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OBILIASA YACTD

OneHouHblE MaTepHallbl 10 AUCLUUIUIMHE TMpPEAHA3HAYEHbl MJI OLEHKU: JOCTHKEHUS
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[TK-1 Cnocoben obecrieunBaTh MPOSKTUPOBAHUE U COMPOBOKICHIE POU3BOICTBA
ONTOTEXHUKH, ONITHYECKUX U ONTHKO-3JICKTPOHHBIX MPUOOPOB U KOMILIEKCOB
NJI-1 Cnocoben obecrieynBaTh NPOSKTUPOBAHNE U KOHCTPYUPOBAHUE ONTHUYECKUX U ONTHKO-
AIIEKTPOHHBIX MPUOOPOB U KOMIUIEKCOB, BECTH OPTaHU3AIIMOHHO-YIIPABICHIECKOE
COIIPOBO3/ICHUE

1 BKIIFOYACT:

JJIA TEKYIEro KOHTPOJIA YCIIEBA€MOCTH:

Popma peanmzanuu: ITncemenHas pabora
1. Konrposbhas padora 1. [TornomieHne u u3ydeHue B MOITYIPOBOJHHUKOBBIX MaTepraiax
(KontponpHas pabota)
2. KonTponbHast pabota 2. OCHOBHBIE paboyue U U3ITydaTeIbHbIE XapaKTEPUCTUKH
MOJTYIIPOBOTHUKOBEIX J1a3epoB (KoHTponsHas padora)
3. Tect 2. Jla3epbl Ha OCHOBE KBaHTOBO-pa3MepHbIX cTpyKTYp (TectupoBanue)
4. Tect Ne 1. 30HHas sHEpreTUYEcKas CTPYKTypa U JIOKaJIU30BaHHbIE COCTOSIHUS B
nonynpoBogHukax (TectupoBanue)

BPC nucuuminHbl

7 ceMecTp
Beca KOHTPOJIBHBIX MEPONIPUATHI, %o
Nunexc KM- | KM- | KM- | KM-
Paznen nucuunianHb KM: 1 2 3 4

Cpok KM: 4 8 12 16

duzuka MMOJIYITPOBOJAHUKOB, BXOAAIINX B COCTaB
MOJIYITPOBOJHUKOBBIX JIA3€POB

DHepreTuyeckas 30HHasi CTPYKTypa MOJIyNPOBOAHUKOB + +
Jloxanm3oBaHHBIE COCTOSIHHS B TIOJYNPOBOHUKaX. CTaTUCTHKA +
AJIIEKTPOHOB U JIBIPOK

[Ipotiecchl MOTNOMIEHHS U U3TyYEHHUs B MOJTYIPOBOAHUKAX +
Hudbdysus u nperid Hocureneit 3apsaa. P-n mepexoast u + +
TETEPOIEPEXOIbI

['enepanust u31y4eHUs B MOTYITPOBOIHUKOBBIX Ja3epax

BriHyXI€HHOE M3JIy4eHHE B TIOJYIIPOBOIHUKAX. Y CUIICHUE U + +

TCHCpAalUsA U3JTYYCHH.

CoOCTBEHHBIE THIIBI BOJIH B IMMOJIYITPOBOJHUKOBBIX JIA3€pax C
IJIaHAPHBIM M ITOJIOCKOBBIM BOJIHOBOJIOM




TpéxcoiiHpie MIOCKKUE BOJTHOBOIBI C KOHEUYHOW MPOBOJUMOCTHIO.

BokoBoe onTHuuecKkoe orpaHndCHuUE. *
KoHCTpyKTHBHBIE 0OCOOCHHOCTH U XapaKTEPUCTUKU
HOJ'IyrIpOBO[[HI/IKOBBIX JIaSCpOB
CprKTypa 1 TCXHOJIOTU U3TOTOBJICHUA NHXCKIITNMOHHBIX + +
na3epoB. KBaHTOBO-pa3MepHBIC CIIOU.
OcHOBHBIE IPUOOPHBIE XAPAKTEPUCTUKH U CIIEKTPBI U3ITYUIEHUS + +
MOJIYIIPOBOTHHUKOBBIX JIa3¢POB

Bec KM: | 15 30 15 40

$O061as yacte/J1j1s MPOMEXKYTOUHOM arTecTanuud




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 pe3yiabTaThl OOyYEHHsS IO
JUCIUILINHE

IK-1 N-1nk1 CriocobeH | 3HATh: Tect Ne 1. 3oHHast sHEpreTUYECKAsi CTPYKTYPA U JIOKATU30BAHHbBIC
obecrieunBaTh ycnoBusi GOPMUPOBAHUS COCTOSIHUS B MOJyNpoBoaHMKaxX (TectupoBaHue)
MIPOCKTUPOBAHHUE U | XapaKTEePUCTUK WU3ITYICHHS Kontponbnas padota 1. [lornomenne u u3inydeHue B MOJIYIPOBOTHUKOBBIX
KOHCTPYHPOBaHUE MOJIYIPOBOTHUKOBBIX Matepuainax (Konrponbnas padora)
ONTHUYECKUX W  ONTHKO- | Ja3epoB, TPEOYEMBIX IIPH Tect 2. JIazepsl Ha OCHOBE KBaHTOBO-pa3MepHBIX CTPYKTYp (TectupoBanue)
ANEKTPOHHBIX MPHOOPOB U | KOHCTPYUPOBAHUU KonTponbnas pabota 2. OCHOBHBIE pabo4yne U U3TydaTeIbHbIE

KOMIIJIEKCOB,
OpraHU3alMOHHO-
yIpaBJIEHYECKOE
COIIPOBO3/ICHUE

BECTH

KBaHTOBO-OITHYECKHX
CHCTEM M UX COCTAaBHBIX
yacTen

¢bu3nyeckne 3aK0oHBbl,
JIeKale B OCHOBaX paboThl
IIOJIYTIPOBOIHUKOBBIX
J1a3€poB, IPUMEHSIEMBIX B
KBaHTOBO-ONTHYECKUX
cUCTEMax

YMers:

MIPOBOAUTH KJIaCCU(UKALINIO
IIOJIYTIPOBOIHUKOBBIX
J1a3epOB B 3aBUCUMOCTH OT
UX MapaMeTpoB U
BO3MOYKHOCTH
HCIIOJIb30BAaHUS B CUCTEMAX
HaBUTAIMH U CBA3U
MIPUMEHSTh COBPEMEHHYIO
puOOpHYIO 06a3y K

XapaKTePUCTUKU MOJIYIPOBOAHUKOBBIX JiazepoB (KoHTposbHas pabora)




MIPOCKTUPOBAHUIO U
pa3paboTKe KBaHTOBO-
ONTHUYECKUX CUCTEM




1I. Cooepicanue ouenounvix cpeocme. lllkana u kpumepuu oyenusanus

KM-1. Tect Ne 1. 3o0HHas1 3HepreTH4ecKasi CTPyKTypa M JIOKAJIU30BAHHbIEC COCTOSIHUS
B MOJIYIIPOBOJHMKAX

®opmbl peanauzanuu: [luceMennas padora

Tun KOHTPOJBLHOr0 MeponpusaTusi: TecTupoBaHue

Bec konTposabHoro meponpusitust B bPC: 15

IIpouenypa mpoBeaeHHsi KOHTPOJIBHOIO MepONpHATHA: PemeHHble 3aaHud IO BapUaHTaM
ormpasisitores B CJ1O "IIpomereit” B paMkax ¢pyHKIMOHANA "MMCbMEHHas padora'

KpaTkoe conep:kanue 3a1aHusi:

1. MepeyncnnTe OCHOBHbIE TUMbl KPUCTAIMYECKMX PELLETOK ANA NONYNPOBOAHMKOBBIX MaTepuanos
AlIBVI. MNpusegute npnmepsl.

2. YpasHeHwue WpeaunHrepa ana Kpuctanna. OgHOINEKTPOHHOE NPUbAnKeHMe.

3. 3anuwwuTe BbipaxeHue ana GyHKUmMn bnoxa.

4. [AnA KaKNX NPMMECHbIX aTOMOB NPUMEHUM MeToz 3GDEKTUBHOM MAcCbl MPW 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:

3HaTh: YyCIOBUA (POPMHUPOBAHUS 1.IlepeuncianTe OCHOBHBIE TUIIBI KPUCTAILTHYECKUX
XapaKTEPUCTHUK W3J1y4YEHHUS PEmETOK AJIs MOTYIPOBOIHUKOBBIX Martepuanos AIIBVI.
MOJTYTPOBOTHUKOBBIX JIa3epoB, 2.3anumuTe BeIpaXKeHHE JIJIsl OTIepaTopa TPAHCISIIUN.
TpeOyeMbIX MPU KOHCTPYHUPOBAHUU 3.J1151 KaKuX MPUMECHBIX ATOMOB TPUMEHUM METOJ
KBAaHTOBO-ONTUYECKUX CHUCTEM U 3¢ PeKTUBHON MACCHI IPH pacyeTe SHEPTHUU MOHHU3AUU?
MX COCTaBHBIX YacTen ITo xakoii popmysne oHa pacCUUTHIBACTCS?

OnucaHue MKaJbI OlleHUBAHUS:

Oyenka: 5
Huorcnuil nopoe evinonmnenus 3aoanus 6 npoyenmax: 100
Onucanue xapaxmepucmuku evinoanenus snanusa: Ha 5 n3 5 3anannil 1aHbl BEpHbIE OTBETHI

Ouenka: 4
Huoicnuii nopoe evinonnenus sadanus 6 npoyenmax.: 80
Onucanue xapaxmepucmuxu evinoanenusi snanus: Ha 4 n3 5 3a1annii TaHBI BEPHBIC OTBETHI

Oyenxa: 3
Huorcnuii nopoe evinonnenus 3adanus 6 npoyenmax. 60
Onucanue xapaxmepucmuxu evinoinenus sHanus: Ha 3 u3 5 3a1anuii 1aHbl BEpHbIE OTBETHI

Oyenka: 2
Onucanue xapaxmepucmuxu bInoIHeHus 3Hanus: JlaHbl BEpHBIE OTBETHI HE OoJee, yeM Ha 2
3aJIaHusl.

KM-2. KonrpoJsbHas padora 1. Iloriomenune u u3jay4eHue B MOJYNPOBOAHUKOBBIX
MaTepHaIax

®opmbl peaausanun: [lucpmennas padbora




Tun koHTpPOAbHOTO MeponpusitTus: KonrponsHas pabora

Bec konTpoabHoro meponpusitusi B BPC: 30

IIpouenypa mpoBeleHHsI KOHTPOJbHOIO Meponpusitus: PelieHHble 3ajaHus MO BapUaHTaM
otnpasisitorest B CIIO "[Ipometeit" B pamkax pyHKImoHana "muckMeHHas padora”

Kparkoe cogepkanue 3agaHus:
1. M3o00pa3ute 3HEPreTUYECKYIO TUarpaMmy MpsiIMO30HHOTO U HETPSIMO30HHOTO
MOJIYITPOBOJIHHKA U MIOKAXKUTE MPSAMbBIC U HENPSIMBIE IEPEX0/IbI B OTJIOMICHUH.
2. U3 »skcnepuMeHTa HailIeHo, YTO JBE€ MOHOKPHUCTAJUIMYECKUE TUITACTUHKHU CyIbhuia
kagmus CdS, HaHeceHHbIe Ha TPO3pavyHble BUAMMBIE 001aCTH MOAIOKKH, 00JIa1al0T
npomyckaarem 11 =0,6 u T2 = 0,2. TommmuHa miactuHok 10 MkM 1 20 MKM COOTBETCTBEHHO.
PaccuuTaiite k03¢ puineHT nornomeHus cBera Npu OAHOKPATHOM OTPAKEHUH U TIOKA3aTeNb
MOTJIOUICHHUS, €CIH JITTMHA BOJIHBI U31ydeHus A = 600 HM.
3. B mowment Bpemenu 10"-4 ¢ mocie npekpaiieHus reHepay J1eKTPOHHO-ABIPOYHBIX
nap, HepaBHOBECHAsl KOHIIEHTpaIusl HocuTenel okaszanach B 10 pa3 Oosbliie, 4eM B MOMEHT
Bpemenu 107-3. Onpenenute BpeMs *KU3HU, €CIIM YPOBEHb BO30YKIEHUS Mall U
PEKOMOMHAIIMIO MOXKHO MOJIaraTh JMHEUHOM.
4.  Byner nu BeIMONHATHCS ycinoBue bepHapa-/{iopadypa, eciiu pa3HOCTh KBa3MYPOBHEH
®depmu pasua Fn — Fp = Eg — 2kT. OtBeT mosicHure.

KoHTpoJibHbIe BONIPOCHI/3aJaHUA:

3HaTh: ¢busznyeckue - 3aKOHBI, 1.1306pa3ute sHEPreTHUECKYIO AUArPAMMY

JexXale B OCHOBAax  paboThl MPSIMO30HHOTO U HEMPSIMO30HHOTO TOJIYIIPOBOHUKA U
MOJTYTIPOBOTHUKOBBIX J1a3epoB, MTOKAXXHUTE MPSIMbIEC U HEMPSMBIE IePEX0Ibl B
MPUMEHSIEMBIX B KBaHTOBO- TOTJIOIICHUH.

ONTUYECKUX CHCTEMaX 2.KakoBa pa3HOCTh KBa3uypoBHel DepMu Aiis

Matepuana GaAS, a Takke COOTBETCTBYIOILLYIO JJIUHY
BOJIHBI T€HEepaLuu 1o ycioButo bepnapa-/{ropadypa?
3.byner nu BeIMoONHATHCS ycnoBue bepHapa-/{ropadypa,

€CIIM pa3HOCTh KBa3uypoBHel Pepmu paBHa Fn — Fp =
Eg — 2kT?

OnucaHue MKaJbI OlleHUBAHUS

Oyenka: 5
Huorcnuii nopoe svinonnenus 3a0anus 6 npoyenmax: 95
Onucanue xapaxmepucmuxu blnoIHeHus 3Hanus: Bee 3ajaHus BBIIOJIHEHBI BEPHO

Ouenka: 4
Huoicnuti nopoe evinonnenus 3adanus 6 npoyenmax: 15
Onucanue xapaxmepucmuxu 6binoIHeHus 3Hanus: 3 u3 4 3aJaHUI BBITTOIHEHBI BEPHO

Oyenka: 3
Huodicnuii nopoe sévinonnenus 3aoanus 6 npoyermax: 50
Onucanue xapakmepucmuku 6bINOJHeHUs. 3HaHus: 2 N3 4 3alaHAl BHITIOJTHEHBI BEPHO

Oyenka: 2
Onucanue xapakxmepucmuxu 8blnoaHeHus 3Hanus: BepHo peeHo He 00iee 0HOTO 3aaHus

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

®opmbl peanusanuu: [lucbMenHas padora
Tun KOHTPOILHOrO MeponpusaTHs: TecTupoBaHue
Bec koHTpOBbHOrO Meponpusitusi B BPC: 15




IIpouenypa mpoBeleHHsI KOHTPOJbHOIO Meponpusitus: PelieHHble 3aJaHus MO BapUaHTaM
otnpasisitorest B CIIO "[Ipomereit" B pamkax pyHKImoHana "muceMeHHas pabora”

KpaTlcoe CodcpiKaHUuE 3alaHUA:

1. PaccuntaTb A/MHY BONHbI Ae bpoinaa ana anekTpoHoB B apceHnge rannma npn 300 Kn 77 K
2. YpasHeHwue WpeaunHrepa ana NoTeHLUMANbHOWN AMbI B 1a3epax C KBAHTOBO-PA3MEPHbIMU CTPYKTYpPamu

(KPC) umeert Bua;

3. Kakum obpasom ocyLecTBAAETCA 3/1EKTPOHHOE OrpaHNYeHne B 1a3epHOM gmoae’?
4. Y70 TaKoe KpUTMYECKaA TONIWMHA akTMBHOro cnos B KPC n oT yero oHa 3aBucut?
5. Kak coOoTHOCATCA NNIOTHOCTM NMOPOroBOro TOKa /1a3epoB ABOMHOM reTepocTpykTypbl (4C) n KPC?

KOHTpOJILHLIe BOHpOCbI/SaL[aHI/Iﬂ:

YMeTh: NPUMEHSTh COBPEMEHHYIO
npuOOpHYIO 6azy K
NPOCKTHPOBAHUIO M  pa3padoTKe
KBaHTOBO-ONTHYECKUX CHCTEM

1.Paccuntarh [yIMHY BOJIHBI 1¢ Bpoiiis 11 3€KTpOHOB
B apcenue rayuus npu 300 K u 77 K

2.Kakum 00pazoM OCyIIECTBISAETCA SJICKTPOHHOE
OTrpaHUYECHUE B JIA3€PHOM JuoAe?

3.Urto Takoe KpuTHUUECKas TOJNIMHA aKTUBHOTO CJIOSI B
KPC u ot yero ona 3aBucut?

OnucaHue MKAJbI OLleHUBAHUS:

Ouyenka: 5

Huoicnuii nopoe svinonnenus 3adanus 6 npoyenmax: 100
Onucanue xapakmepucmuku ebinoanenus 3uanus.; Ha 5 u3 5 3amanuil janbl BEpHbIE OTBETHI

Ouyenka: 4

Huodienuii nopoe sévinonnenus 3aoanus 6 npoyermax: 80
Onucanue xapakxmepucmuxu evinoanenus snanusa: Ha 4 u3 5 3a1anuil 1aHbl BEpHbIE OTBETHI

Ouyenxa: 3

Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax.: 60
Onucanue xapaxmepucmuku evinoanenus snanusa: Ha 3 n3 5 3a1aHuil 1aHbl BEpHBIE OTBETHI

Oyenka: 2

Onucanue xapakmepucmuku 8bln0IHeHUs 3Hanus: JJaHbl BEepHbIe OTBETHI HE OoJiee, yeM Ha 2

3aaHusd.

KM-4. KoutpoabHas padora 2. OcHoBHbIe pa0oune U U3j1ydyaTebHble

XaPAKTePUCTHKH MOJTYNPOBOAHUKOBBIX JIa3epoB

®opmbl peaausanun: [lucemennas padbora

Tun kouTpoabHoro Mmeponpusitusi: KonrponsHas padora

Bec konTposbHoro meponpusitusi B BPC: 40

IIpoueaypa npoBeaeHHsi KOHTPOJIbLHOIO MepONpUATHA: PelleHHble 3aJaHusd IO BapUaHTaM
otnpasisitorest B CIIO "[Ipomereit" B pamkax pyHKImoHana "mucsMeHHas pabora”

KpaTkoe cogep:xkanune 3a1aHus:

1.  Paccumraiite moporoBoe ycuieHue s kodpuipento otpakenus R1=0,98 u R2 =
0,08, nmuabI pe3onaropa 0,5 MM 1 k03¢ punreHTa moteps ol = § cm-1.

2. Paccunmraiite paccTosiHuE MEXTY MPOJOIBHBIME MOJIAMH 110 (popmyIie, He
YUUTBIBAIOIEH AUCTIEPCUU TOKA3aTeNs IPEIOMIICHUS, Ul JJUHBI BOJIHBI M3ydeHus AQ = 850
HM, JUITMHBI pe3oHaTopa L =2 MM 1 mokasarens mpejxomieHus nr = 3,8.

3. Ilpupamenue MomHoOCTH J1azepa cocraniser 30 MBT npu u3MeHeHUH TOKa HAKauyKu OT
110 no 145 MA Ha TMHENHOM y4acTKe BaTT-aMIIEpHON XapaKTepUCTUKHU. Paccunraiite




BHEITHIO JuddepeHnnanbHyo 3G (HEeKTHBHOCTh M KBAHTOBYIO BHEUTHIOK 3()(DEKTHBHOCTH AJIs
JUTMHBI BOJHBI U3i1ydeHus 960 Hm.
4. B coBpeMEHHBIX MMOTYITPOBOAHUKOBBIX JIa3epaxX 4acTO MCIOIb3YETCS B KAUeCTBE aKTUBHOTO

cios yetBepHoe coequneHne GaxInl-xAsyPl-y, nuMmeromiee KpUCTALTHYECKYIO CTPYKTYPY
IIUHKOBOM 0OMaHKku. Paccunraiite mupuHy 3anpeméHHon 30HbI TaHHOTO MaTepraa 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. Onpenenure BO3MOXKHYIO JMHY renepauuu rnpu 300 K.

KoHTposibHbIe BONPOCHI/3aJaHUA:

VMeTh: MPOBOIUTH
KIIACCHU(PUKAIUIO
HOJYTIPOBOTHMKOBBIX ~ JIa3¢pPOB B
3aBUCHUMOCTH OT UX MapaMETpOB U
BO3MOXKHOCTH HCIIOJIb30BaHHS B
CUCTEMAx HaBUI'allU U CBS3U

1.0T 4ero u Kak 3aBUCUT PACCTOSTHUE MEKIY
MPOAOIBHBIMUA MOJAMH TIOJYIIPOBOIHUKOBOTO J1azepa?
2.0T 4ero u Kak 3aBUCHUT KOI(DDUITUEHT ONITUIECKOTO
OrpaHMYEHUS TOJTYIPOBOJHUKOBOIO Jlazepa?

3.Kak paccunTaTh BHYTpEeHHIOW U PEpeHITMATBHYIO
3¢ (EKTUBHOCTH?

Onucanne MKAJbI OIIEHUBAHUS

Ouyenka: 5

Hudienuii nopoe sévinonnenus 3adanus 6 npoyenmax: 95
Onucanue xapakxmepucmuku blnoIHeHus sHanus: Bee 3ajaHus BBIIIOJIHEHbBI BEPHO

Oyenka: 4

Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax: (5
Onucanue xapaxmepucmuxu 8binoIHeHus 3Hanus: 3 u3 4 3aJaHUi BHITIOIHEHBI BEPHO

Oyenka: 3

Hudienuii nopoe sévinonnenus 3adanus 6 npoyermax: 50
Onucanue xapaxmepucmuxu 8bInoIHeHUs 3Hanus: 2 U3 4 3aJaHUI BBIIIOJIHEHBI BEPHO

Ouyenka: 2

Onucanue XapakmepucmuKku 6blnOJIHEeHUsl 3HAHUA.! BepHo PEUICHO HE Ooiee OJJHOI'O 3agaHusd

10




COJIEPKAHUE OIIEHOYHBIX CPEJICTB TIPOMEXKYTOUYHOM ATTECTAIIUA
7 cemecTp

@DopMa NPOMEeKYTOUHOM aTTecTalMM: 3a4ET C OLEHKOU

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
COOTBETCTBYIOIYIO JJIMHY BOJHBI T€HEpaluu 1o ycioBuro bepnapa-/liopadypa. Eg = 0,69 3B,
KOHIICHTPALlMM HEPaBHOBECHBIX HocuTenei 3apsiaa 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

Pemennble 3aganust no Bapuantam otmpasisaoTes B CIO "llpometeit" B pamkax (yHKIMOHANA
"mucbmMeHHast pabora"

L Ilepeuens Komnemenyuil/uHOUKaAMOpPoO8 u KOHMPOIbHBIX 60NPOCOB NPOBGEPKU PE3YbHIAN 08
0CBOCHUA OUCUUNTUHDL

1. Komnerenuusi/Uuankarop: NJI-1nk-1 Cnocoben obecnieunBarh MpOEKTUPOBAHUE U
KOHCTPYUPOBAHHUEC ONITUYCCKUX U OINTHUKO-3JICKTPOHHBIX HpI/I60pOB U KOMIIJIEKCOB, BECTU
OpraHU3aIMOHHO-YIIPABIEHYECKOE COMPOBO3/ICHHE

Bonpocsl, 3aganus
1.YpaBuenue lllpenunrepa ans kpucrania. Aauadatndeckoe NpuOIKeHHe.
OpnHosnekTpoHHOE TpUOIMKeHue. Perienne ypaBHEeHUS B OJJTHO3JIEKTPOHHOM MPUOIUKEHUH.
2.BonpT-aMIiepHbIe U BaTT-aMIIEPHBIE XapAaKTEPUCTUKH JIA3€POB C HIMPOKUM KOHTAKTOM U
ITOJIOCKOBBIX JIA3€POB.
3.Paccumraiite monoxenue kBazuyposHeit @epmu st mMarepuana GasSh, a taxke
COOTBETCTBYIOILYIO JJIMHY BOJHBI T€Hepaluu 1o yciaosuto bepuapa-/ropadypa. Eg = 0,69 3B,
KOHIIGHTPALlMM HEPaBHOBECHBIX HocuTenei 3apsaa n = 10720 cm-3 u p =2-10"18 cm-3.
[TnotHOCTH cocTosiHuUt paBHBI Nc = 2.1-10"17 cm-3; Nv = 1.8-10"19 cMm-3;
4.TpanciaunoHHas cuMMeTpHs KpuctauioB. ynkuus bioxa. 3oHs1 bpuosHa.
5.9¢dextuBHOCTH NIpeodpazoanust u KIIJ] momynpoBoHUKOBBIX J1a3epoB. TeMieparypHbie
3aBUCUMOCTH IIOPOTOBOTO TOKA JIJIsl OJIYITPOBOAHUKOBBIX JIA3€POB C IIUPOKUMHU U
MOJIOCKOBBIMU KOHTaKTaMH U JIa3€pOB Ha OCHOBE KBAHTOBO-PAa3MEPHBIX CTPYKTYP.
6.OHepreTuyeckas 30HHasi CTPYKTypa KpUCTAJUIMYECKHUX MOITYIPOBOAHUKOB B IPUOINKEHUN
cnaboit cBsa3u. Otpakenne bparra u sHepreTrdeckas mesnb.
7.M3myuaTenbHble CBOWCTBA J1a3€POB C IUPOKUM U MTOJIOCKOBBIM KOHTAKTaMU U KBAaHTOBO-
pa3MEpPHBIX JIa3e€poB. YTIIOBas pacXoaUMOCTh. KapThHa ganbHEro moJs.
8.HacTuna HaXOAMUTCS B OAHOMEPHOU MPSIMOYTOJIbHOM MOTEHIIMAIBHOM siMe MUPHHOH d 1 ¢
0eCKOHEYHO BHICOKMMH cTeHKaMH. HaliTh Maccy 4yacTHIlbl, €Clii pPa3HOCTh SHEPT Ui IEPBOro U
BTOPOro ypoBHeil cocraBiisieT AE.
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9.JIokanu30BaHHBIE COCTOSIHUS B MTOTYMPOBOIHUKAX. MeTon 3 PeKTUBHOI MacChl.
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 3pPEeKTUBHOCTh U KBAHTOBYIO BHEUTHIO 3()(pEeKTUBHOCTD AJIS JJTUHBI
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 Yy MOTO/IKA BaIeHTHOM 30HbI PpearnpoBaTh Ha BHELWHEE NoJie, AeNCTBYIOLLEE COBMECTHO C
MeXKaTOMHbIM NepuoanYeckMm NoTeHUUaIoM.

BennumHa apdeKTMBHOM MacChbl MOKa3blBAeT CNOCOOHOCTb AbIPKWU Y AAHA 30HbI NPOBOAUMOCTM UK
3/1EKTPOHA Y NOTO/IKa Ba/IEHTHOM 30HbI pearMpoBaTh Ha BHELUHEE NoJe, AeNCTBYIOLLEE COBMECTHO C
MeXKaTOMHbIM NepuoanYeckMm NoTeHUUaIoM.

BennumHa apdeKTMBHOM MacChbl MOKa3blBAeT CNOCOOHOCTL 3/IEKTPOHA Y AHA 30HbI NPOBOANMOCTMY UK
AbIPKW Yy MOTOJIKA BaJIEHTHOM 30HbI pearnpoBaTbh 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: Bennuunna 3¢ ¢exkTuBHON Macchl MOKa3bIBAET CIIOCOOHOCTb JIEKTPOHA Y

JTHa 30HBI IPOBOJMMOCTH WJIH JIBIPKU Y ITOTOJIKA BaJIEHTHOM 30HBI pearupoBaTh Ha

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

OTBETHI:

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

ObIPOK.

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

1 - 30Ha NPOBOANUMOCTU, 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 MPOBOUMOCTH, 2 - TOA30HA TKENIBIX ABIPOK. 3- MOA30HA JIETKUX
JBIPOK. 4 — OJI30HA, OTIICTUIEHHAS CIMH-OPOUTABHBIM B3aUMOJICHCTBHEM.
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 0TBET: ITO — Y3KO30HHBIN MOITYITPOBOIHUK
10.Ko3¢punueHT npomycKaHus MoJyNpPOBOAHUKOBOM MIEHKH TOJIHHOH 0 =1 MM
coctaJjsier T = 0,4. Koagppumuent orpaxennss R=0,37. KoagdumueHT noromeHus 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 NEePexoae 3N1eKTPOHA M3 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
MornoweHne GoTOHA NpPU NEpexoae 31eKTPOHA C aKLENTOPHOrO YPOBHA Ha SOHOPHbI

Bepusliit otBet: [lornomenue GpoToHa npu nepexo/ie 31EKTPOHA U3 BaJICHTHOM 30HBI B
30HY POBOAMMOCTH

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

ncnyckaHue ¢poToHa Npu Nepexose 3/1eKTPOHA M3 30Hbl NPOBOAMMOCTU B BaIEHTHYHO 30HY NoJ,
aevictenem gpyroro ¢oToHa

ncnyckaHue GoToOHa Npu Nepexose 3/1eKTPOoHa M3 30Hbl NPOBOAMMOCTU 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 ¢poToHa NP Nepexose 3/1eKTPOHA M3 BaJIEHTHOM 30HbI B 30HY NPOBOAMMOCTM NP
CTONIKHOBEHWUU C APYTUM 3/IEKTPOHOM

14



BepHnblii oTBeT: ucmyckanue GOToHA MPHU MEPeXoie dIEKTPOHA U3 30HBI IPOBOJAUMOCTH B
BaJICHTHYIO 30HY O] JeficTBHEM Ipyroro (GoToHa
13.Kakoe u3 npuBeIéHHBIX HUKE BHIPAKEHUH COOTBETCTBYET YCJIOBUIO BBIHYKIEHHOTO
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 K03 MLMEHTY NOTNOLEHNA, ECIN NPOBOAMMOCTb 06pasLa paBHa HyO

* paBeH KO3OPUUMEHTY NOTNOLLEHNA NAIOC KOIPPULIMEHT OTPAXKEHMUA

BepHbrii 0TBET: paBeH KO3PPUIIUEHTY MOTIOMICHUS ITIOC TTIOTEPH P MHOTOKPATHOM
MPOXOXKJACHUH CBETA Yepe3 PE30HATOP
15.Kakoii MeXaHu3M peKOMOMHALIMHU SIBJISIETCH OCHOBHBIM B AKTHBHOM 00J1aCTH
MOJIyNIPOBOHUKOBBIX Jiazepax?
OTBeTHI:

*  PeKombUWHaumA Yepes LeHTPbl pEKOMBUHAUNUN
*  U3nyuyatenbHaa pekombuHaLma

e Oxe — pekoMbuHaLmsa

e HeT pekombuHaLmm

Bepublit otBet: M3nydarenbHas peKOMOMHAIUS
II. Onucanue wkKanvl ouenueanus

Oyenka: 5
Huorcnuii nopoe svinonnenus 3aoanus 6 npoyenmax: 90
Onucanue xapaxmepucmuxu evinoaneHus sHanus: ONeHKa «OTINYHOY BBICTABIISETCS €CIIH 3a/1aHKe
BBITIOJTHEHO BEPHO U B TIOJTHOM O0BEME.

Oyenka: 4
Huorcnuii nopoe evinonnenus 3adanus 6 npoyenmax. 10
Onucanue xapaxmepucmuxu 8vinoaneHus sHanus: ONEHKa «XOPOI0» BbICTABISETCS €Cln
3HAYUTEIIbHAS 9acTh 3aJIaHUS BBIMOJTHEHA BepHO. BIOpaHO BepHOE HANPaBIICHUS JIUIS PEIICHUS
3a/1a4.

Oyenka: 3
Hudicnuii nopoe svinonnenus 3aoanus 6 npoyermax: 50
Onucanue xapakmepucmuku 6vinonnenus snanus: OleHKa «yJI0BICTBOPUTEIHLHOY BBICTABISCTCS
€CIT BCE 3aJJaHHs TPEUMYIICCTBEHHO BBIMOJIHEHBI BEPHO.
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Oyenka: 2
Onucanue xapaxmepucmuxu evinoanenus snanus: ONEHKa «HEYI0BICTBOPUTEIIHHOY BBICTABIISICTCS
€CJIM 3aJIaHUE BBITOJIHEHO HEBEPHO WJIU MPEUMYIIECTBEHHO HEBEPHO, WIIA HE BBITOJHEHO.

111. Ilpasuna évicmasnenus umozo80i OyeHKu no Kypcy

Ornenka ompezensercss B cOOTBETCTBUHM ¢ [lonoxenneMm 0 OalIbHO-PEUTHHTOBON CHCTEME IS
cryaentoB H1Y «M3OW» Ha OCHOBaHUM CEMECTPOBOM U SK3aMEHAIIMOHHON COCTABJISIONINX.
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