KonTpoJubHi 3aB1anns Nel
st ctynentiB HHI komm'torepHoi i3uku Ta eHepreTuku
7 ceMmecTpy 4 pOKy HaBUaHHS

A0 KypCy

DyHKITIOHATBEHI MaTepiaJii HETPATUIIIIHOT €eHEPTreTUKHU
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3agoannsa 1: Bu3HaunTH fKa YacTHHA aKyCTHYHHUX KOJIUBaHb Oy/e "BUMOpOXeHa" MpH
temnepatypi T = 0.5 T p? T p— remnepatypa [lebas.

3aoaua 2: B excriepuMeHTaJbHIM yCTaHOBIII BUMIPIOBAHHS TETIONPOBITHOCTI MiBOIUTHCS
nocTiiiHa TeruioBa notyxHicts P= 30 Bt 10 TOpus muninapudHoro odpasy aiaMeTpom 2 cM.
3pa3ok mae noBxkuny | =7 cm. Ilicns BCTAaHOBIIEHHS CTAIliOHAPHOTO MPOLIECY BiJBEICHHS TEIUIa
Oynu BUMIpIOBaHI TeMIiepaTtypu ABoX KiHuiB 3pa3ka. T1 =100 C, T2 =55 C.

Busnauntu skuiick Matepian (KpeMHii abo repMaHiii) JOCHIKyBaBCs B €KCIIEPHUMEHTI.
TenmonposiaaicTs kpeMHio 150 Bt/(M*K), Himeyunna — 70 Bt/(M*K).

3agoannsa 3: Harumite po3noain @epmi-/ipaka . BBaxkarouu mupruHy nepexigHoi 30HH, 10
nopiHioe kT, oninntu yactky BitbHUX enekTpoHiB pu T =100 K . E =3 eB.

3agoannsa 4: JIng enekrpornocrayanus OyauHky HeoOxinHo 150 kBT * rox Ha micsip.
BBakaroun cepeHili HOTIK COHSYHHUX NMPOMEHIB Ha KB. M, 500 BT Ha KB. M., BU3HAUUTH IJIOILY
COHSYHUX OaTapeil i3 KpeMHi0 HEOOXiIHY JUI eIEeKTPOIIoCTayaHHs OyIuHKY.

KoedirieHT BUKOPHUCTOBYBAHOTO (DOTOEIEKTPHUYHOIO IIEPETBOPIOBAYA 3 ypaxXyBaHHAM
aMOp(HOT0 KPEMHiI0 HaIMiBIPOBITHUKIB - 15 %.

3agoannsa 5: 3a sxoi JOBXKUHU XBHJI1 €IEKTPOMArHITHOTO BUIIPOMIHIOBAaHHS! BAHUKHE
¢doronposinHicTs y HiMeuunHi?

Ilupuna eneprernynoi mimnan y Himewunni Wy =0.75 eB;h = 6.62 - 1073* k¢
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3agoannsa 1: BusHaunTH 4YacTUHY “3alHATHX CTaHIB aKyCTHUHHUX KOJIMBAHb 3a TemmnepaTtypu T
=03Tp.

3agoannsa 2: JIo TopIs UWITIHAPUIHOTO KPEMHIEBOTO 00pa3y AiaMeTpoM 4 ¢M MiIBOAUTHCS
cTaja TeruioBa notyxHicte P= 30 Bt. 3pa3ok mae nopxuny | =1 nus.

Busnauntu Temneparypy Ha BXOJI, SIKIIO TeMIIEpaTypa HaBKOJIMIIHBOTO cepenonuma 20°C.
TenmonposiaHicTh kpeMHi0 150 B1/(M*K)

3agoannsa 3: Pozpaxyiite MakCUMajbHy KIHETUYHY €HEPTil0 BIILHOTO €NEKTPOHA HATPIIO IPU
a0COMOTHOMY HYJI. SIka MakcUMaibHa MIBUIKICTh €JIEKTPOHA?

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

Maca enekrpona - 9,1 - 10-28 r,h = 6.26-1073* Ik - ¢, 1 eB=1,6 - 10-19 JIxx

3aeoannsa 4 : Jlns enexrponocradands OynuHKy HeoOxinHo 300 kBt * rog Ha micsip.
BBakaroun cepeiHili TOTIK COHSYHHUX NMPOMEHIB Ha KB. M, 400 BT Ha KB. M., BU3HAUUTH BapTiCTh
COHSYHUX OaTapeil 3 KpeMHiI0, HeoOXiTHY JJIS eNEKTPONOCTauYaHHs Oy IMHKY.

KoeditienT mpoMucioBoro oToeeKTpuyHOro NepeTBOPEHHs OaTapell Ha OCHOBI KPEMHI€BUX
HamiBHpoBiaHUKIB — 14 %. BapricTs 1 kB. M. OaTapeii i3 amopduoro kpemsiro — 1000 eBpo.

3agoannsa 5: BuzHaunTt mMpuHy 3a00pOHEHOT 30HU 32 TaHUMH BUMIPIB:
DT=97C,0=438*1031/(Om-cm)2)T=277C 0=50*10°1/(Om"cm)
BBaxaru mupuHy 3a00pOHEHOT 30HU HE3MIHHOIO0; k = 8,617 * 102 eB /K
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3agoannsa 1: BuzHaunTH sKa yacTWHA KOJMBaHb Oyze "BuMopoxkeHa" mpu temmneparypi T = 0.2
T p? T p— temnepatypa [lebas.

3asoanna 2: B excriepuMeHTaIbHIN YCTAaHOBII BUMIPIOBAHHSI TEIJIONMPOBIIHOCTI MiIBOAUTHCS
nocTiitHa TeruioBa notyxHicth P = 30 BT 1o TopIs nuiiHapuyHOro oopasy niaMeTpom 2 cM.
3pa3ok mae noBxkuny | =7 cm. Ilicns BCTAaHOBIIEHHS CTAIliOHAPHOTO MPOLIECY BiJBEICHHS TEIUIa
Oynu BUMIipIOBaHi Temreparypu ABox KiHuiB 3pa3ka. T 1 =100C,T2=55C

Busnauntu marepian kpemHiit abo repmaniii . TerutonposianicTs kpeMHito 150 Bt/(Mm*K),
Himeyunna — 70 B1/(M*K)

3agoannsa 3: Hamumite nozain ®epwmi-/ipaka . Baxkaroun mmpuHy nepexigHoi 30Hu piBHOIO kT
OLIIHUTH YaCTKY BUIbHUX €JIEKTPOHIB 32 KIMHATHOT TEMIIEpaTypPH BUKOPUCTOBYIOUYH PO3IIOILT
®epwmi-/lipaka. E =2 eB.

3asoannsa 4: BBaxxaioun cepeHiil MOTIK COHIYHUX MPOMEHIB Ha KB. M, 400 BT Ha kB. M.,
BU3HAYMTH IUIOLY COHSAYHUX OaTapeil 3 KpeMHito, HeoOXiIHY ISl eIeKTPONOCTauYaHHs Oy TUHKY
3 Micsi'UHUM criokuBaHHsAM eHeprii 200 kBr*roa. KoedinieHT BUKOpHCTOBYBaHOTO
(OTOENEKTPUIHOTO NTEPETBOPIOBAYA 3 YPaXyBaHHAM aMOP(HOro KpeMHiI0 HaIliBIIPOBITHHKIB -
14 %.

3agoannsa 5: 3HaiiTH BiAHOIIEHHS KOHLIEHTpAIIl TOMIIIKOBUX HOCIIB 10 BIIACHOTO KPEMHIIO
nonupoBaHHOM 1% ¢ocdopy mpu KiMHATHIN Temmeparypi.

[upuna 3a60poneHoi 300U Si ctaHOBUTH 1,12 eB. [lonoBanuii piBeHb BiICTaHb BiJ] 30HH
nposianocti Ha 0.05 eB. k= 8,617 * 10 eB /K
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3agoannsa 1: BusHaunTH 4YacTUHY “3alHATHX CTaHIB aKyCTHUHHUX KOJIMBAHb 3a TemmnepaTtypu T
= 0.1 remnepatypu Jlebas.

3agoannsa 2: J1o TOpUS WMITIHAPUIHOTO 00pa3y repMaHieBOro JiaMeTpoM 4 CM MiIBOAUTHCS
nocTiitHa TerioBa notyxHicts P = 30 Bt. 3pa3ok mae nosxuny 1 =1 aqus.

Busnauntu Temneparypy Ha BXOJi, SIKIIO TeMIIEpaTypa HaBKOJIMIIHBOTo cepenonuma 20°C.
Ternonposianicts repmanito — 70 Bt/(Mm*K)

3agoanna 3: OGUUCANTH MaKCUMaJIbHY €HEPTilo eJEeKTPOHIB y Mifi eB mpu abcomoTHoMy Hy!III.
[TpuiiHATH, 110 Y KOKHUI aTOM Mifli TOBOAUTHCS OJHIEIO €IEKTPOHY.

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

Maca enekrpona - 9,1 - 10 2, h = 6.26-1073* Ik - ¢, 1 eB=1,6 - 10 "° Il

3agoannsa 4: JIna enekrpornocrayanus OyauHky HeoOxinHo 400 kBT * ron Ha micsip.
BBakaroun cepeHili TOTIK COHSYHHUX NMPOMEHIB Ha KB. M, 300 BT Ha KB. M., BU3HAUUTH BapTIiCTh
COHSYHUX OaTapeil 3 KpeMHit0, HeoOXiTHY JJIS eNEKTPOIOCTauYaHHs Oy IMHKY.

KoedirienT mpoMucioBoro oToeeKTpHyHOr0 NepeTBOPEHHS OaTtapell Ha OCHOBI KPEMHIE€BUX
HamiBIpoBiAHUKIB — 14 %. Bapticts 1 kB. M. OaTapeii i3 amopdroro kpemuito — 800 eBpo.
3agoannsa 5: 3a sxoi JOBKUHU XBHJII €IEKTPOMArHITHOTO BUIIPOMIHIOBAaHHS! BUHUKHE
($OTONPOBITHICTD Y KPEMHi1?

Ilupuna eneprerrynol minuay y Himewanni W, =1.1 eBsh = 6.62 - 1073* JIx - ¢ .
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3agoannsa 1 : BusHaunTH sfiKa 4acTUHA KOJIMBaHb Oyze "BuMoposkeHa" npu temmeparypi T = 0.5
Tp?

3asoanna 2: B excriepuMeHTaIbHIN YCTAaHOBII BUMIPIOBAHHSI TEIJIONMPOBIIHOCTI MiIBOAUTHCS
MOCTiiHA TeTuIoBa NOTYXHicTh P = 30 BT 10 TopIis mtiHApHIHOTO 00pa3y AiaMeTpoMm 2 CM.
3pa3ok mae noBxkuny | =7 cm. Ilicns BCTAaHOBIIEHHS CTAIliOHAPHOTO MPOLIECY BiJBEICHHS TEIUIa
Oynu BUMIpIOBaHI TeMIepaTypu ABoX KiHIiB 3pa3ka. T 1 =100°C,T2=55°C.

Busnauntu martepian kpemHiit abo repmaiii .

TemnmonposiaHicTs kpemHiro 150 Bt/(M*K), Himeuunna — 70 B1/(M*K)

3agoannsa 3: Hanumite nozgin ®epwmi-/ipaka . Baxkaroun mmpuHy nepexigHoi 30H4 piBHOIO kT
OLIIHUTH YacTKy BuIbHUX enekTpoHiB npu T =100 K BukopuctoBytoun posnonin @epmi-Jlipaka.
Er=3 eB.

3asoanna 4: BBaxxaiouu MOTIK COHSIYHUX MPOMEHIB HA KB. M, 500 BT Ha KB. M., BUBHAYUTH
TUIONTY COHSIYHUX OaTapei 3 KpeMHito (apCeHiqy raiiro) HeoOXiAHY ISl €IeKTPOTOCTaYaHHS
OynuHKY 13 cioxuBaHHAM eHeprii 200 kBT*roauny Ha MicsIlb.

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

3agoannsa 5: 3HaiiTH BiAHOIIEHHS KOHLIEHTpAIIl TOMIIIKOBUX HOCIIB 10 BIIACHOTO KPEMHIIO
nonupoBaHHoM 0.5% Gopy npu KiMHaTHi TeMnepaTypi.

[Hupuna 3a6oponenoi 3ouu Si craHoBUTH 1,12 €B. JlonoBanuii piBeHb BiICTaHb BiJl 30HU
nposianocti Ha 0.06 €B. k = 8,617 * 10 7 eB /K .



3agoannsa 1: Bu3HaunTH fKa YaCTWHA aKyCTHYHHUX KOJUBaHb Oy/e "BUMOpOXKeHa" MpH
temnepatypi T =0.5 T p? T p— remnepatypa [lebas.

3aoaua 2: B excriepuMeHTaJbHIM yCTaHOBII BUMIPIOBaHHS TETIONPOBITHOCTI MiABOIUTHCS
nocTiiiHa TeruoBa notyxHicte P= 30 Bt 10 TOpus muninapudHoro odpasy aiaMeTpom 2 cM.
3pa3ok mMae noBxuny | =7 cm. Ilicis BCTAaHOBIIEHHS CTAIliOHAPHOTO MPOLIECY BiJBEICHHS TEIUIa
Oynu BUMIpIOBaHI TeMIiepaTtypu ABoX KiHuiB 3pa3ka. T1 =100 C, T2 =55 C.

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

3agoannsa 3: Hamumite po3noain @epmi-/ipaka . BBaxkarouu mupuHy nepexigHoi 30HH, 10
nopiHioe kT, oninutu yactky BitbHUX enekTpoHiB pu T =100 K . E =3 eB.

3agoannsa 4: JIng enekrpornocrayanus OyauHky HeoOxinHo 150 kBT * ron Ha micsip.
BBakaroun cepeiHili IOTIK COHSYHHUX NMPOMEHIB Ha KB. M, 500 BT Ha KB. M., BU3HAUUTH ILJIOILY
COHSYHUX OaTapeil i3 KpeMHiI0 HEOOXiIHY Ul eIEeKTPOIIoCTayaHHs OyIUHKY.

KoedirieHT BUKOPHUCTOBYBAHOTO (DOTOEIEKTPHUYHOIO IIEPETBOPIOBAYA 3 ypaxXyBaHHAM
aMOp(HOTO KPEMHII0 HaIMiBIPOBITHUKIB - 15 %.

3agoannsa 5: 3a sKoi JOBKUHU XBHJII €IEKTPOMArHITHOTO BUIIPOMIHIOBAHHS! BUHUKHE
¢doronposinHicTs y HiMeuunHi?

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



3agoannsa 1: BusHaunTH 4YacTUHY “3alHATHX CTaHIB aKyCTHUHHUX KOJIMBaHb 3a TemmnepaTrypu T
=03Tp.

3agoannsa 2: JIo TopIs UWITIHAPUIHOTO KPEMHIEBOTO 00pa3y AiaMeTpoM 4 ¢M MiIBOAUTHCS
cTaja TeruioBa notyxHicte P= 30 Bt. 3pa3ok mae nosxuny | =1 nus.

Busnauntu Temneparypy Ha BXOJI, SIKIIIO TEMIIEpaTypa HaBKOJIMIIHBOTO cepenonua 20°C.
TenmonposiaHicTh kpeMHi0 150 B1/(M*K)

3agoannsa 3: Pozpaxyiite MakCUMajbHy KIHETUYHY €HEPTil0 BIILHOTO €NEKTPOHA HATPIIO pU
a0COMOTHOMY HYJI. SIka MakcUMaibHa MIBUIKICT €JIEKTPOHA?

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

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

3aeoannsa 4 : Jlns enexrponocradyands OynuHKy HeoOxigHo 300 kBt * rog Ha micsip.
BBakaroun cepeiHili TOTIK COHSYHHUX NMPOMEHIB Ha KB. M, 400 BT Ha KB. M., BU3HAUUTH BapTiCTh
COHSYHUX OaTapeil 3 KpeMHiI0, HeOOXiTHY JJIs eNEKTPONOCTauYaHHs Oy IMHKY.

KoedirienT mpoMucioBoro oToeeKTpHYHOr0 IepEeTBOPEHHS OaTapell Ha OCHOBI KPEeMHIE€BUX
HamiBOpoBiaHUKIB — 14 %. BapricTs 1 kB. M. OaTapeii i3 amopduoro kpemiro — 1000 eBpo.

3agoannsa 5: BuzHaunTy mMpuHy 3a00pOHEHOT 30HU 32 TaHUMH BUMIPIB:
DT=97C,0=438*1031/(Om-cm)2)T=277C 0 =50*10°1/(Om"cm)
BBaxaru mupuny 3a00pOHEHOT 30HU HE3MIHHOIO0; k = 8,617 * 102 eB /K



3agoannsa 1: BuzHaunTH sKa yacTWHA KOJIMBaHb Oyze "BuMopoxkeHa" mpu temmneparypi T = 0.2
T p? T p— temnepatypa [lebas.

3agoannsa 2: B exciepuMeHTaNIbHIN YCTaHOBII BUMIPIOBAaHHS TEIUIONPOBIIHOCTI MiABOAUTHCS
nocTiitHa TeruioBa notyxHicth P = 30 BT 1o TopIsg nuiaiHapuyHOro o0pasy niaMeTpom 2 cM.
3pa3ok mMae noBxuny | =7 cm. Ilicis BCTAaHOBIIEHHS CTAIliOHAPHOTO MPOLIECY BiJBEICHHS TEIUIa
Oynu BUMIipIOBaHi Temreparypu ABoX KiHuiB 3pa3ka. T 1 =100C,T2=55C

Busnauntu marepian kpemHiit abo repmaniii . TerutonposianicTs kpeMHito 150 Bt/(Mm*K),
Himeyunna — 70 B1/(M*K)

3agoannsa 3: Hanumite nozgin ®epwmi-/ipaka . Baxkaroun mmpuHy nepexigHoi 30H4 piBHOIO kT
OLIIHUTH YaCTKY BUIbHUX €JIEKTPOHIB 32 KIMHATHOT TEMIIEpaTypPH BUKOPUCTOBYIOUYH PO3IIOILT
@epwmi-/lipaka. E =2 eB.

3asoannsa 4: BBaxxaiouu cepeHiil MOTIK COHYHUX MPOMEHIB Ha KB. M, 400 BT Ha kB. M.,
BU3HAYMTH IUIOLLY COHSAYHUX OaTapeil 3 KpeMHito, HeoOXiIHY ISl eIeKTPONOCTauYaHHs Oy TUHKY
3 Micsi'UHUM criokuBaHHsAM eHeprii 200 kBr*roa. KoedinieHT BUKOpHCTOBYBaHOTO
(OTOENEKTPUIHOTO ITEPETBOPIOBaYA 3 YPaxXyBaHHAM aMOP(HOro KpeMHiI0 HaIliBIIPOBITHHKIB -
14 %.

3agoannsa 5: 3HaiiTH BiHOIIEHHS KOHLIEHTpPAIIl TOMIIIKOBUX HOCIIB /10 BIIACHOTO KPEMHIIO
nonupoBaHHOM 1% ¢ocdopy mpu KiMHATHIN Temmeparypi.

[upuna 3a60poneHoi 300U Si ctaHOBUTH 1,12 eB. [lonoBanuii piBeHb BiICTaHb BiJ] 30HH
nposianocti Ha 0.05 eB. k = 8,617 * 10 eB /K



3agoannsa 1: BusHaunTH 4YacTUHY “3alHATHX CTaHIB aKyCTHUHHUX KOJIMBaHb 3a TemmnepaTrypu T
= 0.1 remnepatypu Jlebas.

3agoannsa 2: J1o TOpUsS WMITIHAPUIHOTO 00pa3y repMaHieBOro JiaMeTpoM 4 CM MiIBOAUTHCS
nocTiiiHa TerioBa notyxHicts P = 30 Bt. 3pa3ok mae nosxuny 1 =1 aqus.

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

3agoanna 3: OGUUCINTH MaKCUMaJIbHY €HEPTilo eJeKTPOHIB y Mifi eB mpu abcomoTHOMy Hy!II.
[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

3aeoannsa 4: JIna enekrpornocrayanus OyauHky HeoOxinHo 400 kBT * rox Ha mics1p.
BBakatoun cepeHili TOTIK COHSYHHUX NMPOMEHIB Ha KB. M, 300 BT Ha KB. M., BU3HAUUTH BapTiCTh
COHSYHUX OaTapeil 3 KpeMHiI0, HeoOXiTHY JJIS eNEKTPONOCTauYaHHs Oy IMHKY.

KoedirienT mpoMucioBoro oToeeKTpuyHOro NepeTBOPEHHs OaTapell Ha OCHOBI KPEeMHIE€BUX
HamiBIpoBiAHUKIB — 14 %. Bapticts 1 kB. M. OaTapeii 13 amopdroro kpemuito — 800 eBpo.
3agoannsa 5: 3a sxoi JOBKUHU XBHJII €IEKTPOMArHITHOTO BUIIPOMIHIOBAHHS! BUHUKHE
($OTONPOBITHICTD Y KPEMHi1?

Ilupuna eneprernyoi mimuan y Himewanni W, =1.1eB; h = 6.62 - 1073*[Ix.c.
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3agoannsa 1 : BusHaunTH sfiKa 4acTUHA KOJIKMBaHb Oyze "BuMoposkeHa" npu temmeparypi T = 0.5
Tp?

3asoanna 2: B excriepuMeHTaIbHIN YCTAaHOBII BUMIPIOBAHHSI TETJIONPOBIIHOCTI MiIBOAUTHCS
MOCTiiHA TeIuIoBa NoTYXHicTh P = 30 BT 10 TopIis mutiHApHIHOTO 00pa3y AiaMeTpoMm 2 CM.
3pa3ok mMae noBxuny | =7 cm. Ilicis BCTAaHOBIIEHHS CTAIliOHAPHOTO MPOLIECY BiJBEICHHS TEIUIa
Oynu BUMIpIOBaHI TeMIepaTypu ABoX KiHIiB 3pa3ka. T 1 =100°C,T2=55°C.

Busnauntu marepian kpemHiit abo repmaiii .

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

3agoannsa 3: Hanumite nozgin ®epwmi-/ipaka . Baxkaroun mmpuHy nepexigHoi 30H4 piBHOIO kT
OLIIHUTH YacTKy BUIbHUX enekTpoHiB npu T =100 K BukopuctoBytoun posnonin @epmi-Jipaka.
Er=3 eB.

3asoanna 4: BBaxxaiouu MOTiK COHSIYHUX MPOMEHiB HA KB. M, 500 BT Ha KB. M., BU3BHAYUTH
TUIONTY COHSIYHUX OaTapei 3 KpeMHito (apCeHiqy rairo) HeoOXiAHY s eIeKTPOTOCTaYaHHS
OynuHKY 13 cioxuBaHHAM eHeprii 200 kBT*roauny Ha MicsIlb.

BBaxkatu KoedilieHT POTOETEKTPUIHOTO NIEPETBOPEHHS OaTapeil Ha OCHOBI KPEMHIEBUX
HamiBOpoBiAHUKIB - 20%, apceHiny ramiio - 30%

3agoannsa 5: 3HaiiTH BiHOIIEHHS KOHLIEHTpPAIIil TOMILIIKOBHX HOCIIB /10 BIIACHOTO KPEMHIIO
nonupoBaHHoM 0.5% Gopy npu KiMHaTHii TeMnepaTypi.

[Hupuna 3a6oponenoi 3ouu Si craHoBUTH 1,12 €B. JlonoBanuii piBeHb BiACTaHb BiJl 30HU
nposianocti Ha 0.06 €B. k = 8,617 * 10 eB /K .
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3agoannsa 1: Bu3HaunTH fKa YaCTWHA aKyCTHYHHUX KOJUBaHb Oy/e "BUMOpOXKeHa" MpH
temnepatypi T =0.5 T p? T p— remnepatypa [lebas.

3aoaua 2: B excriepuMeHTaJbHIM yCTaHOBII BUMIPIOBaHHS TETIONPOBITHOCTI MiABOIUTHCS
nocTiiiHa TeruoBa notyxHicte P= 30 Bt 10 TOpus muninapudHoro odpasy aiaMeTpom 2 cM.
3pa3ok mMae noBxuny | =7 cm. Ilicis BCTAaHOBIIEHHS CTAIliOHAPHOTO MPOLIECY BiJBEICHHS TEIUIa
Oynu BUMIpIOBaHI TeMIiepaTtypu ABoX KiHuiB 3pa3ka. T1 =100 C, T2 =55 C.

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

3agoannsa 3: Hamumite po3noain @epmi-/ipaka . BBaxkarouu mupuHy nepexigHoi 30HH, 10
nopiHioe kT, oninutu yactky BitbHUX enekTpoHiB pu T =100 K . E =3 eB.

3agoannsa 4: JIng enekrpornocrayanus OyauHky HeoOxinHo 150 kBT * ron Ha micsip.
BBakaroun cepeiHili IOTIK COHSYHHUX NMPOMEHIB Ha KB. M, 500 BT Ha KB. M., BU3HAUUTH ILJIOILY
COHSYHUX OaTapeil i3 KpeMHiI0 HEOOXiIHY Ul eIEeKTPOIIoCTayaHHs OyIUHKY.

KoedirieHT BUKOPHUCTOBYBAHOTO (DOTOEIEKTPHUYHOIO IIEPETBOPIOBAYA 3 ypaxXyBaHHAM
aMOp(HOTO KPEMHII0 HaIMiBIPOBITHUKIB - 15 %.

3agoannsa 5: 3a skoi JOBKUHU XBHJII €IEKTPOMArHITHOTO BUIIPOMIHIOBAaHHS! BUHUKHE
¢doronposinHicTs y HiMeuunHi?

lupuna eneprernynoi mimuay y Himewunni W, =0.75 eB; h = 6.62 - 1073* k¢
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3agoannsa 1: BusHaunTH 4YacTUHY “3alHATHX CTaHIB aKyCTHUHHUX KOJIMBaHb 3a TemmnepaTrypu T
=03Tp.

3agoannsa 2: JIo TopIs UWITIHAPUIHOTO KPEMHIEBOTO 00pa3y AiaMeTpoM 4 ¢M MiIBOAUTHCS
cTaja TeruioBa notyxHicte P= 30 Bt. 3pa3ok mae nosxuny | =1 nus.

Busnauntu Temneparypy Ha BXOJI, SIKIIIO TEMIIEpaTypa HaBKOJIMIIHBOTO cepenonua 20°C.
TenmonposiaHicTh kpeMHi0 150 B1/(M*K)

3agoannsa 3: Pozpaxyiite MakCUMajbHy KIHETUYHY €HEPTil0 BIILHOTO €NEKTPOHA HATPIIO pU
a0COMOTHOMY HYJI. SIka MakcUMaibHa MIBUIKICT €JIEKTPOHA?

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

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

3aeoannsa 4 : Jlns enexrponocradyands OynuHKy HeoOxigHo 300 kBt * rog Ha micsip.
BBakaroun cepeiHili TOTIK COHSYHHUX NMPOMEHIB Ha KB. M, 400 BT Ha KB. M., BU3HAUUTH BapTiCTh
COHSYHUX OaTapeil 3 KpeMHiI0, HeOOXiTHY JJIs eNEKTPONOCTauYaHHs Oy IMHKY.

KoedirienT mpoMucioBoro oToeeKTpHYHOr0 IepEeTBOPEHHS OaTapell Ha OCHOBI KPEeMHIE€BUX
HamiBOpoBiaHUKIB — 14 %. BapricTs 1 kB. M. OaTapeii i3 amopduoro kpemiro — 1000 eBpo.

3agoannsa 5: BuzHaunTy mMpuHy 3a00pOHEHOT 30HU 32 TaHUMH BUMIPIB:
DT=97C,0=438*1031/(Om-cm)2)T=277C 0 =50*10°1/(Om"cm)
BBaxaru mupuny 3a00pOHEHOT 30HU HE3MIHHOIO0; k = 8,617 * 102 eB /K
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3agoannsa 1: BuzHaunTH sKa yacTWHA KOJIMBaHb Oyze "BuMopoxkeHa" mpu temmneparypi T = 0.2
T p? T p— temnepatypa [lebas.

3agoannsa 2: B exciepuMeHTaNIbHIN YCTaHOBII BUMIPIOBAaHHS TEIUIONPOBIIHOCTI MiABOAUTHCS
nocTiitHa TeruioBa notyxHicth P = 30 BT 1o TopIsg nuiaiHapuyHOro o0pasy niaMeTpom 2 cM.
3pa3ok mMae noBxuny | =7 cm. Ilicis BCTAaHOBIIEHHS CTAIliOHAPHOTO MPOLIECY BiJBEICHHS TEIUIa
Oynu BUMIipIOBaHi Temreparypu ABoX KiHuiB 3pa3ka. T 1 =100C,T2=55C

Busnauntu marepian kpemHiit abo repmaniii . TerutonposianicTs kpeMHito 150 Bt/(Mm*K),
Himeyunna — 70 B1/(M*K)

3agoannsa 3: Hanumite nozgin ®epwmi-/ipaka . Baxkaroun mmpuHy nepexigHoi 30H4 piBHOIO kT
OLIIHUTH YaCTKY BUIbHUX €JIEKTPOHIB 32 KIMHATHOT TEMIIEpaTypPH BUKOPUCTOBYIOUYH PO3IIOILT
@epwmi-/lipaka. E =2 eB.

3asoannsa 4: BBaxxaiouu cepeHiil MOTIK COHYHUX MPOMEHIB Ha KB. M, 400 BT Ha kB. M.,
BU3HAYMTH IUIOLLY COHSYHMUX OaTapeil 3 KpeMHito, HeoOXiIHY ISl eIeKTPONOCTauaHHs Oy TUHKY
3 Micsi'UHUM criokuBaHHsAM eHeprii 200 kBr*roa. KoedinieHT BUKOpHCTOBYBaHOTO
(OTOENEKTPUIHOTO ITEPETBOPIOBAYA 3 YPaXyBaHHAM aMOP(HOro KpeMHiI0 HaIliBIIPOBITHHKIB -
14 %.

3agoannsa 5: 3HaiiTH BiHOIIEHHS KOHLIEHTpPAIIl TOMIIIKOBUX HOCIIB /10 BIIACHOTO KPEMHIIO
nonupoBaHHOM 1% ¢ocdopy mpu KiMHATHIN Temmeparypi.

[upuna 3a60poneHoi 30uu Si ctaHOBUTH 1,12 eB. [lonoBanuii piBeHb BiICTaHb BiJ] 30HH
nposianocti Ha 0.05 eB. k = 8,617 * 10 eB /K
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3agoannsa 1: BusHaunTH 4YacTUHY “3alHATHX CTaHIB aKyCTHUHHUX KOJIMBaHb 3a TemmnepaTrypu T
= 0.1 remnepatypu Jlebas.

3agoannsa 2: J1o TOpUsS WMITIHAPUIHOTO 00pa3y repMaHieBOro JiaMeTpoM 4 CM MiIBOAUTHCS
nocTiiiHa TerioBa notyxHicts P = 30 Bt. 3pa3ok mae nosxuny 1 =1 aqus.

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

3agoanna 3: OGUUCINTH MaKCUMaJIbHY €HEPTilo eJeKTPOHIB y Mifi eB mpu abcomoTHOMy Hy!II.
[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

3aeoannsa 4: JIna enekrpornocrayanus OyauHky HeoOxinHo 400 kBT * rox Ha mics1p.
BBakatoun cepeHili TOTIK COHSYHHUX NMPOMEHIB Ha KB. M, 300 BT Ha KB. M., BU3HAUUTH BapTiCTh
COHSYHUX OaTapeil 3 KpeMHiI0, HeoOXiTHY JJIS eNEKTPONOCTauYaHHs Oy IMHKY.

KoedirienT mpoMucioBoro oToeeKTpuyHOro NepeTBOPEHHs OaTapell Ha OCHOBI KPEeMHIE€BUX
HamiBIpoBiAHUKIB — 14 %. Bapticts 1 kB. M. OaTapeii 13 amopdroro kpemuito — 800 eBpo.
3agoannsa 5: 3a sxoi JOBKUHU XBHJII €IEKTPOMArHITHOTO BUIIPOMIHIOBAHHS! BUHUKHE
($OTONPOBITHICTD Y KPEMHi1?

Ilupuna eneprernyoi mimuan y Himewanni W, =1.1eB; h = 6.62 - 1073*[Ix.c.
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3agoannsa 1 : BusHaunTH sfiKa 4acTUHA KOJIKMBaHb Oyze "BuMoposkeHa" npu temmeparypi T = 0.5
Tp?

3asoanna 2: B excriepuMeHTaIbHIN YCTAaHOBII BUMIPIOBAHHSI TETJIONPOBIIHOCTI MiIBOAUTHCS
MOCTiiHA TeIuIoBa NoTYXHicTh P = 30 BT 10 TopIis mutiHApHIHOTO 00pa3y AiaMeTpoMm 2 CM.
3pa3ok mae goBxkuny | =7 cm. Ilicns BCTAaHOBIIEHHS CTAIliOHAPHOTO MPOLIECY BiJBEICHHS TEIUIa
Oynu BUMIpIOBaHI TeMIiepaTypu ABoX KiHIiB 3pa3ka. T 1 =100°C,T2=55°C.

Busnauntu marepian kpemHiit abo repmaiii .

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

3agoannsa 3: Hanumite nozgin ®epwmi-/ipaka . Baxkaroun mmpuHy nepexigHoi 30H4 piBHOIO kT
OLIIHUTH YacTKy BUIbHUX enekTpoHiB npu T =100 K BukopuctoBytoun posnonin @epmi-Jipaka.
Er=3 eB.

3asoanna 4: BBaxxaiouu MOTiK COHSIYHUX MPOMEHiB HA KB. M, 500 BT Ha KB. M., BUBHAYUTH
TUIONTY COHSIYHUX OaTapei 3 KpeMHito (apCeHiqy raiio) HeoOXiAHY sl eIeKTPOIOCTaYaHHS
OynuHKY 13 cioxuBaHHAM eHeprii 200 kBT*roauny Ha MicsIlb.

BBaxkatu KoedilieHT POTOETEKTPUIHOTO NIEPETBOPEHHS OaTapeil Ha OCHOBI KPEMHIEBUX
HamiBOpoBiAHUKIB - 20%, apceHiny ramiio - 30%

3agoannsa 5: 3HaiiTH BiHOIIEHHS KOHLIEHTpPAIIl TOMIIIKOBUX HOCIIB /10 BIIACHOTO KPEMHIIO
nonupoBaHHoM 0.5% Gopy npu KiMHaTHii TeMnepaTypi.

[Hupuna 3a6oponenoi 3ouu Si craHoBUTH 1,12 €B. JlonoBanuii piBeHb BiACTaHb BiJl 30HU
nposianocti Ha 0.06 €B. k = 8,617 * 10 eB /K .



