JIABOPATOPHAS PABOTA Ne2

OYHKUIUA PACIIPEAEJIEHUSA PEPMU-IUPAKA. METAJLJIBI.

1. Heanb padorsi: [To3HakomuThes ¢ pyHkiueit @epmu-Iupaka u ee cBOWCTBaMH.

2. TeopeTnyeckasi 4acTh

JIroboe TBepmoe TeNo SBISIETCS CUCTEMOM COCTOSIIEH M3 OTrpOMHOrO 4HCiIa MHUKPOYACTHUIL.
CymectByer 1Ba crocoba ONUCAaHUS COCTOSIHUSL TAaKOM CHUCTEMBl — MEPMOOUHAMUYECKULI W
cmamucmuyeckuu.  Ilppy  TepMOAMHAMHUYECKOM  MOAXOJE  TelO,  pPacCMaTpUBAIOT  Kak
MaKpOCKOIIMYECKYI0 CHCTEMY, HE€ HHTEPECysICh TEMM YacTULIIAMM M3 KOTOPBIX OHa cocTouT. llpm
CTaTUCTUYECKOM IIOJXOJIE ONHUCHIBAIOT MOBEJCHHE HE OTIEIbHBIX MHKPOUYACTHUI], & YCTAHABIMBAIOT
BEPOSTHOCTHBIE 3aKOHbI, KOTOpPbIE MO3BOJIAIOT HAXOAUThH PACIpPE/EICHNEe MUKPOYACTUIl [0 KAaKOMY-
60 napameTpy (Harmpumep, pacrpeaesieHue YacTUll IO SHEPTUSIM, UMITYJIbCaM | T.11.).

Depmuonst u 6030nwl. 110 xapaktepy noBeJeHNs B KOJUIEKTUBE BCE MUKPOUYACTHIIBI pa3eIsiOT Ha
JIBE TPYIIBL: hepmuonvl 1 6030mb1. K ghepmuonam 0THOCAT 371€KTPOHBL, IPOTOHBI, HEUTPOHBI U ApYyrue
YacTULBI C MOJyLEeNbIM ciuHoM: 71/2, 3h/2, ... K 6030nam otHOCAT (pOoTOHBI, (DOHOHBI U ApYyruUe
4yacTUlIbl, 00Jafaonue HeloYuciaeHHbM cuubHom: 0, 7, 27 ... ®epMUOHBI MOTYMHSAIOTCA NPUHIUILY
[Maynu: ecnu naHHOE KBAaHTOBOE COCTOSHHE YK€ 3aHATO (hepMHOHOM, TO HHKAKOW Jpyroi pepmMuoH
JAHHOT'O TUIIa HE MOKET HAXOJUTCS B 3TOM COCTOSIHUM. BO30HBI, HaNPOTHUB, 00J1aAAI0T CTPEMIIEHUEM K
«00beguHEeHNI0». OHU MOTYT 3aCesITh OJIHO U TO € COCTOSHUE.

Hesuviporcoennvie u gviporcoennvle Koanekmugol. 1lycts umeercss N 4acTul], KOTOPbIE MOTYT
3auATh G coctosiumid. Ecimn N/G<<1, T.e. YUCII0O COCTOSIHUI HAMHOTO OOJIBIIIE YHCIIa YACTHUII, TO TAKOMH
KOJUIEKTUB HA3bIBACTCS HEBbIPOINCOCHHBIM. JIIsl TAKMX CUCTEM HEOOXOAUMO NPUMEHSTh CIMAmMUCmuKy
Maxcesenna-bBorvymana. Ecmn N/G~ 1, T.e. Y4UCIIO COCTOSHUI COTIOCTABMMO C YHCJIOM YaCTHII, TO TaAKOH
KOJUIEKTUB HAa3bIBACTCS GbIpO#COeHHbIM. JIJI1 TaKUX CUCTEM HEOOXOIUMO NPUMEHSTh CHAMUCTUKY
Depmu-/upara (111 GepMUOHOB) WU cmamucmuky boze-Jinwmerina (1711 6030HOB).

@Dynuxyua pacnpeodenenusn f(E). JIns oObsCHEHUs NOHATUS (YHKUMS paclpeiesieHHs MMOCTaBUM
BOIPOC: KaKUM 00pa3oM pacupeeseHue YacTUll 110 TEM UM UHBIM COCTOSIHUSIM CBSI3aHO C COCTOSIHUEM
KOJUIEKTUBA, KaK 1esoro? J{is Toro 4ro0sl 3aaTh cocmosHue cucmemsl, HapuMep 4acTHl] raza, HaJo
yKa3aTb €ro mepmoouHamuieckue napamempul. UToObl 3afaTh cocmosnue uacmuy HAJIO YKas3aThb
3HAUeHue Ux KOOpOUHam u COCMABNAIOWUX UMNYIbCO8 WU dHepeulo 4acTULl, KOTopas olpenessercs
WX KOOpJIMHAaTaMU M UMOyJdbcaMu. CBS3b MEXKAY STUMH JABYMS THUIIAMU BEJIUYUH OCYHIECTBISIET
cmamucmuyeckasn @ynkyus pacnpedenenuss N(E)dE , Blpakarolasi YMCJIO 4acTULl C SHEepruen ot £
no E+dE B cucreme, COCTOSIHUE KOTOPOM ONMMCBIBAETCSl TEPMOJUHAMUYECKUMU MapameTrpamu Ep u T.
Takyio (YHKIUIO Ha3bIBAIOT MOJHOU CMAMUcmuyeckou @Qyukyueli pacnpedeieHus. ITy (QYHKIHUIO
MO>XHO TPEJICTaBUTh B BHJE MPOM3BENCHUS YHUCIa cOoCTOssHUNA g(E)dE, nmpuxoasimuxcss Ha UHTEpBaI
sHepruil dE, Ha BepOsATHOCTb 3a0JHEHUS ITUX COCTOSIHMN yacThuiaMmu. O003HauUM MOCIEAHIO Yepes
M(E). Torna N(E)dE = f(E)g(E)dE . ®yukuuto f(E) Ha3plBalOT NPOCTO @yHKyuel pacnpeoeneHus —

OHa BbIpaXKaeT BEPOSATHOCTh 3aII0JIHEHUS YacTULlaMu UHTepBana (£, E+dE).

Iomnocms cocmoanun g(E). B xiaccuyeckoil MEXaHHMKE COCTOSIHUE YaCTHIIbI ONpeAesieTcs
3aJJaHMEM TpeX KOOpPAMHAT (X,),zZ) M TpeX COCTABIAIOIIUX UMIYyJIbca (pyp,p-). IlpencraBum
LIECTUMEPHOE MPOCTPAHCTBO (X,),Z,PxPy,P-). Takoe MPOCTPaHCTBO HA3bIBAOT (Pa306bim. DINEMEHTOM
(azoBoro oobema (pazoBoro NPOCTpaHCTBA HA3BIBAIOT BEJIMUYUHY:

Al'=AI',AI', = dxdydzdp dp dp., (1)
3peck Al - SneMeHT 00beMa NpPOCTpaHCTBa KoopiauHat, Al - 35eMeHT 00beMa IpPOCTPaHCTBA
UMITYJIbCOB. JUisl KITACCHYECKUX YacTULl NeMeHTbl Al', U Al’, MOTyT OBITh CKOJIb YIOJHO MajbIMH.

JUis KBAaHTOBBIX MMKpPOYACTHUI] (3JEKTPOH, NPOTOH W T.JA.) Aesno oOctouT uHaue. Hamuuwe y
1
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MHUKpPOYACTHL] BOJHOBBIX CBOMCTB COIJIACHO NPUHYUNY HEOnpeOeleHHOCMY TPUBOJUT K TOMY, UTO
HauMEHbIINH 00beM (pa30BOro MPOCTPAHCTBA paBeH /A (mocrosiHHas Ilnanka). [losToMy B KBaHTOBOM
CTAaTUCTHUKE 32 DJIEMEHTAPHYIO SUEHKY IIECTUMEPHOIO (a30BOr0 IPOCTPAHCTBA IPUHUMAETCS 00BEM:
_ _ 1,3
Al =AT AT, =1, )
3

wm  Al', =7, tak kak Al', =V . Ilpouecc nenenus (a30BOro MIPOCTPAHCTBA HA SUYEHKU

KOHEYHON BEJIMYMHBI HA3BIBAOT KEAHMOBAHUEM ¢ha306020 npocmparcmea. MOKHO MOKa3aTh, UTO
YHCJIO COCTOSIHUI B MHTEepBasie 3Hepruil ot £ 1o E+dE paBHO:

27V 3/2

g(E)dE = P (2m) " "NEdE, 3)

€ m —Macca MUKpOUYaCTHIIbI.

[logenus mpaByro U JIEBYIO 4acTu Ha dE moixyduMm niomuocme cocmoanuti g(E), BbIpaKaroUIyIo
YHUCJIO COCTOSIHUI MUKPOYACTHULBI, IPUXOSAIIMECS HA €IMHUYHBIN HHTEPBAI SHEPTUil:

g(E) = 3 (2m)""~NE, (4)

B cnywae anexmponos xaxmod (a3oBoil sUeiike OTBEYAaeT JBa COCTOSHUS, OTIMYAIOLIUXCS
CNUHOBBIMU COCTOSIHUAMU:

g(E) = 4,7;V @m)"*VE, 5)

Dyukuyua pacnpedenenua Pepmu-/lupaka f(E). Oynkuus pacrpeneseHust sl BHIPOKICHHOTO
raza (pepMHOHOB Oblja BIEPBBIE MOJTYYEHA UTAIBIHCKUM (pusukoM depMu U aHMIMHCKUM (U3HKOM
Jupakom U UMeeT CeAYIOIINI BU:

1
f(E)=—— (6)
e T +1
3necb Ep — sHeprus PepMu (XMMHYECKHII MOTEHLMasl BbIpOXkJIeHHOro rasa ®depmuoHoB), k —
noctosiHHas boiasMana.

W3 Beipakenust (6) BugHO, 4To npu E=FEp QyHkuus pacnpenenenus f(E)=1/2 npu moGoii
temneparype T # 0. [losToMy co cTrarucTH4YecKOW TOYKH 3peHHs ypoBeHb DepMu NpeacTaBisieT
co00i1 PHEpreTUUECKU YPOBEHB, BEPOSTHOCTH 3aII0JIHEHUSI KOTOPOTO paBHa Y.

Jlna metanios sHeprus Gepmu onpeaenseTcs BbIpaKeHUEM:

h2 3]/1 2/3
E.=—|—| , 7
i 2m(8ﬂj @

rae n=N/V — KOHIICHTpaIys YJICKTPOHHOTO T'a3a B METaJlIC.
KonnenTpanus 371eKTpoOHOB B MeTalljIe onpezesisieTcs no popmyIie:
kY4
n=_sEi(2m)”, (8)
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Huxe npuseneHs! 3HaueHus sHepruil @epmu sl pasInyHbIX METAILIOB.

Tab6auma Nel

Ne Merann Ouneprust ®epmu Er, 5B
1 Jlutuii 4,72

2 | Harpuit 3,12

3 Menp 7,1

4 Cepebpo 5,5

3. [lopsiaok BhINOJHEHUs PadOTHI

1. B otuer o maGoparopHoil paboTe BKJIIOYUTE TEOPHUIO, COACPXKAIIYI0O OTBETHl Ha KOHTPOJIbHBIC

BONpPOCHI 1.4

2. Jlns MeTansioB, NpeAcTaBleHHbIX B Tabiuuue Nel, onpenenuTe KOHUEHTPALUIO 3JIEKTPOHOB.

AN DN B~ W

4. KoHTpOJIbHBIE BONIPOCHI
. Urto Takoe ¢pepMHOHBI U 6030HBI?

. Urto Takoe GpyHKIUS pacpeaeaeHus?
. Y10 Takoe ImIOTHOCTh COCTOSHMIA?

AN DN B W -

. Uro Takoe ¢pyHkuus pacnpenenenus Gepmu-Iupaxa?
. Kax onpenenuth KOHIIEHTpAIMIO 3JIEKTPOHOB B MeTaslie, 3Has sHepruto dGepmu?

. Kakne KosJIeKTUBBI Ha3bIBAaIOT BBIPOXKX/JICHHBIMU, KAKUC HCBI)II)O)KI[CHHI)IMI/I?

. Iloctpoiite 1 yka3aHHbIX MeTaiIoB pyHKIMI0 pacupenenenus Gepmu-/lupaka f(E) npu 7=0 K.
. [locTpoiite ans cepedpa cemeiictBo Ppynkuit epmu-upaka f(E) npu 7=50, 150, 300, 1500 K.

. Iloctpoiite st menu cemerictBo pynkuuit depmu-/upaka f(E) B untepsaie kT (7=300 K).

. CocraBbTe OTUET O JIaOOpAaTOPHO pabOTe U MOATOTOBHTECH K €€ 3aIUTE.



