Coipka 3aBnanb mis cryaentiB HHI komm'rotepHoi ¢izuku ta
CHEPTeTUKH

7 cemecTpy 4 pOKy HaBYaHHS

A0 KypCy

DyHKIIOHAJIbHI MaTepiaJ i HETPAAULINHOI eHePreTHKHU

1. BuzHauuTy yacTuHy "3aliHATHX" CTaHIB aKyCTUYHMX KoJuBaHb npu Temmneparypi T=0.3 Tp.

2. Bu3HauMTH siKa YaCTMHA aKyCTUYHUX KOJNMBaHb Oyne "BuMoposkeHa" npu temnepatypi T =
0.5 Tp? T p— temneparypa Jlebas.

3. B exciepuMeHTaNbHINA YCTaHOBIII BUMIPIOBAHHS TEIJIONPOBIAHOCTI MiBOJUTHCS MOCTiHA
TeruioBa Moty xHicTh P= 30 BT 1o Topus nuaiHApuIHOTrO 00pa3y aiaMeTpoM 2 cM. 3pa3ok Mae
noBxuHy 1 =7 cm. Ilicns BCTaHOBJIECHHS CTALliOHAPHOT'O MPOLIECY BiBEACHHS TeIuIa Oyiu
BUMIpsIHI TeMIiepaTypu ABoX Kinuis 3pa3ka. T1 =100 C, T2 =55 C.

Busnauntu sikuiick Matepian (KpeMHil abo repMaHiii) JOCHIKyBaBCs B €KCIIEPHUMEHTI.
TennmonposiaaicTs kpemHio 150 Bt/(M*K), Himeyunna — 70 Bt/(M*K).

4. Harmmrits po3noain @epmi-Zipaka . Baxkatoun mmpuHy nepexigHoi 30HH, 1mo qopiBHioe kT,
OLIHUTH YacTKy BUIbHUX enekTpoHiB pu T =100 K . E =3 eB.

5. lns enexTponoctayaHHsa OyauHKy HeoOxiaHo 150 kBT * rox Ha micsaue. Baxkarouu cepenniit
MOTIK COHAYHHUX MPOMEHIB Ha KB. M, 500 BT Ha KB. M., BU3HAUUTH IOy COHSYHUX OaTapeil i3
KPEMHII0 HEOOX1THY JJIsl eIEKTPONOCTauYaHHs Oy IUHKY.

KoedirieHT BUKOPHUCTOBYBAHOTO (DOTOEIEKTPHUYHOIO IIEPETBOPIOBAYA 3 ypaXyBaHHAM
aMOp(HOT0 KPEMHiI0 HaMiBIPOBITHUKIB - 15 %.

6. 3a K01 TOBKUHH XBUJII €JIEKTPOMArHiTHOIO BUIPOMIHIOBAHHSI BUHUKHE (DOTONPOBIAHICTD Y
Himeyunni?

Ilupuna eneprernynoi mimuan y Himewunni W, =0.75 eB; h = 6.62 - 1073* k¢

7. Hikenb mae T'LIK 3 nepiogom a =3.52 A i namarnivenictio Hacudyensst M s=5.11%10 ° A/m.
OOunCcIUTH MarHiTHUM MOMEHT p m [IPUIIAJA€ Ha OJIMH aTOM 3ajli3a B MarHeToHax bopa.

Up =9.274% 10724 A - M2

8 . Kpurnune marnitTHe mone cBuHIIO HO = 03 Ta. Temmneparypa Horo HarpoBiTHOTO MEPEXOTY
7.2 K. Bu3HauuTH MpH IKOMY 3HA4€HH1 MarHiTHOTO 1o Oyze 3pyHHOBAHO HAIPOBIIHICTH 3a
temneparypu 3.6 K .

9. Jlo Top1is HUIIHAPUYHOTO KPEMHIEBOTO 00pa3y AiaMeTpoM 4 CM MiABOJUTHCS CTajla TEIUIoBa
notyxHicTb P= 30 Bt. 3pazok mae noBxuny 1 =1 aus.

Busnauntu Temneparypy Ha BXOJi, SIKIIIO TeMIIEpaTypa HaBKOJIMIIHBOTO cepenonua 20°C.
TennmonposiaHicTh kpeMHi0 150 B1/(M*K)



10. Po3paxyiiTe MakCUMallbHy KIHETUYHY €HEPTil0 BUIBHOTO €JIEKTPOHA HATPiIO MpU
abCOMOTHOMY HYJI. SIka MakcHMaibHa MIBUIKICT €JIEKTPOHA?

Hartpiii - OLIK, nocriiini rpatu Hatpito - 4,28 A.

Maca enektpona - 9,1 - 10-28 r, h = 6.26 - 1073*[Ix - ¢, 1 eB=1,6 - 10-19 Ix

11. [Insa enekrponocrauanHs OynuHKy HeoOxinHO 300 kBT * ron Ha micsips. Braxaroun
cepe/iHil TOTIK COHSYHUX NMPOMEHIB Ha KB. M, 400 BT Ha KB. M., BU3HAYUTH BapTiCTh COHIYHUX
Oarapeil 3 KpeMHiI0, HEOOXiAHY JUIsl €JEKTPOIIOCTaYaHHs Oy AUHKY .

KoeditienT mpoMucioBoro oToeeKTpuyHOro NepeTBOPEHHs OaTapell Ha OCHOBI KPEeMHIE€BUX
HamiBIpoBiMHUKIB — 14 %. Bapricts 1 kB. M. OaTapeii i3 amopdroro kpemHiro — 1000 eBpo.

12. BusHauuTH mMpUHY 3200pOHEHOT 30HU 32 TaHUMH BUMIPIB:
1)T=97C,a=438*1031/(Omcm) 2) T=277C 0 =5.0*101/(Om - cm)

BBaxaru mupuny 3a00pOHEHOT 30HU HE3MIHHOIO0; k = 8,617 * 102 eB /K

13. Ouinutu eHepriro 0OMiHHOT B3aemoii (B €B) s 01HOTO aTOM Mik MarHiTHUMU MOMEHTaMHU
aTOMIB 3aJli3a, AKIIO BiAoMO, 1o Temmeparypa Kropi 3amiza 770 °C.

14. OuinuTH NpHU AKIKA JOBKHUHI XBHJI €JIEKTPOMArHiTHOTO BUIIPOMiHIOBaHHS OyJie 3pyiiHOBaHa
Ha/AMPOBITHICTD, SIKIIO TEMIIEpaTypa HaamposinHoro nepexony 20 K .

IMocriitna Boneimana k =1.38%10 23 Jx/K h =6.62*10 34 JIx* ¢

15. BusHauuTu sika yacTUHA KorBaHb Oyne "BuMoposkeHa" npu temnepatypi T=02Tp? T p—
temneparypa Jlebas.

16. B ekcriepuMeHTaNbHIlM yCTaHOBII BUMIPIOBAaHHS TEIUIONPOBITHOCTI MiIBOAUTHCS MOCTIHHA
TeruioBa Moty xHicTh P = 30 BT 10 Topiis numiHIApUIHOTO 00pasy AiamMeTpom 2 cM. 3pa3ok Mae
noBxuHy 1 =7 cm. Ilicns BCTaHOBJIECHHS CTALliOHAPHOT'O MPOLIECY BiBEACHHS TeIuIa Oyiu
BUMIpsIHI Temreparypu ABox KinuiB 3pa3ka. T 1 =100C,T2=55C

Busnauntu marepian kpeMHiit abo repmaniii. Termmonposianicts kpemHito 150 Bt/(m*K),
Himeyunna — 70 B1/(M*K)

17 . Hanmmits noain @epmi-Zipaka . Beaxkatroun mupuny nepexignoi 3ouu piBHoto kT orinutu
YaCTKy BUIBHUX €JIEKTPOHIB 32 KIMHATHOI TeMIepaTypH BUKOPUCTOBYIOUH po3noaina depmi-
Hipaxka. E r=2 eB.

18. BBaxkaroum cepe/iHiii MOTIK COHTYHUX MPOMEHIB Ha kB. M, 400 BT Ha KB. M., BU3HAUHUTH
IUIOILY COHSIYHUX OaTapei 3 KpeMHi0, HEOOXIAHY JUIsl €JeKTPONIOCTaYaHHsl OYAMHKY 3 MICSTYHUM
cnoxxuBaHHAM eHeprii 200 kBr*roa. KoedinieHT BUKOpHCTOBYBaHOTO (hOTOCIEKTPUYHOTO
NEPEeTBOPIOBAYA 3 ypaxyBaHHIM aMOp(HOTI0 KPEeMHi0 HaMiBIPOBiAHUKIB - 14 %.

19. 3HaliTi BiAHOIICHHS KOHIIEHTPAIIi{ TOMIIIKOBUX HOCIiB JO BIACHOTO KPEMHIIO
nonupoBaHHOM 1% ¢ocdopy mpu KiMHATHIN Temmeparypi.

[Hupuna 3a6oponenoi 3ouu Si craHoBUTH 1,12 €B. JlonoBanuii piBeHb BiICTaHb BiJl 30HU
nposianocti Ha 0.05 eB. k = 8,617 * 10 eB /K

20. Kputnune marnitae nosie HO = 4 Ton. Temneparypa vagnposignoro nepexoxy 10 K.
Busnaunty, npu sKoMy 3Ha4eHHI MarHiTHOTO NOJIst Oy/e 3pyiHOBaHa HAANIPOBITHICTD IPU
temnepatypi 2 K .

21. depomarnithe 3anizo mae OLIK 3 nepiogom a =2.86 A i HamaraivenicTio HacudeHHS M §
=1.75*%10 % A/M . OGUHCIUTH MarHiTHUI MOMEHT P m [IPHUIIAJIAE HA OJMH aTOM 3aJi3a B
MaraetoHax bopa.



22. Bu3HauuTH 4acTUHY “3alHATHX’ CTaHIB aKyCTHYHUX KOJIMBAaHb 32 HOPMAJIbHOI TeMIepaTypH
T = 0.1 remnepatypu ebas.

23. Jlo TopIs HMITIHAPUIHOTO FepMaHieBOro 00pasy AiaMeTpoM 4 ¢M IiIBOJAUTHCS cTana
TeruioBa notyxHicTs P = 30 Bt. 3pa3ok mae nosxuny 1 =1 gqus.

Busnauntu Temneparypy Ha BXOJi, SIKIIO TeMIIEpaTypa HaBKOJIMIIHBOTO cepenosuma 20°C.
Termonposianicts repmanito — 70 Bt/(Mm*K)

24. O6UUCIUTH MaKCUMaJIbHY €HEprilo eIEKTPOHIB Y Miji eB npu abcomoTHOMY HYIII.
[TpuiiHATH, 110 Y KOKHUI aTOM Mifi TOBOAUTHCS OJHIEIO €IEKTPOHY.

Mins - ['TIK, mocTiitai rpatu mimi - 3.6 A .

Maca enektpona - 9,1 - 10 21, h = 6.26 - 10734l - ¢, 1 eB=1,6 - 10 "'° Ik

25. Jlna enekrpornocrayanss Oyauuky HeoOxinHo 400 kBT * ron Ha Micsis. Beakatoun
cepe/iHil MOTIK COHSYHUX NMPOMEHIB Ha KB. M, 300 BT Ha KB. M., BU3HAYUTH BapTiCTh COHIYHUX
Oarapeil 3 KpeMHII0, HEOOXiAHY JUIsl €JEKTPOIIOCTaYaHHs Oy AUHKY .

KoeditienT mpoMucioBoro oToeeKTpuyHOro NepeTBOPEHHS OaTapell Ha OCHOBI KPEMHIE€BUX
HamiBHpoBiaHUKIB — 14 %. BapricTs 1 kB. M. OaTapeii i3 amopdroro kpemuito — 800 eBpo.

26. 3a sK0i JOBXKHHU XBHJIi €JICKTPOMArHITHOTO BUIIPOMIHIOBaHHS BUHUKHE (DOTOTPOBIIHICTD Y
KpeMHii?

Ilupuna eneprernyoi mimuay y Himewanni W, =1.1eB; h = 6.62 - 1073*[Ix.c.

27. ®epomarnithe 3anizo mae OLIK 3 nepiogom a =2.86 A i HamaraivenicTio HacudeHHS M §
=1.75*%10 6 A/M . OGUUCIUTH MarHiTHUI MOMEHT P m PHUIIAJIAE HA OJMH aTOM 3aJi3a B
MaraetoHax bopa.

Up =9.274% 10724 A - M2

28. OUiHUTH 32 AKOT TOBXWHU XBUJII €JIEKTPOMArHiTHOTO BUIIPOMIHIOBaHHA Oyzie 3pyliiHOBaHa
HAAMPOBITHICT HI00110, SIKIIO TeMIepaTypa Horo HaaANpoBigHOro nepexony 9.2 K .

IMocriitna Boneimana k =1.38%10 23 /K h =6.62*10 34 JIx* ¢

29. Bu3HauuTH fIKa YacTUHA KOJIMBaHb Oyze "BuMoposkeHa" npu Temmneparypi T=0.5 T p?

30. B excriepuMeHTaIbHIN yCTaHOBIII BUMIPIOBaHHS TETUIONPOBITHOCTI MiIBOAUTHCS MOCTIHHA
TeruioBa Moty xHicTh P = 30 BT 10 Topiis numiHIApUIHOTO 00pasy AiamMeTpom 2 cM. 3pa3ok Mae
noBxuHy 1 =7 cwm. Ilicng BCTaHOBJICHHS CTalliOHAPHOT'O MPOLIECY BiABEACHHS TeIUIa Oyiu
BUMIpSIHI TemMIeparypu ABoX KinuiB 3pa3ka. T 1 =100°C,T2=55°C.

Busnauntu marepian KpeMHiit abo repMaHii.

TermnmonposiaHicTs kpemHio 150 Bt/(M*K), Himeuunna — 70 B1/(M*K)

31. Hanumite po3ain @epwmi-Lipaka . Beaxkaroun mmpuny nepexianoi 3ouu piBHoto kT ominutu
yacTKy BiIbHUX enekTpoHiB npu T =100 K BukopuctoByroun posnoain ®@epwmi-/ipaka. E p=3
eB.

32. Bpaxkarouu MOTIK COHAYHHUX MPOMEHIB Ha KB. M, 500 BT Ha KB. M., BU3HAUUTH IJIOLLY
COHSYHUX OaTapeil 3 KpeMHito (apceHiay raiiro) HeoOXiHY A eIeKTPONOCTayaHHs Oy IMHKY 13
cnioxkuBaHHsAM eHeprii 200 kBr*roauny Ha micsib.

BBaxkatu KoedilieHT POTOETEKTPUIHOTO NIEPETBOPEHH OaTapeil Ha OCHOBI KPEMHIEBUX
HamiBOpoBiAHUKIB - 20%, apceHiny ramito - 30%

33. 3HaiiTH BiIHOIIEHHS KOHIIEHTpPALlii JOMIIIKOBUX HOCI{B 10 BIACHOTO KPEMHIIO
nonupoBaHHoM 0.5% Gopy npu KiMHaTHi TeMnepaTypi.



[Hupuna 3a6oponenoi 3ouu Si craHoBUTH 1,12 €B. JlonoBanuii piBeHb BiICTaHb BiJl 30HU
nposignocti Ha 0.06 eB. k = 8,617 * 107 eB /K .

34. Ouinntu eHepriro ooMiHHOI B3aeMoii (B €B) y po3paxyHKy Ha OMH aTOM MiX MarHITHUMHU
MoMeHTaMHu aTomiB rafomiito ( Gd ), skmo Bigomo, mo ioro temmneparypa Kropi: 11 °C.

35. OuinnTH 32 SKO1 TOBKMHH XBUJII €JIEKTPOMArHiTHOIO BUIIPOMIHIOBaHHA Oyze 3pylHOBaHa
HAMPOBITHICT HI00110, SIKIIO TeMIepaTypa Horo HaaANpoBigHOro nepexony 9.2 K .

ITocriitana Boneimana k =1.38%10 23 J/K h =6.62*10 34 JIx* ¢

36. BusHaunTy sika 4acTHHA aKyCTUYHUX KOJHMBaHb Oyze "BUMopoxkeHa" mpu Temreparypi T =
0.5 Tp? T p— temneparypa Jlebas.

37. B exkcriepuMeHTaIbHIN yCTaHOBIII BUMIPIOBaHHS TETUIONPOBITHOCTI MiIBOAUTHCS MOCTIHHA
TeruioBa Moty xHicTh P= 30 BT 1o Topus nuiaiHApudaHOro 00paszy aiaMeTpoM 2 cM. 3pa3ok Mae
noBxuHy 1 =7 cm. Ilicng BCTaHOBJICHHS CTalliOHAPHOT'O MPOLIECY BiABEACHHS TeIUIa Oyiu
BUMIpsIHI TeMIiepaTtypu ABoX Kinuis 3pa3ka. T1 =100 C, T2 =55 C.

Busnauntu sikuiick Matepian (KpeMHild abo repMaHiil) JOCHIKyBaBCs B €KCIIEPHUMEHTI.
TennmonposiaHicTs kpemHito 150 Br/(M*K), Himeyunna — 70 Bt/(M*K).

38. Hanmmits po3nozin ®epmi-/lipaka . BBaxkatoun mmpuHy nepexigHoi 30HH, 110 TOPiBHIOE
kT, ouinutu yactky BinbHuX enekrponiB npu T =100 K . E r=3 eB.

39. ns enexktponocradyans Oy nuHKy HeoOxigHo 150 kBt * rog Ha micsups. BBaxaroun
Cepe/IHIl TOTIK COHSYHUX NMPOMEHIB Ha KB. M, 500 BT Ha KB. M., BA3HAUUTH IUIOILY COHIYHUX
Oarapei 13 KpeMHII0 HEOOXiHY /7S €JeKTPOIIOCTaYaHHs Oy AMHKY .

KoedirieHT BUKOPHUCTOBYBAHOTO (DOTOEIEKTPHUYHOIO TIEPETBOPIOBAYA 3 ypaXyBaHHAM
aMOp(HOT0 KPEMHiI0 HaIiBIPOBITHUKIB - 15 %.

40. 3a sK0i JOBXKHHU XBHJIi €JICKTPOMArHITHOTO BUIIPOMIHIOBaHHS BUHUKHE (DOTOTPOBIIHICTD Y
Himeyunni?

lupuna eneprernynoi mimuay y Himewunni W, =0.75 eB; h = 6.62 - 1073* k¢

41. Kputnune marsitHe nojne cBuHIo HO = o 03 Ti. TemmepaTypa #oro HaampoBigHOTO
nepexoay 7.2 K. BusHauuTu npu sskoMy 3Ha4€HH1 MarHiTHOTO 1oJist Oyie 3pyHHOBaHO
HaAMPOBITHICTD 3a Temmeparypu 3.6 K .

42. Hixenn mae T'LIK 3 nepionom a =3.52 A i namarnidenicTio Hacuuenns M s=5.11%10 5 A/m.
OOuHnCcIUTH MarHiTHUM MOMEHT p m [IPUIIAJA€ Ha OJIMH aTOM 3ajli3a B MarHetoHax bopa.

Up =9.274% 10724 A - M2



