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OBILIASA YACTD

OneHouHbple MaTepuaibl MO0 AWCLMIUIMHE IPEIHAa3HAYEHbl I OLIEHKH JTOCTHXKEHUS
0o0yyarolMMUCS  3aIUVIAHUPOBAHHBIX  PE3YyJIbTATOB  OOyYeHUs 10 JAMCLUUIUIMHE, JTana
(dbopMHpOBaHUs 3aIUTAHUPOBAHHBIX KOMIIETEHIIMN M YPOBHS OCBOCHUS TUCIUILINHBI.

OrneHouHble MaTepuallbl MO JUCHUIUIMHE BKIIOYAIOT OLEHOYHBIE CPEICTBA I MPOBEACHUS
MEPONPUIATHH TEKYILIET0 KOHTPOJIS YCIIEBAEMOCTH U IPOMEKYTOUHOM aTTECTALUH.

dopmupyembie y 00y4aromerocsi KOMIETeHIINN:

1. I[TIK-1 Cnocoben ydyacTBOBaTh B MPOSKTUPOBAHUN KBAHTOBO-ONTHYECKUX CHCTEM IS PEIlIeHUs
3a/1a4 JUArHOCTUKH, HABUTAIIUH, CBSI3H U KOHTPOJIS
NJ1-3 3naeT ocoOeHHOCTH pa3pabOTKU ICKU3HBIX U TEXHUYECKUX MTPOEKTOB, TEXHUYECKOTO
3a/1aHus Ha pa3pabO0TKy COCTABHBIX YaCTEH KBAHTOBO-ONTHYECKHX CHCTEM

N BKJIFOYACT:
AJIS TEKYIEro KOHTPOJIA YCIIEBAEMOCTH

Dopma peanuszauuu: [TucbmenHas padora
1. Konrponbnas pabora 1. [Tornomienne u u3nydeHne B MOITYIPOBOJHIKOBBIX MaTepraiax
(KonTpoawsHas pabora)
2. KonTponbHast padota 2. OCHOBHbIE pab0o4He U U3Ty4aTeNIbHbIE XapaKTEePUCTUKU
HOJyIPOBOIHUKOBBIX Ja3epoB (KoHTponbHas pabota)
3. Tecrt 2. Jlazepsl Ha OCHOBE KBaHTOBO-pa3MepHbIX cTpYKTYyp (TectupoBanue)
4. Tect Ne 1. 30HHas sHepreTuyecKas CTpyKTypa U JIOKaJIM30BaHHbIE COCTOSIHUSA B
nosynpoBogHukax (TectupoBanue)

BPC aucuuniavHbl

7 cemecTp

IlepeyeHb KOHTPOJIBLHBIX MEPONPUATHI TeKYIIEro KOHTPOJIS yCIeBAaeMOCTH IO

AUCHHUILINHE:

KM-1 Tecr Ne 1. 3onHast sHEepreTuueckasi CTpyKTypa U JIOKaJIM30BaHHbIE COCTOSHUS B
nonynpoBogHukax (TectupoBanue)

KM-2 KonrpomnsHas padora 1. [lornmomienne u u3mydeHne B IOIYIPOBOJHHKOBBIX MaTepraiax
(KonTponbHas padota)

KM-3 Tecr 2. JIazepsl Ha OCHOBE KBAaHTOBO-pa3MepHBIX cTpyKTyp (TectupoBanme)

KM-4 KontponbHas padora 2. OCHOBHBIE paboune 1 U3y4yaTeabHbIE XapaKTePUCTHUKU
MOJTYITPOBOTHUKOBBIX J1azepoB (KoHTposbHast paboTta)

Buja npomexyToUHOM aTTecTANMU — DK3aMEH.

Beca KOHTpOIBHBIX MeponpusITHii, %o

Paznen AMCHUIUINHBI Wnnexc KM- | KM- | KM- | KM-
ACIT JUCHUILIL KM: 1 ) 3 )

Cpok KM: 4 8 12 16

duzuka MMOJIYITPOBOJHUKOB, BXOJAIINX B COCTAaB
MOJIYITPOBOJHUKOBBIX JIa3€POB




DHepreTuyeckas 30HHasi CTPYKTypa MOJIYIPOBOIHUKOB

Jlokanm3oBaHHBIE COCTOSHHUS B IMOJIYIIPOBOJAHHUKAX. CrarucTuka
9JICKTPOHOB 1 JBIPOK

Hpoueccm IOITIOIICHHUA U U3JIYUYCHHUA B ITOJTYIIPOBOJHUKAX

Huddysus u nperid HocuTeneit 3apsaa. P-n nmepexonast u
reTepOnepexobl

['enepanus u pacripocTpaHEHUE U3TYUCHHS B
MOJIYTIPOBOJTHUKOBBIX JIa3epax

BrIHYyX1€HHOE H3IIy4eHHUE B IIOJIYIIPOBOJHUKAX. Y CUIICHUE U
reHepaLus U3Jy4eHHUs.

TpéxcioiHbIe MIIOCKHUE BOTHOBOIBI C KOHEYHON IIPOBOUMOCTBIO.
bok0oBOE ONTHYECKOE OrPaHUYCHHUE.

KoHcTpyKTHBHBIE 0OCOOEHHOCTH U XapaKTEPUCTUKU
IIOJIYIIPOBOJHUKOBBIX JIA3E€POB

CprKTypa 1 TCXHOJIOI'WA M3roTOBJICHUA MHXCKIIMOHHBIX
JIa3€pOB. KBaHTOBO'paSMepHHe CJIOH.

OCHOBHBIE HpI/I60pHBIC XapaKTCPUCTUKU U CIICKTPbI U3JITYYCHU
MOJIYITPOBOJHUKOBBIX JIA3€POB

Bec KM:

15

30

15

40




COJAEPKAHUE OLNEHOYHBIX CPEJACTB TEKYHEI'O KOHTPOJISA

1. Oyenounvie cpeocmea 011 OUeHKU 3ANIAHUPOBAHHBIX PE3YIbIMAM 06 00yUeHUA NO OUCUUNTIUHE, COOMHECEHHBIX C UHOUKAMOpamu
00CMUIICCHUS KOMNEmeHY UL

Nunexc Nunukarop 3anjaHUpOBAHHBIE KonTposbHas Touka
KOMITETCHIIMHT pe3ysbTaTel  00y4eHMsI IO
JUCIUILINHE
IK-1 N-3nk-1 3Haet | 3HaTh: KM-1 Tect Ne 1. 3onHas sHepreTuueckas CTpyKTypa 1 JJIOKaJIu30BaHHbBIC
OCOOCHHOCTH  pa3paboTku | puU3MUecKue 3aKOHBI, COCTOSIHUS B MOJynpoBoaHuKax (TectupoBanue)
OCKM3HBIX W TEXHUYECKHX | Jiekamue B ocHoBax paboTel | KM-2 KontponbsHas padora 1. [Tornomenue u n3mydeHue B
MIPOEKTOB, TEXHUYECKOTO | OIYIMPOBOJHUKOBBIX MOJIYIPOBOIHUKOBBIX MaTepuainax (KoHnrponbHas padora)
3a7aHus  Ha  pa3paloTKy | J1a3epoB, IPUMEHSEMBIX B KM-3 Tecr 2. JIazepbl Ha OCHOBE KBAaHTOBO-Pa3MEPHBIX CTPYKTYpP
COCTaBHBIX YyacTel | KBAaHTOBO-ONTUYECKUX (TectupoBanue)

KBaHTOBO-OIITUYCCKUX
CHUCTEM

cUCTEMax
ycaoBUs (POPMUPOBAHUS
XapaKTEPUCTUK U3ITYYECHUS
IIOJIYTIPOBOXHUKOBBIX
J1a3epoB, TpeOyeMbIX MPH
KOHCTPYMPOBaHUU
KBaHTOBO-ONTHYECKHUX
CHCTEM U UX COCTABHBIX
yacTen

YMers:

MIPOBOAUTH KJIaCCU(UKALINIO
IIOJIYTIPOBOIHUKOBBIX
J1a3epOB B 3aBUCUMOCTH OT
UX MapaMeTpoB U
BO3MOYXHOCTH
HCIIOJIb30BAaHUS B CUCTEMAX
HaBUTAIMH U CBA3U
MIPUMEHSTh COBPEMEHHYIO
puOOpHYIO 06a3y K

KM-4 Konrtponbnas padora 2. OcHOBHBIE paboune 1 n3ydaTeiabHbIe
XapaKTePUCTUKH MOJYITPOBOAHUKOBBIX J1a3epoB (KoHTponbsHas pabota)




MIPOCKTUPOBAHUIO U
pa3paboTKe KBaHTOBO-
ONTHUYECKUX CUCTEM




1I. Cooepicanue ouenounvix cpeocme. lllkana u kpumepuu oyenusanus

KM-1. Tect Ne 1. 3oHHas1 JHepreTu4yecKas CTPyKTYpa U JIOKAJIN30BAHHbIEC COCTOSIHUS
B MOJIYIIPOBOJHMKAX

®opmbl peanauzanuu: [luceMennas padora

Tun KOHTPOJBLHOr0 MeponpusaTusi: TecTupoBaHue

Bec konTposabHoro meponpusitust B bPC: 15

IIpouenypa nposeaeHusi KOHTPOJIBLHOI0 MeponpusaTusi: CTyIeHTy BBIIAETCS BApUAHT IATHIO
3ajauamu. Ha pemennie orBogutcst 1 akageMudeckuii yac.

KpaTkoe conep:kanue 3a1aHusi:

1. MepeyncnnTe OCHOBHbIE TUMbl KPUCTAIIMYECKMX PELLETOK AN1A NONYNPOBOAHMKOBbBIX MaTepranos
AlIBVI. MNpusegute npnmepsl.

2. YpasHeHue WpeaunHrepa gna kpuctanna. OgHO3NEKTPOHHOE NpUbAMKEHME.

3. 3anuwwuTe BbipaxeHue ana GyHKUmMn bnoxa.

4. [AnA KaKNX NPMMECHbIX aTOMOB NPUMEHUM MeToz 3GDEeKTUBHOM MAcChbl NPU pacyeTe 3Heprum
noHun3aumnmn? Mo Kakoh popmyne OHa paccymTbiBaeTcA?

5. PaccumTaiiTe NOTEHUMNANBbHYIO SHEPIUIO SKCUTOHA, ec/iv 3G PEKTUBHbBIE MACChl 3/1EKTPOHOB U AbIPOK
coctasaatoT coorBeTctBeHHO mn = 0.063m0, mp = 0.23mo, € = 11.

KoHTpoJibHbIE BONIPOCHI/3aJaHUA:

3arTaHMpOBaHHBIE PE3yNbTaThl 00yUeHHs 10 | Bompockl/3aganus it IpOBEPKH
JUCLHUIIIINHE

3HaTh: (U3MUECKHE 3aKOHBI, JeXallue B 1.Ilepeuncnnute OCHOBHBIE THUIIBI

OCHOBax  paboOTBl  MOJIYIPOBOAHUKOBBIX KPUCTAJTIMYECKUX PEIIETOK JUIS

J1a3epoB,  IPUMEHSEMBIX B  KBAaHTOBO- MOJIYTIPOBOJHUKOBBIX MaTepuaios AIIBVI.

ONTUYECKUX CHUCTEMAX 2.3anuinTe BbIpaXEHHUE IS ONIEpaTopa
TPAHCIALUN.

3.J151 KaKuX MPUMECHBIX aTOMOB IPUMEHUM
MeToJ1 3EeKTUBHON MacChl PU pacyeTe
sHepruu nonuzauu? Ilo kakoit popmyne ona
pacCUMTHIBACTCS ?

OnucaHue MKaJbI OlleHUBAHUS:

Oyenxa: 5 («OTIUYHOY)
Huorcnuii nopoe évinonnenus 3adanus 6 npoyenmax. 100
Onucanue xapakmepucmuku evinoanenus 3uanus.; Ha S u3 5 3amanuil JaHbl BEpHbIE OTBETHI

Oyenxa: 4 («XOpOIIIO»)
Huorcnuii nopoe evinonnenus 3adanus 6 npoyenmax. 80
Onucanue xapaxmepucmuxu evinoixHeHus sHanus: Ha 4 u3 5 3a1anuii 1aHbl BEpHbIE OTBETHI

Oyenka: 3 (KyIOBJICTBOPUTEIHHOY)
Huodicnuii nopoe svinonnenus 3aoanus 6 npoyermax: 60
Onucanue xapakmepucmuxu evinoanenus 3uanus. Ha 3 u3 5 3amanuil JaHbl BEpHBIE OTBETHI

Oyenka: 2 («HEyJOBIECTBOPUTEIHHOY)
Onucanue xapakmepucmuku 6bIn0JIHEHUs 3Hanus: JJaHbl BEpHbIE OTBETHI HE OoJiee, 4eM Ha 2
3aJlaHusl.




KM-2. KoutpoJuabHas padora 1. [lorJiomenue u u3jiy4yeHue B MOJYNPOBOTHUKOBBIX

MaTepHajIax

®opmbl peaquzanun: [TuceMennas padora

Tun koHTpoILHOrO MeponpusaTus: KourponpHas padora

Bec konTpoabHoro meponpusitusi B bBPC: 30

Hpouenypa NMPOBEACHUA KOHTPOJILHOI'O MEPONIPUATHSA: CTyI[GHTy BBLAACTCA BapUAHT YCTHIPbMSA
KOMIIJICKCHBIMM 3aJadyaMu. Ha PEIICHUE OTBOJUTCA 2 aKaI€MHUYCCKUX Yaca.

KpaTlcoe CodcpiKaHUuE 3alaHUA:

1. M3o00pa3uTe 3HEPreTUYECKyI0 TuarpaMmy MpsiIMO30HHOTO U HEMPSIMO30HHOTO
IIOJIYTIPOBOJIHUKA U MIOKAXKUTE NPSAMbIE U HENIPSIMbIE TIEPEXO/IbI B ITOTJIOLEHUH.

2. U3 »skcnepuMeHTa HailIeHo, YTO JBE€ MOHOKPHUCTAUIMYECKUE TUIACTUHKHU CyIbhuia
kagmus CdS, HaHeceHHBbIe Ha MTPO3pavyHble BUAUMBIE 00JIaCTH MOAJIOKKH, 00TIa1al0T
npomyckaarem 11 =0,6 u T2 = 0,2. TommuHa miactiHok 10 MkM 1 20 MKM COOTBETCTBEHHO.
Paccunraiite k03¢ punineHT nornomeHus cBera Npu OAHOKPATHOM OTPAKEHHUH U TIOKA3aTeIb
MOTJIOUICHHUS, €CIH JITTMHA BOJIHBI H31ydeHus A = 600 HM.

3. B mowment Bpemenu 10"-4 ¢ mocie npekpaiieHus reHepariy JIeKTPOHHO-ABIPOYHBIX
nap, HepaBHOBECHAsl KOHIIEHTpaIusl HocuTenel okaszanach B 10 pa3 Oombiiie, 4eM B MOMEHT
Bpemenu 107-3. Onpenenure BpeMs *KU3HU, €CIIM YPOBEHb BO30YKIEHUS Mall U

peKOM6I/IHaHI/IIO MOJKHO I10JIaraTh JUHESHHOM.

4.  Byner nu BeIMONHATHCS ycinoBue bepHapa-/{opadypa, eciiu pa3HOCTh KBa3HYypPOBHEH
®depmu pasua Fn — Fp = Eg — 2kT. OtBeT mosicHure.

KoHTpoJibHbIE BONIPOCHI/3aJaHUA:

3aHHaHI/IpOBaHHHC PE3yJIbTAThL 06y‘IeHI/IH 110
JUCIHHMITIINHE

Bompocsi/3aganus 11st IpoBepKU

3HaTh: yciaoBUsA (OPMHUPOBAHUS XAPAKTEPUCTHK
U3Iy4eHUs]  MOJIYIPOBOJHUKOBBIX  JIa3€pOB,
TpeOyeMBbIX TNpH KOHCTPYUPOBAHMH KBAHTOBO-
ONTUYECKUX CUCTEM U MX COCTAaBHBIX YacTel

1.1300pa3ute sHEPreTHIECKYIO
JarpaMMy MpsIMO30HHOTO H
HENPSMO30HHOTO MOJIYIPOBOIHUKA U
MOKKUTE MPSIMBIE U HETPSIMBIE TIEPEXO/IbI
B MOTJIOLICHUH.

2.KakoBa pa3HOCTh KBa3uypoBHel DepMu
nns marepuana GaAS, a Takxke
COOTBETCTBYIOIIYIO JUINHY BOJIHBI
reHepaluu 1o yciouio bepHapa-
Hropadypa?

3.Byzner nu BBINONHATHCS YCIOBUE
bepnapa-/lropadypa, ecau pa3HOCTh
kBa3uypoBHel Pepmu paBHa Fn — Fp = Eg
— 2KT?

Onucanune MKAJbI OIICHUBAHUA:

Oyenka: 5 («OTIUIHO)
Huoicnuii nopoz evinonnenus sadanus 6 npoyenmax: 95
Onucanue xapaxmepucmuku 6blnoIHeHUs 3Hanus: Bee 3aaHust BEITIOTHEHBI BEPHO

Oyenxa: 4 («XOpOIIIOY»)
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax. 15
Onucanue xapaxmepucmuxu 6binoIHeHus 3Hanus: 3 u3 4 3aJaHUI BBITTOIHEHBI BEPHO

Oyenka: 3 (KyIOBICTBOPUTEIHHOY)
Huoicnuii nopoz evinonnenus sadanus 6 npoyenmax.: 50




Onucanue xapakmepucmuKu 6blNOJIHEHUA SHARUA. 2u3 4 3aJIaHUM BBITIOJIHEHEI BCPHO

Oyenxa: 2 («HEYIOBIECTBOPUTEIBHOY)
Onucanue xapaxmepucmuku 8blnoIHeHUs 3Hanusa: BepHo peneHo He 6oiee 0JHOro 3aJaHus

KM-3. Tecr 2. JIazepbl Ha 0CHOBe KBAHTOBO-Pa3MEPHBIX CTPYKTYP

®opmbl peasuzanun: [TuceMennas padora

Tun KOHTPOJIBLHOT0 MeponpusaTHs: TecTupoBaHue

Bec konTpoabHoro meponpusitusi B BPC: 15

IIpouenypa mpoBeaeHHus1 KOHTPOJIbHOr0 Meponpusitusi: CTyACHTY BBIIACTCS BAPUAHT MSATHIO
3agadamu. Ha pemenue orBoautcs 1 akajieMu4eckuil yac.

KpaTlcoe CodcpiKaHUuE 3alaHUA:

1. PaccuuTaTtb A/KHY BOMHbI Ae Bpoins ana anekTpoHoB B apceHnae ranavs npm 300 Kn 77 K

2. YpasHeHwue WpeanHrepa ona noTeHUMaNbHOM AMbl B 1a3epax C KBAHTOBO-Pa3MepPHbIMU CTPYKTYpPamu
(KPC) umeert Bua;

3. Kakum obpa3om ocyLLecTBAAETCA 3/1EKTPOHHOE OrpaHNYEHUe B la3sepHOM amoae?

4. Y10 TaKoe KPUTMYECKanA TOJLLMHA akTUBHOTO cnos B KPC 1 OT Yero oHa 3aBucuT?

5. Kak coOoTHOCATCA NNIOTHOCTM NMOPOroBOro TOKa /1a3epoB ABOMHOM reTepocTpykTypbl (4C) n KPC?

KoHTpoJibHBIC BONIPOCHI/3aJaHHA:

3arIaHupOBaHHbIE pe3yibTaThl o0yueHus no | Borpocel/3aianus 1i1s mpoBepKu
JVICIIATUTAHE

YmeTb: IPOBOJIUTH KJIacCU(UKAITUIO 1.PaccunTath ATMHY BOJIHBI /1€
HOJTYIIPOBOTHUKOBBIX JIa3€POB B 3aBHCUMOCTH OT HX Bpoiins s 351eKTpoHOB B
[IapaMeTPOB U BO3MOXHOCTHU MCIOJIb30BaHUS B CUCTEMAX apcenuze ramnus npu 300 Ku 77
HaBUTAILUH U CBSI3U K

2.KakuMm o0pa3oM oCyIIECTBIISIETCS
AIIEKTPOHHOE OTPAHUYEHUE B
Ja3epHOM Auoje?

3.Yto Takoe KpuTHUECKast
ToNImMUHA akTUBHOTO ¢Jios1 B KPC n
OT Yero OHa 3aBUCUT?

OnucaHue MKaJbI OlleHUBAHUS:

Oyenxa: 5 («OTIUYHOY)
Huorcnuil nopoe evinonnenus 3aoanus 6 npoyenmax: 100
Onucanue xapaxmepucmuku evinoanenus snanusa: Ha 5 n3 5 3anannii 1aHbl BEpHbIE OTBETHI

Oyenka: 4 («xX0OpoII0»)
Huodicnuii nopoe sévinonnenus 3aoanus 6 npoyermax: 80
Onucanue xapakmepucmuxku svinonanenus 3uanus.; Ha 4 u3 5 3amanuil 1aHbl BEpHBIE OTBETHI

Oyenxa: 3 («yAOBIETBOPUTEIBHON)
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax.: 60
Onucanue xapakmepucmuku ebinonnenus 3uanua: Ha 3 u3 5 3a1anuil JaHbl BEPHBIE OTBETHI

Oyenka: 2 («<HEYJTOBIETBOPUTEITHEHOY)
Onucanue xapakmepucmuku 6bIn0IHeHUs 3Hanus: JJaHbl BEpHBIE OTBETHI HE OoJiee, YeM Ha 2
3aJaHMs.




KM-4. KoutpoJsbHas padora 2. OcHOBHbIE padoune U U3JydarejbHbIe
XapaKTePUCTHKH MOJTYNPOBOAHUKOBBIX JIa3epPoOB

®opmbl peaquzanun: [TuceMennas padora

Tun KoHTpoIBHOr0 MeponpusaTus: KontponsHas padora

Bec konTpoabHoro meponpusitusi B BPC: 40

IIpouenypa npoBeaeHusi KOHTPOJIbHOr0 MeponpusaTusi: CTyJIEHTY BbIIA€TCSI BAPUAHT YETHIPHMS
KOMIUIEKCHBIMU 3aauaMu. Ha perienne oTBoguTcs 2 akaJeMHUeCKHX Jaca.

Kpartkoe cogep:xkanue 3aiaHuA:
1.  Paccumraiite moporopoe ycuienue s koddduumentor orpaxenus R1 =0,98 u R2 =
0,08, niunbl pe3onaropa 0,5 MM u ko3¢ punreHTa noreps ol = § cm-1.
2.  PaccuuTaiiTe pacCTOSIHUE MEX]y MPOJIOJILHBIMU MOJaMH 1o ¢popmyIie, He
YUUTBIBAIONIECH AUCTIEPCUU TIOKA3ATEINs IPEIOMIICHUS, Ul JJUHBI BOJIHBI H3mydeHust AQ = 850
HM, JIJTUHBI pe3oHaTopa L =2 MM u nokaszaTesns rnpenomiieHus Nr = 3,8.
3. IIpupamenue momHoOCTH Ja3epa coctapisieT 30 MBT pu M3MEHEHNUU TOKA HAKAYKH OT
110 no 145 MA Ha NTMHEITHOM y4yacTKe BaTT-aMIIEpHOM XapaKTepUCTUKHU. Paccunraiite
BHEIIHIOKW auddepeHnnanbayo 3 (HEeKTHBHOCTh M KBAHTOBYIO BHEIIHIOK 3 (EKTUBHOCTD IS
JUTMHBI BOJIHBI U31y4eHus: 960 HM.
4. B cOBpeMEHHBIX TOJIYIPOBOJHUKOBBIX JIa3€pax 4acTo MCIIOIb3YeTCS B Ka4eCTBE aKTHBHOTO
ciost uerBepHoe coenunenune GaxInl-xAsyPl-y, umeromiee KpUCTaLIMYECKyI0 CTPYKTYPY
LMHKOBOM oOMaHku. PaccunTaiite mupuHy 3anperéHHoi 30Hbl JAHHOTO MaTepuaa 1o
dopmyne Eg = 1,35 + 0,68x —1,068y + 0,758x"2 + 0,78y"2 — 0,069xy — 0,332 x*2y + 0,3 xy"2
(®B) s X = 0,47 u y = 0,4. Onpenenurte BO3MOXKHYIO JMHY renepanuu rnpu 300 K.

KoHTpoJibHbIE BOIPOCHI/3a/1aHUA:

3ariaHUpOBaHHBIC PE3YJIbTaThl O0y4YCHHsI 1O | Bompockl/3amanus st IpOBEPKU
JUCITUTUINHE

YMeThb: PpUMEHSATh COBPEMEHHYIO MPUOOPHYIO 1.0t 4ero u Kak 3aBUCUT PACCTOSHUE MEXIY
06a3y K TPOEKTUPOBAHMIO U  pa3paboTke IPOAOIBHBIMUA MOJIaMU
KBaHTOBO-ONTUYECKUX CUCTEM MOJTyIIPOBOIHUKOBOTO J1azepa?

2.0T 4ero u Kak 3aBUCHUT KOd(PUIIUEHT
ONITUYECKOTO OTPaHUYCHHUS
HOJIYIPOBOJHUKOBOTO Jlazepa’?

3.Kak paccunTaTh BHYTPEHHIOIO

Qg depeHManbHy0 3G PeKTUBHOCTH?

OnucaHue MKaJbI OlleHUBAHUS

Oyenxa: 5 («OTIMYHOY)
Huoicnuti nopoe evinonnenus sadanus 6 npoyenmax: 95
Onucanue xapakmepucmuku 6blnoIHe s 3Hanus: Bee 3ajaHust BBITOIHEHBI BEPHO

Oyenka: 4 («xX0OpoII0»)
Huodicnuii nopoe eévinonnenus 3a0anus 6 npoyenmax: 15
Onucanue xapakmepucmuku 8blnoHeHus 3Hanus. 3 U3 4 3alaHuil BBITTOJTHEHBI BEPHO

Oyenxa: 3 («yAOBIETBOPUTEIBHON)
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax.: S0
Onucanue xapakmepucmukuy 6bINOJIHEHUs 3HaHuA: 2 N3 4 3aJaHUH BBIIIOJIHEHBI BEPHO

Oyenka: 2 («<HEYJTOBIETBOPUTEITHEHOY)
Onucanue xapakmepucmuku 8blnoIHeHUs 3Hanua: BepHo peneHo He 6osee 0JHOro 3aaHus
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COJIEPKAHME OIIEHOYHBIX CPEJICTB ITIPOMEXYTOUYHOM ATTECTAIIUA
7 cemecTp

@opMa NPOMEKYTOUYHOM aTTecTalumM: JK3aMeH

IIpumep Onsiera

1. VpaBuenue llpenunrepa nns kpucramuia. AaunadaTuiaeckoe NpuOImKeHue.
OpnnHosnexTpoHHOE mpuOIKeHue. Pemienne ypaBHEHUS B OJJTHOSIEKTPOHHOM MPUOIMKEHUU.

2. BOJ'IBT'aMl'IepHBIe M BaTT-aMIICPHBIC XapaKTCPHUCTHUKH JIa3€POB C IIMPOKUM KOHTAKTOM U
IMMOJIOCKOBBIX JIa3€POB.

3. Paccuwuraiite moyioskeHue kBasuypoBHeit @epmu s matepuana GaSh, a takxke
COOTBETCTBYIOIIYIO JJIMHY BOJHBI T€Hepaluu 1o ycioBuro bepnapa-/liopadypa. Eg = 0,69 3B,
KOHIICHTPALlMM HEPaBHOBECHBIX HocuTenel 3apsaa N = 10720 cm-3 u p =2-10"18 cm-3.
[TnotHOCTH cocTostHMI paBHBI Nc = 2.1-10"17 cm-3; Nv = 1.8-10"19 cMm-3;

IIpoueaypa nposenenust
YcrHbiit 9x3aMeH. CTyIeHTY BbIIaeTCs OUIIET, Ha MOATOTOBKY OTBETa BbiaemseTcs 60 MUHYT.

|. Ilepeuens komnemenyuil/unOUKamopo8 u KOHMPObHBIX 60NPOCOB NPOBGEPKU PE3YTbIANO8
0C80eHUA OUCUUNTUHDL

1. Komnerenuus/Muguxarop: M/1-3nk-1 3HaeT 0cOOEHHOCTH pa3pabOTKH ICKU3HBIX U
TEXHUYECKUX NMPOEKTOB, TEXHUYECKOTO 3a/1aHMs Ha pa3pabOTKy COCTaBHBIX YacTeil KBaHTOBO-
OIITUYECKHUX CUCTEM

Bonpocel, 3aganus
1.YpaBuenune lllpenunrepa nis kpucramia. AnuadaTudeckoe MprOInKEHHUE.
OnHO2EKTPOHHOE NMPHOIMKEeHHE. Pelienne ypaBHEHMsI B OTHO3JIEKTPOHHOM MPUOJINKEHUH.
2.BonbT-aMriepHble U BaTT-aMIIEpHbIE XapaKTEPUCTUKH JIA3€POB C IIMPOKUM KOHTAKTOM U
IIOJIOCKOBBIX JIA3€POB.
3.PaccuuTaiite monokenue kBasuypoBHeit @epmu s marepuana GaSh, a taxxke
COOTBETCTBYIOIIYIO JUIMHY BOJIHBI TeHepalnu 1o yciaoButo bepnapa-Ziopadypa. Eg = 0,69 3B,
KOHIICHTPAIllMM HEPaBHOBECHBIX HocuTenei 3apsiaa N = 10720 cm-3 u p =2-10"18 cm-3.
[TnotHOCTH cocTosiHUi paBHBI Nc = 2.1-10"17 cm-3; Nv = 1.8-10"19 cMm-3;
4.TpancnaunonHas cuMMeTpus KpuctauioB. @ynkuus bioxa. 3oub1 bputtosna.
5.9¢dextuBHOCTH IpeoOpazoBanust u KI1/1 momynpoBoIHUKOBBIX J1a3epoB. TemmeparypHble
3aBHCHUMOCTH IIOPOT'OBOT0 TOKA ISl MOJYIPOBOJHUKOBBIX JIA3€POB C MIMPOKUMU U
MIO0JIOCKOBBIMU KOHTaKTaMH M JIa3€POB Ha OCHOBE KBAHTOBO-PA3MEPHBIX CTPYKTYP.
6.DHepreTuyeckas 30HHas CTPYKTYpa KPUCTAUIMYECKHUX MTOJTYITPOBOTHUKOB B IPUOIMIKEHUN
ciaboit cs3u. Otpaxenue bparra u sHepreTndeckas 1esb.
7.M3nmy4aTenbHble CBOMCTBA Ja3€pOB C MIUPOKUM U MOJOCKOBBIM KOHTAKTaMU U KBAHTOBO-
pa3MepHBIX JIa3epoB. YTIII0Bas pacxoauMocTh. KapThHa JajibHEro nois.
8.YacTuma HaxoIuTCs B OJHOMEPHOU MPSIMOYTOJIbHON MOTEHIIUAIBHOM siMe UpUHOH d U ¢
0ECKOHEUHO BBHICOKUMH cTeHKaMH. HailTu Maccy yacTuIlbl, €Cliu pa3HOCTh YHEPTUi IEPBOTO U
BTOPOT0 YpOBHEM cocTaBiisieT AE.
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9.JIokanu30BaHHBIE COCTOSHHS B MTOTYIIPOBOIHUKAX. MeTo 3 eKTHBHOI MacCHI.
Bonoponomnono6upie mpumecH.

10.ITpupatenue MmoutHocTH Jiazepa coctaniseT 30 MBT npu n3menenuu Toka Hakauku ot 110
1o 145 MA Ha IMHEHHOM y4acTKe BaTT-aMIIEPHOM XapakTepuCcTUKU. PaccunTaiiTe BHEIIHIOK
g depeHanbHyo 3pPEeKTUBHOCT U KBAHTOBYIO BHEUTHIOO 3()()EeKTUBHOCTD JJIs JITUHBI
BOJIHBI U3Iy4eHus 960 HM.

MaTepI/IaJ'[bI AJIA MIPOBEPKU OCTATOYHBIX 3HAHHUI

1. Kpucramiudeckasi peméTka KpeMHUsi — 3TO
OTBeThI:

O6bEMHOLEHTPMpPOBaHHaA pelwéTka OLK
paHeueHTpMpoBaHHAA pelwéTKa MUK
PewéTka TMna anmasa

Chaneput

Bepnsiii otBeT: *Pemérka tumna anmasa
2.9uc10 aTOMOB B 1 Ky0H4eCKOM CaAaHTHMeTpe MOJIYNPOBOAHUKOBOI0 MaTepHaJia
COCTaBJIsieT IPUMEPHO

OTtBeTsI:

~ 101720
~ 10723
~ 10718
~ 10712

Bepnsiit otBet: ~ 10723
3.1upuHa 3anpemiéHHOI 30HbI APCEHU/Ia HHIUS COCTABJISIET

OTBETHI:
2.553B
1,43 3B
1.12 3B
e 0,363B

Bepnpiii otBet: 0,36 5B
4.1IpsiMO30HHBIM MaTEePUAJTIOM SIBJISIETCS
OTBeThI:

KpemHuii

dochua rannmna
ApceHuns antoMMHUA
ApceHug, ranama

BepHs1ii oTBeT: ApceHu raums
5.Kakasi n3 nepeyHcjieHHbIX HUKe (PYHKIMIi ABJIsIeTCS] BOJIHOBOI (PyHKIMeli JIeKTPOHA B
MEePUOINYECKOM I10JIe KpUCTAJLIa?

OtBeThI:

dyHKuMA MnaHKa
®yHKUMA bnoxa
dyHKumMA MpuHa
dyHKUMA NlambepTa
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Bepusiii orBet: @yHkuus bioxa
6.Bbi0epuTe NpaBUIbHOE YTBEPKIEHUE
OTBeTHI:

BennunHa adpdeKTMBHON Macchbl MOKa3biBAET CNOCOOHOCTb 3/IEKTPOHA Y AiHA 30HbI NPOBOANMOCTU UK
ObIPKU Y MOTO/IKA BaJIeHTHOM 30HbI PearnpoBaTtb Ha BHELLHee NnoJie, AeNCTBYIoLLee COBMECTHO C
MeXKaTOMHbIM NepuoanYeckMm NoTeHUUaIoM.

BennumHa apdeKTMBHOM MacChbl MOKa3biBaeT CNOCOOHOCTb AbIPKU Yy AHA 30HbI MPOBOAMMOCTU UU
3/IEKTPOHA Y NOTO/IKa Ba/IEHTHOM 30HbI pearnpoBaTh Ha BHELUHEE NoJie, AeNCTBYIOLLEE COBMECTHO C
MeXKaTOMHbIM NepuoanYeckMm NoTeHUUaIoM.

BennumHa apdeKTMBHOM MacChbl MOKa3blBAeT CNOCOOHOCTL 3/IEKTPOHA Y AHA 30HbI NPOBOANMOCTMY UK
AbIPKW Yy MOTOJIKA BaJIEHTHOM 30HbI pearnpoBaTth Ha BHELLHee nose,

BennumHa apdeKTMBHOM MacChbl MOKa3blBAeT CNOCOOHOCTL 3/IEKTPOHA Y AHA 30HbI NPOBOANMOCTHY UK
ObIPKU Yy MOTO/IKA BaIeHTHOM 30HbI PearnpoBaTb Ha BHYTPEHHEE 3/1IEKTPUYECKOE MNoJe

Bepubliit otBet: Bennunna 3¢ ¢ekTuBHON Macchl TOKa3bIBAE€T CIIOCOOHOCTh 3JEKTPOHA Yy

JTHa 30HBI IPOBOJAMMOCTH WJIM JIBIPKU Y MTOTOJIKA BaJIEHTHOMN 30HBI pearupoBaTh Ha

BHEIIIHEE I10JI€, IeHCTBYIOIIEEe COBMECTHO C MEKATOMHBIM MEPUOANYECKUM OTEHIMATIOM.
7.Bb10epuTe npaBuJibHbIC 0003HAYECHUSA

OTBETHI:

1 — BaneHTHaA 30Ha, 2 —30Ha NPOBOANUMOCTH, 3 — NOA30HA NETKUX AbIPOK, 4 — NOA30HA TAXKENbIX

ObIPOK.

1 — BaneHTHaA 30Ha, 2 — 30Ha NPOBOAUMOCTH, 3 — NOA30HA NETKUX AbIPOK, 4 — NOA30HA TAXKENbIX
ObIPOK.

1 - 30Ha NPOBOANMOCTU, 2 - NOA30HA TAXKENbIX AbIPOK. 3- NOA30HA NErKMX AbIPOK. 4 — NOA30Ha,
oTWenNéHHasA CNUH-0PBUTaNbHbIM B3aUMOAENCTBUEM.

1 - BaneHTHasA 30Ha, 2 - NOA30HA NIETKNX AbIPOK. 3- N0A30HA TAXKENIX AbIPOK. 4 — NOA30Ha,
oTWennéHHasa CNUH-0POUTANbHbIM B3aUMOAENCTBUEM.

Bepnsiit otBeT: 1- 30Ha MPOBOJUMOCTH, 2 - TOA30HA TKENIBIX ABIPOK. 3- MOA30HA JIETKUX
JBIPOK. 4 — OJI30HA, OTIICTUIEHHAS CIMH-OPOUTABHBIM B3aUMO/ICHCTBHEM.
8.1i1s1 mosrynpoBoaHukoB GaAs, InAs, AlAs, ncnoab3yeMbIX B MOJTYNPOBOTHHKOBBIX
Jiazepax, IIMPUHA 3anpeléHHoii 30HbI EQ cocTaBisieT COOTBETCTBEHHO:
Bbi0epuTe npaBu/IbHbBIN MOPSIAOK CcJle0BaHUS 3HaYeHUil EQ
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OTBETHI:

1,43 5B, 0,36 3B, 2,15 3B
0,36 3B, 1,43 3B, 2,15 3B
2,1538B, 0,36 3B, 1,43 3B
2,153B, 1,43 3B, 0,36 3B

Bepusiit otBet: 1,43 3B, 0,36 3B, 2,15 3B
9.[li1s1 KaKOro THIA MaTepuaJia cOOCTBEHHAsI KOHIEHTPALMs HOCUTeJIel 3apsiia npu
KOMHATHOM TeMmnepatype Mo:xeT coctaBiasiTh 10718 cm-3?

OTtBeTsI:

310 — meTann.

3T0 — y3KO30HHbI NOAYNPOBOAHWUK
3T0 — WMPOKO3OHHbIN NONYNPOBOAHUK
OTO — ANINIEKTPMUK.

BepHblii oTBET: ITO — Y3KO30HHBIN MOITYITPOBOIHUK
10.Ko3¢punueHT npomycKaHus MoJyNpPOBOAHUKOBOM MIEHKH TOJIHHOH 0 =1 MM
coctapJjisier T = 0,4. Koagunuent orpaxenuss R= 0,37. KoagduumueHt noromenus o
JJIS1 ITOTO cJiy4asi OyaeT paBeH

OTtBeTsI:

0,23

1,47- 1072 m-1
1,47- 102 cm-1
1,47-1072 mm-1

Bepnpiii otBet: 1,47+ 102 cm-1
11.Kakoe u3 npuBeAEHHBIX HUXKE YTBEP)KICHUNH COOTBETCTBYET COOCTBEHHOMY IMOTJIOIIEHUIO
MOJIyTIPOBOTHUKA?

OtBeTsI:

MornoweHne GpoTOHa NPU NePexoae 3N1EeKTPOHA U3 Ba/IEHTHOW 30HbI B 30HY MPOBOAMMOCTM
MornoweHne GoToHA NP NEPEXOAe SNEKTPOHOB M3 30HbI NPOBOAUMOCTM B BaIEHTHYHO 30HY
MornoweHne GOTOHa NPU NEPEXOAEe 3NEKTPOHA C LOHOPHOrO YPOBHSA Ha aKLLENTOPHbIM
MornoweHre GOTOHA NPU Nepexoae 31eKTPOHa C aKLENTOPHOrO YPOBHA HA AOHOPHbIN

Bepusriit otBet: [lornomenue GpoToHa npu nepexoe 31€KTPOHA U3 BAJICHTHOH 30HBI B
30HY POBOAMMOCTH

12 .BbiHy:KIeHHOE M3JIy4eHUe B MOJYNPOBOJAHUKE - 3TO
OtBerTsI:

ncnyckaHue GoToHa Npu Nepexose 3/1eKTPOoHA M3 30Hbl NPOBOAMMOCTHU B BaJIEHTHYHO 30HY NoJ,
aevictenem gpyroro ¢oToHa

ncnyckaHue GoToOHa Npu Nepexoae 31eKTPOoHa M3 30Hbl NPOBOAMMOCTM B BAJIEHTHYHO 30HY NpwU
CTONIKHOBEHWUW C APYTUM S/1EKTPOHOM

ncnyckaHue ¢GoToHa NP Nepexose 3/1eKTPOHA M3 BaJIEHTHOM 30HbI B 30HY NPOBOAMMOCTM NOA,
aencrtenem gpyroro ¢poToHa

ncnyckaHue GoToHa NP Nepexoe 3/1eKTPOHA M3 BaJIEHTHOM 30HbI B 30HY MPOBOAUMOCTU NpU
CTONIKHOBEHWUU C APYTUM 3/IEKTPOHOM
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BepHnblii oTBeT: ucmyckanue GOoTOHA MPU MEPEXOe FICKTPOHA U3 30HBI IPOBOIUMOCTH B
BaJICHTHYIO 30HY O] JeficTBHEM Ipyroro (GoToHa
13.Kakoe u3 npuBeIéHHBIX HUKE BHIPAKEHUI COOTBETCTBYET YCJIOBUIO BBIHY:KIEHHOTO
Hu3Jy4eHus B noynposoanukax (bepuapa u lropadypa)?
Fn - kBazuypoBenb @epmu 30HbI NPOBOAUMOCTH, Fp - kBasuypoBenb @epmu BajieHTHOM
30HbI, EC - 3Heprus “aHa” 30HbI NPOBOAUMOCTH, Ep - sHeprus ""moroJika'" BajeHTHOM
30HBI,
OTBeTHI:

e Fn-Fp>Ec-Ev
e Fn-Fp<Ec-Ev
e Fn-Fp=Ec-Ev
e Fn-Fp<Ec-Ev

Bepnsriii otBeT: Fn - Fp > EC - Ev
14 Ko3¢ppuuueHT ycuaeHus B JIa3epHbIX AN0JAaX 10 MOAYJIIO
OTtBeTsI:

e paBeH Ko3dpdMLMEHTY NornoweHms

® paBeH KO3pOULMEHTY NOMNOLLEHUA NAKOC NOTEPU NPU MHOTOKPATHOM MPOXOXKAEHUN CBETa Yepes
pesoHaTtop

e paBeH Ko3dpdMLMEHTY NOrIOLLEHNA, eCIN NPOBOANMOCTL 06pasLa paBHa HyO

* paBeH KO3OPUUMEHTY NOTNOLLEHNA NAIOC KOIPPULIMEHT OTPAXKEHMUA

BepHbrii 0TBET: paBeH KO3PPUIIUEHTY MOTIOMICHUS ITIOC TTIOTEPH P MHOTOKPATHOM
MPOXOXKJACHUH CBETA Yepe3 PE30HATOP
15.Kakoii MeXaHH3M peKOMOMHALIMH SIBJISIETCA OCHOBHBIM B AKTHUBHOM 00J1aCTH
MOJIyNIPOBOHUKOBBIX Jiazepax?
OTBeTHI:

*  PeKombUWHaumA Yepes LeHTPbl pEKOMBUHAUNUN
*  U3nyuyatenbHaa pekombuHaLma

e Oxe — pekoMbuHaLmsa

e HeT pekombuHaLmm

Bepublit otBet: M3nydarenbHas peKOMOMHAIUS
II. Onucanue wkKanvl ouenueanus

Oyenxa: 5 («OTIUYHOY)
Huoicnuii nopoe evinonnenus sadanus 6 npoyenmax.: 90
Onucanue xapakmepucmuku 6bINOJIHEHUs 3HaHUsA: BpICTaBISIEeTCS CTYIEHTY, MPAaBUIIBHO
BBITIOJTHUBIIIEMY MPAKTHYECKOE 3a/IaHNe, KOTOPBIN TTOKa3aJl IPH OTBETE HAa BOIIPOCHI
9K3aMEHAIIMOHHOTO OMJIeTa ¥ Ha JOTIOJTHUTEIbHBIE BOTIPOCHI, YTO BIAJCET MaTEPUATIOM
JICITUTUIAHBI, CBOOOIHO IPUMEHSICT CBOM 3HAHMS JUTSI OOBSICHCHUS PA3IMYHBIX SBJICHUI U PEIICHUS
3amad.

Oyenka: 4 («xX0OpoII0»)
Huodicnuii nopoe svinonnenus 3aoanus 6 npoyermax: 10
Onucanue xapakmepucmuku 6blNOJHeHUsl 3HaHUsL: BBICTaBISIETCS CTYICHTY, MPABUIBHO
BBIMOJIHUBIIIEMY MTPAKTHYECKOE 331aHUE ¥ B OCHOBHOM TPABUJILHO OTBETUBIIIEMY Ha BOIIPOCHI
9K3aMEHAIIMOHHOT0 OMJIeTa M Ha JIOTIOJIHUTEIILHBIE BOITPOCHI, HO IOMYCTHBIIEMY TIPH 3TOM
HETPUHIIUITAATBHBIC OITUOKH.
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Oyenka: 3 («yIOBIETBOPUTEILHOY)
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax. S0
Onucanue xapaxmepucmukiy 6bIN0IHeHUs 3HaHUA: BBICTaBIAETCS CTYIEHTY, KOTOPBIN B OTBETaX Ha
BOIIPOCHI AK3aMEHAIIMOHHOTO OMJIeTa JIOMYCTHII CYIIECTBEHHBIC U JIaXKe rpyOble OMUOKH, HO 3aTeM
WCIIPABHII UX CaM, a TAK)KE HE BBITTOJIHUJ MPAKTUICCKOE 3a/JaHUE M3 IK3aMEHAI[MOHHOTO OmIIeTa, HO
1100 HaMETHJI PABWILHBIN MYTh €TI0 BBITOJHEHHSI, JTMOO MO YKa3aHHIO SK3aMEHATOPa PEIITHIT
JPYTYIO 3a/1a4y U3 TOTO XK€ pa3zesnia TUCIHUILIHNHEL.

Oyenka: 2 («HEyJOBIETBOPUTEIBHOY)
Onucanue xapakmepucmuku 6bIN0OJIHEHUs 3HaHUA: BpICTaBIAETCS CTYIEHTY, KOTOPBIA: a) HE
OTBETHUJI Ha BOIIPOCHI 3K3aMEHALMOHHOI0 OMJIETa U HE CMOT PEIUTh, TM00 HAMETUTh IPAaBUIIbHBIN
MyTh PELICHUs 3a1a4u U3 OmiieTa; 0) He CMOT PEUIUTh, JINOO HAMETUTH MTPABUIIBHBIN ITyTh PELICHUS
3aJjauu U3 3K3aMEHAIlMOHHOr0 OMJIeTa U IpYroi 3a1auy Ha TOT e pa3zes JUCLMIIIMHBI, BbITAHHON
B3aMEH Hee; B) IPH OTBETE Ha JOMOJHUTEIbHBIE BOIIPOCH OOHAPYXHI HE3HAHKUE OOJIBLIOTO pasjiesna
9K3aMEHaIlMOHHOM MPOrpaMMBbl.

1I1. IIpasuna évicmasnenus umozoeoi OyeHKu no Kypcy

Onenka ompenensercs B cooTBeTCTBUM C [lonokeHuem o OayIlbHO-PEHTHMHIOBOM cHUCTeME AJis
ctynentoB HUY «MDW» Ha ocHOBaHMM CEMECTPOBOM M 3K3aMEHAIIMOHHOM COCTABIISIOIINX.
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