HaHodi3nka Ta HaHoOmMmaTepianun
3aBaaHHs oaga caMoCTiINHOI po6oTn 3 Temu Net:
EnekTpoHHa i gipoyHa NpoBigHICTL Y HaNiBNpoBigHUKax

3anaya. YV peanbHOMY HaNiBOPOBIIHMKY TYCTHMHA CTaHIB Ha JIHI 30HU
NPOBIAHOCTI BIAPI3ZHATUMETHCSA BIJ MOJAENl, IO po3risaaiacs Ha
MPAKTUYHOMY 3aHSATTI, HA YUCIOBUU KOCQIIIEHT, IKUH MOXKE OyTH MaJIUM
a00 BENUKHMM 3aJeXHO Big Marepiamry. OTxe, 3amuiieMo sl 30HHU

NPOBIAHOCTI g(€) = gy.\/€ — €., A€ gy, - HOBA KOHCTAaHTa HOPMYBAHHH,
KA BIAPIZHAETBCS Bl g, 13 IONEPENHBOI 3a1adl. AHAIOTIYHO 3aIHUILEMO
g(€) 151 BEpIIMHYU BAJICHTHOI 30HU Y TEPMIHAX HOBOI KOHCTAHTH gy,

(a) IlosicHITH YoMy, SIKIIO , XIMIYHUN IIOTEHIa] Oyde 3MIiHIOBATHUCS SIK
dbyukuis Temmneparypu. Komu BiH Oyae 30uiblIyBaTUCS, a KOJIHU
3MEHIIYBaTUCS ?

(b) 3anumiiTe BUpa3 [ KUIBKOCTI €JIEKTPOHIB IPOBIAHOCTI yepe3 1, u, €,
Ta gy.. CHpPOCTITH 1€ BUpa3 sKOMOra OuIblle, MPUITYCKAIOYH, IO
g.—u>kT.

(c) ITopoxkHiii cTaH y BaJ€HTHIM 30H1 HA3UBAETHCS JIPKOIO. 3a aHAJIOTIEO 3
yactuHOIO (b) 3anuiiTh BUpa3 ISl KIIBKOCTI JIPOK 1 COPOCTITH MOTO
A BUNanKky €, — p <K kT.

(d) Ob'emgnatite pesynprat 4yactuH (b) 1 (¢), moOO 3HAWTH BUpa3 I
XIMIYHOTO TOTEHIlaly sIK (YHKIIIIO BiJ TeMIeparypu Ta BiIHOIICHHS

gOC/gOV'

(e) Jnsa kpemniro g,./gy = 1.09 1 gy,/gy = 0.44. OOuucnite 3MiHy y 114
KPEMHIIO0 3a KIMHATHOI TEMIIEpaTypH.



HaHodi3nka Ta HaHoOmMmaTepianun
3aBaaHHs oaga caMoCTINHOI po6oTn 3 TemMu Ne2:
KBaHTyBaHHS NPOBIOHOCTI Yy ABOBUMIPHOMY MPOBIOHUKY

3agaua 1. Po3risiHpTe TBOBUMIPHUM MPOBIAHUK HACTYITHUM BiTHOIICHHSIM
Mix eHepriero Ta immynscom: E(p) = E, + p?/2m.

(a) 3maditn ¢ynkmii N(E) 1 D(E) Ta mnepeBipuTH, 9d BUKOHYETHCS
BigHomeHHs D(E)W(E)p(E)=N(E)d, ne d =2 - po3MipHICTH
MIPOBITHHKA.

(b) 3naiiTu BIAHOIIEHHS MK TPOBITHICTIO 1 IIIJIBHICTIO €JEKTPOHIB 3a
HU3BKHUX TeMIlepaTyp. BBaxaru, mo ¢hakTop BUpOKEeHHS g = 1.

(¢) 3uaittu yuciao mox M(E).



HaHodi3nka Ta HaHoOmMmaTepianun
3aBaaHHs oaga caMoCTiINHOI po6oTn 3 TemMu Ne3:
KBaHTyBaHHS NPOBIOHOCTI Yy ABOBUMIPHOMY MPOBIOHUKY

3agaya. Po3misiHbTe TBOBUMIPHMI TPOBIIHUK HACTYITHUM BiJHOIICHHSIM
MDK eHepriero Ta immynscoM: E(p) = E. + vyp .

(a) 3maditn ¢ynkmii N(E) 1 D(E) Ta mepeBipuTH, Y BUKOHYETHCS
BigHomenus D(EW(E)p(E)=N(E)d, ne d =2 - po3MipHICTH
POBIAHUKA.

(b) 3HaiiTy BIAHOIIEHHS MIX MPOBIAHICTIO 1 IIUIBHICTIO €JIEKTPOHIB 3a
HU3BKUX TeMIiepatyp. BBaxaru, 1mo ¢pakTop BUpOKEeHHS g = 1.

(c) 3naittu yucno mox M(E).



HaHodi3nka Ta HaHoOmMmaTepianun
3aBaaHHs onaga caMoCTiINHOI po6oTn 3 Temu Ne4:
(MOHOHHa TEMNTOEMHICTb Y pigkomy 4He

3anaya. OOuwucnith (GOHOHHUN BHECOK Yy TermIoeMHicTh 4He vy
BHCOKOTEMITEpaTypHOMY HaOJIMKEHHI, BPaXxOBYIOUH MEPITy TEMIIEpPaTypHY
nonpasky. OLiHITh y MpoOLEHTaxX BiaxwuieHHs TemnoeMHocTi Cy, Big Nkg
ma T =TptaT =2T),.



