- 3. TepmoaiiekTpudeckue sBJICHUS
VYciioBue

Sanauga 10- 3. TepmoanekTpuyeckmne siBJICHUS .

CoBpemeHnHast TEOPHUs CTPOCHMS METAJIJIOB OCHOBBIBAETCA Ha 3aKOHAX KBAHTOBOH (husukn. OHaKo
n OoJjiee TPOCTBIE KJIACCUYIECKIE TEOPUU IO3BOJISIOT TOJIYYaTh OMUCHLIBATL MHOTHE CBOHCTBa Me-
TasoB. OJHON U3 MPOCTERIIUX TEOPHil, OMUCHIBAIONINX SIBJICHUS TEILJIO- U 3JIEKTPOIPOBOIHOCTU B
MeTaJlIaxX, ABJideTcs Teopusd MeTaanoB Apyre, npeioxkennas nemerkuM dhusukom [laynem Ipyie
B 1900 romy. Teopusi ocHOBBIBAETCsT Ha CJEIYIONINX ITPEJIITOIOKEHNAX:

1) Kpucrasuindeckas perérka MeTajia 00pa3oBaHa TOJIOKUTENHHO 3apsyKeHHBIMU MOHAMHU, KO-
TOpbIE€ CUUTAIOTCA HEIOABUXKHBIMU, /IEKTPOHBI K€ BHYTPU MeTaJlia CBOOOIHBI U 00Pa3yIoT 3JIeK-
TPOHHBIN ra3, KOTOPBIN CUUTAETCS UJIeaTHHBIM;

2) 9JIEKTPOH - JIEKTPOHHBIME CTOJIKHOBEHUSIMU [TPEHEOPEratoT, PACCMATPUBAsI TOJBKO CTOJIKHOBE-
HUS 3JEKTPOHOB ¢ MOHAMU;

3) B HHTEPBaJie ME2K/Yy CTOJIKHOBCHUAMU HE YIUTbLIBACTCA BBaHMOﬂeﬁCTBHe 9JICKTPpOHa C APYIUMKU
QJIEKTPOHaMMU M MOHaMHM PEIIETKU]

4) CTOJIKHOBEHUsI MI'HOBEHHO M3MEHSIOT CKOPOCTh JIEKTPOHA, MPUYEM CKOPOCTH 3JIEKTPOHA TIO-
cJle CTOJIKHOBEHUS He 3aBUCUT OT €ro CKOPOCTHIO JO CTOJKHOBEHWS, HAIpaBJIeHa CIyYaifHO, a eé
BEJIMYMHA COOTBETCTBYET TEMIIEpaType IPOBOJIHUKA, B 00JIACTH CTOJKHOBEHUT;

5) BpeMd MeEKAY ABYyMA ITOC/I€JOBATE/IbHBIMAU CTOJIKHOBEHUAMU ABJIAECTCA CJIy‘I&f)IHOfI BeJII/I‘{I/IHOﬁ,
cpeJgHee 3HavdeHrne KOTOPOI'o OIIpe/ie/IdeTcd CBOMCTBAMU MeTaJLIa U PaBHO T (STa BeJIMYNHaA TaK>Ke

HA3BIBAETCsI BPEMEHEM DeJIAKCAINK); CPeJIHU KBAJPAT BPEMEHN MEKJy CTOJKHOBEHHUSIMHU DaBEH
272
)

B nanmoit 3a/1ate BaM MpeJICTOUT B paMKax Teopuu py/e paccanTarhb HEKOTOPbIE XapaKTePUCTHKI
MeJIN.

Bawm MOr'yT HOHa,Z[‘O6I/ITbCH 3HaYCHUA CJICAYIOINUX BEJIUMIMH!

jpsn €= 160- 10" Ka .
m,=911-103 xr :

ragpo Na = 6,02 - 107 moms™
,jmana k= 1,38- 107" Ix-K™ .
enu Acy =6,36- 107 kr-moms™ .
nlea=1;

Pey =892-10% kr-m2 :

uBJeHne Mean Yeu = 1L,68-107% 0m-m
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* s1emenTapublii 3apsn e = 1,60-1071 Ku ; * macca ssexrpona m, = 9,11-1073! xr ; * nocrosnnas
Asoraapo Ny = 6,02-10% mon ! ; * mocrosnnas Bonbumana k = 1,38-10723 JIxx - K™1 ; * atomnag
Macca Mean Ao, = 6,36 - 1072 xr - moup~! ; * BasenTHOCTH Memm Zoy, = 1 ; * miIoTHOCTH Men

pou = 8,92+ 103 xr - M3 ; * ymesbHOE COMPOTHUBICHNE MEIH Yo, = 1,68 - 1078 Om - M .

Yacrs 1. 3akor Oma.

B dannot wacmu sam neobxrodumo doxaszamuv, wmo ud meopuu pyde caedyem zaxon Oma 0as
yuacmra yenu, Komopuvil 6 duddepernuyuaronoti gopme umeem 6ud

j=okE (1)

—

*[1e J - BEKTOP IIOTHOCTH TOKA, F - HAIIPSA?KEHHOCTD 110J1s BHYTPU IPOBOJHUKA, O - €20 Y0eAbHaAs
npPoBoAUMOCMD.

1.1 Haiiinre KOHIIEHTPAIIUIO 3JIEKTPOHOB B MeIU 1 U pPaccuuTaiiTe €€ dncIeHHOe 3HATYEHHE.

1.2 Haiijiure cpeiHeKBaPATUIHYIO CKOPOCTD JIBUYKEHUST JIEKTPOHOB Meju +/ (v?) Temmeparype u
paccunTaiiTe e€ dncjenHoe 3HadeHne npu temueparype 1 = 300 K.

—

[IycTh BHYTpH MeTaJijaa CyNIeCTBYET OJHOPOHOE JIEKTPUUIECKOE T10JIe HAITPIKEHHOCTH F .

1.3 Haiiure cpeiHion CKOPOCTh (U) YHOPSIOYEHHOIO JBIZKEHHsI 9JIEKTPOHOB B MEJIM B 9TOM CJIy-
vqae. [lokaxkute, YTO 9Ta CKOPOCTH IIPOIOPIIMOHAIBHA HAIIPSI?KEHHOCTU 3JIEKTPUIECKOr0 T0Js .

1.4 Beipazure yJIeabHYIO TPOBOJMMOCTD METAJIIA 0 Yepe3 CpeHee BpeMs MeXK Ty CTOJTKHOBEHUSIMU
T.

1.5 I/ICHOHBByﬂ 9KCIIEpUMEHTAJIbHbIE SHAYCHUA XapaKTEPUCTUK MEIN, paCC‘{I/ITaI'/)ITe YHCJICHHOE 3Ha~
JeHrue cpeaHero BpeMeHn MeKAy CTOJIKHOBEHUAMU T.

1.6 PaccumTaiiTe ducjaeHHOe 3HAYCHUE CPEJIHEN CKOPOCTU YIOPSI0UEHHOTO JBUKEHUS JIEKTPOHOB

B MeJ IIPH IJIOTHOCTH TOKa jo = 1,0 A - mv—2,

YHactp 2. 3akon >koyinsa — Jlenna.

B darnoti nacmu eam Heobxrodumo doxazamo. Ymo us meopuu Jpyde caedyem sarxon [ocoyas —
Jlenua, xomopuiii 6 dudgepernyuanvrot popme svipasrtcaemcs Gopmyrot

IJle W - MOIIHOCTD TEIJIOTHI, BBIJEISIONIAACd B eJUHUIE 00beMa ITPOBOIHUKA TP ITPOXOXK IEHIH
TOKa IJIOTHOCTH j.

[Iycts TemmnepaTypa MpOBOJHUKA OCTOAHHA U paBHa 1. BHYTpHM IPOBOJIHUKA CYIIECTBYET OJIHO-
POJIHOE JIEKTPUIECKOE T10JIe HAIIPSAKEeHHOCTH F.

2.1 Haiimure cpeHio0 sHEpruio (), mepeIaBaeMyo JeKTPOHOM KPUCTAINIECKON perméTKe 3a
OJTHO CTOJTKHOBEHUE.
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2.2 TlokakuTe, YTO MOIIHOCTH TEILUIOTHI, BBIAEISAIOMIEHCS B euHUIE 00beMa, OMUChIBaeTcst Bhop-
MyJI0it (2).

Yactp 3. 3akon Bugemana — @paniia.

; 1 (x)
[TycTh MeTa/InIecKuil crepKeHb HePABHOMEDHO HATPET Tak,
X
9TO ero TeMIepaTrypa U3MEeHsIeTCsl BJIOJIb CTEPIKHSI U OIUCHI- et~ g
Baercs dyukrueir T'(z) i

B smom cayuwae 6 cmepotche bydem cyuecmsosams nomox X
MENAOMDL, KOMOPHIT ONUCHBAEMCA 3aK0HOM DYypve

AT (3)
q=—rh——
Ax’
IJie ¢ - IJIOTHOCTD HOTOKA TEeIIOTHI (KOJMYeCTBO TEIIOTHI, epeTeKalolell Yepes MIIOMaIKy e/1u-
HUYHOM ILJTOIIA/IN B €IMHUILY BPEMEHH ), K - K0ahduuuenm menionposoorocmu Mamepuaia cmepic-
HA.

Tenaonpocodnocms MEMAALOE 2AGGHDIM 00PA30M 00YCAOBAEHE DBUNCEHUEM IAEKMPOHOE, TOIMO-
MY MeHCIY MENAONPOBOOHOCTNDIO U IAEKMPONPOSBOTHOCTNDIO MEMAAAOE JOANHCHA CYULECMBOBGMD
C6A3b. IMa c64A3b OVIAG IKCNEPUMEHMAALHO 00Hapydicena 6 1853 200y u nocum nazsanue 3aKxoHa
Budemara — Pparua, xomopwil ymeepotcdaem, wmo omHowerue

K

=1L (4)

ABJISIETCA HOCTOAHHON BEJINMYNHON IJId BCE€X METaJ1JIOB 1 Ha3bIBacTCA YNCJIOM ﬂopeHua L.

B nmannoit wactu BaM HeOOXOIUMO JIOKa3aTh, 9TO U3 Mojenn JIpyne ciemnyer 3akon Buiaemana —
OpanIia, a Tak:Ke pacCInTaTh MOoCTossHHYIO JlopeHria.

3.1 3amumure BbIpaXKeHUs Jjid IJIOTHOCTEH ITOTOKOB
SHEPTUH, MEPEHOCUMON JIEKTPOHAMHU B IOJIOYKUTE b T(x)
HOM (¢, W OTPUIATEIbHOM ¢_ HAIpaBJeHud ocu X, a T'(x-Ax) ~, T(x+ Ax)

TaK»Ke CyMMapHOTO TIOTOKa HEPTUN (. nnl_.é‘_:;zj
i : I
Hcnoavsytime npubsusicennyro Gopmyiry, cnpasedi- : q.<;'=.m |
8Y10 NPU MEDNEHHOM USMEHEHUY PYHKUUL L= 'I ’
X
AT
T(x+Ax)=T(z) + (A_ Ax (5)
x

3.2 Homyuure hopMysny I TEIIONPOBOJHOCTH MeTaJlJIa M PACCUUTANTE ee INCIEHHOe 3HAYEHUE
st Meu ipu TeMrieparype 1 = 300 K

3.3 PaccunraiiTe unciaenHoe 3HadeHue moctosgHuoit Jlopenna L.
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Hactp 4. 9dbdekT Tomcona.

IIpu npoxooicdenuu snekmpuieckozo moka no HeodnopoodHo Hazpemomy NPooOHUKY GblieAAeMCA
donoanumenvroe (no cpasweruto ¢ menaomot [owcoyan — Jlenua) xoauvwecmeo menaomol (9mo
asaenue nazvieaemcs afipexmom Tomcona). Ifgexmom Tomcona nazwvieaemes donosnumenvroe
BHIIENEHUE UAU TMOLAOWEHUE MENAOMBL NPU NPOTOHCOCHUU TOKA 6 HEPABHOMEPHO HAZPEMOM NPO-
godnuxe. B dannoti wacmu 3adayvu 6am neobrodumo nokadamsv, umo modeav JIpyde obsacHaem
amom apdexm u nosyuums GopMysy OAL pactema MousHocmy mensomo. Tomcona.

HYCTB TeMIiepaTypa MEJIHOI'O CTEPzKHA MeTaJjljla HEe 3aBUCUT OT BpEeMEHHU, HO 3aBUCUT OT KOOPIAU-
HaTbI IIO 3aKOHY

T(x) = Ty + A\, (6)
rjie 1o 1 A\ - U3BECTHBIE TTOJIOYKUTETbHBIE KOHCTAHTHI. 110 CTEpPKHIO TpOTEKAET JIEKTPUIECKUN TOK
ILJIOTHOCTH j.

4.1 Ilpu kakoMm HaIpaBJIeHUU TOKa Terjiora TomMcona Oy/eT MOJIOKUTE/BHON, a IIPU KAKOM OTPH-
[IATEJILHON?

4.2 Haiijgure MOIIHOCTD TEIMJIOTHI, BBIIEISIONIENCs B euHIIe 00beMa CTep:KHs (IJIOTHOCTD MOIII-
HOCTH) P B OIIMCAHHOM CJIyYae.

4.3 IlokaxkuTe, YTO MOIITHOCTD JIOTIOJIHUTE/IHHOM TelI0Thl ToMcoHa MPOMOpIUOHAIbHA, TIJIOTHOCTH
TOKa jJ U IpajinerTy temieparypbl A. [losyunre Boipaxkenue 1jis KoadduimenTa mpornopIimoHaib-
HOCTH.
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