CTPOUTH UMEHHO T UKU )1 I jo -
He obazarenbno crpo €HHO I'Pa k(T T), Mo2#CcHO nocmpoums uxr Keao
pamst, HO paccyxicoenus npu 3amom b6yoym aHAA02UMHBIMU, U YUCACHHBLE OMEENMbl
NOAYUAMCA NAKUMU HCE.

4.3. Suavyerus K03HPUIMEHTOB a, b, k 3aBUCAT OT HAIIPSKEHHOCTH SJIEKTPUIECKOTO TTOJIsT, COOTBET-
CTBEHHO, OT TIOTeHNna a KaToma. [[pn HeKoTopoM 3HaUYeHNN MOTEeHNAaIa BOSHIKHET KPUTHIECKAsT
CUTYyallusl, KOTJia MOTePU TeIlIa Ha TEeIJIONPOBOJHOCTL HE CMOI'YT OCTAHOBUTH PA30r'DEB, TeMIIepa-
Typa JOCTUTHET TeMIIepaTypbl IJIABJIEHU U HACTYIUT pa3pylieHue OCTPUsI

UTOJIKA. DTO MOXKeT HACTYIUTh, €CJH YCTOWINBOE perieHre ypaBHeHus (13) cTraHeT paBHBIM TeM-
neparype miaierns (caydait A) win ecau j1(T) > jo(T') nyist mroboii Temmeparypst T', 910 COOT-
BETCTBYET KaCaHWO rpadUKOB B OJHOI TOUYKE, YTO MOXKET MPOU30HTH JBYMsI criocobamu (cJrydait
B u B).
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BersicanM, Kakoit ciydail peanmsyercs B Hameil 3ajade. PeanmsoBaTbes
MOKET TOJIbKO OJIMH M3 TPeX BO3MOXKHBIX CJIydaeB, MOCKOJIBKY (byHKIHHI
a(E),b(E), k(F) monorounse, npudeM a( E), k(E) sKCHOHEHIMATIBHO GBICT-
PO BO3PACTAIOT.

Ipaduk ji(T) - 910 «yronok». BeigcHnm, Kakue moJjoxkeHusi Ha rpadu-
K€ MOYKET 3aHUMAaTh BEPINUHA yTJia. [Ipu HAPSIZKEHHOCTH 3JIEKTPUIECKOTO
nosist E nosiozkenne BepiimHbl yriia Ha rpaduke — 310 Touka (b(E), a(E)).

Cucrema

a = aj exp(ayF)

b=0b —bF

3a1a€T ITOJIOZKEHUE BEPIINHBI «YI'OJIKa» B IIapaMETPUYICCKOM BHJIC. MO}KHO IIOCTPOUTD II0 TOYKaM
rpauK BO3MOYXKHBIX TIOJIOYKEHUI BEPIUHBI YTJIa, 338/1aBasd pa3Hble 3HAUEHUs HAITPAKEHHOCTH SJICK-
TPUYIECKOTO 10JIsA. MOXKHO 3aMeTHTD, 9TO KO3(PDUIUeHT b, y KoTOporo pa3MepHOCTh TEMIIEPATYPHI,
JIMHENHO cBA3aHa ¢ [/, mosTomy

by —b
E=—
by

a = a; exp (%(bl — b))

2

[MocTpoum na ognoMm rpadure jo(b) u a(b).
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[lo rpaduky cpasy BuIHO, 9TO cjydail B
9TOI 3ajilade He peaJim3yeTcsi, IOCKOJbKY
BepIINHA yroJKa nepecekaer rpaduk jz(b)
IpU TEeMIIepaType, MEHbIIeH TeMIepaTypbl ; ; : : :
IJ1aBJaeHus wiaTunsl 1, = 2045K. 1 a(b)

Ckopee Bcero, Mbl UMeEM JI€JIO CO CJIyda-
eM B, HO 3TO HazO JOKazarb. [ma Toro : : : : :
9TOOBI JIEHCTBUTETHHO PeaTN30BaICa CIy- | ‘
Jait A, HeoOX0IMMO, ITOOBI BEPIITHHA YTIOJI- ‘
Ka COoBNaJaIa ¢ ool u3 Touek ja(T), To 7 J2(b) ___________,_--Tf--"‘""_"
€CTb oo : TR o |

a=xVI1* -1

u rpacduk ji (1) men kpyde, gem jo(71'), TO ecTh

djo X
k> —Z|pope = ————— 16
ar|"" T T -1y (16)

TemrirepaTypy, COOTBETCTBYIOILYIO peIieHuio 1™, MOXKHO HaWTU rpadudecKu, ecii aKKypaTHO I10-
CTPOUTH I'paduK, a MOKHO HANTH aHAJTUTHIECKH, BEJIb

a = aj exp <%(b1 - b)) :
2

Torma
Q9 %
xVT* =Ty = ayexp (b_<bl -T ))
2

2
a 2a9
T =T, + —; exp (—(bl - T*)) .
X by
9TO ypaBHeHNe aHAJUTUIECKN He PEIaeTcsi, HO MOYKHO BOCIIOJIB30BAThCsT METO/IOM TIOCIEI0BATE b

HBIX HpI/I6JII/I}KeHI/H7L HpI/I 93TOM HeO6XO,H‘I/IMO CO6JIIO,IL&TI> OCTOPO2KHOCTDb, IIOCKOJIBKY HCIIOJIb3OBaHUE
2
*(k+1) __ aj 2a9 *(k
MeTOda II0 (1)opMyJ1e T ( ) = T() + ? exp <E(b1 -T ( ))> HE JaeT pemieHue, IIOTOMY 49TO METO/]
pacxoauTcd. H€O6XO,ZLI/IMO caesaaTb HeOOoJIbIINE MaTEMATUICCKIE HpeO6paBOBaHI/IH U IIPUMEHATDH Me-

Tos1 10 opmyme THF+H) = (bl — 21’722 In (i—;(T*(k) - TO))>.
1

MeTo1, 0ueHb GBICTPO CXOAUTCH W JasKe eCIn B3aTh HadasbHoe npubimmkenne 70 = 1800K, yxe
I0CJIe TIePBOi NTEpAIUH MOy IaeTCsl TPaBUIbHBI OTBET
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T* = 1840,8K (17)
STa TeMHepaTypa COOTBeTCTByeT HaHpH)KeHHOCTI/I SJIGKTpI/I‘IeCKOFO ITOJIA

by =T

E* =
by

=8,5-10° B/u

[IPU 9TOM BeJMYHHA KPUTUIECKOro MOTEHIa a paBHa (¢ TOYHOCTBIO JI0 3HAKA)

Pxp = 85 KB (18)
Ho em@ neobxonumo nposeputh yeyosue (). Ipu nanpstkennocru nosg E* = 8.5 - 107 B/M, koad-
dbunment k = 9,33 - 10° A/M?K, a ﬁ = 4,60 - 105 A/M? K. TTocKoIbKY
Ji
k> 22 =X (19)

ar | T T =Ty

dT |,y 2«;‘T*—YE]

TO JeMCTBUTENHHO peann3yercs ciaydail b.

k>dj2 Z

4.4. Ilpu nomade Ha KaToj1 noreHimaia ¢ = 130 KB HalpszKeHHOCTH 3/IEKTPUYIECKOTO 10/ BOJIM3H
octpust npuauMaer suadenne £ = 1,3 - 101° B/m. Bnauenus kosdpuimenTos npu JanHoil Haps-
»kenHoctu pasubl a = 1,31 - 101 A/m? b = 1721K, k = 6,39 - 10" A/m? K.

[LroTHOCTB TOKA Cpazdy Mmocje BKIYEHHS, [IOKa UTOJI0YKA HE YCITeIa Pa30rPeThbesl 10 TEMITEPATY PhI
b, paBHgeTCSI

j1=a=131-10" A/n> (20)
Ho nazke nipu Temreparype ILIaB/IeHHs IJIATHHBI IJIOTHOCTb TOKA,

jo = 1,51 -10° A /n?, (21)

Y9TO Ha JABa IIOPsAJKa MEHbIIIE HaYaJIbHOI IIJIOTHOCTHU TOKAa, jl- 1o O3HaYa€T, 9TO IIOTEPAMU TEIIJIOTHI
Ha TEIIJIOIIPOBOJIHOCTH MO2KHO HpeHe6peqb 1 cHUTaTb UTI'OJIOYKY ITOJTHOCTBIO TGHHOI/ITBOHI/IpOBaHHOf/I.

BbI,ZLGIIHIOH_IaHCH J2KOYyJIeBa TEIlJIOTa UAET TOJIbKO Ha Har'P€BaHUE€ UT'OJIOYKU. B Takom cJIydae ypaB-

HEHUEe TeIlJI0BOro baJiaHca

emAT = P, At
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cpV AT = 752V At

B muddepennuanbaom Buje

cp
dt = ————dT 22
v2(T) (22)
t—% Toa g
v J1y jz(T)

[Tockombky j(T') — Kycouno-nHeiHAsT DYHKIUSA, TO HHTErPas HAJIO CIUTATH OTJIEIBHO JI0 TOUYKH
b u nocse Heé.

b
dTl’
=2 — = ch(b 1p)
Y Jr, @ ya

Tnﬂ' Tn7r
. :%/ dT :%/d[a%—k(T—b)]:_% 1 T _ P (1 1
27T / [a+ k(T —0)]? ~k / la+ k(T — b)|? vk [a + k(T —b)] |° vk\a [a+ k(T

Bpems 10 B3pbIBa paBHO

cp 1 1
b= 7(12 (b ~To+ 4 vk (5 a4 k(T — b)]) (23)

t=2,6-10"% = 2,6mKe (24)

B Tedenue BpemeHnu 10 B3pbIBA C OCTPUA UTOJIOYKH HJIET JOCTATOYHO OOJIBINON TOK. fBjenue
B3PBIBHOYM 3MHCCHUN HCHOJIL3YIOT B I'€HEpaTOopax OYEHb MOIIHBLIX M OYCHb KOPOTKHUX HUMILYJIBCOB
TOKA.

k> sz — Z
dT |;_;- 2\/T* — 1,
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